762 Wintdas J

proved, althongh not to gueh an exrent as for guina-
erine and chioroguine.

Finally, to estimate the effect of the T-chloro sib-
stituent on the electronic properties nf the amine =alt
of chloroquine, we calculated the amine =alt of 1
aminoguinoline (Figure 10).  Differences hetwecn the
amine :alts of d-aminoquinaline and chlorognine arve
<light, indicating that the 7-chloro substituent ioes
not have nmch imfluevee on the ring strnerure. o
conjnvetion with the faer the veplieenem of the 7-
cliloro substitnent  diminishes, but does not abolish
binding to DNA® thix ealealation snggests, i accord
wirh Hahi ef all> thar perhaps the 7-chloro sabstituen:

(350 DoStgltacamd Lo Levine, (Xeeh, Bigehem, Biophp~, 101, 335 (10053«
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dors enter inro specttie: chongh nor vswartinly inerne-
tion i he DNA complex.
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With the hope of influencing the mechanisnt of wetion, Transport, or eross-rexistance phenomenn of the poteut
eviotoxie wativiral nneleoside  1-g-v-arabiuofuranosyleyiosine (ura-¢ytidine, CA), the nncleoside wax ineor-
porated o 25 dinncleoside phosphates of the type CApX amil XpCA where X represents a second nneleoside.

Where possible, all three internucleotide linkages, 2'—23/,
Tural type, by the couden=ation of suitably protected nueleosides and nueleotides followed by deblocking.

;3 =57 and 5'—3, were prepared with each =trme-

While

lon-exchange chromatography was emploved for <mall-<cale ixolation, cominmons-fow filin electrophoresiz wis

utilized for lavger scale preparations,

evtidine, ax well as two single esters vt ace-cytidine 5'-phospliate, were prepraed.
phortis-containing proditets were confirned enzynudically.

For biologieal comparizons, the three nuawuneleoride derivatives of weq-

The strietures of all phos-
I the conrse of the cuzyvinatie charncterizations, i«

new =pecificity of venom diesternse townrd nu=yimueirieal (with respect (o the sugar) 3'—=5'-dinnelesside phos-

phates was nucovered.
by their nnu spectic

The structives of atl phosphorns-cotdaining intertedintes and products were enufirned
From these latter studies, we were able 10 confirta the uamree and ratio of heterocevelice

bases present, establizh the position of uncleotide or internneteoiide linkages, differentiate rhe sngar mnieties,

and confirm the gross strietures of the svuthetic produers.

For aboat 14 years™" chemists, partienlarly i the
United States, have bheen vigoronsly engaged in the
syithesix of analogs of the untnrally ovcurring muleo-
sides. The rationale for the most of thiz work was
based o the supposition that oue conld produce umqur
sclective antimetabolites whirh would be useful in the
treatmient of neoplastic and viral dizeases.  While o
vuitber of these rompounds are preseutly being em-
ploved clinically, ahuost all of them are highly toxiv
to manmmalian cells. Fnrther. the infective ngenr or
neoplasm develops resistance to these antimetabolites.
In the hope of inereasing the cellnlar selectivity of such
antimetabolitex, either by alternative mechanisims of
action vr by alternative tranzport 1mechanisms, we
havie begun o program to ucorporate o variety of

i1y ay l'resented ai 1he 152nd National Meeting of 1he Anerieat Cluost-
cal Suiety, Divisiun of Medicinal Chemistry, New York, N. Y., Nept 12.
196G, {b) Barly workers in this fiell included 13, R. Baker, (i, 15, Broawenw,
do) Tox, €0 A, Dekker, J. A, Montgowmery, and tlieir en-wurkers; learling
references 1may he found in Advan. Carboliydrate Res., 14, 283 (105l1;
17, 301 €1962). <{¢) Fradulent 3/—5/- and 5'—3'-linked dinuclenside
plhiosphales have been reported subsenient to the iuterception of this wurk:
I A Montgomery, G. J. Dixon, E. A, Dulinage, H. J. Thomas, R. W. Broek-
man, and H, E. Skipper, Nature, 199, 769 (1963): D). G. Parsouns amnd (.
1leidelberger, J. Med. Chem., 9, 159 (1966); J. Smrv and F, Sorm. Collectivn
Czerh. Chem. Commun., 28, 61, 887 (1963); R. I. Hall and R. Thudfonrl,
J. Ovyg. (Chem., 28, 1506 (1962): A. Bloek, M. H. Fleysher, R. Thedfonl, R,
J. XMave, and R, 11, Hall. .J, Med. Chesn.. 9, 886 (19663,

antinmetabolites inta vligonuvleotides.' By this means
we hope to contribute to i partial understanding of the
effects of charge, molecular weight, aud molecular
coufignration on vellular penetration incorporation and
transport of oligovuncleotides into living systenis.  We
this desire knowledge of the cellular metabolisnt and
possibly biologieally unigne properties of olignpueleo-
tides.  1"or this puarpose. we synthesized n series of
dinucleoside phosphates, mrcleotides, and simple esters
of these nncleotides derived from the rytotoxie.=2.b
antiviral* “* vucleoside 1-8-p-nrabinofmranosylevtosinef
(ara-vytidive, ara-C, CA). Cytotoxicity studies with
these componnds will b reported in the aecompanving
paper.*

Eniploying the procedures pioneered priveipally by
Ixhorana nud his co-workers? all of the desired com-
pounds wrre prepared. but on larger seales than those
employed i thu literature preparations.  The prodacts
were isolated by ion-exchange chromatography.  Large-

12) 1a) M. Y. Clac and G\, Flseher, Bilockum. Fhaenacol,, 11, 4234
11062):; by . UL Smith, {1 1L Daskirk, and W, L. Luinmis, Peov. D
Aasee, Canver Res., 6, W (118561 te) (1 I, Underworad, Proe, Sor. Frptl.
Biol, Med., 111, 660 {11321 o H. 1. Renis awd 11, G. lohnson, Bactersod.
Jteor,, 48, 110 (10621: v DL NL Rawehala, ['roe. Soe. Keprl, Biol, Med., 118,
BE1O64; o Jo 11 Theter, UL S0 Patent 3,115,282 ¢1063): 12y Part 11
G G, Smith, 1L Buskirk, amd W, L Loammis, /. Yed, Chew,. 10, 771

(HoeTs,
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seale column chromatography is, however, time con-
suming and can lead to rearrangements® and degrada-
tions; consequently, a new method was developed.
Purification of isomerically pure (¢.e., one internucleo-
tide linkage type) products was carried out continuously
on the Hannig continuous-flow electrophoresis (cfe)
apparatus which employs no stationary phase* 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. Nmr spectroscopy was euployed to
coufirm the strnietnres of all of the phosphorus-contaiu-
ing products.

Three routes were emploved for dinucleoside phos-
phate synthesis. The first yielded a mixture of 2'—5’
and 3'—=3’ isomers (both isomers were desired for
biochemical and biological evaluation). A nncleoside
(I) with the 2’ (and 3") hydroxyls unprotected was
condensed with a fully protected 5'-nucleotide IT.
The protecting gronps were then removed from the
intermediate withont prior purification by consecutive
base and acid hydrolysis to give the desired products
11T and IV (see ronte 1) which were then separated by
n suitable procedure (see Table I).

