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ABSTXACT 

Various carbocyclic nucleosides analogs of neplanocin A (such as S-aminoimi- 
daxole4arboxamide riboside, uridine, 5iodouridine, 4thiouridine, cytidine, 
thymidine, 2’-deoxyguanosine, ribofuranosylthymine, a 2,2’-anhydroderivative, 
2’ deoxycytidme, 2’ deoxythiouridine, and n-arabinofuranosylcytosine analogs) 
were synthesized from (lR, 2s, 3R)-2,34sopropylidenedioxy4methoxymethyloxy- 
methyl4cyclopentenylamine. The cytidine analog was found the most active in 
inhibiting mouse lymphoma LS178Y cells in vitro at a concentration as low as 0.8 
ccB/mL. 
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INTRODUCTION 

Neplanocin A, isolated from Actinoplanacea ampullariella sp. in 1981, is a 
carbocychc analog of adenosine having a cyclopentene moiety and exhibits a re- 
markable antitumor activity against L1210 leukemia in mice’. We undertook the 
selective synthesis of the enantiomer and reported’ the first and efficient total syn- 
thesis of ( - )-neplanocin A in 1983 through an optically active half-ester 2, enzymi- 
tally generated from a symmetric unsaturated diester 1. A key intermediate of the 
synthesis was (lR, 2S, 3R)-2,3-isopropylidenedioxy4methoxymethyloxymethyl4 
cyclopentenylamine (3), which can be used as a common precursor for the prepar- 
ation of analogs of neplanocin A. We present herein the enantioselective synthesis of 
analogs of neplancocin A and their biological activity. 

RESULTS AND DISCUSSION 

S-Aminoimidaxole4carboxamide riboside is a key intermediate of the de 
nova biosynthesis of purine nucleosides. Therefore, derivatives of this riboside have 
been considered as important antimetabolites. Thus, a Mminoimidazoltibox- 
amide analog was first synthesized in three steps from 3 according to Shaw and 
Wilson3. The key intermediate 3 was treated with a-amino-a+yanoacetamide and 
ethyl orthoformate in acetonitrile to afford the 5-aminoimidazok4carboxamide 
derivative 4 in 72% yield. After deprotection with dilute hydrochloric acid, crude 5 
was purified by ion-exchange chromatography to afford pure 5 in 93% yield. 

0 
\ P HO OH HO OH 
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The guanosine analog 10 was synthesized in five steps from 3 according to 
Yamaxaki and 0kutsu4. Treatment of 4 with benxoylisotbiocyanate in acetone at 
room temperature afforded the thiourea derivative 6 in 78% yield. Its methylation 
proceeded smoothly, to give the methylthio derivative 7 as a colorless oil, after 
chromatography on silica gel. Treatments with sodium hydroxide gave 9 in 61% 
yield, and deprotection with hydrochloric acid afforded the guanosine analog 9 in 
92% yield. 

The uridine analogs were obtained as follows. The cyclopentenylamine 3 was 
treated with 3ethoxyacryloylisocyanate’, generated in situ from S-ethoxyacrolyl 
chloride and silver isocyanate, to afford the acryloylurea derivative 10 in 91% yield. 
Cyclixation of 10 gave the uridine derivative 11 as a colorless oil in 91% yield. This 
was deprotected and crude 14 was treated with an ionexchange resin to afford the 
pure uridine analog 14 as a colorless syrup in 98% yield. The 5-iodouridine analog 
13 was synthesized in four steps from 3 according to Tai-Shun Lin and You-Song 
Gao6. neatment of 11 with iodine and silver trifluoroacetate afforded 12 in 34% 
yield, and deprotection, followed by neutralization with an anion-exchange resin, 
gave 13 in 49% yield. 

Various cytidine analogs, such as AraC, cycle C, and 5-FC, are in clinical use 
as antitumor agents and a carbocyclic cytidine analog (Carbodine) was found to be 
active against L1210 leukemia’. Therefore, we investigated the biological activity of 
the cytidine analog of the cyclopentenylnucleoside, neplanocin A. In a iIrst ap- 
proach to the preparation of the cytidine analog 18, thiations of the uridine deriva- 
tive 11 produced the 4-thiouridine derivative 15 in 45% yield with a 50% recovery of 
11. Methylation of 15 in 89% yield, followed by amination of 16 ammonia to give 17 
in 91% yield, and finally deprotection with hydrochloric acid afforded the cytidine 
analog 18 in 94% yield. As the yield of the first step was low, a second approach was 
investigated. Acetylation of the uridine analog 14 afforded the tri-O-acetyl deriva- 
tive 20 in 91% yield, in addition to the N3,2’ ,3’ ,6’-tetraacetyl derivative in 7% yield. 
neatment of u) with phosphorus pentasulfide afforded the 4-thio derivative 21 in 
83% yield, which was methylated to give 19, further aminated to afford the crystal- 
line cytidine analog 18 in 94% yield. The 4-thiouridine analog 22 was obtained from 
21 by treatment with ammonia. 

The thymine base was introduced in the same manner as the uracil base. 
Treatment of the free amine 3 with 3-methoxy-2-methylacryloyl isocyanate’ afford- 



238 M. ARITA et al. 

ed the ureido derivative 23 in 87% yield. Cyclization was achieved in acetone with 
ammonium hydroxide to give, in a fairly good yield, 24 the structure of which was 
readily established by the U.V. spectrum and other analyses as for the uracil deriva- 
tive 11. Hydrolysis of 24 with trifluoroacetic acid gave 25 in crystalline form, in 75% 
yield after chromatographic purification. 

The easy 2’-deoxygenation of ribonucleosides and neplanocin Alo, by a radi- 
cal reduction of a 2’-deoxy-Y-halogen0 or thiocarbonyl derivative with tributyltin 
hydride in the presence of axo(isobutyronitrile) (Barton reaction), was also applied 
successfully in the present work. First, OH-3- and -6 of 9 of the cyclopentene moiety 
were protected by the Markiewicz reagentlO*“, 1,3-dichloro-1,1,3,3-tetraisopropyl- 
disiloxane, in the presence of imidaxole to give 29 in 58% yield. Deoxygenation of 20 
was performed without isolation of the intermediate 27 by treatment with N,N-thio- 
carbonyldiimidazole, followed by reduction with tributyltin hydride, in the presen- 
ce of a catalytic amount of azo(isobutyronitrile), to give 28 in 40% yield from 26. 
The ‘H-n.m.r. spectrum of 28 exhibited a characteristic signal for H-2’ at 6 2.32 as a 
multiplet. Deprotection with tetrabutylammonium fluoride in THF afforded the 
desired compound 29 in 85% yield. 

The deoxygenation reported in our previous study” was also applied to the 
uracil (12) and thymine (25) analogs. They were protected in the usual manner to 
give 30 (71%) and 31(68%), respectively. Attempts to deoxygenate 30 in acetonitrile 
through O-thiocarbonylation, followed by homolytic cleavage, gave 34 (45%) to- 
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gether with the 2,2’-anhydro derivative 38 (30%), which were readily separated by 
silica gel column chromatography. In the ‘H-n.m.r. spectrum, 34 showed signals for 
H-2’a (ddd) and H-2’b (ddd) at 6 2.06 and 2.44, respectively. The structure was 
further confirmed by mass spectrometry (m/z 466, M+) and other analyses. The 
‘H-n.m.r. spectrum of 38 exhibited a signal for H-2’ at 6 5.21-5.41 (m), overlapped 
by the signals for H-l’ and H-3’, as well as a parent peak in the f.a.b. mass spectrum 
at m/z 465 (MH+). The ratio of 38 to 34 seemed to increase with higher tem- 
peratures. The 2,2’-anhydro derivative 38 was used for the synthesis of the U~CZ&O- 
pyrimidine nucleoside 49. Treatment of 39 with N,N-thiocarbonyldiimidale, 
followed by homolytic cleavage of 32 with tributyltin hydride furnished 34 (76%) 
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exclusively. Similarly, 35 was obtained from 31 in 77% yield; its ‘H-n.m.r. spectrum 
showed the characteristic signals of H-2’a(m) and H-2’b(m) at 6 2.12 and 2.35, 
respectively. Both 34 and 35 were deprotected with tetrabutylammonium fluoride to 
afford crystalline 36 and 37 in 71 and 92% yield, respectively, and similarly 38 
furnished 39 in a quantitative yield. 

The di-O-acetyl derivative 48 of the 2’-deoxyuridine derivative 36 was thiated 
with phosphorus pentasulfide to give 41 in 87% yield, and successive methylation 
and ammonolysis afforded the 2’-deoxycytidine analog 42. The 2’-deoxy4thiou- 
ridine analog 43 was obtained from 41 by treatment with ammonia. 

In general, D-arabinosylnucleosides are recognized as deoxynucleosides by the 
cell systemt3, but it is noteworthy that the cytidine analog 18 possesses a marked 
activity against L-1210 and B-16 melanoma system in vivo (Table I). Therefore, we 
synthesized the analog 48 having the n-arabino configuration in order to compare 
its activity with that of AraC and the cytidine analog 18. Among the many methods 
of synthesis of arabinosylpyrimidine nucleosides14, that using the hydrolytic clea- 
vage of the 2,2’ -anhydro derivative 39 seemed the most suitable. Treatment of 3’ ,Z’- 
O-silyl protected uridine compounds with trifluoromethanesulfonyl chloride fur- 
nished the 2,2’-0-anhydrouridine exclusively’*. This reaction may proceed by the 
intramolecular SN~ attack of the oxygen atom of the uridine base to the 2’-position 
(2’-OTf group) of the sugar residue. Therefore, 30 was treated with trifluoro- 
methanesulfonyl chloride in the presence of N,N-dimethylaminopyridine to give, in 
53% yield, 38 which was identical in all respects with the compound obtained as a 
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TABLE I 

EPPZCT OP NEPLAN~~N A AND C=INX AN- (18) ON THE LIFE SPAN OF MICE BEARING L1210 
LEUKEMIA AND B16 MELANOMP 

Compound LIZ10 Leukemia Bl6 Melanoma 

T/C DO&V T/C 
(mg/kg/dayJ PA) (mg/kg/dqY) (“A) 

Nephmocin A 0.25 140 
0.5 147 0.5 106 
1.0 138 
2.5 159 ;:: 

106 
114 

5.0 Toxic 

cytidh dO8 0.1 108 0.1 119 
18 0.25 131 0.25 128 

0.5 149 0.5 133 
1.0 177 1.0 144 
2.5 Toxic 

Ara-C SO 185 50 122 

E 207 193 :: :z 
500 218 500 Toxic 

loo0 Toxic 

5-Fu 5 219 
10 220 10 119 
25 225 25 125 
50 146 50 Toxic 

100 Toxic 

a Groups of 6 female CD$, mice or male B&F2 mice received intraperltoneal implants of L1210 
leukemia cells (Id/mouse), or B16 melanoma homogmatcs (0.5 ml/mouse), respectively, on day 
0, according to the protocols described by Geran et al. I’. Compounds were 8iven intraperitoneally 
on days l-5. The results are expressed as T/C values calculated from median survival times, where 
T and C are values of treated and untreated groups, respectively. 

by-product in the radical reduction of 32. After deprotection of 38 in the usual 
manner, alkaline hydrolysis of 39 gave 44 which was acetylated without purification 
to exclusively furnish the triacetate 45 as a syrup in 98% yield; no N3,2’ ,3’ ,6’-tetra- 
acetyl by-product was observed in this case. Thiation of 45 gave 46 in 90% yield, and 
methylation, followed by treatment with a large excess of saturated methanolic 
ammonia, afforded crystalline 48 in 43Or6 yield from 46; its structure was assertained 
by ‘H-n.m.r. spectroscopy and mass spectrometry. 

