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ABSTRACT

Reaction between 6-N-benzoyl-9-[3,5-0-(1,1,3,3-tetra-isopropyldisiloxane-1,3-diy!)-2- O-trifluoro-
methanesulfonyl-f-p-arabinofuranosylladenine (12a), prepared from 9-(8-p-arabinofuranosyl)adenine,
and 9-(4-methoxyphenyl)xanthene-9-thiol (AXT, 7b) in the presence of N',N' N* N*-tetramethylguanidine,
followed by treatment with tetraethylammonium fluoride in acetonitrile and then with methanolic ammo-
nia, gave the 2'-S-[9-(4-methoxyphenyl)xanthen-9-yl] derivative (13) of the title compound (1¢) in good
yield. Compound le was obtained, also in good yield, when 13 was heated at 70° with pyrrole in acetic acid
solution. The preparation of 9-(2-thio-f-p-arabinofuranosyl)adenine (5) by a similar route is also described.

INTRODUCTION

Nucleoside analogues with functional group or stereochemical modifications in
their sugar residues are potential antibiotic, anti-tumour, and anti-viral agents'. An
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obvious way to modify a ribonucleoside 15 to replace HO-2" by a thiol group. Such
2-thioribonucleosides (1) should, in addition to being potentially biologically active. be
readily convertible into the corresponding 2'-deoxyribonuclecsides by reductive desul-
furation.

Prior to our recent study’. the only fully characterised 2'-thioribonucleoside
described in the literature was the uridine derivative” 1a. Although the preparation of
the cytidine derivative 1b has also been reported”. the product described was not fully
characterised and the nomur, data obtained left the structural assignment open to doubt.
We have’ prepared and characterised 2-thiouridine (ta). and the hydrochlorides of
2'-thiocytidine (1b) and 4.4-di-N-methvl-2'-thiocytidine (1. B = 3by. However, 1o the
best of our knowledge, no syuthesis of a 2-thioribonucleoside (1) with a purine aglyveon
has previously been reported. While the preparation of three isomers (8. 6a. and 6b) of
Y-thicadenosine (le) has been reported™, all previous attempts’ o prepare Ie have
failed. We now describe the synthesis of 1e and the corresponding arahine isomer” (5) by
what we believe will prove 1o be a method of general application.,

RESULTS AND DISCUSSION

Very recently, we described® the preparation of 9-(4-methoxyphenyl)santhene-9-
thiol (AXT. 7b) and its use¢ in the conversion of 5'-chloro-5-deoxyribonucleosides (8a)
into the corresponding 5'-thionucleosides (8b) in satisfactory yields. AXT" (7b) is a
stable crystalline solid which may casily be prepared in high vield (see Experimental) by
passing hydrogen sulphide through a cooled solution of 9-(4-methaxyphenylixan-
then-9-ol” {7a) and dichloroacetic acid in dichloromethane. The conversion of adeno-
sine (9)into 2’ -thioadenosine (1e). using AXT(7h) in the key thiation step. s indicated in
the sequence 9 — 13 - lc.

3.5-0-(1.1,3.3-Tetra-isopropyldisiloxane-1,3-divhadenosine (103, which was
prepared (88%) by reacting adenosine {9) with 1.3-dichloro-1, 1.3 3-tetru-isopropyldisi-
loxane" in pyridine N, A-dimethylformamide. was converted into the corresponding
9-(f-v-arabinofuranosyhadenine derivative (11, ~ 58%1 in two steps (sce Experimen-
tal) essentially following the procedure of Hansske er /"', Compound 1 was then
converted into its 6-N-benzoyl derivative 12 {93%) by treatment firet with an excess of

8a < = Ci
h X = 5+
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benzoyl chloride in pyridine and then with sodium methoxide. The required 2 -triflate
(12a; > 80%) was obtained by treating 12 with 1.5 mol of triflueromethanesulfome
anhvdride in pyridine -dichloromethane.

The key thiation step was effected by allowing the triflate ester 12a 1o react with
~20mol of AXT (Th) and ~ 1.3 mol of NN N N -tetramethylguanidine m methyl
sulfoxide solution in an atmosphere of nitrogen at room temperature for 2 h The
tetra-isopropyvidisiloxanyl and benzoyl groups were removed from the resulting pro-
tected 2-thivether by trertment with tetracthyvlammonium fluoride in p;ccmni‘u'ilc

followed by methanolic ammonia. After chromatography, 2 S-%-(d-methoxy-

phc:wl) xanthen-9-yl-2-thuoudenosme {13) was obtwned and solated as o ervstathne
sohd ( ~76%,. based on 1285, Foally, the Y-(d-methoxyphenvhixanthen-%-vi protecting

group was removed by hczmim 13 with a tenfold excess of pyrrode inacene acid

&
-

solution™ ., under nitragen. at 70 for | h. 2-Thivadenosine tleh was thereby obtained

and isolated as @ eryvsialline solid (78%%). This reaction doex not proceed in the absence

