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NUCLEOSIDES & NUCLEOTIDES, 7(1), 91-102 ( 1 9 8 8 )  

Shih H s i  mu*, Zun Yao W a g ,  Z h i  Ha0 ole& Elizabeth C Rcwe, 
Ward  Chu, E'ardos K M Naguib, Mahmoud H. el Komi, Smgnan Cha, 

Division of Biology and Medicin?, 

and Ming Y. o l u  

Brawn University, Providence, Rhode Island, 02912 

Abstract: F u r m s y l  amlogs of BAU (5-benzylacyclouridirre) and BBW 
(5-benzyloxybenzylacyclouridine), two potent i nh ib i to r s  of ur idine 
phosphorylase, were synthesized and eva lua ted  as po ten t i a l  cancer 
chenotherapeutic agents. The analogs included ribosides, 2,2'-anhydro 
nucleosides, arabinosides and deoxyribosides. The anhydrouridine 
intermediates were potent inhibitors of uridine mosmoglae and good 
ptentiators of FdUrd act ivi ty  in  hunan tunor e l l s  i n  culture. 

Abbreviations: 
ACyclO-: 
Bw: 
B8w: 
Bu: 
BBU: 
Fdlrd : 
EUra: 
m: 
M U :  
AEU: 
HM-acyclo-: 

2 I -Hydroxyethoxymethyl- 
5-Benzylacyclouridine 
5- (m-Berayloxybenzyl)acydlouridirre 
5-Benzyluracil 
5-Beruyloxybenzyluracil 
5-EL uoro-2 '-deoxyuridine 
5-Flmrouracil 
2,2 '-Anhydro-5-benzyluridine 
2,2'-Anhydro-S-be~yloxybeIlzyluridirre 
2 ,2 ' -Anhydr -5-ethyl u r i  di ne 
1 '-HydroXymethyl-2 '-hydroxyethoxymethyl- 

'Ihe benzylacyclouridines BAU (5-benzyl-l- (2I-kydroxye tho xyme thy 1) 
uracil) and BBAU (5-be11zyl0xybenzyl-(2'-hydr0xyeth0xymethyl)uracil) l r 2  

and their HM- (l '-hydr~xymetlyl-)~ and AM- ( l ' - a~ninanethyl - )~  analogs 
are potent inhibitors of uridim fioqhorylase, an enzyme important i n  
the salvage patbay of uridine metabolism T%e acyclo moiety consists 
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92 CHU ET AL. 

of a linear side chain equiva len t  t o  t h e  C1t-O-C~I-Cg~ portion of 
ribose or deoxyribose. Since inhibitors of this enzyme can also inhibi t  
the *osphorolysis of uridine nucleoside analogs med i n  cancer chemo- 

therapy, they may have clinical use as potentiators of the cytotoxic 
effect of the drug FdUrd against hunan so l id  tunor cells i n  v i t rQ  and 
& 4. By inhibiting the in t race l lu la r  Mosmorolysis of FdJrd to 
the  less s e l e c t i v e l y  toxic Nra, a uridine phosphorylase inh ib i tor  
would extend the action of a given dose of FdUrd Over a longer period 
of time and thus be of potential clinical benefitlr6,'. ~n the o~urse 
of our study of potent uridim Mosmorylase inhibitors related t o  BAU 
and BBW, we m report the synthesis of a series of BW and BBW ana- 
l o g  containing three CQrmOn furanosyl groups as the sugar moieties. 
I n  additicn, w e  have fomd the anhydrobenzyluridirres, prepred as syw 
thetic intermediates, to be active both as inhibitors of uridine ghos- 

morylase and as p ten t i a to r s  of FdUrd cytotoxicity. Ribosyl-, arabin- 
osyl-, and deoxyribofuranosides are currently mder biological testing. 

