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proved, although not to such an extent as for quina-
cr ineand chloroquine. 

Finally, to estimate the effect of the 7-ehlorn sub-
sti tuent on the electronic properties of the amine salt 
of chloroquine, we calculated the amine salt of 4 
aminoquinoline (Figure 10). Differences between the 
amine salts of 4-aminoquinoline and chloroquine arc 
slight, indicating that the 7-chloro substituent does 
not have much influence on the ring structure. In 
conjunction with the fact that replacement of the 7-
chloro substituent diminishes, but does not abolish 
binding to DXA,3-"'this calculation suggests, in accord 
with Hiihu, et «./.," that perhaps the 7-chloro substituent 

•>llaraiiil 1.. I.evine, Arch. Hiochcn. Biophii.-.. 101, 335 [ISIKi 

does enter into specific (though not essential) interac-
1 ion in t he I ) \ . \ complex. 
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Nucleic Acids. I. The Synthesis of Nucleotides and Dinueleoside 
Phosphates Containing ara-Cytidine1 ' 
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With the hope of influencing the mechanism of action, transport, or cross-resistance phenomena of the polenl 
cytotoxic antiviral nucleoside l-£J-i>-arabinofuranosylcytosine (aw-cytidine. CA), the. nucleoside was incor­
porated into 2o dinueleoside phosphates of the type CApX and XpCA where X represents a second nucleoside. 
Where possible, all three internucleotide linkages, 2'—<-.">', 3'—*.">', and .V—•.">', were prepared with each strue-
lural type, by the coudeiisatioii of suitably protected nucleosides and nucleotides followed by deblockinfi;. While 
ion-exchange chromatography was employed for small-scale isolation, continuous-How film electrophoresis was 
utilized for larger scale preparations. For biological comparisons, the three mononucleotide derivatives of uru-
cytidine, as well as two single esters of r/ra-cytidine .">'-phosphate, were prepared. The structures of all phos­
phorus-containing products were confirmed enzymatically. In the course of the enzymatic characterizations, a 
new specificity of venom diesterase toward unsymmetrical !w_ith respect to the sugar) .V—«•.">'-dinueleoside phos­
phates was uncovered. The structures of all phosphorus-containing intermediates and products were confirmed 
by their umr spectra. From these latter studies, we were able to confirm the nature and ratio of heterocyclic 
bases present, establish the position of nucleotide or internucleotide linkages, differentiate (he sugar moieties, 
and confirm the gross structures of the synthetic products. 

For about 14 years111 ' ' chemists, particularly in the 
United States, have been vigorously7 engaged in the 
synthesis of analogs of the natural ly occurring nucleo­
sides. The rationale for the most of this work was 
based on the supposition that one could produce unique 
selective antimetabolites which would be useful in the 
treatment of neoplastic and viral diseases. While a 
number of these compounds are presently being em­
ployed clinically, almost all of them are highly toxic 
to mammalian cells. Further, the infective agent or 
neoplasm develops resistance to these antimetabolites. 
In the hope of increasing the cellular selectivity of such 
antimetabolites, either by alternative mechanisms of 
action or by alternative transport mechanisms, we 
have begun a program to incorporate a variety of 

i l l (a> P resen ted a t the 152nd N a t i o n a l .Meeting of the Amer ican t 'henii-
ca! Society, Divis ion of Medic ina l Chemis t ry , N e w York, N . V., Sept 1'2. 
1966. (bl E a r l y workers in th is field included B. R. Baker , G. It. Hrown. 
J. .1. Ko\ , ('. A, Dekke r , -T. A. M o n t g o m e r y , a n d the i r co-workers ; leading 
references m a y he found in Advan. Carbohydrate Res., 14, 283 (1959); 
17, 301 (1962). (c) Kradulen t 3 ' - * 5 ' - and 5'—* "/- l inked dinueleoside 
p h o s p h a t e s h a v e been r epo r t ed subsequen t to the in te rcep t ion of this work ; 
,1. A. M o n t g o m e r y , G. J. Dixon , E . A. Dul inage , H . .1. T h o m a s , H. W. Bruck-
man , a n d I I . E . Skipper , Xature, 199, 769 (1963); D . G. P a r s o n s and C. 
Heidelberger , J. Med. Chem., 9, 159 (1966); J. Smrt and F, So rm. Collection 
Czech. Chem. Commun., 28 , 61 , 887 (1963); R. I I . Hal l a n d R. Thedford 
./. Orn. Chem., 26 , 1506 (1962); A. Block, M . I I . I ' leysher, R. Thedford . H. 
J. Mnue . and R. H, Hall . ,/. Med. Chem.. 9, 886 (1966). 

antimetabolites into oligonucleotides.h ' By this means 
we hope to contribute to a partial understanding of the 
effects of charge, molecular weight, and molecular 
configuration on cellular penetration incorporation and 
transport of oligonucleotides into living systems. We 
thus desire knowledge of the cellular metabolism and 
possibly biologically unique properties of oligonucleo­
tides. For this purpose, we synthesized a series of 
dinueleoside phosphates, nucleotides, and simple esters 
of these nucleotides derived from the cytotoxic.'-"•'' 
antiviral2 ' 'nucleoside l-tf-i>-arabinofuranosylcytosine2f 

(ara-cytidinc, ara-C CA). Cytotoxicity studies with 
these compounds will be reported in the accompanying 
paper.-* 

Employing the procedures pioneered principally' by 
Khorana and his co-workers1' all of the desired com­
pounds were prepared, but on larger scales than those 
employed in the literature preparations. The products 
were isolated by ion-exchange chromatography. Large-

(2) (a) M. V. Chu and (I. A. Fischer, Hiochem. 1'harmacol,, 11, 123 
(1962); ill) ('. G. Smi th . II . H. Buskirk . a n d W. L. Lummis , Proc. Am. 
A mm: Cancer lien., 6, 6(1 (1965); (c) CI. E . Unde rwood , Proc. .Soc. Ki-pU. 
Hiol. Med.. I l l , 660 (19621; dl) H. E. Henis and I t . G. .Johnson, Bacterial. 
I'm,:. 48, 1-10 (1962); : n I). A, Bu tha la , I'roc Sac Expil. Biol. Med., 118, 
69 (1964); (fi .1. II. Hun te r . I ' . S. P a t e n t 3,115.282 (1963): in) Part II 
G. G. Smi th , II. H, Buskirk , ami W. L. L u m m i s , ./. Med. Chem.. 10, 771 
0 9 6 7 J , 
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scale column chromatography is, however, time con­
suming and can lead to rearrangements31 and degrada­
tions; consequently, a new method was developed. 
Purification of isomerically pure (i.e., one internucleo-
tide linkage type) products was carried out continuously 
on the Hannig continuous-flow electrophoresis (cfe) 
apparatus which employs no stationary phase.4 All 
unprotected phosphorus-containing products were char­
acterized by their hydrolytic stability toward the 
mono- and diesterase of rattlesnake venom, bovine 
spleen diesterase, ribonuclease I, and bacterial alkaline 
phosphatase. Xmr spectroscopy was employed to 
confirm the structures of all of the phosphorus-contain­
ing products. 

Three routes were employed for dinucleoside phos­
phate synthesis. The first yielded a mixture of 2'-»-5' 
and 3'-*-5' isomers (both isomers were desired for 
biochemical and biological evaluation). A nucleoside 
(I) with the 2' (and 3') hydroxyls unprotected was 
condensed with a fully protected o'-nucleotide II. 
The protecting groups were then removed from the 
intermediate without prior purification by consecutive 
base and acid hydrolysis to give the desired products 
III and IV (see route 1) which were then separated by 
a suitable procedure (see Table I). 

TOCH, A' 
. 0 . 

(HO)2P(0)OCH 

HO X 
I 

condensation . 

HOCH2 A' 
•Ck ' 

II 

RO Y 
V 

protected 
dinucleoside 
phosphate 

HO X 

s O ' A 
OH2OP(0)OH 

(2) 

The third sequence afforded only symmetrical o'-»-5'-
dinucleoside phosphates and phenyl o'-phosphates. 
The o'-unprotected nucleoside (V) was condensed with 
phenyl phosphodichlorodate according to :\Iichelson5ato 
give products of type VII and VIII after alkaline 
hvdrolvsi s. 

V + CflHsOPOCla 

C6H6OPOaCH2 A 
. 0 . 

HO X 

VIII 

protected 
dinucleoside 
phosphates 

HOCH2 A 
' 0 -

hydrolysis 

HOCH: 

H0(0)P0 X 

OCH2 B 
^Ox 

(1) 

HO Y 
111, 3'—5' 

T = trityl or monomethoxytrityl; A', B' = .suitable protected 
purine or pvrimidine bases; X = Y' = a-OH, /3-OH, or H; 
Y = acyl «-0H, acyl 3-0H, or H; li = acyl 

Route 2 produced only 5'—»-5'-linked symmetrical 
or unsymmetrical dinucleoside phosphates. Condensa­
tion of o'-unprotected nucleosides (V) with protected 
nucleotides as II above followed by base hydrolysis 
gave an isomerically pure product VI which could then 
be purified by cfe. 

(3) For leading references before 1962 see (a) H. G. Khorana, "Some Re­
cent Developments in the Chemistry of Phosphate Esters of Biological Inter­
est." John Wiley and Sons, Inc., New York, N. Y., 1961, Chapters 2, 5, and 
6; (b) A, M. Miohelson, "The Chemistry of Nucleosides and Nucleotides," 
Academic Press Inc., New York, N. Y., 1963. More recent work is found in 
(c) M. Smith, D. H. Rammler, I. H. Goldberg, and H. G. Khorana, / . .1m. 
Chem. .S'oc, 84, 430 (1962); (d) D. H. Rammler and H. G. Khorana, ibid.. 
3112 (1962); (e) G. Weimann and H. G. Khorana, ibid., 4329 (1962); (f) 
D. H. Rammler, Y. Lapidot, and H. G. Khorana, ibid., 88, 1989 (1963); (g) 
H. Schaller, G. Weimann, B. Lach, and H. G. Khorana, ibid., 85, 3821 
(1963); (h) H. Schaller and H. G. Khorana, ibid., 85, 3828 (1963); (i) Y. 
Lapidot and H. G. Khorana, ibid., 88, 3852 (1963); (j) R. Lohrmann and 
H. G. Khorana, ibid., 86, 4188 (1964). 

(4) Details of this method will be published separately by H. Ko, M. 
Rover, and \V. J. Wechter, Anal. Biorhem., in press. 

