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The individual d i a s t e reomers  of 5-oxoquinucl idine-2-carboyxlic  acid and its methyl  es te r  
and of 2-benzoyloxymethyl-5-oxoquinuclidine were obtained, and their  s t e reochemis t ry  
and ass ignment  to the quinine and quinidine se r ies  were given on the basis of the PMR 
spect ra .  

5-Hydroxyquinuclidine-2-carboxYlic acid (I), which has react ive carboxyl and carbonyl groups in the 
2 and 5 positions of the quinuclidine ring, can serve  as the s tar t ing compound for the synthesis of diverse  
2,5-disubst i tuted quinuclidines, including a number  of natural alkaloids (quinine, cinchonine, cinchonamine, 
sarpagine,  macusine,  etc.). 

The pract icable  method for the preparat ion of I from 2,4-1utidine that we previously developed [1] is 
associa ted  with the generat ion of two asymmet r i ca l  centers  in the course  of the synthesis and with the for -  
mation of two d ias t e reomer ic  forms - anti (Ia) and syn (Is)* - which are  related, respectively,  to the qui- 
nine and quinidine ser ies :  
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f ~ H  

R 
a s 

I R ~ COOH; I I  I~ COOCHs; V I I  R CI[2OH ; V I I I  R -CH2OCOC6H 5 

A study of various routes  for the preparat ion of pure syn-  and ant i -5-oxoquinucl idine-2-earboxyl ic  
acids has demonst ra ted  that the simplest  route is separat ion of the d ias te reomer ic  hydrochlor ides  of these 
compounds by crys ta l l iza t ion from water.  The hydrochlor ide of anti i somer  Ia is less soluble in water  and 
can be isolated in 70%yield by one crystal l izat ion.  (The product contains 82% pure isomer.)  The syn iso-  
m e r  (Is), containing 85% pure d ias te reomer ,  can be isolated in 85% yield from the mother  liquor by f rac -  
t ional crysta l l izat ion.  The pure d ias te reomer  with mp 297 ~ which is pract ical ly  free of the hydrochlor ide 
of Is,  can be obtained in an overal l  yield of 20% by two recrys ta l l iza t ions  of the hydrochloride of Ia from 
water .  

The analysis  of the puri ty of the d ias te reomer ic  compounds and the establishment of their  s ter ic  
configurations using the hydrochlor ides  of oxo acids I causes difficulties. The PMR spect ra  do not contain 
dist inctly expressed  signals that can be r igorously  assigned to the protons of one or  the other  d ias te reo-  
mer ,  and gas- l iquid chromatography (GLC) also proved to be unsuitable in connection with the high melting 
points of the substances.  

* Here and in what follows, we are  considering the syn and anti orientation of the substituent attached to 
C2 of the quinuclidine ring with respect  to the links of the C5-Cr bicycle,  which contains the carbonyl  
group. 
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TABLE 1. PMR Spec t ra  P a r a m e t e r s  of 2 -Subs t i tu t ed  5 -Oxoquinue-  

l id ines  

C o r n -  i 

pound 2-I{ 

lII 2.88 
Vlls 2,9 
Vlla 

Vllls 3,25 
VIIIa 

Is 
Ia 

IIs 3,48 
IIa 3,49 

Chemical shifts, 5. ppm , ], Hz 
4-H 6 II 6-t1' ~ 11 J3~,8 ]2,3 t 

i 
1,97 

2.09[ 1,43 

2,2 i 1,71 
2,1 [1,58 

1,8--2,2 

2,34 L 3,13 
I 3,38 I 2,95 2,33 i 
�9 3 23 

2,37 i 3,54 I 3,00 
2,33 3,20 

3,56 ! 3,35 
3,39 

2 ,35 ' 3 ,50  2,92 
3,15 

74[ 

2,88 
2,9 

2,9 
2,G---'3,-t 

2,9 
2,6--3,2 

1,97 
2,0 

2,0 
1,95 

1,8--2,2 
1,8--2,4 

1,5 7,5 

1,5 7,0 
<0,5 7,5 

TABLE 2. Experimental and Calculated Changes in the Chemical 

Shifts of the C 6 Protons in VKa and VIIs in Comparison with Ill 

VII s VII a 
Change 

syn -6-tt* i anti- 6-H'  syn -oH anti- 6-H'  
i 

Measured 0,25 [ -0,17 0,10 0,10 
Cale. - 0,04 [ -0,12 0,03 0,09 L 

* Here  and in what fol lows,  syn  and ant i  denote  the o r i e n t a t i o n  of 
the p ro tons  with r e s p e c t  to the N - C 2 - C 3 - C  ~ l ink.  

The c o r r e s p o n d i n g  m e t h y l  e s t e r s  (IIa and IIs) w e r e  t h e r e f o r e  u sed  for  the g a s - c h r o m a t o g r a p h i c  a n a l -  
y s i s  of the p u r i t y  of the s t e r e o i s o m e r s  of I and for  t h e i r  a s s i g n m e n t ,  by m e a n s  of t h e i r  PMR spec t r a ,  to 
the qu in ine  and qu in id ine  s e r i e s ,  

C H  2 O~ ~ CH,--O\ ...%. 

