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The mass  spec t ra  of 3-quinuclidone, methyl  5-ketoquinucl idine-2-carboxylate ,  ethyl 3- and 
5-ketoquinucl idine-2-carboxylates ,  benzo(b)-3-quinuclidone, and ethyl 3-ketobenzo(b)quinu- 
c l id ine-2-carboxyla te  were  investigated. The f ragmentat ion of the investigated compounds is 
rea l i zed  through the open fo rm  of the molecu la r  ion with cleavage of the br idge bond contain- 
ing the carbonyl group and with subsequent el imination of carbon monoxide. The pr incipal  
dis integrat ion mechanisms  were  confi rmed with isotope labels.  

The mass  spec t ra  of some quinuelidines were  investigated for  the f i r s t  t ime in [1] f r o m  the point of 
view of weakening of the amine stabil izat ion in conformity  with Bred t ' s  rule.  It was shown that, in cont ras t  
to the corresponding unbridged s t ruc tures ,  the intensity of the peaks of the I M - H I  +" amine f ragments  is 
ex t remely  insignificant in the mass  spec t ra  of quinuclidine, 2- and 4-azaquinuclidines,  and other  s imi la r  
functional der ivat ives .  In addition, this regular i ty  is not observed in some cases ,  and the intensity of the 
peaks corresponding to e cleavage proves  to be quite high [2, 3]. 
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Fig. 1. Mass spec t ra  of/3-quinuclidones and 
p -benzoquinuclidones.  
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the peaks of which are 
units by the molecular 
(I and II in Figs. i and 

than C2H4, as assumed 
a' (schemes 1 and 2). 

The assumpt ion  that these f r a g m e n t s  a r e  fo rmed  f r o m  the open f o r m  of the mo lecu l a r  ion was con- 
f i rmed  by an ana lys i s  of the low-vol tage  m a s s  spec t ra ,  in which the intensity of the peaks  cor responding  
to c~ c leavage  was  sharp ly  reduced.  At the s a m e  t ime,  the cor responding  f r a g m e n t s  f o r  t h e  unbridged 
amines  r e m a i n  the Inaxiina in the spec t ra ,  even when the ionizing voltage is lowered  to 12 eV [4]. 

In the p re sen t  invest igat ion it is shown that for  the invest igated/3 -quinuclidones and/3-benzo(b)quin-  
uclidones the f ragmenta t ion  actual ly  p roceeds  through the open f o r m  of the mo lecu l a r  ion with c leavage of 
the br idge bond containing the ca rbonyl  group. Subsequent e l iminat ion of carbon monoxide gives  f r agmen t s  
c h a r a c t e r i s t i c  for  this c l a s s  of compounds.  

When the m a s s  s pec t r a  of 3-quinuclidone and benzo(b)-3-quinucl idone (Ia and IIa) (Figs. 1 and 2) a r e  
compared ,  the analogy in the i r  d is in tegra t ion  is p r i m a r i l y  apparent .  The f r a g m e n t s  with m / e  97 and 145, 

the m a x i m u m  ones in the spec t ra ,  a r e  f o rmed  as a resu l t  of the loss  of 28 m a s s  
ions of ta and IIa. It follows f r o m  the m a s s  spec t r a  of the O18'labeled compounds 
2) that this detachment corresponds to the elimination of carbon monoxide (rather 
in [2]) from the open form of the molecular ion which can be represented as a and 

The s t ruc tu re  of the resul t ing ions (b and b')  explains  the or igin of f r a g m e n t s  c and d with m / e  82, 
e with m / e  69 (In* =49.5), and f with m / e  42 (in* =18.4) in the spec t r a  of the quinuclidone, and of d' with 
m / e  130 (In* =116) and h' with m / e  117 (in* =94.5) in the spec t r a  of benzo(b)quinuclidone. The spli t t ing 
out of hydrogen cyanide f r o m  f r a g m e n t s  d and d'  g ives  hydrocarbon  ions i with m / e  55 and i '  with m / e  103. 

Fragments with m/e 96 and 144, the peaks of which have high intensities (~ 50% of the maximum peak) 
in the spectra of I and If, are formed during the elimination of formyl radicals from the open molecular ions. 
In this case, the most probable process is elimination of a hydrogen atom from the e~ position. Fragments 

j and j' with m/e 96 and 144, which have partially conjugated bonds, are formed as a result of simultaneous 
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Fig. 3. Mass spectra of p-quinuclidones and p - 
benzoquinuclidone s. 

hydrogen rearrangement, for example, during the migration of a hydrogen atom from C 8 to the radical cen- 
ter attached to C4.'~ This process is also in agreement with the subsequent disintegration of the fragment 
with m/e 96; this is confirmed by the presence of metastable ions corresponding to the formation of ions g 
with m/e 68 (m* =48) and k with m/e 41 (m* =24.5). 

