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Studies on Nucleoside Analogs. XXI. A Convenient Synthesis
of 1,2,4-Triazole-5-thione Glycosides?
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The reaction of glycosyl isothiocyanates (1a-—c) with acyl or aroyl hydrazine, followed
by treatment with Ac,0-H PO,, afforded 1,2,4-triazole-5-thione glycosides (20a, 21a—c,
22a) in fair yields. Attempts to prepare 1,2,4-triazole glycoside analogs with acetic
anhydride or scdium methoxide failed. The reaction of glycosyl-2-(phenyl- or pyrid-2-
ylhydrazine)thiocarboxamides (6a, 7a) with phosgene in pyridine or triethylamine gave
thiadiazole-5-thiones (8a, 9a) instead of 1,2,4-triazole glycosides.

Keywords——glycosyl isothiocyanate;  N-glycosyl-2-substituted hydrazine thio-
carboxamide; N-glycosylamino-4-substituted 1,3,4-thiadiazol-5-one; 1,2,4-triazole-5-
thione glycoside; dehydration reaction

Previously, we have reported the synthesis of nucleoside analogs from glycosyl isothiocy-
anate.? Itis known that 1,2,4-triazole® and 1,2,3-triazole glycoside® have biological activities;
among them, Virazole showed the highest anti-viral activities.®

In this paper, we describe a convenient and general synthetic method for 1,2,4-triazole
glycoside analogs through the reaction of glycosyl isothiocyanates with hydrazine, followed
by a dehydration reaction. The reaction of 2,3,4,6-tetra-O-acetyl-f-p-glucopyranosyl iso-
thiocyanate (la) with thiosemicarbazide in acetonitrile (MeCN) gave N-(2,3,4,6-tetra-O-
acetyl-g-p-glucopyranosyl)-2,5-thiobiurea (2a) in good yield. Altland and Graham® found
that 1,6-dialkyl-2,5-thiobiureas cyclized under basic conditions to form 1,2,4-triazoline-3-
thiones. Treatment of 10a with methanolic sodium methoxide,” followed by acetylation with
acetic anhydride (Ac,O)-pyridine, gave 2,2-acetyl(2,3,4,6-tetra-O-acetyl-g-p-glucopyranosyl)-
amino-5-methyl-1,2,4-thiadiazole (19a) instead of 4-glycosyl-1,2,4-triazole-5-thione (20a).
We have reported a cyclodesulfurization reaction of thioureido compounds® using methyl
iodide-triethylamine. Treatment of 2a with MeI-NEt,, followed by chromatography on
silica gel, gave 3-glucopyranosylamino-5-thiomethoxy-1,2,4-triazole (4a) in 3:4 ratio. The
former (3a) was easily converted into the cyclized product (4a) by heating in an appropriate
solvent. The nuclear magnetic resonance (NMR) spectrum of 3a showed a sharp singlet
peak at ¢ 2.43 due to the SCH; protons. The NMR spectrum of 4a showed a singlet peak at
6 2.58 which was assigned to the SCH; protons. In this experiment, the 1,2,4-triazole glycoside
(5a) was not isolated.

A one-carbon insertion reaction of N-glycosyl-2-(phenyl-or 2-pyridylhydrazine)thiocarbox-
amides (6a, 7a) with phosgene—ether solution gave glycosylamino-4-phenyl- or glycosylamino-
4-(pyrid-2-yl)-1,3,6-thiadiazol-5-ones (8a, 9a) in fair yields after chromatography.

We then investigated the cyclization reaction of N-glycosyl-2-(benzoylhydrazine)thiocar-
boxamides (10a—c) under acidic conditions. Treatment of 10a in Ac,O under stirring at room
temperature or heating gave two N-acetyl compounds after chromatography.

