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Abstract - Thieno[},4-ﬁ]quinoxaline derivatives were prepared by nuclecphilic
addition of carbanions of sulfones, sulfoxides and sulfides on gquinoxaline. The
use of dissymmetric sulfones or sulfoxides gave diastereocisomers which were

igsolated and characterized.

Organometallic compounds are of little value in the metalation of alkylquinoxalines. Their
tendency ie rather to add to the azomethine linkage of quinoxaline, and this addition is
often followed by hydride elimination restoring the aromaticity of the nucleus 1. Such
reactions may afford a way of synthesis for subetituted quinoxalines. Similar procedures
invelving intramolecular nucleophilic attack by a deprotonated amino group have been used
for the annelation of quinoxaline, by creation of a pyrrole 2 or aziridine 3 hetarccycle.
We report here a twofold addition of carbanione from sulfones, sulfoxides and sulfides to
the azomethine linkage of quinoxaline and the isolation of diesterecisomers with a rela-
tive stereoselectivity in the case of dissymmetric sulfones and sulfoxides.

Sulfones were studied first. Dimethyl sulfone (1 mol)} was metalated by butyllithium or
lithium diethylamide {LDA) {1 mol) and carbanion 1 then reacted with quinoxaline by nu-

cleophilic addition according tc Scheme 1. The yield of adduct 4 was 82 %.
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Scheme 1

In a complementary experiment, the dianion of dimethyl sulfone, initially prepared by use
of a twofold excess of butyllithium, was condensed with quinoxaline., The yield of compound
4 was not increased (75 %), and, consequently, our standard procedure for metalation was
performed with 1/1 quantities of sulfone and butyllithium or LDA., This involves, in adduct
2, an internal metalation of the methyl group to give carbanion 3 which cyclizes by a
second nucleophiliec attack (Scheme 1).

The structure of 4 was established by elemsntal analysis, and by mass, 1H and 150 nmr spec-
trometry. The condensation of dibutyl sulfone with quinoxaline formed two chiral centers,

and we could isolate two diastereoiscmers, 5 {46 %) and § (33 %), by column chromatography.
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Their structure was elucidated by 1fH and 130 nmr (Table 1I). For compound 5, symmetry can

1

be obmerved in E and 130 nmr spectra. Coupling constanis J = 5 Hz and J = 5 Hez

1-9a

are in agreement with a cis configuration for 113—115a and H1aH

a3

Qa
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TABLE T
7
HEnmr H, Hy i Hy, 5y Eg He H
4 2,60-2.90 {4H) 4.30-4,00 {2H) 6.60-6.40 (43)
5 5.15 (2H) 3.65 (28} 6.70-6.50 (48)
8 3.15 (1H) | 3.20 (1E) | 3.95 (1®) | 3.60 (1H) 6.75-6.55 (4H)
1 3.25 (1H) %.15 (1H) 3.68 (1H) 3.62 (1H) £.75-6.55 (4H)
8 3,20 (1H) 3.20 (4H) 3.55 {(1H) 5.55 (1K) €-75-6.55 (41)
5 3.35 (1) | 3.15 (+®) | 3.65 (1w) | 3.90 (1%) £.80-6.50 (4%)
10 3.10 (1H) 3.75 (18H) 3.85 {(1H) €.80-6,50 {4R)
J‘l—-9a. J}a—Ba JB-}a
5 5 He 5 Hz
£ 11 Hz 3 Hz 5 Hz
1 £ Hz 4 Hz 3 Hz
8 11 Hz 3 Hz 4 Hz
9 j4.5 8z 3 Kz 11 Hz
10 4 Hz 12 Hz
13
Crmr c. c5 Cy, Cy,, Cha Coa c5 Cy Ce ¢y
4 56.3 49.8 130.7 1135.9 1168.0
5 54.4 £5.3 130.0 11%.0 119.9
6 50.4 | 55.4 | 61.9 § 66.0 | 129.1 130.4 | 115.1 115.6 [ 119.6 | 120.0
1 54.2 | 55.5 | 60.2 | 65.4 129.9 114.8 119,€
8 50.4 | 56.5 | 56.8 | 65.9 | 130.3 | 129.2 | 115.1 | 115.5 | 119.6 | 120.1
g 51.2 | 55.4 | €1.1 | 61.5 | 130.4 | 130.7 | 144.9 | 115.5 | 119.¢ | 120.1
10 T1.8 | 61.4 53.1 61.9 128.0-131.0 111.6-120.3
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The 1H and 150 nmr spectra of isomer § involve molecular dissymmetry (Table I) since chemi-
cal shifts for protons and carbons in 1-3 and 3a-9a positions are different. The junction

