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NUCLEOSIDES & NUCLEOTIDES, 4 ( 1 & 2 ) ,  21-28 (1985) 

ENANTIOSELECTIVE SYNTHESIS OF CARBOCYCLIC NUCLEOSIDES BY 

ENZYMATIC APPROACH AND THE ANTICANCER A C T I V I T I E S  

Masaji Ohno 

Faculty of Pharmaceutical Sciences, University of Tokyo, 

Hongo , Bunkyo-ku, Tokyo 113, Japan 

Summary: Enantioselective synthesjs of carbocyclic nucleosides, 

aristereomycin, neplanomycin A anci their homologues has been completed 

by a combination of enzymatic and non-enzymatic procedures starting 

with a bicyclic rneso-diester 2. The study on anticancer activities 

of' them showed that the cytosine homologue exhibits most remarkable 

activity against L121O leukemia ir: mice. 

Introduction Asymmetric synthesis has come to the forefront of 

modern organic synthesis. The efficient creation of new chiral 

synthons with desired asymmetric centers and functional groups may 

be most ideal if it is carried out in a catalytic manner. Our 

synthetic strategy for obtaining various nucleosides has been designed 

by the following principle. 

(1) Symmetrization: retrosyntheses of most of complex natural products 

can be designed in such a way to start with symmetric and simplified 

diesters having o-symmetry in the prochiral or meso form as schematized 

in SCHEME 1. 

(2) Asymmetrization: the symmetric diesters are then subjected to 

asymmetric hydrolysis with pig liver esterase (PLE) to create the 

corresponding chiral half-esters. (enzymatic conversion of o-symmetry- 

substrates to C -symmetry-intermediates) 

(3) The chiral half-esters are convert,ed to key intermediates not only 

for the target molecules but also for the related molecules 

(structure-activity-relationships) by non-enzymatic procedures. 
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22 OHNO 

SCHEME 1 

Retrosynthesis of Natural Products 
based on Symmetrization-asymmetrization Concept 

Symmetrization 

or 

Cpymmetr y 
Transformation 
(non-enzvmatic 1 

Symme t riza t i on 

I IT - symmetry 

Asy mmet riza t i on 
(enzymatic ) 

Kriariti osel e c t i v e  synthesis of' _. C- arid N-riuc ._ I oo:sides ,-pctiowdomyciri, ___. 
1,2,3 fJ-azapseudouri d i n e  arid c.ordyc:epiri AlLhough t h e  sLuiiy o f  t h e  

asymrncLric s y n t h e s i s  01' n a t u r a l  p r t ~ d u c t ~  h a s  been c:ori:;ider-ably i r k  Lerisi- 

t'i ed i r i  recent ,  years, no successt 'u  I meihodology i s  avai I ab le  i n  tile 

niic;leosirlc f i e l d .  A s  an ex tension of our enzymat ic  approach  to n a t u r a l  

p r o d u c t  s y r i l h e s i v ,  sugar rrioieti cs or v a r i  oun r iuc l e i i s i  dcn were  con- 

s i d e r e d  to be a good targe.t TOP de i r ions t ra t ing  o u r  concept,. Two 

s y m m e t r i c a l l y  c o n s t i t u L e d  d i c s t e r s ,  1 and 5,  were s e l e c t e d  as thc 

s i i b n t r o t e s  t'or t h o  asyrriinetri c hyclr.u I y s i  s by esterasc:; , a1 Lkiough such 

b i c y c l i c  and r a t h e r  rigid rneso cornpourids had riot yet been s u b j e c t f d  

to an enzyme-mediated r e a c t i o n .  The s u b s t r a l e s ,  1 and 5, b o t h  e a s i l y  

a v a i l a b l e  frorii a U i c l s - A l d e r  r c a c t i o r i ,  w e r e  s u b j e c t e d  Lo Lhe enzyinr 

r e a c t i o n ,  s e p a r a t e l y  (SCHEME 2 ) .  

