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NUCLEOSIDE ANALOGUES ON THE BASIS OF 
4(R),5(R)-DIHYDEOXYMETHYL-2-METHYL-l,3-DIOXOLANE 

Sergey N. Mikhailov' , Ekaterina V. Efimtseva' , 
Sergey V. Meshkov2 and Earl R. Kern3 

En elgardt Institute of Molecular Biology, the Russian 
Acaiemy of Sciences, Vavilov str. 32, Moscow 117984, Russia; 
* Semyonov Institute of Chemical Physics, the Russian Academy 
of Sciences, Kosygin str. 4, Moscow 117977, Russia; 
3De artment of Pediatrics of the University of Alabama, 401 
VolRer Hall 1670,  University Blvd., Birmingham, Alabama, 
35294, USA. 

ABSTRACT. New nucleoside analo ues on the basis of 
4( R ) ,  5( R)-di hydroxyme t h 1-2-me t hy 1-1, ?-di 0x01 ane have, been 
prepared. Alkylat ion of thymine, adenine and N -palmi toyl- 
uanine with 2-bromomethyl-4(R),5(R)-dibenzyloxymethyl-l,3- 

iioxolane followed by se aration of regio isomers by adsorp- 
tion chromato raphy and Beprotect ion yielded the desired chi- 
ral nucleosife analogues The structures of thus prepared 
compounds were confirmed by UV and PMR spectroscopy. The ob- 
tained compounds 11 have no anti-HIV and antiherpetic activi- 
ty and are not cytotoxic. 

INTRODUCTION 
The discovery of 2 '  , 3 ' - dideoxynu~leosides~~~ as potent 

inhibitors of the HIV virus has stimulated intensive efforts 
i n  this field (for a recent review see ) .  Recent studies of a 
number of nucleosides in which the ribose moiety was replaced 
b five membered rings such as dioxolane 14-7 or oxathiolane 
2i"o have demonstrated the ability of these analogs t o  
inhibit HIV replication 6 , 9 , 1 0  

Recently we have synthesized two series of dioxolane 
nucleoside homologs 3 and 4 l1,l2. The most laborious step in 
their preparation was the separation of cis and t rans  iso- 
mers. To overcome this we decided to synthesize chiral nuc- 

3 
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616 MIKHAILOV ET AL. 

leoside analogues on the basis of 4(R),S(R)-dihydroxymethyl- 
2-methyl-1,3-dioxolane. Optically active tartaric acids and 
their derivatives with the symmetry axis of second order C2 
are frequently used in organic synthesis for similar purpo- 
s e ~ ~ ~  and this property may be transfered to their dioxolane 
derivatives too. I t  should be mentioned that 11 may be consi- 
dered as analogues of 2',3'-dideoxy-3'-C-hydroxymethylnucleo- 
sides ( 5 ) ,  exhibiting anti-HIV activity 14,15 

RESULTS AND DISCUSSION 
Starting from D-tartaric acid the known 616 was pre ared 

and then transformed to 718. 1,4-0-Dibenzyl-D-threito11' was 
prepared in a good overall yield. Acid-catalyzed transaceta- 
lization of bromoacetaldehyde diethylacetal gave 9 in 74% 
yield. An attempt to use 1,4-O-dibenzoyl-D-threitol in this 
reaction failed due to migration of 0-benzoyl groups and for -  
mation of a complex reaction mixture. 

Alkyiation of the sodium salt of thymine with bromide 9 

ducts12. With the sodium salt of adenine the alkylation took 

9 guanine with 9 in the presence of potassium carbonate gave N 
and N7 isomers19. The regio isomers were separated by adsorp- 
tion chromatography on silica gel. 

The benzyl protecting groups in 10 were removed by 
treatment with an excess of 10% alladium on carbon and 
ammonium formate in boiling methanol". For lOc, the palmi- 
toy1 group was removed by treatment with methanolic ammonia. 
The yields of 4(R),5(R)-dihydroxymethyl-2-methyl-l,3-dioxola- 
ne nucleosides 11 were moderate. 

The structure of the compounds prepared was verified by 
'H NMR spectroscopy (tables 1 and 2). Rather complicated 'H 
NMR spectra of 10 and 11 were analyzed using the reported da- 
ta for 2,4-disubstituted 1,3-dioxolane nucleosides 3 ,  

The signals of methylene groups H2'a,b, H4'a,b, HS'a,b 
and protons H4 and H5 were unambiguously assigned by the NOE 
difference spectroscopy. Saturation of H2 in 10a exerted a 
rather strong NO€ on the neighbouring protons H2'a,2'b (total 
effect > 4%). The cis oriented H5'a,5'b (1.2%) and H4 (2.9%) 
were also influenced significantly, while the effect on the 

gave N1,N3-bis-alkylated and N 1 -alkylated bases as main pro- 

place at N9 and N3 positions". Reaction of N 2 -palmitoyl- 

411,12 
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1,3-DIOXOLANYL NUCLEOSIDE ANALOGUES 617 