I - - I I -  C H , - - O , / ~ N ~ C O O C H  3 _ _  l " C H 2 _ O / ~  N ~ C f t . O  H "  . - - V I I  - - - -  V l l l  

V VI 

The e s t e r i f i c a t i o n  of I was c a r r i e d  out by twofold re f lux ing  with m e t h a n o l i c  hydrogen  ch lo r ide  with 
thorough azeo t rop i e  d i s t i l l a t i o n  of the  wa t e r  l i b e r a t e d  in each s tep.  Since the a s y m m e t r i c  c e n t e r  is not 
involved  in the e s t e r i f i c a t i o n ,  the pu re  d i a s t e r e o m e r  of the oxo e s t e r  of the qu in ine  s e r i e s  (IIa) was ob ta ined  
f rom the pu re  h y d r o e h l o r i d e  of Is ,  while  a 40 : 60 m i x t u r e  of d i a s t e r e o m e r i c  m e t h y l  e s t e r s  IIa and IIs was 
ob ta ined  f rom a m i x t u r e  of the h y d r o c h l o r i d e s  of Ia and Is .  D i a s t e r e o m e r i e  oxo e s t e r s  IIa and IIs we re  

' s e p a r a t e d  by m e a n s  of p r e p a r a t i v e  GLC, and t h e i r  con f igu ra t ions  were  e s t a b l i s h e d  on the b a s i s  of PMIR 
spec t ro scopy ,  as was p r e v i o u s l y  done for  o the r  2 , 5 - d i s u b s t i t u t e d  q u i n u e l i d i n e s  [2]. Pu re  i s o m e r  IIa, which 
was i so l a t ed  f rom the m i x t u r e ,  was iden t i f i ed  f rom Ira ob ta ined  by the e s t e r i f t c a t i o n  of the pu re  h y d r o -  
ch lo r ide  of Is .  

The r educ t i on  of the e s t e r  funct ion  in II with p r i o r  p r o t e c t i o n  of the ketone grouping  was n e c e s s a r y  
to ob ta in  2 - h y d r o x y m e t h y l - 5 - o x o q u i n u c l i d i n e s  and t h e i r  O - a e y l  d e r i v a t i v e s .  

The  op t imum condi t ions  for  keta l  p r o t e c t i o n  were  worked  out with u n s u b s t i t u t e d  3 -qu inue l i done  (III) 
with m o n i t o r i n g  of the c o u r s e  of the r e a c t i o n  by GLC and pa pe r  c h r o m a t o g r a p h y  (from the d i s a p p e a r a n c e  
of the peak and spot,  r e s p e c t i v e l y ,  of III) and IR s p e c t r o s c o p y  (from the d i s a p p e a r a n c e  of the v C =O band 
at 1730 em -1, c h a r a c t e r i s t i c  for  III). 

~ )  "o-cu 2 

I l l  IV 

The application of the reaction conditions worked out for the reaction of HI with ethylene glycol in 

the presence of p-toluenesulfonic acid to a mixture of diastereomerie oxo esters IIa and IIs made it possi- 
ble to accomplish the synthesis of the ethylene ketals of 2-methoxycarbonyl-5-oxoquinuclidines (Va and 
Vs) in yields of 92%. 
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Fig.  1. Rela t ive  or ien ta t ion  of the C 2 subst i tuent  and the C~ protons in the d i a s t e r e o -  
m e r s  of I, II, VII, and VIII. 

Fig.  2. S t e reospec i f i c i t y  of the long- range  s p i n - s p i n  coupling constant  of the 3-H'  
proton in the d i a s t e r e o m e r s  of VII and VIII. (M is the path for  t r a n s m i s s i o n  of the 
in te rac t ion  through four (r bonds.) 

The reduct ion of a mix tu re  of Va and Vs with l i thium aluminum hydr ide  p roceeded  unambiguously  
without affect ing the a s y m m e t r i c a l  cen t e r s  and r e su l t ed  in a mix tu re  of d i a s t e r e o m e r i c  ethylene keta ls  of 
2 -hydroxymethy l -5 -oxoqu inuc l id ine  (Via and VIs). However,  the r e m ova l  of the keta l  p ro tec t ion  in VI 
r equ i r ed  s e v e r e  condit ions:  the r eac t ion  did not occur  on prolonged ref luxing with dilute sul fur ic  or  hydro-  

' ch lo r i c  ac ids  but only as a r e su l t  of heating at 160 ~ for  12 h in a sea led  tube with 18~ hydroch lo r ic  acid to give 69~ 
y i e ld s .o f  2 -hydroxymethy l -5 -oxoqu inuc l id ines  (VIIa and VIIs) in a mix tu re  with the s t a r t i ng  ethylene ke ta ls  
(Via and VIs) with a VII to VI r a t io  of 75 : 25. The pure syn i s o m e r  (VIIs) was i so la ted  f rom this mix tu re  
due to the poor  so lubi l i ty  of i ts hydroch lo r ide  in a lcohol  and the poor  so lubi l i ty  of the base  in anhydrous 
e ther .  The pure  syn i s o m e r  of 2 -benzoy loxymethy l -5 -hydroxyqu inuc l id ine  (VIIIs) was obtained by the ben-  
zoylat ion of VIIs. 

