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Addition of hypohalite across t,he 5,6 double bond of 5-fluoroiiracil (FU), 5-fluorocytosine (FC), and their 
deoxyribosides resulted in a series of 5,6-substituted dihydropyrimidines. Proof of structure for the methyl 
hypobromite adducts was furnished by chemical correlation to the water adduct of FU previonsly described. 
3-Bromo-5-fluoro-6-methoxy-5,6-dihydro-2'-deoxyuridine and its 3',5'-diacetate (hIeOBrFUDII and MeOBr- 
FUDRdihc) thus obtained were isolated in two diastereoisomeric forms. The hypobromite adducts of F U  
and of its deoxyriboside (FUDR) were debrominated to yield the corresponding 5-fluoro-6-hydroxy- (or alk- 
oxy-) 5,6-dihydropyrimidines. From the latter compounds, water or alcohol is eliminated spontaneonsly 
whereby the 5,6 double bond and thus the original pyrimidine is regenerated, the alcohol adducts being less 
stable than the water adducts. The hypobromite (but not hypochlorite) adducts revert, in part, to the original 
pyrimidine when incubated wit,h reduced glutathione a t  pH 7 and 35". Possibly via a related reaction iv vivo, 
the alkoxybromo derivatives are capable of acting as slow releasers of FU or FUDR. Data presented in Table 
I show that, in general, a correlation exists between the capacity of the adduct to regenerate the double bond 
in vitro and its effect against mouse leukemia R82.4. On a molar basis, the releasers of F U  are less potent in this 
test, system than FU and the releasers of FUDR are more potent than FUDR. Thus, these drugs mimic, to a 
certain extent, the effects which have been reported for slow infusion of F U  of FUDR in humans. 

Among fluorinated pyrimidines, ?-fluorouracil (FU) 
and ,?j-fluoro-2'-deoxyuridine (FUDR) have acquired 
considerable importance as cancerostatic drugs,j while 
5-fluorocytosine (FC)3,6 has shown some promise as a 
fungistatic agent'.7 The potency ( L e . ,  therapeutic and/ 
or nonspecific cytotoxicity) of FU and FUDR was 
shown to depend dramatically on the manner of ad- 
ministrat,ion.E Thus, when given to human cancer pa- 
tients as single daily intravenous injections, FU and 
FUDR were found t'o be about equally potent, on a 
molar basis. However, upon slow continuous intra- 
venous infusion, FU decreased in potency by a fact'or 
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of two, whereas FUDR increased approximately twenty- 
fold.Ea.b A similar relat'ionship was observed in mice 
carrying leukemia B82AEc This phenomenon was ex- 
plained by invoking t'he distribut'ion and performance of 
enzymes regulating the metabolism of these fluorinated 
pyrimidines.*" 

In  striking cont,rast, FUDR has been found to be a t  
least 1000 times more effective than FU, when tested 
in zitro,  as an inhibitor of formate incorporat'ion into 
the DKA thymine of Ehrlich ascites cells,g or as a 
growt'h inhibitor for the chick embryo.lO In  these 
isolated syst'ems, FUDR (unlike FU) is efficiently con- 
verted to t'he corresponding 5'-phosphate (FUDRP) l1  

and it is the latt'er which is responsible for cytotoxicity. 
I n  vivo, this anabolic step is largely preempted by 
t,he rapid catabolism of FUDR, l5-I7 via enzymatic 
cleavage a t  t,he nucleoside bond, to FU, catabolic break- 
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TABLE I 
REGEKERABILITY, A K D  XNTILECKEYIC ACTIVITI 

7- .\ctiviij- against leukemia 138?.\------ 

Compd 

FU 
FUDR 
FUDRdiAc 
dl-HOBrFU 
dl-HOHFT: 
dl-lIeOBrFU 
dl -~ leOIIFl i  
tll- El I )Rl F 1 ~ 

d/-AcOBrFI- 
dl-HOC1FU 

d-HOBrFUDR 
d-HOHFUDR 
d-hIeOBrFUDR 
d-lIeOHFliDR 
l-lleOBrFUDIt 
tl-MeOBrFUDRdiAc 
l-l\leOBrFUDIldiAc* 
cl-E t OBrFI-11 R 
d-EtOHFl-DR 

BcOBrFCDRdi.-lc 
d-lleOC1FUDR 
I-MeOClFUDR 
t-B u0 C IF UD R 
tl-lIeOBrTDR 

L-BuOBrFUDR 

BIOAUTOGRAPHY, 

Ii'r in systemn 
1 

0.5s-0.66 
0.6s-0.73 

0 .  7 5  
0,4;-0..% 
0.86 
0 ,  O!) 
0 .  S!)  

(1.92 

0.8s 
0 . 7 8  

0.72 
0.53  
0.85 
0,66 
0.85 

0. S6-n. sn 
0.84 
0.74 

0.91 

0 . 9 1  
n. 82-0.90 

2 

0.60-0.66 
0.66-0.75 
0.78-0.81 
0.76,O.iT 
0 .  5 O - O . L X  
0 .  84 

0 ,  SO 

n.no 

0.iS 
0.80 

0.85-0.85 
0 . 8 5  
0.87 
0 .  Xi 

0.84 

0.87 

0.84 
0.83 
0 .86  

.\ntirnicrob 
activity," yc 

50 
100 

0 . 5  
0 
1 
2 

20 
1 

no 

1 

<0 .  1 
0 . 1  

i n  

in 
10 

0 
5 

0.05 

0 
0 

K egenera tion Dose, 
of double bonda mgjkg jday  

. . .  

. . .  

