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2ol ethyl 287]& 7}Zl  carbocyclic nucleoside® 34 3F
i kg E HAstarzt stk Carbocyclic nucleosidew™ &3t F&8E 7FAa 9]
o] gutolelx e Rl Wol] o] & Utk B AT BAsE IFES
FAstaA AdHow A A4 FE + A= glycolic acidE =L EHA=E gt T
Q WSF7E 22 Weinreb amideE #4391 t}h. Nucleophile® 283} ethyl
magnesium bromide® HYgHo=z HA F& 5 oW carbonyl addition,
Claisen rearrangement, ring—closing metathesis (RCM), Trost allylic alkylation

¢ Fo AYWoR FEHe] A FFBL PYFA Ak

il



Ac : Acetyl

AdoHcy : S—adenosyl-L-homocysteine
AIDS : Acquired immunodeficiency syndrome
AZT : 3'-Azido thymidine

d4T : 2',3'-Didehydro-3'-deoxy thymidine
DCC : 1,3-Dicyclohexylcarbodiimide

ddl : 2',3’-Dideoxy inosine

DIBAL-H : Diisobutylaluminum hydride
DMAP : 4-(Dimethylamino)pyridine

DMF : N,N-Dimethyl formamide

DMSO : Dimethyl sulfoxide

FDA : Food and drug administration
HBV : Hepatitis B virus

HIV : Human immunodeficiency virus
HSV : Herpes simplex virus

PCC : Pyridinium chlorochromate

RCM : Ring-closing metathesis

SAM : S-adenosylmethionine

TBAF : Tetrabutylammonium fluoride
TBDMSCI : tert-Butyldimethylsilyl chloride
TEA : Triethylamine

TMS : Tetramethylsilane

THEF : Tetrahydrofuran

TLC : Thin layer chromatography



Au) A

Viruse core7t 7k = 4be] F 7] wel DNA virus$t RNA virus7b 1o™
DNA virus7} 2 Al7]+= AW o 2= upper respiratory infections, herpes’ 7
A 43 chicken pox¢} small pox &°] 3L, RNA virusZ+ arbo viruses, myxo
viruses, picorna viruses, rhino viruses 7} QS FZ encephalitis (3 9),
gastroenteritis, influenza, measles, meningitis (39 <), mumps, pericarditis (213
o), pleurodynia, poliomyelitis, rabies 52 AHS oo 7t}

Human immundodeficiency virus(HIV)E ADIS Z® el whal dolelth'. ADIS
= WY AdtS 2AdsE T4+AI 2] CDA+EAE FEAZ 3o AXU= &
o7} 71AqstaL ol AEES FAFOoRA WY 7ol HWHog AstE= 4
Holt}b”’ BY 119S B 114 nlel@~MHBV)Q #del os dojup= npolelx
4 Adoelth, 28 BY g AR o] shEslA R AR F7kel X9
Ae BAAA, B4 FAR Qe e WAl HEFE, BY 19 Wl v A
AAl 2 10~20%° 3= non-responders o= <13 <
stal 7] wimel EHAQl BE 1 A EA9 Jfde] 8FEHIL T

niol e =9 AA|7F HAp gra o] wet W TR ulolel s FtEEo] A
dE ok AZT'E A% 2 FDA $9< 2 ADIS A
= Wop QJAHoE AMEH L 7
nucleoside FE F =40 AY 2 Aoz WAt L-FdAC’= dx4 2l
3l HBV nucleoside XA o]t} 4'-Ethynyl-d4T+ &2 3ddlolg|~ ¢Fa7) vt
B Aow 1 HYry.

a2y o]d Fulolel Aol HAYH pgg%Me] ZEFe| whel nucleosideR
9] o] &= E AIAZIY E3F] ddIY #S glycoside bondE 7}2 nucleosidi 3}
FES FEHANA EQrAst™ F4d stshA Wol A Agto] lth shARE R
Felweze A7t @aZ X8EH carbocyclic nucleosideR® e FRAOZ <A
¥ ZAgtolt}. o]¥l 33+E F carbovir, aristeromycin, 2’'-ara-fluoro-guanosine, %
carbocyclic nucleoside® = HSVel s =& dnlo]lzx A4S 71X Yt}

(Figure 1).



ddl L-Fd4C 4’-Ethynyl-d4T
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Carbovir Aristeromycin 2 -ara-fluoro-guanosine

Figure 1. nucleoside with anti—-HIV activity

a.

