SYNTHESIS OF SUBSTITUTED 2-AMINO-3-
CYANOPYRROLES

V. I. Shvedov, M, V., Mezentseva, UDC 547,743.4: 748.07: 542,953
and A. N, Grinev

A method was worked out for the preparation of substituted 2-amino-3-cyanopyrroles from
N-acyl-a~-amino ketones and malononitrile, Acyl derivatives of 2-amino-3~cyanopyrroles
were obtained, A number of Mannich bases were synthesized by aminomethylation of 2-ace-
tamido-3-cyano~4~phenylpyrrole,

In a previous communication [1] we described the synthesis of 2-amino-3-cyano-4,5,6,7-tetrahydro-
indole from malononitrile and 2-acetamidocyclohexanone,

In the present research we have shown that N-acetyl-a-amino ketones with an open aliphatic chain,
which we obtained by reductive acetylation of monoarylhydrazones of acyclic a~diketones, can be sucess-
fully used for the synthesis of substituted aminopyrroles. The ketones were initially formylated with ethyl
formate for the synthesis of these monophenylhydrazones, and the resulting formyl derivatives were coup-
led, without isolation, with benzenediazonium chloride, As a result, we obtained monophenylhydrazones
of dicarbonyl (Ia-c¢) and tricarbonyl (IIa-c) compounds, Consequently, formylation of methyl alkyl ketones
proceeds both at the methylene and methyl groups. The percentage compositions of the components were
determined by gas —liquid chromatography (GLC), and it was shown that the yields of monophenylhydrazones
of dicarbonyl compounds (Ta-c) decrease as the length of the side chain of the ketone increases and that the
yields of monophenylhydrazones of tricarbonyl compounds (Ila-c) increase correspondingly (see Table 1),

CH—c—CHR 000y CH,—C _—
e —C—C—R — —C—CH=CHON
T % ¢HONa g + RTCH6 cHoxa
O CHONa 0
CH,~C—C—~R R—CH, —C—C—C/
+ —C—C— — —C—C—C/
CsHsN, P PA0 v
—_— 0 N - o N
\ITIH N
\
CeHy Cs”s
fa-c f1a~c
.02 R=CH;: b R=CH;; ¢ R=CyH;

The IR spectra of Ia-c (in mineral oil) contain the absorption band of an NH group at 3260-3280 em™!
and the band of a conjugated carbonyl group at 1650 cm-!, However, the spectra of lla-c in mineral oil,
and in dilute CCl, solutions do not contain the absorption band of a secondary amino group, and this is ap-~
parently associated with the formation of an intramolecular hydrogen bond with the aldehyde carbonyl group
[2]. Two bands corresponding to aldehyde (1635-1660 cm™!) and ketone (1660-1670 ¢cm~!) groups are ob-
served in the region of absorption of carbonyl groups, Singlets of the protons of the NH group of Ia-c are
found at 8 ppm in the PMR spectra, whereas the corresponding singlets in the spectra of IJa-c are shifted
to weaker field (14.5 ppm), and this also confirms the presence of a hydrogen bond,

The UV spectra of Ila~c contain three absorption maxima at 236, 295, and 340 nm, but the absorption
maximum at 295 nm vanishes in the spectra of [1a-c, and the other two maxima are shifted by 12-30 nm,
respectively, to the long-wave region.
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TABLE 2, N-Acetyl-e-amino Ketones

