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Note

Synthesis of 2-acetamido-2-deoxy-5-thio-a-D-mannopyranose*

AKIRA HASEGAWA EUT TANAHASHE Y LICHT HIOKI, AND MAKOTO KisO
Department of Agricidnaal Chenusery, Cefu Unversiny, Gifu 501-17 (Japar)
{Recerved March 25th, 1983 accepted for publication, May 3rid, 1983)

There has been a continuing interest in amino sugars containing sulfur in-
stead of the ring-oxygen atom, because of their various. biological activities. In
previous papers'-2. we described the synthesis of 2-acetamido-2-dcoxy-5-thio-a-p-
glucopyranose and 2-acetamido-2-deoxy-5-thio-w-D-galactopyranose. The present
report describes a synthesis of 2-acetamido-2-deoxy-3-thio-w-D-mannopyranose
(10).

Benzoylation  of methyl 2-acctamido-2-deoxy-3,6-O-isopropylidenc-c-D-
mannofuranoside® (1), and - deisopropylidenation of 2 by mild, acid hvdrolysis.
gave crystalline methyl 2-acetamido-3-0-benzoyl-2-deoxy-a-D-mannofurunoside
(3) in good yield. Sclective benzoylation of the primary hvdroxyl group an C-6 in
3 with benzoyl chloride in pyridine at —15¢ afforded the 3,6-dibenzoate (4) in 8797
yield: 4 was mesylated with methanesulfonyl chloride in pyridine at 07, 1o give the
5-O-mesyl derivative (8) in quantitative vield. When treated with methanolic
sodium methoxide 1 dry chloroform at —5° compound § afforded crystaline
methyl 2-acetamido-5,6-anhydro-2-deoxy-g-1 -gulofuranoside (6) in 72 ¢ vield. and
6 was treated with thiourea in methanol at 40° to afford the S.6-epithio-D-man-
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nofuranoside derivative 7 in 95% yield. Formation of 7 involving inversion at C-5
in 6 had been demonstrated by Hough et al.®, and effectively used for the synthesis
of 5-thio sugars’-?-°. Acetylation of 7 gave the 3-O-acetyl derivative; significant sig-
nals in the n.m.r. spectrum were a two-proton doublet of doublets at § 2.32 and
2.56 (Js 5.0, J56 6.0, and Jq, o 2.0 Hz, H-6,6"), a one-proton doublet of doublets
at 8 3.63 (/34 4.0, J, 5 8.0 Hz, H-4), a one-proton doublet at § 4.89 (J, » 3.8 Hz, H-
1), and a one-proton doublet of doublets at 8 5.66 (/5,3 5.0, J3 4 4.0 Hz, H-3). Other
n.m.r. data are given in the Experimental section, and are consistent with the struc-
ture assigned.

Nucleophilic ring-opening of compound 7 with potassium acetate in acetic
acid—acetic anhydride at 120° yielded methyl 2-acetamido-3,6-di-O-acetyl-5-§-
acetyl-2-deoxy-5-thio-a-D-mannofuranoside (8) in 78% yield; its i.r. spectrum
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showed a characteristic absorption at 1680 cm™' (S-acetyl), and its n.m.r. spectrum
was consistent with structure 8. Hydrolysis of compound 8 in 10:1 acetic acid—2M
hydrochloric acid for 15 h at 40°, and acetylation of the product, yiclded 2-
acetamido-1,3,4.6-tetra-O-acetyl-2-deoxy-5-thio-a-D-mannopyranose (9) in 54%
yield. The i.r. spectrum of 9 did not exhibit S-acetyl absorption, and the n.m.r. sig-
nals (see Experimental section) were well resolved by use of decoupling
techniques. On treatment with sodium methoxide for 30 min at 0°, compound 9
gave, in 92% yield, crystalline 2-acetamido-2-deoxy-5-thio-a-D-mannopyranose
(10), whose n.m.r. spectrum was consistent with structurc 10.

EXPERIMENTAL

General methods. — Melting points were determined with a Yanagimoto
micro melting-point apparatus and arc uncorrected. Evaporations were conducted
in vacuo. Specific rotations were determined with a Union PM-201 polarimeter,
and i.r. spectra were recorded with a Jasco IRA-1 spectrophotometer. Preparative
chromatography was performed on silica gel (Waco Co.; 300 mcsh) with the sol-
vent systems specified. N.m.r. data were recorded at 90 MHz with a Hitachi R-22
spectrometer, and were confirmed by use of decoupling techniques.