5-Benzyl and 5-benzyloxybenzyl ribonucleosides were synthesized by 
a modified HilbertJchnson8 procedure f ran tr iacetyl  ribosyl-l-chloride 
and b i s - s i ly l a t ed  de r iva t ives  of the respective uracil b a ~ s ,  using 
mercuric cyanide as a c a t a l y s t  (as shown i n  t h e  Scheme). W and NMR 
data anfirmed to site of glyoosidation to be at  N-1, and the anfigura- 
t ion to be B , as is usual w i t h  this prooedure. "he 2,2'-anhydronllCleO- 
sides of BU and BBU were syn thes i zed  from t h e  cor responding  
ribonucleosides by the d i r ec t  and convenient method of Iimpton and 
~ i c h o i ?  wing ai&enyl carbonate as A w n  i n  Scheme L me sh i f t  of 
the  u l t r a v i o l e t  absorption maxima of the benzyluridines from 268 t o  
255 m during this reaction w a s  taken t o  be indicative of the formation 
of anhydronucleoside, and is consis tent  w i t h  the s h i f t  observed by 
Brown, Todd and Varadarajanlo. The u l t r a v i o l e t  absorption maxima 
returned t o  268 rm for a l l  of the canpmds obtained subsequently. 

Ring opening of the anhydronucleosides muld then be accomplished 
w i t h  aqueous a l k a l i  t o  y i e l d  the respec t ive  arabinosides;  or with 
hydrobranic acid i n  DMF t o  give 2'-suba;tituted branides Ime branides 
were reduced with t r i b u t y l t i n  hydride i n  DMF i n  the presence of AIBN 
(2,2 I-azobi s-2-methy 1 propioni t r  il e) t o  deoxy ribonucl eosides by the  
method of Hkbabackjl and B e r h e k l l .  
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5-BENZYL AND 5-BENZYLOXYBENZYL 2,Z'-ANHYDROURIDINES 93 

a. R = -H 

b. R = -0CH2CgHg 

SCHEME 1 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
1
9
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



94 CHU ET AL. 

2,2 ' -~dronucleos ides  have been reported ty Veres gt a l l2  to be 
potent inhibitors of uridine a o q h o r y l a s a  They fomd the most active 
of several substituted 2,2'-anhydrouridines to  be the 5-ethyl deriva- 
t i v e  The anlydrouridines were therefore prepared for biological eva- 
luation as  well as for use as synthetic intermediates The finding of 
i n c r e a d  binding act ivi ty  associated with lydrocarbon substituents a t  
the 5-positim of the Wrimidim ring is mnsistent with the hypothesis 
of a hydrophobic binding region adjacent t o  the  a c t i v e  s i te  of the 
em+,2,6,7 

B i d l o g i d  Studies 

Apparent inhibition constants of anhydrobenzyl and anhydrobenzyl- 
oxybenzyl ur idines  la and 4b and a sample of 2,2'-anhydro-S-ethyl 
uridime12 prepred the same procedure were determimd, using uridim 
phosphorylase from the  105,000 x g supernatant of human l i v e r  home 
genates ty the procedure of Naguib e t  all3;  and assayed as previously 
described1. W i t h  c a n p t i t i v e  inhibition, generally the case w i t h  these 

aMlOgS, apparent K i  i s  equal t o  K i ( 1  + [S]/Km), with true K i  va lues  
being lower than apparent K i  va lues  by a fac tor  of 1 + [S]/Km. App- 
rent  K i  va lues  fo r  samples of AEU, ABU and ABBU, obtained with 
uridim *os@orylase prepared fran hunan l i v e r  are sham i n  'lable 1 i n  
com-Firison w i t h  apparent K i  va lues  of some benzylacyclouridines 
measured similarly. The anlydrouridims were approximately as  potent 
i n h i b i t o r s  of u r i d i n e  phosphorylase a s  t h e  corresponding HM- 
acyclouridines, with the potency of the benzylanhydrouridines of the  
same order of mgnitude, if a l i t t l e  less than the potency of the ethyl 
de 1: ivat ive. 

Fbtentiation of the grwth inhibiting effect  of FdUrd by the two 
benzylankydrouridines 4a and 4b i n  canparison with ethylanhydrouridine 
was evaluated against the cell lirres DRN (hunan pncrea t ic  carcinoma) 
and LX-1 (hwnan lung carcinoma) i n  c u l t u r e  ( m b l e  2) as previously 
de scr ibed5. 

A l l  three 2,2'-anhydrouridims ptentiated the cytotoxic action of 
FdLJrd against  DAN and LX-1 c e l l s  i n  culture (Table 2). Although the  
two anhydrobenzyluridines were a l i t t l e  less potent as uridine 
Mos@-ioLylase inhibitors than the S-etkyl analog, they w e r e  generally 
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Qble 1. Apparent Inhibition Constants for  Uridine Roqhorylase 
prepred  frcm Qtosol of H u n a n  Liver. 

