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2.5 Anliydro-1-(2-deoxy-g-v-lyxofuranosyl)-3-flunorouracil (VIT) on treatment with potassium ¢-butoxide in
anhydrons  dimethyl sulfoxide gave 1-(2,3-dideoxy-2,3-didehydro-g-p-g/ycera-pentofuranosyl)-s-fluorotiracil
(VIIT, DHFUDR). DHFUDR was phosphorylated with g-cyanoethyl phosphate, fallowed by an alkaline
treatinent to obtain the corresponding 3'-phosphate (DHFUDRP).  The uncleoside (VIII) was hydrogenated
with palladinm on charcoal catalyst to provide 1-(2,3-dideoxy-g-p-ghycero-peutofuranosy-5-fluoronracil (IX,
273 -dideoxy-5-fluorouridine ) whieh has little biological activity. Iu a minimal mediuny, DHFUDR is bacteri-
cilal agaiust Escherichia coli B it is not a =ubstrate for nucleoside phosphorylase, uridine kinase, ar thymidine

Kinase.

FUDR (1) but only 50-fold resistant to DHFUDR.

In cell culture experiments thymidine kinaseless Novikoff hepatoma cells are 5000-fold resistant 1o
Similarly, wonse lenkemia L5178BF cells (lacking thymi-

ine kinase) are 1000-fold resistant to FUDR and not at all resistant to DHFUDR.  In vivo DIIFUDR is a

powerful inhibitor of Sarcoma 180 aud mouse lenkemia 1,1210.

Animals with L3178BF (FUDR-resistant )

transplanted lenkemias showed an equally good response to VIIL as thoxe with L5178Y (FUDR-zensitive)

transplanrs,
sidex is reported,

A number of fluorinated pyrimidines and  their
nueleosides have been syuthesized in this laboratory 34
S-Fluorouracil® (I'C) and  S-fluoro-2’-deoxyuridine®”
(I. FUDR) have been shown to produce significant
objective responses in patients sufferiug from advanced
solid tumors, particulaudy with gastrointestinal and
breast carcinomas®®  These compounds are metab-
olized  to  3-fluoro-2-deoxyuridine  5’-phosphate
(FUDRT), which inhibits thymidylate synthetase, =12
the enzyme responsible for the eonversion of 2'-deoxy-
uridine 5'-phosphate to thymidine 5’-phosphate.  Thus
these analogs imhibit DNA synthesis and the growth of
rapidly dividing normal tissues and tunmiors. Both
I'U and FUDR are more rapidly eatabolized by normal
cells than by tumors, and thus sone selectivity against
tunors is achieved.  Two  factors prevent more
snecessful ehemotherapeutic efficacy of FUDR: (1)
itx cleavage to U by nueleoside phosphorylase, ™ aid
(b) the emergence of cellular resistance.®  The former
reduces the poteney of the drug, whereag the Iatter
sonchow prevents the formation of FUDRP, the
active drug.  The mechanism of resistance to FUDR
thns fur has been shown to result from the loss of thy-
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A preparation of DHFUDR-2-4C is described, aud a new eolor test for 2,3 -nnzaturated nucleo-
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midine kinase (which ulso phosphorylates FUDR) i
the resistant ceils.’

Various attempts have been made (¢f. ref 3 and 4) to
modify the base, sugar, or both of these moieties of
FUDR (1) to produce an analog that would not be
susceptible to eleavage by nucleoside phosphorylase!
(thus increasing the poteney of the drug) or that would
be phosphorylated in a different way and hence over-
come the problem of resistance. This report describes
the preparation (Chart T) and biological properties of
two  sueh  derivatives, 1-(2,3-dideoxy-2,3-didehydro-
B-v-glycero-pentotmunasyl)-5-uorouracilt (VIII, 27,3'-

Tr = Triphenylmethyi
Ms = Methylsulphonyi
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dehydro-5-fluoro-2'-deoxyuridine, DHFUDR) and 1-
(2,3-dideoxy-B-p-glycero-pentofuranosyl)-5-luoroura-
cil IX, 2',3'-dideoxy-5-fluorouridine).

Although 2’,3’-dideoxynucleoside derivatives have
heen known for a long time,® their importance was
only recently pointed out by Robins and co-workers!7-'8
as possible chain terminators of DNA biosynthesis.
The elucidation of the structure of nucleoside anti-
biotiecs, such as blasticidin S (a 2’,3’-unsaturated
pyranoside),' and angustmyein A (a furanoside with an
exocyclic 4',5" double bond),* aloug with the observa-
tion of Novak and Sorm?! that 9-(2,3-dideoxy-2,3-
didehydro-B-erythro-hex-2-enosyl)adenine has consider-
able carcinostatic activity against a transplanted
leukemia 1210 in mice, prompted us to synthesize
DHYUDR. We used to method of Horwitz, et al.,?*??
to convert the 2,3-anhydronucieosides (IV and VII)
to  the corresponding 2'3’-unsaturated derivatives
(V and VIII). The unsaturated compound (VIII)
was catalytically hydrogenated to obtain 2/,3'-dideoxy-
5-fluorouridine (IX).

