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Abstract - A method for the synthesis of the potent anti-herpes agent, 
(E)-5-(2-bromovinyl)-2’-deoxyuridine (BVDU) (1) is described. A trace bye- 
product of the synthesis has been identified as 5-(1,2-dibromo-Z-succini- 
midoethyl)-2’-deoxyuridine (5). A similar bye-product, 5-(1.2-dibromo-2- 
succinimidoethyl)uridine (4) is formed during the synthesis of @)-S-(2- 
bromovinyl)uridine (3). The following derivatives of BVDU h?ve been syn- 
thesised : 3’_O=ethyl (8). 3-methyl (9). 4-g-ethyl (ll), 0 ,5’-anhydro- 
(E)-5-(2-bromovinyl)-2’-deoxyuridine (13) and @)-5-(2-bromovinyl)-2’-deo- 
xyisocytidine (15). Whereas compounds 8. 9 and 15 showed little, if any, 
antiviral activity, 11 and, in particular, 13. were significantly active 
against herpea simplex virus type 1 and varicella-soster virus. 

(E)-5-(2-Bromovinyl)-2’-deoxyuridine (BVDU) (1) is an extremely potent antiviral agent against 

herpes simplex virus type 1 (HSV-1) and varicella-soster virus (VZV).l The synthesis and antivi- 

ral activity of this compound was first briefly reported by us in 1978.2 The method used for the 

synthesis was to condense (E)-5-(2-bromovinyl)uraci13 with 3.5-di-g-toluoyl-2-deoxy-a-D_ribofura- 

nosy1 chloride, separation of the resulting mixture of z and 6 anomera and removal of the protec- 

ting groups. This synthesis has since been described in detail.4 Because of its tedious nature 

and low yields, this method is not suitable for the large-scale synthesis of BVDU, ao alternative 

procedures were investigated. The first of these involved the conversion of 2’-deoxyuridine into 

(E)-5-(f-carboxyvinyl)-2’-deoxyuridine (2) via the 5-chloromercuric derivative and then a S-pal- 

ladium derivative. Treatment of 2 with E-bromosuccinimide gave the product.’ Although this method 

was quite convenient it was too expensive for commercial use. A synthesis which is suitable for 

large scale preparation has been developed in collaboration with others’ and is described in de- 

tail in this paper. In this procedure compound 2 is obtained from 2’-deoxy-5-iodouridine by a 

palladium-catalysed coupling reaction with methylacrylate and subsequent hydrolysis of the ester. 

Conversion of 2 into the product (1) was achieved with N-bromosuccinimide essentially as pre- 

viously described. 
5 

nyl)uridine (3) . 7 
A similar series of reactions has been used to synthesise (E)-5-(2-bromovi- 
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We have now carried out further studies on this synthetic procedure and also have made deri- 

vatives of BVDU (2). 

During the final stage of the synthesis of 3 it was noticed that a small amount (s 3 X) of 

another nucleoside had been formed. The U.V. spectrum of this minor reaction product suggested 

that the side chain at C-5 was saturated. On the basis of microanalytical and n.m.r. spectral 

data it was concluded that the compound was 5-(1,2-dibromo-2-succinimidoethyl)uridine (4). Similar 

treatment of 2 with E-bromosuccinimide gave in addition to BVDU (1). about 3 X of a product, 

which from 1H n.m.r. spectroscopy, elemental analysis and f.a.b. mass spectrometry was shown to 

be a 5-(dibromosuccinimidoethyl)-2’-deoxyuridine. The structure, 5-(1,2-dibromo-2-succinimido- 

ethyl)-2’-deoxyuridine (5) was assigned by analogy with 4. It was expected that 4 and 5 would be 

mixtures of diastereoisomers, but the signals in the 
1 
H and l3 C n.m.r. spectra were not resolved. 

4 R-OH 

HO 0 

52 
OH R 

As it was thought that 4 and 5 might have arisen by the addition of i-bromosuccinimide to 3 

and 1 respectively, 1 was treated with one equivalent of x-bromosuccinimide under the appropriate 

conditions. A complex mixture of products (> 6) was obtained which was only partly separable by 

column chromatography. Two of these products had f.a.b. mass spectra which were consistent with 

structure 5. However, this result makes it doubtful whether 5 was formed from 1. It appears more 

likely that 5 arose from 2 by an alternative pathway. The presence of 5 as an impurity in BVDU 

might have some consequences for the clinical use of the latter. 

