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The anomalous charac ter  of the dependence of the stability with respect  to electron impact 
on the size of the alkyl group in alkylacetylcarbazoles leads to the conclusion that the mo- 
lecular ion undergoes profound rearrangement  pr ior  to detachment of the f i rs t  neutral par-  
ticle, during which the effect of the functional group on this process is manifested weakly. 
The functional group is not always the determining factor in the formation of the pr imary 
fragment ions, part icularly if the processes  involving the participation of the alkyl group 
lead to more stable ions than the processes  involving the participation of a labile functional 
group. 

Research on carbazoles by a number of investigators [1-3] has led to the conclusion that polycyclic 
condensed systems containing a carbazole fragment and alkylcarbazoles have anomalously high stabilities 
with respect  to e l e c t r o n  impact (W M). The assumption of profound rearrangement  of the molecular ion 
leading to specific fragmentation of these systems was advanced in a study of 9-alkylcarbazoles [3]. 

It seemed of interest  to examine the effect of electron-donor groups on the W M values and pathways 
of fragmentation of substituted carbazoles. 

In the present  research  we studied the mass spectra of the following substituted carbazoles: 

R" R"' 

rt w R" R"' R R' R" R "  

I NO2 H H H VIii  C H A C O  CHACO H CH~ 
]I NO2 NO2 H H IX C H 3 C O  CH3CO H C~Hs 

IH NO~ H NO2 H X C H 3 C O  CH3CO H C3Hz 
IV �9 CHACO H H CHs Xt C H 3 C O  CH3CO H i-C~H, 

V CH3CO H H i-C~Hz XII C H 3 C O  CH3CO H C,H~ 
VI CH3CO H H C~H~ XIII C H A C O  CHACO H CsHll 

VII CH,CO FI H CsHII X[V C H A C O  CHACO H i-C~HH 

The mass spectra of the investigated compounds were obtained with a modified MKh-1303 mass spec- 
t romete r  with direct  introduction of the substances into the ion source at various ionizing-electron ener-  
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T A B L E  1 .  M a s s  S p e c t r a  o f  C a r b a z o l e s  I - X I V  

Com-  
pound Mass spectra 

I 

llI 

IV 

V 

VI 

VII 

VIII 

IX 

XI 

XII 

XIII 

XIV 

39 (3,2), 41 (ll ,2),  43 (18,5), 55 (13,4), 57 (17,3), 60 (4,1), 63 (3,0), 69 (25,5), 
70 (3,2), 71 (7,6), 73 (4,4), 81 (7,4), 82 (3,0), 83 (8,8), 84 {3,0), 85 (4,0), 97 {5,5), 
138 (3,6). 139 (36,5), 140 {7,9), 154 (4,2). 164 (4,5), 165 (3,9), 166 (66,6), 167 
(5,3), 182 (9,4), 212 (100,0), 213 (8,8), WM=23, I, S~z2=6 

28 (16,6}, 29 (8,0), 39 (4,4), 41 (15,8), 42 (5,3), 43 (26,6), 44 (25,8), 45 (3,3), 
55 (15,8), 56 (4,7), 57 (15,5), 60 (4,4), 61 (4,2), 69 {12,5). 70 (3,0), 7l (6,7L 
73 {4.7}. 77 (3,0), 81 (4,7), 83 (6,1), 84 (5,5), 85 (3,9), 95 (3,3), 97 (5.0), 98 (4,4), 
111(3,3). 137 (4,2), 138 (9,1), 153 (5,8), 164{61,4), 165 (59,1), 181 (34,9), 211 
(31,6), 227 (34,1), 257 (100,0), 258 (7,2), WM=17,5, $1/2=7 

