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PYRROLES FROM KETOXIMES AND ACETYLENE.

38.% NEW REPRESENTATIVES OF TRIFLUOROACETYLPYRROLES.
SYNTHESIS AND TRANSFORMATIONS

S. E. Korostova, A. I. Mikhaleva, L. N. Sobenina, UDC 547.745'292-31:542.951.1
S. G. Shevchenko, M. V. Sigalov, I. M. Karataeva,
and B. A. Trofimov

A series of previously unknown trifluoroacetyl derivatives of pyrroles were ob-
tained with high yields by the reaction of pyrroles, including N-vinyl-substi-
tuted pyrroles, with trifluorcacetic anhydride in the presence of pyridine at
room temperature. The solvent and the substituents at the o and B positions of
the pyrrole ring do not affect the direction of electrophilic substitution.

It is known [2-12] that the trifluoroacetylation of compounds of the pyrrole series
leads to a-or B~substitution products, depending on the structure and on the reaction condi-
tions. While continuing an investigation into this reaction in the series of substituted
pyrroles we attempted to determine the effects of substituents in the pyrrole ring and the
effect of the medium on the direction of attack by the trifluoroacetyl cation and on the
vield of the final products.

*For Communication 37, see [1].
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The effect of sclvents was investigated mainly for the case of the reaction of trifluoro-
acetic anhydride with 2-phenylpyrrole. It was found that, in dry benzene, dioxane, dichloro-
ethane, chloroform, and carbon tetrachloride the attack by the COCF; cation is directed ex-
clusively toward the a position of the pyrrole ring. [In all cases the PMR spectrum of the
trifluoroacetylpyrrole (I) contained signals for the 3- and 4-H protons.] The possible at-
tack by the electrophile at the NH group [7] was not observed. The physicochemical charac-
teristics of the only reaction product (2-phenyl-5-trifluorocacetylpyrrole) coincided with
the previously obtained data [2]. The investigated solvents did not affect the yield of
the trifluoroacetylpyrrole (I). Thus, the yields of the pyrrole (I) in ether, benzene, di-
oxane, dichloroethane, chloroform, and carbon tetrachloride amounted to 87, 83, 90, 84, 83,
and 857, respectively. As a result we chose ether as working solvent in the synthesis of
the trifluoroacetylpyrroles (II-IX, XI-XV, XVII, XVIII) as being the most readily obtainable
and most convenient solvent for the extraction of the trifluorcacetylpyrroles from the reac-
tion mixture.

The yields of the trifluoroacetylpyrroles (III-VIII) unsubstituted at the nitrogen atom
do not depend on the structure of the aryl substituent at position 2 of the pyrrole ring
and are, as a rule, not less than 807 (Table 1). The trifluoroacetylation of the N-vinyl-2-
phenylpyrroles (X-XIV) with alkyl substituents (C,Hgs, CsH,, CsH;;, CoH;4) at position 3 of
the pyrrole ring is also regiospecific (only at the o position) and takes place as readily
as for the pyrroles (I-VIII) unsubstituted at the nitrogen atom.

The regioselectivity of the reaction is not lost in the reaction of N-vinyl-2-phenyl-
pyrrole with trifluorocacetic anhydride in DMFA, but its rate is reduced appreciably. In
this version the production of a satisfactory yield (58%) of the trifluorocacetylpyrrole (IX)
requires a twofold excess of the anhydride and an increase of the reaction time to 7 h instead
of the usual 4-5 h.

The reactivity of the synthesized N-vinyltrifluoroacetylpyrroles was investigated for
the cases of hydrogenation, thiylation, electrophilic addition of alcochols, and oximation.
The catalytic hydrogenation of N-vinyl-2-aryl-5-trifluoroacetylpyrroles (IX, XV-XVII) takes
place readily and almost quantitatively and gives N-ethyl-2-aryl-5-(1-hydroxy-2,2,2-trifluoro-

ethyl)pyrroles (XXIII-XXVI).
H,/Ni~Re
I¥, XV-XViI _CZ—H;E— o ‘ ! C/CF3

éZHS
WA -XXV1
XXIII R'=CeHs; XXIV R!=4-CHiC¢Hy XXV R!'=4-C,H;CsH,; XXVI R!=4-CHyOCsH,

2-Phenyl-5-trifluoroacetylpyrrole is reduced under the same conditions with the forma-

tion of 2-phenyl-5-(l-hydroxy-2,2,2-trifluorocethyl)pyrrole (XXVII)* with a yield of 97%Z.
In contrast to the data in [9], where the synthesis of pyrrolidine compounds during the hy-

X, X, XVI, XVII + RSH

A
§
B g

XIX, XX, XXII R=C,H;, XXI R=C3H;

*The preparation procedures (without experimental details), constants, and data on the anti-
microbial activity of the pyrroles (XXIII, XXIV, XXVII) are given in [12].
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TABLE 1.