1-(2-Deoxy-5-0-trityl-8-p-ribofuranosyl)-s-fluoro-
uracii?¢ (IT) was treated with an equivalent amount of
methanesulfouyl chloride in pyridine to obtain its
3'-O-mesyl derivative (III). The ecrude III was
treated with potassium {-butoxide (2 equiv) in dimethyl
sulfoxide at room temperature for 30 min to obtain
1-(5-0-trityl-2,3-dideoxy-2,3~-didehydro-8-p-glycero-
pentofuranosyl)-3-fluorouracil (V) in over 809, yield.
The latter could also be prepared by converting the
mesylate (IT1I) to 2,3’-anhydro-1-(2-deoxy-5-O-trityi-3-
p-lyxofuranosyl)-5-fluorouracii (IV) by alkaline treat-
ment® (589;), followed by base-catalyzed decyclization
with potassium t-butoxide (1 equiv) in dimethyi sul-
foxide (89.39). Detritylation of V gave VIII in good
yields. The pmr spectra of VIII showed two adjacent
vinyl protons located at § 6.50 and 5.96, respectively.
The anomeric proton was a multiplet (spectra taken in
D;0) centered at § 6.96 with a coupling constant of 2 cps.
The structure of VIII was further confirmed by its ele-
metital analysis and conversion to the corresponding
2’ .3’-dideoxynucleoside (IX). DHEFUDR was found to
be quite sensitive to acid hydrolysis. At 95-100° in
0.1 N HCI VIII was completely converted to FU
within 5 min. However, at room temperature it was
stable under similar acid conditions up to 30 min;
after 1 hr, traces (5-79%) of FU could be detected.
DHFUDR is stable to alkaline hydrolysis; at 95-100°
aqueous 0.1 N NaOH produced no hydrolysis up to 30
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min, whereas under similar conditions at room tempeia-
ture VIII was stable for more than 3 hr.

It was found that acid-catalyzed detritylation of V
invariably resulted in DHFUDR contaminated with
traces of FU; this was more apparent in large-scale
preparations. The known biological activity of I'U
forced us to devise a route that would eliminate the
acid treatment after generation of the 2',3’ double
bond.  2,3’-Anhydro-1-(2-deoxy-8-p-lyxofuranosyl)-5-
fluorouracil (VII) was prepared from FUDR by the
method of Fox and Miller?* and treated at room tem-
perature with potassium ¢-butoxide in dimethyl sul-
foxide for 2.15 hr to obtain DHFUDR (649) in a high
state of purity. This constitutes the first instance of
the conversion of a 2,3'-anhydronucleoside unprotected
at the 5’ position to a 2’,3’-unsaturated nucleoside
derivative. It may be noted that the presence of u
trityl group at the 5’ position puts a considerable
strain on 2,3’-ether linkage of an anhydronucleoside
which, as a consequence, makes the base-catalyzed
rearrangement to 2'3’-unsaturated nucleosides much
more favorable. The same effect has been demon-
strated by other workers?® when the bulky 5'-O-trityl
group was replaced by a mesyl group, or by using a more
stable 3’,5'-oxetane derivative. Thus, rearrangement
of anhydronucleosides unprotected at the 5’ position
invariably took 2 or more hr for completion, whereas
under similar conditions a 5’-mesylanhydronucleoside?2
required 60 min, and our tritylated derivative (IV) was
completely converted to V in 10-15 min.2?® The 2/,3’-
unsaturated nucleoside, DHFUDR, gave a purple
color on chromatograms when sprayed and heated
(3-5 min) with Hanes-Isherwood reagent.?” This color
test appears to be universal for all the 2/,3’-unsaturated
nucleosides and may prove to be a useful tool for the
chemical study of such compounds.?

The biological activity of DHFUDR made it neces-
sary to prepare it labeled with *C (starting with I'UDR-
2-14C) as well as its 5'-phosphate derivative. The
nucleotide was synthesized by phosphorylating
DHFUDR with §-cyanoethyl phosphate and dicyclo-
hexylcarbodiimide in pyridine according to the method
of Tener;*® subsequent alkaline treatment gave 1-(2,3-
dideoxy-2,3-didehydro-3-p-glycero-pentofuranosyl)-3-
fluorouracil 5'-phosphate (X, DHFUDRP), which was
isolated as its barium salt. The structure of X was
proved by its hydrolysis with prostatic phosphomono-
esterase to DHFUDR, which was characterized by
paper chromatography, electrophoresis, and the color
test with molybdate spray mentioned previously.

