
~eductign of the Ylide lla. A solution of 0,05 g (0,16 mmole) of compound lla in i0 ml 
ethanol with O~2 ml hydrazine hydrate is refluxed for 5 min in the presence of 0.05 g of 0.2% 
Pd on carbon, After hot filtration dilution of the filtrate with water gives 0.037 g (74%) 
1-am• , identified by comparison with a sample pre- 
pared according to [9], 

The photolytlc conversion la § lla is followed spectrophotometrically by recording the 
UV spectra of the solution of compound la (5.10 "5 M) in toluene at given time intervals after 
irradiation with an 01-18 lamp in a l-cm cell through a WK-38 light filter (Ipass >370 nm) �9 
Under these conditions full conversion la § lla is achieved after 0.5 h, 

The thermolysls of the azide la is followed spectrophotometrically by taking samples 
from the boiling solution of la in m-xylene, with a final concentration of the product la of 
5,10 "s M, The decomposition of the azide la is completed after 0.5 h, 
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CYCLIZATION OF N-ALKYLAMMONIUM CATIONS WITH BIFUNCTIONAL NUCLEOPHILES. 

17.* ANNELATION OF IMIDAZOLE AND 1,2,4-TRIAZINE RINGS WITH PYRAZINES 

VIA THE REACTIONS OF THIOSEMICARBAZIDES WITH PYRAZINIUM SALTS 

V. G, Bakllkov, V. N. Charushln, O. N. Chupakhln, UDC 547.861.8v863.1'785'792: 
and N. N. Serokln 543.422.25 

in and 4-mono-as well as 1,4-disubstituted thiosemicarbazies undergo cycliza- 
tlon reactions upon treatment with N-alkylpyrazinium and quinoxalinium salts 
to give N-amlnosubstituted imldazo[4,5-b]pyrazines and imidazo[4,5-b]quinoxal- 
Ines, respectively. Thiosemicarhazides containing substituents in the 2-posi- 
t~sn react with N-alkylqulnoxaline salts to give 1,2,4-triazino[5,6-b]quinox- 
alines after cyclization. 

In previous papers [2-4] we have reported that cyclization of quaternary N-alkylquinox- 
allnlum salts with hifunctlonal nucleophiles containing a thioamide functional group, R--C(==S)- 
N}I~, results in the formation of a variety of heterocyclic derivatives, depending on the 
nature Of the substituents and on the reaction conditions. For example, treatment of salts 
ef the N-alkylquinoxalinium ions I with thiobenz- and thioacetamides gives thiazolo[4,5-b]- 
qulnexalines 12]; in the same way, reaction with phenylthioureas produces imidazo[4,5-b]quin- 
oxallnes [3]. The course of these types of cycllzation reactions are governed not only by 

*~O~ communication No. 16, see [lj. 

S, M, Kirov Uralskii Polytechnical Institute, Sverdlovsk 620002. Translated from Khimiya 
Getexotslklicheak!khSoedinenil, No. 7, pp. 960-966, July, 1985. Original article submitted 
Juneb, 1984; revision submitted September 17, 1984. 
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TABLE i. ~H-NMR Spectra of Imldazo[4,5-b]quin0xalines IVa-g 
and Vl, and Imldazo[4,5-b]pyrazlne V 

]HA, 
Ib d" 

IVa 5,16t 

IVb 5,17 

IVe 5,82 

IVd 5,78 

lYe 5,38t: 

IVf 5,76 

IVg 5,93 

V 5,83 

VI 5,90 

Proton chemical shiftso 6, ppm (in DMSO-Da} 
I 

l R' benzene ring H B , d 

I 
5,16, 

5,29 

5,41 

5,52 

5,38r 

5,65 

5,63 

5,52 

5,38 

2,81 s ( 3 1 { )  

2,9--3,7 m (211 
1,12 t (311) 
3,18 s (311) 

3,3--3,9 rn (21t 
1,18 t (3H) 
2,84 s (3tt) 

2,98 s(311) 

3,03 s (3H) 

3,0--3,7 m(2H) 
0,92 t (3tt) . 
2,84 s (31!) 

