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Methods are described for the synthesis of the l-a-L-arabinofnranosyl derivatives of thymiune, cytosiue, and

uracil.

The uracil and thymine derivatives were converted vig anhydronucleoside intermediates to nucleosides

of the a-L-xylo and «-L-lyxo configurations. Two syntheses of 1-a-L-xylofuranosylcytosine (the C-4 epimer of
the biologically active 1-g-p-arabinofuranosyleytosine) from 2,2’-anhydro-1-(3’,5'-di-O-benzoyl-a-1-xylofur-
anosyluracil are deseribed.  Preliminary screening studies of these L nucleosides showed no significant activity
against L1210 monxe lenkemia or Burkitt’s tumor cells in tissue culture. The cytosine nucleosides are 110t de-
aminated by human liver or mousze kidney homogenates, nor do they iuhibit the deamination of 1-8-p-arabino-

furanosyleytosine in these systems.

The sugar moieties of all nucleosides hitherto found
in nature (z.e., those derived from the nucleie acids or
from nuecleoside antibiotics) are of the » configura-
tion.>3 This report deals with the synthesis of pyrimi-
dine nucleoside analogs which differ from ecertain bio-
logically important iuecleosides only in the configura-
tion of C-4’. Such C-4’ epimers are the hitherto un-
kuown 1-a-L-aldo-pentofuranosylpyrimidines. Of spe-
cial interest are the synthesis and biological study of
the C-4' epimer of the chemotherapeutically active
1-8-p-arabinofuranosyvleytosinet and of the tRNA
component, 1-g-n-ribofuranosylthymine.?

Direet access to a-L-thymine nucleosides (without
the production of anomeric mixtures) was readily
achieved by utilization of the mercuri procedure® (see
Scheme I). Condensation of an anomerie mixture of
tri-0-benzoyvl-L-arabinofuranosyl bromides” (1) with
dithyminyl mercury® in refluxing toluene afforded 50-
709, vield of 1-(tri-O-benzoyl-e-L-arabinofuranosyl)-
thymine (2) which was debenzoylated with NaOH in
509, ethanol to l-a-L-arabinofuranosylthymine (3a).
The L-ara-thymine nucleoside (3a) showed, as expected,
ultraviolet absorption properties generally similar to
those for l-glyeosyvlthymines® and, when treated with
metaperiodate, 3a consumed 1 mole/mole, slowly (40
hr), in accord with a frans-glyeol syvstem. The fact
that the optical rotation of 3a was of equal magnitude to
but of opposite sign from the known enantiomorphic
nucleoside. 1-a-p-arabinofuranosylthymiue,® establishes
the e-L configuration for 3a and for all the nucleosides
subsequently derived from it (3a — 9a, 10a). Mesyla-
tion of 3a with methanesulfonyl chloride in pyridine
afforded  1-(tri-O-mesyl-ea-L-arabinofuranosyl)thymine
(4a). Large-scale preparation of 4a may be achieved
from 1 in ~339% over-all yield without isolation of
2 and 3a.
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l'or the couversion of 4a to the a-L-xyvlo and e-L-
lyxo isomers (9a and 10a), approaches previously
employed in this laboratory!®!'! were adapted. Treat-
nment of 4a with 1 equiv of NaOH in 509, ethanol
vielded the 2,2’-anhydro derivative 5a which, after
treatment with sodium benzoate in DMF, gave the
2,2'-anhydro 5'-benzoate (6a. X = O). Reaction of
6a with sodium benzoate in DMI' and benzoic acid
gave, as major produets, 7a and 8a.

A unified pathway for the conversion of anhydro
nucleosides of type 6 (X = O) to nucleosides of type
7 and 8 has been discussed.!' Formation of anhydro
nucleoside 7 probably proceeds via benzoate attack at
C-2" of the protonated nucleoside 6, followed by the
intramolecular displacement of the 3’-mesyloxy fune-
tion with formation of a 2’,3’-orthoester ion. Attack
by the 2-carbonyl on this orthoester would produce 7a.
Attack of benzoate ion on 7a produced the e-L-lyxo
nucleoside 8a. Alkali treatment of 7a and 8a in dilute
aleohol gave the unblocked crystalline nucleosides 9a
and 10a, respectively. Nucleosides 9a and 10a differed
in melting point and electrophoretic mobility from 3a
but showed ultraviolet absorption properties expected
for 1-substituted glycosylthymines.® When 9a was
treated with metaperiodate, 1 equiv of oxidant was
cousumed. This consumption was very slow (170 hr)
indicative of a trans-glveol syvstem. These data es-
tablish the L-xylo configuration of 9a. Nucleoside 10a
showed a rapid uptake of metaperiodate (within 3
min), similar to that reported for 1-a-p-ribofuranosyl-
thymine,® consonant with a eis-glycol system.  Nuecleo-
side 10a exhibited the same melting point as the enan-
tiomorphie nucleoside 1-a-p-lyxofuranosylthymine® and
gave identical nmr data. These data establish 10a
as l-o-L-lyxofuranosylthymine. It should be noted
that the r-lyxo (10a) and r-xylo (9a) nucleosides are
the C-4' epinmiers of 1-8-p-ribofuranosylthymine® and of
“spongothymidine’”’ (1-g-p-arabinofuranosylthymine).!?