. . .  
I d  

1 

3 7 
85 
0') 
.)r 

32 

27 
0 

0 
8 

23 
6T 
20 
22 
21 
18 

High 
10 

0 
0 
0 

76 

6 25-25 
6 2-50 
4 1-16 5 
100-200 
2c1-44 
50 

50-200 
40-80 

ino-250 

108-21 6 
20-62 5 

50-100 
150-250 
2 5-10 s 
T-27 
12 5-25 
8 12-16 25 
3 s-19 2 
4 6-18 5 
6 25-12 5 
100-200 
100 
100-200 
100-200 
100-200 
100 

Therap SIolar 
response* potencj-c 

+ 1 + 1 + 2 . 0  
It <0 .23  
- <o .:34 + 0, 4s + 0 . 2 0  

Inartive against Sarcomn 180 
and Ehrlich solid and  
ascites 

and Ehrlich ascites 
Inactive against Sarcoma 180 

i < O .  12 
Inactive against Sarcoma 180 

and Ehrlich solid and 
ascites 
- <0 .34  

+ 3.6 + 2 . 9 + 2 . 8  + 2 . 3 + 2 , ! )  + 3 . s + 3.6 
- <0.18 

+ 0.16 
i < O .  16 

+ n. 13 

i <n. 47 

- <n. i x  
0 - 

a See Experimental Section for details. * -4 siirvival time, T /C ,  of 1-3.25 = -, 1.2.5-1.5 = &, >l .5  = +. Molar ratio FU (or 
F U l l I t ) / d r ~ ~ g  when given at the optimal therapeutic dosage or maximal ineffective dosage. The spectrum, produced after reaction 
with GSH, presented no real F U  peak biit a shoulder at  about 300 mp, which indirated the presence of another prodllct, so that the 
FI- contmt  colild not he calculated. 

More recently. Lozeron, et u Z . , ~ "  investigated the 
photochemical addition of water across the 5,6 double 
bond of FU and demonstrated the formation of 5 -  
fluoro-B-hydroxy-5,6-dihydrouracil (HOHFU, Chart 
TI). The structure of HOHFU was reliably estab- 

CHART I1 
0 0 

1 ~~~~ buf fered  
pH 3-7 

MeOBrFU 

AcOBr F U 

0 

"2; HOHFU 
O&N OH 

b t f f e r e d  
p H  3-7 

9 

HOBrFU 

FU 

(30) H. A .  Lozeron, LI. P. Gordon, T .  Gabriel, Jl-. Tantz ,  and R. nil- 
sellinsky, B i o c h e m i s t r y ,  3, 1844 (1964). 

lished by nmr spectroscopy. Since the same substance 
was previously obtained in our laboratories'" from the 
reductive debromination of HOBrFU (the addition 
product of hypobromous acid with FU), the location 
of the bromine at  C-5 in the latter compound is also 
established. Besides HOBr, we have now added HO- 
C1, alkyl hypochlorite, and alkyl and acetyl hypobro- 
mite to the double bond of fluorinated pyrimidines. 
These addition products and some debrominated deriva- 
tives are listed in Table I, together with certain physical 
and biological properties. 

Further structural correlations are outlined in Chart 
11. The addition products of FU and methyl hypo- 
bromite (NeOBrFU) and acetyl hypobromite (AcOBr- 
FU) were linked with HOHFU by the reactions de- 
picted: AcOBrFU was converted to MeOBrFU upon 
refluxing with methanolic HBr. (Heating MeOBr- 
FU with n-butyl alcohol and HBr gave the analog, 
BuOBrFU.) Rather surprisingly, heating IIeOBrFU 
with fuming nitric acid gave HOBrFU rather than 5- 
bromo-5-fluorobarbituric acid, an expected product of a 
subsequent oxidation. 23b 

The 6-fluoro-6-oxydihydropyrimidines resulting from 
reductive debromination of the hypobromite addition 
products differ substantially in their stability. Thus, 
the elimination of alcohol from 5-fluoro-6-methoxy- 
hydrouracil (JleOHFU) with regeneration of the double 
bond proceeds considerably faster than the el~minntion 



H l V C ]  

O N  
H 

0 T:fBr H 

1 

L K - methyl  o r  t -butyl  

I 
0 

i i l  her starting material. $tereochimical assignments are tentsrive. Siini 
1sr olrrerrations, where U = H. h a r e  already heen made hy Johnson.2~" 
'The resulting povtiilated t r u n s  stereochemistry would therefore be (lirecteil 
ti\. i l i e  bulkier lialoaen a t  (.'-5, rather thari tlie entering electropliile, as  t~b- 
v w e d  with simple alkenes. Both mechanisms, I i o \ ~ - e v ~ r ,  may b e  o ~ ~ e r a t i \ v  
in tlir rariinis pperific inPtanreq i n ~ - r t i g n t t ~ i l .  
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CHART 111 
FU 
I 

d-HOBrFU\ 1 HOBr l P - H O B r F U  

dj-HOBrFU 

d-MeOgr FUDR-1-MeOBr FUDR 

MeOBi  

FUD R 

d-MeOBrFUDRdi , Ac ! AC,O k 9 U D R d i A c  

FUDRd i Ac 
MeOBr 

pared by direct addition of HOBr to FU. It is clear 
from these experiments that  the configurations of the 
aglycones in d- and I-JIeOBrFUDR are identical with 
those of the respective d and I isomers of HOBrFU and 
demonstrate that addition of AleOBr to the nucleoside, 
FUDR, followed the same course as did addition of this 
reagent to FU itself. Addition of JIeOBr to 5-fluoro- 
2’-deoxyuridylate (FUDRP) gave a mixture (not sepa- 
rated) of JIeOBrFUDRP isomers which was needed for 
erizymatic experiments (v ide  infra). 

Addition of EtOBr to FUDR and hydrogenation of 
the resulting d-EtOBrFUDR (yield 37YC) to d-EtOH- 
FUDR proceeded in a manner analogous to the prepara- 
tion of the lower homolog. The I diastereoisomers were 
not isolated in the ethyl series. t-BuOBrFUDR was ob- 
tained only as a mixture of diastereoisomers, as was 5- 
bromo-5-fluoro- 6-acetoxy-5,6-dihydro-2’-deoxyuridine 
3’,5’-diacetate when FUDR 3’,5’-diacetate was treated 
with bromine in acetic acid and acetic anhydride in the 
presence of silver acetate. 

While hypobromite addition to FUDR proceeded 
readily in the cold or a t  room temperature using equi- 
molar amounts of reagent, methyl hypochlorite re- 
acted only when a great excess was used and the me- 
dium was acidic; cl-1IeOClFUDR was obtained in 
crystalline form. &Butyl hypochlorite did not react 
with FUDR a t  room temperature. When the niixture 
was refluxed, a product of uncertain steric homogeneity 
was obtained. 