6,5--6,7 m (414) 

6,5--7,0 m (411) 

6,3--6,8 m (4H) 

6,4--7,0 m (4H) 

6,6--7,0 rn (4H) 

6,3--6,8 rn (4H) 

6.4--6,8 In (4H) 

3,68 s (3H, COOCH3) 
3,77 s (3H, COOClia) 
6,4--7,0 m (4H) 

R-% R ~ 

m 
l 

E ~  

8,88 br.s (IH, NH), 
4,33 br.s (2t4, NH2) 
8,82 br.s (IH, NH), 
4,46 b r . s  (2H, NH2) 
71--L6 m (SH), 
4,80 b r. s (2H, NH2) 
7,1--7,8 m (5H), 
4,83 br. s (2H, NHI) 
8,08 br~ s (1H, NH), 
9,98 br. s (IH, NH)& 
7,0--7,6 m (5H) 
6,8--7,3 m (10H), 
8,46 br. $ (IH, NH) 
7,1--7,8m (5H), ~ 
1,91 s (3H, COCHs, 
6,6--7,5 m 00H), 
8,22 br. s (IH, NH) 
73--7,8 m (5H), 
9,30 br. s (IH, NH) 

9,0 

9,5 

9,2 

9,8 

9,0 

8,0 

9,2 

*The H A proton doublet appearsbroadened as a result of 
its interaction with the NHgroup proton. 
fThe H A and H B protons give rlse to one unresolved signal. 
The orientation of the imidazole ring in compounds IVa and 
IVe is assumed to be the same as in the other imldazo[4,5- 
b]qulnoxallnes IVb-d, f, and g. 
tThe NH group proton is masked by the multiplet due to the 
aromaticprotons. 

kinetic considerations, but also by thermodynamic factors concerning the stabilities of the 
cycllzation products [4]. For these reasons, thiagolo[4,5-b]quinoxalines isomerize to regio- 
isomeric cycloadducts rather than to derivatives of pyrrolo[2,3-b]qulnoxallnes; It has also 
been demonstrated that thlazolo[4,5-b]quinoxallnes are converted to imidazo[4,5-b]qulnoxaline- 
2-tlone derivatives upon treatment wlth phenylthioureas [4]. 

In the present paper we describe the cyclization reactions of N-alkylquinoxallnium 
cations (la,b) and 2,3-dimethoxycarbonyl-N-ethylpyrazinlum ion (II) with yet another type of 
polyfunctional nucleophile containing a thloamide functlonal group, namely thiosemicarbagides, 
which can, in principle, react as either 1,3- or 1,4-dinucleophlles; as a consequence, a 
variety of combinations are possible for the N- and S-reactlve centers which participate in 
the cyclizatlon processes. 

!t It A 

' ~  . . . . . .  " l l l a - d  ~" . . . . .  N" I "N" -, 
N itR" 

Ia.b IVa-g 

H H 
CH6C:GC . N CH ~O~JC N I C6H5 

!i. -~ ] ~ C~H:NI/NII- .CS-NItC tt 5 - b~- [ "" -N'" 

C"3OOC ~ . i ' 4 -  C[I3(JOC N N S 

C'2H,j C J'I 5 Nil C6I| 5 

1! V 

la. IVa,c,e--g R~=Ctls: 1t~ IVb, d R:=C~tl5; Ilia, e, tVa, b ,e  R2=H; llltxd, 
IVc4,f.~-g'R2~C6I-ts; Ilia, b, IVa-d R3=II; Ille, d, IVe, f Ra=C~lls; IVg R3=COCHa 

We h a v e  f o u n d  t h a t  t h e  u n s u b s t i t u t e d  t h i o s e m i c a r b a z i d e  I l i a ,  a s  w e l l  a s  i t s  1 -  and  4 -  
mono- and 1,4-dlsubstituted derivatives lllb-d, exhibit the properties of N,N'-dinucleophiles 
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in their reactions with the cations la,b and II; the cyclization products formed in this way 
are the N-amlnosuhstituted imidazo[4,5-b]quinoxaline-2~thiones IVa-f and imidazo[4,5-h]- 
pyrazine-2-thione V, respectively (Tables 1-3). 

