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P ic te t -Spengle r  condensation of t ryptophan methyl e s t e r  7 - 
with  glyceraldehyde ace ton ide  8 i n  r e f l u x i n g  benzene provided t h e  - 
1 ,2 ,3 ,4 - te t rahydro  6-carbol ine  9 i n  good y i e l d .  The 6-carbol ine  - 
was then conver ted i n  t h r e e  s t e p s  t o  t h e  6-galactos idase  i n h i b i t o r ,  

p y r i d i n d o l o l  1. - 

P y r i d i n d o l o l  (h),  a 6-galactos idase  i n h i b i t o r  produced by 

Streptomyces a l b o v e r t i c i l l a t u s ,  was f i r s t  i s o l a t e d  and i d e n t i f i e d  

by Umezawa and coworkers . l t2  We now wish t o  r e p o r t  t h e  t o t a l  

s y n t h e s i s  of (+ )  -pyr id indo lo l  (1). 
The f i r s t  a t t empts  t o  s y n t h e s i z e  1 i n  our  l a b o r a t o r i e s  were - 

based on a b i o g e n e t i c  approach. P ic te t -Spengle r  r e a c t i o n  of d l -  

t ryptophan ( 2 )  with  dl-glyceraldehyde ( 3 )  i n  an a c i d i c  media 3 
* - 

provided t h e  d i o l  4 i n  moderate y i e l d  (Scheme I). This  d i o l  was - 
then  e s t e r i f i e d  t o  provide t h e  methyl e s t e r  5 ,  which was subse- - 
quen t ly  t r e a t e d  wi th  5% Pd/C t o  genera te  t h e  f u l l y  aromat ic  6- 

c a r b o l i n e  system. However, i n s t e a d  of t h e  d e s i r e d  methoxycar- 

bony1 d e r i v a t i v e  of 1 t h e  product  of t h i s  r e a c t i o n  was t h e  methyl . 
ketone 6 [mp 219-220'; I R  (CHC13) 3420, 1720, 1670 c m - l ;  NMR (CDC13) 

6 2.90 (s, 3H), 4.05 (s, 3H), 7.20-7.70 (m,  3H), 8.10 ( d ,  J = 8 Hz, 

l H ) ,  8.90 (s, l H ) ,  10.40 (s, 1 H ) ;  MS: m/e - 268 ( M + ) ] .  The 
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ketone 6 gave a positive test with 2.4-dinitrophenylhydrazine and - 
a negative test with Tollen's reagent, in complete agreement with 

the assigned structure. 

It was felt that some difficulty might be encountered in 

converting 5 to the 3-methoxycarbonyl derivative of 1, since - 
1,2,3,4-tetrahydro-0-carbolines with hydroxymethyl substituents 

attached to position 1 are rather labile;3-5 therefore, the 
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need for protecting the hydroxyl functions to prevent loss of 

water was addressed. During work on the synthesis of other 

1,2,3,4-tetrahydro-B-carbolines, it had been found that Pictet- 

Spengler reactions of tryptophan methyl ester with acid labile 

aldehydes could be carried out in high yield in non-acidic 

aprotic media.6 These conditions would permit the use of a 

protected glyceraldehyde molecule which would otherwise be 

labile in acidic media. Many simple attempts to prepare a 

functionalized glyceraldehyde species were unsuccessful; however, 

the acetonide of D-glyceraldehyde was obtained relatively easily 

from D-mannitol by the combined methods of vargha7 and Fischer. 8 

Pictet-Spengler condensation of tryptophan methyl ester with the 

aldehyde 8 - in refluxing benzene provided a 90% yield of a 
mixture of diastereomers represented by structure 9: I I R  (film) - 
3435, 3400, 3000, 1740 cm-l; NMR (CDC13) 6 1.38 (s, 3H), 1.50 

(s, 3 6 ,  2.22 (s, 1H). 2.90 (m, 2H). 2.50-4.50 (m with 3 sharp 

singlets, 8H), 6.90-7.60 (m, 4H), 8.40 (s, 1 ~ )  ; MS: m/e 330 (M+) I .  

