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by nentralization with glacial AcO1l. The precipitate was washed
with 11,0 and dried to give 300 mg (55%¢) of le mounohydrate.
Au analytical sample was prepared by recrystallization from | &\
NaOH by acidification with AcOH; wmp >300° dec. Anal
(CullsN;O-H,0) C, N; H: caled, 6.37; found, 5.92.
2-Hydroxy-4-(3-methyl-2-butenylamino)pyrimidine (2a).—

4-Methylthiouraeil'® (1.5 g, 10.5 mmnoles), 5, v-dimethylallyl-
amine (5.0 g, 3 mmoles), and EtOH (5.0 ml) were refluxed for
2.5 v, The precipitate which formed o1 cooling was washed with
petrolenm ether (30-60°) and reerystallized from 959 IEtOH
and dilute H804 to give 1.82 g (9590) of 2a-0.5HS0, A
sample for analysiz was recrystallized (wice from EtOH-11,0 and
dried; mp 220-230°. Anal. (CoH3N0-0.5HS0,) C, H, N

2-Hydroxy-4-(3-methyl-2-butenylamino)-1-8-p-ribofuranosyl-
pyrimidine  (2b)—1-(2,3,5-Tri-O-benzoyl-8-p-ribofuranosyl)-4-
thiouracilV (2.0 g, 4.3 mmoles) was refluxed with ~,y-dimethyl-
allylamine (10 g, 118 mmoles) for 90 min. The excess amine
was removed under vacinim to give a brown oil.  The oil was
dissolved in 10 mil of EtOH and 300 ml of Et,0) was added. The
pale tan oil which separated was shown by thin layer chromatog-
raphy (silica gel; GFuy, CHCL-MeOH 3:1) 10 be essentially
free of N-(3-methyl-2-buteuyl)benzamide. Final separation was
carried out on a silica gel colunm (2,5 X 18 e, Fisher silica gel
100-200 mieshy, grade 923) by elution with CHCl-MeOH 3:1.
The =olvent was removed under vacuum to give an amorphous
and somewhat nustable producet.  daal, (CHyN30:) T, N C:
caled, 54.01; found, 53.02.

A tetrabenzoyl derivative of 2b was prepared by heating 100 mg
of 2b with an excess of benzoyl chloride in pyridine at 60° nutil
e (silica gel GFayy, Celle—Ft,0 2:1) showed a single spot at
I': ~0.50. The produect was poured over ice and gave a light
tmr oil. The oil was triturated with 11,0 and allowed o stand for
a few days. The needles which formed were recrystallized twice
from EtOH; mp 193-194°. Anal. (CulIxN,0.0 C, 1, N.

(16) Prepared according Lo (he medhod oi T, Ueda und J. J. Fox, J. Hed
Chend., 6, 697 (1963),

(17) J.J. Vox, D. Van Praag, 1. Wempen, 1. L. Doerr, L. Cheong, J. 12,
Knoll, M. L, Eidinoff, M. Bendich, and G. B, Brown, J. An. Chem. Sor.,
81, 178 11039),
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The clinical usefulness of 1-8-p-arabinofuranosyl-
eytosine (4) in the treatment of acute leukemias and

11) This investigation was supported in part by (nuds (com Lhe National
Cancer Institnte (Grant CA 08748).

29870 1) 250 (9.6) 28 (01
lvmphomas has been demonstrated,? but various
pharmacological studies®™® have shown that thiz drug
1x rapidly deaminated to the inactive nueleoside, 1--n-
arabmofuranosyluracil (1). It has been shown previ-
ously that alkylation of the exocyelie amino funetion of
evtosine nueleosides, such as 2’-deoxy-5-fluorocyvtidine
produced a marked deereaxe of the susceptibility of
=uch compounds to deamination by bacterial demni-
nazes.? It was further shown* that 4 also =erves as a
substrate for hactertal deaminasex. The S-fluore
analog (4b, 7" = H)? was also cffective against scveral
nmouse levkeming, but this analog, too, 1x degraded by
human liver or mouse kidney deoxyveytidine deaniinnses
to 1h. R = H.S5  These results®® suggested the syvu-
thesis of N4-substituted derivatives of 4a and 4b o
potential chemotherapeutic agents and/or nx deoxy-
evtidine deaminase inhibitors. The present repord
describes the «ynthesis of several of these N4-subxtituted
derivatives =elected for biological evaluation.

The syntheses of N*-substituted arabinosylextosine
nucleosides (4) were accomplizhed by the thintion
process™® which ivolved thintion of a =uitably pro-
tected nucleoxide (1) with phosphorus pentasulfide in
pyridine to give the 4-thiones (25 followed by alkyvlEution
to the $-methvithio analogs (33, Treatment of 3 with
various nucleophiles (e.g.. NH,OH, NH,NH., ("H:NH.)
gave the desired products (4) (Scheme I).