The conclusions concerning both the formation of the imidazole ring system as well as 
its orientation were reached on the basis of the ZH- and ~aC-NMR spectra of compounds IVa-g, 
~H-hrMR spectral analysis of the compounds IVb-d revealed that the values of the vicinai 
coupling constants ~J(HA--}IB) were all in the range 9.0-9.8 Hz (Table i); this is consistent 
with annelation of the five-membered imidazole ring and a cis-orientation of the H A and H B 
hydrogen atoms [3, 5]. The regiochemistry of the anne!ation fragment could be determined 
from the effects of the R = and R ~ substituents on the chemical shifts of the H A and H B pro- 
tons (Table !). Replacement of the R 2 = H group (IVa,b) with R = = C,Hs (IVc,d) resulted in 
a sharp displacement of the H A proton signal toward weaker field, by 0.66 and 0,61 ppm, re- 
spectively; the H B proton signal, on the other hand, undergoes a much smaller downfield shift 
of 0.25 and 0.23 ppm, respectively (Table i). Substitution of a hydrogen atom on the free 
amino group with a phenyl group (Ks = C(Hb) exerts a much weaker influence on the chemical 
shifts of the H A and HB proton signals. Thus, the transition from compound IVa to IVe is 
marked by an 0.22 ppm downfield shift of both the H A and H B chemical shifts; for the pair 
of compounds iVc and IVf, the chemical shift difference for the H B proton signals is 0.24 
ppm (Table i). 

The N-amino group is easily discerned in the *H-NMR spectra of compounds IVa-d; it gives 
rise to a broad singlet with an intensity corresponding to two proton atoms (Table !). The 
presence of the N-amino group in compound IVc was also verified by acetylation with acetic 
anhydride to give compound IVg, In the ~H-NMRspectrum of compound IVg the HB proton signal 
is shifted 0,22 ppm downfield, whereas the H A proton signal is shifted only 0,Ii ppm (Table I), 

The aH-NMR spectral characteristics of compounds IVa-g, in particular the chemical shift 
values and the vicinal coupling constants 3J(HA--HB) , are in excellent agreement with those 
found for 3-phenyl-9-methyl-2,3,3a,4,9,9a-hexahydro-!H-imidazo[4,5-b]quinoxaline-2-thione 
(VI) [3, 5], which serves as a close structural analog of the hydrogenated imidazo 4,5-5 - 
qulnoxaline nucleus (Table i). 

5C A =75.9 ppm 6C A : 58.1 ppm 
I[  H H 

i N a C~H5 /- N . N . . . . . . .  -T j 

E H j ~I 
CII~  

6C~ ='72.9 ppm ciz~ 6C, B = 63.9 ppm 
VI  VI I  

Z3C-NMR spectral analysis of compounds IVc,e,f also verified the conclusions concerning 
the structures of the cyclization products (Table 2). It is known that the chemical shifts 
of the CA and CB ring Junction carbon atom signals are affected significantly by the electro- 
negativity of the heteroatoms immediately bound to them as well as by their three-dimensional 
arrangement, i.e., by the size of the annelated ring fragment [6]. Comparison of the struc- 
tures of compounds VI and VII, %~hich are illustrated above, reveals that for a given selec- 
tion of heteroatoms around the ring junction carbon atoms, the C A and CB chemical shift values 
are shifted substantially toward higher field upon replacement of the five-membered imidazole 
ring with the six-membered pyrazine ring system. 

