REACTIONS OF CYCLIC AMMONIUM (CYCLAMMONIUM)

CATIONS
XV.* HETARYLATION OF PYRROLES BY N-ACYLQUINOLINIUM,
N-ACYLISOQUINOLINIUM, AND N-ACYLACRIDINIUM SALTS

A. K. Sheinkman and A. A. Deikalo UDC 547.748'831'833'835

The corresponding hetarylpyrroles were obtained by the reaction of pyrroles with quinoline,
isoquinoline, and acridine in the presence of acyl halides.

The reaction of six-membered nitrogen heterocycles with acyl halides gives N-acyl cyclic ammonium
{cyclammonium) cations [2], which in situ are not only frequently acylating agents but also convenient elec-
trophilic agents for the introduction of heterocyelic residues into nucleophilic aromatic [3-5] and heteroaro-
matic [6-10| compounds. This route was also used to obtain some heterocyclic derivatives of pyrroles [6-
8] and benzopyrroles [9, 10]. These reactions, in analogy with the various reactions of carbonium ions —
alkylation, acylation, or tropylation — can be called hetarylation reactions.

In the present communication, we were able to demonstrate that the hetarylation of pyrroles with N-
acyl cyclic ammonium cations is a general reaction and, despite the literature data [7], is possible with
any N-acylquinolinium, N-acrylisoquinolinium and N-acylacridinium salts.

N-Acylisoquinolinium salts proved to be the most active salts in this reaction. The reaction of these
salts with pyrroles, even at room temperature, gave high yields of mono- (I,I) and bis(2-acryl-1,2-dihydro-
1-isoquinolinyl)pyrroles (I1I):
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The ratio of the I, II, and III formed depends to a considerable degree on both the nucleophilicity of
the pyrrole ring and on the electrophilicity of the N-acyl cyclic ammonium cations, which is higher the
greater the electron-acceptor character of the acyl halides used in the reaction. In the reactions with N-
phenylpyrrole, the nucleophilicity of which is reduced as a consequence of the electron-acceptor effect of
the phenyl substituent, only one heterocyclic residue can be introduced into the o position of pyrrole. Com-
pound TII is formed predominantly with N-methylpyrrole, along with only traces of T and II, while a mixture
of I, I1, and 11T is obtained with unsubstituted pyrrole.

The N-acetyl salts are more active in these reactions than the N-benzoyl salts, while the N, N-di-
phenylecarbamoylisoquinolinium salt is the least active, and only I can be obtained from it.

Polyhetaryl derivatives I and II can subsequently participate in hetarylation to form III or 2.5-dihet-
arylpyrroles with different heterocyclic residues or identical heterocycles, which, however, have different

*See [1] for communication XIV.
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acyl substituents (R), for example:

In the reaction with the acid dichloride of 4,4'-diphenyldicarboxylic acid in dilute solution we obtained
macrocyclic system V, to which, on the basis of the IR spectra and in analogy with the remaining reactions,
we assigned the structure of the product of the intramolecular hetarylation of pyrrole in both ¢ positions:

Quinoline, like isoquinoline, also forms mono- and 2,5-bis(1~acyl~1,2-dihydro-2-quinolinyl)pyrroles
on reaction with pyrroles in the presence of acyl halides:

Yo ] LA S S i
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vi Vit VIl

In contrast to this, under similar conditions in the reaction of N-acylacridinium salts, we obtained
2,5-diacridinylpyrroles and N-acylacridane rather than N-acyl-9-pyrrolylacridanes; the same thing occurs
during the acridinylation of aromatic compounds [5]:

1t was found that the hetarylation of pyrroles is also possible with vinylogs of N-acyl cyclic ammonium
cations formed as the active intermediates in the reaction of pyrroles with six-membered nitrogen hetero-
cycles in the presence of 8-chlorovinyl ketones, for example

2 :
A - = CHCOC, H, —=

P |Ng CICH Hs l T
N H B N

HC=CHCOCH,

The structures of XII and XIII, which we obtained by the reaction of N-acylguinolinium and isoquinoli-
nium salts with 2,5-dimethylpyrroles, do not raise any doubts,

However, we made the assignments of the isomers of I, II, VI, and VII, which are formed in the reac-
tion with pyrrole, and proved the structures of the products of the hetarylation of 2,4-dimethylpyrrole (XIV
and XV) by means of their IR spectra. The spectra of such compounds contain a characteristic band of the
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TABLE 1. 2-Acyl-1-pyrrolyl-2(3)-1,2-dihydroisoquinolines and 1-Acyl-2-pyrrolyl~2(3)-1,2-dihydroquino-

