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Fluorinated Pyrimidines. XXIX. Syntheses of 
2%3'-Dehydro-5-fluoro-2'-deoxyuridine and 2',3'-Dideoxy-5-fluorouridine1 
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'2,;i'-Aiihydro-l-(2-deo\y-fJ-i)-lyxofuranosyl)-5-fluorouracil (VII,) on treatment with potassium (-butoxide in 
anhydrous dimethyl sulfoxide gave l-(2,3-dideoxy-2,3-didehydro-f3-D-(//(/cero-pentofui'anosyl)-5-fluorouracil 
(VIII, DHFUDR) . UHFUDR was phosphorylated with /3-cyanoethyl phosphate, followed by an alkaline 
treatment to obtain the corresponding o'-phosphate ( l )HFUDRP) . The nucleoside (VIII) was hydrogenated 
with palladium on charcoal catalyst to provide l-(2,3-dideoxy-f3-D-(//,//cero-pentofuranosyl)-r)-fiuorouracil (IX, 
2',3'-dideoxy-5-fluorouridine) which has little biological activity. In a minimal medium, DHFUDR. is bacteri­
cidal against Escherichia coli B: it is not a substrate for nucleoside phosphorylase, uridine kinase, or thymidine 
kinase. In cell culture experiments thymidine kinaseless NTovikoff hepatoma cells are 5000-fold resistant to 
I'TDR (I) but only 50-fold resistant to D H F U D R . Similarly, mouse leukemia L5J78BF cells (lacking thymi­
dine kinase) are 1000-fold resistant to FUDR and not at all resistant to DHFUDR. In vivo D I I F U D R is a 
powerful inhibitoi' of Sarcoma 180 and mouse leukemia L1210. Animals with L3178BF (FUDR-resistaul t 
transplanted leukemias showed an equally good response to VIII as those with L5178Y (FUDR-sensitive) 
transplants. A preparation of DHFUDR-2- l 4 0 is described, and a new color test for 2',3'-unsaturated nucleo­
sides is reported. 

A number of fluorinated pyrimidines and their 
nucleosides have been synthesized in this laboratory.3,4 

o-Fluorourae.il5 (FU) and o-fluoro-2'-deoxyuridine6,7 

(I, FUDR) have been shown to produce significant 
objective responses in patients suffering from advanced 
solid tumors, particularly with gastrointestinal and 
breast carcinomas.8,8 These compounds are metab­
olized lo o-fiuoro-2'-deoxyuridine o'-phosphate 
(FUDRP), which inhibits thymidylate synthetase,m~]" 
the enzyme responsible for the conversion of 2'-deoxy-
uridine o'-phosphate to thymidine ;V-phosphate. Thus 
these analogs inhibit DXA synthesis and the growth of 
rapidly dividing normal tissues and tumors. Both 
VU and FUDR are more rapidly catabolized by normal 
cells than by tumors, and thus some selectivity against 
tumors is achieved.13 Two factors prevent more 
successful chemotherapeutic efficacy of FUDR: (a) 
its cleavage to FU by nucleoside phosphorylase,14 and 
lb) the emergence of cellular resistance.3 The former 
i-educes the potency of the drug, whereas the hitter 
somehow prevents the formation of FUDRP. the 
active drug. The mechanism of resistance to FUDR 
thus far has been shown to result from the loss of thy-

(,1; Th is work wad s u p p o r t e d in parr by G r a n t CA-7175 from t h e Na t iona l 
Cance r I n s t i t u t e , N a t i o n a l I n s t i t u t e s of Hea l th , tT . S. Publ ic H e a l t h Service . 

12) Amer ican C a n c e r Socie ty Professor of Oncology. 
(:{) C. Heidelberger , Progr. Nucleic Acid Res. Mol. Biol., 4, 1 11965). 
(4; C. Heidelberger , Ann. Rev. Pharmacol., 7, 115 (1967). 
(5) R. Dusch insky , E . P leven , a n d C. Heidelberger . ./. Ain, Chem. Soc.: 

79, 4559 (1957). 
(0) im It. Dusc lunsky , K. Pleven, J. Malbica, and C, I le idelberger , Ab­

s t rac t , 132nd N a t i o n a l Mee t ing of t he Amer ican Chemica l Society, New-
York, N. Y., Sept, 1957, p 19c; (b) C. Heidelberger a n d R. Dusch insky . 
I ' . S. Pa t en t 2,885,396 ( M a y 5, 19591. 

7l M. Uoffer, U. S. P a t e n t 2,949,451 i Aug 16, 1960). 
IS) C. Heidelberger and F . ,1. Ansfield, Cancer Res., 23 , 1226 (1963). 
(9) I ) . B . Rochl in , J. Shiner , E . L a n g d o n , and R,. O t t o m a n , Ann. Surg., 

156, 105 (1962). 
(10j S. S, Cohen . .1. l'\ Flaks, II . D. Burner, M. R. I.ocb, a n d J. L ich ten-

stein, I'ror. Natl. Arail. Sri. C. S.. 44, 1004 (1958). 
i l l ) K. I", H a r t m a n n a n d (.'. Heidelberger , ./. Biol. Chem.. 236, 3000 

(1961), 
(12) P . Reyes a n d C. Heidelberger , Mol. Pharmacol., 1, 14 (1965). 

