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It  is shown that in the m a s s  s p e c t r a  of N-a lkyl i sa t ins  with a no rma l  C1-C10 chain the inten- 
s i ty  of the [ M - C O ]  +. and [M-(2CO)] +" peaks  c h a r a c t e r i s t i c  for isatin and N-methyl i sa t in  
d e c r e a s e s  as the alkyl r ad ica l  is lengthened, whereas  the intensi ty of the peak  fo rmed  as a 
r e su l t  of succes s ive  loss  by the molecu la r  ion of a CO group and a por t ion of the rad ica l  as 
a r e su l t  of c leavage of the bond at the a - c a r b o n  a tom inc rea se s .  F ragmen t s  due to ~,fl ,7 .... 
c leavages ,  both without migra t ion  and with migra t ion  of the hydrogen a toms ,  appear  in the 
s p e c t r a  of N-a lkyl i sa t ins  commencing  with chains containing more  than two C a toms.  

The mass  spec t r a  of isat in (I) and its N-methyl  der iva t ive  (II) and their  f ragmenta t ion  schemes  have 
been p r e s e n t e d  [1-3], but the re  a r e  no data avai lable  on the d issocia t ive  ionization of compounds with a 
l a rge  number  of carbon a toms at tached to the ni t rogen a tom.  

Our s y s t e m a t i c  compara t i ve  s tudy of the mass  s p e c t r o m e t r i c  behavior  of N-n-alkylLsat ins (A) showed 
that,  despite  the p r e s e n c e  of a cer ta in  s i m i l a r i t y  between them and the m a s s  s p e c t r a  of isatins I - I I ,  the 
c h a r a c t e r  of f ragmenta t ion  under the influence of e l ec t ron  impact  is compl ica ted  to a cons iderable  degree  
as the length of the alkyl chain i nc r ea se s .  

As the alkyl chain becomes  longer ,  the s tabi l i ty  of the molecu la r  ion (W M) [4] dec reases  f r o m  0.21 
to 0.07 with the r egu l a r i t y  p r e s e n t e d  in Fig. 1 (curve 1). A min imum Ls obse rved  for CG-C 7. 

~ ~  I R=It; [l l~=Cfl.3; Ill R=C:H~; IV R~C~HT; 

V R=C4H,~; VI R=CsHII; VII R=C6H~; 
t VIII R=C.EI,s; IX R=C,oH21 X R=CD2--CH 3 R 

h 

The p r e s e n c e  of intense peaks  cor responding  to the succes s ive  e l iminat ion of two CO groups* f r o m  
the molecu la r  ion is c h a r a c t e r i s t i c  for the f ragmenta t ion  of I and II [2]. Our analys is  of the mass  spec t r a  
of I - IX  enabled us to a s c e r t a i n  that,  in addition to re tent ion  of some  of the fea tures  speci f ic  for the mass  
s p e c t r a  of [sat ins I and 1"[, the c h a r a c t e r  of the d issocia t ive  ionization depends on the length of the alkyl 
chain. The pr inc ipa l  pathways of the f ragmenta t ion  a re  p r e sen t ed  in s chemes  1 and 2 below. 

As the length of the alkyl chain Lncreases ,  the intensi ty of the [M-28]  +. peak,  which, as a l ready  men-  
tioned above,  is c h a r a c t e r i s t i c  for I and II, dec rea se s  sha rp ly  (scheme 1, M- -a  t ransi t ion) .  The cha rac t e r  
of the d e c r e a s e ,  e x p r e s s e d  in the f o r m  of a re la t ionship  between IM_28/IM and the number  of carbon a toms 
in the chain, is p re sen ted  in Fig. 1 (curve 2). 

