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Nucleosides. LXIV. Fluoro Sugar Analogs 
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The syntheses of l-(3-deoxy-3-fluoro- and -2-deoxy-2-fluoro-/3-D-xylofuranosyl)cytosines (X and XI, respec­
tively) and l-(2-deoxy-2-fluoro-a- and -0-D-arabinofuranosvl)cytosines (Xl la and X l l b ) from their corresponding 
suitably protected halogenoses are described. The susceptibility of these cytosine nucleosides (X, XI, XII ) to 
cytidine deaminase was studied along with the susceptibility of several corresponding fluoro sugar adenine nucleo­
sides to adenosine deaminase. Preliminary studies showed that in L1210 mouse leukemia suspension culture, 
X l l b has a growth inhibitory effect comparable with that of ara-C. 

As part of a program of synthesis of nucleosides with 
biochemical and chemotherapeutic potential,2 we have 
undertaken the preparation of a number of nucleosides 
containing F in the carbohydrate moiety. Previous 
studies dealt with the synthesis of 2'-deoxy-2'-fluoro 
analogs of uridine, 5-fluorouridine, ribothymidine,3 and 
cytidine4 by reaction of 2,2'-anhydro nucleosides with 
HF in dioxane. Conventional condensation of pre­
formed deoxyfluoro sugar derivatives with 2,6-dichloro-
purine led to 9-(3-deoxy-3-fluoro-/3-D-xylofuranosyl)-
adenine5 and 9-(2-deoxy-2-fluoro-a- and -/3-D-arabino-
furanosyl)adenines.6 The present report describes the 
synthesis, via the "silyl" procedure,7 of l-(3-deoxy-3-
fluoro- and -2-deoxy-2-fluoro-/3-D-xylofuranosyl)cyto-
sines(X and XI), and l-(2-deoxy-2-fluoro-a- and -/3-D-
arabinofuranosyl)cytosines (Xlla and Xllb) . 

Compound Xl lb is of particular interest as a 2'-fluoro 
analog of the chemotherapeutically active ara-C.8 

Pharmacological studies in man and mouse have shown 
that ara-C is rapidly deaminated to 1-0-D-arabino-
syluracil, an inactive metabolite.2'8 The present 
report examines the susceptibility of X l lb and related 
fluoro sugar cytosine nucleosides to cytidine deaminase. 
Additionally, the susceptibility of the 2'- and 3'-fluoro 
analogs of chemotherapeutically active8 adenine nucleo­
sides, ara-A and xylo-A, to adenosine deaminase is 
reported. Finally, some preliminary screening studies 
of these fluoro sugar cytosine nucleosides against LI210 
mouse leukemia suspension culture are given. 

The glycosides, methyl 3-deoxy-3-fluoro-/3-D-xylo-
furanoside (I),5 methyl 2-deoxy-2-fluoro-/3-D-xylofurano-
side (II),9 and methyl 2-deoxy-2-fluoro-a-D-arabino-
furanoside (III),6 were treated with PhCOCl in pyridine 
to give 75-85% yields of the di-O-benzoyl derivatives IV, 
V, and VI, respectively. These were readily converted 
into the bromo-sugars VII, VIII, and IX by reaction 
with saturated HBr in glacial AcOH. Halogenose 
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VII could also be obtained from IV by a less vigorous 
procedure, namely treatment with HBr in CH2CI2 
at 0°, whereas similar treatment of V and VI failed to 
afford bromo sugars. Compounds VII, VIII, and IX 
were unstable and were prepared immediately before 
use. 

Initial attempts to prepare cytosine nucleosides from 
these bromo sugars using the generalized mercuric 
cyanide-nitromethane method10 failed, due, probably, 
to the instability of the bromo sugars and the relative 
insolubility of V-acylcytosines in nitromethane. Addi­
tion of DMF to the solvent increased the solubility of 
the pyrimidine base, but yields of nucleosides were 
still low and extremely variable. Therefore this ap­
proach was abandoned in favor of a procedure using the 
bis(trimethylsilyl) derivative of cytosine. 