i3 bp, °C  |Empirical | Found, % Calc., % |IR spectra, cm™! ‘:_
R | ® f e Ty T |
G 3 (mm) ormu l . . V~H[V~H|Yco [Veo |2
C 8] ' CHH N CHHN lig. | ccliliq. jecld™
IVa [CH; |CH; 102— CHuNO | — |~ — - [ — = — | ——|— 177
~106(2)*
b [CH;s (C.Hs| 124 (4) | C;HisNO, 58,4 9,0{10,1]58.7| 9.1{9.8{3290(3420{1720|1720{ 72
3080 165011680
1535{1370
1290
IVe |CH; {CsH,| 125 (3) | CsHisNO; {61,2] 9.6 9,2]61,1] 96{89| — | — | — |— | 59
IVd{CoHs [CH, 115 (4) | C:HisNO, |59,0) 9,1] 9,7/58,7| 9.1{9,7|3280|3420/1720 71
3080 165011720
1535(1680
12901370
Ivel|CsH: [CoHs | 126 (2) | CoHisNO, 163,3]10,1] 7,8(63.1]10,0] 8,1/32801342011720{1720| 60
3060 16501670
1535(1370
1370

* According to [10], this compound has bp 102-106° (2 mm),

The reductive acetylation of Ia-c, 3,4~heptadione 3~phenylhydrazone (III), and the previously des-
cribed 2,3-pentadione 2-~phenylhydrazone [3] with zinc dust in glacial acetic acid in the presence of acetic
anhydride and sodium acetate gives N-acetyl-o-amino ketones (IVa-e). The IR spectra of IVb-e (liquid
films) contain a strong broad band at 2380 em™1, which can be assigned to the trans form of amides that
form an intermolecular hydrogen bond [4]. In addition, there is a weaker band at 3080 ecm~!, 1t is also as-
sociated with NH vibrations. In dilute CCl, solution both of these bands vanish, and an absorption band ap-
pears at 3420 em~!, Four bands — ketone (1720 cm~1), amide I band (1650 em™!), amide I band (1535 em-),
and amide TIT band (1290 cm™!) — are observed in the region of absorption of carbonyl groups. In dilute
CCl, solution the amide I and II bands are shifted to the long-wave region by 30~80 em~1, respectively,
whereas the amide TI band vanishes,

Substituted 2-amino-3-cyanopyrroles were obtained by reaction of N-acetyl-a-aminoketones with
malononitrile in the presence of both catalytic and equimolar amounts of piperidine.

CH,—CN .
R—C=0 R CN R CN R CN
o Ll | — L, — T
R—GQH RN NH, R SNH, R NHR”
NHCOCH, ) H : "
COCH,
Va-¢ v via-f vita-h

The condensation proceeds through a step involving the formation of N-acetyl-2-amino-3-cyanopyrroles.
However, we weTe able to isolate only one of them — N-acetyl-2-amino-3-cyano-4,5~-dimethylpyrrole (V) —
which was obtained by reaction of malononitrile with 3-acetamido-2-butanone. Only 2-amino-3-cyanopyr-
roles (VIa-f) were obtained in all other cases.

The method described above enabled us to obtain 2~amino-~3~cyano-4-phenylpyrrole (VIf) from 1-ace-
tamidoacetophenone [5] and malononitrile. In this case, the formation of a substituted piperazine [6] that
is observed when w-aminoacetophenone hydrochloride and malononitrile are used for the reaction [7] is
excluded.

The acetylation of aminopyrroles VIa-f with acetic anhydride gives 2-acetamido derivatives of pyr-
role (VIla-f), whereas a triacyl derivative (VII) is also formed in the reaction of acetic anhydride with pyr-
role VIf in pyridine, ’

Csﬂs\r_T/CN? C,H, o
1 I, € CHs [
N~ N RCH, N NHC—CU
AN 2 3
€—CH, H i
COCHSI 6 o]
VIl X a-¢g

IXa R=—N(CHy),: b R==N(C,H,),; ¢ R=—N(CH),: d R=morpholino;
e R = piperidino.

Benzamido (VIg) and tosylamino (VITh) derivatives, respectively, were obtained by acylation of VIf with
benzoyl chloride in dioxane and with p-toluenesulfonyl chloride in pyridine.
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The signals of the protons of the acetyl groups of VIII appear in the PMR spectrum as two singlets
at 2,32 (6H) and 2,57 (3H) ppm, as compared with 2.27 ppm (3H) in the spectra of VIIf, which we assigned
to the protons of the COCH; group attached to the amino group in the 2 position. The singlets at 10,66 and
11.58 ppm belong to the protons of the NH groups in the 2 and 1 positiong, respectively, The frequencies of
the vibrations of the CN group in the IR spectra of VIf, VIIf, and VIII are found at 2200, 2210, and 2220 em~1,
respectively. Their intensities decrease sharply from VIf to VII, and this indicates weakening of the con-
jugation of the nitrile group with the other multiple bonds.

