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List of abbreviations

List of abbreviations and symbols employed in thissis, most of them are in common use

in the chemical literature.

Units

°C : degree Celsius

Hz : hertz

MHz megahertz

M : mol/L

mg : milligram

gm gram

mL milliliter

mmol : millimole

Other

) : chemical shift (NMR)

[VAVA A microwave irradiation

Ac : acetyl

AcCl : acetyl chloride

Ar : aromatic

Bn : benzyl

BMS borane dimethyl sulfide

Boc tert-butyloxycarbonyl

t-Bu tert-butyl

Bz : benzoyl

CAN : ceric ammonium nitrate
Cat. catalyst

Cbz benzyloxycarbonyl

CDI 1,1'-carbonyldiimidazole

Cy : cyclohexyl

m-CPBA: 3-Chloroperoxybenzoic acid
DBU : 8-diazobicyclo[5.4.0Jundec-7-ene
1,2-DCE: 1,2-dichoroethane

DDQ 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
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equiv
Et

HBr
HCI
HMDS :
HRMS:
HOBt :
l.R.

LAH
LDA

LHMDS:

MCRs :
Me
MeOH :
NBS
NCS
NHtBu :
NHEt :
NHMe :
NMR
NMe, :
NMP
NO;
OEt

diethylene glycol dimethyl ether
dilauroyl peroxide
N,N-dimethylacetamide
4-dimethylaminopyridine
N,N-dimethylformamide
dimethylsulfide
dimethylsulfoxide

equivalent

ethyl

hydrobromic acid
hydrochloric acid
hexamethyldisilazide
high-resolution mass spectrometry
1-hydroxybenzotriazole
infra-red

coupling constant (NMR)
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nitro

ethoxy

ortho

10



pastel-00739959, version 1 - 9 Oct 2012

p
PEPPSI:

PTC
iPr

Py

rt, RT :
Rf

SEt
SET
TEA
TFA

Tf
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Wt

para
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General Introduction

General Introduction

Introduction

Over the last two decades, the world pharmaceutmmddistry has undergone profound
transformations, searching for new drugs. For phigpose most pharmaceutical companies
invested heavily in the development of new drugs. lBodern drug discovery is faced with
the challenge of designing chemical reactionsdhatighly capable in providing most of the
elements of structural complexity and diversity hwitninimum synthetic steps for the
particular target with interesting properties. hilstcontext, combinatorial chemistry has been
considered as a fundamental source of novel mascnlthe drug discovery process.

The discovery of environmental friendly reactionsSieth are capable to form multiple bonds
in a single step is a challenging task for orgahiemists.

Multicomponent reactions play an important innowatirole to fulfill all these criteria.

Objective

The major objective of this thesis is related t® discovery of new multicomponent reactions
involving an isocyanide such as Ugi-Smiles and iefctions and further develop it to new
methodologies in heterocyclic synthesis.

After a brief introduction on isocyanides and nudtnponent reactions, we present the
developments of Ugi and Ugi-Smiles couplings andirtipost-condensation reactions in
heterocyclic synthesis.

We have demonstrated the reactivity of 4-hydroxigpges and pyrimidines in Ugi-Smiles
couplings, these reactions have been applied tosyihesis of antimalarial analogues.
Several applications of Ugi and Ugi-Smiles addulctve been explored using radical
chemistry (xanthates as well as oxidative coup)ings offers spirooxindolines and
pyrrolopyrimidine derivative in two steps procedsire

We have also explored the chemistry ggmdibromoisocyanides in various heterocyclic
syntheses. The project developed is to use thesgamds in cascades that integrate
organometallic couplings; this allowed us to getyvgeneral synthesis of heterocycles such

as oxazole, tetrazole or triazole in one-pot sygithe

13
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The last chapter of this thesis is the study ofagrhentation reaction of tetrazoles formed
through Ugi-azide type couplings. We developed wehmethodology for the preparation of
1,2,3-triazole.

14



Chapter 1
Introduction

¢T0Z 10 6 - T UOISIaA ‘6566€.00-|91sed



Chapter 1: Introduction

16




pastel-00739959, version 1 - 9 Oct 2012

Chapter 1: Introduction

|.  Multicomponent reactions (MCRS) and isocyanide:

general considerations

1. Introduction

In the past, most of the drugs have been discoverdr by accidental discovery or
identifying the active ingredients from traditionaimedies. Modern drug discovery is faced
with the challenge of designing chemical reactithveg are highly capable of providing most
of the elements of structural complexity and diitgrsvith minimum synthetic steps for
particular target with interesting propertfel the recent past, combinatorial chemistry has
been considered as a powerful tool for the fasemtion of lead compounds in the drug
discovery processThus, the major driving force behind the increasedrest in this field
has been the need to discover and develop new cakeritities with desirable properties in
a more efficient and cost-effective manner, and tnmoportantly within a short period of
time. Presently, most of the drugs in the marketsanall organic compounds that contain
heterocyclic rings® However, in combinatorial chemistry; there are solimitations of
accessibility and availability of suitably functiaized heterocyclic building blocks for the
synthesis of different libraries. As a result, tthevelopment of new, efficient and clean
synthetic reactions remains a crucial challengehmists’®

Multicomponent Reactions (MCR$)n which the coupling of at least three or momating
materials in a one-pot reaction to form a new pobdwhere basically all or most of the
atoms contribute to the newly formed product. Comegao conventional multistep organic
syntheses, MCRs are advantageous due to theiegta@aim efficiency, and the accessibility
to a large number of molecules with broad strudtdirgersity. The experimental simplicity of

one-pot procedures is also a major benefit; they easier to carry out than multistep

1 a) Domling, A.Curr. Opin. Chem. Biol2002 6, 303—-313. b) Gallop, M. A.; Barret, R. W.; Dower, W, Fodor, S.;
Gordon,E. M. J. Med. Chen1994 37, 1233-1251. c) Golisade, A.; Wiesner, J.; Herfo@h Joma, H.; Link, ABioorg.
Med. Chem2002 10, 769-777

2 a) Teague, S.; Davis, A.; Leeson, P.; Opre#ngew. Chem., Int. EA999 38, 3743-3748. b) Armstrong, R.; Combs, A.
P.; Tempest, P.; Brown, S.; Keating,Acc. Chem. Re4996 29, 123-131.

3 0rru, R.; Greef, MSynthesi®003 1471-1499.

4 a) Domling, A.; Ugi, .Angew. Chem., Int. E@00Q 39, 3168—3210. b) Hulme, C.; Gore, €urr. Med. Chem2003 10,
51-80. ¢) Ugi, IAngew. Chem., Int. Ed. Endl962 1, 8-21.

17
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syntheses. The structure of the reaction produnt easily be modified by systematic

variation of each input.

2. History of MCRs:

Multicomponent reactions have been known for mbent150 years. First multicomponent
reaction was documented by Streckern this reaction an aldehyde is condensed with
ammonium chloride in presence of potassium cyatidéorm ana-amino nitrile, which

could give thex-amino acid after hydrolysis.

O NH2 H+ NH2
JU + NHC o+ kN ——— I — 1
R™H R CN R” >COOCH

Scheme 1.1 Strecker Synthesis afamino acid.

In the literature, there are many important hetgrlec synthesises, which are MCRs. For
instance, in 1882, Hantzsatlevelop dihydropyridine synthesis from ammoniaaitehyde
and two equivalents of ethyl acetoacetate.

o o CHO Hi,C ~ COOEt
H3CMOEt s NHy 4 © > AN NO,
ls HC  COOEt
2

Scheme 1.2 Hantzsch dihydropyridine synthesis.

In 1891, Biginelll synthesized 3,4-dihydropyrimidin-2¢}-ones from ethyl acetoacetate, an
aryl aldehyde (such as benzaldehyde), and urea.

5 Strecker, ALiebigs Ann.Cheml85Q 75, 27-51.

6 Hantzsch, AJustus Liebegs Ann. Cheh&82 215 1-82.

" a) Biginelli, P.Ber. 1891, 24, 1317 & 2962. b) Biginelli, PBer. 1893 26, 447. c) Kappe, QAcc. Chem. Re200Q 33
879. d) Kappe, Cl. Org. Chem1997, 62, 7201-7204.

18
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Ph

0O O
EtOOC
B S @ —

Scheme 1.3 Biginelli 3,4-dihydropyrimidin-2(H)-one synthesise.

In 1912, Mannich reactidnconsists of an amino alkylation of an enol wittlelyde and an

|
Q N
A+ HoHo + o, ——— /WHV
O O

Scheme 1.4 Mannich reaction.

amine.

Discovered in 1960's, Ugi multicomponent reactimwolves a ketone or aldehyde, an amine,
an isocyanide and a carboxylic acid to forrhigtamide. It will be discussed more in details

in the next part of this chapter.

)OJ\

R1 R2 H2N_R3 () R1R2 ||_|
—_— ~

* R4)J\N)*kH/N Rs
C |
0] I RS O
)J\ IT]
R4 OH R5

Scheme 1.5 Ugi Reaction 4C-MCR.

A vast number of MCRs have been reported in tleeditire, but the isocyanide based MCRs
(IMCRSs) are probably the most documented one.

IMCRSs allow for the synthesis of the largest numbledifferent scaffolds. Moreover, many
of these are assembled from commercially availatdging materials, thus potentially large

libraries of compounds are accessible through poe of reaction.

8 a) Mannich, C.; Krosche, WArch. Pharrm 1912 250 647-667; b) Martin, SAcc. Chem.Re2002 35, 895-904.

° a) Ugi, I; Meyr, R.; Fetzer, U.; Steinbrickner, Ahgew. Cheml1959,71, 386-388. b) Ugi, I; Steinbriickner, @ngew.
Chem.196Q 72, 267-268. c¢) Ugi, IAngew. Chem., Int. EA.962 1, 8-21. d) Gokel, G.; Ludke, G.; Ugi, Flsonitrile
chemistry”; Ugi, I.(Ed), Academic Press, New Yor9Q71

19
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In the next section, we will see in details isatugas, IMCRs and post condensation studies

of various IMCRs.
3. Isocyanides

Isocyanides (isonitriles) represented for a longetithe only class of stable organic
compounds with a formally divalent carbon. Duetsaréactivity, the isocyanide group differs
basically from other functional groups. Almost aimmercially available isocyanides are
volatile and carry this disgusting, sharp, horrilbiéour. Because of this kind of odour

isocyanides have been investigated as potentialetbal weapong®

a.  Synthesis of isocyanidés

Isocyanides were first synthesized in 1859 by Li€keho was surprised to obtained product
with awful odour, which disappeared by prolongedtimgy. In 1869, Gautier’ proved that

such allylation gave the allyl isocyanide and dest@ated isomeric relationship between
isocyanides and nitriles. (Hydrolysis of isocyanidmave formamide instead of the

corresponding carboxylic acid).

/\/l + AGCN — /\/NC
25 %

Scheme 1.6 Lieke synthesis of isocyanide.

In 1867's, Hofmantf found a new approach to isocyanides via the cosatim of a primary
amine with a dichlorocarbene, generated in situhlkating chloroform with potassium
hydroxide (Scheme 1.7). However this method suffeosn a lack of reproducibility, low

yield and difficulties of separation of isocyanidesm amines.

9 Pirrung, M.; Ghorai, S.; Ibarra-Rivera T. Org. Chem, 2009 74, 41104117,
1 Ugi, I.; Meyr, R.;Angewandte Chemi&958 70, 702—703.

12| jeke W.Justus Liebigs Ann. Chert859 112, 316-321.

13 Gautier A.Justus Liebigs Ann. Chert869 146,119-124.

14 Hofmann A. W.Justus Liebigs Ann. Chet867,144, 114-120.

20
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Cl koH O RNH, ff ©
OH — =~ _E_<§I -2 HCI R-NC
cl
R =Ph
50%

Scheme 1.7 Hoffmann synthesis of isocyanide (Carbylaminetrod]j.

Due to difficult access only few isocyanides haeerbknown for one century and rather few
types of reactions have been described.

lvar Ugi has contributed very significantly in is@nide chemistry. Ugi optimized the
formation of isocyanide using the dehydration Mmonosubstituted formamide; these
formamides can be prepared from primary amines maathyl or ethyl formate or formic
acide

0] 0

Dehydration
RNH, + HJ\OCH3 — R‘NJ\H Y » R-NC

Scheme 1.8 Synthesis of isocyanide by dehydration of forndani

Various dehydrating agents can be used (for exaptpegene, s POCE, CO)Cl, SOC),
PBr;) in the presence of a base like pyridine, triedhyhe, diisopropyl ethylamine. Ugi

reports more than 230 isocyanide synth&sEsw of them are shown in the scheme 9.

0
H O pocl, Pyridine {R’NYO\F;/\
~ HCI > c’ ¢ > R-NC
R H - [ H -HOPOCI,

a) Using POCI; as dehydrating agent

H O ¢ >, EtN N. _O_ _Cl

\ 3 3 -

N—¢ > | RS —  » R-NC
R H "HCI H O -CO,, -HCl

b) Using Phosgene as a dehydrating agent
Scheme 1.9 Synthesis of Isocyanide by dehydration of fornaami

I. Ugi also improved the Hoffman method of carbylaenby carrying it out in a biphasic

medium - a mixture dichloromethane and water ingresence of a phase transfer catalyst

21
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(PTC)*® (Scheme 1.10). In this method, the attack of timary amine on dichlorocarbene is
more selective and the method is high yielding {op70% after purification) and more

reproducible.

CHCl;, 3NaOH Re Oy . 489
= CQy (]
CH,Cly/H,0 EE : ig 02

Scheme 1.10 Hoffman synthesis of isocyanide.

Isocyanides can be prepared from isocyargdendihalide. For example, trifluoromethyl
isocyanide was obtained from the treatment of msigne with gemdihalide of

trifluromethyl isocyanide®

j‘i Mg, THF N
Br \N /CF3 20 OC > 3
90%

Scheme 1.11 Synthesis of isocyanide frogemdihalo isocyanide with Mg in THF.

Another route to isocyanides consists in the reactf organolithium compounds with
oxazoles and benzoxazble(Scheme 1.12). In this reaction, the H-2 of oxazds
deprotonated by the base, forming 2-isocyanoph&moldhis intermediate traps an
electrophile, such as an acyl chloride, to givedesired isocyanide.

15 Weber, W.; Gokel, G.; Ugi, Angew. Chem1972 84, 587-587.

16 a) Lentz, D.J. Fluo. Chem1984 24, 523-530. b) Lentz, D.J. Fluo. Chem1985 29, 91. c¢) Priv.-Doz, Lentz, D.;
Angewandte Chemi&994 106, 1377-1393

Y pirrung, M.; Ghorai, SJ. Am. Chem. So€006 128,11772-11773.

22
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0
® o N7
N n-BuLi N N=C R)km ® ©
H—H S—Lli === —
o THF o O-Li THF 0

-78°C, 1.5h rt, 2h

Scheme 1.12 Synthesis of isocyanide from benzoxazole.

Among the various synthetic methods, the purifmastep is essential, as the laboratory may
suffer from horrible smells. To avoid such disadages, our lab reported an in situ synthesis
of isocyanide™® by treating a bromide derivative (like allyl hatidr benzyl bromide) with
silver and potassium cyanide in acetonitrile &(G30n the presence of a catalytic amount of
TEBAC. (Scheme [.13).

AgCN, KCN
AN TEBAC cat.

Br
CH3CN, 80 °C

R =-Ph, R-CH=CH-

Scheme 1.131In situ synthesis of isocyanide from alkyl halides.

b. Reactivity of isocyanides

Structure of isocyanide

Isocyanides are considered as resonance forms dretwesalent carbon forms and
zwitterions 1a and 1b, the carbon atom of the isocyano group exhibitsagbene-like
reactivity that is reflected in the resonance stmecla (Scheme 1.14). Conversely, the linear

structure of isocyanides is well represented bydibelar resonance structuté.

® o
R-N=C: =—> R-N=C

Scheme .14 Resonance structures of isocyanides.

18.3) El Kaim, L.; Grimaud, L.; Schiltz, ABynlett2009,9,1401-1404. b) El Kaim, L.; G rimaud, L.; Schikz Tetrahedron
letters 2009 50,5235-5237. ¢) El Kaim, L.; Grimaud, L.; Schiltz, @rg. Biomol. Chem2009 7, 3024-3026.
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Valence Bond Calculations for methyl isocyaridghow that the carbene form is present at
about 50% while the zwitterionic form accounts fabout 30% of structures and the
remaining 20% structures being more complex (Sché&B)e Thus isocyanides are linear

because this geometry maximizes the resonance &etilve carbene and zwitterionic forms.

® o ®9 © 8
R-N=C: «—» R-N=C: «—>» R—E'—(_)_: <—>» R-N-C:
50% 30% 10% 10%

Scheme |.15Valence bond study of resonance structures oy@udes.

Isocyanides are stable under basic treatment ghegften made under basic conditions), but
they are quite sensitive to acids. In the presehegueous acidic solutions, isocyanides react
to give the corresponding formamides, and acididrblysis is a generally convenient
method for removing the horrible smell of isocyasdMost isocyanides polymerize in the
presence of acid$.

Isocyanide chemistry is characterized by three gnttgs: thea-acidity, thea-addition, the
formation of radicals.

Acidity of the proton in the-position of isocyanide:

The a-acidity of the isocyanides is further increasedédbgctron-withdrawing substituents
such as carboxylic ester, nitriles and phosphostiereor sulfonyroup. In this case, a weak
base is sufficient to alkylate the isonitrile. Thpsoperty has been widely studied for the
synthesis of oxazolé&spyrroles? triazoles?®

For instant, Van Leusen reported an oxazole syigh&s oxazoles from tosylmethyl
isocyanides and an aldehytigScheme 1.16).

1% Ramozzi, R.; Chéron, N.; Braida, B.; Hiberty, P.; Fi¢wessard, PNew J. Chem2012 36, 1137-1140.

20 a) van Beijen, AMacromolecules1983 16, 1679. b) Albert, M.; van Leusen, B.; Hoogenboon, Sderius, H.
Tetrahedron Left1972 13, 2369-2372.

2L siderius H.Tetrahedron Left1972 13, 2369-2372. b) Van Leusen, A.; Siderius, H.; Hodg®m, B.; Van Leusen D.;
Tetrahedron Lett1972 13, 5337-5340.

22 gchrader, R.; Schéllkopf, U.; Blume, E.; Hoppellebigs Ann. Chen1975 533-546.

2 van Leusen, A.; Hoogenboom, B.; Houwing,JHOrg. Chem1976 41, 711-713.
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o
j@ RiBr, K005 \CL e R Oy H
NC T meoH 587 NG 1
// \\ O/ \b K2003, MeOH
Reflux

LT, oo LW w“)

O// \b O/ 7\

O

R1 /’ \\ MeOH ’/ \\

When R;= H, R, = Ph
91%

Scheme 1.16 Synthesis of oxazole from tosmic.

Application of this MCR in combinatorial chemistryed to the discovery of
pyrroloimidazoles as neurite outgrowth stimulafdrsOrru et al®® showed that the
multicomponent reaction (MCR) between amines, aldel, and isocyanides bearing an
acidic a-proton gives an easy access to a diverse rangegloly substituted 2-imidazolines
(Scheme 1.17).

R
NG DCM R, R

NH, )OL Py (AgOAC 2 mol%) R3 N

R ¥ R Ry * R Rg rt T Ry N/>

Rs

Scheme 1.17 Synthesis of substituted 2-imidazolines from jsot@des bearing an acidieproton.

24 Beck, B.; Leppert, C.; Mueller, B.; D6mling, ®SAR Comb. S2006 25, 527-535.
% Romano, V.; Orru, RJ. Org. Chem2005 70, 3542-3553.
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Radical reaction of isocyanides:

Radicals are able to add on isonitriles to formiraidoyl radical species, which can then
fragment into a nitrile and an alkyl raditbr can react with an unsaturated system to finally
reach heterocycles.

R—N=C: — > r\Ns..Rp _ Cyclisation \\C_/Rz
LS RO J
R, Fragmentation

R,—~C=N: + R;
Scheme 1.18:Addition of a radical on an isonitrile.

Segusd’ Bachi?® Nanni?® and Fukuyam® has exploited this reactivity for the formation of
various heterocycles. Radical additions have beenemecently exploited by Curran in
elegant syntheses of polycyclic systems. The amditf the isocyanide on the aliphatic
radical led to a vinyl radical, which induced 1)&kization and gave a disubstituted

cyclopentaquinoline after oxidatich(Scheme 1.19).

R
NC y MegSn, R4 _

/©/ + Ry Benzene o N |
Ri ! hv, 150 °C N

Scheme 1.19 Cyclopentaquinolinerébm aromatic isocyanides and iodopentyne.

% stork, G.; Sher, Rl. Am. Chem. Sot986 108, 303-304.

27 Saegusa, T Kobayashi, S.; Ito, Y.; Yasuda, N.,Am Chem Sog 1968 90, 4182-4184.

28 a) Bachj M.; Balanov, A.; Bar-Ner, N.J. Org. Chem1994 59, 77527758. b) Bachi M., Bar-Ner N.; Melman. Al.
Org. Chem1996 61,7116-7124.

29 a) Nanni, D;Pareschi, P.; Rizzoli, Oetrahedron1995 51, 9045-9062. b) Leardini, R Nanni, D.; Zanardi, GJ. Org.
Chem 200Q 65, 2763-2772c) Benatj L.; Leardini, R.; Minozzi, M.; Nanni, D.; Scialpi, RSpagnolo, P.; Strazzari, S.;.
Zanardi, GAngew. Chem. Int. EQ004 43, 3598-3601.

30KobayashjY.; Fukuyama, TJ. Heterocycl. Chen1998,35, 1043-55.

81 Curran D., Liu H., Josien H. Ko $etrahedron1996 52, 11385-11404.

26



pastel-00739959, version 1 - 9 Oct 2012

Chapter 1: Introduction

o- addition on isocyanides

Isocyanides react with both nucleophiles and ebdptiites at the isocyanide carbon atom- the
“a-addition”, to give &-adducts”.

On isocyanide, a nucleophile attacks the carbomats it has the largest coefficient in the
LUMO (n*) orbital. Moreover, an electrophile interacts lwthe HOMO §) orbital, which is
only developed on the same terminal atom. So, botteophile and electrophile attacks will
occur on the terminal carbon. However, a nitriledees differently as a nucleophile interacts
on the carbon atom (highest coefficient in LUMO)aan electrophile interacts with the
nitrogen atom (highest coefficient in HOMO).

R-N=C R-C=N

TOk

Scheme 1.20 Frontier orbitals of isocyanides and cyanides

After the attack of a nucleophile on the isocyanitie divalent carbon becomes nucleophilic
and attacks an electrophile and conversely, it re@tt first with on an electrophile and
nucleophile.
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In 1894, Nef described the insertion of an isocgann the carbon-chlorine bond of an acyl
chloride to obtain an imidoyl chlorid® The resulting intermediate could further evolve
when treated by a nucleophile. For example, it lwarhydrolyzed to yield the-ketoamide
(Scheme 1.21).

M i Cl 20 i N
R—NC + Ry Cl —_— R2)S|/ —_ = Rz)gf ‘R,
N.
R1

)

Scheme 1.21 Nef reaction formation of ketoamides.

ll. Isocyanide based multicomponant reactions (IMCR)
1. The Passerini reaction

This reaction was discovered by Mario Passerini921. It is the first isocyanide based
multi-component reaction. This three-component tieacinvolves a carboxylic acid, a
carbonyl compound (a ketone or aldehyde), and@yanide, and it gives direct accessi{o
hydroxy carboxamidesi{acyloxy carboxamide¥’ The reaction represents a process with an
excellent atom economy as every portion of theethsemponents is incorporated in the
product.

R1)]\R2 * Rs)J\OH + R4=NC > RS)J\O);f R

Scheme 1.22 The Passerini Reaction.

32 Nef, J.; Justud). Liebig Ann. Chenil892, 210, 269.
33 a) Passerini, M.; Simone, Gazz. Chim. 1tal1921, 51, 126-129. b) Passerini, M.; Ragni, Gazz. Chim. Ital193], 61,
964-969. c) Banfi, L.; Riva, FOrg. React2005,65, 1-140.
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Mechanism of the Passerini Reaction

0] 0]
. O

R1)J\R2+ R3)J\OH = R/* )\

)

w (g @ i
fh b — gt
R1 RZO R3 R4

|
R4
H-Q
o \>/R3 Mumm O Rz Ra

Scheme .23 Mechanism of Passerini Reaction

In the early 60’s Ugi proposed a mechanism for ¢oispling, the Passerini reaction proceeds
rapidly if the reaction is performed in aprotic Apolar solvents at room temperature. Good
yields were obtained with high concentrations @& #tarting materials. From these findings,
it is assumed that the Passerini reaction doefofiotv an ionic pathway. Hydrogen bonding
is believed to play a crucial role in the formatiohthe presumed cyclic intermediate in
which the isocyanide inserts. The whole mechanisiinbe discussed later. In the Passerini
reaction, a Mumm type rearrangement is involvedyéd the final product. The Mumm
rearrangement is a 1,3(0O-N) acyl transfer of an aeigate or isoimide group to an imide, in
the case of Passerini reactions, it involves a-@j acyl transfer.

0] M o
R umm
@ ° rearrangement o >\‘_R3
N >N

R, R, Ri  Rp

\

Scheme .24 Mumm Rearrangement
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2. Ugireaction

In 1959, Ivar Karl Ugi extended the scope of thedeani reactions by adding an amine, to
form abis-amidé (Scheme 1.25).
0o

P

R Ry H,N-R3

Scheme 1.25 Ugi Reaction.

Mechanism of the Ugi reaction:

The amine and the ketone form an imine with lossowé equivalent of water. Proton
exchange with carboxylic acid activates the imioeriing the iminium ion for nucleophilic
addition of the isocyanide to give the nitriliumnioThe nucleophilic trapping of this
intermediate by the carboxylic acid counteranidiords the acyl imidoyl species. The final
step is a Mumm rearrangement with transfer of ty group (RCO) from the oxygen atom
to the nitrogen atom of the former amine (Sche2@)!.

(0]
0] R )J\ 0
1 R OH R oH o L
R )J\R HQN_R3 —N\ *N\ O R4
1 2 -H20 R2 R3 Rg R3
C
Il
N
Rs
R H. Ry Ra i
R“TN%LN’R*S Mumm N Ry N
< R (0]
R, Ri R o) 2>(
\® No 0" R,
R5 R5

Scheme .26 Mechanism of Ugi Reaction
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Variations in Ugi reactions:

The acidic component in Ugi reaction plays an intgatrrole. It protonates the imine and the
carboxylate entity is involved in the trapping tktnitrilium intermediate (Scheme 1.24).
Moreover the structure of the acid allows the firedrrangement via the shift of the acyl
moiety. Ugi extended this study (Scheme 1.27) usinglrazoic acid? carbonic acid
monoesters> hydrogen thiosulfat&® isocyanic and isothiocyanic acitfshydrogen selenide
and water as carboxylic acid surrogatedore recently, Domling found that thiocarboxylic
acids can be use in Ugi reaction to give thioamidds all these couplings, the final
irreversible Mumm-rearrangement step is replace@rbglectrocyclisation (hydrazoic acid,
isocyanic, and isothiocyanic acid), a final tautozegion (water, hydrogen selenide) or a

related Mumme-type process with thiocarboxylic a@adheme 1.27).

R _
H R4—CHO R OH H
N H,X g P N.
Hl}l)\’( Ry <*—— + —> Ry N Rj

R, X R,~NH,  CN-R, R, O
X=0,8,Se ! o Ugi, 1959
. o N-
Ugi, 1961 & 4)J\SH
I
o)
AT K
R R4 NJ}}/ R
-N H N !
§ »\(N\R l R2 S
N HN)}/F%
Ry M N Domling, 2000
0 Ry
Ugi, 1961
Ugi, 1961

Scheme .27 Acid surrogates in Ugi-type couplings.

34 a) Ugi I,Angew Chem196Q 72, 639. b) Ugi, |.; Steinbriickner, ©hem Berl961, 94, 734-742. c) Nixey, T.; Kelly, M.
Tetrahedron LetR002 41, 8729-8733. d) Marcos, C. F. Marcaccini, S; Menchij, R&pino, R.; Torroba, Tletrahedron
Lett,2008 49,149-152.

35 a) Ugi |, Steinbrickner CChem Berl961, 94, 2802-2814. b) Haslinger E, Monatsh Ch&ev8 109 749-750. c)
Keating T.; Armstrong R.J Org Chenil998 63, 867—871. d) Hulme C, Ma L.; Romano J.; Morton @Gndg, S.; Cherrier,
M.; Choi, S.; Salvino, J.; Labaudiniere, Retrahedron Le{t2000,41,1889-1893

%8 Ugi, I.; Steinbruckner, CAngew Chem 96Q 72, 267—268

87a) Ugi, |.; Rosendhal, F.; Bodesheim Lkebigs Ann Cheri963 666, 54—61. b) Ugi, |.; Offerman, KChem Ber1964 97,
2276-2281

%8 Ugi I.; Angew Chem 962, 74,9-22.

39 a) Heck S.; Domling, A.Synlett2000,424-426. b) Kolb, J.; Beck, B.; Démling, Aletrahedron Let2002 43, 6897—
6901. b) Kolb, J.; Beck, B.; Almstetter, M.; Heck; Berdtweck, E.; Démling, AMol Divers2003 297-313. ¢) Henkel, B.;
Westner, B.; Domling, A. Synle®003 2410-2412.
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3. Ugi-Smiles reaction
In 2005,Laurent ElI Kaim and Laurence Grimaddveloped a new Ugi-type coupling using
some electron-deficient phenols instead of the mgilic acid’® with a final Smiles

rearrangement instead of the classical Mumm aawister (Scheme 1.28).

Scheme 1.28:Ugi—Smiles coupling

A wide range of carbonyl compounds can successiutigergo this reaction, excepjs-
unsaturated aldehydes. As traditionally observedlgn couplings, ketones require longer
reaction times than aldehyd&sVarious primary amines were shown to be good aeastas
well. However, compared with the classical Ugi temag the lower efficiency of Ugi—Smiles
process is further highlighted by the lack of readist of aromatic amines and secondary
amines’

Mechanism of Ugi-Smiles reaction

OH
NO, R,
< E@ CN-R, R, N\H
Ri=CHO + R,~NH, <~———= PR, A0 s=———
L e 2
'@ A0
C Rs
I A
N
Rs
R3
R, N

ONH Ry o J\<R1
Ry
H Smiles
0J N- O.N "
Q\N&‘/N\RS - 02N R2 ~——"" 2 ’TIH
| ) R2
NO, R, O

Scheme 1.29:Proposed mechanism for Ugi—Smiles coupling

40 E| Kaim, L.; Grimaud, L.; Oble, JAngew. Chem. Int. EQ2005 44, 7961-7964.

“I0ble, J 2007 Nouvelles réactions multicomposant avec des peért des isonitriles, PhD dissertation, Ecole
Polytechnique

42 Kazmaier, U; Hebach, CSynlett2003 1591-1594.
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The amine and the aldehyde form an imine with los®ne equivalent of water. Proton
exchange with phenol activates the imine forming ithinium ion for nucleophilic addition
of the isocyanide to give the nitrilium ion. ThistermediateA is trapped by the phenolate
anion, and the presence of an electron-withdrawnogip on the aromatic core allows a final
Smiles rearrangement of the resulting intermeditegive the correspondingN-aryl
carboxamide (Scheme 1.29).

In addition, further investigations allowed to exdethese results to hydroxy heterocytles
such as 2-hydroxypyridines and hydroxypyrimidinekich give the corresponding amino

heterocyles with rather good vyields (38-96%). Thae wf 2-mercaptopyrimidines and
pyridines directly give substituted thioamides wjtblds around 70% (Scheme 1.30).

HN
NC 5 2 OH H
COOCH MeOH N PN
Sy e o L
659 0 ©/COOCH3

74 %

HoN
NC 5 2 OH ’
MeOH N PO
© * H)J\/ + « [ON O/ N""Ph
= 65 °C 0]
CFs3

H
NC N A~
o H,N SH 71)\/"‘ Ph
MeOH S
7

+ H)J\/ + + ] =N —— |N

Pz 65°C HsCO XN
Ha CFs

oc . OCH CFs
OCH, 5%

Scheme 1.30:Some new compounds by Ugi-Smiles coupling.

433) Cristau, P.; Vors, J.; Zhu,Qrg. Lett.2001, 3, 4079-4082. (b) Cristau, P.; Vors, J.; ZhuTétrahedror2003 59, 7859-
7870.
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lll. Applications to heterocyclic synthesis

Multicomponent reactions are extremely powerfultbgtic tools for medicinal chemistry

and pharmaceutical industry due to the potentighefresulting scaffolds. Indeed, they can
be further transformed via post-modifications dej¥eg on the functional groups introduced
in the different partners of the MCR. In this watyis really simple and fast to synthesize
large libraries of structurally diverse complex emlles for biological screenings.

1. Post-condensation transformations of Ugi adducts

Most of the Ugi post-condensation strategies reguithe preparation of difunctional
components whose additional function may be adt/ator a secondary reaction as
lactonisatior** aromatic nucleophilic substitutidi, Diels-Alder?® Heck reactiorf/ Pictet-
Spengler cyclizatio®® Knovenagel condensatih, amide reductior® metathesis reactich
etc.

Metal-catalyzed cycloadditions: The Ugi/Heck tandemaction (Scheme 1.31) can be used to
produce isoquinoline derivativetsiese scaffolds are present in a number of nafuoalucts

and therapeutic reagenfs.

4 Bonnaterre, F.; Bois-Choussy, M.; ZhuQig. Lett.2006,8, 4351-4354.

45 3) Spatz, J.; Umkehrer, M.; Kalinski, C.; Ross, Burdack, C.; Kolb, J.; Bach, Tetrahedron Lett2007, 48, 8060-8064.
b) Lu, K.; Luo, T.; Xiang, Z.; You, Z.; Fathi, R.; €h, J.; Yang, ZJ. Comb. Chen2005,7, 958-967. c) Xiang, Z.; Luo, T.;
Lu, K.; Cui, J.; Shi, X.; Fathi, R.; Chen, J.; Yang,Qtg. Lett.2004,6, 3155-3158. d) Xiang, Z.; Luo, T.; Lu, K.; Cui; J.
Shi, X.; Fathi, R.; Chen, J.; Yang, @rg. Lett.2004,6, 3155-3158

46 a) Volodymyr K.; Mikhail K.; Kurashvili I.;, Alexadre V.J. Org. Chem.2008 71, 9544-9547; b) Ugi, Angew. Chem.
Int. Ed. Engl.1982,21, 810-819. c) Wright, D.; Robotham, C.; Aboud,TKetrahedron Lett2002 43, 943.

a7 a) El Kaim, L.; Gamez-Montano, R.; Grimaud, L.;aaRivera, T.Chem. Commun2008 1350-1352. b) Endo, A,;
Yanagisawa, A.; Abe, M.; Tohma, S.; Kan, T.; Fukuga T.J. Am. Chem. So2002,124, 6552-6554. c) Xiang, Z.; Luo,
T.; Lu, K.; Cui, J.; Shi, X.; Fathi, R.; Chen, J.; YatZ. Org. Lett.2004 6, 3155-3158. d) Gracias, V.; Moore, J.; Djuric, S.
Tetrahedron Lett2004 45, 417-420. e) Mori, K.; Rikimaru, K.; Kan, T.; Fuama, T.Org. Lett.2004 6, 3095-3097. f) El
Kaim, L.; Gizzi, M.; Grimaud, LOrg. Lett.2008 10, 3417-34109.

48 Znabet, A.; Zonneveld, J.; Janssen, E.; De é&af; Helliwell, M.; Turner, N.; Ruijter, E.; @r, R.Chem. Commun
2010,46, 7706-7708.

49 a) Marcaccini, S.; Pepino, R.; Pozo, M.; Basurto Garcia-Valverde, M.; Torroba, Tetrahedron Lett2004 45, 3999.
b) Marcaccini S.Tetrahedron Lett2004 45 3999-4001

*0 Giovenzana, G.; Tron, @rg. Lett 2008,10, 4199-4202.

51a) Krelaus, R.; Westermann, Betrahedron Lett2004 45, 5987-5990. (b) Banfi, L.; Basso, A.; Guanti, G.; 8iR.
Tetrahedron Lett2003 44, 7655-7658. (c) Beck, B.; Larbig, G.; Mejat, B.; Maghachaux, M.; Picard, A.; Herdtweck, E.;
Domling, A. Org. Lett.2003 5, 1047-1050. c) Hebach, C.; Kazmaier,Ghem. CommurR003 596-579. d) El Kaim, L.;
Grimaud, L.; Gizolme, M.; Oble, J. Org. Chem2007, 72, 5835-5838. €) Ribelin, T.; Judd, A.; Akritopoul@anze I.;
Henry R.; Cross, J.; Whittern D.; Djuric Org. Lett.2007, 9, 5119.f) Lee D.; Sello J.; Schreiber(®g. Lett.200Q 2, 709.

52 a) Endo, A.; Yanagisawa, A.; Abe, M.; Tohma, SanKT.; Fukuyama, T. Am. Chem. So€002,124, 6552-6554. b)
YangJ. Comb. Chen®006; 8, 696-704-712.
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oc H
COOH + MeNCy,, 100 °C
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MeO MeOH 25°C o
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| ><NC , >'/ N7
©/ 90% 96% o)

Scheme 1.31:Tandem Ugi/Heck coupling reaction

In our research group, various cascades involvadical chemistry as post-condensation in
Ugi-coupling were developed. Indeed, the Ugi resctperformed with chloro acetic acid
allows to introduce a xanthate which can be furthensformed to functionalized

pyrrolidinones (Scheme 1.3%5.

SCSOEt
HoN COOH 05
cl 1. MeOH ( LM ﬁ)k _DLP 15%_ N\)LNH
* R
R, 2. EtOC(S)SK NH Reflux EtOSCS n R, 2
>:O CN_RZ R1 R2
H

Scheme 1.32Ugi reaction followed by Xanthate formation amdlical cyclization

In 1996, Armstronget al described further applications for cyclohexenyciganide which
was introduced by Ugi in 1961 as an isocyanidestdrsequent cleavage to primary amides.
With this reagent, derivatizations to carboxylicidacesters, thioesters, pyrroles, and
benzodiazepines can be carried out after the Ugidomponent reactions (U-4CR) (Scheme
33)>* Because of the versatile transformation possislitArmstrong introduces the term

"universal isocyanide" or convertible isocyanidedgclohexenyl isocyanide.

53 El Kaim, L.; Grimaud, L.; Miranda, D.; Vieu, Eetrahedron Let2006 47, 8259-8261.

54 a) Rosendahl, F; Ugi, ILiesbigs Ann. Chenl963,666, 65-67. b) Keating, T.; Armstrong, B. Am. Chem. So¢995
117, 7842-7843.
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Scheme 1.33: 'Universal isocyanide" to formp-unsaturated amides.

Akritopoulou-Zanze and co-workers worked on [2 €2|d [3 +2] cyclo-additions of Ugi
adducts. The carboxylic acid bearing an azide fanctallows an intramolecular
cycloaddition of the Ugi adduct between the dipald an alkyne to form triazol@s.
(Scheme 1.32)

CHO
O Ph
///\NHQ o Pho, . H\C
MeOH N N Benzene 4
R T e 3\)I\NJ\H/ Cy IN O
o o Reflux N’ ]
HZ 80% N
Cy—NC Z

Scheme 1.34:Synthesis of triazole derivatives by tandem Ugiloyaddition [3 +2]

%5 Akritopoulou-Zanze, I.; Gracias, Setrahedron Lett2004 45, 8439-8441.
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2. Post-condensation transformations of Ugi-Smilesdducts

The development of post-condensation transformatiminUgi-Smiles adducts has mainly

been done in our laboratory soon after the figgoreon this new coupling.

Synthesis of 3,4-dihydroquinolinon®s.

The Ugi-Smiles reaction of propanaldehyde, 2-meghethylamine, cyclohexylisocyanide,
and ortho-nitrophenol give Ugi-smiles adduct, which can keduced to the corresponding
aniline. Latter, when treated with a catalytic amioof para-toluenesulfonic acid (10 mol %)
in methanol at room temperature for 24 hours, tdduet cyclized to give the 3,4-
dihydroquinoxalin-2 (1H), after elimination of tlgclohexylamine, with a 80% yield over
two steps(Scheme 1.35)

OMe
A A Hm/(
1. Hy, PA/C (10%),
N OMe 2
H - S MaOH 0.5 M
H,N C N
2 meod ¥ T NG rt12h Oﬁ)\/N/\/OMe
+ —_— 2 ™ UN + CyNH,
85 °C 2. PTSA (10%),
OH
NC MeOH 0.5M
NO, rt24h

80%

Scheme 1.35:Synthesis of 3,4 dihydroquinolinones.

Similarly, Ugi-Smiles adduct ob-nitrophenol with allyl amine and various aldehydexl
isocyanide undergoes deallylation followed by redduc of nitro group to offero-
phenylenediamines, which could then be convertedarious products: benzotriazoles under
nitrosation conditions, benzimidazoles upon oxidatitreatment with an aldehyde or

mercapto benzimidazoles after reaction with cardisnlfide (Scheme 1.36’.

%6 Oble, J.; El Kaim, L.; Gizzi, M; Grimaud, L.;Heterocycles2007, 73, 503-517.
57 El Kaim, L.; Grimaud, L.; Coffinier, DOrg. Lett 2009 11, 995-997.
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HoR MeOH 0.5M N MN’Rz
/N\H)\ ANF r.t. 24h Ry NH NaNO,, AcOH N H
R, N -~ N
o] NH2 —_— N
o NO, 2. H,, Pd/C (10 mol %) N
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© Rq= i-Bu, R, = t-Bu, 91%

= 4-CIPh, R, = Cy, 95%
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Scheme 1.36 Synthesis of benzotriazole in Ugi-Smiles coupling

A synthesis of indoles was described by a tandemSdules/Heck reaction, by using 2-
iodo-4-nitrophenol. This result could be extendedyridines and pyrimidines and several

families of indole derivatives were synthesizedie pot (Scheme 1.375'

(@] — —
HoN
" 2 I?n 1.CF;COOH Hzn
+ . HN = . 3 N
N\ NH4CI (1 equiv) N (0.2 equiv) N
OH —_— 0 | » O
| NC Toluene: H,O 2. Pd(OAc),, 10 mol%
B 10:1 PPh3 20 mol%
n EtsN:toluene (1:1)
NO, NO,
NO, - - 72%

Scheme 1.37tandem Ugi-Smiles/Heck reaction for synthesis dbies.

Cyclization by metathesis of Ugi-Smiles reactionswalso carried out using Ugi-smiles
adduct obtained from 2-allyl-4-hydroxy pyrimidireddehyde, an isocyanide and allylamine,
to give pyrimidoazepines (Scheme 1.38).
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Scheme 1.38:Ugi-Smiles reaction for the synthesis of pyrimidepines.
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Ugi-Smiles couplings of substituted
pyridine derivatives

The work described in this chapter has been pudish one publication:
El Kaim, L.; Grimaud, L.; PravinPatil,Org. lett.2012 14, 476-478.
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. Presentation

1. Ugi-Smiles couplings of hydroxy heterocycles

In the previous chapter, we introduced the Ugi-emikeaction for rapid access to aminoaryl

and heteroarylcarboxamides, which are importarft@da in pharmaceutical industry.

Het-OH R—CHO R

N R
. —  » R4 7]/\'1 2

O  Het
R2_NH2 CN—R3

Scheme I1.1:Ugi—Smiles coupling of heterocyclic phenols.

Among the various hydroxy heteroaromatic derivaiested soon after the first report on
Ugi-Smiles coupling, 2-hydroxypyridine failed tovgi the desired adduct unless substituted
with an electron-withdrawing group at 5-positin>® Indeed, 2-hydroxy-5-nitropyridines
react withp-chlorobenzylamine, cyclohexylisocyanide and prapidehyde in methanol at
60 °C (Schema.2).
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Scheme 11.2:Ugi—Smiles coupling of 2-hydroxy-5-nitropyridine.

In the case of 5-chloro-2-hydroxypyridines and iBuioromethyl-2-hydroxy pyridine,
toluene was required as solvent and the mixtureheased at 90 °C to obtain the product in
moderate yields (Scheme I1.3).

%8 a) El Kaim, L.; Gizolme, M.; Grimaud, L.; Oble,Qrg. Lett.2006 8, 4019-4021. b) El Kaim, L.; Gizolme, M.; Grimaud,
L.; Oble JJ. Org. Chem2007, 72,4169-4180.
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Scheme 11.3:Ugi—Smiles coupling of 4-substituted-2-hydroxy [plynies

However, 2-hydroxypyrimidines and 4-hydroxypyrinmds are more efficient, and react as
such. In this case, the reaction was performedethamol at 60 °C, and the desired adduct

isolated in good yields (Scheme 11%).
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Scheme 11.4:Ugi—Smiles coupling of 4-hydroxypyrimidines

5,6-Diphenylpyrazin-2-ol is also efficient, as iv@s good yields in toluene at 100 for 12
h. However, when 5,6-dimethylpyrazin-2-ol was tdstihe yield decreased significantly in

the same conditions, probably due to a fast enarsameerizatiorr’
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Scheme 11.5:Ugi—Smiles coupling 0%,6-diphenylpyrazin-2-ol.

59 Barthelon, A.; Dos Santos, A.; El kaim, L.; Grimald Tetrahedron Lett2008,49, 3208-3211.
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Scheme 11.6:Ugi—Smiles coupling 0%,6-dimethylpyrazin-2-ol.

2-Hydroxy quinoxaline were also tested as potempizaitner in Ugi-Smiles couplings. Due to
the poor solubility of quinoxalinone in toluene, @ was chosen as solvent, and the
reaction was performed at 100. After 98 h, the desired adducts were isolatedeiry low

yield and no further trials were done with pyrazitegivatives.
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Scheme 11.7:Ugi—Smiles coupling ofjuinoxalinones.

Finally, hydroxytriazines and five-membered hydroRkgterocycle like hydroxytetrazole

failed to give any product in Ugi-Smiles coupling.
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2. Presentation of the project

Before working on this project, we thought thatytHoxy pyridines would probably not be
good partners in Ugi-Smiles couplings. Indeed datens® showed that hydrogen bonding

with ortho aryl substituents where helpful durihg Smiles step of the procéss.

As the use of 4-hydroxyquinoline could allow vergpid access to some biologically

important scaffolds, we decided nevertheless totkese compounds. Indeed, such hydroxy
heterocycles could allow the formation of 4-aminioglines, which can be easily reduced to
give chloroquine analogues (Scheme 11.8).

amide

NEt,

Chloroquine

Scheme 11.8:Ugi-Smiles coupling reaction of 4-hydroxy quinolone

In general, 4-aminopyridine (4-AP) is a motif pnetsm a wide number of biologically active
compounds such as Pinacidil which is a cyanoguaeidirug, used to treat some of the
symptoms of multiple sclerosié.Andreani and Scipione showed that 4-aminopyridine

derivatives possess an antiamn®sand anticholinestera&eactivity. Niflumic acid® an

80 Nicolas, C.; El Kaim, L.; Grimaud, L.; Fleurat-Lass, P.Chemistry - A European Journ@011, 17, 14929-14934.

51 Note: "4-nitro phenol is less reactive than 2aptrenol due to hydrogen bonding including the spitermediate of the
Smiles step.”

52 Solari, A.; Uitdehaag, B.; Giuliani, G.; Pucci, Egus, CCochrane Database Syst R2001,(4), CD001330

63 Andreania, A.; Leoni, A.; Locatelli, A.; Morigi, RRambaldi, M.; Pietra, C.; Villetti, GEur. J. Med. Chem200Q 35,
77-82

54 Scipione, L.; De Vita, D.; Musella, A.; Flammiti,; Bertoni, S.; Barocelli, EBio.Med. Chem. Let2008 18, 309-312
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analgesic and anti-inflammatory agent has beenlolese for the treatment of rheumatoid
arthritis. Sulfapyridine is used as antibacterinigf® Picoxicani’ is a nonsteroidal anti-

inflammatory drug. Mepyramine, also known as pynilee’® is a first generation

antihistaminic drug (Scheme 11.9).
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Scheme 11.9 4-amino pyridine derivatives in pharmaceuticals.

Since long time, 4-aminoquinoline derivatives asenmercialized as antimalarial drugs such
as Chloroquine, Primaqueine, Amodiaquine and sameiader clinic tests like Pamaquine,

Ablaquine, Trioxaquine, Piperaquine (Scheme 11.10).

85 Dreiser, R. E.; Charlot, J.; Lopez, A.; Ditisheit,Current Medical Research and Opinid®9Q 12, 93-99.

56| esch, J.2007). "Chapter 7" The First Miracle Druggillustrated ed.)Oxford University Press.
57 Christofis P.; Katsarou, M.; Papakyriakou, A.; 9dsaY.; Katsaros, N.; Psomas, GlInorg Biochem2005 99, 2197-
2210.

58 Huttrer, C. P.; Djerassi, W. L.; Beears, R.; Mayer,Scholz, C. R.J. Am. Chem. Sott946 68, 1999-2002.
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Scheme I11.10:The promising antimalarial drugs and active prems®

There were an estimated 225 million cases of nambanrldwide in 2009° An estimated
655,000 people died from malaria in 201@ decrease from the 781,000 who died in 2009
according to the World Health Organization's 201brMV/ Malaria Report, accounting for
2.23% of deaths worldwid®. However, a 2012 meta-study from the University of

Washington and University of Queensland estimabes malaria deaths are significantly

5 Francis; W.; Akira; |.Drug Dev Res201Q 71, 20-32.
0 "world Malaria Report summaryWorld Health OrganizationRetrieved 5 Novemb&011.
" "world Malaria Report 2011 summaryVorld Health OrganizationRetrieved 15 Decemb&p11
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higher. Published iThe Lancetthe study estimates that 1,238,000 people ded fmalaria
in 2010/%Ninety percent of malaria-related deaths occurin-Saharan Africa, with ~60 %
of deaths being young children under the age ef'flv
Drug resistance in malaria is now widespread makiegtment increasingly difficult in many
parts of the world?* therefore it creates continuing demand for newlogically active
compounds.
In the field of IMCRs' Chibale and co-workers have recently employed ghncdupling of
4-aminoquinolines to synthesize new potential aalkamal compounds (scheme I1.1%).
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Scheme I1.11 Synthesis of target compounds by Chibale and axkevs by Ugi reaction.

In this work, the 4-aminoquinoline moiety was imtuged on the amine partner of the Ugi
coupling leading directly to chloroquine analoguésnsidering the adduct obtained via Ugi-
Smiles coupling, we decided to investigate the ibdig to form the aminoquinoline during

the four component coupling (4-CC). The reductibthe amide function would then afford
some chloroquine analogues. Due to the moleculsersity offered by the 4-CC, a wide

range of libraries could be prepared.

"2"Global Malaria Mortality Between 1980 and 2010Sgstematic Analysis"journalistsresource.org

™ Murray; C.; Rosenfeld, L.; Lim, S.; Andrews, K.; Earan, K.; Haring, D.; Fullman, N.; Naghavi, M.; lasw, R.; Lopez,
A.; The Lancet2012 379, 413 - 431.

" Wellems T.;Science2002,298124-126.

75 a) Musonda, C.; Taylor, D.; Lehman, J.; Gut, J.sé€&udhal, P.; Chibale, KBioorg. Med. Chem. LetP004 14, 3901—
3905. b) Musonda, C.; Gut, J.; Rosenthal, P.; Ygrdle; de Souza, R.; Chibale, Bioorg. Med. Chem2006 14, 5605—
5615. ¢) Musonda, C.; Little, S.; Yardley, V.; CHia&K, Bioorg. Med. Chem. Let2007, 17, 4733-4736.
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II. Results and discussion

At the beginning of this work, we have to test biehaviour of the 4-hydroxypyridine in Ugi-

Smiles couplings, as the former studies were lidnite2-hydroxypyridine derivatives.
1. Ugi-Smiles reaction of 4-hydroxypyridine

The reaction was performed in methanol al@%s classically draped for 2-hydroxypyridine.
A stoichiometric amount of 4-hydroxy pyridine, cghkexyl isocyanide, allyl amine and
isovaleraldehyde were heated for two days at°G5 Surprisingly, 4-hydroxy pyridine

undergoes smooth coupling under these conditiorfigrdang the corresponding 4-

aminopyridine in 69% isolated yield (Scheme 11.12).

-1

Scheme 11.12:4-Hydroxy pyridine in Ugi-Smiles reaction.

In order to optimize the conditions, the same reactvas performed varying the reaction
time summarized below:

Reaction conditions %Yield
Methanol, 65'C, 18 hrs 40 %
Methanol 65°C, 3 days 72 %
Methanol 65°C, 5 days 73 %

The best yields were obtained after three dayslanger reaction time did not improve

significantly the efficiency of the process.

50



pastel-00739959, version 1 - 9 Oct 2012

Chapter 2: Ugi-Smiles couplings of substituted ppedderivatives

The scope of the reaction was next examined byinvguthe other partners.
Variation of carbonyl group: As observed in Ugi-8msireaction of phenols, neithes-

unsaturated aldehydes nor furfural reacts with drbyypyridine (Scheme 11.13).

(0]
XX MeOH
| Jot + ¢\/NH2 + or e
N 65 °C
@\(O
(0]

H
Scheme 11.13 o,-unsaturated aldehydes and 4-Hydroxy pyridine ii&lgiles reaction.

Otherwise, in general, aldehydes give good isolgteldls within three days (see table 1.1,
entries 1-9), while ketones require longer reactiore and are of lower efficiency (see table
II.1, entries 10 and 11).

Cyclohexyl isocyanide is a good partner (see télle entries 1-3), but benzyl isocyanide
andt-butyl isocyanide gave lower yields (see table, kdtries 4 and 6)-Butyl isocyanide is
probably hindered but, for 4-methoxy benzyl isodgtan the main problem is probably a

competitive isomerization which can occur aftertsagrolonged heating.

Anilines failed to couple with the 4-hydroxy pyndi as already observed in Ugi-Smiles
reactions, this is probably due to the lower nuglelicity of the aromatic amine which

inhibits the Smiles rearrangement (Scheme 11.14).

OH NC NH;
N . )\)OL MeOH
| ot + H 65 °C
N
R
R=H,Cl

Scheme 11.14 Anilines and 4-hydroxypyridine in Ugi-Smiles réans.

The key role of the Smiles rearrangement was furtdemonstrated by the lack of any

product when secondary amines were tested undesaime conditions: diethylamine or
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morpholine with 4-hydroxy pyridine, cyclohexyl is@nide and isovaleraldehyde failed to

give the corresponding products (Scheme 11.15).

Et,NH

OH NC
or o
XN M MeOH
—_—
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O NH
__/

Scheme 11.15 Secondary amines and 4-hydroxypyridine in Ugi{8mieaction.

TABLE I1.1. Ugi-Smiles coupling of 4-hydroxypyridine.

OH H RiRe
§ o R NRe
| )+ R1AR2 + CN-R; + R,~NH, —» o
N |
J
N
Product %
Entry | RCOR: | RsNC RsNH> Product i
no. |yield.
1| K @ NN C( N -1 | 69 %
H (0] _ |
SN
0 N N om
2| K © "N~och, C( N -2 | 65 %
H 0 _ |
SN
NH2 OCHs
3 )\)LH © C( N OCHs | 113 | 72%
0
OCHj /|
OCHj SN
0 N _
a | I +Nc HN N >( N -4 | 43%
” e
SN
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NC mcom
H
0 N
13 | LI NHs H,CO NH 1113 |28 %
OMe 0 (ﬁ
OMe \N |
NC C'\©\/
H
14 i NVH\/NH 396
N NH J ) I-14 |33 %
|
cl SN

2 isolated yield,”. yield after 4 days, isolated yield under microwave conditions.

When ammonia was used (the source of ammonia snaponia 30%), the reaction required
microwave irradiation. It was performed in methawth a light excess (1.5 or 2 equivalent)
of ammonia at 96C for 90 min. The desired adducts were isolatethaulerate yields for
benzylic isocyanides, but complex mixture were wigd with cyclohexyl isocyanide arte
butyl isocyanide. (see table 1l.1, entries 12-14).

When 4-hydroxy pyridine was replaced by 2,3,5,6afeioro-4-hydroxy pyridine, the
reaction with isovaleraldehyde, cyclohexyl isocg#niand allyl amine failed to give the
correspondingN-aminopyridine (Scheme I1.16).

MeOH
OH NC © >
F N F 0] 65 °C
Y- S U G
F- N° °F MeOH

90 °C, 90 min
200W, Microwave

-
Lo

Scheme 11.16 2,3,5,6,-tetrafluoro-4-hydroxy pyridine in Ugi-8&s reaction.

2.  Ugi-Smiles reaction of 4-hydroxyquinolines

We next examined the behavior of 4-hydroxy quiredinn Ugi-Smiles coupling. The

reaction performed in the same conditions setitedHhydroxypyridine afforded the desired
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products. The results of the Ugi-Smiles couplings 4hydroxyquinoline and 2-
trifluoromethyl-4-hydroxypyridine are shown in tf@lowing tables 1.2 and 11.3.
TABLE 11.2: Ugi-Smiles coupling of 4-hydroxyquinoline.

OH H Ri R,
Q j\ Ra/Nm)<N,R4
| J + R R, * ON-Rg  + Ry NH, ——> o
N |
NS
N
Product %
Entry R,COR, R;NC R:.NH, Product _
no. | yield®
0 ° Hﬁfﬁ\
ANF NTNF _ 0
1 L @ HN C( I I-15 | 46 %
a9
SN

H
, o NC i O/N\H)\/N/\/ 36 o
L, @ N g @ I1-16 | 36 %
SN

6 %
-17

Cl
CHO
NC
H
: @ Slan @“EW/
SN

o N ~_OMe
4 )\)LH 4’>NC H2N/\/OCH3 >( I N [1-18 7%

H
o NC N
5 | L L, | ()| m (ryy =’ 1119 | 47 %
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NC MeO
H
0 \©\/N OMe
S é HoN T 1-20 | 60 %
=
OMe ~ |
N
NC MeO
H
7 HaN o~ N - A7 %
L é N T I1-21 6
=
OMe < |
N
NH,
0 N N — )
8 N [1-22 | 49 %
‘onNe SR
=
Cl N |
N
NC Cl
9 NH NH 11-23 |32 %°
)\)LH ’ o ~
Cl X |
N
NC MeO
NH e 11-24
H ¥ (0]
OMe =
OMe X |
N
\©\/H
11 i NH R 125 | 15 %
\)J\H 3 O Z | 0
cl SN
3isolated yield,® yield after 6 day<isolated yield under microwave conditions.
TABLE 11.3: Ugi-Smiles coupling of 2-(trifluorometh yl)quinolin-4-ol.
R R
OH H 1 2 R,
O Rs”™ N~
S B R 0
| _— + R1 R2 + CN—RS + R4_NH2 =
N~ CF, |
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Product %
Entry RCOR, R:NC R:,NH, Product _
no. Yield ?
0 Ne § _
= N/\/
1| w2 | Y ) 1-26 | 71%
|
FoC” N
NG N _
° | O |
~F i
2 \)LH HoN o | 1-27 | 38%
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Ci
CHO " 72 o
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. T Lo
— N .
6 | LI HN ) 131 | 69 %
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H
0 NC OCH N ~_-OCH;,
8 )\)LH >< e 55 I1-33 | 20%
|
FaC” N7
NC Cl
H
9 )\)OL NH NY¢ I-34 | 45 %°
H ° 5 0
L0
“ FoC” N7
NC MeO.
i M OD\/H NH 37 %"
e -
0 | LI | I m 11-35
|
OMe FaC” N7
N CIW@VHY(
o N NH
1L é NH 6 A 1-36 | 48 %°
Cl FiC” N7

3isolated yield,® yield after 18 hrs’ isolated yield under microwave conditions.

Various aldehydes or ketones, amines, and isocgarti@ve been coupled successfully as
listed in table 1.2 and table 11.3. As previousligserved (for 4-hydroxy pyridinefert-butyl
isocyanide (see table 1.2, entries 4 and tab8 éntries 7, 8) is less efficient than cyclohexyl
isocyanide and required longer reaction time. 2f(laromethyl)quinolin-4-ol turned out to
be more effective than the 4-hydroxy quinoline (sakle 1.2, entries 1 and table II.3,
entryl), this can be explained by the electron-avilving nature of the Glgroup.

Various primary amines - allyl, benzyl and proparm@yines (see table 11.1), were submitted
successfully to the Ugi-Smiles coupling, the desiaglducts were obtained in moderate to

good vyield.

Ugi-Smiles reaction of 4-hydroxyquinolines with ammm| gave deceiving results, the yield
of products all product are less than 50 %, eveanwlorking under microwave conditions.
(see table 11.2, entries 9-11 and table 3, enfié&4g),

Next, we decided to examine the behaviour of thecapo heterocycles to form thioamides,
which are privileged functional groups for furttsgmnthetic transformations.
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3. Ugi Smiles reaction of 4-mercapto derivatives
a. General interest of thioamides

Thioamides are useful synthetic intermediates. Taey essential building blocks for the
preparation of a number of biologically relevanptides, heterocycles, eft.
The synthesis of thioamides has attracted muchtaite and many methods have been

developed.” According to the retrosynthesis, their formatiam de classified in four groups.

S
a_ |l
d
b\\ d © ’/
/\\\ /,f\ //
. N/

Figure 11.1: Possible routes of thioamide.

Formation of bonda is based mainly on the transformation of an anudeéonyl to a
thiocarbonyl group. This is generally affected bywesson’'s reagent, phosphorous
pentasulfide or other sulfurating reagefit&ormation of bond generally involves addition
of Grignard reagent8 or other carbanionic entiti&sto isothiocyanates. Formation of bond
involvesthe reaction of an amine with sulphur containinqpound to form thioamid®,and

in pathd, primary thioamide arbl-alkylated to get secondary or tertiary thioamides.

6 a)Jensen, O.; Lawesson, S.; Bardi, R.; Piazzesi, Mijdlo, C. Tetrahedronl985 4, 5595-5606. b) Seebach, D.; Ko, S.:
Kessler, H.; Kock, M.; Reggelin, M.; Schmieder, Rlalkinshaw, M.; Bolsterli, J.; Bevec Helv. Cim. Actall19], 74,
1953-1990.

7 Jagodzinski, TChem Re2003 103 197-227.

8 a) Zacharie, B; Sauve, G.; PenneyT€trahedron1993 49, 10489-10500. b) Schwarz Grg. Synth. Coll.Vol. 1111995,
332. c¢) Raucher, S; Kelin, PletrahedronLett1980,21, 4061-4064. d) Yokoyama, MSynthesis1984 827-829. e) Cava,
M.; Levinson, M.Tetrahedron, 1985 41,5061-5087. f) Wolf, P.; Jenny, C.; Heimgartner,H¢lv. Cim. Acta1987, 70,
1001-1011. g) Schimidt, U.; Utz, R., Lieberknecht; @riesser, H., Ptzolli, B.; Bahr, J.; Wanger, KisHer, P.Synthesis,
1987 233-236.

" Ares, J Synth. Commuri991, 21, 625-633.

80 3) Lang, S.; Cohen, B. Org. Chem1974 39, 1008. b) Mohoareb, R.; Habashi, A.; Ibrahim, Nag8f, S.Synthesis
1987 228-235.

8 Borths, C.; Chan, J.; Burke, B.; Larsen Synletf 2009 3139-3142
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b. Functionalized thioamide formation via Ugi-Smiles couplig

Recently, we have developed a new straightforwanathetic access to functionalized
thioamids via 4-CC. In these reactions, thiophehaised out to be poorly efficient, but more

interesting results were obtained with heteroaranthiols

SH NH2R NC
= N © Toluene R = 4-CIBn, 60%

N C =-C (:I I e,
3 H

/[ NC
SH NH> H
\ )k N . Methanol cy” N N ~_OMe
_—

'K/ o 60 °C, 16 h IR
0,
)\)LH 77% i
Scheme 11.17 Thioamides synthesized from Ugi-Smiles reaction.

2-Mercaptopyridin€®§ required a slight activation (with a trifluoromgthgroup), but
mercapto pyrimidines and pyrazifeseact efficiently in these reactions as shown imesee
[1.17 and scheme 11.18.

HsCO ,
H i-Bu c i-Bu H -Bu
H N =
Ny Ny '
S
! Nl)i Cl | N
~
W/L N Ph)\(
Ph

69 % 57 % 70 %
§ on Yﬁ
. e H
Cy N7 ~~_-OMe N oM
s )Y cy Y N
NS s L
N /N R
Ph Ph)vN
Ph
31% 98% 74%

82 Barthelon, A.; El Kaim, L.; Gizolme, M.; Grimaud, Eur. J. Org. Chen2008 35, 5974-5987.
83 E| Kaim, L.; Gizolme, M.; Grimaud, LOrg Lett.2006 8, 5021-5023.
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Scheme 11.18 Thioamides synthesized from Ugi-Smiles coupliegation.
3-Methylquinoxoline-2-thiol gave low yields of adus, while 1,2,4-triazin-3-thiol turned out
to be one of the best partner in this 4-CC as éxuelields were obtained even with
ketones'’ This method constitutes an efficient access topmamds containing thioamide
functionality.

C. Ugi-Smiles reactions of 4-mercaptopyridines

Commercially available 4-hydroxypyridine was treheith Lawesson’s reagéfito provide

the corresponding 4-mercaptopyridine in 30 % yield.

/S\ //S
on H3COOé?\S,P©—OCH3 SH

X 0.5 equiv A
| > |
“ N
N THF, 80°C  30%
11-37

Scheme 11.19 Synthesis of 4-mercapto pyridine.

When the same reaction was carried out with phasgsheentasulfid® in pyridine as

solvent at 100C, the corresponding 4-mercaptopyridine was isdlate90 % vyield.

OH SH
P,S; (1 equiv
N 2S5 (1 equiv) _ N
| ~ Pyridine, 100 °C | _
N N
90 %
1-37

Scheme 11.20 Synthesis of 4-mercapto pyridine

4-Mercaptopyridine was first evaluated in Ugi-Smileouplings with isovaleraldehyde,
cyclohexyl isocyanide and allyl amine using methasosolvent. The resulting reaction was
stirred at 65C for 3 days while monitoring by TLC (Scheme 11.21)

84 Neil, S.; Cutshall, Jennifer, L.; Gage, R.; OnriisBio.Med. Chem. Let2011, 21, 4155-4159.
8 Castle, R.; Kaji, K.; Gerhardf, G.; Guither, W.; WebC.; Malm, M.; Shoup, R.; Rhoads, W.Het. Chem199§ 3, 79-
83.
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SH
N
N NHz MeOH NN
| + — > S
N7 | 65 °C %

11-38
Reaction Time % vyield
18 h 78%

24 h 80%

72 h 82%

Scheme 11.21:Ugi-Smiles coupling of 4-mercapto pyridine.

The yield of thioamide did not vary remarkably whieoreasing the reaction time. At the

same time, by-product formation started and corajsit the product isolation. To avoid such
a problem, the reaction time was limited at 24 htli@ study of the reaction scope. The Ugi-
Smiles reactions involving 4-mercaptopyridine appdao be faster and more efficient than
with 4-hydroxypyridine with respect to the sameentlthree partners. Indeed, the isolated
yield was about 78 % after 18 h, instead of 40 Y%hacase of 4-hydroxypyridine after one

day (see table 11.1).

This reaction was then tested varying the threergtlartners; the results are tabulated below
(Table 11.4).

TABLE I1.4: Ugi-Smiles coupling of 4-mercaptopyridine.

T 0 N
N, weor Ry N
| + R R, + CN-R3 + R,—NH, ———» S
_ 1 2 4
N 65 °C = |
24 h Sy
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Product| %
Entry R;COR, R;NC RsNH, Product .
no. |yield.®
o NC n
=
1 ANF N 11-38 | 80 %
/l\)LH HaN O/ s ﬁj 0
|
N
NC cl
H
. QW
2 | LI HN S N 189 | 57 %
H S _ |
Cl SN
0 e N oM
3 HN_~och NN 140 | 55 %
MH © 3 Sz
|
N
0] e H Ph
4 AP N I-41 | 60 %
A O e O |
|
N
0 e “7(6\
5 HN" > N> 1-42 | 55 %
| G e | Oy |
|
N
Cl
CHO
NC
Cl O S @
SN
Cl
CHO
NC
7 @ HN N~ | 44 |40%
cl O s /I
SN
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In all the cases, the desirépyridinothiocarboxamides were isolated in modetatgood
yields within 24 hrs. Benzyl isocyanides gave lowgelds compared to cyclohexyl
isocyanide, and as usual aliphatic aldehydes were efficient than aromatic ones (see table
1.4, entries 1 and 7).

d. Ugi-Smiles reactions of 4-mercaptoquinolines

After the preliminary results with 4-mercaptopyndj we next examined the behavior of 4-
mercaptoquinolines in Ugi-Smiles couplings. 4-M@toguinoline and 2-(trifluoromethyl)-4-

mercaptoquinoline were prepared from their respedtydroxy derivatives®

OH SH
| X P,S5 (1 equiv) N | N
i 0,
N/ X Pyridine, 100 °C N/ X

1-45 X=H, 90%
I1-46 X = CF3, 25%

Scheme 11.22 Synthesis of 4-mercaptoquinolines.

The Ugi-Smiles reactions of 4-mercaptoquinolinegenvperformed under the previously
settled conditions. This reaction was tested varyh the partners, the results are listed in
the following table (table 11.5).

TABLE I1.5: Ugi-Smiles coupling of 4-mercaptoyquindine.

R
H ™2 Ry
SH N Ry
0] R3 N
AN )J\ MeOH
| + R R, * CN-Ry + R4NH, ——> S ~
NG 65°C, 24 h |
N\
N
Product| %
Entry R;COR, R;NC R4NH» Product .
no. |yield?
0 ° Hj‘/ﬁ
N
1 HN"> N> 11-47 | 87 %
)\/U\H @ 2 O/ S ® 0
o
N
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NC
2 \HLH @ N I 1-48 | 81 %
a9
SN
NC §
3 o) N
H)LH @ HoN™ > O/ % 11-49 | 56 %
SN
0 N
A~ N _
4 )\/U\H 4’—NC HoN o1 I /N II-50 | 81 %
|
SN
N
5 \HLH {—nc HNT 1 1 51 | 78 %
=
|
N
§
o) N>
6 by 4’>NC HN T E]A/L: 152 | 51%
SN
NC MeO\Q\/HY(
A~ -
7 \)LH é HoN s | 11-53 | 51 %
OMe \Nl
o NC H
AN N _
8 )\)LH @ HoN Q I /N II-54 | 99 %
I
SN
o e H Ph
Ph N
o | LK, @ N Q I /N 11-55 | 98 %
|
SN
o NC H
N oM
o | LK, @ Mook, C( )y ° 156 | 82%
=
|
N
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H
NC N\HAN/\/Ph
11 U @ N> O s fj@ 11-57 | 44 %

N

Cl

NC

12 HN"> N 11-58 | 71 %

CHO
[ :] O/N N
Cl S ~
o
MeO
CHO
NC
13 N> N
MeO OMe O/
OMe

N
OMe

__Ph 1.59 | 64 %
|

OMe
N
S =

I

The first reaction was performed with cyclohexybdganide, propyl amine and isovaler-
aldehyde in methanol and stirred for 24 h at 65t6Qgive 87 % of the corresponding
thioamide (Table II.5, entry 1).

In this reaction, aromatic aldehydes gave loweldgieompared to aliphatic ones (Table 11.5,
entries 12 and 13).

When cyclohexyl isocyanide was replaced tayt-butyl isocyanide, the corresponding
thioamides were isolated in good yields thoughhshglower. (See Table 1.5 entry 1-3 and
entry 4-6). However, 4-methoxybenzyl isocyanidenéar out to be less efficient, as with
propionaldehyde and-propylamine, it only gave 51 % of the desired addsee table II.5,
entry 7).

4.  Towards chloroquine analogues

In order to approach closer the structure of aalivgs,the amide moiety should be reduced.
Borane-induced reduction of Ugi adducts was repdsteTron and Giovenzaffa
(Scheme 11.23).

86 pirali, T.: Callipari, G.; Ercolano, E.; Genazzahi, Giovenzana, G.; Tron, @rg. Lett 2008 10, 4199-4202
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Q9 Rs Rs
NG R;—CHO HN N Re N_R;
R, O BH.THF.60°C, HN
X = 120 h Ry
)+ R,-cOOH —> ) 1280, m
cl N7 cl N PA(OH),/C, Hy, N
MeOH, reflux,
Rs—NH, 24 h

Scheme: 11.23 Ugi reaction to access antimalarial drug.

According to the previous work done by Tron andv@iwana; we first tested compound
[I.2 (Table 1.1, entry 2) with borane-dimethylsulfidemplex in THF. In these conditions,
the desired amine was isolated in 60 % yield (S&hgi4).

H BH,.DMS H
[::j/N \~OCHs  (1Min THF) [::j/N N~ -OCHs
0 @ THF. reflux, 24 h @
N S
N

N 60 %
II-2
11-60

(Scheme 11.24 Reduction of Ugi-Smiles adduct with Borane.DMS)

This reduction was next tested on thioamides. Rergurpose, compoundis41l andll-42
(Table 1.4, entries 4 and 5) were treated withaperdimethylsulfide complex in THF (1M
solution) for 3 hrs. The desired diamines were @espely isolated in 73 % and 76 %
(Scheme 11.25).

BH3 DMS

H H
N N/\/R (1M in THF) . O/N N/\/R
S fﬁ THF, reflux, 3 h é
|
N

J

161, R=Ph, 73%
l1-62, R = CHg3, 76%

Scheme 11.25 Reduction of Ugi-Smiles adduct with Borane-DM Sngex
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Unfortunately, these conditions failed to be gehasd\-quinoline carboxamides could not
be reduced. Indeed, the decomposition of startiatenals occurred in the reaction mixture.
(Scheme 11.26).

H BH, DMS
N R N
O/ N (1M in THF) : O/ N
o THF, reflux, 24 h _
o |
XN XN

114, X=H, R=Alyl
116, X=H, R=-CH,CH,0OMe

Il-27, X=-CFs; R =-CH,CH,0Me

Scheme 11.26 Reduction of thioamide with Borane.DMS complex.

Similarly, N-quinoline thiocarboxamide failed to give the reedicproducts in these

conditions (Scheme 11.27).

H BH, DMS
N R (1M in THF) O N/\/R
S ~ THF, reflux, 24 h / KD

I-55 R=Ph
II-56, R=OCH,

Scheme 11.27 Reduction of thioamide with Borane-DMS complex.

Due to the impossible access to aminoquinolinevdavies, we investigated different
methods of the literature to perform amide redurctio

The reduction of amides was tested withpyridino amide as reported by Iwanigk af’
Compoundil.1 (Table 1.1, entry 1)and compoundil.2 (Table II.1, entry 2) were treated

87 lwaniuk, D.; Bioorg. Med. Chem2009 17, 6560-6566. b) Brown, H.; Helm, B. Org. Chem1973 38, 912-916. c).
Dubowchik, G.; Dubowchik, J;. Michne, Bioorg. Med. Chem. Let2004,14,3147-3149.
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with 6 equivalents of borane tetrahydrofuran comgleM solution in THF) in THF at reflux

for 3hrs. In all cases, the amide remained unchéireyeen after long reaction time.

BH5 THF (6 equiv)

N R -
SR b :
O pZ THF, reflux, 20 h
NS

-1 : R =allyl
ll-2: R = -CH,CH,OMe

-

Scheme 11.28 Reduction of Ugi-Smiles adduct with Borane-THRabex.

Sodium borohydride in diglyme is known to reduceides to the corresponding amirfés.
When the Ugi-Smiles addutitl (Table II.1, entry 1) was treated with sodium Wydride
in diglyme at 100 °C for 4 hrs, a complete mixtwas obtained.

7‘/6\/\/ NaBH, diglyme (1: 10) O

100°C,4h

1

Scheme 11.29 Reduction of Ugi-Smiles adduct with sodium bordtigle in diglyme.

