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It has been shown that 3-X-6-Y-carbazoles react in the presence of basic cata- 
lysts with vinyl esters simultaneously in two directions to form 3-X-6-Y-N- 
(~-acyloxyethyl)carbazoles and the corresponding N-acylcarbazoles. The decisive 
influence of the temperature on the direction of the reaction has been revealed. 
A mechanism of the process, which is consistent with the kinetic data, has been 
proposed. A method for the synthesis of the addition products with high yields 
has been developed. 

The addition of vinyl esters to compound containing an NH group followed by pyrolysis 
of the adducts formed is of interest as one of the methods for obtaining N-vinyl derivatives 
However, this reaction has been described only for vinyl acetate i~r several examples. 

It was pointed out in [i] that carbazole does not react with vinyl acetate under fairly 
severe conditions, It is known that the addition of carbazole to acetylene [2], as well as 
to olefin oxides [3], are conducted in the presence of basic catalysts. The performance of 
the latter reaction in acetone significantly facilitates it and results in a quantitative 
yield of the addition product [4]. 

We undertook an attempt to add carbazole to vinyl acetate in acetone with potassium hy- 
droxide as a catalyst. It was found that under these conditions 3-X-6-Y-carbazoles (1) 
readily react with vinyl esters (II) with the simultaneous formation of the corresponding 
adducts: 3-X-6-Y-N-(~-acyloxyethyl)carbazoles (III) and 3-X-6-Y-N-acylcarbazoles (IV): 
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The r e a c t i o n  of  v i n y l  a c e t a t e  w i t h  c a r b a z o l e  y i e l d e d  a d d u c t  Z I I a ,  which  i s  an i somer  
of  t h e  known [5] N - ( ~ - a c e t o x y e t h y l ) c a r b a z o l e .  I t s  c h e m i c a l  p r o p e r t i e s  d i f f e r  s t r o n g l y  f rom 
t h o s e  o f  t he  l a t t e r .  For  example ,  when h e a t e d  w i t h  w a t e r ,  i t  i s  q u a n t i t a t i v e l y  h y d r o l y z e d  
to  c a r b a z o l e ,  a c e t a l d e h y d e ,  and a c e t i c  a c i d ,  w h i l e  i t s  ~ i somer  i s  h y d r o l y z e d  o n l y  under  t he  
a c t i o n  of  aqueous  s o l u t i o n s  o f  s t r o n g  b a s e s  to  N - ( ~ - h y d r o x y e t h y l ) c a r b a z o t e .  A p p r e c i a b l e  
decombination of the adduets of type III (except IIle) also occurs during storage in air. 

Ill order to study the influence of various factors on this reaction we developed a 
method for the quantitative determination of adducts of types III and IV present together 
which was based on their different stabilities with respect to hydrolysis. Hydrolysis of 
the reaction products by water after the complete removal of the ester of type II by wash- 
ing (test with potassium permanganate) makes it possible to determine the content of the ad- 
duct of type III, and hydrolysis by a 0.i N solution of potassium hydroxide in 5% aqueous 
methanol [6] makes it possible to determine the sum of the adduct of type III and the acyl- 
carbazole of type IV. 
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Fig~ I~ Influence of the temperature of the 

reaction of 3-X-carbazoles of type I with 
esters of type If: I) total extent of con- 
version of carbazole I; 2) extent of con- 
version of carbazole I into adduct Ill; 3) 
extent of conversion of carbazole I into acyl- 

carbazole IV; a, b; d) R = CHs, X = H, CI, 
Cli3, respectively; c) R = C~Hb, X = H; b) 
according to data in [Ii]; d) according to 

data • [14]. 

As is seen from Fig. i, the yield of acylcarbazole IV increased with increasing tem- 
perature. Therefore, in order to obtain high yields of Lhe adducts it is necessary to 
maintain a temperature from --i0 to --20~ It is noteworthy that the total extent of con- 
version of the carbazole varies only slightly in the temperature range from --2U to +50~ 
although it has a tendency to decrease with increasing temperature due to secondary proc- 
esses. 

