
0.6 g (37v/o) of a product  with mp 177-179 ~ (from 8070 ethanol). IR spect rum:  3400 and 3280 (NH2) , 1680 (CO) 
cm -1. Found: C 71.1; H 6.1; N 12.0%. C20H19N30. H20. Calculated: C 71.6; H 6.0; N 12.5~. 

B) A total of 200 ml of 2 N NaOH and 5 g (0.3 mole) of sodium hydrosu!fite were added to a solution of 
2.3 g (5 mmole) of XH in 200 ml of 8070 ethanol, and the mixture was gradually heated to 80 ~ and allowed to 
stand at this t empera tu re  until it became completely co lor less  (1 h). It was then filtered, and the fi l trate was 
cooled and extracted with ether.  The ether  extract  was evaporated to give 0.3 g (19%) of a product  with mp 
177-179 ~ The product  was identical to the product  obtained by method A. 
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R E A C T I O N S  W I T H  E L E C T R O N  T R A N S F E R  

T O  N - A C Y L H E T E R O A R O M A T I C  C A T I O N S  

A.  K.  S h e i n k m a n ,  A.  P .  K u c h e r e n k o ,  
I .  V.  K u r k u r i n a ,  N. A.  K l y u e v ,  
a n d  E .  N. K u r k u t o v a  

UDC 547.785.5'82'833'836 

The behavior  of some benzoquinolines and imidazoles in reactions with acylating agents in the 
p resence  of zinc dust was investigated. The possibili ty of f r ee - rad ica l  hetarylat ion under these  
conditions of organic compounds by the intermediately formed N-acylheteroaromat ic  radicals  
was established. The s t ruc ture  of 2 ,2 ' -d iace ty l -  1 ,1 ' ,2 ,2 ' - te t rahydro-  1, l ' -d i isoquinolyl  was 
determined by means  of x - r ay  diffract ion analysis.  

The electrophil ici ty of N-heteroaromat ic  cations increases  as the e l ec t ron-accep to r  proper t ies  of the 
substituents attached to the heteroatom increases  [1] and becomes par t icu lar ly  high in the case of N-acylhe te ro-  
a romat ic  cations. The high electrophil ici ty of the la t ter  is manifested not only by the fact  that they can readily 
add to react ion centers  with increased e lectron density (the so-called hetarylat ion react ion [2]): reactions in- 
volving one-e lec t ron  t r ans fe r  to the heteroring,  which leads to the formation of N-acylheteroaromat ic  radicals ,  
are  also facilitated in this se r ies .  The anions themselves  of the corresponding salts [2] and various metals  
can act  as e lec t ron donors for  cations of this sort ,  and, in contras t  to N-alkylpyridinium salts, which are  r e -  
duced only by sodium amalgam under severe  conditions, the reduction of N-acyl  salts  proceeds at room tem-  
pe ra tu re  under the influence of zinc and even less  active metals  [3]. The resul t ing N-acylpyridine radicals 
are  extremely stable in some cases  and may exist  in the crystal l ine state for a ra ther  long time, but they most  
often immediately  recombine to give 1, l ' - d i a c y I -  1 ,1 ' ,4 ,4 ' - t e t rahydro-4 ,4 ' -d ipyr idy l s .  This react ion has been 
extended to N-acylpyridinium and benzopyridinium salts [4, 5]. However, N-acyl  salts of acridine were re -  

Donetsk State University,  Donetsk 340055. Transla ted from Khimiya Geterotsikl icheskikh Soedinenii, 
No. 2, pp. 229-237, February,  1977. Original ar t ic le  submitted December 29, 1975; revis ion submitted May 
13, 1976. 
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duced under s imi la r  conditions to N~acylacridans without forming dimers  [6]. This can evidently be explained 
by the higher stability of the N-acylacr idinyl  radical,  which, under the react ion conditions does not have time 
to recombine but ra ther  is reduced to the anion, which in acidic media adds a proton to give N-acry lacr idans .  

It seemed of interest  to investigate the behavior, under  s imi lar  conditions, of N-acyl  salts of various 
dibenzopyridines - acridine i somers  - and of some imidazoles and benzimidazoles,  for which this react ion is 
general ly unknown. In addition, it seemed of interest  to us to attempt to use N-acylhe te roaromat ic  radicals  
not only for the prepara t ion  of "doubled" heterocycles  by thei r  recombination but also for  the hetarylat ion of 
various organic compounds. 

