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T h e  p r i n c i p l e  p a t h w a y s  of d i s s o c i a t i v e  i o n i z a t i o n  u p o n  e l e c t r o n  i m p a c t  of 3 - s u b s t i t u t e d  
3 - b e n z o y l i n d o l e s  a r e  d i s c u s s e d .  A l t e r n a t i v e  l o c a l i z a t i o n  of t he  p o s i t i v e  c h a r g e  o n  t he  N 
o r  O a t o m s  of the  m o l e c u l a r  i o n  d e t e r m i n e s  the  m o s t  p r o b a b l e  p a t h w a y s  of i t s  d i s i n t e g r a -  
t i on .  T h e  i s o m e r i z a t i o n  of the  m o l e c u l a r  i on  a n d  the  e x i s t e n c e  of t a u t o m e r i c  f o r m s  in the  
s t a r t i n g  m o l e c u l e  o r  in  the  m o l e c u l a r  ion  p r o m o t e  t he  a p p e a r a n c e  of  l o w - i n t e n s i t y  p e a k s  
t h a t  a r e  v a l u a b l e  f o r  i d e n t i f i c a t i o n  p u r p o s e s .  

W e  have  p r e v i o u s l y  d i s c o v e r e d  a new o x i d a t i v e  r e a r r a n g e m e n t  in  t he  i n d o l e  s e r i e s  t h a t  l e a d s  to the  
f o r m a t i o n  of 3 - b e n z o y l i n d o l e  and  i t s  2 - s u b s t i t u t e d  d e r i v a t i v e s  [1, 2]. In  the  p r e s e n t  s t u d y  we  have  i n v e s t i -  
g a t e d  t he  m a s s  s p e c t r a  of c o m p o u n d s  c o r r e s p o n d i n g  to t he  f o l l o w i n g  f o r m u l a :  

o 

~ C--%H s 

R' 
I 
R 

I R=R'=H; II R=H, R'=CN; III R=H, R'=OH; IV R=H, R'=NIfBu; V R=H, 
R'=COOH; VI R=CHa, R'=H; VII R=CHa, R'=COOH 

T A B L E  1. M a s s - S p e c t r a l  C h a r a c t e r i s t i c s  of 2 - S u b s t i t u t e d  3 - B e n -  
z o y l i n d o l e s  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  of 50 eV (in p e r c e n t  of 
t h e  m a x i m u m  p e a k  in  the  s p e c t r u m ) *  

3-Benzoylindole (I) 222 (9,9), 221 (64,0), 220 (5,4), 165 (5,4), 145 (13,4), 144 (I00), 
t16 (30,0) 115 (5 1) 89 (17,0), 77 (8,6). W~I=23,0, S112~2. 

2-Cyano-3-benzoylindole(ll) 247 (5,6), 246 (46,2), 245 (9,4), 170 (7,9), I69 (I00), 
141 (14,8), 114 (21,0), 105 (21,9), 77 (43,l). WM=15,7, Sv~=2. 

3-Benzoyl-2-ketoindoline (|11) 238 (8,2), 237 (69,5), 169 (16,0), 159 (100), 131 (5,8), 103 
(69,5), 104 (7,1), 103 (10,4), 77 (51,2). W~=21,8, &,,2=2. 

2-(n-Butylamino)-3-benzoylindole(IY) 293 (9,3), 292 (60,7), 291 (13,7), 263 (18,8), 
249 (17,1), 235 (11,4), 160 (9,1), 145 (6,0), 131 (5,0), l l l  (8,3), 106 (6,0), 105 (10,0), 98 
(5.1), 97 (16,3), 96 (7,2), 91 (37,5), 84 (6,1), 83 (16,3), 82 (7,2), 8i (8,6), 77 (33,8), _ 
73 (8,0). W_~I=10,7, SI/2=7. 

3-Benzoylindole-2-carboxyllc acid (V) 266 (6,7), 265 (57,6). 247 (20,6), 221 (5.4), 
220 (6,7), 219 (14,7), 191 (5,9~, 190 (8,0), 188 (32,0), 171 (5,0), 170 (20,0), 105 (715), 
145 (5,9), 144 (103), 116 (11,7), 115 (7,2), 114 (59,7), 105 (20,0), 97 (7,2), 89 (12,0). 
83 (8,0), 77 (51,2), 71 (6,9), 69 (8,8). 1[/.~ = 12,3, S~12=4. 

N-Methyl-3-benzoylindole (Yl) 236 (8,6) 235 (49,5), 234 (5.5), 159 (14,l), 158 (I00) 
130 (14,5), 103 (15,7), 102 (6,7), 89 (5,9), 83 (7,5), 81 (8,6), 77 (20,4), 71 (9,8), 69 (14,!). 
W~I =21,6, Sj,~=2. 

