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The mass spectra of 3-methoxycarbonyl-, 3-ethoxyearbonyl-, 3-(2-dimethylaminoethoxy)- 
carbonyl-, 3-amino-, 3-hydroxymethyl-, 3-chloro-3-methoxycarbonyl-, 3-chloro-3-ethoxy- 
carbonyl-, and 3-ehloro-3-eyano-substituted benzo[b]quinuclldines were investigated. The 
fragmentation of these compounds under electron impact through the open form of the mo- 
lecular ion is discussed. 

In [1,2] it was established that the fragmentat ion of substituted fi-quinuclidtnes, 3-acyloxyquinuelidines,  
and their benzo analogs proceeds through the open form of the molecular  ion. In the presen t  communica-  
tion we examine the mass  spec t ra  of some 3-substi tuted benzoquinuclidines, the disintegration of which 
follows the principles that are  general  for such compounds. It was demonstrated that the fragmentat ion of 
the investigated compounds is also rea l ized through the open form of the molecular  ton, which is formed 
p r imar i l y  during cleavage of the bridge bond containing a substituent. 

The mass  spec t ra  of 3-methoxycarbonyl-  and 3-ethoxycarbonylbenzo[blquinuclidines (I and lI) (Fig. l) 
are  f i rs t  of all charac te r i zed  by intense peaks (70% of the maximum) of molecular  ions M +. with m / e  217 and 
231. The cleavage of the bond between the carbon atom in the 3 position and the substituent, which leads to 
formation in both cases of the same f ragment  with m / e  158 (m* =115 for I, m* =108 for H), is mos t  c lear ly  
expressed  i~a the fragmentat ion of M +. of I and II. P rac t i ca l ly  completely identical charac te r  of the mass  
spec t ra  of I and II is therefore  observed in the region of mass  numbers with m / e  158 and below. The f rag-  

*See [11 for communication If. 
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Fig. 1. Mass spec t ra  of 3-methoxycarbonyl-  and 3-ethoxy-  
carbonylbenzo[b]quinuclidines. 
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ment with m / e  130, the peak of which is of maximum intensity in the spectra ,  is formed during the el imina-  
tion of 28 mass  units f rom the ion with m / e  158 (m* =107 for I). In addition, the disintegration of M +' in 
the r eve r se  order  with initial detachment of 28 mass  units to form ions with m / e  189 (m* = 164 for I and 
203 for II) and subsequent ejection of alkoxycarbonyl groups (m* =89.5 for I) f rom them s imi lar ly  leads to 
the formation of fragments with m / e  130. 

The appearance of ion peaks with m / e  186 and 202 in the spec t ra  of I and II is due to cleavage of the 
bonds in the methoxycarbonyl and ethoxycarbonyl groups and elimination of methyl,  and ethyl, and, r e spec -  
tively, methoxy and ethoxy radicals  f rom M +.. 

It has been demonstrated [1-5] that the ionization of various substituted quinuclidines and benzoquin- 
uclidines proceeds at the unshared e lectron pair  of the nitrogen atom. If, therefore ,  elimination of alkoxy- 
carbonyl groups directly f rom M+" is assumed,one should expect the formation of an ion with m / e  158 with 
two radLcal centers.  Correspondingly, the f ragment  with m / e  130, the formation of which from the ion with 
m / e  158 can be represented  as the resul t  of elimination of an unsubstituted bridge bond (C 7- C8) as a neutral 
C2H 4 molecule,  will prove to be a diradical ion in th i s  case. A s imi lar  pat tern  with the formation of diradi-  
cal s t ruc tures  will occur for the disintegration of I and II in the sequence 

--C2H4 --]~OCO 
M+'---+ m/e 189 ( I ) ,  re~e203 (II)  - -~  rn/e 13'0. 

However, these sor ts  of p rocesses  cannot be coordinated with the high intensity of the peaks of the 
ions in the mass  spec t ra  of the investigated compounds. 

a - C l e a v a g e  is one of the mos t  p re fe r red  directions of disintegration in the fragmentat ion ofaliphatic 
and monocyclic (f ive-membered,  s ix -membered ,  etc) amines [6-81. The fragments  formed in this case are  
charac ter ized  by high peak intensities for both normal ionizing voltages and when the la t ter  are reduced to 
12 eV. The disintegration of I and II therefore  finds a simple explanation when their fragmentat ion f rom 
the open forms of the molecular  ions (a and at, scheme 1) is considered. The formation of the a form occurs  
during simple ~ cleavage of the C 2-  C 3 bridge bond in M +', which contains a substituent, while ion a t is a 
r ea r ranged  ion that is also formed in the cleavage of the C 2-  C s bond but with simultaneous migrat ion of 
the hydrogen atom from the 4 position to the 3 position. 

