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ABSTRACT

Synthesis of Novel Branched

Carbocylic—C—Nucleoside and Antiviral Evaluation

LianJin Liu
Advisor: Prof. Joon Hee Hong. Ph.D.
Department of Pharmacy

Graduate School of Chosun University

Many diseases are caused by virus. Nucleosides have played a major role in
the treatment of viral infectious diseases such as human immunodeficiency virus,
hepatitis B virus, and various herpes viruses infections. However, side effects and
the emergence of drug—resistant mutants continue to be a problem with these
antiviral agents. Therefore, the development of structurally new nucleoside
derivatives, which have potent antiviral activities and low toxicity, as well as
novel resistant prolifes are urgently needed to provide better choices for the
combination chemotherapy. Recently, more fundamental modification of the
pentofuranose moiety, such as carbocyclic nucleosides, have been reported to
correlate with their antiviral activities.

The replacement of the furanose ring oxygen by carbon is of particular interest
because the resulting carbocyclic nucleosides have a greater metabolic stability to
phosphorylase, which cleaves the glycosidic bond of nucleoside. Because the
cyclopentane ring of carbocyclic nucleosides can emulate the furanose moiety,
anumber of these compound have interesting biological activities, particularly in
the areas of antiviral and anticancer chemotherapy. In this study, novel
carbocyclic nucleosides 30, 31, 36, 37 was desinged and synthesized as potential

antiviral and antitumor agents.
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SAZN SH0l HEIE2ZN & 0 M28std & g8 oz HEE M2 |$89
XZ2HIt BA3d QYECH

IIEA0IZ2Y "IHQA0IE= A FAHQAOIE FEUS &ADF HIEd D
g2z X&tE SE20ICH FAHLQA0IEE Clata Al Sl Z €I1e Z &0l
ZO =0 B2tet 22X AL B AZ XIstE IIEAI0I2E =3 LAI0E= 0
sS40 Choll GHAIRC=Z etEME 2 Ulke HOAM Z0ISCH 0l 22 0+0ICI o
E JIXLD 2 HA0AME JIES & HioldAMe SHEl Stetd ) AIE S8 S
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AIDS: Acquired immunodeficiency syndrome
HIV: Human T-—cell leukemia/lymphoma virus
AZT: 3'—azido—3'—deoxythymidine

ddl: 2'3'—dieoxynosine

ddC: 2'3'—didexycytidine

HSV: Herpes simplex virus

VZV: Varicella zoster virus

HCMV: Human cytomegalovirus

D4T: 1—-(2',3'=dideoxy —RB—D—glycero—pent—2—eno—furanosyl)thymine
VV: vaccinia virus

RT: Reverse transcriptase

TBDMSCI: tert—Butyldimethylsilyl chloride
PCC: Pyridinium chlorochromate

THEF: Tetrahydrofuran

DIBAL—H: Diisopropylazodicaboxylate
MsCl: Methanesulfonyl chloride

DMSO: Dimethyl sulfoxide

LDA: Lithium diisopropylamide

DMF: N,N—Dimethyl formamide

TBAF: Tetrabutylammonium fluoride
KO'Bu: Potassium tert—butoxide

TLC: Thin layer chromatography

Me: Methyl

Ac: Acetyl
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= 01 OAl 2F 2= #Z10 WL otH 0l ER= #X24 =2H2Iotet S/UACHD
£ = UCLH HIFActDT 8T ISHQI HBHXIN M= HHEFE =+ 8IXIE &0t /U=
NZOAM=E H8HMO2 J|E5, SAEHCHL HO0ldA=E MEN ZRE SEZ2AM S
(DNA £= RNA)IF A==0 HHADEE DXL JA2B2, 1 2 B AE =5 Al
MOl 2l EotH &0ttt

D E=: =FHEL HIOI2AD S2IH2 S22 22I|H =FHES HOHH S48
2=EZ M Xtel (receptor site)Ol BHOI2AADE E=6HCE 0] M HEHO £ZEXHAel2=
PN

SUE.gXEE, DX PP MES B2 L H2E O

AJF S6HAY 0l AL FXHEAL ME HES =EXMHIt S0t 28 = U

O10F OFCH MIZ HOO0l Hat HI|1H S == gl

@ FYdtoletAo FLEAH= HoldAS SF0 et TH2CH 22 s2 Hhold

AE MES AXE (phagocytosis) Ol 2/t AIELHS] AZN SO 2tCH OIE HHOIH

A= et MES0 88 & o4sHE0 2ot oIS &t

@ oHHM (uncoating): =FANIE 0l SO0=2 HOlA= 2AEHMAES S0l
ZHCH QIO = HiolelAs Y Al ME 2

A0l MIEZE U2, £= & W2 S0

@ HiolA HeId22 sH: |
(DNA, RNA poly—merase)0ll 2o =2I| 0Ofl&l
0l mRNAE HRI8= 40l 2RE & .
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get 8= A&
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02 sao Y= HFANEO &
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e
cl2aat (=J12] mRNA)S A5t
(o)

S=EC 0 ELHET HoledASl SF0 WMt CHoHC
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virus), @SJI0 22 2o3|= AE2AUXHI0I4A  (influenza virus), Z2l248H0]
1A (polio virus), Z2Lt HIOIHA (corona virus), ERHHAZEHS (AIDS)S &
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orption—penetration—uncoating—reverse transcription—circularization—integration

to the proviral DNA—transcription—translation—particles)E HXIH & Ct. Figure 2

OlA 2=0l, HIVIE MIZ0 HUoHH HEZY0|l SelHA HIVe &= AEGHH &

Ch, HaH0l MEX= =50A DNAG 2lo RNASE 2HEEE 24T JACH DLt

HIVOl 22 &, RNAO 2o DNAJE BHSUHRl= F&EAL (reverse transcription)Jt

2 HECH Oldgh A0 2o DNASHIE 0HUHEA HIVe SHMEZH SA6HH ME
=

2E £ UAAN 2= AHEIF =H Do d=SHOO XHQ SHE L2I3H =
2t BHAHDE Sl A HES SHOF 2 = USL, SHAL HEE F0H ot= RTe
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1. Adsorption; 2. Fusion; 3. Uncoating; 4. Reverse transcription;
5. Integration; 6. DNA replication; 7. Transcription;

8. Translation; 9. Maturation; 10. Budding (assembly/release).

Figure 2. Essential steps in the HIV replicative cycle.
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Figure 3. Dideoxynucleosides as anti—HIV agents

AZT= AIDS X0l SAQl &4=0/X2 2E 2Xes A Z2H, 604 0l
XAZotH = O 0ly LEHLAT = SE01 JUCH £t HEA2A8h BlIE S
a2et 24E0 M, 0120 &8, 7%, 288 s2 sF0EH 2HE0 U
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DideoxynucleosideSt&fE =2 furanose 12l &t X9 Hl 2RE XY anao—

meric effect2 QUM LHSl Jt=E0ol &40l hydrolaseS 0l 2ol & SHH22 B2

A=2 E0ol0F sttt SHE0l UL, 0ledst MES0l X W2l CHE cellular enzyme
SHE FStE0l JULE2 AZTEN NS0 H UEHLE= bone marrow toxicity 2&
a2tst SAZ S0l LIEHLIAN €0 el 0le4gt AIDS MAS0l MUOA &AH Ot
+=Zol &2 2SI 260 furanosed el AbA JAXPIF EHA AXE XEE JIEE
el m2dA0IE StetE2s2 dI SRotH HEEN 2L t221e =2d
QAOIESE JIES R2YULAOIE HLSW REZHO=Z RAGtD AHME 2501 U
= oI AN (antiviral agent), &S Ml (antitumor agent)2A HES &tlt= 2
0 Bogoigct”

