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ABSTRACT 

Methyl 2,3-di-O-benzoyl-6-deoxy-4-0-@-tolylsulfonyl) and 4-O-[@-nitrophenyl)suJfonyJ]-a-o- 
mannopyranosides (9 and 10) were prepared by three dtfferent routes from methyl r-D-mannopyranoside 

(1). The analogous 4-sulfonyloxy derivatives having HO-2 and HO-3 free (14 and 15) were also synthesized 
from 1. Nucleophilic substitution of the sulfonyloxy group of9, lO,I4, and 15 by potassium thiocyanate in 

N,N-dimethylformamide was attempted. Compounds 9 and 10 gave a mixture ofsolvolysis products: methyl 
2,3-di-O-benzoyl-6-deoxy-x-o-talopyranoside (17) methyl 3,4-di-0-benzoyl-6-deoxy-a-u-talopyranoside 

(18), and methyl 2,4-di-0-benzoyWdeoxy-r-D_talopyranoside (19) which are evidently formed by in- 
tramolecular displacement of the 4-sulfonate by backside attack of the C-2 benzoyloxy substituent, followed 

by benzoyl migration. The structure of compounds 17-19 was established by spectroscopic analysis, and 

then chemically confirmed. Although compound 14 decomposed during the substitution reaction, the 
4-p-nitrophenylsulfonyl derivative 15 gave a 2:1 mixture of the 4-thiocyano derivatives with inversion 

[methyl 4,6-dideoxy-4-thiocyano-a-D-talopyranoside (22)] and retention [methyl 4.6-dideoxy-4-thiocyano- 

a-D-mannopyranoside (23)] of the C-4 configuration. 

INTRODUCTION 

We have recently reported a convenient procedure for the synthesis of 4-thio-D- 
galactofuranose’ and 6-deoxy-4-thio-D-galactofuranose*. The key step in these syn- 
theses was the substitution of a 4-sulfonyloxy group in a conveniently protected 
glucopyranoside derivative by a nucleophile precursor of the thiol. This reaction, when 
applied to 4-0-sulfonylmannopyranosides, should lead to derivatives of 4-thiotalose. 
However, an unusual rearrangement has been observed in the displacement reaction of 
the 4-mesylate of methyl 6-deoxy-2,3-0-isopropylidene-4-O-methylsulfonyl-a-~-man- 
nopyranoside by various nucleophiles such as sodium acetate’, sodium azide4, and 
potassium thiolbenzoate5. As a consequence of the rearrangement, the nucleophile 
becomes attached to C-5 with contraction of the pyranoside to a furanoside ring, and 
inversion of the configuration of C-4. A mechanism proposed for this unexpected 
ring-contraction4 takes into account that, in the ‘C,(L) conformation the C-5-O-5 bond 
is trans-antiparallel to the C-4-sulfonate bond, and the ring oxygen atom is thus in a 
favorable position for intramolecular, rearside attack on C-4. Nevertheless, 4-sulfon- 
ates of the gluco series, having the same stereochemistry as the nzunno derivatives at C-4 
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the gluco configuration2, which bear the same stereochemical relationship between 
HO-4 and the C-5 substituent. However, in the gluco series, the ratio of 2,3-di-O- 
benzoylated to tribenzoylated products were higher than in the mannopyranosides, 
under the same reaction conditions. This fact may be attributed to a lower reactivity of 
HO-2 in manno than in gluco compounds’4, because of its sterically unfavorable axial 
orientation, which makes HO-2 only slightly more reactive than HO-4. 