Compund 

AEU 

ABU 
ABBU 

3.97 _+ 0.30 
1.95 0.23 

2.53 k 0.33 

0.47 _+ 0.03 

2.40 2 0.10 
0.74 5 0.05 

0.65 & 0.07 

a. Values & standard error of at least three determinations. 
b. Fran Reference 13. 

mble 2. % Inhibitior? of DAN and LX-1 Cells i n  Culture 

B t e n t i a t o r  

mN 
1.0 63.1 2 2.2c 81.0 2 5.9bfd 90.2 2 2.4bfd 91.2 f 1.9bfd 
0.1 15.3 fi 2.2 27.5 & 1.7 31.1 2 8.5 39.9 2 3.7 

1.0 52.0 2 3.2a 65.5 2 5.7b 69.5 2 3.7b 98.0 2 1.3b 
0.1 11.6 2 5.1 22.1 2 1.5 37.1 f 8.5 47.4 2 3.1 

a. Grmth inhibit ion w a s  calculated as the reduction i n  the nunber of 
cell doublings after 72 hr incubation as determimd ty the t r y p n  
blue exclusion method. Cells were pretreated with potentiator for  
5 minutes before  t h e  addi t ion  of FdUrd. I n  each experiment t h e  
non-treated controls reached a t  least 3 doublings. 

k Neither ell l i m  w a s  inhibited ky AEUf ABU or ABBU alone a t  50 pm 
concentration i n  the absenoe of Fard .  

c. Mean * S.E. 

LX-1 

d. The v a l u e s  w i t h  po ten t ia tor  are s i g n i f i c a n t l y  d i f f e r e n t  a t  
P < 0.05 f ran  control value. 
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96 CHU ET AL. 

more e f f e c t i v e  as  poten t ia tors  of the ac t ion  of FdUrd. ABBU was the  
more effective of the two anhydrobenzyluridines, as to be expected frm 
potentiation data obtained with other 5-temylacyclouridine aral-3-5. 
The observation of better potentiation in  DAN than i n  LX-1 a u l d  be due 
to the lcwer rat io  of thymidin? @osphorylase to uridine ghosphorylase 
i n  t h i s  cell  l i n e ,  i n  accordance with previous studies w i t h  benzyl- 
acyc1ouridines5. 

Melting points were determined on a Gallenkamp apparatus and are 
mcorrected U 1  t raviolet  absorption maxima and extinction coefficients 
were determined using a Rerkin-Elmer Model 402 recording spectro*oto- 
meter and l H  NMR spectra were run on a Bruker WM-250 or WM-400 
instrunent i n  -6 or deuteropyridin?, using trimethylsilane as an 
internal standard Analytical 1LC was rm on Merck silica gel  60 F-254 
plates  using methylene chloride-ethanol solvent systems; and prepara- 
t i v e  E C  on Analtech silica ge l  GF p l a t e s  (2 m). A l l  removal of 
solvents was done mder vacuun on a rotary evaporator mles s  otherwise 
noted Analyses were performed by the Baron Consulting CO. of Orange, 
Corm, and the Galbraith Laboratories of Knoxville, flenn 

5-benz~l -1- (2l.3' . 5 ' - ~ c e t v l - B - D . r i f u r ~ o ~ ~  ura c i l  t2a). 

A suspensioa of dry, pudered 5+enzyluracil (Ia, 20.0 g, 0.1 mole) 
and 0.5 g of (m4)2SO4 i n  160 m l  of hexamethyldisilazane was heated 
mlder reflux for 4 hours with the exclmian of moisture and stored at 
roan temperature overnight. The react ion mixture was evaporated t o  
dryness mder diminished pressure. "be resicbe w a s  dissolved i n  wlene 
(150 m l )  and evapora ted  a g a i n  t o  remove any remaining hexa- 

Dry hydrogen &loride gas w a s  bubbled into a solution of 1,2,3,5- 
tetra-eacetyl-B-D-ribofuranose (40.0 g, 136 m o l e s )  i n  150 ml of 

a2C12 a t  0-5% for 2 5  hrs  After standing i n  the refrigerator over- 
night, the  so lven t  and excess HC1 were removed under vacuum. The 
residue w a s  dissolved in  toluene (150 m l )  and reevaporated 

