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Addition of hypohalite across the 5,6 donble bond of 3-flnorouracil (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 previounsly described.
A-Bromo-5-fhioro-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-finoro-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 with reduced glutathione at pH 7 and 35°. Possibly véa a related reaction @ 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 addict 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 dnigs mimic, to a

certain extent, the effects which have been reported for slow infusion of FU of FUDR in humans.

Among fluorinated pyrimidines, 5-fluorouracil (I'U)3
and 5-fluoro-2’-deoxyuridine (FUDR)* have acquired
considerable importance as cancerostatic drugs,® while
5-fluorocytosine (FC)3® has shown some promise as a
fungistatic agent.” The potency (z.e., therapeutic and/
or nonspecific eytotoxicity) of FU and FUDR was
shown to depend dramatically on the manner of ad-
ministration.® Thus, when given to human eancer pa-
tients as single daily intravenous injections, I'U and
TUDR 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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Abstracts, p 12-C; (b) R. Duschinsky, T. Gabriel, J. Purple, and J. H.
Burchenal, Proc. Am. Assoc. Cancer Res., §5th, Chicago, Ill., April 1964, B,
16 (1964).

(2) Thisinvestigation was supported in part (to Sloan-Kettering Institute)
by funds from the National Cancer Institute, National Institutes of Health,
T. 3. Public Health Service (Grant No. CA-08749).

(3) R. Duschinsky, E. Pleven, and C. Heidelberger, J. Am. Chem. Soc.,
79, 4559 (1957).

(4) Synthesis by enzymic transfer of deoxyribose from thymidine to FU:
(a) R. Duschinsky, E. Pleven, J. Malbica, and C. Heidelberger, Abstracts,
132nd National Meeting of the American Chemical Society, New York,
N. Y. Sept 1957, p 19-C; (b) R. Duschinsky, U. 8. Patent 3,168,513 (1965);
this patent describes in detail a practical enzymic process for the preparation
of FUDR and its isolation »ia the 3/,5'-diacetate. By total synthesis: (c)
M. Hoffer, R. Duschinsky, J. J. Fox, and N. Yung, J. Am. Chem. Soc., 81,
4112 (1959); {d) M. Hoffer, G. 8. Patent 2,948,725 (1960).

15) Reviews: (a) C. Heidelberger and F. J. Ansfield, Cancer Res., 23,
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of two, whereas 'UDR increased approximately twenty-
fold.%2® A similar relationship was observed in mice
carrying leukemia B82A.%¢ This phenomenon was ex-
plained by invoking the distribution and performance of
enzymes regulating the metabolism of these fluorinated
pyrimidines.3

In striking contrast, FUDR has been found to be at
least 1000 times more effective than I'U, when tested
in vitro, as an inhibitor of formate incorporation into
the DNA thymine of Ehrlich ascites cells® or as a
growth inhibitor for the chick embryo.” In these
isolated systems, FUDR (unlike FU) is efficiently con-
verted to the corresponding 5'-phosphate (FUDRP)Y!
and it is the latter which is responsible for eytotoxicity.
In vivo, this anabolic step is largely preempted by
the rapid catabolism of FUDR,®Y ¢ia enzymatic
cleavage at the nucleoside bond, to F'U, catabolic break-
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down of the latter, and elimination of any or all mter-
medintes involved.  Purthermore, any 5'-plhosphoryla-
tion ol FUDR which daes aeenr mast be vapidly ve-
versed by the ubiquitoas extracellular plisphatases.

On the other hand, 1'C7 1= not metabolized eitler by
mait or the rat, and ik exereted v nnelrnged fornu#
The activity of IFC i systemie enndidinsts in the mause,
llowever, 1= mproved by adimuistration in divided
datly doses, s compared to ane smgle dose, ™

In view ol these observations, 1t was considered
prontsing to =tdy fluarinated pyriudme preenrsors
whiclmight be rattially resistant tecthe entabolicattaeks
camnterated, but which wonld enter the target cells as
suclt and then be converted graduadly to their meta-
balteally wetive version suelr as FUDR or 1t phos-
phate.

[ a prior approach to this problemy, FUDR 3/,5'-
dincetatet”  and  N4p-tolnayl-5-flnoro-2"-deoxy ey ii-
dinie™ were synthesized. Both mueleosides manifested
protection agunst enzyvmatic clenvage ax compared
to thetr unacylated precursors.  Both compounds re-
lensed TUDR @n vitro. and, to o cortain extent, appar-
ently adso 2n pgpo, >t b

Another type of agent which might fulfill the de-
sired rale of o gradnad releaser of the active substanee
wis coneetved to be a elass of derivatives of S-fluari-
eited pyrimidines inwhich substitnents had beea added
acrass the 5.6 double bond. If such dilivdro com-
portds reverted ta their nn=atnrated precursors, they
might produce the desired objective. 1t had beean
found by Greea and Cohen™ that unsubstituted Hiti-
dilivdropyrimidme wueleosides (see Chare 10 20 R =

deoxyribase; R = H «ar CHy) are insensitive to the
Cnawe |
0 0
HN ‘ R’ H, (catalystt HN | g’
L —— L
¢} N H 0 N H
R R
1 2
R"OBr or R”O(‘il
0 0
\ R’ , R’
HN Br tor Cl) H.icatalyst: HN H
)\ H or thiols N H .
0O % OR" Q R OR
3 4

R =H or 2-deoxyribosyl
R’ = H or F or methyl
R/’ =alkyl or acyl
entnbolie enzymes catalyzing aucleoside cleavage and
pyrimidine exchange. These dihydropyrimidine nucle-
osides enter cells unchanged :nd undergo phosphoryla-
tion to nucleotides,? thus fulfillinug part of the desired
requirements for nprotected preenrsor.  There is, how-
ever, o mdieation that the 5,6 double bond can be bio-
logiceally  regenerated. Thus,  5,6-dihydro-5-fluoro-
nrneild 2! is o a catabolic degradation product of FU, /s
the reactian being essentially irreversible.
A8y Dr. . Sehoter, Tloffiann-La Roelie, tasle, Switzerlaud, personal
anpouieation.
t10) M. Green and . %, Cohen, J. Biol. Clem., 225, 405 (1957).

{20) ], A, Cobey, J. Lichrenstein, 1T. . Parner, and M. Green, 4.,
228, GIR (1DATL

Vol. 1)

Wereport o orr cortain =abstituted dibydiapyiun-
idines, the S-linda=G-oxy  dertvatives, which wre able
to reverc undev phivsiologient conditices 1o the s -
ntled evtutaxice agent.

The general svyathetic appraacie s oatlmed 1 Cham
[ additicn al Tyepohalites ey, RY7OBr ar R7OCH 16
pyrimidmes 1 give S-hala=d,6-dibvdropyrimdines 3,
The halagen thas mtradaced eanld be renueved, either
by eatalytie hydragenatian ar with =acle chieiuieal
reagents as alkall hvdrosalfide aind certain thuas suchoas
evateiire ar redaced gintathione (CGSH) ta give cau-
poand= af tyvpe 4. The latter companad= are quite
ensTtive tooa vartety af candittons sand revert spon-
ranetatsly o the werginal pyrimidime 1 by elmrinatiau
af R7OH.  Bath delralogenation and elinination eanld
reasonably be expeceted to aeedr inea biologieal nilieq,
perhaps oeoncerted fashian, and the regeneration ol 1
from 3 (rie 4) ~cemed all the niore likely mr view ol the
abiquitoas distribation o glatatinone 1ir bady flunds
anud tissues?t e paint al et the expeeted teagslor-
matian ol camponnds ol tvpe 3 ta 1 was observed Tl
G eilvo and o vl

The addittan o0 Lvpoludoas aeids ta the 5.6 daable
horrd al a prermidime was fivst earried oat by Behrend. ™
The axsignment ol stractare to the resalting addrgon
prodact= wis based an the faet that 5.5-dibromo- (or
dichlare-t Gehydroxyv-t-methyllivdrauraeil was abtaoned
by Belwend fram the reactian of HOBr (or HOCH with
S=bramwo- (or S-ehlago-1 Gemethvlarael, These gen-
dilialo derivatives were axidized tu S.5-dibrames (ar
dichlora-) barbitarie actd with fammg vitvie neid, =
thas provimg uneqaivaeally thre entry of the added hade-
gen st C-5 rather than at C-6,

Later. o namber of bromwe (or chlovo-) Livdraxy-.
alkoxy-.ud geetaxypyemidine additian pradnets were
prepared s amedagaas procedares by Johnsun and his
callnbratiwe=Uimd by others ™ New fnterest in =ub-
stituted  H.6-dilivdreapyrimidines with Nin-
shefmer’s findmg® that it 7= possible to add witter
aceross tre At dauble band of uracl, neidine, and aridylic
actd in a photacliemicd reactian. Cytosine ad=aunder-
goes this phataivdrmtion. wherens thymine, 1 frazen
olntian., prudaces mastly odimer ™ Attempts (o 1=o-
Inte the extremely lebile hvdinte af thymime have heen
reported.®

Aroze™

(21 T Ttosannsky, T Tleven, soel W ctoaTansTi, e ain Jater,
Coatrw Crnesicar, 16, 6030 BIGD; .

(220 Tlanl eaptains 3 gpe of sldadchpe 100 mTs W S0 Spmeons
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BroatuToGrAPHY, REGENERABILITY, AND ANTILEUKEMIC ACTIVITY

—

Activity against leykemia B82A:

Ry in system® Antimicroh Regeneration Dose, Therap Molar
Compd 1 2 activity,® % of double bond® mg/kg/day response? potency®
FU 0.58-0.66 0.60-0.66 50 6.25-25 + 1
FUDR 0.68-0.73 0.66-0.75 100 6.2-50 + 1
FUDRdiAc 0.78-0.81 0.5 4.1-16.5 + 2.0
dl-HOBrFU 0.75 0.76,0.77 0 24 100-200 + <0.23
Al-HOHFT ,47-0.52 0.56-1).58 1 H 20-44 - <0.34
Al-MeOBrFU 0.86 .84 2 37 30 + .43
(1-NeOITFU 0.6Y 5 83 40-80 + .20
J-FIOB T 0.89 0,86 20 92 30-200 Inactive against Sarcoma 180
and Ehrlich solid and
ascites
dI-BuOBrFU 0.92 0.90 30 32 100-250 Inactive against Sarcoma 180
and Ehrlich ascites
Jdl-AcOBrFU 0.88 0.78 27 108-216 + <0.12
dI-HOCIFU 0.78 0.80 1 0 20-62.5 Inactive against Sarcoma 180
and Ehrlich solid and
ascites
d-HOBrFUDR 0.72 <0.1 0 50-~100 — <0.34
d-HOHFUDR 0.53 0.1 8 150-250 + 0.13
d-MeOBrFUDR 0.85 0.85-0.88 10 23 2.5-10.8 + 3.6
A-MeOHFUDR .66 0.85 10 67 727 + 3.9
[-MeOBrFUDR .85 0.87 10 20 12.5-25 + 2.8
d-MeOBrFUDRdiAc 0.87 22 8.12-16.25 + 2.3
[-MeOBrFUDRdAiAv (). 86-0.89 1) 21 3.8-19.2 + 2.9
d-EtOBrFUDR 0.84 0.84 5 18 4.6-18.5 + 3.8
d-EtOHFUDR 0.74 High 6.25-12.5 + 3.6
{-BuOBrFUDR 0.87 10 100-200 — <0.18
AcOBrFUDRdiAc 0.91 0.05 100 =+ <0.47
d-MeOCIFUDR 0.84 0 100-200 + 0.16
-MeOCIFUDR 0.83 0 100-200 + <0.16
-BuOCIFUDR 0.91 0.86 0 0 100-200 - <0.18
d-MeOB*TDR 0.82-0.90 0 78 100 - 0
2 See Experimental Section for details. * A survival time, T/C, of 1-1.25 = —, 1.25-1.56 = ==, >1.5 = +. ¢ Molar ratio FU (or

FUDR)/drug when given at the optimal therapeutic dosage or maximal ineffective dosage.

