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Addition of hypohalite across the 5,6 double bond of 5-fluorouracil (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 previously described. 
5-Bromo-5-fluoro-6-methoxy-5,6-dihydro-2'-deoxyuridine and its 3',5'-diacetate (MeOBrFUDR and MeOBr-
FUDRdiAc) thus obtained were isolated in two diastereoisomeric forms. The hypobromite adducts of FU 
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 spontaneously 
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 with reduced glutathione at 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 B82A. On a molar basis, the releasers of FU 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 FU of F U D R in humans. 

Among fluorinated pyrimidines, 5-fluorouracil (FU)3 

and 5-fluoro-2'-deoxyuridine (FUDR)4 have acquired 
considerable importance as cancerostatic drugs,3 while 
5-fluorocytosine (FC)36 has shown some promise as a 
fungistatic agent.7 The potency (i.e., therapeutic and/ 
or nonspecific cytotoxicity) of FU and FUDR was 
shown to depend dramatically on the manner of ad
ministration.8 Thus, when given to human cancer pa
tients as single daily intravenous injections, FU and 
FUDR were found to be about equally potent, on a 
molar basis. However, upon slow continuous intra
venous infusion, FU decreased in potency by a factor 
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F. Rubio, S. Palmer, T, Gabriel, and R. Duschinsky, Biochem. Pharmacol. 
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son, and J. H. Burchenal, Cancer Chemotherapy Kept., 8, 77 (1960); (b) 
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of two, whereas FUDR increased approximately twenty-
fold.8a'b A similar relationship was observed in mice 
carrying leukemia B82A.8c This phenomenon was ex
plained by invoking the distribution and performance of 
enzymes regulating the metabolism of these fluorinated 
pyrimidines.8a 

In striking contrast, FUDR has been found to be at 
least 1000 times more effective than FU, when tested 
in vitro, as an inhibitor of formate incorporation into 
the DXA thymine of Ehrlich ascites cells,9 or as a 
growth inhibitor for the chick embryo.10 In these 
isolated systems, FUDR (unlike FU) is efficiently con
verted to the corresponding 5'-phosphate (FUDRP)11 

and it is the latter which is responsible for cytotoxicity. 
In vivo, this anabolic step is largely preempted by 
the rapid catabolism of FUDR,15-17 via enzymatic 
cleavage at the nucleoside bond, to FU, catabolic break-

(9) L. Bosch, E. Harbers, and C. Heidelberger, Cancer Res., 18, 335 
(1958). 

(10) D. A. Karnofsky, M. L. Murphy, and C. R. Lacon, Proc. Am. Assoc. 
Cancer Res., 49th, Phila., Pa., April 1958, 4, 312 (1958). 
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L. C. Iacono, and R. Duschinsky, Abstracts, IVth International Congress of 
Biochemistry, Vienna, Aug 1958, p 9; (b) R. Duschinsky, W. G. Farkas, 
and C. Heidelberger, U. S. Patent 2,970,139 (1961). Although FUDRP is 
the actual intracellular inhibitor of thymidylate synthetase12'13 and held 
mainly responsible for the antitumor effect produced by the fluorinated 
pyrimidines, it is less active than FUDR for intact cells.14 Since cells are 
impermeable to nucleotides, FUDRP cannot enter cells without prior 
cleavage. 
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down of the latter, and elimination of any or all inter
mediates involved. Furthermore, any "/-phosphoryla
tion of FUDR which does occur must he rapidly re
versed by the ubiquitous extracellular phosphatases. 

On the other hand, l'"C is not metabolized either by 
man or the rat, and is excreted in unchanged form.7'' 
The aclivity of FC in systemic candidiasis in the mouse, 
however, is improved by administration in divided 
daily doses, as compared to one single dose/" 

In view of these observations, if was considered 
promising to study fluorinated pyrimidine precursors 
which might be initially resistant to the catabolicattacks 
enumerated, but which would enter the target cells as 
such and then be converted gradually to their meta-
bolically active version such as F U D R or its phos
phate. 

In a prior approach to this problem, F U D R o',.V-
diacetate4 b and X4-p-toluoyl-5-fluoro-2'-deoxycyti-
dine7'1 wen; synthesized. Both nucleosides manifested 
protection against enzymatic cleavage as compared 
to their unacylated precursors. Both compounds re
leased F U D R in vitro, and, to a certain extent, appar
ently also in i:iro."']j;'" 

Another type of agent which might fulfill the de
sired role of a gradual releaser of the active substance 
was conceived to be a class of derivatives of o-fluori-
nated pyrimidines in which subst i tuentshad been added 
across the 5,0 double bond. If such dihydro com
pounds reverted to their unsaturated precursors, they 
might produce the desired objective. It had been 
found by (Jreen and Cohen1" that unsubsti tuted .">,(>-
dihydropyrimidine nucleosides (see Chart 1: 2, R = 
deoxyribosc; R ' = H or CH:i) arc insensitive to the 

R 

C l l A H T I 

H_, (ca ta lys t^ 

-H-

K"OBr or R"0CI 

V; H i r Y~Br (or cl> H^cataiysti 

n Av-VH ° r thi0'3 

0 * OR 

3 

R 

0 

O ^ N T ^ O R " 
R 

R ' H or 2'-deoxyribosyl 
R' = H or F or methyl 
R" = alkyl or acyl 

catabolic enzymes catalyzing nucleoside cleavage and 
pyrimidine exchange. These dihydropyrimidine nucle
osides enter cells unchanged and undergo phosphoryla
tion to nucleotides,-0 thus fulfilling part of the desired 
requirements for a protected precursor. There is, how-
ewer, no indication that the o,G double bond can be bio
logically regenerated. Thus, "),6-dihydro-5-fluoro-
uracil3 '21 is a catabolic degradation product, of F"U,17a 

the reaction being essentially irreversible. 
oler, Hoffmann-La R Basle. Swi tzer land , personal l 18) Dr. 11. !• 

c o m m u n i c a t i o n . 
(19) i t . Green a n d S. S. Cohen , J. Biol. Chun.. 225, 403 (1957; . 
(20) S. S. Cohen . J . I . iehtenste in , 11. i ) . Barrier, and M . Green , ihi.i. 

228 , HIS (19.-7). 

We report now on certain substituted dihydropyrim-
idines, the o-halo-O-oxy dei'ivat ives, which are able 
in revert under physiological conditions to the unsat
urated cytotoxic agent. 

The general synthetic approach is outlined in Chart 
I: addition of hypohalit.es (e.g.. R " O B r o r R " O C l ) to 
pyrimidines 1 give .Vlialo-o.O-dihydropyrimidmes 3. 
The halogen 1 litis introduced could be removed, either 
by catalytic hydrogenation or with such chemical 
reagents as alkali iiydrosulfide and certain thiols such a> 
cysteine or reiluced glutathione ((!SH). to give com
pounds of type 4. The latter compounds are quite 
sensitive to a variety of conditions and revert spon
taneously to the original pyrimidine 1 by elimination 
of R " O H . Both dehalogenation and elimination could 
reasonably be expected to occur in a biological milieu, 
perhaps in concerted fashion, and the regeneration of 1 
from 3 (ria 4) seemed all the more likely in view of the 
ubiquitous distribution of glutathione in body fluids 
and tissues.2- In point of fact, the expected transfor
mation of compounds of type 3 to 1 was observed hoi h 
iii rilru and in rirn. 

The addition of hypohalotis acids to the • >,(> double 
bond of a pyrimidine was first carried out by Belirend.-:i 

The assignment of structure to the resulting addition 
products was based on the fact that o.o-dibromo- (or 
dichloro-) fi-hydroxy-O-mothylhydrouracil was obtained 
by Behrend from the reaction of HOBr (or HOCI) with 
o-bronio- (or o-chloro-) O-methyluracil. These (jciu-
dihalo derivatives were oxidized to o.o-dibromo- (or 
dichloro-) barbituric acid with fuming nitric acid,-:i!l 

thus proving unequivocally the entry of the added halo
gen at C-o rather than at ('-(>. 

hater, a number of bromo- (or ehloro-) hydroxy-, 
alkoxy-. and acetoxypyrimidine addition products were 
prepared via analogous procedures by Johnson and his 
collaborators.-'1 and by others.-'"' New interest in sub
stituted o.O-dihydropyrimidines arose-1' with Sin-
sheimer's finding-7 thai it is possible lo add 'water 
across the ">,0 double bond of uracil, uridine, and uridylic 
acid in a photochemical react ion. ( Vtosine also under
goes this phoiohydratioii. whereas thymine, in frozen 
solution, produces mostly a dimer.'-" At tempts to iso
late the extremely labile hydrate of thymine have been 
reported.'-"•' 

,21l l i . Dusclim-'k.v. l:. Pleven, and W. Oborhaiisl i . A, hi I',,,,, 1 „t< n. 
Cimlr,, Cuirr,,,,,. 16, 005 • 1900). 

(22) Plood conta ins :!4 ma of iduta l i:iono 100 ml: W. S. Spo r i ro 
• 'Handbook of Pioloairal D a t a . " W. IS. S a u n d e r s Co. . Ph i l ade lph ia . Pa. 
19.1(1. p o 2 

2(1) i tn H. Deli rend. A„„. CI,,-,,,., 229, 18 ( 18S.->): il>i ii,i,l.. 236, 57 (ISSli! 
(21) lai II. I.. Wheeler and T . H. J o h n s o n . ./. Biol. Ch.m.. 3 . ISO ( 1907 ' : 

:hi 'I'. P.. J o h n s o n . . 1 * . Cl.rm. ./.. 40, 19 (1908); (i\> "1". P. J o h n s o n and .1. 
M. Sprasrne. .1. Am. Chrm. Snr.. 59, 24H0 (19:;7); id) '1'. P . Johnson and .1. 
( ' . Amber l aua . il.nl.. 60, 2941 (19H8); (el M. Fyte l son and '1'. li. J o h n s o n . 
ibiil.. 64, 306 (1942): if) T. P.. J . i lmson, ihi<l., 65, 1218 (194M). 

(25) fa) O. Baiidisoh ami I). Dav idson , B,r.. 58, 1080 1192a): '1)1 Jones , 
'/.. 1'husiul. Cl.i-m.. 29, 20 (1900), 

120) (a) S. Y. Warm, M. Apioella, and li. l i . S tone . ./. Aw. Chun. Snr.. 
78, 4180 (1950): ib) S. Y. W'untr, ihi,l.. 80, 11196 ('1958); lei )'/"<'.. 80, 1)199 
(1958): uli J. Or,,. CI, , „ . . 24, 11 (1959): (el W. K. Colin. Bitrhcm. .1.. 64, 
28P (1950): ifi A, M. Moore . C,ui. .1. CI,,-,,,., 36, 781 (1958): la) W. 11. 
Prusoff. Bvjrhrm. Bi„ph,,.<. A,1„. 58, 588 (1902): ill) Review l,y A. Waokcr , 
I'mgr. Xurlrir Art,I AV.«., 1, :«',<> (196:1). 

i27) (al R. I.. S inshe imer a n d H. llasLmsjs. Scr„r<-. 110, 505 U 9 4 9 i : 
i In R. L. Sinsheimer . It,„li,ilin„ AV«.. 1, 505 '19541. 

128) ' a i A. W'arker. 11. D e l l u e a , and 1). U'eiubli im, X„lur,rlxs., 47, 
177 ( l 9 0 0 l : 'In R. Peilkers and W. l ierends , Biorhim. Buipl,,,*. Art,,. 49, 
.181 i l i l t i l i ; <ci M. Daniels and A. Gr imison . A'.iOoo. 197, 481 (190H). 

