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Ac : Acetyl

AdoHcy : S-adenosyl-L-homocysteine

AIDS : Acquired immunodeficiency syndrome
AZDU : 3'-Azido-2',3'-dideoxy uridine

AZT @ 3’-Azido thymidine

ddC : 2,3’ -Dideoxy cytidine

ddl : 2’,3’-Dideoxy inosine

d4T : 2’,3'-Didehydro-3'-deoxy thymidine
DMAP : 4-(Dimethylamino)pyridine

DMSO : Dimethyl sulfoxide

DIBAL-H : Diisobutylaluminum hydride

FDA : Food and drug administration

FDT : 3'-Fluoro-3'-deoxy thymidine

HIV : Human immunodeficiency virus

HSV : Herpes simplex virus

HCMV : Human cytomegalovirus

HBV : Hepatitis B virus

[Cs0 © 50% Inhibitory concentration

LiHMDS : Lithium bis(trimethylsilyl)amide ; Lithium hexamethyldisilazide
Me : Methyl

4A MS : 4A Molecular sieves

NOE : Nuclear overhauser effect (enhancement)
PCC : Pyridinium chlorochromate

RCM : Ring-closing metathesis
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RT : Reverse transcriptase

SAM : S-adenosyl methionine

THF : Tetrahydrofuran

TBAF : Tetra butyl ammonium fluoride
TBDMS-CI : tert-Butyldimethylsilyl chloride
TLC : Thin layer chromatography

WHO : World health organization



ABSTRACT

Stereoselective Synthesis of Novel 6'(a)-Methyl
Branched Carbocyclic Nucleosides

Zhenyu Jin

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

Graduate School of Chosun University

A new stereoselective synthesis of 6'-branched Carbovir analogues
was accomplished in this study. The introduction of a methyl group in
the requisite 6'-(a)-position was carried out using an ester enolate
alkylation (LiHMDS. CHsl). The desired cyclopentenol 7, 12 was
synthesized via a Felkin—-Anh-controlled Grignard addition and
ring—closing metathesis using second-generation Grubbs' catalyst. The
natural bases (adenine, cytosine) were efficiently coupled using a Pd(0)
catalyst. When the synthesized compounds were examined for their
activity against several viruses such as the HIV-1, HSV-1, HSV-2, and
HCMYV, the adenine analogue 12, 25 exhibited moderate antiviral activity
against the HCMV.

Key word: Synthesis; Assay; HIV-1; Grignard reaction; Antiviral agent;

Branched carbocyclic nucleoside; Felkin—-Anh model.

Vi



A FH virust TES AMHES 59 stom ARzbA Shot
1981 m]=po A wiole 2o ¥ FAAMNES AE ol AA %7‘5
A A= 9] T7} oF 29qk o o]l23 A MAHS=E o 500-1000%F H
o2& Zow FAHEY o5& 3-51 ool AIDS Atz st 740; 1
Itk WHO Bardol] w=d A AlAX = AIDS £2b7b 367 "ol o=
Rnom  HapA o g Fojth= FAlgtal gt o] Wk ofYe}t BYYA T A
T Eojue AR Hola e ot

virus¥ core’} 7FA+= MAake] FFo we} DNA virus®t RNA virus’b

glom DNA virus7} % Al7]= AW O 2+ upper respiratory infections,
herpesd] #23%h, chicken pox®t small pox S©° 93, RNA virusZ%

arbo viruses, myxo viruses, picorna viruses, rhino viruses 7} o™ F=

éo}o—ﬁ

o
<

ok

encephalitis (¥ %), gastroenteritis, influenza, measles, meningitis (¥2}%3),

mumps, pericarditis (A'd%), pleurodynia, poliomyelitis, rabies &< A4
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ofue}, oAl oFEo]l 7| AT virus Al digh AlaEe] A R]
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virusAd stetaAle] HFTERE R oy e dEA Ao dvkar & 5 9l
oh Fg o]y 28-S VA= FEEAEY] afHA & virus FEo] H7I
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spectrum ©] Hojof dhi= A, o]9ld %= virus WFol| dsiA Aol §leF=,
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w9 toxicity7t AEFH £& T virusy e

A AAHcw & wvpolg Ao TS AlE 3
FDASRIS HEe AZTE 1964\ Horwitzsol 93] AHHNQoH FH o=
seleniums °l &3 FAHAYHE HauHTh of AZT7 AIDS €Ake] A%
s o= A dgdizle dled ArIFos Qg HIV HEAe &3,
F5go] 54 5o ¥#Eo] Edsn g Aotk o el= HIVEY EA
g Bt madHo R oAEs ddl, ¢ ddC & FDA9 &l& whol QAo
AR AL glom d4T AZDU, FLT &< i‘ixﬂ clinical trialzol At} 53]
ddl+= HIVEAZ 233 JAA 7] nucleoside & Aol 7H4 #& A

AFE T e ME}.(Figure 1)

-

{0

o |
—

NH, 0

d4T AZDU FLT

Figure 1. anti-HIV activityZ2 7}% 2',3'-dideoxy nucleoside
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glycosidic bondE& 7} nucleoside® = 85E 1 AA7F & Ao A] EAA
st A shehA WHolME B Alge] vk SHAIRF sugar F-29] furanose
9] oxygen©| carbonl = X% cyclopentane ring=< 7} nucleosidef+
TEAoE MAE Ajfoltt. old sjtEF WAERE EASE aristeromycin
7} neplanocin A 183 $HA3F 2'-ara-fluoro—guanosine®} carbovir =
carbocyclic nucleosidef+ HSVel t3d] &2 anti-viral activityS 7FA 32 9
t}.(Figure 2)

NH> NH,
N A N S
¢ J ¢ 1)
HO N N/ HO N N/
HO OH HO OH
aristeromycin neplanocin A

2'-ara-fluoro-guanosine carbovir

Figure 2. Structures of olefinic carbocyclic nucleoside

<t carbocyclic nucleosidei ol st 2L 3}5HE2] MEs d=2
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ATh LA B AFoM= 4", 6 H X9 carbon groupl® X $H3FO 7 A
7R f £& g E 71 AL 71Uk 4", 6' W carbon Ao ofg 7}

A %3 A S 7} carbocyclic nucleoside & 433t
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gES AlHEo] AN e QAS human immunodeficiency virus
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nucleoside®] 7o) &% 28-S & Zolt}. (Figure 1).
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eyt
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OH OH
1 2 3
HN—] HsC HsC
H - B H z B
STy “ g
H N N/)\N Ho—
w Ho 12: B = adenine 25: B = adenine
13: B = cytosine 26: B = cytosine
4

