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Abstract  - Novel 1,3-bridged 1,2,3,4,5,6-hexahydro-2,6-methano-3-benz- 

azocine de r i va t i ves  (3,9,E, and E) were synthesized s te reospec i f i ca l l y  by 

acid-catalyzed c y c l i z a t i o n  i n  PPA s t a r t i n g  from 6.11-dimethyl-8-methoxy-3,4, 

5,6-tetrahydro-Z,6-methano-3-benlaracin-l(2H)-one. 

2 .  Recently Snyder e t  a1.l and Kolb ~ndependent ly reported t h e  new analgesic receptor models and ex- 

p la ined agon i s t i c  o r  antagon is t ic  proper t ies  on t h e  basis o f  i n t e r a c t i o n  between receptor s i t e s  

and func t i ona l  groups o f  analgesics. But t h e i r  models completely disaccorded concerning the N- 

lone e lec t ron  p a i r  d i r e c t i o n s  which, according t o  Kolb 's repo r t ,  determine agon i s t i c  p rope r t i es  

o f  analgesics. 

I n  order  t o  so lve  the  problem we repo r t  here the syntheses of t e t r a c y c l i c  benzomorphan de r i va t i ves  
3  

(3 and x), o f  which N-lone e lec t ron  p a i r  d i r e c t i o n s  are f i x e d  i n  the  same con f i gu ra t i on  as t h a t  of 

pentazocine. Furthermore reduct ion  of 3 and 9 was t r i e d  w i t h  the i n t e n t i o n  of c l a r i f y i n g  t h e  

e f f e c t s  o f  unsaturated n i t rogen subst i tuents  on antagon is t ic  characters. 
4  

5  On treatment o f  the 6,11-dimethyl-2,6-methano-3-benzazocine-l(2H)-one (4) w i t h  a l k y l  halides-NaH 

o r  w i t h  a l k y l  tosylates-K2C03. N-alkylated products s - e w e r e  obtained i n  good  yield^.^ When f! 

was t rea ted  w i t h  diketene, amide d e r i v a t i v e  5f was a lso  obtained as an Several attempts t o  

const ruc t  new 1 ,%bridged r i n g  from e o r  5f by a ldo l  type c y c l i z a t i o n  w i t h  NaH o r  n-BuLi were 

f r u i t l e s s .  

Therefore acid-catalyzed c y c l i z a t i o n  was i nves t i ga ted  as another route. Reduction O f  &-4 w i t h  

LiA1H4 gave a lcoho ls  554.' The stereochemistry of hydroxy groups i n  3-!! were determined aS'B 

con f i gu ra t i on  by the  NMR spectra i n  comparison w i t h  the repor ted As pre l iminary  exper i -  

ment c y c l i z a t i o n  cond i t ions  o f  & were invest iga ted.  When & was allowed t o  react  w i t h  80% H2S04, 

c y c l i z a t i o n  of &occu r red  together w i t h  su l f ona t i on  a t  C-9 p o s i t i o n  t o  g i ve  I. Desulfonation of 



pentamcine 
J 

CH30 BH - cH31HB-R - cH3073 - - a b R R = = C H ~ C ( C H ~ ) = C H ~  cH2cH2c(cH3)=cH2 

CH3 CH3 i N-R - c R = CH2CH=CHCH3 
C/13 C"3 

cH3 - d R = CH2CH=CH2 

10 - 11 - 
Fig. 1 

7 was achieved i n  re f l ux ing  d i l .  H2S04 t o  af ford des i red product 8 i n  21.3% y i e l d  from 6a. - 
Cyc l i za t i on  of !&wi th  polyphosphol ic ac id  (PPA) proceeded smoothly a t  90•‹C t o  g i ve  8 i n  improved 

y i e l d  (63.8%) as a s i ng le  product. 

1 8 : H-NMR (CDC13) 6 0.84 (3H, d, C5-CH3, J = 7.0 Hz), 1.36 (3H, 5, C6-CH3), 1.65 (3H, broad - 

s, C2-CH3), 3.79 (3H, 5, 0CH3), 6.00 (lH, broad d, C1-H, J = 5.0 Hz), 6.60-7.32 (3H, m, arom H), 

mass mle 283 (M'), mp 255-260"C(dec) as hydrochlor ide.  

However, N-2-butenyl (&) and N-al ly1 de r i va t i ves  (f45 d i d  n o t  a f f o r d  any cyc l i zed  product under 

t h e  same cond i t ions .  These r e s u l t s  showed t h a t  c y c l i z a t i o n  i s  very suscept ib le  t o  s t e r i c  h in-  

drance and moreover needs some groups such as a l k y l  moiety on the C-3 of a l l y 1  subst i tuents ,  which 

might s t a b i l i z e  a ca t i on  o f  intermediate 10. Though c y c l i z a t i o n  o f  f& was a l so  attempted under 

the  above cond i t ions ,  any cyc l i zed  product cou ld  n o t  be detected. However, a t  room temperature 

t h e  cyc l ized products were successfu l ly  obtained as a mix ture  of pos i t i ona l  isomers, 2 (18.8%) and 

11 (5.8%) as an o i l .  - 
1 2 : H-NMR (CDC13) 6 0.86 (3H, d, C6-CH3, J = 7.0 Hz), 1.35 (3H, s, C7-CH3), 1.91 (3H, - 

broad S, C2-CH3), 3.37 (ZH, d, C4-H, J = 7.0 Hz), 3.80 (3H, s, 0CH3), 5.48 ( lH, broad t, C3-H, J = 
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7.0 Hz), 6.60-7.40 (3H, m, arom HI, mass m/e 297 (M'), mp 198'C as oualate.  

