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Carbanions of a-haloalkyl aryl sulfones, sulfonates, and sul- 
fonamides react with bicyclic heteroaromatic compounds (qui- 
noxalines, naphthyridines, and 5-azaquinoxalines) according 
to two general pathways: vicarious nucleophilic substitution 
of hydrogen and/or bisannulation. In some cases other com- 

petitive reactions such as S,Ar are observed. Factors govern- 
ing the direction of these reactions are discussed in terms of 
the charge distribution in the anionic o adducts and the re- 
action conditions. 

Carbanions with a leaving group X at the carbanionic 
center can replace hydrogen in electrophilic aromatic and 
heteroaromatic compounds, particularly in nitroarenes. This 
reaction, named “Vicarious Nucleophilic Substitution of 
Hydrogen” (VNS), proceeds by addition of the carbanion 
to nitroarenes in the ortho- or  para-positions bearing hy- 
drogen, followed by base-induced p-elimination of HXZp4). 
This process is of general character with respect to nitro- 
arenes and carbanions. Many electrophilic heterocycles 
without a nitro group such as 1,2,Ctriazine 5,6), benzothia- 
zole ~ t e r i d i n e ~ ~ ” )  etc. also undergo this reaction as ex- 
emplified by the reaction of a 1,2,4-triazine derivative in 
Scheme 1. 

Scheme 1 

R 

X leaving group, Y :  carbanlon stabil izing group 

However, some bicyclic heterocycles such as quinoxalines 
and naphthyridines react with a-halo carbanions in a dif- 
ferent way to afford bisannulated products8). The dramatic 
difference in the course of the reaction of 1,2,4-triazines, 
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pteridines, etc. on the one hand and quinoxalines on the 
other hand may be rationalized by taking into account the 
degree of the negative charge delocalization in the inter- 
mediate r~ adducts. In these adducts of the carbanions with 
quinoxaline the charge is mainly located on the vicinal ni- 
trogen atom, which therefore acquires highly nucleophilic 
properties. Since in this situation the base-induced P-elimi- 
nation is hindered, an intramolecular SN2-type reaction 
leading to mono- and subsequently to bisannulation occurs. 
Modification of the substrate structure by the introduction 
of such substituents into the quinoxaline ring, which pro- 
mote more efficient charge delocalization favours the VNS9), 
or even provides possibilities to control the reaction 
course ‘‘1. 

In this paper we give a comprehensive account of our 
studies on the reactions of some bicyclic heterocycles such 
as quinoxalines, 1,x-naphthyridines (x = 5, 6, 7, 8), and 5- 
azaquinoxalines (pyrido[2,3-b]pyrazines) with a-halo sul- 
fones, a-haloalkanesulfonamides, and a-haloalkanesulfonic 
acid esters of general structure XCHR’S02Y 1-8 (Table l), 
which, for stability reasons”), have been used as carbanion 
precursors. 

Table 1 .  Carbanion precursors 

XCHR’S02Y 

1 CICHZSOZPh 5 ClCH2SOzMorpholino 

3 ClCH2SO3CHZtBu 7 CICH(Me)S02Ph 
4 CICH~SO~~BU 8 BrCH2S02Tol 

2 ClCH2SOzNMe2 6 CICH~SO~TOI 
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Quinoxalines and Quinoxalinones 

In our preliminary communication we have reported that 
carbanions of chloromethyl phenyl sulfone (1) and chloro- 
methanesulfonamides (2, 5)  react with quinoxaline (9) and 
2-phenylquinoxaline (11) to give exclusively bisannulated 
derivatives’). Other quinoxaline derivatives as for example 
2-methylquinoxaline (10) react in the same way (Table 2). 
In all cases. no traces of the monoannulated intermediate 
products can be detected, even when equimolar amounts of 
the carbanion precursor and quinoxaline are used or the 
reaction is stopped at low conversion. This indicates, that 
the second step, the addition of the carbanion to the ali- 
phatic imine bond, is faster than the first one, in which the 
aromaticity of the quinoxaline is destroyed. The formation 
of 12 - 17 is analogous to the aza-Darzens condensation of 
a-halo carbanions with imines, which till now has only been 
known in the aliphatic series’*). 

Schcme 2 

CL 
Q /  
CH 
‘SO*Y 
1 , 2 . 5  

+ 
7 

9:  R = H  

10:  R-Me 

11: R=Ph 

S0,Y 

S0,Y OZY 
12 - 17 

In all these cases even no traces of the VNS products in 
the reaction mixtures have been detected either. Indepen- 
dently, we have made many attempts to promote p-elimi- 
nation in the anionic c adducts, which are necessary inter- 
mediates for both reactions, by changing the reaction con- 
ditions (e.g. low temperature, less ionizing solvents, less 
efficient leaving group, counterions forming more covalent 
bonds, high concentration of strong bases)”), but without 
success. 

On the other hand, an introduction of a nitro group into 
position 6 of the carbocyclic ring of quinoxaline (18) or 
oxidation to the mono N-oxide (19) assures efficient delo- 
calization of the negative charge in the corresponding 0 
adducts. Thus, the elimination leading to the VNS products 
20 - 23 becomes the only process (Scheme 3). Since forma- 
tion of the quinoxaline N-oxide and reduction of the N- 

Tablc 2. Reactions of quinoxaline dcrivativcs with XCHR’S02Y 
(Schemes 2-4) 

Starting 
materials Procedure Product Yield (%) 

9 
9 
9 

10 
11 
11 
18 
1s 
19 
19 
24 
24 
24 
26 

1 
2 
5 
1 
1 
2 
6 
7 
1 
2 
1 
2 
5 
1 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

26 1 C 

26 8 C 
27 1 A 

27 1 C 

12 66 
13 62 
14 75 
15 87 
16 65 
17 87 
20 73 
21 58 
22 62 
23 53 
25 a 36 
25b 30 
25 c 32 
28 a 10 
29 a 49 
25 a 15 
28 a 55 
25 a 7 
29 d 55 
28a i- 25a 30 
29 a 62 
28 a 55 
29a + 25a I 

oxide function are facile processes, this reaction sequence 
offers the possibility of introducing functionalized substi- 
tuents into the quinoxaline ring by the VNS reaction. 

Scheme 3 

2 
I 

R 

1 8 : R = N 0 2 ,  Z = -  

1 9 :  R=H , Z = O  

2 R’ 

1) B-(-HCl) 
21 H+ 0 H Ph 

20-23 

Surprisingly, 2(1 H)-quinoxalinone (24), which under 
strongly basic conditions exists in form of the corresponding 
anion, is able to react with the carbanions of chloromethyl 
phenyl sulfone (1) and the chloromethanesulfonamides 2, 5 
according to the annulation pathway to give the corres- 
ponding tricyclic derivatives 25a -c ,  but with only moderate 
yields (30- 36%). 

We have already reported on some examples of the re- 
actions of carbanions with negatively charged rn~lecules’~); 
for obvious reasons some difficulties are encountered in such 
processes. 

