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dehydro-5-fluoro-2’-deoxyuridine, DHFUDR) and 1- 
(2,3-dideoxy-P-~-glycero-p en  t of uranosyl)-5-fluoroura- 
cil (IX, 2’,3’-dideoxy-5-fluorouridine). 

Although 2‘,3’-dideoxynucleoside derivatives have 
I)eeri known for a long time,I6 their importance was 
only recently pointed out by Robins and c o - ~ o r k e r s ~ ~ ~ ’ ~  
:LS posbible chain terminators of D S A  biosynthesis. 
The elucidation of the structure of nucleoside anti- 
biotics, such as blasticidin S (a 2’,3’-unsaturated 
pyranoside), l 9  and angustniycin h (a furanoside with an 
exocyclic 4’,3’ double bond),?O along with the observa- 
tion of Sovak arid Sorm” that 9-(2,3-dideoxy-2,3- 
didehydro-0-erythro-hex-2-enosy1)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 al..22323 
t o  convert the 2,3’-anhydronucleosides (IT‘ and YII) 
to the corresponding 2’3’-unsaturated derivatives 
(Y and T’III). The unsaturated compound (T’III) 
was catalytically hydrogenated to  obtain 2‘,3’-dideoxy- 
5-fluorouridirie (IX) . 

1- (2-Deoxy-d-O-trityl-/3-n-ribofuranosyl)-5-fluoro- 
uracilz4 (11) was treated with an equivalent amount of 
methanesulfonyl chloride in pyridine t o  obtain its 
3’-O-mesyl derivative (111). The crude 111 was 
treated with potassium t-butoxide ( 2  equiv) in dimethyl 
sulfoxide at  room temperature for 30 min t o  obtain 
1- (5-O-trityl-2,3-dideoxy-2,3-did e h y d r o - P  - D -g I y ce  r o - 
pentofuranosy1)-5-fluorouracil (T) in over 80% yield. 
The latter could also be prepared by converting the 
mesylate (111) to 2,3’-anhydro-l- (2-deoxy-5-0-trityl-P- 
n-lyxofuranosyl)-5-fluorouracil (IT.’) by alkaline treat- 
mentZ5 (.%%), followed by base-catalyzed decyclization 
with potassium t-butoxide (1 equiv) in dimethyl sul- 
foxide (89.3y0). Detritylation of V gave T3II in good 
yields. The pmr spectra of T’III shon-ed two adjacent 
vinyl protons located at  6 6.50 and 5.96, respectively. 
The anomeric proton was a multiplet (spectra taken in 
D20) centered at 6 6.96 with a coupling constant of 2 cps. 
The structure of T’III 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 T’III vias completely converted to  FU 
within 5 min. However, at  room temperature it mas 
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 S a O H  produced no hydrolysis up to  30 
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min, whereas under similar conditions at  room tempera- 
ture VI11 was stable for more than 3 hr. 

It was found that acid-catalyzed detritylation of 1’ 
invariably resulted in DHFUDR contaminated with 
traces of FU; this was more apparent in large-scale 
preparations. The known biological activity of l<U 
forced us to  devise a route that  would eliminate thc 
acid treatment after generation of the 2’,3’ double 
bond. 2 , 3’-Anhydro- 1 - (2-deoxy-p-~-lyxof uranosyl) -5- 
fluorouracil (T‘II) was prepared from FUDR by the 
method of Fox and ;\IillerZ4 and treated at room tem- 
perature with potassium t-butoxide in dimethyl sul- 
foxide for 2.15 hr t o  obtain DHFUDR (64%) in a high 
state of purity. This constitutes the first instance of 
the conversion of a 2,3’-anhydronucleoside unprotected 
a t  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 workersz3 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‘-me~ylanhydronucleoside~~~ 
required 60 min, and our tritylated derivative (IY) mas 
completely converted to  V in 10-15 m h Z 6  The 2’,3’- 
unsaturated nucleoside, DHFUDR, gave a purple 
color on chromatograms when sprayed and heated 
( 3 4  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.z8 

The biological activity of DHFUDR made it neces- 
sary to  prepare it labeled with I4C (starting with FUD11- 
2-14C) as well as its 5’-phosphate derivative. The 
nucleotide was synthesized by phosphorylating 
DHFUDR with P-cyanoethyl phosphate and dicyclo- 
hexylcarbodiimide in pyridine according to  the method 
of Tener;29 subsequent alkaline treatment gave 1-(2,3- 
dideoxy-2,3-didehydro-P-~-glycero-pent of u r a n o  syl)-5- 
fluorouracil j’-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  
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TABLE I1 
SURVIVAL OF B D F  MICE \i 11" 