Reduction of amides and lactams to amines couldddree under activation with F®
folowed by treatment with sodium borohydride in FHat room temperatufé.
Unfortunately, when this method was applied to ¢oenpoundlil.2 (Table II.1, entry 2),
decomposition of the starting material was observed

8 yang, C.; Pittman, CSynthetic Commuri998 28, 2027-2041.

8 3) Xiang, S.; Xu, J.; Yuan, H.; Huang, $ynlett 2010 1829-1832. b) Barbe, G; Charrette,JAAm. Chem. So2008
130, 18-19.
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Q Tf,0 (1 equiv) oTf i
Ri. )j\ 2 q R1\@/)\ NaBH, (1.3 equiv) R
N R > N R - LB N
Lo CHCh o CH,Clyf THF (2:1) VR
Ry 0°C, 30 min Ry ©otf 2Clo/ THF (2:1) R,
rt,1h
H 1. Tf,O/CH,Cl, (1 equiv)
N

CH,CI,/THF (2:1),
rt.1h

N/\/OCH3 0 °C, 30 min O/
o _ 2. NaBH, (1.3 equiv)
|

Scheme 11.30 Reduction of Ugi-Smiles adduct with,&f and NaBH.

Nickel boride has been used for the desulfurizatibheterocyclic thiol®and thioamides!
It allows fast reduction of the thioamide bond iapfides’ It is generally prepared by

treating nickel chloride hexahydrate in methanaiateydrofuran with sodium borohydrid.

Compoundll-55 (Table II.5, entry 9) treated by in situ generateckel boride in a 1:1
mixture of tetrahydrofurane /methanol failed toegthe desired diamine.

NaBH,4 (11 equiv)

H .
§ (~Ph NICL28H0 (3.5 equw) /\/Ph
(j S ~ MeOH : THF /
| 3:1

N

II-55

Scheme 11.31 Reduction of thioamide with Borane-DMS complex.

Raney nickel (RaNi) has been widely used in desakition reactions, including conversion

of a thiocarbonyl moiety into a methylene grdNeutral Raney nickel in alcohol as solvent

% Clark, J.; Grantham, R.; Lydiate,JJ.Chem. Soc. (196§ 1122-1124.

91 Claiton, L., Dassonville, A.; Sonnet, Petrahedron: Asymmetr2008,19, 1689-1697.

92 Frank, S.:; Loide, G.;: Wasmund NM.etrahedron Lett1990,21, 23-26.

% Thomas, GJ. Chem. Soc.Chem. Cont884 1417-1418.

94a) Komfeld, EJ. Org. Chem1951, 16, 131-138. b) Dale BOrg. Lett.2005 7, 4539-4541.
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gives relatively good desulfurization yieltfsHowever; a number of drawbacks were noted
using this procedure. One major drawback was theoval of the carbobenzoxy groups
which occurs concurrently with thioamide reductiofransesterification under normal
reaction conditions was also noted but it could dweided using acetone as solvéht.
Finally, the preparation and the use of neutraldyamckel is time-consuming and tedious.
Different batches of identically prepared reageritero show significantly different
reactivities as demonstrated by variation in r@actime and yields. These problems and the
potential hazards associated with the pyrophortareeof Raney nickel led us to test other
reductive procedures before starting these studies.

However, considering all the failures with othedueing agents, the reduction with Raney

nickel was tested.

Compoundll-47 (Table II.5, entry 1) (1 equiv) was dissolved itetone and treated with
Raney nickel (10 times w/w) at room temperaturelfdw without any change. After 4 h at
reflux, TLC showed the total disappearance of theting material. After removal of Raney
nickel rapidly through Celifépad and evaporation of the volatiles, the crudeumé turned

out to decompose on silica gel (Schdind?2).

Raney nickel

H
N N 10 equiv by wt. /
O/ - Decomposition
S ® acetone, reflux, 4 h /
|
N

Scheme 11.32 Reduction of thioamide with Raney nickel in aceto

More interestingly, when replacing acetone by ethate reduction proceeded smoothly at
55 °C for 1 h. Indeed, compound Il.%%able 11.5, entry 8) was reduced in 75% isolated
yields (Scheme 11.33).

% Magnus, P.; Turnbull, Rtetrahedron Lett2006 47, 6461-6464.
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H Raney nickel H
N NN 10 equiv by wt. N NN
'
O/ S Ethanol O/ _—
| 55°C, 1 h |
N N
75 %
11-54 11-69

Scheme 11.33 Reduction of thioamide with Raney nickel in etblan

The same conditions were then testedNtpyridino thiocarboxamide, the compouidi0
(Table 1.4, entry 3) gave the corresponding dieanm59 % isolated yield. It is interesting to
notice that these results are similar to thoseinbtawith borane dimethyl sulfide in THF (60
%), (Scheme 11.34).

H Raney nickel H
O/N N/\/OCHg 10 equiv by wt. O/N N/\/OCH3
S ~ Ethanol, 55 °C, 1 h =
o g
N 59 % N
11-40 11-60

Scheme 11.34 Reduction of Ugi-Smiles adduct- thioamide withng nikel in ethanol.

This method turned out to be quite efficient fawide range of thioamides. All the results are
tabulated below.

TABLE I1.6: Desulfurization of N-quinolino thiocarboxamides.

H Re H o Re
R/NW)\N,RQ, Raney nickel r N AR
1 10 equiv by wt 1
S >
a Ethanol, 55 °C, “
SN 30 - 60 min SN
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Ugi- Ugi-Smiles product After Desulfurization
i R, R, Product Desulfur
smiles H H roduc
R(N\[H\N’Rs RN~ Ay Re ization
product S no. .
7 a % vyield
no. SN SN
11-47 O N O N 11-63 55
SN SN
H H
N\[;(N/\/ N N
11-48 Cf I Cf I1-64 42
= =
SN SN
N N
\[ﬁN/\/ O/ SN
11-49 Cf s fj@ 6\/© 11-65 67
SN SN
11-50 RN D g 11-66 39
SN SN
N N
/\/ /\/
I1-51 T S 11-67 a1
= =
SN SN
N N
11-52 T s fj@ T f\/© 11-68 67
SN SN
H H\/H\
11-54 C(N o~ C(N y~ 11-69 75
SN SN
H Ph H Ph
11-57 O s fj@ 6\/© 11-70 21
SN SN
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Cl Cl

11-58 H

0535 O@Q

ZT

l-71 37

This method give moderate to good isolated yi@lespective to the isocyanides used for
the Ugi-Smiles adduct preparation.

This method is less efficient for Ugi-Smiles addyeepared from aromatic aldehydes.
CompoundlI-58 was reduced with Raney nickel in 37 % isolateddyi&his result could not
be improved as after 3 hrs total decomposition eleerved. Similarly, when compoutéd

59 was treated with Raney nickel for 45 min, totad@®position was observed as well.

OCHs
HyCO OCHs

Raney nickel

H 10 equiv by Wt.
N » g
N> Ethanol, 55 °C Decomposition
S ® 45 min
| ~
N

11.59

Scheme 11.35 Reduction of Ugi-Smiles thioamide prepared frammatic aldehyde

When Ugi-Smiles thioamiddé-48 (table 1.5, entry 7) was treated with Raney nicke
ethanol at 55 °C, an unexpectgdlkylated desulfurized produtit72, was isolated in 30 %
yield (Scheme 11.36). Since the reaction was cdroat in ethanol, the latter was probably
oxidized in the presence of Raney nickel to formaeal®® which could react with the
secondary amine to form iminium, which was finalgluced with Raney nickel to offer the
productll-72.

96 a) Krafft M.; Crooks W.; Zorc B.; Milczanowski Sl. Org. Chem.1988 53,3158-3163. b) Krafft M.; Zorc BJ. Org.
Chem, 1986,51, 54825484, c) Gross Bpplied Catalysis A: Genera2001, 219, 281-289.
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H N\/(N/\/
N N~ Raney nickel
s 10 equiv by Wt. ®
N > |
| Ethanol, 55 °C NG
N OMe

45 min

I.53 I1-72
30 %

Scheme 11.36 Reduction of Ugi-Smiles adduct- thioamide withneg nikel in ethanol.

More interestingly, the whole sequence could beedaocording to a one pot procedure.
Indeed, a stoichiometric amount of 4-mercapto{flasromethylquinoline, cyclohexyl
isocyaniden-propylamine and isovaleraldehyde was heated itnamed (1M) for one day at
65 °C. The reaction mixture was then cooled and dilutétt ethanol before addition of the
Raney nickel. It was stirred for 45 min at 55 °Cgige the diamindl-73 in 46% isolated

yield over two steps (Scheme 11.37).

oo v H
MeOH N

N 10 equiv by wt
PO O] s
65 °C S Ethanol, 55 °C
O 1), . .
~
N~ “CF,

Raney nickel

| 45 min |

- - 46 %

Scheme 11.37 One-post synthesis of chloroquine analogues.

1. Conclusion

4-hydroxy pyridine derivatives are efficient pammhen Ugi-Smiles couplings. They were
found more reactive than their 2-substituted anssg which require further activating
groups.

We tested the behavior of quinolines to obtain memiticomponent access to antimalarial
drugs: 4-hydroxy quinoline and 2-trifluoromethylgdoxy quinoline were tested under the

same reaction conditions to afford satisfying yseld’he scope of these reactions was
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examined with various partners. Unfortunately, ib@uction of these adducts under borane-
DMS conditions failed to give any diamine. To owmsre these reduction problems, we
examined the behaviour of the mercapto heteroamdtogues. Their Ugi-Smiles couplings

form thioamides, privileged functional groups farther synthetic transformations.

4-Mercapto pyridine was first evaluated in Ugi-Silcouplings. The correspondimg
pyridino thiocarboxamides were obtained in modetategyood yields, and they could be
further transformed into diamines using BBIMS in THF or Raney nickel in ethanol. The
corresponding diamines, which constitudgN-dimethylaminopyridine analogues, were
isolated in good yields. Similar behavior was ofsedrwith 4-mercapto quinolines.

Finally, we successfully tested one-pot synthesishtoroquine analogues via Ugi-Smiles
coupling followed by reduction.

To conclude, we developed an efficient and dttogward access to 4-aminoquinolines,
which makes the method potentially attractive fbe tsynthesis of new antimalarial

pharmacophores.
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transformations

The work described in this chapter has been pudddish one publication:

El Kaim, L.;Grimaud, L.; PravinPatil, Molecules2011, 16, 9261-9273.
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. Introduction

Multi-component reactions (MCRSs) offer the advaetaf simplicity and synthetic efficiency
over conventional chemical reactions. Among mudtinponent reactions (MCRs), the Ugi
reaction has a privileged position due to its bregdthetic importance. Its four points of
diversity could be used for the synthesis of mdeclibraries. Indeed, even more complex
scaffolds have been synthesized using Ugi postemsation reactions such as
cycloaddition?” metal-catalyzed procesS$®sand cyclocondensatiofis. Among the very
impressive literature on this topic, the combimataf Ugi or Ugi-Passerini reactions with
radical chemistry has been scarcely studfetf?

In the last few decades, Prof Samir Zard's grougphdeen working on radical chemistry and
developed radical chemistry of xanthates. He reploviarious synthetic approaches towards

fused cyclic systems such as indane, indolinegaineolines™*

We will first discuss about the chemistry of xarnésaand their applications in cyclization
reactions and then about the radical cyclisationJgspost condensation. We will then

present our results of xanthate based radical &tgmin Ugi-Smiles coupling.

o7 a) Lu, K.; Luo, T.; Xiang, Z.; You, Z.; Fathi, RChen, J.; Yang, Z1. Comb. Chen2005 7, 958-967. b) Paulvannan, K.
J. Org. Chem2004 69, 1207-1214.

% Xiang, Z.; Luo, T.; Lu, K.; Cui, J.; Shi, X.; FaftR.; Chen, J.; Yang, Drg. Lett 2004 6, 3155-3158.

% Marcaccini, S.; Miliciani, M.; Pepino, Rietrahedron Lett2005 46, 711-713.

100 3) EI Kaim, L.; Grimaud, L.; Miranda, L.D.; VielE. Org. Lett.2007, 9, 4171-4173. b) Zamudio-Medina, A.; Garcia-
Gonzélez, M.C.; Padilla, J.; Gonzalez-Zamora,TEtrahedron Lett201Q 51, 4837-4839. c) El Kaim, L.; Grimaud, L.;
Miranda, L.D.; Vieu, E.; Cano-Herrera, M.-A.; Pellegbrada,Chem. Commur01Q 46, 2489-2491. e) Gamez-Montario,
R.; Ibarra-Rivera, T.; El Kaim, L.; Miranda, L.Bynthesi201Q 8, 1285-1290. d) Yu, H.; Gai, T.; Sun, W.L.; ZhaiS.
Chin. Chem. Let2011, 22, 379-381.

1013) Ly, T. -M.; Quiclet-Sire, B.; Sortais, B.; Zard, & Tetrahedron Lett1999 40, 2533-2536. b). Bacque, E.; El Qacemi,
M.; Zard, S. ZOrg. Lett 2004 6, 3671-3674. c) El Qacemi, M.; Ricard, L.; Zard, SChem. Commur2006 4422-4424. d)
Laot, Y.; Petit, L.; Zard, S.ZChem.CommurR01Q 46, 5784-5786. e) Laot, Y.; Petit, L.; Zard,&xg. Lett.201Q 12, 3426-
3429. f) Laot, Y.; Petit, L.; Tran, D. N.; Zard, Sust. J. ChenR011, 64, 416-425.
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ll. Radical cascades involving xanthates

1. State of the art

Prof. Samir Zart?? studied the chemistry of secondaByalkyl-Smethyl xanthates, and
found that these xanthates could undergo undecabtdonditions, cleavage of the weaker
carbon-sulfur bond rather than the C-O bond. Irse¢hgrocesses, the chain reaction can be
sustained without tin or other heavy metals. Aetgrof synthetically interesting free radicals
can thus be produced and captured, the last propggaep being a reversible transfer of the
xanthate group.

The general principle of this chemistry is basedtlo®m mechanism shown in the diagram
below (Scheme I111.1).

s
R\SJ\O/CH3 1

1 Initiation
I .
R _CH
S/R \S O C 3 /R\%
R\S).\O’CHs > R’ > R/\./G 3
2 Path A Path B

S
* CHs
+
(@]

« R. _CHj3

P
s)\o’CH3 IONORS

Scheme Ill.1: Plausible pathways for the formatiorand capture of radicals from xanthates

102 3) Zard, S.Angew. Chem. Int. E€Engl. 1997, 36, 672-685. b) Liard, A.; Quiclet-Sire, B.; Zard, Setrahedron Lett
1996 37, 5877-5880. ¢) Quiclet-Sire, B.; Zard, Rp. Curr. Chem2006 264, 201-236.
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In this reaction, the radicaR is easily generated by a chemical initiator or by
photoactivation. The addition of a radidal to the olefin leads to the radical intermediate
(3), which can attack a new xanthate molecule, fognine tertiary radicald). The latter can
fragment to generate a new radigl thus forming the products) and propagating the
radical chain by transfer of the xanthate grouptlon olefin (Path B). This path does not
consume radicaR . The other possibility (Path A) is the additiontbé radicalR" on the
initial xanthate to lead to adduct radica), (for which furthers-scission of C-O bond is very
unfavorable since it would produce a methyl radithérmodynamically less stable than
radicalR".

This method is very powerful since xanthates cturtstia source of radicals that can add on
unactivated olefins. No heavy or toxic metals amolved in this process.

Xanthates (dithiocarbonates) are a general andieaaifi source of different type of radicals
like alkyl, acyl, alkoxycarbonyl, alkoxythiocarbdmnd triphenylstannyl, to name a few.
Radical initiation: AIBN is not effective for mostanthates. Crystalline lauroyl peroxide
(DLP) was selected for this task (the half lifetimfethe DLP in benzene at T = 65 °C is 10
hrs and 2 hrs at 80 °C in 2-propanol), it is inexgee, safe, and most importantly produces
cleanly reactive primary undecyl radicals at a ulsedte. TheS-undecyl xanthate is a stable

non polar byproduct, which can be removed by séjpargechniques.

O
heating o
C11H23)J\O/O\H/C11H23 ' 2 C11H23 + 2 002
o .
(R)
° O\ S J O\ e /S O\
NS Sl s B e
R

R® = primary radical

Scheme 111.2: Initiation step for a xanthate radical by a primeaglical (with DLP).
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Methods for the preparation of xanthates

Xanthates can be easily obtained by nucleophiliosstution of theO-ethyl potassium
xanthate salt as shown in scheme 111.3. This nytide is cheap and commercially available
and able to displace halides, tosylates and otbed ¢eaving groups. This method is useful

for the synthesis of primary and secondary xangidte

KS OEt
>€J\/CI - XJ\/S\H/OEt
acetone, 0t0 20 °C S

97 %

Scheme 111.3: Xanthate synthesis: nucleophilic substitutiorDeéthyl potassium xanthate.

Another method, somewhat less convenient, invaivegeaction of an anion (e.g. alkoxide)
on carbon disulfide followed by trapping of theemhediate thiolate by an alkyl iodide
(scheme 111.4):%*

1. KOH
2 CS OR Rl RO._S.
R-OH —22°2 5 S)\SK —> VR

Scheme l11.4; Xanthate synthesis method of Barton-McCombie.

The addition of a carbanion on thes-xanthate (EtOS(S)§) obtained by oxidation of

potassium xanthate salt by iodine, also forms pymar secondary xanthates (scheme
111.5).1%°

1. LDA, THF, -78 °C to r.t.

S B EtOOC OEt
EtOOC 2. EtOTS\ L s>/_

S~ “OEt
S 58 %

Scheme l111.5; Xanthate synthesis frolris-xanthate.

19%3) Reyes-Gutierrez, P.; Torres-Ochoa R.; MartineMRanda L.Org. Biomol. Chen2009 7, 1388-1396 b) Cholleton,
N.; Zard, S. ZTetrahedron Lett1998 39, 7295-7298. c) Jean, B.; Floriane, C.; Rafikynthesi006 10, 1664-1672.
1%43ensen, KActa Chemica Scandinavi¢a947-1973)1969 23, 1916-1934

195 Maslak, V.; Cekovic, Z.; Saicic, R. $ynlett1998 1435-1437.
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The addition of potassium xanthate dgs-unsaturated ketones gives tertiary xanthates,

generating quaternary centers (scheme 11£%).

s
/kj\ KSJ\OEt i X)?\
X >  EtO0” S

TFA/CH,Cl,, 0 °C

/

83 %

Scheme I11.6:; Synthesis of tertiary xanthatéa Michael addition reaction.

Synthetic applications of xanthates:

Xanthates show huge potential in radical chemigiryorganic synthesi¥’ Here we will
discuss about few of them reported by Prof. SamairdZzas well as the radical reactions
performed on Ugi adduct and disclosed in our resegroup.

Prof. Samir Zard has reported various syntheticra@gghes towards fused cyclic systems
such as oxindole¥? indanes?*®indolines® or azaindolines!® These syntheses feature an
inter-molecular addition of a xanthate on an alkei®wed by an intramolecular trapping
with a suitably positioned aryl group. Cyclizati@am aromatic rings, which are usually

difficult to obtain with classical methods, procsesnoothly with xanthate.

Radical addition of xanthates to various substititleallyl anilides gives a new secondary
xanthate in good yields, which upon treatment wstbichiometric amounts of lauroyl
peroxide in refluxing 1,2-dichloroethane, forms t@mresponding indoline in good yields
(scheme II1.7)2

1% Binot, G.; Quiclet-Sire, B.; Saleh, T.; Zard, S S¥nletf 2003 382-386.

7Quiclet-Sire, B.; Zard, STop. Curr.Chem2006 264, 201-236.

198 Axon, J.; Boiteau, L.; Boivin, J.; Forbes, J. E.;@&: Tetrahedron Lett1994 35,1719-1722.

1%Gagosz, F.; Zard, Setrahedron Lett2004 45, 4631-4634.

11%) Bacque, E.; El Qacemi, M.; Zard, Grg. Lett 2004 6, 3671-3674. b) El Qacemi, M.; Ricard, L.; Zard,Ghem.
Commun2006 4422-4424. c) Laot, Y.; Petit, L.; Zard, Shem. Commur201Q 46, 5784-5786. d). Laot, Y.; Petit, L.;
Zard, SOrg. Lett.201Q 12, 3426-3429. e) Laot, Y.; Petit, L.; Diem My Tra., Zard, SAust. J. ChenR011, 64, 416-425.
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>|\O)J\/s\|¢s >L i %O 0

(0] Y.

v = OEt
\Q\ J/ DLP (cat.) Y; STOEt DLP (stoich.)
> - >
N S DCE
X R

1,2-dichloroethane N el " N
|
reflux X R R
a.X=H;Y=F, R=Ms a.81% a.79%
b.X=H; Y=Br;R=Ms b. 83 % b. 76 %
¢c. X =H; Y=0Me; R =Ms c.83% c.70%
dX=Y=H R=Ac d.57 % d. 70 %

Scheme 111.7: Aromatic xanthate radical cyclization: formationinfene and indolines.

Pyridine derivatives are generally resistant todttack by electrophiles, but not to radicals.
Hence, a parallel strategy was applied for the ttooson of nitrogen containing
heterocycles adjoining pyridine rings.

Prof. Zardet al reported that xanthate precursors, obtained fraamopyridine derivatives
by action of chloroacetyl chloride followed by atioi of O-ethyldithiocarbonate, afforded
azaoxindoles when exposed to lauroyl peroxide (DioP),2 dichloroethane (1,2-DCE) or
chlorobenzene, (scheme I11.8f"

EtO S
0 o 5 Y
X CI)K/CI @ KS” “OEt N S
Ll s L P
N N Base N N © N ’T‘ o
H R R
DPL,
1,2-DCE

° [
| ~ 0 Aromatization | N/
_ - » — 1L
N~ N N~ N"0 N™ 'N” "0
| |
R R

Scheme 111.8: Synthesis of 7-Azaoxindoles.

Furthermore, Prof. Zardt al reported the same methodology using 2-allyl-ansimostituted
pyridine derivatives. For instance, 2-allylaminaloropyridine was first protected by an

acetyl group then treated with a xanthate to affeedondary xanthate intermediate which
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gave azapyridine derivatives (scheme 111.9). Thaeesatrategy of xanthate radical cyclization

was carried out on pyrimidine derivatives.

0]

o]
J s +°
HsC HaC
/(\/L J/ DLP (cat) O\ S\H/OEt DLP (stoic.) m
- S 12-DCE ClI
1,2-DCE N
reflux cl N 'Tl reflux
84% 50 %
o)
o]
H3CO)J\/ SYS
OFEt o] OCH, cl
)\)\/L J/ DLP (cat.) N7 S\H/OEt DLP (stoic.) N7
PN | S 1,2-DCE PN | OCHs
1,2-DCE CI” NTON 2D - SN N O
reflux Ac retiux Ac

72%

Scheme 111.9: Synthesis of bicyclic aza-indole derivative.

Our research group is interested in both radicdliaocyanide chemistry. We have explored
the formation of complex structures by combinatdrxanthate radical cyclizations and Ugi
reactions.

When isovaleraldehyde, allylamine, chloroacetia amdtert-butylisocyanide were allowed
to react in methanol at room temperature, it gavé&gi adduct, which upon the addition of
potassiunO-ethyl xanthate furnished the Ugi-xanthate addaaaod yield (scheme 1i1.10).
Heating this adduct under radical cyclization ctinds (in refluxing 1,2-dichloroethane with
15 mol % DLP) gave a pyrrolidinone as a 1:1 mixtafaediastereomers in a 70 % isolated
yield. Various aldehydes and isocyanides were destgccessfully with allylamine and
chloroacetic acid to give the corresponding Ugithates, which underwent radical
cyclization to form pyrrolidinone derivativés.
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COOH = =t 0
HzN/\/ ) 1. MeOH (1M) a. Ry =i-Bu; Ry=t-Bu; 63 %s
o +Cl t16h . o S/\[r W)L -R2 bRy =p-MeOPh; R, = t-Bu; 72%
L NG 2. EtOC(S)SK
H” "Ry |'2 rt, 1h c. Ry = p-MeOPh; R, = p-CIBn; 70%
2

DLP 1,2-DCE
(15 mol %) | reflux, 3 h

OEt
a. Ry =i-Bu; Ry=t-Bu; 70 % (1:1)

S
S
o b. Ry = p-MeOPh; R, = t-Bu; 63% (1:1)
N\%LN/RZ ¢. Ry = p-MeOPh; R, = p-CIBn; 60% (1:1)
H
o) Ry

Scheme 111.10: Ugi/Xanthate radical cyclization to afford pyrrdlidne derivatives.

Furthermore, our research group extended this stidyJgi/xanthate cyclizations to
propargylamine instead of allyl amine as the amimaut in the Ugi reaction (scheme
11.11).*% The reaction of chloroacetic acidert-butyl isocyanide, formaldehyde and
propargylamine gave the Ugi adduct, which upon tineat with potassiumO-

ethylxanthogenate gave the Ugi-xanthate adduct. [Hieer was submitted to radical
cyclization conditions in the presence of a staaietric amount of DLP in isopropanol to

afford examethylene lactams in good yields.

A\

COOH g
H,N ) 1. MeOH (1M) se I bp( equiv
. Cl rt,16h ;[\ > 7N
07 N

0] 2 EtOC(S)SK Isopropanal
NC : reflux, 16 h
)LRZ + rt, 1h R:#\fo R; R3CONHR1
R2 1N
‘R,
R,R3CO Ugi adduct lactam.
HCHO 72 % 68 %
EtCHO 70 % 88 %
(CH,)4CO 99 % 55 %

Scheme 111.11: Synthesis oéxomethylene lactams.
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In all these examples, the xanthate moiety wa®diuicedvia a nucleophilic substitution
involving Ugi adducts. For this purpose, oaRchloroacetic acid was exploited as the acidic
partner. However, these intramolecular post-coratess did not exploit the full potential of
the xanthate radical transfer. In fact, comparetintdydride chemistry, the reversible nature
of the addition of radicals onto the thiocarbonybup is associated with high yielding
intermolecular couplings between radicals and alkéft

Our goal was to test the radical cyclization of {3gniles adducts combined with
intermolecular xanthate transfer. For this purpcafjamine will be used as the amine
component in an Ugi-Smiles coupling. The xanthatald be then addediia an

intermolecular addition on the allyl moiety (schetid 2).

__________________ NS
Ry o < Ry™ “Z7 N
_/—NH2 CN-R, " 1 R1)\’//O
R 7~
2 HN\R2

Scheme 111.12: Proposed synthetic strategy towards pyrrolidinedusystem.

2. Results and Discussian

a. Synthesis of starting materials

Ugi-Smiles adducts

We decided to investigate this strategy using hyylroeeterocycles such as pyridines and
pyrimidines as precursors for further reaction wietmthates (scheme 111.13). The Ugi-Smiles
coupling was carried out using methanol as soltemtbtain the product in modest to good

yields>®2 The results are tabulated in table I1I-1.

111 3) zard, SAngew. Chem. Int. Ed. Endl997 36, 672-685.) Quiclet-Sire, B.; Zard, $op. Curr.Chem2006 264, 201-
236.
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X 5 e A)\/L s
Rs 65 °C
:/—NHZ CN-R; ) R1
Scheme 111.13: General Ugi-Smiles reaction.

Entry ArOH RCHO RNC Product Yield (%)
1 L, I, SN Q)qu .1 69
2 L, R, e @){ I1.4 43

L
3 | O, A, o @{ .1 41
4 ol A, on ﬁf .2 38
) ﬁ
5 jol A, Ni@ f - .3 29
6 /N@LOH A hﬁ@\% ilJN\/LN:N - 1.4 23
7 jol Jne N(@LC, ij Y e 1.5 o8
8 el A, SN ph*ﬁ f I11.6 61
Kol
9 BeW A, N(@Lc. J/N - .7 37
el
10 BeW A, Ni@cm J/N - 1.8 60
) ﬁ
11 %ﬁ A, N(@LC. f e MO 44
12 jol . Q)OLH —re % - 111.10 35
o
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Synthesis of various xanthates:

Xanthates were prepared according to standard methsing a nucleophilic substitution of
the O-ethyl potassium xanthat&? As solution of the liayl halide in acetone was added to a
suspension o0-ethyl potassium xanthaie acetone at 0 °C and the reaction mixture was

stirred for 2 h at room temperature.

KS.__OEt

0 hig j’\
Al_ci S = EO” s T

acetone, 0 t0 20 °C 0]
2h
R=0OEt, 95% H-A
R=CH; 929% -B
R=Ph g7% lIC

Scheme 111.14: Synthesis of xanthates

b. Radical Cascades

In previous studies, Prof. Zard described xanthdtitions orN-allyl amino -pyridines and
-pyrimidines. Initially, these xanthates were addadalkenes using catalytic amount of DPL,
to form a 1,2-adduct, which was isolated and chiareed. These new derivatives were then
cyclized under treatment with a stoichiometric amtoaf DLP in refluxing 1,2-DCE or ethyl
acetate. Even if the yields were expected to bestpwe preferred to perform the whole
sequence in a one pot procedure.

Initially, the radical cyclization of Ugi-Smiles ddct with ethyl 2-((ethoxycarbono-
thioyl)thio)acetate was testad 1,2-DCE with 10 mol% of DLP at reflux. The reate
remained unchanged after 2 h and decomposed wlimgaahother 20 mol% of DLP under
prolonged heating (8 h).

1123) Reyes-Gutierrez, P.; Torres-Ochoa, R.; Martinez, Miranda, L. Org. Biomol. Chem2009 7, 1388-1396. b)
Cholleton, N.; Zard, STetrahedron Lett1998 39, 7295-7298. c¢) Boivin, J.; Carpentier, F.; Jrad Sgnthesi006 10,
1664-1672.
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S
DLP, 1,2-DCE
+ M

N~ =
/k\ | A~
N™ N™ Et0” S~ “COOEt
N or
(K[( DLP, EtOAC
o)

-2

> decomposition

Scheme I111.15; Xanthate addition on Ugi-Smiles adduct

The reaction was then carried out with differenbants of DLP: 10 %, 20 % and 50 mol %
were added every 90 minutes. But all these atterfgitsd and we only observed the
decomposition of the starting materials.

A solution of the xanthate and the Ugi-Smiles adaud,2-DCE was then refluxed for 5 min
before addition of initiator, and 15 mol% of DLP sMaaded to the reaction flask through the
top of the condenser under argon flow. A new produas observed according to TLC
analysis, an additional 15 mol% of DLP were addeerye 30 minutes till the starting Ugi-
Smiles adduct disappeared. After adding 1.5 eqgamtalf DPL, the addition was stopped and
the reaction mixture was stirred for 8 h at 85 thder these conditions, the required

cyclized product was isolated in 48 % vyield as & Buixture of diastereomers (scheme

111.16).
0
S W DU w
NS
NN ¥ Et0” s COOEt >N
H\WH 1,2-DCE, reflux N© Ny
N
§ 0 YO

-2 -1, dr 9:1

Scheme 111.16: Synthesis of pyrrolidino-pyrimidine from Ugi-Smileslduct.

Plausible mechanism of reaction:

In this reaction, DLP initiates the reaction sequeeby decomposition of the xanthate into the
electrophilic radical, which is trapped by the olefin (allyl group) pees in the Ugi-Smiles
adduct to give the intermediaté. This electron-rich radical can react with the start

xanthate to form the intermedidtée.
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[l is slightly less reactive than the initial xanthado it accumulates in the reaction mixture,
and when an extra amount of DLP was added to theion, it decomposed to give badtk
This accumulation probably helps the chain pro¢essonsume the entire xanthate starting
material. The intermediate electron-rich radicahfiy attacks the aryl ring to giw¥, which
further aromatizes through abstraction of a hydnagtem by DLP (Scheme 111.17).

e~

OEt
X I \ *Y
Rs DLP N e
O S/\ﬂ/ C T - Rs /k Xanthate
o]
Xanthat T 3 H
anthate
N
joNy Y Y
Ry X7 N 0 0

§
R1)Y R, I m

(0]
R R
Rs Rs 4 5
Y L]
YOS - l =
| Ry X N
Ry XTONT H
N. Ry Ra
Ri Ry lo)
(0]
v

Product

Scheme 111.17: Plausiblemechanism of xanthate radical transfer-cyclizabarlgi-Smiles adduct.

Various attempts to optimize these results wereedlmwer yields were obtained when using
ethyl acetate instead of 1,2-DCE, and prolongedti@a heating had a negative effect, as

decomposition occurred.

| L R DLP
)\ N” N + EtO S/ﬁ]/ > decomposition
NHC (o) 1,2-DCE or EtOAc,
Et y reflux, 2 d
(@]
- R = CHj, OEt

Scheme 111.18: Optimization of xanthate radical transfer with (8yniles adduct.
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To evaluate the scope of this cyclization, the tieaovas performed on preformed Ugi-
Smiles adducts. The results are displayed in the@wng table 111.2.
Table I11.2: Radical addition-Cyclization.

R (0]
i I, “ S
A
/k EtO s/\WRs DLP » Y| )
NHR (0] 1,2-DCE, reflux Z
2
RAW )\WNHRZ
(0] Rq
(@]
% Yield
Entry | Ugi-Smiles adduct Xanthate Cyclized product | (Diastereome
ric ratio)
CL d i 24 %
1 BN M
_Bu)\ﬂ/NHCv EtO” s~ CO,Et N o, (r 4:1)

(o]

OJ

.12

e T =

NH-B Et0” 87 CO,Et :
-Bu )ﬁf ) ’ u)\ﬂ/NHt Bu (dr 2:1)

o} i-B

=z

OsN N ~
| X OEt

NHCy Et0” 87 “CO,Et NT N .
E*)\W 2 t )\ITNHCV (dr 3:1)

pastel-00739959, version 1 - 9 Oct 2012

© E
o 111.14
0
Ph
A AJ\/L i i O 34 %
N NN
/KWNHCy Et0” ~S” “COPh Et)\”/NHCy (dr 4:1)
o .15
0
Jj\ J/ OEt
S N
/k |
g 0
> NHBn cl EtOJ\SACOzEt N"°N 23 %
" K“/NHBnp Cl
o 11.16
0
/i OEt
N
/k f i L 0
° NHBnp—CH3 E"O)J\S/\COZEt N™ °N 18 %

KH/NHBnp-CH3
o 0

.17
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0
OEt
o /kﬁ g bl i 43 %
Et0” S~ “CO,Et N" N .
NHBnp -Cl ' NHBnp-Cl (dr 2.3:1)
i-Pr
/HO( 11.18
0
OEt
%L i ij—fj 55 %
8 )\ J/ EtO)J\S CO,Et F’h/m"'/ N .
NHCy 2 Et)\[fNHCy (dr 2.3:1)
o] .19
o AJ\/L g S Jj\Tka 44 %
NHCy EtO COMe o /K’rNHCy (dr 1.5:1)
o] 11.20
/kj\/t g i :
10 NHBnp—Cl O™ 'S™ "COEt NK”/NHBnp o 19%
0 .21
xﬁ g 5 W :
11 NHBn;rMe Et0” S~ “CO,Et Ph NHBane 27 %
0 o 111.22

The Ugi-Smiles precursors were easily preparedantdined in satisfying yields, while the
cyclization gave moderate yields. Earlier studigsZhrd group*®®showed that 2-aminopy-
ridines and 2-amino-5-methylpyridines successfraigct to form 1,2-addition products with
xanthate, but failed to cyclize to give indolizinehey were only obtained in the case of a
chloro or a fluoro substituted heterocyclic coracl® substituents probably lower the electron
density on the aromatic ring, favoring thus theitoid of the radical.

4-Amino pyridines are poorly efficient in this case, as yields do not exceed 30% (See
table 1.2 entry 1-2), except for 5-nitro-2-aminogine. In this case, the isolated yield is
48% (see Table 111.2, Entry 3), probably due to phesence of the nitro group, which lowers
the electron density on the aromatic ring.

Pyrimidines, due to their higher electrophilicitaye better starting materials for this
sequence, giving yields over 50% with simple alylaryl substituents on the heterocyclic
core (Table 11l.2, Entry 7-8).

We observed the formation of a mixture of diasterers during the radical cyclization. The

first center was created during the Ugi-smiles ¢iogpand the second formed during the
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radical process. The selectivity is difficult topéxin since there is no good control of the
stereoselectivity by the first centre (see Tall@ |[Entries: 1-4, 7-9).

The Ugi-Smiles addudtl.9 obtained from formaldehyde turned out to be poefficient in
this cascade. In this peculiar case, the internegieoductll-23 could be isolated in 42%
yield.

DLP COOEt
S
w/l\ /\ﬂ/ 1,2-DCE, reflux

NH CiBn
P 42% NH -pCIBn

O
O

-9 1-23

Scheme 111.19: Radical transfer reaction in Ugi-Smiles adduct oietd from formaldehyde.

Ugi-Smiles adducts derived from aromatic aldehyaded to give any pyrrolidino pyridine or
pyrimidine. Various starting materials were tes@&slshown in scheme 111.20, but in all these

cases, the reaction mixture rapidly decomposed.

ﬁ r X
| _ \ . EtO S/\H/R DLP -

N

mNH-tBu e} 1,2-DCE, reflux
Cl ©

R = CHs, OEt, Ph

decomposition

10

Scheme 111.20: Xanthate radical cyclization of Ugi-Smiles adducts.

One possible explanation could be that an interoutde $42 reaction could occur, after the
first radical transfer, to give benzylic radida) which is quite stable due to itspto-dative

nature and probably too hindered to further evolve.
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O
OEt
I A R3 R4 Y
I~
Rs , )YI\O y Xanthate
Ry X7 N

Vo

s
EtOJ\S/\WRS PP i
o)

/|

Xanthate o H
):' f m Ry S H Rz
RyONTONT ci o |Iq Rig
o
cl % 0
R
0 H ’
R R o
4 5
Rz)\x/ NT
Y [ ]
N
R lx/ N R
3
N cl ©
Ri R, v
(¢} . .
Capto-dative radical
v

Scheme 111.21: Plausible mechanism for xanthate radical transfeaise of benzylic Ugi-Smiles adduct.

C. Conclusion:

The reported two-step cascade represents the shareghod for synthesis of pyrrolidino-
pyridines and pyrimidines. This work is a new exé&nyf the potential of radical chemistry
in Ugi post-condensations. This method gives aigttiorward access to important

113

biological active scaffolds such as adenosine tecefAR) > and corticotropin-releasing

factor 1 receptor antagonists'

lll. Spirooxindole Synthesis

We have studied radical reactions in which radicedse generated by xanthate transfer.
Another way to form radicals consists of removimgedectron from an anion (oxidation) or
adding an electron to a cation (reduction). Thetgf electron transfer reaction can be done
by different transition metals, and their saltshrsas manganese (lll), copper (ll), iron (lll),
cerium (IV) and lead (IV). This field is extremetbyoad; we could discuss here only a few

points'®

13 Muller, C.; Geis, U.; Grahner, B.; Lanzner, W.; EferJ. Med. Cheml996 39 2482-2491.
114 Aso, K.; Kobayashi, K.; Mochizuki, M.; Kanzaki, Nsako, Y.; Yano TBioorg. Med. Chem. Let2011, 21,2365-2371.
115)|gbal, J.; Bhatia, B.; Nayyar, N. KChem. Rev1994 94, 519-564.
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1. SET(Single electron transfej) processes

The oxidation reactions using cerium (1V) like CABeric ammonium nitrat&)® reagent can
generate carbon radicals, and its applications lwevéntermolecular and intramolecular
radical addition to olefin§.’

For example, the reaction of enamides with CAN iatlmnol affords functionalizefl-
lactams through a-déxoring cyclizalion of a-carbamoyl alkyl radicals. Then, a second
oxidation occurs on the benzyl radical, forming atian trapped by methanol (Scheme
111.22).118

Ph Ph ome
EtOOC~>7 ~ CAN (2 equiv) EtO0C Ph
g N\Pr Fh MeOH N
rt. 30 min o Pr
CAN T MeOH
Ph Ph e
EtOOC *Ph CAN EtOOC Ph
N > N,
0] Pr o) Pr

Scheme 111.22 :B-lactams formation through radical-oxidation fr@AN.

Manganese (lll) acetate is a one-electron oxidiaggnt, probably the most common one
that is particularly effective for the oxidation efiolizable carbonyl compounds.

In 1968, Heiband Dessau'*® described the first manganese (l1l) oxidative ratladdition of
acetic acid on alkenes (scheme I11.23). At the séime, a similar work was described by
Bush and Finkbeine?®

118 Nair, V.; Deepthi, AChem. Rev2007, 107, 1862-1891.

117 3) Baciocchi, E.; Ruzziconi, Bynth. Comnil988 18, 1841-1846. b) Baciocchi, E.; Ruzziconi, ROrg. Cheml1991,
56,4772-4778. ¢) Nair, V.; Mathew, J.; RadhakrishnanCKem. Soc. Perkin Tran4996 1487-1492. d) Roy, S.; Mandal,
P. Tetrahedron1996,52, 2193-2198. €) Roy, S.C.; Mandal, PKetrahedronl996,52, 12495-12498. F). Belli Paolobelli,
A.; Ruzziconi, RJ. Org. Chem1996 61,6434-3437.

18 Annibale, A.; Pesce, A.; Resta, S.; Trogolo,T&trahedron Letf 1997, 38, 1829-1832.

19Heiba, E. I., Dessau, R.M.; Koehl, .. Am. Chem. Sqd 968,90, 5905-59086.

120Bysh, J.; Finkbeiner, H. Am. Chem. Sacl968 90, 5903-5905.
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0
0
)J\ X Mn(OAc)3.2H,0
OH + ' O
KOAc, AcOH H,C” Y
reflux Ph
79 %

Scheme 111.23: Oxidative addition of acetic acid to olefin, via [/ih).

The reaction mechanism generally proposed invalllesgain of an electron by manganese
acetate in refluxing acetic acid, generating anyacadical which is attacked by the terminal
double bond, creating an intermediate secondaricakdThe latter can be oxidized by a

second equivalent of manganese acetate, thus afjdive formation of the finagtlactone.

X
H,C~ “OH —
0 Mn(llT) 2 R Oy -OH D Ox-0
)I\OH — or —_— . — UR
AcOH o R
reflux
H;CJ\OMn'"

Scheme 111.24: Mechanism of oxidative addition of acetic acid tefim, via Mn(ll1).

In 1974, Heiba extended this work fbketo esters and dicarbonyl compounds, these

analogues could be oxidized to radicals in acetid at lower temperatures (25-70 °C).

O O ©/\ Mn(OAC)3.2H,0 MeGOC “
+ >
MOMe AcOH, 45 °C

Ph

57 %

Schemelll.25: Radical generation ip-ketoester, via Mn(lll).

This chemistry has been further extended by diffegeoups. In 1984, Corey and Kang have

reported the oxidative cyclization @funsaturated keto acid$" In 1985, Snideet al have

121 Corey, E. J.; Kang, Ml. Am. Chem. Sad 984 106, 5384-5385.
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described the same reaction wfitheto-unsaturated estefS,while Fristadet al have studied
the cyclizations of cyanoacetic acid and malonidswith olefins*?® Due to the difference
of acidity of the enolizable protons between acetced and the cyanoacetic acid, the
cyclization conditions are very different. Sinceang derivative easily enolizes, the

cyclization occurs at room temperature.

o)
o) Mn(OAc)3.2H,0 NC
3«12
o)
+ CeHir X >
NCQJ\OH s AcOH, 25 °C
CgH17
69 %

Schemelll.26: Lactone synthesis from cyanoacetic acid, via okidatadical addition of Mn(lIl).

Citterio et al have extensively studied the oxidative aromaticlizgtion. For example, the
cyclization of arylated malonates leads with highlds to the corresponding tetrahydro-

naphthalend®*
Mn(OAC)s.2H,0
X AcOH,45°Cc X
EtOOC COOEt EtOOC COOEt
X= H, OCH3, NOz, NHCOCH3 80-88 %

Scheme 111.27: Radical oxidative cyclization on aromatic ring

In the early seventies, Heiba and Dessauwere disedvthat the primary and secondary
radicals are not easily oxidized by manganese &cétary slow reaction?> They showed
that, copper acetate (ll) oxidizes secondary rdsliaeound 350 times faster than manganese
acetate (lll). The copper (Il) is a less powerfyidant than manganese (lll) (redox oxidation
potential for Cu(ll) is 0.16V and for Mn(lll) it i$.51V), but Cu(ll) acts very rapidly with the

radicals!®®

122 gnider, B.; Mohan, R.; Kates, S..0rg. Chem 1985 50, 3659-3361.

123 Ernst, A.; Fristad, WTetrahedron Lett.1985 26, 3761-3764.

124 Citterio, A.; Fancelli, D.; Finzi, C.; Pesce, L.;iaR. J. Org. Chem 1989 54, 2713-2718.

1253) Heiba, E.; Dessau, R.Am. Chem. Sqcl971, 93,524-527. (b) Heiba, E.; Dessau,JRAm. Chem.
Soc 1972 94, 2888-2889.

126 Kochi, J. “Oxidation and Reduction reactions ogfradicals and metal complexes” in Free Radicals,
1973 vol.1,Wiley interscienceNew York, pp. 591-683.
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Using both oxidizing agents, the process allovesfést oxidation of the enol by Mn(lll) and
of the final radical by copper (ll), providing anktic control on the entire system with less
by-product formation (schemes 111.28, 111.29).

Two equivalents of manganese acetate are usedOwlith equivalent of copper acetate, to

form the cyclohexanone in 56 % isolated yield.

O O o
OMe

Mn(OAC)3'2H20 ° OMe
> E—

O
N

OMe Cu(OAc),

AcOH, 45 °C

INS

56 %

Scheme 111.28:Radical oxidative cyclization using Mn(OA(Cu(OAC),

Snideret al has shown that appropriately substituted cyclohemed?’ could form bridged
systems, under this oxidizing system Mn(OACuU(OAC).

0]
Mn(OAc); (5 equiv)
Cu(OAC), (1 equiv) ==
%~ /T \ benzene, 80 °C, 40 h
61 %

Schemelll.29: Radical oxidative cyclization in cyclohexanone gsiin(OAC)/Cu(OAC).

Recently, our research group reported radical céigynicoupled with multicomponent

processe§3,1OOC,1OOe

involving a Mn(lll) radical oxidative coupling ahalonates of various
Ugi adducts?® Indanes an@-aminomalonates were obtained in one-pot usingramatic

aldehyde as starting material in the Ugi reaction.

127 3nider, B.; Han, L.; Xie, Gl. Org. Chem 1997, 62, 6978-6984.

99



pastel-00739959, version 1 - 9 Oct 2012

Chapter 3: Radical pesbndensation transformations

o 0
CHO 0 EtOOC .
OMe T\li/\ (4 equiv) /Z<N
NG t-BuNH | Etooc _ H COOEt
MeOH MeO > MeO
+ OMe rt—> Mn(OAc)3 (4.5 equiv) COOEt
= AcOH, reflux
" \_NH, CHsCOOH | MeO | 4n MeO
0,
EtO0C A 59%

CHsz (4.5 equiv)
EtOOC

Mn(OAc); (4.5 equiv)
AcOH, reflux 4 n

CH,
MeOCHN COOEt

MeO COOEt

MeO B 71%

Scheme 111.30: Radical oxidation in Ugi reaction to form indanelaraminomalonate.

Mn(II) with malonate forms the corresponding radigvhich attacks the allyl group of the
Ugi adduct to form a new radicX. The latter undergoes a 1,4 aryl tran€feto form a
peptidyl radical. It is then oxidized with Mn(llland cleaved in acetic acid to give
aminomalonateB, and if there is no substituent on the malonate typie cyclizes to the

corresponding indané.

o o tBuNH._O
‘A d Q COOEt 9 7\‘/ fN J

No~d 14 t-BUNH COOEt 1,4 anyl
tBUNH N/ ookt MO ’\W\/K ranator COOEt
MeO — COOEt — >
MeO COOEt
MeO MeO
X MeO
Mn(ll)
AcOH
0
-BuNH
J\ t-Bu Oo
0 HN I
/[<N COOEt  H,0 AcO” >N
H COOEt 5-exotrig 1.0 COOE 47 COOEt
-
MeO COOEt _ Mn(lll) MeO COOEt
MeO MeO t-BuNHIO et
HO™ OH
A B
Indane

Scheme 111.31: Proposed mechanism for indane argminomalonate.

128 3) Studer, A.; Bossart, MTetrahedron2001, 57, 9649-9667. b) Palframan, M.; Tchabanenko, K.; &tson, J.
Tetrahedron Lett2006 47, 8423-8425.
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2.  Previous results concerning spiroindoline synttses

More recently, our research group examined diffei@idative couplings of indole Ugi
adducts in order to further develop radical postdemsationd?® This strategy gave us

spiroindoline or spiroindolenine derivatives uneerobic oxidatiort*

For this purpose, tryptamine and benzaldehyde s&exted as Ugi starting materials. When
the resulting Ugi adduct was heated with one edgintaof copper acetate in acetonitrile in
the absence of base, the cyclized product wastésbla 5 % yield. When one equivalent of
DBU was added to the reaction mixture, the yieldsenslightly improved (11 % isolated

yield). Different solvents were tested for this pese and THF turned out to be the best

choice as the product was isolated in 77 % vyield.

NH,
b CyNC O:\/
H . Me OH rt Cu(OAc); (1 equw)
o AcOH DBU (1 equ)
JJ\ THF, reflux, 6h
N
H
87 %

Scheme 111.32: Oxidative radical cyclization reaction to form spirdoline.

In this reaction, the use of one equivalent of ey@retate (Cu(ll)) is not required, since it is
known that Cu(l) can be oxidized by, @ Cu(ll). Indeed, the desired polycyclic compound
could be obtained using either 0.5 or 0.3 equivabécopper salt, but the yields were slightly
lower in these cases (around 10-15 % lower).

The scope of this oxidative cyclization process weaaluated on different types of Ugi

partners keeping tryptamine as the starting amine.

129l Kaim, L.; Grimaud, L.; Menes-Arzate, M.; Miramd_Chem. Commun201147, 8145-8147.

130 3) Zhan, B.; Thompson Aetrahedron2004 60, 2917-2935; b) Schultz, M.; Sigman Netrahedron2006 62, 8227-
8241; c) Punniyamurthy, T.; Velusamy, S.; IgbalChem. Rev2005 105, 2329-2363. d) Punniyamurthy, T.; Rout, L.
Coord. Chem. ReR008 252, 134-154; e) Samec, S.; H. Ell, A.; Backvall, -Ehem.Eur. J. 2005 11, 2327-2334. f)
Gamez, P.; Aubel, P.; Driessen, W.; Reedijk. Lhem. Soc. Re2001, 30, 376-385.
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YO
0]

N Cu(OAc), (1 equiv)
'
QT\/H o DBU (1 equiv)

N reflux, 6 h
R

R=Cy,X=Cl  64%
R=Cy,X=0OMe 53%
R=Cy,X=NO, 76%
R=tBu X=Cl 66 %
R = p-CIBn, X = Cl 75 %

Scheme 111.33 Scope of oxidative process for spiroindolines

The presence of an aliphatic substituent at theigiepposition (by use of an aliphatic
aldehyde in the Ugi coupling) inhibited the react@nd no cyclization occurred. However,
aromatic substituents bearing either electron-dogatr electron-withdrawing groups were
introduced successfully at this position.

The reaction mechanism probably involves the owrdageneration of a peptidyl radical
triggered by copper (11) salts, which could addootite sp-carbon of the indole ring (Bxo
trig cyclization) followed by subsequent oxidatioh the a-aminoalkyl radical. This last
oxidation step forms an iminium which is trapped the vicinal amide moiety (Scheme
11.34).

0
0 R2
0 >\\R Y
N>\R2 N 2 — ’:j Ar

Ar
Ar o  cu(l \Séo
(0] base |
—

NHR, NHR'
I NHR N
N ! H Cu(l) H
H l 0,
Cu(lly
0
0 N>\\R2
>\R Ar
2 o)
N Ar Cu(ll)
0 <~ o NHR,
NR; H

Iz

Schemelll.34: Proposed reaction mechanism to form spiroindoline.
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In this reaction only one diastereonveas predominantly formed, probably becao$¢he
rigid polycyclic ring formation. The structures spiroindoline were confirmed by X-ray

analyses (Figure 111.1).

Figure 1ll.1 . X-Ray analysis of spiroindoline.
Moreover, the whole reaction sequence could beopedd in one-pot. The first step was
carried out in a highly concentrated medium (5Mmathanol), followed by dilution of the
reaction mixture with THF, base, and addition gbper (11).

o)
)J\OH NC

1) MeOH (5M), 1t, 22 h

NH,

\
N 2) Cu(OAc),, DBU

H THF, reflux, 24 h

+
0]
Cl
H

78 %
R;=Me, R, =Cy, X=NO, 61%
Ry =Me, R, ={-Bu, X=Cl 76%
R4 = Me, R, =4-CICgH,CH,, X=Cl 71%
R4 =Ph, Ry = t-Bu, X = NO, 63%
R4 = t-Bu, Ry, = Cy, X =NO, 43%

Scheme 111.35: One-pot synthesis of spiroindolines.
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This simple procedure gives complex final strucsuséth four points of diversity due to the

Ugi coupling. In this reaction, low cost and milgigdative reagent like copper acetate was
used.

Furthermore, this type of oxidative cyclizationsswasted on Ugi-Smiles adduct in which
tryptamine was used as the amine partner. Unforelynathe Ugi-Smiles adduct failed to

give any cyclized product.

N NH; OQN/Q
CyNC
N MeOH, rt O,N N Cu(OAc), (1 equiv) \

+ B —

" OH O DBU{ equiv) g :
9 NG, { N reflux, 6 h Q)_
H I
H

Ph

N\
Cy

Iz

Scheme 111.36:synthesis of spiroindolines using Ugi-Smiles cougli
3.  Spirooxindole synthesis
a. Presentation of the project

A similar strategy could be imagined for spirooielscaffolds using 2-chlorotryptamine as
the starting Ugi amine partners (scheme 111.37).

X RyNC @ Ar
N ! MeOH, rt N Cu(OAc),
oo - © | oBo T
H-N
j)J\ R,COOH N « R, reflux
H™ Ar N
- H —J
Nu H,0
X =ClorBr o) ,"’ V
>\R2 O
N
Ar >\\R2
o) N A
P R o}
u
NHR,
o

Scheme 111.37: Proposed pathway to obtain spirooxindoles
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b. Biological activities

3,3'-Pyrrolidinyl-spirooxindole scaffolds (some prment examples are shown in scheme
[11.38) represent a pharmaceutically valuable claisbiologically active compounds, which
can be isolated from plants and fuhtfi. These natural products have various biological

activities such as anticancer properties, contiaeepctiont*? and antimigraine activity’®

N~ N
MeO
N0 HO N0
H H

Horsfine _Elacomine
(analgesic effects) (antitumour agents)

Scheme 111.38: Bioactive natural products containing the 3,3'-pldinyl-spirooxindole scaffold.

Deppermannet af*® reported the total synthesis of Horsfiline from zGiotected
pyrolledine-2-carboxylic acid, which was couplediwaniline derivative with PGlto give
the corresponding amide. Thearylation of this amide with [Pd]-PEPPSI-catalggstem at

110°C gave the spirooxindol&, a known precursor fddorsfiline :*°

131 3) Galliford, C.; Scheidt, KAngew. Chem., Int. E@007, 46, 8748-8758. (b) von Nussbaum,Angew. Chem., Int. Ed
2003 42, 3068-3071.

132 Fensome, A.; Adams, W.; Adams, A.; Berrodin, T.; @ohl.; Huselton, C.; lllenberger, A.; Kern, J.; HiadV.; Marella,
M.; Melenski, E.; McComas, C.; Mugford, C.; Slaydén; Yudt, M.; Zhang, Z.; Zhang, P.; Zhu, Y.; Wirkee, R.; Wrobel,
J. E J. Med. Chen008 51, 1861-1873.

133 Stump, C.; Bell, I.; Bednar, R.; Bruno, J.; Fay, J.JliGzio, S.; Johnston, V.; Moore, E.; Mosser, Quigley, A.;

Salvatore, C.; Theberge, C.; Zartman, C.; Zhang, 3ne& S.; Graham, S.; Vacca, J.; WilliamsBioorg. Med. Chem. Lett
2009 19, 214-217.

134 Dippermann, N.; Thomanek, H.; Prenzel, A.; Maiséh; J. Org. Chem201Q 75, 5994-6000.

135 3) Jones, K.; Wilkinson, J. Chem. SacChem. Commuril992 1767-1769. b) Bascop, S. I.; Sapi, J.; Laronzd,.;J.
Levy, J. Heterocyclesl994 38, 725-732. c) Pellegrini, C.; Strassler, C.; Welhé.; Borschberg, H. JTetrahedron:
Asymmetry1994 5, 1979-1992. d) Palmisano, G.; Annunziata, R.; Pa@eoSisti, M.Tetrahedron: Asymmetrd996 7, 1-
4. e) Lakshmaiah, G.; Kawabata, T.; Shang, M. Hiji, K. J. Org. Chem1999 64, 16991704f) Fischer, C.; Meyers, C.;
Carreira, E. MHelv. Chim. Act&200Q 83 1175-1181. g) Cravotto, G.; Giovenzani, G. B.; ®Ril&; Sisti, M.; Palmisano,
G.J. Org. Chem2001, 66,8447-8453. h) Kumar, U. K. S; llla, H.; Junjapp Org. Lett.2001, 3, 4193-4196. i) Lizos, D.;
Tripoli, R.; Murphy,J. A. Chem. Commug001, 2732-2733. j) Selvakumar, N.; Azhagan, A. M.,n8rs, D.; Krishna, G.
G. Tetrahedron Lett2002 43 9175-9178. k) Lizos, D.; Murphy, @rg. Biomol. Chem2003 1, 117-122. ) Chang, M.; Pai,
C.; Kung, Y.Tetrahedron Lett2005 46, 8463-8465. m) Murphy, J.; Tripoli, R.; Khan, T.aM U. W. Org. Lett.2005 7,
3287-3289. n) Trost, B. M.; Brennan, M. &rg. Lett.2006, 8, 2027-2030. o) Jaegli, S.; Vors, J. P.; Neuvlle Zhu, J. P.
Synlett2009, 2997-2999. p) Reddy, V. J.; Douglas,JCOrg. Lett.201Q 12, 952-955. q) Thomson, J. E.; Kyle, A. F.; Ling,
K. B.; Smith, S. R.; Slawin, A. M. Z.; Smith, A. Detrahedror201Q 66, 3801-3813.
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NHBn

Br
(0]

-
y

CszQ)LNB” NCbz
CbszOOH OMe Br i-Pr-PEPPSI, tBUONa  MeO

PCls, DIEP, Toluene, 110 °C O
0°C, THF \ N
A

1 atm Hy, Pd/C,

HCHO
Nig N
MeO Li, NH, MeO
N ° N °
H Bn
Horsfiline

Scheme 111.32 Total synthesis of Horsfiline.

A large number of synthetic methodologies have besported for the preparation of
spirooxindole natural product®® a key point in each synthesis is the constructibithe
spirocyclic scaffold with its quaternary carbon eenMost of the strategies rely on indole
precursors for the construction of the key struadt@tement, and only a limited number of
procedures construct the indole itself.

Herewith, the 3,3'-pyrrolidinyl-spirooxindoles cdufesult from a cascade involving Ugi

coupling of 2-halotryptamines, followed by oxidaixvadical cyclization with Cu(ll).

C. Results and Discussion

Synthesis of the 2-chlorotryptamine:

Although 2-halo-tryptamines are potentially usefuérmediates in indole alkaloid synthesis,
only few reports mention the preparation of 2-ctdoand 2-bromotryptamin€’ In 2003,
David Horne et al reported that tryptamine hydrochloride salt undegsy efficient
regioselective chlorination at the 2-position usiNgchlorosuccinimide in a 10:3 acetic
acid/formic acid solution (23 °C) to form 2-chlorngitamine in 70 % isolated yiefd®

136 3) Marti, C.; Carreira, E. MEur. J. Org. Chem2003 2209-2219. (b) Maison, Wiargets Heterocycl. Sys2005 9, 87-
113. (c) Trost, B. M.; Brennan, M. ISynthesi2009 3003-3025.

137 |odotryptamine has been reported: (a) KlineJ THeterocycl. Cheni985 22, 505-509. (b) Sintas, J. A.; Vitale, A. A.
Labelled Compd. Radiopharrh997, 39, 677-684. and Enzymatic chlorination of tryptaenterivatives has been reported:
Ho'lzer, M.; Burd, W.; Riebig, H.-U.; van Pee, K.-Aldv. Synth. Catal2001, 343 591-595.

138 Miyake, F.; Yakushijin K.; HorndD. Org. Lett.,2004,6, 711-713.
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This synthetic route was chosen for the 2-chlomiagnine synthesis, but we never managed
to reproduce these results. In all our trials, yiedds did not exceed 35 % and the formation

of various by-products was observed.

NH,
NCS
‘ - |
N ACOH/HCOOH N~ Cl
H

23°C, 18h
35 %

NH,

Scheme 111.40:; Preparation of 2-chlorotryptamine.

The Ugi adducts were then prepared using 2-chlgstamine, 4-nitrobenzaldehyde,
cyclohexyl isocyanide and acetic acid as starintgerads. The resulting mixture was stirred
for 24 hrs in methanol and diluted with THF, th@pper acetate and DBU were successively
added at 0°C. The reaction mixture was refluxed for 24 hrst batal decomposition
occurred. The same behavior was observed with #ergbenzaldehyde or 4-
nitrobenzaldehyde.

rt.,24h HN_ DBU (1 equiv)
cl Cy THF, reflux

©\/\§; o={
N CYNC MeoH (1m) N Cu(OAc), (1 equiv)

X =Cl, OMe, NO,

Scheme 111.41:; Oxidative radical cyclization reaction involvingcPHorotryptamine.

As post condensation transformations strongly depenthe nature of the isocyanide, the
same sequence was tested with a benzyl isocyadidertunately, using either 4-methoxy
benzyl isocyanide or 4-methyl benzyl isocyanide, desired cyclized product could be

isolated and total decomposition was observed.
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NO,

\ NH2 O — —_

Cl :<
N AOH o Cu(OAc),
H MeOH MeOH (1M) N o (1 equiv)
o ., 24h HN DBU (1 equiv)
H N Cl THF, reflux
N
- H _
R R
R = CH,, OCHs

Scheme 111.42: Oxidative radical cyclization reaction involvingcMorotryptamine and benzyl isocyanide

In order to investigate further this sequence, welated the Ugi adducts with 2-
chlorotryptamine and treated them with one equitalef copper acetate and DBU in
refluxing THF under air. Surprisingly, the reactiproceeded smoothly and the desired 3,3'-
spirooxindole derivative was isolated in 64 % (sobdll.43).

NO,
Ac\: 7 N\
N\
NO,
—
;?\c [ NHCy
N Cu(OAc), (1 equiv) '
0 DBU (1 equiv)
\ Ac
N ol NHCy THF, reflux, 24 h 0
C ‘
9 NHC
98% 64 % NSo Y

H
Scheme 111.43.Synthesis of spiroxindoline from oxidation of Ugiduct with Cu(ll).

Mechanism of Spirooxyindoline formation:

The reaction probably proceeds according to a ammpiithway as we previously proposed for
the spiroindoline formation but the vicinal amidiH does not trap the iminium. Due to
steric constraint, the amidic attack on the iminighioride is perhaps not as fast as the

addition of water or acetate, which can affordgspgooxindole formation along the process.
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(0)
0] R2
(0]
3 r, y
R; N A Ar
N r /S N e
Ar EOQFO Cu(ll) G o)
(6] base i
l KITHR N| o R N o N
Nc H Cu(l) L
H l 0,
Cu(ll
e} 0]
(0]
>R ), >,
N 2 N Ar Ar
Ar H.0 0
0] 2 Cu(lly
“ P NHR, .. NHR;
@ NHR or N Cl
1 o N Cl
N2 0, AcO ! H
) H
H
slow l?
(0]
o) N
>\\R2 A Ra
N r
Ar N N o
(0] H R,
NHR,
0]

H

Scheme 111.44:Proposed mechanism for synthesis of spirooxinddlime Ugi adduct with Cu(ll).

The scope of this reaction was investigated wittous partners for Ugi reaction as shown in

the following table:

Ae Ac
N ar Cu(OAc), (1 equiv) N A
l o DBU (1 equiv) o
o AR THE reflux, 24 h g NHR
H
, Cyclized _ Cyclized
Ugi adduct Ugi adduct
Entry _ product Entry , product
(Yields) _ (Yields) _
(Yields) (Yields)

.31 64%

.24 99%

Ac
v

o]
O HN
N~ ~0
ARG

111.34 50%

0:( NO,
N
o]
N ClI @
H

111.28 99%
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[¢]
NO, NO,

6 o 0

H

.29 88% 111.35 21%

OMe cl
Ac
~ v o~(
o) 9] N NA
3 ] HN O HN 7 l oo

NS0 -
H Cl O H \O H Cl )T*

11.26 80% .33 45% .30 49%
NO,
o
N
4 o) NA
l HN

.27  45%

The reaction proceeds smoothly either with electthdrawing groups or with electron-
donating ones. Probably, due to an easier enaizathe starting material bearing a nitro
group (64 %), gave better yields than the one \a&itmethoxy group (45 %). Ugi adducts
resulting from the use of thert-butyl isocyanide are less efficient as comparetiytdohexyl
one, whereas benzyl substituted Ugi adduct faegite any cyclized product.

In this reaction, one of the diastereomer is formpestiominantly in the mixture, probably for
steric reasons. We tried different solvents antiniepies for isolation of single crystal of the
spirooxindole, but in all our attempts we failed dbtain crystalline product for X-ray
analysis.

To overcome this problem, we imagined to develogymthetic path to the spirooxindole
from of 3,3-spiroindolines obtained in our previowstudy. For this purpose, various
oxidizing agents have been tested to cleave th@arnctional group of the polycyclic

spiroindoline (schemi.45).

W
Oxidizing agent N

-

solvent , temp O 0
NHC
0 y
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Oxidizing agent solvent temp Result.
PhI(OAc) DCE rt decomposition
m-CPBA CHCl, rt No reaction
m-CPBA CH.CI, 40°C | Multiple products

Schemelll.46: Oxidation of spiroindoline to access spiroxindoline

Unfortunately, no oxidized product could be isotb#end the limited trials were not pursued
any longer.

Since the synthesis and the isolation of the 2foligptamine constitute a difficult process,
this methodology will meet a limited success. Hoareeven if the availability of the starting

material is still an important issue, this sequeocastitutes an additional example of the

potential of MCR-radical processes for the constomcof complex molecules.
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The work described in this chapter has been pudddish two publications:
a) El Kaim, L.;Grimaud, L.; PravinPatil,Org. Lett.2011, 13, 1261-1263.
b) El Kaim, L.;Grimaud, L.; PravinPatil,Synlett 2012 23, 1361-1363.
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In this chapter, we will discuss about the use ibBldgenated isocyanides in heterocyclic

chemistry for the synthesis of oxazoles, tetrazafebtriazoles.

. Introduction

As discussed in earlier part of this thesis, thé mdactiort>® of isocyanides involves insertion
of an isocyanide into a C-Cl bond of an acyl clderi affording valuable intermediate
imidoy! halides.

e} O

— Cl
Ri—NC + Rz)J\CI —_— RZ)J\I/

N.
R1

Scheme IV.1:Nef Reaction formation of imidoyl halides.

First discovered by Nef in 1892, it gives a diractess to acyl imidoyl chlorides, which are
precursors of acyl nitriliums. Intramolecular trapgs of acyl imidoyl chlorides have been
widely studied by Livinghouse and co-workers tothgsize various heterocycl&¥.(scheme
IV.2).

0
cl HyCO
HsCO >Hk HSCOD/CI\ CF.SOAg
—_— N
- N ~
H,CO (IZN CH,ClIy, rt. H,CO H,CO
0 0

82%

Scheme IV.2:Intramolecular trappings of acyl imidoyl chlorides.

139 a) Nef, JJustus Liebig#nn.Chem 1892 270 267-335. b) Ugi, |.; Fetzer, I Chem. Ber1961, 94,116-1121. c) Westling,
M.; Smith, R.; Livinghouse, TJ.0rg. Chem1986 51, 1159-1165. d) Lee, C. H.; Westlin].; Livinghouse, T.;Williams,
A. C.J. Am. Chem. So&992 114, 4089-4095. e) Livinghous®&, Tetrahedron1999 55, 9947-9978. f) Van Wangenen, B.
C.; Cardenilla, J. HTetrahedron Lett1989,30, 3605-3608. g) Adlington, R. M.; Barrett, A. G. NMetrahedron1981, 37,
3935-3942. h) El Kaim, L.; Pinot, -Fetrahedron1998 54, 3799-3806. i) Chen,;DeshpandeS. Tetrahedron Lett2003
44, 8873-8876.

1403) Westling, M.; Livinghous&. Tetrahedron Lett.1985 26,5389-5392b) Livinghouse, TTetrahedrorl999 55, 9947-
9978.
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More recently, Zhu, Tron and Pirdlt have reported an oxazole synthesis with insewion
isocyanoacetamides in an acyl chloride. The reguhitrilium ion cyclizes and, after proton

transfer, gives the 2-acyl-5-aminooxazdfé.

R2
R *m %1 &
\)]\C' CN Ry CH20I2

83-50%
Scheme 1V.3:0xazole synthesis using isocyanoacetamides in eieddction.
Similarly, aryl sulfenyl chlorides react with is@sydes to give unstable thioimidoyl chlorides,

which react with adjacent nucleophilic functionalogps, for example the adducts of

isocyanoester undergo cyclization to form 2-arglBialkoxy oxazole (scheme IV .4}

o ArSCI o SAr Eto— O~ —SA
EtsN tO Y r
NC > e e /
EtOJ\/ CH,Cl,, EtOJ\/ N cl \&N
-50-10 °C

Scheme 1V.4:0xazoles synthesis by Marcaccini.

Surprisingly, few intermolecular trappings of aaylidoyl chlorides have been described as
they behave differently depending on the nucleegfiff Indeed, addition of water affords
pyruvamides** and hydrazoic acid gives the corresponding teted?d However, the

addition of an amine provides the amide insteaith®fesired amidine??

141 Mossetti, R.; Pirali, T.; Tron, G.; Zhu,J.Org. Lett.201Q 12, 820-823.

1423) Sun, X., Janvier, P., Zhao, G., Bienayme, Hu,ZhOrg. Lett.2001, 3, 877-880. b) Sun, X.; Janvier, P.; Bienayme, H.
Zhu J.J. Am. Chem. So2002 124, 2560-2567. ¢) Montafio, R.G.; ZhuChem. Commur2002 2448-2449. d) Bonne, D.;
Dekhane, M.; Zhu Angew. Chem. Int. EQ007, 46, 2485-2488.

143Bossio, R., Marcaccini, S., Pepino, Reterocycles1986 24, 2003-2005.

144 Chen, J.; Deshpande, Betrahedron Lett2003 44, 8873-8876.

145 Ugi, I.; Fetzer, UChem. Ber1961, 94, 1116-1121.
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R Cl Nef )J\(CI H,0 R)J\(O
+ > | R —_— 2
neat (60 °C or uW (60 °C)| > I HN.

R{NC or toluene, 60 °C
or CHsCN, 60 °C 1 RaNH;

O

R;” "NHR; + R¢NC

Scheme IV.5:Reactions of acyl imidoyl chlorides with variouscteophiles.

Recently, our research group reported several syotlapplications of the isocyanide-Nef
reactiort*® by allowing various nucleophiles to trap the imtediate imidoyl chloride (scheme
IV .6).

)j\ Nef Coupling Cl Nu )S/Nu
R(—NC + Ry “Cl > R, —> R

Scheme 1V.6:3-CR involving imidoyl halide from acyl chloride disocyanides.

Our group exploredthe addition of trialkylphosphiteson imidoyl chloridesto afford new
keteneiminesn a Perkow-typereaction.The whole sequencenay be performedwithout any
solvent,andthe resultingketeneiminemay easily be convertedto phosphorylatedetrazoles
andtriazoles.

(Oi-Pr),0PO

o)
o) _ (Oi-Pr),0PO N
€ i-Proyp C=N_ TmsN, 2 r N
o e e ryore NN
. 60°C,1h |F cy) = Cy
F F
75% 58%

Scheme IV.7:Acyl imidoyl chlorides in synthesis of tetrazol@aief reaction.

146 \We give this name to avoid confusion with the meedl known Nef reaction of nitro derivatives.
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Moreover, we have developed a new three-compomeaiote synthesis involving a Nef-
Huisgen cascad@’ After the a-addition of acyl chlorides on isocyanides, theulirsg
imidoyl chloride was treated with tetrazole undeitable Lewis acid activation (Zngl The
resulting adduct is rather unstable above 80 °Q gives the corresponding triazole

according to a Huisgen fragmentation.

N-N
o) N ) Cy
A JJ\C| l.lW CY\N ‘”)\Ph CY\N HUngen S&\(N Ph
r (50W.60°C) | , | la I (D | —= a7 0
* > cl ZnCl, 10% N"N"ph N-N
CyNC o} toluene, 80 °C e} N=p /
\ o /—w
®
N

Scheme 1V.8:Synthesis of triazoles via a Nef-Huisgen cascade.

Along this study, we have observed that the udseatyl isocyanides affords oxazoles under
basic conditions. Indeed, in the presence of divelsg weak base such as 2,6-lutidine at 80
°C, acyl chlorides react with an isocyanide anderaflifferent prototropies, the resulting
nitrilium cyclized to provide 2,5-disubstituted aaes’*®

147El Kaim, L.; Grimaud, L.; Wagschal, Synlett2009 1315-1317.
148 dos Santo,s A.; El Kaim, L.; Grimaud, L.; Ronssef2ayChem. Commur2009 3907-3909.
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0]

. o J\I(Cl
o . N Cl
J\ N toluene, 80 °C 2,6-lutidine R—©
R CI —_— SN

Nef N
R =i-Pr, 73%

c cl

lBaSe
N <N-Z3 R ~Neo_ R
CI C\gR %IQ/\ TDHCIQ/\ Ci()e

@
H

(0]
B
CI\@\(O R electrocyclization ol /NA\ R| —o%¢ f\rN@ jl)\
B S — N
Iilj/ ( > @ o CT°R
Cl

Scheme 1V.9:Synthesis of oxazoles via Nef reaction with weakeba

Different trials have been made to perform organali® couplings using the Nef-imidoyl
halides. However, when settling such strategy, bgewved the deactivation of the catalyst and the
reaction failed. In fact, under basic conditioh®, Nef reaction turns out to be reversible and the

isocyanide is regenerated, inhibiting the catabtitvity of the metal (scheme 1V.10).

0]
1, = o %9
Ry Cl (0] Pd(0) (0] Cl
Ri—NC ———> R—N —> R—N ‘EJ@CI —> R—N )® —> R,—N=C=Pd
Cl Pd.Ln Pd.Ln

Scheme V.10 Addition of palladium on imidoyl halide.

Imidoyl chlorides are important synthons for th@steuction of a large variety of heterocycles.

They can be readily prepared as discuss al@vevia isocyanide-Nef reaction, by direct
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halogenation of isocyanide or by the insertion laflahalide to isocyanide via organometallic
couplings**®

In order to test the possibility to perform orgamtallic couplings with imidoyl halide, we

selectgemdibromo isocyanide as a potent partner. Indgedidihalogenoisocyanides could

react with nucleophiles to form imidoyl halides walicould further undergo metal catalyzed

cyclization to form a heterocycle.

Scheme IV.11:Plausible pathway for the addition of a nucleopbitgenidihalogeno isocyanides.

In the continuation of our previous efforts in depihg new methodologies using IMCRs, we

were encouraged to explore the potential of ditedated isocyanides.

Il.  Chemistry of gem-dihalide isocyanides

The addition of bromine to isocyanide was firstalig®ed in 1875 by TschernidR® whereas
the addition of chlorine was first reported in 1892Nef!>??

The isocyanide dihalides which are sometimes atferned as carbylamine dihalides,
dihalomethyleneamines, carbonyldihalide imines minophosgenes, are carbonic acid

derivatives.