39 (6,4), 41 (33,6), 42 (10,4), 43 (57,9), 54 (3,8), 55 (37,0), 56 (9,0), 57 (40,0), 
60 (7,9), 67 {9,0), 68 (5.3). 69 (25,7), 70 (6,4), 71 (14,8}, 73 (7,1), 81 (9,7), 82 
{5,3), 83 (15,8). 84 (8,4), 85 (6.9), 95 (6.7), 96 (4.6), 97 (ll,2), 98 (6,4), I l l  (4,3), 
138(4,t), 152 (3,1), 153(3,5), 164(21,2). 165(16,3), 181 (12,2), 184 (4,1), 211 
(36,8), 226 (4,1), 227 (26,2), 257 (t00,0), 258 (8,6), WM=16,0, S~:/2=9 
41 (3,9), 43 (5,7), 55 (3,6), 57 (3,7), 69 (5,2), 90 (3,3), 104 (8,0), 151 (6,7}, 152 
{19,8), 153 (4,2), 178 (5,2), 179 (6,3), 180 (33,3), 181 (3,9), 208 (100,0), 209 (22,2), 
223 (77,8), 224 (9,7), WM=22,2, SI/~=3 

41 (25,0), 43 (14,0), 44 (5,7), 45 {31,0), 55 (15,0), 57 (20,0), 60 07;0), 69 (89,0), 
71 (7A), 73 (8,1). 81 (12,0), 83 (4,7), 85 (3,6), 97 (3,1), 139 (11,5), 165 (5,4), 
166 (28,0). 167 (16,0), t93 06,0), 194 (52,0), 236 (98,0), 237 (23,0), 251 (100,0), 
252 (17,0), W.u=21,8, S1j2=6 

43 (1 ,3), 165 (3,9), 166 (3,8), 178 (8,8), 179 (42,3)_, 180 (14,8), 222 (1000) 223 
(29,6), 250 (46,5}, 251 (5,5), 265 (83,1), 266 05,8), WM =23,9, SU2=3 ' ' 

43 (I0,3), 178 (3,4). 179 (20,2), 180 (7,2), 222 (100,0), 223 (15,7), 264 (18,5), 279 
(50,9), 280 (6,9), WM=21,4, St/2=3 

41 (6,7), 43 (12,3}, 44 04.5}, 45 (4,0): 55 (7,9), 56 (3,3), 57 (7.9), 60 (3,6), 57 
(3,1), 69 {7,6), 71 (4,5), 73 (3,0). 81 (4,4). 83 (4,6), 89,5 (3,3), 95 (3,3), 97 (4,0), 
I l l  (3,3), 149 (4,5}, 151 15,0), 152 (5.7}. 164 (4,1}, 177 (3,5), 178 (7,9), 179 (9,2}, 
193 (3,7), 207 (31,6), 208 (6,1), 222 (4,7), 236 (3,6), 250 (100,0), 251 (21,1), 265 
(57,9), 266 (11,9), W ~ =  t2.8, S~m=12 

41 (5,1), 43 (5,2), 44 (5,2), 55 (5,2), 56 (3,1), 57 (5,1), 60 (3,0), 67 (3,4), 69 (5,2), 
71 (4,0), 73 (3,3), 81 {5,0), 83 (4,4}, 95 (3,5), 97 (3,7), 98 (3,7), 124,5 (4,4), 164 
(3,2). 178 (3,7), 221 (14,7), 222 (4,2), 264 (100,0), 265 (32:7), 279 (57,7), 280 
(19,6), WM=21,4, S~t2=6 

41 (7,8), 43 (25,7). 44 (14,5). 45 (7,6), 55 (5,0), 57 (7,3), 69 (4,1), 78 (5,2), 131,5 
(7,8), 164 (4,8), 178 (10,6), 179 (4,5), 192 (3,0). 193 (4,7), 220 (3,3), 221 (31,3), 
222 (6,3), 235 (4,8), 264 (100.0), 265 (15,3), 278 (91,7), 279 (13,8), 293 (79,2), 
294 (13,4), W;a=16,9, S~/2=3 