HOCH (3 
1 x = o  
2 x = s  
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"YjH2 
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HOCH 

'3H2 
k 4 

Hocu 
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5 
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e ___) ____) 

HO H2 
7 HoYx B 

b ,  C 

H ! -0Et 
D-tartaric a HOkH 
acid H ~ O H  A 

6 

Bz 10CH2 
f H O ~ H  ~ 

H ~ O H  
kH20Bz 1 1 

BzlOC 

B 
8 9 10 

h 
__f 

HOC 
11 

B = a )  Thy, b )  Ade, c )  Gua ( i n  10 B = NL-Pal-Gua) 
a :  EtOH/HCl, A ;  b :  a~etone/MeC(OEt)~Me/HCI; c :  LiAiH4; d: 60% 
NaH, BzlCl/THF; e :  0 , 5  N HCl, MeOH, A ;  f: BrCH2CH(OEt)2/ 
p-TsOH; g: sodium salts of thymine and adenine, 
N 2 -palrnitoylguanine/K2CO3, DMF; h :  10% Pd/C, HCOONH4, MeOH. 

SCHEME 
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618 MIKHAILOV ET AL. 

TABLE 1. 
nucleoside analogues 10 in CDC13 and 11 in D20 at 300 K. 

'H NMR chemical shifts (6) for the dioxolane 

10a 7.03 

10b 8.30 

1Oc 8.31 

lla 7.36 

llb 8 .58  

llc 7.95 

9 

S 

S 

9 

S 

S 

1.80 
d 
7.88 

S 

1.74 
d 
8.51 

S 

5.23 
t 
5.37 
t 
5.38 
t 
5.25 

t 
5.89 
t 

5 .58  
t 

3.88 3.81 
dd dd 
4.37 4.35 
dd dd 
4.34 
br s 

3.94 3.87 
dd dd 
4.86 4.86 
d d 
4.45 4.41 
dd dd 

4.08 
ddd 
4.08 
ddd 
4.41 
ddd 
3.88 
ddd 
4.34 
ddd 
4.09 
ddd 

3.50 
dd 
3.28 
dd 
3.36 
dd 
3.56 
dd 
3.76 
dd 
3.57 
dd 

3.47 
dd 
3.28 
dd 
3.29 
dd 
3.41 
dd 
3.59 
dd 
3.43 
dd 

4.02 
ddd 
3.86 
ddd 
3.90 
ddd 
3.78 
ddd 
4.07 

3.82 
ddd 

3.52 3.51 
dd dd 
3.51 3.47 
dd dd 
3.55 3.51 
dd dd 
3.60 3.53 
dd dd 
- 3.95 
m 
3.79 3.74 
dd dd 

Benzyl group: 7.30m (10H,2Ph), 4.48s (2H,CH2), 4.45s (2H,CH2) 
Palmitoyl group: 2.48t (2H, CH2), 1.70m (2H, CH2), 1.30brs 
(24H, CH2), 0.87t (3H, Me). 

TABLE 2. Coupling constants ( J  i n  Hz) f o r  10 and 11 at 300 K .  

2,2; 2,2L 2;,2i 4,4; 4,4L 4&4i 4,5 5,5; 5,5i 5;,51; 

10a 3.5 3.7 -14.3 4.6 4.8 -10.3 6.3 4.6 5.1 -10.3 
10b 3.0 3.0 -14.4 5 . 0  5.0 - 1 0 . 4  6.3 4.2 4.8 -10.4 
1 0 ~  2.5 2.5 - 4.3 5.5 -10.3 6.2 4.0 4.9 -10.5 
lla 2.9 2.9 -14.9 3.6 5.7 -12.3 6.6 3.5 5.7 -12.5 
llb 2.5 2.5 - 3.7 5.9 -12.1 6.4 - - - 

llc 2.6 2.6 -15.2 4.0 6.0 -12.1 6.4 4.7 5.9 -12.3 
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1,3-DIOXOLANYL NUCLEOSIDE ANALOGUES 619 

t r a n s  oriented 4’a,4’b and H5 remained near zero. The 
assignment in the other derivatives 10b and 1Oc was carried 
out similarly. 

I t  should be noted that the geminal constant J2,a,2,b in 
CH2N group is greater than that in CH20 group (J4,a,4,b and 

i n  J5,a,5,b) (tabl. 2). The vicinal coupling constants J 
10 and 11 were in the range of 6.2-6.6 Hz. 