The aminomethylation of VIIf proceeds under the conditions described for the aminomethylation of
‘2~-aminothiophenes [8]. The dialkylaminomethyl group enters the substituent-free 5 position of pyrrole.
A hydrogen atom of the amide group is not replaced. The disappearance of the signal at 6.70 ppm, which
is affiliated with the proton in the 5 position of pyrrole, the appearance of a signal at 3.36 ppm of the CH,
group, and the shift of the signals of the NH group at 9.66 and 10,77 ppm to stronger field as compared with
the signals of the NH groups of starting VIIf confirm this. Absorption bands at 3360 and 3240-3280 ecm™1,
which correspond to the stretching vibrations of the amino group, at 2200 cm-!, which corresponds to a
conjugated nitrile group, and at 1680 cm™!, which corresponds to a carbonyl group, are observed in the IR
spectra of IXa~e in all cases. The UV spectra of IXa-e contain only one maximum at 284-286 nm (log €
4,15-4,30), and the second maximum of starting VIIf at 226 nm is converted to a shoulder (at 220 nm),

EXPERIMENTAL

The IR spectra of mineral oil suspensions, thin films, and CCl, solutions of the compounds were re-
corded with a Perkin—~Elmer spectrometer., The UV spectra of ethanol solutions of the compounds were
recorded with an EPS-3T spectrometer, The PMR spectra of deuterochloroform and deuterodimethyl sul-
foxide solutions of the compounds were recorded with a JNM~4H-100, G 60 H spectrometer with tetramethyl-
silane as the internal standard., Chromatographic monitoring of the course of the reactions and the purity
of the compounds obtained was carried out by thin-layer chromatography (TLC) on Silufol UV-254 plates
in the following solvent systems: Acetone—heptane (1:1), benzene —methanol (9:1), benzene—ethyl acetate
(1:1), and chloroform,

General Method for the Preparation of Monophenylhydrozones of Dicarbonyl and Tricarbonyl Com-~
pounds (a-c and Wa-c), Absolute ethanol [39.9 g (0.8 mole)] was added dropwise with stirring to a suspen-
sion of 5,75 g (0.25 g-atom) of sodium metal in 25 ml of toluene, and the mixture was heated until the sod-
ium had dissolved completely. The ethanol was then rémoved by distillation, and a mixture of 37 g (0.5
mole) of ethyl formate and 0.25 mole of the ketone was added to the cooled residue at such a rate that the
temperature of the mixture did not rise above 40°, It was then stirred at room temperature for another
hour and allowed to stand overnight, The sodium derivative of the formyl ketone was extracted with water
(two 150-ml portions), and the resulting solution was cooled to 0-5° and added to an agqueous solution of
benzenediazonium chloride prepared in the usual way from 23.3 g (0.25 mole) of aniline, 75 ml of concen~
trated HCI, and 17.2 g (0,25 mole) of sodium nitrite at pH 5-6 (effected by the addition of sodium acetate).
The precipitated crystals were removed by filtration, washed with cold water, and dried. The composition
of the mixture was determined with a Pye-Unicam series 104 chromatograph with a flame-ionization de~
tector and a 2,1 m by 4 mm column filled with a silicone elastomer (100-120 mesh); the carrier gas (nitro-
gen) flame rate was 30 ml/min, and the column temperature was 250°, The retention times (in minutes)
were as follows: Ia 10,25, Ib 10.75, Ic 14,75, TIa 13,75, Iib 16,25, and IIc 20.5. The mixture of monophenyl-
hydrazones of the di- and tricarbonyl compounds was washed with petroleum ether (bp 40-60°), and the resi-
due was recrystallized from methanol to give hydrazones Ia~c. The mother liquors containing petroleum
ether and methanol were evaporated to dryness, and the residue was triturated with benzene. The solids
were then removed by filtration to give Ila-c.