13) K. I,. Mukher jee . A. R. Cur re r i , M. .lavid, anil C. Heidelberger. 
(inner Iter., 23 , 67 (,1903;. 

f i t ) (a) <j. D . Birnie. 11. Krueger, a n d C. Heidelberger , Biochemistry. 2, 
566 i 1963): lb) C. Heidelberger , O. 1). Birnie, J. l iooliar, and 1). W e m l a n d , 
lliorhim. Hiophiis. Ada, 76, 315 (1963): i r ) C. 1 le idelberger and ,1. P.oohar, 
.'././ , 9 1 . 039 I 196 1). 

CHART L 

O 
H N " V F 

O^rT 

O 
Hr /V F 

O 

HO h HO H MsO H 
ii HI 

H N ^ V F 

TrOA /O 

HO-

Tr = Triphcnylmethyl 

Ms = Methylsulphonyl 

midine kinase (which also phosphorylates FUDR) in 
the resistant cells.15 

Various attempts have been made (cf. ref 3 and 4) to 
modify the base, sugar, or both of these moieties of 
FTTDR (I) to produce an analog that would not be 
susceptible to cleavage by nucleoside phosphorylase14 

(thus increasing the potency 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 1) and biological properties of 
two such derivatives, l-(2,3-dideoxy-2,3-didehydro-
/3-i>-f///yme-pentofm,aiM)sy])-o-fliiorouracil (VIII, 2',',V-

, 25, 199 i 196,' 
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dehydro-5-fluoro-2'-deoxyuridine, DHFUDR) and 1-
(2,3-dideoxy-j3-D-g fo/cero-p en tofurano syl)-5-fluoroura-
cil (IX, 2',3'-dideoxy-5-fluorouridine). 

Although 2',3'-dideoxynucleoside derivatives have 
been known for a long time,16 their importance was 
only recently pointed out by Robins and co-workers17,18 

as possible chain terminators of DXA biosynthesis. 
The elucidation of the structure of nucleoside anti­
biotics, such as blasticidin S (a 2',3'-unsaturated 
pyranoside),19 and angustmycin A (a furanoside with an 
exocyclic 4' ,5 ' double bond),20 along with the observa­
tion of Novak and Sorm21 that 9-(2,3-dideoxy-2,3-
didehydro-/3-eryf/iro-hex-2-enosyl)adenine has consider­
able carcinostatic activity against a transplanted 
leukemia 1210 in mice, prompted us to synthesize 
DHFUDR. We used to method of Horwitz, et a/..,22'23 

to convert the 2,3'-anhydronucleosides (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). 

l-(2-Deoxy-5-0-trityl-/3-D-ribofuranosyl)-5-fluoro-
uracil24 (II) was treated with an equivalent amount of 
methanesulfonyl chloride in pyridine to obtain its 
3'-0-mesyl derivative (III). The crude III was 
treated with potassium i-butoxide (2 equiv) in dimethyl 
sulfoxide at room temperature for 30 min to obtain 
l-(5-0-trityl-2,3-dideoxy-2,3-didehy dro-/3-D-<?Zycero-
pentofuranosyl)-5-fluorouracil (V) in over 80% yield. 
The latter could also be prepared by converting the 
mesylate (III) to 2,3'-anhydro-l-(2-deoxy-5-0-trityl-/3-
D-lyxofuranosyl)-5-fluorouracil (IV) by alkaline treat­
ment25 (58%), followed by base-catalyzed decyclization 
with potassium ^-butoxide (1 equiv) in dimethyl sul­
foxide (89.3%). Detritylation of V gave VIII in good 
yields. The pmr spectra of VIII showed two adjacent 
vinyl protons located at 5 6.50 and 5.96, respectively. 
The anomeric proton was a multiplet (spectra taken in 
D20) centered at 5 6.96 with a coupling constant of 2 cps. 
The structure of VIII was further confirmed by its ele­
mental analysis and conversion to the corresponding 
2',3'-dideoxynucleoside (IX). DHFUDR was found to 
be quite sensitive to acid hydrolysis. At 95-100° in 
0.1 N HC1 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 (5-7%) 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 

(16) A. M. Miehelson and A. R. Todd, J. Chem, Soc, 816 (1955). 
(17) M. J. Robins and R. K. Robins, J. Am. Chem. Soc, 86, 3585 (1964). 
(18) M. J. Robins, J. R. McCarthy, and R. K. Robins, Biochemistry. 5, 

224 (1966). 
(19) N. Otake, S. Takeuchi, T. Endo, and H. Yonehara, Tetrahedron 

Letters, 1411 (1965). 
(20) H. Hoekrema, G. Slomp, and E. E. von Tamelen, ibid., 1787 (1964). 
(21) J. J. K. Novak and F. Sorm, Experientia, 18, 213 (1962). 
(22) Treatment of l-(2-deoxy-3-0-mesyl-5-0-trityl-/S-D-ribofuranosyl)-o-

fluorouracil (III) with excess sodium methoxide in anhydrous DMF (re-
fluxed at 100-110° for 24 hr), followed by an acid treatment led us to an 
independent synthesis of DHFUDR in low yields. The structure of this 
compound was later confirmed by its preparation by the method of Horwitz, 
et ai . ! l a 

(23) (a) J. P. Horwitz, J. Chua, M. A. DaRooge, M. Noel, and I. L. 
Klundt, J. Org. Chem., 81, 205 (1966); (b) J. P. Horwitz, J. Chua, M. Noel, 
and J. T. Donatti, ibid., 32, 817 (1966), and references cited therein. 