When the N-glycosyl-2-(benzoylhydrazine)thiocarboxamide (1la) was treated with
polyphosphoric acid (PPA) at 60 °C for 2 h, a 1,2,4-triazole-5-thione glycoside (20a) was obta-
ined in 459, yield along with the starting material. On increasing the reaction temperature to
80—85 °C, the cyclized product (20a) was obtained in 679, yield together with decomposed
products. Inorder to find mild dehydration conditions, we examined the dehydration reaction
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using Ac,O-phosphoric acid (HzPO,).

Treatment of 10a with Ac,0-H,PO, (20: 1) under ice

cooling afforded 20a in 929, yield. Similar treatment of N-glycosyl-2-substituted hydrazine
thiocarboxamides (10a, 11a—c, 12a) yielded the corresponding 1,2,4-triazole-5-thione glycosides
(20a, 21a—c, 22a) in good yields.

The deacetylation of some product was carried out in the usual way. Treatment of the
protected 1,2,4-triazole-5-thione glycosides with methanolic sodium methoxide, followed by
neutralization with Dowex ion-exchange resin (H+ form), afforded free 1,2,4-triazole-5-thione
glycosides (23a, b, 24a, 25a) in good yields.
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Experimental

All melting points are uncorrected. IR spectra were measured with a JASCO A-2 spectrometer and
NMR spectra on a Varian T-60 spectrometer. Tetramethylsilane was used as an internal reference. Mass
spectra (MS) were measured with a JMS-D-100 spectrometer using a direct inlet system at 75 eV. Optical
rotations were measured in CHCl,; solution in a 50 mm cell with a JASCO DIP-181 automatic polarimeter.

1-(2,3,4,6-Tetra-O-acetyl-f#-D-glucopyranosyl)-2,5-thiobiurea (2a) A mixture of 1a (389 mg, 0.001 mol)
and thiosemicarbazide (91 mg, 0.001 mol) in dry benzene (30 ml) was refluxed for 6 h and then allowed to
stand at room temperature. The separated crystals were collected by filtration and recrystallized from Et,0-
EtOH (1: 1) to give colorless fine needles. Yield: 465 mg (97%), mp 172—175°C. IR »X3% cm~1: 3570, 3450,
3270 (NH,, NH), 1740 (OCOCHj,), 1620, 1220, 1035. NMR (DMSO-d,) 6: 5.85 (1H, t, 1”-H), 7.60 (2H, bs,
NH x2). MS (m/z): 446 (M+—H,S). Anal. Caled for C,H,,N,0,S,: C, 39.99; H, 5.03; N, 11.66. Found:
C, 40.02; H, 5.42; N, 11.70.

1-(2,3,4,6-Tetra-0-acetyl-f-p-glucopyranosyl) -2,5-di-S- methylthiobiurea (3a) and 3-(2,3,4,6-Tetra-O-
acetyl-f-p-glucopyranosyl)amino-5-thiomethoxy-1,2,4-triazole (4a)——Mel (2ml) and NEt, (2ml) were
added dropwise at room temperature to a stirred solution of 2a (480 mg, 0.001 mol) in tetrahydrofuran (THF).
After the reaction mixture had been stirred for 10 h, the solvent was evaporated off under reduced pressure
to give a brownish residue. The residue was dissolved in CHCl, (50 ml), washed with H,O and dried over
MgSO,. Removal of the solvent left a slightly yellow residue which was chromatographed on silica gel with
benzene—acetone. Elution with benzene-acetone (19:1) gave 150 mg (309%) of 3a as colorless needles.
Recrystallization from Et,O-n-hexane (1: 1) afforded 3a as colorless fine needles, mp 140—142°C. IR »XB:
cm~!: 3350, 3300 (NH,, NH), 1740 (OCOCHy,), 1200, 1010. [«]% —15° (c=1.0). Anal. Calcd for C;sHyN,0,S:
C, 42.51; H, 5.55; N, 11.02. Found: C, 42.47; H, 5.53; N, 11.08. NMR (CDCl,) ¢: 2.43 (6H, s, Me x 2),
7.14 (1H, d, J=8.0 Hz, 1"-H). Elution with benzene-acetone (4:1) gave 200 mg (439%) of 4a as colorless
needles. Recrystallization from Et,0-1s0-Pr,0 (2: 1) gave 4a as colorless prisms, mp 159—162°C. IR pXBL
cm~!: 3350, 3300 (NH,, NH), 1740 (OCOCHj,), 1600, 1030. MS (m/z): 460 (M*). [«]F +14° (¢=1.0). Anal.
Caled for C;H,,N,0,S: C, 44.34; H, 5.25; N, 12.17. Found: C, 44.36; H, 5.20; N, 12.22.