Z o carbocyclic nucleoside® ol Wt A2 =9 /Mt E2 5071
ATt ZFoAME 4 Ao oy 7FA] X FA|E 7FR carbocyclic nucleosidefr <]
AESHY TS dFes T Aoz dEA Jdu B dFoME  vloly X
e wola FRE TV AE F USE 7] 47 A ethyl AFAE 7}

=
Z carbocyclic nucleosideES &4l starz} sk}
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Carbocyclic nucleoside®] thet d+= L AFE 223 AP o). 53
d Fx2E £33 A= carbocyclic nucleoside 3gFEE©] AIDSS] ¥ €<l
HIV-virusel dial] A&z a2 585 7= Aoz delA] olE sgese
FaAol ge sy zm dut’ FAAdA WA= carbocyclic nucleoside 33
EES Prfolel 2o AESH FAEE JHIvE Ao LA gow HT £

= sttEEol HIV-virusel A"l A4 9&& dvh= Aol dHAHA

= FF=s T2AHS 545 o8 FAE WE Ayt s 13y H

ST
T

o

[e5

AIDS A &A AZT7F 29 o|F=2 Atgts2 a7l f i 540 ¢ ¥
OFE S Fed B AL Zod Qu o2 A sugar F-Eoll o 7FA] X EHA)
g =9 ste Aol Aol = Fufolyl A2 H 7t = Hh 4'-Cyanothymidine

4 1o = E 717 nucleosided] B2 #Alo] HFH I
A= ol wWf =& o, Fvtelglx ZHE U RS ALY EATE
olth, H ol 4'-vinyl-d4T 37 9 2L 4" YA A#V|7H F5tEe] AF A
T7F AFE ATk 150 4’ -ethynyl-d4T 4, 4'-ethynyl-4'~thio d4T 57 HIV-1
of sl =2 Fnlolel= E37E d= Aow yEekwt. (Figure 2). 12y ol
eSS x4 GHS 7FR 3 9t} 4’'-Ribofuranosyl nucleoside®] -zl A

B2 S+ 9l%0] furane ring® AFA 9] nonpair®] electron donating effect ™ &-oj 4’

A =dE F e X3V 7F 53] AsdE T (Figure 3).
HolE sugar HFES #HIAI)E B A3t AHAT. Carboeyclic
nucleoside®] cyclopentanei= furanose H-#° % & 4 3t} oldl {3 diEE

stbE2 A4 =34 activitys YERHH 53] &<, Fntolel 2~ ststay o
Ao A ¥ antiviral activityE 7FA| 22 Q. dWHA © 2 carbocyclic nucleoside:
furanose nucleoside® .t} 8 Holl A ] A3}, ©] -2 carbocyclic nucleoside™
B2 729 glycosidic bondE 7FA3 YA Lo Z nucleoside?] 7HEF §4
9l phosphorylasedl thsle] s}etx o=z <kgst Exptzxo|t), o] EAHL A=
gdo] =2 FES dsted & =wol Hu

0]
= O AR
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OH OH
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O \ﬁi NH,
NH N
HO \Of:/lto HO Sl Nko HOj </N lN\/)N
4 5 16

Figure 2. Rationale to the design of target nucleoside

HO Base

X
OH

Figure 3. 4'-Substituted riofuranosyl nucleoside

Carbocyclic nucleosidest= A A|¥E E421 AdoHcy (S-adenosyl-L-homocysteine
hydrolase)& Adjate] of& 7kA FaE vetle Aoz dejd U o] a4E
SAM (S-adenosylmethionine) 2]¥£4 methylationS Z4d3}% AdoHeyE 7194
© & adenoside® homocysteine® 0.2 71453 A7|=d Zu 98-S s 1y
o2 AdoHey’} &9 #4S A&stA 5™ AdoMet-dependent methylation'””

gbg-oll 71ole] SAMe z4dsh=d v Fastth 23422 AdoHey thAtE A
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@l a1 o]ojA mRNAS AsAl7l=dH RFEA] 83 §4:2 methyl transfer—
asesE JAAIZD o2 mRNA AAS T3t AdoHey SAAE HE s

Frtolg 224 el old HM7tU S wad Aol =9 e &4 vty
& B45 3 HE&afd d7F 7ol il

ol'l &w 2 wWIYFEI carbocyclic nucleoside®] @n}o]
2 2 AFdAME gt oz QFA-S carbocyclic nucleoside®] F+x&¢F &F3
BE 7Hx 47 f1A 9 A 371E 7FZ nucleoside®] TERE AE H

ethyl 2 3+7]2 7} AlF carbocyclic nucleosideE A dtal dulolel~ oFa s

0 #4e BHo

JFj
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2d43 2 nF

Schem 194 ¥ A3} Zo] hydroxy-acetic acidE® T EZE 3} ethanol®
esters} AlAA ester 18 &3t th. TBDMSCIZ imidazoles AF&3te] ester 1
=H5E 3gtE 28 AR A stekE 25 Ve AAA acid 35 S8
9th. DCC, N,0-dimethylhydroxylamine hydrochloride, DMAPE A}-&3}o]
Weinreb amide” 42 @4 P 3T} Weinreb amide 49 ethyl magnesium bromide

Z A ko 2 Grignard ¥H¢7S Faste] 338 52 AT

HO i HO ii PO
e o e Py

HO EtO EtO

Hydroxy-acetic acid 1 2

PO v PO _>: iV PO
Do . >
) 4

lvi
(0]