It was found that, in contras t  to acridine, phenanthridine and benzo[f]- and benzo[h]quinolines react  with 
carboxylic acid anhydrides or  chlorides in the p resence  of zinc dust to give the corresponding N,N' -d iacyl -  
te t rahydro derivat ives .  The part icipat ion in the react ion of benzo[h]quinoline, which does not form N-acyl 
salts because of s ter ic  hindrance [7], can be explained by a change in the sequence of the individual react ion 
steps. In cont ras t  to phenanthridine and benzo[f]quinoline, where N-acylhe te roaromat ic  cations (I, IT), which 
are  subsequently reduced under the influence of Zn to N-acylheteroaromat ic  radicals  (II), a re  formed as a 
result  of initial attack of the acylating agents on the heteroatom, in the case of benzo[h]quinoline one observes  
the initial format ion of an anion radical  as a resul t  of one-e lec t ron  reduction with zinc dust, as in the react ion 
of zinc dust and other  metals  with pyridine and quinoline [8]. The resulting anion radicals  subsequently under-  
go dimerizat ion and acylation: 

.io# OO- LV 
I ( a - c )  

COR CO? 
Ill (a-C) 

L 
H i 

COR COR 

II (a-c) 

& - 

l--V a R=CH31 bR=C2Hs~ R=C3H 7 

COR COR 
iv (a-c) 

v (a-c) 

Compounds of the TIT and IV type (but not of the V type) are  also formed by simple heating of benzoqui- 
nolines with acyl halides as a resul t  of one-e lec t ron  reduction of cation I (II) by the chloride ion: 

COCH 3 COCH 3 

In the reaction of imidazole and benzimidazole with acylating agents and zinc dust under s imi lar  con- 
ditions, like acridine,  they are  reduced to 1,2-dihydroimidazoles also evidently due to the reduction of the 
intermediately formed N-acyl radicals  to the corresponding anions and subsequent addition of a proton. Among 
the react ion products we also detected compounds with an open imidazole ring, which are  formed in a side 
react ion probably as a resul t  of decomposit ion of the unchanged 1,3-diacylimidazolium cations by water  during 
isolation of the react ion products .  Dimers of the VII type a re  not formed under these conditions. 

In the case  of pyridine we were able to show that the N-acylheteroaromat ic  radicals  formed by the action 
of acetic anhydride on pyridine in the p resence  of zinc dust can be successful ly used in situ for  the hetarylat ion 
of nucleophilic organic compounds. In this case,  in addition to d imers  X, hetarylat ion products  in which the 
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COR 

R 

H20 

I 
N--CHOH 

r" "--NH 
COR 

COR 

CON 

Via R:CH3; b R=C6H ~ 

COR COR. 

~4 H + N 

,COR COR 
vi a.~ b 

COR COR 

( '~ -" ,  H " 

COR COR 
Vll 

COR 

N=cH3 

CON 

~ COR 
N--CH3 i• R=CH~ 
:NH 
COR 

4 posit ion of the pyridine ring and the posit ion of the substrate  with the maximum elect ron density were al- 
ways found to be fused, are  formed.  For  example= 

=- C H 30C-- N ~ - - - ~ N - - C O C H  3 
X 

H 

(CH3) z NCsH s 

~ -F(CH~CO)20 Zn L ~--~ 

CH3CO 

~ N  3- 

H 
Xl 

C H~ OC - ' 1 " ~ 1 ] ~ ~  N (C H3)2 

XIt 

Quinoline, isoquinoline, and benzoquinolines, which also form hetarylat ion products  of the X[ and XII type in 
addition to d imers  of the III-V type when a nucleophiltc organic compound is added to the reaction medium, 
behave s imi la r ly .  Imldazole and benzimidazole form a di f f icul t - to-separate  mixture of react ion products 
under  the investigated conditions. 

In o rder  to establ ish the s t ruc ture  of the synthesized compounds we studied the i r  IR and mass  spectra  
and also used x - r a y  diffraction analysis  and chemical  t ransformat ions .  It was expected that the cor respond-  
ing d imers  of the X t y p e -  1 ,3 ,1 ' , 3 ' - t e t r aacy l - t ,2 ,1 ' , 2 ' - t e t r ahydro-2 ,2 ' -dEimtdazo ly l s  and b e n z i m i d a z o l y l s -  
would be obtained during the react ion of imidazole and benzimidazole. We have previously shown [7] tha t these  
c lasses  of compounds have molecular  tons (M +) with low stabilities with respect  to ~.lectron impact (W M ~ 1-7% 
of the total ion current) .  We therefore  used the following methods to record  the M +" peaks in the spec t ra  of 
VI, VIII, and IX: We lowered the ioniz ing-e lec t ron energy to values close to the ionization potential of the 
sample (12-15 eV), and we adjusted the mass  spec t romete r  and also lowered the accelerat ing voltage in o rde r  
to detect the apparent  mass  of the metas table  transi t ion,  which would cor respond to fragmentat ion of M +' .  It 
is known [7, 9] that el imination of a benzoyl grouping f rom M + is always real ized in heterocycles  containing 
this grouping. Then, according to the relationship 