* The f i r s t  CO group is e jec ted  f r o m  the 2 posit ion [3]. 
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Ion a undergoes subsequent  f r agmenta t ion  via s e v e r a l  pa thways ,  of which the p r inc ipa l  one is the fo r -  
mat ion of a f r agmen t  with m / e  132. The m e c h a n i s m  of its fo rmat ion  was e s t ab l i shed  by r e c o r d i n g  the mass  
s p e c t r u m  of N - l ,  1 -d ideu te roe thy l i s a t in  (X), in which a peak  with m / e  134 ins tead  Of m / e  132 in the s p e c -  
t r u m  of III is r e c o r d e d .  This const i tu tes  unambiguous proof  that the a -  carbon a tom bonded to the n i t rogen 
a tom is r e t a i n e d  in its s t ruc tu re .  Thus the format ion  of an ion with m / e  132 is r e a l i z e d  as a r e s u l t  of fl 
c leavage of the C - C  bond af te r  e l imina t ion  of a CO group (scheme 1, the M - - a  - -b  t rans i t ion) .  A c h a r a c -  
t e r i s t i c  fea ture  of the mass  s p e c t r a  of [sat ins I I - IX is a sharp  i nc rea se  in the in tensi ty  of the peak  of ion 
b as the chain length i n c r e a s e s  f rom C 1 to C s with a subsequent  more  s loping d e c r e a s e  (curve 3). The fact  
that  the point  co r respond ing  to the in tens i ty  of the peak  of ion b for  IV (curve 3) deviates  by a value that is 
cons ide rab ly  g r e a t e r  than the methodical  e r r o r  is expla ined by the fact that  in the case  of [satin IV, two 
forms  of ions with m / e  132, one of which, as seen  in scheme 1, co r re sponds  to ion b, the other  of which 
co r r e sponds  to ion d, a r e  formed.  The i n c r e a s e  in the in tensi ty  of the peak  of ion b is due to the i nc rea s ing  
s t ab i l i t y  of the ion, which i nc r ea se s  as the s t ab i l i t y  of the r a d i c a l  undergoing detachment  (R') i n c r e a s e s .  

One 's  a t tent ion is drawn to a p e c u l i a r i t y  e s t ab l i shed  during a s tudy of the mass  s p e c t r u m  of N - I , 1 -  
d ideu te roe thy l i sa t in  X. The mass  s p e c t r u m  of nondeutera ted  III contains peaks  with m / e  119 (52%) (e) and 
m / e  118 (39%) (d). In analogy with the f ragmenta t ion  m e c h a n i s m  p roposed  for i sa t in  II [2], ion d should 
have been fo rmed  as r e s u l t  of detachment  of a hydrogen a tom f rom the a - c a r b o n  a tom of ion e .  In the case  
of an unambiguous m e c h a n i s m  of this s o r t  and for i sa t in  homologs one should have expected the appearance  
of peaks  with m / e  121 (the analog of the peak  with m / e  119) and m / e  119 (the analog of the peak  with m / e  
118) in the mass  s p e c t r u m  of X. However,  the mass  s p e c t r u m  of X contains peaks  with m / e  121 and 120 
(instead of the expected  peak  with m / e  119), the in tens i ty  r a t i o  of which is app rox ima te ly  the s ame  as for 
the peaks with m / e  119 and 1:18 in the s p e c t r u m  of i sa t in  III. In addit ion,  the mass  s p e c t r u m  of X contains 
peaks with m / e  149 (the analog of the peak  with m / e  147, ion a )  and m / e  148 (the analog of the peak  with 
m / e  :146, ion c). The e s t ab l i shed  facts  p rove  that de tachment  of a hydrogen a tom f rom ions a and e in the 
ease  of IlI occurs  p r i m a r i l y  f rom the f l - c a r b o n  a tom r a t h e r  than f rom the a - c a r b o n  a tom with the f o r m a -  
tion of ions, the hypothet ica l  s t r u c t u r e s  of which a r e  p r e s e n t e d  in scheme 1 (the a --*c' --~d' and e ---d' t r a n s i -  
t ions).  The subsequent  d i s in teg ra t ion  of the ions d e s c r i b e d  is p r e s e n t e d  in the s ame  scheme.  

The m a s s  s p e c t r a  of HI-IX contain f ragments  with even -numbered  m / e  values ,  which a r e  fo rmed  dur -  
ing c leavage of the N - C  bond and a ,  f i ,T, . . ,  c l eavages  of the alkyl  chain. The i r  in tensi ty  is low and de-  
c r e a s e s  in the s a m e  o r d e r .  Of p a r t i c u l a r  i n t e r e s t  a r e  the peaks  of ions with odd-numbered  mass  values ,  
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Fig. 1. Change in the fraction of the total ion 
cur rent  as a function of the length of the alkyl 
chain in the mass spec t ra  of H-IX: 1) W M. 100; 
2) JM_28/JM; 3) peak intensity at m /e  132; 4) 
peak intensity at m / e  t61. 

which ar ise  as a resu l t  of the loss  by the hydrocarbon radical  of neutral  fragments with migrat ion of a 
hydrogen a tom to the res idual  port ion of the molecule. Par t  of these t ransi t ions are  confirmed by meta-  
stable peaks.  Their intensity increases  as the length of the hydrocarbon chain increases  (II--+IX) (scheme 
2). The most  stable ion is the ion with m /e  161, the intensity of which in the mass spec t rum of IX is 100%; 
thi ion is followed, in decreas ing order ,  by ions with m/e  175, 189,203,  etc. The subsequent d is integra-  
tion of these ions is r ea l i zed  via scheme 1, which is also confirmed by metastable t ransi t ions.  The lat ter  
makes it possible to assume with a cer tain degree of confidence that their s t ruc ture  is analogous to the 
s t ruc ture  of the corresponding alkylisatins (scheme 2). 