Alkali metal hydroxides, 40-50% aqueous solutions of these bases~ and the potassium 
salts of I serve~ as catalysts from the process under discussion. The application of sodium 
amide, lithium hydride, calcium hydride~ metallic sodium and alkali metal alkoxides does 

not give any special advantages with respect to the selectivity of the process. However~ 
phase-transfer catalysis of the reaction by tetrabutylam~onium bromide results i~ the pre- 
dominant formation of the acylcarbazole in the temperature range from +45 to--25~ i.e., it 
makes the process selective with respect to the acylation reaction [7]. Variation of the con- 
centration of the catalyst has little effect on the general course of the process~ and for 
preparative purposes it is usually equal to 5.-10% of the mass of the original carbazole of 
type I. In ~ the case of more acidic ear bazoles [8]~ the concentration of the bases may be 
lower. 

During the study of the reaction of the carbazoles with other esters of type !~> it was 
established that the nature of the acidic residue in them has a significant in[luence not 
only on the rate, but also on the direction of the process. Elongation of the a!kyl radi- 
cal (R = CbH~), as well as its replacement by a phenyl radical, have little effect on the 
course of the process. The introduction of chlorine into an acyl residue, as well as the 
replacement of an acetyl residue by a formyl residue not only sharply lowers the rate of the 
process, but also causes the reaction to proceed practically only in the acylation direction 
with the formation of the corresponding acylcarbazoles~ 

As a result of the investigations carried out~ a general method for the synthesis of ad- 
ducts of type lIl with high yields, and the possibility of the synthesis of various acyl- 
carbazo!es of type iV with the aid of esters of type Ii was demonstrated, it is ~ioteworthy 
that the acylearbazoles of type IV are obtained by this method under mild conditions with a 
high degree of purity. This method of synthesis is conveniently employed when the correspond- 
ing anhydrides or acid halides are unknown or relatively inaccessible. The results which we 
obtained are given in Table i~ 

On the basis of the kinetic data ill [17] the mechanism of the reaction under considera- 
tion includes the fast equilibrium ionization of the carbazole (~) under the action of the 
base introduced (i) and a rate-limiting step (2)~ i~e~ the a~tack �9 the carbazole anion on 
the ester molecule at the carbonyl carbon atom and the ~-c~rbon atom of abe vinyl group to 
form an intermediate transition complex (A), which then isoroerizes ~io the two intermediate 
anions AI and A2 (3)~ from which an adduct of type %1% and an acylcarbazole of ~ype IV form~ 

The proposed mechanism is in Eood agreement with the experimental data. We showed tha~ 
the reaction can be carried out in keto~ies, dimethylformamide~ dimethyl sulfoxide~ and other 
aprotic dipolar solvents, which promote the ionization of the carbazole as an acid. The re- 
action does not occur in aprotic nonpolar solvents (benzene~ dioxane), which do not promote 
the ionization of the carbazole. 
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The introduction of electron-acceptor substituents into the molecule of the carbazole 

of type I lowers the electron density on the atom of the imino group and increases its 
strength as an acid [8]. The investigation of the kinetics of the reaction of the carbazoles 

of type I with vinyl acetate showed that their reactivity is described by a Hanmlett equation 
with the form log K/Ko = --4.2Zo. The relatively large negative value of p is an indication 

of the high sensitivity of the reaction to the electronic influence of the substituents. The 
thermodynamic activation parameters of the reaction resulting in the formation of the adduct 
of type!ll are: E = 8,3 • 0.9, AH = 7.1 • 0.4 kJ/mole, and AS = --258.2 • 12.4 J/mole-deg. 
The values for the formation of the 9-acylcarbazoles a~e: E = 36.6 • 1.9, ~H = 29.3 • 1.6 
kJ/mole, AS = --239.0 • 11.2 J/mole-deg. The quantitative interpretation of the entropy of 
activation of the reactions considered suggests that there are orientationaZ and steric re- 

quirements for the formation of the transitionstate, which are characteristic of bimolecular 
processes [18]. The significant difference between the activation energies accounts well for 
the influence of the temperature on the yields of the two possible reaction products. 

