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A b s t r a c t  - S t e r e o i s o m e r  h y d r o s y - e s t e r s  25 -- - 19 -- a s  w e t 2  a s  i s o g u v a c i n e  

a n o t o g u e  Zg w i t h  b e n z o [ a l q u i n o Z i z i n e  s k e L e t o n  have  b e e n  prepared  v i a  

r e g i o s e l e c t i v e  Dieckmonn c o n d e n s o t i o n  of  d i e s t e r  P fo tZowed b y  s u b -  

s e q u e n t  r e d u c t i o n  and E - e t i r n i n o t i o n .  Compounds 28 and i q  have  shown a 
2 

c o n s i d e r o b z e  i n  u i t r o  a c t i v i t y  o t  t h e  GABA/benzod ioaep ine  r e c e p t o r  

cornotex. 

INTRODUCTION 

Extensive structure - activity relationship studies on conformationally restricted 

analogues of r-aminobutyric acid (GABA) (i), the major inhibitory neurotransmitter 

in the have led to the structure of isoguvacine ( 2 )  found potent and 
specific agonist at the bicuculline-sensitive GABAA Existing in a 

zwitterionic form, isoguvacine poorly penetrates into the brain. To overcome 

this difficulty sore --ionic isoguvacine analogues with benzo[alquinolizine ring- 

system (compounds j 5  -- - 2 0 )  have been prepared and tested regarding to their acti- 
6 

vity at the GABAA receptor, the (-)-baclofen-sensitive GABAB receptor , and the 
7 8,9 

benzodiazepine receptor as well as in the GABA uptake system . 



CHEMISTRY 

I n  o rde r  t o  syn thes ize  benzo!a]quinol iz ines  15 - 29 homoveratrylamine ( 4 )  was acy- -- -- - 

l a t e d  with s u c c i n i c  anhydride r e s u l t i n g  i n  amide 5 which was immediately e s t e r i -  - 
f i e d  t o  ester-amide 6 .  Bischler-Napiera lski  c y c l i z a t i o n  of 6 i n  a c e t o n i t r i l e  wi th  

phosphorus o x y t r i c h l o r i d e  suppl ied  3,4-dihydroisoquinoline d e r i v a t i v e  1 - which upon 

t rea tment  wi th  e t h y l  bromoacetate i n  b o i l i n g  methyl e t h y l  ketone gave iminium bro- 

mide 8 i n  c r y s t a l l i n e  form. The l a t t e r  was reduced wi th  sodium borohydride t o  g i v e  

key-intermediate d i e s t e r  9 i n  40 % o v e r a l l  y i e l d .  

Dieckmann r i n g  c l o s u r e  of d i e s t e r  9 wi th  potassium te r t . -bu tox ide  i n  b o i l i n g  ben- - 

zene y ie lded  t h e  e n o l i z a b l e  B-keto-ester LQ a s  a s o l e  product .  T lc  i n v e s t i g a t i o n  -- 

as w e l l  a s  the  'H NMR spectrum of t h e  crude product  gave informat ion on the e x t e n t  

of  e n o l i z a t i o n  which proved t o  be about 70 %. The en01 form of 22 could be & t a w d  

i n  c r y s t a l l i n e  form from e t h y l  a c e t a t e  and cha rac te r i zed  by spec t roscop ic  means. 

The appearance of two methylene carbons a t  d 25.03 and 28.00 and t h e  presence of 

merely one methylene s i g n a l  belonging t o  a carbon atom neighbouring t o  t h e  n i t r o -  

gen a t  6 45.52 i n  t h e  13c NMR spectrum unambiguously proved the a t tendance of a 

b 3 r 4  double hand, thus  t h e  C ( 4 )  p o s i t i o n  o f  t h e  ethoxycarhonyl s u b s t i t u e n t  i n  

compound 12. Sodium borohydride r educ t ion  of 12 supp l i ed  four  d i a s t e reomer ic  hyd- 

roxy-es ters ,  11, 12, 13 and 1_4, i n  a r a t i o  o f  about 11 : 4 : 2 : 1, r e s p e c t i v e l y .  -- 
The dep ic t ed  s t e reochemis t ry  o f  t h e  new compounds (11 - 14) were confirmed by 

'H and 1 3 C  NMR spect roscopy (see Tahle 1 and Exper imenta l ) .  
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T a b l e  1. 13c NMR c h e m i c a l  s h i f t s  o f  compounds 10 14 in CDCl s o l u t i o n s  -- 3  
v a l u e s  ) 

10 -- -- 
e n o l  form 

25.03 

28.00 

1 6 4 . 5 1  

114 .48  

45.52 

29 .68  

126.22 

111 .27  

1 4 7 . 7 5  

147 .46  

1 1 0 . 0 1  

129 .88  

56.49 

55.85 

56.04 

170 .48  

60.90 

14 .20  



S i n c e  t h e  Dieckmann c o n d e n s a t i o n  which  l e d  t o  D - k e t o - e s t e r  12 was c a r r i e d  o u t  

e s s e n t i a l l y  under  h e t e r o g e n e o u s  n o n - e q u i l i b r a t i n g  c o n d i t i o n s ,  t h e  p o s s i b i l i t y  o f  

o b t a i n i n g  i s o m e r i c  0 - k e t o - e s t e r  15 t h r o u g h  t h e  m a i n t e n a n c e  o f  homogene i ty  o f  t h e  -- 

react ion vas a l s o  studied. On performing the D i e c h m m  r i n g  closure of diestex 9 with sodim 

e t h o x i d e  i n  b o i l i n g  e t h a n o l ,  t h e  e x c l u s i v e  f o r m a t i o n  o f  B - k e t o - e s t e r  15 was ab-d. 