Schem 1. Reagents: i) ¢-H,S0,, EtOH, 80C over night; ii) TBDMSCI, imidazole, 0C,
1h; ii) KOH, EtOH, rt, 1h; iv) DCC, N,O-dimethylhydroxylamine
hydrochloride, DMAP, rt, overnight; v) ethyl magnesium bromide, THF, 0C,
4h; vi) NaH, triethylphosphonoacetate, 1h; vii) DIBAL-H, CH,CI,, 0C, 1h;

viii) triethylorthoacetate, propionic acid, 140°C, overnight.
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NaH, triethylorthoacetateS A}-83}o] aB-unsaturated ester 6= A3t 0
TolA DIBAL-HZ #]3}lo] ester 6225 E alcohol derivative 72 ¥4 &1t}
712] 3 Claisen rearrangement™ ‘2 ©]43}o] Y ,§-unsaturated ester 82 434
t}. Ester 85 < CHaCloll &31A1%1 5 0 CelA DIBAL-H= #2384 alcohol

derivative 95 43t A4S 3= 95 PCCE oxidationdte] aldehyde 10
[e]

S stAslgdtl. Aldehyde 109] vinyl magnesium bromidesS Al ¢FS & Grignard
S-S 33ty 813 E 112 A8
O
PO i PO i PO \
OEt OH _O
8 9 10
| _P=TBDMS | Jm
1
OH
PO 0CO ,Et v PO R1 v PO
= j@RZ =
14 12: R;=OH, R ,=H 11
13: R41=H, R ,=0OH
lvi
NH NH
N NN N X
N N
< I ) < I
PO:] N~y vii HO:J N~y
15 16

Schem 2. Reagents: i) DIBAL-H, MC, 0C, 1h; ii) PCC, 4AMS, CH,Cl,, 0C, 4h; iii)
vinyl magnesium bromide, THF, -78C, 2h; iv) Grubbs’ catalyst II, CH,ClI,,
60C, overnight; v) ethyl chloroformate, DMAP, pyridine, 60C, overnight vi)
adenine, NaH, Pd,(dba);CHCl;, P(O-i-Pr);, THF/DMSO, 100°C, overnight;
vii) TBAF, THF, rt, 1h.



Ring-closing metathesis (RCM) ¥+ =al3}7] 314 Grubbs' catalyst II
[(Im)CI,PCysRuCHPh]®?" S A}23}4]  cyclopentenol 129} 13<  gA 3t
cyclopentenol 12¢ adenines %37l 9134 WA cyclopentenol 125 ethyl
chloroformate®t Zvj#e] DMAPCS 2 ¥HH$-Al# ethoxycarbonyl derivative 14=
st sttt 28l 3 E 149 NaH/DMSOA ¢fe 2 2 &3 adenine® Pd,(dba)
»CHCL™ 2 P(O-i-Pr);& Ao ® 3% 158 F4stgrh vlx o2 TBAF
2 A8t HF nucleoside 162 435 THSchem 2). /33 nucleoside 169

ek Fupolel s of R HAS S EAI T2 Fa= HolA I



Al &
=

)
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AleF @ 717] - & Ao ALEH AleFE2 Aldrich jit, Sigma jit, Tokyo Kasei
iit, & Fluka jit oA FY3 EF3 dFA S AFELH 21 silica gel  (230-400
mesh)> MerckAlF A& AHESE L, &= daol wel A A st /\}9“5}03‘4.
Thin layer chromatography (TLC)E Kieselgel F4(0.25 mm)E HlE FE#S #
g} o] &3l e TLC spot= AFL] A #E UVGL-58% Anisaldehyde, KMnOy 41
AleFS ALE ST 83 =4S Gallen-Kamp melting  point apparatuss AF&3}
gom olo o3 HAL 3% &Art. NMR spectrar tetramethylsilane (TMS)S
Ui EFE4E st FT-300 MHzE AH&-3kitt.

Hydroxyl-acetic acid ethyl ester (1). Hydroxy-acetic acid (20 g, 0.2630
mol)E& EtOH (120 mDel &332 c-H,SO, (52 mD& 7Fgk £, 80TelA
overnight\] At TLCE W&F2S &3 F % s538taL EtOAcst =2 +
=%kl ¢ MgSO,= Ax% o3, St =
chromatography (EtOAc/hexane = 1 :1)& A A|3}o] oil’d9 compound 1 (153 g,
56%)= A AUATH

(tert-Butyldimethylsilanyloxy)—acetic acid ethyl ester (2). Compound 1
(154 g, 015 mo)S F4 CH:Cl: (120 mDeol &3&]3tal imidazole (30.3 g, 0.45
mol) S Azl Yolck 0CAA TBDMSCI (245 g, 0.16 moD)<S 33 7tk 5

B

o

_1‘

_.101,
B

3t 2 ZHAFE column

Ay

Ao A 3AZF wukslith TLCE w22 S &<l3t & 74 s=sla &3
S ethyl acetate?} &= 2-33] F&3t1 4 MgSO42 AZX3 & o3 74t &

=38l3 1 FAFE column chromatography (EtOAc/hexa-
ne =1:10) 22 AA] FAEHI o0il49 compound 2 (30.7 g, 95%)S A
2t '"H NMR (CDCl;, 300MHz) § 4.12 (s, 2H), 4.10 (d, J=6.9, 2H), 1.19 (d,
J=75 Hz, 3H), 0.81 (s, 9H), 0.01 (s, 6H); “C NMR (CDCls;, 75MHz) § 171.69,
61.80, 60.6, 25.69, 18.35, 14.12, -5.50.