1 11 : H-NMR (C0Cl3) 6 0.90 (3H, d, C6-CH3, J = 7.0 Hz), 1.36 (3H, s, C7-CH3), 1.87 (3H, broad - 
s, C2-cH3), 3.52 ( lH ,  dd, Clld-H, J = 8.0, 3,5 Hz), 3.79 (3H, s, 0CH3), 6.03 ( lH, broad d, Cl-H, J 

= 8.0 Hz), 6.55-7.30 (3H, m, arom H), mass mle 297 (M+), mp 93-95•‹C as oxa la te  hemihydrate. 

V iny l  p ro ton of ?was observed as broad t r i p l e t  spin-coupled w i t h  C-4 methylene i n  NMR spectrum. 

On the o the r  hand v i n y l  p ro ton of 11 coupled w i t h  Cllb methine as broad doub le t  and c l o s e l y  resem- 

b led  t h a t  of !w i th  respect t o  chemical s h i f t s  and coupling constants. From these data pos i t i ons  

of double bonds o f  2 and were determined as shown i n  Fig. 1. 

C a t a l y t i c  hydrogenation o f  8 over P t  gave 12 i n  78% y i e l d  as a so le  product. Under the  same condi-  

t i o n s  2 was reduced i n t o  two diastereomers 14 (28%) and 15 (34%), whereas 11 y ie lded  14 (68%) ex- 

c l us i ve l y .  As reduct ion  of s t e r i c a l l y  crowded double bonds o f  8 and proceeded stereospeci f -  

i c a l l y ,  12 and ifl might be formed by the c a t a l y t i c  approach from l e s s  hindered side. Therefore, 
* * 

t h e  stereochemistry o f  12 was determined t o  be 2R , 4aR and t h a t  o f  14 was 2R , 5 a ~ * .  On the 
* 

o ther  hand, the  con f i gu ra t i on  o f  E w a s  reverse t o  those o f  12 and 14, and determined t o  be 2R 
* 

and 5aS . 
1 12 : H-NMR (CDC13) 6 0.81 (3H, d, C5-CH3, J = 7.0 Hz), 0.92 (3H, d, C2-CH3, J = 4.6 Hz), - 

1.35 (3H, s, C6-CH3), 3.79 (3H, s, 0CH3), 6.50-7.18 (3H, m, arom H), mass m/e 285 (M+), 

mp 74-77•‹C as f r e e  base. 

1 
14 : H-NMR (CDC13) 6 0.79 (3H, d, C6-CH3, J = 7.0 Hz), 1.03 (3H, d, C2-CH3, J = 6.0 Hz), - 

t 
1.32 (3H, s, C7-CH3), 3.79 (3H, s, 0CH3), 6.58-7.30 (3H, m, arom H), mass m/e 299 (M ), 

mp 89-90DC as oxa la te  hemihydrate~MeEtC0. 
1 

15 : H-NMR (CDC13) 6 0.86 (3H, d, C6-CH3, J = 7.0 Hz), 0.97 (3H, d, C2-CH3, J = 6.0 Hz), - 
1.35 (3H, s, C7-CH3), 3.80 (3H, s, 0CH3), 6.60-7.30 ( 3 ~ ,  m, arom H), mass m/e 299 (M+), 



Oemethylation of t h e  methoxy group of 8 was performed w i t h  EtSH-A1C13 t o  g i ve  9 (go%, mp 181•‹C as 

hydrobromide hemihydrate). I n  the  case of 2, 12 and 14, t reatment w i t h  BBr3 gave phenols 3 (73%, 

mp 220-225•‹C as f ree base), 3 (68%, mp 287-289"C(dec)as hydrochlor ide),  and 16 (76.6%, mp 280- 

283'c(dec) as hydrochlor ide),  respect ive ly .  

Relat ive conf igura t ions  of r i n g  B and 0 of these t e t r a c y c l i c  benzomorphans were assigned t o  be 

c i s  from t h e  es t imat ion  o f  v i c i n a l  d ihedra l  angle,8 f o r  example 50' f o r  11 (J5a,llb -3.5 Hz). 

Conformation o f  p i p e r i z i n e  r i n g s  would be c h a i r  form judging from no chemical s h i f t  change be- 

9 tween Cll-Me of a-metazocine and C5-Me o f  8 and C6-Me o f  2, 11. This  observat ion was confirmed 

from study w i t h  Dre id ing models, and the N-lone e lec t ron  pa i r s  o f  p i p e r i d i n e  r i ngs  are f i x e d  i n  

ax ia l  d i r ec t i on .  

These t e t r a c y c l i c  benzomorphans showed i n t e r e s t i n g  pharmacological a c t i v i t i e s .  Compounds 1 and 16 
showed agon i s t i c  a c t i v i t i e s ,  on the cont rary  6-membered de r i va t i ves  8 and 13 showed antagon is t ic  

a c t i v i t i e s  against  morphine analgesia. These r e s u l t s  w i l l  be repor ted i n  a separate paper10 and 

further syn the t i c  approaches f o r  modif ied benzomorphans are i n  progress. 
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