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STUDIES ON INDENOPYRIDINE DERIVATIVES AND RELATED COMPOUNDS. IV 
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Abstract - The simplified analogs of lysergic acid, namely : 4.- 

dlcthylphosphoryl or 3-methyl derivatives (lta, lzb, and 221 of ethyl 

1.9,9-trimethy1-1,2,3,9a-tet1ahydr0-9fi-indenol2,1-~1pyridine-3-carb@xy- 

late are synthesized. The structure and stereochemistry of these pro- 

ducts as well as same intermediates are also dlscusaed. 

In vlew of the pharmacological interests, the synthesis of simplified analogs of 

ergot alkaloids has been extensively ~ t u d i e d ? ' ~  Craig and h l s  co-worker$ reported 

the synthesis of the indan analog (2) from indene via a ten steps sequence, which 
is highly effective in reversing guinia pig ideal contractions induced by the 

standard axytocic a9ents.l The lndan analog 3 is the closely related compound to 

the despyrrole analog (21 of lysergic acid diethylamide, whzch is prepared by the 

Mannich condensation of 4 (n=21 .5 Cralg demonstrated in his report that an 

arfalogous method using the Mannich reaction o f 2  ( n = l )  for the synthesis of 2 
failed because of the high reactivity of the allyllic protons in the indene 

nucleus and the resulting side reactions. Recently we reported the synthesis and 

stereochemistry of 9-hydroxy-9-phenylhexahydro-9s-indeno L2, 1 - b ] p y i d i l  In 

continuation of our studies on indenopyridines, we now report a convenient 

synthetic method of indenopyridine nucleus using 1.1-dimethylindene-3-carboxylic 

acid (8)  as a model compound. 

&N; J R  

(CH2),, (CH21n 

2 : n=2 ; 3 : n=l - 4 (n=l or 2) - 
Chart 1 



Synthesis 

Previously we have developed a new synthetic method of o.6 -unsaturated nitriles 

from aromatic ketones a cyanophosphates.6 Reaction of lindanone (>) ' with 
diethyl phosphorocyanidate (DEPC) and lithium cyanide in tetrahydrofuran 

afforded the cyanophosphate (A), which was treated with borontrifluoride etherate 
in benzene at room temperature to afford the indene-3-carbonitrile (J). Hydrolysis 

of 3 with potassium hydroxide in ethanol gave 5 in 92.4% yield from 2. 
Chlorination of 5 with thionyl chloride gave the indenoyl chloride (9) in 

quantitative yield which was purified by distillation (bp3 104'C). Reaction o f 2  

8 
with ethyl acetate i n  the presence of lithium diisopropylamide (LDA) or with 

diethyl ethoxymagnesiumalonate afforded the 8-ketoester LjiO (R=H) in 86% yield] 

or the 6-ketodiester [lo (R=CO Et) in 98% yield]. Mannich condensations of 2 with - 2 

methylamine and formalin were unsuccessful in spite of the lack of the allyllic 

protons in the indene nucleus. Therefore another route to prepare the piperidine 

ring was considered. Condensation o f 2  with ethyl 3-(_N-t-butoxycarbonyl-J- 

methy1)aminopropionate in the presence of LDA yielded the 6-ketoester g in 74% 

yield. Removal of the protective group of 3 with hydrogen chloride gas in ethyl 
acetate gave the hydrochloride of 13 quantitatively. However, attempts to obtain 

the product g (R=H) failed, probably due to the susceptibility to Retro-Mannich 

cleavage induced by the active C-3 hydrogen, thus giving only the complex mixture. 

In order to remove an active C-3 hydrogen. 2 was converted to the dienolphosphate 
(3) by treatment with diethyl phosphorochloridate. Cyclization was successfully 

achieved after removal of the protective group followed by the workup with sodium 

bicarbonate to give a mixture of two enolphosphates i g a  and lSb), which were 

separated by column chromatography, in a ratio of 1:l in 73% combined yield from 

12. Reductive cleavage of the phosphate function9 to J& is now under - 
investigation. In order to make sure the Retro-Mannich cleavage cited above, 9 was - 
condensed with ethyl 3 - ( ~ - ~ - b u t o x y c a r b o n y l - ~ t h y l ) a m i n o - 2 - m e t h y l p r o p i o n a t e  in 

the presence of LDA at -7895 to give the B-ketoester (18) in 68% yield. In this 

case. single product. namely ethyl 4-0x0-1.3.9.9-tetramethyl-1,2,3,4,4aa9a- 

hexahydro-9~-indeno[2.1-~]pyridine-3-~arboxylate , was obtained by base 

treatment in 75% yield after cleavage of _t-butoxycarbonyl group. Sodium 

borohydride reduction of &9 gave the alcohol (2) as sole product in 83% yield. 

Dehydration of A0 with thionyl chloride and pyridine gave the complex products 
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f rom which 3 was n o t  i s o l a t e d .  Thus r n e s y l a t i o n  o f  w i t h  m e s y l  c h l o r i d e  

a f f o r d e d  3, which was s u b s e q u e n t l y  t r e a t e d  w i t h  1 . 8 - d i a z a b i c y c l o  15.4.01undec-7- 

e n e l '  t o  g i v e  t h e  u n s a t u r a t e d  e s t e r  ( 5 2 )  i n  698 y i e l d .  S y n t h e s i s  o f 2  and_t7 by 

t h e  a l t e r n a t i v e  method is now u n d e r  progress .  

C h a r t  2  

1 6  (R=OEtl 1 2  (R-6-C02Et) 14  - 4 

17 (R=NEt21 g b  (R=a-CO2Et1 - 
C h a r t  3 



Stereochemistry 

The stereochemistry of 15a and g b  was deduced from their nmr spectra. The 
CU 

2ax-proton of =a appears as a triplet (J=11 Hz) coupled wlth 2eq- and 3- 

protons, while 2ax-proton of 15b appears as a doublet of doublets coupled with - 

C02Et & NW & :@ H 

- Nm 

/ 
N? 