We subsequent ly  demons t r a t ed  that  a mix tu re  of keto e s t e r s  IIa and IIs can, without i so la t ion  of i n t e r -  
m e d i a t e s  V, be conver ted  in 30% yie ld  to a mix tu re  of d i a s t e r e o m e r i c  VIIia and VIIIs,  dur ing which the 
a s y m m e t r i c  cen te r s  a r e  not affected in the cou r se  of the syn thes i s .  

Owing to t h e i r  d i f ferent  so lub i l i t i e s  in e ther ,  pure  anti  i s o m e r  VIIIa, which is r e l a t ed  to the quinine 
s e r i e s ,  and pure  syn i s o m e r  VIIIs,  which is r e l a t ed  to the quinidine s e r i e s ,  can be i so la ted  from the m i x -  
tu re  of d i a s t e r e o i s o m e r s  VIIIa and VIIIs.  

The PMR s p e c t r a l  p a r a m e t e r s  used  for  the de te rmina t ion  of the conf igura t ions  of I, II, VII, and VIII 
a r e  p r e s e n t e d  in Table 1. 

F o r  compar i son ,  the chemica l  shif ts  of the protons  of 3-quinucl idone ( I I I )are  also p re sen ted  in Table 1. 
(In o r d e r  to p r e s e r v e  the analogy with 2 - subs t i tu ted  5-oxoquinucl id ines ,  the 2 and 3 posi t ions  in III a r e  
des ignated ,  r e spec t i ve ly ,  as 6 and 5, and the 5 and 6 pos i t ions  a r e  des igna ted  as 3 and 2). The data in 
Table  1 d e m o n s t r a t e  that  the d i f fe rence  in the effects  of the ca rbonyl  group in III on the chemica l  shif ts  of 
the C2, C3, C7, and C~ protons in the syn and anti  pos i t ions  r e l a t ive  to the link of the N - C ~ - C h - C  ~ b icyc le  
with the C5 carbonyl  group is ve ry  ins ignif icant .  The insuff ic ient  s t e r e o s p e c i f i c i t y  of the effect of the C 5 
ca rbonyl  group on the chemica l  shif ts  of the C2 proton is conf i rmed  by the v i r t ua l  coincidence  of the c h e m i -  
ca l  shif ts  of the C 2 protons  in e p i m e r s  IIa and IIs .  Thus the chemica l  shif ts  of these  protons cannot be used  

to e s t ab l i sh  the conf igurat ion of the compound. 

The effect of the s t e r i c  o r ien ta t ion  of the C 2 subs t i tuents  on the chemica l  shif ts  of the protons of the 
o the r  f r agments  of the quinucl idine r ing is exe r t ed  much m o r e  s t rongly .  In Fig. 1 it  is easy  to see  that  the 
R subst i tuent  a t tached to C 2 in compounds of the syn s e r i e s  (Is, IIs ,  VIIs, and VIIIs) is adjacent  to one of 
the C 6 pro tons ,  while in compounds of the anti s e r i e s  (Ia, IIa, VIIa, and VHIa) it is adjacent  to a C 7 proton.  

The s igna ls  of the C G protons  a r e  the mos t  convenient  ones for  obse rva t ion ,  s ince  they in te rac t  with 
one another  to give a l a rge  gemina l  constant  (~18 Hz) and in t e rac t  with the remain ing  protons to give s m a l l  
l ong - r ange  cons tan ts .  (We wil l  subsequent ly  des ignate  the C 6 proton as 6-H; i ts s ignal  is found at weaker  
f ie ld than that of 6-H' . )  Because  of the p r e s e n c e  of two a s y m m e t r i c a l  cen t e r s  in the molecule ,  the C~ p r o -  
tons in 2 - subs t i tu t ed  5-oxoquinucl idines  a r e  a lways nonequivalent ,  but the d i f ference  in the chemica l  shifts  
of the gemina l  protons  (~56_HH, = 56_ H -  56_H,) depends m a r k e d l y  on the conf igurat ion of the d i a s t e r e o m e r .  
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For  the anti  i s o m e r s  of I, II, VII, and VIII, A56_HH, does not exceed 0.02 ppm, and one broad  s inglet  with 
an in tens i ty  of two proton units  is a f f i l ia ted  with the two C G pro tons .  The A56_HH, values  in the syn i s o m e r s  
of the same  compounds a r e  much l a r g e r  (0.21-0.58 ppm). Thus the d i f fe rences  in the A56_HH, values in 
compa r i son  with the effect of the C 2 subs t i tuents  on the C~ protons made it poss ib l e  to ass ign  the i s o m e r s  

of I, II, VII, and VIII to the syn and anti  s e r i e s .  