(29i on K. Klelier, P. I-'aiir. and K. Boebiiiacr, Xmiinris*., 52, 5l:i 11905): 
(til C, Niofre, A. f'ier. li ( ' ha r i in r la : , am! .1 P. Mares-clii, Bull. .-lor. Chin, 

hypohalit.es
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TABLE I 

BlOAUTOGRAPHY, R E G E N E R A B I L I T Y , AND ANTILEUKEMIC ACTIVITY 

Compd 

FU 
F U D R 
FUDRdiAc 
fH-HOBrFU 
fH-HOHFIJ 
r»-MeOBrFU 
rtf-MeOIIFU 
rtf-EtOBrFU 

(//-BuOBrFU 

d/-AcOBrFU 
cH-HOCLFU 

(f-HOBrFUDR 
rf-HOHFUDR 
d-MeOBrFUDR 
rf-MeOHFUDR 
Z-MeOBrFUDR 
d-MeOBrFUDRdiAc 
Z-MeOBrFUDRdiAc 
ri-EtOBrFUDR 
d-EtOHFUDR 
Z-BuOBrFUDR 
AcOBrFUDRdiAc 
d-MeOCLFUDR 
Z-MeOCLFUDR 
<-BuOClFUDR 
<?-MeOBrTDR 

-Activity against leukemia 1382A 
Hi in 

1 

0.58-0.66 
0.68-0.73 

0.75 
0.47-0.52 
0.86 
0.69 
0.80 

system*1 

2 

0.60-0.66 
0.66-0.75 
0.78-0.81 
0.76,0.77 
0.56-0.58 
0.84 

0.86 

Antimicrob 
activity,a 

50 
100 

0.5 
0 
1 
2 
5 

20 

% 
"Regeneration 

of double bonda 

?rf 

5 
37 
85 
32 

Dose, 
mg/kg/day 

6.25-25 
6.2-50 
4 .1-16 .5 
100-200 
29-44 
50 
40-80 
50-200 

Therap 
response 

+ 
+ 
+ 
± 
— 
+ 
+ 

Inactive i 

0.92 

0.88 
0.78 

0.72 
0.53 
0.85 
0.66 
0.85 

0.86-0.89 
0.84 
0.74 

0.91 

0.91 
0.82-0.90 

0.90 

0.78 
0.80 

0.85-0.88 
0.85 
0.87 
0.87 

0.84 

0.87 

0.84 
0.83 
0.86 

30 

<0. 
0. 
10 
10 
10 

0 

0.05 

0 
8 
23 
67 
20 
22 
21 
18 

High 
10 

0 
0 
0 

78 

100-250 

Molar 
potencyc 

1 
1 
2 

< 0 
<0 

0 
0 

0 
23 
34 
48 
20 

and Ehrlich solid and 
ascites 

Inactive against Sarcoma 180 
and Ehrlich ascites 

1.25 

108-216 
20-62.5 

50-100 
150-250 
2 .5-10.8 
7-27 
12.5-25 
8.12-16.25 
3.8-19.2 
4 .6-18 .5 
6.25-12.5 
100-200 
100 
100-200 
100-200 
100-200 
100 

-1.5 = ± , > 1 

± 
Inactive 

<0 .12 
against Sarcoma 180 

and Ehrlich solid and 
ascites 

-
+ 
+ 
4 -

+ 
+ 
+ 
+ 
+ 
— 
_ i _ 

+ 
± 
— 
-

5 = +. c Molar 

<0 .34 
0.13 
3.6 
3.9 
2.8 
2.3 
2.9 
3.8 
3.6 

<0 .18 
<0 .47 

0.16 
<0 .16 
<0 .18 

0 
ratio FU (or " See Experimental Section for details. b A survival time, T /C , of 1-1.25 = 

FUDR) /d rug when given at the optimal therapeutic dosage or maximal ineffective dosage. d The spectrum, produced after reaction 
with GSH, presented no real FU peak but a shoulder at about 300 irux, which indicated the presence of another product, so that the 
FU content could not be calculated. 

More recently, Lozeron, et a/.,80 investigated the 
photochemical addition of water across the 5,6 double 
bond of FU and demonstrated the formation of 5-
fluoro-6-hydroxy-5,6-dihydrouracil (HOHFU, Chart 
II). The structure of HOHFU was reliably estab-

CHART II 

MeOHFU 
H 

0CH3 

H2S or 
H£(Pd) buffered 
pH 3-7 

H 

H HOHFU 
OH 

HrT "<Br 
MeOBrFU I -J\-

O ^ N ^ O C H 

H 

AcOBrFU 

H, (Pd) 
buffered 
pH 3-7 

Br 

JH HOBrFU 
N / < O H 
H 

FU 

(30) H. A. Lozeron, Al. P. Gordon, T. Gabriel, W. Tautz, and R. Dii-
schinsky, Biochemistry, 3, 1844 (1964). 

lished by nmr spectroscopy. Since the same substance 
was previously obtained in our laboratories18, 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-
Cl, 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 
II. The addition products of FU and methyl hypo-
bromite (AleOBrFU) and acetyl hypobromite (AcOBr
FU) were linked with HOHFU by the reactions de
picted: AcOBrFU was converted to AleOBrFU upon 
refluxing with methanolic HBr. (Heating MeOBr
FU with n-butyl alcohol and HBr gave the analog, 
BuOBrFU.) Rather surprisingly, heating MeOBrFU 
with fuming nitric acid gave HOBrFU rather than 5-
bromo-o-fluorobarbituric acid, an expected product of a 
subsequent oxidation.2315 

The 5-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 (MeOHFU) with regeneration of the double 
bond proceeds considerably faster than the elimination 
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of water {vide infra). The acetic acid addition product 
(AcOHFU) appears to be still more unstable: hydro
gen at ion of o-bromo-O-acetoxy-o-fluorohydrouracil (Ac-
OBrFU) gave a high yield of YY; no' AcOHI 'T was 
isolated. Similarly, the hydrogenafion products de
rived from the adducts of MeOBr and F tOBr to FO 
appear to be quite unstable [vide infra) and were not 
isolated.31 

The mechanism of these addition reactions appears 
to result in products with fluorine at C-"> trans to the 
hydrogen at C-6.32 The course of the hydrogenolytic 
debromination of the addition products based on this 
assignment is less easily interpreted: in the presence of 
sodium acetate (pH 3-7), products are obtained which 
retain the dihydrofluoropyrimidine structure and are be
lieved to possess hydrogen at C-o and OR at C-6 in the 
ris positions.30 This must have occurred as the result 
of a Walden inversion in the hydrogenolysis. Un
buffered hydrogenation regenerated .FIT quantitatively, 
presumably since the hydrogenolysis under these acid 
conditions resulted (via retention) in the trans isomer, 
which is susceptible to an elimination reaction. A 
similar type of observation, and deduction was made by 
Wang2"1' for l,3-dimethyl-()-hydroxyhydrouracil. 

We next turned our at tention to the corresponding 
addition products of pyrimidine glycosides. Addition 
of hypobromite across the double bond of (natural) 
pyrimidine nucleosides has been reported,266 but the re
sulting adducts have not been isolated. Our pro
cedure consisted of treating the nucleoside with the 
appropriate hypohalite, preferably in the absence of un-

(,:U) This corroborates the observation that the water addition produci 
of cytosine is less stable than the one of uracil.-^1 

C.i2) Tiiis might not necessarily be the result of .straightforward t.ransaddi-
tion of the elements of ROBr or ROC1 [S, Winstein and R. B. Henderson, 
./. Am. Chem. Soc, 64, 2196 (1942); A. Roedig, "Methoden der Organischen 
Chemie." Houben-Weyl, Vol. V -1. K. At tiller, Ed.,Georg Thieme Verlag, St tit t-
gart, 1960, p 144], We have, in fact, some evidence thai the addition may 
proceed in the following manner. The same compound-1'- is obtained from 

0 

HN 

(AN 
H 

0 

CI 

JiOHr 

HN 

-X 
.Br 

0 

C T . N ' 
H 

ROCl 

CKBr 

J, R:Br(Cl) 

H 

R = m e t h y l o r / -bu ty 

either starting material. Stereochemical assignments are tentative. Simi 
lar observations, where R = H, have already been made by Johnson.2*b 

Tite resulting postulated trans stereochemistry would therefore be directed 
by the bulkier halogen at C-5, rather than the entering elect rophile, as ob
served with simple alkenes. Both mechanisms, however, may be operative 
in the various specific instances investigated. 

desirable free hydrogen halide. Such hypohalites were 
generated by the addition of silver carbonate or acetate 
to a reaction mixture consisting of nucleoside and a 
solution of halogen in water or the appropriate alcohol. 
Alternately, in aqueous medium an anion-exchangc 
resin could be used for scavenging hydrogen halide. In 
most instances, the reaction medium was maintained 
not only neutral but also anhydrous in order to prevent 
undesired at tacks upon the carbohydrate component 
of the nucleoside. The progress of the reaction was 
monitored by the disappearance of the ultraviolet ab
sorption at 2.S0 ni/Lt (in 0.1 Ar HCI), since the dihydro 
compounds show only (Mid absorption starting at this 
wavelength. 

The presence of molecular asymmetry in the sugar 
portion of the molecule was expected to lead to dia-
stereoisoinerism in the nucleoside adducts. In point of 
fact, two diastereoisomeric products, in approximately 
equal parts, were observed. Occasionally, both species 
could be isolated in crystalline form but in some in
stances only one isomer crystallized, the other remain
ing in the mother liquors. Some nucleoside mixtures 
could not be separated at all. Thus, addition of HOBr 
to FU DR gave (after passage through a Dow ex 1 acetate 
column followed bv chromatography with silica gel) 
crystalline . / -HOBrFUDR in about. "27v"o yk'ld. The 
lero diastereoisomer was isolated only as crude amor
phous material. 

According to Moore and Anderson,33 f),.>dibronio-f>-
hydroxyhydrouracil acts as a brominating agent for 
uracil, producing 5-bromouracil. We tried to determine 
if HOBrFUDR would brominate deoxyuridine since this 
reaction would shift the ultraviolet absorption maxi
mum toward longer wavelength due to formation of 
F U D R and o-bromo-2'-deoxyuridine. However, no 
such interaction between H O B r F U D R and UDR was 
observed under various reaction conditions. 

Catalytic hydrogenation of ( /-HOBrFUDR in the 
presence of sodium acetate proceeded smoothly and 
gave (after chromatography through an anion-exchange 
resin followed by t reatment with a cation exchanger) 
an amorphous, but apparent ly fairly pure, - /-HOHF-
UDR. This compound may be identical with an ultra
violet irradiation product of F U D R obtained bv Pru-
soff.2,;s 

Addition of MeOBr to F U D R (see Char t I II) gave 
crystalline ( /-MeOBrFUDR in fair yield [ca. 40%) by 
direct, crystallization, whereas 1-MeOBrFUDR was 
difficult to crystallize and was obtained only in low-
yield from the mother liquor. On the other hand, 
FTTDR :V,o'-diacetate4b gave, upon t rea tment with Me
OBr, a levorotatory product by direct crystallization 
and a dextrorotatory isomer by further t rea tment of the 
mother liquor. The structural relationships of these 
diacetates (d- and Z-MeOBrFUDRdiAc) with the cor
responding unacetvlated TMeOBrFUDR were estab
lished by acetvlatiou of c/-MeOBrFUDR to tf-MeOBr-
FUDRdiAc . 

Oxidation of (/- and / -MeOBrFUDR with fuming 
nitric acid destroyed the deoxyribosyl moiety and re
moved the methyl group in each case, giving d and / 
enantiomers of HOBrFU, respectively. An artificial 
mixture of equal amounts of these enantiomorphs 
gave the racomate identical with the (//-HOBrFU nre-

\ . M Moore and S. M. Anderson. ' ' . •:., 37, .VKI i ! or.K:. 
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pared by direct addition of HOBr to FU. It is clear 
from these experiments that the configurations of the 
aglycones in d- and /-MeOBrFUDR are identical with 
those of the respective d and I isomers of HOBrFU and 
demonstrate that addition of MeOBr to the nucleoside, 
FUDR, followed the same course as did addition of this 
reagent to FU itself. Addition of MeOBr to o-fluoro-
2'-deoxyuridylate (FUDRP) gave a mixture (not sepa
rated) of MeOBrFUDRP isomers which was needed for 
enzymatic experiments (vide infra). 

Addition of EtOBr to FUDR and hydrogenation of 
the resulting d-EtOBrFUDR (yield 37%) 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. ^-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 at 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; d-MeOClFUDR was obtained in 
crystalline form. : ^-Butyl hypochlorite did not react 
with FUDR at room temperature. When the mixture 
was refluxed, a product of uncertain steric homogeneity 
was obtained. 

