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MANJU TANDON, LEONARD I. WIEBE, and EDWARD E. KNAUS. Can. J .  Chem. 67,1484 (1989). 
The reaction of 3-N-3',5'-di-O-tribenzoyl-2'-deoxy-5-vinyluridine (2) with dibromocarbene, generated from PhHgCBr3 

under thermal neutral conditions, yielded a mixture of the 5-((1s)-2,2-dibromocyclopropyl]- (30) and 5-[(IR)-2,2- 
dibromocyclopropyl]-3-N-3',5'-di-O-tribenzoyl-2'-deoxy-5-vinyluridine (40) diastereorners, which were separated ( I  : I ratio). 
Treatment of 3a and 4a with rnethanolic ammonia afforded the respective 5-[(IS)-2,2-dibromocyclopropyl]- (3b) and 5-[(IR)- 
2.2-dibromocyclopropyl]-2'-deoxyuridines (4b). The absolute configuration of 3b has been established by X-ray crystal 
structure determination. Monodebromination of 3b, using zinc dust in HOAc at 5WC, gave a mixture of the 5-[(IS,2S)-2- 
bromocyclopropyl]- (5) and 5-[(LS,2R)-2-bromocyclopropyl]- (6) diastereomers, which were separated and their respective 
configuration assigned by 'H nuclear magnetic resonance. A similar monodebromination of 4b yielded the 5-[(lR,2R)-2- 
bromocyclopropyl]- (7) and 5-[(IR,2S)-2-bromocyclopropy~]-2'-deoxyuridine (8) diastereomers. Relationships between physi- 
cochemical properties, such as melting point and tlc Rf value, and the configuration of the chiral cyclopropyl carbon(s) were 
observed. The chemical shifts for the I3C nuclear magnetic resonances are also of diagnostic value for determination of the 
respective configuration of the cyclopropyl carbons of the 5-(2-brornocyclopropyl) isomers 5-8. 

Key words: bromocyclopropanes, 2'-deoxyuridines, absolute configuration, antiviral activity. 

MANJU TANDON, LEONARD I. WIEBE et EDWARD E. KNAUS. Can. J .  Chern. 67,1484 (1989). 
La reaction de la 3-N-3',5'-di-O-tribenzoyl-2'-dCoxy-5-vinyluridine (2) avec le dibrornocarbkne, prepare a partir du 

PhHgCBr3 dans des conditions neutres et thermiques, conduit 2i un melange des 5-[(IS)-2,2-dibromocyclopropyl]- (30) et 
5-[( 1 R)-2,2-dibrornocyclopropyl]-3-N-3',5'-di-O-tribenzoyl-2'-dCoxy-5-vinyluridines (4a) diastCrCornkres qui ont CtC sCpar6es 
(rapport 1:l). Les reactions des cornposCs 3a et 40 avec de I'ammoniac en milieu rnkthanolique conduisent aux 5-[(IS)-2,2- 
dibrornocyclopropyl]- (3b) et 5-[(IR)-2.2-dibromocyclopropyl]-2'-dCoxyurides (4b) respectives. On a determine la 
configuration absolue du compose 3b en procedant a une determination de structure par diffraction des rayons-X. La 
monod6bromation du produit 3b, rCalisCe a l'aide de poudre de zinc dans HOAc a 5WC, fournit un melange des diastCrComkres 
5-[(IS,2S)-2-bromocyclopropyl]- (5) et 5-[(1S,2R)-2-brornocyclopropyl]- (6) que I'on a stpare et dont les configurations 
respectives ont CtC dCterrninCes par resonance magnetique nucleaire du 'H. Une rnonodebrornation sernblable rtalisee sur le 
compost 4b fournit les 5-[( IR,2R)-2-bromocyclopropyl]- (7) et 5-[( IR.2S)-2-bromocyclopropyl]- 2'-deoxyuridines (8) diastCrC- 
omkres. On a observe une correlation entre les propriktts physicochirniques, cornrne les points de fusion et les valeurs des Rrdes 
ccm, et les configurations des carbones chiraux des cyclopropyles. Les deplacernents chirniques en resonance rnagnetique 
nuclCaire du I3C peuvent aussi &tre utilisks pour determiner les configurations respectives des carbones du cyclopropyle des 
5-(2-brornocyclopropyles) isomkres 5-8. 

Mots elks : bromocyclopropanes, 2'-deoxyuridines, configuration absolue, activite antivirale. 
[Traduit par la revue] 

Introduction cyclopropyl substituent stereochemistry upon antiviral activity. 