Though the synthesiz of 2b (R = COCH;) had been
reported,’ its preparation by thiation of 1h was rather
difficudt and =everal retreatments with  PuS; ware
necessary to drive the veaction to conpletion.  More-
over, during the extended thiation-reaetion time, sonie
of the acetyl-protecting groups were apparently lost and
2b could not be obtamed in pure form.  Although erude
2b. thus obtained, was satisfactory for subsequent con-
versionz. 1t wax hoped that henzoyl bloeking groups

(27 (a) R. Talley and V. K. Viatkevicias, Bleod, 21, 332 (1uGii; Il =S,
Nenderson and P. J. Burke, Proe. Am. . Cwwer Rex, 6, 26 (1060
R. W. Carex and R. R. Illlison, Clin. Res., 13, 337 (1965); K. . Yn, J. .
Howan], and B. D. Clarkson. Proe. Aom. Assoc. Concer Res., T, T8 (1966
R. R. Ellison, J. F. Holland, T. Silver, J. Bernard, and M. Boivon, /7rov.
Sth Intern. Cancer Congr., Tokuo, 1967, in press; (h) R. Papac, W. A, Creasey.
P. Calabresi, and A. D. Welel, Proc. A»m. Assoc. Cancer Res., 6, 50 (19651
{e) G. W. Camiener and C. G. Smith, Biockem. Pharmacol,, 14, 1405 {1965:.

(3) I. Wempen, R. Duschinsky, L. Waplan, and J. J. Fox, J. Ur. Chou
Soc., 88, 4755 (1961].

141 L. I. Pizer and 8. 8. Colen, .J. Biok Chem., 238, 2387 (1960).

(51 J.J. Fox, N. Miller. and 1. Wempen, J. Med. Chem., 8, 101 (1961,

(6) M. R. Dollinger, J. 11. Barchenal, W. Krise, and J. J. IFox, Biochen.
I*hamnacol.. 16, 683 (1967,

(71 G. W, Clamiener. ibid., i1l press.

+8) 1. J. Fox, ). Van Praag, 1. Wempen, 1. L. Doerr. L. Clieong, J. 1L
IKnoil, M. L. Eidinoff, A, lendicl, and G, B, Brown, J. Am. Chem. Soe., 81,
178 (1059
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(known to be more stable under thiating conditions)
would give higher yields of pure 2b (R = COPh). The
available 1-(2,3,5-tri-O-benzoyl-3-p-arabinosyl)-5-fluo-
rouracil® (1) was employed. Better yields of 2b (R
= COPh) were obtained in the thiation step, al-
though in this case also, more than one P»S; treatment
was required.’® Compound 2b (R = COPh) was de-
esterified in alkali and S-alkylated to 3b. Thismethvla-
tion step (2b — 3b) was used because, as reported pre-
viously,® the methylthio group is niore easily replaced
by nucleophiles than a 4-thione group. Thus, milder
conditions may be employed for the conversion of 3b —
4b without concomitant replacement?® of the 5-fluorine
atom. Treatment of 38b with hydroxylamine in
ethanol or with anhydrous hydrazine (999) at room
temperature yielded 4b (R’ = OH or NH,, respec-
tively) in good yield. The methylamino analog 4b
(R’ = CH;) was obtained by treatment of 3b with
liquid methylamine in a sealed bomb at room tempera-~
ture.

Similarly, the N*hydroxy, -amino, and -methyl
derivatives of 1-8-p-arabinofuranosyleytosine (4a, R’/
= OH, NH,, and CH;, respectively) were synthesized
from 1a (R = COCH;) by a series of reactions essen-
tially similar to those described in the conversion of
1b — 4b. The N*-acetyl derivative of 4a was prepared

{9) The authors are indebted to Dr. A. Nusshaum of Hoffmann-La Roche,
Ine., Nutley, N. J., for a generous gift of this compound.

(10) Apparently the difficulty in thiating the 4-oxo group of 1b (R =
COCH; or COPh) is encountered only with the 5-Auoro-arabino nucleosides.
ribo analogs of 1 thiate normally. This unexpected characteristic of 1b is
not clearly understood and is worthy of investigation.
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by a procedure analogous to that used for selective
N4-acylation of eytidine.!!

For comparative studies with deoxycytidine de-
aminase,® several N4hydroxyeytosine nucleosides were
prepared in which the sugar molety was p-ribose or
2-deoxy-p-erythropentose (‘‘2-deoxy-n-ribose”) instead
of p-arabinose. The compounds selected for these
studies were the N*hydroxy derivatives (5) of cytidine,
2’-deoxycytidine, 2’-deoxy-5-fluorocytidine, and 2'-
deoxy-5-methyleytidine.

N4Hyvdroxyeytidine and 2’-deoxy-N“hvdroxy-5-
methylevtidine had been synthesized previously® by
hydroxylamination of 4-thiouridine and 4-thiothymi-
dine. The reported procedure® was modified by the
use of milder conditions and the yields have been im-
proved. In the case of 2’-deoxy-5-fluoro-N*hydroxy-
cyvtidine (5b), it was advantageous to S-methylate
4-thio-5-fluorouridine? with diazomethane (quantita-
tive yleld) and to treat the resulting 4-methylthio
derivative with hydroxylamine.

