
MASS S P E C T R O M E T R I C  STUDY OF METHYL-SUBSTITUTED 

4-AZAPHENANTHRENES AND THEIR NITRATION PRODUCTS 

V.  P .  Z v o l i n s k i i ,  P .  I .  Z a k h a r o v ,  S. G.  P o s h i v a l o v ,  
V .  K.  S h e v t s o v ,  V .  G. P l e s h a k o v ,  T .  S. S e i t e m b e t o v ,  
a n d  N.  S.  P r o s t a k o v  

UDC 543,51:547,832 

The m a s s  spect ra l  behavior  of five der ivat ives  of the 4-azaphenanthrene se r ies  - 1 ,3-dimethyl-  
{I), 2 ,3-dimethyl-  (II), 1 ,2 ,3 , - t r imethy l -  (III), 1 ,2 ,3 - t r ime thy l -8 -n i t ro -  (IV), and 1 ,3-dimethyl-  
6 ,7-d in i t ro-4-azaphenanthrene  (V) - was studied. The stabil i t ies of the molecu la r  ions with 
respec t  to gragmentat ion (WM) are  higher  by a fac tor  of two or  more  for  the methyl-subst i tu ted 
I - I ~  than fo r  ni t ro der ivat ives  IV and V. The intensity of the [M - H] + ion peak in the m a s s  
spec t ra  of I -V does not depend on the number  of methyl groups but only on thei r  positions: the 
p resence  of a CH 3 group in the 2 position leads to an [M - H] + ion that is 1.5 t imes  m o r e  in- 
tense  than when there  is a methyl  group in the 1 position. The molecu la r  ions of I-V do not 
el iminate HCN molecules ;  this consti tutes evidence for  the absence of randomizat ion of the i r  
methyl  groups.  The p resence  of a CH 3 substituent in the 1 o r  2 posit ion does not affect the in- 
tensi ty  of the [M - CH3] + ion peaks,  while the simultaneous presence  of CH 3 groups attached to 
the C l and C 2 atoms inc reases  the intensity of the [M - CH3] + f ragment  peak by a fac tor  of two. 
In the m a s s  spec t ra  of ni t ro der ivat ives  IV and V, [M - O] + , [M - OH] + , [M - NO] + , 
and [M - NOz] + f ragments  a re  observed in the f i r s t  step of the f ragmentat ion of the M + ion, 
whereas  the [M - CO] + ion peak charac te r i s t i c  fo r  the dissociat ive ionization of 1-ni t ronaph-  
thalene is also observed fo r  8-ni t ro-subs t i tu ted  IV. 

Numerous  studies of the dissociat ive ionization of one-r ing  and two-r ing  N-he te roa romat ic  compounds 
have been ref lected in the l i te ra ture  [1, 2]. However,  the data on the fragmentat ion of polynuclear  ni trogen 
he te rocyc les  a re  l imited,  and no data at all a re  available for  the azaphenanthrene se r ies .  In the presen t  r e -  
search  we investigated the m a s s  spect ra l  behavior  of five compounds of this se r ies  - 1 ,3-dimethyl-  (I), 2,3- 
d imethyl-  (II), 1 ,2 ,3- t r imethyl -  (III), 1 ,2 ,3 - t r ime thy l -8 -n i t ro -  (IV), and 1 ,3-d imethyl -6 ,7-d in i t ro -4-azaphen-  
anthrene (V) - in o rde r  to ascer ta in  the relat ionship between thei r  f ragmentat ion and the position and number  

of substi tueats in them. 

The molecu la r  ion peaks in the mass  spec t ra  of azaphenanthrenes I-V (Table 1) have the maximum in- 
tensi t ies;  this is typical  for  polynuclear  he te roaromat ie  sys tems  [3]. The presence  of r a the r  intense peaks 
of doubly charged M 2+ ions (Table 2) conf i rms  the condensed s t ruc ture  of the M + ions of these compounds [4]. 
The stabili t ies of the molecular  ions with respec t  to f ragmentat ion (WM) for  methyl-subst i tuted I-III  a re  higher  
by a fac tor  of m o r e  than two as compared with methyl  nitro der ivat ives  IV and V. As the number  of C H  2 groups 
inc reases  f rom two to three  in the I and II molecules ,  the WM value dec reases  somewhat,  while the t ransi t ion 
f r o m  one nitro, group to two in IV and V has no effect on the WM value. 

