
10. G . E .  Robinson, C. B. Thomas ,  and J .  M.V ern o n ,  J .  Chem. Soc., B,  6,  1273 (1971). 
11. A. Combes ,  Compt. Rend.,  106, 1536 (1888); 105,868 (1887). 
12. N . S .  P ros takov ,  V. G. Pleshakov,  T.  Kholdarova,  V. V. Zvolinskii ,  and L. N. Plaks i i  , Khim. Geterots ik l .  

Soedin.,  No. 3, 378 (1972). 

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. 
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IV a m~so 'r b DL 

J,,, m, 
H2OH CH 

CHzOH 
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. ~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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h e a t e d  wi th  s o d i u m  2 - m e t h o x y p h e n o x i d e  in  x y l e n e  wi th  s u b s e q u e n t  t r e a t m e n t  of the  r e a c t i o n  m i x t u r e  wi th  w a t e r .  
W h e n h y d r o x y  d i k e t o n e  I I I  i s  r e f l u x e d  wi th  a q u e o u s s o d i u m h y d r o x i d e  so lu t ion ,  a m o l e c u l e  of f o r m a l d e h y d e  i s  s p l i t  

out  to g ive  d i k e t o n e  IV. T h e s e  t r a n s f o r m a t i o n s  c o n f i r m  the  s c h e m e  p r o p o s e d  above  f o r  the  r e a c t i o n  of ke tone  
I wi th  aqueous  a l k a l i s .  

A c c o r d i n g  to  the  P M R  s p e c t r a l  d a t a ,  d i k e t o n e  IV i s  f o r m e d  in a l l  c a s e s  a s  a m i x t u r e  of a p p r o x i m a t e l y  
equal  a m o u n t s  of m e s o  (IVa) and DL (IVb) i s o m e r s .  T h i s  i s  c o n f i r m e d  both b y  the  p o s i t i o n  and i n t e n s i t y  of the  
s i g n a l s  of  t he  p r o t o n s  of the  qu inuc l i d ine  r i n g s  and by  the  t ype  of s p e c t r u m  of the  p r o t o n s  of the  i n t e r a n n u l a r  
CH 2 g r o u p .  T h e  c h e m i c a l  s h i f t s  of t h e p r o t o n s  of t h i s  g roup  c o i n c i d e  in the  s p e c t r u m  of the  DL f o r m  but  d i f f e r  
in  t he  s p e c t r u m  of the  m e s o  f o r m  ( see  T a b l e  1). T h i s  was  d i s p l a y e d  p a r t i c u l a r l y  g r a p h i c a l l y  f o r  the  2 , 2 - d i d e u -  
t e r a t e d  d e r i v a t i v e s :  two d o u b l e t s  f o r  i s o m e r  IVa  and a s i n g l e t  f o r  the  W b  i s o m e r .  

T h e r m a l  i n s t a b i l i t y  of d i k e t o n e s  IV was  o b s e r v e d  d u r i n g  a m a s s  s p e c t r o s c o p i c  i n v e s t i g a t i o n .  Ions  wi th  
m / e  42,  55, 68,  69,  82, 96, 97, and  110, which  a r e  c h a r a c t e r i s t i c  f o r  3 - o x o q u i n u c l i d i n e  d e r i v a t i v e s  [4, 5], a r e  
o b s e r v e d  in a d d i t i o n  to  a m a x i m u m  m a s s  p e a k  wi th  m / e  234 (28 au l e s s  than  the  m o l e c u l a r  we igh t  of IV) in 
t he  m a s s  s p e c t r a  of  IV e m e r g i n g  f r o m  a g a s - c h r o m a t o g r a p h i c  c o lumn .  A l o w - i n t e n s i t y  p e a k  wi th  m / e  262, 
which  c o r r e s p o n d s  to  the  m o l e c u l a r  we igh t  of  IV and c o n s t i t u t e s  0.22% of the  t o t a l  i n t e n s i t y  of a l l  of the  ions  in 
t he  s p e c t r u m ,  i s  o b s e r v e d  in t he  m a s s  s p e c t r u m  of d i k e t o n e s  IV i n t r o d u c e d  d i r e c t l y  in to  the  ion s o u r c e .  When 
the  i o n i z i n g  e l e c t r o n  e n e r g y  i s  r e d u c e d  to 12 eV,  the  i n t e n s i t y  r a t i o  of t h e p e a k s w i t h  m / e  234 and 262 r e m a i n s  
p r a c t i c a l l y  u n c h a n g e d .  T h u s  t h e r m a l  d e c o m p o s i t i o n  of IV a l s o  o c c u r s  u n d e r  m i l d e r  c o n d i t i o n s  (at  50~ and 
5 * 10 -7 m m  in the  m a s s  s p e c t r o m e t e r  a s  a g a i n s t  250~ in the  c h r o m a t o g r a p h  v a p o r i z e r ) ,  and a f r a g m e n t a t i o n  
p r o d u c t  wi th  m / e  234 i s  p r i m a r i l y  r e c o r d e d .  