The r a t i o  o f  k e t o  a n d  e n 0 1  fo rms  i n  t h e  c r u d e  p r o d u c t  p r o v e d  to b e  a b o u t  1 : 4. 

The C ( 2 1  p o s i t i o n  o f  the e t h o q c a r b o n y l  s u b s t i t u e n t  i n  15 i s  s u p p o r t e d  by 13c NMR 

d a t a  a g a i n ;  c h e m i c a l  s h i f t  v a l u e s  o f  m e t h y l e n e  c a r b o n s  v i c i n a l  t o  N(51  are 6 50.51 

a n d  6 5 6 . 4 6 ,  f u r t h e r m o r e  o n e  b e n z y l i c  a s  w e l l  as o n e  a l l y l i c  m e t h y l e n e  c a r b o n  

c o u l d  b e  a s s i g n e d  a t  6 28.86 a n d  6 29.99 f o r  C ( 7 )  a n d  C ( 1 1 ,  r e s p e c t i v e l y  

( s e e  T a b l e  2 ) .  

T a b l e  2. 13c NMR c h e m i c a l  s h i f t s  of compounds 12 - 20 i n  CDC13 s o l u t i o n s  ( 6  v a l u e s )  

15 -- 
en01  f o r m  

29.99 

96.34 

1 6 8 . 1 8  

56.46 

50 .51  

28.86 

126 .41  

111 .41  

147 .52  

147.75 

C(111  108 .92  108.52 108 .80  108.75 108 .12  1 0 8 . 5 8  

C ( l l a 1  128.85 128.69 128 .54  126 .90  124.18* 129.08'  

C ( l l b 1  58 .82  61 .63  61 .76  58.09 57.17 58.27 

0CH3 55.84 55.92 5 5 . 9 1  5 5 . 9 9  55.97 55 .85  

0CH3 56.22 56.20 56.26 56.24 56.35 56.10 

C =O 171 .86  172.84 1 7 4 . 0 3  173.94 1 7 3 . 0  166.60 

-CH2- 60.49 60.79 61.04 60.91 60 .97  60.55 

-CH3 14.37 1 4 . 2 5  14.26 14.26 14.14 14.32 

*,+ The v a l u e s  marked w i t h  i d e n t i c a l  symbols  are i n t e r c h a n g e a b l e .  

- S i g n a l s  were  n o t  o b s e r v a b l e  due  to the s m a l l  amount o f  material. 
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According t o  t h e  r e s u l t s  obta ined by o p e r a t i n g  under two d i f f e r e n t  s e t s  o f  reac-  

t i o n  cond i t ions  f o r  the  Dieckmann r i n g  c l o s u r e  of d i e s t e r  9 ,  two d i f f e r e n t  o-keto- 

e s t e r s  (1Q -- and 15) -- have been formed. S i m i l a r  r e g i o s e l e c t i v i t y  o f  Dieckmann-type 

condensation depending on r e a c t i o n  cond i t ions  has a l r eady  been observed The 

d i f f e r i n g  r e g i o s e l e c t i v i t y  can be exp la ined  by t h e  formation of s o l i d  potassium 

e n o l a t e  of 2 obta ined from the  k i n e t i c a l l y  c o n t r o l l e d  carbanion i n  one hand. On 

t h e  o t h e r  hand, i n  homogeneous media a t o t a l  equ i l ib r ium between LQ and 15 a f fo rds  

t h e  thermodynamically more s t a b l e  quinolizidine-2-carboxylate d e r i v a t i v e  15. This 
assumption i s  unequivocally supported exper imenta l ly  when 12 was almost t o t a l l y  

t r a n s f o r m d  i n t o  15 i n  b o i l i n g  e t h a n o l i c  2 M  NaOCZN5 s o l u t i o n  i n  good accordance -- 
11 with  Kl ine ' s  previous  observat ions  . 

M eO 
a x .  

0 H 
C02Et eq. 

13 - 

MeOq M e 0  a x  

; OH 
a x .  

C02Et 

19 - 



Reduction o f  p-keto-es ter  15, with sodium borohydride r e s u l t e d  i n  four  stereoi-r 

hydroxy-es ters ,  Li,ll, -- -- 18 -- and 12, -- i n  a r a t i o  o f  about 12 : 3 : 1 : 1, respect ively .  

