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The s t e r e o c h e m i s t r y  of the reac t ion  of 3-hydroxybenzo[b]quinuclidine with o rganometa l l i c  
compounds was studied. It was obse rved  that 3-aryl -3-hydroxybenzo[b]quinucl id ines  are  
readi ly  conver ted  to 3-arylquinol ines  on heating with acet ic  anhydride.  

In our  p reced ing  communica t ions  [1, 2] we have descr ibed  some r egu la r i t i e s  with r ega rd  to the s t e r e o -  
specif ic i ty  of the reduct ion of the carbonyl  group and the cyanohydrin synthes is  in the 3-oxobenzo[b]quinu- 
clidlne s e r i e s .  

The reac t ion  of 3-oxobenzo[b]quinuclidine with organol i th ium and o rganomagnes ium compounds gave 
3 -hydroxy-3-a lky l (a ra lky l ,  aryI)benzo[b]quinuclidines (I, III, V, and VH), in which I and III a re  fo rmed  as a 
mix ture  of syn and anti i s o m e r s  with predominance  of the anti fo rm,  while V and VII a re  obtained prac t ica l ly  
en t i re ly  in the f o r m  of individual anti i s o m e r s .  The obse rved  s t e reospec i f i c i ty  of the reac t ion  of l i thium 
and ha lomagnes ium der iva t ives  with 3-oxobenzo[b]quinuclidine is poss ib ly  de te rmined  by the fact  that the 
indicated reagents  form,  with ' the phenyl por t ion of the molecule ,  unstable d o n o r - a c c e p t o r  complexes  [3] 
that  h inder  the approach of the organometa l l ic  compounds to the reac t ion  cen te r  on the phenyl r ing side. As 
a resul t ,  RLi or  RMgBr at tack the carbonyl  group p r i m a r i l y  or  exc lus ive ly  f r o m  the s t e r i ca l ly  more  hin- 
dered  posi t ion - on the side of the br idge f r agmen t  of the molecule  - and this leads to the fo rmat ion  of the 
anti i s o m e r s .  

I -V I I I  IX-XIV 

I, IX R=CH~, R'=H; II R=CH3, R'=COCH3; Ill, X R=C~HsCH2, R'=H; IV, Xl R= 
=CsHsCH2, R'=COCH3; V, XII R=C6Hs, R'=H; VI R=CsHs, R'=COCH3; VII, XIII 
R=p-CHaC6H4, R'=H; VIII, XIV R=p-CHaC6H,, R'=COCHa. 

In a study of the p r o p e r t i e s  of 3-subst i tu ted 3-hydroxybenzo[b]quinucl id ines  it was observed  that com-  
pounds that contain a ry l  subst i tuents  (Va and VIIa) t  a re  readi ly  a roma t i zed  on heating with acet ic  anhydride.  
The p r o c e s s  is accompanied  by dehydrat ion and e ject ion of the ethylene br idge f r o m  the quinuclidine po r -  
tion of the molecule;  this leads to 3-arylquinol ines  (XV, XVI). Similar ly ,  when 2 - ea rbe thoxy -3 -hyd rox y -  
benzo[b]quinuclidine (XIX) is refluxed with acet ic  anhydride it is conver ted  to 2-carbethoxyquinol ine (XVII). 
I t  should be noted that 3 -hydroxy-3-a ry lqu inue l id ines  and c i s -  and t r a n s - 2 - c a r b e t h o x y - 3 - h y d r o x y q u i n u -  
cl idines under  s i m i l a r  conditions f o r m  e i the r  the cor responding  acetoxy der iva t ives  or  subst i tuted A2-de - 
hydroquinuclidine s [4]. 

* See [2] for  communica t ion  1I. 
tThe  l e t t e r  s (or a) a f t e r  the number  of the compound indicates syn (or anti) or ienta t ion of the subst i tuent  
(R) re la t ive  to the benzene r ing of benzo[b]quinuclidine. 
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XV, XVI XIX KVll, XVIll 

XV R"=ki; XV! R"=CH~; XVII [("'=C2H5; XVlll R'=H 

The descr ibed t ransformat ions  are apparently associated with the considerable gain in energy on 
passing f rom the benzo[b]quinuclidine sys tem to the aromat ic  quinoline sys tem.  