Addition of MeOBr (20% excess) to 5-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 MeOBrFC
DR + HOBr. The product may be MeOBrFCDR 
whose exocyclic amino group carries a bromine atom 
and which contains a molecule of water.34 

Addition of MeOBr to thymidine gave an 8 1 % yield 
of crystalline d-bromo-6-methoxy-5,6-dihydro thymidine 
(rf-MeOBrTDR) which upon hydrogenation did not 
yield MeOHTDR but reverted mostly to TDR. This 
corroborates the lability of the thymine photohydra-
tion product reported in the literature. 29a'b 

(34) An N-ehloroaminopyrimidine was reported in the literature.-iC 

We now describe the stability of these addition prod
ucts. At elevated temperatures, such as being heated 
above their melting points, they decompose reverting 
to the original 5-fluoropyrimidines. This reversal, 
however, is 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 FUDR 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 slowly, as evidenced by the gradual decrease of 
their absorption maximum at ca. 240 m/x. MeOBrFU 
gave, upon standing for 20 hr in 1 N NaOH, 100% of free 
bromide ion and was partially transformed into FU. 
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 247 nut 
was observed when its alkaline solution was monitored 
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°. 
At alkaline pH, more deep-seated changes are observed: 
HOHFU undergoes, to a large extent, ring opening and 
cleavage to fluoromalonaldehydic acid.30 In contrast, 
MeOHFU reverts quantitatively to FU. The corre
sponding nucleosides show similar behavior: MeOH-
FUDR reverts to FUDR upon treatment with alkali, 
whereas HOHFUDR reverts only to a small extent and 
gives rise to an absorption peak at 260 ni/j 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. Xo 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 investigated.35 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-MeOBrTDR, when treated with 2 moles of 
GSH, gave 78% of thymidine; c#-MeOBrFC and dl-
EtOBrFC were converted almost quantitatively into 
FC (see Experimental Section). These results cor
roborate the assumption that an intermediate deno
minated derivative is highly unstable and undergoes 
loss of alcohol with regeneration of the pyrimidine 

(35) Bromine is not released as ion, since HN*03 and .\gNO3 give no im
mediate precipitation of AgBr at room temperature; AgBr is formed after 
short heating on the water bath. Tins may be explained by a labile fixation 
of Br to glutathione or to some other reaction product. The hypobromite 
addition products themselves yield no AgBr upon short heating with 
HNOs and AgNOi. 

file:///gNO3
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double bond without by-product formation. The be
havior of HOBrFC toward GSH. a])peai'ed to be more 
complex; the formation of FC could not be ascertained. 

Biological Aspects 

Biochemistry. None of the dihydronticleosides were 
cleaved by Escherichia coli nucleosidase, as shown by 
the absence of free deoxyribose after 20 hr of incuba
tion, whereas FUDR was cleaved to the extent of 
4o r

c . : i B Nucleoside phosphorylase. prepared from Ehr-
lich ascites cells which degrades FUDR readily to Fl", 
did not produce FU from -/-MeOBrFUDR or r/-Me-
O H F U D R . " Heidelberger, el a/.,:is found that these 
two dihydronucleosides are approximately ;is effective 
as FUDR at inhibiting the incorporation of formate into 
DXA thymine of Ehrlich ascites cells, 'prodding they 
were preinctibated for 1 hr with the cells prior to addi
tion of formate. The activity of MeOBrFUDR and 
Me OHF UDR could be explained either by their con
version into F U D R P via FUDR or by their direct con
version into a nucleotide which may furnish F U D R P . 

At tempts were made to phosphorvlate -/-MeOBr-
FUDR, - /-MoOHFUDR, -/-MoOBrTDR, ,,-HOBr-
FUDR, and /-BuOOlFUDR by use of wheat germ phos
photransferase prepared according to Burner and 
Cohen/'9 but in no case were we successful. These re
sults are especially surprising since, by this method, 
we were able to phosphorvlate FUDR, FODR, and its 
derivatives which are alkylated in the cxocvclic amino 
group,7" as well as such "unna tu ra l " nucleosides as «-
FUDR and FU carrying deoxyribose in the 3 position."111" 
The failure to obtain nucleotides with this relatively 
unselective enzyme from the ~>,(i-disubstituted nucleo
sides is not associated with an inhibitory effect of these 
compounds on the enzyme, since FUDR could be phos-
phorylated to the same extent in theabsenceof and in the 
presence of equimoleeular amounts of MeOBrFUDR.4 '" ' 
These results do not, however, exclude the possibility 
of phosphorylation of MeOBrFUDR by other enzymes 
such as thymidine kinase, or its action as an inhibitor of 
this enzyme. This question deserves further studv. 
However. M e O B r F U D R P , prepared from F U D R P . 
proved to be a potent inhibitor of thyinidylate syn
thetase. When incubated with the enzyme prior to the 
addition of deoxyuridylate, the activity of MeOBr
F U D R P was of the same magnitude as F U D R P but the 
kinetics of its inhibition differed from that observed 
with FUDRP. 4 1 

Microbiology. The antimicrobial activity in rilm 
of Ihc YV and F l ' D R derivatives was evaluated by 
bioautography, using Sarcirta Intra as the test organism 

bit.; j or ine lhodolosy , see I.. War ren , ./. Hint. Chun.. 234, 1071 ! 1050 . 
We are indebted to M r s . I... 11. Sello i II.itTmunn-I.a Roche) for this experi-

i:!7i An exper iment performed by the method of ( ' . Ileidelberjier. ( i . 1). 
I'.irnic, J . l ioohar . and 1). \Y( ' inland, Binrhim. ftmp/o/s. .{<•!.„., 76, Mr, (K)tWj, 
degraded to 1'T" [expressed as mieromules per mi l l igram uf prote in) in 21) 
min : F l ' D H (0 .8 :« ) . M e O U r V U D R (0.002), M c O H I - ' t ' O K (0.006). We 
are indebted for these da t a to 1'rofessor Heidelberger . Univers i ty of Wis
consin, 

i.:58) (', l lcidelberijer, .1. l ioohar, :in.| (1, I), i'.irnie, li'iarhnn. «..././, .ex. 
Acta. 9 1 , (Wli (HKit i . 

CUD II. I) . I'.arner ami S. S. Cohen, ./, liiul. Cl,,,n.. 234, 21)88 ('1H')!)). 
l id ) (til U. D u s r h m s k y , .1. ,1. 1'ox. I.. Kaplan , O. Keller, K. I ' leveti. .1. 

Mall. ica, an.I M. lb.Her, l';,l, mlion I'm,.. 21, :'.8:i MS)<>2). -li) Tlie a u t h o r s 
are indebted to .1. O. .Malbica i.11 oft matin- La Hoclie, I n c . . for these expert-

i.ll) 1'. l l f . t w ami ( ' . 1 leidelberjier Hn,,-!,,,„ lii,ipl,„„. ,1,,'c, 103, 177 
:. 1 HI)") i. 

(see Table I and Experimental Section). Since thi-
method requires the separation of ihe derivatives from 
I lie parent compounds by paper chromatography prior 
to exposure to the microorganism.-, and therefore dis
cerns between inherent antimicrobial activity and ac-
l i v i l y d u e l o tin1 presence of YV and FUDR. bioau
tography also permitted the deforminat ion of t he purity 
of the compounds in so far as contamination by start itig 
materials is concerned. This contamination was never 
more than \',. The inherent activity of the dihydro 
derivatives which was maximally 'MY ( of the parent 
compound probably reflects to a certain extent (he ca
pacity of the microorganism to regenerate original py-
rimidme. 

The alkoxydihydro-FC derivatives were found to be 
active against Candida albicans in rilm and in riro (in 
mice) according to tests performed by Dr. H. Scholer 
(Hotfniann-La Roche. Basel): these results will be re
ported elsewhere. 

Antineoplastic Activity. Although the YV and 
F l ' D R dihydro derivatives were tested against a 
variety of experimental solid tumors and mouse leu-
kemias, our present report is limited to results obtained 
with leukemia B82A. The technique used in this ascit ic 
form of leukemia was described by Burchenal, el al.v' 
Treatment involves ten daily intraperitoneal injections 
of the drug, and evaluation is done by measuring the 
survival time (see Table I). The dose-response curves 
offer broad peaks, the optimal dose presenting a balance 
of drug toxicity and therapeutic activity. The average 
survival time of 8 10 days of the control animals is 
rarely more than doubled by drug treatment. The 
potency of the compounds was compared with YV and 
FUDR which are about equally effective on a molar 
basis. 

It can be seen that all derivatives of F l ' tested 
against B82A are less effective than FU itself, the most, 
efficacious compound being MeOBrFU. with half the 
molar potency of FU. 

- /-MeOBrFUDR and E t O B r F U D R , their :!'..V--liace-
tatcs, and the corresponding debrominated compounds 
are two to four times as potent as FUDR. -/-IlOBr-
FUDR and its reduction product (-/-HOIIFUDRj are 
ineffective or effective only at a high dosage. The 
same situation exi-ts for / -BuOBrFUDR and AcOBr-
FUDRdiAc and all the dihydrochloro compounds. As 
expected. . / -MoOBrTDR showed no antineoplastic ac
tivity. 

- /-MeOBrFUDR, because of its relative availability, 
was chosen for further studies. It has also undergone 
clinical trials in cancer patients.4 3 

Discussion and Conclusion 

We have postulated that the o.li-substituted .">-
fluorodihydropyrimidines act as releasers of the original 
pyrimidines in biological systems either by spontaneous 
regeneration of the double bond (Chart I, 3 —»- 1) or by 
reaction with a reducing agent such as glutathione 
(Chart I, 3 -»- 4 -* 1). It should, therefore, be possible 
1o demonstrate a correlation between the regeneration 
of the double bond observed in the test tube and the 

•.12) .1. 11. I l i n thena i .1. K. 1 b i rchenal , XI. N. Kushida , S. !•". J o h n s t o n , 
and I!. S. Wil l iams, Co,,,; , , 2 , 1 11! tJMti). 

i bit .1. Van ll.sk, 1 Krakol i . 11, Oliirksi.n, M. S.\ kes, and It. 1 >uschinsk,\ , 
J'roc. Am. . I w . r . ( '«»»•- /,'<s., 57th, Denver, Colo.. May UIH6, 7, 7M <l!)Ul>). 
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biological effects exerted by these drugs. The bio
logical effects will, of course, depend on various factors, 
such as the extent and speed of the regenerative proc
ess, the metabolic fate of the drugs, and their distribu
tion in the organism. If the drugs regenerate little or 
no FU or FUDIt, or if they release these compounds too 
slowly, they should have little potency. On the other 
hand, if the release of FU or FUDR is too rapid, there 
might be little difference between the precursor and the 
active pyrimidine. Our premise was that appropriate 
releasers of FU would be less potent than FU and re
leasers of FUDR would be more potent than FUDR it
self. Protection of the glycosyl linkage in the precursor 
against enzymatic cleavage with formation of FU was 
deemed necessary so that the nucleoside could exert its 
role as substrate for conversion into an active nucleo
tide. The biochemical behavior of MeOBrFUDR and 
MeOHFUDR seems to fill that requirement. 

The data in Table I show that, in general, a correla
tion exists between the capacity of the drug to regen
erate the double bond in vitro with the formation of FU 
or FUDR and the antileukemic effect. Those drugs 
which regenerate o-fluorouracil show, as expected, a 
lower potency than fluorouracil itself in this test sys
tem. In this regard these FU-releasing drugs mimic 
the effects which have been reported81* for slow infusion 
of FU in humans. On the other hand, those fluorinated 
dihydronucleosides which regenerate FUDR in vitro are 
more potent on a molar basis against leukemia B82A 
than is FUDR, thus apparently mimicking to some ex
tent the increase in potency obtained by slow infusion 
of FUDR. It is noteworthy that the half-life of FUDR 
in the plasma of cancer patients treated with rf-AleOBr-
FUDR was 10 times longer than when FUDR itself 
was administered.43 This result would indicate that d-
MeOBrFUDR acts in vivo as a reservoir for the release 
of FUDR. 

Experimental Section44 

Chromatography and Bioautography (See Table I).—Paper 
chromatograms were run in the descending manner on Whatman 
Xo. 1 paper (liquid front 40-45 cm) using cither 1-butanol-acetic 
acid-water (5:2:3) (system 1) or ethanol-water (85:15) (system 
2). The bromo and chloro compounds were fairly well visible 
upon inspection with ultraviolet light since they exhibit sufficient 
end absorption. Deoxyribosides were rendered visible by spray
ing with cysteine-sulfuric acid.43 The dehalogenated water or 
alcohol addition products, which exhibit insufficient end absorp
tion to be located on the chromatograms, could be rendered vis
ible by spraying with alkali or, better, by exposure to NH:i 

vapor. This treatment regenerates the pyrimidines or their 
strongly absorbing breakdown products. 