(E)-~-(2-Bromovin~~)-2'-deoxyuridine (BVDU) is a potent W e  "OW describe the synthesis, separation, and assignment of 

and selective antiviral agent against herpes simplex virus type 1 the absolute configuration for the 5-(2,2-dibromoc~clopro~~l) 
(HSV-1) and varicella-zoster virus (1). BVDU is selectively 3b-4b and 5-(2-bromocyclopropyl) 5-8 derivatives of 2'- 

phosphorylated by HSV- 1 encoded thymidine kinase and meta- deoxyuridine. 

bolic>lly ;rapped within infected cells, but not in uninfected host 
cells (2, 3). Structure-activity correlations for olefinic 5- 
substituted-2'-deoxyuridines indicated optimum inhibition of 
HSV-1 occurred when the C-5 substituent was unsaturated and 
conjugated with the pyrimidine ring, was not longer than four 
carbon atoms in length, had the E stereochemistry, and included 
a hydrophobic electronegative atom (4). It was anticipated that 
2'-deoxyuridine possessing a 5-(2,2-dibromocyclopropyl) o r  
5-(2-bromocyclopropy1) substituent could serve as a biological 
isostere of the (E)-5-(2-bromovinyl) substituent present in 
BVDU. The hybridization of the cyclopropane bonds is con- 
sidered to result in a higher electron density for the C 4  bonds. 
Furthermore, the cyclopropyl moiety interacts with neighboring 
IT-electron systems and p-electron centers similar to a vinyl 
group (5 ,6) .  

Acquisition of all dibromocyclopropyl and bromocyclo- 
propyl diastereomers is required to determine the effect of 

' ~ u t h o r  to whom correspondence may be addressed. 

Results and discussion 
The 5-vinyl substituent of 5-vinyl-2'-deoxyuridine (1) is ex- 

pected to be a poor substrate for dibromocarbene addition since 
it is conjugated with the 5,6-olefinic bond of the uracil ring. In 
an earlier study we  reported that the reaction of (E)-5-(2- 
ethoxycarbonylviny1)-3-methyl-2'-deoxyuridine with di- 
azomethane yielded (E)-5-(2-ethoxycarbonylviny1)-3-methyl- 
2'-deoxyuridine (7). Therefore, 1 was elaborated to 3 -N-3 '3 ' -  
di-0-tribenzoyl-2'-deoxy-5-vinyluridine (2) as illustrated in 
Scheme 1 (78% yield). Reaction of 2 with dichlorocarbene, 
generated from chloroform and sodium hydroxide in the pres- 
ence of the phase transfer catalyst benzyltriethylammonium 
bromide, afforded 3-N-dichloromethyl-3',5'-di-0-benzoyl-2'- 
deoxy-5-vinyluridine.* The latter result indicates that dibromo- 
carbene must be generated under neutral conditions to  preserve 
the integrity of the 3-N-benzoyl substituent. Thus, reaction of 

'E. E. Knaus, L. I. Wiebe, and M. Tandon. Unpublished results. 
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the Seyferth reagent (8) phenyl(tribromomethy1)mercury 
(PhHgCBr3) with 2 in dry benzene at 80°C yielded a mixture of 
two diastereomers (3a and 4a), which were separated by silica 
gel column chromatography (1:l ratio, 63% total isolated 
yield). Removal of the protective benzoyl substituents from 3a 
and 4a, by treatment with methanolic ammonia, yielded 5- 
[(IS)-2,2-dibromocyclopropyl]-2'-deoxyuridine (3b) and 5- 
[(lR)-2,2-dibromocyclopropy1]-2'-deoxyuridine (4b) in 7 1 and 
74% isolated yields, respectively. 

The X-ray crystal structure of 3b indicated that the absolute 
configuration of the C-5 substituent was [(IS)-2,2- 
dibromocyclopropyl] (9). The bond lengths and angles for 3b 
are similar to those of 2'-deoxyuridine (10) and the 1 , l -  
dibromocyclopropyl moiety (1  1, 12) in other compounds. The 
pyrimidine ring of 3b is anti with respect to the deoxyribose 
ring, and the latter ring system is in the 2'-endo conformation. 
Compound 46, which is a diastereomer of 3b, must therefore 
have a 5-[( IR)-2,2-dibromocyclopropy1] substituent. 

