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ABSTRACT

Treatment of methyl 3,5-di-O-benzyl-2-deoxy-a,f-D-erythro-pentofuranoside with o-toluenethiol
and conc. hydrochloric acid gave 3,5-di-O-benzyl-2-deoxy-D-erythro-pentose dibenzyl dithioacetal (21).
Mesylation of 21 and ring closure gave benzyl 3,5-di-O-benzyl-2-deoxy-1,4-dithio-,f-L-threo-pento-
furanoside. Inversion of configuration at C-4 of 21 was achieved by the Mitsunobu reaction, to produce
4-0-benzoyl-3,5-di-O-benzyl-2-deoxy-L-threo-pentose dibenzyl dithioacetal. Successive debenzoylation,
mesylation, and ring closure then gave the title compound. Several new dithioacetal derivatives of 2-deoxy-
D-erythro-pentose were prepared in exploratory routes to the described thio sugar or as intermediates.

INTRODUCTION

The preparation of methyl 2-deoxy-4-thio-a,f-D-erythro-pentofuranosides (5)
has been described by Nayak and Whistler'? in a 15-step synthesis starting from
1,2:5,6-di-O-isopropylidene-a-D-glucofuranose. Fu and Bobek® published an alterna-
tive route that comprises 14 steps from L-arabinose. Neither of these routes is suitable
for the preparation of the relatively large amounts of the thio sugar intermediate
required for nucleoside synthesis. A shorter route to the 2-deoxy-4-thio-D-erythro-
pentofuranoside moiety (31), suitably derivatised to allow direct condensation with a
protected pyrimidine base, is now described.

DISCUSSION

The initial strategy involved introduction of iodine or bromine substituents at C-4
of a protected 2-deoxy-p-erythro-pentose derivative (2), wich inversion of configuration
to give 3. It was hoped that introduction of a sulphur nucleophile (—4), with another
inversion at C-4, deprotection at C-1, and ring closure, would lead to the thio sugar 5.

2-Deoxy-D-erythro-pentose diethyl dithioacetal (6) was prepared (57%) by reac-
ting 2-deoxy-D-erythro-pentose (2-deoxy-D-ribose) with ethanethiol and conc. hydro-
chloric acid*. Treatment of 6 with benzaldehyde and conc. hydrochloric acid gave

* Dedicated to Professor Grant Buchanan on the occasion of his 65th birthday.
" To whom correspondence should be addressed.
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3.5-0O-benzylidene-2-deoxy-p-erviiro-pentose diethyl dithioacetal (7. 63%0), the 'H-
nan.tr. spectrum of which contained one singlet for PhC'/7. which indicated that only one
diastercotsomer was present. Attempted todination of 7 using the Rydon reagent
(tripbenyl phosphite methiodide)” caused decomposition, possiblv due to the acid
sensitivity of the benzvlidene group. Smmilarly, attompted wodine exchunge of the

KOOt

mesvhate 8 and the p-bromobenzenesulphonate (93 of 7. using Nal acetone” or Mgl

cther’, failed at room temperature and at the reflux wemperatuee. Aviempied wodination

of -hyvdroxy-2-phenvi-1 2-dioxane”, used asa model compound was also unsuacessiul

S
; , HR =R =R =1l
B2 R =] o i .
] TR R = PhCH. R =i
1) R = Mo, R =

9R R = PRCHe R = B

2R =R =8a R -1

Brs = - bromobenzenesulphonat:
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Since substitution reactions on ring systems are difficult to perform’'’, HO-3,5
were protected so that substitution would take place at an acyclic secondary position.
Methyl 3,5-di-O-benzyl-2-deoxy-o,f-D-erythro-pentofuranoside (plus a little pyrano-
side) (11, 93%) was prepared from 10 by adapting the method of Czernecki et al.!!,
which used benzyl bromide, sodium hydride, and tetrabutylammonium iodide (1:10
stoichiometry) in tetrahydrofuran. Reaction of 11 with ethanethiol and conc. hydro-
chloric acid gave 12 (81%) and 3,4-di-O-benzyl-2-deoxy-D-erythro-pentose diethyl
dithioacetal (13, 8%). Reaction of 12 with the Rydon reagent in ¥, N-dimethylforma-
mide at room temperature gave two faster moving components in t.1.c., which were only
partially characterised due to their instability (‘"H- and “C-n.m.r. and u.v. spectroscopy,
and f.a.b.-mass spectrometry) as 5-benzyloxypent-3-enol diethyl dithioacetal (57%)
and 3,5-dibenzyloxypent-3-enol diethyl dithioacetal® (4%). It was thought that the
desired 4-iodo product might have been an intermediate in the formation of the alkene
but, at —20°, no reaction occurred and, at 0”, alkene was formed. With tetrahydrofuran
or benzene as solvent, there was no reaction at room temperature and alkene was
formed at 50°. Attempted iodine exchange of the mesylate 14 or bromine exchange of 12
were unsuccessful, Fleet" has reported that the rates of nucleophilic substitution
reactions at a secondary carbon in carbohydrates can be decreased by as much as 1077 if
there is an oxygen substituent f to the leaving group.