The required protected nucleosides and nucleotide 
derivatives of ara-cytidine were prepared as outlined 
in Chart I.6 ara-Cytidine (1) was monotritylated in 
good yield giving the ether TrCA (2). Benzoylation 
followed by acid hydrolysis without isolation of the 
intermediate gave the tribenzoate (3), a type V inter­
mediate. Phosphorylation according to Tener5b fol­
lowed by the usual base hydrolysis afforded the crystal­
line N4-benzoyl o'-phosphate 4. Acetylation of this 
product gave the desired protected nucleotide 5, a type 
II intermediate. Alternatively, anisoylation of CA 
followed by base hydrolysis afforded N4-anisoyl-ara-
cytidine (6) in relatively poor yield. Tritylation of 
this substance with p-anisyldiphenylmethyl chloride 
gave the methoxytrityl ether 7 (a type I intermediate) 
which could not be crystallized, but was homogeneous 
by tic. This substance was converted to a type V 
intermediate by consecutive benzoylation and acid 
hydrolysis to give the dibenzoyl derivative (8), again 
in poor yield. Consequently, the more desirable type 
I intermediate was obtained by the benzoylation of 
TrCA (2) followed by hydrolysis giving the crystalline 
X4-benzoyl-5'-0-trityl-ara-cytidine (9). We then had 
the necessary protected derivatives of ara-cytidine for 
condensation with known protected derivatives of the 
natural nucleosides and nucleotides to carry out all 
dinucleoside phosphate syntheses. 

(.=>) (a! A. M. Mirhelson, Biochim. Biophys. Acta. 55, 841 (1962); (b) 
G. M. Tener, ./. Am. Chem. Hoc 83, 159 (1961). 

(6) The shorthand abbreviations used in this paper are as follows: the 
5' linkage is to the left of CA, and the 3 ' linkage followed by the 2' linkage 
and the base substituent is to the right of CA. Also, a p to the left of the 
symbol (CA, etc) indicates a 5' linkage, a superscript p to the right of the 
symbol indicates a 2' linkage, and a subscript p to the right of the symbol 
indicates a 3 ' linkage, 
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T A B L E 1 

No. 

10 

11 

12 

i:i 
14 

17, 

Hi 

17 

i s 

11) 

211 

21 

24 

27) 

2(i 

2S 

21) 

:>o 

40 

41 

44 

47, 

('ompd 

a r a - C y c i d y l y l - ( 2 ' — 

a r a - C y t i d y l y l - ( 3 ' — 

a r a - C y t i d y l y l - ( 5 ' —• 

«/Yi-Cytidylyl-(7)' — 

< im-C 'y t idy ly l - (2 ' -* 

«/Y/-Cytidylyl-(.'! ' —* 

«/Yi-Oylidylyl-(.V — 

D e o x y u r i d y l y l - ( 3 ' — 

«/Yi-0yt idylyl - (2 ' —»• 

d/Yi-Cytidylyl-OS' —• 

« ra -Cyt idy ly l - ( ,5 ' —• 

A d e n y l y l - ( 2 ' -

Adeuylyl-CV —7)'> 

< i r a - C y i i d y l y l - ( 2 ' -

uro-Oytidylyl-O-) ' -

o ™ - C y t i d y l y l - ( 2 ' -

o ra -Oyt idy ly l -C) ' -

l ' r i d y l y l - ( 2 ' - > 7>'j-

lTridylvl-t:'>' •— .">')• 

((;vi-C'ylidyl\ ' l-(2' -

<//Yi-Oylidylyl-(3' -

T h y m i d y l y l - O ! ' —*• 

r / m - C y t i d y l y l - L V -

<ira-Cylidylyl-(.V -

arti-i'ytidvlvl-i')' -

•* 7 ) ' )• 

)-am-

•ara-

• 7. ' ) 

•* 7)' )• 

- c , "> ' ) • 

•uni-t 

•uru-i 

" * • 7 ) ' ;• 

-*• • ) ' i ' 

-a ra-cy t id ine 

•ara-cyt id ine 

•ara-cytidine-' 

•ara-cyt idine 

•deoxyuridine 

-deoxyuridine 

•deoxyuridine 

i -ara-cyt idine ' 

•adenosine 

•adenosine 

•adenosine 

cy t id ine 

cy t id ine 

-deoxyadenos ine 

-deoxyadenos ine 

ur idine 

ur idine 

y t id ine 

y t id ine 

t h y m i d i n e 

t h y m i d i n e 

Yi-cytidine 

deoxycyt id ine ' ' 

cy t id ine 

a r a -u r id ine 

a/ ' t t-Cytidylyl-OV —> 7>')-tubereidin 

M/YI-Cytidine .V-O-pheny lphospha t e ' 

a r a - C y t i d i n e 7) '-phospliate 

a r a - C y t i d i n e .V-O-me thy lphospha t e 

a r a - C y t i d i n e 3 ' - p h o s p h a t e 

a r « - C y t i d i n e 2 ' - p h o s p h a t e 

Abbre-v''' 

C A P C A 

C A P C A 

p C A C A 

p C A C A 

O A " d C 

CApdU 

p C A d l * 

dr„CA 
CA"A 

CA„A 

]>CAA 

A"CA 

A„CA 

OA»d.A 

CA„dA 

CAi 'U 

C A p r 

I ' K ' A 

U„OA 

C A " T 

CA,,T 

T„C.'A 

p C A d C 

p C A C 

p C A C A 

p C A T u 

P h p C A 

p C A 

AlepCA 

CA„ 

CA " 

koiup 

Dowex 1-X2 

Cfe 

DKAK-cel lulose 

I )owex 1-X2 

Cfe 

('t'e 

Dowex 1-X2 

('fe 

1 towex 1-X2 and cfe 

Dowex 1-X2 a n d cfe 

Dowex I-X2 

Dowex 1-X2 

Dowex 1-X2 ( fo rmate ) 

DKAK-eel lulose 

Cfe 

Cfe 

DKAK-eellulose 

P a p e r g r a m solv A 

('fe 

Mill 
form 

XTI4
 + 

X I 1 . ' 

Acid 

K u X l D 

X I I , • 

X I I , 

K u X I l " 

Acid 

X I I ; ' 

X I I , -

Aeid 

Aeid 

Aeid 

Aeid 

Aeid 

XILC 

X I I , " 

X I I , ' 

X I I , -

X I I , " 

x i r, 
Kt ,XI I 

Aeid 

Aeid 

K u X I T 

X I I , -

e Aeid 

ipl'11'21 

See K x p e r i m e n t a l Section 

iea gel solv A X'lT,'" 

See Kxpe r imen ta l Sect ion 

See Kxpe r imen ta l Section 

K"i 

207) 

207. 

207 

207) 

202 

202 

203 

2o:; 
20: i 

202 

202 

207 

207 

207. 

207 

27(1 

270 

20S 

271 

272 

20S 

271 
27il 

; l i t 

17 

17 :; 

• i s 

IS 

1 s . 2 

IS 2 

I S O 

17.0 

17 l) 

" See Kxper imen ta l Sect ion fot' deta i ls of cont inuous-f low e lec t rophores is (cfe) and c h r o m a t o g r a p h i c sepa ra t ions . '• All employed 
cellulose 1)K (C) or silica gel (i (S) w i th solvent A unless no t ed o therwise . r Yields are based on the l imi t ing r e a c t a n t and are 
indiv idual for rou te 1 p r o d u c t s a n d no a t t e m p t was m a d e to i m p r o v e yie lds . •' H igh-vo l t age e lec t rophores i s (live) was carr ied ou t in 
0.02-0.07) .1/ buffer.-* for 2 hr a t 4 —• 7000 v on a S h a n d o n double-cooled p la t e a p p a r a t u s wi th t a p w a t e r cooling. S t a n d a r d s : a, (',, 
t p l l 3.0); b, C„C (p l l 3.0); c, C„l" (0.8); d, A„C (2.7)); e, C„A (6.8). ' P r e p a r e d by Dr . It. C. Kel ly , T h e U p j o h n C o m p a n y . ' n-
H u t v l a lcohol -ace t ic a c i d - I I » 0 ( 5 : 2 : 3 ) (solvent <}). " K thy l a lcohol -1 M X H 4 O A c ( p l l 7.7)) i o :2 ) (solvent 0 ) . '' Ana,!. Ca led for 
C,8l '], ,-,X60,oP-II2(): C, 38.10; II, 4.SO; X , 14.84; P, 5.47. F o u n d ; 0 , 3 8 . 7 4 ; 11,4.60; X. 17).33; P, 5.20. 'Anal. Ca l cd for C „ -
I I 1 8 X 3 0 3 P - H 2 0 ; C, 43 .10 ; 1 1 , 4 . 8 3 ; X, 10.07; P , 7.42. F o u n d ; C, 42 .94; H , 4 .87; X , 10.38; P , 7.45. ' Th i s c o m p o u n d was syn ­
thes ized in essent ia l ly t h e same m a n n e r as was r epor t ed by T . Y . Shen . H . M . Lewis, and W. Y. I ' uy le , Division of Med ic ina l C h e m i s t r y , 

In Table I arc summarized the products of condensa­
tion reactions carried out according to literature pro­
cedures3"•~1' via reaction routes 1-3. In addition, the 
starting materials, isolation methods, and thin layer 
chromatographic, high-voltage electrophoresis, ultra­
violet, and shorthand abbreviation data for each of the 
products are listed in Table I. Twenty-five dinucleo-
side phosphates are compiled (10-35) therein. Com­
pounds which contain ara-uridine (UA) arose from de-
amination of a/'a-cytidine (CA) during the synthetic 
sequence or chromatography (generally in low yield). 
The products synthesized by route 1 in which two 
isomers could be produced (2'-»•"/ and 3'—<-r>') gave 
essentially equal amounts of each isomer where 2'-
and 3'-ribosyl hydroxyls were being phosphorylated. 
On the other hand, isomer distribution where arabinosyl 
2'- and 3'-hydroxyls were being phosphorylated 
favored attack at the 3-hydroxyl which is less hindered 
sterically. In these cases, the 3'—*-5' isomers were 
obtained in about 3:1 ratios over the 2'—*-5' isomers. 
This, of course, represents a very small, but significant, 
energy difference between the phosphorylation of the 
two hvdroxyls. 