In fact, fragmentat ion from the open form of the molecular  ion (a and al) provides an explanation for 
the processes  a t ~ m / e  158, a~ ~ m / e  189, a ~ m / e  186, and a ~ m / e  202, the driving force of which is 
stabilization of the radical centers  attached to the carbon atoms in the 4 and 3 positions to form stable s t r uc -  
tures. 
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At the same time, the format ion of f ragment  c with m / e  130 is now considered to be a coordinated shift 
of the electrons in ionb with m / e  158 with elimination of C 2H4. Consequently, as may be expected, the peak of 
f ragment  c in the spec t rum in this case should be one of the maximum intensity peaks. 

The detachment of HCN from the f ragment  with m / e  130 (m* = 81.8) to form an ion with m / e  103 oc-  
curs in accordance with the p rocess  c ~ d  ~ m / e  103. It has been demonstrated [1] that the formation of an 
ion with m / e  130 is also a charac te r i s t i c  p rocess  in the fragmentat ion of benzo[b]-3-quinuclidone and its de- 
r ivat ives.  However, in view of the peculiari t ies  of their disintegration, it was assumed that this f ragment  
can have only s t ruc ture  d. Two peaks with m / e  131 and 132, respect ively,  were observed in addition to 
the ion peak with m / e  130 in the mass  spec t rum of deuter ium-labeled (in the ~posi t ion)benzo[b]-3-qulnu-  
clidone. We were unable to explain the appearance of the peaks with m / e  131 and 132. All three peaks were' 
charac ter ized  by about the same intensities. If the peaks of the fragments  with m / e  130 and 131 were ex- 
plained by s t ruc ture  d, then, as now becomes clear ,  the appearance of a peak with m / e  132 was caused by 
s t ruc ture  e, the format ion of which from the f ragment  with m / e  147 occur red  during the elimination of CH 3' 
through a s ix -membered  transi t ion state with splitting out of a hydrogen atom from the 4 position (scheme 2). 

re~c. I:x2 
Scheme2 ~ ; (  ' 

, C = L] .0 . r ~,,~ 60.~.L~ ~ C ,,,/. 130 

2 / ' ~ - "  "~ i,r., ( ,  

W ~.bl_Cil2 " - -~  O. 

"  o-o \ , ;? ' -a  CID 2 
M +" nl/e 175 ,,t/"c 147 ~ . ~ .  

X 
d ,,l/~" 130 

Thus it follows f rom a joint examination of the fragmentations of I, II, and s imi la r  functional der iva-  
tives that the peak of the f ragment  with m / e  130 in the spec t ra  of I and II is due to s t ruc tures  c and d, and, 
as in the fragmentat ion of benzo-3-qulnuclidone,  their contributions are apparently about the same.  The 
t ransi t ion f rom one s t ruc ture  to the other is evidently due to the energetic favorabil i ty of r ea r r angemen t  
through a s ix -membered  t ransi t ion state. We note that the peaks of fragments  with m / e  103 in the spec t ra  
of  I and It and benzo[b]-3-quinuctidone are  charac te r ized  by an ext remely  insignificant intensity, which again 
attests to the high stabil i ty of s t ruc tures  c and d. 

In contras t  to the previously  investigated quinuclidtne and benzo[b]quinuclidine derivatives [1,2], the 
opening of the molecular  ions of which occur red  as a resul t  of cleavage of only one bridge bond containing 
a functional group,$ the ~ pen molecular  ion a2, which formed on cleavage of the unsubstituted methylene 
bridge,  is observed in the disintegration of I and II. In fact, the appearance of peaks of f ragments  with m / e  
131 in the spec t ra  of I and II is due to ion radical  e, which is formed f rom a 2 on elimination of methyl a c r y -  
late (for I) or  ethyl acryla te  (for H). For  I, this p rocess  is confirmed by a mestas table  ion (In* =74). 

Scheme 3 
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1"This process  was intensive even when the ionizing voltage was reduced to 12 eV. 
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Mass spec t ra  of fl-dimethylaminoethyl benzo- 
[b]quinuclidine-3- carboxylate. 

The formation of the fragments  charac te r i s t ic  for  3-substi tuted benzo[b]quinuclidines also occurs  in 
the disintegration of 3-aminobenzo[b]quinuclidine (III) (scheme 3).~ 

Ions with role 158, 131 (m* =98.5), and 130 are formed f rom the open form of the molecular  ions (f, 
fl and f2) and have the same s t ruc tures  as fragments b, e, and c, respect ively,  in the disintegration of I 
(scheme 1). 