The  c a t a l y t i c  r e d u c t i o n  of i s o m e r i c  d i k e t o n e s  IV o r  r e d u c t i o n  wi th  s o d i u m  b o r o h y d r i d e  l e a d s  to  a m i x t u r e  
of a t  l e a s t  t h r e e  d i a s t e r e o m e r s  of b i s ( 3 - h y d r o x y - 2 - q u i n u c l i d y l ) m e t h a n e  V; t h i s  i s  c o n f i r m e d  by the  p r e s e n c e  
in the  P M R  s p e c t r u m  of b i s ( 3 - a c e t o x y - 2 - q u i n u c l i d y l ) m e t h a n e  VI of s ix  s i n g l e t s  of p r o t o n s  of the  a c e t y l  g r o u p s .  

T A B L E  1. C h e m i c a l  Shi f t s  of t he  P r o t o n s  (6, ppm) 

Compound 5,8 lIs 41I 8ubstituents Solvent 

l 
IVa* 
IVb * 

V I * 

XI 

XII 

XVI 

XVI[ 
XVlII*ci s 

XVlll*tran s 

XX*ci s 

XX*tran s 

I 211 ] 6,7 I . 311 

I 

3,38 3,12 
3,602,8.--3.2 

2,6-3,4 

4,7o 3,7 -,I,{i 

3,2 / 3,9. 

3,3--3,8 

2,9612.8--3,21 
9,68 2,7-3,3 3,83:J~3=8 Hz 

J34=4,5 Hz 
3,30; J2~=5 Hz 

[ [ J34=3 HZ 
2,70 2,5--3,1 4,85; J23=8 HZ 

J34~4,2 Hz 
4,30:J~s=4,4 HZ 

Jza=3,2 Hz 

1,98 
1,9---2, 

1,25--2,0 

2,2--2,~ 

1,9--2,~ 

1,8-2,2 

1,96 
1 . 4 - - 2 , 1  

1,1--I,8 

2,62 

2,42 

2,78 

2,86 

2,38 
2,62 

L30 
1,82 

[,85 

5,28; 5,88 
2,03 

1,70 (A); 2,36 (B); 
J xB=14 Hz 

2,6 (CH2); 2,03; 
2,05; 2,08; 229; 

2,I1; 2,12 (OCH3) 
1,13 CH3 (C2H~); 
3,54 CH2 (C2Hs); 

8,69 C6H5; 4,05 
2-CH~ 

4,0, 4,15 2-CH2, 
2'-CH2; 1,14 CH3 
(C2H5); 3,65 CH2 

(C~Hs) 
5,35 CH2:8,64 

(C6Hs) 
2,98, 3,07 N-CHs 

1,16, 1,19 CH3 
(C2Hs); 3,55, 3,57 

CH2 (C2Hs) 
1,23, ]=7,2 Hz 
1,20, 1=7,5 Hz 

1,03, J=7,5 Hz 

CDCt3 
CDCI3 
CDCI~ 

CDCI~ 

ds-DMF 

D20 

D 6- DMSO 

D20 

CC14 
CDCI3 

CDC[3 

CCI4 

CCI4 

pound 2.6a 2,60 3. I, 5 7 ~ ~.~ Solvent 

XIX 2,54 3,08 3,77  oLg,o I 5,91 I 5.1 --5.8 I CDCI3 

* T h i s  c o m p o u n d  w a s  s tud ied  in  the  f o r m  of a m i x t u r e  of i s o m e r s .  
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The m a s s  s p e c t r u m  of d iace ta te  VI [molecu la r  peak with m / e  350 and subsequent  f r agmenta t ion  through the 
acet~rl groups: m / e  307 (M +~ - CH3CO), 291 (M +~ - CH3CO 2), 247 (M +" - CH3CO - CH3COOH) , 231 (M +" - 
CH3CO 2 - CH3COOH)] and subsequent  c leavage  of the bonds at  the methylene  group ( m / e  1 8 2 , 1 6 8 , 1 5 2 , 1 2 6 )  
conf i rm i ts  s t r uc tu r e .  When diol V is  heated  with 70% sulfur ic  acid,  it loses  two molecu les  of wa t e r  to  give 
bis  (A2-dehydro- 2-  quinuclidyl) methane  VII.  

The t r ans i t ion  f r o m  the 2-methylene-3-oxoquinucl id ine  base  to i ts  sa l t s  and qua te rna ry  de r iva t ives ,  
which entai ls  a cons iderab le  i nc r ea s e  in the p r o t o n - a c c e p t o r  effect  of ni t rogen and consequent ly  an i nc r ea se  
in the po la r i ty  and po la r izab i l i ty  of the olefinic bond, substant ia l ly  changes the r eac t iv i ty  of I.  This  was d e m -  
ons t ra ted  thoroughly by the reac t ions  of the hydrochlor ide ,  p i c r a t e ,  and methiodide of 2 -me thy lene -3 -oxoqu in -  
uclidine with nueleophil ic r eagen t s .  Thus 2-ch loromethyl -3-oxoquinucl id ine  hydrochlor ide  (VIII) is fo rmed  
when d ry  hydrogen chlor ide  is  bubbled into a solution of ba se  I in methylene  chlor ide.  