For the purposes of biochemical and biological com­
parison, the three nucleotides derived from ara-C and 
the methyl ester of ara-cytidine o'-phospbate (40, 
pCA") were prepared as outlined in Chart II." 

ara-Cytidine n'-phosphate (40) was prepared starting 
with the o'-O-trityl derivative 2, which was com­
pletely acylated with acetic anhydride and giving in 
good yield the triacetate (37). A number of attempts 
to selectively hydrolyze the trityl group of 37 were 
only partly successful. Under our best conditions 
there was both X and O deacylation. The 2',3'-G-
diacetate (38) was isolated in addition to a 30% yield 
of the desired triacetate (39) in our best preparation. 
Phosphorylation of 39 by the Tener procedure615 followed 
by base hydrolysis afforded the desired nucleotide 
pCA (40) as the crystalline free acid. This synthesis 
confirmed the structure of the enzymatically prepared 
nucleotide7 [structure was confirmed by nmr spectra 
(Table II)]. Satisfactory uv and ir spectra, pA' 
values, and a combustion analysis were obtained. 
Subsequently, a much more efficient process for the 
synthesis of 40 was developed. Debenzylation of the 
crystalline intermediate 4 proceeded to give directly 
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269 
269 

265 

279 

128 

X 10-

-18 
-IS 

26.6 

Tic, Rp 
or re] Ri 

C 0 . 2 2 
CO.21 
C 1.0 rel t o C p C 
See no. 12 
C 0 . 3 6 
C 0 . 3 6 
S 1.30 rel to CPU 
C ' 0 . 3 6 
C 0 . 4 1 
C 0 . 3 9 
C0.98»s.CpA 
C 1.1 vs. APC 
C 1.1 vs. APC 
C I . 36 vs. CPA 
C1.25ws. CPA 
C » l . l w.UpC 
C"1.03i's. UPC 
C l . 0 w . C p U 
CO.Dws. CPU 
S 1.27 rel to UPC 
S 1 . 2 7 r e l t o U p C 
CO.33 

S l . O r e l t o C p C 
C 0 . 8 r e l t o p C A C A 

Yield, 

%" 
1.8 

14.5 
10.0 
35.0 

1.28 
3.83 

83.0 
2.2 
8.7 

22.0 
33.0 

1.7 
7.6 
4.5 

11.0 
9.9 

10.5 
4 

14 
20 
42 
50 
3 

live rel 
to atd'' 

1.23 b ) 
1.17 b 
1.22 b 
See no 
1.07 c 
1.0 c 
0.97 o 
1.1 o 

1.24 d 
1.08 d / 
0.97 e 
0.72 e 
1.0 
0 .98e 
0 .85e 
0.98 c 
0.9-: c 
1.04 c 
1.00 c 

1.04 c 
1.04o 
1.00 c 
1.17 b 
1.15 b 

12 

C 0 . 2 4 <2 
12.6 C l . O r e l t o C A —30 

S0 .54 60 1.41 c 

Compd 
no. 

5 

5 

5 

5 

5 

5 

.-i ta [-ting 
Protected 
nucleotide 

pCA(AcAcNBz) 

C6H.,aPOCl, 
pCA(AcAcNBz) 

pdU(Ac)* 

pdU(Ac)4' 
Trdty 
pA(AcAcNAc)"' 

pA(AcAcNAc) 

pCA(AeAcNBz) 

pdA(AcNAc)" 

pU(AcAc)0 

pCA(AcAcNBz) 

pT(Ac)* 

pCA(AcAcXBz) 
pdC(AcNAc)1-
pC(AcAcNAc)' 

pCA(AcAcXBz) 
C6H6OPOClo 
See Discussion 
pCA(AcAcNBz) 

materials 
Conipd 

no. 

9 

3 
7 

7 

3 
o 

9 

O 

47 

9 

9 

9 

o 

3 

Protected 
nucleoside 

TrCA(NBz) 

CA(BzBzNBz) 
AltCA(NBz) 

MtCA(NAn) 

CA(BzBzNBz) 
CA(BzBzNBz) 

TiCA(NBz) 

CA(BzBzXBz) 

TrA(NBz) 

TrCA(NBz) 

TrCA(NBz) 

TrU" 

TrCA(NBz) 

TrT« 
CA(BzBzNBz) 
CA(BzBzNBz) 

From deamination during 
prepn of 12 

Tu>ip(NBz)< 
CA(BzBzNBz) 

C I I B O H 

0 .91a See Discussion 
1.0 a See Discussion 

148th National Meeting of the American Chemical Society, Chicago, 111., 1964, p 13p. * This material was prepared as described for 
3'-0-acetylthymidine 5'-phosphate (pTAc): FI. G. Khorana and J. P. Vizsolyi, J. Am. Chem. Soc, 83, 675 (1961). ' This nucleotide 
was prepared as described for o'-O-tritylthymidine o'-phosphate (TrTp): A. F. Turner and H. G. Khorana, ibid., 81, 4651 (1959). 
"• D. H. Rammler and H. G. Khorana, ibid"., 84, 3112 (1962). » R. K. Ralph and H. G. Khorana, ibid., 83, 2926 (1961). » T. Ukita, 
Y. Takeda, and H. Hayatsu, Chem. Pharm. Bull. (Tokyo), 12, 1503 (1964). >• R. Lohrman and H. G. Khorana, J. Am. Chem. Soc, 
86, 4188 (1964). " P. T. Gilham and H. G. Khorana, ibid., 81, 4647 (1959). ' P. T. Gilham and H. G. Khorana, ibid., 80, 6212 (1958). 
"This compound was prepared in the same manner as the corresponding 3'-phosphate [AcC„(AcNAc)].16 ' Dr. A. R. Hanze, The 
Upjohn Company, to be published. " See ret' 6 for an explanation of the abbreviations used. 

and without chromatography the crystalline ammonium 
salt of the desired acid 40 in 66% yield. 

In order to prepare the methyl ester of ara-cytidine, 
5 was alkylated according to Khorana.8 Hydrolysis 
with ammoniacal methanol afforded the ester MepCA 
(41) in 60% yield. For the synthesis of the 3 ' and 2' 
nucleotides TrCA (2) rather than the N-protected 
TrCA(XBz) (9) was chosen as the starting material. 
Since N-phosphoroamides could be hydrolyzed, the 
additional steps for the preparation of 9 would have 
been less efficient over-all. Phosphorylation of 2 
gave a mixture of 5-O-trityl phosphates (42 and 43) 
after base hydrolysis. Acid removal of the trityl pro­
tecting groups from the two protected nucleotides, 
42 and 43, gave CAP (44) and CA? (45). The free 

(7) (a) The nucleotide was prepared enzymatically by L. I. Pizer and S. S. 
Cohen. J. Biol. Chem., 236, 2387 (1960), and later by direct phosphorylation 
with PPA by P. T. Cardeilhac and S. S. Cohen, Cancer Ren., 24, 1595 (1964), 
in 6% yield. Later the unprotected nucleoside was phosphorylated in 
22% yield by the Tener procedure. The structure of the nucleotide pro­
duced in this manner was assigned on the basis of its chromatographic 
mobility and enzymatic dephosphorylation by the nucleotidase from rye 
yrass. Employing paper chromatography with solvent E, the enzymatically 
produced nucleotide appears to be the same as our crystalline synthetic 
product. (b) S. S. Cohen, Prui/r. Xurhic Arid Res., 8, 2 (1966). 

(8) II. G. Khorana, ./. Am. Chtm. Sue, 81, 4657 (1959). 

nucleotides were easily separated by ion-exchange 
chromatography. The identification of isomers was 
made based on several sets of evidence. 

From the known behavior of cytidine 3'- and 2'-
phosphates,9 one would expect the 2' isomer to be eluted 
first from the chromatographic column. Our experi­
ence with isomer distributions from phosphorylation, 
by a nucleotide, of the arabinosyl hydroxyls of 9 clearly 
indicates that the 3 ' isomer should predominate in 
such a reaction by a factor of about 3. Experimentally, 
we found that the first isomer eluted was, as anticipated, 
produced in the lower yield and by a factor of one-
third. Thus, the former compound was assigned the 
2'-phosphate structure (45), and the latter compound 
was obtained in greater yield (the 3'-phosphate struc­
ture 44). These gross structures were supported by the 
nmr spectra of the two acids which will be detailed 
later in the discussion. The conclusions derived by 
nmr concerning the position of phosphate substitution 
was unfortunately equivocal with respect to the 2' 
and 3' nucleotides. Incorporation of each of these 
products into dinucleotides gave a product which 

(9) E. ChargarT and J. N. Davidson, "The Nucleic Acids,' 
demic Press Inc., New York, N. V., 1955. Chapter 6. 
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O ^ V 

(HO),PO,CH, 
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5. pCA(AcAcNBz) 

1. ('A 

NHAn NHAn 

(P^-N-
I 

HOCH, 
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HO 
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O ^ N 

MTrOCH, 

HO 

NHAn 

HOCH, 

\^zd> 

BzO 
6, OA(NAn) 7, MTrCA(NAn) 8, CAlBzBzNBz; 

NHBz 

if'I 
2, TrCA 

O "N 

TrOCH, 
. 0 , W \ HO 

HO 
9, TrCA(NBz) 

Tr - (CiHr^C, A n - C O - ^ T j V - O C H : , , Ac COCH,.. 

py C ''N, B Z ^ C O O H R - , , MTr- (C, iH, ) , — C ~-i(~)/ -OCH, 

a l l owed e n z y m a t i c c o n f i r m a t i o n of t h e i r s t r u c t u r e s . 
Sp l een p h o s p h o d i e s t e r a s e d e g r a d e d t h e d i n u c l e o t i d e 
d e r i v e d f rom t h e 3 ' - p h o s p b a t e (44) (sp leen e n z y m e 
c leaves o n l y 3'—*.V i n t e n i u c l e o t i d e l i nkages ) a n d d id 
no t d e g r a d e t h e d i n u c l e o t i d e c o n t a i n i n g t h e 2 ' - p h o s -

pha tc T h e r e f o r e , t h e or ig ina l a s s i g n m e n t s b a s e d on 
c h r o m a t o g r a p h i c m o b i l i t y a n d y ie ld were conf i rmed 
e n z y m a t i c a l l y . I t is i m p o r t a n t t o n o t e t h a t all of t h e 
p r o d u c t s w e r e s t a b l e in a s te r i le a q u e o u s so lu t ion at 
r o o m t e m p e r a t u r e for severa l d a y s a n d t h a t t h e y a p ­
p a r e n t l y c a n b e s t o r e d indef in i te ly as f rozen a q u e o u s 
s o l u t i o n . R e p r e s e n t a t i v e p r o d u c t s , l i s t ed in T a b l e 
I ( e x c e p t i n g 2 1 , 22 , 27 , a n d 28) a r e s t a b l e in 0.1 N 
p o t a s s i u m h y d r o x i d e so lu t i on for 16 h r a t 3 7 ° . T h u s , 
t h e a r a b i n o s e 3 ' - a n d 2 ' - p h o s p h a t e o l i gonuc l eo t i de s 
exh ib i t t h e s a m e s t a b i l i t y as d e o x y r i b o t i d e s t o w a r d 
base . T h e r e w a s no d e t e c t a b l e p a r t i c i p a t i o n of t h e 

ClMKT 11 

NHAc NH, 
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. . 0 . 
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" A c O 
11- 1' 

AcO 

39, CA(AcAcNAc) 

NH, 

0^"N~ 

(HO),PO,CH2 

\ H 0 7 

HO 

40, pCA 
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TrOCH. 
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2 ' - or 3 ' - h y d r o x y l s in t h e d i s p l a c e m e n t of p h o s p h a t e 
w i t h c o n c o m i t a n t ox ide f o r m a t i o n as w a s d e m o n ­
s t r a t e d 1 1 for cyc lohexy l e r ( / t t r o - 3 - h y d r o x y - 2 - b u t y l h y ­
d r o g e n p h o s p h a t e s y s t e m (1 N X a O H , 100°) wh ich 
g ives p u r e m<>,w-butane-2,3-diol w h i c h is c lear ly d e ­
r ived f rom an i n t e r m e d i a t e 2 ,3 -epoxide . T h a t t h i s 
r eac t ion w a s not o b s e r v e d w i t h a d inuc leos ide p h o s ­
p h a t e of tin- t y p e O A p X (where N is a n y nuc leos ide 

110) Vs. .). Wecli ter , unpubl i shed i A. V-in-r. I'I 
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and the diester linkage is either 2'-*-b' or 3'-*-5') 
is indicative that a 2',3'-epoxide in the furanose ring is 
energetically unfavorable. 

