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Abstract. Reaction of dl-tryptophan hydrochloride with l-acetyl- 

3,4,4-trimethyl-2-[l,2-dihydroxyethyl]imidaz01id1ne acetonide 

(2) leads to the formation of the 6-carboline precursor of d,l- 

pyridindolol. 

The alkaloid p~ridindolol, from Streptomyces alboverticillatus, was first iso- 

lated by Umezawa and coworkers2a-c, in 1975. These authors have also established 

its structure and showed that it was a specific inhibitor of bovine liver B-galac- 

tosidase. In connection with a programme on the application of folic acid models 

in carbon-fragment transfer reactions, we have undertaken the synthesis of a varle- 

3 ty of indole and isoquinoline alkaloids , including that of pyridindolol. The re- 

cently reported total synthesis of pyridindolol by Cook et al.4 prompts us to des- 

cribe the synthesis of the 6-carboline derivative ( 2 1 ,  which contains the complete 

structural framework of pyridindolol. has been converted into the alkaloid in 

4 
three conventional steps . The emphasis of the present communication lies in the 
demonstration that a functionalired carbon fragment can be readily transferred via 

the "folic acid model" approach. 

The strategy for the synthesis of the desired 6-carboline precursor 2 required the 

C(2)-functionalized imidazolidine derivative 2 as the appropriately substituted 
5 10 N ,N -methylenetetrahydrofolic acid model. The importance of the gem-dimethyl 

substitution pattern of the nitrogen ring has been shown previously in the synthe- 

10 5 sis and carbon-transfer reactions of N5,N -methenyl and N ,NIO-methylenetetrahydro- 

folic acid models3r5. 

Commercially available d.1-glyceric acid (3)  was esterified (Scheme I) and subse- 

quently converted into the corresponding acetonide (4 4 5 )  by reaction with di- 

methoxypropane (toluene/p-TsOH, bath temp. 130'; 96%). The protected ester (21 was 

allowed to react with 1.1-dimethyl-1.2-diaminoethane, first, under reflux condi- 
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t i o n s  i n  t o l u e n e  (ove rn igh t )  and t h e r e a f t e r  a t  240°,  whereupon t h e  imidazo l ine  5 

d i s t i l l e d  ove r  (100-113°/12 nun; 5 2 % ) .  Although t h e  l a t t e r  could  be  t o s y l a t e d  t o  

7a i n  96% y i e l d ,  t h e  d e s i r e d  convers ion of 2 t o  i t s  N(3)kmethyl s a l t  proved un- - 
s u c c e s s f u l ,  presumably owing t o  s t e r i c  h inderance  of t h e  ace ton ide  moiety ( t o  

methyla t ion)  i n  a  conformation abou t  t h e  C(2)-Cl61 bond i n  which t h e  bulky aceto-  

n ide  and t h e  t o s y l  groups a r e  away from each o t h e r .  The corresponding a c e t y l  d e r i -  

v a t i v e  3, which was r e a d i l y  prepared 188%) cou ld ,  however, be methyla ted  wi th  

methyl i o d i d e  t o  y i e l d  t h e  s a l t  B a s  a yel low foam ( 7 3 % ) .  Reduction of 8 w i t h  

NaBH4 (EtOH, 0 ')  gave a  s t e r e o i s o m e r i c  mixture  of 2 a s  a c o l o u r l e s s  o i l  ( 5 6 % ) .  The 

S t r u c t u r e s  of 5, 2, 8 and Z a r e  suppor ted  by t h e i r  'H NMR s p e c t r a l  d a t a  ( T a b l e ) .  

Tahle 

'H NMR d a t a  on reduced imidazole  d e r i v a t i v e s .  

Compound Me Me 
0 0 MeCO N(3)Me C ( 2 1 H  C(4)Mez 

2a 
1.29 s 2.20 d  4Hz 0.88 s 1.09 s - 1.34 s 1.40 s 2.02 s 2.34 d  4Hz b  0 . 9 2  s 1.18 s 

6 - - - 1.35 s 1.38 s - 1.21 s 1.25 s 

7b 1.42 s 1.52 s 2.14 s - - - 1.28 s 1.32 s 

8  - - 1.67 s 1.70 s 2.45 s 3.52 s 1.38 s 1.57 s 

a .  The s e t s  of a c e t a l  and N131 methyl s i g n a l s  a r i s e  from t h e  s t e reo i somers  of 2. 
b .  The p ro ton  i s  submerged under t h e  m u l t i p l e t s  a r i s i n g  from t h e  d ihydroxyethyl  

s i d e  cha in  moiety.  

The t r a n s f e r  of  t h e  s u b s t i t u t e d  methylene moiety from t h e  f o l i c  a c i d  model com- 

pound 2,  t o  t ryptamine (s) was c a r r i e d  o u t  by r e f l u x i n g  t h e  two synthons i n  ace- 

t o n i t r i l e  (AcOH, c a t a l y s t ) .  The d ia s t e reomer ic  mixture  of c a r b o l i n e  2 was ob ta in -  

ed ,  a f t e r  chromatography, a s  an o i l ,  i n  79% y i e l d .  The s t r u c t u r e  of 9 was e s t a b -  

l i s h e d  by i t s  'H NMR s p e c t r a .  The mass s p e c t r a l  d a t a  o f  f u r t h e r  suppor ted  t h e  

s t r u c t u r e  a s s igned  t o  it (Scheme 11). P a r t i c u l a r l y  r e v e a l i n g  i n  t h e  mass spectrum 

of 2 i s  t h e  peak a t  m/e 171 1100%) corresponding t o  fragment formed upon l o s s  

of t h e  complete s i d e  chain .  F i n a l l y ,  i n  an analogous r e a c t i o n  t o  t ryptamine,  t ryp-  

tophan e s t e r  hydrochlor ide  (9b.  H C 1 )  was condensed w i t h  2 t o  g i v e  a  d i a s t e reomer ic  

mixture  of i n  72% y i e l d .  While t h e  'H NMR d a t e  of was c o n s i s t e n t  wi th  t h e  

a s s igned  s t r u c t u r e 6 ,  i t s  mass s p e c t r a l  f ragmenta t ion p a t t e r n  (Scheme 11) provided 

a d d i t i o n a l  suppor t ing  evidence.  Fragmentation of  t h e  s ide-chain  once again  gave 

t h e  main fragment b (m/e 229, 1 0 0 % ) ;  t h i s  is  followed by l o s s  of MeOH + CO 



t o  g i v e  t h e  f u l l y  aromat ic  ion  5 (m/e 1691. 

Since  t h e  convers ion of i n t o  d , l - p y r i d i n d o l o l  has  been desc r ibed  i n  t h e  l i t e r a -  

t u r e 4 ,  i t s  s y n t h e s i s ,  a s  desc r ibed  above, c o n s t i t u t e s  t h e  formal s y n t h e s i s  of t h e  

racemic a l k a l o i d .  I t  should  be noted t h a t  no e f f o r t  has  been s p e n t  a t  t h i s  s t a g e  

t o  opt imize  t h e  y i e l d s  of t h e  s t e p s  desc r ibed  i n  t h e  sequence.  Attempts t o  p repa re  

p y r i d i n d o l o l  w i t h  t h e  n a t u r a l  c o n f i g u r a t i o n ,  s t a r t i n g  from o p t i c a l l y  a c t i v e  g lyce-  

r i c  a c i d 7  has  thus  f a r  been unsuccess fu l ,  due t o  racemizat ion dur ing  one or  more 

s t e p s  of t h e  s y n t h e t i c  sequence.  
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