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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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to carbonyl  groups  (1725-1730 cm-1),  a b road  band at 2480-2630 cm -1, which a t t e s t s  to sa l t  fo rmat ion  through 
the phenolic hydroxyl  group and the n i t rogen a tom of the quinuclidine r ing.  A quar te t  of a 2-H proton at 3.42 
ppm,  a 4 -H quintet with a s p i n - s p i n  coupling constant  (SSCC) of 2.5 Hz at 2.56 ppm,  and complex mul t ip le ts  
of 5 ,8-H 2 protons  a r e  obse rved  in the PMR spec t rum of III; this  con f i rms  the p r e s e n c e  of a quinuclidine r ing 
with a carbonyl  group in the 3 posi t ion and a CH2R group in the 2 posi t ion [1]. The magni tude of the chemica l  
shif t  of the pro tons  of the methylene  group of this subst i tuent  (~, 3.07 ppm) m a k e s  it  poss ib le  to exclude the 
poss ib i l i ty  of i ts  addition to the phenolic oxygen a tom and indicates  r e p l a c e m e n t  by this group of one of the 
pro tons  of the phenyl r ing.  The overa l l  in tensi ty  of the s ignals  of the a roma t i c  r ing pro tons  [4 proton units 
(pu)] is  in a g r e e m e n t  with this  conclusion.  The c h a r a c t e r  of the mul t ip l ic i ty  of the indicated s ignals ,  namely ,  
the absence  of a s y m m e t r i c a l  s pec t rum  of the A2B 2 type (which is  c h a r a c t e r i s t i c  fo r  p-d isubs t i tu ted  benzenes) 
and of a mul t ip le t  with an intensi ty  of 1 pu with constants  that do not exceed 3 Hz (which is  cha r ac t e r i s t i c  fo r  
m-d i subs t i tu t ed  benzenes) ,  makes  it  poss ib le  to conclude that  both subst i tuents  in the phenyl r ing of HI a re  in 
the ortho posi t ion.  This  sor t  of c h a r a c t e r  of the substi tution of the phenyl r ing has  a lso  been  unambiguously 
es tab l i shed  during a study of the PMR spec t rum of VIIt.  

In the PMR s pec t rum  of IX, which, on the whole, is s im i l a r  to the spec t rum of HI, a quar te t  of the AB 
type with 6A = 7.10, 6B = 7.17, and JAB ~ 8.2 Hz co r r e sponds  to the protons  of the subst i tuted naphthyl r ing.  
The magni tude of the SSCC, which is c h a r a c t e r i s t i c  fo r  the protons  in the ortho posi t ion,  m a k e s  it poss ib le  to 
conclude that the CH2-Quin  (quinuclidine) group is at tached to the fi carbon of the naphthalene r ing,  i .e . ,  in the 
or tho posi t ion r e l a t ive  to the hydroxyl  group.  

Ketone III r e a c t s  with hydroxylamine  to give an oxime,  and when it is heated  with aqueous po tass ium hy-  
droxide solution it  is conver ted  to a f o u r - r i n g  compound - 7 -hydroxy-4 ,5 -benz -6 ,1 -oxaza t r i cyc lo [4 .2 .2 .02J ] -  
dodecane (VIII). The s t ruc tu re  of the l a t t e r  follows f r o m  the r e su l t s  of e l emen ta ry  ana lys i s ,  the absence  in 
the IR s p e c t r u m  of an absorpt ion  band of a carbonyl  group, and c leavage of the hemiace ta l  grouping with r e -  
genera t ion  of the s ta r t ing  ketone IH when VIII is heated with hydrochlor ic  acid.  

The keto group in III ,  IX, and XI was reduced to a hydroxy group with l i thium aluminum hydride  and 
sodium borohydr ide .  In this  case  we obtained 2-subs t i tu ted  3-hydroxyquinucl idines  (IV, X, and XII) in the f o r m  
of a mix tu re  of two d i a s t e r e o m e r i c  f o r m s .  Individual t r ans  i s o m e r  IVt was isola ted by c rys ta l l i za t ion .  We 
w e r e  unable to accompl i sh  the cata lyt ic  hydrogenat ion of b a s e  HI and i ts  hydrochlor ide  in the p r e s e n c e  of 
pla t inum.  