Enzyme Characterizations (summarized in Table II). 
—Generally the ara-cytidine-coiitaimng dinucleoside 
phosphates and nucleotides react as they might be ex­
pected to based on the known enzymology of oligo­
nucleotides.315 All of the compounds synthesized herein 
containing 3'-*5' internucleotide linkages are degraded 
quantitatively to 5' nucleotides and nucleosides by 
venom diesterase and 3' nucleotides and nucleosides 
by spleen phosphodiesterase. Each compound has 
been shown to give equimolar amounts of each com­
ponent . Hydrolysis rates of all of the compounds were 
slow when compared with ribodinucleoside phosphates 
(•i.e., require more enzyme and longer reaction time for 
quantitative cleavage). As expected RNAase de­
graded only UpCA (28) since the enzyme requires a 
S'-ribopyrimidine nucleoside. Contrary to the ex­
perience of Thedford, et al.,vl who found that the 
RXAase degradation of U(5,l\ie)p"U(.V\Ie) w a s com­
pletely inhibited bv the presence of an equimolar amount 
of t heV-*5 ' isomer U(o,:\Ie)pU(o,:\Ie). LT

PCA (27) did 
not inhibit the hydrolysis of UPCA (28) .u 

The 2'—»-5'-linked dinucleoside phosphates hydro-
lyzed very slowly with venom diesterase. The most 
outstanding examples of this phenomenon were CAPCA 
(10) and CApdU (14) for which no hydrolysis could be 
detected after the 2 hr. These compounds require 
more than 24 hr for complete hydrolysis. This un­
usual enzymatic stability is probably due to the fact 
that such 2'-»-5' internucleotide bonds involve the 2'-
hydroxy of an arabinoside and, consequently, results 
in a folded conformation of the dinucleoside phosphate. 
This conformation in turn adversely effects the adsorp­
tion of the substrate to the enzyme active site [cf. 
ribo-2'—,V link (A) with a ra -2 ' ^5 ' link (B)]. The 

HOCH2 

/ stacking 
' ; ' 

HOCH2 o 

HO 
B 

trans configuration of the arabinose hydroxyls should 
not affect this hydrolysis since the enzyme ostensibly 
attaches to the 3'-hydroxyl of the sugar which becomes 
the nucleotide. Ribose dinucleoside 2'-*-5' phosphates 
are hydrolyzed neither by spleen diesterase nor RNAase. 
Similarly, none of our 2'-*-5' dinucleosides were hy-
drolyzed by these enzymes. 

The simple nucleotide esters 36 and 41 of pCA (5') 
were subject to hydrolyses by venom diesterase and 
were quite slow, but did, with time, give ara-cytidine 
quantitatively. 

(12) K. Thedford, M. H. Fleysher, and R. H. Hall. ./. Med. Chem., 8, 
48« (Hlnfl). 

(13) \V. J. Weehter and L. D. Zeleznick, to be published. 

Unexpectedly, the 5'-*-o' dinucleoside phosphates, 
which are substrates for the venom enzyme only, ex­
hibited an unanticipated specificity. One would ex­
pect an unsymmetric (with respect to base) 5'—»-5' 
dinucleoside phosphate to give upon enzymatic cleav­
age essentially equimolar amounts of the two nucleo­
sides and two nucleotides. All of the arabinose-
containing o'-*-5' dinucleoside phosphates, pCACA 
(12), pCAdU (16), pCAA (20), pCAdC (32) pCAC 
(33), pCATu (35). gave on enzyme hydrolysis either 
ara-cytidine or ara-uridine as the exclusive nucleoside 
product. The 5' nucleotide was exclusively that de­
rived from the remaining nucleoside. We can conclude 
from the several examples that (1) selectivity is not de­
pendent on the heterocyclic base; therefore, the sugar 
configuration is responsible for the direction of cleavage; 
(2) for practical purposes, ribosides and deoxyribosides 
are interchangeable and do not affect specificity in 
competition with arabinosides; and (3) arabinosides 
can be substrates. Considering the possible explana­
tions of this specificity, one can speculate, in the light 
of the total enzyme cleavage picture, that the arabino-
furanosyl sugar moiety is far less favored as a site of 
enzyme attachment, so much so, that it is not competi­
tive with ribo- and deoxyribosides. 

The three nucleotides of ara-cytidine were character­
ized enzymatically first by the ability of alkaline phos­
phatase to dephosphorylate the 2'-, 3'-, and o'-phosph-
ates (compounds 45, 44, and 40, respectively) to ara-
cytidine. Secondly, the monoesterase of crude snake 
venom, when incubated separately with the three 
nucleotides, degraded only the o'-phosphate (40). 

Nmr Characterizations (assignments summarized in 
Table II).—Where sufficient compound was avail­
able, the nmr spectra of all products and most of the 
intermediates and starting materials were examined. 
From these studies we were able to establish the 
following: (1) which nucleoside bases were present 
and their ratio to one another, (2) independent con­
firmation of the class of internucleotide linkage, (3) 
differentiation of the sugar moieties present, and (4) 
unequivocal differentiation of the three nucleotides 
of ara-cytidine. 

By noting the chemical shift and integrating the 
peaks resulting from the H-6, H-5, H-8, H-2, and H- l ' 
protons in a spectrum, one can identify, employing 
models, the five common as well as other heterocyclic 
bases present in dinucleoside phosphates or dinucleo-
tides and ascertain from the integration of these peaks 
the ratios of bases to one another. With higher oligo­
nucleotides some of these details may be obscured by 
overlap of many contributors to the spectrum. The 
internucleotide linkages of dimers can be classified 
as iy'-*-b' if there is no characteristic .5'-hydroxy-
methylene resonance in the 230-235-cps area. While 
at 60 Mc/'sec the 2'-*•")' and 3'—*-o' linkages may not 
be assigned, there are sufficient differences in the 240 -
280-cps portion of the spectrum as well as shifts in 
the base protons to allow the differentiation of the 
isomers. The sugars employed in this study can be 
identified. Compounds containing deoxyriboses have 
a 2'-CH2 multiplet at about 140 cps and their down-
field H- l ' protons appear as triplet absorptions (./ = 
6-7 cps). Ribose and arabinose derivatives may be 
distinguished by the coupling of the H- l ' protons in 
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TABLE II : CHARACTERIZATION 

Ninr" (J, n w 
N'u. Al,iu-ev" solvent . 'Kefen-nri> 11-6!S) \\-?v2i H - l ' H-2 ' II-I!' 

1 CA D.MF-rf;/TMS 407.5(7 ; 354.5:7i 374 i 3 - ; j . 5j 251 ni 
D2(.)/SI)SS 4(H) (7.5) 3 0 0 ( 7 5 : 370(5.Oi 265 (q)(./2 , ; ; 3.5 i 

2 TrCA l)MF-(/;/TMS 45s (7.5i :i4!)(7 5) 3 7 9 ( 4 . 0 : 24s in 
3 CAlBzBzNBz) l )MF-. / : /TMS 524(7 .5) 1'uder arom 402(4 5; 307 (q) (,/2l3 - 2 ) 352 i q j (./;,,, - 2 ) 

4 

0 
s 

(1 

1 

- , 1 
4 

5 

p C A ( N B z ) 

C A i N A n i 

C A ( B z B z X A n i 

C A K ' A 

C A „ C A 

:i p C A C A 

CAi 'd l " 

(;A,,dU 

I ) 2 0 / X a 0 1 ) e q py 
H2() s td set at : 

l ) M S ( W ( i / T M S 

( l T l ) M K w / T / T M S 

1) 2 0/S1 OSS : exl :'' 

D . .O/SOSS text ) ' ' 

i > 2 0 / s n s S ( e x l )' 

I ) 2 0 / S I ) S S (ext )'' 

10 2 O/Sl )SS(ex t r 

!()() 
4!Ml (8) 

515.5 l 7.5) 

520 (7 .5} 

466 i'7.o) 

468.5 (7.5) 

473 (S i 

475 ! S i 

4 7 4 ( 7 . 5 ) 

4 6 9 ( S i 

4 7 5 ( S ) 

44:; (Si 

45:! ( 7 . 5 ; 

U n d e r a r o m 

I J i d c r 

:!72 i S: 

367 (S> 
I n d e r 3 6 S 

356 ( s ; 

: ) 6 7 i S : 

357 ( s i 

'•>"'•''-r> ' • " , ! 

3 6 9 . 5 ( 3 . 5 ; 

400 (4.5 i 

370 peak 

:!75 3 .0 : 

371 (5 .0 ; 

360 ( 3 . 5 ; 

377 ( tj 

372 (3.51 
3 s o i i, 7 

275 in 

365 iq,i 

272 m 

267 

140 in 

145 

<V2. 

255 m 

252 m. 241 m 

,3 ~ 2 ) 350 (q ) (,/,,, - 2 ) 

262 m 

M u l l at- 273, 264, 251) 

24s in 

260 n i - 2 4 5 in 

252 in 

16 

17 
IS 

1!) 

