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Abstract:  Novel C-nucleosides (2'S, 3'S)-2-[2', 3'-(bishydroxymethyl)-oxetan-1'-yl]-1,3-thiazole-4-
carboxamide 3 and its carbocyclic analog 4 have been synthesized. Compound 4 enhanced NGF-induced

differentiation on PC12 cells at 100 pug/ml, and moreover, 4 alone also induced morphological differentiation
significantly at 10 and 100 pg/ml. Copyright © 1996 Elsevier Science Ltd

Inhibitors of inosine monophosphate dehydrogenase (IMPD, IMP:NAD+ oxidoreductase, EC 1.1.1.205),
a rate-limiting enzyme in guanine nucleotide biosynthesis, have been shown to possess the ability to induce
differentiation in neoplastic cells,! to inhibit the G protein-mediated cellular signaling mechanism,? and to
downregulate oncogene activity.3 Amongst the synthetic C-nucleosides, tiazofurin (NSC-286193, Tiazole™)
1, 2-(B-D-ribofuranosyl)-1,3-thiazole-4-carboxamide? and selenazofurin 2 (NSC-340847)3 are potent inhibitors
of this enzyme.® In sensitive cells, both compounds are anabolized to thiazole-4-carboxamide adenine
dinucleotide (TAD) and selenazole-4-carboxamide adenine dinucleotide (SAD), respectively, analogs of the
coenzyme nicotinamide adenine dinucleotide (NAD), and these dinucleotides act as an inhibitor of the target
enzyme IMPD.” Tiazofurin 1 has demonstrated potent antitumor activity against several tumor cell lines in vivo
and the clinical trials of 1, alone or in combination with other agents such as paclitaxel and ribavirin, are
underway in patients with myelogenous leukemia, ovarian cancer, and breast cancer.f In continuation of our
studies on the preparation and antiviral and antitumor evaluations of analogs of the unusual antiviral antibiotic
nucleoside oxetanocin-A, we set ourselves the targets of preparing (2'S, 3'S)-2-[2', 3'-(bishydroxymethyl)-
oxetan-1"-yl]-1,3-thiazole-4-carboxamide 3 and its carbocyclic analog 4 aiming at IMPD. In this report we

would like to describe the synthesis and the biological activities of 3 and 4.
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Computational studies: Recently, Goldstein and co-worker suggested that the presence of an attractive
interaction between the thiazole sulfur and furanose oxygen O;' would have important implications for drug
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binding and activity, i. e. the observed S---Oy' distance from the crystallographic and computational studies of
tiazofurin is 2.96 A and is less than the sum of the sulfur and oxygen van der Waals radii (3.3 A).9 In the case
of 3, the corresponding S---Oy' distance was calculated to be 4.11 A on the basis of the most stable conformer
and the weighted mean distance was also estimated to be 3.78 A based on relative population of each conformer

because of a low energy barrier (ca. 1.8 kcal/mol).10

Chemistry: As shown in Scheme 1, the synthesis of the optically active oxetanosyl-thiazole 3 began with the
chiral oxetane-ester 6 prepared from diacetone D-glucose 5 in 15 steps.!1:12 Treatment of 6 thus obtained with
NH3 in MeOH gave the amide 7 in 89 % yield. Initial attempts to convert amide group of 7 into thioamide
group with P;Ss and Lawesson's reagent [2,4-bis(4-methoxyphenyl)-1,3-dithia-2,4-diphosphetane-2,4-
disulfide] under various conditions were unsuccessful just affording the complex compounds. Alternatively,
hydrogenolysis of 7 over 10 % Pd on carbon to the diol 8 followed by benzoylation provided the dibenzoate 9
in 81 % yield in two steps. Compound 9 was readily reacted with Lawesson's reagent to afford the thioamide
10 in 48 % yield. Then, reaction of 10 with ethyl bromopyruvate in EtOH gave smoothly the thiazole 11 in 68
% yield. Finally, amination of compound 11 in saturated methanolic ammonia afforded the target compound 3
in 94 % yield.15
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Scheme 1 Reagents and Conditions: 1) 15 steps. See ref.11 and 12; 2) NH3, MeOH, rt, 15 h;
3) H,, 10 % Pd on Carbon, MeOH, rt, 15 h; 4) PhCOCI, pyridine, rt, 15 h; 5) Lawesson's
reagent ( 1.0 eq), pyridine ( 0.1 eq), dioxane, 65 °C, 2 h; 6) BrCH,COCOOE:t, EtOH, reflux, 2
h; 7) NH3, MeOH, sealed tube, 1t, 15 h.