2/,3’-Dideoxy-5-fluorouridine (IX) was prepared by
hydrogenation of DHFUDR (VIII) in the presence of

,(26) Similar treatment of 1-(2-deoxy-3-O-mesyl-5-O-trityl-g-p-ribofurano-
syl)-5-trifluoromethyluracil with potassium ¢-butoxide in anhydrous dimethyl
sulfoxide gave 1-(5-O-trityl-2,3-dideoxy-2.3-didehydro-g-p-glycero-pento-
furanosyl)-5-trifluoromethyluracil. The reaction was complete in 10~15 min
and the product was characterized by its pmr and ultraviolet absorption
spectra {T. A. Khwaja and C. Heidelberger, unpublished results).
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{28) The chromatograms were sprayved with molybdate reagent, dried in
a current of warm air to remove most of the moisture, and then heated in a
drying oven at 100° for 2~3 min. The 2’.3’-unsaturated derivatives of uridine,
thymidine, cytidine, and adenosine {kindly provided by Dr. J. P. Horwitz)
all gave a positive color test. The presence of a protecting group at 5’ posi-
tibn uf a mieleoside, e.g., trityl (in DHFUDR), henzoyl (in uridine deriva-
tive), or thivethyl (9-(2.3-didevxy-5-S-ethyl-5-thio-8-D-glycero-pentofurano-
syl)adenine {kindly provided by Dr. R. K. Robins)]. did not interfere with
the color reaction.
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a palladium-charcoal catalyst in dioxane. The reac-
tion was complete in a short time, but invariably
resulted in sonme concomitant hydrogenolyvsis of the
glveosidic linkage and of the fluoro group from the 5’
position of the nueleoside, because the reactian product
always contuined small amonnts of I'U and an unknown
nueleoside (its ultravialet absorption maximum was
262 mp at pH 12).  This facile hydrogenolysis of the
glveosidie linkages of 27 3%-unsaturated nucleosides
had not been mentioned 1 the literature?® witil
quite recently.®*  The pur speetrum of IX showed o
niultiplet at & 1.70-2.5 corresponding to four 27,3%-
protons. The anomerie proton was o nltiplet (Robins,
el al.,® obtained a triplet in the corresponding adenosine
analog) centered at § 5.96.  This along with the elemen-
tal analysis confirms the streture of compound 1X.

Biological Activity.——In bacterial studies DHIFUDR
(VIII) was found to be lethal to E. eold B in 4 minimal
media (M9) at a concentration of less than 50 pg/mil
(FUDDR at the same concentration showed more tox-
ieity).#t The killing cffect of DHIFUDR was partially
reversed by thymidine (500 wpg/ml) and completely
reversed by uridine (250 wpg/mil). By contrast, the
toxic effeet of FUDR wuas completely reversed by thymi-
dine md addition of uridine enhaneed its toxieity to the
bacterium.®!  This in not surprising as uridine has been
shown to prevent the cleavage of FUDR to I'U by
nueleoside phosphorylase. 27 3'-Dideoxy-d-fluorouri-
dine (IX) killed . coli B at a coneentration of 50 pg/ml.
but it was  cousiderably  less aetive than  either
DHIFUDR or FUDR: its toxie effeet was partially
reversed by thymidine (500 pg/ml) and completely by
wridine (230 pg/ml).

In  cell-culture studies®* 1072 1/ DHIFUDR in-
hibited the growth of Hela cells (10-% 1/ FUDR
produced o similar effect), The inhibition, as with
FUDR, was reversed by thynidine, but not by uridine.
The growth of Novikoff hepatoma cells was 309 in-
hibited by 10=% 2/ DHIFUDR, and 10-7 )/ DHI'UDR
completely inhibited L3178Y mouse leukemia celis.®

DHEUDR. incubated in eitro with Ihrlich ascites
eclls, ihibited the incorporation of "#C-formate into
DNA-thymine.®*  The concentration of DHIUDR
neecessary for 5065 mhibition was 1074 1/ as compared
to 1078 1/ for I'UDR. DHI'UDR is not phosphoryl-
ated®® by either thymidine Kinase or uridine kinase, as
demonstrated by the lack of competition with the
narinal substirates, even at o coneentration 10 thnes
that of thymidine or uridine. Uulike 'UDR, DHI-
UDR iz not a substrate for incleoside phosphorylase *
These observations suggested the study of this drug
against FUDR-resistant tumor cells.  Thus u cell hne
vf Novikoff hepatoma lacking thymidine kinase!*#
was 10%% times resistant to FUDR, but only 104

times  resistant to DHFUDR.#  Similaily, mouse
lenkemia  LA17SBIY eclls* (also lacking thymidine

kinase) were 1000-fold resistunt to FUDIR, but not at

3Dy 1 R MeCarlly, AL L Bobine, L. 1§ Townsend, apd R. K. Rabins,
Jochn. Chem. Sor., 88, 1544 119606).

i31) I, Corbetl and C. Heidelberger, nupublishiell dar.

¢32y AL Umeda sird . Heidelberger, nupiiblislied data.

)y oL MHeidelberger, T AL Klowaja, M. Umeda, amd R, Kene, Abslruel,
Th hitterratwnal Congress on Biochemis(ry, ‘I'vkyo, Japan. Ang TIGT, 1o 1OHK,

34} R, J. Kent and C. Heidelberger, nupublislied Hata.

¢i5) Nindly suypplied Ly Dr, V. R, Vorier.

