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The reaction of cytidine with 2-acetoxyisobutyryl chloride in acetonitrile at 80° leads to the isolation in good
yield of 2,2’-anhydro-1-(3’-0-acetyl-3-p-arabinofuranosyl)cytosine hydrochloride (4a). By conducting the reac-
tion at room temperature an intermediate 5’-O-(trimethyldioxolanone) ether (5) is obtained and can be cleaved
to 4a in very high yield. Under different conditions of hydrolysis 5 can be efficiently converted into either 2,2'-
anhydro-1-(3-p-arabinofuranosyl)cytosine hydrochloride or 1-(8-p-arabinofuranosyl)cytosine. A variety of base
analogs of cytidine have also been treated with 2-acetoxyisobutyryl chloride to give related analogs of 4a. The
reaction can also be extended to other acyl derivatives, since cytidine and 2-butyryloxyisobutyryl chloride give
2,2’-anhydro-1-(3’-0O-butyryl-8-p-arabinofuranosyl)cytosine hydrochloride in good yield.

Previous papers in this series have outlined the anoma-
lous reactions of 2-acetoxyisobutyryl halides with uri-
dine,** adenosine,® and several adenosine analogs. In all
cases the observed products could be explained via the
conversion of the 2/,3’-cis diol function to a reactive 2/,3’-
acetoxonium ion.# In the case of the purine nucleosides3-7
such acetoxonium ions are opened by attack of halide ion
to form isomeric 2/,3’-trans chloro acetates with the 2/-0O-
acetyl-3’-deoxy-3’-halo-3-b-xylofuranosy! isomer predom-
inating. In the uridine series, however, the acetoxonium
ion undergoes preferential intramolecular attack by the Cq
carbonyl group of the pyrimidine ring to initially form
2,2’-anhydro-1-(3’-0-acetyl-8-p-arabinofuranosyl)uracil,
which is then opened by halide ion giving a 3’-O-acetyl-
2’-deoxy-2’-halouridine derivative with overall retention of
configuration.

In the cytidine series one might expect a similar type of
participation by the Cg carbonyl of the cytosine ring, and
in this paper we describe some of the reactions of cytidine
and several cytidine derivatives and analogs with 2-ace-
toxyisobutyry! chloride.

The addition of an excess of 2-acetoxyisobutyryl chlo-
ride (2) to a suspension of cytidine (1) in acetonitrile at
80° led to the formation of a clear solution within about 5
min. On continued heating, a crystalline product began to
separate and after a total of 30 min the remaining materi-
al was precipitated with ether. Crystallization of the resi-
due from methanol-acetone then gave crystalline 2,2’-
anhydro-(3’-0-acetyl-3-pD-arabinofuranosyl)cytosine hydro-
chloride (4a) in 68% yield. The structure of 4, which un-
doubtedly arises via the 2’,3’-acetoxonium ion (3), was
apparent from its analytical and spectroscopic properties.
Thus the ultraviolet spectrum of 4a showed double maxi-
ma at 231 and 263 nm typical of the 2,2’-anhydro-1-(3-b-
arabinofuranosyl)cytosine (4b) chromophore.®# The pres-
ence of a single acetyl group was indicated by nmr spec-
troscopy and this function was located at Cz- by the 0.9-
ppm downfield shift of C; H relative to that in 4b. Fur-
ther confirmation of this structure via chemical degrada-
tion to 4b will be presented later in this paper.

Our interest in 4a became acute with the observation
that this substance showed pronounced activity against
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several DNA viruses in tissue culture and against L-1210
leukemia in mice.? Subsequent to this aspect of our work
several new methods for the synthesis of 4b have been de-
scribed1® and this compound has been the subject of ex-
tensive examination as an antitumor agent of low toxici-
ty.11 In addition, there has been interest in the pharmaco-
logical properties of the related 3’-phosphate ester (4¢).*2
While the preparation of 4a described above was quite
efficient and simple on a modest scale, attempted scale
up to a 100-mmol level led to reduced yields of crystalline
material. This was largely due to the formation of by-
products, the major ones being tentatively identified as
cytosine nucleosides containing chlorinated sugars. It re-
mains uncertain whether these products arise by direct
opening of 3 with halide ion, or by further reactions of 4a.
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In order to avoid this problem we have found that the
reaction of cytidine with 2 at room temperature requires
about 3 hr to give a homogeneous solution. Precipitation
with ether at this point then gave a crude product that
was predominantly the 5’-dioxolanone ether (5). The lat-
ter showed the usual spectral features of a dioxolanone
ether (ymax 1805 cm~1 and several nmr singlets at 1.3-1.9
ppm due to the chiral substituent)* and was a mixture of
diastereoisomers due to the chiral dioxolanone function.
Without any purification this substance was treated with
0.05 M methanolic hydrogen chloride at room temperature
for 1.5 hr in order to cleave the dioxolanone ether. Crys-
tallization of the resulting product then gave 4a in an
overall yield of 90% from cytidine and with a purity in ex-
cess of 95%. Trace amounts of cytidine and 1-(8-p-arabi-
nofuranosyl)cytosine could be efficiently removed by a
further crystallization if necessary. This procedure makes
4a readily available in high yield and can be readily
scaled up. It is presumed that 5 is also an intermediate in
the reaction of cytidine with 2 at 80° and that the acid-
and base-labile dioxolanone function is lost either during
the reaction or during crystallization of 4a from a polar
solvent such as methanol.