Figure 4. The antiviral and antitumor agents as carbocyclic nucleoside.
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20| sugar moietydt H&E M C—-N
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2t QICH O3l JHXl 9—deazaadenosine™, pseudoisocytidien®,

thiazofurin®™’ @t 22 0{2f Me|® 242 JI& C-nucleosidedt 82 &HIOIA &

2 JHXLD ACHD 0101 el L™ UL

Carbocyclic nucleosidee= AIX ALl OHE A E R XIS nucleoside@ Ol furan ring2l
= EtAR HHE 210ICh neplanocin,®™ aristeromycin®’@ 20l DIMEWMN ==

AE
AXMOZ Z=Iol= C—nucleosides= &EHIOIHAS SAEHS EES HIOIMA M=
40)

ro

roh

StA 242 JHAL Jlk=E A0l entecavir'’ 1t lobuca—

abacavir,

A 2A &gt
. 49 . . = =
vir'?2r2 carbocyclic nucleoside= 8HHIOI2A EAHS JIA £ Qs 212 B =Y

NH,
N7 “NH

X
HO
o )

HO OH

9-deazaadenosine thiazofurin pseudoisocytidine

Figure 5. Natural structures of biologically active carbocyclic nucleosides.
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Figure 6. Synthetic structure of antiviral active carbocyclic nucleosides.
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OlA carbocyclic C—nucleosideES &4dot=d =& SRACH A IEAl carbocyclic

nucleoside®t C—nucleosidedt XMHAXMZ =TSt XICH XIS I carboceyclic C—nucl—
eoside= Ot XAECZ ZMEtCe A0l HOIEX  HU2LM  carboeyclic
C—nucleosidel] &A= 1960E22 D
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C—nucleoside 30, 31, 36, 37 & 4oIXULH.
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S &0tz &5t branched carbocyclic—C—nucleoside 30, 31, 36, 372 &&3dtI| <
Oot0d Scheme 10IM &2 281 20l 1,3—dihydroxyaceton dimer2t acetolE 242 =Y
S£& 2 ol0 a,B—unsaturated ethyl ester 5, 62 45t —78 COHAM DIBAL-HZ
XMelott allylic alcohol 7, 82 & RUCLH &= 7, 88 212 triethyl orthoacetate @t

1]

propionic acidZ 140 COAM [3,3]—sigmatropic rearrangementBt=SS AI&#GIH v,6
—unsaturated ester 9, 102 BASIACL' &2 9, 102 224 CH,CLO A2l
= 0 COlA DIBAL-HZ 1 h BFSAI3H alcohol 11, 128 20 PCC2t 4A MSZ XA
clotd aldehyde 13, 145 & AEGHULCEH HSGHH 13, 142 vinyl-MgBrAl¥2 2
Grignard BtSS £85I divinyl 15, 162 L UL

Divinyl 15, 160l Ring—closing metathesis (RCM) Br=2*" 2 28510 <AGHA
Grubbs' II [(Im)Cl,PCysRuCHPh]S AIE6t 22t cyclopentenol 17, 18 (45%)1t
19 (46%)2 AACH™ Figure 7ML 20| AHECOZ 3582 18 [C4—H (0.7%)]
o ME==A AOI2] NOEJF 17 [C4—H (0.2%)12Ct 235tLH.

NOE (0.9%) NOE (0.3%)

NOE (0.2%) NOE (0.7%)
18 19

Figure 8: NOE comparisons of compound 18 and 19
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= 17, 182 H,JtAZ dSHAIA 20, 212 € methanesulfunyl chlo—

ridedt pyridineO|&3t0 mesylation2 Al2l = diethylmanolate 2 NaHZ SN.,BIES=

AMA 24, 258 L=0h Set= 24, 252 lithiumn chloride®? dimethyl sulfoxideZ

Mono—decarbethxylation2 AlHA &2 26, 271

formateE THFOH &0dlot BtESAIZ2I = HZGHH guanidine hydrochloride, sodium

ethoxideE ethanolOll EoHot0 refluxAlHM 3tef=E 28, 298 =L

=2

lithium diisopropylamide, ethyl

Scheme 1: Synthesis of intermediate 17 and 18

o}
OH i TBDMSO i  TBDMSO OEt
_>:O _>=O —
R R R
1: R=CH,OH 3: R=CH,OTBDMS 5: R=CH,OTBDMS
2: R=CHj 4: R=CHj 6: R=CH,

o} .
TBDMSO v TBDMSO iv. TBDMSO OH
OH ——— OEt _>J
R = R =

R
11: R=CH,OTBDMS 9: R=CH,OTBDMS 7: R=CH,OTBDMS
12: R=CH, 10: R=CH, 8: R=CH,

‘vi
TBDMSO © vii TBDMSO TBDMSO X
H
R \—

Y
13: R=CH,OTBDMS 15: R=CH,OTBDMS 17: R=CH,OTBDMS X=H Y=0OH
14: R=CHj 16: R=CHj 18: R=CH3 X=H Y=0OH

19: R=CHj3 X=0OH Y=H

Reagents: i) TBDMSCI, CH.Cl,, imidazole; ii) triethylphosphonoacetate, NaH, THF;
iii) DIBAL—H, CH:Cl;, —20 C; iv) triethylorthoacetate, propionic acid, overnight,
130—135 C; v) DIBAL—H, CH:Cl,, —20 TC; vi) PCC, 4A MS, CH.Cly; vii)
CH,=CHMgBr, THF, 78 C ; Viii) Grubbs' catalyst I, CH:Cls, reflux, overnight.



SI&tE 28, 292 tetrabutyl ammonium fluorideZ2 deprotectionAlHAA ZESE QI
30, 312 ¥ =CH.
Scheme 2: Synthesis of branched carbocyclic—C—nucleoside
TBDMSO—> ' : TBDMSO ' . TBDMSO
R@\OH }QOH Ri( / OMs
17: R=CH,OTBDMS 20: R=CH,OTBDMS 22: R=CH,OTBDMS
18: R=CHj 21: R=CHj 23: R=CHj
ii
CHOMe COLE
TBDMSO COEt . TBDMSO CO,Et ,, TBDMS
Vi W v CO,Et
R R R
32: R=CH,OTBDMS 26: R=CH,OTBDMS 24: R=CH,OTBDMS
33: R=CHj 27: R=CHj 25: R=CHj
viii ‘V
HNANH HN™ N HN™ N
NS
TBDMSOWO TBDMS A 0 vi HO«>©‘>/§O
R R R
34: R=CH,OTBDMS 28: R=CH,OTBDMS 30: R=CH,OH
35: R=CHj 29: R=CHj 31: R=CHj
ix
0
HN™ “NH
AN
“‘WOM °
R
36: R=CH,OH
37: R=CHj

Reagents: i) MsCl, pyridine, CH:Cl;, 0 C, 1 h; ii) Pd/C, Hz, 30 min; iii)
CH2(CO2Et),, THF, 38 C, 48 h; iv) LiCl, DMSO, 175 C, 5 h; v) (a) LDA, THF,
—-78 C, 2 h, then ethyl formate, 12 h; (b) guanidine hydrochloride, NaOEt,
ruflux, 12 h; vi) TBAF, THF, 0 C, 1 h; vii) (a) LDA, THF, =78 C, 2 h, then
ethyl formate, 12 h; (b) Mel, DMF, rt 4 h; viii) urea, KO'Bu, THF, reflux, 48 h;
ix) TBAF, THF, 0 C.