A standardized procedure was adopted for the syn­
thesis of the cytosine nucleosides. Thus, the bromo 
sugar was dissolved in a small volume of MeCX and 
added with stirring to a twofold excess of bis(tri-
methylsilyl)cytosine,n partly dissolved in MeCX at 
room temperature. After a few minutes the solution 
became clear, and the reaction was allowed to proceed 
for several days. The nucleosidic products, without 
characterization, were debenzoylated to the free nucleo­
sides by treatment with methanolic XaOMe. In all 
cases, glycosylation occurred on X-l of the base, as 
adduced from the close similarity of the uv spectra of 
the products to that of cytidine in acidic, neutral, and 
basic solution. 

Using the above procedure, bromo sugar VII afforded 
a 76% yield of l-(3-deoxy-3-fluoro-/3-D-xylofuranosyl)-
cytosine (X), isolated as the crystalline HC1 salt. 
Since the 2-O-benzoyl substituent could participate 
during the condensation, the /3 anomeric configuration 
was expected, resulting in a 1',2'-trans configuration, 
as previously obtained in the condensation of bromo 
sugar VII with V-benzoyladenine.5 Firm evidence for 
the 0 configuration was obtained from the nmr spec­
trum of X (in DMSO-rfe), in which the signal for the 
1'-proton appeared at B 5.69 as a slightly broadened 
singlet (Jr,2' < 1.0 Hz). This small coupling is charac­
teristic of the trans l ' ,2 ' configuration in furanose 
derivatives,12 and hence of the /3 configuration in this 

(10) N. Yamaoka, K. Aso, and K. Matsuda. J. Org. Chem., 30, 149 (1965); 
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instance. The C D (circular dichroism; spectrum of X • 
HC1 in H 2 0 provided further confirmation of the 3 con­
figuration in that it displayed a positive Cotton effect 
centered at 27 S m/i: this conformed to the rule proposed 
by I ' lbricht. el al.,Vi that l-> j-i>-pentof'ur;uiosyl)uraeils 
and -cytosines show positive Cotton effects in the region 
of the so-called B^,, spectral band i2i>() 2S() m/j. for most 
nucleosides) if the nucleoside po-se-.-es a preferred con­
formation owing to restricted rotation about the giycosyl 
bond. This rule appear- io be valid for ribo-. de-
oxyribo-. and arabinonucleo-ide-. regardless of whether 
the sugar OH groups are substituted. The magnitude, 
but not the sign, of the Cotton effect may be varied by 
changes in thc> sugar. Thu- the rule, in our opinion, 
is applicable also to deoxyfluoro -ugar nucleosides, and 
we will present evidence i-ee below in support of this 
application. 

Reaction of the 2-deoxy-2-fiuoro.xylosyl bromide 
'NTH with bis(trimethylsily ;cyto>ine gave a complex 
mixture of products, from which blocked nucleoside 
(in i\i)cv

c yield) was isolated a- an amorphous solid by 
preparative tic. After debenznylation. tic showed the 
reaction mixture contained two components, the a and 
iS nucleosides, in a ratio or 1:C The predominant 
isomer was obtained by fractional crystallization from 
MeOH. and. on the basis of a positive Cotton effect at 
270 nipt, was assigned the J configuration (XI) . The 
other isomer could not be obtained in pure form. 

The most plausible explanation for predominance of 
the d-nucleoside product in thi- condensation, in view 
of the absence of a participating group at C-2 of the 
sugar, is that bromo sugar VIII exists largely as the 
a anomer. and undergoes direct Sx2 at tack by X-l 
of the base to give a preponderance of the 3 nucleoside. 

As in the case of the 2-deoxy-2-fluoro isomer VIII, 
:-),")-di-0-benzoyl-2-deoxy-2-fluiiroarabinosyl bromide IX 
gave, as expected, a mixtuiv of products from which 
the free anomeric nucleoside- XI la and X l l b were ob­
tained after chromatography and deblocking in a com­
bined yield of 4.">c,. The a: J ratio obtained in this 
instance was approximately 1:1. a- was previously ex­
perienced in the condensation by the fusion procedure 
of a derivative of this sugar with 2.f)-dichloi'opuriiie.''1 

Compounds XI la and X l l b were characterized as the 
HOI salts. 