rn*= (rn/e(M--PhCO) +)2 
rnleM+ 

where m* is the apparent  mass  of the metas table  transit ion,  the mass  number  of M + of the start ing compound 
can be determined [10]. However, these methods did not enable us to record  the M + peak of the corresponding 
dimer .  In all cases  the molecu la r  weights and the cha rac t e r  of the fragmentat ion of the M + peaks of the com- 
pounds cor responded to s t ruc tures  VI, VIII, and IX. The formation of the open fo rms  of the diacylated deriva-  
tives of the imidazoles (Viii, IX) was par t i cu la r ly  unexpected. 

The M + ion in the spect rum of IX undergoes fragmentat ion via two pathways= 1) success ive  dehydro- 
genation of M + (synchronous ejection of an H 2 molecule  is also possible) leading ult imately to cyclization of 
the molecule through nitrogen [11] (to an tmidazole structure);  2) stepwise splitting out of two ketene mole-  
cules r a the r  than of an acetyl f ragment  ( rear rangement  with migrat ion of the labile c~-hydrogen atom of the 
methyl  group to ni t rogen [10-12]). 
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The second pathway in the fragmentation of M + is retained in the ease  of N,N'-diacety l -o-phenylene-  
diamine (VIII), but the absence of a methyl group attached to the amine nitrogen atom excludes the possibi l i ty 
of cycl izat ion of the molecule  in the f irst  step of the fragmentation of M +. 

CH 3 
coc%l +. C=O 

+J..H 

F" -" K"" ~--CH 3 9t ~ N .'CH2 

COCH3 ~ COCH3 N 
IX 156 ~ H  2 155 \ 

\-H ~-c%co 

r coc.,]t ?or ". l +  " 
IF ""~ l+" or E:"-c., E.>" -:.,co y>,.. 
u.-.,-N- CH / 

I 
COCH 3 
114 

�9 ~" 1- CHzCO 

L-- N--CH3 
H 

72" 

! I 
COCH 3 - COCH~ 
154 : ~  112 
J - C H 2 C O  

Hl+" 
- H2 liT-N - HCN 

--- u _  ~) ~ m l o  43 U 
H 

70 

The elimination of a methyl group in the step involving the formation of the (M - H2C =C =O) + ion (the 
apparent mass  of the metastable transition m / e  1 5 0 - - m / e  135 +CH 3 is 121.5) leads to the characterist ic  amide 
ion with m / e  135 [13], which by losing neutral HeN and CO fragments gives,  in turn, fragment ions with m / e  

... CO C H,3] 4"" 

COCH 3 
192 

108, 107, and 80: 

]+" 
NHCOCH 3 -CH 3 N=~----O 

l +" 

OH 
H 

Xltl 134 

The elimination of hydrogen from the amide ion entails a rearrangement process ,  as a result of which a 
fragment ion with a 2-hydroxybenzimidazole  structure (XIII) is formed. The fragmentation of a molecule  of 
this structure was studied in [14], and there is no doubt regarding the interpretation of the fragment ions formed 
as a result of its fragmentation. 

In addition to bands of a carbonyl group 1660-1680 cm -1, the IR spectra of VIII and IX contain absorption 
bands of an NH group at 3200-3500 cm -1, and this, together with the mass  spectra, confirms the proposed 

TABLE i. 

( I I I -V)  . 

N , N ' - D i a c y l  D e r i v a t i v e s  o f  T e t r a h y d r o d i b e n z o q u i n o l i n e s  

3[ 

:om- mp, OC. t ,ound found calc. 