Of particular interest are the reactions of the a-halo car- 
banions with 2-chloro- and 2-methoxyquinoxaline (26, 21; 
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2 4  

!-I Y 

a :  Ph 

b: NMe2 

c :  N 3  

a :  Ph 

b: NMe2 

c :  N 3  

SO2Y 
25 a -  c 

Table 2, Scheme 4). In this case three major processes can 
be anticipated. Addition to C-2 producing 0'' or coMe ad- 
ducts is assumed to give SNAr substitution products, 
whereas 0" adducts, generated as a result of the addition 
to C-3, can react further according to two pathways - p- 
elimination of HX leading to the substitution of hydrogen 
or intramolecular substitution of groups X yielding annu- 
lated products. In fact, however, an elimination has again 
not been observed, and the three types of the products 25, 
28, and 29 formed in these processes result from SNAr sub- 
stitution and a combination of annulation and SNAr. The 
results are illustrated in Scheme 4 and compiled in Table 2. 

Intramolecular nucleophilic substitution in the initial ad- 
duct A gives a monoaziridine, which rapidly reacts with 
another carbanion molecule to afford finally 29 or hydro- 
lyzes to 25. Higher temperature and/or a better leaving 
group X (Br instead of Cl) favor this pathway. The intra- 
molecular substitution is decelerated at lower temperature 
and when X = Cl; thus, due to the reversibility of the for- 
mation of the cH adduct A the SNAr process occurring via 
the oL adduct dominates. 

This indicates that addition of the carbanion to C-3 bear- 
ing the hydrogen atom is faster than to the halogen-substi- 
tuted C-2. This result once again confirms the general rule 
concerning the relative rates of the nucleophilic addition to 
electrophilic aromatic rings 14). 

Naphthyridines 

Similarly to quinoxalines, naphthyridines react with 1 ac- 
cording to the bisannulation scheme'). With other a-halo 

Scheme 4 

c I 
so 2Y 

A X U N y L  + e+ 
SO2Y N' 

carbanions (2-, 3-) 1,5-, 1,6-, 1,7-, and 1,fknaphthyridines 
(30 - 33), as well 2- and 4-methyl-1,8-naphthyridines (34,35), 
also react according to the bisannulation pathway with 
formation of products with cyclopropane and aziridine 
rings annulated to the naphthyridine skeleton (Scheme 5 ,  
Table 3). 

Table 3. Reactions of naphthyridine derivatives with the carbanions 
of CICH2S02Y (Scheme 5, Procedure A) 

Products 

R R Starting 
materials lion of N, 

Yield 
w.) Y No 

~~ 

30 1 7- H H 
30 2 7- H H 
30 3 7- H H 
31 1 6- H H 
31 2 6- H H 
31 3 6- H H 
32 1 5- H H 
32 2 5- H H 
32 3 5- H H 
33 1 4- H H 
33 2 4- H H 
33 3 4- H H 
34 1 4- H 5-Me 

4- lb-Me H 
35 1 4- H 7-Me 

~ 

Ph 
NMQ 
OCHZtBu 
Ph 
NMe2 

Ph 
NMez 
OCH2tBu 
Ph 
NMe2 

Ph 
Ph 
Ph 

0 C H 2 t B u 

OCH2tBu 

36 40 
31 35 
38 25 
39 59 
40 48 
41 23 
42 77 
43 48 
44 42 
45 66 
46 32 
41 40 
48 23 
49 51 
50 41 

It can be supposed that the overall process of bisannu- 
lation of 1 ,x-naphthyridines involves initial addition of the 
carbanion at C-4 with formation of a cyclopropane ring 
followed by fast formation of the aziridine ring. Scheme 5 
also shows that the alternative pathway - initial formation 
of the aziridine ring - would produce a monoannulated 
intermediate, which is unable to react with the carbanion. 
This reasoning is supported by selective annulation of these 
naphthyridine rings, in which addition in the y-position with 
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Scheme 5 
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30-35 

R 
+ CH2 

'S02Y 
1-3 

KOH 
h M S O  

RlyJNpso'y \" I 
r i i  R R'  /*i R R' 

30 5- H H 33 8- H H 

31 6- H H 34 8- Me H 

32 7 -  H H 35 1- H 4-Me 

respect to nitrogen is possible, and by the inertness of 2,6- 
naphthyridine where such possibility does not exist. The 
latter has becn completely recovered after treating with the 
carbanion of 1. 

The selective reaction of 1 with 4-methyl-1,s-naphthyri- 
dine (35) in the nonsubstituted ring yielding 50 is in good 
agreement with the above discussion, as well as the nonse- 
lective reaction of 1 with 2-methyl-l,8-naphthyridine (34) 
giving products 48 and 49. In the latter case the reaction 
proceeds with participation of each of the rings. 

5-Azaquinoxalines 

We have proved that effective charge delocalization in the 
intermediate anionic 0 adducts is the main prerequisite for 
the VNS reaction course, Such long-lived adducts suscep- 
tible of p-elimination give VNS products exclusively, as 
demonstrated for 6-nitroquinoxaline (18) and quinoxaline 
N-oxide (19). 

Earlier, using 6-azaquinoxaline as a model compound, we 
have also demonstrated, that the introduction of a third 
nitrogen atom into the bicyclic aromatic system also favors 
6-elimination leading to the VNS"), due to the better charge 
distribution in the (r adduct. Now, for the same purpose, 
some 5-azaquinoxaline (pyrido[2,3-b]pyrazine) derivatives 
51 -53 have been studied. 

However, in the heterogeneous KOH/DMSO system 
compound 51 reacts with 4 and 6 only according to the 
bisannulation pathway, giving products in which the three- 
membered rings are fused to the pyrazine fragment. In the 
(r adducts of the carbanions to 3-phenyl and 2,3-diphenyl- 
5-azaquinoxaline derivatives 52 and 53 the negative charge 
is more efficiently delocalized so that under analogous con- 
ditions the annulation is accompanied by the formation of 
small quantities of the VNS products 54 and 55. In the case 
of 52 and 53 use of strong and well-soluble bases such as 
tBuOK causes the reaction to be entirely shifted toward the 
elimination leading to VNS products, whereas in the case 
of 51 in order to obtain the VNS product we had to work 

SO'Y 
36-50 

at low temperature, using a large excess of tBuOK, as de- 
scribed earlier "I). 

