OC

Dipolar Cycloaddition of Ethyl Isocyanoacetate to
3-Chloro-2-(methylthio)/
2-(methylsulfonyl)quinoxalines: Highly Regio-
and Chemoselective Synthesis of Substituted
Imidazo[1,5-a]quinoxaline-3-carboxylates

G. S. M. Sundaram, B. Singh, C. Venkatesh, H. lla,* and
H. Junjappa
Department of Chemistry, Indian Institute of Technology,
Kanpur-208016, India
hila@iitk.ac.in

Receied March 22, 2007

R N._Cl
i CUX :
N P N
:c* \AOEt R? N~ “s0,Me < \)J\OEt
(2.2 eqv) R'=R?=Me, MeO, Cl (1.0 eqv)
|oBU / DMF /RT R'=Me, MeO, Cl; RZ=H DBU / DMF /RTI
R'=H;R?=MeO, Me, Cl
o
N N oet
R N/ OEt R N/
2 2
R N\:\ OFt R NTX
N X = Cl or SO,Me

An efficient route for regio- and chemoselective synthesis
of substituted 3-(carboethoxy)imidazo[Jgluinoxalines and
novel diimidazo[1,5a:5',1'-c]quinoxalines via base-induced
cycloaddition of ethyl isocyanoacetate to unsymmetrically
substituted 3-chloro-2-(methylthio)/2-(methylsulfonyl)qui-
noxalines has been reported.

Compounds containing azole-fused quinoxalines such as

pyrrolo[1,2-@]quinoxalines! imidazo[1,2a]quinoxalines? imi-
dazo[1,5a]quinoxalines? [1,2,4]triazolo[4,3a]quinoxalines?4.5
and H-imidazo[4,5b]quinoxaline§ are known to exhibit a wide
range of biological activities. Among these compounds, imidazo-
[1,5-a]quinoxalines and the related imidazo[lguinoxalin-

4-ones are common structural arrays that are found in a number
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of biologically important and therapeutically useful agents. Thus,
they have been used as a template for the synthesis of GABA/
benzodiazepine receptor agonists/antagonistdyIP and cGMP
phosphodiesterase inhibitdt#};- and A-adenosine receptor
agonists, and several other pharmacologically active com-
pounds?1¢-12 More recently, 4-[(2-chloro-6-methylphenyl)-
amino]-7,8-dimethoxyimidazo[1,8lquinoxaline (BMS-238497)
has emerged as a novel and potent inhibitor of Src-family kinase
p56-, displaying excellent enzymatic activity against Lck44C

= 2 nM) and good potency in blocking T-cell proliferation §{C

= 0.67uM).13-14

=N
= Cl
MeO N/
D[ 7
MeO N N
H Me
BMS-238497

Mainly two approaches have been reported in the literature for
the construction of the imidazo[1dguinoxalin-4-one ring sys-
tem. In the first approach, an appropriately substituted imidazole
derivative is introduced into a substituteehalonitrobenzene
derivative followed by intramolecular cyclization of the resulting
ortho-substituted imidazobenze®é&%15 The second approach
involves annulation of an imidazole ring kprotected quinox-
alin-2-one mediated by a dipolar cycloaddition of tosylmethyl
or benzyl isocyanide as the key step!® Whereas the first
approach is not feasible for the synthesis of imidazoquinoxalines
with electron-donating substituents (OMe), the second approach
suffers from several drawbacks such as a lack of regioselectivity
encountered in the formation of quinoxalin-2-ones from unsym-
metrical phenylene-1,2-diamines and poor chemoselectiMity (
vs O-alkylation) observed in th&l-protection step® Also, the
method requires not easily accessible, air-sensitive, unstable phen-
ylene-1,2-diamines as initial precursors. During the course of
our ongoing studies on polarized kete®® andN,S-acetals.’-18
we have recently reported a novel highly regioselective synthesis
of unsymmetrical 2,3-substituted quinoxalii€sThe overall
strategy involves POg@imediated heterocyclization of the read-
ily accessible a-nitroketene N,S-anilino acetals, furnishing
regiospecifically substituted 3-chloro-2-(methylthio)quinoxalines
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SCHEME 1