The f ragmentat ion of I - I I I  is represented  by a scheme in the case of I. In the m a s s  spect ra  of these 
compounds one observes  [M - nil] + ions (n = 1-4), the format ion af which is charac te r i s t i c  for  aryl -subst i tu ted 
N-he te roa romat ic  compounds [3, 5]. The presence  of nitro groups in IV and V dec rea se s  the probabil i ty of the 
appearance of these ions. It follows f rom a compar i son  of the mass  spect ra  of azaphenanthrenes I - I I I  that the 
intensity of the [M - HI + ion does not depend on the number  of methyl groups in thepyr id ine  ring but r a the r  is 
determined only by the i r  position. The presence  in II of a methyl  group attached to C 2 inc reases  the intensity 
of the [M - H] + ion peak by a fac tor  of N 1.5 as compared with I. The p resence  of three CHs groups in the HI 
molecule  prac t ica l ly  does not change the intensity of the [M - H] + ion peak a s  compared  with the m a s s  spec-  
t rum of II. Consequently, elimination of a hydrogen atom by the molecular  ions of 4-azaphenanthrenes  I-HI 
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T A B L E  1 .  M a s s  S p e c t r a  o f  4 - A z a p h e n a n t h r e n e s  I - V  

Com- m / e  values (intensities of the ion peaks in 
pound percent relat ive to the max imum peak) 