The resiae w a s  then redissolved i n  dry toluene (150 m l )  and added 
t o  the b is - t r imethyls i ly l  de r iva t ive  of la. After the addi t ion  of 

methyldisilazane. 
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5-BENZYL AND 5-BENZYLOXYBENZYL 2,Z'-ANHYDROURIDINES 97 

1.5 g of Hg(W2, the reaction mixture w a s  stirred a t  60-70% for 6 hrs 
under anlydrous conditions and again allcwed to stand a t  roan tenpra- 
ture overnight. 

The mixture was then washed wi th  water, d r i e d  over  anhydrous 
MgS04, f i l t e r e d  and evaporated The residual o i l  was pissed through a 
silica gel aolunn Elution using Q I 2 C l ~ - M  (3O:l) gave 1 9 5  g of 2a 

(s, 2H, QI2 a t  Cg), 4.17-4.35 (m, 3H, C41-H and C51-H), 5.34 (dd, l H ,  
(43%). NMR(DMSO-d6): 6 2.01, 2.06, 2.09 (3S, 9H, CH3 Of Acetate), 3-55 

C31-H, J21,31=5 Hz, J 3 1 , 4 ~ 5  Hz) ,  5.48 (ad, l H ,  C ~ I - H ,  Jl1,21=6 HZr 

J 2 1 , 3 ~ 6  Hz), 5.90 (d, l H ,  C i r H ,  J 1 1 2 ~ 6  Hz), 7.15-7.31 (m, 58, ArH), 
7.68 (8 ,  l H ,  Cg-H), 11.50 (br.s, 1 H ,  N3-HI- 
Anal. Calc'd f o r  c22H24N2Og ' 0.75 H2O: C, 55.75; H, 5.42; N, 5.91. 
Fomd: C, 55.92; H, 5.46; N, 5.51. 

5- (m-Benzvloxvb enzvll -1- (2' .3' .5'-triacetvl-B-D-rif uranosv 1) uraci l  
m. 

Canpomd l b  (10 g, 32 m l e s )  w a s  converted i n  a similar manner to 
i ts  2,4-bis- t r imethyls i lyl  d e r i v a t i v e  and t r e a t e d  with excess t r i -  
a o e t y l r i b s y l  chloride p e p r e d  as above, i n  dry toluene i n  the pe- 
s e n c e  of Hg(CN)2 t o  y i e l d  6.8 g of 2b (37%),  mp. 67-7OoC. 
NMR(DMSO-d6): 6 1.99, 2.05, 2.08 (3s, 9H, Q13 of Acetate, 3.52 (s, 28, 
CH2 a t  Cg), 4.14-4.35 (m, 3H, C41-H and C51-H)r 5.07 (6 ,  2H, CH2 Of 
term. Bzl) ,  5.34 (ad, l H ,  C31-H, J21,38=5 Hz, J31,41=5 Hz), 5.49 (ad, 

6.79-6.91 (m, 3H, o and p H  of inner B z l ) ,  7.18 ( t (dd) ,  l H ,  m-H of 
inner  B z l ,  J=8 Hz), 7.29-7.47 (m, 5H, ArH of t e r m  B z l ) ,  7.70 (s, l H ,  

l H ,  CH21-H, JlI,21=5 Hz, J21,31=6 Hz), 5.91 (d, 1 H ,  Clt-H, Jl1,21=5 HZ)r  

Cg-H), 11.50 (br.S, 1 H ,  N3-H). 
-10 W C ' d  for C29H303290 H20: C, 59.58; H, 5.52; N, 4.79. 
FOuad: C, 59-52; H, 5.66; N, 4-63. 

5-Benzv l-l-B-L%ribofuranmluracil h l .  
A s o l u t i o n  of 24 g of t h e  triacetate 2a (52 mmoles) i n  200 m l  of 

MeC€i w a s  saturated with gaseous NI3 with oooling i n  an ice bath m t i l  
t h e  volune had increased by 40 m l  (20%). The reac t ion  m i x t u r e  was 
refrigerated for 1 2  hours a t  4OC (overnight) and then a l l w e d  to  stand 
for 4 hours a t  roan temperature. After removing the solvent ,  the  
residue w a s  dissolved i n  hot water, filtered and cooled t o  y i e l d  12.0 g 
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98 CHU ET A L .  