of pyrazine and thiophene rings ie gis (J = % Hz). Protons in 3 and 3a are also cis

3a-9a
(Jﬁ-ia = 5 Hz), while protons in 1 and 9a are irans (J1-9a. = 11 Hz).

In the preponderant diastereoisomer 5 the propyl substituents are in a pseudoequatorial

position. A more complex case was studied when we reacted a dissymmetrical sulfone, ethyl-
butyl sulfone, with gquinoxaline. Four products could be isolated by column chromatography :
three isomers 7, B, 9 and a more complex compound 10. In all of these compounds, the pyra-

zine-thiophene junction je cis (J = 3-4 Hz), The structure proposed for J is supported

3a-9a

by the low wvalues of coupling constants (J1-93 =6 Hz and J = 3 Hz). In gompound 8, the

3-3a

configuration is cis for protons H, and H}a (7 =4 Hz) and trans for protons 1 and %a

3 3-3a
= 11 Hz), while in compound 9, protons H, and Hy are trans (7

(J = 11 Hz) and H,

1-9a
and Hg ave cis (J1-9a = 4.5 Hz),

3-3a

While T, 8 and 2 are diastereoigomeric molecules, the structure of 10 is quite different.
Elemental analysis and mass epectrometry (M+' = 410) were in agreement with the condensa-
tion of 1 mol of compounds 7, 8, 9 or a fourth isomer with 1 mol of gquinoxaline. In the
130 nmr spectrum, characteristic signals of a singlet for C1 and a doublet for 03 sugges-
ted that 01 was a junction center.

Decigive arguments were obtained by 1H nmr spectroscopy i

- HBa and H9a are cip (JBa-Ba = 4 Hz) ;
- FI3a and H3 are trane (J5a_3 = 12 Hz) ;
- J2'—5' = 5 Hz supports a cis junction ;

The irradiation of the methyl group on 01 gave an NOE effect on H9a but net on H5' H H9a

and CH, are cis while H3' and 055 are trans.

3
A 2 D-nmr correlated 1H-150 nmr spectrum allowed a complete assignment and the establish-

4

ment of its stereochemistry . Compound 10 was probably formed by the condensation of the

fourth diastereocisomer with a second mol of guinoxaline.

H
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CH,-CH,-CH,
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Sulfoxides reacted in the same way as sulfones, but yields were lower (51 % in the case

of 11).

-~ o
1) CH, -5 O-CH, LI® l 1

— 280

- 2) H,0
N ) Hz

LIL—Zn

11

The condensation of the dissymmetrical sulfoxide CHB-SO-CH:E-—S—CH3 with quinoxaline led to

compounds 12 and 13.

12 13

In the 1H nmr spectrum of 13, coupling constants were in agreement with a gis Junection

(7 = 4 Hz) and a irans configuration for H9a and H, (J1_9a = 9 Hz).

3a-9a
In the case of 12, it was not possible to differentiate between H1, H33 and HQa’ because
of the proximity of their chemical shifts (see Table II). If we except the stereochemistry

of sulfoxide, the formation of only iwo diastereoisomers is predictable and we can assign

to 12 the configuration where S—CH3 is ¢ and H1, Hia’ Hga are f}.
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TABLE IT
13Cnmr
mMsog, G, ¢ C}a CBa Cia C8a CS Cq % C?
12 75.3 | 55.2 | 52.2 | 56.9 | 120.7 | 131.6 | 113.8 | 117.5 | 118.0 | 114.0
13 £B.1 58.5 | 50.4 | 58.5 131.5 131.9 113.6 118.¢€ 118.8 11441
s q B " H H H H B
DMSOd, 1 3 3a 9a 5 & € 7
1z 3'?;257 Z:gg E}g% 3.8-3.7 {2H) 6.60-6.40 (4H)
a3 2o | oM 500 () | 412 (1) 6.55-6.35 (4K)

Structures and yields of igomers isolated in the condensation of sulfones and sulfoxides

with quinoxaline are presented in Table III.