Scheme of the mechanism of the reaction of carbazoles with 
vinyl acetate under-the conditions of base catalysis 

Y ~ ~ X  ~ 

+ B ,~ + BH + (1) 

H 

Y X 
y .x. ~ , , , . .  / . . / ~ , ~  X $|0wr 

+ CH~--~CH-O--C--R ~ ~ (2) 

It 

L ~ "o R j 

__ N I! '. ~u+ 

( 3 )  -CH a --CII-O--C -i:: CH~ --CII-O--C--R 
A ~ II il 

O- 0 
A: 

. ~  \ x Y x 

! l ]BH + { 5) 
R--C~O R--C ---0 --- CH= ~H~ } 

O- CHsCHO + B 

A 2 

The electron density in the molecule of vinyl acetate [19] is distributed in such a man- 
ner (Fig. 2) that it has two electrophilic centers, viz., the carbonyl carbon atom and the 
e-carbon atom of the vinyl group, to which the attack of the anion of the carbazo~e of type 
I is directed to form the intermediate transition complex A. In the case under considera- 
tion here~ the distribution of the ~ components of the atomic charges (D)~ which, ~s is seen 
from Fig. 2, is different for vinyl formate and vinyl acetate, rather than the distribution 
of the total atomic charges (C), is of greatest importanee~ According to this distribution~ 
the s-carbon atom in vinyl formate has a negative charge, as a result of which the attack of 
the anion of a carbazole of type I on it is impossible~ and an addition reaction does not 
take place. The attack on the carbonyl carbon atom, as previously~ can be realized, and the 
formylcarbazole forms. A similar phenomenon is apparently observed in the case of vinyl mono- 
chloroacetate. In the case of other esters of type II (R = C5HI~ or C6H~), the distribution 
of the electron density i~ similar to that in'vinyl acetate~ and the reaction can take place 
in the two directions. All other conditions being equal (Fig. I), a greater yield of adduct 
IIIf is always observed in the case of vinyl benzoate than in the case of viny% acetate. This 
is possible due to the fact that the s-carbon atom in vinyl benzoate has a greater positive 
charge than in vinyl acetate due to the conjugation of the phenyl residue to the r~nainder 
of the molecule. 

~EXPERIMENTAL 

Pure-grade carbazole was recrystallized from acetone to mp 243-244=C~ Its derivatives, 
which were synthesized according to the methods in [12~ 20-22], had mp 192-193~ (X = CI, Y = 
H), 205-212~ (X = NO2, Y = H)~ 202-203~ (X = CH~, Y = H)~ 202-203~ (X = ~ = C1). 
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Fig~ 2. Distribution of the total atomic 
charges (C) and their ~ components (D) in 
the molecules of vinyl formate (i) and 
vinyl acetate (2). Calculation by the 
CNDO/2 method [19]. 

The esters of type II were obtained via vinyl interchange [23] of vinyl acetate with 
the corresponding acids. 

3-X-6-Y N-(~-Acyloxyethyl)carbazoles (IIl). A mixture of the carbazole of type ! and 
the ester of type II in a 1:1.5 ratio (mole/mole) in acetone (5 ml per gram of the carbazoie) 
at a temperature from --i0 to --20~ is given an addition of finely ground KOH (5-10% of the 
mass of the carbazole) and held for 30 min. The reaction mass is filtered, the acetone is 
distilled off~ and the remaining oil is dissolved in hexane or other hydrocarbons (5-10 ml 
per gram of the carbazole) with heating. The mixture is cooled, and the adduct of type IIl 
is filtered out and recrystallized from the same solvent. The compound of type III must be 
stored in a sealed ampul or under a hydrocarbon layer. 