2,2-Acetyl(2,3,4,6-tetra-0-acetyl-f-p-glucopyranosyl)amino-5-methyl-1,3,4-thiadiazole (19a)——A solu-
tion of 10a (463 mg, 0.001 mol) in MeOH-NaOMe (10 ml) was stirred for 2 h under cooling in an ice bath.
The reaction solution was neutralized with ion-exchange resin (Dowex 50W-X8, H*-form) and filtered, and
the filtrate was concentrated under reduced pressure to give a residue. The residue was treated with Ac,O
(2 ml) and dry pyridine (2 ml). After being stirred for 6 h at room temperature, the mixture was poured
into ice water and extracted with CHCl; (100 ml). The extract was washed with sat. NaHCO; solution
and H,O and dried over MgSO,. Removal of the solvent by evaporation left a brownish residue, which
was chromatographed on silica gel. Elution with benzene-acetone (97: 3) gave 360 mg (74%) of 19a as
slightly yellow crystals. Recrystallization from CClI,—CHCI, (3: 1) gave 19a as colorless fine needles, mp
177—168°C. [a)b +19° (¢=1.0). IR »53 cm—!: 1740 (OCOCH,), 1610, 1370, 1230, 1040. NMR (CDCl,)
d: 2.30 (3H, s, NCOCH,), 2.64 (3H, s, -S=CCHj;). MS (m/z): 487 (Mt). Amnal. Calcd for C;gH,;N;0,,S: C,
46.81; H, 5.17; N, 8.62. Found: C, 46.93; H, 5.23; N, 8.65.

2-(2,3,4,6-Tetra-O-acetyl-f-D-glucopyranosyl)amino-4-phenyl-1,3,4-thiadiazol-5-one (8a) and 2-(2,3,4,
6-Tetra-0-acetyl-g-D-glucopyranosyl)amino-4-(pyrid-2-yl)~1,3,4-thiadiazol-5-one (9a)——A 309, COCI-Et,O
solution was added dropwise to an Et,O solution of 6a (0.001 mol) and dry pyridine (0.5 ml) under
cooling in an ice bath. After being stirred for 30—50 min, the reaction solution was washed with H,0O and
dried over MgSO,. Removal of the solvent by evaporation left a slightly brownish residue, which was
chromatographed on silica gel. From the eluate with CHCl;, 500 mg (969%,) of 8a was obtained as a slightly
yellow syrup. Rf 0.45 [silica gel, benzene-acetone (3: 2)]. [a]5 +13° (¢=1.0). Anal. Caled for CpH,3N30,,S:
C, 50.47; H, 4.81; N, 8.03. Found: C, 50.32; H, 4.75; N, 8.09. MS (m/z): 523 (M+). A 309% CO _-Et,O
solution was added to a solution of 7a (0.001 mol) and dry pyridine (0.5 ml) in Et,O (10 ml) under cooling and
the reaction solution was treated as described above for 8a. From the eluate with benzene—acetone (97: 3),
498 mg (95%) of 9a was obtained as a slightly brownish syrup. Rf 0.55 [silica gel, benzene-acetone (5: 1)],
[«]% +8° (¢=1.0). Anal. Calcd for C; H,N,O,,S: C, 48.09; H, 4.61; N, 10.68. Found: C, 48.16; H, 4.80;
N, 10.60. MS (m/z): 524 (M*).