Assignment of the a- and j-anomcric configurations 
to X l l a and X l l b . respectively, was made using nmr 
spectra. A close structural relationship exists between 
cytosine and adenine nucleoside.- in the C-6(C-S)-X-1-
('X-9)C-1 ' -C-2' part of the molecule. In the nmr spec­
trum of !)-(2-deoxy-2-fluoro-j-!)-arabiiiofuriiiiosyl)-
adenine." long-range (•"'./.J coupling to the 2'-F causes 
a splitting of 2.0 Hz in tin- signal arising from H-S of 
the base. This splitting L- ab-eni in the a anomer. A 
similar splitting of l.."> Hz occur- in the signal of the 
C-(i proton of X l l b . thu- permitting assignment of the 
(i configuration. 

In the circular dichroism spectra. X l l a and X l l b 
showed negative and positive Cotton effects, respec­
tively (around 270 m/j), providing evidence for the ap­
plicability of Ulbricht's rule to deoxyfluoro nucleosides. 

In the case of purine nucleoside-. Cotton effects are 

generally much smaller, and their direction > op;, ,-iio 
to those of pyrimidine nucleosides.''* Thu-. ..• .•.i.d 
3 nucleosides show small positive and negative < i>p<>n 
effect.-, respectively, in the region of 2(i0mM. Tha: thi-
also held for deoxyfluoro nucleosides was indicated by 
the fact thai il-FCdeoxy-.'^mioro-J-n-xylofiirapo-vi -
adenine"' and U-(2-deoxy-2-fluoro-/i-i)-arabino!'nrai!o-y i i-
adeninel: showed weak negative Cotton effect-, while 
for !M2-deoxy-2-mioro-a-i>-nrabinofuraiio-yla<ieei:a\ 
a positive Cotton effect was seen. 

Enzymatic Studies. The fluoro sugar d-h-nude- .-nie-
described herein along with their nonfluorinated analogs 
as well as cytidine and 2'-deoxycytidine were oxaniined 
for their ability to act as substrates for partially puri­
fied cytidine deaminase from pig kidney. The n - u h -
(Table I) -how that aro-C and its 2'-fhioro derivative 
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i i:ii T. I.. V. Cl l i r icht . T. R. Kmer-m, 
l 'ltll (1966): T. H. Kmerson. K. .1. S u a n 
Irii, 6. 843 i 10671. 

id R . J. Swan. Tetrahedron Lett.. 
id T. [.. V Idl.r i tdil . Biwhemi*-

' Assayed according to the method of 11. TomrliFk, •' '<<".. 
•I. liiol.Chem., 243, 2.>34 (U)68). '' Incubated 20 una :,: 37". 

Incubated 60 mill at 37°. The product.- were identified by 
paper chromatography on Whatman No. 1 paper, iisii:e -Y:< >II 
IKO I1C1 1 :•!():37:33, v v, as the developing solvent. 

(X l lb ) were deaminated more slowly than cytidine. 
Moreover, the substitution of F for OH in the 2' posi­
tion of ara-V did not change the relative rate of deanii-
nation. If, as in 2'-deoxycytidine. H replaced the 
2 'OH of ara-C or the F of 2'-Y-ara-C. the rat.e of de-
amination increased threefold. Previous -tudie- from 
this and other laboratories have demonstrated 'hat 
2'-deoxycy1 idine is deaminated by bacterial deaminase 
at about the same rate1'' or at a greater rate-' -7 than 
cytidine. whereas the rate of deamination oj 2'-dec>xy-
cytidine by mammalian deaminase1 is ,>t>('f that oi 
cytidine. , , '1H On the other hand. l-J-n-arabinosyl-
cvtosine is converted into l-#-n-arabinosvIuraci! at one-

M i Kuril review of OH 1) and < ' I) uf nude iv a,dd>. -ee .1 !'. ' n : : ( :eid '1 . 
Samej ima. I'ragr. Xurleie Arid He*. Mai. Biol., 9, 22:S ilww<i. 