(tert-Butyldimethylsilanyloxy)—acetic acid (3). Compound 2 (7.9 g, 36.0
mmol)S F EtOH (65 mDel €33t KOH 85% (3.1 g, 4.7 mmol)S EtOH (5
mbDoll oA HZs] Frhgnt. Aol A 1A wRketdt TLCE W 4ds &

_9_



213k & &3NS ethyl acetate®t EE 2-33] %31 =S IN HCIE M43}
(PH = 3~4)A#t}. Ethyl acetate$} 2 2-33]
2 Azxs ¥ A3, 7Y% FFsa I FAFE column  chromatography
(EtOAc/hexa-

ne =1:1) o= HAASS FAFEHI 0l compound 3 (4.8 g, 70%)S AU
t}. '"H NMR (CDCls, 300MHz) § 5.01 (s, 1H), 391 (s, 2H), 0.67 (s, 9H), 0.18
(s, 6H); »C NMR (CDCls, 75MHz) § 171.91, 64.60, 25.72, 18.357, -5.52.

2- (tert-Butyldimethylsilanyloxy)-N-methoxy —-N-methyl-acetamide (4).
Compound 3 (40 g, 181 mmol)S F CHxXClz (40 mbDel &3fstx
N,O-dimethyl hydroxylamide hydrochloride (2.1 g, 21.5 mmol), DMAP (04 g,
36 mmol), TEA (3.0 ml, 21.7 mmoDE HF7}st}t 0TCelA DCC (45 g, 21.7
mmol)= e 7Fgk 3 Ao A overnight AZth TLCZ WeEsZ2S @23l
5 oA, Y wFen EF
MgSO,2 A%3% ¥ o3, 7 %233 1 ZAE column chromatography
(EtOAc/hexane = 1 @ 5) o2 AHAst] FAHEFS il compound 4 (22 g,
52%)5 «Ath. 'H NMR (CDCl,, 300MHz) & 4.30 (s, 1H), 355 (s, 3H), 3.05
(s, 3H), 0.80 (s, 9H), 0.19 (s, 6H); “*C NMR (CDCls, 75MHz) § 171.63, 60.56,
52.63, 31.67, 25.02, 17.72, -5.75.

1-(tert-Butyldimethylsilanyloxy)-butan-2-one (5). Compound 4 (5.1 g,
217 mmol)S < THF| &332 0Tl A vinyl magnesium bromide (32.6
mL, 1.0 M solution in THF)& 33| 7}stal 0CAlA] 4413F wxteldoh. TLCE
WSEAS gle & 3t NHyCl 33mL)o 2 ¥b&& TZAAt. EFHS ethyl
acetate®} &= 2-33] FE3tal F4 MgSO2 A7 F o3, e w58 1
ZHA}E column chromatography (EtOAc/hexane = 1 @ 5) o2 AGA|sle] FAFEH
3 oilde] compound 5 (3.8 g, 87%)= ¥Atk. 'H NMR (CDCl;, 300MHz) &
4.04 (d, J=6.9 Hz, 2H), 2.45 (dd, J=14.7 7.2 Hz, 2H), 0.97 (t, J=7.5 Hz, 3H), 0.83
(s, 9H), 0.01 (s, 6H); "C NMR (CDCl;, 75MHz) & 21.79, 68.10, 60.34, 25.71,
18.71, 14.25, -5.59.

3-(tert-Butyldimethylsilanyloxymethyl)-pent-2-enoic acid ethyl ester

o

ol
_OL
fd
Ho
)
ol
o
-
N
=
e}
0p!
o

-

A
o 1l
=z S ethyl acetate®} E=2 2-33] F=3a FF
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(6). NaH (09 g, 21.7 mmoDE HF< THF (60 ml) o dEAHY. 0TAA
triethylphosphonoacetate (4.3 ml, 21.7 mmol)E& 3] ¥ 30E7F
2 2% compound 5 (3.7 g, 181 mmol)E HH3] Wi Ao 1A
ekt TLCE RESEZAS Qg 4 7 55
o B2 2-33] FEFL 7 MgSO.2 Axe ¥ o3, 4% v5352 1
column chromatography (EtOAc/hexane = 1 : 30) &2 AA|ste] FAEFEHE oil
el compound 6 (4.7 g, 96%)S LAt} Cis/trans EFEZ4: 'H NMR (CDCI
3, 300MHz) § 585 (s, 1H), 4.08 (d, J=5.7 Hz, 2H), 4.04 (s, 1H), 2.45 (q, J=7.5
Hz, 2H), 1.22 (t, J=6.6 Hz, 3H), 1.02 (t, /=6.3 Hz, 3H), 0.83 (s, 9H), 0.04 (s,
6H); "C NMR (CDCl;, 75MHz) & 211.85, 130.86, 112.72, 65.43, 59.54, 25.75,
22.61, 18.37, 13.36, 7.18, —-5.54.