The IR s p e c t r u m  of IV contains bands at 3370 cm -1 (aliphatic OH group) and a broad  band at 2340-2550 
cm -1, which, as in the case  of ketone HI,  is  a ssoc ia ted  with sa l t  fo rma t ion  through the phenolic hydroxyl  group 
and the quinuclidine ni t rogen a tom.  

2- (2 ' -Hydroxybenzyl ) -3-hydroxyquinuc l id ine  (IV) is  acyla ted at the phenolic and alcohol hydroxyl  groups  
to give diacyl  de r iva t i ve s  (V, VI). In the reac t ion  of 2 - (2 ' -ace toxybenzyl ) -3-ace toxyquinuc t id ine  with an alcohol 
solution of hydrogen chlor ide  at r oom t e m p e r a t u r e  one o b s e r v e s  r emova l  of one acetyl  group,  evident ly  due to 
t r ansacy la t ion ,  to give 2- (2 ' -hydroxybenzyl ) -3-ace toxyquinuc l id ine  (VII). 

According  to the PMR spec t r a l  data ,  IVt,  which is i sola ted by c rys ta l l i za t ion  of the mix tu re  of d i a s t e r e o -  
m e r s ,  and i ts  acyla t ion products  Vt,  VIt,  and VIIt  a re  individual compounds.  The subs tances  obtained f r o m  the 
m o t h e r  l iquors  a r e  a mix tu re  of d i a s t e r e o m e r s  IVc and IVt,  which is  conver ted  to a mix tu re  of d i a s t e r e o m e r i c  
acyl  d e r i v a t i v e s  V-VII .  The configurat ion of d i a s t e r e o m e r s  IV-VII was es tab l i shed  on the ba s i s  of the J23 and 
J34 vic inal  SSCC. 

We have p rev ious ly  shown [2, 3] that  the re la t ionships  J23cis > J23trans and J3r > J34trans (I) a re  valid 
for  2 ,3-disubst i tu ted quinuclidines.  In conformi ty  with these  re la t ionsh ips ,  individual IVt, Vt,  VIt,  and VIIt  
we re  ass igned  to the t r a n s  s e r i e s .  

I t  follows f r o m  the data in Table  1 that the re la t ionship  J34cis > J34trans is  s t r i c t ly  obse rved  for  all  of 
the inves t igated compounds ,  and the effect  of the subst i tuents  on these  constants  and on the J23cis constant  is 
only slight.  The subst i tuents  have  a much s t ronge r  effect  on the J23trans SSCC, and in the case  of the IVt and 
VIIt  i s o m e r s  th is  constant  p rac t i ca l ly  r e aches  the J2~cis value; this is p robab ly  assoc ia ted  with the cons ide r -  
able de fo rmat ion  of the molecu le  in the indicated i s o m e r s .  F o r  all  of the invest igated p a i r s  of compounds the 
3-H signal  of the c is  i s o m e r  is  obse rved  at  weake r  field (,~ 0.4-0.5 ppm) as compa red  with the t r ans  i so mer .  

The  spec t rum  of VIIt  was  a lso  studied by means  of a shift  reagent  - t r i s (d ip iva loylmethana to)europium 
Eu(DPM) 3. When the ra t io  of the m o l a r  concentra t ion  of the reagent  to the subs t ra te  is  N 0.2, a f i r s t - o r d e r  
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TABLE 1. Chemical  Shifts of the Pro tons  (6, ppm) 

pound 3H 4H 5,8H~ 6,7H~ 2qL~ ReI(A2) R~ Solvent oH 

IIl 3,42 
IVt ~ 2,85", "i" 