Fasy access to the uracil nucleoside (3b) was acconi-
plished by the deamination of 11 which was prepared
by the procedure of Yamaoka, et al.'*!* Condensa-

(10) J. F. Codington, R. Fecher, and J. J. Fox, J. Am. Chem. Soc., 82,
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(12) J. J. Fox, N. Yimng, and A, Bendick, J. Am. Chem. Soc., 79, 2775
(1957).

(13) N. Yamwaoka, K. Aso, and K. Matsuda, J. Org. Chem., 30, 149 (1965).

(14) Tle direct syniliesis of uracil nucleosides by this procedure is cur-
rently under investigation n tlus laboratory.
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tion of N4-benzoyleyvtosine? with tri-O-benzoyl-e,8-1-
arabinofuranosyl bromide (1) in nitromethane con-
taining mercuric cvanide afforded a high yield (80--
909%,) of the tetrabenzoylated nuecleoside (11). Treat-
ment of 11 with alkali gave 1l-a-L-arabinofuranosyl-
cvtosine (12) in quantitative yield. Conventional
deamination of 12 with nitrous acid did vield 3: how-
ever, the method was cumbersome and the vields werc
low. Selective N*-benzoylation® of 12 gave 13 in
good vield which was smoothly converted to 3b by
refluxing with hot aqueous acetic acid.” It was found
more convenient to prepare 3b by treatment of 11 with
hot aqueous acetic acid and then with 1 ¥ NaOH.
The arabino nueleoside (3b) formed an amorphous tri-
O-mesylate (4b) which was converted with alkali to
the erystalline anhydro-L-ribo nucleoside (5b). Reac-
tion of 5b with sodium benzoate in DMF at 100°
gave 6b (X = ). Treatment of 6b (X = O) with

(13 DAL Beowr, AL R Todd, acd 8. Varadacajaa, J. Chem. Soc., 2384
[SHETITN

(10) K. A. Watanabe and J. J. Fox, dngew Chem. [ntern. £d, Engl.. B, 379
(1966); B. A, Otter awd J. }. Fox ta “Syntletic Procedures in Noucleie Acel
Cheadsley,” Vol 1. W, W, Zochack and R. 8, Tipsow, 101, hescience

Publisleers, Iae., New York, N. Y., @ press,
(1) Browt, e al.,% lad demonstrated that Nl-beazoyleyiostae s coa-
verled o weacil acd eytostae (cativ 33:1) hy this procedicee.

sodium benzoate in DME with benzoie acid (as de”
seribed above for the thymine nucleoside seriex)
vielded a mixture of 7b and 8b. the latter of which was
converted to 1-e-L-lyxofuranosyluracil (10b) by alkali.
Nueleoside 10b showed physical properties expected
for the enantiomorph of the known 1-e-p-lyxofuranosyl-
uraeil.’?

Nucleoside 7b was eonverted to the crystalline 1-a-1-
xvlofuranosyvleytosine (16) in 279 over-all vield in
four steps (zia 9b, 14, and 15) without izolation of the
intermediates. When treated with metaperiodate.
nicleoside 16 consumed 1 equiv slowly (ns did 12)
indicative of a trans-glyecol system. Compound 16
differed from 12 in melting poiut, optical rotation,
and paper-clectrophoretic migration. Al of the duta
permit the assignment of only the L-xylo configuration
to 16.

Earlier studies™ had shown that eertain aunhydro
nucleosides could be thiated to their 4-thiono deriva-
tives, and when 6b (X = O) was thiated with P,S;
in pyridine under mild anhydrous conditions, 6b
(X = 8) was obtained. Similarly, thiation of the di-
O-benzoate (7Tb) gave n 649 yield of 17. Treatment

VI8) NL Yuag acel b Fox, S Org, Chem., 2T, 1147 110625,
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of 17 with dilute alkali afforded 18 which was con-
verted to l-a-L-lyxofuranosyleytosine (16) in ~459,
over-all yield from 7b. Nucleosides 10b and 16 are
the C-4’ epimers of uridine and 1-8-p-arabinofuranosyl-
cytosine, respectively.