4 The spectnim, prochiced after reaction

with GSH, presented no real FU peak but a shoulder at about 300 mu, which indicated the presence of another product, so that the

FU content could not be calculated.

More recently, Lozeron, et al.,® investigated the
photochemical addition of water across the 5,6 double
bond of I'U and demonstrated the formation of 5-
fluoro-6-hydroxy-3,6-dihydrouracil (HOHFU, Chart
11). The structure of HOHKFU was reliably estab-

fered

,Hosy

Tautz, and R. Du-

Caarrt II
o] o]
H H
HN F HN F
MeOHFU J\)EH J\ v HOHFU
07N~ “OCH3 07N~ “OH
H H
HyS or Hy (PA)
H, tPa) buffered buffered
pH 3-7 pH 3-7
o] o]

HN/“\<Er HNOg /kﬁg'
MeOBrFU ;\ H A _<H HOBrFU
07y 0CH, A< oH
H H
CH3OH Ha (Pdl
HB") unbuf-

o]

HN Br ACOH, Ac,0
F COH, Ac.
AcOBrFU |  |w z
07\~ ~0CCH3 B2 N
Ho o H

(30) H. A. Lozeron, M. P. Gordon, T. Gabriel, W,
schinsky, Blochemisiry, 3, 1844 (1964).,

lished by nmr spectroscopy. Since the same substance
was previously obtained in our laboratories'® from the
reductive debromination of HOBr¥FU (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 alky! and acetyl hypobro-
mite to the double bond of fluorinated pyrimidines,
These addition produets 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 (MeOBrIU) and acety! hypobromite (AcOBr-
FU) were linked with HOHYU by the reactions de-
picted: AcOBrFU was converted to MeOBrFU upon
refluxing with methanolic HBr. (Heating MeOBr-
FU with n-butyl alecohol and HBr gave the analog,
BuOBrFU.) Rather surprisingly, heating MeOBrkU
with fuming nitric acid gave HOBrFU rather than 5-
bromo-5-fluorobarbituric acid, an expected product of a
subsequent oxidation.?3b

The 5-fluoro-6-oxydihydropyrimidines resulting from
reductive debromination of the hypobromite addition
products differ substantially in their stability. Thus,
the elimination of aleohol 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 neetie acid addition prodinet
(AcOHI'T) appears to be still more unstable: hydro-
geration of H-bromo-G-acetoxy-dH-fluorohydromrnetl (Ae-
OBrIfU) gave a high yield of U e AeOHIU was
olnted.  Sinnbuly, the hydrogenation products de-
rived from the adducts of MeOBr and FKtORe to 1'C
appear to be quite unstuble (edde difra) aud were not
solted. ™

The mechanism of these addition rveactions appears
to result i1 products with finorine at C-35 feans to the
hydrogen at C-6.%2 The course of the hydrogenolytic
debromination of the addition products based ou this
assignment 1s less easily mterpreted: mthe presence af
sodium acetate (pH 3-7), products are obtained which
retain the dihydrofluoropy rimidine structure and are be-
lieved to possess hydrogen at C-5 and OR at C-6 1 the
¢1s positions.®  This must have occurred as the resnlt
of & Walden inversion i the hydrogenolysis,  Un-
buffered hydrogenation regencerated I'U quantitatively,
presumably since the hydrogenolysts under these wreid
couditions resulted (vie retention) in the {rans isomer,
which is suseeptible to an climination reaction. A
similar type of observation and dednetion wax made by
Wang?™ for 1.3-dimethyl-6-hydroxyhvdrouracil.

We next turned our attention to the corvesponding
addition products of pyrimidine glycosides.  Addition
«f hypobromite across the double bond of (natural)
pyrimidine nucleosides has beea reported. ¢ but the re-
sulting adducts have wot been fsolnted.  Our pro-
cedure consigted of treating the nucleostde with the
appropriate hypohalite, preferably m the absence of un-

t31) This corroborates tlie observativp that iTie water alilition pranbon
of ey cosine is less stable than {l1e one of uracil.2fc

(32) This migh{ not necessarily be 1he resade of s{raighiforward trapsaddi-
tiog of the elements of ROVr or ROC! [$, Winstein and R. B. Henderson,
Jodm, Clea, Soc., 64, 2196 {1042): A. Roelig, **Melbmleu der Organisclien
Climnie,” Houben—Weyl, Vol. V-4, E, Miller, Ed., Geurg T'hieme Verlag, Rtuci-
gart, 14960, p 144]. We bave, iv fact, spwe evilence that the addition vay
vrreeel ju the following wanner. The smne coppoand®e is vbiained from

0 0
HYN ¢ HLT)kJ/Br
e g

N
H
\\lim%)- ROCT

R = methyl or ¢-butyl

|

Cl
HN™ Y-Br
ACH
eithier star{ing material. Stereochemical assignmients are tentarive. Simi
lar observations, where R = H, bave already been made by Johnson,24¢

‘The resulting postulated trans stereochemistry would therefore be directed
by (lie Lulkier halogen ar (-5, ratber thau the entering elecirophile, as vb-
served wilh simple alkenes. Both mechanisms, howeyver, may be nperative
in the varions specific ins{anres investigated,

Val 10

desirable free hydragen hadide. Suelt hivpohadites were
generated by the addition of silver carbannte ar neetate
to o restetioar mixtare canststing of meleoside wad
sedation ol Talagen mowater or the appraprizde alealiad.
Alternately, m aqacons mediuu ar anfan-excliange
vesttn cowdd be used for seavenging hiydrogen halde, In
most Tstances, the renetion medinm wis maintained
not ondy veatvid but also anhydraus moorder ta prevent
nudesived attaeks apouw the enrbahydiate component
al the pnclewside. The progress of the reaction was
monitared by the dizappearance of the ultraviodet ab-
sorption at 280 my (u 0.1 ¥V HCI), sinee the dihydro
vompeanids haw arly end absorption starting at this
wavelengtl

The presence of molecular asymmetry i the sagnr
portion of the wolecule was expected to lead to din-
stercoisamertsm in the micleostde adduets. In point of
fact, two dinstercotsomeric products, i approximdely
equad parts, were observed.  Ocenzionadly. both species
could be salated e erystadline fam but m <ome in-
stances wnly ane 1somer eryvstallized, the ather veruadn-
myg in the nather hiqaoes. Same nucleostde mixtiees
cculd nat be separnted at all. Thus, addition of HOBy
Lt PUDR grove (after passage through a Dowex 1 acetate
cudamn follawed by chromtography with silica gel)
ervstadline ~-HOBrFUDR i about 27¢; vield.  The
love: dinstercoizamer was isolated ondy s erude amor-
phais materizl.

Aceording to Moore and Andersoi,®® 5, 5-dibroma-t-
hyvdraxyhydroaracil nets as a brominating agent for
uractl, producing S-bromouracil. - We tried to determine
if HOBrI'UDR would brominate deoxyuridine sinee this
reaction wauld shift the ultraviolet absorption maxi-
muni toward longer wavelength due to formation of
FUDR aad 3-bromo-2'-dcoxyuridine. However, na
such interacticn between HOBrFUDR and UDR was
obzerved under various reaction conditions.

Catalyiie hyvdrogenation of -HOBrFUDR in the
presarce af sodimm acetate proceeded smoothly and
gave (after chromatography through an anion-exchange
resin followed by treatment with a cation exchanger)
an amorphous, but apparently fairly pure, d-HOF-
UDR.  This compound may be identical with ao ultra-
violet trradition product of FUDR obtained by Pra-
S()ff.z(y"*'

Addition of MeOBr to FUDR (see Chart I11) gave
erystallime d-MceOBrI'UDR in fair yield (ca. 40¢%) by
direet crvstallization, whereas 1-MeOBrEUDR  was
diffieult to crystallize and was obtained only in low
vield from the mother liquor. On the other hand,
FUDR 3,5 -dincetntedd gave, upon treatinent with Me-
OBr, a levorotatory product by direct crystallization
aud u dextrorotatory isomer by further treatment of the
mother liquor. The structural relationships of these
dincetates (d- and -MeOBrFUDRdAiIAc) with the cor-
responding unacetylated MeOBrFUDR were estab-
lished by acetylativa of d-MeOBrFUDR to d-MeOBr-
FUDRdiAc.

Oxidation of J- and -MeOBrFUDR with funing
nitric acid destroyed the deoxyribosyl molety and re-
nwoved the methyl group i ench case, giving d and [
cnantiomers of HOBrFU, respectively.  An artificial
mixture of equad amounts of these enantiomorphs
gave the raeemate wdentieal with the d-HOBrFU pre-

SRty DAL Mbwwe apd SOAL Anderson, s JL Clege,, 87, G000,
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FU
d-HOBrFU o }-HOBrFU
. dl-HOBrFU/
HNO, HNO,
d-MeOBrFUDR }-MeOBrFUDR
Ac,0 MeOBr
FUDR
d-MeOBrFUDRdiAC a0 )-MeOBrFUDRdiAc

FUDRdiAc

MeGBr

pared by direct addition of HOBr to I'U. 1t is clear
from these experiments that the configurations of the
aglycones in d- and I-MeOBrIF'UDR are identical with
those of the respective d and [ isomers of HOBrIU 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 5-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 379) to d-EtOH-
FUDR proceeded in a manner analogous to the prepara-
tion of the lower homolog. The [ 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 acidie; d-MeOCIFUDR 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 (209, 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 MeOBriC-
DR 4+ HOBr. The product may be MeOBrFCDR
whose exocyclic amino group carries a bromine atom
and which contains a molecule of water,?*

Addition of MeOBr to thymidine gave an 819 yield
of erystalline d-bromo-6-methoxy-5,6-dihydrothymidine
(d-MeOBrTDR) which upon hydrogenation did not
yvield NMeOHTDR but reverted mostly to TDR. This
corroborates the lability of the thymine photohydra-
tion product reported in the literature, 262

(34) An N-clloroaminopyrimidine was reporled in the literature,2:
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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 onginal 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 mu. MeOBrFU
gave, upon standing for 20 hr in 1 ¥ NaOH, 1009, of free
bromide ion and was partially transformed into 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 247 niu
was observed when its alkaline solution was monitored
for prolonged periods.