.1.1) I. W e m p e n , R, Dusidiinsky, 1.. Kaplan , and J. .1. l'.>\. / \n,.:. 
Chem. So,-.. 83, 4755 (1SI61 !. 

'IB) T. P. W a n e . H. Z. Sal.If. and .1. O. Laiiipen, ,/. Biol, re, , „ . . 184, 17 
11)50). 

17) S. S. Cohen and H. LI. Burner , ibid., 226, 631 1H57,. 
IS! W. A. Creasey, rtiW.,238, 1772 (IHfiS), 

,19) R. T.mieliick, L, D . Saslaw. and V. S. W a r a v d e k a r . ,>,„,.. 243. -»5:j) 
lillSSi. 
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fourth or less the rate at which cytidine is converted 
into uridine.17,18,19 Camiener20 has reported that 
human liver deaminase will deaminate 2'-deoxycytidine 
and arabinosylcytosine approximately as rapidly as 
cytidine. 

Epimerization of the 3' position and/or substitution 
of the OH by F gave nucleosides which were not de­
aminated by the enzyme. It is apparent, therefore, 
that the enzyme can tolerate a configurational change 
at the 2' position of the nucleoside, while at the 3' 
position the "down" (ribo or arabino) configuration 
must be maintained in order for deamination to occur. 
These results are in agreement with those of Fox, et a/.,21 

and Camiener,20 who found that cytosine nucleosides 
containing a 3'-OH in the "up" (xylo) configuration 
are not substrates for cytidine deaminase. 

It is of interest to note that while the 2'- or 3'-fluoro-
substituted pyrimidine nucleosides were either poor 
substrates or nonsubstrates for cytidine deaminase, the 
fluoro-substituted adenine nucleosides were even better 
substrates for calf intestine adenosine deaminase than 
adenosine. These results (Table II) indicate that 

TABLE II 

SUSCEPTIBILITY OF 9-3-D-PKXTOFUBANOSYLADKNIXKS 

TO ADENOSINE DEAMINASE" 

5,ru OCH, 

Compound 

Adenosine 

2'-Deoxy adenosine 

ara-kb 

Configurat 

HO 
H 

HO 

+— 

ion at 3', 2' 

OH 

-+ 

OH 
-+ 

Relative 
velocity 

1.0 

1.3 

0.07 
HO 

•I'-Y-ara-k 

3'-Deoxvadem 
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3'-F-xylo-A 

HO 

HO 
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F 

-+ 

-+ 
OH 

-+ 
OH 

-+ 
OH 

0.8 

] .4 

" Assay: The reaction mixture contained 0.1 /imol of sub­
strate, 0"lo mmol of Tris buffer (pH 7.4), 0.002 units of calf intes­
tine adenosine deaminase (Sigma Chemical Co., type I) and water 
to 3.0 ml. Deaminase activity was determined by reading the 
decrease in optical density at 2.59 m,u. The reaction products 
were determined by paper chromatography on Whatman No. 
3MM paper, using butanol-water-ammonia 86:14:1, v/v, as the 
developing solvent. h \V. \V. Lee, A. Benitez, L. Goodman, and 
B. R. Baker, J. Amer. Chem. Soc, 82, 2648 (1960). ' W. W. Lee, 
A. Benitez, C. D. Anderson, L. Goodman, and B. H. Baker, 
ibid., 83, 1906 (1961). " O. P. Crews, and L. Goodman, Syn. 
Proc. Nucleic Acid Chem., 1, 139 (1968); we are indebted to Dr. 
R. J. Suhadolnik for a sample of this compound. 

9- (2-deoxy-2-fluoro-/3-D-arabinofuranosyl) adenine (2'-
fluoro-ara-A) is deaminated about 17 times faster than 
ara-A and at the same rate as 2'-deoxyadenosine. Sim­
ilarly, 9- (3-deoxy-3-fluoro-/3-D-xy lof uranosyl) adenine 
(3'-S.uoYo-xylo-A) is deaminated twice as fast as 3'-
deoxyadenosine and about five times faster than xylo-A. 