(24) J. J. Fox and N. C. Miller, ibid., 28, 936 (1963). 
(25) J. P. Horwitz, J. Chua, J. A. Urbanski, and M. Noel [J. Org. Chem., 

28, 942 (1963)] used the same method to prepare the corresponding thymine 
derivative. 

min, whereas under similar conditions at room tempera­
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 FU 
forced us to devise a route that would eliminate the 
acid treatment after generation of the 2',3' double 
bond. 2,3'- Anhy dro-1 - (2-deoxy-/3-D-lyxof uranosy 1) -5-
fluorouracil (VII) was prepared from FUDR by the 
method of Fox and Miller24 and treated at room tem­
perature with potassium ^-butoxide in dimethyl sul­
foxide for 2.15 hr to obtain DHFUDR (64%) 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 a 
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 workers23 when the bulky 5'-0-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'-mesylanhydronucleoside28a 

required 60 min, and our tritylated derivative (IV) was 
completely converted to V in 10-15 min.26 The 2' ,3'-
unsaturated nucleoside, DHFUDR, gave a purple 
color on chromatograms when sprayed and heated 
(3-5 min) with Hanes-Isherwood reagent.27 This color 
test appears to be universal for allthe2',3'-unsaturated 
nucleosides and may prove to be a useful tool for the 
chemical study of such compounds.28 

The biological activity of DHFUDR made it neces­
sary to prepare it labeled with UC (starting with FUDR-
2-14C) as well as its 5'-phosphate derivative. The 
nucleotide was synthesized by phosphorylating 
DHFUDR with /3-cyanoethyl phosphate and dicyclo-
hexylcarbodiimide in pyridine according to the method 
of Tener;29 subsequent alkaline treatment gave l-(2,3-
dideoxy-2,3-didehy dro-/3-D-gr^cero-pent o f u r a n o s y 1) -5-
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 l-(2-deoxy-3-O-mesyl-5-0-trityl-0-D-ribofurano-
syl)-5-trifluoromethyluracil with potassium i-butoxide in anhydrous dimethyl 
sulfoxide gave l-(5-0-trityl-2,3-dideoxy-2,3-didehy dro-^-Tt-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). 

(27) C. S. Hanes and F. A. Isherwood, Nature, 164, 1107 (1949). 
(28) The chromatograms were sprayed 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
tion of a nucleoside, e.g., trityl (in DHFUDR), benzoyl (in uridine deriva­
tive), or thioethyl [9-(2,3-dideoxy-5-(S-ethyl-5-thio-S-D-ff^cero-pentofurano-
syl)adenine (kindly provided by Dr. R. K. Robins)], did not interfere with 
the color reaction. 

(29) G. M. Tenor, J. Am. Chem. So/:., 88, 159 (1961). 
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a palladium-charcoal catalyst in dioxane. The reac­
tion was complete in a short time, but invariably 
resulted in some concomitant hydrogenolysi.s of the 
glyeosidic linkage and of the fluoro group from the ">' 
position of the nucleoside, because the reaction product 
always contained small amounts of FU and an unknown 
nucleoside (its ultraviolet absorption maximum was 
202 mp at pH 12). This facile hydrogenolysis of the 
glycosidic linkages of 2'.3'-unsat united nucleoside.-
had not been mentioned in the literature'-3'1'30 until 
quite recently.23 ' ' The pmr spectrum of IX showed a 
multiplet at S 1.75-2.5 corresponding to four 2','•'>'-
protons. The anomeric proton was a multiplet (.Robins, 
el al.,m obtained a triplet in the corresponding adenosine 
analog) centered at 5 5.90. This along with the elemen­
tal analysis confirms the structure of compound IX. 

Biological Activity.—In bacterial studies D H F U D R 
(VIII) was found to be lethal to E. c.oli B in a minimal 
media (M9) at a concentration of less than 50 ;ug/ml 
(FUDR at the same concentration showed more tox­
icity).31 The killing effect of D H F U D R was partially 
reversed by thymidine (500 ,ug, ml) and completely 
reversed by uridine (250 ^g/'ml). By contrast, the 
toxic effect of F U D R was completely reversed by thymi­
dine and addition of uridine enhanced its toxicity to the 
bacterium.3 1 This in not surprising as uridine has been 
shown to prevent the cleavage of FUDR to F T by 
nucleoside phosphorylase . u 2',3'-Dideoxy-5-fluorouri-
dine (IX) killed E. eoli B at a concentration of 50 /ugnil . 
but it was considerably less active than either 
D H F U D R or F U D R ; its toxic effect was partially 
reversed by thymidine (500 /ig ml) and completely by 
uridine (250 ^g /ml ) . 