The Bohlmann bands12 i n  t h e  I R  s p e c t r a  o f  isomers Q - 14 as we l l  as 16 - 19, t h e  - 

t y p i c a l  chemical s h i f t  va lue  o f  llb-H i n  t h e  'H NMR s p e c t r a ,  13'14 fur thermore  t h e  

13c NMR m e a s ~ r e m e n t ' ~  ( i n  p a r t i c u l a r  t h e  chemical  s h i f t s  of C ( 6 )  and C ( 7 )  a r e  

i n d i c a t i v e )  proved the  t r a n s  a n e l l a t i o n  o f  t h e  B/C-rings. The r e l a t i v e  s t e r i c  

p o s i t i o n  of t h e  s u b s t i t u e n t s  e i t h e r  a t  C ( 3 ) ,  C ( 4 )  o r  a t  C ( 2 ) ,  C ( 3 )  were determined 

by and 13c NMR spec t roscop ic  means. I t  should be noted t h a t  an a x i a l  ethoxy- 

carbonyl  s u b s t i t u e n t  a t  C ( 2 )  o r  a t  C ( 4 )  e x e r t s  desh ie ld ing  e f f e c t  on llb-H ( s e e  

Exper imenta l ) ,  furthermore t h e  u-gauche e f f e c t  of an a x i a l  s u b s t i t u e n t  a t  C ( 2 ) ,  

C ( 3 )  o r  C ( 4 )  decreases  t h e  chemical s h i f t s  of t h e  ,-carbon atoms compared with 

the  corresponding e q u a t o r i a l  s u b s t i t u t i o n  ( s e e  Tables 1 , 2 . ) .  

I n  o r d e r  t o  o b t a i n  benzoIa lqu ino l i z ine  d e r i v a t i v e  2Q possess ing t h e  i soguvacine  -- 
moiety a s  a  s t r u c t u r a l  element of t h e  molecule, water e l i m i n a t i o n  was perforxed 

from hydroxy-ester  16  by t r e a t i n g  i t  with th iony l  c h l o r i d e  i n  pyr id ine .  The -- 

easy  water  e l imina t ion  of t h e  major product  16 proves,  a t  t h e  same t i m e ,  t h e  -- 

r e l a t i v e  s t e r i c  p o s i t i o n  o f  s u b s t i t u e n t s  a t  C ( 2 )  and C ( 3 )  determined p rev ious ly ,  

which ensures  optimal s t e r e o e l e c t r o n i c  cond i t ions  f o r  E 2  e l imina t ion .  

To i n c r e a s e  t h e  s o l u b i l i t y  i n  water,  compounds 15 - Zg were transformed i n t o  t h e i r  -- 

hydrochlor ide  s a l t  be fo re  pharmacodynamic t e s t i n g .  

RECEPTOR B I N D I N G  ASSAY 

GABAA and benzodiazepine b inding as says  were performed as desc r ibed  e a r l i e r  ( s e e  

r e f .  16 and 1 7 ) ,  GABA r e c e p t o r  and GAHA uptake t e s t s  were made according t o  ref .  
B 

18. Nei ther  of t h e  compounds t e s t e d  were found a c t i v e  a t  t h e  GABAB r e c e p t o r  and 

GABA uptake system. Table 3  shows t h e  1Cs0 va lues  ( concen t ra t ion  of drug causlng 

3  50 % i n h i b i t i o n  of the  b inding o f  [ HIGABA t o  t h e  r e c e p t o r )  of t h e  compound 

16 t e s t e d .  Data were obta ined from measurements i n  T r i s  - H C 1  b u f f e r  . 

The e s t e r i f i c a t i o n  of i soc~uvacine  ( 2 )  decreased i t s  a c t i v i t y  wi th  one o r d e r  of 

magnitude, and this value    roved t o  be comparable wi th  t h a t  of isoguvacine anaio- 

gue 2Q -- a n e l l a t e d  with an i soqu ino l ine  c a r r i e r  u n i t .  Interestingly,compound 15 
e x i s t i n g  mostly i n  en01 form and t h e r e f o r e  being considered as a hydroxy subst -  

i t u t e d  d e r i v a t i v e  o f  22 proved t o  be a lmost  i n a c t i v e .  Out o f  t h e  four  s t e r e o -  

isomer hydroxy-es ters ,  16 - 19, only  16 bear ing  e q u a t o r i a l  s u b s t i t u e n t  a t  C ( 2 )  and 
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Table 3. I n  v i t r o  a c t i v i t y  of  i s o q u i n o l i n e  d e r i v a t i v e s  &! - 2Q toward t h e  GABA -- -- 

r ecep to r .  

Compound 3  [ H I G A B A  s p e c i f i c a l l y  hound 

IC50 [PI 
1 - 0.008 

2 0.010 

3 0.20 - 

15 -- 100 

16 -- -- 3.9 

L l  -- 9 1 

18 -- -- 56 

19 -- -- 4 4 

2Q -- 0.22 

an  a x i a l  one a t  C ( 3 )  has  shown apprec iab le  a c t i v i t y  toward t h e  GABAA r ecep to r .  