Figure 3. Rationale to the design of target nucleosides

Carbocyclic nucleosides+= B F&#9] A4V &tAh=2 X3y B F2E5
ZHAAL o AE G4AE oAskE sHe] Bt &R dtk AAE
&9 S-adenosyl-L-homocysteine (AdoHcy) hydrolaseE #]&jsle] o ¢
74 kg s Y= Aoew a4y Art. o] @4+ S-adenosylmethionine
(SAM) 9]&4 methylatione Z43stY AdoHcyE 7194 2% adenosided}
homocysteine [12] °& 7}FE&|sit. AdoHcy hydrolases A 3dfgto =2 A
AdoHcy ¢ %7} 57F |th. 19 2= AdoHey’l &4¢ ZH8& A slisHA
% AdoMet-dependent methylation reaction [13]°0] =¥l Methyl
transferases™ mMRNAS] A<EA|7]=d Hl=A] "H@ed giholt), Axdow
AdoHcy THAFES Aeks] sFi11 o]o]A] Methyl transferasesES A|A 7] 0.2 H
mRNA A& Fgth AdoHey AAE HE FHSe gufojej~ S48
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branched carbocyclic nucleoside®} 6'(a)-methyl-carbovir analogues< %
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492% 2 13

=
A W [14] ©& 1,3-dihydroxy acetones &% 2= A9t 18

Claisen rearrangement < ©]-&3}9] Y,§-unsaturated ester

OH PO i PO
O:<: e :>:\; > OEt
PO OH PO —
1

OH
2

1,3-Dihydroxyacetone
yeroxy P =TBDMS l
ii

HsC HsC HC O
PO : PO PO
\ v 11
0O <= OH ~<— OEt
PO~ = PO— = po—/ \=
5 4 3

Scheme 1. Reagents: i) Triethylorthoacetate, propionic acid, 140 °C;
ii) LIHMDS, CHsl, THF, -78 °C; iii) DIBAL-H, CHCls, 0 °C;
iv) PCC, 4A MS, CH.Cly, 4h, rt.

$4 ester derivative 2 3% Q] alkylation (LiIHMDS/CHsD< ©]-&-3}
o] compound 3& =2 &2 FAASAY. 23 ester 3= FF CHoClLol
E3A1Z] ¥ 0 °CollA] DIBAL-HE A 2l3ste] alcohol derivative 45 4 3H3
o} 443k 315tE 491 PCCE oxidationd}d] aldehyde 55 @43ttt 3%
59 vinyl magnesium bromideg A]¢FS 2 Grignard ¥H8-S $85lo] F2Q A
o] A A9l bis-olefin 65 10 : 1 Ean &2 A5} o] BAlAE column
o2 2877t o @ Aes 'H NMRE U2 gHAlol A & =7} 9l



Compound 6= #&|3FA &3l ring-closing metathesis (RCM) ¥+ [15]S
Z&st7] Y8l Grubbs' catalyst II [(Im)ClePCysRuCHPh] [16, 17]& AF&3}
o] Y18l EAEZ cyclopentenol 72 72%9 ¥ &= &4 u. 18l
A3A] ¢S Compound 8% 7%9 W& &= AJUT}E cyclized product
(Figure 4)°l 33+ 322l NOE2] 4+ Figure 59149t 9] Felkin-Anh
rule [18]°] 71 %33t Ci-HE TAH OS2 U4 22 79 methyl proton AFo] 2]
NOE~Z} 8¢] methyl proton A}o] Bt} 7ttt 3 'H NMR data 914 % 73} 8<]
v g7 10 13 =2 A A A ZAepxit

1.8% NOE 0.7% NOE
H3§ 4 H3@
PO - ,OH PO 1
Po}g’H po—" G “OH
7 8

Figure 4. NOE observation of compound 7 and 8

OoP PO H3C oH
O -
HaC OP  vinylMgBr
'/H/H — PO N/ and its isomer
5 6
Felkin-Anh Model
lRCM
HsC H3C
PO - H PO— - ,OH
PO— OH po—° H
8 7
(7%) (72%)

Figure 5. Addition of nucleophile to aldehyde 5 using Felkin—-Anh rule



Cyclopentenol 7 $}3t&°l| bases (A = adenine, C = cytosine)S F3138}17]
A& 94 HA cyclopentenol 7% ethyl chloroformate®} Zvjj ko] DMAPS.
= HE8-3}o] ethoxycarbonyl derivative 95 A3 tF. 28] 32 Compound 99l
NaH/DMSOA] ¢F o 2 "h= 3k 9] adenine, cytosine &°]&3} [tris(dibenzylid-
eneacetone)—dipalladium(0)-chloroform] [19, 20]<& AF-&3}%] Compounds 10
7 115 A3 (Scheme 2) ©]+ S-configurationE 7} Compound 9%
T ¥ 973 ¢ mechanism via a Pd(0) catalyzed n-allyl &3%& [21, 22]S &

Hato A H A= o= nucleoside®] B3 JAgS x5 71kl 10, 115
AL 4= otk vhAte] TBAFC.Z A 2éte] % nucleoside 129 13S 343}
At

H:C  OH HaC
P \ i P i P %
o — —_ — 2
P = P — po— A

5 P =TBDMS

7: X = OH Y H (72%)
8:X=H, Y =OH (7%)

|

HsC H3C g
PO -5 ,0COEt
e N e
~N O_\
3 2
12: B = adenine 10: B = adenine 9
13: B = cytosine 11: B = cytosine

Scheme 2. Reagents: i) CH2=CHMgBr, THF, -78 °C; ii) Grubbs' catalyst
II, benzene, reflux, overnight; iii) CICO2Et, DMAP, pyridine, rt,
overnight; iv) Base (adenine, cytosine), Pds(dba)sCHCls,
P(O-i-Pr)3s, NaH, THEF/DMSO, reflux, overnight; v) TBAF,
THF, rt.

Compound 129} 135 HIV (MT-4 cells), HSV-1 (CCL-81 cells), HSV-2
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(CCL-81 cells), ¥ HCMV (AD-169, Davis cells) 53 <& o2 7}4] viruese
o] thal Fa = #H M3t 23 cytosine analogue 13°] HCMV (10.7 upg/mL)
of tal gnfold~ g 3E YERNRIT A RF adenosine derivative 12+ 100 z
g/mLo A &= ol e~ g5 Veb A ekl o AA g Al S = e
o Skt
Q ok, 7bddl 1,3-dihydroxyacetone &% F-E Al ZFsfA] 7Heal kA
© =2 4'(a),6'(a)-dually branched carbocyclic nucleosides 37d 31t}
cytosine analogue 13& HCMVel t3] =& dnfold]~ a3E YeE it
#e A2 E ] 4'(a),6'(a)-dually branched sugar F-%&o] | 2-¢ ujojz|
Aol o] & F3Fs v A Flo|t},

12

o

E#
oX
£ o

3k 5431 nucleosides 259 26 §43H7] Y18l 4] Scheme 394 ¥ 7
3} 7+o] Claisen rearrangement [23, 24]& ©]-&3}9] silyl protected olefine
149 A Y 6-unsaturated ester 152 A 94 4 It}

=

@)
HO—\JOH 4|> PO—\JOH L»PO \ :_?OE'[

1,4-Dihydroxy-2-butene 14

| P=TBDMS | J
i

HsC HsG H3C% O
P - = / . P
o N 2N

Scheme 3. Reagents: i) TBMDS-CI, Imidazole, CH.Cls; ii) Triethylor—
thoacetate, propionic acid, 140 °C; iii) LIHMDS, CHsl, THF,
-78 °C; iv) DIBAL-H, CHsCls, 0 °C; v) PCC, 4A MS, CHyCls,
4h, rt.