$36) Kindly snpplied Ly Dr. Glenn Fisher, Deparbiment of Pharmacology,
Yale University Medical School.
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TaBre 1
Activiry or FUDR axp DHEFUDR agaissr
SarcoMy 180 1N FEV L Swiss Mok

A ow, Traper
¢ ved, 1y T
Control =5 ISR
FUDR, 40 mg/kg = 7 401 i34 (s
DHFUDR, o mgikg X 7 -2 y T 53
DHFUDR, 40 mg/kg X 3 -5 120 TN

“ The wiee 1x - group) received the drugs (by inmtraperitoneal
injectionst 1 day after bilateral transplantation. The mice were
messured o the 12th day afier (ransplantation.

all resistant to DHFUDR. 1t should be pointed out
that the inhibition of LH178Y (FUDR-sensitive) celis
by 10-% 1/ DHFUDR is reversed by thymidine
(10~ A7) b nat by wridine (10~ A7) or 2'-deoxyri-
dine (103 7). Under the same conditions, the
inhibition of  L3178BY (FUDR-resistant) celis by
106 3/ DHIFUDR ix not reversed by iy of the above-
mientioned pyrnmdine nueleosides (1073 7).

273 -Dideoxy-d-fluvrouridine  also  inhibited  the
growth of Helw cells at 1071 3/, the inhibitory effeet
was reversed by thymidine (10—* A7), but not by
uridine (10-%1/). This eomapound (IX) did not inhibit
the incorporation of "“*C-formate into DNA-thymine
and ix nat a snbstrate {vr uneleoside phosphorylase.®
The gl‘o\\‘ﬂl of viccinia virus in HeLa eclls wax not
affected by 1074 1/ DHIUDR (this coneentration
hibits Hel.a cell growth).#

The effect of DHIUDR ugainst transplanted mouse
timnors was =tudied by methods previously deseribed.®
Ax shown in Table 1. DHEFUDR at the proper dosage
ix us cffecrive us FUDR at inhibiting the growth of
Sarconn 1800 A series of experiments was also earried
out i various aseites lenkemias, as shown in Table 11,
In leukemia L1210 DHEFUDR caused a longer pro-
longation of =urvival (han did FUDR nnder optimnal
dosage. DHEFUDR  was ualso more effective than
FUDR in the LSI7S tumors that were sensitive and
resistant to FUDR. It i~ of interest that, although
O eihva the 15178 cells are 1000-fold resistant to FUDR,
pr oo FUDR wax equally effective against the sensi-
tive and resistant tmnors. Two lines of L1210 4859
leukeniias, sensitive and resistant to FU were also
studied,  In the =ensitive line, DHIUDR was soie-
wlat more effective than UL The resistant line
=howed 1o inerease i snrvival with FU or FUDR, but
a oshght inercise i =urvival was produced by DI-
FUDR, which suggests that there wus some  eross-
resistance with UL Tt is evident from these experi-
ments that DHEFUDR has appreeiable activity at
inhibiting  Causplanted  tumors o mice,  eluding
thisze that are resistant to FUDR beeause they lack
thyimidine Kinse,

Experimental Section

All melting points are corrected. Thin layer chromatography
wits done on plastic plates coated with silicn gel (Fastman
Chromagram <heet 6060, with finorescent indicatory or cellufose
OIN-Polvgram cell /500/0V, Macherey Nagel aud Ca,, Duren,

CATY L Meldellverser, L, Crieshacl, 14, L Moblig, Do Mbporen, O, Craz,
IR, Srbnilzer, prad I Goinberg, Caacer fes., 18, 305 (1158),

iRy Nindly provided Ly Dro Dorris Ihitebison of elie Sloan- Keliering
Institnee, Ryve, NOY.
W TLhe LAI7R resistane onnor siili lneks doonaline Kinasy o rive, sau-
gesting Thay the activity of FUDR may resnlt from ils efeavagnps 1o FU in
(Lis line,
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TasLe IT
SurvivaL or BDF Mice witH
Various LEUKEMIAS IN AscITES FORM!

Mean
survival, Extremes,
Leukemia days days 1/¢

L1210

Control 10.1 8-12

FUDR, 40 mg/kg X 7 11.8 $-15 1.17

FUDR, 200 mg/kg X 3 10.5 9-12 1.04

DHFUDR, 400 mg/kg X 3 14.1 12-17 1.40
L5178Y, FUDR-sensitive

Control 13.8 11-18

FUDR, 40 mg/kg X 7 20.9 16~24 1.51

DHFUDR, 400 mg/kg X 3 23.5 16-31 1.70
L5178BF, FUDR-resistant

Control 3.9 13-15

FUDR, 40 mg/kg X 7 20,8 1827 1.50

DHIFUDR, 400 mg/kg X 3 21.4 3-30 1.54

DHFUDR, 150 mg/kg X 7 22.9 19-29 1.65

DHFUDR, 250 mg/kg X 5 54.4 17-150 2.47

(1 survived)

L1210 489, FU-sensitive

Control 9.0 7-10

FUDR, 40 mg/kg X 7 10.0 0-12 1.11

FU, 25 mg/kg X 7 12.9 10-15 1.43

DHFUDR, 400 mg/kg X 3 12.8 11-16 1.42

DHFUDR, 175 mg/kg X 7 15.0 11-21 1.60
L1210 XIII, FU-resistant

Control 10.7 9-14

FUDR, 40 mg/kg X 7 10.6 8-13 0.99

FU, 25 mg/kg X 7 9.1 $-10 0.84

DHFUDR, 400 mg/kg X 3 12.2 8-24 1.14

DHFUDR, 175 mg/kg X 7 14.4 10-35 1.35

@ There were ten mice/group, and the drugs were given by in-
traperitoneal injection 1 day after transplantation.

