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LUCJAN J. J .  HRONOWSKI and WALTER A. SZAREK. Can. J .  Chem. 66, 61 (1988). 
Synthesis of new carbocyclic analogs of l-(2',3'-dideoxy-glycero-pentofuranosyl)pyrimidine nucleosides having the uracil 

(34), 2-thiouracil(33), 2-thiothymine (31), cytosine (44), and 5-methylcytosine (43) bases is described. The nucleoside analogs 
having the uracil, 2-thiouracil, and 2-thiothymine bases were prepared by coupling cis-3-aminocyclopentanemethanol(8) with 
3-ethoxypropenoyl isocyanate (26), 3-ethoxypropenoyl isothiocyanate (2S), and 3-methoxy-2-methylpropenoyl isothiocyanate 
(23), respectively, to give the corresponding acyl urea (30) and acyl thioureas (29 and 27). The acyl urea was cyclized in 2 N 
H2SO4 and the acyl thioureas in 15 N aqueous ammonia to give the corresponding nucleoside analogs. The nucleoside analogs 
containing the cytosine (44) and 5-methylcytosine (43) bases were prepared from the uracil and thymine nucleoside analogs, 
respectively, by way of the 4-chloropyrimidinone intermediates (42 and 41). The synthesis of cis-3-aminocyclopentanemethanol 
(8) from norbornene by way of cis-l,3-cyclopentanedicarboxylic acid anhydride (3) is also described. In addition, the ease 
of nucleophilic opening of compound 3 is compared to the opening of camphoric anhydride (9), which contains a cis-vicinal 
substituent at position 2. The relative ease of opening of compound 3 is discussed with respect to the effect, observed in an earlier 
study, that a cis-vicinal acetoxy group has on the course of the nucleophilic opening of such anhydrides. The 'H magnetic 
resonance spectra at 200 MHz of all of the synthetic intermediates and of the nucleoside analogs have been determined and 
discussed. The nucleoside analogs were screened for cell-growth inhibition using K-562 cells. Nucleoside analogs having the 
2-thiouracil (33), 2-thiothymine (31), cytosine (44), and 5-methylcytosine (43) bases showed some growth inhibition with 
activity 150 to 300 times lower than that shown by 5-fluorouracil in this test system. 

LUCJAN J .  J .  HRONOWSKI et WALTER A. SZAREK. Can. J .  Chem. 66, 61 (1988). 
On dCcrit la synthtse de nouveaux analogues carbocycliques des nucliosides de la (didCsoxy-2',3' glyciro-pentofuranno- 

sy1)pyrimidine contenant de l'uracil (34), du thio-2 uracil (33), de la thio-2 thymine (31), de la cytosine (44) et de la mtthyl-5 
cytosine (43). On a prtpark les analogues des nuclCosides contenant les bases uracil, thio-2 uracil et thio-2 thymine en 
procedant au couplage de I'amino-3-cis cyclopentanemCthanol avec respectivement l'isocyanate dlCthoxy-3 propenoyle (26), 
l'isothiocyanate d'ithoxy-3 propknoyle (25) et l'isothiocyanate de mithoxy-3 methyl-2 proptnoyle (23); on obtient ainsi l'acyl 
urCe 30 et les acyl thiourCes 29 et 27 correspondantes. La cyclisation de l'acyl urCe en prCsence de H2SO4 2 N et des acyl 
thiourCes en prksence d'ammoniac aqueux 15 N conduit aux analogues de nuclCosides correspondants. On a prepark les 
analogues de nuclCosides contenant de la cytosine (44) et de la methyl-5 cytosine (43) a partir de leurs analogues de nucliosides 
correspondants contenant de l'uracil et de la thymine et en prockdant par leurs intermidiaires chloropyrimidinones (42 et 41). On 
dCcrit aussi la synthkse de l'amino-3-cis cyclopentanemCthanol(8) partir du norbornkne, cn passant par l'anhydride de I'acide 
cyclopentanedicarboxylique-1,3-cis (3). De plus, on compare la faciliti d'ouverture du produit 3 ,  sous I'influence d'agents 
nucliophiles, avec celle observCe pour I'anhydride de l'acide camphorique (9) qui contient un substituant vicinal-cis en position 
2.  On discute de la facilitC relative d'ouverture du compos& 3 en fonction de I'effet, observCe dans une itude anterieure. qu'un 
groupement vicinal-cis peut avoir sur le cours de l'ouverture de tels anhydrides. On a dCterminC lcs spectres en resonance 
magnCtique du 'H a 200 MHz de tous les intermidiaires de synthkse et de tous les analogues de nuclCosides et on les discute. 
Utilisant des cellules K-562, on a Cvalui l'utiliti des analogues de nucleosides comme inhibiteurs de la croissance des cellules. 
ComparCes a I'activitC du fluoro-5 uracil dans ce systeme, les analogues de nuclCosides contenant les bases thio-2 uracil (33), 
thio-2 thymine (31), cytosine (44) et mithyl-5 cytosine (43) prisentent des effets qui sont de 150 a 300 fois plus faibles. 

[Traduit par la revue] 

Introduction 
The synthesis of 2',3'-dideoxynucleosides was first des- 

cribed in 1955 by Michelson and Todd ( l ) ,  who synthesized a 
variety of 3'-deoxythymidines. Nine years later Pfitzner and 
Moffatt (2) described the synthesis of various 2',3'-dideoxy- 
uridines. The importance of the 2',3'-dideoxynucleosides as 
possible chain terminators of DNA synthesis was pointed out by 
Robins et al. (3), who synthesized 2' ,3'-dideoxyadenosine. 
2',3'-Dideoxyadenosine was subsequently shown by Doering 
et al. (4) to be lethal to Escherichia coli cultures with activity at 
concentrations as low as lo-' M; however, the 2',3'-dideoxy 
derivatives of uridine and cytidine were found to be inactive 
in their test systems. 2',3'-Dideoxyadenosine was shown to 
irreversibly inhibit DNA synthesis, possibly by adding to the 
end of a growing polydeoxynucleotide and thus blocking further 
chain elongation. Such a mechanism of action was shown for 

' ~ e v i s i o n  received August 20, 1987. 

3'-deoxythymidine in a cell-free system ( 5 ) .  2',3'-Dideoxy-5- 
fluorouridine was shown by Khwaja and Heidelberger (6) to be 
lethal to E. coli at a concentration of 2 X l op4  M and it also 
inhibited the growth of HeLa cells at M. An important 
recent use of the 2',3'-dideoxynucleotides is in DNA sequencing, 
in which they are used as specific, chain-terminating inhibitors 
of DNA polymerase (7). 

In contrast to the relatively large number of 2',3'-dideoxy- 
nucleosides that have been synthesized (1-3, 6-8, and references 
therein), there have been described relatively few syntheses of 
the carbocyclic analogs of the 2',3'-dideoxynucleosides and 
most of these were of analogs of purine nucleosides. Schaeffer 
et al. (9), in their studies on the structural requirements in 
inhibitors of the enzyme adenosine deaminase, have synthe- 
sized several cis-3-(6-substituted-9-purinyl)cyclopentylmetha- 
nols in which the substituent was the C1, SH, OH, NH,, 
NHCH3, or N(CH3), group. Montgomery and Hewson (10) 
synthesized the carbocyclic analog of 2',3'-dideoxytubercidin. 
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HOOC O\c/O\c/O I I 
~ c O O H  Ac20 , 

H3CO-C 
KMn04 A- Anhydrous CH30H 

This compound, although somewhat cytotoxic, showed no 
activity against leukemia L1210. Shealy et al. (11) have 
synthesized the 2',3'-dideoxy carbocyclic analogs of 8-aza- 
hypoxanthine and 8-maadenine nucleosides; only the carbocyclic 
analog of 2',3'-dideoxy-8-azaadenosine showed cytotoxicity to 
H. Ep. 1 2  cells in culture (ED5,, = 42 ~ g / m L ) ,  and both analogs 
showed no activity against leukemia L1210 in mice. The only 
carbocyclic analog synthesized of the 2',3'-dideoxypyrimidine 
nucleosides is the analog of 3'-deoxythymidine (12). This 
compound was shown to be noncytotoxic to human epidermoid 
carcinoma cells and also showed no activity against L1210 
leukemia in mice. The present paper describes the synthesis of 
the carbocyclic analogs of 2',3'-dideoxypyrimidine nucleosides 
having the uracil, 2-thiouracil, 2-thiothymine, cytosine, and 
5-methylcytosine bases. In addition, preliminary results are 
presented on their effects on the growth of K-562 cells in 
culture. 

Results and discussion 
cis-3-Aminocyclopentanemethanol(8), used in the synthesis 

of the carbocyclic analogs of 2' ,3 '-dideoxynucleosides, was 
prepared previously by Schaeffer et al. (9) from 3-oxocyclo- 
pentanecarboxylic acid (13). Shealy et al. (12) reported the 
synthesis of 8 from cis-l,3-cyclopentanedicarboxylic acid (2) 
without giving experimental details. In the present work 8 has 
been prepared from norbornene as shown in Scheme 1. 

Synthesis of (2)-cis-3-aminocyclopentanemethanol (8) 
The cis configuration of the two substituents in the cyclo- 

pentane derivatives shown in Scheme 1 is determined by the 
starting material, bicyclo[2.2.l]hept-2-ene (I),  which, in the 
first step, is oxidized to cis-l,3-cyclopentanedicarboxylic acid 
(2) using potassium permanganate by the procedure described 
by Birch et al. (14). The cis-diacid (2) was then converted into 
(+)-cis-3-aminocyclopentanemethanol (8) by the same series 
of reactions that was used by O'Dell and Shealy (15) for the 
preparation of the cyclopentane analogs of 2'- and 3'-deoxy- 
erythro-pentofuranosylamine. The diacid was converted first 
into the anhydride (3) by heating at reflux temperature in acetic 
anhydride. The anhydride (3) was then opened with anhydrous 

methanol to give an intermediate (4)' having two different 
functional groups at positions 1 and 3 of the cyclopentane ring. 
The carboxylic acid and the ester functional groups were then 
converted selectively into the amino and the hydroxymethyl 
substituents, respectively, as shown in Scheme 1. In the final 
reaction shown in Scheme 1 the carbamoyl group was converted 
into the amino substituent by the Hofmann hypobromite 
reaction, in which the configuration of the original carbamoyl 
group is retained (16-18). 

