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Abstract - The sodium borohydrideltrif luoroacetic acid reduction 
of the title alkaloid (1) is highly stereoselective, giving the 
all-cis product 2 in excellent yield. 

Recent years have seen great improvements in the methodology for reducing in- 

doles to dihydraindoles (indolines). These newer methods, generally under acidic 

conditions, with borane,' amine-borane~,~ boron hydride~,~ and trialkylsilanes, 5 

supersede the older methods (i.e., metals in mineral acid, catalytic hydrogena- 

tion)' far generality, convenience, and efficiency. Furthermore, the use' of tri- 

fluoroacetic acid in several of these methods 293dv4b,4c,4e,5b allows one to reduce 

1,2,3,4-tetrahydro-Mand y-)-carbolines and other indoles containing a second, 

basic nitrogen. These particular indoles can be difficult to reduce under weaker 

acid conditions because protonation of the basic nitrogen suppresses protanation 

of the indole double band, which is presumed necessary for successful reduction. 

For example, sodium borohydride (NaBH4) in trifluoroacetic acid (CF3C02H) has 

been used to reduce several indole[2,3-alquinolizidines and other indole alkaloids 

(i.e., yohimbine,7 reserpi~ine,~~ ibogaine,7b tetra~hylline,~~ rauba~ine~~). Al- 

though these reductions were reported to be stereoselective, no attempt was made to 

ascertain the stereochemistry of the major product .7b To answer this question we 

8 have studied the reaction of the readily available alkaloid 1,2,3,4,6,7,12,12b- 

octahydroindolo[2,3-alquinolizine (119 with NaBH4ICF3CO2H. 10,ll 

Treating a solution of 1 in neat CF3C02H at -5' to 0' with NaBH4 (pellets) gave 

1,2,3,4,6,7,7a,12,12a,12b-decahydroindolo~2,3-alquinolizine (2) as one major 
1 stereoisomer, mp 75-75.5", in 90% purified yield.12913 The H-nmr spectrum of 2 

reveals one distinguishing feature: a one-proton doublet of doublets at 3.55 ppm 



NaBb/CF3C02H - 2 } &*n: 
fA 

3.55 ppm 

(J=2.1 and 6 . 6  Hz),  suggestive of H A . 1 4  To i d e n t i f y  t h i s  s igna l  unambiguously 

and t o  ass ign the two assoc ia ted  coupling constants ,  we prepared the deuterated 

der iva t ives  4-6 a s  shown below. 

1 Treat ing 1 with NaBD4/CF3C02H produced 4 i n  6 6 %  y i e l d  whose H-nmr spectrum 

showed a g rea t ly  diminished s igna l  a t  3 .5  ppm, confirming t h i s  a s  a r i s i n g  from H 
A ' 

Treating 1 with NaBH4/CF3C02D produced 5 i n  88% y i e l d  which displayed HA a s  a 
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doublet (2.1 Hz), and t r e a t i n g  315 with NaBH4/CF3C02H produced 6 in 65% y i e ld  

which displayed HA a s  a  doublet (6.6 Hz). Thus, the  two couplings involving HA 

a r e  assigned JAC=2.1 Hz and J  =6 6 Hz. AB ' . . 
Using Dreiding stereomodels16 we have examined a l l  of the  reasonable conforma- 

t i ons  of the  four diastereomers of 2, and measured the appropriate dihedral  

angles i n  each with a  Dreiding torsiameter16 t o  es t imate  JAB and JAC from the 

Karplus equation. 17-19 The only p a i r  of dihedral  angles (HBC7aC12aHA and 

HAC12aC12bHC) t h a t  gives  reasonable agreement between the  predicted and observed 

coupling constants  JAB and JAC belongs t o  a  conformation having the  *-cis con- 

f igura t ion  for  2 (shown below). The value JAB=6.6 Hz (dihedral  angle 25-30") i s  

i n  exce l len t  agreement with the  comparable couplings reported f o r  *-1,2,3,4,4a, 

9a-hexahydrocarbazole (6 Hz)'' and f o r  a  *-2,3,4,4a,5,9b-hexahydro-lH-pyrid0[4, 

3-blindole der iva t ive  (6.6 H Z ) , ~ '  both of which have a  *-fused f i ve - s i x  r ing  

system. In con t r a s t ,  a  f i ve - s i x  --ring fusion i s  known t o  produce la rger  

coupling ( e . g . ,  11.8 Hz in trans-hexahydrocarbazole20). s imi l a r l y ,  the  13c chemi- 

c a l  s h i f t s  f o r  C-7a (40.3 ppm) and C-12a (63.9 ppm) i n  2 ( s igna ls  which respec- 

t i ve ly  disappear i n  the  13c spectra  of 5 and 4) match well  with the corresponding 

chemical s h i f t s  reported f o r  the  *-fused pyrido[4,3-bl indole  der iva t ive  c i t e d  

above (41.1 and 57.5 ppm) bu t  not  f o r  the  --fused isomer (47.3 and 68.4 ppm). 

The value JAC=2.1 Hz (dihedral  angle 40-45") i s  smaller than the  Karplus equa- 

t ionwould general ly  p r ed i c t ,  and most l i k e l y  i s  a  consequence of the  two e l ec t ro -  

nega t iven i t rogens  at tached t o  the coupling fragments, s ince t h i s  i s  known t o  de- 

crease v i c ina l  coupling, sometimes substant ia l ly .18s19 A t r a n s - s t e f e o ~ h e m i s t r ~  of 

HAHC, r egard less  of the  HAHB stereochemistry, would have given r i s e  t o  a  l a rge  JAC 

20 (8-12 Hz . Therefore,  we assign the  c i s - c i s  configurat ion t o  2. 



This stereochemistry i s  reasonable mechanis t ical ly  s ince  one a n t i c i p a t e s  s t e reo-  

e l e c t r o n i c  a x i a l  protonation21 of 1 giving &-indolenium ion ?, followed by hydride 

de l ive ry  by the  bulky &- or  - ( t r i f  1uoroacetoxy)borohydride species1' from an 

e q u a t o r i a l  d i r e c t i o n z 2  giving t h e  general ly  more s t a b l e  f i v e -  

s i x  &-fused indol ine  r i n g . 2 3  Indeed, t r e a t i n g  a  so lu t ion  of 1 and NaBH4 i n  

tetrahydrofuran with CF3C02H, condi t ions  which produce the  more r e a c t i v e  and l e s s  

s e l e c t i v e  reducing agent sodium mono(trif1uoroacetoxy) borohydride,1° gives 2 in 

only 20% y i e l d  along with  a t  l e a s t  two of the  o the r  dias tereomers .  
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