An attempt was then made to adapt the method of Bruzik and Stec'*" for the
stereospecific conversion of an alcohol into a sulphide by conversion into the thio-
nophosphorinane derivative 18 which, on treatment with acetic acid, rearranges with
retention of configuration at the a-carbon into the thiolophosphorinane derivative 19.
Hydrolysis with base then gives the sulphide'®. Thus, 3,5-di-O-benzyl-2-deoxy-4-0-(5,5-
dimethyl-1.3,2-dioxaphosphorin-2-yl)-p-erythro-pentose diethyl dithioacetal (15) was
prepared (38%) by reacting 12 with 2-chloro-5,5-dimethyl-1,3,2-dioxaphosphorinane'’
in benzene at 57 using triethylamine as the base. Reaction of 15 with elemental sulphurin
benzene gave 3,5-di-O-benzyl-2-deoxy-4-0-(5,5-dimethyl-2-thiono-1,3,2-dioxaphos-
phorin-2-yl)-p-erythro-pentose dicthyl dithioacetal (16, 86%). Compound 16 could
also be obtained directly (77%) from the alcohol 12 without the isolation of the
intermediate phosphite. However, attempted rearrangement of 16 in either acetic acid
or trifluoroethanol at various temperatures resulted in no reaction and, in the presence
of trifluoroacetic acid, extensive decomposition resulted. The resistance of 16 to acid-
catalysed rearrangement may be due to the bulky side groups which interfere with
formation of the ion-pair.

When 5-O-tosyl-L-arabinose dibenzyl dithioacetal 1s heated in dry acetone con-
taining sodium iodide and barium carbonate, a ring-closure reaction occurs'' to form
benzyl 1,5-dithio-«,3-L-arabinopyranosides and Blumberg et al.'"® proved that this
reaction proceeded with inversion of configuration at C-5. These results provide the
basis for a new strategy for the synthesis of thio sugars since sulphur now originates
from C-1, rather than C-4 as outlined above and used' in previous preparations of
methyl 2-deoxy-4-thio-a,f-D-erythro-pentofuranoside (5).

Using this new strategy, methyl 3,5-di-O-benzyl-2-deoxy-a,f-D-erythro-pento-
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side (11) was reacted with x-toluenethiol and conc. hydrochloric ucid ut 42 o give
3.53-di-O-benzyl-2-deoxy-D-crvrhro-pentose dibenzyvl dithioacetal (21, 85745, The reac-
tion proceeded stowly at fower temperature and the imtermediate. benzyl 3.5-di-0O-
benzyl-2-deoxy-1-thio-z.f--cr vihro-pentofuranoside { 20) could be isolated. 3.4-De-0-
benzyl-2-deoxy-D-crvihro-pentose dibenzyl dithioacetal (28) was formed. as a by-
product of this reaction. from the pyranose sugar. When the mesylate (23) of 21 was
heated i dry acetone that contained sodinm iodide and bartum carbonate for 40 . 40% .
of 25 was obtained. When mesylate 23 was heated under reflux with acctone and barium
carbonate for 18 h. the alkene 26 was obtained. Ttis possible that the cyvehic suiphonium
ion 24 is formed initially, but. instead of debenzylationto give 25 an B2 type chmination

oceurs vig base-catalysed abstraction of H-5.

BnS._  SBn

BnO :
" e H-F 1
Sl H——0Bn
| ——— e t OB
1 = n-or'
B0 CHOR”
20 21 R =1 R = bn
22 R =Bn R -1
23 R =My R = Bo
BnS._SBn tin 27 R =By R
—=H 5+
H—-OBn  ——— SBn
11 i BrnQ \
OBn EnQ
26 24 s
SBn
BnO
B}

ny
Rn
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Thus, if the configuration at C-4 of 21 can be inverted, the subsequent ring-
closure reaction would produce a thio sugar with the desired 2-deoxy-D-erythro config-
uration. Application of the Mitsunobu reaction for the esterification of alcohols with
the inversion of configuration®?' was investigated. Reaction of 21 with benzoic acid,
diethyl azodicarboxylate, and triphenylphosphine in tetrahydrofuran at room temper-
ature gave (40%) 4-O-benzoyl-3,5-d1-O-benzyl-2-deoxy-L-threo-pentose dibenzy! dith-
ioacetal (28). Increasing the temperature did notincrease the yield greatly but shortened
the reaction time. Increasing the ratio of the reagents to 21 also did not affect the yield.
Benzoylation of 21 gave 27. The '"H-n.m.r. spectra of 28 and 27 contained multiplets for
H-4 centred at 5.3 and 5.5 p.p.m., respectively, which confirmed that inversion of
configuration at C-4 had occurred.

BnS_ _SBn BnO

S
21 B H-—+H — SBn
H-1+-0Bn
RO+H
CH,;0Bn BnO
28 R =Bz 3]
29 R=H
30 R=Ms

Debenzoylation of 28 gave 3,5-di-O-benzyl-2-deoxy-L-threo-pentose dibenzyl
dithioacetal (29, 98%). Compounds 21 and 29, which differed only in the configuration
at C-4, had different '"H-n.m.r. spectra with doublets for HO centred at 4.96 and 4.87
p.p.m., respectively. Further evidence to suggest that 21 and 29 were stereoisomers was
provided by the different optical rotations. Reaction of 29 with mesyl chloride in
pyridine yielded 97% of mesylate 30. Attempted synthesis of 30 from 21 in one step by a
Mitsunobu reaction with methanesulphonic acid was unsuccessful.