O" 

CH 2 H2Cl 
H �9 NO 2 

,x  v,, ,  

I~O NO2 OH 0 

~N ~ "CHzOC2H 5 ~.N ~ :~ ~ N 0 2  H 
x~l ~o~ ] (,_) ] H 

X NOz 

OH CI 

CH OH H 2 
H Z 

X III XiV~ XV 

XIV R = CH 3 ~ XV R = CHzC6H 5 

2cC 

I•,•oH ^ - O 
O C H 2 ~  

C H2OC2H $ "~'N ~ 2]." 
CH 3 CH 3 

XVI 

The p i c r a t e  of 2-methylene-3-oxoquinucl id ine  IX, obtained by t r e a t m e n t  of an acetone solution of ketone 
I with p ic r ic  acid,  adds a molecu le  of alcohol at r oom t e m p e r a t u r e  to give the p i c r a t e  of 2-ethox3rmethyl-3 - 
oxoquinuclidine (X)~ In the PMR spect r tun of p i c ra t e  X (see Table  1) the signals of all  of the protons  of the 
quinuclidine r ing,  pa r t i cu l a r ly  the a pro tons  (2,6,7H) a r e  obse rved  a t  weake r  f ield than in the case  of the non- 
protonated compounds ,  apparent ly  because  of the inductive effect  of the posi t ively  charged  ni t rogen a tom.  

2 -Ethoxymethy l -3 -hydroxy-3- (3 ' -oxo-2 ' -qu inuc l idy lmethy loxy)qu inuc l id ine  dihydrochlor ide (XI) was ob- 
tained instead of the expected 2-e thoxymethyl -3-oxoquinucl id ine  hydrochlor ide  when sal t  X was t r ea t ed  with 
concent ra ted  hydroch lor ic  acid.  The fo rma t ion  of XI was evidently a consequence of two success ive  react ions:  
hydro lys i s  of 2-e thoxymethyl -3-oxoquinucl id ine  to carbinol  1I and addition of it to the carbonyl  group of base  
X. Signals of the protons  of two quinuclidine r ings ,  two groups  of CH 2 subst i tuents ,  and one ethyl group a re  
obse rved  in the PMR s pec t rum  of XI. The weak-f ie ld  shift  of the signal of the 4H pro ton  of one of the quin- 
nuclidine r ings  re la t ive  to the 4H signal of the o ther  r ing a t t e s t s  to the p r e s e n c e  of a C = O group in the f i r s t  
r ing in the 3 posi t ion,  w h e r e a s  the C 3 a tom in the second r ing has  sp 3 hybridizat ion.  

When p i e r a t e  IX is  heated  to the boiling point in d ime thy l fo rmamide  (DMF) or  to 100~ in phenol, it under -  
goes  r e a r r a n g e m e n t  to give 2-(2 ' ,4  ~,6v-tr ini t rophenyloxymethyl)-3-oxoquinucl idine (XII). The IR spec t rum of 
p i e r a t e  IX contains ,  in addition to a carbonyl  band at  1730 cm -1, a c h a r a c t e r i s t i c  ~H sa l t  band at 2560 cm -1. 
The  absorp t ion  of a carbony ! group (1750 cm -1) is  re ta ined in the spec t rum of e ther  XII,  but the band a t  2560 
cm -1 vanishes .  The  posi t ion of the s ignals  of the protons  of the CH 2 group of the side chain in the PMR spec-  
t r u m  (see Tab l e  1) a l so  con f i rms  the s t ruc tu re  of this  compound. E the r  XH is  an unstable  substance  and is  
conver ted  to 2-hydroxymethyl -3 ,3-d thydroxyquinucl id ine  hydrochlor ide  (XIII) when it is t r ea t ed  with an alcohol 
solution of hydrogen chlor ide .  The fo rmat ion  of t r io l  XIII is  the r e su l t  of c leavage of e ther  XII and the addition 
of two molecu les  of wa t e r  to the l ibera ted  2-methylene-3-oxoquinucl id ine  hydrochlor ide .  Ketone I is a lso con-  
v e t t e d  to t r io l  XIII when it is t r ea t ed  with hydrochlor ic  acid. 