41 (28,4), 42(5,0), 44(t4,1),  55 (35,6), 56(11,8). 57 (78,8), 67(9,9), 68(4,7), 
69 (40,2), 70 (9,5), 71 (43.3}, 81 (17,0), 82 (6,8), 83 (21,7), 84 (5,8), 85 {24,2), 
95 (13,0), 96 (4,8), 97 (18,1), 98(3,7), 99(5A). 109 (7,2), 111 (9,0), 113 (14,1), 
123 (5,0), 125 (3,6), 137 (4,1), 164 (6,4), 165 (6,0), 192 (3,5), 193 (14,4), 194 
(10,0), 235 {11,0), 236 (26,0), 237 (14,0), 250 {12,0), 251 (27,0), 252 (17,0), 274 
(4,4), 278 (I00,0), 279 (10,8), 293 (45,5), 294 (17,0), W~,-= 12,7, S~/2=6 

41 (12,7), 43 (38,6), 44 (12,7), 45 (23.8), 55 (10,8), 57 (11,9), 69 (7,5), 83 (4,8), 
97 (3,8), 139 (15,9). 151 (3,5), 164 (4,9), 165 (3,5), 175 (3,5), 178 (12,9), 179 (6,5), 
192 (4,6), 193 (8,3). 220 (5,4), 221 (35,2), 222 (9,8), 249 (3,3), 264 (94,0), 265 
(30,6), 292 (90,8), 293 (100,0), 294 (10,4), 306 (6,9), 307 (100,0), 308 (28,/t), 
WM = t6,3, S1/2=5 

28 (76,8), 32 (14,1), 41 (6.1}, 43 (25,4), 45 {5,4), 55 (3,3), 57 (4,0), 146 (3,6), 
178 (6,1), 193 (3,6), 221 (23,9), 222 (3,6), 264 (IO0,O), 265 (14,4), 306 (54,5), 
307 (7,6), 321 (57,6), 322 (9,7), W.~t =14,4, S~m=5 

41 {3,3), 43 07.9). 146 (3,4), 178 (5,8), 193 (3,9), 221 (24,0), 222 (5,8), 264 
(100,0), 265(18,5), 306 (63,6), 307(12,0), 321 (80,0), 322 04,9), W~=24,7, 
S~i2=3 

g i e s .  T h e  e l e m e n t a r y  c o m p o s i t i o n s  o f  t h e  c h a r a c t e r i s t i c  i o n s  i n  t h e  m a s s  s p e c t r a  o f  IV,  VI ,  XI I ,  a n d  X I I I  w e r e  

d e t e r m i n e d  w i t h  a J E O L  J M S - 0 1 - S G - 2  h i g h - r e s o l u t i o n  m a s s  s p e c t r o m e t e r  ( J a p a n ) .  

T h e  m a s s  s p e c t r a  o b t a i n e d  a t  a n  i o n i z i n g - e l e c t r o n  e n e r g y  o f  5 0  e V  (>3% o f  t h e  m a x i m u m  p e a k ) ,  t h e  W M 

v a l u e s ,  a n d  t h e  f r a g m e n t a t i o n  s e l e c t i v i t i e s  (S1/2) a r e  p r e s e n t e d  i n  T a b l e  1 .  T h e  i n t e n s i t i e s  o f  t h e  p e a k s  in  t h e  

s c h e m e s  a r e  e x p r e s s e d  i n  p e r c e n t  o f  t h e  t o t a l  i o n  c u r r e n t ;  t h e  f r a g m e n t a t i o n  p a t h w a y s  i n : t h e  s c h e m e s  a r e  c o n -  
f i r m e d  b y  t h e  c o r r e s p o n d i n g  m e t a s t a b l e  p e a k s .  

A s  e x p e c t e d ,  t h e  i n t r o d u c t i o n  o f  a n i t r o  g r o u p  i n  t h e  c a r b a z o l e  m o l e c u l e  l o w e r s  t h e  W M v a l u e ,  b u t ,  a s  b e -  
f o r e ,  t h i s  v a l u e  r e m a i n s  v e r y  h i g h .  