26%--27i 438,9 
237--238 [468 $ 
227--228 491 
23!}--241 1459 :~ 
254--256 t476,0 
232--234 [521 
245--247 [462,6 
224--226 t81 
218--220 .t89 

44t.5 
472,5 
500.5 
444,5 
472,5 
5005 
444,5 
472.5 
500,5 

Found, % 

c ii N 

79,9 5,G 6,4 
81,0 5,8 6,3 
81,4 6.0 5,,t 
81,1 5,8 6,6 
80,8 6,1 6,1 
81,2 6.1 5,4 
81,1 5,8 6,5 
80,9 6.0 6,3 
81,2 6,3 5,3 

Empirical 
form ula 

CaoH24N~O2 
Ca2HeaNsOa 
CajHa2N202 
C,~oH2.~N202 
C32H2sN20_o 
Ca,~Ha2N202 
C3o}-I24N20',_ 
C32H2'~N202 
Ca41la2N_o()~ 

Calculated, % 

c H 

81,1 5.4 
81,2 6;0 
81,6 6,4 
8111 5,4 
81,2 6,0 
81,6 6,4 
81,1 5,4 
81,2 6,0 
81,6 6,4 

6,3 
6,0 
5,6 
6,3 
6,0 
5,6 
6,3 
61o 
5,6 

Ilia 
Illb 
Illc 
IVa 
lVb 
1Vc 
Va 
Vb 
Vc 

Yield 
9 

25 
16 
10 
20 
13 
12 
20 
16 
10 

* C o m  round I V a  w a s  r e c r y s t a l l i z e d  f r o m  e t h a n o l  a c e t o n e ,  and  t h e  r e -  
m a i m n g  c o m p o u n d s  w e r e  r e c r y s t a l l i z e d  f r o m  a c e t o n e .  
? By  t h e  R a s t  m e t h o d .  
:~ B y  a c r y o s e o p i c  m e t h o d .  
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s t ruc tures .  These absorption bands a re  absent in the spec t ra  of V[ at 3200-3500 cm - t ,  whereas  the cha rac t e r -  
istic absorpt ion for  the s tretching vibrations of a carbonyl group is retained at 1660-1680 cm - l .  Two pro-  
cesses  - elimination of only one hydrogen atom with aromat izat ion of the imidazole ring and t r ivial  detach- 
ment  of a ketene molecule  or  a benzoyl residue - are  always distinctly recorded in the fragmentat ion of the 
M + ions of compounds of this sor t .  Both p r o c e s s e s  ultimately, although via different pathways, lead to the 
formation of pseudomolecular  ions of imidazole or  benzimidazole,  the fragmentat ion of which is well known 
[15]. The overal l  scheme of the f ragmentat ion of compounds of the VI type is presented in the case of Via: 

N -H ~- 

COCH3 ~ ' ~  1 COCH3 M ~ 204 203 
I-CH2CO -CH2CO 

COCH~ COCH~ 
162 161 

i -CH2CO " ~ 3  1 -CH2CO 
H H " ~ N> ~'~--N~-CO ~r--HN~-HCN j, ~ H  

C--_~O § 
120 ~ .  1,47 11g 92 

~--~-N -HCN 

118 gl 

Thus the IR spec t ra  and the observed f ragment  ions completely confi rm the s t ruc tures  of VI, VIII, and 
IX, formed in the reac t ion  of imidazoles with acylating agents in the p resence  of z~nc dust. All of the com-  
pounds of the XI and XII type obtained by react ion of pyridine and benzopyridines with indole and dimethylaniline 
in the p resence  of acetic anhydride and zinc dust were found to be identical to the previously described sub- 
s tances formed by hetarylat ion of the appropria te  N-aeyls salts in situ without zinc dust; this once again con- 
f i rms  the previous ly  noted radical  cha rac t e r  of the hetarylat ion react ion [2]. Compound XII, which is formed 
only by radical  pyr idylat ion of dimethylanlline, constitutes an exception to this. However, dimethylaminophenyl- 
pyridines XIV are  obtained immediately in the react ion of the corresponding N-acylpyridinium cations in the 
p resence  of Lewis acid cata lyst  [2] due to splitting out of a hydride ion f rom the intermediately formed XII and 
aromat iza t ion  of the la t ter .  In our  case  XE were also easily converted to XIV, and this proves  thei r  s t ructure :  