Monodebromination of the 5-[(IS)-2,2-dibromocyclopropyl] 
diastereomer (3b), using zinc dust in glacial acetic acid, yielded 
a mixture of two diastereomers, which were separated by silica 
gel column chromatography. In this reaction a new chiral center 
is introduced at the C-2 position of the 5-(2-bromocyclopropy1) 
substituent. An 'H nmr difference nOe spectrum was acquired 
for the more polar diastereomer (Rf 0.15, solvent system C). 
Irradiation of the cyclopropyl H- 1 proton at 6 1.98 produced a 
10.8% enhancement for the cyclopropyl H-2 proton at 6 3.34 
and a 7.7% enhancement for the cyclopropyl H-3' proton at 6 
1.42. Therefore, the cyclopropyl H-1 and H-2, as well as H-1 
and H-3' protons, must be cis to each other. Since the 
configuration of this product at the cyclopropyl C-1 position 
must be S,  it is therefore the 5-[(1S,2S)-2-bromocyclopropy1] 
diastereomer (5). A large number of spectra of substituted 
cyclopropane derivatives have been recorded. The magnitude of 
the vicinal coupling constant for J,,, is always larger than J,,,,,, 
for any given pair of cyclopropyl stereoisomers (1 3). The vicin- 
a1 coupling constants for the diastereomer 5 are in agreement 
with the assigned 1S,2S configuration where J1.2 = 8.5 (cis), 
J1.3" = 6.8 (trans), J1 ,3 ,  = 9.2 (cis), J2,3" = 4.4 (trans), and J 2 , ~ '  
= 8.5 Hz (cis). A long-range allylic coupling Jl  ,6 = 1.2 Hz was 
also observed. The configuration of the other diastereomer 6 (R, 
0.29, solvent system C) obtained in this reaction, which also 
must have the IS configuration, was assigned on the magnitude 
of the vicinal coupling constants in the 'H nmr spectrum that can 
be correlated with the geometrical arrangement of the cyclo- 
propyl substituents. Diastereomer 6 has a 5-[(lS,2R)-2- 
bromocyclopropyl] substituent since it exhibited vicinal coup- 
ling constants J l  ,2 = 4.3 (trans), J1 .3, = 10.1 (cis), J1.3" = 6.8 
(trans), 52.3' = 4.3 (trans), and J2.3" = 7.5 H t  (cis). 

A similar monodebromination of the 5-[(lR)-2,2- 
dibromocyclopropyl] diastereomer 4b afforded a mixture of two 
diastereomers, which were separated by multiple development 
preparative tlc and then silica gel column chromatography of the 
enriched tlc fractions. The more polar diastereomer (Rf 0.27, 
solvent system C) possesses a 5-[(I R,2R)-2-bromocyclopropyl] 
substituent (7) since the 'H nmr spectrum exhibited vicinal 
coupling constants J1,2 = 7.1 (cis), J1 ,3, = 7.1 (trans), J1.3" = 
9.1 (cis), J2,3 '  = 4.3 (trans), and J2 3c, = 7.1 Hz (cis). The less 
polar diastereomer (Rf 0.32, solvent system C) has a 5-[( 1R,2S)- 
2-bromocyclopropyl] substituent (8) since the 'H nmr spectrum 
displayed vicinal coupling constants J l . 2  = 4.3 (trans), JlX3, = 
6.8 (trans), Jl,3" = 9.8 (cis), J2,3' = 7.5 (cis), andJ2.3" = 4.3 
(trans). 

A number of relationships or correlations between physico- 
chemical properties and nrnr spectral data for the cyclopropyl 
hydrogens and carbons were observed, which, in conjunction 
with the magnitude of the vicinal coupling constants described 
previously, will be of value in assigning the configuration of the 
cyclopropyl chiral carbons(s) of 36-46 and 5-8 (see Table 1). 
Compounds having the 1S configuration exhibit higher melting 
points since 1S (3b) > 1R (4b); 1S,2S (5) > 1R,2R (7); and 
1S,2R (6) > 1R,2S (8). Diastereomers having the same 
configuration at the C- 1 and C-2 positions possess higher melt- 
ing points since 1S,2S (5) > 1S,2R (6) and 1R,2R (7) > 1R,2S 
(8). Compounds having the IS configuration are more polar as 
indicated by their relative Rf values since 1S (3b) < 1R (4b); 
1S,2S (5) < 1R,2R (7); and IS ,  2R (6) < 1R,2S (8). Diastereo- 
mers having the same configuration at C-1 and C-2 are more polar 
as theRfvaluesof 1S,2S (5) < 1S,2R (6) and 1R,2R (7) < 1R,2S 
(8). Although the rotations are equal, but of opposite sign, 3b 
and 4 6 , s  and 6 ,  and 7 and 8 ,  respectively, are not enantiomers. 
Since each set of these diastereomers differs in configuration at 
only one chiral center, each set of diastereomers can also be 
called epimers. Examination of the 'H nmr spectral data for the 
cyclopropyl chemical shifts (Table 1) indicates that the bromine 
substituent shields the adjacent cis H-3 proton relative to the 
trans H-3 proton (5-8) and the H-2 proton is shielded by a 
cis-2'-deoxyuridine substituent (6, 8)  relative to the trans H-2 
proton (5,7).  These correlations are consistent with the fact that 
all substituents, including bromine, generally shield cis vicinal 
protons in a cyclopropyl ring system ( 13). The chemical shifts of 
the cyclopropyl carbons for the cis 1S,2S (5) and 1R,2R (7), as 
well as these for the trans 1S,2R (6) and 1R,2S (8), are very 
similar. In compounds 5 and 7,  where the 2'-deoxyuridine and 
bromo substituents are cis, C-1 is deshielded 6 3.4-4.3, C-2 is 
shielded 64.4-5.0, and C-3 is shielded6 3.3-3.6 relative to the 
corresponding carbon atoms in the trans compounds 6 and 8 .  
These differences in 13C chemical shifts provide a rapid method 
to distinguish the cis (1S,2S, 1R,2R) from the trans (1S,2R, 
1R,2S) stereoisomers. 