Methyl  2-acetamnido-3-O-benzoyl-2-deoxy-5,6-O-isopropylidene-a-D-man-
nofuranoside (2). — To a solution of® 1 (1.0 g) in pyridine (10 mL) was added ben-
7oyl chloride (600 mg) at 0°, and the mixture was kept overnight at 0°. Methanol
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(1 mL) was added, and the solution was then evaporated 10 a syrup which was ex-
tracted with chloroform. The extract was successively washed with 2v hydrochloric
acid. M sodium carbonatc. and water, dried (sodium sulfatey, and evaporated. The
residuc was chromatographed on a column of silica gel (20 g) with chloroforn and
then 100: 7 chloroform-methunol. The latter eluate gave 2 (1.3 g, 95 1, m.p. 1037
ol +133.8° (c 0.5. methanol); o0 3240 (NH). 1720 and 1260 (ester). 1640 and
1530 (amidc). 850 (Mc-C). and 740 and 700 cm ' (phenyl)s nom.r. data (in chloro-
form-d): & 134, 1.47 (2. 6 H, Me-Cy, 1.80 (. 3 H. AN 337 (5. 3 H . MOy, 498
(d. L HLJ, 5 20 Hz, H-1), 575 (dd. 1 HL S5 2 40,7, 205 HyL H3) 628 (do 1L
Jur 2 6.5 Hz, NH), and 7.34-8.05 (m, S H. Ph).

Anal. Cale. for C,H-NO5: C.60.14: H, 6.64; N 3.6 Found: C. 60 20; H,
6.62: N, 3.51.

Methyl 2-acetamido-3-0O-benzovl-2-decxy-a-D-mannofuranoside (3}, — A
solution of 2 (3.0 g) in 7:3 acetic—water acid (30 mb) was heated for 3 h at 45 | and
then evaporated. The product crystallized from cther—hexane. o give 3 (2.2 g
827 ) as needles; m.p. 152° [alis +177 (¢ 0.9, methanol): ¢34 3350-3100 (OH,
NH). 1720 and 1280 (ester). 1680 and 1530 (amide), and 720 cm ' (phenyl); n.m.r
data (in 1:1 chlorotorm-d-methanol-d ): & 186 (5. 2 H, AcN). 3 39 . 311 Me Oy
498 (d. T H.J, > 3.0Hz, H-1), 5.75(dd. FTTLJ 24.00 74 25 Hr o H-3) . and 7.20
&.12(m, 511, Ph).

Anal. Cale. tor O H- NO-: C,56.63; HL 6 240 NO 313, Found: (00 56,59 K.
6.25: N, 4.08.

Methvl 2-acetamido-3,6-di-O-benzoyl-2-deoxy-a-D-rmannofuranostde (4).
To a stirred solution of 3 (1.8 g) in dry pyridine (25 mL) was added benzayl
chloride (800 mg) at —15°. The mixture was stirred for [T hat =15 methanol (1
mL) was added. and the solution was evaporated to a syrup. The resdue was ex-
tracted with chloroform, and the extract was successively washed with 2M hydro-
chloric acid. M sodium carbonate. and water. dried (sodium sultate;. and evapo-
rated to give a crystalline product. Recrystallization from ethanol ether afforded 4
(2.05 g, 879 ) as needles; m.p. 184, [ol +124.87 (¢ 0.5, methanol): oo 3280
(OH, NH), 1720, 1700, and 1280 (estert, 1640 and 1360 (amader. and 710 cm
{phenyl): nom.r. data (in L:§ chioroform-d—-methanol-d): & T.85 (<. 32 H. AcN), 3.38
(5.3 H, MeO). 4.98 (d. t H.J, - 3.0 Hz, H-1), S R2dd. LIT. T2y 357, 2.5 Hy.
H-3), and 7.33-8.10 (m. G H. 2 Ph).

Anal. Cale. for CaxI1,:NOC C, 62.29; H, 5.68: N. 316, Found. C, 6236 H.
S720NL 31

Metlivl 2-acetamido-3,6-di-O-benzoyl-2-deoxy-5-O-mesvi-a-D-manndafiirano-
side (8). — To an ice-cooled solution of 4 (1.9 g) in dry pyridine (20 mL) was udded
methanesalfonyl chloride (600 mg). and the mixture was Kept overnight at 0 and
then evaporated. The residuc was extracted with chloroform, and the extract suc-
cessively washed with 2M hydrochloric actd. M sodium carhonate. and water, dried
(sodium sulfale), and evaporated to a syrup. The residue was punfied by chro-
matography on a column of silica gel (40 2} with chloroform and then 200: 1 chioro-
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form-methanol. The latter eluate yielded 5 as a syrup (2.2 g, 99%); [a)s +113° (¢
0.6, methanol); »2m 3250 (NH), 1720 and 1270 (ester),1650 and 1540 (amide), and
710 and 690 cm~' (phenyl); n.m.r. data (in chloroform-d): § 1.78 (s, 3 H, AcN),
2.96 (s, 3 H, MeS), 3.35 (s, 3 H, Me0), 4.56 (dd, 1 H, J544.0,J,5 7.0 Hz, H-4),
4.56 (dd, 1 H, J56 6.0, Jo s 12.2 Hz, H-6), 4. 80 (m, 1 H, J, 3 3.0, /2, 4.5, and J5 nyy
9.0Hz, H-2),4.84 (dd, 1 H, J5 ¢ 3.0, Jo o 12.2 Hz, H-6'),4.98 (d, 1 H, J,; 3.0 Hz,
H-1), 531 (m, 1 H, J,57.0,J566.0,J54 3.0 Hz, H-5), 5.89 (dd, 1 H, J> 2 4.5, Ja4
4.0Hz, H-3),6.40(d, 1 H, /yu > 9.0 Hz, NH), and 7.21-8.08 (m, 10 H, 2 Ph).