Addition of 31eOBr (20% excess) to 3-fluoro-2’-de- 
oxycytidine (FCDR) gave the expected MeOBrFCDR 
as a mixture of diastereoisomers. A more acidic by- 
product which contained electropositive bromine was 
isolated by ion-exchange chromatography. The analy- 
sis was consistent with a combination of IleOBrFC- 
D R  + HOBr. The product may be NeOBrFCDR 
whose exocyclic amino group carries a bromine atom 
and which contains a molecule of water.34 

Addition of AleOBr to thymidine gave an 81% yield 
of crystalline d-bromo-6-methoxy-5,6-dihydrothymidine 
(d-AleOBrTDR) which upon hydrogenation did not 
yield IIeOHTDR but reverted mostly to TDR. This 
corroborates the lability of the thymine photohydra- 
tion product reported in the literature. *ga.b 

(31) .In ?j-diloroaminop> rirnidine v a s  reported in the l i t emtuie .~~C 

We now describe the stability of these addition prod- 
ucts. At elevated temperatures, such as being heated 
above their melting points, they deconipose reverting 
to the oi igjrial 5-fluoropyrimidines. This reversal, 
hon ever, i i  far from quantitative for most hypohalite 
addition products. In  contrast, the water or alcohol 
addition products similarly revert in excellent yield, 

Behavior toward aqueous acid and base is more com- 
plicated. The bromo compounds derived from FU 
and 1‘GDR are stable at  room temperature and at  pH 
‘7 and below, exhibiting only end absorption in the ul- 
traviolet. In alkali, however, these compounds de- 
compose sloa-ly, as evidenced by the gradual decrease of 
their absorption maximum at ca. 240 nip. JIeOBrFU 
gave, upon standing for 20 hr in 1 N XaOH, 10070 of free 
bromide ion and was partially transformed into E’U. 
On the other hand, the corresponding deoxyribonucleo- 
side appeared to be more stable; no change of its ultra- 
violet absorption intensity at the maximum of 2447 nip 
was observed when its alkaline solution was inonitored 
for prolonged periods. 

The water and alcohol addition products are unstable 
in aqueous solutions at  any pH, the latter even more so 
than the former. Table I shows the amounts of FU 
and FUDR regenerated when these compounds were 
incubated in phosphate buffer at  pH 7 for 24 hr at  35’. 
A t  alkaline pH, more deep-seated changes are observed: 
HOHFC undergoes, to a large extent, ring opening and 
cleavage to fluoromalonaldehydic acid. 30 I n  contrast, 
XIeOHFU reverts quantitatively to FC. The corre- 
sponding nucleosides show similar behavior: JIeOH- 
FCDR reverts to FUDR upon treatment with alkali. 
whereas HOHFUDR reverts only to a small extent and 
gives rise to an absorption peak at  260 nip resembling 
the spectrum of fluoromalonaldehydic acid. The reac- 
tion product was not further identified. 

Finally, the stability of the hypohalite addition prod- 
ucts toward chemical reducing agents was investigated. 
Treatment with 2-4 moles of reduced glutathione (see 
Experimental Section) regenerated the unsaturated 
pyrimidine, as evidenced by the appearance of the char- 
acteristic ultraviolet absorption spectrum and con- 
firmed by paper chromatography. The figures in Table 
I show the percentage of regenerated pyrimidine ob- 
tained in 24 hr. S o  significant increase in conversion 
after this time was observed, nor did additional amounts 
of glutathione increase the yield of pyrimidine. The 
data indicate that a side reaction also occurs but this 
aspect was not further i n ~ e s t i g a t e d . ~ ~  Only the alkyl 
hypobromite addition products gave an appreciable 
percentage of regenerated pyrimidine, whereas HOBr 
as well as HOC1 or alkyl hypochlorite addition products 
regenerated little or no pyrimidine under these condi- 
tions. d--\IeOBrTDR, when treated with 2 moles of 
GSH, gave 7891, of thymidine; dl-AIeOBrF‘C and dl- 
EtOBrFC were converted almost quantitatively into 
1’C (see Experimental Section). These results cor- 
roborate the assumption that an intermediate debro- 
niinated derivative is highly unstable and undergoes 
loss of alcohol with regeneration of the pyrimidine 

(36 )  Bromine is not released as  ion, since IiXOz and .IgNOa give no im- 
mediate precipitation of AgBr a t  room temperature: AgBr is formed after 
short heating on the water bath.  This may be explained by a labile fixation 
of BT to glutathione or to some other reaction product. The hypobromite 
addition products themselves yield no AgUr upon short heating with 
H N o i  and  AgNOa. 
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biological effects exerted by theye drugs. The bio- 
logical effects will, of course, depend on various factors, 
such as the extent aiid speed of the regenerative proc- 
ess, the metabolic fate of the drugs, arid their dist'ribu- 
tioii in the organism. If the drugs regenerate little or 
110 1;U or  l T D R ,  or if  they release t,hese compounds too 
slowly, they should have litt,le potency. On the other 

e of  1;U or FGDR is too rapid, there 
ereiice bet'ween the precursor and the 

active pyrimidine. Our premise was that appropriate 
releasers of FU ~v-ould be less potent than IT arid re- 
leasers of I T D R  would be more potent than I;UDR it,- 
self. l'rotertiori of the glyrosyl liriliage iri the precursor 
against erizymatic cleavage with formation of 1T n-as 
deemed necessary so that' the nucleoside could exert its 
role as suhstrate for conversion into ai1 active nucleo- 
tide. The hioc.hemicd behavior of 1 IeOBrFUDR arid 
A\IeOH1;UDIi soems to fill t,hat requirement. 

The data in Table I show t,hat, i r i  general, a correla- 
tion exists between the capacity of the drug to regen- 
erate the double horid in i ' i tro with the formation of E'U 
or 1;UDR arid the ailtileukemic. effect. Those drugs 
which regenerate %fluorouracil show, as expected, a 
lower potency than fluorouracil itself in this test' sys- 
tem. In t'his regard these E'U-releasing drugs mimic 
the effects which have been reportedsa for slow infusion 
of 1'U in humxis. On the other harid, those fluorinated 
dihydronuc~leosides which regenerate E'UDR in vitro are 
more potent on  a molar basis against leukemia BS2A 
than is I'GDR, thus apparently mimickirig to some ex- 
tent the irivrease in potency obtairied by slow infusion 
of I'UDR. It is noteworthy that the half-life of E'UDR 
in the plasma of cmcer patients treated with tl-AIeOBr- 
I'UDR was 10 times longer than when E'UDR itself 
TY&S admi~i is t~eret l .~~ This result would iridicat>e that cl- 
;\IeORrl:UDR acts in cico as a reservoir for the release 
of E'UDR. 

