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The m a s s  s pec t r a  of sa tu ra ted  he te rocyc l ic  N-oxides  a r e  cha rac t e r i zed  by the p re sence  of t r ip le t s  
of peaks  of the ions M - 1 6 ,  M - 1 7 ,  and M - 1 8  [1]. It has been es tab l i shed  [2] that the appea rance  of the ion 
M - 1 6  is  due to t he rma l  decomposi t ion.  The ease  of spli t t ing off of the oxygen a tom is  obviously in h a r -  
mony with the oxidizing p r o p e r t i e s  of the N-oxides  [3]. With a r i se  in the t e m p e r a t u r e ,  the peak of the 
M -  16 ion r i s e s  and that  of the M + ion fal ls .  When the l a t t e r  i s  absent ,  the t r ip le t  of ions ment ioned can 
be used for  the identif ication of the N-oxides .  The f r a g m e n t a r y  ions p r e sen t  in the spec t r a  of these com-  
pounds can be divided provis iona l ly  into three  main  types.  

A. Ions,  the ances to r  of which is  the M - 1 6  ion, which p rac t i ca l l y  repea t  the peaks  of the c o r r e -  
sponding f ree  bases .  

B. Ions fo rmed  f rom the M - 1 7  and M - 1 8  ions. 

C. Ions which, unlike those of s e r i e s  A and B, include the oxygen a tom of the N ~  O group. 

It  is  of pa r t i cu l a r  i n t e r e s t  to detec t  the ions C in the m a s s  spec t r a  of sa tu ra ted  N-oxides ,  s ince the 
n i t r o g e n - o x y g e n  bond in these  molecu les  has  a s tabi l i ty  close to that  of the bond in compounds with a 
qua te rna ry  ni t rogen a tom not giving the M + peaks  in the spec t ra .  

We have studied the m a s s  spec t r a  of the N-oxides of a s e r i e s  of pyrro l iz id ine  amino alcohols  and 
e s t e r s  d is t r ibuted  in the vegetable  kingdom in the N-oxide fo rm [3]. The N-oxides  of the amino alcohols 
t rachelanthamidine  (Ia) [4], oxyhel iotr idane (Ib), platynecine (Ic), heliotr idine (IIa), and re t ronec ine  (I/b) 
[5] show a s i m i l a r  m a s s - s p e c t r o s c o p i c  pat tern ,  in the main.  The format ion  of the ions M - 1 7  and M - 1 8  
takes  place predominant ly  with the loss  of the oxygen a tom of the N---O group toge ther  with hydrogen a toms  
f rom the pyr ro l iz id ine  nucleus,  as is  shown by the r e su l t s  of a study of the spec t rum of the OD analog of 
(In) and by the a l m os t  comple te  absence  of these peaks in the spec t r a  of the necine alcohols  [6]. 

On the fu r the r  decomposi t ion  of the amino alcohols  accord ing  to type B, the degree  of unsaturat ion 
of the nucleus i n c r e a s e s .  Thus, the ions M - 1 7  and M - 1 8  accompany  the ions M - 1 9  and M - 2 0 .  Adjacent  
to the main f r agmen t s  fo rmed  by route A there  a r e  ions containing one or two less  hydrogen a toms .  In the 
N-oxides  of amino alcohols  with two hydroxy groups (Ic, IIa, IIb) the mos t  highly dehydrogenated ions a re  
obse rved  with m / e  104. The tendency of the N-oxides  to undergo dehydrat ion with the subsequent  a r o m a -  
t izat ion of the compounds has been obse rved  prev ious ly  by Yunusov, by a chemical  method [3]. 

Mattocks [7] has given the m a s s  spec t r a  of dehydrore t ronec ine  and of d imethoxydehydrore t ronec ine ,  
which were  synthes ized  f rom the cor responding  N-oxides .  They contain ions with m / e  104, 106, 117, 118, 
135, and 136, cor responding  in the i r  m a s s e s  with the ions of the spec t r a  of (IIa) and (lib). 

The m o l e c u l a r  ions in the s p e c t r a  of (Ia-c) and (IIa, b), have a low intensi ty.  The m o s t  s table  is  the 
M + ion of the N-oxide of t rachelanthamidine  (In). In a g r e e m e n t  with this,  in i t s  spec t rum decomposi t ion 
of type C is  observed:  the ion M - 3 0  with m / e  127 (23~o). 