The water and alecohol addition products are unstable
in aqueous solutious 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:
HOHEFT undergoes, to a large extent, ring opening and
cleavage to fluoromalonaldehydic acid.® In contrast,
MeOHFU reverts quantitatively to FU. The corre-
sponding nucleosides show similar behavior: MeOQH-
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 mu 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 figuresin Table
I show the percentage of regenerated pyrimidine ob-
tained in 24 hr. No significant increase in conversion
after this time was observed, nor did additional aniounts
of glutathione increase the yield of pyrimidine. The
data indicate that a side reaction also occurs but this
aspect was not further investigated.®® Only the alkyl
hypobromite addition products gave an appreciable
percentage of regenerated pyrimidine, whereas HOBr
as well as HOCl or alkyl hypochlorite addition products
regenerated little or no pyrimidine under these condi-
tions. d-AMeOBrTDR, when treated with 2 moles of
GSH, gave 789 of thymidine; di-MeOBrFC and di-
EtOBrIC were converted almost quantitatively into
FC (see Experimental Section). These results cor-
roborate the assumption that an intermediate debro-
minated derivative is highly unstable and undergoes
loss of alcohol with regeneration of the pyrimidine

(35) Bromine is not released as ion, since HINOs and AgNOs; give no im-
mediate precipitation of AgBr at room temperature; AgBr is formed after
short heating on the water bath. This 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 beating wilb
HNOs and AgNOs.
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52 1. DuscHiNsky axop J.oo 0 Fox, ef af.

double bond without by-product formation.  The be-
havior of HOBrl'C toward GSH appeared to be wore
complex; the fonmation of FC eonld not he axeertained.

Biological Aspects

Biochemistry. - None of the dilivdronucleosides were
cleaved by Escherichia coli nneleosidase, as <hownr by
tlie ab=ence of free deoxyribose nfter 20 hr of meuba-
twon. whereas FUDR wix clenved 1o the extent of
1599 Nueleoside phosphoryviase, prepared from Ehr-
el axettes cells whicl degrades FUDR readily to I'U,
did not produce U from /-MceOBrl'UDR or d-Me-
OHITUDR.* Headelberger, of al..* found that these
two dilydronucleosides are approximately ax effective
as FUDR at inhibiting the incorporation of formate into
DNA thymiue of Ehrlich ascites vells, providing tlicy
were pretacubated for 1 hr with the eells prior to addi-
tion of formate.  The activity of McOBrFUDR ward
McOHEFUDR could be explained either by their con-
versiog ato FUDRD vie FUDR or by thetr direct coun-
verstoryinto aomekeotide whiel neay furmish FUDRD.

Attempts were made to plosphorylue d-MeOBr-
FUDR, J-McOHEFUDR, /-MceOBrTDR, J-HOB1-
FUDR, and (-BuOCIHUDIR by use of wheat gerin phos-
pliotransfernse  prepared  wccording to Barner and
Colieir,™ bat in no ease were we =aceessinl, These re-
=alts aqre expecinlly sneprisimg stee, by this method,
we were able to phosphorviate FUDR, FCDR, and its
derivatives which nre alkyvlated nr the exaevelie unino
group,™ s well nx sueh Twnndnead” meleostdes s w-
FUDR aad PU carrying deoxyrilose i the 3 position,
The faidure to obtain nucleotides with this relatively
arr=clective enzye from the 5.6-di=ubstituted nucleo-
<ides is 1ot assocetated with an inhibitory effeet of these
vonttpounds on the engynie. sinec FUDR eould be phos-
pliorylated to the =tuncexterrt in theabsenecof and in the
preserree of efpuimolecular anronuts of MceOBrI U DR«
Thesc results do not, however, exclade the possibility
ol phosplrorylation of MeOBrFUDR by other enzymes
auelr as thymidme kinase, or its action as an inhibitor of
thix cuzyme. This question deserves further study,
However, MceOBrI'UDRDP, prepared from FUDRD.
proved to be o potent rhibitor of thymidylate syn-
thetaze,  When incubated witly the enzymre prior to the
addition of deoxvuridviate, the activity of MceOBi-
FUDRDP was of the siune nugnitude as FUD R but the
Kivetiex of its inhibitionr differed frome that observed
with FUDRP.#

Microbiology. - The antimicrobinl activity in vitro
of the T and FUDR derivatives was evaluated by
bioautography, using Sareina futea n= the test organisnn

i Tor anerbneTuTogy, see T Warven, J. Bod, Chrg,, 284, TUTU (1900,
We e imleted b Alrs, Lo 1L Sello s TwdDoapp-Lo Roehed for his experi-

BRI
“”l)?)'-T.- M vxperinnm ¢ perforimaeT by (Tie method ol CL Tleidelueryer, G. D,
Vigtpie, J. Boohar, apd T Wenldaml, Binelan. Biophuys, Ache, T6, 315 (146537,
Teggmled o U jexpressed ar 1icromoles pey milligraw of protein) in 20
pi: FUTDR 10,8330 MeOTFUDR £0.002), MeOUFUDR 10.006).  We
ave indehiterd for (Mese data (o Feofessnr 1Tenlelberger, University of Wik
l ).‘li“;‘h).('. Menloloywey, J. TanTar, ood G, 16
Tty 91, G3G (1G4,

PG TT. D Thirner i T S0=L Catep, L Bad, Cleon,, 284, 2088 (10540,

VHU o Ry Tssebinsky, J0 L Pax, b Wapdiao, (L Keler, W, Plova, L
Noltiea, wnd AL Thiger, Fordendvan fear,. 21, 283 110020 i1 The anthors
pre indeheeT ool O Malliea i TTotimanp-Ta Rooee, hness for these experis
MR,

lbe T Reyes mel O TTeoTellerser, Buowbva Bogdos. vae, 103, 77
T,

Sivniv, Biosige Binjngs.,
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{sce Table [ :ard Experimental Scevonj. Smee this
ruethod veqatves the separation of the derivatives Tiun
the puaent campotnds by paper clironatograpdiy juior
tacexpwsare to the mieroorganisnrs, and thevelore dis-
cetiis between mberent authnierobial selivity sond -
trvity due ta the presepee of U and FUDRL broaa-
tography alzo permitted the determirdion ol The purity
ol the compounds i =o far = contiumimion by stiting
matertd= = concerned. Thi= contantnation wis never
more than 1,0 The inherent activity of the dihvdio
dertvatives which was nuaimally 30¢, of the parend
contponnd probably vefleets taoan cortrn extent tre eii-
paeity of the microorganisnt to regenerate origiual py-
rimiadine.

The alkoxydilivdro-1"C" dertvatives weve fourrd to be
active ngamst Candida albicans v pitra and e viro (n
wiee) aceprdiag to tests performed by De. 110 Seboler
{Hotfnuum-Lia Rochie, Basel): these resnltx will be ve-
ported elsewhere,

Antineoplastic Activity. Althongh the U and
FUDR  dihvdro  dertvatives were  tested  ngianst a
varicty of expermrentad <ohd tnniors and mouse len-
kemins, ony preserrt report 1= limited to results obtamed
with enkeminae B82A. The techinique used i this aseitie
form of leukeratn was desevibed by Burcheund, of al #
Treattacnt nvolves ten dadly wtraperitoneal injections
af the drag, and evaluation 1= done by measuring the
sarvivid tinve tzee Table Do The dose-response curves
offer browd peaks, the optimad dose presenting a balanee
of drag toxterty smd therapentie activity,  The average
survival tinie of 810 day= ol the countrol ammimals ix
rarely more than doubled by drng treatment.  The
poterey ol the comipounds wis comipared with 1'U and
FUDR whiclr wae about equadly effective on a molar
basis,

Itoean be seen vt all derivatives ol U tested
against B82A are less effective thoar U ttself, the most
efficicctons contpornd being MceOBrl'U, with half the
nolar poteney of U,

dACOBrFUDR and FtOBrl'UDR, thetr 375 -diree-
tates, and the correspomrding debrominated corpoands
are two to forr times ax potent as FUDR.  «-HOBr-
FUDR and 1ts reduction prodnet (-HOHEFUDR) nve
imctfective or effeetive ouly at o light dosage. The
suue sitmation exists for GBuOBr'UDR and AcOBr-
FUDRdiAe nad adl the dibydrochloro compoands. A=
expected, d-MeOBrTDR showed no antineoplastic ae-
tvity,

JA-NMOBrIPUDR, beennse of 1t= relative avatlability,
was chosen for Turther studies. 1t lias also nndergorne
clinteal trials menwer patients,

Discussion and Conclusion

We o have postulated  that the H0-substituted  5-
fluoradihydropyrimidines act ax releasers af the ovrgial
pyrimidines in brological systems either by spoataneous
regeneration of the dauble boad (Chart T, 3 — 1) or by
renction with o reduemg agent such ns glutathiane
{Chart 1, 3 —4 — 1;. It should, therefove, be possible
to demonstrate a correlation between the regeneration
ol the donble toud observed m the test tube and the

St2e JU AT Thovhed . ). T Unrebenal, M. N Rasbida, = T, lotpscon,
dnd TR Williops, Cwerer, 2, 113 (11040,
cid L Van Tk, T Rokedd, Tt Ularkson, AT, Sykes, sonT Re T Tonsky,

[rewe, (or. Assoe. Crgoerr [ies., 3cth, Denvee, Colo., ey 1966, T, T4 (1UGH).
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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 I'U or FUDR, or if they release these compounds too
slowly, they should have little potency.  On the other
hand, if the release of I'U or TUDR is too rapid, there
nmight be little difference between the precursor and the
active pyvrimidine. Our premise was that appropriate
releasers of FU would be less potent than U and re-
leasers of FUDR would be more potent than I'UDR it-
self.  Protection of the glycosyl linkage in the precursor
agninst enzymatic cleavage with formation of 1'U was
deemed necessary 50 that the nucleoside could exert its
role as substrate for conversion into an active nucleo-
tide.  The biochemical behavior of MeOBrFUDR and
AMeOHEUDR scems 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-
cratce the double bond ¢n vetro with the formation of FU
or FUDR aud the antileukemic effect. Those drugs
which regenerate d-fluorouracil show, as expected, a
lower potency than fluorouracil itself in this test sys-
tem. In this regard these I'U-releasing drugs mimie
the cffects which have been reported®® for slow infusion
of 'U in humans.  On the other hand, those fluorinated
dihydronucleosides which regenerate FUDR in vitro are
more potent on 1 molar basis against leukemia B82A
than is FUDR, thus apparently mimicking to some ex-
tent the increase in potency obtained by slow infusion
of I'UDR. 1t isuoteworthy that the half-life of 'UDR
in the plasma of cancer patients treated with d-NeOBr-
I'UDR was 10 times longer than when FUDR itself
was administered.*®  This result would indicate that d-
MeOBrT'UDR acts ¢n vivo as a reservoir for the release
of FUDR.