TABLE III
c, Cy Csy Coq Yield %

5 |2 B __ A SRR R 48 %
oA Pr Pr
B Pr

P O IO N S N S - SO
o H Pr
R

e Ite- E - L L 12 %
ol Me Pr

g LRl e L Bl S . LS 15 9
X H Pr
f

- S P E _________ ?E ...... E----.---g ..... 12 %
[+ Me H

10 PR e ) Pr__| . LA . B g 4
o< - (*)| H

a1z __Eé_ﬂ—_Fg ......... L LS . L 42 %
X SCH H
A SCH H H H

L B e T S e 12 %
'8 H H

(*) @ = Quinoxaline
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It can be seen that the preponderant isomer is always the one with H1, H3, Hja and Hga.ﬁ”
other substituents (CH3’ C3H7’ SCH5) being o (pseudoequatorial preferential configuration).
The reaction of dimethyl sulfide with quinoxaline could be performed according to the des-
eribed procedurs, with the addition of tetramethylethylenediamine (TMEDA) for the metala-
tion step. At =-70°C, three compounds were obtained from the reaction mixture : 14 (1 %),
15 (30 %), 16 (10 %}. When the reaction was performed at 20°C, the diamdduct 17 (32 %) was

also isolated. The compounds 15 and 16 were probably formed by an oxydo reduction reaction

from the unstable monoadduct (see Scheme 2).

sel

CH; -S-CH,
TMEDA
H H
I u v | H
R [ H N CH;-5-CH,
H g |
N H
CH,;-5-CHj
N H
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Scheme 2

The annelation product 14 was formed in very poor yiseld (1 %). However, menosubstitution
(25 and 16) and even disubstitution {17) were easier than in the analogous reactions of
sulfones and sulfoxjides, The same difficulties were encountered with methyl cyanomethyl

sulfide : only 1 % of the annelation product 18 could be isolated.
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The following aspects of the reactivity of sulfone 4 and sulfoxide 131 were studied :
Lead tetracetate oxidation led to aromatization of the tetrahydropyrazinic moiety,

affording 198 and 19b ; compound 19b has been described previously 3 H

2 ol @(N‘Ic{'s’(o)
or —_— / n

1%9a n=2

b n

n
-

Reduction of sulfoxide 11 by NaBHZS 6 gave the sulfide 14 (68 % yileld).

3

EXPERIMENTAL

Melting points were determined on a Kofler hot stage apparatus and are uncorrected.

B Nmr spectra were recorded on VARIAN T 60 and BRUKER AM 250 spectrometers and 130 nmr cn
a VARIAN CFT 20 instrument. Chemical shifts are expressed in ppm relative to tetramethyl-

silane as internal standard. Mass spectra were determined on a VG 70-T70F mass spectrometer
{SAMM Centre d'Etudes Pharmaceutiques Ch&tenay-Malabry). Elemental analyses were determi=-

ned wivh a Perkin Elmer 240 model automatic analyser.

1,1,2335,2,Ea-Eexahxdrothieno[1,4-&]guinoxaline 2;2-Dioxide !4).

To a stirred solution of 0.02 mol {1.88 g} of dimethyl sulfone in 50 ml of freshly distil-
led tetrahydrofuran was added 0.02 meol of butyllithium {12.5 m1 of 1.6 M butyllithium in
hexane), and after 30 min at room temperature 0.02 mol (2.6 g) of quinoxaline. After 4 h,

2 ml of distillated water were added. The reaction mixture was evaporated to dryness, then
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fractionated by elution from a column of silica gel 60 (MERCK T0~230 mesh ASTM) with
CE,CL, .