(20) G. W. Camiener, Biochem. Pharmacol., 16, 1691 (1967). 
(21) I. Wempen. I. L. Doerr, L. Kaplan, and J. J. Fox, J. Amer. Chem. Soc, 

82, 1624 (I960). 
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F 
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An interesting conclusion follows from a comparison 
of the arabino and xylo nucleosides with 2'- and 3'-de-
oxyadenosine. Thus replacement of the 2'-H by OH 
(ara-A) decreases the susceptibility of this nucleoside to 
deamination, while replacement of the 2'-H by F 
(2'-fiuoro-ara-A) does not change its activity as a 
substrate. A somewhat different situation occurs in the 
xylo series where the rate of deamination is in the 
order: 3 '-fluoro—xylo- A > 3'deoxyadenosine > 
xylo-A. Thus in both the arabino and xylo series, the 
presence of a 2'- or 3'-OH (respectively) is not necessary 
for deamination by this enzyme. 

In agreement with the results of Cory and Suhadol­
nik22 with the same enzyme, we also find that xylo-A 
is deaminated faster than ara-A. Others23 have re­
ported that mouse tumor adenosine deaminase de-
aminates both compounds at approximately the same 
rate. 

Screening Studies.24—Preliminary results reveal 
that in an L1210 mouse leukemia suspension culture, 
2'-F-ara-C (Xllb) has a growth inhibitory effect 
comparable with that of ara-C and ara-FC [1-d-D-
arabinofuranosyl-o-fiuorocytosinep (5.0 m^g ml for 
50% inhibition). Also like ara-C, the growth inhibi­
tion bv 2'-F-ara-C could be reversed bv 2'-deoxycvti-
dine. " 2'-F-xylo-C (XI) and 3'-V-xylo-C (X)*were 
considerably less effective than 2'-F-ara-C as growth 
inhibitors of these cells since more than 2000 times the 
concentration was required for 50% inhibition. 

Experimental Section26 

Melting points were measured using a Hoover-Thomas capil­
lary apparatus, and are corrected. Tic was performed on micro­
scope slides coated with silica gel GF 254 (Merck) and prepara­
tive tic on 40 X 20 cm glass plates coated to a thickness of 2 mm 
with silica gel PF 254. Column chromatography was carried 
out using the technique described by Hunt and Rigby,27 with 
silica gel G as adsorbent. All evaporations were carried out 
in vacuo. Nmr spectra were determined using a Yarian A-60 
instrument, with TMS or DSS as standard, and were consistent 
with the proposed structures. Ir and uv spectra were measured 
on Perkin-Elmer 221 and Unicam SP 800 instruments, respec-

(22) J. G. Cory and R. J. Suhadolnik, Biochemistry. I, 1729 (1965]. 
(23) G. A. LePageand I. G. Junga, Cancer Ret., 25, 46 (1965). 
(24) The authors are indebted to Dr. Dorris J. Hutchison and Mariann R. 

Bjerregaard of this Institute for these preliminary data. 
(23) J. J. Fox, N. Miller, and I. Wempen, J. Med. Chem.. 9, 101 (1966). 
(26) Where analyses are indicated only by symbols of the elements, 

analytical results obtained for these elements were within =n0.4% of the 
theoretical values. Elemental analyses were performed by Spang Micro* 
analytical Laboratory, Ann Arbor, Mich., and by Galbraith Laboratories, 
Knoxville, Tenn. 

(27) B. J. Hunt and W. Rigby, Chem.Ind. (London), 1868 (1967). 
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t ive ly ; pA' va lues were m e a s u r e d spee t romet r i ea l ly a n d a re 
a c c u r a t e to ±0.0") u n i t . C o t t o n effects were obse rved on a C a n 
.Model 60 s p e c t r o p o l a r i m e t e r o p e r a t i n g in t h e circular d ichroism 
mode . B i s ( t r i m e t h y l s i l y l ) c y t o s i n e " and 2 ,5 -d i -0 -benzoy l -3 -
deoxy-3-f iuoro-D-xylofuranosyl b r o m i d e (VII) '• were p r epa red a-
descr ibed in t h e l i t e r a t u r e . 

