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ABSTRACT 

Two routes for the synthesis of methyl 5-S-acetyM-deoxy-2,3-Gisopro- 
pylidene-5-thio-L-mannofuranoside (8) have been examined. Reaction of L-rhamnose 
with methanol in the presence of cation-exchange resin gives methyl 6-deoxy-a~L- 
mannofuranoside (2), which on conventional acetonation yields methyl 6-deoxy- 
2,3-O-isopropylidene-a-L-mannofuranoside (3). Compound 3 is also obtained by 
acetonation of L-rhamnose followed by treatment with a mixture of methanol, 
acetone, and Amberlite IR-120(Hc) resin. Chlorination of 3 with triphenyiphosphine- 
carbon tetrachloride gives methyl 5-&loro-5,6-dideoxy-2,3-U-isopropylidene-/3-D- 
gulofuranoside (7), which reacts with potassium thioacetate to give 8. Alternatively, 3 
is oxidized with ruthenium tetraoxide to methyl 6-deoxy-2,3-&isopropylidene- 
a-L-lyxu-hexofuranosid-5-ulose (9), which is reduced by sodium borohydride mainly 
to methyl 6-deoxy-2,3-O-isopropylidene$-D-gulofuranoside (IO). The U-‘rosy1 
derivative of 10 reacts with potassium thioacetate to produce 8. Hydrolysis of 8 with 
90% aqueous trifluoroacetic acid, followed by acetolysis with a solution of acetic acid, 
acetic anhydride, and sulfuric acid gives an anomeric mixture of 1,2,3,4-tetra-O- 
ace@-6deoxy-Qhio-L-mannopyranoses (12), together with a small proportion of 
1,2,3-tri-U-acetyl-5-S-acetyl-6-deoxy-S-thio-B-~-ma~ofumnose (13). Deacetylation 
of 12 or 13 gives Sthio-L-rhamnose (6), from which crystalline 1,2,3,4-tetra-0-@- 
nitrobenzoyl)-5-thio-jk-rhamnopyranose (14) is obtained. 

INTRODUCTION 

During the past few years this laboratory and others have been concerned with 
synthesis and biochemical characterization of sugar analogs containing sulfur in place 

of the ring oxygen-atom. These analogs possess interesting biological properties. Thus, 
5-thio-D-glucose is an inhibitor of D-ghmXe transport in many tissues’ and acts as a 

. 

*Dedicated to the memory of Professor J. K. N. Jones, F.R.S. 
*Journal paper No. 6468 of Purdue Agricultural Experiment Station. This work was supported, in 
part, by grant from Adria Laboratory, Inc., Wilmington, DE 19801. 
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male antSertiliw agent2. Analogs of nucleosides, nucleotides, antibiotics, and sugar 
phosphates made from Mhio-rkbose and 5-thio-D-glumse a&o have shown novel 
biochemical properties . 3-6 We are now engaged in the synthesis of 5’-thio analogs of 
the anthracycline antibiotics, daunorubicin and adriamycin, which have shown 
promise in the clinical treatment of cancers ‘-‘. Here we report the synthesis of 5-thio- 
L-rhamnose (Gdeoxy-Sthio-L-mannose), which might be converted into thio analogs 
of anthracycline antibiotics by reactions similar to those used for the synthesis of the 
foregoing antibioticsq=lo. 

DISCUSSION 

Although prolonged reaction ’ ’ of 6-deoxy-L-mannose with methanolic 
hydrogen chloride gives exclusively methyl 6-deoxy-L-mannopyranoside (l), we found 
that brief treatment of r&utmnose with a mixture of methanol and Amberlite 
IR-120(F) resin gave a 30% yield of methyl 6-deoxy-a-L-mannofuranoside (2), 
together with 70% of the pyranoside 1. The furanoside 2 was separated from 1 by 
chromatography on a column of neutral silica gel, but if commercial silica gel was 
used, a portion of 2 was found to change into 1. Common chromatographic-grade 
silica gel is considered to be an acidic catalyst’ *, although complete information as to 
the nature of the acidic sites is not available. Conversion of 2 into 1 likely involves 
acid-catalyzed alteration in ring size. 