In cell-culture studies32 lO"5 M D H F U D R in­
hibited the growth of Hela cells (10^6 .17 F U D R 
produced a similar effect). The inhibition, as with 
FUDR, was reversed by thymidine, but not by uridine. 
The growth of Xovikoff hepatoma cells was 50% in­
hibited by 10-6 M D H F U D R , and 10~7 . 1 / D H F U D R 
completely inhibited L517NY mouse leukemia cells.33 

D H F U D R , incubated in vitro with Ehrlich ascites 
cells, inhibited the incorporation of '"((-formate into 
DXA-thymine.3 4 The concentration of D H F U D R 
necessary for 50% inhibition was 1(T~4-6 M as compared 
to 10~s J / for F U D R . D H F U D R is not phosphoryl-
ated33 by either thymidine kinase or uridine kinase, as 
demonstrated by the lack of competition with the 
normal substrates, even at a concentration 10:i times 
that of thymidine or uridine. Unlike FUDR, D H F ­
UDR is not a substrate for nucleoside phosphorylase.34 

These observations suggested the study of this drug 
against F'UDR-resistant tumor cells. Thus a cell line 
of Xovikoff hepatoma lacking thymidine kinase13 '33 

was lO3-"' times resistant to F U D R , but only 101-3 

times resistant to DHFUDR. 3 * Similarly, mouse 
leukemia L517SBF cells3''1 (also lacking thymidine 
kinase) were 1000-fold resistant to FUDR, but not at 

VM)) .1. 14. M c C a r t h y , M. J. Robins . I,. ]i. T .nvnsend, and H. K. R o b i n s , 
./. .1™. Vhem. Hoe., 88 , 1549 (19uti). 

CM) T . (Jorbet t and C. I leidelberger, unpubl i shed da lu . 
i'-V2) M. I h n e d a and C. Ueidelberger , unpub l i shed d a t a . 
Gi:i) C. Heidelherger , '!'. A. K h u a j a , M. I ' m e d a , a n d R. Kent,, Abst rac t , 

7th In t e rna t iona l Congress on l i iochemis t ry , T o k y o , J a p a n . Aug littiT, p 10:S",, 
(;̂ 4J H. J. Ken t and C. Ueidelberger , unpubl i shed d a t a . 
Co')) K ind ly suppl ied by Dr . V. R. Ro t t e r . 
i^U) Kindly suppl ied by Dr. Glenn Fisher , D e p a r t m e n t of Pharmacology , 

Yale Unive r s i ty Medical School . 

TABLE I 

ACTIVITY OK FUDK. AM) DHFUDK AGAINST 

S \ R I I ) \ I V ISO IN FE.MAI.E SWISS MICK" 

A «! , T u m o r 
« v,,i. mm T ( ' 

Control - : i . l 1 :!.>(> 
FUDK, 40 mg ;kg X 7 + 0 I M ( to:! 
DHFUDK, loll mg/kg X 7 --.'! 2 1117 II .">:! 
DHFUDK, 4(H) nig/kg X :S - : ! . l 120 I) (Hi 

" The mice (six group; received the drugs (by intraperitoneal 
injections) ) day after bilateral transplantation. The mice wen.-
measured on 1 he 121h day after transplantation. 

all resistant to D H F U D R . 3 3 I t should be pointed out 
tha t the inhibition of L5178Y (F'UDR-sensitive) cells 
by 10 6 .1/ D H F U D R is reversed by thymidine 
( 1 0 ° M) but not by uridine (10~6 A/) or 2'-deoxyuri-
dine (10"~r' .1/). Under the same conditions, the 
inhibition of L517.SBF (FUDR-resis tant) ceils by 
10-° .1/ D H F U D R i- not reversed by any of the above-
mentioned pyrimidine nucleosides (10~5 J / ) . 3 3 

2'.3'-Dideoxy-5-fliiorouridine also inhibited the 
growth of HeLa cells at 10~4 . 1 / ; the inhibitory effect 
was reversed by thymidine (JO""4 i l /) , but. not by 
uridine (10' 3 . 1 / ). This compound (IX) did not inhibit 
the incorporation of 14('-formate into DXA-thymine 
and is not a substrate for nucleoside phosphorylase.34 

The growth of vaccinia virus in HeLa cells was not 
affected by 10 •"' .1/ D H F U D R (this concentration 
inhibits HeLa cell growth).3-

The effect of D H F U D R against transplanted mouse 
tumors was studied by methods previously described.37 

As shown in Table I. D H F U D R at the proper dosage 
is as effective as FUDR at inhibiting the growth of 
Sarcoma ISO. A series of experiments was also carried 
out in various ascites leukemias, as shown in Table I I . 
In leukemia L1210 D H F U D R caused a longer pro­
longation of survival than did FUDR under optimal 
dosage. D H F U D R was also more effective than 
FUDR. in the L517S tumors that were sensitive and 
resistant to FUDl i . It is of interest that , although 
in film the L517S cells are 1000-fold resistant to FUDR, 
/// viro FUDR was equally effective against the sensi­
tive and resistant tumors. Two lines of L1210 4.S9 
leukemias, ,-ensitive and resistant to FU,3S were also 
studied. In the sensitive line. D H F U D R was some­
what more effective than YY. The resistant line 
showed no increase in survival with FU or FUDR, but 
a slight increase in survival was produced by DH­
FUDR, which suggests that there was some cross-
resistance with YY. It is evident from these experi­
ments that D H F U D R has appreciable aeiivify at 
inhibiting transplanted tumors in mice, including 
those thai are resistant to F U D R because they lack 
thymidine kinase."1' 

