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3,3-Disubstituted succinimides are reduced regio- 

selectively at the 2 and 5 positions. The resulting 

w-carbinol-lactams are used for synthesis of 6-phenyl- 

-1,5-dienes and 6-azabicyclo[3.2.l]octanes, respectively. 

The regioselective reduction of 3,3-disubstituted succin- 

imidesl with NaBH4 at the most hindered carbonyl and the use of 

the so-obtained w-alkoxylactams as precursors for the reactive 

a-acylimmonium ions have been reported to lead to new synthesis 

of various alkaloids.* On the contrary the chemistry of w-car- 

binol-lactams obtained via reduction at the least hindered 

carbonyl is almost unexplored although the regioselectivity 

effect upon reductions of imides with diisobutylaluminum hydr- 

ide was mentioned earlier by Winterfeldt. 3 

In the present communication both the reqioselective NaBH4/ 

+ 
H -reduction at the most hindered side and the reduction of 

3,3-disubstituted imides with DIBAH~ at the least hindered side 

will be discussed especially in relation with novel synthetic 

applications. Use of two totally different chemical properties 



of w-carbinol-lactams - reaction as a masked aldehyde and as a 

precursor of the a-acylimmonium ion - could lead to new synthes- 

es of 1,5-dienes and of azabicyclo[3.2.l]octanes. 

I Synthesis of 1.5-dienes 

Wittig type condensations can be carried out with w-carbinol- 

lactams 2, which proceed via the open chain amide-aldehyde taut- 

omer B. 4 

This reaction at the masked aldehyde function coupled with 

+ 
the regioselective NaBH4/H - reduction of disubstituted imides 

provides a new method for the synthesis of 1,5-dienes (see 

Scheme 1) . 
1-Methyl-3-phenylsuccinimide is alkylated with ally1 and 

methallyl bromide by means of K2C03 in DMF to afford imides & 

and & 

"Acid" NaBH4-reduction of imides 2 and 9 produces mixtures 

of carbinol-lactams &,b and &,b in which the desired lactams 

3a and 312 are existed as a form of epimeric mixtures in more - 
than 80% yield. 

Wittig reaction of & with triphenylmethylphosphonium bromide 

and NaH in DMSO proceeds in rather poor yield (25%) affording 

1 
Sa, ( H-NMR ~ ( c D c ~ ~ )  : 4.8-5.2 m(4H) =Cg2 (2x) ; 5.3-5.7 m(2H) Ng - 
and CH2-CH = CH2; 5.8-6.2 m(lH) 0-C-Cg=CH2). This observation 
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SCHEME 1 

3a.c.d.e 
&H3 BP - 

NaH / DMSO 
I 

R' 

i s  i n  marked c o n t r a s t  wi th  t h e  behaviour of carbinol- lac tams of 

4 which t h e  r i n g  i s  n o t  s u b s t i t u t e d  and aga in  emphasizes t h e  

importance of a favourable  tautomeric  equ i l ib r ium (A * B) i n  

t h i s  t y p e  of condensation.  I t  was a l s o  no t iced  t h a t  a change i n  

e x t e r n a l  cond i t ions  - v a r i a t i o n  of temperature and/or a d d i t i o n  

o f  base  - does n o t  improve t h e  y i e l d s  and i n s t e a d  g i v e s  rise t o  

t h e  formation of undesi red products .  Therefore  t h e  s u b s t r a t e  it- 

s e l f  was changed. S u b s t i t u t i o n  of R' by a phenyl and a 3-ni t ro-  

phenyl group was expected t o  produce a favourable  e f f e c t :  b e t t e r  

stabilization of t h e  developing nega t ive  charge a t  t h e  n i t r o g e n  

atom by t h e  aromat ic  s u b s t i t u e n t  d u r i n g  opening of t h e  r i n g  will 

u l t i m a t e l y  in f luence  t h e  equ i l ib r ium A = B i n  t h e  d e s i r e d  manner. 



Consequently t h e  imides &,d and e were syn thes ized  and 

reduced w i t h  NaBH4 t o  g ive  almost e x c l u s i v e l y  t h e  c a r b i n o l - l a c t -  

ams &, and & a s  a mixture  of epimers.  I n  case  of & and 

t h e  l a t t e r  could be s e p a r a t e d  v i a  c r y s t a l l i z a t i o n ;  &: m.p. 148- 

1 4 g 0 c ;  'H-NMR (CDC13) : 4.8-5.6 m ( 4 H )  C S H  and Cg=CE2; s: m.p. 

1 4 8 - 1 5 0 ~ ~ ;  G(CDC13): 5.47 d ( lH)  CWH J = 7.5 c / s ;  4.4-4.7 m(2H) 

- - CH2. & remained a c r y s t a l l i n e  mixture  of epimers;  m.p. 173- 

1 7 4 ~ ~ ;  'H-NMR (DMSO-D6) : 5.88 ( d ,  J = 9.5 c / s )  and 5 .71 ( d ,  

J = 8 C/S ,  l H ,  CHOH) ; 4.8-5.5 (m, 3H, C g = C g 2 ) .  A s  expected carb- 

ino l - l ac tams  & r e a c t e d  i n  a q u a n t i t a t i v e  manner wi th  methylene 

t r iphenylphosphorane t o  give  d iene  z; m.p. 95-97O~;  'H-NMR 

G(CDC13)  5.0-5.5 (m, 4 H ,  =Cg2x2); 5.5-6.3 ( m ,  2H, CH=Cx2); 6.65 

( 1 H .  N g ) .  W i t t i g  condensat ion wi th  was somewhat complicated 

by t h e  f a c t  t h a t  d u r i n g  t h e  r e a c t i o n  t h e  m e t h a l l y l i c  double 

bond p a r t l y  isomerized.  A s  a  r e s u l t  on ly  70% o f  d iene  m.p. 