149 a) Saluste, C.; Whitby, R.; Furber, Mngew. Chem., Int. EQ00Q 39, 4156-4158. b) Saluste, C.; Whitby, R.; Furber,

M. Tetrahedron Lett2001 42, 6191-6194. c¢) Kishore, K.; Tetala, R.; Whitby, R. ight, M. E.; Hurtshouse, M. B.
Tetrahedron Lett2004 45, 6991-6994. d) Saluste, C. G.; Crumpler, S.; Furbdrb Whitby, R. J. Tetrahedron Lett2004
45, 6995-6996. e) Jiang, H.; Liu, B.; Li, Y.; Wang,; Auang, H.Org. Lett.2011, 13, 1028-1031. f) Vlaar, T.; Ruijter, E.;
Znabet, A.; Janssen, E.; de Kanter, F. J. J.; M&el,. W.; Orru, R. V. AOrg. Lett.2011 13, 6496-6499 g) Saluste, C.,
Crumpler, S.; Furber M.; Whitby, Rietrahedron lett2004 45, 6995-6996.

1503) Tscherniak, MBull. Soc.Chim France[2], 1878,30, 185. b) H. Guille-maré\nn. ChimigE] 1908 14, 324-328.
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0]
A\
C—R X . cl . Cl
< L/ L/ L/
R—N==C R—N={=C 0==C s:==C
A AN AN AN
X X Cl Cl
imidoyl halide isocyanide dihalide phosgene thiophosgene

Figure IV.1: Structural similarity between imidoyl halide wigigmdihaloisocyanide, phosgene, thiophosgene.

The structure of isocyanide dihalide i.e. isocyandichloride or isocyanide dibromide is
quite close to phosgene and thiophosgene. Thelyiginéy electrophilic species and their use
has been explored in heterocyclic synthesis. Fstairce, they have been widely studied in
cycloaddition processeés! Indeed, Girardinet al developed the synthesis of 3-amino-5-
substituted-isoxazoles in high vyields from cyclatdd of alkenes with gem

dibromoformaldoxim&>?(scheme I1V.12).

(1.2 equiv)
N
Ph._~ H
BFY Br Ph Br N82CO3 (25 eqUiV) - PhWN
S — . >
N DMF, KHCO, 5] n-Butanol O-N
HO 92 % mW, 200 °C, 4 h .
. I, (1.5 equiv)
85 % Imidazole(3 equiv)
Toluene,
110°C,5h
90 %
Y

/)
O-N

Scheme 1V.12:cycloaddition of alkenes withendibromoformaldoxime.

5IEor some recent examples, see: (a) Girardin, Msad¢h, P.; Lauzon, S.; Dolman, S.; Ouellet, S.;HdagG.Org. Lett.
2009 11, 1159-1162. (b) Moore, J.; Davies, M.; Goodenough, Wybrow, R.; York, M.; Johnson, C.; Harrity, J.
Tetrahedron2005 61, 6707-6714. (c) Moore, J.; Goodenough, K.; Spiris, Harrity, J.Synlett2002 2071-2073. (d)
Caldilora, P.; Ciancaglione, M.; De Amici, M.; De Migli, C. Tetrahedron Lett1986 27, 4647-4650. (e) Stevens, R.;
Polniaszek, RTetrahedronl983 39, 743-748.
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Direct addition of a nucleophile omemdihaloisocyanides has been yet reported.
For examplethey are the key intermediates in the synthesis wdriety of cephalosporines

with novel C-7 heterocyclic substitueht.

-78 °C

CﬁNj;(S _ Bry Toluene @[::2 ©: »—NH
F Lol FL

COOCHPh
2 COOCHPh, NH, COOCHPh,

gem-dibromide

N
S
_N lllH I:N NH S
\[ [ H N~
NH, NH, o]
COOCHPh,
N [ \>_
\> NH S
)IN s N
bH N~ OH N~
COOCHPh, COOCHPh,

Scheme 1V.13: §nthesis of 7-imidazolylamino cephalosporins frasngem-dibromide.

The reaction of dibromoisocyanide with azide hasnbeeported by various groups to form
the corresponding bromotetrazdié.

cl NaN,, CH,CN 1'7'_'3
ﬁ\ N/)\ N\N)\C|

Cl 168 h
90%

)C\' NaNa, TBAB

N= ~ClI H,O:Toluene N”\N»\CI

rt, 1.5h

or
NaN3, CH3CN
R 168 h
R

R= H, F, Cl, CF3, CH3, OCH3

Scheme 1V.14 synthesis of 5-chlorotetrazole.

152 3) Jung, F.; Delvare, C.; Boucherot, D.; Hamon, Tetrahedron letter 1989 30, 2375-2378,. b) US patent
44631781984.

153 For tetrazole formation from isocyanidéchlorides see:a) Cristiano, M.; Lurdes, S.; Johnstone, R. A. W.Chem.
Research Synops&897 3, 164-165. b) Alves, J. AJohnstoneR. A. W. Snth. Commun1997, 27, 2645-2650. c) Mloston,
G.; Galindo, A.; BartnikR.; Marchand,A. P.;Rajagopal, DJ. Het. Cheml1996 33, 93-96. d) Quastl.; Bieber, L.Chem. Ber
1981, 114 3253-3272. Foran alternativethree-componenpalladium catalyzedpreparation of tetrazole using a Tsuji-Trost
reactionsee: e) Kamijo,S.; Jin, T.; Huo, Z.; Young Soo, G.; Shid), Yamanoto, Y. Mol. Div. 2003 6, 181-192. For
tetrazole formation fronsocyanideand X—Ng3, see: f) Fowler, F.; Hassner, A.; Levy, I. Am. Chem. Sod 967, 89, 2077—

2082. g) Collibee, W.Nakajima,M.; Anselme, JJ. Org. Chem1995 60, 468—469.
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Teutschet af®* synthesize@-lactam tetrazoles from dibromoisocyanides. 5-Ghietrazole
treated with potassium fluoride in presence of croether in acetonitrile gave 5-
fluorotetrazaole in 74 % isolated yield. The latterderwent nucleophilic substitution with

cyclic amides forming the correspondifidactam in quantitative yields (Scheme 1V.15).

Lo

N
N-N KF NN H NN ]
CI~Cl NaNj CHCN »\CI 18-Crown-6 N‘N»\F [(CH5);Sil,NNa N\N)\N
N —_— .

N 40°C, 20 h CH4CN, 60 °C THF, 20°C100°C
Q 1/4 h
Ph 74 % 80 % 100 %
HH H CH;)3Si],NNa
Ne  fcHF [(CH3)3Sil;
THF, -20 °C 0 0 °C
H

174 h
70 %

Scheme IV.15 Synthesize@-lactam tetrazoles from dibromoisocyanides.

To the best of our knowledge, 5-halogeno substtutetrazole were evaluated for
nucleophelic substitution reactions, but have né&een tested in the organometallic coupling
reactions.

We postulated that such bromotetrazole could umdengano-metallic reaction such as
Suzuki coupling to give 5-substituted tetrazole #mat it should be possible to perform the

whole sequence in one-pot. (Scheme IV.16).

Suzuki
_ . N—N
Bry Br azide Br N-N coupling i
------- I \ \
RNC = R-N= AT > R-N=( ... - N\N)\Br ---------- > N\N)\Ar
BI‘ N3 | |
R R

Scheme 1V.16:Proposed synthesis tetrazole from gem-dibromides.

The use of metal-induced reactions involvgemdihalide isocyanide were only reported by

two groups. Ito and co-workers described a doutilbe Soupling™®® and Burgoset al

154 Klich, M.; Teutsch, G.Tetrahedronl986 42, 2684-2684.
155 3) Ito, Y.; Inouye, M.; Yokota, H.; Murakami, M. Org. Chem199Q 55, 2567-2568. b) Ito, Y.; Inouye, M.; Murakami,
M. Tetrahedron Lett1988 29, 5379-5382.

123



pastel-00739959, version 1 - 9 Oct 2012

Chapter 4: Isocyanide dibromides

proposed a cascade involviggmdihalide tosyl methyl isocyanide in a heterocyafian
with isolation of the intermediate imidoyl chlorid®ollowed by a pallado-catalyzed

aminatiort>®(Scheme IV.17).
Rl

SnBuj R R

o .

(2 equiv) % 4

> I Ito et al
N‘R

Br
N_< m_/ CtoH [N _RMNH
>N\ \ Burgos et al
TBAC N Pd(OAc), N

COMe o ,Cl, ol =N NaOBu
PR,, THF

Pd(0)

53%

Scheme IV.17:Metal-induced reactions involvirgemdihalide isocyanide

lll. Isocyanide dibromides and organometallic coupings

1. Project

Our strategy with isocyanide dihalide was to explarganometallic couplings in one of the steps
of the trapping sequence.

Due to our previous tests on acylimidoyl chlorides,surmised that the metal should be added at
a late step to avoid the regeneration of the starsiocyanide. In order to get more stable imidoyl
bromide, the addition of a nucleophile such agrazele could give a bromotriazole via a huisgen
fragmentation (as we reported previously). Thislstéorm of an imidoyl bromide could easily
undergo orgamometallic coupling. Similarly, the iaidd of azide could give a bromotetrazole,
which could be involved in organometallic couplings the cyclization with azide is expected to
be more efficient and carried out at lower tempeeatas compared to Huisgen reaction of
tetrazole, we started this study considering thdeaas a manner to block the reversibility of the
bromine addition before the metal catalyzed process

156 Baeza, A.; Burgos, C.; Alvarez-Builla, J.; Vaquerdl. Jetrahedron Lett2007, 48, 2597-2601.
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—-N

1t :N

NN»\R Br r\"\:/N NF'{1 R

B

H_ oy U . SR P e N g
N R N=N Nu \ )
| =N
R1

B
R1_N:C: #P R1—N=< —

Scheme 1V.18:3-CR involving imidoyl halide frongemdihalide isocyanide.

2. Towards tetrazoles: Results and discussion

In order to validate our strategy, each step of wl®le reaction sequence was optimized
separately. Cyclohexyl isocyanide was chosen awdatd isocyanide for all trial<Gem
dibromo isocyanide could be easily prepared in Idicdmethane or in acetonitrile, both
solvents were tested for the tetrazole formatidre addition of a slightxcesof TMSN; to a
solution of gemdibromocyclohexyl isocyanide in dichloromethaneleth to give any
couging. The same results were obtained in acetaniad solvent (even in the presence of a
catalytic amount of methanol).

The addition of a Lewis acid such as silver perchioi@0 mol %) gave abo&B0 %of the
product, while the use of silver acetate (10 f#)l afforded the bromotetrazole quantitative
yield after 3 days (Scheme 1V.19). Considering ltmg reacton times and the need of a
Lewis acid as a catalyst, we investigated the odris azide.
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N—-N

CyNC —— Cy—N=<B — r\iiN»\Br
r é ,
V-1 V-2
Conditions yield
TMSN3, CH,Cly, rt. -
TMSN3, CH4CN, rt. -
TMSN3, CH,Cly, MeOH (cat) rt. -
TMSN3, CH3;CN MeOH (cat) rt. -
TMSNj, CH,Cl,, AgCIO (40%), 18 h, rt. 54 %
TMSN3, CH,Cl,, Ag(OAC), (10 mol%), 3d, rt 100 %
NaN5;, DMF, 5 min, 50 °C 100 %
NaNgz, CH5CN, 30 min, 50 °C 100 %
NaNz, CHsCN, 1 h, rt 100 %

Scheme 1V.19:0Optimization of the tetrazole formation.

DMF was thus selected as solvent and the temperatigsedto 50 °C. Under these conditions

guantitative yields of the desired tetrazMe2 were obtained within 5 min. Since we used either

dichloromethane or acetonitrile in the formation ggmdibromide IV-1, sodium azide in

acetonitrile was also evaluated. It afforded a ttaive yield of tetrazoldéV-2 within 30 min at

50 °C. When the same reaction carried out at roemperature, quantitative yield was

obtained in 1h (Scheme IV.19).

Next, we examined the Suzuki coupling on bromarete IV-2. After bromotetrazole

formation, the phenyl boronic acid (3 equiv), psias carbonate (3 equiv) and a catalytic

amount of palladium source were added. The reastigture was stirred at reflux of acetonitrile.

Bases like potassium carbonate, cesium carbondtéacatalysts such astrakiqtriphenyl-

phosphine) palladium and palladium acetate weredebut all attempts failed to give the

desired product (Scheme 1V.20).
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PhB(OH)s,

1.Bry/ CHsCN N-N Pd-cat, Ligand
CyNC - | N Dg —~
2. NaN; / CH5CN N Base, CHsCN
Cy Temp, 18 h
V-2
Pd-cat. Ligand base Temp.
Pd(PPhy), - K,COj 80 °C
Pd(PPh,), . Cs,CO; 80 °C
Pd(OAc), PPhs K2COs 80 °C
Pd(OAc), PPh, Cs,CO; 80 °C

Scheme 1V.20:Optimization of one-pot Suzuki coupling to form stituted tetrazole.

Considering these results, a set of various sadveras next evaluated for this step. In DMF,
the intermediate bromotetrazole turned out to dgpakecompose. The metal catalyzed
coupling was also tested neat as reported by Earad®’ without any success. The use of
tetrakigtriphenylphosphine) palladium in a 3:1 toluenefevamixture gave traces of product
(scheme IV.21).

N-N HO.__OH PhB(OH),, N-N
1y B - i " \
N >\Br + Pd-cat, Ligand _ N~N)\Ph
'}l Base, solvent )
Cy Cy
Iv-2 Iv-3
Catalyst/ligand base Solvent % Yield?
Pd(PPhgz)4 KsPO, n-BuOH Decomposed
Pd(PPh3), Cs,CO3 n-BuOH Decomposed
Pd(PPhs3)4 K2CO4 n-BuOH Decomposed
PdClx(dppf) K3PO, n-BuOH Decomposed
Pd(OAc),/XPhos K3PO4 n-BuOH/H,0OP  Decomposed
Pd(OAc),/SPhos K3POy4 n-BuOH/H,0P  Decomposed
Pd(PPhs), K,CO, toluene/H,0O°  trace
Pd(PPhs), K,CO4 toluene 90 %°

@ Reaction conditions: ArBr(1 equiv), phenylboronic acid (3 equiv), Pd catalyst (5%),
ligand (10%), solvents (2 mL), base (3 equiv), MW 30 min at 150 °C

b 3:1 ratio.

¢ Reaction conditions’ ArBr(1 equiv), phenylboronic acid (3 equiv), Pd catalyst (5%),
solvents (2 mL), base (3 equiv), 18h at 150 °C

Scheme 1V.21:0ptimization of Suzuki coupling on tetrazdl-2 to form aryl tetrazolév-3.

157 Tang, Q.; Gianatassio, Retrahedron Lett2010,51, 3473-3476.
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Our attempts met success with toluene as solverdniz acid (3 equiv), potassium carbonate
(3 equiv) and a catalytic amount détrakis(triphenylplosphire) palladium (5 mol %). The
resulting mixture was refluxed for 18 h to afford the desired asfrazolelV-3 in 90 %
yield. The amount of boronic acid could tecreasedo 1.5 equiv without compromising the

yield. Thus, the desiredyl tetrazoldV-3 was obtained in three steps in a 90 % overaltl.

Since both steps (bromotetrazole formation fromcysmide and Suzuki coupling)
proceeded with exclusive product formation, the lehoeaction sequence could be
performed without purification of the intermediatdnderthese optimized conditions, the
desired aryl tetrazolévV-3 was isolated in 97 % yield in a one-pot sequedde same
reaction tested with the combination of Pd(OfelPh gave lower yields of the desired
disubstituted tetrazole (76 %) (Scheme2R).

PhB(OH)s, N—N

1. Brp/ CHLCN N-N Pd(PPh 2R
CyNC > | N. »\Br (PPhg)s N\N)\Ph
2. NaN3 / CH;CN N KoCO3, toluene, .
Cy acetonitrile Cy
110 °C, 18 h
0,
V-2 97% V-3

Scheme 1V.22:Three component one-pot synthesis of 1,5-disulbstittetrazoldV-3 from isocyanide.

The scope of this sequence was next examined &ribus isocyanides and boronic acids as
shown in the following Table IV-A.

Table IVV-A': List of 1,5-disubstituted tetrazol&g-4 to V-21.

_ ArB(OH),, _
Br NaN N-N 9 N—N
RNG —2 RN={ | | N ) PAPPha)s N B
CHCN, rt CHaCl\f> N Br K,COj, toluene, '}1 Ar
rtor65°C R acetonitrile R
110°C, 18 h
V-2
IV-4 to IV-21
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Entry RNC ArB(OH) , Product Yield (%)
N-N
NC N” A\
1 o ") oY V-4 64
Cl
- N_N Cl
N HO),B N2
2 L ., ! S IV-5 86
Cl
Cl
Ne HO),B NN;,;‘
3 \\O\ - \©\OCH3 octs IV-6 70
Cl
NC OCH N_’\j\%‘s
3 N. P
4 L " ! ! V-7 17
Cl
NC N_N -
N,
5 o O V-8 82
K@LOCHE \© OCH
- O
(HO);B. N\N
6 Chs V-9 82
K©\ocH3 \@CH’ K©\OCH
N (HORB_~ Nhf:?
7 L IS IV-10 41
OCHz 2
OCH,
NC !\'liN
(HO).B N,
8 Y\COOMe \© N:Q 1V-11 62
NC (HO)B ND\H\'
9 H3C)\COOM9 @ N)\© IV-12 67
H,C” “COOMe
" OCH, NN OCH,
10 e Scoome ‘”‘”ﬁﬁj IV-13 15
HaC” > COOMe
11 N o by IV-14 36
Ph\)\cooa \© Ph\)\COOEt -
NC (HO)B N!\f’?‘
12 C o 0 O IV-15 70
'COOEt
NC OCH, wa'\'HGCO
13 @ (HO»B@ @ IV-16 70
NC NN
14 ® el YOk IV-17 41
e , A
15 © (HO)QB\@ZI ENS\@CI V-18 23
NG HO),B NN’;’;‘
16 ® el G@ IV-19 08
NG HO),B N!)f:;l
17 O L Ay IV-20 90
NC !\’l*N
18 J@N 0 " IV-21 12
OCH,
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In all the cases, theorresponding 1,5-disubstitutegetrazoledV-4 to IV-21 were obtained
following a sequential one-pot procedure affordomgduct in moderate to good yields. With
some isocyanides (Table IV-A, entries 8-12), thesctbcyclisation required higher
temperatures (60 °C for 30 min) to proceed smoothly

In the case of 3,4-dimethoxy phenyl ethyl isocyan(@able IV-A, entry 18), yields were quite
low, asgemdibromo formation probably competed with the broation of the electron-rich

aromatic core.

In conclusion, we have developed a one-pot rolrosbgol for the formation of anfietrazoles,

which areimportant cores in medicinal chemistry. Indeedratatles are considered to be
bioisosteres of the carboxylic acid functional gramthout the rapid metabolism of acid in
biological systems, increasing thus the retentiore tof the drug in the body. (Figure IV-2).

Both tetrazoles and carboxylic acid possess corbfmesidity and siz&>®

(@)

T
RJ\”/ R

OH

Figure 1V-2: Structural comparison of the carboxylic acid mpieith the tetrazole ring

1,5-Disubstituted tetrazoles are useful heterosydlecause of their huge biological and
pharmacological applications. They act as NADPHdase inhibitors>® glucokinase
activators:® o-methylene tetrazole based peptidomimetics as Histepse inhibitors®
calcitonin gene-related peptide receptor antagerasd antimigraine agent¥. They have
been shown to be potential P2X7-antagohidend TNF-a inhibitors*®*

1%8 3) Holland, G.; Pereira, J. Med. Cheml1967, 10, 149-154. b) Butler, R.; Garvin, \l. Chem. Res. (3982 122-123.
c¢) Herr, R.J. Bioorg. Med. Chen2002 10, 3379-3393.

159 geki, M.; Tarao, Y.; Yamada, K.; Nakao, A.; Usvi; Komatsu, Y.PCT Int. Appl WO 2005-JP297£005

180 Nonoshita, K.; Ogino, Y.; Ishikawa, M.; Sakai, Rakashima, H.; Nagae, Y.; Tsukahara, D.; Araka&aNishimura,
T.; Eiki, J.PCT Int. Appl WO 2004-JP19842005

161 May, B. C. H.; Abell, A. D.J. Chem. Soc., Perkin. Trar02 1, 172-178;

182 yo, G.; Chen, L.; Degnan, A.; Dubowchik, G.; MacdrT ora, G.; Chaturvedula, PCT Int. Appl WO 2004-US40721,
2005

183 Nelson, D.; Gregg, R.; Kort, M.; Perez-Medrano, Yojght, E.; Wang,Y.; Grayson, G.; Namovic, M.; Dily-Roberts,
D.; Niforatos, W.; Honore, P.; Jarvis, M.; Faltyn€k; Carroll, W.J. Med. Chem2006 49, 3659-3666.

184 Srihari, P.; Dutta, P.; Srinivasa Rao, R.; YadavChandrasekhar, S.; Thombare, P.; Mohapatra, &tt€fee, A.; Jain,
M. Bioorg. Med. Chem. Let2009 19, 5569-5572.
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Wuestet al®® synthesized 1,5-disubstituted tetrazoles and destem as cyclo-oxygenase
(COX) inhibitors.
N-N

O
N
SO,Me

R
R =H, Me, OMe, F, CI
cyclooxygenase-2 (COX-2) inhibitors

Figure 1V-3: 1,5-Disubstituted tetrazoles as a COX-2 inhibitors.

Romagnoliet af®® synthesized 1,5-disubstituted tetrazoles and stidhat these compounds

are rigid analogues of combretastatin A-4 with posntiproliferative and antitumor activity

2 N-N h oM

N~ - >
MeO N, N D N,
A . A N
N)\@R1 N f OMe
OMe
OMe R
OMe

MeO O
OMe OH  MeO OMe MeO
OMe

OMe

M
RiZOEReZH R = OEt, OMe
17 = Antiproliferative and
Combretastain A-4. s Antitumor Activity (Antitumor Activity)
(Antitumor Activity) (Antiproliferative and
Antitumor Activity)

Figure 1IV-4: 1,5-Disubstituted tetrazoles as potent antipraitige and antitumor activity.

165 3) Wuest, F.; Sharma, S.; Al-Hourani, B.; Wuest; Mane ,J.Tuszynski, J.; Baracos, V.; Suresh, Bioorg. Med.

Chem. Lett2011 21,1823-1826. b) Frank Wuesioorg. Med. Chem. Let2012 22,2235-2238
166 Romagnoli,R.; Baraldi, P.; Salvador, M.; Preti, D.; Tabrizi, ;MBrancale, A.; Fu, X.; Li, J.; Zhang, S.; Hamel; E.
Bortolozzi, R.; Basso, G; Viola, Gl. Med. Chen2012 55, 475-488.
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3. Novel Synthesis of 1,2,4-Triazoles

Phenyl tetrazole was added to a solutiongefmdibromo-cyclohexyl isocyanide and the
resulting mixture was stirred for 36 h at room temgpure in the presence of various bases.

Only triethylamine gave traces of tetrazole imidogdmide (Scheme 1V.23).

N—N Ph
N
Br; Br H Bre N Huisgen ’7—
CYNC —— [Cy—N=< | ——> N e LD
Solvent Br N |
|
Cy R
Solvent Base Solvent Base
CH,Cl, DBU CH4CN KsPOs
CHZC|2 DIPEA CH3CN CSQCO3
CH,Cl, EtsN CHLCN bey
CH,Cl, K,CO; CH3CN DIPEA
CH,Cl, NaHCcO, | CHsCN EtN
CH4CN KoCO;3

Scheme 1V.23:Addition of phenyl tetrazole tgemdibromocyclohexyl isocyanide

To our surprise, the yields were noteworthy imprbwénen triethylamine was added at 0 °C.
The solution was allowed to warm gradually at ra@mperature and stirred for 30 minutes.
Under these conditions, quantitative tetrazole #iram was observed using either
dichloromethane or acetonitrile.

The Huisgen rearrangement requires higher tempestbut even in refluxing acetonitrile,
no rearrangement occurred. To address this isbeesalvent of the two first steps was
removed, and toluene was added to the crude intraatde. The resulting solution was then
heated at reflux for 2.5 hrs, affording the cormexting bromotriazole in 72 % isolated yield.
The imidoyl tetrazole, heated at 110 °C, loosed&ragen molecule and undergoes a Huisgen
rearrangement to form the corresponding bromo dléavia an electrocyclization (scheme
IV.26).
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N® N—N
) Ph Br L N. i
Br\ﬂ/N\@\ r\g\fggph Huisgen Ph/QN»\Br
|

’Tj | R
R R

Scheme 1V.24:Mechanism of Huisgen rearrangement to form broantilie.

The scope of this reaction was tested with varimegyanides and aryl terazoles. The
reaction proceeded smoothly except for methyl zele In this case, enamine formation
could compete with the desired pathway compromisimegobtention of the desired adduct.

The results obtained are tabulated in Table IV-B.

Table IV-B: Synthesis of bromo-triazole from isocyanides

N—N Ar
N\ »\Ar N§< H N—N
Br, Br N N Huisgen )\
R-NC ——> | R—N _H Br\[(N‘N' rearrangement Ar/QN)\Br
0°Cto25°C R 110°C
30 min
Entry RNC Aryl tetrazole Product Yield (%)
)\
NC II\I—N\ @N Br
1 o) IV-22 2%
H ©
N-N
NC N I

’/\’ N — | N N~ Br

2 © W - @ IV-23 65 %
N

NC I\
3 N H 00/®/<N o 0
N OCH; s @ IV-24 66 %

Ne N-N /@/«N Br

4 © N CFs FaC IV-25 27 %

N
5 © Ny ~CHo © IV-26 10 %

133



pastel-00739959, version 1 - 9 Oct 2012

Chapter 4: Isocyanide dibromides

NN @AN Br
6 WOCHa N/‘N>\© IV-27 53 %
I N \(H(ocm
0

N
7 K@ N. F@ IV-28 60 %
Cl
Cl

Concerning the final Suzuki coupling, different ssetf experimental conditions were
evaluated based on the previous experiments: 3 effyphenyl boronic acid, 3 equiv of a
base and the Pd-catalyst. The reaction mixturehgased up to 100 °C for 18 hrs. Palladium
acetate with triphenyl phosphine, tricyclohexyl ppbine, SPhos gave only few amount of
product but with 1,1kis(diphenyl-phosphino) ferrocene (dppf) as ligand24©f the desired
aryltriazole was isolated when using®0O; as a base. Similar results were obtained for the

palladium-tetrakis(triphenyl- phosphine) (scheme2Bj.

N-N

NC 1. Bry/ CH,CI A\ PhB(OH),, N-N
2 _ Ph*N)\Br Pd-cat, Ligand (P
2. Phenyl tetrazole, Base, solvent
EtzN, 0- 25 °C, 30 min. reflux, 18 h ©
3. Toluene, 110 °C, 2.5 h
1V-22 IV-29
Catalyst/ligand base Solvent % Yield?
Pd(OAc),/PPhg K>CO3 toluene traces
Pd(PPhs), K,CO3 toluene 37%
Pd(OAC),/PPh, Na,CO3 DME traces
Pd(PPhs), Cs,CO;4 toluene 26 %
Pd(OAC),/PCy, K,CO; toluene 12%
Pd(OAc),/SPhos K,CO3 toluene 21%
Pd(OAc),/dppe K>,CO4 toluene:H,O -
9:1)
Pd(OAc),/dppf K,CO,4 toluene 40 %
Pd(OAc),/dppf KsPO, toluene 35%
Pd,(dba); K,CO3 toluene -

@ Reaction conditions: phenylboronic acid (3.0 equiv),
Pd catalyst (5%), ligand (10%), solvents (0.2M), base (3 equiv),

Scheme 1V.25:0ptimization of reaction fosynthesis of 1,2,4 trisubstituted triazole.
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Unfortunately, the whole sequence could not be deiffieiently in a single pot. So, we

decided to perform final Suzuki coupling separatier isolation of the bromotriazole. In

these conditions, the Suzuki coupling 1822 with various aromatic boronic acids gave
moderate to good isolated yields, as tabulatedibgdee TabléV-C).

Table IV-C: Synthesis of 1,2,4-triazoles:

N—N N—N
ArB(OH),,
I\ /N

K,COg3, toluene
110°C, 18 h

Entry ArB(OH) , Product Yield (%)

HO. ,-OH NN
1 @ @?‘S\Q IV-29 90 %

HO\B/OH N-N

(A
2 © Q/ENS\@O% IV-30 96%
OCHjg

HO.__OH N-N

B I\
3 © Q/E\IS\@\CN IV-31 65 %
CN

HO.__OH N—l:l

B~ 4
4 @ows @%ﬁ IV-32 25 %

Even if performed according to a two-step procedtiris method affords a straightforward
access to trisubstituted 1,2,4-triazoles, whichiargortant scaffolds in the pharmaceutical
and agrochemical fields. Several potent drugs [3sssg triazole ring are available in the
market, like, Alprazolam (anxiolytic agent, trankger), Estazolam (hypnotic, sedative and

tranquilizer), Triazolam (sedative and hypnotft).

167 3) Patel, K.; Mistry, B.; Desai, KJ. Indian Chem. So2002,79, 964-965. b) Kane, J.; Baron, B.; Dudley, W.; Seen
S.; Staeger, M.; Miller, Rl. Med. Chem1990,33, 2772-2777
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N-N

H3C/QN»\

Cl

Estazolam Triazolam
(anxiolytic agent, (sedetive, hypnotic)
sedetive, tranquilizer)

Alprazolam
(anxiolytic agent)

Figure IV-5: Structure of 1,2,4-triazole active drugs.

4.  Novel oxazole synthesis

a. Presentation

As discussed earlies-isocyanoacetamides arisocyanoesters undergo isocyanide-Nef reaction
to corresponding imidoyl halides, which under basanditions give oxazole derivatives.
Bromination of isocyanides would affogemdibromo isocyanides ai-isocyanoesters which
could give bromooxazole. We imagined that therdattelld then be involved in organometallic
couplings to form substituted oxazoles.
In order to validate this strategy, we decided nwoestigate the behavior of dihalogeno-
isocyanoacetates.
TR i T Gl SN Ro- O x
NC .24 I~ _Base g‘vl | b
RO R !
ROJJ\/N Cp N )\/N > \<\\N

RO

Scheme 1V.26:Proposed path for halogeno-oxazole

b. Results and Discussion

Bromination of the ethyé-isocyano acetate proceeded smoothly in dichlorbaresat room
temperature, as decoloration of the solution oecuwithin a few minutes giving quantitative
formation of the desiredyemdibromo isocyanoester intermediate. Unfortunateifnen
treating the latter with triethylamine, the isocglnwas recovered as the major compound
(the same behavior was observed in acetonitrisob&nt).
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Different bases were explored in acetonitrile swsh potassium phosphate, potassium
carbonate, sodium carbonate, sodium bicarbondteuri hydroxide and potassiutert-

butoxide. In all cases, the starting isocyanide reasvered (up to 60 %).

_ B2 _ | Ewooc. N__Br Base

_Cc"
EtOOC” “N° CHiCN ~ e EtO\QY Br
Br 0 °C - reflux

IV-33
base = Et3N, K2003,
Na,CO3, K3POy,
LiOH, t-BuOK,
DIPEA

Scheme IV.27:Different trials for bromo-oxazole synthesis.

When gemdibromo isocyanoacetate was treated with one etpnv of DBU at 0 °C, the

desired 2-bromo-oxazole was isolated in 11 % vyield,it turned out to be quite unstable.

. Br.
L7 T2 5| EtOOC__ Br DBU @)
PN~ P EtO BI’
Et00C™ "N CHACN e \Z/
Br 0°C

IV-33,11 %

Scheme 1V.28:Synthesis of bromo oxazole froarisocyano acetate.

Considering the instability of the product, we diecl to perform the whole sequence in a
single-pot. For this purpose, the intermediate @yl oxazole was tested under the Suzuki

conditions, but all attempts failed.

1. Bry/ CH;CN PhB(OH)s,

.C* _ o SU: 0
Et0OC” N > Eto\ﬂ_b/Br Pd-cat, Ligand _ EtO\&W/Ph
2.DBU,0°C N Base, CHsCN N
rt to reflux
IvV-33

Pd-cat. Ligand base

Pd(OAc), PPh3 K,CO4
Pd(OAc), PPh, Cs,CO;4

Pd(OAc), X-phos K,CO4

Pd(PPhs), - K,CO3
Pd(PPhs), - Cs,CO;

Scheme IV.29:Attempted synthesis of oxazole frarrisocyano acetate.

137



pastel-00739959, version 1 - 9 Oct 2012

Chapter 4: Isocyanide dibromides

Due to the instability of the intermediate 2-bromazolelV-33, the sequence was repeated
with substituted isocyanide such as valine and ylai&nine derivatives. However, these

trials failed to give any cyclized adducts.

o o)
Br, / CH;CN Br o o)
N. DBU, 0 °C MeO Br
MeO Br "N
R R R/_
R =j-Pr, Bn

Scheme 1V.30:Attempted synthesis of oxazole from valine and ptadanine derivatives.

Surprisingly, when treated with two equivalents iofidazole, gemdibromo isocyano-
valinate gave 33 % of the corresponding bromoareidw+34, which cyclized upon
treatment with DBU to afford the imidazolo oxazdke35 in 50 % yield (Scheme 1V.31).

/4\ /:N
N
MeOZC NC 1. Brz, CH3CN, rt _ M6‘02C N\\rN\y DBU, CH2C|2 MeO \O/ N_
/\L 2. Imidazole, CH3CN /\L Br }N
1V-34, 33% IV-35, 50%

Scheme IV.31:Attempted oxazole formation in the presence of anale.

When the alkyl substituent was replaced by an atiomgroup (ethyl-2-isocyano-2-
phenylacetate), the desired bromooxaaMe36 was formed in 83 % yield. The reaction
turned out to be efficient when the substituentlos aromatic ring as bromooxazoles were

isolated in good yields with a methyl or a chloubstituent.
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EtO,C._NC 1 Br, DCM, rt EO__o
- | />—Br
2. DBU, DCM, N
-5°Cto0°C
83%
IV-36
MeO MeO
o) o)
»—Br | ,—Br
| )—Br N N
N
Me Cl
IV-37, 68 % IV-38, 92% IV-39, 66%

Scheme 1V.32:2-Bromooxazole synthesis from isocyanides.

Plausible reaction mechanism:

The presence of two halogen atoms on the termiaaib@ activates the C=N bond upon addition
of nucleophiles in a sequential manner. Therdibromoisocyanidé® may form the nitrilium

B. Under basic conditions, the enolBtés generated and cyclizes to give the 2-bromodedye

36. The phenyl substituent probably enhances thétyaoidthe proton present at thgposition in
the imidoyl bromideB.

EtO,C. _NC o) Br ® o, ) ﬁ/// Br
JE N= JEE
_Bo _ ko _<Br EtO \_\ B0 (5

DBU.HBr

A : I

IV-36 D

Scheme V.33 Plausible mechanism of oxazole formation.

These phenyl substituted 2-bromo-oxazol¥s36 decomposed within 24 hrs at room
temperature. To overcome this problem, we decidddap this unstable intermediate with an

arylboronic acid in a one-pot reaction. We chossa@dtrile as solvenp-tolyl boronic acid,
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potassium carbonate and a catalytic amount of Paé¥ added to the reaction mixture
containing both 2-bromo-oxazol&-36 and DBU hydrobromide salt (Scheme 1V.34).

CH
1. Bry/ CHaCN p-MePhB(OH),, ?
BOOC. Ny ) » | EtO OW/Br Pd-cat, Ligand _ MeO \O )
2.DBU,0°C \§»N Base, CH3;CN \;N
PH Temp, 18 h Ph
V-36 IV-40
Pd-cat. Ligand base Temp.
Pd(OAc), PPh, K,COj3 80 °C
Pd(OAc), PPh, K,COs 70 °C
Pd(OAc), PPh, Cs,CO;3 80°C
Pd(PPhs), ] KoCO;4 80 °C
Pd(PPhs), ] KoCO;4 50°C

Scheme 1V.34:Attempted synthesis of 2,4,5-trisubstituted oxazol

No traces of cross-coupling could be detected urnidese reaction conditions. The salt
DBU.HBr might contribute to the decomposition oétbxazole at high temperature. So, it
was removed by filtration on a small silica padcidoromethane was chosen in the first step,
as it is easier to remove than acetonitrile. Theu8ucoupling was then attempted on the
crude bromooxazoldV-36 using 3 equivalents op-tolyl boronic acid, 10 mol% of
tetrakigtriphenylphosphine)palladium and a slight excdssatassium carbonate in acetoni-
trile, under stirring for 16 h at 60 °C. In thesmnditions, the desired 2,4-diaryl oxazd\é

40 was isolated in 59 % isolated yield.

B(OH),

CHs
Eto—_O~_Br Pd(PPhs),, 10 mol% MeO Oﬂ
yigh - "

K,CO3, CH3;CN N
Ph CHs 60 °C, 18 h Ph
IV-36 59 % IV-40

Scheme 1V.35:Synthesis of 5-methoxy-4-phenyl-2-(p-tolyl)oxazole

In order to improve the yield of the Suzuki couglimcetonitrile was replaced by to toluene,
and the reaction was carried out at different tewmipees ranging from 60 °C to reflux.

Beyond 60 °C, the rate of decomposition of 2-brameazolelV-36 surpassed the rate of
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formation of the desired 2,4-diaryloxazole. Sotuined out that our initial conditions i.e.

acetonitrile as solvent at 60 °C were optimal.

Under these optimized conditions, different arydlatexazoles have been synthesized using

various boronic acids (Table 1V-D).

Table IV-D: 2,4-diaryloxazole synthesis.

RO,C.__NC RO o ArB(OH), (2 equiv.) RO o
f.Brp, DCM, 1t " >—Br KeCO: 3equiv) | )—Ar
2. DBU, DCM, N Pd(PPha), (10 mol%)
5°Cto0°C acetonitrile, 60 °C
X X X
IV-40 to IV-56
Entry R X Ar Oxazole Yield (%)

EtO

o]
1 Et H 4-MeGH, @j/ IV-40 59

3

EtQ

2 Et H 24BUC:H, ©J 3 IV-41 33
N)\©\t-8u

3 Et H 4-MeOGH, @j/o IV-42 49
N)\©\0Me

4 Et H 2-MeOGH, Ui*@ IV-43 30

pastel-00739959, version 1 - 9 Oct 2012

5 Et H GHs @J*© IV-44 23

6 Me H 4-EtGH, @%A@v IV-45 33

7 Me H A4BUCH, ©J 3 IV-46 53
N)\©\t Bu

8 Me H 4-NCGH, QJ 3 IV-47 ]

9 Me H 2-MeGH, @J*@ IV-48 19

10 Me H 4-CIGH, @J 3 1V-49 18

11 Me Me 4-MeOGH @J 3 IV-50 18
! HyC N)\QCH
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12 Me Me 2-MeOGH J@I 3% IV-51 54
N HsC NA@

13 Me Me 4-MeGH @J IV-52 29
) HyC )\©\CH

(o]
14 Me Cl 4-MeCOGH, i @IN*@X IV-53 -

15 Me Cl 4-MeOGH @J? IV-54 45
! Cl N/\\©\OM9

16 Me Cl 4-MeGH @I 3 IV-55 58
! ¢] N)\QCH

(o}
17 Me cl 4BUCGH, ] ij@ IV-56 49

0
/N/&H

2 The reduced oxazole was isolated in 62 % yields: IV-57

The oxazole formation proceeded smoothly with etectionating groups and halogens on

the boronic acid. However, when bearing an eleetvithdrawing group such as an acetyl

(Table IV.D, entry 14) or a cyano (Table IV.D, gn8), the reaction failed even with an

excess of boronic acid. For less efficient coudintpe reduced oxazole was isolated as side

product: for instance, the f#-€hlorophenyl)-5-methoxyoxazole (Table IV.D, ent) Was

isolated as the major compound.

Considering the three-component aminooxazole fdonaas reported by Zhet al® we

thought that a similar sequence could be perforstading with the corresponding isocyano

amides (pyrrolidino and morpholino derivatives).

The synthesis ofi-isocyanoacetamides was reported by Domiffigzia neat aminolysis of

methyl isocyanoacetate (Scheme IV.36).

0]
[ j or [N> 0 O

N
NG H H . (\N)K(NC N)J\/NC
H4CO > or R

3 Neat 0\) R

R

Scheme 1V.36:Synthesis ofi-isocyanoacetamides.

188 Domling, A.; Beck, B.; Fuchs, T.; Yazback, A.Comb. Chen2006 8, 872—880.
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Addition of bromine ona-isocyanomorpholino acetamide was carried out ifieidint
conditions. All attempts failed to give the dibrosuxyanide, since its decomposition
occurred rapidly (Scheme IV.37). Wherisocyanopyrrolidino acetamide was treated with

bromine, similar behavior was observed.

0 0]

NC Br, or 5, Solvent J\ N _X
N)J\/ N AN
@ R Temperature O(\) Rr W)(/

Y

R = H, i-Pr, Bn, Ph, p-tolyl
CH,Cl,, temp: 25°C, 0°C, -78 °C
CH3CN, temp:25°C,0°C,-78°C

Scheme IV.37:Bromination ofa-isocyanoacetamides.

Even if limited to the ester derivatives of isocs, this methodology constitutes a new
access to oxazole derivatives starting with isom@nOxazole scaffolds have been found in
a large number of natural compounds isolated frarous marine sources as well as
numerous bacterig’ Due to their low aromatic stabilization, they play important role as
synthetic intermediates of various heterocycles alighatic compound5? For example,
Vitamine-B (pyridoxine) is synthesized from [4+2]-cycloadditi reactions between a 5-

ethoxy oxazole and electron poor maleate to gieduhctionalized 3-hydroxypyriding’

COOEt

O [ COOEt COOEt CH,OH
0 COOEt EtO COOEt HO A\ COOEt |jay, HO._A_CH;OH
L= Y man Ay e
H,e” N e SN - HsC~ N HC” N

Scheme 1V.38:Synthesis of Vitamine-&(pyridoxine).

169 3) Webb, M. R.; Addie, M. S.; Crawforth, C. M.; Dale,W.; Franci, X.; Pizzonero, M.; Donald, C.; Tayl&. J. K.
Tetrahedror2008 64, 4778-4791. b) Dakin, L. A.; Langille, N. F.; P&nd. S.J. Org. Chem2002 67, 6812-6815. c) You,
S.-L.; Kelly, J. W.J. Org. Chem2003 68, 9506-9509. For a review on the synthesis of @hmrcurring oxazoles see: (d)
Yeh, V. S. CTetrahedror2004 60, 11995-12042.

170 3) Turchi, 1. J.; Dewar, M. J. SChem. Rev1975 75, 389-432. b) Palmer, D. C.; Taylor, E. C.Qxxazoles: Synthesis,
Reactions and Spectroscopy, Parts A & B, Chemistieterocyclic Compoungddohn Wiley & sons, New Yori2004 Vol
60.

171 3) Firestone, R.A.; Harris, E.E.; Reuter, Wetrahedron,1967, 23, 943-955. b) Graham Sandfardan Wilsors,
Christopher Timperleyournal of Fluorine Chemistr004 125 1425-1430.
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Oxazole derivatives in the pharmaceutical industtye been especially noteworthy. Several
non-steroidal anti-inflammatory, anti-diabetics gikuand antimicrobial medications with
oxazoles as pharmacophores are in various stagevefopmentHigure 1V-6).

For example, the oxazole derivatives listed belasg,in the advanced clinical trials for type
2 diabetics."?

0 OH 0 N OH
N 0 N o) 0”0
)
Muraglitazar
Farglitazar OCHj,

0 0 O«
OH O
o
NS-220 ZY1740

Figure IV-6: Oxazole derivative in drug discovery as PP&Rdual agonists.

To conclude, dibromoisocyanides were found to b&alsle precursors for the synthesis of
various heterocycles such as oxazoles, tetrazaidsle,4-triazoles. Isocyanide dihalides
may be considered as isocyanide surrogates suftatti@nsition metal catalyzed couplings.
However, this chemistry should be even more comrgnivithout prior bromination of
isocyanide. For this purpose, we surmised that lsingmordination of the isocyanide
glycinate with Pd(ll), would afford the correspongiheterocycle-Pd complex, which could
be further involved in Suzuki coupling (scheme )4 This approach will be further

developed in our research group.

Scheme 1V.39:Propose future path for oxazole from glycinoisodgian

172 pingali, H.; Jain, M.; Shah, S.; Patil, P.; Maiad.; Zaware, P.; Sairam, K.V. M.; Jamili, J.;eGAA.; Patel, P.; Patel,
P.Bioorg. Med. Chem. Let200814, 6471-6475.
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The work described in this chapter has been suédnitr publication:
El Kaim, L.;Grimaud, L.; PravinPatil.
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|.  The Ugi-azide reaction

In 1961, Ugi reported the synthesis of tetrazoleisgihydrazoic acid instead of carboxylic
acid in the classical Ugi reacti6h®*® The condensation of an aldehyde or a ketone with a
primary or a secondary amine and subsequent reautith an isocyanide produces the
intermediate nitrilium ion, which reacts with azidé final electrocyclization affords the

desired tetrazole (Scheme V.1).

0 R2 R3

)J\ R1 R2 H* R1® R2 R4_NC R1\N)<C®
Ri—NH, + p-~r. —> N= N=( H TN
2 3 R H R R4
3 3
Q
N3
R:Rs o ®
_ Ri~ N
Rs ’;‘ N\N electrocyclization ™N 9 N\‘\N
R, N - HoN
) |
R1/NH R4 R4

Scheme V.1:Mechanism of the tetrazole-U-4CR.

Due to the extreme toxicity and the explosive ratimydrazoic acid was generated in situ
from addition of sodium azide to the amine hydroddle. TMSN in methanol as solvent
was later preferred for H¢eneration.

Several syntheses of fused tetrazole systems weported as post-condensation
transformatiort.”® We will discuss here selected examples.

In 2002, Hulmeet al synthesized fused azepine-tetrazole librdriésia the reaction of &-
Boc-amino aldehyde, a secondary amine, the metbglyanoacetate and trimethyl silylazide
in methanol, followed by a deprotection of teet-butyloxycarbamate (BOQ@roup (scheme
V.2).

173 3) Nixey, T.; Kelly, M.; Hulme, CTetrahedron Lett200Q 41, 8729-7733. b) Bienayme, H.; Bouzid, Retrahedron
Lett 1998 39, 2735-2738.
17 Nixey, T.; Kelly, M.; Semin, D.; Hulme, Oetrahedron Lett2002,43, 3681-3684.
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Boc

R4 Rs<,,.R4 MeOOC HN Rq 1.10 % TFA H R4 R

0 N TMSN3, MeOH By Ry inCH,Cl, 0 e
» B

A + 5 RN N 2. DIPEA )

Boc H f\ R ’ 3
CN__COOMe N. N 3 (1:1) DMF: dioxane R;™ NTX
Y N~ reflux N=p’

R,

Scheme V.2:Synthesis of bicyclic azepine-tetrazoles.

The same group recently reported a novel synthafsi3-(tetrazol-5-yl)quinoxalin-2H#)-
ones:’”® The use of ethyl glyoxalate and moNeBoc-protecteds-phenylene diamine
derivatives in the Ugi-Azide reaction gave 1,5-thstituted tetrazoled\N-Boc deprotection
and intramolecular cyclization lead to bis-3,4-dilgquinoxalinone tetrazoles, which formed

bis-quinoxalinone tetrazoles after oxidation (scheni&)V

i BocHN
o TMSNS,
NH, *)koa 1,2-DCE, CF3CH,0H
@: ' > NN N
r.t M > <
NHBoc /
CN\/\/ 459% N\N COOE
10 % TFA in CH,Cl,
uW, 80 °C, 5 min
67 %
Tempo (0.1 equi H
H p .1 equiv), o) N
O N CAN (0.2 equiv)
CH5CN N
N \N - o . N N
N, | uW, 100 °C, 20 min N-N H
N/

95 %

Scheme V.3:Synthesis of 3-(tetrazol-5-yl)quinoxalin-2{})-ones.

75 Gunawan, S.: Nichol, G.; Hulme, Tetrahedron Lett2012 53, 1664-1667.
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Marcacciniet al'’® proposed a novel isoindolinone synthesis. In ¢ise, the intermediate
secondary amine cyclized on an additional estesgmteon the aldehyde used as starting

material (scheme V.4).

N=N N,N:N
! \ |
CHO H,N" Ph TMSN, Ny N\Cy \ N\C
+ MeOH y
MeO cooMe o T T NHBn | > NBn
OMe
MeO COOMe ,, MeO Y
OMe 9% OMe

Scheme V.4Marcaccini's isoindolino synthesis.

Kalinski et af'’” described the synthesis of fused tetrazolo[1,B+afixalines. The use 2-
fluorophenylisocyanide in the Ugi-azide reactionldwed by a nucleophilic aromatic
substitution (SNAr) afforded the tricylic tetrazfilgb-a]quinoxaline moiety in good yields

(scheme V.5).
NO,

NC HzNY TMSNS, >j
C[ + MeOH 052003 ©:
FOHC 29% Wt owFan N Sy
Q/ NN 95 %
NO

2
Scheme V.5:Synthesized fused 4,5-dihydrotetrazolo[1,5-a]quaiime.

As in tetrazole formation, the amine partner doessparticipate in the last cyclization step,
primary and secondary amines behave efficientlyeliVa primary amine is used, Ugi-azide
reaction gives a secondary amine which may be weeblin further post-condensation as

shown in the previous example.

17 Marcos, C.; Marcaccini, S.; Menchi, G.; Pepino, Rirroba, T Tetrahedron Lett2008 49, 149-152.
177 Kalinski, C., Umkehrer, M., Gonnard, S., Jager,Rbss G., Hiller WTetrahedron Lett2006,47, 2041-2044.

149



pastel-00739959, version 1 - 9 Oct 2012

Chapter 5: 1,2,3-Triazole synthesis

Il. Presentation of the project

Our idea was to test these secondary amines imeiurnnulation processes through
intermediate oxidation. The resulting imine couldlee via an electro-cyclization to give

qguinoline-tetrazole derivatives (scheme V.6).

,N:N\ N=N
N N-g N N-g
Ar—CHO R-NC MeOH oxidation
e = AN - NP
Ar—NH,  TMSN, S |
& R, @ g
2
XN NN
R1 R1
' Metal catalyst
\J
N-N
MN\ N\R
\\N/ =
1 R2
/l X
X
R1

Scheme V.6:Proposed root for quinoline synthesis from Ugidetie reaction.

[1l. Results and discussion

1. 1,2,3-Triazole obtention

To test such a reaction sequence, the Ugi reaataaperformed with aniline as an amine, 4-
chlorobenzaldehyde andrt-butyl isocyanide with TMSRjin methanol at room temperature,
the corresponding Ugi-azide adduct was obtainedtgagvely.

Oxidative cyclization was first tested under air the presence of palladium acetate in DMF
at 150 °C temperature. The reaction failed to @gmg product, since degradation occurred
(scheme V.7).

Il

N N=

N \ N
Ph—NH, 4~—NC N N\é N N
. MeOH Pd(OAc),
CHO ™ HN - =
TMSNs3, Air, DMF
C|/©/ @ Cl rt to 150 °C

V-1

Scheme V.7 First trial of electrocyclization.

150



pastel-00739959, version 1 - 9 Oct 2012

Chapter 5: 1,2,3-Triazole synthesis

When the reaction was carried out with copper dtigtate (3 equiv), cesium carbonate (1
equiv) and Pd(OAg)10 mol%), the expected imine was formed in modeyatld. However,
no cyclization was observed (scheme V.8)

N=N Pd(OAC),, N=N
N s Y
HN air, DMF N~
o 150 °C, 18 h @ cl
53 %
V-1 V-2

Scheme V.8:0Oxidative imine formation.

Ugi-azide reaction of 3,4-dimethyl aniline formeuettetrazoleV-3 quantitatively (96 %
isolated yield). Treated under oxidizing conditiptfse corresponding imin&-4 was then
obtained in 73 % isolated yield (scheme V.9).

N:N\

N % Pd(OAC) N=R
2
NH, TMSN;,  CHO Cu(OAQ),, NS N\ﬁ
MeOH HN Cs2C0s
. el D . N =
t 8h air, DMF
HsC ’ “

I NC ! 150 °C, 18 h

3 4'7 9%6%  HiC

CHs 73 % HsC

V-3 V-4

Scheme V.9:0xidative imine formation in substituted.

Thermal cyclization of this imine under microwaveadiation at high temperature failed to
give any product. The electrocyclization was thestdd using different Lewis acids. When
imine was heated under microwave irradiation withs.Bt,O, 1,5-aryl substituted 1,2,3-
triazole V-5 was obtained in 49 % isolated yield, instead &f éxpected quinoline. Zngl
gives the same product with a slightly higher yi@d %) (Scheme V.10).
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N
o . N
P Lewis acid (1 equiv) N
N > X

Toluene,
puW, 30 min, 150 °C

R, Lewis acid = BF; Et,O , 49 %
(for V-5)  ZnCl,, 64 %

V-4 :R;=Ry=CHgs, X =Cl V-5:R; =R, = CHz, X = Cl
V-6:R1=R2=H,X=H v'7:R1=R2=H,X=H

Scheme V.10Synthesis of 1,5-disubstituteddi1,2,3-triazole

The formation of this triazole was surprising he structure was confirmed by synthesizing
the 1,5-diphenyl-#i-1,2,3-triazole from a known literature method stle V.11):"8 After a
cycloaddition between phenyl acetylene and pheniglea we obtained the diphenyl triazole

V-7 with all spectral and physical properties matchanilp those previously obtained.

B
N Benzyl trimethyl N.
©/ . e — ::: ammonium hydroxide N
DMSO, rt, 18 h @
70 %

V-7

Scheme V.11synthesis of 1,5-diphenylH:1,2,3-triazole according to litrature

Tetrazole fragmentation: state of the art

Thereare anumber of methods and approaches that have beenldesin the literature for
the synthesis of 1,2,3-triazol€S.Among them, the cycloaddition method mentionedvabo

is the shortest and generally gives good yields.

78 Kwok, S.; Fotsing, J.; Fraser, R.; Rodionov, V.; Foj Org. Lett.,2010 12, 4217-4219

179 3) Wamhoff, H.Comprehensive Heterocyclic ChemistryPérgamon, Oxford 984 4, 669-732. b) Fan W., Katritzky A.
(editors), Comprehensive Heterocyclic Chemistry Wol. 4, Elsevier Science, Oxford996 1-126. c¢) Finley, T. K.
Montgomery, JThe Chemistry of Heterocyclic Compounligersci. Publ., John Wiley & Sons Inc., New Y9880 39, 1.
d) Benson, F., Savell, WChem. Rey195Q 146, 1-68. e) Boyer JHeterocyclic Compoundfussian translation Moscow],
1965 7, 296. f) Albert, AAdv. Heterocycl. Chenil986,39, 117-180.
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The reaction observed here under Lewis acid cantdifilet us examine the fragmentation of
tetrazole reported in literature.

A total ring fragmentation, involving loss of twootecules of nitrogen is observed in
electrophilic addition of bromine on tetrazolesthis reactiongemdibromo-isocyanide was
obtained. The reaction mechanism involves exocywilogenation and loss of a hydrogen
bromide molecule generating a tetraazafulvene nmédiate which fragments to give the

respective product. (scheme V.13,

Br , =N Br
R\X/MN/N —2> R\X/lN/N R //NL //\N —_— R—X:< or —R
| H ) H -HBI’ \x N -2N2 Br

Scheme V.12:Electrophilic ring fragmentation.

The oxidation of 5-(alkylamino)tetrazole with sodlithypobromite or lead tetraacetate leads
the corresponding Schiff base which further evoltes nitrile with loss of two nitrogen
molecules (scheme V.15

N-N

) Pb(OAc), N=N

N. M R ) R

N)\'\' p- N\\N)QN —> RCN + 2N,
H H NaOBr

Scheme V.130Oxidative fragmentation of tetrazole ring.

The photolysis of 2,5-diphenyltetrazole promotes ¢leavage of the tetrazole ring and gives
the corresponding nitrilimine, which after electyolization affords the 2,4,5-triphenyl-1,2,3-
triazole (scheme V.14?

180 gytler, R.Adv. Heterocycl. Chem 977, 21, 323-435.
181 Hofle, G.; Lange, BAngew. Chem. (Int. Ed. Engl1976 15, 113-114.
82 Bhat, V.; Dixit, V.; Ugarkar, B.; Trozzolo, A.; Gege, M.J. Org. Chem1979 44,2957-2961.
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Ph Ph
N:N hv B :®_®_ /R
Ph/QN'N\Ph MeOH, 2 h Ph=CEN-N=Ph N‘N'N
Ph
44 %

Scheme V.14 Photolysis of 2,5-diphenyltetrazole.

Similarly, photolysis of 5-substituted tetrazolatd@ons results in the loss of two molecules of
nitrogen and generation of a carbene which givesmab insertion reactiof® 5-

cyclopropyltetrazolate on photolysis gives the ofgcityl methyl ether as the major product.

N

I\,'(é)_)?l hv ~ hv I>_/0Me OMe
— > CHN, ———————>» + I:(

X He 2 MeOH

28 % 72 %
Scheme V.15:Photolysis of 5-substituted tetrazolate anions.

Flash thermolysis of 2,5-diaryltetrazoles at 400-50C gives 96-100 % yield of 3-

arylindazoles in a reaction involving nitriliminetermediates (scheme V.16¥.

Ph

N=N
\ 400-500 °C \
Ph/<\NfN ~Ph > @Eﬁ”

H

Scheme V.16Flash thermolysis of 2,5-diaryltetrazoles

When using mono-substituted tetrazole, the phowlgBords 3,6-disubstituted 1,2-dihydro-
1,2,4,5-tetrazines as the major compound. Thigimmaproceeds through the dimerization of

aN-substituted nitrilimine species (scheme V.1%).

183 Scheiner, P Tetrahedron Lett1971, 12, 4489-4492.
184\Wentrup, C.; Damerius, A.; Reichen, W.Org. Chem1978 43, 2037-2041.
185 sheiner, P.; Dinda, Jletrahedror.97Q 26, 2619-2627.
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1
N—N
N—NH hy N7 >NH R
1y \ | | PhCN
NN TTHF - N NH 7 PhAN)\Ph "
Y -N, e H
P Ph y
73 % 8%
Ph
N—-NH ® O A

Ph
X
hv N—-N
N N <  Ph-C=N-NH —> PhAN)\Ph
H

Scheme V.17Photolysis of 5-substituted tetrazole in THF

More interestingly, the nitrilimine intermediate uld be trapped with an unsaturated
substituent. For instance, Huisgen and co-workemonted a photoactivated 1,3-dipolar
cycloaddition reaction between 2,5-diphenyltetraznd methyl crotonate in benzéfigln a
related work, Liret af*®’ reported an extremely mild photoactivation prodesshe synthesis
of highly functionalized pyrazolines from diaryltit@zoles. This procedure involves the in
situ generation of the reactive nitrilimine usingW/ lamp at 302 nm, followed by

cycloaddition with an olefin (scheme V.18).

188 Clovis, J.; Eckell, A.; Huisgen, R.; SustmannRem. Ber1967 100, 60-70.
187\Wang. Y.; Vera. R.; Lin, QOrg. Lett.,2007, 9, 4155-4158.
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| CHs PhH Q
~ ,N + :< hV, > MeO /N\N
N COOMe 302nm, 2h CH,
COOMe
MeO

100 %

|

® O
[ p-MeO-Ph—CEN—N—Ph]

+

CH;

COOMe

Scheme V.18Synthesis of pyrazolines from diaryl-tetrazoles.

Behringeret af®® described thermolysis and rearrangement of 5-hyeikyl-1H-tetrazole
and related derivative to form diarylalkynes. Thegction proceeds through dehydration of
5-hydroxyalkyl-H-tetrazole to give unstable tetraazafulvene inteliate, which further
rearranges to give the corresponding alkylidenezabRecently, Wardrogt al'®® reported
the same reaction under milder conditions, udwdl-diisopropylcarbodiimide (DIC) at
room temperature instead of thermolysis (schem8)v.1

N. 145-200 °C N—N . Ph
HN™ N or N N - = 1,2 shift
AT S S R R bl
HO DIC (1.2 equiv) | -2N, Ph” “Ph
Ph Ph CH,Cl, Ph™ "Ph Ph
25°C, 24 h

tetraazafulvene

Scheme V.19Synthesis of alkyenes from 5-hydroxyalky-ietrazole by thermolysis.

188 Behringer, H.; Matner, MTetrahedron Let;.1966 24, 1663-1669.
189 \wWardrop, D.; Komenda, @rg. lett.,2012,14, 1548-1551.
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3. Possible mechanism for this new 1,2,3-triazolgrghesis

The first step of the process is certainly theaga of theN-tert-butyl bond, which is found
to be easily cleaved under acidic conditions. 11119Schroetér® discovered thaN-alkyl
tetrazole undergodselimination of hydrogen atom to givdd-tetrazole (scheme V.20).

N-N
N
130 °C H
Scheme V.20Cleavage oN-tertbutyl group in tetrazole in presence of acid.

The formation of a complex between the metal tefland the tetrazole imine probably
triggers the removal of thert-butyl group to formB. The complex could then be protonated
by triflic acid to giveC which undergoes a ring opening with eliminationaohitrogen
molecule to form the diazb. A final electrocyclization forms the 1,5-disulbsted 1,2,3-

triazole (scheme 21).

N
- ' ol G
N, Electrocyclization Ny H
N < < > N/ B _

1,2,3-triazole — . —
Diazo compound c

D

Scheme V.21Possible reaction mechanism of 1,2,3-triazole féionarom imine.

1903) SchroeteBerichte C, 1911, 44, 1202-1205.
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4.  Scope of the reaction

To test the one-pot synthesis of 1,2,3 triazole, rdmactions were performed as previously
settled for Ugi coupling and the oxidation stegh@ue V.9). ZnGlwas added to the reaction
mixture just after the oxidation. The resulting aan mixture, heated under microwave

irradiation at 150 °C for 30 min, totally decompdse

N=N 7 _ B
TMSN3,  CHO NN Pd(OAC),, N=N
e ’ MeOH 3 Cu(OAc),, N N
(1M) Cs,CO3
+ | | -e----- HN™ Y>> )  |----------- »
DMF, air N~
e NC nen Cll 1s50°C, 18 h
CHy Cl , ol
H,C
L CHy _ HsC
L CHy _
Lewis acid,

Solvent .

uW, 30 min, 150 °C !

\ Y

Ege)
N
cl
H,C
CH,

Scheme V.22Proposed one-pot synthesis of 1,2,3-triazole.

N,N-dimethylacetamide and toluene were tested as mslvimstead of DMF, but these
solvents failed to give any product. Different pdilm catalysts such as palladium acetate,
bis-(2,2,2-trifluoroacetoxy) palladiuntetrakigtriphenylphosphine)palladium(0) were used as
well, but no desired product could be isolated.

Facing such difficulties to settle a one-pot systb®f 1,2,3- triazole, we decided to develop
a two step procedure. For this purpose, the Ugleazoupling and oxidation were performed
in one-pot and the last step -fragmentation-elegtlization - was carried out separately.
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The imine was obtained in two separate steps vdtbodsolated yield. Same conditions were
used in a one-pot procedure. Methanol (1M) wascsalleas a solvent for the Ugi-azide
reaction. After 18 hrs, DMF was added in the resctmixture followed by addition of
palladium acetate (10 mol%), copper acetate (1vg¢qgilihe resulting mixture was heated
under air at 150 °C for 18 hrs to obtain the cqroesling imineV-4 in a 75 % isolated yield.
Reaction was tested with different bases such #asgiom carbonate, DBU, triethylamine
and without base, the reaction is slow and givesloyields.

When replacing copper acetate by silver acetatsjgroficant change was observed. Finally,
palladium(ll) was not required in this process a® s results were obtained.

In these conditions, the best solvent was fountad,N-dimethylacetamide, which gave
better yield than DMF. When two equivalents of omp@acetate were used, the imine
formation was faster and the reaction completethiwié hrs to give 93 % isolated yield of

the corresponding iming-4 (scheme V.23).

NH,  TMSNs,  CHO NS \g
1. MeOH, rt, 8 h
+
HaC NG 2. Catalyst, oxidant, ol
H Cl

Y
z
N\

Cs,CO3, solvent,

CHs
150°C, 18 h HasC

CHs

V-4
Catalyst Oxidant solvent % yield
Pd(OAc), (10 mol%) Cu(OAc),, (1 equiv) DMF 75 %
Pd(OAc), (10 mol%) AgOAc, (1 equiv) DMF 70 %
Pd(OAc), (5 mol%) Cu(OAc),, (1 equiv) DMF 73%
None Cu(OAc),, (1 equiv) DMF 74 %
None Cu(OAc),, (1 equiv) DMA 82 %
None Cu(OAc),, (2 equiv) DMA 93 %

Scheme V.230ptimization of one-pot imine formation.

1,2,3-Triazole was first synthesized by treating timinotetrazole in toluene with a

stoichiometric amount of BFEELO under microwave irradiation at 150 °C for 30 n@su

159



pastel-00739959, version 1 - 9 Oct 2012

Chapter 5: 1,2,3-Triazole synthesis

Various Lewis acids were screened for this reactioch as cesium triflate, copper triflate,
zinc triflate, aluminium triflate, silver triflateiron trichloride, ytterbium triflate, indium
triflate, samarium triflate.

Iron trichloride and samarium triflate failed tovgiany product but all the others gave the
desired 1,2,3-triazole. However, the best yieldsewsbtained with zinc triflate, forming the
triazole in 74 %. (Scheme V.24).

N=N
N _N N
< o)
Lewis acid (1 equiv) °N
N~ > cl
c Toluene,
! uW, 30 min, 150 °C
HsC e CH
CH, 3
V-4 V-5
Lewis Acid % yield Lewis Acid % yield
ZnCl, (50 mol%) 45 % Cu(l)OTf (20 mol%) 45 %
ZnCl, (20 mol%) 37 % In(OTf)3 (20 mol%) 58 %
Zn(OTf), (20 mol%) 74 % Yb(OTf)3 (20 mol%) 42 %
Al(OTf)3 (20 mol%) 62 % FeCl; (50 mol%) -
AgOTf (20 mol%) 23 % Sm(OTf); (20 mol%) -
CsOTf (20 mol%) 20 %

Scheme V.24 Optimization of 1,5-disubstituted 1,2,3-triazolerfr imine-tetrazole

The formation of 1,2,3-triazoles requires high tenapure as no product could be detected
when performed at 80 °C or 120 °C.
The scope of both reactions was evaluated withouararomatics and aliphatic amines and

aromatic aldehydes. Results are listed in table V-1

1. TMSN, t-BuNC NN:NN
R{—NH, MeOH (1M), rt, 8 h N \é Zn(OTf), (20 mol%) [}l&
+ ' - /I Tol > N\N R2
R,—CHO 2. Cu(OACc),, (2 equiv) N R, o u.ene, . ll?
Cs,CO5 (1 equiv), R pW, 30 min, 150 °C 1
DMA, 150 °C, 2-6 h
A B
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Imine adduct A

- - - 1 0,
Entry R1-NH2 | R1-CHO (Yield %) 1,2,3-tetrazole B (Yield%)
N=N \6 N \
NH, CHO Ny V-6 N'\N &: \ V-7
1 oy cr @LNL@ 63 % @ 69 %
N N
NH, cHo Br NS N\g V-8 p\© V-9
2 | T ar Qj\@ 68 % @ 71 %
Br
N=N N
Ny ML V-2 N V-10
3 ©/ C|©/ QNLQ 84 % 5©CI 66 %
Cl
NN i
NH CHO Br Ny N\< V-11 N\Nj\©\ V-12
4 Br/©/ 0|/©/ \©\N/ 48 % © i 83 %
cl Br
N=N )
5 O/NHQ : CHO F\@\N\ N\é V-13 N~N3\©\C| V-14
F cl g 46 % © 61 %
cl F
N=N )
6 : _NH, : cHo Meo\©\N\ Nj< V-15 N\D\@m V-16
MeO cl N 54 % © 72 %
cl OMe
N-N ‘)
. o M V17 W V-18
A | o QI@ 39 % Wﬁ;( 59 %
Cl
= N
N, cHo NN V-19 - V-20
8 o ye SR 49 % g@ " 44 %
N
= N
NN V=21 N V-22
9 ) C.Q wj;@ 87 % ?@ 55 %
cl e
N=N N OMe
NH, MeO CHO NS N\é V-23 N”‘N\ V-24
10 e’ jeJ wl@ 53 % }@ 56 %
N-N i)
1 ol BNe o D S V-25 1@ V-26
¢ Ho™ P 51 % - Q 78 %
F CHy
N=N ")
12 o™ o @ " V=27 1@ V-28
cl ON N’ 50 % © 57 %
NO, &
N=N )
13 NH, CHO Meo\©\N\ N\é V-29 N\r:)\@m V-30
MeO” : NC” /\: N 72 % © 54 %
CN OMe
N=N ')
14 HaCD/NHg /©/CHO HGC]@N\ N\é V-31 N\P\@oan V-32
HsC BnO HaC N 72 % ©\CH 72 %
OBn CHj.
N'NzNN\é NN )
HC NH, Meo cHO HAC 3 V-33 \D\Q\OME V-34
15 HeCD/ Me0:©/ Hacj©\N/]/\©[oMe 87 % ©\ OMe 64 %
OMe

O
T
m
o
xT
5
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N,N:NN% N,N 3 OMe
Mo~ My | MO el V-35 1@ V-36
‘ RN e
16 A Q L 39 % @L 71%
OMe CH,\:;
N=N N S o
HaC L~ NH2 o _cHo HsC NS N\é V—37 \ \/ V'38
17 A o L e 50% @ 54 %
‘ / CH o
N=N N \ 3 0
NN Ny CHj V-4
HeC. NH, HoC. Ny N V-39 \/
18 Hac:©/ HzC@/CHO HECD\N/ \f N 39 9 i ] 37 %
/) 3 CHy
N=N N OL_cH
Nz HaC— O5 CHO “ " N\é V-41 A V-42
19 | (7 O ., <, 31 % @ 44 %

20 o Y - - ; ;

HaC. NH, H
21 oy ne Y . . i )
HaC o

22 J

b

Oxidative products of Ugi-azide adducts were oladim moderate to good isolated yields
with various aromatic aldehydes and amines beaglegtron-withdrawing as well as
electron-donating groups. Aliphatic amines gave dbeesponding imino-tetrazole in good
yields. However, the rearrangement turned out tdeke effective in this case. Aliphatic
aldehydes failed to give any oxidized product simage formed from aliphatic aldehydes

were highly unstable and could decompose rapidly.

When the same reaction sequence was carried oldciep tert-butyl isocyanide by
cyclohexyl isocyanide, the iminotetrazole was isadain excellent yield (91%). However,
this product failed to give the 1,2,3-triazole undeicrowave irradiation using a catalytic
amount of Lewis acid. But when using 50 mol% ofczinflate at 180 °C for 100 minutes in
toluene, the 1,2,3-triazole was isolated in 32%dy(scheme V.25). This is certainly due to
the more difficult cyclohexene formation occurrigigring the first part of the process
(scheme V.26).
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oo, 1 TMSN, CyNC NN:NN
2 MeOH (1M), rt, 8 h N \O Zn(OTf), (20 mol%)  N—
+ > » N
Ph—CHO 2. CU(OAc),, (2 equiv) N7 Toluene, \©
Cs,CO3 (1 equiv) uW, 30 min, 150 °C
air, DMA, 150 °C, 4 h
V-43
91%
Zn(OTf), (50 mol%)
Toluene,
pW, 100 min, 180 °C
N
N )
N
32%

Scheme V.251,2,3-triazole synthesis from cyclohexyl isocyanideiline and benzaldehyde.

N!“:N {> nen i N=N ]
N 1 \ 1 \
N__N N__No
Zn(OTh), TO, % O@ TfO\Zn\ N
N~ — 10" N —> TO 7
A B

Scheme V.26From cyclohexyl isocyanide.
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5. Conclusion

1,2,3-triazoles are associated with a wide rangeiabgical properti€s* such as antiviral,
antiepileptic, antiallergi¢?, anticancef®, anti HIV'** and antimicrobial activity against gram

positive bacteria.

Some 1,2,3-triazole-containing molecules are inniaeket or are at the last stage of clinical

studies, few of them are shown in the followingufegV.1.

0
N
D Cl
HoN \ N’N o) , Q /O m
HoN O j;(
o O J/: \N N
COOH CooH \
Cl
carboxyamidotriazole (CAl) Tazobactam Cefatrine
(Anticancer) (antibiotic) (antibiotic)
N=N CHgz
\
N~ N _N
N /A N~
\N,N~N' N NJ/\ D
H
cl Nio CHs
Cl N~ SO
o 0 H
Anti-HIV activity Anticancer activity NMDA receptor antagonist

Figure V.1: Potential pharmaceuticals based on 1,2,3-trigzole

Several 1,5-disubstituted 1,2,3-triazole analogoiesombretastatin A-4 were prepared by
Odlo et al'®® The 2-methoxy-5-[1-(3,4,5-trimethoxyp phenyl)-11tR,3-triazol-5-yl]aniline
shows potent cytotoxic activity against severalcearcell (figure V.1)

191 pgalave, S.; Maujan, S.; Pore, \Chem. Asian 2011, 6, 2696-2718.

192 palhagen, S.; Canger, R.; Henriksen, O.; van Parys; Riviere, M.-E.; Karolchyk, M. AEpilepsy Res2001, 43, 115-
124.

193 3) Pagliai, F.; Pirali, T.; Grosso, E.D.; BriscoPR.Tron, G.C.; Sorba, G.; Genazzani, A.A.Med. Chem2006, 49,
467-470. (b) Bakunov, S.A.; Bakunova, S.M.; WenZler,Ghebru, M.; Werbovetz, K.A.; Brun, R.; Tidwell,RR.J. Med.
Chem.2010,254-272. (c) Banday, A.H.; Shameem, S.A.; Gupta, BSampath Kumar, H.MSteroids2010,75, 801-1038.
194 Alvarez, R.; Velazquez, S.; San, F.; Aquaro, S,; ©ePerno, C.F.; Karlesson, A.; Balzarini, J.; Casar M.JJ. Med.
Chem.1994 37, 4185-4194.

19 Odlo, K.; Hentzen, J.; Chabert, F.; Ducki, S.; G&ii Sylte, |.; Skrede M.; A.; Flarenes V.; HansEnBioorg. Med.
Chem 2008 16, 4829-4838.
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,N \ OMe
N

OMe

OMe
NH,
OMe

Figure V.1: Structure of 1,2,3-triazole as potent anticaragsmt.

To conclude, we settled 1,5-disubstitutedi-1,2,3-triazoles from Ugi post-condensation in
moderate to good yields.

Though this is not a conventional method for thatisgsis of 1,2,3 triazole, it has an
advantage over the other mentioned methods. Indeeahost cases, an aromatic azide is
required as starting material, which is not congehiand not easy to prepare. However, in
this method, the 1,2,3-triazole was synthesizedhfedmple starting materials within two

steps.
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General conclusion

This thesis explores various multicomponent reastioased on isocyanides. In the first part
it covers a study on the applications of the UgiH8snreaction. The scope of the study was
then extended to the use of dibromoisocyanidelsreetcomponent couplings. In the last part
of this thesis, a new fragmentation reaction oftatailes (formed through Ugi-azide
couplings) is described.

Our lab has discovered the Ugi-Smiles coupling @2 In this coupling various hydroxy
phenols, hydroxy pyridines and pyrimidines werepted with isocyanides, aldehydes and
amines. Due to theoretical studies showing the mapeoe of intramolecular hydrogen bonds
in Smiles rearrangements, 4-hydroxypyridine deiegt had not been tested so far. In the
first part of the thesis, we showed that these aamgds react relatively well in Ugi-Smiles
couplings. We synthesized various 4-aminoquenalevatives from 4-hydroxyquinolines.
This study has been subsequently extended to 4apteymyridines and quinolines. In the
latter case, the reduction by Raney nickel leadbe@reparation of analogues of chloroquine
(antimalarial drug).