Yield : 82 %. mp : 208°C (othanol). Ms (m/z) : 224 (M*). 'E nmr (DMSOd, 60 MHz) ana 'Jc
nmr (DMSDdé) : Table I. Anal. Caled for C,.H, N,0,8 : C, 53.55 ; H, 5.39 3 N, 12.49.
Found : £, 53.50 ; H, 5.51 ; N, 12.34.

1,3-Dipropyl-1 a a-hexahydrothieno -bjgquinoxaline 2,2-Dioxide.

This compound was prepared from dibutyl sulfone (0.02 mel, 3.56 &) aa described for compound
4 and fractionated by column chromatography using hexane-ethyl acetate {9/1 then 8/2).
Isomer (3)

White crystalline powder. Yield : 46 %. mp : 84°C (ethanol). Ms (m/z) : 309 (M+1), 308 (n%)
"M nmr (CDC1,, 250 MHz) and 2C nmr (cD15) : Table I. Anal. Caled for C N,0,5 :

3 16824

c, €2.31 ; H, 7.84 ; X, 9.08, Found : C, 62.52 ; H, 7.87 N, 8.89.

Isomer (&)

Wnhite powder. Yield : 33 %. mp : 91°C (ethanol). Ms (m/z) : 309 (Ms1), 308 (K*). 'E amr
(CDCIB. 250 MHz) and '°C nmr (cnc13) t Table I. Amal. Caled for CH, N,0,5 : C, 62,31 ;

H, 7.84 ; N, 9.08. Found : C, 62.26 ; H, 8.04 ; N, 9.01.

1=Methyl-3-propyl-1 & a=-hexahydrothieno -bj quinoxaline 2,2-Dioxide.
This compound was prepared from ethyl butyl sulfone (0.02 mol, 3 g) as described for com-
pound 4. The chromatography column was eluted with hexane-sthyl acetate (8/2).

Isomer (J)

Wnite powder. Yield : 42 %. mp : 134°C (ethanol). 'E nmr (cpel,, 250 MHz) and 3¢ nmr

14H20N2028 :+ ¢, 59.98 ; H, 7.19 ; N, 9.99. Found :

(CDCIB) : Table I, Anal, Calcd for C
C, 59.77 ; H, 6.98 ; N, 9.81.

Isomer {8)

Wnite powder. Yield : 13 %. mp : 161°C (ethanol). Ms (m/z) : 280 (”). ' nar (cDC1,

250 MHz)} and 3¢ nar (cnc13) : Table I. Anal. Caled for 014320N2025 : C, 59.98 § H, T.19 ;
N, 9.99. Pound : €, 59.77 ; H, 7.32 ; N, 9.82.

Isomer (9)

White powder. Yield : 12 %. mp : 174°C (ethanol). '8 nor (CDClj, 250 MHz) and B¢ e
(03013) : Table I. Anal. Calcd for C H,.N,0,5 : C, 59.98 ; H, 7.19 ; N, 5.99, Found :

¢, 60.11 ; H, 7.30 ; N, 9.81,
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Isomer {10}

pyrrolo([ﬁ.s—ﬁ]1',2v.3-.4'-tetrahydroquinoxaline) i,2,§-1mI—1-methxl-§-propx1-1,},jaig,ﬂ,
QanhexahxdrothienoI:,g-b]guinoxaline 2,2-Dioxide,

Yellow powder. Yield : 9 %, mp : 255°C (ethanol). Ms (m/z) : 410 . '8 rmr (cDC1

3!
250 MHz) and 3¢ nor (03015) : Table I, Anal, Caled for C,,H,N,0,8 : C, 64.36 ; H, 6.3%8 ;

N, 13.65. Found : C, 64.24 ; H, 6.61 ; N, 13.29.

1 a a=-Hexahydrothieno -b) quinoxaline 2-Oxide (11).