Table 4 shows t h e  EC50 va lues  ( c o n c e n t r a t i o n  of drugs caus ing 50 8 enhancement of  
3 

t h e  b inding of i Hlf luni t razepam t o  t h e  r e c e p t o r )  and the maximal enhancement a t  

t h e  benzodiazepine r ecep to r  brought about by compounds 1, 2 and 3. Such a  st imul- 

a t i o n  of benzodiazepine b inding i s  c h a r a c t e r i s t i c  of GABA a g o n i s t ~ ~ ~ ' * ~ .  Analogous 

behaviour is  shown by compound 22. The GABA r e c e p t o r  a c t i v i t y  of compound 2g was 

s h i f t e d  toward lower a f f i n i t y  when t h e  b inding s tudy was performed i n  physiological 

b u f f e r ,  another  i n d i c a t i o n  of GABAA r e c e p t o r  a g o n i s t  c h a r a c t e r  
16,21 

Table 4 .  I n  v i t r o  a g o n i s t  potency o f  compound 22 a s  measured by t h e  enhancement 

3  
of 1 Hlf luni t razepam binding.  

Compound 
3  [ Hlf luni t razepam s p e c i f i c a l l y  bound 

EC50 [PI max. enhancement [ % ]  

1 1 . 0  150 

2 - - 3.5 82 

3 - 35 6 1 

20 - -- -- 66- 

* measured a t  a  concen t ra t ion  of 1 p 

A f t e r  t h e  above f ind ings  o u r  i n t e n t i o n  i s  t o  t u r n  toward t h e  modi f i ca t ion  of the  

alkoxycarbonyl func t ion  of 2c i n  o r d e r  t o  examine t h e  s t r u c t u r e  - a c t i v i t y  r e l -  

a t i o n s h i p  and t o  i n c r e a s e  t h e  a c t i v i t y  of t h i s  new type o f  GABA a g o n i s t  agent  

possess ing  the benzo[a lqu ino l i z ine  ske le ton .  



EXPERIMENTAL 

Melting p o i n t s  a r e  uncorrected .  I R  s p e c t r a  were recorded on a Spectromom 2000 

i n f r a r e d  spect rometer .  'H NMR s p e c t r a  were determined on Varian XL-100 a s  w e l l  a s  

on Varian XL-400 ins t ruments  us ing deuter iochloroform a s  so lven t  and TMS as i n M  

standard .  Chemical s h i f t s  a r e  r epor t ed  as 6 values .  13c NMR s p e c t r a  were de te r -  

mined on t h e  same spect rometers  ope ra t ing  i n  FT mode a t  25 o r  100 MHz, re-tiwly. 

Mass s p e c t r a  (MS) were obta ined wi th  an  AEI  MS-902 ins t rument  (70  e V ,  d i r e c t  

i n s e r t i o n ) .  S i l i c a  g e l  PF254 coated  p l a t e s  (E. Merck) were used f o r  t h e  purposes 

of q u a l i t a t i v e  t l o  and p r e p a r a t i v e  l a y e r  chromatography. Usual workup o f  t h e  

r e a c t i o n  mixtures  w a s  c a r r i e d  o u t  by e x t r a c t i o n  o f  aqueous s o l u t i o n s  o r  suspen- 

s ions  a t  pH 8.5-9 wi th  dichloromethane. The combined organic  l a y e r  was washed wi th  

water ,  d r i e d  wi th  anhydrous MgS04, and f i n a l l y  t h e  s o l v e n t  was removed i n  vacuo. 

A l l  r e a c t i o n s  u t i l i z i n g  b a s i c  reagents were conducted under oxygen-free n i t rogen .  

Ethyl  N-(3,4-Dimethoxyphenyl)ethyl-3-(aninocarbonyl)pr0pionate ( 6 )  
To a s t i r r e d  s o l u t i o n  of homoveratrylamine ( 4 )  ( 2 0  g ,  0 .11 mol) i n  d r y  d ich lo ro -  - 

methane (400 m l )  a  s o l u t i o n  of s u c c i n i c  anhydride (11 g, 0.11 mol) i n  dry  dichl- 

methane 50 m l  was added dropwise. A f t e r  s t i r r i n g  2 h t h e  r e a c t i o n  mixture was 

evaporated  i n  vacuo and t h e  crude amide 2 was used f o r  e s t e r i f i c a t i o n  wi thout  

f u r t h e r  purification. ?he solution of the crude d d e  5 in dry ethanol (303 m l )  i n  the presence 

of s u l f u r i c  a c i d  ( 3  m l )  was k e p t  a t  room temperature f o r  48 h. A f t e r  removing t h e  

Solvent  i n  vacuo t h e  r e a c t i o n  mixture was d i s so lved  i n  c o l d  wa te r  (60  m l ) ,  basified 

with 5 % Na2C03 s o l u t i o n  and e x t r a c t e d  wi th  dichloromethane ( 3  x 50 m l ) .  The 

combined o rgan ic  l a y e r  was d r i e d  and evaporated .  The remaining m a t e r i a l  was c rys -  

0 t a l l i z e d  from e t h y l  a c e t a t e  supplying e s t e r  amide 6 (26.5 g ,  78 % ) ,  mp 106-108 C ;  

I R  ( K B r ) :  1720 ( C = O ) ,  1640 (N-C=O cm-l; 'H NMR (C0Cl3): 6 1.25 ( t ,  J=7Hz, 3H. C H 3 ) ,  

3.83 ( 5 ,  3H, 0CH3), 3.85 ( s ,  3H. 0CH3), 4.14 ( g ,  J=7Hz, 2H, CH ) ,  5.72 (broad s,  
2 

l H ,  N H ) ,  6.75 ( s ,  2 H )  and 6.79 ( s ,  1 H )  a romat ic  protons;  MS mlz ( r e l . i n t . ) :  309 

(M', 5 ) ,  264 ( 7 ) .  165 ( l o o ) ,  151 ( l a ) ,  149 ( 5 ) .  129 ( 4 ) .  101 (11). 