5-Trifluoroacetylpyrroles¥®

bp, °C (pres-| _ o+ bp, °C (pres-| .
= sure, mm Hg) | o 2 ¥ sure, mm Hg) | ©
ta R* ~ - R o o
g3 [mp, OL] 0] ES [mpa C] i
S &a Ho | S g

1] CeHs 156... 158 87 XIT | CeHs 45...47 83
111 CsHs 114...115 84 XIIT] CgHs 183 (9) SZ
111 | 4-CH3CeH, 197...199 93 XIV | CeHs 188 (2) 87
IV 4-CoHsCoHy | 169...169,5 92 XV} 4-CH;CsH,4 62...63 90
V | 4-CH30CsH, | 195...196 84 XVI| 4-CoHsCsHy | 138...140 (1) 92
V1| 4-CICsH, 189... 191 82 || XVII| 4-CHs0CeH,| 59...60 81
V11| 4-BrCeH,4 193...194 83 [IXVIII 4-CiCeH, 84...86 80
VIIT | CioH> 184...186 80 XIX | CeHs l((ig ... é')72 87
(naphthyl .

X Csl?ls v1) 145...146 85 [59...60]
3...4) XX | 4-CH,OC¢H4| 188...192 (1) 83
X Ce¢Hs 136 (1) 93 XXI| CeHs 170...172 (1) 92
XI| CeHs 56...57 86 | XXII}4-CoHsCsHy | 168...170 (1) 82

*Compounds (X, XVI) were synthesized in carbon tetrachloride
[11].

+IX d,2° 1.2582, np?°® 1.5885; XIII d4,2° 1.0807, np2° 1.5055;
XIV np?° 1.5080; XIX np2° 1.5700; XX d,2° 1.2511; XXI d,2%°
1.2075, np?°® 1.5680; XXII d,2° 1.1934, np?® 1.5710.

I, TII-IX, XV-XVIII, XX-XXII R2? = H; II, XI R? = C,H,; X,
XIX R? = CHg; XII R? = C H,; XIII R? = CgH,,; XIV R? = CoH,q;
I-VIII R® = H; IX-XVIII R® = CH,=CH; XIX, XX, XXII R3 =
(CH,),SC,Hy; XXI R3 = (CH,),SC,H,.

TABLE 2. PMR Spectra of the Trifluoroacetylpyrroles®
8, ppm
o
&
g 3 i s
38| 3 | 4H R! R? R
116631 725) 74...78
IV 656 | 7201 72...7,6 10,6
V16707201 75...79 12,6
VII| 678 | 720§ 72...78 12,8
VIII| 7,07 | 863 |7,66...7,97 . )
XII 725 73...75 2,34 (a); 1,45 (B); }7.30 (a); 4,94 (B-cis);4,56
0,83 (y) (B-trans)
X111 730 | 73...75 | 235 (a); 1,24 (B, v, | 1.30 (ax): 487 (B-cis);4.46
8); 0,82 (¢) (f~trans)
XV| 638 | 7,20 7,20 738 (a); 5,13 (B-cis);4,76
(B -tran'sg‘
XVIII{ 641 | 7,30 7,35 7,38 {(a); 5,15 (B-cis);4,74
(B-trans)
XXI1{ 6,23 | 7,25 7,40 4,42 (a); 2,57 (B); 2,23
(SCHy); 1,40 (CH,); 0,86
(CHy)

*The spectra of compounds (I, XII, XVIII) were recorded in
deuterochloroform, those of (IV, V, VII, VIII, XV) were re-

corded in DMSO-D¢, and those of (XIII, XXI) were recorded in
carbon tetrachloride.

drogenation of substituted pyrroles in the presence of Raney nickel was reported, the pyr-

role ring is not reduced either fully or partly under the investigated conditions.
the vinyl and carbonyl groups are reduced.

Only

In spite of the presence of the strong electron-withdrawing COCF, group in the molecule
of these N-vinylpyrroles, the reaction of alkanethils with N-vinyl-5-trifluoroacetylpyrroles,
initiated by azoisobutyronitrile at 70-80°C, takes place in the usual way [2] with the forma-
tion of only the B-adducts, i.e., 1-(2-alkylthioethyl)-2-aryl-5-trifluoroacetylpyrroles

(XIX-XXII) with yields of up to 92Z.
group were not detected.