Crude 5 can also be efficiently transformed into either
2,2’-anhydro-1-(3-p-arabinofuranosyl)cytosine (4b) or 1-
(8-p-arabinofuranosyl)cytosine, both compounds being of
considerable current interest owing to their well-known
biological activities.11:18 Thus treatment of crude 5 with
0.3 M methanolic hydrogen chloride at room temperature
for 3 days led to the direct crystallization of pure 4b in
overall yields of 73-80% from cytidine. A similar acidic
treatment applied to crystalline 4a gave 4b in 89% yield.
The above constitutes a facile and efficient route for the
preparation of 4a that has been successfully used on up to
a multikilo scale. If, alternatively, crude 5 is treated with
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dilute ammonia, the protecting groups are removed and
the anhydro bridge is cleaved, giving crystalline 1-(3-p-ar-
abinofuranosyl)cytosine in an overall yield of 73% from
cytidine. A similar cleavage of the unprotected anhydro
nucleoside 4b has previously been described by
others.10.14

The facile preparations of 4a and 4b above encouraged
us to examine the reactions of 2 with a variety of base an-
alogs of cytidine. A variety of known 5-substituted cyti-
dine derivatives were prepared as starting materials for
the above reactions. Included were 5-methylcytidine
(6a),'5 5-fluorocytidine (6b),1® 5-chlorocytidine (6¢),17 5-
bromocytidine (6d),27 and 5-iodocytidine (6e),18 all of
which were prepared essentially according to known
methods. It should be noted that the 5-chloro and 5-
bromo derivatives (6c, 6d) were prepared by Fukuhara
and Visser!” by reaction of cytidine with chlorine or bro-
mine in a mixture of acetic acid and pyridine using ultra-
violet activation. The direct products of these reactions
were the 2/,3/,5'-tri-O-acetyl derivatives of 6¢c and 6d,
which were subsequently hydrolyzed. In our experience
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the halogenation reactions proceeded readily under the
above conditions!? except that irradiation was unneces-
sary and the direct products were free 6¢ and 6d.

In addition, 5-bromocytidine (6d) was treated with an-
hydrous dimethylamine at 100°, conditions similar to
those used by Uedal® for the preparation of 5-morpholi-
nouridine, to give 5-dimethylaminocytidine (6f) in 59%
yield. Other base analogs of cytidine that were prepared
include N% N%*-dimethylcyctidine (8),1¢ 6-azacytidine
(9),2° and 2-thiocytidine (10b). The latter compound was
prepared by the condensation in nitromethane of 2-thiocy-
tosine with 2,3,5-tri-O-benzoyl-p-ribofuranosyl bromide in
the presence of mercuric cyanide and a molecular sieve.
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The tri-O-benzoy! derivative (10a) so obtained has pre-~
viously been prepared by Niedballa and Vorbriiggen?! via
a different route and debenzoylation gave crystalline 10b22
in high yield.

The reactions of the cytidine base analogs (6a, 6b, 8, 9,
and 10b) with 2 were carried out in acetonitrile under
conditions similar to those used with cytidine itself. Some
of these reactions were done before the benefits of con-
ducting the synthesis at room temperature were realized
and hence it is quite likely that some of the yields could
be improved. Nevertheless, in each case the corresponding
2,2’-anhydro nucleoside hydrochloride (7a, 7b, 11, 12, and
13) was formed and isolated in crystalline form, generally
in yields of 61-89%. In some cases there was partial loss of
the 3’-O-acetyl function during the work-up and crystalli-
zation, and in those cases treatment with dilute methano-
lic hydrogen chloride was extended so as to complete the
removal. Thus the compounds 7a, 7e-f, 11, and 12 were
obtained as the free 3’-hydroxy compounds.

Subsequent to the completion of this work the synthesis
of 7d and 7e (R = H) has been described via reaction of
the appropriate 5-halocytidine with partially hydrolyzed
phosphorus oxychloride in ethyl acetate.2® This method,
however, requires a purification of the products by ion ex-
change chromatography. Using this same method the de-
acetylated derivative of 7b has also been prepared as both
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We have also treated 5’-chloro-5-deoxycytidine?® and
5’-deoxy-5'-iodocytidine, the latter being obtained in high
yield by conventional treatment of N*-acetyl-5’-deoxy-5'-
iodo-2’,3’-O-isopropylidenecytidine?® with acetic acid and
then ammonium hydroxide, with 2, giving the crystalline
anhydro nucleosides 14a and 14b in yields of 71 and 65%.
Finally, we have shown that the.basic reaction described
in this paper is a general one that can be extended to the
preparation of a wide range of other 3’-O-acyl derivatives
of 2,2’-anhydro-1-(8-p-arabinofuranosyl)cytosine. Thus
through reéaction of 2-hydroxyisobutyric acid with butyryl
chloride and then with thionyl chloride, 2-butyryloxyiso-
butyryl chloride (15) was obtained as a distillable liquid.
The reaction of cytidine with 15 at room temperature
gave, by ether precipitation, the 5'-dioxolanone derivative
16a which was identified' only by its characteristic in-
frared and nmr spectra.* Without purification 16a was
briefly treated with dilute methanolic hydrogen chloride
3 hy at room temperature to remove the dioxolanone function.
The resulting product was readily crystallized, giving
2,2’-anhydro-1-(3’-0O-butyryl-3-p-arabinofuranosyl)cytos-
ine (16b) in 59% yield.

The formation of the latter compound constitutes the
beginning of a quite extensive research program, since we
have demonstrated that variations in the 3’-O-acyl func-
tion in compounds such as 4a and 16b can lead to wide
differences in biological activities.2” Details of both the
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the chloride?® and formate2* salts and shown to be an
orally and parenterally active antileukemic agent in mice.