The 'Hrnr spectra of the compounds shown in Scheme 1 were 
determined on a 200-MHz spectrometer. However, even with 
this instrument, the signals of the methylene protons at positions 
4 and 5 show complex second-order patterns, and thus only the 
ranges of their signals are given. The chemical shifts of the 
protons at positions 1 , 2 ,  and 3 could be more easily determined, 
although the signals of these protons often overlapped other 
signals to make the measurement of the exact chemical shifts 
difficult. The chemical-shift assignments were made with the 
aid of spin-spin decoupling experiments. 

Nucleophilic opening of cis -1,3-cyclopentanedicarboxylic acid 
anhydrides 

It was observed previously that nucleophilic opening of 
cis-l,3-cyclopentanedicarboxylic acid anhydrides, substituted 
at position 4 with an acetoxy group, gives a mixture of isomers 
when this group is in the trans configuration (16) and a single 
isomer when it is in the cis configuration (19). In the latter case 
only one isomer was isolated when ammonia or methanol was 
used as the nucleophile. With each of these nucleophiles the 
attack occurred at the carbonyl carbon farthest away from the 
acetoxy substituent. It was of interest, therefore, to study the 
effect of substituents at position 2. Scheme 2 shows a series 
of reactions using dl-camphoric anhydride (9) as the model 
compound. In contrast to compound 3,  which is converted 

'The solvolysis of cis-l,3-cyclopentanedicarboxylic acid anhydride 
(3) generates a racemic mixture, since the attack by methanol is 
equally probable at both carbonyl carbons. Consequently, all of the 
subsequent cyclopentane derivatives are racemates, although only one 
enantiomer is shown in Schemes 1, 3, and 4. 
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0 0 
I I I I 

HO-C F H ~ c - N H ~  

@:H 3 

into compound 4 by stining in anhydrous methanol at room 
temperature for 19 h, camphoric anhydride (9) is very resistant 
to methanolysis; no reaction was observed after 10 days of 
stirring in anhydrous methanol at room temperature. Moreover, 
even after being heated at reflux temperature for 2 days in 
methanol, over 8 1% of 9 was recovered and only a 12% yield of 
the solvolysis products, as a mixture of compounds 10 and 11, 
was obtained. However, the opening of camphoric anhydride 
(9) was relatively rapid, when anhydrous ammonia in benzene 
was used, to give a mixture of compounds 17 and 18 in over 
95% yield. The above observations and those with the acetoxy 
substituents (16, 19) indicate that steric interactions between 
cis-vicinal substituents in these compounds greatly reduce the 
rate of nucleophilic attack at the adjacent carbonyl carbon, 
thus accounting for the production of a single isomer in the 
nucleophilic opening of the anhydride containing the cis- 
acetoxy substituent at position 4 (19). 

Assignment of the ' ~ m r  signals in the spectra of the 
compounds shown in Scheme 2 was made after preparation of 

compound 16 from 14. The signals of the protons in compound 
16 were unambiguously assigned with the aid of spin-spin 
decoupling experiments. In general, the signals in the spectra of 
compounds 10-18 are much better resolved than those in the 
spectra of compounds 4-7. 

Synthesis of pyrimidine nucleoside analogs shown in Scheme 3 
The base moiety of the 2-thiothymine nucleoside analog (31) 

was synthesized from 3-methoxy-2-methylpropenoyl isothio- 
cyanate (23), which was prepared using the method of Shaw and 
Warrener (20). Compound 23 was coupled with (5)-cis-3- 
aminocyclopentanemethanol (8) to give compound 27; this 
product was then cyclized in 15 N aqueous ammonia to give 
nucleoside analog 31. The corresponding thymine nucleoside 
analog (32) was prepared as described previously (12). 

The 2-thiouracil nucleoside analog (33) was prepared by 
coupling compound 8 with 3-ethoxypropenoyl isothiocyanate 
(25) (20) to give 29, which was then cyclized in 15 N aqueous 
ammonia to give the nucleoside analog (33). The uracil 
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H3C 0 19 X = 0CH3 22 X = CI 
I 1 1  20 X = OH 23 X = NCS 

CH30CH=C-C-X 21 X = ONa 24 X = NCO 

nucleoside analog (34) was prepared by coupling compound 
8 with 3-ethoxypropenoyl isocyanate (26) (21) to give 30, 
which was then cyclized in 2 N H2SO4 to give the nucleoside 
analog (34). 

The signals of the protons on the cyclopentane rings in 
compounds 27-30 show complex patterns with many of the 
signals overlapping in a narrow region of the ' ~ m r  spectrum. 
The signals of the other protons in each of these compounds 
are well resolved and allow relatively easy characterization 
of the different compounds (27-30). Also, as was observed 
previously (19, 22), the protons in the sulfur-containing 
compounds, in general, resonate further downfield than the 
corresponding protons in the oxygen-containing analogs. The 
only significant exception to this trend occurs for H-3 in 
compounds 29 and 30; in the case of the oxygen-containing 
compound (30) this proton resonates at lower field than in the 
case of the sulfur-containing compound (29). 

In the case of nucleoside analogs 31-34, in a 200-MHz field 
all of the protons on the cyclopentane ring in each of these 
compounds, except for H- 1 ' , have complex overlapping signals 
in the 6 1.2-2.2 region. The signals for the other protons in 
these nucleosides are easily resolved even at 60 MHz, and, as 
was seen above, protons in the sulfur-containing compounds 
resonate at lower fields than the corresponding protons in the 
oxygen-containing compounds. Also, as was seen previously 
(19, 22), this difference is largest for the protons nearest the 
sulfur atom. Thus, H-1' and H-3 resonate 1.0 and 1.3 ppm, 
respectively, further downfield in the case of the sulfur-con- 

taining nucleosides (31 and 33) than in the case of the oxygen- 
containing nucleosides (32 and 34), whereas the methylene 
protons of the hydroxymethyl group have virtually the same 
chemical shifts in all four compounds. The chemical shifts of 
the protons in compound 32 were previously reported by Shealy 
et al. (12) using a 100-MHz spectrometer and agree with those 
observed in the present study to within "00.02 ppm. 

Synthesis of carbocyclic a ~ ~ a l o g s  of cytosine nucleosides 
The cytosine nucleosides shown i n  Scheme 4 were synthe- 

sized using'the method described by Zemlitka and Sorm (23); 
however, the protection of the hydroxyl groups was performed 
as described by Shealy and O'Dell (24). Nucleosides 32-34 
were treated first with an excess of benzoyl chloride in pyridine 
to give compounds 35-37. The benzoyl group on the pyri- 
midine rings was then selectively removed using dilute hydro- 
chloric acid solution to give the monobenzoyl derivatives 
(38-40). The protected nucleosides 38 and 40 were converted 
into the 4-chloropyrimidinone intermediates 41 and 42, respec- 
tively, using a catalytic amount of N,N-dimethylformamide 
and an excess of thionyl chloride in chloroform; compounds 41  
and 42 were then converted into the cytosine nucleosides 43 
and 44, respectively, using anhydrous ammonia in methanol. 
However, an attempt to prepare the 4-amino analog of the 
2-thiouracil nucleoside (33) by the above method gave instead 
nucleoside 44. 

In the case of the nucleosides shown in Scheme 4, at 200 MHz 
the signals of the methylene protons occur as complex groups 
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Dilute HCI 

38 I I 
SOCI? 

39 - 
DMF 

40 d 
of overlapping multiplets, and thus only their chemical-shift 
ranges are given. The signals of the protons at C-1', C-2', and 
C-3' are more resolved in the spectra of most of the nucleosides 
and, as was observed previously, the signals of the protons in 
the sulfur-containing nucleosides occur further downfield than 
those of the corresponding protons in the oxygen-containing 
nucleosides. The signals for the amino protons show different 
patterns in the two cytosine nucleosides (43 and 44). In the case 
of the nucleoside analog 44 these protons give rise to a single 
broad peak, whereas in the case of the 5-methylcytosine analog 
43 they give rise to two broadened singlets at 6 6.66 and 7.04, 
suggesting that rotation of the amino group in the 5-methyl- 
cytosine analog 43 may be restricted. 

Ultraviolet spectra of nucleoside analogs 31-34 
The ultraviolet spectra of the uracil-nucleoside analog 34 

closely resemble the spectra of 1-methyluracil (25) at the 
corresponding pH's. The absorption maxima in the spectra of 
the thymine analog 32 occur at slightly longer wavelengths 
(A = 272-273 nm) than in the case of the uracil analog 34 
(A = 266-268 nm); otherwise, the spectra closely resemble 
those of 34 at the corresponding pH's. The absorption spectra of 
the 2-thiouracil- (33) and of 2-thiothymine- (31) -nucleoside 
analogs are more complex than those of 32 and 34; however, 
they resemble closely the behavior of 1-methyl-2-thiouracil 
and 1-methyl-2-thiothymine, respectively, at the corresponding 
pH's (25). The absorption maximum at longer wavelength in the 
spectrum of 33 is relatively constant in both acidic and basic 
solvents: however. in the case of 31  the maximum shifts from 

(33), 2-thiothymine (31), cytosine (44), and 5-methylcytosine 
(43) bases showed some growth inhibition, with activity 
150-300 times lower (higher values of EDs0) than that shown 
by 5-fluorouracil in this test system. Compounds 31-34 have 
also been tested for activity against the HSV-1 and the HSV-2 
viruses. None of these compounds demonstrated antiviral 
activity in the 0.24-500 pg/mL concentration range. 

Conclusion 
The synthesis of (+)-cis-3-aminocyclopentanemethanol (8) 

from norbornene has been described. In addition. the effect of 
cis-vicinal substituents on the nucleophilic opening of cis-1,3- 
cyclopentanedicarboxylic acid anhydrides has been studied 
using dl-camphoric anhydride as a model. The results obtained 
withthis anhydride, together with those obtained with the cis- 
1,3-cyclopentanedicarboxylic acid anhydrides having acetoxy 
substituents at position 4 (19, 22), show that cis-vicinal 
substituents greatly decrease the rate of nucleophilic attack at 
the adjacent carbonyl carbon. In the anhydride containing the 
4-cis-acetoxy substituent, nucleophilic attack occurred only at 
the carbonyl carbon farthest awayfrom the acetoxy group, thus 
allowing regiospecific opening of this anhydride (19). 