1~3~6,7 Hz 
IVc $ 

./23 = 7,0 Hz* 
Vt ~ 2,90" T 

1z3=4,5 Hz 

VC$ 4,94 
1~3~7,5Hz* 134~5 Hz 

Vlt$ 4 70 
IJ~<3 Hz~ V,,~2,5 Hz 
I I 5,12 

VIc* 1/23--7 Hz* 11,,=5 Hz 

VIIt ] I 4,64 
11~3=6,5 HZ* 1134 ~2 HZ 

Vllc :1: ] * ' 5 t l  
lz3=7Hz" 134='5,5 Hz I 

IX I 3,5 

t 3,35 
JJ'z~=5 HZ* 134~3 Hz 

3,58 2,56 1,86 
.}'a4~2 Hz / 

3 9,q ' 2,05 
A~='5"Hz ! 

4,55 1,90 
1~4=2 Hz 

1,99 

Xt* 

Xc$ 

Xl It 

Z05 

i 

ij2v~.7Hz. : 3,84 !134=5 Hz 
--* 3,66 

2,151 

1,90 

1,75 

[,95--2,30 
1,5--1,95 

1.3--1,8 

1,2--1.8 

1,2--1,65 

1,2--1,9 

1.4--1.9 

1,35-- 1,7@ 

1,1--1,8 

1,3--1,9 

3,0--3,2~ ),07 
2,5--3,0 --~ 

2,6--3,1 --* 

2,5--3,1 L76 

2,5--3,2 --* 

2,5--3,3 L86 

2,6--3.4 --* 

!,40--2,75]3,05 

!,40--3,60 --*' 

2,6--3,4 --* 

6,7--7,2 
i,65--7,15 

6,7--7,15 

7,0--7,3 
2,27 
(OAc) I 

i,85--7,2 
2,24 

(OAc) 
7,0--8,2 

6,6--7,1 

~,10--8,5 
LIO (A), 
7,17 (B) 

~8,2 HZ 
6,8--8,10 

L05--8,1 i 
7,08 (A), 
7.67 (B) i 

JAB~-- 
~8 HZ 

1,82 

1,97 

7,0-- 

8,2 
2.06 

2,13 

CDCI3 
CDCIs 

CDCI~ 

CDCI3 

CCI4 

CCI4 

CC14 

CDCI3 

CDCla 

C~DsB2 

CDCI3 

CDCI3 

ds-DMSO 

*The signals are superimposed on the signals of the a protons of 
the quinuelidine ring. 
SThe position of the signals was determined by means of double 
resonance. 
$Studied in a mixture of isomers.  

s p e c t r u m  c o n s i s t i n g  o f  two d o u b l e t s  and two t r i p l e t s  wi th  a s p l i t t i n g  of ~ 7 -8  Hz c o r r e s p o n d s  to  the  a r o m a t i c  
p r o t o n s ;  t h i s  once  a g a i n  c o n f i r m s  t h e  d a t a  p r e s e n t e d  above  on o r t h o  s u b s t i t u t i o n  in  the  pheny l  r i n g .  

T h e  a s s i g n m e n t  of the  c o n f i g u r a t i o n  of i s o m e r s  X and Xl l  w a s  m a d e  f r o m  r e l a t i o n s h i p s  (I) and in ana logy  

wi th  t h e  p h e n y l  d e r i v a t i v e s  IVt and IVc.  

T h e  P M R  s p e c t r u m  of XII  i s  in  good  a g r e e m e n t  wi th  t he  e x p e c t e d  s t r u c t u r e .  An AB s y s t e m  with  6A(H~)=  
7.67 and 6B(I-Ifl) = �9 Hz i s  a f f i l i a t e d  wi th  t he  p r o t o n s  of the  s u b s t i t u t e d  pheny l  r i n g .  T h i s  m a k e s  i t  p o s s i b l e  
to  conc lude  tha t  t he  CH 2 - Q u i n  g r o u p  in XII (as  in  ke tone  XI) i s  a t t a c h e d  to t h e  ~ c a r b o n  of the  naph tha l ene  r i n g  

in  the  o r tho  p o s i t i o n  r e l a t i v e  to  t he  OH g r o u p .  