N-(2,3,4,6-Tetra-0-acetyl-#-D-glucopyranosyl) -2- (acetylbenzoylhydrazine) thiocarboxamides (18a) A
solution of N-glycosyl-2-(benzoylhydrazine)thiocarboxamide (10a; 445 mg, 0.001 mol) in Ac,0O (10 ml) or
Ac,0 (5 ml)-dry pyridine (5 ml) was stirred for 24 h at room temperature. The reaction solution was poured
into ice water and extracted with benzene. The organic layer was washed with sat. NaHCO, solution, and
H,O and dried over MgSO,. Removal of the solvent by evaporation under reduced pressure left a syrup,
which was chromatographed on silica gel. The eluate with benzene—acetone (19: 1) gave 369 mg (65%,) of
the first band product. Rf 0.56 [silica gel, benzene—acetone (4:1)], IR »%5; cm~*: 3150, 3000, 1740, 1510,
1420, 1360, 1220. NMR (CDCl,) §: 2.30 (3H, s, NCOCHS,), 5.80 (1H, t, 1’-H), 11.45 (1H, d, J =8.0 Hz, 1"-NH).

The eluate with benzene-acetone (17:3) gave 130 mg (239%) of the second band product. Rf 0.32
[silica gel, benzene—acetone (4:1)]. IR »i% cm~1: 3150, 3000, 1740, 1510, 1360, 1210. NMR (CDCl;) 4:
2.22 (3H, s, NCOCH,), 5.65 (1H, t, 1’-H), 8.12 (1H, bs, NH), 11.60 (1H, d, J=8.0 Hz, 1’-NH).

NII-Electronic Library Service



No. 8 2191

N-Glycosyl-2-(substituted hydrazine)thiocarboxamides (10—17) a) A mixture of 2,3,4-tri-O-acetyl-
a-D-arabinopyranosyl isothiocyanate (317 mg, 0.001 mol) or 2,3,5-tri-O-benzoyl-g-p-ribofuranosyl isothio-
cyanate (503 mg, 0.001 mol) and an acyl or aroyl hydrazine (0.001 mol) in MeCN (20—50 ml) was refluxed
for 2—10 h then allowed to stand at room temperature. The reaction solution was concentrated under
reduced pressure to give a residue, which was chromatographed on silica gel. Elution with benzene-acetone
(97: 3) gave the cyclized product in 93—979, yields.

10b: Yield: 359 mg (93%), mp 111—114°C [Et,0-CCl, (2: 1)]. IR #¥E: cm~': 3200 (NH), 1740 (OCO-
CH,). Anal. Caled for C,H,)N;OgS: C, 42.96; H, 5.41; N, 10.74. Found: C, 42.90; H, 5.38; N, 10.82. MS
(m[z): 8378 (M+—H,0).

11b: Yield: 400 mg (93%), mp 170—173°C [Et,O-benzene (3:2)]. IR »EE; cm—!: 3300 (NH), 1740
(OCOCH,), 1600, 750 (Ph). Anal. Calcd for C;oH,3N30.S: C, 50.33; H, 5.11; N, 9.27. Found: C, 50.32; H,
5.07; N, 9.32. MS (m/z): 435 (M+—H,0).

12b: Yield: 441 mg (97%), mp 207—210°C [iso-Pr,0-CHCI, (1: 1)]. IR »%3; cm~!: 3300 (NH), 1740
(OCOCH,), 1680 (CONH). Anal. Calcd for C;sH,,N,O5S: C, 47.57; H, 4.88; N, 12.33. Found: C, 47.60;
H, 4.84; N, 12.27. MS (m/z): 436 (M+—H,0).

10c: Yield: 500 mg (879%). Rf0.32 [benzene-acetone (4: 1)]. IR »¥8t cm—1: 3250¢ (NH), 1720 (OCOPh).
Anal. Calcd for C,gH,,N,0,S: C, 60.30; H, 4.71; N, 7.28. Found: C, 60.35; H, 4.73; N, 7.25. [«]} +36°
(¢=1.0).