Experimental Section 

All melting points are corrected. Thin layer chromatography 
was done on plastic plates coated with silica gel (Eastman 
Chronutgram slieel OOGO, with fluorescent indicator) or cellulose 
(MX-Polygram cell/:j(>0/UY, Macherey Xagel and Co., Ditren, 

;:)T) C. I le ide lbemer , I., (iriesbac.h, I'.. ,1. Mo n tag , 1). Mooo-n, O. Cruz . 
R. ,1. Schnitzel ' , and Iv C.runberg, Cancer He*., 18, :S05 (ISI.r>S). 

CIS) Kind ly provided by Dr . Dorr is Hutch i son of t he S loan-Ket t print! 
In s t i t u t e , Rye, N. V. 

i.'ito T h e 1.5178 resis tant t u m o r still lacks t h y m i d i n e kinase in t e e . sug-
ge.-ting t h a i t he ac t iv i ty of I T ' D R may resul t from its cleavages to 1-T" in 
this line. 
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TABLE I I 

SURVIVAL OF B D F M I C E WITH 

VARIOUS LEUKEMIAS IN ASCITES FORM" 
Mean 

survival, Extremes, 
Leukemia days days 

L1210 
Control 10.1 8-12 
FUDR, 40 mg/kg X 7 11.8 S-15 
FUDR, 200 mg/kg X 3 10.5 9-12 
DHFUDR, 400 mg/kg X 3 14.1 12-17 

L5178Y, FUDR-sensitive 
Control 13.8 11-18 
FUDR, 40 mg/kg X 7 20.9 16-24 
DHFUDR, 400 mg/kg X 3 23.5 16-31 

L5178BF, FUDR-resistant 
Control 13.9 13-15 
FUDR, 40 mg/kg X 7 20.8 18-2" 
DHFUDR, 400 mg/kg X 3 21.4 13-30 
DHFUDR, 150 mg/kg X 7 22.9 19-29 
DHFUDR, 250 mg/kg X 5 34.4 17-150 

(1 survived) 
L1210 489, FU-sensitive 

Control 9.0 7-10 
FUDR, 40 mg/kg X 7 10.0 9-12 
FU, 25 mg/kg X 7 12.9 10-15 
DHFUDR, 400 mg/kg X 3 12.8 11-16 
DHFUDR, 175 mg/kg X 7 15.0 11-21 

L1210 XI I I , FU-resistant 
Control 10.7 9-14 
FUDR, 40 mg/kg X 7 10.6 8-13 
FU, 25 mg/kg X 7 9.1 8-10 
DHFUDR, 400 mg/kg X 3 12.2 8-24 
DHFUDR, 175 mg/kg X 7 14.4 10-35 

° There were ten mice/group, and the drugs were given 
traperitoneal injection 1 day after transplantation. 

17 C 

1.17 
1.04 
1.40 

1.50 
1.54 
1.65 
2.47 

1.11 
1.43 
1.42 
1.60 

0.99 
0.84 
1.14 
1.35 
by in-

Germanv). The following solvent systems were used: A, 
E t O H - l - P r O H - H 2 0 (4:1:2, v / v ) ; B, MeOH-C6H6 (1:3, v / v ) ; 
C, Me2CO-cyclohexane (1:1, v / v ) ; D, 2-PrOH-NH 1OH-H 20 
(7:1:2, v /v ) . The uv absorption spectra were run on a Cary 
spectrophotometer Model 15. The analyses were performed by 
Galbraith Laboratories, Inc., Knoxville, Tenn. 

2,3'-Anhydro-l-(2-deoxy-5-0-trityl-/3-D-Iyxofuranosyl)-5-
fluorouracil (IV).—l-(2-Deoxy-5-0-trityl-/3-D-ribosyl)-5-fluoro-
uracil24 (II) (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.). The solution was stirred and the 
pale, granular precipitate of l-(2-deoxy-3-mesyl-5-0-trityI-/3-D-
ribofuranosyl)-5-fluorouracil24 (III) was collected by filtration, 
washed with excess cold water, and dried in vacuo (P2O5). The 
crude material weighed 23.6 g (103.9%) and was used as such 
for further reactions. 

Crude I I I (5.62 g, 10 mmoles) was dissolved in EtOH (100 ml), 
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 (150 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, 
\"'fH 254 mM (e 6727), X™s0H 247 mM (e 6668), and shoulders at 
230 and 265 m,u. The ir spectrum showed no band at 1170 
c m - 1 (absence of mesvl group). 