The schemes for the disintegration of I and II are in accordance with the mass spectra of these com- 
pounds with a deuterium label at C2, in which one observes a shift of the peaks of fragments with m/e 82, 
69, 68, and 42 for I and 130 for II to higher masses in conformity with the proposed structures. The pres- 
ence of a peak with m/e 69 in the mass spectrum of Ie is explained by the elimination of CD2CH 2 from the 
fragment with m/e 99 (m* =48). This process is apparently due to the isotope effect [6]. We note that the 
apparent increase in the overall relative intensities of peaks with m/e 67-71 in the mass spectrum of Ic as 
compared with that of la does not affect the ~67_71/~40 value, which is identical in both cases ~67-71 is the 
ion current of the group of peaks with m/e from 67 to 71, while Z40 is the total ion current). 

The fragmentation processes characteristic for I and II also develop during the disintegration of ethyl 
3-ketobenzo(b)quinuclidine-2-carboxylate (III). As in the preceding cases, the maximum peak in the spec- 
trum (Fig. 3) is the peak of the I M-COl +" fragment with m/e 217 (m* =192), which is formed from the 
open form of the molecular ion. The presence of intense and unambiguously identifiable metastable ions in 
the mass spectrum of III makes it possible to represent the overall scheme of the disintegration of this 
compound (see scheme 3). 

The detachment of a carbethoxy group from the I M-CO I +" fragment (m* = 95.5) gives an ion with 
m/e 144. The high intensity of the peak of this fragment (95% of the maximum) can be explained only by 
the stability of structure j'. Thus, as a result of the rearrangement depicted in the scheme, the resulting 
ion with m/e 144 can have the same structure as the fragment with the same mass number in the disinte- 
,gration of II. A similar rearrangement apparently also occurs inthe formation of ion I with m/e 188, which 

SThe migration of a hydrogen atom to the adjacent radical center was discussed, for example, in [5]. 
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then d is in tegra tes  to f ragments  m with m / c  170 (m* = 154) and n with m / e  143. The peak of the f ragment  
with m / e  145 in the spec t rum of III is due to the el imination of butyrolactone f ro m  the I M = COt +" ion. This 
p r o c e s s  is pa r t i cu la r ly  cha rac t e r i s t i c  for  V and VI (Fig. 4). The prac t ica l ly  complete ly  identical cha r ac t e r  
of the spec t r a  of ethyl 3- and 5-ketoquinucl id ine-2-carboxyla tes  (V and VI),~ with the p resence  of identical 
metas table  ions, is a d i rec t  conf i rmat ion  of f ragmenta t ion f ro m  the open molecu la r  ion. 

In fact,  the identical  cha r ac t e r  of the spec t r a  can be explained only by the format ion of ions p and ions 
j during the f ragmenta t ion of both compounds via the following scheme: 
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The elimination of carbon monoxide from the open forms of the molecular ions with cleavage of the 
C7-C 8 bonds leads to the formation of identical (for V and VI) fragment p with m/e 169. The one-step ejec- 
tion of butyrolactone from ion p (m* =56) occurs through a six-membered transition state with the forma- 
tion of fragment b with m/e 97, similar to the corresponding fragment in the disintegration of I. A graphi- 
cal illustration of this process is the fragmentation of deuterated (at the ethyl group) compound VI (Fig. 4), 
in the mass spectrum of which the peak with m/e 97 is shifted by one unit toward the high-mass side. This 
shows up particularly distinctly at 12 eV. In addition, the increase in the intensity of the peak with m/e 97 
as compared with the peak with m/e 96 at a low ionizing voltage is a confirmation of the occurrence of this 
rearrangement throughthe energetically favorable six-membered transition state. In the disintegration of 
V and VI, fragment b explains the formation of ions with m/e 82, 69, 55, and with m/e 42 (see the first 
scheme given above). As in the disintegration of I, these processes are confirmed by metastable ions. In 
the mass spectrum of deutero analog VI (with respect to C6) , the peaks of fragments with m/e 82, 69, and 
42 were shifted, respectively, to higher masses, while the peak of the fragment with m/e 55 retained its 
intensity and mass number, as was already observed in the disintegration of I. 

c~-Detachment of a carbethoxy group from I M-CO[ +" ions leads to the formation of the most intense 
fragment with m/e 96. It follows from a joint examination of the mass spectra of Ia, Ic, IV, V, VI, Via, 