Experimental 
Chromatography and Bioautography (See Table U-Paper 

clirumatograms were run in the descending manner on Khatman 
So. 1 paper (liquid froiit 40-45 cm) using either 1-butaiiol-acetic 
acid-water ( 5 : 2 : 3 )  em 1) o r  ethanol-water (85: 13) (system 
2). The bromo an loro compound;. were fairly well visible 
iipon inspection with ultraviolet light since they exhibit sufficient 
end abrorption. Deo. ibosidea were rendered visible by spray- 
ing with cysteiiie-sulfiiric acid.jZ The dehalogeriated Tvater or  
alcohol addition prodiicts, which eshibit insufficient end absorp- 
tion to be located on the chromatograms, could be rendered vi,+ 
ible by spraying with alkali or, better, by exposiire to NH., 
vapor. This treatmelit regenerates the pyrimidines or their 
strongly ahsoi,l)ing hreakdowii prodiicts. 

For hioaiitography,'~ the dried and well-aerated developed 
paper chromatogram strips were applied to 23 X 45 cm rectangii- 
lar plastic pail3 containing 300 nil of natrient agar at pH 6.2 
Lvhich had heeii seeded with Snrcina Iictca (PCI 1001).37 Strips 
\\'ere allowed to i,emaiii in contact with the seeded and hardened 
agar for aboiit 12 min: t,heii were carefrillj- removed. The agar 
pans n-ere iiiciithaled overnight (18-20 hr) at 35". The growth 
iirhibition mile> a-hich iiidirate the presence of ari active anti- 

(44) Meltinn points were taken on a Thomas-Hooi-er apparatus and are 
iincorrerted. L-ltraviolet spectra were measured on a Cary Model l i h l  
spectrophotometer or,  in part ,  on a Beckman 1113 instrument. Infrared 
rneasiirernents were carried out  on a Beckman IR5 instrument in potassium 
Iirornid~ pellets, rirdeis otlienvise indiratrri. 

(45)  I .  G .  I%iirlmnan. .\-<i/urv, 168, 1091 (1951j. 
(46) \ \ e  are indebted to  Air. P:. LaSala (IIoffnian-La Roclie) for these 

(47)  .\n atnoiint of 1 rnl of a 24-111 shake-flask prowtll of 8. luteu in 500 
tests. 

nil of agar is used. 

bacterial substance were shadowgraphed, measured, aiid matched 
with standard series of FL and FITDR chromatographed simul- 
taneou.sly. This method permits detection of less than 1 pg 
of FU and FPDR. 

The figures given in Table I present the molar percentage of 
FI-I)II which gave an inhibitory zone matching the one produced 
by the compound examined. 

Stability Experiments4s (Regeneration of Double Bond, 
Table I).-The compound (0.1 mmole) was dissolved in 2 nil of 
0.06 J I  phosphate buffer (pH i). Less solitble compoiuids such 
as JIeOBi,F17 and tl-:\IeOBrFI-DRdiSc were dissolved in 2 ml of 
buffer and 18 ml of water; I-1IeOBrFUDlldiAc was soluble 
only in 10 ml of buffer, 7 2  ml of H?O, and 18 ml of JIeOH. T o  
one-half of these soltttions was added 61.4 mg of gliitathioiie 
(0.2 mmolej. Both solritions were incitbated for hpecified pe- 
riods, at Xio! iiiiless hpecified otherwiye. Spectra were taken 
after dilution with 0.1 .Y IlCl to obtain a 0.1 m.lf d i i t i on ,  iisuallj- 
after 19 hr and again after 24 hr. Data recorded in Table I 
refer to the 24-hr rertdings. In some instances, an iiicremeiit of 
l5-20C;, was obperved between these readings. Controls with- 
out GSH were taken at the start and after 24 hr. The hypohalite 

howed 110 significant, change of absorption in  
these controls. The spontarieoiis regeneration of the doitble 
bond of 1IeOHFI:I)It actitally appeared to be slightly delayed 
by the presence of (iSH in the beginning, but the end resiilt was 
not very digerelit: the figures recorded in Table I for dehalogen- 
ated coinporiiidh were obtained withoiit GSH. 111 control riiii.3, 

which were moiiitored -;pectlophotonietrically, FI:, FC, FL-IIR, 
aiid FI-1)IjdiAc did not, iiiidergo significant changes by incuba- 
tion with CiSII. 

The ultraviolet data of F U  and FIWIL are as follows: FU, 
266 mp (E XN), Xo'lY"oH ~~~ 2x2-283 mp (E 5420), A::"" HCI 

284 mp 1~ 7050): FUDR, X:::""' 268-2689 nip (E XQSO), 
2668-269 mp (E 6960), A:::,""" 269 nip i s  7090). 
rl!-5-Chloro-5-fluoro-6-hydroxyhydrouracil (HOCIFU).-To a 

 usp pension of 13 g of F U  (0.10 mole) in 40 ml of concentrated 
IIC1 waq added, gradually with shaking and cooling (temperature 
kept below Z"),  10 ml of SOc: H&. After the exothermic 
reaction had sitbsided, another 10 ml of HsOr was added as de- 
scribed above, whereupon a clear soliition was obtained. After 
5-12 hr, the product (12 g)  ci,ystallized at 0': additional material 
(2 g )  w a ~  obt,aiiied hy extraction of the mother liqiior with ether 
(200 ml). The crude material melted at  189'. I<ecrystallization 
by solution in 25 ml uf hot ethyl acetate, chilling, and addition of 
36 ml of ether raised the melting poiiit to 196": yield, 12 g ( 6 6 5 ) .  

Anal. Calcd for CaH,CIFS&: C1, 19.45: X, 15.35. Found: 
C1, 1n.,is: s, 15.12. 
~!I-5-Bromo-5-fluoro-6-methoxvhvdrouracil ihleOBrFU).--To 

a siispension of 32 g of FU ( 0 . i  mole) in  160(1 In1 of methaiiol, 
stirred under reflux, 64 g of Brg (0.4 mole) was added dropwise. 
After refluxing for 30 min, the holiitioii was evaporated in z'acuo, 
and the residue was repeatedly leached with methanol, aiid again 
concentrated to drynebs The final residue was sliirried with 
500 nil of II?O and collected by filtration: >-ield T S  g (8257),  
mp 2OS-21O0 dec. Itecrystallization from ethyl acetate raised 
the melting point to 214-215' dec. 

Anal. Calcd for (lbHtiBrFS,OJ: C, 24.92: H, 2.51; Br, 33.T6. 
Found: C, 25.29; H ,  2.33; Br, 33.20. 