In the case  of the N-oxides  of the a lkaloids  t rache lan thamine  (Id), v i r id i f lor ine  (Ie), s a r r a c i n e  (If), 
echinatine (IIc), hel iotr ine (IId), t r i chodesmine  (Ilia), and incanine (II2b) [3], the mo lecu l a r  ion is  found 
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TABLE 2. Calculation of the 
Spectra of the OD Analogs of (Id) 
and (Ie) According to Biemann 

Sub- 
stance 

Id 

le  

Rel. amounts of ions 
Ions with different nun3- 

b¢l'~ of D atoms, "1o . 

D = 0  D ~ I  D = 2  

M + M-I 8 36 41 23 
M-17. 32 44 24 

M-17, M-I8 34 14 

TABLE 3. Influence of 
the Tempera ture  on the 
Intensit ies of Some Ions 
in the Spectrum of (Id) 

Ion 

M - I ' /  
M-  18 
M~ 

Temp, °C 
115 170 

0.51 0,45 
0,03 0, 13 
0,36 0,03 

225 

0, 50 
0.16 
0 

only in the spect ra  of (Id, e) and (Lid). The t r iplet  of ions M - 1 6 ,  M - 1 7 ,  and M - 1 8  is found in all cases .  
The resul ts  of a calculation of the spec t ra  of the OD analogs by Biemann 's  method [8] show that the ions 
M - 1 7  and M - 1 8  a re  formed by the same mechanism as in the case of the amino alcohol N-oxides,  i .e. ,  
without the participation of the hydrogen of the OH groups of the side chain. This is indicated by the c lose-  
ness  of the percentages  of the shift of the peaks of the ions M +, M - 1 7 ,  and M - 1 8  in the spec t ra  of the OD 
analogs (Table 2}. 

In view of the fact that little attention has been devoted to the origin of the M - 1 8  ion in the l i t e ra -  
ture,  we studied the influence of the tempera ture  conditions of the experiment on the relat ive intensit ies 
of a ser ies  of ions in the spec t rum of the N - o x i d e  of t rachelanthamine (Id). Table 3 gives the intensit ies 
of the ions M +, M - 1 6 ,  and M - 1 7  with respect  to the intensity of the M - 1 8  ion, taken as unity, at t empera -  
tu res  of the inlet tube of 115°C, 170°C, and 225°C. The sharp decrease  in the magnitude of the M + peak 
and the increase  in the intensity of M - 1 6  with a r ise  in the tempera ture  may show the thermal  nature of 
the elimination of the oxygen atom. So far  as concerns the M - 1 8  ion, the constancy of the proport ion of 
the intensit ies of this ion and of the M - 1 7  ion under all conditions shows that the dehydration of the N- 
oxides takes place predominantly af ter  e lec t ron  impact.  Fu r the rmore ,  in the spect ra  of (Id} and (Ie) ob- 
tained at 100-115°C we found a m* peak with m / e  266 showing the t ransi t ion 301 (M +) ~ 283 (M-18}. The 
subsequent splitting off of the substituents at  C 1 and C 7 gives r i se  to ions with m / e  108 (Id, e) and 106, 104 
(IIc, d). There are  grounds for assuming  that the peaks with m / e  151 (CsHsNO2) present  in the spectra  of 
(IIc, d), together  with the m / e  152 ion (C8H10NO 2) in the spect rum of (If) also belong to type B. Their  p re -  
cu r so r  is the M - 1 8  ion, and their  mos t  probable s t ruc tures  are  as follow: 

,L; C ~0 I'tO,, I .OHO" 

151 l~ile (].Ic, r id)  

0 H C, *0 
"C / [F~..~ ",tt 

152 role (le) 

Thus, the ions with m / e  151 a re  in fact analogous to the M - 2 0  ion in the spect rum of the N-oxide 
of heliotridine (Ha}. The subsequent ejection of OH and CO f rom the ion with m / e  151 gives an ion with 
m / e  106, and the elimination of two molecules  of CO from the ion with m / e  152 (If) gives an ion with m / e  
96. 