(E) and (Z)-3-(tert-Butyldimethylsilanyloxymethyl)-pent-2-en—1-ol (7).
Compound 6 (49 g, 180 mmoD)S F5 CH:Cl: (60mL)°l &34 7]3'_ 0Tl A

DIBAL-H (37.8 mL, 1.0 M solution in hexane)& 3| 713 & e Lo A]
2A1ZF wRHEslY T TLCE Hbg T4S &3 & 0T A methanol (40 mL)<

A3 droppingAl 711 Aoz 23 “o}i]aoi 15 AEFAZ . Magnetic
bare] =+ AS F2Islal ethyl acetate (300 mL)S Wi AF-2oA 2A17F wHHet
T oAt RS A FFs I FHAFE column  chromatography
(EtOAc/hexane = 1 : 10) &2 AA st FAEWSE oil4e] compound 7 (3.8 g,
91%)% 4t} Cis/trans £3E=4: 'H NMR (CDCl;, 300MHz) § 5.48 (d,
J=6.9 Hz, 1H), 4.10 (d, J=10.2 Hz, 4H), 0.96 (t, J=3 Hz), 2.01 (dd, J=14.7 2H),
0.97 (t, J=7.5 Hz, 3H), 0.83 (s, 9H), 0.01 (s, 6H).
(+£)-3-(tert-Butyldimethylsilanyloxymethyl)-3-ethyl-pent-4-enoic  acid
ethyl ester (8). Compound 7 (3.1 g, 13.6 mmol)< triethyl orthoacetate (30
mL)ol| £3)3l3. propionic acid (1.0 mL)S 7}3F &, Claisen apparatus®] <123}
I 140Cel A overnightrA| Attt TLCE wrSEZ2S 313 Zo 7t &=
column chromatography (EtOAc/hexane = 1 : 20) &2 AAste] FAEHS oil
el compound 8 (35 g, 86%)S 4tk 'H NMR (CDCl;, 300MHz) & 7.20
(dd, J=14.1, 7.5 Hz, 1H), 459 (q, J=6.9 Hz, 2H), 2.29(dd, /=15.0, 7.5 Hz, 2H),

_11_



2.04(q, J=75 2H), 1.09 (t, J=75 3H), 096 (t, J=7.5 3H), 0.84 (s, 9H), 0.01 (s,
6H). ®C NMR (CDCl;, 75MHz) & 174.44, 146.29, 11861, 65.52, 60.60, 27.57,
25.84, 21.18, 18.35, 13.62, 9.10, -5.42.

(+)-3—(tert-Butyldimethylsilanyloxymethyl)-3—-ethyl-pent—-4-en—-1-0l (9).
Compound 8 (3.3 g, 11.0 mmol)& < CH:Cl: (30mL)el |3A17]32 0Tl A
DIBAL-H (23.1 mL, 1.0 M solution in hexane)S 3] 7}3F & & 2o A
2A 7 wdksiglth, TLCE ¥ T24S &ld ¥ 0TolA methanol (25 mL)<
A3 droppingAl 711 Aoz 23 “o}i]aoi 15 AEFAZ . Magnetic
bare] =+ AS #F2Islal ethyl acetate (300 mL)S Wi A-2oA 2A17F wHket
T oAt RS A} FFs I FAFE column  chromatography
(EtOAc/hexane = 1 : 10) &2 AHA o] FAMEH S oilde] compound 9 (25 g,
89%)=2 <Atk 'H NMR (CDCl,, 300MHz) & 557 (q, J=4.6 Hz, 2H), 548 (dd,
J=132, 6.6 Hz, 2H), 4.11 (d, J=9.6 Hz, 1H) 4.01 (s, 1H), 1.98 (q, J=7.5 Hz,
2H), 098 (t, J=7.2 Hz, 3H), 0.84 (s, 9H), 0.04 (s, 6H); "C NMR (CDCl;,
75MHz) & 143.86, 122.377, 65.69, 61.29, 27.77, 25.82, 21.04, 18.34, 13.72, 12.36,
-5.42.

(+)-3—-(tert-Butyldimethylsilanyloxymethyl)-3—-ethyl-pent-4-enal  (10).
Compound 9 (1.8 g, 7.1 mmol)E F CH:Cl: (30mL)°l| 83jA|7]aL Ao A 4
A MS (24 g)& Az 9 F 0ColA PCC (38 g, 17.8 mmol)= 7}star 7
NA 4AIZE wRkE T TLCE ¥hg T4& &<1g Fo ether (500 mL)< %
2A1ZF kst EekelS silica gel% A&t o akgt $ A% w53
column chromatography (EtOAc/hexane = 1 : 50) &2 AA|3to] FAMEHITE of
el compound 10 (1.6 g, 86%)S <Attt 'H NMR (CDCl;, 300MHz) & 9.99
(t, J=8.4 Hz, 1H), 0.67 (d, Jj=2.1 Hz, 2H), 4.15 (s, 2H), 2.45 (t, J=7.5 Hz, 2H),
2.08 (q, J=5.4 Hz, 2H), 0.83 (s, 9H), 0.04 (s, 6H); "*C NMR (CDCl;, 75MHz) §
196.73, 170.54, 123.54, 68.21, 46.88, 25.82, 21.04, 18.32, 13.38, 12.33, -5.50.