Scheinc 6 

VNS 

5 1 :  RI, R * = H  

52:  R'=H,  R2=Ph  
5 3 :  R1,R2=Ph 

ANN-A ANN-8 

R 2 1  Y t -Bu  p-To1 P h  p-To1 

p 
p-Tol Ph 

61 

Some Aspects of the NMR Spectra of the Bisannulated 
Products 

Since in the formation of the bisannulated products at 
least four new asymmetric centers are created quite a few 
stereoisomers could be expected to be produced. Neverthe- 
less, we have observed the formation of one diastereoisomer 
only, in which interactions between substituents are mini- 
mized. At the beginning of our research work we have pro- 
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Table 4. Reactions of 5-azaquinoxaline derivatives with chloro- 
methyl sulfones (Scheme 6) 

Total Quinoxa- Condi- Products (and ratio, %) 
VNS ANN-A ANN-B 

(”0) 

line tions 

51 KOH/DMSO - 56 (100) - 67 
51 KOH/DMSO - 57 (loo) - 32 
51 tBuOK/NH, 61”’ (90) 57 (10) - 41 

52 KOH/DMSO 54(14) 58(37) 59(49) 57 
41 

50 

53 KOH/DMSO 5S(24) - 60 (76) 62 

-65 C 

52 tBuOK/DMF 54(100) - - 

52 tBuOK/DMSO 54(100) - - 
-20°C 

20 “C 

VNS in the pyrazine ring. 

posed such a structure C on the basis of the ‘H-NMR data, 
which in several cases has later been confirmed by X-ray 
investigations 

C 

For all compounds examined, coupling between la-H and 
lb-H protons has not been observed”). According to the 
Karplus and Conroy eq~at ion’~)  such coupling only occurs 
when the dihedral angle between C-H bonds is close to 
90”. Hence, the three-membered rings must assume opposite 
directions with respect to the six-membered tetrahydrogena- 
ted ring. Coupling constants for cyclopropane or aziridine 
rings also confirm such geometry of the molecule. For ex- 
ample, for the cyclopropane ring of 37 we have observed a 
large (J = 9.2 Hz; cis) and two moderate (J % 4.5 Hz, trans) 
coupling constants. This has allowed us to assign the chemi- 
cal shift to the 1-H proton and also to establish the configu- 
ration at the C-I carbon. In this way it is impossible to 
assign the chemical shifts of the two remaining hydrogens 
(la-H, 7b-H), of the cyclopropane ring. 

Observed values of Jfor  all cyclopropane units are typical 
of this type of structure. The coupling constants in aziridine 
rings are close to those reported in the literature (Jtrans z 
3 HZ)~’ .  

We have also established a rule to assign the chemical 
shifts to the appropriate protons in the aziridine rings, which 
usually appear as doublets; e.g. lb-H and 2-H (C). Diag- 
nostic 6 values have been determined for some substituted 
derivatives. For example, in 49 where lb-H is replaced by 

the methyl group, 6(2-H) = 3.32; in 15 for the same situation 
(la-H is replaced by the methyl group, N-atom instead of 
C-7b) 6(1-H) = 3.31. Downfield shift of the 1-H signal (6 = 
3.83) in 16 is probably the result of the influence of the 
phenyl substituent at C-la, because 6(2-H) is still equal to 
3.23. So, the chemical shifts of 1- and 2-H of the aziridine 
rings usually appear at 6 = 3.3 - 3.5. 

The chemical shifts of H,, H,, and H, in the pyridine 
moieties have been established on the basis of known rela- 
tionships between the 6 values and coupling constants2‘). 

An interesting aspect of the spectra of bisannulated prod- 
ucts of neopentyl sulfonates is that the protons of the 
methylene group in the neopentyl substituents are diaster- 
eotopic and appear as an AB system with coupling constants 
close to 10 Hz. 

This work was supported by the Polish Academy of Sciences, 
Grant CPBP 01.13. 

Experimental 
‘H NMR: Varian EM-360 (60 MHz), Jeol JNM-4H-100 (100 

MHz), and Brukcr CPX-300 (300 MHz), TMS as internal standard. 
- MS: Finnigan 8200. - IR: Beckman 1R 4240. - Melting points: 
uncorrected. - TLC analyses: foil plates Merck 60F 254. - Co- 
lumn chromatography: silica gel 100-200 and 230-400 mesh 
(Merck), CHCl,/acetone (10: 1) as eluent. - Starting materials were 
either commercially available or prepared by known mcthods: chlo- 
romethyl phenyl sulfone (1)=), N,N-dimethyl(chloromethane)sulfo- 
namide (2)23’, neopentyl chloromethdnesulfonate (3)24), tert-butyl 
chloromethyl sulfone (4)25J, chloromethanesulfomorpholidc (5)26J, 
chloromethyl p-tolyl sulfone (6)27), 1-chloroethyl phenyl sulfone 
(7)*’), bromomethyl p-tolyl sulfone (8)22J, 2-methylquinoxaline 

2-phenylquinoxaline (11)30), 6-nitroquinoxaline (18)31’, qui- 
noxaline N-oxide (19)32), 2(1 H)-quinoxalinone (24)33), 2-chloroqui- 
noxaline (26) 34), 2-methoxyquinoxaline (27) ”I, 1,5-naphthyridine 
(30)36J, 1,6-naphthyridine (31)36’, 1,7-naphthyridine (32)37J, 1,b-naph- 
thyridine (33)36J, 2-methyl-1,b-naphthyridine (34)36’, 4-methyl-1,8- 
naphthyridine (35)36’, 2,6-naphthyridine 5-azaquinoxaline (51) 39), 

3-phenyl-5-azaquinoxaline (52)40), 2,3-diphenyl-5-azaquinoxaline 

Reactions of a-haloalkane sulfones and sulfonic acid derivatives 
with heteroarenes were carried out according to the given proce- 
dures (below). Some modifications are noted in the corresponding 
tables. 

Method A: KOHIDMSO System: To a stirred suspension of pow- 
dered KOH (4.0 g, 70 mmol) in DMSO (15 ml) a solution of a 
carbanion precursor (1-8) (20 mmol; 10 mmol for the reactions of 
the quinoxalinone 24) and a heteroarene (I0 mmol) in DMSO ( 5  ml) 
was added dropwise at room temp. for 4-5 min.The reaction was 
continued until the analysis of the reaction mixture showcd the 
absence of one of thc substrates (20 min - 5 h). The reaction mix- 
ture was poured into a diluted solution of HCI in water (3%), and 
the precipitate formed was filtered or extracted with CHC13 or 
AcOEt (2 x 30 ml). The combined organic layers were washed with 
water (50 ml) and dried with MgS04. The crude products were 
purified by crystallization or column chromatography. 

Method B; tBuOKIDMF(DMS0) System: To a stirred solution 
of tBuOK (380 mg, 3.4 mmol) in DMF (7 ml) a solution of the 
carbanion precursor (1 -8) (2 mmol) and heteroarene (1 mmol) in 
DMF (3 ml) was added dropwise during 4-5 min. The reaction 
was continued until the analysis of the reaction mixture showed the 

(53)4”. 
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disappearance of one of the substrates (20-30 min). The reaction 
mixture was poured into a diluted solution of HCl in water (3%), 
and treated as in method A. 

Method C: KOHIDMF System: Reactions were carried out in 

Method D; tBuOKINH, System: As described earlier ’‘I. 

/,la, 1 b,2-Tetrahydro-/,2-bis(phenylsulfonyl) bisazirino[l,2- 
a:2’,i’-c]quinoxaline (12): M.p. 218°C (AcOH, dec.). - ‘H NMR 
(CDCl3, 100 MHz): 6 = 8.06-7.45 (m, 10H), 6.92-6.75 (m, 2H), 
6.59-6.41 (m, 2H), 3.64 (d, J = 2.7 Hz, 2H, la-, lb-H), 3.43 (d, 

analogy to procedure A at 0°C. 