2-Methylene-3-oxoquinucl id ine  methiodide (XIV) was a lso  found to be m o r e  r eac t ive  than the base .  
Methiodide XIV is  f o rm ed  in the reac t ion  of ba se  I with methyl  iodide in acetone at r oom t e m p e r a t u r e .  Under 
s i m i l a r  conditions but in ethanol,  the reac t ion  product  is 2 -e thoxymethyl -3-hydroxy(3 ' -e thoxy-&2-dehydro  - 2 ' -  
quinuclidylmethyloxy)quinuclidine dimethiodide (XVI). Like XI, XVI is  p robably  fo rmed  as  a r e su l t  of ace ta l -  
izat ion of the p r i m a r y  reac t ion  product  (in th is  case  2-e thoxymethyl -3-oxoquinucl id ine  methiodide) by i ts  r e -  
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action with the 2-hydroxymethyl -3-oxoquinuc l id ine  methiodide p r e sen t  in the reac t ion  mix tu re  and subsequent 
enol izat ion of the carb0nyl  group.  The s t ruc tu re  of XVI is  in a g r e e m e n t  with the IR spec t r a l  data: the absence  
of the c h a r a c t e r i s t i c  bands fo r  the carbonyl  group and the p r e s e n c e  of absorpt ion  in the region cha rac t e r i s t i c  
fo r  hydroxyl  groups .  According  to the PMR spec t ra l  data ,  the XVI molecule  contains two quinuclidine r ings  
with subst i tut ion that  d i f fe rs  in c h a r a c t e r ,  two ethyl groups ,  and two N-methy l  groups .  

The reduct ion of ketone I under  va r ious  conditions p roceeds  ambiguously.  A mix tu r e  of 2 - m e t h y l - 3 - o x o -  
(XVII) and 2-methyl -3-oxoquinuc l id ine  (XVIII) is f o rmed  in the case  of hydrogenat ion in the p r e s e n c e  of a 
pla t inum ca ta lys t .  Compound XVIII was i so la ted  in the f o r m  of a single d i a s t e r e o m e r .  The cata lyt ic  reduction 
of the keto group in methyl  ketone XVII to an alcohol group takes  place  only in hydroch lor ic  acid solution, dur -  
ing which the s a m e  d i a s t e r e o m e r  of alcohol XVIII is fo rmed .  A mix tu re  of two d i a s t e r e o m e r s  of alcohol XVIII 
was obtained in the reduct ion of ketone XVII with sodium borohydr ide .  The reduct ion of I with l i thium a lum-  
inum hydr ide  is  a cons iderably  m o r e  complex  p r o c e s s .  In this case ,  in addition to alcohol XVIII, we isolated 
v iny l (4-p iper idy l )carb ino l  (XIX), which is f o rmed  as a r e su l t  of c leavage of the quinuclidine r ing at the N - C  1 
bond. The s t ruc tu re  of carbinol  XIX was conf i rmed  by i ts  PMR spec t rum (see Table  1). 

9" 
I ~ - 4 -  _ _  

H~ H3 
H 

XVll XVIll XlX 

As in the case  of o ther  3-oxoquinucl idines,  a cha r ac t e r i s t i c  shift  of the signal of the H 4 proton (a s y m -  
me t r i cM quintet with 3JH yHfl ~ 3 Hz) to weak field re la t ive  to the signal  of this proton in the spec t rum of 

quinuclidine de r iva t ives  with an sp 3-hybridized C 3 a tom is  obse rved  in the PMR spec t rum of ketone XVII. The 
spec t rum of carbinol  XVIH, obtained by cata lyt ic  reduct ion of ketones  I and XVII, is cha rac t e r i zed  by a single 
se t  of s ignals ,  whe rea s  the spec t rum of the product  obtained by reduct ion of ketone XVII with sodium borohydr ide  
is  c h a r a c t e r i z e d  by  two se ts  of s ignals .  O n t h e  ba s i s  of the prev ious ly  found ra t ios  between the vicinal  s p i n -  
spin coupling cons tan ts  fo r  i s o m e r i c  2 ,3-disubst i tu ted quinuclidines (3JH2H3cis > 3JH2H3trans; 3jH3H4cis > 
3JH3H4trans) it can be concluded that  the c is  i s o m e r  of carbinol  XVIII is f o rmed  in the catalyt ic  reduction,  
whe rea s  a m ix tu r e  of the c is  and t r ans  i s o m e r s  of the ca rb ino ls  is  f o r m e d  in the reduct ion with sodium bo ro -  
hydr ide .  The data f r o m  the PMR s pec t r a  of 2 -methy l -3-ace toxyquinuc l id ines  XX obtained by acetyla t ion of a 
m ix tu r e  of the i s om er i c  ca rb ino ls  conf i rm the above conclusion regard ing  the configurat ion of these  compounds.  

EXPERIMENTAL 

The IR spectra of the compounds were recorded with a UR-10 spectrometer. The chromatograms and 
mass spectra were obtained with a Varian Matt III chromatographic mass spectrometer at 70 eV with helium 
as the carrier gas at a flow rate of 20 ml/min and with an MKh-1303 mass spectrometer equipped with a sys- 
tem for direct introduction of the samples into the ion source at 30 and 12 eV, the column was filled with 5% 
SE-30 on Chromosorb W and 5% XE-60 on Chromaton N. The PMR spectra of solutions of the compounds in 
D20 were recorded with a TNM-4H-100 spectrometer with (CH3)3COH (6CH 3 = 1.23 ppm) as the internal stan- 
dard (tetramethylsilane was the standard for other solutions). 