(5)-cis-3-Aminocyclopentanemethanol was utilized for the . . 

synthesis of carbocyclic analogs of nucleosides having uracil, 
2-thiouracil, 2-thiothymine, thymine, cytosine, and 5-methyl- 
cytosine bases. The 200-MHz ' ~ m r  spectra of all of these 
nucleosides, as well as of the cyclopentane derivatives, have 
also been determined and discussed. 

276 nm in  acidic media to 266 nm in basic media. A similar Experimental 
behavior had been observed in the cases of 1-methyl-2-thiouracil Melting points were determined on a Fisher-Johns apparatus and are 
and 1-methyl-2-thiothymine (25). uncorrected. The ' ~ m r  spectra were recorded on a Bruker CXP-200 

spectrometer at 200 MHz. The proton chemical shifts (6)  are given 
Biological evaluation relative to Me4Si (6  = 0). Assignments of chemical shifts and coupling 

Compounds 31-34, 43, and 44 were tested for cell-growth constants were made with the aid of spin-decoupling experiments. The 
inhibition using cultured K-562 cells by methods described following abbreviations are used in describing ' ~ m r  signals: singlet 
previously (26). Nucleoside analogs having the 2-thiouracil (s), doublet (d), triplet (t), quartet (q), quintuplet (qu), sextuplet (se), 
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multiplet (m), and broadened (br). Ultraviolet spectra were recorded on 
a Perkin-Elmer 552 spectrophotometer. Thin-layer chromatography 
(tlc) was performed using silica gel 60 F-254 plates and column 
chromatography on silica gel 60. The plates and silica gel 60 were 
purchased from BDH Chemicals. The developed plates were dried 
and sprayed with a solution of ceric sulfate (1%) and molybdic acid 
(1.5%) in 10% aqueous sulfuric acid, and heated at -150°C. Unless 
otherwise indicated, the same solvent was used for both tlc and column 
chromatography. 

cis-1,3-Cyclopentanedicnrboxylic acid (2) 
Compound 2 was prepared from bicyclo[2.2. Ilhept-2-ene (I) by the 

procedure of Birch et al. (14) using potassium permanganate instead 
of sodium permanganate. A solution of norbornene (1) (28.2 g, 
0.30 mmol) in 2,2,4-trimethylpentane (200 mL) was added to water 
(1 L). To the stirred mixture, a solution of KMn04 (147 g, 0.93 mol) 
in water (2.5 L) was added over a period of 5 h (temperature 25-37"C), 
during which time C 0 2  was vigorously bubbled through the reaction 
mixture. Immediately after the permanganate addition was complete, 
SO2 was passed through the reaction mixture until it became colorless. 
The volume of the reaction solution was reduced to 825 mL. The 
solution was then cooled in an ice bath and acidified with concentrated 
HCI (90 mL). Extraction with diethyl ether (9 X 200 mL) gave a white 
solid (33.26 g, 70%), mp 104-1 14°C. After recrystallization of this 
material from diethyl ether - hexanes, the mp was 120°C (lit. (14) 
mp 119.9-120.6"C (con.)); 'Hmr (200 MHz, Me2SO-d6), 6: 1.67- 
1.94(5H, m, H-2, H-4, H-4', H-5, and H-5'), 2.11 (lH, d of t, J,,,, = 
13.2, 3~ = 8.0 HZ, H-2'), 2.64-2.80 (2H, m, H-1 and H-3), 12.1 
(2H, br s, C02H). Anal. calcd. for C7HI0o4: C 53.16, H 6.37; found: 
C 53.19, H 6.45. 

cis-1,3-Cyclopentanedicarboxylic acid anhydride (3) 
Compound 2 (36.4 g, 230 mmol) was dissolved in acetic anhydride 

(100 mL) and 31 mL of solvent were removed by distillation. The 
reaction solution was heated at reflux temperature for a further 0.5 h 
and cooled. The solvent was removed under vacuum and the residue 
was recrystallized from tetrahydrofuran-hexanes to give a light-grey 
solid (25.56 g, 79%); in a melting point determination, this material 
turned from an opaque solid to a stiff, clear gel in the range 128- 145°C 
and melted at 159- 160°C (lit. (27) mp 161°C). Repeated recrystalliza- 
tions from tetrahydrofuran-hexanes gave a white solid but did not 
alter the above melting behavior; 'Hmr (200 MHz, CDC13), 6: 1.77 
(IH, d o f t ,  J ,,,,, = 12.8, 3~ = 4.2Hz, H-2), 1.98-2.33 (5H, m, 
H-2', H-4, H-4', H-5, and H-5'), 3.21-3.33 (2H, m, H-l and H-3); 
'Hrnr (200 MHz, Me2SO-d6), 6: 1.69 (lH, d of t ,  J,,,,, = 12.5, 3~ = 

4.2 Hz, H-2), 1.82-2.21 (4H, m, H-4, H-4', H-5, and H-5'), 2.36 
(lH, br d, J ,,, = 12.5 Hz, H-2'), 3.18 (2H, m, H-1 and H-3); 
spin-spin decoupling was performed at 6 1.69 and 2.36. Anal. calcd. 
for C7HBO3: C 60.00, H 5.75; found: C 59.99, H 5.99. 

(?)-Methyl hydrogen cis-1,3-cyclopentanedicarboxylate (4) 
A solution of 3 (19.34 g, 138 mmol) in anhydrous methanol 

(400 mL) was stirred at room temperature for 19 h and left in the 
cold room (2°C) for 12 days. The solvent was removed on a rotary 
evaporator to give 4 as a light-brown oil (23.6 g); ' ~ m r  (200 MHz, 
Me2SO-d6), 6: 1.68-2.05 (5H, m, H-2, H-4, H-4', H-5, and H-5'), 
2 .13( lH,dof t ,  .I,,,= 1 2 . 7 , ) ~ =  8.0Hz,H-2'), 2.66-2.97(2H,m, 
H-1 and H-3), 3.60 (3H, s,  OMe), 12.1 (lH, br s,  C02H); 'Hmr 
(200 MHz, CDCI,), 6: 1.9-2.5 (6H, m, H-2, H-2', H-4, H-4', H-5, 
and H-5'), 2.8-3.0 (2H, m, H- 1 and H-3), 3.71 (3H, s, OMe), 1 1.3 
(lH, br s, C02H). 

(?)-Methyl cis-3-(chlorornethanoyl)cyclopentanecarboxylte ( 5 )  
Compound 4 (23.6 g) was dissolved in benzene (550 mL) and 50 mL 

were removed by distillation to remove traces of water. To the hot, 
benzene solution, thionyl chloride (50 mL, 0.68 mol) was added 
dropwise, and the solution was stirred for 5 min. Two drops of pyridine 
were then added and stirring was continued until the vigorous evolution 
of gases subsided; then 2 drops of N,N-dimethylformamide were added 
and the solution was heated at reflux temperature for 2 h. The mixture 
was kept at room temperature overnight, and the solvent was removed 

on a rotary evaporator to give 5 as a yellow oil (26.2 g); ' ~ m  
(200 MHz, CDCI3), 6: 1.95-2.48 (6H, m, H-2, H-2', H-4, H-4', H-5, 
andH-5'), 2.87(1H, qu, 3 ~ =  8.1 Hz,H-1),3.30(1H,m.H-3),3.70 
(3H, s, OMe). 

(?)-Methyl cis-3-carbarnoylcyclopentanecarboxylate ( 6 )  
Compound 5 (26.2 g) was dissolved in dry benzene (450 mL) and 

anhydrous ammonia was bubbled through the reaction solution for 
0.5 h. The resulting mixture was purged with nitrogen for 10 min. 
It was then diluted with ethyl acetate (400 mL), heated to boiling, and 
treated with charcoal. The hot mixture was filtered and the solid residue 
was washed with hot ethyl acetate. The combined filtrate and washings 
were cooled and the white crystalline solid was collected by filtration 
to give 6 (13.56 g), mp 122- 123°C. The volume of the filtrate was 
reduced to 75 mL and additional 6 (2.21 g), mp 122-123"C, was 
collected by filtration. A final third crop of 6 (0.24 g) was obtained 
and had mp 117-121°C (total yield of 16.01 g, 67.8%, from 3); 
' ~ m r  (200 MHz, Me2SO-d6), 6: 1.61-1.89 (5H, m, H-2, H-4, H-4', 
H-5, and H-5'), 2.04 ( lH,  d o f t ,  J ,,,, = 12.6, 3~ = 7.6Hz, H-2'), 
2.59 (lH, m, H-3), 2.78 ( lH,  m, H-1), 3.59 (3H, s, OMe), 6.78 (lH, 
brs, CONH2), 7.29 ( lH,  brs, CONH?). Anal. calcd. for CBHl3o3N: 
C 56.13, H 7.65, N 8.18; found: C 56.07, H 7.98, N 8.32. 

(?)-cis-3-(Hydroxyrnethyl)cyclopentanecarboxarnide (7) 
A solution containing lithium borohydride (3.58 g, 164 mmol) in 

tetrahydrofuran (200 mL) was heated at reflux temperature for 1 h; 
heating was discontinued, compound 6 (14.09 g, 82 mmol) was added 
to the hot tetrahydrofuran solution, and heating at reflux temperature 
was then continued for 2 h. The reaction solution was cooled in an ice 
bath and diluted slowly with water (150 mL), then a slow addition 
of Amberlite CG-120 (HC) cation-exchange resin (90 g) was made. 
The mixture was stirred overnight at room temperature. The resin 
was removed by filtration and washed with water (3 X 90 mL). The 
combined filtrate and washings were treated with Dowex 1-X8 (-OH) 
anion-exchange resin to adjust the pH to 7. The resin was removed by 
filtration and washed with water (3 X 90 mL). The combined filtrate 
and washings were evaporated and the residue was evaporated with 
methanol (3 X 30 mL) to give a white solid (1 1.6 g), mp 1 12-1 17°C. 
This material was recrystallized from methanol-tetrahydrofuran to 
give 7 in two crops (9.14 g, mp 121-123"C, and 0.91 g, mp 119- 
122°C) for a total yield of 10.05 g (85.7%); R r  0.49 (9:l (v/v) 
acetonitrile-water), component visualized using iodine vapor; ' H m  
(200 MHz, Me2SO-d6), 6: 1.15-1.76 (5H, m, H-2, H-4, H-4', H-5, 
and H-5'), 1.78-2.09 (2H, m, H-2' and H-3), 2.55 ( lH,  m, H-I), 
3.29(2H, d o f d ,  3 ~ , 0 ~ . 3  = 6.4, 3 ~ , o C H z o H  = 5.3Hz,CH20H),4.46 
(IH, t, 3~ = 5.3 Hz, CH20H),  6.68 ( lH,  br s,  CONH2), 7.21 (lH, 
br s, CONH2); the CONH2 and OH protons exchanged with DzO. 
Anal. calcd. for C7HI3O2N: C 58.72, H 9.15, N 9.78; found: C 59.16, 
H 9.17, N 10.28. 

