polyphosphoric acid. The reaction mixture was stirred at 20°C for 2 h, after which it was
heated to 90°C. The heater was removed, and the mixture was allowed to cool spontaneously
to 40°C. The reaction mass was poured over ice (~1200 g), and the resulting mixture was
neutralized with ammonium hydroxide. The precipitate was removed by filtration, washed with
water, air dried, and recrystallized from methanol to give 2 g (59%) of XI with mp 178-180°C
(from methanol). IR spectrum: 1715, 1680 ecm™' (C=0). UV spectrum, dmax (log €): 238 (4.34)
and 302 nm (3.90). PMR spectrum (CDCls): 2.17 (s, COCH;), 2.55 (s, CHs), 3.30 (s, 2H-C4),
7.94 (s, B=Cz), 7.36, 8.18, 8.58 ppm (3m, aromatic ring protoms). TFound: C 65.8; H 5.1; N
16.6%; Mt 255, C,4H:3N302. Calculated: C 65.9; H 5.,1; N 16.5%; M 255,
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PYRROLOINDOLES.
5.% ACETYLATION OF 1H,6H-PYRROLO{2,3-e]INDOLE BY MEANS
OF THE VILSMEIER—HAACK REACTION

Sh. A. Samsoniya, N. L. Targamadze, UDC 547.759.3'5:542,951
T. A. Kozik, and N. N. Suvorov

The Vilsmeier-Haack reaction with 1H,6H-pyrrolo[2,3~e]indole with the participa-
tion of dimethylacetamide was studied. 3-Acetyl, 8-acetyl, 2-acetyl, and 3,8-
diacetyl derivatives (with great preponderance of the 3-acetyl derivative) were
obtained. The formation of a 2-substituted product does not have an analogy in
the chemistry of indole. On the basis of data from the IR and PMR spectra it was
established that an intramolecular hydrogen bond between 1-H and the C=0 group in
the 8 position exists in the 8-acetylpyrroloindole molecule. This bond also af-
fects the mass-spectral fragmentation of the 8-acetyl derivative.

The aim of the present research was to determine the positions of the centers of elec-
trophilic attack in the 1H,6H-pyrrolo[2,3-elindole (I) molecule by means of the Vilsmeier—
Haack reaction.

We have previously reported [2] that Vilsmeier formylation of 1H,6H-pyrrolo[2,3-e]indole
gives its 3,8-diformyl derivative. In the present research we studied acetylation. The
{nterest in this reaction is due to the fact that the complex based on dimethylacetamide
(DMAA) and phosphorus oxychloride reacts only with sufficiently highly nucleophilic substances.
Some indole-containing polycyclic systems virtually do not react with it [3], while the degree
of reaction of indole is only 22% at 85°C [4].

The acetylation of 1H,6H-pyrrolo[2,3-elindole was carried out in analogy with the acetyla-
tion of indole [4]. Four compounds that differed with respect to their Rf values and melting
points but were similar in that their IR spectra contained bands of a C=0 bond at 1620-1660
cm~! were isolated from the reaction products. The structures of acetylpyrroloindoles II-V
were established on the basis of data from the PMR, IR, UV, and mass spectra. The principal

*See [1] for communication 4,

Tbilisi State University, TBilisi 380028. D. I. Mendeleev Moscow Lnstitute of Chemical
Technology, Moscow 125047, Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 2,
pp. 206-211, February, 1982. Original article submitted March 26, 1981.
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TABLE 1. Abscrption Bands of the NH and C=0 Groups of I-V

Compound NH C=0 Solvent
1H, 6H- Pyrrolof2,3~elindole (D) 3375, 3495, | — | Chloroform
3375, 3435 — | Mineral of]
3~Acetyl-1H,6H-pyrrolo[2,3~¢elindole (II) 3325 1620 {Mineral oil

8-Acetyl-1H,6H-pyrrolo[2,3-elindole (II1) | 3300, 3405 | 1635 | Chioroform
2=Acetyl~1H,6H~-pyrrolo[2,3~elindole (IV) 3330, 3430 | 1620 |Mineral oii
3,8-Diacetyl-1H,6H~pyrrolo[2,3~elindole (V) 3370 1645 {Mineral oil

reaction product is 3-acetyl-1H,6H-pyrrolo[2,3-elindole (II). During monitoring of the reac-
tion by thin-layer chromatography (TLC) it was observed that 3-acetyl derivative II is formed
at room temperature immediately after mixing the starting compounds. 8-Acetyl~ (III) and 2=
acetyl-1H,6H-pyrrolo[2,3-e]lindole (IV) are formed when the reaction mixture is heated, while
3,8-diacetyl-1H,6H-pyrrolo[2,3-e]indole (V) is formed after a certain time. The overall yield
of the reaction products is ~40%.