.Reaction of 2-Methylene-3-oxoquinuclidine (I) with Aqueous Potassium Hydroxide Solution. A solution of 
20 g (0.145 mole) of I in 200 ml of 25% aqueous potassium hydroxide solution was refluxed for 20 h, after which 
it was cooled and extracted with chloroform. The chloroform was removed by vacuum distillation to give 14 g 
(73.2%) of a mixture of meso- and DL-bis(3-oxo-2-quinuelidyl)methanes (IV) with mp 206-207~ (from isopropyl 
alcohol) [6]. IR spectrum: 1720 cm -I (C = O). Found- C 68.7; H 8.3, N 10.5%. C15H22N202. Calculated: C 68.7; 
H 8.5; N I0.7%. 

2-Hydroxymethylbis(3-oxo-2-quinuclidyl)methane (III). A 10-g (0.073 mole) sample of I was added to 
sodium 2-methoxyphenoxide, obtained from 9.05 g (0.073 mole) of 2-methoxyphenol and 1.68 g (0.073 g-atom) 
of sodium in 200 ml of toluene, and the mixture was refluxed with stirring for 12 h. It was then cooled, treated 
with 200 ml of water, acidified (with respect to Congo Red) with concentrated hydrochloric acid, and extracted 
with benzene. The hydrochloric acid solution was alkalized with sodium hydroxide and extracted with chlo- 
roform. Removal of the chloroform by vacuum distillation and trituration of the residue with ether gave 1.7 g 
(16%) of a product with mp 180-182~ (from isopropyl alcohol). Found; C 65.6; H 8.1; N 9.1~c. CI6H24N203. 
Calculated: C 65.7; H 8.2; N 9.2%. 
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Meso and DL I s o m e r s  of Bis (3-oxo-2-quinucl idyl )methane  (IV). A solution of 0.15 g (0.05 mmole)  of HI 
in 1.5 ml  of 30% aqueous sodium hydroxide solution was  heated at 100~ fo r  10 h,  a f t e r  which it was ex t rac ted  
with ch lo ro fo rm.  Workup of the ch lo ro fo rm ex t r ac t  gave 0.1 g (74%) of a mix tu re  of diketones IV with mp 206- 
207~ ( f rom i sopropy l  alcohol) .  Found:  C 68.6; H 8.4; N 10.9%. C15H22N202. Calculated: C 68.7; H 8.5; N 10.770. 

Bis (3-hydroxy-2-qu inue l idy l )methane  (V). A 3-g  (0.079 mole) sample  of sodium borohydr ide  was  added 
with s t i r r i ng  in the c o u r s e  of 1 h to a solution of 3 g (0.0114 mole) of a m ix tu r e  of the m e s o  and DL f o r m s  of 
diketone IV in 60 ml  of methanol ,  and the mix tu re  was  allowed to stand at r oom t e m p e r a t u r e  for  20 h.  The 
solvent  was r emove d  by vacuum evapora t ion ,  and the res idue  was dissolved in 30 ml  of wa te r .  The aqeuous 
solution was ex t rac ted  with ch lo ro fo rm,  and the ex t r ac t  was worked up to give the product ,  with mp 212-215~ 
( f rom a m i x t u r e  of methanol  and ethyl aceta te) ,  in quanti tat ive yield (3 g). Diol V thus obtained was a mix tu re  of 
four  d i a s t e r e o m e r s .  IR spec t rum:  3100 cm - i  (NH). Found: C 67.4; H 9.8; N 10.87o. C15H26N202. Calculated: 
C 67.4; H 9.8; N 10.9%. 

Bis (3-ace toxy-2-qu inuc l idy l )methane  (VI). A solution of 3.75 g (0.142 mole) of diol V in 40 ml  of acet ic  
anhydride was  ref luxed fo r  5 h, a f t e r  which the acet ic  anhydride was r emoved  by vacuum dist i l la t ion,  and the 
res idue  was made  alkal ine with 25% po ta s s ium carbonate  solution and ex t rac ted  with ch lo ro fo rm.  Workup of 
the ex t rac t  gave 4 g (81.5%) of a p roduc t  with bp 175-180~ (0.7 mm) .  Found: C 64.9; H 8.8; N 8.2%. C19H30N204. 
Calculated:  C 65.1; H 8.6; N 8.0%, The d i t a r t r a t e  hap mp 85-87~ (dec.). Found: C 48.3; H 6.6%. C19H30N204" 
2C4H606. Calculated: C 48.5; H 6.6%. 

