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SYNTHETIC STUDIES ON 2'-SUBSTITUTED-4'-THIOCYTlDI" DERIVATIVES AS 
ANTINEOPLASTIC AGENTS 

Yuichi Yoshimura,* Mikari Endo, Kenji Kitano, Kohei Yamada, Shinji Sakata, 
Shinji Miura, and Haruhiko Machida 

Biochemicals Division, Y a m a  Corporation, 2- 10-1 Araoicho, Choshi, Chiba 288-0056, Japan 

ABSTRACT: As potential antineoplastic agents, we have synthesized 4'4hioFAC and 
4'4hiocytarazid by developing an alternative synthetic method. 4'-ThioFAC showed 
potent antineoplastic activities in vivo as  well as in vitro. 

The 4'-thionucleosides are attractive compounds as both antiviral and antitumor agents. Since the 

several 2'-substituted cytidine analogues, such as DMDC 1 and gemcitabine 2, have already been known as 

potent antitumor the 4-thio analogues of these compounds seem to be promising antitumor 

agents. When we started their synthesis, reports concerning 2'-substituted 4-thionucleoside were quite 

limited.3 Thus, we developed a novel method for synthesizing them, and found 4-thioDMDC 5 had potent 

antitumor activities, as e~pected.~.5 In contrast, the activity of 4'-thiogemcitabine 6 was rather 

disappointing, and was hundred times less active than 4'-thi0DMDC.~3~ These results suggested the effects 

of 2-substituents of 4'-thionucleosides on antitumor activities might be different from those of usual 4'- 

oxy counterparts. To investigate the further structure-activity relationship of 2'-substituted-4-thiocytidines, 

we have selected I-(2-deoxy-2-fluoro-4-thio-~-D-arabinofuranosy~)cytos~ne (4-thioFAC, 7) as a third target: 

its 4'-oxy congener, 1 -(2-deoxy-2-fluoro-~-D-arabinofuranosyl)cytosine (FAC, 3) had been synthesized in 

1970 by Wright and Fox, and reported to have antileukemic activity in vitro.6 4-ThioFAC also seems to 

be promising as antitumor agent. 

The method developed for the synthesis of 4'-thioDMDC and 4'-thiogemcitabine should be generally 

applicable to the synthesis of other 2'-substituted 4'-thionucleosides, and was applied to the synthesis of 4 -  

thioFAC.S The 5-silylated 4-thiosugar derivative 9, which was prepared from diacetoneglucose as reported 