For bioautography,46 the dried and well-aerated developed 
paper chromatogram strips were applied to 23 X 45 cm rectangu
lar plastic pans containing 300 ml of nutrient agar at pH 6.2 
which had been seeded with Sarcina lutea (PCI 1001).47 Strips 
were allowed to remain in contact with the seeded and hardened 
agar for about 12 min, then were carefully removed. The agar 
pans were incubated overnight (18-20 hr) at 35°. The growth 
inhibition zones which indicate the presence of an active anti-

(44) Melting points were Taken on a Thomas-Hoover apparatus and are 
uncorrected. Ultraviolet spectra were measured on a Cary Model 14M 
spectrophotometer or, in part, on a Beckman DB instrument. Infrared 
measurements were carried out on a Beckman IR5 instrument in potassium 
bromide pellets, unless otherwise indicated. 

(4.-)) I. G. Buchanan, Xiiture, 168, 1091 (1951). 
(46) We are indebted to Mr. E. LaSala (Hoffman-La Roche) for these 

tests. 
(47) An amount of 1 ml of a 24-hr shake-flask growth of 6'. lutea in 300 

ml of agar is used. 

bacterial substance were shadowgraphed, measured, and matched 
with standard series of FU and FUDR ehromatographed simul
taneously. This method permits detection of less than 1 fj.g 
of FU and FUDR. 

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

Stability Experiments48 (Regeneration of Double Bond, 
Table I).—The compound (0.1 mmole) was dissolved in 2 ml of 
0.06 M phosphate buffer (pH 7). Less soluble compounds such 
as MeOBrFU and rf-MeOBrFUDRdiAc were dissolved in 2 ml of 
butter and 18 ml of water; ?-MeOBrFUDRdiAc was soluble 
only in 10 ml of buffer, 72 ml of H20, and 18 ml of MeOH. To 
one-half of these solutions was added 61.4 mg of glutathione 
(0.2 mmole). Both solutions were incubated for specified pe
riods, at 35°, unless specified otherwise. Spectra were taken 
after dilution with 0.1 .V HC1 to obtain a 0.1 m.l/ solution, usually 
after 19 hr and again after 24 hr. Data recorded in Table I 
refer to the 24-hr readings. In some instances, an increment of 
15-20% was observed between these readings. Controls with
out GSH were taken at the start and after 24 hr. The hypohalite 
addition products showed no significant change of absorption in 
these controls. The spontaneous regeneration of the double 
bond of MeOHFUDR actually appeared to be slightly delayed 
by the presence of GSH in the beginning, but the end result was 
not very different; the figures recorded in Table I for dehalogen
ated compounds were obtained without GSH. In control runs, 
which were monitored spectrophotometrically, FU, FC, FUDR, 
and FUDRdiAc did not undergo significant changes by incuba
tion with GSH. 

The ultraviolet data of FU and F U D R are as follows: FU, 
C « H C 1 266 mM U "330), X°„iVK0H 282-283 mM (e 5420), X^K0H 

284 mM (e 7050): FUDR, X°m
l,™cl 268-269 mM (e 8980), X0

m«KOH 

268-269 mM (e 6960), C„K 0 H 269 mM (e 7090). 
f//-5-Chloro-5-fluoro-6-hydroxyhydrouracil (HOC1FU).—To a 

suspension of 13 g of FU (0.10 mole) in 40 ml of concentrated 
HC1 was added, gradually with shaking and cooling (temperature 
kept below 55°), 10 ml of 30% H202. After the exothermic 
reaction had subsided, another 10 ml of H202 was added as de
scribed above, whereupon a clear solution was obtained. After 
5-12 hr, the product (12 g) crystallized at 0°: additional material 
(2 g) was obtained by extraction of the mother liquor with ether 
(200 ml). The crude material melted at 189°. Recrystallization 
by solution in 25 ml of hot ethyl acetate, chilling, and addition of 
36 ml of ether raised the melting point to 196°: yield, 12 g (66%). 

Anal. Calcd for C4H4C1FX203: CI, 19.45; N, 15.35. Found: 
CI, 19.58: N, 15.12. 

f/;-5-Bromo-5-fluoro-6-methoxyhydrouracil (MeOBrFU).—To 
a suspension of 52 g of FU (0.4 mole) in 1600 ml of methanol, 
stirred under reflux, 64 g of Br2 (0.4 mole) was added dropwise. 
After refluxing for 30 min, the solution was evaporated in vacuo, 
and the residue was repeatedly leached with methanol, and again 
concentrated to dryness. The final residue was slurried with 
500 ml of H20 and collected by filtration: yield 78 g (82%), 
mp 208-210° dec. Recrystallization from ethyl acetate raised 
the melting point to 214-215° dec. 

Anal. Calcd for C5H6BrFN203: C, 24.92: H, 2.51; Br, 33.76. 
Found: C, 25.29; H, 2.33; Br, 33.20. 

When MeOBrFU was heated in D M F at 140-145° for 45 min, 
only a very faint release of Br~ was observed. Upon evapora
tion, a syrup was obtained from which about 50% of starting 
material was recovered. 

In 0.1 Ar H O , the compound showed only end absorption com
mencing at 280 m/i (eSso'"01 <60) and no spectral changes oc
curred within a period in 24 hr. Heating in 0.1 .Y HC1 (or 
H2S04) on the steam bath for 2 hr did not produce any change in 
the spectrum, and the analysis of the reaction mixture showed 
no release of Br~, but there was partial loss of the methoxy group 
(decrease of OCH3 from 13.79 to 9.59%). When 241* mg of 
MeOBrFU (0.001 mole) was refluxed for 15 min in 10 ml of con
centrated HBr, the reaction mixture was evaporated to dryness 
and the residue was treated with 20 ml of ether: 116 mg of FU 
(90%) was isolated. 

In an attempt to oxidize the product to 5-bromo-5-fluorobarbitu-
ric acid, a mixture of 1.1 g of MeOBrFU (0.0466 mole) and 10 ml 
of red fuming IINOa was heated on the steam bath for 20 min. 
After dilution with 50 ml of water, the solution was evaporated to 

(48) We wish to thank Dr. V. Toome of these laboratories for carrying out 
u large part of the kinetic experiments. 
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a syrup which was slurried with 50 ml of ether. The resulting 
suspension of crystals was refluxed for 1 min and chilled in a 
Dry Ice buth. Filtration and washing with ether and petro
leum ether (bp 30-60°j yielded 0.576 g (54'',-) of product, nip 
171-174°. The latter was dissolved in 5 ml of ethyl acetate, and 
the solution was clarified by filtration and reprecipitated in 
crystalline form by adding 8 ml of petroleum ether: yield 308 
mg ('dried at 100°), mp 170-180°. The compound proved to be 
identical by mixture melting point and infrared spectrum with 
anhydrous IIOBrFU obtained bv direct addition of HOBr in 
F U > 

Alkali Treatment of MeOBrFU. When a solution of 241 mg 
of MeOBrFU (1 mmole) in 5 ml of 1 A" XaOIl was allowed to 
stand at room temperature for 20 hr, 100',' of the bromine be
came titrable with AgX03 . The spectrum of the solution ex
hibited > w a 0 H 284 mn U 2810) and \™JHQl 266 mM u III 10), 
wliich indicated a 40' ' c conversion, into FU. The presence of 
Fl" was confirmed by paper chromatography (.ethyl alcohol-
water = So: 15, A',- 0.60i. A second spot (I\'i 0.23) became visible 
upon inspection with ultraviolet light, only after spraying the 
chromatogram with 0.1 A' NaOII. The spot corresponding to 
.MeOBrFU (A'f 0.84) had disappeared. 

<//-5-Bromo-6-ethoxy-5-fluorohydrouracil (EtOBrFU) was ob
tained from FU ("52 g), 800 nil of ethanol, and 1 mole of Br2 by the 
procedure used for the preparation of MeOBrFU: yield 82 g 
('80',' i. The product was recrystallized from toluene. It 
melted at 211° with gas evolution, whereby FU was formed al
most quantitatively. 

Anal. CaIcdforCJI8BrFN->0,: C, 28.25: II, 3.16; Br, 31.33. 
Found: 0, 28.40: II, 2.1)1; Br, 31.14. 

f«-5-Bromo-6-butoxy-5-fluorohydrouracil (BuOBrFU). A so
lution of 82 g of .MeOBrFU (0.34 mole) in 240 ml of 1-butanol 
and 2 ml of concentrated HBr was subjected to slow fractional 
distillation. After 2 hr, 100 ml of distillate consisting of bntanol 
and methanol was collected. After addition of 100 ml of bn
tanol to the reaction mixture, the distillation procedure was 
repeated. The residual bntanol solution was washed with water 
and then evaporated to a syrup which, upon treatment with hep
tane, became crystalline. The product was recrystallized from 
aqueous methanol; yield 71 g (78 ' , '), mp 167°. 

Anal. Calcd for' C6H i aBrFX20 : !: C, 33.04; II, 4.27; Br, 
2S.23. Found: C, 33.04; II, 4.23; Br, 28.28. 

(//-6-Acetoxy-5-bromo-5-fluorohydrouracil (AcOBrFU). To a 
suspension of 20 g (0.154 mole) of FU in 300 ml of acetic anhy
dride, which was cooled to 5° and continuously stirred, was 
added 20 ml of bromine (0.30 mole). The solution obtained was 
allowed to stand at room temperature for 24 hr, after which time 
it was evaporated in vacuo, and the resulting syrup was crystal
lized from a mixture of 5 ml of acetic anhydride and 20 ml of 
chloroform. The product was filtered and washed with the 
same mixture and then with chloroform: yield 31.24 g (75'', ), 
mp 163.5 165.5°. liecrystallization from a mixture of 05 ml of 
acet ic anhydride and 300 ml of chloroform gave 25.6 g of product 
melting at 1(57-108°. A second recrystallizalion raised the melt
ing point: to 107.5-108.5°. The product showed only end ab
sorption starting at 280 m/j. Bioaulography exhaled the presence 
of more than V, FU: X,,,.,, (cm - ' ) doublet at 3230 IXII of equal 
very strong intensity), 1748 and 1605 (ester, imido O, urea ('•-.•--<> 
(s)i, strong bands at 1464, 1370 (CII:s del';, 1245, 1205 (COO) of 
ester. 1170, 1015,043. 

Anal. Calcd for CdUBrFX.-O^ F. 7.06; X. 10.41: Br, 20.70. 
Found: F, 7.33; X, 10.21: Br, 30.00. 

Conversion of AcOBrFU into MeOBrFU. A solution of 270 mg 
of AcOBrFU (1 mmole) in 50 ml of methanol and 0.1 ml of concen
trated IIBrwas refluxed for2 hr. After addition of 1 got'Ag2CO :, 
the mixture was stirred until it became neutral, then filtered and 
evaporated in rarno to give a white solid (270 mg) which was re-
crystallized from water: yield 70 mg (20 ' r ) , mp 208.5-200°. 
The compound was identical with MeOBrFU prepared directly 
from YY as judged by mixture melting point. 

^-5-Fluoro-6-methoxyhydrouracil (MeOHFU). A. KSH 
Method.—To a solution of KSH prepared by dissolving 22.5 g of 
KOII (0.4 mole) in 50!) ml of methanol and saturating at 0° 
with H2S (13.5-14 g), MeOBrFU (7s g, 324 mmoles) was added 
gradually, the temperature being held at 0° by outside cooling. 
The reaction, as evidenced by heat evolution and yellow colora
tion, took place immediately. The mixture was then refluxed 
for 20 min, allowed to cool, and filtered from solid material. 
The fill rale was evaporated in rnruo to a crystalline mass, which 
was dried at 50-00° and then slurried with 50 ml of water, to 

dissolve potassium sails. The remaining solid was collected by 
filtration and dissolved in 120 ml of boiling water. The solution 
was clarified by filtration through a heated suction funnel and 
yielded, upon cooling, 27 g of yellowish plates, liecrystalliza
tion from 15 vol of methanol and evaporation of the mother 
liquors gave 24,S g '.47'.,') of product melting at 105° with gas 
evolution and formation of FU. which then melted at 285° dec. 

