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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  

WITH I N D O L E S  

V. A. B o n d a r e n k o ,  E. E. M i k h l i n a ,  
T.  Ya .  F i l i p e n k o ,  K. F .  T u r c h i n ,  
Yu.  N. S h e i n k e r ,  a n d  L.  N. Y a k h o n t o v  

UDC 547.834.4.752:543.422.25.4 

2-(3-Indolylmethyl)- and 2-(phenyl-3-indolylmethyl)-3-oxoqninuclidines were obtained by the 
reaction of 2-methylene-3-oxoquinuclidine with indole and 2-phenylindole, respectively. Their 
reduction by the Kishner method and with sodium borohydride was studied. The structures of 
the products were confirmed by means of their PMR spectra, and the configurations of two 
diastereomeric 2-(3-indolylmethyl)-3-hydroxyqulnuclidines were established. 

The reaction of 2-methylene-3-oxoqulnuclidine (I) with various nucleophilic reagents (water, alcohol, 
phenols and uaphthols), which makes it possible to synthesize a number of previously unknown 2-substituted 
3-oxoquinuclidines, was described in previous communications [1, 2]. The transformations of the synthesized 
compounds, particularly the formation of diquinuclidine derivatives and polycyclic quinuclidine compounds, 
have been studied. 

In a continuation of these investigations and in order to synthesize 2-indolylquinuclidines we studied the 
reaction of I with indoles. A number of compounds of the indoloquinuclidine class have been described in the 
literature. This is primarily true of the alkaloid cinchonamine and its derivatives, obtained by partial [3] or 
total synthesis [4, 5], and alkaloids of the aimaline, sarpagine, and quinamine group. Some synthetic repre-  
sentatives of this group of substances are also known [6-8]. 

We have shown that indole does not react with I without a catalyst. The electrophilic addition of unsatu- 
rated ketone I to indole and 2-phenylindole proceeds readily in the presence of both basic (sodium ethoxide) 
and acidic (acetic acid) catalysts and leads to 2- (3-indolylmethyl)- and 2- (2-phenyl-3-indolylmethyl)-3-oxo- 
quinuclidines (H, III). It should be noted that whereas the use of sodium ethoxide makes it possible to obtaIn 
II and IH in ~60% yields, II is formed in quantitative yield in the case of an acidic catalyst. In this case, when 
acetic acid is present, the increase in the electrophilicity of the olefinic bond in unsaturated ketone I due to 
the acceptor properties of the positively charged nitrogen atom of the quinuclidine ring is of substantial sig- 
nificance. In contrast to the literature data [9], the addition of acetic anhydride leads to a decrease in the 
yield of II. 1-Methyl-2-phenylindole does not react with unsaturated ketone I either in the presence of alkalis 
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or in the p r e s e n c e  of acidic  ca t a lys t s .  The p r e c u r s o r  of 2-methylene-3-oxoquinucl id ine  (I) - 2 - d i m e t h y l a m -  
inomethyl-3-oxoquinucl id ine  - can be used in p lace  of I in the reac t ion  with indole. This  p r e c u r s o r  is fo rmed  
by the r eac t i on  of 3-quinuclidine with d imethy lamine  and formaldehyde  [10]. The subsequent use  of the above-  
desc r ibed  ca ta lys t s  - sodium ethoxide or ace t ic  acid - makes  it poss ib le  to obtain II in 25.8 and 67% yields,  
r e  spect ively .  

2 - (3 - Indo ly lmethy l )qu lnuc l id ine  (IV),  which is the cycl ic  analog of t ryp tamine ,  is fo rmed  in 63% yield 
in the H u a n g - M i n l o n  modif ica t ion  of the Kis lmer  reduct ion  of ketone IL It should be  noted that  the s a m e  c o m -  
pound was  p rev ious ly  synthes ized [8] f rom f l - ( 4 -py r idy l )p rop ion i c  acid in s ix s teps  in an ove ra l l  yield of 7.5%. 