20 

21 

22 

23 

24 

25 

26 

27 

2S 

20 

30 

31 

32 

. ) • » 

p C A d U 

dUpCA 

CA»A 

CApA 

j)CAA 

Ai'CA 

A„CA 

C A " d A 

C A i>d A 

CA»l" 

C A „ l ' 

1'i'CA 

1'pCA 

c.'A"'r 

CApT 

T „ C A 

p C A d C 

p C A C 

Insufficient material for ninr 
I)20/5-CH2set as 462(7.5) 365(7.5) 3(55 257 

231 cps 500± 4S9± 
l)2()/5'-CH, set as 464(8) 360(S) 360 m 26S m 252, m 20s m 

231 cps 4(H) ± 47S± 
IUVSDSSexi 454(S) 34!) (S: - 3 5 5 ; - 4 . 5 ) 260 m 

405 4S2 
1)-/)/SDSS exl 406 470 367:4) 260 in 250 in 

443(7.5) 350:7.5) 373 ('3') 
D20/SDSSext 400 487 302 ( - 3 ) 250 m 

460:7.5,1 352(7.5) 306 ( - 4 ; 
D 2 0 / ] I 2 0 s l d 464(8) 370 (Si <37(i 24!) m, 257 m 

407 494± 39l)!i) 160 in 
D 2 0 / H 2 O s t d 466 (S) ( 'nder3S4 355(2.5) 264 m 242 m 

49S 4S3 382 (t, 0.5) 160 m 
l)2()/SI)SS ext 481(7.5) 363(7.5) 380(3.5; 254 in 

357 (7.5; 358 (4 : 
!).,()/SDSS exl. 473(8) 35!) (Si 379(3 ; 208 in 255 m 

471.5(8) 352 (81 350(4; 
D20/SDSS ext, 468(8 ; 343 (Si 350)5) 265 m, 243 m 

462 (7; 366 (7) 267 (7 
D20/SDSS exl 474(8,1 351(8) :!.54 14.,5. 207, 270 and 249 m 

473 :7i 351 (7) 371! :5 
D2()/SI)SS exl 409 (Si 360 i S) 375 (d; 200 m 241 in 

456 375 i 1. 7; 136 in 
D20/SDSS exl 471(8) 363 (S: 363.5 i4> 271 in 246 m 

45s 374 (t, ()i 139 in 
D,0 /SDSS 462 I'nder 370 152 in 252 in 

473(8) 364 (S) 370(4) 270 in 
D..O-HC1/SDSS 478(8) 374.5 l"n<ler374 270 m 252 m 

481 (7.5) 374> i, (i) 147 in 
l)2()/SI)SS 479(8) Complex in 300 3 7 3 ( 5 ' Cn. 270 in 254 in 

474 (Si I'nder 370 
34 pCAl'A Insufficient material for nnir 
35 ]>CATii Insufficient material for nmr 
30 PhpCA DMSCM t i/TMS 477(7) 35!) (7: 362(4 ,5) 270 in, 239 in 
3!) CA(AcAcNAc) DMF-d 7 /TMS 500(7.5) 440(7.5) ;,>79(4) 262 in 

40 j)CA 1)2() eq XHjOII/ 477(8) 366(8) 373(5) 267 m, 251 in 
SDSS 

41 MepCA D2Oeq XIf4OIf/ 476(8) 368 (S) 374(4.5,) 268 in 250 m 
SDSS ext 

44 CAp D20/SDSS 487(8) 377(8) 373(3.5; 26S m, 258 in 
45 C A P D 20/SDSS 483(8) 379(8) 376(4) 265 m, 255 m 

" Tsmr spectra were determined on 5-15c;, solutions in the indicated solvents with a \ avian A-t>0 or A-60-A spectrometer employing 
Me,Si (TMS) in nonaqueous and sodium 2,2-dimethvl-2-silapei:tane 5-sulfonute (SDSS) in 1.)..() as internal references. Frequencies 
are reported in cycles per second (cps) relative to TMS or SDSS as 0 cps. '' Knzyme assays are run as described in the Kxperimental 
Section. All cleavages were run for 2 hr except where noted and all of these hydrolyses were quantitative except where noted. '•' Kx-
lernal reference refers to the speedometer having been set to 0 with the appropriate standard just, before the spectrum is run and assumes 
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-EnzymeV-
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CH3O 218 
( / H P 13) 

239 in 
235 m 
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4 .0 
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7.2 
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6.0 

4 .7 

15 

3.0 

5.0 

1.8 
5.0 
0.5 mg 

15 

9.6 

0.5 mg 
0.5 mg 

CA, pCA 

CA, pCA 

CA, pCA 
CA, pdU 

24 hr) 
CA, pdU 

pdU, CA 
pCA, dU 
pA, CA 

CA, pA 

CA, pA 

A, pA 

A, pCA 

CA, pdA 

CA, pdA 

CA, pU 

CA, pU 

pCA, U 

pCA, U 

pT, CA 

P T , CA 

T, pCA 

CA, pdC 

CA, pCA 

(24 hr) 

(incomp 

UA, CA, pUA, pCA 
pTu, CA 
pCA 

CA<* 

p C A ( 1 8 h r ) 

No reaction11 

No reaction"1 

No reaction 

CA, CAP (24 hr) 

No reaction 
No reaction 

CAP, dU 

No reaction 
dUp, CA 
No reaction 

CAp, I 

No reaction 

No reaction 

lp, Ap, CA 

No reaction 

CAp, dl 

No reaction 

U, CAP 

No reaction 

CA, Up 

No reaction 

CAp 
T 
T P 

CA 
No reaction 
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No reaction 
No reaction 
No reaction 

No reaction 

No 
No 

No 

No 

No 

No 

CA, 

reaction 
reaction 

reaction 

reaction 

reaction 

reaction 

Lip 

Bact alk 
phos 

products 

CA 

CA 
CA 

both stability of the spectrometer for the time required for a single spectrum and the identity of influence of the individual samples on 
the resonance frequency of the calibration line. Where water is used as the standard (two cases) all values are probably ± 1 0 cps. 
d In this enzymatic hydrolysis crude rattle snake venom (20 mg/ml) was substituted for the purified diesterase in order to determine 
reactivity toward the 5'-mononucleotidase of this substance. e See ref 6 for an explanation of the abbreviations used. 
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some cases as Ji,2 for ribosides is generally greater than 
for arabinosides. 

The structures of the ara-cytidine nucleotide deriva­
tives were confirmed independently of their assignment 
based on synthesis and enzymology. The o'-phos-
phate (40) clearly shows functionalization of the 5'-
OH resulting in a downfield shift of the 5-CH2, normally 
at 233 cps, to about 250 cps. Many of the details of 
the spectra of 3'- and 2'-phosphates differ greatly HO 
that they are easily distinguished from one another and 
the 2' isomer which was assigned its structure owing to 
a small but definite upheld shift of the H-o, H-6, and 
H-5' protons owing ostensibly to phosphate anisotropy. 
Certainly at 100-Mc/sec. spin and heteronuelear (P) 
decoupling, and prior exchange of the OH protons, 
the downfield shift and splitting due to P could be de­
termined for the 2'-H and 3'-H independently. [The 
P -H coupling in MepCA (41) is 13 cps. | 

These dinucleosides phosphates and their interme­
diates were studied biologically in terms of their cyto­
toxicity toward KB cells, L5178Y leukemia cells, and 
antiviral properties in vitro and in vivo. This work 
will be reported in part in the accompanying papers.-51'14 

Experimental Section 

General.—Paper chromatography was performed by the 
descending technique employing Whatman chromatographic 
paper no. 40, 44, 3HR, and 3M.M. Thin layer chromatography 
was carried out. on plates coated i 100-250-/J thick) with either 
Camag silica gel (1 or Camag cellulose l.)F (A. H. Thomas'! 
by the ascending technique. The solvent systems used routinely 
were isopropyl alcohol-concentrated X*H4OH-H20 ( 7 : l : 2 v / v ) 
(solvent A): 'isobutvric aeid-1 .1/ NII4()1I (0.1 ,Y)-Xa2EDTA 
(100:60:1.6) (solvent B); ethyl alcohol- 1 M NH4OAc (ptl 7..5) 
(5:2) (solvent C); w-propyl alcohol-concentrated NH4OH-
H,() ("55:10:35) (solvent K)': H-butyl alcohol-acetic aeid-H20 
(5:2:3) (solvent: ( i ) : isopropyl alcohol-concentrated XH4OH-
0.1 M boric acid (7:1:2) (solvent I"). I'eagent grade pyridine 
was stored over Cali2 before use: purified pyridine refers to re­
agent pyridine that has been purified by the method of Khor-
itna.ls Melting points are uncorrected (Thomas-Hoover Uni 
.Melt apparatus). Petroleum ether employed was the com­
mercial fraction having a boiling range of 40-60°. For chroma­
tography on cellulose, K and S No. 389 pulp was used. Evapora­
tions were carried out at 30°, except where noted otherwise, on a 
Huchi Rotavap evaporator (Brinkman Instrument Co.). 

5-O-Trityl-ara-cytidine (2).---A solution of 5.0 g of ara-
cytidine hydrochloride and 20 g of impure trityl bromide in 150 
ml of pyridine was stirred at room temperature overnight. 
The resulting suspension was filtered free of solid and poured into 
1.5 1. of H20. The resulting solid was isolated, washed with 
HoO, and dried (in vacuo, 60° ). The dry material was triturated 
three times with 100 ml of boiling heptane, then recrystallized 
from acetone with a Darco treatment to give 6.54 g (75 r)) of the 
desired product, mp 227.5-228.0° dec, x|";'™ 273 m,u u 9100). 
A sample was recrystallized from acetone for analysis, mp 228.5-
229.5°. 

Anal. Calcd for C2sH27X;J(>.-,: (', 69.26; II, 5.61: N, 8.86. 
Found: C, 69.Oil; II, 5.67: X, 8.93. 

X4-BenzoyI-2',3'-0-diacetyI-«/v/-cytidine (3).- -">'-< )-Ti ityl-
«ra-cytidine (2) (6.2 g, 12.S mmoles) in 40 ml of dry pyridine was 
treated with benzoyl chloride (6 ml, 50 mmoles) and allowed to 
stand al room temperature overnight. The reaction mixture was 
poured into 500 ml of a stirred mixture of ice and water and stir­
ring was continued for 3 hr. The aqueous portion was decanted 
from I he residual gum and the residue was washed twice with 
water. The residue was taken up in methylene chloride (150 
nil) and this solution was washed consecutively with H 2 0 (two 
limes) and saturated N a d and dried (Xa2S(>4). The solution 
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was taken to dryness under reduced pressure and the residue was 
dissolved in 50"ml of CHC13 and treated with 6.7 ml of 30% 
HBr in acetic acid. After 3 min at room temperature the solu­
tion was reduced to about 10 ml under reduced pressure. This 
solution was adsorbed onto a column of silica acid16 made up with 
CHCI3 (100 g of silica gel, 18 X 70 cm) after dilution with an 
equal volume of CHCI3. The column was then eluted with 
550 ml of ethanol-stabilized CHCI3 (flow ra. 3.5 ml/'min) and 
the effluent was discarded. The column was then eluted with 
1.2 I. of ordinary (,'lICla to which 3 ' , (v/v'i of methanol had been 
added. This ellluent was collected in 20-ml fraction*. The 
fraction* were examined for the presence of triphenylcarbinol 
oi' trityl ether by placing a spot of each fraction on filler paper 
and examining all of the spots for uv followed by a 50 ' , H2S(); 

spray. In this manner the approximate position of the desired 
material (trityl negative but uv positive) was determined. The 
marginal fraction* were evaluated for purity by tie o-ilica (): 
methanol-benzene, 1:9.-. On this basis fractions 25 43 were 
combined and washed with 200 ml of water containing 0.5 ml 
of pyridine. The CIICI3 solution was then dried (Xa2S()), 
and laken lo dryness under reduced pressure. The residue 
was crystallized from acetone-petroleum ether. Three crops 
were collected which were homogeneous by tic giving 3.13 g 
(44' , ). mp 177.5 17S° dec. A sample was recrystallized from 
ethyl acetate for analysis; mp 177.5-178° dec: iv"!' 2540, 33*0, 
1720, 1695, 1660, 1615, and 1600 c m - ' : uv, Xf;',"" 234 niu :f 

35.9001. 261 (25.400), and 304 (10,350!. 