Biological and biochemical studies for 3b-4b and 5-8 are 
now in progress and will be reported elsewhere. 

Experimental 
Melting points were determined on a Biichi capillary apparatus and 

are uncorrected. The ' H  and I3C nmr spectra were recorded on a Bruker 
AM-300 spectrometer. Chemical shifts are given in ppm downfield 
from tetramethylsilane as internal standard. The 'H nmr assignments 
were confirmed by double irradiation experiments. The I3c nmr reso- 
nances were assigned by use of the J modulation technique to determine 
the number of attached hydrogens. Specific rotations were measured on 
an Optical Activity Ltd. digital polarimeter. Thin-layer chromatogra- 
phy (tlc) was performed using Whatman MK6F silica gel microslides 
(250 pm thickness). Preparative tlc was carried out using Whatman 
PLKSF plates ( I  mm thickness). The tlc solvent systems employed 
were A: to1uene:ethy 1 acetate (4: 1 v / v), B: ch1oroform:methanol (9: 1 
v /  v) ,  C: ethyl acetate:n-propano1:water (41 : 10:20 v /  v/v). This last 
solvent mixture was mixed thoroughly, allowed to separate, and the 
upper layer was used in all instances where solvent C is indicated. 
Column chromatography was carried out using Merck 7734 silica gel 
( 100-200 pm particle size). Pyridine and benzene were distilled from 
CaH2, and methanol was distilled from Mg / I*, prior to use. PhHgCBr, 
(8) and 5-vinyl-2'-deoxyuridine (14) (Lit. (15) mp 230°C; found mp 
228°C) were prepared according to the literature procedures. Abbrevia- 
tion: cp = cyclopropyl. 

3-N-3',5'-Di-O'-tribenzoyl-2'-deoq-5-vinyluridine ( 2 )  
Benzoyl chloride (0.65 g, 4.64 mmol) was added to a solution of 1 
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TANDON ET AL 1487 

TABLE 1. Some physical and nmr spectral data" for the cyclopropyl hydrogens and carbons 

I 

Melting 6 ( P P ~ )  
point 

Compound Configuration ("C) Rr [ah3] H- 1 H-2 H-3' H-3" C- l C-2 C-3 

I "Chemical shifts are in parts per million with respect to STMS = 0. 
bSolvent system B. 
'Solvent system C. 

I 

"The chemical sh~fts of C-l and C-2 may be interchanged. 

(0.56 g, 2.2 mmol) in dry pyr~dine (25 mL) at 0-5°C with stirring. The 
reaction mixture was allowed to warm to 25°C and then maintained at 
this temperature for 2 h. 'The reaction mixture was cooled to 0-5°C and 
then diisopropylethylamine (0.43 g, 3.3 mmol) and benzoyl chloride 
(0.33 g, 2.32 mmol) were added. The reaction mixture was warmed to 
25°C and the mixture was stirred for 12 h. Ice-water (25 mL) was added 
and the solvent was removed in vacuo. Two consecutive extractions of 
the residue with a chloroform:water mixtue (3: 1 v / v, 40 mL), washing 
the chloroform extract in succession with cold 5% aqueous HC1 (10 
mL), 5% aqueous NaHC03 (10 mL), cold water (2 X 15 mL), drying 
the chloroform extract (Na2S04), filtration, and removal of the solvent 
in vacuo yielded impure 2. Purification on a silica gel column using 
to1uene:ethyl acetate (19: l v / v) as eluant gave 2: 0.973 g, 77.6%; mp 
245°C; R r  0.58 (solvent system A); 'H nmr (CDC13) 6: 2.44 (ddd, J,,, 
= 13.7,JI ,2 '=8.7,Jz*.3,=6.6HZ, lH,H-2'),2.88(ddd,J ,,,, = 13.7, 
J1,.2, = 5.0,Jz,,3, = 1.5Hz, IH, H-2'),4.68(m, lH,H-4'),4.76-4.98 
(m, 2H, H-57, 5.18(dd, J = 11.1, 1.7Hz, 1H,--CH=CHH), 5.74 
(m, lH, H-37, 5.92 (dd, J = 17.2, 1.7 Hz, lH,--CH=CHH), 6.16 
( d d , J =  1 7 . 2 , J =  11.1 HZ, lH,4H=CHH),6.54(dd,JI,,2*= 8.7, 
J = 5.0Hz, IH, H-1'). 7.52-8.20 (m, 16H, phenyl hydrogens, H-6). 