1 1 5 - 1 1 7 ~ ~ ;  'H-NMR G ( C D C 1 3 ) :  4.7-4.9 ( m ,  2 H .  - (CH3)  C=CH2);  

5.1-5.3 (m,  2H, C H = C g 2 ) ;  6.0-6.3 ( m ,  l H ,  C g = C ) ;  6.7 ( l H ) ,  NH) 

was i s o l a t e d  i n  a d d i t i o n  t o  30% of 7. W i t t i g  r e a c t i o n  proceeds 

a l s o  q u a n t i t a t i v e l y  w i t h  t h e  n i t r o p h e n y l  compound 2 t o  g i v e  2; 

m.p. 121° dec;  'H-NMR (CDC13)  : 5.0-5.4 (m,  4 H ,  =Cg2x2); 

5.4-6.3 (m, 2H, Cg=Cx2); 6.95 ( l H ,  N g )  . 
Thermal rearrangements o f  &,d and e were achieved by h e a t i n g  

t h e  d i e n e s  a t  1 8 0 ~ ~  wi thou t  s o l v e n t  i n  a n i t r o g e n  atmosphere. 

The products  5 (E + Z) were formed q u a n t i t a t i v e l y .  The E-isomers 

which a r e  formed i n  excess  ( f o r  r a t i o s :  s e e  Scheme 1) c r y s t a l l -  

i z e  and t h u s  can be p u r i f i e d .  Experimental  d a t a  a r e  c o l l e c t e d  

i n  Table 1. 
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TABLE 1 

Structural assignment of the E- and Z-isomers 6 were based 

upon a comparison of 6-values with corresponding ones of sub- 

stituted styrenes. 5 

I1 Synthesis of 6-azabicyclo[3.2.lloctanes. 

The recent interest in azabicyclo[3.2.l]octanes because of 

their potentially analgetic action,6 prompts us to report our 

results on a simple synthesis of 1-phenyl-6-azabicyclo[3.2.1]- 

octane derivatives via DIBAH-reduction of 3,3-disubstituted 

imides . 
If a regioselective reduction of appropriate 3,3-disubstit- 

uted succinimides at the least hindered side can be effected, 

imides & and are suitable starting materials for this syn- 

thesis. Subsequent acid catalyzed cyclization of the so-obtain- 

ed carbind-lactams is expected to furnish the azabicyclo- 

[3.2.lloctane skeleton (see Scheme 2). 



Scheme 2 

- 
toluene 

CH3 U 3  
a 3  

Indeed it showed t h a t  upon reduc t ion  of 2 and 2 with  DIBAH 

(20% s o l u t i o n  i n  t o luene )  a t  - 7 0 ' ~  exc lu s ive ly  t he  l e a s t  hind- 

e r ed  carbinol- lactams & and & w e r e  i s o l a t e d  a s  an o i l y  mixt- 

u re  o f  epimers.  ~ ~ c l i z a t i o n '  o f  & was c a r r i e d  ou t  by hea t i ng  

i n  formic a c i d  a t  8 7 O ~  dur ing  70 h r .  A mixture  of t he  formates 

9a and was formed i n  70% y i e l d  i n  a  r a t i o  o f  about 3:2. - 
Af te r  p u r i f i c a t i o n  by chromatography both isomers were charac t -  

e r i z e d  by 'H-NMR; 5 G (CDC13)  : 2.93 (s ,  3H, N - c ~ ~ )  ; 3.7-3.85 
I ! R (m,  l H ,  g - C - N ) ;  4.8-5.2 ( m ,  l H ,  Cg-0 ; 8.05 ( s ,  l H ,  -0Cg); 
I 

I 
10a G (CDC13) : 2.89 (s ,  3H. N-Cg3):  3.63-3.8 ( m ,  1 H .  g -C-N) ;  - 

? 9 I 5.35-5.52 ( m ,  l H ,  Cg-OC);  8.0 (s,  l H ,  O C g ) .  Bas ic  hyd ro ly s i s  
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afforded the corresponding crystalline alcohols 2, m.p. 121- 

123Oc, and 12, m.p. 181-183~~. Ring closure of carbinol-lactam 

8b was accomplished with formic acid at room temperature with- - 
in 1 hr. Unlike the cyclization of & this ring closure proc- 

eeds in a stereospecific manner: only one isomer can be 

detected: 2, m.p. 106,5-109~~; 'H-NMR 6 (CDC13) : 1.67 (s, 3H, 
I 

Cg3-C-0); 2.84 (s, 3H, N-CH3): 3.65-3.78 (m, lH, 5-C-N); 7.93 
1 I! 8 

(s, lH, OCH). 

Although the configuration at C-3 could not be determined 

unambiguously, the formate residue probably occupies an equat- 

orial position for mechanistic7 and steric reasons. 
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