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NUCLEOSIDES I% NUCLEOTIDES, 8(5&6), 829-832 (1989) 

Shih-Hsi &u, Zhi-Ha0 Chen, 'zbdd M. Savarese, Char l e s  E. Nakamura, 
Robert E. parks, Jr.* and Elie Abushambt 

Bran  University, Prwidence, R I  02912 
tUniversity of Rhode Island , Kingston, R I  02881 

Abstract: Four classes of acyclo amlogs of 5'-methylthim.denosire w e r e  
synthesized and tested a s  inhibitors of marmalian methylthicadenosine 
phosphorylase. Halogenated dihydroxypro~l acyclaadenosires w e r e  m c s t  
potent, i.e. Ki = 0.2 - 0.7 uM. 

MeSAdo Pase i s  required t o  salvage the methionine and adenine 
cunpxwnts of MesAcb generated during polyamim synthesis. Experimental 
t unas ,  e.g. L1210 mire leukenia, that lack t h i s  enzyme are highly 
s e n s i t i v e  to  the c y t o t o x i c i t y  of i n h i b i t o r s  of pu r ine  d e  novo 
biosynthesis, e.g. 6-methylthioinosire, fa la te  antagonists; therefore, 
as proposed earlier' potent inh*itors of MeSAdo Pase might cause 
enzymecontaining cells to be more sensitive to inhibitors of purine & 
nuvo biosynthesis, e.g. glutamire antagonists, fa la te  antagonists, etc. 
I n i t i a l  tests of this concept with the' MeSAdo Pase inh ib i to r ,  5'- 
chlorof onnycin, increased the sens i t i v i ty  of the L-517 8Y leukemia 
(enzyme-containing) t o  methotrexate . The present study explored 
v a r i w  amlogs of &ileS&b related to acyclmir and as  inhibitors of 
MeSAdo Pase. 

2 

B ~ I C ~ &  AcI?vITpy. Althcugh acycla+nosim (1) i t s e l f  w a s  imct ive  
(Ki > 170 UM), its 2-deoxy~halogemted congener's (2). (3) and (41, 
inhibited Sarorma 180 tk%cb Pas2 with Ki values i n  the ran* of 4 to 9 
uM. The 2-deoxy arhlog of acyclmdenosine, 9-(ethoxymethyl)adenine, was 
a weak inh ib i to r  (Ki  = 74 uM) . The analogs of 9-(1,3-dihydroxy-2- 
p rcgoxymthy l )ad re  (DHB), which possess the equivalent of the C ( 3 ' ) -  
CH of methylthioribse, w e r e  m o r e  potent inhibitors of =do mse than 
their  aqclca&nosim-like congeners. While the parent -md, CHW, 
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was iwct ive ( K i  > 100 1241, r e p l a c e n t  of a hydroxyl group by a halogen 
(U, Br, I) (51, (7) ard (8 )  gave K i  values in  the range of 0.7 to 0.2 
UM. 5'-Methylthio- a d  5'-hdlogemted derivatives of 2'-dwxy-1' ,2'-  
seco-ademsin? (11-14) had l m  activity. A t  lw  phosphate amcentration 
(3.5 ntt) the 9- (phos&omlkyl)adenirres (16) act a s  m u l  tisubstrate 
inhibitors of tke enzyme. ~ m d s  w i t h  lcnger ( p a t y l ,  kxy l ,  heptyl) 
acyclic tails bind more tightly ( K i  values i n  the range of 70 to 15 UM) 
than those with shorter ta i l s ,  i.e. propfl, butyl (Ki values >250 uM). 
A t  high (50 M) ptassiun phosphate concentrations, the inhibitions w e r e  
ablated, indicating interactirns with the -hate binding site of the 
enzyme. 

These acycl ic  adenosines represent n e w  c lasses  of MeSAdo Pase  
inhibitors. In tenns of m, the finding that narry of these acyclic 
adenosine analogs bird as w e l l  or better than the natural substrate, 
MesAdo (s = 2 uM), suggests that a flexible acyclic t a i l  permits better 
mientaticn fa enzyrre birding than a relatively rigid pentoe. The 
nearly 10 fo ld  lower Ki values of the halogenated DHPA analogs a s  
canguxd t o  the acyclcadmosine analogs stress the inwrtarace of the 
C(3') hydmxyl group. R e s u l t s  with 9-(phosphono3lkyl)adenims suggest 
the design of Wtent multisubstrate inhibitors of t-kSA& Pase based on 
an acyclic adenosine structure. 