N-Methy~:~3-benzoylindole-2-carboxyHc acid (V||) 280 (9,6), 279 (46,2), 235 
(321) 234 (10,2), 203(89), 202 (48,6), 190 (6,1), 159 (12,4), 158 (100), 130 (18,4). 
128 (8,3), 115 (6,1), 105 (10,0), 103 (13,2), 102 (8,5), 91 (8,5), 89 (10,8), 77 (48,6), 51 
(12,5). W.~I =!1,4, Sw2=4. 

* P e a k s  w i t h  i n t e n s i t i e s  > 5% a r e  g i v e n .  
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The mass  spec t ra  of the investigated compounds, the stabilit ies of the molecules  with respec t  to e lec-  
t ron  impact  (W M) in percent ,  and the select ivi t ies  of the disintegration (S1/2) a re  presented in Table 1. 

The dissociat ive ionization of I is associa ted  with the format ion of an oxonium s t ructure ,  the develop- 
ment of which is possible only in the case of p r i m a r y  localization of the positive charge  in the molecular  
ion on the oxygen atom. In this case  the disintegrat ion of I is s imi la r  to the dissociat ive ionization of ke- 
tones [3] with cha rac te r i s t i c  cleavage of the ~ bond relat ive to the carbonyl  group, which is responsible  for  
the appearance in the spec t rum of ion peaks with masses  77, 105, 116, and 144.* 

c6H5 c~.5 [(M-n)-co} + 
. -OHm_ (M_OH)+ ;92 02} 

" - -  204 (0,6) / / 

" " \ ' c  ~'--..3~. -r 1~)3 12,0) ~'t + 221 {20,2) / 
_ 0..lo . .  - (M-It) + 

[ ~ +  ~ C~O+ cJ15-- C~O + 2~'0 (t,7) /-l~ CN 
80 (5,4) :HCN - C O  [ ~ . ~ j  ,05 (0,6, I 

H H I-CO 
I16 (21,5) 144 (32,~ C6H + {[(M--H)--CoI--HNC} 

165 (I,71 
77 {2,7) 

The listed ions r ep resen t  57% of the total ion cu r ren t  at  an ionizing-electron energy of 50 eV~ 

It is interest ing to note that the intensity of the ion peak with mass  105 (Ph-C=-O +) increases  sub- 
s tantial ly as  the energy of the ionizing voltage decreases .  Thus, fo r  example, the ra t ios  of the intensities 
of the format ion of (M-Ph} + and PhCO + ions a re  56.0, 47.2, 31.8, and 17.6 for  ionizing-electron energies 
of 30, 25, 20, and 15 eV, respect ively .  

The ion peak with mass  204 is of low intensity and is apparent ly  associa ted  w i t h r e m o v a l o f a h y d r o x y l  
group f rom the molecu la r  ion. Its format ion can be explained either by in t ramolecular  cyclizat ion of the 
molecular  ion to give s t ruc ture  A, as has been descr ibed for  the A t - X - A t  sys tems  (X = NH, S, O) [4] and 
for  2-aroyl indoles  [5], or  with the possibil i ty of the formation of a tautomeric  indolenine s t ruc ture  of both 
the start ing molecule and of the molecular  ion (s tructure B). The (M-17) + peak is also observed in the 
spec t rum of N-methyl-3-benzoyl indole  (VI) and is of approximately  the same intensity. 

O 

H It 

A B 

However, it should be noted that most  of the molecu la r  ions in the dissociat ive ionization a re  represented  
by the ketone form,  and s t ruc tu res  A and B are  responsible  only for  the format ion of low-intensity peaks, 
which can be used as charac te r i s t i c  peaks. The ion peak with mass  193 is due to the energet ical ly  advan- 
tageous r ea r r angemen t  p rocess  assoc ia ted  with ejection of a neutral  CO part ic le  and subsequent migrat ion 
of the phenyl radical  to the indole ring. 

The introduction of a substituent into the 2-posi t ion of the indole ring has a substantial effect on the 
cha rac te r  and direct ion of the dis integrat ion of II-V. The probabili ty of localization of positive charge on 
the oxygen atom of the carbonyl  group increases  sharply,  and, as a consequence of this process ,  the fo rma-  
tion of a f ragment  benzoyl ion is increased by a fac tor  of 10-50 as compared  with unsubstituted 3-benzoyl -  
indole. The rat io of the intensities ( IcoPh)  of the COPh (mass 105) peaks in the mass  spectra  of III and I 
is 10, as  compared with 50 in the case of IV and I. 

The elimination of a radica l  in the 2-posi t ion of the indole ring, which leads to the appearance of an 
(M-R ' )  + ion in the spect rum,  makes it possible with sufficient rel iabil i ty to monitor  one or  another sub- 
stituent. Successive elimination of ethyl, propyl, and butyl f ragments  f rom the molecular  ion is also ob- 
served  in the case  of the NHBu radical  (IV); this cor responds  to the appearance in the spec t rum of a num- 
ber  of peaks of f ragment  (M-C2H~) +, (M-C3I-IT)+ , and (M-C4Hg) + ions with masses  of 263, 249, and 235. 

