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A new straightforward access to benzoxazinones based on a  Smiles in C-C forming process:

three-component coupling is presented here. The mechanism
of the whole process involves a double aryl transfer as clearly

. . . . Ph Ph Ph
underlined by the X-ray diffraction analysis of the products. u C\’gP - & ‘?\S/,O . N o R R
N RPCHO | NCY I Smiles | N I %
. . . . N—N base N-N - 5 N—-N - 5 5
Smiles rearrangements consist in the transfer oframatic 0" 'R R R

ring from one heteroatom to another one locatethen same

chain. Thoroughly studied by Samuel Smiles in 193@s "%

synthetic interest for these rearrangenfentgas recently —OH o R' R E; P 1
NOZR1CHO J}; Smiles 4%/ Smiles

rekindled by their integration in complex synthetiascades. O R
Among these, one of the most impressive use of edmi RNG. /@[ N NIO
rearrangements in carbon-carbon forming reactiqggeaged as  * X NO, X NO, R?

a key step in the Julia-Kocienski olefin synthgSisheme 1§ Passeri-Sres

A few years ago, we reported that Smiles rearrargesncould ) . .
trigger new isocyanide-based multicomponent rezaustioSCher_ne 1 Smiles rearrangements in C-C bond forming
involving hydroxyaromatics such as nitrophenols gractions.

hydroxypyridines ~ (Ugi-Smiles and  Passerini-Smilés

couplings). Considering the structures of Pass&iles The Passerini-Smiles reaction of 1,1,1-trifluordeane was

adducts and knowing that Smiles rearrangementsliydasor chosen to demonstrate the feasibility of the casc@iough the

N-aryl derivatives oveO-aryl ones, we envisioned that thesgormatlon of such adducts is usually less efficieith ketones

adducts could undergo a second Smiles rearrangemeatds than aldehydes, the following formation of the Smilspiro
N-arylamides (Scheme 1) intermediate is expected to be favored by a Thémgeld

If such transformation could be performed in a poe- effect. Smiles rearrangement of amides is usuadiyopmed in

procedure from the starting Passerini componentsyoiuld polar sol\{ent unde_r basic copdltlons. When_the_ e_tiﬂia was
represent the first carbon-carbon bond forming essc treated with potassium or cesium carbonate in adete under

featuring two Smiles rearrangements as key stepseihl we |rjflux conditions r:jo I.t;an:;ftzrma;lon COUIdI bef _obeelfcv
wish to present our progress towards this Pass&nmies- owever, we were delighted to observe a clean foameo

. . i r microwave irradiation t1 °
Smiles sequence and report on a new 1,4-benzoxaavssnobenZOXaZIrloneza unde crowave irradiations at 130 °C

synthesis together with improved conditions for ttieee- (Scheme 2).
component coupling.

]
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Scheme 2 First trial of Passerini-SmileSmiles

Before addressing the mechanism of this transfoamaty a
proper substitution of the aromatic moiety, we dedito spen
more time on the first Passerini step. Our inireport on the
PasseriniSmiles reaction proposes methanol as solvent e
at 40 to 60 °C under concentrated condition (1 Mhder
prolonged heating, methanol slowly evaporates anstahle
concentration is difficult to maintain. As a conseqce, we
found that yields were difficult to reproduce with th:
aldehydes and ketones showing a strong dependentee

reaction vessel and scale.

Performing the Passerif@miles reaction in neat conditions

recently reported for Passerini couplirsignificantly improved
the procedure for ketones. As classically obseimddasserir-

type reactions, they are more reluctant to reaa thidehyde
and required one to three days of heating for cetigm.

Simple ketones such as pentaof or cyclohexanone do r
react (Entries B, Table 1) but strained ones (entri-6, Table
1) or ketones bearing electravithdrawing groups (entries

and 78, Table 1) are activated enough to be coupled n
these conditions. The reaction is efficient evethvsubstitutec
2-nitrophenols (entries 4, 6 and 8, Table 1).