It is i n t e re s t ing  to note that ,  desp i te  the d i f ferent  c h a r a e t e r  of the C 2 subst i tuents ,  the A56_HH, values  
for  II, VII, and VIII l ie  in a na r row in t e rva l  (0.42-0.58 ppm),* which makes  it poss ib l e  to l imi t  the ana lys i s  
of the r easons  for this  effect to the ea se  of onIy one subst i tuent  - CH2OH (in V I I ) -  a s suming  that  the effect 
of the remain ing  C 2 subs t i tuents  wil l  be qua l i ta t ive ly  s i m i l a r .  The r e su l t s  of the ca lcula t ion  of the change 
in the chemica l  shifts  of the C6 protons  in ViIa and VIIs as c o m p a r e d  with HI, which is caused  by the di f -  
f e rence  in the an i so t ropy  of the magnet ic  suscep t ib i l i t y  of the C - H  (in III) and C - C  (in VII) bonds, with the 
use  of the value A • 2 1 5  = 7 �9 10 -~~ cm -3 [3] and the r e su l t s  of the m e a s u r e m e n t  of the expe r imen ta l  
values  a r e  p r e sen t ed  in Table 2. 

As seen f rom Table  2, the mos t  s i zeab l e  deviat ion between the ca lcu la ted  and expe r imen ta l  values  
cons i s t s  in the obse rved  weak- f i e ld  shift  of the s y n - 6 - H  s ignal  in VIIs in p lace  of the expected shift  to 
s t rong field.  This deviat ion is expla ined by the ve ry  s m a l l  d i s tance  between the s y n - 6 - g  proton and the 
C 2 subst i tuent ,  which, accord ing  to m e a s u r e m e n t s  on Dreiding m o l e c u l a r  mode ls ,  is 2.6 ~,  i .e . ,  0.3 ~ l e s s  
than the sum of the van der  Waals  rad i i  of the C and H atoms~ At this  d is tance ,  the chemica l  shif ts  can be 
subs tan t i a l ly  inf luenced by the f luctuat ing dipole effect [4], the evaluat ion of which f rom the fo rmula  A5 = 
163/R ~ (where R is the d i s tance  in angs t roms)  [4] gives a shift  of 0.5 ppm to weak f ield of the syn -6 -H  p r o -  
ton in VIIs.  It is na tu ra l  that  the f luctuating dipole effect of the CH2OH subst i tuent  on the s3m-6-H proton 
is exe r t ed  m o r e  s t rong ly  than the an i so t rop ie  effects and de t e r m i ne s  the expe r imen ta l l y  obse rved  ove ra l l  
weak- f i e ld  shift  of syn -6 -H  in VIIs as c o m p a r e d  with III. The f luctuating dipole effect does not have such 
s ign i f icance  for  a n t i - 6 - H '  in VIIs and both C 6 protons  in VIIa because  of the g rea t  d i s tance  between the C 2 
subs t i tuent  and the indieated proton.  The ex pe r i m e n t a l  and ca lcu la ted  (with alIowanee for  only the an i so -  
t rop ic  effects) ehanges in the chemica l  shif ts  in these  c a s e s  a re  t h e r e f o r e  in quaI i ta t ive  ag reemen t .  

A c h a r a c t e r i s t i c  fea ture  of the PMR s p e c t r a  of d i a s t e r e o m e r i c  VII and VIII (as well  as o ther  qu i -  
nucl idine de r iva t i ve s  with a CH2R' grouping in the 2 posit ion) is the shift  of the s ignal  of one of the p p r o -  
tons to s t rong  fieId. On the b a s i s  of the magni tude of the v ic ina l  s p i n - s p i n  coupling constant  (~7 Hz) of 
this  proton with the C 2 pro tons ,  the indica ted  s ignal  was a s s igned  to the C 3 proton in the cis  posi t ion r e l a -  
t i r e  to the R subst i tuent  a t tached to C 2. (It is  des igna ted  as 3-H'  in Table 1.) The c h a r a c t e r  of the mul t ip le t  
s ignal  of this  proton in the va r ious  i s o m e r s  of VII and VIII addi t ional ly  conf i rms  the c o r r e c t n e s s  of the 
a s s ignmen t  of the conf igura t ions  of the d i a s t e r e o m e r s .  The s t e r e o s p e c i f i e i t y  on the long- range  s p i n - s p i n  
coupling constant  through four ~ bonds is well  known [5]. In p a r t i c u l a r ,  these  constants  a r e  ~1.7 gz  for  
quinuel idine de r iva t i ve s  for  the M-pa th  in te rac t ion  and < 0.5 Hz for  the remain ing  Iong- range  in te rac t ions  
of the /3 protons  [6]. As shown in Fig.  2, the M pa th  for  t r a n s m i s s i o n  of the s p i n - s p i n  coupling for  the p 
proton in the c is  o r ien ta t ion  r e l a t i v e  to the C 2 subst i tuent  is poss ib le  only for compounds of the syn s e r i e s .  
In conformi ty  with th is ,  the peaks of the s t r o n g e s t - f i e l d  mul t ip le t  in the PMR s p e c t r a  of VIIs and VItls a r e  
addi t iona l ly  spl i t  by a l ong- range  in t e rac t ion  that  is absent  in the spec t rum of VIIIa. 