Indoloquinuclidine II was  conver ted  to a m i x t u r e  of d i a s t e r e o m e r i c  2 - (3 - indo ly lme thy l  ) -3-oxoqulnucl i -  
dines (va ,  Vb ) by reduct ion  with sodium borohydr ide  in methanol .  Individual d i a s t e r e o m e r i c  alcohols  Va,  b 
we re  isolated by f rac t iona l  c rys ta l l i za t in  of the mix tu r e  f rom ethanol. Acetylat ion of the mix tu re  of d i a s t e r e o -  
m e r i c  a lcohols  Va,b  led to a mix tu re  of two 2 - (1 - ace ty l -3 - Indo ly lme thy l ) -3 - ace toxyqu inuc l i d ine  d i a s t e r e o -  
m e r s  (Via,b). 

Signals of the pro tons  of the indole r ing  a r e  obse rved  at  weak field in the PMR spec t r a  of II,  IV, and V: 
a mul t ip le t  of 4 -H,  5-H,  6-H,  and 7-H protons ,  a b road  singlet  of the pro ton  of the indole NH group,  and a 
doublet  (due to s p i n - s p i n  coupling with the 1-H proton)  at 6.8-7.3 ppm, which, on the bas i s  of the chemica l  
shift ,  was  ass igned  to the 2-H pro ton  of the indole ring. The s p e c t r a  of III  and VIa,b  a lso  contain s ignals  of 
the 4-I-I, 5 -H,  6-H,  and 7-H protons  of the quinuclidine r Ing,  but the spec t rum of III does not contain a s ignal  
f r o m  the 2-H pro ton  of the indole r ing;  the s p e c t r a  of d i a s t e r e o m e r i c  VIa,b  do not contain s ignals  of the p r o -  
ton of the indole NH group,  and the s ignals  of the 2-H pro ton  of the indole r ing  a r e  singlets.  

These  da ta  const i tute  evidence that II ,  IV, and Va,b a r e  3-subs t i tu ted  compounds,  Via  and VIb a r e  1,3-  
d isubst i tu ted  compounds,  and III is a 2 ,3-d isubs t i tu ted  compound. The s ignals  of the protons  of the quinucl i -  
dine r ings  in I I -VI  a r e  a lso  p resen ted  in Table  1. The c h a r a c t e r  of the mul t ip l ic i ty  of the 4-H signal  [a mu l t i -  
plet  with s p i n - s p i n  coupling constants  (SSCC) ranging  f r o m  2 to 4.5 Hz ] d e m o n s t r a t e s  r e t en t ion  of the quinu- 
clidine r ing ,  while a c o m p a r i s o n  of the in tegra l  in tens i t ies  of the s t rong- f ie ld  (quinuclidine) and weak-f ie ld  
(indole) s ignals  of the protons  m a k e s  it poss ib le  to d e t e r m i n e  the r a t io s  of the quinuclidine and indole r ings ,  
which w e r e  1 : 1 in al l  of the invest igated compounds.  

The d i f fe rence  in the chemica l  shif ts  and SSCC of the 3-H proton of d i a s t e r e o m e r i c  alcohols  Va,b  and 
the i r  ace ta tes  (Via,b) was used to es tab l i sh  the configurat ions of these  compounds.  As demons t r a t ed  in [11], 
h igher  J2,3 and J%4 va lues  and higher  chemica l  shif ts  of the 3-H pro ton  than in the case  of the cor responding  
t r ans  i s o m e r s  a r e  obse rved  in the s p e c t r a  of the cis i s o m e r s  of 2 ,3-disubst i tu ted quinuclidines. On the bas i s  
of this ,  Via  (which is p r e s en t  in the m i x t u r e  with VIb) with spec t r a l  p a r a m e t e r s  63_ H ~ 5.13 ppm, J2,3 ~ 8.5 
Hz,  and J3,4 ~ 4.5 Hz was  ass igned to the c i s  i s o m e r  s e r i e s ,  and Vib with p a r a m e t e r s  53_ H ~. 4.65 ppm, 
J2,s_< 7 Hz,  and J3,4 -< 3 Hz was ass igned to the t r a n s  i s o m e r  s e r i e s .  The signals  of the 3-H protons  in the 
spec t r a  of d l a s t e r e o m e r i c  a lcohols  Va and Vb a re  broadened;  this  is due to additional coupling with the proton 
of the hydroxy group,  which exper i ences  slow proton exchange. In conformi ty  with the m a t e r i a l  p resen ted  
above,  Va, in the s p e c t r u m  of which the width of the signal  of the 3-H pro ton  at half  the height of the peak was 
15 Hz,  and 53_ H = 3.77 ppm,  was ass igned  to the cis  i s o m e r  s e r i e s ;  Vb, with the cor responding  spec t r a l  
p a r a m e t e r s  ~11 Hz and 3.35 ppm, was  ass igned  to the t r ans  i s o m e r  se r i e s .  
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TABLE 1. Chemical  Shifts of the Pro tons  of II-VI (5, ppm) 