In order to study the effect of subatituents on the biological activity of BVDU. some alkyl 

derivatives have been synthesized. Treatment of 1 with t-butyldiphenylsilyl chloride gave the 

S’-O_-t-butyldiphenylsilyl derivative (6) in 67 X yield. Reaction of 6 with methyl iodide and so- 

dium hydride (2 equivalents) in tetrahydrofuran gave the 3’-g-methyl derivative (7). The struc- 

ture assigned to 7 was based upon the n.m.r. spectrum which showed the presence of an -NH and an 

-OCH3 group and the absence of a 3’-OH group. The U.V. spectrum also showed the presence of an 

-NH group. Treatment of 7 with tetrabutylammonium fluoride gave (E)-5-(2-bromovinyl)-2’-deoxy-3’- 

O_methyluridine (8). Reaction of 1 with methyl iodide in methanol in the presence of sodium car- 

bonate gave (E)-5-(2-bromovinyl)-2’-deoxy-3-methyluridine (9) which was identified by its lack of 

an -NH group and the presence of -NCH3, 3’-OH and 5’-OH groups (n.m.r.) 

The 4-O-ethyl derivative of BVDU was obtained by treating 3’ ,5’-di-O_-acetyl-(E)-5-(2-bromo- 

vinyl)-2’-deoxyuridine (10) with phosphoryl chloride and PJ-methylimidazole in acetonitrile. The 

intermediate 3-methylimidazolium compound so formed was treated with ethanol and then triethyl- 

amine to give (E)-5-(2-bromovinyl)-2’-deoxy-4-g-ethyluridine (11). The synthesis of 4-g-alkyl de- 

rivatives of thymidine by a similar procedure has been reported recently. 
g To obtain the 2-O-me- 

thy1 derivative of BVDU, (E)-5-(2-bromovinyl)-2’-deoxy-S’-O-p-toluenesulphonyluridine (12) was 

treated with base to give O2 ,5’-anhydro-(E)-5-(2-bromovinyl)-2’-deoxyuridine (13). which upon 

treatment with methanol gave (E)-5-(2-bromovinyl)-2’-deoxy-2-0_methyluridine (14). A similar se- 

ries of reactions, but using mania in methanol to open the anhydro ring of 13 gave @)-S-(2- 

bromovinyl)-2’-deoxyisocytidine (15). 
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As has already been reported,9 compound 10 shows a significant activity against herpes sim- 

plex virus type 1 (nIc5o 0.2 pg/ml) . The activity has been confirmed by the present investiga- 

tions (Table 1). Compound 8 has no antiviral activity and compound 9 has low activity against 

HSV-1 (Table 1). This extends previously reported data for compounds 8 and 9 
10 and also points to 

the necessity of both the 3’-OH and the 3-NH groups of the high activity of BVDU. Compound 11 was 

lOO-fold. and compound 13 was only lo-fold less active against HSV-1 than was BVDU (Table 1). 

With BVDU, compounds 11 and 13 also shared a similar activity spectrum. in that they were consi- 

derably less active against HSV-2 and vaccinia virus and inactive against the RNA (vesicular sto- 

matitis) virus and thymidine kinase-deficient (TR-) HSV-1 variants. Compound 15 did not show an 

appreciable antiviral effect (Table 1). 

Because of their marked activity against HSV-1, compounds 11 and 13 were further evaluated 

against a broader array of herpesviruses. and as shown in Table 2, they proved active against VZV 

at the same MIC50’s as found for their activity against HSV-1. They were also inhibitory to suid 

herpesvirus type 1 (SHV-l), bovid herpesvirus type 1 (BHV-1) and herpesvirus platyrrhinae (HVP), 

but not to equid herpesvirus type 1 (EHV-1) or TK- VZV variants. 
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Table 1. Antiviral activity of compounds 1, 8, 9, 10, 11. 13 and 15 against herpes simplex virus 

VirIl.9 Minimum inhibitory concentration (MIC50)* (ug/ml) 

a 9 10 11 13 15 
(BA”) 

HSV-1 (KOS) 
WV-1 (F) 
WV-1 (McIntyre) 
WV-2 (C) 
HSV-2 (196) 
HSV-2 (Lyons) 
Vaccinia 
Vesicular stomatitis 
TK- HSV-1 (B2006) 
TK- HSV-1 (VMW 1837) 

> 400 
> 400 
> 400 

300 
300 

> 400 
> 400 
> 400 

ND 
ND 

20 
70 
20 

150 
150 
150 

> 200 
> 400 

ND 
ND 

0.2 2 
0.2 2 
0.2 2 

20 150 
70 300 
70 150 

7 70 
> 400 > 400 

ND 300 
ND 300 

0.2 70 0.02 
0.2 70 0.02 
0.4 150 0.02 

40 > 400 2 
150 > 400 20 
30 > 400 7 
40 > 400 7 

> 400 > 400 > 400 
300 > 400 100 
300 > 400 > 400 

f Required to reduce virus-induced cytopathogenicity in primary rabbit kidney cell cultures by 
50 X. For further details on the virus strains and methods used, see ref. 11. 
ND : not determined. 