During the treatment of 4-thiouridine (4.5 mnioles)
with a tenfold excess of anhydrous hydroxylamine in 40
ml of methanol containing 1 ml of water, a “bishydroxyl-
amine”’ derivative formed as indicated by the dis-
appearance of uv absorption at 328 mu and the con-
comitant rise of a strong peak at 222 mu. The white
solid obtained from this reaction gave elemental anal-
yses consistent with 6 obtained by Brown and Schell?
from cytidine. Acid treatment of 6 gave the known
N+4hydroxyeytidine (5a, R”” = OH). The formation
of a bishydroxylamino derivative (6) in the reaction of
hydroxylamine with a 4-thio precursor has not been
noted previously.!?

For practical considerations, more facile preparations
of N+hydroxycytidine were made when considerably
higher dilutions (4 mmoles of the thione/250 ml of
methanol) were employed and hydroxylamine was
regenerated in situ from the hydrochloride salt. Under
these conditions, the “bis” intermediate (6) was not
isolated. That 6 was an intermediate in those high-
dilution reactions was shown by spectral monitoring of
the reaction mixture (appearance of a strong maximum
at 222 my which is converted rapidly in acid to the N*-
hydroxyveytidine spectrum with a maximum at 280
mu).

When a dilute solution of 4-thiothymidine® was
treated with hydroxylamine in anhydrous methanol, a
high yield of 5 (R’ = CH;, R””’ = H) was obtained.

(11) K. A. Watanabe and J. J. Fox, Angew. Chem. Intern. Ed. Engl., §,
579 (1966).

(12) D. M. Brown and P, Schell, J. Chem. Soc., 208 {1965).

{13) These data do not prove that the conversion of 4-thiouridine to
Nihydroxyeytidine proceeded exclusively via intermediate 6. Kinetic ex-
periments by Lawley!t showed that a significant portion of the reaction of
cytosine and 2’-deoxycytidine with NH:0H under aqueous conditions pro-
ceeds by direct displacement of the exocvelic amino group by NH:QH.
This latter mechanism had been postulated by Janion and Shugar!s for the
reaction of agueous NH:0H at pH 6.5 with 5- and 6-alkylated eytosines and
with certain 4-alkoxy-2-pyrimidinones. The conversion of the S-methylated
arabino nucleosides (8) to their N4-hydroxylamino analogs (4, R” = OH)
reported in the present paper (vide supra) were performed at 70-80° in
anhydrons EtOH, conditions which differ from those of the other investic
gators,12:14:15 It iz known that the 4-methylmercapto groups of 2-pyrimidi-
nones and their nucleosides are easily displaced by nucleophiles,¢ which
suggests that the conversion of 8 to 4 (R = OH) probably proceeded via
direct displacement of the 4 substituent by NH0H,

(14) P. D. Lawley, J. Mol. Biol,, 24, 75 (1967).

(15) C. Janion and D. Shugar, Acta Biochim. Polon., 12, 337 (1965).

(16) Y. Mizuno, M. Ikehara, and K. A. Watanabe, Chem. Pharm. Bull.
(Tokyo), 10, 653 (1962).
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SURCTROPHOTOMETRIC AND PAL DATA OF 1-8-D- AR VHINOFU LA NCGRY LCYTOSIN IR
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N
HOH,C o |
k HOj
HO
Cloniniie
R R pll Myax, My Eninx Aowin, Mg IS oR.Y
1% 11 I N 1CT 213, 281 0,750, 13,200 241 1770 4.2
i sh 230, 270 «\,O‘JU, 9,490 249 5320
I ol IV 1IC 221, 282 8,430, 14,770 244 ‘,mo o
4.97 237, 270 13,420, 6,870 202 GO0
I Nl 1.V 1 215, 281 8,440, 13,150 242 2020 4.4
7.70 sh ‘2.“%0—‘335, 273 7,300, 10,530 2475 6790
H CIly 1.0 218, 282 8,280, 13,510 RES 2100 5.9
.70 236, 271 8,470, 10,015 248 7300
11 COCLL 1.N HCL 213, sh 230, 312 11, 100, 8,900, 17,650 261 1470 ~1.4
6. 17 214, 247 208 16,360, 14,550, 8810 207270 6000, 3520
I 11 1N 1CI 221,290.5 10,300, 11,900 ..’4() 1160 203
=7 235, 280 7,860, 8,240 205,257 5 Tho, 5240
I’ O11 3N 1A 224290 0,000, 13,530 R¥TNY] 6.7
7.70 206,272 11280, 8,980 SO70
I N, 1N LCT 214, 288 9,000, 11,124 2000 2.7
4.97 242 281 7,640, 10,670 710
I’ Clly 1N 1T 218, 200 0,560, 13,000 1970 2.0
4.97 240, 278 8,730, 10,200 7630

» Ouly the basic dissociations were determined. *13. R. Walwick, W, IX Robevts, and C. A, Dekker, Proe. Chew. Soe., 84 (1959),
report the following: at pI 2, maxima at 212, 270 (e 9800 and 13,400), minimum at 240 (e 12007, pK., = 4.1. - Data taken from ref 5,

Spectrophotonietric monitoring of the reaction mixture
did not reveal the presence of any any “bishydroxyl-
anmino” intermediate nor could such an intermediate be
isolated from the reaction mixture.