Khen  AIeOBrFL- was heated in DJIF at 140-145' for 45 miii, 
only a very faint release of Br- was observed. Upon evapora- 
tion, a syriip was obtained from which about 50'; of starting 
matei,ial was recovered. 

In  0.1 A\- HCI. the compoiind showed only end absorption com- 
mencing at 280 mp ( E : ~ ~ ~ ~ ~ '  <60) and no spectral changes oc- 
c7itrred within a period in 24 hr. Heating in 0.1 AV HC1 (or 
HgS04) on  the steam bath for 2 hr did not prodiice any change iii 
the spectrum. aiid the anal of the reaction mixture showed 
no release of Br-, but there was partial loss of the methoxy group 
(decrease of OCHB from 13.?9 to 0.5!)cc). When 241 mg of 
1IeOBrFI: (0.001 mole) was refluxed for 15 min in 10 ml of con- 
centrated HBr, the reactioti mixture was evaporated to dryness 
and the residue was treated with 20 nil of ether: 116 mg of FU 
(90c;) was isolated. 

I n  an attempt to oxidize the product to 5-bromo-5-fliiorobarhitu- 
rir acid, a mixture of 1.1 g of MeOBrFU 10.0466 mole) and 10 ml 
of i,ed fiimiiig T I T O : ,  wa- heiitect oli the i t w n i  Inith for 20 m i l l .  

After diliition with 50 in1 of water, the solritioii was evaporated t u  

(18) \Ye )vis11 to  ilrank l ) r .  V .  Toome of these laboratories for carrying o u l  
il large part of the kinetic esperiinents. 
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(68Y0) of product, nip 172-173" (gas evolution). When dried 
at room temperature, the compoiind contained 1 mole of meth- 
anol. It showed only end absorpt,ioii starting a t  280 mp, in 
0.1 iV HCI; Xmax (cm-l) inflection a t  3330, medium band at 3175 
(bonded NH, XH,), st,rong band multiple a t  1680, 1631 (urea 
C=O), medium doublet a t  1443 and 1403, strong 1271, medium 
1150, doublet a t  1095 and 1080, 1025. 

Anal. Calcd for C5H,BrFS30?.CH30H: F, 6.98; OCH3, 
22.81. Found: F, 6.67; OCH,, 23.04. 

Upon prolonged drying in vacuo the compound lost the meth- 
anol of crystallization; 

Anal. Calcd for CsH7BrFN30,: C, 25.02; I€, 2.94; S, 17.51; 
OCHa, 11.41. F o ~ r l d :  C, 25.24; H, 3.13; N, 17.56; OCH,, 
11.40. 

Chemical regeneration of F C  with glutathione4s under the 
standard conditions was virtually quantitative. 
dl-5-Bromo-6-ethoxy-5-fluorohydrocytosine (EtOBrFC).-To a 

solution of 2.6 ml of Brz (0.051 mole) in 100 ml of ethanol, cooled 
to -15", was added 27.5 g of .4g2c03 (0.1 mole). After stirring 
the mixture at -15' for 30 min it, was filtered and the filtrate 
was added with stirring and cooling to a suspension of 5 g of 
F C  in 200 ml of ethanol. Since stirring in the cold for 30 min 
brought about no apparent changes, the reaction was iriit,iated 
by addition of 5 drops of 2.5 S HBr in butanol. After stirring 
for 30 min a t  room temperature a solution was obtained which 
showed 272,000 OD unit,s a t  240 mp. Upon evaporation 
to 100 ml, crystals formed which were collected by filtration and 
washed with ethanol and ether; yield 3.8 g. A4 second crop of 
2.77 g was obtained from the mot,her liquor by evaporation and 
crystallization from 50 ml of ethanol; total yield 517& mp 175- 
177" dec, A::" 240 mp ( E  6480). For analysis, a sample was 
recrystallized from ethanol, mp 178" dec. 

Calcd for CsHQBrFS302: Br, 31.45; F, 7.48; S, 16.54; 
OCzH,, 17.74. Found: Br, 31.65; F, 7.34; N, 16.75; OCIH~,  
17.64. 

Again, quantitative conversion to F C  was observed upon starid- 
ard glutathione reduct io i~~8 

d-5-Bromo-5-fluoro-6-hydroxy-5,6-dihydro-2 -deoxyuridine 
(HOBrFUDR).-To an ice-cooled solution of FUDR (81.3 
mmoles) in 250 ml of water was added within 30 min, 5.2 ml of 
Brz (100 mmoles), dropwise, with vigorous stirring. After 1 
additional hr, the reaction mixt,uTe (monitored spectrophoto- 
metrically) contained E&qHcL 14,000 corresponding to a maxi- 
mum of 21.5 mmoles of FUDR49 (26.57, of starting material). 
Since at this time the drop of ultraviolet' absorption had come to a 
st,andstill, the solution was passed through Dowex 1-X4 (acetate) 
column, 3.8 X 30 cm (200 g of resin), and washed with nater .  
After passage of a 400-ml fraction (1) showing no ultraviolet 
absorpt,ion, an effluent fraction (2) of 685 ml ( E ~ y " "  25,200, 
E&:HC' 3900) and fraction (3) 770 ml 6360, E ~ ~ ~ ~ H C 1  
1665) were collected and followed by an ultraviolet nonabsorbing 
eliiate. Fraction 2 was lyophilized to yield 10.07 g of white solid. 
Fraction 3 yielded 4.42 g of solid and was not furt8her investi- 
gated. Thin layer chromatography of fraction 2 on silica gel 
(3.3 vol of methanol, 96.7 vol of ethyl acetate) showed two spots 
and the analysis indicated deficiency of Br and F. 

A solution of 16 g (81% of original) in 30 ml of acetone was 
mixed wit,h 10 g of silica gel (0.2-0.5 mp) and the mixture was 
evaporated in uocuo to a sticky solid. This was put on top of a 
silica gel (0.2-0.5 mp) column 4.5 X 29 em (240 g)  and eluted 
with ethyl acetate. Fractions were monitored by tlc (10% 
methanol in ethyl acetate) and the tlc plates were sprayed with 
cysteine siilftiric acid45 for producing a pink spot characteristic 
for deoxyribosides. A peak fraction (RI  0.7) was eluted after 
three to foiir column volumes of efluent had been collect,ed. 
Concentration gave 6.15 g of sticky white solid. This was fol- 
lowed by tail fractions of gradually decreasing intensit,y which 
were comhined and gave an additional 3 g. -4 second peak 
appeared upon elut,ion wit.h a mixture of 10 vol of methanol and 
90 vol of ethyl acetate which gave upon evaporation 2.7 g of 
solid. Finally, a third peak was eluted yielding 0.57 g. These 
latter t.wo fractions were not further invest,igated. The first 
peak fraction (6.15 g)  was dissolved in 1-50 ml of boiling ethyl 
acetate and filt,ered from a trace of insoluble material. The 
solut,ion crystallized after allowing it to stand overnight below 0'. 
The crystals were filtered and washed with ether; yield 2.17 g, 
mp 118' dec, [ c Y ] ~ ~ D  +34.9" ( c  1, ethyl acetate). 