SIgtE 26, 27= lithium diisopropylamide, ethyl formateES THFOl oot EtS
2 33, 34848t £ tetrabutyl ammonium fluorideZ2 deprotectionAlHAM ZESS 2 QI
37

RUGtH, Fet=E 1,3—dihydroxyaceton dimerlt acetolZ2 FEl AI&GHYH 2HE+HsH &
HdYHOZ MZ=2 branched carbocyclic—C—nucleoside 30, 31, 36, 372 & & ot(
aids virus, vaccinia virus, varicellazoste virus, cosackie virus, cytomegalo viruss
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Al 2 DD — 2 AEl AMSE AlZY=2 Aldrich jil;, Tokyo Kasei jil;, & Fluka
it OlA RSt ES LIAAUS AI20ITU2H silica gel (230—400 mesh)2
Merck jitt HIES Aol D, Elle Z0 2t MG AFZatCH Thin layer

chromatography (TLC)= Kieselgel Fosq (0.25 mm)E HIE ZR0IsEsS Zet 0l
StAS O TLC spot2 XM UVGL-581t Anisaldehyde, KMnO4 ZAHAIAS Al
Z5tAULH. BEEFE Gallen—Kamp melting point apparatusE AISSHA 20, 010 CH
FXI 22 %CH NMR spectra= tetramethylsilane (TMS)E UWEREZFEEZ
td FT—300 MHzE ArZ5IACEH
1,3—Bis— (t—butyldimethylsilanyloxy)—propan—2—one (3). &SZ=2%& 1 (10 g,
0.111 mol) 2 imidazole (22.85 g, 0.333 mo)E 2= CHyCly (150 mL)0l

D 0 COlA TBDMSCI (33.75 g, 0.222 mol)S &AMl €2 = A20A 3 h wWet
SICH TLCZ BrSAs &olst £ 2 =58 U3 EtOAcE 2-33 =&ot A
Z (MgS04), 01, 22 ==5t01 1 &AIS column chromatography (EtOAc/
hexane, 1:10)2 A HMISIH oilate stet= 3 (15.21 g, 86 %)= S AL

2—(t—butyldimethylsilyloxy) —acetone (4). ZSZL=Z 2 (20 g, 0.27 mol)2
imidazole (27 g, 0.405 mol)E %% CH:Cl; (200 mL)0l &diAI212 0 TOHAM
TBDMSCI (44 g, 0.297 mol)E &&J| €2 = A20 M 3 h wWESHAUACH TLCZ Bt
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SAHs Zolst & 22 ==& 2 EtOAcR 2-33 =FotD) AHE (MgS04), O
o, 22 =510 1O &AFE column chromatography (EtOAc/hexane, 1:10)2 &A
ol oil&t2| SIEHS 4 (39.6 g, 78 B)E L AULY.

4—(t—butyldimethylsilanyloxy)—3—(¢—butyldimethylsilanyloxy) —but —2—enoic
acid ethyl ester (5). NaH (60 % in mineral oil, 2.44 g, 0.06 mol)& 2% THF
(100 mL)0l S&AI2I &, 0 CUHA triethylphosphonoacetate (12.10 mL, 0.06 mol)
E dFG 2Itot2 30 min WEISIRUCH 22 2%0A SE=S 3 (16.19 g, 0.05
mol)& THFOl SIAGtH &ASG| IJtot) A=20AM 1 h wWBHGHICH TLCZ gHSd™
£ &8t = NH.ClZ2 SSAIZCL RII B2 EtOAcE 2-33 F&Ho6tLD 2HX
(MgSOy4), O3, 2 ==0t0 1 &ALE column chromatography (EtOAc/hexane,
1:20)2 EMGtH oild2l StatE 5 (18.76 g, 95%)E L AL

(E) and (2)—4-(t—Butyldimetylsilyloxy)—3—methyl—but—2—enoic acid ethyl



ester (6). NaH (60 % in mineral oil, 0.37 g, 9.25 mol)S S2% THF (100 mL)0il
SEA2I &, 0 COHlM triethylphosphonoacetate (1.405 mL, 9.25 mmol)E & &3l
215t 30 min WEIGIALH 22 2Z0HM SHE=2 4 (1.74 g, 9.25 mmol)& THF
0l sldold &Aool Jiotl) A20AM 1 h WEIRCH TLCZ BHEX#S ol
NH,ClZ2 SSHAIZCE 21 &2 EtOAcE 2-33 =&6td AL (MgS0,), O
S50t 1 &AFE column chromatography (EtOAc/hexane, 1:20)2 & MSHH oil
o SIEE 6 (2.29 g, 96 %)= SULL.

3—(t—butyldimethylsilanyloxy) —2—(¢#—butyldimeylsilanyloxy)oropen—1—o0l (7).
Compund 5 (32.14 g, 0.08 mol)E 2= CH.Cl, (200 mL)0l S8HAIZI2 0 COIA
DIBAL—-H (115.76 mL, 0.17 mol, 1.0 M solution in hexane)ES &&3| JIst =
CTOHlA 1 h WESIRICEH TLCZ BrS g #olst & 0 COlA MeOH (116 mL)
HMES| JIotn 4222 XS LHME A= A2ICH EtOAc (200 mL)E €1 &
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e =0t 1 &AFE column chromato—
graphy (EtOAc/hexane, 1:5)2 &MGIH oil&o SE=E 7 (2551 g, 89%)=2 LU
Ct.

(E,2)—4—(t—butyldimethylsilyloxymethyl) —3—methyl—but—2—en—1-o0l (8).
Compound 6 (6.64 g, 25.7 mmol)8 2% CH,Cl, (200 mL)Ul EdHAIZI2 0 COll
N DIBAL—H (53.9 mL, 54 mmol, 1.0 M solution in hexane)E &&3| Jtst = 0
COHIAM 1 h WBtetRULH. TLCZ BtSTS &gt = 0 CUHlAM MeOH (54 mL)E
HMES| It A2z XIS LHE A= AZICH EtOAc (100 mL)E €1 &=
M 2 h wWEtst = OUSHCH HMsS 22 ==otd 1 &AME  column
chromatography (EtOAc/hexane, 1:5) £ 8 (4.95 g, 89 %)
£ ARULCH

HU
0
=
ol
2
=
0
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3, 3'—Bis—(t—butyldimethylsilyloxymethyl) —pent—4—enoic acid ethyl ester (9).
Compound 7 (23.44 g, 67.6 mmol)2 triethyl orthoacetate (175 mL)0l &3dHdt12
propionic acid (2 mL)E Jt8t &, Claisen apparatus&XIE HZotD 140 COHA
overnight SFWEH AIZ2ICH. TLCZ BtE NS &olst & 2 ==06t1] column
chromatography (EtOAc/hexane, 1:20)2 &ML oil&2l &2 9 (24.23 g, 86
%)E LACH 'H NMR (CDCls, 300 MHz) & 5.87 (dd, J = 18.0, 11.4 Hz, 1H),
5.09 (d, J = 11.1 Hz, 1H), 4.98 (d, J = 19.5 Hz, 1H), 4.05 (q, J = 7.5 Hz,
2H), 3.64 (dd, J = 15.6, 9.0 Hz), 2.40 (s, 2H), 1.22 (t, J = 7.5 Hz, 3H), 0.85



(s, 18H) 0.01 (s, 12H); '*C NMR (CDCls, 75 MHz) & 171.92, 139.76, 114.48,
64.67, 59.88, 45.98, 36.84, 25.85, 18.25, 14.25, —5.56.

(£)—3—(t—butyldimethylsilyloxymethyl) —3—methyl—pent—4—enoic—acid  ethyl
ester (10). Compound 8 (6 g, 27.73 mmol)2 triethyl orthoacetate (110 mL)Oil
0ot propionic acid (0.5 mL)E Jtgt =, Claisen apparatus&XIE HZ5tD 140
COIM overnight 5Bt AI2ICt. TLCZ BISTHES &0l ret S0t
column chromatography (EtOAc/hexane, 1:20)2 & HSIH oil&d2 SEZ 10 (6.59
g, 83 %)2 LACHL 'H NMR (CDCl;, 300 MHz) & 5.91 (d, J = 10.8 Hz, 1H),
5.89 (d, J = 11.4 Hz, 1H), 5.05 (d, J = 1.2 Hz, 1H), 5.02 (d, J = 7.5 Hz, 1H),
4.01 (q, J = 7.2 Hz, 2H), 3.46 (d, J = 9.3 Hz, 1H), 3.41 (d, J = 9.3 Hz, 1H),
2.40 (d, J = 3.3 Hz, 2H), 1.23 (t, J = 7.5 Hz, 3H), 0.86 (s, 9H), 0.02 (s, 6H);
“C NMR (CDCls, 75 MHz) & 171.94, 143.11, 112.99, 69.91, 59.83, 41.33, 25.81,
22.60, 20.07, 18.20, 16.26, —5.58.