Screening Studies.'®?—In preliminary studies the
l-a-L derivatives of arabinosyl- and xylosyleytosine
(12 and 16) were inactive against L1210 mouse leukemia
at doses of 120 mg/kg given daily intraperitoneally,
starting 24 hr after inoculation of leukemia and contin-
ued for 10 consecutive days, None of the 1-a-L nuecleo-
sides (3a, 9a, 10a, 12, and 16) were inhibitory to
Burkitt’s tumor cells in culture in doses as high as 30
mg/ml. The cytosine L-nucleosides 12 and 16 (unlike
1-8-p-arabinofuranosyleytosine) were not deaminated
to their uracil analogs by human liver or mouse kidney
homogenates, nor did they inhibit the deamination of
1-8-p-arabinofuranosyleytosine in these systems even
with a substrate to inhibitor ratio of 10:1. These
data attest to the importance of the configuration at
C-4' in the biological activity of 1-3-p-arabinofuranosyl-
cytosine,

Experimental Section?!

1-(Tri-O-benzoyl- «-L-arabinofuranosyl)thymine (2).—Pow-
dered dithyminylmercury® (2.15 g, 4.76 mmoles) was added
to 150 ml of dry toluene. The vigorously stirred suspension was
dried by azeotropic distillation of about 50 ml of solvent. A
solution of tri-O-beuzoyl-a,B-L-arabinofuranosyl bromide” (5.0
g, 9.52 mmoles) in 30 ml of dry toluene was added and a further
30 ml of solvent removed by distillation. Refluxing was con-
tinued for 1 hr during which time most of the solid material dis-
solved. The warm solution was filtered from 0.5 g of insoluble
material, and the filtrate was concentrated in ¢acuo to ca. 50 ml.
The solution was treated with 500 ml of petroleum ether (bp
30-60°) and the resnlting precipitate was collected and dissolved
in CHCl;. After filtration, the CHCl; solution was washed
with freshly prepared 309, aqueous KI then HsO and dried (Mg-
S80,). Removal of solvent in vacuo left a yellow, viscous syrup
which contained 2 and several minor components. A solution
of the syrup in CsHeEt,0 (2:1) was placed on a column of silica
gel (2.5 X 30 ¢m). The column was eluted with CeHg-Et,0
(2:1) until the minor components had been removed, then with
EtOAc. The syrup, obtained by concentration of the EtOAc
solntion, was chromatographically pure but resisted all attempts
at crystallization. When stored in vacuo, it changed to a colorless,

amorphous solid (3.9 g, 729%): Aou=°" 235, 268 mu; Amin 210,
257 mu.
Anal. Caled for CmngXzOgZ C, 6526, }I, 4:95, N, 4.91.

Found: C, 65.29; H, 4.75; N, 4.99.
1-a-L-Arablnofuranosylthymine (3a).—Amorphous 2 (1.0 g,
1.75 mmoles) was dissolved in 15 ml of warm, 509 aqueous EtOH
containing 6.0 ml of 1 &’ NaOH. The solution was refluxed for
30 min, cooled, and neutralized with HOAc. The concentrated
solution (eq. 7 ml) was treated with Dowex 50 (H*) (ca. 1 g of
moist resin). The precipitated benzoic acid was removed along
with the resin, and the resin treatment was repeated. The last
traces of benzoic acid were removed by extraction of the filtrate
with CIHCl;. Concentration of the agneons phase afforded 423
mg (90%,) of an amorphons solid.  The produet, in 909 aqueons
EtOH, crystallized after several months at 4°. Even with seed
crystals, cystallization of 3a (from several solvent systems) was
difficult. Crystalline material melted indistinetly at 115-125°

(19) The autlors are indebted to Drs. J. H. Burchenal, M. R. Dollinger,
and R. W. Mackey of this institute for these preliminary data.

t20) See M. R. Dollinger, J. H. Burchenal, W. Kreis, and J. J. Fox, Bio-
chem. Pharmacol., 16, 689 (1967), and references therein for a description of
the experimental systems used in these screening studies,

(21) Microanalyses were performed by the Spang Microanalytical Labor-
atories, Ann Arbor, Mich., and by Galbraith Laboratories, Inc., Knoxville,
Tenn. Melting points, determined on a Tliomas~Hoover capillary melting
point apparatus, are corrected.
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(eff) and showed [«]?p —37° (¢ 0.7, H:O). The enantiomorph,
1-a-p-arabinofuranosylthymiie, was reported® as an amorphous
solid with [a]p 440° (H,0), An2S 267 mp, Amia 235 mp.

Anal. Caled for CHuN3Oq: C, 46.51; H, 547; N, 10.85.
Found: C, 45.90; H, 5.50; N, 10.45.