Anal. Calcd for ('.-.HdCXoO:,: ( \ 37.04: II, 1.35: 0 ] | s O, 
10.14. Found: ( ' ,37.15; 11,4.75: CII:1(), 18.82. 

B. Catalytic Hydrogenation. - -MeOBrFU (060 mg, 3.its 
mmoles) was dissolved in 15 ml of methanol and hydrogenalcd 
at atmospheric pressure and at 22°. in the presence of 300 mg of 
prehydrogenated 10', Pd~C catalyM. The uptake stopped in 
30 min at the theoretical volume (00 nil') of hydrogen. After 
separation of the catalyst by filtration, 140 mg of FU imp 2SI 
283°) was crystallized by addition of 10 ml of ether and 25 ml 
of petroleum ether. Fvaporation of the mother liquor and 
crystallization from ethanol, ether, and petroleum ether yielded 
additional 84 mg of FU (.total 4 5 ' , .). Extract ion of t he catalyst 
with 20 ml of boiling methanol gave a solution containing 14,700 
optical density units at A',).!)"" 200 m,u which account for 
another 2.1 mmoles of YY ( 53 ' , ) and thus for a practically 
quantitative formation of the compound. 

When 064 mg of MeOBrFU (4 mmoles) dissolved in 20 ml of 
methanol containing 328 mg (4 mmoles) of sodium acetate was 
hydrogenated in the presence of 200 mg of the catalyst, ihe 
uptake was completed in 0 min. The filtrate from the catalyst, 
when examined spectropliotomet.ideally in 0.1 A' IIC1 and in 0.1 A 
XaOIl, showed E%?m:l 8230 corresponding to 1.18 mmoles of 
YY i'20.5', ; and /v)s'

vv',r'11 15,020 for a lolal of 3.03 mmoles of 
FU i 76 ' , ). Since the increase of absorption in 0.1 XaOIl is due 
lo transformalioti of MeOHFU to YY i.viilc infra), a yield of 40 ' , 
of MeOIIFU could be calculated. The methanolic soluliou 
gave, upon evaporation in rnruo and lecrystallization of the resi
due from 4 ml of hot water, 243 mg ( 3 s ' , ) of crude MeOIIFF 
melting with gas evolution at 101° 'followed by resolidificalion , 
showing no depression of the melting point on admixture with 
the product prepared by method A. 

(//-6-Ethoxy-5-fluorohydrouracil (EtOHFU;. I h o B r F U (loo 
g, 0.4 mole) was allowed to react with Nfa,SII prepared by dis
solving 0.2 g of sodium (0.4 g-atom: in 500 ml of ethanol and 
saturating it with IUS as described for the preparation of MeO
BrFU. The produc! was crystallized from 200 ml of water; 
vield 27 g i '4l ' , I, nip 105° with gas evolution and formation of 
FU. 

Anal. Calcd for C.-1HiPFN,03: C. 37.04: 11.4.35; F, 10.70. 
Found: C, 37.51 ; II, 4.75: ]•', 10.00. 

oY-5-Bromo-5-fluoro-6-hydroxyhydrocytosine (HOBrFC). To 
a well-stirred suspension of 2.85 g of FC (0.02 mole) in 100 ml of 
ice-cold water was added dropwise 1.1 ml of Br2 (0.022 mole a 
A clear yellow soluliou having a residual absorbance of A'2S!,

W" 
2340 was obtained. The reaction mixture was submitted to 
chromatography on a Dowex 1-X4 (acetate) column 2.2 X IS cm 
at a flow rate of 1000 tnl/'hr, using water as the eluenl. After 
passage of 100 ml showing no ultraviolet absorpi ion, a fraction of 
200 ml exhibiting end absorption was collected. Upon evapora
tion 'in r-arno in I he cold to about 5 ml, crystals formed. The 
product was fillered and washed with water, ethanol, and finally 
with ether: yield 1.13 g (25 ' , ) , in]) 158° with gas evolution, 
followed by resolidificalion and decomposition at a.bout 210°. 
The ultraviolet spectrum taken in 0.1 A' IIC1 showed end ab
sorption start ing at 280 mM. The product proved to lie unstable 
upon storage al room temperal lire. 

Anal. Calcd for C,!UBrFX:,02: ( ' ,21.26; 11,2.23: Br, 35.36; 
F, 8.41: X, ls.50. Found: C. 21.46; H, 2.11: Br, 35.16: F, 
8.30: X, 18.28. 

^/-5-Bromo-5-fluoro-6-methoxyhydrocytosine (MeOBrFC).-
To a solution of 5.5 ml of Br2 (0.107 mole) in 125 ml methanol 
was added, willi stirring and cooling, 5!) g of Ag2C03 (0.215 mole). 
After 30 min of continuous stirring the reaction mixture was 
filtered and I he (illrale was added, with stirring and cooling to 
0°, to a suspension of 12.0 g of FC (0.1 mole) in 250 ml of meth
anol. The mixture became almost homogeneous within 20 min, 
then crystals began lo separate. The mixture was then allowed 
to reach room temperature, and, after 3 hr, cooled in ice. The 
crystals were collecied by filtration and washed with methanol 
and then with ether: \ ield 16 g. A second crop of 5.8 g was 
obtained by evaporation of the mother liquor and recrystalliza
lion of the residue from 75 ml of methanol. The combined crops 
gave, upon recrystallizalion from 220 ml of methanol, 18.5 g 
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(68%) of product, mp 172-173° (gas evolution). When dried 
at room temperature, the compound contained 1 mole of meth
anol. I t showed only end absorption starting at 280 m/4, in 
0.1 Ar HC1; Xmax (cm - 1 ) inflection at 3330, medium band at 3175 
(bonded NH, XH2), strong band multiple at 1680, 1631 (urea 
C = 0 ) , medium doublet at 1443 and 1403, strong 1271, medium 
1150, doublet at 1095 and 1080, 1025. 

Anal. Calcd for C6H7BrFX802-CH3OH: F, 6.98; OCH3, 
22.81. Found: F, 6.67; OCH3, 23.04. 

Upon prolonged drying in vacuo the compound lost the meth
anol of crystallization; A^°H 245 imx (e 7600). 

Anal. Calcd for C6H,BrFX302 : C, 25.02; H, 2.94; X, 17.51; 
OCH3, 11.41. Found: C, 25.24; H, 3.13; N, 17.56; OCH3, 
11.40. 

Chemical regeneration of FC with glutathione48 under the 
standard conditions was virtually quantitative. 

c«-5-Bromo-6-ethoxy-5-fiuorohydrocytosine (EtOBrFC).—To a 
solution of 2.6 ml of Br2 (0.051 mole) in 100 ml of ethanol, cooled 
to —15°, was added 27.5 g of Ag2C03 (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 
FC in 200 ml of ethanol. Since stirring in the cold for 30 min 
brought about no apparent changes, the reaction was initiated 
by addition of 5 drops of 2.5 N HBr in butanol. After stirring 
for 30 min at room temperature a solution was obtained which 
showed 272,000 OD units at \ * ' ° H 240 m/i. Upon evaporation 
to 100 ml, crystals formed which were collected by filtration and 
washed with ethanol and ether; yield 3.8 g. A second crop of 
2.77 g was obtained from the mother liquor by evaporation and 
crystallization from 50 ml of ethanol; total yield 5 1 % , mp 175-
177° dec, X2,T 240 mM (e 6480). For analysis, a sample was 
recrystallized from ethanol, mp 178° dec. 

Anal, Calcd for C6H9BrFX302 : Br, 31.45; F, 7.48; X, 16.54; 
OC2H5, 17.74. Found: Br, 31.65; F, 7.34; X, 16.75; OC2H5, 
17.64. 

Again, quantitative conversion to FC was observed upon stand
ard glutathione reduction.48 

tf-5-Bromo-5-fluoro-6-hydroxy-5,6-dihydro-2 -deoxyurldine 
(HOBrFUDR).—To an ice-cooled solution of F U D R (81.3 
mmoles) in 250 ml of water was added within 30 min, 5.2 ml of 
Br2 (100 mmoles), dropwise, with vigorous stirring. After 1 
additional hr, the reaction mixture (monitored spectrophoto-
metrically) contained E°2m"Ka 14,000 corresponding to a maxi
mum of 21.5 mmoles of FUDR 4 9 (26.5% of starting material). 
Since at this time the drop of ultraviolet absorption had come to a 
standstill, the solution was passed through Dowex 1-X4 (acetate) 
column, 3.8 X 30 cm (200 g of resin), and washed with water. 
After passage of a 400-ml fraction (1) showing no ultraviolet 
absorption, an effluent fraction (2) of 685 ml (£SV H C 1 25,200, 
E°2£'Ka 3900) and fraction (3) 770 ml (Elw™01 6360, Etsf~

HCl 

1665) were collected and followed by an ultraviolet nonabsorbing 
eluate. Fraction 2 was lyophilized to yield 10.07 g of white solid. 
Fraction 3 yielded 4.42 g of solid and was not further 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 with 10 g of silica gel (0.2-0.5 m/j) and the mixture was 
evaporated in vacuo to a sticky solid. This was put on top of a 
silica gel (0.2-0.5 m,u) column 4.5 X 29 cm (240 g) and eluted 
with ethyl acetate. Fractions were monitored by tic (10% 
methanol in ethyl acetate) and the tic plates were sprayed with 
cysteine sulfuric acid45 for producing a pink spot characteristic 
for deoxyribosides. A peak fraction (Ri 0.7) was eluted after 
three to four column volumes of effluent had been collected. 
Concentration gave 6.15 g of sticky white solid. This was fol
lowed by tail fractions of gradually decreasing intensity which 
were combined and gave an additional 3 g. A second peak 
appeared upon elution with 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 two fractions were not further investigated. The first 
peak fraction (6.15 g) was dissolved in 150 ml of boiling ethyl 
acetate and filtered from a trace of insoluble material. The 
solution crystallized after allowing it to stand overnight below 0°. 
The crystals were filtered and washed with ether; yield 2.17 g, 
mp 118° dec, [a]28D +34.9° (c 1, ethyl acetate). 

(19) 1'UDR has e28oHC'8500. 

Anal. Calcd for C9H12BrFX206: C, 31.50; H, 3.53; Br, 
23.29; F, 5.57; X, 8.16. Found: C, 31.61; H, 3.52; Br, 23.04; 
F, 5.56; X, 8.27. 

Addition of petroleum ether to the mother liquor afforded a 
second crop, 1.14 g, mp 118.5° dec, [a]24D +32.40°. 

The tail fraction of 3 g gave, upon recrystallization from 75 ml 
of ethyl acetate, 1.20 g, mp 118.5° dec, [<*]»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, [a]24D +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 crude 
material). The compound exhibited only end absorption start
ing at 280 m/u when examined in water, in 0.1 N HC1 (e220 ca. 
5000), and in 1 N XaOH, 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 turbidity. Cooling produced precipitation of an 
oil which became crystalline upon scratching; yield 0.23 g, mp 
119° dec. The mother liquor of this material gave, upon evapora
tion to dryness, 1.5 g of solid [a]z,D —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 C9H,,BrFX206 : Br, 23.29; F, 5.57; N, 8.16. 
Found: Br, 20.60; 20.77; F, 4.84, 4.88; X, 7.56, 7.63. 

