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REACTION OF 1,4~DIAZINES WITH INDOLES IN THE PRESENCE OF ACYLATING
AGENTS*

A. K. Sheinkman, Kh. Ya. Lopatinskaya, UDC 547.759.2'863:542,951.1
N. A. Klyuev, and Zh. K. Torosyan

2,3-Diindolyl-1,4-diacyl-1,2,3,4~tetrahydropyrazines and 2,3-diindolyl-1,2,3,4-
tetrahydroquinoxalines with acyl residues attached to one or both nitrogen hetero-
atoms were obtained by the reaction of pyrazines and quinoxalines with indole and
l-methyl- and 2-methylindoles in the presence of acyl chlorides or acetic anhy-
dride.

In the reaction of monoazines and acylating agénts with indoles the latter undergo
hetarylation by the intermediately formed N-acyl azinium cations [3].

It seemed extremely tempting to attempt to extend this reaction also to 1l,4~diazines,
since the participation of these N~heteroaromatic systems, which are the least basic diazines
[4], in hetarylation would imply the possibility of its extension toother diazines. One
example of such a reaction with the participation of a phthalazine with a basicity that is
higher by a factor of five than the basicities of 1,4-diazines is known [5]. This reaction
involves the formation of Reissert compounds by the reaction of phthalazine with potassium
cyanide in the presence of benzoyl chloride.

We first attempted to preparatively synthesize N-acyl salts of 1,4~diazines by the re-
action of pyrazine and quinoxaline with acylating agents. It was found that the N-acyl salts
of these N~heteroaromatic systems are not formed either under the conditions for the prepar-
ation of N-acylpyridinium chlorides [6] or under the conditions described for the prepar-
ation of stable N-acylimmonium [7] and N-acylazolium [8] stibnates. However, we obtained
hetarylation products, viz., l-acyl-2,3-diindolyl-1,2,3,4-tetrahydroquinoxalines (III) and
1,4-diazyl-2,3-diindolyl-1,2,3,4-tetrahydropyrazines (IV), in the reaction of pyrazine and
quinoxaline with indoles in the presence of acyl halides.

Nevertheless, the process evidently takes place through the intermediate formation of
N-acyl salts I, which attack the indoles electrophilically to give monosubstituted adducts
11, as described for N-alkylquinoxalinium salts [9]. However, in our case when an oxidizing
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*See [1, 2] for our preliminary communications.
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Hia-i

1118 R=R’=CH; R"=1]; b R=Cglls, R’=R"=H;c R=CsHs, R'=CH, R”"=H;d R=Cill;,

R'=H, R”=CHy e R=2—thienyl, R'=R’=Il: f R=0-CHy-CeH, R'=R’=I

§ R-0-ClOCH: R'=R"=H; h R=pCl—-Cell,, R'=R"=H; i R=p-NOy-Celly
R'=R"=H

agent is absent, one does not observe aromatjzation of IT but rather addition of a second

+ +
molecule of the indole to the - —NH=CH—<«— -NH—CH- bond.

In the case of pyrazine 1,4-diacyl derivatives IV are formed under the same conditions,
evidently as a consequence of acylation of the monosubstituted 1,2-dihydropyrazines with the
subsequent addition to them of a second molecule of the indole or as a consequence of parti-
cipation of 1,4-diacylpyrazinium salts in the reaction. This possibility, although it is
less likely, cannot be excluded, since 1l,4-dialkylpyrazinium salts are known [10]. It should
be noted that the impossibility of the preparative synthesis of N-monoacyl and N,N'-diacyl
salts of 1,4-diazines by no means indicate that these salts cannot be formed as intermediates
in the reaction and in situ attack the n-surplus indole ring. Instances of this sort are
known in a number of other N-heteroaromatic systems [11]. We obtained 1,4-diacetyl deriva~
tives IV, V, and VI in all cases in the reaction of pyrazine and quinoxaline with indoles in
acetic anhydride.
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IV @ R=CHs. R'=R"=II;, bR=R”"=Cll;, R'=H: C R=R'=CH. R”=H; d R=C¢H;,
R’=R”=H; e R=p-NOy--Cetl;, R"=R”=H; { R=2-thienylR’=R"=H; Va R=R'=CHs,
R’=R"”=H;b R=R'=R”=CHj;, R”=Il: ¢ R=R'=R"”=ClH; R”"=H; d R=CHj, R"=Cg¢Hs,,
R"=R"”=H; e R=CHis R =p-NOy—CsH: R"=R”=H; f R=CHs; R’ =p-Cl—CeH,,
R"=R"”=1H; VI a R=CHjy; b R=CsH;s: ¢ R=0-CHs—Cgtly; d R=0-CH;0--CeHy