1-(Tri-O-mesyl- «-L-arabinofuranosyl)thymine (4a). Method
A —MeS0,Cl1 (0.06 ml, 0.77 mmole) was added to a solution of
56.0 mg (0.22 mmole) of amorphous 3a in 2 m] of dry pyridine.
After 24 hr at room temperature, the dark solution was poured
into 50 ml of ice~-H.,O. Crystalline material slowly formed, and
after ca. 30 min, the solid was collected and washed with H,O.
The solid was dissolved in hot 509, aqueous EtOH and the solu-
tion was treated with charcoal. The product (50 mg, 499%)
crystallized from the cold filtrate as fine needles. Analytically
pure material, mp 125-126°, was obtained after a further re-
crystallization; AL 266 mu, Amin 233 mu.

Anal. Caled for CsHyNOSs: C, 31.70; H, 4.09; N, 5.69;
S, 19.53. Found: C, 31.59; H, 4.29; N, 5.69; S, 19.29,

Method B.—Crude, syrupy 2 (obtained as above from 35.60 g
of dithyminylmercury and 13.0 g of 1) was dissolved in 150 ml
of 309, aqueons EtOH containing 60 ml of 1 N NaOH; this
was refluxed for 30 min and processed as described above for
the preparation of 3a. The resulting syrupy residue was dis-
solved in EtOH and dried by azeotropic distillation of the
solvent. The syrup was dissolved in pyridine (100 ml) and the
distillation was repeated. The dry syrup was dissolved in 100
ml of dry pyridine and the solution was cooled to 5°. MeSO.Cl
(8.0 ml) was added dropwise, and the solntion was kept at room
temperature for 2 hr. The dark reaction mixture was poured into
700 ml of cold HyO. After 2 hr at 4°, the crystalline material
was colle. ted and recrystallized from 509, aqueous EtOH (char-
coal). The yield was 4.0 g (339%) of material (mp 123-125°)
sititable for transformation to 5a.

2,2’-Anhydro-1-(3',5'-di-O-mesyl- o-L-ribofuranosyl)thymine
(5a).—A hot solution of 1.0 g (2.03 mmoles) of 4a in 100 ml of 509
aqueous EtOH was cooled quickly to avoid crystallization.
When the temperature reached 40°, 2.08 ml of NaOH (1.0 N)
was added slowly with stirring. Within 5 min of the addition,
crystalline material formed. The mixture was kept at 5° for
1 hr then filtered. Recrystallization of the product (700 mg,
879 ) from dilute EtOH afforded colorless needles: mp 246-247°;
AVLEOR 297, 248 mu; Amia 214, 238 mp.

Anal. Caled for CoHeN2OgSs: C, 36.38; H, 4.07; N, 7.07;
S, 16.18. Found: C, 36.46; H, 3.96; N, 7.01; S, 15.90.

2,2’'-Anhydro-1-(5’-O-benzoyl-3'-O-mesyl- a-L-ribofuranosyl)-
thymine (6a, X = O).—Compound 5a (2.0 g, 5.04 mmoles) was
added to a hot solution of 805 mg (5.6 mmoles) of sodium benzo-
ate in 200 ml of dry DMFE. A clear solution was obtained after
ca. 30 min of heating on a steam bath. After 4 hr of heating, the
solution was concentrated in vacuo (oil pump, bath 55°) to ca.
50 ml. The solution was poured into 400 ml of cold H,O and,
after 1 hr of cooling, the solid was collected and washed with H,O.
Recrystallization from EtOAc afforded 1.6 g (759%) of pure ma-
terial: mp 234-235°; A EOH 939 shoulder 250-270 mp; Amin
212 mp.

Anal. Caled for CsHN,OsS: C, 51.18; H, 4.29; N, 6.63;
8, 7.08. Found: C, 51.09; H, 4.33; N, 6.47; S, 7.70.

2,2’-Anhydro-1-(3’,5’-di-O-benzoyl- «-L-xylofuranosyl)thymine
(7a) and Tri-O-benzoyl- «-L-lyxofuranosylthymine (8a).—A solu-
tion of 2.0 g (4.73 mmoles) of 6a (X = O) in 400 ml of dry DMF
containing 2.72 g (18.82 mmoles) of sodium benzoate and 580 mg
(4.73 mmoles) of benzoic acid was heated at ca. 150° for 4.5 hr.
The dark reaction mixture was cooled and concentrated to dryness
in vacuo (oil pump) at 30°. The solid residue was partitioned
between 100 ml of H;O and 100 ml of CHCl;, and the organic
lay er was washed with H;O and dried (MgS0O,). Removal of the
solvent afforded a thin syrup from which the last traces of DMF
were removed by codistillation with xylene. The residue was
dissolved in 70 ml of hot EtOH and the solution cooled slowly
to room temperature. Crystalline 7a (1 g) was collected and
washed with cold EtOH. Recrystallization from EtOH afforded
920 mg (439%) of pure material: mp 251-233°%; AhTO" 233,
shonlder 250-270 mu; Amin 212 mu.

Anal. Caled for C24H20N207: C, 64:.27; H, 4.50; N, 6.25.
Found: C, 63.87; H, 4.41; N, 5.90.

