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Synthesis of 4'a-C Methyl Branched Novel Adenine and Uracil Carbocyclic Nucleosides
Using Ring-Closing Metathesis

Joon Hee Hong”
College of Pharmacy, Chosun University, Kwangju 501-759, Republic of Korea

Abstract — Easy and efficient synthetic route of novel 4'- C methyl branched carbocyclic nucleosides is described. The
:nstallation of alkyl and aryl groups at 4'-position of carbocyclic nucleosides were successfully made via sequential [3,3]-sig-
matropic rearrangement and ring-closing metathesis (RCM) starting from simple ketones such as acetol. Adenine and uracil

were coupled vig Pd(0) catalyzed reaction, followed by desilylation to give novel compounds 13 and 14, respectively.
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Cabocyclic nucleosidet= furanose] oxygen®] methylene®.
B2 tghd o olfojzer dA nucleosidest FAKSE T
Z5. o] 2ojFr). B9 oxygens: methylene 7|2 | §50 2 A
phosohorylaseP®] <331 nucleoside’t 23t 9712 7113
5s- 28 9= & 4= Qe Carbocyclic nucleosider= 5¢1 8]
g -20] A nucleoside®] FH-E fARE| Wil ghuto]
2l e g EEtaiAE B slekaEe| o] &% At &
8] &+Lo) carbocyclic nucleoside A9 3}gHE¢) abacavir2)7}
A Eoloky QPYSH(FDAYIA cllo]=A8AZ 18 F&
7ol2] At OS @St Hat Uiz FAleth Hol 4o-
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Fig | - Rationale and structure of target nucleosides.
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C-methylthymidine®® 22 3}gH2o] HIVA) tise] £ 24
(ECs,=7.2 uM against HIV in MT-4 cel)E 1o)7] W] nu-
cleoside® 4' 9j2)o 27|15 7 33HEl thsto] #ilo] A
F= 1 et

Algary
Alof g 717]
B Ao ALgg A|<kE L Aldrich Co., Sigma Co., Tokyo

& =L
3 E5T

Kasei. ¥ Fluka Co. *llA +¢] AFA ks ARREFS
o column chromatography-% silica gel(230~400 mesh)<-
Merckr} AlES ARSI, S0l Pl uel HAsio] AR
831t} Thin layer chromatography(tle): Kieselgel Fs,(0.25
mm)E B feies 2e) o] 43l on tle spotS ARR]AM T
UVGL-58¢} Anisaldehyde, KMnO, 2-¥x|ekS AMSIRIT). &
% £32 Gallen-Kamp melting point apparatuss: AHE8132.
™, ofe]] chgt B2 SkA] Sk} NMR spectra= tetramethyl-
silane(TMS)E W #5542 30 FT-300 MHzE AR8313ict.

2-(t-Butyldimethylsilyloxy)-acetone (2) — &352 120
g, 0.27mol)™ imidazole(27 g, 0.405mol)& ¥4 methylene
chloride(300 m/)ll -&-3i&tAt}. o37] o] TBDMSCI(44 g, 0.297
mol}& 0°Collx] 3] Frhet & AF&ollA 5A17F et i3tk



FEg0] 98] ARl A BB WA UksFs
o] 1 ZA}E ethylacetate®t &8 o]gslo] F&38 F7]8)
& ¥ MgSO,2 A%, o3, 4 &
chromatography(EtOAc/hexane=1: 10)Z AJslo] f4k] 318t
Z 2396 78%)F ¥th H NMR (CDCl, 300 MHz) &
4.05 (s, 2H), 2.07 (s, 3H), 0.84 (s, 9H), -0.01 (s, 6H); *C
NMR (CDCly) 6 208.96, 69.47, 25.67, 18.19, -5.61.