R, R
R,—NC XH H N
Rs N.
o R3\N)\H/N\R1 . 3 N)\/ R
TR MeOH reduction
Rp=CHO + | ‘| == = N X — > = N
SN e5°C [ ] [ |
R3—NH, TON N
X=0,S

Cl N
chloroquine

Scheme 1:.Ugi-Smiles couplings involving 4-hydroxy/4-mercapyridines.

Influence by our interest in radical chemistry, developed a radical sequence betwilen
allyl Ugi-Smiles adducts and xanthates. The resoiftimined allow to expand the scope of

radical couplings developed by the group of ProfZ&d. Our reported two-step cascade is
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the shortest method for synthesis of complex ppimbpyridines and pyrimidines

heterocycles.

0
R4 0
R, Rs
R4 OH - = )J\/S S 4
Y . > R 27N > s |
Rs o Ry “Z7 N
NH, CN-R, Rq 0
-/ rNH R
2
HN.

Scheme 2:Ugi-Smiles - xanthate radical cascade for synthespyrrolidinopyridines and pyrimidines
heterocycles.

Another study of post-radical condensation wasie@rout on Ugi adducts of tryptamine.
The oxidative sequence catalyzed by copper salNgsgia straightforward access to
spiroindolines.

NH
\ CI 2 O O:( Ar AC
J\ N N Ar
N H™ Ar J§¢o Cu(OAC), (1eq.)
0

MeOH (1M) 0
HN
* rt., 24h R DBU (1eq.) oN-g

=z

CN. N—cl THF, reflux
)k R N
OH H

Scheme 3Synthesis of spirooxindolines.

In the following part of the manuscript we explorgte reactivity ofgemdihalogenated
isocyanides and their use in heterocyclic chemistfe have developed a synthetic
methodology for the synthesis of tetrazoles andztles usinggemdihalogenated
isocyanides. Suzuki reactions are involved in #st¢ $tep of the sequence (Scheme 2).

N g N:N‘N Ri Suzuki R
N Br-_N/ Br- N coupling !
R N
\n/ \g \E P e AI’\« »/R
N ~N N-N
Br Br }'q
]
RNC —272 » \I,\],/ —
|
Ry Suzuki
- Br-__N N-N i N-
azide 3 iy coupling A
> \l[\l]/ > N‘N)\Br —_— N‘N)\Ar
/ /
é1 R1 R‘l

Scheme 4:Synthesis of tetrazole and triazole gemdihalo isocyanide.
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The final part of the manuscript deals with thegfmentation of tetrazoles obtained by Ugi-
azide couplings. Ugi-azide reactions followed bydaxion with copper acetate and heating
with zinc triflate give triazoles. Nitrogen is logh the process. The fragmentation of
tetrazoles under such Lewis acid catalyzed comnditis most noteworthy. Application of

such fragmentations will be tested on other sutestris test their generality.

MeOH N=N Pd(0rc)z N=N
R{NH R,CH € N=N Cu(OAc), N=N
Mz RyCHO (1M) NoN~tp Cs,CO, N N-tBy zmc triflate N‘&\
¥ b > I Toluene - N TR:
t-BuNC rt,8h DMA oluene
TMSNs, ! HN R, N7 R, W, 30 min, Il?
i 150°C,26h L H 1
R4 150 °C

Scheme 5Synthesis of tri-substituted oxazole
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General information

Equipment and analytical techniques

'H NMR spectra were recorded on a Brucker Avance M6fx spectrometer, using CDLCI
solvent as reference and/or internal deuterium.lbi& NMR spectra were recorded on a
100.6 MHz spectrometer. Two-dimensional NMR spesttopy fH -'H COSY spectraiH -
3¢ COSY spectra (HSQC) and long-rartgle-*C COSY spectra (HMBC)], were carried out
to determine the correlation betwe#hand>*C. The chemical shifts for all NMR spectra are
expressed in parts per million. Coupling constddtsare quoted in Hz and are recorded to

the nearest 0.1 Hz.

The IR spectra were obtained using a Perkin-EIm&r 18600 or a Brucker IFS 66
spectrophotometer. Wavelengths are reported ih cm

High-resolution (HR) mass spectra were performed &nJEOL JMS-Gcmate I

spectrophotometer.

Melting points were obtained using Stuart SMP3 imegltpoint apparatus and remain
uncorrected.

TLC was carried out using precoated plates ofasiljel 60F254.
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|. General Procedures:

a. General Procedure II-A: (Ugi-Smiles coupling involving 4-hydroxy pyridine.

To a 1 M solution of pyridin-4-ol derivatives in thanol were added successively 1.0 equiv
of amine, 1.0 equiv of aldehyde and 1.0 equiv otysnide. The resulting mixture was
stirred at 65 °C for two days. The solvent was resdoafterwards under reduced pressure to

afford the Ugi-Smiles product after purification figsh chromatography on silica gel.

b. General procedure 1I-B: (Ugi-Smiles coupling involving ammonia.)

To a 1 M solution of pyridin-4-oin methanol were added successively 1.0 equiv of
ammonia, 1.0 equiv of aldehyde and 1.0 equiv otyaaide. The resulting mixture was
heated under microwave irradiation (13D, 90 min, 100W). The solvent was removed
afterwards under reduced pressure to afford the3dgles products after purification by

flash chromatography on silica gel.

c. General procedure 1I-C: (Ugi-Smiles coupling involving 4-hydroxyquinoline.)
To a 1 M solution of quinolin-4-ol derivatives inethanol were added successively 1.0
equiv. of amine, 1.0 equiv of aldehyde and 1.0 eqoi isocyanide. The resulting mixture
was stirred at 65 °C for two days. The solvent warmoved afterwards under reduced
pressure to afford the Ugi-Smiles product aftelifmation by flash chromatography on silica
gel.

d. General procedure II-D: (Ugi-Smiles coupling involving 4-thiopyridine.)

To a 1 M solution of pyridin-4-thiol derivatives methanol were added successively 1.0
equiv of amine, 1.0 equiv of aldehyde and 1.0 egfilgocyanide. The resulting mixture was
stirred at 65 °C for one day. The solvent was rezdoafterwards under reduced pressure to
afford the Ugi-Smiles product after purification tigsh chromatography on silica gel.
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e. General procedure II-E: (Reduction of amide with borane—dimethyl sulfide

complex.)

A solution of thioamide (1.0 mmol) in 10 mL of THRkas heated to reflux and borane—
dimethyl sulfide complex (6.0 mmol) was added. A5 h, 6 M HCI (10.0 mmol) and 2
mL of water were added and the mixture was heaia@ftux for 1.5 h. The clear solution
was cooled to room temperature, basified with sétgk NaOH and extracted with a 1:1
mixture of CHCI, and CHC4. The combined organic layers were dried over ardusl
MgSO, and concentrated in vacuo. Purification by flashromatography using
EtOH/Pet.Ether/BN (1:1:0.1 v/v) gave the corresponding amine.

f. General procedure II-F: (Desulfurization with Raney nickel.)

To the suspension of Raney nickel (10 equiv. byshas ethanol (25 ml), was added a
solution of the thioamide compound (1.0 mmol, IgQie.). The mixture was heated at 55 °C
under an argon atmosphere for 30 to 60 min. atetdidl through a plug of celite 545®. The
celite was washed with a solution of 20% ethanadlichloromethane (3 x 15 mL) and the
solution concentrated under reduced pressure o tyie crude product was purified by flash
chromatography to give the pure product.
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2-(allyl(pyridin-4-yl)amino)- N-cyclohexyl-4-methylpentanamide (lI-1).

This compound was synthesized according to thergepeocedure II-A, using 2.1 mmol of
isocyanide. The desired product was isolated if6@eld (475 mg).

Mol. Wt.: 329.48, Nature: Pale yellow solid.

HRMS: Calcd. for GoH31N3O : 329.2467, Found : 329.2467

M.P. =110 - 111C,

I.R. (thin film): 2930, 2853, 1652, 1596, 1544, 1513, 1450, 12359 ti'

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.23 (dd, 2H) = 1.6, 5.2 Hz, H-c), 6.59 (dd, 2H=
1.6, 5.2 Hz, H-b), 5.95-5.80 (m, 2H, H-7, NH), 5221 (m, 2H, H-8), 4.25 (t, 1H, = 6.9
Hz, H-2), 4.00 (dd, 1H,J = 5.2, 17.2 Hz, H-6), 3.90 (dd, 1H] = 5.2, 17.2 Hz, H-6), 3.80-
3.69 (m, 1H, H-9), 2.08-2.00 (m, 1H, H-3), 1.864.(", 2H, H-cy), 1.70-1.53 (m, 5H, H-cy,
H-3, H-4), 1.39-1.25 (m, 2H, H-cy), 1.15-1.00 (ni,3H-cy), 0.92 (d, 3HJ = 6.7, Hz, H-5),
0.90 (d, 3HJ = 6.7, Hz, H-5).

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 169.9 (C-1), 153.0 (C-a), 150.2 (C-c), 13&27),
118.1 (C-8), 108.3 (C-b), 61.0 (C-2), 49.7 (C-8,4(C-9), 37.7 (C-3), 32.9 (C-cy), 25.4 (C-
cy), 25.2 (C-4), 24.7 (C-cy), 22.9 (C-5), 22.1 (-5

N-cyclohexyl-2-((2-methoxyethyl)(pyridin-4-yl)amino}4-methylpentanamide (l1-2)

5
4

(js/ﬁ 2 \ /6\7/0Me

o, @

SN

This compound was synthesized according to thergepeocedure II-A, using 5.3 mmol of
isocyanide. The desired product was isolated ifGpeld (1.18 gm.).
Mol. Wt.: 347.49 Nature: Pale yellow solid
HRMS: Calcd. for GoH33N30, : 347.2573, Found : 347.2576
M.P.=115-116C

l.R. (thin film): 3305, 2930, 2857, 1657, 1596, 1544, 1513, 14546,18231, 1117 cth
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'H NMR (CDCl 3, 400 MHz): & (ppm) 8.22 (dd, 2HJ = 1.6, 5.0 Hz, H-c), 7.38 (d, 1H,=
7.9 Hz, NH), 6.52 (dd, 2H] = 1.6, 5.0 Hz, H-b), 3.96 (dd, 1H,= 4.8, 9.6 Hz, H-2), 3.87-
3.80 (m, 1H, H-6), 3.76-3.66 (m, 2H, H-7), 3.648(, 1H, H-6), 3.52-3.43 (m, 1H, H-8),
3.38 (s, 3H, OCH), 2.03 (ddd, 1HJ = 4.8, 9.6, 14.2 Hz, H-3), 1.87-1.74 (m, 3H, H-Bc¢y),
1.69-1.48 (m, 4H, H-4, H-cy), 1.35-1.26 (m, 2H, #c1.12-0.91 (m, 3H, H-cy), 0.89 (d, 3H,
J=6.6 Hz, H-5), 0.87 (d, 3H,= 6.6 Hz, H-5).

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 170.9 (C-1), 151.5 (C-a), 149.8 (C-c), 10€),
69.2 (C-7), 64.4 (C-2), 58.7 (OGH 49.8 (C-6), 48.2 (C-8), 36.9 (C-3), 33.0 (C-c32,9 (C-
cy), 25.5 (C-cy), 25.1 (C-cy), 25.0 (C-cy), 24.84%; 23.3 (C-5), 21.8 (C-5).

N-cyclohexyl-2-((3,4-dimethoxyphenethyl)(pyridin-4-y)amino)-4-methyl pentanamide.
(11-3)

H
o)

This compound was synthesized according to thergepeocedure II-A, using 5.3 mmol of
isocyanide. The desired product was isolated ifoA#eld (1.71 gm).

Mol. Wt.: 453.62 Nature : Pale yellow solid.

HRMS: Calcd. for G;H39N305 1 453.2991, Found : 453.3008.

M.P. =85 - 86°C

I.R. (thin film): 2933, 2857, 1665, 1589, 1509, 1457, 1349, 12582,11030 crit

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.27 (dd, 2HJ = 1.4, 5.1 Hz, H-c), 6.84 (d, 1H,=
8.2 Hz, H-h), 6.78 (dd, 1H,= 1.8, 8.2 Hz, H-i), 6.71 (d, 1H,= 1.8 Hz, H-e), 6.61 (dd, 2H,
J=1.4,5.1 Hz, H-b), 5.97 (d, 1d,= 8.2 Hz, NH), 4.20 (t, 1H] = 6.9 Hz, H-2), 3.89 (s, 3H,
OCH), 3.87 (s, 3H, OCkj, 3.78-3.71 (m, 1H, H-8), 3.63-3.54 (m, 1H, H-8)}47-3.38 (m,
1H, H-6), 2.84 (t, 2HJ = 8.1 Hz, H-7), 2.11-2.04 (m, 1H, H-3), 1.84-1.78(2H, H-3, H-
4), 1.65-1.54 (m, 5H, H-cy), 1.34-1.25 (m, 2H, H5c}.09-0.96 (m, 3H, H-cy), 0.93 (d, 3H,
= 6.8 Hz, H-5), 0.91 (d, 3H,= 6.8 Hz, H-5).

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 169.6 (C-1), 152.6 (C-a), 150.1 (C-c), 14&6y),
147.9 (C-f), 130.6 (C-d), 120.3 (C-i), 111.7 (C-£)1.4 (C-h), 108.1 (C-b), 61.2 (C-2), 55.9
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(OCHy), 55.8 (OCH), 49.1 (C-6), 48.4 (C-8), 37.5 (C-3), 33.4 (C-32,.8 (C-cy), 25.3 (C-
cy), 25.1 (C-4), 24.7 (C-cy), 24.6 (C-cy), 22.95%5-22.3 (C-5).

2-(allyl(pyridin-4-yl)amino)- N-(tert-butyl)-4-methylpentanamide (lI-4)

This compound was synthesized according to thergepeocedure II-A, using 2.6 mmol of
isocyanide. The desired product was isolated ifoA8eld (360 mg).

Mol. Wt.: 303.44, Nature: Pale yellow solid

HRMS: Calcd. for GgH29N3O : 303.2311, Found : 303.2309.

M.P.=111-112C

I.R. (thin film): 2964, 2930, 2871, 1676, 1596, 1544, 1513, 1458718266, 1231, 1172

cm?

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.25 (dd, 2H) = 1.6, 5.0 Hz, H-c), 6.59 (dd, 2H =
1.6, 5.0 Hz, H-b), 5.90-5.80 (m, 2H, NH, H-7), 5289 (m, 2H, H-8), 4.19 (dd, 1H,= 5.9,
8.0 Hz, H-2), 4.00 (ddt, 1Hl = 1.5, 5.0, 17.2 Hz, H-6), 3.89 (ddt, 1Hz 1.5, 5.0, 17.2 Hz,
H-6), 2.04-1.95 (m, 1H, H-3), 1.65-1.53 (m, 2H, HKB4), 1.27 (s, 9H, H-10), 0.91 (d, 38,
= 6.6 Hz, H-5), 0.89 (d, 3H},= 6.6 Hz, H-5).

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 170.0 (C-1), 153.0 (C-a), 149.8 (C-c), 13&17),
117.9 (C-8), 108.3 (C-b), 61.4 (C-2), 51.4 (C-9,64(C-6), 37.5 (C-3), 28.5 (C-10), 25.0 (C-
4), 22.8 (C-5), 22.2 (C-5).

N-(tert-butyl)-2-((2-methoxyethyl)(pyridin-4-yl)amin 0)-4-methylpentanamide (II-5)

4

3 5

H
9 2 6
>3(N 1 N/\7/OMe
(0] /a b
< e

N

This compound was synthesized according to thergepeocedure II-A, using 5.3 mmol of

isocyanide. The desired product was isolated ifoAgeld (700 mg).
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Mol. Wt.: 321.46. Nature: Pale white solid.

HRMS: Calcd. for GgH31N30, : 321.2416, Found : 321.2404.

M.P. =106 - 107C

I.R. (thin film): 3319, 2961, 2930, 2871, 2360, 1672, 1600, 15409,15457, 1360, 1228,
1113 cnt

'H NMR (CDCl3, 400 MHz): & (ppm) 8.14 (dd, 2HJ = 1.6, 5.0 Hz, H-c), 7.22 (br s, 1H,
NH), 6.48 (dd, 2H,) = 1.6, 5.0 Hz, H-b), 3.89-3.76 (m, 2H, H-2, H-7){&3.66 (m, 1H, H-
7), 3.54-3.47 (m, 1H, H-6), 3.44-3.36 (m, 1H, H-8)31 (s, 3H, OCH), 1.99-1.89 (m, 1H,
H-3), 1.75-1.66 (m, 1H, H-3), 1.48-1.38 (m, 1H, H-4.20 (s, 9H, H-9), 0.83 (d, 3H,= 6.6
Hz, H-5), 0.80 (d, 3HJ) = 6.6 Hz, H-5).

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 171.0 (C-1), 151.3 (C-a), 149.3 (C-c), 10&),
69.2 (C-7), 64.7 (C-2), 58.7 (OGJ150.6 (C-8), 50.2 (C-6), 36.5 (C-3), 28.3 (C-3,9 (C-
4), 23.1 (C-5), 21.8 (C-5).

2-(allyl(pyridin-4-yl)amino)- N-(4-methoxybenzyl)-4-methylpentanamide (I1-6)

5
MeO 34
9 H 6 8
?©v9"“2 NN
ed
a
b
|

© -~

NS Cc

N

This compound was synthesized according to thergepeocedure II-A, using 2.1 mmol of
isocyanide. The desired product was isolated ifc3@eld (300 mg).

Mol. Wt.: 367.48. Nature: Pale yellow solid.

HRMS: Calcd. for GoH29N30;, 1 367.2260, Found : 367.2268.

M.P. =93 -94°C

I.R. (thin film): 3294, 2956, 2937, 1662, 1596, 1509, 1457, 1248311033 crit

'H NMR (400 MHz, CDCH): 6 (ppm) 8.17 (dd, 2H] = 1.5, 5.1 Hz, H-c), 7.10 (dd, 2H =
1.9, 6.8 Hz, H-e), 6.80 (dd, 2H= 1.9, 6.8 Hz, H-f), 6.56 (d, 1H,= 5.1 Hz, NH), 6.54 (dd,
2H,J= 1.5, 5.1 Hz, H-b), 5.77 (dtd, 1B~ 5.5, 10.5, 15.0Hz, H-7), 5.18-5.16 (m, 1H, H-8),
5.15 (dd, 1HJ = 1.1, 5.5 Hz, H-8), 4.38-4.28 (m, 3H, H-9, H-298 (dd, 1HJ =5.5, 17.2
Hz, H-6), 3.89 (dd, 1HJ = 5.5, 17.2 Hz, H-6), 3.77 (s, 3H, OgH1.98 (ddd , 1H) = 6.1,
7.9, 14.1 Hz, H-3), 1.70-1.55 (m, 2H, H-3, H-49D(t, 6H,J = 6.2 Hz, H-5).

192



pastel-00739959, version 1 - 9 Oct 2012

Experimental Part : Chapter 2

13C NMR (100.6 MHz, CDCJ): & (ppm) 170.8 (C-1), 158.9 (C-a), 153.0 (C-g), DSET-c),
133.1 (C-7), 129.9 (C-d), 129.1 (C-f), 117.8 (C-8)3.9 (C-e), 108.1 (C-b), 60.4 (OgH
55.2 (C-2), 49.4 (C-9), 43.1 (C-6), 37.7 (C-3),®RBC-4), 22.3 (C-5), 22.2 (C-5).

2-(allyl(pyridin-4-yl)amino)- N-cyclohexylbutanamide (11-7)
5 4
8 H\ﬁj\/N/%/7
N A
Y
This compound was synthesized according to thergepecedure II-A, using 2.6 mmol of
isocyanide. The desired product was isolated if3@eld (310 mg).
Mol. Wt.: 301.43. Nature: Pale brown solid.
HRMS: Calcd. for GgH27N3O : 301.2154, Found : 301.2155.
M.P. =99 - 100°C
I.R. (thin film): 3287, 3200, 3041, 2930, 2853, 1652, 1600, 1544315450, 1346, 1231,
1172 cnit
'H NMR (CDCl 3, 400 MHz): & (ppm) 8.18 (dd, 2H) = 1.4, 5.2 Hz, H-c), 6.56 (dd, 2H =
1.4, 5.2 Hz, H-b), 6.33 (d, 1H,= 7.77 Hz, NH), 5.84 (ddd, 1H,=5.2, 10.4, 17.0 Hz, H-6),
5.25-5.18 (m, 2H, H-7), 4.09 (dd, 18> 6.4, 8.3 Hz, H-2), 4.05-3.90 (m, 2H, H-5), 3.77, (
1H, H-8), 2.23-2.12 (m, 1H, H-3), 1.85-1.74 (m, 33, H-cy), 1.65-1.50 (m, 3H, H-cy),
1.35-1.23 (m, 2H, H-cy), 1.10-0.99 (m, 3H, H-cy)P® (t, 3H,J = 7.41 Hz, H-4).
3C NMR (CDCl3, 100.6 MHz):5 (ppm) 169.5 (C-1), 153.1 (C-a), 149.8 (C-c), 13E),
117.9 (C-7), 108.3 (C-b), 64.4 (C-2), 49.8 (C-53,3%(C-8), 32.9 (C-cy), 25.3 (C-cy), 24.7
(C-cy), 24.1 (C-cy), 22.0 (C-3), 11.5 (C-4).

N-(4-chlorobenzyl)-2-ethyl-3-(pyridin-4-yl)hex-5-ynamide (lI-8)

This compound was synthesized according to thergepeocedure II-A, using 2.6 mmol of
isocyanide. The desired product was isolated ifc5@eld (450 mg).
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Mol. Wt.: 341.83, Nature: Pale brown liquid.

HRMS: Calcd. for GgH20CIN3O : 341.1295, Found : 341.1286.

I.R. (thin film): 3301, 2971, 2933, 1662, 1596, 1509, 1353, 12661,12876, 1089, 1016
cm*

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.20 (dd, 2HJ = 1.5, 5.0 Hz, H-c), 7.23 (d, 2H,=
8.4 Hz, H-e), 7.15 (t, 1H] = 5.4 Hz, NH), 7.10 (d, 2H] = 8.4 Hz, H-f), 6.62 (dd, 2H] =
1.5, 5.0 Hz, H-b), 4.37 (d, 2H,= 5.4 Hz, H-8), 4.19 (dd, 1H,= 5.6, 9.2 Hz, H-2), 4.13 (dd,
1H,J= 2.4, 18.5 Hz, H-5), 4.06 (dd, 1Hi= 2.4, 18.5 Hz, H-5), 2.30-2.22 (m, 1H, H-3), 2.20
(t, 1H,J= 2.4 Hz, H-7), 1.93-1.85 (m, 1H, H-3), 0.94 (t,,3H 7.3 Hz, H-4).

3C NMR (CDCl3, 100.6 MHz):5 (ppm) 170.5 (C-1), 152.1 (C-a), 150.0 (C-c), 13E4d),
133.2 (C-g), 129.1 (C-f), 128.7 (C-e), 108.1 (C-B8,8 (C-7), 73.5 (C-6), 64.2 (C-2), 42.9
(C-8), 36.4 (C-5), 22.3 (C-3), 11.4 (C-4).

2-(allyl(pyridin-4-yl)amino)-2-(4-chlorophenyl)-N-cyclohexylacetamide (11-9)

This compound was synthesized according to thergepeocedure II-A, using 2.6 mmol of
isocyanide. The desired product was isolated ifoAdeld (460 mg).

Mol. Wt.: 383.91. Nature: Pale yellow solid.

HRMS: Calcd. for GoH26CIN3O: 383.1764, Found : 383.1759.

M.P. =101 - 102C

I.R. (thin film): : 3284, 3041, 2933, 2851, 1655, 1596, 1544, 1588811266, 1231, 1096,
1016 cnt

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.27 (dd, 2HJ = 1.4, 5.0 Hz, H-c), 7.33 (d, 2H,=
8.5 Hz, H-e), 7.21 (d, 2H, = 8.5 Hz, H-f), 6.61 (dd, 2H] = 1.4, 5.0 Hz, H-b), 6.15-6.03 (br
s, 1H, NH), 5.68 (ddt, 1H] = 5.1, 10.3, 17.0 Hz, H-4), 5.36 (s, 1H, H-2),35(#d, 1H,J =
1.0, 10.3 Hz, H-5), 5.07 (dd, 14,= 1.0, 17.0 Hz, H-5), 3.91-3.81 (m, 3H, H-3, H-6)92-
1.82 (m, 2H, H-cy), 1.76-1.55 (m, 3H, H-cy), 1.431 (m, 2H, H-cy), 1.15-1.05 (m, 3H, H-
cy).
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13C NMR (CDCl5, 100.6 MHz):8 (ppm) 168.0 (C-1), 153.3 (C-a), 150.0 (C-c), 13€C&d),
133.5 (C-g), 133.1 (C-4), 130.6 (C-f), 129.0 (CE)7.7 (C-5), 108.4 (C-b), 66.3 (C-2), 49.9
(C-3), 48.6 (C-6), 33.0 (C-cy), 32.7 (C-cy), 25 ¢y), 24.7 (C-cy), 24.6 (C-cy).

N-(4-chlorobenzyl)-1-((2-methoxyethyl)(pyridin-4-y)amino)cyclopentane carboxamide
(11-10)
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This compound was synthesized according to thergepeocedure II-A, using 2.6 mmol of
isocyanide. The desired product was isolated if2a@eld (230 mg).

Mol. Wt.: 387.90 Nature : brown liquid.

HRMS: Calcd. for GiH26CIN3O, : 387.1714, Found : 387.1715.

I.R. (thin film): 3298, 2944, 2874, 1662, 1593, 1534, 1499, 13393,11092, 1013 cth

'H NMR (CDCl 3, 400 MHz): § (ppm) 8.20 (dd, 2HJ = 1.5, 5.1 Hz, H-c), 8.09 (br t, 1K=
5.5 Hz, NH), 7.17 (d, 2H] = 8.3 Hz, H-e), 6.98 (d, 2H), = 8.3 Hz, H-f), 6.54 (dd, 2H] =
1.5, 5.1 Hz, H-b), 4.30 (d, 2H,= 5.5 Hz, H-9), 3.68 (t, 2H] = 4.6 Hz, H-7), 3.62-3.54 (m,
2H, H-8), 2.92 (s, 3H, OCH), 2.49-2.25 (m, 2H, H-cp), 2.23-2.03 (m, 2H, H-cp)B6-1.74
(m, 2H, H-cp), 1.62-1.40 (m, 2H, H-cp).

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 175.8 (C-1), 150.8 (C-a), 149.6 (C-c), 13Ced),
132.9 (C-g), 128.8 (C-f), 128.6 (C-e), 109.9 (C-¥,1 (C-2), 69.4 (C-8), 58.3 (-OGH 43.8
(C-7),43.0 (C-9), 36.1 (C-6, C-3), 24.8 (C-4, C-5)

2-((4-chlorobenzyl)(pyridin-4-yl)amino)-N-cyclohexyl-2-methylbutanamide (11-11)

H 5 3 4
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This compound was synthesized according to thergepeocedure II-A, using 2.6 mmol of

isocyanide. The desired product was isolated ifolyleld (193mg).
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Mol. Wt.: 399.96. Nature: off white solid

HRMS: Calcd. for GsH30CIN3O : 399.2077, Found : 399.2064.

M.P. =96 - 97°C

l.R. (thin film): 3308, 3051, 2978, 2930, 2846, 2360, 2339, 16526,15509, 1492, 1450,
1374, 1343, 1089, 1016 ¢m

'H NMR (CDCl3, 400 MHz): & (ppm) 8.15 (d, 2HJ = 5.2 Hz, H-c), 7.29 (d, 2H] = 8.4
Hz, H-e), 7.13 (d, 2H] = 8.4 Hz, H-f), 6.59 (d, 2H] = 5.2 Hz, H-b), 6.03 (d, 1H},= 8.0 Hz,
NH), 4.66 (d, 1H, = 18.3 Hz, H-6), 4.57 (d, 1H),= 18.3Hz, H-6), 3.73-3.64 (m, 1H, H-7),
2.09-2.03 (m, 1H, H-3), 1.78-1.70 (m, 2H, H-3, H5c¥.66-1.61 (m, 1H, H-cy), 1.56-1.48
(m, 2H, H-cy), 1.46 (s, 3H, H-5), 1.33-1.18 (m, 3kcy), 1.10-1.03 (m, 1H, H-cy), 0.97-
0.83 (m, 2H, H-cy), 0.79 (t, 3H,= 7.4 Hz, H-4).

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 172.8 (C-1), 153.3 (C-a), 149.5 (C-c), 13€ed),
132.9 (C-g), 129.1 (C-e), 127.2 (C-f), 110.3 (C49,8 (C-2), 50.3 (C-6), 48.0 (C-7), 32.6
(C-cy), 32.3 (C-cy), 30.3 (C-3), 25.2 (C-cy), 24Q@cy), 20.3 (C-5), 8.5 (C-4).

N-(4-chlorobenzyl)-4-methyl-2-(pyridin-4-ylamino)pertanamide (11-12)
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This compound was synthesized according to thergepeocedure 11-B, using 1.0 mmol of
isocyanide. The desired product was isolated ifoAfdeld (130 mg).

Mol. Wt.: 331.84, Nature : white solid.

HRMS: Calcd. for GsH22CIN3O : 331.1451, Found : 331.1452.

M.P. = 161-162C

I.R. (thin film): : 3280, 2961, 2930, 1655, 1603, 1520, 1492, 1326111169, 1089, 1013
cm*
'H NMR (CDCl 3, 400 MHz): & (ppm) 8.18 (dd, 2HJ = 1.4, 4.9 Hz, H-c), 7.22 (d, 2H,=
8.4 Hz, H-e), 7.08 (d, 2H = 8.4 Hz, H-f), 6.99 (br t, 1H] = 5.9 Hz, NH), 6.46 (dd, 2H, =
1.4, 4.9 Hz, H-b), 4.67 (br d, 1d,= 5.0 Hz NH), 4.41 (dd, 1H} = 5.9, 15.0 Hz, H-6), 4.33
(dd, 1H,J=5.9, 15.0 Hz, H-6), 3.88 (td, 1H= 5.0, 9.6 Hz, H-2), 1.89-1.72 (m, 2H, H-3, H-
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4), 1.63 (ddd, 1HJ = 5.0, 9.6, 13.4 Hz, H-3), 0.99 (d, 3= 6.4 Hz, H-5), 0.92 (d, 3H] =
6.4 Hz, H-5).

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 172.8 (C-1), 152.5 (C-a), 150.0 (C-c), 13€6d),
133.4 (C-g), 129.0 (C-f), 128.8 (C-e), 106.4 (CH§,7 (C-2), 42.7 (C-6), 42.3 (C-3), 25.1
(C-4), 23.0 (C-5), 21.6 (C-5).

N-(3,4-dimethoxybenzyl)-4-methyl-2-(pyridin-4-ylamiro)pentanamide (11-13)

h
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This compound was synthesized according to thergepeocedure 11-B, using 1.0 mmol of
isocyanide. The desired product was isolated ifa8eld (100 mg).

Mol. Wt.: 357.45, Nature: white solid.

HRMS: Calcd. for GoH27N303 : 357.2052, Found : 357.2051

M.P. =161-162C

IR : 3343, 3273, 2957, 2871, 2360, 1672, 1648, 1663611464, 1263, 1238, 1141, 1030,
cm’

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.19 (dd, 2HJ =1.5, 4.9 Hz, H-c), 6.85 (d, 1H,=
8.1 Hz, H-h), 6.78 (t, 1H] = 5.7 Hz, NH), 6.69 (dd, 1H = 1.8, 8.1 Hz, H-i), 6.66 (d, 1H,

= 1.8 Hz, H-e), 6.48 (dd, 2H,= 1.5, 4.9 Hz, H-b), 4.62 (d, 1d= 4.9 Hz, H-2), 4.35 (d, 2H,
J=5.7 Hz, H-6), 3.83 (s, 3H, OMe), 3.81 (br s, MNH), 3.73 (s, 3H, OMe), 1.90-1.81 (m,
1H, H-3), 1.80-1.73 (m, 1H, H-4), 1.68-1.59 (m, HH3), 1.00 (d, 3HJ = 6.4 Hz, H-5), 0.92
(d, 3H,J = 6.4 Hz, H-5).

3C NMR (CDCl3, 100.6 MHz):8 (ppm) 172.7 (C-1), 152.6 (C-a), 149.6 (C-c), 14&9),
148.1 (C-g), 130.5 (C-d), 119.6 (C-i), 110.8 (C-b)0.5 (C-e), 108.1 (C-b), 55.7 (OMe),
55.5 (OMe), 42.9 (C-6), 42.1 (C-3), 24.9 (C-4),2&C-5), 21.6 (C-5).
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N-(4-chlorobenzyl)-2-(pyridin-4-ylamino)butanamide (I-14)
2
f 2, 5 N1 NH
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c =

N

This compound was synthesized according to thergepeocedure 11-B, using 1.0 mmol of
isocyanide. The desired product was isolated if38eld (100 mg).

Mol. Wt.: 303.79, Nature: white solid

HRMS: Calcd. for GgH16CIN3O : 303.1138, Found : 303.1152

M.P.=112-113C

IR : 3287, 3044, 2968, 2933, 1652, 1603, 1523, 1388711158, 1092 cih

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.03 (d, 2HJ = 6.3 Hz, H-c), 7.67 (t, 1Hl = 5.1 Hz,
NH), 7.17 (d, 2H,J = 8.4 Hz, H-e), 7.07 (d, 2H,= 8.4 Hz, H-f), 6.45 (d, 2H] = 6.3 Hz, H-
b), 5.54 (d, 1HJ = 5.7 Hz, NH), 4.34 (d, 2H] = 6.0 Hz, H-5), 3.86 (dd, 1Hl = 6.0, 12.8
Hz, H-2), 2.02-1.90 (m, 1H, H-3), 1.86-1.74 (m, HH3), 0.99 (t, 3H,) = 7.5 Hz, H-4).

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 172.2 (C-1), 152.7 (C-a), 149.5 (C-c), 13€6d),
133.2 (C-g), 126.9 (C-f), 126.7 (C-e), 108.3 (C-9.0 (C-2), 42.5 (C-5), 26.3 (C-3), 10.3
(C-4).

2-(allyl(quinolin-4-yl)amino)- N-cyclohexyl-4-methylpentanamide (l1-15)

This compound was synthesized according to thergepeocedure 1I-C, using 1.7 mmol of
isocyanide. The desired product was isolated ifoAdeld (300 mg).

Wt.: 379.54, Nature: white solid.

HRMS: Calcd. for G4H33N30 : 379.2624, Found : 379.2629.

M.P. = 103-104C

l.R. (thin film): 3315, 2930, 2853 1659, 1575, 1501, 1454, 1304, ti0'6
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'H NMR (CDCl 3, 400 MHz): § (ppm) 8.68 (d, 1HJ = 5.1 Hz, H-c), 8.07 (dd, 1H, = 1.2,
8.4 Hz, H-h), 7.98 (dd, 1H] = 1.2, 8.4 Hz, H-e), 7.67 (ddd, 18= 1.2, 6.9, 8.4 Hz, H-f),
7.46 (ddd, 1HJ = 1.2, 6.9, 8.4 Hz, H-g), 6.91 (d, 1Bi= 5.1 Hz, H-b), 6.69 (br d, 1H), =
8.1 Hz, NH), 5.79 (tdd, 1H] = 5.2, 10.4, 17.1 Hz, H-7), 5.18 (dd, 1H; 1.3, 17.1 Hz, H-8),
5.13 (dd, 1HJ = 1.2, 10.4 Hz, H-8), 4.31 (dd, 18 = 6.5, 7.5 Hz, H-2), 4.22-4.13 (m, 1H,
H-6), 3.90-3.78 (m, 1H, H-9), 3.79-3.71 (m, 1H, H-B.01 (tdd, 1H, = 6.5, 8.3, 14.4 Hz, H-
3), 1.94-1.82 (m, 2H, H-cy), 1.75-1.60 (m, 3H, HEBCy), 1.59-1.47 (m, 2H, H-cy), 1.42-
1.29 (m, 2H, H-cy), 1.16-1.01 (m, 3H, H-4, H-cy)78 (d, 3H,J = 6.6 Hz, H-5), 0.48 (d, 3H,
J=6.6 Hz, H-5).

13C NMR (CDCl3, 100.6 MHz):8 (ppm) 170.2 (C-1), 153.5 (C-a), 150.1 (C-c), 15@ed),
133.0 (C-7), 130.5 (C-e), 129.1 (C-f), 125.6 (C-§23.7 (C-i), 122.6 (C-h), 117.8 (C-8),
111.6 (C-b), 65.9 (C-2), 48.8 (C-6), 48.0 (C-9),538C-3), 33.1 (C-cy), 32.9 (C-cy), 25.3
(C-4), 24.6 (C-cy), 22.7 (C-5), 21.6 (C-5).

2-(allyl(quinolin-4-yl)amino)- N-cyclohexylbutanamide (11-16)

H
N_1 2 6
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This compound was synthesized according to thergepeocedure 1I-C, using 1.722 mmol
of isocyanide. The desired product was isolategbifo yield (220 mg).

Mol. Wt.: 351.4852. Nature: oil.

HRMS: Calcd. for GoH29N3O : 351.2311, Found : 351.2330

I.R. (thin film): 3301, 2930, 2850, 1655, 1572, 1506, 1450, 12973,12#2, 766, 731 cth

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.70 (d, 1HJ = 5.1 Hz, H-c), 8.08 (dd, 1H, = 1.2,
8.4 Hz, H-h), 8.01 ( dd, 1H = 1.2, 8.4 Hz, H-e), 7.68 (ddd, 1B~ 1.2, 6.9, 8.4 Hz, H-f),
7.49 (ddd, 1HJ = 1.2, 6.9, 8.4 Hz, H-g), 6.95 (d, 1Bl= 5.1 Hz, H-b), 6.48 (br d, 1H, =
8.3 Hz, NH), 5.77 (tdd, 1H = 5.4, 10.6, 17.1 Hz, H-6), 5.16 (dd, 1H; 1.2, 17.1 Hz, H-7),
5.12 (dd, 1HJ = 1.2, 10.6 Hz, H-7), 4.20-4.09 (m, 2H, H-5, H-2)84-3.75 (m, 2H, H-5, H-
8), 2.23-2.11 (m, 1H, H-3), 1.92-1.82 (m, 2H, HFB8cy), 1.79-2.71 (m, 1H, H-cy), 1.66—
1.50 (m, 4H, H-cy), 1.37-1.28 (m, 2H, H-cy), 1.1200 (m, 2H, H-cy), 0.87 (t, 3H,= 7.5
Hz, H-4).

199



pastel-00739959, version 1 - 9 Oct 2012

Experimental Part : Chapter 2

13C NMR (CDCl3, 100.6 MHz):8 (ppm) 170.0 (C-1), 153.9 (C-a), 150.2 (C-c), 15@id),
132.8 (C-6), 130.5 (C-e), 129.2 (C-f), 125.8 (C-424.0 (C-i), 122.7 (C-h), 118.0 (C-7),
112.3 (C-b), 68.9 (C-2), 49.6 (C-5), 47.9 (C-8),138C-cy), 32.8 (C-cy), 25.3 (C-cy), 24.6
(C-cy), 24.5 (C-cy), 23.0 (C-3), 11.7 (C-4).

2-(allyl(quinolin-4-yl)amino)-2-(4-chlorophenyl)-N-cyclohexylacetamide (lI-17)

i 5
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This compound was synthesized according to thergepeocedure 1I-C, using 1.722 mmol

of isocyanide. The desired product was isolatesi 9 yield (40 mg).

Mol. Wt.: 433.9730, Nature: Pale brown solid.

HRMS: Calcd. for GgH2sCIN3O : 433.1921, Found : 433.1921

M.P. = 153-154C

I.R. (thin film): 3291, 3055, 2926, 2853, 1655, 1568, 1508, 13012,1086, 731 ci

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.70 (d, 1HJ = 5.0 Hz, H-c), 8.19 ( d, 1Hl = 8.4

Hz, H-h), 8.11 (d, 1HJ) = 8.4 Hz, H-e), 7.71 (ddd, 1H,= 1.1, 7.1, 8.4 Hz, H-f), 7.58 (ddd,

1H,J = 1.1, 7.1, 8.4 Hz, H-g), 7.29 (d, 2BI= 8.5 Hz, H-k), 7.21 (d, 2H] = 8.5 Hz, H-I),

6.88 (d, 1HJ = 5.0 Hz, H-b), 6.57 (br d, 1H,= 8.2 Hz, NH), 5.69-5.58 (m, 1H, H-4), 5.18

(s, 1H, H-2), 5.06 (dd, 1H = 1.0, 10.3 Hz, H-5), 4.90 (dd, 18~ 1.0, 17.2 Hz, H-5), 3.77

(dd, 1H,J=6.0, 15.8 Hz, H-3), 3.73-6.62 (m, 1H, H-6), 3(8d, 1H,J = 6.0, 15.8 Hz, H-3),

1.78-1.68 (m, 1H, H-cy), 1.58 — 1.41 (m, 3H, H-c)39-1.09 (m, 4H, H-cy), 1.06 -0.92 (m,

2H, H-cy).

3C NMR (CDCl3, 100.6 MHz):5 (ppm) 168.2 (C-1), 153.0 (C-a), 150.2 (C-c), 14@),

134.2 (C-j), 133.8 (C-m), 131.3 (C-4), 130.5 (C-£29.9 (C-l), 129.5 (C-f), 128.7 (C-k),

126.6 (C-g), 124.4 (C-i), 122.3 (C-h), 119.3 (C-5)3.8 (C-b), 70.2 (C-2), 52.4 (C-3), 47.8

(C-6), 32.6 (C-cy), 32.2 (C-cy), 25.2 (C-cy), 24Gcy), 24.1 (C-cy).
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N-(tert-butyl)-2-((2-methoxyethyl)(quinolin-4-yl)amino)-4-methylpentanamide (11-18)

45

3
H 6
N_1 N/\}OMe

>
9

SN 2
This compound was synthesized according to thergepeocedure 1I-C, using 1.7 mmol of
isocyanide. The desired product was isolated inyi€ld (45 mg).
Mol. Wt.: 371.52, Nature: Pale yellow solid.
HRMS: Calcd. for G,H33N30 : 371.2573, Found : 371.2573.
M.P. = 135-136C
l.R. (thin film): 2919, 2864, 1662, 1568, 1502, 1388, 1304, 12243 1006 cnit
'H NMR (CDCl3, 400 MHz): & (ppm) 8.67 (d, 1HJ = 5.1 Hz, H-c), 8.11 (br s, 1H, NH),
8.05 (d, 1HJ = 8.0 Hz, H-h), 7.98 (d, 1H] = 8.5 Hz, H-e), 7.65 (ddd, 1H,= 1.2, 6.9, 8.5
Hz, H-f), 7.43 (ddd, 1HJ = 1.2, 6.9, 8.0 Hz, H-g), 6.88 (d, 1Bi= 5.1 Hz, H-b), 4.25 (dd,
1H,J=4.6, 10.0 Hz, H-2), 3.76-3.68 (m, 1H, H-6), 3(68 1H,J= 1.6, 11.5 Hz, H-7), 3.53-
3.46 (m, 1H, H-7), 3.37-3.33 (m, 1H, H-6), 3.1638, -OCH;), 1.91 (ddd, 1H] = 4.6, 10.0,
14.5 Hz, H-3), 1.70 (ddd, 1H,= 4.6, 10.0, 14.5 Hz, H-3), 1.43 (s, 9H, H-9), 6M®81 (m,
1H, H-4), 0.68 (d, 3HJ = 6.5 Hz, H-5), 0.27 (d, 3H,= 6.5 Hz, H-5).
13C NMR (CDCl3, 100.6 MHz):5 (ppm) 171.5 (C-1), 154.0 (C-a), 149.7 (C-d), 14&4c),
129.9 (C-e), 129.4 (C-f), 125.5 (C-g), 124.0 (C123.2 (C-h), 110.0 (C-b), 67.8 (C-7), 66.8
(C-2), 58.6 (-OCH), 51.2 (C-8), 45.8 (C-6), 38.9 (C-3), 28.6 (C-25.2 (C-4), 23.1 (C-5),
20.8 (C-5).

N-cyclohexyl-4-methyl-2-(propyl(quinolin-4-yl)amino)pentanamide (11-19)

This compound was synthesized according to thergepeocedure 1I-C, using 1.0 mmol of

isocyanide. The desired product was isolated ifodeld (177 mg).
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Mol. Wt.: 381.55, Nature: oil.

HRMS: Calcd. for G4H3sN3O : 381.2780, Found : 381.2790.

'H NMR (CDCl3, 400 MHz): § (ppm) 8.73 (d, 1H) = 5.0 Hz, H-c), 8.04 (d, 1H] = 8.3
Hz, H-e), 7.98 (d, 1H) = 8.3 Hz, H-h), 7.68 (t, 1H] = 7.6 Hz, H-f), 7.48 (t, 1H] = 7.6 Hz,
H-g), 6.95 (d, 1HJ) = 5.0 Hz, H-b), 6.48 (br d, 1H,= 8.1 Hz, NH), 4.17 (t, 1H] = 6.9 Hz,
H-2), 3.90-3.78 (m, 1H, H-9), 3.41 (ddd, 1Hz= 5.2, 9.1, 14.0 Hz, H-3), 3.04 (ddd, 1Hs
5.2, 9.1, 14.0 Hz, H-3), 2.08-1.99 (m, 1H, H-495:1.85 (m, 2H, H-cy), 1.65-1.32 (m, 7H,
H-7, H-cy), 1.18-1.05 (m, 3H, H-cy), 0.98-0.88 (&4, H-cy, H-8), 0.74 (d, 3H] = 6.5 Hz,
H-5), 0.55 (d, 3HJ = 6.5 Hz, H-5).

3C NMR (CDCl3, 100.6 MHz): & (ppm) 170.2 (C-1), 153.8 (C-a), 150.2 (C-c, CAB0.5
(C-e), 129.2 (C-f), 125.6 (C-g), 124.3 (C-i), 122(8h), 111.6 (C-b), 66.2 (C-2), 48.1 (C-9),
47.8 (C-6), 38.3 (C-3), 33.4 (C-cy), 33.0 (C-cy».2L(C-4), 25.3 (C-cy), 24.8 (C-cy), 24.7
(C-cy), 22.6 (C-5), 22.0 (C-5), 20.2 (C-7), 11.88¢C

N-(4-methoxybenzyl)-2-((2-methoxyethyl)(quinolin-4-f)amino)-4-methyl-pentanamide
(11-20)

MeO._m ! ‘ 3 s
j H ) 6
8 _N_1 N/\}OMe
a . h
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L
N d

This compound was synthesized according to thergepeocedure 1I-C, using 1.7 mmol of
isocyanide. The desired product was isolated ifo6feld (446 mg).

Mol. Wt.: 435.56, Nature: Pale brown liquid..

HRMS: Calcd. for GgH33N303 : 435.2522, Found : 435.2517.

l.R. (thin film): 3315, 2954, 2930, 1659, 1572, 1509, 1308, 1249),110A30 crit

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.94 (br t, 1HJ) = 4.3 Hz, NH), 8.66 (d, 1H] = 5.0
Hz, H-c), 8.04 (d, 1HJ = 8.3 Hz, H-h), 7.88 (d, 1H] = 8.3 Hz, H-e), 7.64 (dt, 1H,= 1.0,
8.3, Hz, H-f), 7.35 (dt, 1H] = 1.0, 8.3, Hz, H-g), 7.31 (d, 2H~= 8.6 Hz, H-I), 6.88 (d, 2H]

= 8.6 Hz, H-k), 6.85 (d, 1H] = 5.0 Hz, H-b), 4.73 (dd, 1H,= 6.6, 14.3 Hz, H-8), 4.40 (dd,
1H,J = 4.3, 10.3 Hz, H-2), 4.28 (dd, 18~ 4.3, 14.3 Hz, H-8), 3.79 (s, 3H, -OgH3.78-
3.73 (m, 1H, H-6), 3.57 (dt, 1Q,= 1.3, 11.5 Hz, H-7), 3.45-3.40 (m, 1H, H-7), 3(86 1H,
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J=3.2,11.4, Hz, H-6), 2.91 (s, 3H, -OQH1.96 (ddd, 1H)J = 4.3, 10.3, 14.5 Hz, H-3), 1.79
(ddd, 1H,J = 4.3, 10.3, 14.5 Hz, H-3), 1.55-1.44 (m, 1H, HELY4 (d, 3H,]) = 6.6 Hz, H-5),
0.27 (d, 3HJ = 6.6 Hz, H-5).

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 172.2 (C-1), 158.8 (C-m), 153.6 (C-a), 15C),
149.7 (C-c), 130.6 (C-e), 130.2 (C-f), 129.3(C429.2(C-j), 125.5 (C-g), 123.9 (C-i), 123.3
(C-h), 113.9 (C-I), 109.7 (C-b), 68.0 (C-7), 66G>2), 58.8 (-OCH), 55.2 (-OCH), 44.6 (C-
6), 43.4 (C-8), 39.4 (C-3), 25.2 (C-4), 23.3 (C-H),6 (C-5).

2-(allyl(quinolin-4-yl)amino)- N-(4-methoxybenzyl)-4-methylpentanamide (11-21)

4

|
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This compound was synthesized according to thergepeocedure 1I-C, using 1.7 mmol of
isocyanide. The desired product was isolated ifodield (350 mg).

Wi.: 417.54, Nature: Pale yellow solid.

HRMS: Calcd. for GgH31N30, : 417.2416, Found : 417.2437.

M.P. =120-121°C

l.R. (thin film): 2954, 2871, 1655, 1565, 1506, 1297, 1245, 1174) t68"

'H NMR (CDCl 3, 400 MHz): 8 (ppm) 8.65 (d, 1HJ = 5.1 Hz, H-c), 8.05 (d, 1H, = 8.5 Hz,
H-h), 7.91 (d, 1H,) = 8.5 Hz, H-e), 7.65 (t, 1Kl = 7.5 Hz, H-f), 7.41 (t, 1H) = 7.5 Hz, H-
g), 7.10 (d, 2H)J = 8.6 Hz, H-I), 6.93-6.84 (m, 2H, NH, H-b), 6.82 @H,J = 8.6 Hz, H-k),
5.75-5.63 (m, 1H, H-7), 5.12-5.00 (m, 2H, H-8),4(d, 2H,J = 5.8 Hz, H-9), 4.33 (t, 1H]
= 7.0 Hz, H-2), 4.14 (dd, 1H, = 5.3, 16.4 Hz, H-6), 3.78 (s, 3H, OgH3.74 (dd, 1HJ =
5.3, 16.4 Hz, H-6), 2.06 (td, 1H,= 7.0, 14.2 Hz, H-3), 1.74 (td, 1d,= 7.0, 14.2 Hz, H-3),
1.62-1.50 (m, 1H, H-4), 0.78 (d, 38l= 6.6 Hz, H-5), 0.54 (d, 3H,= 6.6 Hz, H-5).

13C NMR (CDCl3, 100.6 MHz):3 (ppm) 171.2 (C-1), 159.0 (C-m), 153.5 (C-a), 15C1c),
150.0 (C-d), 132.9 (C-7), 130.5 (C-€), 130.1 (C3j39.1 (C-f), 129.0 (C-k), 125.7 (C-g),
123.8 (C-i), 122.7 (C-h), 117.9 (C-8), 114.0 (CUI11.9 (C-b), 65.7 (C-2), 55.3 (OGH49.3
(C-6), 43.1 (C-9), 38.7 (C-3), 25.4 (C-4), 22.6%521.9 (C-5).
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2-((4-chlorobenzyl)(quinolin-4-yl)amino)-N-cyclohexyl-4-methylpentanamide (11-2)

This compound was synthesized according to thergepeocedure 1I-C, using 1.7 mmol of
isocyanide. The desired product was isolated ifoAdeld (390 mg).

Mol. Wt.:464.04, Nature: Pale yellow solid.

HRMS: Calcd. for GgH34CIN3O : 463.2390, Found : 463.2406.

M.P. =118-119C

l.R. (thin film): 2930, 2860, 1652, 1574, 1544, 1504, 1461, 1259 10816 crit

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.58 (d, 1HJ = 5.0 Hz, H-c), 8.11 (d, 1H),= 8.4 Hz,
H-h), 8.06 (d, 1H,) = 8.4 Hz, H-e), 7.70 (t, 1Kl = 7.7 Hz, H-f), 7.56 (t, 1H) = 7.7 Hz, H-
9), 7.19-7.12 (m, 4H, H-k, H-I), 6.81 (d, 1Bl= 5.0 Hz, H-b), 5.72 (br s, 1H, NH), 4.65 (d,
1H, J = 16.2 Hz, H-6), 4.40 (d, 1H, = 16.2 Hz, H-6), 4.16 (dd, 1H,= 6.0, 8.0 Hz, H-2),
3.84-3.72 (1H, m, H-7), 2.20 (td, 18 = 6.0, 14.4 Hz, H-3), 1.82-1.72 (m, 3H, H-3, H-cy),
1.67-1.50 (m, 5H, H-cy), 1.39-1.23 (m, 2H, H-c¥)12-0.98 (m, 2H, H-cy), 0.85 (d, 3BI~
6.5 Hz, H-5), 0.73 (d, 3Hl = 6.5 Hz, H-5).

13C NMR (CDCl5, 100.6 MHz):8 (ppm) 169.1 (C-1), 153.3 (C-a), 150.1 (C-c), 15@Ted),
135.9 (Cj), 132.7 (C-m), 130.5 (C-e), 129.3 (C¥P8.7 (C-I), 128.4 (C-k), 126.0 (C-g),
124.0 (C-i), 122.8 (C-h), 112.6 (C-b), 66.3 (C-29,0 (C-6), 48.2 (C-7), 39.0 (C-3), 33.3 (C-
cy), 32.9 (C-cy), 25.5 (C-4), 25.3 (C-cy), 24.6¢g); 22.6 (C-5), 22.4 (C-5).

N-(4-chlorobenzyl)-4-methyl-2-(quinolin-4-ylamino)patanamide (11-23)

RDHR
6 N1 NHh
Oba\i g
C|N/d f

This compound was synthesized according to thergepeocedure 11-B, using 1.0 mmol of
isocyanide. The desired product was isolated ifc3@eld (120 mg).
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Chemical Formula: &H24CIN3O

Mol. Wt.: 381.90, Nature: Pale brown solid

HRMS: Calcd. for GoH24CIN3O : 381.1608, Found : 381.1605

M.P. =181-182C

IR : 3299, 3280, 3082, 2957, 2933, 1655, 1579, 1539111346, 1259, 1092, 1016 ¢m

'H NMR (CDCl3, 400 MHz): & (ppm) 8.55 (d, 1H) = 5.2 Hz, H-c), 8.01 (d, 1H] = 8.2
Hz, H-h), 7.78 (d, 1HJ = 8.2 Hz, H-e), 7.67 (dd, 1H,= 7.1, 8.2 Hz, H-f), 7.48 (dd, 1H,=
7.1, 8.2 Hz, H-g), 7.22 (d, 2H,= 8.3 Hz, H-k), 7.08 (d, 2H] = 8.3 Hz, H-l), 6.91 (br d, 1H,
J = 6.0 Hz, NH), 6.39 (d, 1H] = 5.2 Hz, H-b), 5.26-5.21 (br s, 1H, NH), 4.45 (d#i, J =
6.3, 15.0 Hz, H-6), 4.33 (dd, 1H,= 5.9, 15.0 Hz, H-6), 4.10-4.03 (m, 1H, H-2), 21196
(m, 1H, H-3), 1.91-1.76 (m, 2H, H-4, H-3), 1.5 @H, J = 6.3 Hz, H-5), 0.96 (d, 3H,= 6.3
Hz, H-5).

3C NMR (CDCl3, 100.6 MHz): & (ppm) 172.4 (C-1), 150.9 (C-c), 148.3 (C-a, CiB6.4
(C+)), 133.3 (C-m), 130.2 (C-h), 129.4 (C-f), 128 ), 128.8 (C-k), 128.6 (C-m), 128.4 (C-
i), 125.4 (C-g), 118.9 (C-e), 118.6 (C-i), 100.3{}; 57.1 (C-2), 42.6 (C-6), 42.3 (C-3), 25.3
(C-4), 23.1 (C-5), 21.7 (C-5).

N-(3,4-dimethoxybenzyl)-4-methyl-2-(quinolin-4-ylamno)pentanamide (l1-24)

noj
h
o 2
bl\ g
cL — f
N°d

This compound was synthesized according to thergepeocedure 11-B, using 1.0 mmol of
isocyanide. The desired product was isolated if2deld (80 mg).

Mol. Wt.: 407.51, Nature: Pale yellow solid.

HRMS: Calcd. for G4H29N303 : 407.2209, Found : 407.2208

M.P. =110-111°C

IR : 3364, 3305, 2954, 2933, 1662, 1582, 1513, 1486311238, 1138, 1026 ¢

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.57 (d, 1HJ) = 5.2 Hz, H-c), 8.01 (d, 1H},= 8.2 Hz,
H-h), 7.77 (d, 1H) = 8.2 Hz, H-e), 7.67 (ddd, 1H,= 1.1, 7.0, 8.2 Hz, H-f), 7.47 (ddd, 1B,
=1.1, 7.0, 8.2 Hz, H-g), 6.73-6.70 (m, 2H, NH, )-Hd.68 (dd, 1HJ= 1.2, 8.2 Hz, H-k), 6.63
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(d, 1H,J= 1.7 Hz, H-0), 6.43 (d, 1H,= 5.8, Hz, H-b), 5.23 ( br d, 1H,= 4.4 Hz, NH), 4.40
(dd, 2H,J = 5.8, 14.7 Hz, H-6), 4.08-4.02 (m, 1H, H-2), 3@ 3H, OMe), 3.66 (s, 3H,
OMe), 1.99 (ddd, 1HJ) = 4.7, 8.1, 13.2 Hz, H-3), 1.90-1.75 (m, 2H, H-43)41.04 (d, 3H,

= 6.4 Hz, H-5), 0.95 (d, 3H,= 6.4 Hz, H-5).

13C NMR (CDCls, 100.6 MHz): 8 (ppm) 172.2 (C-1), 151.0 (C-c), 149.0(C-a), 14&A4n,
C-d), 148.3 (C-m), 130.2 (C-i), 130.1 (C-k), 129GH), 125.3 (C-g), 119.8 (C-h), 119.0 (C-
e), 118.7 (C-j), 111.0 (C-I), 110.6 (C-0), 100.2H; 57.1 (C-2), 55.8 (OMe), 55.6 (OMe),
43.2 (C-6), 42.3 (C-3), 25.3 (C-4), 23.1 (C-5),2(C-5).

N-(4-chlorobenzyl)-2-(quinolin-4-ylamino)butanamide(l1-25)

EOWEe
- aNH. A
Ob| X g
¢ N/d f

This compound was synthesized according to thergepeocedure 11-B, using 1.0 mmol of
isocyanide. The desired product was isolated ifolypeld (40 mg).

Mol. Wt.: 353.85, Nature: white solid.

HRMS: Calcd. for GoH20CIN3O : 353.1295, Found : 353.1300

M.P. = 96-97°C

IR : 3277, 3262, 2964, 2933, 1659, 1617, 1579, 1529511395, 1346, 1266, 1141, 1089,
1013 cnt*

'H NMR (CDCl 3, 400 MHz): 8 (ppm) 8.45 (d, 1H) = 5.4 Hz, H-c), 7.92 (d, 1H,= 8.4 Hz,
H-h), 7.88 (d, 1H, = 8.3 Hz, H-e), 7.61-7.57 (m, 1H, H-g), 7.55 (d,, IH 3.6 Hz, NH),
7.44-7.38 (m, 1H, H-f), 7.17 (d, 2H,= 8.4 Hz, H-k), 7.09 (d, 2H] = 8.4 Hz, H-I), 6.35 (d,
1H, J = 5.4 Hz, H-b), 5.89 (br d, 1H,= 5.3 Hz, NH), 4.44 (dd, 1H = 6.0, 15.0 Hz, H-5),
4.37 (dd, 1H,J = 6.0, 15.0 Hz, H-5), 4.11-4.05 (m, 1H, H-2), 2208 (m, 1H, H-3), 2.03-
1.94 (m, 1H, H-3), 1.08 (t, 3H,= 7.4 Hz, H-4).

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 172.1 (C-1), 150.4 (C-c), 148.9 (C-a), 14C),
136.5 (C-e), 133.1 (C-m), 129.5 (C-i), 129.2 (C4p8.9 (C-I), 128.6 (C-k), 125.1 (C-g),
119.7 (C-h), 116.7 (C-j), 99.8 (C-b), 59.0 (C-23,8(C-5), 26.3 (C-3), 10.3 (C-4).
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2-(allyl(2-(trifluoromethyl)quinolin-4-yl)amino)- N-cyclohexyl-4-methyl- pentanamide
(11-26)

This compound was synthesized according to thergepeocedure 1I-C, using 1.5 mmol of
isocyanide. The desired product was isolated ifoAdeld (480 mg).

Mol. Wt.: 447.54, Nature: White solid.

HRMS: Calcd. for GsH3oF3N3O : 447.2497, Found : 447.2496.

M.P. = 105-106°C

l.R. (thin film): 2933, 2857, 1652, 1582, 1509,1402, 1336, 1277, ,11B34, 1096 cih

'H NMR (CDCl 3, 400 MHz): § (ppm) 8.20 (d, 1HJ = 8.3 Hz, H-e), 8.02 (d, 1H,= 8.3 Hz,
H-h), 7.76 (ddd, 1HJ) = 1.2, 6.9, 8.3 Hz, H-f), 7.58 (ddd, 18i= 1.2, 6.9, 8.3 Hz, H-g), 7.19
(s, 1H, H-b), 6.43 (br d, 1H] = 8.2 Hz, NH), 5.78 (tdd, 1H] = 5.2, 10.4, 17.0 Hz, H-7),
5.24-5.16 (m, 2H, H-8), 4.34 (t, 1H,= 7.0 Hz, H-2), 4.21 (dd, 1H = 5.2, 17.0 Hz, H-6),
3.91-3.80 (m, 2H, H-6, H-9), 2.07 (ddd, 1Hs 7.0, 8.3, 14.5 Hz, H-3), 1.97-1.82 (m, 2H, H-
cy), 1.78-1.57 (m, 4H, H-cy, H-3, H-4), 1.53-1.48,(1H, H-cy), 1.43-1.29 (m, 2H, H-cy),
1.19-1.00 (m, 3H, H-cy), 0.78 (d, 38z 6.6 Hz, H-5), 0.50 (d, 3H,= 6.6 Hz, H-5).

13C NMR (CDCl3, 100.6 MHz):8 (ppm) 169.6 (C-1), 155.7 (C-a), 149.1 (C-d), 14@Qc.

r = 34.0 Hz, C-c), 132.5 (C-7), 131.3 (C-e), 130.2f\C127.4 (C-g), 124.1 (C-i), 122.8 (C-
h), 121.6 (qJc.r = 277.6 Hz, CF), 118.4 (C-8), 107.1 (dlcr = 1.8 Hz, C-b), 66.4 (C-2),
48.9 (C-6), 48.2 (C-9), 38.7 (C-3), 33.1 (C-cy),BRC-Cy), 25.3 (C-4), 24.5 (C-5), 22.7 (C-
5), 21.6 (C-5).

2-(allyl(2-(trifluoromethyl)quinolin-4-yl)amino)- N-cyclohexylbutanamide (11-27)

4
H 3
g N > N/S\%7
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This compound was synthesized according to thergepeocedure 1I-C, using 1.0 mmol of
isocyanide. The desired product was isolated if38eld (160 mg).

Mol. Wt.: 419.4831, Nature: oil.

HRMS: Calcd. for GsH2gF3N3O : 419.2184, Found : 419.2193

I.R. (thin film): 3295, 3075, 2933, 2857, 1649, 1586, 1509, 14571,14836, 1277, 1186,
1134, 919, 767 cth

'H NMR (CDCl 3, 400 MHz): & (ppm)8.20 (d, 1H,J = 8.4 Hz, H-e), 8.04 (d, 1H,= 8.4 Hz,
H-h), 7.77 (ddd, 1H) = 1.3, 6.9, 8.4 Hz, H-f), 7.59 (ddd, 18i= 1.2, 6.9, 8.4 Hz, H-g), 7.24
(s, 1H, H-b), 6.30 (br d, 1H,= 8.0 Hz, NH), 5.78 (tdd, 1H,= 5.4, 10.6, 17.1 Hz, H-6), 5.23
-5.16 (m, 2H, H-7), 4.23 (dd, 1H,= 5.3, 17.1 Hz, H-5), 4.17 (dd, 1B= 6.5, 7.7 Hz, H-2),
3.92-3.79 (m, 2H, H-5, H-8), 2.29-2.17 (m, 1H, H-3)96-1.82 (m, 3H, H-3, H-cy), 1.68-
1.56 (m, 4H, H-cy), 1.42-1.32 (m, 2H, H-cy), 1.1BA (m, 2H, H-cy), 0.86 (t, 3H = 7.5
Hz, H-4).

13C NMR (CDCl3, 100.6 MHz):8 (ppm) 169.4 (C-1), 156.1 (C-a), 149.2 (C-d), 14@,0c.
r= 34 Hz, C-c), 132.5 (C-6), 131.3 (C-e), 130.3 JCiR7.5 (C-g), 124.2 (C-i), 122.9 (C-4),
121.5 (d,Jc.r = 275.0 Hz, Cf), 118.5 (C-7), 107.5 (dlc.r = 1.7 Hz, C-b), 69.8 (C-2), 49.3
(C-5), 48.2 (C-8), 33.2 (C-cy), 32.9 (C-cy), 25@¢y), 24.6 (C-cy), 25.5 (C-cy), 23.2 (C-3),
11.8 (C-4).

2-(allyl(2-(trifluoromethyl)quinolin-4-yl)amino)-2- (4-chlorophenyl)-N-cyclohexylacet-
amide (11-28)

This compound was synthesized according to thergepeocedure 1I-C, using 1.0 mmol of
isocyanide. The desired product was isolated ifloAgeld (150 mg).

Mol. Wt.: 501.97, Nature: white solid.

HRMS: Calcd. for G/H27CIF3N3O : 501.1795, Found : 501.1794.

M.P. = 168 - 169C
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I.R. (thin film): 3294, 3072, 2933, 2857, 1652, 1582, 1509, 1499118343, 1252, 1183,
1141, 1092 cil

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.25 (d, 1HJ = 8.3 Hz H-e), 8.20 (d, 1Hl = 8.3 Hz
H-h), 7.83 (ddd, 1HJ = 1.3, 6.9, 8.3 Hz, H-f), 7.69 (ddd, 1Bi= 1.1, 6.9, 8.3 Hz, H-g), 7.33
(dd, 2H,J = 1.8, 8.5 Hz, H-l), 7.21 (dd, 2H,= 1.8, 8.5 Hz, H-k), 7.15 (s, 1H, H-b), 6.37-
6.35 (br d, 1H,J = 8.5 Hz, NH), 5.65-5.67 (m, 1H, H-4), 5.26 (s,, H42), 5.14 (dd, 1H) =
1.0, 10.3 Hz, H-5), 5.01 (dd, 1= 1.0, 17.2 Hz, H-5), 3.87 (dd, 18~ 5.5, 16.0 Hz, H-3),
3.81-3.70 (m, 1H, H-6), 3.68 (dd, 1Bi= 6.4, 16.0 Hz, H-3), 1.86-1.78 (m, 1H, H-cy), .73
1.42 (m, 4H, H-cy), 1.37-1.22 (m, 2H, H-cy), 1.144 (m, 2H, H-cy), 0.93-0.83 ( m, 1H, H-
cy).

13C NMR (CDCl3, 100.6 MHz):8 (ppm) 167.8 (C-1), 155.4 (C-a), 149.0 (C-d), 148l Q).
r= 34.3 Hz, C-c), 134.5 (C-j), 133.5 (C-4), 131.3r(§, 131.7 (C-e), 130.6 (C-f), 129.9 (C-
1), 128.9 (C-k), 128.3 (C-g), 124.8 (C-h), 122.8i}C121.5 (d,Jc.r = 276.0 Hz, CE), 119.6
(C-4), 109.2 (dJc.r = 2.0 Hz, C-b), 70.6 (C-2), 52.3 (C-3), 48.1 (C-83.9 (C-cy), 32.5 (C-
cy), 25.5 (C-cy), 24.5 (C-cy), 24.3 (C-cy).

N-cyclohexyl-2-((2-methoxyethyl)(2-(trifluoromethyl)quinolin-4-yl)amino)-4-
methylpentanamide (11-29)
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This compound was synthesized according to thergepeocedure 1I-C, using 1.0 mmol of
isocyanide. The desired product was isolated ifoAgeld (210 mg).

Chemical Formula: §gH34F3N30,

Mol. Wt.: 465.5516, Nature: oil.

HRMS: Calcd. for GsHz4F3N30, : 465.2603, Found : 465.2603

l.R. (thin film): 3319, 3065, 2930, 2857, 1659, 1586, 1509, 14129,18280, 1176, 1134,
1108, 936, 766 cth

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.37 (br d, 1H] = 7.9 Hz, NH), 8.19 (d, 1H] = 8.3
Hz, H-e), 8.00 (d, 1HJ = 8.3 Hz, H-h), 7.75 (ddd, 1H,= 1.1, 6.9, 8.3 Hz, H-f), 7.4 (ddd,
1H,J= 1.1, 6.9, 8.3 Hz, H-f), 7.14 (s, 1H, H-b), 4.3®(1H,J = 4.3, 10.2 Hz, H-2), 3.92
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(ttd, 1H,J = 3.6, 7.9, 11.6 Hz, H-8), 3.85-3.78 (m, 1H, H-8)71-3.67 (m, 1H, H-6), 3.59-
3.53 (m, 1H, H-7), 3.50-3.42 (m, 1H, H-7), 3.24 (3HOCH), 2.02-1.92 (m, 2H, H-3, Hcy),
1.82-1.64 (m, 5H, H-cy, H-3), 1.47-1.37 (m, 3H, ¥-&i-4), 1.32-1.17 (m, 3H, H-cy), 0.76
(d, 3H,J = 6.6 Hz, H-5), 0.28 (d, 3H),= 6.6 Hz, H-5).

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 170.7 (C-1), 156.0 (C-a), 149.3 (C-d), 14%5c.

£ = 34.0 Hz, C-c), 131.0 (C-e), 130.4 (C-f), 127.2q)C 124.3 (C-i), 123.2 (C-h), 121.6 (q,
Jor = 277.6 Hz, CE), 105.0 (dJo.r = 34.0 Hz, C-b), 67.7 (C-7), 66.9 (C-2), 58.8 (QFH
48.6 (C-8), 45.8 (C-6), 39.4 (C-3), 33.5 (C-cy),BL-cy), 25.6 (C-cy), 25.2 (C-4), 25.1 (C-
cy), 25.0 (C-cy), 23.2 (C-5), 20.5 (C-5).

2-(4-chlorophenyl)N-cyclohexyl-2-((2-methoxyethyl)(2-(trifluoromethyl) quinolin-4-yl)
amino)acetamide (11-30)

H
Cr
h
O A
b/l o
Cl £
FsC~ N7

This compound was synthesized according to thergepeocedure 1I-C, using 1.0 mmol of
isocyanide. The desired product was isolated ifc3@eld (200 mg).

Mol. Wt.: 519.99, Nature: Pale yellow solid.

HRMS: Calcd. for G/H29CIF3N3O; : 519.1900, Found : 519.1935.

M.P. = 175-176°C

.R. (thin film): 2933, 2857, 1652, 1537, 1388, 1346, 1277, 118811105, 1016 cih

'H NMR (CDCl 5, 400 MHz): § (ppm) 8.54 (d, 1HJ = 8.1 Hz, NH), 8.17 (d, 1H] = 8.3 Hz,
H-e), 8.05 (d, 1H, = 8.3 Hz, H-h), 7.77-7.72 (m, 1H, H-f), 7.59-7.54, (LH, H-g), 7.17 (d,
2H, J = 8.4 Hz, H-1), 6.90 (s, 1H, H-b), 6.78 (d, 28 8.4 Hz, H-k), 5.28 (s, 1H, H-2), 4.05-
3.94 (m, 1H, H-5), 3.37-3.33 (M, 2H, H-4), 3.1838l, OCHy), 3.17-3.11 (m, 1H, H-3), 3.00
(d, 1H,J = 15.0 Hz, H-3), 2.08-1.97 (m, 2H, H-cy), 1.78-1(70, 2H, H-cy), 1.67-1.58 (m,
1H, H-cy), 1.45-1.33 (m, 2H, H-cy), 1.30-1.10 (nh},3H-cy).

13C NMR (CDCl3, 100.6 MHz):8 (ppm) 168.0 (C-1), 155.3 (C-a), 149.4 (C-d), 1458

£ = 34.0 Hz, C-c), 134.1 (C-m), 133.7 (C-j), 131.1€) 130.8 (C-f), 130.2 (C-I), 128.6 (C-
k), 128.1 (C-g), 124.8 (C-i), 123.1 (C-h), 121.5Jgr = 275.7 Hz, CE), 106.6 (dJc.r= 1.9

210



pastel-00739959, version 1 - 9 Oct 2012

Experimental Part : Chapter 2

Hz, C-b), 72.3 (C-2), 68.0 (C-4), 58.8 (Og)H48.6 (C-5), 47.6 (C-3), 33.2 (C-cy), 32.0 (C-
cy), 25.6 (C-cy), 25.0 (C-cy).

2-(allyl(2-(trifluoromethyl)quinolin-4-yl)amino)- N-(4-methoxybenzyl)-4-
methylpentanamide (11-31)

This compound was synthesized according to thergepeocedure 1I-C, using 1.5 mmol of
isocyanide. The desired product was isolated if68eld (502 mg).

Mol. Wt.: 485.54, Nature: Pale yellow solid.

HRMS: Calcd. for G7H30F3N3O2: 485.2290, Found : 485.2287.

M.P. = 108-109C

l.R. (thin film): 3065, 2957, 2874, 2839, 1659, 1586, 1513, 1464514839, 1249, 1179,
1134, 1030 cil

'H NMR (CDCl 3, 400 MHz): 8 (ppm) 8.16 (d, 1H) = 8.4 Hz, H-e), 7.94 (d, 1H,= 8.4 Hz,
H-h), 7.60 (ddd, 1H) = 1.3, 6.9, 8.4 Hz, H-f), 7.52 (ddd, 1Bi= 1.3, 6.9, 8.4 Hz, H-g), 7.16
(s, 1H, H-b), 7.14 (d, 2H] = 8.5 Hz, H-k), 6.83 (d, 2H] = 8.5 Hz, H-), 6.70 (br t, 1H] =
5.5 Hz, NH), 5.69 (tdd, 1H] = 5.0, 10.5, 16.5 Hz, H-7), 5.14-5.06 (m, 2H, H-8}9-4.34
(m, 3H, H-9, H-2), 4.19 (dd, 1H,= 5.0, 16.5 Hz, H-6), 3.85-3.80 (m, 1H, H-6), 3(893H,
OCHy), 2.12 (td , 1HJ = 6.9, 13.9 Hz, H-3), 1.75 (td , 1H= 6.9, 13.9 Hz, H-3), 1.57-1.44
(m, 1H, H-4), 0.80 (d, 3H] = 6.5 Hz, H-5), 0.55 (d, 3H,= 6.5 Hz, H-5).

¥C NMR (CDCl3, 100.6 MHZ):5 (ppm) 170.6 (C-1), 159.1 (C-m), 155.6 (C-a), 14@1d),
147.8 (gJc.r = 33.8 Hz, C-c), 132.4 (C-7), 131.3 (C-e), 13@3), 129.9 (C-j), 129.1 (C-k),
127.0 (C-g), 124.4 (C-i), 122.8 (C-h), 121.5 Jg¢ = 275.7 Hz, CF), 118.6 (C-8), 114.1 (C-
), 107.1 (c.r= 1.8 Hz, C-b), 66.2 (C-2), 55.3 (OGH 49.2 (C-6), 43.2 (C-9), 38.8 (C-3),
25.3 (C-4), 22.6 (C-5), 21.8 (C-5).
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2-(allyl(2-(trifluoromethyl)quinolin-4-yl)amino)- N-(tert-butyl)-4-methylpentanamide
(11-32)

This compound was synthesized according to thergepeocedure 1I-C, using 1.1 mmol of
isocyanide. The desired product was isolated ifolyleld (70 mg).
Mol. Wt.: 421.4990, Nature: oil.