Treatment of 3 withp-toluenesulfonyl chloride in pyridine afforded the crystalline 
tosylate 5, in 73% yield. As observed for the sulfonylation of related compounds’,2, the 
signal of C-4 in the ‘3C-n.m.r. spectrum of 5 was shifted downfield (7.3 p.p.m.), and the 
p-carbon signals upfield (C-3 2.6 p.p.m. and C-5 2.5 p.p.m.), with respect to the same 
signals in the HO-4-free precursor 3. Hydrogenation of 5 in the presence of Raney nickel 
gave crystalline methyl 2,3-di-0-benzoyl-6-deoxy-4-O-(p-lolylsulfonyl)-~-D-mannopy- 
ranoside (9) which had the same melting point and optical rotation (absolute value), as 
values described for the L enantiomer”. Alternatively, compound 9 and its 4-O-@ 
nitrophenyl)sulfonyl analog (10) were obtained by reaction of the dibenzoate 8 with 
tosyl chloride or p-nitrobenzenesulfonyl chloride (nosy1 chloride). However, prep- 
aration of 10 by nosylation of 4 was not convenient, as on hydrogenolysis of the 
bromide the nitro group is reduced to the amine. 

In order to improve the overall yield in the synthesis of 9 and 10 from 1, we 
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TABLE I 

‘H-N.m.r. data for compounds >5,7715,17~20, and 22-25 

Compound 6, p.p.m. J, Hz 

H-l H-2 H-3 H-4 H-5 H-6 H-6’ OCH, Aromutic 

(J,,zJ iJ,,j iJ,,d (J, .ii (J,,) iJs.6 i (J<r,,<,i 

3 

4 
5 

7 

8 

9” 

10 

11’ 

12”.’ 

13 

14 

15 

17 

18 

19 

20 

22 

23 

24d 

2Sd 

5.02 5.68 e5.78 -5.944 4.21 3.11 3.59 

(2.0) (2.5) 
4.93 +5.34-5.64+ -3.644.65--------, 

4.87 5.49 5.68 5.23 4.09 

(1.9) (3.3) (9.7) (4.0) 
4.92 5.61h 5.85 5.61h 4.19 

(1.0) (10) (8.8) (6.3) 
4.79 5.54 5.46 +--3.6-4.oi 

(2.0) (3.0) (10.0) (6.0) 
4.81 5.52 5.68 5.02 4.07 

(1.5) (3.4) (9.7) (9.6) (6.3) 
4.81 5.49 5.71 5.00 4.14 
(1.5) (3.6) (9.9) (9.7) (6.2) 
4.84 c--3.90-4.2o----, 3.58 
(il.0) (6.3) 
4.85 +3.98-4.18-+ 4.42 3.74 
(<l.O) (7.0) (10.1) (6.3) 
4.85 t3.954.11+ 4.47 3.79 
(< 1.0) (5.9) (10.1) (6.3) 
4.64 c-3.6+4.05-+ 4.57 3.84h 
( < 1 .O) (9.1) (9.1) (6.2) 
4.64 +--3.624.00+ 4.62 3.81h 
(< 1.0) (9.0) (9.0) (6.2) 
4.93 +-5.51-5.42+ 3.98 4.17 
(-0) (0.7) (6.5) 
4.92 4.03 5.51 5.66 4.31 

(1.8) (3.6) (1.6) (1.5) (6.6) 
4.99 5.21 4.41 5.45 4.22 
(1.1) (3.9) (3.7) (1.4) (6.5) 
4.95 5.55 5.68 5.39 4.30 

(1.0) (3.9) (4.0) (1.1) (6.4) 
4.66 -3.6~3.94----+ 4.29 
(< 1.0) (2 1.0) (6.5) 
4.74 +3.7&4.12+ 2.96 3.94h 
(< 1.0) (9.8) (9.8) (6.4) 
4.61 4.80 4.92 3.74 4.32 
(1.8) (2.7) (2.0) (6.4) 
4.63 5.20 5.34 3.09 4.05 

(1.8) (3.0) (9.8) (9.8) (6.3) 