Biological activity. - Compounds, 5,9,13,&l, 18,22,25,29,36,30,39,42, 
43, and 48 were evaluated for growth-inhibitory activity of mouse lymphoma 
LS178Y cells in vitro. As shown in Table II, the cytidine analog 18 and neplanocin A 
inhibited the growth at a concentration as low as 0.8 pg/mL, whereas the other 13 
analogs had no effect, even at the highest concentration tested, 100 Fg/mL. Recent- 
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ly, 18 was synthesized also from D-ribono-l,4-lactone by Marquez and assoc.‘s and 
shown to exhibit potent cytotoxicity. It seems worthwhile to note that 18 acts as 
inhibitors of uridine kinase15 and CTP synthesis . l6 The antitumor activities of 18 
and neplanocin A, compounds having potent cytotoxicity for L5178Y cells cultures, 
were tested against mouse leukemia Ll210 and mouse melanoma B16. In the present 
study, the compounds were given intraperitoneally to mice, inoculated intra- 
peritoneally with tumors; the results are shown in Table I. The cytidine analog 18 

and neplanocin A increased the life span of the leukemic mice by 77% at a dose of 1 
mg/kg/day and 59% at 2.5 mg/kg/day, respectively, over the controls. Ara-C and 
Z-FU, used as reference antitumor drugs, were more effective in increasing the life 
span of leukemic mice than 18 and neplanocin A. Against mouse melanoma B16,18 
was found to be the most active among the tested compounds; it increased the life 

TABLE II 

INMBRION OF CIROWTH OF CDLTURED Ls 178Y CELLS BY NBPLNWXIN A ANAUXX~ 

Compound C)votoxik concentmtion (Irg/mL) 

5 
9 

14 
13 

: 
25 
29 
36 
37 

z 

: 
Neplanocin A 

>lOO 
>lOO 
>loo 
>lcIO 

0.8 
>I00 
>lOO 
>lOO 
>lOo 
>lOO 
>lOO 
>lOO 
>lOO 
>lOO 

0.8 

a L5178Y cells were suspended in Fischer’s medium supplemented with 10% fetal bovine serum at 
cell concentrations ranging from 5 to 10 x lo’ cells/ml. Cell growth was checked 24 h after 
incubating at 37” in a humidified incubator passing 5% C02-95% air with or without test 
compounds. 
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span of tumor-bearing mice by 44% over the control at a dose of 1 mg/kg/day. The 
other three compounds tested were found to be inactive (ILS, increase in the life 
span over control, ~125%). On the basis of these findings, a further evaluation 
study on the antitumor activity of the cytidine analog 18 in a variety of tumors is 
now under progress. 

BXFERIMENTAL 

General methods. - Melting points were determined with Yanagimoto (MP- 
3) and Yamato (MP-21) micromelting point apparatus and are uncorrected. optical 
rotations were measured with a Horiba SEPA-200 or JASCO DIP-360 pohuimeter. 
U.V. spectra were recorded with a Shimadzu UV-250 or Hitachi 320 spectrophoto- 
meter. 1.r. spectra were recorded with a Hitachi 260-50, JASCO IR-810, or Shimad- 
zu IR-435 spectrophotometer. ‘H-N.m.r. spectra were recorded for solutions in 
(2H)chloroform of di(‘H3methyl sulfoxide with tetramethylsilane aad sodium 4,4- 
dimethyl4silapenta1-sulfonate (DDS) as an internal standard, with a JEOL 
FX-IOBFT, JNM-PS-100, or Hitachi R-90 spectrometer. All exchangeable protons 
were confirmed by addition of DzO. Mass spectra (m.s.) were measured on JEOL 
JMS D-300 (CI, FAR or EI) or JMS-OlSG spectrometers. T.1.c. was carried out on 
Merck pre-coated silica gel 60F~4 plates, and silica gel column chromatography was 
performed on Wako-gel C-200, Merck Xieselgel60 Art 7734 or 9385. 

5 - Amino - I[(IR, 2S, 3R) - 2.3 - isopropylidenedio~ - 4 - methoxymethyhqy - 
methyl4cyclopenten-I-yljimidazole-4-carboxamide (4). - To a solution of (r- 
amino-o-cyanoacetamide (1.0 g, 0.01 mol) in dry acetonitrile (40 mL) was added 
triethyl orthoformate (1.64 g, 0.011 mol), and the mixture was refluxed with stir&g 
for 30 min under an Ar atmosphere. A solution of 3 (1.10 g) and triethylamine (0.60 
mL) in dry acetonitrile (25 mL) was added dropwise to the cooled mixture, which 
was reflexed with stirring for 3 h. The solvent was removed under reduced pressure, 
and the residue purified by silica gel column chromatography (2O:l chloroform- 
methanol) to give 4 (1.16 g, 72% yield), yellow crystals, m.p. 141.5-143”; [& 
-34.2” (c 0.96, chloroform); R, 0.67 (3:l:l ethyl acetate-ethanol-water 0.67; e 
3425, 3330, 3175, 1650, 1615, 1547, 1468, and 1385 cm-‘; ‘H-n.m.r. (CDCls- 
Me&Ii): 6 1.35 and 1.47 [2 s, 6 H, C(CHa)& 3.41 (s, 3 H, OMe), 4.30 (br.s, 2 H, 
CHzO), 4.58 and 5.25 (2 d, 2 H, J5.8 Hz, 20CH), 4.71 (s, 2 H, OCHzO), 4.94 (br.s, 
1 H, NCH), 5.07 (br.s, 4 H, CONHz, NH& 5.82 (br.s, 1 H, -CH=), and 6.86 (s, 1 
H, arom.); e.i.m.s.: m/z 338 (M+), 281, and 149. 

Anal. Calc. for CisH~N405: C, 53.25; H, 6.55; N, 16.56. Found: C, 52.99; 
H, 6.52; N, 16.64. 

5-Amino-I-[(IR, 2s. 3R)-2,3-dihydraxy-4-hyd~methyl-4-cyclo~nten-l- 
ylfimidazok-karbaide (5). - Compound 4 (244 mg) was dissolved in me- 
thanol (20 mL) and 2~ HCl(20 mL), and the solution stirred at 30-35 for 1 day. 
Methanol was removed under reduced pressure, and the residual solution passed 
through Amberlite CG-120 (H+) cation-exchange resin. Elution with 0.07~ IQ&OH 
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subsequent to washing with water and evaporation of the eluent under reduced 
pressure gave 5 (170 mg, 93O/6 yield), pale-yellow crystals, m.p. > 220” (dec.); [I@ 
- 87.1 o (c 0.16, dimethyl sulfoxide; R, (3: 1: I ethyl acetate-ethanol-water) 0.46; e 
3450, 3350, 3250, 1655, 1635, 1550, and 1455 cm-‘; ‘Ha.m.r. J(CD&SO-CDC13; 
Me&)]: S 3.91 (t, 1 H, J5.5 Hz, OCH), 4.12 (br.s, 2 H, CHzOHX 4.35 (d, 1 H, J5.5 
Hz, OCH), 4.90 (br.s, 1 H, NCH), 5.74 (bts, 1 H, -CH=), 5.64 and 6.68 (br, 4 H, 
CONH2, NH& and 7.02 (s, 1 H, arom.); e.i.m.s.: m/z 222,220 (M + - 20H) 207, 
and 205. 

Anal. Calc. for C1&L14N404.0.5 HzO: C, 45.63; H, 5.74; N, 21.28. Found: C, 
45.76; H, 5.37; N, 20.83. 

5-fN-Benzourthiocar~moyl)anrino-l-[flI2 
methoxymethylox~tmethyld-cyclopenten-l_ (6). - To a 
solution of 4 (50 mg) in dry acetone (3 mL) was added dropwise benxoyl isothio- 
cyauate (150 mg) in dry acetone (4 mL). The mixture was stirred at room tem- 
perature for 4 h, poured into saturated aqueous NaHCOa and extracted with di- 
chloromethane several times. The organic layer was washed with water until neutral, 
and evaporated under reduced pressure, after being dried by passing through a 
phase-separating paper (Whatman lPS), to afford a crude syrup. This was purified 
by silica gel column chromatography with stepwise elution with dichlorome- 
thane-methanol 50: 1 to 30: 1 to 20: 1) to give 6 (70 mg, 95% yield) foam, R, (91 
dichloromethane-methanol) 0.53; v_ film 3500, 3350, 3290, 1670, 1605, 1490, and 
138Ocm , -‘* ‘Ha.m.r. (CDCl,; Me,&): 6 1.32 and 1.40 [2 s, 6 H, C(CH&], 3.38 (s, 
3 H, OMe), 4.27 (br.s, 2 H, CH20) 4.65 (s, 2 H, OCHZO), 4.70 and 5.26 (d, 2 H, J 
unknown, 2 OCH), 5.24 (br. s, 1 H. NCH), 5.68 (bts, 1 H, -CSNIf-), 5.86 (br. s, 1 
H, -CH=), 6.95 (br, 2 H, CONHA 7.29 (s, 1 H, imidazole proton), 7.52 and 7.88 
(m, 5 H, PhCO), and 9.56 (br.s, 1 H, CSNHCO); e.i.m.s.1 m/z 501 (M+) and 486 
(M+ - Me). 