TOCH, A’ (HO),P(O)OCH, B’
0 0 condensation
+ T
HO X RO Y
I 11
protected hydrolysis
dinucleoside
phosphates
HOCHQO A HOCH, A
HO(O)PO X + HO ‘P(O)OH
CH, B CH:0 B ®
0 0
HOY HO Y
111, 8'—=5' 1V, 2'—s5¢

T = trityl or mononiethoxytrityl; A‘, B’ = suitable protected
purine or pyrimidine bases; X = Y' = o-OH, 8-OH, or H;
Y = acvl «-OH, acyl 3-OH, or H; R = acyl

Route 2 produced only 5'—3'-linked symmetrical
or uusymmnietrical dinucleoside phosphates. Condensa-
tion of A4'-nuprotected nucleosides (V) with protected
nucleotides as I 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-
vent 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. Michelson, '"The Chemistry of Nucleosides and Nucleotides,”
Academic Press 1nc., New York, N, Y., 1963. More recent work is found in
(¢) M. Smith, D. H. Rammler, I. H. Goldberg, and H. G. Klorana, J. 4m.
Chem. Soc., 84, 430 (1962); (d) D. H. Rammtier and H. G. Khorana, d.,
3112 (1962); (e) G. Weimann and H. G. Khorana, #b/d., 1329 (1962): (f)
D. H. Rammler, Y. Lapidot, and H. G. Khorana, 7hid., 85, 1989 (1963): (2)
H. Schaller, G. Weimann, B. Lach, and H. G. Khorana, thid., 85, 3821
(1963); (1) H. Schaller and H. G. Khorana, ibid., 86, 3828 (1963); (1) Y.
Lapidot and H. G. Khorana, ihid., 85, 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.
Royer, and W. J. Wechter, 4nal. Biochem., in press.
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HO X
HOCH., A’
0 0”4
Ve protected CH,OP(0)0H
+ I — dinucleoside — | (2)
RO ¥ phosphate CH.O B
v 0
HO X
VI

The third sequence afforded only symmetrical 5'—5'-
dinucleoside phosphates and phenyl 5’-phosphates.
The 5’-unprotected nncleoside (V) was condensed with
phenyl phosphodichlorodate according to Michelson® to
give products of type VII and VIII after alkaline
hydrolysis.

HO X
O
(FCH"' CsH;OPO.CH, A
O
V + C¢Hs:OPOCL: — P(0)OH T+ (3)
OCH.
i b A HO X
VIl
HO X
V11

The required protected nucleosides and nucleotide
derivatives of ara-cytidine were prepared as ontlined
in Chart I} ara-Cytidine (1) was nionotritylated in
good vield 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 Tener’® fol-
lowed by the usual base hydrolysis afforded the crystal-
line N*benzoyl 5'-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 N*-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 homogeneons
by tle. This substance was converted to a type V
intermediate by cousecutive beuzoylation and acid
hydrolysis to give the dibenzoyl derivative (8), again
in poor yield. Cousequently, the more desirable type
I intermediate was obtaiued by the benzoylation of
TrCA (2) followed by hydrolysis giving the crystalline
N¢-benzoyl-5'-O-trityl-ara-cytidine (9). We then had
the necessary protected derivatives of ara-cytidine for
condensation with kuown protected derivatives of the
natural nucleosides and nucleotides to carry out all
dinucleoside phosphate syntheses.

{4) (a)y A, M. Aliclielsun, BlockiUn. Bilophys. Acta, 58, 841 (1962); (I
(i. M. Tener, J. [, Chem. Soc., 83, 159 (1961).

(8) The shorthand abbreviations used in this paper are as follows: the
5' linkage i3 to the left of CA, and the 3/ linkage followed Iy the 2/ linkage
an the base substituent is to the right of CA. Also, a p to the left of the
symbol (C.\, etc) indicates a 5' linkage, a superscript p to the right of the
symbol indicates a 2’ linkage, and a subseript p to the right of the symbol
indicates a 3’ linkage,
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=~adt
N, Compd Abbrev' lloute Tenlanion® form AHE S e % 1070
10 ara-Cycidylyl-(2' — 5 )ara evliline CArCA 1“) Dowes 1-X2 NH,*+ Rt ~17
11 ara-Cytidylyl-(3' — 5')-ara-cytidine CALCA i T N1~ 272 ~17
t2 ara-Gytidylyl-(5" — 1')—n:~n4-ytidinoﬂ pCACA 3 Cle Acid s ~i7
13 ¢ea-Cyvtidylyvl-(5" — 5" -ree-evtidine pCACA 2 DEAL-celnlase DI A7 ~17
14 writ-Cytidyivl-(27 — 5 -deoxyuridine CAvdl” I Diowes 1-N 2 N 2185 ~ 1T
i wrie-Cyridyly -G f = 57 deoxyridine CAdU 1 ST N 2005 ~tTn
b ace-Cviidytvl- (5 — 5% i-deoxynridine pCAdU 2 Cfe Nt 257 ~17.5
17 Deoxyaridvlyl-t5" — 3" - extidine: JECA 1 (*fie Aend 255 ~t7 5
N wert-Cyridylvi-12 — 57 -idenosine CAvA ! Dowes 1-X2 N 262 ~21
I wea-Cytidylvt- (37 — 5 t-ndenosine CALN i coT NIL- 262 ~21
20 dea-Cytidylyl- (5" — 5 -ndenosine pCAA 2 (fe Arid 203 ~2]
21 Adenylyl- (20 — 5)-ara-cytidine ArCA b Dowes 1-N2 s ofe Avid 264 ~ 21
22 Adenylyvl-(3' — 5 )ara-cviidine ALCA b cooT Aeid 200 ~ 2t
R wra-Cytidylyl- (27 — 57)-deoxyadenosine CArdA I Dowes 1-X2 and ofe Acid 202 ~21
24 aca-Cythlylyl- (37 — 5")-deoxyadenosine CA,dA 1 cooT Acid 262 ~21
25 ara-Cytidviyl-(2' — 5-nridine CArl? ! Dowes 1-X2 NI 267 ~ 17
Ry aea-Cyridyvivi-(5" — 5 -nvidine CAU t coT Ny~ 207 ~ 17
ki l'l'i(l_\'l‘\'l%'.l' — v')‘,1»(11‘11"‘)’1illill(‘ UeC'A | Dowey 1-\2 N 205 ~ 1~
RA Fridylyl-03 — 5" -aea-extidine A I coT NIT, - 215 ~ 18
24 rwea-Cyvidylvi-(27 — 5 - hvinidine CAvE 1 e ) Nt 27D ~ N2
50 Cra-Cyiidylyl- (37 — 5 -thymidine AT t Bowes 1-X2 tformide) Gy 270~ N2
51 Thymidylvl-i3 — 5" lrea-extidine L CA 1 DEAR-celinlose P, N1 - 268 IS0
2 aea-Cylidyivi-15" — ' i-deoxyeytidine® pCAdC 2 Cfe Aend 27 170
BN wea-Cylidyivt-i5" — 5H-evtidine pCAC K Cte Acid 272 ~17
B! wea-Cyridy =i — 5 ere-nridine pCAUA 3 DA E-celtulosce LN 208 ~17.5
R aea-Cytidvivl-(5" — 5/ -tubercidin pCATH 2 Papergravt salv A N1 - 271
i) wa-Cytidine 3-0-phenyiphospliace? PhpCA 3 (e Acid 7D NN

pliiy
40 wea-Cytidine 5'-phosphate pCA See xperinenal Seetion
41 wea-Cyiidine 5'-O-werhylphosphate MepCA 1 Slien gel =olv A NI 271 Ny
44 wea-Cyiidine 3'-phosphate CA, See Fxperimential Section
45 wea-Cytidine 2/-phosphate CAv See Fxperinental Sectinn

v Nee lxpertiiental Sceetion for detnils of

0.02-0.05 M butfers for

ipll 5.6); b, C.Capll )()), e, CuU 6.8 d, AC (25);

coutinnous-flow elecirophoresis (efe wand chromatographie =eparations,
cellulore DF (Cy or =iliea gel (1 13) with solvent A anless noted otherwise.
individnal for roaie 1 1)1()(111(% wed no attempt was niade o improve yields,

2 hr s 4 — 7000 v on a Shandon doable-rooled plate apparatius with tap water cooling.
e, C)A (6.8).

¢ All emploved

" Yields are based on ihe Hmiring reactant and arce
« [Tigh-voltage electrophoresis (hve) was carried ont i
Standards:  a, ¢,
¢ Prepared by Dr. 1i. C. Kelly, The Upjohu Company. - s-

Butyl aleohol-acetie neid=I1.0 1’7):2:13,1 (solvent (7). ¢ IKthyl alecohol-1 A NH OAc¢ (pll 7.5) (5:2) l\()].\(lll ). e Angl. Caled for
Cis e NgO:P -0 G 38.16: H, 4.80;, N, 14.84; P, 5.47. Found: C, 38.74; I, 4.60; N,15.33; P, 5.26. " dnal. Caled for C,-
TN D - HLO: € 45065 T, 485, N, 1007, Py 7420 Found:  C, 42.94; H, 4.37; N, 10.38; D, 7.45. ¢ This compound was syn-

thesized in essentinlly the sane mauner ax was reported by T. Y. Shen, H. M. Lewis, and W \".