HN

TZ

HN | HNj HN—TCOCHJ HN l
']ﬁ\?\coc”] CHaOCT:@’ (_/@ CH,0C COCH,
|
KN = N TN SN
H
1

H H H
m v v
The formation of 2-acetylpyrroloindocle IV may be the result of migration of an acetyl
group during the reaction from the 3 position to the 2 position; rearrangement of the substi-
tuent from the 3 position to the 2 position [5] and from the 2 position to the 3 position {6]
have been described. However, a genuine sample of 3-acetylpyrroloindole (II) remains un-
changed under the reaction conditions; IV is consequently formed by direct substitution.

Data from the IR spectra of II-V are presented in Table 1. It is apparent from Table 1
that the absorption bands of the NH group for the acetylpyrroloindoles obtained appear at
lower frequencies as compared with unsubstituted pyrroloindole.

The spectra of dilute solutions of 8-~acetylpyrroloindole (III) contain two absorption
bands of NH groups at 3300 and 3405 em™', incontrast to the spectra of unsubstituted pyrrolo-
indole I and its 3-acetyl derivative II (Table 1). This can be explained by the existence in
IIT of -an intramolecular hydrogen bond (IMHB) between the NH and C=0 groups. We were unable
to detect this sort of IMHER in 3,8-~diacetyl-1H,6H-pyrrolo[2,3~e]indole (V) because of its
slight solubility in inert solvents.

The introduction of acetyl groups in the pyrroloindole molecule gives rise to an increase
in the intensities of the absorption maxima in the UV spectra and a bathochromic shift te the
long-wave region of the spectrum; the latter is due to 7% polar transitions. The spectrum
of 2-acetylpyrroloindole IV is characterized by a larger bathochromic shift as compared with
the 3- and 8-substituted derivatives (Fig. 1).

The assigmnment of the signals in the PMR spectra of the acetylpyrroloindoles was accom~
plished by comparison with the spectrum of the starting heterocycle on the basis of disap~
pearance of the signals and the spin—spin coupling constants (SSCC) of the corresponding
protons.,

The assignment of the lines in the PMR spectra also made it possible to observe different
rates of deuteration of the protons of the NH groups in Ds-acetone., The rate of deuterium
exchange is higher, the greater the acidity of the indicated protons, which depends on the
position of the electron-acceptor substituents (Table 2). '
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Fig. 1. UV spectra: 1) 1H,6H-pyrrolo[2,3-
e]indole (I); 2) 3-acetyl-lH,6H-pyrrolo[2,
3-e]indole (II); 3) 8-acetyl-lH,6H-pyrrolo=-
[2,3~e]indole (III); 4) 2-acetyl-l1H,6H-
pyrrole[2,3-elindole (IV).

It follows from the PMR spectral data that the introduction of electron-acceptor sub-
stituents decreases the electron density primarily on the closest carbon atoms, which corre-
sponds to the weak-field chemical shift of the corresponding protons.

In contrast to the spectra of unsubstituted pyrroloindole I and its 3-acetyl derivative
11, differences between the chemical shifts of the protons of the NH groups are not observed
in the PMR spectrum of 8-acetylpyrroloindole III (Table 2). This is probably due to the ef-
fect of the electron—acceptor substituent on 6~H, as well as to the participation of 1-H in

an IMHB with the C=0 group in the 8 position¥*; the latter conclusion is in agreement with
data from the IR spectra of III (Table 1).

The molecular masses of II-IV found by mass spectroscopy are in agreement with the cal-
culated values, and the character of the subsequent fragmentation does not contradict the
proposed structures.

The character of the fragmentation of monoacetylpyrroloindoles II-IV under the influence
of electron impact is common to all of the isomers [for example, see the fragmentation of 8-
acetyl-1H,6H-pyrrole{2,3-e]indole (III)].

The molecular ions (M') eliminate the CHs; group bonded to the carbonyl carbon atom to
give [M — CH,1T fragment ions with mass 183, after which a molecule of CO is eliminated, and
pyrroloindolyl cations with mass 155 are formed. This fragment ion is also formed by detach-
ment of a COCH; group directly from Mt, which is characteristic for the fragmentation of unsym-

metrical ketones [8].
.
. HN |1
CH,0C. ~COCH/ -
! T:& L e 155 (92) H? 128 (52)
QO N

Y H " // ~HCN
/~co

m* ms(ss)i 101 (30)
180 (7‘) \—'CHJ'
I—HCN h
-HCN

153 (1) 183 (100)

126 (6)

*One must also take into account the effect of the solvent.

TMetastable transitioms.

