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DOUBLE-HEADED ACYCLO C-NUCLEOSIDE ANALOGUES.
Functionalized 1,2-bis-(1,2,4-Triazol-3-yl)ethane-1,2-diol

A. H. Moustafa, R. A. Haggam, and M. E. Younes © Chemistry Department,
Faculty of Science, Zagazig University, Zagazig

E. S. H. El Ashry © Chemistry Department, Faculty of Science, Alexandria University,
Alexandria, Egypt

O Reaction of L-tartaric acid with thiocarbohydrazide afforded (1R, 2S)-1,2-bis(4-amino-5-
mercapto-1,2,4-triazol-3-yl)-ethane-1,2-diol (3). The functional groups in 3 allowed the construc-
tion of fused heterocycles on the 1,2,4-triazole rings, mainly of the 1,2,4-triazolo[3,4-b][1,3,4]thia-
diazine type as in 4, 5, 7, 10, 13 and 1,2,4-triazolo[3,4-b][1,3,4]thiadiazole type as in 14.

Keywords  L-Tartaric acid; Ethane-1,2-diol; 1,2,4-Triazolo-[3,4-6][1,3,4]-thiadiazine;
1,2,4-Triazolo[3,4-0][1,3,4]thiadiazole; Acyclonucleoside

INTRODUCTION

Considerable attention has been drawn to the synthesis of several tri-
azole ring systems owing to their valuable properties.l'"3! The incorpora-
tion of various substituents on the 1,2,4-triazole ring and its fusion with
various heterocyclic systems led to compounds with enhanced biological
activities.[1:2:4-7] Moreover, the functionality in 4-amino-5-mercapto-3-substi-
tuted-1,2,4-triazoles makes them key precursors for the formation of fused
heterocyclic compounds containing s-triazolo[3,4-b][1,3,4]thiadiazole and
s-triazolo[3,4-b][1,3,4]thiadiazine ring systems.m We have been interested
in the acyclic nucleosides and their C-nucleoside analogues.!812! Recently,
the syntheses of the seco C-nucleosides 4-amino-3-(D-gluco- or p-galacto-pen-
titol-1-yl)-5-mercapto-1,2,4-triazoles and 4-amino-3-(p-glycero-n-gluco-hexitol-
1-yl)-5-mercapto-1,2,4-triazole!!315] were undertaken with the expectation
that they would have improved biological activity over those without the
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alditolyl residue. However, the activity of the gluco analogue in this series as
an inhibitor for glycosidase enzymes!®! was found to be less than the simple
analogue, 4-amino-5-mercapto-1,2,4-triazole, without the alditolyl moiety.[!”]
These results led us to synthesize varied analogues the 4-amino-5-mercapto-
1,2,4-triazole ring, particularly significant will be the double headed seco C-
nucleoside type where two identical rings are linked to both ends of an
ethanediol moiety.

RESULTS AND DISCUSSION

The synthesis of (1R,2S)-1,2-bis(4-amino-5-mercapto-4H-1,2,4-triazol-3-
yl)ethane-1,2-diol (3) has been achieved by the dehydrative cyclisation of
L-tartaric acid 1 with thiocarbohydrazide 2 in dry pyridine (Scheme 1).

The 'H NMR spectrum of 3 exhibited a doublet at § 5.24 for the two CH
groups in addition to the signals of the amino and thiol groups at § 5.52 and
13.54, respectively. The appearance of one signal at § 67.3 for the CH group
in the 1?C NMR spectrum confirmed that the product was a result from sim-
ilar reactions on both of the carboxyl groups. The aminomercaptotriazole
3 reacted with phenacyl bromide under basic conditions to afford the tria-
zolothiadiazine derivative 4 in good yield. The 'H and *C NMR spectra of
4 showed characteristic singlet for the SCHy group at ¢ 4.27 and ¢ 22.85,
respectively.

Cycloaddition of compound 3 with benzoin afforded the triazolothiadi-
azine derivative 5. Its IR spectrum showed a broad band at 3380 and 3416
cm~! for NH and OH stretching frequencies, and its 'H NMR spectrum in-
dicated the presence of aromatic protons at § 7.22-7.58 and the NH proton
at 6 8.01, 8.03, respectively.