1 1 m-CPBA/CH,Cl,/ R N._Cl
2 MeCN _» z R N” > s0,Me

R H SMe g0-90 °C N~ “SMe 3ai
1a-i 2ai a
o
0 ] 0, (! 0 ]
eyt R g Vel 3 A,Y;eld 5 A;Y:Id _.C,/N\%LOH
DBU1(-2156 M )/
1|1a |MeO |MeO | 2a | 75 3a| 8 | 5a| 75 - eqv
e | Me a DMF /80 °C/5h/N,
2(1b | H H |2b| 50 | 3b| 82 | 5b| 76
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4(1d|Me0| H |2d | 57 | 3d| 90 | 5d| 76 OEt
5|1e | Me H | 2e 78 3e | 83 5e | 87
61 | Cl | H |2f | 50 | 3f | 84 | 5f | 76 N 7 sMe
7(19| H |[MeO|2g | 70 3g| 85 | 59 | 76 5a-
8|1h | H Me | 2h 71 3h | 89 | 5h | 74 | m-CPBA - m-Chloroperbenzoic acid
. . DBU - 1,8-Diazabicyclo[5.4.0]undec-7-ene
9|1 | H | o |2 | 69 | 3i| 8 | 5 |77 |jur. NNDimethyIformamide
/' OEt
Raney Ni MeO
5d,5g ——————~
EtOH / A/4h
6d, 76% 6g, 72%

in moderate to excellent yields depending on the nature of the SCHEME 2
substituents on the aniline rif§.This new heteroannulation 9

protocol avoids phenylene-1,2-diamines as precursors, and the R Nl ..CoNJkOEt

3-chloro and 2-methylthio (or 2-methylsulfonyl) functionalities | j@[ I (1.0 eqv) :g/(

in these newly synthesized quinoxalines can be smoothly R? N” 7 s0;Me DSEL,JF(ET??;"Z"}% OEt
replaced by various heteronucleophiles or carbon nucleophiles 3ac RT - Room temperature 7a, R: - OMe , 87%
in a highly regio- and chemoselective fashion via sequential ;: 21 Ez 2, 7;//

nucleophilic substitution or metal-catalyzed cross-coupling,
yielding a wide range of unsymmetrically 2,3-substituted the reaction oRawith 4 was optimized in the presence of vari-
quinoxalines with high regiocontréf.In continuation of these  ous bases (NaH, %t-BuO~, DBU, n-BuLi, NaHMDS) and sol-
studies, we became interested in investigating dipolar cycload- vents. The best results were obtained wRamvas reacted with
dition of these newly synthesized 3-chloro-2-(methylthio)/2- 4in the presence of DBU in DMF at 8@ for 4—5 h, furnishing
(methylsulfonyl)quinoxalines with activated methyl isocyanides only one product (75%) which was characterized as ethyl 7,8-
with a view to develop a regioselective synthesis of unsym- dimethoxy-4-(methylthio)imidazo[1,8lquinoxaline-3-carboxyl-
metrically substituted imidazo[1 &guinoxalines because of the  ate 6a) on the basis of spectral and analytical data (Scheme 1).
broad spectrum of biological activity displayed by this class of The producbais apparently formed by dipolar cycloaddition of
compounds. We have successfully achieved this goal, and hereirethyl isocyanoacetate to the more activated 34eN-Cl bond
we describe the results of our studies. of 2a, whereas no reaction is observed with the 1;:2a0¢-SMe

The desired substituted 3-chloro-2-(methylthio)quinoxalines bond. A similar trend was also observed when other substituted
2a—i were prepared according to our reported procedure via quinoxalines2b—i were reacted witk under identical condi-

intramolecular cyclization of nitroketed:S-anilino acetald a-i tions, yielding substituted 4-(methylthio)imidazo[Juinoxa-

in the presence of POgin acetonitrile at 76-80 °C (Scheme line-3-carboxylateb—i in high yields (Scheme 1). Two of
1) 19All the 3-chloro-2-(methylthio)quinoxalinéa—i were trans- the imidazoquinoxalinessd and5g, were subjected to Raney
formed into 2-(methylsulfonyl)quinoxaline2a—i via mCPBA Ni dethiomethylation, yielding the regioisomeric 4-unsubstituted

oxidation at room temperature. We selected ethyl isocyanoace-8-methoxy-substituted6¢)) and 7-methoxy-substitutedod)
tate @) as a dipolarophile for cycloaddition studies with a few imidazo[1,5a]quinoxalines in good yields (Scheme 1).

selected 3-chloro-2-(methylthio)quinoxalirgéScheme 1). Thus, The quinoxalines3a—i having a more activated 2-(methyl-
sulfonyl) functionality were next subjected to cycloaddition with
(17) Review: (a) lla, H.; Junjappa, H.; Mohanta, P. K.Rrogress in ethyl isocyanoacetate with a view to examine the effect of the