EXPERIMENTAL 

Analytical GLC was carried out wi~h a Pye-Unicam series 104 chromatograph with a flame-ionization 
detector with a 2.1 m by 4 mm column packed with SE-30 silicone elastomer (10%) on silanized Diatomite 

S (100-120 mesh). The nitrogen flow rate was 30 ml/min, and the column temperature was 200 ~ The re- 
tention times in minutes were as follows: 5.4 for IIa, 6.0 for IIs, 2.2 for Ill, 3.9 for IV, 11.2 and 11.7 for 

Va and Vs, 9.5 for Via and VIs, and 4.9 for VIIs. 

Paper Chromatography. Descending paper chromatography on ~for-ehromatography" paper was car- 

ried out in a n-butanol-water-acetic acid (5: 4: I) system. A 0.2% alcoholic ninhydrin solution was used 
to detect the hydroehlorides of acids Ia and Is, while the Dragendorf reagent was used for the remaining sub- 

stances. The following Ilf values were obtained (the color during detection is given in parentheses): 0.29 

* Severa l  devia t ions  of this  value that  were  obse rved  in the case  of I were  caused  by the fact that  the PMR 
s p e c t r a  of I were  obtained f rom acid  solut ions (2N DC1), in which protonat ion  of the n i t rogen could be r e -  
f leeted in the conformat ion  (and in the e l e c t r i c  f ield effect) of the COOH group.  

1549 



for  Ia and Is (light blue), 0.63 for  IIa and IIs (rose) ,  0.42 for  III (l i lac),  0.58 for  IV (o range- rose ) ,  0.72 for  
Va and Vs (o range - rose ) ,  0.53 for  Via and VIs (orange),  0.42 for  VIIs (rose) ,  and 0.80 for VIIIa and VIIIs 
(orange).  

The IR s p e c t r a  of suspens ions  of the p r e pa r a t i ons  in m i n e r a l  oil  were  r e c o r d e d  with a UR-10 s p e c -  
t r o m e t e r .  

The PMR s p e c t r a  were  r e c o r d e d  with a JNM-4H-100 s p e c t r o m e t e r  with an opera t ing  frequency of 
100 MHz. Carbon t e t r a c h l o r i d e  was used  as the solvent  for  II, III VII, and VIII with t e t r a m e t h y l s i l a n e  as 
the in te rna l  s tandard .  Deuter ium oxide was used  as the solvent  for  the hydroch lo r ides  of Is and Ia with 
t e r t - b u t y l  a lcohol  as the in te rna l  s t anda rd  (5 = 1.20). 

an t i - 5 -Oxoqu inuc l i d ine -2 - ca rboxy l i c  Acid (Ia). A 40.52-g (197 mmole)  sample  of a mix tu re  of the 
d i a s t e r e o m e r i c  hydroch lo r ides  of 5 -oxoqu inuc l id ine -2 -ca rboxy l i c  acid  [1] with mp 276-278 ~ was c r y s t a l -  
l i zed  f rom 100 ml  of d i s t i l l ed  water .  The weight of the p r e c i p i t a t e d  c r y s t a l s  a f t e r  f i l t ra t ion  and drying 
was 14.47 g, and they me l t ed  at 291 ~ These  c r y s t a l s  were  r e c r y s t a l l i z e d  f rom 50 ml  of wa te r  to give 7.03 
g of a subs tance  with mp 296 ~ Three  c r y s t a l l i z a t i o n s  f rom 40 ml  of wa te r  gave 2 g of the pure  anti  i s o m e r  
of the hydroch lo r ide  of acid  I with mp 297 ~ F u r t h e r  c r y s t a l l i z a t i o n  did not r a i s e  the mel t ing  point. The 
m o t h e r  l iquors  y ie lded  an addi t ional  5.97 g of a subs tance  with mp 297 ~ (dec.) a f t e r  s e v e r a l  r e c r y s t a l l i z a -  
t ions  f rom water .  The ove ra l l  y ie ld  of Ia was 7.97 g (19.6%). The  c o l o r l e s s  c r y s t a l s  were  soluble  in wa-  
t e r ,  l e ss  soluble  in methanol ,  s l ight ly  soluble in hot a lcohol ,  and insoluble  in the o ther  o rd ina ry  organic  
so lvents .  IR spec t rum:  1740-1760 cm -~ (CO, COOH). Found: C 46.7; g 5.7; C1 17.4; N 6.5%. C~HttNO 3. 
HC1. Calcula ted:  C 46.7; H 5.9; C1 17.2; N 6.8%. 