Experimental Section*!

Chromatography and Bioautography (See Table I).—Paper
chrumatograms were run in the descending manner on Whatman
Nu. 1 paper (liquid front 40-45 ¢m) using either 1-butanol-acetic
acid—water (5:2:3) (svztem 1) or ethanol—water (85:15) (system
2).  The bromo and chloro compounds were fairly well visible
upoll inspection with ultraviolet light since they exhibit sufficient
end absorption. Deoxyribosides were rendered visible by spray-
ing with cysteine-sulfuric acid.* The dehalogenated water or
aleohol addition produets, which exhibit insufficlent end absorp-
tion tv be loeated on the chromatograms, could be rendered vis-
ible by spraying with alkali or, better, by exposure to NH;
vapor. This treatment regenerates the pyrimidines or their
strongly absorbing breakdowi products.

For bicautography,* the dried and well-aerated developed
paper chromatogram strip= were applied to 23 X 45 ¢m rectangu-
lar plastic pans containing 500 ml of nutrient agar at pH 6.2
which had been ~eeded with Sarcina lutea (PCI 1001).47  Rtrips
were allowed to remain in contact with the seeded and hardened
agar for about 12 min, then were carefully removed. The agar
pans were invubated overnight (18-20 hr) at 35°. The growth
inhibition zonex 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 14D
spectrophiotomeler or, in part, on a Beckman DB instrument. Infrared
measurements were carried ont on a Beckinan IR5 instriument in potassium
Lropyide pellels, «unless otherwise indicated.

{45) 1. G. Buchanan, Naluce, 168, 1091 (1951).

146) We are indebted to Mr. E. LaSala (Hoffinan-lLa Rocle) for these
tesis.

{47) An amoan{ of 1 1l of a 24-lir shake-flask growtl of 8. lutes in 300
vl of agar is used.
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bacterial sihstance were shadowgraphed, measured, and matched
with standard series of FU and FUDR chromatographed simul-
taneously. This method permits detection of less than 1 ug
of FU and FUDR.

The figures given in Table I preseut the molar percentage of
FUDR which gave an imhibitory zone matching the oue produced
by the compound examined.

Stability Experiments® (Regeneration of Double Bond,
Table I).—The compound (0.1 mmole) was dizsolved in 2 ml of
.06 3 phoxphate buffer (pH 7). Less soluble compounds such
ax MeOBFU and d-MeOBrFUDRdiAc were dissolved in 2 ml of
buffer and 18 ml of water; {-MeOBrFUDRdiAe was schible
ouly in 10 ml of buffer, 72 ml of H»O, and 18 ml of MeOH. To
vne-half of these solutions was added 61.4 mg of glutathione
(0.2 mmole). Both solntions were incubated for specified pe-
riods, at 35°, unlesx specified otherwise. Npectra were taken
after dilution with ).1 .\ HCl to obtain a 0.1 mA/ sohition, usually
after 19 hr and again after 24 hr. Data recorded in Table I
refer to the 24-hr readings. In some instances, au increment of
15-209; was observed between these veadings. Coutrols with-
out GSH were taken at the start and after 24 hr.  The hypohalite
addition prodiucts showed 10 significant change of absorption in
these controls. The spoutaneous 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 ditferent; the figures recorded in Table I for dehalogen-
ated compounds were obtained without GRH. In control runs,
which were monitored speetrophotometrically, FU, FC, FUDR,
and FUDRdiAc¢ did not undergo significant changes by incuba-
tion with GSH,

The ultraviolet data of FU and FUDR are as follows: FU,
ALIVHCU 266 mu (e 7330), ALLEOE 082 983 myu (e 5420), AnLEOH
984 mu (e 7050); FUDR, A5 268960 my (e 8980), ASLEOH
268269 mu (e 6960), An 5" 260 mu (e 7090).

dl-5-Chloro-5-fluoro-6-hydroxyhydrouracii (HOCIFU).—To a
suspension of 13 g of FU (0.10 mole) in 40 ml of concentrated
HCl was added, gradually with shakiug and cooling (temperatare
kept below 55°), 1U ml of 30¢ H,O. After the exothermic
reaction had subsided, another 10 ml of H,O, was added ax de-
sceribed above, whereupon a clear solution was obtained.  After
5-12 hr, the product (12 g) crvstallized at 0°; additional material
(2 g) wax obtained by extraction of the mother hiquor with ether
(200 ml). The crude material melted at 189°,  Reervstallization
by sohition in 25 ml of hot ethyl acetate, chilling, and addition of
36 ml of ether raised the melting pount to 196°; vield, 12 g (669}.).

Anal. Caled for CH.CIFN,O;: Cly 19.45; N, 15.35. Fouud:
Cl, 19.58; N, 15.12.

dl-5-Bromo-5-fluoro-6-methoxyhydrouracil (MeOBrFU).—To
a snspension of 52 g of FU (0.4 mole) in 1600 ml of methanol,
stirred under reflux, 64 g of Bry (0.4 mole) was added dropwixe.
After refhixing for 3t) min, the solution wax evaporated in vacuo,
and the residue was repeatedly leached with methanol, and again
concentrated to dryness. The final residue was shirried with
500 ml of H.0 and collected by filtration; vield 78 g (82%).
mp 208-210° dec. Recrvstallization from ethyl acetate raised
the melting point to 214-215° deec.

Anal. Caled for C;HBrFN:0;: C, 24.92; H, 2.51; By, 33.76.
Found: C, 25.29; H, 2.33; Br, 33.20.

When MeOBYFU was heated in DMF at 140-145° for 45 min,
only a veey faint release of Br~ was ohserved. Upon evapora-
tion, a svrup was obtained from which about 509 of starting
material was recovered.

In .1 N HCI, the componnd showed only end absorption com-
mencing at 280 mu (e ¢ <60) and no spectral changes ve-
vurred within a period 10 24 hr. Heating in 0.1 N HCI (or
H.80,) on the =team bath for 2 hr did not produce any change in
the spectrum, and the analysiz of the reactivn mixture showed
no release of Br—, but there was partial losz of the methoxy group
(decrease of OCH; from 13.79 to V.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 residuie was treated with 20 ml of ether; 116 mg of FU
(909 ) was izolated.

In an attempt to oxidize the produet to 5-bromo-5-fluorobarbitu-
ric acid, a mixture of 1.1 g of MeOBrFU (0.0466 mole) and 10 ml
of red fuming ITNOy was heated vu the =teamr buth for 20 min.
After dilution with 50 ml of water, the solutiuu wax evaporated to

{48) We wish to thank Dr. V. Toone of these laboratories for carrying out
a large part of the kinetic experiments.
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a =ycup which was Jlarrted with 50 il of ether.  The rexuldug
suspeusivn of erystals wiws refluxed for 1 mian awd chilled o a
Dry Tee batl Filtradon and hing with ether and peao-
letm cther (bp 30-60°) yielded 0.576 ¢ (547} of praduve, wp
[71-174°. The latcer was dissolved (e d ml af echyl nescate, qwl
the =olution was clarified by filtraticw aud ceprecipiiated io
ceyxfalline form by adding & ml of peaoleant edier: viehl 508
mg (cried 1wt 100°% mp 179-180°. The vorapowal proved w be
idewtienl by mixture melting paiuc and nfraved <peercaar with
auhyvidrous HOBrI'U obtained by divert additicu of 11OBe o
l.‘['.:(u

Alkali Treatment of MeOBrFU.-—Wlen a solutiow of 241 mp
of MceOBFU (1 munole) in 5 mi of 1 .V NaOH wax allowel 1o
<tatwl at room temperature fur 20 he, 1007, of the hromiue he-
vame titrable withh AgNQ;. The spectrim of the soludan ex-
hibited ASYO% 084 my fe 2810) and AZE 266 mp (e 31104,
whivh tadhicated a 407 converstow 1w FU. The preseuce of
FU was (-nnhrnml by paper chromawgraphy (ethyl aleoliol -
waer = 5, B DD L A secondd =pot (7 0.25) heeame visible
upolc iwspeetion with ultraviolet light, auly afrer xprayiug dwe
cheomatogram with th1 .V NaOl.  The xpat varvexpondiug 1
MceOBeFU (K5 0.84) had dixappedred.

{Ji-5-Bromo-6-ethoxy-5-fluorohydrouracil (EtOBrFU) wux vh-
cuned from FU (52 ), 800 ml of ethanal, aud 1 mole of Bra by the
pravedure ued far the preparatiaun of MeOBrFU: vield 82 g
(%0 %  The praduct was reeevsallized fram  toluene. It
nielaed af 211° widh gas evolution, wheeeby U wax Torined al-
nmast quauntitatively.

dual. Caled tor ColLBrENQ,: ¢ 25250 11, 5016 Be, 51050,
Fouud: O, 2840 I, 2.91; Br, 5104,

4l-5-Bromo-6-butoxy-5-fluorohydvouracil (BuOBrFU ).-—A zo-
ludou of 82 g of MeOQOBYFU (0.4 mole) in 240 ml of l-bucauol
awl 2 ml of evucentrated HBr was subjected to <law fractiouwal
distillatiow.  Afer 2 hr, 100 ml of thixdllute causisting of lmt-mul
awd methauol was collected.  After additiow of 100 ml of hu-
ol ta die reaction mixture, the disdllation proveduve wax
repeated.  The residual butanal soluticr was washed with water
awd thea evapornted to a svrap which, apan treatmenc with hep-
1nae, bevame cervstalline.  The produet was ('orl‘_\'smllixe(l {ront
aqueaus methanol: yield 71 g (¥840), mp 167°

dnal. Caled far Cg]llf)BTF:\:(),(. C,oss04; 1L 4200 Be,
250 Fouwl: €, 33.94; H, 4 Br, 28.28.

({l-6-Acetoxy-5-bromo-5-fluorohydrouracil (AcOBrFLU).--To a
suspensiou of 20 g (0.154 mole) of I'U ia 500 il of acetic anhy-
dride, which was cooled t 5° auwd cawtinuously ~tirred, was
added 20 ml of bramine £0.59 moler. The salution ubt.lmwl wis
alleawved 1o stand 2t raam temperatuce for 24 he, after which tine
Uowas evaporated in eacio, and the resulting =yrup was ¢ryvsci-
lized {rom n mixaire of 5 ml of acetie anhydride and 20 ml «f
vhlorafoem. The pradavt wax filiered awl washed with 1he
nme mixtnee and thew with chilovatorm: vielkl 3124 g (7R 4,
mp 163.5-165.5°,  DNueerystallizadow Trvam a mixare of 95 ml ol
acetiv arhvdride and 300 ml of chlovataem gave 25.6 g of produet
nweldug at 167-163°. A xecowd reervetallizatiau raized dhe melt-
fug poltl to 167516850 The produce showed wady el ab-
seeption =arting ac28ng. Bicwiogeaphy exladed che presence
of ove diau 190 FULD A tem ™Y doublet ac 5230 ( \'ll of e
very seoug iy, 1748 and 1695 tester, buddo 1), weea (=
{(~)), straug biuls at 1464, 1370 (O 1l dely 1245, l_’ 35 1COCH of
vxter, 1170, 1015, Y45,

Aual.  Caled for CelIgBrEN.Og: 17, .06 U
Fouad: T, 7.93; N, 10.21: Br, 50.06.