3.82 3.60 

(6.0) 
I .40 

1.37 

1.50 

1.55 

1.24 

1.31 

1.38 

1.20 

1.25 

1.40 

1.31 

1.33 

1.28 

1.33 

1.49 

1.22 

1.54 

3.56 

3.50 
3.43 

3.53 

3.38 

3.46 

3.46 

3.33 

3.36 

3.37 

3.35 

3.31 

3.47 

3.48 

3.46 

3.41 

3.40 

3.40 

3.33 

3.45 

7.12-8.18 
6.74-8.10 

7.lc8.20 

7.1&X.10 

6.80-X.16 

7.08-8.10 

7.32, 7.84 

(8.0) 
8.11, 8.44 

(8.3) 
7.35, 7.88 

(8.0) 
8.08, 8.50 

(8.5) 
7.20-8.19 

7.148.12 

7.12-8.18 

7.08-8.10 

- 
” CH,Ph gave a singlet (3 H) at 6 20.9 for 5 and 9 and at 6 2.43 for 12 and 14. h The 6 value reported 
corresponds to the center of the multiplet of the overlapped signals. ’ The (CH,)& gave two singlets (3 H 
each) at 6 1.22-1.30 and 1.45~1.49. “CH,CO gave a singlet (3 H) at S 2.07-2.16. 
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merit assistance of a P-trans-axial benzoyloxy group in the reaction of 2-O-mesyl-D- 
galacto and 4-0-mesyl-D-manno-pyranosides with sodium benzoate in refluxing DMF. 
Although intramolecular displacement of sulfonate in 9 or 10 could be effected by 
participation of the benzoate at C-3, this assistance does not seem probable, since 
benzoylated 4-0-tosyl derivatives of the gluco series’,‘, having the same relative stereo- 
chemical relationship at C-3 and C-4 as 9 and 10, were recovered unaltered after several 
h of heating at 110” in DMF. Furthermore, the attack of the axial 2-benzoyloxy on C-4 
in 9 and 10 would take place without serious distortion of the favored 4C, conformation 
of the pyranoid ring, whereas an unfavorable chair inversion would be required for 
participation of the 3-benzoyloxy group in the displacement of the sulfonate at C-4. The 
intermediate benzoxonium ion 16 would also account for the three products formed 
(17-I9), which would arise from the hydrolysis of 16, during work-up of the reaction, 
followed by benzoyl migration between the c&oriented oxygen functions at C-2, C-3, 
and C-4, as described for similar compounds”. 

Treatment of methyl 6-deoxy-4-O-~-tolylsulfonyl)-cc-D-mannopyranoside (14) 
with KSCN in DMF at 110” gave a complex mixture of products, which was not 
analyzed. However, the same reaction when applied to the 4-nosylate 15 led, after 6 h, to 
a mixture of two main products (R,. 0.48 and 0.22) which were separated by column 
chromatography. The less-polar component showed the signal for H-5 in a clear region 
of its ‘H-t1.m.r. spectrum, showing J4 5 - 1 .O Hz, consistent with the change from the 
manno to the tale configuration, The“%-n.m.r. spectrum of this product showed the 
signal for the SCN carbon at 6 113.0, and the carbon atom linked to sulfur at 6 49.1, as in 
other thiocyanate derivatives’,*. The C-l signal at a value (6 100.3) close to that of its 
precursor 15, excluded the possibility of ring contraction to the furanoid form. There- 
fore, the compound was formulated as methyl 4,6-dideoxy-4-thiocyano-a-o-talopyran- 
oside (22), resulting from the normal substitution of the 4-0-tosyl group of 15 by 
thiocyanate. The “C-n.m.r. spectrum of the other component of the mixture (R, 0.22) 
showed also the signals characteristic for the substitution by thiocyanate. In the 
‘H-n.m.r. spectrum, the large values for J,,, (9.8 Hz) and J-1,5 (9.8 Hz) were consistent 
with a manno configuration for the compound, thus characterized as methyl 4,6- 
dideoxy-4-thiocyano-cl-D-mannopyranoside (23). Compounds 22 and 23 were isolated 
in a 2:l ratio. A similar ratio was obtained by acetylation of the crude substitution 
reaction-mixture, followed by chromatographic separation. The respective acetylated 
products 24 and 25 gave well-resolved ‘H-n.m.r. spectra (Table I), confirming the 
configurations proposed for 22 and 23. The behavior of 15 contrasts with that of its 
benzoylated derivative 10, which did not undergo substitution by thiocyanate, but 
intramolecular displacement of the sulfonate, through an acyloxonium ion 16. Howev- 
er, neighboring-group participation could also account for the formation of the minor 
thiocyanate 23, which retained the configuration of C-4 in the substitution reaction. 
Although anchimeric assistance of HO-2 does not seem probable on account of the long 
distance between HO-2 and C-4, HO-3, being trans to the 4-sulfonate, could attack C-4 
with formation of the intermediate oxonium ion 26. The attack of the thiocyanate ion on 
C-4 of 26 would lead to 23 as in the case of the oxirane opening reaction of methyl 
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EXPERIMENTAL 