Table 2. Antiviral activity of compounds 1, 11 and 13 against varicella-zoster virus and 
other herpesviruses 

Compound Minimum inhibitory concentration (MIC,,)* (pg/ml) 

vzv CMV SHV-1 BHV-1 HVP EHV- 1 

YS Oka YSR 07-l Davis AD-169 
(TK-) (TK-) 

11 2 2.5 > 400 > 400 20 20 2 2 2 300 
13 0.1 0.2 > 400 > 400 > 100 > 100 0.7 2 0.2 > 400 

1 (BVDU) 0.006 0.007 > 400 > 400 300 200 0.07 0.2 0.02 > 400 

f Required to reduce virus-induced cytopathogenicity in primary rabbit kidney cells (SHV-1, 
BHV-1. HVP. EHV-1) or human embryonic lung cells (VW, CMV) by 50 X. For further details on the 
virus etraine and methods used, see ref. 15. Data for 1 were taken from ref. 11. 

From the data presented in this report it thus appears that the presence of a 4-O-ethyl 

group and 02,5’-anhydro linkage in BVDU are compatible with significant antiviral activity, and 

the activity spectrum of the products (11 and 13) is remarkably similar to that of BVDU. 
12 
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N.m.r. spectra mra racordod on Variao XL100 (100 MHz), Joel W9OQ (90 mz) aad Jo01 (X270 (270 
MHZ) instrumontm with (CD ) SO u solvent ualaaa otharui.n* l tatd. U.V. spactra wore -rod on 
A Parkin-Elmr 552 l pactr aa p otomator and mum apoctra on a Kratos M800 maso apoctraotor. Column 
chromatography was carriui out on l ilica gal, Kidgal 60 typa 7734. 0.063-0.200 IP, 70-230 m08h 
ASTM (E. Merck A.G.. Datutadt, W. Co-y). All uporimonts ware carrid out under scrupulously 
dry conditiona doas othand~ etatad and all l vaporatim wara carried out under reduced pram- 
nuta. 

IE)-5-(Z~rbouthox~~yl)-Z'd~ryurid~. A mixturo of palladium (II) acatato (0.21 g, 0.9 
amola). triphanylphomphina (0.52 g, 1.9 mmola) and rodiatilled triathylamima (3.5 ml) in diouru 
(35 ml) vls atirrad at 7O'C until UI intanao red colour bul davalopd. To thin thorn van than ad- 
ded Z'-dooxy-5-iodauridina (7.0 g, 1.9 -la) and mathyl acrylate (3.3 g, 3.8 -14 aa A elurry 
in dioxnn (10 ml) ti the mixture bollod under raflux for 40 min. It vao than filtarod wbila 
still hot and the filtrate cooled overnight to 4°C. The rmnltiag palcyollw procipitato wao 
filtarod off, vuhd vith dichloromathana (3 x 15 ml) and dried in vacua to give tha product an a 
white solid (4.2 g, 70 X yield). m.p. 17O'C; U.V. (pH 7 in H O)T: am (ah) (E, 10900). 301 
om (c, 16700). X& 271 m (E. 10800); n.m.r. 6 2.2 (28, 1. 1&2',,~6 (211, m, E-S'), 3.7 (38. s, 
-CH ), 3.8 (la. m. H-b'), 4.31 (1H. m, H-3'), 5.2 (28, be, 4X-3'. -OH-5'). 6.12 (IH, t. H-l'), 
6.83 (18, d, vinylic H, J 16 Ez). 7.37 (la. d. vinylic 8, J 16 Et). 8.41 (la, a, H-6), 11.0 (18, 
be. -NH). 

IE)-5-(Z-C~rbo~~yl)-Z'd~xyurid~ (2). (E)-5-(2-Carbamothoxyvinyl)-2'4eoxyuridino (2.0 g, 
6.4 clmola) wan added to aquaow 1M NaOB (100 p17 and the mixture l tirrad at 5 20°C for 40 h, fil- 
tared amd tha clur filtrate adjusted to pE 2 with 1M ACl. On cooling to x bY A whita procipi- 
tato formod. This vu filtorad off and -hod with water (2 x 20 ml) amd acotolu (2 x 20 ml) aud 
dried to give tbo product (1.3 g, 65 X yield). r.p. 267'C; U.V. (pH 7 in H 0) 1 
11800), 297 mm (E. 14600), A 275 mm (E. 10900); n.m.r. 2.18 (28. t, H-2'),23.62m&i,2? ES';: 
3.8 (lH, m, E-5'). 4.22 (lE%, H-3'), 5.15 (ZH. bs, -OH-3' , -OH-5'), 6.11 (la, t, H-l'), 6.74 
(18, d. vinylic 8, J 16 Be), 7.25 (18, d, vinylic 8. J 16 Hz), 8.35 (la, a, H-6), 10.9 (la. be, 
-C02H), 11.4 (lH, ba, -NH). 