Conversion of AcOBrFU into MeOBrFU.---A svluticat of 270 ruy
of AvOBrTU (1 nunole) in 530 ml of methauol nud 0.1 mbal conceu-
teded ITBrwasvefluxed for 2 hr. After additiow af 1 g of AgeCO,,
thwe raixGare was stireed uudl ic heearae wewdral, thew filtered anl
evaporated in rueno o give a whice <alit]l {270 mg) whivh was re-
cevstullized from water: vield 70 mg (2097), mp 208.5-209°.
The compound wax identical wich MeOBrFU prepared direedy
feem FU as judged by mixture meltiug poinc

dl-5-Fluoro-6-methoxyhydrouracil (MeOHFU). A. KSH
Method.—To a =alnticn vf KSIT prepaced by dissolving 22.5 g of
KOTL 70.4 mole) w500 mul ol wethavol mud saturating at D°
with LS (13514 g) MeDBrFU 78 g, 524 mmoles) was added
geadually, the tempernture being held o 0° Ly outside eooling,
The veactiow, we evideaced Ty heaw evalatiao awl yellow volora-
How, taok plave wantediztely. Tle wdscwe was dhew vefluxed
for 20 nuw, allowed (o coad, nad filtered fram =olid material.
Tl Rltsde was evaported de racoe to s cev=tallive mass, which
wax dried at 50-60° swnl thew =larvied widh 50 ml of water, to

Hel

-7,

Be, 20.70

. Duscuinsky axo I,

l'ox, ¢f al. Vol 10

dizsolve poassing <alt=. The celunigiug <olid was vallecad by
filirntiow sl dissalved i 120 ml of botling wawe.  The =oludon
wia~ clartfied by fileestion through a heaced <actiw Tunwel sl
vielded, RIEEE ooliag, 27 g of yellowisli plates. l’m rystallizia-
o {rom 15 val of medhanol awd evapoedow the mwcher
lquM\ wave 24N ¢ 4700 of producC multing swe 195° winde gis
evadutiotsuad forwation of FU, which thew wmelted an 285% dee.

daeds Uiled o GILIENGOq: () atd: 1L 4550 CHLG,
10, 14, l-'nmul: Cosalss H 4750 CLLD, ISR2,

B. Catalytic Hydrogenation.—-MeOBrIU (060 nig, .0ON
ranudesi wis dissalved w15l af merhavol wad hvdrogewsied
At atacspherie pressave and nd ‘.3‘.36. g the prescuce of 300 mg of
lm'h\'(ll'um'h.m-(l 1070 Pd-C catadyst. The upt ke =apped o

S ot ag the theovedenl \'nlmnu 116 waly af lydrogea. Alwer
nettiau of e eataly=c by filtention, 149 ag o U imp 281
28590 was crvstallized Dy additicn of 10 1al of ether wd 25 mld
o petroleunt ethier. 11\/-‘!1)()(‘:10”(( of the modher lquor qud
ceysadliznaou from mlm(ml o lu'r. avdd pelraleam (1hm' vielded
sulditiotal Sy of U dowd 4590 Exoweiiow af dhe eaadysc
widi 20 md of huatling mec h.mul ',',.(\( dosalutiu equetaiug 14,700
opdeal deasty auits wr AYECCO260 e which seenwad for
wotlioe 201 wuoles o PU Voo aud thus for s pravieadly
iavticuive tomiaow o dhe contpoad.

\When 964 muy af .\[t'()BrI'l' {4 mles; (li«nl\’wl w20 ml ot
nwethsiial conaiuiug 528 nig oF nooles o of m(lmm nee e wik
Ivdrogewued wodie presewce of 2000 mg of the catalvsq he
wtake was vaaupleted w9 o, The filulm' fram che cataly=e,
whet examitwed <pectrophotometrically in 0T N HTCHmd dn 0.1 A
NaOH, shawved B2 8230 correspading o LIR mmoles of
U 2059 0 aoud 15,620 for s otal af 5,05 numoles oy
U060 Swee the tneveswe ol abrorption in .1 NabDI] ixolae
teeceuwlormutivge ol MeOTIFU to FU e agfva g, wvield of 465,
of  MeOHET could be erdealvced. The methaualic soluii
grve, npab evaoetica /e cacre aod veervsudlization of the resi-
dae frow 4 il ol kot wider, 245 ny 557 ) aof veade MeOQHEFU
nwhiug widy we ('\nliltinu wc 191® dfollowed by resalidifieat i,
<hawing ao depressiow of te meltig powee e admixaee with

the peoduct preepaved Ly metliod AL

dl-6-Ethoxy-5-fluorohydrouracil (EtOHFU ). -15wOBrlPU oo
v, DA mole) wax allowwd to rencr with NaRIH prepared by dis-
~olving 9.2 g of ~odiare (0.4 g-nwme: we 500 ml of etlinyol agwl
svurating it witle s ss desevihed for dw peeparstiow of Mel)-

~p

WO N

BrlPU The product wis cevsudlized Teone 200 ml of witer:
vield 27w (41901 nge 195° widh was evaliviow awd {orwuidon ol
FL

daal, Caled frr ClLPNLOG: O
Fowwd: ¢, 375100 1L 4750 17 11000,

ul/-5-Bromo-5-fluoro-6-hydroxyhydrocytosine (HOBrFC).- -'I'n
towell-stivred suspeasiow of 2.85 g of TC (0.4 )" mede) ia 10D ml of
ire-cold water was added dm])\\ ise 1.1 ml of Bry 0.022 nole
A clenr vellow solutiau haviug o residual alworlauee of £57"
2040 was oldidued. The reaction mixtare wis slll)mi(it'(l G
chranmtograpliv ow a Dowex [-N4 facelate; voltann 2.2 X I8 (i
i a flow e of 10D nlZhe, ustag watee as the eluewc Alwe
passitgt ol G ad <lowhug no wloaviaet alworpuion, s (ractioe of
200 ml exhilatiug vwd absoeptiore was collected. Upouw evapoara-
tou o pucer we the eold o alwae 5 oml, cevsuds formed. The
praduce wis filteeed wod washed with water, ethavol, awd Hually
witlh edhwrs vield LIS 2 0259, 0 mp 158° widh gas evolutioo,
tollowed by cesolidiffentioan qud devonposition it aboud 2107,
The traviolec speetrwng tikew te 001V HCT showed vwd sl
sorpticu ~treting <t 280w The product proved o Lo wustable
upon storage it telmpeiuee,

daad. Crded for COHLEBeFE N O U 210260 11, 20250 Br, o0
IF, =4t NV IS Pouad: O 21.46; H, 2.0y Br, 35,16 l",
S50 N, NN

Ji-5-Bromo-5-fluoro-6-methoxyhydrocytosine (MeOBrFC).
o =ohttion of 5.0 1l of Br- (1,107 mole) e 125 ml methanol
was added, wide=tivriug and caading, 59 g of AgaCOy (0,215 male).
After 30 miw of cnudotons <deeiug he reavGolt MIXGUTE wis
filtered awd the filie e was .’ul(lml. wich stireiig aud cooling to
02, taa xuxpeusiow of 1229 g of 1FC 1001 male) i 250 ml of meth-
il The mixtuve beeawe almost homogeweous within 20 mio,
thew eevstals begaw 1o sepaviee. The mixturee was dhen allowedl
to vestele vonnt tewpersecaee, swad, atter 3 hwy eqoled o tees The
cevstads weee eolleeted by tideea i sual washed with methanol
awl thew wile etlieer vield N g A =ecowd ceop of 5.8 g was
ohiued ty evapoeatico of die mother ligaor and reevy=callizn-
Gotw of e vostehe feow 75wl of wedwawl, The combived erops
wove, wpow ceerysallizadau from 220 1al of methanol, 185 »

soods 1L s 1owas
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(689 ) of prochict, mp 172-173° (gas evohition). When dried
at room temperature, the compound contained 1 mole of meth-
anol. It showed only end absorption starting at 280 mg, in
0.1 & HCL;, Amax (em™1) inflection at 3330, medium band at 3175
(bonded NH, NH,), 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. Caled for C;H;BrFN;0.-CH;0H: F, 6.98;
22.81. Found: F, 6.67; OCH;, 23.04,

Upon prolonged drying in vacuo the compound lost the meth-
anol of crystallization; Ame" 245 mu (e 7600).

Anal.  Caled for C:H:BrFN;0,: C, 25.02; H, 2.b4: XN, 17.51;
OCH,, 11.41. Foumd: C, 25.24; H, 3.13; N, 17.56; OCH,,
11.40.

Chemical regeneration of FC with glutathione® under the
standard conditions was virtually quantitative,

dl-5-Bromo-6-ethoxy-5-fluorohydrocytosine (EtOBrFC).—To a
solution of 2.6 ml of Brs (0.051 mole) in 100 ml of ethanol, cooled
to —15°, was added 27.5 g of Ag,CO; (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 snspension of 5 g of
FC in 200 m! of ethanol. Since stirring in the cold for 30 min
bronght 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 Ao® 240 mg. 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 hquor by evaporation and
crystallization from 50 ml of ethanol; total yield 51%, mp 175~
177° dec, AEOH 240 myu (e 6480). For analysis, a sample was
recrystallized from ethanol, mp 178° dec.

Anal. Caled for CsHeBrFN;0,: Br, 31.45; F, 7.48; N, 16.54;
OC,Hs, 17.74. Found: Br, 31.65; F, 7.34; N, 16.75; OC,H;,
17.64.

Again, quantitative conversion to FC was observed upon stand-
ard glutathione rediction.*

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
Br, (100 mmoles), dropwise, with vigorous stirring. After 1
additional hr, the reaction mixture (monitored spectrophoto-
metrically) contained E%y'® 14,000 corresponding to a maxi-
mum of 21.5 mmoles of FUDR# (26.59, 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 em (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 (Ess " 25,200,
ESLVES 2900) and fraction (3) 770 ml (B ™ 6360, Efp
1665) were collected and followed by an ultraviolet nonabsorbing
elnate. Fraction 2 wax 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 sohtion of 16 g (81¢% of original) in 30 ml of acetone was
mixed with 10 g of silica gel (0.2-0.5 mu) and the mixture was
evaporated n vacuo to a sticky solid. This was pnt on top of a
silica gel (0.2-0.5 my) column 4.5 X 29 cm (240 g) and eluted
with ethyl acetate. Fractions were monitored by tle (109%
methanol in ethyl acetate) and the tle plates were sprayed with
cysteine sulfuric acid® for producing a pink spot characteristic
for deoxyribosides. A peak fraction (R 0.7) was eluted after
three to four columm volumes of effluent had been collected.
Concentration gave 6.15 g of sticky white sohid. 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, [@]2®p +34.9° (¢ 1, ethyl acetate).