As we have a l ready mentioned above, the most  stable of the ions with odd-numbered masses  is the 
ion with m/e  161; its intensity increases  regu la r ly  as the length of the alkyl chain increases  (curve 4). The 

t O 

H I 
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deviation to the l a rge r  side of the observed regular i ty  for the points in the case of VI and VII ks explained 
by the fact that the peak with m /e  161 is a composite peak due to contributions of M - C4H8] +. and [M - 
(2CO)] +" ions in the case of VI and [M - CsHl0] +- and [M - (C3H G +CO)] +. ions in the case of VII. 

Thus it was established that two principal  fragmentat ion pathways are  rea l ized  in N-alkyl[satins.  The 
f i rs t  pathway involves ejection of CO with subsequent cleavage of the alkyl chain at the a - c a r b o n  atom, and 
the second pathway involves fragmentat ion of the hydrocarbon radical  to give lower homologs of [satin, 
which in turn undergo disintegration in accordance with the regu la r i ty  common to [satins.  
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EXPERIMENTAL 

Compounds If-IX were obtained by reaction of the sodium salt of [satin- with the appropriate alkyl bro- 
mides [5]. The compounds were purified by column chromatography to remove the unchanged isatin and 
side products that fluoresce in UV light (elution by benzene). The starting 1,1-dideuteroethyl bromide was 

synthesized by the method in [6]. The individuality of the compounds was monitored by thin-layer chroma- 
tography on Silufol silica gel in benzene and benzene-acetone (I: i) systems. 

The mass spectra were recorded with an MKh-1303 spectrometer equipped with a glass system for 
direct introduction of the sample into the ion source. The vaporization temperature was 90-120 ~ , the ion- 
ization chamber temperature was 150 ~ the ionizing voltage was 70 eV, and the emission current was 1 mA. 
The reproducibility of the mass spectra during recording in the course of a day was 2-2.5 rel. %, as com- 
pared with 8-12 rel. % for recording over a longer period. 

Mass spectra of [satins I-IX, m/e (relative intensity, %): 

I-- 147(82), I19(I00), 92(57), 91(17), 90(6), 76(7), 75(3), 64(24), 63(17), 52(6), 
50(9); 

I t -  161(1001, 133(31), 132(9), 105(561, 104(70), 92(I1), 90(9), 78(38), 77(19), 76(8), 
64(11), 63(13), 51(I1), 50(13); 

I I I -  175(100), 147(8)~ 146(t2), 132(32), 119(57), 118(38), 105(13), I04(37), 92(9), 
91(12). 90(18), 78(131, 77(28), 76(9), 64(101, 63(101, 51(10), 50(9); 

IV--189(98), 161(3), 160(2), 147~(4), 146(71, 133(28), 132(I00), I19(17), 118(7), 
I05(12), I04(31), 92(6), 91(7), 90(141, 78(11), 77(32), 76(8), 64(6), 63(7), 
51 (12), 50(7); 

v--203(78),  175(191, 174(2), 161(22), 160(4), 147(17), 146(19), 133(22), 132(100), 
i19(73), 118(111, 106i12), i05(51, 104(12), 92(11), 91(8), 90(17), 78(7), 77(37), 
76(8), 64(71, 63(81.51 (13), 50(7); 

V I -  217(4l), 189(71, 188(3), 174(31. 161(45), 160(7), 147(18), 146(20), 133(22), 
132(100), 119(351. 118(9), 106(9), 105(15), I04(ll), 90(16), 77(39), 76(81, 
64(4), 63(6)~ 51(12). 50(6); 

V I I -  231(51), 203(2). 202(1), 180(2). 188(1), 175(18), 174(6)o 161(75), 160(10), 
147(24), 146(221. 133(21), 132(100), 119(30), 118(81, 106(I1), I05(15), 104(12), 
90(15), 77(371, 64(4). 63(4), 51(t1), 50(2); 

V I I I -  245(58), 217(31, 2t6(2), 189(81, 188(5), 175(33), 174(12), 161(81), 160(13), 
147(231, 146(241. 133(23), 132(I00), t19(20), 118(10), I06(13), 105(18), 104(13), 
77(39). 64(5), 63(5), 51(12), 50(6); 

I N -  287(75), 259(4). 258(2), 231(1), 230(11, 216(2), 203(1,5), 202(5), 189(13), 
188(i1), 175(44). 174(171, 161(100), 160(1t), 147(22), 146(19), 133(18), 132(80), 
119(271, 118(71, 106(12), 105(14), 104(9)o 77(27), 64(3), 63(3), 51(1), 50(5). 
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