9-[(2-Chloroethoxy)methyl]adenine ( 2 )  a n d  9- [ ( 2 -  
bromoethoxy)methylladenine (3) were synthes ized  by t r e a t i n g  
acycloadenine (1) i n  HMPA w i t h  90U2 and ScSr2, respectively. (2) 92% 
yield. m.p. 215OC(dec). W(EtOH): A- 259 m (14,000); (3) 81% yield 
m.p. 2 0 5 O C :  U V ( E t 0 H )  : A m a x  2 5 9  nm ( 1 4 , 2 0 0 ) :  9 - [ ( 2 -  
iodoethoxy)methylladenine ( 4 )  was i o d i n a t e d  smooth ly  by 
mthyltriphmxyphosphmiun iodide in dry 'IHF a t  -7OOC. (4) 74% yield, 
m.p. 188OC; W(EtOH): A- 259 rn (14,600) .  

9- I ( l - C h l a r a ~ l e t h y l - 2 - ~ e ~ ) m ~ l l  adenine ( 5 )  was 
synthesized by react ing adenine bis-trimethylsilyl  ester with 1- 
Chlo~3-benzyl~-2-propoxymethyl chloride and deblocking w i t h  0.1 N 
aqueou~ m.p. 215OC; W(E~OH):  A- 259 m (14,800). 
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Scheme I I 
N H ,  

Me,Si NHSiMe, 

- xy5Jj CH, CI 

.%;) 
CICH,O H CH,CI 0, ' FH 

- 5 -  ' N  N 

CH,OH 
5 CH, 0 C 0 P h 
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9- t ( l - : ~ h y l - 2 - ~ t l n x y ) 1 r e t i w l I a ~  0) and 9- t (1- 
I ~ t h y l - 2 - ~ x y e ~ ) r n e t h y l l  adenine (8) w e r e  synthesized by 
halogenation of ( 6 )  by the method of ogilvie e l  at.6 using l i t h i u m  
bromide or sodium, iodide respectively. (7) Yield 35% m.p. 194OC. 
W(Et0H): Amax 259 nm (14,700); (8) Yield 39% m.p.  2OO0C dec.; 
W(EtC€i): & 259 nm (14,350). 
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Scheme Iv 
BnO "03;. 2?<4 2vAde 

OBn 

BnO HO 

9 10 - 1 1  X = O H  - 
12 X = Br 
13 x = CI 
13 X = SCH, 

B 0 6-Chloropurine 
Ade = Adenine 

The chloxunethyl ethers prewred f run  (2R,3S) and (2S,3S) - 1,3-di- 
0-benzylbutane 1,2,3-trio14 (9) were treated w i t h  the sodim salt of 6- 
chloropu15ne in acetonitrile5 to give the 6-chlorapUrine -logs (10) as 
a mixture of N-7 and N-9 ismers. auaMtographic separaticm f o l l d  
by heating with anmnia ard subsequent debenzylaticm over W/C furnished 
the adenosine analogs (11). The 5'-brcxno (12) and 5'-chloro (13) 
substituents were added by treatment of (10) with tripbenylphosphine 
and carbon tetrabranide or carbon tetrachloride respectively. This 
reacticn w a s  not totally selective necessitating the chrcmbgraphic 
separatim of the 5'-halo f m n  the 3',5'-dik110 derivatives. The 5'- 
methylthio ccmpounds (14) were cbtained by direct displacenent of the 
5I-branides w i t h  potassiun mthyl mercaptide. 
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9 - ( H D s - ) A .  A series of 9-(phc6phomal~l)adfnin?s with 
carbon chains ranging fran 3-7 C atans was prepared frun the respective 
6-cNompurine amlogs by heating with m i a .  

Scheme v 
6 

L 

-1-b: This work was supprted by USHIS grants Ch 07340, CA 
13943 and (3 20892. 
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