J = 2.7 Hz, 2H, I-, 2-H). 
C Z Z H ~ X N ~ O ~ S Z  (438.5) 
Calcd. C 60.26 H 4.14 N 6.39 S 14.62 
Found C 60.00 H 4.18 N 6.32 S 14.60 

/,2-Bis (N,N-dimethylsulfamoyl)-l,/u,1b,2-tetrahydrobisaziri- 
no[l,2-a:2’,l’-c]quinoxaline (13): M.p. 220°C (AcOH, dec.). - ‘H 
NMR (CDC13, 100 MHz): 6 = 7.40-7.10 (m, 4H), 3.54-3.34 (m, 
4H), 3.10 [s, 12H, 2 x N(CH3)J. 

C ~ ~ H ~ O N ~ O ~ S Z  (372.5) 
Calcd. C 45.15 H 5.41 N 15.04 S 17.22 
Found C 45.10 H 5.49 N 14.89 S 17.04 

l,la,lb,2-Tetrahydro-1,2-bis(4-morpholinosulfonyl) bisaziri- 
no[l,2-a: Z’,l’-c]quinoxaline (14): M.p. 228°C (AcOH, dec.). - ‘H 
NMR (CF3C02H, 100 MHz): 6 = 7.58-7.23 (m, 4H), 3.94-3.70 
(m. 12H), 3.60-3.40 (m, 8H). 

C I R H Z ~ N ~ O ~ S Z  (456.5) 
Calcd. C 47.36 H 5.30 N 12.27 S 14.05 
Found C 47.40 H 5.23 N 12.22 S 14.04 

/,la, 1 b,2-Tetrahydro-la-rnethyl-1,2-bis(phenylsuEfonyl) bisaziri- 
no[1.2-a:2’,/‘-cJquinoxaline (15): M.p. 211 -212‘C (AcOH). - ‘H 
NMR (CDCI3, 100 MHz): 6 = 8.23-7.65 (m, lOH), 7.02-6.50 (m, 
4H), 3.79 (d, J = 2.9 Hz, 1 H, Ib-H), 3.33 (d, J = 2.9 Hz, IH,  
2-H), 3.31 (s, IH,  I-H), 2.00 (s, 3H, CH3). 

C23H20N204SZ (452.5) Cdcd. C 61.04 H 4.45 N 6.19 
Found C 61.09 H 4.35 N 6.22 

1 ,ia,ib,2-Tetrahydro-la-phenyl-1,2-bis(phenylsulfonyl) bisaziri- 
no[i,2-a:2’,1‘-c]quinoxaline (16): M.p. 185-186°C (AcOH). - ‘H 
NMR (CDC13, 100 MHz): 6 = 7.60-6.65 (m, 19H), 4.03 (d, J = 
3.4 Hz, l H ,  lb-H), 3.83 (s, l H ,  I-H), 3.23 (d, J = 3.4 Hz, l H ,  
2-H). CzxH2zN204Sz (514.6) 

Calcd. C 65.35 H 4.31 N 5.44 S 12.46 
Found C 65.20 H 4.35 N 5.41 S 12.87 

/,2-Bis(N,N-dimethylsulfamoyl)-i,la,lb,2-tetrahydro-la-phenyl- 
bisazirino(i,2-a: 2’,l’-c]quinoxaline (17): M.p. 202 “C (AcOH, dec.). 
- ‘H NMR (CDCI3, 100 MHz): 6 = 7.70-7.20 (m, 9H), 3.94 (d, 

2-H), 2.69 and 2.59 [2 x s, 12H, 2 x N(CH3)*]. 
J = 3.2 Hz, l H ,  Ib-H), 3.71 (s, IH,  1-H), 3.10(d,J = 3.2 Hz, IH,  

C2oH24N404S2 (448.6) 
Calcd. C 53.55 H 5.39 N 12.49 S 14.29 
Found C 53.50 H 5.40 N 12.56 S 14.50 

(i-Nitro-2-[(p-tolylsu~fony~)methyl]quinoxaline (20): M. p. 

9.63 (s, 1 H, 3-H), 9.43 (d, J = 2.0 Hz, 1 H, 5-H), 9.00 and 8.68 (AB, 
J = 9.4 Hz, 2H, 7- and 8-H), 7.92 and 7.63 (AB, J = 8.0 Hz, 4H, 

234-236°C (EtOH/H,O). - ’H NMR (CFZC02H, 60 MHz): 6 = 

H-Tol), 5.43 (s, 2H, CHZ), 2.60 (s, 3H, CH3). 
CI6H1,N3O4S (343.4) Calcd. C 55.97 H 3.82 N 12.24 

Found C 55.69 H 3.63 N 11.83 

6-Nitro-2-[ 1-(phenylsulfonyl)ethyl]quinoxaline (21): M. p. 

9.69 (s, 1 H, 3-H), 9.61 (d, J = 2.0 Hz, 1 H, 5-H), 9.00 and 8.53 (AB, 
J = 10.0 Hz, 2H, 7- and 8-H), 8.25-7.67 (m, 5H), 5.47 (q, J = 

185-186°C (EtOH/H,O). - ‘H NMR (CF,C02H, 60 MHz): 6 = 

6.6 Hz, I H, CH), 2.07 (d, J = 6.6 Hz, 3H, CHJ. 
CI6Hl3N3O4S (343.4) Calcd. C 55.97 H 3.82 N 12.24 

Found C 56.13 H 3.56 N 11.96 

2-[(Phenylsulfbnyl)methyl]quinoxu/ine N-Oxide (22): M. p. 
158 - 159 “C (EtOH/H,O). - ‘H NMR (CDCI,, 60 MHz): 6 = 9.03 
(s, l H ,  3-H), 8.73-7.50 (m, 9H), 5.17 (s, 2H, CH2). - MS: m/z 
(%) = 301 (3) [M + 13, 300 (3) [M”], 236 (11) [M - SOJ, 219 
(7), 159 (100) [M - SOZPh], 143 (27) [M - SOzPh - 01,129 (68) 
[M - CHZS02Ph - 01, 102 (40), 77 (30), 51 (19). 

CI5Hl2N2O3S (300.3) Calcd. C 59.99 H 4.03 N 9.33 
Found C 59.94 H 4.00 N 9.08 

2-[(N,N-Dimethylsulfamoyl)methyl]quinoxaline N-Oxide (23): 

6 = 8.91 (s, l H ,  3-H), 8.65-8.50 and 8.28-8.00 (2 x m, 2H), 
7.93 -7.63 (m, 2H), 4.75 (s, 2H, CHJ, 2.76 [s, 6H, N(CH,),]. 

Calcd. C 49.43 H 4.90 N 15.72 
Found C 49.08 H 4.84 N 15.44 

M.P. 127-128°C (EtOH/HzO). - ‘H NMR (CDC13, 100 MHz): 

CllH13N303S (267.3) 

1,la-Dihydro- I- (phenylsulfonyl)azirino[i,2-a]quinoxalin-2(3H) - 
one (25a): M.p. 234-235°C (AcOH, dec.). - ‘H NMR (CF3C02H, 
100 MHz): 6 = 9.60 (s, l H ,  NH), 8.15-7.60 (m, 5H), 7.25-6.85 
(m, 4H), 4.05 and 3.93 (2 x d, J = 2.6 Hz, 2H, 1-, la-H). 