previ~us ly ,~ ,~  was treated with DAST to give a 2-fluorinated compound 11 as a sole product.5 

~~~~ 
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816 YOSHIMURA ET AL. 

Chart 1 

x 
HO $ -  H i  

OH 

1: DMDC : X =  Y = CHz 
2: Gemcitabine : X = Y = F 
3: FAC : X = F, Y = H 
4: Cytarazid : X = NJ, Y = H 

5: 4-ThioDMDC : X = Y = CHz 
6: 4-Thiogemcitabine : X = Y = F 
7 :  4'-ThioFAC : X = F, Y = H 
8: 4'-Thiocytaratid : X = NJ, Y = H 

Scheme 1 

0 Bn 

11 

TBDPS 
0 Bn 
9 

10 
YHRi 

1 ) mcoba 
2j AcAO 

77% ( 2 steps) " OBn 
12 

persilylated N-Ac-Cytosine 
SnCh I CH3CN 

93% 
(p :a= 1 : 2.9) H i  

0 RR 

R, = Ac, R2 = TBDPS, = Bn (13a.p) 1) BBr3 

3) aq.NH3 I MeOH 
4) separation c R1 = 4 = R3 = H (7p; 1770, la; 43%) 
2) NH4F 

The structural elucidation of 11 at the latter stage of the synthesis clearly showed that it had 2-up 

configuration as we expected. This is well-consistent with the results reported by Marquez and his co- 

workers; it is clear that the reaction proceeded via an episulfonium intermediate 10 as shown in Scheme 

l.7 The 2-fluoro derivative 11 was converted to 1-acetate 12 by the Pummerer rearrangement. The 

glycosylation reaction with persilylated N4-acetylcytosine in the presence of stannic chloride gave a 

mixture of a- and p-anomers of 4'-thioFAC derivatives 13. As in the case of 4'-thioDMDC and 4'- 

thiogemcitabine, the a-isomer was predominantly formed. Finally, compound 13 was deprotected in 3 

steps, and the resulting isomers were separated by ODS column chromatography to give 4'-thioFAC 7 and 

its a-isomer. Evaluation of the biological activities of 4'-thioFAC showed potent antitumor activities 

against various solid tumors. The detail is discussed later. 

Although we could achieve the synthesis of 4'-thioFAC, it remained several problems. Expensive 
and difficult-to-handle reagents have been used, such as DAST,TBDPSCI, BBr3, and mcpba, which were 

unsuitable for a large-scale production. The most serious problem was unsatisfactory P-stereoselectivity of 
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2'-SUBSTITUTED4'-THIOCYTIDINE DERIVATIVES 817 

the glycosylation step. This made the separation of the a- and p-isomers complicated. To remedy these 

drawbacks, we had to exploit an alternative synthetic method. To this end, we intended to apply the 

improved synthesis of FAC reported by Watanabel to the synthesis of 4'-thioFAC. Thus, the synthesis 

from commercially available diacetoneallofuranose 14 was investigated. 

Scheme 2 

1) 2M HCI 1) MsCl 
Thiourea 2) BZCl 

L 

x 
17 : X = F (82%) 
26 : X = N3 (80%) 

ACzO, KOAC, AcOH 
reflux 

X 
19 : X = F (95%) 
28 : X = N3 (87%) 

20 : X = F (73%) 
29 : X = N B  (70%) 

x 18:X=F(82%) 
27 : X = N3 (77%) 

1 t 90% TFA 
2j Na104 
3) HCI I MeOH 
4) BzCl 

* 

OBz 
21 : X = F (58%) 
30: X = N3 (54%) 

For the C-3 fluorination of diacetoneallofuranose 14, we used the method developed by Bristol- 

Myers group with slight modification? instead of the original method. Diacetoneallofuranose 14 was 

treated with sulfuryl chloride and imidazole to give sulfuryl imidazole derivative 15, which was fluorinated 

by the treatment with potassium fluoride in refluxing 2-methoxyethanol to give a 3-fluOrO derivative 16 in 

77% yield. The 3-fluor0 derivative 16 was converted to a diacetate derivative 20 via an epoxide derivative 

18 as shown in Scheme 2. 3,5-Dibenzoyl-2-fluoro-4-thioarabinose 21 was derived from the diacetate 

derivative 20 by acid hydrolysis, oxidation, treatment with acidic methanol, and benzoylation in 58% yield. 

As mentioned above, the Lewis acid assisted glycosylation resulted in the poor P-selectivity. Thus, 

we investigated the nucleophilic substitution of I-a-bromide of 4-thiosugar which could selectively be 

prepared from 1-acetate 22, as in the synthesis of FAC and its related compounds.8 The I-acetate derivative 

22, obtained form dibenzoyl derivative 21 by acetolysis, was transiently converted to the corresponding 1- 

a-bromide 23. However, our first attempt to obtain 4'-thioFAC by nucleophilic substitution of I-a- 
bromide 23 was unsuccessful: the reaction in refluxing 1.2-dichloroethane gave only trace amounts of the 

glycosylated product. Quite interestingly, when this reaction was done without solvent under reduced 

pressure, the glycosylated product was formed in 5 h with predominant formation of the p-isomer. After 

deprotection and separation, the structure of the major isomer was confirmed by instrumental analysis, as 