(2)-cis-3-Aminocyclopentanernethanol ( 8 )  
To a solution at 5°C containing Ba(OH)2.8H20 (95.4 g, 0.302 mol) 

in water (1.9 L), bromine (3.8 mL, 74 mmol) was added. Immediately 
after the bromine had dissolved, a solution of compound 7 (9.63 g, 
67.2 mmol) in water (50 mL) was added in one portion, and the reaction 
solution was allowed to warm to room temperature over a period of 2 h. 
The solution was then heated at 50-65OC for 1.25 h, cooled to ice-bath 
temperature, and acidified with 3 M H2SO4 (85 mL). The mixture was 
stirred for 1 h and the precipitate was removed by centrifugation. The 
solution was stored in the cold room (2°C) overnight and then passed 
through Amberlite CG-120 (HC) cation-exchange resin (150 g). The 
resin was washed with water (1.5 L) and then eluted with 2 N NH3 
in water; the elution was monitored by tlc (5:3:2 (v/v/v) n-butanol- 
water-acetic acid). No product was eluted in the first 2 L; an additional 
2.5 L of 2 N NH3 in water was required to elute the product from the 
column. The solvent was evaporated and the residual oil was dissolved 
in ethanol; the mixture was filtered to remove small amounts of 
insoluble matter. The solvent was evaporated to afford 8 as a yellow oil 
(5.70 g, 74%). The 'Hmr spectrum showed no signals attributable 
to impurities; ' ~ m r  (200 MHz, Me2SO-d6), 6: 0.95 (IH, d of t, 
J,,, = 12.4, 3J = 7.0Hz,  H-2), 1.17-1.73 (4H, m, H-4, H-4', H-5, 
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andH-5'), 1.79-2.11 (2H, m, H-2'andH-1), 3.17 ( lH,  m, H-3), 3.28 
(2H, d, J = 6.0 Hz, HOCH,); spin-spin decoupling was performed at 
6 0.95 and 3.17. 

(2)-3-Methyl hydrogen 1,2,2-trimethyl-cis-] ,3 -cyclopentanedicar- 
boxylate (10) and (2)-3-methyl hydrogen 2,2,3-trimethyl-cis- 
1,3-cyclopentanedicarboxylate (11) 

A mixture of dl-camphoric anhydride (9, 50 g, 274 mmol) in 
anhydrous methanol (650 mL) was heated at reflux temperature for 
2 days, cooled to room temperature, and a white solid (28.6 g) was 
collected by filtration, which was shown by ' ~ m r  spectroscopy and a 
melting-point determination to be starting material (9). The volume of 
the filtrate was reduced to 150 mL, the solution was cooled to 4"C, 
and additional 9 (11.72 g) was collected by filtration. The solvent 
was evaporated and the resulting oil was fractionated by column 
chromatography on silica gel to give a component (6.96 g, 12%), 
Rf = 0.43 (9.1 (v/v) toluene-2-propanol), which was shown by ' ~ m r  
spectroscopy to be a mixture of compounds 10 and 11, with compound 
10 being the major isomer. Compound 10, ' ~ m r  (200 MHz, CDC13), 
6: 0.84(3H, s, Me), 1.25 (3H, s, Me), 1.27 (3H, s, Me), 1.52 ( lH,  m, 
J,,, = 13.5, 3 ~ 5 , 4  = 9.6, 3 ~ 5 , 4 ,  = 3.9Hz, H-5), 1.72-1.94 (lH, m, 
H-4), 2.08-2.30 ( lH,  m, H-4'), 2.47-2.67 (IH, m, H-5'), 2.78-2.88 
(IH, m, H-3), 3.70 (3H, s,  OMe); compound 11, 'Hmr (200 MHz, 
CDC13), 6: 0.82 (3H, s,  Me), 1.21 (3H, s, Me), 1.29 (3H, s, Me), 1.52 
( lH,  m, J,,, = 13.5, 3 ~ 4 , 5  = 9.6, 3 ~ 4 , 5 a  = 3.9Hz, H-4), 1.72-1.94 
( lH,  m, H-5), 2.08-2.30 (lH, m, H-5'), 2.47-2.67 (lH, m, H-4'), 
2.78-2.88 (IH, m, H-1), 3.69 (3H, s,  OMe); spin-spin decoupling 
was performed at 6 1.52 and 2.83. 

(-')-Methyl 2,2,3-trimet~2yl-cis-3-carbamoylcyclopentanecarboxylate 
(14) and ( ))-methyl 1,2,2-trimethyl-cis-3-carbamoylcyclopen- 
tanecarboxylate (15) 

A solution of compounds 10 and 11 (6.64g, 31.0 mmol) in benzene 
(100 mL) was treated with thionyl chloride (1 1 mL, 153 mmol), as 
described above for the preparation of 5, to give an oily mixture of 
compounds 12 and 13. The oil was dissolved in dry benzene (100 mL) 
and anhydrous ammonia was bubbled through the reaction solution for 
0.5 h. The reaction mixture was then flushed with nitrogen for 10 min, 
heated to boiling, and filtered. The filtrate was evaporated to give a 
pale-yellow solid (5.68 g), which was fractionated by column chroma- 
tography on silica gel to give 14 (3.024 g) and a mixture of 14 and 15 
(0.584 g), with 14 as the major component, for a total yield of 3.608 g 
(55% from 10 and 11). An analytical sample of 14 was prepared by 
recrystallization from ethyl acetate - hexanes, mp 135°C. Rf 0.35 (tlc) 
(7:2:1 (v/v/v) toluene - ethyl acetate - 2-propanol); 'Hmr (200 MHz, 
CDC13), 6: 0.83 (3H, s, Me), 1.22 (3H, s, Me), 1.30 (3H, s, Me), 1.55 
(IH, m, H-4), 1.75-1.95 ( lH,  m, H-5), 2.16-2.48 (2H, m, H-4' 
and H-5'), 2.82 ( lH,  d of d, 3J = 10.5, 3~ = 7.6 Hz, H-1), 3.69 
(3H, s, OMe), 5.55 (2H, br s, CONH,); 'Hmr(200 MHz, Me2SO-d6), 
6: 0.66 (3H, s,  Me), 1.08 (3H, s,  Me), 1.16 (3H, s, Me), 1.35 ( lH,  m, 
Jge,= 12.6,3J4,5 = 9.3,3J4,5, = 3.2Hz,H-4), 1.74(1H,m,H-5), 
1.99 (lH, m, H-5'), 2.33 ( lH,  t of d, J = 12.2, 3J = 8.6Hz, H-4'), 
2.79 (lH, d of d, 3~ = 10.2, 3~ = 8.0 HZ, H-1), 3.60 (3H, s, 
OMe), 6.86 (IH, br s,  CONH,), 6.91 ( lH,  br s, CONH2); spin-spin 
decoupling was performed at 6 2.79. Anal. calcd. for Cl  'Hi903N: 
C 61.95, H 8.98, N 6.57; found: C 61.86, H 9.00, N 7.04. 

The mixture of 14 and 15 was fractionated again by column 
chromatography on silica gel to give a sample of 15. An analytical 
sample of 15 was prepared by recrystallization from ethyl acetate - 
hexanes, mp 1 16- 1 18"C, Rf 0.24 (tlc); ' ~ m r  (200 MHz, CDC13), 6: 
0.82 (3H, s,  Me), 1.20 (3H, s, Me), 1.27 (3H, s, Me), 1.51 ( lH,  m, 
Jgen,= 1 3 . 8 , 3 ~ 5 , 4 =  9.6,3~5,4,  =4.3Hz,H-5) ,  1.81 ( lH,m,  J ,,,,, = 
13.6, 3~ = 9.6, 3 ~ 4 , 5 ,  = 6.9 Hz, H-4), 2.18 ( lH,  m, J,,,, = 13.6, 
3 ~ 4 , , 5 ,  = 11.6, 3 ~ 4 , , 3  = 9.1, 3 ~ 4 s , 5  = 4.3Hz, H-4'), 2.61 (lH, m, H-5'), 
2.63 ( lH,  t, 3~ = 9.3 Hz, H-3), 3.68 (3H, s, OMe), 5.35 (lH, br s, 
CONH2), 5.54 (lH, br s, CONH2); 'Hmr (200 MHz, Me2SO-d6), 6: 
0.63 (3H, s, Me), 1.11 (6H, s ,Me) ,  1,38(1H, m, J ,,, = 13.3, 

- 9 . 4 , 3 ~ 5 , 4 , = 4 . 0 H ~ , H - 5 ) ,  1 . 6 2 ( 1 H , m , J  ,,,, = 12.9, 
3 
J5.4 - 
J4,5 = 3 ~ 4 , 3  = 9.6, 3 ~ 4 , 5 ,  = 6.8 Hz, H-4), 1.97 ( lH,  m, H-4'), 

2.42 (IH, t of d, J = 12.8, 3 ~ 5 , , 4  = 6.8 Hz, H-5'), 2.62 (lH, t, 3~ = 

9.6 Hz, H-3), 3.59 (3H, s, OMe), 6.88 ( lH,  br s, CONH2), 7.13 
( lH,  br s, CONH,). Anal. calcd. for C1  ,HI9o3N: C 61.95, H 8.98, 
N 6.57; found: C 62.05, H 9.16, N 6.91. 