The results with 4-thiouridine and 4-thiothymidine
deseribed above point to the marked effect which
S-alkylation exerts on the course taken for the displace-
ment of the 4-thione by hydroxylaniine in these nucleo-
sides. These effects are probably akin to obsgerva-
tions!'214% made for the reaction of cytosines and
5-methyleytosines with hydroxylamine.

The ultraviolet. absorption data for the cationic and
neutral species” of the N#-substituted derivatives 4a
and 4b, are shown in Table I, together with the corre-
sponding data for the unsubstituted analogs. The
fluorinated compounds (R’ = I') exhibit a bathochromic
shift of ca. 8 mu in the spectral pattern relative to their
S-unsubstituted analogs (R = H). A similar shift has
been reported previously® for 1-8-p-ribofuranosyl-5-
fluorocyvtosine, 2’-deoxyv-5-fluoroeytidine, and some of
their derivatives compared with cytidine, 2’-deoxyevti-
dine, and the corresponding derivatives.

In addition, the presence of a fluorine atom in the 5
position of these 1-3-p-arabinofuranosyleytosine nucleo-
sides hax a marked base-weakening effeet (ca. 1.8
units) on the eationic pK, values of the corresponding
S-unsubstituted analogs (see the last column of the
table). The degree to which the pK, values are de-
creared, again, is in agreement with that found in a
comiparison with the p-ribosyl- and 2’~deoxy-p-erythro-
pentosyl mnalogs noted above (ca. 1.8 units).* The

{177 Daca for the anionic species was not determined sinee, with the ex-
ception of Ni-methyl derivatives, these Nt-sulw(ituted ¢ytosine nucleosides
oaxhibit alkali iustabilicy tooa cercain Jdegeee.

marked deerease in the hasieity of 4b (R” = H) (pK,

2.3) rs. that of extidine (pA, = 4.1) is veflected in
the fallure of attempts®® to N*acetylate the former
compound by the procedure of Watanabe and Fox.!
It 1= also apparent from an examination of the eationic
pK, values within cach sertex (R’ = H or I') that, n
nceord with previous observations®1? 4-hyvdroxylamino
nueleosides are wenker bases than their corresponding
evtosie analogs.

Screening Data.'*---In prelininary experiments, N+-
acetyl-1-g-p-arabiofuranosyleytosine administered in-
traperitoneally at v dose of 200 mg/kg daily for ten
doses caused a 509, increase in life span (ILS) in niice
with leukemia L1210 without any evidence of toxicity.
I the same experiment, 4a (R’ = H). administered at
10 mg/kg datly for ten doses produced an ILS of 10557,
A detalled xtudy of the biological and biochemical
effects produced by the other nucleoside analogs de-
=cribed in this paper has been reported recently

Experimental Section®

1-(2,3,5-Tri-O-benzoyl-3-n-arabinosyl)-5-fluoro-4-thiouracil
(2b, R = COPh).—Compound 1b (R = COPh,® 20 g, 0.035
mole), in 800 ml of pyridine was treated with 15.5 g (0.07 mole)
of P»8;, and the well-stirred =uspeunsion was heated to reflux.
As solution occurred, 0.9 ml of 11.0 was added cautiously intil a
miturbid, oily suspension was obtained. The reaction mixture

¢18) Unpnldished oxpeciments by Dr. R J. Cashley ol Lhis luboratory.

(19) The aathors are indeluaed (o Dy. J. 11, Potrehienal and bis associates
of (hig institnte {or these dan.