Germany). The following solvent systems were used: A,
EtOH-1-PrOH-H,O (4:1:2, v/v); B, MeOH-CsHs (1:3, v/v);
C, Me,CO-cyclohexane (1:1, v/v); D, 2-PrOH-NH,OH-H.0
(7:1:2, v/v). The uv absorption spectra were run on a Cary
spectrophotometer Model 15. The analyses were performed by
Galbraith Laboratories, Iuic., Knoxville, Tenmn.
2,3’-Anhydro-1-(2-deoxy-5-O-trityl-3-p-lyxofuranosyl)-5-
fluorouracil  (IV)—1-(2-Deoxy-5-0O-trityl-3-p-ribosyl)-3-fluoro-
uracil?* (IT) (19.6 g, 40.17 mmoles) was twice evaporated with
dry pyridine (50-ml portions), and the residue was dissolved in
150 ml of dry pyridine, cooled to 0°, and mixed with cold methane-
sulfonyl chloride (4.98 ml, freshly distilled). The sealed reaction
mixture was kept in a refrigerator overnight. Absolute EtOH
(18 ml) was added, and after 1 hr (0°) the dark yellow solution
was poured over ice water (2 1.). Thesolution was stirred and the
pale, granular precipitate of 1-(2-deoxy-3-mesyl-3-O-trityl-3-p-
ribofuranosyl)-3-fluorouracili?* (III) was collected by filtration,
washed with excess cold water, and dried in vacuo (P;Os). The
crude material weighed 23.6 g (103.99;) and was used as such
for further reactions.
Crude IIT (5.62 g, 10 mmoles) was dissolved in EtOH (100 nl),
1 N aqueous NaOH (10.5 ml) was added, and solution was heated
under reflux for 3 hr. The reaction mixture was evaporated to
dryness on a rotary evaporator. The residual solid was triturated
with ice—water (1530 ml) and filtered to give 4.38 g of the product.
This was recrystallized from methanol (charcoal) to get colorless
tiny needles: mp 237-238°; vield 2.712 g (57.9%;); uv absorption,
Aoa®™ 254 my (e 6727), A" 247 my (e 6668), and shoulders at
230 and 265 mu. The ir spectrum showed no band at 1170
cm~! (absence of mesyl group).
Anal. Caled for CuHpFN,Os: C,) 71.49; H, 4.89; N, 5.96.
Found: C, 71.21; H, 5.07; N, 5.72.
1-(2-Deoxy-3-O-mesyl-3-p-ribofuranosyl )-5-fluorouracil (VI)
was prepared according to the method of Fox and Miller.2¢
Crude 1II (23.6 g) gave 10.354 g (87.09, based on II) of VI as
colorless long needles: mp 138°; uv absorption, AEHSOH o7 5
nig (e 9486), Ao’ 234 my (e 2402).
2,3'-Anhydro-1-(2-deoxy-3-p-lyxofuranosy!)-5-fluorouracil
(VII).—Compound VI (11.00 g, 31.97 mmoles) following the
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method of Fox and Miller?* gave 7.2 g (98.79,) of VII as colorless
crystalline material: mp 166-170°; uv absorption, e 255.5 mu
(e 8008) and 236 mu (e 6603), Anie 238 mu (e 6256) and 220 mu (e
5630).

1-(5-0-Trityl-2,3-dideoxy-2,3-didehydro-3-n-glycero-pento-
furanosyl)-5-fluorouracil (V). Method 1.—III (0.651 g, 1.15
mmoles) was dissolved in anhydrous DMSO (5 ml) and added
to a stirred solution of KO-i-Bu (0.432 g, 2.4 mmoles) in 5 ml of
DMSO over a period of 5 min. The reaction was protected from
moisture and maintained at room temperature for 30 min. The
contents were then poured into ice-water (250 ml) and stirred
vigorously. The aqueous solution was neutralized with 6 N
AcOH (phenolphthalein) and filtered. The yellowish powder
was vacuum desiccated over P,O; and KOH overnight and re-
crystallized from absolute EtOH (charcoal) to yield 0.405 g
(82.79%) of colorless needles of V: mp 192-193°; uv absorption,
AGHIOH 967 i, A Y 244 my.

Anal. Caled for CHuFNOs: C, 71.49; H, 4.80; N, 5.96.
Found: C, 71.62; H, 5.00; N, 6.04.