Anal. Calcd for C28H23FX204: C, 71.49; II, 4.89; X, 5.96. 
Found: C, 71.21; 11,5.07; N, 5.72. 

l-(2-Deoxy-3-O-mesyl-0-D-ribofuranosyl)-5-fluorouraciI (VI) 
was prepared according to the method of Fox and Miller." 
Crude I I I (23.6 g) gave 10.354 g (87.0% based on II) of VI as 
colorless long needles: mp 158°; uv absorption, X°S°H 267.5 
m t̂ (<• 9486), K 234 mM (f 2402). 

2,3'-Anhydro-l-(2-deoxy-/3-D-lyxofuranosyl)-5-fluorouracil 
(VII).—Compound VI (11.00 g, 31.97 mmoles) following the 

method of Fox and Miller24 gave 7.2 g (98.7%) of VII as colorless 
crystalline material: mp 166-170°; uv absorption, X^° 255.5 m î 
(« 8008) and 236 mM (<• 6603), X"?° 238 rmt (£ 6256) and 220 mM (e 
5630). 

l-(5-O-Trityl-2,3-dideoxy-2,3-didehydro-/3-D-0Zi/ce/o-pento-
furanosyl)-5-fluorouraciI (V). Method 1.—Ill (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 A7 

AcOH (phenolphthalein) and filtered. The yellowish powder 
was vacuum desiccated over P205 and KOH overnight and re-
crystallized from absolute EtOH (charcoal) to yield 0.405 g 
(82.7%) of colorless needles of V: mp 192-193°; uv absorption, 
Xm;lx 2b/ m^, Xmin z44 mjit. 

Anal. Calcd for C2SH23FX204: C, 71.49: H, 4.89; X, 5.96. 
Found: C, 71.62; H, 5.00; X, 6.04. 

Method 2.—IV (2.35 g, 5 mmoles) was dissolved in anhydrous 
DMSO (20 ml) and added to a stirred solution of KO-i-Bu 
(0.588 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 (11.) 
and stirred. The aqueous solution was neutralized with dilute 
AcOH (pH 5). The pale gelatinous precipitate was filtered, 
washed with excess cold water, and dried in vacuo over P2Os 
and KOH to yield 2.1 g (89.3%) 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. 

l-(2,3-Dideoxy-2,3-didehydro-/3-D-(7/!/ce/'o-pentofuranosyl)-5-
fluorouracil (VIII). Method 1.—V (0.2 g, 0.425 mmoles) was 
swirled with 2.5 ml of cold formic acid (98-100%). After 5 min 
(room temperature) the acid was quickly evaporated on 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, and the filtrate 
was evaporated to dryness under reduced pressure (temperature 
less than 40°). The residue was dissolved in boiling Me2CO 
(40-50 ml) and decolorized (charcoal). The colorless solution 
was evaporated to 5 ml and C6H6 (10 ml) was added. The turbid 
solution was warmed and allowed to crystallize in the cold. 
VIII was obtained as colorless microcrystals (0.068 g, 70.1%). 
This on recrystallization from EtOH-CaH« (by evaporating the 
EtOH solution with excess C6H6 until slightly turbid) gave long 
colorless needles: mp 138-139° (resolidifies after a colorless 
melt); uv absorption, pH 1 Xmax 267.5 m/j (« 7600), pH 12 

267.5 mM (e 5924). 
Anal. Calcd for C9H9FN204 : C, 47.37; H, 3.95; X, 12.28. 

Found: C, 47.54; H, 3.96; X, 12.20. 
Method 2.—To a stirred solution of VII (3.176 g, 13.93 mmoles) 