Ions of type C a re  observed in the spec t ra  of the N-oxides (Ia) and (Id-f). There is a number  of ideas 
on the question of the mechanism of the retention of the oxygen atom of the N-*O group in ions. Schtiller 
[9], having studied the mass  spec t ra  of nicotine N-oxide, stated that the N-methylpyrrol id ine  r ing with the 
N--* O group is converted par t ia l ly  into a te t rahydrooxazine ring by thermal  rear rangement .  Other authors  
have d rawn an analogy between the behavior of N-oxides under the action of e lectron impact  and in their  
photolysis [10-12]. Thus, f ragments  are  found in the mass  spec t rum of quinoline N-oxide that belong to 
one of the photolysis  products  - 2-quinolone [12]. 

In spite of the difference in the fac tors  direct ly  responsible for i somer iza t ion  Cheating o r  e lectron 
impact}, both ideas s ta r t  f rom the assumption of the initial formation of a covalent bond between the N-*O 
oxygen atom and the oe-carbon atom of the ni t rogen-containing heteroeycle.  

In the pyrrol iz idine N-oxides (Ia) and (Id, f), this t ransformat ion  can be i l lustrated in the way shown 
in Scheme 1. 

By analogy with the behavior of the N-oxides of quinoline derivat ives,  the 1 ,2- te t rahydrooxazine de-  
r ivat ives C 1 and C 2 may be converted into the oxo der ivat ives  d 1 and d 2. The la t ter  transit ion,  in par t icu lar ,  
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T A B L E  4. E l e m e n t a r y  C o m p o s i t i o n s  of the  Ions  
in the  S p e c t r u m  of  (IIIa) 

2Xl 
264 
154 
117 

III (a) 
HI (l~) 

Type 

 °of 

SC 

Calc. (C : [ 
12,000000) I 

amu 

281,1627 
26-t,1(03 
154,0~}!}4 
117,0579 
111.0810 
111.0446 

Found 

281,I622 
264.1L01 
154,0982 
117,0570 
111,0~02 
111,0445 

Composition 

C,:,H.,:,O~N 
C~sH,.,~OaN 
GH.O., 
CaHzN 
C7H110 (8096) 
C~H;O2 (20%) 

* S C  - side chain. 

i s  r e s p o n s i b l e  for  the  a p p e a r a n c e  of an ion M - 3 0  in the  s p e c t r u m  of (Ia) by the  e j e c t i o n  of a m o l e c u l e  of  
f o r m a l d e h y d e  f r o m  d 1 t h rough  a s i x - m e m b e r e d  s t a t e  wi th  the t r a n s f e r  of the  h y d r o g e n  of the  OH g r o u p  to 
the  oxygen of the  C s = O g roup .  

The i ons  of type  C in the  s p e c t r a  of the  a l k a l o i d s  (Id-f)  a r e  the  p r o d u c t s  of the  f r a g m e n t a t i o n  of the  
s ide  chain ,  which  c o n t a i n s  an add i t i ona l  oxygen a tom.  T h e s e  ions  a r e  a l s o ,  a p p a r e n t l y ,  p r e s e n t  in the 
f o r m  of e x a z i n e s  o r  oxo a m i n e s .  Be low we g ive  the m a s s  n u m b e r s  and i n t e n s i t i e s  (%) of the type  C ions :  

me 258 257 256 158 156 140 
ld 

I 7 13 42 57 86 33 

m e 258 257 256 158 156 140 
Ie 

I 3 11 24 31 20 20 

m e 253 (M--Ang. -Oi t )  ~ 
If 

1 3,5 

In the  s p e c t r a  of the N - o x i d e s  (Ha-d)  and (IIIa, b) the  type  C ions  a r e  a b s e n t ,  which  i s  e x p l a i n e d  by 
the g r e a t e r  t e n d e n c y  to d e c o m p o s i t i o n  of t y p e s  A and,  p a r t i c u l a r l y ,  B a c t i v a t e d  by the C I = C  2 n bond. The  
i ons  wi th  m / e  117, 118, 134, and  135 in the  s p e c t r u m  of  d e h y d r o l n o n o c r o t a l i n e  [7] c o r r e s p o n d  to the type  B 
ions  (IIIb) and ( I l la) .  The ion  with  m / e  262 of the  l a t t e r  i s  a n a l o g o u s  to the  ion  with m / e  234 of d e h y d r o -  
m o n o e r o t a l i n e .  The  c o m p o s i t i o n  of  the  ion with  m / e  117 (CsHTN) i s  c o n f i r m e d  by the r e s u l t s  of  i t s  m e a -  
s u r e m e n t  on a h i g h - r e s o l u t i o n  i n s t r u m e n t  (Tab le  4). 