The deprotected nucleoside analogues 11 were UV spectro- 
scopically almost identical with their parent nucleosides 
thymidine, adenosine and guanosine. A low negative Cotton 
effect with Amax 268 nm ( A E  -0.22) was observed in CD spectra 
of thymine nucleoside l l a .  

The above described nucleoside analogues were found to 
be inactive against HIV-1 (CEM cells) and HSV-1, HSV-2, HCMV, 
VZV (HFF cells) at concentration up to 100 ccg/ml and were 
nontoxic towards CEM and HFF cells. The absence of activity 
is probably due to the fact that 4(R),5(R)-dihydroxymethyl- 
2-methyl-1,3-dioxolane structures are not being recognized by 
selective cellular and viral kinases. 

495 

EXPERIMENTAL 
General methods.  Melting points (uncorrected) were 

determined with a TP (USSR) instrument. UV spectra were 
recorded on a Specord UV-vis spectrometer. Silica gel L (40- 
100 crm) (Czechoslovakia) was used for adsorption column chro- 
matography. TLC was carried out on Silufol UV254 (Kavalier, 
Czechoslovakia) and Kieselgel 60 F254 (Merck, Germany) using 
A CHC13, B 95:5 CHCI3-EtOH, C 9:l CHC13-EtOH, and D 8:2 
CHC13-EtOH and detection by UV light. All crystalline com- 
pounds gave correct elemental analyses (20 .4%) .  

‘H NMR spectra were recorded using a Bruker AMX 400 
spectrometer at 300 K. Chemical shifts were measured relative 
to solvent signals. The signals were assigned by the double 
resonance techniques. The NOE measurements in CDCI3 were 
performed under identical spectral and processing conditions 
by applying an NOEDIFF pulse sequence of Bruker software 
package UXNMR (release version 911101) for steady-state NOE 
measurements. For compounds 10 and 1 1 ,  the values of chemical 
shifts and coupling constants were calculated by means of a 
DAISY programme on a Aspect X32/2 computer. 
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620 MIKHAILOV ET AL. 

2-Bromomethyl-4(R),5~R)-d~benzyioxymethyl-f,3-d~oxoiane 
( 9 ) .  A mixture of 1,4-di-O-benzyl-D-threitol 5 ( 6 . 1  g, 2 0 . 2  
mmol ), bromoacetaldehyde diethyl acetal ( 2 . 4 2  mL, 20.2  mmol ) 
and p-toluenesulfonic acid ( 0 . 2  g) in dry acetonitrile ( 2 0  
mL) was gently heated for 2 h and evaporated in vacuo t o  
dryness. The residue was diluted with chloroform (150 mL), 
washed successively with saturated aqueous sodium hydrogen- 
carbonate ( 3 0  mL) and water (2x30 mL), dried with Na2S04, 
filtered and evaporated in vacuo to dryness. The residue was 
chromatographed on silica gel ( 5 0  g), using a chloroform- 
hexane ( 1 : 4  v/v) mixture. The pooled fractions were evapo- 
rated to a syrup. Yield 6 . 1  g ( 7 4 % ) .  RF 0 . 9 3  ( A ) .  'H NMR 
(CDCI3): 7 . 2 6  brs (lOH, 2CH2PJ), 5 . 2 7  t ( l H ,  J 4 . 0 ,  u C H 2 ) ,  
4 . 5 5  brs (2H, CH2Ph),  4 . 5 4  brs (2H, CH2Ph), 4.20-4.08 m (2H, 
2CH), 3.66-3.56 m (4H, 2CH2), 3 .39  d (2H, J 4 . 0 ,  C H u 2 ) .  

4(R),5(R)-Dibenzyloxymethyl-2-~thymin-~-ylmethyl)-l,3- 
dioxolane ( l o a ) .  To a suspension of dry thymine ( 1 . 0 4  g, 8 . 2 5  
mmol) in dry dimethylformamide (DMF, 30 mL) was added sodium 
hydride ( 0 . 4  g, 1 0 . 3  mmol, 60% in oil) and the mixture was 
stirred for 1 h at 2OoC. Then the mixture was heated to l l O ° C  
and a solution of 9 ( 3 . 0 5  g, 7 . 5  mmol) in DMF ( 1 0  mL) was 
added in several portions over 2 h. The mixture was heated 
over 10 h, cooled to 2OoC, filtered and the combined filtrate 
and DMF washings were evaporated in vacuo to dryness. The 
residue was dissolved i n  chloroform (150  mL), the organic 
layer was washed with water (2x30 mL), dried with Na2S04, 
filtered, evaporated to dryness and chromatographed on silica 
gel (100  g). Elution with a chloroform-hexane ( 1 : l  v/v) 
mixture gave the starting bromide 8 and with system A gave 
N ,N -bis-product (yield 0 . 3 2  g, 5 % ) .  Further elution with 
system A gave 10a as a syrup. Yield 0 . 3 7  g ( 1 0 % ) .  RF 0 . 4 2  ( B ) .  
The 'H NMR data are given in Tables 1 and 2.  