_‘I‘I_



Compound 16% =& &% TAsIATE. 1811 ester 162 F5 CHoCleol

S AIZ & 0 °ColA] DIBAL-HE A 2l3Fe] alcohol derivative 175 33 3H3)
o} A e 3H3HE 1791 PCCE oxidationdle] aldehyde 185 §A4&t3ith. &%
= 189 vinyl magnesium bromideS A]¢FS &2 Grignard ¥H8-S $-3)35}o] H&
AA el DA bis-olefin 192 9.7 © 1 T EZ FA IS} o] GAAdA =
column® & #2377k of 31 424 'H NMRE thg @A A & 57} ek,
Compound 19% #8384 &1 ring-closing metathesis (RCM)
317 9l Grubbs' catalyst II [(Im)CloPCysRuCHPh ]S AF-8-3}¢]
A &4 cyclopentenol 208 70%9] ¥ &&= 4 At 28a Y}
2 Compound 215 9% W2 &2 It} cyclized product (20 and 21)9l
3t A1 20 NOES] 919 Figure 61419} 7] Felkin-Anh rule ol 7] %3}
Attt Ci-HS Aoz Aoz 209 methyl proton AFe]¢] NOE (1.2%
NOE)7} 219] methyl proton AFe] (0.6% NOE) Rt} 73t} (Figure 7) 3 'H
NMR data ol %= 203} 219] vl&7F 7.8 1 1A S 2 A A 2},

Ester derivative 15& W34 ¢l alkylation (LiHMDS/CH3D& ©]-&3}<]
o

PN

T

ol
b

ol
o

i

i

e o &
ol oo
Xl oo

O

oP H3C
H,C_ O -
N VinylMgBr P ~_»OH
b4 i > H
H H N\ /
and its minor isomer
18 19
Felkin-Anh Model
RCM
HyC H3C
P A LH P A ,OH
R Y and S 5
H OH H H
21 20
(9%) (70%)

Figure 6. Addition of nucleophile to aldehyde 18 using the Felkin—Anh rule
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% 0,
NOE (1196, Hae? \VOE (1:2%) %(0.64)
p e NOE (1.1%),»HsC
N k7 P - ~H
H \s "//
H OH

N

NOE (1.3%) NOE (0.6%)
20 21

Figure 7. NOE results of compound 20 and 21

Cyclopentenol 20 3}3t=9l bases (A = adenine, C = cytosine)<s 338}7]
AaA $-A HA cyclopentenol 20 ethyl chloroformate 2} Zm&¢] DMAPC.
2 Wk-$3}o] ethoxycarbonyl derivative 225 &4 81t} 18] 12 Compound 22
o NaH/DMSOA| ¢Fo 2 vk 3k 249] adenine, cytosine &¢]-3 [tris(dibenz-
ylideneacetone)-dipalladium(0)-chloroform|& A}-8-3}°] Compounds 233} 24
1481t} (Scheme 5) ]+ S-configurationE 7} Compound 225 5+ W
5} 3+ mechanism via a Pd(0) catalyzed n-allyl 2&E23 S 3slo] AA =
t] o]+ nucleoside?] Q3 JAN e L5 71K 23, 245 4= 5 AL
upx]ekel] TBAF S .2 ] &]3Fo] % nucleoside 259 26 34813 th.

Compound 259} 26< HIV (MT-4 cells), HSV-1 (CCL-81 cells), HSV-2
(CCL-81 cells), ¥ HCMV (AD-169, Davis cells) 53 <& o2 7}4] viruese

o sl FaE AMsIAY. A3 adenosine derivative 257F HCMV (20.12 u
g/mL)ell i3l Fufel 2~ g3E YEFH AT AW cytosine derivative 26%
100 pg/mLolA & 3ufole 2~ E3& YeplA] et om A Ax5d%
EfutA] 4 9ktt (Table 1)

QoFshH, 7hst 2 4-dihydroxy-2-butene &2 F-E A|2Fe| A 7kt $HA4
WH O 2 6'(a)-methyl branched carbovir analogueg 3$HAstith. dHA &
adenosine analogue 13- HCMVel tal &2 3vtolef 2~ g5 HER AT o]

213t 272 2 0 6'(a)-methyl branched sugar 0] Al 28 &ulo] 2] 24 <]
de] & IS A Aol

=
=
oI %z
s2
04
%

rlr r_u E
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HsC HsC ~ OH H3C

PO I i PO N\ ; PO PR
o — » _ o %
18 19 20: X = OH, Y = H (70%)

P = TBDMS 21: X=H, Y =OH (9%)

HsC HsE HsC
HO D . POWB iv PO 5 ,0CO,Et
3~ 2 32

25: B = adenine 23: B = adenine 22
26: B = cytosine 24: B = cytosine

Scheme 4. Reagents: i) CH2=CHMgBr, THF, -78 °C; ii) Grubbs' catalyst
II, benzene, reflux, overnight; iii) CICO2Et, DMAP, pyridine, rt,
overnight; iv) Base (adenine, cytosine), Pds(dba)s-CHCls,
P(O-i-Pr)s, NaH, THEF/DMSO, reflux, overnight; v) TBAF,
THF, rt.

Table 1. The antiviral activities of the synthesized compounds

compound HIV-1 HSV-1 HSV-2 HCMV Cytotoxicity
ECsolug/mL] ECsolng/mL] ECsolug/mL] ECsolng/mL] ECsolug/mL]

25 > 100 > 100 > 100 20.12 > 100

26 > 100 56.7 > 100 > 100 > 100

AZT 0.002 ND ND ND 1.1

Ganciclovir ND 1.5 1.5 0.96 > 10

_14_



Al 717] - B Agol AFgH A|eFE2 Aldrich jit, Sigma jit, Tokyo
Kasei jit, ¥ Fluka jit: oA T4 & AdFA kS ALE3HS o1 silica gel
(230-400 mesh)> MerckAl A& ARS8, &ul= Had wel gA sk
AFE-3F Y. Thin layer chromatography (TLC)+= Kieselgel Fo54(0.25 mm)S
2 felds #Ze) o]83k9l o TLC spot AF]A X UVGL-583} Anisal-
dehyde, KMnOy A1 AJekS- AR slQlth. &4 542 Gallen-Kamp melting
point apparatusg AF&sIolow, old dlgk B 31X 24Ut NMR spectra

+ tetramethylsilane (TMS)E W& F+=4d =2 3o FT-300 MHzE AFE313

£ 1l

3,3'-Bis—(#butyldimethylsilyloxymethyl)-pent—-4-enoic acid ethyl est-
er (2). 33E 1 (15.0 g, 43.4 mmol)S triethyl orthoacetate (250 mL)°l &
&3} al propionic acid (1.0 mL)< 7}g ¥, chai se apporatusel] 23}l 140
°CollA  overnightAlZth. TLCZ ¥H-gF4AS A3t Fo I FF3ta
column chromatography (EtOAc/hexane = 1 : 40) o2 AA|s}e] FAEH
& oil’e] Compound 2 (15.5 g, 86%)S ¥t} 'H NMR (CDCls, 300 MHz)
65.87 (dd, /= 18.0, 11.4 Hz, 1H), 5.09 (d, /= 11.1 Hz, 1H), 4.98 (d, /= 19.5
Hz, 1H), 4.05 (q, /= 7.5 Hz, 2H), 3.64 (dd, /= 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.