3,5-Di-O-benzyl-2-deoxy-4-O-methanesulphonyl-L-threo-pentose dibenzyl dith-
ioacetal (30) was heated under reflux in dry acetone, sodium iodide, and barium
carbonate, to give benzyl 3,5-di-O-benzyl-2-deoxy-1,4-dithio-a.8-p-erythro-pentofura-
noside (31, 38%). The 'H-n.m.r. spectra of the thio sugars 25 and 31 were similar, but
there were some striking differences in the “C-n.m.r. spectra. For example, the chemical
shifts of the resonances of C-1§ were 80.77 p.p.m. for 25 and 83.04 p.p.m. for 31. The
YC-n.m.r. spectra indicated that, for each thio sugar, one anomer predominated due to
the steric requirements of the ring-closure reaction. For compound 31, the two anomers
can easily be separated by reverse-phase h.p.l.c. and the 'H-n.m.r. spectrum of the
predominant isomer is clearly consistent with that expected for the f anomer.

The above synthesis of the thio sugar 31 involved a 7-step synthesis from
2-deoxy-D-erythro-pentose with an overall yield of 11%. This yield could be increased to
25% by recycling unreacted intermediates (¢f. the overall yield of 4% in the 14-step
synthesis® from L-arabinose). The product 31 is now available in reasonable quantities
for the synthesis of new nucleosides.
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EXPERIMENTAL

General procedures. - Melting points were determined in a Gallenkamp appara-
tus and are uncorrected. Optical rotations were measured with a Perkin- Elmer 241
polarimeter. The 'H- and "C-n.mar. spectra (internal Me,St for 'H and 7"C) were
recorded on o JEOL GX270 or FX90Q instrument. Positive-ion fa.b-mass spectra
were obtained with a Kratos MS80 RF instrument, using ghveerol or Amurobenzyi
alcohotas a matrix. T.lcowas performed on Silica Gel 60 F i Merckywith detection by

- absorbance or by charring with sulphuric acid. Sihica Gel 60 (70230 mesh. 7734,

Mez‘ck) was used for cotumn chromatography, Elemental analvses were performed in
the microanalytical laboratory of this Department.

The following solvents were distilled before use: pyridine {irem KOH L methanot
(from Mg). tetrahydrofuran (from Na’benzophenency. and dichloromethane (from
P.O.). Calcrum-chloride-dried benzene was further dried over sedium wire. Acetone
was dried with anhydrous potassium carbonate.

2-Deoxy-p-erythro-pentose dicthvd dithioacetal (6). Cone hvdrochlorie aad (3
ml.) was added dropwise to o stirred nuxture of 2-deoxy-D-ervelro-pentose (5 go 37
mmol)and ethanethiol (5 g ¥ mmoel) atd - Sarring was continued at & for 30 min. and
the mixture was then poured int ice water (S0 mLy neutralised with sodiuim hyvdrogen
carbonate, and extracted with chloroform (3 = 40 mL3 The combimed extracts were
dried (Na,SO,} and concentrated under reduced pwwiu Column chromatograp hy
(chlmotormrmcth(mo 191y of the residue gave 6 (5.1 g, 3603 us o colourless oil. {z];)

15 (¢ 1.4, ethanol). "H-N.m.r. daia [CD)S01 0 100 135 (0 6 HL 2 CHL.CHLS)L

130208 (m. 2 H. H-225 2.40 282 (m. 4 H. 2 CHLOS) 310 378 vmu 4 FL
H-3.4.55). 9“ 419 (me P HLDH-1L 420 474 (1m, 3T l(”v—iu-ii».

Anal. Cale. for C;HLOS8, Co45.0: HL 8.3 Found: Co45.0: HL8. 8

3.5-0-Benzylidene-2-deoxy-p-erythro-pentose :a!v!/z}.,'/’ dithioaeetal (7)., Com-
pound 6 (3.75 ¢. 15.6 mmol) was warmed gently with benzaldehyde until the mixture
wis homogeneous. The mixture was cooled to 0, conc. hw‘mc!‘:h%s‘éc acid 12 ml) was
added dropwise with stirring. and. after 30 mimn. cthanol (35 miy v added, The
mixture was neutralised with saturated agueous hydrogen cu rho,n;szc andextracted with
chioroform (3 x40 ml), the combined extracts were dricd { Na-SO ). and the chloroform
was evaporated in vacuo. Column chromatography (ehloroform cthanol. 91D of the
residuc gave 7 (3.3 g, 65%). us a slighty vellow svrup, [«}, 53 to 3.5 cthanob).
'H-Nomur data[(CD).SOLEA 105 135 (m, 6 H.2CH CHLS) 8D 238t 2 HL H-2.20
2.42-2.74 (me 4 HL 2 CHLOILS)., 323 4008 (m, 5 HL H»‘i.?-—l.i.i%. S35 33741 H.
OH-4). 5.50 (s. 1 H. PhC0 7287510 tm. 5 HL Ph). B oah-mass spectrum: gz 328
(M)