of pyrrole’ which uppears to be an efhcient carbocanion scinvenger
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The structure of 2'-tlhucadenosine (1¢) was assigned on the basis of clemental
analysis, n.r. (especially V'Cydata (Table D, its reaction with 2.2-dimethoxypropane.
and the fuct that it readily undergoes iodine-promoted exidative dimerisation. The
resonance signal at 44.64 p.p.min the 'Conomur. spectrum of e s assigned o C-27 11
chemical shift 15 closely similar to those of the corresponding x‘x;:_rz’szm observed in the
spectra of 2 -thiouridine (14, 44 87 p.p.m.) and the hvdrochlorides of 2 -thwocytidine ¢ Ib.
4583 p.p.myand 44-di- V-methyv -2 -thioeytidine [1(B = 3by 45 72 ppoon ] Reacoon
of Te with g large excess oof 2 2-dimethoxypropane i the prosence of oluenc-4-
sulphonic acid monohydrate in acctonitrile at room rcm[wr;itm'u ave 1y 2-85 -0
isopropyhdene derivative M which was isolated as a crystadhne sohd (68 % 1 Thas clearly
demonstrates the cav-relationship of HS-27and HO-3 Finully reacion of Tewith ~ 0.5
mol of todine in ethanol- pyridine water (20:1:3 vovy at room wemperature give  the
dimeric disultide 15 in good vield. Compound 15 was readily distngeishable from e
two Lo, systems (see b \pu‘mn ntaly and by the nomor data {Table 1y The resonance
stignal at 5494 ppovi m o the Conomr spectrum of 158 3¢ wagned to U220 ke the

corresponding resonance signals observed’ at 33370 3748, st 3756 ppom i the
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PC-n.m.r. spectra of the dimers of 1a, 1b, and 1 (B = 3b), respectively, it is more than 10
p.p.m. downfield from the C-2' resonance signal observed in the spectrum of its
monomeric precursor (I¢). T.l.c. and n.m.r. evidence indicated that the 2’-thioadenosine
(1c) obtained was not detectably contaminated with the disulfide (15).
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TABLE 1

N.m.r. data“ (8 in p.p.m., J in Hz) for 2’-thioadenosine (1¢) and derivatives

Compound H-1' H-2 H-3 c-2
) J) )

13 5.85d(9.8) 3.80dd (4.3,9.8) 33 51.62

Ic 5.97d(9.2) 4.09dd (4.9,9.2) 4.53d(5.0) 44.64

14 6.04d (7.8) 481dd(5.1,7.7) 5.01d(5.2) 54.53

15 6.14d (8.4) 4.32dd (5.2,8.4) 4,11 54.94

16 6.01d (8.2) 2.75dd (5.3, 8.1) 3.95 55.70

¢ Obtained for solutions in (CD;),SO except in the case of 1¢ when CD,CO,D was used.

The above reaction between the triflate 12a and AXT (7b) proceeded rapidly in
methyl sulfoxide in the presence of the strong base N'.N',N*, N*-tetramethylguanidine
and in the absence of atmospheric oxygen to give, following treatment with tetra-
ethylammonium fluoride in acetonitrile and methanolic ammonia, 13 as the sole
detectable nucleoside product. However, when triethylamine was used as the base and
atmospheric oxygen was not excluded, a relatively slow reaction ensued and only
~14% of 13 was obtained together with ~35% of the disulphide 16. The structure of 16
was based on its elemental analysis, n.m.r. data (Table I), and on its ready conversion by
sulfur extrusion (see below) into 13. A noteworthy feature of the '"H-n.m.r. spectrum of
16 is the exceptional shielding of H-2', presumably by the 9-(4-methoxyphenyl)xan-
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then-9-yl group. In the "H-n.m.r. spectrum of 13 (Table I). in which -2 is linked to the
9-(4-methoxyphenyl)xanthen-9-yl group by only one sulfur atom, H-3 rather than H-2’
is particularly shielded. It is further relevant to note that the chemical shift of the C-2'
resonance (55.70 p.p.m.) in the "C-n.m.r. spectrum of 16 is closely similar to that of the
corresponding resonance (54,94 p.p.m.) in the spectrum of the symmetrical disulfide 15,
Disulfides corresponding to 16 were also obtained” as by-products in the reactions
between 5'-chloro-5'-deoxyribonucleosides (8a), AXT (7h). and N . NV N -tetrame-
thylguanidine. [t is possible that the conjugate base of AXT undergoes oxidative
dimerisation in the presence of atmospheric oxygen and then loses one Y-{d-methoxy-
phenyhxanthen-9-yl residue to give the conjugate base of 17 As the iatter species could
reasonably be expected to be a good nucleophile, substantial quantities of the disulfide
16 are then likely to result. provided that the reaction between the tritlate 12a and the
conjugate base of AXT (7b) proceeds only slowly. Finallv, when the disultide 16 was
heated with a slight excess of triphenylphosphine in glacial acetic seid® a1 50 for 2 h.
27-5-{9-(4-methoxyphenyl)xanthen-9-yi}-2'-thioadenosine (13, 75%1 wus ohiained.