�9 ' RCO-N N(CH3)2 N __ N (CH3) 2 

clof _ 

OH 

The hetalTlation of N-acylpyridine radicals  stops at the step involving the format ion of XlI because of 
the low eleetrophil iei ty of such radicals ,  which are incapable of splitting out a hydride ion, as occurs  in the re -  
actions of the corresponding N-acyl  cations.  The s t ruc tures  of compounds of the XH and XIV type were proved 
by determinat ion of their  molecular  weights and compar ison  of their  IR spectra  with the spect rum described in 
[4] and the speet rum that we obtained for  compar ison  under s imi lar  conditions of 2 , 2 ' - d i a c e t y l - l , l ' , 2 , 2 ' - t e t r a -  
hyd ro - l , l ' - d i i soqu ino ly l  (X'V) (vCO 1660-1680 cm-1). Compounds of this sor t  exist in three i somer ic  (d,/, and 
meso) fo rms  [4], but we did not attempt to obtain the individual s t e r eo i somers  of the synthesized compounds. 
It seemed of interest  to determine the s t ruc ture  of one of the established s t e reo i somer ic  forms of such com- 
pounds in the case  of the well-studied XV (Figs. 1 and 2). The s t ructure  of XV was deciphered by the S a y r e -  
Z a c h a r i a s e n - C o c h r a n  method by means of Rentgen-70 automated p r o g r a m s  [16]. The chief features of the 
s t ruc ture  of 2 , 2 ' - d i a c e t y l - l , 2 , 1 ' , 2 ' - t e t r a h y d r o - l , l ' - d i i s o q u i n o l y l  (XV) a re  apparent  f rom Fig. 1. The s t ructure  
is composed of d iscre te  molecules  linked by van der  Waals forces .  The geometry  of this compound is shown 
in Fig. 2. The in t ramolecular  bond lengths and the valence angles a re  in sa t i s fac tory  agreement  with the l i te r -  
ature data [17]. The C t -C9  (1.48/~), C t , - C  9, (1.49 A), C~-Ct0 (1.46 A), C4,-Ct0, (1.42 ~), and C1-C ~, (1.55 A) 
distances range f rom ~ 1.48 to 1.50 /~, which is the normal  length for  the C s_ 2-C 2 bond, whereas  the decrease  p s 
in the C3-C  4 and C3,-C~, distances to 1.31 and 1.37/~, respectively,  indicates an t~crease  in the o rde r  of this 
bond. The N - C  n (1.37 ~) and N ' -C11 , ,  (1.34 .~) distances between the heteroatom and the carbonyl carbon 
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@-O @-N O-C 

Fig .  1 

, C5@ ,�9 
C6 D" - - C L O  --C3 

D,3S 11,42 1.,40 ~,,~./C 13 

C7 C9 N21-" ~ Cl l  

]'7 
x~ C8 I,r xu~ Cl t s %~ 

] 1~5 1,43 1,Z~O 2" t'~, C 13 ' 
C~1 ! , I I 0 CI0 C3 

Fig .  2 

Fig .  1. C r y s t a l  s t r u c t u r e  of 2 , 2 ' - d i a c e t y l - l , 2 , 1 ' , 2 ' - t e t r a h y d r o - l , l ' -  
d i i s o q u i n o l y l .  

F ig .  2. Bond l eng ths  in the  2 , 2 ' - d t a c e t y l - l , 2 , 1 ' , 2 ' - t e t r a h y d r o - l , 1 1 -  
d i i s o q u i n o l y l  m o l e c u l e .  

T A B L E  2. Dev ia t i ons  (~) of Some A t o m s  f r o m  the P l a n a r  F r a g -  
m e n t s  of t he  M o l e c u l e  

Pyridine ring 
(I) 
- - 6 , 1 6 ) : + 2 , 5 6 9 +  
+7 ,26z+2 ,41  = 0  

atoms o, 

Benzene ring N-Ace:yl 
(II) group - 

6 . 9 6 x + O , 4 4 y - -  5.47x- 3,64y + 
-6,36z--4,37=0 +7,59z-5,14=0 

atoms o,A atoms o, 

Pyridine ring 
(_:H_Z) _ _ _  

6,04 v-3 ,  2y-- 
--7,35z--0.10=0 

atoms o, 

Benzene ring 
(:v) 
-5,08x+7,92y+ 
pT.38z 2.18=0 

atoms o, 

N-Acetyl 
group - 

0,80:c - 6,17 !1 ~ 
+9,46z-0,83 =-0 

atoms O, 

I / 
C (]) 0,24 c (5) -o ,o l  N (2) -0,15 C (l)  -0,261C (5') 0,00IN (23-0,0t:  
N (2}-0,15IC (6) 0,0ale (11) 0,]5,N[c i ! i  0,21jc (6 ' ) -o ,02 jC( ! l ' ) -0 ,12 
c (3) -0,02[c  (7)-0,0110(12) o,04 ' -O,Ol/C (7') 0,02/ct.12') 0,12 
c (4) -0,091 c (8) -o22 /c  (13) 0,00 -o, isic (8 '}  o,oo|c ds') 0,0:.~ 
c (9)-0,141C (9) 0,03] [C (9')  0,13|C (9'1 0,01| 
c {1o) -o,o8 [c (1o) -o,ol [ [c (m') o,o5[c (io') o,oi[ 