(E)-5-(Z-Brwvinyl)-Z'-dooxyuridina (1). To a solution of compound 2 (5.0 g, 15 pmola) in dti- 
thylformemida (DMF) (25 ml) thorn wan added potaeaium carbooato (4.75 g, 34 -10) and the BUB- 
pansion atirrod at ~2O'C for 15 min. A solution of E-bromosuccinimida (2.84 g, 16 -la) in DHF 
(25 ml) vu added dropuiao ovar 30 min at -2O'C. The resulting muspo~iomwam filterad India- 
toly @or auction amd tha solid v-had wall vith DMF. Tha cabinad filtrate and washinga voro 
l vaporatad to dryames in vacua to complato rmvo the DMF and the realduo diaaolvod in ethanol. -- 
To thin silica go1 was added and the ~uapa~ion l vaporatad to drywarn ubi tha solid l pplid to 
the top of a ~1111~ gal column praparod in chlorofomthanol (9:l). The column WM l lutod with 
the a- l olvant follwod by chloroform-ethanol (3:l). Tbo first auclooaida l lutod wu tha pro- 
duct (3.79 g, 68 X yiald). Cryetallisation ftom vator gave white noodlu, m.p. 1bl’C (Found: C, 
39.4; H, 4.0; N. 8.4. Calc. for C11H13BrN 05C C, 39.7; H, 3.9; N. 4.1 X1; U.V. (ethanol) h 250 
am (E. 13100), 294 nm (E, 10250). X 233 nm (E, 6400); n.a.r. 6 2.15 (28, m. E-2'). 3.$bx(ZH, 
m, 8-Z'). 3.60 (28, m, H-S'), 3.80 a m. H-b’), 4.25 (18, m, H-3'). 5.07 (1H. t, 4X-5'). 5.23 
(lH, d, -O&3'), 6.13 (1H. t. H-l'), 6.82 (lH, d. vinylic 8, J lb Hz). 7.26 (lH, d. vinylic H, J 
lb Hz), 8.08 (lH, a, a-6). 11.57 (la. 8, -NH). 

5-(1,2-Dibromo- 2-succiaimldoothyl)-Z'-dooxyuridina (5). Furthat l lution of tha columo uaod to 
iaolata 1 gave mothor auclooaida product (150 mg, 3 % yield) which warn idontifiod AS 5 (Found : 
C, 35.5; Ii, 3.2; N. 7.9. C H Br N 0 raquiram C, 35.25; H. 3.35; N, 8.2 X); U.V. (othamol) x 
267 nm (E, 10600); n.m.r. b51!~5-~.~07(2H, m, H-2'). 2.70 (bH. . -Cl3 -CE -), 3.60 (18, PI, E-ST 
3.80 (1H. m, H-4'). 4.30 (la. bd. H-3'). 5.10 (lH, t, -OH-5'). 5:Z.S (SH, 4, -OH-3'), 5.65 (la. d, 
-CHBr-N-), 6.20 (18, t, H-l'), 6.60 (la. d, -CH$r-C-), 8.40 (la, a, H-6), 11.$5 (la. a, -NH); 
f.a.b. maas epoc. m/z 512 (M + H), 396 (Baaa + H) , 297 (BMO - aucciniaido + H) . All puka eho- 
wad isotopic satollitos in the ratio 1:2:1. 