The furanoside 2 was converted in quantitative yield into its 2,3_isopropylidene 
acetal3 by refiuxing 2 with a mixture of acetone and anhydrous copper suEate; the 
use of an acidic catalyst for the isopropylidenation reaction was avoided because of 
the possibility of ring migration ’ 3 v ’ 4. Another route to 3 was by ,treating L-rhamnose 
with acetone to give a 100% yield of crystalline fkleoxy-2,3-U-isopropylidene-L- 
mannose, which on further treatment with a mixture of methanol, acetone, and 
IR-12O(H+) resin gave a 60% yield of 3, together with 20?/0 of methyl 6-deoxy-2,3-G 
isopropylidene-cz-r_-niannopyranoside (4) and 5% of its B-L anomer 5. The other 
possibIe isomer, methyl 6-deoxy-2,3-O-isopropylidene-~-L-mannofuranoside, was not 
formed. This is expected, because the /I-L-rhamnofuranoside has all of the substituents 
k-disposed- on a five-membered ring, and the fusion of a cyclic isopropylidene ring 
would create considerable strain In producing the fi-L-furanoid form. 

Equilibrium in aqueous solution between furanoid and pyranoid forms of 
6-deoxy-2,3-O-isopropylidene-L-mannose has been examined1 5 * ’ 6, and the equili- 
brium mixture shown” to contain 65% of E-L furanoid, 25% of a+pyranoid, and 
10% of /3-r_.-furanoid forms. The formation of different proportions of 3, 4, and 5 
from the reaction of 6-deoxy-2,3-U-isopropyhdene-cmannose was probably the 
result of a similar equilr&rium. The n.m.r. spectrum of 3 showed H-l resonating as a 
singlet and H-2 as a doublet (J2,3 6 Hz); the data were compatible with the cz-r..-furanoid 
structure for 3The hydroxyl proton gave a broad signal at z 7.4 that disappeared on 
exchange with DsO. The other features of the n.m.r. spectrum resembIdd those 
rec&ded”~r8 for compounds possessin g similar structures. The n.m.r.-spectral 
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parameters of 4 are similar to the recorded data*, and the negative optical rotation of 
4 was consistent with the a-L-pyranoid structure. The n.m.r. spectrum of the fl anomer 
(5) showed the H-I resonance as a doublet (J1,* 2.5 Hz). The hydroxyl proton signal 
of 5 appeared at z 7.1 and disappeared on exchange with D20. 

As chIoro sugars have proved valuable as intermediates in the preparation of 
amino sugarGg and 5-thio-D-glucose2*, the conversion of 3 into Mhio-L-rhamnose 
(6) via a chioro derivative was examined. Triphenylphosphine has been found to be 
a useful aid20PZ1 in the direct replacement of primary and secondary hydroxyl 
groups by chiorine; in the absence of a participating group, this reagent effects 
chlorination with inversion of configuration at a carbon atom bearing a hydroxyl 
group. By treatment of 3 with a mixture of triphenylphosphine and carbon tetra- 
chloride, methyl 5-cbloro-5,6-dideoxy-2,3-O-isopropylidene-~-~~lofu~noside (7) 
was obtained in 40% yield. The n.m.r. spectrum of 7 showed the H-l signal as a 
singIet, H-4 as a doublet of doublets, and H-6 as a doublet at t 8.45 (J5,6 6 Hz). The 
slight downfield shift of the H-6 signals as compared to those of 3 (at T 8.65) was 
attributable to the presence of chiorine on C-5. e 

Previously, our Iaboratory effected 2o the displacement of both primary and 
secondary chlorine atoms of a dichloro sugar derivative by heating it with potassium 
thioacetate in boiling acetone. Under similar conditions, the,- was no reaction 
between 7 and potassium thioacetate, nor at lUO”, even in a more-polar solvent such 
as NJV-dimethylformamide. By raising the temperature to 130”, a slug@sh reaction 
started, but even after 10 days, the yield of methyl 5-S-acetyl-6-deoxy-2,3-O-iso- 
propylidene-Whio-cr-cmannofuranoside (8) was only 10%. Longer reaction-times 
and higher temperatures did not increase the yieId of 8, but resulted in decomposition 
of 7. 