3,4-Heptadione 3-phenylhydrazone (IiI) was similarly obtained. Data on the monophenylhydrazones
are presented in Table 1,

General Method for the Preparation of N-Acetyl-e-amino Ketones (IVa-e), Zinc dust [40 g (0.6 g-
atom)] was added in small protions with vigorous stirring to a heated (to 40°) mixture consisting of 0.2 mole
of the monophenylhydrazone of a dicarbonyl compound, 20 g (0.24 mole) of fused sodium acetate, 55 g (0.54
mole) of acetic anhydride, and 200 ml of acetic acid, after which the mixture was stirred and refluxed for
1 h, The sludge was removed by filtration and washed with hot acetic acid, and the acetic acid solution was
vacuum evaporated, Water was added to the residue, and the precipitated acetanilide was removed by fil-
tration. The agueous solution was vacuum evaporated, chloroform was added to the residual light-brown
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TABLE 4. 5-Aminoalkyl Derivatives of 2-Acylamino-3-cyano-4-

phenylpyrrole
Com- | P> e, Empirical Found, % Cale., P Yield,
pound | Pase (hydro4  ¢ormata %o
chloride Sl l i ‘c1 l N | C ' u | a ' N
166—167 C:sHisN.O 684162 | — [1961681) 64| — |198| 82
IXa | (213—214) CsHsN,O-HCH — 1 — |108[17,7] — | — [1L,1|176
176178 CisHN,O 694170 | — |185]696( 71 | — {1811 82
IXb | (180-—181) C1aH2N4O-HCI — 1 —197[165] — | — ]10,0/16,2
130—131 CaeH3oN4O 718180 | — {157(72,1|82 | — |154] 69
IXc | (146—150) CaH3oN,O-HCI — | — 1 871139 — | — | 88139
204—205 CisHaoN4O; 666165 | — 172166662 | — |17,3] 82
IXd | (190—191) CiaHuN4Oy-HCl | — | — | 971157 — | — | 98155
198—199 CioHgeN,O 708(68 | — [173{709(69 | — |174] 64
IXe | (190—191) CpHaeN4O-HCL —} — 1 98]157] — | — { 99/156

* The bases were recrystallized from alcohol, and the hydro-
chlorides were recrystallized from acetone —methanol~ether,

syrup, and the zinc acetate was removed by filtration. The chloroform was evaporated, and the residue
was vacuum distilled. Data on the N~acetyl-a-amino ketones are presented in Table 2,

1-Acetyl~2-amino-3~cyano-4,5~-dimethylpyrrole (V). A solution of 1,38 g (0,023 mole) of malononitrile
in 15 ml of absolute methanol was added with stirring to 4 g (0.023 mole) of amino ketone IVa in 5 ml of
absolute ethanol and 0,01 ml of piperidine, during which the temperature of the mixture rose to 30°, The
resulting precipitate was removed by filtration and washed with a small amount of methanol to give 4.1 g
(74%) of pyrrole V with mp 166-168° (from dioxane), IR spectrum: 3420, 3300, 3140, 1640 (NH,); 2200 (CN);
1700 (CO); and 1310 em~! (C~N). UV spectrum, Amaxs 2 (log €): 232 (4.08), Found: C 61,1; H6.0; N
23.8%. CgHyyN;O. Calculated: C 61.0; H6.2; N 23.72%. Compounds V and VIa were formed in 33.4 and 52.59
yields, respectively, in the case of an equimolar ratio of TVa and piperidine. 2-Amino-3-cyanopyrroles
VIa-f were similarly obtained, but the reaction was carried out at 45-50°, Data on the physical constants
and yields of VI[a-f are presented in Table 3.