120) All melting points were taken on o Thomas~1loover capillary melting
point apparaius and are corrected.  Microanalvses were performed by
spang Mieroanalytieal Laborators. Ann Arbor, Mieb,, and Ly Dr. 17,
scheidel of Hoffmann<La Roelie Co., Nutley, N. J. Where analyses are
indicated only Ly syinbols of the elements, analytical resnlts oltained lor
(huse elemenis were wichin +U.100 of ¢he theoretieal valaes,
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was refluxed for 4 hr. Progress of the thiation was monitored
by examination of small aliquots. Repeated evaporation of
these samples with 509, EtOH removed all the pyridine. The
residual syrups were dissolved in EtOH and the spectrophoto-
metric ratio 270,/333 mu was obtained. This ratio should be
0.45-0.55 for completely thiated product. A higher ratio indicates
incomplete thiation and the necessity for the addition of a
second charge of PoS; (ca. 10 g). The reaction mixture was cooled
somewhat, and the addition was made cautiously to prevent
foaming. The thiation was usually completed in ca. 10 hr and
with the addition of at least one extra portion of thiating agent.
The black reaction mixture was cooled, and the pyridine was
decanted from a solid which was washed well with CH,Cl, and
discarded. The combined solvents were evaporated in vacuo to a
thin syrup which was poured into a well-stirred H,O-ice slurry.
Stirring was continued for 0.5 hr until the precipitate had be-
come completely granular. The somewhat colloidal suspension
was filtered, and the collected precipitate was washed throroughly
with HaO. The precipitate was then dissolved in CH,Cl;, and
the solution was dried (Na.SO;). The solvent was removed in
vacuo, and the residual, thin syrup was poured with stirring into
600 ml of hot EtOH. The solution was allowed to cool slowly
and finally refrigerated overnight. The bright yellow precipitate
was filtered, washed with cold EtOH, and finally with Et,0.
The yield of pure product was 17 g (839;), mp 187-189°. Evapo-
ration of the mother liquor yielded a further crop which was
recrystallized from EtOH, 1.9 g, mp 182-186°. Anal. Caled for
CullnFN,Os8: N, 4.74; S, 543, Found: N, 5.05; 8, 5.23.
1-3-p-Arabinofuranosyl-5-fluoro-4-thiouracil (2b, R = H).2!—
Compound 2b (R = COPh, 30 g, 0.05 mole), 400 ml of MeOH, 200
ml of 10, and 200 ml of 1 .V NaOH were stirred at room tem-
perature for 3 hr. The reaction mixture was treated with por-
tions of Dowex 50 (H™) rexin until a neutral pI was attained.
The resin was filtered and washed with two 100-ml portions of
MeOld. The combined filtrates were evaporated in vacuo to a
thick syrnp which was dissolved in hot HyO and cooled slowly.
The granular precipitate was filtered, triturated thoroughly with
CH.Cl,, and air-dried; 13 g (93%), mp 172-175°. A portion,
recrystallized from hot EtOH, melted at 177-179°. Aneal
(C.HUN.FO;8) C, H, N, F, 8.
1-3-p-Arabinofuranosyl-5-fluoro-4-hydroxylamino-2(1H)-
pyrimidinone (4b, R’ = OH)—A solution of NH,OH?2 (0.05
mole) in 100 ml of absolute EtOH was added to a stirred solution
of 3b (1.5 g, 0.005 mole)® in 20 ml of EtOH. The clear solution
was stirred and heated at 70-73° for 2 hr. The solvent was
evaporated in vacuo. Hot absolute EtOH was added to the resi-
due, some insolubles were filtered, and the filtrate was reduced to
ca. 20 ml and cooled. The crystalline precipitate (1.3 g, mp 153°,
effervescence) was recrystallized from a minimum of EtOH, and
the pure produet (0.9 g, mp 157-158° effervescence) was obtained
as a hemialcoholate, [«]?®p +101° (¢ 0.4, H,0). Anal. (CiHy,-
FN;06-0.5C.H;OH) C, H, N.
1-3-p-Arabinofuranosyl-5-fluoro-4-hydrazinoe-2(1H )-pyrimi-
dinone (4b, R’ = NH,).—A stirred solution of 3b (274 mg,
0.001 mole) in 5 ml of EtOH was treated with 1 ml of EtOH
containing 0.05 g of anhydrous NH,NH, (99.99,), and the re-
actionl mixture was left at room temperature for 20 hr. The
solvents were removed in vacuo (bath ~25°). The residual
orange syrup was dissolved in 5 ml of MeOH and treated with
10 ml of Et;O previously saturated at 0° with HCl. The HCl
salt precipitated as yellow needles, 350 mg, dec pt 178°, The
product was recrystallized by solution in MeOH and addition
of Et:O to incipient turbidity. An analytical sample of the
product had mp 178-179° (effervescence), [a}?®p +140° (c
0.3, H:0). Anal. (CsH,FN4O;-HCL) C, H, N.
1-3-p-Arabinofuranosyl-5-fluoro-4-methylamino-2(1H)-pyrim-
idinone (4b, R’ = CH;)—Compound 3b (500 mg) was placed in
a glass liner of a bomb tube and chilled in a Dry Ice bath. MeNH,
gas was introduced into the chilled liner until ca. 15 ml of the
lignid amine had condensed. The bomb was sealed, left at

(21) This compound was isolated as a syrup in ref 5.

(22) The NH:0OH was prepared in sifu as follows. The correct molar
amount of NH:0H-HC] was dissolved in a minimum of hot MeOH and
allowed to cool to room temperatare. One drop of phenolphthalein was
added to the solution which was stirred and treated with a freshly prepared
solution of NaOMe in a minimum of MeOH until a faint pink color per-
sistedd.  (Over-neutralization must be avoided since the 4-hydroxylamino
nucleosides are rather unstable to alkali.) The precipitated NaCl was re-
moved, and the free NH+OH solution was used immediately.
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room temperature for 20 hr, cooled, vented, and opened, and the
excess MeNH, was evaporated under a stream of air. The residue
was dissolved in hot EtOH, and the solvent was evaporated in
vacuo. This process was repeated several times to remove any
unreacted MeNHs:. During this repetitive evaporation, some
crystallization oceurred. The small amount of granular precipi-
tate was filtered and washed with EtOH; mp 218-219°. The
filtrate was evaporated to a syrup which resisted further erystal-
lization. Therefore, the solid and syrup were dissolved in MeOH
and treated with EtOH-HCI. The precipitate was erystallized
from MeOH-Et:0. The yield of the hydrochloride was 0.7 g,
mp 180-181° (effervescent), [a]?®*p +151° (¢ 0.5, H:O). Anal.
(CioHWFN,05-HCI) H, F, N; C: caled, 38.53; found, 39.09.