~- -~ ~. ~ 

A p r c l  iiriiriary s t , u d y  showed t h a t  t h e  r a t e  o f  h y d r o l y s i s  by PLE s u p e r i o r  

t o  that by a-chymotrypsir i .  I t :  w a s  g r - a t i f y i r i g  t o  f i n d  L h a t  t h c  url!jatLk- 

raLed d i e s t e r  1 was more e f r i c i e r i t l y  I-iydrolyzed t h a n  t h e  sat.uraLed 
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CARBOCYCLIC NUCLEOSIDES 23 

SCHEME 2 

Asymmetric Hydrolysis of Bicyclic diesters with Pig Liver Esterase 

I, x = o  
2. X =CH2 

38x=0 77 -8g% e.e 4.X.CHz 

i 
5 

S H  
e e  not determined 

'& COzMe quant PLE &C02H 

COzMe COzMe 

7 - 80'l.ee 

d i e s t e r  5 .  I n  a t y p i c a l  e x p e r i m e n t ,  1 ( 3 g )  i n  0.1M p h o s p h a t e  b u f f e r  

(300m1, pM 8 .0)  and a c e t o n e  (30ml j  were i n c u b a t e d  w i t h  PLE ( 4 1 4 0 u n i t s )  

a t  32'C f o r  4 h r ,  and o p t i c a l l y  a c t i v e  h a l f - e s t e r  3 w a s  t h u s  o b t a i n e d  

i n  96% chemica l  y i e l d  and a b o u t  80%ee a f t e r  u s u a l  work-up. On t h e  

o t h e r  hand ,  a symmetr ic  epoxy d i e s t e r  7 w a s  a l s o  c o n s i d e r e d  t o  be a 

good s u b s t r a t e  f o r  t h e  s y n t h e s i s  o f  a n o t h e r  n u c l e o s i d e ,  c o r d y c e p i n ,  

which b e l o n g s  t o  t h e  f a m i l y  of  N-nucleos ides  w i t h  a 3-deoxyr ibose  

moie ty .  The s u b s t r a t e  7 was t r e a t e d  w i t h  PLE t o  y i e l d  t h e  e x p e c t e d  

c h i r a l  h a l f - e s t e r  8 i n  a n  e x c e l l e n t  c h e m i c a l  y i e l d  and a b o u t  8O%ee. 

The a b s o l u t e  s t r u c t u r e s  and o p t i c a l  p u r i t y  of t h e  h a l f - e s t e r s  were 

d e t e r m i n e d  by c o n v e r s i o n  t o  t h e  known n a t u r a l  p r o d u c t s .  The h a l f - e s t e r  

3 and 8 d e s c r i b e d  above were t r a n s f o r m e d  t o  methyl  L- and D - r i b o s i d e s ,  

(+)-showdomycin,  ( - ) - 6 - a z a p s e u d o u r i d i n e ,  and ( - ) - c o r d y c e p i n ,  a s  summa- 

r i z e d  i n  SCHEME 7. I t  s h o u l d  be  mentioned h e r e  t h a t  a symmetr ic  
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24 OHNO 

SCHEME 3 

Asymmetric Hydrolysis of Bicyclic diesters with Pig Liver Esterase 

9 

10 11 
41°10c.e 

d i e s t e r  9 w i t h  t h c  cndc c ~ n f i g i i r a t i  nn was cnmpl c t o l y  i r ter l .  t.o PLE ;ind 

t h e  u n s a t u r a t e d  diestcr 10 was h y d r o l y z c d  w i t h  F'LE t o  g i v e  11 i n  n 

low o p t i c a l  y i e l d  (SCt1P:MP: :i). 

ffnnnt,io:;clccl.ive:l,ive s y n t h e s i s  of  c a r b o c y c  I i c niicl  c o s i d e s ,  _ _ _ _  ~- ~.. ~ . _ _ _ _ _ _  

4 , 5 , c i  
(-)-aris terorriycin, ~~( -)-neplanocin A ,  2nd t h e  hornologues 

A new carbocycli c a n t i b i o t i c  named nep la r ioc i r i  A was i s o l a t e d  f'rom 