Method 2.—IV (2.35 g, 5 mmoles) was dizsolved i1 anhydrous
DAMSO (20 ml) and added to a stirred solution of KO-i-Bu
(0.388 g, 5.25 mmoles) in DMSO (20 ml) over a period of 10
min in the absence of moisture. After 30 min (room temperature)
the light brown reaction mixture was poured into ice-water (1 1.)
and stirred. The aqueous solution was neutralized with dilute
AcOH (pH 5). The pale gelatinous precipitate wax filtered,
washed with excess cold water, and dried i vacuo over PyO;
and KOH to yield 2.1 g (89.39;) of pale crystalline material.
This was recrystallized from absolute EtOH (charcoal) to
furnish colorless crystalline material, mp 192-193°, no mixture
melting point depression with the sample prepared by method 1.
Both samples had identical uv absorption spectra and their
ir spectra were superimposable.

1+(2,3-Dideoxy-2,3-didehydro-3-b-glycero-pentofuranosyl)-5-
fluorouracil (VIII). Method 1.—V (0.2 g, 0.425 mmoles) was
swirled with 2.5 ml of cold formic acid (98-1009;). After 5 min
(room temperature) the acid was quickly evaporated ou an oil
pump. The last traces of formic acid were removed by evapora-
tion of the residue with dioxane (two 2-ml portions). The residue
was twice evaporated from absolute EtOH (two 2-ml portions)
and finally anhydrous ether (3 ml). The yellowish powder was
extracted with warm water (5 ml) and filtered, aud the filtrate
was evaporated to dryness under reduced pressure (temperatire
less than 40°). The residue was dissolved iu boiling Me,CO
(40~50 ml) and decolorized (charcoal). The colorless solution
was evaporated to 3 ml and C¢Hs (10 ml) was added. The turbid
solution was warmed and allowed to crystallize in the cold.
VIIT was obtained as colorless microcrystals (0.068 g, 70.19).
This on recrystallization from EtOH-Csls (by evaporating the
KEtOH solution with excess CgHs uutil slightly turbid) gave long
colorless needles: mp 138-139° (resolidifies after a colorless
melt); uv absorption, pH 1 Amax 267.5 mu (e 7600), pH 12
Amax 267.5 My (E 5924)

Anal. Caled for CoHFN,Oy: C, 47.37; H, 3.95; N, 12.28.
Found: C, 47.54; H, 3.96; N, 12.20.

Method 2.—To a stirred solution of VII (3.176 g, 13.93 mmoles)
in anhydrous DMSO (55 ml), KO-t-Bu (1.75 g, 15.62 mmoles)
was added. The reaction was maintained in the absence of
moisture for 2.15 hr. Then the solution was diluted with cold
anhydrous MeOH (600 ml) and passed through an Amberlite
IRC-30 (H7) column (three 20-cm portions); cold MeOH was
uzed to elute all of the uv-absorbing material. The MeOH eluate
was corcentrated on a rotary evaporator, and the DMSO was
distilled (35°, 0.5 mnU) to obtaiu a pale gian. The gum was dis-
solved in hot absolute KtOH (10 ml) and passed through a thin
bed of charcoal and Supercel (25 ml of boiling EtOH was uxed
as wash liquid). The filtrate and the washings were mixed with
15 ml of C¢Hs and evaporated to 30 ml, the process was repeated
twice after addition of CsHs (two 25-ml portions), and finally
the solution was concentrated to 30 ml. This solution was seeded
and allowed to cool to room temperature when VIII started to
crystallize, mp 136-138°. The solution was cooled overnight,
filtered, and washed with the filtrate and then CsHg (15 ml); yield
2.035 g (64.079,). The product had the same R values on tlc as
that obtained by method 1; their ir spectra were superimposable.
The filtrate and the washings were evaporated and the residual
gum was evaporated to remove traces of DMSO. Finally, the
gum was crystallized as above to obtain two more crops (0.60
and 0.110 g). The last two crops had traces of 3-fluorouracil
impurity (tle in systems A, C, aud D).
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1-(2,3-Dideoxy-2,3-didehydro-3-u-glycero-pentofuranosyl)-5-
tluorouracil 5'-Phosphate (X).—VIII (0.114 g, 0.5 mmole) wax
phosphorylated with g-eyanocethyl phosphate (0.15 g, 1.00
mniole) and N, N’-dicyelohexylearbodiimide (1.03 g, 5 ummoles)
according to the method of Tener.29  After remnviug the precipi-
tared N,N’-cyclohexylurea, the filtrute and washings (6 ml of
dry pyridine used as wash liquid ) were evaporated to a gum mder
redirced pressure (temperature below 35°).  The gum gave a
single hamogeneons, phosphate-positive, uv-ahsorbing =pot nn
te (sy=tems A and 1)) The material wax suspended in aqgueons
NaOIl (0.1 N, 5 ml) and kept under reflux (bath temperature
100°) for T min.  Then the solution was cooled and diluted (100
ml) with distilled water.  Amberlite IR-120 (M1*) 15 ml) wax
added and after swirling, the eold solntion was quickly filtered
and ventralized to pll 7.5 with didute NT1L,O1l.  The resulting
solution was diluted with an equal volume of 1O and earefully
evaporated nnder rednced pressure to a g,  The gum wus
taken ap i { ml of 1,0 and the pll was adjusted to 9 with dilute
NILOIL  The solntion was cooled th 7° and absorbed vn u
Dowex 1 (formate, 200-400 mesh) cohunn 3 X 7 cmd. The
colinnn was {irst washed with 600 ml of distilled HyO (chromatog-
raphy was doie i a cold room at 5-7°). Then it was eluted with
700 ml of ammonium formate (0.05 37, pH 6.5); 10-ml fractions
were collected.  Fractions 8S-15 had same nv-absorbing uu-
plsphorylated material,  Then the colunn was eluted with 0.5
A ammonium formate (pIT 6.5, aud fractinong T8-110 were
combined (made up to pH 7.5 with NHHO11) and carefully evapa-
rated under reduced pressure. The residual gum wax taken in
water (30 ml) and desalted with the help uf « charcoal eolinn
2 % 3 em). The filtrate containing the product was carefully
devationized with Amberlite TR-120 (11—} and immediately
nentralized with aqueons BaiOHj (0.2 /). CO, was passed
throngh, awd the soluiion was filtered (10 ml), ubsolute 1M1OH
20 mb) wax added, aud the precipitated material was left i the
refrigerator {or 3 days. Then the precipirate wax centrifuged,
washed d0OH, EwO) aud air-dried to vbtain barinm 1-¢23-