Anal. Calc. for C,4H,;NO,S: C. 55.27; H, 5.22; N. 2.67. Found: C, 54.99;
H, 5.38; N, 2.51.

Methyl 2-acetamido-5,6-anhydro-2-deoxy-3-L-gulofuranoside (6). — To a sol-
ution of 5 (2.58 g) in dry chloroform (10 mL), cooled to —15°, was added,with stir-
ring, a solution of sodium methoxide (320 mg) in mecthanol (6.5 mL). The mixture
was stirred for 3 h at —5° methanol (10 mL) was added, and the mixture was then
treated with Amberlite IR-120 (H™) and Amberlite IR-45 (OH™) ion-exchange re-
sins. The product was purified by chromatography on a column of silica gel (50 g)
with chloroform and then 50:1 chloroform—methanol. The latter eluate gave 6 (720
mg, 72%) as crystals; m.p. 178°, [a]% +130° (c 0.5, methanol); vN°! 3400 (OH),
3240 (NH), and 1640 and 1540 cm™' (amide); n.m.r. data (in 1:1 chloroform-d-
methanol-d,): § 2.00 (s, 3 H, AcN), 2.77 (dd, 1 H, J5 ¢ 3.0. J¢ - 5.0 Hz, H-6), 2.84
(dd, 1 H, Js¢ 4.0, Jg¢ 5.0 Hz, H-6"), 3.20 (m, 1 H, J4 5 5.0, Js, 3.0, J5 - 4.0 Hz,
H-5), 3.30 (s, 3 H, MeO), 3.90 (dd, | H, J34 5.5, J,5 5.0 Hz, H-4), 4.22 (dd, | H,
J123.0,15355Hz, H-2),4.51 (1, )25 =J1,=55Hz, H-3),and 4.78 (d, 1 H, J, »
3.0 Hz, H-1).

Anal. Calc. for CoHsNOs: C, 49.76; H, 6.96; N, 6.45. Found: C, 49.68; H,
6.91; N, 6.50.

Methyl 2-acetamido-2,5,6-trideoxy-5,6-epithio-a-D-mannofuranoside (7). —
To a solution of 6 (570 mg) in methanol (40 mL) was added thiourea (600 mg), and
the mixture was heated, with stirring, overnight at 40°, and evaporated. The re-
sidue was chromatographed on a column of silica gel (10 g) with chloroform and
then 50:1 chloroform-methanol. The latter eluate gave 7 (600 mg, 95%) as
needles; m.p. 189.5%, [@]f +103.5° (¢ 0.5, methanol); »N24°! 3260 (OH, NH), and
1660 and 1560 cm ' (amide).

Anal. Calc. for CoH;sNO,S: C, 46.33; H. 6.48; N, 6.00. Found: C, 46.35; H,
6.71; N, 6.12.

A sample of 7 (50 mg) was acctylated with acetic anhydride—pyridine, to give
51 mg (86%) of the 3-O-acetyl derivative; m.p. 167°, |a]5 +84° (¢ 0.5, methanol);
pNwel 3300 (NH), 1750 and 1240 (ester), and 1660 and 1550 cm ™! (amide); n.m.r.
data (in chloroform-d): 6 2.00 (s, 3 H, AcN), 2.15 (s, 3 H, Ac0), 2.32 (dd, 1 H,
Js.6 5.0, Jo6 2.0 Hz, H-6), 2.56 (dd, 1 H, Js ¢ 6.0, Jo ¢ 2.0 Hz, H-6"), 2.90 (m, 1
H, J,58.0,J5450,Js, 6.0 Hz, H-5), 3.35 (s, 3 H, MeO), 3.63 (dd, 1 H, J5 4 4.0,
J,580Hz, H-4),489(d, 1H,J,,3.8Hz, H-1),5.56 (dd, 1 H, 7, 35.0,J5 ,4.0Hz,
H-3),and 5.93 (d, 1 H, Jup.- 8.0 Hz, NH).
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Anal. Calc. for C;{H5NQOsS: €. 47.98; H. 6.22: N, 5.09. Found: (. 47.86: H.
617, N, 5.10.