245 mp ( E  7600). 

ilnal. 

Anal. Calcd for CsHlzBrFli20s: C, 31.50; H, 3.53; Br, 
23.29; F, 5 . 5 i ;  N, 8.16. Found: C, 31.61; H, 3.52; Br, 23.04; 
F, 5.56; N, 8.27. 

Addition of petroleum ether to the mother liquor afforded a 
second crop, 1.14 g, mp 118.5' dec, [ c Y ] ~ ~ D  +32.40". 

The tail fraction of 3 g gave, upon recrystallization from 75 nil 
of ethyl acetate, 1.20 g, mp 118.5' dec, [ c Y ] ~ ~ D  +36.3" ( c  1, ethyl 
acetate), and addition of petroleum ether to the mother liquor 
gave 1.7 g of product,, mp 120" dec, [ c Y ] ~ ~ D  +28.1" ( c  1, ethyl 
acetate). 

Thus, the total amount of isolated HOBrFUDR of varying 
degrees of purity was 6.21 g (27%, if corrected for unused critde 
material). The compound exhibited only end absorption start- 
ing a t  280 mp when examined in water, in 0.1 S HCl ( € 2 2 0  ca. 
5000), and in 1 S SaOH, and the spectra of these solutions did 
not undergo any significant, change within a period of 24 hr. 

The final mother liquor of the peak fraction was slightly levoro- 
tatory. I t  was evaporated to dryness and dissolved in 5 ml of 
boiling ethyl acetate to which was added chloroform until the 
beginning of turbidit,y. Cooling produced precipitation of an 
oil which became crystalline upon scratching; yield 0.23 g, mp 
115" dec. The mother liquor of this material gave, upon evapora- 
tion to dryness, 1.5 g of solid [ a l Z 7 ~  - 19.06" ( c  15, ethyl acetate). 

According to the Br and F analysis this material is crude 1- 
HOBrFUDR of about 80% purity. 

Anal. Calcd for CQH12BrFNzOs: Br, 23.29; F, 5 .57;  N, 8.16. 
Found: Br, 20.60; 20.77; F, 4.84, 4.88; N, 7.56, 7.63. 

Interaction of d-HOBrFUDR and 2 -Deoxyuridine (UDR).- 
Equal parts of 0.01 '$1 solutions of d-HOBrFUDR and of UDP, 
u-ere mixed and dilut,ed 1 : 50 with water or 1 S HCl. The ultra- 
violet spectra were taken a t  zero time. The water solution was 
examined after 5 and 24 hr of incubation a t  35' and after 6.5 hr 
on the steam bath; the solution in 1 S HC1 was examined after 
2.5 hr on the steam bath. S o  significant changes of the initial 
spectra were observed; in particular, there was no observation 
of a shift of the location of the UDR maximum from about 260 
toward 268 mp, which would be expected from formation of 
FUDR. 

d-5-Fluoro-6-hydroxy-5,6-dihydro-2'-deoxyuridine (HOHF- 
UDR).-A solut,ion of 2 g of d-HOBrFUDR (5.83 mmoles) in 90 
ml of water containing 513 mg of sodium acetate was hydrogen- 
ated a t  room temperature and atmospheric pressure in the pres- 
ence of 233 mg of prehydrogenated 10% Pd-C catalyst. The 
hydrogen uptake (141 ml, 55% of theory) came to a standst'ill 
after 15 min. The catalyst was filtered. The filtrate (56 ml) 
contained 93% of the Br in iitratable form (5 ml removed for 
analysis) and showed z$HC' 2360 corresponding to  0.36 mmole 
of FUDR (6.2%) and E&'8oH 54,800.50 The solution was neu- 
tralized to p H  7.0 with 1 -V NaOH and fractionated on a Dowex 
1-X4 (acetate) column, 2.5 X 41 cm, using water as an eluent. 
The procedure was monitored by taking spectrophotometric 
readings a t  280 mp in 0.1 I\' HCl and a t  260 mp in 1 LV NaOH. 
After passage of 151 ml of nonabsorbin eluate, a fraction of 271 
ml containing 195 and E:PgH 48,700 m-as collected. 
Elution with 1 S acetic acid then removed a second fraction of 

1800 and 2100 from the column. This fraction 
(FUDR) was discarded. The first fraction was slurried with 20 
g of Dowex X8 ( H +  form) in order to remove Na+, and the 
resin was separated by filtration. The filtrate was lyophilized, 
yielding 1.31 g of a fluffy powder (84cE yield, calculated as 
monohydrate). liotations were taken in 5 . 2 5  aqueous solution 
at 25' a t  four different, wavelengths, the values for [CY] being 
$6.4" (578 mp), +7.2' (546 mp), +16.0" (436 mp), +36.8" 
(346 mp). 

Anal. Calcd for C9Hl3FN2O8.HZO: C, 38.30; H, 4.64; F, 
6.73; N, 9.93. Found: C, 38.54, 38.75; H, 4.95, 5.15; F, 
6.67; N, 9.83, 10.01. 

d-5-Bromo-5-fluoro-6-methoxy-5,6-dihydro-2 -deoxyuridine 
(cl-MeOBrFUDR).-To a freshly prepared solution of 14 ml 
(43.6 g)  of Brz (0.55 mole) in 1000 ml of methanol, which was 
cooled to  about -15', .4g&O3 (170 g, 0.62 mole) was added with 
vigorous stirring. After continuous stirring and cooling for 1 hr, 
the initially red solution had become light yellow. The methyl 
hypobromite solntion was filtered directly into an ice-cold solu- 
tion of 50 g of FUDR (0.203 mole), in 750 ml of methanol. 
Stirring and cooling at 0" was maintained for 15 min, then the 