Heterocyclic ChemistryGribble, G. W., Gilchrist T. L., Eds.; Pergamon: ; _ ; i ;
New York, 2001; Vol. 13, Chapter 1, p 1. (b) Junjappa, H.; lla, H.; Asokan, (Sggﬁgtmuzgtszogrfgeggh$?fs a{;% nragé\c:-jieolﬁcg\fntgy?r:rtnh(;[rli’(?:l(l:)t/lon
C. V. makabadean1 99 46, 5423, . - Ihus, ¢

(18) Recent papers: (a) Peruncheralathan, S.; Khan, T. A.; lla, H.; substituted 3-chloro-6,7-dimethoxy-2-(methylsulfonyl)quinoxa-

iugappz,ym’g% 70, 10030'2(5())5P;(;uggrfr?§$:2&as; line (3a) with ethyl isocyanoacetate (1.0 equiv) was found to
adav, A. K.; , ALJunj ,m s . ) i i I
K. Venkatesh, C.; lla, H.; Junjappa, \umimSE" 2005 2045. be very facile, proceeding smoothly at room temperature with

(d) Sundaram, G. S. M.; Venkatesh, C.; Syam, Kumar, U. K.; lla, H.; the disappearance of the starting materials within 3 h. Workup
Junjappa, Huminimisiain2004 69, 5760. (e) Peruncheralathan, S.; Khan, and analysis of the reaction mixture showed formation of only

T.A;lla, H; Junjappa, Hijisiaaar®004 60, 3457. (f) Mahata, P. K.; ' 0 i i i .
Venkatesh, C.; Syam, Kumar, U. K. lla, H.. Junjappa, one major product (87%), which, after isolation, was character

2003 68, 3966. (g) Panda, K.; Suresh J. R, lla, H,; Junjappaum

Chem 2003 68, 3498. (20) For the substituent effect on 2,3-dichloroquinoxalines, see: Ford,
(19) Venkatesh, C.; Singh, B.; Mahata, P. K.; lla, H.; JunjappaQit, E.; Brewster, A.; Jones, G.; Bailey, J.; Sumner jilissiassassingt? 000
Lett. 2005 7, 2169. 41, 3197.
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SOMe pMF/RT/3h/N, <y cl N s0,Me 3| H | H |9 | 826
gﬁ, ; = MZO 79, X = MeO, 8\5% 8i, 72% 3c| Cl | CI |9 | 72(6)
i, X = 7h. X = Me, 81
SRS RS 3d[MeO | H | od | 85(12)

3e| Me | H | 9¢ | 81(6)
3f| Cl H | of | 78(8)
3g| H |MeO| 9 75 (5)
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ized as ethyl 4-chloro-6,7-dimethoxy-imidazo[Bsuinoxaline-
3-carboxylate 7a) on the basis of spectral and analytical data
(Scheme 2). Similarly, the corresponding unsubstituted qui-
noxaline 3b and 6,7-dichloro-2-(methylsulfonyl)-3-chloroqui-
noxaline Bc) also furnished only regioisomeric imidazo[1,5-
a]ql.'“noxallneS7b’C a.s.the main pr.OdUCts’ which are e.VIdentIy aYields in parentheses represent yieldsQodbtained in reaction o8
derived by cycloaddition of ethyl isocyanoacetate anion to the yith 1.0 equiv of ethyl isocyanoacetate.

1,2-N=C—SO,Me bond of the quinoxaline8b,c in a highly

© © N O s W N =

chemoselective fashion (Scheme 2). SCHEME 5

A further detailed investigation of cycloaddition studies on oh 0 ﬁ
unsymmetrically substituted 3-chloro-2-(methylsulfonyl)qui- — ﬁn) N N
noxalines3d—i displayed an interesting substituent effect on D N NS © (11eqv) " 5
the chemo- and regioselectivity of the reaction. Thus, the|3d 3 Jr="""— C[N/ o DBU (3.0 eqv) NL/{
quinoxalines3d and 3e having an electron-donating methoxy 100, X =Me0, 86% S0 CITNING ;
or methyl group in the 6-position reacted with ethyl isocy- 100, X = Me, 84% e, i:Miosﬁi"
anoacetate (1 equiv) under the earlier described conditions tq o =N
give exclusively 4-(methylsulfonyl)imidazo[1 &guinoxalines ;c’f”\)\oec i N— f\(
8d,e (formed by cycloaddition o# to the 3,4-N=C—Cl bond), DB(J?:;VL T 8 N