T h e  f r a g m e n t a t i o n  o f  I p r o c e e d s  v i a  t h e  p a t h w a y s  c h a r a c t e r i s t i c  f o r  n i t r o - s u b s t i t u t e d  h e t e r o c y c l i c  c o m -  
p o u n d s .  T h e  f r a g m e n t a t i o n  s e l e c t i v i t y  i s  q u i t e  h i g h  (SI /2  = 6) ,  a n d  t h e  f r a c t i o n  o f  i o n s  d e p i c t e d  i n  t h e  s c h e m e  
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const i tu tes  45% of the total  ion cur ren t .  The probabi l i ty  of n i t r o - n i t r i t e  r e a r r a n g e m e n t ,  which is de te rmined  
by the I (M-NO)+ / I (M-NO2)  + ra t io ,  is 0.141 a t  an ioniz ing-elect ron energy  of 50 eV. When the ionizing voltage 
is lowered to 15 eV, the probabi l i ty  i n c r e a s e s  to 1.9, i .e. ,  the i s o m e r i z e d  f o r m  of the mo lecu l a r  ion p r e -  
dominates .  

The introduction of a second ni t ro group dec rea se s  the s tabi l i ty  with r e s p e c t  to e lec t ron  impac t  by 25 
relo %, and the posi t ion of the second subst i tuent  has lit t le effect  on the W M v a l u e ,  This fac t  is p robably  a con-  
sequence of the a b s e n c e o f  an addit ional pathway fo r  

7 T" ~ NO 2 . ~ O N O  

H M* 212 (2{.2) H 

"l-N~ .{NO 

It 

if,{{ (l{,~ I~ (~01 

"I-HCN 1-s 

c~H~ + ~ , C N  C oHs 
139 (Ts) 

I~7 0.:0 
H 

f ragmenta t ion  of the (M--OH) + ion in the case  of 3 ,8 -d in i t rocarbazo le ,  although one might  have a s sumed  the ex-  
i s tence  of this p r o c e s s  in analogy with some  8-ni t rohydroxyindoles .  

The p r e s e n c e  of two nitro groups  in the molecule  may lead to the ex i s t ence  of at l eas t  three  f o r m s  of 
m o l e c u l a r  ion, even if one takes into account  the posi t ional ly nonidentical c h a r a c t e r  of the second ni t ro group. 
However,  an examinat ion of the s chem e  leads to the conclusion that the s imul taneous  n i t r o - n i t r i t e  i s o m e r i z a -  
tion of both ni t ro g roups  is only sl ightly poss ib le  and the re la t ive  weight  of f o r m  C is ve ry  smal l .  In addition, 
the p r e s e n c e  of a second ni t ro  group in the molecule  cons iderably  i nc rea se s  the i somer iza t ion  of one of the 
groups :  thus the I (M-NO)+ / I (M-NO~)  + ra t io  fo r  HI is 0.72 and the ra t io  fo r  H is even 1.1. In o ther  words ,  in 
the second  case  the probabi l i ty  of the e l iminat ion of NO exceeds  the probabi l i ty  of detachment  of NO 2. The 
probabi l i ty  of r e a r r a n g e m e n t s  i nc rea se s  as the ioniz ing-e lec t ron  energy d e c r e a s e s ,  and the cor responding  
ra t ios  a r e  2.3 and 6.0. Thus the s p e c t r u m  with few lines is de te rmined  p r i m a r i l y  by f ragmenta t ion  of the B 
f o r m  of the mo lecu l a r  ion. 

Returning to f ragmenta t ion  at  the usual  ion iz ing-e lec t ron  energy,  one should note that secondary  f r agmen t  
ions a r e  f o r m e d  in the e l iminat ion of only an NO 2 pa r t i c l e  f r o m  the p r i m a r y  ions, and the third s tep of the dis-  
soc ia t ive  ionization is r e p r e s e n t e d  p r i m a r i l y  by ions f o r m e d  by dehydrogenation and c leavage with r emova l  of 
HCN f r o m  the ions with m a s s  165. 

The detachment  of an oxygen a tom in both the f i r s t  and subsequent  s teps  is a p r o c e s s  with a ve ry  low 
probabi l i ty .  

