Reduction of the Ylide ITa. A solution of 0.05 g (0,16 mmole) of compound IIa in 10 ml
ethanol with 0,2 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%)
l-amino~2-~morpholinomethyl~9,10-anthraquinone, identified by comparison with a sample pre-
pared according to [9].

The photolytic conversion Ia + Ila is followed spectrophotometrically by recording the
UV spectra of the solution of compound Ia (5¢10™° M) in toluene at given time intervals after
irradigtion with an 0I-18 lamp in a l-cm cell through a WK-38 light filter (lpass >370 nm) .
Under these conditions full conversion lIa » IIa is achieved after 0.5 h,

The thermolysis of the azide Ia is followed spectrophotometrically by taking samples
from the boiling solution of la in m~xylene, with a final concentration of the product Ia of
5¢10"* M, The decomposition of the azide Ia 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 THLOSEMICARBAZIDES WITH PYRAZINIUM SALTS

V. G, Baklikov, V. N. Charushin, 0. N. Chupakhin, UDC 547.861.8'863.1'785'792:
and N, N, Serokin 543.422.25

1~ and 4-mono~ as well as 1,4-disubstituted thiosemicarbazies undergo cycliza-
tion reactions upon treatment with N-alkylpyrazinium and quinoxalinium salts
te give N-aminosubstituted imidazo{4,5-b]pyrazines and imidazo[4,5-b]quinoxal-
ines, respectively. Thicsemicarbazides containing substituents in the 2~posi-
tion react with N-alkylquinoxaline 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-
alinium salts with bifunctional nucleophiles containing a thioamide functional group, R—C(=S)-
‘NHaz, 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
of the N-alkylquinoxalinium ions I with thiobenz- and thiocacetamides gives thiazolo[4,5-b]~
quinoxalines [2]; in the same way, reaction with phenylthioureas produces imidazo[4,5-b]quin-
‘pxalines [3]. The course of these types of cyclization reactions are governed not only by

*Foy communication No., 16, see [1],

8, M, Kirev Uralskii Polytechnical Institute, Sverdlovsk 620002. Translated from Khimiya
Geterotsiklicheskikh Scedinenii, No. 7, pp. 960-966, July, 1985. Original article submitted
June 5, 1984; revision submitted September 17, 1984,
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TABLE 1. *H-NMR Spectra of Imidazo[4,S-b]quinbxalines IVa-g
and VI, and Imidazo[4,5-b]pyrazine V

o ‘Proton chemical shifts, &, ppm (in DMSO-D,) =
=]
E‘ brd* | B’ R! benzene ring R, R :f
[ o N
S R
Ia 516t {5,161 {28t s (3H) 6,5—6,7 m (4H) 8,88 br,s (IH, NH),| —
i 4,33 br.s (2H, NH,)
IVb|5,17 |529 |(29-—-37m (2H}}6,5—7.0 m (4H) 8,82 br.s (1H, NH),| 9,0
L2 t (3I) 4,46 br,s_ (2H, NH,)
IVe|582 |541 [3,18 s (311) 6,3—6,8 m (4H) 7,1—7,6 m (5H), 95
4,80 br.s (2H, NH,)
IVd[578 |552 [3,3—39 m (2H)|6,4—7,0 m (4H) 7,1—17,8 m (5H), 9,2
LIS T (3H) 4,83 br.s (2H, NH,)
Ve|538%: [ 5381 1284 s (3H) . |66—7.0 m (4H) 808 br,s (IH, NH),| —
998 br.s (1H, NH)&
70—7,6 m (5H)
IVf 1576 | 565 [298 s(3i) (63—68 m(4H) 6,8—7,3 m (10H), 9.8
8,46 bt.s (1H, NH)
1Vgl593 {563 3,035 (3H) 64—6,8 m (4H) 7.1—78m (5H), 9,0
191 s (3H, COCHa) ¥
V |58 [552 3,037 m(2H){368 s (3H, COOCH;)|6,6—7,5 m (10H), 8,0
092 & (3H) . |3,778 (3H, COOCH3)|822 br.s (IH, NH)
VI |580 1538 (284 s (31} 64—7,0m (4H) 7,1—7,8 m (5H), 9,2
9,30 br,s (IH, NH)