In Table I are summiwized the produets of condensa-
tion reactions carried out acrording to literature pro-
cedures®* ~1' pig renction routes 1-3.  In addition, the
starting materials, isolation methods., and thin layer
chromatographic, high-voltage clectrophoresis, unltra-
violet, mul shorthand abbreviation data for each of the
products are listed in Table . Twenty-five dinncleo-
side phosphates are compiled (10-35) therem. Cow-
pounds which contain ara-uridine (UA) arose frowm de-
anination of arg-cyvtidine (CA) dnring the syuthetic
sequence or chromatography (generally in low vield).
The products synthesized by route 1 in which two
isomers conld be produced (2'—3' and 3'—5') gave
essentially cqual 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 phosphorvlation of the
two hydroxyls,

Ruyle, Division of Medicinal Chemistry,

Lor the pnrposcs af biochemical and biological com-

parisont, the three uneleotides derived from ara-Ct and
the methyl ester of ara-cyvtidine 5'-phosphate (40,

pCA" were prepared as outhined in Chart IL*
ara-Cytidine 5'-phosphate (40) was prepared starting
with the 5'-O-trityl derivative 2, which was com-
pletely acylated with acetic anhydride and giving iv
good vield the triacetate (37). A number of attempts
to selectively hydrolyze the trityvl group of 37 werce
only partly ~11(<essf11 Tuder our best conditions
there was both and O dcu}latlon The 2',3'-0-
diacetate (38) was lbOld.t(Zd in addition to u 309, yield
of the desired triacetate (39) in our best preparation.
Phosphorylation of 39 by the Tener procedure’® followec
by base hydrolysis afforded the desired nucleotide
pCA (40) as the crystalline free acid. This gynthesis
confirmed the strncture of the enzymatically prepared
nncleotide’ [structure was confirmed by nmr spectra
(Table II)]. Satisfactory uv and ir spectra, pk
values, and & combustion analysis were obtained.
Subsequently, a much more efficient process for the
synthesis of 40 was developed. Debenzylation of the
rrystalline intermediate 4 proceeded to give directly
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A2 Lo, R Yieid, live rel
my e X 10-¢ or rel R %° to atd?
C0.22 1.8 1.23b)
Co0.21 14.5 1.17b}
C1l.0relto C,C 10.0 1.22b
Nee no. 12 33.0 See 10, 12
269 ~18 C0.36 1.28 1.070}
269 ~18 C0.36 3.83 1.0¢
81.30rel to C,U 83.0 0.97¢
C’0.36 2.2 l.1¢
Co0.41 8.7 1.24d¥
C0.39 220 1.084d)
265 ~22 C0.98¢es. CLA 33.0 0.97e
Cl.1zs. AC ().?Zel
255 Cl.1ws.AC 1.0
C 1.36vs. CpA 1.7 0.98e ‘1>
C1.2525.CoA 7.0 0.85e |
Cr1.10s. UL 4.5 ().%)80}
Cr1.03vs. UC 11,0 0.9<¢
C1.02s.CU 0.9 1.04¢
C0.9vs.C,U 10.5 1.00¢
81.27rel to U,C 4 1.04¢
S1.27relto U,C 14 1.04¢
C0.33 20) 1.00¢
279 26.6 42 1.17b
S1.0rel to C,C 50 1.15D
C0.8rel to pCACA 3
C0.24 <2
128 12,6 C1l.0reltoCA ~30
S0.54 60 1.41 ¢
0.91a
1.08

148th National Meeting of the American Chemical Society, Chicago, Ill., 1964, p 13p.
H. G. Khorana and J. P. Vizsolyi, J. 4dwm. Chenm. Soc., 83,675 (1961).
was prepared as described for 5'-O-tritylthymidine 5'-phosphate (TrTp):

3'-O-acetylthymidine 5’-phosphate (pTAc):

= D. H. Rammler and H. G. Khorana, ibid., 84, 3112 (1962).

NucLEIC ACIDs,

» R. K. Ralph and H. G. Khorana, ¢bid., 83, 2926 (1961).

I 765

Starting laterials¥

Compd Protecied Compd Protecter!
no. nucleotide no. nucleoside
b} pCA(AcAc¢NBz) 9 TrCA(NBz)

CeH;OPOCl, 3 CA(BzBzNBz)

R PCA(AcAcNDBz) 7 MtCA(NBz)
pdU(Ac) 7 MtCA(NAn)
pdU(Ac) 3 CA(BzBzNB3z)
TrdU,} 3 CA(BzBzNBz)
PA(ACACNAO)" 9 TrCA(NBz)
PA(AcAcNACQ) 3 CA(BzBzNBz)

) PCA(AcACNB) 47 TrA(NBz)
pdA(AeNAe)" ) TrCA(NBz)
pClAcACe) 0 TrCA(NBz)

B PCA(AcAcNBz) TrUn
pT(Ac)* 9 TrCA(NBz)

N pCA(AcAcNDBz) TrTe
pdC(AcNAcy 3 CA(BzBzN132)
pC(AcAeNAc)® 3 CA(BzBzNBz)

From deamination during
prepu of 12
PCA(AcACNDB2) Tu>ip(NBzy
CeH,OPOClI, CA(BzBzNBz)
Sec Discussion
) PCA(AcAcNBz) CILOH

See Discussion
See Digcassion
¥ This material was prepared as described for
¢ This nucleotide
A, F. Turner and H. G. Khorana, ibid., 81, 4651 (1959).
o 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).

Upjohn Company, to be published.

and without chromatography the crystalline ammonium
salt of the desired acid 40 in 669 yield.

In order to prepare the methyl ester of ara-cytidine,
5 was alkylated according to IKhorana.®? Hydrolysis
with amimoniacal methanol afforded the ester MepCA
(41) in 609, yield. For the synthesis of the 3’ and 2’
nucleotides TrCA (2) rather than the N-protected
TrCA(NBz) (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 n 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 CA, (44) and CAP? (45). The free

(7) (a) The nucleotide was prepared enzymatically by L. I. Pizer and & =,
Cohen, J. Biol. Chem., 285, 2387 (1960), and later by direct phosphorylation
with PPA by P. T. Cardeilhac and 8. 8. Cohen, Cancer Res., 24, 1595 (1964),
in 6% yield. Later the unprotected nucleoside was phosphorylated in
22¢, yield by thie 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 nucteotidase from rye
arass. Fmployving paper clirvmatography witl solvent B, tlhe enzymatically
protluced nilcteotide appears ty be tlie same as our crysialline syntlietic
product. () 8.8, Cohen, Progr. Nuclele Avid Res., 8, 2 {1966).

(&) . (i. Kliorana, J. Am. Chem. Suc., 81, 4657 11939).

2 P. T. Gilham and H. G. Khorana, ¢bid., 81, 4647 (1959).
* This compound was prepared in the same manner as the corresponding 3’-phosphate [AcC,(AcNAc)].'®
« See ref 6 for an explanation of the abbreviations nsed.

» P, T. Gilhant and H. (;. Khoraua, #bid., 80, 6212 (1958).
¢ Dr, A, R. Hanze, The

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

Irom the kunown behavior of c¢ytidine 3’- and 2'-
phosphates,? 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 areaction by a factor of about 3.  Experimentally,
we fonud that the first isomer elnted was, as auticipated,
produced in the lower yield and by a factor of one-
third. Thus, the former compoind was assigned the
2'-phosphate structnre (45), and the latter compound
wis obtained in greater vield (the 3’-phosphate struc-
ture 44).  These gross structires were supported by the
nur 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

(" 15 Chareaff anld J. N. Davidson, “The Nucleic Acids,” Vol. 1, Aca-
lenlic P’ress Inc., New York. N. Y., 1455. Chapter 6.
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allowed enzymatic confirmation of their structures.
Spleen phosphodiesterase degraded the dinucleotidr
derived from the 3’-phosphate (44) (spleen enzyme
cleaves only 3'=5" intermneleotide linkages) and did
not degrade the dinneleotide containing the 2'-phos-
phate.’  Therefore, the original assigninents based on
clirnntographic mobility and vield were confirmed
cnzyniaticnlly. It is important to note that all of vbi
products wire stable in a1 sterile agaeons solntion
roomt temperature for several days and that they ap-
parently can be stored indefinitely as frozen aqueons
solutioun. Representative prodncts, listed in Table
I (excepting 21, 22, 27, and 28) are stable in 0.1 N
potassinim hydroxide solution for 16 hr at 37°.  Thus,
the arabinose 3’- and 2’-phosphate oligonucleotides
exhibit the same stability as deoxyribotides toward
base.  There was no detecetable participation of the

1oy Wb Weelder, unpubtishnd vhservations.
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2= or s'-hydroxyls in the displacement of phosphate
with concomitant oxide formation as was demou-
strated!! for vyelohexyl erythro-3-hydroxy-2-butyl hy-
drogen phosphate systemr (I N NaOH, 100°) which
gives pure meso-hutane-2,3-diol which is clearly de-
rived fromw an mtermediate 2,3-epoxide. That this
reaction was not observed with a dinucleoside phos-
phatis of the (vpe CApN (where N is any nucleoside

ST D0 AL Teowss sk b N0 Ushes, oo, Clicor, Soe,, S 7 TU6R),
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aund the diester linkage is either 2'—5’ or 3'—3')
is indicative that a 2’,3’-epoxide in the furanose ring is
energetically unfavorable.