Structure g with par t ia l ly  conjugated bonds apparently corresponds to the fragment  with m / e  144. The 
splitting out of an HN = CH" radical f rom f with migrat ion of one of the hydrogen atoms of the amino group 
in the 4 positions leads to the formation of f ragment  h with m / e  146 (m* =122.5), which subsequently e l im-  
inates C2H r to give ion i with m / e  118 (m* =95.5). 

The formation of ion j with m / e  132 (m* =100), the peak of which is one of the maximum-intensi ty 
peaks in the spectrum,  proceeds from the open molecular  ion f2 and, because of migrat ion of one of the hy- 
drogen atoms of the amino group to the radical  center  in the 8 position, also with detachment of an HN= 
CH - CH 2 �9 radical.  

The proposed disintegration of 3-aminobenzo[b]quinuclidine is in complete conformity with the mass  
spectrum of the deuterium analog (deuterated amino group}, in which a shift of the peaks with m / e  118, 132, 
and 146 by one unit toward the higher-mass  side is observed. 

The fragmentat ion of 3-hydroxymethylbenzo[b]quinuclidine (IV) (scheme 4) is s imi lar  in many respec ts  
to that of I, II, and III. The spec t rum of IV contains charac te r i s t i c  peaks of fragments with m / e  158 (m* = 
132), 131, and 130, which have the same s t ructures  as the ions with the same mass  numbers in the disinte- 
grat ion of I, II, and III. However, in contrast  to I, H, and HI, yet another possibil i ty for the stabilization of 
the radical center in the 3 position - detachment of a hydroxyl radical  (m* =156) leading to ion l with m / e  
172, the peak of which has considerable intensity in the spec t rum - [s real ized in open molecular  ion k. The 
indicated fragmentat ion p rocesses  are confirmed by the disintegration of deuterium analog IV (deuterated 
in the hydroxyl group), in the spec t rum of which the mass  numbers of peaks with m / e  130, 131, 158, and 
172 remained unchanged. 

Scheme 4 
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Thus a distinctive pecul iar i ty  of the fragmentat ion of I-IV is the high intensity of the peaks of the mo-  

lecular  ions, the open form of which is generated not only by cleavage of the C 2-  C 3 bond but also by cleavage 
of the C 7-  C 8 bond, which does not contain a substituent. This sor t  of behavior of these compounds under 

tWhen the mass spectrum is not presented, the relative intensity of the peaks of the ions under considera- 
tion are indicated in parentheses. 

S This process is characteristic for 3-hydroxybenzo[b]quinuclidines , the mass spectra of which will be 
published separately. 
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Fig. 3. Mass spectra of 3 -ch lo ro-3-meth-  
oxycarbonyl-  and 3-chloro-3-ethoxycarbonyl -  
benzo [blquinuelidines. 

e lect ron impact can be explained only by the fact that 
considerably less weakening of the C 2-  C a bridge bond 
is observed for 3-monosubsti tuted derivatives than for 
3,3-dtsubstituted derivatives [21 or  for compounds that 
contain a functional group (for example, C=O) direct ly  
in the bridge chain in the 3 position [11. The unsub- 
sti tuted and substituted bonds are  consequently com-  
mensurable  with respec t  to the energy of cleavage in 
this case. As should be expected, the molecular  ion 
peak (scheme 5) is the peak of maximum intensity in the 
mass  spec t rum of benzo[b]quinuclidine. The ions with 
m / e  158, 131, and 130 correspond to s t ruc tures  c, b, 
and e, respect ive ly  (scheme 1). 

Scheme 5 
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The disintegration of the f i-dimethylaminoethyl benzo[b]qutnuclidine-3-carboxylate (VIII) (Fig. 2) is 
determined by the stabil i ty of the charged and neutral f ragments  that are  formed during the cleavage of the 
substituent bonds (scheme 6). 

Scheme 6 
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The intensity of the peaks with m / e  158 and 130 that are  charac te r i s t ic  for I-IV is insignificant in the 
mass  spec t rum of this compound because the charge is concentrated p r imar i ly  on the nitrogen atom of the 
substituent. Consequently, as in the fragmentat ion of aliphatic amines [6, 7], the most  probable process  is 
the formation of ions m with m / e  58 and n with m / e  71, which are  obtained as a resu l t  of ~ and fi c leavages,  
respect ively.  In the second case,  the cleavage is accompanied by migra t ion of a hydrogen atom f rom the 

position to the CO0 �9 group and detachment of a neutral benzo[b]qutnucltdine-3-carboxylic acid molecule.  
When the ionizing voltage is lowered to 12 eV, the intensities of the peaks of f ragments  m and n are  r ed i s -  
tributed. The peak of the f ragment  with m / e  71 becomes the maximum peak in the spect rum,  while the in- 
tensity of the peak with m / e  58 is 36%. This fact may  evidently explain the growing role of the frequency 
factor  at low ionizing voltages for r ea r rangemen t s  that are  accompanied by the cleavage of neutral  mole-  
cules [9]. 