S-(IV-Benzoyl-S-methykothiocarbamoyl)amhR, 2S, 3R)-2,3-isopropy- 
lidenedioxy-4-methoxymethyIoxymethyl-4-cyclopenten-I-yljimidazole-4-carboxa- 
mide 0. - To a solution of 6 (50 mg) and iodemethane (60 pL) in methanol (5 mL) 
was added M NaOH (0.2 mL) dropwise under stirring at room temperature. The 
mixture was stirred for 1 h at ambient temperature, the reaction quenched by ad- 
dition of acetic acid to neutrality, and the solvent removed under reduced pressure. 
The residue was extracted with ethyl acetate several times and the extract washed 
with water. The organic layer was passed through Whatman 1PS filter paper and 
evaporated under reduced pressure. The residue was purified by silica gel column 
chromatography with ethyl acetate as an eluent to give 7 (43 mg, 84% yield) as a 
colorless syrup by evaporation of the eluate under reduced pressure, R, (9:l di- 
chloromethane-methanol) 0.66; z$k 3460,3350, 1650, 1610, 1575, and 1370 cm-‘; 
‘H-n.m.r. (CDCla; Me*Si) 1.32 and 1.41 [2 s, 6 H, C(CH&], 2.60 (s, 3 H, SMe), 
3139 (s, 3 H, OMe), 4.29 (bts, 2 H, CH20), 4.59 and 5.16 (2 d, J6 Hz, 2 H, 2 OCH), 
4.68 (s, 2 H, OCHzO), 5.24 (br.s, 1 H, NCH), 5.72 (br.s, 1 H, -CH=), 5.84 (br.s, 1 
H, CONH-), 7.11 (s, 1 H, imidazole H), 7.34 and 7.83 (m, 5 H, PhCO); e.i.m.s.: 
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m/z 515 @I+), 468 (M+ - SMe), 467,320, and 262. 
Pf(ZR, 2s. 3R)-2,3-Zsopropylidenedio~4methaxymethyIoxymethyl-4~b- 

penten-Z-yllguanine (8). - To a solution of 7 (75 mg) in methanol (4 mL) was added 
6~ NaOH (4 mL), and the mixture stirred for 4 h at 100-l 10”. After the mixture had 
been cooled in an ice bath, rapid crystallization occurred on neutralization with 
dilute HCl. Methanol was removed under reduced pressure, and filtration gave 8(37 
mg, 70% yield), colorless crystals, m.p. >270° (dec.), R, (3:l:l ethylacetate- 
ethanol-water) 0.60, eu 256.5 and 232 nm; #& 3400, 3200, 1700, 1640, 1605, 
1540, and 1380 cm-‘; ’ H-n.m.r. [(CD&SO-CDCls; MeSi]: 6 1.29 and 1.37 [2 s, 6 
H, C(CH&l, 3.31 (s, 3 H, OMeh 4.20 (s, 2 H, CHzO), 4.59 and 5.38 (2 d, J5.5 Hz, 
2 H, 2 OCH), 4.64 (s, 2 H, OCHzO) 5.26 (br.s, 1 H, NCH), 5.70 (s, 1 H, -CH = ), 
6.48 (bts, 1 H, CONH), and 7.44 (s, 1 H, arom.); e.i.m.s.: m/z 363 @I’), 348 (M+ 
- Me), 311,284, 152 (G + 2), and 151 (G + 1). 

9-f(ZR, ZS, .~R)-2,3-Dihydroxy-Chyd~~methyl-4-cycfo~nten-Z-y~~anine 
(9). - Compound 8 (33 mg) was dissolved in methanol (1 mL) and 2~ HCl(1 mL), 
and the mixture was stirred for 2 days at room temperature. Methanol was removed 
by evaporation under reduced pressure and the residual solution was applied to a 
column of Dowex 50 @-I+) cationexchange resin. Elution with 0.1~ NH4 OH, sub- 
sequent to washing with water, followed by evaporation under reduced pressure af- 
forded 9 (20 mg, 8 1% yield), colorless needles after crystallization from water, m.p. 
>22O” (dec.), I&’ -87” (c 0.15, iWV-dimethylformamide); R, (3:l:l ethyl ace- 
tate-ethanol-water) 0.26; Xie 254.5, I@ 229.5nm; #& 3400, 3200, 1740, 1692, 
1640, 1613, and 1540 cm-‘; ‘H-n.m.r. [(CDs)$OCDCl~; Me$i]: 6 3.32 (br, 2 H, 2 
OH), 4.10 (s, 2 H, C&OH), 4.16 and 4.23 (t, 1 H, J 5.3 Hz; d, 1 H, J 5.3 Hz; 2 
OCH), 5.14 (bts, 1 H, NCH), 5.64 (d, 1 H, J 1.8 Hz, -CH=), 6.66 (bcs, 1 H, 
CONH), and 7.55 (s, 1 H, arom.); e.i.m.s.: m/z279 (M+), 267,183,165, and 152 (G 
+ 2) 

(ZR, 2S, 3RZ - Z - /N - (3 - Ethdwyacryloy&ueidd] - 2,3 - isopropylidenedioxy - 4 - 
meth~ymethyloqymethyl-4-cyclopentene (10). - Compound 3 (544 mg) was dissol- 
ved in dry WV-dimethylformamide (20 mL) and the solution cooled to - 30 to 
- 45’ in a dry ice-acetone bath. To this mixture was added a solution of 3-ethoxy-2 
propenoyl isocyanate [prepared from 3-ethoxy-2-propenoyl chloride (650 mg) and 
AgNCO (1.44 g) by heating in dry benzene] dropwise under an Ar atmosphere. The 
mixture was stirred for 1 h each at - 30” and at room temperature, and then poured 
into ice-cooled, satd. NaHCOs with vigorous stirring and extracted with ethyl ace- 
tate three times. The combined organic layer was washed with wate& dried by pas- 
sing through Whatman lPS, and evaporated under reduced pressure. The residue 
was chromatographed in a column of silica gel with 1:2 ethyl acetate-hexane to give 
10 (800 mg, 91% yield), colorless syrup, R, (1:1 ethyl acetate-hexane) 0.27; v= 
3250, 3100, 1700, 1675, 1615, 1535, and 1380 cm-‘; ‘H-n.m.r. (CDCls; Mefii): 6 
1.32 and 1.39 [2 s, 6 H, C(CHs)& 1.35 (t, 3 H, J 6.8 Hz, CHzCHs), 3.38 (8, 3 H, 
OMe), 397(q,2H, J6.8Hx,OCH&Hs),4.19(~,2H,CHxO),4.55and4.79(d, 1 
H, J6 Hz; m, 1 H, 2 OCH), 4.67 (s, 2 H, OCHsO), 5.14 (br.d, lH, J5.5 Hz, NCHX 
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5.38 (d, 1 H, .Z 12.5 Hz, -COCH=), 5.66 (s, 1 H, -CH=), 7.61 (d, 1 H, J 12.5 Hz, 
=CH-OEt), 8.63 (d, 1 H, J 7 Hz, CHNWCO), and 9.26 (s, 1 H, CONHCO); 
e.i.m.s.: m/z 355 (M+ - Me), 309,281,267, 257, and 252. 

I-f(lR, ZS, 3R)-2,3-Isopropyliden~ioxy~-methoxymethyloxymethyf-4-~clo- 
penten-Z-y&2,4-(ZH, 3H)-pyrimidinedione (11). - To a solution of 10 (404 mg) in 
acetone (10 mL) was added 2.8% NHdOH, (30 mL), and the mixture stirred with 
reflux for 10 h. After being cooled to ambient temperature, the mixture was evapo- 
rated under reduced pressure. The residue was chromatographed in a column of 
silica gel with 1:2 ethyl acetate-hexane to give 11 (321 mg, 91% yield), colorless 
foam, [cY]~ -53.5O (c 0.66, chloroform), R, (ethyl acetate) 0.34; vik 3200, 1680, 
1450, 1370, and 1230 cm- ‘; ‘H-n.m.r. (CDCls; Me&): 6 1.35 and 1.44 [2 s, 6 H, 
C(CH&], 3.40 (s, 3 H, OMe), 4.28 (bts, 2 H, CHzO), 4.59 and 5.23 (2 d, 2 H, J 5.8 
I-Ix, 2 OCH), 4.70 (s, 2 H, OCHzO), 5.38 (br.s, 1 H, NCH), 5.59 (br.s, 1 H, -CH=), 
5.68 (dd, 1 H, J 1.5.8 Hz, COCH = ), 7.05 (d, 1 H, J 8 Hz, NCH = ), and 9.67 (br.s, 
1 H, CONHCO); e.i.m.s.: m/z 309 (M’ - Me), 267,263, and 235. 

I-[(ZR, ZS, 3~-2,3-Dihydro~-Chydroxymethyl-4-cyc~o~nZen-Z-y~-2,4(ZH, 
3H)-pyrimidinedione (14). - (a). A solution of 11 (3.0 g) in trifluoroacetic acid (30 
mL) and water (30 mL) was stirred for 2 days at room temperature. The mixture was 
evaporated and the residue coevaporated to dryness with ethanol several times under 
reduced pressure. It was purified by silica gel column chromatography with 4:l 
chloroform-methanol as an eluent to give 14 (1.71 g, 77% yield), colorless foam, 

blif - 84" (c 1.19, methanol), R, (3:l:l ethyl acetate-ethanol-water) 0.41; egH 
270 nm; vi: 3350, 1675, 1460, 1388, and 1255 cm-‘; ‘H-n.m.r. (CDsOD-CDCls; 
M4Si): 6 4.04 (t, 1 H, J 5.5 Hz, OCH), 4.27 (br.s, 2 H, CZ&OH), 4.52 (d, 1 H, J 5.5 
Hz, OCH), 5.48 (br.s, 1 H, NCH), 5.69 (d, 1 H, J2 Hz, -CH=), 5.70 (d, 1 H, J8 
Hz, -COCH = ), and 7.38 (d, 1 H, J 8 Hz, -NCH =); e.i.m.s.: m/z 223 (M+ - OH), 
207(M+ - 2OH), l67,161,112(U + l),andllO(U - 1). 

(b). A mixture of 11 (47 mg) in methanol (4 mL) and 2~ HCl (4 mL) was 
stirred for 1 day at 30-35’. Methanol was removed under reduced pressure, and the 
residual solution made neutral with Diaion WA30 (OH-) ion-exchange resin. After 
filtration, the solution was concentrated to dryness under reduced pressure to fur- 
nish 14 (34 mg, 98% yield) as a colorless foam. 