Of 3a (69%). 

'max 268 

Kp. 182-183OC UV (pH 1): amax 268 IIIII (9300), (PH 11): 
NMR(DMSed6): 6 3.48-3.67 (m, 4H, C5-H and (32 a t  

Jb=4 Hz), 4.03 (dd, l H ,  C ~ I - H ,  Ja and Jb=4 Hz), 5.03-5.14 (m, 2H, C a r  
OH and Cgr-OH, D2@labi le ) ,  5.40 (m, l H ,  C~I -OH,  ~ ~ e l a b i l e )  I 5.75 (d, 

(7400); 
C5)r 3.84 (dd, l H ,  C4'H, Ja and Jb=3 H Z ) r  3-97 (ddr l H ,  C ~ I - H ,  Ja and 

1 H ,  Clt-H, J11,21=6 HZ),  7.15-7.30 (m, 5H, AKH), 7.85 (S,  HI Cg-H), 
11.33 (S, l H ,  N3-HI- 
-1- W C ' d  for  c16H1&06: C, 57.48; H, 5.43; N, 8.38. 
FO\nd: C, 57.86; H, 5.51; N, 8.30 

5- ~IrrBenzvloxvbenzv 1) -1-B-D-ribof uranosy 1) urac il Obi. 
Cunpmd 2b (20.0 g, 35.3 moles) was s imilar ly  deblocked t o  y ie ld  

9.5 g (61%) of the ribofuranosyl analog 3b. Kp 161-164%, W(pH 1): 

hax 270m (10,300; (pH 11): Amax 270 nIll ( ~ 0 , 0 0 0 ) ~  NMR(DMSO-ds): 
6 3.53-3.68 (m, 4 H t  %i-H and CH2 a t  C5), 3.85 (dd, 1 H ,  Cqt-H, Ja and 

and Jb=3 Hz), 5.06 (mr 4H,  CH2 of term. Bz1(2), C21-OH and C51-oHr 2H 
are D2O-labile) , 5.40 (d, l H ,  C ~ I - O H ,  J=3 Hz, D20-labile) , 5.80 (d, l H ,  
CII-H, J11,21=3 Hz), 6.78-6.92 (m, 3H, o and p-H of inner B z l ) ,  7.19 
(t, l H ,  m-H of i nne r  B z l ,  J=5 Hz), 7.36-7.48 (m, 5H, ArH of term B z l ) ,  

Jb=3 H Z ) r  3.98 (dd, 1 H ,  C ~ I - H ,  Jar Jb"3 HZ),  4.05 (dd, 1 H r  C ~ I - H ,  Ja 

7.90 (S, 1H,  Cg-H), 11.34 (s, 1 H ,  N3-H). 

Anal. Calc'd f o r  C23H24N207: C, 62.72; H, 5.50; N, 6.36. 
Found: C, 62.75; H, 5.55; N, 6.28. 

5-Ben~vl -1-(2,2'-anhvd ro-B-barabinofuranosv1)uracil ( l a ) .  

According t o  t h e  procedure of Hampton and Nicho19, a mix tu re  of 
t h e  ribofuranosyl ana log  3a (5.0 g ,  15 mmole), diphenyl carbonate 
(5.0 g, 23 m o l e ) ,  and NaH003 (0.10 g )  i n  dimethyl formamide (10.0 m l )  

was heated a t  150% for 30 minutes mder nitrogen "he DMF was removed 
sp in  evaporation and t h e  residue washed with Et2o by decantation and 

then s t i r red  t o  i n d u e  c r y s t a l l i z a t i o n  R e c r y s t a l l i z a t i o n  from EtOH 

and drying y i e l d e d  3.55 g (75%) , m p  227-228OC UV(Et0H): X m a x  254 m 
(8300). NMR(pyr-dg): 63.68 (d, lH, C5'H, J=15 Hz), 3.85-3.94 (mt ~ H v  

CH2 a t  C g ) ,  3.97 (d, l H ,  Cgt-H, J=15 Hz),  4.79 (a t ,  l H ,  Cqt-H, 
J3#,41=2 Hz, J41,51=5 Hz), 4.96 (s, >2H, H20 and OH), 5.16 (m, la, c3t' 

(m, 7H, ArH and C g H ) .  No peak a t  11.3 (N3-H). 