Ethyl  3-(6,7-Di~thoxy-3,4-dihydroisoauinolin-l-yl)propionate ( 7 )  

Ester-amide 6 ( 8 . 0  g, 25.9 m o l )  was d i s so lved  i n  dry  a c e t o n i t r i l e  (200 m l )  and 

phosphorus o ~ y t r i c h l o r i d e  ( 8  m l )  was added. The r e a c t i o n  mixture was r e f luxed  f o r  

1 h ,  and then evaporated  under reduced p ressu re .  The r e s idue  was d i s so lved  i n  co ld  

water (100 m l ) ,  b a s i f i e d  w i t h  NaZC03 s o l u t i o n  and e x t r a c t e d  wi th  chloroform 

( 3  x 60 m l ) .  The comhined l a y e r  w a s  d r i e d  and evaporated  i n  vacuo t o  y i e l d  



HETEROCYCLES, Vol. 24, N o  10, 1986 

amorphous 7 (4 .9  g ,  65 % ) .  The c rude  p roduc t  was t r e a t e d  w i t h  e t h a n o l  ( 5 0  ml) and 

5M e t h a n o l i c  hydrogen c h l o r i d e  ( 1 0  m l ) ,  t h e n  evapo ra t ed  under  reduced  p r e s s u r e  and 

c r y s t a l l i z e d  from e t h a n o l - e t h e r  t o  g i v e  7. HCl (3 .9  g ,  46 % ) ,  mp 126-129 OC; IR 

(KBr):  1730 ( C = O ) ,  1620 ( c = ~ ) c m - l ;  NMR o f  l i b e r a t e d  f r e e  ba se  (CDC1 ) 6 1 . 2 5  3 

( t , J=7Hz  3H. C H 3 ) ,  3 .92 ( s ,  3H. 0CH3), 3 .97  ( s ,  3H, 0CH3), 4.17 (q, J=7Hz, 2H, 

CH2), 6.67 ( s ,  l H ,  ArH) and 7 .08  ( s ,  l H ,  ArH);  MS m/z ( r e l . i n t . ) :  291 ( M + ,  41,  290 

( 1 6 ) ,  276 ( l o o ) ,  258 ( 1 4 ) ,  232 ( 5 ) ,  230 ( 8 ) .  

l-(Ethoxycarbonyl)ethyl-2-(ethoxycarbonyl)methyl-6,7-dimethoxy-3,4-dihydroiso- 

qu ino l in ium Bromide ( 8 )  
Fol lowing t h e  above p rocedu re  i soqu ino l in ium s a l t  8 cou ld  b e  o b t a i n e d  when crude  

2 was d i s s o l v e d  i n  methyl  e t h y l  ke tone  (100  m l )  and e t h y l  bromoaceta te  ( 1 0  m l )  and 

t h e n  r e f l u x e d  f o r  8  h.  The c r y s t a l l i n e  8 ( 6 . 5 3  g ,  55 % c a l c u l a t e d  f o r  3)  was f i l -  

t e r e d  o f f  and washed w i t h  e t h e r  ( 2  x 15 m l ) ,  mp 173-175 OC; I R  ( K B r ) :  1740 (C=Ol, 

1750 ( C = O ) ,  1600 (c=~)cm";  'H NMR (CDC13): 6 1 .23  ( t ,  J=7Hz, 3H, CH3), 1.36 (t, 

J=7Hz, 3H, CH3), 2.90 ( t ,  J=9Hz, 2H, CH2), 3.33 ( t ,  J=9Hz, ZH, CH2), 3.68 it ,  

J=gHz, 2H, CH2), 3.95 ( s ,  3H, 0CH3), 4 .01  ( s ,  3H, 0CH3), 4.13 ( q ,  J=7Hz, 2H, CH2), 

4.32 (q, J=7Hz, ZH, CH2), 5 .42  ( 9 ,  ZH, CH2), 6.98 ( s ,  l H ,  ArH) and 7.50 ( s ,  l H ,  

+ 
A r H ) :  MS mjz ( r e l . i n t . ) :  377 ( M  -HBr, l a ) ,  362 ( 4 1 ,  359 ( 5 ) ,  348 (141 ,  304 (1001, 

290 ( 1 2 ) ,  276 ( 1 0 ) .  258 ( 3 5 ) ,  242 ( 4 ) .  232 ( 5 ) .  230 ( a ) ,  216 ( 4 ) .  

E t h v l  3-[2-(Ethox~carbonyl)methyl-6,7-dinethoxy-l,2,3,4-tetrahydroisoquinolin- 

- 1 - y l l p r o p i ~  ( 9 )  
TO a  s o l u t i o n  o f  8 ( 5 . 0  g ,  10.9  ml) i n  e t h a n o l  (100  m l )  sodium borohydr ide  was 

added i n  s m a l l  p o r t i o n s  a t  0  OC and t h e  r e a c t i o n  was moni tored  by t l c .  The react ion 

mixture  was n e u t r a l i z e d  w i t h  a c e t i c  a c i d  and evapo ra t ed  under reduced  p r e s s u r e .  