T h e  m a s s  s p e c t r o s c o p i c  c o n f i r m a t i o n  of the  s t r u c t u r e  of HI -XII  was  b a s e d  on the  u s e  of p r e v i o u s l y  o b -  
t a i n e d  d a t a  on the  m a s s  s p e c t r a l  c h a r a c t e r i s t i c s  of v a r i o u s  func t iona l  s u b s t i t u t e d  q u i n u c l i d i n e s  [3-5] .  

A l l  of the  i n v e s t i g a t e d  c o m p o u n d s  ( l I I -VI I ,  and XI) a r e  c h a r a c t e r i z e d  by  d i s t i n c t  m o l e c u l a r  ion  p e a k s ,  the  
i n t e n s i f i e s  of which  a r e  d e t e r m i n e d  by  the  n a t u r e  of t he  func t iona l  g roup  in the  3 p o s i t i o n .  In t h e  c a s e  of 3 -oxo  
d e r i v a t i v e s  I l l  and Xl  the  p r i n c i p a l  (in in t ens i ty )  p e a k  in the  s p e c t r a  a t  70 and 12 eV c o r r e s p o n d s  to  the  M + - 
CO f r a g m e n t  ( m / e  203 f o r  HI and 253 f o r  Xl) .  The  u s u a l  d e t a c h m e n t  of an  OH g r o u p  f r o m  M + - C O  in the  c a s e  
of HI and XI (In* = 170.5 f o r  HI) i s  e v i d e n t l y  due to  t he  " o r t h o  e f fec t "  and the  f o r m a t i o n  of s t a b l e  c y c l i c  f r a g -  
m e n t  a ( see  t he  f r a g m e n t a t i o n  s c h e m e  be low) .  In  the  f r a g m e n t a t i o n  of HI and XI one d o e s  not  o b s e r v e  d e t a c h -  
m e n t  of t h e  s u b s t i t u e n t  in  t he  f o r m  of a n e u t r a l  p a r t i c l e ,  but  e x t r e m e l y  i n t e n s e  f o r m a t i o n  of a f r a g m e n t  of the  
b e n z y l i n m  t y p e  wi th  m / e  107 (HI) and  157 (XI) i s  o b s e r v e d .  A s  in t he  c a s e  of HI and XI ,  t he  s p e c t r u m  of IV 
c o n t a i n s  a p e a k  of a f r a g m e n t  of the  b e n z y l i u m  type  wi th  m / e  107. H o w e v e r ,  in  c o n t r a s t  to  I l l  and XI,  d e t a c h -  
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ment of the substituent in the molecu la r  ion f rom the 2 position leads to a f ragment  with m / e  126, the peak of 
which is second in intensity af ter  the M + peak. We have previously  d iscussed the mechanism of this p rocess  
[41. 

i l l  ( X l )  ~-- 
~A "I" �9 

m/e 107 

V(Vl~ Vii, Xll ) 

M +" 

- ~ - O H  ~ N I 
~.. ~ CH 2 ~t 

M ~- CO 

~H_~_COCH 3 CH=O 

CH3OC O v CH3COCO ~IL'~-~ 

x ~  M t'_ CH3C O 
OCOCH 3 

CH--CH 

B 

The cha rac t e r i s t i c  p roces s  in the fragmentat ion of 3-acyloxyquinuclidines is detachment of the acyl 
group f rom the M + ion [5]. An intense peak of an M + - OCOCH 3 fragment  is present  inthe spectrum ofdiacyloxy 
derivative V along with the M + - CH3CO peak. However, only an M + - COCH 3 fragment  is observed in the f r ag -  
mentation of VII. It may be assumed that the formation of an M + - OCOCH 3 ion for V is due to the "ortho 
effect" with detachment of an acyloxy group f rom the benzene ring to give f ragment  b. It is interesting to note 
that an ex t remely  intense peak of a s imi la r ly  constructed M + - OH ion is also observed in the spectrum of VII. 
These peculiar i t ies  in the fragmentat ion of V and VII make it possible to determine,  f rom the mass  spectra,  the 
number  and posit ion of the OCOCH3 or  OH groups .  The f ragmentat ion mechanisms  charac te r i s t i c  for  V and 
VII a re  also typical  for  VI. The overal l  scheme of the f ragmentat ion of ]:[I-XII can be br ief ly  represented by 
the d iagram given above. 