an t i -2 -Methoxyca rbony l -5 -oxoqu inuc l id ine  (IIa). A 6.59-g (32.1 mmole)  sample  of the hydroch lo r ide  
of acid Ia was ref luxed for  4 h with 66 ml  of methanol  containing 10% hydrogen ch lor ide .  The reac t ion  m a s s  
was evapora ted  to d ryness ,  and wa te r  and a lcohol  r e s idues  were  r emoved  by two d i s t i l l a t ions  with anydrous 
benzene.  The e s t e r i f i c a t i on  with a lcohol ic  hydrogen ch lor ide  was repea ted .  The base  was i so la ted  by the 
addi t ion of 50% po tass ium ca rbona te  solut ion unti l  the m i x t u r e  was a lka l ine  to phenolphthalein and e x t r a c -  
ted with e ther .  The ex t rac t  was d r i ed  with po ta s s ium carbona te  and vacuum-evapora ted .  The r e s i d u e  was 
f rac t iona ted  at 98-100 ~ (0.2 ram) to give 2.98 g (58%) of c o l o r l e s s  c r y s t a l s  of IIa with mp 47.5-49.5 ~ The 
compound was quite soluble  in the usua l  organic  solvents ,  s l ight ly  soluble in water ,  and soluble in hot pe t -  
ro leum ether ,  hexane, and heptane.  Gas - l iqu id  ch romatography  gave one peak with a re tent ion  t ime  of 
5.4 rain. IR spec t rum:  1720-1740 cm-~ (C =O)~ Found: C 59.3; H 7.5; N 7.4%. C9H13NO 3. Calcula ted:  
C 59.0; H 7.1; N 7.7%. 

syn-  and a n t i - I s o m e r s  IIs and IIa. A m i x t u r e  of d i a s t e r e o m e r i c  2 -me thoxyca rbony l -5 -oxoqu inuc l i -  
dines obtained by the method in [1] was s e p a r a t e d  with a Pye -Unicam s e r i e s  105 automat ic  p r e p a r a t i v e  g a s -  
l iquid ch roma tog raph  with a f l ame- ion i za t i on  de t ec to r  and a 4.6 m by 8 mm column packed with SE-30 s i l i -  
cone e l a s t o m e r  (25%) on s i l an ized  d ia tomi te  S (60-72 mesh) at a n i t rogen flow ra te  of 150 m l / m i n  and a 
co lumn t e m p e r a t u r e  of 200 ~ A solut ion of 0~ g (2.73 mmole)  of a m i x t u r e  of IIa and IIs in I ml  of methanol  
was in t roduced into the column in six 100-t~l por t ions .  F rac t ions  IIa were  se lec ted  in the  in te rva l  of r e t e n -  
tion t i m e s  f rom 19.4-21.2 rain, and f rac t ions  IIs were  se l ec t ed  in the 25.3-27.4 rain in te rva l .  The pur i t i e s  
of the subs tances  were  mon i to red  by ana ly t i ca l  GLC. A to ta l  of 0.1 g of d i a s t e r e o m e r  IIa of no less  than 
93% pur i ty  and 0.05 g of d i a s t e r e o m e r  IIs of no l e s s  than 90% pur i ty  were  co l lec ted .  From the PMR s p e c -  
t r u m  and the re tent ion  t ime ,  the i so la ted  d i a s t e r e o m e r  IIa was ident ica l  to IIa obtained by the e s t e r i f i c a t i on  

of pure  d i a s t e r e o m e r  Ia.  

3-Quinucl idone Ethyleneketa l  (IV). A tota l  of 12.4 g (72 mmole)  of p- to luenesul fonic  acid and a so lu -  
t ion of 6 g (48 mmole)  of 3-quinucl idone (III) in 60 ml  of anhydrous benzene were  added to a solut ion of 
3.58 g (58 mmole)  of e thylene glycol  in 40 ml  of anhydrous benzene.  The reac t ion  m a s s  was ref luxed for  
4 h with a D e a n - S t a r k  adap te r  unt i l  wa te r  l ibe ra t ion  c e a s e d ,  and it was then t r e a t e d  with 20 ml  of 40% 
sodium hydroxide  and ex t r ac t ed  with benzene.  The benzene ex t r ac t  was d r i ed  with po tass ium carbona te  
and vacuum-evapora ted .  The r e s idue  was d i s t i l l ed  to give 7.38 g (88.3%) of IV, which, accord ing  to GLC, 
was 98.5% pure .  The c o l o r l e s s  v iscous  l iquid had bp 82-84 ~ (3 ram), riD2~ 1.4950, and was soluble  in wa te r  
and the usua l  organic  so lvents .  IR spec t rum:  the VCO band at 1730 cm -1 was absent .  Found: C 64.0; 
H 9.0; N 8.6%. CgH~5NO 2. Calcula ted:  C 63.9; H 8.9; N 8.3%. 