5-Zodo-I-[(IRS ZS, 3R)-2,3-isopropylidenedioxy-4-methoxymethyl~methy~- 
4-cyclopenten-I-yl/-Z,C(ZH, 3H)-pyrimidinedjone (12). - To a solution of ll(2.00 
8) in dry dichloromethane (120 mL) was added silver trifluoroacetate (2.70 g), and a 
solution of Tz (2.30 g) in dichloromethane (15 mL) was added dropwise under 
cooling in an ice bath under an N2 atmosphere. After being stirred for 1 h at the 
same temperature, the mixture was poured into ice-cold, satd. NaHCOs, and the 
insoluble material was filtered off with Celite. The filtrate was partitioned with ethyl 
acetate several times, and the combined organic layer dried by passing through 
Whatman 1PS and evaporated to dryness under reduced pressure. The residue was 
purified by chromatography in a silica gel column with 1: 1 ethyl acetate-hexane, to 
8’ivel2(l.()og, 34%yield), m.p. 195-l%“, [& -87.5’ (~0.3, chloroform); R,(l:l 
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ethyl acetate-hexane) 0.26; eu 290, wH 247 run; #z 3160,3040,1695,1690, 
1608, 1440, 1090, and 1040 cm-‘; ‘H-n.m.r. (CDCl,; Me&): 6 1.35 and 1.44 [2 s, 6 
H, C(CHo)& 3.40 (s, 3 H, OMe), 4.29 (bts, 2 H, -CH20), 4.57 and 5.23 (2 d, 2 H, J 
6 Hz, 2 OCH), 4.70 (s, 2 H, 0CH20), 5.36 (br.s, 1 H, NCH), 5.58 (br.s, 1 H, 
-CH=), 7.41 (s, 1 H, N-CH=), and 8.78 (bcs, 1 H, CONHCO); e.i.m.s.: m/z450 
(M+)# 435 &I+ - Me), 331,283, 156, 155, and 123. 

Anal. Calc. for CrsH1dNzOs: C, 40.02; H, 4.25; N, 6.22. Found: C, 39.83; H, 
4.23; N, 6.21. 

I-[(ZR, 2S, JR)-2,3-Dihyd~~-hyd~methyI~,,io~nten~-y~-5-i~~2,4- 
(ZH, 3H)-pyrimidinedione (13). - Compound 12 (1 .O g) was dissolved in methanol 
(10 mL) and 3~ HCl(l0 mL), and the mixture stirred for 24 h at ambient tem- 
perature. Methanol was removed by evaporation under reduced pressure, and the 
residual solution was applied onto a column of Diaion WA30 (OH-) ion-exchange 
resin. Elution with water, foliowed by evaporation under reduced pressure gave 13 
(425 mg, 52% yield) which was crystallized from 4:l ethanol-methanol, needles, 
m.p. 123-124”, [& - 114’ (c 0.195, methanol, R, (3:l:l ethyl acetate-ethanol- 
water) 0.64; err 292, wH 246.5nm; V_ yBr 3380,1680,1610,1425,1260, and 1118 
cm-‘; ‘H-n.m.r. [(CD&SO, Me&i]: 6 3.92 (t, 1 H, J5.5 Hz, OCH), 4.08 (br.s, 2 H, 
C&OH), 4.33 (d, 1 H, J 5.5 Hz, OCH), 4.88 (br, 3 H, 3 OH), 5.30 (br.s, 1 H, 
NCI-Q 5.53 (bts, 1 H, -CH=), 7.70 (s, 1 H, N-CH=), and 11.52 (br, 1 H, 
CONHCO); 366 (M+), 348 (M+ - HzO), 330 (M + - 2 HzO), 287,276,254, and 
238 (5 - IU + 1). 

A&. Calc. for &HrlINz05.EtOH: C, 34.97; H, 4.16; N, 6.80. Found: C, 
34.63; H, 4.12; N, 6.77. 

I-[(ZR, ZS, 3R)-2,3-Isop~py~idenediawy-4-meth~ymethyio~methyl4-~cI~ 
penten-Z-ylj--2oxo4thioxo-(ZH, 3H)-pyrimidine (15). - To a solution of com- 
pound ll(40 mg) in dry pyridine (1 mL) was added PzSs (67 mg), and the mixture 
stirred for 2 h at 95-10”. After being cooled to room temperature, the mixture was 
evaporated under reduced pressure and the residue extracted several times with 
dichloromethane. The combined organic layer was washed with water and evapor- 
ated to dryness under reduced pressure. The residue was applied onto a silica gel 
colunm which was developed with 1: 1 ethyl acetate-hexane to give [along with 
recovered starting material 11 (20 mg, SOok yield)] 15 (18 mg, 45% yield), slightly 
yellow syrup, R, (ethyl acetate) 0.77; v_ fi 1705, 1610, 1450, 1380, and 1235 cm-‘; 
‘H-n.m.r. (CDQ;Me&i): 6 1.36 and 1.44 [2 s, 6 H, C(CH&& 3.40 (s, 3 H, OMe), 
4.29 (s, 2 H, CHzO), 4.59 and 5.23 (2 d, 2 H, J 5.8 Hz, 2 00, 4.70 (s, 2 H, 
OCH,O), 5.34 (bts, 1 H, NCH), 5.58 (bts, 1 H, -CH=), 6.34 (d, 1 H, J 7.5 Hz, 
-COCH =), and 6.87 (d, 1 H, J7.5 Hz, -NCH =); e.i.m.s.: m/z 340 @I+), 325 &I’ 
- Me), 279&I+ - 2 Me, OMe), 221,214, and 172. 

I-[(ZR, 2% 3R)-2,3-IsopropyIidenedioxy4-methoxymethyl~methyl4cyclo- 
penten-Z-yl]-4-methyIthb2(ZH)-pyrimidinone (16). - To a solution of 15 (54 mg) 
in methanol (2.5 mL) and water (0.5 mL) was added iodomethane (45 mg), followed 
by the dropwise addition of M NaOH (0.18 mL) under stirring at room temperature. 
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After the mixture had been stirred for 1 h at ambient temperature, acetic acid was 
added until neutral and the solvents were evaporated under reduced pressure. The 
residue was partitioned between ethyl acetate and water. The organic layer was 
concentrated under reduced pressure, and the residue chromatographed in a column 
of silica gel with 1: 1 ethyl acetate-hexane, to give 16 (50 mg, 89% yield), pale-yellow 
crystal which were recrystallized from 1:l ehter-hexane to afford colorless needles, 
m.p. 49-51°, [e@ - 16” (c 1.12, chloroform); R, (ethyl acetate) 0.47; fis 1645, 
1610, 1502, 1430, 1385, and 1372 cm-‘; ’ H-n.m.r. (CDCls; Me4Si): S 1.35 and 1.44 
[2 s, 6 H, C(CHs)& 2.56 (s, 3 H, SMe), 3.49 (s, 3 H, OMe), 4.29 (br.s, 2 H, CHsO), 
4.62 and 5.23 (2 d, 2 H, J5.7 Hz, 2 OCH), 4.70 (s, 2 H, OCH,O), 5.42 (t, 1 H, J 1.7 
Hz, NCH), 5.6O(br.s, 1 H, -CH=), 6.16 (d, 1 H, J7.l Hz, NCH=CH-), and 7.15 
(d, 1 H, J7.1 Hz, NCIY=CH-); e.i.m.a.: m/z354(M+),339(M+ - Me),293,234, 
and 187. 

Anal. Calc. for C16H22NzOsS: C, 54.22; H, 6.25; N, 7.90. Found: C, 54.62; 
H, 6.55; N, 7.84. 

4 -Amino - I- [(I R, ZS, 3R) -2.3 - isopropylidenedioxy - 4 - methoqymethyloxy - 
methyl-4-cyclopenten-I-y&2(ZH)-pyrimidinone (17). - A solution of 16 (25 mg) in 
methanol (2 mL), was saturated with NHs, under cooling at -78”, in a stainless 
steel tube. The mixture was kept for 10 h at 100-l 10”. The solvent was removed 
under reduced pressure, the residue was purified by silica gel column chromato- 
graphy (19:l dichloromethane-methanol) to afford 17 (21 mg, 91% yield), colorless 
crystals, m.p. 84-85O, [& - 81°(c 1.77, chloroform), R, (3:4:4 ethyl acetate-etha- 
nol-water) 0.43; eu 277, bin M&u 257 nm; vk 3350,3125,1660, 1625, 1485,1390, 
and 1215 cm-‘; ‘H-n.m.r. (CDCls; Me&i): 6 1.34 and 1.43 12 s, 6 H, C(CH&], 3.40 
(s, 3 H, OMe), 4.28 (br.s, 2 H, CHzO), 4.58 and 5.21 (2 d, 2 H, J5.7 Hz, 2 OCH), 
4.70 (s, 2 H, OCHzO), 5.36 (br.s, 1 H, NCH), 5.59 (br.s, 1 H, -CH=), 5.82 (d, 1 H, 
J7.5 Hz, NCH=CII), and7.07 (d, 1 H, J7.5 Hz, NCH=CH-); e.i.m.s.: m/z323 
(M+), 308 (M+ - Me) 262, 204, 155, and 149. 

Anal. Calc. for ClsHzlN~OS.0.5 HzO: C, 54.21; H, 6.67; N, 12.64. Found: C, 
54.66, H, 6.83; N, 12.49. 

I-Amino-I-[(IR, 2s. 3R)-2,3-dihydroxy-4-hydr~methyl-4-cyclo~nten-l- 
y/j-2(1H)-pyrimidinone (18). - From 17. A solution of 17 (43 mg) in methanol (1 
mL) and 2~ HCl (2 mL) was stirred for 16 h at 30-35”. Methanol was removed 
under reduced pressure and the residual solution applied onto a column of Amber- 
lite CG-120 (H+) cation-exchange resin. After washing with water until neutral, 
elution with 0.07~ NH40H and evaporation under reduced pressure gave 18 (30 mg, 
94% yield), amorphous powder, I&’ -67.5” (c 1.84, methanol), R, (3:l:l ethyl 
acetate-ethanol-water) 0.19; qzH 279, ail’ 259 nm; v= 3350,3200, 1645, 1605, 
1500,1400, 1285, and 1120 cm-‘; ‘H-n.m.r. (CDsOD, CDCls; Me&): 4.04 (t, 1 H, 
J 5 Hz, OCH), 4.28 (s, 2 H, C&OH), 4.55 (d, 1 H, J 5 Hz, OCH), 5.48 (br.s, 1 H, 
NCH), 5.69(s, 1 H, -CH=), 5.88(d, 1 H, J7.5Hz. NCH=CH-), and7.39(d, 1 H, 
J7.5 Hz, NCH=); e.i.m.s.: m/z239 (M+), 222 (M+ - OH), 203,192,112 (C + 2), 
111 (C + l), and 110 (C). 
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Rvm 21. To a solution of 21(2.04 g) in methanol (30 mL) and water (6 mL) 
was added iodomethane (0.3 mL), followed by dropwise addition of M NaOH (5.5 
mL) under stirring in an ice bath. After the mixture had been stirred for 30 min at 
the same temperature, acetic acid was added until neutrality, and the mixture 
evaporated to dryness under reduced pressure. A solution of the residue in methanol 
(10 mL) was saturated with NH3 at - 78’ in a stainless-steel tube, and kept for 16 h 
at 80-90’. The solvent was evaporated under reduced pressure, and the residue 
dissolved in water and applied onto a column of Amberlite IR-120 @I+) cation- 
exchange resin. Elution with 2% N&OH and evaporation of the eluent under 
reduced pressure gave 18 (1.20 g, 94% yield), crystallized from aqueous ethanol (8 10 
mg), m.p. 208-212’ (dec.), [& -94.5’ (c 0.55, water); other spectroscopic data 
identical with those of the compound obtained from 17. 