JOC-25a1 JOC-25m2 £00HE5u3
EXPIRIMENTAL This materfal was dissolved in 0,08 M methanolic nydragen chloride {550 m1)

1-{3-D~arabinofuranosyl] ~cytosine

and stored at room temperature for 1.5 hr. The salvent was evaporated <n

A solution of ] i J
seneral ethods solution of the crude ether pracipitate of § obtained from cytidine

; ; 5 43, 1
Tha general methods used are as cescrived m‘ev\'cus'\ya. Ve ara particu- vaauo leaving a semicrystalline residue that was warmed for several minutes 2,43 g, 10 mmo1) in 3 M armontum hydroxide (25 m1) was stored for 16 hr
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cooperation ith e ssectroscopy and to rs. 4. Fagkos for axcellant of crystalline a of at least 95% ourity. Paper ar silica thin Tayer chrora evaporated several times with methanol and then adjusted to 9K 2 with methanalic

cachmical help tography (butanol-scetic acid-water, 5:2:3) and borate electrophoresis az hydrogen chloride. The resuiting sartially crystalline mixture was evaporated

PH 6 raveale¢ the presence of trace arounts of cytidine and ara C. Recrystal- to dryness and crystallized from ethanol giving 2.02 g (73%) of ara € Aydro-
2,2 Anhydro(3'-0-acsty] -B-D-arabinofuranosy1) ~cytosine hydrochloride (4a)

Hzation of a sample from aqueous scetone gave pure 42 identical to that from chloride that was fdentical to an authentic sample, Adsorption
(a) A suspension of cytidine (4.86 g, 20 mrol) and 2-acetoxyisobutyry? (2} with better than 802 recovery. on Dowex 50 (H') restn followed by elution witn anmonfum hydroxide and
3 o

chloride (13.2 g, 80 arol) {n acetonitrile (40 mt) was stirred at B0°. After ‘ orystallfzation from methanol geve the free base with mp 210-212° (reported
5min a clear s¢ o resulted and within a few minutes fine crystals began 2,2 -Athydro-(B-D-arabinofuranosy]) -cytosfne wydrachiovide (4)

mp 212213014, 210.2120102), "§° 227 1 (e 7,300), 271 nm (g 9,300); [e]2®
(39 A solution of 42 (1.52 g, 5 mnol} i1 metaanol (99 m1) containing N 0
. - 1846 (c 02,K,0); ORD (4,09 [6355 23,800%, (81,70 9°, [835), -28,200°.
temperature and ether (100 m1) was gradually added to the stirred mixture. conc. aydrochloric actd (1 ml) was kept at voom temperature for 7 days during

to separate, Afser a total of 30 min the mixture was cooled to roor

The soiid was collacted by filtration and Washed with ether giving 6.37 ¢ which time needles (343 mg) of 4b separated. The filtrate was evaporated to

; R 2,2'-Anhydro-(3' -0-acety]-3-D-arzbinofuranosyl }-6-azacytosine hydrocklo=ide (12)
of crude product that was crystallized from methanol-acetone glving 4.11 g dryress and the residue was crystallizas from methanol-acetone giving a ) 12

(88) of pure 42 with mp 254-255° (4}: A0 231 o (= 9,500}, 283 mm
(e 10,600)3 [12% -69.8° {c 0.3, H,00 0RO (4,00 TeTghs 4,800°, [elpgs 0%

further 324 mg {total yield ssz) of 4b witr mp 266-267° (d) (veported® A mixture of 6-azacytiding (4,90 g, 26.mmoT)™" and 2 {13.2 g, 80 mrol) in

m 22250t 262-2601%); B0 251 an (e 5,000, 263 mn (= 20,0055 I acetonttrile (100 ml) was heated under reflux for 15 min. The solvent was

2.6 o o ¥ 17.800° then Targely evaporated and the semi-crystalline residue was dissolved tn
B, 59,1000, [y 0" 22,67 {c 0.2, Hy0}; 020 (H,0) ¢]279 5,400°, (81pgq 0% [0]y5, +17,800°,
1. Caled, for Cofly Ny0,C1 (261.58)1 €, £1.3%5 4, 4.62; N, 16.06 rethanol. Gradual additfon of ether gave a crystalline product thet was
Al Caled. for Gy Na0CY (303,705 €, 43,50, b, 4,655 N, 13.84 . Anal, Caled. for Cghy a0l ) ¢ . ) e br
Found: C, 43.56; H, 4.78: N, 13.67 Feund: 5, £1,20; 4, 4.53; K, 15.83 recrystallized fro= methanol~cnlorofom civing 4.75 g (78%) of 12 with mp 218~
ound: €, 43.56 H, 4.78; N, 13. PR -
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in acatonitrile (400 ml) was stirred at ‘room temperature until a’clear solution 230 maol) as above was dfssolved fn 0.3 % mehanolic hydrogen crioride (1.5 1.)

resulted (~3 hr). The solvent was then largely evaborated tn vacuo and the and stored at roon semperature for 3 deys. The resilting crystatline oroduct

residue was triturated twice with strer (560 m1) giving a dry, white solid. was removed, washed with wethanol and dried < vaauo giving 29.7 g of puve b,

. ; K ) 14738
The Tatter was washed with ether and dried i vaouo 3iving 4,85 g of crude 5. Conzentration of the mother Tiquars gave a further 8.30 ¢ (tota] yleld 735)

of 4b identical to that above.
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aat
Anpl. Calcd, far Cgtiaty 0501 {304.69): C, 39.42; H, 6.30; K, 18.30 Evaporation of the solvent and precipitazion of a methanolic solution of the

Found: €, 39.18; H, 4,115 K, 18,12 residue with ether gave o further 60 mg of crude product. Recrystallization pure §'-dioxolanone dertvative. This material was directly treated with 0.18 4

of the combined crops fram methanol-acatone gave 219 mg (68%) of 7b whica methanolic hydrogen chioride (15 ~1) for 3 days and then evaporated to drys