Heating compound 3 with ethyl bromoacetate under basic conditions
in dry ethanol gave product 7. Its elemental analysis indicated the loss of a
molecule of water from the possible alkylated product 6. On the other hand,
the infrared spectrum of 7 showed the absence of absorptions, which could
be correlated to the ester or amide groups existing in 6 and 8, respectively.
Consequently, structures 6 or 8 were ruled out from consideration, leaving
structure 7 as the most probable one. Structure 7 was confirmed from the
analysis of its 'H NMR spectrum, which showed the presence of the ethyl
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group at 0 1.62 and 4.09 as triplet and quartet characteristic for CHs and
CHy groups, and its 1?C NMR spectrum showed their carbons at § 13.91
and 61.03. Moreover, no signals corresponding to the NH groups were
found in the spectrum. The formation of 7 can be rationalized by the
formation of the hemiketal intermediate 6, from the expected alkylation
product 6a, which preferentially loses water rather than ethanol to give 7
instead of 8.

The reaction of 3 with maleic anhydride in DMF and a few drops of
piperidine afforded a compound, which did not have the structure of the
amide 9 or the imide 11. Its 'H NMR spectrum showed a signal at § 13.54 that
is compatible to the COOH group, and a singlet in a down-field region at §
7.56 instead of the amino group in their precursors and could be attributed
to an NH group. The protons on the maleic anhydride double-bond carbons
did not appear as olefinic protons but appeared as a doublet at § 2.97 that
was integrated for four protons of two CH3CO that is linked to a CH group,
which appeared as a triplet at 6 5.55, indicating the presence of a CHCHy
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group. Consequently, the structure of the products could be 10. This can be
explained by starting the attack of the amino group on one of the carbonyl
in maleic anhydride leading to opening of the anhydride ring to give the
amide, which can undergo intramolecular Michael addition of the thiol to
the olefinic double-bond to afford the triazolothiadiazine derivative 10.
Treatment of 3 with dimedone in dry DMF and few drops of piperidine
gave a product tentatively assigned the structure 6,7,8,9-tetrahydro-7,7-
dimethyl-9-oxo0-5H-1,2,4-triazolo[3,4-b]benzo[e][1,3,4]thiadiazin-3-yl ] eth-
ane-1,2-diol 13, rather than the enamine 12. This cyclization has been
proved by the absence of the SH group and the dimedone olefinic protons
in the 'H NMR spectrum of 13, which in the meantime exhibited singlets
at 9 1.04, 2.60, 3.38 for the protons of the dimedone-methyl and methylene
groups. The NH signal appeared at § 7.57. Moreover, the structure has been
based also on similar structures given for products resulting from reactions
of the same functionality, on other triazole derivatives, with dimedone.[18!
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The reaction of 3 with carbon disulfide in presence of alcoholic KOH
gave the expected triazolothiadiazole 14. The structure was elucidated by
IR, 'H, and *C NMR spectra. The SH appeared as singlet at § 13.46, in
addition to the expected signals of the ethanediol and the absence of the
NHp signal. Its *C NMR spectrum showed these signals characteristic for
the C=N at ¢ 150.8, 150.9, 165.9.

Treatment of triazole 3 with p-nitrobenzaldehyde in acetic acid or
DMF furnished a product whose 'H NMR spectrum indicated that its
solution in DMSO-dg showed the existence of Shiff base 15A as the major
form in addition to the cyclic structure 15B as a minor one in a ratio
1:0.25. Moreover, the spectrum showed two signals at § 10.17 and 10.25,
indicating the presence of two geometric isomer, syn and anti of the CH=N
group. The irradiation of the CH group doublet at § 5.36 caused the
OH group doublet at § 6.52 to collapse, confirming the assignment for
both signals.
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EXPERIMENTAL

Melting points were determined with a Melt-Temp apparatus and are
uncorrected. IR spectra were recorded for the compounds in a matrix of a
KBr with Perkin Elmer FTIR 1600 Spectrometer. 'H and '*C NMR spectra
were determined with a JEOL-JNM-LA400 spectrometer. The chemical shifts
are expressed on the 6 (ppm) scale using TMS as the standard.

(1R,25)-1,2-bis(4-Amino-5-mercapto-4H-1,2,4-triazol-3-yl) ethane-1,2-diol
(3). A mixture of 1 (10 mmol) and 2 (20 mmol) in pyridine (10 mL) was
heated under reflux for 6 h. The reaction mixture was cooled and poured
into cold water. The product was filtered, washed with water and crystallized
from hot water to give white crystals (60% yield); mp 225-226°C. IR (KBr):
3299 (NH), 3350 (OH) cm~!. 'H NMR (DMSO-dg): § = 5.24 (d, J = 1.7
Hz, 2 H, 2 CH), 5.52 (s, 4 H, 2 NHy), 6.15, 6.16 (2d, 2 H, | = 2.8 Hz, 2
OH), 13.54 (s, 2 H, 2 SH). '3C NMR (DMSO-d¢): § = 67.3 (2 CH), 151.8 (2
NCS), 166.2 (2 NCN). Anal. Calcd for CgHj9NgO9Se (290.3): C, 24.82; H,
3.47; N, 38.60. Found: C, 24.53; H, 3.72; N, 38.45.