3,3'—Bis— (t—butyldimethylsilyloxymethyl) —2—methyl—pent—4—en—1—0l  (11).
Compound 9 (25.73 g, 61.7 mmol)E 2% CH:Cl; (150 mL)0l EdiAI212 0 Coll
N DIBAL-H (82.32 mL, 0.12 mol, 1.0 M solution in hexane)E & & 3| J}&t
CHAM 1 h WESICH TLCZ BtSAE#ES &elst & 0 CUHA MeOH (85 mL)
HES| Jtot) Aoz EXIotH DHME AZAIZICH EtOAc (100 mL)E €1 &
A 2 h wWBEE = ODEHCH s 22 =6t 1 SAE  column
chromatography (EtOAc/hexane, 1:10)2 & MIGIH oil&t2l St&tE 11 (20.82 g, 90
%) LACH 'H NMR (CDCls;, 300 MHz) § 5.67 (dd, J = 18.3, 11.4 Hz, 1H),
5.06 (d, J = 11.4 Hz, 1H), 4.86 (d, J = 18.3 Hz, 1H), 3.61—3.48 (m, 6H), 1.80
(m, 1H), 0.90 (d, J = 7.2 Hz, 3H), 0.82 (s, 18H), 0.04 (s, 12H); “C NMR
(CDCls, 75 MHz) & 140.67, 114.32, 64.44, 64.17, 63.90, 48.14, 38.68, 25.84,
18.23, 12.38, —5.62.

(£)—3—(t—butyldimethylsilyloxymethyl) —3—methyl—pent—4—en—1—ol (12).
Compound 10 (7.5 g, 16.08 mmol)E 2= CH:Cly (150 mL)Ul SdHAIII2 0 COl
A DIBAL-H (52.35 mL, 52.35 mol, 1.0 M solution in hexane)E& &&3d| JI&t
0 COHIM 1 h wWetotRACt TLCZ BtSAdsS &It = 0 CUHlAM MeOH (53 mL)
HES| Jtot) 2oz X . EtOAc (100 mL)E €1
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graphy (EtOAc/hexane, 1:10)& &EHMISIH oilatel StE= 12 (3.56 g, 90 %)E LU
CH 'H NMR (CDCls, 300 MHz) 6 5.89 (dd, J = 17.7, 11.4 Hz, 1H), 5.06 (dd, J
=45, 1.2 Hz, 1H), 5.02 (dd, J = 10.5, 0.9 Hz, 1H), 3.67 (dd, J = 11.7, 6.3 Hz,
1H), 3.46 (d, J = 9.6 Hz, 1H), 3.38 (d, J = 9.6 Hz, 1h), 1.69 (t, J = 5.7 Hz,
2H), 1.00 (s, 3H), 0.09 (s, 9H), 0.06 (s, 6H); "C NMR (CDCl;, 75 MHz) &
144.45, 112.80, 70.81, 59.34, 41.18, 25.84, 21.04, 18.29, —5.52; Anal calc for
C13H20:Si: C, 63.87; H, 11.55. Found: C, 63.74; H, 11.61.

3,3'—Bis— (t—butyldimethylsilyloxymethyl) —pent—4—enal (13). Compound 11
(20.37 g 54.4 mmol)2 22 CH,Cl; (150 mL)0l 26HAIIID A20M 44 MS
(28.40 g)% Weel €2 5 0 CTHAM PCC (29.29 g 13.40 mmol)Z JiotD At
Al 4 h WEHEIRACEH TLCR B2 1018 & ether (200 mL)Z2 €20 2 h 1
BiSIQACH E2g=2 O 2
1:2002 HHMGHH oil&to 382 13 (16.61 g, 82 %)= 2ULCH 'H NMR (CDCls,
300 MHz) § 9.74 (s, 1H), 5.82 (dd, J = 17.7, 11.1 Hz, 1H), 5.14 (d, J = 11.1
Hz, 1H), 5.00 (d, J = 17.7 Hz, 1H), 3.65 (d, J = 9.9 Hz, 2H), 3.59 (d, J = 9.9
Hz, 2H), 2.48 (q, J = 6.9 Hz, 1H), 1.02 (d, J = 6.9 Hz, 3H), 0.84 (s, 18H),
0.02 (s, 12H); 'C NMR (CDCls, 75 MHz) & 204.77, 139.27, 115.47, 63.88,
49.54, 47.98, 25.81, 18.23, 17.74, 8.71, —5.69.

(£)—3—(t—butyldimethylsilyloxymethyl) —3—methyl—pent—4—enal (14). Comp—
ound 12 (1.76 g, 7.2 mmol)E £z CH,Cl; (100 mL)0l 0HAIIID A20 M 4A
MS (4.2 g)% Mzl 92 5 0 COHlA PCC (3.87 g, 18.13 mmol)S Jiot) &2
0N 4 h WBSIACH TLCZ BISAHZ &0Ist = ether (100 mL)E €1 2 h 1
BIGIQICH E&E==2 o, 22 ==6t10 column chromatography (EtOAc/hexane,
1:20)2 FHMGHH oil&tol 32 14 (1.39 g, 80 %)E 2QUCH 'H NMR (CDCls,
300 MHz) 6§ 9.75 (t, J = 3.3 Hz, 1H), 5.96 (d, J = 11.1 Hz, 1H), 5.90 (d, J =
10.8 Hz, 1H), 5.14 (d, J = 8.4 Hz, 1H), 5.11 (d, J = 16.2 Hz, 1H), 3.49 (d, J
= 9.6 Hz, 1H), 3.40 (d, J = 9.3 Hz, 1H), 2.41 (t, J = 3.0 Hz, 2H), 1.12 ( s,
3H), 0.88 (s, 9H), 0.03(s, 6H); C NMR (CDCls, 75 MHz) & 203.08, 142.61,
113.93, 70.53, 50.70, 41.60, 25.80, 21.30, —5.61.

5,5'—Bis— (t—butyldimethyllsilyloxymethyl) —hepta—1,6—dien—3—o0l (15). Comp—
ound 13 (14.19 g, 38.9 mmol)S 2% THF (150 mL)Ul ZdHAIZI2 0 COlA vinyl
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magnesium bromide (77.78 mL, 77.8 mmol, 1.0 M solution in THF)S
QCH 2 h= TLCzZ S8Ads =olst = NHLCl (20 mL)2 BtS=2 SZGHRULCH
Jl 52 EtOAcZ 2-33 F&5t2 HEX (MgS04), 0, 2 =00 1 &AL
column chromatography (EtOAc/hexane, 1:15)2 MG oil&t2l &= 15 (13.24
g, 85 %)E 2ACH 'H NMR (CDCls, 300 MHz) & 5.73—5.63 (m, 2H), 5.21—4.84
(m, 4H), 3.69-3.48 (m, 5H), 1.77 (m, 1H), 0.82-0.78 (m, 21H), 0.02 (s,
12H); “C NMR (CDCl;, 75 MHz) & 141.82, 140.96, 113.97, 113.68, 69.96,
63.86, 48.67, 41.86, 25.85, 18.29, 6.94, —5.62.

(re)—(3R and 3S,5S)—5—(¢t—butyldimethylsilyloxymethyl) —5—methyl—hepta—4
—1,6—diene—3—ol (16). Compound 14 (2.83 g, 8.89 mmol)E 2% THF (30 mL)
ol 2aiAI2I2 0 COIM vinyl magnesium bromide (9.8 mL, 23.3 mmol, 1.0 M
solution in THF)E &&3| JIGIQULCE 2 hE TLCZ BISAHS FOIg £ NH,CI
(10 mL)2 BtSE ZZGIRULL 7I| S22 EtOAcZ 2-33 F=5tD AZE (MgS0O,),
O, 22 =0t 2 &AFE column chromatography (EtOAc/hexane, 1:15)2 &
HBHH oilatel 3182 16 (2.19 g, 91 %)S 2LACH 'H NMR (CDCl;, 300 MHz) &
6.02—5.74 (m, 2H), 5.27-4.99 (m, 4H), 4,25 (br s, 1H), 3.56—3.40 (m, 2H),
1.70—1.56 (m, 2H), 1.08, 1.02 (s, s, 3H), 0.91 (s, 9H), 0.08 (s, 6H).