Y.IRIOUS LEUKEMIAS IN ASCITES FORM" 

Leuhemia 

L1210 
Control 
FUDR, 40 mg/kg X 7 
FUIIIZ, 200 mg/kg X 3 
IIHFUDR, 400 mg/kg X 3 

G178Y, FUDR-sensitive 
Control 
FUUR, 40 mg/kg X 7 
DHFUDR, 400 mg/kg X 3 
3 1 iXBF, FUDR-resistant 
Ct ) I  I t rol 
Ft-l)It ,  40 mg/kg X 7 
III1FUDR, 400 mg/kg X 3 
I)I-1FCDR, 150 mg/kg X 7 
DHFUUR, 250 mg/kg X 5 

L1210 489, FU-sensitive 
Control 
FUUR, 40 mg/kg X 7 
FU, 25 mg/kg X 7 
DHFUDR, 400 mg/kg X 3 
DHFUDR, 175 mg/kg X 7 

L1210 XI I I ,  FU-resistant 
Control 
FUDR, 40 mg/kg X i 
FC, 25 mg/kg X 7 
UHFUDR, 400 mg/kg X 3 
UHFUDR, 175 mg/kg X 7 

Mean 
survival 

days 

10.1 
11.8 
10.5 
1 4 . 1  

1 3 . 8  
20.9 
2 3 . 3  

13 , !) 
20,s 
21.4 
22.9 
34.4 

9 , 0 
10.0 
12.9 
12.8 
15.0 

10.7 
10.6 
9 . 1  

12.2 
14.4 

Extrelllcs, 
days T/C: 

s-12 
S-15 1 17 
9-12 1.04 

12-17 1 40 

11-18 
16-24 1.31 
16-31 1.70 

13-1 5 
IX-2- 1 .iO 
13-30 1.34 
19-29 1.63 
17-150 2.47 

(1 survived) 

7-10 
9-12 1.11 

10-15 1.43 
11-16 1.42 
11-21 1.6lJ 

9-14 
8-13 0 . 9 9  
8-10 0.84 
8-24 1.14 

10-35 1.35 
a 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-HpO (4: 1:2, v/v);  B, lkOH-CeH6 (1:3, v/v);  
C, Me&O-cyclohexane (1 : 1, v/v);  D, 2-PrOH-NH~OH-H~O 
(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, Term. 

2,3'-Anhydro-l-( 2-deoxy-5-0-trityl-fi-n-lyxofuranosyl)-5- 
fluorouracil (IV).-l-(2-Deoxy-5-0-trityl-p-~-ribosyl)-S-fluoro- 
uracilz4 (11) (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. iibsolute EtOH 
(18 ml) was added, and after 1 hr (0") the dark yellow solution 
was poured over ice wat,er ( 2  1.). The solution was stirred and the 
pale, granular precipitate of 1-(2-deoxy-3-mesyl-5-O-trity1-fi-n- 
ribofuranosyl)-5-fluorouracil~4 (111) was collected by filtration, 
washed with excess cold water, and dried in mcuo (P20j). The 
crude material weighed 23.6 g (103.9%) and was used as such 
for further reactions. 

Crude 111 (5.62 g, 10 mrnoles) was dissolved ill Et,OH (100 ml), 
I I\' aqueous NaOH (10.5 ml) was added, and solution wab heated 
under reflux for 3 hr. The reactioii mixture was evaporated to 
dryness on a rotary evaporator. The residual solid was triturated 
with ice-wat,er (150 ml) and filtered to give 4.38 g of the product. 
This was recrystallized from methanol (charcoal) t'o get colorless 
tiny needles: nip 237-238" : yield 2.712 g (57.9Yc); LIV absorption, 
A%:0H 254 mp (E 6727)) AE:::,""" 247 mp ( e  6668), and shoulders at  
280 and 265 rnp. The ir spectrum showed no band a t  1170 
cm-1 (absence uf niesyl group). 

Anal. Calcd for CPIHPSFSJJI :  C, 71.49; 11, 4.89; N, 5.96. 
Fouud: C, 71.21; 11, 5.07; IY, 5.72. . .  

1 -( 2-Deoxy-3-O-mesy~-~-~~ribofuranosy~)-5-fluorouraci~ (VI )  
was prepared according to the method of Fox and Aliller.24 
Crude I11 (23.6 g )  gave 10.X34 g (87.07: based on 11) of VI as 
colorless long needles: mp 158'; LIV absorption, 267.5 
nip ( e  9486), 

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

234 mp ( e  2402). 

method of Fox and Millerz4 gave 7.2 g (98.7oJ,) of T'II as colorless 
crystalline material: mp 166-170'; uv absorption, A",: 255.5 mp 
(e 8008) and 236 mp ( e  6603), A::," 238 mp (E 6856) and 220 mp ( e  
5630). 