(£)-3,3'-Bis—-(#~butyldimethylsilyloxymethyl)-2-methyl-pent-4-enoic
acid ethyl ester (3). Wl flaske] ¥4 THF (50 mL)S F3}a -78 °C7HA] &
=5 Ut -78 °CelA LiHMDS (12.7 mL, 1.0 M solution in THF)& 7}
3til Compound 2 (2.6 g, 6.3 mmol)& < THF (10 mL)oll FHoJA] 3]
droppingAlZth. =78 °CellA] 30%3F wW¥HA7]3 %5 -10 °C7HA &8
10+7F —713],3}031;]__ OAl 255 -78 °C7FA] W&lar CHil (1.35 mg, 9.52
mmol)S HH3] droppingAlFH Tt I8l %5 HHS] 0 °C7HA] 8 a o]
=5 oA 1IAZF © wdkstelth TLCE &% AbERRl As gl &

A o]
3} NH4Cl (10 mL)o.Z ¥-$8 Z=AXA &3NS othyl acetate?} E=

r&oﬂ m{nf“



2-33] FZFta T MgSO.2 Az & o3, Y FFal L WAE
column chromatography (EtOAc/hexane = 1 : 50) o.& HAA|s}e] FAEH
3 oil’d2] Compound 2 (2.2 g, 80%) €1t} 'H NMR (CDCls, 300 MHz)
65.79 (dd, /= 11.7, 18.3 Hz, 1H), 5.12 (d, /= 11.4 Hz, 1H), 4.96 (d, /= 18.3
Hz, 1H), 4.06 (q, /= 6.9 Hz, 2H), 3.71 (d, /= 9.6, 1H), 3.65 (d, /= 9.6 Hz,
1H), 2.71 (q, /= 7.5 Hz, 1H), 1.05 (d, /= 7.5 Hz, 3H), 0.83 (s, 18H), 0.03 (s,
12H); C NMR (CDCls, 75 MHz) & 175.43, 142.54, 138.20, 115.43, 63.74,
61.71, 59.89, 47.94, 40.76, 25.82, 18.21, 14.27, 12.32, -5.63.
(1£)-3,3'-Bis—(#-butyldimethylsilyloxymethyl)-2-methyl-pent-4-enol

(4). Compound 3 (5.2 g, 12.1 mmol)= ¥4 CH:Cl> (100mL)el &3a]jA]7]aL
0 °Cell4 DIBALH (26.55 mL, 1.0 M solution in hexane) 3] 7}3 &
0 °C oA 2213 uRksiglyy. TLCZ ¥bg TZ2AS &R1st & 0 °ColA
methanol (20 mL)E 3] droppingAl7]a Aoz 3] HWx]sle] 11|
& AEAZ T Magnetic bare] =% 25 F<Qlstal ethyl acetate (200 mL)
& B 2ol 2A%F mwkgk § ofItsigity of dols S sHekar 1 &
AFE column chromatography (EtOAc/hexane = 1 @ 30) &= AA|ste] A4
9% oilde] Compound 4 (4.3 g 91%)& ¥tk 'H NMR (CDCls, 300
MHz) &§5.67 (dd, /= 18.3, 11.4 Hz, 1H), 5.06 (d, /= 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, /= 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.
(£)-3,3'-Bis-(#-butyldimethylsilyloxymethyl)-2-methyl-pent—-4-enal
(5). Compound 4 (5.0 g, 12.8mmol)< 5 CHzClz (100mL)ell &3 A] 7] 3L 7
oA 4A MS (7.5 )& Al ¥ 2 0 °ColA PCC (6.9 g, 32.1 mmoD)<
7Vekal el A 4AIZE wRkelgity. TLCZ whg 4S5 8R1gh $of ether
(500 mL)& ¥ 2A1zF wkskgle. £33 S silica gels ARE3te] o #gh
S 7+t 5313l column chromatography (EtOAc/hexane = 1 : 50) &=

=]
AA B FEAEWS oi14+e] Compound 5 (4.3 g, 86%)S Itk 'H NMR
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(CDCls, 300 MHz) §9.74 (s, 1H), 5.82 (dd, /= 17.7, 11.1 Hz, 1H), 5.14 (d, J
= 11.1 Hz, 1H), 5.00 (d, /= 17.7 Hz, 1H), 3.65 (d, /= 9.9 Hz, 2H), 3.59 (d, J
= 9.9 Hz, 2H), 2.48 (q, /= 6.9 Hz, 1H), 1.02 (d, /= 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.

(reD)-(3R and 3S,4S)-5,5'-Bis—(#-butyldimethylsilyloxymethyl)-4-met-
hyl-)-hepta—-1,6-dien-3-ol (6). Compound 5 (5.0 g, 12.9 mmol)<
THF (150 mL)el &3fstar -78 °CollA vinyl magnesium bromide (19.4

mL, 1.0 M solution in THF)& A3 7}ttt 2A17F S0 TLCE & =
Aol Atghdl RS &% Fo] ¥£3 NH,CI20mL)o.2 wes FH3 &
e ethyl acetate$} &= 2-33] FF38al F-7 MgSO.= =23 F o3},
et 53t 1 FAFE column chromatography (EtOAc/hexane = 1 @ 30)

o7 AAsle] FAFEHE oil’de] Compound 6 (4.6 g, 85%)S AU
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 (CDCls,
75 MHz) & 141.82, 140.96, 113.97, 113.68, 69.96, 64.51, 63.86, 48.67,
41.86, 25.85, 18.29, 6.94, -5.62.

(reD- (1R 5S5)-4,4'-Bis—(#-butyldimethylsilyloxymethyl)-5-methyl-cycl-
opent—2enol (7) and (re)-(1S,55)-4,4'-bis—(#-Butyldimethylsilyloxymeth-
yD)-5-methyl-cyclopent-2-enol (8). Compound 6 (3.2 g, 7.7 mmol)S
4 benzene (20 mL)ol &3t Aol A Grubbs' catalyst II (50 mg, 0.06
mmoD& Azl 7psdth. EEE 100 °C7HA @A 12417 refluxA Z ).
TLC®E ®Hk8 F2S F9lst 3o 7e-5=3tal column chromatography
(EtOAc/hexane = 1 : 20) o2 AAgte] FAEH3SE oilide] cyclopentenol