The configurations of I-VIII and the s t ruc tures  of quinoline derivatives XV-XVII were determined by 
means of the PMR spectra .  Quinuclidine derivat ives IX-XIV were used as model compounds. 

The es tabl ishment  of the configuration was based on the shift, under the influence of the anisotropy of 
the magnetic susceptibil i ty of the benzene ring, of the signals of the protons of the identical substituents of 
d ias te reomer ic  benzo[b]quinuclidines to s t rong or  weak field with respect  to the signals of the analogous 
quinuclidine derivat ives .  The effect of the magnetic anisotropy of the benzene ring on the chemical  shifts 
of the protons of the CH 3 and CH2CeH ~ groups was calculated f rom the table of Johnson and Bovey [5] for  
the syn and anti configurations of I-IV. The calculation was made for  the s taggered conformation relative 
to the C(3)-C sub bond [6]. It was assumed that for III and W, as well as for  I and II, the three s taggered 
conformations are equally probable. 

The resul ts  of the calculations, which are presented in Table 1, show that the anisotropic effect leads 
to a shift to strong field of the signal of the protons of the substituent in the syn orientation relative to the 
ring and to weak field when the orientation is anti. Thus the following relationship should be satisfied for 
the chemical  shifts of the substituent p ro tons*:  

(A) 6synbenzo[b]quinuclidine < 6 quinuclidine < 6antibenzo[b]quinuclidine. 

An analysis  of the data in Table 1 indicates the good agreement  between the calculated and exper i -  
mental changes in the chemical  shifts of the protons of the substituents in d ias te reomer ic  I - I I  relative to 
the corresponding quinuclidine derivat ives.  In the case of III and IV the discrepancies  are appreciably 
greater ;  this is apparently explained by the different concentrat ions of the three possible conformers  r e l -  
tative tc the C(3)-Csu b bond. 

The determination of the configurations of the d ias te reomer ic  3-acetoxy-3-methyl(benzyl)benzo[b]-  
quinuclidines (II, W) made it possible to detect the cha rac te r  of the effect of the benzene ring on the chem-  
ical shifts of the protons of the methyl group of substituent OCOCH 3 in these compounds. According to the 
data in Table 2, in which the chemical  shifts of the protons of I-XIV are presented,  express ion (A) turns 
out to be valid also for the signals of the protons of substituent OCOCH 3. We have previously shown the 
validity of express ion  (A) for  the signals of the protons of the methyl and ethyl groups of substituents 
OCOCH3, COOCH3, and COOC2H 5 in the case of monosubstituted benzo[b]quinuclidines [2]. Thus express ion  
(A) has proved to be quite universal ,  and this has made it possible to use it for establishing the configura-  
tions of 3-acetoxy-3-phenyl(p-tolyl)benzo[b]quinuclidines (VI, VIII). These acetates  and the corresponding 
alcohols (V and VII) were obtained as one d ias te reomer .  A compar ison of the chemical  shifts of the pro-  

*Calculations made within the dipole approximation for a number of angles of rotation about the C (3)-Csub 
bond have shown that relationship (A) is valid for any conformation relative to this bond. 

TABLE 1. Change in the Chemical Shifts of the Protons of the Alkyl 
Groups of Substituents in Benzo[b]quinuclidine Derivatives I-IV Rel- 
ative to the Corresponding Quinuctidine Derivatives IX-XI 

Exptl. 
A~ Calc. 

I-CH~* II-CH~ [ III'CH2C6H5 IV-CH2C6H~ ~" 

antES 0,15 0,19 I 0,26 0,21 0,12 
1 

s~n:~ -0,32 -0,25 I -0,37 -0,51 -0,48 
vanti - 6syn 0,47 0,44 0,56 0,63 0,72 0,60 

* Protons for which the data are presented are given in boldface . 
r protons of the CH2C6H 5 group are nonequivalent. 
:~ For  I, for example, A6 s is determined as 6CH a ( I ) -6  CH 3 (IX). 
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TABLE 2. 