H ) ,  5.67 (d, 1 H p  c21-H~ J=6 H z ) ,  6.59 (a, l H ,  C l r H ,  J=6 H z ) ,  7.0&8.10 

Anal. Calc'd f o r  C16H16N205: c,  60.75; H, 5.10; N, 8.85. 
Found: C, 60.45; H, 5.16; N, 9.14. 
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5-BENZYL AND 5-BENZYLOXYBENZYL 2,2'-ANHYDROURIDINES 99 

5- (m-Benzvloxvbenzv 1) -1- (2.21-~drc-B-Earabinof uranosvl) urac il (4b). 
The sane prooedure w a s  used t o  prepare the anhydro derivat ive 4b 

frcm 1.0 g (2.3 m o l e s )  of t h e  corresponding r ibonucleoside 3b, to  
y i e l d  0.55 g (57%), m p  84-9OoC UV(Et0H): X m a x  255 nm (9400). 

- 

Nm(Wr-d5): 63-70 (d, l H ,  %!-HI J=15 Hz), 3.90 (III, l H ,  C41-H), 4.02 
(d, 1 H ,  C51-H, J=15 H z ) ,  4.79 (at ,  l H ,  C41-H, J31,41'5 Hz, 
J41,512 Hz), 4.96 (s, >2H, H20 and 2 CH), 5.06, (6,  2H, Ql2 of term. 
B z l ) ,  5.18 (m, l H ,  C31-H), 5.67 (d, l H ,  C21-Hr J=6 Hz), 6-60 (a, 1 %  
Clt-H, J=6 Hz), 6.93-7.06 (m, 3H, 0 and p H  of inner B z l ) ,  7.30-8.11 
(m, 7H, rest of ArH and C6-H). No peak  a t  11.3 (N3-HI. 
Anal. Calc'd for C23H22N206 H2O: c, 62.72; 
Found: C, 62.49; H, 5.61; N, 6.31. 

H, 5.49; N, 6.36. 

5-Benzv 1-1- (B-D-arabinofuranosvl) uracil (5a). 

A solution of 500 mg (1.58 m o l e s )  of the anhydronucleoside l a  i n  
20 ml of 0.1 M NaOH was s t i r r e d  a t  room temperature for 1.5 hours and 
then n e u t r a l i z e d  wi th  Rexyn 101 (K)). The r e s i n  was f i l t e r e d  off  and 
washed with water. The combined f i l t r a t e s  were evaporated under 
v a c u m  The residue w a s  chranatogramd on a silica gel premrat ive 
plate,  and t h e  aBropriate  band s c r a p d  off and e lu ted  with CH2c12-~  
(20:l) t o  g i v e  350 mg of t h e  a rab inos ide  5a (66%), np 211-212% 

6 3.45-3.60 (m, 4H, CH2 a t  C5 and C51-H). 3.70 (ad, l H ,  C41-H, 

J31,41=3 Hz), 4.01 (br.s, l H ,  C21-H),5.03 (br.s, l H ,  Cgi-CH), 5.45 (d, 

UV(pH 1): amax 269 (9000); (PH 11): amax 269 Nn (7690). Nm(DMSOd6): 

J31,41=4 Hz ,  J41,51=4 Hz), 3.89 (dd, l H ,  C-ji-H, J21,31=3 Hzr 

lHtC31-OHr J=3 HZ),  5.57 (br.S, l H ,  C2t-OH)r 5.99 (d, l H ,  C1t-Hr J= 

4 Hz)r 7-14-7.32 (mr 5Ht k H ) t  7.54 (S, 1 H ,  Cg-H), 11.30 (s, 1 H ,  N3-H). 
Anal. Calc'd for C16H18N206: c, 57.48; H I  5-43; N, 6-38. 
Found: C, 57-49; H, 5-73; N, 6-36. 