Interaction of d-HOBrFUDR and 2 -Deoxyuridine (UDR).— 
Equal parts of 0.01 M solutions of d-HOBrFUDR and of UDR 
were mixed and diluted 1:50 with water or 1 N HC1. The ultra
violet spectra were taken at zero time. The water solution was 
examined after 5 and 24 hr of incubation at 35° and after 6.5 hr 
on the steam bath; the solution in 1 N HC1 was examined after 
2.5 hr on the steam bath. Xo 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 m/n, which would be expected from formation of 
FUDR. 

d-5-Fluoro-6-hydroxy-5,6-dihydro-2'-deoxyuridine (HOHF-
UDR).—A solution of 2 g of d-HOBrFUDR (5.83 mmoles) in 90 
ml of water containing 513 mg of sodium acetate was hydrogen-
ated at room temperature and atmospheric pressure in the pres
ence of 233 mg of prehydrogenated 10% Pd-C catalyst. The 
hydrogen uptake (141 ml, 99% of theory) came to a standstill 
after 15 min. The catalyst was filtered. The filtrate (96 ml) 
contained 9 3 % of the Br in titratable form (5 ml removed for 
analysis) and showed E%wsa 2360 corresponding to 0.36 mmole 
of F U D R (6.2%) and # S " 0 H 54,800.50 The solution was neu
tralized to pH 7.0 with 1 N XaOH 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 at 280 m/x in 0.1 Ar HC1 and at 260 mM in 1 Ar XaOH. 
After passage of 191 ml of nonabsorbing eluate, a fraction of 271 
ml containing E^™01 195 and E^"°R 48,700 was collected. 
Elution with 1 AT acetic acid then removed a second fraction of 
£2SoVHC' 1800 and £2JNa0H 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 Xa + , and the 
resin was separated by filtration. The filtrate was lyophilized, 
yielding 1.31 g of a fluffy powder (84% yield, calculated as 
monohydrate). Rotations were taken in 5.2% aqueous solution 
at 25° at four different wavelengths, the values for [a] being 
+ 6.4° (578 mti), +7 .2° (546 mM), +16.0° (436 mM), +36.8° 
(346 m/i). 

Anal. Calcd for C9H1 3FX206-H20: C, 38.30; H, 4.64; F, 
6.73; X, 9.93. Found: C, 38.54, 38.75; H, 4.95, 5.15; F, 
6.67; X, 9.83, 10.01. 

tf-5-Bromo-5-fluoro-6-methoxy-5,6-dihydro-2 -deoxyuridine 
(d-MeOBrFUDR).—To a freshly prepared solution of 14 ml 
(43.6 g) of Br2 (0.55 mole) in 1000 ml of methanol, which was 
cooled to about —15°, Ag2C03 (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 
hvpobromite solution 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 

(50) This reading was taken ca. 15 min after adding the alkali and ac
counts (besides for the FUDR present) for a decomposition product of 
HOHFUDR having X^™ ,0H 260-261 mju (e 8300). 
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t e m p e r a t u r e was al lowed to a m b i e n t g radua l ly , and t h e solut ion 
was kept the re for 91) min. T h e op t ica l d e n s i t y m e a s u r e d at 
280 m,u in e thano l was 44,001), cons t i t u t i ng some 6.7 mmoles of 
i tn reac ted F U D R (3.3'), .). T h e yellow- so lu t ion was filtered 
t h r o u g h (.'elite and e v a p o r a t e d in vacuo to a yel lowish froth 
wh ich was d issolved in 200 ml of e ther . Cool ing in the refriger
a to r p roduced c rys ta l s , which were filtered, washed wi th cold 
e ther , and dried at (SO3 in vacuo; y ie ld 30.6 g, m p 165 167° 
( t hen decomposed at 172°). Add i t ion of 200 ml of e t h e r to the 
combined m o t h e r l iquor and w a s h i n g p rec ip i t a t ed I gof add i t iona l 
p roduc t , m p 164-166° dec, to ta l yield 5 2 ' , . 

T h e resu l t ing m o t h e r l iquor was again e v a p o r a t e d and the 
res idue was t r i t u r a t e d twice w i th 15 ml of e the r to give 5.5 g of 
c rys ta ls , m p 152-156° , [a]21i> + 4 6 . 4 ° (c 1, methanol . ) . T h e 
m o t h e r l iquor I A ) of th is p roduc t was set as ide for isolat ion of 
the l e v o r o t a t o r y d i a s t e reo i somer iviilc infra). 

T h e first crop was recrys ta l l ized from 420 ml of b u t y l a c e t a t e , 
y ie ld ing 17.3 g of p u r e ilextro i somer mel t ing at 170- 171 °. Add i 
tion of 200 ml of p e t r o l e u m e t h e r p r o d u c e d tin add i t i ona l a m o u n t 
of I 1.S5 g, m p 167 .5 -169° , which , after recrys ta l l iza t ion from 130 
ml of b u t y l ace t a t e , afforded 6.SI g, m p 170-171° . T h e com
bined two b a t c h e s (24.11 g !, [ a j -'' i > + 5 6 . 0 ° if 2, w a t e r ) , were 
ana lyzed . 

Anal. Calcd for C„ JH1 ,BrFN,(>1 ) : C. :j:S.(Kit 11, 3 .95: Br, 
22.38. F o u n d : 0 , 33 .94; II, 4.ON!; Br, 22.44. 

Addi t iona l a m o u n t s of ( / - M e O B r F U D I ! were recovered from 
the second to four th crops as well as from the r ec rys ta l l i za t ion 
m o t h e r l iquors, t ints r e su l t ing in a 4 0 - 4 5 ' , yield of p u r e p r o d u c t . 
T h e c o m p o u n d exh ib i t ed end a b s o r p t i o n s t a r t i n g at about 2ND 
nijii in 0.1 A' HOI and no spec t ra l changes were observed wi th in 
24 hr, X',',;!,;VS'-"J" 247 niM (6 6780), X'i',,;*""" 219 mM 1 t 5St)()i. 
Kerhixing for 2 hr in 2 A' H2S()4 or HXOx did not re lease B r " : 
Xi.iiiN ( c m " 1 ) m e d i u m .'1450 (bonded O H ) , :i250 ( N i l ) , s t r o n g d o u b 
let at 1755 and 1705 (imide, urea O•-•-() i s i ) , med ium s t rong 1435, 
I2:i5, 1090, 1050. 

/ -5-Bromo-5-f luoro-6-methoxy-5 ,6-dihydro-2' -deoxyuridine 
( M e O B r F U D R ) . Addi t ion of 100 ml of p e t r o l e u m e the r to the 
be the m o t h e r l iquor (A) p roduced a g u m m y p r e c i p i t a t e which 
came solid upon t r i t u r a t i o n w i th 5 0 m l of e the r . It was filtered and 
washed well wi th e t h e r ; yield 6.27 g, m p 139-143° [a)25t> —45° 
If; 1, m e t h a n o l ) . T h e product , was dissolved in 15 ml of boiling 
e thano l , t h e so lu t ion was cooled to —10° and s e p a r a t e d from a 
few c rys t a l s by f i l t rat ion. T h e f i l t rate gave, upon add i t ion of 
12 ml of p e t r o l e u m e ther . 1.76 g of c rys t a l s wh ich s in t e r ed at 
143° and mel ted at 145-147° . («|2ii> - 5 2 . S ° (r 0.5, m e t h a n o l ; . 
T h e m o t h e r l iquor gave , upon s t a n d i n g , a second crop of 1.65 g. 
m p 144-145° . T h u s , the to ta l yield of fairly pu re / - H O B r -
F U D I i was 4 . 7 ' , . T w o rec rys ta l l i za t ions from e thano l and 
pe t ro l eum e t h e r raised the mel t ing point to 146.5- 148.5° and 
«j2;'i> to — 50.9° (c 0.5 m e t h a n o l ) : XIIUIX t e n t " ' ) m e d i u m s t r o n g 

doublet at 3415 and 3270, v e r y s t rong double t at 1745 a n d 1709 
( ( ' - - ( ) ) , s t r ong b a n d s at 1464, 1380, 1255, v e r y s t rong triplet 
at 1105, 1087, and 1075. 

A mil. Calcd for C , n H , , B r F X 4 + : Br, 22 .38; F . 5.32; N, 
7.84. F o u n d : Br . 22 .64; F , 5.28; X, 7,S,S. 

<i-5-Bromo-5-fluoro-6-methoxy-5,6-dihydro-2 -deoxyuridine 
3' ,5 ' -Diacetate ( M e O B r F U D R d i A c ) . A suspension of 1.785 g 
(5.0 mmoles ) of ( / - M e O B r F U D R in 10 ml of ace t ic a n h y d r i d e to 
which 0.1 ml of p y r i d i n e w a s a d d e d was s t i r red a t room t e m p e r a 
tu re . A clear solut ion was formed in abou t MO min. After let
t ing t h e m i x t u r e s t a n d ove rn igh t , it was poured wi th v igorous 
s t i r r ing into 75 ml of ice wa te r . An oily suspens ion formed, 
whicli was ex t r ac t ed th ree t imes wi th 25 ml of chloroform. T h e 
chloroform ext rac t was dr ied (Xa..S<),i and e v a p o r a t e d to leave 
an oil which became c rys ta l l ine when leached w i t h m e t h a n o l , 
e t h y l a c e t a t e , and p e t r o l e u m e the r and c o n c e n t r a t i n g the com
b ina t ion . T h e p roduc t was c rys ta l l ized from a m i x t u r e of m e t h 
anol and p e t r o l e u m e t h e r : yield 0.47 g, m p 119-120° , [a]2r'D 
+ 44.t>° (c 4, m e t h a n o l ) . An add i t iona l 0.8] g of m a t e r i a l wi th 
the s a m e me l t ing point was o b t a i n e d from the m o t h e r l iquor . 
T h e to t a l yield was 1.28 g ( 5 8 ' f ) , x„l;1, ( c m " 1 ) w e a k 3330 ( N i l ) , 
s t r o n g d o u b l e t at 1745 and 1715 (("•—() I, s t r ong band at 1235 
(COO) , m e d i u m 10(15. 

Anal. Ca lcd for C + I I r . B r F N . O , : C. 38 .11 ; II, 1.1 I: F, 
4 . 3 1 ; N, 6.35. F o u n d : 0 , 3 7 . 9 1 : 11 ,4 .22: F , 4 . 03 ; N, 6.2S. 

/ -5 -Bromo-5- f luoro-6-methoxy-5 ,6-d ihydro-2-deoxyurid ine 
3 ' ,5 ' -Diacetate ( M e O B r F U D R d i A c ) . T o a solut ion of 9.72 g of 
F l ' D l i 3 ' . 5 ' - d i a e e t a t e 029.4 m m o l e s j in 300 ml m e t h a n o l vva.-
added 32 mmoles of AleOBr in 130 ml of m e t h a n o l o b t a i n e d 
fmm 5.2 g of Br2 and 17 g of Ag^OO;,. After s t a n d i n g overnight 

in the cold, the A+,, had d r o p p e d to 5300. I 'pon evapora t ion to 
d r y n e s s in vacuo in the cold, a c rys ta l l ine residue was ob ta ined 
which was t r i t u r a t e d w i t h 50 ml of D r y Ice cooled ether , filtered, 
and washed wi th cold e t h e r ; yield 6.81 g, m p 1 i s I 19° mot qu i t e 
clear) . T h i s p roduc t was recrys ta l l ized by dissolving in 20 ml of 
hot e t h y l ace t a t e , clarifying the solut ion wi th l lyflo, add ing 35 
ml of pe t ro leum ether , and cooling wi th Dry Ice : yield 5,s3 g 
: 4-5' , ), mp l b s i i ! ) a . + | 2 + - 4 . 9 3 ° (,-2. m e t h a n o l ' , l i c c ry - t a l -
l izaliou from e thy l a c e t a t e - p e t r o l e u m e t h e r raised the mel t ing 
point, to 120-121° and \a\-],\> to —5.99° if 2, m e t h a n o l ) . 

Anal. Calcd lor C J I n B r F N . O , - : Br, l s .1 .1 : OOII ;„ 7.03. 
F o u n d : Br. 18.29; <X'H:1, 7.1s. 

T h e m o t h e r l iquor of the 5.S3 g of / c o m p o u n d isolated a b o v e 
gave , upon add it ion of 50 ml of p e t r o l e u m ether , 4.S3 g of p roduc t 
which was recrys ta l l ized from a m i x t u r e of 5 ml of me thano l and 
10 nil of w a t e r : ,\ ield 3.97 g ( 3 1 ' , .). m p l i s - 119°. [«]--"'i> +45.11° 
lc 1.2. m e t h a n o l : . T h i s p roduc t was identified by m i x t u r e 
mel t ing point with ( / - M e O B r F U D R d i A c o b t a i n e d by ace ty la l ion 
from ( / - M e O B r F U D R : ,\„,. , t'cm "• ) 3330, 1740 and 1715, 1230. 
shal low double t at I 100 and 1080. 