dideoxy-2,3-didehydro-g-v-glycero-pentyfuranosyl - 5 - fluoronracit
5%-phosphate (X-Ba) ux a white powder (0.4 g) which wus purified
by reprecipitation from 9tO1. The prodind gave a single nv-
ahsorbing (V2 267.5 mw, AJ2Y 235 niws spot on tle fsystem D and
its electrophoretic mobility was conpurable to 5-fluoro-2'-denxy-
uridine 5'-phosphate at pll 4.3 (acetste huffer) and 7.5 (phosphate
butfer).

el Caled Tor CyllgBaF NGO P - H,0: P, 6,47, FPonnd: P, 6.51.

Enzymatic Dephosphorylation of X.-—Campouud X (1.5 mg,
dinmuoninmm =alt) wis dissolved in 0.2 ml of acetate buffer (pli
5), prostatic phosphontonoesterase (0.5 mg) was added, and the
mixture wis incubited ac 37.5° for 30 min; a blank withomr
enzyine wis ithso run. Tle (xvstems A and D) reveualed materind
corrasponding tn VI ax the =ale nv-absorbing product (ilzo
nmrganic phosphate), whereas the starting material N remained
mdfeeted o the eontrol (withonr enzyme).

1-(2,3-Dideoxy -3-1=ylyjcero-pentofuranosyl »-5-fluorouracil

CIX e VI (115 g, 0.5 mmole) was dissolved in dioxane (25
wh and hydrogenated (135 kg/cm?) in the presence of 507
Pd--C (200 mg) for 30 min (o (emperature). The catalyst
wix removed by filtration, washed with 25 ml of hot INtO1H,
and the combined filtrate and washings were evaporated to
dryness.  Some ethanol-insoluble material (16 mg, shown to he
S-fluorburacil by melting poiut and uv spectra) wus removed.
The filtrate was evaporated and the residne was absorbed (2 ml
of TT0) solution) an a Dowex 1 forniated4l (200-400 mesh ) colimin
(2.5 X 22 c¢m). The enlumn was elnted with HyQ and 10-u1l
fractinne were collected.  Fractions 100-135 gave traces of im-
parity (NP 262 my), fractions 147-300 (mostly eluted with
30, aqneons MeOH) were combined and evaporated to dryness
under rednced pressure.  The residue was dissolved in 10 ml of
Me.CO, deenlorized (charcoall, and then evaporated with Cill,
(10 mlj to 8 mil, theu 5 mi of petrnlenm ether (bp 30-60°) was
added 10 yield colorless needlex TX: 35 mg 31.090); mp 115~
172 uv absorption, MDY 27005 mg (e 9050), N4 285 mu (e
1202), A 0705 iy (e 66205, AN 24N ma (e 4RI,

Anal. Caled for Coll (BN, € 46060 T, 40080 N, 12005
Found: €, 47.2 1, +.41; N, 12.26.