*The HA proton doublet appears broadened as a result of
its interaction with the NH group proton.

tThe Hp and Hp protons give rise 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 imidazo[4,5-
b]quinoxalines IVb~d, f, and g.

tThe NH group proton is masked by the multiplet due to the
aromatic. protons.

kinetic considerations, but also by thermodynamic factors concerning the stabilities of the
cyclization products [4]. TFor these reasons, thiazolo[4,5-b]Jquinoxalines isomerize to regio-
isomeric cycloadducts rather than to derivatives of pyrrolo[2,3-b]quinoxalines; it has also
been demonstrated that thiazolo[4,5-b]quinoxalines are converted to imidazo{[4,5-b]quinoxaline-
2-tione derivatives upon treatment with phenylthioureas [4].

In the present paper we describe the cyclization reactions of N-alkylquinoxalinium
cations (Ia,b) and 2,3-dimethoxycarbonyl-N-ethylpyrazinium ion (II) with yet another type of
polyfunctional nucleophile containing a thioamide functional group, namely thiosemicarbazides,
which can, in principle, react as either 1,3~ or 1,4-dinucleophiles; as a consequence, a
variety of combinations are possible for the N- and S-reactive centers which participate in
the cyclization processes,

nou, 2
s N , £ N C ~N"R
[ H ‘Hi KNIt -CS-Nit- NHR - [}\ ![ L /L\
A )¢ IIfa-d wTOONTIUNT s
| i [RRR LR
&' 1P Nar
Ia,b IVa-g
HH
crgeac N CH oLt N | - Cefls
:' . U NUNH-CS -NHC Mg - e | J\
CH,00¢ T Br,” cueoc N “\’N"\’S
C.H, tl'.,,ﬂ_,j I!u{ CeH,
1 v
la IVac,e—g R'=Cls 1b 1Vh d R'=Cills; lllac, IVab.e R'=IL lllhg
Ve d, f, g R?=CgHs; Ila,b, IVa-d R*=!; lilc,d, Ve, f R*=CeHs; IVg R3=COCH;

We have found that the unsubstituted thiosemicarbazide IIla, as well as its 1- and 4-
mono- and 1,4-disubstituted derivatives IIIb-d, exhibit the properties of N,N'-dinucleophiles
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in their reactions with the cations Ia,b and II; the cyclization products formed in this way
are the N-aminosubstituted imidazo[4,5~blquinoxaline~2-thiones IVa-f and imidazo[4,5-b]~
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 'H~ and *°C-NMR spectra of compounds IVa-g,
JH-NMR spectral analysis of the compounds IVb-d revealed that the values of the vicinal
coupling constants °J(HA-HB) were all in the range 9.0-9.8 Hz (Table 1); this is consistent
with annelation of the five-membered imidazole ring and a cis-orientation of the Hp and Hp
hydrogen atoms [3, 3]. The regiochemistry of the annelation fragment could be determined
from the effects of the R® and R® substltuents on the chemical ShlftS of the Hp and Hp pro-
tons (Table 1). Replacement of the R® = H group (IVa,b) with R® = CeHs (IVc,d) resulted in
a sharp displacement of the Hp proton signal toward weaker field, by 0.66 and 0.61 ppm, re~
spectively; the Hp proton signal, on the other hand, undergoes a much smaller downfield shift
of 0,25 and 0.23 ppm, vrespectively (Table 1). Substitution of a hydrogen atom on the free
amino group with a phenyl group (R® = Ce¢Hs) exerts a much weaker influence on the chemical
shifts of the Hp and HB proton signals. Thus, the transition from compound IVa to IVe is
marked by an 0.22 ppm downfield shift of both the Hp and Hp chemical shifts; for the pair
of compounds IVc and IVE, the chemical shift difference for the Hp proton signals is 0.24
ppm (Table 1).