Bis(A2-dehydro-2-quinucl idyl )methane (VII). A solution of 1 g (0.37 mmole)  of diol V in 7 ml  of 70% 
sulfur ic  acid was  ref luxed fo r  10 h, a f t e r  which it was  poured with cooling into 10 ml  of wate r ,  and the r e su l t -  
ing acid solution was  made  alkal ine with 50% po ta s s ium hydroxide solution and ex t rac ted  with e ther .  Workup 
of the ex t r ac t  gave 0.35 g (40.5%) of a product  with bp 138-140~ (0.8 mm) .  The product  was  a l ight-yel low 
mobi le  liquid that  gave  a pos i t ive  t e s t  fo r  a double bond with po ta s s ium permangana te .  Found: C 77.9; H 9.8; 
N 11.9%. CisH22N 2. Calculated:  C 78.2; H 9.6; N 12.2%. 

2-CMoromethyl -3-oxoquinuc l id ine  Hydrochlor ide  (VIII). A solution of 10 g (0.073 mole) of 2 -me thy lene -  
3-oxoquinuclidine I in 100 m l  of d ry  methylene  chlor ide  was  sa tu ra ted  with hydrogen chlor ide  until  the mix tu re  
was acidic with r e s p e c t  to Congo Red. It  was then allowed to stand fo r  20 h at r oom t e m p e r a t u r e ,  and the r e -  
sulting p rec ip i t a te  was r e m o v e d  by  f i l t ra t ion  and washed with methylene  chlor ide  to give 15.5 g (100%) o f  + 
product .  IR spect rum:  1746 ( C - -  O), 2480, 2550 cm -1 (NH). Found: C1 32.9%. CsH12C1NO'HC1. Calculated: 
C1 33.870. 

2-Methylene-3-oxoquinuel id ine  P i c t u r e  (IX). A solution of 2.68 g (0.0117 mole) of p ic r i c  acid in 50 ml  
of acetone was  added to a solution of 1.6 g (0.0117 mole) of I in 20 m l  of acetone,  and the mix tu re  was allowed 
to stand at  r oom t e m p e r a t u r e  f o r  20 h. The resu l t ing  prec ip i ta te  was  r emoved  by f i l t r a t i on  to give 3.6 g (84%) 

of a product  with mp 237-238~ (dec.). IR spect rum:  1730 (C ---- O) and 2560 cm - i  (~H). Found: C 46.2; H 3.9; 
N 15.5%. CaHliNO "C6H3N30 ~. Calculated: C 46.6; H 3.9; N 15.470. 

2-Ethoxymethyl -3-oxoquinucl id ine  P i c t u r e  (X). A solution of 2.29 g (0.01 mole) of p i c r i c  acid in 20 m!  
of ethanol was  added to a solution of 1.37 g (0.01 mole) of I in 25 ml  of ethanol,  and the resu l t ing  prec ip i ta te  
was  r emoved  by f i l t ra t ion  and r e c r y s t a l l i z e d  f r o m  a mix tu re  of ethanol and acetone to give 3.8 g (90.3%) of a 

p roduc t  with mp 242-243~ (dec.). IR spec t rum:  1750 (C ----- O) and 2570 cm -1 (~qH). Found: C 46.7; H 4.9; N 
13.9%. C10HiTNO2 "C6H3N30 ?. Calculated: C 46.4; H 4.8; N 13.6%. 

2 -Ethoxymethy l -3 -hydroxy-3- (3 ' -oxo-2 ' -qu inuc l idy lmethy loxy)qu inuc l id ine  Dihydrochlor ide  (XI). A sus -  
pens ion of 1 g (2.4 mmole)  of p i c ra to  X in 20 mI  of concent ra ted  hydrochlor ic  acid was  ex t rac ted  with benzene.  
Af t e r  r emova l  of the p ic r i c  acid,  the hydrochlor ic  acid solution was vacuum evapora ted ,  the res idue  was t r i -  
tu ra ted  with i sopropyl  alcohol,  and the mix tu re  was  worked up to give c o l o r l e s s  c r y s t a l s  with mp > 300~ 
Found: C 52.8; H 7.5; C1 17.4; N 6.9%. CIsH28N204 -2HC1. Calculated: C 52.8; H 7.4; C1 17.3; N 6.9%. 

2 - (2 ' ,4 ' , 6 ' -Tr in i t ropheny loxymethy l ) -3 -oxoqu inuc l id ine  (XII). A 2.5-g (0.068 mole) sample  of p i c ra t e  IX 
was d isso lved  in 25 m l  of ref luxing DMF, and the c r y s t a l s  that  fo rmed  when the solution was cooled were  r e -  
moved  by suction f i l t ra t ion  and washed with boiling dioxane to give 1.6 g (64%) of a product  with mp 256-258~ 
(dec.). IR spec t rum:  1750 cm -1 (C----- O). Found: C 46.7; H 4.0; N 15.1%. C14H14N408. Calculated: C 46.6; H 
3.9; N 15.4%. 