The mother liquors and washings obtained from the preparation
of 7a were concentrated to dryness, and the residue was dissolved
in the minimum of EtOAc-MeOH (20:1). The solution was
placed on a column of silica gel (2.5 X 30 ¢m) and the column
was eluted with the same solvent. Concentration of the 200-
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Jou-nil portion of the eluate afforded 160 mg (7.500) of pure 7a
mp and nunp 251-233°. Concentration of the 65-140-ml portion
and reerystallization of the residue from EtOH afforded 270 mg
(1077 of 8a: mp 183-184°; AL 2280 265 nig: A 215,
255 M.

Anal. Caled for Cs[IIzs.\'qu(: (‘, ()”)2()
Found: ¢, 65.35; H, 4.65; N, 4.69.

Treatinent of 400 mg (0.9 mmole) of 7a with sodinm benzoaie
1520 g, 3.6 mnioles) and benzoic acid (100 mg, 0.9 mmole) in
40wl of DMF at 150° for 24 hr and work-up of the solution nx
deseribed above afforded a syvrup which contaiued starting ma-
terial (7a) and 8a. Fractional erystallization of the syrup from
121011 afforded 120 mg of 7a. Cohunu chromatography ou ilien
gel, ux described above, afforded 150 mg of 8a, mp 183-184°,
and a further 30 mg of starting material. The vield of 8a was
45¢ (based on the amonnt of nsed starting material).

1-a-L-Xylofuranosylthymine (9a).—Compound 7a (600 mg,
1.34 mmolex) was dixsolved in 20 ml of hot 5074 aqueons FtOF
(300 ml) aud 4.1 mlof 1.V NuOH was added to the elear soluntion.
The =olution was reflnxed for 30 min and processed ax dexeribed
for 1the preparation of  l-g-L-arabinofurancsylthymive (3a).
The =vrnp restdue wax dissolved in e 3 ml of EtO1T and the
solution wax refrigernied. The cry=talline produet 7242 mg, 700,
in two crops) had mp 192-194°. A stngle recvystallization af-
forded material with mp 194-105°, A2 267 nig, A 230.

Anal. Caled for CeHuN.Oq: (,, 46.51; 11, 5.47; N, 10.85.
Found: €, 46.28; 11, 5.60; N, 10.57.

1-«-1.-Lyxofuranosylthymine (10a).—Compound 8a (600 g,
L.05 mmoles) wax dixsolved in 20 ml of warm, 507 aqueons
1O contaiuing 3.5 ml of 1V NaOIL  The =olution wax ve-
finxed for 30 min and processed as deseribed in the preparation
«f 3a. ‘The residue obtained was recrystallized 1wice from 5 1l
of hot EtO11. The yield of pure material, myp 200-202°, wias 200
mg (8207). The melting point and v and ne speetral dam
found for 10a were i cloxe agreement with vilnes reported? for
the cnantiomorphic l-e-p-lyxofuranosylthymine.  Furthermore,
the ir spectra of these componnds were identical.

Anal. Caled for CpllisN;0q: C, 46.51; H, 5
Fonud: C, 46.32; 11, 5.58; N, 10.70.

1-(Tri-O-benzoyl- «-vL-arabinofuranosyl)-.\ ‘-benzoylcytosine

(11).--A mixture of 6.5 g of V4benzovievtosines and 4 g of
Hg(CN)e was ndded to 3 1 of MeNO,, and the suspeusion was
dried azeotropically by diztillation of 150 ml of solvent. Tri-0O-
beuzoyl-a, 8-1-arabinofuranosyl bromide (16 g) was added 1o
the hor, =tirred snspension, and the reaction mixmre wias rve-
finxed.  Phving the veflux period, 100 ml of solvenr wax distilled
Frout the renction mixture,  After 2 hr of reflnxing, another clhiange
of Hg(CNY; (4 g) was added, aud the mixtnre wax dried azeo-
trapically by distillation of xowe of the solvent.  Aun additional
16 g of halogenose wax added aud reflnxing was coutinned for a
tanl of 4 e The cleve reaction wixture was concentrated 1o
drviess, and the residne wax dissolved in CHCl;.  ‘The CHCls
=olution was washed with 30¢; freshly prepared aqueons KI
and then with H:0. The organic laver wax dried (Nup=0,),
filtered, aud coneentrated in vacuo to a syrup. In order to obtain
seed ervetals, oosmadl amomn of this svrup was dissolved in
Cylle-171.0 (1:1). The =olution was absorbed on a xilica gel
columm and washed with Cglle-Et.0) (1:1). The prodinet was
elnted from the cohmmu with 2tOAc-NeOH (20:1) and the eluate
evaporated to drynesx, The =yrup erystallized fron hot EtOH.
The =yvrup obtained by concentration of the CHCly solution was
dixsolved in ot 11tOH, and the solution wis seeded with crystals
uf 11, Afrer <low cooling to ~40-30°, fine eryxials of 11 were
«btained (10¢7 baxed on N+=benzovleviasine, mp 197-198°
Recrystallization from 12601 gave pure product: mp 1UR=199°:
MEPI 030 060, 302 Mt Ay 249, 200 m.