Compounds V are readily obtained by acylation of monoacyl derivatives III, which are
formed directly in the hetarylation reaction, and this confirms their structure. 1,2-Dihydro
derivatives VI are formed in the dehydrogenation of III with chloranil. 1In contrast to
monoacyl derivatives ITI, 1l,4-diacyl derivatives of 1,2,3,4-tetrahydropyrazine (IV) and
quinoxaline (V) cannot be dehydrogenated, and this may also serve as an additional confir-
mation of their structure.

The IR spectra of III-VI contain intense absorption bands at 1640-1670 cm™!, which are
characteristic for the carbonyl group of anilides; the band at 3400 cm~?! belongs to the ab-
sorption of the NH group of the tetrahydroquinoxaline ring in III (this band is absent in the
spectra of their dehydrogenation products VI) and of the NH group of the indole ring at
3490 cm—*.

Signals at 1.86 (q, CHsCO, J,,cy, = 1.08 Hz, Je cp, = 1.28), 3.47 (s, N-CHs; this

signal is absent in the spectrum of IVe), 5.81 (d, 2-H), 6.42 (4, 6-H), 7.18 (m, benzene ring
protons), and 7.76 ppm (s, indole a-H) are observed in the PMR spectrum of IVa. The assign-
ment of the signals was made on the basis of a comparison with the spectrum of IVc and the
ratio of the number of protons for these signals (3:3:1:1:4:1). The splitting of the signal
of the CHsCO group to give a quartet (for IVa, c) is due to coupling with the 2-H and 6-H
protons of the pyrazine ring. The shift of the signal of the 2~H proton to stronger field

as compared with the signal of the 6-H proton is due to sp® hybridization of the C. atom.
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TABLE 1. Characteristics of the Compounds Obtained

Com-~ . Found . Cale. &
pound | TP, °C Empirical R, |©
¢ %lu, %IN. g | a | formula e "./;,in, “;z,l.\n Y o

=

liia | 299--3002 | 77,1] 6,6 | 11,0| 437 |CastlssN.O | 77,5] 6,0 | 12,9(437,289] 0.64| 69
filb | 300—301@ |79,2{ 52 |11.9] 468 |CaHN;O | 79,5] 52| 11,9]468,19 |0,36] 41
Ilc | 285--2872 1 79.9| 54 | 11,4| 496 |Cy3HaeN,O | 79.8] 8,5 | 11.31469,59 | 0.45| 39
HId | 250—2528 | 79.5] 5,5 | 11,6496 |CsshasN:O | 798| 5,7 | 11,3[469,59 |0,30| 42
111 | 288--239b | 71,0| 5,0 [ 13.4] 424 {CosHeoNO | 70,71 4.7 | 13,2[424,51 {045/ 35
T | 318--320€ [ 79.6) 56 | 11,6] 482 |CpligN,O | 80,5| 5,8 | 11,11482,57 | 0,30} 45
1tlg | 327--3298 1 76.8] 5,7 | 10,9} 499 {CHxN,O, | 769} 5,4 ] 11,2]499,57 | 0,45} 49
11 320»“321% 74,3] 5,01 11,0] 502 |C5Hp:N,OCH | 74,0 46 | 11,4]502,69 | 043} 43
Hi | 293294 1723 47 | 139|513 |CqHzsNsOs | 72.5] 45 | 13,71513,54 | 0.44| 53
1va | 320—-322° 1 73,1} 52 | 13,9 398 |CosH2N,0, | 72,3] 5,5 | 14,0/398,45 | 0,76] 49
1Ivb | 308—310C | 73,5 5.9 | 13,2] 426 |CyHaeN,O2 | 73,2| 6,1 | 13,1[426,50 | 0,65( 50
IVC | 268—270F | 77.9| 6,7 | 127|426 {CyctipeN.0; | 732| 61 | 13,11426,50 1 0,45] 54
1vd | 203--205" 17791 481106522 |CayHysN,0, | 78,1 5.0 110.7|522,58 | 0,37| 45
e | 290221 166.5] 3,7 | 13,4] 612 |CagH5sN,0; | 66,7| 39 | 13,7(612,59 | 0,42} 42
ivf | 155—197F 1672} 4.0 | 105|534 (CooHuNO; | 67,4| 4.1 | 10,5534,14 1045] 63
Va | 3423448 | 75,0] 5,6 | 12,91 448 |CosHayNO2 | 74.9] 5,4 | 12,51448,51 | 0,31] 48
vb i 2722738 [ 75,21 6,1 | 12,01 476 [CyHasN,O2 | 78.6| 5.9 | 11,71476.56 | 0,44 50
ve ! 295—296€ 175.9] 6,0 | 12,2] 476 1C5H,N0: | 756] 59 | 11,71476,56 | 0,40| 25
vd | 2852568 | 77,21 55 | 11,2} 510 ICxHENO, | 77.6] 5.1 10,9{510.58 | 0,32 85
Ve | 190--1938 | 73,0] 4,0 | 12,9] 555 [CpHasNsOs | 71.3] 40| 12,61555,58 | 0,25} 90
vE | 254-255b | 72,4] 4,8 | 10,0] 545 |CyyHasNOoCl | 72,71 4.6 | 10.21545,07 | 0,561 83
via] 189-1900 | 77,31 4,4 | 136} 402 |CeH ,eN.O | 77.5] 4.5 | 13.9402,44 | 0,45] 80
Vvib | 1511860 [ 79)6] 45 | 12,2] 466 |C4i1,,N,0 | 79.8] 4.7 | 12,0{466,53 | 0.30| 80
vie | 1791808 [797) 4,8 | 11.9] 480 |ColiN.O | 79.9{ 5.0 | 11,6/480,56 |0,31] 95
vid | 1871881 | 77,6] 5,1 | 10.9] 496 [C,,H,,N,0, | 77.4| 49| 11,3/496,56 | 0,32| 90