Anal. Calc. for C1uH13N304.0.S HsO: C, 48.38; H, 5.68; N, 16.93. Found: C, 
48.57; H, 5.57; N, 16.92. 

I-[(IR, ZS, 3~-2,3-Dia~t~-4-acetoxymethyl-4-~c~o~nten-I-yl]-2,4(1H, 
3H)-pyrimidinedione (20) - A mixture of 14 (6.07 g) and acetic anhydride (40 mL) 
in dry pyridine (80 mL) was stirred for 5 h at room temperature. The reaction was 
quenched by addition of methanol under ice cooling and the solvent removed under 
reduced pressure. The residual syrup was chromatographed in a column of silica gel 
with 3:l ethyl acetate-hexane to give 20 (8.46 g, 91% yield), colorless, m.p. 149- 
150’; [& -70” (c 0.32, methanol); RF (ethyl acetate) 0.51; v*% 1740-1690, 1460, 
1380, and 1240 cm-‘; ‘H-n.m.r. (CDCls; Mea): 6 2.06 (s, 3 H, OAc), 2.12 (s, 6 H, 
~OAC),~.~~(~W.~,~H,-CJ&OAC),~.U)(~, 1 H, J6.7Hz,OCH),5.70-5.94(br,4H, 
OCH, NCH, -CH =, -COCH=), 7.04 (d, 1 H, J8 Hz, N-CH=), and 9.12 (br.s, 1 
H, CONHCO). 

Anaf. Calc. for Cr6HIsN20s: C, 52.46; H, 4.95; N, 7.65. Found: C, 52.45; H, 
4.83; N, 7.62. 

In addition, the N3,2’ ,3’,6’-tetraacetate was obtained (670 mg, 7% yieldh 
syrup, ve 1790, 1745,1710, 1670, 1445, 1380, and 1240 cm-‘; ‘H-n.m.r. (CDCIJ; 
Me&): 6 2.04, 2.10, 2.12 (3 s, 9 H, 3 OAc) 2.54 (s, 3 H, NAc), 4.70 (br.6, 2 H, 
Cn,OAc), 5.21 (t, 1 H, J 6 Hz, OCH), 5.68-5.% (m, 4 H, OCH, NCH, COCH = , 
-CH =), and 7.09 (d, 1 H, J 8 Hz, N-CH=); e.i.m.s.: m/z 408 (M+), 366 (M+ - 
OAC), 350, 349, 307, and 204. 

I-[(JR, 2S, 3R)-2,3-Dia~t~-4-a~t~methyf-4-cyclopenten-l-yl]-4-thio- 
2(ZH, 3H)-pyrimidinone (21). - A mixture of 20 (1.5 g) and P& (3.3 g) in dry 
pyridhte (18 mL) was stirred for 5 h at 10&l loo, and then poured into ice-water. The 
precipitate was collected by filtration, washed with cold ethanol, and was purified 
by silica gel column chromatography with 1: 1 chloroform-ethyl acetate to give 21 
(1.3 g, 83% yield) yellow crystals, m.p. 214-215”, [& -84.5” (cO.31,9:1 chloro- 
form-methanol), R, (1: 1 ethyl acetate-hexane; 0.26; & 333, (9: 1 CHCla-CHsOH) 
L; 278 run; e 1740, 1690, 1625, 1465, 1380, and 1375 Cm-‘; ‘H-n.m.r. 
[(CD,)SO; Me&i] S 1.99, 2.04, 2.06 (3 s, 9 H, 3 OAc), 4.64 (bts, 2 H, C&OAc), 
5.32 (t, 1 H, J6 Hz, OCIQ5.52 (bts, 1 H, NCH), 5.79 (d, 1 H, J6 Hz, OCH), 6.05 
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(s, 1 H, -CH=), 6.30 (d, J 8 Hz, 1 H, CSCH=), and 7.38 (d, J 8 Hz, 1 H, 
N-CH =); e.i.m.s.: m/z 382 (M+), 322 (M+ - AcOH), 262,255,220, and 153. 

Anal. Calc. for C16HISNZ0,S: C, 50.26; H, 4.74; N, 7.33. Found: C, 50.24; 
H, 4.90; N, 7.37. 

I-[(JR, 2S, 3~-2,3-Dihyd~~--Chydroxymethyi-4-cyclten-l-yl]2-dwo-C 
thiopyrimidine (22). - Compound 21(1.70 g) was treated with saturated methanolic 
NH3 for 1 day at room temperature. The solvent was then evaporated off under 
reduced pressure and the residue chromatographed in a column of silica gel with 4: 1 
chloroform-methanol to give 22 (950 mg, 83% yield), yellow foam, [cr]g - 96.5” (c 
0.19, methanol), R, (3:l: 1 ethyl acetate-ethanol-water) 0.68; eyH 336, 249 run; 
ei 3350, 1690, 1610, 1460, 1260, and 1180 cm-‘; ‘H-n.m.r. (DzO; DSS): 6 4.18 
(t, J 5.5 Hz, 1 H, OCH), 4.30 (bts, 2 H, C&OH), 4.63 (d, 1 H, J 5.5 Hz, OCH), 
5.46 (br.s, 1 H, NCH), 5.81 (s, 1 H, CH=), 6.50 (d, 1 H, J8 Hz, -CSCH=), and 
7.33 (d, 1 H, J 8 Hz, N-CH =); e.i.m.s.: m/z 258 (M+ + 2), 256 (M+), 149, 129 
(4-thioU + I), and 128. 

(JR, ZS, 3R) -2,3 - Isopropylidenediow - I -/N - (3 - methoxy -2- methylacryloyf) 
ureidol_4-methawymethyloxymethyf-4-cyclopentene (23). - A solution of 3 (2.29 g) 
in dry N,iV-dimethylformarnide (50 mL) was cooled to -45 to -50” in a dry 
ice-acetone bath. A solution of 3-methoxy-2-methylacryloyl isocyanate [prepared 
from 3-methoxy-Zmethylacryloyl chloride (1.35 g) and AgNCO (3.00 g) in dry 
benzene by heating] was added dropwise under an Ar atmosphere. The mixture was 
stirred for 30 min at the same temperature and then for 1 h at room temperature, 
poured into ice-cold, satd. NaHCOs with vigorous stirring, and extracted with ethyl 
acetate several times. The combined organic layer was washed with water, dried 
(MgSO& and evaporated to dryness under reduced pressure. The residue was 
chromatographed in a column of silica gel with 2:l ethyl acetate-hexane to give 23 
(3.22 g, 87% yield), colorless syrup, R, (1:l ethyl acetate-hexane) 0.15; v& 3250, 
2940, 1680, 1610, 1530, 1470, 1370, and 1300 cm-‘; ‘H-n.m.r. (CDCls; Me4Si): 6 
1.32 and 1.38 [2 s, 6 H, C(CH& 1.76 (d, J 1.2 Hz, 3 H, CH&), 3.37 (s, 3 H, 
OMeX3.86(s,3H,MeO-CH=X4.17(s,2H,CHzOX4.55and5.12(2d,2H,J5.6 
Hz, 2 OCH), 4.67 (s, 2 H, OCHzO), 4.77 (m, 1 H, NCH), 5.67 (br.s, 1 H, -CH = ), 
7.38 (d, 1 H, J 1.2 Hz, MeO-WI=), 8.36 (br.s, 1 H, CONHCO), and 8.65 (bed, 
1 H, CHNITCO); f.a.b.m.s.: m/z 371 (MH+). 
CHNNCO); f.a.b.m.s.: m/z 371 (MH+). 

I-[(JR, 25 3R)-2,3-Isopropylidenedioxy-4-methoxymethyloxymethy~-4-cycio- 
penten-I-yr/-5-methy~-2,4(~H, 3H)-pyrimidinedione (24). - To a solution of 23 
(3.0 g) in acetone (75 mL) was added 2.8% NH40H (225 mL), and the mixture 
stirred with reflux for 15 h. The reaction was monitored by t.1.c. (1:l ethyl acetate- 
hexane). After being cooled to room temperature, the mixture was evaporated under 
reduced pressure and the residue coevaporated to dryness with ethanol under 
reduced pressure several times. The residual syrup was chromatographed in a 
column of silica gel with 4:l ethyl acetate-hexane to give 24 (2.17 g, 80% yield), 
colorless crystals, recrystallized from 1:l ethyl acetate-ether, m.p. 139-140.5O. [a# 
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-77.5’ (c 1.37, chloroform); eH 270 mu; #s 3170, 3050, 1690, 1650, 1480, 
1460,1380,1370, and 1250 cm-‘; ‘H-n.m.r. (CDCls; Me$i) 1.35 and 1.44 [z s, 6 H, 
C(CHs)& 1.90 (d, 3 H, J 1.2 Hz, C&-C=), 3.41 (s, 3 H, OMe), 4.30 (s, 2 H, 
CHsO), 4.59 (d, 1 H, J5.6 Hz, OCH), 4.72 (s,2 H, OCHsO), 5.24 (d, 1 H, J5.6 Hz, 
OCH), 5.38 (s, 1 H, NCH), 5.60 (btd, 1 H, -CH=), 6.84 (d, 1 H, J 1.2 Hz, 
NCH=), and 9.00 (br, 1 H, CONHCO); f.a.b.m.s.: m/z 339 (MH+). 

Anal. Calc. for C1&,$IsOs: C, 56.79; H, 6.55; N, 8.28. Found: C, 57.17; H, 
7.10; N, 8.71. 