1550 



Ethyleneke ta l  of a Mixture  of syn -  and an t i -2 -Methoxyea rbony l -5 -oxoqu inuc l id ines  (Vs and Va). A 
to ta l  of 11.7 g (68 mmole)  of p - to luenesu l fon ic  ac id  and 8.3 g (45 mmole)  of a mix tu re  of d i a s t e r e o m e r i c  
IIa and IIs in 100 ml  of anhydrous benzene were  added to a solut ion of 3.37 g (54 mmole)  of ethylene glycol  
in 50 ml  of anhydrous benzene.  The reac t ion  m a s s  was ref luxed with s t i r r i n g  for  2 h with a D e a n - S t a r k  
adap te r  unti l  wa te r  l i be ra t i on  ceased .  Fo r  comple te  r e m ova l  of m o i s t u r e  r e s idues ,  80 ml  of the solvent  
was r emoved  by d i s t i l l a t ion ,  80 ml  of anhydrous benzene was added, and the mix tu re  was ref luxed with 
s t i r r i n g  for  1 h. This  opera t ion  was repea ted ,  the mix tu re  was cooled to room t e m p e r a t u r e ,  and 45 ml  of 
50% po tass ium ca rbona te  solut ion was added. The p r ec ip i t a t e  was removed  by f i l t ra t ion ,  and it and the 
aqueous l a y e r  were  ex t r ac t ed  thoroughly with benzene.  The ex t rac t  was d r i ed  with po tass ium carbona te  
and evapora ted  in vacuo. The re s idue  (9.89 g), accord ing  to GLC, was a 96.1% mix tu re  of d i a s t e r e o m e r i c  
Va and Vs (92.5% yield);  two poor ly  s e p a r a t e d  peaks (if the d i a s t e r e o m e r s  with re tent ion  t imes  of 11.2 and 
11.7 rain were  obse rved  on the c h r o m a t o g r a m .  The c o l o r l e s s  l iquid with bp 122-125 ~ (0.7 ram) and nD2~ 
1.4932 was soluble  in the usua l  organic  solvents  and s l ight ly  soluble  in water .  Found: C 58.4; H 7.6; N 
6.0%. ClIH17NO~. Calcula ted:  C 58.1; g 7.5; N 6.2%. 

E thy leneke ta l  of a Mixture  of syn - , and  an t i -2 -Hydroxyme thy l -5 -oxoqu inuc l id ines  (VIs and Via). A 
to ta l  of 3.95 g (17.4 mmole)  of a m ix tu r e  of d i a s t e r e o m e r i c  Va and Vs in 50 ml  of anhydrous e ther  was 
added g radua l ly  with s t i r r i n g  to a suspens ion  of 3.3 g (87 mmole)  of l i thium aluminum hydride in 50 ml  of 
anhydrous e ther .  The r eac t ion  m a s s  was ref luxed for  3 h and cooled with ice,  and 10 ml of wa te r  was 
added g radua l ly .  The mix tu re  was s t i r r e d  for  another  0.5 h, and the l i thium and aluminum hydroxides  were  
r emoved  by f i l t r a t ion  and washed with e ther .  The combined e the r  solut ions were  d r i ed  with magnes ium su l -  
fate and vacuum-evapora ted .  The r e s idue  [2.88 g [83.7%}] was e thyleneketa l  VI with bp 105-106 ~ (0.5 ram) 
and nD2~ 1.5110. The c o l o r l e s s  l iquid was soluble in wa te r  and the usual  organic  so lvents .  IR spec t rum:  
3400 cm -1 (QH). Found: C 60.6; H 8.7; N 7.3%. C10H17NO3. Calc'ulated: C 60.3; H 8.6; N 7.0%. 

syn -2 -Hydroxyme thy l -5 -oxoqu inuc l i d i ne  (VIIs). A 4.82-g (25.2 mmole)  sample  of a mix tu re  of d i a -  
s t e r e o m e r i c  Via and Vis was heated with 52 rnl of 18% hydroch lo r i c  acid  in a sea led  tube at 160 ~ for  12 h. 
The solut ion was f i l t e r ed  and vacuum-evapora ted ,  and the res idue  was d i s so lved  in 5 ml  of water .  The so -  
lution was made a lka l ine  with 50% po tass ium carbona te  solut ion and ex t r ac t ed  with ch lo ro fo rm.  The ex t rac t  
was d r i ed  with po tass ium ca rbona te  and vacuum-evapora ted .  The r e s idue  was d i s t i l l ed  at 105-110 ~ (0.8 ram) 
to give 3.49 g of a mix tu re ,  which, accord ing  to GLC. contained 24.5% of the s t a r t ing  keta l  and 74.5% of 2- 
hydroxymethy l -5 -oxoqu inuc l id ine  (69.3% yield) .  The l a t t e r  was d i sp layed  on the c h r o m a t o g r a m  as a broad  
band (with an inflection) co r re spond ing  to the two d i a s t e r e o m e r s .  A 3.49-g sample  of this mix tu re  was d i s -  
solved in 16.5 ml  of anhydrous alcohol ,  and 7 ml of 20% alcohol ic  hydrogen ch lor ide  was added to it. The 
mix tu r e  was cooled,  and the p r e c i p i t a t e d  c r y s t a l s  were  s e pa r a t e d .  The c r y s t a l s  {1.69 g, mp 260 ~ were  
made  a lka l ine  with 50% po tass ium ca rbona te  solution and ex t r ac t ed  with ch lo ro fo rm.  The ex t rac t  was d r i ed  
with po ta s s ium ca rbona te  and evapora ted  in vacuoo The re s idue  was r e c r y s t a l l i z e d  from anhydrous e ther  
to give 0.8 g (21% based on the mixture of starting diastereomeric ketals Via and Vis) of VIIs as colorless 
crystals with mp 73-75 ~ (from ether). The substance was quite soluble in water and chloroform, less sol- 

uble in the other ordinary organic solvents, soluble in hot ether, and less soluble in hot petroleum ether. 
IR spectrum: 1735 cm -i (C=O), I000, 1075, 3140-3200 cm -i (OH). Found: C 61.6; H 8.3; N 8.7%. CsHIa- 