. 
5-(1,2-Dibromo-2-aucciaimid~thyl)uridina (4). (E)-5-(Z-Carboxyvinyl)uridina (8.64 8)’ WAS tree 
tad with N-bromoeuccfnlmida uodor the samn conditions as daacribul 8bova for compound 2 and tha 
ruction mixture worked up in a similar way. The firat nucloosida l lutrd from tha columo ran (g)- 
S-(Z-bromovinyl)uridina (5.9 g, 62 X yield), idoatical to that provioualy obtalnod by us. 
Purthar l lution of the column 8AVa thr product (4) (250 mg, % 3 X yield) (Found : C, 36.1; H, 
3.2; N, f.0; C H Br2N 0 raquiros C, 34.2; H. 3.25; N, 8.0 X); U.V. (ethanol) x 
10580); H n.m!z.li 2.7a BbH. a, -CE -CH -) 3.55-3.75 (2H. m, H-S'), 3.80-3.90 ~,2~~ Eb’;: 
3.90-6.20 (28. m, H-2'. H-3'). 5.h5?40’ (3H, bd. -OH-Z'. -OH-3'. -08-S'). 5.70 (le. d, 
-CEBr-N-). 5.85 (la, d, H-l'), 6.62 (la. d, -CHBr-CT). 8.40 (1H. 8, H-6). 11.60 (la, bd, -NH); 
f.a.b. maam apoc. n/s 528 (M + H) , 396 (% + H) , 297 (BAOO - succinimida + H) . All poak.~ 
show isotopic aatollitos in tha ratio 1:2:1. C a.m.r. 27.5 (-CH -CH ). 44.1 [-C(Br)N(COCH ) 1, 
53.0 (-CHBr). 61.2 (C-5'). 70.1 (C-2'). 73.9 (C-3'). 85.2 (C-S'), %8.32(c-l'), 105.7 (C-5). tbs.1 
(C-6). 149.8 (C-2). 161.8 (C-4). 176.5 (2 x C-O 
carried out ASI dascribad in the litaraturo.13*1 i* 

The "Imopt" & "off roaonanco" procaduroa war@ 

(E)-5-(2-Brooovinyl)-2'-dooxp-5'4t-buLyldiphnyls~ylurld~ (6). A mixture of collpound 1 
(1.56 g. 4.7 ~10). triothylamino (0.52 8, 5.1 -la). dlnthylaminopyridimo (0.15 g. 1.2 -10) 
and t-butyldiphanyleilyl cblorida (1.43 g, 5.2 -10) III DMF (i0 ml) & stirrd at z ZO’C for 12 
h. Water (10 ml.) was thar added and tha mixture l vaporatod to luvo a gua which wu diasolvul in 
chloroform (50 ml). Thin solution vu utractad vith vatat (2 x 30 ml) and the chloroform layer 



4606 M. ASHWELL et 41. 

.aparatod a.d l vaporatad to a mall volum. and the material purifiad by column chromtography. 
glution of th. colum vith chloroform and evaporation of tha appropriat. fractiona gav. th. ra- 
quirad mtorial a. a white .olld. Cry.talli.ation from chloroform-hmam gava the product a. flm 
vhlto nud1.a (1.8 g. 67 X yield) (Pomd : C, 57.0; B, 5.5.; N, 4.8. C E BrN 0 Si roquira. C, 
56.7; 8. 5.5; N. 4.9 X); U.V. (pH 7 in E 0) X 247 n. (E. 11780), 293 %I?.+!, 1%&O), 232 m (c, 
9940), 270 rm (E, 6470); (alkalin. .tha& A- 240 nm (E, 13310). 287 n. (c, 9060). .I 235 mi 
(E, 11530), 252 n. (E, 8870); n...r. 6 1.02 m 0, SiC(CE ) ). 2.20 (2H. t, H-2'), 3.*(3H. m, 
~-4, E-S'), 4.30 (1H. II, E-3'), 5.30 (la. ., -DE-3'). 6.18tl+. t, H-l'), 6.56 (la. d, vlnylic H, 
J 16 Hz), 7.22 (1H. d. viuylic A, J 15 Hz), 7.35 (SH, PI, ArE), 7.50-7.75 (68. ., ArH, H-6), 11.6 
(1H. 0, -NE). 

(E)-5-(P-Bromv inyl)-2'-daory-3'-O-mthyl-5'4t-butyldiphnyl.llyluridim (7). Compomd 6 (1.02 
II. 1.8 mol.) vu .uouu&d in totrahydrofuran (20 al) aud .odlu. hvddtid. (87 at, 3.9 mol.) va. 
&dad and thr mixtur.-.tirr.d for a f&th.r 6 h.. It va. th.n pourwl -into .thawi(40 ml). rmutra- 
limd with glacial ac.tic acid and evaporated to drym.a. The ra8iduo van fractionat.d by column 
chromatography u.ing chloroform-m.th.nol (19:l) a. th. l luant. Umoval of tha .olvuxt from th. 
approprlato fractiona gave tha product a. a whita .olid (400 18, 40 X ylald) (Pound : C, 57.5; R, 

57.2; 8, 5.7; N. 4.8 X); U.V. (pH 7 in H 0) A 
:;1'13";16P;~~8~3~~N~~~~~~~~ (c 7432); (a.lkali.n. l thawl) x 255 +m (?a&&" 
x 272 (E, 10180); 'n.n.r. 6' I.%? (9E, 
39 (211. 1, H-5'). 4.03 (2H, 1) H-3'. 