(*)-I ,2,2-Trit~1ethyl-cis-3-(hydroxymethyl)cyclopentat1ecar.boxamide 
(16) 

Compound 14 (1.43 g, 6.70 mmol) was treated with lithium 
borohydride (0.5 g, 23 mmol) in tetrahydrofuran (100 mL) as described 
for the preparation of 7. After treatment with cation- and anion- 
exchange resins, the solvent was evaporated and the residue was 
evaporated with methanol (10 X 2 mL). The residue was then stirred in 
tetrahydrofuran-hexanes, and the resulting white solid was collected 
by filtration to give 0.84 g of material. This material was fractionated 
by column chromatography on silica gel to give 16 (0.102 g, 8.2%), 
mp 15g°C, Rf 0.26 (tlc) (4:l (v/v) toluene-2-propanol). An ana- 
lytical sample was prepared by recrystallization from ethyl acetate - 
methanol-hexanes, mp 162- 163°C; ' ~ m r  (200 MHz, Me2SO-d6), 6: 
0.65 (3H, s, Me), 1.05 (6H, s, Me), 1.15- 1.38 (2H, m, H-4 and H-5), 
1.68-1.99 (2H, m, H-3 and H-4'), 2.27 ( lH,  t of d, J = 13.2, 
3 ~ = 6 . 9 H ~ , H - 5 ' ) , 3 . 2 4 ( 1 H , d ~ f d ~ f d , J , , n , = 1 0 . 2 , 3 ~ , 0 ~ . 3 = 7 . 6 ,  
3 JtoHOCH2 = 5 . 0 H ~ ,  H O W 2 ) ,  3.47 ( lH,  m, J ,,,,, = 10.2, 3~ = 5.1 HZ, 

HOCH,), 4.27 ( lH,  t, 3~ = 5.0 HZ, HOCH2), 6.76 (lH, br s, 
CONH2), 6.79 ( lH,  br s, CONH2); spin-spin decoupling was per- 
formed at 6 2.27, 3.47, and 4.27. Anal. calcd. for CIOHI90,N: 
C 64.83, H 10.34, N7.56; found: C64.92, H 10.12, N 7.81. 

( 2 )  -2,2,3 -Trimethyl-cis -3-carbamoylcyclopet~tanecarbo,r~~lic acid 
( 1  7) and (?)-I ,2,2-trimethyl-cis-3-carbamoylcyclopentanecar- 
boxylic acid (18) 

Dry ammonia was bubbled through a solution of dl-camphoric 
anhydride (9, 40.0 g, 220 mmol) in tetrahydrofuran (500 mL) (which 
had been cooled initially to 5°C) for 40 min. The mixture was left at 
0°C overnight and then flushed with nitrogen for 30 min. The ice-cold 
mixture was filtered and the solid was dissolved in water (250 mL). 
Insoluble material was removed by filtration, and the filtrate was cooled 
to ice-bath temperature and acidified to pH 2. The solution was kept in 
the cold room (2°C) for 2 days; the crystalline solid was collected by 
filtration and washed with ice-cold water to give a mixture of 17 and 18 
(39.2 g) that, by integration of the 'Hmr signals, was shown to contain 
17 and 18 in a 1:3 ratio, respectively. Compound 18, 'Hmr (200 MHz, 
Me,SO-d6), 6: 0.72 (3H, s, Me), 1.11 (3H, s, Me), 1.13 (3H, s, Me), 
1.28-2.46 (4H, m, H-4, H-4', H-5, and H-5'), 2.61 (IH, t, 3~ = 
9.4Hz, H-3), 6.83 (lH, brs, CONH,), 7.06 (lH, brs, CONH,), 12.1 
(lH, br s,  C02H). The volume of the filtrate was reduced to 50 mL, the 
solution was cooled for 8 h at O°C, and an additional crop of a mixture 
of 17 and 18 (2.62 g) was obtained for a total yield of 41.82 g (95.4%); 
the second crop contained compounds 17 and 18 in a 4: l  ratio, 
respectively. Compound 17, ' ~ m r  (200 MHz, Me2SO-d6), 6: 0.72 
(3H,s,Me), 1.08(3H,s,Me), 1.18(3H,s,Me), 1.28-2.46(4H,H-4, 
H-4',H-5, a n d H - 5 ' ) , 2 . 6 9 ( 1 H , d 0 f d , ~ J =  10.0, 3 ~ =  8.0Hz,H-1), 
6.85 (lH, br s, CONH,), 6.89 ( lH,  br s,  CONH2), 12.1 (IH, br s, 
C02H). 

3-Methoxy-2-tnethylpropenoic acid (20) 
Compound 20 was prepared from methyl 2-methylpropenoate by 

way of the intermediacy of methyl 2,3-dibromo-2-methylpropanoate 
and methyl 3-methoxy-2-methylpropenoate (19) as described pre- 
viously (12, 20). Compound 20, ' ~ m r  (200 MHz, CDC13), 6: 1.73 
(3H, d, 4 ~ , 0 H . 3  = 1.2Hz, Me), 3.86 (3H, s,  OMe), 7.40(lH, q, 4~ = 
1.2 HZ, H-3); ' H m  (200 MHz, Me2SO-d6), 6: 1.59 (3H, d, 4J,0 H-3 = 
1.4 Hz, Me), 3.80 (3H, s, OMe), 7.31 ( lH,  q, 4J = 1.4 HZ, H-3), 
11.8 (IH, brs ,  C02H). 

3-Methoxy-2-methylpropenoyl chloride (22) 
Compound 20 was converted into its sodium salt (21) as described 

by Shaw and Warrener (20); 'Hmr (200 MHz, MezSO-d6), 6: 1.54 
(3H, d , 4 ~ , o ~ . 3  = 1.3 Hz,Me),  3.60(3H, s,OMe), 6.91 ( lH,  q, 
4~ = 1.3 Hz, H-3). The sodium salt was then treated with SOC12 
in ether as described previously (20); distillation gave 22, 'Hmr 
(200 MHz, CDCI,), 6: 1.74 (3H, d, Me), 3.96 (3H, s, OMe), 7.66 
(IH, q, 4~ = 1.2Hz, H-3). 
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( f )  - N- {N '-[cis - 3  - (Hydro.ry1r1ethyl)cyclope~ltyl]thiocnrbnmoyl}-3- 
methoxy-2-methylproperzamide (27) 

3-Methoxy-2-methylpropenoyl isothiocyanate (23) was prepared 
from equivalent amounts of compound 22 and potassium thiocyanate in 
acetonitrile as described previously (20). Compound 23 was purified by 
distillation under vacuum and used immediately for the preparation of 
27. Compound 23  (0.28 g, 1.8 mmol) was added to a solution of 8 
(0.21 g, 1.8 mmol) in methanol (5 mL) and diethyl ether (5 mL) and the 
reaction solution was kept at room temperature overnight; the mixture 
was filtered and the solvent was evaporated. The residue was 
fractionated by column chromatography on silica gel to give 27 
(0.337 g, 77%) as a colorless oil, R f  0.50 (8:8:1 (v/v/v) toluene - 
ethyl acetate - 2-propanol). The ' ~ m r  spectrum showed minor signals 
attributable to impurities; ' ~ m r  (200 MHz, Me2SO-d6), 6: 1.14-2.23 
(7H, m, H-2', H-2", H-3', H-4', H-4", H-5', and H-5"), 1.61 (3H, d, 
4 ~ , 0 ~ . 3  = 1.1 HZ, Me), 3.29-3.36 (2H, m, HOCH2), 3.85 (3H, s, 
OMe), 4.50 ( l H ,  se, 3~ = 7.0Hz.  H-l ' ) ,  4.61 ( lH,  t ,  3J = 5.3 Hz, 
HOCH?), 7.52 ( l H ,  q ,  'J = 1.1 Hz, H-3), 10.40 ( lH,  br s ,  
CONHCSNH), 10.97 ( l H ,  br d ,  3J,0 H . , ~  = 7.3 Hz, CONHCSNH); 
spin-spin decoupling was performed at 6 4.50. 

( 5 ) - N -  {N '-[cis - 3  - (Hydroxymetlzyl )cyclope11tyl]cnrbntt1oyI)-3- 
methoxy-2-methylpropetzarnide (28) 

A solution of 3-methoxy-2-methylpropenoyl isocyanate (24) in 
benzene was prepared from 22 and silver cyanate as described by 
Shealy et 01. (12) and was used immediately for the preparation of 28 
without further purification. To a solution of 8 (0.67 g, 5.8 mmol) in 
dry N,N-dimethylformamide (12.2 mL), cooled to - 15OC, a solution 
of 24 (1.22 equiv., theoretical) in benzene was added dropwise; the 
temperature of the reaction solution was maintained below - 10°C with 
a cooling bath. After the addition of 24 was complete, the reaction 
solution was kept at room temperature overnight; the mixture was 
filtered and the solvent was evaporated. The residue was fractionated 
by column chromatography on silica gel to give 28 (1.05 g, 71%) 
as a white solid, R f  0.44 (3:3:1 (v/v/v) toluene - ethyl acetate - 
2-propanol). The ' ~ m r  spectrum revealed only minute signals attri- 
butable to impurities; ' ~ m r  (200 MHz, Me2SO-d6), 6: 1.02-1.18 
( l H ,  m, H-2'), 1.29-2.11 (6H, m, H-2". H-3', H-4', H-4", H-5', and 
H-5"), 1.61 (3H, d, 4J,0H.3 = 1.3Hz, Me), 3.30 (2H, t, 3J = 5.2Hz,  
HOCH,), 3.79 (3H, s ,  OMe), 3.99 ( l H ,  se, 3~ = 6.9Hz. H-1'), 4.55 
( lH,  t, 3~ = 5.2 Hz, HOCH?), 7.45 ( lH ,  q, 4~ = 1.3 HZ, H-3), 
8.65 ( lH ,  br d,  3 ~ , 0 H . 1 ,  = 7.3 Hz, CONHCONH), 9.67 ( lH,  br s ,  
CONHCONH); spin-spin decoupling was performed at 6 1.10, 3.30, 
and 3.99. 