A compar i son  of the data f r o m  this r e s e a r c h  with the data in [3] makes  it poss ib le  to conclude that the 
introduction of an e l e c t r o n - a c c e p t o r  acety l  group in the 9 -a lky lca rbazo le  molecule  does not dec r ea se  but 
r a t h e r  i nc rea se s  the W M values .  This unprecedented fac t  conf i rms  the previous  assumpt ion  of i somer iza t ion  
of the molecu la r  ion p r i o r  to detachment  of the f i r s t  pa r t i c le  to give a s table  sys t em.  The e x t r e m e l y  high se -  
lect ivi ty  of the f ragmenta t ion  of ace ty l ca rbazo le s  leads to the s a m e  conclusion.  

The f ragmenta t ion  of IV is followed quite dist inct ly by means  of the me tas t ab le  ions and data f r o m  high- 
reso lu t ion  m a s s  s p e c t r o m e t r y .  

The m a x i m u m  peak in the s pec t rum  co r r e sponds  to a unique p r i m a r y  ion (if one d i s r ega rds  the acetyl  
ton with m a s s  43), w h i c h i s  f o r m e d  by e l iminat ion of a methyl  rad ica l  f rom the ace ty l  group. The subsequent  

C oHT+-H__~S__ ~ .-H ~ 
�9 T:IS (l,I~)/(l,l) H 

i,~ (~..1)/(:Lu) 

~'- N@2 
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t-NO 2 ~ NO 2 

uo No] +. No~ l-N~ ~+. oNo oNo-] t 

I t  It It 

B A C 
i 

M + 257 114,7)/(16,41 ' ~,-NO 
*I-NO * 

NO ~ ~ ONO 

'.,'., v ( "J . ~ O / ( .~ ,'-' ) ' 1 

t~-NO 
-NO 2' H 

O~t ~ll (..,~/(L!.o:;) o ~ o  

H 

tsl ( , ,s)/( , .3) ~7 (o.,)/(o.'-,) 

f ragmenta t ion  s teps  and an examinat ion  of the m a s s  s p e c t r a  of homologs of this compound, in which the (M-15) + 
ion peak is also intense,  p rov ide  evidence that c leavage of the N - C  bond does not occur .  

The second mos t  intense f r a g m e n t  peak in the spec t rum cor re sponds  to r emova l  of CO f r o m  the (M--15) + 
ion and the fo rma t ion  of an ion with m a s s  180. The intensi t ies  of the peaks  of the above- indica ted  ions and the 
mo lecu l a r  ion peak const i tute  53.4% of the total  cur ren t .  The secondary  ion with m a s s  180 undergoes  f r ag men -  
tat ion via two pathways.  One of them involves e l iminat ion of H2CN and the fo rmat ion  of an ion with m a s s  152, 
which probably  has a diphenylene s t r u c t u r e  (with an intensity of 5.0% of the total  cur rent ) .  The second pathway 
is p rovided  by dehydrogenat ion with r e m o v a l  of one, two, three ,  and four  hydrogen a toms;  the sum of the inten- 
s i t ies  of the peaks  of these ions is ~3.0% of the total cur ren t .  In all  likelihood, the s t r u c t u r e s  of the ions 
f o r m e d  a r e  a s soc ia t ed  with expansion of the cen t ra l  r ing of the ca rbazo le  s y s t e m  to a s i x - m e m b e r e d  ring. Ac-  
cording to the h igh- reso lu t ion  m a s s  spec t ra ,  all  of these ions contain nitrogen.  

On pass ing  to 9-a lkyl  der iva t ives  of 3 - aee ty l ca rbazo l e ,  two compet i t ive  p r o c e s s e s  cor responding  to e l im-  
ination of a methyl  group and c leavage  of the/3 bond of the alkyl group develop in the f i r s t  step of d issocia t ive  
ionization. The subsequent  p r o c e s s  p redomina tes  overwhelmingly  at both the usual ioniz ing-e lec t ron  energy 
and at  low energ ies ,  and this makes  it poss ib le  to a s sume  expansion of the p y r r o l e  ring of the ca rbazo le  s y s t e m  
during the fo rma t ion  of the p r i m a r y  OVI-R') + f r agmen t  ions. 

