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The  p e c u l i a r i t i e s  of f r a g m e n t a t i o n  in v a r i o u s  s u b s t i t u t e d  q u i n u c l i d i n e s  and benzo[b]qui~  
n u c l i d i n e s  wi th  an  OH g roup  in t he /3  p o s i t i o n  when  m o d e l  c ompounds ,  d e u t e r o  a n a l o g s ,  and 

l o w - v o l t a g e  m a s s  s p e c t r a  a r e  u s e d  a r e  d i s c u s s e d .  

The  m a s s  s p e c t r a  o f / 3 - h y d r o x y q u i n u c l i d i n e s  a n d / 3 - h y d r o x y b e n z o [ b ] q u i n u c l i d i n e s ,  which  have  not 
been previously studied, are examined in the present communication. 

The fundamental principles of fragmentation of ~-substituted/3-hydroxyquinuclidines follow from an 
examination of the mass spectra of structural isomers of 2-carbomethoxy-3-hydroxyquinuclidine (1), 2- 
carbethoxy-3-hydroxy quinuclidine (If) (Fig. 1), and 2-carbomethoxy-(Ill) and 2-carbethoxy-5-hydroxy- 
quinuclidines (IV) (Fig. 2). The similarity in the mass spectra of I-IV is due to the formation of fragments 
with identical mass numbers (m/e 170, 156, and 126), which can be explained by proceedingfrorn the open 
form of molecular ions A I and A~ (scheme 1), which develop during cleavage of the bridge bond containing 
the hydroxyl group. Molecular ions A i and A~ are fragmented via three principal pathways. Elimination 
of allryl radicals fit= CHs, C~Hs) during the fragmentation of I and II (scheme 1) occurs from the ester 
grouping to give electron-saturated fragment a (m/e 170). The energetic advantageousness of the process 
A i --a and its rearrangement character are confirmed by the fact that the ion peaks with m/e 170 in the 
spectra of I and II at 70 and 12 eV are characterized by high intensities. 

* See [1] f o r  c o m m u n i c a t i o n  IV.  
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The detachment of an alkyl radical  (process A 2 - a ' )  i s  expressed extremely weakly in the f ragmenta-  
tion of III and IV (scheme I). The energet ical ly  advantageous elimination of R. f rom A 2 is impossible in 
view of s te r ic  hindrance, as shown by an analysis  of molecular  models,  which evidently hinder the fo rma-  
tion of a stable t rans i t ion  state for  migra t ion of the labile hydrogen atom to the CO0" group. 

Scheme 1 
C I t - - O I t  

, ~  O-r'-, It <73  
+" + CH I ..~:N 

C I t 2 ~ - E O O R  

M +" A a A~ 

I m/e 185 R=CH 3 ~ _  

ilm/e199R=C,~Hs.~ " /  ~ - R ~  ~, 
O CHO CHO H 

�9 
U U !1 U il 
CH--COOR CH 2 CH 2 CH--COOH CH 2 

c m/e 156 C' a'  m/e 170 a ~ b m/e 126 

.o �9 < " ' a ,  . j  "\-"'~ 

C O O R  Ctj2//N//\COOR m/e g8 m/e lOS 

M +- 
A 2 

I11 m/e  185 R = C H  3 

IV m / e  199 R=CH 3 

The second pathway of f ragmentat ion of A 1 and A 2 iS elimination of an e s t e r  group. Because of i som- 
er izat ion of the A~, ,A', type (see [1, 2]), detachment of an es te r  group f rom A 1 with simultaneous 
migrat ion of H" leads to the format ion of stable cyclic ion b (m/e 126). 

The elimination of a carbalkoxyl group f rom A 2 also leads to the appearance of intense peaks with 
m / e  126 in the spec t ra  of quinuclidines III and IV. This sor t  of detachment f rom A 2 iS energetical ly ad- 
vantageous, inasmuch as a r ea r rangement  s imi la r  to the process  A~, ,Aq. is not required in this case. 
The peak with m / e  126 in the low-voltage mass  spec t ra  of III and IV therefore  is of high intensity. The 
subsequent fragmentat ion of f ragments  with m / e  126 is realized with splitting out of H20 and C2H 4 mole-  
cules.  These p rocesses  constitute evidence for  the identical cha rac te r  of the s t ruc tu res  of fragments  b 
with m / e  126 formed in the fragmentat ion of I, II and III, IV. 