(1R,2S)-1,2-bis[6-Phenyl-7H-1,2,4-triazolo[ 3,4-b][1,3,4]thiadiaz-in-3-yl]
ethane-1,2-diol (4). A solution of phenacyl bromide (20 mmol) in anhy-
drous ethanol (10 mL) was added dropwise to a solution of 3 (10 mmol)
and 3 drops of triethylamine in ethanol (10 mL). The mixture was heated
under reflux for 6 h and then cooled. The precipitate was crystallized from
DMEF to afford the pure product (87% yield); mp 259-260°C. IR (KBr): 1625
(C=N), 3375 (OH) cm~!. "TH NMR (DMSO-dg): § = 4.27 (s, 4 H, 2 CHS),
4.29 (brs, 2 H, 2 OH), 5.61 (s, 2 H, 2 CH), 7.46-7.99 (m, 8 H, 8 Ar-H),
8.01 (d, J = 7.2 Hz, 2 H, 2 Ar-H). *C NMR (DMSO-dg): § = 22.9 (2 CHsS),
65.6 (2 CH), 127.4, 128.8, 131.7, 133.3, 140.4, 152.8, 154.4 (Ar-C and C=N).
Anal. Calcd for CooHi1gNgO9Se (490.6): C, 53.86; H, 3.70, N, 22.84. Found:
C, 53.75; H, 3.53; N, 22.76.

(1R,25)-1,2-bis[6,7-Diphenyl-5H-1,2,4-triazolo[ 3,4-b][1,3,4]thiadiazin-3-
yllethane-1,2-diol (5). A mixture of 3 (10 mmol), benzoin (20 mmol) and
1 N aqueous KOH (5 mL) in dry ethanol (10 mL) was boiled under reflux
for 4 h. The reaction mixture was cooled and poured into ice-cold water.
The precipitate was filtered, washed with water and crystallized from ethanol
(67% yield); mp 263-264°C. IR (KBr): 3380 (NH), 3416 (OH) cm~!. 'H
NMR (DMSO-dg): § = 4.56 (d, J = 1.8 Hz, 2 H, 2 CH); 5.95 (d, J =
1.8 Hz, 2 H, 2 OH), 7.22-7.58 (m, 20 H, Ar-H), 8.03 (s, 2 H, 2 NH). 13C
NMR (DMSO-dg): 6 = 75.7 (2 CH), 127.2, 127.3, 127.6, 127.7, 128.3, 128.4,
128.5, 128.6, 133.1, 134.6, 139.7, 199.1 (Ar-C, C=N and CS). Anal. Calcd
for C34HosNgO9Ss (642.8): C, 63.53; H, 4.08; N, 17.43. Found: C, 63.25; H,
3.85; N, 17.28.
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(1R,2S)-1,2-bis[6-Ethoxy-7H-1,2,4-triazolo|[ 3,4-b][1,3,4]thiadiazin-3-yl]
ethane-1,2-diol (7). To a solution of 3 (10 mmol) and anhydrous sodium
acetate (2 mmol) in anhydrous ethanol (10 mL), ethyl bromoacetate (40
mmol) was added. The reaction mixture was heated under reflux for 8 h
and then cooled. The product was filtered, washed with HyO and ethanol,
and crystallized from ethanol to give colorless crystals (90% yield); mp 180—
181°C. IR (KBr): 1616 (C=N), 3421 (OH) cm~!. "TH NMR (DMSO-dg): § =
1.16 (t, / = 2.1 Hz, 6 H, 2 CH3); 3.99 (s, 4 H, 2 CHsS), 4.09 (q, / = 2.1 Hz,
4H, 2 CHy), 5.17 (s, 2H, 2 CH), 6.01 (brs, 2 H, 2 OH). '3C NMR (DMSO-
dg): 0 = 13.91 (CHs), 32.62 (CH,S), 61.01 (CH20O), 65.30 (2 CH), 151.0,
155.6, 168.3 (3 C=N). Anal. Calcd for C;4H;gNgO4So (426.5): C, 39.43; H,
4.25; N, 26.27. Found: C, 39.32; H, 4.05; N, 26.07.

