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Studies on the Structure-Activity Relationship of Adrenergic 
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9-Aryl-1H-2,3,7,8,9,l0-hexahydrobenzo[d,elquinolines 
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The synthesis and adrenergic activity of 

stereoisomeric 5,6-dihydroxy-9-aryl-1H-2,3,7,8,9,10- 

hexah~drobenzo [d,e] quinolines (42, s, e, and 4 ' b) , - 
rigid structures related to the compounds (1, 2 ,  and 3), - - - 

are presented. 

In our previou s papers, it wa reported that appropriate 

substituted tetrahydroisoquinoline (THI : 1) 2 ,  and benzylamine 

(BZA : 2)3) derivatives possessed adrenergic @-mimetic activity. 
Furthermore, tetrahydronaphthalenes (THN : 2) I ) ,  a confor- 

mationally restricted molecule relative to the BZA (z), proved 
to have similar activity. In structures ( 2  and A), it was shown 

that introduction of bulky substituents at the nitrogen 

adversely affected their mimetic activity1) '3) . Therefore, it 



4a - 4b - a :  c i s  (C -H and ClO-H) 

4 ' b  
9 

4 ' a  - - b :  t r a n s  (C9-H and ClO-H) 

1 : R =3,4,5-tri-OCH 
2 3  

wi thout  L: RZ=H 

became of i n t e r e s t  f o r  us  t o  s y n t h e s i z e  hexahydrobenzo[d,el-  

q u i n o l i n e  system (4 and g)4), which may be regarded a s  a  

r e l a t i v e  of both  THN (3) and TNI (1). The i n t r o d u c t i o n  of t h e  

new two carbon b r i d g e  between t h e  n i t r o g e n  and benzene r i n g  Of 

THN (3) i n  p l a c e  of i t s  N-subst i tuent  c o n f e r s  r i g i d i t y  on t h e  

molecule and it was hoped t h a t  t h e  reduced f l e x i b i l i t y  and 

d i f f e r e n c e s  i n  p e r i p h e r a l  shape around t h e  n i t r o g e n  would 

i n c r e a s e  a c t i v i t y  and s p e c i f i c i t y  of t h e  @-ac t ion .  

Leuckar t  r e a c t i o n  of t h e  t e t r a l o n e  d e r i v a t i v e s  (5 and 5') 1) 

wi th  ammonium formate  and formamide followed by h y d r o l y s i s  w i t h  

KOH i n  e thy lene  g l y c o l  and H20 a t  140' f o r  22 h r  gave 

d i a s t e r e o i s o m e r i c  mixtures  of t h e  amines5' (5: 82% and 5' : 79% 

y i e l d s ) , r e s p e c t i v e l y  (Char t  I ) .  Since t h e  s e p a r a t i o n  of t h e s e  

mix tures  was d i f f i c u l t 6 ) ,  5' was allowed t o  r e a c t  w i t h  



bromoacetaldehyde d i e t h y l  a c e t a l  i n  t h e  presence of  K2C03 i n  

DMSO. The r e s u l t i n g  mixture  of  t h e  a c e t a l s  was chromatographed 

over  s i l i c a  g e l  t o  g i v e  t h e  c i s  isomer (7'a : mp 94-95', 39%) and - 
t h e  t r a n s  isomer (c : mp 114-115O, 40% y i e l d ) .  S i m i l a r l y ,  

t h e  c i s  a c e t a l  (2 : bp 150-20O0/0.2 mmHg, 34%) and t h e  t r a n s  

isomer (2 : mp 71-73', 38% y i e l d )  r e s u l t e d  from 6 .  Stereochemical  - 
ass ignments  f o r  t h e s e  isomers were made from t h e  coupl ing 

c o n s t a n t s  of t h e i r  Cl  protons1' (c : J =4 Hz a t  6 3.76,  
182 

a :  c i s  
g: t r a n s  
c: t r a n s  (epimer of b_ a t  C3) 

w i thou t  ' :  R -H,  R3=Cn3 - 2- Chart  I 



7) 7'b : Jl,2=9 Hz at 64.05, and : J =8 Hz at 64.09) . - 1,2 

Alternatively and more conveniently, the cis acetals (7a - and G) 
resulted stereoselectively lr8) from - 5 and 5' by treatment with 

aminoacetaldehyde diethyl acetal followed by NaBH4 reduction in 

69% and 82%yields, respectively. 