( f)-3-Ethoxy-N- {N '-[cis -3-(hydro.ryn~ethyl)cyclopentyl]tlziocnrbn- 
moy1)propennmide (29) 

3-Ethoxypropenoyl isothiocyanate (25) was prepared as described 
previously (20) and used immediately after distillation for the prepara- 
tion of 29. Compound 25 (1.41 g, 8.97 mmol) was added to a solution 
of 8 (0.934 g,  8.1 1 mmol) in methanol (13 mL) and diethyl ether 
(20 mL), and the reaction solution was kept at room temperature 
overnight; the mixture was filtered and the solvent was evaporated. 
The resulting oil was fractionated by column chromatography on silica 
gel to give 29 (1.54 g, 70%) as a pale yellow-green oil; R f  0.50 
(8:s:  1 (v/v/v) toluene - ethyl acetate - 2-propanol). The ' ~ m r  
spectrum showed minor signals attributable to impurities; ' ~ m r  
( ~ O O M H Z ,  Me2SO-d6), 6 :  1.i0-2.23 (6H, m, H-2', H - 2 ,  H-4', H-4", 
H-5', and H-S'), 1.24 (3H, t, 3~ = 7.0 HZ, Me), 1.85-2.23 ( lH ,  m, 
H-3'), 3.32 (2H, t, 3~ = 5.6 Hz, HOCH?), 3.98 (2H, q, 3~ = 7.0Hz, 
CH3CH20), 4.48 ( lH,  se, 3~ = 6.9 Hz, H-1'), 4.56 ( lH ,  t, 'J = 
5.0 Hz, HOCHz), 5.70 ( lH ,  d,  3 ~ 2 , 3  = 12.2 Hz, H-2), 7.59 ( lH ,  d, 
3J3,2 = 12.2 Hz, H-3), 10.84 ( l H ,  br s, CONHCSNH), 10.96 ( lH,  
br d,  3 J , 0 ~ . l ,  = 7.2 Hz, CONHCSNH); spin-spin decoupling was 
performed at 6 3.32, 4.48, and 10.96. 

(t) -3-Ethoxy -N- {N1-[cis-3 -(hydroxymethyl)cyclopentyl]carba- 
moy1)propenamide (30) 

A solution of 3-ethoxypropenoyl isocyanate (26) in benzene was 
prepared as described previously (21, 28). A solution of compound 26 

(26.6 mmol, theoretical) in benzene (60 mL) was added to a solution of 
8 (2.73 g, 23.7 mmol) in N,N-dimethylformamide (60 mL) that had 
been cooled to - 15°C; the temperature was maintained below - 10°C 
during the addition. The reaction solution was kept at room temperature 
overnight. The mixture was filtered and the solvent was evaporated 
with ethanol (2 X 20 mL); fractionation of the residue by column 
chromatography on silica gel gave 30 (2.59 g,  43%) as a semisolid, 
R f  0.57 (2:2:1 (v/v/v) toluene - ethyl acetate - 2-propanol). The 
' ~ m r  spectrum showed minor signals attributable to impurities; 'Hmr 
(200 MHz, Me2SO-d6), 6 :  1.05-2.15 (7H, m, H-2', H-2", H-3', H-4', 
H-4", H-5', and H-5"), 1.26 (3H, t, 3~ = 7.0 HZ, Me), 3.32 (2H, t, 
3J = 5.6Hz,  HOCH,), 3.98 ( l H ,  se, 3~ = 7 .0Hz ,H- l f ) ,4 .02(2H,q ,  
3~ = 7.0 HZ, CH3CH20), 4.53 ( lH ,  t, 3J = 5.3 Hz, HOCH?), 
5.59 ( lH ,  d,  3~2 .3  = 12.7 HZ, H-2), 7.69 ( lH,  d ,  3 ~ 3 , 2  = 12.7 Hz, 
H-3), 7.98 ( l H ,  br d ,  3 ~ t 0 H . l ,  = 7.4 Hz, CONHCONH); spin-spin 
decoupling was performed at 6 3.32 and 4.00. 

( f)-2,3-Dihydro-I- {cis-3-(hydroxymethyl)cyclopentyl)-5-methyl-2- 
thioxo-4(1 H)-pyritnidinone (31) 

A solution of compound 27 (0.359 g, 1.32 mmol) in 15 N aqueous 
ammonia (15 mL) was heated at 100°C in an oil bath for 30 min. After 
the reaction solution had cooled to room temperature, the solvent was 
evaporated and the residue was evaporated with ethanol (2 x 10 mL). 
The resulting material was fractionated by column chromatography on 
silica gel to give 31 (0.195 g,  62%). Recrystallization from ethanol- 
hexanes gave 31 (0.1 16 g) as a white crystalline solid, mp 138.5- 
139S°C, R f 0.39 (4:4: 1 (v/v/v) toluene - ethyl acetate - 2-propanol); 
uv A,,, (C2H50H): 221 ( E  15 300), 276 (15 400) nm; A,,, (0.01 M 
HCl in C2H50H): 221 ( E  15 300), 276 (15 300) nm; A,,, (0.01 M 
NaOH in C2H50H): 242 (E  20 300), 255 (17 800), 266 (17 600) nm; 
'Hmr (200 MHz, MezSO-d6), 1.26-2.21 (7H, m, H-2', H-2". H-3', 
H-4', H-4", H-5', and H-5"), 1.85 (3H, m, Me), 3.40 (2H, m, 
HOCH,), 4.61 ( l H ,  t, 3J = 5.2 Hz, HOCH?), 5.74 ( lH,  m, 
H-1'), 7.76 ( lH,  m, H-6), 12.51 ( lH ,  br s, H-3). Anal. calcd. for 
CllHI6o2N2S: C 54.98, H 6.71, N 11.66, S 13.34; found: C 55.19, 
H 6.96, N 11.73, S 13.52. 

( f )-l-{cis-3-(Hydro.rymethyl)cyclopentyl)-5-methyl-2,4(l H ,3 H)- 
pyrirnidinedione (32) 

A solution of 28 (1.106 g,  3.96 mmol) in aqueous ammonia (35 mL) 
was heated at 100°C in an oil bath for 65 min. After the solution had 
cooled to room temperature, the solvent was evaporated and the residue 
was then evaporated with ethanol (2 x 10 mL). The resulting material 
was fractionated by column chromatography on silica gel to give 
32 (0.724 g, 82%) as a white solid. Recrystallization from ethanol- 
hexanes gave 32 (0.596 g) having mp 165-168°C (lit. (12) mp 173- 
174°C). Repeated recrystallization gave material having mp 166- 
168°C; R 0.34 (2:2: 1 (v/v/v) toluene - ethyl acetate - 2-propanol); 
uv A,,, (C2H50H): 210 ( E  9990), 272 (9980) nm; A,,,,, (0.01 M HC1 
in C2H50H): 210 ( E  9960), 272 (9930) nm; A,,, (0.01 M NaOtI 
in C2H50H): 220 (E  9590), 272 (7400) nm; 'Hmr (200 MHz, 
Me2SO-d6), 6 :  1.29-2.18 (7H, m, H-2', H-2", H-3', H-4', H-4", 
H-5', and H-5"), 1.79 (3H, d, 4 ~ , 0  H.6 = 0.9 HZ, Me), 3.38 (2H, 
m, HOCH,), 4 .58(1H,  t, 3~ = 5 . 3 H z ,  HOCH2), 4.73 ( lH ,  m, 
H-1'), 7.56 ( l H ,  m, H-6), 11.19 ( lH,  br s, H-3). Anal. calcd. for 
C l lHI6o3NZ:  C 58.91, H 7.19, N 12.49; found: C 59.04, H 7.30, 
N 12.44. 

( 5)-2,3-Dihydro-I - {cis-3-(hydroxyri~ethyl)cyclope11tyI}-2-rhioxo- 
4(1 H)-pyrimidinone (33) 

A solution of 29 (1.49 1 g, 5.47 mmol) in 15 N aqueous ammonia 
(50 mL) was heated at 100°C in an oil bath for 25 min. After the 
reaction solution had cooled to room temperature, the solvent was 
evaporated and the residue was then evaporated with ethanol (2 x 
10 mL). The resulting material was fractionated by column chromatog- 
raphy on silica gel to give 33 (1.001 g,  81%) as a white solid, R f  0.41 
(3:3:1 (v/v/v) toluene - ethyl acetate - 2-propanol). An analytical 
sample was prepared by recrystallization from ethanol-hexanes, mp 
145-147°C; uv A,,, (CzH50H): 219 ( E  16 OOO), 272 (13 600) nm; 
A,, (0.01 M HC1 in C2H50H): 219 ( E  16 700), 273 (13 700) nm; 
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A,,, (0.01 M NaOH in CIH50H): 240 ( E  18 500), 273 (16 000) nm; 
' ~ m r  (200 MHz, MezSO-d6), 6: 1.23-2.19 (7H, m, H-2', H-2", H-3', 
H-4', H-4", H-5', and H-5"), 3.39 (2H, t, 'J = 5.1 Hz, HOCH2), 4.62 
( lH,  t, 3~ = 5.2Hz,  HOCH2), 5.73 (IH, m, H-1'), 5.99 ( lH,  brd,  
3 ~ 5 , 6  = 7.8 HZ, H-5), 7.90 (lH, d, ' ~ 6 . 5  = 7.8 HZ, H-6), 12.63 
(IH, br s,  H-3). Anal. calcd. for CIOH140ZNZS: C 53.08, H 6.24, 
N 12.38, S 14.17; found: C 53.13, H 6.40, N 12.20, S 13.95. 

