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The mass  spec t ra  of 12 derivat ives  of d inordeoxy-9-methyleserol ine  and dinordeoxy-10-  
methylhomoeserol ine  were obtained. The effect of the nature and position of substituents 
on the stabili ty and cha rac te r  of disintegration of the molecular  ion was examined. A 

+ 
mechanism for the formation of r ea r ranged  RC6H4NH 2 pseudomolecular  ions is proposed.  

The l i tera ture  contains only f ragmenta ry  information regarding the mass - spec t rome t r i c  investigation 
of eser ine  and its derivat ives [2-3]. The aim of the present  study was a detailed investigation of sys tems  
of this type, a search  for the regular i t ies  in the dissociat ive ionization, and a determination of the re la t ion-  
ships between the paths of disintegration of the molecular  ion and the s t ruc tura l  pecul iar i t ies  of the mole -  
cule.  In this r e sea rch ,  the mass  spec t ra  of der ivat ives  of d inordeoxy-9-methyleserol ine  (I-VH) and di-  
nordeoxy-10-methylhomoesero l ine  (VIII-XII), which are  s t ruc tura l  analogs of the alkaloid eser ine  (physo- 
stigmine),  were investigated for the f i rs t  t ime.  

The mass  spec t ra  were obtained with an MKh-1303 spec t romete r  at ionizing e lec t ron energ ies  of 50, 
30, 20, and 15 eV; the tempera ture  of the ionization chamber  and the inlet sys tem was 250~ The intensi-  
ties of the peaks of t h e / h o s t  cha rac te r i s t i c  ions in the mass  spec t ra  of the compounds and the S1/2, (disinte- 
gration select ivi ty [4]) values are presented in Tables 1 and 2. 

The res is tance  to electron impact  of d inordeoxy-9-methyleserol ine  derivat ives  is somewhat higher 
than that of the corresponding homoeserol ines  and is close to the W M values for t ryptamines .  

T I  cu3. T I  cas. 
R 2 R~ R 2 R 3 

l - V I I  VIII-XII 

Compound R' R 2 R s Compound RI R z R3 

I H CHa H VIII H H H 
I I CHa H H IX CHa H H 

III CHsO H H X H CH30 H 
IV H CH30 H XI H H CHa 
V H H CHs XI I H CH2--CH2 

VI H H PhCH: 
VII H CH2--CH2 

As in the case of t ryptamines  [5], the introduction of a methyl or methoxy group into the benzene ring 
or the N (a) position leads to an increase  in the stabil i ty of the molecular  ions. 

/ 

*See [1] for communication XXVI. 
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T A B L E  1. I n t e n s i t i e s  of the  P e a k s  of the  M o s t  C h a r a c t e r i s t i c  Ions  
in the  M a s s  S p e c t r a  of  D i n o r d e o x y - 9 - m e t h y l e s e r o l i n e s  