Anal. Calcd for (VJIaXaO,: C. 64.9: H, 4.5: X, 7.57. 
Found: C, 64.95; II, 4.67: X, 7.29. 

Pyridinium X'-Benzoyl-rrra-cytidine 5-Phosphate Hydrate 
(4). -Approximately 50 mmoles of pyridinium pj-cyanoethy] 
phosphate was rendered anhydrous by several evaporations with 
anhydrous pyridine. The residue was then dissolved in 10 ml 
of dry pyridine, 3 (2.77 g, 5 mmoles) was added, and the 
solution again was taken to dryness. The mixture was then dis­
solved in 25 nil of pyridine, dicyclohexylcarbodiimide (DCC1 
'3.09 g. 150 mmoles) was added, and the mixture was shaken 
at room tempera I tire lor ~i.o days. About 15 ml of waler was 
then added and the mixture was extracted twice with petroleum 
ether and filtered free of the urea. The solution was then diluted 
to 40 ml with pyridine, chilled to ice temperature, and made 1 A 
in XaOII by the addition of 40 ml of ice-cold 2 .V XaOII. The 
reaction was terminated with excess pyridinium Dowex 50 after 
20 min. The resin was separated and washed with water, and 
the aqueous portion was evaporated tinder reduced pressure to 
about 25 ml after the addition to 200 mg of (XHOTICCX. The 
precipitate was removed by filtration. The solvents were re­
moved under reduced pressure and the residue was taken up in a 
solvent system composed of I .1/ XITiOAc (pH 6) and isopropyl 
alcohol (2:5), then absorbed onto a cellulose column (5.8 X 
65 cm, cv 1850 nil) made up with (his same system. The column 
was then eluted and the first. 600 ml of eluate was discarded after 
which 20-ml fractions i.'!25 total) were collected and examined at 
intervals by uv and lie (solvent A on silica gel (1'). Fraction* 
55 110 proved to contain almost pure pCAiXBzi. 54,000 (VI) 
units at 304 m/i Ow. 4.5 mmoles, 90') of theory.!. The combined 
fractions were taken to a small volume in the presence of 10 ml 
of pyridine, the residue was diluted to 50 ml with water, the prod­
uct \va* adsorbed onto pyridinium Dowex 50W-XS (45 X 3.8 
cm), and the column was eluted with 3 1. of deiouized water. 
The total efllueni was concentrated under reduced pressure and 
rediliited with 1 ' , aqueous pyridine four times, followed b\ 
concentration. Finally, the residue was taken up in diluted 
aqueous pyridine and lyophilized twice from this solveni. The 
residue, a while solid, was submitled for analysis: A1,,„,' ' 257.5 
niM u 26,300). 303 ( 14,0501. 

Anal. Calcd for C16H:.<X:,< >s 2.5IM )• pyridine: C 16.58; 
II. 4.29: X, 10.35. Found: C, 46.46: 11,4.58; X, 10.35. 

N*-Benzoyl-2',3',0-diacetyl-ara-cytidine o'-Phosphate (5). 
The above product pCA(XBz') (4) (1.79 g, ra. 3.4 mmoles) was 
suspended in 30 ml of pyridine acetic anhydride (1:1) and stirred 
overnight at romii leinperal lire. The *olution (homogeneous) 
was then diluted with 15 ml of water ami stirred for 3 hr at room 
temperature. The solvent was then removed at. 30° (high 
vacuum) and the residue was triturated with ether. The gum 
was freed from el her /;/ raruti and then laken up in 10 ml of dry 
pyridine and stored al 1°, concentration ra. 0.31 mmole/ml. 

1 Hi: UrinkiiiaiL sllicir ariU fur riiruma.1 ,,:mo>h,\ . Drinknian LnM.nmitMiU 
I in-.. U .'-llnii-.v . N. Y. 
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Tic on silica gel G (solvent A) showed one major material and 
was employed without further purification. 

N4-Anisoyl-ara-cytidine (6).—ara-Cytidine (1) hydrochloride 
(5.0 g) and anisoyl chloride (25 ml) were dissolved in pyridine 
(100 ml) and the solution was stirred at room temperature for 
6 hr. Acid (400 ml, 1.5 Ar HCl) was then added and the solution 
was allowed to stand overnight at room temperature. The 
solid was filtered, washed, ground thoroughly with H20, and air-
dried. The residue was suspended in H 2 0 (275 ml) and ethanol 
(250 ml) and warmed to 70° on a steam bath. The cool suspen­
sion was then chilled to 4°, the pH was adjusted to 8 with 1 N 
XaOH, and the solid was filtered immediately, washed with 
water, air dried, then washed with three portions of ether (100 
ml). The solid was then stirred rapidly with 100 ml of ether, 
filtered, and air-dried to give 16.6 g of crude product containing 
some anisic acid by tic (5% MeOH-CsHe, silica gel G). The 
crude product was taken up in pyridine (195 ml) and water (65 
ml) and chilled to ice temperature. The solution was then 
treated with vigorous stirring with 350 ml of 1.5 N NaOH for 
0.5 hr. The reaction was terminated by the addition of ca. 
350 ml of Dowex 50-XS (50-100 mesh) pyridinium resin fol­
lowed by stirring for 20 min (pH 7.0). The solution was filtered 
free of insoluble material. The residue was washed with water. 
The combined filtrates were taken to dryness in vacuo at <50°, 
and the residue was stirred with three 200-ml portions of ether 
and filtered. The solid was then suspended in 300 ml of boiling 
water and filtered (three times). The combined filtrates were 
evaporated to a small volume under reduced pressure giving 
2.0 g of product, mp 197-200° dec. A sample was recrystallized 
four times from H 2 0 and once from methanol for analysis; 
mp 200.5-201.5° dec: \l'° 216 m,u (e 20,450), sh 256 (12,800), 
sh 286 (20,850), 304 (25,200). 

Anal. Calcd for C17H19N307: C, 54.11; H, 5.08; X, 11.14. 
Found: C, 54.38; H, 4.82; X, 11.31. 

5'-0-MonomethoxytrityI-N4-anisoyl-ara-cytidine (7).—X4-
Anisoyl-ara-cytidine (4.8 g), dissolved in pyridine (50 ml), was 
treated with p-anisyldiphenylmethyl chloride (9.5 g). After 9 
hr methanol (10 ml) was added and the pyridine solution was 
poured into 600 ml of H2O and stirred. When the gum had 
coagulated, the solution was decanted. The gum was washed 
with H2O several times by decantation. The gum was then 
taken up in methylene chloride, washed with H 2 0 (two times) 
and saturated XaCl golution, dried (Xa2SO,i), and taken to dry­
ness at 30° in vacuo. The residue dissolved in benzene was 
adsorbed onto a column of silica gel (5.8 X 48 cm) made up with 
benzene and eluted with twenty 100-ml fractions of 2%. meth-
anol-benzene, then forty 100-ml fractions of 5% methanol. 
Fractions 49-60 were triturated with ether, giving a crystalline 
solid which was collected and washed with ether (combined in 
acetone). The product, 4.21 g (36-39% for the three steps from 
CA), exhibited a single uv-absorbing spot by tic (10% ^ t eOH-
C6H6 on silica gel G), but carbinol impurities could be detected 
with 50%. H2SO4 spray. Attempts to recrystallize this mate­
rial were unsuccessful. A sample was precipitated from THF 
with ether at —20° and this material (i.e., not analytical sample) 
was submitted for analysis; Xmax 285 m,u (e 23,800), sh 303 
(21,350); * w 3340, 1690, 1645, and 1600 cm-1 . 

Anal. Calcd for C37H3SN3O7: X, 6.47. Found: X, 6.27. 
N4-Anisoyl-2',3'-0-dibenzoyI-ara-cytidine (8).—A 4.0-g sample 

(6.2 mmoles) of MTCA(XAn) in dry pyridine (20 ml) was 
treated with 3 ml (25 mmoles) of benzoyl chloride. The sealed 
reaction mixture was allowed to stand 18 hr at room temperature. 
The mixture was then poured into ice-water and stirred for 3 hr 
at ambient temperature, giving a gummy solid. The crude 
product was extracted into two 50-ml portions of CH.C12, after 
which the combined extracts were washed consecutively with 
water (five times), saturated XaCl solution, dried (Xa2S04), 
and taken to dryness in vacuo. The residual pyridine was co-
distilled with toluene at reduced pressure and the residue was 
taken up in dioxane (50 ml) and treated with 80% acetic acid 
(50 ml). After 24 hr the reaction was incomplete as evaluated 
by tic (10% MeOH-C6H6 on silica gel G); consequently, the 
solution was made 0.03 N in HCl. After 5 hr hydrolysis was 
complete. The solvents were then removed at 40° in vacuo 
then reevaporated with 100 ml of 1:1 CHCh-ethanol. The 
residue was taken up in CHC13 and absorbed onto a column of 
silicic acid (2.8 X 40 cm) made up with CHCI3. The column was 
eluted with four 250-ml fractions of chloroform (0.75% 
EtOH), followed by six 250-ml fractions of CHCI3 with 3 % 
methanol added. Fractions 5-8 were combined and absorbed 

onto a fresh silica gel column (2.8 X 50 cm) made up 
with alcohol-free CHC13 in the same CHCI3; it was then eluted 
with four column volumes of ordinary CHCI3, followed by 2 1. 
of 3 % methanol-CHCh collected in 20-ml fractions at a column 
rate of 5.0 ml/min. Fractions 46-54 contained the desired ma­
terial (220 mg), mp ca. 167-174° (from ethyl acetate-Skellysolve 
B). A sample was recrystallized for analysis; mp 172.0-173.0°; 
> w 3540, 3380, 1720, 1690, 1655, and 1605 cm"1 ; X^°H 232 mM 

(e 35,700), 288 (24,650), and sh 303 (22,350). 
Anal. Calcd for C3iH27X309: C, 63.58; H, 4.65; X, 7.18. 