Synthesis of the optically active carbocyclic-thiazole 4 started from the known chiral cyclobutyl alcohol 1213 as
shown in Scheme 2. Reaction of 12 with trifluoromethanesulphonic anhydride and pyridine at -40 °C yielded
the triflate 13, which was used to the next reaction without purification because of its instability. Replacement
reaction of compound 13 with LiCN in DMF-HMPA at -40 °C gave the desirable nitrile 14 in 55 % yield in two
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steps.14 Hydrolysis of the cyano group of 14 into the amide 15 was successfully accomplished by the treatment
with 98 % formic acid saturated with HCl gas in 97 % yield. Compound 15 was reacted with Lawesson's
reagent to afford the thioamide 16 in 77 % yield, which reacted with ethyl bromopyruvate in EtOH to give the
carbocyclic-thiazole 17 in 85 % yield. After amination of compound 17 in saturated methanolic ammonia, the
target compound 4 could be obtained in 96 % yield.16
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Scheme 2 Reagents and Conditions: 1) Tf,0, pyridine, -40 °C, 2 h ; 2) LiCN, DMF, HMPA, -40
°C, 1 h; 3) HCI gas, 98 % HCOOH, rt, 4 h; 4) Lawesson's reagent ( 1.0 eq), pyridine { 0.1 eq),
dioxane, 65 °C, 2 h; 5) BrCH,COCOOEt, EtOH, reflux, 2 h; 6) NH3, MeOH, sealed tube, rt, 15 h.

Biological activities: Induction of morphelogical differentiation by compound 4 in PC12 cells
The signal transduction through NGF receptor to induce differentiation in rat pheochromocytoma PC12 cells is
known to include c-Ras function, since microinjection of anti-Ras inhibits NGF-induced differentiation in PC12
cells.]”  We examined the effects of compounds 1, 3, and 4 on the differentiation of PC12 cells either in
combination with NGF or alone. As shown in Fig. 1, 1 inhibited NGF-induced differentiation at 1-100 pg/ml,
as expected. Compound 3 showed no effect even at 100 ug/ml either with NGF or alone. Unexpectedly,
compound 4 enhanced NGF-induced differentiation at 100 pg/ml, and moreover, 4 alone also induced
morphological differentiation significantly at 10 and 100 pg/mt. Both 3 and 4 did not inhibit IMPD (data not

shown), and the mechanism of differentiation induced by 4 remains to study.!8
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Fig. 1 Induction of morphological differentiation by 4 in PC12h cells. The cells were incubated for 48 hours
in the medium containing 0.2 % semifetal bovine serum with chemicals and/or 50 ng/ml of NGF. The cells
having neurites longer than 1.5 times of cell diameter were scored positive.
*P < 0.01 against NGF alone, **P < 0.05 against none, ***P < 0.001 against none.
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In summary, we have developed the synthesis of novel C-nucleosides (2'S, 3'§)-2-[2', 3'-
(bishydroxymethyl)-oxetan-1'-yl]-1,3-thiazole-4-carboxamide 3 and its carbocyclic analog 4. Although both
compounds did not inhibit inosine monophosphate dehydrogenase, compound 4 enhanced NGF-induced
differentiation on PC12 cells, and moreover, 4 alone also induced significant morphological differentiation.
Compound 4 should be further pursued for its therapeutic potential as a new differentiation inducer.
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