Enzyme Characterizations (sununarized in Table I1I).
-—-(tenerally the ara-cytidine-containing dinuecleoside
phosphates and nucleotides react as they might be ex-
pected to based on the known enzymology of oligo-
nucleotides.®® All of the compounds synthesized herein
containing 3'—5" internucleotide linkages are degraded
quantitatively to 5’ uucleotides 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-
pouent. Hydrolysis rates of all of the comipounds were
slow when conipared with rbodinucleoside phosphates
(.e., require more enzynie and louger reaction time for
quantitative cleavage). As expected RNAase de-
graded only U,CA (28) since the enzyme requires a
3’-ribopyrinidine nucleoside. Contrary to the ex-
perience of Thedford, et al.,'* who fouud that the
RNAuase degradation of U(5,Me),U(5,Me) was coni-
pletely inhibited by the presence of an equinmolar amount
of the 2’—5" 1somer U(5,Me)*U(5.)Me), U,CA (27) did
not inhibit the hydrolysis of U,CA (28).13

The 2'—5'-linked dinucleoside phosphates hydro-
lyzed very slowly with venom diesterase. The most
outstauding examples of this phenomenon were CA,CA
(10) and CA,dU (14) for which no hydrolysis could be
detected after the 2 hr. These compounds require
niore than 24 hr for complete hydrolysis. This un-
usual enzymatic stability 1s probably due to the fact
that such 2'—3’ internucleotide bonds involve the 2'-
hydroxy of an arabinoside and, cousequently, results
in a folded conformation of the dinucleoside phosphate.
Thix conformation in turn adversely effects the adsorp-
tion of the substrate to the enzyme active site [cf.
ribo-2'=5" link (A) with are-2'—=5" link (B)]. The

/

7]
/

i )]

) /base/
HO /s/taszking 1
/ I

POH / [/ HOCH, o '\ I}
/ Iy
) 0

CH.
OH HO
A B

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

The sinmple 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) R. Thedfunl, M. U, I'teysler, and R. H. Hall, .J. Med. Chem., 8.
486 (1065).
(13) W, J. Wecliter anil L. D, Zeleznick, to be publisherl.
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Unexpectedly, the 5'=3" 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) 3'—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 5'—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 53’ nucleotide was exclusively that de-
rived from the remaining nucleoside.  'We can conclude
from the several exaniples that (1) selectivity is not de-
pendent on the heterocyclic base; therefore, the sugar
coufiguration is responsible for the direction of cleavage;
(2) for practical purposes, ribosides and deoxyribosides
are iuterchangeable aud do not affect specificity in
comipetition 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 5’-phosph-
ates (compounds 45, 44, and 40, respectively) to ara-
cytidine. Secondly, the mounoesterase of crude snake
venom, when incubated separately with the three
nncleotides, degraded only the 5'-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-
flmation of the clags of mternucleotide linkage, (3)
differentiation of the sugar moieties present, and (4)
mequivocal differentiation of the three uncleotides
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-1’
protons in a spectrum, one can identify, employing
models, the five common as well as other heterocyelic
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 sonie of these details may be obscured by
overlap of many countributors to the spectrum. The
internucleotide linkages of dimers can be classified
as H’—=5’ if there i3 uo characteristic 5'-hydroxy-
methylene resonance i1 the 230-235-¢cps area. While
at 60 Mc/sec the 2'—5" and 3’—53" linkages may 1ot
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 he
identified. Compounds containing deoxyriboses have
a 2’-CH, multiplet at about 140 cps and their down-
field H-1" protons appear as triplet absorptions (J =
6-7 cps). Ribose and arabinose derivatives may be
distinguished by the coupling of the H-1’ protous in



76N

16
17

I

20

Aldireve

(‘.’\

TrCA
CA(BzBaNB2z)

pCA(NB2)

CAINAu
CA(Bz32NAu

CAYCA
CACA

pCACA
CArdl

CALdU
pCAdU
dU,CA
CAvA
CALA
pCAA
AvCA
A CA
CArdA
CAvrdA
Cart
CALU
[BIUGAY
7.CA
cAart
CALT
T,CA
pCAdC
pCAC
pCATA
pCATH
PhpCA
CACACACNAO
pCA
MepCA

CA,
CAP

Suivenl/ Refervpes
DAMEF-/:/TMS
D.O/8D8R
DMF-d; /TMS
DAMF-: TN R

DO /NaOD ¢q py-
H.0O =td ser at 300

DMSO-d, T S

dDMI- LTS

1.0 /3D8stext

1O /BRI (ex )y

D0 /RDRS cext y
1.0 /RDSS fext

DLO/MRDSS text

Tusnfficient nreaerial for

.0 /5-CH, set as
231 eps

1.0/5-CH. sel us
231 eps

1.0 /3D88 ext

1:0/81D58 exi

1,0,/3D8N ex1

1.0 /1.0 s1d

1,0 /H,0 s1d

1,0 A4S ext

DO /SRS ext

1,0 /S3ss ext

DLOSDRS ext

DLO /SRS exa

O /SDss ext

DO /SRS

D.O-HCL/SDRNR

D0 /=Dt

Tusatlicient niaeriat for
Iisutfceient material for

DMSO-7,/ TS
DMF-d:/TMs

DO eq N1LOTY
SRR

D20 eq N0/
SDSS ext

1,0 /8SDRR

.0 /SDSS

Wintias J. WECHTER

Tasre 11:

11-5¢8)
H67.5 ¢
4606 ¢
ENLT
ERER

ST
.o
700
P

490 {81

5.0t 7.0
D20107.5Y
466 (7.0
A68.517.0)
EYGAGS)
475 1R
474{7.5
469 181

175 (N)

nmr
162(7.5)
HOD &
464 (8)
94 £
4534 (8)
4495

106

EER AN
400

166 1(7.5)
40418)
497
400
JON
AT

473
451
40K {
402§ I
474 ¢
473470
469 (K1
456
471
408
4152
473 (87
47808
ANT1T.D)
479 (=1
474 (NG
nr

[

ninr
EYIR
SN0 LTHY
47718y
456 (8)

48T (%)
483 (8)

CHARACTERIZATION

=512y
304 50T ETE SO T IE )
SO0 (T 50 S370H D
BEN RGN BY0 (4.0
Under arom 10214 5,
445 180 BYNESRNE

4031700

Under warom

Under 37D peak

Under 368
BETIRE

-1t

ABOD D)
00451
B7H 3.0

371500

B69 (5.5

BT

3TN

EETREE

320000
SSO00 T

365(7.0) RItE

480 &

360 (85 360 1
478

B9 1N ~3354 ~+4
482

470 367 (47
B3H0TT.00 BYBIGH
487 2620~

3521758
BTG (NG
404 =
Under 384
480

S65 (701
30T (75O
RRAET
352 (X
BEREERN
BO6 (7
BRI
3ot ¢

SGD S

375 b

366 C~43
<3706
S90 Gy
355 (2.0
A82(1, 6.5]

BRENE N

RYREY

SV R

BNt

HIMEE Y

RYERO IR IT
Under 570

BIE WA
REE i

S50 (4
Under 374

HTAL 6

Complex in 5no

BYRES

Under 570

B0 (7

446170

B60 IS
368 (8)

BTT(8)

379 (8]

303

376 (4)

HO2 0450
370 (45

EIERE WY

-

BN

BN

Vol 10

e NAp L, e

11-27
265 gy Gl e 351
ABY (i (s ~2)