Found: C, 63.62; H, 5.12; X, 7.23. 
N4-BenzoyI-5'-0-trityl-ara-cytidine (9).—5'-0-Trityl-ara-cy-

tidine (5.0 g, 10.3 mmoles) in 35 ml of pyridine was treated 
with benzoyl chloride (5.0 ml) and stirred overnight. The 
suspension was poured into 400 ml of H20, and the mixture was 
stirred overnight at room temperature. The gummy product 
was filtered, washed thoroughly with H20, and then taken up in 
CH2C12 (300 ml). This solution was washed with H ,0 (100 ml), 
saturated XaCl solution (100 ml), and then taken to dryness un­
der reduced pressure. The residue was taken up in 400 ml of 
absolute methanol and 200 ml of dry THF, and the solution was 
chilled to ice temperature. The cold solution was treated with 
10 ml of 25% XaOCHs in methanol and the course of the reaction 
was followed by tic (silica gel G, 10% MeOH-C6H6). After 30 
min at 0°, 110 ml of Dowex 50W-X8 (pyridinium) resin (20-50 
mesh) was added, whereupon the pH of the solution dropped to 
about 7.0. The suspension was filtered free of resin and the resin 
was washed with two 50-ml portions of methanol. The combined 
filtrates were taken to dryness at 30° (water pump) and then 
dissolved in a minimum volume of benzene. The benzene solution 
was adsorbed onto a column of silica gel (58 X 4.8 cm) made up 
with benzene. The column was eluted with twenty 100-ml 
portions of 2% methanol in benzene followed by forty 100-ml 
portions of 5%. methanol-benzene. Fractions 34-41 were as­
certained by tic (as above) to be the product, combined in acetone, 
and crystallized as microclusters from acetone-Skellvsolve B, 
giving 2.29 g (38%), mp 208.0-209.5°. A sample was "recrystal­
lized once for analvsis; mp 210.5-211.5° (from acetone); »„„ 
3440 sh, 3340 sh, 3210, 1705, 1640, 1610, 1600, and 1560 cm"1 ; 
\l\T 260 m« (e 23,750), 307 (11,750). 

Anal. Calcd for C35H3IX306: C, 71.9: H, 5.32; X, 7.19. 
Found: C, 71.41; H, 5.59; X, 7.46. 

General Procedure for Condensation Reactions and Sub­
sequent Hydrolyses.—The protected nucleotide (3 mmoles) was 
mixed with the protected nucleoside (6-10 mmoles) together with 
500 mg of dry pyridinium Dowex 50W-X8 in 25 ml of purified 
pyridine. The suspension was taken to dryness at 30° under 
reduced pressure (water aspirator). The coevaporation with 
purified dry pyridine was repeated five times. The residue was 
then suspended in 25 ml of purified pyridine, 10 g of dicyclo-
hexylcarbodiimide (DCC) was added, and the mixture was 
shaken in the dark for 4 days. Water (10 ml) was then added 
and the suspension was stirred at room temperature overnight. 
The insoluble urea and resin were filtered and washed with two 
20-ml portions of 50% aqueous pyridine. The combined 
filtrates were washed with four 50-ml portions of petroleum ether 
and then the aqueous portion was taken to dryness in vacuo 
at 40°. The residue was resuspended in aqueous pyridine and 
again taken to dryness as above and the last traces of H 2 0 were 
removed under high vacuum. The residue was then taken up 
in 50 ml of methanol saturated with anhydrous XH3 and stirred 
at room temperature for 24 hr. This solution was then taken to 
dryness under reduced pressure. If there were any methoxy-
trityl or trityl protecting groups present (route 1) the residue was 
taken up in 50 ml of 80% acetic acid and stirred at room tempera­
ture for 6 or 24 hr, respectively, for the protecting groups. The 
solution was once again taken to dryness under reduced pressure 
at 30°. The product from the base or acid hydrolysis was then 
taken up in 1 1. of H20, filtered free of insoluble material, 
and extracted exhaustively with ether. The resulting solution 
was then freeze-dried and the residue was subjected to one or 
more of the separation procedures described below. 

Separation Methods. A. Ion-Exchange Chromatography 
over Dowex 1-X2 (Formate).—Chromatography was carried out 
b \ ' the procedure of Taylor and Hall17 on AG 1-X2 (formate) 
resin. The total product from the condensation procedure car­
ried out on the scale described above was adsorbed onto the 
"1-mmole" column of Taylor and Hall (200-400 mesh, 1.8 X 27 

(17) P. R. Taylor and R. H. llall, J. Org. Chem., 29, 1078 (1904). 
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cm) in H 20. The column was then eluted by gradient with 
from 0.04 to 0.08 M ammonium formate (pH 5.0) employing 
2 1. of each salt solution. The column was monitored at an 
appropriate wavelength (near the Xmax of the product) by means 
of a Vanguard 1056 OD uv scanner with 0.1-mm path length 
cells so the optical densities of up to about 30 could be conven­
iently read. The fractions were collected in 20-ml portions in a 
fraction collector (photoelectric or precise volume collector). 
Based on the elution diagram generated by the uv scanner with 
I he peaks over 30OD's filled in by manual dilution and reading 
appropriate fractions were combined and freeze-dried several 
limes from deionized water in order to rid the product of salts. 
The resulting freeze-dried solid was then dissolved in DjO and 
its nmr spectrum was run (see Table II) . The sample was then 
freeze-dried once again, then taken up in sterile IDO so that the 
notical density of the solutions were in the range of 100-500 and 
ihe uv spectra, high voltage electrophoresis (live), tic, and enzy­
matic splitting were run. In those cases, where the products were 
not free of nucleoside or nucleotide at. this point, they were further 
purified by cfe (below). 

B. DEAE-Cellulose Chromatography. --Chromatography on 
I )KAE-cellulose (S and S) was carried out as described by Smith 
and Khorana.'8 For a condensation in which the total product 
was of the order of 44,000 OD units, the product, after suitable 
hydrolyses, was adsorbed onto a column of purified DEAE-
cellulose CG0 X 5.S cm) which had been prepared as described in 
(he above reference. The column was eluted first with 600 ml 
of 0.02 M triethylamine bicarbonate (pH 7.5), then over a gra­
dient of from 0.02 to 0.12 31 salt employing 5 1. of each buffer. 
The column was monitored as described in section A above and 
the products were treated after combining the fraction as de­
scribed above. The products of the section A chromatography 
were ammonium salts of the dinucleoside phosphates and in this 
case the triethylamine salts. 

C. Continuous Flow Electrophoresis (Cfe).—For cfe separa­
tions, the TIannig Model FF electrophoretic separator (Brinkman 
Instruments Co.) was employed. The experimental details 
for each of these runs will be reported separately.4 Compounds 
12, 16, 17, 20, 21, 32, 33, and 36 were purified in this manner. 

N4,2',3'-0-TriacetyI-5'-0-trityl-a/a-cytidine (37).--A 750-rng 
sample of the trityl ether (2) was suspended in 9 ml of pyridine 
and treated with 3 ml of acetic anhydride at room temperature 
with stirring until solution was complete. Stirring was continued 
for 2 hr whereupon the solution set up to a crystalline mass. 
The suspension was then poured into 90 ml of water and the 
white crystalline product was isolated, washed thoroughly with 
water, and dried (vacuum, 60°) giving 950 mg, mp 248-249.5°. 
Reeryslallization from ethanol afforded colorless rosettes (800 
mg):' inn 251-252°: v„n* 3210, 1760, 1720. 1670, and 1620 
cm"1: \l'°" 250 mM (* 15,500), 300 (7650). 

Anal. Caled for CM1I.,3X307: C, 66.76: II, 5.44; N, 6..S7. 
Found: C, 67.04; 11,5.47: N, 7.00. 

2,3-DiacetyI- and N4,2',3'-Triacetyl-ara-cytidine (38 and 39). 
-A 1.3-g sample of the trityl triacetate (37) was suspended in 

10 ml of SO'vr acetic acid and heated to reflux for 10 min. The 
suspension was then refrigerated, filtered free of triphenyl-
carbinol, and taken to dryness in vacuo at 30-40°. The product-
was absorbed onto silica gel (2.8 X 33 cm) (column volume 200 
ml) and eluted with thirty 20-ml fractions of methanol-benzene 
(25:75). Fractions 5-11 were combined (455 mg) and recrystal-
lized from acetone-Skellysolve B giving 240 mg (30% )> mp 171.0 
172.5°. A sample was reerystallized once for analysis; mp 
[74.5-175.5°, > w 3400, 3280. 3240, 1750, 1710, and 1655 cm l: 
C,"" 213 niju (e lS.loOX 249 (15,750), and 299 (7500), which 
is consistent for the X ' , 0 2 ,03 ' -triacetate. 

Anal. Calcd for C,r,II,9N3Os: C, 48.7S; II, 5.19; N, 11.38. 
Found: C, 4S.79: H, 4.81; X", 11.66. 

Fractions 26-29 contained a very small amount of the ()2 ',03 '~ 
diacetate identified bv chromatographic mobilitv on silica gel 
(i tic (MeOH-C6H6, 25:75), X „ , 271 mM (free 4-NH2 group). 

ara-Cytidine 5'-Phosphate (40).—The above triacetate con­
taining a few per cent of the N-deacylated material (2.5 g) was 
dissolved in 40 ml of pyridine 0.325 .1/ in eyanoethyl phosphate. 
An additional 20 ml of pyridine was added containing 5.6 g (26 
mmoles) of DCC. The mixture was shaken in the dark for 2 
days, after which time 10 ml of H-.() was added. The solution 
was warmed and then shaken for 1 hr. after which time an nddi-

(IS) M. Smi th and II. (J. Khorana , Methods KiuuvuiL, 6, l ib" (HltW). 