The N-amino group is easily discerned in the 'H-NMR spectra of compounds IVa-d; it gives
rise to a bread singlet with an intensity corresponding to tweo proton atoms (Table 1). The
presence of the N-amino group in compound IVe was alsc verified by acetylation with acetic
anhydride to give compound IVg, In the *H-NMR spectrum of compound IVg the Hy proton signal
is shifted 0,22 ppm downfield, whereas the Hp proton signal is shifted only 0, 11 ppm (Table 1),

The 'H-NMR spectral characteristics of compounds IVa-g, in particular the chemical shift
values and the vicinal coupling constants 2J(Hp—Hp), are in excellent agreement with those
found for 3-phenyl-9-methyl-2,3,3a,4,9,9%a-hexahydro~1d~imidazo[4,5-b]quinoxaline~2-thione
(VI) [3, 5], which serves as a close structural analog of the hydrogenated imidazo 4,5-b -
quinoxaline nucleus (Table 1).

. 8C, =75,9 ppm ‘SCA 58.1 ppm
P ,/N\Am___N/CsHs //‘ \A, \ .
Seut g f 1
1?/5 g/ Ng X “N BN /
!
s 8C, =729 ppm ©Hy 5
" G ppP Cp =63.9 ppm

19C-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 Cp ring junction carbon atom signals are affected significantly by the electro-
negativity of the hetercatoms jmmediately 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, vhich are illustrated above, reveals that for a given selec-
tion of heteroatoms arocund the ring junction carbon atoms, the CpA and €p 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 *®C-NMR spectral data for compounds IVe,e,f, namely the chemical shifts of
the Cp and Cg carbon atom signals, in the region 72-79 PPm, the *J(C-H) coupling constants
(165~168 Hz), as well as the § values for the carbon atom in the C=S group in the imidazole
ring (180-183 ppm) (Table 2), are very similar to those observed for the model compound
imidazo 4,5~b quincxaline VI [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 12C-NMR spectrum of compound IVc were made on the basis
of a spectrum obtained in the absence of spin~spin proton decoupling; under these conditioms,
Cp appeared at 78.6 ppR as a doublet of quartets as a result of interaction with the N-
methyl group protens, J(CB“HNCHs) = about 3 Hz (Table 2),
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TABLE 2. *3C-NMR Spectra of Imidazo[4,5-b] quinoxalines
IVe,e,f and VI

Com-~ Carbon atom chemical shifts, §, ppm: J, Hz (in DMSO-Dg)
pound )
Ca Cg N—CHa| C=8§ aromatic carbon ators
Ve 72,6; WJcn,=165 | 78,6; YWicm,=168 | 37,5 | 180,91 113,2; 114,6; 119,7;
119,9; 126,9; 128,0,
129,0; 134,3; 135,8; 1383
Ivd 71,3* 72,9* 30,0 | 1823 | 1124, 112,8; 1150
118,9; 1194, 19,7,
128,5; 133,9; 135,2; 147,9
Vi 72,7* 77.0% 37,1 182,0 | 112,7; 113,4; 114,8;
119,0; 119,9; 120,0;
127,2; 1283; 128,6;
128,9, 133,9; 135,4; 138,0;
147,3
VIS 75.9; Yiem =166 | 729; U, ciy=166 | 349 | 180,5 | 112,8; 1154; 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]Jquinoxalines IVa-g,
Imidazo[4,5-blpyrazine V, and 1,2,4~Triazino[5,6-b]quin~
oxalines IXa-c

Com- | mp, C Found, % Molecular Calew , % Yield,
pound (dec) formula %
C H{ N S [ ‘ H N s

1Va | 168—170] 51,2 | 5,7 — 13,3 1CioH13NsS 5,2 | 57| — 13,6 90
Vb | 161—152| 832 | 6,0 { 27,6 | 129 1CiiH5N;S 53,0 | 6,1 | 28,1 13,9 95
Ve | 185—186) 61,4 | 5,5 — 10,2 {CieH7NsS 61,7 | 55 — 10,3 70
1vd | 158—159| 62,5 | 6,0 | 21,7 9,7 |Ci7HoNsS 62,7 | 59| 21,5 9,9 65
Ve | 175—176] 61,5 | 551 22,2 | 102 |CisHi7NsS 61,7 | 557 225 | 103 94
IVf }197—199| 68,3 15,7 | 18,3 8,1 1CHyNsS 68,2 | 55} 181 8,3 90
IVg 1160—1701 612 | 54 | 19,8 9,1 {C;sH\oNsOS | 61,2 | 56 1,6 9,1 88
\% 188—189| 58,8 | 5,2 | 15,2 7.3 [CaaHasNsO4S | 59,1 | 5,4 | 15,0 6,9 90
IXa | 173—1751 533 [ 60§ 275 | 12,8 |Ci;HisNsS 53,0 { 6,1 | 28,1 | 12,8 90
IXb | 170—171]1 55,0 | 6,5 { 26,6 | 12,0 |Ci2H7NsS 547 1 65| 26,6 | 12,2 65
IXc | 152—154| 68,6 | 59| 17,5 8,0 [Ca3HasNsS 688 | 58| 17,4 8,0 70