Cyclization of the acetals (E ,  3, and c) was effected 

by treatment with HC1 in aq THF') to give the benzo[d,e]- 

quinolines, (HC1 salt, mp 216-21E0 (dec), 93%). 8'a (HC1 salt, 
mp 195-197', 65%), and 8'b (HC1 salt, mp 240-242.5O, 71% yield), 
respectively. Similar treatment of 2 gave the two cyclized 
products (2 mp 143-150.5" and c, mp 171-172.5"), epimers of the 
C -OH, which were separated by column chromatography in 46% and 3 

27% yields. The C3 isomeric nature of - 8b and & later became 

apparent by their transformations (vide infra). Table I gives 

the NMR data of these isomers (8 and 8') and their derivatives 

(9 ,  10, and 11). The large coupling constants of the C10 protons 
(Jg,lo=ll-12 i were invariably observed for the trans isomers 

compared with 6-8 Hz for those of their cislo) counterparts. 

Regarding the stereochemistry of the C substituents in these 3 

derivatives, conformational assignments (quasi-axial or quasi- 

equatorial) were tentatively made from the 6 and J values of their 

C4 and C3-protons, respectively1'). However, definitive 

conclusions including their configurational assignments must 

12) await further experimental results . 
An unexpected difficulty arose when direct conversion of 

the carbinols (8a, - E, and - 8c) into 13a and 13b was attempted 

(Chart 11). They resisted any attempt to effect the reductive 
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removal of t h e i r  C -OH; hydrogenation us ing 10% Pd-C, c o l l o i d a l  
3  

Pd, o r  Pt02 under a v a r i e t y  of cond i t ions  a l l  gave unchanged 

s t a r t i n g  m a t e r i a l .  Conversion of t h e s e  c a r b i n o l s  t o  3 and 

13b v i a  t h e i r  c h l o r i d e s  was, t h e r e f o r e ,  examined next .  - 
Treatment of e, E, and & with t r i f l u o r o a c e t i c  anhydride  i n  

pyr id ine  a f fo rded  t h e i r  r e s p e c t i v e  amides, % (mp 163-164", 

a :  c i s  
E: t r a n s  
c :  t r a n s  (epimer of b_ a t  C3)  - 

1 4 ' a  - 
1 4 ' b  5: c i s  
- p: t r a n s  

Ar=3,4,5-tri-OCH . C  H 3  6 2  

Chart  I1 



Table  I. Chemical S h i f t s  and Coupling cons tan t sa )  

Compd. 

b)  8a ( c i s  , a x  c )  - 
8b ( t r a n s ,  ax) - 
8c ( t r a n s ,  eq)  - 
8 ' a  ( c i s ,  ax )  - 
8 ' b  ( t r a n s ,  ax)  - 
9a ( c i s ,  eq )  - 
9b ( t r a n s ,  eq)  - 
9c ( t r a n s ,  ax)  - 
10a ( c i s ,  eq)  - 
l o b  ( t r a n s ,  eq)  - 
10c ( t r a n s ,  ax)  - 
l l a  ( c i s ,  ax )  - 
lib ( t r a n s ,  ax) - 
l l c  ( t r a n s ,  eq)  - 

4.10(d,  J=6)  

3.72 (8, J=l l )  

3.7-3.9 

4 .16(d,  J=6)  

3 .68(d,  J=12) 

5 .13(d ,  J=6)  

5 .36(d,  J=l l )  

5.41 ( d ,  J=l l)  

5 .16(d,  J=7)  

5 .33(d ,  J=12)  

5.56 (d ,  J=12) 

5.34 ( d ,  J=8)  

5.56 (d ,  J=ll) 

5.37 ( d ,  J=12) 

a )  These d a t a  ( 6 :  ppm, J :  H z )  were ob ta ined  wi th  JEOL PS-100 

ins t rument  i n  CDC13 ( 6 %  (w/v), 26OC). 

b) Stereoisomers  of C9 and C10 p ro tons  

C )  Conformational assignment o f  C3-subs t i tuen t s  

80% y i e l d ) ,  (mp 167-168.5", 93% y i e l d ) ,  and - 9c (mp 178-17g0, 

q u a n t i t a t i v e  y i e l d ) .  C h l o r i n a t i o n  of % and wi th  t h i o n y l  

c h l o r i d e  and p y r i d i n e  i n  E t  0  gave t h e  corresponding c h l o r i d e s  
2 