I 
I 

Compound 

I 
II 

l l I  
IV 
V 

VI 
VII 

W M S'/2 

4,3 
4,0 1 
5,0 18 
4,4 19 
5,6 l 1 
4,0 15 
4,5 15 

M--I 5 M--30 M -31 

t 

1,8 8,1 
1,1 4,8 
1,3 2,6 
1,2 . 2,6 
2,4 7,0 
0,7 1,0 
1,1 1,0 

1,2 
1,1 
2,5 
2,l 
0,7 
0,1 
0,3 

M--43 

13,8 
12,2 
9.7 

10.3 
10,4 
6,2 
3,3 

/!4--44 

15,0 
11,5 
7,4 
7,4 

15,6 
3,2 
7,9 

M--58 

3,9 
3,8 
3,0 
2,9 
5,3 
0,6 
0,4 

M--96 

0,2 
02 
0.4 
0,3 
0,3 
1,2 
1.7 

+ 
CH2=NII~ 

2,0 
2,1 
1,7 
1,3 
0,3 
0,3 
0,3 

I t  fo l lows  f r o m  an a n a l y s i s  of the  m a s s  s p e c t r a  of I -XI I  tha t  the  p y r r o l i d i n e  o r  p i p e r i d i n e  r i n g  u n d e r -  
g o e s  c l e a v a g e  m o s t  r e a d i l y  d u r i n g  e l e c t r o n  i m p a c t .  The  s t a b i l i t y  of the  m o l e c u l a r  ions  of t h e s e  c o m p o u n d s  
i s  t h e r e f o r e  in m a n y  w a y s  bound up wi th  the  p r o b a b i l i t y  of  the  l o c a l i z a t i o n  of the  c h a r g e  on the N (b) a t o m .  
The  i n t r o d u c t i o n  of a s u b s t i t u e n t  into the  e s e r o l i n e  o r  h o m o e s e r o l i n e  m o l e c u l e  l e a d s  to  c h a r g e  r e d i s t r i b u -  
t ion  in the  m o l e c u l a r  ion in such  a way  tha t  a de f in i t e  p o r t i o n  of i t  now b e c o m e s  t i ed  up wi th  the  s u b s t i t u e n t .  
In t h i s  c a s e ,  the  r e l a t i v e  f r a c t i o n  of c h a r g e  l o c a l i z e d  on N(b ) and,  c o n s e q u e n t l y ,  the  p r o b a b i l i t y  of d i s i n t e -  
g r a t i o n  of the  p y r r o l i d i n e  o r  p i p e r i d i n e  r i n g s  d e c r e a s e ,  wh ich  w i l l  l e a d  to  an i n c r e a s e  in the  W M v a l u e .  
The  f ac t  tha t  W M is  s m a l l e r  fo r  h o m o e s e r o l i n e s  than  for  e s e r o l i n e s  i s  e v i d e n c e  fo r  m o r e  i n t e n s i v e  d i s i n t e -  
g r a t i o n  of  the  p i p e r i d i n e  r i n g  as  c o m p a r e d  wi th  the  p y r r o l i d i n e  r i n g  d u r i n g  e l e c t r o n  i m p a c t .  

The  m o s t  p r o b a b l e  p r i m a r y  d i r e c t i o n s  of d i s s o c i a t i v e  i on i z a t i on  of e s e r o l i n e s ' a r e  d i s i n t e g r a t i o n  of 
the  p y r r o l i d i n e  r i ng ,  d e t a c h m e n t  of a m e t h y l  g roup ,  and f o r m a t i o n  of ions  wi th  m a s s  30 (CH 2 =NH2+),  The  
d i s i n t e g r a t i o n  of the  p y r r o l i d i n e  r i n g w i t h  s p l i t t i n g  out of a C H2CH2NH p a r t i c l e  f r o m  the  m o l e c u l a r  ion w i l l  
l e a d  to  the  f o r m a t i o n  of one of the  m o s t  i n t e n s e  ion p e a k s  in the  m a s s  s p e c t r a  of e s e r o l i n e s  0VI - 43) + . 
The  s t r u c t u r e  of  the  (M - 43) + ions  p r o b a b l y  c o r r e s p o n d s  to the  s t r u c t u r e  of the  p s e u d o m o l e c u l a r  ions  of 
2 , 3 - d i m e t h y l i n d o l e  d e r i v a t i v e s .  The  s p l i t t i n g  out  of a m e t h y l  grcu p f r o m  the  m o l e c u l a r  ions  l e a d s  to a 
s t r u c t u r e  wi th  p o s s i b l e  d e l o c a l i z a t i o n  of  c h a r g e  be tw e e n  two n i t r o g e n  a t o m s .  

CH 3 -] t .  

IM--.l § 
role 30 

.1~" "~ R 2 R 3 

tl . l /  
I i ~ "~.4 .[., I . I ~ . 
R:' ~ , ' ~ :  K" R ~ R ~ R ~ 

[M "-43}" [M-441 + [~"-'.q + 

I t  i s  i n t e r e s t i n g  to no te  tha t  the  W M and IM_ R v a l u e s ,  w h e r e  R = CH 3 and CH30 , change  s y m b a t i c a l l y .  
We a l so  o b s e r v e d  a s i m i l a r  c o r r e l a t i o n  be tween  the s t a b i l i t y  of the  m o l e c u l a r  ions  and the  p r o b a b i l i t y  of 
s p l i t t i n g  out of a s u b s t i t u e n t  fo r  o t h e r  c o m p o u n d s  [6]. In fac t ,  the  i n t r o d u c t i o n  of a donor  s u b s t i t u e n t ,  
wh ich  s t a b i l i z e s  the  m o l e c u l a r  ion,  l e a d s  to  an i n c r e a s e  in the  p r o b a b i l i t y  of c h a r g e  l o c a l i z a t i o n  on the  
b e n z e n e  r i n g  and the N(a ) a t o m .  Th i s  in t u rn  i s  r e s p o n s i b l e  for  the  o b s e r v e d  m o r e  i n t e n s e  s p l i t t i n g  out  of 
a m e t h y l  o r  m e t h o x y  g roup  f r o m  the m o l e c u l a r  ion as  a c o n s e q u e n c e  of the  d i s i n t e g r a t i n g  e f fec t  of  the  
p r o x i m i t y  of the  c h a r g e  on the bond be tween  the s u b s t i t u e n t  and the  m o l e c u l a r  f r a m e w o r k .  

The  i n t e n s i t y  of the  ( M - 1 5 )  + ion p e a k s  (and W M a lso)  is  h i g h e r  in the  m a s s  s p e c t r a  of both  e s e r o l i n e s  
and h o m o e s e r o l i n e s  i f  the  m e t h y l  g r o u p  i s  bonded  to the  N (a) a t o m ,  p r o m o t i n g  l o c a l i z a t i o n  of c h a r g e  on i t .  