w

[ J—

Essentially the same procedure was then used to prepare the previously described”
9-(2-thio-fi-p-arabinofuranosyhadenine (5). 6-N-Benzoyladenosine (18) was first con-
verted into its 1.1,3.3-tetra-isopropyldisiloxane-1,3-diyl derivative 19 ( ~ 79%). Treat-
ment of 19 with trifluoromethanesulfonic anhydride in pyridine - dichloromethane
solution gave the triflate 192 ¢ ~89%) which was then subjected to the three-step
procedure  used above in the conversion of 12a 13 w0 wenve



SYNTHESIS OF 2'-THIOADENOSINE 263

9-{2-5-[9-(4-methoxyphenyl)xanthen-9-yl]-2-thio-f-p-arabinofuranosyl}adenine (20;
26% overall yield for the five steps starting from 18). Removal of the 9-(4-methoxyphe-
nyl)xanthen-9-yl protecting group was effected, as described above, to give 5(72%) as a
crystalline solid.

We believe that the present study, together with the previous study® relating to the
preparation of 5’-thioribonucleosides (8b), establishes AXT (7b) as the reagent of choice
for the conversion of sulfonate esters of nucleosides and related deoxyhalogenonucleo-
sides (such as 8a) into the corresponding thiols. Indeed, it is reasonable to conclude that
AXT is likely to prove to be of general value in the synthesis of thiols.

EXPERIMENTAL

General methods. — Unless otherwise stated, 'H- (360.1 MHz) and "C-n.m.r.
(90.6 MHz) spectra (internal Me,Si) were obtained with a Bruker AM 360 spectrometer.
Short-column chromatography was carried out on silica gel H (Merck), and t.l.c. on
silica gel 60 F,, plates (Merck) which were developed in CHCl,-MeOH mixtures 4,
97:3; B, 19:1; C, 9:1; and D, 4:1; E, CH,Cl,—EtOAc (4:1); and F, »-BuOH-AcOH-H,0
(5:3:2). Acetonitrile, pyridine, and triethylamine were dried by heating with calcium
hydride, under reflux, and then distilled. N,N-Dimethylformamide, methyl sulfoxide,
and N',N'.N°, N>-tetramethylguanidine were dried by heating with calcium hydride, at
~80°, and then distilled under reduced pressure. Dichloromethane was dried by heating
with phosphorus pentaoxide, under reflux, and then distilled. Ether was dried over
sodium wire.

9-(4-Methoxyphenyl) xanthen-9-ol (7a). — To a mixture of magnesium turnings
(14.7 g,0.60 gatom) and dry ether (100 mL) was added a portion (~6 mL) of a solution
of 4-bromoanisole (75 mL, 0.60 mol} in dry ether (100 mL) together with methyl iodide
(a few drops). The stirred mixture was heated gently and, when the Grignard reaction
began, cooled to ~15°. The remainder of the ethereal 4-bromoanisole was then added
during ~20 min, at such a rate to ensure gentle boiling. The mixture was then heated,
under gentle reflux, for 1 h, and cooled. Xanthen-9-one (53.5 g, 0.27 mol) was added in
portions during 5-10 min, and more dry ether (100 mL) was added. The mixture was
heated, under reflux, for 2 h, and the product was collected by filtration, washed well
with ether, powdered, and added in portions with swirling to conc. hydrochloric acid
(300 mL), cooled in an ice-bath. The resulting dark-red solution was added dropwise,
with vigorous stirring, to ice-water (2 L), and the mixture obtained was extracted with
dichloromethane (2 L). The extract was washed successively with saturated aqueous
sodium hydrogen carbonate (3 x 1.5 L) and water (2 x 1 L), dried (MgSO,), and
evaporated under reduced pressure. The residue was recrystallised from cyclohexane to
give 7a (68.0 g, 82%), m.p. 167.5-168.5° (from ether); lit.” m.p. 146-147°. "C-N.m.r.
data (CDCl,): § 55.14, 70.13, 113.21, 116.33, 123.48, 127.35, 128.88, 128.93, 140.38,
149.64, 158.17.

9-(4-Methoxyphenyl) xanthene-9-thiol (AXT, Tb). — Hydrogen sulfide was bub-
bled through a cooled (ice-water bath), stirred, dry solution of dichloroacetic acid (20.8
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ml., 0.25 mol) in dichloromethane (500 mL) while a solution o 7Ta {386 ¢, 0.127 mol) in
dry dichloromethane (600 mL) was added dropwise during | h. After hydmgcn sulfide
had been bubbled through the mixture for a further 135 min. the products were washed
with saturated aqueous sodiuny hydrogen carbonate {2 « } Lyand thenwateri2 = L L)
dried (MgS0O,). and ¢vaporated under reduced pressure. The residue was recrysta h\u
from cvclohexane to give Th (36.0 g, 88.5% ). m.p. 118 120 "C-Nomur, data (CDCLy:
SEAEO SS90 TI3AR. 11635 123,41, 12830, 129.06, 12945 130,220 13820, 14938,
158.45 (hmnd: Co7a8 A9 O H O S cale: O 7500 HL A 0%,