Because of this extremely low yield of S, a second route for the preparation of 8 
from 3 was developed. Compound 3 was converted in 100% yield into methyl 
6-deoxy-2,3-O-isopropylidenea-L-lyxo-hexofuranosid-5-ulose (9) by oxidation with 
ruthenium tetraoxide. The i.r. spectrum of 9 showed the expected cart;onyI peak at 
1718 cm-‘, and, in its n.m.r. spectrum, the H-l signal was a singlet, N-2 a doubIet 
(.7z,J 6 Hz), H-4 a doublet (J3,4 4 Hz), and H-6 a singlet. Reduction of 9 with sodium 
borohydride yielded 80% of the known17 methyl 6-deoxy-2,3-O-isopropylidene-j?- 
D-gulofuranoside (10) and 20% of 3. A molecular model of 9 showed that its favored 
conformation is one in which the carbonyl group at C-5 has the maximum distance 
from O-4 and O-3, and the stereoselectivity 2 2 of the reduction by sodium borohydride 
was therefore due to attack by the hydride ion from the less-hindered side of the 
carbonyl group. By modifying the literature procedure”, through use of a higher 
temperature and Ionger reaction-time, the hydroxyl derivative 10 was converted into 
its tosyl derivative 11 with an increase in yield from 34 to 96%. The nucleophilic 
dispIacement of the p-tolylsulfonyloxy group of 11 with potassium thioacetate in 
NJWimethyIformami de gave 8 in 60% yield. The i-r. spectrum of 8 showed the 

*AngyaI er oz.‘s recor&d the n.m.r. spectrum of a sample of 4 which might have contained some 5. 
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S-ace@ peak at the expected 1685 CIII-~ regio~i, and the acctyl thio protons showed 
an n.m.r. signal at t 7.72. The H-l signal appeared as a singlet, whereas H-2 was a 
doublet (.12.s 6 Hz) and H-3 a quartet (Js,4 2.5 Hz). Hydrolysis of 8 with 90% aqueous 
trifluoroacetic acid, followed by treatment with a solution of acetic acid, acetic 
anhydride, and sulfuric acid yielded 1,2,3,4-tetra-U-acetyl-5-thio-L-rhamnopyranose 
(12) as a mixture of cL and p anomers, together with a small proportion of 1,2,3-u-i-O- 
acetyl-5-S-acetyl-5-thio+-L-rhamnofuranose (13). The n.m.r. spectrum of 12 
indicated the absence of S-acetyl and U-methyl groups, and its i.r. spectrum showed 
O-ace@ absorption at 1740 cm- ’ but no absorption at 1685 cm- ’ (S-acetyl). The 
infrared spectrum of 13 showed the 0-acetyl peak at 1750 cm- i, and the S-acetyl 
absorptions occurred at 1685 cm-r. The H-l signal of 13 appeared as a doublet 
(Jr ,Z 3.7 Hz), suggesting the /Z-L couliguration. The n.m.r. spectrum also showed signals 
characteristic of O-ace@, .S-acetyl, and C-methyl protons. Deacetylation of both 12 
and 13 gave the same product, namely 5-thio-L-rhamnopyranose (6) and the thio- 
pyranoid structure for 6 was cotirmed by the absence of an i-r. peak at 2550 cm- ’ 
(SH). The thio sugar 6 reacted with p-nitrobenzoyl chloride in pyridine to give an 
anomeric mixture of 1,2,3,4-tetra-O-(p-nitrobenzoyl)-5-thio-~-rhamnopyranop~anose (14), 
from which the j.? anomer was separated by chromatography_ 

EXPERIMENTAL 

General methods. - Purity of products was determined by thin-layer chromato- 
graphy (t.1.c.) on glass plates coated with silica gel G (E. Merck, Darmstadt, 
Germany) and irrigated with A, 6: 1 hexane-ethyl acetate, B, 2: 1 hexane-ethyl acetate, 
C, 3: 1 hexane-ethyl acetate, D, 9:2 chloroform-acetone, E, 6: 1 chloroform-methanol, 
and F, 19:l benzene-methanol. Components were located by spraying the plates with 
5% sulfuric acid in ethanol and heating. Column chromatography was performed on 
silica gel powder (J. T. Baker Chemical Co.). Neutral silica gel was prepared by 
washing commercial silica gel with ammonium hydroxide solution and reactivated 
by heating. Columns were eluted with G, 15:l chloroform-methanol, H, 15:l hexane- 
ethyl acetate, 1, 6: 1 hexane-ethyl acetate, J, 15:l chloroform-acetone, and K, 1:lO 
chloroform-hexane. Optical rotations were measured on a Perkin-Elmer model 141 
polarimeter. N.m.r. spectra were determined with a Varian T-60A spectrometer in 
chloroform-d (lMe,Si as the internal standard) or deuterium oxide (DSS as internal 
standard). 1.r. spectra were obtained with a Perkin-Elmer Model 337 spectrometer. 
Ruthenium dioxide hydrate was obtained from Ventron, Danver, MA. The source of 
this reagent is important, as some other suppliers produce material leading to low 
reaction-efficiencies. Evaporations were conducted under diminished pressure with 
a bath temperature below 40”. 