Anal. Cale. for C, H.,0O.S.: CO58.5 H, 4.9 Found: €, 588 H. 4.7,

3.5-0-Benzvlidene-2-deaxy-4-O-methanesulphonyi-v-crvinro-pencose dietinl di-
thioacetal (8). - To u stirred solution of 7(0.5 g, LS mmoly i dry pyvridine (SmlL) at 0
was added dropwise a solution of methanesulphonyt chilonde (0.2 g, 2.6 mmol) in dry
pyridine {5 mL). The mixture was allowed to attain room temperature. sitered for 18 h,
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then concentrated in vacuo. A solution of the residue in dichloromethane was washed
with 2M hydrochloric acid, M sodium carbonate, and water, dried (MgSO,), and
concentrated. Column chromatography (chloroform) of the residue gave 8 (0.59 g,
95%), [ady; —60° (c 2.1, ethanol). "H-N.m.r. data [(CD,),SO]: § 1.00-1.32 (m, 6 H, 2
CH,CH,S),2.10-2.30(m, 2H, H-2,2),2.40-2.78 (m, 4 H, 2 CH,CH,S), 3.41 (s, 3 H, Ms),
3.82-4.72(m,5H, H-1,3.4,5,5),5.20 (s, | H,PhCH), 7.32-7.49 (m, 5H, Ph). F.a.b.-mass
spectrum: m/z 406 (M *).

Anal. Cale. for C;H,;0,S,: C, 50.2; H, 6.5. Found: C, 50.2; H, 6.7.

3,5-O-Benzylidene-4-0 -p - bromobenzenesulphony!- 2 -deoxy - D-erythro-pentose
diethyl dithioacetal (9). — Compound 9 (0.69 g, 83%), prepared from 7 (0.5 g, 1.5 mmol)
and p-bromobenzenesulphonyl chloride (0.66 g, 1.6 mmol) by the procedure described
above for 8, had [«] —47° (¢ 1.6, ethanol). '"H-N.m.r. data [(CD,),SO): 6 1.00-1.30 (m, 6
H, 2 CH,CH,S), 1.40-1.72 (m, 2 H, H-2,2), 2.30-2.67 (m, 4 H, 2 CH,CH,S), 3.73-4.65
(m, 5 H, H-1,3,4,5,5), 5.65 (s, 1 H, PhCH), 7.38 (s, 5 H, Ph), 7.98 (s, 4 H, aromatic).
F.a.b.-mass spectrum: m/z 547 (M 7).

Anal. Calc. for C,,H,,BrO,S;: C, 48.3; H, 5.0. Found: C, 48.6; H, 4.9.

Methyl 3,5-di-O-benzyl-2-deoxy-a,f-D-erythro-pentoside (11). — To a solution of
2-deoxy-D-erythro-pentose (50 g, 373 mmol) in dry methanol (900 mL) was added
methanolic 1% hydrogen chloride (100 mL). The mixture was kept in a stoppered flask
for 30 min at room temperature, then stirred with silver carbonate (10 g), filtered, and
concentrated to a syrup. Traces of methanol were removed from the residue by repeated
evaporation following addition of tetrahydrofuran. To a solution of the syrupy residue
in dry tetrahydrofuran (470 mL) under nitrogen at 0° was added sodium hydride (50%,
dispersion in oil, 39.4 g, 821 mmol) slowly with stirring. Tetrabutylammonium iodide
(30.3 g, 82.1 mmol) was then added followed by benzyl bromide (140 g, 821 mmol)
during 1 h. The mixture was stirred for 60 h at room temperature with the exclusion of
moisture, then concentrated in vacuo. A solution of the residue in dichloromethane was
poured into ice-water, and the organic layer was dried (MgSO,) and concentrated.
Column chromatography (hexane—ethyl acetate, 4:1) of the syrupy residue gave a
mixture (114 g, 93%) of 11a (R 0.36) and 115 (R 0.47) as a colourless syrup. N.m.r.
data for 11a: 'H [(CD,),SO], 6 1.80-2.40 (m, 2 H, H-2,2), 3.40 (s, 3 H, OMe), 3.42-3.58
(d,2H, H-5,5),3.86-4.40 (m, 2 H, H-3.4), 4.45-4.60 (m, 4 H, 2 PhCH,0), 5.00-5.12(q, |
H, H-1), 7.17-7.56 (d, 10 H, 2 Ph); "C (CDCl,), d 38.9 (C-2), 55.1 (OMe), 70.2 (C-5),
71.5 (PhCH,0), 73.4 (PhCH,0), 78.6 (C-3), 82.1 (C-4), 105.2 (C-1), 127.6-128.3 (aro-
matic).