OCH;,

(19) FUDR has et 6500,

NUCLEOSIDES,
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Anal. Caled for CoHpBrFNOs: C, 31.50; H, 3.53; Br,
23.29; F, 5.57; N, 8.16. Fouud: 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, [a]%p +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° (¢ 1, ethyl
acetate), and addition of petroleum ether to the mother liquor
gave 1.7 g of product, mp 120° dec, [a]2p +28.1° (¢ 1, ethyl
acetate).

Thus, the total amount of isolated HOBrFUDR of varyving
degrees of purity was 6.21 g (279, if corrected for unused crinde
material). The compound exhbited only end absorption start-
ing at 280 my when examined in water, in 0.1 N HCI (e ca.
5000), and in 1 ¥ NaOH, and the spectra of these solutions did
not undergo any significant change within a period of 24 hr.

The final mother hquor of the peak fraction was slightly levoro-
tatory. It was evaporated to dryness and dissolved in 5 ml of
boiling ethyl acetate to which was added chloroform until the
beginming 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 [«]?p —19.06° (¢ 15, ethyl acetate).

According to the Br and F analysis this material is crude 1-
HOBrFUDR of about 809 purity.

Anal.  Caled for C,H1.BrFN,0¢: 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 M solutions of d-HOBrFUDR and of UDR
were mixed and diluted 1:50 with water or 1 ¥ HClL. 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 HCI was examined after
2.5 hr on the steam bath. No sigmficant 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 mgy, 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 &-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 109, Pd-C catalyst. The
hydrogen uptake (141 ml, 999 of theory) came to a standstill
after 15 min. The catalyst was filtered. The filtrate (96 ml)
contained 93% of the Br in titratable form (5 ml removed for
analysis) and showed Egq " 2360 corresponding to 0.36 mmole
of FUDR (6.29) and E;5°" 54,800.% The solution was neu-
tralized to pH 7.0 with 1 N 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 at 280 myg in 0.1 N HCI and at 260 mg in 1 & NaOH,
After passage of 191 ml of nonabsorbin% eluate, a fraction of 271
ml contaiming E%% " 195 and Eiy*°F 48700 was collected.
Elution with 1 N acetic acid then removed a second fraction of
E3VEC 1800 and Ejn™°® 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 lyophihized,
vielding 1.31 g of a fluffy powder (84%; yield, calculated as
monohydrate). Rotations were taken tn 5.29; aqueous solution
at 25° at four different wavelengths, the values for [a] being
+6.4° (578 mpu), +7.2° (546 mu), +16.0° (436 mu), +36.8°
(346 my).

Anal. Caled for CoHiFN,06-H,O: C, 38.30; H, 4.64; F,
6.73; N, 9.93. Found: C, 3854, 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
(d-MeOBrFUDR).—To a freshly prepared solition of 14 ml
(43.6 g) of Bry (0.55 mole) in 1000 ml of methanol, which was
cooled to about —15°, AgsCO; (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 yvellow. The methyl
hypobromite 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 A¥YH 260-261 mu (e 8300).
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temperature was allowed o mnbient gradually, awd the sadution
wax kept there fur 9 miv. The optival density meaxured ac
280 mp 1 ethaual wax 44,000, canstitntule same 8.7 mnwdes of
uureavted FUDR (339 1 The vellow sdlution wax fl(eved
theough Celite amad evaporated fo rcwo o a vellowish frade
which was dissalved it 200 ml of edter, Coaling oy e vefrigee-
ator peaduved vryvstals, whiclh were filteved, washed widh enld
ether, mad deied at 60° (v pacan; viell 36.6 g, mp 165 1677
(chen devumpoxed a1 172°) Additiow of 200 ml of edier @ the
cambiued mother Hipuur atd washiug precipicued 1 g of adduional
praduet, mp 164-166° dee, total yvield 52

The rexulting muther liquor was agaitc evaporated and the
rexidue was aicurated owice with 15 ml of ether to give 5.5 g of
cry=tals, mp 1532-156°, [«]*n +46.4° i |, methawol). The
mocher lgue (A) of chix produec was =et astde fue Solation of
che levorqutory disstercoisamer (eide fifric).

The fiest vrop was reerystallized from 420 ml of bugl acetate,
vielding 17.3 g of pure dexteo ixaqmer melting ac 170-171°, Addi-
ticae of 200 mil of petroleunt echer produced aw additional amauut
of 1T1.83 g, nip 187.5-169°, whivh, afcer veervsallizadoadtrant 1
ml of butvl acetate, afforded 6.81 g mp 170-171°. The co-
bived twa batches (24,11 g3 la|®Dd 36.5° ¢ 2, waler) were
atlalyzed.

Jdnal. Caled for Cpll BrENaDg: Cubg 1L 3.95:0 B,
220550 Fauud: €88 ‘)4' 1, 4.05; Br, 22.44.

Addidoual amauit= of -MeOBeFUDR were recovered fean
the =ecowd tq fowrth crops ax well as fram the recry=tallizadou
mocher liquors, thus rexnlting Tiva 40-454 yvield uf pare produet.
The compuual exhibited end abzorpoan =tartiug at about 280
mg in 0.1V HCL awld wo spertial chinges were obweeverd within
24 Die, AT 047 my (e BTROL ARV D10y (e 3800,
Refluxing fae 2 hr dne 2 .V TS0, o TINOg did wat release Be:
Moy (em ™Y medium 3450 (houded O117, 3250 ¢ N1, =trows daub-
lec ac 1755 and 1705 timuh'. uren Ceeat) (), 111(‘(11(1[11.~(1((I([,{ 14535,
1255, 1090, 1050,

{-5-Bromo-5-fluoro-6-methoxy-5,6-dihydro-2’-deoxyuridine
(MeOBrFUDR).—Addidon «f 100 ml «f petraleum ethee Lo the
be the waodher liguor (A) produced s gummy previpiaite which
eame ~olid upau aicaratiow with a0l of ether. Towas filcered il
washed well wich etlier; vield 6.27 g, mp [59-145° [y —45°
t¢ 1, methauoli. The prodact wax dissalved e 15 ml ot hedling
wthanol, the solutiv was cooled tq —10° awl =eparated from a
few ery~cals by filtradai. The filivate gave, upoir additicu of
12 mal ol petrolewn echer. .76 g of ervstals which =intered
1454° auwd melted at 145-147°, [a]? —H2.8° (¢ 1.5, methaual .
The macher liquor gave, upow stiaiag, @ <veawd crop af 165 .
mp 144-143°. Thus, the @l vield of fairly purve /-11031-
FUDR was 4.7, Twa reervslallizndoaes from ethauol awd
petradenm erher radsed dhe meltivg pout ta THL- T48.5° awd
fee 2 (1 —56.9° (2 O, .') metauol B My T Y medinmg stroug
(lunl)lv at 3415 and 3270, very =aaug doublec s 1745 and 1700
1C==0)), stequg lmml\ .)’ 1464, 1380, 1255, very sbrong tipled
at 1105, ll)\l, nwl 1075,

Anad. Calid fae (,..lhdil'l”N:U..: Br, 2258
754, Fauwd: Br, 22, I, 5250 N, 78K,

uf-5-Bromo-o-ﬂuoro-6-methoxy-5.6-dihydro-2’-deoxyuridine
3’5 -Diacetate (MeOBrFUDRdiAc).--A =uspension of 1.785 ¢
(5.0 mmoles) of ¢-MeOBrFUDR iw 10 ml «f avetic aihydride o
which 0.1 ml of pyridine was added was stivred at room tempera-
tare. A vlear =ohttiau was tormel iu about 30 mian.  After lee
dug the mixtare s overmighe ¢ wis paired with vigovaus
irriug i 75 mloof weewater.  An oily st=pensdoun farmed,
which was extractud three times widi 25 ml of chdarofwm. The
chlordlorm extracr was dried (NSO awl evapar: red Lo leave
i ot whivh bermte cevstalline whew leavlied with mechanol,
ethyl acetnce, awd petraeum erher and voncencrating the cam-
buation,  The produet wiws erystallized from a mixtare of medi-
ol aud petrolemna ether: vield 047 g, mp 119-120°, la]?n
+44.6° (¢ 4, methanol . Auw additicnal 0.8]1 g of material with
che same melling paint was obaived rom the mother ligaur.
The total yvield was 128 g (D8C0), Muax (o117 weak 3330 (N1,
strong doublet at 1745 aad 1715 (C=1), ~araug band wt 1255
(COCH, medium 1095,

Adnal. Caled for CollnBrENGO o0 sl 1L L ll' I
431 No6.35. Fowd: (37010 L, 4220 Fo 405, N, 6.2

Z-5-Brome-5-ﬂuoro-6-methoxy-a.b—d}h) dro 2' -deoxyurldme
3' 5 -Diacetate { MeOBrFUDRdiAc . - Ta i sdudouw of 9.72 gt
FUDR A5 -duweetace 1294 mmales) e 340 ml metbanol was
sdded 52 mmoles ot \lv()l%v w l')'() ml ol methauol abaiued
fronl 5.2 waf Bee awd 17 g aff AgaCt Afrer standuyg overoight

I 9520 N,

we e coltl, die £ue had dropped 10 535000 Upotcevapotai to
devuess (v eacoo e the vold, & veyrtallive vesidue wis oldaiued
whiclt was teivweated with 50 ml of Dry Tee vouted edher, filwved,
aud washed widveold ether; yield 6.87 g, mp 1IN 1197 {qot quite
el This produet was reeeystallized by dissolving w 20 wl of
hot edivl aceaue, elaritying the abwion wide Hvflo, aedidivg 15
ad of jeaoleas eder, awd coding widh Dey Teer vield 550 g
AR L aap TN 1195 b —4.04° (0 2 wethauol o Lleeryvsaid-
lizatiou feow vilivl sectate- peteoleuny ethee eaised the naelig
potnt o 120-121° ol Jel®p 10 =5.99° /¢ 2, alethial &

daal, Caled toe CulLsBel NGO Be, 1001 OCHL,, Taes,
Faaal: Beo 1200 OCLL, TS

The awther kquor o dwe 5855 000 £ cempanad solited sbove
givve, i wecaddicion of 30 md o peaolewm vi}u w, 4 \"i gl pradace
wlhich Wi Terey st dlized Teorw o nidxtove of 5wl nur(hmnl atd
1O md of weawers vield 297 g (510w mp TN 1197 el +40.057
o L2 wethavol . This produee was wewdfied Ty mictage
melcrg parae wido SNeDBrFUDRdiAe obtatuwed by sevovhtion
Tromt =-MeOByFUDD: Moy (ent 753550, 1740 awd 1717, 1250
shallow douldet at TTOD and 1080,

Oxidation of MeOBrPUDR to HOBrFU. - -A rixwive «f 105 &
1294 mmoles; @ SMeDBrFUDR awd 10 ml of red fuwiug uteeie
sl wi hestted o e =teson bachy tae 20 e Af@r codding, 100
ml ol water wie sulded. The =oludou was evapoenaed (0 e,
the vestdue wew sluerded widh ethee, wd the ndxtuve was ehilled
e Dey Lee Dol wield 035 g 052,40 0 mp 176G 1782 dee.