Ancl. Caled for CyllaNOy: C, 675370 11, 443 N, 6.37.
FFound: C, 67.43: 11, 4.57; N, 6.40.

1-a-1-Arabinofuranosylcytosine t12).--Compound 11 (6.6 g)
wis added to a sohrtion of 200 mil «f FtOIT aud 100 ml of 1V
NaOH and the stirred mixture was heated for | hr at 75°. The
solution wix cooled to room temperature and added to @ colunin
of Dowex 50 (1T+) (100 g wet weight). The column was washed
with 500, aqueors KtOH (500 ml), then with H,O (400 ml) to
retnove benzoie acid.  The nublocked nucleoside 12 was elnted
from the cadnmn with 2.6 N NIHOH (400 wl) and the ehume
wis concentrnted wo drvness in veeno. The rexidue was dissolved
in 50 ml of hot Et1O1l and cooled overnight iu the vefrigerator.
The crystalline nurerial (2.0 g plis an addivional 0.4 g obtained
fromr the mother liguory was recvystallized from hot 1rO11

H, 4.549: N, 4.01.

N, 10.85.

The produci, which was dried over POy in eacie o 8189, melved
a1 1E5=116° aud <howed [o]¥n 42 0 230 1LOY, A2 271 mip,
Ny 2449 11,
Anal, Caled Tor CLllaNO Oy 440440 1L SN
Fead: €, $4.42: 11. 547D N, 1T
1-u-L-Arabinofuranosyl-.\"-benzoylcytosine (I3). - A =olution
of 1.5 g ol 1210 150 md of MeOIT was reated with 1.5 g of benznic
anhydride aud reflnxed oo 5 e Addinional charges «f 1.5 g of
auhyvdride were added v -he intervals during the reflux period
according to the procednre dexeribed. ' The hot veaction mixtre
wax filtered fraan =ome inxcdduble niterial and e filteate was
coneentrated i eacan v small volume \\‘hi('h crystallized atier
treatient with FnOq vield 15 g (7073, wip 219-220° Pioee
waterial, wmp “\ 2 ’0", wits obinined .1Il(| recrvstdlization Trcan
hor MeOT: A&7 258, 303 Wt Ny 250, 200 mp.
el Caled 1((1 ¢ TGN Co 55520 T 4050 N T2,
Fomul: €, 535270 11, 490, N, 1200
1--1.-Arabinofuranosyluracil 13b1. Method A from 13.
Componnd 13 41 @) was refluxed Tor 3 T tn FOUH il of 857
aqueotts AcOTE The reserion mixtine was evaported vedrvness
i oeaeao . ~3E and the residine was dissedved in 110 o] added
1o 1 colutun contnining Dawex 30 (L The colimm was elined
with 1LO uniil the eluae was free ol nv-absorbing maerial,
The elivtte wias concentrated 10 dryvness & vaeco. The residne
wis dissolved e TLD wnd washed with CHCL. The agneons
layer was evaparied tcdrviess i cacao. The glassy vesidne wis
cluomarographiealy purve exiliea gel e e n- BuOI =110, 86: 14>
D vesizted all avemprs o evvstallization. The produer, bo
vy zed, was ccarverted diveetly o s vri-O-mesvlate (4ba.
Method B from 11. 'The fully benzoviaved mreleoxide (11, 5 g
wits retuxed Tor 3 I in 8500 agqueons AcOlT and the reaction
nixture evaporntetll o desvness inoaceo an 40°0 The vesidue was
itdded Teca solution of S0 ml of EtOT and 25 il of TV NaO11 and
thewmixmre was heated foor Bl TU” The venetion mixire wis
worked p o methad A above, (111()111 ttogr 11)111(-111\ pire
glass, 1.7 g (809,01, wax obtained; AL 262t M, 250 .
This prodnet 3b wix used divectly Lo the syuthesis of 5b.
2.2°-Anhydro-1-(3,5-di-O-mesyl-a-L- nbofuranosyl)urac\l (5b).
~The glissy 1‘(rsi(1n(- 3b wus azeotropically dried by addition «f
rolitene nud distillniton of solveut v cacrwo. The residue (from
37 g of blocked mcleoside 113 was then dissolved in 250 wl of
dey pyrvidine, and e solition wis cooled o fee bl tec0-5°,
The solntion wax tremed dropwisxe with 33 g Qwoldd excess) of
Mem0.CLoand the reaeticay mixure was allowed 1o venain
overnight m rom tetupernunre, concemrated 1o a <mall volnue,
aud paarred b stivved dee-HL0.0 The brown preeipitate which
formed was collecred and washied several thines winth eold 11.0).
The prodnet cerude 4br wax deied 1Pt v ecvield 200 g ol a dik
rexidue. A portion of crnde residine 5.4 gy was dissolved in
liov anhvdrons MeOH 700wl s and the mixime was deennted
from o =urtl amwomn of o blaek =yvimp. The cooled decantate
wix trested dropwise w1t roomn temperatre with aliest 1 oegniy
of BN NaOTL A fine covstalline prodinet €3.7 @ owas fhuered after
Pl and au additional 0.4 ¢ was obiained from the moher igna
Ptaral vield 94900 Alver reervstallizaticn Croan ol sof AACOIS
1‘1()11 pure 11111(||11 wis oburined witl up 250-251°;
225, 247 mp; Ay 234 mp.
Anal. Caled Tor CotlaNLOu=e: C 34550 11 309 N, 70505,
=016.77. Tonud: 34,70 1, 5.82; N, 7.26: =, 16.60.
2,2‘-Anhydro-1-t3-()-mesy1 5-0-benzoyl- «-L-ribofuranosyl)-
uracil (6b, X = O).- Treatmentr of 2.2 anhvdro(3,5-di-O-1mesyl-
=L~ 1i1mt'm'111(»\17111 weil (5b) (3.0 g 7.8 nunolest with sodimn
benzonve 113 g, 9 mmolex S dey DM, as described above for
the preparvation of 6a. afiovded 6b (949, 0 Tromn hov 1O,
mp 23052340, AL Mg My 208 1.

