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The m a s s  spec t r a  of 3 -ace toxy-  and 3-benzoxy-subs t i tu ted  quinuclidines and benzo(b)quin- 
ucl idines  were  investigated.  The f ragmenta t ion  of the invest igated compounds is r ea l i zed  
f r o m  the open f o r m  of the mo lecu l a r  ion that is produced a f t e r  c leavage of the br idge bond 
containing the subst i tuents .  Subsequent e l iminat ion of an acyl  group leads to the fo rma t ion  
of cha r ac t e r i s t i c  f ragments ,  the peaks  of which a r e  the maximum-in tens i ty  peaks  in the spec-  
t ra .  

The f ragmenta t ion  of va r ious  subst i tuted fi -quinuclidones and fl -benzo(b)quinuclidones f r o m  the open 
f o r m  of the mo lecu l a r  ion [3-5] was invest igated in [1, 2]. In the p r e sen t  communica t ion  we examine the 
m a s s  spec t r a  of 3 -ace toxy-  and 3-benzoxy-subs t i tu ted  quinuclidines and benzo(b)quinuclidines.  It is shown 
that  fo r  these compounds f ragmenta t ion  is a lso  rea l i zed  f r o m  the open f o r m  of the mo lecu l a r  ion that de- 
velops  as a resu l t  of c leavage of the br idge  bond containing the subst i tuents .  

The m a s s  s pec t r a  of 3 -ace toxy-  (I) and 3-benzoxyquinuclidine (II) a re  p resen ted  in Fig. 1. At 30 eV 
the m a x i m u m  peaks  in the s pec t r a  a re  those of f r agmen t s  with m / e  126, which a re  f o rmed  f r o m  M +" (m* = 
93.5, m* =69) as  a r e su l t  of the loss  of acety l  and benzoyl  groups.  The stabil i ty of these f r a g m e n t s  can be 
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Fig. 1. M a s s  s pec t r a  of 3 -ace toxy-  (I) and 3-benzoxyquin-  
uclidine (II). 

See [2] for communication I. 
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explained only by their formation from the open form of the molecular ion (a), which is formed on cleavage 
of the C2-C 3 bridge bond. This is in agreement with the rather high intensity of the molecular-ion peaks 
for I and II at both 30 eV and 12 eV; this is typical for the amine fragment, which is also the open molecular 

form. 
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Detachment  of ca rbon  monoxide f r o m  ion b with migra t ion  of a hydrogen a tom to C 4 (in both cases  
the p r o c e s s  is conf i rmed  by  me tas t ab le  peak  In* = 76) leads to f r agmen t  d with m / e  98. At the same time, 
a cons iderable  d i f ference  in the s p e c t r a  is the p r e s e n c e  of a f r agmen t  with m / e  97 during the d i s in teg ra -  
tion of I. This  d i f ference  is d isplayed pa r t i cu l a r ly  dist inct ly at a low ionizing voltage.  This  f r agmen t  can 
apparen t ly  f o r m  only f r o m  the m o l e c u l a r  ion. Since the m a s s  spec t rum of I is identical  to the m a s s  spec-  
t r u m  of 3-quinuclidone [1] up to m / e  97, it s e e m s  poss ib le  to ass ign  s t ruc tu re  c to the ion with m / e  97. 
It  is in te res t ing  to note that a f r agmen t  of cor responding  s t ruc tu re  (c) is fo rmed  in the p r e sence  of IV[ + in 
the d is in tegra t ion of 3-quinuclidone during the e l iminat ion  of ca rbon  monoxide, while i ts  peak  is the m a x i -  
mum-in tens i ty  peak  in the s p e c t r a  at 30 and 12 eV. The absence  of an analogous f r agmen t  in the d i s in teg ra -  
tion of II can be explained by the occu r r ence  in M +" of a compet i t ive  reac t ion  to f o r m  a benzoyl ium ion with 
m / e  105, the peak  of which is a lso  obse rved  at 12 eV. 