N.m.r. data for 114: 'H [(CD,),S0], ¢ 2.05-2.45 (m, 2 H, H-2,2), 3.30 (s, 3 H,
OMe), 3.42-3.60 (m, 2 H, H-5,5), 4.00-4.43 (m, 2 H, H-3,4), 443-4.65 (d, 4 H, 2
PhCH,0), 5.02-5.18 (q. 1 H, H-1), 7.20-7.50 (d, 10 H, 2 Ph); ’C (CDCl,), 6 39.3 (C-2),
54.9 (OMe), 70.2 (C-5), 72.0 (PhCH,0), 73.3 (PhCH,0), 80.0 (C-3), 82.8 (C-4), 105.4
(C-4), 127.6-128.3 (aromatic).

3,5-Di-O-benzyl-2-deoxy-v-erythro-pentose diethy! dithioacetal (12). — Conc.
hydrochloric acid (11.2 mL) was added dropwise to a stirred mixture of 11 (28 g, 85.3
mmol) and ethanethiol (11.7 g, 188 mmol) at 0°, and stirring was continued for 20 h at
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room temperature. The mixture was worked-up as described for 6. except that hexane
cthyl acetate (4:1) was used in the column chromatography. The first component eluted
(R, 0. 79) isolated as a colourless syrup, was 12(29.1 g, 81%), [+], — 24" (¢ 2. 4. cthanol).
Nom.r, data: 'H [(CD),SOL 6 1.00 1.28 (m. 6 H. 2 CH.CH.SY. 180 210 (m, 2 H.
H-22).233- 272 (m, 4 H. 2 CH.CH.S) 338 359 ¢d. 2 HO H-5.5) 370 408 (. 3 H.A
H-1.3.4).4.33-475(m, 4 H. 2 PhCH.0).4.95 505{d. I H. H(‘a 43720 T A3 0L
Ph): "C(CDCL), 0 144 (CHCHLS) 235 and 243 (CH . CHL.S), 37 300223, 47 8 (C-5).
70.9{C-3). 71.84(C-4). 72.8{PhCH.0). 734 (Ph(H.)L 77 5 {(1-§ 12T %128 4 (aromat-
1c). F.a.bo-mass spectrum; n 4”() (M

Anal. Cale. tor C,.H,O8.: C.657: H. 7.7 Found: €, 659 H. 77

The next fraction (R, ().52) was 3.4-di-O-benzyl-2-deoxy-D-criihro-pentose
diethyl dithicacetal (13; 2.8 g 89%%). isolated as a colourless svrup, Nonr datar 'H
(CD),SOL e LO130(m 6 H.2ZCH CH.S)L T80 210 0m, 2 HUH-2.20, 2300 272 (m. 4
H.2CHCH.5).3.40-3.60(d. 2L H-5.5, 375 410 m. 3 HUH-L3. 40 431 4.75(m. 4

H. 2 PRCH.O) 470 482 d | H, HO-4) 730 (s, 10 HL 2 Pl 7CCDCEH)L & 1404
(CHL.CH.S). 23,5 and 24.5 (CHL.CH, S 8.7 {(—2}. 481 (C-50 614 (C-3, 7203
(PhCH-O). 721 (PhCH-OL 771 (C-4) BET{C-10 127 1284 (aromatic),

3.3-Di-O-henzvi-2-deox v-4-0- nm'lmncsu/p/wnymv»cr_'yihm-;»w‘zimv dictivt dith-
foucetal (14). - (ompmm 14(1.8 2. 100%), o], - 35 (¢ 2.2, cthanoll. was prepared
from 15 (1.5 g, 3.6 mmol) und methanesulphony! chloride (0.62 g, 3.4 mmol) by the
procedure used for the prupdmlmn of 8, except that column chromatography was not
performed. '"H-N.m.r. data [(CD,1,SOL 4 1.00 1.30(m. 6 H.2CHCH S ETT 208 (m.
2HH-22). 231275 tm. 4 HL 2 CHCHLSY, 3007 (s 3 HL Msy 354 417 im0 4 HL
H-1.3.55).438 485 (m 4 H.2PhCH.O) 493 S35 0m P HOH- 725 7 40¢(d 10 HLD2
Ph). F.a.b-mass spectrum: a2 498 (M 4

Anal. Cale. for C,H O.5,0.51,0: C.56.8; H. 7.0. Found: €. 56.9. H. 6.9,

7.3-Di-O-benzyvi-2-deoxy ~4"()~(5.ﬁ“[ffl)‘](’l/!}'l“/..ﬁ.j-r.firi w,n/zn.xp}mr!mm -2
erythro-pentose diethy! dithioaceral (15). To a stirred solution of 2-chlore-3.5-
dimethyl-1.3.2-dioxaphosphorinane' (0§ g. 4.7 mmol) and dry tricthvlamine (0.8 mi .
87 mmol) in dry benzene (20 mL) at 0 was added dropwise a solution ol 12(1 0 ¢, 2.4
mmol) in dry benzene (10 m). After 10 min. the mixture was filtered and the henzene
was removed i racuo. Column Lhrmmm)z.rdph\ {hexane ¢thyl ucctate. Y1) of the
residue gave 15 (0.5 g. 385, as a colourless syrup. "H-N.m.r. data [(C1D ) SO} 6 0.64 (s
MO Me-59 110125 (m 9 HL 2 CH.CHLS and Me-59, 180 2070 (m. 2 H. H-2.00
240 270 (m 4 HL 2 CHLUOHSS 320 35501, 2 H HA-5.5) 359 31 6] {d 2 M-
390 410 (m. 4 H O H-4.4.6.6'1.4.40 4.53(m, 4 H, 2PhC{/.0).4.65 4.70(d, 1 H. H-4),
7.20-7.36 (m. 1O H, 2 Ph). F.ab-mass s‘pec(rmn: s SS3 (M