I 

IIl 

I V 

V 

209 (1,8), 208 (17), 207 (100), 206 (9,0), 205 (5,0), 204 (4,0), 203 (1,41, 193 (0,7), 
192 (3,5), 191 (5,5) 190 (4,0), 189 (0,7), 181 (0,8), 180 (2,0), t79 (1.8), 178 (3,5}, 
177 (3,0), 176 (1,61, 168 (0,9), 167 (2,0), 166 (2,5), 165 (7,5), 164 (3,01, 163 (3,0), 
153 (1,5), 152 (2,5), 151 (2,01, 150 (1,71, 149 (1,11, 140 (2,0), 139 (2.1), 137 (0,6), 
127 (2,0), 126 (1,5), 125 (1,0), 115 (0,9), t04 (2,0), 103 (1,4). 102 (2,5), 90 (2,0), 
89 (2,0), 88 (2,0), 87 (1,0), 82 (2,0), 77 (I.71, 75 (3,2), 75 (1,7), 74 (121, 63 (2,0), 
51 (1,81 
209 (I,8), 208 (17), 207 (1001, 206 (I5), 205 (8,01, 204 (6.21, 203 (I,21, 194 (0,6), 
193 (2,0), 192 (4,0), 191 (4.81, 190 (3,2), 189 (0.7), 181 (0,4), laO (2,0), 179 (1,6), 
178 (2,3), 177 {1,3). 176 (0,8), 168 (0,4), 167 (1,0), 166 (2,8), [65 (10), 164 (3,2), 
163 (4,0), 162 (0,6), 154 (0,4), 153 (0,8), 152 (1,41, 15l II,O), I50 (0,8), 149 (0,61, 
140 (1,21, 139 (2,41, i38 (0.5), I37 (0,61, 128 (0.4), 127 (0,8~, 126 (1,21, 115 (1,21, 
104 (0,8). 103 (0,7i, 102 (1,41, 90 (0,8), 89 (1,41. 88 (0,8). 87 (I,01, 83 0,0), 
82 (2,0), 77 (0,7), 76 (1,2), 75 (1,2), 74 (0,8), 63 (1,61, 51 (i,2) 
223 (1,11, 222 (1l), 221 (t00), 220 (131, 219 (2,5), 218 (1,5), 217 (0.9), 207 (2,01, 
206 (8,0), 205 (4,0), 204 (4,5), 203 (!.5), 194 (1,91, 193 (1,9), t92 (2,0), 191 (3,0), 
190 (3,11, 189 (2,5), 181 (3,5), i80 (4,0), 179 (8,0), 178 (8,01, 177 (3,0), 176 (3,0), 
167 (1,0), 166 (2,5), 165 (5,01. 164 (2.01, 163 (2,5), i53 (t.51, I52 (4,5), 151 (2,7), 
150(1,41, 149 (1,3t, 140(1,2), 139 (2,4). 128(I,01, 127(2.2), 126(1,6), 115(1,5), 
t03(1,5), 102 (2,5). 91 (2,0), 89 (5,5), 77 (1,9), 76 (4,0), 75 (4,0), 69 (2,7), 
63 (4,0), 51 (1.3) 
268 (1.2). 267 (12), 256 (100), 265 (6,5), 251 (0.6). 250 (1.9). 249 (3.9). 239 (1.5). 
238 (6,0). 237 (3,8), 236 (16.5), 235 (I . l i ,  234 (0.5). 224 (1,0}, 223 (1.0), 
222(3,5), 221 (12), 220(34), 219 (5,01, 218111), 217(2,4), 216(2,0), 215(I.0), 
211 (0,9). 210 (2,2), 209 (12), 208 (84), 207 (4.5), 206 (4,5), 205 (10), 204 (13), 
203 (3,5), 202 (2,0), 196 (2,4), 195 (2,2), 194 (2.5), 193 (4,5), 192 (3,5), 191 (3,6), 
190 (4,1), 189 (1,5), 188 (0,7), 183 (I.0), 182 (0.8), 181 (0.9). 180 (2.2), 179 (2.2), 
178 (5,7), 177 (4,0). 176 (5,5), 175 (2,3), 174 (0.8). 168 (1.0), 167 (1,5),166 (2.6), 
165 (5,6), 164 (2,7), 163 (4.0), 162 (0.8}, 154 (1.2). 153 (2,0), 152 (6,2), 151 (4,8), 
150(2.7), 149 (0,9), 14l (0,91, 140(1,4), 139(2.51, 138(1,0). 137 (0,9), 128(1,1), 
127(1.4), 126 (2,0), 125(1,0), 115(I.2t, 104(1,0i, 103 (1,2), 102 (4,5), 91 (0,7), 
90 (0,9), 89 (4,0), 88 (5,0), 87 (2,4). 77 (2,4), 76 (5,0), 75 (3,5), 74 (1,5), 63 (3,5), 
51 (2,5) 

299 (1,51, 298 (131, 297 (100), 296 (I.01.295 (0,51, 281 (1,0), 280 (1,9), 271 (1,3), 
270 (0,7), 269 (O,6), 268 (0,9), 267 (3,8), 253 (1,81, 252 (11), 25I (62), 250 (5,71, 
240 (1,91, 239 (7,5), 223 (2,0), 222 (2.5), 221 (1i), 220 (I.9), 209 (5,0), 208 (1,01, 
207 (2,9). 206 (9,0), 205 (40), 204 (t7), 203 (7,4), 202 (3,5), 201 (1,81, 195 (1,9), 
194 (5,5), 193 (28), 192 (9.5), 191 (6.0}, 190 (8,5), 189 (1,71, 188 (15). 181 (4,0), 
180 (1.8), 179 (2,5), 178 t8,5), 177 (7,01, 176 (6.9), 175 (2,0}, 167 (2,3), 166 (2,7), 
165 t5,51, 164 (6,0), 163 18,0), 162 (1,81, 154 (1.8I, 153 {2,6). 152 (7.8), 151 (7,6), 
150 (3,81, 141 (1,2), 140 (2,61, 139 (3,0~. !38 (2,0). 137 (1,81, 128 (1,2), 127 (2,01; 
126 (3,0), 125 (1,61, 115(1,51, 114 (1,2), 102 (3,0). 101 (1,9). 89 (3,5). 88 (5,0), 
87 (2,91, 86 (1,7), 77 (3,01, 76 (3,5), 75 (4,0), 74 (2,5), 63 (4,61, 51 (3,5) 