1 3  

4(R),5(R)-Dibenzyloxymethyl-2-(adenin-9-ylmethyl)-l,3- 
dioxolane ( l o b ) .  This was prepared analogously by alkylation 
of sodium salt of adenine ( 4 . 7 3  mmol) with 9 ( 1 . 7 5  g, 4 . 3  
mmol) in dry DMF ( 1 5  mL). The products were separated on 
silica gel (system B) to give l o b .  Yield 0 . 9  g ( 4 1 % ) .  RF 0.57  
( B ) .  M.p. 117-119OC (ethanol). Further elution with the same 
solvent gave the corresponding N -isomer. Yield 0 . 2 0  g ( 4 % ) .  3 

RF 0 . 3 5  (B). 
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1,3-DIOXOLANYL NUCLEOSIDE ANALOGUES 62 1 

4(R),S(R)-Dibenzyloxymethyl-2-(N 2 -palmitoylguanin-9-y1- 
methyl)-1,3-dioxolane (1Oc). To a stirred suspension of N 2 - 
palmitoylguanine (1.45 g ,  3.72 mmol) and K2C03 (0.75 g, 5.4 
mmol) in dry DMF (200 mL) a solution of 9 (3 g, 7.37 mmol) in 
dry DMF (20 mL) was added i n  several portions over 4 h at 
2OoC. The mixture was stirred for 3 days at 2OoC and evapora- 
ted in vacuo to dryness. The residue was dissolved i n  chloro- 
form (300 mL), the organic layer was washed with water (2x50 
mL), dried with Na2S04, filtered through Hyflo Super Cel, 
evaporated t o  dryness and chromatographed on silica gel (100 
g). A column was washed with system A (400 mL), further 
elution with a chloroform-ethanol (98.5:l.S v/v) mixture gave 
N-7 isomer. Yield 0.35 g (13%). RF 0.60 (B). Further elution 
with the same mixture gave 1Oc as a syrup. Yield 0.35 g 
(13%). RF 0.47 (B). 

4(R),S(R)-Dihydroxymethy~-2-~thymin-l-yl~e~hyl)-l,~-d~o- 
xolane ( l l a ) .  To a solution of 10a (0.2 g, 0.44 mmol) in 
methanol ( 2 0  mL) HCOONH4 (250 mg) and 10% Pd/C (Fluka, 
154 mg, 350 mg for 1 mmol) were added, the mixture was reflu- 
xed for 3 h, filtered through Hyflo Super Cel and the combi- 
ned filtrate and methanol washings were evaporated to dry- 
ness. The residue was dissolved i n  water (70 mL), the aqueous 
layer was washed with ethyl acetate (2x20 mL) and evaporated 
to dryness. Product lla slowly crystallized from ethanol. 
Yield 78 mg (66%). RF 0.23 (B). M.p. 135-136OC. UV: A ~ ~ ~ - ~  

271 nm ( E  8700); A i':3 271 nm ( E  6 5 0 0 ) .  
m a  x 

4(R),S(R)-Dihydroxymethyl-2-(adenin-9-ylmethyl)-l,~-dio- 
xolane (llb). This was prepared analogously starting from 10b 
(0.2 g, 0.43 mmol). Product llb slowly crystallized from ace- 
tone. Yield 90 mg (70%). R 0.10 (B). M.p. 145-147OC. UV: 
A p H '  m a  x 258 nm ( E  12520); k p H 7 - l '  m a  x 261 nm ( E  12860). 

4(R),S(R)-Dihydroxymethyl-2-(guanin-9-ylmethyl~-f,~-d~o- 
xolane (llc). A mixture of 1Oc (0.32 g, 0.45 mmol), HCOONH4 
(250 mg) and 10% Pd/C (154 mg) in methanol (20 mL) was reflu- 
xed for 2 days, filtered through Hyflo Super Cel and the com- 
bined filtrate and methanol washings were evaporated to dry- 
ness. The residue was dissolved in methanolic 5M ammonia (20 
mL), kept for 3 days at 2OoC and then concentrated to dry- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
2
1
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



622 MIKHAILOV ET AL. 

ness. The residue was partitioned between water ( 5 0  mL) and 
chloroform (20 mL), and the organic layer was washed with 
water (20 mL). The combined aqueous extracts were washed with 
chloroform (20 mL), concentrated to dryness, and the residue 
was recrystallized from ethanol. Yield 53 mg (40%). RF 0.08  
(B). M.p. 187-189OC. UV: hP,:x l  258 nm ( E  10790); 252 nm 
( E  11090); h P H  l 3  268 nm ( E  9500). 

m a  x 
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