. , -&H ) ), 2.30 (2E. . . H-2'P;Y.28 (38, :. -0cE ; 
H-4'). 6.13 3(1H, t, H-l'). 6.60 (la. d. vinyllc E. J31; 

Hz). 7.25 (lH, d, vinylic E, J 15 Hz), 7.42 (SE. m, ArE), 7.61 (5H, . . ArE), 7.72 (16. ., H-6). 
11.62 (la. a, -NE). 

(E)-5-(2-Br~vinyl)-2'-d~ry-3'~thyluridln. (8). A mixture of compound 7 (347 mg. 0.6 
-10) ti t.trabutylamonium flwrido trihydrato (270 mg. 0.8 mol.) in t.trahydrofuran (30 ml) 
WA. l tirrad at 20°C for 18 h. Et-1 (lo-ml) wa. th.nrddad and th. mixturo baporatad to dry- 
n.... The rorldu. wu fract1onat.d by column chromtography. Elution of the column with chloro- 
form-at-1 (19:l) ti evaporation of the approprlat. fraction. gava tha product a. a whita ao- 
lid (150 mg, 70 X yield) (Pound : C, 41.5; E, 4.4; N. 7.9. C H BrN 0 r.quir.8 C. 41.5; E, 4.4; 
N, 8.1 X); U.V. (pH 7 lo H 0) X 247 n. (E. 14380). 293 A2 I$', &is,, X 267 n. (E. 7660); 
(alkalina l thanol) X 
2.24 (2H, II, E-2'). m8 

25311. c 15170). 285 m (E, 274 m e 10314)' n m r 6 
(3E, ., -CCE ), 3.60 (28, P. E?3'?);&42B. . . H-3'. H-5'): 5:l; ilE 

t, -OH-S'), 6.06 (la. t. H-l'). 6.833(1H, d, vinylic 8, J i5 Hz). 7.25 (la, d. vinyllc H, J 1; 
Hz), 8.04 (1H. a, E-6), 11.58 (la, ., -NE). 

(E)-5-(2-Bromvfnyl)-2'-d.oxy-3-mthyluridim (9). A .olution of colllpound 1 (400 ag, 1.2 mol.) 
in a.thawl (30 rl) vaa l t1rr.d with .odlum carbonat. (260 ng, 2.4 ml.). PLthyl iodida (270 ng, 
1.9 nolo) wa. add& the vu.01 .ulod and th. mlxtura atlrrd at s 20°C for 18 h. The ruction 
mixture WM .vaporatd to dryn... and the r..iduo utractul with acoton.. The acotolu utract wu 
filtorod, th. filtrata .vaporat.d to dryn... and the ro.idu. fractionated by collrm chromtogra- 
phy. Tbo calm vu l 1ut.d with chlorofoxwm. thanol (19:l) .nd the appropriate fraction. colloc- 
tad and .vaporatod to dryn... to give a vhlta .olid which WM cry.talli..d from wator to give th. 
product (200 mg, 47 X yi.ld) (Found : C. 41.8; E. 4.2; N, 7.9. C E BrN 0 roqulroa C. 41.5;T 
4.4; N. 8.1 X); U.V. (ethanol) )i 248 nm (E, 15300). 292 m (~.1~1t?OO): ? 268 rm (E, 7930); 
n.m.r. 6 2.14 (2B. m. E-2'). 3.w(3E. 8. -NCE ). 3.61 (28, n. H-5'), 3.8@lE. . . E-4') 
(la. m. ~-3'). 5.10 (1~. t, -OH-5'), 5.24 (la. 2, -OH-S'). 6.15 (lE, t, H-l'), 6.84 (1H. d.*v~~~ 
UC H. J 16 Hz), 7.27 (lH, d, vinylic E, J 16 Hz), 7.15 (1H. 8, H-6). 

3',5'-Di-0-~otyl(E)-5-(2-br~inyl)-2'-dmo~ri~ (10). A nixtura of compound 1 (4.0 g, 12 
ml.), pyrf.dl.n. (50 nl) and ac.tlc anhydrldo (5.5 ml, 63 -10) vu .tirrad at 2, 20% for 14 h. 
Th. mixtura vu thm co-•vaporatad with l thannl (3 x 20 ml) and than vith to1u.n. (4 . 20 ml) to 
giva a white solid which VU purified by column chroaatography. Elution of the colunn with chlo- 
rofora and evaporation of tha appropriate fraction. gav. a vhit. .olid which wu cry.talli..d 
froa propan-2-alto giv. the product l e whit. luod1.s (3.89 g, 70 X yl.ld), m.p. 156'C (Found: C, 
43.5; 8. 4.4; N. 6.7. C H BrN 0 raquiro. C, 43.2; 8, 4.1; N. 6.7 X); U.V. (pH 12 in H 0) X 
256 nm (E, 14420). 280 'I&~&, hd0). A 275 nm (cl 9270); n.m.r. 6 2.06 (3H. a, -COCE2), 2% 
(3A, s, COCE ). 2.45 (2H, II, H-2'). 4.%? (311, m. E-4'. 
H-l'), 6.78 ?lH. d, vinylic 8, 