In the synthesis of IIlc, the reaction products remain in the precipitate at the end. 
They are filtered iout, washed with water, and dissolved with heating in acetone or benzene 
(40 ml per gram of the carbazole). The mixture is cooled to room temperature and acylcarba- 
zole IVc is filtered out. Half of the solvent is distilled off from the filtrate~ the fil- 
trate is cooled, and the stable adduct IIIc is filtered out and crystallized from the same 

solvents. 

3-X-6-Y-N'~cylcarbazoles (IV). The reaction is carried out in a similar manner at 30- 
50~ The reaction mass is poured into water, the precipitate is filtered out and treated 
with ethanol (3 ml per gram of the carbazole) st the boiling point, and the undissolved car- 
bazole of type I is filtered out~ The acylcarbazoies (IV) crystallize from the filtrate upon 
cooling. The separation of compounds IIlc and IVc is carried out by fractional crystalliza- 
tion, as described above. 
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SYNTHESIS OF 3-SUBSTITUTED 4-PIPERIDONES 

G. V. Grishina, V. M. Potapov~ 
S. A. Abdulganeeva, and I. A. Ivanova 

UDC 547.824~828.07:541.62:543o422 

It has been shown that the addition of methyl acrylate and acrylonitrile to the 
pyrrolidine enamines of i-methyl-, (iS)-a-phenylethyl-, (iS)-sec-butyl-~ !,2-di- 
methyl-, and 1,3-dimethyl-4-piperidone results in the formation of 3- or 5-sub- 
stituted 4-piperidones, depending on the reaction conditions and the structure of 
the enamine. The formation of a pair of diastereomers of the 3-substituted 4- 
piperidones in a i:! ratio takes place when there is a chiral substituent on the 
nitrogen atom in the piperidone ring. 

In the framework of the study of asymmetric reactions in a series of 4-piperldones, we 
investigated the possibility of the transmission of the asymmetric effect of a chiral sub- 
stituent on the nitrogen atom when a new carbon--carbon bond forms. As a model reaction we 
selected the formation of 3-substituted 4-piperidones by the addition of methyl acrylate and 
acrylonitrile to ensmines of 4-piperidones. Since there is only one report in the litera- 
ture on the cyanoethylation of the pyrrolidine enamine of 1-methyl-4-piperidone [i], it was 
necessary to work out the conditions and to establish the stereochemical laws for the addi- 
tion of methyl acrylate and acrylonitrile to the pyrro!idine enamines of 4-piperidones. The 
~ddition of methyiacrylate and acrylonitrile to the pyrrolidine enamines and l-methyl- (IIa), 
(iS)-~-phenylethyl- (lib), (iS)-sec-butyl- (llc)~ 1,2-dimethyl- (lid), and 1,3-dimethyl-4- 
piperidone (IIe). 

The enamines of type II were obtained by boiling the 4-piperidones (I) with a 0.5-moiar 
excess of pyrrolidine in absolute benzene in an argon atmosphere. It should be noted Chat 
all <he enamines of type ii are unstable and readily decompose on silica gel and during stor- 
~geo The structure of enamines IIa-c was confirmed by the presence in the PMR spectra of a 
characteristic triplet of the vinyl proton at 4 ppm and by the presence in the IR spectra of 
bands of the stretching vibrations of the enamino group at 1660-1670 cm -I. Two enamines, 
iIdA and IidB~ form from 1,2-dimethyl-4-piperidone, since two signals, viz., a triplet at 4.1 
and a doublet at 3.91 ppm, are observed in the PMR spectrum in the region of the vinyl pro- 
~ons, the ratio between their integrated intensities being i:i. According to the PMR data, 
only enamine lie forms from l~3-dimethyl-4-piperidoneo This was established on the basis of 
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