Corn- 
pound 2s 

Ia 
Is 

IIa 
IIs 

I l i a  
I l l s  
IVa 
IVs 
Va 

Via 
VIIa 

VllIa 

IX 
X 

XI 
XII 

XIII 
XIV 

C h e m i c a l  Shif ts  of the P r o t o n s  of I -XIV (6, ppm) 

2a 4 7s 7a 

~3,0 3.05[ 2,99 1~2,6 3,28 
3.11I 2,95 1~2,7 
3.071 3,76 1~2,7 ~3,05] 
3.391 3,57 / 2,68 3,18 
3.101 2,91 l 
3,091 2,96 2,71 3,26 
3,321 3,59 2,76 3,10 
3.431 3,57 I 
3.841 3,29 f~2,65 3,10 
4.071 3,73 ~2,65 ~3,20 
3,821 3,29 
4.031 3,77 ~2,70 ~3,20 

%%% 

3.071 
2.76 I 
2,73 ', 
2.741 
3,091 
2,981 
2,93l 
3,241 
2.93 t 
3,231 

I 
2.751 2,94] 
3,211 3,09] 
2,811 3,24 I 
2.761 3,16 
3.281 3,65 

1,65 t 

2,54 

8S 8a OCOCH3 

1,6 N2,0 - -  
N2,7 1,37 ~ 2,05 - -  

1,65 2,21 1,68 
1,37 2,09 

1,28 2,39 --  
1,60 2,25 1,61 

2,06 
N 1,45 .~  1,70 - -  

1,60 1,64 

1,64 

2,00 

1,97 

Other groups 

1,47 (3-CHa) 
1,03 (3-CH3) 
1,78 (3-CIt2) 
1,22 (3-CHa) 
3,05 (3-C1t2CsH5) 
2,42 (3-CH~C6Hs) 
3,42 3,70 (3-CHqt"C~Hs) 
2,70 3,10 (3-Clt'bI'C~Hs) 

2,38 (p-CI ta=C~H4=} 
2,35 (p-CltaC6H4=) 

1,28 (3-CH3)' 
2,79 (3-CH2C6Hs) 
3,21 3,58 (3-Ctt'1-1'/C~H5) 

2,34 (3-p-CIt3C6H4=) 
2,33 (3-p-CltsC6H4=) 

T A B L E  3. PMR S p e c t r a  of  Qu ino l ine s  

6 R~ C o m p o u n d  62. H 63. H 6,4. H 

__ i 8,07 
9,059,04 --  t 8,11 

- -  8,00 8,25 

8,55 9,28 
871 7,271 8,00 

Quinoline c [9] 9,11 [ 8,19 9,23 

XV a 
XVI a 

XVII a 

XVIII - HCI b 
Quinoline a [8] 

J24 J~ 

2,4 --  
2,4 

- -  8,5 

l.~d 8,4 
8,3 

65_H_8. H 6 R2 

7,2--8, l 
7,3--8, l 

7,4---8,3 1,51 (CH3) ; 
4,47 (CH2) 

8,0--8,6 
7,4--8,1 

8,05--8,40 

7,1--7,55 (C6H5) 
7,1--7,6 (C~H4); 
2,40 (CH3) 

din  3 - s u b s t i t u t e d  qu ino l i ne s ,  a In  CC14. b in  CD3OD. cCF3COOH. 
0"24 i n c r e a s e s ;  fo r  e x a m p l e ,  in 3 - n i t r o q u i n o l i n e ,  J24=2.7 Hz [8]. 

t ons  of  the  m e t h y l  g r o u p s  of s u b s t i t u e n t  OCOCH 3 in VIII  and XIV i n d i c a t e s  the sh i f t  in the s i g n a l s  of t h e s e  
p r o t o n s  in  VIII  to s t r o n g e r  f i e ld  (Table 2); th is  a t t e s t s  to the syn  o r i e n t a t i o n  of  the OCOCH 3 g roup  in VIII.  
The s i g n a l s  of the p r o t o n s  of the CH 3 g r o u p  of  the  to ly l  s u b s t i t u e n t  a r e  sh i f t ed  to w e a k e r  f i e ld  in VIII  r e l a -  
t ive  to XIV; th i s  a t t e s t s  to the  ant i  o r i e n t a t i o n  of th is  g roup  with  r e s p e c t  to the be nz e ne  r i n g  and a d d i t i o n a l l y  
c o n f i r m s  the c o n f i g u r a t i o n  of VHI e s t a b l i s h e d  above .  A s i m i l a r  e f f ec t  i s  o b s e r v e d  fo r  the s a m e  s i g n a l s  in 
VII r e l a t i v e  to  XIII.  