In the  s p e c t r a  of the N - o x i d e s  of a l k a l o i d s  t h e r e  i s  a l s o  a s e r i e s  of i n t e n s e  f r a g m e n t s  f o r m e d  by the  
l o c a l i z a t i o n  of the c h a r g e  in the  s i de  chain .  T h e i r  p r o p o r t i o n  in the t o t a l  ion c u r r e n t  r i s e s  in v iew of  the  
f ac t  tha t  the N ~  O oxygen l e a d s  to a d e c r e a s e  in the  n u m b e r  of  i ons  wi th  the 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 .  Thus ,  in the  s p e c t r a  of the N - o x i d e s  of e e h i n a t i n e  and h e l i o t r i n e  (IId) the  i n t e n s i t i e s  of 
the  ions  wi th  m / e  117 and 131, hav ing  the s t r u c t u r e  of the  a c i d  r e s i d u e s  of v i r i d i f l o r i c  and  h e l i o t r i n i c  
a c i d s ,  r e s p e c t i v e l y ,  r i s e  [13]. 

The m o s t  i n t e r e s t i n g  r e s u l t s  w e r e  o b t a i n e d  in an a n a l y s i s  of the  s p e c t r a  of the  N - o x i d e s  (IIIa) and  
(IHb), which contain intense fragments with m/e 154, 139, and 111, especially (Ilia). The results of men- 
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su rement s  of the e l emen ta ry  composit ions of the ions with m / e  154 and 111 (see Table 4) on a h igh- reso -  
lution ins t rument  have shown that they contain no nitrogen atom and, consequently,  a re  formed through the 
mac rocyc l i c  ring. The most  probable route for  the formation of these and some other  ions is shown below. 

CH~'CH-CH a CH 3 CH~ , 

. Na 154(57/ 139(191 

-~oo% i I_~,,H, [ -~O 
rnb Pt=H ~n(~oo) nKIoo) 128(a) 

Cs' lO, 
C,, ~C 2 
H(O)~H(OCX21 

0 -CO 
~ a  171(~) 

mb ~ss(to) 

The spec t rum of the N-oxide of incanine (IIIb) contains an ion with m / e  155 having the composition 
CsH1502. It can be seen f rom the subsequent decomposit ion of the ion with m / e  154 that it  probably has 
the s t ruc tu re  of a dehydrated deacyl cation of a lactone acid. The ion with m / e  111 cor responds  to a dou- 
blet ,  the more  intensive component of which is  formed by the eject ion of a CHsCO f ragment  and the less  
intensive by the detachment  of an isopropyl radical  f rom the ion with m / e  154. 

Exper imental  conditions: MKh-1303 ins t rument ,  t empera tu re  100-120°C, ionizing voltage 40V. The 
N-oxides of the amino alcohols (Ia), (Ib), (Ic), (IIa), and (IIb), of which (Ib) (rap 104°C) has not been de-  
sc r ibed  previously ,  were  obtained by the usual method [14], and the OD analogs by dissolving the samples 
in CD3OD followed by the pumping off of the solvent  in the lock sys tem of the mass  spec t romete r .  The 
e lementa ry  composit ions of the ions were  measu red  on a MS-3301 ins t rument  (Institute of Chemical  Phys -  
ics  of the Academy of Sciences of the USSR) with the part icipation of A. F. Dodonov. 

S U M M A R Y  

The mass  spec t ra  of the N-oxides  of pyrrol iz id ine  alkaloids show three  main types of ions formed 
as the resu l t  of the detachment  of the oxygen of the N--  O group, dehydrat ion with subsequent dehydroge-  
nation, and i somer iza t ion  of the nucleus.  In a number  of spect ra  the proport ion of ions fo rmed  by the lo-  
calization of the charge in the side chain inc reases .  
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