H-S'), 5.21 (la, II. E-3). 6.173(1H. t. 
J 15 Hz). 7.30 (la, d, vinylic H, J 15 Hz), 7.83 (la, ., H-6). 

11.64 (18, ., -NE). 

(E)-5-(2-Bnovinyl)-2'-d.ory-4-O-.thyluridina (11). To a nixturo of fra.hly-diatilld phoapho- 
ryl chlorida (3.3 g. 22 ml.) .nd ac.tonltrilo (50 ml) at O'C, thorn vao add& with l tirrlng, 
t+thylinSdazol. (5.9 g, 70 ml.). Th. aolutlon turrud yallow and a nolid prac1pitat.d. To thb 
•UO~~M~OII c~mpouad 10 (3.0 g, 7.2 mmola) vu added and th.n aftor 2 h at 2O'C thara vaa add.d 
a solution of tri.thylti (1 ml) in .thanol (10 ml). Tha mixtura w.. stlrrad at 2O'C for 18 h 
and than bvaporatod to drynu.. Tba roeidw was euepuulad in a mixtura of m.th.nol and aqu.ou. 
ammonia (mp.8. 0.88) (5:1, 50 ml). h.atad at 50°C for 1 h, l vaporatad to drynao. and trituratod 
with l th.r (20 ml) and chloroforn (20 al). Tha solid 80 0btain.d vao cryatalll..d fro. aquoou. 
.thanol to giva th. product a. colourlo.. naadlo. (1.6 g, 65 X yiald) (Found : C. 42.9; 8. 4.5; 
N. 7.5. C H BrN 0 r.quira. C. 
296 ll~l (cl? L+?OO).2 2 

43.2: 8, 4.7; N. 7.8 X); U.V. (othawl) A 259 nm (E. 17800). 
283 nm (E, 4700); n.m.r. 6 1.34 (3H. t. -CH ). 2.=2H, PI, H-2'). 3.65 

(2H. 1, H-5'). 3.90*, II. H-4'). 4.25 (la. n, E-3'). 4.40 (28, q, -%H2-), 5.15 (la, t. -08-5'). 
5.24 (la, d, -OH-3'),+6.10 (la. t, H-l'), 6+93 (2H. 8, vinyl& I#, 8.45 (la. or H-6); f.a.b. maea 
ap.c. I/Z 363 (M + H) 15 X. 245 (BMO + E) 100 %. 117 (sugar) 35 X. 

(E)-5-(2-Bromo~inyl)-2'-daoxy-5'4p-toluana.ulohonyluridfn. (12). Compound 1 (10 g, 30 -10) 
and p-toluan..ulphonyl chlorfda (6.27 g, 33 -la) wt. addad to pyridin. (120 ml) at O'C with 
etirring. m ructlon mlxtura wa. th.n kept at 0-5'C for 240 h. Th.n mUmno (50 ml) ua. add.d, 
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the oolutlon l vaporatad to dryaoam uml the ruidua crymtalliaed Mea from ethanol to give ti 
product (9.2 8, 5.6 X yiald) (Patad : C. 44.1; 8, 3.8; N. 6.0. C B BrN 0 S raquiros C, 44.4;8. 
3.9; N. 5.8 X); U.V. (ethanol) X 227 mn (E, 20650). 250 m (~;~lt~O0); $90 rm (E 
243 nm (E, 13900). 269 m (c. 7%&; . 6 2.20 (2H. 1. H-2’) 2.44 (38 a -Cr; :‘“:%i ;w 
P. H-4’). 4.25 (3B, I, H-3’, H-5’). 5.%‘;:H. ba, -O&3’), 6.17 (li, t, H-l’;, ‘a.85 91;. d, vlny: 
lit Ii, J 16 Hz), 7.30 (lH, d, vinylic HJ 16 Hz), 7.4-7.8 (5H. I, ArH + H-6), 11.60 (la. a, -NE). 