T A B L E  2 .  S t a b i l i t i e s  o f  t h e  M o l e c u l a r  I o n s  w i t h  R e s p e c t  t o  F r a g -  

m e n t a t i o n  ( W M ,  %) a n d  R e l a t i v e  I n t e n s i t i e s  (%) of  t h e  P e a k s  o f  t h e  

C h a r a c t e r i s t i c  F r a g m e n t s  i n  t h e  M a s s  S p e c t r a  o f  M e t h y l -  a n d  

N i t r o m e t h y l - S u b s t i t u t e d  4 - A z a p h e n a n t h r e n e s  I - V  
J 

Corn- [ [y, - r pound u% ~* 1M--Ill" (.\l--II, - I I C N ]  [M--Cliff:N]" [M--CII.,, - I tCN I, 
1 

Iis~ II 50 
III 42 
IV 22 
V 21 

8,6 
6,8 
6,8 
1,0 
1,5 

,0 3,5 
I 4,0 
13 8,0 
6,5 0,6 
1,0 0,  l 

1,8 
1,6 
1,9 
6.0 
0,6 

2,5 
2,8 
4,0 

7,5 
I0,0 
8,0 
1,0 

o c c u r s  w i t h  t h e  h i g h e s t  p r o b a b i l i t y  f r o m  t h e  m e t h y l  g r o u p  a t t a c h e d  t o  t h e  C 3 a t o m  a n d  w i t h  t h e  l o w e s t  p r o b a -  

b i l i t y  f r o m  t h e  m e t h y l  g r o u p  a t t a c h e d  t o  t h e  C 1 a t o m .  T h e s e  f a c t s  a l s o  c o n s t i t u t e  e v i d e n c e  f o r  t h e  a b s e n c e  o f  

r a n d o m i z a t i o n  o f  t h e  m e t h y l  s u b s t i t u e n t s  i n  t h e  m o l e c u l a r  i o n s  o f  I - H I .  T h e  i n d i c a t e d  r e g u l a r i t y  i s  a l s o  o b -  

s e r v e d  f o r  m e t h y l  n i t r o  d e r i v a t i v e s  I V  a n d  V .  T h e  i n t e n s i t i e s  of  t h e  [M - CH3] + f r a g m e n t  p e a k s  i n  t h e  m a s s  

s p e c t r a  o f  d i m e t h y l - 4 - a z a p h e n a n t h r e n e s  I a n d  I I  a r e  a p p r o x i m a t e l y  i d e n t i c a l  ( T a b l e  2 ) ,  i . e . ,  t h e y  d o  n o t  d e p e n d  

o n  t h e  p o s i t i o n  o f  t h e  m e t h y l  g r o u p s  i n  t h e  p y r i d i n e  r i n g .  H o w e v e r ,  w h e n  t h e r e  i s  a t h i r d  m e t h y l  g r o u p  i n  t h e  

s a m e  r i n g  ( I I I ) ,  t h e  i n t e n s i t y  o f  t h e  [ M  - CH3] + i o n p e a k  i n c r e a s e s  b y  a f a c t o r  o f  t w o ;  t h i s  c o n s t i t u t e s  e v i d e n c e  

f o r  t h e  m u t u a l  e f f e c t  o f  t h e  m e t h y l  g r o u p s  a t t a c h e d  t o  t h e  C~ a n d  C 2 a t o m s  o n  t h e  p r o b a b i l i t y  o f  t h e i r  d e t a c h -  
m e n t .  
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The molecu la r  ions of 4-azaphenanthrenes  I - u  do not eliminate an HCN molecule;  this also at tests  to 
the absence of randomizat ion of the methyl  groups in them. Loss  of HCN par t ic les  by the [M - H] + , [M - 2HI +, 
and [M - CH3] + f ragments  is observed  in the m a s s  spec t ra  of I - IH.  In the case  of the [M - HI + ion this p r o c -  
e s s  can be explained by the format ion  of an azat ropyl ium ring.  In addition, the [M - H] + ion loses  a C2H 2 