HRMS: Calcd. for GsH3pF3N3O @ 421.2341, Found : 421.2339

I.R. (thin film): 3395, 2961, 2930, 2871, 1680, 1583, 1506, 14604,18881, 1184, 1139,
1093, 931, 766, 734 chn

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.20 (d, 1HJ = 8.3 Hz, H-e), 8.03 (d, 1H,= 8.3 Hz,
H-h), 7.77 (ddd, 1HJ = 1.1, 6.9, 8.3 Hz, H-f), 7.60 (ddd, 18= 1.1, 6.9, 8.3 Hz, H-g), 7.18
(s, 1H, H-b), 6.36 (br s, 1H, NH), 5.78 (ddt, 1Hs 5.2, 10.4, 17.0 Hz, H-7), 5.24-5.15 (m,
2H, Hz, H-8), 4.26 (t, 1HJ) = 7.0 Hz, H-2), 4.19 (dd, 1H,= 5.1, 17.0 Hz, H-6), 3.83 (dd,
1H, 1H,J = 5.1, 17.0 Hz, H-6), 2.10-2.01 (m, 1H, H-3), 1746 (m, 1H, H-3), 1.52-1.45
(m, 1H, H-4), 1.34 (s, 9H, H-10), 0.78 (d, 3H5= 6.6 Hz, H-5), 0.53 (d, 3H,= 6.6 Hz, H-
5).

13C NMR (CDCl3, 100.6 MHz):8 (ppm) 169.9 (C-1), 155.7 (C-a), 149.1 (C-d), 14B.8)c.

r = 34.0 Hz, C-c), 132.5 (C-7), 131.3 (C-e), 130.3f\CL27.4 (C-g), 124.0 (C-i), 122.7 (C-
h), 121.0 (9Jc.r= 276.0 Hz, Cf), 118.4 (C-8), 107.1 (dc-r= 1.9 Hz C-b), 66.8 (C-2), 51.5
(C-9), 49.0 (C-6), 38.6 (C-3), 28.7 (C-10), 25@-4), 22.7 (C-5), 21.8 (C-5).

N-(tert-butyl)-2-((2-methoxyethyl)(2-(trifluoromethy l)quinolin-4-yl)amino)-4-
methylpentanamide (11-33)
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This compound was synthesized according to thergepeocedure 1I-C, using 1.0 mmol of
isocyanide. The desired product was isolated if2deld (94 mg).
Mol. Wt.: 439.5143, Nature: oil.

HRMS: Calcd. for GsH32F3N3O, : 439.2447, Found : 439.2441

I.R. (thin film): 3332, 2961, 2871, 1665, 1579, 1461, 1360, 1274Z4,12183, 1138, 1113,
936, 769 crit

'H NMR (CDCl3, 400 MHz): & (ppm) 8.17 (d, 1H) = 8.4 Hz, H-e), 8.08 (br s, 1H, NH),
8.03 (d, 1HJ = 8.4 Hz, H-h), 7.79-7.73 (m, 1H, H-g), 7.58-7.53, (LH, H-f), 7.14 (s, 1H, H-
b), 4.29 (dd, 1HJ = 4.5, 9.9 Hz, H-2), 3.83-3.75 (m, 1H, H-6), 3.66B( m, 1H, H-7),
3.57-3.53 (m, 1H, H-7), 3.47-3.40 (m, 1H, H-6),B($, 3H, -OCH), 1.96 (ddd, 1H,) = 4.5,
10.2, 14.5 Hz, H-3), 1.74 ( ddd, 1Bi= 4.5, 9.9, 14.44 Hz, H-3), 1.46 (s, 9H, H-9), 11328
(m, 1H, H-4), 0.72 (d, 3H] = 6.6 Hz, H-5), 0.28 (d, 3H,= 6.6 Hz, H-5).

13C NMR (CDCl3, 100.6 MHz):8 (ppm) 171.1 (C-1), 155.9 (C-a), 149.2 (C-d), 140.5)c.

r = 33.8 Hz, C-c), 131.0 (C-e), 130.4 (C-f), 127.2¢)¢ 124.4 (C-i), 123.2 (C-h), 121.6 (q,
Jcr=275.4 Hz, CF), 105.3 (dJc.r = 2.0Hz, C-b), 67.5 (C-2), 67.3 (C-7), 58.8 (Of;+51.4
(C-8), 45.9 (C-6), 39.1 (C-3), 28.6 (C-9), 25.345;23.1 (C-5), 20.6 (C-5).

N-(4-chlorobenzyl)-4-methyl-2-((2-(trifluoromethyl)quinolin-4-yl)amino) pentanamide

(11-34)
5
clum ! 4
k 3
\©j\6/n 12
NH
a] . h
b

(0] N g

D)

FsC~ N7

This compound was synthesized according to thergepeocedure 11-B, using 1.0 mmol of
isocyanide. The desired product was isolated ifoAseld (200 mg).

Mol. Wt.: 449.90, Nature: oil.

HRMS: Calcd. for GzH23CIFsN3O : 449.1482, Found : 449.1482

M.P. =148 - 149C

IR : 3280, 3236, 2957, 2360, 2336, 1665, 1593, 1546111290, 1179, 1138 ¢

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.08 (d, 1HJ = 8.3 Hz, H-h), 7.80 (d, 1H,= 8.3 Hz,
H-e), 7.72 (ddd, 1H) = 1.1, 7.0, 8.3 Hz, H-f), 7.55 (ddd, 1Bi= 1.1, 7.0, 8.3 Hz, H-g), 7.24
(d, 2H,J = 8.4 Hz, H-k), 7.11 (d, 2H] = 8.4 Hz, H-I), 6.68 (s, 1H, H-b), 6.60 (br t, 1H+
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5.8 Hz, NH), 5.59 (d, 1HJ = 5.4 Hz, NH), 4.46 (dd, 1H] = 5.8, 14.9 Hz, H-6), 4.40 (dd,
1H, J = 5.8, 14.9 Hz, H-6), 4.16-4.09 (m, 1H, H-2), 2094 (m, 1H, H-3), 1.89-1.79 (m,
2H, H-4, H-3), 1.05 (d, 3H] = 6.3 Hz, H-5), 0.96 (d, 3H,= 6.3 Hz, H-5).

13C NMR (CDCl3, 100.6 MHz):8 (ppm) 171.7 (C-1), 150.0 (C-a), 148.7 Jd; 33.7 Hz, C-
c), 147.4 (C-d), 136.0 (C-m), 133.5 (C-i), 130.9€); 130.5 (C-f), 128.9 (C-,C-k), 127.0 (C-
g), 121.6 (9J = 277.0 Hz, CR), 119.0 (C-h), 118.6 (C-j), 95.2 (d= 2.3 Hz, C-b), 57.6 (C-
2), 42.8 (C-6), 42.3 (C-3), 24.3 (C-4), 22.0 (C-5),9 (C-5).

N-(3,4-dimethoxybenzyl)-4-methyl-2-((2-(trifluorometyl)quinolin-4-
yl)amino)pentanamide (11-35)

MeO.m ! K 3
Jl K
MeO NH

N .2
° 6 al] . h
Ob Xy g

= f
F3C N d -

This compound was synthesized according to thergepeocedure 11-B, using 1.0 mmol of
isocyanide. The desired product was isolated ir#@yield (175 mg).

Mol. Wt.: 475.50, Nature: white solid.

HRMS: Calcd. for GsH2gCIFsN3O3 : 475.2083, Found : 475.2085

M.P. = 154-155C

IR : 3305, 2957, 1659, 1593, 1579, 1516, 1461, 1426311134, 1026 cth

'H NMR (CDCl 3, 400 MHz): § (ppm) 8.10 (d, 1HJ = 8.4 Hz, H-e), 7.81 (d, 1H,= 8.3 Hz,
H-h), 7.74 (t, 1HJ = 7.4 Hz, H-g), 7.56 (t, 1H] = 7.4 Hz, H-f), 6.77-6.67 (m, 4H, H-I, H-k,
H-b, H-0), 6.48-6.42 (br s, 1H, NH), 5.60 (d, 1Hz 5.2 Hz, NH), 4.46-4.35 (m, 2H, H-6),
4.12 (td, 1HJ = 5.2, 8.3 Hz, H-2), 3.83 (s, 3H, OQH3.74 (s, 3H, OCH), 2.02-1.95 (m,
1H, H-3), 1.90-1.77 (m, 2H, H-4, H-3), 1.05 (d, ,3H= 6.3 Hz, H-5), 0.96 (d, 3H] = 6.3
Hz, H-5).

13C NMR (CDCl3, 100.6 MHz): 8 (ppm) 171.5 (C-1), 150.1 (C-a), 149.0 (C-m), 14818

= 33.7 Hz, C-c), 148.5 (C-n), 147.4 (C-d), 130.8f(CL30.5 (C-e), 130.0 (C-j), 126.9 (C-g),
124.1 (q,J = 285.2 Hz CE), 119.9 (C-h), 119.1 (C-I), 118.7 (C-i), 111.1 k§5-110.8 (C-0),
95.2 (d,J = 2.1 Hz, C-b), 56.6 (C-2), 55.8 (OGH55.7 (OCH), 43.5 (C-6), 42.3 (C-3), 25.2
(C-5), 23.0 (C-5), 21.9 (C-4).
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N-(4-chlorobenzyl)-2-((2-(trifluoromethyl)quinolin-4-yl)amino)butanamide (11-36)

Clm\(;IVH 5 4

NI N\ﬁ/z(NH h
N0

FaC” Na T f

This compound was synthesized according to thergepeocedure 11-B, using 1.0 mmol of

isocyanide. The desired product was isolated ifoAgeld (200 mg).

Mol. Wt.: 421.84, Nature: white solid.

HRMS: Calcd. for GiH19CIFsN3O : 421.1169, Found : 421.1168

M.P. = 125-126°C

IR : 3291, 3065, 2971, 2933, 1655, 1589, 1575, 1580911290, 1176, 1138, 1089 ¢m

'H NMR (CDCl 3, 400 MHz): 5 (ppm) 8.05 (t, 1HJ = 7.6 Hz, H-h), 7.85 (d, 1H} = 8.5 Hz,

H-e), 7.74-7.67 (m, 1H, H-f), 7.58-7.51 (m, 1H, H-@.25 (dd, 2H, = 1.8, 8.0 Hz, H-k),

7.14 (d, 2H,J = 8.0 Hz, H-l), 6.72-6.55 (m, 2H, H-b, NH), 5.90, (H, J = 5.6 Hz, NH),

4.53-4.39 (m, 2H, H-5), 4.12 (dd, 1Bi= 5.8, 11.8 Hz, H-2), 1.95 (dq, 2d= 7.0, 14.2 Hz,

H-3), 1.08 (t, 3H,) = 7.0 Hz, H-4).

13C NMR (CDCl3, 100.6 MHz):8 (ppm) 171.0 (C-1), 150.0 (C-a), 148.7 Jg; 34.6 Hz C-

c), 147.5 (C-d), 136.0 (C-j), 133.5 (C-m), 130.7€); 130.4 (C-f), 129.0 (C-I), 128.9 (C-k),

126.9 (C-g), 121.7 (q1 = 275.6 Hz, CFk), 119.2 (C-h), 118.7 (C-i), 95.1 (d= 2.3 Hz, C-b),

58.4 (C-2), 42.9 (C-5), 26.2 (C-3), 9.9 (C-4).

Pyridine-4-thiol (11-37)

To a solution of 4-hydroxypyridine (500 mg, 5.2 mjna pyridine (10ml) was added,&
(1.15 gm, 5.2 mmol, 1.0 equiv.) in small portiongthwin 5 min, at 25°C, the resulting
mixture was heated at 10Q for 2 hrs. then , the heating was stopped, wabsr added and
the resulting mixture was stirred for 30 min. Tlgueous layer was extracted with diethyl

ether (4 X 25ml), and the combined organic phasesewashed with aqueous saturated
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NaCl Solution, dried over MgS{and volatiles removed in vacuum. The crude prochas
purified by flash chromatography on silica gel w@hkCl, as an eluent.
Yield : 500mg, Yield =90 %

Nature: yellow solid

M.P. = 177-178C

.R. (thin film): 3434, 3192, 3099, 2848, 1611, 1477, 1279, 12010,11018, 796 cih

'H NMR (CDCl 3, 400 MHz): § (ppm) 8.75 (dd, 2H) = 1.3, 5.3 Hz, H-c), 7.54 (dd, 2K =
1.3, 5.3 Hz, H-b).

2-(allyl(pyridin-4-yl)amino)- N-cyclohexyl-4-methylpentanethioamide (11-38)

This compound was synthesized according to thergepeocedure II-D, using 1.0 mmol of
isocyanide. The desired product was isolated if3@deld (300 mg).

Mol. Wt.: 345.55, Nature: white solid.

HRMS: Calcd. for GoH31N3S : 345.2239, Found : 345.2228.

M.P. = 165-166°C

I.R. (thin film): 2933, 2852, 1598, 1545, 1509, 1450, 1387, 123%),11H09 crit

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.27 (dd, 2HJ = 1.3, 5.1 Hz, H-c), 7.86 (d, 1H,=
6.5 Hz, NH), 6.60 (dd, 2H] = 1.3, 5.1 Hz, H-b), 5.91 (tdd, 1H,= 5.4, 10.6, 16.0 Hz, H-7),
5.34-5.22 (m, 2H, H-8), 4.50 (dd, 1bl= 4.4, 9.8 Hz, H-2), 4.40-4.29 (m, 1H, H-9), 4.08-
3.94 (m, 2H, H-6), 2.46 (ddd, 1H,= 4.4, 9.8, 14.3 Hz, H-3), 1.99-1.89 (m, 2H, H-4c¥),
1.84 (ddd, 1HJ) = 4.4, 9.8, 14.3 Hz, H-3), 1.66-1.54 (m, 4H, H-cy}%1-1.30 (m, 2H, H-cy),
1.16-1.02 (m, 3H, H-cy), 0.92 (d, 38l= 6.6, Hz, H-5), 0.88 (d, 3H,= 6.6, Hz, H-5).

13C NMR (CDCl3, 100.6 MHz):5 (ppm)200.5 (C-1), 153.0 (C-a), 150.2 (C-c), 132.8 (C-7),
119.0 (C-8), 108.8 (C-b), 69.0 (C-2), 53.9 (C-9,A(C-6), 40.9 (C-3), 31.3 (C-cy), 31.1 (C-
cy), 25.4 (C-4), 25.3 (C-cy), 24.4 (C-cy), 23.25%%-21.5 (C-5).
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2-(allyl(pyridin-4-yl)amino)- N-(4-chlorobenzyl)-4-methylpentanethioamide (11-39)

This compound was synthesized according to thergepeocedure II-D, using 1.0 mmol of
isocyanide. The desired product was isolated if5peld (219 mg).

Mol. Wt.: 387.97, Nature: white solid.

HRMS: Calcd. for GiH26CIN3S : 387.1536, Found : 387.1525.

M.P. =176 - 177C

I.R. (thin film): 2958, 1599, 1540, 1510, 1489, 1404, 1385, 12319,11®01 crit

'H NMR (CDCl3, 400 MHz): & (ppm) 9.75 (br s, 1H, NH), 7.98 (d, 2BI= 6.4 Hz, H-c),
7.20 (d, 2H,J = 8.3 Hz, H-e), 7.10 (d, 2H], = 8.3 Hz, H-f), 6.55 (d, 2H) = 6.4 Hz, H-b),
5.77 (tdd, 1HJ = 5.0, 10.4, 16.0 Hz, H-7), 5.16-5.07 (m, 2H, H&83-4.73 (m, 2H, H-9),
4.63 (t, 1HJ = 7.0 Hz, H-2), 4.19 (dd, 1H,= 5.0, 16.0 Hz H-6), 4.03 (dd, 1H= 5.0, 16.0
Hz, H-6), 2.33 (ddd, 1H] = 6.0, 7.0, 14.0 Hz, H-3), 1.79 (ddd, 1Hs 6.0, 7.0, 14.0 Hz, H-
3), 1.68-1.57 (m, 1H, H-4), 0.92 (d, 387 6.5 Hz, H-5), 0.89 (d, 3H},= 6.5 Hz, H-5).

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 203.1 (C-1), 153.2 (C-a), 149.7 (C-c), 13€C&d),
133.8 (C-g), 133.0 (C-7), 129.5 (C-f), 128.9 (CHE)8.3 (C-8), 108.6 (C-b), 67.4 (C-2), 49.0
(C-6), 48.5 (C-9), 41.2 (C-3), 25.3 (C-4), 22.951,21.9 (C-5).

N-cyclohexyl-2-((2-methoxyethyl)(pyridin-4-yl)amino}4-methyl-pentanethioamide
(11-40)

4 5
H,i ¢ 7_0M
e
a
s, 2
C\l
N

This compound was synthesized according to thergepeocedure II-D, using 1.0 mmol of
isocyanide. The desired product was isolated if5seld (200 mg).
Mol. Wt.: 363.56, Nature: Pale brown solid.
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HRMS: Calcd. for GoH33N30 : 363.2344, Found : 363.2340.

M.P. = 124-125C

l.R. (thin film): 2933, 2852, 1641, 1591, 1537, 1506, 1448, 13447 1PP64, 1105 cih

'H NMR (CDCl 3, 400 MHz): & (ppm) 9.39 (br d, 1H] = 7.2 Hz, NH), 8.27 (dd, 2H),= 1.4,
5.1 Hz, H-c), 6.58 (dd, 2H] = 1.4, 5.1 Hz, H-b), 4.45-4.35 (m, 1H, H-8), 4.8®@,(1H,J =
3.4, 10.9 Hz, H-2), 3.86-3.69 (m, 2H, H-7), 3.68&8(m, 2H, H-6), 3.38 (s, 3H, OG}
2.45-2.35 (m, 1H, H-3), 2.01-1.88 (m, 3H, H-3, HHicy), 1.74-1.61 (m, 3H, H-cy), 1.54-
1.44 (m, 1H, H-cy), 1.40-1.28 (m, 2H, H-cy), 1.1@® (m, 3H, H-cy), 0.91 (d, 3H, = 6.6
Hz, H-5), 0.87 (d, 3H] = 6.6 Hz, H-5).

3C NMR (CDCl3, 100.6 MHz):5 (ppm)201.6 (C-1), 152.4 (C-a), 150.1 (C-c), 109.6 (C-b),
71.7 (C-2), 69.1 (C-7), 58.8 (OGH 54.4 (C-6), 41.1 (C-8), 31.3 (C-3), 33.2 (C-25,5 (C-
cy, C-4), 24.8 (C-cy), 23.5 (C-5), 21.0 (C-5).

N-cyclohexyl-4-methyl-2-(phenethyl(pyridin-4-yl)amino)pentanethioamide (11-41)

5

4
3 g
HZ/G\Q
7
a
")
|
N

This compound was synthesized according to thergepeocedure 11-D, using 2.0 mmol of
isocyanide. The desired product was isolated ifB@eld (488 mg).

Mol. Wt.: 409.63, Nature: Pale yellow solid.

HRMS: Calcd. for GsH3sNsS @ 409.2552, Found : 409.2547.

M.P. =173-174C

I.R. (thin film): 3200, 2930, 2857, 1600, 1513, 1450, 1363, 12704,1PP50, 1080 cih

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.30 (dd, 2HJ = 1.5, 5.0 Hz, H-c), 8.00 (br d, 18=
7.6 Hz, NH), 7.37 (t, 2H) = 7.3 Hz, H-f), 7.31-7.23 (m, 3H, H-e, H-g), 6.68!, 2H,J = 1.5,
5.0 Hz, H-b), 4.47-4.34 (m, 2H, H-2, H-8), 3.66-B.6n, 1H, H-6), 3.55-3.45 (m, 1H, H-6),
2.97-2.83 (m, 2H, H-7), 2.57 (ddd, 1Bi= 5.0, 9.0, 14.2 Hz, H-3), 2.00-1.91 (m, 2H, H-cy),
1.81 (ddd, 1H, = 5.0, 9.0, 14.2 Hz, H-3), 1.63-1.52 (m, 4H, H-ck}¥1-1.30 (m, 2H, H-cy),
1.13-1.04 (m, 3H, H-cy), 0.93 (d, 38l= 6.3 Hz, H-5), 0.92 (d, 3H,= 6.3 Hz, H-5).
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13C NMR (CDCl5, 100.6 MHz):8 (ppm) 199.9 (C-1), 152.6 (C-a), 150.4 (C-c), 13T&d),
129.0 (C-f), 128.5 (C-e), 127.0 (C-g), 108.6 (C8,1 (C-2), 53.9 (C-8), 48.7 (C-6), 40.4
(C-3), 34.1 (C-7), 31.1 (C-cy), 31.0 (C-cy), 25G-5), 25.2 (C-cy), 24.4 (C-cy), 23.1 (C-4),
21.9 (C-5).

N-cyclohexyl-4-methyl-2-(propyl(pyridin-4-yl)amino)pentanethioamide (11-42)

This compound was synthesized according to thergepeocedure II-D, using 2.0 mmol of
isocyanide. The desired product was isolated if5seld (380 mg).

Mol. Wt.: 347.56, Nature: Pale yellow solid.

HRMS: Calcd. for GoH33NsS : 347.2395, Found : 347.2404

M.P. = 157-158C

I.R. (thin film): 3166, 2930, 2866, 1596, 1509, 1434, 1231, 109% cm

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.26 (dd, 2H] = 1.4, 5.1 Hz, H-c), 7.81 (br d, 1=
7.1 Hz, NH), 6.51 (dd, 2Hl = 1.4, 5.1 Hz, H-b), 4.44-4.32 (m, 2H, H-2, H-9)38-3.15 (m,
2H, H-6), 2.56 (ddd, 1H] = 4.0, 9.6, 14.0 Hz, H-3), 1.99-1.90 (m, 2H, H-c}/)B84 (ddd, 1H,
J=4.0, 9.6, 14.0 Hz, H-3), 1.70-1.52 (m, 6H, H-47HH-cy), 1.43-1.30 (m, 2H, H-cy),
1.12-1.04 (m, 3H, H-cy), 0.98 (t, 3d= 7.4 Hz, H-8), 0.94-0.88 (m, 6H, H-5).

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 200.2 (C-1), 152.6 (C-a), 150.3 (C-c), 10&5h),
68.9 (C-2), 53.7 (C-9), 49.1 (C-6), 40.4 (C-3),B(1C-cy), 31.1 (C-cy), 25.5 (C-4), 25.2 (C-
cy), 24.3 (C-cy), 23.3 (C-5), 21.6 (C-5), 21.2 ({7-71.3 (C-8).
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2-(4-chlorophenyl)N-cyclohexyl-2-((2-methoxyethyl)(pyridin-4-yl)amino)
ethanethioamide (11-43)

This compound was synthesized according to thergepeocedure [I-D, using 1.0 mmol of
isocyanide. The desired product was isolated if3deld (140 mg).

Mol. Wt.: 418.00, Nature: Pale yellow solid.

HRMS: Calcd. for GoH25CIN3OS : 417.1642, Found : 417.1648.

M.P. = 96-97°C

[.R. (thin film): 2933, 2852, 1641, 1590, 1537, 1510, 1491, 1448514343, 1234, 1164
cm’

'H NMR (CDCl 3, 400 MHz): & (ppm)9.80 (br d, 1H,) = 8.0 Hz, NH), 8.26 (d, 2H] = 6.4
Hz, H-c), 7.30 (d, 2H) = 8.4 Hz, H-e), 7.10 (d, 2H,= 8.4 Hz, H-f), 6.62 (d, 2H] = 6.4 Hz,
H-b), 5.65 (s, 1H, H-2), 4.52-4.40 (m, 1H, H-5)8B:3.78 (m, 1H, H-4), 3.30 (s, 3H, OQH
3.29-3.25 (m, 1H, H-4), 3.22-3.17 (m, 1H, H-3),BD96 (m, 1H, H-3), 2.20-2.10 (m, 1H,
H-cy), 1.90-1.60 (m, 4H, H-cy), 1.40-1.23 (m, 2Hck), 1.20-0.99(m, 3H, H-cy).

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 198.5 (C-1), 153.1 (C-a), 150.2 (C-c), 13€&),
134.7 (C-g), 131.4 (C-f), 129.3 (C-e), 109.1 (C18,9 (C-2), 69.1 (C-4), 59.0 (OGK54.5
(C-5), 45.2 (C-3), 31.8 (C-cy), 31.3 (C-cy), 25G¢y), 25.0 (C-cy), 24.9 (C-cy).

2-(allyl(pyridin-4-yl)amino)-2-(4-chlorophenyl)-N-cyclohexylethanethioamide (I1-44)

Cl
g
f
e
H d
12 3
Sh SRS
a
S .
\N|C
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This compound was synthesized according to the rgepeocedure using II-D, mmol of
isocyanide. The desired product was isolated ifoAdeld (160 mg).

Mol. Wt.: 399.98, Nature: oil..

HRMS: Calcd. for GoH26CIN3S : 399.1536, Found : 399.1541

I.R. (thin film): 2961, 1592, 1543, 1507, 1481, 1400, 1391, 12264,11®38 crit

'H NMR (CDCl3, 400 MHz): & (ppm) 8.71 (br s, 1H, NH), 8.20 (d, 2Bi= 6.4 Hz, H-c),
7.30 (d, 2HJ = 8.1 Hz, H-e), 7.20 (d, 2H} = 8.1 Hz, H-f), 6.62 (d, 2H) = 6.4 Hz, H-b),
5.81 (tdd, 1HJ = 5.4, 10.6, 16.0 Hz, H-4), 5.65 (s, 1H, H-2), 5522 (m, 2H, H-5), 4.47-
4.36 (m, 1H, H-6), 3.91-3.83 (m, 2H, H-3), 2.112@n, 1H, H-cy), 1.93-1.85 (m, 1H, H-
cy), 1.74-1.54 (m, 3H, H-cy), 1.40-1.00 (m, 5H, ¥A-c

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 198.5 (C-1), 153.1 (C-a), 150.2 (C-c), 13€C&d),
133.5 (C-g), 132.9 (c-4), 131.1 (C-f), 128.9 (CE)7.9 (C-5), 108.6 (C-b), 73.7 (C-2), 53.9
(C-6), 49.3 (C-3), 40.3 (C-6), 31.5 (C-cy), 30.8¢Q, 25.2 (C-cy), 24.5 (C-cy), 24.3 (C-cy).

Quinoline-4-thiol (11-45)

®
P
N

To a solution of 4-hydroxyquinoline (300 mg, 2.1 oijnn pyridine (10ml) was added:$&
(466 mg, 2.1 mmol, 1.0 equiv.) in small portionghwin 5 min, at 25°C, the resulting
mixture was heated at 10Q for 2 hrs. then, the heating was stopped, water added and
the resulting mixture was stirred for 30 min. Tlgueous layer was extracted with diethyl
ether (4 X 25ml), and the combined organic phasesewashed with aqueous saturated
NaCl Solution, dried over MgS(and volatiles removed in vacuum. The crude procast
purified by flash chromatography on silica gel w@hkCl, as an eluent.

Yield : 290 mg, % Yield = 90 %.

Nature : Yellow solid,

M.P. = 160-162C

I.R. (thin film): 3433, 3191, 3092, 2847, 1608, 1475, 1279, 1201),11018 crit

'H NMR (CDCl3, 400 MHz): & (ppm) 8.85 (d, 1HJ = 8.3 Hz, H-Ar), 7.61 (t, 1H) = 7.6
Hz, H-Ar), 7.50-2.45 (m, 2H, H-Ar), 7.41 (t, 2H= 7.41 Hz, H-Ar)

221



pastel-00739959, version 1 - 9 Oct 2012

Experimental Part : Chapter 2

13C NMR (CDCl3, 100.6 MHz): 8 (ppm) 135.6, 132.7, 132.6, 132.5, 129.2, 125.9,8,2
118.9.

2-(trifluoromethyl)quinoline-4-thiol (11-46)
SH

m
»
FsC” N

To a solution of 2-(trifluoromethyl)quinoline-4-ti (250 mg, 1.1 mmol) in pyridine (10ml)
was added 5 (244 mg, 1.1 mmol, 1.0 equiv.) in small portionghvin 5 min, at 25°C, the
resulting mixture was heated at 19D for 2 hrs. then, the heating was stopped, wats w
added and the resulting mixture was stirred fon®0. The aqueous layer was extracted with
diethyl ether (4 X 25ml), and the combined orgapiases were washed with aqueous
saturated NaCl Solution, dried over MgSénd volatiles removed in vacuum. The crude
product was purified by flash chromatography oicaigel with CHCI, as an eluent.

Yield : 63 mg, % Yield = 25 %.

Nature: semisolid.

'H NMR (CDCl 3, 400 MHz): 5 (ppm) 8.32 (t, 2HJ = 7.8 Hz), 7.93 (t, 1H] = 7.8 Hz), 7.77

(t, 1H,J=7.8 Hz), 7.47 (s, 1H).

¥C NMR (CDCl3, 100.6 MHz): 8 (ppm) 147.5 (dJrc = 35.1 Hz), 147.3, 143.8, 131.8,
131.2,129.8, 127.7, 124.4, 121.1Jgc = 276 Hz), 118.9 (dJr.c = 2.0 Hz).

N-cyclohexyl-4-methyl-2-(propyl(quinolin-4-yl)amino)pentanethioamide (11-47)

(j/N 1 NN
. h
S b’ i g
LI,
N e
This compound was synthesized according to thergepeocedure II-D, using 1.0 mmol of
isocyanide. The desired product was isolated ifo8ield (346 mg).

Mol. Wt.: 397.62, Nature : Pale yellow solid.
HRMS: Calcd. for G4H3sN3S : 397.2552, Found : 397.2552
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M.P. = 118-119C

.R. (thin film): 3291, 3173, 2930, 2860, 1575, 1502, 1454, 1428} 18800, 1079 cih

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.74 (d, 1HJ = 5.0 Hz, H-c), 8.53 (br d, 1H,= 7.1
Hz, NH), 8.09 (d, 1HJ = 8.3 Hz, H-e), 7.82 (d, 1H,= 8.3 Hz, H-h), 7.68 (t, 1H] = 8.3 Hz,
H-f), 7.48 (t, 1H,J = 8.3 Hz, H-g), 7.01 (d, 1H} = 5.0 Hz, H-b), 4.50-4.40 (m, 2H, H-2, H-
9), 3.46-3.36 (m, 1H, H-6), 3.00-1.91 (m, 1H, H-B}¥3-2.33 (m, 1H, H-3), 2.07-1.96 (m,
2H, H-7), 1.81-160 (m, 6H, H-3, H-4, H-cy), 1.48%.(m, 3H, H-cy), 1.21-1.07 (m, 3H, H-
cy), 0.91 (t, 3H,) = 7.4 Hz, H-8), 0.77 (d, 3H) = 6.5 Hz, H-5), 0.53 (d, 3H] = 6.5 Hz, H-
5).

13C NMR (CDCl5, 100.6 MHz):8 (ppm) 199.8 (C-1), 153.5 (C-a), 150.1 (C-c), 14€d),
130.6 (C-e), 129.2 (C-f), 126.0 (C-g), 124.4 (C1p2.2 (C-h), 112.4 (C-b), 72.5 (C-2), 53.6
(C-9), 48.5 (C-6), 41.3 (C-3), 31.6 (C-cy), 31.:df), 25.5 (C-cy), 25.3 (C-4), 24.5 (C-cy),
24.4 (C-cy), 22.8 (C-5), 21.8 (C-5), 20.1 (C-7),7.(C-8).

N-cyclohexyl-3-methyl-2-(propyl(quinolin-4-yl)amino)outanethioamide (11-48)

4
3“12 /5\6/

SRS
Jd . b
s

C
\Nde f

This compound was synthesized according to thergepeocedure II-D, using 1.0 mmol of
isocyanide. The desired product was isolated ifo8deld (310 mg).

Mol. Wt.: 383.59, Nature: Pale yellow solid.
HRMS: Calcd. for G3sH33N3S : 383.2395, Found : 383.2410.

M.P. = 109 - 110C

.R. (thin film): 2930, 2857, 1575, 1502, 1422, 1391, 1304, 1363511075 cnt

'H NMR (CDCl 3, 400 MHz): § (ppm) 8.75 (d, 1HJ = 5.0 Hz, H-c), 8.19 (d, 1H,= 8.3 Hz,
H-e), 8.09 (d, 1H,) = 8.3 Hz, H-h), 7.70 (t, 1H] = 8.3 Hz, H-f), 7.56 (t, 1HJ = 8.3 Hz, H-
g), 7.18 (d, 1H,) = 5.0 Hz, H-b), 6.5 (br s, 1H, NH), 4.19-4.07 (b, H-8), 3.91 (d, 1H) =
7.7 Hz, H-2), 3.53 (ddd, 1H, = 4.5, 10.0, 14.1 Hz, H-5), 3.26 (ddd, 1M 6.7, 10.0, 14.1
Hz, H-5), 2.71-2.60 (m, 1H, H-3), 1.67-1.59 (m, Ht¢y), 1.54-1.32 (m, 9H, H-cy, H-4, H-
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6), 1.27-1.09 (m, 2H, H-cy), 0.99-0.88 (m, 4H, HHikcy), 0.81 (t, 3HJ = 7.4 Hz, H-7),
0.71-0.58 (m, 1H, H-cy), 0.56-0.42 (m, 1H, H-cy).

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 196.8 (C-1), 153.9 (C-a), 150.5 (C-c), 14@),
130.4 (C-e), 129.2 (C-f), 126.2 (C-g), 125.4 (C1i23.0 (C-h), 115.4 (C-b), 79.1 (C-2), 52.9
(C-8), 49.4 (C-5), 31.5 (C-cy), 31.0 (C-cy), 28G-3), 25.1 (C-cy), 24.4 (C-cy), 24.3 (C-cy),
20.0 (C-4), 19.9 (C-6), 18.9 (C-4), 11.6 (C-7).

N-cyclohexyl-2-(propyl(quinolin-4-yl)amino)ethanethoamide (11-49)

N 1
SR
N~ d
This compound was synthesized according to thergepeocedure 11-D, using 1.0 mmol of
isocyanide. The desired product was isolated ifc5@eld (190 mg).
Mol. Wt.: 341.51, Nature: Pale yellow liquid.
HRMS: Calcd. for GoH27NsS : 341.1926, Found : 341.1924.
I.R. (thin film): 3294, 2930, 2853, 1686, 1572, 1506, 1454, 1398012079 crit
'H NMR (CDCl 3, 400 MHz): 5 (ppm) 8.76 (d, 1HJ = 4.9 Hz, H-c), 8.68 (br d, 1H,= 6.0
Hz, NH), 8.11 (d, 1HJ = 8.3 Hz, H-e), 7.93 (d, 1H,= 8.3 Hz, H-h), 7.71 (t, 1Hl = 8.3 Hz,
H-f), 7.54 (t, 1H,J = 8.3 Hz, H-g), 6.99 (d, 1H] = 4.9 Hz, H-b), 4.46-4.36 (m, 1H, H-6),
4.34 (s, 2H, H-2), 3.23 (t, 2H,= 7.6 Hz, H-3), 1.91 (d, 2H] = 10.2 Hz, H-cy), 1.70-1.51
(m, 5H, H-cy, H-4), 1.43-1.30 (m, 2H, H-cy), 1.18% (m, 3H, H-cy), 0.90 (t, 3Hl = 7.3
Hz, H-5).
13C NMR (CDCl3, 100.6 MHz):5 (ppm) 195.9 (C-1), 153.5 (C-a), 150.6 (C-c), 14@),
130.7 (C-e), 129.4 (C-f), 126.2 (C-g), 123.9 (C121.9 (C-h), 111.1 (C-b), 65.2 (C-2), 56.6
(C-3),52.9 (C-6), 31.1 (C-cy), 25.2 (C-4), 24.2¢9), 20.2 (C-cy), 11.5 (C-5).

N-(tert-butyl)-4-methyl-2-(propyl(quinolin-4-yl)amin o)pentanethioamide (lI-50)
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This compound was synthesized according to thergepeocedure 11.D, using 1.0 mmol of
isocyanide. The desired product was isolated ifo8deld (300 mg).

Mol. Wt.: 371.58, Nature: Pale yellow solid.

HRMS: Calcd. for GoH33NsS @ 371.2395, Found : 371.2385

M.P. =129-130°C

I.R. (thin film): 2957, 2930, 2871, 1572, 1502, 1426, 1363, 12971,1X179 crit

'H NMR (CDCl3, 400 MHz): & (ppm) 8.75 (d, 1HJ = 5.0 Hz, H-c), 8.35 (br s, 1H, NH),
8.08 (d, 1H,J = 8.3 Hz, H-e), 7.91 (d, 1Hl = 8.3 Hz, H-h), 7.68 (t, 1H] = 8.3 Hz, H-f),
7.50 (t, 1H,J = 8.3 Hz, H-g), 7.06 (d, 1H] = 5.0 Hz, H-b), 4.38 (t, 1H] = 6.4 Hz, H-2),
3.35 (ddd, 1HJ = 5.1, 10.3, 15.0 Hz, H-6), 3.01 (ddd, 1H5 5.1, 10.3, 15.0 Hz, H-6), 2.27-
2.15 (m, 1H, H-3), 1.75-1.60 (m, 3H, H-3, H-7),@.&, 9H, H-10), 1.38-1.26 (m, 1H, H-4),
0.87 (t, 3HJ = 7.4 Hz, H-8), 0.81 (d, 3H,= 6.2 Hz, H-5), 0.63 (d, 3H,= 6.2 Hz, H-5).

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 200.1 (C-1), 153.5 (C-a), 150.2 (C-c), 14@),
130.6 (C-e), 129.2 (C-f), 126.0 (C-g), 124.8 (C122.3 (C-h), 113.4 (C-b), 73.5 (C-2), 55.2
(C-9), 49.6 (C-6), 41.2 (C-3), 27.4 (C-10), 25.54);22.6 (C-5), 22.4 (C-5), 19.8 (C-7), 11.6
(C-8).

N-(tert-butyl)-3-methyl-2-(propyl(quinolin-4-yl)amin o)butanethioamide (lI-51)

This compound was synthesized according to thergepeocedure 11-D, using 1.0 mmol of
isocyanide. The desired product was isolated ifoAgeld (280 mg).

Mol. Wt.: 357.56, Nature: Pale yellow solid.

HRMS: Calcd. for G;H31N3S: 357.2239, Found : 357.2238.
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M.P. = 94-95°C

.R. (thin film): 2961, 2923, 2864, 1572, 1502, 1461, 1422, 139111179, 1040 cih

'H NMR (CDCl 3, 400 MHz): § (ppm) 8.77 (d, 1HJ = 5.0 Hz, H-c), 8.17 (d, 1H}= 8.3 Hz,
H-e), 8.10 (d, 1HJ = 8.3 Hz, H-h), 7.69 (ddd, 1H,= 1.3, 7.0, 8.3 Hz, H-f), 7.55 (ddd, 18,
= 1.3, 7.0, 8.3 Hz, H-g), 7.21 (d, 1Bi= 5.0 Hz, H-b), 6.74 (br s, 1H, NH), 4.04 (d, 1Hs
6.6 Hz, H-2), 3.41 (ddd, 1H, = 4.5, 10.5, 14.6 Hz, H-5), 3.23 (ddd, 1M 6.1, 10.5, 14.6
Hz, H-5), 2.62-2.48 (m, 1H, H-3), 1.52-1.41 (m, HH6), 1.39-1.28 (M, 4H, H-6, H-4), 1.03
(s, 9H, H-9), 0.97 (d, 3H] = 6.6 Hz, H-4), 0.78 (t, 3H = 7.4 Hz, H-7).

13C NMR (CDCl5, 100.6 MHz):8 (ppm) 196.7 (C-1), 153.7 (C-a), 150.6 (C-c), 14€&d),
130.4 (C-€), 129.2 (C-f), 126.2 (C-g), 125.3 (Ci?2.8 (C-h), 115.8 (C-b), 79.5 (C-2), 55.1
(C-8), 50.3 (C-5), 27.9 (C-3), 27.0 (C-9), 20.34519.1 (C-6), 18.3 (C-4), 11.5 (C-7).

N-(tert-butyl)-2-(propyl(quinolin-4-yl)amino)ethanet hioamide (11-52)

This compound was synthesized according to thergepeocedure II-D, using 1.0 mmol of
isocyanide. The desired product was isolated if5deld (160 mg).

Mol. Wt.: 315.48, Nature: Pale brown liquid.

HRMS: Calcd. for GgH2sN3S @ 315.1769, Found : 315.1784.

I.R. (thin film): 3273, 2964, 2930, 2878, 1575, 1513, 1422, 13953,18894, 1211, 1082
cm’

'H NMR (CDCl3, 400 MHz): & (ppm) 8.76 (d, 1HJ = 5.0 Hz, H-c), 8.70 (br s, 1H, NH),
8.11 (d, 1HJ = 8.3 Hz, H-e), 7.97 (d, 1H, = 8.3 Hz, H-h), 7.70 (ddd, 1H,= 1.2, 6.9, 8.3
Hz, H-f), 7.54 (ddd, 1HJ = 1.2, 6.9, 8.3 Hz, H-g), 6.99 (d, 18= 5.0 Hz, H-b), 4.25 (s, 2H,
H-2), 3.21 (t, 2H,) = 7.9 Hz, H-3), 1.66-1.56 (m, 2H, H-4), 1.41 (s, $H7), 0.87 (t, 3HJ =
7.4 Hz, H-5).

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 195.9 (C-1), 153.5 (C-a), 150.6 (C-c), 14@&d),
130.6 (C-e), 129.3 (C-f), 126.2 (C-g), 124.0 (C121.9 (C-h), 111.4 (C-b), 66.2 (C-2), 57.0
(C-3), 55.2 (C-6), 27.5 (C-7), 20.2 (C-4), 11.47-
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N-(4-methoxybenzyl)-2-(propyl(quinolin-4-yl)amino)buanethioamide (11-53)
4
H O 5
8 N\[l]/z(N/\6/
i al . h
- | C\N 3 : £
OMe

This compound was synthesized according to thergepeocedure 11-D, using 1.0 mmol of
isocyanide. The desired product was isolated ifc5deld (210 mg).

Mol. Wt.: 407.57, Nature: Pale yellow solid.

HRMS: Calcd. for G4H29N30S : 407.2031, Found : 407.2020

M.P. =96 - 97°C

IR : 3312, 3183, 2961, 2933, 2874, 1613, 1572, 1589111301, 1249, 1172, 1037 ¢m

'H NMR (CDCl3, 400 MHz): & (ppm) 8.73 (d, 1H) = 5.0 Hz, H-c), 8.28 (br s, 1H, NH),
8.07 (d, 1HJ = 8.3 Hz, H-h), 7.82 (d, 1H] = 8.3 Hz, H-e), 7.65 (t, 1H] = 8.3 Hz, H-f),
7.40 (t, 1H,J = 8.3 Hz, H-g), 7.07 (d, 1H} = 5.0 Hz, H-b), 6.76 (d, 2H] = 8.5 Hz, H-Kk),
6.63 (d, 2HJ =8.5 Hz, H-l), 4.72 (dd, 1Hl=5.7, 14.7 Hz, H-8), 4.56 (t, 1= 5.7 Hz, H-
2), 4.50 (dd, 1H, = 4.4, 14.7 Hz, H-8), 3.75 (s, 3H, OMe), 3.37-3(&Y, 1H, H-5), 3.14-
3.04 (m, 1H, H-5), 2.40-2.28 (m, 1H, H-3), 2.162@n, 1H, H-3), 1.58-1.45 (m, 1H, H-6),
1.25-1.12 (m, 1H, H-6), 0.92 (t, 3d= 7.4 Hz, H-4), 0.72 (t, 3H} = 7.3 Hz, H-7).

3C NMR (CDCl3, 100.6 MHz):5 (ppm) 200.9 (C-1), 159.2 (C-a), 153.7 (C-m), 15Tx),
149.9 (C-d), 130.4 (C-e), 129.2 (C-k), 129.1(C1B7.6 (C-)), 126.2 (C-g), 124.7 (C-i), 122.4
(C-h), 114.0 (C-l), 113.5 (C-b), 73.6 (C-2), 55QMe), 50.8 (C-5), 49.2 (C-8), 25.4 (C-3),
18.8 (C-6), 11.3 (C-7), 10.7 (C-4).

2-(butyl(quinolin-4-yl)amino)- N-cyclohexyl-4-methylpentanethioamide (11-54)
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This compound was synthesized according to thergepeocedure 11-D, using 1.0 mmol of
isocyanide. The desired product was isolated ifc98eld (406 mg).

Mol. Wt.: 411.65, Nature: Pale yellow semisolid.

HRMS: Calcd. for GsH37N3S : 411.2708, Found : 411.2710.

I.R. (thin film): 3287, 3183, 2930, 2860, 1572, 1508, 1426, 13013,12®06 crit

'H NMR (CDCl 3, 400 MHz): 5 (ppm) 8.74 (d, 1HJ = 5.0 Hz, H-c), 8.53 (br d, 1H,= 7.3
Hz, NH), 8.09 (d, 1HJ = 8.3 Hz, H-e), 7.80 (d, 1H,= 8.3 Hz, H-h), 7.68 (t, 1Hl = 8.3 Hz,
H-f), 7.48 (t, 1H,J = 8.3 Hz, H-g), 7.01 (d, 1H, = 5.0 Hz, H-b), 4.51-4.36 (m, 2H, H-2, H-
10), 3.49-3.38 (m, 1H, H-6), 3.04-2.93 (m, 1H, H-BB8 (ddd, 1HJ) = 6.2, 7.8, 14.0 Hz, H-
3), 2.07-1.95 (m, 2H, H-7), 1.82-1.58 (m, 5H, H-B4, H-cy), 1.49-1.25 (m, 5H, H-8, H-cy),
1.21-1.06 (m, 2H, H-cy), 0.97-0.84 (m, 5H, H-cy,94-0.77 (d, 3HJ = 6.5 Hz, H-5), 0.52
(d, 3H,J = 6.5 Hz, H-5).

3C NMR (CDCl3, 100.6 MHz):5 (ppm) 199.8 (C-1), 153.6 (C-a), 150.1 (C-c), 14@),
130.6 (C-e), 129.3 (C-f), 126.0 (C-g), 124.4 (C122.2 (C-h), 112.3 (C-b), 72.5 (C-2), 53.6
(C-10), 46.6 (C-6), 41.3 (C-3), 31.7 (C-cy), 31kqy), 29.1 (C-7), 25.5 (C-cy), 24.5 (C-cy),
24.4 (C-cy), 22.8 (C-5), 21.8 (C-5), 20.5 (C-8),98C-9).

N-cyclohexyl-4-methyl-2-(phenethyl(quinolin-4-yl)amno)pentanethioamide (11-55)

This compound was synthesized according to thergepeocedure [I-D, using 1.0 mmol of
isocyanide. The desired product was isolated ifc98eld (450 mg).

Mol. Wt.: 459.69, Nature : Pale yellow solid.

HRMS: Calcd. for GgH37N3S : 459.2708, Found : 459.2683.

M.P. =81-82°C

I.R. (thin film): 3284, 3180, 2930, 2857, 1575, 1502, 1454, 13043 tit

'H NMR (CDCl 3, 400 MHz): 5 (ppm) 8.83 (d, 1HJ = 5.0 Hz, H-c), 8.23 (br d, 1H,= 6.5
Hz, NH), 8.14 (d, 1HJ = 8.3 Hz, H-e), 7.80 (d, 1H,= 8.3 Hz, H-h), 7.72 (t, 1Hl = 8.3 Hz,
H-f), 7.51 (t, 1H,J = 8.3 Hz, H-g), 7.31-7.22 (m, 3H, H-l, H-m), 7.4 1H,J = 5.0 Hz, H-
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b), 7.04 (d, 2HJ = 7.4 Hz, H-k), 4.46-4.34 (m, 2H, H-2, H-8), 3.7%3 (m, 1H, H-6), 3.34-
3.22 (m, 1H, H-6), 2.87 (ddd, 1Kd,= 5.2, 9.0, 14.0 Hz, H-3), 2.82-2.72 (m, 1H, H-3)38-
2.28 (m, 1H, H-7), 2.00-1.84 (m, 2H, H-cy), 1.7%A.(m, 5H, H-7, H-4, H-cy), 1.44-1.30
(m, 2H, H-cy), 1.17-1.05 (m, 1H, H-cy), 0.99- 0.88, 2H, H-cy), 0.72 (d, 3H) = 6.3 Hz,
H-5), 0.56 (d, 3HJ = 6.3 Hz, H-5).

3C NMR (CDCl3, 100.6 MHz):5 (ppm) 199.5 (C-1), 153.3 (C-a), 150.2 (C-c), 15@4d),
138.6 (C-j), 130.6 (C-e), 129.4 (C-f), 128.9 (C4AR8.7 (C-k), 126.7 (C-g), 126.2 (C-m),
124.5 (C-i), 122.3 (C-h), 112.9 (C-b), 72.3 (C£3,6 (C-8), 48.3 (C-6), 41.1 (C-7), 33.0 (C-
3), 31.3 (C-cy), 30.8 (C-cy), 25.6 (C-4), 25.2 (P;c24.6 (C-cy), 24.5 (C-cy), 22.6 (C-5),
22.0 (C-5).

N-cyclohexyl-2-((2-methoxyethyl)(quinolin-4-yl)aminoj4-methyl-pentanethioamide
(11-56)

This compound was synthesized according to thergepeocedure 11-D, using 1.0 mmol of
isocyanide. The desired product was isolated ifo8#eld (340 mg).

Mol. Wt.: 413.62, Nature : Pale yellow solid.

HRMS: Calcd. for G4H3sN30S : 413.2501, Found : 413.2503.

M.P. =154 - 155C

I.R. (thin film): 3246, 2930, 2857, 1572, 1502, 1388, 1346, 13083,110564 crit

'H NMR (CDCl 3, 400 MHz): & (ppm) 10.13 (d, 1HJ = 7.3 Hz, NH), 8.70 (d, 1H] = 5.1
Hz, H-c), 8.06 (d, 1H) = 8.6 Hz, H-e), 7.66 (m, 2H, H-h, H-f), 7.44 (t, \H= 7.4 Hz, H-g),
6.90 (d, 1HJ = 5.1 Hz, H-b), 4.69-4.54 (m, 2H, H-2 H-8), 3.8B8(m, 2H, H-7), 3.57-3.50
(m, 1H, H-6), 3.33-3.25 (m, 1H, H-6), 3.24 (s, 3BMe), 2.56 (ddt, 1H) = 3.7, 11.0, 14.6
Hz, H-3), 2.25-2.08 (m, 2H, H-4, H-3), 1.91-1.68, (4, H-cy), 1.60-1.38 (m, 3H, H-cy),
1.36-1.23 (m, 2H, H-cy), 1.22-1.10 (m, 1H, H-cy)/®(d, 3H,J = 6.5 Hz, H-5), 0.30 (d, 3H,
J=6.5 Hz, H-5).

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 200.2 (C-1), 153.6 (C-a), 150.2 (C-d), 14&7c),
130.4 (C-e), 129.3 (C-f), 125.8 (C-g), 124.1 (C122.7 (C-h), 110.1 (C-b), 73.0 (C-2), 67.9
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(C-7), 58.8 (OMe), 54.7 (C-8), 45.5 (C-6), 42.7¢¥); 31.1 (C-cy), 25.6 (C-cy), 25.5 (C-4),
25.0 (C-cy), 23.4 (C-5), 20.4 (C-5).

N-cyclohexyl-2-(phenethyl(quinolin-4-yl)amino)ethanéhioamide (11-57)
5 H%N/}V‘/F’h

b & | o

C £

N™ d

This compound was synthesized according to thergepeocedure 11-D, using 1.0 mmol of
isocyanide. The desired product was isolated ifoddeld (180 mg).

Mol. Wt.: 403.58, Nature: Pale yellow solid.

HRMS: Calcd. for GsH29N3S : 403.2082, Found : 403.2089.

M.P. =122-124C

l.R. (thin film): 2929, 2860, 1571, 1498, 1390, 1347, 1304, 11048 t&i*

'H NMR (CDCl 3, 400 MHz): 8 (ppm) 8.77 (d, 1HJ = 5.0 Hz, H-c), 8.33(br d, 1H, = 8.0
Hz, NH), 8.10 (d, 1HJ = 8.6 Hz, H-e), 7.73-7.65 (m, 2H, H-h, H-f), 7.45%H,J = 7.8 Hz,
H-g),7.28-7.17 (m, 3H, H-Ar), 7.10 (d, 1B~ 5.0 Hz, H-b), 7.00-6.90 (m, 2H, H-Ar), 4.35-
4.28 (m, 3H, H-5, H-2), 3.45 (t, 2H,= 7.1 Hz, H-3), 2.86 (t, 2H] = 7.1 Hz, H-4), 1.80-1.70
(m, 2H, H-cy), 1.55-1.45 (m, 2H, H-cy), 1.31-1.28,(3H, H-cy), 1.05-0.98 (m, 1H, H-cy),
0.85-0.75 (m, 2H, H-cy).

3C NMR (CDCl3, 100.6 MHz):5 (ppm) 195.3 (C-1), 153.1 (C-a), 150.5 (C-c), 15@),
138.5 (C-j), 130.6 (C-e), 129.5 (C-f), 129.0 (C1R8.8 (C-k), 126.9 (C-g), 126.4 (C-m),
124.0 (C-i), 121.8 (C-h), 111.5 (C-b), 65.7 (C&5,3 (C-3), 53.0 (C-5), 33.1 (C-4), 30.7 (C-
cy), 25.1 (C-cy), 24.2 (C-cy).

2-(4-chlorophenyl)N-cyclohexyl-2-(propyl(quinolin-4-yl)amino)ethanethpamide (11-58)

230



pastel-00739959, version 1 - 9 Oct 2012

Experimental Part : Chapter 2

This compound was synthesized according to thergepeocedure 11-D, using 1.0 mmol of
isocyanide. The desired product was isolated ifoAdeld (320 mg).

Mol. Wt.: 452.05, Nature: Pale yellow solid.

HRMS: Calcd. for GeH30CIN3S : 451.1849, Found : 451.1834.

M.P. = 153-154C

I.R. (thin film): 3329, 2930, 2857, 1568, 1502, 1409, 1266, 10923 tai'

'H NMR (CDCl 3, 400 MHz): § (ppm) 8.77 (d, 1HJ = 4.9 Hz, H-c), 8.47 (br d, 1H,= 8.3
Hz, NH), 8.23 (d, 1HJ = 8.3 Hz, H-e), 8.14 (d, 1H,= 8.3 Hz, H-h), 7.75 (t, 1Hl = 8.3 Hz,
H-f), 7.64 (t, 1H,J = 8.3 Hz, H-g), 7.38 (d, 2H, = 8.5 Hz, H-l), 7.32 (d, 2H] = 8.5 Hz, H-
k), 7.10 (d, 1HJ = 4.9 Hz, H-b), 5.63 (s, 1H, H-2), 4.19-4.08 (m,, H{6), 3.10-3.00 (M,
1H, H-3), 2.97-2.88 (m, 1H, H-3), 1.88-1.78 (m, 1icy), 1.60-0.95 (m, 9H, H-4, H-cy),
0.87-0.80 (m, 1H, H-cy), 0.60 (t, 3d= 7.3 Hz, H-5), 0.55-0.40 (m, 1H, H-cy).

3C NMR (CDCl3, 100.6 MHz):5 (ppm) 197.4 (C-1), 152.6 (C-a), 150.4 (C-c), 14&7d),
134.9 (C-m), 134.4 (C+j), 130.6 (C-e), 129.7 (C-k29.5 (C-f), 128.8 (C-I), 126.8 (C-g),
125.1 (C-i), 122.0 (C-h), 114.8 (C-b), 76.5 (C-23.5 (C-3), 52.8 (C-6), 31.1 (C-cy), 30.1
(C-cy), 25.1 (C-4), 24.1 (C-cy), 23.8 (C-cy), 1{@Bcy), 11.2 (C-5).

N-cyclohexyl-2-(phenethyl(quinolin-4-yl)amino)-2-(34,5-trimethoxyphenyl)-
ethanethioamide (11-59)

This compound was synthesized according to thergepeocedure 11-D, using 1.0 mmol of
isocyanide. The desired product was isolated ifBdeld (365.7 mg).

Mol. Wt.: 569.76, Nature: Pale yellow solid.

HRMS: Calcd. for G4H39N303S : 569.2712, Found : 569.2724.

M.P. =113-114C

I.R. (thin film): 3305, 2930, 2853, 1586, 1502, 1454, 1419, 13252, 1P¥24, 1006 cih
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'H NMR (CDCl 3, 400 MHz): 5 (ppm) 8.84 (d, 1HJ = 5.0 Hz, H-c), 8.31 (br d, 1H,= 8.5
Hz, NH), 8.18 (d, 1HJ = 8.3 Hz, H-e), 8.13 (d, 1H,= 8.3 Hz, H-h), 7.78 (t, 1Hl = 8.3 Hz,
H-f), 7.63 (t, 1H,J = 8.3 Hz, H-g), 7.19 (d, 1H, = 5.0 Hz, H-b), 7.16-7.10 (m, 3H, H-k, H-
m), 6.79-6.72 (m, 2H, H-I), 6.63 (s, 2H, H-0), 568 1H, H-2), 4.26-4.14 (m, 1H, H-5), 3.86
(s, 3H, OMe), 3.81 (s, 6H, OMe), 3.39-3.21 (m, 2H3), 2.80-2.71 (m, 1H, H-4), 2.62-2.51
(m, 1H, H-4), 1.85-1.76 (m, 1H, H-cy), 1.60-1.42, (&4, H-cy), 1.38-1.20 (m, 3H, H-cy),
1.60-1.08 (m, 1H, H-cy), 1.02-0.88 (m, 2H, H-cy¥®-0.29 (m, 1H, H-cy).

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 197.3 (C-1), 153.2 (C-a), 152.5 (C-p), 15E4c),
149.9 (C-d), 138.3 (C-j, C-q), 131.6 (C-n), 13038¢), 129.6 (C-f), 128.7 (C-I), 128.6 (C-k),
126.9 (C-g), 126.5 (C-m), 125.0 (C-i), 121.9 (C-m)4.9 (C-b), 105.8 (C-0), 77.0 (C-2), 60.9
(OMe), 56.2 (OMe), 53.3 (C-3), 52.8 (C-5), 31.34%;-31.0 (C-cy), 30.0 (C-cy), 25.0 (C-cy),
24.2 (C-cy), 23.9 (C-cy).

N1-cyclohexylN2-(2-methoxyethyl)-4-methylN2-(pyridin-4-yl)pentane-1,2-diamine
(11-60)

5

4

H 3

g NI 2 OMe
SRS
b
ol |
N

This compound was synthesized according to thergepeocedure II-E, using 1 mmol of
amidell-2 . The desired product was isolated in 60 % yie@D(&hg).

Mol. Wt.: 333.51, Nature: Pale yellow liquid.

HRMS: Calcd. for GoH3sN3O : 333.278, Found : 333.2779.

I.R. (thin film): 2925, 2852, 1592, 1558, 1508, 1488, 1449, 1350],1PB16 crit

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.17 (d, 2HJ = 6.5 Hz, H-c), 6.63 (d, 2H},= 6.5 Hz,
H-b), 4.12-4.03 (m, 1H, H-8), 3.50-3.32 (m, 4H, HHF1), 3.30 (s, 3H, OMe), 2.75-2.68 (m,
2H, H-6), 2.30 (tt, 1H) = 3.6, 10.5 Hz, H-2), 1.82-1.62 (m, 4H, H-cy, NH)6Q-1.52 (m,
1H, H-cy), 1.50-1.35 (m, 2H, H-3, H-4), 1.28-1.08,(7H, H-3, H-cy), 0.85 (d, 3H = 6.4,
Hz, H-5), 0.79 (d, 3HJ = 6.4, Hz, H-5).

232



pastel-00739959, version 1 - 9 Oct 2012

Experimental Part : Chapter 2

13 NMR (CDCl3, 100.6 MHz): 5 (ppm) 154.3 (C-a), 150.0 (C-c), 107.8 (C-b), 6@C17),
58.9 (OMe), 57.0 (C-2), 56.0 (C-8), 49.4 (C-6),04&C-1), 40.6 (C-3), 33.6 (C-cy), 32.2 (C-
cy), 26.0 (C-cy), 25.0 (C-cy), 24.9 (C-cy), 24.74%; 23.1 (C-5),22.4 (C-5).

N1-cyclohexyl-4-methylN2-phenethylN2-(pyridin-4-yl)pentane-1,2-diamine (11-61)

5
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This compound was synthesized according to thergepeocedure II-E, using 1.1 mmol of
amidell-41. The desired product was isolated in 73 % yie@(BQ).

Mol. Wt.: 379.58, Nature: Pale yellow liquid.

HRMS: Calcd. for GsH37N3 : 379.2987, Found : 379.2984.

I.R. (thin film): 2930, 2857, 1593, 1509, 1450, 1356, 1266, 1155 cm

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.22 (d, 2HJ = 6.4 Hz, H-c), 7.34 (t, 2H] = 7.3 Hz,
H-f), 7.25-7.19 (m, 3H, H-e, H-g), 6.69 (d, 2B= 6.4 Hz, H-b), 4.15-4.05 (m, 1H, H-8),
3.43-3.28 (m, 2H, H-6), 2.92-2.83 (m, 1H, H-2),2Z.65 (m, 3H, H-1, H-7), 2.32-2.22 (m,
1H, H-1), 1.81-1.62 (m, 4H, H-cy, NH, H-4), 1.664Q.(m, 3H, H-cy, H-3), 1.32-1.05 (m,
5H, H-3, H-cy), 1.03-0.90 (m, 2H, H-cy), 0.86 (H,3) = 6.4, Hz, H-5), 0.81 (d, 3H,= 6.4,
Hz, H-5).

13C NMR (CDCl3, 100.6 MHz):8 (ppm) 154.0 (C-a), 150.2 (C-c), 138.8 (C-d), 12€9),
128.5 (C-e), 126.7 (C-g), 107.8 (C-b), 57.2 (C5H,1 (C-8), 49.6 (C-6), 44.5 (C-1), 40.7 (C-
3), 33.8 (C-cy), 33.7 (C-7), 33.4 (C-cy), 26.0 ();24.9 (C-4), 24.8 (C-cy), 23.2 (C-5), 22.5
(C-8).

N1-cyclohexyl-4-methylN2-propyl-N2-(pyridin-4-yl)pentane-1,2-diamine (11-62)
5
4
3
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This compound was synthesized according to thergepecedure II-E, using 0.95 mmol of
amidell-42. The desired product was isolated in 76 % yieRD(&hQ).

Mol. Wt.: 317.51, Nature: Pale yellow liquid.

HRMS: Calcd. for GoH3sN3 : 317.2831, Found : 317.2823

I.R. (thin film): 3277, 2926, 2853, 1596, 1513, 1356, 1235, 1134 cm

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.17 (dd, 2H) = 1.5, 5.2 Hz, H-c), 6.57 (dd, 2H=
1.5, 5.2 Hz, H-b), 4.15-4.05 (m, 1H, H-9), 3.14@B@n, 2H, H-6), 2.78-2.64 (m, 2H, H-1),
2.37-2.27 (m, 1H, H-2), 1.82-1.38 (m, 10H, H-cy, N##3, H-7, H-4), 1.32-1.07 (m, 4H, H-
cy), 1.05-0.96 (m, 2H, H-cy), 0.94 (t, 3Bl= 7.4, Hz, H-8), 0.89 (d, 3H = 6.4, Hz, H-5),
0.84 (d, 3HJ = 6.4, Hz, H-5).

13C NMR (CDCl3, 100.6 MHz): 8 (ppm) 154.1 (C-a), 150.0 (C-c), 107.4 (C-b), 5{C12),
55.5 (C-9), 49.6 (C-6), 44.5 (C-1), 40.7 (C-3),BBC-cy), 33.4 (C-cy), 26.0 (C-cy), 25.0 (C-
cy), 24.9 (C-cy), 24.8 (C-4), 23.2 (C-5), 22.6 (7-B0.7 (C-7), 11.4 (C-8).

N1-cyclohexyl-4-methylN2-propyl-N2-(quinolin-4-yl)pentane-1,2-diamine (11-63)
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This compound was synthesized according to thergepeocedure II-F, using 1.0 mmol of

H
9_N_I

amidell-47. The desired product was isolated in 55 % yie@D(&hg).

Mol. Wt.: 367.57, Nature: Pale brown liquid.

HRMS: Calcd. for G4H37N3 : 367.2987, Found : 367.2987.

l.R. (thin film): 2930, 2857, 1572, 1506, 1461, 1388, 1277, 11201 t6%

'H NMR (CDCl 3, 400 MHz): 8 (ppm) 8.64 (d, 1HJ) = 5.1 Hz, H-c), 8.42 (d, 1H, = 8.3 Hz,
H-e), 8.00 (d, 1HJ = 8.3 Hz, H-h), 7.61 (t, 1H] = 8.3 Hz, H-f), 7.43 (t, 1H) = 8.3 Hz, H-
9), 6.86 (d, 1H,J = 5.1 Hz, H-b), 4.03-3.95 (m, 1H, H-9), 3.30-3.08, 2H, H-6), 2.93 (dd,
1H, J = 10.0, 12.1 Hz, H-1), 2.79 (dd, 18 = 4.0, 12.1 Hz, H-1), 2.36-2.27 (m, 1H, H-2),
1.88-1.66 (m, 4H, H-3, H-4, NH, H-cy), 1.60-1.34,(i#H, H-7, H-3, H-cy), 1.24-1.12 (m,
3H, H-cy), 1.10-0.98 (m, 2H, H-cy), 0.89 (t, 3Hs 7.3 Hz, H-8), 0.67 (d, 3H,= 6.0 Hz, H-
5), 0.64 (d, 3HJ = 6.0 Hz, H-5).
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13C NMR (CDCl3, 100.6 MHz):$ (ppm) 155.3 (C-a), 150.2 (C-d), 149.8 (C-c), 12&8e),
128.7 (C-f), 124.7 (C-h), 124.6 (C-i), 124.9 (C-§)10.7 (C-b), 61.4 (C-9), 56.9 (C-2), 49.0
(C-6), 43.8 (C-1), 40.4 (C-3), 33.5 (C-cy), 26.1-df), 25.2 (C-5), 24.9 (C-cy), 23.1 (C-4),
22.2 (C-5), 20.2 (C-7), 11.9 (C-8).

N1-cyclohexyl-3-methylN2-propyl-N2-(quinolin-4-yl)butane-1,2-diamine (l1-64)

34

H
N_1
NS
aih
N
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This compound was synthesized according to thergepecedure II-F, using 0.47 mmol of
amidell-48. The desired product was isolated in 42 % yie@ Q).

Mol. Wt.: 353.54, Nature: Pale yellow liquid

HRMS: Calcd. for GsHssN3 : 353.2831, Found : 353.2837.

l.R. (thin film): 2926, 2857, 1506, 1395, 1304, 1110, 1051'cm

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.74 (d, 1H) = 8.3 Hz, H-e), 8.61 (d, 1H,= 5.2 Hz,
H-c), 8.00 (d, 1HJ = 8.3 Hz, H-h), 7.60 (t, 1H] = 8.3 Hz, H-f), 7.40 (t, 1H) = 8.3 Hz, H-
g), 6.84 (d, 1HJ = 5.2 Hz, H-b), 3.89-3.81 (m, 1H, H-8), 3.38-3.18, @H, H-5), 3.00-2.89
(m, 2H, H-1), 2.38-2.30 (m, 1H, H-2), 2.01-1.91 (bH, H-3), 1.83 (br d, 1H) = 12.1 Hz,
NH), 1.80-1.65 (m, 4H, H-cy), 1.60-1.46 (m, 3H, kc1.26-1.16 (m, 3H, H-cy, H-6), 1.11-
1.02 (m, 2H, H-cy), 0.93 (t, 3H,= 7.4 Hz, H-7), 0.88 (d, 3H, = 6.7 Hz, H-4), 0.77 (d, 3H,
J=6.7 Hz, H-4).

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 155.8 (C-a), 150.4 (C-d), 149.7 (C-c), 12&8e),
128.5 (C-f), 125.4 (C-g), 124.1 (C-h), 123.9 (Cip9.0 (C-b), 69.5 (C-2), 56.8 (C-8), 47.2
(C-5), 44.7 (C-1), 33.6 (C-cy), 33.5 (C-cy), 30@33), 26.2 (C-cy), 26.2 (C-cy), 24.9 (C-cy),
24.8 (C-cy), 21.5 (C-6), 20.6 (C-4), 20.3 (C-4),9(C-7).

N1-cyclohexylN2-propyl-N2-(quinolin-4-yl)ethane-1,2-diamine (l1-65)

N\/\N/\/

KD
N~ d
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This compound was synthesized according to thergepeocedure II-F, using 0.53 mmol of
amidell-49. The desired product was isolated in 67 % yieldD(fnhg).

Mol. Wt.: 311.46, Nature: Pale yellow liquid.

HRMS: Calcd. for GogHogN3 : 311.2361, Found : 311.2374.

I.R. (thin film): 2923, 2847, 1569, 1506, 1458, 1448, 1422, 13972,18802, 1258, 1098,
1047, 1022 cr

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.68 (d, 1HJ) = 5.0 Hz, H-c), 8.09 (d, 1H},= 8.3 Hz,
H-e), 8.03 (d, 1HJ = 8.3 Hz, H-h), 7.64 (t, 1H] = 8.3 Hz, H-f), 7.46 (t, 1H) = 8.3 Hz, H-
g), 6.90 (d, 1HJ = 5.0 Hz, H-b), 3.47 (t, 2H] = 6.5 Hz, H-2), 3.29 (t, 2H] = 7.6 Hz, H-3),
2.82 (t, 2HJ = 6.5 Hz, H-1), 2.32-2.23 (m, 1H, H-6), 1.80-1(A® 2H, H-cy), 1.69-1.52 (m,
5H, H-4, H-cy), 1.25 (br s, 1H, NH), 1.18-1.08 (&H, H-cy), 1.02-0.92 (m, 2H, H-cy), 0.84
(t, 3H,J= 7.4 Hz, H-5).

3C NMR (CDCl3, 100.6 MHz): (ppm) 155.6 (C-a), 150.2 (C-c), 150.0 (C-d), 12&%),
128.9 (C-f), 125.0 (C-g), 124.7 (C-i), 123.9 (C-h}0.7 (C-b), 56.7 (C-6), 55.8 (C-3), 52.0
(C-2), 43.8 (C-1), 33.5 (C-cy), 26.0 (C-cy), 2483¢y), 20.0 (C-cy), 11.5 (C-5).

N1-(tert-butyl)-4-methyl- N2-propyl-N2-(quinolin-4-yl)pentane-1,2-diamine (11-66)

This compound was synthesized according to thergepeocedure II-F, using 0.7 mmol of
amidell-50. The desired product was isolated in 39 % yie@Ir(®).

Mol. Wt.: 341.53, Nature: Pale brown liquid

Exact Mass: 341.2831,

HRMS: Calcd. for GoH3sN3 : 341.2831, Found : 341.2826.

I.R. (thin film): 2961, 2874, 1568, 1506, 1461, 1384, 1231, 11103 ta#

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.65 (d, 1HJ) = 5.1 Hz, H-c), 8.55 (d, 1H},= 8.3 Hz,
H-e), 8.01 (d, 1HJ = 8.3 Hz, H-h), 7.61 (t, 1H] = 8.3 Hz, H-f), 7.43 (t, 1H) = 8.3 Hz, H-
g), 6.87 (d, 1HJ) =5.1 Hz, H-b), 3.96 (tt, 1H] = 5.0, 9.6 Hz, H-2), 3.30-3.20 (m, 1H, H-6),
3.18-3.06 (m, 1H, H-6), 2.92 (dd, 1Bl 9.6, 11.7 Hz, H-1), 2.70 (dd, 18~ 5.0, 11.7 Hz,
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H-1), 1.19-1.17 (m, 1H, NH), 1.62-1.31 (m, 5H, H¥8.7, H-4), 1.11 (s, 9H, H-9), 0.90 (t,
3H,J= 7.4 Hz, H-8), 0.67 (d, 3H,= 6.1 Hz, H-5), 0.64 (d, 3H,= 6.1 Hz, H-5).

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 155.4 (C-a), 150.1 (C-d), 149.7 (C-c), 12&7e),
128.8 (C-f), 124.9 (C-g), 124.8 (C-i), 124.6 (C-b)},0.9 (C-b), 62.1 (C-2), 50.1 (C-9), 44.7
(C-6), 43.9 (C-1), 40.6 (C-3), 29.0 (C-10), 25.34%;23.1 (C-5), 22.3 (C-5), 20.3 (C-7), 12.0
(C-8).

N1-(tert-butyl)-3-methyl- N2-propyl-N2-(quinolin-4-yl)butane-1,2-diamine (11-67)

3 -4
H
9>8(N\1>( /5\6/7

aih
b/| o
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N”d f

This compound was synthesized according to thergepecedure II-F, using 0.45 mmol of
amidell-51. The desired product was isolated in 41 % yie@Ir(t)).

Mol. Wt.: 327.51, Nature: Pale yellow liquid.

HRMS: Calcd. for GiH33N3 : 327.2674, Found : 327.2679.

I.R. (thin film): 2960, 2933, 2869, 1564, 1506, 1461, 1429, 13847,18%27, 1110, 1056
cm’

'H NMR (CDCl 3, 400 MHz): 8 (ppm) 8.89 (d, 1HJ = 8.3 Hz, H-e), 8.60 (d, 1H,= 5.0 Hz,
H-c), 8.00 (d, 1H,) = 8.3 Hz, H-h), 7.61 (t, 1H] = 8.3 Hz, H-f), 7.40 (t, 1H) = 8.3 Hz, H-
g), 6.84 (d, 1HJ = 5.0 Hz, H-b), 3.88-3.78 (m, 1H, H-2), 3.40-3.29, (LH, H-1), 3.28-3.12
(m, 1H, H-1), 2.92-2.85 (m, 2H, H-5), 2.03-1.92 (b, H-3), 1.78-1.62 (m, 1H, H-6), 1.54-
1.42 (m, 1H, H-6), 1.25 (br s, 1H, NH), 1.12 (s,,9H9), 0.93 (t, 3H,) = 6.6 Hz, H-7), 0.88
(d, 3H,J=6.8 Hz, H-4), 0.73 (d, 3H,= 6.8 Hz, H-4).

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 156.0 (C-a), 150.2 (C-d), 149.5 (C-c), 12&%e),
128.7 (C-f), 125.8 (C-g), 124.0 (C-h, C-i), 109®-1§), 70.1 (C-2), 50.1 (C-8), 44.7 (C-5),
42.7 (C-1), 31.9 (C-3), 29.0 (C-9), 21.5 (C-6),82(C-4), 20.4 (C-4), 11.9 (C-7).
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N1-(tert-butyl)- N2-propyl-N2-(quinolin-4-yl)ethane-1,2-diamine (11-68)

H 2 3 3
sl ies
7

a ;b
b/| g
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f
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This compound was synthesized according to thergepecedure II-F, using 0.42 mmol of
amidell-52. The desired product was isolated in 67 % yieRIrn(®).

Mol. Wt.: 285.43, Nature: Pale brown liquid.

HRMS: Calcd. for GgH27N3 : 285.2205, Found : 285.2205.

I.R. (thin film): 2960, 2928, 2869, 1573, 1503, 1460, 1424, 13803,12829, 1094, 1051,
1018 cnt

'H NMR (CDCl 3, 400 MHz): 8 (ppm) 8.68 (d, 1HJ = 5.0 Hz, H-c), 8.10 (d, 1H, = 8.3 Hz,
H-e), 8.03 (d, 1HJ = 8.3 Hz, H-h), 7.64 (t, 1H] = 8.3 Hz, H-f), 7.46 (t, 1H) = 8.3 Hz, H-
g), 6.91 (d, 1H,) = 5.0 Hz, H-b), 3.46 (t, 2H] = 6.5 Hz, H-2), 3.29 (t, 2H] = 7.6 Hz, H-3),
2.75 (t, 2HJ = 6.5 Hz, H-1), 1.66-1.55 (m, 2H, H-4), 1.24 (bdsl, NH), 0.97 (s, 9H, H-7),
0.84 (t, 3HJ = 7.4 Hz, H-5).