EXPERIMENTAL 

The IR spectra of the compounds were recorded with a UR-10 spectrometer. The PMR spectra were 
recorded with a JNM-4H-100 spectrometer (I00 MHz) with tetramethylsilane (TMS) as the internal standard. 
The mass spectra were obtained with an MKh-1303 mass spectrometer with introduction of the samples into 

the ion source. The sample input temperature was 20~ and the temperature of the ionization chamber was 
125~ The ionizing voltages were 70 and 12 eV, and the emission current was 75 mA~ 

2-(2LHydroxybenzyl)-3-oxoquinuclidine (Irl). A) A 1.7-g (74 mg-atom) sample of sodium was added to a 

solution of 15 g (160 mmole) of phenol in 30 ml of xylene, and the mixture was refluxed with stirring until the 
sodium dissolved. A 10-g (73 mmole) sample of 2-methylene-3-oxoquinuclidine (I) was added to the resulting 
sodium phenoxide solution, and the mixture was refluxed for I0 ho It was then cooled and treated with 50 ml of 
water, and the xylene layer was separated~ The aqeuous layer was extracted with chloroform, the solvents 
were removed by distillation, and the residue was triturated with ethyl acetate to give ii g (65.5%) of III with 

+ 
mp 137-139~ (from ethyl acetate). IR spectrum: 1725 (C~ O), 2480-2630 cm -I (NH-..OC6Hs). Found. C 72.7; 
H 7.3; N 6.4%. C14HITNO2. Calculated: C 72.7; H 7.4; N 6.1%o 

B) A mixture of 3 g of 2-chloromethyl-3-oxoquinuclidine hydrochloride was heated at 120-130~ (bath 
temperature) for 6 h. At the start of the heating period, hydrogen chloride evolution was observed. The mix- 
ture was dissolved in 30 ml of water, and the aqueous solution was made alkaline with 40% sodium hydroxide 
solution and extracted with chloroform. The residue was triturated with ether and recrystallized from ethyl ace- 
tate to give 2 g (57.5%) of a product with mp 137-139~ 

trans-2-(2LHydroxybenzyl)-3-hydroxyquinuclidine (IVt)~ A) A solution of 2.3 g (I0 mmole) of ketone III 
in 50 ml of dioxane was added to a suspension of 1.9 g (50 mmole) of lithium aluminum hydride in 25 ml of 
ether, and the mixture was refluxed with stirring for I0 h. It was then cooled and treated with 4 ml of water, 
and the resulting precipitate was removed by filtration and washed thoroughly with chloroform. The combined 
extracts were evaporated, and the residue was triturated with ether. Workup gave 1.6 g (69.5%) of a mixture 
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of d i a s t e r e o m e r i c  IVc and IVt with mp 130-140~ Recrys ta l l i za t ion  of the mix tu re  f r o m  acetone gave 0.66 g + 
of t r a n s  i s o m e r  IVt with mp 169-171~ IR spec t rum:  3370 (OH), 2340-2550 cm -1 (NH'-'OC6H~). Found: C 72.2; 
H 8.0; N 5.9%. C14H19NO 2. Calculated: C 72.1; H 8.2; N 6.0%. The  acetone m o t h e r  l iquor  was  evapora ted ,  
and the r e s idue  was  r e c r y s t a l l i z e d  f r o m  ethyl ace ta te  to give 0.6 g of a mix tu re  of IVc and IVt (mp 138-142~ 
containing ~ 80% IVco Found: C 72.3; H 8.1; N 6.2%. C14H19NO 2. Calculatecs C 72.1; H 8.2; N 6.0%. 