molecule  and a C~H 3 radical ;  this was established by means  of the high-resolut ion m a s s  spect rum of 1,3- 
d imethyl -4-azaphenanthrene  I, in which the empir ica l  fo rmulas  (C13H10 and CIzH 9) of the [M - H - C2H2] + and 
[M - H - C~H3]+ f ragments  a re  conf i rmed by measuremen t  of the i r  p r ec i se  m a s s e s  (180.0820 and 167.0726, 
respect ively) .  Elimination of an HCN molecule  by the [M - CH3] + ion evidently occurs  as a resul t  of randomiz-  
ation of the hydrogen atom in this ion, which leads to s t ruc ture  b (see the scheme below). One also cannot 
exclude the possibi l i ty  that detachment of a CH 3 radical  f rom the M + ion, which takes  place with the highest 
probabil i ty f rom the ortho position, is accompanied by expansion of the pyridine ring to a seven-membered  
azatropyl ium ring; this  is also explained by the loss  of an HCN molecule by the [M - CH3]+ ion. Splitting out 
of an acetoni tr i le  (CH3CN) res idue is observed only for  the molecu la r  ions of methyl-subst i tu ted 4-azaphenan-  
threnes  I - IH.  

The p resence  of one o r  two ni tro groups in the 8 or  6 and 7 posit ions of the 4-azaphenanthrene r ings is 
responsible  for  the f ragmentat ion of IV and V that is typical f o r  ni t ro der ivat ives  of the a romat ic  and he te ro -  
a romat ic  se r i e s .  The dissociat ive ionization of IV displays the p roper t i es  cha rac te r i s t i c  fo r  n i t roarenes .  
The [M - O] + , [M - NO] + , and [M - NO2] + ion peaks observed in the m a s s  spect rum of this compound a re  
charac te r i s t io  for  ni t robenzenes [6]. The format ion of an [M - OH] + f ragment  ( m / e  249) is cha rac te r i s t i c  of 
the m a s s  spectra l  behavior  of substances in which there  is a substituent containing a hydrogen atom in the 
ortho posi t ion re la t ive  to the nitro group [6, 7]. The development of an [ M -  CO] + ion ( m / e  238, empir ica l  
formula  C15H14N20 , p rec i se  m a s s  238.1079) is cha rac te r i s t i c  fo r  the f ragmentat ion of 1-nitronaphthalene [8]. 
The peaks of [M -- O] + , [M - NO] +', and [M - NO2] + ions that  a re  typical  f o r  the f ragmentat ion of dini t robenz-  
enes [9] are  p resen t  in the m a s s  spect rum of 6,7-dini tro derivat ive V, but an [M - CO] + ion peak is absent. 
The format ion of the low-intensi ty [M - OH] + fragunent in the dissociat ive ionization of V is apparently due to 
the removal ,  in the composi t ion of the OH radical ,  of the oxygen atom of one of the nitro groups and the ad- 
jacent hydrogen atom; this is cha rac te r i s t i c  of the m a s s  spectral  behavior  of benzylni t robenzenes [10]. 

3 CH:I CH2 

rn/e 178 m]@ 179 role 166 role 165 

-- HC~t/~t - CH3CN/~ 

:~ -: "S') -~ 

l '  l " 

m/~ 16/* m/e 177 

-I- ~ ' L c  H 3 

m/e 1c91 ' ~  m/t ~ 206 ~,M+~m/e207 a,.m/e'~92 b,m/~, 192 

'._./ ~+ :~ 2/ T ~" /7 
�9 -~ ~ ~ . . ~ C H  2 ~'CI'I 3 

F,/P 190 role 140 m,/p 180 role 205 m]e 1t~7 

m/e 192 

t --HCN 

role 165 

*The metas table  t rans i t ions  are indicated by as te r i sks .  