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 155.5 (C-a), 150.2 (C-c), 150.0 (C-d), 12@%),
128.9 (C-f), 125.0 (C-g), 124.7 (C-i), 123.9 (C-h}0.7 (C-b), 56.0 (C-3), 52.2 (C-2), 50.1
(C-6), 39.6 (C-1), 28.9 (C-7), 20.0 (C-4), 11.5%-

N2-butyl-N1-cyclohexyl-4-methyIN2-(quinolin-4-yl)pentane-1,2-diamine (11-69)
5

4
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This compound was synthesized according to thergepeocedure II-F, using 0.81 mmol of
amidell-54. The desired product was isolated in 75 % yie@b(thg).
Mol. Wt.: 381.60, Nature: Pale yellow liquid.
HRMS: Calcd. for GsH3oN3 : 381.3144, Found : 381.3172.
I.R. (thin film): 3308, 2926, 2850, 1572, 1506, 1457, 1304, 12567 tirt'

'H NMR (CDCl 5, 400 MHz): § (ppm) 8.64 (d, 1HJ = 5.1 Hz, H-c), 8.41 (d, 1H,= 8.3 Hz,
H-e), 8.00 (d, 1H,) = 8.3 Hz, H-h), 7.61 (t, 1H] = 8.3 Hz, H-f), 7.42 (t, 1H] = 8.3 Hz, H-
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g), 6.87 (d, 1H) = 5.1 Hz, H-b), 4.04-3.94 (m, 1H, H-10), 3.30-3(&8 2H, H-6), 2.92 (dd,
1H,J = 9.5, 12.3 Hz, H-1), 2.79 (dd, 1H,= 4.7, 12.3 Hz, H-1), 2.36-2.27 (m, 1H, H-2),
1.86-1.66 (M, 4H, H-7, H-4, H-cy), 1.60-1.28 (m,,8#3, H-cy, H-8), 1.22-1.12 (m, 4H, H-
cy, NH), 1.09-1.00 (m, 2H, H-cy), 0.86 (t, 3Bi= 7.3 Hz, H-9), 0.67 (d, 3H] = 6.1 Hz, H-
5), 0.63 (d, 3H,) = 6.1 Hz, H-5).

13C NMR (CDCl3, 100.6 MHz):$ (ppm) 155.4 (C-a), 150.2 (C-d), 149.8 (C-c), 12&8e),
128.7 (C-f), 124.7 (C-g, C-i), 124.5 (C-h), 110&-f), 61.5 (C-10), 56.7 (C-2), 49.0 (C-1),
41.9 (C-6), 40.4 (C-3), 33.6 (C-cy), 33.5 (C-c}9,2(C-7), 26.1 (C-cy), 25.2 (C-4), 24.9 (C-
cy), 24.8 (C-cy), 23.1 (C-5), 22.2 (C-5), 20.7 (5-B4.0 (C-9).

N1-cyclohexylN2-phenethylN2-(quinolin-4-yl)ethane-1,2-diamine (II-70)

This compound was synthesized according to thergepecedure II-F, using 0.4 mmol of
amidell-57. The desired product was isolated in 21 % yie@r(&)).

Mol. Wt.: 373.53, Nature: Pale yellow liquid.

HRMS: Calcd. for GsH3iN3 : 373.2518, Found : 373.2523

l.R. (thin film): 3310, 2928, 2851, 1568, 1505, 1461, 1307, 1253) tit

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.72 (d, 1HJ = 5.0 Hz, H-c), 8.08-8.00 (m, 2H, H-e,
H-h), 7.66 (t, 1HJ = 8.0 Hz, H-f), 7.45 (t, 1HJ) = 8.0 Hz, H-g), 7.26-7.17 (m, 3H, H-k, H-
m), 7.08 (d, 2H, = 8.0 Hz, H-I), 6.96 (d, 1H] = 5.0 Hz, H-b), 3.59 (t, 2Hl = 7.5 Hz, H-2),
3.52 (t, 2H,J = 5.9 Hz, H-3), 2.89-2.79 (m, 4H, H-1, H-4), 2.322 (m, 1H, H-5), 1.80-1.70
(m, 3H, H-cy, NH), 1.69-1.62 (m, 2H, H-cy), 1.663.(m, 1H, H-cy), 1.20-1.05 (m, 1H, H-
cy), 1.10-0.91 (m, 2H, H-cy).

3C NMR (CDCl3, 100.6 MHz): 8 (ppm) 155.1 (C-a), 150.2 (C-c), 150.0 (C-d), 13&3)),
129.9 (C-e), 129.1 (C-f), 128.7 (C-I), 128.4 (C-kR6.3 (C-g), 125.2 (C-m), 124.7 (C-i),
123.9 (C-h), 111.1 (C-b), 56.7 (C-5), 55.5 (C-3,5(C-2), 43.8 (C-4, C-1), 33.4 (C-cy),
33.2 (C-cy), 26.0 (C-cy), 24.9 (C-cy).
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1-(4-chlorophenyl)N2-cyclohexyIN1-propyl-N1-(quinolin-4-yl)ethane-1,2-diamine
(1-71)

This compound was synthesized according to thergepeocedure II-F, using 0.78 mmol of
amidell-58. The desired product was isolated in 37 % yieRD(fing).

Mol. Wt.: 422.01, Nature: Pale yellow liquid.

HRMS: Calcd. for GgH32CIN3 : 421.2285, Found : 285.2205.

I.R. (thin film): 2928, 2852, 1569, 1502, 1488, 1460, 1449, 14208,18303, 1238, 1125,
1092, 1037, 1012 c¢ih

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.66 (d, 1HJ) = 5.0 Hz, H-c), 8.42 (d, 1H},= 8.3 Hz,
H-e), 8.08 (d, 1HJ = 8.3 Hz, H-h), 7.68 (t, 1H] = 8.3 Hz, H-f), 7.51 (t, 1H) = 8.3 Hz, H-
9), 7.25 (d, 2HJ = 8.4 Hz, H-l), 7.04 (d, 2H] = 8.4 Hz, H-k), 6.69 (d, 1H] = 5.0 Hz, H-b),
4.81 (t, 1HJ = 7.2 Hz, H-2), 3.40 (dd, 1H,= 7.2, 12.0 Hz, H-1), 3.15 (dd, 18~ 7.2, 12.0
Hz, H-1), 3.11-3.04 (m, 1H, H-3), 2.94-2.86 (m, HH3), 2.45-2.36 (M, 1H, H-6), 1.86-1.76
(m, 2H, H-cy), 1.74-1.65 (m, 2H, NH, H-cy), 1.65%.(m, 1H, H-cy), 1.50-1.37 (m, 2H, H-
4),1.27-1.14 (m, 4H, H-cy), 1.08-0.99 (m, 2H, H;®.82 (t, 3HJ = 7.3 Hz, H-5).

13C NMR (CDCl3, 100.6 MHz): 8 (ppm) 154.5 (C-a), 150.2 (C-d), 150.0 (C-c), 13€5),
133.3 (C-m), 130.0 (C-e), 129.2(C-l), 129.1 (C-kp8.4 (C-f), 125.6 (C-g), 125.5 (C-i),
123.9 (C-h), 113.3 (C-b), 66.1 (C-2), 56.7 (C-8B,H(C-3), 47.3 (C-1), 33.6 (C-cy), 33.4 (C-
cy), 26.1 (C-cy), 24.9 (C-cy), 24.8 (C-cy), 19.64% 11.9 (C-5).

N1-ethyl-N1-(4-methoxybenzyl)N2-propyl-N2-(quinolin-4-yl)butane-1,2-diamine
n-72)

J a i h
kb= | e
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This compound was synthesized according to thergepeocedure II-F, using 0.44 mmol of
amidell-53. The desired product was isolated in 30 % yie@r(iy).
Mol. Wt.: 405.58, Nature: Pale yellow liquid.

HRMS: Calcd. for GgH3sN3O : 405.2780, Found : 405.2771

IR : 2964, 2933, 2871, 1631, 1572, 1509, 1384, 1285211099, 1037 cih

'H NMR (CDClI 3, 400 MHz): 8 (ppm) 8.64 (d, 1HJ = 5.0 Hz, H-c), 8.27 (d, 1H, = 8.3 Hz,
H-e), 8.02 (d, 1HJ) = 8.3 Hz, H-h), 7.60 (t, 1H] = 8.3 Hz, H-f), 7.38 (t, 1H) = 8.3 Hz, H-
g), 7.02 (d, 2H,) = 8.5 Hz, H-k), 6.83 (d, 1H| = 5.0 Hz, H-b), 6.77 (d, 2H},= 8.5 Hz, H-I),
3.79-3.70 (m, 4H, H-2, OMe), 3.38 (d, 1H7 13.3 Hz, H-10), 3.29 (d, 1H,= 13.3 Hz, H-
10), 3.13-2.99 (m, 2H, H-5), 2.74 (dd, 1+ 6.8, 13.3 Hz, H-1), 2.39 (dd, 1H= 6.3, 13.3
Hz, H-1), 2.35-2.24 (m, 2H, H-8), 1.77-1.63 (m,,243), 1.53-1.35 (m, 2H, H-6), 0.94-0.79
(m, 9H, H-4, H-7, H-9).

3C NMR (CDCl3, 100.6 MHz):5 (ppm) 158.4 (C-a), 155.7 (C-m), 150.2 (C-d), 14T &),
131.1 (C-e), 130.0 (C-k), 129.8 (C-j), 128.5 (C1p4.7 (C-i), 124.5 (C-g), 124.1 (C-h),
113.3 (CH, 110.7 (C-b), 63.9 (C-2), 57.8 (C-10), 55.5 (C85.1 (OMe), 47.5 (C-5), 44.3
(C-8), 25.0 (C-3), 20.0 (C-6), 12.0 (C-9), 11.87%;11.4 (C-4).

N1-cyclohexyl-4-methyIN2-propyl-N2-(2-(trifluoromethyl)quinolin-4-yl)pentane-1,2-
diamine (11-73)
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This compound was synthesized as 1 M solution dfritioromethyl)quinolin-4-olin
methanol were added successively 1.0 equiv of griifeequiv of aldehyde and 1.0 equiv of
isocyanide. The resulting mixture was stirred af65or one day. The solvent was removed

afterwards under reduced pressure to afford theSdgles adduct (thioamide).

To the suspension of Raney nickel (10 equiv. byshas ethanol (25 ml), was added a
solution of the thioamide compound (1.0 mmol, IgQie.). The mixture was heated at %5

under an argon atmosphere for 30 to 60 min. atefdill through a plug of celite 545The
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celite was washed with a solution of 20 % ethanallichloromethane (3 x 15 mL) and the
solution concentrated under reduced pressure to tfie crude product was purified by flash
chromatography to give the desired product 46 % 200 mg).

Mol. Wt.: 435.57 Nature: Pale yellow liquid.

HRMS: Calcd. for GsHzgF3N3 : 435.2861, Found : 435.2856.

l.R. (thin film): 2930, 2857, 1579, 1509, 1471, 1339, 1277, 1183411336 crit

'H NMR (CDCl 3, 400 MHz): 8 (ppm) 8.49 (d, 1HJ = 8.3 Hz, H-e), 8.12 (d, 1H,= 8.3 Hz,
H-h), 7.70 (t, 1H,) = 8.3 Hz, H-f), 7.52 (t, 1H) = 8.3 Hz, H-g), 7.15 (s, 1H, H-b), 4.12-4.03
(m, 1H, H-9), 3.34-3.20 (m, 2H, H-6), 2.95 (dd, 1H 10.0, 12.5 Hz, H-1), 2.81 (dd, 18,
= 4.0, 12.5 Hz, H-1), 2.31 (it, 1H,= 4.0, 10.0 Hz, H-2), 1.86-1.65 (m, 4H, H-4, NHch),
1.63-1.49 (m, 4H, H-3, H-7, H-cy), 1.47.1.40 (m,,3tcy, H-3), 1.28-1.12 (m, 4H, H-cy),
1.08-0.95 (m, 2H, H-cy), 0.92 (t, 3d= 7.4 Hz, H-8), 0.73 (d, 3H, = 6.0 Hz, H-5), 0.66 (d,
3H,J= 6.0 Hz, H-5).

13C NMR (CDCl3, 100.6 MHz):§ (ppm) 157.6 (C-a), 149 3 (C-d), 147.6 Jd.- = 34.6 Hz,
C-c), 130.6 (C-e), 129.9 (C-f), 126.1 (C-g), 12438h, C-i), 124.6 (qJc.r = 266.5 Hz, CB),
105.6 (d,Jc.c = 1.9 Hz, C-b), 62.3 (C-9), 56.6 (C-2), 49.0 (C44,0 (C-6), 40.8 (C-3), 33.5
(C-cy), 26.1 (C-cy), 25.3 (C-4), 24.8 (C-cy), 24T-cy), 23.1 (C-5), 22.3 (C-5), 20.1 (C-7),
12.0 (C-8).
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General Procedures:

General Procedure IlI-A: (Ugi-Smiles coupling procedure).

To a 1 M solution of hydroxy heteroaromatic compaginn methanol were added
successively 1.0 equiv of amine, 1.0 equiv of ajdehand 1.0 equiv of isocyanide. The
resulting mixture was stirred at 65°C for 18-36.hfhe solvent was removed
afterwards under reduced pressure to afford theSdgles product after purification

by flash chromatography on silica gel.

General Procedure 1lI-B: (Xanthate synthesis).

To the solution of 1.0 equiv ethylchloroacetata@etone (0.1 M) was added 1. 2 equiv
of potassium ethyl xanthogenate. The resulting unéxtvas stirred at room temperature
for 0.5 h. Thereaction mixture was diluted with ethyl acetateQ(10L), washed with
brine (%20 mL), dried over anhydrous MgSO4, filtered, and concéedran vacuo
The residue was purifiedy column chromatography (silica gel, hexanes) ffora

xantate.

General Procedure 11I-C: (DLP- cyclization reaction procedure).

DLP- cyclization reaction procedure: A solutionldgi-Smiles adduct (1.0 mmol) and
xanthate (1.2 mmol) in1,2-dichloroethane (1 M) waBluxed for 5min under argon
before DLP was added (60mg, 0.15 mmol) from thedbthe condenser. Portions of
DLP (60mg, 0.15 mmol) were added every 20 min urtinplete disappearance of
Ugi-Smile adduct and the starting xanthate, thenrémaining DLP was added every
20 min until complete disappearance of the inteftated(TLC monitoring). And on
concentration under reduced pressuferded an oily pale brown residue, which was
purified by flash chromatography eluting with pettoh ether/diethyl ether to give

pure product.
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General Procedure IlI-D: (Ugi coupling procedure).

To a 1 M solution of 2-chlorotryptamine in methave¢ére added successively 1.0
equiv of aldehyde, 1.0 equiv of acid and 1.0 egdiisocyanide. The resulting mixture

was stirred at room tempatature for 18 hrs. Theestlwas removed afterwards under
reduced pressure to afford the Ugi product aftetfipation by flash chromatography

on silica gel.

General Procedure llI-E: (Synthesis of spirooxiindoline).

To a solution of Ugi adduct (1.0 equiv) in anhydsotHF (0.2 M) was added copper
acetate (1.0 equiv) at 0 °C and then DBU (1.0 eqgdikie mixture was heated to reflux,
until completion of the reaction checked with TL@abysis (24 h). Then, the reaction
mixture was cooled at room temperature and theesblwas removed under reduced
pressure. The crude residue was purified by flastinen chromatography on silica gel
using a gradient of EtOAc in petroleum ether (60:480:20) as eluant to give

spirooxuindoline.
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2-(allyl(5-nitropyridin-2-yl)amino)- N-cyclohexylbutanamide (111.1)

°ZNU
A0

This compound was synthesized according to thergepeocedure llI-A, using 3.57 mmol
of isocyanide. The desired product was isolatetllifo yield (550 mg).

Chemical Formula: ¢gH26N4O3, Nature: yellow solid.

Exact Mass: 346.2005, Mol. Wt.: 346.42

HRMS: Calcd. for GgH26N4Os3, : 346.2005,Found : 346.2016

M.P. =112-113C,

I.R. (thin film): 2924, 2850, 1657, 1588, 1570, 1496, 1413, 13251861, 1111 cih

'H NMR (CDCl 3, 400 MHz): & (ppm) 9.04 (d, 1H) = 2.2 Hz, H-e), 8.21 (dd, 1H,= 2.2,
9.4 Hz, H-c), 6.52 (d, 1H] = 9.4 Hz, H-b), 6.18 (br s, 1H, NH), 5.87-5.72 ( i, H-6),
5.38-5.11 (m, 3H, H-7, H-2), 4.23 (dd, 187 4.8, 17.0 Hz, H-5), 4.03 (d, 1H,= 17.0 Hz,
H-5), 3.78-3.66 (m, 1H, H-8), 2.19-2.03 (m, 1H, H-B.96-1.83 (m, 1H, H-cy), 180-1.49 (m,
6H, H-cy, H-3), 1.43-1.22 (m, 2H, H-cy), 1.21-1.08, 2H, H-cy), 1.05-0.88 (m, 4H, H-cy,
H4).

3C NMR (CDCl3, 100.6 MHz):5 (ppm) 169.2 (C-1), 160.7 (C-a), 145.6 (C-€), 13Z%),
132.7 (C-c), 126.7 (C-d), 117.6 (C-7), 106.7 (C41),0 (C-2), 48.0 (C-8), 47.9 (C-5), 32.9
(C-cy), 32.8 (C-cy), 25.4 (C-cy), 24.5 (C-cy), 213-2), 10.8 (C-4).

2-(allyl(2,6-dimethylpyrimidin-4-yl)amino)- N-cyclohexylbutanamide (l11-2)

C
N\b 6/7
A
N N
H
2 1_N
3 8
4 0]

This compound was synthesized according to thergepeocedure llI-A, using 8.06 mmol
of isocyanide. The desired product was isolategBifo yield (1.0 gm).

Chemical Formula: H3oN4O, Nature: yellow solid.
Exact Mass: 330.2420, Mol. Wt.: 330.47
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HRMS: Calcd. for GgH3oN4O : 330.2420, Found : 330.2425

M.P. = 125°C,

l.R. (thin film): 2929, 2855, 2356, 1657, 1583, 1539, 1479, 1448314843, 1273, 1177,
1089 cntt

'H NMR (CDCl 3, 400 MHz): 5 (ppm) 6.69 (br s, 1H, NH), 6.11 (s, 1H, H-b), 5869 (m,
1H, H-6), 5.27-5.01 (m, 3H, H-7, H-2), 4.08 (dd,,1H 4.8, 17.0 Hz, H-5), 3.84 (d, 1H=
17.0 Hz, H-5), 3.75-3.63 (m, 1H, H-8), 2.51 (s, 3tHs), 3.32 (s, 3H, Ch), 2.13-2.00 (m,
1H, H-3), 1.92-1.81 (m, 1H, H-cy), 1.78-1.59 (m,, 33, H-cy), 1.58-1.46 (m, 2H, H-cy),
1.40-1.22 (m, 2H, H-cy), 1.20-1.06 (m, 2H, H-cy)92-0.93 (m, 1H, H-cy), 0.90 (t, 3H,=
7.3 Hz, H4).

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 170.1 (C-1), 166.1 (C-a), 165.3 (C-c), 16Z6d),
133.5 (C-6), 116.9 (C-7), 100.3 (C-b), 58.8 (C4},6 (C-8), 47.3 (C-5), 32.9 (C-cy), 32.7
(C-cy), 26.1 (-CH), 25.5 (C-cy), 24.5 (C-cy), 24.4 (C-cy), 24.3 K, 21.9 (C-3), 10.9(C-
4).

2-(allyl(2,6-dimethylpyrimidin-4-yl)amino)- N-(4-chlorobenzyl)acetamide (l1I-3)

by

C
N 7 °
}“\/a 3 cl
geve;
ZR‘/N o g
S o8t

This compound was synthesized according to thergepeocedure IlI-A, using 1 mmol of
isocyanide. The desired product was isolated if2adeld (100 mg).

Mol. Wt.: 344.84 Nature: white semisolid.

HRMS: Calcd. for GgH21CIN4O : 344.1404,Found : 344.1408

[.R. (thin film): 2928, 1661, 1590, 1575, 1529, 1481, 1419, 14080,18280, 1242, 1170,
1065, 100&m™

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.04 (d, 2H) = 8.2 Hz, H-f), 7.08 (d, 2H,) = 8.2 Hz,
H-g), 6.95 (br s, 1H, NH), 6.13(s, 1H, H-b), 5.85% (m, 1H, H-4), 5.26-5.03 (m, 2H, H-5),
4.39 (s, 2H, H-6), 4.17 (s, 2H, H-2), 4.16 (m, 2H3), 2.40 (s, 3H, Ch), 2.31 (s, 3H, Ch).
13C NMR (CDCl3, 100.6 MHz):5 (ppm) 169.8 (C-1), 166.8 (C-a), 164.9 (C-c), 16Z6d),
136.5 (C-Ar), 131.2 (C-4), 128.7 (C-g, C-f), 128CT-Ar), 126.7 (C-Ar), 117.8 (C-5), 99.0
(C-b), 52.2 (C-2), 51.4 (C-3), 42.4 (C-6), 26.0 (L,124.3 (-CH).
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2-(allyl(2,6-dimethylpyrimidin-4-yl)amino)- N-(4-methylbenzyl)acetamide (111-4)

\b4/5

A/a%ﬁ

This compound was synthesized according to thergepeocedure 1lI-A, using 1 mmol of
isocyanide. The desired product was isolated ifol@eld (58 mg).

Mol. Wt.: 324.42 Nature: white solid.

HRMS: Calcd. for GoH24N4O : 324.1950,Found : 324.1970

M.P. = 130°C,

I.R. (thin film): 2930, 1658, 1585, 1576, 1531, 14431, 1420, 14045 1272, 1242, 1171,
1080, 101@m™

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.20-7.00 (m, 7H, H-Ar), 6.86 (br s, 1H, \A.13(s,
1H, H-b), 5.85-5.70 (m, 1H, H-4), 5.25-5.10 (m, 245), 4.40 (d, 2HJ = 4.8 Hz, H-6), 4.18
(s, 2H, H-2), 4.09 (m, 2H, H-3), 2.40 (s, 3H, §H2.32 (s, 3H, Ch), 2.31 (s, 3H, Ch).

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 169.6 (C-1), 166.8 (C-a), 165.8 (C-c), 16Z6d),
137.2 (C-Ar), 134.8 (C-Ar), 131.3 (C-4), 129.4 (G}A127.4 (C-Ar), 117.7 (C-5), 99.9 (C-
b), 52.1 (C-2), 51.3 (C-3), 43.1 (C-6), 25.9 ({3+24.2 (-CH), 21.0 (-CH).

2-(allyl(2,6-dimethylpyrimidin-4-yl)amino)- N-(4-chlorobenzyl)-3-methylbutanamide

(111-5)
c 7
)NI\\ b g
dl  a 5 Cl
. N2 H\/©/
WN

This compound was synthesized according to thergepeocedure 1lI-A, using 8.0 mmol of
isocyanide. The desired product was isolated ifB68eld (2.1 gm).

Chemical Formula: &H>7CIN4O, Nature: white solid.

Exact Mass: 386.1873, Mol. Wt.: 386.92
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HRMS: Calcd. for GiH,7CIN4O : 386.1873,Found : 386.1868

M.P. = 98°C,

I.R. (thin film): 2968, 1671, 1583, 1535, 1474, 1403, 1339, 12683,10085 crit

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.23 (d, 2HJ = 8.2 Hz, H-g), 7.07 (d, 2H,= 8.2 Hz,
H-f), 6.13 (s, 1H, H-b), 5.70-5.55 (m, 1H, H-6)18.(d, 2H, J = 13.3 Hz, H-7), 4.91 (br s,
1H, NH), 4.40-4.25 (m, 2H, H-8), 4.10-3.90 (m, 2H#5), 2.56-2.42 (m, 1H, H-3), 2.38 (s,
3H, -CHy), 2.33 (s, 3H, -Ch), 1.02 (d, 3H,) = 6.4, Hz, H-4), 0.81 (d, 3H,= 6.4, Hz, H-4).
13C NMR (CDCl3, 100.6 MHz):5 (ppm) 170.9 (C-1), 166.1 (C-a), 165.4 (C-c), 16Z6d),
136.7 (C-e), 133.1 (C-h), 133.0 (C-6), 128.9 (C4f)8.7 (C-f), 117.4 (C-7), 100.6 (C-b),
42.6 (C-5 & C-8), 26.5 (-Ch), 26.1 (-CH), 24.1 (C-3), 19.9 (C-4), 19.1 (C-4).

2-(allyl(6-methyl-2-phenylpyrimidin-4-yl)amino)- N-cyclohexylbutanamide (l11-6)

A

This compound was synthesized according to thergepecedure 1lI-A, using 2.5 mmol of
isocyanide. The desired product was isolated if6field (600 mg).

Chemical Formula: &H3,N4O, Nature: white solid.

Exact Mass: 392.2576, Mol. Wt.: 392.54

HRMS: Calcd. for G4H32N4O : 392.2576, Found : 392.2575

M.P. = 115°C,

I.R. (thin film): 2929, 2850, 11658, 1591, 1570, 1526, 1474, 14487{,1860, 1208, 1181,
1024 cnit

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.50-8.27 (m, 2H, H-f), 7.60-7.38 (m, 3HhHH-g),
6.60 (br s, 1H, NH), 6.24 (s, 1H, H-b), 5.94-5.%6 (LH, H-6), 5.42-5.03 (m, 3H, H-7, H-2),
4.11 (d, 1HJ = 17.0 Hz, H-5), 3.96 (d, 1H,= 17.0 Hz, H-5), 3.77-3.61 (m, 1H, H-8), 2.45
(s, 3H, CH), 2.24-2.08 (m, 1H, H-3), 1.89-1.74 (m, 2H, H-E3), 1.68-1.36 (m, 4H, H-cy),
1.33-1.13 (m, 2H, H-cy), 1.04-0.80 (m, 6H, H-cy,)H4

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 170.2 (C-1), 166.0 (C-a), 162.8 (C-c), 16Z6d),
138.2 (C-e), 133.5 (C-6), 130.2 (C-h), 128.4 (C4f7.9 (C-f), 117.1 (C-7), 101.3 (C-b),
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59.7 (C-2), 47.7 (C-8 & C-5), 32.8 (C-cy), 32.6¢§), 25.3 (-CH), 24.6 (C-cy), 24.4 (C-
cy), 24.3 (C-cy), 21.6 (C-3), 11.1 (C-4).

2-(allyl(6-methyl-2-phenylpyrimidin-4-yl)amino)- N-(4-chlorobenzyl)butanamide (111-7)

5
b 4/

C
N
f | 3
g ed N/aN ICI
> H
“ e
Y
o]

This compound was synthesized according to thergepecedure 1lI-A, using 2.5 mmol of
isocyanide. The desired product was isolated ifc3ield (401 mg).

Mol. Wt.: 434.96, Nature: white solid.

HRMS: Calcd. for GsH27CIN4O : 434.1873, Found : 434.1881

M.P. =123°C,

[.R. (thin film): 2926, 1655, 1592, 1574, 1528, 1471, 1420, 13793,12208, 1135, 1011
cm’

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.35-8.27 (m, 2H, H-f), 7.50-7.38 (m, 3HhHH-g),
7.08-7.02 (m, 4H, H-Ar), 6.90 (br s, 1H, NH), 6.8 1H, H-b), 5.92-5.79 (m, 1H, H-4),
5.30-5.15 (m, 2H, H-5), 4.38 (s, 2H, H-6), 4.3228l, H-2), 4.16 (m, 2H, H-3), 2.45 (s, 3H,
CHj).

3C NMR (CDCl3, 100.6 MHz): 8 (ppm) 169.8 (C-1), 166.6 (C-a), 163.4 (C-c), 13{C8
Ar), 136.3 (C-Ar), 133.1 (C-4), 131.2 (C-Ar), 130(€-Ar), 128.8 (C-Ar), 128.8 (C-Ar),
128.4 (C-Ar), 128.0 (C-Ar), 118.0 (C-5), 99.9 (C-b.4 (C-2), 51.6 (C-3), 42.5 (C-6), 24.6
(CHs).

2-(allyl(6-methyl-2-phenylpyrimidin-4-yl)amino)- N-(4-methylbenzyl)acetamide (I11-8)
N X b 4 7 °
f edI a 3 j K |
g©/LN N H\}@/
h 2KH/N
¢
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This compound was synthesized according to thergepeocedure IlIA, using 2.15 mmol
of isocyanide. The desired product was isolategDifo yield (498 mg).
Nature: white solid.Mol. Wt.: 386.49

HRMS: Calcd. for G4H»sN4O : 386.2107, Found : 386.2111

M.P. = 125°C

I.R. (thin film): 2920, 2356, 1653, 1591, 1570, 1531, 1496, 1439814874, 1260, 1230,
1194, 1068, 1026m*

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.43-8.24 (m, 2H, H-f), 7.52-7.35 (m, 3HgHH-h),
7.02 (d, 2HJ = 8.0 Hz, H-j), 6.94 (d, 2H,) = 8.0 Hz, H-k), 6.79 (br s, 1H, NH), 6.25 (s, 1H,
H-b), 5.91-5.80 (m, 1H, H-4), 5.31-5.14 (m, 2H, H-8.39 (s, 2H, H-6), 4.29 (s, 2H, H-2),
4.16 (s, 2H, H-3), 2.44 (s, 3H, GH2.25 (s, 3H, CH).

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 169.5 (C-1), 166.4 (C-a), 163.3 (C-c), 16&1d),
137.9 (C-i), 136.9 (C-l), 134.7 (C-4), 131.3 (C-880.2 (C-h), 129.2 (C-k), 128.2 (C-g),
128.0 (C-f), 127.3 (C-j), 117.8 (C-5), 99.9 (C-BR.2 (C-2), 51.4 (C-3), 42.9 (C-6), 24.5
(CHs), 21.0 (CH).

2-(allyl(2-isopropyl-6-methylpyrimidin-4-yl)amino)- N-(4-chlorobenzyl)acetamide (111-9)

Njij\b o7 °
ﬁ}“\N/ aN SH\Q/hCI
8 ZKH/N e 9

0 6 f

This compound was synthesized according to thergepeocedure llI-A, using 2.5 mmol of
isocyanide. The desired product was isolated ifroddeld (410 mg).
Nature: oil.Mol. Wt.: 344.84
HRMS: Calcd. for GoH2sCIN,O : 372.1717,Found : 372.1709
I.R. (thin film): 2925, 1662, 1585, 1534, 1465, 1435, 1411, 13739,1P860, 1151, 1080,
1011cm™
'H NMR (CDCl 3, 400 MHz): 8 (ppm) 7.25 (d, 2HJ = 8.2 Hz, H-f), 7.14 (d, 2H] = 8.2 Hz,
H-g), 7.07 (br s, 1H, NH), 6.15(s, 1H, H-b), 5.864%(m, 1H, H-4), 5.25-5.12 (m, 2H, H-5),
4.38 (s, 2H, H-6), 4.21 (m, 2H, H-2), 4.07 (m, 4H3), 2.97-2.87 (m, 1H, H-7), 2.35 (s, 3H,
CHj3), 1.61 (d, 6H, Ch).
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13C NMR (CDCl3, 100.6 MHz): 8 (ppm) 174.3 (C-1), 166.0 (C-a), 162.1 (C-c), 13636
Ar), 136.5 (C-Ar), 131.3 (C-4), 131.2 (C-g), 12§®-Ar), 128.7 (C-Ar), 126.8 (C-Ar), 117.8
(C-5), 99.2 (C-b), 52.2 (C-2), 51.5 (C-3), 42.6@537.4 (C-7), 24.4 (C§), 21.7 (CH).

2-(allyl(2,6-dimethylpyrimidin-4-yl)amino)- N-(tert-butyl)-2-phenylacetamide (l11-10)
N i b 4 /5
e
ENEI)N%‘/H 6 7
e
h O \K
9

This compound was synthesized according to thergkepeocedure A, using 2.5 mmol of
isocyanide. The desired product was isolated if3seld (308 mg).
Nature: oil.Mol. Wt.: 352.47

HRMS: Calcd. for GiH2sN4O : 352.2263,Found : 352.2270

[.R. (thin film): 2930, 1658, 1570, 1510, 1469, 1420, 1428, 13450,127231, 1112, 1052
cm’

'H NMR (CDCl3, 400 MHz): & (ppm) 7.38-7.28 (m, 4H, H-Ar), 6.34 (s, 1H, H-B)18(s,
1H, H-2), 6.00 (br s, 1H, NH), 5.60-5.47 (m, 1H4§-5.05-4.97 (m, 2H, H-5), 3.96 (m, 2H,
H-3), 2.50 (s, 3H, CH), 2.34 (s, 3H, Ch), 1.34 (s, 9H, H-7).

3C NMR (CDCl3, 100.6 MHz):5 (ppm) 169.2 (C-1), 166.2 (C-a), 165.4 (C-c), 16ZX),
134.4 (C-Ar), 134.0 (C-Ar), 133.3 (C-4), 130.9 (@)YA128.7 (C-Ar), 116.9 (C-5), 100.4 (C-
b), 61.7 (C-2), 51.6 (C-3), 48.6 (C-6), 28.7 (CZ9,1 (CH), 24.3 (CH).

Ethyl ethoxythiocarbonylsulfanylacetate (111-A)

S
2
/\O)j\s/\%o\/
O

This compound was synthesized according to thergepeocedure 1IIB, using 10 mmol of
potassium ethyl xanthogenate. The desired prodastisolated in 95 % yield (1.9 gm).
Mol. Wt.: 208.30 Nature: pale yellow liquid.
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I.R. (thin film): 2970, 17401446, 1370, 1295, 1231, 1151, 1120, 1052 cm

'H NMR (CDCl3, 400 MHz): & (ppm) 4.62 (q, 2HJ = 7.1 Hz, CH), 4.19 (g, 2HJ = 7.1
Hz, CH), 3.89 (s, 2H, H-2), 1.41 (t, 3H,= 7.1 Hz, CH), 1.28 (t, 3H,J = 7.1 Hz, CH).

3C NMR (CDCl3, 100.6 MHz): 8 (ppm) 212.6 (C-1), 167.8 (C-2), 70.5, 61.85, 3CR),
14.1, 13.6

O-ethyl S-(2-oxopropyl) carbonodithioate (111-B)
4 S 2
3
5/\0)1\8/\’( CHs
0]

This compound was synthesized according to thergepeocedure 1IIB, using 10 mmol of
potassium ethyl xanthogenate. The desired prodastisolated in 92 % yield (1.6 gm).

Mol. Wt.: 178.27 Nature: pale yellow liquid.

'H NMR (CDCl 3, 400 MHz): & (ppm) 4.60 (q, 2HJ = 7.1 Hz, H-4), 3.96 (s, 2H, H-2), 2.29
(s, 3H, CH), 1.38 (t, 3HJ = 7.1 Hz, H-5).

3C NMR (CDCl3, 100.6 MHz): 5 (ppm) 213.5 (C-1), 200.1 (C-3), 70.5(C-4), 45.92C
29.11 (CH), 13.5 (C-5).

O-ethyl S-2-ox0-2-phenylethyl carbonodithioatg111-C)

3
507,08

O
This compound was synthesized according to thergepeocedure 1B, using 10 mmol of
potassium ethyl xanthogenate. The desired prodastisolated in 87 % yield (2.8 gm).
Mol. Wt.: 240.34 Nature: pale yellow liquid.
'H NMR (CDCl3, 400 MHz): & (ppm) 8.08-7.93 (m, 2H, H-Ar), 7.68-7.55 (m, 1H:AH),
7.54-7.39 (m, 2H, H-Ar), 4.66 (s, 2H, H-2), 4.62 241,J = 7.6 Hz, H-4), 1.40 (t, 3H} = 7.1
Hz, H-5).
13C NMR (CDCl3, 100.6 MHz): 8 (ppm) 213.3 (C-1), 192.4 (C-3), 135.8 (C-Ar), 1B8C-
Ar), 128.9 (C-Ar), 128.5 (C-Ar), 70.8(C-4), 43.6-), 13.8 (C-5).
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Ethyl 3-(7-(1-(cyclohexylamino)-1-oxobutan-2-yl)-21-dimethyl-6,7-dihydro-5H-
pyrrolo[2,3-d]pyrimidin-5-yl)propanoate (I11-11)
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This compound was synthesized according to thergepeocedure 1lI-C, using 1.0 mmol of
Ugi-Smiles adduct 1ll-2. The desired product wadated in 48 % yield (200 mg).
Nature: yellow liquid. Mol. Wt.: 416.56
HRMS: Calcd. for GsH3eN4O3 : 416.2787, Found : 416.2767
[.R. (thin film): 2929, 2855, 2356, 1731, 1657, 1609, 1570, 15178,14400, 1312, 1277,
1260, 1168, 1168, 1089, 1026i"
'H NMR (CDCl 3, 400 MHz): 5 (ppm) 6.43 (d, 1HJ = 7.5 Hz, NH), 4.40 (t, 1H] = 7.7 Hz
H-2), 4.06 (q, 2HJ = 6.8 Hz, H-10), 3.80-3.63 (m, 2H, H-12, H-5), 3.3@5 (m, 2H, H-5,
H-6), 2.45 (s, 3H, -Ck), 2.34-2.20 (m, 5H, H-8, -CHi 2.10-1.95 (m, 2H, H-7, H-3), 1.90-
1.70 (m, 4H, H-7, H-3, H-cy), 1.69-1.46 (m, 3H, W)}c1.40-1.05 (m, 8H, H-cy, H-11), 0.88
(t, 3H,J =7.3 Hz, H-4).
3C NMR (CDCl3, 100.6 MHz):8 (ppm) 172.8 (C-9), 169.1 (C-1), 166.3 (C-a), 16€X),
157.2 (C-c), 116.4 (C-b), 60.6 (C-10), 57.9 (C&),5 (C-5), 47.8 (C-12), 35.0 (C-6), 32.9
(C-cy), 32.8 (C-cy), 30.4 (C-8), 28.9 (C-7), 25:EBHf3), 25.4 (C-cy), 24.5 (C-cy), 24.4 (C-
cy), 20.8 (C-3), 20.5 (-C¥), 14.2 (C-11), 10.7 (C-4).

Ethyl 3-(1-(1-(cyclohexylamino)-4-methyl-1-oxopenta-2-yl)-2,3-dihydro-1H-
pyrrolo[3,2-c]pyridin-3-yl)propanoate (l11-12)
O
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This compound was synthesized according to thergepeoceduréll-C , using 1.0 mmol of
Ugi-Smiles adduchi-2 . The desired product was isolated in 24 % yie@D(fng).

Nature: Pale yellow liquid.Mol. Wt.: 415.57

HRMS: Calcd. for G4H37N303 : 415.2835, Found : 415.2837

l.R. (thin film): 29224, 2840, 2361, 1727, 1644, 1660, 1517, 144841877, 1260, 1163,
1098, 1064, 1028 ¢

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.21 (s, 1H, H-c), 8.12 (d, 1Bi= 5.8 Hz H-d), 6.55
(d, 1H,J=5.8 Hz, H-e), 6.04 (br s, 1H, NH), 4.10 (q, &+ 7.1 Hz, H-11), 3.93 (t, 1H =
6.5 Hz, H-2), 3.80-3.60 (m, 3H, H-6, H-7, H-13)03-2.88 (m, 1H, H-6), 2.29 (t, 2H,= 7.0
Hz, H-9), 2.02 (dd, 1H) = 7.0, 13.4 Hz, H-3), 1.95-1.78 (m, 4H, H-3, H-48H 1.74-1.50
(m, 6H, H-cy), 1.35-1.15 (m, 11H, H-cy, H-5, H-1R)95-0.82 (m, 2H, H-cy).

13C NMR (CDCl3, 100.6 MHz):§ (ppm) 173.0 (C-10), 171.1 (C-1), 148.1 (C-c), BA4{C-
d), 146.1 (C-a), 127.0 (C-b), 107.0 (C-e), 60.41(J; 60.2 (C-2), 49.3 (C-6), 48.2 (C-13),
39.6 (C-7), 33.7 (C-3), 33.0 (C-cy), 32.8 (C-cy),B(C-9), 30.0 (C-8), 29.0 (C-4), 25.3 (C-
5), 24.8 (C-cy), 24.7 (C-cy), 24.5 (C-cy), 22.2%%-14.1 (C-12).

Ethyl 3-(1-(1-(tert-butylamino)-4-methyl-1-oxopentan-2-yl)-2,3-dihydro-1H-pyrrolo[3,2-
c]pyridin-3-yl)propanoate (l11-13)

This compound was synthesized according to thergepeocedure IlI-C, using 0.825 mmol
Ugi-Smiles adduchi-4 . The desired product was isolated in 27 % yie&Ir(®)).

Chemical Formula: &H3sN3O3, Nature: Pale brown liquid.

Exact Mass: 389.2678, Mol. Wt.: 389.53

HRMS: Calcd. for GoH3sN303 : 389.2678, Found : 389.2679

l.R. (thin film): 2960, 2933, 22361, 1727, 1666, 1596, 1543, 150%3,14365, 1277, 1255,
1220, 1163 cr

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.23 (s, 1H, H-c), 8.14 (d, 1Bl= 5.8 Hz H-d), 6.55
(d, 1H,J = 5.8 Hz, H-e), 5.85 (br s, 1H, NH), 4.10 (q, 2+ 7.1 Hz, H-11), 3.82 (t, 1Hl =
6.5 Hz, H-2), 3.74-3.62 (m, 2H, H-6, H-7), 3.00-2@n, 1H, H-6), 2.30 (t, 2H] = 7.0 Hz,
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H-9), 2.26-2.17 (m, 1H, H-4), 2.06-196 (m, 1H, H-B)94-1.83 (m, 1H, H-3), 1.65-1.55 (m,
2H, H-8), 1.32 (s, 9H, tBu), 1.31-1.18 (m, 9H, HF512).

13C NMR (CDCl3, 100.6 MHz):§ (ppm) 173.0 (C-10), 171.1 (C-1), 156.2 (C-a), D4&-
c), 146.7 (C-d), 127.4 (C-b), 107.0 (C-e), 60.91(1); 60.4 (C-2), 51.2 (C-6), 49.4 (C-13),
39.6 (C-7), 33.8 (C-3), 33.3 (C-9), 30.3 (C-8),28C-14), 24.6 (C-5), 22.2 (C-4), 14.2 (C-
12).

Ethyl 3-(1-(1-(cyclohexylamino)-1-oxobutan-2-yl)-fitro-2,3-dihydro-1 H-pyrrolo[2,3-
b]pyridin-3-yl)propanoate (I11-14)
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This compound was synthesized according to thergepeocedurdll-C , using 1.34 mmol
Ugi-Smiles adduclil-1 . The desired product was isolated in 48 % yie@D(BQ).

e

Chemical Formula: &H3,N4Os, Nature: Pale brown liquid
Exact Mass: 432.2373, Mol. Wt.: 432.51

HRMS: Calcd. for GoH3oN4Os : 432.2373, Found : 432.2386

l.R. (thin film): 2933, 2850, 2356, 1731, 1657, 1609, 1574, 1517614843, 1377, 1291,
1186, 1090, 1024 cth

'H NMR (CDCl 3, 400 MHz): 5 (ppm) 8.86 (s, 1H, H-e), 7.92 (s, 1H, H-c), 6.64 €, 1H,
NH), 4.05 (t, 1HJ = 7.5 Hz, H-2), 4.15 (g, 2Hl = 7.2 Hz, H-10), 4.00-3.83 (m, 1H, H-12),
3.79-3.62 (M, 1H, H-5), 3.55-3.30 (m, 2H, H-5, H-B}44-2.30 (m, 2H, H-8), 2.20-1.98 (m,
2H, H-7, H-3), 1.94-1.76 (m, 3H, H-7, H-3, H-cy).74-1.64 (m, 3H, H-cy), 1.34-1.25 (m,
6H, H-cy, H-11), 1.20-1.10 (m, 1H, H-cy), 0.953H, J = 7.2 Hz, H-4).

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 172.5 (C-9), 168.1 (C-1), 164.6 (C-a), 14E7e),
136.6 (C-c), 126.7 (C-d), 125.7 (C-b), 60.8 (C-HB,5 (C-2), 51.9 (C-5), 48.2 (C-12), 36.2
(C-6), 33.0 (C-cy), 31.0 (C-cy), 30.9 (C-8), 29G1), 25.4 (C-cy), 24.6 (C-cy), 24.5 (C-cy),
21.4 (C-3), 14.3 (C-11), 10.7 (C-4).
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N-cyclohexyl-2-(2,4-dimethyl-5-(3-0x0-3-phenylpropyts5H-pyrrolo[2,3-d]pyrimidin-
7(6H)-yl)butanamide (111-15)

This compound was synthesized according to thergepeoceduréll-C , using 1.0 mmol of
Ugi-Smiles adductil-2 . The desired product was isolated in 34 % yie&D(fing).
Nature: Pale brown liquidMol. Wt.: 448.60

HRMS: Calcd. for GH3sN4O- : 448.2838,Found : 448.2843

I.R. (thin film): 2929, 2853, 1671, 1611, 1568, 1515, 1446, 1404818517, 1270, 1259,
1202, 1083 cil

'H NMR (CDCl 3, 400 MHz): 8 (ppm) 7.90 (d, 2HJ = 7.8 Hz, Hf), 7.58-7.54 (m, 1H, H-h),
7.48-7.41 (m, 2H, H-g), 6.48 (d, 1Bl= 7.8 Hz, NH), 4.41 (t, 1H] = 7.7 Hz, H-2), 3.80-3.65
(m, 2H, H-10, H-5), 3.46-3.30 (m, 2H, H-5, H-6)08:2.83 (m, 2H, H-8), 2.45 (s, 3H, -GH
2.30 (s, 3H, -Ch), 2.26-2.14 (m, 1H, H-7), 2.08-1.96 (m, 1H, H-794-:1.40 (m, 7H, H-3,
H-cy), 1.30-0.98 (m, 5H, H-cy), 0.90 (t, 381z 7.3 Hz, H-4).

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 199.3 (C-9), 169.2 (C-1), 166.3 (C-a), 16&1c),
157.2 (C-d), 136.6 (C-e), 133.2 (C-h), 128.6 (C197.9 (C-g), 116.8 (C-b), 58.0 (C-2), 50.7
(C-5), 47.9 (C-10), 35.2 (C-6), 34.1 (C-8), 33.0dyJ, 32.8 (C-cy), 28.2 (C-7), 25.8 (-GH
25.4 (C-cy), 24.4 (C-cy), 21.1 (C-3), 20.6 (-§HL0.8 (C-4).

Ethyl 3-(7-(2-((4-chlorobenzyl)amino)-2-oxoethyl)-2-dimethyl-6,7-dihydro-5H-
pyrrolo[2,3-d]pyrimidin-5-yl)propanoate (I11-16)
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This compound was synthesized according to thergepeoceduréll-C , using 1.0 mmol of
Ugi-Smiles adduchil-3 . The desired product was isolated in 23 % yie®ir(®).
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Nature: Pale brown liquid, Mol. Wt.: 430.93

HRMS: Calcd. for GoH27CIN4O3 : 430.1772,Found : 430.1784

[.R. (thin film): 2927, 1673, 1613, 1571, 1520, 1451, 1410, 13610,18262, 1249, 1186,
1060 cnt

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.25 (d, 2HJ = 8.2 Hz, Hg), 7.16 (d, 2Hl = 8.2 Hz,
Hf), 7.09 (br s, 1H, NH), 4.47-4.32 (m, 2H, H-8)22-3.80 (m, 4H, H-10, H-2), 3.70-3.60
(m, 1H, H-4), 3.42-3.28 (m, 2H, H-3), 2.39 (s, 3tH), 2.31 (CH), 2.28 (m, 5H, CH H6),
1.2 (t, 3H,J = 7.0 Hz, H-9).

3C NMR (CDCl3, 100.6 MHz):5 (ppm) 172.9 (C-7), 168.6 (C-1), 166.6 (C-a), 1665c),
157.6 (C-d), 1337.1 (C-e), 134.9 (C-h), 129.3 (C47.6 (C-f), 116.3 (C-b), 60.7 (C-2),
55.5 (C-8), 49.1 (C-3), 43.1 (C-10), 35.5 (C-4),630C-6), 28.6 (C-5), 25.6 (GH 21.0
(CHs), 20.5 (CH), 14.1 (CH).

Ethyl 3-(2,4-dimethyl-7-(2-((4-methylbenzyl)amino)2-oxoethyl)-6,7-dihydro-5-
pyrrolo[2,3-d]pyrimidin-5-yl)propanoate (111-17)
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This compound was synthesized according to thergepecedurdll-C , using 1.0 mmol of
Ugi-Smiles adductil-4 . The desired product was isolated in 18 % yieRh{@).

Nature: liquid, Mol. Wt.: 410.51

HRMS: Calcd. for GsH3zoN4O5 : 410.2318,Found : 410.2314.

[.R. (thin film): 2929, 1668, 1615, 1574, 1515, 1454, 1376, 13210,12315, 1180, 1020
cm*

'H NMR (CDCl3, 400 MHz): & (ppm) 7.17-702 (m, 4H, H-Ar), 6.88 (br s, 1H, NH)48-
4.28 (m, 2H, H-8), 4.22-3.96 (m, 4H, H-10, H-2)93.3.82 (m, 1H, H-4), 3.70-3.60 (m, 2H,
H-3), 2.40 (s, 3H, Ch}, 2.30-2.22 (m, 5H, C¥lH6), 2.04-1.80 (m, 2H, H-5), 1.2 (t, 3B~
7.0 Hz, H-9).

3C NMR (CDCl3, 100.6 MHz):5 (ppm) 172.9 (C-7), 168.7 (C-1), 166.6 (C-a), 1665c),
157.3 (C-d), 136.6 (C-e), 133.2 (C-h), 128.9 (Ct8.7 (C-g), 116.3 (C-b), 60.7 (C-2), 55.5
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(C-8), 49.0 (C-3), 42.6 (C-10), 35.4 (C-4), 30.64 28.5 (C-5), 25.5 (C¥), 20.3 (CH),
14.1 (CHy).

Ethyl 3-(7-(1-((4-chlorobenzyl)amino)-3-methyl-1-ovbutan-2-yl)-2,4-dimethyl-6,7-
dihydro-5H-pyrrolo[2,3-d]pyrimidin-5-yl)propanoate (I11-18)

Q 10
c 7
N P - oo\
ol e s Cl
N"ONT :
2 1_N
3 e 9
12 f

This compound was synthesized according to thergepeoceduréll-C , using 1.0 mmol of
Ugi-Smiles adductil-5 . The desired product was isolated in 43 % yie@B(&hQ).

Nature: Pale yellow liquid. Mol. Wt.: 472.2241

HRMS: Calcd. for GsH33CIN4O3 : 472.224] Found : 472.2244

l.R. (thin film): 2964, 2924, 1731, 1671, 11609, 1570, 1531, 14693,14273, 1177, 1094,
1011 cnt

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.22 (d, 2HJ = 8.0 Hz, H-g), 7.07 (d, 2H,= 8.0 Hz,
H-f), 6.97 (d, 1H,J = 6.0 Hz, NH), 4.39 (dd, 2H,= 6.0, 14.7 Hz, H-12), 4.12 (g, 2Bl= 7.0
Hz, H-10), 4.04-3.97 (m, 1H, H-5), 3.73 (t, 14+ 7.0 Hz, H-2), 3.40-3.20 (m, 2H, H-5, H-
6), 2.51-2.38 (m, 1H, H-3), 2.35 (s, 3H, §H2.28 (s, 3H, Ch), 2.23 (t, 2HJ = 7.5 Hz, H-
8), 2.10-1.90 (m, 1H, H-7), 1.80-1.65 (m, 1H, H-I)25 (t, 3H,J = 7.0 Hz, H-11), 1.00 (d,
3H,J = 7.0 Hz, H-4), 0.87 (d, 3H,= 7.0 Hz, H-4).

3C NMR (CDCl3, 100.6 MHz):5 (ppm) 172.8 (C-9), 169.6 (C-1), 166.1 (C-a), 168&X),
157.3 (C-d), 136.7 (C-e), 133.2 (C-h), 128.9 (Cif8.7 (C-f), 116.6 (C-b), 64.0 (C-2), 60.6
(C-10), 51.5 (C-5), 42.6 (C-12), 35.2 (C-6), 30&BT), 28.9 (C-8), 26.4 (C-7), 25.7 (-GH
20.6 (-CH), 19.5 (C-4), 19.1 (C-4), 14.2 (C-11).
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Ethyl 3-(7-(1-(cyclohexylamino)-1-oxobutan-2-yl)-dnethyl-2-phenyl-6,7-dihydro-5H-
pyrrolo[2,3-d]pyrimidin-5-yl)propanoate (I11-19)
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This compound was synthesized according to thergepeoceduréll-C , using 1.0 mmol of
Ugi-Smiles adduclil-6 . The desired product was isolated in 55 % yie@b(&hg).

Nature: Pale yellow liquid. Mol. Wt.: 478.63

HRMS: Calcd. for GgH3sN4O3 : 478.2944, Found : 478.2950.

I.R. (thin film): 2972, 2929, 2850, 1731, 1662, 1605, 1562, 15312,14577, 1312, 1246,
1163 cnt

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.40-8.30 (m, 2H, H-f), 7.54-7.38 (m, 3HhHH-g),
6.52 (br s, 1H, NH), 4.63-4.45 (m, 1H, H-2), 4.@0 2H,J = 7.0 Hz, H-10), 3.80-3.60 (m,
2H, H-12, H-5), 3.50-3.25 (m, 2H, H-5, H-6), 2.49 BH, CH), 2.37-2.24 (m, 2H, H-8),
2.18-1.96 (m, 2H, H-7, H-3), 1.94-1.70 (m, 4H, HH-3, H-cy), 1.63-1.38 (m, 3H, H-cy),
1.34-1.14 (m, 6H, H-cy, H-11), 1.05-0.80 (m, SHeH-H-4).

3C NMR (CDCl3, 100.6 MHz):8 (ppm) 172.8 (C-9), 169.3 (C-1), 166.6 (C-a), 16&ad),
157.9 (C-c), 138.2 (C-e), 130.0 (C-h), 128.2 (C4R7.7 (C-f), 117.5 (C-b), 60.6 (C-10),
58.2 (C-2), 50.7 (C-5), 47.9 (C-12), 35.2 (C-6),8B&-cy), 32.7 (C-cy), 30.4 (C-8), 28.8 (C-
7), 25.3 (C-cy), 24.4 (C-cy), 24.2 (C-cy), 21.035-20.9 (CH), 14.2 (C-11), 10.8 (C-4).

N-cyclohexyl-2-(4-methyl-5-(3-oxobutyl)-2-phenyl-B -pyrrolo[2,3-d]pyrimidin-7(6 H)-
yl)butanamide (I11-20)

o
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This compound was synthesized according to thergepeocedurdll-C , using 0.38 mmol
of Ugi-Smiles addudil-6 . The desired product was isolated in 44 % yie®r(ig).
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Nature: yellow liquid. Mol. Wt.: 448.60

HRMS: Calcd. forCy7H3eN4O; : 448.2838, Found : 448.2836

I.R. (thin film): 3322, 2929, 2853, 1710, 1656, 1603, 1564, 1508414577, 1317, 1247,
1159, 1064 cm

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.40-8.25 (m, 2H, H-f), 7.55-7.35 (m, 3HhHH-Q),
6.50 (d, 1H,J = 8.0Hz, NH), 4.50 (t, 1H) = 6.6 Hz, H-2), 3.78-3.58 (m, 2H, H-11, H-5),
3.45-3.25 (m, 2H, H-5, H-6), 2.47 (t, 2BI= 7.5 Hz, H-8), 2.40 (s, 3H, -G} 2.16-2.00 (m,
5H, H-3, H-7, H-10), 1.90-1.66 (m, 4H, H-7, H-3,dy}, 1.60-1.34 (m, 4H, H-cy), 1.30-1.14
(m, 2H, H-cy), 1.10-0.85 (m, 5H, H-cy, H-4).

3C NMR (CDCl3, 100.6 MHz):8 (ppm) 207.9 (C-9), 169.3 (C-1), 166.5 (C-a), 16Z),
157.8 (C-c), 138.1 (C-e), 130.0 (C-h), 128.2 (Cig®y7.7 (C-f), 117.7 (C-b), 58.2 (C-2), 51.2
(C-5), 47.8 (C-11), 39.4 (C-8), 35.1 (C-6), 32.7dyW, 30.0 (C-10), 27.4 (C-7), 25.3 (C-cy),
24.4 (C-cy), 24.3 (C-cy), 21.1 (C-3), 21.0 (-gHLO.8 (C-4).

Ethyl  3-(7-(2-((4-chlorobenzyl)amino)-2-oxoethyl)-4nethyl-2-phenyl-6,7-dihydro-5H-
pyrrolo[2,3-d]pyrimidin-5-yl)propanoate (I11-21)
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This compound was synthesized according to thergepeoceduréll-C , using 1.0 mmol of
Ugi-Smiles adduchil-7 . The desired product was isolated in 27 % yieRb(fing).
Mol. Wt.: 493.00, Nature: liquid.
HRMS: Calcd. forCy7H29CIN4O3 : 492.1928Found : 492.1930
I.R. (thin film): 2929, 1729, 1659, 1624, 1576, 1533, 1467, 13821,18326, 1180, 1010
cm?
'H NMR (CDCl 3, 400 MHz): & (ppm) 8.35-8.23 (m, 2H, H-f), 7.50-7.35 (m, 4H Ad-NH),
7.24-7.08 (m, 4H, H-Ar), 4.47-4.25 (m, 3H, H-2, 18)14.20-3.90 (m, 3H, H-2, H-8), 3.75-
3.65 (m, 1H, H-3), 3.55-3.37 (m, 2H, H-3, H-4), 2.&, 3H, CH), 2.35-2.25 (m, 2H, H-6),
2.10-1.90 (m, 2H, H-5), 1.20 (t, 38,= 7.0 Hz, H-9).
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13C NMR (CDCl3, 100.6 MHz):8 (ppm) 172.9 (C-7), 169.1 (C-1), 166.9 (C-a), 16&5C),
158.5 (C-d), 137.8 (C-e), 136.5 (C-l), 133.1 (C4B0.2 (C-h), 128.9 (C-j), 128.7 (C-g),
128.3 (C-k), 127.9 (C-f), 117.3 (C-b), 60.8 (C-BK.8 (C-2), 49.5 (C-3), 42.6 (C-10), 35.7
(C-4), 30.7 (C-6), 28.5 (C-5), 20.9 (G}i14.1 (C-9).

Ethyl 3-(4-methyl-7-(2-((4-methylbenzyl)amino)-2-oxethyl)-2-phenyl-6,7-dihydro-5H-
pyrrolo[2,3-d]pyrimidin-5-yl)propanoate (I11-22)
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This compound was synthesized according to thergepecedurdll-C , using 1.0 mmol of

Ugi-Smiles adduchil-8 . The desired product was isolated in 27 % yiekb(fing).
Nature: Pale yellow liquid.Mol. Wt.: 472.58

HRMS: Calcd. forCygH3oN4O5 1 472.2474 Found : 472.2473

I.R. (thin film): 2924, 2356, 1731, 1662, 1605, 1583, 1570, 15183,14377, 1325, 1260,
1172, 1024 cih

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.28 (d, 2HJ = 7.6 Hz, H-f), 7.45-7.34 (m, 3H, H-h,
H-g), 7.10 (d, 2H,) = 7.6 Hz, H-j), 7.00 (d, 2H] = 7.6 Hz, H-k), 6.95 (br s, 1H, NH), 4.50-
4.25 (m, 3H, H-2, H-10), 4.08-3.95 (m, 3H, H-2, }-8.75-3.65 (m, 1H, H-3), 3.45-3.35 (m,
2H, H-3, H-4), 2.40 (s, 3H, -CHi 2.33-2.20 (m, 5H, H-6, -CHi 2.10-2.00 (m, 1H, H-5),
1.96-1.85 (m, 1H, H-5), 1.20 (t, 3B 7.0 Hz, H-9).

3C NMR (CDCl3, 100.6 MHz):5 (ppm) 173.0 (C-7), 169.0 (C-1), 167.0 (C-a), 16&6c),
158.5 (C-d), 138.0 (C-e), 137.1 (C-i), 135.0 (C4B0.1 (C-h), 129.4 (C-j), 128.3 (C-9),
128.0 (C-k), 127.6 (C-f), 117.4 (C-b), 60.8 (C-Bh.8 (C-2), 49.5 (C-3), 43.2 (C-10), 35.8
(C-4), 30.8 (C-6), 28.7 (C-5), 21.1 (-GK21.0 (-CH), 14.2 (C-9).
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Ethyl 5-((2-((4-chlorobenzyl)amino)-2-oxoethyl)(2$opropyl-6-methylpyrimidin-4-
yl)amino)-4-((ethoxycarbonothioyl)thio)pentanoate (111-23)

13 14

%ﬁ}%

e 9
f

This compound was synthesized according to thergepeoceduréll-C , using 2.0 mmol of
Ugi-Smiles adduchil-9 . The desired product was isolated in 44 % yieldD(BQ).

Nature: liduid.Mol. Wt.: 581.19

HRMS: Calcd. for G/H37/CIN4O4S, : 580.1945,Found : 580.1952.

I.R. (thin film): 2928, 1669, 1570, 1540, 1470, 1480, 1401, 13600,12836, 1080, 1050,
1008cm™

'H NMR (CDCl 3, 400 MHz): 8 (ppm) 7.22 (d, 2HJ = 8.2 Hz, H-f), 7.10 (d, 2H] = 8.2 Hz,
H-g), 6.95 (br s, 1H, NH), 6.22(s, 1H, H-b), 4.5y 2H,J= 7.1 Hz H-11), 4.38 (d, 2H] =
5.9 Hz, H-2), 4.24 (s, 2H, H-9), 4.15-400 (m, 4H3HH-13), 3.76-3.58 (m, 1H, H-4), 3.00-
2.88 (m, 1H, H-7), 2.55-2.44 (m, 2H, H-6), 2.3438i, CHy), 2.33-2.15 (m, 2H, H-5), 1.36
(t, 3H,J = 7.1 Hz, H-12), 1.30-109 (m, 9H, H-14, H-8).

3C NMR (CDCl3, 100.6 MHz):8 (ppm) 213.1 (C-15), 174.2 (C-10), 172.7 (C-1), .B6&-
a), 166.1 (C-d), 162.4 (C-c), 136.6 (C-e), 133.3)(28.8 (C-g), 128.6 (C-h), 99.4 (C-b),
70.5 (C-13), 60.7 (C-11), 53.8 (C-3), 53.3 (C-B,54(C-9), 42.6 (C-4), 37.4 (C-6), 31.2 (C-
7), 26.2 (C-5), 24.3 (C§), 21.6 (C-8), 14.1 (Ch), 13.6 (CH).

2-Chlorotrriptamine (111-D)

1
dc b NH,

f | 2
h" N a Cl
H

g
To the stirred suspension of hydrochloride saltrgbtamine (1.0 gm, 5.0 mmol) in a 10:3
acetic acid/formic acid solution was addedchlorosuccinimide (679 mg, 5 mmol) at room
temperature and allowed to stirred it for 18 h.eAftompletion of reaction (checked by

TLC), solvents were removed under vaccum, the vesiobtained was purified with fash
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chromatography using 10% aqueous ammonia in 9:41CGH#eOH soution as an eluent to
afford the 2-Chlorotrriptamine products.

isolated yield : 340 mg, % yield = 35 %

Nature : Oil.

'H NMR (CD3OD, 400 MHz): 5 (ppm) 7.58-7.52 (m, 1H, H-d), 7.36-7.31 (m, 1HgH-
7.22-7.08 (m, 2H, H-e, H-f), 3.25-3.10 (m, 4H, HKHE2), 2.00 (brs, 2H, N§.

3C NMR (CD50D, 100.6 MHz):8 (ppm) 136.3 (C-h), 127.9 (C-c), 123.0 (C-f), 12@9a),
120.8 (C-e), 118.2 (C-d), 106.1 (C-b), 40.3 (C22.8 (C-1).

2-(N-(2-(2-chloro-1H-indol-3-yl)ethyl)acetamido)-N-cyclohexyl-2-(4-
nitrophenyl)acetamide (111-24)
NO,

a
O\J\
N

1 b

23 O
l HN 4
)

N
H

This compound was synthesized according to thergepecedurdll-D , using 1.0 mmol of
2-chlorotryptamine. The desired product was isdl@ted9 % yield (490 mg).

Mol. Wt.: 496.99, Nature: white solide.

HRMS: Calcd. for GgH29CIN4O, : 496.1877, Found : 498.18609.

M.P. = 145-146C

I.R. (thin film): 3295, 2932, 2856, 1653, 1632, 1527, 1454, 1414218182, 1014 cth

'H NMR (CDCl 3, 400 MHz): 8 (ppm) 8.27 (br s, 1H, NH), 8.15 (d, 2Bi= 8.6 Hz, H-ar),
7.57 (d, 2HJ = 8.6 Hz, H-ar), 7.22 (t, 2Hl = 7.8 Hz, H-ar), 7.14 (t, 1H] = 7.8 Hz, H-ar),
7.06 (t, 1H,J = 7.8 Hz, H-ar), 6.09 (br d, 1H,= 7.6 Hz, NH), 6.05 (s, 1H, H-3), 3.90-3.75
(m, 1H, H-4), 3.58 (t, 2H) = 8.0 Hz, H-2), 3.00-2.85 (m, 1H, H-1), 2.68-2.%7, (LH, H-1),
2.38 (s, 3H, -Ch), 1.97-1.85 (m, 2H, H-cy), 1.73-1.50 (m, 3H, H-c%)40-1.10 (m, 5H, H-
cy).

3C NMR (CDCl3, 100.6 MHz): 8 (ppm) 172.2 (C-a), 167.9 (C-b), 147.5 (C-ar), B4L-
ar), 134.2 (C-ar), 129.9 (C-ar), 126.9 (C-ar), ¥2&-ar), 122.6 (C-ar), 121.0 (C-ar), 120.4
(C-ar), 117.7 (C-ar), 110.6 (C-ar), 107.9 (C-ad),46(C-3), 48.7 (C-4), 47.2 (C-2), 32.8 (C-
cy), 32.7 (C-cy), 25.4 (C-cy), 24.7 (C-cy), 24.41% 21.9 (C-CH).
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2-(N-(2-(2-chloro-1H-indol-3-yl)ethyl)acetamido)-2-(4-chlorophenyl)N-
cyclohexylacetamide (l11-25)
Cl

o2/
N

1 A 3\b o
l N 4
H of @

This compound was synthesized according to thergepecedurdll-D , using 1.0 mmol of
2-chlorotryptamine. The desired product was isdl@tet7 % yield (227 mg).

Mol. Wt.: 4856.43, Nature: white solide.

HRMS: Calcd. for GgH29CIoN30,: 485.1637, Found : 485.1645.

M.P. = 161-162C

l.R. (thin film): 3256, 3056, 2932, 2856, 1719, 1656, 1621, 1549614450, 1419, 1346,
1265, 1231, 1091, 1014 &m

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.48 (br s, 1H, NH), 7.43 (d, 2Bi= 8.6 Hz, H-ar),
7.38 (d, 2HJ = 8.6 Hz, H-ar), 7.23 (t, 1H = 7.6 Hz, H-ar), 7.16-7.10 (m, 1H, H-ar), 7.08-
7.02 (m, 2H, H-ar), 5.98 (s, 1H, H-3), 5.80 (brl#i, J = 7.8 Hz, NH), 3.85-3.72 (m, 1H, H-
4), 3.46 (t, 2HJ = 8.4 Hz, H-2), 3.88-2.78 (m, 1H, H-1), 2.47-2.87, (H, H-1), 2.33 (s, 3H,
-CHs), 1.98-1.84 (m, 2H, H-cy), 1.74-1.55 (m, 3H, H-c})40-1.25 (m, 2H, H-cy), 1.18-1.04
(m, 2H, H-cy).

3C NMR (CDCl3, 100.6 MHz): 8 (ppm) 171.9 (C-a), 168.6 (C-b), 134.6 (C-ar), B34C-
ar), 133.9 (C-ar), 131.1 (C-ar), 129.1 (C-ar), D2(C-ar), 122.3 (C-ar), 121.0 (C-ar), 120.2
(C-ar), 117.7 (C-ar), 110.7 (C-ar), 108.1 (C-ad),26(C-3), 48.6 (C-4), 46.6 (C-2), 32.8 (C-
cy), 32.7 (C-cy), 25.4 (C-cy), 24.7 (C-cy), 24.51% 21.9 (C-CH).

2-(N-(2-(2-chloro-1H-indol-3-yl)ethyl)acetamido)-Neyclohexyl-2-(4-

methoxyphenyl)acetamide (111-26)
OCHj
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This compound was synthesized according to thergepeoceduréll-D , using 1.0 mmol of
2-chlorotryptamine. The desired product was isdl@te80 % yield (385 mg).
Mol. Wt.: 482.01, Nature: oil.

HRMS: Calcd. for G/H3,CIN3O3 : 481.2132, Found : 481.2133.

l.R. (thin film): 3229, 3067, 1665, 1620, 1527, 1512, 1438, 1345112230, 1171, 1023
cm’

'H NMR (CDCl 3, 400 MHz): & (ppm) 8.36 (br s, 1H, NH), 7.37 (d, 2Bi= 8.6 Hz, H-ar),
7.14 (d, 1HJ = 8.1 Hz, H-ar), 7.08-7.02 (m 1H, H-ar), 6.99-6(88 2H, H-ar), 6.89 (d, 2H,
J=8.6 Hz, H-ar), 5.92 (s, 1H, H-3), 5.57 (br d,, D 7.8 Hz, NH), 3.90-3.65 (m, 4H, H-4, -
CHj3), 3.45-3.27 (m, 2H, H-2), 2.77-2.65 (m, 1H, H-2)35-2.20 (m, 4H, H-1, C§), 1.89-
1.79 (m, 2H, H-cy), 1.64-1.45 (m, 3H, H-cy), 1.338 (m, 2H, H-cy), 1.10-0.95 (m, 3H, H-
cy).

3C NMR (CDCl3, 100.6 MHz):5 (ppm) 171.8 (C-a), 169.3 (C-b), 159.8 (C-c), 13€z2ar),
131.3 (C-ar), 127.2 (C-ar), 127.1 (C-ar), 122.2af};-120.9 (C-ar), 119.9 (C-ar), 117.9 (C-
ar), 114.4 (C-ar), 110.5 (C-ar), 108.4 (C-ar), 6(C33), 55.3 (C-4), 48.5 (CHl 46.3 (C-2),
32.7 (C-cy), 25.4 (C-cy), 24.8 (C-cy), 24.7 (C-c34,5 (C-1), 21.9 (C-CH).

2-(N-(2-(2-chloro-1H-indol-3-yl)ethyl)acetamido)-N¢4-methylbenzyl)-2-(4-
nitrophenyl)acetamide (111-27)

NO,
a
O\J\
N

1 b
2 3 =0
\ HN 4
N~ >Cl

H

This compound was synthesized according to thergepecedurdll-D , using 1.0 mmol of
2-chlorotryptamine. The desired product was isdlate45 % yield (233 mg).
Mol. Wt.: 518.99, Nature: white solide.

HRMS: Calcd. for GgH>7CIN4O, : 518.9914, Found : 518.9901.

M.P. = 215-216°C
l.R. (thin film): 3285, 2929, 1656, 1628, 1520, 1422, 1349, 12389,11108, 1014 cth
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'H NMR (CDCI 3+ DMSO-dg one drop, 400 MHz):5 (ppm) 8.13 (d, 2HJ = 8.7 Hz, H-ar),
7.56 (d, 2HJ = 8.7 Hz, H-ar), 7.22-7.06 (m, 8H,H-ar), 6.50 (4,1J = 5.4 Hz, NH), 6.04 (s,
1H, H-3), 4.50-4.35 (m, 2H, H-4), 3.59 (t, 2Bl= 8.0 Hz, H-2), 2.94-2.83 (m, 1H, H-1),
2.65-2.54 (m, 1H, H-1), 2.35 (s, 3H, -@H2.31 (s, 3H, -Ch).

3C NMR (CDCl3, 100.6 MHz): 8 (ppm) 172.2 (C-a), 168.7 (C-b), 147.5 (C-ar), 34(C-
ar), 134.4 (C-ar), 134.2 (C-ar), 130.0 (C-ar), #2@-ar), 127.7 (C-ar), 126.9 (C-ar), 123.7
(C-ar), 122.6 (C-ar), 121.0 (C-ar), 120.4 (C-af)7 b (C-ar), 110.6 (C-ar), 107.9 (C-ar), 61.6
(C-3), 47.3 (C-2), 43.6 (C-4), 24.3 (C-1), 21.9@Q€EkL), 21.1 (C-CH).

2-(N-(2-(2-chloro-1H-indol-3-yl)ethyl)acetamido)-N-cyclohexyl-2-(3-
nitrophenyl)acetamide (111-28)

o g{ NO

This compound was synthesized according to thergepeoceduréll-D , using 1.0 mmol of
2-chlorotryptamine. The desired product was isdl@tes0 % yield (248 mg).
Mol. Wt.: 496.99, Nature: yellow oil.

HRMS: Calcd. for GgH29CIN4O, : 496.1877, Found : 498.1867.

I.R. (thin film): 3285, 2936, 2856, 1653, 1625, 1530, 1450, 1418918227, 1171, 1098,
1021 cnt

'H NMR (CDClI 3, 400 MHz): 8 (ppm) 8.35 (br s, 1H, NH), 8.29 (s, 1H, H-ar),B(@, 1H,J

= 8.1 Hz, H-ar), 7.78 (d, 1H,= 7.6 Hz, H-ar), 7.50 (t, 1Hl = 8.1 Hz, H-ar), 7.26-7.17 (m,
2H, H-ar), 7.13 (t, 1HJ = 7.6 Hz, H-ar), 7.06 (t, 1Hl = 7.6 Hz, H-ar), 6.17 (br d, 1H,=
7.6 Hz, NH), 6.11 (s, 1H, H-3), 3.90-3.78 (m, 1H4H 3.58 (t, 2HJ = 8.6 Hz, H-2), 2.98-
2.88 (M, 1H, H-1), 2.64-2.54 (m, 1H, H-1), 2.38 8, -CHs), 1.97-1.85 (m, 2H, H-cy),
1.72-1.55 (m, 3H, H-cy), 1.40-1.26 (m, 2H, H-cy)2a-1.05 (m, 3H, H-cy).

3C NMR (CDCl3, 100.6 MHz): 8 (ppm) 172.2 (C-a), 167.9 (C-b), 148.2 (C-ar), B3(C-
ar), 135.2 (C-ar), 134.2 (C-ar), 129.6 (C-ar), 92@-ar), 124.0 (C-ar), 123.2 (C-ar), 122.5

267



pastel-00739959, version 1 - 9 Oct 2012

Experimental Part : Chapter 3

(C-ar), 121.1 (C-ar), 120.4 (C-ar), 117.9 (C-af)0b (C-ar), 107 (C-ar), 60.9 (C-3), 48.7 (C-
4), 46.9 (C-2), 32.8 (C-cy), 32.9 (C-cy), 25.4 (§;24.7 (C-cy), 24.3 (C-1), 21.9 (C-GH

N-(tert-butyl)-2-( N-(2-(2-chloro-1H-indol-3-yl)ethyl)acetamido)-2-(4-
nitrophenyl)acetamide (111-29)
NO,

a
O:(
N

1 b
23 O

l HN 4
o X

N
H 5

This compound was synthesized according to thergepecedurdll-D , using 1.0 mmol of
2-chlorotryptamine. The desired product was isdl&ed9 % yield (465 mg).
Mol. Wt.: 470.95, Nature: white solide.

HRMS: Calcd. for G4H>7CIN4O,4 : 470.1721, Found : 470.1734.