Methyl cc-L-rhmnnofuranoside (2). - A solution of L-rhamnose (15 g) in 
methanol (500 ml) was boiled for 1.5 h under reflux with 20 g of Amber& IR-120(H+) 
resin. The mixture was cooled, filtered, and the filtrate evaporated to a syrup that 
was chromatographed on neutral silica gel. Elution with solvent (G) gave two 
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ccmponents, and the fractions containing the furanoside 2 (4.9 g, 30%) gave a 
crystalline solid. An analytical sample of 2 was obtained by crysfahization from ether; 
m.p. 58”, [a]? - 92” (c 1.2, chloroform) /JiLz3 m-p. 62”, [cififs - 98.6” (c 2.2, water); 
n.m.r_ (CDCI,): r 5.0 (s, H-l), 6.4 (s, OCH,), 8.6 (d, Js,6 7 Hz, H-6), and 5.2-6.15 
(m, 7 protons); Pz: 3440 cm-’ (OH). 

Anal. Calc. for C,Hr405: C, 47.18; H, 7.92. Found: C, 47.20; H, 7.87. 
The fractions containing the component having a lower RF value than 2 were 

evaporated to give methyl a&r.-rhamnopyranoside (1, 1 I,2 g, 70%) as a syrup; 
k&” -32”; n.m.r. (D,O): 5 4.65, 6.70 (pair of singlets, OMe of a and /3 anomers), 
and 8.75 (d, J5,6 6 Hz, H-6). 

Anal. Calc. for C7H1.+05: C, 47.18; H, 7.92. Found: C, 47.32; H, 7.75. 
2,3-0-lsopropyiidene-L-rhamraose. - A &ixturf of L-rhamnose (18 g), acetone 

(400 ml), and anhydrous copper sulfate (30 g) was heated for 4.5 h at reflux. T.1.c. 
with solvent (E) indicated complete conversion of L-rhamr:,;_ into a single product. 
The mixture was titered and the filtrate evaporated to a sy; “p i.22 g) that crystallized 
on storing for 10 days at 0”. After crystallization from heXaD,z, 2,3-U-isopropyiidine- 
L-rhamnose had m.p. 93” (ht. ls m.p. 92-93’). 

Methyl 6-deoxy-2,3-0-isopropyiiciene-=r-L-manno@ronoside (3). - A. From 2. 
A mixture of 2 (1.8 g) in acetone (200 ml) and anhydrous copper sulfate (15 g) was 
heated for 4 h at reflux. T.1.c. with irrigant (0) indicated complete conversion of 2 
into a singIe product, The mixture was filtered and the filtrate was evaporated to give 3 
(2.2 g, 100%) as a colorless syrup. The acetal3 had [&’ - 53.3” (c 0.9, chloroform); 
vz:z 345Ocm-’ (OH); n.m.r. (CDCl,): T 5.1 (s, H-l), 5.5 (d, f2,3 6 Hz, H-2), 5.95 
(q, H-5), 6.35 (4, J3.4 4, J& 7 Hz, H-4), 6.7 (s, OMe), 7.4 (broad OH signal which 
disappeared on exchange with D,O), 8.65 (d, Jsse 5 Hz, H-6), 8.55, and 8.75 (CMe,). 

And Cab for C,J-&O,: C, 55.02; H, 8.31. Found: C, 55.00; H, 8.45. 

B. From 2,3-0-isopropyhlene-L-rfiamnose. - A mixture of 2,3-O-isopro- 
pylidene-L-rhamnose (10 g), acetone (160 ml), methanol (120 ml), and 20 g of 
Amberlite IR-120 (H’) resin was boiled for 1.5 h at reffux. The mixture was filtered 
and the atrate evaporated to a syrup that was chromatographed on a column of 
silica gel. Elution with sokent (J) gave three components, the first containing 6.5 g 
(60%) of 3, identical with a sample of 3 obtained from 2. 