Hecvv=allizadoo feawe abowc 7 ml of ethylsweetivte cupou elall-
w with Dev Teerwtve 170 mg, rap 1S20185° dee, fa]=n 4H1.7°
fe 10 ethy]l soevtaer Av adniixtuee of dis SHOBIRU with
che Jf compouod peepieed feont U Ggp 179-1807) melied
173 1747

. Colded o CUILBrIENLOL ) 2. lf)' 11, 1.75: B, 51520
15, <000 Bawd: 021370 HL LYY Br, 35,050 19, 844,

The edivl v cue awdier liqunl‘ wive, upoat suldition of peteo-
lewna ediee, a0 seveaud ceope ol 165 my, mp 1971087 dee, ol %o
+52.7% te 120 othyl vt

The ddvweed specast ol d= awd JATTOBeFUY see essetvcaldly
wlews ead parviealaely fwthe CO 17481695 em - Goand the fugee-
print vegicus.  The characterisde difevence cansi=e: w die pros-
cuer of wdiscoer O peak at 5300 em =t dw the d compoud,
wlieveas ouly boteded O1T awl NTI are preseut ivcrhie df conipowal.

Aw meth s oxudaticg ol eeade famcgphous) SMeO BrFUD L
tueuizhed 50 g of crude amorphous SHOBrFU. 1ape 177 178°,
fal®™o —34.2°% « |, ethyl acvta

To 4 1al of ay edhyl acetate ~olutiow eoutimug 20 10z of -
HOBeFU awl 26 mg of A1TOBrFU wax sdded 10 ml ol petroleaa
ether. A covsallive precipitate was filteced sad washed with
peadeim ethee, vield 17 mg, mp 173-175°, wlidel aoadnixtuee
wide JETTOBel U i 179180y meleed ac 176G 177°

-5-Fluoro-6-methoxy-5,6-dihvdro-2'-deoxyuridine {Me-
OHFUDR .- A =ddudow of 6.9 ¢ of &MeOBeFUDR (0,082
ol we t Iowd of water corcaiamy 155 g (0.01539 made taf =odi
sevate wits Ivdvogewsited e the preseace of 0.85 @ af 104, pee-
hydeogena «d Pd C eaeldy=t The hydragenat Towuiane 1o and-
<UL s ter 32 v whon this « .11( alated unount af 454 ml Lad breo
Gikew up. Afar eivoval of (}((' sraly=n by filratiow, (11('()]) u xl
dewsity was de@rwdred e 0.1 N HCHowl in 1V NaOLLD A
wis LGS0 correspotdinee va H..)H muntedes (142000 of l‘l'l>l"
A s 125,500, cotresporuliug 1o 17.04 waoles of FUDDR
rextsting — vexgewevowd by NaOLD, The vield ol MeOTIUD
wiw (levefaee lv").."yii wnnles (845300 The =oluttow was lvo-
philized weoeder G vewove steetie weid, the maderad obiatued
wies climsalved t T6oml ot water swd che pll ol de solution wis
suljusted o B witlos (ow deops of NILOTL TCwas thetcabsoelued
olg acolung of Dowex 1-4X0 tavetates, [00-200 mesly, 2.4 X025
ene Blution wis peddormed (water Tor fractions I 6, T .\ aceae
acld fae feacdaus 7107w w flow rade of 100-200 ml/he wol
{ v tions were U tker vvery 1.3 hee EBach {eavtiow was awsdyzed
far vowent of MeOIFUDR by tikiug the spectrum w 0.0\
HCL a0 8 N Nat)IL Tlhe ludk ()l the caaupound tl5IN
tonles, i ul(lm(m o 242 woles of FUDRY wis fowwd o
{raction= 3 sud 4 0142wl Fewegous O and 10 0200 mb coo-
ained .71 1111((()1('~ ol puce FUDRL

Feacdous f d 4 weee Ivoplilized, the dey nideral wis dis-
sodved w8 wd of wider wod, sdter wdjusaeewc o pdl 6o
cleotdugeapled oo Dowex [-4X caeeate ) colwa, 24 %0 24
cue Fladoo dlow ce 200250 ald st vielded e Yewevoos 3
s 4 130wl Gl of CL0G woaoles o MeOlTFUDIE jpowiy
900", &
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Fractions 3 and 4 were lyophilized, the dry material was dis-
sulved in 62 ml of water, the solution was adjusted to pH 6 and
chromatographed again on a 4 X 33 em columi of Dowex 1-X4
(acetate) 100-200 mexh, ehiting with water (flow rate 200 ml/hr).
Fracticux 5 and 6 (208 ml) contained 11.25 mmoles of MeOH-
FUDR (purity Y7%). 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¢7)
of crystals meliing at 136.5-138.5° were vbtained, [«]2% +44.8°
(¢ 1.0, methanol).  According to ~pectrophotometry (ouly end

nhsorption, Euy'™ 113/g) it contained a maximum of 0.4%; of
FUDR.
Anal.  Caled for CoHi:FN.Og: F, 6.83; CH;0, 11.15. Found

F, 7.00,7.07; CH;0, 11.35.

Conversion of MeOHFUDR into FUDR by NaOH.—Crude
MeOHFUDR obtained by hydrogenation of 1 mmole MeOBuy-
FUDR was dissolved in 7 ml of 1 ¥ NaOH. The spectruum ex-
hibited ALN%" 268 mu corresponding to 0.91 mmole vf FUDK.
The =olution was fractivnated vt a Dowex 1-4X (acetate) col-
nmuy, 1.4 X 20 em. The column was fivst ehited with 70 ml of
water and then with 0.1 N 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 boiliug 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°. Recrystalliza-
tion gave 93 mg, mp 147-148° which was further identified
by its infrared spectrum and by analysis.

Anal. Caled for C,H,FN:O:: C, 43.91; H, 4.51.
C,44.12; H, 4.43.

d-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 640 ml of ethanol was stirred for 30 min at —5° with
107.5 g of AgCO; (0.39 mole). The light vellow solution wax
filtered rapidly into ax ice-cold (partial) solution of 30 g of FUDR
(0.122 mole) in 400 ml of ethanol. Continued stirriug produced
rapid dissohution,  After allowing the mixtuve to =tand for 16 hr
in the refrigerator, it was concentrated in vacuo at 30° {0 a deep
orange-red syrip.

The latter was dissvlved in 200 ml of ethanol and the Dry Ice
cooled sohition was stirred with small amounts of Ag.CO; which
were added gradually until the liquid was colorless.  After fil-
tration through Celite the solution showed unly end absorption
(E5o8 12,600). Evaporatinn 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 crvstallize in the cold;
vield 7.06 g, mp 128-129.5°. The mother liguor gave, npou
addition of petrolenm ether, a second crop of 10 g, mp 127.5-
128.5°%: total vield 37.577. Recrystallization from 1.4 vol of
ethyl acetate raised the meltiug poiut to 129-130°, [a]*p +60.2°
(¢ 2.0, methanol). Bicautography showed absence of FUDR
(less than 0.1C,).

Anal. Caled for CuHBrFN.Qs: Br, 21.51; F, 5.12; C.H:0,
12.12. Found: Br, 20.94; F, 5.08; C.H;0, 12.22.

d-5-Fluoro-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 109, Pd-C catalyst. The hydrogen uptake was 630 ml
(97.56¢) within 40 mii. The catalyst was filtered, and the
filtrate was lyophilized. 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
(b4.5 ml), fraction 4 (132 ml), and fraction 5 (132 ml) contained
13.5 (989 pure), 7.02 (91'7 pure), and 1.39 (86.1% pure) mmoles
of d-EtOHFUDR, respectively. Total yield was 78.3%7%.
Fraction 3 was lvophilized and the drv material (4.01 g) was
crystallized from 96 mi of ethyl acetate to yield 2.79 g (33.3%),
mnp 146-147°.  Egs"™" was found to be 123/g which corresponds
to a maximal FUDR content of 0.46%;; [a]|¥®Dp +37.2° (¢ 2.0,
water).

Anal. Caled for C)HaFN.Og:
Truuad: G0, 15.79: F, 5.04.

5-Bromo-5-fluoro-6-/-butoxy-56-dihydro-2’-deoxyuridine
(Mixture of Diastereoisomers) ({-BuOBrFUDR).—To a solution
of 5 ml (15.6 g) of Br: ()7 mmoles) in 100 ml of {-butyl aleohol
was added with stirring 50 g of Ag-CO; (182 mmoles). After 95
min of stirring the mixture was filtered directly into a stirred
suspension of 16.5 g of FUDR (25 mmoles) in 150 ml of ¢-butyl
alcohol. The reaction mixture became homogeneous within 15

Found:

CITO, 15.42; F, 6.50,
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min and the optical density Ea’?

from imtially 163,600 to 7350.

The mixtire was evaporated to a froth which was dissolved in
41) ml of ether. The solution was ponred 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
volid (7.9 g, 799, ) was isolated by filtration and washing with
petroleum ether. It gradnally became soft upon heating to 65°
and then decomposed at 75-95° (gas evohition); [a]%®D +36.3°
(¢ 1, methanol).

Anal. Caled for CiHypBrFN,Os: C, 39.11; H, 5.05; Br,
20.02; N, 702, Found: C, 39.32; H, 5.43; Br, 20.03; N, 6.82.

5-Bromo-5-fluoro-6-acetoxy-5,6-dihydro-2’-deoxyuridine 3’ 5'-
Diacetate (Diastereomeric Mixture) (AcOBrFUDRdiAc).—To an
ice-cold sohition of 9.89 g of FUDR 37,5'-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 mixiure
was allowed to rise to room temperature and was stirred 3 min.
AgBr was filtered and washed with acetic acid. The orange-
colored filirate contained neither Ag*+ or Br~ aud had E3" 3450.
It was evaporated in vacno 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 petrolenim 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 yield 5.62 g, [«]%D
+9.3° (¢ 1.0, CHCl;).

Anal. Caled for CiHisBrEN.Oq:
5.97; F, 4.05: Br, 17.03.
F, 3.98; Br, 16.71.

The crop of 6.69 g became sticky 1pon storage. It was dizx-
=olved in 10 ml of ether and the solution was poured with stirring
into 250 ml of petroleim ether. The gummy precipitate was
redissolved in 75 ml of ether and again poured mto the origmal
mother liquor. After stirring for 30 min the precipitate was
filtered; yield 4.87 g, [«]?'» +7.4° (¢ 2.0 in chloroform), total
vield 679%.