(#)-5—-(tert-Butyldimethylsilanyloxymethyl)-5-ethyl-hepta—1,6-dien—-3-ol
(11). Compound 10 (1.4 g, 53 mmol)= < THF (20 mL)e| &3star -78 C
ol 4 vinyl magnesium bromide (5.8 mL, 1.0 M solution in THF)& %3] 713}

ﬂo

ol
(SR

—_
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Atk 2A1ZE Fol TLCE &% 4o A As &I Fol ¥3 NHCI

85%)<S 92Ut} Diastereomeric mixture &4 'H NMR (CDCl;, 300MHz) &
5.84-5.73 (m, 1H), 560-550 (m, 1H), 518-4.85 (m, 4H), 4.15 (s, 1H), 3.92 (d,
J=2.1 Hz, 1H), 3.46 (s, 2H), 1.67-1.28 (m, 4H), 0.81 (s, 9H), 0.69 (d, J=7.2 Hz,
3H), 0.04 (s, 6H).

(#)-(1R,4S)-4- (tert—Butyldimethylsilanyloxymethyl)-4-ethyl-cyclopet—2-
enol (12) and (+)-(1S5,4S)-(tert-Butyldimethylsilanyloxymethyl)-4-ethylc-
yclopent-2-enol (13). Compound 11 (1.5 g, 5.2 mmol)= F5 CH2Cl2(10 mL)2ll
£33t A=A Grubbs’ catalyst II (30 mg, 0.03 mmol)S A 7}3FAtt.
S5E 100C7HA 28 12417 refluxA Atk TLCE ¥H& T2 A Fof
F 5 =33l column chromatography (EtOAc/hexane = 1 @ 20) o2 A A|3}o]

W= 3 0ilAte] cyclopentenol =4 12 (547 mg, 41%)¢ 13 (613 mg, 46%)
S 747k 4dth. Cyclopentenol 12( g -isomer): 'H NMR (CDCl;, 300MHz) §
578 (dd, J=12.9, 6.0 Hz, 1H), 4.87 (t, J=5.4 Hz, 1H), 3.39 (dd, J=13.2, 9.6 Hz,
1H), 2.16 (dd, J=13.8, 7.5 Hz, 1H), 1.49 (dd, J=7.5, 4.8 Hz, 1H), 1.41 (dd, J=14.1,
6.9 Hz, 2H), 1.33 (q, J=7.5 Hz, 2H), 0.86 (s, 9H), 0.82 (t, J=7.5 Hz, 3H), 0.04 (s,
6H); “C NMR (CDCl;, 75MHz) & 140.34, 133.89, 76.14, 69.35, 50.04, 45.20,
25.99, 23.32, 21.04, 12.33, -5.50; Cyclopentenol 13( ¢ -isomer): 'H NMR (CDCls,
300MHz) & 5.83 (dd, J=5.4, 2.4 Hz, 1H), 545 (d, J=2.4 Hz, 1H), 4.54-4.47 (m,
1H), 3.40 (dd, J=12.9, 3.3 Hz, 3H), 1.93 (dd, J=14.1, 7.2 Hz, 1H), 1.54 (d, J=14.1
Hz, 1H), 1.33 (q, J=7.5 Hz, 2H), 082 (s, 9H), 0.77 (t, J=7.5 Hz, 3H), 0.01 (s,
6H); “C NMR (CDCl;, 75MHz) & 14150, 133.02, 77.61, 70.64, 50.94, 44.83,
25.83, 24.67, 21.04, 12.33, -5.50.

(#)-(1R,4S)-Carbonic acid 4-(tert-butyldimethylsilanyloxymethyl)-4-et—
hyl-cyclopent-2-enyl ester ethyl ester (14). Compound 12 (763 mg, 3.0
mmol)E F pyridine (20 mL)oll €38ta2 0 CTolA ethyl chloroformate (0.9

_13_



mL, 90 mmoD)E 7}% %9 DMAP (73 mg, 06 mmol)S 23 50 ToA
overnight\] A t. TLCZ vk TZ2S &3 Fo %3} NaHCO;8& 9 (0.5 mL)<
2 9ksS FEAA Y. v A9 toluenes Wil 2-33] T w3
B2 2-33 FE3ta 4 MgSO2 dx, o7, ¢ 53t
column chromatography (EtOAc/hexane = 1 : 10) &

syrup’d 9] compound 14 (867 mg, 88%)& 4 31tt. 'H NMR (CDCl;, 300MHz) &
572 (d, J=7.2 Hz, 1H), 554 (dd, J=7.8, 4.2 Hz, 1H), 522 (m, 1H) 4.14 (q, /=6.9
Hz, 2H), 3.35 (d, J=9.6 Hz, 1H), 3.31 (d, J/=9.6 Hz, 1H), 2.15 (dd, J=144, 75
Hz, 1H), 1.57 (dd, Jj=14.4, 3.3 Hz, 1H), 1.43 (q, J=3.9 Hz, 2H), 1.25 (t, J=7.3 Hz,
3H), 0.80 (s, 9H), 0.74 (t, J=45, Hz, 3H), 0.04 (s, 6H); “C NMR (CDCls,
75MHz) & 154.93, 142.76, 129.12, 83.50, 68.72, 63.53, 54.90, 37.84, 29.62, 25.75,
18.13, 14.22, 8.82, -5.54.