T r e a t m e n t  of XII with an alcohol solution of hydrogen chlor ide at r oom t e m p e r a t u r e  prec ip i ta ted  co lo r -  
l e s s  c r y s t a l s  of 2-hydroxymethyl-3,3-dLhydroxyquinucl idine hydrochlor ide  (XIII) [3] with mp 268-270~ (f rom 
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water ) .  Found: C 45.7; H 7.6; C1 17.0; N 7.0%. C 38.6; H 5.3; I 45.0; N 4.9%. CgH14INO. Calculated: C 38.7; 
H 5.1; I 45~ N 5.0%~ 

2-Methylene-3-oxoquinucl id ine  Methiodide (XIV). A 5.18-g (0.0365 mole) sample  of methyl  iodide was 
added to a solution of 5 g (0.0365 mole) of I in 25 ml  of acetone,  and the mix tu re  was allowed to stand at r o o m  
t e m p e r a t u r e  fo r  3 days .  It  was  then f i l t e red  to give 9.8 g (95.5%) of methiodide XIV with mp 187-188~ IR 
spec t rum:  1633 (C ~ C) and 1727 cm -1 (C-= O). Found: C 38.6; H 5.3; I 45.0; N 4o9%. C~HltINO. Calculated: 
C 38.7; H 5.1; I 45.5; N 5.0%. 

2-Eth•xymethy•-3-hydr•xy-3-(3'-eth•xy-A2-dehydr•-2'-quinuc•idy•methy••xy)quinuc•idi•e (XVI). A 
5.18-g (0.0365 mole) sample  of methyl  iodide was added to a solution of 5 g (0.0365 mole) of I in 20 ml  of 
ethanol,  and the mix tu re  was allowed to stand fo r  3 days .  I t  was  then f i l te red  to give 9.3 g (91.3%) of a product  
with mp 217-218~ IR spec t rum:  3160 and 3420 c m  -1 (OH). Found: I 38.6; N 4.2%. C22H4012N20 4. Calculated: 
I 39.0; N 4.3%. 

2-Methylene-3-oxoquinucl id ine  Chlorobenzyla te  (XV). A mix tu re  of 3 g {0.0218 mole) of I,  2.77 g (0.0218 
mole) of benzyl  ch lor ide ,  and 10 ml  of acetone was  ref luxed for  5 h, a f te r  which the acetone  was  decanted,  and 
the res idue  was  t r i t u r a t e d  with e ther  to give 5.6 g (97.3%) of a product  with mp 185-186~ (dec.)~ Found: C1 
13.0%. C~sHlsC1NO. Calculate& C1 13o4%o 

Reduction of 2-Methylene-3-oxoquinucl id ine  (I). A) Catalyt ic  Reduction. A solution of 10 g (0.073 mole) 
of I in 100 m l  of benzene was shaken with hydrogen at 20~ in the p r e s e n c e  of 0.5 g of pla t inum oxide [the hy-  
drogen p r e s s u r e  was 20-30 em (water  column)] until hydrogen absorpt ion  ceased .  The  pla t inum black was  r e -  
moved  by f i l t ra t ion,  the alcohol was r emoved  by vacuum dis t i l la t ion,  the res idue  was diluted with 20 ml  of 
hexane,  and the mix tu re  was  allowed to stand at +4~ for  20 h. The hexane solution was decanted f r o m  the r e -  
sulting p rec ip i t a t e ,  and the l a t t e r  was  t r i t u ra t ed  with ethyl aceta te  to give 3.2 g (31%) of c i s - 2 - m e t h y l - 3 - h y d r o x y -  
quinuclidine (XVIII) with mp 105-107~ ( f rom ethyl acetate) .  IR spec t rum.  3100 cm -1 (OH). Found: C 6 7 . 8 ;  
H 10.4; N 10.2%. CsHtsNOo Calculated: C 68.0; H 10.7; N 9.9%. 

The hexane m o t h e r  l iquor  a f t e r  separa t ion  of XVIII was vacuum evapora ted ,  and the res idue  was d i s -  
t i l led to give 4.7 g (46.3%) of 2-methyl -3-oxoquinuc l id ine  (XVII) with bp 106-108~ (8 ram).  IR spec t rum:  
1725 cm -1 (C ~-~ O). Found: C 68.7; H 9.7; N 10.1%~ CsHI3NO. Calculated: C 69.0; H 9.4; N 10.1%. 

B) Reduction with Li thium Aluminum Hydr ide .  A solution of 2 g (0.0146 mole) of I in 20 m l  of benzene 
was added to a suspens ion of 2 g (0.053 mole) of l i thium aluminum hydr ide  in 20 ml  of e ther ,  and the mix tu re  
was  ref luxed with s t i r r ing  fo r  5 h. I t  was  then cooled and t r ea t ed  with 4 m l  of wa te r ,  and the resu l t ing  p r e c i p -  
i ta te  was r emoved  by f i l t ra t ion  and washed  with ch lo ro fo rm.  The combined ex t r ac t s  w e r e  vacuum evapora ted ,  
and the res idue  was dis t i l led  to give 1.4 g of a v i scous  liquid, with bp 88-90~ (0.4 mm) ,  that  c rys ta l l i zed  on 
standing. Rec rys t a l l i za t ion  f r o m  3 ml  of ethyl ace ta te  gave 0.4 g (19.4%) of v iny l (4-pyr idy l )carb inol  (XIX) with 
mp 105-108~176 IR spec t rum:  3075 and 3248 cm -1 (OH, NH). Found: C 68~ H 10.7; N 9.8%. CsHtsNO. Calcu-  
lated: C 68.1; H 10.7; N 9.9%. 