I-[(IR, 2S, 3R)-2,3-Dihyd~-4-hydroxymethyl-4-9~iopenten-I-yl]-5- 
methyb2,4(lH, 3Wpyrimidinone (25). - A solution of 24 (4.55 g) in trifluoroace- 
tic acid (45 mL) and water (45 mL) was stirred for 3 h at 60”, and then for 13 h at 
room temperature. The mixture was evaporated and coevaporated to dryness with 
ethanol under reduced pressure several times. The residue was dissolved in a 
minimum amount of methanol, the solution mixed with silica gel (20 g), and the 
mixture dried under reduced pressure and placed on top of a column of silica gel 
which was developed with 5:l chloroform-methanol. Evaporation of the eluate 
under reduced pressure afforded 25 (2.55 g, 75O/,x crystals recrystallized from 
aqueous ethanol, m.p. 210-211.5” (dec.); [& - 108” (c 0.65, methanol); R, (5:l 
chloroform-methanol) 0.17; h% 273 run; Gs 3400, 3050, 1680, 1480, 1400, and 
1270 cm-‘; ‘H-n.m.r. [(CD&SO-DsO; Me&]: 6 1.76 (d, 3 H, J 1.0 Hz, CHs-C=), 
3.89 (d, J5.6 Hz, OCH), 4.07 (s, 2 H, C&OH), 4.31 (d, 1 H, J5.6 Hz, OCH), 5.33 
(m,1H,NCH~5.48(d,1H,J1.71Hz,-CH=~7.16(d,1H,J1.0Hz,NCH=~ 
and 11.21 (br,s, 1 H, CONHCO); f.a.b.m.s.: m/z255 (MH+). 

Anal. Calc. for CrrHr&Os: C, 51.96; H, 5.55; N, 11.02. Found: C, 51.47; 
H, 5.80; N, 11.06. 

P[(IR, 2S, 3R)-2-Hydrary-3,tSO-(tetraisopropyIdi.&xane-l,3-diyi)-4-cycio- 
penten-I-yuguanine (26). - To a solution of 9 (20.3 mg) and imidazole (22 mg) in 
dry N,Akliiethylformamr ‘de (1 mL) was added 1,3dichloro-1,1,3,3-tetraisopro- 
pyldisiloxane (25 &) under cooling in an ice bath. After the mixture had been 
stirred for 1 h at room temperature, water was added for quenching the reaction. 
The precipitate was collected by filtration and partitioned between chloroform aud 
water. The organic layer was evaporated to dryness under reduced pressure and the 
residue chromatographed in a silica gel column with 3O:l chloroform-methanol to 
give 26 (22 mg, 58% yield), colorless solid, [& -57.5O (c 0.45, methanol), RF (5:l 
chloroform-methanol) 0.57; #z 2950, 2870, 1690, 1630, 1600, 1470, 1370, and 
1090 cm-‘; ‘H-n.m.r. [(CD&SO; Me&]: 6 1.1 (br.s, 28 H, 4 C(CH,)& 4.20 (m, 1 
H, OCH), 4.43 (br.s, 2 H, CHsO), 4.77 (d, 1 H, J5.0 Hz, OCH), 5.16 (d, 1 H, J6.0 
Hz, NCH), 5.78 (bts, 1 H, -CH = ), 6.36 (br, 2 H, NT&), and 7.62 (s, 1 H, NCH = ); 
f.a.b.m.8.: m/z 522 (MH+). 

9-[(IR, 3R)-3,6-0-(~trairopropyldisilaxane-1,3-diyl)-4-cyclopenten-I-yl] 
guanine (28). - To a solution of 26 (246 mg) in dry acetonitrile (150 mL) was added 
WV’-thiocarbonyldiiidazole (130 mg). The mixture was stirred with reflux for 6 h 
under an Ar atmosphere, and then evaporated to dryness. To the residue, dissolved 
in dry benzene (150 mL), were added tributyltin hydride (0.5 mL) and a catalytic 



252 M. -A et al. 

amount of azo(isobutyronitrile), and the mixture was refluxed for 5 h under an Ar 
atmosphere. Evaporation under reduced pressure gave a syrup, which was chroma- 
tographed in a silica gel column with 20: 1 chloroform-methanol to give 28 (95 mg, 
40% yield), amorphous solid, [& - 74O (c 0.32, methanol), R, (lo:1 chloroform- 
methanol) 0.33; e 2850, 2880, 1700, 1630, 1600, 1470, 1370, and 1100 cm-‘; 
‘H-n.m.r. [CDC&(CD&SO; Me.$i]: 6 1.1 [br.s, 28 H, 4 C(CH3)& 2.32 (m, 2 H, 
CHz), 4.46 (br.s, 2 H, CHzO), 5.20-5.50 (m, 2 H, NCH, OCH), 5.79 (br.s, 1 H, 
-CH = ), 6.03 (br, 2 H, NH& 7.73 (s, 1 H, NCH = ), and 10.53 (br, 1 H, CONH); 
e.i.m.s.: m/z 506 (MH+). 

P[(IR, 3IX)-3-~dro~-hydro~methyi4cycbpenten-~-y~guanine (29) - 
To a solution of 28 (80 mg) in oxolane (20 mL) was added M tetrabutylammonium 
fluoride in oxolane (0.4 mL). The mixture was stirred for 10 min at room tempera- 
ture and evaporated under reduced pressure. A solution of the residue in methanol 
was applied to silica gel plates which were developed in 3: I:1 ethyl acetate-ethanol- 
water. Elution of the main band with 1: 1 chloroform-methanol gave 29 (35 mg, 85% 
yield) as crystals, recrystallized from methanol, m.p. >250” (dec.); [cY]~ -65” (c 
0.05, methanol); R, (3: 1: 1 ethyl acetate-ethanol-water) 0.47; Xig 253, XL&I27 nm; 
‘H-n.m.r. (CD&SO; Me&): 6 2.0-2.3 (m, 2 H, CH& 4.14 (s, 2 H, C&OH), 
4.7-5.1 (m, 3 H, OCH, 2 OH), 5.39 (m, 1 H. NCH), 5.70 (d, 1 H, J 1 .O Hz, -CH = ), 
6.44 (br, 2 H, NH& 7.49 (s, 1 H, NCH=), and 10.57 (br, 1 H, CONH); c.i.m.s.: 
m/z264(MH+& 

I-[(IR, 2S, 3R)-2-Hydrawy-3,60-~tetm~op~pyld~iloxan~i,3-diyl)-4-cyclo- 
penten-l-yl]-2,4(ZH, 3H)-pyrimidinedione (30). - To a solution of 12 (4.1 g) and 
imidazole (5.0 g) in dry N,N-dimethylformamide (77 mL) was added 1,3-dichloro- 
1,1,3,3-tetraisopropyldisiloxane (4.0 mL) under cooling in an ice bath. After the 
mixture had been stirred for 30 min at the same temperature, additional 1,3- 
dichloro-1 1 3 3 -tetraisopropyldisiloxane , , , , (1.2 mL) was added. The mixture was 
stirred for 1 h at room temperature, and then poured into ice-water with vigorous 
stirring and extracted with chloroform several times. The organic layer was separa- 
ted, washed with water, dried (MgSO,), and evaporated under reduced pressure. The 
residue was purified by chromatography in a silica gel column with 3:l chloro- 
form-ethyl acetate to give 30 (5.85 g, 71% yield), foam, R, (2: 1 ethyl acetate-chloro- 
form) 0.37; ‘H-n.m.r. (CDQ; Me4Si): 6 1.09 [br.s, 28 H, 4 C(CH&J, 4.07 (m, 1 H, 
OCH), 4.46 (br.s, 2 H, CH20H), 5.01 (d, 1 H, J5.8 Hz, OCH), 5.43 (br.s, 1 H, 
NCH~5.58(br.s,1H,-CH=),5.71(d,1H,J8.lHz,COCH=~7.08(d,lH,J8.l 
Hz, NCH = ), and 8.74 (br, 1 H, CONHCO); Ea.b.m.s.: m/z 483 (MN+). 

I-f/IR, 2!& 3R)-2-Hyd~~-5-methy~-3,6-O-ftetra~op~pyld~iioxane-l,3- 
diyZ)4@openten-i-y&2,4/1H, 3H.bpyrimidinedione (31). - To a solution of 25 
(I.03 g) and imidazole (1.74 g) in dry WV-dimethylformamide (25 mL) was added 
1,3-dichloro-l , 1,3,3-tetraisopropyldisiloxane (1.85 g) in dry N,ZVdimethylforma- 
mide (5 mL) with exclusion of moisture under cooling in an ice bath. The mixture 
was stirred for 1 h at room temperature. After quenching of the reaction by addition 
of water, the supematant was removed by decantation. The residue was partitioned 
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between chloroform and water, and the organic layer was dried (Whatman 1PS filter 
paper) and evaporated under reduced pressure. The residue was purified by chroma- 
tography in a silica gel column with 4: 1 chloroform-ethyl acetate to give 31(1.35 g, 
68% yield), syrup which crystallized from ethanol, m.p. 206-209”, [& - 14.5’ (c 
0.45, chloroform), R, (2:l chloroform-ethyl acetate) 0.33; V= 3450, 2950, 2880, 
1700, 1470, 1390, 1380, 1260, 1100, and 1040 cm-‘; ‘H-n.m.r. (CDC13; Me&i): b 
1.07 [bts, 28 H, 4 C(CH&l, 1.90 (d, 3 H, J 1.2 Hz, CH& = X 4.06 (m, 1 H, OCH), 
4.47 (br.s, 2 H, CHzO), 5.01 (d, 1 H, J5.4 Hz, OCH), 5.45 (m, 1 H, NCH), 5.58 
(br.s, 1 H, -CH=), 6.88 (d, 1 H, J 1.2 Hz, NCH=), and 8.72 (bt, 1 H, 
CONHCO); c.i.m.s.: m/z 497 (MH+). 

Anal. Calc. for CaH&IxO&: C, 55.61; H, 8.12; N, 5.64. Found: C, 55.74; 
H, 8.22; N, 5.29. 