C15H12N203S (300.3) 
Calcd. C 59.99 H 4.03 N 9.33 S 10.67 
Found C 60.00 H 4.05 N 9.39 S 10.75 

1- (N,N-Dimethylsulfarnoyl)-1 ,lu-dihydroazirino[1,2-a]quinoxa- 
lin-2(3H)-one (25b): M.p. 213°C (AcOH, dec.). - ‘H NMK 
(CF,C02H, 100 MHz): 6 = 9.48 (s, 1 H, NH), 7.53-6.88 (m, 4H), 
3.98-3.91 (m. 2H, I-, la-H), 3.00 [s, 6H, N(CH,),]. 

C 1 i H t 8 3 0 3 S  (267.3) 
Calcd. C 49.43 H 4.90 N 15.72 S 11.99 
Found C 49.00 H 4.73 N 15.58 S 12.28 

1,la-Dihydro-1- (4-morpholinosu1Jonyl)azirino[l,2-a]quinoxalin- 
2(3H)-one (25c): M.p. 236°C (AcOH, dec.). - ‘H NMR (CF3C02H, 
100 MHz): 6 = 9.30 (s, I H ,  NH), 7.25-6.25 (m, 4H), 3.75-3.15 

Calcd. C 50.48 H 4.89 N 13.58 S 10.36 
Found C 50.30 H 4.88 N 13.37 S 10.79 

2-[Chloro(phenylsulfonyl)methyl]q~inoxaline (28a): M. p. 
142-144°C (MeOH). - ‘H NMR (CDCI,, 100 MHz): 6 = 9.50 
(s, 1 H, 3-H), 8.40-7.38 (m, 9H), 6.20 (s, 1 H, CH). 

13H15N304S (309.3) (m, 10H). 

C15HliCIN202S (318.8) Cdcd. C 56.60 H 3.46 N 8.80 
Found C 56.48 H 3.34 N 8.86 

2-[Chloro (phenylsulfonyl)methylene]-l,la,2.3-tetrahydro-l- 
(phenylsulfonyl)azirino[l,2-a]quinoxaline (Mixture of Isomers) 
(29a): ‘H NMR ([D6]acetone, 300 MHz): 6 = 8.54 (s, 1 H, NH); 
8.14-7.63 (m, 10H); 7.15-6.80 (m, 4H); 5.071 (d, J = 2.65 Hz), 
5.069 (d, J = 2.66 Hz), 4.17 (d, J = 2.70 Hz), 4.12-4.09 (m), 4.07 
(d, J = 2.70 Hz), 4.022 (d, J = 2.70 Hz), 4.020 (d, J = 2.70 Hz) 
[2H, 1- and la-H, protons of isomers; X-ray investigations will be 
published 

C22H17C1N204SZ (473.0) Calcd. C 55.93 H 3.60 N 5.93 
Found C 55.85 H 3.58 N 5.68 

2-[Bromo (p-tolylsulfonyl)methylene]-/,la,2,3-tetrahydro-l- ( p -  
tolylsulfonyl)azirino[l.2-a]quinoxaline (Mixture of Isomers) (29d): 
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'H NMR ([D,]DMSO, 300 MHz): 6 = 9.03 (s, 1 H, NH), 7.93 - 6.70 
(m, 12H), 4.84 and 4.55 (2 x d, J = 2.7 Hz, major isomer, 70%) 
and 4.66-4.63 (m) (2H, 1- and la-H), 2.42 (s, 6H, 2 x CH3). 

Calcd. C 52.85 H 3.88 N 5.14 
Found C 52.41 H 4.17 N 5.25 

C24H21BrN204S2 (545.5) 

1a.l b.2,7b-Tetrahydro-1,2-bis(phenylsulfonyl)-IH-azirino[l,2-a]- 
cyclopropa[c][/,5]naphthyridine (36): M.p. 226 -229°C (EtOH/ 
H20). - 'H NMR (CDC13, 100 MHz): 6 = 8.39-8.27 (m, l H ,  6- 
H), 8.16-8.01 (m, 4H), 7.91-7.64 (m, 6H), 7.14-6.71 (m, 2H, 4-, 

Hj, 3.20-2.83 (m, 3H, I-, la-, 7b-H). 
5-H), 3.66 (d, J = 2.5 Hz, IH,  Ib-H), 3.48 (d, J = 2.5 Hz, IH,  2- 

C22H18N204S2 (438.5) Calcd. C 60.26 H 4.14 N 6.39 
Found C 60.25 H 4.11 N 5.93 

1,2-Bis(N,N-dimethylsuljamoyl)-l a,lb,2,7b-tetrahydro-l H-aziri- 
no[1,2-a]cyclopropa[cJ[l Slnaphthyridine (37): M.p. 205-206°C 
(EtOH). - 'H NMR (CDCl,, 300 MHz): 6 = 8.37 (dd, J = 4.8, 
1.6 Hz, 1 H, 6-H), 7.60 (dd, J = 8.0, 1.6 Hz, 1 H, 4-H), 7.20 (dd, J = 
8.0,4.8 Hz, l H ,  5-H), 3.48(d,J = 2.9 Hz, l H ,  lb-H),3.42(d,J = 

(dd, J = 9.2, 4.3 Hz, IH), 2.75 (dd, J = 9.2, 4.5 Hz, lH), 2.63 (dd, 
2.9 Hz, 1 H, 2-H), 3.03 and 2.96 [2 x s, 12H, 2 x N(CH,),], 2.85 

J = 4.5, 4.3 Hz, 1 H, I-H). 

C14H20N404S2 (372.5) Calcd. C 45.15 H 5.41 N 15.04 
Found C 45.30 H 5.44 N 14.38 

ia,lh,2,7b- Tetrahydro- 1,2-bis[ (neopentyloxy) sulfonyll-IH-aziri- 
no[l,2-a]cyclopropa[c]~l J/naphthyridine (38): M. p. 177- 178°C 
(EtOH). - 'H NMR (CDC13, 300 MHz): 6 = 8.40 (dd, J = 4.8, 
1.8 Hz, 1 H, 6-H), 7.63 (dd, J = 8.0, 1.8 Hz, 1 H, 4-H), 7.22 (dd, J = 

8.0, 4.8 Hz, l H ,  5-H), 4.05 and 4.03 (AB, J = 9.1 Hz, 2H, CH2), 
4.03 and 3.98 (AB, J = 9.0 Hz, 2H, CH3, 3.52 and 3.49 (2 x d, 

2.86-2.80 (m, 2H), 1.02 and 1.00 [2 x s, 18H, 2 x C(CH3),]. 
J = 2.9 Hz, 2H, Ib-, 2-H), 2.97 (dd, J = 9.0, 4.6 Hz, lH), 

C20H30N206S2 (458.6) Calcd. C 52.38 H 6.59 N 6.11 
Found C 52.23 H 6.67 N 6.28 

ia,l b,2,7b-Tetrahydro-l,2-bis (phenylsuljonyl) - 1 H-azirino[ 1,2-a]- 
cyclopropa[c](i,6]naphthyridine (39): M.p. 218 - 220°C (EtOH/ 

(d, J = 5.0 Hz, l H ,  5-H), 8.15-8.00 (m, 4H), 7.90-7.60 (m, 6H), 
6.35 (d, J = 5.0 Hz, l H ,  4-H), 3.65 and 3.55 (2 x d, J = 2.8 Hz, 
2H, Ib- and 2-H), 2.95-2.78 (m, 3H, 1-, la, 7b-H). 