All of the ZsC-NMR spectral data for compounds IVc,e,f, namely the chemical shifts of 
the C A and C B carbon atom signals, in the region 72-79 ppm, the aJ(C--H) coupling constants 
(165-168 Hz), as well as the 6 values for the carbon atom in the ~ group in the imidazole 
ring (180-183 ppm) (Table 2), are very similar to those observed for the model compound 
imidazo 4,5-5 quinoxaiine Vl [3, 5]; all of these data indicate that reaction with the thio- 
semicarbazides IIla-d results in annelation of an imidazole ring, not a 1,2,4-triazine ring 
system. Signal assignments for the Z3C-NMR spectrum of compound IVc were made on the basis 
of a spectrum obtained in the absence of spin-spin proton decoupling; under these conditions, 
CB appeared at 78.6 ppm as a doublet of quartets as a result of interaction with the N- 
methyl group protons, aJ(CB--HNCHa) = about 3 Hz (Table 2)~ 
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TABLE 2. Z~C-NNR Spectra of Imidazo[4,5-b] quinoxalines 
IVc,e,f and VI 

Gom- Carbon atom chemical  shifts, 6, ppm: J, Hz (in DMSO-D 6) 

pound I 
CA c~ lY--CH~ c=s aromatic carbon atoms 

I 

IVc 

IVd 

IVf 

Vl [51 

72,6; Uccm = 165 

71.3" 

72,7* 

75,9; q(cm = 166 

78,6; Utcm-- 168 

72,9" 

77,0" 

72.9; IJ,cnl= 166 

37,5 

35,0 

37,! 

34,9 

180,9 

182.3 

182.0 

180,5 

113,2; 114,6; 119,7; 
119,9; 126,9; 128,0; 
129,0; 134,3; 135,8; 138,3 
112,4; 112,8; 115,0; 
118,9; 1t9,4; 119,7; 
128,5; 133,9; 135,2; 147,9 
112,7; 113,4; 114,8; 
119,0; 119,9; 120,0; 
127,2; 128,3; 128,6; 
128,9; 133,9; 135,4; 138,0; 
147,3 
112,8; 115,4; 119,7; 
120,5; 127,3; 128,6; 
129,0; 133,7; 136,4; 137,9 

*The assignments for these carbon atom signals can be in- 
verted. 

TABLE 3. Properties of Imidazo[4,5-b]quinoxalines IVa-g, 
Imidazo[4,5-b]pyrazine V, and 1,2,4-Triazino[5,6-b]quin- 
oxalines IXa-c 

Com- 
pound 

IVa 
lVb 
IVC 
IVd 
IVe 
IVf 

IXa 
lXb 
IXe 

rap, *C 

(dec) 

[68--170 
[51--152 
185--186 
158-:-159 
175--176 
197--199 
169--170 
188--189 
173--175 
170--171 
152--154 

51,2 
53,2 
61,4 
62,5 
61,5 
68,3 
61,2 
58,8 
53,3 
55,0 
68,6 

Found, % 

H N 

5,7 -- 
6,0 27,6 
5,5 
6,0 21,7 
5,5 22,2 
5,7 18,3 
5,4 I 19.8 
5,2 15,2 
6,0 27,5 
6,5 26,6 
5,9 17,5 

13,3 
12,9 
10,2 

?o: 1 
8.1 
9.1 
7.3 

12.8 
12,0 
8.0 

Molecular 
formula 

C,0HI~NsS 
CuHIbNaS 
CI6H,TN~S 
C,TH,gNsS 
CI~HIrN~S 
C~H21N~S 
C,sH,gNsOS 
C2aH~sN~O4S 
CuH,bNsS 
CI~.H,TNsS 
C23H~3N~S 

51,2 
53,0 
61,7 
62,7 
61,7 
68,2 
61,2 
59,1 
53,0 
54,7 
68,8 

Cale,. , % 

H N 

5.7 
6.1 
5,5 
5,9 
5.5 
5,5 
5.6 
5,4 
6,1 
6.5 
5,8 

s 

- -  13,6 
28,1 13,9 

- -  10,3 
21,5 9,9 
22,5 10,3 
18,1 8,3 
1,6 9,1 ! 