General methods. - Melting points were determined in a Thomas-Hoover 
apparatus and are uncorrected. Optical rotations were measured with a Perkin-Elmer 
141 polarimeter for 1% solutions in CHCl, at 25”. ‘H- and ‘C-n.m.r. spectra were 
recorded with a Varian XL-100 spectrometer at 100.1 and 25.2 MHz, respectively, for 
solutions in CDCl, with Me,Si as the internal standard. The ‘H-n.m.r. spectra of 
compounds 17-20 were determined with a Bruker AM-500 spectrometer. Data are 
shown in Tables I and II. 1.r. spectra were recorded with a PerkinElmer 710B 
spectrophotometer; the polystyrene absorption at 1602 cm-’ was the reference. T.1.c. 
was performed on precoated aluminium plates (0.2 mm thickness) of Silica Gel 6OF-254 
(Merck) with 9: 1 PhMeeEtOAc, unless otherwise indicated. Detection was effected by 
exposure of the plates to U.V. light or by spraying with 5% (v/v) H,SO, in EtOH and 
subsequent heating. Silica Gel 60 (23t&400 mesh, Merck) was used for column chroma- 
tography. 

The following solvents were distilled before use: acetonitrile (from P,O,), dichlo- 
romethane (from P,O,), 1,2-dichloroethane (from P?O,), and pyridine (from KOH). 
N,N-Dimethylformamide (DMF) was purified by sequential dryingZ3 with 3-A molec- 
ular sieves and distillation. 

Methyl 6-bromo-6-deoxy-a-D-mannopyranoside (2). ~ To a suspension of methyl 
a-D-mannopyranoside (1, 1 .O g, 5.15 mmol) and CBr, (2.14 g, 6.45 mmol) in MeCN (6 
mL), Ph,P (2.04 g, 6.49 mmol) was slowly added, and the mixture was stirred for 48 hat 
room temperature. The solvent was evaporated and the residue extracted with water at 
50” (3 x 100 mL). Upon concentration of the aqueous solution (30 mL) most of the 
Ph,PO crystallized; it was filtered off and the filtrate evaporated. The residue was 
purified through a short column of silica gel with 1: 1 EtOAc-PhMe, affording 0.77 g 
(58%) of compound 2; [a]: + 57” (c 1.5, water), {lit.24 [cI], + 52”]. 

Methyl 2,3-di-O-benzoyI-6-bromod-deo,~y-a-D-mannopyranoside (4). -To a sus- 
pension of compound 2 (0.26 g, 1 .O mmol) in 1,2-dichloroethane (8 mL), N-ben- 
zoylimidazole” (3.96 g, 2.30 mmol) was added and the stirred mixture was boiled under 
reflux for 24 h. The resulting solution was diluted with CH,CI, (200 mL) and extracted 
with 5% aq. HCl, water, sat. aq. NaHCO, and water. The organic layer was dried 
(MgSO,) and the solvent evaporated to afford a residue that showed two main spots on 
t.1.c. (R, 0.62 and 0.37). The mixture was separated by column chromatography with 
99: 1 PhMe-EtOAc. The less-polar component (R, 0.62) was isolated in 7% yield (40 mg) 
and characterized as methyl 2,3,4-tri-0-benzoyl-6-bromo-6-deoxy-a-D-mannopyrano- 
side (3), which crystallized from EtOH; m.p. 182-184”, [a]? - 120”; [ht.” m.p. 18 l--l 82”, 
[a],, - 1 157. 