+ 
CH 3 " 

~ CHACO + 

I 43 (I ,7)  

CH 3 

-CH3 ~ c ~  

II r ~l 
ella / CH2 

t65 (o,s) '.'o~ (:~5,;0 ~,x~ ~ J  I.~O (8A) / z_~/  i 

164 (0,7) 152 (5,0) 

The ion with m a s s  222 also undergoes  subsequent  f ragmenta t ion  via two compet i t ive  pathways:  with de- 
tachment  of an acetyl  group and the fo rma t ion  of a p seudomolecu la r  ion with m a s s  179 o r  with e l iminat ion of a 
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TABLE 2. Intensities of the Charac te r i s t i c  Ions in the Mass Spec- 
t ra  of 3 ,6-Diace ty l -9-a lky lcarbazoles  (in percen t  relat ive to the 
total current)  

Ions 

M--CHs (A) 
A---CH~CO 
A--CHaCO 
A--CHaCO--CO 
A--CHaCO--H 
A--CHsCO--HCN 
M--R' (B) 
B --CHACO 
B --CHaCO--CH3CO 

VIII 

18,4 
0,2 
5.8 
13 
1,5 
1,2 

IX 

21,6 
0.4 
3,1 
0.5 
0.4 

16.6 
0.3 
0,8 

5,7 
1,9 

Compounds 

XI XII  

14,7 l 1,5 
1,4 2,0 
3.8 

4,5 
1,6 

XII I  

11.6 

5,1 
1,3 

XIV 

16,6 

26.1 
6,3 
1,5 

neutral  part icle ,  probably in the fo rm of ketene, and format ion of an immonium ion with mass  180. At both the 
usual  and low ioniz ing-elect ron energies  the f i r s t  p roces s  is much more  likely. 

. - - C H a  ~ ClIaCO + 

Rl 

i-" 

11 It 
CH 1 

In the dissociat ive ionization of diacetyl  derivat ives one ' s  attention is p r imar i ly  drawn to the s t range r e -  
lationship between the change in W M and the number  of carbon atoms in the alkyl group. 

A compar i son  of the W M values of the indicated compounds with the W M values of a lkylcarbazoles  does 
not ye t  yield to any unambiguous explanation. The introduction of two labile groups in the molecule should have 
led to a sharp  dec rease  in W M due to the sharp  increase  in the f ragmentat ion pathways, but this does not occur .  
In addition, the data obtained in this study at test  to the absence of any interaction between the acetyl  groups 
and the ring, since otherwise W M should have dec reased  sharply due to destabilization of the molecular  ion 
caused by the introduction of two e l ec t ron-aecep to r  groups.  

The s imi la r  t rends in the changes in W M fo r  alkyl- and acyla lkylcarbazoles  within the limits of an in- 
c r ease  in the size of the group f rom methyl to butyl indicate that the chief r eason  for  the anomalous increase 
in W M lies in the behavior  of the a lkylcarbazole  sys tem itself and evidently should again be drawn upon for  the 
explanation of the hypothesis of profound r ea r r angemen t  of the molecular  ion p r io r  to detachment of the f i r s t  
neutral  par t ic le  [2]. However, as in the case  of a lkylcarbazoles ,  this hypothesis cannot explain the effect of 
even and odd 'numbers  of carbon atoms in the alkyl group on the W M value. 

As in the case  of the corresponding monoacetyl  derivat ives,  the p r ima ry  ions in the fragmentat ion of VIII 
are  fo rmed by detachment of the methyl  group f rom the acetyl  grouping. The resulting (M--CH3) + ion under-  
goes subsequent f ragmentat ion via three pathways, but the principal  pathway involves elimination of CH3CO; 
the format ion  of ions with removal  of ketene f rom the p r ima ry  (M--CH3) + ion is unlikely. The probabili ty of 
the p r o c e s s e s  does not change on pass ing to the low-voltage mass  spectra .  

An increase  in the length of the alkyl group leads to the appearance of a new fragmentat ion pathway in- 
volving cleavage of the fl bond with respec t  to the a romat ic  system; this p roces s  competes successful ly  with 
detachment of a methyl group and formation of an acetyl ion (Table 2). 