2,2" ~Anhydra~1~{§-D-arabinofuranosy1)-5-nethylcytidine hydrochlorice {7a}

avove 2757 w90 216 nm (sh, < 8,190), 228 m (¢ 10,000), 268 rm ness. The semi-crystallina residu was Suickly washad witt hot chioraform
ahx
(2 10,3000 5 [a12¥ -66.2° (c 0.14, Ky0) ORD (4,0) [213h, 4,400°, [elgq O
e § .
(6133 -15,600°, [01py; 0%

Anal, calcd. for C'HHU":!U CIF (321.69): C, 40.82; H, 4,143 N, 12.94

8
A suspension of S.methylcytidine (2.65 g, 10.3 mmol}™ and 2 (6.5 ml, and then crystallized “rom a smal® volume of methanol giving 267 mg (B4%) of

e 233 nm (x 8,400}, 277 1m (e 9,600} ORD (MeOH)
18158 4.100%, [2pg 0%, [»]M S11.900°, [8325, -4,70°,

0,01, (296110 €, 36.50; H, 375 0, 14,19

Fourd: €, 36.47;

45 mmoT) in acetonitrile (50 m]) was stirred at room te-perature for ! hr Te with mp 244-247° (d):

giving a clear solution. The solvent was largely evaporated and the residue

triturated twice with ether giving a crude 5'-dioxolancne derivative, The Found: C, 41.07; H, 4.07; §, 13.06 Anal. Caled. for Cgf

Tatter was dissolved in 0.2 M methanolic hydregen chloride (350 mi} and

y 3.775 N, 14.67

storad at roon tamperature for 3 days befors evaporation of the solvent. S-Chiergaytidine (8g)

Cytidine (5 g, 20 =mol) was dissolved in glacial acetic acid (330 ml} §-Bromocytidine (6d}

Tne restdue was crystallized fron methanal giving 1.95 g (69%) of 7a with
np 257-258° (d): AU 212 nm (< 8,709, 230 nm (e 8,400), 269 e (= 11,600},

[y 48,2 (¢ 1, hy0)3 ORD (Hy0) [e1B5, 5,300, [elyp 0% (03555 +18,200°

and pyridine (250 m]) was adced followed by a solurion of chlarine (1.5 g} Bramfre (9 ml, 175 mmol} in cardon tetracnloride (100 m) was added to

in carbon tetrachldride {6 m1). After storage overnight at room temderature a solution of cytidine (42 g, 163 mmol} in glacial acetic acid (1680 ml) and

paper electrophoresis using 1 M acetic acid showed the absénge of cytidire. pyridine (1200 ml). After storage overnight at room temperature the soivent

Anal. Caled. for gy Ne0,Ct (275.70): €, 43.565 H, 5,124 %, 15.2¢ The soivants were evaporated in vaewo and co-evaporated with sthanal. The was evaporated and the residue co-evaporated with ethanol. CUrystaliization

Found: ©, 43.67; H, 5.38; N, 15,00 residue was pracipitated fro= ethandl with acatone giving 4.4 g of crude from ethanol gave 47 g (90%) of chromatagraphicaily homogensous 6d. A

- . v ge 7
product which was applizd to a column cantaining 50 m1 of Dowex 53 (H) repeatedly Wstmlzed analytical sample had mp 170.5-171.5° (reported * mp

2,2'-Annydre~1-{3' -0-acety]-B-D-arabinofuranosyl)-5-flaarocytosine

sy, MeOH H . B "
resin and washed thoroughly with water. Elution with 1 M ammonium hycroxide 182-183%0: AL 214 nm (£ 11,000), 302 nm {€ 8,7¢2).
nydrachloride (75)

follased oy crystallization from ethanol gave 1.70 g (31%) 0¥ chromato-

A suspension of S-Flucrocytidine (522 ng, 2 mo1)'® 1n acetonitrile
(10 m) and 2 (1.32 g, 8 nol) was stlrred at B0° for 10 min during which
time the starting material dissolved and a crystalline product separated.

The mixture was cooled and 7b (225 mg) was collected by filtration.

Bprepared by the method of Fox et ail®, except that tre crystalline inter-
sedlate 28" -tr1-0-berany1 St urtgine s cotainad Tn €52 yiaia
Wa condensation of b15-(orinethy siTyT)othymine Wit 110uacatylod )
AR IR M AL el

to the general method of Niedbalia and Vorbriggen®!

graphically homogenecus 6¢ with mp 200-202°. An analytica) sample from
HeOH "
hpe et 218 rm {2 12,200,
332 nm {e 12,600); ORD (MeOH) [:]@35 6:000°, {81504 0°, m;;s -12,000°,

cthanol had mp 202-203° (reportad'’ p 202-202.5%:

61575 0%

2,2 «Anhydre-3 - (3-D-arab? aofuranasyl) -5-cnlorocytosine aydrochloride (7¢)

A mixture of f¢ (300 &g, 1.7 mrol) and 2 (05 g, 3 mmol) 1n acetoritrile

{5 m) was stirred at room temperature for 4.5 ar. Addition of ether {50 ml)

2,2" ~Annydro-1-(3-D~arabinofuranosyl) -5-bromocyticine nydrochloride {7a)

X reaction beteeen 64 (967 ng, 3 mmol} and 2 (2.0 g, 12 nmol} in actonttrile
£5 ml} for 1-hr Was wor<ed up by etrer precipitation as with 7c above. The
resulting crude cioxalanone (1.47 g) was treated with 0.18 M methanolic
hydrogea caloride for 3 cays st room temperature and tren evasorated to dry-
ness, The vesidue wes washed with chlorofors and then crystaliized from
netnenol giving 636 mg (615) of 7 which decomaosed soove 230° {reported?’
™ 217°);

m"jz* 234 am (sh, < 7,900), 280 m (c 8,800}; ORD (eOH) [o]D5,
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JOCaP5aT
3,200°, [8],54 0%, 3155 -12,100°,
aal. Caled. for Coy Ny0,BrC (340.58):