E;;;VHCl 

(50) This reading was taken ca. 15 min after adding the  alkali and ac- 
counts (besides for t h e  FUDR present) for a decomposition product of 
HOHFUDR having XkyPoH 26+261 mp ( c  8300). 
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Fractioiis 3 mid 4 were lyophilized, the dry material was dis- 
holved iri 62 ml of water, the solution was adjusted to pH 6 and 
c-hroniat'ographed again on a 4 X 33 ern columti of Dowex 1-X4 
(acetate) 100-200 mesh, eluting with water (flow rat,e 200 ml/hr). 
Fractioiis 5 atid 6 (208 ml) contained 11.25 nimoleh of JIeOH- 
FCIIII (purity 975;). The maberial weighed, after lyophiliza- 
tion, :3.4:3 g. This was dissolved in a boiling mixture of 7 nil 
of diosaiie and :37 nil of biityl acetate. By cooliiig, 2.58 g (5 
of crystals nieltiiig at 1:36.5-1YX.5° were obtained, [ L Y ] %  $4 

). Acwrditig to spectrophotometry (oiily 
113/g) it coiitaitied a maximum of 0.4(;, of 

FUDlI.  
.lnal. Calcd for Cl0HljFS2O6: F, 6.83; CH,O, 11.15. Found 

F, 7.00, 7.07: CH30, 11.33. 
Conversion of MeOHFUDR into FUDR by Na0H.-Crude 

AIeOHFUUIt obtained by hydrogenation of 1 "ole AleOBr- 
F U D R  was dissolved in 7 ml of 1 S SaOH.  The spectriim ex- 

mRI 268 nip correhponding to 0.91 mmole of FUIIII. 
The soliltion was fractiotiated on  a I>o\yex 1 - 4 s  (acetat.e) col- 
iiniti, 1.4 X 20 cm. The coliimii waa firht rlut,ed with i l l  ml of 
water and then with 0.1 .\-acetic* acid. A peak (14,5 nil) war taketi 
rip three times with a few milliliters of ethaiiol aiid reevaporated. 
The filial residiie was dissolved iii 10 ml of boiliiig butyl acetate 
and the soliition was allowed to crystallize in the cold; yield 146 
mg (59'0), mp 145.5-146'. A mixtiire w-it,h an authentic sample 
of FUIIII (nip 149-150") melted at 147-149O. Ite 
tion gave 93 mg, mp 147-148", which was fiirt,her 
by it,.: irifrared spectriim and by analysis. 

.inal. Calrd for CyHtlFX20j:  C, 43.01; H, 4.51. Foiiiid: 
C, 44.12: H, 4.43. 

rl-5-Bromo-5-fluoro-6-e thoxy-5,6-di hydro-2'-deoxyuridine 
(EtOBrFUDR).-4 solution of 10 ml of bromiiie (31.2 g, 0.39 
mole) in 640 ml of ethanol was htirred for 30 mill a t  -5' with 
l(J7,.5 g of Ag2C03 (0.39 mole). The light, yellow solution was 
filtered rapidly into aii ice-cold (partial) soliitioii of 3i) g of FU1)lI 
(0.122 mole) in  500 ml of ethatiol. Colitiliiled stirriiig prodiiced 
rapid dissolutioti. A4fter allowiiig the mixtiire to staiid for 16 h r  
in  the refrigerator, it was coiiceiitrated in D U C L I O  at 30" to a deep 
orangered syrup. 

The latter w-as dissolved ill 200 ml of ethatiol atid the I)ry Ice 
cooled soliitioii was stirred Tvith small amounts of AgjC03 which 
were added gradually iiiitil the liquid wa,s colorless. .4fter fil- 
tration throiigh Celite the solut,ioii bhoaed only erid absorptioii 

Evaporation in ouctm gave a pale yellow syrup 
which became partly cryatallhe after seeding 
with 25 ml of biit,yl acetate aiid allowed tjo cr- 
yield 7.Oti g, inp 128-129..5°. The mother 
addition of petroleuni ethcr, :I secoiid crop of 10 g, nip 127.5- 
128.,5': total yield 37.3";. I:ec.r!-itallizatio~i f'roni 1.4 vol of 
ethyl acetate raised the melting point t o  129-130"! [ c Y ] * ~ u  t 6 0 . 2 '  
( c  2 .0 ,  methaiiol). Bioautography showed absence of FIJ1)IL 
(less thaii 0.1('; 1. 

.trial. Calcd for ClyH,,BrFSn06: Br, 21.,51: F, 5.12: C.t-Ij0, 

&5-Fluoro-6-ethoxy-5,6-dihydro-2'-deoxyurid~ne (EtOH- 
FUDR).-Ten grams ( 2 7  mmoles) of d-EtOBrFUDR ( n ~ p  
127.5-128.5') were hydrogenated in 100 ml water containing 

f sodiiim acetate (27.4 mmoles) in she presence of 0.5 g 
Pd-C catalyst. The hydrogen uptake was 630 ml 
withiii 40 miti. The catalyst was filtered, and the 

Chromatography on  a Uowex 1-X4 
acetate column 3.5 x 32 em gave, by elution with water, two 
fractioiis (320 ml) of only weakly absorbing material. Fraction :3 

ml), fraction 4 (132 ml), and fraction 5 (132 ml) contained 
9 8 s  piire), 7.02 (91<-; piire), and 1.39 (86.lC; piire) mmoles 
-EtOHFITl>R, respectively. Total yield was 78.3';. 

Fraction 3 wah lyophilized arid t,he dry material (4.01 g) \VEL< 

crystallized from 96 nil of ethyl acetate to yield 2.79 g (;3t5.3r:), 
Inp 146-147'. was foiind to be 12S/g which corresponds 
to a maximal F U U R  content of 0.46CL: [ a I z 6 D  +37.2" (c 2.0, 
water). 

.?nul. Calrd for C l l I I I 7  0,: C,TT:,O, 13.42; F, 0.50. 
F O ~ I I I ~ :  c.rrio. 15.Z): F, 5.94. 

5-Bromo-5-fluoro-6-t -butoxy-5,6-dihydro-2'-deoxyuridine 
(Mixture of Diastereoisomers) (t-BuOBrFUDR).-To a solution 
of .?I nil (1,5.6 g )  of Bry (97 mmoleh) in 100 ml of t-butyl alcohol 
was added with stirring 50 g of .%g2C03 (182 mmoles). After 95 
niin of stirring the mixtiire war filtered directly into a stirred 
suspension of 16.5 g of FUDIL (25 ninioles) in 150 nil of f-btit>-l 
alcohol. The reaction mixtiire became homogeiieous within 15 

hibited X.SSi"OH 

12,600). 