* Here and subsequently, the numbers  under the formulas  indicate the mass  numbers  of the ions, the num- 
be r s  in parentheses  indicate the peak intensities in percent  relat ive to the total ion cur rent ,  and the num- 
be r s  with a s t e r i sks  indicate the apparent  mass  of the metastable  process .  
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The observed  elimination of a hydrogen a tom f rom the molecular  ion in II possibly occurs  with the 
format ion  of an azatropone s t ruc ture  conjugated with the indole and benzene rings.  

It It 

M + 246 114,41 245 12,91 

This sor t  of part icipat ion of the phenyl ring is a lso possible when a H20 molecule is str ipped f rom 
the molecular  ion of V. This probably proceeds through a s ix -membered  intermediate state and leads to a 
s t ruc ture  of the anthraquinone type, which then dis integrates  with success ive  ejection of two CO molecules  
o r  via the pathway descr ibed in [7] (scheme 3); in addition, the disintegrat ion of this compound is cha rac -  
t e r ized  by elimination of COOH and CO 2 par t ic les .  

]+  H20 - -  5 

247 {4,0} 

] +  0 +" 

H ii 
O 

265 (ll,0) 247 (4.0} 

H ~+ .  14 

219 (2.8} 191 (I.1~ 

The disintegrat ion of VII also proceeds in a maimer s imi la r  to the dissociat ion of V. However, in 
this case  the el imination of a water  molecule f rom the molecu la r  ion is less likely, and the (M-H20) + peak 
is 2.6% of the maximum peak in the spect rum.  

The presence  of a hydroxyl group in III makes the existence of a molecular  ion in three i somer ic  
fo rms  (C, D, E) possible. 

~ o  
i! it 

D C E 

The presence  of enol form D explains the re la t ively high intensity of the peak of the f ragment  
(M-OH) + ion as compared  with the same process  descr ibed for  I. 

In addition to the observed peaks of f ragment  ions with mass  numbers  160, 132, 105, and 77, the 
spec t rum of III also contains peaks of ions with masses  159,131,  and 103, the format ion of which requires  
additional explanation. The peaks of metastable  p rocesses  with apparent  masses  of 158.0 and 107.9 that 
appear  in the spec t rum of III make it possible to a ssume that success ive  elimination of a hydrogen atom 
and a CO part icle  occurs  af ter  detachment of a phenyl group f rom the molecular  ion; .this will lead to ring 
contract ion.  

O 

0 C = O  , / / ~  o _C6H=. 

- "  o .  + 
H H H 

M + 237 09.5) 160 14.51 159 ~28.1} 

103 12.91 131 11.61 H 

The ion with mass  159 formed in this case  cor responds  to the maximum peak in the spectrum,  and this 
confir.ms the p re fe r red  existence of the molecular  ion in the keto fo rm [8]. The stabili ty of the c o r r e s -  
ponding ion is due to delocalization of the positive charge  between two oxygen atoms.  
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E X P E R I M E N T A L  

The m a s s  s p e c t r a  w e r e  r e c o r d e d  with an MKh-1303 s p e c t r o m e t e r  with a modif ied s y s t e m  for  in t ro-  
duction of the sample  (direct  introduction into the ion source)  and a s y s t e m  for  record ing  at  an ionizing- 
e l ec t ron  ene rgy  of 50 eV; the cathode em i s s ion  cu r r en t  was 1.5 mA, and the vapor iza t ion  t e m p e r a t u r e  for  
the s a m p l e s  was N l l 0  ~ The reproduc ib i l i ty  of the m a s s  spec t r a  was 5% (relative).  

3 -Benzoyl -2-ke to indo l ine  (III). 3- Indolylphenylacetoni t r i le  was t r e a t ed  with n-buty lamine  in the p r e s -  
ence of a lkal i ,  a f t e r  which the aqueous f i l t r a te  was  acidif ied,  and br ight -ye l low indole HI with mp 190.5- 
192 ~ (from benzene) was isolated.  The product  gave  an intense co lora t ion  with f e r r i c  chloride.  UV spec -  
t r u m  (in alcohol),  Xmax,  nm (log g): 230 (4.16), 268 (4.04), and 326 (3.95). IR s p e c t r u m  (in m ine ra l  oil): 
1620, 1635, and 1670 (C---~O), and 3200 cm -1 (N-H) .  Found, %: C 76.7; H 4.7; N 6.0. C15HllNO 2. Calculated,  
%: C 76.6; H4.7 ;  N 5.9. 

1 -Me thy l -3 -benzoy l indo l e -2 -ca rboxy l i c  Acid (VII). This  compound was obtained by methyla t ion  of 
3 -benzoy l indo le -2 -ca rboxy l i c  acid with d imethyl  sulfate  and had mp  165-166 ~ (from b e n z e n e - p e t r o l e u m  
ether)  (rap 165-166 ~ [9]). 
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