Since the chirality at positions 1 and 3 of ring C would be 

destroyed on conversion to the 6 carboline 10 (Scheme 11), no ..-. 
attempt was made to separate this mixture. The mixture of 

diastereomers 9 showed an overall rotation in the levorotary - 
direction, which indicated that complete racemization had not 

occurred during reaction in reflnxing benzene: heating 7 with - 
8 in an aqueous acidic medium would have led to a racemic - 
mixture of 9. Aromatization of 9 with 5% Pd/C in refluxing - - 
cumene gave the R-carboline 10; however, this base was optically - - 
inactive. Not only had the chirality at positions 1 and 3 been 
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d e s t r o y e d  unde r  t h e s e  c o n d i t i o n s ,  b u t  r a c e m i z a t i o n  of t h e  D- 

a c e t o n i d e  had  also o c c u r r e d .  The s t r u c t u r e  o f  t h e  8 - c a r b o l i n e  

10 w a s  con f i rmed  by I R ,  NMR, and mass s p e c t r o s c o p y  imp 220-22Z0, -- 
I R  ( f i l m )  3430, 3000, 1720,  1620,  1250 c m - l ;  NMR (CDC13) 6 1 . 5 5  

and 1.60 ( 2 s ,  6H),  4.05 (s,  3H),  4.50 ( m ,  2H) ,  5 .65  (t ,  3B) ,  

7.15-7.65 (m, 3H),  8.10 ( d ,  J = 7.5 Hz, l H ) ,  8.70 (s,  1 H )  , 9.60  

+ (s ,  1 H ) ;  MS: m/e  326 ( M  1 1 .  The methyl  ester 10 w a s  r educed  t o  - 
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9 the alcohol 11 by stirring with NaBHq in refluxing methanol or -- 
reaction with lithium borohydride [mp 124-125", IR (film) 3435, 

3420-3100, 3000, 1630; NMR (CDC13) 6 1.57 (s, 6H), 4.40 (m, 2H), 

4.80 (s, 2H), 5.52 (t, lH), 7.00-7.56 (m, 3H), 7.78 (s, lH), 
+ 

8.00 (d, J = 8 Hz, lH), 9.15 (s, lH); MS: m/e 298 (M ) I .  Removal - 
of the acetonide group was carried out in 70% yield by warming 

11 in 80% acetic acid for 25 hrs.1° The spectral data for the 

trio1 1 (mp 169-17O0, lit.' mp 167-168') obtained by this 

procedure were identical in all respects to the published data 

for pyridindolol ( t ) ,  except for the optical rotation which in 
our case was zero. 

A possible mechanism for the racemization of the chiral 

center of the acetonide during the aromatization process, which 

is also consistent with the formation of the methyl ketone 6 - 
generated from 5, is outlined in Scheme 111. The common feature - 
of both reactions is the introduction of the 1,2-double bond in 

ring C of the tetrahydro-B-carboline as shown in Scheme 111. The 

other steps are proposed to follow as illustrated. 

SCHEME I11 
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SCHEME I11 (contd)  
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6 (en01 form) - 

To test this hypothes i s ,  o t h e r  methods t o  conver t  9 to  10 - - - 
w e r e  considered.  The i n t r o d u c t i o n  o f  u n s a t u r a t i o n  a t  t h e  3,4- 

p o s i t i o n  of r i n g  C,  followed by removal o f  hydrogens a c r o s s  t h e  

C(1)-N(2) bond t o  f u r n i s h  t h e  f u l l y  aromat ic  O-carboline 10 ,  - - 
seemed p a r t i c u l a r l y  a t t r a c t i v e .  