The fractions of the component having slightly Iower RP value than 3 gave 
methyl 6-deoxy-2,3-U-isopropylidene-a-L-mannopyranoside (4, 2.2 g, 20%) as an oil ; 
k&Y -23” (c 3, chloroform) (ht.” [a]:’ - 10.65’); v’g 3440 cm-’ (OH); n.m.r. 
(CDCI,): r 5.22 (s, H-I) 6.65 (s, OMe), 8.45, 8.58 (CMe,) and 8.8 (d, .i5,6 5.8 Hz, 
H-6); n.m.r. (l&O): r 5.15 (s, H-l), 5.8 (d, J2,5 5.5H2, H-2), 6.05 (H-3), 6.67 (s, 
OMe, 8.5, 8.75 (CMe,), and 8.8 (J5,6 5.8 Hz, H-6). 

Anal. CaIc. for C,,H,eO,: C, 55.02; H, 8.31. Found: C, 54.88; H, 8.52. 
The fractions containing the component having the lowest R, value were 

evaporated to give methyl 6-deoxy-2,3-O-isopropyhdene-fl-&mannopyranoside (5) 
(OS g, 5%); [a]g5 +98’ (c 3, chloroform); tizg 3450 cm-’ (OH); n.m.r. (CDCQ: 
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z 5.4 (d, J1_2 3 Hz, H-l), 6.0 (t, J 2,3 = J3,4 6 Hz, H-3) 3.75 (q. H-2), 6.45 (s, OMe), 
8.45, 8.6 (CMe,), and 8.75 (d, JSB6 5.5 Hz, H-6). 

Ana!. Calc. for CIoHz,O,: C, 55.02; H, 8.31. Found: C, 54.75; H, 8.60. 

Mezhyl 6-chloro-5,6-dideoxy-2~-O-isopropyiidene-~-~-guiof~~loside (7). - A 
mixture of 3 (I.09 g) in carbon tetrachloride (100 ml) was boiled for 5 h under reflux 
with triphenylphosphine (6.0 g) and 10 g of molecular sieve (Matheson, Coleman and 
Bell)- The mixture was filtered and the f&rate evaporated to a solid mass that was 
extracted with hexane. The extract was evaporated to a residue that was chromato- 
graphed on silica gel. Elution with solvent (K) removed the unreacted triphenyl- 
phosphine, and further elution with solvent (H) gave the crystalhne chloro derivative 7 
(470 mg, 40%). After crystallization from hexane, 7 had m.p. 54”, [a]g5 -97.9, 
(c 1.3, chloroform); n.m.r. (CDCI,): r 5.18 (s, H-l), 5.3-6.05 (m, H-2, H-3, H-5), 
6-2 (q, A,4 3, J4,S 7 Hz, H-4), 6.7 (s, OMe), 8.45 (d, JSS6 6.5 Hz, H-6), 8.60, and 8.75 

(CMe,). 
Anal. Calc. for CIOHL,C104: C, 50.74; H, 7.24; Cl, 14.98. Found: C, 51.00; 

H, 7.35; Cl, 14.93. 

Methyl 6-deoxy-2,3-0-isopropyZidene-a-L-lyxo-hexofur~os~d-S-u~ose (9). - 
Ruthenium tetraoxide, prepared by treating ruthenium dioxide hydrate (1 g) with 
sodium periodate (18 g) in water (150 ml), was extracted with carbon tetrachloride. 
The extract was added to a solution of 3 (1.2 g) in dichloromethane (60 ml) at 0”. 
After keeping the mixture for 0.5 h at 0” and an additional 0.5 h at 25”, the excess of 
ruthenium tetraoxide was decomposed by the addition of 2-propanol. The mixture 
was filtered and the filtrate evaporated to give crystalline 9 (1.2 g, lOO%), homogeneous 
by t.1.c. with irrigant (F). After crystallization from hexane, 9 had m.p. 56-57”, 
la]Z 0’; v, 1718 cm-’ (GO); n.m.r. (CDCl,): ‘c 5.05 (s, H-l), 5.58 (d, J2,3 6 Hz, 
H-2), 5.65 (d, JJS4 4 Hz, H-4), 7.75 (s, OMe), 7.8 (s, H-6), 8.60, and 8.75 (CMe,). 