Arad. Caled for CallaNaO%: C, 400990 11 3050 N, 1.8
MRG0 Pound: € 50,07 11, 4.05; N, G681 =) 7.0,
2,2'.Anhydro-1-(3-()-mesyl-5-0)-benzoyl-«-1.-ribofuranosyl )-4
thiouracil (6b, X = S).-Pux, (2.2 &, (.01 mole) was added 1o i 3
wl of dry pyrvidine, and the lllixllll(‘ wax refluxed nntil =oliution
ocenrred. Compound 6b (N = 0) (1.4 g, 3.7 mmoles) was
added, and the <olmtion wis refluxed {or 1.5 e The rencticn
mixture was concenrated (nocvcao to o thin syvrup which was
thien poured ttcestiveed fee-11.0. The brown solid wnterial was
filtered and washied well witlt cold 11,0, Reeraystallization from
hor 500 aquecas 1O H gave 1O g of 6b (N = Rpi699 1 A
Mrther recrystallizaiicn troan the same solvent cineluding tremn-
ntent with clirrconhy gave five vellow ervsrals: mp 200-201°

AV 308 s A 212, 258

s

N, 1708,
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Anal. Caled for CaHeN204S,: C, 48.10; H, 3.80; N, 6.60;

S, 15.11. Found: C, 48.18; H, 3.97; N, 6.62; S, 15.09.

2,2'-Anhydro-1-(3,5-di- O-benzoyl- «-L-xylofuranosyl)uracil
(7b) and Tri-O-benzoyl-«-L-lyxofuranosyluracil (8b).—A solu-
tion of 2.0 g (4.9 mmoles) of 6b (X = O) in 400 ml of dry DMF
containing 3.0 g (20.8 mmoles) of sodium benzoate and 600 mg
(4.9 mmoles) of benzoic acid was heated at 150° for 4.5 hr.
The dark reaction mixture was processed as described pre-
viously for the preparation of 7a and 8a. Fractional erystalliza-
tionn of the residue from hot EtOH afforded 0.8 g (37%,) of 7b
which, after a further recrystallization, had mp 131-132°,
ABLEOH 931 mp, Amin 212 mp.

Anal. Caled for CyuHsN:O7: C, 63.59; H, 4.17; N, 6.44.
Found: C, 63.63; H, 4.02; N, 6.39.

Compound 8b was isolated from the mother liquors as described
above i the preparation of 8a. Fractions of the columu effluent
(EtOAc-MeOH, 15:1) containing mostly 8b were combined and
concetitrated to dryness in vacuo. Recrystallization of the residue
from EtOH-Et,O afforded pure 8b: mp 146-148°; a3 =0
230, 256 mu; Apia 211, 252 mp,

Anal. Caled for CepHuN.Ow C, 64.74; H, 4.34; N, 5.03.
Fouud: C, 64.77; 11, 4.46; N, 4.06.