a t o m  of the  a c e t y l  g roup  c o n s t i t u t e  ev idence  f o r  an  i n c r e a s e  in the  o r d e r  of the  e x o c y c l i c  C -  N bond.  To d e t e r -  
m i n e  the  r e a l  c o n f o r m a t i o n  of the  m o l e c u l e  we ob ta ined  the  equa t ions  of the  p l a n e s  d r a w n  th rough  the  ind iv idua l  
f r a g m e n t s  of  t he  m o d e l .  The  d e v i a t i o n s  of the  a t o m s  f r o m  t h e s e  p l a n e s  a r e  g i v e n  in  T a b l e  2. The d i h e d r a l  
a n g l e s  b e t w e e n  the  p l a n e s  p a s s i n g  t h r o u g h  the  b e n z e n e  and p y r i d i n i u m  r i n g s  of the  m o l e c u l e  a r e  ~ 10 ~ The  
a n g l e s  b e t w e e n  the  p l a n e s  t h rough  the  N~ace ty l  g r o u p s  and the  i soqu ino l ine  r i n g s  a r e  ~ 50 ~ 

E X P E R I M E N T A L  

The m a s s  s p e c t r a  of the  compounds  w e r e  ob ta ined  wi th  a V a r i a n  M a t - 3 1 1  s p e c t r o m e t e r  a t  a n a c c e l e r a t i n g  
vo l t age  of 3 kV, an  ion iz ing  vo l t age  of 70 eV, and a ca thode  e m i s s i o n  c u r r e n t  of 300 pA {by d i r e c t  i n t r o d u c t i o n  
of t he  s a m p l e s  in to  the  ion  s o u r c e  at  70~ The  IR s p e c t r a  of CHC13 so lu t ions  of the  compounds  w e r e  a l s o  ob-  
t a i ne d .  T h i n - l a y e r  c h r o m a t o g r a p h y  (TLC) was  c a r r i e d  out on a c t i v i t y  II A1203 in a b e n z e n e - h e x a n e - c h l o r o -  
f o r m - a c e t o n e  s y s t e m  (1 : 6 �9 30 ; 17 wi th  d e v e l o p m e n t  by  iod ine  v a p o r s .  

1 , 1 ' - D i a c y l - l , 2 , 1 T , 2 ' - t e t r a h y d r o - 2 , 2 ' - d i b e n z o [ f ] q u i n o l i n e s  ffII) {Typical  Method) .  A 1 .5-g  s a m p l e  of z inc  
dus t  was  added  u n i f o r m l y  in the  c o u r s e  of 2 h at  80-90 ~ in  a s t r e a m  of d r y  n i t r o g e n  to a s o l u t i o n  of 1.79 g (0.01 
mole )  of benzo[ f ]qu ino l ine  in 0.1 m o l e  of the  a p p r o p r i a t e  a n h y d r i d e ,  a f t e r  which  the m i x t u r e  was  a l l owed  to 
s t and  at  the  s a m e  t e m p e r a t u r e  fo r  7 -8  b. The  con ten t s  of  the  f l a s k  w e r e  then  s u b j e c t e d  to  s t e a m  d i s t i l l a t i o n ,  
and the  r e s i d u e  in  the  d i s t i l l a t i o n  f l a s k  was  e x t r a c t e d  r e p e a t e d l y  wi th  e t h e r .  The  e t h e r  was  r e m o v e d  by d i s -  
t i l l a t i o n ,  and the  r e s i d u e  was  c h r o m a t o g r a p h e d  and r e c r y s t a l l i z e d  f r o m  a c e tone  ([Va was  r e c r y s t a l l i z e d  f r o m  
a c e t o n e - e t h a n o l ) .  The  I I I -V  ob ta ined  b y  th i s  m e t h o d  a r e  p r e s e n t e d  in T a b l e  1. The  s a m e  compounds  w e r e  
f o r m e d  by r e f l u x i n g  b e n z e n e  s o l u t i o n s  of the  benzoqu ino l ine  b a s e s  wi th  the  a p p r o p r i a t e  ac id  c h l o r i d e s .  
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2 , 2 ' - D i a c e t y l - l , l ' , 2 , 2 ' ~ t e t r a h y d r o - l , l ' - d i i s o q u i u o l y l  (XV). This  compound, with mp 196-198 ~ (from 
butanol) (according to the data in [4] the dl i s o m e r  has mp 190-191~ was obtained as descr ibed  above. Two 
compounds with mp 255-257 ~ {from hexanol) and mp 196-198 ~ (from butanol), cor responding  to the rue s ,  and 
dl i s o m e r s  [4], were  obtained by refluxing 0.1 mole  of isoquinoline and 0.05 mole  of acetyl  chlor ide  in benzene 
fo r  5 h without zinc dust. 