j 5-[(lS)-2,2-Dibromocycloprop~~1]-3-N-3',5'-di-O-tribetzzovl-2'- 
deoxyuridirze (3a) and 5-[(IR)-2,2-dibromocyclopropyl]-3-N- 
3'3'-di-0-tribenzoyl-2'-deoxyuridine (4a) 

) Phenyl(tribromomethy1)mercury ( 1.96 g, 3.7 mmol) was added to a 
; solution of 2 (2.1 g, 3.7 mmol) in dry benzene (50 mL) under a nitrogen 
1 atmosphere with stirring and the reaction mixture was heated at reflux 

: ' for 2 h. Additional aliquots of PhHgCBr3 (1.96 g, 3.7 mmol) were 
i 

added to the reaction mixture at 2, 4, and 6 h respectively, after 
initiation of the reaction, which was allowed to proceed for 9 h in total 
reaction time. The reaction mixture was cooled to 25°C and the 
PhHgBr, which precipitated during the reaction, was removed by 
filtration. Removal of the solvent in vacuo gave a mixture of 3a and 4a, 
which were separated by silica gel column chromatography using a 
solvent gradient starting with toluene and ending with to1uene:ethyl 
acetate (19: 1 v / v). The two diastereomers 3a and 4a were obtained in a 
ratio of 1:1 (0.86 g each, 62.8% combined chemical yield) as foams: 
30, Rf 0.54 (solvent system A); mp 220°C; 'H nmr (CDC13) 6: 1.56 (dd, 
J3f.3,* = 11 .0 , J I ,3 t  = 9.1 HZ, lH, cp H-3'), 1.61 (dd, J3,,3', = 1 1  .O, J I , 3 , ,  

= 8.1 HZ, 1 H, CP H-3"), 2.28 (ddd, J,,,, = 13.5, = 8.6, J2 , ,3 ,  = 
6.6Hz, lH, H-27, 2.44(ddd,JI,3e = 9 .1 , J I ,3 . ,=  8.1, /1 ,6 = 1.34Hz, 
lH, cpH-I),  2.78 (dd, J ,,,, = 13.5, Jlf,z, = 5.0Hz, IH, H-2'), 4.52 
(m, IH, H-4'), 4.64-4.8 (m, 2H, H-5'), 5.56 (d, J z , , 3 ,  = 6.6 Hz, lH, 
H-37, 6.34 (dd, JI,,2e = 8.6 and 5.0 Hz, l H, H-l '), 7.32-8.04 (m, 
16H, phenyl hydrogens, H-6). 

40: Rr 0.63 (solvent system A); mp 228°C; IH nmr (CDC13) 6: 1.46 
(t, = 8.1, J1.3' = 8.1 HZ, lH, CP H-3'), 1.73 (dd, J I ,3 ' ,  = 10. I, 
J3,,3" = 8.1 HZ, lH, cpH-3"), 2.22 (ddd, JR'>," = 13.5. J I* . r '  = 8.6, J2'.3' 
= 6.6 HZ, lH, H-2'), 2.52 (dd, J I , 3 , ,  = 10.1, J1.3, = 8.1 HZ, lH, CP 

H-1),2.74(dd.J ,,,,, = 13.5,JI , ,? ,  = 4 . 8 H z ,  1H,H-2'),4.48(m, lH, 
H-4'),4.58-4.78 (m, 2H, H-57, 5.56 (d, J2,,3r = 6.6 Hz, lH, H-37, 

6.34(dd, J I e . 2 2  = 8.6, J I * , 2 ,  = 4.8 Hz, IH, H-1'). 7.3-8.06(m, 16H, 
phenyl hydrogens, H-6). 