2TH m

-4

2510 m

24~ 1

020 U 20
255 m

252, 241 m

HOS L1 e us ~20 B350 1q) (e ~20
272 202 m
Mult s 2755, 264, 250
207 248 1
260 m-245 m

140

252 1m
145

257
268 252, 1 2681

260 m

160
264 1
16D

268 1

20

260 m
136 m
27 m
130
152
270 m
270 m
147 m
M, 27D

m

2068 nt

260
25D 1m
250 m

249 1m, 257 1«

242

254 m

S

2065 1, 240

T270 aned 2490

241 m

246 m

270 1, 2849

202
267 m, 251 m
250 m

268 m1, 258 m
265 m, 255 m

» Nmr specrra were determined vt 5-15¢, soluticus in the indicaied solvents with a Varvian A-61) or A-6D-A spectroneter etiploying

MeRt CTMRY in nowgqeons ated sodinm 2,2-dimethyvi-2-sitapentae S-<altorare (SDSR) in 1,0 s internal references.
e veported ineyeles per sceoud feps) relive 1o TS wr SRS ws 0 ps,
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7
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5.
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5
1.
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CH,CONH 117
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235 m 0

[SR=N")

.6

.5
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OD units
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mg

nig
ng

Venom
diesterase
products

CA, pCA (24 hr)

CA, pCA

CA, pCA

CA, pdU (incomp
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

pl, CA

T, pCA

CA, pdC

CA, pCA

UA, CA, pUA, pCA

pTy, CA

pCA

CA¢

pCA (18 hr)

No reaction?
No reaction¢

Enzymeb©
Spleen

dieslerase

products

No reaction
CA, CAp (24 hr)

No reartion
No reaction

CA,, dU
No reaction
dU,, CA
No reaction
CA,, l

No reaction
No reaction
I, Ap, CA
No reaction
CA,, dI

No reaction
U, CA,

No reaction
CA, U,

No reaction
CA,

T

T,
C.’X
No reaction
Wo reaction
No reaction

No reaction
No reaction

No reaction

Bact alk
RNAase plios
products products
No reaction
No reaction
No reaction
No reaction
No reaction
No reaclion
CA, U,
CA
CA
CA

both stability of the spectronieter for the time required for a single spectrun: aud the identity of inflaence of the individual saniples on

the resonauce frequency of the calibration line.

Where water is used as the standard (two cases) all values are probably =10 cps.

¢ In this enzymatic hydrolysis crude rattle snake venom (20 mg/ml) was substituted for the purified diesterase in order to determine
reactivity toward the 3'-mononucleotidase of this substance.

¢ See ref 6 for an explanation of the abbreviations used.
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some cases as J1 for ribosides is generally greater than
for arabinosides.

The structures of the ara-cytidine nucleotide deriva-
tives were confirmed independently of their assigiiment
based on synthesis and enzymology. The 35'-phos-
phate (40) clearly shows functionalization of the 5'-
OH resulting in a dowufield shift of the 5-CH,, norinally
at 233 eps, to about 250 vps. My of the details of
the spectra of 3'- and 2'-phosphates differ greatly so
that they are easily distinguished from oue another aud
the 2’ isomer which was assigned its structure owing to
o small but definite upfield shift of the H-53, H-6, and
H-5’ protous owing ostensibly to phosphate anisotropy.
Certainly at 100-Me/see, spin and heteronuclear (1)
decoupling, aund prior exchange of the OH protons,
the downfield shift and splitting due to I’ ronld be de-
termiued for the 2°-H and 3°-H independently. [Tl
P-H couplingin MepCA (41) 1513 eps. |

These dinneleosides phosphates and their interiae-
diates were stndied biologically in terms of thenr cyto-
toxicity toward KB cells, L3178Y leukemia cells, aud
antiviral properties in vitro and 7n vire. This work
will be reported in part in the aecompanying papers, .14

Experimental Section

General.—Paper chromatography was performed by 1he
descending technique eniploying Wharman vhromatographic
paper no. 40, 44, 3HR, and 3MN. 'Thin layver chromatography
wis carried ont on plares coated 1100-250-g thick) with either
Cuamag silica gel G or Camag celinlose DF (A, H. Thomas)
by the ascending techinique.  The solvenl =vs(ems used routively
were 1sopropyl aleohol-concenirated NTLLOH-H.0 (7:1:2 v/vi
(zolvent A); isobatyric acid-1 M NHOM (0.1 V)-Nuw,EDTA
(100:60:1.6) (solvent B): ethyt aleohol-1 3 NHiOA¢ (pH T.5)
(5:2) (solvent Cy;  u-propyt aleohol~coucentrated NH,OI-
IO (55:10:35) {solvenr I2); n-butyvl aleohol-acetic acid-H,0
15:2:3) (solvent (+); isopropyl alcohol-concentrated NH,OMT-
0.1 M borte acid (T:1:2) (solvent 1). TReagent grade pyridine
wax stored over Calls before use; purified pyridine refers to re-
agent. pyridine that has been purified by the niethol of Khor-
qar ' Melting poiuls are uncorrected (Thomas—Hoover Ui
Melt apparatas). Petroleum ether emploved was the com-
mercial fraction having a boiling range of 40-60°.  For chroma-
(ograplty on celllose, 8 and 8 No. 3%9 pulp was azed.  Fvapora-
tions were carried ont at 30°, excepl where noted otherwise, on n
Buchi Rotavap evaporator (Brinkman Instrumeni Co.),

5'-0O-Trityl-ara-cytidine (2).~-A solution of 5.0 g of wra-
evtidine hydrochloride nud 20 g of impure rrivyt bromide m 150
wl of pyridine was stirred ar roowm remperatire overnight.
The resulting suspensioic was filtered free of =olid and ponred into
1. 1 of HsO. The resalting solid was isolated, washed with
M0, and dried (in racuo, G0°).  The dry material was triturated
three times with 100 il of boiling heptane, then recrystallizeil
from acetone with a Dareo treatineui to give 6.54 g (7557 ) of the
desired produet, nip 227.5-228.0° dec, A2 275 nig (e 9100).
A sample was recrystallized from acetone for analy=is, mp 228.5-
220.5°,

dual, Cated for CullaN;OL O 5926 1 A6l
Found: C,50.00; 1, 5.67: N, 8.03,

N+-Benzoyi-2',3'-O-diacetyl-cru-cytidine  (3).~-3'-0)-Trityl-
wu-eyridine (2) (6.2 g, 12.8 nnnoles) in 40 1w of dry pyridine was
treated with benzoyt chioride (6 mil, 50 mmoles) and allowed to
=land al room temperainre overnight.  'The reaction mixture was
poured iuto 500wl of a =tirred viixture of fce and water and stir-
ring was contintied Tor 3 b The agueous portion was decanted
fronn the residual g and (he vesidue was washed rwice with
water.  The residue wax taken up in methylene chloride (150
mhy woned this solation was washed cunsecutively with HaQ (two
Pinesy and <atuented NaCoand deied (Nw=0y), The salation

N, N.NG.

() Past 11 1L B Rendz, C0 AL Hollowell, aind G L Undersial
Joo Yedo Chene, 10, 777 C1UGT
C1A) TN dweab aabd TGl Khovana, o Do, Chyose, Swe., 86, THSHL GG,

Vol, 10

was taken to dryness nunder reduced pressure and the residue was
dissolved in 50 ml of CHCl; and treated with 6.7 ml of 309
HBr in acetie acid. After 3 min at room temperature the solu-
tton was reduced to about 10 ml under reduced pressure. This
=oflution was adsorbed onito a column of sitien acid'® made np wirh
CHCL, 100 g of silica gel, 18 X 70 cm ) after dilation with an
equnt vohune of CHCl;, The colimmn wies then eluted wihh
350 ml of ethimol-stabilized CHClL; (Aow re. 3.5 mil/muin: anud
the efflnent was discarded.  The cohnnn was then elured with
L2 1 of ordinary CHCH; to which 347 (v/viof methanol had been
added. This etlluent was collected i 20-mt fractions. The
{recetions were examined for the presence of iriphenyienrbinol
ar eyt ether Ty pleeing a spot of enelt fraction on filter paper
snd examining all of the =pots for uv follawed by o A0, 1.80),
spray. o this nmner the approxinzae position of the desived
materiad trrityt uegidive bt nv posiiive) wies determined.  'The
uraginal fractions were evaluated for parviry by le esitien G
methanol-beuzene, 1:950 0 On 1his basis fretions 2545 were
cuttbined sad wieshed with 200 b of wiaer cantidning 0.5 mi
of pyridine.  The CHCL solution wasx then dried 1 Naa20)4,
ward taken to drvness ander redneed pressuve. The residue
wits ervs{allized Trant cecetone peivadetin ether. Three erops
were eoltecred which were hanogencons by e wiving 513 g
40 ap 177501757 dees A sample wies reerysiadlized from
etliyl weelide for anadysis; mp 177.5-175° dee: 2540, 138D,
1720, 1695, 10060, 1315, and 1600 cin=’; v, 20N g fe
30,9008 261 125,400, ad 3D4 110,350 1

Anad. Caled for CullgNyOy C0 490 H,
Foand: C, 6405 1, 4.67: N, 7.20.