Hetary la t ion  with N-Acy lhe t e roa roma t i c  Radicals  (Typical Method). Activated zinc dust (7 g) was added 
gradual ly  at 25-30 ~ in a dry n i t rogen a t m o s p h e r e  to a solution of 0.1 mole  of N-he t e roa roma t i c  compounds in 
28 ml  of acet ic  anhydride,  a f t e r  which 0.1 mole  of nucleophilic organic compound was added, and the mix ture  
was mainta ined at 70-75 ~ fo r  another  8 h. It was then subjected to s t e am disti l lation, and the res idue in the 
dis t i l la t ion f lask  was dried and r ec rys t a l l i z ed  f rom a sui table  solvent.  This method was used to obtain the 
p rev ious ly  desc r ibed  1 - ace ty l -4 -  (3 ' - indo ly l ) - l ,4 -d ihydropyr id ine  (in 40%yield), 2-acetyl~4-  (p-dimethylamino-  
phenyl ) - l ,2 -d ihydroquinot ine  (in 34% yield) and others  in 35-45% yields,  as well  as the prev ious ly  undescr ibed 
1 - a c e t y l - 4 -  (p-dimethylaminophenyl) -  1 ,4-dihydropyridine (XII), with mp 82-83 ~ {from cyclohexane) and Rf 0.35 
in 35% yield.  IR s p e c t r u m :  vCO 1660 cm - l .  Found: C 74.2; H 7.5; N 11.9%. C15HisN20. Calculated:  C 74.3; 
H 7.5; N ll.6e/0. 4- (p-Dimethylaminophenyl )pyr id ine ,  with mp 233-234 ~ [ f rom d imethy l fo rmamide  (DMF)] [18], 
was obtained by refluxing the l a t t e r  in ethanolic KOH. 

React ion of Benzimidazoles  with Acet ic  Anhydride in the P r e s e n c e  of Zinc Dust. Activated zinc dust 
(7 g) was added at room t e m p e r a t u r e  in a s t r e a m  of dry n i t rogen to a solution of 11.8 g (0.1 mole)  of benz-  
imidazole  in 40 ml  of acet ic  anhydride,  and the mix tu re  was then s t i r r ed  for  24 h. The white p rec ip i ta te  was 
removed  by f i l t ra t ion  and r e c r y s t a l l i z e d  f rom acetone.  The yield of 1 ,3 -d iace ty l~ l ,2 -d ihydrobenz imidazole  
(Via), with mp 146-147 ~ was 3.4 g (16%). IR spec t rum:  1660 cm -1. Mass  s p e c t r u m : *  43 (67.5), 63 (27.5), 
64 (32.5), 65 (90.8), 66 (13.3), 77 (15.0), 78 (8.3), 90 (20.0), 21 (40.0), 92 (45.0), 93 (14.2), 118 (48.3), 119 (98.7), 
120 (96.2), 121 (13.3), 147 (17.2), 161 (30.8), 162 (90~0), 163 (14.2), 203 (9.3), 204 (100.0), 205 (12.4). Found: 
C 64.6; H 5.6; N 14.0%, CllH12N202 . Calculated:  C 64.7; H 5.9; N 13.7%. 

Af ter  s epa ra t ion  of the c r y s t a l s  of Via, the acetone mo the r  l iquor  was evapora ted  in vacuo, and the r e s i -  
due was r e c r y s t a l l i z e d  f rom isopropyl  alcohol.  The yield of N ,N ' -d iace ty l -o -pheny lened iamine  VIII, with mp 
183-185 ~ , was 4.2 g (21%). IR spec t rum:  uCO 1660 cm -1 and 3210 cm -1. Mass  spec t rum:  43 (58.6), 53 (23.7), 
54 (5.5), 80 (100.0), St (12.0), 89 (10.0), 106 (10.0), 107 (79.6), 108 (91.1), 134 (18.9), 135 (32.3), 150 (39.5), 
192 (8.9), 193 (1.3). 

S imi lar ly ,  the reac t ion  of 3.4 g (0.05 mole)  of imidazole  in acet ic  anhydride with zinc dust at 30-35 ~ for  
4 h gave 1.1 g (14%) of N ,N ' -d i ace ty l -N-methy le thy lened iamine  (iX) with mp 213-220 ~ (from acetone).  IR spec-  
t r u m :  VCO 1680 c m  -I ,  VNH 3150 cm -1. Mass  spec t rum:  42 (12.5), 43 (24.5), 53 (6.3), 55 (5.0), 70 (100.0), 
71 (7.3), 72 (5.8), 112 (16.5), 114 (6.8), 154 (20.7), 155 (13.2), 156 (41.4), 157 (3.3). Found: C 53.8; H 7.6; 
N 18.3%. CTH�94 Calculated:  C 53.8; H 7.8; N 17.9%. 