I-[(ZR, 3R)-3,6-O-@e-Z.3-diyl)-4-cyclopenten-Z-yl]- 
2,4(ZH, 3H)-pyrimidinedione (34) and I-f(ZR, 2R, 3R)-2-2’-anhydro-3,6-O-(tetra- 
isopropurdisiraran~Z,3-diyl)d-cyclopenten-Z-y~-4(ZH)-pyrimidinone (38). - (a). A 
mixture of 31(2.13 g) and ZV..ZV’-thiocarbonyldiimidaxole (1.73 g, 1.1 equiv.) in dry 
acetonitrile (50 mL) was reflexed for 3 h under an Ar atmosphere. Tributyltin 
hydride (9.51 mL, 4 equiv.) and a catalytic amount of axo(isobutyronitrile) were 
added, and the mixture refluxed for 1 h. The reaction was monitored by t.1.c. with 
2:l chloroform-ethyl acetate. The mixture was evaporated under reduced pressure 
and the residue chromatographed in a column of silica gel, developed with 4:l 
hexane-ethyl acetate to afford 34 (920 mg, 44.7% yield), colorless syrup which 
crystalked from ethanol, m.p. 160-163°, [a]:: - 92“ (c 0.08, chloroform), R, (2:l 
ethyl acetate-chloroform) 0.5; eH 267, qipn 233 run; v”,: 2950, 2870, 1693, 
1620, 1465, and 1380 cm-‘; ’ H-n.m.r. (CDCla; Mui): 6 1.06 mr.8, 28 H, 4 
C(CH,)& 2.06 and 2.44 (ddd, 1 H, J4,7,14 Hz; ddd, 1 H, J4,8,14 Hz, CH& 4.44 
(br.s,2H,CH~O~5.20(br,1H,HCOSi~5.56(s,1H,-CH=~5.70(dd,1H,J1.8 
Hz, COCH = ), 5.80 (br, 1 H, NCH), 7.09 (d, 1 H, J 8 Hz, NCH = ), and 9.60 (br, 1 
H, CONHCO); e.i.m.s.: m/z 466 (M+), 426,425,424, and 423 [M+ - C(CH&,l. 

Anal. Calc. for C~HlsN20sSi2: C, 56.62; H, 8.21; N, 6.00. Found: C, 56.51; 
H, 8.07; N, 6.06. 

Further elution with 3O:l chloroform-methanol gave 37 (607 mg, 30% yield), 
m.p. 201-203”, [& - 226’ (c 0.36, chloroform), R, (2: 1 chloroform-ethyl acetate) 
0.07; eu 256,227 run; 3450,2950,2880, 1660, 1530, 1480, 1260, 1110, and 1040 
cm-‘; ‘H-n.m.r. (CDCla; Meai): 6 1.12 [br.s, 28 H, 4 C(CH&], 4.42 (bts, 2 H, 
CHzO), 5.21-5.42 (m, 3 H, NCH, 2 OCH), 5.82 (br.s, 1 H, -CH=), 6.02 (d, 1 H, J 
7.6 Hz, COCH=), and 7.29 (d, 1 H, J 7.6 Hz, NCH=); f.a.b.m.s.: m/z 465 
(MH+E 

(ZQ. A mixture of 30 (508 mg) and ZV,N’-thiocarbonyldiimidaxole (188 mg) in 
dry acetonitrile (30 mL) was reflexed for 2 h under an Ar atmosphere. Additional 
ZV,ZV’-thiocarbonyldiimidaxole (188 mg) was added, and refhrxing was continued for 
3 h. The mixture was cooled to ambient temperature, the solvent removed by 
evaporation under reduced pressure with exclusion of moisture, and the residue 
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dissolved in dry benzene (40 mL). Butyltin hydride (2.84 mt) and a catalytic amount 
of azo(isobutyronitrile) were added at 80”, the mixture was stirred for 1 h at 80”, 
and the solvent removed under reduced pressure. Compound 34 (387 mg, 79% yield) 
was obtained by chromatography of the residue in a column of silica gel with 6:l 
chloroform-ethyl acetate. 

S-Methyl-I-[(II& 3R)-3,6-O-(tetraisopropyld~i~oxane-1.3-diyl)-4-cyclo~nten- 
I-y&2,4(IH, 3H)-pyrimidinedione (35). - A solution of 31(1.90 g) and N,N’-thio- 
carbonyldimidazole (818 mg, 1.2 equiv.) in dry acetonitrile (50 mL) was refluxed 
for 3 h under an Ar atmosphere. Additional N,N’-thiocarbonyldiimidazole (545 mg, 
0.8 equiv.) was added and refluxing continued for 3 h. The mixture was evaporated 
to dryness under reduced pressure with exclusion of moisture, and the residue 
dissolved in dry benzene (150 mL). Butyltin hydride (9.80 mL) and a catalytic 
amount of azo(isobutyronitrile) were added at 80°, the mixture stirred for 1.5 h at 
the same temperature, and the solvent removed under reduced pressure. The residue 
was chromatographed in a column of silica gel with 6: 1 chloroform-ethyl acetate to 
give 35 (1.40 g, 77% yield), syrup which crystallized from ethanol, m.p. 162-W”, 
[& + 5.2” (c 0.27, chloroform), R, (2: 1 chloroform-ethyl acetate) 0.26; V= 3440, 
2950,2870,1690,1470,1380,1260,1100, and 1030 cm-‘; ‘H-n.m.r. (CDClB;Me4Si): 
8 1.07 [bcs, 28 H, 4 C(CH& 1.89 (d, 1 H, J 1.2 Hz, CH,C=), 2.12 and 2.35 (2 m, 
2 H, CH& 4.46 (br.s, 2 H, CH,O), 5.21 (m, 1 H, OCH), 5.57 (br.s, 1 H, -CH=), 
5.76 (m, 1 H, NCH), 6.89 (d, J 1.2 Hz, 1 H, NCH=), and 8.98 (br.s, 1 H, 
CONHCO); c.i.m.s.: m/z. 

Anal. Calc. for CzoH&JzO&: C, 57.46; H, 8.39; N, 5.83. Found: C, 57.39; 
H, 8.46; N, 5.49. 

I-[(ZR, 3R)-3-Wudroxu-4-hydraxumethyl-4-cyclopenten-l-y~-2,4(lH, 3H)-py- 
rimidinedione (36). - To a solution of 34 (985 mg) in oxolane (35 mL) was added DA 
tetrabutylammonium fluoride (5.1 mL) in oxolane. The mixture was stirred for 30 
min at room temperature and then evaporated under reduced pressure. The residue 
was partitioned between chloroform and water. The aqueous layer was separated 
and evaporated under reduced pressure. A chromatographic purification in a 
column of silica gel with l&l chloroform-methanol afforded 36 (353 mg, 71% 
yield), foam which was crystallized from ethanol, m.p. 147-149”, [cx]~ -46” (c 
0.36, methanol, A, (5:l chloroform-methanol) 0.23; XH& 268 nm; V= 3400, 3170, 
1700, 1470, 1420, 1400, 1280, and 1250 cm-‘; ‘H-n.m.r. [(CDa)SO; Me&i]: 6 
1.80-2.29 (m, 2 H, CH2), 4.12 (d, J 4.0 Hz, C&OH), 4.65-4.88 (m, 3 H, OCH, 2 
OH),5.49-5,57(m,3H,NCH,-CH=,COCH=),7.20(d, lH,J7.8Hz,NCH=), 
and 11 .O4 (br, 1 H, CONHCO); c.i.m.s.: m/z 225 (MH+). 

Anal. Calc. for C10H12N~04: C, 53.57; H, 5.39; N, 12.50. Found: C, 53.33; 
H, 5.68; N, 12.81. 

I-[(IR, 3R)-3-Hydroxy-4-hydroxymethyl-4-cyclopenten-I-yl]-5-methyl-2,4- 
(IH, 3H)-pyrimidinedione (37). - A mixture of 35 (97 mg) and M tetrabutylammo- 
nium fluoride in oxolane (0.42 mL) was treated in a manner similar to that just 
described. A chromatographic purification by preparative t.1.c. with 5:l chloro- 
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form-methanol gave 37 (44 mg, 92% yield) as colorless crystals which were recrys- 
tallized from aqueous ethanol, m.p. >210” (dec.), [& -3lO (c 0.42, methanol), R, 
(5:l chloroform-methanol) 0.33; Xu& 272, c 272, E 270 nm; V, 3380,3170, 
3030,1680,1480,1290, and 1260 cm-‘; ‘H-n.m.r. [(CD3)SO; Me&]: 6 1.75 (d, 3 H, 
J1.2Hz,MeC=), 1.9-2.1 (m,2H,CH2),4.11 (d,2H, J5.0Hz,CIYzOH),4.75(m, 
1 H, OCH), 5.53 (m, 2 H, NCH, -CH = ), and 7.07 (d, 1 H, J 1.2 Hz, NCH = ); 
c.i.m.s.: m/z 239 (MH+). 

Anal. Calc. for CllH1&04.2/3H20: C, 52.58; H, 6.55; N, 11.15. Found: C, 
52.78; H, 6.00; N, 11.39. 

I-[(ZR, 2R, 3R)-2,2’-Anhydro-3-hydroxy-4-hydroxymethyl-4-cy-l- 
y&+(lH)-pyrimidinone (39). - ‘Deatment of 38 (460 mg) as just described gave 39 
(224 mg, quantitative yield), [& -171 (c 0.23, methanol), R, (5:l chloroform- 
methanol) 0.10; XH& 257, 225 nm; v_ m 3400, 3220, 1650, 1620, 1520, 1480, 1250, 
1230, and 1100 cm-‘; ‘H-n.m.r. [(CDs)SO; Me&]: 6 4.09 (br.8, 2 H, CHzO), 4.72 
(br.s, 1 H,OCH),5.12(d, 1 H,J7.1 Hz,OCH),5.76(d, 1 H, J7.3Hz,COCH=), 
5.87 (d, 1 H, J 1.0 Hz, -CH=), and 7.76 (d, J7.3 Hz, NCH=); c.i.m.s.: m/z223 
(MH+). 

l-[(ZR, 3R)-3-Acet~-4-acetoqvmethyI-4-cyclogenten-l-y&2,4(lH, 3H)- 
pyrimidinedione (40). - A mixture of 36 (1 A4 g) and acetic anhydride (15 mL) in 
dry pyridine (30 mL) was stirred for 16 h at ambient temperature. After quenching 
of the reaction by addition of methanol under cooling in an ice bath, the solvent was 
removed under reduced pressure. The residue was partitioned between chloroform 
and water, and the organic layer separated, dried (Whatman 1PS filter paper), and 
concentrated under reduced pressure. The residue was purified by chromatography 
in a silica gel column with ethyl acetate-hexane, and then ethyl acetate to give 40 
(1.74 g, 88% yield), colorless foam, [& - 54” (c 0.24, methanol), R, (ethyl acetate) 
0.42; I$$r’ 267, wH 232.5 nm; e 1740, 1690, 1460, 1375, and 1235 cm-‘; 
‘H-n.m.r. (CDCIs/Me&): 6 2.08 and 2.12 (2 s, 6 H, 2 OAc), 2.20 and 2.52 (m, 2 H, 
CH& 4.73 (br.8, 2 H, CHzOAc), 5.76 (d, 1 H, J 8 Hz, COCH = ), 5.90 (br, 3 H, 
CWOAc, NCH, -CH = ), 7.05 (d, 1 H, J 8 Hz, NCH = ), and 9.76 (br, 1 H, 
CONHCO); e.i.m.8.: m/z 309 (M+ + l), 308 (M+), 249 (M+ - OAc), 248 (M+ - 
AcOH), 206, and 205. 