€, 31.78; H, 3.26; N, 12.34

Found: €, 31.55; 4, 3.19; N, 12.37

2,2 -Anhydro-1-(8-D-arabinofuranosyl)-5-1odocytosine hydrochleride (Zg)

5-lodocytidine (2.69 g, 10 mmo‘\)“ and 2 (6.5 m?, 45 mmo1) 1n aceto-

nitrile (33 m1) was stirred at room temperature for 1.5 hr and then heated

A

at 80° far 33 min. Methanol (200 ml) was ther added and tne soiutfon wes

stored at room temperature for 30 min, The soivent was evaporated to dryness
and the residue wes triticated with etner giving 2 tan colored solid. The
Tatter was orecipitated twice by sdditfon of 1ts solutfon fn the mintmum
amount. of methanol ta excess sther giving, after drying i vaous, 1.99 g
(48%) of tre 3'-0-acety] derivative of 7e as a cram colored solid. Hnile
this material gave 2 satisfactory nmr spectrum, it could not be crystallized
ard was somewhat hygroscopic. Accorcingly 2 portion was treated #ith 0.2 ¥
methanotic hydrogen chloride at room temoerature for tWo days to effect
deacetylatior, Evzporation of the solvent and crystallization twice from
methanol gave 585 mg of 7¢ as a tenacfaus metharol solvate with mp 175-176°
(reported®® mp 180-186%): 380 235w (e 8,900), 232 m (= 6,800 [
=91.4° {c .0, MeOH); ORD (MeOH} [rjgfo 630°, (81,94 0°4 [21y74 -18,600°
Anal. Calad, for CohyiNy0,C11 CHyOH (419.61): 3, 28.62; H, 3.50; N, 10,01

Found: €, 25,13 W, 3,665 N, 10,00

5-Dimathy’ amfnocytiding (5

5-Brorocytidine (1.0 g) was heated in a stainjess steel bemb containing
anhydrous dimetayTamine (50 m*} at 100° fsr 18 hr. Evaporation of the

solyent left a syrud that was aoplied <o & ceumn of Dowex S0 fH*) restn

300-25-10
2,2'-Anhydro-1-(3-D-arabinofuranosyl) -z-thiocytidine hydrochloride {13)

A

solutton of 10b (1,18 ¢, 4 mmol} was co-evaporated with ¢imethyl-
formamide several times and then suspended fn acetoniteile (14 ml) togather
With 2 (2.6 g, 16 mmol). After 1.5 hr at room temperature, ether [100 m1)
was added ard the rasulting precipftate was washed with ether, It was then
treated with 0,18 U methanalic hydragen anlorfde (20 ml) at room vemperature
for 3.5 hv, evaporated to dryness and crystallizad fro- metrancl-chlorofom

2P0 245 o (2 28,1005

giving 990 ng (898) of 13 with mp 201-202.5%: a0

o0 244 mm (e 27,2000 [=)E® -119.6% [ 0,13, 4,005 0RD (.3 N HCT)

fotr . o rppP% goge

(8154p ~11200°, {81556 0%, L4:]2196 .

fnal Caled, for S No0,STH (77740 €, 38.92; H, 436 3, 15,33
Found: €, 38951 H, £.22; ¥, 15.22

2,2 wAnnyd-o-1 =(6=3-arabinafurenasyl)h’ ' -divethylcytosine hyarocnioride {1])

W 3% D methyicyticine (136 mg, 9.5 mmol} %> and 2 0,35 5, 2 mmol} were

reacted for 3.5 hr at room temperature fn acetonftrile {2.5 ml). Addition of

sther (5 m1) precipitated a crude dioxolanone {199 7g) that was treated for

§m.

48 min at roon temderature with 9,18 M methanolic nycroger crioride (

Since tre nzr spectrun of the product suggested partial loss of the 2'-

acety? group, the product was watreated with methanclic hyaragen chloride for
2 days and then crystallized fvom methano}-acetonitrile giving 102 mg (72%) of
homogeracus 11 with mp 232:23¢% % 5c6 i (e 10,0009, 278 nm (2 12,700):
ORD (He0K) o138, §,100°, [olpg, 0% (0150 -14,800%, (81,5, 0°, (3155
4,900°,

16

Bpreparad 11 934 yleld by the method of dempen ot al

Anal. Caled, for 3%

140,C1 (289.72): €, 45.60; H, 3.67; 4, 14,50

and washed traroughly with wazer.

evaporsticn

tre next step (total yiald 89801 MUY a1g oy

268

00

Elutfon with [ M a-monium hydroxide and
gave & syrup that crystalifzed slow'y from ethanol giving 328 my
With mp 208-203%.

the of the motner 14quors using etny) acetatemethanol (7:3)

(37%) of 6f An analytical sample pad mp 20§-210°,

Treparative

gave & further 200 mg of chromatagraphizally pure §f suftable for use fn

00); CRD (MeoH} [#157; 3,300°,

9,600), 312 am {z 5,000):
MeGH ,0H™
max

225 r= (z 13,800), 295 w (¢ 5
[Tpgg 2° [el5hg -19,600%.
Anal. Caice. for C'HHTeNéOE (286.26): C, 36.11; K, €.31; N, 13.57

Found: C, 46.28; ¥, 6.56; N, 19,20

2,2'-Anrydro-1-(3'~C-acety1-8-D-arabino®uratosy1) -E~dimethy1amine-cytosine

aydrochlaride (7}

A susoension of 6F (120 mg, C.42 mmal) and 2 (3.4 g} in acetonitrile
(2} was stfered at room temveraturs for 92 min giving a clear solutior,
Addition of ether gave a precipitata (210 mg) of the essentially Fure
(nmv) & ~dioxotanone of 7f. The ~atter (202 mg) was treated with 0.18 M
methanc®ic hydragen chloride (9 m1) at room temperature far 4C min and
evaporated to dryness. Toe resicue was dissolved in methanol and precipi-
tated with chloroform ard ether giving 140 mg (87%) cf 7f which was homogeneous

WP 218 an (2 12,100), 238 0 (sh, € 8,100),

oy paper electropnoresis:

30 nm {2 4,100),
« Calcd. for S oo 0501, (383.23)1 €, 40745 H, 5.26; K, 14.62
1N, 14087

Anal

Found: C, 4C.90; %, 5.