35-0-7 1.0 3 3 Terra-isopropyldisiltoxane- 1 3-diviiadenosine (10).  1.3-Dichlo-

(

ro-1. 1,3 3-tetra-sopropyldisiloxane™ (17 mL, 33,1 mmol was added dropwise during
30 min to a rapidly stirred suspension of adenosine (132 o 494 mmol) in dry AV V-
dimethylformamide (145 mbLy and pyndine (40 mL) at room temperature, Aller g
further 1 h, triethylamine (20 mL) and methane! (25 mLy were added, and the mixture
was concentrated under reduced pressure at <Y (harh), The residue was partitioned
between dichloromethane {300 mb yand saturated aqueons sodium hvdrogen carbonate
{300 mL). the aqueous tayer was back-extracted with dichloromethane {100 mb . and
the combined organie lavers were washed with saturated agueous <odmm hvdrogen
carbonate (100 mL). dried { MgSO,), and evaporated under ;‘cduccd pressure. Tojuene

was evaporated several times from the residue under reduced pressore. Sihea get ehro-

matography {hexane chloraform. 1 and then chloroform othanol, 100606 -+ 935y of
the residual glass gave 10 ax a colouriess solid (222 ¢, ~887u3 £ (.31 (solvent £).

Recrystallisation from accionitnle gave fine needles, mop, 97 99 Cdit Timp 98 995
Norodatas "H{CD J.SOL AT 04 m, 28 1) 393 (dd, E H I 2 Sand 12 5 Hz 4. A
Hy4.07dd. T H. /3. 2and 126 Hzp 4.5 (m, T HOLA80(dd. t HL 5 T and 8.8 H/‘» 3 (‘#4
(doTHOSASH2), SR8 T H J09 Hzy, 734 (b 2 H) 807 (s, LI 8D LHY PO
(CDCLy: ¢ 12,39, 1281, 1206, 13.33. 1691, 1699 1701 17 10, 17.324 ! )
17486144, 70,44, 75,12, 82.03.89.90, 120.29. 13924 149 00, 152 98 15587,

9-f3.5-O-0 4.1 3 3-Teira-fsopropyidisiloxane- 1 3-divi - fi-p-crahinofuranosyi fade-

nme (1), — Dry pynidine {287 mL. 0,355 mol) was added to u vigerously stirred
suspension of chromumd Vi oxide {17.4 . 0. 174 moly in dry dichloromethane (406 mL)

1

at room temperature, After 20 wun, acetic anhvdride (16,4 mi. 9,174 moly was added

and. after 8 muin, the mixture was cooled to 207 and a warm solution of 3. 5-0O-i. .33
tetra-isopropyldisiloxane-1.3-divhadenosine (22.2 g, 425 mmoly in dry dichlorometh-

ane (115 mL) was added i portions during 3 min. After a further & 9 i, the mixiure
was poured rapidly with swirling into ethyl acetate {2 Ly The resulting brown suspen-
sion was transferred to a column (diam. 9 emy of silica gel 3 S om depihyin ethviacetate

which was eluted with othvl acetate, The cluate was concentrated unde: n:duccd
pressure, and toluene was evaporated several times from the residue. A selution of
sodivm borohydride (2.29 ¢, 60.5 mmoly in water (14 mb; was added dropwise over
period of 5 min to a stirred sofution of the resulting material inethano! {188 mLya O

After 30 min, ethylacetate (330 mL) was added, the mixture was washed w zi!f brine (170
ml., 2 x 80 mL), and the «'nn‘mhmed aqueous layers were extracted with ethivl acetate