Pyridinium N -Benzoyl-uca-cytidine 5’'-Phosphate Hydrate
14) ~Appurwinuaely 50 nunoles of pyridinium g-evanoethyl
phospline was reudered anlividious by several evaporictions with
qathyvdrons pyridine, The residue wie then dissolved i 10wl
of dry pyreidine. 3 0257 g 5 mnadest was added, rid 1he
=olativn again wax ixken (o dreyvness.  The mixture was then dis-
solved v 25 il o pyridine, dievelohexyiearbodiimide (HCCH
03,00 g0 150 mwles1 was added, aid the mixture was <haken
al rocann temperafure for 5050 diorss About 15 mil of widier was
then adiled :and the mixtiure was extracered (wice with perrolenm
ether and filleved free of the nrea,  The =alutivn was then dituted
(v 40 mb with pyridine, ebilled 10 iee tempernture, and made 1.V
it NaOT by the addition of 40wt of ice-cold 2 N NaOtt, 'the
resction wis ierminared with excess pyridininnt Dowex 50 wdier
200 min, The resin was sepuarded and washed with water, and
the wqueons portion wies eviporated auder reilnced pressive 1o
about 25 mil s fter the wddition to 200 mg of (NTISICO.  The
precipitate was removed by fileration. The solvents were ves
moved nuder rednecd pressure and the residine was inken up inn
solveutr =yv=tem compo=ed of T W NILOAe (pH 61 :nd isupropyi
aleohol 2:54 then absorbed one a0 cellulose eolmian 15.8° %
65 e, ev 1IR30 rabi nidde np with this <tane systen. The cohimn
wics then eluted and the firsr 600 il of cliae was diseavded sdrer
which 20-ml fraenians 0325 1atal) were collected and examined st
ervals by nv wnd e wolvent A oo siliea gel G Fractions
55110 proved 10 enutain almost pare pCAINBz;, 54,000 OD
units e 504 mp fea, 4.5 mnles, 90°¢ of theory i The combined
fractions were Lidken tooa snill volume 1 the presence of 111l
of pyridine, the rexidue was dituted to 50 it with water, the prod-
et wias adrorbed oo pyridiniam Dowex 50W-XX (45 X 3.8
ent), wnd the coliman was ehited with 3 L of delonized wiaer,
The (vt:d elllaeni wi concentvated nnder redneed pressure :aid
redilnred with 177 aqueons pyridine fonr times, followed
concentration.  Fhedly, the residne was mken up i dilnned
aguieons pyridine aued fyophilized twice from this sodvenr, The
restdue, a0 white =olid, wax <ubniitted Tor aundysis: A0 2575
Mg Te 26,5003, 305 014,050,

Jwadd, Cated Tor CralH NGOG 25D pyridine: )
L4290 N, 1035, Found: €, 46.40: 11, 4.5%: N, 111335,
N:-Benzoyl-2',3',0-diacetyl-aca-cytidine 5'-Phosphate (5).
The above product pCAINBz) 14) (1.79 g, ca. 3.4 mumoles) was
<u=pended 50wt of pyvidine eetie ranthydride <3z Py and stivved
overtdghn w1 rooa teaperainve. The solution dunaogeneonsi
wis then diled with 15 wd of warer and <tiveed for 3 e at room
remiperature.  The solvent wis then vemoved :d 30° thigh
vicennmy and the residiue was ritnrared with ether.  The giun
wax Treed {rotn ether (o erenn wod then 1aken ap i 1D wl of dry
pryridine and stored at 170 enneentraion e (L31 nnmole Sl

450 N 7T,

t5.5:
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Tle on silica gel G (solvent A) showed one major material and
was employed without further purification.

N¢-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 ¥ HCl) was then added and the solution
was allowed to stand overnight at room temperature. The
solid was filtered, washed, ground thoroughly with He0O, and air-
dried. The residue was suspended in H:O (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
NaOH, and the solid was filtered immediately, washed with
water, air dried, then washed with three portionus 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 tle (59, MeOH-C¢Hs, silica gel G). The
crude produect was taken up in pyridine (195 ml) and water (65
ml) abd chilled to ice temperature. The =olution 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-X8 (50~100 mesh) pyridinium vesin fol-
lowed by stivving for 20 win (pil 7.0).  The solution was fillered
free of olnble 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 uf ether
and filtered. The =olid 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 produet, mp 197-200° dec. A sample was recrystallized
four times from H.0 and once from methanol for analysis;
mp 200.5-201.5° dec; AR 216 mu (e 20,450), sh 256 (12,800),
sh 286 (20,850), 304 (25,200).

Anal. Caled for C[TH\9N307: C, 54.11; H, 508; N, 11.14.
Found: C, 54.38; H,4.82; N, 11.31.

5'-O-Monomethoxytrityl-N¢-anisoyl-ara-cytidine (7).—N+*-

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 nil) was added and the pyridine solution was
poured into 600 ml of HyO and stirred. When the gum had
coagulated, the solution was decanted. The gum was washed
with HyO several times by decantation. The gum was then
takent up in methylene chloride, washed with H.O (two times)
and saturated NaCl golntion, dried (Na.S0,), and taken to dry-
ness at 30° in vacuo. The residue dissolved in benzeue was
adsorbed ouro a column of silica gel (5.8 X 48 em) made up with
benzene and elnted 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 waxr collected and washed with ether (combine:! in
acetone). The product, 4.21 g (36-3997 for the three steps from
CA), exhibited a siungle nv-absorbing spot by tle (104, MeOH-
C¢Hs on silica gel (i), but carbinol impurities conld be detected
with 5097 H.SOs spray. Attempts to recrystallize this mate-
rial were unsuccessful. A sample was precipitated from THF
with ether at —20° and this material (7.e., not analytical sample)
was submitted for analysis; Amax 285 mp (e 23,800), sh 303
(21,350);  vmax 3340, 1690, 1645, and 1600 cm ™.

Anal. Caled for C;yHa:N30:: N, 6.47. Found: N, 6.27.

N¢-Anisoyl-2’,3’-O-dibenzoyl-ara-cytidine (8).—A 4.0-g sample
(6.2 mmoles) of MTCA(NAn) in dry pyridine (20 ml) was
treated with 3 ml (25 mmoles) of benzoyl chloride. The sealed
reaction mixtire was allowed to stand 18 hr at room temperatare.
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 30-ml portions of CH.Cls, after
which the combined exiracis were washed counsecutively with
water (five times), saturated NaCl solutinn, dried (Na.S0.),
and taken to dryness i 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¢7 acetic acid
(50 ml). After 24 hr the reaction was incomplete as evaluated
by tle (109% MeOH-CsHs 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
theu reevaporated with 100 ml of 1:1 CHCl—ethanol. The
residue was taken up in CHCl; and absorbed outo a column of
silieie neid (2.8 X 40 cmn) made ap with CHCL. T'he columm was
elated with four 250-ml fractions of chloroform (0.75¢
LtOH), followed by six 250-ml fractions of CHCL with 3¢
methanol added. Fractions 53-8 were combined and absorbed
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onto a fresh silica gel column (2.8 X 50 em) made up
with alcohol-free CHCI; in the same CHCl;; it was then eluted
with four column volumes of ordinary CHCl;, followed by 2 1.
of 39 methanol-CHC]; 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°;
vmax 3540, 3380, 1720, 1690, 1635, and 1605 cm~'; ALSH 232 mp
(e 35,700), 288 (24,650), and sh 303 (22,350).