Thus the fragmentat ion,  under  the influence of e lec t ron  impact ,  of 4-azaphenanthrenes  containing sub- 
stituents in the pyridine ~ n g  displays elimination of I~ and CH 3 radica ls  in the f i r s t  step of the fragmentat ion 
and elimination of H and CH 3 radica ls  and HCN, CH3CN, and C2H z molecules  in the second step. The fragunen- 
tation of mono-  and dini t ro-subst i tuted (in the benzene ring) 4-azaphenanthrenes  IV and V in the f i r s t  step is 
associa ted  with splitting out of O, OH, NO, and NO 2 par t ic les ,  and in the case  of the 8-ni t ro derivat ive el imin-  
:ation of a CO molecule is also observed.  
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I%1 + 

165 CH H 3 /51 82 127 t 191 i 
/ / ~76 /9o~2 . . \~39 ,5=  ~78, 1 , 
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17 207 M§176 
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Fig.  1. Mass  spect ra :  1 ,3 -d imethy l -  
4 -azaphenan th rene  (I), 2 ,3 -d imethy l -  
4 -azaphenan th rene  (IT) hydrochlor ide ,  
1,2,3 - t r i m e t h y l - 4  - az aphenanthrene 
(III), 1 , 2 , 3 - t r i m e t h y l - 8 - n i t r o - 4 - a z a -  
phenanthrene (IV), and 1 ,3 -d imethy l -  
6 ,7 -d in i t ro -4 -azaphenan th rene  (V). 

The n i t r o g e n - f r e e  f r a g m e n t s  in the m a s s  spec t r a  of I - I I I ,  which a r e  f o r m e d  in the second and l a t e r  s teps  
of the f r agmenta t ion  due to the loss  of HCN and CH3CN molecu le s ,  subsequently,  as  usual ,  spl i t  out C2H , C2H2, 

C2HCH3, and C3H 3 p a r t i c l e s .  The [M - O] + , [M - OH] + , [M - NO] + , and [M - NO2] + f r a g m e n t s  in the m a s s  
s p e c t r a  of n i t ro  de r iva t i ve s  IV and V e l imina te  NO, CO, and CH 3 pa r t i c l e s  to give ions that  subsequently unde r -  
go f r agmenta t ion  in a m a n n e r  s i m i l a r  to that  obse rved  fo r  the s imi l a r ly  cons t ruc ted  f r a g m e n t s  fo rmed  in the 
f r agmenta t ion  of azaphenan threnes  I -HI ,  The d i ssoc ia t ive  ionization of the m o l e c u l a r  ion of V also leads  to 
[M - NO 2 - NO] + , [M - NO - CO - NO] + , [M - 2NO2] + , and [M - NO - CO - NO2] + f r a g m e n t s  with m / e  193, the 
development  of which is due to the p r e s e n c e  of two ni t ro  groups  in the molecu le .  

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

The m a s s  s pec t r a  of I -V were  obtained with an MKh-t303 s p e c t r o m e t e r  with a s y s t e m  for  d i r ec t  in t ro -  
duction of the s a m p l e s  into the ion source  at an ionizing vol tage of 70 V and an inlet  t e m p e r a t u r e  Of 30~ The 
h igh- reso lu t ion  m a s s  spec t r a  of I and IV were  m e a s u r e d  with a JMS-01-SG-2 s p e c t r o m e t e r  with an automat ic  
s y s t e m  for  in format ion  p roces s ing .  