7511
2,2" <Anhydvo-l=(3*-0-acaty’ -5 =cnlorox5 ' ~daoxy-p-D-arabinofuranosyl )~

cytosine aydrocaloride {1420

1 o %S

A mixiure of §'~chloro-5'~deoxycytidine {262 mg, and 2

(660 mg, 4 mmol) in acetonitrile {5 ml) was heated 2t 80° for 20 min during
WHch time 2 clear solutfon was obtaited and 2 crystalling product separated.
The crystzis (171 mg) were collectad ard tha ~other 1iquors were ovecipitated
With ther givieg & further 152 ng of crude 14a. Recrystallization of both
<rops from methanol -acetane gave 228 mg (718) of 142 nith mp 273~276":
il 235 am (e 10,5000, 263 o (= 11,900} 13 408 (2 0.1, H,0),
Anal, Caled. fom Gy 130401, (322.06): €, 41,014 K, 4,07 K, 13.08

Found: £, #1.18; 4, 4.15; N, 12.9]

5" -Deoxy-5' -fodocyt{dine

A solution of N¥-acatyl-5 -deoxy-§'iode-2" 3" ~0-sopropyl idene-cytidine
(3.02 3375 1n 80 acetic acid (70 =1} was kepy overnignt at room temperature
and then evaporated to dryness. The restdus was co-evaparated several times

with methanol and dried in vacws leaving a wnite solfd. The latter was

t:pred at roor temperature in methanol (8¢ ml} and conc, ammentum hydroxide
(53 ml} for 1 hr and the resulting clear solution was evaporatad to dryness,
Tre resigve was triturated w'th acstone giving a dry solfa taat was dissolved
n dimechy]formamide (20 =t) ard crystallizec by slow adcition of ch*oroform
giving 2.08 g {85%) of 3'-deoxy-5'-iodocyzidine with mp 176-178", dn

analytical sawple From sethanol had mo *78.5-780°: >:§SW 282 om (= 13,000).

Anal, Caled. “o OAZ (383,°2)1 €, 30.6%; k, 3.43; N, 11.90

C, 30.86; H, 3.27; N, °1.85

" gty
Found:
2,2"-Anhycro-1-(3' <D-acety] -5 ~deoxy -5 ~fodoni-Dearebirafuranasyl Jmsytosine

rydrochloride {12b)

Fourd: G, 35.30; H, 5.49; 4, 14.5 A S 5
our 95,20, H, 8.40; 7, 74,58 A reaction between 5'-deoxy-5'~iodocytidine (353 mg, 1 ~met) and 2 (560
=g, ¢ mel) was carried out exactly as witk 135 adove. Recrysiallization
TABLE 1 R. Chemical Sifts (ppin) 00523
Com:oundl solvens® | .M AT Cyt DA ] Cprpf cgH ] Al ] Otner
4 o 6.52(d) | 5.55(d) [5.38(br s} | 4.46(br s}| 3.31(cd) | 3.53(dd) | 6.73(d) | 8.32(d) %,m (5,3,“:). 9.29 and 9.37
ERR
B
—
@ D 6.57(d) | 5.41(d) |4.47(br s) | a.21(m) | 3.25(d0)" | 3.43(dw)® | 6.68(a) | 8.28(a) , 9.23 and 9.70 {5,1,N,)
b {s73(e) [ a0 [e.0m [ aomi | 3.6048) [2.a0(ae) | - |8.73(s] 1
3 6.83(d) | 4.90(m) [4.90({m) ‘ 4.57(m) 4.35(m) -s 18.70(s) | 2.4 (5,8,10%,)
72 ) §-53(a) | 6.42(0) | 4.47(0or 5) ) d22(my | 320dd) | 3.35(0a) | - |sze(s) | 2.05 (5,3,¢, M), 8,85 and 9.3
{or s.Y.NHZ)
n b §.52(dd)| 5.74(a) [5.330br s) | 4.51(m) 3.¢(m) = [87a) | 2,09 (5,3,08), 9.8 (br 5.2,0i,)
7 D 6:36(d) | 5.96(¢) |4.980br s} | 4.25(0r 5)| 3.30(dd) | 3.46(ad) | - [8.91(5) | 5.23 ard 9.96 (or 3,1,0,), 871
{2)1,85,00), 6,29 {4,7,0,,04)
74 [} 5.53(d) | 5.44(a) |4.47{br 5) | 4.25(m) 3.35(n) - 6.93(s) | 8.92 and 9.88 (br 5,1,1,)
7e3'-08| 0 [s.55(a) | 5.66(e) [5.37(brs) | A.47(m) | 1.4(m) - [8.85(5) | 2,09 (5,3,08c), 8,60 and 9.85
! (v 5,148,
7e 0 |5.520d) [ 5.49(a] |4.46(br 5) | 4.22(m) l 3.35() [ 7w T8c2(s) | 8.53 and 9.2 (br 5,10,
}
7t v 8.54(d) | 5.54(d) |5.38(br 5) | 4.44(m) IJ.ZQ(dd) 3.48{dd) | -~ [8.12(s) | 2.57 (s.,6.Mke,), 8.70 and 3.50
(br 5,1 lity)
3 6.85(d) | 4.87(m) (4.87(n) 470n) | 4.26(dq) | 4.42(dd) | 5.83(e) [ 8.64(¢) | 2.0 (br 5.6.¥%,) becoming 2.98
0,0 .
2 (5,6) at, 80
102 3 8.00(d)] 6.360a9) [6.28(e8) | 5.0y 3.3 (m} 8.05(2) | (e} | 7.25-8.4 (,15,4r)
P 7.52(s)9] 4.82(s} [4.73(m} 473(m) | 4.32(m) 6.31(d) | 8.91(d)
8,0 J
[
n ] 6.56(d) | 5.42(d) |4.47(br d) | &.22(m) 3.26(d0)° 3.42(a°| 6.88(0) ‘ 841(d) | 5.21 and 3,25 (5,3,M¥%,), 3.03
(81,05 0H), 6.27 {,1,€4,C4)
12 o 6.54(d) | 5.72(d) [5.37(br s} [ 4.45(br s} 3.29(«&)"[ 3.50(dd)® | B.49(s) | -- 2,07 (5,3,04c), 10.37 and 10.85
13 0 6.60(d) | 4.48(dd) |4.4(m) 4.13(dt) 3.62(w) | 873} | 8.240)
142 o |6.85(d) | 5.79(ad) [5.39(2d) | 4.73(m) 3.78m) 6.82(¢) | 8.42(d) { 2.12 (s,3,0c), 9.52 and 10.10
(brs,T kly)
126 [ 5.68(d) | 5.78(aq) {6.35(cd) | 4.49(m) | 3.19(dd) | 3.43(de) [ 6.85(d) | 8.43(d) | 2.12 (5,3,04), .53 and 10.12
[ELER RN
165 [ §:650d) | 5.67(dd) |5.3000r s) | 4.43(>r 5)| 3.78(ea) | 3.51(ae) | 6.75(d) [ 8.38(d) | 0.30 (£,3,04), 1.56 (mi2,0Hy),
2,36 (£,2,000H,)
’ 5 1y P §.72(a) | 4.75(de)?[4.45(m) 4450 3.78(m) 5.04(¢) | 7.97(d) | 8.45 (br 5,2,8H,) '