- 30

4,4'— Bis— (t—butyldimethylsilyloxymethyl) —cyclopent—2enol (17). Compound 15
(5.51 g, 13 mmol)@ 2% CH:Cl; (20 mL)0l ZdHot) A20 A Grubbs' catalyst
II (300 mg)E 2ttt 60 CTOIA 12 h refluxAlZACH TLCZ PHESXIEES &0Ist &
2 =6t 1 &AFE column chromatography (EtOAc/hexane, 1:15)2 & MGt
oilatol 318t2 17 (3.5 g 69 %)= 2=C 'H NMR (CDCls, 300 MHz) & 5.80
(dd, J = 5.4, 1.8 Hz, 1H), 5.58 (d, J = 6.0 Hz, 1H), 4.26 (m, 1H), 3.57—3.43
(m, 4H), 1.75 (m, 1H), 1.05 (d, J = 7.5 Hz, 3H), 0.84 (s, 9H), 0.82 (s, 9H),
0.03 (s, 6H), 0.01 (s, 6H); '"C NMR (CDCl;, 75 MHz) & 136.19, 134.67, 84.37.

(re)—(1R,4S)—4—(t—butyldimethylsilanyloxymethyl) —4—methyl—cyclopenten—
2—ol (18), and (re)—(1S,4S)—4—(¢t—butyldimethylsilanyloxymethyl) —4—methyl—
cyclopenten—2—o0l (19). Compound 16 (935 mg, 3.46 mmol)S 2% CH,Cl, (20
mL)0l oot A20 M Grubbs' catalyst II (22 mg)E S£Itot) 60 COHA 12 h
refluxAIZACH TLCZ BrSAds #olgt = 2Y st 1

chromatography (EtOAc/hexane, 1:15)2 &AHMIGIH oil&to sI&tES 18 (377 mg, 45

&AFE  column



ol

%) 19 (386 mg, 46 %)S Le=Ch g2 18 'H NMR (CDCl;, 300 MHz) &
5.81 (dd, J = 5.4, 2.1 Hz, 1H), 5.45 (d, J = 5.7 Hz, 1H), 4.50 (t, J = 7.8 Hz,
1H), 3.32 (s, 2H), 1.83 (dd, J = 14.1, 6.9 Hz, 1H), 1.67 (d, J = 14.1, 1H),
0.95 (s, 3H), 0.82 (s, 9H), 0.01 (s, 6H); C NMR (CDCl;, 75 MHz) & 140.34,
133.89, 76.14, 69.35, 50.04, 45.20, 25.99, 23.32, 18.57, —5.52; Anal calc for
Ci13Hz602Si: C, 64.41; H, 10.81. Found: C, 64.32; H, 10.98. 3t&2 19; 'H NMR
(CDCls, 300 MHz) 6 5.73 (m, 2H), 4.84 (t, J = 6.0 Hz, 1H), 3.32 (s, 2H), 2.29
(dd, J = 13.5, 7.5 Hz, 1H), 1.37 (dd, J = 13.5, 4.2 Hz, 1H), 1.11 (s, 3H), 0.87
(s, 9H), 0.01 (s, 6H); "C NMR (CDCl;, 75 MHz) & 141.50, 133.02. 77.61,
70.64, 50.94, 44.83, 25.83, 24.67, 18.23, —5.50; Anal calc for Ci3H260251: C,
64.41; H, 10.81. Found: C, 64.56; H, 10.76.

(%)3,3—Bis— (t—butyldimethylsilanyloxymethyl)cyclopentanol (20). Compound 17
(2.0 g, 5.36 mmol)E 2% MeOH (20 mL)0l &odlot] Pd/C (10 %, 200 mg)S
L BEEEII0 =AIIME SUHAIIILD 420M 30 min WEHSIRALH TLCZ EtS
0I5t £ =28 =S Celite pad2 {6t) MeOHZ Oef B =0 (UM S
S50t column chromatography (EtOAc/hexane, 1:10)2 &M oil&2l 3t
20 (1.92 g, 46 %)2 =0+ 'H NMR (CDCls, 300 MHz) & 3.58 (m, 1H),
(dd, J =11.4, 9.9 Hz, 4H), 1.48 (dd, J = 12.4, 3.8 Hz), 0.03 (s, 12H);
Anal calc for Ci9Hy203S12: C, 60.90; H, 11.30. Found: C, 60.74; H, 11.41.

3—(t—butyl—dimethylsilanyloxymethyl) —3—methyl—cyclopentanol (21). Compo—
und 18 (1.78 g, 7.4 mmol)& 2= MeOH (20 mL)Wl &dldt) Pd/C (10 %, 100
FEE2EII10 =AJIME SHAIZID &4=20lA 30 min WEHSHALCH TLC
T BISAMEg Solst & =22 Celite padE2 {6t 0 MeOHZ 0ief 81 A =CH

oH 2t ==06t1 column chromatography (EtOAc/hexane, 1:10)2 & HIGtH
oilatol SHEt2 20 (1.29 g, 72 %)=2 =0 'H NMR (CDCls, 300 MHz) & 3.31

(s, 2H), 3.21 (m, 1H), 1.60 (dd, J = 9.2, 4.0 Hz, 2H), 1.56 (d J = 8.0 Hz,
21, 147 (t, J = 4.1 Hz, 21D, 1.15 (s, 3H) 0.89 (s, 9H), 0.01 (s, 6H); "
NMR (CDCl;, 300MHz) 6 72.60, 67.05, 41.92, 33.58, 29.09, 29.73, 21.88, 20.96,
15.45, —5.46.

Methanesulfonic acid  3,3—bis—(¢t—butyldimethylsilanyloxymethyl) —cyclopentyl
ester (22). Compound 20 ( 0.88 g, 2.4 mmol)& 2% CH,Cl: (10 mL)Wl &odlotn
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A20 A pyridine (1.36 mL, 0.016 mol)2 Jt8tCt. 0 COIM methanesulfonic chlo—
ride (1.46 mL, 0.176 moD)Z SIJt5t10 22 SZ0A 1 h mEHEICH TLCZ B2

It & 222 (8 mL)S BII6IH Bt22 FAAIZICH ]I 52 CH.LL2
FE5ID NaHCO; 22 Ml FEHE AT (MgS0y), K, 2 555610
FAFZE column chromatography (EtOAc/hexane, 1:10)& &AHMIGIH oilatel SHES
22 (0.66 g, 62 %)E 2=Ch '"H NMR (CDCls, 300 MHz) & 4.80 (m, 1H), 3.40(s,
4H), 2.91 (s, 3H), 1.62 (dd, J = 9.3, 4.3 Hz, 2H), 1.58 (t, J = 7.0 Hz, 2H),
1.37 (s, 4H) 0.89 (s, 18H), 0.01 (s, 12H); C NMR (CDCls;, 300MHz) & 68.90,
68.88, 59.23, 39.25, 26.88, 21.81, 19.28, 14.83, —5.52.
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Methanesulfonic acid 3—(¢—butyldimethylsilanyloxymethyl) —3—methyl—cyclope—
ntyl ester (23). Compound 21 (3.20 g, 13.1 mmol)S 2% CH:Cl; (15 mL)0I &
oot &20 A pyridine (7.6 mL, 0.093 mol)E Jt&tCH. 0 COlA methanesulfonic
chloride (7.7 mL, 0.098 mo)E 2Ji6t1] 22 22X 0 A 1 h WSttt TLCZ2
222 (16 mL)S =RItot grE8s SZAZICH RII
CH:Cl:2 2—-3 ¥ FZ5t1) NaHCO;:22 A=l FEHE HE (MgS0,), ot

&AFE column chromatography (EtOAc/hexane, 1:10)2 & HMIGHH
o & 23 (2.5 g 59 %)2 2eCh 'H NMR (CDCl;, 300 MHz) & 4.79 (m,
1H), 3.27 (s, 2H), 2.87 (s, 3H), 1.62 (dd, J = 9.1, 3.8 Hz, 2H), 1.56 (d, J =
8.1 Hz, 2H), 1.45 (d, J = 4.0 Hz, 2H), 1.16 (s, 3H) 0.89 (s, 9H), 0.01 (s, 6
H); C NMR (CDCl;, 300MHz) & 71.68, 63.45, 43.91, 35.60, 33.46, 29.98,
25.43, 22.81, 22.06, 15.47, —5.53.
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2—[3,3—Bis—(t—butyldimethylsilanyloxymethyl) —cyclopentyl] —malonic acid die—

oA
T

thyl ester (24). NaH (0.28 g, 7.1 mmol, 60 % dispersion in mineral oil)S =
THF (10 mL)0l 2didt2 0 COHlM diethyl malonate (1.35 mL, 8.8 mmol)E &It
ot A20AM 1 h wWBtet & Compound 22 (0.8 g, 1.8 mmol)S THFOUl =66+
Ottt &5 80 THAl A 48 hS2 refluxAl2l 8 &22=2 YXIStHC.