The c h e m i c a l  sh i f t s  of  the p r o t o n s  of  the CH 3 g roup  of OCOCH 3 c o i n c i d e  in VI and VIII;  t h i s  i n d i c a t e s  
the s a m e  c o n f i g u r a t i o n s  of  t h e s e  c o m p o u n d s .  A l c o h o l s  V and VII have the s a m e  c o n f i g u r a t i o n  - wi th  anti  
o r i e n t a t i o n  of the a r y l  s u b s t i t u e n t .  The s p e c t r a  of the p r o t o n s  of the benzo[b ]qu inuc l id ine  r i n g s  p r a c t i c a l l y  
co inc ide  f o r  t h e m .  

The s p e c t r a  of 3 - p h e n y l ( p - t o l y l ) q u i n o l i n e s  (XV, XVI) ob t a ined  f r o m  V and VII (Table 3) con ta in  only 
s i g n a l s  of a r o m a t i c  p r o t o n s  and of the  CH 3 g r o u p  (in XVI). 

The s p e c t r u m  of  2 - c a r b e t h o x y q u i n o l i n e  {X-VII), ob t a ined  f r o m  2 - c a r b e t h o x y - 3 - h y d r o x y b e n z o [ b ] q u i n u -  
c l i d ine  {XIX), con t a in s ,  in add i t i on  to  s i g n a l s  f r o m  the p r o t o n s  of the e t h o x y c a r b o n y l  subs t i t uen t ,  a g roup  of 
m u l t i p l e t s  tha t  a r e  a f f i l i a t e d  with  the p r o t o n s  of the  b e n z e n e  p o r t i o n  of the  qu ino l ine  r i n g  and,  a t  v e r y  weak  
f i e ld ,  two doub le t s  (a s p e c t r u m  of the  AB type)  f r o m  the 3 -H and 4 -H  p r o t o n s  (J34 ~ 8.5 Hz). Two double t  
p r o t o n  s i g n a l s  ( J = 2 . 4  Hz) (Table  3) a r e  o b s e r v e d  at  w e a k e s t  f i e ld .  The c l o s e  s p e c t r a l  p a r a m e t e r s  of the 
2 -H and 4 - H  p r o t o n s  in X'V and XVI and in  u n s u b s t i t u t e d  qu ino l ine  [5, 6] a r e  in a g r e e m e n t  wi th  p r o p o s e d  
s t r u c t u r e s  XV and XVI. The  a b s e n c e  of  a s igna l  a t  8 .5 -9  p p m  i n d i c a t e s  r e p l a c e m e n t  of  the p r o t o n  a t t a c h e d  
to  C (2) of  qu ino l ine  and i s  in  a g r e e m e n t  wi th  s t r u c t u r e  XVII [5, 6]. 

EXPERIMENTAL 

The PMR s p e c t r a  of I -XVIII  in CDC13 (I-XIV), CCI 4 (XV-XVII),  and CD3OD (X-VIII. HC1) w e r e  ob ta ined  
with  a J N M - 4 H - 1 0 0  s p e c t r o m e t e r  wi th  an o p e r a t i n g  f r e q u e n c y  of 100 MHz.  T e t r a m e t h y l s i l a n e  was  u s e d  as  
the i n t e r n a l  s t a n d a r d .  
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syn-  and ant i-3-Methyl-3-hydroxybenzo[b]quinucl idines (Is and Ia). A solution of 8 g (46 mmole) of 
3-oxobenzo[b]quinuclidine [7] in 80 ml of e ther  was added at 2-3 ~ to methyllithium, obtained f rom 16.4 g 
(115 mmole) of methyl iodide and 1.62 g (0.23 g-atom) of lithium in 50 ml of ether.  The mixture was r e -  
fluxed for 6 h and t reated with 70 ml of 25% potass ium carbonate solution, af ter  which the e ther  layer  was 
separated,  and the aqueous layer  was ext rac ted  with ether .  A total of 2.1 g (24~0) of Ia with mp 156-157 ~ 
(from ethyl acetate) precipi tated f rom the e ther  solution. Found: C 76.2; H 7.8; N 7.2~. Ct2H15NO. Cal- 
culated: C 76.1; H 8.0; N 7.4~ 