As in the d is in tegra t ion  of the s i m i l a r  quinuclidine analog (I), the e l iminat ion of an acetyl  group f r o m  
open ion e, which leads  to f r agmen t  f with m / e  204, is c l e a r l y  e x p r e s s e d  in the f ragmenta t ion  of syn -3 -  
acetoxy-6-methoxybenzo(b)quinucl id ine  (iII) (Fig. 2, and the scheme below). The split t ing out of ca rbon  
monoxide f r o m  f and of ethylene f r o m  g with m / e  176 is conf i rmed  by the metas tab le  ions (m* =152, m* = 
122.8). 
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Fig. 3. Mass  s pec t r a  of syn-  and an t i -3-ace toxy-3-carbe thoxybenzo(b)quinucl id ines  (IV and V) and 
syn-3 -  ca rbe t  hoxy- 3-benzoxybenz o (b)quinuclidine (VI). 

Fig.  4. M a s s  s pec t r a  of syn-  and ant i -3-ace toxy-3-benzylbenzo(b)quinucl id ines  (VII and VIII). 

The p rac t i ca l ly  comple te ly  identical  c h a r a c t e r  of the m a s s  spec t r a  of the ep imer i c  (with r e spec t  to 
C 3) syn-  and an t i -3 -ace toxy-3 -ca rbe thoxybenzo  (b)quinuclidines (IV and V)~ (Fig. 3) can a lso  be explained 
by f ragmenta t ion  f r o m  open m o l e c u l a r  ion h (see the scheme below), in which the s t e r eochemica l  d i f fe rences  
vanish.  In the case  of IV and V, as  a lso  fo r  monoace toxy-subs t i tu ted  quinuclidines and benzo(b)quinuclidine 
(I and III), the predominant  p r o c e s s  in the dis integrat ion of the open mo lecu l a r  ion is e l iminat ion of an a c e -  
tyl group (m* = 210) with the fo rmat ion  of fragznent i with m / e  246, the peak of which is a m a x i m u m  in the 
spec t ra .  The dis integrat ion of ion i with the fo rmat ion  of f r agmen t  j with m / e  145 occurs  e i the r  as  a mul t i -  
step p r o c e s s  with the el iminat ion of ethylene (m* = 193), carbon dioxide (In* = 139), and a f o r m y l  rad ica l  
(m* = 121.5) or  in one s tep (m* = 85). We descr ibed  the subsequent  d is in tegra t ion of ion j in detai l  during 
an invest igat ion of the f ragmenta t ion  of benzo(b)-3-quinuclidone [1]. 

/COCH3 

,C--COOC~H s 
//7"~OCOCHa 

t , " ] 'c~176 "" ~ . - c , ~ c o .  

'+ II 
CH 2 

M § ~/8 ~89 h 

O=C--H 

/ 7  
~/~ ,3o tc~  , 

CH 2 

O=C--COOC~.II~ 

CH 2 
i m/~ . 8  

"{-C2H 4 
O=C--COOH 

-CO~. 

11 
CH9 

m/e 216 

A s imi l a r  f ragmenta t ion  scheme is observed  for  syn-3-carbethoxy-3-benzoxybenzo(b)quinucl id ine  (VI) 
(Fig. 3). Because  of f ragmenta t ion  f r o m  the open m o l e c u l a r  ion k, the m a s s  spec t r a  of the ep imer i c  (with 
r e spec t  to C3) syn-and ant i -3-ace toxy-3-benzylbenzo(b)quinucl id ines  (VII and VIII) (Fig. 4 and the scheme 
below) a re  a lso  identical.  A pecu l ia r i ty  of the spec t r a  of VII and VIII as  c o m p a r e d  with the m a s s  spec t r a  
of HI, IV, and V is the p r e s e n c e  of a peak of f r agment  l with m / e  247, which co r r e sponds  to the spli t t ing 

SWith syn or  anti or ientat ion of the COOC2H 5 group re la t ive  to the benzene ring. 
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out of a molecule of acetic acid from M +'. The peak of fragment I is maximum in intensity in the spectrum 
at 12 eV. The elimination of CH3COOH (In* = 199) occurs as a result of one-step ejection of the hydrogen 
atom of the benzyl group and an acetoxy radical The predominance of this process at 12 eV is probably 
explained by the increasing role of the frequency factor at a low ionizing voltage for rearrangements that 
occur through multirnembered transition states [6]. 
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The dis integrat ion of ant i -3-acetoxy-3-methylbenzo(b)quinucl idine (IX) is bas ical ly  s imi la r  to the 
f ragmentat ion of VII and VIII. 

oICOCH3 
[ / 1 !  