11c: Yield: 588 mg (92%), mp 1756—176°C [Et,O-iso-Pr,0 (1:1)]. IR »X8% cm~1: 3300 (NH), 1720
(OCOPL), 1600, 750 (Ph). Awnal. Caled for C3H,N;O45: C, 63.84; H, 4.57; N, 6.57. Found: C, 63.90;
H, 4.55; N, 6.57. [«]B +9° (¢c=1.0).

b) A mixture of 2,3,4,6-tetra-O-acetyl-g-p-glucopyranosyl isothiocyanate (389 mg, 0.001 mol) and an
acyl or aroyl hydrazine (0.001 mol) in MeCN (20 ml) or benzene (20 ml) was refluxed for 3 h and treated as
described for a) (Table I).

TaBLE I. N-Glycosyl-2-(substituted hydrazine)thiocarboxamides (10a—17a)

Analysis (%)

: o Calcd
CO? 3 d. ng,/il)d mp %}:) or IR » 8% cm—? Formula (Found) MS (m]z2)
C H N

10a 90 Syrup 3350, 1740 C17HsN 30465 44.06 5.44 9.07 445 (M+ —H,0)
0.32% (44.30 5.38 9.15)

1la 94 127—130 3350, 1740, 1620, C,H,;N30,05 50.28 5.00 8.00 507 (M* —H,0)
1550, 1100, 750 (50.32 5.08 8.12)

12a 95 170—175 3200, 1740, 1680, C, H,¢N,0,,S 47.91 4.98 10.64 508 (M* —H,0)
1580 (47.96 4.94 10.60)

13a 93 90—93 3300, 1740, 1600, Cy,HyeN,O,,S 46.31 4.59 9.82 512 (M*+ —H,0)
1350 (46.52 4.63 9.78)

14a 92 140—142 3350, 3300, 1740, C,¢H,(N;OS 52.79 4.94 7.10 573 (M+ —H,0)
1600 (52.75 4.96 7.14)

15a 87 Syrup 3350, 1740 Cy1HygN3O4S 58.20 7.72 6.57 621 (M+ —H,0)
0.65% (58.18 7.76 6.64)

16a 65 188—191 3200, 1740, 1720, C;¢H N, O,,S 41.38 5.21 12.06 446 (M*+ —H,0)
1640 (41.42 5.30 12.12)

17a 77 172—175 3570, 3450, 1740, C;¢H,,N,0,S, 39.99 5.03 11.66 462 (M* —H,0)
1620 (40.02 5.42 11.70)

a) TLC [silica gel, benzene-acetone (3: 2)].

4-Glycosyl 1,2 ,4-Triazole-5-thione (20a, 21a—c, 22c)——a) A solution of 1la (524 mg, 0.001 mol) in
PPA (5 ml) was heated at 60°C under N, in an oil bath. After 50 min, crushed ice was added to the reaction
solution, which was then extracted with CHCl;. The organic layer was washed with sat. NaHCO, solution,
and H,0, and dried over MgSO,. Removal of the solvent by evaporation gave a brownish residue. The
residue was then chromatographed on silica gel. Elution with benzene—acetone (97:3) afforded 20a as
colorless needles. Yield: 164 mg (37%), mp 171—172°C [Et,0O-iso-Pr,0 (1: 1)]. IR »X3i cm-1: 3300 (NH),
1740 (OCOCH,), 1230, 1040. NMR (CDCly) 6: 6.58 (1H, bs, NH), 2.52 (3H, s, 3-Me). MS (m/z): 445 (M+).
Amnal. Caled for C;;H,3N,0,S: C, 45.84; H, 5.20; N, 9.44. Found: C, 45.87; H, 5.25; N, 9.38.