aFrom DMF. bF):om acetone. CFrom dioxane. dFrom dioxane—
water. SFrom n-butanol. From ethanol, &From acetic acid.
hFrom methanol.

The spectrum of IIIa containsa singlet at 5.82 ppm and a complex multiplet centered at 7.18
ppm. The ratio of the integral intemsities (2:19) confirms the proposed structure.

The high-resolution mass spectra confirmed the empirical compositions of the molecular
ions and most of the fragment ions of III-VI.

In the first step of the fragmentation of the Mt ions of these compounds the labile
amide bond is cleaved to give (M — COR)* and (COR)T ion peaks. Successive elimination of
two COR groups from Mt is observed in the case of 1,4-diacyl derivatives of quinoxaline or
pyrazines IV and V. The fragmentation of the molecular ions of III-VI can be illustrated
thoroughly in the case of IIIb (Table 2):
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All of the processes indicated above were also observed in the mass spectra of ITI~VI
(Table 3). One should note the unusual behavior upon electron impact of III, cleavage of the
pyrazine ring, which leads to the appearance of an ion peak at 258% of the 1,2-di(3-indolyl)
ethylene structure. The appearance of ion peaks at 142 in the mass spectra of VI constitutes

*The m/e values are given here and subsequently for the ion peaks in the mass spectra.
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TABLE 2. Elementary Compositions
of the Ions in the Mass Spectrum

of IITb

Empirical for- Mass No.

mula (arbitrary

designation of cale, determined

the ion)

CaHayN4,O (M) 468,19511 468,1952
CagHigNy (a) 363,16105 3631611
CigHiaN: (b) 246,10317 | 246,10320
CisHpaNy (¢) 234,10317 23410319
CeH;N 130.06571 130,06573
CsH:N 11705789 117,05791