A 7 (2.1 g, 72%)9F 8 (208.0 mg, 7%)< ZHzt A9lrh. Compound 7;
NMR (CDCls, 300 MHz) & 5.80 (dd, /= 5.4, 1.8 Hz, 1H), 5.58 (d, /= 6.0 Hz,
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1H), 4.26 (m, 1H), 3.57-3.43 (m, 4H), 1.75 (m, 1H), 1.05 (d, /= 7.5 Hz, 3H),
0.84 (s, 9H), 0.82 (s, 9H), 0.03 (s, 6H), 0.01 (s, 6H); C NMR (CDCls, 75
MHz) & 136.19, 134.67, 84.37, 67.51, 63.78, 57.04, 47.95, 25.81, 18.41,
18.13, 13.16, -5.60. Compound 8; 'H NMR (CDCls, 300 MHz) & 6.04 (dd, J
= 5.4, 2.1 Hz, 1H), 5.73 (d, /= 6.0 Hz, 1H), 4.29-4.22 (m, 1H), 3.61 (d, /=
9.9 Hz, 1H), 3.50 (d, /= 10.2 Hz, 2H), 3.36 (d, /= 9.6 Hz, 1H), 1.80 (m, 1H),
1.01 (d, /= 7.5 Hz, 3H), 0.86 (s, 18H), 0.03 (s, 12H); °C NMR (CDCls, 75
MHz) & 137.39, 135.32, 77.24, 67.94, 63.05, 57.14, 42.70, 25.95, 25.80,
18.51, 18.17, 9.40, -5.57.
(re)-(1R,55)-1-Ethoxycarbonyloxy-4,4'-(#butyldimethylsilyloxymeth—
y)-5-methyl-cyclopent-2-ene (9). Compound 7 (2.0 g, 5.2 mmol)<S F
pyridine (10 mL)ol] &3f3ta2 O °Coll4] ethyl chloroformate (0.8 mlL, 5.6
mmol)< 7}gF o] DMAP (55 mg, 0.4 mmol)S Y1l 50 °ColA overnight
Al ZTh TLCE Whg T45 &R1g Fo 3} NaHCO3& (0.5 mL)2= yt
o AT WA toluenes Pl 2-33] 7t w53 Fo EtOAcet
52 2-33) F&3L ¢ MgSO2 A%, o3, A sFs9 . 1 AAE
column chromatography (EtOAc/hexane = 1 : 25) o& AA|sle] FAEH
3 syrup’de compound 9 (2.1 g, 88%) I}t 'H NMR (CDCls, 300
MHz) & 5.87 (dd, /= 5.7, 1.5 Hz, 1H), 5.80 (dd, /= 6.0, 1.2 Hz, 1H), 5.31
(dt, J=6.9, 1.5 Hz, 1H), 4.18 (q, /= 6.9 Hz, 2H), 3.62-3.43 (m, 4H), 2.04
(m, 1H), 1.30 (t, /= 6.9 Hz, 3H), 1.15 (d, /= 7.5 Hz, 3H), 0.88 (s, 18H), 0.02
(s, 12H); "C NMR (CDCls, 75 MHz) § 155.26, 139.25, 130.55, 90.07, 67.07,
63.70, 63.30, 56.90, 44.48, 25.88, 25.83, 18.25, 18.16, 14.29, 12.42, -5.59.
(rel)-(1'R,6°'S)-9-[4,4'-Bis-(#~butyldimethylsilyloxymethyl)-6—methyl-
cyclopent-2-en-1-yl] adenine (10). NaH (35.1 mg, 1.5 mmol)& ¥4
DMSO (5.0 mL)°l] &33ta adenine (201 mg, 1.47 mmol)S ¥ il 50-55

_18_



°Coll A 45%-3F wukakgith, & Wl flaskel ¥4 THF (56 mL)& Fatal A&
o 4] Pds(dba)sCHCls (34.5 mg, 18.8 mmoD)< o] &a|A]71 &, P(O-/~Pr)s
(0.7 mL, 1.6 mmol)& 7}stal 30E7F RFEFQITE th o] E5dS 3 HA
adenines ¥ flaskel 7}skaz Compound 9 (605 mg, 1.3 mmoD&
THF (6 mL)ol &3jAAA 3] 7hstlvh. ==& 100 °C7HA =2]aL
overnightA| Zith. TLCE &9 E4o] ARl A& &elgk & = G mb)= ¥

o] W55 FAAAY. T3dAS I FF3 1 FAME column  chromato—

|

graphy (MeOH/CH.Cl, = 1 : 15) o2 AA|dte] WA 13449 Compound
10 (242.0 mg, 33%)< ATt mp 172-175 °C; 'H NMR (CDCls, 300 MHz)
68.31 (s, 1H), 7.81 (s, 1H), 5.96 (d, /= 5.4 Hz, 1H), 5.82 (d, /= 5.4 Hz, 1H),
5.40 (d, /= 8.4 Hz, 1H), 3.63-3.54 (m, 4H), 2.25 (m, 1H), 1.11 (d, /= 6.9
Hz, 3H), 0.85 (s, 18H), 0.02 (s, 12H); **C NMR (CDCls, 75 MHz) & 155.66,
152.87, 150.34, 140.43, 138.71, 130.08, 119.54, 66.48, 65.92, 63.72, 57.35,
47.77, 25.81, 18.20, 12.08, -5.58.
(rel)-(1'R,6'S)-1-[4,4'-Bis-(#-butyldimethylsilyloxymethyl)-6-methyl-
cyclopent-2-en-1-yl] cytosine (11). NaH (35.1 mg, 1.5 mmoD<S %
DMSO (5.0 mL)oll &3fslal cytosine (164 mg, 1.47 mmol)S Y1l 50-55
°Coll A 4587 mukslgich. & Wl flaskel F4= THF (5 mL)& #3dta A2
ol A Pdy(dba)sCHCls (34.5 mg, 18.8 mmol)& Yol &A1 & P(O-/~Pr)s
(0.7 mL, 1.6 mmoD< 7}stal 30&%F nRksEGITE g o] EgAES 3 HA
adenines Y& flaskol] 7}8ta2 Compound 9 (605 mg, 1.3 mmol)E
THF (6 mL)ell &AAA 3] 7ttt &E& 100 C7bA =8 ar
overnightA| Zith. TLCE &9 E&o] ARl A& &elgk & = 6 mb)= ¥
of WS FAARY. EFHS A sFskaL 1 WARE column  chromato-
graphy (MeOH/CH.Cl; = 1 : 15) o2 AAsle] 4 34742l Compound
11 (214.0 mg, 29%)S Atk mp 171-173 °C; 'H NMR (CDCls, 300 MHz)
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57.70 (d, /= 7.2 Hz, 1H), 5.70 (d, /= 5.2 Hz, 1H), 5.61 (d, /= 7.2 Hz, 1H),
3.65-3.52 (m, 4H), 2.21 (m, 1H), 1.09 (d, /= 7.0 Hz, 3H), 0.84 (s, 18H), 0.03
(s, 12H); C NMR (CDCls, 75 MHz) &§ 165.40, 156.21, 145.34, 142.09,
137.81, 132.50, 84.12, 68.21, 64.55, 58.34, 48.78, 25.42, 18.12, 13.09,
-5.51.
(rel)-(1'R,6'S)-9-Bis—-[4,4'-(hydroxymethyl)-6-methyl-cyclopent-2-
en—-1-yl] adenine (12). Compound 10 (240 mg, 0.5 mmol)& < THF (10
mL)oll &3istar 0 °CellA TBAF (1.4 mL, 1.0 M solution in THF)S 7}gt