The next fraction from the column afforded the other component of the mixture 
(R, 0.37), identified as 4 (0.20 g, 44%). Crystallized from isopropyl ether-hexane 
compound 4 had m.p. 95-96”, [a], - 15”. 

Anal. Calc. for C2,H2,Br0,: C, 54.21; H, 4.55. Found: C, 54.54; H, 4.66. 
Methyl 2,3-di-O-benzoyl-6-bromo-6-deoxy-4-O-(p-to~_y~sulfony~)-a-D-mannopy- 
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dissolution of 6 was complete (N 20 min). The solution was diluted with water (10 mL) 
and stirring was continued for 3 h, whereupon M NaHCO, (1 mL) was added. The 
solution was evaporated and the residue was extracted with ether. The extract was 
concentrated, affording syrupy compound 11, which was purified through a column of 
silica gel with 4:1 PhMe-EtOAc. Compound 11 (0.48 g, 85%) had [cc]: + 10” [lit..” [a], 
-. 12” for the L enantiomer]. 

Methyl 6-deoxy-2,3-O-isopropylidene-4-O-(p-tolylsulfbnyl)-cc-~-mannopyrano- 
side (12). - To a solution of compound 11 (0.40 g, 1.83 mmol) in anhydrous pyridine 
(10 mL), tosyl chloride (1.0 g, 5.24 mmol) was added. The mixture was kept at room 
temperature for 4 days, and then poured into ice-water and extracted with CH2C12. The 
organic extract was washed with 5% aq. HCl, water, and aq. NaHCO,, dried (MgSO,), 
and evaporated. The residue was chromatographed on a column of silica gel with 99: 1 
PhMe-EtOAc, to give 0.43 g (64%) of compound 12, which, after crystallization from 
EtOH had m.p. 59960”, [r]: -23” [lit.‘7 m.p. 61-62”; [a], +22” for the L enantiomer]. 

Methyl 6-deoxy-2,3-0-isopropylidenc~-CO-[(p-nitropheny~)sulfonyl]-cx-~-man- 
nopyranoside (13). ~ To a solution of compound 11 (0.22 g, 1 .OO mmol) in anhydrous 
pyridine (5 mL), 4-nitrobenzenesulfonyl chloride (0.74 g, 3.33 mmol) was added. The 
mixture was kept for 48 h at room temperature and then poured into ice-water. The 
product was isolated as described for the preparation of 12; yield 0.29 g (72%) of 
compound 13, [a]$’ - 15”. 

Anal. Calc. for C,,H,,NO,S: C, 47.63; H, 5.25. Found: C, 47.25; H, 5.29. 
Methyl 6-deoxy-4-O-(p-tolylsulfonyl)-a-D-mannopyranoside (14). - A solution 

of compound 12 (0.35 g, 0.95 mmol) in MeOH (2.7 mL) was treated with 2% HCl in 
MeOH (5.3 mL). The mixture was stirred for 8 h at 35”, whereupon no compound 12 
was detected by t.1.c. The solution was made neutral with aq. NaHCO,, and concentrat- 
ed. The residue was extracted with CH,Cl,, and the organic extract was dried (MgSO,) 
and evaporated to a syrup, which was purified by a column chromatography (4:1 
PhMe-EtOAc), affording 0.25 g (80%) of compound 14; [xl: f78”. 

Anal. Calc. for C,,H2,0,S: C. 50.59; H, 6.06. Found: C, 50.62; H, 6.14. 
Compound 14 (0.11 g. 0.34 mmol) dissolved in pyridine (3 mL) was benzoylated 

with BzCl(1 .O mL, 8.61 mmol), affording 0.15 g (85%) of compound 9, which showed 
the same physical constants as those already described. 

Methyl 6-deoxy-4-O-( (p-nitrophenyl)sulfonyl]-sr-D-mannopyranoside (15). - 

Compound 13 (0.22 g, 0.54 mmol) was hydrolyzed with 2% HCl in MeOH (3 mL) as 
described for 14, affording 0.18 g (91%) of syrupy 15, [z]: + 38”. 