Thig compound was prepared from dimethyl sulfoxide (0.02 mol, 1.46 g) as described for
compound 4. It was isolated by column chromatography on silica gel, ethyl acetate-methanol
(9/1) being used for elution,

White powder. Yield : 51 %. mp : 252°C (ethanol). Ms (m/z) : 208 (M%), 'H nmr (nmsoa6,
60 MHz) : 6.60-6.40 (m, 4H) ; 5.70 {m, 2H exchanged by nzo) 5 3.90-3.60 (m, 2H) ; 3.50-
3.30 (m, 2H) ; 2.70-2.40 (m, 2H). '7¢ nmr (DMSO8g) : 52.8 (22, Cy . Cg) 5 56.3 (2%, €,
cs) ; 113.8 (24, Cs» Cg) 5 117.5 (2d, Cg, Cq) 5 131.5 (2s, Cha Cgn)e Anal. Calcd for
C1OH12N208 : C, 57.67 5 H, 5.81 3 N, 13.45, Found : C, 57.73 3 E, 5.93 ; N, 13.32,
1~Methylthio-1 2 a-hexahydrothieno =b,guinoxaline 2-Oxide.

This compound was prepared from methyl sulfinylmethyl sulfide (0.02 mol, 2.48 g) as des-
cribed for compound 4 and chromatographed on silica gel using ethyl acetate then ethyl
acetate-methanol (9/1) as eluent,

Isomer {12)

1

White powder. Yield : 42 %. mp : 180°C (ethanol)}. Me (m/z) : 254 (¥")., ' nmr (DMSOdé,

250 MHz) and '°C nmr (DMSOd.) : Table II, Anal. Calcd for Oy, N,08, ¢ Gy 51.94 5 E,
5.55 3 N, 11.01. Found : C, 51.93 ; H, 5.65 ; N, 11.03.

Isomer (13)

White powder. Yield : 12 %, mp : 231°C (ethanol). Ms (m/z) : 254 (M*). '

H nmr (DMSOds,
250 MHz) and '2C nmr (DMS0d,) ¢ Table IT. Anal. Caled for C, H, N,08, : C, 51.94 ; F,

5.55 ; N, 1%,01. Found : C, 51.76 ; H, 5.54 ; N, 11.04.

1 2 a-Hexahydrothieno -bj guinoxaline (14).

To a stirred solution of 0.05 mol of butyllithium (31.5 ml, 1.6 M butyllithium in hexane)
was added dropwise 0.05 mol (5.8 g) of TMEDA, then at 0°C, 0.05 mol (3.1 g) of dimethyl
sulfide. The reaction mixture was stirred for 4 h at room temperature, then cooled to

-70°¢, and 0.05 mol (6.5 g) of quinoxaline in 30 ml of freshly distilled THF was added.
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After 4 h at room temperature, distilled water (2 ml) was added. The reaction mixture was
evaporated to dryness and chromatographed on silica gel using 052012 as eluent.
This compound was also obitained from product 11 by reduction : to a stirred solution of

0.015 mol of N333283 in 150 ml of THF [LALANCETTE reactif s:lwaa added 0.004 mol of com-

pound 11. After 4 h at room temperature the excess of Na.:BHZS3 was neutralized with 5 ml of

ethanol. The reaction mixture was evaporated to dryness and chromatographed on silica gel
{elution with CH2012). Yield : 68 %.

white oryetals. Yield : 1 %. mp : 164°C (ethanol). Ms (m/z) : 192 (M*). 'H nmr (coex 5,
60 MHz) : 6.60 (m, 4H) ; 4.00-3.80 (m, 2H) ; 3.80-3.60 (m, 2E exchanged by D,0) ; 3.20-
13 . . .

2.70 (m, 4H). '“C nor (DMSOdé) : 33.6 (2%, C, 03} + 95.7 (24, Cags C9a) ; 113.9 (24, Ceo

CSa)' Anal. Calecd for C, H K8 : C, 62.46

g} s 117.8 (24, €, Cp) 5 132.6 (28, 1071202

C,.»
4a
H, 6.29 ; N, 14.57. Found : €, 62.48 ; H, 6.22 ; N, 14.64.

2-!Methx1thiomethx1zguinoxaline !15!.

Igolated from the abovementioned reazction mixture.