Table 1 Scope of Passerini Smiles couplings with ketc

(6]
RlJLRZ OH
neat RS
RINC X NO, 55°C.3d R1
1 > Product
Entry R R RNC X (Yield)
Ch CH; CyNC 1a (78%)
Et Et CyNC H
3 CyNC H
4 CyNC Cl  1b (50%)
5 H  1c(63%)
6 Br  1d (58%)
7  CHOCHs CHs CyNC H  1e(65%)
8 CHOCH; CH; Cl  1f (59%)

However, no improvement was observed with aldehyaheker
neat conditions. Indeed, when cyclohexylisocyanidad
propionaldehyde were heated witm@ropheng, an important
amount of acetaBg was obtained as si-product with still
unsatisfactory overall yields (Scheme 3). In ortteimprove
the 3CC with aldehydes, various additives were te
following Mironov study on the accelerating effedf
4-nitrothiophenol in Passerini couplin® No substantial
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difference was observed with thiophenol but a $toimetric
amount of N,Ndimethylpiperazine afforded 57% of compot
1g along with 5% of acetadg. N,N-Diisopropylethylamine did
not improve the coupling but -Methylpyrrolidine slightly
increased the yields. Finally, DABCO gave to bestltesas nc
traces of acetal could be detected in these comdit{Schem:

3).
OH
L,

o] NO,

CyHN)K( \© + CyHN)K{O\{o@
Et Et

39

EtCHO
neat

CyNC 55 °C, 3d
additives
none
4-nitrothiophenol (5 mol%)
i-Pr,NEt (1 equiv.)
N-methylpyrrolidine (1 equiv.)
DABCO (0.5 equiv.)
DABCO (1 equiv.)
N ,N-dimethylpiperazine (1 equiv.)
tetramethylenediamine (1 equiv.)
DBU (1 equiv.)

Scheme 3 PasseriniSmiles couplings of aldehydes w
additives.
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To gain further insight in the role of DABCO a
N,N-dimethylpiperazine, a kinetic study was performedthe
coupling of i-butyraldehyde with -nitrophenol and
cyclohexylisocyanide. The progress of the reactivas
followed by NMR and the results shown in Figurelri.both
cases, yields and reaction times are dramaticallyacted by
the presence of the tertiary amine. Inc, after 3 hours, the
reactions performed with additives did not evohatably anc
the desired adductj was isolated in 74% and 65% w
DABCO and N,N-dimethylpiperazine respectively, instead
35% without additive In order to improve even more t
conwersion rate, the reaction was performed using
equivalents of aldehyde, affording witone equivalent of
DABCO 1j in 91% yields after 1 h. The effect of the added
amine on acetal formation is best explained by asine
storage of the aldehyde as antermediate hemiaminal,
disminishing thus the probability for a second ncale to
interact with the three other partners. The amiray mact as
relay in the required proton transfers as well,chihian explair
the observed kinetic enhancem It is worth noting that the
addition of DABCO withketones has a detrimental effect
yields. In this case, acetal formation is not opleeaand bas:
triggered selfeondensation of the ketones could constitu
competitive pathway.
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Figure 1 Kinetic studies anddditives
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A set of aldehydes, nitrophenols and isocyanidese weated
under these conditions and the reactions stopged B hours.
The reaction is efficient for various aliphatic alhydes.
Substituents on the phenol do not affect the po@s the
reaction is still efficient with both electron-withawing (entries
5-6 and 8-13, Table 2) and -donating groups (enffi@and 14,
Table 2).