Cyclization of the salts Ia,b with the 2-substituted thiosemicarbazides VIIIa,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).

The 'H and
nificantly from
the chemical sh

RB
HH,
N_|AN_ _5S
Ia,b + NH~N-—CS-NHR® ——= C[ T
. 1‘22 T ) g/ ~g?
R‘l B
vira,b xa-c

Vills, 1X a,b R?=CH;, R*=H; iXa RI=CHy; bR!=CH; VIIb, [Xc R2=CH,C¢Hs,
R3=CgH;; 1Xe R'=CH;

'3C-NMR spectra of the 1,2,4~triazino[5,6-b]Jquinoxalines IXa-c differ sig-~
those of the imidazo{4,5-blquinoxalines IVa-g, particularly with respect to
ift values of the carbon bridgehead atoms Cp and Cp and the Hp and Hp protoms,

as well as with respect to the magnitude of the spin-spin coupling constant between Hp and
HpR (see Tables 4 and 5)., For the 1,2,4~triazinoquinoxalines the Hj and Hp proton resonances
appear at characteristically higher field (4.4-5.1 ppm); this is also true of the '°C signals
of the Cp and Cp 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. *H-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, §, ppm (in DMSO-Dy) TR
pound “alp),
Hp Hy, I N—-R! benzene ring R’ R® Hz
IXa [4,45 4,45 2,88 s (3H) 6,53 s (4H) 3,37 s (3H), —
X 6,01 br,s (NH)
IXb [4,39 br.m|4,61br.d 13,137 m(2H)|6,55 § (4H) 338 s (3H), 4,0
1,08 t (3H) 599 br.s (NH)
IXci5,10d,d {448d,d |2,73 s (3H) 6,3—6,6 m (4H)[6,8—7,6 m (10I1) 4.5
VII 1469m [446m (290 s (3H) 6,2—6,7 m{8H) — 2,7

TABLE 5, *°C-NMR Spectra of the 1,2,4-Triazino[5,6~b]~
quinoxalines IXa-c and Quinoxalino[2,3-blquinoxaline VII

Com-~ Carbon ato.n chemical shifts, 6, ppm; J, Hz (in DMSO-Dg)
pound
Ca Cy N—R! C=5 aromatic carbon atoms
IXa 59,0 65,3 35,8 1732 | 111.8; 1124; 117,3; 118,8; 130,3;
(N—CH3) 133,0
IXb 58,7 63,3 12.land 42,0 | 1729 | 111,8; 113,1; 117,6; 118,2; 1288;
(N—CgHs) 132,8
IXe 66,5 66,5 34,7 178,3 | 111,5; 114,1; 117,9; 119,5; 127,1;
Wieny=161 Wieny=161 (N—CHj3;) 128,1;-128,6; 129,2; 129,9; 134,7;
137,7; 1433
Vil 58,1 63,9 35,4 —_ 111.6; 112,6; 113,4; 113,7; 117,3;
{N—CH3;) Ilé;g 118,1; 130,9; 131,5; 1328;

compared with those found for the imidazo[4,5-b]quinoxalines IVa-g, which occur at 5.1-6.0
and 72-79 ppm, respectively, We would like to point out that the 'H and '°C chemical shift
values for the 1,2,4-triazine[5,6-blquinoxalines IXa-c are in excellent agreement with those
described in the literature for 6-methyl-5,5a,6,11,11a,12-hexahydroquinoxalino[2,3-b]jquin~
oxaline (VII) [8], which has been selected as a model compound which is structually analegous
te the bridged 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 pyrazine ring to a six-membered ring containing the same
selection of heterocatoms in the bridge (annelated) fragment [5]. The chemical shift values
are markedly different net enly for the bridgehead carbon atom Cj and Cg, but also for the