B) A 10-g (262 mmole)  sample  of sodium borohydr ide  was spr inkled in the cour se  of 1 h into a solution 
of 15 g (65 mmole)  of ketone III  in 200 ml  of methanol ,  and the mix tu r e  was s t i r r ed  at r o o m  t e m p e r a t u r e  fo r  
20 h. It  was  then evapora ted ,  70 ml  of w a t e r  was  added, and the mix tu re  was ex t rac ted  with ch loroform.  
Workup of the ex t rac t  gave 9.5 g (63%) of a m i x tu r e  of IVc and IVt,  f r o m  which 4.3 g of carbinol  IVt,  with mp 
169-171~ was i so la ted  by c rys t a l l i za t ion  f r o m  acetone.  

t r ans -2 - (2 t -Ace toxybenzy l ) -3 -ace toxyqu inuc l id ine  (Vt). A solution of 2~ g (10 mmole)  of IVt in 20 ml  
of acet ic  anhydride was  hea ted  at  100~ fo r  6 h, a f t e r  which the excess  acet ic  anhydride was r emoved  by v a -  
cuum dis t i l la t ion,  and the r e s idue  was  t r e a t ed  with a 25% solution of po t a s s ium carbonate~ The alkaline m i x -  
t u r e  was  ex t rac ted  with ch lo ro fo rm,  and the ex t rac t  was worked up to give 2.68 g (84.5%) of a product  with bp 
163-165~ (0.5 mm)~ IR spect rum:  1724 (OCOCH~) and 1756 cm -1 (C6I-I4OCOCH3). Found: C 68.4; H 7.3; N 4.4%. 
CtsH23NO4o Calculated: C 68.1; H 7.3; N 4.4%. 

A m i x t u r e  of acety l  de r iva t i ve s  Vc and Vt was s i m i l a r l y  obtained f r o m  a mix tu r e  of d i a s t e r e o m e r i c  
ca rb ino ls  IVc and IVt.  

t r ans -2- (21-Hydroxybenzyl ) -3-ace toxyquinuc l id ine  (VHt). An alcohol solution of hydrogen ch lor ide  was 
added at r o o m  t e m p e r a t u r e  to a solution of 1.9 g (6 mmole)  of Vt in 20 ml  of ethanol until  the mix tu re  was  
acidic with r e s p e c t  to Congo Red. The resu l t ing  p rec ip i t a te  was  r emoved  by f i l t ra t ion  and washed with acetone 
to  give 1o4 g (75.2%) of  the hydroch lor ide  of VIIt  with mp 287-288~ IR spectrurm 1730 (OCOCH3) , 3150 (OH), 

and 2510-2570 c m  -1 (Nit). Found: C 61.9; H 7.3; C1 10.8%o C16H21NO 3.HC1. Calculated: C 61.6; H 7.1; C111,4%. 

T r e a t m e n t  of the hydroch lor ide  of VIIt  with aqueous po t a s s ium carbonate  solution and subsequent  e x t r a c -  
t ion with c h l o r o f o r m  yielded base  VHt with mp 151-153~ (f rom a mix tu re  of acetone and ethanol). IB spec -  
t r am:  1740 (OCOCH 3) and 2580-2740 cm -1 (associa ted  OH group).  Found: C 69.6; H 7.8%. CI6H21NO 3. Calcu-  
lated: C 69.8; H 7.7%. 

2-(21-Benzoyloxybenzyl)-3-benzoyloxoquinucl idine (VIc and VIt). A 1.05-g (7.5 mmole)  sample  of benzoyl  
chlor ide  and 10 m l  of pyr id ine  were  added to a mix tu re  of 1 g (3.7 mmole)  of the hydroch tor ides  of d i a s t e r e o m -  
e r i c  IVc and IVt ,  and the m i x t u r e  was ref luxed fo r  10 h. The resu l t ing  solution was  vacuum evapora ted ,  and 
the res idue  was  made  alkal ine with 25% p o t a s s i u m  carbona te  solution and ex t rac ted  with ch lo ro fo rm.  The 
c h l o r o f o r m  was  r em oved  f r o m  the ex t rac t ,  and the res idue  was dis t i l led to give 1.2 g (73.8%) of a product  with 
bp  252-254~ (0.3 mm) .  IR spec t rum:  1708 (OCOC6H 5) and 1732 cm -1 (C6H4OCOC~Hs). Found: C 76.3; H 6.1%. 
C28H27NO 4. Calculated:  C 76.2; H 6.2%. 