Table 2Scope of Passerini-Smiles couplings with aldehydes.
o]

R1JLH OH DABCO 0 NO2
neat 2 0)
+ ————— RN
RNG X No, 55°C.12h R! <
1
1 2 Product
Entry R RNC X (Yield)

1 Et CyNC H 10(88%)

2 t-Bu CyNC H 1h(85%)

3 CHCH,Ph CyNC H 1i (85%)

4 i-Pr CyNC H 1j (91%)

5 Et t-BuNC cl 1k (79%)
NC

6 Et Meog CN 11 (61%)
NC

7 i-Bu o Me 1m (72%)

B MeO. NC
8 Ao " oj@N CR 1n (82%)
e

9 i-Pr t-BuNC cl 10 (68%)
NC

10 t-Bu . g cl 1p (86%)

Me0j©/\/NC
i- 0,
11 i-Pr oo Br 1q (96%)
NC

12 t-Bu ©/V Br 1r (78%)
X - NC

13 X Meo@” Me  1s(83%)

NC
14 t-Bu ©/V MeO 1t (78%)

The second Smiles rearrangement was next investigethen
the conditions settled fdra were tested witllj, no cyclization
was observed. The reaction was thus optimizednib suitable
conditions for Passerini-Smiles adducts formed frawth
aldehydes and ketones (Table 3).

Table 3. Optimization for the basic cyclization

o NO, 0;(
Cy\N)J:QO\@ base, solvent N ?
1j 2j
Base Rxn Yield
Entry ) Solvent T (°C) .
(equiv.) Time (SM)
1 CsCOs (1) MeCN  130(W) 30 min 8 (89)
CCO; (1) DMF 100 3h 0 (100)
3 DBU (1.5) DMF 100 3h 0 (100)
4 NaH (2) DMF 100 3h 54 (30)
5 KH (1.5) DMF 100 3h 69 (10)
6 t-BuOK (1.5) MeCN 75 2h 28
7 t-BuOK (1) DMF 100 2h 79 (17)
8 t-BuOK (1.5) DMF 100 2h 76 (0)
9 t-BuOK (1.5) DMPF 100 1h 89 (0)

This journal is © The Royal Society of Chemistry 2012
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10 t-BuOK (1.5 or 2) DMF 120 2h 83 (0)
11  CsCOs1)+NaH (1.2) THF 100 3h 75 (25)
12 CsCOs(1)+NaH (1.2) DMF 100 3h 58 (13)
13 CsCOs; (1)+NaH (1.2) DMF 120 3h 81 (3)

&The concentration of the reaction mixture was OiBstead of 0.4M.

Whereas combination of cesium carbonate with NaHDBL

in acetonitrile or THF proved unsatisfactory, sgenbases in
more polar solvent gave good conversions. Best itiond
were obtained either with a NaHACXD; combination or with
potassiumtert-butoxide in DMF (entry 1, Table 3). In the
former case, a more reactive cesium amide interamedis
probably formed along the process.

For simplicity, potassiurntert-butoxide was selected as the base
in DMF as solvent, and a set of Passerini-Smilelkietsl were
submitted to these conditions (Table 4).

The cyclization of adductb shed some light on the mechanism
of the cyclization. X-ray analyses @b demonstrate gara-
substitution pattern between the chloro and thegén atoms
of the aromatic core rejecting a direct substitutad the nitro
group by the amide anion. The mechanism most pigbab
involves the formation of the Meisenheimer intermaéel 5
which settles a Smiles rearrangement between théeaamion

4 and the alcoholatés.? Hydrolysis of the alcohol is not
observed in this case as a displacement of the iy the
oxygen atom of the spiro ib shifts the equilibrium towards
benzoxazinone2b. This analysis is confirmed by few nitro
group displacements under Smiles transfer conditian well

as several theoretical studies concerning SNAr ti@as
coupled with these rearrangemetfts.

0 0]
Os Q }—D Q)L _Cy
) base 0 cyN N

0
/N\QB/NOZ —_ ND, — O_©/NOZ
Cy -
4 a 8 a §

-NO;~

o]
CyNJ\D
0]

Cl 2b

Scheme 4 Mechanism of the cyclization.

Finally, the whole process was attempted accortling one-
pot procedure. After the Passerini-Smiles step gperéd in
neat conditions, DMF was added together with patassert-

butoxide and the mixture heated for one hour at 1Q0
Rewardingly, the DABCO introduced in the first stdpes not
disturb the following cyclization and good yieldere obtained
for a set of aldehydes and ketones as shown ireTabl

J. Name., 2012, 00, 1-3 | 3
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