Unsiable white crystals. Yield : 30 %. T8 amr {cpCl,, 60 MHz) : 8.95 (s, 14} ; B.20-7.65

3’
(m, 4H) ; 3.95 (s, 2H) ; 2.05 {=, 3H). Anal. Calcd for CigBqola® = Cy 63.13 ;3 H, 5.30 ;
N, 14.72. Found : ¢, 63.65 ; H, 5.62 ; N, 14.67.
2-{Methylthiomethyl}=-1,2 ~tetrahvdroguinoxaline (16),

Isclated from the abovementioned reaction mixture,

Unstable white powder. Tield : 10 ¥. Ms {(m/z} : 194 (¥™). 8 nmr {cpcl,, 60 MHZ) : 6.70-

3
6,50 {m, 48) ; 4.10-3.90 {w, 25 exchanged by nzo) 3 3.60-3.20 (m, 3H) ; 2.80-2.50 (m, 28) ;
2.10 (s, 38). 3¢ mmr (€DCL,) : 15.1 (q, CHy) 5 57.7 (%, CHy) 5 45.2 (¢, €,) 5 47.7 (4,

03) 3 114, 114.2, 118.3, 118.4 (44, Cgr Cgr Coy Cg) 3 132.4, 132.7 (2s, Crar Cqp)+ Anal.
Caled for 010314N28 t+ C, 61.82 ; H, 7.26 ; K, 14.42, Found : C, 61.99 ; H, 6.83 ; N, 13.99.
2,3-Bis {methylthiomethyl)-1,2 ~tetrahydroguinoxaline (17).

This product was obiained using the procedure described for 14, except that quinoxaline

was added at room temperature.

Crystalline white powder. Yield : 32 %. mp : 72°C {ethanol). ' omr (CBCls, 60 MHz) 1
6.70-6.50 (m, 4H) ; 4.10-3,90 (m, 2% exchanged by nzo) i 3.55-3.25 {m, 2H) ; 2.80-2.50

(m, 4H) ; 2.20 (8, 6H). Anal. Caled for C, B _N .S, : C, 56,66 ; H, T.13 ; N, 11.01,

12787272
Found : €, 56.70 ; H, 7.23 ; N, 10.55.

— 151 —




1-Cyano-1 a a-~hexahydrothieno =blguinoxaline (1B),
This compound was prepared from cyancmethyl methylsulfide (0.02 mol, 1.75 g) ae described
for compound 14.

White powder. Yield : 1 %. Me (m/z) : 217 (M), 'H nmr (oDC1_, 60 MH2) : 8.10-7.80 (m, 1H

3'
exchanged by D20) 3 7.00-6,70 {m, 4H) ; 4.30 (m, 2H) ; 3.80 (m, 1H exchanged by D20) ;

2,40 {m, 3H).

1,3-Dihydrothienc -biguinoxaline 2,2-Dioxide (19a).
To 8 stirred scluiion of 0.005 mol (1.712 g) of compound 4 in 50 ml of acetonitrile was
added 0,01 mol (4.43 g) of lead tetracetate, After 30 min at room temperature, the mix-

ture wae treated with 30 ml of a saturated solution of Na200 Solide were filtered off

3
and washed with acetonitrile and ethyl acetate. The combined filtrate and washing were dried
over anhydrous Na2504, concentrated to dryness and the residue was chromatographed on sili-
ca gel, elution with dichloromethane-ethyl acetate (9/1).

white crystals. Yield : 61 %. mp : 260°C (ethanol), Ms (m/z) : 220 (M%). ' nor (DMSOds,

60 MHz) : 8.25~7.80 (m, 4H) ; 5.10-5.00 {m, 4H). Anal. Caled : C, 54.53 ; H, 3.66 ;

¥, 12.72, Found : C, 54.33 ; H, 3.87 ; N, 12.74.

1,3=-Dihydrothienc =bjguinoxaline 2-0Oxide (19b]).

This compound was prepared from compound 11 0.005 mol (1.04 g) as described for compound
12a. It was isolated by column chromatography on gilica gel, elution with ethyl acetate-
methanol (8/2).

White powder. Yield : 88 %. mp : 158°C Ep : 157-158°C ?J. 1E nmr {CDC1 60 MEz) : 8.25-

5!
7.60 (m, 4E) 5 4.55-4.35 (m, 4H). Anal, Galcd : C, 58.80 ; B, 3.95 : N, 13.72. Found :
€, 58.42 ; H, 4.09 ; N, 13.66,
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