2-(21-Hydroxybenzyl)-3-oxoquinucl idine Oxime.  A m ~ e  of 3 g (13 mmole)  of ketone HI, 0.9 g (13 
mmole)  of hydroxylamine  hydroch lor ide ,  and 30 ml  of ethanol was ref luxed fo r  10 h, a f t e r  which it  was  cooled,  
and the resu l t ing  p rec ip i t a t e  was  r em oved  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  methanol  to give 1.8 g (49%) 
of the oxime hydrochlor ide  with mp 173-174~ To isola te  the base ,  the oxime hydrochlor ide  was t r ea t ed  with 
50% p o t a s s i u m  carbona te  solution, and the mix tu re  was ex t rac ted  with ch lo ro fo rm.  The  ch lo ro fo rm solution 
was  evapora ted ,  and  the res idue  was  r e c r y s t a l l i z e d  f r o m  ethyl ace ta te  to give the oxime with mp 146-t48~ 
Found: C 68.4. H 7.5; N 11.4%. C14H18N202. Calculated: C 68.3; H 7.4; N 11.4%. 

7-Hydroxy-4 ,5-benz-6 , t -oxazat r icyclo[4 .2 .2 .02 ,Y]dodecane  (VIII). A mix tu r e  of 7 g (30 mmole)  of HI and 
70 m l  of 25% aqeuous p o t a s s i u m  hydroxide  solution was  ref luxed fo r  16 h, a f t e r  which the alkaline solution was 
ex t rac ted  with ch lo ro fo rm,  and the ch lo ro fo rm solution was  vacuum evapora ted .  The res idue  was  r ec r y s t a l l i z ed  
f r o m  isopropyl  alcohol to give 5.8 g (83%) of a product  with mp 151-153~ IR spec t rum:  2650,.3030 cm -1 ( a s -  
socia ted OH group); no absorpt ion  was  obse rved  in the carbonyl  group region.  Found: C 73.0; H 7.7; N 5.9%. 
Ci4HITNO2. Calculate& C 72.7; H 7.4; N 6.i%. 

React ion of VHI with Hydrochlor ic  Acid.  A solution of 0.3 g (1.3 mmole)  of V m  in 3 m l  of 17% hydro -  
chlor ic  acid was  ref luxed fo r  10 h, a f t e r  which the mix tu re  was  vacuum evapora ted ,  and the res idue  was made  
a lkal ine  with po t a s s ium carbona te  and ex t rac ted  with ch loroform.  The ch lo ro fo rm solution was  evapora ted ,  
and the res idue  was  c rys t a l l i zed  f r o m  ethyl aceta te  to give 0.2 g (67%) of HI with mp 137-139~ The IR spec -  
t r a  of ketone HI obtained by  th is  method and f r o m  2-methylene-3-oxoquinucl id ine  (I) coincided. IR spec t rum:  
1725 (C ~--- O) and 2480-2630 cm -~ (NH'"OC6Hs). 