The third pathway for  f ragmentat ion of A~ and A 2 -- eiimination of CHO groups - is expressed weakly: 
The peakswith m / e  156 in the spec t ra  of I and III are  character ized by low intensity.  This p rocess  is in- 
te res t ing  in that the migrat ion of a hydrogen atom from the hydroxyl group to C-4 leads to retention of 
the monocyclic  s t ruc ture  with the formation of fragments  c and c ' .  The mass  spec t rum of deutero analog 
IVa with respect  to the hydroxyl group is in conformity with the proposed mechanisms  for  the f ragmenta-  
tion of I-IV. 

Fragmentat ion p rocesses  charac te r i s t i c  for  2-carbethoxy-3-hydroxyquinucl idine appear  during the 
fragmentat ion of 2-carbethoxy-3-hydroxybenzo[b]quinuclidine V* (scheme 2). The principal  mechanisms 
of f ragmentat ion of V, which are  confirmed by the metastable ions and the mass  spec t rum of deuterium 
analog Va, are  presented in scheme 2. As for  II, the (M-C2Hs) + ion peak with m/2  218 has the maximum 
intensity in the spectrum of V. The format ion of a stable fragment with m / e  144 seems  of interest .  It is 
most  likely that the f ragment  with m / e  144 ar i ses  f rom A 3 during the simultaneous splitting out of C2H50CO" 
and CH20 par t ic les  to give s t ruc ture  d ' .  It is apparent that the stabilizing p roper ty  of the benzene ring, 
which shows up c lear ly  on compar ison of the fragmentat ion of 3-hydroxyquinuclidine (VI), 3-hydroxybenzo-  
[b]quinuclidine (VII), and some of the i r  analogs (schemes 3 and 4), promotes  the p rocess  A 3 ~ d '  to an im- 
portant  extent. 

*If the mass  spec t ra  are  not presented in the figures,  the relative intensities of the ion peaks are  indicated 
in parentheses  in the fragmentat ion scheme.  
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It follows f r o m  an examinat ion of s chemes  3 and 4 and the intensi t ies  of the peaks  of the c h a r a c t e r -  
istic ions tha t  the benzene ring has a pronounced effect  on the f ragmenta t ion  of the quinuclidine ring. The 
cha rac t e r i s t i c  detachment  of a CHO" radica l  f r o m  A 4 to A5 is exp re s sed  mos t  c l ea r ly  in the f ragmenta t ion  
of VII. In con t ras t  to the peak  of ion e with m / e  98 for  VI, the peak  of the f ragment  with a cycl ic  s t ruc tu re  
(e' with m / e  146) in the s pec t rum  of VII is of high intensity.  The subsequent  detachment  of a C2H 4 mole -  
cule as a r e su l t  of a concer ted  shift of e lec t rons  leads to s table  ion f '  with m / e  118, the peak of which is 
a m a x i m u m  in the s p e c t r u m .  We detected S imi la r  f ragmenta t ion  p r o c e s s e s  during a study of the m a s s  
spec t r a  
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of -oxoben o [b]quinuctidines and 3-substi --ted b n .o [b]quinuclidines- [1, 3]. It  is in teres t ing to c o m -  
pa re  the two s i m i l a r  r e a r r a n g e m e n t  p r o c e s s e s  As--*e ' - --f '  and A s ~  g ' ~ h '  obse rved  in t he  f r a g m e n t a -  
t ion of VIII ( scheme 4). One should evidently a s s u m e  that the f i r s t  p roce s s  has  a cons iderably  lower 
act ivat ion energy  than the reac t ion  to fo rm the ion with m / e  130. This  probably is also r e s p o n s i b l e  
fo r  the re la t ive ly  low intensi t ies  of  the peaks  of the f r a g m e n t s  with m / e  158 and 130, which have 
s table  s t r u c t u r e s .  

The effect  of the benzene ring on a p r o c e s s  of the A 4 ~ e  type shows up pa r t i cu l a r ly  dist inct ly on com-  
pa r i son  of the f ragmenta t ion  of 3-e thyl -  {VIII), 3-phenyl-  (IX), 3-benzyl-3-hydroxyquinucl id ine  (X), and the 
cor responding  benzo analogs XI-XIII .  The p r e s e n c e  in the 3 posi t ion of VI I I -X  of s t rong e l ec t ron -donor  

1176 



I 42 !g? 3oeV OH 

I S 5  69 ~2~ ~COOCH3 185{M§ ) 