Oxidation of M e O B r F U D R to HOBrFU. A m i x t u r e of 1.05 g 
i2.04 m m o l e s ! of ( / - M e O B r F U D R and 10 ml of red fuming ni t r ic 
acid was hea ted on a s t e a m b a t h for 20 min. After cooling. 100 
ml of wa te r was added . T h e so lu t ion was e v a p o r a t e d in ritva, 
the residue was s lurr ied wi th e ther , and the m i x t u r e was chilled 
in a Dry Ice b a t h ; yield 0.35 g ( 5 2 . 4 ' , ), nip 17(1 178° dec. 

R eery st alii/.at ion from about 7 ml of e t h y l a c e t a t e (upon chill
ing wi th D r y Ice) g a v e 170 mg. m p 1*2 183° dec, \a]'^n + 4 0 . 7 ° 
if 1.0, e thy l a c e t a t e ' . An a d m i x t u r e of this ' / - H O B r F U with 
the ill c o m p o u n d prepared from Fl" i m p 179-180°) mel ted at 
173 174°. 

Anal. Calcd lor ( M F B r F N » ( ) ; , : 0 , 2 1 . 1 6 ; 11 ,1 .78; Br. 35 .20: 
F, s .37. F o u n d : 0 , 2 1 . 5 7 : 11 ,1 .99 ; Br. 35 .05 ; F, 8.44. 

T h e e thy l a c e t a t e m o t h e r l iquor gave, upon addi t ion of pe t ro 
leum ether , a second crop of 165 mg, mp 177 178° dec, ,t!2"o 
-7-32.7° (c 1.2. e thy l a c e t a t e i. 

T h e infrared spec t ra of </- and r / M I O B r F U 3 " a re essent ia l ly 
ident ical pa r t i cu la r ly in the C O (1748 1695 cm" ' , ) and the finger
print regions. T h e cha rac t e r i s t i c difference consis ts in the pres 
ence of a d is t inct O H peak at 3500 c m " 1 in the d c o m p o u n d , 
whereas only bonded OH and N i l a re present in the til c o m p o u n d . 

An ana logous oxida t ion of c r u d e ( a m o r p h o u s ) / - M e O B r F U D R 
furnished 50 mg of c rude a m o r p h o u s / - H O B r F U . m p 177- I 7 s ° . 
| a ] 2 3 ) —34.2° if 1, e thy l a c e t a t e ) . 

T o 4 ml of an e thy l a c e t a t e solut ion con ta in ing 20 mg of ,/-
I I O B r F U and 20 mg of / - H O B r F U was a d d e d 10 ml of pe t ro l eum 
ellier. A crys ta l l ine p r ec ip i t a t e was filtered and washed wi th 
pe t ro l eum ether , yield 17 mg, m p 173- 175°, whicli on a d m i x t u r e 
wi th ( / / - H O B r F U ' m p 179- ISO) mel t ed at 176 177°. 

</-5-FIuoro-6-methoxy-5,6-dihydro-2 -deoxyuridine i M e -
O H F U D R ) . A solut ion of 6.5 g of (/-Met > B r F U D R i( ) .0 l82 
mole ) in 1 15 ml of wa t e r con ta in ing 1.55 g (0.0189 mole) of sod ium 
a c e t a t e was h y d r o g e n a t e d in the presence of 0.85 g of 1 0 ' , pre-
hydrogen a ted I'd 0 ca t a lys t . T h e h y d r o g e n a t ion came to a s t a n d -
si ill after 32 min when the ca lcu la ted a m o u n t of 454 ml had been 
taken up. After removal of the ca ta lys t by fi l trat ion, the opt ica l 
dens i ty was d e t e r m i n e d in 0.1 A' 11 CM and in 1 A' N a O I l : A'";','"'' 
was 16.800 co r respond ing to 2 .5s mmoles t 14.2' ' , .) of F U D I I : 
A''.»„N""" was 125,500. co r r e spond ing to 17.94 mmoles of F U D I ! 
' ex i s t ing — regenera ted by NaOIUi. T h e yield of M e O I I F U D l t 
was therefore 15.3(1 mmoles (84.. '! ' , i. T h e solut ion was lyo-
philized in o rde r to r emove ace t ic acid, the mate r i a l o b t a i n e d 
was dissolved in 76 ml of w a t e r and the p l l of the solut ion was 
ad jus ted to (1 w i t h a. few d rops of N i l ; OII . It was then abso rbed 
on a column of Dowex I-4X ( ace t a t e ) , 100 -200 mesh, 2.4 X 25 
cm. F l u t i o n was per formed ( w a t e r for t rac t ions 1 (1, 1 A' ace t ic 
acid for f ract ions 7 10) at a flow ra t e of 100 200 m l / h r ami 
fraction.- were taken eve ry 0.5 hr . Kach fraction was ana lyzed 
for content of M e O I I F U D R by t ak ing the s p e c t r u m in 0.1 A' 
HOI and in I A' N a O l l . T h e bulk of t h e c o m p o u n d l 13.18 
mmoles , in addi t ion in 2.62 mmoles of F U D I ! ) was found in 
f ract ions 3 and 4 (142 ml) . F r a c t i o n s 9 and 10 (201 ml) con
ta ined 1.71 mmoles of pu re F U D M . 

F rac t i ous 3 and 4 were lyophi l ized . the d r y ma te r i a l was dis
solved In (15 ml of wa te r and , after a d j u s t m e n t to p l l 6, again 
c h r o m a t o g r a p h e d on a Dowex 1-4X ' ace t a t e , ' co lumn, 2.4 X. 24 
cm. b.lution How ra te 200 250 m l / h r ! yielded in fractious :i 
and 4 (150 n i b a loial "I 13.(Hi mmoles of M e O I I F U D l i (pu r i t y 
90 .5 ' , i. 
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Fractions 3 and 4 were Ivophilized, the dry material was dis
solved in 62 ml of water, the solution was adjusted to pH 6 and 
ehromatographed again on a 4 X 33 cm column of Dowex 1-X4 
(acetate) 100-200 mesh, eluting with water (flow rate 200 ml/hr). 
Fractions 5 and 6 (208 ml) contained 11.25 mmoles of MeOH-
FUDH (purity §7%). The material weighed, after lyophiliza-
tion, 3.43 g. This was dissolved in a boiling mixture of 7 ml 
of dioxane and 37 ml of butyl acetate. By cooling, 2.58 g (51%) 
of crystals melting at 136.5-138.5° were obtained, [a]24i> +44.8° 
(c 1.0, methanol). According to spectrophotometry (only end 
absorption, i?°s0

AHCI 113/g) it contained a maximum of 0.4% of 
FUDH. 

Anal. Calcd for C,oH15FX206: F, 6.83; CH30, 11.15. Found 
F, 7.00, 7.07; CH 30, 11.35. 

Conversion of MeOHFUDR into FUDR by NaOH.—Crude 
MeOHFUDR obtained by hydrogenation of 1 mmole MeOBr-
FUDR was dissolved in 7 ml of 1 A* XaOFf. The spectrum ex
hibited X™,0H 268 mM corresponding to 0.91 mmole of FUDR. 
The solution was fractionated on a Dowex 1-4X (acetate) col
umn, 1.4 X 20 cm. The column was first eluted with 70 mi of 
water and then with 0.1 .V acetic acid. A peak (145 ml) was taken 
up three times with a few milliliters of ethanol and reevaporated. 
The final residue was dissolved in 10 ml of boiling butyl acetate 
and the solution was allowed to crystallize in the cold; yield 146 
mg (59%), mp 145.5-146°. A mixture with an authentic sample 
of FUDR (mp 149-150°) melted at 147-149°. Reerystalliza-
tion gave 93 mg, mp 147-148°, which was further identified 
bv its infrared spectrum and bv analvsis. 

'Anal. Calcd for CnHnFNoOs: C, 43.91; H, 4.51. Found: 
C, 44.12; H,4.43. 

(2-5-Bromo-5-fluoro-6-ethoxy-5,6-dihydro-2'-deoxyuridine 
(EtOBrFUDR).—A solution of 10 ml of bromine (31.2 g, 0.39 
mole) in 64(1 ml of ethanol was stirred for 30 min at —5° with 
107.5 g of Ag2C03 (0.39 mole). The light yellow solution was 
filtered rapidly into an ice-cold (partial) solution of 30 g of FUDli 
(0.122 mole) in 500 ml of ethanol. Continued stirring produced 
rapid dissolution. After allowing the mixture to stand for 16 hr 
in the refrigerator, it was concentrated in vacuo at 30° to a deep 
orange-red syrup. 

The latter was dissolved in 200 ml of ethanol and the Dry Ice 
cooled solution was stirred with small amounts of Ag2C03 which 
were added gradually until the liquid was colorless. After fil
tration through Celite the solution showed only end absorption 
(££o°H 12,600). Evaporation in vacuo gave a pale yellow- syrup 
which became partly crystalline after seeding. It was taken up 
with 25 ml of butyl acetate and allowed to crystallize in the cold; 
yield 7.06 g, mp 128-129.5°. The mother liquor gave, upon 
addition of petroleum ether, a second crop of 10 g, mp 127.5-
128.5°; total yield 37.5%. Hecrystallization from 1.4 vol of 
ethyl acetate raised the melting point to 129-130°, [C*]26D +60.2° 
(c 2.0, methanol). Bioautography showed absence of F U D R 
(less than 0.1%). 

Anal. Calcd for C12H16BrFX,Oe: Br, 21.51; F, 5.12; C2H50, 
12.12. Found: Br, 20.94; F, 5.08; C2H,0, 12.22. 

rf-5-FIuoro-6-ethoxy-5,6-dihydro-2'-deoxyuridine (EtOH-
FUDR).—Ten grams (27 mmoles) of d-EtOBrFUDR (mp 
127.5-128.5°) were hydrogenated in 100 ml water containing 
2.25 g of sodium acetate (27.4 mmoles) in the presence of 0.5 g 
of 10% Pd-C catalyst. The hydrogen uptake was 630 ml 
(97.5%) within 40 min. The catalyst was filtered, and the 
filtrate was Ivophilized. Chromatography on a Dowex 1-X4 
acetate column 3.5 X 32 cm gave, by elution with water, two 
fractions (320 ml) of only weakly absorbing material. Fraction 3 
(94.5 ml), fraction 4 (132 ml), and fraction 5 (132 ml) contained 
13.5 (98% pure), 7.02 (91% pure), and 1.39 (86.1% pure) mmoles 
of rf-EtOHFUDR, respectively. Total yield was 78.3%. 
Fraction 3 was Ivophilized and the dry material (4.01 g) was 
crystallized from 96 ml of ethyl acetate to yield 2.79 g (35.3%), 
mp 146-147°. i?Sso'VHC1 was found to be 123/g which corresponds 
to a maximal F U D R content of 0.46%; [a]26D +37.2° (c 2.0, 
water). 

Anal. Calcd for CHnFX.Or , : C2TT,0, 15.42; F, 6.50. 
Found: C2IUO, 15.79: F, 5.94. 

5-Bromo-5-fluoro-6-(-butoxy-5,6-dihydro-2'-deoxyuridine 
(Mixture of Diastereoisomers) (NBuOBrFUDR).—To a solution 
of 5 ml (15.6 g) of Br2 (07 mmoles) in 100 ml of i-butyl alcohol 
was added with stirring 50 g of Ag2C03 (182 mmoles). After 95 
min of stirring the mixture was filtered directly into a stirred 
suspension of 16.5 g of F U D R (25 mmoles) in 150 ml of i-butyl 
alcohol. The reaction mixture became homogeneous within 15 

min and the optical density Ef^ dropped gradually within 2.5 hr 
from initially 163,600 to 7350. 

The mixture was evaporated to a froth which was dissolved in 
40 ml of ether. The solution was poured slowly with stirring into 
150 ml of petroleum ether to produce a white slightly gummy 
precipitate, which was dissolved again in 50 ml of ether and repre-
cipitated with 350 ml of petroleum ether. A white electrostatic 
solid (7.9 g, 79%) was isolated by filtration and washing with 
petroleum ether. I t gradually became soft upon heating to 65° 
and then decomposed at 75-95° (gas evolution); [«]2 SD +36.3° 
(c 1, methanol). 

Anal. Calcd for C,3H20BrFX2O6: C, 39.11; H, 5.05; Br, 
20.02; X, 7.02. Found: C, 39.32; H, 5.43; Br, 20.03; X, 6.82. 