These are the m/z values (relative intensities of the ion peaks in percent relative to the
maximum ion peak).
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TABLE 2. Chemical Shifts and Spin—Spin Coupling Constants in
the PMR Spectra of I-V in dg-Acetone

- 8, ppm .
g g i, Hz
OC&|1H |20 |38 |4H |5H | 6H | 7-# |8-H |COCH;
11103, 17,10, 6,46, 7,30, 7,12,|10,1, | 7,18,| 6,66, — ?a=§é;?ﬁ=§%;?A=%$
dd b dd 2,3=3,0; J4,5=89; J553=0,7;
brs|dd |dd dd TS m P e
11 111,2, 1804, — 1812,(7,32,[105, | 7,31,] 6,74,{247, s} T12=3,0; Ju5=88; Jss=19;
brs { d brd |[dd |brs | dd | dd J75=29; J55=08; Je7=20
1 | 10,9, | 7,30,] 6,54,] 7,46, 7,17,]10,9, | 8,16,{ — 12,86, J[1,0=24; Jo3=3,0; Ji5=24;
brs dd | dd [brd| d brs | d J15=85; Je7=3,1
IV | 11,0, | — |7,34,]7,38,17,23,110,5, | 7,27,1 6,97,12,49,5 | [15=2,0; J45=89; J54=08;
brs d |brdj{dd |brs jdd | m Jes=2,0; J7,8=29; J57=25
v 11,31 816,| — |8.26]7,37,111,3%|8,26,| — [250,5| F12=29; Jis=88; Jer=31
brs | d brd|d |brs|d 2.58,8] "
®At 45°C.

tThe 1-H and 6-~H protons show up in the form of one broad signal
(AH'/, = 30 Hz), and this made it impossible to determine the
chemical shift of each of them.

In contrast to other isomers, the mass spectrum of 8-acetyl-1H,6H-pyrrolo[2,3-e]indole
(II1) contains a peak of [M — 18]% jons, which most likely corresponds to the loss of an Hz0
molecule from M*; this latter is possibly realized by a skeletal rearrangement of M+, This
fragmentation pathway is characterized by fragment ions with m/z values of 180, 153, 126.

The subsequent steps in the fragmentation of isomers II~IV are similar to those in the
fragmentation of pyrroloindeole I [9] with successive detachment of two HCN molecules or CN
radicals.

A difference in the mass spectra of isomers II-IV is observed with respect to the sta-
bility of the molecular ions with respect to electron impact (the Wy values), as well as with
respect to the relative intenmsities of the peaks of the common fragment ions (Table 3).

A comparison of the Wy values of II-IV shows that the 2 isomer has higher stability to
electron impact than the 3 and 8 isomers, in agreement with the literature data on the mass
spectra of 2- and 3-acetylindoles [7].

It is apparent from Table 3 that the stabilities of the ArCOt ([M -CH3]+) ions are
higher in the case of the 3 isomer than in the case of the 2 isomer. This difference is also
observed in the spectra of 2- and 3-acylindoles [7]; this is explained by additional stabiliza-
tion of the ArCOt fragment iom in the case of the 3 isomer by direct p—n conjugation of the
nitrogen atom with the carbonyl group. This sort of conjugation is less favorable in the case
of the 2 isomer, since it involves disruption of the aromatic system of the benzene ring.

However, the large difference between the mass-spectral data for 3~ and 8-acetylpyrrolo-
indoles is surprising (Table 3). As compared with the 3 isomer, the molecular jion of the 8
isomer has higher stability with respect to electron impact, whereas the reverse is observed
for the stabilities of the ArCOt ions. 1In our opinion, this is due to the existence of an
IMHB in the 8-acetyl-1H,6H-pyrrolo[2,3-e}indole (III) molecule between the NH and C=0 groups,
which evidently may increase the stability of M} with respect to electron impact and, in addi-
tion4 may destabilize the positive charge on the oxygen atom of the carbonyl group in the
ArCO™ ion.

It is apparent from Table 3 that the 8 isomer is the most stable isomer of the Z-, 3-,
and 8-pyrroloindolyl cations. This is evidently associated with additional stabilization of
the positive charge on the Cs atom by the 7 electrons of the spatially close adjacent pyrrole
ring.

Thus, in contrast to formylation, the acetylation of 1H,6H-pyrrolo[2,3-e]indole by the
Vilsmeier method gives a mixture of monc- and disubstituted derivatives with great preponder-
ance of the 3-substituted derivative., This can be explained, on the one hand, by the low
electrophilicity of the reagent used, which is insufficient for reaction with the resulting
monoacetyl derivatives, viz., aromatic systems with an electron-acceptor substituent [10-12],
and, on the other, by the steric effect on the Cs atom of the adjacent pyrrole ring.