Anal. Calc. for C,,H,,NO,S: C, 42.97; H, 4.72. Found: C, 42.73; H, 4.46. 
Methyl1 2,3-di-0-henzoyl-6-deoxy+D-talopyranoside (17) methyl 3,4-di-O-ben- 

zoyl-bdeo.xy-cr-o-talopyranoside (US), andmethyl 2,4-di-0-benzoyl-6-deoxy-a-D-talopy- 
ranoside (19). --- (a) Starting from methyl 2,3-di-O-benzoyl-6-deoxy-4-O-[ (p-nitrophe- 
nyl)sulfonyl/-cc-D-mannopyranoside (10). To a solution of 10 (0.42 g, 0.74 mmol) in dry 
DMF (4.2 mL), KSCN (0.49 g, 5.03 mmol) was added. The mixture was stirred under N, 
for 6 h at 1 IO”, and then was poured into water and extracted with CH,C12. The organic 
extract was washed with water, dried (MgSO,), and evaporated. The residue, which 



showed three spots on t.1.c. (R, 0.38, 0.33 and 0.26) was chromatographcd on silica gel 
(99: 1 PhM+EtOAc). Fractions containing the fastest-migrating component (R, 0.38) 
were pooled and evaporated, affording I04 mg (360’0) of compound 17: [a]:’ -- 20’ 

,lna/. Calc. for C,,H,;O;: C, 05.28: H. 5.74. Found: C, 65.45; H. 5.60. 
Evaporation of the fractions conti~ining the product of R, 0.33 gave 66 mg (33%) 

of coInpound 18; [$ $ 1 !9 

AwI. Calc. for c‘.,H,,O,: C, 65.28; It. 5.74. FOUIIC~: C. 65.55; H. 5.52. 
From the nest fracticin from the column. the more-polar component (R, 0.261 was 

isolated (52 mg. 18%). and identified as 19. After recrystalli7atinn from isopropyl 
ether---hexane 19 it had tn.!>. 1 X5 -1X7 , [z];?:’ t 64 

.Irztrl. C’alc. for CI,I-I,,O~: C’, 65.X H, 5.74. Found: C, 65.?9: H. 5.57. 
In an additional experiment. ;I solution of compound 10 (25 mg 0.04 mmnlj in 

T>MF (0.4 mL) \vas heated at I IO under N,. After 4 h. the mixrurc was examined bq 
t.1.c.. which showed that the slarting material had been complete!>, converled into 

compounds 17 19. 
(h) Sffvlimq +w~2 r~wrl~j~/ -7,_~-fli-O-ht,rl~o~~l-(,-tif,ci.\-,r~-4-O-! ~-tol~~i.vlt~~on~li -X-K)- 

mur~~rop~rclr~o.sitlc (9). To ;I solution of’9 (0.13 g. 0.25 mmol) in dry DM F ( I T ml,). 
KSCN (0.15 g, I .54 mmol) was added. After heating fog !h h at I 10 under N,. no 
starting9 was detected hq’ l .I,c,. and the mixture was treated as described in (n). aR(\rding 
compounds 17 (3 I mg, ?3n.;, )> 18 (13 rng. 14%). and 19 (10 mg. I I ‘h j. 

,Zfc~tlt_~~/ ,1.3,4- t~i-O-hc~rr~~~~~/-h-~~~~o.~-~~~~-1~-itt/oj~~~~it~~~t~~~~~~~ (20). To ;t solution of 
compound 17 (I 3 mp, 0.03 mnlol) in dry pyridine (0.5 ml_)_ HzC! (0.5 mL. 3.1 mmol) was 
slowly added at 0 The mixture was kept for 90 min at room remperature. and then 
poured into water and extracted \vith CIH,CI,. The orgniccktract WIS uashed with 5”,/0 
aq. HC!. Lvater. aq. NaHC’O;. and M-atcr. dried (bIgSO,). and c\,aporated. 