The r e s i d u e  was t r i t u r a t e d  w i t h  ch lo ro fo rm (100 m l ) ,  washed w i t h  wa te r  (2x25 m l ) .  

d r i e d .  and evapo ra t ed  t o  g i v e  9 (3 .80  g, 92 % )  as  a n  o i l .  Crude 9 was transformed 

i n t o  i t s  hyd roch lo r ide  s a l t  by t r e a t i n g  it wi th  5N e t h a n o l i c  hydrogen c h l o r i d e  

-1 
t o  y i e l d  9 . H C 1  - (3 .81  g, 84 % ) ,  mp 150-152 OC; IR (KBr): 1740 ( C = O ) ,  1730 (C=O)cm ; 

'H NMH (CDC13) 6 1.23 ( t ,  J=7Hz, 3H, CH3), 1 .25  ( t ,  J=7Hz, 3H, CH3), 3.40 ( s ,  2 H ,  

H z )  3.85 ( 5 ,  6H, 2xOCH3), 4.12 ( q ,  J=7Hz, 2H, CHZ), 4.18 ( q  , J=7Hz, 2H, CH2), 

+ 
6.56 (s, 1 H )  and 6.62 (1, 1 H )  a roma t i c  p r o t o n s ;  MS mlz ( r e l . i n t . ) :  379 ( M  , 0.51, 

378 ( 0 . 5 ) ,  350 ( 0 . 5 ) ,  334 ( 7 ) ,  306 ( 6 ) ,  292 ( 4 ) ,  278 ( 1 0 0 ) .  250 ( 7 ) ,  234 ( 2 ) ,  210 

( 2 ) .  190 ( 3 ) .  



p 
carbowlate (101 

TO a solution of diester 9 (1.70 g, 4.5 mmol) in dry benzene (50 ml) potassium 
tert.-butoxide 10.60 g, 5.4 mmol) was added in one portion. The reaction mixture 

was refluxed for 4 h ,  then cooled to room temperature and neutralized with acetic 

acid. The solvent was removed in vacuo and the residue was suspended in dichloro- 

-thane (200 nl) and extracted with water (3 x 40 ml) at pH 8.5-9. The combined 

organic layer was dried and evaporated to yield amorphous 12 (1.0 g, 67 % ) .  The 

en01 form of (0.69 g, 46 8) could be crystallized from ethyl acetate, np 128- 

129 OC; IR (KBT): 1660 (C=O), 1580 (C=C)~<'; 'H NMR (C0C13): 6 1.34 It, J=7Hz, 

3H, CH3), 3.80 ( s ,  3H, 0CH3), 3.81 ( s ,  3H, 0CH3), 4.25 + 4.34 (2 w q, J=7Hz, 

2 x lH, CH2), 6.57 ( s ,  lH, ArH) and 6.60 i s ,  lH, ArH), 11.47 is, lH, en01 OH); 

MS m/z (rel.int.): 333 IM+, 1001, 316 (21, 304 (31, 287 (24), 286 (371, 260 (881, 

259 (471, 258 (441, 244 (91,  232 (lo), 231 (101, 230 (15). 218 (10). 205 (16). 203 

(13), 191 (7), 190 171, 189 17), 188 (10). 

Reduction of 10 

TO a stirred solution of 8-keto-ester LQ (800 mg, 2.4 -01) in dichloromethane -- 
(25 ml) and ethanol (25 ml) sodium borohydride was added in small portions. The 

reaction was monitored by tlc. After workup including purification by preparative 

tlc Qn silica gel PF254 (Merck) plates using dichloromethane-methanol (200:7 vlv) 

system && (362 mg, 45 % ) ,  12  (145 mg, 18 % ) ,  13 ( 6 4  m p ,  8 % )  and 14 (31 mg, 4 % )  -- 

Were obtained. 

Ethyl ~9,10-Dimethoxy-3a-hydroxy-l,2,4,6,7,llbo-hexahydro-3H-benza!alquinolizin- 

0 4a-y1)carboxylate (11): mp 140-142 C; IR (KBr): 1720 i:=O) 'H NMR (CnC13): 

6 1.29 (t, J=7Hz, 3H, CH3 ), 3.81 ( s ,  6H, 2 x 0CH3 ) ,  3.83 (bd, J=4.5 Hz, lH, 4-H ), 

3.95 (m, J=10 + 5 + 4.5 Hz, lH, 3-H), 4.05 (dd, J=10 + 4Hz, lH, llb-H), 4.24 (q, 

J=7Hz, CH 1, 6.57 ( s ,  lH, ArH) and 6.65 ( s ,  lH, ArH); MS mjz (rel.int. ) :  335 (M+, 2 

26), 334 (191, 318 (51, 306 (15), 262 (loo), 246 (17), 244 ( 5 ) ,  234 (9), 232 (3), - 
218 (43), 205 (7), 204 (6), 191 (26), 176 (10). 