Anal. Caled for C:HiBrFN,Oy: C, 38.39; H, 3.87; Br,
17.03. Found: C, 38.31; H, 3.81; Br, 17.16.

d-5-Chloro-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 Clo/ml. To 120 ml of this solu-
tion (288 mmoles/of Cl.) was added 79 g of AgaCO; (287 mmoles)
with stirring and cooling below 0° for a period of 30 mi. The
MeOC! sohition thus prepared was filtered directly into a well-
cooled solution of 15 g of FUDR (61 mmoles) in 200 ml of meth-
anol. A colorless solution was obtained containing 510,000-
optical density units at AN® 270 mu.  Exposure to room tem-
perature for 45 min followed by storage in the refrigerator pro-
duced no drop of the absorbancy. Nore methanohc chlorine
solution (not treated with Ag,CO;) was then added gradually
and the mixture was allowed to stand at room temperatire until
a sample showed practically no Esar "% This soltion (Cl-
content 1.8 equiv) was nentralized to pH 6.8 by addition of
418 ml of 4.3 N NaOCHj; in methanol. The precipitated NaCl
(92.2 g) was removed by filtration. Evaporation of the filtrate
to a syrup and further treatment of the syrup with methanol
aud ether removed additional 10.91 g of NaCl. The final fil-
trate gave upon evaporation a partially ervstallizing syrup which
was mixed with 20 ml of water to produce rectangular plates of
d-MeOCIFUDR which were filtered and washed free of Cl~ with
50U ml of water; vield 4.17 g (22%,), mp 169.5-170° (decomposed
at. 210°).  Recrystallization from 25 ml of butyl acetate gave
2.72 g, mp 167-169° (decomposed at 192°), which was chromato-
graphically uniform; rotativn in methanol (¢ 1): [«]? +64.6°
(578 mpu), +72.3° (546 my), +130.1° (436 mpu), +195° (364 mp).

Anal. Caled for CoHuCIFN.Og: C, 38.41: H, 4.51; CIl,
11.34; F, 6.08; OCH; 9.93. Found: (, 38.68; H, 4.44;
Cl, 11.36; F, 6.28; OCH,, 9.92.

{-5-Chloro-5-fluoro-6-methoxy-5,6-dihydro-2‘-deoxyuridine
(Crude) (MeOCIFUDR).—The mother liquor of the isolated
d-MeOCIFUDR deposited, upon evaporation and treatment of
the residuie with methanol, an additional 4.16 g of NaCl (total
recovered Y7 ). The filtrate gave upon evaporation a symp
which was dissolved in 30 ml of water. The slightly acid (pH

dropped gradually within 2.5 hr

C, 38.39; H, 3.87; N,
Found: C, 38.71; H, 3.96; N, 5.81;
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B8 =olutee wax weatealized withon Tew deops of 1.V NaOIL I
cadnined Eng U302 aad 11,3 meqgaiv of Cl=. The solintion was
chronmtographal (hvough a Dawex 1-X4 aeetate cadlumn cou-
taining 45 g of resin.  Bluticw wich water removed first N o
ubrequent eluticu with 0.05 .\ acetic avkld gave fravdous <liowing
cwd absorpdaesactiug at 270 me whei measured iw th1 N HCL
Lyophilization of these eluates gave 286 g (149777 of colovless
material whith wasx chramatographically unifarnn teyvstelie-
ullueiv neid spray); radation iw methauol (¢ 1) Jal® —7.5°
(578 mu), —0.0° (546 mu), — 19.1° (456 mg), —59.2° (364 mu ).

dned. o Caled for CulluCH NGOy ClL 1154 F 6,08, N, 806

OCIHL, 993 Foundd: CL 10815 F, 6.08; N, 8.75; OClly, 0.67.

5-Chloro-5-fluoro-6-/-butoxy-5,6-dihydro-2 ‘-deoxyuridine
(Diastereomeric Mixture) ({-BuOCIFUDR).-—Ty a =ulatiou
(heaced ta 35°) of 5 g of FUDR 1203 mmolest i 100 ml of (-
buel aleoliol wax addad 5 ml (2,75 g, 25.2 mmdest of -buatyl
hypovhlorite. Na reaction 1qak place ac vaonl emperature.
The mixave wis refluxed fae SO min, when the Efe® had dropped
[rom twidally 157,000 ta 1740, Evaporatiow fe eccao left 1125 g
af a thin ~yeup which was dissadved v alwat 50 mil ot benzene.
Ilvaporadan gave o <pougy mass which wax repeatedly dizsolved
w etlwe aned veevaporated.  The residue had now bewraw spar-
lugly =oluble 1w ether.  Te wax teiturated with partions ol ether.
The vther extract was poured iuto petroleum echer o previpitaw
the ceactic praduct. A cotal of abouat 100 nul of ether aud 00
ml of petrolenm ethee was used. The precipitate was filcered
sd washed with petroleum ether: yield 4,65 g (G377 0) mp 59-64°,
feeJie +27° (¢ 1.0 methanoll

Auaad. Caled for CollwCIENGO: CL o9y 17, 556, N, T.00,
Fouwwd: Cl, 19.40: IF, 5,76 N, =12,

A =ddudor of 554 my of BuOCIFUDDR ¢ mmole) i 20 ml
ol water awd 2 ml of ethaiwd containing S8 mg of sudium acetace
t1LY7 yuraadest was hydragenated with 40 mg of 100 Pd-C
cidalyse Tydroger uptake was 261 ml iq 33 min. The
solution filtered fromn che cataly=t showed Bk " IS16 corre-
sponding to .28 mmole of FUDR awd £557" 7040 corresponding
ta 1 pmole of FUDR fexisting + vegenwveated).  Hence 0.72
mmwle of FBUONFUDD was fremed, wlivh, hawever, was ot
salaced.

5-Bromo-5-fluoro-6-methoxy-5,6-dihydro-2’-deoxycytidine
{Diastereoisomeric Mixture) (MeOBrFCDR).—To a cold solu-
tiare af 1,25 ml ol bromiue (0.78 g, 4.88 mmalex) in 50 ml of meth-
s was added 1.4 g of Ap,CO, (5.07 muolex).  The mixture was
=tireed with vaadling i an ive bath for 20 min. Then a coll
saluticue of 1 g of H-fluoro-2"-decxyeyitidine (4.08 mmolex) in 100
ml of methaal was atdded.  After ~tirenig aad cooling foe 10
mur the absaepiion had dropped to Exg 4000, Filaration
gave a calorless salution showing o poxitive xqrteh-iqdine tesq
hdieative of partial bhramivation of the amivwo group.  Lyo-
philizadon gave 1.75 o of a powder which cautained exvess hro-
miue.

The praducce was dissolved 1w 15 ml of water and chromaco-
geaphed wea Dowex [-N4 (aceale) valumu, | X 1L em. Water
(59 ml) eluted ultvaviolet-absarbing material.  The solution
wax lyvophilized 1o yvield 522 mg. A =ubscquent fraction (74
mly gave an additional 34 mg: twalal vield 38500 [«]*y
+41.5° (¢ 1.0, mechanal ) AT 266 mu (e 8640), Ank' 245 mu
(e SUU0), in 0.1 .V HCL anly enad absarpticny fese 1770) was fouud.

Vol 1t

Anad. Cnled {ov ClhaBrIeNyOs- 11,0 Bey 21365 1) 508,
N, 11.25; CHO, 8200 Fouud: Br, 20.8s; F, 5.20; N, 1136
Clly0, 8.1,

Subzequeaee elution with 01V acetic actd gave s foeton of Sa
ml which wiw Lyvapliilized to yiekl 800 mg of powdery praduct.
It gave a poxicive starch-iodine (es, MV 263-267 1ag (e 75500
The wualysis agreex wich « hypobvomous acid =ulc of Meb) Be-
FCDR, or N-brgma dertvative vontaiuing 1 male ol water,

dnad, Calid for CollpBraNgDe: Br, 35258 N, .27
L Fowwd: Br, 3495 N, 9.30: CLHRO, 8.95.

[=5-Bromo-6-methoxy-5,6-dihydrothymidine (MeOBrTDR ).
At tee-volid frexhly prepared soluticae of 131 mmades of methyl
liypabronaice was teesded at +2° Ly <tueing with a suspensici of
1236 g of chyrawline €51 ramoles it 210 ml of merhanol.  After
15 mia vamplete =olutiow was wwerved ( e was H040). The
=alutiow wis evaporated in recwo o orvrup aud cdhe lacer wis
disadved 1w 30wl of warm batylaveauw.  Upaa vaoling, erystals
were obtawed whicl were filtered nwd washed with vold butyl
acelate, ald thew widy ether: vield 14.56 g (S190), mp 1011027
dee. Decey<tallizadow from 46 nil «of ethyl acetate gavie 10040 g
of product melting at 192-103° dee, {eio +77° (¢ 5.0, medwwol

Anal. Caled Toe CollBeNat)e: O, 5740 L4550 N O
Br, 22,650 ClLD, 8790 Fouwual: ) 5744, 11 5000 N, 701
By, : » CLHLD), 002

Crtalytic hydeogenadon in the preseuce of saitng nevtue
vesulted te T3¢, recouversion o thymidine.

5-Bromo-5-fluorqe-6-methoxy-5,6-dihydro-2'-deoxyuridine
5'-Phosphate (Mixture of Diastereoisomers, MeOBrFUDRP). -
A solwlivm of 0.1 ml of Bre (2 mmoles) i1 10 ml ot methanol wis
Treated fw the cold wich 055 g of AgaCOy (2 muaudes). One
milliliter of ke MceOBr thus prepared (0.2 nimole) whs mixed
with at ice-cold =olutiow of 9.5 mg «f ammoniun S-flunvo-2'-
deoxyuridylute 204 gnoles) i d ml of methaual.  The deop
of the altravioles absaeption came to a =t after 2 b The
salution wax evaporated to dryress, takew up with mechanal s
ceevaporaced 1o vield 16 mg of a white solid. A paper elroniato-
gram (desverabmg <v=texw 11 =howed cwvo =pows (F; 141 aad 0.81
upaat Tuspection wich wliraviolet light,  Bath gave a deaxarriln-
side tesc buc ondy e spot of £7; D.01 gave a stroag phosphate
reaction upaw eestmenwe wide  Hawes-Isherwoad  reagent.®
The produrst was dissolved in | mlof methanol aud xureaked avross
3 MA Whaomaa paper which had beene previously washed with
the =olvent syvxcem | uxed for the chromatugraphy and dried.
Chromatography witll die <ame syxtem praduved a migeatico of
30 e of the Tegadd feout in 22,5 L. Bawds were visible upea
luxpecticu with ulteavialet ligh€ nc f7: 054 and 9.77. The laticer
Daud wax exvised awd (he paper wias extreted widt watee in the
relrigeratar oveeuight,  The extrave shawed andy ewd absacpdion
aad vantaived 108 gmules of Po Afcer Ivaphilization 11,5 myg of
a0 whice =alul wax obained which acrording o e PP couden
cotrespotdded w627 of avhvdrous free wueleodde.

L0,
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