E/e 

H 
22 20 : R=H Me - - 

21 : R=SO Me 2 Dreiding model of 20 - 
Chart 4 

& HO.. H - ~ W  a," H .. H 

H 

20 --- - e 
* N Ye 

A B - - 

+# 

- Table. 'H-nmr Data for Unsaturaeted Esters 
Compd. 2ax-H 2eq-H 3-H 

m - lX? 2.63 t 3.22 dd * 
0 (30-C02Et) J=ll HZ J=ll and 6 Hz 

H 
ve - El ?-3 2.78 dd 3.25 dd 3.76 m 

(3a-C02Et J=12 - and J=12 and 2 Hz 
4.5 HZ 

Dreiding model of 24 signals for this proton are ambiguous due 
N to the overlapping to other protons at 

6 4.0-4.2 
Chart 5 
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Zeq-proton [?=I2  Hz1 and w i t h  3 -pro ton  ( 5 = 4 . 5  l l z l .  Another  p r o t o n  s i g n a l s .  

summarized i n  t h e  T a b l e ,  c l o s e l y  resembled  w i t h  t h o s e  o f  p r o t o n s  i n  t h e  
11 

b e n r o [ f l  q u i n o l i n e  g roups .  T h e r e f o r e ,  i t  was concluded t h a t  t h e  e t h o n y c a r b o n y l  

group o f  1 2  i s  i n  a b e q u a t o r i a l  o r i e n t a t i o n ,  w h i l e  t h a t  of g b  is  a n  a - a x i a l  

o r i e n t a t i o n .  C o n t r a r y  t o  t h e  case o f  benzo[_f l  q u i n o l i n e  groups1' which i somer ized  

t o  an  e q u i l i b r i u m  m i x t u r e  when s t a n d i n g  n e a t  a t  room t e m p e r a t u r e  f o r  2 d a y s  o r  in 

methanol  f o r  5  h ,  t h e  o l l y  u n s a t u r a t e d  e s t e r s  (=a) and ( g b l  were found not  t o  

i s o m e r i z e  under  t h e  conditions a s  above due  t o  t h e  i n d u c t i v e  e f f e c t  of t h c  

p h o s p h a t e  f u n c t i o n s .  Next we i n v e s t i g a t e d  t h e  s t e r e o c h e m i s t r y  o f  t h e  a l c o h o l 3  

and i t s  a n a l o g s .  A s  C r a i g  d e m o n s t r a t e s .  t h e  s t r o n g  d e s c h i e l d i n g  o f  t h e  arornat lc  

C-5 p r o t o n  i n  t h e  hewahydraindenol2.1-blpyridine sys tem i s  caused whenever a 

s u b s t i t u e n t  a t  C-4 is  e q u a t o r i a l  i n  an  u n s t a b l e  B I C  - - fused form i n  which a C4a- 

C4b bond i s  a x i a l  w i t h  r e s p e c t  t o  t h e  p i p e r i d i n e  r i n g . 1 2  I n  t h e  nmr s p e c t r u m  o f  20, 
rc/ 

t h e  d e s h i e l d e d  s i g n a l  due t o  5 -pro ton  was n o t  o b s e r v e d .  F u r t h e r  t h e  9a-pro ton  and 

4-pro ton  o f  LO appear  a s  a d o u b l e t  with a c o u p l i n g  c o n s t a n t  of 9 Hz and  2 Hz, 

r e s p e c t i v e l y ,  t h u s  i n d i c a t i n g  a n  a x i a l  o r i e n t a t i o n  o f  C-4 hydroxyl  g roup  w i t h  a 

B/C + - r i n g  j u n c t i o n .  L i th ium aluminum h y d r i d e  r e d u c t l o "  o f L 0  a f f o r d e d  t h e  d i o l  

I ,  which r e a c t e d  w i t h  2 . 2 - d i m e t h ~ x y p r o p a n e ~ ~  t o  a f f o r d  a c y c l i c  1 .3-dionane 

d e r i v a t i v e  (2). The nmr s p e c t r u m  of 2 showed one  a r o m a t i c  p r o t o n  s i g n a l  a t  

6 7 . 7 0  c l e a r l y  d e s h i e l d e d  from t h e  o t h e r .  T h i s  f a c t  s t r o n g l y s u g g e s t s t h e  p r o x i m i t y  

of 5 -pro ton  and C-4  oxygen f u n c t i o n  of 4 caused  by r l n g - f l i p p i n g  t o  an  u n s t a b l e  

BIC &-fused  sys tem.  I f  an  e q u a t o r i a l  o r l e n t a t i o n  of hydroxymethyl  g roup  be 

a s s ~ g n c d ,  t h e  s t r u c t u r e s  would be c o n s i d e r e d  f o r  t h e  s t r u c t u r e  of a c y c l i c  1.3- 

d i o x a n e  d e r i v a t i v e .  However t h i s  i s  v e r y  u n l i k e l y  s i n c e  t h e r e  i s  s e v e r e  crowding 

between t h e  methyl  g roup  on 1 . 3 - d i o x a n e  r i n g  and A-r ing.  On t h e  b a s i s  of t h e s e  

r e s u l t s ,  t h e  p r e f e r r e d  s t r u c t u r e  o f  z w a s  a s s l g n e d  a s  drawn i n  Char t  5 .  

T h e r e f o r e ,  a s t a b l e  B I C  G - f u s e d  form was g iven  t o  20 as shown i n  Char t  4. - 
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