. . -0 €qV. DMF/60°C/12h

whereas the corresponding 7-methoxy-substituteg) @nd DMF /RT/3h/N, LNe
7-methyl-substituted3) 2-(methylsulfonyl)quinoxalines, on the ne ks mz?,g,,g%

other hand, underwent cycloaddition to the 1,26HSO,Me
double bond in a highly chemoselective fashion, furnishing the lectivity observed in the cycloaddition of 6- and 7-chloro-
regioisomeric products imidazo[ldguinoxalines7g and7h substituted quinoxaline®f and3i to give 7f and8i, respectively,

in 82% and 81% yields, respectively (Scheme 3). Interestingly, appears to be probably due to predominance of the electron-
the order of chemoselectivity was found to be reversed in the withdrawing effect of the chloro group over itsM effect.

case of 6-chloro- and 7-chloro-2-(methylsulfonyl)quinoxalines  In all the reactions of substituted 3-chloro-2-(methylsulfonyl)-
3f and3i, which on reaction with 1 equiv of ethyl isocyanoace- quinoxalines with 1 equiv of ethyl isocyanoacetate, formation
tate under standard reaction conditions afforded the respectiveof minor products (210%) was observed, which were char-
4,7-dichloroimidazo[1,%]quinoxaline-3-carboxylatéf (75%) acterized as the bis(imidazo)quinoxalinedicarboxyl8gesi on

and the corresponding 7-chloro-4-(methylsulfonyl) derivative the basis of their spectral and analytical data. These hitherto
8i (72%), which are apparently derived from cycloaddition of unreported tetracyclic diimidazo[1&5',1'-clquinoxalinesQa—i

4 to the 1,2-N=C—SO,Me and 3,4-N=C—Cl double bonds of were obtained as exclusive products in excellent yields when

3f and 3i, respectively (Scheme 3). the quinoxalines3a—i were reacted with 2.2 equiv of ethyl
These observations can be explained in terms of the electronicisocyanoacetate for a prolonged time {12 h) at room
effects of various substituents present in the quinoxal8zes temperature (Scheme 4).

i. Thus, in the case of unsubstituted and symmetrically substi- To further demonstrate the scope and versatility of this pro-
tuted quinoxaline8a—c, the electron-withdrawing effect of the  cedure for regiospecific synthesis of unsymmetrically substituted
2-(methylsulfonyl) group appears to predominate over that of imidazo[1,5a]quinoxalines, regioisomeric 4-(cycloamino)- and
the 3-chloro substituent, thus directing the cycloaddition of the 4-alkyl/arylimidazo[1,5a]quinoxalines were synthesized as
ethyl isocyanoacetate anion to the 1,2-double bond of quinoxa-shown in Schemes 5 and 6. Thus, the cycloaddition of ethyl
lines3a—c, yielding 4-chloroimidazoquinoxaline&—c exclu- isocyanoacetate (1.1 equiv) to R-benzylpiperazino)-6-meth-
sively in high yields (Scheme 2). On the other hand, the presenceoxy-2-(methylsulfonyl)- and 3N-benzylpiperazino)-6-methyl-

of electron-releasing 6-methoxy or 6-methyl groups increases 2-(methylsulfonyl)quinoxaline$0d,eunder the earlier described
the electron density at the 2-position of the quinoxali@dg, conditions afforded the corresponding 7-substitutedN4-(
resulting in the attack of the ethyl isocyanoacetate anion on the benzylpiperazino)-imidazo[1,8lquinoxaline-3-carboxylatet1ld
more electrophilic 3,4-8-C—Cl bond to give the products andllein excellentyields (Scheme 5). Thebenzylpiperazino-
imidazoquinoxaline8d,e exclusively in excellent yields (Scheme  substituted quinoxalines0d,ewere prepared in good yields by
3). Formation of the productggh from the 7-methoxy- and  chemoselective nucleophilic displacement on the corresponding
7-methylquinoxalineg,h can also be explained in a similar  3-chloro-2-(methylsulfonyl)quinoxaline8d and 3e Alterna-
manner. On the other hand, reversal of the regio- and chemosetively, the regioisomeric 4N-benzylpiperazino)-8-methoxy- and

5022 J. Org. Chem.Vol. 72, No. 13, 2007
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SCHEME 6

3
ROSY
R? N” > s0,Me

16-19

1 3
Fe(acac); (10 mol%) R N\ R m-CPBA
2dorag ————— —_—
R3MgBr / THF/0°C g2 N” “sMe CH2Cl2
NMP, 10 min. 12-15
NMP - N-Methyl pyrrolidinone [e]

% Yield | -C’N\)I\OEt

% Yield % Yield

Ent 1 2 3 S DBU (3.0 eqv)
v R R R 1215 1619 2023 | (1.1eqv) | 80°C/7-8h/Ny
1] MeO | H| nBu 12,85 | 16,91 |20,78 R N R?