tional 35 ml of H2O was added, and the solution was filtered free of 
dicyclohexylurea. The filtrate was taken to dryness, diluted 
with 50 ml of TT>0, and again taken to dryness to remove residual 
pyridine. The residue was then partitioned between TI-0 and 
ether (150 ml, .1:1) and the aqueous portion freed of ether in 
vacuo after a second extraction. The aqueous solution (90 ml 1 
was then treated with 2.16 g (90 mmoles i [i.e., 0.1 .1/> of I.iOIl 
and the solution was heated to 100° for 1 hr, after which time the 
suspension was chilled and filtered free of lithium phospha le. The 
solid was washed with 0.01 A* LiOH, after which lime 1 h" pH of 
the filtrate was adjusted to 7 by the addition of Dowex 50 ill ' 
resin. The resin-free solution was distilled to 25 ml under re­
duced pressure (40°) and the solution was passed over fresh 
Dowex 50 (75 ml). The resin was eluted with water until ihe 
p l l of the eluate was in the range 4-5. The pH of ihe solution 
was adjusted to 7.5 by the addition of concentrated XII,()I1. 
The product solution ten. 200 ml i was absorbed onto a column 
of Dowex Ag-I -formate) of dimensions 1.88 x 44.5 cm and the 
column wits eluted with 125 ml of IEO. The column was then 
eluted with 0,15 .1/" formic acid, and the elution was followed ai 
260 mp on a. Vanguard, 1056 OD uv scanner. The eluate was 
collected in 20-ml fractions at a flow rale of 2.0 ml/min. Frac­
tions 13-33 (major scale) were combined, after a 200-ml forerun. 
and lyophilized to give a white crystalline solid, yield 250 nig 
( I I ' , 1. This material was identical by paper chromatography 
with a sample prepared enzymatically,7 papergram h't (solvenl 1! 
0.38, If, (solvenl (!) 0.36. A sample was recrystallized twice 
for analysis from water at 4° to give fine needles: A',;.,, 212 

imi (t 10.100) and 280 (13,400;: pA":1> = 4.05, pKJ = 6.15. 
Anal. Calcd for C J I H X S O S P : C, 33.44; 11,4.36: X. 13.nil; 

P, 9.58. Found: 0, 33.37; II, 4.8.V X, 12.61: P, 9.75. 
Ammonium ur«-Cytidine 5-Phosphate Hemihydrate (40, 

NH4" Salt). A 4.0-g sample (7.3 mmoles) of pCA(XBz) (4) 
was taken up in a mixture of methanol (100 ml) and anhydrous 
XHa-saturated methanol (170 ml) and stirred at room tempera-
lure overnight. About one-half of ihe solvent was distilled 
under reduced pressure. The resulting suspension was chilled 
to 4° and the crystalline ammonium salt was filtered and washed 
with a small amount of cold methanol. Tic (cellulose I)F. 
solvent A) exhibited a single spot whose mobility was identical 
with that of an authentic sample of pCA (41). Dried under 
reduced pressure -'0°), the product weighed 1.66 g (til) ' ,: . 
AD",6 272 m/i (( 8980), x;;,1'2 279 DIM (e 12,551)). 

Anal. Caled for C d b A W XH3-0.5II2O: X, 10.05: ll,(). 
2.58. Found: X, 16.22: H20 (Karl Fisher), 3.2. 

Methyl-ora-cytidine 5'-Phosphate (41 ). A 1-mmnle. sample of 
pypCA(Ac.\cX*Bz i (5) was coevaporated (in I'aciio) will) pyridine 
three times, t-hen dissolved in 20 ml of dry pyridine and treated 
with tri-/i-butylaminc (1.2 ml), methanol (10 ml), and DCC 
(7.0 g). The mixture was shaken for IS hrat room temporal ure 
and then taken 1o dryness under reduced pressure. The liquid 
residue was Irituntl-ed twice with ether and the residue was 
diluted to 35 ml with 11»0 and Ihe insoluble urea was filtered. 
This solution exhibited A,llilK 271 HIM (21,600 OD units, XV, 
recovery). The solution was made basic (XTI4OH ) and taken 
to a small volume at 40° (aspirator vacuum). The aqueous 
residue was taken up in 200 ml of methanol and 25 ml of con­
centrated NII4OII and allowed to stand at ambient- temperature 
overnight-. Tic (silica gel (1, solvenl- A) indicated a single major 
material plus two other small amounts of uv-absorbed material, 
one of them obviously benzamide. The solution was taken to 
almost dryness, then adsorbed onto a column of 50 g of silica gel 
made up with solvent A. The column was eluted with 5.0-ml 
fractions of solvent A. Fractions 17-21 were combined, freeze-
dried, and proved homogeneous by t ic The freeze-dried male-
rial was dissolved in 8.0 ml of sterile water and filtered; Af)"(' ' 
271 niM (3040 01) units) indicative of a 00% yield; X,„„, 
251 niM- The structure of this compound was confirmed both 
enzymatically and by nmr spectra (Table II). 

ara-Cytidine 3'- and 2'-Monophosphates (44 and 45). 5-(>-
Trityl-ara-cytidine (970 mg, 2 mmoles) was added to 4.0 ml 
of 1 M eyanoethyl phosphate (4 mmoles) in pyridine and the solu­
tion was taken to dryness under reduced pressure. The residue 
was evaporated with three fresh portions of dry pyridine and 
finally taken up in 10 ml of purified pyridine and treated with 1.2 
g of DOC at room tempera I ure willi shaking for 5 days in ihe 
dark. Vaior i|(> ml) was added and Ihe suspension was stirred 
at ambient temperature for 3 hr. The urea was filtered and ihe 
filtrate was washed twice with petroleum ether. The nilrogen-
flushed ether-free solution was then 1 rented with 13 ml of 2 A' 



September 1967 NUCLEIC ACIDS. I 773 

NaOH at ambient temperature for 20 hr. The reaction was 
terminated by the addition of Dowex 50-X8 (pyridinium, 30 ml). 
The solution was filtered free of resin and the resin was washed 
with water. The combined filtrates were taken to dryness at 
40° (in vacuo). 

The above gummy product was dissolved in 100 ml of 80% 
acetic acid and allowed to stand at room temperature for 3 days. 
The solvent was removed under reduced pressure at 40°, the 
residue was taken up in a small amount of H20, filtered free of 
triphenylcarbinol, and adsorbed onto a column of AG 1-X8 
(formate) ion-exchange resin of dimensions 2.8 X 24 cm, and 
eluted with 7 1. of 0.01 M formic acid, followed by 5 1. of 0.02 M 
formic acid, collecting 20-ml fractions. Fractions 195-210 were 
combined and freeze-dried and the product was crystallized from 
H 2 0 to give lOmg of a.ra-cytidine2'-phosphate as colorless rosettes: 
XSL45 212 m/i (e 9600), 274 (9950); XD

m̂
2 sh 213 mM (c 11,550), 

279 (13,650). 
Anal. Calcd for C9H14OsX3P: C, 33.44; H, 4.36; Found: 

C, 33.91; H, 4.71. 
Fractions 426-270 were combined, freeze-dried, and isolated as 

a crystalline solid (112 mg) of ara-cytidine 3'-phosphate: X^„'° 
274 W (e 10,700), sh 213 (10,750); X ^ 1 sh 213 mM (« 10,750), 
279 (13,900). 

Anal. Calcd for CHuNsOgP: C, 33.44; H, 4.36; X, 13.00; 
P, 9.58. Found: C, 33.12; H, 4.58; N, 12.99; P, 9.65. 

5'-0-Trityl-N6-benzoyladenosine (46).—N6-Benzoyladenosine 
(2.09 g, 5.4 mmole)19 was dissolved in 20 ml of anhydrous pyridine 
and treated with trityl chloride (3.0 g, 10.8 mmoles) at room 
temperature for 2 days. The reaction mixture was then poured 
into 500 ml of ice-water and allowed to stir at room temperature. 
The product was filtered, washed thoroughly with water and 
ether, then crystallized from methanol containing a trace of pyri­
dine, mp 198-201.5°. A sample was recrystallized in the same 
manner for analysis; mp 203.0-204.5°; X*1°H 230 m/j si sh (e 
20,250), 260 si sh (12,800), and 279 (19,900). 

Anal. Calcd for C3«H3iN608: C, 70.46; H, 5.09; N, 11.41. 
Found: C, 70.10; H, 5.12; N, 11.59. 

Enzyme Hydrolyses. A. Snake Venom Diesterase.—Purified 
phosphodiesterase was obtained from Worthington Biochemicals 
Corp., Freehold, X. J., and a standard solution was prepared in 
sterile H 2 0 so that the concentration of protein was from 5 to 
10 mg/ml adjusted so that the potency (as described by Worth­
ington) remained constant. The incubation mixture contained 

(19) R. Lohrmann and H. G. Khorana, J. Am. Chem. Soc, 86, 4188 (198-1). 

the substrate [1-15 OD units (in water), see Table I I ] , 10 iA 
of 1 M pH 9.0 Tris buffer, 40 nl of enzyme solution (ca. 0.2 mg 
of protein), and sufficient H 2 0 to make the total volume 100 
ii\. The incubation was carried out at 37° for 2 hr except where 
noted and all of the incubations were carried to complete hy­
drolysis. After heating at 100° for 2 min to precipitate protein, 
the entire reaction mixture was streaked on 3MM paper and 
developed with solvent A vs. suitable controls. The hydrolysis 
products were then extracted from the paper and examined by 
uv. In every case, the ratio (millimicromoles) of nucleoside 
and nucleotide products was consistant within experimental 
error with that anticipated (i.e., 1:1 for dinucleoside phosphates). 
The recovered material, where desirable, was then chromato-
graphed by tic (cellulose) or by paper high-voltage electrophoresis 
in order to unquestionably identify every product. 

B. Spleen Phosphodiesterase.—The diesterase was obtained 
as above from Worthington Biochemicals and was taken up in 
H20 so that the activity (Worthington) was 20-30 units /ml. 
The incubation mixture as described by Razzell,20 contained 20 
lil of 1 .V ammonium acetate (pH 5.7), 5 til of 1% Tween 80 in 
H20, 1-15 OD units of dinucleoside phosphate (in H 20), 40 pi 
of enzyme, and sufficient H20 to make 105 /jl. The incubation, 
termination, and identification of products was carried out as 
described for venom in A. 

C. RNAase.—Crystalline bovine pancreatic RNAase (Worth­
ington, highly purified) was used to make up a stock solution of 
the enzyme whose concentration was 5 ml/ml. The incubation 
mixture contained 2.5-10 OD units of substrate in H 20, 10 /A 
of ItNAase stock solution, and sufficient H 2 0 to make 100 ii\ 
of solution. Incubations were carried out for 2-6 hr at 37° 
after which time, to total reaction mixtures, the solutions were 
streaked onto 3MM paper and developed with solvent A. The 
identification and uv quantitation of the products was carried 
out as described for venom in section A. 

D. Bacterial Alkaline Phosphatase.—Commercial enzyme 
from Worthington Biochemicals (concentration 2 mg/ml) was 
diluted tenfold with 0.05 M Tris (pH 9). The incubation was 
carried out according to Khorana and Vizsolzi21 and the mixture 
contained 0.1-1 ,umole of substrate nucleotide, 10 iA of Tris 
(pH 9.0), 10 ill of enzyme solution, and sufficient H 2 0 to make 
100 ill. The mixture was incubated for 2 hr at 37° after which 
time the nucleoside products were isolated and identified as for 
the venom enzyme (A) above. 

(20) W. E. Razzell, Methods Emymol., 6, 245 (1983). 
(21) H. G. Khorana and J. P. Vizsolzi, ./. Am. Chem. Sor.. 83, 675 (1961). 