The ether  mother  liquor was evaporated,  and the residue was tr i turated with hexane and r ec rys t a l -  
l ized f rom e t h e r - e t h y l  acetate to give 1.75 g (2(P/0) of Is containing up to 10% Ia. The mixture had mp 
145-146 ~ (dec.). Found: C 76.4; H 8.0; N 7.3%. C12HisNO. Calculated: C 76.1; H 8.0; N 7.4%. 

syn-  and ant i -3-Benzyl-3-hydroxybenzo[b]quinucl idines  (His and IIIa). A solution of 8 g (46 mmole) 
of 3-oxobenzo[b]quinuclidine in 100 ml of e ther  was added to benzylmagnesium chloride [from 14.65 g 
(116 mmole) of benzyl chloride and 2.81 g (0.116 g-atom) of magnesium in 55 ml of ether],  and the mixture 
was allowed to stand for 20 h and was then t reated with 10% HC1. The precipitate was separated,  mixed 
with 25% potass ium carbonate solution, and extracted with benzene. The benzene was removed by disti l la-  
tion, and the residue was t r i turated w i t h e t h e r - p e t r o l e u m e t h e r  and recrys ta l l i zed  (4.8 g) f rom ethyl ace-  
tate to give 2.75 g (22.4~) of Ilia with mp 139-140 ~ Found: C 81.5; H 7.2; N 5.2%. CI8HigNO. Calculated: 
C 81.5; H 7.2; N 5.3%. The hydrochloride had mp 232-233 ~ Found: C1 11.6; N 4.9%. C18H19NO" HCl. Cal- 
culated: C1 11.8; N 4.6%. 

The hydrochlor ic  acid solution was extracted with ether,  after which it was made alkaline with po- 
t ass ium carbonate and extracted with benzene. The benzene was removed by distillation, and the residue 
(4.4 g) was extracted with e ther  to give 3 g of a mixture of IIIs and IIIa, which was recrys ta l l i zed  f rom 
ether  to give 0.9 g of IIIs containing 25% IIIa with mp 116-118 ~ Found: C 81.7; H 7.0; N 5.5~. C1RH19NO. 
Calculated: C 81.5; H 7.2; N 5.3%. 

ant i -3-Phenyl-3-hydroxybenzo[b]quinucl idine (Va). A solution of 8 g (46 mmole) of 3-oxobenzo[b]- 
quinuclidine in 30 ml of e ther  was added at 5 ~ to phenyllithium [from 10.9 g (72 mmole) of bromobenzene 
and 0.98 g (0.14 g-atom) of lithium in 60 ml of ether] .  The mixture was allowed to stand for 20 h, af ter  
which it was refluxed for 2 h, cooled, and t reated with 30 ml of water .  The precipitate was removed by 
fi l t rat ion to give 7.3 g (63%) of a product with mp 160-162 ~ (from ethyl acetate).  Found: C 81.5; H 7.1; 
N5.6%. Ci7HiTNC). Calculated: C 81.2; H 6.8; N 5.6%. The hydrochloride had mp 199-201 ~ Found: C1 
12.2%. CiTHi7NO'HC1. Calculated: C1 12.370. 

ant i-3-(p-Tolyl)-3-hydroxybenzo[b]quinucl idine (V.IIa). This compound was s imi lar ly  obtained in 
76% yield and had mp 190-191 ~ (from ethyl acetate).  Found: C 81.3; H 7.2; N 5.4%. CisH19NO. Calcu-  
lated: C 81.4; H 7.2; N 5.3%. 

3-(p-Tolyl)-3-hydroxyquinucl idine (XIII). This compound was obtained in 77.3~0 yield by the method 
used to obtain V and had mp 132-133 ~ Found: C 77.3; H 8.8; N 6.3%. C14H19NO. Calculated: C 77.4; H 
8.8; N 6.5%. The hydrochloride had mp 203-204 ~ 

syn-  and ant i-3-Methyl-3-acetoxybenzo[b]quinucl idines (IIs and IIa). A mixture of 3 g (16 mmole) 
of Ia and 10 ml of acetic anhydride was refluxed for  5 h, af ter  which the solution was evaporated,  and the 
residue was made alkaline with potass ium carbonate and extracted with ether  to give 2.2 g (60%) of Ha 
with mp 62-63 ~ (from hexane). Found: C 73.0; H 7.3; N 6.1%. C14H17NO 2. Calculated. C 72.7; H 7.4; 
N 6.1%. 