F, AedlA 147 magld. TLCZ e 49 318 Fol 7 53

N

al ZA}E column chromatography (MeOH/CHsCle = 1 @ 4) o2 AHA 35}
of WA A4 Compound 13 (97.0 mg, 74%)S AJqtt. mp 180-182 °C;
'H NMR (DMSO-ds, 300 MHz) & 8.10 (s, 1H), 7.17 (br s, 2H, D20
exchangeable), 5.92 (dd, /= 5.4, 1.8 Hz, 1H), 5.83 (dd, /= 6.0, 1.5 Hz, 1H),
5.26 (dd, /= 8.4, 1.5 Hz, 1H), 4.61 (br s, 1H, D20 exchangeable), 4.49 (br s,
1H, D20 exchangeable), 3.46-3.34 (m, 4H), 2.25 (m, 1H), 1.03 (d, /= 6.9 Hz,
3H); C NMR (DMSO-ds, 75 MHz) § 155.97, 152.37, 149.76, 139.49,
138.77, 130.50, 118.81, 66.06, 64.62, 62.15, 57.14, 46.58, 11.95.
(rel)-(1'R,6'S)-9-Bis—[4,4'-(hydroxymethyl)-6—methyl-cyclopent-2-
en-1-yl] cytosine (13). Compound 11 (210 mg, 0.5 mmol)< ¥< THF (10
mL)oll &3istar 0 °CellA TBAF (1.4 mL, 1.0 M solution in THF)& 7}gt

F, AL 107 wikselth, TLCE g $4 H1d Fol 29 s5al

N

al ZA}E column chromatography (MeOH/CHsCle = 1 @ 4) o2 AHA 5}
of WA A4 Compound 12 (93.0 mg, 79%)S AAJTt. mp 174-176 °C;
"H NMR (DMSO-d, 300 MHz) & 7.74 (d, J = 7.2 Hz, 1H), 7.12 (br d, 2H,
D20 exchangeable), 5.71 (br s, 1H), 5.62 (d, J= 7.2 Hz, 1H), 4.80 (br s, 2H,
D20 exchangeable), 3.67-3.58 (m, 4H), 2.14 (m, 1H), 1.12 (d, J = 6.8 Hz,
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3H); C NMR (DMSO-ds, 75 MHz) & 165.65, 155.89, 145.22, 143.17,
138.82, 132.51, 85.12, 68.88, 63.81, 58.12, 48.69, 13.11.
cis-4-(tert-Butyl-dimethyl-silanyloxy)-but-2-en-1-ol (14). =% =%
1,4-dihydroxy-2-butene (1.0 g, 11.25 mmol)< F3 CHyCly (80 mL)el| &3
3ol Ao A Imidazole (1.14 g, 16.87 mmol)= ¥ i -20 °CellA TBDMS-CI
(1.86 g, 12.37 mmol)& 5 CHzClz (20 m L)oll &3AAA X3 7}ebaL
oA 5AIZE wHksItE TLCR &% E4o] Alghdl & 3 Fo X
3} NaHCO3&9 (5 mL)o.Z ¥$& &
3] F&Folal F4 MgSO.2 Ax3 &
1:20) o2 AAste] FAEHE oil/d9l
Compound 14 (1.82 g, 80 %)& ¥tk 'H NMR (CDCls, 300 MHz) &
5.66-5.53 (m, 2H), 4.17 (dd, /= 5.1, 0.6 Hz, 2H), 4.10 (t, /= 5.1 Hz, 2H),
0.82 (s, 9H), 0.12 (s, 6H); '"C NMR (CDCl;, 75 MHz) & 131.30, 130.06,
59.58, 58.81, 25.94, 18.31, -5.25.

chromatography (EtOAc/hexane =

(£)-3-(tert-Butyl-dimethyl-silanyloxymethyl)-pent—-4-enoic acid ethyl
ester (15). Compound 14 (5.0 g, 24.7 mmol)< triethyl orthoacetate (150
mL)°ll €3|3}3L propionic acid (0.5 mL)S 7}3F &, chai se apporatus®l] 24
32l 140 °Col A overnightAl Zth TLCE wFS=24S olsl Fo 719t 5=
33l column chromatography (EtOAc/hexane = 1 : 40) o2 AHA|5}e] F-A

E 3 oil’d9] Compound 15 (5.92 g, 88%)% Al 'H NMR (CDCls, 300
MHz) & 5.76-5.64 (m, 1H), 5.08 (d, /= 14.7 Hz, 1H), 5.00 (d, /= 8.7 Hz,
1H), 4.07 (q, /= 7.2 Hz, 2H), 3.59 (dd, /= 9.9, 5.1 Hz, 1H), 3.46 (dd, /=
9.3, 6.6 Hz, 1H), 2.64 (m, 1H), 2.56 (dd, /= 15.0, 5.4 Hz, 1H), 2.26 (dd, /=
15.3, 8.4 Hz, 1H), 1.20 (t, J= 6.9 Hz, 3H), 0.84 (s, 9H), 0.02 (s, 6H);
NMR (CDCls, 75 MHz) 6§ 172.74, 138.17, 116.13, 65.68, 60.28, 42.71, 36.09,
25.88, 18.30, 14.26, -5.42.

_21_



(reD-(2S,3R)-3—(tert-Butyl-dimethyl-silanyloxymethyl)-2-methyl-pent
-4-enoic acid ethyl ester (16). Wl flaske] F< THF (30 mL)S F3slar -78
C7HA 2=E JEth -78 °CellA LIHMDS (6.35 mL, 1.0 M solution in
THF)< 7}8tar Compound 15 (863 mg, 3.17 mmol)S ¥4 THF (6 mL)l
=ox] HH3] droppingA AT -78 “ColA 303t wWHAlZAL EEE -10
C7HA &ela 1083 wdkshgih, Al 2525 -78 °C7h#] wiglal CHsl (674
mg, 4.75 mmol)& 3] droppingAl At IElal 225 3] 0 °C7HA
@3 o] 2% oA 1417 © wwketgith. TLCZ &% E-o] AgzCAS

=
skelst & 3 NH.,Cl (10 mL)o® w-ss ZAAAL. 3 HS ethyl
3 oq T+

l

acetate®} &8 2-33] FEFoFL F MgSO=2 X% ¥
71 FAFE column chromatography (EtOAc/hexane = 1 : 45) o= AA|slo]
FAEWE oilde] Compound 16 (658 mg, 72%)< €Ut 'H NMR (CDCls,
300 MHz) 6 5.62-5.54 (m, 1H), 5.07 (s, 1H), 5.02 (d, /= 9.0 Hz, 1H), 4.08
(q, /= 7.2 Hz, 2H), 3.58-3.52 (m, 2H), 2.66-2.54 (m, 2H), 1.19 (t, /= 7.2
Hz, 3H), 1.09 (d, /= 10.8 Hz, 3H), 0.86 (s, 9H), 0.03 (s, 61D; "C NMR
(CDCls, 75 MHz) & 176.14, 136.52, 117.56, 64.33, 60.15, 48.69, 39.47,
25.55, 18.35, 14.19, 13.51, -5.45.