~]  9, 12'eV ' 'm,~,*',  

�9 I "" rn f] 
SO 60 70 80 90 I~ II0 I)0 I) I a~ 150 )rio 170 i80 m/t 

•::a•:r•:- q'~ '~* 3o eV 
p.a.kJ-c~coc.o 
" -  2,33 ( M +" I 

. 77 9' 11!~!~ "-'~'0t317`" 218 l 

$8 l~O | 175 2311M § ) 

I ~:~-~;"~@L"~I"=~"~ ~~176 ,oev 
~ J  " " * l  = "* 21,7(M" } 

le , ; ~#T~ . ' ] '  ~, l 
I~$ 12eV i~7(m*' )  

. . . . .  I i ) 7~  ( ~ 8 ) 

/,0 60 80 100 120 I/-Z) 160 180200220 2~0 m/8 

Fig. 3 Fig. 4 

substituents is responsible for  the f a c t t h a t  their  fragmentat ion proceeds  pract ica l ly  in a single direct ion 
to give an ion with m / e  70. The p r i m a r y  formation of a f ragment  with m / e  70 can evidently be explained 
as follows. First ,  the p resence  of two substituents attached to one C atom weakens the bridge bond to a 
considerable  extent [3] and therefore  promotes  the facile format ion of the Ar ion (scheme 5). Second, c leav-  
age o f  the C - 3 - C - 4  bond with simultaneous migrat ion of the labile H" atom f rom the a position to C-4 
with subsequent one-step splitting out of two stable C2H 4 and O = C - R  par t ic les  leads to stable ion f with 
m / e  70. 
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The rea r rangement  cha rac t e r  of the p roce s s  A 6 - f  is confirmed by the fact that the peak of the f ragment  
with m / e  170 in the spec t ra  of VIII-X at 12 eV retains its high intensity. 

The fragmentat ion of 3-methyl -  fXI), 3-phenyl-  (XII), and 3-benzyl-3-hydroxybenzo[b]quinuclidine 
(XIII) is real ized pract ica l ly  only in a single direction (scheme ~). 
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The stabilizing proper t ies  of the benzene ring are  responsible for the fact that the success ive  detachment 
of two stable O = C - R  and C2H 4 par t ic les  f rom A 7 leads to the formation of ions with m / e  146 and 118. In 
this case,  the peak of f ragment  e '  is of maximum intensity in the spect ra  at 30 and 12 eV, and this con- 
f i rms the energet ic  advantageousness of the rear rangement .  In addition, the mass  spec t rum of deuter ium 
analog XIa shows that H" migra tes  exclusively f rom the OH group to C-4 in open molecu la r  ion A 7. 

In contras t  to this, in the f ragmentat ion of 3-hydroxy-3-carbomethoxyquinucl idine (XIV), 3-hydroxy-  
3-carbomethoxybenzo[b]quinuclidine (XV), and 3-hydroxy-3-carbethoxybenzo[b]quinuclidine (XVD (Figs.  
3 and 4) one does not observe the cha rac te r i s t i c  ffor VIII-XIH) migrat ion of H" f rom the hydroxyl group 
to C-4. This feature of the f ragmentat ion of VIII-XIH is explained by fragmentat ion f rom the open form 
of the molecular  ion with subsequent r ea r r angemen t  A s ~ j  ~ k  and, respectively,  A 9 - - j ' - - k '  (schemes 7 
and 8). The absence of migrat ion of H" of the hydroxyl group to C-4 is graphical ly i l lustrated by a com-  
par ison of the mass  spec t ra  of deuter ium analogs XIVa and XVa and, respectively,  XIV and XV, in which 
the peaks of ions k and k' ,  with m / e  97 and 145, have identical pa ramete r s  (Figs. 3 and 4). It was shown 
in [1, 2, 4] that the formation of ions k and k'  also occurs  by fragmentation of 3-oxoquinuclidine and 3- 
oxobenzo[b]quinuclidine by direct  splitting out of a CO molecule f rom the open molecu la r  ion. In this case, 
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on the basis  of a study of the ionization and appearance potentials for  the dissociat ive fragmentat ion of 3- 
oxoquinuclidine we interpreted the p roces s  j ~ k  or  j '  -*k '  as a rea r rangement  with a low activation energy 
and a low frequency factor .  A s imi la r  situation evidently also holds for  the fragmentat ion of XIV and X-V. 
The high intensities of the peaks with m / e  97 and 145 at 12 eV may serve  as a confirmation of this.  
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Thus, thefragrnentat ionof/~-hydroxyquinuclidines and fl-hydroxybenzo[b]quinuclidines under the in- 
fluence of e lec t ron  impact is realized f rom the open form of the molecular  ion formed by cleavage of the 
bridge bond containing the functional group. This p rocess  is also common to all of the previously inves-  
tigated quinuclidine derivat ives [1-6]. Cleavage 'of  the C - 3 - C - 4  bond in the open molecular  ion with sub- 
sequent elimination of stable neutral  par t ic les  and formation of stable ions is charac te r i s t i c  for  the f rag-  
mentation of the investigated compounds. 