15,0 6 , 9  
28,1 12,8 
26,6 12,2 
17,4 8 ,0  

Yield, 
% 

90 
95 
70 
65 
94 
90 
88 
90 
90 
65 
70 

Cyclization of the salts la,b with the 2-substituted thiosemicarbazides Vllla,b proceeds 
along a different course; the 1,2,4-triazino[5,6-b]quinoxaline-3-thiones IXa-c* are generated 
during these reactions (Tables 3-5). 

R 3 

H HAl 

vliI.ajb ixa-c 

Vltl~, lX a,b R2=CI-ta. R-'~lt; 1X.a Rl=Ctl:~; bRt=C2tt5; Vlllb, IXc R2=CH2C6Hs, 
R3=C~H~; 1Xc RI=CH.~ 

The *H and *aC-h~4R spectra of the 1,2,4-triazino[5,6-b]quinoxalines IXa-c differ sig- 
nificantly from those of the imidazo [4,5-b]quinoxalines Ira-g, particularly with respect to 
the chemical shift values of the carbon bridgehead atoms C A and C B and the H A and H B protons, 
as well as with respect to the magnitude of the spin-spin coupling constant between H A and 
HB (see Tables 4 and 5). For the 1,2,4-triazinoquinoxalines the H A and H B proton resonances 
appear at characteristically higher field (4.4-5.1 ppm); this is also true of the iSC signals 
of the C A and C B carbon atoms, which appear in the region 58-65 ppm. These values may be 

*For the initial preliminary communication, see [7]. 
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TABLE 4. *R-NMR Spectra of the 1,2,4-Triazino[5,6-b]quin- 
oxalines IXa-c and Quinoxalino[2,3-b]quinoxaline VII 

Com-[ Proton chemical  shifts 6, ppm (in DMSO-De) :,I~tA_HB ), 

pound] I 
H A H B N-~I~ ~ benzene ring R , R3 Hz 

IXa 14,45 [4,45 

IXb ]4,39 br.m[4,61 br. d 

IXc 5,10 d,d ]4,48d, d 
VII 4,69m ]4,46 m 

2,88 s (3H) 

3,1--3,7 m(2H 
1,08 t (3H) 
2,73 s (3tt) 
2,90 s (3H) 

6,53 s (4H) 

6,55 s (4H) 

6,3--6,6 m (4H) 
6,2--6,7 m(8H) 

3,37 s (314), 
6,0t br.s (Nil)/ 
3,38 s (3H), i 4.0 
5,99 br.s (NH) [ 

I 
TABLE 5. =sC-NMR Spectra of the 1,2,4-Triazino[5,6-b]- 
quinoxalines IXa-c and Quinoxalino[2,3-b]quinoxaline VII 

Corn- I Carbon atom chemical  shifts, 6, ppm; J, Hz (in DMSO-D s) 

p~ t c A c B N--R' C=S aromatic carbon atoms 

IXa. 

IXb 

lXc 

VJI 

59,0 

5~,7 

66,5 
I1<c, m = 161 

58,1 

65,3 

6~,3 

6~,5 
IJ(cm = 16] 

63,9 

35,8 
(N--CH3) 
12.1 and 42.0 
(N--C2Hb) 

34,7 
(N--CH~) 

35,4 
(N--CH3) 

173,2 

172,9 

178,3 

111,8; I12,4; 117,3; 118,8; 130,3; 
133,0 
111.8; 113.1; 117.6; 118.2; 128.8; 
132,8 
111.5; 114.1; 117.9; 119.5; 127.1; 
128.1; 128.6; 129.2; 129,9; 134.7; 
137.7; 143.3 
111.6; 112.6; 113.4; 113.7; 117.3; 
117,5; 118,1; 130,9; 131,5; 132~6; 
132,8 

compared with those found for the imldazo[4,5-b]quinoxalines !Va-g, which occur at 5.1-6.0 
and 72-79 ppm, respectively, We would like to point out that the ZH and ~SC chemical shift 
values for thel,2,4-triazino~5,6-b]quinoxalines IXa-c are in excellent agreement with those 
described in the literature for 6-methyl-5,ba,6,11,11a,12-hexahydroquinoxalino[2,3-b]quin- 
exallne (V!I) [8], which has been selected as a model compound which is structually analogous 
to the 5ridged fragment present in compound IX (see Tables 4 and 5). The chemical shift dis- 
placement toward higher field appears to be characteristic of the transition from a five- 
membered ring annelated with a pyrazlne ring to a six-membered ring containing the same 
selection of heteroatoms in the bridge (annelated) fragment [5]. The chemical shift values 
are markedly different not only for the bridgehead carbon atom C A and CB, but also for the 