1-8-p-Arabinofuranosyl-4-methylthio-2(1H )-pyrimidinone (3a).
—Compound 13,22 (R = COCHj,, 12.5 g, 0.0034 mole) was dis-
solved i 200 ml of reagent grade pyridine and the efficiently
stirred solution was treated with 14.3 g (0.064 mole) of P.S;.
The temperature of the reaction mixture was raised until reflux
began. Water (5 drops) was added cautiously, and the amber
reaction mixture was stirred and refluxed for 3 hr. The cooled
reaction mixture was filtered, and the precipitate was washed
with a little pyridine and discarded. The filtrate was evaporated
in vacuo to a thick syrup which was treated with 509; EtOH and
the solvent was evaporated. This addition and reevaporation
process was repeated several times, thereby removing most of
the pyridine. The granular, amber residie was extracted with
CHCI;, and the extract was filtered to remove insolubles. The
CHCI; filtrate was evaporated to a syrup which was dissolved in
509 EtOH and filtered and the filtrate was evaporated. The
residuie was crystallized from hot 759, EtOH. The produet was
obtained in two crops, 12.3 g, mp 110-115°. Recrystallization
from hot CsH—EtOH gave platelets, mp 113-117° (sintered at
ca. 100°). This produet, without further purification, was used
directly for the methylation reaction.

Compound 2a (R = COCH;, 12.3 g, 0.032 mole) was stirred
and heated with 14.2 g (0.1 mole) of Mel i1 a mixture of 100 ml
of MeOH and 50 ml of H;O. NaOH (1 N, 32 ml) was added drop-
wise. After the addition was complete, the solution was stirred
for 1 hr and then neutralized to pH 5 with dilute AcOH. The
MeOH was evaporated #n vacuo, and the aqueous solution was
chilled. A precipitate of long needles, 7.7 g (849, based on la),
was obtained. A portion, recrystallized from H,O, gave pure
33, mp 123-124°. Anal. (CmHmNQOsS) N, S.

1-8-p-Arabinofuranosyl-4-hydroxylamino-2(1H)-pyrimidinone
(4a, R”” = OH).—A stirred solution of 3a (2 g, 0.0073 mole) in
50 ml of EtOH was treated with 100 ml of EtOH containing 0.05
mole of NH,OH.22 The mixture was stirred overnight at room
temperature. A second 100-ml portion of EtOH containing 0.05
mole of NH;OH was added, and the reaction mixture was re-
fluxed for 3 hr. The solvent was removed n vacuo, and the residue
was dissolved in a little H;O and applied to a column of Dowex
50 (H*), previously washed free of uv-absorbing material. The
column was washed with H.O until all starting material was re-
moved. The coluran was eluted with 1 & NH,OH, and the
product-containing fractions were combined and evaporated
in vacuo to dryness. The residue was crystallized from hot EtOH;
vield 0.8 g, mp 130-131° (effervescent). Oune recrystallization
from EtOH afforded an analvtical sample of the hemialeoholate,
mp 131-132° (effervescence), [a]?*p +101° (¢ 0.3, H,O). Anal.
(CeH13N406-0.5C,H:0H) C, H, N.

1-8-p-Arabinofuranosyl-4-hydrazino-2(1H)-pyrimidinone (4a,
R’ = NH;).—To a solution of 3a (1.32 g, 0.0048 mole) in 30 ml
of EtOH was added slowly 0.35 ml of NH.NH.-H,O. The
reaction mixture was refluxed for 3 hr and cooled. Colorless
needles, precipitated; 1.15 g, mp 219-220°. Recrystallization
from 80 EtOH yielded a pure sample, mp 219-220°, [«]?’D
+158° (C 04:) Hzo) Anal. (CQH[4N405) C, H) N,
1-8-D-Arabinofuranosyl-4-methylamino-2(1H )-pyrimidinone
(4a, R’ = CH;).—Compound 3a (1.0 g, 0.0036 mole) was placed
in a well-cooled, glass-lined bomb and ca. 10 ml of liquid MeNH,
was added. The bomb was sealed and left at room temperature
for 20 hr. The excess MeNH, was evaporated in a stream of air.
Upon addition of EtOH to the residue, crystallization oceurred.
The crude product, 1.1 g, mp 258-259° (effervescence), was
recrystallized from 609; EtOH; colorless needles, 0.9 g, mp 264-