M e t h y l 3 ,5-d i -0-benzoyl -2-deoxy-2-f luoro- ) j - t>-xylofuranos ide 
a n d - a - n - a r a b i n o f u r a n o s i d e V a n d VI. T h e same p r o c e d u r e for 
benzoy la t ion w a s used for b o t h isomers . T o a solut ion of glyco­
side II (4.11 g) in p y r i d i n e (,.V> ml) a t 0°, P h C O C l (14 ml ' ) 'was 
a d d e d . After s t i r r ing 5 hr at. 0°, ice (10 -20 g) was added , and 
s t i r r ing con t inued a fur ther 30 min . T h e solut ion was d i lu ted 
wi th O H C h (2o0 ml ) and washed ( s a t u r a t e d X a l l C O , solut ion 
(.three t imes wit.h 100 ml) , H2() (100 ml ) j , t h e n e v a p o r a t e d . 
R e p e a t e d e v a p o r a t i o n of a so lu t ion of the res idue in aqueous 
K t O H served t o free it from pyr id ine , leaving t h e produc t V as a 
viscous , pa le yellow s i rup (7.5 g, 8 1 ' () su i t ab le for the next s t e p . 
A s a m p l e for ana lys i s was purif ied by p r e p a r a t i v e tic using a 
single e lut ion wi th E t O A c - C 6 H 6 ( 1 : 4 ) . C o m p o u n d V possessed 
[«|2:!i> - 5 1 ° c 1.4, E l O H ) . Anal. ( C a H l f l O , F ) C, H, ]•". 
C o m p o u n d VI, s imi lar ly p r e p a r e d from glycoside I I I , showed 
[«j-4i> + 1 0 8 ° (c 1.8, E t O H ) . Anal. ( C a H + O e F ) C, H, F. 

3 ,5 -Di -0 -bcnzoy l -2 -deoxy-2- f luoro -D-xy lo - and - a r ab ino fu ran -
osy l B r o m i d e s VIII and I X . — B o t h isomers were p r epa red 
using the s a m e p r o c e d u r e , i l l u s t i a t ed here for the si/lo tsomei 
V I I I . 

T o the glycoside V i2.0 g) ice-cold 3 0 ' , 11 Br in glacial AcOI l 
(25 nil) was added , a n d t h e so lu t ion was al lowed to r each room 
t e m p e r a t u r e w i th s t i r r ing . After L hr, du r ing which t h e p roduc t 
pa r t i a l l y crysta l l ized ou t , the solut ion was e v a p o r a t e d ( b a t h 
t e m p e r a t u r e < 3 5 ° ) , t hen severa l a l iquot* of t o luene were e v a p o ­
r a t e d from the res idue to r e m o v e t races of AcOI I . T h e semisolid 
res idue was dissolved in a n h y d r o u s M e C N MO ml t a n d used 
wi thou t de lay for the next s t e p . 