Anal. Caled for 031H27N309.' C, 63.58; H, 4.65,' N, 7.18.
Found: C,63.62; H, 5.12; N, 7.23.

N¢-Benzoyl-5'-O-trityl-ara-cytidine (9).—35'-O-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 Hz0, and the mixture was
stirred overnight at room temperature. The gummy product
was filtered, washed thoronghly with H,O, and then taken up in
CH,Cl; (300 ml). This solution was washed with H.O (100 ml),
saturated NaCl solation (100 ml), and then taken to dryness un-
der reduced pressure. The residue was taken up in 400 ml of
absolite methauol and 200 ml of dvy THF, and the solution was
chilled to ice remperatire.  The c¢old solution was treated with
10 nil of 2547, NaOCl1, i1 methanol aud the coarse of the reaction
was followed by tle (riliea gel G, 109 MeOH-C¢Hs). After 30
min at 0°, 110 mi of Dowex 50W-X8 (pyridiniuni) resin (20-30
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 benizene. The benzene solution
was adsorbed onto a column of silica gel (58 X 4.8 em) made up
with benzene. The column was eluted with twenty 100-ml
portions of 29, methauol in beuzene followed by forty 100-ml
portions of 59 methanol-benzene. Fractions 34-41 were as-
certained by tle (as above) to be the product, combined in acetone,
and crystallized as microclusters from acetone-Skellysolve B,
giving 2.29 g (38%%), mp 208.0-209.5°. A sample was recrystal-
lized once for analysis; mp 210.5-211.5° (from acetone); rmax
3440 sh, 3340 sh, 3210, 1705, 1640, 1610, 1600, and 1560 cm™!;
A SE 260 mu (e 23,730), 307 (11,750).

Anal. Caled for CsaHg\Nsoef C, 719‘ H, 532, N, 7.19.
Found: C, 71.41; H, 5.59; N, 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 pyridininm Dowex 30W-X8 i 25 ml of purified
pyridine. The suspension was taken to dryness at 30° under
reduced pressure (water aspirator). The coevaporation with
pwrified dry pyridine was repeated five times. The residue was
then suspended in 25 ml of purified pyridine, 10 g of dicvelo-
hexylearbodiimide (IDCC) was added, aund the mixture was
shaken in the dark for 4 davs. Water (10 ml) was then added
and the suspension was stirred at room temperature overnight.
The insolnble urea and resin were filtered and washed with two
20-ml portions of 309 aqueouns pyridine. The combined
filtrates were washed with four 530-ml portions of petroleum ether
and then the agueous 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.O were
removed under high vacuium. The residue was then taken up
in 50 ml of methanol saturated with auhydrous NH; 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 proterrting groups presenut (route 1) the residue was
taken up in H0 ml of 80V, acetic acid and stirred at room tempera-
ture for 6 cr 24 hr, respectively, for the protecting groups. The
solution wa= ouce again taken to dryness under reduced pressure
at 30°. The product from the base or acid hydrolysis was theu
taken up in 1 L of HO, filtered free of insoluble material,
and extracted exhaustively with ether. The resulting solution
was then freeze-dried and the residie was subjected to one or
more of the separation procedures deseribed below.

Separation Methods. A. Jon-Exchange Chromatography
over Dowex 1-X2 (Formate)—Chromatography was carried out
by the procedure of Taylor and Hall'' on AG 1-X2 (formate)
resin. The total product from the condensation procedure car-
ried oul 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. Hall, J. Org. Chem., 29, 1078 (1964).
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em) in 11O, 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 Amax of the product) by meanx
of a Vanguard 1056 OD uv scanner with 0.1-min path lengih
cells 80 the optical densities of up to about 30 could be conven-
icntly read. The fractions were collected iu 20-ml portions in «
fraction collector (photoelectric vr preecise volunie collectorl.
Puasell on the elution diagram generated by the uv scanner with
the peaks over 30 OD’s filled in by mianual dilution aud readiug
appropriate fractions were tombined and freeze-dried several
(imes from deionized water in order to rid the product of salis.
'The resulting freeze-dried =olid was theu dissolved in 1,0 and
its poir spectrim was run (see Table II%. The saniple was then
freeze-dried once again, then taken up in sterile MO <o that the
ontiral density of the solutions were in the range of 100-500 und
the uv spectra, high voltage electrophoresiz (hve), tle, aud enzy-
watie splitting were rini. - In those eases, where the produets were
uni free of nucleoside or nueleotide au this point, they were farthier
purified by efe (helow ).

B. DEAE-Cellulose Chromatography. - Chromaiography nn
DIFAL-celludose (R and 8) was carried out as described by Smith
and Khorana'* - For w comlensation in which the total produet
was of 1he nrder of 44,000 OD nuits, the prodact, after snitable
hivdrolyses, was adsorbed onty n column of purified DEFAL-
celhilose (GO X 5.8 ¢m) which had been prepareil as described in
the above reference.  The columu was eluted first with 600 1l
nf 0.02 3 triethylaniine bicarbonate (pH 7.5), then over a gru-
dienn of from 0.02 to 0.12 A7 salt emiploying 4 1. of each buffer.
The columu was monitored as described i1 section A above and
the products were treated after conibining the fraction as de-
seribed wbove.  The products of the section A chromatography
were ammoniunm salts of the dinucleoside phosphates and in this
ci=e the triethylanive salts.

C. Continuous Flow Electrophoresis (Cfe).—1"or cfe separn-
tions, the Hannig Model FF electrophoretic separator (Brinknian
Iustrumeurs Co.) was employed. The experimental derails
for each of these rins will be reported separately.* Compounds
12, 16, 17, 20, 21, 32, 33, and 36 were purified in this manuer.

N+2/,3'-O-Triacetyl-5'-O-trityl-ara-cytidine (37).--A 7H0-mg
suraple of the trityl ethier (2) was saspended in 9 ml of pyridiue
and treated with 3 ml of acetic anhydride al room temperatire
wiil stirring until solution was comiplete.  Stirring was continuerl
for 2 hr whereupon the solntion set up 1o a erystalline mass.
The suspension was then poured into 90 ml of water aml the
white crystalline product was isolated, washed thorpughly with
water, and dried (vacnum, 60°) giving 950 mg, mp 248-240.5°.
Recrystallization fromi erhanol alfordell volorless rosetics (R00
mg): wmp 251-252°; w3210, 1760, 1720, 1670, aud 1620
et A 250 mp (e 15,500, 300 (76501,

Anal. Caled for CulluN,O0q: €, 66,76;
Foand: (¢, 67.04; H, 547 N, 7.00.

2’ .3'-Diacetyl- and N*,2/,3"'-Triacetyl-ara-cytidine (38 and 39).
~A 1.3-g sample of the trity] triacetate (37) was suspended i
10 ml of S0 acetic acid and heated to reflux for 10 min. The
suspeuston was then refrigerated, filtered free of triphenyl-
carbinol, and taken to dryness in vacwo at 30-40°. The produci
was absorbed onto silica gel (2.8 X 33 em) (coluinn 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 froin acetone-Skellysolve B giving 240 mg (3097 ), mp 171.0-
172.5°. A sample was recrystallized once for analysis; mp
174.5-175.5°, vmax 3400, 3280, 3240, 1750, 1710, and 1655 cm "
AR08 mp (e 18,150, 249 (15,750), and 299 (7500), which
is consistent for the N4,02" 04 - 11iacetate.

Anal. Caled for CHgN;Os: C, 48.78; H, 5.19; N, 11.35.
Found: C, 48.79: H, 4.81; N, 11.66.

Fractions 26-29 contained a very small amount of the 02,03
diacetate identified by chromatographic mobility on silica gel
(x tle (MeOH-Ce¢He. 25:73), Awax 271 mu (free 4-NH; group).

are-Cytidine 5'-Phosphate (40).--The above triacetate con-
taining 2 few per cent of the N-dencylated material (2.5 g) was
awsolved in 40 mi of pyridine 0.325 37 in c¢yanoethyl phosphate.
An additional 20 nil of pyridine was added containing 5.6 g (26
mnwles) of DCC.  The mixture was shaken in the dark for 2
days, after which time 10 ml of H.O was added. The solution
wis wirnted and then shakeo foe 1 b, afrer whiel iltae an addis

I, H.44: N, G.87.