in anhydrous DMSO (55 ml), KO-i-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-50 (H + ) column (three 20-cm portions); cold MeOH was 
used to elute all of the uv-absorbing material. The MeOH eluate 
was concentrated on a rotary evaporator, and the DMSO was 
distilled (55°, 0.5 mm) to obtain a pale gum. The gum was dis­
solved in hot absolute EtOH (10 ml) and passed through a thin 
bed of charcoal and Supercel (25 ml of boiling EtOH was used 
as wash liquid). The filtrate and the washings were mixed with 
15 ml of C6H6 and evaporated to 30 ml, the process was repeated 
twice after addition of C6H6 (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 C6H6 (15 ml); yield 
2.035 g (64.07%). The product had the same Rt values on tic 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 5-fluorouracil 
impurity (tic in systems A, C, and D). 
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l-(2,3-Uideoxy-2,3-didehydro-/J-D-(/^ce/o-pentofuranosyl)-5-
lluorouracil 5'-Phosphate (X).—VIII (0.114 g, 0.5 mmole) was 
phosphorylated with (3-cyanoethyl phosphate (0.15 g, 1.0(1 
mmole) and X,XT'-dieyclohexylcarbodiimide (1.03 g, 5 mmoles i 
according to the method of Tenor.29 After removing the precipi­
tated N,X'-cyclohexylurea, the filtrate and washings (6 ml of 
dry pyridine used as wash liquid) were evaporated to a gum under 
reduced pressure (temperature below 35°). The gum gave a 
single homogeneous, phosphate-positive, uv-absorhing spot on 
tic (systems A and I)). The material was suspended in aqueous 
NaOII (0.1 X. 5 ml) and kept under reflux (bath temperature 
100°) for 7 min. Then the solution was cooled and diluted (100 
ml) with distilled water. Amberlite IH-120 (II*) (5 ml) was 
added and after swirling, the cold solution was quickly filtered 
and neutralized to pll 7.5 with dilute XII4()II. The resulting 
solution was diluted with an equal volume of KtOH and carefully 
evaporated under reduced pressure 10 a gum. The gum was 
taken up in l ml of I130 and the pll was adjusted to 9 with dilute 
NI1|()H. The solution was cooled to 7° and absorbed on a 
Dowex I (formate, 200-400 mesh) column (,3 X 7 cm). The 
column was first washed with 600 ml of distilled H>() (chromatog­
raphy was done in a cold room at 5-7°). Then it was eluted with 
700 ml of ammonium formate (0.05 .1/', p l l 6.5); 10-ml fractions 
were collected. Fractions S-15 had some tiv-absorbing un-
phosphorylated material. Then the column was eluted with 0.5 
M ammonium formate (pll 6.5), and fractions 78-110 were 
combined (made up to pi I 7.5 with XHjOIli and carefully evapo­
rated under reduced pressure. The residual gum was taken in 
water (50 ml) and desalted with the help of a charcoal column 
( 2 X 3 cm). The filtrate containing the product was carefully 
decat ionized with Amberlite IH-120 (H~) and immediately 
neutralized with aqueous Ba(OHj> (0.2 .1/). CO* was passed 
through, and the solution was filtered (10 ml), absolute KtOH 
(20 ml) was added, and the precipitated material was left in the 
refrigerator for 3 days. Then the precipirate was centrifuged, 
washed (KtOFI, Kt4)), and air-dried to obtain barium l-(2,3-
dideoxy-2,)-)-didehydro-(3-D-(7(i/cc/'o-pentofuranosyl)-5-fiitorouracil 
5'-phosphate (X-Ba) as a white powder (0.4 g) which was purified 
by reprecipitation from KtOH. The product gave a single uv-
absorbing (X"l? 267.5 iri|U, A"-" 235 ni^.i spot on tic (system ])) and 
its electrophoretic mobility was comparable to 5-fluoro-2'-deoxy-
uridine ."/-phosphate at pll 4.)! (acetate buffer i and 7.5 (phosphate 
buffer). 

Anal. CalcdforC 3n sBaFN.,0 7P-H 20: P, 6.47. Found: P, 0.31. 
Enzymatic Dephosphorylation of X. -Compound X (1.5 mg, 

diammonium salt) was dissolved in 0.2 nil of acetate buffer (pi! 
5), prostatic phosphomonoesterase (0.5 mg) was added, and the 
mixture was incubated at 117.5° for 30 min; a blank without 
enzyme was also run. Tie (systems A and 1)) revealed material 
corresponding to VIII as the sole uv-absorbing product (also 
inorganic phosphate), whereas the starting material X remained 
unaffected in the control (without enzyme). 

I-(2,3-Dideoxy-(3-u-(//(/c(»/o-pentofuranosyl)-5-fluorouracil 
(IX). VIII (115 mg, 0.5 mmole) was dissolved in dioxane (25 
nil) and hydrogenated (1.55 kg/cm2) in the presence of 5')< 
IM--C (200 mg) for 30 min (room temperature). The catalyst 
was removed by filtration, washed with 25 ml of hot KtOIl, 
and the combined filtrate and washings were evaporated to 
dryness. Some ethanol-insoluble material (16 mg, shown to be 
5-fluorouracil by melting point and uv spectra) was removed. 
The filtrate was evaporated and the residue was absorbed (2 ml 
of H20 solution) on a Dowex 1 formate40.11 (200-400 mesh) column 
(2.5 X 22 cm). The column was eluted with H20 and 10-ml 
fractions were collected. Fractions 100-135 gave traces of im­
purity (A"",1"' 262 m/i), fractions 147-300 (mostly eluted with 
30','y. aqueous MeOH) were combined and evaporated to dryness 
under reduced pressure. The residue was dissolved in 10 ml of 
.Me.OO, decolorized (charcoal), and then evaporated with CJIe 
( 10 ml) to S ml, then 5 ml of petroleum ether (bp 30-60°) was 
added to yield colorless needles TX: 35 mg (31.0c-i); mp 115-
117°; uv absorption, A"",1 270.5 niu U 0050), X"",' 235 mM U 
1292), A1;",'-' 270.5 nwj (< 6620), K"u" 248 mm (e 3810). 

Anal. Caled for CjHuFXM),: ( ' ,46 .96: II, 4.IS; \ \ 12.17. 
Found: C, 47.26; 11,4.41; X. 12.26. 

(10) In a n o t h e r exper iment D i l l - T D K 1,000 mg; was h y d r o ^ e n a t e d in Hie 
presence of IM-( ' y400 mK) in abso lu te KtOH at I.N.;-; ksr em". Tin; hydro-
i ienaiion was eomple l e in o min ami IX (,120 msrl was isolated by chroma­
tography on u Dowex 1, (Oil! '1 1 co lumn ( the product was eluted witli 0.1 M 
aipii-ous ( N I I j l H C O j t . 

(11) ('. A. Dekkcr , ./. Am. Vl,rm. >'(//.-., 87, 1027 fl'Miu). 