5- (m-W loxvbenzvl)-l-(~-D-arabinofuranosvl~ uracil (5hl. 
A suspension of 1.0 g (2.37 mwles) of the anhydronucleoside 4b i n  

a mixture of 40 m l  of 0.1 M sodiun hydroxide and 20 ml of methanol w a s  
s t i r r e d  a t  room temperature overnight  and then  n e u t r a l i z e d  with 
e x y n  101 (PI. The 
combined f i l t r a t e s  were evaporated under vacuum. The residue was 
applied t o  a preparative chranatography p la te  and the band containing 

The resin was f i l t e r e d  off and washed with water. 
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5b e l u t e d  with cll2C12-MeOH (20:l) t o  g i v e  0.80 mg of 5b (77%). W(pH 

1): amax 270 nm (12,000); (PH 11): Xmax 270 nm (12,000). After re- 
crystal l izat ion frun EtCH-Acetane it melted a t  195-6OC NMR(D-6): 
6 3.47-3.62 (m, 4H, CH2 a t  C5 and C ~ I - H ) ,  3.72 (dd, l H ,  Cql-Ht 
J31,41=4 Hz, J41,51=4 H z ) ,  3.91 (dd, l H ,  C ~ I - H ,  J21,31=4 Hz,  

J31,41=4 H Z ) ,  4.01 (dd, 1 H ,  C ~ I - H ,  J1t12t=4 Hz, J21,3'=4 H Z ) r  5-05 (Sr 

3H, cll2 of term.Bz1 and Cgi-OH), 5.44 (d, l H ,  C~I-OH, J = 4  Hz), 5.59 (d, 
l H ,  C~I -OH,  J=5 Hz), 6.00 (d, l H ,  Cl I -H,  J=5 Hz), 6.77-6.87 (m, 3H, o- 
and p H  of inner Bzl ) ,  7.18 (t, l H ,  m-H of inner B z l ,  J=8 Hz), 7.31- 
7-47 (m, 5H, ArH Of t e m B z l ) ,  7.56 ( 6 ,  1 H ,  Cg-H), 11.30 (S, 1 H ,  N3-H)- 
Anal. Calc'd f o r  C23H24N~q: C, 62.72; H,  5.50; N, 6.36. 
Found: C, 62.70; H I  5.56; N, 6.29. 

5-Ben~vl-2 ' -br0-2 ' -deoWr idine (&I. 
A solutian of 1.6 g (5.1 mnoles) of anhydronwleoside i n  a mixture 

of 18 m l  of 8% HBr i n  DMF was heated a t  100°C f o r  15 minutes.  After 
evaporation of the s o l v e n t  under vacuum, t h e  residue was chranato- 
g r a m d  on a preparative silia gel plate and eluted with CH2C12-MeoH 
(20:l) t o  g i v e  1.4 g of t h e  branide 6a (70%). M.p 88-92OC; UV(Et0H):  

CH2 a t  C5),3.55-3.72 (m, 2H, Cg1-H),3.95 (dd,lH, C ~ I - H ,  J,,Jb=3 Hz), 

Clt-H, J=6 Hz), 7.15-7.29 (m, 5H, ArH), 7.98 (S, l H ,  Cg-H), 11.42 (8,  

imax 264 Nn (9100); NMR(DMSO-ds): 6 2.09 (8 ,  <2H, C2t-H)t 3.52 (Sr  2H, 

4.11 (t, l H ,  C ~ I - H ,  J=5 H z ) ,  4.62 (t, l H ,  C21-Hr 5 4  Hz), 6.13 (a,  HI 

1 H I  N3-H). 
Anal. Calc'd for C16H17N~OgBr 0.25 H20: C, 47.84; H, 4.39; N, 6.97. 
Found: C, 47.60; H, 4.43; N, 7.08. 

. .  5- (WBenZv loxVbenzV 1)-2'-brcmw 2'--ne a. 
The anhydro compound 4b (1.6 g, 5.8 m o l e s )  was brominated i n  a 

similar manner t o  y i e l d  1.5 g (79%) of t h e  corresponding bromide 6b. 
The ccmpotnd was isolated as an o i l  and used without further purifica- 