(18) ML Splithcamd 11 11 Khorana, Mothads Fuzymed., 6, BO7 (10133),
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rional 35 ml of HO was added, and the solution was liltered {ree of
dicyclohexylurea. The filtrate was taken to dryuess, dilnted
with 50 mi of H,0, and again taken to dryuess 1o remove residand
pyridine.  The residine was then partitinned bheiween IO aud
cther (150wl {:1) and the aquoons portion frend of ether in
racuo after a second extraction.  The aqneons =olution (90
wis then 1reated with 2.16 g (90 mumoles1 vie, DL W vof LIOH
wid the solution wies heated o 100° fov 1 hr, after whieh tiiie the
suspenston was chilled nnd filtered free of lithinm phosplute. 'The
solid was washed with 0.01 .V LiOH, after whicl time the pllood
the filtvate was adjnsied to 7 by the addition of Dawex A0 ot =
resitt,  The resin-free sadution was dixtilled to 25wl nuder ve-
duced pressare (40° and the solution was passed over fresh
Dowex 50 (75 mtt The rvesin wis ehred with wraer nunil 1he
pl of the eluale was in the range 4-5. The pl of the =olurion
was adjusied to 7.5 by rthe addition of councectnmied N1LOLH.
The produer =olution fer. 200 mh wies shzorbed ot o endann
of Dowex Ag-1 ‘farraatel of dimensions 188 3 445 v and the
colurnn wax elited with 125 1wl of FLO.  The colimn wees hen
eluted with 015 1 Tvrtnie aeid, and the elntion was fodlowaed @
260 e on s Vanguard, 1056 OD ny <eanuer. The ehiae wis
coltected in 20-mt fractions at o fow rate of 2.0 ml i,
tions 13-33 (muor seale) were combined, :fier a 200-ml forer,
and lvophilized to give a white crystedline solid, vield 2350 g
(177w This materied was identical by paper chronvtiography
with n sample prepared enzymaticrdly,” papergram R (solveur 131
0.3%, ¢ tsolvent G 056, A sunole was recrystallized twice
for mualysi= frora wier ot 4° 1o give Hne veedles: ANLYMT 212
mp fe 10,100y and 230 (15,4000 pA = 400, pAL*E = U150

Aual. Caled for ColT iy N;OP: ) 3544, T 4000 N, o
P, 9.55. Touud: €, 33.37; 11 4.85: N, 12.61: P, 9.75.

Ammonium scu-Cytidine 5’-Phosphate Hemihydrate (40,
NH;* Salt).- A 4.0-g sanmple (7.3 nimoles) af pCA(NBz) (4)
was laken ap i a mixture of methanol (100 mb and anhydrons
NI-saturnted methanol (170 by and stirred a1 roomn remperi-
mre overnigh(.  Abon( cne-half of the solvent was dixtilled
aunder redaced pressuve. 'The resnlting saspension wis chitled
1o 4° and rhe crysiatline ammoniain salt wis filtered and washe:d
witlt 1 smidt amannn of codd merthanol. Tle {eellulose DI,
solvent A1 exhibited « <ingle spru whose mobility was idenviend
with that of an anheniie =ample of pCA D). Dried under
reduced pressure (074 the produer weighed Lo @ 6ty
A E DT anp fe SOR0Y, NalLF 270 1 Te 12,550)).

Anal. Caled for ColaNGOg NTL- 0510 N, 1605 1O,
2.5%, TFound: N, 16.22: MO (Kl Fisher), 3.2

Methyl-am-cytidine 5'-Phosphate (411 A l-tnuole sunple of
pyPCA(AcACNB2z1 (51 was coevaporsded (e cacuat with pyridine
three times, then dissolved in 20 vil of dry pyridine qad (reated
with tri-u-biuviamine 012 by, wethanol (40 by, and HCC
(7.0 ). The mixinre was shiaken for 1R L al room temiperatare
and then Giken (o deyvuess nnder redieed pressurve. "The liqnid
residiie was tritaried iwiee with ether and the residue was
dilitted 1o 35 mb with RO waid (he fusoluble nren was filiered.
This solation exhibited Aowe 271 mp 21,600 OD anirs, S47,
reeovery).  The solutian was made basie (NTLOH) and fidren
1o i sl volame ar 407 Gaspivater vaenun), The agneons
residue was Tnken np in 200 mi of methanol and 25 mil of eon-
centrited NGO and allowed 1o stand ar ambient temperninre
overnight. Tle t=ilica gel (1, solveut Ay indicated a single najar
material phus fwo other sniall amounts of nv-nhsorbed naerial,
one of them obviously benzamide. The solution was taken to
almost dryness, then ndsorbed onto « cohunu of 50 g of silien gel
made ap with solvenr A, The enlamu was elined with 3.0l
fraceiions of solvent A, TFractions 17-21 were cotubined, Treere-
dried, and proved homwogenenus by the. The Treeze-dried e
rind was dissolved in 8.0 mib of sterite water and filtered; AL
271 mpe (3040 OD unitsy indieative of a 60C. yield: Ay
251 mu. The struetuwre of this compound wies confirmenl both
enzymatically and by nmr speetra (Table I1).

ara-Cytidine 3'- and 2’-Monophosphates (44 and 45).—5'-1)-
Trityl-gra-cytidine (970 mg, 2 nunoles) was added to 4.0 1wl
of | M eyanoethyl phosphate {4 mmwles) in pyridine aud the soln-
tivn was taken 1o drvuess under reduced pressure.  The residue
was evaporaled with three {resh portions of dry pyridine and
finatly taken up in it of purified pyridine and treated witl t 2
e ool DOC a0 o temperatave with shaking Foe 5 days i the
dark. Water ndy was added and the suspension wis stivred
at anbienn iempernture for 3 hre The nren was filtered and e
Hlirere wies wished twice with petrolenm ether. The nitrogen-
fhished etherfree solutiow was then trewded with 12wl of 2V

Fre-
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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° (snvacuo).

The above gummy product was dissolved in 100 ml of 809
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 HyQ, filtered free of
triphenylearbinol, 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 3 1. of 0.02 M
formic acid, collecting 20-ml fractions. Fractions 195-210 were
combined and freeze-dried and the produet was crystallized from
H,0O togive 10mg of ara-cytidine2’~phosphate as colorless rosettes:
APEED 212 mu (e 9600), 274 (9950); ALEsh 213 mu (e 11,550),
279 (13,650).

Anal. Caled for C;H.OsN;P: 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: Aot
274 mp (e 10,700), sh 213 (10,750); A"L! sh 213 mu (e 10,750),
279 (13,900).

Anal. Caled for C;H N;OsP: C, 33.44; H, 4.36; N, 13.00;
P, 9.58. Found: C, 33.12; H, 4.58; N, 12.99; P, 9.65.

5’-0-Trityl-Né-benzoyladenosine (46).—N¢-Benzoyladenosine
(2.09 g, 5.4 mmole)'? 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 300 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%; AZoH 230 mu sl sh (e
20,250), 260 sl sh (12,800), and 279 (19,900).

Anal. Caled for Cs;HaN;Os: 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, N. J., and a standard solution was prepared in
sterile HoO 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. Lolirmann an! H. G. Kliorana, J. Am. Chem. Soc., 86, 1188 (1964,
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the substrate [1-15 OD units (in water), see Table II], 10 gl
of 1 M pH 9.0 Tris buffer, 40 ul of enzyme solution (ca. 0.2 mg
of protein), and sufficient HsO to make the total volume 100
pl.  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 ws. 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 (d.e., 1:1 for dinucleoside phosphates).
The recovered material, where desirable, was then chromato-
graphed by tle (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
H,0 so that the activity (Worthington) was 20-30 units/ml.
The incubation mixture as deseribed by Razzell, contained 20
ul of 1.V ammonium acetate (pIl 5.7), 5 ul of 1¢; Tween 80 in
H:0, 1-15 OD units of dinvcleoside phosphate (in H:0), 40 ul
of enzyme, and sufficient HO to make 1053 gl. 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 containted 2.5-10 OD units of substrate in H.O, 10 ul
of RNAase stock solution, and sufficient HyO to make 100 ul
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 deseribed 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 Vizsolzi®' and the mixture
contained 0.1-1 umole of substrate nucleotide, 10 uwl of Tris
(pH 9.0), 10 wl of enzynie solution, and sufficient HyO to make
100 ul. The mixture was incubated for 2 hr at 37° after which
time the micleoside prodirets were isolated and ideutified as for
the venom enzyme (A) above.

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