1108 



2- ( l ' -Hydroxy-2 ' -naph thy l ) -3 -oxoqu inuc l id ine  (IX). A 10-g (70 mmole)  sample  of (~-naphthol and 0.84 g 
(36 rag-a tom) of sodium w e r e  hea ted  in 50 ml  of anhydrous  toluene until  the sodium disso lved ,  a f t e r  which the 
m i x t u r e  was cooled,  and 5 g (36 mmole)  of ketone I was  added. The mix tu re  was then ref luxed with s t i r r ing  
fo r  6 h,  a f t e r  which i t  was  cooled and t r ea t ed  with 160 ml  of wa te r .  The toluene l aye r  was sepa ra t ed ,  and the 
aqeuous l a y e r  was  ex t rac ted  with ch lo ro fo rm.  The solvents  we re  r emoved ,  and the res idue  was  t r i t u ra t ed  
with ethyl ace ta te  to give 8.9 g+(87%) of a p roduc t  with mp 199-201~ (from ethyl acetate) .  IR spect rum:  1730 
(C----- O) and 2280-2640 c m  -1 (NH..oOC6Hs). Found: C 76.8; H 6.7; N 4.9%. C18H~gNO 2. Calculated: C 76.8; H 
6.8; N 5.0%. The  hydroch lor ide  had mp 246-247~ Found: C 68~ H 6.4%. C18H19NO 2 .HC1. Calculated:  C 
68.0; H 6.3%. 

2 - (2 ' -Hydroxy - l ' - naph thy l ) -3 -oxoqu inuc l i d ine  (XI). This  compound, with mp 190-192~ (f rom benzene) ,  
was  s i m i l a r l y  obtained in 58.5% yield f r o m  2-methylene-3-oxoquinucl id ine  (I) and sodium fl-naphthoxide.  
Found: C 76.7; H 6.9; N 5.1%. C18H19NO 2. Calculated: C 76.8; H 6.8; N 5.0%. 

2 - ( l ' -Hydroxy -2 ' - naph thy l ) -3 -hyd roxyqu inuc l i d ine  (Xc and Xt). A 2.2-g (7.1 mmole)  sample  of IX was 
added gradual ly  to a suspens ion of 2 g (52 mmole)  of l i thium aluminum hydr ide  in a mix tu re  of  25 ml  of e ther  
and 50 ml  of dioxane,  and the mix tu re  was ref luxed with s t i r r i ng  fo r  10 h. I t  was  then cooled and t r ea t ed  with 
5 m l  of wa te r ,  and the resu l t ing  p rec ip i t a t e  was r emoved  by f i l t ra t ion  and washed thoroughly with ch loroform.  
The combined ex t r ac t s  w e r e  evapora ted ,  and the res idue  was d isso lved  in 10 ml  of acetone.  The acetone solu-  
t ion was  t r ea t ed  with an alcohol solution of hydrogen chlor ide ,  and the mix tu r e  was worked up to give 2 g 
(87.3%) of the hydroch lor ide  of X in the f o r m  of a mix tu re  of the+cis and t r a n s  i s o m e r s  with mp 244-245~ 

( f rom water) .  IR spec t rum:  3280 (OH) and 2610 and 2660 cm -1 (NH). Found: C 65.7; H 7.0; C1 10.8%. 
CI8H2INO 2 *HC1.1/2H20.  Calculated:  C 65.7; H 7.0; C1 10.8%. 

t r ans -2 - (2 ' -Hydroxy- l~ -naph thy l ) -3 -hydroxyqu inuc l id ine  (XIIt). A 4 .8-g  (126 mmole)  sample  of sodium 
borohydr ide  was added gradual ly  to a suspens ion  of 4.8 g (17 mmole)  of XI in 110 m l  of methanol ,  and the m i x -  
tu re  was  s t i r r ed  at r oom t e m p e r a t u r e  fo r  20 h, a f te r  which the methanol  was r emoved  by dis t i l la t ion,  150 ml  
of wa t e r  was  added to the r e s idue ,  and the mix tu re  was ex t rac ted  with ch lo ro fo rm.  The ch lo ro fo rm was r e -  
moved  by dis t i l la t ion,  and the res idue  was  t r i t u ra t ed  with a m ix tu r e  of 20 ml  of e the r  and 10 ml  of ethyl ace -  
ta te  to give 2.9 g {60.3%) of a m i x t u r e  of ca rb ino ls  XIIc and XIIto Crys ta l l i za t ion  f r o m  ethanol yielded 0~ g 
of individual XIIt  with mp 228-230~ Found: C 76.1; H 7.4; N 4.7%. C~sH21NO 2. Calculated: C 76.3; H 7.5; N 
4.9%. 
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