2 | Meo | H |4MeOCeH, |13,74 | 17.92 | 21,84 j@i o

3 H |Meo| nBu 14,90 | 18,90 |22,82 R? NL\ ot

4 H  |MeO| 4-MeOCeH, [15,93 | 19.93 |23,83 =N

20-23
i

4-(N-benzylpiperazino)-8-methylimidazo[1djquinoxalinesl1g
and11h could be obtained by direct nucleophilic displacement
of the 4-methylsulfonyl group in the previously synthesized
8-substituted imidazoquinoxaline derivativg$and8e, respec-
tively, by N-benzylpiperazine (Scheme 5).

Finally, the application of our method for the synthesis of
regioisomeric 4-alkyl/aryl-7- or 8-methoxyimidazo[lgfqui-
noxalines20—23 is depicted in Scheme 6. The desired regioi-
someric 3-alkyl/aryl-6-methoxy-2-(methylsulfonyl)- and 3-alkyl/
aryl-7-methoxy-2-(methylsulfonyl)quinoxaline$6—19 were
prepared by our earlier reported proced8xgéa iron-catalyzed
cross-coupling of-butyl- and (4-methoxyphenyl)magnesium
halides on the quinoxalinead and 2g followed by mCPBA
oxidation of the resulting 3-alkyl/aryl-2-(methylthio)quinoxalines
12—15 to the corresponding 2-(methylsulfonyl)quinoxalines
16—19, respectively. Subsequent cycloaddition of ethyl isocy-
anoacetate on 3-alkyl/aryl-6-methoxy-2-(methylsulfonyl)qui-
noxalinesl6and17 or the corresponding 7-methoxy analogues
18and19furnished the regioisomeric 4-alkyl/arylimidazoquinox-
alines20 and21 or 22 and 23 in excellent yields (Scheme 6).

In summary, we have developed a highly regio- and chemose-
lective approach for the synthesis of substituted 3-(carboethoxy)-

imidazo[1,5a]quinoxalines via base-induced cycloaddition of

ethyl isocyanoacetate to unsymmetrically substituted 3-chloro-

2-(methylthio)/2-(methylsulfonyl)quinoxalines. It should be
noted that the earlier cycloaddition routes to this heterocyclic
template involve reaction of either tosylmethyl or benzyl
isocyanides with the activated 3,4-double bondNefubstituted
quinoxalin-2-ones, furnishing only imidazo[ldgquinoxaline-

4-one derivatives, whereas there is no report of direct cycload-

JOCNote

dition of activated methyl isocyanides to theC=N bond of

the quinoxalines. Also the previous methods suffer from several
limitations such as poor regio- and chemoselectivity and air
sensitivity of electron-rich phenylene-1,2-diamine precursors.
Whereas 3-chloro-2-(methylthio)quinoxalin€a—i undergo
exclusive cycloaddition to the 3,4=KC—Cl bond, in the case

of substituted 3-chloro-2-(methylsulfonyl)quinoxalir@s-i, the
regio- and chemoselectivity is governed by the nature and
position of the substituent on the benzene ring of quinoxaline.
The cycloaddition of 2 equiv of ethyl isocyanoacetate to both
the 1,2- and 3,4-8C bonds of 3-chloro-2-(methylsulfonyl)-
quinoxalines affords novel hitherto unreported diimidazo[1,5-
a:5',1'-c]quinoxalines in excellent yields. The methodology is
also useful for regioselective synthesis of alkyl/aryl- and amino-
substituted imidazo[1,8}quinoxalines which can be derivatized
for creating further points of diversity on the quinoxaline
template.

Exprimental Section

General Procedure for the Base-Induced Cycloaddition
Reaction of Ethyl Isocyanoacetate to 3-Chloro-2-(methylthio)-
quinoxalines 2a-i. An oven-dried 100 mL two-necked flask was
charged with the corresponding 2,3-disubstituted quinoxalines (1.5
mmol), ethyl isocyanoacetate (1.65 mmol), and DMF (10 mL) under
a N, atmosphere and the solution stirred for 5 min at room
temperature. DBU (3.75 mmol) was added to this stirring solution,
and the resulting mixture was heated at°8@for 5 h (monitored
by TLC). It was then cooled and poured into water (100 mL). The
mixture was extracted with chloroform (8 50 mL), dried over
anhydrous Nz50,, concentrated under reduced pressure, adsorbed
onto silica gel, and purified using hexanEtOAc as the eluent to
give 3-(carboethoxy)imidazo[1,&lquinoxalines 5&i in good
yields.
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