Anal. Calc. for C10H1605: C, 55.54; H, 7.45. Found: C, 55.51; H, 7.51. 

Reduction with 9 with sodium borohydride. - The carbonyl derivative 9 (5.0 g) 
was dissolved in methanol (200 ml) and sodium borohydride (2.5 g) was added to it 
at 0”. The mixture was stirred for ih at 0” and then evaporated to dryness. The 
residue was extracted with ether and the extract was washed with water, dried, and 
evaporated to a crystalline mass (5.0 g). Recrystallization from hexane gave 10 (3.0 g, 
60%); m.p. 78O, [,z]g5 -85” (c 0.8, methanol) Bt.l’ m.p. 78-78.5”, fblfi3 - 85.3’]. The 
mother liquor was evaporated to a syrup which, on chromatography with solvent (C), 
gave an additional amount of 10 (1 g, 20%) and 3 (1 g, 20%). Compound 9 had a 
slightly lower RF value than 3 with solvent (B), 

Methyl 6-deoxy-2,3-0-isopropy~idene-S-O-@-rolyisu~fonyZ)-~-~-gu~ofura~zos~de 

W- - The hydroxy derivative 10 (4.36 g) was dissolved in pyridine (100 ml) and 
the solution was stirred with p-toluenesulfonyl chloride (10 g) for 4 days at 40”. 
Pyridine was removed by evaporation, and the residue was stirred with saturated 
aqueous sodium hydrogencarbonatc. The mixture was then extracted with chloro- 
form. The extract was washed with water, dried, and evaporated to a crystalline solid 
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that crystallized from ether-hexane to give 11 (7.2, 96%); m.p. 7I"* ~LYJ~ -70" 
(c 0.9, methanol) (lit.” m-p. 70-71", [a]? -73.1"). 

Methyl S-S-acetyi~~eoxy-2,3-O-isopropylidene-5-t~iou-~-mannof~r~os~de (8). 

- A. From 7. A mixture of 7 (400 mg), dry N,N-dimethylformamide (20 ml) and 
potassium thioacetate (600 mg) was heated under nitrogen for 10 days at i 30”. The 
mixture was then diluted with xylene (100 ml) and evaporated to dryness. The 
residue was stirred with water and extracted with ether. Evaporation of the dried 
extract gave an oil that was purified by chromatography on silica gel with solvent (H) 
as the eluent. The fractions containing 8 were evaporated to give 40 mg (10%) of 8 
which, after crystaliization from hexane, had m.p. 48”, [cY]~’ - 69.9 (c 1, chloroform); 
V _ f685 cm-’ (SAC); n.m.r. (CDCI,): r 5.2 (s, H-l), 5.38 (q, J2,J 6, J,,4 2.5 Hz, 
H-3), 5.9-6.3 (m, H-4, H-5), 6.75 (s, OMe), 7.75 (SAC), 8.55 (CMe,), and 8.65 (d, 
J5,6 6 Hz, H-6). 

Anal. Calc. for C,,H,cO,-S: C, 52.15; H, 7.29; S, 11.60. Found: C, 52.22; 
H, 7.14; S, 11.55. 

There was no reaction between 7 and potassium thioacetate either in boiling 
acetone or in NJ%dimethylformamide at 100”. 

I?. From 11. A mixture of I1 (1.8 g), iV,N-dimethylformamide (100 ml), and 
potassium thioacetate (2 g) was heated for 2 days at 115” under nitrogen. Processing 
of the mixture and chromatography as before gave 8 (0.83 g, 60%). 

1,2,3-Tri-0-acetyl-5-S-acetylb-deoxy-5-thio-8_ (13) aztd 1,2,.?,5- 

terra-0-acetyl-6-deoxy-5-thio-L-mamzopyraose (12). - Compound 8 (1.1 g) was 
dissolved in f5 ml of 90% aqueous trifluoroacetic acid and, after keeping for 0.5 h 
at 25”, the solution was evaporated to a syrup that was dried by the addition and 
evaporation of benzene. The residue was dissolved at 0” in a solution containing S ml 
of acetic acid, 8 ml of acetic acid, 8 ml of acetic anhydride, and 0.4 ml of sulfuric acid. 
After 2 days at 0”, sodium acetate (4 g) was added and the mixture was diluted with 
toluene (50ml). The residue left after evaporation was treated with water at 0” and 
extracted with ether. The extract was washed with saturated aqueous sodium 
hydrogencarbonate and water, and then dried. Evaporation gave a syrup (1.2 g) that 
was chromatographed on silica gel with solvent (I). Compound 13 (40 mg) was 
eluted first and, after crystallization from ether-hexane, it had m-p. 98“, [r]z’ - 128” , 
(c 0.8, chloroform); *$ 1750 (0-acctyl) and 1685 cm- 1 (S-acetyl); n.m.r. (CDCI,): 1 