1 -( 5-O-Trityl-2,3-dideoxy-2,3-didehydro-p-~-g2yce~o-pento- 
furanosyl)-5-fluorouracil (V). Method 1.-I11 (0.651 g, 1.13 
mmoles) was dissolved in anhydrous DMSO ( 5  ml) and added 
to a stirred solution of KO-t-Bu (0.432 g, 2.4 mmoles) in 5 ml of 
DlISO 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 A' 
AcOH (phenolphthalein) and filtered. The yellowish poxder 
was vacuum desiccated over PpOj and KOH overnight and re- 
crystallized from absolute EtOH (charcoal) to yield 0.403 g 
(82.7%) of colorless needles of L-: mp 192-193"; uv absorption, 
Am,,, CH30H 267 mp, AE:OH 244 m p .  

d n d .  Calcd for C48H2SFX;20~: C, 71.49: I f ,  4.8!); SI 5.96. 
Foulid: C, 71.62; H, 5.00; 5,  6.04. 

Method 2.--IV (2 .35 g, 5 mmoles) was dissolved iii anhydrous 
])AIS0 (20 nil) and added to a stirred solution of KO-t-Bu 
(0.588 g, 6.25 mmoles) in IILISO (20 ml) over a period of 10 
miii in the abseiice of moisture. After 30 min (room temperature) 
the light browii reaction mixture was poured into ice-water (1 1.) 
and stirred. The aqueous solution was neut,ridized with dilute 
AcOH (pH 5) .  The pale gelatinous precipitate was filtered, 
washed with excess cold water, and dried in oucuo over PpOa 
and KOTI to yield 2.1 g (89.3Tc) of pale crystalline material. 
This was recrystallized from absolute EtOH (charcoal) to 
furnish colorless crrstalliiie material, mp 1Y2- 193", no mixture 
melting point depression wit'h 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-~-u-glyce~o-pentofuranosyl)-5- 
fluorouracil (VIII). Method 1.--V (0.2 g, 0.423 mmoles) was 
swirled with 2.5 ml of cold formic acid (98-100%). After 5 min 
(room temperature) the acid was quickly evaporated oii 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 yellom-ish 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 hlepCO 
(40-50 ml) arid decolorized (charcoal). The colorless solution 
was evaporated t'o 5 ml arid CsH6 (10 ml) was added. The turbid 
solution was warmed and allowed t tallize in the cold. 
VI11 was obtained as colorless micro $ (0.068 g, 70.15) .  
This on recrystallization from EtOfI-CflfJ6 (by evaporat,ing the 
EtOH solution with excess CsH, uutil slightly turbid) gave long 
colorless needles: mp 138-139" (resolidifies after a colorless 
melt); uv absorution, pEI 1 A,,, 267.5 mu ( e  76001, pH 12 
Amax 267.5 mp ( B  5924). - 

Anal. Calcd for CQHQFN~OA: 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 VI1 (3.176 g, 13.93 mmoles) 
in anhydrous DMSO ( 5 5  ml), KO-t-Bu (1 .75 g, 15.62 mmoles) 
was added. The reaction was maintained in t,he absence of 
moisture for 2.15 hr. Then the solution was diluted Rrith cold 
anhydrous MeOH (600 ml) and passed through an Amberlite 
IRC-50 (H+)  column (three 20-cm portions); cold bIeOH was 
used to  eliite all of the uv-absorbing material. The hIeOH eluate 
\vas c:oiicenlrateri on a rotary evaporator, a i d  t,he DAIS0 was 
dist'illed ( ;So ,  11.5 inni) to obt,airi a pale grirn. The giim was dis- 
solved in hot absolute Et011 (10 ml) aiid pased through a thin 
bed of charcoal and Supercel (25  ml of boiling EtOH was used 
as wash liqriid). The fi1trat)e and the BTashiiigs were mixed with 
1.3 ml of CeHs and evaporated to 30 ml, the process was repeated 
twice after addition of C& (t'wo 25-m1 portions), and finally 
the solution was concentrated to 30 ml. This solution was seeded 
and allowed to cool to room temperature when VI11 started to 
crystallize, mp 136-138". The solution was cooled overnight, 
filtered, and washed with the filtrate and then C& (15 ml); yield 
2.035 g (64.07y0). The product had the same Rr 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 9). The last two crops had traces of 5-fluorouracil 
impurity (tlc in systems A, C, and U).  