General Method for the Preparation of Substituted 2-Acetamido-3-cyanopyrroles (VIIa-f), Acetic
anhydride (16 ml) was added to 0.022 mole of aminopyrroles VIa-f and the mixture was allowed to stand at
room temperature for 15 min, The resulting precipitate was removed by filtration and washed with alcohol.
Data on VIIa-f are presented in Table 3.

1-Acetyl-2-diacetamido-3-cyano-4-phenylpyrrole (VIII). A mixture of 5 g (0.0027 mole) of pyrrole
VIf, 10 ml of pyridine, and 3 ml (0.03 mole) of acetic anhydride was refluxed for 2 h, after which the mix~
ture was evaporated to dryness, and the residue was washed with methanol, The yield of VIf with mp 273~
274° (dec.) was 42%. The methanol mother liquor was evaporated to dryness to give VIII with mp 123-124°
(from methanol) in 40%yield. IR spectrum: 2200 (CN); 1740, 1730, and 1710 em~! (CO). UV spectrum, Amaxs
nm (log £): 242 (4.38). PMR spectrum, ppm: 2,32, s, 6H(COCH,), 2.57, s, SH(COOHy), 7.3, s, H(5H), and
7.3-1.5, 5H(CgH;). Found: C 65.6; H 5.0; N 13.3%. Cy4H;;N40;5. Calculated: C 65.9; H 4.9; N 13.3%.

2-Benzamido-3-cyano-4-phenylpyrrole (VIIg), A mixture of 1.83 g (0,01 mole) of VIf, 30 ml of dry
dioxane, and 3.9 g (0,028 mole) of benzoyl chloride was refluxed for 2 h, after which the solution was evapor-
ated to dryness, and the residue was washed with methanol, The yield of VIIg with mp 267-268°C (dec., from
methanol) was 2.43 g (86%). IR spectrum: 3340, 3260, 3220, 3150 (NH); 2220 (CN); and 1650 (CO). Found:
C 75.5; H 4.7; N 14,3%. CygHysN;0. Caleulated: C 75.2; H 4.6; N 14.6%.

2-Tosylamino-3-cyano-4-phenylpyrrole (VIIh), A 1,05-g (0,0055 mole) sample of p~toluenesulfonyl
chloride was added to 0.9 g (0,005 mole) of pyrrole VIf in 15 ml of dry pyridine, after which the mixture
wasg allowed to stand at room temperature for 15 min. It was then poured into water, and the aqueous mix-
ture was extracted with ether. The ether solution was washed successively with water, 10% sulfuric acid,
and water and dried with MgSO,. The violet solution was decolorized with charcoal, and the ether was evap-
orated to give 1.04 g (63%) of a product with mp 155-156° (from ethanol), IR spectrum: 2220 (CN) and 3300
em~! (NH). Found: C 64.2; H 4.5; N 9.5%. C;gH;;N40,. Calculated: C 64.0 H 4.5; N 9.5%.

Géneral Method for the Preparation of 5-Dialkylaminomethyl-2-acetamido-3-cyano-4~phenylpyrroles
(IXa-e). A mixture of 0.01 mole of VIIf, 40 ml of dry dioxane, and 0,02 mole of bis(dialkylamino)methane
derivative was refluxed in a flask equipped with a reflux condenser and fitied with Bunsen valve for 3 h. The
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mixture was then vacuum evaporated to dryness, and the hydrochlorides were obtained from the bases in
the usual way. Data on the physical constants and yields of IXa-e are presented in Table 4. PMR spectrum
(ppm) for IXa: 2.13, s, 9H(COCH,), (CHy),, 3.36, s, 2H(CH,), 9.66, s, H(NH) and 7.34, s, 5H(CH;); for IXd:
2.12, s, 3H(COCHy), 2.35 t, 4H[N(CHy),], 3.43, s,2H(CH,), 3.73, t, 4H[O(CH,),], 9.66, s, H(NHCOCHy), and
10.77, s, H (NH).
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