5[(lS)-2,2-Dibromocyclopropyl]-2'-deoxyuridi (3b) 
A solution of 3a (0.50 g, 0.68 mmol) in a saturated solution of 

ammonia in methanol (15 mL) was stirred at 25OC for 15 h. Removal of 
the solvent in vacuo yielded a residue, which was purified by silica gel 
column chromatography using CHC13:MeOH (19: 1 v / v) as eluant to 
afford 3b: 0.205 g, 71%; Rr 0.40 (solvent system B); mp 180-185°C 
(dec.) after recrystallization from chloroform:methanol; [a]h3 -80.8" 
( ~ 0 . 7 4 ,  MeOH); 'H nmr (CD30D) 6: 1.90 (dd, J3,.3" = 15.5, J1 ,3 ,  = 
lO.OHz, lH, cpH-3'), 1.93 (dd,J30,3" = 15.5, J l . ~ =  8.5Hz, lH,cp  
H-3"),2.18 (m, 2H, H-27, 2.58 (ddd,JI.3. = 10.0,JI.3,,= 8.5,J1,6 = 
1.33 Hz, 1 H, cp H- 1), 3.70 (m, 2H, H-5'), 3.86 (m, 1 H, H-4'), 4.34 
(m,lH,H-3'),6.22(t,JI~,r~=6.1Hz,1H,H-l'),7.96(d,J1.6= 1.33 
Hz, lH, H-6); I3c nmr (CD30D) 6: 26.7 (cp C-3), 29.3 (cpC-2), 29.9 
(cp C-I), 41.7 (C-2'), 62.6 (C-5'), 72.2 (C-3'), 86.8 (C-1'). 89.1 
(C-47, 112.9 (C-5), 140.8 (C-6), 152.8 (C-2). 165.5 (C-4). Anal. 
calcd. C33.82, H3.31, N6.57;found:C33.61, H 
3.37, N 6.41. 

5 -[(I R)-2,2-Dibromocyclopropyl]-2'-deo.ryuridine (4b) 
Treatment of 36 with a saturated solution of ammonia in methanol, 

as described for 3a above, gave 4b: 0.215 g, 74.5%; Rf 0.50 (solvent 
system B); mp 145-150°C (dec.) after recrystallization from chlor- 
oform:methanol; [a]:: +80.8" (c 0.74, MeOH); 'H nmr (CD30D) 6: 
1 .98(dd,J1.~, ,= 10.5,J3,,3f,= lO.OHz, l H , ~ p H - 3 " ) , 2 . 0 2 ( d d . J ~ , . ~ =  
10.0, J1,3'  = 8.6 HZ, lH, cp H-3'), 2.13 (ddd, J ,,,,, = 12.7, J1,,2* = 
6.35,Jz,,3f =5 .5Hz,  1H.H-2'),2.28(ddd,J ,,,, = 12.7,JIs,28 =6.35, 
Jz*,3, = 3.9Hz, lH, H-2'), 2.67 (ddd, J1.3,s= 10.5, J I , 3 ,  = 8.6, J1,6 = 
1.34, lH, cp H-1), 3.75 (dd, J ,,,, = 12.4, J4.,5* = 3.3 HZ, lH, H-5'), 
3.84(dd, J. q,,, = 12.4,J4,,5, = 3.3 HZ, lH, H-5'), 3.93 (m, lH, H-4'), 
4.37 (m, lH, H-3'), 6.28 (t, JIa.r, 6.35 HZ, lH, H-l ') ,  8.05 (d,J1,6 
= 1.34 HZ, lH, H-6); I3c nmr (CD30D) 6: 26.48 (cp C-3), 29.83 (cp 
C-I), 29.95 (cp C-2), 42.22 (C-2'), 62.38 (C-5'), 71.73 (C-3'), 86.77 
(C-1'), 89.13 (C-4'). 112.82 (C-5), 140.35 (C-6), 151.79 (C-2), 
163.20 (C-4). Anal. calcd. for CIZHl4Br2N2O5: C 33.82, H 3.31, N 
6.57; found: C 34.17, H 3.19, N 6.67. 