In the case of 3,3-disubsti tuted benzo[b]quinuclidines (Fig. 3), when one of the substituents is a cMo- 
fine atom, the migra t ion (character is t ic  for I-IV) of a hydrogen atom in the open molecular  ion f rom the 
4 posit ion to the radical  center  in the 3 position is most  c lear ly  expressed.  The weakest  bond in the open 
molecular  ions of these compounds is the C -  C1 bond. The peaks of fragments  o with m / e  216 (m* =186), 
of o '  with m / e  230 (m* =200), and of p with m / e  183 (m* =153) (scheme 7) in the mass  spec t ra  of 3 -ch lo ro -  
3-carbomethoxybenzo[b]quinuclidine (V), 3-chloro-3-carbethoxybenzo[b]qu[nuclidtne (VI), and 3 -ch lo ro -3 -  
cyanobenzo[b]quinuclidine (V]-[) (Fig. 3) are  therefore  the maximum peaks in the spect ra ,  not only at 30 eV 
but also at 12 eV. The presence  of metastable tons in the spec t ra  of V and VI makes it possible to con- 
ceive of fur ther  disintegrat ion of f ragments  o, o ' ,  and p to form tons with m / e  188 (m*=163), 156 (m* = 
129), 203 (in* =178), 130 (m* =106.5), 103 (m* =81.5) for V and with m / e  155 (m* =130) and 128 (m* = 
105.5) for VI. 
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Thus an examination of the resul ts  obtained makes it possible to assume that the fragmentat ion of the 
investigated compounds is rea l ized from the open form of the molecular  ion, which is formed p r imar i ly  in 
the cleavage of the bridge bond that contains a substituent. Subsequent detachment of a substituent f rom 
the 3 position is a charac te r i s t ic  process  in the disintegration of the investigated compounds. 

EXP E R IIV[ E NTAL 

The mass spectra of the compounds were investigated with an MKh-1303 mass spectrometer with intro- 
duction of the sample within the ion source. The ionizing voltages were 50, 30, and 12 eV, and the emission 
current was 75 mA. The admission temperature was 20 ~ and the ionizing-chamber temperature was 125 ~ 
The substances were purified prior to recording their spectra by vacuum distillation or recrystallization. 

Compounds I (syn and anti isomers),* HI (syn isomer), IV (a mixture of syn and anti isomers), V (anti 
isomer), VI (anti isomer), and VII were described in [10,12]. 

3-Ethoxycarbonylbenzo[b]quinuclidine (II, mixture of sen and anti isomers). A l-g sample Of a mix- 
ture of the hydrocb.lorides of sen- and anti-benzo[b]quinuelidine-3-earboxylic acids was refluxed for 5 h 
with I0 ml of ethanol and 1 ml of concentrated sulfuric acid. The alcohol was removed by distillation, and 
the residue was treated with ice, made alkaline with 50% potassium carbonate solution, and extracted with 

ether to give 0.6 g (53~0) of a product with bp 123-126 ~ (i mm). Found: C 72.6; H 7.6; N 6.3%. CI4HITNO 2. 
Calculated: C 72.7; H 7.4; N 6.1%. 

fl-Dimethylaminoethyl Benzo[b]quinuelidine-3-carboxylate (VIII, mixture of syn and anti isomers). 
A 3-g sample of a mixture of the methyl esters of syn- and anti-benzo[b]quinuclidine-3-carboxylic acids 
and 30 ml of dimethylaminoethanol, to which 0.05 g of sodium had been added, was refluxed with simultaneous 
removal of the methanol formed. When the temperature of the mixture reached 133-135 ~ , it was allowed to 
stand at this temperature for 4 h. The solution was evaporated in vacuo, and 20 ml of 25% potassium car- 
bonate solution was added to it. The alkaline mixture was extracted with benzene to give 2.25 g (59%) of a 
producfwith bp 136-139 ~ (0.6 mm). Found: C 69.8; H 8.0%. CI6H22N202. Calculated: C 70.0; H 8.1%. 

* In the format ion of the open form of the molecular  ion of benzo[b]quinuclidines, the a symmet ry  of the mole-  
cules, which is caused by the syn or  anti orientat ion of the bridge substituent relat ive to the benzene ring, 
vanishes as a resul t  of cleavage of the bridge bond containing the substituent [1, 2]. We therefore  deemed 
it possible throughout this paper to d is regard  the s t e reochemis t ry  of the investigated compounds and to omit 
f rom their names the prefixes anti and syn, retaining them only in the experimental  port ion of the study. 
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