“The solvents used are designated es: D, ds-DISC; P, dg-pyridine Baster saditt
charactarfstic of 2-thiopyrimidine nucleosides.  For references see E. H. Hamamura, K. S

ol of 0,0, CHidden. %he very Tow yteld signal fs
ato, and J. 6. Moffatt, o, Mod. Chem., 15, 1061 (1972

J. Org. Chem., Vol. 39, No. 15, 1974 2185

$30m25-9
23" 5" ~tri-0-Benzoy) 2-tniocytiding {102)

A suspension of 2-thiocytosine (3.17 9, 25 mol) and merzuric cyanide
{12,5 g, 50 mmo1) in nitromethane (BOD m)) was dried by distilling off

about 200 m1 of the solvent. A salutien of 2,3,5-tri0-benzoyi-D-ribofuranosy)

bromide {€rom 50 mmol 0 the ~-Q-acetyl derlvative and gaseous hydroger
avomide 1n benzene} fn nitrometnane (203 ml) snd Linde AK-530 rolecular steve
{30 3) Were added and the Tixture was neated under reflux for 6.5 hr, The
cooled mixture was F1ltersd and the f1ltvate was evaporated, dissolved i1
chloroform and washed with 30% aqusaus potassium focide, aqueous sodium
bicarbonate and water, The dried (MSD,) solutfon was driec (HaS0,),
evaporated, and chromatograsked on a colume of si’fcic acid (2 kg} usirg
benzene-sthyl acetate anc ther ethy) acetate. The product eluted with ethy!
scetate as crystallized fron eshanol givirg 6.47 g (45) of 101 with ne
190-191,5° (reported mp 194-105°2); »;'::3“"“ 232 mm {c 5¢,500), 277 m

{= 13,500},

2-Thioeytidine (10b)

Sodium methoxide (3 mmo’) was acded to & sotuzion o 10a (6.47 g,

1.3 mmo") “n ~ethanol {150 71) and stored overntght at roo- temperature
The solution was then stirred with Anderlfte IRC 50 (NH,") resin {15 1),
filtered, and avaporated to dryness, The residue was co-evaporatec with
acusous ethanc] and then crystallized from aqueous ethanol givirg 2.35 g

(85%) of “0b a5 the dihydvate with mp 228-229° (reported? mp 298-209°,
R

anhydrous): x:“ 229 am {z 17,400), 278 nm (¢ "8,20¢), 310 p= (sh, ¢ 5,800);
s (e 9 dont) ert . o ek
138 62,27 (c 0.7, 4,003 ORD (HO*] (e35E) <5.700°, [elygy 01 10255,

26,700°, 61y 0°, :¢]§§c -35,300°,
Anai. Caled, for CoHyaNg0,S+{H,0), (298,32): G, 36.60; H, 5.80; N, 14.23
2, 37033 %, 5,743 K, 1428

£OCe25-12
of the pradust from methano] -zcatone gave 270 mg (65%) of 14h witn ~p 216~
218°; xggf 233 v (e 10,400}, 262 am (¢ 11,600); :a]gz 2.3 (¢ 9.25, Fy0);
08 (4,0 [315% 9,70, [olygs 0°, (9355,
o (413,50):

Fourd:

Foutds

-6,000°.
o, 31,845 4, 307 R, 10,16
S\ 3219 K, 2.87; N, 10,08

Anal, Caicd, for CyyHy gt

2-Butyryloxy‘sobutyryl chloride (15)

A nixture of 2-hydroayisobutyric ac’d (104 g, ¥ mole) and outyry)
entordde (185 g, 1.76 mole} was slowly Feated at such a rate as %2 contro}
the evolution of hydrogen chlaride anc finally neid at 100° for 2 hr, Excess
butyryl caloride was ther removed by disti'iatlas at 50 mm prassure and the
resicue was care®ully warmed with thioryl chloride (100 m1} and finally
heated at 80° “or 2 hr. Excess thiony] chloride was carefully remavad oy
distillat{on at 50 mn oressure and a bath tevperature of 59° and the final
vesidue was distilled glving 81 g (424) of 1§ with bp 74-76%/6 mm:
(#11m) 1745, 1808 on”1 5 ame (D01} 0,38 (¢, 3, Cig), 167 (s, 5. Cvy),

173 (m, 2, Thp)s 2.35 (1, 2, COUMy). As obtained the material was campletely
satisfactory for usa but it did nat give an acceptable elevental nalysis.

2,2" -Anhydro-1-{3" -0-butyry] -6-D-arabinafuranosy] J-cytosine Fydrochloride (1603

A suspension of eyticine (486 mg, 2 mol) and 15 (1,3 =1, g rmol) ir

acetonitrile {5 ml) was stirred at room temperature for 2.5 hr, The

resalting ciear solutien was evapovated to dryness ard the residue was triturated
with ether giving the crude 5'-dicxolarone (162} es a dry solid, The Tatter

was dissolvad 1n 0,78 M methanelic rydrogen chloride and Stored at room
tenperatura for 40 min. Afta- avaporstion of the selvent the residse Was
trituratec with ether 3nd the resulting solfd was crystallized £rom methanol
giving 394 mg (533} of 163 with mo 262-244%: ;'jffx” 230 am (= 10,500), 264 »~
(e 10,850, (32 -63.¢° (c 0.2, 1,0

Anal. Caled. for €, ghi0cCl (331.78): €, 47,065 H, 5,475 %, 12,67

foundi €, 47,22 H, 5.42; N, 12.64
TARLE 1] IEC-r5-1,
Coupling Constants [Hertz)
Compound [4y1 51 9z 31 JJ',4'(J4‘,5‘3—IJ4‘.5‘b sta505 | 56 Other
4 6 ¢ ol ‘ 3 2.8 w15 ]
a0 6 9 1 35 | 3 12 |75
54 2 (| ] z 2 12 |
§f ‘ 2 (a} (a) (a) (a) (2}
NREE fay] 25 | 3 S
7 ’ ¢ Tn 1 (@) ] ) | (@) |l e 1,
‘ ig,p B
RENE ~ 25 | 25 T e
W s o W | @ | ] @
eyl s | ¢ NIRRT
e 15 |0 A T e
7t RE I e
25 | (a) ] 3 2.5 2 |8
3.5 | 55 55 (@ (x) [ENER]
0.5 0 (a} () () (&) 8
5 [ ’ 2 ( 2 275 [ gy b he
i JE‘,CH = 4,3 4z
12 5 R 2 PR
3 7 s T @]y [ @) |78
14 5 1 3 ) | () | fa |75]
148 5 [ as |7 A‘ 5 2 75|
[ERNE) o ] (N 2 (75|
EI R W] @ @ [ 73] ]
(D presalved.
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N
NH, __
cl
|
CH,
\c——com + 1 —
CHy QCOCH,
15 |
O=C"""CSH';
Me
0
Me
164, R = !
ch77< N
b, R=H

chemical and biological extensions of this work will be de-
scribed in detail shortly.

Registry No.—1, 65-46-3; 2, 40635-66-3; 4a, 50896-83-8; 4b,
10212-25-6; 5, 50721-05-6; 6a, 2140-61-6; 6b, 2341-22-2; 6¢, 25130-
29-4; 6d, 3066-86-2; 6e, 1147-23-5; 6f, 51391-95-8; Ta, 51391-96-9;
7b, 51391-97-0; T¢, 51606-78-1; 7d, 40502-95-2; 7e, 40502-96-3; 7e
3-OAc, 51391.98-1; 7f 3'-OAc, 51391-99-2; 8, 13007-43-7; 10a,
51392-00-8; 10b, 13239-97.9; 11, 51392-01-9; 12, 51392-02-0; 13,
51392-03-1; 14a, 51392-04-2; 14b, 51392-05-3; 15, 51392-06-4; 16b,
51392-07-5; 1-(8-p-arabinofuranosyl)cytosine, 147-94-4; 6-azacyti-
dine, 3131-60-0; 2-thiocytosine, 333-49-3; 2,3,5-tri-O-benzoyl-D-ri-
bofuranosyl bromide, 51392-08-6; 5’-chloro-5’-deoxycytidine,
316562-78-b; 5’-deoxy-5'-iodocytidine, 51392-09-7; N*-acetyl-5’-
deoxy-5'-iodo-2’,3’-O-isopropylidenecytidine, 30685-49-5; 2-hy-
droxyisobutyric acid, 594-61-6; butyryl chloride, 141-75-3.

Miniprint Material Available. Full-sized photocopies of the
miniprinted material from this paper only or microfiche (105 X
148 mm, 24X reduction, negatives) contdaining all of the mini-
printed and supplementary material for the papers in this issue
may be obtained from the Journals Department, American Chem-
ical Society, 1155 16th St., N.W., Washington, D. C. 20036. Remit
check or money order for $4.00 for photocopy or $2.00 for micro-
fiche, referring to code number JOC-74-2182.
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