lines
uv o Cal .
Com- ( spectra g5 Empirical Found ac. Yield,
pound R R |Imp, °C Ry |——, g:‘ formula e | & o 2 = | . %
& axr, | o) Ma | - © < . N
A S s El | Mo d] =
|
Ta 'CsHs H 136—138P 0,68 | 225 | 4,383 | 3420 CaoHisN20 !80,0 57 | 9.2 8001541931 25
, 265 | 4,83
Ib |CeHs CeHy . 149—150% | 063 | 290 | 422 | — CasHaoN,0 829 54173 8291541 74} 88
Ic | (CeHs)aN H 231—2324 0,89 | 227 | 445 | 3440 CasHai N30 80,157 [11,2 798 | 54 [10,7] 58
297 | 4,28 : i
Id | CeH;COCH=CH H 158—159% | 0,19 | — — | 3410 | CouHigN,0 81,3154 | 85 81,056 | 86| 60
ila CHs H 182—183f 053 | 224 ' 434 ;3450 | CisHN,O 268 17581 6,0 112,21 238 7561 59 | 11,7} 71
267 | 4,14
288 | 4,19
315 | 4,04 .
Ib | 2-Furyl H 195194 0,45 | 228 | 431 | 3470 | CysH;sN,0s 280 1747 150 | 981290745 48 | 9,7| 16
200 | 4,11
a | CeH; H 197—198" | 052 1 235 | 527 | 3460 | CaeHp:N;0, 813152 | 77 80,9052 | 79| 37
275 | 540
11b ' CeHs CH, | 199—200° | 0,30 | 207 | 456 | — Ca7H2aN30, 584 |81,5 58 | 83! 548181,1'53 ! 7,7| 49
281 | 4,50 :
[If |2-Furyl H 170—171 | 0,18 | 293 | 442 | — CaoHasN30, 518 {746 |46 | 82| 514|748 45| 81| 14
lild '2-Thienyl H 184—1850 | 0,64 | 233 | 459 | 3410 | CyHauNS:0, 537 {70446 | 7,6 546]7041{ 4,2 | 77| 48
280 | 4,49
Ille |CH, H 263—264" 021 | 228 | 4,36 | 3430 CagHasN30, 76,1154 | 99 76,3157 (10,31 27
294 | 4,20
IV | CeHs2-Mfuryl H 179—181° | 0,18 | 278 | 4,39 | 3430 |  CyHasN3O; 563 (77,751 | 81|524{780]| 48 | 80| 72
V| CeHi—CeH, H 242-2438 | 0,17 | 220 | 352 | 3425 CaeHpsN30; 81,1147 75 813471 79 43
270 | 3,70
Vla |CeHs H 1581609 | 0,50 | 222 | 455 | 3495 CyoH 6N20 798153 | 9,2 80,054 | 93| 30
VIb [CeHs CsHs | 87—88° 0,69 | 228 | 443 | — CagHgN;O 83,057 | 68 829154 | 74| 44
270 | 4,39
VII | CeHs H 177—178% | 0,66 | 225 | 452 | 3460 CaoH;sN:0 79956 | 95 80,054 | 93| 40
Villa |Ce¢H; H 18—119? 0,38 CasHrN3sO, 80,5| 56 | 82 80952 | 787 10
VIIib |CHs H 204—205f 0,30 ggi 4,80 | 3410 Ca6HyaN3Os 76,0157 110,3 763157 (103] 25
4,19
Xlla |CeHs H 149—150% | 0,33 | 294 | 4,23 | 3488 C29H2N,0 80,264 | 83 804161 | 85| 66
XIIb |CeHs Cols | 242-—243° | 0,66 | 276 | 4,98 CagHasN20O 83,0(57 | 67 8,159 | 69| 67
C
XIlTa |CeHs H 202—203 0,24 | 222 | 451 CasHyoN,0O 798163 | 88 80,461 | 85| 56
XIIb [CeHs CeHs | 1951960 0,76 | 218 | 4,54 CasHgsN,O 83456 | 72 831,59 | 69| 36
XIVa {CeHs H 195—196° | 0,74 | 225 | 4,40 | 3450 CasHzoN:0 80,4165 | 82 80,5{6,1 | 85| 43
_ 298 | 4,12
XIVb [CH; H 295--226° | 0,33 | 227 | 4.27 | 3435 Ci7H,;sN:0 770163 {103 767168 |105] 42
' 285 | 4,23
XV  [CgHs H 215—216 | 040 | 226 | 4,15 | 3452 CaoHyoN,0O 80,8| 6,1 | 80 80,516,111 85| 82
268 | 4,25
a . . b c d
The molecular weights were determined by the Rast method. ~From heptane. From ethanol. “From

petreleum ether. eFrom isopropyl alcohol. "From butanol.

acetone,

gFrom benzene,

From methanol. lFrom
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stretching vibrations of the N—~Hbond, the position and form of which depend to a considerable degree on the
structure of the compound. An intramolecular hydrogen bond (a seven-membered ring) is apparently formed
in a-hetarylpyrroles I, VI, XIV, and XV (R'=H), while this sort of possibility is hindered in the § isomers

of II:
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In this connection, the band of the stretching vibrations of the N—H bond in the spectra of a-substituted
pyrroles in CCl, and CHCI; (no difference in the spectra is detected in the crystalline state) is shifted to
3410-3430 cm™! and broadened, while the N—H band of the 8 isomers is extremely narrow and is found at
3460-3500 cm~! (T'able 1). When the solutions are diluted considerably, its position does not change, and
this excludes the formation of an intermolecular hydrogen bond.