2la: Yield: 228 mg (45%). Rf 0.51 [silica gel, benzene—acetone (4:1)]. IR #¥E cm~1: 3250 (NH),
1740 (OCOCH,), 1580, 750 (Ph). NMR (CDCl,) é: 6.03 (1H, bs, NH), 7.20—7.40 (5H, m, Ph). MS (m/z):
507 (MH).

b) A mixture of 10a (465 mg, 0.001 mol) in PPA (5 ml) was heated at 80—85°C in an oil bath. After
2.5 h, the reaction mixture was treated as described for a) to provide 340 mg (679%) of 20a.
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c) HzPO, (0.5 ml) was added to a solution of N-glycosyl-2-(substituted hydrazine)thiocarboxamide
(10a, 11a—c, 16a; 0.001 mol) in Ac,O (10 ml) under cooling. After 2—4 h, the reaction solution was poured
into ice water and extracted with CHCl;. The organic layer was treated as described for a).

20a: Yield: 481 mg (95%).

2la: Yield: 480 mg (92%).

21b: Yield: 395 mg (91%), mp 105—107°C [Et,O-benzene (1:1)]. IR »XE% cm~!: 3300 (NH), 1740
(OCOCHS,), 1530, 750 (Ph). NMR (CDCly) d: 6.47 (1H, bs, NH), 7.19-—7.92 (5H, m, Ph). MS (m/z): 435
(M*).  Amnal. Caled for C,gH,N,0,5: C, 52.41; H, 4.86; N, 9.65. Found: C, 52.38; H, 4.90; N, 9.68.

21c: Yield: 531 mg (95%). Rf 0.47 [silica gel, benzene-acetone (3:2)]. IR X3 cm~1: 3250 (NH),
1720 (OCOPh), 1605, 750 (Ph). [a]y —58° (¢=1.0). Anal. Calcd for C,yH,;N,0,S: C, 62.24; H, 4.50; N,
7.561. Found: C, 62.20; H, 4.56; N, 7.48.

22a: Yield: 390 mg (88%), mp 161—163°C [Et,O-benzene (3:2)]. IR »XEt cm-—1: 3300 (NH), 1740
(OCOCHj;). Amal. Caled for Cp,Hy,N304S: C, 45.94; H, 4.99; N, 9.45. Found: C, 45.87; H, 4.93; N, 4.50.
MS (m/z): 444 (Mt).

4-Glycosyl-3-substituted 1,2,4-Triazole-5-thione (23a, b, 24a, 25a)-——A solution of a 4-acetylglycosyl-3-
substituted 1,2,4-triazole-5-thione (0.001 mol) in MeOH-MeONa (10 ml) was stirred for 0.5—1 h under
ice cooling. The solution was neutralized by stirring it with ion-exchange resin [Dowex 50W-X8 (H+ form)],
then the resin was filtered off and washed with MeOH (5 ml). The filtrate was evaporated to dryness under
reduced pressure below 40°C. The residue was crystallized from EtOH to give 23a as a colorless syrup,
or 23b, 24a, 25a as colorless needles.

23a: Yield: 313 mg (92%). [«]f —13° (¢=1.0, MeOH). IR »%™ cm-1: 3400, 1610, 1540, 1220, 1050.
Anal. Caled for C3H;(N,O,S: C, 45.88; H, 4.74; N, 16.45. Found: C, 45.80; H, 4.70; N, 16.45.

23b: Yield: 288 mg (93%), mp 166—168°C. [«]} —24° (¢=1.0, MeOH). IR »EE cm-1: 3450, 1605,
1540, 1220, 1050. Anal. Calcd for C;,H;,N,O,S: C, 46.45; H, 4.55; N, 18.05. Found: C, 46.48; H, 4.60; N,
18.20.

24a: Yield: 357 mg (93%), mp 81—84°C. [«]¥ —15° (¢c=1.0, MeOH). IR »E2; cm-1: 3450, 3300,
1605, 740. Amnal. Calcd for C,,H,;,N,0,S: C, 43.75; H, 4.20; N, 14.58. Found: C, 43.70; H, 4.25; N, 14.62.

25a: Yield: 449 mg (95%), mp 84—87°C. [a)f —13° (¢=1.0, MeOH). IR X% cm-!: 3300, 1240,
1050. Anal. Calcd for CpHN,O;S: C, 58.32; H, 9.15; N, 8.87. Found: C, 58.60; H, 9.20; N, 8.85.
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