Preparation of l-(2,3-Dideoxy-2,3-didehydro-fJ-n-<y/;ycero-
pentofuranosyl)-5-fluorouracil-2-1'C. 5-Fluoro-2'-deoxyuridine-
2-14C tl mciiriei (obtained from CalBiochem) was diluted with 
nonradioactive 5-fiuoro-2'-deoxyuridine to 110 mg and dissolved 
in dry pyridine (5 ml). The solution was heated under reflux 
(bath temperature 100°! with trityl chloride (134 mg) for 2 hr. 
The cooled solution was poured over ice-water (100 ml) and the 
water was extracted with CHOI.-, (three 20-ml portions) a11< 1 
dried (MgSOj). The OHOf, solution was evaporated to a gum, 
which crystallized on trituration with cold anhydrous ether, and 
was recrystallized from aqueous KtOIl to give 160 mg of 1-
(2-deoxy-5-0-trityl-i3-i)-i,ibofuranosyr)-5-fluorouriicil-2-140. The 
tritylated compound was dissolved in dry pyridine ( 1.3 ml) and 
the solution was cooled to 0° and treated with cold, freshly dis­
tilled (0.04 ml) nielhanesulfonyl chloride. The reaction solution 
was maintained at 5° overnight (anhydrous conditions), then 
KtOH id.05 ml) was added. After 1 hr at 5° the solution was 
poured over ice- water i 150 ml), and the precipitated product was 
filtered, washed with water, and dried (vacuum, !'•.(),-,) (Hit) mg). 
The crude, l-(2-deoxy-3-0-mesyl-5-0-lrityl-/3-D-ribofuraiiosyl :-5-
rluorouracil-2-I4C was dissolved'in S ml of O H C V K t 2 0 (1:1) and 
the cooled solution i—5° i was saturated with dry IK'l for 40 
min. After 2 hr at 5° the precipitated material was filtered, 
washed with cold anhydrous ether i 10 ml), and recrystallized 
from absolute KtOH (charcoal) to yield 45.5 mg of l-(2-deoxy-3-
0-mesyl-f3-i)-ribofuraimsyl)-5-fhu>rouracil-2-14(': the mother liq­
uor gave 13 mg more of colorless needles. The mesylate (5N.5 
mg) was suspended in IhO (1 ml), half a drop of methyl red was 
added, and the stirred solution was healed under reflux (bath 
temperature 100°). The pi I of the solution was maintained be­
tween 4 5 by addition of 1 .1/ Kt:lN (in 50''; aqueous KtOH) 
until the solution stayed yellow ( 10 min, 0.17 ml). The reaction 
was maintained for 50 min, then the contents were evaporated 
to dryness on a rotary evaporator and the residual gum was 
recrystallized from absolute KtOH to obtain 2,3'-anhydro-l-(2-
deoxy-fi-i)-ly\ofuranos\ 1 )-5-fluoroiiracil-2-'4C (35 mg). The 
anhydronueleoside was dried and dissolved in anhydrous DA I SO 
(0.0 ml). To this solution KO-/-B11 (19.3 mg) was added and 
solution was st irred al room temperat ure. After 2 hr the reaction 
solution was poured over 20 ml of anhydrous MeOH, stirred 
10 min with 1 ml of Amberlite IRO-50 (H") , and filtered. The 
combined filtrate and washings I 10 ml of MeOH ) were evaporated 
under reduced pressure: the last traces of solvents were removed 
al 55° (0.5 mm i. The residual gum was dissolved in MeOH 
I charcoal), concentrated to a small volume, and purified by 
preparative thin layer chromatography (system B used as de­
veloping solvent ). The major uv bands which corresponded 
to l-(2,3-dideoxy-2,3-didehydro-0-i>-{//i/rc/'O-pentofuranosy! 1-5-
fhiorouraeil-2-14C' worn cut and eluted to furnish 22 mg of the 
product, which gave a single radioactive spot in four different 
chromatographic systems (A--I)i. The over-till yield based upon 
5-rIuoro-2'-deoxyuridine-2-1,0 was 21 .5 ' , . The specific activity 
was 1.9 jucuries/mmole (8.35 ucuries/mgi. 

The chromatographic behavior of the various compounds is 
given in Table III . 

TABLE III 

CHROMATOGRAPHIC BEHAVIOR OF COMPOUNDS 

ON THIN LAYER CHROMATOGRAPHY 
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II 
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1 32 

1 31 
1 ,32 
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1 19 
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1 21 
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1 

1 
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1 
0 

1 

1 
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1? 

ilira 
:el) 

.0(1 
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, 56 
.73 

.56 

.78 

38 
. 3<S 

20 

.24 

vent system-

r 
(silica 
sell 

1 .00 
().(>S 

2 . 0 5 
1.91 
0 . 8 6 
2 . 2 8 

1 36 
II 09 

1 4 1 

1 36 

I) 
(cellu­
lose 

1 .00 
1 08 

1 . 75 
1 SO 

1 .84 
1 82 

1 .27 

1 25 

1 16 
1) OS 

II 79 

1 .22 

" /in- relative to I hat of F l ' . For composition of solvent sys­
tems, see text. 