Anal. Cale. for C, H OPS.: Coo08: H. 7.5 Found: €. ot 1 HL 7.6,

3.5-D i—()-/u*u:yIn?ﬂh oxy ~-4—O—(5.5~(Jm1(’!/1,\'/—34/1;}mu- 1.3 2-dioxaphosphorinan-2-
vh-D-crythro-pentose diethyvl dithioacetal (16). Towstirred solution ol 15(0. 45 ¢, 0.81
mmol) in dry benzene (5 mLyat 10 was added elemental sulphur {34 mg. 1.67 mmoh
The mixture was stirred at room temperature for 24 h, then concentrated in racuo.
Column chromatography (hexane ethyl acetate. 9:1) of the residue gave 16 (049 o
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86%), isolated as a colourless syrup, [a]; —10° (¢ 1.5, ethanol). '"H-N.m.r. data
[(CD,),S0]: 6 0.76 (s, 3 H, Me-5), 1.00-1.28 (m, 9 H, 2 CH,CH,S and Me-5'), 1.85-2.10
(m, 2 H, H-2,2), 2.38-2.70 (m, 2 CH,CH,S), 3.60-4.23 (m, 8 H, H-1,3,5,5,4',4',6',6"),
4.44-475 (m, 4 H, 2 PhCH,0), 4.75-4.89 (m, 1 H, H-4), 7.22-7.39 (m, 10 H, 2 Ph).
F.a.b.-mass spectrum; m/z 584 (M1).

Anal. Calc. for C, H, ,O,PS;: C, 57.5; H, 7.1. Found: C, 57.6; H, 7.2,

3,5-Di-O-benzyl-2-deoxy-pD-erythro-pentose dibenzyl dithioacetal (21). — Conc.
hydrochloric acid (150 mL) was added dropwise to a stirred mixture of compound 11
(77.5 g, 236 mol) and a-toluenethiol (147 g, 1.19 mol) at room temperature. The
temperature was then raised to 40°, stirring was continued for 18 h, and the mixture was
worked-up as described for 12. The first fraction (R, 0.58 and 0.53; hexane-cthyl
acetate, 4:1) eluted from the column, and isolated as a colourless syrup, was benzyl
3,5-di-O-benzyl-2-deoxy-1-thio-a,B-D-erythro-pentofuranoside (20; 3 g, 3%). 'H-
N.m.r. data [(CD,),80]: 6 1.35-2.35 (m, 2 H, H-2.2), 3.30-4.12 (m, 6 H, H-3,4,5,5 and
PhCH,S),4.364.59 (m,4 H,2PhCH,0),4.94-5.12 (m, 1 H, H-1),7.15-7.43(m, 15H, 3
Ph). F.a.b.-mass spectrum: m/z 420 (M ¥).

Anal. Calc. for C, H,,0,5: C, 74.3; H, 6.7. Found, C, 74.4; H, 6.5.

The second fraction (R 0.29) eluted and isolated as a colourless syrup was 21 (109
g, 85%), [a]5 —102° (¢ 2.0, ethanol). '"H-N.m.r. data [(CD,),SO): 6 1.83-2.10 (m, 2 H,
H-2,2),3.32-3.44 (d,2 H, H-5,5), 3.66-3.81 (m, 7H, H-1,3,4 and 2 PhCH,S), 3.95-4.47
(m,4 H, 2 PhCH,0), 4.95-4.97 (d, 1 H, OH-4), 7.05-7.35 (m, 20 H, 4 Ph). F.a.b.-mass
spectrum m/z 298 [M —2 SBn]*.

Anal. Cale. for C;;H,0,S,: C, 72.8; H, 6.7. Found: C, 73.0; H, 6.5.

The third fraction (R 0.22) eluted was 3,4-di-O-benzyl-2-deoxy-p-erythro-pen-
tose dibenzyl dithioacetal (22; 6.4 g, 5%), isolated as a colourless syrup. 'H-N.m.r. data
[(CD,),S0]: 6 1.85-2.12(m, 2 H, H-2,2), 3.33-3.88 (m, 9 H, H-1,3,4,5,5 and 2 PhCH,S),
3.98-4.64 (m, 4 H, 2 PhCH,0), 4.70-4.74 (¢, 1 H, OH-5), 7.08-7.35 (m, 20 H, 4 Ph).
F.a.b.-mass spectrum: m/z 544 (M ).

Anal. Calc. for C;;H,,0,S,: C, 72.8; H, 6.7. Found: C, 72.6; H, 6.6.