"~In [2] the spectrum of this compound was distorted, apparently because of the position of the sample in the 
metal inlet system. 
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Fig .  4 .  M a s s  s p e c t r a  of  f i - q u i n u c l i d o n e s  and j 3 - b e n z o q u i m i c l i -  
done  s.  

and Vie t ha t  ions with m / e  96 for  V and VI and f r agmen t  j in the d is in tegra t ion of I should be identical  in 
s t ruc tu re .  Consequently,  in this case  a lso  the fo rmat ion  of a f r agmen t  with m / e  96 for  V and VI can a lso  
be r ep re sen t ed  as being the r e su l t  of the r e a r r a n g e m e n t  depicted in the scheme.  We note that a me tas t ab le  
ion (m* = 59.5) cor responding  to d i rec t  detachment  of CH3OCO" is observed  in the m a s s  s p e c t r u m  of I~ while 
subsequent  split t ing out of C2H50" (In* = 90) and CO (m* = 74) is a lso  cha rac t e r i s t i c  for  V and VI. 

In con t ras t  to the e s t e r s  of quinucl id ine-2-carboxyl ic  acids,  fo r  which a - d e t a c h m e n t  of the carb~alkoxy 
group occurs  d i rec t ly  f r o m  the m o l e c u l a r  ion [2l, the [ M--COORt +" f r agmen t  is p rac t ica l ly  absent  in the 
m a s s  spec t r a  of IV, V, and VI because  of s t rong compet i t ion with CO elimination.  

I t  is in teres t ing  that the in tensi t ies  of the [ M - C O t  +" peaks  in the m a s s  spec t r a  of the invest igated 
compounds r e m a i n  the m a x i m u m  ones when the ionizing vol tage is lowered to 12 eV or below. The obse rved  
pecu l ia r i ty  in the behav ior  of the I NI -CO[  +" f r a g m e n t s  is  apparent ly  de te rmined  not so  much  by the low 
energy  of act ivat ion of the e l iminat ion of CO as by the stabil i ty of the neu t ra l  and charged  f r a g m e n t s  fo rmed.  

Thus an examinat ion of the r e su l t s  makes  it poss ib le  to a s sume  that th e f ragmenta t ion  of f l -quinuel i -  
dones and t3 -benzoquinucl idones p roceeds  through the open f o r m  of the m o l e c u l a r  ion with c leavage of the 
br idge  bond containing the carbonyl  group and with subsequent  el iminat ion of carbon monoxide.  Subsequent 
c leavage of the bonds in the t M - C O l  +" ion p roceeds  with the fo rmat ion  of in te rmedia te  s t r u c t u r e s  with 
m / e  97 and 96 for  quinuelidones and with m / e  145 and 144 for  benzoquinuclidones,  which de te rmine  the 

subsequent  s teps  in the f ragmenta t ion .  

E XPERIME NTA L 

The mass spectra were measured 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 substances were purified 
prier to recording ol the spectra by distillation or sublimation in vaeuo. The isotopic labels in I and II were 
introduced by refluxing the compounds with H2018+ 5% KOH. The C2-deuterated I and II were obtained by 
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refluxing for  1 h with D20+ 5~0 KOH, while CG-deuterated VI was obtained by refluxing with C2ttsOD. The 
following method was  used  to obtain ethyl  g roup-deu te ra t ed  VI: 0.23 g of 5 -ke toquinuc t id ine-2-carboxyl ic  
acid hydroehIor ide  (rap 297~ which was re la ted  to the quinine s e r i e s  with r e spec t  to the configurat ion of 
the subst i tuents ,  was  ref luxed for  2.5 h with 2 m l  of C2DsOH with continuous bubbling of a s t r e a m  of hydro-  
gen chloride through the mix ture .  The reac t ion  m a s s  was evapora ted  to d rynes s  and t r ea t ed  with two 2-ml 
por t ions  of anhydrous  benzene.  The solvent was  r emoved  by vacuum disti l lation, a f t e r  which the e s t e r i f i c a -  
tion with C2DsOH was repeated .  The base  of the deutera ted  keto e s t e r  was isolated as in the descr ip t ion  
in [7]. 

The synthesis of the substances has been previously described: I [8], II [9], IV [i0], V [2], and VI [7]. 
Compound Ill was obtained from l-ethoxycarbonyl-4-ethoxycarbonyl-l, 2,3,4-tetrahydrocholine and had bp 
155-157 ~ (0.8 ram). 
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