§ carbon atoms at the C=S bonds in the imidazo[4,5-b]quinoxaline-2-thiones IV (180-183 ppm)
and in the 1,2,4~triazino[5,6-blquinoxaline-3-thiones IX (172-178 ppm). The latter values
are in excellent agreement with the known '®C-NMR spectral data for 1,2,4~triazino-3-thiones
[9]. The sharp decrease which is observed for the J(Hp—Hp) vicinal coupling constants upon
the transition frem the imidaze[4,5-b]quinoxalines IVa-g (9.0-9.8 Hz) to the 1,2,4-triazino-
[5,6~b]lquinexalines 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 triazine 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 Hp and Hp protens, as well as on the multiplicity patterns of the Hp and Hp
proten signals (Table 4). If the triazine ring had occupied the reverse orientation, the Hp
proten signal for compound IXc would have appeared as a doublet; in fact, the protons at-
tached to both 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
pyrazine salts permits the straightforward annelation synthesis of pyrazine, imidazole, as
well as 1,2,4~triazine ring systems. In contrast to the imidazo[4,5-b]quinoxaline and imid-
azol4,5-b]lpyrazine derivatives, for which synthetic methods have appeared both in monographs
[10] as well as in a series of research papers [3, 11-13], the condensed 1,2,4~triazino[5,6-
blquinexaline 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

'H-NMR spectra were recorded on a Perkin—Elmer R-12B spectrometer at 60 MHz for DMSO-Dg
solutions containing HMDS as internal standard (8§ = 0,05 ppm). *®C-NMR spectra were ob-
tained on a Varian FT-80A spectrometer at 20 MHz for solutioms in DMSO-Dg¢. **C chemical
shifts were measured relative to solvent signals (6§ = 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 407 aqueous glyoxal., The fluoroborate salt of N-
ethyl-2,3~dimethoxycarbonylpyrazine (II) was obtained according to [3]. The thiosemicarb-
azides ITIa-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~1H-imidazo[4,5~b]lquinoxaline-2-
thione (VI) [3] and 6-methyl-5,5a,6,11,11a,12-hexahydro~1H~quinoxalino{2,3~b]lquinoxaline
(VII) [8], were synthesized as described previously.

9-Methyl-3-phenyl-l-phenylamine-2,3,3a,4,9,9a-hexahydro-1H-imidazo[4,5-b]quinoxaline-2-
thione (IVf). A suspension of 2.5 g (9.1 mmole) of N-methylquinoxalinium iodide (Ia) and
2.2 ¢ (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°C
until all of the reagents had dissolved; the reaction mixture was allowed te 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°C (Table 3).

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

9-Methyl-3-phenyl-1-(N-acetylamino)-2,3,3a,4,9,9-hexahydro~1H~imidazo[4,5-b]lquinoxaline=~
2-thione (IVg). A suspension of 1 g (3.2 mmole) of 9-methyl~3-phenyl-l-amino-2,3,3a,4,9,%a~
hexahydro-1H~imidazo[4,5-b]quinoxaline~2-thione (IVc) in 10 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°C
(Tables 1-3).

7-Ethyl-3-phenyl~1-phenylamino-5,6~dimethoxycarbonyl-2,3,3a,4,7,7a~hexahydro-1H-imidazo~

[4,5-b]lpyrazine-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°C until all of the reagents
had dissoived (15-20 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, 5:1. Yield 0.65 g (90%), mp 188-189°C (Tables 1 and 3).

10-Methyl~2-benzyl-4-phenyl-1,2,3,4,4a,5,10,10a-octahydro-1,2,4-triazino[5, 6~blquinoxal~
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 15 min the reagents had dissolved completely and
the reaction mixture was treated with 10 ml of ethanol; the resulting precipitate of IXc was
filtered, washed with ethanol, and recrystallized from ethanol. Yield 1.1 g (70%2), mp 152~
154°C (Tables 3-5).

Compounds IXa,b were prepared in an analogous manner from salts Ia,b and 2-methylthio-
semicarbazide VIIIa.
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