(40) ln anotleer experimentc DIEFU DR (600 mg) was Lyvdrogenaled o le
preseice of Pd=C' (400 g2 in olesabite 19COTL al 1.3 ke rm¥ The Lyvdeos
wendtion wis complele in 5 1ain apd 1N <120 Ing) was isolaled by elircwa-
Cosraphy on a Dowex L (O3 enbimnn (Ihe prodiee was ebiterd wiil, 0.1 3
Qs N T THC Oy,

(1 OO N Diekker, Sl iLae Ol Secs, 8T 1027 (106N,
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Preparation of 1-(2,3-Dideoxy-2,3-didehydro-3-n-gln-ero-
pentofuranosy!)-5-fluorouracil-2-14C.-5-Fluoro-2/-deoxyuridine-
2-BC 1] enrie) ‘obtained from CalBiochem) wus diluted with
ronradionerive S-fluoro-2-deoxyuridine m {10 g and dissolved
ut dry pyridine 5 mli. The =ohmion was heated mnder reflux
thaih temperature 100°1 with trityd chloride (134 mg) far 2 hr,
The enoled =olmion was potred over ice-water (100 mb and the
witer was extravted with CHCly vthree 20-inl portinns) mnl
dried (MgSO). The CHCL solution wax evaporated to a gun,
which crvstallized wn riturarion with cold anhydrons ether, and
wis recryvetullized fram aguenn= tOH to give 160 mg of -
t2-deoxy-5-O-tritvl-3-v-ribofuranasyl - 3-fluoronracil-2-4C. - The
trityvlated campannd was dissolved in dry pyridine 1.5 mly and
the solntion wax cooled 10 0° and treated with eold, {reshly dis-
tilled 10.04 ml; methanesulfonyl ehlaride. The reaction snlation
was uintained at 5° vvernight (anhyvdons conditions), therc
IO 0,05 mily was added.  After 1 hr at 5° the <aluntion wis
poured vver ico-water 1150 ), aud the precipitated prodiet was
filtered, washed with warer, and dried (vacunm, POq) (160 mgi.
The crude, 1-12-deoxy-3-0-mesyvl-5-0-trityl-g-v-ribofuranosyl -5-
Auoronracil-2-1C wax dixsolved in 8 nil of CHCL=1SGO (11 yand
the cooled snlution 1--53°1 wax <aturated with diy 1HCL far 40
min,  After 2 hr at 5° the precipitated nuiterinl was filtered,
wiashed with cold aunhyvdrons ether 10 mly, and recervstallized
1o absolute F1O1] (charesaby to vield 450 mg of 1-c2-deoxy=-
O-11esvl-g-np-ribofirann=vl-s-Hnoronracil-2-4C: - the mother lig-
aor gave 13 mg ware o colorlexs needles. The mesylate (385
mg ) wis su=pended 1 1O 07 mb, hadl a dimp of methyl red was
added, and the sitired solutbm wax hented nnder refiux (hath
temperninre 100°5 The pll of the solation was nuintained be-
tween 45 by wldition of 1 3 NN iin 504 aqueons 15101
nutil the solution staved vellow <10 min, 1,157 mb. The reaction
wits maintained or 5t min, then the cantents were evaporated
ta dryness an a rormry evaporator aud the residual giin wis
recry=tullized from absolute SO tn nbtain 2,3 -anhydro-1-02-
deoxy-g-p-lvxolirniasy L -5-finoronracil-2-12C - (57 mgi. The
athyvdronneleoside wax dried aud dissolved in ainhydimns DMSO
0.6 ml Ty this <olntion KO-Bu o103 mg) was added mnl
salition wis =tirred a1 mom temperatire.  After 2 hr the reaction
soliitinir wix porred pver 20 ml of anhyvdrons MeOH, stirred
10 min with {oml of Autberlite 1RC-50 11 71, and fihered, The
enmbined filtrare nnd washings <10 ul vl MeO11) were evaporated
nnder rednced pressure: the last rraces nf solvents were removed
at 55° (0.5 mm). The restdaal gum was dissolved in MeOll
fcharcoaly, cobcentrared to a =<mall volume, and purified by
preparative thin layver chmmatography (svstem B nsed ax de-
veloping =olveut;. The major uv bands which corresponded
-2, 3-didenxy-2,5-didehydro-8-n-glycero-pentofurams=y} & 5-
fhimrmnracil-2-1C were »at and elinced to furnish 22 mg of the
pmdirt, which gave i single radibactive =pnt i fanr dilfercn:
clomatographic systenis 1A-1)3. The nver-all vield based npon
S-Anom-2'-deoxyiridine-2-14C was 21.57, . The specific activiiy
wits 1Y) genries/mniale 18,50 genries/uig).

The chrommtographic beltiviar of the various compounnds ix
given in Table TT1.

Tasue 11

CHROMATOGRAPHIC BEHAVIOR oF COMPOLUNDS
ox THIN T.AYER CHROMATOGRAPHY

~=Rp17t in splvent sysem- - -
\ 3 « 1

teelly- (siliea isilina, {eelbi-
No. Coargel Iiyse) sel) wel) Iirsces
| U 1.00 100 1.00 1.00
2 1 114 0. 84 (). 68 1.UN
3 I1 1,332 1.56 205 170
I 1.31 173 1.91 .80
D v | 32 1.56 (). %6 1. 84
6 v 1.3 .78 RESA 182
7 VI 119 1958 .36 .27
N VI .99 (. 38 (1 0% 1.25
1 VI 11 .20 1. 41 116
10 X 0 ON
1 5'-g-Cyvantoerhy -
DUHEFUDRYP 115 1.7
{2 IX 1 2 .24 1. 56 [

* e relative o thut of FUL
tens, see text,

IPar enmpasitinn of solvent sy~