12.12. FouIid: BY, 20.94: F, 5.08; C?H;O, 12.22. 

was lyophilized. 

miii and the optical deiisity E : p  dropped gradually withiii 2.5 hr 
from initially 163,600 to 7350. 

The mixtiire was evaporated to a froth which was dissolved i n  
40 ml of ether. The solution was poured Jowly with stirririg into 
150 ml of petroleum ether to prodrice a white slightly grimmy 
precipitate, which was dissolved again iii 50 ml of ether and repre- 
cipitated with 350 ml of pet,roleum ether. A white electrostatic 
solid (7.9 g, 79%) was isolated by filtration aiid washing with 
petroleiim et>her. I t  gradually became soft iipon heat,ing to 65' 
arid theii deconipored at  75-95' (gas evolution); [ C Y ]  2 3 ~  $36.3" 
( e  1, methanol). 

Anal. Calcd for C13HnoBrFN206: C, 39.11; H, 5.05;  Br, 
20.02; S, 7 . 0 2 .  Found: C, 39.32; H, 5.43; Br, 20.03; h', 6.82. 
5-Bromo-5-fluoro-6-acetoxy-5,6-dihydro-2'-deoxyuridine 3',5'- 

Diacetate (Diastereomeric Mixture) ( AcOBrFUDRdiAc).-To ari 
ice-cold solution of 9.89 g of FUDR 3',5'-diacetate (33.4 mmoles) 
in a mixture of 75 ml of acetic acid and 75 ml of acetic anhydride, 
was added with cooling and stirring 5.8.5 g of silver acetate (35  
nimoles) and 1.8 ml of bromine (5.6 g, 35 mmoles). The mixtiire 
was allowed to rihe to room temperature atid was stirred 30 miii. 
AgBr was filtered and washed with acetic acid. The oraiige- 
colored filtrate coritained iieither ,4g+ or Br- atid had 3450. 
I t  was evaporated in L'UCLLO to a syrup, which was dissolved in 50 
ml of ether. The solution was clarified by filtration through Celite 
and poured with stirring into 700 ml of petroleum ether. After 
15 min of stirring, a white powdery precipitate and sticky material 
adhering t o  the glass walls was formed. The powdery precipitate 
(6.69 g)  was filtered and washed with petroleum ether. The 
sticky material was redissolved in 25 ml of ether and reprecipi- 
tated with 250 ml of petroleum ether to yield 5.62 g, [ a ] l ' ~  

$9.3" (C 1.0, CHC1,). 
Anal. Calcd for C15H~hBrFIi~O~: C, 38. 

5.97; F, 4.OC5; Br, 17.03. Fouiid: C, 38.71; H, 3.96; 1, 5.81; 
F, 3.98; Br, 16.71. 

It was dis- 
solved in  10 ml of ether arid the solution was poured with atirritig 
iiito 250 1ri1 of petroleiim ether. The gummy precipitate was 
redissolved in 75 ml of ether and again poured into the origiiial 
mother liqiior. After stirring for 30 min tthe precipitate was 
filtered; j-ield 4.87 g, [ a ] * ' ~  +7.4" ( e  2.0 in chloroform), total 
j-ield 675;. 

dnal.  Calcd for CljH18BrFX20Y: C, 38.39; H, 3.87; Br, 
17.03. Found: C, 38.31; H, 3.81; Br, 17.16. 

d-5-C hloro-5-fluoro-6-methoxy-5,6-dihydro-2'-deoxyuridine 
(MeOCIFUDR).-Chlorine gas was passed into 800 ml of 
methanol (cooled in an ice bath) until iodometric determinatioii 
showed a titer of 2.4 mmoles of Cle/ml. To 120 ml of this solu- 
tion (288 mmoles/of Cl?) wah added 79 g of i%g&03 (287 mmoles) 
with stirriiig and cmoling below 0" for a period of 30 miii. The 
MeOCl soliitioii thiis prepared was filtered directly into a well- 
cooled solution of 1.5 g of FGDII (61 mmoles) in 200 ml of nieth- 
anol. A colorless solution was obtained contaiiiing 510,000- 
optical density iiiiits a t  270 mp. Exposiire to room tem- 
perature for 45 miii followed by storage in the refrigerator pro- 
duced no drop of the absorbancy. More niethanolic chloritie 
solution (not treated with AgnCO,) was then added gradually 
and t8he mixture was allowed to stand at room temperature until 
a sample showed practically no E ~ ~ ~ H C 1 .  This solution (C1- 
conteiit 1.8 eqiiiv) was neutralized to pH 6.8 by addition of 
418 nil uf 4.3 AY NaOCH3 in methanol. The precipitated IiaCl 
(92.2 g)  was removed by filtrat,ioii. Evaporation of the filtrate 
to a syrup and further treatment of the syrup with methanol 
and et,her removed addit,ional 10.91 g of SaC1. The final fil- 
trate gave iipon evaporation a partially crystallizing syrup which 
was mixed with 20 nil of water to prodiice rectangiilar plates of 
tl-lIeOC1FPlIII which were filtered and wahhed free of C1- with 

ield 4.17 g (22%,), nip 169..5-170° (decomposed 
tallizatioii from 25 ml of butyl acet,ate gave 

9' (decomposed at  192'), which was chroniato- 
graphically uniform; rotation in methanol (c 1):  [ a ]  +64.6" 
(578 m p ) ,  $72.3" (546 nip), +130.1" (436 nip), +l0.5" (361 nip). 

.lnal. Calcd for C l a H , 4 C I F ~ ~ 0 6 :  C, 38.41; TI, 4.51; Cl, 

The crop of 6.69 g became sticky upon storage. 

11.54: F, 6.08; OCH3, 9.93. FoiIiid: C', 3S.tiS: H, 4.41: 
C1, 11.36; F, 6.28; OCHj, 9.92. 

I-5-Chloro-5-fluoro-6-methoxy-5,6-dihydro-2'-deoxyuridine 
(Crude) (MeOCIFUDR).-The mother liquor of the isolated 
d-lIeOCIFT'I3R deposited, iipoii evaporation and treatment of 

h methaiiol, an additional 4.16 g of SaCl  (total 
). The filtrate gave upoii evaporation a syriip 
olved in 30 nil of water. The slightly acid (pI-1 