~'~ I sot~.t 

II dcDMSO 

Ill fl6-DMSO 

IV CDCI3 
Va d6-DMSO 
Vb d~-DMSO 
Vla b ~r 

VIb I: CDCI3 

Indole ring 

l-H 

10,7 br s 

ll,lbr s 

8,94 br s 
10,64 br 
10,65 br 
(2,56s) c 

(2,58 s) c 

CH~ 
2-H 4-H--7-I-I 

7,12d 6,9--7,55] 2,92q 
3,11q 

17,25- 7,25--7,7~[ 3,28 
~,75)a 
6,8d 
7,09 
7,14 
7,255 

7,28 s 

2-H 

7,0--7,6 I 2,6--3,2 
6,9--7,5512,7--3,3]3,07 [ 2,4---3,2 
6,9--7,55[ 2,5--3,0 

7,15--8,3~] 2,75--3,5 

7,15--8,3~1 2,75--3,5 

Quinneliding ring 

6-H, [ 5-H, 
7-H 3-H 8-H 

2,6-- - -  1,8--2,0 

3,053'052'5-- - -  ]1,75--1,95 

1,25-- 1,65 
3,77 ]1,1--1,9 
3,35 ] 1,1--1,85 
4,65 eli 1,5--2,15 

(1,96)'] 
5,13d1 1,5--2,15 

(1,72)a] 

4-H 

29m 

28m 

74m 
76 m 
68 m 
7m 

7m 

a) Arom a t i c  2-C6H s protons ,  b) This  is the spec t rum of a m i x -  
t u r e  of d i a s t e r e o m e r s ,  c) These  a r e  the 1-COCH 3 s ignals ,  d) 
These  a r e  the 3-OCOCH 3 s ignals .  

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

The IR s p e c t r a  of m i n e r a l  oil suspens ions  of the compounds 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  w e r e  r eco rded  with a JNM-4H-100 s p e c t r o m e t e r  with t e t r ame thy l s i l ane  as  the in ternal  
s tandard.  

2 - (3 - Indo ly lme thy l ) -3 -oxoqu inuc l id ine  (II) .  A) A 14.55-g (0.12 mole) sample  of indole and a solution of 
16.33 g (0.12 mole) of I in 20 ml  of ethanol we re  added success ive ly  to a solution of sodium ethoxide [3.36 g 
(0.12 g-atom) of sodium in 150 m l  of ethanol],  and the mix tu re  was ref luxed for 12 h. It was then allowed to 
stand a t  r o o m  t e m p e r a t u r e  for  20 h, and the resu l t ing  p rec ip i t a te  was  r emoved  by f i l t ra t ion to give 15.35 g 
(60%) of a product  with mp 227-229~ (dec. ,  f r o m  ethanol) .  IR spec t rum (in m i n e r a l  oi l ) :  1720 (C=O);  3050, 
3100, and 3140 cm -1 (NIt). Found: C 75.7; H 7.0; N 11.2%. CleHleN20. Calculated:  C 75.7; B 7.1; N 11.0%. 