M.P. =181-182C

[.R. (thin film): 1659, 1618, 1558, 1527, 1454, 1412, 1346, 1262417171, 1014 cth

'H NMR (CDClI 3+ DMSO-ds one drop, 400 MHz):8 (ppm) 8.11 (dd, 2HJ = 2.0, 8.6 Hz,
H-ar), 7.49 (dd, 2HJ = 2.0, 8.6 Hz, H-ar), 7.18-7.03 (m, 3H, H-ar), 7894 (m, 1H, H-ar),
5.96 (s, 1H, H-3), 5.27 (br s, 1H, NH), 3.64-3.4% @H, H-2), 2.90-2.78 (m, 1H, H-1), 2.57-
2.48 (m, 1H, H-1), 2.34 (s, 3H, -GK1.31 (s, 9H, Hb).

13C NMR (CDCl; + DMSO-dg one drop, 100.6 MHz):5 (ppm) 172.2 (C-a), 168.2 (C-b),
147.3 (C-ar), 142.9 (C-ar), 134.2 (C-ar), 129.9af};-126.7 (C-ar), 123.6 (C-ar), 122.1 (C-
ar), 121.5 (C-ar), 119.9 (C-ar), 117.4 (C-ar), 81(C-ar), 107.2 (C-ar), 61.3 (C-3), 51.7 (C-
4), 46.8 (C-2), 28.4 (-C¥), 24.4 (C-1), 21.8 (Ch).
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N-(tert-butyl)-2-( N-(2-(2-chloro-1H-indol-3-yl)ethyl)acetamido)-2-(4-
chlorophenyl)acetamide. (I11-30)
Cl

a
O\J\
N
3\b

1
2 0]
N Cl
o A
This compound was synthesized according to thergepecedurdll-D , using 1.0 mmol of

2-chlorotryptamine. The desired product was isdl@et9 % yield (226 mg).
Mol. Wt.: 460.40, Nature: white solide.

HRMS: Calcd. for Q4H27C|2N302: 459.1480, Found : 459.1470.

M.P. = 210-211°C

l.R. (thin film): 3278, 2984, 1656, 1621, 1555, 1492, 1447, 13606,12213, 1095, 1011
cm’

'H NMR (CDCI3, 400 MHz): § (ppm) 8.19 (br s, 1H, NH), 7.45-7.35 (m, 4H, H;at)22-
6.99 (m, 4H, H-ar), 5.95 (s, 1H, H-3), 5.66 (bdkl, NH), 3.54 (m, 2H, H-2), 2.87-2.76 (m,
1H, H-1), 2.43-2.35 (m, 1H, H-1), 2.34 (s, 3H, §H..34 (s, 9H, H-5).

3C NMR (CDCl3, 100.6 MHz): 8 (ppm) 171.9 (C-a), 168.8 (C-b), 134.6 (C-ar), 234C-
ar), 134.1 (C-ar), 131.2 (C-ar), 129.2 (C-ar), D2(C-ar), 122.4 (C-ar), 120.9 (C-ar), 120.2
(C-ar), 117.8 (C-ar), 110.5 (C-ar), 108.2 (C-ad),26(C-3), 51.7 (C-4), 46.4 (C-2), 28.6 (C-
5), 24.5 (C-1), 21.9 (C-CiL

1'-acetyl-N-cyclohexyl-2'-(4-nitrophenyl)-2-oxospiro[indoline-3,3'-pyrrolidine]-2'-
carboxamide (111-31)

This compound was synthesized according to thergepeoceduréll-E , using 0.5 mmol of
Ugi adductlll- 24. The desired product was isolated in 64 % yi&4D mgq).
Mol. Wt.: 476.52, Nature: white solide.
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HRMS: Calcd. for GgH28N4Os : 476.2060, Found : 476.2072.

M.P. = 247-246°C

I.R. (thin film): 2948, 2852, 1729, 1639, 1520, 1394, 1349, 12686,11112 crit

'H NMR (CDCl 3, 400 MHz): & (ppm) 9.09 (br d, 1H] = 7.4 Hz, NH), 8.40-8.05 (m, 2H, H-
h), 7.93 (br s, 1H, NH), 7.34-7.26 (m, 2H, H-)0&.(t, 1H,J= 7.7 Hz, H-e), 6.68 (d, 1H,=
7.7 Hz, H-f), 6.52 (t, 1HJ) = 7.7 Hz, H-d), 4.99 (d, 1H, = 7.7 Hz, H-c), 4.69-4.58 (m, 1H,
H-9), 4.03 (t, 1HJ = 9.2 Hz, H-4), 3.73-3.62 (m, 1H, H-4), 2.38 (s,,3H7), 2.30-2.17 (m,
1H, H-3), 2.12-2.03 (m, 1H, H-3), 1.88-1.73 (m, #¢cy), 1.62-1.45 (m, 3H, H-cy), 1.30-
1.01 (m, 5H, H-cy).

3C NMR (CDCl3, 100.6 MHz):& (ppm) 180.4 (C-1), 172.1 (C-8), 169.3 (C-6), 14(C§),
144.1 (C-g), 141.2 (C-a), 128.4 (C-e, C-h), 12T}, 124.1 (C-c), 121.3 (C-i, C-d), 109.9
(C-f), 82.0 (C-5), 61.2 (C-2), 48.8 (C-9), 48.7 4%5-32.4 (C-3), 32.3 (C-cy), 31.7 (C-cy),
25.6 (C-7), 25.4 (C-cy), 24.5 (C-cy), 24.3 (C-cy).

1'-acetyl-2'-(4-chlorophenyl)N-cyclohexyl-2-oxospiro[indoline-3,3'-pyrrolidine]-2-

carboxamide (111-32)

This compound was synthesized according to thergepeocedurdll-E , using 0.5 mmol of
Ugi adductlll-25. The desired product was isolated in 54 % yield ().

Mol. Wt.: 465.97, Nature: white solide.

HRMS: Calcd. for GgH28CIN3O3 : 465.1819, Found : 465.1821.

M.P. = 160-16%C

I.R. (thin film): 3054, 2930, 2849, 1708, 1653, 1621, 1531, 14683,18335, 1284, 1189,
1091, 1014 ci

'H NMR (CDCl 3, 400 MHz): & (ppm) 9.09 (d, 1H) = 7.5 Hz, NH), 8.35 (d, 1H] = 7.6 Hz,
H-ar), 7.52-7.35 (m, 1H, H-ar), 7.14-6.95 (m, 4HaH, 6.76 (d, 1H) = 7.6 Hz, H-ar), 6.54
(t, 1H,J = 7.6 Hz, H-ar), 5.07 (d, 1H,= 7.6 Hz, H-ar), 4.63-4.53 (m, 1H, H-5), 3.971(Y,
J = 9.3 Hz, H-3), 3.70-3.60 (m, 1H, H-3), 2.34 (s,,3Hk), 2.22 (dd, 1H,) = 3.9, 12.7 Hz,
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H-2), 2.01 (dd, 1HJ = 6.8, 13.9 Hz H-2), 1.85-1.71 (m, 2H, H-cy), 1820 (m, 3H, H-cy),
1.25-1.08 (m, 5H, H-cy).

13C NMR (CDCls, 100.6 MHz):5 (ppm) 180.4 (C-a), 172.1 (C-b), 169.3 (C-c), 14T4ar),
135.5 (C-ar), 134.2 (C-ar), 128.4 (C-ar), 128.0af;-124.5 (C-ar), 121.0 (C-ar), 109.7 (C-
ar), 80.1 (C-4), 61.3 (C-1), 48.6 (C-5), 48.5 (C&.3 (C-2), 32.2 (C-cy), 31.7 (C-cy), 25.6
(CH3), 25.5 (C-cy), 24.5 (C-cy), 24.3 (C-cy).

1'-acetyl-2'-(4-methoxyphenyl)N-cyclohexyl-2-oxospiro[indoline-3,3'-pyrrolidine]-2-

carboxamide (111-33)

This compound was synthesized according to thergepeoceduréll-E , using 0.7 mmol of
Ugi adductlll-26. The desired product was isolated in 45 % yield (d).
Mol. Wt.: 461.55, Nature: white semisolide.

HRMS: Calcd. for G7H31N30, 1 461.2315, Found : 461.2328.

I.R. (thin film): 2932, 2859, 1714, 1653, 1621, 1548, 1513, 14798,18285, 1085, 1028
cm’

'H NMR (CDCl 3, 400 MHz): & (ppm) 9.39 (br d, 1H) = 7.4 Hz, NH), 8.24 (s, 1H, H-ar),
7.10-6.90 (m, 4H, H-ar), 6.77 (d, 1Bl= 7.6 Hz, H-ar), 6.52 (d, 1H), = 7.6 Hz, H-ar), 5.07
(d, 1H,J = 7.6 Hz, H-ar), 4.61-4.52 (m, 1H, H-5), 3.951(4, J = 9.3 Hz, H-3), 3.83 (s, 3H,
CHj3), 3.70-3.60 (m, 1H, H-3), 2.32 (s, 3H, @H2.29-2.24 (m, 1H, H-2), 1.98 (dd, 1Bi=
6.2, 13.3 Hz H-2), 1.82-1.10 (m, 6H, H-cy), 1.282(m, 4H, H-cy).

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 181.5 (C-a), 171.8 (C-b), 170.1 (C-c), 15&4ar),
141.2 (C-ar), 128.9 (C-ar), 127.8 (C-ar), 124.8af3-121.0 (C-ar), 113.5 (C-ar), 109.5 (C-
ar), 82.4 (C-4), 61.5 (C-1), 48.6 (C-5), 48.5 (C3&3.0 (C-2), 32.3 (C-cy), 32.1 (C-cy), 31.8
(C-cy), 25.8 (CH), 25.5 (C-cy).
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1'-acetyl-N-cyclohexyl-2'-(3-nitrophenyl)-2-oxospiro[indoline-3,3'-pyrrolidine]-2'-

carboxamide (l111-34)

This compound was synthesized according to thergepeocedurdll-E , using 1 mmol of
Ugi adductlll-28 . The desired product was isolated in 50 % yieRB(&hg).
Mol. Wt.: 476.52, Nature: white solide.

HRMS: Calcd. for GeH2gN4Os : 476.2060, Found : 476.2075.

M.P. = 170-172C

l.R. (thin film): 3058, 2929, 2856, 1715, 1656, 1618, 1548, 1510114255, 1182, 1035
cm?t

'H NMR (CDCl 3, 400 MHz): & (ppm) 9.13 (br s, 1H, NH), 8.25 (dd, 18z 1.6, 8.6 Hz H-
ar), 8.0 (s, 1H, H-ar), 7.45 (br s, 1H, NH), 7.671H,J = 7.6 Hz, H-ar), 6.81 (d, 1H,=7.6
Hz, H-ar), 6.49 (t, 1H) = 7.6 Hz, H-ar), 4.93 (d, 1H,= 7.6 Hz, H-ar), 4.70-4.57 (m, 1H, H-
5), 4.12-4.00 (m, 1H, H-3), 3.73-3.64 (m, 1H, H-3)39 (s, 3H, Ch), 2.28-2.18 (m, 1H, H-
2), 2.08 (dd, 1HJ = 6.0, 13.4 Hz H-2), 1.85-1.68 (m, 2H, H-cy), 1542 (m, 3H, H-cy),
1.25-1.02 (m, 5H, H-cy).

13C NMR (CDCls, 100.6 MHz):5 (ppm) 180.5 (C-a), 172.2 (C-b), 169.2 (C-c), 14&1ar),
141.3 (C-ar), 139.4 (C-ar), 129.7 (C-ar), 128.4af{;-127.9 (C-ar), 124.2 (C-ar), 123.4 (C-
ar), 122.8 (C-ar), 121.1 (C-ar), 110.0 (C-ar), 8(C14), 61.3 (C-1), 48.8 (C-5), 48.5 (C-3),
32.3 (C-2), 32.2 (C-cy), 31.7 (C-cy), 25.6 (§H25.4 (C-cy), 24.4 (C-cy), 24.3 (C-cy) .

1'-acetyl-N-(ter-buyl)-2'-(4-nitrophenyl)-2-oxospiro[indoline-3,3'-pyrrolidine]-2'-
carboxamide. (l11-35)
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This compound was synthesized according to thergepeoceduréll-E , using 0.9 mmol of
Ugi adductlll-29 . The desired product was isolated in 21 % yiefir(ig).
Mol. Wt.: 450.49, Nature: oil.

HRMS: Calcd. for G4H26N4Os : 450.1903, Found : 450.1915.

I.R. (thin film): 3232, 3068, 2978, 1712, 1666, 1612, 1520, 1473418349 crit

'H NMR (CDCl3, 400 MHz): & (ppm) 9.03 (br s, 1H, NH), 8.35-8.10 (m, 3H, HNH),
7.33 (d, 2H,J = 8.6 Hz, H-i), 7.05 (t, 1H) = 7.7 Hz, H-e), 6.78 (d, 1H,= 7.7 Hz, H-f), 6.51
(t, 1H,J = 7.7 Hz, H-d), 4.99 (d, 1H,= 7.7 Hz, H-c), 4.66-4.56 (m, 1H, H-4), 4.02 (t,,1H
= 9.3 Hz, H-4), 2.38 (s, 3H, H-7), 2.25-2.15 (m,, HH43), 2.65 (dd, 1HJ = 6.0, 13.4 Hz, H-
3), 1.25 (s, 9H, H-10).

13C NMR (CDCl3, 100.6 MHz):8 (ppm) 180.6 (C-1), 172.1 (C-8), 169.0 (C-6), 14(C&g),
144.2 (C-j), 141.1 (C-a), 128.3 (C-e, C-h), 12&1h), 124.0 (C-c), 123.6 (C-d), 121.3 (C-i),
110.1 (C-f), 82.3 (C-5), 61.4 (C-2), 51.3 (C-9),48C-4), 32.6 (C-3), 28.1 (C-10), 25.6 (C-
7).
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General Procedures:

General Procedure IV-A: (Synthesis of Tetrazole dévatives).

To a well-stirred solution of isocyanide (1.0 equim acetonitrile, was added bromine (1.0
equiv.), and after 5 minutes at room temperatwdijusn azide (1.5 equiv.) was added. The
resulting mixture was stirred at 65 °C for 2h. aftempletion of reaction (checked by TLC
analysis), the acetonitrile was removed and tolueas added under argon atmosphere,
potassium carbonate (3.0 equiv.) was added and faftes minutes at room temperature,
boronic acid (1.5 equiv.), antdtrakiqtriphenylphosphine) palladium (5 mole%) were added
The resulting mixture was stirred under argon aphese at 110 °C for 18 h. It was then
cooled to room temperature, filtered off and comiggad under reduced pressure. The crude
residue was purified by flash chromatography oeaijel (diethyl ether: petroleum ether) to

afford the corresponding product.
General Procedure IV-B: (Synthesis of bromotriazad derivatives).

To a well-stirred solution of isocyanide (1.0 equiv dichloromethane, was added bromine
(1.0 equiv), and after 5 minutes at room tempeeatarsolution of aryl tetrazole (1.0 equiv.)
and triethyl amine (2.0 equiv.) in dichloromethanas added. The resulting mixture was
stirred at room temperature for 45 minutes, aftengletion of reaction (checked by TLC
analysis), the dichloromethane was removed an@énelwas added under argon atmosphere.
The resulting solution refluxed for 2.5 h, the Kagas cooled to room temperature. Toluene
concentrated under reduced pressure. The crudedueeswas purified by flash
chromatography on silica gel (diethyl ether: petuoh ether), to afford the corresponding
product.

General Procedure IV-C: (Synthesis of 1,2,4-triazel derivatives)

To a well-stirred solution of 3-bromo-1,2,4-triago{1.0 equiv) in toluene (0.2 M) were
successively added potassium carbonate (3.0 egaimy) boronic acid (2.0 equiv.) and
tetrakiqtriphenylphos-phine) palladium (5 mol %). The féag mixture was stirred under
argon atmosphere at 110 °C for 18 h. It was cotdetbom temperature, filtered off and
concentrated under reduced pressure. The crudedueeswas purified by flash
chromatography on silica gel (diethyl ether : pleen ether), to afford the corresponding

product.
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General Procedure 1V-D: (2-Bromo-5-alkoxy-4-substitited oxazole.)

To a solution of 2-substituted-2-isocyano-glycinélteé equiv.) in dichloromethane (0.2 M),
was added bromine (1.0 equiv.), it was stirred Zominutes at room temperature. The
resulting mixture was then cooled at 0 °C befodise addition of DBU (2.5 equiv.) and
stirred at -5 °C to 0 °C for an additional 10 masut After completion of the reaction
(checked by TLC analysis), dichloromethane was esspd. The crude residue was purified
by flash chromatography on silica gel using a ligtune of diethyl ether/petroleum ether as
eluant and the volatiles were evaporated undercestiypressure at 25-30 °C to give

corresponding bromo oxazole.
General procedure IV-E: (Suzuki coupling involving2-bromo-5-alkoxy oxazole.)

5-alkoxy-2,4-disubstituted oxazole: To a well-gdrsolution of 2-bromo-5-alkoxy-4-aryl
oxazole (1.0 equiv.) in acetonitrile (0.2 M) un@egon atmosphere, were successively added
potassium carbonate (3.0 equiv.), aryl boronic 42i@ equiv.) andetrakigtriphenylphos-
phine) palladium (5 mol %). The resulting mixturasastirred under argon atmosphere at 55-
60 °C for 16 h. It was then cooled at room tempeeatfiltered off and the volatiles were
evaporated. The crude residue was purified by fl@dslomatography on silica gel (diethyl

ether: petroleum ether) to afford correspondingkey-2,4-disubstituted oxazole.

Dibromocyclohexyl isocyanide (IV-1)

1_N_2 Br
N
(T

To a well-stirred solution of cyclohexyl isocyanif#®9 mg, 1.0 mmol) in acetonitrile (1M),
was added bromine (160 mg, 1.0 mmol.), and aftemiButes at room temperature,
concentrated under reduced pressure to afford midcgclohexyl isocyanide (269 mg, 100
%).

Mol. Wt.: 268.98, Nature: colourless liquid.

'H NMR (CDCl3, 400 MHz): § (ppm) 3.44-3.33 (m, 1H, H-1), 1.84-1.70 (m, 4HcY;
1.67-1.57 (m, 1H, H-cy), 1.56-1.44 (m, 2H, H-cy}1-1.20 (m, 3H, H-cy).

3C NMR (CDCl3, 100.6 MHz): & (ppm) 86.4 (C-2), 68.4 (C-1), 31.9 (C-cy), 25.2d),
24.1 (C-cy).
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5-Bromo-1-cyclohexyl-H-tetrazole (1V-2)

N—N

N”\N»\ZBr

S
To a well-stirred solution of cyclohexyl isocyanid@09 mg, 1.0 mmol.) in acetonitrile
(0.5M), was added bromine (160 mg, 1.0 mmol), after & minutes at room temperature,
sodium azide (98 mg, 1.5 mmol) was added. The tiegumixture was stirred at room
temperature for 1h. after completion of reactione@ked by TLC analysis), the acetonitrile
was concentrated under reduced pressure. The aresidue was purified by flash
chromatography on silica gel (diethyl ether: petuoh ether) to afford the corresponding
product IV-27 (231 mg, 100 %).
Mol. Wt.: 231.09, Nature: colourless liquid.
'H NMR (CDCl3, 400 MHz): & (ppm) 3.34-3.23 (m, 1H, H-1), 2.06-1.84 (m, 6HcY;
1.76-1.67 (m, 1H, H-cy), 1.45-1.20 (m, 3H, H-cy).

3C NMR (CDCl3, 100.6 MHz):8 (ppm) 132.0 (C-2), 59.2 (C-1), 32.2 (C-cy), 25Ckdy),
24.7 (C-cy).

1-Cyclohexyl-5-phenyl-H-tetrazole (1V-3)

This compound was synthesized according to thergepecedure IV-A, using 1.0 mmol of
isocyanide. The desired product was isolated if9eld (220 mg).

Mol. Wt.: 228.23, Nature: White Solid.

HRMS: Calcd. for GsH1gN4: 228.1375, Found : 228.1364.

M.P. =129-130 °C.

I.R. (thin film): 3065, 2937, 2857, 1454, 1391, 1162, 1117, 1006 cm

'H NMR (CDCl 3, 400 MHz): 8 7.63-7.53 (m, 5H, Ar-H), 4.34 (it, 1H,= 4.2, 11.3 Hz, H-
cy), 2.16-1.90 (m, 6H, H-cy), 1.77-1.70 (m, 1H, ¥;c1.39-1.29 (m, 3H, H-cy).
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3C NMR (CDCl3, 100.6 MHz): § 153.6 (C-a), 131.1 (C-e), 129.3, 128.8 (C-d and),C-
124.4 (C-b), 58.2 (C-cy), 33.2 (C-cy), 25.3 (C-&38,7 (C-cy).

1-(4-Chlorobenzyl)-5-phenyl-H-tetrazole (1V-4)

Cl
This compound was synthesized according to thergepecedure IV-A, using 1.0 mmol of
isocyanide. The desired product was isolated ifBdeld (172 mg).

Mol. Wt.: 270.72, Nature: Pale yellow oil.

HRMS: Calcd. for G4H11CIN, : 270.0672, Found : 270.0672.

[.R. (thin film): 3065, 3035, 2919, 2850, 1544, 1495, 1470, 14550,14277, 1096, 1016
cm’

'H NMR (CDCI 3, 400 MHz): § 7.57-7.48 (m, 5H, Ar-H), 7.30 (d, 2H,= 8.5 Hz, H-h),
7.08 (d, 2H, = 8.5 Hz, H-g), 5.58 (s, 2H, H-1).

3C NMR (CDCl3, 100.6 MHz): 8 154.6 (C-a), 134.7 (C-f), 132.2 (C-i), 131.4 (G-£29.3

(C-h), 129.2, 128.7 (C-d and C-c), 128.6 (C-g),.438-b), 50.3 (C-1).

1-(4-Chlorobenzyl)-5-phenyl-H-tetrazole (1V-5)

N-N
¢ b a/ /N

f h

1 .

o i
L,

This compound was synthesized according to thergepeocedure IV-A, using 0.43 mmol
of isocyanide. The desired product was isolategbifo yield (105 mg).

Mol. Wt.: 284.74, Nature: White solid.

HRMS: Calcd. for GsH13CIN4 : 284,0829, Found : 284.0823.

M.P. =100-101 °C

I.R. (thin film): 3044, 2957, 2919, 2864, 1492, 1492, 1475, 14502,14266, 1090, 1013

cm?t

278



pastel-00739959, version 1 - 9 Oct 2012

Experimental Part : Chapter - 4

'H NMR (CDCl 3, 400 MHz): & 7.46 (d, 2H,J = 8.1 Hz, H-c), 7.35-7.29 (m, 4H, H-d, H-h/H-
g), 7.10 (d, 2H) = 8.4 Hz, H-g/H-h), 5.57 (s, 2H, H-1), 2.43 (s,,3BH,).

13C NMR (CDCl3, 100.6 MHz): 5 154.7 (C-a), 142.0 (C-e), 134.8 (C-f), 132.4 (C130.0,
129.4, 128.6 (C-g, C-h, C-d and C-c), 120.5 (C5B)6 (C-1), 21.5 (Ch).

1-(4-Chlorobenzyl)-5-(4-methoxyphenyl)-H-tetrazole (IV-6)
N-N,

al N
d SN g

\f b
MeO e \\©'\
cl

This compound was synthesized according to thergepeocedure IV-A, using 0.43 mmol

C

of isocyanide. The desired product was isolateDifo yield (90 mg).

Mol. Wt.: 300.74, Nature: Pale Yellow solid.

HRMS: Calcd. for GsH13CIN4O : 300.0778, Found : 300.0783.

M.P. =94-95 °C.

[.R. (thin film): 3009, 2961, 2933, 2830, 1610, 1478, 1450, 13010,12680, 1096, 1016
cm*

'H NMR (CDCl3, 400 MHz): § 7.50 (d, 2HJ = 8.8 Hz, H-c), 7.32 (d, 2H] = 8.4 Hz, H-
h/H-g), 7.10 (d, 2H,) = 8.4 Hz, H-g/H-h), 7.00 (d, 2H, = 8.8 Hz, H-d), 5.57 (s, 2H, H-1),
3.86 (s, 3H, OCh).

13C NMR (CDCl3, 100.6 MHz): 5 161.9 (C-e), 154.4 (C-a), 134.7 (C-f), 132.4 (C130.3,
129.4, 128.5 (C-h, C-g, C-c), 115.4 (C-b), 114.7djC55.5 (OCH), 50.7 (C-1).

1-(4-Chlorobenzyl)-5-(2-methoxyphenyl)-H-tetrazole (IV-7)
oMe N-N

cl pal |
N
1 .

e g !
\\©\CI

f

This compound was synthesized according to thergepecedure IV-A, using 1.0 mmol of
isocyanide. The desired product was isolated ifolyleld (51 mg).

Mol. Wt.: 300.74, Nature: Oil.

HRMS: Calcd. for GsH13CIN4O : 300.0778, Found : 300.0778.
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l.R. (thin film): 3070, 3006, 2957, 2926, 2853, 1610, 1540, 14810,11409, 1256, 1092,
1016 cnt*

'H NMR (CDCl 3, 400 MHz): 6 7.54 (dt, 1H,) = 1.6, 7.5 Hz, H-e), 7.33 (dd, 1BI= 1.6, 7.6
Hz, H-c), 7.22 (d, 2H) = 8.4 Hz, H-k), 7.06 (d, 1H] = 7.5 Hz, H-d), 7.01 (d, 1H = 8.4
Hz, H-b), 6.98 (d, 2HJ = 8.4 Hz, H-j), 5.04 (s, 2H, H-1), 3.70 (s, 3HGH).

¥C NMR (CDCl3, 100.6 MHz):§ 156.7 (C-a), 152.8 (C-g), 134.4 (C-i), 133.1 (C432.3
(C-l), 131.7 (C-e), 129.2 (C-j), 128.9 (C-k), 12X@-d), 112.8 (C-f), 111.2 (C-b), 55.5 (-
OCHg), 50.8 (C-1).

1-(4-Methoxybenzyl)-5-phenyl-H-tetrazole (IV-8)
N-N,

C ba/ ,N
d N
)

h
This compound was synthesized according to thergepecedure IV-A, using 1.0 mmol of
isocyanide. The desired product was isolated if82eld (51 mg).
Mol. Wt.: 266.30, Nature: Oil.
HRMS: Calcd. for GsH14N4O : 266.1168, Found : 266.1168.
I.R. (thin film): 3065, 3006, 2961, 2933, 2839, 1610, 1517, 14572,14950, 1183, 1110,
1030 cnt
'H NMR (CDCl 3, 400 MHz): § 7.61-7.49 (m, 5H, H-c, H-d, H-e), 7.09 (d, 2Hz 8.7 Hz,
H-g), 6.85 (d, 2H, = 8.7 Hz, H-h), 5.54 (s, 2H, H-1), 3.78 (s, 3H,{H
13C NMR (CDCl3, 100.6 MHz):$ 159.7 (C-i), 154.4 (C-a), 131.2 (C-e), 129.3 (C1f}9.1,
128.8, 128.7 (C-c, C-d, C-g), 123.8 (C-b), 114.4n|C55.3 (CH), 50.9 (C-1).

1-(4-Methoxybenzyl)-5-(p-tolyl)-1H-tetrazole (IV-9)
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This compound was synthesized according to thergepeocedure 1V-C, using 0.5 mmol of
isocyanide. The desired product was isolated if38eld (115 mg).

Mol. Wt.: 280.32, Nature: White solid.

HRMS: Calcd. for GeH16N4O : 280.1324, Found : 280.1335.

I.R. (thin film): 3037, 3006, 2981, 2937, 2839, 1613, 1516, 14787,14526, 1301, 1252,
1180, 1110, 1033 c¢in

M.P. =75-76 °C

'H NMR (CDCl 3, 400 MHz): & 7.48 (d, 2H,J = 8.1 Hz, H-c), 7.31 (d, 2H, = 8.1 Hz, H-d),
7.11 (d, 2HJ = 8.6 Hz, H-g), 6.86 (d, 2H} = 8.6 Hz, H-h), 5.53 (s, 2H, H-1), 3.79 (s, 3H,
OCH), 2.43 (s, 3H, Ch).

13C NMR (CDCls, 100.6 MHz): 8 159.7 (C-i), 154.5 (C-a), 141.7 (C-e), 129.8 (C4P8.7
(C-d and C-c), 126.0 (C-f), 120.8 (C-b), 114.4 (C85.3 (OCH), 50.9 (C-1), 21.5 (CH).

1-(4-Methoxybenzyl)-5-(4-methoxyphenyl)-H-tetrazole (1V-10)

N-N
C \

ba/ N
d N g

) f h
MeO" e \\©'\
OMe

This compound was synthesized according to thergepecedure IV-A, using 0.5 mmol of
isocyanide. The desired product was isolated ifodield (60 mg).

Mol. Wt.: 296.32, Nature: White solid.

HRMS: Calcd. for GeH16N4O; : 296.1273, Found : 296.1273.

M.P. =122-123 °C.

I.R. (thin film): 3075, 3009, 2964, 2937, 2839, 1613, 1516, 1478114447, 1301, 1252,
1179, 1110 cr

'H NMR (CDCl 3, 400 MHz): 5 7.54 (d, 2H, = 8.8 Hz, H-c), 7.11 (d, 2H, = 8.7 Hz, H-g),
7.00 (d, 2HJ = 8.8 Hz, H-d), 6.86 (d, 2H] = 8.7 Hz, H-h), 5.53 (s, 2H, H-1), 3.87 (s, 3H,
OCH), 3.79 (s, 3H, OCH).

3C NMR (CDCl3, 100.6 MHz): & 161.8 (C-e), 159.7 (C-i), 154.3 (C-a), 130.4 (C498.6
(C-c), 126.0 (C-f), 115.8 (C-b), 114.6, 114.4 (Cchd), 55.4 (OCH), 55.3 (OCH), 50.8 (C-
1).
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Methyl 3-methyl-2-(5-phenyl-1H-tetrazol-1-yl)butanoate (IV-11)

This compound was synthesized according to thergepecedure IV-A, using 1.0 mmol of
isocyanide. The desired product was isolated if6@eld (160 mg).

Mol. Wt.: 260.29, Nature: Pale yellow oil.

HRMS: Calcd. for GsH1gN4O,: 260.1273, Found : 260.1279.

I.R. (thin film): 2968, 2937, 2881, 1749, 1457, 1426, 1395, 12808,10009 crit

'H NMR (CDCl 3, 400 MHz): § 7.62-7.51 (m, 5H, Ar-H), 4.76 (d, 1d,= 8.7 Hz, H-1), 3.77
(s, 3H, OCH), 2.92-2.79 (m, 1H, H-2), 0.97 (d, 38= 6.8 Hz, H-3), 0.80 (d, 3H] = 6.8
Hz, H-3).

13C NMR (CDCl3, 100.6 MHz):§ 167.4 (C-4), 155.6 (C-a), 131.4 (C-e), 129.3, 03€-d
and C-c), 123.4 (C-b), 66.2 (C-1), 53.1 (-O£H80.9 (C-2), 19.2 (C-3), 18.7(C-3).

Methyl 2-(5-phenyl-1H-tetrazol-1-yl)propanoate (IV-12)

N-N

oo
3

OMe

(]

This compound was synthesized according to thergepecedure IV-A, using 1.0 mmol of
isocyanide. The desired product was isolated ifBield (156 mg).

Mol. Wt.: 232.24, Nature: oil.

HRMS: Calcd. for GiH12N4O,:232.096, Found : 232.0970.

I.R. (thin film): 3062, 3009, 2957, 1749, 2853, 1610, 1540, 14810,14409, 1256, 1092,
1016 cnt

'H NMR (CDCl 3, 400 MHz): § 7.63-7.53 (m, 5H, Ar-H), 5.25 (q, 1H,= 7.3 Hz, H-1), 3.76
(s, 3H, OCH), 1.95 (d, 3H,) = 7.3 Hz, H-3).

13C NMR (CDCl3, 100.6 MHz): 5 168.5 (C-3), 154.8 (C-a), 131.5 (C-e), 129.4, 92&-c
and C-d), 123.6 (C-b), 56.0 (C-1), 53.5 (-OfH.7.4 (C-2).
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Methyl 2-(5-(2-methoxyphenyl)-H-tetrazol-1-yl)propanoate (IV-13)

OMe N-N
call N
d N
1 3 OMe
e 9
f 2 e}

This compound was synthesized according to thergepecedure IV-A, using 1.0 mmol of
isocyanide. The desired product was isolated ifolypeld (40 mg).

Mol. Wt.: 262.26, Nature: oil.

HRMS: Calcd. for GoH14N4O3 @ 262.1066, Found : 262.1061.

I.R. (thin film): 3006, 2954, 2850, 1752, 1610, 1478, 1457, 12900,1P828, 1158, 1075,
1020 cnit

'H NMR (CDCl 3, 400 MHz): § 7.50 (dt, 1H,J = 1.6, 8.4 Hz, H-e), 7.51 (dd, 18= 1.6, 7.5
Hz, H-g), 7.12 (t, 1H) = 7.6 Hz, H-f), 7.03 (d, 1H] = 8.4 Hz, H-d), 5.04 (g, 1H,= 7.3 Hz,
H-1), 3.78 (s, 3H, Ar-OC}), 3.68 (s, 3H, -OC#), 1.92 (d, 3H,) = 7.3 Hz, H-2).

13C NMR (CDCl3, 100.6 MHz):§ 168.8 (C-3), 156.5 (C-c), 153.0 (C-a), 133.2, 13Z-g
and C-e), 121.5 (C-f), 112.5 (C-b), 111.3 (C-d),15€-1), 55.6 (-OCH), 53.0 (-OCH), 17.3
(C-2).

Ethyl 3-phenyl-2-(5-phenyl-H-tetrazol-1-yl)propanoate (I1V-14)
N-N
| N
log
1 3 04
e , N\
f O 5
g

h —
[

This compound was synthesized according to thergepecedure IV-A, using 1.0 mmol of
isocyanide. The desired product was isolated if3@eld (120 mg).

Mol. Wt.: 322.36, Nature: Pale yellow oil.

HRMS: Calcd. for GgH1sN4O,: 322.1430, Found : 322.1426.

I.R. (thin film): 3065, 3030, 2990, 2944, 1749, 1771, 1454, 14020,18273, 1231, 1183,
1096, 1013 cr
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'H NMR (CDCl 3, 400 MHz): § 7.50 (t, 1HJ = 7.5 Hz, Ar-H), 7.38 (t, 2HJ = 7.7 Hz, Ar-
H), 7.20-7.13 (m, 3H, Ar-H), 6.99 (d, 2H,= 7.7 Hz, Ar-H), 6.86 (dd, 2H] = 1.5, 7.7 Hz,
Ar-H), 5.13 (dd, 1H,J = 7.2, 8.5 Hz, H-1), 4.26 (q, 2H,= 7.1 Hz, H-4), 3.66 (d, 2H,= 8.0
Hz, H-2), 1.25 (t, 3HJ = 7.1 Hz, H-5).

13C NMR (CDCl3, 100.6 MHz): 8 166.8 (C-3), 155.9 (C-a), 135.0 (C-f), 131.1 (C499.0,
128.9, 128.8, 128.7 (C-c, C-d, C-g and C-h), 12C5), 123.2 (C-b), 62.9 (C-4), 62.0 (C-1),
37.3 (C-2), 14.0 (C-5).

Methyl 2-(5-phenyl-1H-tetrazol-1-yl)acetate (IV-15)

N-N,
all N
d PPN
. \LK%OMG
(@]

This compound was synthesized according to thergepecedure IV-A, using 1.0 mmol of
isocyanide. The desired product was isolated ifoAdeld (153 mg).

Mol. Wt.: 218.21, Nature: oil.

HRMS: Calcd. for GoH1oN4O; : 218.0804, Found : 218.0801.

I.R. (thin film): 2958, 1753, 1458, 1444, 1367, 1225, 1183, 1116 cm

'H NMR (CDCl 3, 400 MHz): § 7.67-7.62 (m, 2H, Ar-H), 7.61-7.52 (m, 3H, Ar-Hp.21 (s,
2H, H-1), 3.81 (s, 3H, -OCHl

3C NMR (CDCl3, 100.6 MHz): 6 186.0 (C-2), 155.3 (C-a), 131.7 (C-e), 129.5, I3&-c
and C-d), 123.3 (C-b), 53.5 (-O@ki48.8 (C-1).

1-cyclohexyl-5-(2-methoxyphenyl)-H-tetrazole (IV-16)

OMe N”‘\‘\
bal N

5

This compound was synthesized according to thergepecedure IV-A, using 1.0 mmol of
isocyanide. The desired product was isolated ifoAdeld (181 mg).

Mol. Wt.: 258.32, Nature: White solid.

HRMS: Calcd. for G4H1sN4O : 258.1481, Found : 258.1485.

M.P. =98-99 °C.
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I.R. (thin film): 3009, 2864, 1610, 1474, 1450, 1405, 1287, 125&2,11610, 1023 cih

'H NMR (CDCl 3, 400 MHz): 6 7.52 (dt, 1H,) = 1.6, 8.5 Hz, H-e), 7.40 (dd, 1BI= 1.6, 7.5
Hz, H-g), 7.08 (t, 1H) = 7.5 Hz, H-f), 7.03 (d, 1H] = 8.5 Hz, H-d), 4.06-3.97 (m, 1H, H-
cy), 3.78 (s, 3H, -OC}¥), 2.04-1.90 (m, 4H, H-cy), 1.88-1.81 (m, 2H, H-c$%)69-1.63 (m,
1H, H-cy), 1.30-1.19 (m, 3H, H-cy).

3C NMR (CDCl3, 100.6 MHz): 8 156.7 (C-c), 151.5 (C-a), 132.7 (C-e), 131.7 (Cig1.1
(C-f), 113.3 (C-b), 111.2 (C-d), 58.3 (C-cy), 5%@CH;), 32.8 (C-cy), 25.2 (C-cy), 24.7 (C-
cy).

1-Cyclohexyl-5-(4-fluorophenyl)-H-tetrazole (1V-17)
N—N
d $ ball \‘N
e N’

e
This compound was synthesized according to thergepecedure IV-A, using 1.0 mmol of
isocyanide. The desired product was isolated ifodiield (102 mg).
Mol. Wt.: 246.28, Nature: White solid.
HRMS: Calcd. for GsH1sFN4:246.1281, Found : 246.1279.
M.P. =108-109 °C.
I.R. (thin film): 3065, 2930, 2864, 1610, 1582, 1474, 1454, 1429%,1P831, 1158, 1096,
1002 cnt
'H NMR (CDCl 3, 400 MHz): § 7.64-7.59 (m, 2H, H-c), 7.27 (t, 2H,= 8.6 Hz, H-d), 4.27
(tt, 1H,J = 4.3, 11.6 Hz, H-cy), 2.16-1.90 (m, 6H, H-cy)78-1.72 (m, 1H, H-cy), 1.38-1.29
(m, 3H, H-cy).
13C NMR (CDCl3, 100.6 MHz): & 164.3 (dJ = 252.6 Hz, C-e), 152.8 (C-a), 131.0 {d;
8.8 Hz, C-c), 120.5 (d] = 3.4 Hz, C-b), 116.7 (d,= 22.1 Hz, C-d), 58.3 (C-cy), 33.2 (C-cy),
25.2 (C-cy), 24.7 (C-cy).

1-Cyclohexyl-5-(3,4-dichlorophenyl)-H-tetrazole (IV-18)
N-N,

\
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This compound was synthesized according to thergepecedure IV-A, using 1.0 mmol of
isocyanide. The desired product was isolated ifvA8eld (68 mg).

Mol. Wt.: 297.18, Nature: Light pink oil

HRMS: Calcd. for GsH14CloN,4 1 296.0596, Found : 296.0602.

I.R. (thin film): 2938, 2860, 1540, 1450, 1419, 1374, 1270, 1186 ta¢

'H NMR (CDCl 3, 400 MHz): 8 7.74 (d, 1HJ = 2.0 Hz, H-c), 7.67 (d, 1H), = 8.3 Hz, H-f),
7.44 (dd, 1H, = 2.0, 8.3 Hz, H-g), 4.32-4.22 (m, 1H, H-cy), 21.83 (m, 6H, H-cy), 1.79-
1.73 (m, 1H, H-cy), 1.45-1.30 (m, 3H, H-cy).

3C NMR (CDCl3, 100.6 MHz):§ 151.8 (C-a), 135.9, 133.9 (C-d and C-e), 131.8,88C-

f, C-c), 127.7 (C-g), 124.2 (C-b), 58.6 (C-cy), BBC-cy), 25.2 (C-cy), 24.7 (C-cy).

1-Cyclohexyl-5-(p-tolyl)-1H-tetrazole (1V-19)

This compound was synthesized according to thergepecedure IV-A, using 1.0 mmol of
isocyanide. The desired product was isolated ifc98eld (238 mg).

Mol. Wt.: 242.32, Nature: White solid.

HRMS: Calcd. for G4H1sN4 : 242.1531. Found: 242.1518.

M.P. =130-131 °C.

I.R. (thin film): 2944, 2923, 2857, 1478, 1457, 1409, 1395, 13327 10796, 1006 cih

'H NMR (CDCl 3, 400 MHz): & 7.50 (d, 2H,) = 8.0 Hz, H-c), 7.37 (d, 2H}, = 8.0 Hz, H-d),
4.32 (it, 1H,J = 4.2, 11.5 Hz, H-cy), 2.46 (s, 3H, gH2.12-1.90 (m, 6H, H-cy), 1.79-1.70
(m, 1H, H-cy), 1.39-1.29 (m, 3H, H-cy).

3C NMR (CDCl3, 100.6 MHz): 8 153.7 (C-a), 141.5 (C-e), 130.0 (C-d), 128.7 (Ci€1.4
(C-b), 58.1 (C-cy), 33.2 (C-cy), 25.3 (C-cy), 24@Bcy), 21.5 (CH).

1-Cyclohexyl-5-(4-methoxyphenyl)-H-tetrazole (IV-20)

N-N,
| N
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This compound was synthesized according to thergepecedure IV-A, using 1.0 mmol of
isocyanide. The desired product was isolated if9@eld (232 mg).

Mol. Wt.: 258.32, Nature: White solid.

HRMS: Calcd. for G4H1gN4O : 258.1481, Found : 258.1477.

M.P.=118-119 °C.

I.R. (thin film): 3058, 2940, 2864, 1613, 1481, 1481, 1461, 13917,1P860, 1178, 1096,
1023, 1002 cm

'H NMR (CDCl 3, 400 MHz): 5 7.55 (d, 2H,J = 8.1 Hz, H-c), 7.07 (d, 2H, = 8.1 Hz, H-d),
4.31 (tt, 1H,J = 4.1, 11.5 Hz, H-cy), 3.90 (s, 3H, gH2.15-1.90 (m, 6H, H-cy), 1.79-1.69
(m, 1H, H-cy), 1.42-1.29 (m, 3H, H-cy).

13C NMR (CDCl3, 100.6 MHz): 8 161.6 (C-e), 153.5 (C-a), 130.3 (C-c), 116.4 (CI1WY.7
(C-d), 58.1 (C-cy), 55.5 (OCH) 33.2 (C-cy), 25.3 (C-cy), 24.8 (C-cy).

1-(3,4-Dimethoxyphenethyl)-5-phenyl-H-tetrazole (IV-21)
N-N

c nall \:N
d J N
e 1 2

This compound was synthesized according to thergepecedure IV-A, using 1.0 mmol of

isocyanide. The desired product was isolated ifol@eld (37 mg).

Mol. Wt.: 310.35, Nature: Oil.

HRMS: Calcd. for G;H18N4O,: 310.1430, Found : 310.1430.

I.R. (thin film): 3062, 3003, 2954, 2926, 2836, 1516, 1461, 1416312235, 1155, 1141,
1028 cnit

'H NMR (CDCl 3, 400 MHz): § 7.49 (t, 1H,J = 7.5 Hz, H-Ph), 7.41 (t, 2H, = 7.5 Hz, H-
Ph), 7.22 (d, 2HJ = 7.5 Hz, H-Ph), 6.64 (d, 1H,= 8.1 Hz, H-j), 6.41 (dd, 1H1 = 1.8, 8.1
Hz, H-k), 6.27 (d, 1H) = 1.8 Hz, H-g), 4.60 (t, 2H] = 6.8 Hz, H-1), 3.81 (s, 3H, -OGH
3.66 (s, 3H, -OC#), 3.14 (t, 2H,J = 6.8 Hz, H-2).

3C NMR (CDCl3, 100.6 MHz): § 154.9 (C-a), 148.9, 148.1(C-h and C-i), 130.8 JC-e
128.8, 128.6 (C-c and C-d), 128.3 (C-f), 123.6 jCi20.6 (C-k), 111.2 (C-g and C-j), 55.8
(-OCHg), 55.6 (-OCH), 49.2 (C-1), 35.7 (C-2).
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3-Bromo-4-cyclohexyl-5-phenyl-#-1,2,4-triazole (IV-22)

-N
N f
¢ . al \>_Br
:b\)\N
d 1

This compound was synthesized according to thergepeocedure 1V-B, using 1.0 mmol of
isocyanide. The desired product was isolated ifloAZeld (220 mg).

Mol. Wt.: 306.20, Nature: White Solid.

HRMS: Calcd. for G4H16BrN3:305.0528, Found : 305.0528.

M.P. =129-130 °C.

I.R. (thin film): 3059, 2938, 2863, 1465, 1382, 1170, 1135, 1012 cm

'H NMR (CDCl3, 400 MHz): § 8.27-8.22 (m, 2H, Ar-H), 7.54-7.49 (m, 3H, Ar-t8,78-
3.68 (m, 1H, H-1), 1.94-1.82 (m, 4H, H-cy), 1.764.(m, 3H, H-cy), 1.50-1.28 (m, 3H, H-
cy).

3C NMR (CDCl3, 100.6 MHz): 8 164.8 (C-a), 131.1 (C-e), 129.3 (C-d), 127.5 (C16.2
(C-b), 114.7 (C-f), 65.9 (C-1), 32.0 (C-cy), 25G-¢y), 24.2 (C-cy).

3-(5-Bromo-4-cyclohexyl-H-1,2,4-triazol-3-yl)pyridine (IV-23)

d 2 b a ?l_l:l 9
I N)\Br
N=f ©

This compound was synthesized according to thergepeocedure 1V-B, using 1.0 mmol of
isocyanide. The desired product was isolated if8seld (200 mg).
Mol. Wt.: 307.19, Nature: oil.
HRMS: Calcd. for GsH1sBrN4 : 306.0480, Found: 306.0485.
I.R. (thin film): 3135, 3059, 1615, 1525, 1482, 1309, 1268, 1068, cm
'H NMR (CDCl 3, 400 MHz): § 9.47 (s, 1H, H-f), 8.76 (d, 1H,= 4.6 Hz, H-e), 8.52 (d, 1H,
J=7.8 Hz, H-¢), 7.50-7.44 (m, 1H, H-d), 3.80-3®9, 1H, H-1), 1.97-1.83 (m, 4H, H-cy),
1.77-1.65 (m, 3H, H-cy), 1.50-1.25 (m, 4H, H-cy).

13C NMR (CDCl3, 100.6 MHz): 153.9 (C-a), 151.4 (C-f), 149.5 (C-€), 137.0 (C498.4
(C-g), 123.8 (C-b), 123.6 (C-d), 58.5 (C-1), 31C3dy), 25.6 (C-cy), 24.5 (C-cy).
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3-Bromo-4-cyclohexyl-5-(4-methoxyphenyl)-Hi-1,2,4-triazole (IV-24)

c N—N
d ba/l

_\ .
e N)\BI'

MeO 1

This compound was synthesized according to thergepeocedure 1V-B, using 1.0 mmol of
isocyanide. The desired product was isolated ifB@eld (221 mg).

Mol. Wt.: 336.23, Nature: oil.

HRMS: Calcd. for GsH18BrN4O : 335.0633, Found: 335.0637.

I.R. (thin film): 2938, 1620, 1535, 1477, 1339, 1272, 1070'cm

'H NMR (CDCl 3, 400 MHz): & 8.17 (d, 2H,J = 8.6 Hz, H-c), 7.01 (d, 2H},= 8.6 Hz, H-d),
3.88 (s, 3H, Ch), 3.77-3.65 (m, 1H, H-1), 1.95-1.80 (m, 4H, H-c¥)75-1.62 (m, 3H, H-cy),
1.50-1.25 (m, 4H, H-cy).

3C NMR (CDCl3, 100.6 MHz): & 161.1 (C-e), 156.8 (C-a), 130.8 (C-c), 119.4 (Ck)4.2
(C-d), 58.0 (C-1), 55.4 (CH, 31.2 (C-cy), 25.8 (C-cy), 24.7 (C-cy).

3-Bromo-4-cyclohexyl-5-(4-(trifluoromethyl)phenyl)4H-1,2,4-triazole (IV-25)

c N—N
d bafl

_\ f
e N)\Br

FsC 1

This compound was synthesized according to thergepecedure 1V-B, using 1.0 mmol of
isocyanide. The desired product was isolated if2deld (105 mg).

Mol. Wt.: 374.20, Nature: oil.

HRMS: Calcd. for GsH1sBrFsNs : 373.0401, Found: 373.0402.

I.R. (thin film): 2920, 1615, 1534, 1468, 1342, 1260, 1071'cm

'H NMR (CDCl 3, 400 MHz): & 7.77 (d, 2H, = 7.2 Hz, H-c), 7.62 (d, 2H},= 7.2 Hz, H-d),
4.16-4.00 (m, 1H, CfJ, 2.24-2.06 (m, 2H, H-cy), 1.90-1.77 (m, 4H, H-c$)70-1.61 (m,
1H, H-cy), 1.30-1.10 (m, 4H, H-cy).

13C NMR (CDCl3, 100.6 MHz): § 155.4 (C-a), 132.3 (q] = 33.1 Hz, C-e), 130.9 (C-b),
129.8 (C-c), 128.0 (C-f), 125.8 (d= 3.5 Hz C-d), 123.5 (¢} = 273.0 Hz, Cf), 58.4 (C-1),
31.2 (C-cy), 25.6 (C-cy), 24.6 (C-cy).
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3-Bromo-4-cyclohexyl-5-methyl-#H-1,2,4-triazole (IV-26)

N—N
H3C%NMBr

S
This compound was synthesized according to thergepecedure IV-B, using 1.0 mmol of
isocyanide. The desired product was isolated ifolyeld (25 mg).
Mol. Wt.: 244.13, Nature: oil.
HRMS: Calcd. for GsH18BrN4O : 243.0371, Found: 243.0379.
I.R. (thin film): 1618, 1538, 1470, 1336, 1275, 1060°tm
'H NMR (CDCl3, 400 MHz): § 3.76-3.63 (m, 1H, H-1), 2.73 (s, 3H, ©H1.90-1.74 (m,
4H, H-cy), 1.72-1.60 (m, 1H, H-cy), 1.62-1.30 (nH,H-cy).

13C NMR (CDCl3, 100.6 MHz):$ 152.0 (C-a), 113.8 (C-b), 65.0 (C-1), 32.3 (C-82.,1 (C-
cy), 23.8 (C-cy), 12.0 (C-cy).

Methyl 2-(3-bromo-5-phenyl-4H-1,2 4-triazol-4-yl)-3-methylbutanoate (IV-27)
c N—-N

:@%&Nﬂm
WOMe

2 4
3 O

This compound was synthesized according to thergepecedure 1V-B, using 1.0 mmol of

isocyanide. The desired product was isolated ifc58eld (179 mg).

Mol. Wt.: 338.20, Nature: oil.

HRMS: Calcd. for G4H16BrN3O; : 337.0426, Found: 337.0429.

[.R. (thin film): 3030, 2990, 2944, 1742, 1632, 1540, 1454, 13703,12231, 1180, 1080

cm*

'H NMR (CDCl 3, 400 MHz): § 7.58-7.50 (m, 5H, Ar-H), 4.47 (d, 1H,= 10.9 Hz, H-1),

3.79 (s, 3H, Ch), 2.85-2.72 (m, 1H, H-2), 1.06 (d, 3Bi= 6.6 Hz, H-3), 0.59 (d, 3H,= 6.6

Hz, H-3).

3C NMR (CDCl3, 100.6 MHz): § 167.7 (C-4), 157.8 (C-a), 130.9 (C-Ar), 129.6 (€A

129.12 (C-Ar), 128.8 (C-b), 126.4 (C-c), 64.3 (GC83.1 (CH), 28.8 (C-2), 21.3 (C-3), 18.9

(C-3).
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3-Bromo-4-(4-chlorobenzyl)-5-phenyl-#-1,2,4-triazole (IV-28)

N-N b
all \>\Br
N
1\\©\
Cl

This compound was synthesized according to thergepecedure 1V-B, using 1.0 mmol of
isocyanide. The desired product was isolated ifB@eld (208.8 mg).

Mol. Wt.: 348.63, Nature: oil.

HRMS: Calcd. for GsH11BrCIN3: 346.9825, Found : 346.9818.

I.R. (thin film): 3065, 3035, 2920, 2850, 1621, 1535, 1471, 127710816 crit

'H NMR (CDCl 3, 400 MHz): § 7.55-7.41 (m, 5H, Ar-H), 7.33 (d, 2H,= 8.5 Hz, Ar-H),
6.93 (d, 2HJ = 8.5 Hz, Ar-H), 5.2 (s, 2H, H-1).

13C NMR (CDCl3, 100.6 MHz): 8 155.6 (C-a), 134.4 (C-Ar), 133.7 (C-Ar), 131.3 A&,
129.4 (C-Ar), 129.0 (C-Ar), 128.0 (C-Ar), 127.5 @), 126.1 (C-Ar), 113.8 (C-b), 50.4 (C-
1).

4-Cyclohexyl-3,5-diphenyl-4H-1,2,4-triazole (1V-29)
c N—N
d ba/ \
. / >/<N)\©
1
@
3
4
To a well-stirred solution of cyclohexyl isocyanif@e124 mL, 1.0 mmol) in dichloromethane
(0.5 M), was added bromine (160 mg, 1.0 mmol), aftelr 5 minutes at room temperature, a
solution of phenyl tetrazole (146 mg, 1.0 mmol) amethyl amine (0.278 mL, 2.0 mmol) in
dichloromethane (0.5 M) was added. The resultingtuné was stirred at room temperature
for 45 minutes, after completion of reaction (chestlky TLC analysis), the dichloromethane
was removed and toluene (0.2 M) was added undenatmosphere. The resulting solution
refluxed for 2.5 h, the flask was cooled to roommperature and potassium carbonate (414
mg, 3.0 mmol) was added. After 5 min phenyl boroamd (366 mg, 3.0 mmol) and
palladium (ll) acetate (5 mole %), HdiS(diphenylphosphino) ferrocene (5 mole%) were
added, and the resulting mixture was stirred uradgon atmosphere at 110 °C for 18 h. It
was cooled to room temperature, filtered off andcemtrated under reduced pressure. The
crude residue was purified by flash chromatographysilica gel (diethyl ether:petroleum

ether), to afford the corresponding product IV-88) %, 121 mg).
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Mol. Wt.: 303.4008, Nature: White Solid.

HRMS: Calcd. for GoH21N3: 303.1735,Found : 303.1720.

M.P. = 156-157 °C.

l.R. (thin film): 3058, 2937, 2857, 1471, 1450, 1381, 1343, 12705,10026 crit

'H NMR (CDCl3, 400 MHz): & 7.63-7.48 (m, 10H, Ar-H)4.03-3.92 (m, 1H, H-1)1.89-
1.82 (m, 2H, H-cy), 1.72-1.64 (m, 2H, H-cy),62-1.46 (m, 3H, H-cy)}1.16-104(m, 2H, H-
cy), 0.86-0.74 (m, 1H, H-cy),

13C NMR (CDCl3, 100.6 MHz): § 153.3 (C-a), 130.0 (C-Ar)28.8, (C-b),128.5 (C-Ar),
57.7 (C-cy), 33.3 (C-cy), 25.9 (C-cy), 24.8 (C-cy).

4-Cyclohexyl-3-(4-methoxyphenyl)-5-phenyl-H-1,2,4-triazole (I1V-30)
N—N

a// \b
N
éj OMe

This compound was synthesized according to thergepeocedure 1V-C, using 0.5 mmol of
compoundV-22. The desired product was isolated in 96 % yie&l (inQ).

Mol. Wt.: 333.43, Nature: oil.

HRMS: Calcd. for GiH23N30 : 333.1841,Found: 333.1842.

I.R. (thin film): 2937, 2857, 1469, 1455, 1383, 1350, 1272, 1080) ta%

'H NMR (CDCl 3, 400 MHz): § 7.61-7.42 (m, 7H, Ar-H), 7.00 (2H, d,= 8.4 Hz, Ar-H),
4.03-3.92 (m, 1H, H-1), 3.86 (s, 3H, ©H1.87-1.77 (m, 2H, H-cy), 1.72-1.61 (m, 2H, H-cy)
1.60-1.43 (m, 3H, H-cy), 1.15-103 (m, 2H, H-cyB8&0.73 (m, 1H, H-cy).

3C NMR (CDCl3, 100.6 MHz): 8 160.7 (C-Ar), 155.1 (C-a), 131.2 (C-Ar), 129.9 AG);
128.7 (C-Ar), 128.4 (C-Ar), 120.7 (C-Ar), 113.9 @3}, 57.6 (C-cy), 55.3 (C-cy), 33.2 (C-
cy), 25.9 (C-cy), 24.7 (C-cy).

4-(4-Cyclohexyl-5-phenyl-4-1,2,4-triazol-3-yl)benzonitrile (IV-31)
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This compound was synthesized according to thergepeocedure 1V-C, using 0.5 mmol of
compoundV-22. The desired product was isolated in 65 % yie@/(ing).

Mol. Wt.: 328.41, Nature: oil.

HRMS: Calcd. for GiH20N4 : 328.1688,Found: 328.1690.

I.R. (thin film): 2928, 2225, 1670, 1472, 1451, 1370, 1345, 12619,10625 crit

'H NMR (CDCl3, 400 MHz): & 7.60-7.45 (m, 7H, Ar-H), 7.19 (t, 2H, = 8.3 Hz, Ar-H),
4.02-3.90 (m, 1H, H-1), 1.88-1.77 (m, 2H, H-cy)}73-1.62 (m, 2H, H-cy), 1.59-1.43 (m, 3H,
H-cy), 1.17-101 (m, 2H, H-cy), 0.87-0.72 (m, 1HcH)-

3C NMR (CDCl3, 100.6 MHz): & 155.2 (C-Ar), 154.1 (C-Ar), 131.8 (C-Ar), 131.7-(2),
129.8 (C-Ar), 129.6 (C-Ar), 128.3 (C-Ar), 124.7 @), 124.6 (C-Ar), 115.6 (CN), 115.4
(Ar-C), 57.5 (C-cy), 33.0 (C-cy), 25.6 (C-cy), 24G-cy).

4-Cyclohexyl-3-(2-methoxyphenyl)-5-phenyl-H-1,2,4-triazole (1V-32)
N—N OMe

This compound was synthesized according to thergepecedure 1V-C, using 0.5 mmol of
compoundV-22. The desired product was isolated in 25 % yieRir(W).

Mol. Wt.: 333.43, Nature: oil.

HRMS: Calcd. for GiH23N30 : 333.1841,Found: 333.1855.

I.R. (thin film): 2929, 2835, 1470, 1465, 1388, 1354, 1265, 1078 t68"

'H NMR (CDCl 3, 400 MHz): § 7.72-7.63 (m, 1H, Ar-H), 7.60-7.42 (m, 8H, Ar-H).22 (t,
1H,J = 7.3 Hz, Ar-H), 7.05-6.96 (m, 2H, Ar-H), 4.06-3.9m, 1H, H-cy), 3.83 (s, 3H, G}
2.36-2.20 (m, 2H, H-cy), 1.97-1.80 (m, 4H, H-cy)70-1.60 (m, 1H, H-cy), 1.35-1.15 (m,
3H, H-cy).

3C NMR (CDCl3, 100.6 MHz): & 158.9 (C-Ar), 152.1 (C-Ar), 150.6 (C-Ar), 142.6-(2),
132.0 (C-Ar), 129.8 (C-Ar), 129.2 (C-Ar), 128.7 @), 126.5 (C-Ar), 121.7 (C-Ar), 120.9
(C-Ar), 112.8 (C-Ar), 56.1 (C-cy), 55.9 (C-cy), 3QC-cy), 25.7 (C-cy), 24.8 (C-cy).
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2-Bromo-5-ethoxyoxazole (IV-33)

00 Br
H;C—

This compound was synthesized according to thergepeocedure IV-D, using 1mmol of
isocyanide. The desired product was isolated ifolyield (22 mg).

Mol. Formula: GHgBrNO, Mol. Wt.: 192.01,

Nature: Pale yellow solid.

'H NMR (CDCl 3, 400 MHz): § (ppm) 6.11 (s, 1H, H-a), 4.13 (q, 2Bz 7.07 Hz, H-1), 1.41
(t, 3H,J=7.07, Hz, H-2).

Methyl 2-((bromo(1H-imidazol-1-yl)methylene)amino)-3-methylbutanoate I{/-34)

0 o=
=

N
3 N5 _N \//
HyCO™ 4 \\B(r ’

2
1

To a solution of methyl isocyanovalinate (282 md) éhmol) in acetonitrile (10 mL), was
added bromine (0.104 ml, 2.0 mmol), it was stiffed2 minutes at room temperature. The
resulting mixture was then cooled af® before addition of imidazole (272 mg, 4.0 mmol)
and stirred at -5 °C to 0 °C for an additional 1wumes. After completion of the reaction
(checked by TLC analysis), dichloromethane was esspd. The crude residue was purified
by flash chromatography on silica gel using a li%tune of diethyl ether/petroleum ether as
eluant and the volatiles were evaporated undercestipressure at 25-3C to give V-2
(190 mg, 33 %) as pale yellow oil.

Mol. Formula: GoH14BrN3O, Mol. Wit.: 288.14,

Nature: Pale yellow oil.

'H NMR (CDCl 3, 400 MHz): 8 (ppm) 8.27 (s, 1H, H-a), 7.69 (s, 1H, H-c), 7.891H, H-b),
4.13 (d, 1HJ = 4.8 Hz, H-3), 3.74 (s, 3H, G} 2.47-2.34 (m, 1H, H-2), 0.99 (d, 3B= 6.8,
Hz, H-1), 0.96 (d, 3HJ = 6.8, Hz, H-1).

13C NMR (CDCl3, 100.6 MHz):8 (ppm) 170.0 (C-4), 137.6 (C-a), 129.9 (C-b), 12€15),
119.2 (C-c), 73.4 (C-3), 52.3 (GH31.8 (C-2), 19.4 (C-1), 18.1 (C-1).
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5-Ethoxy-2-(1H-imidazol-1-yl)-4-isopropyloxazole (IV-35)

c b

HyCO-e Of r\/f/\N
Vs

d

1 2
To a solution oflvV-2 (144mg, 0.5 mmol) in acetonitrile (2.5 mL), wasdad dropwise of
DBU (1.0 mL, 6.62 mmol) at 0 °C and stirred at &td 0 °C for an additional 10 minutes.
After completion of the reaction (checked by TLGysis), acetonitrile was evaporated. The
crude residue was purified by flash chromatographysilica gel using a 1:3 mixture of
diethyl ether/petroleum ether as eluant and thetNes were evaporated under reduced
pressure at 25-30 °C to giié-3 (55 mg, 50 %) as colourless oil.
Mol. Wt.: 221.26, Nature: colourless oil.
HRMS: Calcd. for GiH1sN3O, : 221.1164, Found : 221.1160.
I.R. (thin film): 2930, 1738, 1670, 1620, 1601, 1447, 1258, 1215],1P178, 1086 cth
'H NMR (CDCl 3, 400 MHz): & (ppm) 8.10 (s, 1H, H-a), 7.47 (s, 1H, H-c), 7.831H, H-b),
3.94 (s, 3H, Ch), 2.89-2.75 (m, 1H, H-2), 1.23 (d, 6Bi= 6.8, Hz, H-1).
3C NMR (CDCl3, 100.6 MHz):8 (ppm) 151.4 (C-f), 141.9 (C-e), 134.7 (C-a), 13(C3b),
123.0 (C-d), 116.1 (C-c), 62.7 (GK125.2 (C-2), 21.4(C-1).

2-Bromo-5-ethoxy-4-phenyloxazole (1V-36)

2 a0
10 >°/Br

\
e 4N

«Q

This compound was synthesized according to thergepecedure 1V-D, using 2.6 mmol of
isocyanide. The desired product was isolated if38eld (590 mg).

Mol. Wt.: 268.11, Nature: Pale yellow liquid.

HRMS: Calcd. for GiH10BrNO, : 266.9895, Found : 266.9885.

I.R. (thin film): 1739, 1683, 1595, 1456, 1270, 1207, 1176 cm

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.78 (dd, 2HJ = 1.2, 7.4 Hz, H-e), 7.39 (t, 2H,=
7.4 Hz, H-f), 7.28-7.22 (m, 1H, H-g), 4.36 (q, 2Hz 7.1 Hz, H-1), 1.47 (t, 3H] = 7.1 Hz,
H-2).
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13C NMR (CDCl3, 100.6 MHz):8 (ppm) 155.7 (C-a), 130.2 (C-d), 128.5 (C-f), 12{09g),
124.9 (C-e), 122.8 (C-b), 119.1 (C-c), 70.7 (CiB.1 (C-2).

2-Bromo-5-methoxy-4-phenyloxazole (1V-37)

H3CO- 2.0 ¢ g,

\Wa
ed N
f

g

This compound was synthesized according to thergepecedure IV-D, using 5.7 mmol of
isocyanide. The desired product was isolated if68eld (984 mg).

Mol. Wt.: 254.08, Nature: Pale yellow semi solid.

HRMS: Calcd. for GoHgBrNO,: 252.9738, Found : 252.9739.

l.R. (thin film): 1740, 1688, 1597, 1454, 1324, 1280, 1208, 110@] tni"

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.75 (d, 2HJ = 7.8 Hz, H-e), 7.38 (t, 2H),= 7.8 Hz,
H-f), 7.25 (m, 1H, H-g), 4.10 (s, 3H, H-1).

13C NMR (CDCl3, 100.6 MHz):8 (ppm) 156.4 (C-a), 1330.0 (C-d), 128.5 (C-f), T2(C-g),
124.9 (C-e), 122.5 (C-b), 118.3 (C-c), 60.8 (C-1).

2-Bromo-5-methoxy-4-(p-tolyl)oxazole (IV-38)

;
HsCO-2.O ¢ g
b\b/r
e g/ N
f

g
2

This compound was synthesized according to thergepecedure 1V-D, using 1.0 mmol of
isocyanide. The desired product was isolated ifo9@eld (247 mg).

Mol. Wt.: 268.11, Nature: Pale yellow solid.

HRMS: Calcd. for GiH10BrNO, : 266.9895, Found : 266.9900.

M.P. =90-91 °C.

l.R. (thin film): 1740, 1681, 1608, 1444, 1412, 1210, 1175, 1007 cm

'H NMR (CDCl 3, 400 MHz): 8 (ppm) 7.57 (dd, 2HJ = 1.9, 8.3 Hz, H-e), 7.12 (dd, 2BI=
1.9, 8.3 Hz, H-f), 4.00 (s, 3H, H-1), 2.29 (s, 3H2).
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13C NMR (CDCl3, 100.6 MHz):§ (ppm) 156.1 (C-c), 136.8 (C-a, C-g), 129.3 (Cif37.2
(C-d), 124.9 (C-e), 116.6 (C-b), 60.9 (C-1), 21C32).

2-Bromo-4-(4-chlorophenyl)-5-methoxyoxazole (IV-39)

1
H3COaOcBr
\Wa
e 4N
f

9
Cl

This compound was synthesized according to thergepecedure IV-D, using 2.9 mmol of
bromo oxazole. The desired product was isolatébifo yield (550 mg).

Mol. Wt.: 288.53, Nature: Pale brown solid.

HRMS: Calcd. for GoH;BrCINO; : 286.9349, Found : 286.9338.

M.P. = 56-57 °C.

I.R. (thin film): 1740, 1684, 1615, 1590, 1489, 1402, 1256, 12085,11091, 1007 cih

'H NMR (CDCl 3, 400 MHz): 8 (ppm) 7.68 (d, 2HJ = 8.5 Hz, H-e), 7.35 (d, 2H,= 8.5 Hz,
H-f), 4.10 (s, 3H, H-1).

13C NMR (CDCl3, 100.6 MHz):8 (ppm) 156.4 (C-c), 153.3 (C-a), 132.6 (C-g), 12&€#),
126.1 (C-e), 122.5 (C-d), 117.2 (C-b), 60.7 (C-1).

5-Ethoxy-4-phenyl-2-(p-tolyl)oxazole (1V-40)
i .3
Q/O a O>C/h©/CH3
/
€ db\ N
f
9

This compound was synthesized according to thergepeocedure IV-E, using 0.8 mmol of
bromo oxazoldV-36. The desired product was isolated in 59 % yieRb(fQ).

Mol. Wt.: 279.33, Nature: Pale yellow semisolid.

HRMS: Calcd. for GgH17/NO; : 279.1259, Found : 279.1252.

I.R. (thin film): 1738, 1686, 1499, 174, 1384, 1277, 1200, 11796 b,
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'H NMR (CDCl 3, 400 MHz): 8 (ppm) 7.85-7.77 (m, 4H, H-e, H-i), 7.30 (t, 2Hz 7.8 Hz,
H-j), 7.17-7.12 (m, 3H, H-g, H-f), 4.32 (g, 2H,= 7.1 Hz, H-1), 2.30 (s, 3H, H-3), 1.40 (t,
3H,J = 7.1 Hz, H-2).

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 153.6 (C-c), 152.2 (C-a), 139.8 (C-k), 13(C5d),
129.4 (C-j), 128.4 (C-f), 126.3 (C-g), 125.5 (C-£25.0 (C-i), 124.9 (C-h), 116.7 (C-b), 69.8
(C-1), 21.5 (C-3), 15.2 (C-2).

2-(4-(Tert-butyl)phenyl)-5-ethoxy-4-phenyloxazole (IV-41)

2 h 4
1,020 ¢ 3
~_ \/

b
e ¢/ N

«

This compound was synthesized according to thergepeocedure IV-E, using 1.0 mmol of
bromo oxazoldV-36. The desired product was isolated in 33 % yie@ir(®)).

Mol. Wt.: 321.41, Nature: Pale yellow liquid.

HRMS: Calcd. for Gi{H»3NO, : 321.1729, Found : 321.1772.

I.R. (thin film): 1734, 1691, 1639, 1597, 1451, 1276, 1203, 11783 tot.

'H NMR (CDCl 3, 400 MHz): § (ppm) 7.97-7.90 (m, 4H, H-e, H-i), 7.77 (dd, 2H5 1.7, 8.5
Hz, H-j), 7.41 (t, 2HJ) = 7.7 Hz, H-f), 7.27-7.21 (m, 1H, H-g), 4.43 (4,2 = 7.1 Hz, H-1),
1.51 (t, 3HJ = 7.1 Hz, H-2), 1.36 (s, 9H, H-4).

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 153.7 (C-c), 153.0 (C-k), 152.2 (C-a), 13(C&d),
128.4 (C-f), 126.3 (C-g), 125.6 (C-e), 125.3 (Ci25.1 (C-j), 124.9 (C-h), 116.8 (C-b), 69.8
(C-1), 34.9 (C-3), 31.2 (C-4), 15.2 (C-2).

5-Ethoxy-2-(4-methoxyphenyl)-4-phenyloxazole (IV-4R

J 3

i
k
Q/O a O>C/h©/OCH3
y/
o\

€ d

«Q
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This compound was synthesized according to thergepeocedure IV-E, using 0.8 mmol of
bromo oxazoldV-36. The desired product was isolated in 49 % yie@B(fing).

Mol. Wt.: 295.33, Nature: white solid.

HRMS: Calcd. for GgH17NOs3 : 295.1208, Found : 295.1223.

M.P. =74-75 °C.

I.R. (thin film): 1739, 1670, 1601, 1445, 1259, 1210, 1176, 102& cm

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.95 (d, 2H)J = 8.9 Hz, H-i), 7.92 (dd, 2H] = 1.2,
7.4 Hz, H-e), 7.40 (t, 2H] = 7.4 Hz, H-f), 7.24 (t, 1H) = 7.3 Hz, H-g), 6.97 (d, 2H,= 8.9
Hz, H-j), 4.42 (q, 2HJ = 7.1 Hz, H-1), 3.87 (s, 3H, H-3), 1.51 (t, 3H; 7.1 Hz, H-2).

3C NMR (CDCl3, 100.6 MHz):5 (ppm) 160.8 (C-k), 153.5 (C-c), 152.2 (C-a), 13(C&d),
128.4 (C-i), 127.2 (C-e), 126.3 (C-g), 125.0 (C120.5 (C-h), 116.7 (C-b), 114.1 (C-j), 69.8
(C-1), 55.4 (C-3), 15.2 (C-2).

5-Ethoxy-2-(2-methoxyphenyl)-4-phenyloxazole (IV-43

3
HsCO; |

2 O. . h k
1Oa>°/®
IR |
e ¢/ N m
f
g

This compound was synthesized according to thergepeocedure IV-E, using 1.0 mmol of
bromo oxazoldV-36. The desired product was isolated in 30 % yieRir(®)).

Mol. Wt.: 295.33, Nature: Pale yellow semi solid.

HRMS: Calcd. for GgH17/NO3 : 295.1208, Found : 295.1199.

l.R. (thin film): 1735, 1665, 1593, 1466, 1377, 1259, 1204, 1026 cm

'H NMR (CDCl 3, 400 MHz): 5 (ppm) 8.01-7.96 (m, 3H, H-e, H-m), 7.49-7.41 (A, B1-f,
H-k), 7.29 (d, 1HJ = 8.3 Hz, H+j), 7.12-7.03 (m, 2H, H-g, H-I), 4.4, 2H,J = 7.1 Hz, H-
1), 4.00 (s, 3H, H-3), 1.55 (t, 3d= 7.1 Hz, H-2).

13C NMR (CDCl3, 100.6 MHz): 8 (ppm) 157.3 (C-i), 153.8 (C-c), 150.6 (C-a), 13(Csd),
131.1 (C-k), 129.7 (C-m), 128.3 (C-e), 126.2 (C25.0 (C-f), 120.6 (C-l), 116.8 (C-b),
116.2 (C-h), 111.9 (C+j), 69.5 (C-3), 56.0 (C-15,2(C-2).
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5-Ethoxy-2,4-diphenyloxazole (IV-44)
j

i
k
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b
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This compound was synthesized according to thergepeocedure IV-E, using 0.8 mmol of
bromo oxazoldV-36. The desired product was isolated in 23 % yie@ir().

Mol. Wt.: 265.31, Nature: Pale yellow semi solid.

HRMS: Calcd. for G/H1sNO, : 265.1103, Found : 265.1103.

I.R. (thin film): 1738, 1676, 1634, 1450, 1245, 1204, 1047, 1016 cm

'H NMR (CDCl 3, 400 MHz): 5 (ppm) 8.01 (dd, 2HJ = 1.5, 8.1 Hz, H-i), 7.93 (dd, 2H,=
1.2, 8.3 Hz, H-e), 7.48-7.38 (m, 5H, H-f, H-j, H-K).28-7.22 (m, 1H, H-g), 4.45 (q, 2B~
7.1 Hz, H-1), 1.52 (t, 3H] = 7.1 Hz, H-2).

3C NMR (CDCl3, 100.6 MHz):5 (ppm) 153.8 (C-c), 152.0 (C-a), 131.5 (C-d), 12@6K),
128.7 (C-i), 128.5 (C-e), 127.6 (C-h), 126.4 (C4P5.5 (C-j), 125.1 (C-f), 116.9 (C-b), 69.8
(C-1), 15.2 (C-2).

2-(4-Ethylphenyl)-5-methoxy-4-phenyloxazole (IV-45)

i 3
1 k
H;CO-. 2 O>C/h®J2
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f
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This compound was synthesized according to thergepeocedure IV-E, using 0.5 mmol of
bromo oxazoldV-37. The desired product was isolated in 33 % yielir(®).