(#)-(1R,4S)-9-[4- (tert-Butyldimethylsilanyloxymethyl)-hex-2-enyl]-9H
—purin—6-ylamine (15). NaH (1.0 ml, 1.0 M in DMSO)& %< DMSO (2 ml)
of &33}1 adenine (108 mg, 0.8 mmol)S il 50-55Col| A 4587+ Lyt
gk ®l flaskell < THF (1 mL)& FHstal 2ol A Pdx(dba)s - CHCl3 (18.8
mg, 175 mol)S Yo} €3]A171 3 P(O-i-Pr)s (0.4 mL, 1.8 mmol)< 7}staL 30
w1 wkskith vt o %6“’”9* A WA adenines ¥ flaskel 7hata
compound 14 (230 mg, 0.7 mmol)E %< THF (1 mL)ol &a|AAA A3 7}
3T 222 100C7FA] 28 1 overnightA| At TLC® &% EZ o] Agtzl A
S Qe & sgASs 7Y =8t 1 ZAES column  chromato-graphy
(MeOH/CH:Clz = 1 @ 10) &= AAlete] WA 314149 compound 15 (149 mg,
56.8%)2 AUtk mp 174~176C; 'H NMR (CDCl;, 300MHz) § 832 (s, 1H),
779 (s, 1H), 6.01 (dd, J=7.5, 1.8 Hz, 1H), 5.86-5.73 (m, 4H), 3.47 (d, J=9.6 Hz,
1H), 3.40 (d, J=9.9 Hz, 1H), 253 (dd, J=13.8, 84 Hz, 1H), 1.61 (dd, J=13.8, 8.1
Hz, 1H), 147 (q, J/=6.9 Hz, 2H), 0.86 (s, 9H), 0.83 (t, J=7.5 Hz, 3H), 0.04 (s,
6H); C NMR (CDCl;, 75MHz) & 152.86, 143.30, 138.50, 128.36, 68.63, 59.65,
55.61, 40.14, 28.40, 25.85, 18.25, 8.99, -5.54.

(+)-(1R,4S)-[4-(6-Aminopurin-9-yl)-1-ethyl-cyclopent-2-enyll-meth-

_14_



anol (16). Compound 15 (149 mg, 0.4 mmol)E < THF (5 mL)o| £33}
0 CeollA TBAF (0.8 mL, 1.0 M solution in THF)& 7} & 2204 147+
ettt TLCZ whg T4 Sl $Fof ¢t wF3sta 1 HAFE column
chromatography (MeOH/CH:Cl> = 1 : 10) & AA|slo] WA 14742l compound
16 (77 mg, 74%)S LA mp 189~191C; 'H NMR (DMSO-ds, 300MHz) &
8.12 (s, 1H), 8.03 (s, 1H), 7.02 (br s, 2H), 594 (dd, J/=5.7, 2.4 Hz, 1H), 582 (dd,
J=6.0, 24 Hz, 1H), 567 (m, 1H), 470 (br s, 1H), 3.38, (d, J=10.2 Hz, 1H), 3.30
(d, /=10.2 Hz, 1H), 2.45 (dd, J=13.5, 87 Hz, 1H), 1.61 (dd, Jj=13.5, 6.3 Hz, 1H),
1.47 (q, J=6.9 Hz, 2H), 0.80 (t, /=75 Hz, 3H); *C NMR (DMSO-ds, 75MHz) §
156.01, 152.43, 142.07, 138.50, 129.07, 119.13, 66.87, 59.47, 54.88, 40.33, 28.11, 8.95.

EJ
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i

B AFoE HZ nucleoside FH-Eo ASAZS 71A 2

9)l+= carbocyclic

nucleoside# 7} =& ¢ 9 FFutolglx~  okgrt gtk Aol =ehsto
[3,3]-sigmatropic rearrangement®} RCM %8S FaWbg o7 o] &3to] 4’ ¢X
o] ethyl X|87]& 7}% Al5F carbocyclic nucleosides 162 A dle] dnfo]z] ~
FFE HASIAT FL FAE Ho|AE &)

gk dAMHOoE 47 Ao AVE EYT F ANen HgE oAy 7HA
28719 97t ARE AT F UTh

_16_



[e—

©

10.

11.

12.

13.

14.

ZaEd

Gottlieb, M. S.; Scoroff, H. M.; Weisman, J. D.; Fan, P. T.; Wolf, R. A,
Saxon, A. N. Engl. J. Med 1981, 305, 1525.

Gallo, R. C.; Montagnier, L. Sci. Amer, 1988, 259, 41.