= £ EtOAcE 2-33 F==otd AZX (MgS04), 1, 2
=500 1 &ALE column chromatography (EtOAc/hexane, 1:10)2 & HMGHH oildt
o 382 24 (0.67 g, 73 %)E L=C} 'H NMR (CDCls, 300 MHz) & 4.17 (q, J
= 5.7 Hz, 4H), 3.38 (s, 4H), 3.15 (d, J = 10.2 Hz, 1H), 2.51 (m, 1H), 1.50
(dd, J = 9.3, 4.2 Hz, 2H), 1.43 (t, J = 6.9 Hz, 2H), 1.36 (d, J = 8.3 Hz, 2H),



1.31 (d, J = 7.1 Hz, 2 H), 0.89 (s, 18H), 0.01 (s, 12 H); *C NMR (CDCls,
300MHz) & 168.98, 168.92, 71.82, 66.68, 66.26, 61.10, 57.50, 49.21, 39.20,
36.26, 30.62, 25.85, 18.23, 14.06, —5.53.
2—[3—(t—butyldimethylsilanyloxymethyl) —3—methyl—cyclopentyl] —malonic  acid
diethyl ester (25). NaH (1.4 g, 35.6 mmol, 60 % dispersion in mineral oi)S =
2 THF (15 mL)0l ZdlHot2 0 COH A diethyl malonate (6.78 mL, 44.5 mmol)S
FO15t) A=20A 1 h Bt = Compound 23 (0.8 g, 1.8 mmol)E THFO| Z3dl5t
Oof JIStCH 2% 2 80 THHAl 22 M 48 hS0OF refluxAl2l OIS A222 YISt
STHES EoIst = EtOAcZ 2-33 F=otD HEX (MgS0,), 3, 2
S50t 1 &AFE column chromatography (EtOAc/hexane, 1:10)2 & MIGHH oildt
o 382 25 (2.44 g 71 %)E =CH 'H NMR (CDCls, 300 MHz) & 4.19 (q, J
5.7 Hz, 4H), 3.26 (s, 2H), 3.15 (d, J = 10.2 Hz, 1H), 2.63 (m, 1H), 1.50
(dd, J = 9.2, 4.1 Hz, 2H), 1.46 (d, J = 4.0 Hz, 2H), 1.32 (d, J = 8.4 Hz, 2H),
1.29 (t, J = 6.9 Hz, 61, 1.19 (s, 3H), 0.87 (s, 12H), 0.01 (s, 6H); "C NMR
(CDCl3, 300MHz) & 169.02, 168.98, 71.15, 61.10, 57.60, 43.90, 40.79, 38.86,
35.15, 30.58, 25.87, 25.13, 18.26, 14.07, —5.51.

[3,3—Bis—(t—buyldimethylsilanyloxymethyl) —cyclopentyl] —acetic =~ acid ethyl
ester (26). Compound 24 (0.52 g, 1.0 mmol)Z DMSO (15 mL)0l 2dict LiCl
(0.13 g, 3.0 mmol)E 2Itot] H.O (2 drops)E Eelh &5 175 THHAI 22 A
5 hs¢t refluxAl2l & A20=% X|stCH TLCZ BISAHEZS Solst £ EtOAcE
2—-33 F=ol1 A3=22 A2 U3 AL (MgS0y), 6, 2 =610 1 TAIS
column chromatography (EtOAc/hexane, 1:5)2 &AHMIGIH oil&2l &2 26 (0.38
g, 85 %) 2=Ch 'H NMR (CDCls, 300 MHz) & 4.13 (q, J = 5.7 Hz, 4H), 3.38
(s, 4H), 2.21 (d, J = 12.6 Hz, 2H), 2.15 (m, 1H), 1.51 (dd, J = 9.1, 4.0 Hz,
2H), 1.46 (t, J = 7.1 Hz, 2H), 1.34 (d, J = 6.8 Hz, 2H), 1.31 (t, J = 7.1 Hz,
2H), 0.89 (s, 18H), 0.01 (s, 12H); "C NMR (CDCls, 300MHz) § 171.90, 66.82,
66.37, 60.05, 49.43, 38.01, 32.72, 31.89, 29.66, 29.32, 19.68, 18.25, 14.23,
14.09, —5.52.

[3—(#—buyldimethylsilanyloxymethyl) —3—methyl—cyclopentyl]l —acetic acid ethyl
ester (27). Compound 25 (1.70 g, 4.4 mmol)Z DMSO (15 mL)0l =Z&Hst2 LiCl
(0.56 g, 13.2 mmol)E 2IIot] H,O (2 drops)E E=Ch &5 175 CTHAl 22



AN 5 hsS0t refluxAl2l & & HZ EoIst & EtOACE
2—-33 F=ol1d A3=22 A2 U3 AL (MgS0y), (1, 2 ==6t0 10 TAIS
column chromatography (EtOAc/hexane, 1:5)2 AHMIGIH oil&el &2 27 (1.16
g, 84 %)2 Y=L} 'H NMR (CDCls, 300 MHz) & 4.15 (q, J = 5.8 Hz, 2H), 3.28
(s, 2H), 2.27 (d, J = 12.5 Hz, 2H), 2.17 (m, 1H), 1.51 (dd, J = 9.2, 4.1 Hz,
2H), 1.47 (t, J = 3.9 Hz, 2H), 143 (d, J = 8.4 Hz, 2H), 1.27 (t, J = 6.9 Hz,
3, 1.17 (s, 3H), 0.89 (s, 9H), 0.01 (s, 6H); C NMR (CDCls, 300MHz) &
170.69, 71.33, 60.04, 44.10, 42.62, 40.54, 35.89, 32.32, 25.88, 25.36, 14.23,
—5.50.