The  synthes is  of I - I I I  was accompl i shed  by the methods  in [11, 12]. The synthes is  of the remain ing  aza -  
phenanthrenes  will be  publ ished in a specia l  communicat ion .  The  pur i ty  and individuality of the compounds 
were  moni to red  by t h i n - l a y e r  ch romatography ,  and the s t r u c t u r e s  of the compounds were  es tabl ished on the 
b a s i s  of data  f r o m  the IR,  UV, and PMR spec t r a .  
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R E A C T I O N  O F  2 - M E T H Y L E N E - 3 - O X O Q U I N U C L I D I N E  

W I T H  N U C L E O P H I L I C  R E A G E N T S  

V .  Y a .  V o r o b V e v a ,  V .  A .  B o n d a r e n k o ,  
E .  E .  M i k h l i n a ,  K .  P .  T u r c h i n ,  
L .  F .  L i n b e r g ,  a n d  L .  N .  Y a k h o n t o v  

UDC 547.834.4 

The  sal ts  and quaternary  der iva t ives  of 2-methylene-3-hydroxyquinucl id ine  readi ly  add nucleo-  
philic reagents  because  of the high polar i ty  and polar izabi l i ty  of the c a r b o n - c a r b o n  double 
bond, which a re  due to the overa l l  e l e e t ron -accep to r  effect  of the posi t ively  charged ni t rogen 
atom and the carbonyl  group. The double bond is substantial ly deact ivated in the base ,  and the 
addition of nueleophilic reagents  is  hindered.  

The quinuclidine molecule  is a r igidly fixed bicycl ic  sys tem with a fixed or ienta t ion of the f r ee  e lec t ron  
pa i r  of the n i t rogen atom, as a resu l t  of which p~ e lec t ron  in terac t ions  a re  s te r ica l ly  impossible  in A2-dehy - 
droquinucl idines  and quinuclidine der iva t ives  with a semicycl ic  double bond attached to the ~ carbon a toms,  
and, in con t ras t  to ord inary  enamines ,  only the inductive effect  of the ni t rogen atom is exer ted  on the double 
bond v i s - a - v i s  the absence of a + M effect  [1]. 

We have previous ly  shown [2] that in the case  of 2- and 3-carboxyl  der iva t ives  of quinuclidine with an 
endocycl ic  A2-double bond the above-indicated s te r ic  and e lec t ronic  effects  a re  responsible  fo r  the r a the r  high 
polar iza t ion  of the double bond and that under  the conditions of the Michael react ion strong nucleophilic agents 
add to it to give 2,3-disubst i tuted quinuclidines. 

The p re sen t  r e s e a r c h  was devoted to a study of the effect  of migrat ion of the double bond f ro m  the endo- 
cycl ic  posi t ion to the semicycl ic  position on the reac t iv i t ies  of unsatura ted  oxoquinuclidine compounds.  We 
used 2-methylene-3-oxoquinucl id ine  I as the subject of study in reac t ions  with nucleophilic agents.  Because  
of the absence of p~ conjugation, the polar izabi l i ty  of the c a r b o n - c a r b o n  double bond in I is reduced,  and, as 
noted in [3], the addition of nucleophilic reagents  such as alcohols to it is hindered.  In addition, we showed 
that when ketone I is heated with an aqueous solution of potass ium hydroxide ,  it is conver ted to a mixture  of 
m e s o -  and DL-bis(3-oxo-2-quinucl idyl )methanes  IVa and IVb. 

H 2 

I 

wa,  b 

IV a m~so 'r b DL 

J,,, m, 
H2OH CH 

CHzOH 

~! I I I  

. ~OR RO~/~j,] 
"~'N ~ ~ C H ~  ~N" 

VtVI 
V R=H ; VI R=COCH~ 

It may be assumed that IV a re  fo rmed  as a resu l t  of a subsequent s e r i e s  of t rans format ions .  2-Hydroxy-  
methyl-3-oxoquinucl idine II, which is fo rmed  as a resu l t  of the addition of wate r  to the double bond of I, sub- 
sequently r eac t s  with a second molecule  of olefin I to give 2-hydroxymethylbis(3-oxo-2-quinucl idyl)methane 
HI, which loses  a molecule  of formaldehyde to give diketone IV. Hydroxy ketone III was isolated when I was 
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