The rat io of the peaks of ions with s t ruc tures  A and B cannot be determined in the case of the ethyl 
group without the use of carbon- labe led  compounds: the ratio in the case of the n-propyl  group is 0.92, as 
compared  with 0.97, 0.54, and 0.64, respect ively,  for  XII, XIII, and XIV. In the case  of ionization by low-energy 
e lect rons  these values undergo little change and are ,  respect ively,  0.90, 0.87, 0.48, and 0.52. 
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Thus the data obtained in this study completely unambiguously a t tes t  to the: unexpectedly smal l  effect  
of two ace ty l  groups on the probabil i ty  of the p r i m a r y  ions. Cleavage of the alkyl chain at  the f l - c a r b o n -  
carbon  bond to g ive  the corresponding immonium ion turns out to be m o re  favorable  energical ly  than de- 
tachment  of the methyl  group adjacent  to the carbonyl  group and format ion of an acylium ion. 

The subsequent  f ragmenta t ion  of ions A and B involves el imination of an acetyl  group.  The removal  
of ketene is only slightly probable  in the case  of ions A and is prac t ica l ly  unreal izable in the case  of ions B. 

The format ion  of an ion with m a s s  43, evidently corresponding: to  the CH 2 =C==~H: o r  CHaCO + struc-: 
ture ,  is :charac ter i s t ic  f o r  all of  the examined compounds.  The intensi ty of the peak of this ion is a lmost  
iden t i ca l and  does not exceed 5.5% of  the total cu r ren t ;  ~he ion with m a s s  4.3 has the p r i m a r y  compos i t ion  
C3H7 :only in r c a s e  o f X L  This p roce s s  r e q u i r e s  considerable  energy  expendi ture  and is not observed  
when the ioniz ing-e lec t ron energy is lowered.  
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P Y R R O L O I N D O L E S  

I. SYNTHESIS OF 1H,6H-PYRROLO[2,3'e]INDOLE 

Sh.  A. S a m s o n i y a ,  N. L .  T a r g a m a d z e ,  
L .  G.  T r e t ' y a k o v a ,  T .  K .  E f i m o v a ,  
K .  F .  T u r c h i n ,  I .  M. G v e r d t s i t e l i ,  
a n d  N. N. S u v o r o v  

UDC 547.759.3'5.07 : 541,63 : 543.422.25.4.6 

1H,6H-Pyrrolo[2 ,3-e] indole  was obtained by F i s c h e r  cycl izat ion of the m-phenylenedihy-  
drazone of ethyl pyruvate .  The s t ruc tu re  of the product  was proved by analysis  of the 
PMR spec t ra  and mass  spec t rum.  Bands cha rac t e r i s t i c  fo r  the corresponding spec t ra  of 
indole were  observed  in the absorption,  luminescence,  and IR spec t ra  of the pyrroloindole .  
The geomet r i ca l  i somers  of ethyl pyruvate  m-phenylenedihydrazone were  isolated. 

Despite the fact  that pyrroIoindoles  a re  the c loses t  analogs of indole, this c lass  of compounds r e -  
mains prac t ica l ly  uninvestigated. The synthesis  of pyrro lo indole  der ivat ives  has been repor ted  in individu- 
al studies [1-4], but up until now no one has been able to obtain even enough of the unsubstituted he te ro -  
cycle  to investigate its phys icochemical  p roper t ies .  

To obtain 1H,6H-pyrrolo[2,3-e] indole  we used F i s c h e r  cycl izat ion of pyruvic  acid m-phenylenedihy-  
drazone (II) and ethyl pyruvate  m-phenylenedihydrazone (I) via the scheme 

~ 
C = N - - H N  z ~ " N H - - N = C  ~ ] NaOH 

COOR COOR 

I, II III 

D. I. Mendeleev Moscow Chemica l ,  Engineering Institute, Moscow 125047. Trans la ted  f ro m  Khimiya 
Getero ts ik l icheskikhSoedineni i ,  No. 7, pp. 938-944, July, I977. O r i g i n a l a r t i c l e  submit ted July 8, 1976; 
rev is ion  submitted November  ]7, 1976. 

This material is protected by copyright registered in the name of  Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011. No part [ 
of  this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, 
microfilming, recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $ 7.50. [ 

757 