Mol. Wt.: 279.33, Nature: Pale yellow semi solid.

HRMS: Calcd. for GgH17/NO, : 279.1259, Found : 279.1295.

I.R. (thin film): 1744, 1677, 1608, 1454, 1280, 1252, 1210, 1175%6,10004 crt.

'H NMR (CDCl 3, 400 MHz): 8 (ppm) 8.00-7.91 (m, 4H, H-e, H-i), 7.45 (t, 2Hz 7.6 Hz,
H-f), 7.35-7.27 (m, 3H, H-g, H-j), 4.18 (s, 3H, B;2.74 (q, 2HJ = 7.1 Hz, H-2), 1.31 (t,
3H,J = 7.1 Hz, H-3).
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13C NMR (CDCl3, 100.6 MHz):8 (ppm) 154.4 (C-c), 152.0 (C-a), 146.2 (C-k), 13@C3d),
128.4 (C-f), 128.2 (C-j), 127.7 (C-h), 126.4 (C-§25.6 (C-€), 125.0 (C-i), 115.8 (C-b), 60.1
(C-1), 28.8 (C-2), 15.4 (C-3).

2-(4-(Tert-butyl)phenyl)-5-methoxy-4-phenyloxazole (IV-46)

C
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This compound was synthesized according to thergepeocedure IV-E, using 0.5 mmol of
bromo oxazoldV-37. The desired product was isolated in 53 % yie@ir(®)).

Mol. Wt.: 307.38 Nature: white solid.

HRMS: Calcd. for GoH21NO, : 307.1572, Found : 307.1576.

M.P. = 66-67 °C.

I.R. (thin film): 1740, 1670, 1640, 1595, 1490, 1250, 1210, 11721,10057, 1015 cth

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.97 (d, 2HJ = 8.4 Hz, H-i), 7.94 (d, 2H] = 8.1 Hz,
H-e), 7.51 (d, 2H) = 8.4 Hz, H-j), 7.45 (t, 2H] = 7.6 Hz, H-f), 7.32-7.28 (m, 1H, H-g), 4.18
(s, 3H, H-1), 1.39 (s, 9H, H-3).

3C NMR (CDCl3, 100.6 MHz):5 (ppm) 154.4 (C-c), 153.0 (C-k), 152.0 (C-a), 13(CAd),
128.5 (C-f), 126.4 (C-g), 125.6 (C-e), 125.3 (C125.1 (C-j), 124.8 (C-h), 115.9 (C-b), 60.1
(C-1), 34.8 (C-2), 31.2 (C-3).

5-Methoxy-4-phenyl-2-(o-tolyl)oxazole (1V-48)
i
! k
H3CO a O C h
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This compound was synthesized according to thergepeocedure IV-E, using 0.5 mmol of
bromo oxazoldV-37. The desired product was isolated in 19 % yie®ir(®)).
Mol. Wt.: 265.31, Nature: Pale yellow semi solid.

HRMS: Calcd. for G/HisNO>: 265.1103, Found : 265.1109.
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I.R. (thin film): 1740, 1691, 1639, 1597, 1499, 1451, 1374, 12085,11007 cr.

'H NMR (CDCl 3, 400 MHz): 8 (ppm) 8.04-7.91 (m, 3H, H-e, H-i), 7.45 (t, 2Hz 7.4 Hz,
H-f), 7.38-7.26 (m, 4H, H-g, H-j, H-k, H-I), 4.18,(3H, H-1), 2.79 (s, 3H, H-2).

13C NMR (CDCl3, 100.6 MHz):8 (ppm) 154.3 (C-c), 151.9 (C-a), 137.0 (C-m), 13TCH),
131.5 (C-d), 129.3 (C-k), 128.4 (C-e), 127.9 (C486.3 (C-h), 126.2 (C-k), 125.9 (C-i),
125.0 (C-f), 115.4 (C-b), 59.9 (C-1), 22.1 (C-2).

2-(4-Chlorophenyl)-5-methoxy-4-phenyloxazole (1V-4P
i
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This compound was synthesized according to thergepecedure 1V-B, using 0.6 mmol of
bromo oxazoldV-37. The desired product was isolated in 18 % yie®ir(®).

Mol. Wt.: 285.73, Nature: Pale yellow solid.

HRMS: Calcd. for GegH12CINO, : 285.0557, Found : 285.0547.

M.P. =94-95 °C.

l.R. (thin film): 1740, 1670, 1594, 1482, 1255, 1206, 1171, 10884 tén'.

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.97 (d, 2HJ = 8.5 Hz, H-i), 7.90 (d, 2H] = 8.0 Hz,
H-e), 7.47-7.41 (m, 4H, H-j, H-f), 7.28 (t, 1Bi= 7.4 Hz, H-g), 4.18 (s, 3H, H-1).

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 154.6 (C-c), 150.8 (C-a), 135.6 (C-k), 13(C1d),
129.0 (C-j), 128.5 (C-f), 126.8 (C-i), 126.6 (C-@R6.0 (C-h), 125.0 (C-e), 116.2 (C-b), 60.2
(C-1).

5-Methoxy-2-(4-methoxyphenyl)-4-(p-tolyl)oxazole ¥-50)
i

2
1 k
/)
o\

€ _d

HsC
3

This compound was synthesized according to thergepeocedure IV-E, using 0.4 mmol of

bromo oxazoldV-38. The desired product was isolated in 18 % yie@ir(®)).
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Mol. Wt.: 295.33, Nature: Pale yellow solid.

HRMS: Calcd. for GgH17NO3 : 295.1208, Found : 295.1230.

M.P. =167-168 °C.

l.R. (thin film): 1709, 1615, 1493, 1454, 1381, 1332, 123%4.cm

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.95 (d, 2HJ = 8.9 Hz, H-i), 7.78 (d, 2H] = 8.1 Hz,
H-e), 7.22 (d, 2HJ = 8.1 Hz, H-f), 6.97 (d, 2H] = 8.9 Hz, H-j), 4.12 (s, 3H, H-1), 3.86 (s,
3H, H-3), 2.37 (s, 3H, H-2).

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 160.8 (C-k), 153.9 (C-c), 152.0 (C-a), 13¢9g),
129.1 (C-f), 128.6 (C-d), 127.2 (C-e), 125.0 (C120.5 (C-h), 116.1 (C-b), 114.1 (C+j), 60.2
(C-1), 55.3 (C-3), 21.3 (C-2).

5-Methoxy-2-(2-methoxyphenyl)-4-(p-tolyl)oxazole -51)

2
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This compound was synthesized according to thergepeocedure IV-E, using 0.4 mmol of
bromo oxazoldV-38. The desired product was isolated in 54 % yie@ir(®)).

Mol. Wt.: 295.33, Nature: Pale yellow semi solid.

HRMS: Calcd. for GgH17NO3 : 295.1208, Found : 295.1208.

I.R. (thin film): 1740, 1681, 1608, 1444, 1412, 1210, 1175, 100% cm

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.93 (dd, 1H) = 1.7, 7.7 Hz, H-m), 7.79 (d, 2H,=
8.0 Hz, H-e), 7.43-7.37 (m, 1H, H-Kk), 7.21 (d, ZH; 8.0 Hz, H-f), 7.07-7.00 (m, 2H, H-j, H-
), 4.13 (s, 3H, H-1), 3.96 (s, 3H, H-2), 2.3935l, H-3).

13C NMR (CDCl3, 100.6 MHz): 8 (ppm) 157.3 (C-i), 154.2 (C-c), 150.4 (C-a), 136290),
131.0 (C-k), 129.8 (C-m), 129.0 (C-f), 128.6 (C-tip5.0 (C-e), 120.6 (C-l), 116.9 (C-b),
115.7 (C-h), 111.9 (C+j), 60.0 (C-1), 56.0 (C-2,2(C-3).
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5-Methoxy-2,4-di-p-tolyloxazole (1V-52)

i
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This compound was synthesized according to thergepeocedure IV-E, using 0.6 mmol of
bromo oxazoldV-38. The desired product was isolated in 29 % yielir(®).

Mol. Wt.: 279.33, NaturePale yellow solid.

HRMS: Calcd. for GgH17/NO, : 279.1259, Found : 279.1266.

M.P. =99-100 °C.

I.R. (thin film): 1740, 1681, 1648, 1615, 1520, 1451, 1377, 1206,,11105, 1011 cth

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.90 (d, 2HJ = 8.2 Hz, H-i), 7.79 (dd, 2H] = 1.9,
8.2 Hz, H-e), 7.28-7.19 (m, 4H, H-f, H-j), 4.13 @H, H-1), 2.41 (s, 3H, H-2), 2.38 (s, 3H,
H-3).

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 154.0 (C-c), 152.0 (C-a), 139.8 (C-k), 13 1g),
129.4 (C-f), 129.2 (C-i), 128.5 (C-d), 125.5 (C4p5.0 (C-e), 124.9 (C-h), 116.1 (C-b), 60.2
(C-1), 21.5 (C-2 or C-3), 21.3 (C-3 or C-2).

4-(4-Chlorophenyl)-5-methoxy-2-(4-methoxyphenyl)oxzole (1V-54)
1 i ) 2
H,CO-2 O>C/h®/OCH3
\
e 4N

9
Cl

This compound was synthesized according to thergepeocedure IV-E, using 0.4 mmol of
bromo oxazoldV-39. The desired product was isolated in 45 % yie@i ().

Mol. Wt.: 315.75, Nature: white solid.

HRMS: Calcd. for G/H14CINO;3 : 315.0662, Found : 315.0665.

M.P.=111-112 °C.

I.R. (thin film): 1740, 1674, 1635, 1601, 1503, 1252, 1231, 11638 1011 crit.
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'H NMR (CDCl 3, 400 MHz): & (ppm) 7.93 (d, 2HJ = 8.6 Hz, H-i), 7.81 (d, 2H] = 8.4 Hz,
H-f), 7.36 (d, 2HJ = 8.4 Hz, H-e), 6.97 (d, 2H,= 8.6 Hz, H-j), 4.14 (s, 3H, H-1), 3.86 (s,
3H, H-2).

13C NMR (CDCl3, 100.6 MHz):5 (ppm) 160.9 (C-k), 154.3 (C-c), 152.0 (C-a), 13(C7qg),
130.0 (C-d), 128.6 (C-f), 127.2 (C-e), 126.2 (C1i20.2 (C-h), 114.9 (C-b), 114.1 (C-j), 60.0
(C-1), 55.4 (C-2).

4-(4-Chlorophenyl)-5-methoxy-2-(p-tolyl)oxazole (I1¥55)

1 L 2
H,CO-2 O>c/h®/ 3
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This compound was synthesized according to thergepeocedure IV-E, using 0.4 mmol of
bromo oxazoldV-39. The desired product was isolated in 58 % yie@ir(@)).
Mol. Wt.: 299.75, Nature: Pale yellow solid.
HRMS: Calcd. for G;H14CINO, : 299.0713, Found : 299.0712.
M.P. = 84-85 °C.
I.R. (thin film): 1744, 1677, 1635, 1611, 1594, 1496, 1248, 1219]1,11091, 1056, 1011
cm’.
'H NMR (CDCl 3, 400 MHz): & (ppm) 7.87 (d, 2HJ = 7.9 Hz, H-i), 7.82 (d, 2H] = 8.2 Hz,
H-e), 7.35 (d, 2H) = 8.2 Hz, H-f), 7.25 (d, 2H] = 7.9 Hz, H-j), 4.14 (s, 3H, H-1), 2.40 (s,
3H, H-2).
3C NMR (CDCl3, 100.6 MHz):5 (ppm) 154.4 (C-c), 152.0 (C-a), 140.0 (C-k), 13(C7g),
130.0 (C-d), 129.4 (C+j), 128.6 (C-f), 126.2 (C4R5.5 (C-e), 124.6 (C-h), 114.7 (C-b), 59.9
(C-1), 21.5 (C-2).

2-(4-(Tert-butyl)phenyl)-4-(4-chlorophenyl)-5-methoxyoxazol€lV-56)

1 i Ak s
H3COaOCh 2
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This compound was synthesized according to thergepeocedure IV-E, using 0.4 mmol of
bromo oxazoldV-39. The desired product was isolated in 49 % yieRir(t).

Mol. Wt.: 341.83, Nature: off white solid.

HRMS: Calcd. for GoH20CINO, : 341.1183, Found : 341.1184.

M.P. =91-92 °C.

l.R. (thin film): 1740, 1674, 1635, 1590, 1496, 1405, 1314, 1285011178, 1091, 1058
1011 cni,

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.92 (d, 2HJ = 8.4 Hz, H-e), 7.83 (d, 2H,= 8.5 Hz,
H-i), 7.48 (d, 2HJ = 8.4 Hz, H-f), 7.37 (d, 2H] = 8.5 Hz, H-j), 4.15 (s, 3H, H-1), 1.36 (s,
9H, H-3).

13C NMR (CDCl3, 100.6 MHz):8 (ppm) 154.4 (C-c), 153.1 (C-k), 152.0 (C-a), 13(C7g),
130.0 (C-d), 128.6 (C-f), 126.2 (C-e), 125.7 (C125.3 (C-j), 124.6 (C-h), 114.7 (C-b), 59.9
(C-1), 34.8 (C-2), 31.2 (C-3).

4-(4-Chlorophenyl)-5-methoxyoxazole (IV-57)

1
H3CO a O>C
/

\
e 4N

g
Cl
This compound was synthesized according to thergepeocedure IV-E, using 0.4 mmol of
bromo oxazoldV-39. The desired product was isolated in 62 % yielir(®).
Mol. Wt.: 209.63, Nature: oil.
HRMS: Calcd. for G/H14CINO3 : 209.0244, Found : 209.0251.
I.R. (thin film): 1742, 1677, 1638, 1590, 1480, 1223, 1167, 107& cm
'H NMR (CDCl 3, 400 MHz): & (ppm) 7.74 (d, 2HJ = 8.5 Hz, H-f), 7.48 (s, 1H, H-c), 7.35
(d, 2H,J = 8.5 Hz, H-e), 4.09 (s, 3H, H-1).
13C NMR (CDCl3, 100.6 MHz):5 (ppm) 154.7 (C-a), 141.6 (C-c), 131.9 (C-g), 12€C&d),
128.7 (C-f), 126.1 (C-e), 112.8 (C-b), 59.8 (C-1).
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Experimental Part for Chapter 5

|. General Procedures:

a. General Procedure V-A:(synthesis of iminotetrazole).

To a 1 M solution amine in methanol were added esgigely 1.0 equiv of aldehyde,
1.0 equiv of isocyanide and 1.0 euiv of trimethylsazide. The resulting mixture was
stirred at room temperature for 8 h. After completof reaction (checked by TLC),
N,N-dimethylacetamide (1M), 2 equiv of copper atetand 1 equiv of cesium
carbonate were added in the reaction mixture anrtmmperature and stirred it at 150
°C for 2-6 h. After completion of reaction (checkag TLC), solvent was evaporated.
The crude was purified by flash chromatographyibeoasgel (diethyl ether: petrolium
ether) to afford corresponding imine.

b. General procedure V-B:(synthesis of 1,2,3-triazole.)

To a 1 M solution of iminotetrazole derivative muene was added 20 mol% of zinc
triflate. The resulting mixture was heated undecrowave irradiation at 150 °C for
30 minutes. The reaction mixture was neutralizetth wqueous NaHC{solution and
and extracted three times with ethyl acetate. Tdmbined organic extracts were
washed with brine, dried over p&0,. The solvent was removed afterwards under
reduced pressure to afford the corresponding ptedatter purification by flash

chromatography on silica gel.
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N-((1-(tert-butyl)-1 H-tetrazol-5-yl)(4-chlorophenyl)methyl)aniline (V-1)

To a 1 M solution of aniline (0.9 mL, 1 mmol) in thanol (1 mL) were added successively
p-chlorobenzaldehyde (141.5 mg, 1 mma#8st-butyl isocyanide (0.11 mL, 1 mmol) and
trimethylsilyl azide (0.13 mL, 1 mmol). The resolji mixture was stirred at room
temperature for 18 h. The solvent was removedadtets under reduced pressure to afford
the Ugi-azide product after purification by flashr@matography on silica gel. The desired
product was isolated in 99 % yield (336 mg).

Mol. Wt.: 341.84, Nature: semisolid.

HRMS Calcd. for GgH»oCINs : 341.1407, Found : 341.1408.

I.R. (thin film): 3041, 2932, 1506, 1478, 1454, 1262, 1234, 1095 cm

'H NMR (CDCl 3, 400 MHz): § (ppm) 7.35-7.28 (m, 4H, Ar-H), 7.16 (t, 2Bi= 7.5 Hz, Ar-
H), 6.78 (t, 1HJ = 7.5 Hz, Ar-H), 6.65 (d, 2H] = 8.0 Hz, Ar-H), 6.12 (d, 1H] = 9.4 Hz, H-
1), 4.78 (d, 1HJ = 9.4 Hz, NH), 1.17 (s, 9H, H-3).

3C NMR (CDCl3, 100.6 MHz): 8 (ppm) 154.8 (C-a), 145.3 (C-f), 136.6 (C-b), 13d5e),
129.5 (C-h), 129.3 (C-d), 129.0 (C-c), 119.5 (Ci)4.2 (C-g), 61.8 (C-2), 53.7 (C-1), 30.1
(C-3).

N-((1-(tert-butyl)-1 H-tetrazol-5-yl)(4-chlorophenyl)methylene)aniline (\/2)

This compound was synthesized according to thergepeocedure/-A, using 0.5 mmol of
tert-butyl isocyanide. The desired product was isolateg¥ % yield (142 mg).
Mol. Wt.: 339.82, Nature: yellow solid.
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HRMS Calcd. for GgH1gCINs : 339.1251, Found : 339.1259

M.P. = 172-173C

I.R. (thin film): 2990, 1625, 1578, 1469, 1375, 1267, 1238, 11886,11080, 1008 cth

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.63 (d, 2HJ = 8.6 Hz, H-d), 7.43 (d, 2H),= 8.6 Hz,
H-e), 7.24 (t, 2H) = 7.8 Hz, H-i), 7.09 (t, 1H] = 7.8 Hz, H-j), 6.88 (d, 2H] = 7.8 Hz, H-h),
1.30 (s, 9H, H-2)

13C NMR (CDCl3, 100.6 MHz):8 (ppm) 154.2 (C-b), 148.0 (C-g), 146.8 (C-a), 13&€4),
135.4 (C-c), 129.3 (C-d), 129.2 (C-e), 129.1 (CEB6.2 (C-j), 121.2 (C-h), 62.5 (C-1), 29.3
(C-2).

N-((1-(tert-butyl)-1 H-tetrazol-5-yl)(4-chlorophenyl)methyl)-3,4-dimethyhniline (V-3)
N=N

Ny ‘N\Ks

C

To a 1 M solution of 3,4-dimethylaniline (121 mg,01mmol) in methanol were added
successivelyp-chlorobenzaldehyde (141.5 mg, 1.0 mmol) aed-butyl isocyanide (0.11
mL, 1.0 mmol) and trimethylsilyl azide (0.13 mL,01mmol). The resulting mixture was
stirred at room temperature for 18 h. The solveas wemoved afterwards under reduced
pressure to afford the Ugi-azide product after fmaiion by flash chromatography on silica
gel.

The desired product was isolated in 96 % yield (BH.

Mol. Wt.: 369.89, Nature: yellow solid.

HRMS: Calcd. for GoH24CINs : 369.1720, Found : 369.1722.

M.P. = 154 - 155C

.R. (thin film): 3040, 2925, 1614, 1496, 1454, 1387, 1241, 1178911021 cril.

'H NMR (CDCl 3, 400 MHZz): & (ppm) 7.35-7.27 (m, 4H, Ar-H), 6.91 (d, 18i= 8.0 Hz, Ar-
H), 6.48 (s, 1H, H-g), 6.41 (d, 1H,= 8.0 Hz, Ar-H), 6.08 (d, 1H] = 9.7 Hz, H-1), 4.59 (d,
1H,J= 9.7 Hz, NH), 2.15 (s, 3H, G} 2.12 (s, 3H, Ch), 1.72 (s, 9H, H-3).
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13 NMR (CDCl3, 100.6 MHz): & (ppm) 155.0 (C-Ar), 143.4 (C-Ar), 137.6 (C-Ar), &.8
(C-Ar), 134.4 (C-Ar), 130.3 (C-Ar), 129.2 (C-Ar)29.0 (C-Ar), 127.6 (C-Ar), 116.3 (C-Ar),
111.4 (C-Ar), 61.9 (C-2), 54.0 (C-1), 30.1(C-3),2(CH), 18.7 (CH).

N-((1-(tert-butyl)-1 H-tetrazol-5-yl)(4-chlorophenyl)methylene)-3,4-dimdtylaniline
(V-4)

This compound was synthesized according to thergepeocedure V-A, using 1.0 mmol of
tert-butyl isocyanide. The desired product was isolate@B % yield (355 mg).

Mol. Wt.: 367.88, Nature: yellow solid.

HRMS: Calcd. for GoH22CINs : 367.1564, Found : 387.1568

M.P. = 154 - 155C

.R. (thin film): 2925, 1622, 1592, 1505, 1473, 1374, 1308, 10854 L.

'H NMR (CDCl 3, 400 MHz): 5 (ppm) 7.61 (d, 2HJ = 8.6 Hz, H-d), 7.41 (d, 2H, = 8.6 Hz,

H-e), 6.96 (d, 1HJ = 8.0 Hz, H-k), 6.68 (s, 1H, H-h), 6.57 (d, 1Hz 8.0 Hz, H-I), 2.16 (s,
3H, CH), 2.14 (s, 3H, Ch), 1.30 (s, 9H, H-2).

13 NMR (CDCl3, 100.6 MHz): 5 (ppm) 153.0 (C-b), 147.2 (C-a), 145.8 (C-Ar), 126C-

Ar), 137.4 (C-Ar), 135.6 (C-Ar), 134.9 (C-Ar), 130(C-Ar), 129.2 (C-Ar), 129.1 (C-Ar),
122.7 (C-Ar), 118.5 (C-Ar), 62.4 (C-1), 29.3 (C-29.7 (CH), 19.3 (CH).

N-5-(4-chlorophenyl)-1-(3,4-dimethylphenyl)-H-1,2,3-triazole (V-5)

N a
I\j’\\bcd e
N f
g Cl
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This compound was synthesized according to thergepeocedure/-B, using 1.0 mmol of
imine V-4. The desired product was isolated in 74 % yield(&1).

Mol. Wt.: 283.76, Nature: white solid.

HRMS Calcd. for GgH14FN3 : 283.0876, Found : 283.0878.

M.P.=117-118 °C

I.R. (thin film): 2920, 1615, 1556, 1490, 1449, 1228, 1070 .cm

'H NMR (CDCl 3, 400 MHz): 8 (ppm) 7.85 (s, 1H, H-a), 7.32 (d, 28i= 8.5 Hz, H-d), 7.22
(s, 1H, H-h), 7.19-7.14 (m, 3H, H-e, H-I), 6.96 (, J = 8.0 Hz, C-k), 2.31 (s, 3H, GM
2.28 (s, 3H, Ch).

3C NMR (CDCl3, 100.6 MHz): & (ppm) 138.3 (C-Ar), 138.2 (C-Ar), 135.2 (C-Ar), 4.8
(C-Ar), 133.2 (C-a), 130.5 (C-Ar), 130.3 (C-Ar),942 (C-Ar), 129.0 (C-Ar), 126.1 (C-Ar),
125.3 (C-Ar), 122.4 (C-Ar), 19.8 (G 19.6 (CH).

N-((1-(tert-butyl)-1 H-tetrazol-5-yl)(phenyl)methylene)aniline (V-6)

This compound was synthesized according to thergepeocedure/-A, using 1.0 mmol of
tert-butyl isocyanide. The desired product was isolategB % yield (192 mg).

Mol. Wt.: 305.38, Nature: yellow solid.

HRMS Calcd. for GgHi9Ns : 305.1640, Found : 305.1637.

M.P. =122-123 °C.

I.R. (thin film): 2992, 1697, 1499, 1478, 1454, 1269, 1231, 11336 téi'.

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.68 (d, 2HJ = 8.1 Hz, H-d), 7.53 (t, 1Hl = 7.3 Hz,
H-f), 7.45 (t, 2H,J = 7.3 Hz, H-e), 7.24 (t, 2H,= 7.3 Hz, H-i), 7.08 (t, 1H) = 7.3 Hz, H-j),
6.91 (d, 2H, = 8.1 Hz, H-h), 1.32 (s, 9H, H-2).

3C NMR (CDCl3, 100.6 MHz):5 (ppm) 155.4 (C-b), 148.3 (C-g), 147.1 (C-a), 13EX),
132.1 (C-f), 129.0 (C-i), 128.9 (C-d), 128.1 (C-£25.9 (C+)), 121.1 (C-h), 62.4 (C-1), 29.3
(C-2).
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1,5-diphenyl-1H-1,2,3-triazole (V-7)

This compound was synthesized according to thergepeocedure/-B, using 0.4 mmol of
iminotetrazoleV-6. The desired product was isolated in 69 % yie@I(t).

Mol. Wt.: 221.26, Nature: white solid.

HRMS Calcd. for G4H11N3 : 221.0953, Found : 221.0954

M.P. =113-114 °C.

l.R. (thin film): 2920, 1593, 1499, 1450, 1231, 1138, 1049 .cm

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.87 (s, 1H, H-a), 7.46-7.42 (m, 3H, H-At)}0-7.32
(m, 5H, H-Ar), 7.25-7.21 (m, 2H, H-Ar).

3C NMR (CDCl3, 100.6 MHz):5 (ppm) 137.7 (C-g), 136.5 (C-c), 133.4 (C-a), 12@2h),
129.2 (C-e),128.8 (C-h, C-f), 128.6 (C-i), 126.7}; 125.2 (C-d).

4-bromo-N-((1-(tert-butyl)-1 H-tetrazol-5-yl)(phenyl)methylene)aniline (V-8)

This compound was synthesized according to thergepeocedure/-A, using 2.0 mmol of
tert-butyl isocyanide. The desired product was isolategB % yield (522 mg).

Mol. Wt.: 384.27, Nature: white solid.

HRMS Calcd. for GgH1sBrNs : 384.0746, Found : 384.0747

M.P. =120-121 °C.

I.R. (thin film): 2988, 1621, 1579, 1482, 1370, 1265, 1234, 1192),11077, 1007 cth

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.65 (d, 2HJ = 7.8 Hz, H-d), 7.54 (t, 1Hl = 7.3 Hz,

H-f), 7.45 (t, 2H,J = 7.3 Hz, H-e), 7.36 (dd, 2H,= 1.9, 8.7 Hz, H-i), 6.81 (dd, 2H,= 1.9,

8.7 Hz, H-h), 1.36 (s, 9H, H-2).
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13C NMR (CDCl3, 100.6 MHz):5 (ppm) 156.1 (C-b), 147.3 (C-a), 146.8 (C-g), 13&7c),
132.4 (C-f), 132.1 (C-i), 129.0 (C-e), 128.1 (C-#22.8 (C-h), 119.2 (C-j), 62.5 (C-1), 29.5
(C-2).

1-(4-bromophenyl)-5-phenyl-H-1,2,3-triazole (V-9)

a
’\i/ \de e

This compound was synthesized according to thergepeocedure/-B, using 1.3 mmol of
iminotetrazoleVv-8. The desired product was isolated in 70 % yieldb(2ig).

Mol. Wt.: 300.15, Nature: yellow oil.

HRMS Calcd. for G4H10BrN3 : 299.0058, Found : 299.0059

I.R. (thin film): 3050, 1597, 1492, 1475, 1273, 1237, 1134, 1076010012 crt.

'H NMR (CDCl 3, 400 MHz): § 7.88 (s, 1H, H-a), 7.59 (d, 2H,= 8.4 Hz, Ar-H), 7.45-7.36
(m, 3H, Ar-H), 7.30-7.22 (m, 4H, Ar-H).

3C NMR (CDCl3, 100.6 MHz):8 (ppm) 137.7 (C-Ar), 135.5 (C-Ar), 133.6 (C-a), 182C-
Ar), 129.5 (C-Ar), 129.6 (C-Ar), 128.6 (C-Ar), 1B5(C-Ar), 123.2 (C-Ar), 116.6 (C-Ar).

5-(4-chlorophenyl)-1-phenyl-H-1,2,3-triazole (V-10)

N a
‘N ;
g Cl
h
i
j
This compound was synthesized according to thergepeocedure/-B, using 0.4 mmol of
iminotetrazole V-2. The desired product was is@ate66 % yield (67 mg).
Mol. Wt.: 255.70, Nature: yellow solid.
HRMS Calcd. for G4H10CIN3 : 255.0563, Found : 255.0561.
M.P. =123-124 °C.
I.R. (thin film): 3061, 1597, 1499, 1485, 1279, 1234, 1129, 10953,110014 crt.
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'H NMR (CDCl 3, 400 MHz): & (ppm) 7.86 (s, 1H, H-a), 7.48-7.43 (m, 3H, H-ij)H7.37-
7.30 (m, 4H, H-d, H-h), 7.16 (d, 2H= 8.6 Hz, H-e).

3C NMR (CDCl3, 100.6 MHz): 8 (ppm) 136.6 (C-Ar), 136.3 (C-Ar), 135.4 (C-Ar),33
(C-a), 129.8 (C-Ar), 129.5 (C-Ar), 129.4 (C-Ar),4.2 (C-Ar).

(4-bromo-N-((1-(tert-butyl)-1 H-tetrazol-5-yl)(4-chlorophenyl) methylene)aniline ¥-11)

This compound was synthesized according to thergepeoceduré/-A, using 1.0 mmol of
tert-butyl isocyanide. The desired product was isolatetB % yield (200 mg).

Mol. Wt.: 418.72, Nature: yellow solid.

HRMS Calcd. for GgH17/BrCINs : 417.0356, Found : 417.0356

M.P. =141-142 °C.

l.R. (thin film): 2056, 1625, 1572, 1476, 1356, 1260, 1253, 11835,11080, 1060, 1008
cm™.
'H NMR (CDCl 3, 400 MHz): & (ppm) 7.60 (d, 2HJ = 8.5 Hz, Ar-H), 7.43 (d, 2H) = 8.5

Hz, Ar-H), 7.36 (d, 2HJ = 8.6 Hz, Ar-H), 6.79 (d, 2H] = 8.6 Hz, Ar-H), 1.34 (s, 9H, H-2).

3C NMR (CDCl3, 100.6 MHz):8 (ppm) 152.2 (C-b), 146.9 (C-Ar), 146.5 (C-Ar), 184C-

Ar), 135.1 (C-Ar), 132.1 (CAr), 129.4 (C-Ar), 129(8-Ar), 122.9 (C-Ar), 119.6 (C-Ar),
62.6 (C-1), 29.5 (C-2).

1-(4-bromophenyl)-5-(4-chlorophenyl)-H-1,2,3-triazole (V-12)

N—2 ¢

N e Y
N f
g cl
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This compound was synthesized according to thergepeocedure/-B, using 0.4 mmol of
iminotetrazolev-11. The desired product was isolated in 83 % yielD(ing).

Mol. Wt.: 334.60, Nature: yellow solid.

HRMS Calcd. for G4HgBrCIN;3 : 332.9668, Found : 334.9669

M.P. =110-111 °C.

I.R. (thin film): 2928, 1598, 1510, 1480, 1234, 1160, 1060 .cm

'H NMR (CDCl 3, 400 MHz): 5 (ppm) 7.86 (s, 1H, H-a), 7.60 (d, 285 8.6 Hz, Ar-H), 7.36
(d, 2H,J = 8.6 Hz, Ar-H), 7.24 (d, 2H] = 8.6 Hz, Ar-H), 7.17 (d, 2H] = 8.6 Hz, Ar-H).

3C NMR (CDCl3, 100.6 MHZz): & (ppm) 136.6 (C-Ar), 135.8 (C-Ar), 135.2 (C-Ar),33
(C-a), 132.7 (C-Ar), 129.8 (C-Ar), 129.4 (C-Ar),a.8 (C-Ar), 124.8 (C-Ar), 123.5 (C-Ar).

N-((1-(tert-butyl)-1 H-tetrazol-5-yl)(4-chlorophenyl)methylene)-4-fluoroaniline (V-13)

This compound was synthesized according to thergepeoceduré/-A, using 2.0 mmol of
tert-butyl isocyanide. The desired product was isolatetb % yield (327 mg).

Mol. Wt.: 357.81, Nature: yellow solid.

HRMS Calcd. for GgH1/CIFNs : 357.1157, Found : 357.1159

M.P. =158-159 °C.

l.R. (thin film): 2980, 1615, 1576, 1483, 1368, 1231, 1186, 10W". c

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.61 (d, 2HJ = 8.6 Hz, Ar-H), 7.43 (d, 2H) = 8.6
Hz, Ar-H), 7.98-6.84 (m, 4H, Ar-H), 1.32 (s, 9H, B-

3C NMR (CDCl3, 100.6 MHz):8 (ppm) 160.8 (dJc.r = 247.1 Hz, Cj), 154.3 (C-b), 146.8
(C-Ar), 144.1 (dJcr = 2.9 Hz, C-g), 138.6 (C-Ar), 135.3 (C-Ar), 129G-Ar), 129.2 (C-
Ar), 123.1 (dJc.F = 8.2 Hz, C-h), 116.0 (dcr = 22.5 Hz, C-i), 62.6 (C-1), 29.4 (C-2).
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5-(4-chlorophenyl)-1-(4-fluorophenyl)-H-1,2,3-triazole (V-14)

a
"\bcd e

This compound was synthesized according to thergepecedure/-B, using 0.84 mmol of
iminotetrazolev-13. The desired product was isolated in 61 % yieltD(ing).

Mol. Wt.: 273.69, Nature: yellow solid.

HRMS Calcd. for G4HoCIFN;3 : 273.0469, Found : 273.0468

M.P. =130-131 °C.

I.R. (thin film): 1607, 1517, 1485, 1231, 1157, 1095, 1049 .cm

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.85 (s, 1H, H-a), 7.37-7.31 (m, 4H, Ar-A)17-7.12
(m, 4H, Ar-H).

3C NMR (CDCl3, 100.6 MHz):8 (ppm) 162.8 (dJc.r = 251.0 Hz, C-j), 136.7 (C-Ar), 135.6
(C-Ar), 133.4 (C-a), 132.3 (dcr = 3.0 Hz, C-g), 129.8 (C-Ar), 129.3 (C-Ar), 127 Jc-r
= 8.8 Hz, C-h), 124.9 (C-Ar), 116.6 (@ = 23.4 Hz, C-i).

N-((1-(tert-butyl)-1 H-tetrazol-5-yl)(4-chlorophenyl)methylene)-4-methoxgniline (V-15)
N=N "
"
a
be
N ’

OCH
This compound was synthesized according to thergepeoceduré/-A, using 1.0 mmol of
tert-butyl isocyanide. The desired product was isolates¥ % yield (200 mg).
Mol. Wt.: 369.85, Nature: yellow solid.
HRMS Calcd. for GgH20CINsO : 369.1356, Found : 369.1356.
I.R. (thin film): 2939, 28335, 1593, 1513, 1461, 1405, 1332, 1252],11147, 1028 cth
'H NMR (CDCl 3, 400 MHz):  (ppm) 7.61 (d, 2HJ = 8.8 Hz, H-d), 7.41 (d, 2H,= 9.0 Hz,
H-h), 6.82 (d, 2HJ = 8.8 Hz, H-e), 6.76 (d, 2H,= 9.0 Hz, H-i), 3.74 (s, 3H, OG) 1.31 (s,
9H, H-2).
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13C NMR (CDCl3, 100.6 MHz):8 (ppm) 158.2 (C-b), 152.2 (C-j), 147.4 (C-g), 14(Cta),
138.0 (C-f), 135.7 (C-c), 129.1 (C-d, C-h), 123334), 114.3 (C-i), 62.5 (C-1), 55.4 (OQH
29.3 (C-2).

5-(4-chlorophenyl)-1-(4-methoxyphenyl)-H-1,2,3-triazole (V-16)
N a

,\j’ \\ b c d__e

N f

. cl
h
i

j

OCHjs
This compound was synthesized according to thergepeocedure/-B, using 0.5 mmol of
iminotetrazolev-15. The desired product was isolated in 72 % yie@P(ing).
Mol. Wt.: 285.73, Nature: dark brown oil.
HRMS Calcd. for GsH12CIN3O : 285.0669, Found : 285.0674.
I.R. (thin film): 1607, 1513, 1482, 1394, 1300, 1248, 1171, 1095 cm
'H NMR (CDCl 3, 400 MHz): & (ppm) 7.89 (s, 1H, H-a), 7.33 (d, 28i= 8.6 Hz, H-h), 7.27
(d, 2H,J = 8.8 Hz, H-d), 7.16 (d, 2H], = 8.8 Hz, H-e), 6.95 (d, 2H,= 8.6 Hz, H-i), 3.85(s,
3H, -OCH;).
%C NMR (CDCl3, 100.6 MHz):8 (ppm) 160.1 (C-j), 136.6 (C-Ar), 135.3 (C- Ar),3.3 (C-
a), 129.7 (C-Ar), 129.2 (C-Ar), 126.6 (C-Ar), 125Q@-Ar), 116.4 (C-Ar), 114.6 (C-Ar), 55.6
(CHg).

N-((1-(tert-butyl)-1 H-tetrazol-5-yl)(4-chlorophenyl)methylene)-2,4,6-tnmethylaniline
(V-17)

This compound was synthesized according to thergepeoceduré/-A, using 2.0 mmol of
tert-butyl isocyanide. The desired product was isolategb % yield (300 mg).

Mol. Wt.: 381.90, Nature: yellow solid.

HRMS Calcd. for GiH24CINs : 381.1720, Found : 381.1728
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M.P. = 135-136 °C.

.R. (thin film): 2922, 1628, 1593, 1482, 1373, 1248, 1224, 1153510018 crit.

'H NMR (CDCl 3, 400 MHz): 3 (ppm) 7.22 (dd, 2HJ = 2.0, 8.6 Hz, H-d), 7.04 (dd, 28 =
2.0, 8.6 Hz, H-€), 6.82 (s, 2H, H-i), 2.26 (s, 38H3), 2.03 (s, 6H, -Ch), 1.76 (s, 9H, H-2).
13C NMR (CDCl3, 100.6 MHz): 5 (ppm) 156.0 (C-b), 152.0 (C-g), 143.9 (C-a), 13T3),
134.0 (C-f), 132.8 (C-h), 129.8 (C-€), 129.3 (C118.9 (C-i), 126.6 (C-c), 62.7 (C-1), 29.9
(C-2), 20.7 (CH), 18.6 (CH).

5-(4-chlorophenyl)-1-mesityl-H-1,2,3-triazole (V-18)

This compound was synthesized according to thergepecedure/-B, using 0.68 mmol of
iminotetrazolev-17. The desired product was isolated in 59 % yieR0O(fng).

Mol. Wt.: 297.78, Nature: yellow oil.

HRMS Calcd. for G/H16CIN3 : 297.1033, Found : 297.1031

I.R. (thin film): 1612, 1524, 1472, 1393, 1321, 1250, 11072, 10823 tm.

'H NMR (CDCI 3, 400 MHz): & (ppm) 8.00 (s, 1H, H-a), 7.27 (d, 28i= 8.5 Hz, H-d), 7.10
(d, 2H,J = 8.5 Hz, H-e), 6.98 (s, 2H, H-i), 2.36 (s, 3H, £/H..87 (s, 6H, Ch).

3C NMR (CDCl3, 100.6 MHZz): & (ppm) 140.3 (C-Ar), 137.2 (C-Ar), 135.3 (C-Ar), 8.2
(C-Ar), 132.4 (C-Ar), 132.2 (C-a), 129.4 (C-Ar),43 (C-Ar), 128.1 (C-i), 125.0 (C-Ar),
21.2 (CH), 17.5 (CH).

N-((1-(tert-butyl)-1 H-tetrazol-5-yl)(4-chlorophenyl)methylene) cyclohexaamine (V-19)

This compound was synthesized according to thergepeocedure/-A, using 2.0 mmol of
tert-butyl isocyanide. The desired product was isolatetb % yield (342 mg).
Mol. Wt.: 345.87, Nature: yellow oil.
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HRMS Calcd. for GgHa4CINs : 345.1720, Found : 345.1718

M.P. = 158-159 °C.

.R. (thin film): 2929, 2856, 1621, 1593, 1482, 1401, 1370, 12583,12091, 1044 cih

'H NMR (CDCl3, 400 MHz): & (ppm) 7.43-7.30 (m, 4H, H-Ar), 2.76-2.64 (m, 1HcK),
1.86-1.65 (m, 4H, H-cy), 1.64-1.48 (m, 12H, H-cy2H 1.35-1.07 (m, 3H, H-cy).

13C NMR (CDCl3, 100.6 MHz): 5 (ppm) 152.0 (C-b), 147.4 (C-a), 137.3 (C-c), 13E8),
129.0 (C-d), 128.7 (C-e), 64.5 (C-cy), 62.3 (C33,2 (C-cy), 31.0 (C-cy), 29.8 (C-cy), 25.3
(C-2), 24.0 (C-cy), 23.9 (C-cy).

5-(4-chlorophenyl)-1-cyclohexyl-H-1,2,3-triazole (V-20)

N—2 ¢
Nl/ \ b c e
N ¢
Cl

This compound was synthesized according to thergepeoceduré/-B, using 0.80 mmol of
iminotetrazolev-19. The desired product was isolated in 44 % yieRir(f).

Mol. Wt.: 261.75, Nature: yellow oil.

HRMS Calcd. for G4H16CIN3 : 261.1033, Found : 261.1032

I.R. (thin film): 2938, 2854, 1478, 1453, 1415, 1238, 109T-cm

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.26 (s, 1H, H-a), 7.46 (d, 2Bi= 8.0 Hz, H-d), 7.25
(d, 2H,J = 8.0 Hz, H-e), 4.18-4.05 (m, 1H, H-cy), 2.15-2@2, 2H, H-cy), 2.00-1.82 (m,
4H, H-cy), 1.75-1.94 (m, 1H, H-cy), 1.35-1.20 (nH,H-cy).

3C NMR (CDCl3, 100.6 MHz): & (ppm) 135.9 (C-b), 135.6 (C-f), 132.8 (C-a), 1302
e),129.4 (C-d),125.9 (C-c), 58.0 (C-cy), 33.5 (G;@b.5 (C-cy), 24.9 (C-cy).

N-((1-(tert-butyl)-1 H-tetrazol-5-yl)(4-chlorophenyl)methylene)propan-1-anine (V-21)

NN
N Nﬁ<
a
be
N/
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This compound was synthesized according to thergepeoceduré/-A, using 0.9 mmol of
tert-butyl isocyanide. The desired product was isolatel? % yield (242 mg).

Mol. Wt.: 305.81, Nature: white solid.

HRMS Calcd. for GsH20oCIN5 : 305.1407, Found : 305.1405.

M.P. =89-99 °C.

I.R. (thin film): 2967, 2938, 1628, 1590, 1461, 1405, 1370, 12563,1P147, 1091 cth

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.45-7.34 (m, 4H, H-Ar), 3.28 (dt, 1Bi= 6.9, 13.0
Hz, H-3), 3.07 (dt, 1H) = 6.9, 13.0 Hz, H-3), 1.84-1.72 (m, 2H, H-4), 1(869H, H-2), 0.97
(t, 3H,J = 7.4 Hz, H-5).

3C NMR (CDCl3, 100.6 MHz):8 (ppm) 154.4 (C-b), 147.4 (C-a), 137.5 (C-f), 12@C-d),
128.6 (C-e), 62.3 (C-3), 57.7 (C-1), 29.8 (C-4),72&-2), 12.0 (C-5).

5-(4-chlorophenyl)-1-propyl-1H-1,2,3-triazole (V-22)

N a
’\i/ \ b c d e
\N f
1 Cl
2
3

This compound was synthesized according to thergepeocedure/-B, using 1.0 mmol of
iminotetrazolev-21. The desired product was isolated in 55 % yieRD(ng).

Mol. Wt.: 221.69, Nature: pale brown oil.

HRMS Calcd. for GiH1,CIN3 : 221.0720, Found : 221.07109.

I.R. (thin film): 2940, 2860, 1475, 1455, 1415, 1238, 1080, 1006 cm

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.66 (s, 1H, H-a), 7.46 (d, 2B= 8.4 Hz, H-d), 7.31
(d, 2H,J = 8.4 Hz, H-e), 4.27 (t, 2H),= 7.4 Hz, H-1), 1.87 (m, 2H, H-2), 0.84 (t, 3H5 7.4
Hz, H-3).

3C NMR (CDCl3, 100.6 MHz): 8 (ppm) 136.5 (C-b), 135.6 (C-f), 133.1 (C-a), 12@9€),
129.3 (C-d), 125.6 (C-c), 49.8 (C-1), 23.4 (C-2),a(C-3).
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N-((1-(tert-butyl)-1 H-tetrazol-5-yl)(3-methoxyphenyl)methylene)propan-lamine (V-23)

This compound was synthesized according to thergepeocedure/-A, using 1.0 mmol of
tert-butyl isocyanide. The desired product was isolate€a3 % yield (160 mg).

Mol. Wt.: 301.39, Nature: yellow solid.

HRMS Calcd. for GgH23Ns0: 301.1903, Found : 301.1900

l.R. (thin film): 267, 2932, 1632, 1600, 1579, 1415, 1374, 13354,1PR29, 1007 cih

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.26 (t, 1HJ = 8.3 Hz, Ar-H), 7.21 (s, 1H, H-h), 7.00
(d, 1H,J = 8.3 Hz, Ar-H), 6.82 (d, 1H] = 8.3 Hz, Ar-H), 3.81 (s, 3H, G 3.32-3.23 (m,
1H, H-3), 3.13-3.04 (m, 1H, H-3), 1.83-1.71 (m, HH4), 1.56 (s, 9H, H-2), 0.96 (t, 3H =
7.6 Hz, H-5).

3C NMR (CDCl3, 100.6 MHz):5 (ppm) 159.9 (C-b), 155.3 (C-Ar), 147.7 (C-Ar), 13§C-
Ar), 129.7 (C-Ar), 120.4 (C-Ar), 117.4 (C-Ar), 1BL(C-Ar), 62.2 (C-1), 57.6 (C-3), 55.4 (-
OCHg), 29.7 (C-2), 23.8 (C-4), 12.0 (C-5).

5-(3-methoxyphenyl)-1-propyl-H-1,2,3-triazole (V-24)

This compound was synthesized according to thergepeocedure/-B, using 0.5 mmol of
iminotetrazoleV-23. The desired product was isolated in 56 % yie@r(t).

Mol. Wt.: 217.27, Nature: oil.

HRMS Calcd. for GoH;sN30 : 217.1215, Found : 217.1214

I.R. (thin film): 2840, 1615, 1514, 1483, 1395, 1330, 1247, 11685 téi'.

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.68 (s, 1H, H-a), 7.40 (t, 1Bi= 7.8 Hz, H-e), 7.00
(d, 1H,J = 8.1 Hz, H-d), 6.95 (d, 1H),= 7.8 Hz, H-f), 6.89 (s, 1H, H-h), 4.31 (t, 28 7.3
Hz, H-1), 3.85 (s, 3H, Ch), 1.86 (m, 2H, H-2), 0.87 ((t, 3H,= 7.3 Hz, H-3).
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13C NMR (CDCl3, 100.6 MHz):$ (ppm) 159.8 (C-g), 137.5 (C-b), 133.0 (C-a), 13Cx),
128.5 (C-c), 120.9 (C-d), 114.6 (C-f), 114.5 (C55,4 (CH), 49.9 (C-1), 23.5 (C-2), 11.0
(C-3).

N-((1-(tert-butyl)-1 H-tetrazol-5-yl)(4-fluorophenyl)methylene)-3,4-dimehylaniline (V-
25)

i CH3
CHs

j

This compound was synthesized according to thergepeocedure/-A, using 2.0 mmol of
tert-butyl isocyanide. The desired product was isolatesil % yield (360 mg).

Mol. Wt.: 351.42, Nature: yellow solid.

HRMS Calcd. for GoH2FNs : 351.1859, Found : 351.1861.

M.P. = 160-161 °C.

I.R. (thin film): 2978, 2925, 1621, 1593, 1510, 1471, 1374, 1308512234, 1157, 1105,
1001 cnt.

'H NMR (CDCl 3, 400 MHz): 8 (ppm) 7.68 (t, 2HJ = 8.3 Hz, H-d), 7.13 (t, 2H] = 8.3 Hz,
H-e), 6.96 (d, 1HJ = 8.0 Hz, H-Kk), 6.69 (s, 1H, H-h), 6.57 (d, 1Hs 8.0 Hz, H-l), 2.16 (s,
3H, H-CH), 2.15 (s, 3H, H-CH), 1.31 (s, 9H, H-2).

3C NMR (CDCl3, 100.6 MHz): & (ppm) 164.9 (dJc.r = 254.0 Hz, C-f), 153.0 (C-b), 147.3
(C-a), 145.9 (C-g), 137.4 (C+j), 134.7 (C-i), 133ch Jc.r = 3.1 Hz, C-c), 130.2 (dlcr =
18.0 Hz, C-d), 130.1 (C-k), 122.7 (C-h), 118.5 JC116.0 (dJcr = 18.0 Hz, C-e), 62.4 (C-
), 29.3 (C-2), 19.7 (C-C§}, 19.3 (C-CH).

1-(3,4-dimethylphenyl)-5-(4-fluorophenyl)-H-1,2,3-triazole (V-26)
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This compound was synthesized according to thergepeocedure/-B, using 0.8 mmol of
iminotetrazolev-25. The desired product was isolated in 78 % yieltD(Ing).

Mol. Wt.: 267.30, Nature: white solid.

HRMS Calcd. for GgH14FN3 : 267.1172, Found : 267.1160.

M.P. =173-174 °C.

l.R. (thin film): 2915, 1611, 1555, 1492, 1454, 1227, 1164, 1068 cm

'H NMR (CDCl 3, 400 MHz): § (ppm) 7.83 (s, 1H, H-a), 7.25-7.18 (m, 3H, H-dhH-7.15
(d, 1H,J = 8.0 Hz, H-I), 7.04 (t, 2H) = 8.6 Hz, H-e), 6.96 (d, 1H,= 8.0 Hz, C-k), 2.30 (s,
3H, CHs), 2.27 (s, 3H, Ch).

3C NMR (CDCl3, 100.6 MHz):8 (ppm) 163.0 (dJc.r = 250.0 Hz, C-f), 138.2 (C-Ar), 136.7
(C-Ar), 134.0 (C-Ar), 133.1 (C-a), 130.5 (C-Ar),@3 (d,JcF = 20.0 Hz, C-Ar), 126.1 (C-
Ar), 123.0 (dJc.r = 3.3 Hz, C-c), 122.4 (C-Ar), 116.0 (@-r = 20.0 Hz, C-Ar), 19.9 (C¥),
19.6 (CH).

N-((1-(tert-butyl)-1 H-tetrazol-5-yl)(4-nitrophenyl)methylene)-4-chloroanline (V-27)

This compound was synthesized according to thergepeoceduré/-A, using 1.0 mmol of
tert-butyl isocyanide. The desired product was isolatesD % yield (190 mg).

Mol. Wt.: 384.82, Nature: yellow oil.

HRMS Calcd. for GgH17CINgO, : 384.1102, Found : 384.1096

l.R. (thin film): 2995, 1628, 1604, 1523, 1485, 1405, 1374, 1348812192, 1095, 1011

cm™.

'H NMR (CDCl 3, 400 MHz): § (ppm) 8.31 (d, 2HJ = 8.6 Hz, H-e), 7.87 (d, 2H,= 8.6 Hz,
H-d), 7.25 (d, 2H,) = 8.6 Hz, H-i), 6.87 (d, 2H] = 8.6 Hz, H-h), 1.33 (s, 9H, H-2).

13C NMR (CDCl3, 100.6 MHz):3 (ppm) 153.8 (C-b), 149.8 (C-f), 146.2 (C-a), 14639g),
141.8 (C-c),132.7 (C-j), 129.4 (C-i), 129.1 (C-8p4.1 (C-d), 122.7 (C-h), 62.8 (C-1), 29.4
(C-2).
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1-(4-chlorophenyl)-5-(4-nitrophenyl)-1H-1,2,3-triazole (V-28)
N a
[\il \ b c d (5]
‘N ]
9 NO,
h

i

JCI
This compound was synthesized according to thergepeocedure/-B, using 0.5 mmol of
iminotetrazolev-27. The desired product was isolated in 57 % yieldr(®)).
Mol. Wt.: 300.70, Nature: yellow solid.
HRMS Calcd. for G4HoCIN4O, : 300.0414, Found : 300.0414
M.P. =161-162 °C.
l.R. (thin film): 3107, 1604, 1520, 1492, 1412, 1342, 1234, 12333,11098, 1025 cth
'H NMR (CDCl 3, 400 MHz): § (ppm) 8.23 (d, 2HJ = 8.6 Hz, H-e), 7.98 (s, 1H, H-a), 7.46
(d, 2H,J = 8.6 Hz, H-d), 7.43 (d, 2H,= 8.6 Hz, H-h), 7.30 (d, 2H,= 8.6 Hz, H-i).
13C NMR (CDCl3, 100.6 MHz): & (ppm) 148.0 (C-f), 135.9 (C-g), 135.6 (C-j), 134G a,
C-c), 132.6 (C-b), 130.0 (C-h), 129.3 (C-i), 12623d), 124.3 (C-e).

4-((1-(tert-butyl)-1H-tetrazol-5-yl)((4-methoxyphenyl)imino)methyl) benpnitrile (V-29)
N:N 2

N N
a

OCH,4

This compound was synthesized according to thergepeoceduré/-A, using 1.0 mmol of
tert-butyl isocyanide. The desired product was isolatet? % yield (260 gm).

Mol. Wt.: 360.41, Nature: yellow solid.

HRMS Calcd. for GoH20N6O: 360.1699, Found : 360.1706

I.R. (thin film): 2933, 2245, 1630, 1601, 1513, 1304, 1180, 11071 té'.

'H NMR (CDCl 3, 400 MHz): 8 (ppm) 7.80 (d, 2HJ = 8.4 Hz, H-d), 7.74 (d, 2H,= 8.4 Hz,
H-e), 6.83 (d, 2HJ = 9.0 Hz, H-h), 6.79 (d, 2H,= 9.0 Hz, H-i), 3.76 (s, 3H, OG}] 1.30 (s,
9H, H-2).

325



pastel-00739959, version 1 - 9 Oct 2012

Experimental Part : Chapter - 5

13C NMR (CDCl3, 100.6 MHz): 5 (ppm) 158.8 (C-j), 151.0 (C-b), 147.1 (C-g), 14(Da),
140.6 (C-c), 132.6 (C-e), 128.3 (C-d), 123.7 (C498.1 (-CN), 114.8 (C-f), 114.4 (C-i),
63.6 (C-1), 55.4 (OCH), 29.3 (C-2).

4-(1-(4-methoxyphenyl)-H-1,2,3-triazol-5-yl)benzonitrile (V-30)
N a
N e
N f
h

i

jOCH3
This compound was synthesized according to thergepeocedure/-B, using 0.6 mmol of
iminotetrazoeNV-29. The desired product was isolated in 54 % yiefir(®)).
Mol. Wt.: 276.29, Nature: brown solid.
HRMS Calcd. for GgH12N4O : 276.1011, Found : 279.1010.
M.P. =125-126 °C.
I.R. (thin film): 2930, 2243, 1680, 1607, 1513, 1304, 1251, 11788,11028 crt.
'H NMR (CDCl 3, 400 MHz): & (ppm) 7.94 (s, 1H, H-a), 7.64 (d, 28i= 8.6 Hz, H-d), 7.35
(d, 2H,J = 8.6 Hz, H-e), 7.25 (d, 2H,= 9.0 Hz, H-h), 6.97 (d, 2H),= 9.0 Hz, H-i), 3.86 (s,
3H, OCH).
3C NMR (CDCl3, 100.6 MHz):8 (ppm) 160.4 (C-j), 135.9 (C-c), 133.7 (C-a), 13@se),
131.3 (C-b), 128.9 (C-d), 128.8 (C-g), 126.6 (C-m)8.0 (-CN), 114.8 (C-i), 112.8 (C-),
55.6 (-OCH).

N-((4-(benzyloxy)phenyl)(1-(tert-butyl)-1H-tetrazol-5-yl)methylene)-3,4-dimethylaniline
(V-31)
N

\

N N
a
b
N/
g
CH3

This compound was synthesized accordlng to thergkpeoceduré/-A, using 2.0 mmol of
tert-butyl isocyanide. The desired product was isolatet? % yield (630 mg).
Mol. Wt.: 439.55, Nature: yellow solid.
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HRMS Calcd. for GH29NsO : 439.2372, Found : 439.2375

M.P. = 152-153 °C.

I.R. (thin film): 2981, 3932, 1593, 1513, 1445, 1374, 1307, 1248511112, 1007 cth

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.59 (d, 2H) = 8.6 Hz, H-d), 7.46-7.32 (m, 5H, H-
Ar), 7.01 (d, 2HJ = 8.6 Hz, H-e), 6.94 (d, 1H},= 8.0 Hz, H-k), 6.68 (s, 1H, H-h), 6.57 (d,
1H,J = 8.0 Hz, H-l), 5.11 (s, 2H, H-3), 2.15 (s, 3H, §}2.14 (s, 3H, Ch), 1.32 (s, 9H, H-
2).

13C NMR (CDCl3, 100.6 MHz):8 (ppm) 161.6 (C-b), 153.6 (C-Ar), 147.6 (C-Ar), 136C-
Ar), 137.2 (C-Ar), 136.2 (C-Ar), 134.0 (C-Ar), 130(C-Ar), 130.0 (C-Ar), 129.8 (C-Ar),
128.7 (C-Ar), 128.2 (C-Ar), 127.5 (C-Ar), 122.7 @), 118.5 (C-Ar), 115.0 (C-Ar), 70.1
(C-3), 62.3 (C-1), 29.3 (C-2), 19.7 (GH19.2 (CH).

5-(4-(benzyloxy)phenyl)-1-(3,4-dimethylphenyl)-H-1,2,3-triazole (V-32)

N e e

Ng fOB m N .
| h
k ! P
i CHs,

CHs3

This compound was synthesized according to thergepeocedure/-B, using 1.0 mmol of
iminotetrazolev-31. The desired product was isolated in 72 % yie&b(&hg).

Mol. Wt.: 355.43, Nature: pale brown oil.

HRMS Calcd. for G3H21N30 : 355.1685, Found : 355.1681

I.R. (thin film): 2925, 1614, 1496, 1454, 1387, 1241, 1178, 11221 téi'.

'H NMR (CDCI 3, 400 MHz): 8 (ppm) 7.83 (s, 1H, H-a), 7.47-7.33 (m, 5H, Ar-H)29 (s,
1H, H-h), 7.22-7.15 (m, 3H, Ar-H), 7.02 (d, 18i= 8.0 Hz, Ar-H), 6.96 (d, 2H] = 8.6 Hz,
Ar-H), 5.09 (s, 2H, H-3), 2.34 (s, 3H, GK2.30 (s, 9H, H-2).

3C NMR (CDCl3, 100.6 MHz): & (ppm) 159.3 (C-Ar), 138.0 (C-Ar), 137.9 (C-Ar), 1.3
(C-Ar), 136.3 (C-Ar), 134.4 (C-Ar), 132.8 (C-a),@.2 (C-Ar), 129.8 (C-Ar), 128.6 (C-Ar),
128.2 (C-Ar), 127.5 (C-Ar), 126.2 (C-Ar), 122.4 @), 119.3 (C-Ar), 115.1 (C-Ar), 70.0
(C-1), 19.8 (CH), 19.6 (CH
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N-((1-(tert-butyl)-1 H-tetrazol-5-yl)(3,4-dimethoxyphenyl)methylene)-3,4-
dimethylaniline (V-33)
N=

S

N
N 1

OCH3

f OCH3
i CH3

This compound was synthesized accordlng to thergéprocedurd&/-A, using 1.0 mmol of
tert-butyl isocyanide. The desired product was isolate®l7 % yield (341 mg).

Mol. Wt.: 339.48, Nature: yellow solid.

HRMS Calcd. for GoH27/NsO; : 393.2165, Found : 393.2173

M.P. = 130-130 °C.

I.R. (thin film): 2967, 2938, 1583, 1513, 1461, 1422, 1374, 1268111133, 1028 cth

'H NMR (CDCl3, 400 MHz): & (ppm) 7.70 (s, 1H, Ar-H), 6.95 (d, 1H,= 7.5 Hz, Ar-H),
6.81 (d, 1HJ = 8.2 Hz, Ar-H), 6.73-6.64 (m, 2H, Ar-H), 6.58 (tH,J = 7.2 Hz, Ar-H), 3.96
(s, 3H, H-CH), 3.93 (s, 3H, H-Ch), 2.15 (s, 3H, H-CH), 1.33 (s, 9H, H-2).

3C NMR (CDCl3, 100.6 MHz):8 (ppm) 153.7 (C-b), 152.3 (C-Ar), 149.4 (C-Ar), 1&7C-
Ar), 146.3 (C-Ar), 137.2 (C-Ar), 134.0 (C-Ar), 130(C-Ar), 130.0 (C-Ar), 123.0 (C-Ar),
122.6 (C-Ar), 118.4 (C-Ar), 110.1 (C-Ar), 108.9 @},62.3 (C-l), 56.0 (ChH), 29.3 (CH),
19.3 (CH), 19.2 (CH).

5-(3,4-dimethoxyphenyl)-1-(3,4-dimethylphenyl)-H-1,2,3-triazole (V-34)

NWCHs

N.

N

OCH;
CHs;

CHj,

This compound was synthesized according to thergepeocedure/-B, using 0.5 mmol of
iminotetrazoleV-33. The desired product was isolated in 64 % yiefir(f).

Mol. Wt.: 309.15, Nature: oil.

HRMS Calcd. for GgH19N3O;, : 309.3624, Found : 309.3625

l.R. (thin film): 2938, 1588, 1506, 1544, 1325, 1255, 1231, 11345 téi'.
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'H NMR (CDCI 3, 400 MHz): 5 (ppm) 7.81 (s, 1H, H-a), 7.23 (s, 1H, Ar-H), 7(861H,J =
8.1 Hz, Ar-H),7.01 (d, 1H) = 8.1 Hz, Ar-H), 6.84-6.80 (m, 2H, Ar-H), 6.67 (&, Ar-H),
3.88 (s, 3H, H-Ch), 3.67 (s, 3H, H-Ch), 2.29 (s, 3H, H-CH), 2.26 (s, 3H, H-CH).

13C NMR (CDCl3, 100.6 MHz): & (ppm) 149.5 (C-Ar), 148.7 (C-Ar), 138.0 (C-Ar), 1.9
(C-Ar), 137.5 (C-Ar), 134.4 (C-Ar), 132.6 (C-Ar)30.1 (C-Ar), 126.3 (C-Ar), 122.6 (C-Ar),
121.4 (C-Ar), 119.2 (C-Ar), 111.3 (C-Ar), 111.1 @), 55.8 (CH), 55.7 (CH), 19.8 (CH),
19.5 (CH).

N-((1-(tert-butyl)-1 H-tetrazol-5-yl)(3,4,5-trimethoxyphenyl)methylene)-34-
dimethylaniline (V- 35)

This compound was synthesized according to thergepeocedure/-A, using 2.0 mmol of
tert-butyl isocyanide. The desired product was isolategb % yield (330 mg).

Mol. Wt.: 423.51, Nature: yellow solid.

HRMS Calcd. for GsH29NsO3 : 423.2270, Found :423.2271

M.P. = 165-166 °C.

I.R. (thin film): 2978, 2943, 1579, 1506, 1457, 1415, 1374, 133%4,12129, 1007 cth

'H NMR (CDCl 3, 400 MHz): 8 (ppm) 6.95 (d, 1HJ = 8.0 Hz, H-k), 6.87 (s, 2H, H-d), 6.69
(d, 1H,J = 2.0 Hz, H-h), 6.57 (dd, 1H,= 2.0, 8.0 Hz, H-l), 3.91 (s, 3H, G} 3.82 (s, 6H,
CHs), 2.16 (s, 3H, H-Ck), 2.14 (s, 3H, Ch), 1.34 (s, 9H, H-2).

13C NMR (CDCl3, 100.6 MHz):8 (ppm) 153.8 (C-b), 152.4 (C-e), 147.5 (C-g), 14&2),
141.4 (C-f), 137.4 (C-i), 134.5 (C-j), 132.6 (C-£R0.1 (C-k), 122.6 (C-h), 116.5 (C-I), 105.3
(C-d), 62.5 (C-I), 61.1 (C§J, 56.3 (CH), 29.4 (C-2), 19.8 (Ch), 19.3 (CH).
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1-(3,4-dimethylphenyl)-5-(3,4,5-trimethoxyphenyl)-H-1,2,3-triazole (V-36)

This compound was synthesized according to thergepeocedure/-B, using 0.7 mmol of
iminotetrazolev-35. The desired product was isolated in 71 % yiekD(ing).

Mol. Wt.: 339.39, Nature: brown solid.

HRMS Calcd. for GoH2;N303 : 339.1583, Found : 339.1584

M.P. =112-113 °C.

l.R. (thin film): 2938, 1691, 1590, 1498, 1457, 1234, 1122, 1007.cm

'H NMR (CDCl3, 400 MHz): 5 (ppm) 7.83 (s, 1H, H-a), 7.22 (s, 1H, H-h), 7.871H,J =
8.1 Hz, H-k), 7.02 (d, 1H] = 8.1 Hz, H-I), 6.41 (s, 2H, H-d), 3.84 (s, 3H, §H8.66 (s, 6H,
CHj3), 2.30 (s, 3H, Ch), 2.27 (s, 3H, Ch).

13C NMR (CDCl3, 100.6 MHz): 8 (ppm) 153.2 (C-e), 138.5 (C-f), 138.1 (C-i), 138®),
137.5 (C-b), 134.3 (C-g), 132.7 (C-a), 130.2 (C4236.3 (C-h), 122.7 (C-l), 122.0 (C-c),
105.7 (C-d), 60.9 (Ch), 56.0 (CH), 19.7 (CH), 19.5 (CH).

N-((1-(tert-butyl)-1 H-tetrazol-5-yl)(furan-2-yl)methylene)-3,4-dimethylaniline (V-37)
N=N
"o
a
N/bc O
g dl Y/
h

This compound was synthesized according to thergepeoceduré/-A, using 2.0 mmol of
tert-butyl isocyanide. The desired product was isolatesD % yield (320 mg).

Mol. Wt.: 323.39, Nature: yellow solid.

HRMS Calcd. for GgH2:NsO : 323.1746, Found : 323.1748

M.P. =97-98 °C.

I.R. (thin film): 2980, 1670, 1580, 1515, 1478, 1439, 1377, 1228010015 crt.
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'H NMR (CDCl 3, 400 MHz): & (ppm) 7.58 (s, 1H, H-a), 6.88 (d, 18z 8.1 Hz, Ar-H), 6.64
(s, 1H, Ar-H), 6.54-6.47 (m, 3H, Ar-H), 2.09 (s, 38Hs), 2.07 (s, 3H, Ch), 1.28 (s, 9H, H-
2).

3C NMR (CDCl3, 100.6 MHz):& (ppm) 151.8 (C-b), 146.4 (C-f), 145.5 (C-a), 144CLg),
137.4 (C-c), 135.0 (C-j), 134.9 (C-i), 130.1 (C-ER3.2 (C-h), 119.0 (C-I), 116.8 (C-d),
112.6 (C-e), 62.6 (C-1), 29.2 (C-2), 19.7 (§H 3.3 (CH).

1-(3,4-dimethylphenyl)-5-(furan-2-yl)-1H-1,2,3-triazole (V-38)

This compound was synthesized according to thergepeocedure/-B, using 0.6 mmol of
iminotetrazolev-37. The desired product was isolated in 54 % yie@r(®)).

Mol. Wt.: 239.27, Nature: Oil

HRMS Calcd. for G4H13N30 : 239.1059, Found : 23.1058.

I.R. (thin film): 2838, 1607, 1513, 1482, 1394, 1300, 1248, 11745 téi'.

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.98 (s, 1H, H-a), 7.45 (s, 1H, H-h), 7.2937(m,
2H, H-d, H-), 7.15 (d, 1HJ = 7.8 Hz, H-k), 6.36 (m, 1H, H-e), 6.06 (t, 1Hs 2.5 Hz, H-f),
2.36 (s, 3H, Ch), 2.32 (s, 3H, Ch).

3C NMR (CDCl3, 100.6 MHz): 8 (ppm) 143.3 (C-f), 141.7 (C-c), 138.9 (C-j), 138Ci),
134.2 (C-b), 131.6 (C-a), 130.3 (C-l), 126.7 (C43.0 (C-h), 111.5 (C-e), 109.9 (C-d), 19.8
(-CHs), 19.7 (CH).

N-((1-(tert-butyl)-1 H-tetrazol-5-yl)(5-methylfuran-2-yl)methylene)-3,4-dmethylaniline
(V-39)
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This compound was synthesized according to thergepeoceduré/-A, using 2.0 mmol of
tert-butyl isocyanide. The desired product was isolategP % yield (260 mg).

Mol. Wt.: 337.42, Nature: yellow solid.

HRMS Calcd. for GgH23Ns0 : 337.1903, Found : 337.1905

I.R. (thin film): 2981, 1677, 1593, 1530, 1499, 1454, 1377, 12298,11021 crt.

'H NMR (CDCl 3, 400 MHz):  (ppm) 6.92 (d, 1HJ = 8.0 Hz, H-k), 6.68 (d, 1H = 1.9 Hz,

H-h), 6.57 (dd, 1HJ = 1.9, 8.0 Hz, H-l), 6.36 (d, 1H,= 3.3 Hz, H-d), 6.15 (d, 1H, = 3.3

Hz, H-e), 2.43 (s, 3H, C§}, 2.14 (s, 3H, Ch), 2.11 (s, 3H, Ch), 1.33 (s, 9H, H-2).

3C NMR (CDCl3, 100.6 MHz):8 (ppm) 157.8 (C-b), 150.3 (C-Ar), 146.8 (C-Ar), 18%C-

Ar), 143.9 (C-Ar), 137.2 (C-Ar), 134.4 (C-Ar), 180(C-Ar), 123.2 (C-Ar), 119.2 (C-Ar),
119.0 (C-Ar), 109.3 (C-Ar), 62.5 (C-1), 29.3 (C-29.6 (CH), 19.2 (CH), 14.2 (CH).

1-(3,4-dimethylphenyl)-5-(5-methylfuran-2-yl)-H-1,2,3-triazole (V-40)

a

N
[\j’ \bcof

CHj;

This compound was synthesized according to thergepeocedure/-B, using 0.6 mmol of
iminotetrazoleV-39. The desired product was isolated in 37 % yiekir(ty).

Mol. Wt.: 253.30, Nature: yellow oil.

HRMS Calcd. for GsH1sN3O : 253.1215, Found : 253.1220

[.R. (thin film): 2922, 1656, 1579, 1510, 1450, 1297, 1234, 111%] et

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.95 (s, 1H, H-a), 7.30-7.24 (m, 2H, H-hkH7.17
(d, 1H,J = 7.5 Hz, H-l), 5.93 (d, 1H] = 3.2 Hz, H-d), 5.87 (d, 1H, = 3.2 Hz, H-e), 2.36 (s,
3H, CHy), 2.32 (s, 3H, Ch), 2.31 (s, 3H, Ch).

13C NMR (CDCl3, 100.6 MHz): 8 (ppm) 153.5 (C-c), 140.0 (C-f), 138.8 (C-i), 138Cj),
134.3 (C-g), 130.9 (C-a), 130.3 (C-k), 130.2 (C-6.9 (C-I), 123.1 (C-h), 110.8 (C-d),
107.6 (C-e), 19.8 (C¥), 19.7 (CH), 13.5 (CH).
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N-((1-(tert-butyl)-1 H-tetrazol-5-yl)(5-methylfuran-2-yl)methylene)-4-chbroaniline (V-
40)

This compound was synthesized according to thergepeocedure/-A, using 2.0 mmol of
tert-butyl isocyanide. The desired product was isolategil % yield (210 mg).

Mol. Wt.: 343.81, Nature: yellow semisolid.

HRMS Calcd. for G;H1gCINsO : 343.1200, Found : 343.1210

I.R. (thin film): 1670, 1592, 135, 1482, 1450, 1372, 1211, 107(% tot.

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.17 (d, 2HJ = 8.6 Hz, H-i), 6.85 (d, 2H] = 8.6 Hz,
H-h), 6.42 (d, 1HJ = 3.2 Hz, H-d), 6.19 (d, 1H} = 3.2 Hz, H-e), 2.44 (s, 3H, -G} 1.39
(s, 9H, H-2).

13C NMR (CDCl3, 100.6 MHz):8 (ppm) 158.5 (C-b), 153.3 (C-f), 150.0 (C-g), 14635a),
131.3 (C-c), 129.6 (C+j), 129.1 (C-i), 123.1 (C-b20.3 (C-d), 109.3 (C-e), 62.7 (C-1), 29.4
(C-2), 14.2 (CH).

1-(4-chlorophenyl)-5-(5-methylfuran-2-yl)-1H-1,2,3-triazole (V-42)
N

1

a
N Mo g

)CHs
e

~

N
d
h
i

j

Cl
This compound was synthesized according to thergepeocedure/-B, using 0.5 mmol of
iminotetrazoleV-41. The desired product was isolated in 44 % yie@r(&y).
Mol. Wt.: 259.69, Nature: yellow oil.
HRMS Calcd. for G3H10CIN3O : 259.0512, Found : 259.0515
I.R. (thin film): 1596, 1492, 1409, 1283, 1231, 1206, 1098, 1025 cm
'H NMR (CDCl 3, 400 MHz): 8 (ppm) 7.94 (s, 1H, H-a), 7.94 (dd, 2Hz 2.0, 8.7 Hz, H-i),

7.43 (dd, 2H,J = 2.0, 8.7 Hz, H-h), 6.02-5.95 (m, 2H, H-d, H-2)30 (s, 3H, Ch).
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13 NMR (CDCl3, 100.6 MHz): & (ppm) 154.0 (C-Ar), 139.3 (C-Ar), 135.2 (C-Ar), 8.3
(C-Ar), 131.4 (C-a), 129.6 (C-Ar), 129.1 (C-Ar), 12 (C-Ar), 111.4 (C-Ar), 107.7 (C-Ar),
13.5 (CH).

N-((1-cyclohexyl-H-tetrazol-5-yl)(phenyl)methylene)aniline (V-43)

=)
a

b d
NER e

This compound was synthesized according to thergepeocedure VA, using 3.0 mmol of
cyclohexyl isocyanide. The desired product wasaigal in 90.63 % yield (900 mg).

Mol. Wt.: 331.41, Nature: yellow solid.

HRMS Calcd. for GoH2:Ns : 331.1797, Found :331.1795

M.P. =123-124 °C

l.R. (thin film): 3060, 1627, 1586, 1472, 1458, 1228, 1121, 1025 cm

'H NMR (CDCl 3, 400 MHz): § (ppm) 7.72 (d, 2H) = 8.2 Hz, H-Ar), 7.55 (t, 1H) = 7.3

Hz, H-Ar), 7.46 (t, 2HJ = 7.3 Hz, H-Ar), 7.23 (t, 2H] = 7.3 Hz, H-Ar), 7.09 (t, 1H) = 7.3

Hz, H-Ar), 6.82 (d, 2HJ = 8.2 Hz, H-Ar), 3.74-3.61 (m, 1H, H-cy), 1.8%B1.(m, 5H, H-

cy), 1.25-0.95 (m, 5H, H-cy).

13C NMR (CDCl3, 100.6 MHz):8 (ppm) 153.8 (C-b), 148.6 (C-Ar), 148.5 (C-Ar), 136C-

Ar), 132.4 (C-Ar), 129.2 (C-Ar), 128.9 (C-Ar), 1Z(C-Ar), 126.0 (C-Ar), 120.6 (C-Ar),
58.7 (C-cy), 32.6 (C-cy), 32.5 (C-cy), 25.1 (C-c34,5 (C-cy).

*k%k
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