161



TABLE 3. WM Values and Relative Intensities of Some Fragment
Ions with Respect to the Total Ion Current

Compound W ArCo* (IM~CHil) | [M—COCH}
3~Acetylpyrroloindole (II) 4,6 16,9 6,5
8=Acetylpyrroloindole (IIT) 11,0 11,2 10,3
2-Acetylpyrroloindole (IV) 13,2 14,9 6,3

Substitution in the 2 position in the acetylation of 1H,6H-pvrrolo[2,3-elindole, which
was not noted in the other electrophilic substitution reactions that we investigated [2], is
possibly explained by the high temperature of acetylation with the participation of dimethyl-
acetamide, However, attempts to obtain 2~substituted derivatives in other acylation reactions
by railsing the temperature were unsuccessful,

The formation of a 2-substituted product in the acetylation of 1H,6H-pyrrolo[2,3-elindole
by the Vilsmeier reaction, which does not have an analogy with indole, indicates the increased
reactivity of pyrroloindole.

EXPERIMENTAL

Monitoring of the course of the reaction and the purity of the compounds and determina-
tion of the Rf values of the synthesized compounds were carried out on Silufol UV-254 plates.
The UV spectra of solutions of the compounds in ethanol were recorded with a Specord spectro-
photometer. The IR spectra of mineral oil suspensions of the compounds were recorded with a
UR-20 spectrometer with NaCl and LiF prisms. The mass spectra were recorded with an MKh-1303
spectrometer with direct introduction of the samples into the ion source at an ionizing-elec~
tron energy of 50 eV. The PMR spectra were obtained with a Variant CFT-20 spectrometer (fo =
80 MHz); the accuracy in the measurement of the chemical shifts and the SSCC did not exceed
+0,01 ppm and *0.1 Hz, and the internal standard was tetramethylsilane. Chromatography was
carried out on silica gel.

Acetylation of 1H,6H-pyrrolo[2,3-e]indole. A l.l-ml (12 mmole) sample of POCl, was added
dropwise to cooled (to 3°C) dimethylacetamide, and the mixture was stirred at 20°C for 30 min.
It was then cooled to 0°C, and a solution of 0.62 g (4 mmole) of I in 10 ml of dimethylacet-
amide was added slowly. The mixture was maintained at 75~80°C for 45 min, after which it was
poured with uninterrupted stirring into 40 ml of water. The aqueous mixture was made alkaline
to pH 12 with NaOH solution, and the precipitate was removed by filtration, washed with water
until the wash waters were neutral, and dried to give 0.32 g (~40%) of product. The product was
chromatographed with a colum. The yields of the individual compounds were calculated as a
function of the initial amount of the mixture applied to the column.

2-Acetyl-1H,6H-pyrrolo[2,3-e]indole (IV). This compound was eluted with petroleum ether—
diethyl ether (5:2). The yield was 0.03 g (9%4). The colorless crystals had mp 223-224°C and
R¢ 0.62 [benzene—ethyl acetate (3:2)]. UV spectrum, Apayxy (log e): 215 (4.36), 262 (4.40), 272
(4.42), and 342 nm (4.40). TFound: C 73.2; H 5.3; N 14.1%. C,aH;oNa0. Calculated: C 72.7; H
5.1; N 14.1%. Mass spectrum, m/z (%%*): 198 (13.2), 183 (14.9), 155 (6.3), 128 (8.0), and 101
(2.3).

8-Acetyl-1H,6H-pyrrolo[2,3-e]indole (III). This compound was eluted with petroleum ether—
diethyl ether (2:1). The yield was 0.06 g (195). The colorless crystals had mp 214.5-215.5°C
and Rf 0.54 [benzene—ethyl acetate (3:2)]. UV spectrum, Amax (log €): 207 (4.40) shoulder,
220 (4.54), 269 (4.36), and 323 nm (3.89). Found: C 73.1; H 5.3; N 14.1%. C,2H;0N30. Cal-
culated: C 72.7; H 5.1; N 14.1%.

3~Acetyl-1H,6H-pyrrolo[2,3-e]indole (II). This compound was eluted with petroleum ether—
diethyl ether (3:5). The yield was 0.1l g (34%). The light-yellow crystals had mp 270-272°C
(dec.) and Rf 0.44 [benzene—ethyl acetate (3:4)]. UV spectrum, Apax (log €): 205 (4.28)
shoulder, 229 (4.74), and 317 nm (4.23). Found: C 72.5; H 5.2; N 14.2%. Ci2H,0N20. Cal-
culated: C 72.7; H 5.1; N 14.1%. Mass spectrum, m/z (%): 198 (4.6), 183 (16.9), 155 (6.5),
128 (4.3), and 101 (6.9).

*Relative intensities in percent relative to the total ion current.
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3,8-Diacetyl~-1H,6H~pyrrolo[2,3-e]indole (V). This compound was eluted with petroleum

ether—diethyl ether (3:5). The yield was 0.02 g (6%). The colorless crystals had mp 240~
241°C and Rf 0.69 (ethyl acetate). Found: C 70.2; H 4,63 N 11.9%. C.4H12Nz0z. Calculated:
C 70.0; H 5.0; N 11.7%.
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