3.5-Di-O-benzyl-2-deoxy-4-O-methanesulphonyl-nD-erythro-pentose dibenzyl dith-
ioacetal (23). — Compound 23 (4.6 g, 100%), prepared from 21 (4.0 g, 7.4 mmol) and
methanesulphonyl chloride (1.3 g, 11.3 mmol) by the procedure used for the preparation
of 8 except that silica gel chromatography was not performed, had [a]5 —41° (c 2.3,
dichloromethane). '"H-N.m.r. data [(CD,),SO): § 1.80-2.13 (m, 2 H, H-2,2),3.12 (s, 3 H,
Ms), 3.52-4.00 (m, 8 H, H-1,3,5,5 and 2 PhCH,S), 4.00-4.60 (m, 4 H, 2 PhCH,0),
4.87-5.09 (m, 1 H, H-4), 6.96-7.41 (m, 20 H, 4 Ph). F.a.b.-mass spectrum: m/z 531
[M —PhCH,]*.

Anal. Cale. for C,,H;,0,S;: C, 65.6; H, 6.2. Found: C, 65.3; H, 6.3.

Benzyl 3,5-Di-O-benzyl-2-deoxy-14-dithio-L-threo-pentofuranoside (25). — A
mixture of 23 (1.5 g, 2.4 mmol), sodium iodide (3.8 g, 25 mmol), barium carbonate (7.5
g, 38 mmol), and dry acetone (45 mL) was boiled under reflux for 42 h, then filtered. The
solids were washed with chloroform, and the combined filtrate and washings were
washed with water, aqueous 5% sodium thiosulphate, and water, dried (MgSO,), and
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concentrated. Column chromatography (hexane ethyl acetate, 9:1} of the residue gave
25 (R, 0.32). isolated as a shghtly yellow syrup (0.42 g. 40%). and 23 (R, 0.09: 0.45 ¢.
30%). Nom.r. data: 'H [(CD,),SOJ, 4 1.81-2.50 (m. 2 H. H-2.2), 338 3.96 (m. S H.
H-3.55and PhCH.S). 413453 (m. 6 H. H-1.4and 2 PhCH.O). 726 733 (m 1S H 2
Ph): "C(CDC). 6 37.0(C-22.05), 40.4((\—51).41.‘) {(C-3/0). 476 (C-dx) 4R.9(C-4f). 509
(PhCH.Sz). 516 (PhCH.S/). 69.5 (C-3f). 70.4 ((‘-—17) THe (PhCH.Oxp). 732
(PhCH.Oxf5). 80.8 (C-la.fiy. 127112 8 @ (aromatic). F.a.b.-mass spectrum: a1z 430
(M)

Anal. Cale. for C, H., 0.8, C.71.5: H, 6.5: 8. 147 Found: C. 71 7 HL6.8:5. 14 4.

3.5-Di-O-henzy /»7 - (/1(/( oxy-D-glvcero-peni-d-cinase dibenzvi dithiouceral (26).
A mixture of 23 (120 mg. 0.23 mmol). barium carbonate (0.5 g, 2.5 numol). and dry
acetone (5 mL) was boiled under reflux for 18 h, then worked-up as described for 25, to
give 26 (R, 0.36: hexane-cthyl acetate. 9:1), 1solated as a clear syrup (40 mg. 39%)
'H-N.m.r. data [(CD:),SO}: ¢ 3.38-4.60 (m. 11 H,H-2.2.5. 2 PhC# O, and 2 PhCH.S).
5.30-5.70 (m. 1 H. H-1).6.20 6 36 (d, 1 H, H-4), 7.02-7.48 (m. 20 HL 4 Phy,

Anal. Cale. for C,,H, 0.5, H.O: C.72.8: H. 6.7 Found: €. 725 H. 6.6,

4-O-Benzoyl-3.5- ‘/1 O-benzyi-2-deoxy-p-erythro-pentase  dibenzyi dithioacetal
(27). — Toastirred solution of 21{0.5 g. 0.92 mmoly in dry pyridine (3 ml) was added a
solution of benzoyl chloride (0.14 g, 1 mmol) in dryv pyridine (2 mL) dropwise at 0.
After 10 min, methanol (10 mL) was added, the solvent was removed in vacuo. and o
solution of the residue in dichtoromethane was washed with 2M hvdrochloric acid. M
sodium carbonate, and water. dried (MgSO,). and concentrated. Column chromatog-
raphy (hexane-ethyl acetate, 9:1) of the restduc gave 27 (0.41 g, 69% ). solated as a
slightly yellow syrup. [2];; — 52.0° (¢ 1.7, dichloromethane). "H-N.mr. data [(CD3.50]:
O 1.88-2.20(m, 2 H, H-2.2). 3,51 4.08 (m. 8§ H. H-1.3.5.5and 2 PhC/1.8). 4.08 4.60 (m,
4 H.2 PhCH,0). 5.38 5.60 (m. 1 H. H-4). 6.92-8.04 (m 25H 3 Ph

Anal. Cale. for C, ) H,, 0.5, H,O: C.72.5: H. 6.4, Found: €. 727 H. 6.3

4-0-Benzoyl-3 5-di-O-henzvl-2-deoxy-L-threo-pentose dibenzyi dithioucetal (28).