I-[(ZR, 3R)-3-Acetqy4acet~methyld-cyclopenten-l-y&2-oxo4thiopyri- 
midine (41). - To a solution of 49 (1.70 g) in pyridine (20 mL) was added PsSs (4.40 
g), and the mixture stirred for 5 h at 100-l 10’. Compound 42 (1.55 g, 87% yield) 
was obtained in the same manner as described before for u) from 21, pale yellow 
foam, [& - 36” (c 0.22, methanol); R, (1 :l ethyl acetate-hexane) 0.39; eH 335, 
WH 277.5 run; e 1740,1710,1615,1455,1370,1235, and 1135 cm-‘; ‘H-n.m.r. 
(CDCls; Me&): 6 2.08 and 2.12 (2 s, 6 H, 2 OAc), 2.22 and 2.54 (m, 2 H, CH& 4.72 
(bts, 2 H, C&OAc), 5.88 (br, 3 H, NCH, OCH, -CH = ), 6.40 (dd, 1 H, J 2.8 Hz, 
CSCH=),6.86(d, lH, J8Hz,NCH=),andlO.lO(br.s, lH,CONHCS);e.i.m.s.; 
m/z 326 (M+ + 2), 324 (M+), 204 (&I+ - 2 AcOH), 197,137, and 95. 

4-Amino-I-[(IR, 3R)-3-hydroxy-4-hydro~methyl4cyclopenten-l-yll-2(lH)- 
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pyrimidinone (42). - To a solution of 41(1.35 g) in methanol (20 mL) and water (5 
mL) was added iodomethane (2 mL), and M NaOH (4.5 mL) was added dropwise 
under cooling in an ice bath. The mixture was stirred for 1 h at the same tempera- 
ture, and then made neutral with 10% acetic acid in methanol. The solvent was 
removed under reduced pressure, the residue dissolved in methanol (5 mL), and 
liquid ammonia (15 mL) added under cooling at - 78’. The mixture was kept, in a 
stainless steel tube, for 5 h at 90°, and then 16 h at 65”, evaporated under reduced 
pressure, and the residue treated with activated charcoal in methanol. The solvent 
was removed under reduced pressure and the residue, dissolved in dilute HCI, was 
applied onto a column of Amberlite CG-120 (H+) cation-exchange resin. After 
washing with water, elution with 70 mu NH.,OH gave 42 (850 mg. 92% yield), 
slightly yellow foam which crystallized from ethanol, m.p. 188-191’ (dec.), [& 
- 12.5” (c 0.22, methanol), R, (3:l:l ethyl acetate-ethanol-water) 0.35; AEn 276, 
I#pH 260 nm. V= 3325, 3200, 1640, 1607, 1530, 1485, and 1395 cm-‘; ‘H-n.m.r. 
[(CD&SO; Me&]: 6 1.82 and 2.12 (m, 2 H, CHz), 4.08 (br.s, 2 H, CHzOH), 4.68 
(br.s, 1 H, CHOH), 5.49 (br.s, 2 H, -CH =C), NCH), 5.64 (d, 1 H, J 8 Hz, 
-CH=CH-N), and 7.18 (d, 1 H, J 8 Hz, -CH= CZZN); e.i.m.s.: m/z 206 (M+ 
-OH), 205 (M+ - H20), 188, 187, 116, 114, 113, and 112. 

Anal. Calc. for C~,HI~N~O~: C, 53.81; H, 5.87; N, 18.82. Found: C, 53.40, 
H, 5.77; N, 18.75. 

I-[(ZR, 3R)J-Hyd~y--Chyd~~methyl-4-cycZo~nten-Z-y~-2-oxo~-thiopy- 
rimidine (43). - A solution of 42 (110 mg) in methanol (3 mL) was saturated with 
NHs under cooling in an ice bath. The mixture was kept in a stoppered container for 
16 h at room temperature, the solvent removed under reduced pressure, and the 
residue purified by chromatography in a column of silica gel with 5: 1 chloroform- 
methanol to give 43 (81 mg, quantitative yield), yellow oil, [& - 1.6” (c 0.8, 
methanol; R, (3: 1:l ethyl acetate-ethanol-water) 0.76; wH 336, ~~~~ 278 nm; 
uz 3375, 1690, 1610, 1460, 1250, 1135, and 1070 cm-‘; ‘H-n.m.r [(CD&SO; 
Me&i]: 6 2.24 (m, 2 H, CH& 4.28 (br.s, 2 H, CHzOHx 4.80-4.90 (br, 1 H, OCH), 
5.68 (bts, 2 H, NCH, -CH = X 6.30 (d, 1 H, J 8 Hz, -CSCH = ), and 7.13 (d, 1 H, J 
8 Hz, NCH=); e.i.m.s.: m/z 241 (M+ + l), 240 (M+), 149, 129, and 128. 

Z-[(ZR, 2R, 3R)-2,2’-Anhydro-3.6-O-(tetra~opropyId~iloxane-Z,3-diy~-4- 
cyclopenten-Z-yll_4(IH)-pyrimidinone (38). - To a solution of 30 (900 mg) and 
4dimethylaminopyxidine (235 mg) in dry pyridine (5 mL) were added triethylamine 
(0.27 mL) and then trifluoromethanesulfonyl chloride (0.22 mL). The mixture was 
stirred for 2 h at room temperature, and then poured into ice-water and extracted 
with chloroform several times. The combined organic layer was washed with water, 
dried (Whatman 1PS filter paper), and evaporated under reduced pressure. The 
residue was chromatographed in a column of silica gel with 50: 1 chloroform-metha- 
nol to give 38 (460 mg, 53% yield), identical in all respects with that obtained from 
32. 

I-[(ZR, 2R, 3R)-2,3-Diacetoxy-4-acetoxymethyZ-4-cycl-Z-yl]-2,4(ZH, 
3 H)-pyrimidinedione (45). - A solution of 39 (226 mg) in water (1 mL) and M 
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NaOH (0.5 mL) was stirred for one day at room temperature, and then for one day 
at 60”. After neutraliition with 2~ acetic acid, the solvent was removed under 
reduced pressure. The remain@ solvent was codistilled several times with dry 
pyridine to afford crude 44, which was dissolved in dry pyridine (5 mL) and acetic 
anhydride (0.5 mL) The mixture was stirred for 5 h at room temperature, the 
reaction quenched by addition of methanol, and the solvent removed under reduced 
pressure. The residue was partitioned between chloroform and water. The organic 
layer was separated, dried (Whatman lPS), and evaporated to dryness under redu- 
ced pressure. The residue was purified by chromatography in a silica gel column 
with 40~1 chloroform-methanol to give 45 (355 mg, 98% yield), syrup, [& -24.5O 
(c 0.40, methanol), R, (20: 1 chloroform-methanol) 0.27; ‘H-n.m.r. (CDCII; Me,&): 
6 1.99, 2.12 and 2.13 (3 s, 9 H, 3 OAc), 4.71 (br.s, 2 H, C!&OAc), 5,42 (t, 1 H, J 
3.0,6.OHz, OCH), 5.7O(d, 1 H, J8.1 Hz, COCH=), 5.6-6.O(m, 3 H,NCH, OCH, 
-CH=C), 7.03 (d, 1 H, J8.1 Hz, NCH=), and9.30@, 1 H, CONHC0);c.i.m.s.: 
m/z 367 (IvIH+) and 307 (MH+ - AcOH). 

l-[(IR, 2R, 3R)-2,3-Diacetoay-4-a&~methyl-4-qyclo~ten-Z-yll-4-thio- 
2(ZH, 3H)-pyrimidinone (46). - To a solution of 45 (350 mg) in dry pyridinc (7 mL) 
was added PzSs (770 mg) The mixture was stirred for 4 h at lUO-llO”, and then 
poured into ice-water and extracted with chloroform several times. The combined 
organic layer was dried (Whatman 1PS) and evaporated under reduced pressure, 
and the residue chromatographed in a column of silica gel with 5O:l chloroform- 
methanol to give 46 (329 mg, 96% yield), pale-yellow amorphous powder, characte- 
rized only by ‘H-n.m.r. and used without further purification; RF (20~1 chloro- 
form-methanol) 0.49; ‘H-n.m.r. (CDC&; Mai): 6 1.98 (s, 3 H, OAch 2.10 (s, 6 H, 
2 OAc), 4.70 (bts, 2 H, CHzOAc), 5.47 (dd, 1 H, J 3.0,6.0 Hz, CHDAc), 5.7-6.0 
(~,~H,NCH,CHOAC,-CH=~~.~~(~,~H,J~.OHZ,CSCH=~~~~~.~~(~,~ 
H, J7.OHz, NCH=) 

I-Amino-I-[(II& 2R, 3~-2,3-dih~~~-4-hydroxymethyl-4-C-Z- 
yrl_a(ZH)-pyrimidinone (48). - To a mixture of 46 (320 mg) and iodomethane (0.12 
mL) in methanol (15 mL) and water (3 mL) was added dropwise Y NaOH (1.1 mL) 
After the mixture had been stirred for 1 hat room temperature, 10% acetic acid was 
added to the reaction mixture to neutrality. The solvent was evaporated to dryness 
under reduced pressure to afford crude 47. A solution of 47 in methanol (20 mL) 
wassaWatedwithNHsat -78°inastainless-steeltubeandkeptfor9hat900.1t 
was concentrated under reduced pressure, and the residue applied to preparative 
silica gel plates which were developed in 1: 1 chloroform-methanol. The major band 
was separated and eluted with 1:l chloroform-methanol to give 48 (85 mg, 43K 
yield), which cry&Wed from methanol, m.p. ~262~ (dec.), [a]g +49” (c 0.23, 
water), R, (10:6:3:4 butyl acetate-acetic acid-acetone-water) 0.17; e 3400,3330, 
3210, 1650, 1490, 1400, 1290, 1210, and 1030 cm-‘; ‘H-n.m.r. [(CH&SO-DzO; 
Me&i]: 6 4.07 (m, 3 H, CHOH. C&OH), 4.30 (dd, 1 H, J 1.0,5.4 Hz, CHOHX 
5.50 (m, 2 H, NCH, -CH=C), 5.59 (d, J7.3 Hz, -CH=CH-N), 6.90 (b& 2 II, 
NH& and 7.10 (d, J7.3 Hz, 1 H, NCH=); c.i.m.s.: m/z 240 (MH+& 
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Anal. Calc. for CI&I13N304: C, 5O.u); H, 5.48; N, 17.57. Found: C, 49.92; 

H, 5.50; N, 17.39. 
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