carbon atomsat the C=S bonds in the imidazo[4,5-b]quinoxaline-2-thlones IV (180-183 ppm) 
and in the 1,2,4-triazlno[5,6-b]quinoxaline-3-thiones IX (172-178 ppm). The latter values 
areln excellent agreement with the known asC-NMRspectral data for 1,2,4-trlazino-3-thiones 
[~]. The sharp decrease which is observed for the ~J(HA--H B) viclnal coupling constants upon 
the transition from the imldazo[4,5-b]quinoxalines IVa-g ~.0-9.8 Hz) to the 1,2,4-trlazino- 
15,6~b]quinoxalines IXa-c ~4.0-4.5 Hz) may be attributed to the dramatic change in the geom- 
etry of the annelated ring fragment. 

The Orientation of the trlazine ring relative to the N-methylpyrazine ring in compounds 
IXa-c was established on the basis of the effects of substituents on the chemical shift 
values of the HA and HB protons, as well as on the multiplicity patterns of the HA and HB 
proton signals (Table 4). If the triazlne ring had occupied the reverse orientation, the H B 
proton signal for compound IXc would have appeared as a doublet; in fact, the protons at- 
tachedte beth bridgehead positions interact with the protons of the neighboring NH groups 
and thus appear as doublets of doublets (Table 4). 

We have demonstrated that the use of thiosemicarbazides in cyclization reactions with 
pyTazlne salts permits the straightforward annelatlon synthesis of pyrazine, imidazole, as 
well as 1,2,4-triazine ring systems. In contrast to the imldazo[4,5-b]quinoxaline and imid- 
aze~4,5-b]pyrazine derivatives, for which synthetic methods have appeared both in monographs 
~i0] as w~_ll as in a series of research papers [3, ii-13], the condensed 1,2,4-trlazino[5,6- 
b]qulnexallne system has not been mentioned previously, either in monographs [10,14]or in 
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original research papers, Our communications concerning the synthesis of pyrazino[2,3-e]- 
1,2,4-triazine [15], the formation of 1,2,4-triazino[5,6-b]quinoxaline derivatives as reac- 
tion products in the course of thermolysis of 1,3-diaryl-5-(3-chloro-2-quinoxalinyl)form- 
azines [16], as well as our published method for the preparation of hydrogenated 1,2,4-tri- 
azino[5,6-b]quinoxalines appear to be the first studies of this class of condensed hetero- 
cyclic ring systems. 

EXPERIMENTAL 

ZH-~R spectra were recorded on a Perkin--Elmer R-12B spectrometer at 60 MHz for DMSO-D~ 
solutions containing HMDS as internal standard (~ = 0.05 ppm), ~sC-NMR spectra were ob- 

U " Z~C rained on a .arzan FT-80A spectrometer at 20 MHz for solutions in DMSO-D6. chemical 
shifts were measured relative to solvent signals (~ = 39.7 ppm) and are reported on the 
scale, 

The quaternary quinoxalinium salts Ia,b were prepared by dissolving the base in a three- 
fold excess of the alkyl halide at room temperature followed by separation of the crystalline 
salt derivatives. The method described previously [17] was adapted for the synthesis of the 
quinoxaline from o-phenylenediamine and 40% aqueous glyoxal. The fluoroborate salt of N- 
ethyl-2,3-dimethoxycarbonylpyrazine (II) was obtained according to [3]. The thiosemicarb- 
azides IIIa-d were of chemically pure grade. 2-Methylthiosemicarbazide VIIIa was prepared 
according to [18], 2-benzyl-4-phenylthiosemicarbazide (VIIIb) according to [19]. The model 
compounds, namely 3-phenyl-9-methyl-2,3,3a,4,9,9a-hexahydro-iH-imidazo[4,5-b]quinoxaline-2- 
thione (VI) [3] and 6-methyl-5,Sa,6,11,11a,12-hexahydro-iH-quinoxalino[2,3-b]quinoxaline 
(VII) [8], were synthesized as described previously. 