NO 2. Calculated: C 61.9; H 8.4; N 9.0%. The hydrochloride was obtained as colorless crystals with mp 
261 ~ (dec., from anhydrous alcohol), The substance was quite soluble in water, methanol, and hot anhydrous 

ethanol, and insoluble in the other ordinary organic solvents, Found: Cl 18.2; N 7.3%. CsHIaNO 2-HCI. 
Calculated: CI 18.5; N 7.3%. 

syn-2-Benzoyloxymethyl-5-oxoquinuclidine (VIIIs). Benzoyl chloride [1.09 g (7.8 mmole)] was added 
gradually with ice cooling and stirring to a solution of 0_8 g (5.2 mmole) of VIIs in I0 ml of anhydrous dis- 

tilled pyridine. The reaction mixture was stirred at I00 ~ for 3 h and cooled, and 7 ml of water and 7 ml of 

a 50% potassium carbonate solution were added. The liberated base was extracted with benzene. The ex- 
tract was dried with potassium carbonate and vacuum-evaporated. The residual pyridine was removed by 

distillation with anhydrous xylene to give 1.02 g (91.5%) of VIIIs as colorless crystals with mp 95-96.5 ~ The 

substance was soluble in the usual organic solvents, in hot ether and hexane, and insoluble in water. IR 
spectrum: 1710-1720 cm -I (C =O, COOAr). Found: C 69.4; H 6.7; N 5.6%. C15HITNO3. Calculated: C 69.5; 

H 6.6; N 5.4%. The hydrochloride was obtained as colorless crystals with mp 260 ~ (dec.). The substance 

was soluble in water and insoluble in the usual organic solvents. Found: Cl 11.8; N 4.6%. C15HITNO ~. HCI. 
Calculated: CI 12.0; N 4.7%. 
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syn- and anti-Isomers VllIs and Villa. A 3.9-g sample of the mixture of substances obtained after 
distillation of the products of the saponification of ethyleneketal VI, which, according to GLC, contained 
74.5% of diastereomeric 2-hydroxymethyl-5-oxoquinuclidines (18.7 mmole), was dissolved in 40 ml of 
anhydrous distilled pyridine. Benzoyl chloride [3.96 g (28.2 mmole)] was added with stirring to the ice- 
cooled solution. The reaction mass was stirred at 100 ~ for 4 h and cooled, and 15 ml of water and 20 ml 
of 50% potassium carbonate solution were added. The liberated base was extracted with benzene, and the 
extract was dried with potassium carbonate and evaporated in vacuo. The residual pyridine was removed 
by distillation with anhydrous xylene. The residue was fractionated in vacuo twice to give 2.45 g of a mix- 
ture of diastereomers VIIIa and VIIIs with bp 170-175 ~ (0.4 mm) as an oil that crystallized on standing. 
Thorough trituration with anhydrous ether and subsequent crystallization from ether gave 0.14 g of crystals 
of VIIIs with mp 91-93~ the compound crystallized out at room temperature after melting. Cooling of the 
ether mother-liquor precipitated 0.14 g of crystals of a mixture of VIIIa and VIIIs with mp 74-75 ~ 
The residual mother liquor was markedly diluted with anhydrous ether and carefully evaporated until 
crystallization commenced to give 0.07 g of colorless crystals of VIIIa with mp 86-89 ~ The crystals 
were soluble in the usual organic solvents, in hot ether and hexane, and insoluble in water. The melt- 
ing point was depressed when the product was mixed with a sample of VIIIs (72-79~ IR spectrum: 
1710-1720 cm -I (C = O, COOAr); there are slight differences, as compared with the IR spectrum of 
VIIIs, at 1350, 1190, 1150, 905, and 760 cm-1). Found: C 69.2; H 6.5; N 5.4~o. CIsHITNO 3. Calculated: 
C 69.5; H 6.6; N 5.4~,. 

1o 
2. 

3o 
4. 
5. 

6. 

LITERATURE CITED 

L. N. Yakhontov, L. I. Mastafanova, and M. V. Rubtsov, Zh. Obshch. Khim., 30, 519 (1960). 
L. N. Yakhontov, L. I. Mastafanova, K. F. Turchin, T. D. Pervacheva, and M. V. Rubtsov, Khim. 

Geterotsikl. Soedin., 881 (1968). 
J. Emsley, J. Finney, and L. Sutcliffe, High-Resolution Nuclear Magnetic Resonance, Pergamon. 

K. J. Abraham and J. S. I~. Holker, J. Chem. Soc., 806 (1963). 
N. Bhacca and D. Williams, Applications of Nuclear Magnetic Resonance Spectroscopy in Organic 

Chemistry (1964). 
K~ F. Turchin,  E. E. Mikhlina, A. D. Yanina, V. Ya. Vorob 'eva,  L. N. Yakhontov, and Yu. N. Sheinker, 
Khim. Geterotsikl .  Soedin., 981 (1971). 

1552 