(red)- (2S,3R)-3-(tert-Butyl-dimethyl-silanyloxymethyl)-2-methyl-pent
-4-en-1-o0l (17). Compound 16 (4.5 g, 15.7 mmol)S ¥ CH:Cl: (100mL)9l
|3 Al 7151 0 °Cell4] DIBALH (32.97 mL, 1.0 M solution in hexane)< 3
3] 718k % 0 °C oA 2A13F ket TLCZ wHe $2S Foldt 3 0 °C

o] Methanol (30 mL)& HH3| droppingAl7]a A0 2 HH3| x5t
IAE MEFAF . Magnetic bare] =& AL 3Q13d}al ethyl acetate (200
mL)& FaL Aol 2A1%F kg & ottt AR S AF sHeka 1

1:25 o= AAste] F
AMEMW S 6i1449] Compound 17 (3.72 g, 97%)S It} 'H NMR (CDCls, 300

ZAFE column chromatography (EtOAc/hexane =
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MHz) 6§ 5.66-5.54 (m, 2H), 5.03 (s, 1H), 4.99-4.96 (m, 1H), 3.63-3.42 (m,
4H), 2.16 (m, 1H), 1.75 (m, 1H), 0.84 (s, 9H), 0.81 (d, /= 5.1 Hz, 3H), 0.02
(s, 6H); "®C NMR (CDCls, 75 MHz) & 137.93, 116.71, 66.44, 65.19, 49.18,
37.18, 25.86, 18.25, 14.15, -5.52.

(rel)-(2S, 3R)-3—-(tert—-Butyl-dimethyl-silanyloxymethyl)-2-methyl-pent
-4-enal (18). Compound 17 (1.56 g,6.4 mmol)= F4= CH:Cl> (50mL)el] &3l
A 713 Ao A 4A MS (3.75 g)& Awy] ¥ 3 0 °ColA] PCC (3.45 g,
16.05 mmol)S 7}ata Aol 5A17F wwtelith, TLCZ Whe 48 ol
g T ether (500 mL)& ¥ 2413 wwtegict. E3NS silica gels At
g3lo] et F, 79t HF3kaL column chromatography (EtOAc/ hexane =
1 :40) o2 AAs] FAEHI 0ilAe] Compound 18 (1.3 g, 84%)S <
Atk 'H NMR (CDCls, 300 MHz) 6 9.61 (s, 1H), 5.62-5.50 (m, 1H), 5.07 (s,
1H), 5.05 (m, 1H), 3.66-3.48 (m, 2H), 2.65-2.50 (m, 2H), 0.99 (d, /= 6.9 Hz,
3H), 0.83 (s, 9H), 0.02 (s, 6H); *C NMR (CDCls, 75 MHz) & 204.56, 135.56,
117.92, 64.07, 47.18, 25.80, 18.22, 10.30, -5.61.

(re)-(3R and 3S,4S,5R)-5-(¢t-Butyldimethylsilyloxymethyl)-4-methyl-
hepta—1,6—-dien-3-ol (19). Compound 18 (4.0 g, 16.49 mmol)S 5 THF
(150 mL)e] &allstar -78 °CollA vinyl magnesium bromide (19.78 mL, 1.0
M solution in THF)Z %3] 7}elqint. 2413 $o] TLCE & &do] At}
AL e Fo £k NHCIEH(20mL) 22 ¥h&& FAs T 3 9Hs
ethyl acetate®} B2 2-33] F=E3laL ¥4 MgSO4= 71x3 & o3 79 &
=3lal 1 FHAFE column chromatography (EtOAc/hexane = 1 : 30) &2
AA B EAEE S 0il°49] Compound 19 (3.56 g, 80%)S Lt} 'H NMR
(CDCls, 300 MHz) 6 5.81-5.66 (m, 2H), 5.22-4.98 (m, 4H), 3.65-3.52 (m,
3H), 2.20 (m, 1H), 1.67 (m, 1H), 0.82 (s, 12H), 0.03 (s, 6H).

(reD)- (1R, 4S,5S)-4-(t+-Butyldimethylsilyloxymethyl)-5-methyl-cyclo-
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pent-2-enol (20) and (re)-(1S,4S,55)-4-(¢-Butyldimethylsilyloxymethyl)-5
-methyl-cyclopent-2-enol (21). Compound 19 (1.04 g, 3.85 mmol)<S <
benzene (10 mL)ol &3fstar 2ol A Grubbs' catalyst I (25 mg, 0.03
mmol)& Azl 715t 2525 100 °C7HA &AL 12A413F refluxAl # T,
TLC®E ®Hk8 FZ28& F9lst 3o 7e-5=3tal column chromatography
(EtOAc/hexane = 1 : 20) o2 AAgte] FAEHS oilide] cyclopentenol
XA 20 (635 mg, 70%)¢F 21 (82 mg, 9%)S Z+Z AUtk Compound 20:
"H NMR (CDCls, 300 MHz) &5.80 (dd, /= 5.7, 3.6 Hz, 1H), 5.64 (dd, /= 5.4,
2.4 Hz, 1H), 4.06 (d, /= 9.9 Hz, 1H), 3.57 (d, /= 3.9 Hz, 2H), 2.61 (d, J =
10.2 Hz, 1H), 2.26-2.21 (m, 1H), 1.78-1.71 (m, 1H), 1.02 (d, /= 7.5 Hz, 3H),
0.84 (s, 9H), 0.03 (s, 6H); C NMR (CDCls, 75 MHz) & 134.17, 134.06,
83.11, 64.50, 54.75, 44.98, 25.94, 19.20, 18.46, -5.51. Compound 21: 'H
NMR (CDCls, 300 MHz) & 6.10 (dt, /= 5.7, 2.4 Hz, 1H), 5.80 (dd, /= 5.7,
3.0 Hz, 1H), 4.25-4.18 (m, 1H), 3.59 (dd, /= 13.2, 2.4 Hz, 2H), 2.90 (d, /=
11.7 Hz, 1H), 2.59-2.54 (m, 1H), 2.28-2.19 (m, 1H), 1.07 (d, /= 7.5 Hz, 3H),
0.88 (s, 9H), 0.02 (s, 6H); ""C NMR (CDCls, 75 MHz) & 136.14, 135.35,
76.04, 60.22, 48.83, 39.06, 25.93, 18.49, 9.91, -5.56.

(reD- (1R 4S,5S)-1 -Ethoxycarbonyloxy —4-(#butyldimethylsilyloxymet-
hyl)-5-methyl-cyclopent-2-enol (22). Compound 20 (630 mg, 2.6 mmol)S
4= pyridine (5 mL)el| &&3taL 0 °Coll 4] ethyl chloroformate (0.4 mL, 2.8
mmol)S 7}gk o] DMAP (28 mg, 0.2 mmol)S Yil 50 °ColA overnight
Azt TLC® Rbg F4S 21k Fo x3t NaHCOz &< (0.3 mL)o.= yk
= TIAIZAT. BEE el toluenes ¥l 2-33] Y w53 Fol EtOAcst
B2 2-33] FE3F3 5 MgSOs2 Ax, o3, 3% w588tk 1 dAME
column chromatography (EtOAc/hexane = 1 : 30) &% Ax|3}e] FANEH