T 3.85 (d, .J1,, 3.7 Hz, H-i), 4.45-4.75 (m, H-2, H-3), 5.80 (q, .Ts,4 3, J4,s 10 Hz, H-4), 4 

6.6 (m, H-5), 7.75 (S-ace@), 7.85, 7.95, 8.0 (0-acetyl), and 8.62 (d, J2,6 6 Hz, H-6). i 

Anal. Calc. for C14HzoOsS: C, 48.27; H, 5.79; S, 9.20. Found: C, 48.45; 1 
H, 5.98; S, 9.29. I 

: 
The fractions containing 12 (having slightly !ower R, values than 13 with i 

tigztnt Ci were concentrated to a syrup (0.9 g) that was homogeneous by t.1.c. 
Compound 12 had [a];’ -134” (c 1, chloroform); Y’z 1750cm-’ (OAc); n.m.r_ 

i 

(CDCI,): r 6.22, 6.35 Cpd, H-l), 7.8-8.05 ( m, U-acetyl), 8.7, and 8.8 (pd, J5,6 6 Hz, 
i 

i. 
H-6 of a,j? anomers). I 

j 
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A&. C& for C,.H,&S: C, 48.27; H, 5.79: S, 9.20. Found: C, 48.54; 
H, 6.01; S, 8.94. 

5-Thio-D-rhumnopyranose (6). - To a solution of I.2 (570 mg) in methanol 
(21 ml) saturated with nitrogen, was added at 0” a 0.2nr solution of sodium methoxide 
in methanol until the mixture became alkaline. After 0.5 h at O”, compound 12 had 
been converted into a single product having R, 0.28 (solvent E). The mixture was 
treated with Amberlite IR-12O(H+) resin to remove sodium ions, filtered, and the 
filtrate evaporated to give 6 as a colorIess syrup (290 mg, 100%); [a]c - 55.6” 
(c 1, methanol); #A\’ 3440 cm-’ (OH), but no peak at 2550 cm-‘. 

Anal. Calc. for C,H,,O.+S: C, 39.98; H, 6.71; S, 17.79. Found: C, 40.03; 
H, 6.80; S, 17.92. 

Similar deacetylation of 13 also gave 6 in quantitative yield. 
I,2Jtl-Term-O-(p-nirrob2~oyZ)-5-thio-L-rha~opyranos2 (14). - A solution 

of 0.1 g of 6 in 5 ml of pyridine was treated with 1 g of p-nitrobenzoyl chloride for 
3 days. Pyridine was removed by evaporation and the residue was stirred with 100 ml 
of saturated aqueous sodium hydrogencarbonate. The insoluble solid was filtered off, 
washed with water, dried, and crystallized from ethyl acetate-hexane to yield 14 
(380 mg, 88%) as an anomeric mixture; m.p. 135-145”, [aIF -5” (c 1, chloroform). 

Anal. Calc. for C34H24N.&6S: C, 52.58; H, 3.11. Found: C, 52.72; H, 3.06. 
Chromatography of the foregoing mixture on silica gel with solvent (0 as the 

eluent gave the pure /3-L anomer of 14; m.p. 202”, [a]:: +62.9” (c 2, chloroform); 
ei;’ 1730 cm- ’ (GO); n.m.r. (CDCl,): r 3.75 (d, J1 ,2 3.7 Hz, H-l), 4-4.25 
(m, H-2, H-3, H-4), 6.4 (m, H-5), and 8.65 (d, J5,6 7 Hz, H-6). 

At;aZ. Calc. for C34H24N4016S: C, 52.58; H, 3,ll; N, 7.21; S, 4.13. Found: 
C, 52.61; H, 3.09; N, 7.34; S, 4.00. 
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