(23) D. M. Brown, A. Todd, and 8. Varadarajan, J. Chem. Soc., 2388
(1956).
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265° e, [a]®n +150° (¢ 0.5, 0.
C, I, N.
4-Acetylamino-1-3-p-arabinofuranosyl-2(1H )-pyrimidinone
(4a, R = COCH,).2—The IICI salt of 1-g8-p-arabinofuranosyl-
eytazine (4da, R = 11, 1.1 g) was dissolved T 10 and added to a
Dowex 1 (O117) column.  After elutione with ~2.5 L of 110,
the elunte wans concentrated to drviess in vaean. The fine rrvs-
falline, free nneleaside (880 mg) was dissalved in (00 nd of
MeOH and refluxed with 0.9 ml of Acu) for 5 hr. Additional
0.9-ml portions of Ae.0 were added during the retlux period at
hourly intervals. The reaction mixture was separated fram a
small amount of insoluble material, and (he filtrate wax con-
centrated in racuo to 10 ml and treated with 11,0, A crystalline
product was obtained; 0.95 g (929), mp ~170°. Recrystalliza-
tion from hot EtOH gave pure product, mp 194-195°. Uw-
abrorption properties (see Table I) were geuerally similar to
those for Nt-acetyleytidine."'  Anal. (C; T1:N,0) C, T, N.
5,6-Dihydro-4,6-dihydroxylamino-1-3-p-ribofuranosyl-2(1H )-
pyrimidinone (6).—To a solution of 1.18 g (0.0045 mole) of 4-
thiouridine® 26 i1 40 ml of MeOIL containing 1 ml of 1.0 was
added 1.5 g (0.045 mole) »f anhydraus NI1T,O11.27 The mixture
was left for 1 hr at room temperature.  An immediate evolation
of 118 oceurred.  After 1 hr, the nv absorption maximum of the
thione peak at 328 mu had disappenred with a corresponding rize
of a new maxinmini at 226 mu. The reaction mixture was evapa-
rnted 1n vacwo 1o a thin syrup which was treated with a large
volume of Et,0. A floceulent precipitate thus obtained was
decanted throngh a filter and washed with 13t,0).  The solid, eryvs-
tallized from hot EtOH, afforded 110 mg, mp 170-171°.%
Thix compound had a single, selective, v, absorption maximum
at 223 mu.  On treatinent with 1 N HCI, the short-wavelength
maximum rapidly dizappeared with the concurrent appearance
of 4 new maxinmum at 280 mu. This belhiavior is essentially identi-
eal with that of the “bis’" hydroxylamino ¢ompound reparted pre-
viously. 2 Anal. (C.1,N07) C, 1: N ealed, 19.17; found, 18.73.
After removal of the “bix” compound, the mother liquor was
treated with ICI and, after subsequent neuntralization, afforded
a proditet which resembled in all respects the kuown N*-hydroxy-
evtidine.s
4-Hydroxylamino-1-8-n-ribofuranosyl-2(1H)-pyrimidinone
(5a, R, R’ = OH)..—Ta 1.06 g (0.004 mole) of 4-thionridine?.2s
in 50 ml of MeOH was added NI{,01122 (0.04 mole) in MeOIl
(200 ml). The mixture was held at room temperature for 80
min after which time the uv ubsorption at 328 mu had completely
disappeared, and a new absorption maximum at 272 mu had
appeared. The MeOH was removed in vacuo and EtOH was
added and removed in vacuo three times. Tlhe residue was taken
up in 75 ml of cold EtOH, the insoluble material was removed,
and the filtrate was taken to dryness in vacuo. HCIL (36 ml, 1 N
wis added, and the mixture was leated on a steam bath for 6
min.2® The acld was removed in racuo, and the residue was
taken to dryness in racuo six times, three times with 25 ml of
CsH;, and three times with 25-ml portions of tOH. The result-
ing residue was dissolved in 50 ml of cald BEtOH, and the product
was precipitated by the addition of 200 ml of Et.(). The solution
(in EtOH) and reprecipitation were repeated to obtain a pale,
straw-colored powder, 661 mg (55'%), mp 182-183° dec¢, with
darkening at 181°, The HCI salt thus obiained has spectral data
which are essentially identical with those previously reported.!?
1-(2-Deoxy-8-n-ribofuranosyl)-5-fluoro-4-methylthio-2(1H)-
pyrimidinone.3-—To a solution of 1.6 g (0.006 mole) of 2'-deoxy-

Anal. ((Tlol'L,-N;J)s)

(24) A meliing point of 257-260° for the crde, free Lase was reporced by
J. 11, Hunter, U, 8, Patent 3,116,282 (Dec 31, 1963).

(25) The synthesis of this compeund was performed hy v, Naotaka
Yamaoka of these laboratories.

(26) This eompound has been reported as a cryscalline solid by N. K.
IKoehetkov, E. I, Budowsky, V. N. Shihaev, G. I. Yeliseeva, M. A. Grachev,
and V. P. Demnushkin, Tetrahedron, 19, 1207 11163).

(27) C. D. Hurd, Inorg. Syn., 1. 87 (18936),

(28) The melting poini of the unreerysatallized compound is reported in
ref 12 as 130-135°.