was 4'-thioFAC 7. (Scheme 3) 
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Scheme 3 

W R 1  

+ 

21 : X = F , R = M e  
H2S04 r 30 : X = N3, R = Me 

L 22 : ;;lj R =Ac 

31 : X = N 3 , R = A c  
(89%) 

persilylated 
N Ac-Cytosine 

0% (a:p=l :4)  

23 

persilylated N Ac-Cytosine 2 4 : R l  =Ac,&=Bz,  

32 : R1 = Ac, R2 = Bz, 
X = N3 (p; 19%, CF 

X = F (p+ a; 59"4 TMSOTt 

aq. NH3 X=Nq 

. a-anomer 

39%) 

I, 7 : R 1 =  Q=H,  ( a :  p = 2  : 1) 

X = F (p; 56%, a; 14%) 

X = N3 (p; 79%. a; 93%) 
8 : R 1 =  & = H .  

Next, we chose 4'-thiocytarazid 8 as our target compound, because cytarazid 4,4'-oxy counterpart of 

the target, has been known to have antitumor activities.1° However, our first attempt to synthesize 4- 

thiocytarazid by the original method was unsuccessful. Against our expectation, the Mitsunobu reaction of 

1 -deoxy-4-thioarabinose 9 gave only a ribo-azide der i~at ive.~ Therefore, we tried to synthesize 4'- 

thiocytarazid by the alternative method mentioned above. 

As in the case of 4'-thioFAC, diacetoneallofuranose 14 was converted to 2-azido-4-thioarabinose 

derivative 31 which was subjected to the glycosylation reaction. (Scheme 2) First, we have tried to prepare 

1-a-bromide, as 4'-thioFAC was synthesized. However, the generated 1-bromide was unstable, and the 

reaction with persilylated N4-acetylcytosine gave none of the desired product. Alternatively, the reaction of 

1-acetate 31 with persilylated N4-acetylcytosine in the presence of TMS triflate gave protected 4'- 

thiocytarazid 32 in 58% yield as a 1 : 2 mixture of p- and a-isomers. After silica gel column purification, 

the separated isomers were deblocked to give a p- and a-anomer of 4'-thiocytarazid 8, respectively. (Scheme 
3) 4'-Thiocytarazid showed only moderate activity against leukemic cell lines (CCRF-HSB-T IC50 7.8 

pg/mL), and was inactive against solid tumor KB cells (IC5* 42 pg/mL). Thus, the incorporation of 

sulfur instead of 4'-oxygen resulted in the reduction of antitumor activity of cytarazid. 

As mentioned above, 4'-thioFAC has shown potent antineoplastic activities against various solid 

tumor cell lines in v i m .  The results are summarized in Table 1. 4'-ThioFAC has a similar antitumor 

spectrum to 1-(p-D-arabinofuranosy1)cytosine (araC), but, 4'-thioFAC was about several to 10 times more 

active than araC in most of the cell lines tested. Particularly, 4-thioFAC has shown potent inhibitory 

activities against stomach and colon cancer cell lines. In contrast, FAC, 4-oxy congener of 4'-thioFAC, did 

not show any antitumor activity except leukemic and one colon cancer cell line. 

Furthermore, antitumor activities of 4'-thioFAC were evaluated in nude mice bearing human colon 

cancer SW48 xenografts. 4'-ThioFAC was administered intravenously or orally, and its antitumor 

activities were evaluated by measuring tumor weights on days at 40 or 45. 4'-ThioFAC was highly active 
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2'-SUBSTITUTED-4'-THIOCYTIDINE DERIVATIVES 819 

Table 1: I n  vifro Antitumor activities of 4'4hioFAC and the related compounds 
Cell Lines Origin IC5, (WmL) 

Ara-c FAC 4'-ThioFAC 
m - 4 5  Stomach 1.5 >loo 0.057 
NUGC-4 2.6 >I00 0.17 
Colo320DM Colon 0.027 0.19 0.025 
SW48 0.27 >lo0 0.0 18 
PC-8 Lung (NSCLC) >loo >loo >loo 
PC-9 >loo >I00 >lo0 
KB Head & Neck 0.21 100 0.067 
CCRF-HSB-2 Leukemia 0.056 0.15 0.086 

Chart 2 Antitumor activities of 4'4hioFAC against human colon carcinoma SW48 
xenograft (s.c.-p.0.) 

( g )  
1 

I T  
t t  
-c 

t t  

Control 5 0 x 4  2 0 x 1 0  1 0 x 4  5 x 1 0  2 . 5 ~ 1 0  1 5 0 x 1 0  

4'-t h iOFAC Fu rt u lo n 
(mglkg)  (mglkg)  

**: p<O.Ol (Dunnett's niiiltiple camparison test) 

both in intravenous and oral administration. It is noteworthy that the oral administration showed potent 

inhibitory activities against tumor growth, which was comparable to those by the intravenous 

administration, and even at the 2.5 mg treatment, 4'-thioFAC had significant antitumor activity (Chart 2). 

In conclusion, as potential antitumor agents, we have synthesized 4'-thioFAC and 4'-thiocytarazid 

by developing an alternative synthetic method. 4'-ThioFAC showed potent antitumor activities against 

solid tumors in vivo as well as in  virro. Especially, 4'-thioFAC showed more potent antitumor activities 

in the oral administration than the intravenous administration. 
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