(200 mL. 50 mL). The combinad organic layers were washed with brine (86 *n! iried
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(MgSO,), and evaporated under reduced pressure. Silica gel chromatography (chloro-
form—ethanol, 100:0 — 90:10) of the residue gave 11, isolated as a pale-yellow glass
(12.86 g, ~58%); R.0.23 (solvent B). N.m.r. data: 'H [(CD,),SOJ: § 0.9-1.25 (m, 28 H),
3.79(m,1H),3.93(dd, 1 H,J3.0and 12.6 Hz).4.10(dd, | H, /4.4 and 12.6 HZ), 4.50 (m,
1H),4.57(m,1H),5.78(d, 1H,J5.8Hz),6.20(d, 1 H, J6.5Hz), 7.27 (bs, 2H), 8.03 (s, 1
H), 8.12 (s, 1 H); "C (CDCl,): § 12.44, 12.95, 13.10, 13.55, 16.93, 16.98, 17.08, 17.37,
17.43, 17.53, 61.51, 74.41, 76.18, 81.31, 83.91, 119.27, 139.73, 149.26, 152.40, 155.77.
6-N-Benzoyl-9-[3,5-O-( 1,1,3,3-tetra-isopropyldisiloxane-1,3-diyl )-f-D-arabino-
Sfuranosyl Jadenine (12). — Benzoyl chloride (11.2 mL, 96.5 mmol) was added to a
stirred, cooled (ice—water) solution of 11 (9.3 g, ~18.2 mmol) in dry pyridine (128 mL),
and the reactants were allowed to warm up to room temperature. After 16 h, water (5
mL)wasadded and, after a further 35 min, the mixture was concentrated under reduced
pressure. A solution of the residual syrup in dichloromethane (200 mL) was extracted
with saturated aqueous sodium hydrogen carbonate (400 mL). The aqueous layer was
back-extracted with dichloromethane (2 x 60 mL.), and the combined organic layers
were washed with saturated aqueous sodium hydrogen carbonate (100 mL), dried
(MgSO,), and evaporated under reduced pressure. Toluene was evaporated from the
residue five times under reduced pressure. To a solution of the glassy residue in ethanol
(158 mL) at ~0° was added methanolic 30% sodium methoxide (22.3mL, ~0.117 mol).
After 20 min, pyridine (12 mL) and glacial acetic acid (8 mL) were added, and the
products were concentrated under reduced pressure. A solution of the residue in
dichloromethane (200 mL) was extracted with water (170 mL), the aqueous extract was
back-extracted with dichloromethane (2 x 40 mL), and the combined organic layers
were washed with water, dried (MgSO,), and evaporated under reduced pressure. Silica
gel chromatography (chloroform—ethanol, 100:0—95:5) of the residue gave the crude
product (10.42 g, ~93%) which was used without further purification. Crystallisation
of this material from acetonitrile gave 12 as colourless needles, m.p. 103-105°; R, 0.39
(solvent B). N.m.r. data: 'H [(CD,),SO], § 0.95-1.25 (m, 28 H), 3.85 (m, 1 H), 3.95(dd, 1
H,J/29and 12.6 Hz),4.14(dd, 1 H, J4.6 and 12.6 Hz),4.60 (m,2 H), 5.87(d, 1 H, /5.6
Hz),6.38(d,1H,J6.2Hz),7.55(m,2H),7.63(m, 1 H),8.06(d.2H,J7.2Hz),8.33(s, 1
H), 8.70 (s, 1 H), 11.20 (bs, 1 H); "C (CDCl,): § 12.49, 13.02, 13.14, 13.50, 16.99, 17.07,
17.37, 17.41, 17.45, 17.52, 61.95, 76.03, 76.99, 81.70, 83.65, 122.16, 128.06, 128.72,
132.71, 133.55, 142.84, 148.88, 151.38, 152.21, 164.94 (Found: C, 56.5; H, 7.0; N, 11.2,
C,yH,3NO,Si, cale.: C, 56.7; H, 7.1; N, 11.4%).
6-N-Benzoyl-9-3,5-0-(1,1,3,3-tetra-isopropyldisiloxane-1,3-diyl )-2-O-

trifluoromethanesulfonyl-f-D-arabinofuranosyl Jadenine (12a). — A solution of 12 (4.31
g, ~7.0 mmol) in dry dichloromethane was evaporated under reduced pressure. This
process was repeated twice more, and trifluoromethanesulfonic anhydride (1.77 mL,
10.5 mmol) was added during 20 min to a dry, stirred solution of the residue in
dichloromethane (12 mL) and pyridine (12 mL) at —15° under nitrogen. The mixture
was allowed to warm up to 10° during 2 h, then kept at 10° for 3 h, poured into ice-cold
saturated aqueous sodium hydrogen carbonate (150 mL.), and extracted with dichloro-
methane (120 mL, followed by 2 x 20 mL). The combined extracts were washed with
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saturated aqueous sodium hydrogen carbonate (30 mL). dried (MgSO,). and evaporat-
ed under reduced pressure. Toluene was evaporated from the residue. Silica gel chroma-
tography (1.1 dichloromethane-hexane, dichloromethane, and &1 - 4:1 dichloro-
methane-ethyl acetate) of the resulting orange-coloured glass gave 12a. isolated as a
pale-yellow glass (4.24 g. ~8[%); R, 0.56 (solvent B), (.37 {solvent £). "H-N.m.1. data
(CDCLy: 0 0.9-1.3(m. 28 Hj. 399 (m,  HL,4.10(dd. | H. /3 2and 124 Hz). 424 (dd. |
H.J58and 124 Hz). 542 (m, T H)L 332 (m. T HL64T (. V HLJ6GHZ, 7.8 7.63(m. 3
Hy 803 (m. 2 H), 813 (s, P HL 881 (s, L HY 911 ¢hs. 1 Hy