E X P E R I M E N T A L *  

The mass  spec t ra  of the compounds were  investigated with an MKh-1303 mass  spec t rome te r  with 
evaporation of the sample near  the ionization region at ionizing voltages of 70, 50, 30, and 12 eV and an 
emiss ion cur ren t  of 75 mA. The injection t empera tu re  was 20-50 ~ and the ionization chamber  t empera -  
ture  was 125 ~ P r i o r  to recording of the spectra,  we purified the compounds by vacuum distillation or  
recrys ta l l iza t ion .  The mass  spec t ra  of I, III, and IV were  studied with an LKV-9000 chromatographic  
mass  spec t romete r .  The substances were  introduced through a 3.4 m- long  chromatographic  column with 
an inner d iameter  of 2 ram; the column filling was Chromosorb  W with an Se-30 (5%} phase.  The ionizing 
voltages were  20 and 70 eV, the accelera t ing voltage was 3.5 kV, the emiss ion current  was 60 pA, and the 
ionization chamber  t empera tu re  was 270 ~ . 

Methyl 3-Hydroxycluinuclidine-2-carboxylate (I). A 0.05-g sample of Na metal was added to a solu- 
t ion of 3 g of II in 60 ml of methanol, af ter  which the mixture  was refluxed for  5 h. It was then vacuum- 
evaporated, and the residue was dissolved in 15 ml of water .  The aqueous solution was made alkaline with 
50% K2CO 3 and extracted with chloroform.  The dried chloroform extract  was evaporated, and the res idue  
was t r i tura ted  with e ther  to give 1.75 g (63%) of c i s - I  with mp 92-97 ~ 

Ethyl 5-Hydroxyquinucl idine-2-carboxylate  (IV). A 1-g sample of ethyl 5-oxoquinucl idine-2-carbox-  
ylate was dissolved in 50 ml of anhydrous ethanol, and the compound was hydrogenated in the presence  of 

*The resul ts  of the e lementary  determination of C, H, and S for  the described substances a re  in good 
agreement  with the calculated values. 
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0.1 g of an Adams pla t inum ca ta lys t .  The reac t ion  was c a r r i e d  out at room t e m p e r a t u r e  with an excess  
p r e s s u r e  of 20-30 cm (water gage).  At the end of the reac t ion  the ca ta lys t  was r emoved  by fi l tration, the 
solution was vacuum evapora ted ,  and the res idue  was f rac t ionated  at 115-117 ~ (0.5 r am)  to give 0.69 (69%) 
of IV. 

Compounds XI, XII, and XIII we re  synthes ized by a genera l  method.  A solution of 8 g (46 mmole)  of 
3-oxobenzo[b]quinuclidine [8] in 30 ml  of e the r  was added at 5 ~ to an RLi or  RMgX der iva t ive  p r epa red  
f r o m  72 m m o l e  of RX and the app rop r i a t e  amount of Li o r  Mg in 60 ml  of e ther .  The mix tu re  was allowed 
to stand at room t e m p e r a t u r e  fo r  20 h, a f t e r  which it was refluxed for  2 h. Ext rac t ion  with benzene gave 
the following subs tances  (the yie lds  indicated a r e  based  on the sum of the sepa ra t ed  d i a s t e r eo i somer s ) :  
XI 45%, XII 63~0, XIH 47%; ant i -XI  had mp 156-1570 (from ethyl acetate) ,  syn-XI  had rap 145-146 ~ (dec., 
f r o m  e t h e r - e t h y l  acetate) ,  and ant i -XII  had mp 160-162 ~ (from ethyl acetate) ,  ant i -XIII  had mp 139-140 ~ 
(from ethyl acetate) ,  and syn-XII I  had mp 116-118 ~ (from ether) .  

P rev ious ly  descr ibed  methods w e r e  used to synthes ize  II [9], III  [10], IV [11], VI [12], VII [11], VIII-X 
[13], and XIV and XV [14]. 
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