5-Bromo-5-fluoro-6-acetoxy-5,6-dihydro-2'-deoxyuridine 3',5'-
Diacetate (Diastereomeric Mixture) (AcOBrFUDRdiAc).—To an 
ice-cold solution of 9.89 g of F U D R 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 5.85 g of silver acetate (35 
mmoles) and 1.8 ml of bromine (5.6 g, 35 mmoles). The mixl lire 
was allowed to rise to room temperature and was stirred 30 min. 
AgBr was filtered and washed with acetic acid. The orange-
colored filtrate contained neither Ag + or B r - and had E^n 3450. 
It was evaporated in vacuo 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 to 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 vield 5.62 g, [a]27D 
+ 9.3° (c 1.0, CHC13). 

Anal. Calcd for Ci5H l sBrFX209 : C, 38.39; H, 3.87; X, 
5.97; F, 4.05; Br, 17.03. Found: C, 38.71; H, 3.96; X, 5.81; 
F, 3.98; Br, 16.71. 

The crop of 6.69 g became sticky upon storage. I t was dis
solved in 10 ml of ether and the solution was poured with stirring 
into 250 ml of petroleum ether. The gummy precipitate was 
redissolved in 75 ml of ether and again poured into the original 
mother liquor. After stirring for 30 min the precipitate was 
filtered; yield 4.87 g, [a]21x> +7 .4° (c 2.0 in chloroform), total 
yield 67%. 

Anal. Calcd for C15H I8BrFX209: C, 38.39; H, 3.87; Br, 
17.03. Found: C, 38.31; H, 3.81; Br, 17.16. 

d-5-ChIoro-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 determination 
showed a titer of 2.4 mmoles of CU/ml. To 120 ml of this solu
tion (288 mmoles/of Cl2) was added 79 g of Ag2C03 (287 mmoles) 
with stirring and cooling below 0° for a period of 30 min. The 
MeOCl solution thus prepared was filtered directly into a well-
cooled solution of 15 g of F U D R (61 mmoles) in 200 ml of meth
anol. A colorless solution was obtained containing 510,000-
optical density units at X"°°H 270 irui. Exposure to room tem
perature for 45 min followed by storage in the refrigerator pro
duced no drop of the absorbancy. More methanolic chlorine 
solution (not treated with Ag2C03) was then added gradually 
and the mixture was allowed to stand at room temperature until 
a sample showed practically no Elio'KCi. This solution (Cl~ 
content 1.8 equiv) was neutralized to pH 6.8 by addition of 
418 ml of 4.3 A" XaOCH3 in methanol. The precipitated XaCl 
(92.2 g) was removed by filtration. Evaporation of the filtrate 
to a syrup and further treatment of the syrup with methanol 
and ether removed additional 10.91 g of XaCl. The final fil
trate gave upon evaporation a partially crystallizing syrup which 
was mixed with 20 ml of water to produce rectangular plates of 
rf-MeOClFUDR which were filtered and washed free of Cl~ with 
50 ml of water; yield 4.17 g (22%), mp 169.5-170° (decomposed 
at 210°). Hecrystallization from 25 ml of butyl acetate gave 
2.72 g, mp 167-169° (decomposed at 192°), which was chromato-
graphically uniform; rotation in methanol (c 1): [a]25 +64.6° 
(578 mM), +72.3° (546 mM), +130.1° (436 mM), +19.5° (364 mM). 

Anal. Calcd for Ci0H,4ClFX2O6: C, 38.41; H, 4.51; CI, 
11.34: F, 6.08; OCH3, 9.93. Found: C, 3S.6S: H, 4.44: 
CI, 11.36; F, 6.28; OCH3, 9,92. 

Z-5-ChIoro-5-fluoro-6-methoxy-5,6-dihydro-2 '-deoxyuridine 
(Crude) (MeOCIFUDR).—The mother liquor of the isolated 
rf-MeOClFUDR deposited, upon evaporation and treatment of 
the residue with methanol, an additional 4.16 g of XaCl (total 
recovered 99%). The filtrate gave upon evaporation a syrup 
which was dissolved in 30 ml of water. The slightly acid (pH 
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o.N) solution was neutralised with a, few drops of 1 A' XaOH. It 
contained E'im ' ' 332 and 1 1.3 mequiv of CI". The solution was 
chromatographed through a Dowex 1-X4 acetate column con
taining 45 g of resin. Elation with water removed first Xa ' ; 
subsequent elation with 0.05 A' acetic acid gave fractions showing 
end absorption starting at 270 m/x when measured in 0.1 .V I1C1. 
Eyophilization of these eluates gave 2.MS g (14.9', ) of colorless 
material which was ehromatographiea.lly uniform (cysteine-
sulfuric acid spray); rotation in methanol (<; 1): \a\'i:' —7.5° 
(57S nui), - 9 . 0 ° (546 mM), - 10.1° (436 m/O, - 39 .2 ° (3(54 m/i). 

Anal. Calcdfor C . H H C I F X J O B : CI, 11.34; F, 6.08; X, 8.90; 
OCII,,, 9.93. Found: CI, 10.81; F, 6.08; X, 8.75; OCH:1, 9.67. 

5-ChIoro-5-fluoro-6-/-butoxy-5,6-dihydro-2'-deoxyuridine 
(Diastereomeric Mixture) (NBuOClFUDR). - To a solution 
(heated to 35°) of 5 g of FUDR (20.:-) mmoles) in 100 ml of I-
butyl alcohol was added 3 ml (2.75 g, 25.2 mmoles) of /-butyl 
hypochlorite. Xo reaction took place at room temperature. 
The mixture was rerluxed for 80 min, when thc/J^"" had dropped 
from initially 157,000 to 1740. Evaporation in menu left 11.25 g 
of a thin syrup which was dissolved in about 50 ml of benzene. 
Evaporation gave a spongy mass which was repeatedly dissolved 
in ether and reevaporated. The residue had now become spar
ingly soluble in ether. It was triturated with portions ol ether. 
The ether extract was poured into petroleum ether to precipitate 
the reaction product. A total of about 100 ml of ether and 800 
ml of petroleum ether was used. The precipitate was filtered 
and washed with petroleum ether: yield 4.(5.'! g ((55'V \ nip 59-64°. 
|a]l) ^-27° (r 1.0 methanol). 

Anal. Calcd for C r i IWIFX.Oo : CI, 9.99: F. 5.36; X, 7.90. 
Found: CI, 10.40: F . 5.76; X, 8.12. 

A solution of 354 mg of ?-BuOClFUDIi (I mmole,) in 20 ml 
of water and 2 nil of ethanol containing 88 mg of sodium acetate 
(1.07 mmoles) was hydrogenated with 40 mg of 10'', Pd-C 
catalyst. Hydrogen uptake was 26.1 ml in 35 min. The 
solution filtered from the catalyst showed fi'sslV"" 1816 corre
sponding to 0.28 minoleof FUDR and El^Ma 7040 corresponding 
to 1 mmole of FUDR (existing + regenerated). Hence 0.72 
mmole of /,-BuOHFUDR was formed, which, however, was not 
isolated. 

5-Bromo-5-fiuoro-6-methoxy-5,6-dihydro-2'-deoxycytidine 
(Diastereoisomeric Mixture) (MeOBrFCDR). To a cold solu
tion of 0.25 ml of bromine (0.78 g, 4.88 mmoles) in 50 ml of meth
anol was added 1.4 g of Agj(X)3 (5.07 mmoles). The mixture was 
stirred with cooling in an ice bath for 20 min. Then a cold 
solution of 1 g of 5-fluoro-2'-deoxycyt idine (4.08 mmoles) in 100 
ml of methanol was added. After stirring and cooling for 10 
mill the absorption had dropped to £"_';,'„""'' 4000. Filtration 
gave a colorless solution showing a positive stanch-iodine test, 
indicative of partial bromination of the amino group. Lyo-
philizntion gave 1.75 g of a powder which contained excess bro
mine. 

The product was dissolved in 15 ml of water and chronialo-
graphed on a, Dowex 1-X4 (acetate) column, 1 X 1 1 cm. Water 
(59 ml) eluted ultraviolet-absorbing material. The solution 
was lyophilixed to yield 522 mg. A subsequent, fraction (7(5 
nil! gave an additional 34 mg: total yield 3 8 . 5 ' , ; [a]2;t> 
+ 41.3° (c 1.0, methanol); A,1,"''™ 266 m^ '(e 8640), X^J 245 m,u 
(t 8060), in 0.1 .V HC1 only end absorption u26r, 1770) was found. 

Anal. Calcd for CuIU.BrFNsOs-1 UO: Br, 21.36; F, 5.08; 
X, 11.23; CH;,0, 8.29. Found: Br, 20.88; F, 5.29; X, 11.30; 
CII3<>, 8.10. 

Subsequent elution with 0.1 A' acetic acid gave a fraction of Ml 
ml which was lyophilized to yield (500 mg of powdery product,. 
It gave a positive starch-iodine test, X[,',„' 263-267 my. ie 7530). 
The analysis agrees with a hy-pobromous acid salt of MeOBr
FCDR. or X-bromo derivative containing 1 mole of water. 

Anal. Calcd for C luIIuBr,X3D6: Br, 35.28; X, 9.27: Cll s(). 
6.85. Found: Br, 34.93; X, 9.30: CH3(), 6.95. 

</-5-Bromo-6-methoxy-5,6-dihydrothymidine (MeOBrTDU). 
An ice-cold freshly prepared solution of 131 mmoles of methyl 
hypobromite was treated at + 2 ° by stirring with a suspension of 
12.36 g of thymidine (51 mmoles) in 210 ml of methanol. After 
15 min complete solution was observed (E%"a was 5940). The 
solution was evaporated in raciia to a, syrup anil the latter was 
dissolved in 30 ml of warm butyl acetate. Upon cooling, crystals 
were obtained which were filtered and washed with cold butyl 
acetate, and then with ether: yield 14.56 g (81 r

r ) , nip 101-102° 
dec, Recrystallization from 4(5 ml of ethyl acetate gave 10,40 g 
of product melting at 102- 103° dec. \a\r> + 7 7 ° (r 3.0, met hanol;. 

Anal. Calcd for C!JII17BrX..Oll: ( ' , 37 .41 ; 11,4.85: X. 7.93: 
Br, 22.(53: CIM), 8.79. Found: C, 37.44; II, 5.00; X. 7.90; 
Br, 22.55; CIUO, 9.02. 

Catalytic hydrogenation in ihe presence of sodium acetate 
resulted in 73' , reconversion into thymidine. 

o-Bromo-5-fluoro-6-methoxy-5,6-dihydro-2'-deoxyuridine 
5 -Phosphate (Mixture of Diastereoisomers, MeOBrFUDRP). 
A solution of 0.1 ml of fin (2 mmoles) in 10 ml of methanol was 
treated in the cold with 0.55 g of AgjCOj (2 mmoles). One 
milliliter of the MeOBr thus prepared (0.2 mmole) was mixed 
with an ice-cold solution of 9.5 mg of ammonium 5-fluoro-2'-
deoxyuridylate (2(5.4 pinoles) in 5 ml of methanol. The drop 
of the ultraviolet absorption came to a stop after 2 hr. The 
solution was evaporated to dryness, taken up with methanol and 
reevaporated to yield 16 mg of a white solid. A paper chromato-
gram (descending system 1) showed two spots (/',- 0.41 and 0.01 i 
upon inspection with ultraviolet light. Both gave a deoxyribo-
side test but only the .spot, of It's 0.(51 gave a strong phosphate 
reaction upon treatment with Ilanes-Isherwood reagent.51 

The product was dissolved in 1 ml of methanol and slreaked across 
3 MM Whatman paper which had been previously washed with 
the solvent system 1 used for the chromatography anil dried. 
Chromatography with the same system produced a migration of 
30 cm of the liquid front in 22.5 hr. Bands were visible upon 
inspection with ultraviolet light at II; 0.54 and 0.77. The latter 
band was excised and the paper was extracted with water in the 
refrigerator overnight. The extract showed only end absorption 
and contained 1(5.8 pinoles of P. After lyophilization 11.3 mg of 
a white solid was obtained which according to the P content 
corresponded to 62 ' , of anhydrous free nucleot ide. 
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