(E) and (Z)-4-(t-Butyldimethylsilyloxy)-3-methyl-but-2-
enoic acid ethyl ester (3)—Sodium hydride(60% in mineral
ol, 0.74g, 185mmol)& 5 THFel| #E33Ith of 7]
triethy] phosphonoacetate(2.81 ml, 18.5 mmol)}& 0°CollA 3
8] Hrleh & Aol 147 7t TRkt &t 28 Wt
S-8Hell 0°CellA] 3] F7ksta 308 Bt Aol wykst
S}, RS- acetic acid® 318l EtOAcet B2 F&3ct
F718MF-5 brine® 2 R F, 7 MgSOE UF, o3, 7
ot s=3lo] 7 FIE column chromatography(EtOAc/hexane=
1:15% ZFAlste] 2439 sEE 3(4.59g 96%)E LUt
cisftrans £3EZ4: 'H NMR (CDCl,, 300 MHz) 8 5.99 (s,
1H), 4.17 (q, /=6.9, 2H), 4.13 (s, 2H), 2.05, 1.96, (s, s, 3H),
1.22 (t, J=6.7 Hz, 3H), 0.93, 0.90 (s, s, 9H), 0.09, 0.08 (s, s,
6H).

(E) and (Z)-4-(t-Butyldimethylsilyloxy)-3-methyl-but-2-
en-ol (4)-&HEA 38 F5 CHCLel &3lsta, o7]e
diisobutylaluminium  hydride(58.55 m/, 1.0 M
hexane)& -20°CollA] Hr15t & e 2oflA] 1A]7F F9F mvt
st EabEgo] ¢hAs] Al 2 Eldki §EE-dd
methanol(50 m)& A3 Frlst RE&-& FATE Ad2olA
AT B wHEklTh A E TAHE celite padE ©]8-3Fd
AAstE 2 g A $FsTh 2 FAMHE column
chromatography(EtOAc/hexane=1: 5)Z “g#|sto] QA4 o] 3
B2 4537 g, 89%)S P2tt. cisfrans EEEF A 'H NMR
(CDCl;, 300 MHz) & 5.68 (br s, 1H), 4.21 (d, /=6.6 Hz, 2H),
4.03 (s, 2H), 1.77, 1.64 (s, s, 3H), 0.91 (s, 9H), 0.07 (s, 6H).

( £ )-3-(t-Butyldimethylsilyloxymethyl)-3-methyl-pent-4-
enoic acid ethyl ester (5)— Allylic alcohol 4(15g, 69.32
mmol)}g- triethyl orthoacetate(300 mi)oll €aja}z of7]of Fuj
Q1 propionic acid(1 m)yS H-715F &, 130~140°CellA 6 Azt &
Sk 7k, wRkelich WhE S A2t WAk wkgols 7t
AsE3 3, 71 WARE column chromatography(EtOAc/hexane
=1:200% At 242 SAE 5(16.48 g, 83%)F LTt
'H NMR (CDCl,, 300 MHz) 8 5.91 (d, /=10.8 Hz, 1H), 5.89
(d, /=11.4Hz, 1H), 5.05 (d, /=1.2Hz, 1H), 5.02 (d, /=75
Hz, 1H), 4.01 (q, /=7.2Hz, 2H), 3.46 (d, /=9.3 Hz, 1H),
341 (d, J=93Hz, 1H), 240 (d, /=33 Hz, 2H), 1.23 (t, J=

solution in

75Hz, 3H), 111 (s, 3H), 0.89 (s, 9H), 0.05 (s, 6H); °C
NMR (CDCly) & 171.94, 143.11, 112.99, 69.91, 59.83, 41.33,
25.81, 22.60, 20.70, 18.20, 14.26, -5.58.

( *)-3-(t-Butyldimethylsilyloxymethyl)-3-methyl-pent-4-
enal (6) - Ester 3}3+E 5(5.5g, 19.19 mmo)E F toluene
60 mhell £33 & -78°CollA DIBALH(14.1 ml, 1.5M solu-
tion in toluene)& 3] PGt e oA 302 Bt
WREEES methanol(10 m)ye F71sl whg-2 FA3Uh A&
oA 2417t F<F mukele] AE A £ celite pad® o7
3 & 7 g 7kt 5%3 9Tl Column chromatography
(EtOAc/hexane=1:15)% AAste] -39 3&E 6(6.35¢,
72%)% Alck. 'H NMR (CDCl,, 300 MHz) § 9.75 (¢, /=3.3
Hz, 1H), 5.96 (d, /=11.1 Hz, 1H), 5.90 (d, /=10.8 Hz, 1H),
5.14 (d, /=84 Hz, 1H), 5.11 (d, /=162 Hz, 1H), 349 (d, J=
9.6 Hz, 1H), 3.40 (d, /=9.3 Hz, 1H), 2.41 (t, /=3.0 Hz, 2H),
1.12 (s, 3H), 0.88 (s, 9H), 0.03 (s, 6H); **C NMR (CDCl,) &
203.08, 142.61, 113.93, 70.53, 50.70, 41.60, 25.80, 21.30,
-5.61.