- To a stirred solution of 21 {54.1 g, 99.3 mmol). trlphm}rl)hmphxm_ (391 g 149

mmol). and benzoic acid (18.2 g, 149 mmol) in dry tetrahydroturan (200 m L) was added
a solution of diethyl azodicarboxylate (26.0 g, 149 mmol) in dry tetrahyvdrofuran (200
mL) dropwise at room temperature. The mixture was stirred at room temperature for 8
h. then concentrated in vacue. Column chromatography (hexane ethyi acetate, 85:15)
of the residue gave 21 (31 g. 57%) and 28 (25.8 g, 40%) isolated as a white solid. [«};]
- 52" {¢ 0.7, dichloromethane). '"H-N.m.r. data [(CI>,),SOJ: 0 1.84 217 (m, 2 H. H-2.2).
3.62-4.01 (m. 8 H, H-1.3,5.5 and 2 PhCH.5). 4.04-4.54 (m. 4 H. 2 PhCH.O). 5.22 539
(m., t H. H-4), 695799 (m, 25 H. 5 Ph). Fab-mass spectruny o 525
[M —SCH.Ph}:.

Anal. Cale. for C, H,,0,S:: €, 74.0: H. 6.2. Found: C. 74.3: H. 6.4,

3.5-Di-O-benzyi-2-deoxy-L-threo-pentose dibenzyl dithioaceral (29). - To 4
stirred solution of 28 (88.8 g. 137 mmol) in dichloromethane (500 mL) was added a
solution of sodiurm methoxide (1.1 g. 206 mmol) in methanol (205 mL) dropwisc at (.
The mixture was allowed to attain room temperature during 3 h. poured inte agueous
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5% NaH,PO,, and extracted with dichloromethane. The extract was washed with
aqueous 5% sodium hydrogen carbonate and water, dried (MgSQO,), and concentrated.
Column chromatography (hexane—ethyl acetate, 4:1) of the residue gave 29 (72.0 g,
98%), isolated as a colourless syrup, [¢]f —75.6° (¢ 1.9, ethanol). '"H-N.m.r. data
[(CD,),SO]: 6 1.84-2.08 (m, 2 H, H-2,2), 3.324.83 (m, 9 H, }i-1,3,4,5,5 and 2 PhCH,S),
4.00-4.55 (m, 4 H, 2 PhCH,0), 4.86-4.88 (d, 1 H, OH-4), 7.06-7.34 (m, 20 H, 4 Ph).
F.a.b.-mass spectrum m/z 297 [M — 2 SCH,Ph + H]*.

Anal. Calc. for C;;H,,0,S,: C, 72.8; H, 6.7. Found: C, 72.6; H, 6.9.

3,5-Di-O-benzyl-2-deoxy-4-O-methanesulphonyl-L-threo-pentose dibenzy! dith-
ioacetal (30). — Compound 30 (68.2 g, 97%) was prepared from 29 (61.4 g, 113 mmol)
and methanesulphony! chloride (19.4 g, 169 mmol), as described for 8, except that
column chromatography was not performed. The product was crystallised from hex-
ane-cthyl acetate and had m.p. 82-83°, [a]5 —58° (¢ 2.4, dichloromethane). '"H-N.m.r.
data [(CD,),S0]): 6 1.80-2.12 (m, 2 H, H-2,2), 3.11 (s, 3 H, Ms), 3.43-4.05 (m, 8 H,
H-1,3,5,5 and 2 PhCH,S), 4.094.60 (m, 4 H, 2 PhCH,0), 4.64-4.88 (m, 1 H, H-4),
6.89-7.64 (m, 20 H, 4 Ph). F.a.b.-mass spectrum: m/z 499 [M — SCH,Ph]*.

Anal. Cale. for C, H;O.S,: C, 65.6; H, 6.2. Found: C, 65.5; H, 6.1.

Benzyl 3,5-di-O-benzyl-2-deoxy- 1 ,4-dithio-o,f-D-erythro-pentofuranoside (31). —
Compound 31 (7.9 g, 38%) was prepared from 30 (29.4 g, 47.7 mmol), sodium iodide
{74.0 g, 494 mmol), barium carbonate (148 g, 750 mmol), and dry acetone (1 L), as in the
preparation of 29, and 30 (29 g, 39%) was also recovered. N.m.r. data: '"H [(CD,),SO], é
1.94-2.44 (m,2 H, H-2,2), 3.35-4.09 (m, 5 H, H-3,5,5 and PhCH,S), 4.13-4.66 (m, 6 H,
H-1,4 and 2 PhCH,0), 7.12-7.50 (m, 15 H, 3 Ph); "*C (CDCl,), § 37.0 (C-2a,5), 41.0
(C-5), 41.3 (C-50), 49.0 (C-4a), 49.9 (C-4p), 53.0 (PhCH,Sa), 53.2 (PhCH,SB), 71.0
(C-3p), 71.6 (C-3x), 72.9 (PhCH,Oun), 73.1 (PhCH,Sp), 82.7 (C-1a), 83.04 (C-1p),
127.1-129.0 (aromatic). F.a.b.-mass spectrum: m/z 437 (M + H]*,

Anal. Cale. for C, H,0,S,: C, 71.5;H, 6.5;S,14.7. Found: C, 71.8; H, 6.7; S, 14.4.
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