(?)-I - {cis-3-(Hydroxymeth~~l)cyclopentyl)-2,4( H ,3H)-pyrimidine- 
dione (34) 

A solution of 30 (2.47 g, 9.64 mmol) in 2 N H2SO4 (65 mL) was 
heated at reflux temperature for 30 min. After the solution had cooled 
to room temperature, it was treated with charcoal and the mixture was 
filtered. The filtrate was cooled to ice-bath temperature and neutralized 
with 2 M NaOH.' The solvent was evaporated and the residue was 
extracted with ethanol (4 X 30 mL). The ethanol was then evaporated 
and the residue was fractionated by column chromatography on silica 
gel to give 34 (1.401 g, 69%) as a pale-yellow solid, mp 150-155"C, 
R f  0.43 (1: 1: 1 (v/v/v) toluene - ethyl acetate - 2-propanol). An ana- 
lytical sample was prepared by recrystallization from ethanol-hexanes, 
mp 158-159°C; uv A,,, (C2H50H): 209 ( E  9490), 268 (10 400) nm; 
A,,, (0.01 M HC1 in C2HsOH): 209 ( E  9460), 268 (10 300) nm; 
A,,, (0.01 M NaOH in C2H50H): 220 ( E  8220), 266 (7490) nm; 
'Hmr(200 MHz, MezSO-d6), 6: I .27-2.18 (7H, m, H-2', H-2", H-3', 
H-4', H-4", H-5', and H-5"), 3.38 (2H, t, 3~ = 5.6 HZ, HOCHZ), 4.57 
(lH, t, 3~ = 5.1 Hz, HOCH2), 4.74 (IH, m, H-1'), 5.57 (lH, d of d, 
3 J 5 . 6 = 8 . 1 , 4 ~ 5 , 3 = 2 . 2 H z , H - 5 ) , 7 . 6 9 ( l H , d , 3 ~ 6 , 5  = 8.1Hz,H-6), 
11.24 (lH, br s, H-3). Anal. calcd. for CloHI4O3N2: C 57.13, H 6.71, 
N 13.32; found: C 57.18, H 6.83, N 13.35. 

(2)-l-{cis-3-(Hydroxymethyl)cyclopentyl)-5-tnetl~yl-2,4(1 H ,3  H)- 
pyrimidinedione benzoate (38) 

A solution of benzoyl chloride (0.66 mL, 5.7 mmol) in pyridine 
(5 mL) was added to a solution of compound 32 (0.424 g, 1.89 mmol) 
in pyridine (20 mL). The reaction solution was kept at 55°C in a water 
bath for 48 hand then poured into a water-ice mixture (150 mL). An oil 
separated, which was extracted with chloroform (3 X 25 mL). The 
solvent was evaporated and the residue was evaporated with ethanol- 
water (1:l (v/v), 2 X 20 mL). The resulting oil was fractionated by 
column chromatography on silica gel to give 35 (0.822 g) as a colorless 
solid foam, R r  0.56 (3:2 (v/v) toluene - ethyl acetate). The ' ~ m r  
spectrum showed this sample to be contaminated by a small amount of 
benzoic acid; 'Hmr (200 MHz, Me2SO-d6), 6: 1.58-2.12 (5H, m, 
H-2', H-4', H-4", H-5', and H-5"), 1.88 (3H, m, Me), 2.22 (lH, d of t, 
J,,, = 12.4, 3~ = 7.0 HZ, H-2'9, 2.45 (IH, m, H-3'), 4.24-4.41 
(2H, m, 0CH2C), 4.83 ( lH,  m, H- l ' ) ,  7.47-8.02 (lOH, m, C6H5), 
7.88 ( lH,  m, H-6); spin-spin decoupling was performed at 6 1.88. 
Compound 35 (0.758 g) was dissolved in hot ethanol (70 mL), and to 
this solution water (25 mL) and 1 M hydrochloric acid (6 mL) were 
added; the reaction solution was heated at reflux temperature for 24 h. 
The solution was cooled and the solvent was evaporated. The residue 
was fractionated by column chromatography on silica gel to give 38 
(0.429 g, 75% from 32) as a white crystalline solid, R f  0.46 (8:8:1 
(v/v/v) toluene - ethyl acetate - 2-propanol). An analytical sample 
was prepared by recrystallization from ethanol, mp 159- 161°C; uv 
A,,, (C2H50H): 202 ( E  17 300), 224 (16 600), 273 (10 800) nm; 
A,,, (0.01 M HCI in C2H50H): 202 (E 16 500), 224 (16 500), 273 
(10 800) nm; A,,, (0.01 M NaOH in C2H50H): 228 ( E  20 400), 272 
(8170) nm; 'Hmr (200 MHZ, MezSO-d6), 6: 1.47-2.00 (5H, m, H-2', 
H-4', H-4", H-5', and H-5"), 1.78 (3H, m, Me), 2.12 (IH, d of t, 
J,,, = 12.0, 3~ = 6.9 Hz, H-2"), 2.43 (lH, m, H-3'), 4.21-4.37 
(2H, m, 0CH2), 4.82 ( 1 H, m, H- 1 '), 7.50-8.02 (5H, m, C6H5), 7.63 
( lH,  m, H-6), 11.26 ( lH,  br s, H-3); spin-spin decoupling was 
performed at 6 1.78, 2.43, and 4.82. Anal. calcd. for C18H1004NI: 
C65.84, H6.14, N 8.53; found: C 66.19, H6.10, N 8.57. 

(2)-2,3-Dihydro-1- {cis-3-(hydroxymethyl)cyclopentyl}-2-thio.ro- 
4(1 H)-pyrimidinone benzoate (39) 

A solution of benzoyl chloride (0.60 mL, 5.2 mmol) in pyridine 
(5 rnL) was added dropwise to a solution of compound 33 (0.338 g, 
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1.49 mmol) in pyridine (15 mL). The reaction solution was treated 
as for the preparation of 35, and, after fractionation by column 
chromatography on silica gel, two major components were isolated, 
namely 36 (0.386 g) as a solid foam, R f  0.54 (3:2 (v/v) toluene - 
ethyl acetate), and 39 (0.192 g) as a crystalline solid that, after 
recrystallization from ethanol-water, gave a sample of 39 (0.11 1 g) 
having mp 179-182"C, R f  0.34. Compound 36, 'Hmr (200 MHz, 
Me2SO-d,), 6: 1.42-2.50 (7H, H-2', H-2", H-3', H-4', H-4", H-5', 
and H-5"), 4.22-4.42 (2H, m, 0CH2),  5.72 ( lH,  m, H-l ' ) ,  6.32 
( lH,  d, 3 ~ 5 , 6  = 8.3 HZ, H-5), 7.46-8.02 (10H, m, C6H5), 8.22 
( lH,  d of d, ' ~ 6 . ~  = 8.3, J = 1.3 Hz, H-6); spin-spin decoupling was 
performed at 6 6.32 and 5.72. To a solution of compound 36 (0.362 g, 
0.83 mmol) in hot ethanol (50 mL) were added water (25 mL) and 1 M 
hydrochloric acid (5 mL), and the reaction solution was heated at reflux 
temperature for 4 h. After the solution had cooled to room temperature, 
a white solid precipitated that, after reduction of the volume of the 
reaction mixture to 20 mL, was collected by filtration to give 39 
(0.244 g), mp 179- 182"C, for a total yield of 0.355 g (75% from 33). 
An analytical sample was prepared by recrystallization from ethanol, 
mp 180-182°C; uv A,,,, (C2HsOH): 203 ( E  17 ZOO), 223 (26 700), 
273 (15 600) nm; A,,,, (0.01 M HCl in C2H50H): 203 ( E  16 700), 
223 (26 700), 273 (15 400) nm; A,,, (0.01 M NaOH in C2H50H): 
234 ( E  29 600), 273 (18 100) nm; ' ~ m r  (200 MHz, MezSO-d6), 6: 
1.51 (IH, m, H-2'), 1.62-2.13 (4H, m, H-4', H-4", H-5',and H-5"), 
2 . 2 6 ( l H , d o f t , J  ,,,, = 11.9,3J=6.9H~,H-2"),2.46(lH,m,H-3'), 
4.21-4.38 (2H, m, 0CH2),  5.82 (lH, m, H-1'), 6.01 ( lH,  d of d, 
3 J5,6 = 8.1, 4 ~ 5 , 3  = 1.3 HZ, H-5), 7.50-8.02 (5H, m, C6H5), 7.96 
(IH, d, 3 ~ 6 , 5  = 8.1 HZ, H-6), 12.62 ( lH,  br s, H-3); spin-spin 
decoupling was performed at 6 4.30 and 6.01. Anal. calcd. for 
C17H1803NZS: C 61.80, H 5.49, N 8.48, S 9.70; found: C 62.17, 
H 4.97, N 8.46, S 10.17. 

(2 ) -1  -{cis -3-(Hydroxymethyl)c)~clopentyl}-2,4(1 H ,3  H)-pyrirnidine- 
dione benzoate (40) 

Compound 34 (0.448 g, 2.13 mmol) was treated with benzoyl 
chloride (0.75 mL, 6.5 mmol) as described for the preparation of 35, 
and, after fractionation by column chromatography on silica gel, 37 
(0.85 g) was obtained as a colorless solid foam, R f  0.44 (3:2 (v/v) 
toluene - ethyl acetate); 'Hmr (200 MHz, MezSO-d6), 6: 1.57-2.15 
(5H, m, H-2', H-4', H-4", H-5', and H-5"), 2.24 (lH, d o f t ,  J, ,,,, = 
12.2, 3J = 7.0 HZ, H-2"), 2.43 ( lH,  m, H-3'), 4.22-4.38 (2H, m, 
0CH2), 4.81 (IH, m, H-l'), 5.88 ( lH,  d, 3 ~ s , 6  = 7.9 Hz, H-5), 
7.50-8.01 (]OH, m, C6H5), 8.03 ( lH,  d, 'J6,5 = 7 .9Hz,  H-6); 
spin-spin decoupling was performed at 6 2.43, 4.81, and 5.88. 
Compound 37 (0.81 g) was treated as described for the preparation of 
38, and, after fractionation by column chromatography on silica gel, 
40 (0.449 g, 70% from 34) was obtained as a white crystalline solid, 
mp 153-155"C, R f  0.56 (4:4:1 (v/v/v) toluene - ethyl acetate - 
2-propanol). An analytical sample was prepared by recrystallization 
from ethanol, mp 154-155°C; uv A,,,, (C2H50H): 202 ( E  17 700), 
226 (14 700), 268 (1 1 000) nm; A,,, (0.01 M HCI in CzH50H): 203 
( E  15 800), 227 (14 500), 268 (10 900) nm; A,,,, (0.01 M NaOH in 
C2H50H): 227 ( E  19 400), 266 (8040) nm; 'Hmr (200 MHz, 
Me2SO-d6), 6: 1.47-2.02 (5H, m, H-2', H-4', H-4", H-5', and H-5"), 
2 .14(1H,dof t , J  ,,,, = 12.1,3~=7.0Hz,H-2"),2.43(lH,m,H-3'), 
4.20-4.36 (2H, m, 0CH2), 4.79 (lH, m, H-1'), 5.59 (lH, d of d, 
3 J5.6 = 8.0, 4J5,3 = 2.0 HZ, H-5), 7.49-8.00 (5H, m, C6H5), 7.77 

(IH, d, 3J6.5 = 8.0 HZ, H-6), 11.28 ( lH,  br d, 4 ~ 3 , 5  = 2.0 HZ, H-3); 
spin-spin decoupling was performed at 6 2.43,4.79, and 5.59. Anal. 
calcd. for Cl7HI8o4N2: C 64.96, H 5.77, N 8.91; found: C 64.93, 
H 6.02, N 8.87. 