3 syrup’d9] Compound 22 (662 mg, 81%) A%tk 'H NMR (CDCls, 300
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MHz) 65.94 (dd, /= 6.0, 2.1 Hz, 1H), 5.87 (d, /= 6.0 Hz, 1H), 5.25 (d, /=
5.1 Hz, 1H), 4.17 (q, /= 6.9 Hz, 2H), 3.59 (d, /= 5.4 Hz, 2H), 2.89-2.82 (m,
1H), 2.42-2.30 (m, 1H), 1.30 (t, /= 6.9 Hz, 3H), 1.10 (d, /= 7.5 Hz, 3H),
0.85 (s, 9H), 0.02 (s, 6H); "C NMR (CDCls, 75 MHz) & 155.26, 138.32,
130.27, 89.93, 63.65, 62.12, 40.63, 25.79, 18.11, 14.25, 12.92, -5.53.
(re)-(1'R,5'S,6'S)-9-[4—(tert—-Butyldimethylsilyloxymethyl)-6-methyl-
cyclopent-2-en-1-yl] adenine (23). NaH (35.1 mg, 1.5 mmol)& ¥4
DMSO (5.0 mL)el &3}3til adenine (201 mg, 1.47 mmoD< ¥ il 50-55
°Coll Al 45%-3F mukatgith. g Wl flaskell ¥4 THF (56 mL)& Fatal &
ol ] Pdy(dba)sCHCls (34.5 mg, 18.8 mmol)& Yol &A1 & P(O-/~Pr)s
(0.7 mL, 1.6 mmoD< 7}kl 30&%F nRksFGITh g o] EgAE 3 HA
adenines ¥ flasko] 7}sta2 Compound 22 (408.8 mg, 1.3 mmol)& F<F
THF (6 mLD)el &siAAA M3 7hegiv. 225 100 °C7bA] &2
overnightA|Z1th. TLCE &% =do] Alehxl Zl& gRldt ¥, & 6 mL)S ¥
of WS TAANZY. A Y s5staL L HAFE column  chromato-
graphy (MeOH/CH.Cl; = 1 : 15) o2 HA3te] #MA w442 Compound
23 (182 mg, 39%)< ¥tk 'H NMR (CDCls, 300 MHz) & 8.30 (s, 1H), 7.74
(s, 1H), 5.86-5.65 (m, 1H), 5.29 (m, 1H), 5.65 (br s, 2H), 5.29 (m, 1H), 3.65
(dd, /= 5.1, 2.7 Hz, 2H), 2.93 (m, 1H), 2.46 (dd, /= 15.0, 7.8 Hz, 1H), 1.13
(d, /= 7.2 Hz, 3H), 0.84 (s, 9H), 0.02 (s, 6H); C NMR (CDCls, 75 MHz) &
155.28, 152.83, 138.95, 138.48, 130.23, 122.92, 66.70, 62.29, 49.77, 44.42,
25.80, 18.15, 13.10, -5.58.
(re)-(1'R,5'S,6'S)-9-[4-(tert-Butyldimethylsilyloxymethyl)-6-methyl-
cyclopent-2-en-1-yl] cytosine (24). NaH (35.1 mg, 1.5 mmoD<S <
DMSO (5.0 mL)el &3l3lal cytosine (163 mg, 1.47 mmol)<

931 50-55
°Coll A 4587 wvbalgdt), a3 Wl flaskel] ¥4 THF (5 mL)& Hsta A&
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ol ] Pdy(dba)sCHCls (34.5 mg, 18.8 mmol)& Yol &A1 & P(O-/~Pr)s
(0.7 mL, 1.6 mmol)& 7}stal 30E7F nRFEFSITE th o] E§dS 3 HA
adenines ¥ flasko] 7}sta2 Compound 22 (408.8 mg, 1.3 mmol)& F<F
THF (6 mL)ol E3AAA HHS 78Rt 255 100 °C7HA] &8l
overnightA | k. TLCE =% =do] A & AU F & G mb<= ¥
of W& TAANZY. NS A sFstaL 1 FHAFE column  chromato-
graphy (MeOH/CH.Cl; = 1 : 15) o2 AAsle] 4 34742l Compound
24 (152 mg, 30%)<& ¥9lek. 'H NMR (CDCls, 300 MHz) 6 7.96 (d, J = 6.2
Hz, 1H), 6.11 (d, /= 6.2 Hz, 1H), 5.90 (dd, /= 7.2, 2.7 Hz, 1H), 5.81 (d, /=
4.5 Hz, 1H), 5.30 (m, 1H), 3.59 (dd, /= 13.2, 4.5 Hz, 2H), 2.71 (m, 1H), 2.34
(m, 1H), 1.07 (d, /= 7.1 Hz, 3H), 0.85 (s, 9H), 0.02 (s, 6H); *C NMR (CDCls,
75 MHz) & 165.63, 164.54, 156.23, 136.34, 135.12, 100.21, 61.23, 48.34,
44.56, 38.67, 25.56, 18.13, 13.12, -5.54.
(re)-(1'R.5'S,6'S)-9-[4-(Hydroxymethyl)-6-methyl-cyclopent-2-en-1
-yl] adenine (25). Compound 23 (89.8 mg, 0.25 mmol)< < THF (5 mL)el
S35tz 0 °CollA TBAF (0.38 mL, 1.0 M solution in THF)S 7}3+ & 4
2ol A 1A aEbeklty, TLCZ Wb $45 &g Fo Y sFekal 1
ZAFE column chromatography (MeOH/CHsCle = 1 @ 6) &2 A || 3fe] WA
A4l Compound 25 (48.4 mg, 79%)& €k mp 183-185 °C; 'H
NMR (DMSO-ds, 300 MHz) & 7.63 (s, 1H), 7.55 (s, 1H), 6.70 (br s, 2H, D20
exchangeable), 5.64 (dd, /= 5.4, 2.7 Hz, 1H), 5.40 (m, 1H), 5.26 (dd, /= 8.4,
1.5 Hz, 1H), 4.75 (m, 1H), 4.10 (br s, 1H, D20 exchangeable), 3.01 (m, 2H),
2.40 (m, 1H), 2.05 (m, 1H), 0.58 (d, /= 7.2 Hz, 3H); *C NMR (DMSO-ds, 75
MHz) & 155.99, 152.40, 149.68, 139.01, 137.90, 130.45, 119.01, 66.13,
60.40, 49.39, 43.12, 13.11.
(re)-(1'R5'S,6'S)-9-[4-(Hydroxymethyl)-6-methyl-cyclopent—-2-en-1
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-yl] cytosine (26). Compound 24 (81.8 mg, 0.25 mmol)<S ¥4 THF (5 mL)el
318t 0 °Coll4] TBAF (0.38 mL, 1.0 M solution in THF)S 7}3F &, 4+

2ol 1AZE kit TLCE kg 4S5 &Rlg Fo 2% 553t

Kl
N

ZHAFE column chromatography (MeOH/CHsCly = 1 @ 6) o2 A A|ste] A
T2l Compound 26 (42.4 mg, 76%)S AAT}t. mp 165-167 °C; 'H
NMR (DMSO-ds, 300 MHz) & 8.01 (d, /= 5.8 Hz, 1H), 6.05 (d, /= 5.8 Hz,
1H), 5.91 (dd, /= 5.6, 2.4 Hz, 1H), 5.79 (d, /= 5.5 Hz, 1H), 5.25 (d, /= 5.7
Hz, 1H), 3.51 (dd, /= 13.8, 4.7 Hz, 2H), 2.69 (m, 1H), 2.32(m, 1H), 1.09 (d, J
= 6.9 Hz, 3H); C NMR (DMSO-ds, 75 MHz) & 165.78, 164.51, 155.76,
136.32, 135.11, 99.78, 60.78, 48.65, 43.56, 39.45, 13.10.
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