A c t i n o p  Ianacca a m p u l l a r i e l l a  i r t  1980 arid it h a s  been shown t h a t  

n c p l : i n o ( : i n  A i:; a n o v e l  c a r b o c y c l i c  arialoi2;iie of' adenns i  nc  w i t h  n 

c:yc:loperiterie moieLy arid t h a t  i t  e x h i  hits r e m a r k a b l  o nr1i.i t . u m o r  o c t . i v i  t;y 

agai r i s  t. L1210 l e u k e m i a  i n  mice. We hecamc i n t . e r e s t e d  i n  t h e  

s y r i t l i e s i s  ot' n e p l a n o c i n  A and the hcmologues i n  o p t i c a l l y  a c t i v e  f'orrrt, 

bcceusc no onc :;uc:c;ec!tic?d CV:!II  i r i  the e n a r i t i o s a l e c  t i v e  s y t i t h e s i  s or' 

n r i  st.ciroomyc!iri i s o l a t e d  I'rurri a iri icr-oorgani s m  i n  1968. 'The c h i  ral  

car.bocyr.l . ic n i o i r t y  s w m s  t o  bc n o t  cnsily accessible by co r iven t io r i a l  

7,8,9 
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SCHEME 4 

25 

HoQNH2 
HO OH 

HO OH 

Aristeromycin 

HoH2CQ HO H 

Neplanocin A 

synthetic means or by the partial degradation of aristeromycin or 

neplanocin (SCHEME 4). As shown in the synthetic strategy (SCHEME 

5) based on symmetrization-asymmetrization concept, an efficient access 

to the chiral cyclopentane derivatives was considered to be the 

enantioselective generation of an asymmetric half-ester 4 from a rneso 

diester 2. Thus, the meso-diester 2 efficiently prepared from 

cyclopentadiene and dimethyl acethylenedicarboxylate was treated with 

pig liver esterase in aqueous acetone to afford the half-ester 4 in 

quantitative chemical yield. The optical purity of- the half-ester 

4 was found to be about 80-88%ee, but the optically pure material was 

most easily and preferably obtained by recrystallization of the 

d-lactone 14. Ozonolysis of 4 in ethyl acetate at 78'C for 3 h 

afforded a-ketoester 12 having the desired sugar-skeleton. Crystalline 

6-lactone 14 showed [ a ]  +44,4' after recrystallization from a mixed 

solvent of methylene chloride, n-hexane and ether (1:5:5). A s  shown 

in SCHEME 6, the 6-lactone 14 was converted not only to neplanosin A 

but also to the various homologues (15 + 16 + 17 + 18). 

activities of them are shown in TABLE 1 and it is interesting to note 

that the cytosine homologue exhibits most remarkable antitumor activ- 

ity. The enzymatic approach to the new chiral synthons developed here 

has opened up a new avenue to natural carbocyclic nucleosides and also 

to various unnatural homologues (SCHEME 7). 

25 
D 

The biological 
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SCHEME 5 

Synthetic 
by Chemicoenzymatic Approach 

Strategy for (-) Neplanocin A 

Enzyme 

SCHEME 6 

2 

wvwooH 
Ox0 

1 3  

O x 0  
4 

12 

PhsevCOOMe 
O x 0  O x 0  

14 15 

NHCOOMe NH2 
H 2 C g N H c m M e  , HOCH2fl  ___) MOMOC H 2 f l  

Ox0 
18 

O x 0  
17 

1 6  O x 0  
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CARBOCYCLIC NUCLEOSIDES 27  

TABLE 1 

Biological Activities of Aristeromycin and Neplanocin A Analogs 

Base  B a s e  B a s e  

HoHzcQ HO H 
HoYY HO OH Ho9 

HO 
B a s e :  Uraci l  (1) B a s e :  AlCA (5) B a s e :  5-FU X:H (9) 

Cytosine (2) Adenine (7). Cytosine X:OH (Aristeromycin) 
Guanine (4) Cytosine ( 8 )  
Adenine (6) (Carbodinel 

(Neplanocin A) 

AlCA (3) (10) 

1 2 3 4 5 6 7 8 9 1 0  

Cytotoxic Con.(pg/ml) >lo0 (0.3 43 4.4 8.6 <0.3 (0.3 6.5 tl i l  

I L S  % (mg/kg,day) 77 38 2 50 55 133 
(1) (1) (100) (150) (80) (20) 

cc 

* K B  cells in culture( in vitro) 
++ L1210 leukemia in mite ( in vivo) (IP-lP)  

SCHEME 7 Chemicoenzymatic Approach to Nucleosides 

> - pig liver esterase 

I-riboside d-riboside showdomycin 6-azapseudouridine 

OA02: --- 
pig liver esterase 

___3 

cyclopentenylamine moiety 

in nucleoside Q 
aristeromycin neplanocin A 
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