(1R,28)-1,2-bis[ 7-Carboxymethyl-6,7-dihydro-6-oxo-5H-1,2,4-triaz-olo|[ 3,
4-b][1,3,4]thiadiazin-3-yl]ethane-1,2-diol (10). A mixture of 3 (10 mmol)
maleic anhydride (20 mmol) and 3 drops of piperidine in DMF (20 mL)
was heated under reflux for 24 h, cooled, and poured into ice-water. The
product was crystallized from DMF/ethanol (84% yield), mp 295-296°C.
IR (KBr): 1680 (C=0), 1714 (C=0), 3152 (NH), 3384 br (OH) cm~'. 'H
NMR (DMSO-dg): § = 2.97 (d, ] = 2.4 Hz, 4 H, 2 CH»CO), 5.28 (d, | =
1.8 Hz, 2 H, 2 OH), 5.55 (t, ] = 2.4 Hz, 2 H, 2 HCS), 5.76 (s, 2 H, 2 CH),
7.56 (S, 2 H, 2 NH), 13.54 (S, 2 H, 2 COOH) Anal. Calcd for C14H14Ngogsg
(486.4): C, 34.57; H, 2.90; N, 23.04. Found: C, 34.32; H, 2.60; N, 22.80.

(1R,2S)-1,2-bis-[6,7,8,9-Tetrahydro-7,7-dimethyl-9-oxo-5H-1,2,4-tri-azolo
[3,4-b]benzole][1,3,4]thiadiazin-3-yl]ethane-1,2-diol (13). A solution of 3
(10 mmol) and dimedone (20 mmol) in dry DMF (20 mL) and a few drops
of pipredine was heated under reflux for 24 h. The reaction mixture was
cooled and poured into ice-cold water and then crystallized from DMF/
ethanol to give brown crystals (77% yield); mp 320-321°C. 'H NMR (DMSO-
dg): 0 = 1.04 (s, 12 H, 4 CH3); 2.60 (s, 4 H, 2 x 6-CHy); 3.38 (s, 4 H, 2 X
8-CHy); 5.78 (brs, 2 H, 2 CH), 6.06 (brs, 2 H, 2 OH), 7.57 (s, 2 H, 2 NH).
I3C NMR (DMSO-dg): § = 27.6, 27.7, 32.4, 40.5, 50.9, 117.7, 125.2, 147.4,
167.1, 196.8. Anal. Calcd for CooHosNgO4Se (530.6); C, 49.80; H, 4.94; N,
21.12. Found: C, 49.98; H, 4.58; N, 21.02.

(1R,2S5)-1,2-bis[6-Mercapto-1,2,4-triazolo[3,4-b][1,3,4]thiadiazol-3-yl]
ethane-1,2-diol (14). To a solution of KOH (15 mmol) in dry ethanol (20
mL) was added 3 (10 mmol) followed by CSy (50 mL) with stirring. The
reaction mixture was heated under reflux for 24 h, cooled, and poured into
ice-cold water and then acidified with glacial acetic acid. The precipitate
was collected and crystallized from aqueous ethanol (50% yield); mp 250-
251°C. IR (KBr): 1620 (C=N), 3480 (OH) cm~!'. '"H NMR (DMSO-dg): § =
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4.15 (brs, 2 H, 2 OH), 5.24 (s, 2 H, 2 CH), 13.46 (s, 2 H, 2 SH). '3C NMR
(DMSO-dg): § 65.2 (2 CH), 150.8, 150.9, 165.9 (3 C=N). Anal. Calcd for
CgHgNgOoSy (374.5): C, 25.66; H, 1.61; N, 29.92. Found: C, 25.53; H, 1.60;
N, 29.54.

(1R,28)-1,2-bis-[4-p-Nitrobenzylideneamino-5-mercapto-1,2,4-triazolo-3-
yllethane-1,2-diol (15). A mixture of 3 (10 mmol) and p-nitrobenzaldehyde
(20 mmol) in DMF (20 mL) was refluxed for 8 h, cooled, and then
poured into ice-cold water. The yellow precipitate was crystallized from
DMF/ethanol (80% yield in ratio 1:0.25%); mp 267-268°C. IR (KBr): 1601
(C=N), 3185 (NH), 3425 (OH) cm~'. '"H NMR (DMSO-dg): 6 = 5.36 (d,
J=18Hz 2H,2CH), 6.52 (d, ] =1.7Hz, 2 H, 2 OH), 7.50-8.46 (m, 8 H,
Ar-H), 10.17, 10.23 (2s, 2 H, 2 CH=N), 11.27 (s, 0.5 H, 2 NH), 14.03 (s, 2
H, 2 SH). *C NMR (DMSO-dg): § = 54.6, 65.5 (2 CH); 123.8, 123.9, 124.2,
129.6, 129.8, 130.5, 137.8, 139.9, 149.2, 150.5, 160.1 and 161.5 (Ar-C, C=N)
and 192.2 (CS). Anal. Calcd for CooH16N1006S2 (556.5): C, 43.17, H, 2.90;
N, 25.17. Found: C, 43.08; H, 2.58; N, 25.12.
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