B)  A mix tu re  of 2.32 g (20 mmole)  of indole, 2.74 g (20 mmole)  of unsa tura ted  ketone I, and 16 ml  of 
ace t ic  acid was  heated at  90~ for  i h,  a f te r  which it was  cooled and t r ea t ed  with 100 m l  of water  and, with 
cooling, 30% aqueous sodium hydroxide solution. The resu l t ing  p rec ip i t a te  was r emoved  by f i l t rat ion,  washed 
with wate r ,  and dr ied  a t  90~ for 7 h. The yield of product  with mp  227-229~ (dec.) was  5 g (quantitative). 
The mel t ing  point of  the product  did not change af ter  r ec rys t a l l i z a t i on  f r o m  methanol .  

C) A mix tu re  of 2 g (16 mmole)  of 3-quinuclidone, 2.7 g of a 40% aqueous solution of d imethylamine ,  
1.95 g of a 37% aqueous solution of fo rmal in  in 2.5 m l  of alcohol,  and 10 m l  of wa te r  was heated at  100~ for 
1 h and a t  70~ for  17 h, a f te r  which it  was  evapora ted  in vacuo. Benzene was then added to the r e s idue  and 
was  r emoved  by dist i l lat ion;  this p rocedure  was repeated .  A 1.87-g (16 mmole)  sample  of indole and an a l co -  
hol  solution of sodium ethoxide [0.37 g (0.016 g-atom) of sodium and 25 m l  of ethanol] we re  added to the r e s i -  
due, and the mix tu r e  was ref iuxed for 10 tu It  was  then cooled, and 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 ethanol and ether to give 1.05 g (26%) of a p roduc t  with nap. 227-229~ (dec.). 

D) The Mannich b a s e  was obtained as  in method C. The r eac t i on  mix tu re  was evapora ted ,  the res idue  
was  t rea ted  with 1.87 g of indole and 24 m l  of acet ic  acid,  and the mix tu re  was  heated at 90~ for 1 h. It  was 
then d isso lved  in 80 m l  of water ,  and aqueous sodium hydroxide solution was  added with cooling. The r e s u l t -  
ing p rec ip i t a te  was  r emoved  by f i l t ra t ion,  washed with wate r ,  and dr ied  a t  90~C for 10 h. The yield of product  
with mp 227-229~ (dec.) was 2.7 g (67%). 

Hydrochlor ide .  Acetone (15 ml )  and an alcohol  solution of hydrogen chlor ide were  added to 2 g (7.82 
mmole)  of b a s e  II,  and the resu l t ing  p rec ip i t a te  was t r i tu ra ted  and t r ea t ed  with 25 m l  of d ry  e ther .  The m i x -  
tu re  was allowed to stand at  4~ for  2.5 h, a f te r  which i t  was worked up to give 2.2 g (96.3%) of the hyd ro -  
chlor ide  of II  with m p  264-266PC (dec.). Found: C 65.9; H 6.6; C1 11.8; N 9.8%. CleHtsN20.HC1. Calculated: 
C 66.0; H 6.5; C1 12.2; N 9.6%. 

2-(2-Phenyl -3- indoly lmethyl ) -3-oxequinucl id ine  (VI). A so lu t i on  of 4.62 g (22.5 mmole)  of 2 -pheny l -  
indole and a solution of 3.08 g (22.5 mmole)  of the unsaturated ketene in 20 m l  of ethanol we re  added s u c c e s -  
s ive ly  to a solution of sodium ethoxide [0.52 g (22.5 rag-atom) of sodium and 40 m l  of ethanol], and the m i x -  
tu re  was ref iuxed for  14 h, during which a homogeneous solution fo rmed gradual ly .  The mix tu re  was cooled, 
and the resu l t ing  prec ip i ta te  was r em oved  by f i l t ra t ion  and washed with ethanol and e ther  to give 4.52 g (56.8%) 
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of a product with mp 214-216~C (from ethanol). IR spectrum: 1730 (C--O) and 3220 cm -i (NH). Found: C 79.5; 
H 6.6; N 8.3%. C22H22N20. Calculated: C 79.7; H 6.7; N 8.5%. 