H2O). - 'H NMR (CDC13, 100 MHz): 6 = 8.40 (s, lH,  7-H), 8.23 

CZ2Hl8N2O4S2 (438.5) Calcd. C 60.26 H 4.14 N 6.39 
Found C 60.17 H 4.21 N 5.92 

1,2-Bis( N,N-dimethyl.sulfarnoyl)-la,lb,2,7b-tetrahydro-l H-aziri- 
no/l,2-a]cyclopropa/c][i,6]naphthyridine (40): M.p. 240-241 "C 
(EtOH/H,O). - 'H NMR (CDCI3, 300 MHz): 6 = 8.55 (s, l H ,  
7-H), 8.45 (d, .I = 5.3 Hz, 1 H, 5-H), 7.21 (d, I = 5.3 Hz, 1 H, 4-H), 
3.50 and 3.46 (2 x d, J = 3.0 Hz, 2H, Ib-, 2-H), 3.05 and 2.95 [2 x 
s, 12H, 2 x N(CH3),], 2.70-2.56 (m, 3H, I-, la-, 7b-H). 

CI4HZON4O4S2 (372.5) Calcd. C 45.15 H 5.41 N 15.04 
Found C 45.60 H 5.50 N 15.06 

la, lb,2,7b- Tetrahydro-l,2-bis[ (neopentyloxy)sulfonyl]- / H-aziri- 
no[l,2-a]cyclopropa[c][l,6/naphthyridine (41): M.p. 190- 191 "C 
(EtOH). - 'H NMR ([D,]DMSO, 300 MHz): 6 = 8.58 (s, 1 H, 7- 
H), 8.38 (d, J = 5.25, l H ,  5-H), 7.19 (d, J = 5.25, l H ,  4-H), 4.62 
and 3.43 (2 x d, J = 2.95 Hz, 2H, Ib-, 2-H), 4.05 and 4.04 (AB, 
J = 9.1 Hz. 2H, CH3, 4.03 and 4.01 (AB, J = 9.2 Hz, 2H, CH3, 

2.69 (dd, J = 9.4, 4.5 Hz, lH),  0.964 and 0.961 [2 x s, 18H, 2 x 
3.70 (dd, J = 4.5, 4.3 Hz, 3 H, 1-H), 2.78 (dd, J = 9.4, 4.3 Hz, 1 H), 

C(CH3)31. 
C20H30N206S2 (458.6) Calcd. C 52.38 H 6.59 N 6.11 

Found C 52.14 H 6.69 N 5.97 

la,ib,2,7b- Tetrahydro-I ,2-bis (phenylsul$onyI)-f H-azirino(1,2-a]- 
cyclopropa[c][l,7]naphthyridine (42): M.p. 230-233°C (EtOH/ 

IH,  6-H), 8.13-7.76 (m, I lH),  7.09 (d, J = 4.4 Hz, l H ,  7-H), 3.64 

(m, 3H, I-, la-, 7b-H). 

H20). - 'H NMR (CDCI3, 100 MHz): 6 = 8.23 (d, J = 4.4 Hz, 

(d ,J  = 2.8 Hz, IH, lb-H), 3.48(d,J = 2.8 Hz, 1H,2-H),3.00-2.65 

CZZHl8NZO4S2 (438.5) Calcd. C 60.26 H 4.14 N 6.39 
Found C 60.43 H 3.86 N 6.38 

1.2-Bis (N,N-dimethylsuljamoy1)-la,l b,2,7b-tetrahydro-l H-aziri- 
no[l,2-a]cyclopropa[c][/,7]naphthyridine (43): M.p. 250- 251 "C 
(EtOH/H,O). - 'H NMR (CF,CO2H, 300 MHz): 6 = 8.49 (s, 1 H, 
4H),  8.02 (d, J = 6.0 Hz, 1 H, 6-H), 7.48 (d, J = 6.0 Hz, 1 H, 7-H), 
3.63 and 3.53 (2 x d, J = 3.2 Hz, 2H, lb- and 2-H), 2.77 and 2.67 
[2 x s, 12H, 2 x N(CH3),], 2.80-2.60 (m, 3H, I-, la-, 7b-H). 

CI4HZON4O4S2 (372.5) Calcd. C 45.15 H 5.41 N 15.04 
Found C 45.44 H 5.55 N 15.31 

la,/ b,2,7b-Tetrahydro-1,2-bis[ (neopentyloxy)suEfonyl]-/Hi-aziri- 
no[l.2-a]cyclopropa~c/[f ,7]naphthyridine (44): M.p. 190- 191 "C 
(EtOH). - 'H NMR (CFSCOZH, 300 MHz): 6 = 8.48 (s, IH,  
4-H), 8.08 (d, J = 6.0 Hz, 1 H, 6-H), 7.43 (d, J = 6.0 H, 1 H, 7-H), 
4.02 and 3.99 (AB, J = 9.8 Hz, 2H, CH3, 3.91 and 3.90 (AB, J = 
8.6 Hz, 2H, CHZ), 3.55 and 3.53 (AB, J = 3.1 Hz, 2H, Ib-, 2-H), 
2.85 (dd, J = 4.7, 4.5 Hz, l H ,  1-H), 2.75 (dd, J = 8.7, 4.5 Hz, lH), 
2.60 (dd, J = 8.7, 4.7 Hz, lH), 0.88 [s, 18H, 2 x C(CH&]. 

C20H30N206S2 (458.6) Calcd. C 52.38 H 6.59 N 6.11 
Found C 52.25 H 6.71 N 6.19 

la,lb,2,7b-Tetrahydr0-/,2-brs(phenylmlfonyl)-/ H-azirino[i,2-a]- 
cyclopropa[c][l,8]nuphthyridine (45): M.p. 228 - 231 "C (EtOH/ 
H2O). - 'H NMR (CDCl,, 300 MHz): 6 = 8.14-7.00 (m, 13H), 
3.55 and 3.54 (AB, J = 2.9 Hz, 2H, lb-, 2-H), 2.87-2.62 (m, 3H, 
I-, la-, 7b-H). 

C22H18N204S2 (438.5) Calcd. C 60.26 H 4.14 N 6.39 
Found C 60.32 H 4.02 N 5.96 

1,2-Bis (N,N-dimethylsuljarnoyl) -1 a,/b,2,7b-tetrahydro-1 H-aziri- 
no(l.2-a]cyclopropafc~~l,81naphthyridine (46): M.p.  221 -222 "C 

(m, IH,  5-H), 8.09-7.91 (m, l H ,  7-H), 7.43-7.23 (m, 1 H, 6-H), 
4.38 and 3.53 (2 x d, J = 2.8 Hz, 2H, lb-, 2-H), 3.68-3.18 (m, 
3H, I- ,  la-, 7b-H), 3.08 and 2.94 [2 x s, 12H, 2 x N(CH,),]. 