(£)-3R and 3S,55)-5-(t-Butyldimethylsilyloxymethyl)-
5-methyl-hepta-1,6-dien-3-0l (7) — 3131 6(5.6 g, 23.1 mmol)
£ 54 THF 70 ml)ol] 23f8tar -78°Coll M vinyIMgBr(27.7 ml,
1M solution in THF)YE 3] R8Il 22 2%0A] 24]
ZHs<eb wtst 3 33} ammonium chloride(23 miyg- #7131
S-S F4315) WS- HE EtOAcst B2 FE31x, 5718
2 brine® & A1, ¥ MgSO,2 Ax, o3, A} 55315
t} 71 DAFE column chromatography(EtOAc/hexane=1 : 10)
2 AAs {49 shehE 7(5.68 g, 91%)S A1t Diastereo-
meric mixture2A]: '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 (two s, 6H).

(£)-(1R,45)-4-(t-Butyldimethylsilyloxymethyl)-4-
methyl-cyclopent-2-enol (8); (%)-(15,45)-4-(t-Butyldime-
thylsilyloxymethyl)-4-methyl-cyclopent-2-enol (9) — Z3%H&
7(2.5 g, 9.25 mmolyS ¥ CH,Cl,(10 mi)ell sk 7)o 1
At Grubbs A12%0.76 g, 0.92 mmol)& 0°CollM H715t3ict. Wt
SNE overnighto = WRISH & 42744 WYzisted Hhgole 7}
% F&sger 7 ZAFE column chromatography(EtOAc/
hexane=1:5)% A5 S4e] cyclopentenol 53] 8(0.98
g, 4%y} 9(1.0 g, 45%)5 VIt}. Cyclopentenol 8(B-isomer):
'H NMR (CDCl,, 300 MHz) & 5.81 (dd, /=5.4, 2.1 Hz, 1H),
545 (d, /=5.7Hz, 1H), 4.50 (t, /=78 Hz, 1H), 3.32 (s, 2H),
1.83 (dd, /=14.1, 6.9 Hz, 1H), 1.67 (d, /=14.1 Hz, 1H), 0.95
(s, 3H), 0.82 (s, 9H), 0.01 (s, 6H): C NMR (CDCl,) &
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140.34, 133.89, 76.14, 69.35 50.04, 45.20, 25.99, 23.32,
18.57. -5.52; Cyclopentenol 9(o-isomer): 'H NMR (CDCl,,
300 MHz) & 5.73 (m, 2H), 4.84 (t, /=6.0Hz, 1H), 3.32 (s,
2H), 229 (dd, J=13.5, 7.5 Hz, 1H), 1.37 (dd, /=13.5, 4.2 Hz,
1H), 1.11 (s, 3H), 0.87 (s, 9H), 0.00 (s, 6H): *C NMR
(CDCL) & 141.50, 133.02, 77.61, 70.64, 50.94, 44.83, 25.83,
2467 1823, -5.50.

(£ .-(1R,45)-1-Ethoxycarbonyloxy-4-(t-Butyldime-
thylsilyloxy-methyl)-4-methyl-cyclopent-2-ene  (10) - 3+3¢
5 9(35g, 14.43 mmol) -5 pyridine(15 mh)el] £-alja}iL, of
71ell 2°CellA)  ethyl chloroformate(2.76 m/, 28.87 mmol)¥}
dimettyl aminopyridine(0.17 g, 1.4 mmol)& ¥715h}, 9hS-H s
FEA AL FQE wRket & ¥3F NaHCO; €942 mhE Y-
7kt W1-3-& FAsITE WEEETA S toluenedt £t 7
o 5738k &, EtOAce}t =& FE3TE 7] 935 brine
o= 313, §F MgSO,=2 Az, A7, 7t w53lsick. 2
column chromatography(EtOAc/hexane=1:10)% g A3}
el ik 1039 g, 86%) ¥Slth. 'H NMR (CDCl,, 300
MHz. 8 591 (d, J=5.4Hz, 1H), 5.76 (dd, J=5.7, 2.4 Hz,
1H), .58 (m, 1H), 4.18 (q, /=7.2 Hz, 2H), 3.39 (s, 2H), 1.96
(dd, ,:=14.4, 7.5Hz, 1H), 1.78 (dd, /=14.4, 3.3 Hz, 1H), 1.23
{t. J=72Hz, 3H), 1.05 (s, 3H), 0.86 (s, 9H), 0.00 (s, 6H);
BC \MR (CDClL) & 154.94, 145.05, 127.86, 83.28, 70.78,
63.6(, 50.59, 40.45, 25.83, 23.48, 18.24, 14.25, -5.52.