2-(3-Indolylmethyl)quinuclidine (IV). A mixture of 6 g (2.36 mmole) of II, 10 ml of hydrazine hydrate, 
14 g of potassium hydroxide, and 60 ml of diethylene glycol was refluxed for 1.5 h, after which the water and 
excess hydrazine h~<lrate were removed by distillation as the bath temperature  was raised to 200~ in the 
course of an hour. The resulting precipitate was tr i turated,  removed by filtration, washed with water,  air  
dried,  and dissolved by heating in 150 ml of acetone. The insoluble material  was removed by filtration, and 
the acetone solution was evaporated in vacuo. The residue was crystall ized from acetone to give 4.3 g (63.3%) 
of a product with mp 184-185.5~ IR spectrum: 3040 and 3140 cm -i  (NH). Found: C 80.1; H 8.3; N 11.7%. 
C16H20N 2. Calculated: C 80.3; H 8.0; N 11.7%. The hydrochloride had mp 232-233~C (from ethanol). Found: 
C 69.5; H 7.6; C1 12.5; N 10.1%. C16H20N2 -HCt. Calculated: C 69.7; H 7.3; C1 12.9; N 10.1%. 

2- (3-Indolylmethyl)-3-hydroxyquinuclidines (Va,b). Sodium borohydride (3 g) was added in the course 
of 30 min to a suspension of 3.85 g (15.1 mmole) of ketone II in 60 ml of methanol, and the mixture was r e -  
fluxed for 2 h .  A white precipitate began to form during the heating period. The reaction mixture was allowed 
to stand at room temperature  for 16 h, and the resulting precipitate was removed by filtration and washed 
~vith ethanol to give 2.75 g of a mixture of d ias te reemer ic  alcohols Va,b, which was recrystal l ized from 60 ml 
of ethanol to give i g of cis isomer Va with mp 231-233~ IR spectrum: 3200, 3050, and 2640-2710 cm - i  (NH 
and associated OH). Found: C 74.6; H 7.8; N 11.3%. CI~H20N20. Calculated: C 75.0; H 7.8; N 10.9%. The hy- 
drochloride had mp 232-234~C. Found: C1 12.1; N 9~ C~6H20N20.HC1. Calculated: C1 11.8; N 9.8%. 

The mother liquor after  separation of alcohol Va was evaporated, and the residue was recrystal l ized 
from ethanol to give 0.95 g of t r ans - i somer  Vb containing 3-5% c is - i somer  Va with mp 223-225~ 

The alkaline methanol solution remaining after separation of isomers Va and Vb was evaporated, and 
the residue was dissolved in 20 ml of water. The aqueous solution was extracted with chloroform, and the 
chloroform solution was dried with magnesium sulfate. The solvent was removed by distillation, and the 
residue was recrys ta l l ized from 20 ml of ethanol to give an additional 0.35 g of trans isomer Vb with mp 223- 
225~C. IR spectrum: 3200, 3050, and 2600-2720 cm -1 (NIt and associated OH). Found: C 74.8; H 7.8; N 11.1%. 
Ci6H20N20. Calculated: C 75.0; H 7.8; N 10.9%. 

2-(l-Aeetoxy-3-indolyl)-3-acetoxyquinuclidines (Via,b). A solution of 4.9 g (1.9 mmole) of a mixture 
of alcohols Va,b in 60 ml of acetic anhydride was heated at 140~ for 5 h, after which it was evaporated in 
vaeuo, and the residue was dissolved in 20 ml of water. The aqueous solution was allowed to stand for 15-20 
rain, after which 30 ml of 15% sodium hydroxide solution was added, and the oil that separated was extracted 
with ether. The ether extract was dried with magnesium sulfate and evaporated, and the residue was distilled 
in vaeuo to give 3.85 g (51.5%) of a mixture of diastereomers VIa,b in the form of a vitreous mass with bp 242- 
245~ (0.6 ram, mercury column). IR spectrum: 1720 cm -i (C=O). Found: C 70.4; H 7.0; N 7.9%. C201-]24N20 3. 
Calculated: C 70.4; H 7.0; N 8.2%. 
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