TABLE 3. Mass Spectra of III-VI (Intensities in Percent of
the Maximum Ion Peak)

g mf tvd Vib vie vid
Ion peak

J mie I nija J mle { mle I mie J mie
M+ 40,11498 | 9,01482 | 22,2{522 | 22,3(466 | 12,5{480 | 3,0|496
M—2COR}*+ (A) 38,21363 | 25,5363 | 4.114171100,0(361 | 99,4361 | 71,8|361
M—2COR[* = T S sse | S = = =~ —
M—In]* - = - | —] 41]406} 5,2[349| - |353] — |379
A-In]t 11,21247 | 34.6]247 451301 § 11,0]1245 1 20651245 | 12,4}245
(M—2COR)~-In]* RO IS e G R S e e T el e
(A-In) —H]+ (B) 58.01246 1100.0(246 461300 | 289 244 | 648|244 | 31.8[244
(A-In)~—2H]+ 17,7(245 | 63,4]245 | — ]299 431243 9,01243 501243
(A-In}—3H]+ 6,2]1244 | 21,6{244 8,3(208 | - - - —_ = —
(A-In)—HCN]+ 3,0{220 | 16,8{220} 7.4]|275 7,21218 | 276|218 | 11,01218
B HCNJ+ 153|219 | 78,8{219| 8,2{274 3.6{217 ] 13,0217 60217
(B -HCN)—H]+ 871218 | 36.0{218| 301273} —- | —~| — | —| — | —
(In—-CH=CH—Inj* 3.01258 1 3.4{258 ) 71.04258 | — | — | -~ | ~ | — | —
(COR)* 100 135 32,4]119 {100,0[105 | 24.6{105 {100.0|119 {100,0]135
In+ 1791117 771117 731117 | 30117 790117 3,0{117
{In—H)+ 45(116 | 351161 4,0[116] 3,0{116] 13,0{116 | 4,6{116

evidence in favor of our proposed 1,2-dihydro derivative structure, since in the case of the
1,4~dihydro derivatives the formation of this ion 1s impossible, and ions at 256 of the 1,2~
di(3-indolyl)acetylene structure should appear:

Thus the set of spectral data and some of the chemical transformations enable us to
assign structures III-VI to the compounds obtained.

EXPERIMENTAL

The IR spectra of Nujol suspensions and chloroform solutions of the compounds were re-—
corded with a UR-20 spectrometer. Chromatography in a loose thin layer of Al.0s (activity
IT) and preparative separation were carried out by elution with acetone—hexane systems (1:2
and 2:1). The PMR spectra of CF3COOH solutions were recorded with a Tesla BS-487-C spectro-
meter (80 MHz) with hexamethyldisiloxane as the intermal standard. The mass spectra were
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recorded with a Varian Mat-311l spectrometer with a system for direct introduction of the
samples into the ion source at an ionizing-electron energy of 70 eV, a cathode emission
current of 300 pA, an accelerating voltage of 3 kV, and an ionization-chamber temperature of
180°C. The high-resolution mass spectra were obtained with the same apparatus under the same
conditions for M/AM = 15000 with polyphosphoric acid as the standard.

Typical Method for the Hetarylation of Indoles with 1,4-Diazines in the Presence of Acyl
Halides. A mixture of 0.02 mole of pyrazine or quinoxaline, 0.02 mole of the acyl halide,
and 0,02 mole of indole in 40 ml of dry benzene (or chloroform) was maintained at room
temperature with constant stirring for 5 h. The precipitate was removed by filtration, washed
three times with small portions of methanol, and recrystallized from a suitable solvent
(Table 1).

1,Acetyl-4-acyl-1,2,-di(3-indolyl)-1,2,3,4-tetrahydroquinoxalines (V). These compounds
were obtained by refluxing 0.005 mole of monoacyl derivative III in 20 ml of acetic anhydride
until a precipitate formed. The latter was removed by filtration, washed with methanol, and
recrystallized (Table 1). '

1,4-Diacetyl-2,3,-di(3-indolyl)-1,2,3,4-tetrahydropyrazines (IVa~c) and -quinoxalines
(Va-c). These compounds were obtained by refluxing 0.02 mole of indole and 0.0l mole of
pyrazine or quinoxaline in 30 ml of acetic anhydride for 4 h. The acetic anhydride was re-
moved by vacuum distillation, and the residue was washed with water and recrystallized (Table
.

1-Acyl-~2,3-di(3-indolyl)-1,2-dihydroquinoxalines (Vi). These compounds were obtained by
refluxing 0.001 mole of the corresponding tetrahydro derivative III in 40 ml of alcohol with
0.015 mole of chloranil for 4-5 h until starting derivative III dissolved completely., The
alcohol was removed by vacuum distillation until the original volume was halved, and the
residue was treated with alkali. The precipitate was removed by filtration, washed with
water, and recrystallized (Table 1).
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