C o n d e n s a t i o n of B r o m o S u g a r s VII , VIII , a n d IX wi th B i s -
( t r ime thy l s i l y l ) cy to s ine .—The p rocedure was s t a n d a r d i z e d , and 
is i l lus t ra ted here for the 2-deoxy-2-f i i ioroarabinose isomers . 
B i s f t r ime thy l s i l y l i cy tos ine 1 1 (2.4 g) was s t i r red in a n h y d r o u s 
M e C N (22 m l ! unt i l pa r t i a l so lu t ion occur red . T o the resu l t ing 
suspens ion , b r o m o sugar V I I I (dissolved in 6 ml of M e C N ; freshly 
p r epa red from 1.85 g of V) was added wi th s t i r r ing . T h e suspen­
sion cleared wi th in 5 -15 min , a n d s t i r r ing was con t inued 4 days . 
M e O I I (5 ml) was added , a n d t h e m i x t u r e was s t i r red for 20 min 
t o h y d r o l y z e the silyl g roups , t hen Cel i te (1 g) was a d d e d and 
the mix tu re filtered to r e m o v e cy tos ine . T h e filter p a d was 
washed wi th a small v o l u m e of M e C N , and filtrate and wash ings 
were e v a p o r a t e d , l eav ing t h e react ion mix tu re as a yellow amor ­
phous solid (2.30 g; . On tic ( M e O H - C H C L , 1:6), m a n y com­
p o n e n t s were visible, inc luding t h e a and 8 nucleosidic p r o d u c t s 
of A\ 0.80 and 0.85, respec t ive ly . These were s e p a r a t e d from 
the rest of t h e m i x t u r e a n d from each o the r by p r e p a r a t i v e tic 
on t en 40 X 20 cm p la tes , us ing th ree e lu t ions wi th M e O I I 
ClICL, (1 :14 ) . to give t h e a anomer , m p 168-170° (617 mg i . 
and the 3 anomer , m p 2 1 6 - 2 1 8 ° '654 m g i . T h e s e were then 
d e a c y l a t e d as descr ibed below. 

In the case of the 3-deoxy-3-fiuoroxylo isomer, the c rude 
reac t ion m i x t u r e after filtration was re la t ive ly free of noniuic leo-
sidic ma te r i a l , a n d was d e a c y l a t e d wi thout pr ior pur i f ica t ion . 

T h e 2-deoxy-2-fli ioroxylo i somer gave a complex m i x t u r e , and 
on tic ( M e O H - C H C l : , , 1:6), the b locked nucleosides possessed 
/i\- va lues 0.34 and 0.38 and were present in an a:ti r a t io of ~ 1 :(>. 
P r e p a r a t i v e t ic , e l u t i ng twice wi th M e O H - C H C L ( 1 : 1 5 ) , ef­
fected some s e p a r a t i o n , bu t it was found imposs ib le to free the 
a n o m e r s comple te ly from each o the r . 

T h e s a m e p rocedure , i l lus t ra ted here for 2 '-deoxy-2'-fluoro-#-i>-

xylosylcytos ine , was used in all cases for the debenzoy la t i on of 
b locked nucleosides . 

l - (2-Deoxy-2-f luoro-cJ-D-xylofuranosyl icytos ine (XI ; . T h e 
blocked nucleoside (656 nig) was dissolved in M e O I I (50 ml) , 
and to the solut ion, N a O M e (20 m g ) in .MeOII (10 nil) was a d d e d . 
After s t a n d i n g 24 hr at room t e m p e r a t u r e , the soln was neu t r a l ­
ized wi th glacial AcOII and e v a p o r a t e d to d rynes s . T h e res idue 
was p a r t i t i o n e d be tween H-/> (100 ml) and C H C h (25 ml) , and 
t h e a q u e o u s layer washed wi th a fu r the r 25-ml por t ion of CHOI , , 
then e v a p o r a t e d to 5 nil and p laced on a co lumn (12 X 2.2 em i 
of Dowex AC 5 0 W - X 8 resin (100-200 mesh, H J fo rm) . After 
wash ing wi th ILO (250 ml) , 3 0 ' , aqueous M e O I I (250 ml i, and 
Hot) (250 ml ) , I he co lumn was e lu ted with 2 A' aqueous XIL, (400 
ml) . T h e e l u a t e was e v a p o r a t e d to d r y n e s s to give nucleoside 
X I. c o n t a m i n a t e d wi th t h e a anomer , as an a m o r p h o u s solid (310 
nig). Th i s was dissolved in the m i n i m u m vo lume of M e O I I . 
and the solut ion cooled lo 0° , w h e r e u p o n pure nucleoside X1 
(10S mg) crysta l l ized as a m o n o m e t h a n o l a t e , m p 208-20(1". 
By d i lu t ion of the m o t h e r l iquor wi th E t O H and e v a p o r a t i o n , a 
fur ther 254 mg of X I , m p 2 0 5 - 2 0 7 ° , was isola ted. C o m p o u n d XI 
possessed |a) i ) 4-77° <<• 0.6, w a t e r ) : ' uv x";" 269 m/u (e 0100) : X!;",' 
277 DIM (t 13,500): X1,'",'5 269 niM (e 900 (0 : pA':1 = 4.04 -. 0.05. 
Anal. ( C y i , 2 0 < F X Y C H : , O H > C, II , F, X. T h e presence of 1 
mol of MeOII was confirmed in t h e imir s p e d rum of a dr ied 
sample of crys ta l l ine X L 