+ 

The  CH 2 = N H 2  + iors can be  f o r m e d  only  f r o m  those  m o l e c u l a r  ions  in which  the  c h a r g e  is  l o c a l i z e d  
on the N (b) a t o m .  The  i n t r o d u c t i o n  of a m e t h y l  o r  m e t h o x y  g r o u p  into the  b e n z e n e  r i n g  l e a d s  to an a p p r e -  
c i a b l e  d e c r e a s e  in t h e i r  i n t e n s i t y .  The  s h a r p e s t  d e c r e a s e  in the  i n t e n s i t y  of the  CH 2 - - N H  + ion p e a k s  (by 
a f a c t o r  of s i x  to seven)  is  a lways  o b s e r v e d  when the  m e t h y l  g r o u p  i s  bonded  to N (a). I t  shou ld  be no ted  
tha t ,  in t h i s  c a s e ,  the  a b s e n c e  of the h y d r o g e n  a t o m  of the  N ( a ) - H  bond,  which  could  p r e v i o u s l y  p a r t i c i p a t e  
in m i g r a t i o n  to f o r m  r e a r r a n g e d  ion (b), a l so  a p p a r e n t l y  p l a y s  a r o l e  in add i t ion  to  the  h i g h e r  p r o b a b i l i t y  
of l o c a l i z a t i o n  of the  c h a r g e  on the  n i t r o g e n  a t o m  bonded  to the  m e t h y l  g r o u p .  The  p r o n o u n c e d  d i f f e r e n c e  
in the  i n t e n s i t y  of the  CH 2 - -NH2 +. ion p e a k s  when the  s u b s t i t u e n t  i s  bonded  to the  b e n z e n e  r i n g  o r  to the  Nia ) 
a t o m  m a k e s  i t  p o s s i b l e  to  r a p i d l y  and r e l i a b l y  i d e n t i f y  t h e s e  i s o m e r s .  
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R t t'113 ~, CHa i 

a b 

J u s t  as for  e se ro l ines  t hemse lves ,  the mos t  intense peaks  in the m a s s  s p e c t r a  in the case  of d i s -  
socia t ive  ionization of homoese ro l ines  co r respond  to the format ion  of pseudomolecu la r  ions [{M-57) +] of 
2,3-dimethylindole de r iva t ives .  

Clio -] +" 

CtlaO CHao CH30 o 

[.44-,56] + ~, ~ 232 (2.1) 123 (2.6) 108 (3.2) 
176 (4.2) G~ ~ / ~,~s [-s 

+ . . c ~  ~- '~ .~,I 

Q �9 

CH~"~ ' ' ~ / ~ C H 3  217 to.S) H 
d - -  

[M-ST] l~ , -4a]  § ao (3.1) 

175 (5.0) 188 (I,9) 

An in teres t ing  fea ture  of the m a s s  s pe c t r a  of homoese ro l ines  is t h e p r e s e n c e  in them of intense peaks  
of ions that  co r re spond  to the protonated fo rm of indole. The fo rmat ion  of these  (M-56) + ions is a s s o c i -  
ated with migra t ion  of one of the hydrogen a toms of the piper idine ring during its d is integrat ion with the r e -  
mova l  of a CHCH2CH2NH pa r t i c l e .  One does not obse rve  a s i m i l a r  p r o c e s s  for  e se ro l ines ,  which would in-  
volve the loss  of a CHCH2NH par t i c l e  to give (M-42) + ions.  A poss ib le  r eason  for  the appearance  of ions 
that  co r r e spond  to the protonated f o r m  of indole in the m a s s  s p e c t r a  of homoese ro l ines  and the i r  absence  
in the m a s s  spec t r a  of e se ro l i ne s  i s  the lower  capaci ty  for  s tabi l izat ion of the CHCH2N H par t i c le  through 
cycl izat ion as co m pa red  with CHCH2CH2NH. 

As seen f rom the scheme  of the d is in tegra t ion of X and the data in Table  2, intense (M-109) + ion 
peaks  are  obse rved  in the m a s s  s pec t r a  of homoese ro l ines ;  they a re  fo rmed  as a r e su l t  of c leavage  of the 
indoline ring and migra t ion  to the charged  f r agmen t  of two hydrogen a toms .  Despi te  the c leavage of four 
bonds and loss  of a pa r t i c le  of high m a s s  during the dis integrat ion of the molecu la r  ions, this is the lowest  
ene rgy  p roce s s  of the p r i m a r y  paths of d issocia t ive  ionization of homoese ro l i ne s .  Thus,  for  example ,  the 
in tensi ty  of the peaks  of these  ions for  IX i n c r e a s e s  f r o m  2.1 to 7.0% (relative to the to ta l  ion current )  on 
pass ing  f r o m  50 to 15 eV. The format ion  of (M-109) + probably  p roceeds  in one s tep f r o m  the r e a r r a n g e d  
mo lecu l a r  ions and is accompanied  by spli t t ing out of a s table  va l ence - s a tu r a t ed  pa r t i c le .  This  p roces s  
co r r e sponds  to the format ion  of {M-95) + ions for  e se ro l ines .  It follows f rom the data in Tables  1 and 2 
that  (M-109) + ions a re  fo rmed  in al l  c a s e s  with a much higher  probabi l i ty  than that of the format ion  of 
(M- 95)+ ions.  