Reaction between 12a and AXT (Th i in the presence of base, tollowed by ireatment
with tetracthviammonium fluoride and ammonia. {cy Drv NUN NN Stetramethyl-
guadinine (0.63 mL., 5.0 mmot) was added dropwise to a stirred muxture of 12a{2.54 ¢,
~3.4 mmol) and AXT (7h: 2.16 g. 6.74 mmol) in dry methvi sulfoxade (23 mL) under
nitrogen at room temperature. After 2 h. chilled chloroform {230 mLY wus added and
the mixture was extracted with saturated aqueous sodium hydrogen carbonate (200
mL). The aqueous laver was back-extracted with chloroform (30 mLy and the com-
bined organic layers were washed with water (4 x 100 mbj. dried (MgSO, ) and
evaporated under reduced pressure. Silica gel chromatography (2:1 dichloromethane
hexane, dichloromethane. and 4: | dichloromethane-ethyl acetate) of the residue gave &
pale-coloured glass. A solution of ~M tewracthylammonium Huoride in acetonitrile
(13.6 mL)was added to this product. the solution was stirred at room temperature for {5
min, then concentrated under reduced pressure. and the residue was dissolved in
methanolic ~8v ammonia (50 mL) at room temperature, Atter 24 h. the mixture wus
evaporated under reduced pressure. Stlica gel chromatography (chiorotorm cthanol.
98:2 — 95:35) of the residue and crystallisation from acetonitrile gave 2'-5-[9-(4-metho-
xyphenyhxanthen-9-yl}-2-thicadenosine (13; 1.48] g ~76¢ s..) as colourless needles.
m.p. 141143 R 0.54 (solvent Oy, Numur. data [(CD,).SO): "Ho0 3.3 (ra 2 Hy, 347 (m.
FHL 269 3H), 3.80(dd. T H.J43and 98 Hz), 3.9 ¢, T My, 3 3340d P HL J4.2 He
SESA I H.JI9E8H2). 591 (dd. T H.J29und 9.4 Hz). 6. 42 (m. I HL6.65 6. \’"'*(m. SH

6.95-7.15 (m. 4 H), 7.23(m. 1 H), 7.34 (m 3 H TR (s, T HL 79T (s T Hy " Con 3 el
55.05, 55. 19,62.26. 71.92, 88,45, 113, 46 20, 1!(« 19, i"(}_lfi }” "9 ,’”x%*?}. 12475,
124.99, 128.01, 128.7%. i%")?ﬁ 130.7 1 1« 140. 7\)2~‘4‘i S2O149870 1515

156.26. 157, 90(F()und C, s H. 4 N 12.2:8. },7 W NJOSO25H O eales (L

62.8; H, 4.8; N, 12.2: S, Sh"m,‘
{h) Dry triethylamine (0. 30 mL, 2.15 mmol) was added to a stirred mixturc of 12a

(1.068 ¢. .43 mmol). AXT (7b: 1.83 g. 571 mmol}, and dry miethvi sulfoxide (10 mL)
with no special precautions being taken to exclude atmosphernic oxygen. After 32 h. the

mixture was partitioned between dichloromethane (100 mly and saturated aqueous
sodium hydrogen carbonate (70 mL). The aqueous Jayer was back-extructed with
dichloromethane (20 mL), and the combined organic lavers were washed with water (3
x 40 mL). dried (MgSO,), and concentrated under reduced pressure. Stlica gol chroma-
tography {1:1 dichloromethane-hexane, dichloromethane. and dichloromethane ethyi
acetate. 9:1 — 4:1) ot the residue gave the nucleoside products as a pale-coloured glass o
which ~ M tetraethvlammonium fluoride in acetonitrile (6 m L) was added . The solution
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was stirred at room temperature for 15 min, then concentrated under reduced pressure,
and the residue was dissolved in methanolic ~8M ammonia (20 mL) at room temper-
ature. After 22 h, the solvents were evaporated under reduced pressure. Silica gel
chromatography (chloroform—ethanol, 99:1) of the residue gave a product with R, 0.54
(solvent ), which was crystallised from acetonitrile to give 13 (0.114 g, ~14%) that was
identical (t.1.c., 'H- and "C-n.m.r. spectra) to the compound in (a) above. Elution with
chloroform-ethanol (97:3) gave a product, with R, 0.43 (solvent C), that was crystallised
from acetonitrile to give 2’-deoxy-2'-[9-(4-methoxyphenyl)xanthen-9-yldithioladeno-
sine (16;0.298 g, 35%) as colourless crystals, m.p. 1777 (dec.), R, 0.43 (solvent C). N.m.r.
data [(CD,),SO]: 'H, 4 2.75(dd, 1 H, J 5.3 and 8.1 Hz), 3.42 (m, 2 H), 3.76 (s, 3 H), 3.82
(m,1H),3.95(m,1H),5.20(dd, 1 H,J4.4and 7.1 Hz), 5.82(d, 1 H, /5.2 Hz), 6.01 (d, ]
H, J8.2Hz),6.50(dd, 1 H, J1.4and 7.9 Hz), 6.8-7.3 (m, 11 H), 7.35 (bs, 2 H), 8.02 (s, 1
H), 8.18 (s. 1 H); °C, 6 55.03, 55.70, 59.79, 61.63, 72.07, 87.27, 89.76, 113.58, 115.65,
115.86, 119.55, 122.79, 123,17, 123.34, 124.33, 128.86, 129.26, 129.38, 129.72, 130.30,
134.72, 139.53, 148.90, 150.14, 150.48, 152.38, 156.09, 158.18 (Found: C, 59.8; H, 4.45;
N, 11.7; S, 10.8. C; H,,N,O,S, calc.: C, 59.9; H, 4.5; N, 11.6; S, 10.7%).