Compounds 18 (I 3 mp. 0.03 mmo!) and 19 (13 mg. 0.01 mmal) were henmylated 
as described for 17, to atford the same product. which uxs 31s~ identicai (‘II-n.m.r. 

,P $ e&rum) to the benToate obtained from 17. The three crude. syrup) products were 
pooled and purified by column chromatography. alTording cc,mpo;jnd 20 (35 mg. 9 1 f’,ij ), 
[xf’ -;-so 

Am/. Calc. for Cz,H,,O,: C, 6X.56: H. 5.34. Found: C’, 68.45; H. 5.11;. 
:Mrt/r~,i ,7,.3,4-tt.i-O-trc.~~~_~.l-li-(~~(~.~~~-~-~~-ftrlc~p.1~r(~no.ci~k~~ (21 ). Compound 17 (38 

mg, 0.10 mmo!) was suspended in 5:3: 1 Me011 tI,O--kt 3N (2 ml_) and htirrcd at room 
temperature until dissolution was complete. Thcsolvenr wascvaporatrd and the residue 
was dried in a \racuum o\cr P,O,. and then dissolved in I : 1 pyridine Ac,O ( I mL. ). The 
solution was stirred for 90 min and then evaporated. After tn’o successi1.e e\.aporations 
with toluenc and MeOH, ~1 syrup was obtained which crqsta!!i,ed upon addition of 
hexane to give 25 mg (67” ;I from 17) ofcompound 21. mp. iiW %) . 1x]:: i- 74 [lit.“‘ni.p. 

91 -92 . [xl%’ -- 73 . for the 1 cnuntiomer]. 

Mr/l~~~f I,fi-&k~~o.\~_\ -4-lhiac:,.ot~o-a-r~~(t~o~)!,~~itl~~.~i(l~ (22) ittltl ttwlhj.rl 4,CGdid~- 
~~.~~~-4-~hioc~~~onc~-r-r~-ttrtwnnpl~rttnosirk~ (23). To a solution of‘compound 15 (0.50 g,. 
1.37 mmol) in IIMF (7.0 mL) KSCN (0.X I g, 8.3 I mmo!) wah added. The mixture was 
heated for 6 11 at I 10 The solution was diluted Gth Ck1,Ci, (300 mL) and Lsashed Mith 
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water (2 x 200 mL). The organic layer was dried (MgSO,) and evaporated, affording a 
syrup (0.26 g) which showed two main spots on t.1.c. (R, 0.48 and 0.22, 2:l PhMe 
-EtOAc). A portion (25 mg) of this mixture was acetylated (see later), and the remaining 
material was chromatographed on silica gel (6: 1 PhMe-EtOAc). The fastest-migrating 
component (R, 0.48) was isolated (96 mg, 35%) and identified as compound 22, which 
crystallized from EtOAc-hexane; m.p. 85-88, [cc]:’ +43”; v,,, 35OG-3100 (OH) and 
2175 cm-’ (SCN). 

Anal. Calc. for C,H,,NO,S: C, 44.44; H, 4.66. Found: C, 44.15; H, 4.93. 
Fractions containing the slower migrating component (R, 0.22) were pooled and 

evaporated, to afford 47 mg (17%) of compound 23, [sr]: +24”; v,,, 370&3000 (OH) 
and 2175 cm-’ (SCN). 

Anal. Calc. for C,H,,NO,S: C, 44.44; H, 4.66. Found: C, 44.58; H, 4.75. 
Acetylation of the crude reaction mixture of 15 with KSCN gave two products, 

which were separated by column chromatography (6: 1 PhMe-EtOAc). The more-polar 
compound (R, 0.44) was methyl 2,3-di-O-acetyl-4,6-dideoxy-4-thiocyano-~-D-talopy- 
ranoside (24), isolated in 32% yield from 15. The other component of the mixture (R, 
0.50) was repurified chromatographically, affording methyl 2,3-di-O-acetyl-4,6-dide- 
oxy-4-thiocyano-cc-o-mannopyranoside (25, 12% yield from 15). 
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