(£ -(1'R,4'S)-9-[4-(t-Butyldimethylsilyloxymethyl)-4-
methy l-cyclopent-2-en-1-yl] adenine (11)-NaH (23.4 mg,
0.98 Tmolyg 5 DMSO3.4 m)ell £8l15kaL, #3719l adenine
(134 11g, 0.98 mmolyZ 7FEFE 50~55°CollA] 30%- &<t wwks)
I 420 R =ASIC $HA, §4 THF@ m)ol] Pdy(dba)g -
CHCl (4.6 mg, 2.5 umolys £33k P(O-i-Pr)y(0.096 ml, 0.22
mmal & 718131 308 52k AollA] It 848 219] adenine
o] £ ol3ls Whgelo] A kL. o] Wb Batepe] 42
THF 3 m)el] 3% 2232 10276 mg, 0.88 mmolys 143]
718 -, HE8-elE 70°CollA overnight® 2 mRESIIT), wkg-of
S - 27EA] PziekSe] Q2 mhE 71elo] whS-S Fdesid.
1h3Y 2 EtOAcot #2 &S f7]85-& 5 MgS0%
135, o7, AebEsntskaivt. ZHAE column chromatography
(EtC£ c/hexane=3: D2 F#lsto] WA yade] slehE 11(193
mg, €1%)% Ak mp 172~174°C; 'H NMR (CDCl,, 300
MH:) & 836 (s, 1H), 7.93 (s, 1H), 6.01 (dd, /=7.5, 1.8 Hz,
1H), 5.86-5.73 (m, 4H), 3.56 (d, /=9.6 Hz, 1H), 3.45 (d, /=
93 H:, 1H), 2.40 (dd, /=14.1, 9.0Hz, 1H), 2.01 d, J=
14.1. 5.7 Hz 1H), 1.12 (s, 3H), 0.89 (s, 9H), 0.04 (s, 6H);
BC MMR (CDCLy) & 152.69, 144.66, 138.99, 127.55, 69.98,

t
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59.22, 51.44, 42.09, 25.94, 23.61, 18.44, -5.41.

(£)-(1'R4'S)-1-[4-(t-Butyldimethylsilyloxymethyl)-4-
methyl-cyclopent-2-en-1-yl] uracil (12) — 3}3H& 113} A+
o= 124 33ME-S 3 ST Yield 45%: mp 159~
161°C; 'H NMR (CDCl,, 300MHz) § 7.42 (d, J=6.7 Hz,
1H), 5.71 (m, 2H), 548 (d, /=6.7Hz, 1H), 4.82 (t, J=6.0
Hz, 1H), 3.32 (s, 2H), 2.26 (dd, /=13.0, 7.2 Hz, 1H), 1.35
(dd, J=13.0, 4.4 Hz, 1H), 1.10 (s, 3H), 0.86 (s, 9H), -0.03 (s,
6H): *C NMR (CDCly) § 1634, 152.7, 142.1, 140.20, 131.02,
75.51, 69.62, 49.80, 43.73, 24.73, 24.54, 18.20, -5.45.