Methyl 2-acetamido-3,6-di-O-acetyl-5-S-acetvl-2-deoxy-a-D-mannofuranoside
(8). — A mixture of 7 (410 mg), potassium acetate (2.0 g), acctic anhydride (20
mL}, and acetic acid (2 mL) was heated. with stirring, for 12 h at 1207, cooled. and
evaporated. Chloroform (100 ml.) was added to the residuc, the precipitate was re-
moved by filtration, and the filtrate was evaporated. The residue was chromatog-
raphed on a column of silica gel (10 g) with chloroform and then 100: 1 chloroform-
methanol. The latter eluate atforded 8 (510 myg, 787} as needles: mop 170171,
fe]fy +1637 (¢ 0.5, methanol); Y30 3300 (NH). 1745, 17350 1710, £245, 1220, and
1210 (ester), 1680 (AcS). and 1660 and 1520 em ' (amide): num.r data (in chioro-
form-d): 8 1.97 (5. 3 H, AcN). 2 06, 2.08 (25. 6 FL. 2 AcO). 2 31 (v, 3 H, AcS). 3.33
(s. 3 H, MeO), 3.95-4.42 (m. 4 H, H-4+H-6"), 4.65 (m, 1 H, H-2). 4 87 (d. | H.
Jy 238 Hz, H 1), 550 (dd. L H. /45,7, 3.0 Hz 30, and 0,38 (d 1 HL /-
8.5z NH).

Anal. Cale. for C<H L NOS: C.47.73: H. 6. 14: N. 3.71. Found: C, 47.51: .
6.14. N 3.59.

2-Acetamido-1,3,4,6-tetra-O-acetyl-2-deoxy-5-thio-a-D-mannopyranose . (9).
~ A solution of 8 (200 mg) tn acetic acid (10 mLy and 2M hydrochloric acid (1.0
mL) was heated, with stirring. for 15 h at 407, Water (10 mby was added. and the
mixture was treated with Amberlite IR-45 {OH ) resin: the resin was tiltered oft,
and washed with methanel. The filtrate and washings were combined, and evapo-
rated to a syrup which was acetylated with acetic anhvdride (2 ml y-pynidine (10
mL). The product wus purified by chromatography on a column of sihica gel (10 ¢)
with chloroform and then 100: 1 chloroform-methanol. The latter eluate gave com-
pound 9 as an amorphous mass (115 mg., 34 ); m.p. 64-867 []i; +122.5 (¢ 0.5,
methanol): N9 3300 (NH). 1740 and 1220 (ester), and 1660 and 1530 cm !
(amide): n.m.r. data (in chloroform-d): & .98, 2.04, 206 and 217 (5 s, 15 H. 4
AcO, AcN), 3.50 (m. 1 H, H-5). 403 (dd, 1 11.J5, 3.0, 7, 110 Hz7 H-6), 332
(dd. 1 H Jaer 5.0, Jo e 11O HZ H-6"), 390 (m, | H.H-2), 5 27 (dd. | H.J0 5 3.0,
Ji 6.0 Hz H-3). 571 (d. 1 H.J, > 30 Hz  H-Doand 6.23 (do 1L Fgyy - 100 Hel
NH).

Anal. Cale, for C H-NOS: €., 47.40: H, 5.72; N. 346, Found: C, 4745 H.
5.83; N.3.40.

2-Acetamido-2-deoxy-5-thio-a-D-mannopyranose (10). — To an sce-cooled
solution of ¢ (190 mg) in methanol (10 mL) was added sodium methoxide (50 mg).
and the mixture was stirred {for 30 min at 07, and then treated with Amberlite IR-
120 (H™) resin to remove the base; the resin was filtered off, and washed with
methanol. The filtrate and washings were combined. and evaporated ta a crystal-
line mass. Recrystallization from ethanol-ether gave compound 1€ as needles (103
mg, 920 ): m.p. 189", [a]f; +28.8° (¢ 0.4, methanol, no mutarotation observed
during 24 h); p N4 3400-3300 (OH, NH). and 1630 and 1535 em ! (annde )i n mor.

Trax

data (in DO § 2.00 (s, 3 H, AcN)YL, 320 (m. T HLOH-5). 370 ¢ 1L S = J, .
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=95Hz, H4),392(dd. 1 H,J,33.8,/3,95Hz H-2),451(t, 1 H, J, > =J>3
=3.8Hz, H-2),and 4.80(d, 1 H, J, 3.8 Hz, H-1).

Anal. Calc. for C4HsNOsS: C, 40.49; H, 6.37; N, 5.90. Found: C, 40.58; H,
6.38; N, 5.93.
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