(2)-4-Amino-1 - {cis-3-(hydroxymethyl)cyclopentyl)-5-methyl-2(1 H)- 
pyrimidinone (43) 

A solution of 38 (0.3 15 g, 0.96 mmol), thionyl chloride (1 mL, 
13.8 mmol), N,N-dimethylformamide (55 mg, 0.75 mmol), and 
chloroform (16 mL) was heated at reflux temperature for 6 h. The 
solution was cooled and the solvent evaporated; the residue was dried 
overnight using a vacuum pump. The residue was transferred to a 
Teflon-lined steel bomb with dry methanol (1 1 mL). The steel bomb 
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was cooled by immersion in crushed Dry Ice for a few min, and then (1964); (b )  M. J. ROBINS, J. R. MCCARTHY, and R. K. ROBINS. 
anhydrous ammonia (1 1 mL) was added. The bomb was sealed and Biochemistry, 5, 224 (1966); (c) M. J. ROBINS, F. HANSSKE, 
kept in an oil bath at 100°C for 21 h. The bomb was then cooled with N. H. Low, and J. I. PARK. Tetrahedron Lett. 25, 367 (1984). 
Dry Ice, opened, and allowed to warm to room temperature. The 4. A. M. DOERING, M. JANSEN, and S. S. COHEN. J. Bacterial. 92, 
contents were transferred with the aid of methanol and, after reduction 565 (1966). 
of the volume using a rotary evaporator, the material was fractionated 5. M. R. ATKINSON, M. P. DEUTSCHER, A. KORNBERG, A. F. 
by column chromatography on silica gel to give 43 (0.158 g, 74%) as a RUSSELL, and J. G.  MOFFATT. Biochemistry, 8, 4897 (1969). 
light-yellow oil, R f  0.33 (5:3: 1 (v/v/v) acetonitrile - 1,2-dimethoxy- 6. T. A. KHWAJA and C. HEIDELBERGER. J. Med. Chem. 10, 1066 
ethane - 15 N aqueous ammonia). An analytical sample was prepared (1967). 
by crystallization from ethanol-acetonitrile - diethyl ether, mp 217- 7. F. SANGER, S .  NICKLEN, and A, R. COULSON. Proc. Natl. Acad. 
220°C; ' ~ m r  (200 MHz, Me2SO-d6), 6: 1.24-2.16 (7H, m, H-2', Sci. U.S.A. 74, 5463 (1977). 
H-2", H-3', H-4', H-4", H-5', and H-5"), 1.84 (3H, s, Me), 3.39 8. J. P. HORWITZ, J. CHUA, M. A. DAROOGE, M. NOEL, and I. L. 
(2H, t, 3~ = 5.8 Hz, HOCH*), 4.54 ( lH,  t, 3J = 5.4 Hz, HOCH2), KLUNDT. J. Org. Chem. 31, 205 (1966). 
4.79 ( lH,  m, H-1'), 6.66 ( lH,  br s, N H ~ ) , ~  7.04 ( lH,  br s, N H ~ ) , ~  9. H. J .  SCHAEFFER, D. D. GODSE, and G. LIU. J. Pharm. Sci. 53, 
7.46 (IH, s ,  H-6). Anal. calcd. for CIIH1,02N3: C 59.16, H 7.67, 1510 (1964). 
N 18.82; found: C 58.89, H 7.55, N 18.73. 10. J .  A. MONTGOMERY and K. HEWSON. J .  Med. Chem. 10, 665 

(1967). 
(?I-4- min no-1- {cis-3-(hydroxymethyl)cyclopenryZ,-2(l ~j-pyritnidi- 1 1. y, F, sHEALy, J.  D. CLAYTON, and C. A. O'DELL. J .  Heterocycl. 

none (44) Chem. 10, 601 (1973). 
A solution of 40 (0.375 g, mmol), t h i O n ~ l  chloride mL, 12. y, F, S H E ~ L Y ,  C,  A, O'DELL, and M, C,  THORPE, J ,  Heterocycl, 

13.8 mmol), N,N-dimethylformamide (5 1 mg, 0.70 mmol), and Chem. 18, 383 (1981). 
chloroform (17 mL) was treated as described for the preparation of 43. 13, A, P, ARENDARUK, E, I ,  BUDOVSKII, B,  P, GOTTIKH, M,  YA, 
After having been dried in a vacuum, compound 42 was dissolved in KARPEISKII, L. I. KUDRYASHOV, A. P. SKOLDINOV, N .  V. 
methanol - anhydrous ammonia (20 mL, 1:1 (v/v)) and the solution SMIRNOVA, A. YA. KHORLIN, and N. K .  KOCHETKOV. Zh. 
was heated in a Teflon-lined steel bomb at 10O0C for 8.5 h. The bomb Obshch. Khim. 27, 13 12 (1957); Chem. Abstr. 52,4508d (1958). 
was opened as described for the preparation of 43, and the material 14. S. F. BIRCH, W, J ,  oLDHAM, and E, A,  joHNsoN, J. them. sot, 
was fractionated by column chromatography on silica gel to give 44 818 (1947). 
(173 mg, 69%) as an oil, R f  0.35 (51311 ("/"/"I acetonitrile- 15. C. A. Y, F, sHE,qy, ln ~ ~ ~ l ~ i ~  acid chemistry, 
1,2-dimethoxyethane - 15 N aqueous ammonia). An analytical sample Part I. Edited by L. B. Townsend and R. S. TIPSON. John Wiley 
was prepared by recrystallization from ethanol - diethyl ether, mp 200- and Sons, Inc., New York. 1978. pp. 161- 167. 
2020C; IHmr  (200 MHz, MezS0-d6), ': 1.23-2.18 (7H, m3 H-2'1 16. y. F. SHEALY and C. A. O'DELL. TetrahedronLett. 2231 (1969). 
H-2", H-3', H-4', H-4", H-5', and H-5"), 3.3-3.45 (2H, m, HOCH?), 17. Y, F, SHEALY, C. A ,  OtDELL, M, C. T ~ ~ ~ ~ ~ ,  W, C. 
4.58 ( lH,  br t, HOCH2), 4.80 ( lH,  m, H-1'), 5.69 (lH, d, 9 5 . 6  = COBURN, JR. J. Heterocycl. Chem. 20, 655 (1983). 
7.3 HZ, H-5), 7.05 (2H, br S, NH?), 7.64 (lH, d. 3 ~ 6 , 5  = 7.3 Hz, H-6). 18, E, S,  WALLIS and J.  F, L A N E ,  In Organic Vol. 111. 
Anal. calcd. for CIOHI5O2N3: C 57.40, H 7.23, N 20.08; found: Edited by R. Adams. John Wiley and Sons, Inc., New York. 
C 57.16, H 7.50, N 19.70. 1946. pp. 267-306. 

Treatment of 39 as described for the preparation of 44 19. L. J ,  J. H R O N O ~ S K I  and W, A, SZAREK, Can, J ,  Chem. 63, 2787 
gave material having mp 195- 199°C and an ' ~ m r  spectrum identical 
to that obtained for compound 44. 

(1985). 
20. G. SHAW and R. N. WARRENER. J. Chem. Soc. 153 (1958). 
21. G. SHAW and R. N. WARRENER. J. Chem. Soc. 157 (1958). 

Acknowledgements 22. L. J. J. HRONOWSKI and W. A. SZAREK. Can. J. Chem. 64, 1620 
The authors are grateful to  the Natural Sciences and Engi- (1 986). 

neering Research Council of  Canada for its support of this work 23. J. ~ E M L I ~ K A  and F. SORM. Collect. Czech. Chern. Commun. 30, 
in the form of  a grant (to W.A.S.). They also thank Dr. K. 2052 ( 1  965). 

~ ~ ~ ~ ~ ~ h ~ l  of M ~ M ~ ~ ~ ~ ~  university for permitting the cell- 24. Y. F. SHEALY and C. A. O'DELL. J. Heterocycl. Chem. 17, 353 
( 1980). growth inhibition studies using K-562 cells to be performed in 

25, M ,  SANO. Chem, Pharm, Bull. 320 (1962), 
his laboratory. The antiviral screening of  the nucleoside analogs 26, L. J ,  J ,  HRoNoWsKl and W, A ,  SZAREK, J ,  Med, Chem, 25, 522 
31-34 was performed by the Bristol-Myers Company. (1982). 

27. Dictionary of organic compounds. 5th ed. Vol. 2. Chapman and 
1. A. M. MICHELSON and A. R. TODD. J. Chem. Soc. 816 (1955). Hall, New York. 1982. p. 1404. 
2. K. E. PFITZNER and J. G. MOFFATT. J. Org. Chem. 29, 1508 28. y .  F. SHEALY and C. A. O'DELL. J. Heterocycl. Chem. 13, 1015 

(1964). (1976). 
3. (a )  M. J. ROBINS and R. K. ROBINS. J.  Am. Chem. Soc. 86,3585 29. E. D. BECKER, H. T. MILES, and R. B. BRADLEY. J .  Am. Chem. 

SOC. 87, 5575 (1965). 
3The observation of two broadened singlets arising from the amino 30. Y. F. SHEALY, C. A. O'DELL, G. ARNETT, W. M. SHANNON, 

group of 5-substituted cytosines has been documented previously (see M. C. THORPE, J. M. RIORDAN, and W. C. COBURN, JR. J. Med. 
refs. 29 and 30). Chem. 29, 1720 (1986). 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

H
E

N
R

Y
 M

A
D

D
E

N
 L

IB
R

A
R

Y
 T

E
C

H
 S

E
R

V
 o

n 
06

/0
7/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 