The possible products from addition at the carbonyl
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In order to obtain alkoxyethylpyrroles with the general formula (XXVIII), containing
the COCF; group in the pyrrole ring, we attempted the addition of primary aliphatic alcohols
(R = CH3, C,Hs, C,Hy) to the N-vinyl-2-phenyl-5-trifluorocacetylpyrrole (IX) under electro-
philic conditions [2].

rom. " cu, oK
c ) NYVHI

e

O CF,

cu N f (OR),
However, it was found that the presence of the strongly electron-withdrawing group
(COCF;), which reduces the nucleophilic activity of the double bond, prevents such a reac-

tion. It was also impossible to realize path 2 under the investigated conditions.

NI OII-HCL
et a—— P
NaOH/CH_OH B R of I8

T ¢HS N0

NIX

Like the acetylpyrroles [13], the trifluorcacetyl derivatives of pyrroles, such as tri-
fluorocacetylpyrrole {(I), are oximated by hydroxylamine hydrochloride.

The IR and PMR spectra confirm the structures of the synthesized compounds (Table 2).
In the IR spectra of the pyrroles (I-VIII) and alkylthioethylpyrroles (XIX-XXII) the carbonyl
group is represented by absorption at 1660 and 1670-1690 cm™', respectively. The pyrroles
(I-VIII) are characterized by a strong absorption band in the regions of 3320 and 3330 (vyg),
and the vinylpyrroles (X-XVII) give bands at 1635 and 1640 (vc—c of the N-vinyl group) as
a shoulder on a very strong band at 1660-1680 cm™® (vc=g). In the IR spectra of compounds
(XXIII-XXVI) the vog band appears at 3400 cm™!, while the absorption of the carbonyl (1680)
and vinyl (1640 cm™*) groups is absent. IR spectrum of oxime (XXIX) (potassium bromide):
1500, 1600 (vg—¢ of pyrrole ring), 3450 (vog), 935 (vN-—0), 1640 cm™! (ve=y).

EXPERIMENTAL

The initial pyrroles and N-vinylpyrroles were obtained from the ketoximes and acetylene
by the Trofimov reaction [2], and the alkylthicethylpyrroles were obtained by the method
in [14]. The IR spectra were recorded on a UR-20 instrument for microlayers [the pyrroles
(IX, X, XIII, XIV, XX-XXII)] or for tablets with potassium bromide [compounds I-VIII, XI,
XII, XV, XVII, XVIII, XXVI, XXIX)]. The PMR spectra were obtained on a Tesla BS-487C spec-
trometer at 80 MHz with HMDS as internal standard. The elemental analyses of compounds (I-
XXII, XXV, XXIX) for C, H, F, and N agreed with calculated data.

Typical Procedure for the Production of a-Trifluoracetylpyrroles (I-IX, XI-XV, XVII,
XVIII). To a solution of 30 mmoles of pyrrole and 40 mmoles of pyridine in 40 ml of ether
at 20°C we added dropwise over 2.0-2.5 h 40 mmoles of trifluoroacetic anhydride in 10 ml
of ether. The mixture was stirred at the same temperature for a further 2-3 h and added
to cold water. The organic layer was separated, and the aqueous layer was extracted with
ether. The organic layer and the extracts were washed (3-5 times) with cold water and dried
with magnesium sulfate. The ether was removed, and the residue was distilled under vacuum
or (in the case of the crystalline substance) recrystallized from ethanol or hexane. The
yields and constants of the trifluoroacetylpyrroles are given in Table 1.

The trifluorocacetylation was conducted similarly in other solvents.

1-Ethyl-2-(4-ethylphenyl)-5-(1-hydroxy-2,2,2-trifluorocethyl)pyrrole (XXV, C, H, F:NO).
The reaction mixture from 4.4 g (15 mmoles) of N-vinyl-2-(4-ethylphenyl)-5-trifluoroacetyl-
pyrrole in 50 ml of ethanol and hydrogen (initial pressure 40 atm) in the presence of 1 g
of Raney nickel was heated at 50°C for 5 h in a l-liter rotating autoclave. The catalyst
was separated from the liquid, the solvent was distilled, and 4.2 g (947) of the pyrrole
(XXV) was obtained; mp 56-57°C.
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2-Phenyl-5-trifluoroacetylpyrrole Oxime (XXIX, C;,HoF:N,0). To a mixture of 3.1 g
(12 mmoles) of 2-phenyl-5-trifluoroacetylpyrrole; 1.55 g (22 mmoles) of hydroxylamine hydro-
chloride, 10 ml of ethanol, and 2 ml of water we added 5 ml of benzene. Over 0.5 h with
vigorous stirring we added 1.84 g (46 mmoles) of sodium hydroxide. The mixture was then
heated at 60-70°C for 2 h. After cooling it was poured into water (-100 ml) which had been
acidified with hydrochloric acid. The oxime (XXIX) was extracted with ether, and the extracts
were washed with water and dried with potassium carbonate. After removal of the ether we ob-
tained 2 g (60%) of the oxime (XXIX); mp 250°C (decomp.).
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