Reaction between 16 and triphenylphosphine. — A mixture of triphenylphosphine
(0.066 g,0.25 mmol), 16 (0.126 g, 0.21 mmol), and glacial acetic acid (1.5 mL)was stirred
at 50° under nitrogen for 2 h, and then concentrated under reduced pressure. A solution
of the residue in ethanol was evaporated under reduced pressure and this process was
repeated twice. Silica gel chromatography (chloroform—ethanol, 100:0 — 95:5) of the
residue and crystallisation from acetonitrile gave 13 (0.090 g, 75%), identical to the
product described above.

2-Thioadenosine (1¢). — A solution of 13 (0.433 g, 0.76 mmol) and freshly
distilled pyrrole (0.53 mL, 7.6 mmol) in redistilled glacial acetic acid (3.3 mL) was stirred
under nitrogen at 70° for 1 h, and then concentrated under reduced pressure (water-
pump, followed by oil-pump). The colourless gummy residue was shaken vigorously
with dry dichloromethane (15 mL), and the mixture was then kept at 4° and filtered. The
residue (0.168 g, 78%) was washed with dichloromethane and dried in vacuo at room
temperature. Crystallisation from methanol gave 1¢ as colourless prisms, m.p. > 150°
(dec.), [4]2 —92° (¢ 0.59, methyl sulfoxide); R, 0.31 (solvent D), 0.71 (solvent F). N.m.r.
data [CD,CO,D]: 'H, 3.92(dd, 1 H, J 1.9 and 12.8 Hz),4.00 (dd, 1 H, /2.0 and 12.8 Hz),
4.09(dd, 1 H,J4.9and 9.2 Hz),4.38 (s, 1 H),4.53(d, 1 H,J5.0Hz),597(d,1H,J9.2
Hz), 8.31 (s, 1 H), 8.37 (s, | H); “C [(CD,),S0], ¢ 44.64, 61.91, 72.30, 87.42, 90.09,
119.36, 140.05, 149.14, 152.42, 156.14 (Found: C, 42.45; H, 4.7; N, 24.5; S, 11.05.
C,,H;N;O,S calc.: C,42.4; H,4.6; N, 24.7: S, 11.3%).

2'-8,3'-O-Isopropylidene-2'-thioadenosine (14). — Dry acetonitrile (3.5 mL) and
2,2-dimethoxypropane (1.4 mL, 11.4 mmol) were added in turn to a mixture of 1¢ (0.156
g, 0.55 mmol) and toluene-4-sulfonic acid monohydrate (0.133 g, 0.70 mmol), and the
mixture was stirred rapidly at room temperature. After 1 h, methanolic ~8v ammonia
(2.0 mL) was added, the mixture was evaporated under reduced pressure, and the
residue was partitioned between dichloromethane (25 mL) and water (12 mL). The
aqueous layer was back-extracted with dichloromethane (3 x 5mL), and the combined
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organic layers were washed with water (5 mL), dried (MgSO,). and evaporated under
reduced pressure. Water {0.2 mL) was added to a solution of the residual glass in acetic
acid (1.0 mL) at room temperature, and the mixture was coneentrated under reduced
pressure. Silica gel chromatography (chloroform ethanol, 97:3) of the residue and
crystallisation from ethanol gavc 14 (0,121 g, 68% ). mp. 213 2145 0 R 03¢ {solveny
Cy. Nomur, data [(CD,).SO)° (vb(x SED LRG3 369 (m 2 H 432 (m T H )
4R81(dd, Y H.J S5 Tand 7.7 H/ S501(d, P HOS 2T H ), S6tadd T HL 749 and 6.9 Hy),
6.04¢d, 1 H.J78Hz). 742 (hs. 2 H ). 81505, THL 839 (s, T HY "Cla 3081, 31075433,
O6L.81.83.57,88.23,92.86, 95,56, 119.31,139.76, 14891 152 35 156 1R {Found: {486
HoS 20N 214 CLHENGO S cale s Co48.3 HL S 20N 27
Bis( 2~deoxyadenosin-2 -y} disulfide (158). A solution of 1odine (0.031 ¢, 0,122
mmol) in ethanol (2 mL} was added dropwise during 5 min to a strred solution of Ie

(0.073 g.0.26 mmolyincthanol 3 mL). water (0.75mbL). and pyridme G .25 mLyat room
temperature. Methanol (3 mbLi and water {3 mbLy. followed by Amberine TRA-O0
(AcO )resin (~3.353 mbL). were added to the products. After |, the resin was removed
by filtration and washed with methanol-water (3:3) The combined filtrate and wash-
ings were evaporated under reduced pressure and the residue was crystallised from
water to give 15 (0.0358 g, X0%), m. p- 150" (from methanol)y: B, .14 (solvent D 0.63
(solvent Fy. Nomor. data [(CD ). SOE T, o 3581 m 2 H), 361 0m. 2 H, L9 (m.]i{)ﬂ [