Williams, 1.; Mindel, A.; Weller, 1. V. Triton Biosciences Inc, 1990, 2, 2.
Furman, P. A.; Fyfe, J. A.; St. Clair, M. H.; Weinhold, K.;Rideout, J. L.;
Frreeman, G. A.; Nusinoff-Lehrman, S.; bologenesi, D. P.; Broder, S,
Mitruya, H.; Barry, D. W. Proc. Natl. Sci. U. S. A, 1986, 83, 8333.
Yarchoan, R.; Mitsuya, H.; Thomas, R. V.; Pluda, J. M., Hartman, N. R.;
Perno, C. F.; Marczyk, K. S.; Allian, J. P.; Johns, D. G.; Broder, S.; Science.
1989, 245, 412.

Lin, T.; Luo, M.; Zhu, Y.; Gullen, E.; Dutschman, G. E.; Cheng, Y. J. Med
Chem. 1996, 39, 1757.

Haraguchi, K.; Takeda, S.; Tanaka, H.; Nitanda, T.; Baba, M.; Dutschman, G.
E.; Cheng, Y. C. Bioorg. Med. Chem. Lett. 2003, 13, 3775.

Martin, J. L.; Brown, C. E.; Mattews-Davis, N.; Reardon, . E. antimicrob.
Agents Chemother, 1994, 38, 2743.

Parker, W. B.; Cheng, Y. C. J. NIH Res. 1994, 6, 57.

Chatis, P. A.; Crumpacker, C. S. Antimicrob. Agents Chemother. 1992, 36,
1589.

Shirasaka, 1., Kaclick, M. F.; Ueno, T.; Gao. W. Y.; Kojima, E.; Alcaide, M.
L.; Chokekijchai, S.; Roy, B. M.; Arnol, E.; Yarchoan, R.; Mitsuya, H. Proc.
Natl. Acad. Sci. U. S. A. 1995, 92, 2398.

Borthwick, A. D.; Biggadike, K. Tetrahedron. 1992, 48, 571.

Norman, M. H.; Almond, M. R.; Reitter, B. E.; Rahim, S. G. Synthetic
commun. 1992, 22, 3197.

Siddiqi, S. M.; Chen, X.; Schneller, S. W. Bioorganic & Medicinal chemistry.
1992, 2, 1279.

_17_



15.
16.

17.

18.
19.

20.
21.
22.
23.
24.
25.

26.
21.
28.

Terao, Y., Akamatsu, M.; and Achiwa, K. Chem. Pharm Bull. 1991,39, 823.
Agrofoglio, L.; Suhas, E.; Farese, A.; Condom, R.; Challand, S.; Earl, R. A.;
Guedj, R. Synthesis of carbocyclic nucleosides. Tetrahedron. 1994, 50, 10611.
Kumamoto, H.; Nakai, T.; Haraguchi, K.; Nakamura, K. T.; Tanaka, H.; Baba,
M.; Cheng, Y. C. J. Med. Chem. 2006, 49, 7861.

Ueland, P. M. Pharmacol. Rev. 1982, 34, 223.

Pice, P. M.; Banerjee, R.; Acs, G. Proc. Natl. Acad. Sci. U. S. A. 1989, &6,
8541.

Hoffman, J. L. Arch. Biochem. Biophys. 1982, 42, 1130.

Hong, J. H.; Shim, M. J.; Ro, B. O.; Ko, O. H. J. Org. Chem. 2002, 67, 6337.
Katsuya. U.; Yujiro. H.; Koichi. N. Tetrahedron. 1999, 55, 8915.

Ko, O. H.; Hong, J. H. Tetrahedron Lett. 2002, 43, 6399.

Hong, J. H.; Gao, M. Y.; Chu, C. K. Tetrahedron Lett. 1999, 40, 231.

For a review of RCM, see: (a) A. Furster, Angew. Chem. Int. Ed. 2000, 39,
3012. (b) T. M. Trnka, R. H. Grubbs, Acc. Chem. Res. 2001, 34, 18. (c) M.
D. McReynolds, j. M. Dougherty, P. R. Hanson, Chem. Rev. 2004, 104, 2239.
Schwab, P.; Grubbs, R. H. J. W. Ziller, J. Am. Chem. Soc. 1996, 118, 100.
Dias, E. L.; Nguyun, S. T.; Grubbs, R. H. J. Am. Chem. Soc. 1997, 119, 3887.
Crimmins, M. T.; King, B. W.; Zuercher, W. J.; Choy, A. L. J. Org. Chem.
2000, 65, 8499.

_18_



ABSTRACT

Synthesis of Ethyl Substituted Nucleoside
as Antiviral Agent

Qingbo Shen

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

Graduate School of Chosun University

The synthesis of carbocyclic nucleoside has been inspired by their chemical
and enzymatic stability. Weinreb amide was synthesized from glycolic acid.
Ethyl magnesium bromide was applied to carbonyl addition. Claisen
rearrangement, ring-closing metathesis (RCM), Trost allylic alkylation were

used as core reactions.

Key Words : carbocyclic nucleoside, Weinreb amide, Claisen rearrangement,

ring—closing metathesis (RCM).
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