Similarly,  pure IIs with mp 65-67 ~ was obtained f rom a mixture containing 90% Is and 10% Ia. Found: 
C 72.9; H 7.2; N 6.3%. C14H17NO 2. Calculated: C 72.7; H 7.4; N 6.1%. 

ant i-3-Benzyl-3-acetoxybenzo[b]quinucl idine (IVa). This compound, with mp 132-133 ~ (from ether), 
was obtained by the method used to prepare  II. Found: C 78.4; H 6.5; N 4.8~. C20H21NO 2. Calculated: 
C 78.1; H 6.8; N 4.6%. �9 

A mixture of acetoxy derivatives IVs and IVa with the same percentages  of i somers  and mp 92-94 ~ 
was obtained f rom a mixture containing 75% IIIs and 25% IIIa. Found: C 78.5; H 6.6; N 4.6~. C20H21NO 2. 
Calculated: C 78.1; H 6.8; N 4.6%. 

ant i-3-(p-Tolyl)-3-acetoxybenzo[b]quinucl idine (VIII). A mixture of 2.65 g (10 mmole) of VIIa and 
25 ml of acetyl chloride was refluxed for  3 h, af ter  which the solution was worked up as in the p repa ra -  
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tion of II to give 1.2 g (39%) of a product  with mp 128-130 ~ Found: C 78.0; H 6.5; N 4 .6~  C20H21NO 2. Cal -  
culated: C 78.2; H 6.8; N 4.5%. The hydrochlor ide had mp 166-168 ~ 

3-(p-Tolyl ) -3-acetoxyquinucl id ine  (XIV). A mixture  of 1.5 g (6.9 mmole)  of XIII and 15 ml  of acet ic  
anhydride was refluxed for  25 h to give 1.4 g" (73.2%) of a product  with bp 146-148 ~ (4 mm) .  Found: C 74.2; 
H 7.9; N 5.3%. C16H21NO 2. Calculated: C 74.1; H 8.2; N 5.4%. 

3-Benzyl -3-ace toxyquinucl id ine  (XI). This  compound with bp 144-145 ~ (4 ram), was  obtained by r e -  
fluxing 3-benzyl -3-hydroxyquinucl id ine  with acet ic  anhydride for  25 h. Found: C 74.2; H 7.9; N 5.3%. 
C16H21NO 2. Calculated: C 74.1; H 8.2; N 5.4%. 

React ion of 3 -Pheny l -  (V), 3 - (p -Toly l ) -  (VII), and 2-Carbethoxy-3-hydroxy(XIX)benzo[b]quinucl idines  
with Acetic Anhydride. A. A mixture  of 1.75 g (7 mmole)  of Va and 17 ml of acet ic  anhydride was refluxed 
for  12 h, a f t e r  which the solution was evapora ted ,  and the res idue  was t r ea t ed  with po ta s s ium carbonate  
and ex t rac ted  with benzene to give 0.9 g (64%) of 3-phenylquinoline (XV) with bp 149-151 ~ (0.6 ram) and mp 
51-52 ~ [10]. Refluxing Va with acet ic  anhydride for  5 h gave a mixture  of XV and 3-ace toxy-3~phenylbenzo-  
[b]quinuclidine (VI). 

B. A mixture  of 2.5 g (9.4 mmole)  of VIIa and 25 ml of acet ic  anhydride was refluxed for  15 h to 
give 1.4 g (70%) of 3-(p-tolyl)quinoline (XVI) with mp 77-79 ~ Found: C 87.8; H 5.9; N 6.3%. C16H13N. Cal- 
culated: C 87.6; H 6.0; N 6.4~. 

C. A mixture  of 1.2 g (5 mmole)  of 2-carbethoxy-3-hydroxybenzo[b]quinucl id ine  (XIX) [9] and 10 ml  
of acet ic  anhydride was ref luxed for  5 h to give 0.75 g (74%) of 2-carbethoxyquinol ine (XVII) with bp 132- 
133 ~ (0.6 ram). Refluxing XVII with hydrochlor ic  acid gave the monohydrate  of the hydrochlor ide  of quinal-  
dinic acid (XVIII) with mp 184-185 ~ (dec.) [11]. 
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