Ethyl (9r10-Dimethoxy-38-hvdrow-l,2,4. 6,7,1lba-hexahydro-3FI-benzo~a1quinolizin- 
-1 1 48-y1)carboxylate (12): mp 117-119 OC; IR (KBr): 1720 (C=O) cm ; H NMR (CDC13): 

6 1.31 it, J=7Hz, 3H, CH3), 3.30 (bd, J=2.5 Hz, lH, 4-H), 3.38 (dd, J=9+4.5 Hz, 

lH, llb-A), 3.81 ( s ,  6H, 2 x 0CH3), 4.10 (m, J=2.5+2.5+2.5 Hz, lH, 3-H), 4.26 ( g ,  

J=7Hz, 2H. CH2), 6.58 ( s ,  1H. ArH) and 6.70 ( s ,  1H. ArH); MS m/z (rel.int.): 

335 (M', 21), 334 (19), 318 l4), 317 (71, 316 (71, 306 (13), 288 (31, 262 (loo), 
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246 (3). 244 (6), 234 (81, 218 (31). 205 (4), 204 (3). 191 (171, 176 (6). 

Ethyl (9,10-Dimethoxy-3a-hydroxy-l,2,4,6,7,llba-hexahydro-3H-benzo~a]quinolizin- 

4g-y1)carboxylate (13) : mp 111-114 OC; IR (KBr) : 1720 (~=o)cm-l; NMR (CDC13) : 

6 1.31 (t, J=7Hz, 3H, CH3), 3.30 (dd, J=10+4Hz, 1H. 11-bH), 3.80 (bd, J=7Hz, lH, 

4-H), 3.81 (s, 6H, 2 x 0CH3), 3.98 (m, J=9.5 + 7 + 4 Hz, 1H; 3-H), 4.30 ( q ,  J=7Hz, 

ZH, CH2), 6.56 (6, lH, ArH) and 6.66 (s, lH, ArH); MS m/z (rel.int.): 335 (~+,19), 

334 (171, 318 (4), 306 (131, 262 (100). 246 (5). 244 (61, 242 (7), 240 (91, 234 

(6), 218 (191, 205 (4), 204 (3), 191 (131, 176 (6). 

Ethyl (9,l0-Oimethoxy-3D-hydroxv-l,2,4,6,7,llb0-hexahydro-3H-benzo[alquinolizin- 

4a-y1)carboxylate (14): amorphous. IR (KBr): 1720 (c=o)cm-l; 'H NMR (CDC13): 6 

1.30 (t, J=7Hz, 3H, CH3), 3.64 (d, J=3Hz, lH, 4-HI, 3.82 ( s ,  6H, 2 x 0CH3), 3.92 

(dd, J=lO + 4Hz, 1H. llb-H) 4.21 (m. J = 3 + 3 + 3 Hz, 1H. 3-H), 4.21 (q, J=7Hz, 
+ 

2H. CH2), 6.58 (6, lH, ArH) and 6.64 ( s ,  lH, ArH); MS m/z (rel.int.): 335 (M ,171, 

Ethyl (9,10-0imethoxv-3-oxo-1,2,4,6,7,11ba)-hexahydro-3H-benzo[a]quin01izin-2-y1)- 

carboxvlate (15). To a solution of diester 9 (1.70 g, 4.5 mmol) in dry ethanol 
(50 ml) freshly prepared sodium ethoxide (0.68 g, 10 -01) was added and refluxed 

overnight. The reaction mixture was cooled to room temperature and neutralized 

with acetic acid, finally the solvent was removed in vacuo. The residue was 

suspended in dichloromethane (200 ml) and extracted with water (3 x 40 ml) at 

pH 8.5-9. The combined organic layer was dried and evaporated to give amcrphous 

15 (0.89 g, 59 % ) .  The en01 form of 15 (0.60 g, 40 % )  could be obtained in 

crystalline form from ethyl acetate: mp 122-124 OC: IR (KBr): 1690 (C=O), 1550 

(c=c)C~-': NMR (CDC13): d 1.31 (t, J=7Hz, 3H, CH3), 3.84 ( s ,  3H. 0CH3), 3.85 

( 5 ,  3H, 0CH3), 4.28 (q, J=7Hz, 2H, CH2), 6.61 ( s ,  lH,ArH) and6.72 ( s ,  lH,ArH), 

+ 
11.94 (bs, lH, en01 OH); MS m/z r e l i n :  33.3 (M , 46), 332 (5), 304 (3), 288 
( 4 ) ,  287 (4). 286 (6). 260 (7). 259 (3). 258 (3), 205 (29). 192 (22). 191 (100). 

190 (14). 176 (17). 

Reduction of 15 
To a stirred solution of P-keto-ester 15 (600 mg, 1.8 -1) in dichloroEethane 

(20 ml) and ethanol (20 ml) sodium borohydride was added in small portions. The 

reaction was monitored by tlc. After workup including separation by preparative 

tlc on silica gel PF254 (Merck) plates with dichloromethane-methanol (200:lO v/v) 

system, 16 (368 mg, 61 $ 1 ,  17 (91 m?, 15 % ) ,  18 (36 mg, 6 % )  and 12 (25 mg, 4 8 )  



were obtained. 