Calcd. C 45.15 H 5.41 N 15.04 
Found C 45.24 H 5.44 N 15.02 

(EtOH/H20). - 'H NMR ([D,]DMSO, 100 MHz): 6 = 8.55-8.40 

C14H20N404S2 (372.5) 

1 a,l b,2,7b- Tetrahydro- 1 ,2-bis( (neopentyloxy) suEfonyl1- 1 H-aziri- 
no[ 1,2-u]cyclopropa[c][l ,8]naphthyridine (47): M.p. 298 "C (EtOH/ 
H20,  dec.). - 'H NMR (CDC13, 300 MHz): 6 = 8.37 (dd, J = 4.8, 
1.8 Hz, l H ,  5-H), 7.68 (dd, J = 7.6, 1.8 Hz, 1 H, 7-H), 7.16 (dd, J = 
7.6,4.8 Hz, l H ,  6-H), 4.68 (d, J = 9.2 Hz, 1 H of CHZ), 4.18 (d, J = 
9.2 Hz, 1 H of CHJ, 3.96 and 3.95 (AB, J = 9.0 Hz, 2H, CH3, 3.63 
and 3.61 (AB, J = 2.9 Hz, 2H, lb-, 2-H), 2.83, 2.75 and 2.69 (ABX, 
I JAB I = 7.7, J A ~  = -4.3, JBX = -4.5 Hz, 3H, I-, la-, 7b-H), 1.02 
[s, 18H, 2 x C(CH&]. 

C20H30N206S2 (458.6) Calcd. C 52.38 H 6.59 N 6.11 
Found C 52.24 H 6.68 N 5.92 

1 a, I b,2,7b- Tetrah ydro- 5-methy 1- 1 .2-bis (pheny lsulfony 1)  -1 H-aziri- 
no[l,2-a]cyclopropa[c][l,8]naphthyridine (48): M.p. 221 - 223 "C 
(EtOH/H20). - 'H NMR (CDCl3, 300 MHz): 6 = 8.13-7.91 (m, 
4H), 7.73-7.56 (m, 6H), 7.35 (d, J = 7.7 Hz, l H ,  7-H), 6.84 (d, 

2.8 Hz, IH,  2-H), 2.83-2.57 (m, 3H, 1-, la-, 7b-H), 2.26 (s, 3H, 

CH3).C23H20N204S2 (452.5) Calcd. C 61.04 H 4.45 N 6.19 
Found C 61.17 H 4.34 N 5.87 

J = 7.7 Hz, IH, 6-H), 3.58 ( d , J  = 2.8 Hz, l H ,  lb-H), 3.45(d,J = 
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fa, f b,2,7b- Tetrahydro- f b-methyl-l,2-bis(phenylsulfonyl) -1 H-azi- 
rino[l,2-a]cyclopropa[c][ 1,Slnaphthyridine (49): M. p. 248 - 249°C 
(EtOH/H20). - 'H NMR (CDC13, 300 MHz): 6 = 8.17 (dd, J = 
4.9, 1.8 Hz, 1 H, 5-H), 8.08-7.90 (m, 4H), 7.71 -7.50 (m, 7H), 7.00 
(dd, J = 7.7, 4.9 Hz, IH,  6-H), 3.32 (s, IH,  2-H), 2.94-2.90 (m, 
IH), 2.66-2.57 (m, 2H), 1.51 (s, 3H, CH,). 

C23H20N204S2 (452.5) Calcd. C 61.04 H 4.45 N 6.19 
Found C 60.78 H 4.36 N 5.78 

la,f b,2,7b-Tetrahydro-7-methyl-1,2-his(pheny1sulfony1)-f H-aziri- 
no[l,2-a]cyc2op~npa[c][ IBInaphthyridine (50): M.p. 220 - 223 "C 
(EtOH/H,O). - 'H NMR (CDCI,, 300 MHz): 6 = 8.09-8.07 (m, 
2H), 7.97 (d, J = 4.3 Hz, l H ,  5-H), 7.95-7.92 (m, 2H), 7.74-7.55 
(m, 6H), 6.83 (d, J = 4.3 Hz, IH,  6-H), 3.55-3.53 (m, 2H, lb-, 2- 
H), 2.81 -2.63 (m, 3H, 1-, la-, 7b-H), 2.17 (s, 3H, CH3). 

C23H20NZ04S2 (452.5) Calcd. C 61.04 H 4.45 N 6.19 
Found C 61.12 H 4.34 N 5.96 

3-Phenyl-8-/(p-tolylsulfonyl)me~hyl]pyrido[2,3-b]pyrazine (54): 
M.p. 228-230°C (EtOH). - 'H NMR (CDCI?, 300 MHz): 6 = 

4.41 Hz, l H ,  7-H), 8.29-8.26 and 7.60-7.10 (2 x m, 9H), 5.17 (s, 
2H, CH2), 2.29 (s, 3H, CH,). - IR (CHC13): 5 = 1315 cm-', 1150, 
1080. - MS: m/z (YO) = 375 (0.4) [M"], 312 (28), 311 (100) [M - 

9.17 (d, J = 4.41 Hz, IH,  6-H), 9.16 (s, IH, 2-H), 7.76 (d, J = 

SOZ], 310 (53) [M - HS02], 296 (1 5 )  [M - SO2 - CH,], 220 (58) 
[M - SO~TOI], 193 (11) [M - SO2Tol - HCN], 91 (40) [C7H:], 
77 (lo), 65 (18), 63 (22), 51 (8), 43 (9). 

C21Hj7N302S (375.4) 
Calcd. C 67.18 H 4.56 N 11.19 S 8.54 
Found C 66.80 H 4.28 N 10.85 S 8.39 

2,3-Diphenyl-8- f (phenylsulfonyl)methyl]pyrido[2.3-b]pyrazine 
(55): M.p. 188-189T(EtOH). - 'H NMR ([D6]acetone, 60 MHz): 

7.76-7.13 (m, 15H), 5.30 (s, 2H, CH,). - MS: miz (%) = 437 (49) 
6 = 8.83 (d, J = 8.5 Hz, l H ,  6-H), 7.90 (d, J = 8.5 Hz, l H ,  7-H), 

[M"], 373 (12) [M - SOJ, 297 (28), 296 (100) [M - SOzPh], 
295 (18), 283 (7), 193 (29), [M - S02Ph - PhCN], 166 (14), 125 
(16), 111 (13), 97 (34), 83 (33), 77 (14), 71 (39), 57 (55). 

C26H19N302S Calcd. 437.1 198 Found 437.1 198 (HR-MS) 

1,2-Bis(tert-butylsulfonyl) - IJaJ b,2-tetrahydrobisazirino[ 1.2-a 
2',f'-c]pyrido~2,3-e]pyrazine (56): M.p. 231 -233 "C (EtOH). - 'H 
NMR (CDC13, 300 MHz): 6 = 8.30 (dd, J = 4.6, 1.7 Hz, 1 H, 5-H), 
7.74(dd, J = 7.7, 1.7 Hz, IH,  7-H), 7.17 (dd, J = 7.7, 4.6 Hz, l H ,  
6-H), 3.79, 3.69 and 3.61, 3.54 (2 x AB, J = 2.9 Hz, 4H, 1-, la-, 
lb-, 2-H), 1.61 and 1.52 [2 x s, 18H, 2 x C(CH,),]. - IR (CHCI?): 
CJ = 1305 cm-', 1150, 1120. - MS: m/z (%) = 399 (l)[M+'], 278 
(25) [M - SO~~BU],  222 (6), 206 (2), 174 (28), 158 (100) [M - 2 x 
SOZtBu + I], 145 (12), 131 (13), 104 (6), 57 (69) [~Bu'], 41 (28). 