02.5'-~vdro-(E)-5-(2-b-vinyl)-2'-d.o~~ (13). A nuponsion of capound 12 (620 mg. 
1.1 mole) and 1.8-diarabicyclo[5.4.Olundac-Y-uu (DBU) (300 q. 2 -10) in ac~tonitrilo (30 ml) 
wan boilad under roflux with stirring for 15 rin. The aixturo vu filter& whllo at111 hot and 
the filtrata l vaporatad to drynaaa. Tha rmaiduo van purifiad on a ahort alllca colrmm by l lution 
with chlorofo rm-nthanol (8:l). Evaporation of the appropriate fractioxm gave a rosldua which vae 
cryetallised from water to giva tlm product (100 mg. 29 X yield) (Found : C. 41.6; 8. 3.7; N. 

41.9; 8, 3.5; N, 8.9 y); u.v. X 210 UB (E, 
e4.5 

19000). 276 nm (E, 
n.m.r. 6 2.30 (2H, II, H-2'). (4H. m. H-3'. H-4'. H-5'), 
d, H-l'), 6.86 (lIi, d. vinylic H. J 16 Ha), 7.60 (la, d. vinyllc 

8, J 16 hz), 8.25 (la. a, H-6). 

(E)-5-(2-Bromviayl)-2'-dooxy-2-O-mthyluridina (14). A auapumion of compound 12 (3.0 8, 6.2 
nola) and DBU (1.5 8, 9.8 amola) in acotonitrilo (100 ml) was bollad under raflux for 15 min. 
Tbo solvent vaa raovod by evaporation and to the roeidua thata vu addd uthanol (50 ml) aud 
triathylamina (10 al) arai the mlxtura boiled under reflux for 2 h. Tha aolvant van rmvod by 
waporation and the roaiduo purified by column chr~tography uning chloroform-otbanol (7:3) an 
the l luant. Tha appropriate fractiona vare colloctod and evaporated to drynoee to give the pro- 
duct aa a vhito solid (1.0 8, 47 X field) (Found : C. 41.7; 8. 4.2; N, 7.8. C H BrN205 roquiras 
C,l.5; He 4.4; N. 8.1 X); U.V. (Otti1) k 210 m (E, 13180). 267 um (~,'34b& 

229 nm (E, 1550); n.m.r. 6 2.22 (28, t,%2'). 3.60 (2H, II, H-5'), 3.83 (la, :. H-4'). 3.90 
, 8, -0CE ), 4.25 (la. 1. H-3'), 5.0-5.4 (28, bm, -O&3', -0%5'), 6.10 (18, t, H-l'), 6.88 

(18, d. Vbyjh2 8. J 15 HZ). 7.52 (le. d Vh)‘lIC H. J 15 Hz~ 8.81 (18. as H-6); 
epec. m/z 347 (N + H)+ 15 X. 231 (BMO + A;+ 100 X, 117 (wgar) 

f.a.b. mass 
95 x. 

(E)-5-(2-Bromovinyl)-2’deoxyiwcytidlno (15). A ru@.n.sion of coqmund 12 (1.5 8, 3.1 -la) 
and DBU (760 w, 4.9 -la) in l cotoaitrllo (100 ml) was boilod under toflux for 20 min. Tba Sol- 
vaut vaa than rwvad by evaporation aud to the residue that. vaa addad mtbanol aaturatad with 
m (50 rl) and tha oolution kapt at 0-5’C in a aoalul veeral for 240 h. Tha solvent wan than 
romovad by evaporation and the raniduo fractionated by colrun chroutography ruing chlorofotr- 
puthanol (4:l) an the l luant. Evaporation of tiu solvent from the appropriate fractim gave a 
oolid which van crystallieod from mathauol to give the product (200 mg, 19 X ylald) (Found : C. 
39.5; H, 4.0; N. 12.4. C H BrN 0 roquiree C, 39.8; 8. 4.2; N, 12.7 X); U.V. (a20 pE 6) X 
261 m (E, 14290); 281 g %h) 3($ 12590) 238 m; (a.l.kali~ l ttil) ' 260 PI e 
23650). 298 um (eh) (E, 7110), h 236 um &,'*50) 6 2.22 (211, m. a-2'9"3.65 (28, II. 
H-5'). 3.80 (la, P, H-5'). 4.30 e, m, H-3'). 5.25 (;H:':;':OB-3 , -OH-5'). 5.90 (1H. t. H-l'). 
6.75 (la, d, vinylic 8, J 16 Ha), 7.15 (2H. bp, -NH2), 7.45 (la, d+ vinylic 8, J 16 $z', 7.93 
(1H. s. H-6); f.a.b. mama apac. n/z 332 (M + H) 10 X, 216 (Base + H) 30 X, 117 (sugar) 40 X. 
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