9-Methy•-3-pheny•-•-pheny•amin•-2,3,3a,4,9,9a-hexahydr•-•H-imidaz•[4,5-b]quin•xa•ine-2- 
thione (IVf). A suspension of 2.5 g (9.1 mmole) of N-methylquinoxalinium iodide (Ia) and 
2.2 g (9.1 mmole) of 1,4-diphenylthiosemicarbazide (IIIf) in 5 ml of ethanol was treated with 
stirring with 2.5 ml of diethylamine, and then the reaction mixture was maintained at 40-50~ 
until all of the reagents had dissolved; the reaction mixture was allowed to stand at room 
temperature for 1 h. The precipitate of compound IVf was removed by filtration, washed with 
ethanol, and recrystallized from acetone. Yield 3.25 g (90%), mp 197-199~ (Table 3). 

Compounds IVa-e were prepared in an analogous manner from the appropriate thiosemicarb- 
azides and N-alky!quinoxalinium salts (Tables 1-3). 

9-Methy~-3-pheny~-~-(N-acety~amin~)-2,3,3a,4,9,9a-hexahydr~-~H-imidaz~[4,5-b]quin~xa~ine~. 
2-thione (IVg). A suspension of 1 g (3.2 mmole) of 9-methyl-3-phenyl-l-amino-2,3,3a,4,9,ga- 
hexahydro-iH-imidazo[4,5-b]quinoxaline-2-thione (IVc) in i0 ml of acetic anhydride was treated 
with 5 ml of acetone and the mixture was heated until all of the reagents had dissolved (15- 
20 min). The reaction mixture was then cooled and poured onto 50 g of crushed ice. After 
standing for 1 day the precipitate due to compound IVg was separated by filtration, and re- 
crystallized from a 5:1 mixture of ethanol and acetone. Yield 1 g (88%), mp 169-170~ 
(Tables 1-3). 

7-Ethy~-3-pheny~-~-pheny~amin~-5,6-dimeth~xycarb~ny~-2,3,3a,4,7,7a-hexahydr~-~H-imidaz~- - 
[4,5-b]pyrazine-2-thione (V). A suspension of 0.5 g of the fluoroborate II (1.6 mmole) and 
0.38 g (1.6 mmole) of 1,4-diphenylthiosemicarbazide IIId in 2.5 ml of ethanol was treated 
with 0.5 ml of diethylamine. The mixture was heated at 40-50~ until all of the reagents 
had dissolved (].5-20 min), cooled, and poured onto 20 g of crushed ice. The precipitate due 
to compound V was removed by filtration and recrystallized from a mixture of ethanol and 
acetone, 5:]. Yield 0.65 g (90%), mp 188-189~ (Tables 1 and 3). 

~-~iethy~-2-benzy~-4-pheny~-~,2,3,4,4a,5,~,~a-~ctahXdr~-~,2,4-triazin~[5,6-b]quin~xa~- 
ine-3-thione (IXc). A suspension of 1 g (3.9 mmole) of compound VIIIb and 1.06 g (3.9 mmole) 
of N-methylquinoxalinium iodide (Ia) in 2 ml of ethanol was treated with stirring with 1 ml 
of diethylamine at room temperature. After ]5 min the reagents had dissolved completely and 
the reaction mixture was treated with i0 ml of ethanol; the resulting precipitate of IXc was 
filtered, washed with ethanol, and recrystallized from ethanol. Yield i.I g (70%), mp 152- 
154~ (Tables 3-5). 

Compounds IXa,b were prepared in an analogous manner from salts Ia,b and 2-methy!thio- 
semicarbazide VlIIa. 
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