5-[(I S,2S)-2-Bromocyclopropyl]-2'-deo.ryuriditte (5) attd5-[(I S,2 R)- 
2-bromocyclopropyl]-2'-deoxyuridine (6)  

Zinc dust (0.46 g, 7.0 mmol) was added in aliquots over a 5  h period 
to a stirred solution of 3b (0.2 g, 0.47 mmol) in glacial acetic acid (5 
mL) at 50°C. The reaction, which was monitored by tlc, was complete 
in 5 h. The reaction mixture was cooled to 25"C, filtered, and the 
filtercake was washed with glacial acetic acid (3 mL). Removal of the 
solvent from the combined filtrates in vacuo gave a residue that was 
purified on a silica gel column using ethyl acetate:n-propano1:water 
(700: 1:2 v / v / v, upper layer) as eluant. This separation provided 
enriched fractions containing predominantly 5 and 6, respectively. 
Each enriched fraction 5 and 6 was individually separated on a silica gel 
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column using chloroform:rnethanol (955 v / v) as eluant to yield the 
two separate diastereorners 5 and 6: yield 5, 53 rng, 32.5%; Rr 0.15 
(solvent system C, upper layer); mp 17 1-172°C; [a12 +65.0° (c 0.61, 
MeOH); 'H nmr (CD30D) 6: 1.14 (dt, J I . y  = 6.8, J3,,3" = 6.8, J2,3'r = 
4.4Hz,Wt=21.7Hz, lH,cpH-3"), 1 .42(d t , J l ,3 ,=9 .2 , J2 ,3 t=8 .5 ,  
J3t.y = 6.8 HZ, W+ = 24.5 HZ, IH, cp H-3'), 1.98 (dq, J1.3' = 9.2, JIl2 
=8 .5 , J I , y=6 .8 , J1 .6=  1.2Hz, W4=24.4Hz, lH,cpH-1),2.24(rn, 
1 H , H - 2 ' ) , 3 . 3 4 ( d t , J I ~ 2 = 8 . 5 , J 2 , 3 , = 8 . 5 , J 2 . 3 " = 4 . 4 H ~ ,  lH,cpH-2, 
partially overlapped with CD30D), 3.74 (dd, J = 12.4, 3.5 Hz, IH, 
H-5'), 3.80 (dd, J = 12.4.3.1 Hz, IH, H-5'), 3.96 (m, IH, H-4'), 4.4 
(rn, 1H,H-3'),6.3 ( t ,J l . ,2r  = 6.7 Hz, IH, H-l'), 8.0(d,J1.6 = 1.2Hz, 
IH, H-6); "C nmr (CD30D) 6: 13.36 (cp C-3), 15.90 (cp C-2), 23.89 
(CP C-I), 41.57 (C-2'), 62.76 (C-5'), 72.30 (C-3'), 86.68 (C-If), 

4 89.04(C-4'), 113.16(C-5), 140.41 (C-6), 152.03(C-2), 166.17 (C-4). 
Anal. calcd. for CI2HI5BrN2O5: C 41.51, H 4.35, N 8.07; found: C 
41.72, H 4.62, N 8.09. 

Diastereorner 6: yield 47 rng, 28.8%; Rr 0.29 (solvent system C, 
upper layer); rnp 116-1 18°C; [a]:: -62.5" (c 0.4, MeOH); 'H nrnr 
(CD30D) 6: 1 .24(0cte t , J~ .~~ = 10.1, J3,.3w = 6.8,J2.3t = 4.3 Hz, W4 = 
18.5Hz, IH,~pH-3'),1.44(q,J~,~,,=7.5,J~~,3.,=6.8,J~~y=6.8H~, 
W1= 21.8Hz, lH,cpH-3") ,2 .14(~ep te t , J~ .~ ,  = 10.1,J1,3~~= 6.8,Jl.2 
= 4.3 Hz, W? = 22.5 Hz, lH, cp H-I), 2.24 (rn, 2H, H-2'), 3.1 
( q ~ i n t e t , J ~ , ~ = 7 . 5 , J ~ . ~ , = 4 . 3 , J ~ , ~ = 4 . 3 H z ,  W+= 17.7Hz, lH,cp 
H-2), 3.78 (rn, 2H, H-5'), 3.92 (m, IH, H-4'),4.4 (m, IH, H-3'), 6.26 
(t, J ' c , ~ .  = 6.5 Hz, IH, H-1'), 7.84 (d, 51.6 = 1.14 HZ, IH, H-6); I3C 
nrnr (CD30D) 6: 16.68 (cp C-3), 20.33 and 20.84 (cp C- l and cp C-2). 
41.54 (C-2'), 62.45 (C-5'). 71.85 (C-3'), 86.59 (C-l'), 88.93 (C-4'), 
114.30 (C-5), 137.57 (C-6). 151.83 (C-2). 165.39 (C-4). Anal. calcd. 
forCIZHI5BrN2O5: C41.51, H 4.35, N 8.07; found: C41.72, H 4.62, 
N 8.09. 