2—Amino—5—1[3,3— bis—(¢t—butyldimethylsilanyloxymethyl) —cyclopentyl] —1H—p—
yrimidin—4—one (28). lithium diisopropylamide (0.43 mL, 0.86 mmol, 2M in
hexane)E 24 THF (5 mL)0l &dHAI2I2 —-78 COlM Compound 26 (0.256 g,
0.58 mmol)E THFOl &0lict0d &&d| Jtst & 22 2Z0A 2 h Wt —78
COIA ethyl formate (0.19 mL, 2.3 mmol) £II&t CtS 22 20 A 1 h wWeEHsH
Ct. &20 £ 12 h WESICH NH«CIZ2 BtE2 ZZs & EtOAcZ 2-33 =&0o}
1 A322 A2 U8 HdE (MgS0,), o, &
(0.31 g, 1.73 mmoD)E 2% EtOH (10 mL)0 SdHct] A20 M EtONa/EtOH
(0.86 mL, 2.3 mmol, 21 % solution in ethanol)Jt8t & 10 min W ESHCH AWM &
2 SIE2S EtOHOl oot 2IIsttt. 255 90 CTHAl 2 A 12 h refulxAl2!
Ct. TLCZ BISAHS =olst 2
(EtOAc/hexane, 4:1)2 FHMGIO oil& &2 28 (0.17 g, 63 %)2 L&=Ch 'H
NMR (CDCls, 300 MHz) & 7.45 (br, s, 2H, —NH3), 7.26 (br, s, 1H, —NH),
5.30(s, 1H), 3.35 (s, 4H), 2.17 (m, 1H), 1.52 (dd, J = 9.1, 4.0 Hz, 2H), 1.41
(t, J = 7.0 Hz, 2H), 1.37 (d, J = 8.1 Hz, 2H), 0.89 (s, 18H), 0.01 (s, 12H);
“C NMR (CDCl;, 300MHz) & 188.89, 170.92, 161.42, 154.54, 66.83, 66.47,
48.99, 36.87, 36.78, 31.07, 30.92, 25.89, 18.25, —5.46.
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2—Amino—5—[3—(¢t—butyldimethylsilanyloxymethyl) —3—methyl—cyclopentyl]—1
H-pyrimidin—4—one (29). lithium diisopropylamide (0.48 mL, 0.95 mmol, 2M in
hexane)E £% THF (5 mL)0l dlAIZI12 —78 COA Compound 27 (0.2 g, 0.64
mmol)E THFOl Edict0 &&3| Jtst & 22 2% 0 2 h WeHstCH 78 COHlA

ethyl formate (0.2 mL, 2.54 mmol) 2II8t UIS &2 2Z0lA 1 h WeHsCH A2



Ol A 12 h WEHSHCH NH,ClZ BtS8 BZ& % EtOAcZ 2-33 =&ot A3
g A2 U8 HE (MgS0,), 041, 22t ==8'Ct. guanidine carbonate (0.34 g,
1.91 mmol)E 2= EtOH (10 mL)Hl SdHotl &=20 A EtONa/EtOH (0.95 mL,
2.54 mmol, 21 % solution in ethanol)Jt8t £ 10 min WEHSICE fIHA 22 StES

= EtOHOl SoHot Ittt 25 90 CTHAl S M 12 h refulxAl2ICH TLCZ
|

T o
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£ 22 ==ot0d 1 TAFE column  chromatography
(EtOAc/hexane, 4:1)2 F RGO oil&tel &S 29 (0.13 g 61 %)8 L=l 'H
NMR (CDCls, 300 MHz) & 7.46 (br, s, 2H, —NH,), 7.25 (br, s, 1H, —NH), 5.43
(s, 1H), 3.31 (s, 2H), 2.49 (m, 1H), 1.55 (dd, J = 9.2, 4.0 Hz, 2H), 1.48 (t, J
= 4.2 Hz, 2H), 1.43 (d, J = 8.1 Hz, 2H), 1.14 (s, 3H), 0.89 (s, 9H), 0.01 (s,
61); '°C NMR (CDCls, 300MHz) & 188.66, 173.12, 162.51, 154.54, 71.57, 38.73,
38.45, 36.30, 35.43, 31.23, 25.78, 25.40, 17.94, —5.44.

2—Amino—5—(3,3— bis—hydroxymethyl—cylclopentyl) —1H—pyrimidine—4—one
(30). Compound 28 (0.3 g, 0.64 mmol)2 THFO &dlictl 0 CHA tetrabutyla—
mmonium fluoride (2.5 mL, 2.56 mmol, 1.0 M solution in tetrahyrofuran)Jtotd 1
h WEHSHCH TLCZ PrSdds =olgt = 28 ==ot 1 &AFE  column
chromatography (CH.Clo/MeOH, 10:1)2 &Mt oil&d2l s&E 30 (0.13 g, 87
%)2 2=Ch 'H NMR (DMSO—ds, 300 MHz) & 7.43 (br, s, 2H, —NH,), 7.26
(br, s, 1H, —NH), 5.32 (s, 1H), 4.40 (br, s, 2H, —2XOH), 3.35 (s, 4H), 2.17
(m, 1H), 1.50 (dd, J = 9.0, 4.0 Hz, 2H), 1.43 (t, J = 6.9 Hz, 2H), 1.38 (d, J =
8.0 Hz, 2H), ""C NMR (DMSO—ds;, 300 MHz) & 187.91, 171.43, 161.95, 153.96,
58.79, 58.63, 47.98, 24.04, 19.70, 13.66.

Jon

2—Amino—5—(3—hydroxymethyl—3—methyl—cyclopentyl) —1H—pyrimidin—4 —on
(31). Compound 29 (0.25 g, 0.74 mmol)E THFOl dict2 0 COHA tetrabutyla—
mmonium fluoride (1.48 mL, 1.48 mmol, 1.0 M solution in tetrahyrofuran)’tdlt]
1 h wWBESICH TLCZ EBrSE oISt = 2y =610 11 &ZAFE  column
chromatography (CH:Clo/MeOH, 10:1)2 &Mt oil&d2l s&E 31 (0.14 g, 86
%)g L=Ch 'H NMR (DMSO—ds;, 300 MHz) & 7.35 (br, s, 2H, —NH,), 7.26
(br, s, 1H, —NH), 5.45 (s, 1H). 4.56 (br, s, 1H, —OH), 3.21 (s, 2H), 1.61 (dd,
J = 9.2, 4.0 Hz, 2H), 1.49 (t, J = 4.0 Hz, 2H), 1.43 (d, J = 8.1 Hz, 2H), 1.15
(s, 3H); "C NMR (DMSO—ds;, 300 MHz) & 190.09, 174.01, 163.53, 154.78,
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70.21, 36.59, 35.67, 31.48, 25.80, 19.39, 13.69.
2—[3,3—Bis—(t—butyldimethylsilanyloxymethyl) —cyclopentyl] —3 —methoxy —acr—

ylic acid ethyl ester (32). Lithium diisopropylamide (0.84 mL, 1.69 mmol, 2M in

hexane)E 2<% THF (5 mL)0l ZdiAl212 —-78 COHA Compound 26 (0.50 g,

1.12 mmol)& THFOH Sdicted A3 Jtst & 22 2% 0 M 2 h W8St —78

COIM ethyl formate (0.36 mL, 4.49 mmol) £Jt&t CIS &

Ch. 20 £H 12 h Wetst & 2 SSAI2ICHL

B

U\J

O, 2t =3t 1 &ALE column chromatography 2 S=0H0 1 &ALE
column chromatography (CH:Cl./MeOH, 20:1)& & M3 oild2 &S 3
g, 65 %) Y0k 'H NMR (CDCls, 300 MHz) § 6.70 (s, 1H), 4.19 (q, J = 5.7
Hz, 2H), 3.48 (s, 3H), 3.37 (s, 4H), 2.17 (m, 1H), 1.50 (dd, J = 9.1, 4.0 Hz,
2H), 1.44 (t, J = 6.9 Hz, 2H), 141 (d, J = 8.1 Hz, 2H), 1.28 (t, J = 7.0 Hz,
3H), 0.89 (s, 18H), 0.01 (s, 12 H); C NMR (CDCls, 300MHz) & 154.03,
145.63, 108.15, 66.89, 66.54, 61.61, 59.79, 48.85, 39.45, 37.51, 31.68, 30.82,
25.91, 18.28, 14.36, —5.47.