The reac t ion  of imidazole  with benzoyl  chlor ide and zinc dust gave N,N ' -d ibenzoy l - l ,2 -d ihydro imidazo le  
(vIb), with mp 300-301 ~ {from isopropyl  alcohol), in 32% yield. IR spec t rum:  VCO 1670 cm -~. Mass  spec t rum:  
67 (5.3), 68 (6.3), 69 (5.6), 77 (7.8), 105 (100.0), 106 (7.6), 121 (6.3), 122 (14.3), 145 (6.8), 146 (5.4), 172 (16.5), 
173 (8.2), 201 (5.3), 277 (25.7), 278 (10.6), 279 (2.3). Found: C 74.0; H 5.3; N 10.0%. C17H14N202. Calculated:  
C 73.4; H 5.1; N 10.0%. 
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Indoles and p y r r o l e  were  subjected to hetaryla t ion with imidazole  and benzimidazole  in the 
p r e s e n c e  of aliphatic,  a romat i c ,  and he te roa romat ic  carboxyl ic  acid ch lor ides .  The resu l t -  
ing N,N ' -d iacy l imidazol iny l -  and N,N' -d iacylbenzimidazol inyl indoles  were  conver ted to 
2- (3 ' - indolyl)-  1 ,3-d iacyl imidazol ium and N,N ' -d iacy lbenz imidazol ium sal ts  by the action 
of t r i ty l  pe r ch lo ra t e .  

Until recent ly  the d i rec t  he tary la t ion  of nucleophilic organic  compounds was poss ib le  only by means  of 
N-he te roa romat i c  anion radica ls  [1] or  N-acylpyr id in ium [2] or  N-alkoxypyridinium [3] and benzopyridinlum 
sal ts  in situ. The behav ior  of azoles  in these  react ions  has not been studied sys temat ica l ly ,  although the p r e s -  
ence of a "pyridtne" ni t rogen a tom in the ring and the ability to f o r m  N-acyl  sa l ts  on reac t ion  with acylat ing 
agents [4] have made it poss ib le  to cons ider  the poss ibi l i ty  of the use of these  he te rocyc les  also in he tary la t ion  
react ions [2]. 

The react ion  of benzimidazole  with nucleophiles in the p r e sence  of acylat ing agents was studied by Gern-  
g ross  in 1913 [5]. Bergman  [6], who obtained hetary la t ion  products  r a t he r  than acylat ion products  in a t tempts  
to acylate  indole with N-acety l imidazole ,  a lso recent ly  repor ted  the poss ibi l i ty  of using azoles  in the he ta ry la -  
lion react ion.  Independently of him and a lmos t  s imultaneously,  in a continuation of our s y s t e m  studies of the 
behav ior  of N-he t e r oa rom a t i c  s y s t e m s  in the he tary la t ion  reac t ion  in the p r e s e n c e  of acyl halides, we also ob- 
served the poss ib i l i ty  of the use  of imidazole,  benzimidazole ,  and per imidine  in it [7]. However,  up until now 
the conditions for  he tary la t ion  by N-acyl  sa l ts  of imidazoles  and the physica l  constants  of the resul t ing com-  
pounds have not been indicated in the l i t e ra tu re ,  including the communica t ions  mentioned above [6, 7]. Rigorous 
proof  of the i r  s t ruc tu re s  has also been lacking. In the p resen t  communicat ion  we examine in detail  the he ta ry la -  
tion of indoles by N-acyl imidazol ium and benztmidazol ium sal ts  in s i tu.* 

We obtained N,N ' -d iacy l imidazo l iny l -  and N,N'-diacylbenzimidazol inyl indoles  (II) (Table 1) by reac t ion  
of imidazole  and benzimidazole  with [ndoles in the p r e sence  of aliphatic,  a romat ic ,  and he terocycl ic  carboxyl ic  
acid chlor ides .  Indoles II a re  evidently formed as a resu l t  of a t tack on the indole r ing by the in te rmedia te ly  
fo rmed N,N' -d iacy l imidazol ium and benzimidazol ium cations (I) via the following scheme:  

*We will separa te ly  r epor t  the poss ib i l i t i es  of the use of other azoles  and per imid ine  in this react ion.  
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