These  reac t ions  can be r ep re sen t ed  by the following s chemes  for  e se ro l ines  and homoese ro l ines :  

TABLE 2. In tens i t ies  of the Peaks  of the Most Cha rac t e r i s t i c  Ions 
in the Mass  Spec t ra  of Dinordeoxy-10-methy lhomoese ro l ines  

Comp, wM s,/= M--15 .~--30 M--3I M--43 M--44 M--56 M--58 M--f09 

~J 

VIII 
IX 
X 

XI 
XII 

o,8 
2,9 1 
2,1 24 
3,1 24 
2,1 15 

J 
0,7 
1,3 
0,8 
3,0 
1,2 

0,8 0,5 
0,6 0,3 
0,9 1,3 
J,,O 0,4 
0,3 0,3 

3,4 3,2 
2,5 4,1 
1,9 1,8 
1,5 2,0 
8,6 2,2 

11,9 10,7 
6,6 8,4 
4,2 5,9 
3,2 6,1 
2,8 1,2 

l l , l  1 0,6 
10,3 2,1 
4,8 2,6 
5,4 2,5 
3,5 3,1 

5,0 
1,5 
1,1 
0,2 
02 
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t l .+ / )  - -  H 3 - -  + + 
% )  J~-.'N+~ N - ~ ' \ N H  CH3~ ~'N/ 
) o  l~c.~l , i 

K- R ~ H R2 R~ R~ R3 

c d [M-gq + e 
H \  

r~ I~ - -~  I~ r-" r~ r "~ r ~ 

c' d' I,~Hogj+ e' 

A r e a r r a n g e d  molecu la r  ion (d) is fo rmed  f r o m  molecu la r  ion (c). The f l -  (o -aminoary l )pyr ro l ine  
s t ruc tu re  (d) that develops during the r e a r r a n g e m e n t  is an in t e rmed ia te  s t ruc tu re  in the synthes is  of 
e se ro l ine  in the s tep preceding  i ts  fo rmat ion .  Since the ions fo rmed  in both reac t ions  a re  identical ,  the 
d i f ference  in the intensi t ies  of the i r  peaks in the m a s s  spec t r a  of e se ro l ines  and homoese ro l ines  should be 
assoc ia ted  with the s tabi l i ty  of the neut ra l  pa r t i c l e s .  The angular  s t ra in  in s t ruc tu re  (e) should be higher  
than the s t ra in  in s t ruc tu re  (e'); the format ion  of an (e') par t ic le  is p r e f e r r e d  f rom an energy  point of view, 
and one may  consequently expect  a higher  probabi l i ty  for  the occu r r ence  of this reac t ion  for  homoese ro l i ne s .  
Within each  group of ese ro l ine  or  homoese ro l ine  compounds the probabi l i ty  of the occu r r ence  of the r e a c -  
tion is h igher ,  the higher the capac i ty  of the subst i tuent  for  local izat ion of the charge  on N(a ) . 

S "'- .~-/c"3 1 ~ ~ c'"3"" ] "  

2'~,s (~. i ) 

H 
117 (6.2) 

tl  

H H 118 (5.6) 
tl H 

[.~t-1091 + 
119 (3.1) 

The d i ssoc ia t ive  ionization of HI and IX, which contain a dimethylene br idge ,  is s i m i l a r  to the d i s in -  
tegra t ion  of the remain ing  de r iva t ives  (Tables 1 and 2). The format ion  of (M-95) + and (M-109) + ions p r o -  
ceeds  with a higher  probabi l i ty  at an ionizing e lec t ron  energy  of 50 eV, and the d i f ference  in the c h a r a c t e r  
of the par t i c le  spl i t  out shows up to a l e s s e r  degree .  As a r e su l t  of this so r t  of d is integrat ion,  an ion with 
m a s s  119, which p robab ly  has the indoline s t ruc tu re ,  is fo rmed .  This  ion undergoes  subsequent  dehydro-  
genat ionwith spli t t ing out of one or  two hydrogen a toms and the format ion  of a protonated fo rm of indolenine 
or  indole.  

1 ~  

2. 
3. 
4. 

5 .  

6.  
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