�9 C--CH 2 

r'-c., //">, 

'+ II 
.M +" @ 231 ~ 0 ~  CH2 

.C=CH 2 

II 

IT] m/e 171 

CI I3- -s  

fi 
CH 2 

d /  
"7" 

j m / e  145 

The splitting out of a molecule of CHsCOOH (m* =126.5) leads to the open molecular  ion of 3-methylene-  
benzoquinuclidine (In) with m / e  171. The possibi l i ty of the occurrence  of this p roce s s  is confirmed by 
the mass  spec t rum of 3-methylenebenzo(b)quinuclidine (X) (Fig. 5). 

It is interest ing to note that the disintegrat ion of X is yet  another confirmation of the fragmentat ion 
of the bicyelie quinuclidine sys tem f rom the open molecular  ion. In fact, the presence  of an intense peak 
of the M - i  ion at 30 eV in the mass  spec t rum of X can be explained only by the existence of M +' in the n 
form.  The subsequent ejection of H ' f r o m  n leads to stable s t ructure  o with m / e  170, the subsequent dis-  
integration of which is confirmed by the metastable ion. (See scheme on next page.) 

Thus an examination of the data obtained makes it possible to assume that the fragmentat ion of the 
investigated compounds is rea l ized f rom the open fo rm of the molecular  ion, which is formed on cleavage 
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of the bridge bond containing the substituents, with ejection of an acetyl or benzoyl group. This process 
leads to character is t ic  fragments, the peaks of which are  maximum in intensity in the spectra. In addition, 
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the spectra contain fragment peaks that are also characteristic for other similar functionally substituted 
quinuelidines and benzo (b)quinuclidines. 

E XPERIME NTA L 

The mass spectra of the compounds were recorded with an MKh-1303 mass spectrometer with "direct" 
introduction of the sample into the ion source at ionizing voltages of 50, 30, and 12 eV. The inlet tempera- 
ture was 20 ~ the temperature of the ionization chamber was 125 ~ and the emission current was 75 mA. 
The substances were purified prior to the recording of the spectra by distillation or sublimation in vaeuo. 

3-Acetoxyquinuclidine (1). This compound had bp 73-74 ~ (0.4 ram) [7]. 

3-Benzoxyquinuclidine (II). This compound had bp 148-150 ~ (0.3 ram) [7]. 

syn-3-Aeetoxy-6-methoxybenzo(b)quinuclidine (Ill). This compound was synthesized f]~om ethyl quin- 
inate through syn-3-hydroxy-6-methoxybenzo(b)quinuclidine and had bp 142-144 ~ (0.4 ram). 

syn- and anti-3-Acetoxy-3-carbethoxybenzo(b)quinuclidines (IV and V). These compounds were syn- 
thesized from benzo(b)-3-quinuclidone. Compound IV had mp 78-80 ~ while V had bp 134-136 ~ (0.6 ram). 

syn-3-Carbethoxy-3-benzoxybenzo(b)quinuclidine (VI). This compound had mp 106-107% 

syn- and anti-3-Aeetoxy-3-benzylbenzo(b)quinuclidines ('VII and VIII). These compounds were syn- 
thesized by the reaction of benzo(b)-3-quinuelidone with benzylmagnesium chloride and subsequent acyla- 
tion of the 3-benzyl-3-hydroxybenzo(b)quinuelidine. Compound VII had mp 92-94 ~ while VIII had mp 132- 
133 ~ . 

anti-3-Acetoxy-3-methylbenzo(b)quinuclidine (iX). This compound was prepared by the method used 
to obtain VII and VIII and had mp 62-63 ~ 

3-Methylenebenzo(b)quinuclidine (X). This compound was obtained as follows. A 6.8-g (0.036 mole) 
�9 sample of a mixture of syn- and anti-3-methyl-3-hydroxybenzo(b)quinuelidines and 70 ml of thionyl chloride 
were refluxed for 7 h, after which the mixture was evaporated. The residue was treated with 25% potassium 
carbonate solution to isolate a mixture of 3-methyl-3-ehlorobenzo(b)quinuelidine and X. A 3.5-g sample of 
the mixture was heated for 20 h with a solution of 1.2 g (0.21 mole) of potassium hydroxide in 50 ml of eth- 
anol in an ampul at 150-160 ~ to give 1.8 g of X with bp 152-154 ~ (30 ram). Found: N 8.00~0. CI2HI3N. Cal- 
culated: N 8.19%. 
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