C ~ ~ H Z S N ? O ~ S ~  (399.5) 
Calcd. C 51.11 H 6.31 N 10.52 S 16.05 
Found C 50.99 H 6.33 N 10.25 S 15.48 

l,fa,Ib,2-Tetrahydro-1,2-bis(p-tolylsuEfonyl) bisazirino[l ,2-a : 
2,1'-c]pyrido[2.3-eJpyrazine (57): M.p. 229-230°C (EtOH). - 'H 
NMR (CDCI,, 300 MHz): F = 8.00-7.40 (m, 8H), 8.07, 6.98, 6.90 

3.67, 3.58 and 3.59, 3.50 (2 x AB, J = 2.9 Hz, 4H, 1-, la-, lb-, 2- 
H), 2.50 and 2.47 (2 x s, 6H, 2 x CH3). - 1R (CHCI,): 5 = 
1320 cm-', 1145, 1080. - MS: m/z (%) = 467 (2) [M"], 312 (35) 

(ABX, I J A B  I = 7.7, J A x  = -4.9, J B X  = -1.8 Hz, 3H, 5-, 6-, 7-H), 

[M - SO~TOI], 173 (4) [M - SO~TO~-SOTOI], 156 (16) 146 (16), 
139 (100) [TolSO'], 123 (21), 119 (12), 91 (68) [C7H$], 77 (13), 65 

(26), 45 (ll). C23H2,N304S2 (467.6) 
Calcd. C 59.08 H 4.53 N 8.99 S 13.71 
Found C 58.74 H 4.55 N 8.54 S 13.41 

I ,  1 a,l b,2- Tetrahydro-1 b-phenyl- f,2-his (p-tolylsulfonyl) bisaziri- 
no[l ,2-a: 2',l'-c]pyrido(2,3-e jpyrazine (58): M.p. 223 - 224°C 
(EtOH). - 'H NMR (CDCl3, 300 MHz): 6 = 9.16-7.02 (m, 16H), 
3.96 (d, J = 2.9 Hz, IH,  la-H), 3.81 (s, 1 H, 2-H), 3.10 (d, J = 
2.9 Hz, lH, I-H), 2.44 and 2.38 (2 x s, 6H, 2 x CH,). - M S  
m/z (%) = 543 (0.2) [M+'], 388 (11) [M - S02Tol], 246 (7), 234 

(14) [TolSO:], 139 (63) [TolSO+], 123 (25), [TOIS+], 91 (100) 
(15), 233 (41) [M - 2 x SO~TOI], 232 (71), 221 (73), 194 (19), 155 

[CTH:], 77 (31), 65 (44), 51 (18), 45 (13), 39 (36). 
C29H2sN304S2 (543.7) 
Calcd. C 64.07 H 4.64 N 7.73 S 11.79 
Found C 63.70 H 4.64 N 7.41 S 11.45 

f a, f  b,2,7b-Tetrahydro-5-phenyl-f ,2-bis(p-t06ylsulfonyl)-l H-aziri- 
no f 1 ',2' ' 1,6]cyclopropa/4,5/pyridof2,3-b]pyrazine (59): M.p. 
297-300°C (EtOH). - 'H NMR (CDC13, 300 MHz): S = 8.68 (s, 
IH,  6-H), 8.00-7.40 (m, 13H), 3.73 and 3.60 (2 x d, J = 2.9 Hz, 
2H, Ib-, 2-H), 3.15-2.80(m, 3H, I-, la-, 7b-H), 2.49 and 2.48 (2 x 
s, 6H, 2 x CH3). - IR (KBr):? = 1310 cm-', 1300,1145,1080. - 
MS: m/z (%) = 543 (0.9)[Mf'], 388 (93) [M - S02Tol], 246 (13), 
234 (24), 233 (42) [M - 2 x SO,Tol], 232 (49), 221 (77), 194 (9), 
156 (15) [M - 2 x S02T0l - Ph], 139 (46) [TolSO'], 123 (22) 
[TOIS'], 92 (36), 91 (100) [C,H:], 77 (32), 65 (39), 51 (14), 44 (34). 

C29HzsN304S~ (543.7) 
Calcd. C 6407 H 4.64 N 7.73 S 11.79 
Found C 63.78 H 4.43 N 7.27 S 11.48 

la,  f 6,2,7b-Tetrahydr0-5,6-diphenyl- 1,2-bis(phenylsuljonyl)-fH- 
azirino[ 1'2': 1,6jcyclopropa[4,5 jpyrido[2,3-h]pyrazine (60): M.p. 
273 - 275 "C (CHCI3/acetone). - 'H NMR (CDCI3/[D6]acetone, 
60 MHz): 6 = 8.28-6.94 (m, 20H), 4.17 (d, J = 3.0 Hz, IH,  Ib- 
H), 3.64 (d, J = 3.0 Hz, l H ,  2-H), 3.61-3.40 (m, lH,  I-H), 
3.11-2.74 (m, 2H, la-, 7b-H). - MS: m/z (%) = 591 (13) [M"], 
451 (a), 450 (89) [M - SO*Ph], 386 (6) [M - SOlPh - SOJ, 
309 (52) [M - 2 x SO,Ph], 308 (54), 297 (55),  282 (17) [M - 2 x 
SOzPh - HCN], 281 (17), 256 (lo), 236 (13), 179 (II), 152 (lo), 137 
(lo), 129 (16), 125 (16), 111 (24), 105 (IOO), 97 (40), 83 (37), 77 (49) 
[C,H,'], 69 (46), 43 (37). 

C~~HZSN@& (591.7) 
Calcd. C 66.99 H 4.26 N 7.10 S 10.84 
Found C 66.85 H 4.16 N 7.07 S 10.80 

3-[ (p- To1 y lsulfony 1) met hyllp yrido[ 2.3-blpyrazine (61): M .p. 
171 - 172°C (EtOH). - 'H NMR (CDCI,, 300 MHz): 6 = 9.16 (s, 
IH, 2-H), 9.14 (dd, J = 4.4, 1.8 Hz, l H ,  6-H), 8.50 (dd, J = 8.4, 
1.8 Hz, 1 H, 8-H), 7.75 (dd, J = 8.4,4.4 Hz, 1 H, 7-H), 7.57 and 7.24 

CH3). - MS: m/z (%) = 299 (2) [M"], 235 (76) [M - SO2], 234 
(2 x d, J = 8.3 Hz, 4H, H-TO]), 4.88 (s, 2H, CHZ), 2.38 (s, 3H, 

(100) [M - HS021, 221 (12) 220 (70), 219 (13), 144 (24) [M - 
SO~TO~], 103 (43), 91 (40) [CTH:], 77 (9), 65 (1 l), 63 (8). 

C15H13N302S (299.3) 
Calcd. C 60.19 H 4.38 N 14.04 S 10.71 
Found C 59.80 H 4.25 N 14.19 S 10.50 
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