The formation of a hydrogen bond in such compounds has virtually no effect on the position of the
band of the stretching vibrations of the C =0 group, since it is situated at 1665-1675 cm~! in the spectra of
all of the compounds. In addition, the band of the stretching vibrations of the C =C bond in conjugation with
the benzene ring that is characteristic for 1,2-dihydroquinolines is observed at 1615-1625 cm™! in the spec-
tra of all of the compounds.

Since the 1 position of isoquinoline {9, 11], the 2 position of quinoline [4], and the 9 position of acridine
[5, 7] are, as a rule, substituted in the reactions of N-acyl salts of six-membered nitrogen heterocycles,
and since we established the site of fusion of the pyrrole ring by means of IR spectra, there is every basis
to assign the I-VIII and XII-XV structures (Table 1) to the compounds that we obtained. On the basis of the
data presented in Table 1, it is difficult to establish the principle of the substitution of the hydrogen atoms
of the pyrrole ring in hetarylation reactions. We note, that, in almost all cases, we detected all three reac-
tion products — 2-hetaryl-, 3~hetaryl-, and 2,5-dihetarylpyrroles — on the chromatograms. Only those com-
pounds that could be isolated and purified by fractional crystallization are presented in Table 1; in some
cases, we demonstrated the fundamental possibility of isolating all of the reaction products by means of
preparative chromatography.

The direct introduction of a heterocyclic residue into the B position of the pyrrole ring when the «
position is free is not really so unusual, although it does require additional confirmation. It was recently
reported [12] that both the & and B isomers of alkylpyrroles are formed in the alkylation of pyrroles.

EXPERIMENTAL

The IR spectra of CHCl; or CCl, solutions (1-10-3-5-10-3 M) of all of the compounds were recorded
with a UR-20 spectrophotometer. The UV spectra of 96% ethanol solutions were recorded with an SF-4A
spectrometer. Chromatography was carried out in a thin layer of activity II aluminum oxide with elution by
benzene—hexane—chloroform (6:1:30) and development with iodine vapors.

The pyrroles used in this study were prepared by the methods presented in [13],

Reaction of Quinoline with Pyrrole in the Presence of Benzoyl Chloride. A solution of 5.9 g (0,045
mole) of quinoline, 3.17 g (0.022 mole) of benzoyl chloride, and 1.53 g (0.022 mole) of pyrrole in 6 ml of
anhydrous benzene was heated at 50° for 6 h under nitrogen. The reaction mixture was then steam~distilled
and the residue in the distillation flask was separated and dried to give an overall yield of 5.54 g. Prepara-
tive chromatography of this product on aluminum oxide gave three compounds: 2.08 g (30%) of 1-benzoyl-
2-(2-pyrrolyl)-1,2-dihydroquinoline (VIa), 2.77 g (40%) of 1-benzoyl-2-(3-pyrrolyl)-1,2-dihydroquinoline
(VID), and 0.69 g (10%) of 2,5-bis(1-benzoyl-1,2-dihydro-2-quinolinyl)pyrrole (VIIIa). The analytical data
and other characteristics of these and similarly obtained compounds are presented in Table 1,

The other compounds presented in the table were obtained directly by crystallization of the reaction
mixture rather than by preparative chromatography.

2,5-Diacridinyl-9-pyrrole (XI). A solution of 8.96 g (0.05 mole) of acridine, 3.52 g (0.025 mole) of
benzoyl chloride, and 1,68 g (0.025 mole) of pyrrole in 20 w1 of absolute benzene was held at room tempera-
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ture for 24 h, after which the benzene was removed by distillation, The residue was treated with ammo-
nium hydroxide and hot water and dried. The dried material was extracted repeatedly with boiling petro-
leum ether, and the insoluble residue was recrystallized from butanol to give 5.6 g (53%) of XI with mp
(356-358° (mp 362~364°[7]). and Rf0.19. Found: C 85.6; H4.7; N10.0%. CqHigNy. Calculated: C 85.5: H4.5: N
9.9%. Both'monoacridinylpyrrole isomers were detected on the chromatogram (Rf 0.40 and 0.75). but they
could not be purified,

2,5-Dimethyl-3,4-di(9-acridinyl)pyrrole. This compound was similarly obtained in 59% yield and had
mp 375-378% (from ethanol) (mp 386° [7]) and Rf 0.16. Found: C 85.1; H 5.6; N 9.9%. CgyHy,Ns. Calculated:
C 85.5; H 5.1; N 9.3%. The picrate had mp 264-265°. Found: N 13.9%. CgHyN,-2CH,N,0,. Calculated:
N 13.8%. 2,5-Dimethyl-3-acridinylpyrrole was detected on the chromatogram (Rf 0.54) but could not be
isolated.

2,4-Dimethyl-5-(9-acridinyl)pyrrole. This compound was obtained as described above in 54% yield
with mep 257-259° (mp 268-269° [7]) and R 0.56. Found: N 10.6%. CygHN,. Calculated: N 10.3%.
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