Oikawa and Yonemitsu have r e c e n t l y  r e p o r t e d  t h a t  t h e  f o u r  

p o s i t i o n  o f  t e t rahydrocarbazo le  12 i s  s e l e c t i v e l y  a t t a c k e d  by -- 
DDQ i n  aqueous solution' '  t o  provide an 83% y i e l d  o f  t h e  4-0x0 

d e r i v a t i v e  13. S i m i l a r l y ,  LeQuesne and coworkers have observed -- 
t h a t  t h e  cyanoindole ( 1 4 )  on t rea tment  w i t h  DDQ was dehydro- -- 
genated i n  h igh  y i e l d  t o  provide t h e  a-5 unsa tu ra ted  n i t r i l e  

15. -- Therefore ,  t h e  t e t r a h y d r o  0-carbol ine  9 ,  s l i g h t l y  

enr iched  i n  t h e  S isomer,  was s t i r r e d  i n  benzene wi th  DDQ. The 



HETEROCYCLES. Vol.9. No. 2. 1978 

y i e l d  of t h i s  r e a c t i o n  was only 45%; however, t h e  B-carboline 

10 ob ta ined  w a s  o p t i c a l l y  a c t i v e  wi th  a  r o t a t i o n  (a230 = 5.50) i n  - - D 

t h e  dex t ro ro t a ry  d i r e c t i o n  ( s ee  Scheme I V ) .  Reduction of t h e  

SCHEME I V  

DDQ @Jo-QJo I I 

methyl ester and cleavage of  t h e  acetonide ( s ee  above) provided 

230 = 7.7O). Clear ly  t h e  r e t e n t i o n  of some pyr id indolo l  (aD 

o p t i c a l  a c t i v i t y  supports  t h e  mechanisms o u t l i n e d  i n  Scheme I11 

(Pd/C) and Scheme I V  ( D D Q ) ,  f o r  in t roduc t ion  of t he  3-4 double 

bond followed by aromat izat ion of  r i n g  C precludes  racemization 

v i a  t h e  enamine , i l l u s t r a t ed  i n  Scheme I11 f o r  t h e  Pd/C ox ida t ion .  - 



P y r i d i n d o l o l  enr iched  i n  e i t h e r  t h e  (+) isomer (D-acetonide) 

o r  t h e  n a t u r a l  isomer (L-acetonide) can be  prepared by t h i s  

method from D-mannitol and L-mannitol, r e s p e c t i v e l y .  However, 

t h e  o p t i c a l l y  a c t i v e  glyceraldehyde-acetonides w i l l  racemize 

overn igh t  even on s t a n d i n g  a t  low temperature .  l3 The ace ton ide  

must be  used immediately and w e  w e r e  never  a b l e  t o  i s o l a t e  _8 

o p t i c a l l y  pure .  The P ic te t -Spengle r  product  9 - was ob ta ined  on 

a 10 gram s c a l e  ( a i 3 '  = - 1 1 ° ) ,  and was conver ted t o  p y r i d i n d o l o l  

230  = 7.7"). With s m a l l e r  amounts of m a t e r i a l  t h e  t e t r a h y d r o  
( a ~  

23O - 
8-carbol ine  9 could  be  formed i n  h i g h e r  o p t i c a l  p u r i t y  (aD 

- - 
-25O) b u t  s i g n i f i c a n t  amounts a r e  n o t  y e t  a v a i l a b l e  t o  conver t  9 t o  - 
t h e  n a t u r a l  product.  

I n  conclus ion,  it appears  t h a t  p r e p a r a t i o n  o f  6-carbol ine  

a l k a l o i d s  i n  o p t i c a l l y  a c t i v e  form can b e  accomplished 

P ic te t -Spengle r  condensat ions  i n  a p r o t i c  s o l v e n t s .  I n  t h e  

glyceraldehyde-D-acetonide c a s e  it does n o t  seem p o s s i b l e  t o  o b t a i n  

p y r i d i n d o l o l  (aE3' = -49') o p t i c a l l y  pure ,  on a  p r a c t i c a l  b a s i s ;  

however, t h e  r e a c t i o n  i n  a p r o t i c  media does perhaps provide a  

means t o  achieve t h i s  o b j e c t i v e  wi th  aldehydes l e s s  prone t o  

racemizat ion.  
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