Ethyl (9,l0-Dimethoxy-3p-hydroxy-l,2,4,6,7,1lba-hexahydro-3H-benzo[a]quinolizin- 

0 26-y1)carboxylate ( 1 6 ) : ~  121-123 C; IR (KBr): 1720 (c=o)cm-l; 'H NMR (CDC13): 

6 1.28 (t, J=7Hz, 3H, CH3), 3.21 (dd, J=10.5 + 3 Hz, lH, llb-H), 4.22 (q, J=7Hz, 

ZH, CH2), 4.30 (m, J=2.5 + 2.5 + 2.5 Hz, lH, 3-H), 6.60 ( s ,  lH, ArH) and 6.72 

+ (s, lH, ArH); MS m/z (rel.int.): 335 (M , 37), 334 (44), 320 (14), 318 (2), 306 
(19). 291 (14). 290 (23). 262 (23). 235 (11). 234 (23). 205 (21). 191 (loo), 

176 (11). 

Ethyl (9,l0-Dimethoxy-3a-hydroxy-1,2,4,6,7,llba-hexahydro-3H-benzo[a]quinolizin- 

20-y1)carbowlate (17): -- mp 124-126 OC; IR (KBr): 1720 ( C 4 )  cm-l; 'H NMR (CDC13): -- 

6 1.29 (t, J=7Hz, 3H. CH3), 3.21 (dd, J=ll + 5 Hz, lH, llb-H), 3.82 ( s ,  6H, 

2 x 0CH3), 4.08 (m, J=10 + 9.5 + 4.5 Hz, lH, 3-H), 4.24 (y, J=7Hz, 2H, CH2), 6.59 
+ 

(s, lH, ArH) and 6.69 ( s ,  1H. ArH); MS m/z ( i n . ) :  335 (M , 44). 334 (52), 
320 (6), 306 (26), 291 (11). 290 (20), 262 (ZO), 235 ( 9 ) ,  234 (21), 205 (19), 

191 (loo), 176 (10). 

Ethyl (9,l0-Dimthoxy-3a-hydr0xy-l,2,4,6,7,llb~-hexahydro-3H-benzo~a]quinolizin- 

2a-~1)carboxvlate (18): amorphous, IR (KBr): 1720 (~4)cm-l: 'H NMR (CDC13): 6 

1.32 (t, J=7Hz, 3H, CH3), 3.59 (dd, J=10 + 3Hz, lH, llb-H), 3.85 ( 9 ,  6H, 2 x 0CH3), 

4.10 (m, J = 9 + 8.5 + 4 Hz, lH, 3-H), 4.28 (y, J=7Hz, 2H. CH2), 6.61 ( s ,  lH, ArH) 

and 6.70 ( s ,  lH, ArH); MS m/z (rel.int.): 335 (481, 334 (48), 320 (6), 318 (3), 

306 (29), 291 (23), 290 (33), 262 (25), 235 (13). 234 (28). 205 (23). 191 (loo), 

176 (11). 

Ethyl (9,10-Dimethoxy-3~-hydroxy-l,2,4,6,7,llba-hexahydro-3H-benzo[a]yuinolizin- 

1 Za-y1)carboxylate ( 2 9 ) :  amorphous, H NMR (CDC1 ) '  6 1.25 (t, J=7Hz, 3H, CH3), 3 ' 

3.83 ( 5 ,  6H, 2 x 0CH3), 4.20 (q, J=7Hz, ZH, CH ) ,  6.70 ( s ,  2H, aromatic protons); 2 
+ 

MS m/z r e l n t :  335 (M , 43). 334 (43). 320 (7), 318 (3), 306 (28), 291 (21), 
290 (321, 262 (25), 235 (13), 234 (25), 205 (21), 191 (lW), 176 (13). 

Ethyl (9,10-Dimthoxv-l,5,6,llba-tetrahvdro-4H-benzoIa1quinolizin-2-yl)carboxylate 

(2): Hydroxy-ester (16) was dissolved in dry pyridine (4 ml) and thionyl chloride 

was added. The reaction mixture was kept at room temperature overnight. Workup 

including preparative tlc on silica gel PFZS4 (Merck) plates by dichloromethane- 

methanol (200:lO v/v system) supplied amorphous 20 (45 mg, 24 8 )  which was crystal- 

- 1 lized as its hydrochloride salt: mp 157-159 OC; IR(KBr): 1700 (C=O), 1590 (C=C)cm ; 

'H NMR (CDC13): 6 1.30 (t, J=7Hz, 3H, CH3), 3.86 ( s ,  6H. 2 x 0CH3), 4.25 

(q, J=7Hz, ZH, CH2), 6.61 ( s ,  lH, ArH) and 6.74 (s, lH, ArH), 6.96 (m, 
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+ 
J=4 + 2 + 2 Hz, l H ,  3-H): MS m/z ( r e l . i n t . ) :  317 ( M  , 4 3 ) ,  316 ( 1 5 ) .  302 ( I ) ,  288 

( 2 ) ,  286 ( l ) ,  272 ( 5 ) ,  244 ( 7 1 ,  242 ( 2 ) .  228 ( 2 1 ,  218 ( 2 ) ,  203 (21 ,  192 (141,  191 

( l o o ) ,  176 ( 2 2 ) .  
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