1-a-L-Lyxofuranosyluracil (10b).—Compouud 8b (0.1 g) was
suspeuded in a solution of EtOH (10 ml) and 1 N NaOH (5.4
ml), and the mixture was warmed at 70° for 1 hr. The clear
solution was treated with Dowex 50 (H*) aud then filtered. The
filtrate was evaporated to dryness in vacuo, and the residne was
dissolved in a small amouut of H,O, then washed with CHCl;
(three 20-ml portions). The H,O layer was evaporated to dryness
in vacuo, and the syrup residne was crystallized from EtOH.
The vield of pure product, mp 202-203°, way 43 mg. For the
eniantiomorphic  1-e-p-lyxofuranosylthymine, Nishimnra? re-
ported mp 203-204.5°. The uv aud umr spectral data were in
close agreement with the values reported for the enantiomorph
and the infrared spectra were ideutical.

Anal. Caled for CoHN2Os: C, 44.26; H, 4.95; N, 11.47.
Found: C, 44.27; H, 4.89; N, 11.31.

2,2’-Anhydro-1-(3,5-di-O-benzoyl- «-L-xylofuranosyl)-4-thio-
uracll (17).—Compound 7b (1.5 g, 3.3 mmoles) was added to a
refluxing solution of P.S; (2.2 g, 10 mmoles) in 35 mi of pyridine.
After 30 min of refluxing, the dark brown solution was evaporated
to dryness in vacuo to a dark syrup which crystallized when
triturated in cold HyO. Recrystallization of the crude product
(1 g, 649%) from 509 aqueons EtOH afforded yellow needles
of 17: mp 236-237°; Ag EOH 231, 283, 329 my, shoulder 275
Me; Amjn 208, 287 mu.

Anal. Caled for CsHN:0.S: C, 61.32; H, 4.03; N, 6.22;
S, 7.12. Fomud: C, 61.48; H, 4.05; N, 6.10; 8, 7.15.

1-«-L-Xylofuranosyleytosine (16). Method A.—To a suspen-
sion of 800 mg (1.77 mmolex) of 17 in 100 ml of 309, aqueous
EtOH was added 1 .V NaOH (10 ml). The mixture was warmed
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at 70° for 5 min and then allowed to cool. After 1 hr, the clear
vellow solution was treated with Dowex 50 (H*) (13 g of moist
resin). The resin was removed by filtration and the yellow filtrate
was concentrated to dryness. A solution of the residue in H,0O
was extracted with CHCl; (three 50-ml portions). Coucentration
of the aqueons layer afforded a yellow amorphous solid (18)
(AILEOH 329 mu, Amin 250 mu) which was nsed directly for the syn-
thesis of 17. A zealed tube containing the above prodnet (18)
i1 40 ml of ethanolic NH; was heated at 100° for 17 hr. The red-
brown reaction mixture was evaporated to dryness in vacuo at
40°, and the residue was dissolved in 100 ml of H,O. This solu-
tionn was added to a column of Dowex 50 (H*) (10 g of moist
resin), and the column was eluted with 400 ml of H;O. Compound
16 was elnted from the colimn by 400 ml of 2 A" NH,OH. The
effluent was treated with charcoal and evaporated in rvacuo.
Crystallization of the prodiict occurred in the concentrated soln-
tion.  The solid (310 mg) was collected and recrvstallized from
dilute EtOH. The over-all vield from 17 was 68-70%,. Pure
16 had mp 267-268° dec aud [a]®p +118° (¢ 0.1, H,0); A2
273, shonlder 225 nig; Amiy 246 mu. The spectra at various pH
valiies were closely similar to those previously reported for 1-8-
p-ribofuranosyleytosine.s

Anal. Caled for CHN:O:: C, 44.43; H, 5.38; N, 17.27.
Fouud: C, 44.56: I, 5.33; N, 17.32.

Method B.—Treatnient of a solution of 2.0 g (7b) in 50,
aqueous EtOH with NaOH and isolation of the product as
described previously for the preparation of 9a afforded 1.2 g of
syrup which contained 9b. The syrup was dissolved i 20 ml of
pyridine and dried by azeotropic distillation of the solvent.
The syrupy residue was dissolved in 10 ml of Ac;O containing 1
ml of pyridine, and the solution was heated at 100° for 1 hr.
Removal of the xolvents in vacuo left a syrup containing the tri-
acetate 14, The zyrup in 100 mi of pyridine was treated with 4.2
g of P:8; and 0.09 ml of HyO. The stirred mixture was refluxed
for 6 hr and concentrated in vacuo to dryuess. The residue was
triturated with 50 ml of cold H»O and the resulting brown solid
was removed by filtration. The solid was dissolved i 300 ml of
CHCl; and washed with H,O. Concentration of the organic
layer afforded semisolid material which contained thione 15.
Crude 15 in 80 ml of ethanolic NH; was heated in a sealed tiube
at 100° for 20 hr, and the brown reaction mixture was processed
as described in method A above. The yield of pure 16, mp and
mmp 267-268°, was 300 mg (over-all yield from 7b, 279%).
The produet had uv absorption characteristics identical with a
zample prepated according to method A above.
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