(m, 2HY, 432(dd. 2 H,J? .Z umi g4 Hz), 335 {dd JH /38 and 8 A Hy) B0 2HLJ
49 H7). 614 (d. 2 HL S84 17y T3 (bs. 4 1D, S 13 (. 211 832 ¢ 2 Hy YO 0 3494,
6158, 7223 87 21 88 52119 36, 13988, 149 20, 152 3G {36 01 (Found: € 42 4 H 4.6
N234 C HON LGOS CHOH cales €423 H 4 70N D3sn

91 2-8-/ Y1 d=methoxvphenylixanihen-9- v [-2-thio-fi-v-arabinoturanosyi badenine

(20). - Assolution of i.3-dichloro-1.1.3, 3tetra-tsopropvidisioxanc™ (2.2 g. 7.0 mmah
indry dichloromethane (10 mL) was added dropwise during 30 min 1o a stirred solution
of 6-N-benzoyladenosine (2.51 g, 6.8 mmol) in dry pyridine (20 miy al room tempera-
ture. Alter 2 h. methano! (5 mbL) was added. the mixture was concentrated under
reduced pressurc. and the residue was partitioned between dichloromethane (100 mL)
and saturated agueous sodium hydrogen carbonate (100 ml ). The aqueous laver was
back-extracted with dichloromethane (30 mL). and the combined organic layers were
washed with water (30 mLy. dried (MgSO,). and evaporated under reduced pressure,
Silica gel chromatography (chdoreform cthanol. 97:3) of the residue save o colourless
glass (3.29 g). R 037 (solvent .1,

The above maicrm} 1285 g. ~4.6 mmol) was treated with rifluoromethane-

sulfonicanhydride (1.1 3 mi. 6.8 mmoly in pyridine (8 mLyand dichioromethane (s mi)
at — 10 asdescribed ahmc.m 12. Followimg work- up(mch romtography. the tritflate
was jsolated as a colourless glass (3,10 @) R, 054 {solvent 11 A portion of this triflat

(1.538 g, ~2.12 mmol) was allowed to react with AX1 7! 3.5’ g, 847 mimol) and
NN NN «tctmmuh\wuanndlm (050 mL. 4.0 mmolyinmethyvlsulfoxide i1 2 mb for
24 hatroom temperature under the conditions described above for 13 The muxture was
worked-up and treated first with ~wm tetracthyvlammonium fluonde in 'iccmnitriic (10
mbL)atroom temperature for 20 min and then with methanolic ¥ ammonia (20 mL) «
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room temperature for 24 h. Silica gel chromatography (chloroform—¢thanol, 100:0 —
95:5) of the product gave amorphous 20 (0.444 g, 26%, based on 6-N-benzoyladeno-
sine), R, 0.40 (solvent C). N.m.r. data [(CD,),SO]J; 'H, 6 3.45(dd, 1 H, J7.5and 8.9 Hz),
3.57(m,3H),3.74(s,3H),4.54 (m, 1 H),4.87 (m, 1 H), 5.49(d, | H,J 7.3 Hz), 5.72(d, 1
H,J6.0Hz),6.59 (dd, 1 H,J1.5and 7.9 Hz}, 6.75-6.9 (m, 3 H), 7.05-7.25 (m, 6 H), 7.27
(bs,2H),7.37(m, 3 H), 8.03 (s, L H); ®C, 6 53.55, 54.99, 55.42, 60.88, 72.89, 83.84, 84.09,
113.35, 115.98, 116.22, 118.97, 123.19, 123.54, 125.28, 125.95, 128.80, 125.38, 129.78,
130.32, 135.71, 139.98, 148.54, 149.80, 150.26, 151.92, 155.84, 158.06 (Found: C, 62.7,
H, 4.7; N, 12.2; §, 5.7. C;;H,,N,0,S:0.2H,0 calc.: C, 62.9; H, 4.8; N, 12.2; S, 5.6%).

9-( 2-Thio-f-p-arabinofuranosy!)adenine (5). — A solution of 20 (0.286 g, 0.50
mmol) and freshly distilled pyrrole (0.30 mL, 4.3 mmol) in redistilled glacial acetic acid
(2.2 mL) was stirred under nitrogen at 70° for 40 min, then cooled and evaporated to
dryness under reduced pressure. The residue was triturated with dichloromethane (25
mL) that contained 2 drops of 2-mercaptoethanol, and recrystallised from methanoi to
give 5(0.102 g, 72%), m.p. 211-212° (dec.) [lit.* m.p. 210-212° (dec.), (o] —72° (¢ 0.53,
methyl sulfoxide); R, 0.23 (solvent D), 0.69 (solvent F). N.m.r. data [(CD,),SO}: 'H, ¢
3.65-3.80(m,4H),4.28 (m, 1 H), 5.19 (m, 1 H),5.81(d,1H,J59Hz),6.38(d,1 H,J7.2
Hz), 7.30 (bs, 2 H), 8.14 (s, 1 H), 8.31 (s, 1 H); '*C, § 47.71, 59.74, 74.40, 84.14, 84.52,
118.43, 139.45, 149.14, 152.41, 155.92 (Found: C, 42.6; H, 4.6; N, 24.4; S, 11.4.
C,oH5NO,S cale.: C, 42.4; H, 4.6; N, 24.7; S, 11.3%).
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