(29) No attemipt was made to isolate (he “‘Lis” compound. lowever,
(he filtrate from the acidl treatment did exhibit a nonultraviolet-abisorbing
component ou a thin laver chromatogram (1-13a0H~H:0 86:14) which was
visualized by spraying with a FeCly solution, The resulting pink spoi has
Leen reporied as characteristic ol the “Dbis" hivdroxylamino derivatives.!?
The monehydroxylamine derivative exbibits a blue spo¢ when (reated wich
(he same reagent.'*

(30) This eompounid was previously reported3 as a erude intermediate
whiely was not characterized.

1) 1N Ueda and ). J. Yox, J. Med. Chen,, 6, 697 (1963).
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S-tluoro-4-thionridine® in MeOl was added excess CH.N« in
5.0, The reacthur mixture was allowed (o stand 1 hr and taken
ty dryness in vacwo. The erystalline prodnet was reerystallized
frosn MeOIT and afforded an essentially quantitative vield of
pude velbow reedles) g 141.5-143°) showre ta he o siagle compo-
tewd by e (e=-BaOll a0 SG: ity dpals CITEINLO S0
(. 1, N,

I-(2-Deoxy-p@-n-ribofuranosyl)-5-fluoro-4-hydroxylamino-2-
(IH)-pyrimidinone (5, R’ = F; R”" = OH; R = H)-—A
=olution af 8.6 g (0.015 mole) of the S-methylated precursor in
200 ml af MeOLT was weated with MeOlI-NTLO1I22 (0,13 mole),
aund the mixture was left at room temperature for 18 hr. The
course of reaction was monitared by the dixappenrance of e
uv absorption at 315 mu. The solution wis taken to dryress
in racno. EtOH was added (o the residue in three consecitive
S0-ml partions, evaparating the solution to dryness each tiine.
The residue was taken up in cold EtOl (100 ml), and the in-
solubles were remwved by filtration.  The filtrate was concen-
trated v e, 10 ml and EtOAe was added followed by petrolen
ether. The amorphous, white precipitate which resulted was
puriied by repeating the solution and reprecipitation step.
Attemipts (o obtain a erystalline compound were unsuecessful.
The prodnet (1.2 g) was hygroscopic and had no definite melting
point. Uv-nbsorption properties of the compound are in 6 N HC,
maxima at 219 and 2090 mp (e 7660, 10,590), minimum al 248
g (e 2040); ut pll 7, maximea at 234 and 267 mg (e 9780, 7740),
minnmm at 235 mu fe 8020)  Angl, (CHRpFNLOL-0.41107
(5 11, N

1-(2-Deoxy-3-v-ribofuranosyli-4-hydroxylamino-5-methyl-2-
(1H)-pyrimidinone (5, R’ = CH;; R’ = NHOH; R’/ = H).- -
A solution of 3.4 g (0.013 mole) of 4-thiothymidine? and NIT,01122
(0.13 mole) in MeOIT (200 ml) was heated at 38° for 3 . The
completion of the reactian was determined by the absence of
av absorptiow i the 334-mu region and cessation of HoS evola-
tien.  The mixture was evaporated to dryness in racuo :nd S50
ml of IO wax added and evaporated n vaceo. The addition
Al evaporation were repeated three times. Tlie resulting white
residite was taken up in cold EtOH (100 ml), aud the insoluble
material was removed. To the filtrate was added 5 ml of a
=olittion wf 1ICH in BAOH Gaturated ac 0°) and 30 ml of E.0).
Crystallization ocearred <lowly.  The componnd was recrystal-
lized from FtO-Eity). The vield was 3.4 g (887¢), mp 1066°
dec.  The nv-nbsorption properties are essentially identical witle
those previonsly reported for the free wicleoside.s
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1-(5-Deoxy-3-n-arabinosyl)eytosine and

Nucleosides. Synthesis of

Related Compounds!

Ii. A, Farco axp J. J. Fox

Division of Biological Chemisivy, Sloan-Kettering Institule for
Cancer Research, Sloan-Kettering Division of Cornell University
Medical College, New York 21, Newe York

Recedved August 28, 1967

In the course of biochemieal and biological studies®*
on analogs of 1-8-p-arabinofuranosyleytosine (ara-C),
it became necessary to svnthesize 5'-deoxy-ara-C (9,
see Schenie I) as a possible substrate and/or inhibitor
of deoxyvevtidine deaminase present in human liver or
mouse kidney homogenates. This paper describes the
svnthesis of 3’-deoxy-ara-C by two routes from 5'-
deoxyuridine by use of anhydro nuecleoside inter-
mediates.

(1) This investigation was supported in part by funds from (he Nationpl
("ancer Institute (Grant No. CA 08748).

(2) Al. R. Dollinger, J. 11, Burchenal, W, Kreis, and J. J. Fox, Bigchen
Pharnacol., 16, 689 (1967).

3) I. Wempen, N. Miller, I!. A. Faleo, and J. I. I'ox, J. Med, Chene,, in
press.
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