(I&, mp 142-143' and g, mp 185-186.5' (dec)  ) i n  

q u a n t i t a t i v e  y i e l d s .  On t h e  o t h e r  hand, s i m i l a r  t r ea tment  of 

9c ,  t h e  C3  epimer of - gb, a f fo rded  t h e  two i somer ic  c h l o r i d e s ,  
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l l b  (44% y i e l d )  and (mp 168-170' ( d e c ) ,  28% y i e l d ) .  l l b  - - 
proved i d e n t i c a l  wi th  t h e  sample ob ta ined  from z. Thus, t h e  

d i a s t e r e o i s o m e r s  (9& and - 9c) markedly d i f f e r e d  i n  t h e i r  

s u b s t i t u t i o n  r e a c t i o n ,  t h e  s t e reochemica l  course  of  which w i l l  

be d i scussed  i n  a l a t e r  paper t o g e t h e r  wi th  t h e  c o n f i g u r a t i o n a l  

assignment of  t h e i r  OH groups.  Hydrogenolysis of  t h e  c h l o r i d e s  

(G and g) w i t h  10% Pd-C i n  i sopropanol  proceeded smoothly 

t o  g i v e  12a (mp 95-96', 65%) and - 12b (mp 142-143.5', 88% y i e l d ) ,  

which i n  t u r n  were hydrolysed wi th  KOH i n  aq EtOH t o  g i v e  

q u a n t i t a t i v e  y i e l d s  of  2 (mp 108-109") and 13b (mp 149-150.5O), 

r e s p e c t i v e l y .  Demethylation of t h e  H B r  s a l t s  of  L3a and 13b 

w i t h  boron t r ib romide  i n  CH2C12 gave t h e  d e s i r e d  c a t e c h o l s ,  + 
(HBr  s a l t :  mp 261-262' ( d e c ) ,  84%) and 4b ( H B r  s a l t :  mp 282-283" - 
( d e c ) ,  90% y i e l d ) .  

Hydrogenolysis of  t h e  c a r b i n o l s  ( 8 ' a  - and a) w i t h  10% Pd-C 

i n  aq EtOH gave t h e  debenzyla ted  p roduc t s  (14'a.HCl - s a l t ;  mp 

224-227' ( d e c ) ,  88%,  and 14'b.HCl s a l t ;  mp 241-244' ( d e c ) ,  82% - 
y i e l d )  wi thou t  a f f e c t i n g  t h e i r  C3-OH groups.  I n  c o n t r a s t  w i t h  

t h e  methoxy d e r i v a t i v e s  desc r ibed  above, however, hydrogenolys is  

of t h e s e  c a t e c h o l s  (m and u) us ing  P t 0 2  i n  E t O H  c o n t a i n i n g  

H C ~ ' ~ )  proceeded wi thout  d i f f i c u l t y  t o  g i v e  t h e  d e s i r e d  compounds, 

4 ' a  (HC1  s a l t ;  mp 243-245" ( d e c ) ,  58%) and fi ( H C 1  s a l t :  m p  - 
261-264' (dec) , 61% y i e l d ) .  

The compounds prepared were t e s t e d  f o r  t h e i r  t r achea- re lax ing  

a c t i v i t y  by t h e  usua l  method2) (Table 11). The o r d e r  of  t h e  

t r achea- re lax ing  a c t i v i t y  i n  t h i s  s e r i e s  was c b  > 4'a > & > 

4a > 1 4 ' b  > 1 4 ' a .  The t r a n s  compounds (4& and G) were much 



Table  11. Trachea l  r e l a x i n g  a c t i v i t y  

Compd. 

4b - 
4 ' b  - 
4a - 
4 ' a  

1 4 ' b  - 
1 4 ' a  - 

a )  No. of experiments 

b )  Negative l o g  molar c o n c e n t r a t i o n  which produced 

50% r e l a x a t i o n .  

c )  %-Relaxation a t  about 3 x ~ o - ~ M  

more a c t i v e  than  t h e i r  c i s  c o u n t e r p a r t s  (k and %) i n  agreement 

1) with  our  previous  r e s u l t s  ob ta ined  wi th  t h e  THN d e r i v a t i v e s  (3 )  - . 
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