C5), 3.67-3.80 (m, >6H, C ~ I - H ) ,  3.91 (m, <1H, C4t-H), 4.12 (m, <1H, 

c31-H)~ 4.64 (t, <1H, C~I-OH, J=5 Hz), 5.05 (8, 2H, of tenn.Bzl), 
6.14 (d, <1H, C1t-H, J=6 Hz), 6.76-7.91 (m, <3B, o and p H  of inner 
Bzl),  7.15-7.22 (m, l H ,  m-H of inner Bzl ) ,  7.27-7.46 (m, 5H, ArH of 

tion. Nm(DMSO-d6): 6 2.09 (S, <1/2H, C ~ I - H ) ,  3.50 (S, 28, a 2  a t  

t e r m B z l ) ,  7-99 (S, < 1 H ,  Cg-H), 11.46 ( 8 ,  < 1 H ,  N3-HI. 
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5-Benzv l-deomu ridine f7aL 
The bruninated compound 6a (1.2 g, 3 m o l e s )  was d i s s o l v e d  i n  a 

mixture of 16 ml of benzene and 5 ml of MeUl and reduced by the proce- 
dure of &babe* and B e r h e k l l ,  with t r i b u t y l t i n  hydride (3 g i n  3 ml 
of benzene) i n  t h e  presence of 100 mg of 2,2'-azobi~2-methylpropic- 
n i t r i l e  (AIBN). The mixture was ref luxed  f o r  30 minutes, evaporated 
under vacuum, and t h e  residue t r e a t e d  wi th  50 ml of l i g h t  petrolem 
ether. It w a s  then chranatogra@sd on p e p r a t i v e  silica gel plates 
and e l u t e d  with a32Cl~MeOH (2O:l) t o  g i v e  0.7 g of the  deoxyribosyl 

analog 7a (73%). UV (pH 1): A max 268 rm (9800); 
(pH 11): Amax 268 nm (9500). NMFt(DMSW6): 6 2.08 (br.s, 2H, C ~ I - H ) ,  
3.44-3.60 (m, 48, QI2 a t  C5 and Cst-H), 3.76 (d, l H ,  Cqt-H, J=3 Hz), 
4.22 (br.8, l H ,  C ~ I - H ) ,  5.02 (br.s, l H ,  Cgl-OH), 5.25 (d, l H ,  C3t-OHr 
J=4 Hz), 6.16 (t, l H ,  C1rH, J=7 Hz), 7.157.30 (m, 5H, A r H ) ,  7.78 (8 ,  

M.p 123-125OC; 

l H ,  C g H ) ,  11.31 ( 8 ,  1 H ,  N3-H). 
&I&. Qlc'd for C16H@& 0.5 H20: C, 60.38; H, 5.66; N, 8.80. 
Found: C, 60.37; H, 5.70; N, 8.80 

!i-(In-Bennr l o ~ n z v  1) -deoxv uridine 17bl. 
The bruno analog 6b (1.0 g, 2 m o l e s )  i n  a mixture of 1 4  ml of 

knzem and 2 ml of MeoH was reduced using 1.5 g of t r i b u t y l t i n  hydride 
in  3 ml of benzene and 70 mg of AlBN The mixture was heated t o  reflux 
for 30 minutes and worked up as above to  give 0.65 g of the oorrespon- 
ding deoxyribosyl ana log  7b (77%). M.p. 157-161OC; UV(pH 1): A m x  

(m, 2H, C ~ I - H ) ,  3.46-3.58 (m, 4H, CH2 a t  C5 and Cgi-H), 3.77 (ad, 18, 
c41-H~ J31,4t=6 Hz, J41,51=4Hz), 4.23 (br.s, l H ,  C31-8)~ 5-03 (t, l H ,  
%'-OH, J=5 Hz), 5.05 (8 ,  2H, CH2 of t e r m B z l ) ,  5.25 (d, l H ,  C~I-OH,  

J=4 Hz), 6.16 (t, 1 H ,  Clt-H, J=7 Hz), 6.78-6.89 (m, 3H, o and p-H of 
inner  Bzl ) ,  7.18 (t, l H ,  wH of i n n e r  B z l ,  J=8 Hz), 7.29-7.47 (m, 5H, 

268 IBTI (9800); (PH 11): 'max 269 IYII (8800). NMFt(DMSO-CI6): 6 2.07-2.12 

ArH O f  term.Bzl), 7.80 (6, 1H,  Cg-H), 11.32 (8, 18, N3-H). 

Anal. Calc'd for C23H24N20e Ct 65.09; HI 5-66; NI 6-60. 
Fornd: C, 64.92; H, 5.84; N, 6.40. 
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