The m o t h e r  l iquor  a f t e r  separa t ion  of carbinol  XIX was vacuum evapora ted ,  and the res idue  was identified 
f r o m  PMR data as a m i x t u r e  of carb inols  XVIII (cis i somer )  and XIX. 

2-Methyl -3-hydroxyquinucl id ine  (XVIII). A) A solution of 1.6 g (0.0107 mole) of ketone XVII in 30 ml  of 
1 N hydrochlor ic  acid was  shaken with hydrogen in the p r e s e n c e  of 0.1 g of pla t inum oxide until  1 mole  of hy-  
drogen had been absorbed ,  a f t e r  which the plat inum was r emoved  by f i l t ra t ion,  and the f i l t r a te  was vacuum 
evapora ted .  The res idue  was  made  alkal ine with po t a s s ium carbonate  and ex t rac ted  with ch lo ro fo rm to give 
1.3 g (81%) of the c is  i s o m e r  with mp 105-107~ This  product  was identical  to the product  obtained in the r e -  
duction of I in neu t ra l  solution. 

B) A 2-g  (0.054 mole) s ample  of sodium borohydr ide  was added to a solution of 2 g (0.0144 mole) of ke -  
tone X-VII in 20 ml  of methanol ,  and the mix tu re  was  allowed to stand at r oom t e m p e r a t u r e  fo r  20 h. It  was  then 
evapora ted ,  and the res idue  was  t r i t u ra t ed  in 20 ml  of water .  The aqueous mix tu re  was ex t rac ted  with ch loro-  
f o r m ,  and the ex t r ac t  was  worked up to give 1.5 g (74.5%) of a mix tu re  of d i a s t e r e o m e r i c  carb inols  XV]II. 

I. 
2. 
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R E A C T I O N  OF 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  P H E N O L  AND N A P H T H O L S  

V.  Y a .  V o r o b ' e v a ,  K.  F .  T u r c h i n ,  E .  E .  M i k h l i n a ,  
V.  A. B o n d a r e n k o ,  A. I .  E r m a k o v ,  Yu.  N. S h e i n k e r ,  
a nd  L .  N. Y a k h o n t o v  

UDC 547.834.4 

C-Alkylation in the ortho position of phenol and naphthols occurs in the reaction of 2-methylene- 
3-oxoquinuclidine with sodium phenoxide and sodium derivatives of naphthols. The structures 
of the products were confirmed by IR, PMR, and mass spectroscopic data. 

In a previous communication we described the reaction of 2-methylene-3-oxoquinuclidine (I) and its salts 
and quaternary derivatives with some nucleophilie reagents (water and alcohols) [1], during which we discov- 
ered a substantial difference in the reactivit ies of base I and its salts. 

In a continuation of this research  we studied the reaction of I with aromatic hydroxy derivatives - phenol 
and ~ -  and fl-naphthols. 

In the reaction of ketone I with sodium phenoxide and sodium derivatives of ~ -  and fl-naphthols, instead 
of the normal Michael reaction - addition of hydroxyl-containing compounds to the olefinic bond of I - we ob- 
served C-alkylation in the ortho position of phenol and the naphthols to give 2-(2'-hydroxybenzyl)-3-oxoquinuc- 
lidine (HI), 2-(l '-hydroxy-2'-naphthylmethyl)-3-oxoquinuclidine (IX), and 2-(2 '-hydroxy-l ' -naphthylmethyl)-3-  
oxoquinuclidine (XI). Under similar  conditions ketone I does not react  with 3-hydroxypyridine. As a result  of 
heating 2-chloromethyl-3-oxoquinuclidine hydrochloride (H) [1] with phenol we also obtained III. It is possible 
that in this case the initial step in the reaction is thermal dehydrohalogenation of chloride ]/ and subsequent 
reaction of the resulting reactive 2-methylene-3-oxoquinuclidine hydrochloride with phenol. 

O ~ , ~ O  OH ~ O H  OH 

~N~CH2 "=" ~'-N/'CH2" ~ ~ ...N .~.CH2__~ 
I III IV 

/ o. Ct 

HCt 
II VIII V-VII 

~ O: 
OH V R ,~ RI = COCH3 

~'N~ "C H2" ~ C H 2 ~ ' ~ f  ~ VI R =RI = COC6H5 
HO" ~ J , , , ~  VII R = COCH~ ; Rn=H 

IX, X XI 1 XII 
lXtXl R=O ; X~XII R=OH 

The structures of HI, IX, and XI were confirmed by chemical transformations and by ll~, PMR, and mass 
spectral data. The IR spectra of hhese compounds contain, in addition to absorption in the region corresponding 
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