5-[(I R,2R)-2-Bromocyclopropyl]-2'-deoxyuridine (7) and 5-(I R,2S)- 
2-bromocyclopropy 11-2'-deoxyuridine (8)  

Reaction of 4b (0.2 g, 0.47 rnrnol) with zinc dust, using the same 
procedure described for the monodebrornination of 3b above, gave a 
mixture of diastereorners 7 and 8. This mixture was subjected to 
multiple development preparative tlc on Whatrnan PLK5F plates, 1.0 
mm in thickness, using solvent system C (upper layer) as the develop- 
ment solvent. This separation provided enriched fractions containing 
predominantly 7 and 8, respectively. Each one of these enriched 
fractions was enriched further by silica gel column chromatography 
using ethyl acetate:n-propano1:water (700: 1:2 v / v / v ,  upper layer) as 
eluant. Further separation on a silica gel column using chloroform: 
methanol (19: 1 v / v )  as eluant yielded the two diastereomers 7 and 8, 
respectively: yield 7, 54 rng, 33.1%; Rr 0.27 (solvent system C, upper 
layer); rnp 126-128°C (dec.); [a]h3 -65.0" (c 0.61, MeOH); 'H nmr 
(D20, solvent suppression) 6: 1.1 (dt, JI  ,3, = 7.1, J3e.3" = 6.8, J2.3, = 
4.3Hz,Wt=21.0Hz, lH,cpH-3'), 1.44(dt,J1.3"=9.1,J2.3-=7.1, 
J3t.3.'= 6.8Hz, Wr = 23.2Hz, IH, cpH-3"), 2.O(dq, J1.3*,= 9.1, Jl,> 

=7.l,Jl,3~=7.1,JI~6=1.3Hz,W1=26.4Hz,1H,cpH-l),2.38(rn, 
2H,H-2'),3,40(dt, J1 ,2=7 .1 , J2 ,3 . ,=  7.1.J2,3, =4.3Hz,  W$= 19.6 
Hz, IH, cp H-2), 3.74 (rn, 2H, H-5'), 4.06 (m, IH, H-4'), 4.45 (m, 
IH, H-3'), 6.31 (t, J'v.2, = 6.3 HZ, IH, H-l'), 7.85 (d, J1.6 = 1.3 HZ, 
IH, H-6); I3c nrnr (CD30D) 6: 13.18 (cp C-3), 15.82 (cp C-2), 24.65 
(CP C-I), 41.99 (C-2'), 62.45 (C-5'). 71.94 (C-3'), 86.61 (C-l'), 
89.11 (C-4'). 1 13.16 (C-5), 139.72 (C-6). 151.98 (C-2), 166.14 (C-4). 
Anal. calcd. for CIZH1sBrN205: C 41.51, H 4.35, N 8.07; found: C 
41.68, H 4.64, N 7.95. 

Diastereorner 8: yield 60 rng, 36.8%; R f  0.32 (solvent system C, 
upper layer); rnp 113-1 15°C (dec.); [a]:: +62.5" (c 0.4, MeOH); 'H 
nmr (CD30D) 6: 1.24 (octet, J1,3" = 9.8, J3r,38 = 6.8, J2,3" = 4.3 Hz, 
W, = 22.6 HZ, lH, CP H-3"), 1.46 (q, J2,3' = 7.5, J1,3, = 6.8, J3,,3,, = 
6.8 Hz, W, = 21.7 Hz, lH, cp H-3'),2.14 (septet, J1,3" = 9.8, JI,3, = 
6.8, JIv2 = 4.3 Hz, W, = 22.8 Hz, IH, cp H-1), 2.24 (rn, 2H, H-27, 
3 . 1 ( q ~ i n t e t , J ~ , ~ ~ = 7 . 5 , J ~ , ~ ~ ~ = 4 . 3 , J ~ , ~ = 4 . 3 H z ,  W4= 17.5Hz,lH, 
cp H-2), 3.75 (rn, 2H, H-57, 3.92 (rn, lH,  H-4'),4.4 (rn, lH, H-37, 
6.26(t, J = 6.4Hz, lH, H-1'), 7.88 (d ,J Iv6  = 1.1 HZ, IH, H-6); 13C 
nmr (CD30D) 6: 16.77 (cp C-3), 20.36 and 20.81 (cp C-1 and cp C-2), 
41.64 (C-2'), 62.51 (C-5'), 71.88 (C-3'), 86.68 (C-1'), 89.01 (C-4'), 
114.11 (C-5), 137.56 (C-6), 15 1.85 (C-2), 165.42 (C-4). Anal. calcd. 
forCI2HI5BrN2O5: C 41.51, H 4.35, N 8.07; found: C 41.50, H 4.18, 
N 7.68. 
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