All o t h e r nucleosides were o b t a i n e d in a m o r p h o u s form and 
were cha rac te r i zed as H O sa l t s by dissolving in a small vo lume 
of M e O H at 0 ° , then s a t u r a t i n g the solut ion wi th H O ga.s. 
After s t a n d i n g at (1°. the c rys ta l s were filtered off, and washed 
with ice-cold M e O H . Recrys ta l l i za t ion from M e O H E t O H gave 
pure c o m p o u n d s . 

l - (3 -Deoxy-3- f luoro-d- i ) -xyIofuranosy l )cy tos ine (X i HCI 
possessed rap 2 1 6 - 2 1 8 ° dec, \a}-4n + 3 7 ° (<• 0.8, H 2 0 ) : uv x";:" 
271 HIM (t()!)00i: K",' 280 mM (e 14,10(1); X^,12 274 mM U 10,100): 
pA'„ = 4.12 ..-: 0.05. Anal. ! C ; ,H , .FX 3 ( ) 4 • H O ), C, H, F , X . 

l - (2 -Deoxy-2 - f luo ro -a -D-a rab ino fu ranosy l ) cy tos ine ( X l l a i 
HCI possessed m p 220 222° dec : !«]i> - 1 2 ° (r 0.5, I L O i ; uv 
x " ! " 2 6 9 ni/j ft 1)450); XJ.W 277 m,u (t 13,200); X,1;","' 269 mM. ' . 
0900) . Anal. <C,II , . .FX ; )04 • HCI) C, H, F, X . 

1 - (2 -Deoxj -2 - f luoro- f J -o -a rab inofuranosy l icytosine ( X l l b i 
HCI possessed m p 240-242° dec ; \a\u + 1 0 8 (c 0.2, I L O i ; uv 
X";" 269 m/j u 9300) ; x"",' 277 mM It 13,000); XL'">12 269 IIIAI, U 
(1700.): pA'a = 3..S8 ± 0.05. Anal. ( C H i - . F N ^ V H O ! C. H, F, X. 

P r e p a r a t i o n of Cyt id ine D e a m i n a s e F rom Pig K i d n e y . A 
modificat ion of the m e t h o d of T o m c h i c k , it « / . , " was used. All 
s t eps were carr ied out at 5° . Pig k idney a c e t o n e powder (3 gs 
( M a n n Resea rch Labo ra to r i e s ) was homogenized in 30 ml of 0.15 
.1/ KC1 wi th a P o t t e r - K l v e h j e m homogen ize r fitted wi th a Teflon 
pest le . After cent r i fugat ion for 30 min at 20,000(7 the super­
na t an t was s e p a r a t e d and h e a t e d for 7 min in a 60° wa te r b a t h . 
T h e h e a t - d e n a t u r e d mix tu re was cooled and then centr i fuged for 
10 min at 20,()()()(/, T h e res idue was d i sca rded . Solid ('XII4)2S()4 

was a d d e d to the s u p e r n a t a n t lo give 50 ' , ' s a t u r a t i o n Al te r 
s t a n d i n g for 1 hr, the m i x t u r e was cent r i fuged for 10 min ai 
15,()00(y. T h e p rec ip i t a t e was dissolved in 2.5 ml of 0.02 .1/ 
po tass ium p h o s p h a t e buffer ( p H 7.5) and the solut ion was used 
d i rec t ly in the d e a m i n a s e s t u d y . Th i s e n z y m e p repa ra t i on w i -
s t ab le at 0 ° for at least 1 week. 
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