2—[3—(¢t—butyldimethylsilanyloxymethyl) —3—methyl—cyclopentyl] —3—methoxy —
acrylic acid ethyl ester (33). Lithium diisopropylamide (0.54 mL, 1.10 mmol, 2M
in hexane)E %% THF (5 mL)0l &dHAI2I2 —78 COUH A Compound 27 (0.23 g,
0.73 mmol)E THFOl &0dHot0d &3l gt & 22 2Z0AM 2 h wBHstth —-78
CTOIAl ethyl formate (0.24 ml, 2.92 mmol) £Jtst OIS &
Ch. &20 & 12 h wBtst & 2 sxAI2ICH ¢
mL)0l E0lidt2 Mel (0.14 mL, 2.19 mmol)E Jtot] &S0 A 5 h wWEtStCH TLC

£ EtOAcZE 2-33% FHolld A=22 Ml AX (MgS0y),

O, 22 ==5t0 1 &AFE column chromatography (CH:Cl/MeOH, 20:1)& &
HGHH oilatel 5t8t2 33 (0.16 g, 65 %)2 2=CH 'H NMR (CDCl;, 300 MHz) &
6.91 (s, 1H), 4.19 (q, J = 5.8 Hz, 2H), 3.75(s, 3H), 3.34 (s, 2H), 2.78 (m,
1H), 1.55 (dd, J = 9.2, 3.9 Hz, 2H), 1.48 (t, J = 4.0 Hz, 2H), 1.44 (d, J = 8.3
Hz, 2H), 1.29 (t, J = 7.0 Hz, 3H), 1.19 (s, 3H), 0.89 (s, 9H), 0.01 (s, 6H);
“C NMR (CDCl;, 300MHz) & 154. 03, 147.73, 107.66, 71.48, 61.58, 59.79,



43.50, 42.12, 39.02, 35.46, 32.03, 25.89, 25.54, 18.28, 14.32, —5.47.

5—[3,3—Bis—(¢t—butyldimethylsilanyloxymethyl) —cyclopenthyl] —1H—pyimidine —
2,4—dione (34). urea (44.4 mg, 0.74 mmol)2t KO'Bu (82.98 mg, 0.74 mmol)S
L4 THF(5 mL)0l Sodliotd &20 A 30 min WEHSHCE Compound 32 (0.18 g,
0.37 mmol)E 24 THFOl Sdliot0! A5 £Ilot) 22 80 T2 22HA 48 h
refluxAl2ICt. TLCZ BIS&HZ =olst 2 =56t0d 1O TAIE  column
chromatography (CH:Cl,/MeOH, 20:1)2 &Mt oil&d2 &= 34 (62.40 mg, 36
%)E 2=CH '"H NMR (CDCls, 300 MHz) 6 7.69 (br, s, 1H, —=NH), 7.69 (br, s,
1H, —NH), 5.36 (s, 1H), 3.36 (s, 4), 2.17 (m, 1H), 1.36 (dd, J = 9.0, 3.9 Hz,
2H), 1.31 (t, J = 6.9 Hz, 2H), 1.25 (d, J = 8.0 Hz, 2H) 0.89 (s, 18H), 0.01
(s, 12H); "C NMR (CDCl;, 300MHz) & 161.71, 151.49, 131.32, 116.56, 71.45,
70.32, 66.44, 49.62, 35.54, 35.01, 28.16, 25.94, 18.30, 15.36, —5.45.
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5—[3—(¢t—butyldimethylsilanyloxymethyl) —3—methyl—cyclopentyl] —1H—pyrimi—
dine—2,4—dione (35). urea (79.17 mg, 1.32 mmol)2t KOBu (0.15 mg, 1.32
mmol)E2 £ THF(5 mL)0 &oidt) &=20AH 30 min wWgSHCH Compound 33
(0.235 g, 0.65 mmol)S = THFOl 0o
A 48 h refluxAl2ICt. TLCZ BtSAHE &olst £ 2y =FoHH 1 &AL
column chromatography (CH:Clo/MeOH, 20:1)2 &AMt oil&t2l stEE 35 (78.09
mg, 35 %)E 2=CH 'H NMR (CDCls, 300 MHz) § 7.68 (br, s, 1H, —NH), 7.60
(br, s, 1H, —NH), 5.35 (s, 1H), 3.43 (s, 2H), 2.17 (m, 1H), 1.57 (dd, J = 9.2,
3.9 Hz, 2H), 1.48 (t, J = 4.1 Hz, 2H), 1.42 (d, J = 8.0 Hz, 2h), 1.19 (s, 3H),
0.89 (s, 9H), 0.01 (s, 6H); "C NMR (CDCls, 300MHz) & 164.41, 152.10,
123.98, 111.75, 76.55, 40.34, 35.94, 28.12, 25.92, 18.32, 14.81, —5.43.

5—(3,3—Bis—hydroxymethyl—cyclopentyl) —1H—pyrimidine—2,4—dione (36). Co—
mpound 34 (25 mg, 0.05 mmol)ES THFOW Zdiot2 0 CHA Tetrabutylammonium
fluoride (0.21 mL, 0.21 mmol, 1.0 M solution in tetrahyrofuran)Jtotd 1 h 1 BHEt
Ct. TLCZ B3 solst = 2y ==0t0d 1 &AFE column chromatography
(CH.Cly/MeOH, 10:1)2 HMIGHH oilatel 382 28 (10.5 mg, 82 %)2 L=Ch 'H
NMR (DMSO-ds, 300 MHz) &6 7.70 (br, s, 1H, —NH), 7.59 (br, s, 1H, —NH),
5.74 (s, 1H), 3.37 (s, 4H), 2.18 (m, 1H), 1.36 (dd, J = 9.1, 4.0 Hz), 1.37 (t, J
= 7.2 Hz, 2H), 1.26 (d, J = 7.8 Hz, 2H); "*C NMR (DMSO—ds, 300 MHz) &

[Pl
gg
nio
fo
o
on
i
N
°
F



161.25, 152.43, 132.23, 117.07, 68.81, 51.78, 25.04, 19.35, 13.51.

5—(3—Hydroxymethyl—3—methyl—cyclopentyl) —1H—pyrimidine—2,3—dione (37).
Compound 35 (78 mg, 0.23 mmol)E THFOW Zdlict2 0 CH A Tetrabutylammon—
ium fluoride (0.46 mL, 0.46 mmol, 1.0 M solution in tetrahyrofuran)2tdt) 1 h 1!
BttCH  TLCZ gBrEids =0l s 242 ==ot I &AFE  column
chromatography (CH:Clo/MeOH, 10:1)2 Z MGt oil&tel StetE 28 (42.41 mg, 81
%)2 2=Ch 'H NMR (DMSO—ds, 300 MHz) § 7.31 (br, s, 1H, —NH), 7.24 (br,
s, 1H, —=NH), 5.35 (s, 1H), 4.47 (br, s, 1H, —OH), 3.65 (s, 2H), 2.08 (m, 1H),
1.58 (dd, J = 9.1, 3.9 Hz), 1.52 (t, J = 4.2 Hz), 1.49 (d, J = 8.0 Hz, 2H),
1.18 (s, 3H); 'C NMR (DMSO—ds, 300 MHz) & 168.86, 157.73, 124.86, 111.86,
69.91, 35.65, 33.91, 30.69, 29.30, 24.81, 19.41.
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Nucleoside= #X&ECZ i1 EJ|Z 0N U8Bz MES2 FEAMO AR
(@]

T Y B2 = gIIRE9 2AeEoez =2 0|REICH Carbocyclic C—nucleoside
= e, g0l A St REIANMN =2 antiviral activityE JHKI LD [0 L8t
C-C Z&s JINLD AN NEZESAU 2o &H Sl X 2= 22F tELE It
10 UCH Carbocyclic nucleoside 223t ollHIZAI0I22 C—-N2EE C-CE2E2 1
Mote &5t carbocyclic C—nucleosid?l ME2stE SHEE HAJG= S0 W22 8
SIMLE Ol zAst RN BIgE Soll Ite+2ol L SA20H0 2s AHFHE 20
At 45t RO, 2 AR A= Z=Z2 nucleoside €220 XSHE XD Us
carbocyclic nucleoside®It & & &Ht0IHA 2SI A= A0 =t 2HEsE =

2H=&Ql 1,3—dihydroxyaceton dimerdt acetolE 22 ZELESZEZ AEGIH novel
branched Carbocyclic C—nucleoside 30, 31, 36, 37= & &0t aids virus, vaccinia
virus, varicellazoste virus, cosackie virus, cytomegalo virussit 22 i JtXAl bt
OledA 0l CHol —.9?:1&.”% St 21 ool ASUHE LIEHW X Rot}{2 SMs Al

E=dS UELHXT SRUCH
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