(1)-(1'R,4'S)-9-[4~(Hydroxymethyl)-4-methyl-cyclopent-
2-en-1-yl] adenine (13) - 3}3% 115 74 THF10m)el] &
et oJ7]°f tetrabutylammonium fluoride(1.04mi, 1.0M
solution in THF)}& 0°CollA] 3] R71ek & A-2oflA] 5r7H
Bt wsiGlth vk T - NS Y sFIT M
column chromatography(MeOH/CH,ClL,=1: 5)Z #5}e]
aAke] SR 13(152 mg, 90%)E Yt mp 187~190°C;
UV (H,0) max 261.5nm; '"H NMR (DMSO-dg, 300 MHz) &
8.12 (s, 1H), 8.03 (s, 1H), 7.02 (br s, 2H), 5.98 (dd, J=5.7,
2.4 Hz, 1H), 5.82 (dd, /=6.0, 2.4 Hz, 1H), 5.67 (m. 1H), 4.70
(br s, 1H), 3.38 (d, /=10.2 Hz, 1H), 3.30 (d, /=10.2 Hz, 1H),
2.25 (dd, J=11.1, 9.3 Hz, 1H), 1.99 (dd, /=135, 5.4 Hz, 1H),
1.07 (s, 3H); ¥C NMR (DMSO-dg) & 155.76, 152.00, 143.58,
138.58, 127.67, 99.89, 68.23, 58.86, 50.88, 41.21, 23.28.

(%)-(1'R,4'S)-1-[4-(t-Hydroxymethyl)-4-methyl-
cyclopent-2-en-1-yl] uracil (14) - 315H% 133 AR 9o
2 149 35S 3 si9ih yield 90%: mp 167~169°C; UV
(H,0) max 270. nm; 'H NMR (DMSO+d;;, 300 MHz) & 10.95
(br s, 2H), 7.45 (d, /=6.8 Hz, 1H), 5.65 (m, 2H), 549 (, J=
6.8 Hz, 1H), 4.79 (t, J=6.2Hz, 1H), 3.30 (s, 2H), 2.28 (dd,
J=13.2, 70Hz, 1H), 1.34 (dd, J=13.2, 4.6 Hz, 1H), 1.10 (s,
3H): BC NMR (DMSO-dy) & 163.28, 152.96, 142.18, 140.29,
131.12, 75.66, 69.88, 49.97, 43.68, 24.43.

oS3 % OF

Furanose?| 4'¢]XJel] 218715F 78 AA 9] gHghEo] &2
kg & vEF Wk Byel w} o] 28} carbocyclic
nucleoside”} £%+5 413 4'-methyl-branched nucleosideZ &
Adtarzt sh(Fig. 1).

718 2014 [3,3)-sigmatropic rearrangement,” Ring-
closing metathesis(RCM)® 4 Pd(0)3: o183 allylic 9142
alkylation”> RME o] 853 o9 F 3 whg-Folr), B de

A 2SR HAEE WY s 0)5 M- Q%A
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#N

a
90%

HO—>=O

HsC
1

PO—>=
HaC 83%
2

=OH, X =
=H,X%=

8: X'
9: X!

H (47%)
OH (46%)

&J OCOgEt

81%

P X' OH 0 b 0
g P f P )
-— — 4—@/—- H <—-76—°/— _‘OEt
HaC X2 HeG = T HC = ° HC
7 6 5

ﬁ@

11 B = adenine (56%)
12: B = uracil (45%)

dl81%

w

3%

=

13. B = adenine (95%)
14: B = uracil (90%)

956

Reagents: a) TBDMSCI, CH,Cl,, imidazole, 0°C, 5 h; b) Triethyiphosphonoacetate, NaH, THE rt, 1h; ¢) DIBALH, CH,Cl,, -20°C, 3 h; d)
Triethylorthoacetate, propionic acid, overnight, 130~135°C; e) DIBALH, toluene, -78°C, 30 min; f) CH,=CHMgBr, THE -78°C, 2h; g
Cl(Cy4P),RuCHCH;, CH,Cl,, reflux, overnight; h) CICO,Et, pyridine, DMAB, rt, 4 h; i) adenine, Pd,(dba)s: CHCls, P(0-i-Pr);, NaH, THF/

DMSO, reflux, overnight; j) TBAE THE rt, 5h.
Scheme 1 - Synthesis route of taregt nucleosides 13 and 14.

Z o] g3t TS AAIEE AT 494 ¢l alkyl S
g 717 SES] F4 o wie A Ao deixitt ot
sl= F2E 7FA nucleoside® $MISH7| 8k 2 Ee 45
Eb40] gadnio] Q17] wlE o2 AR ET) Scheme 10049} 2
o] AjA o T A FUF 2= Q)= acetolS FLEAF 5o
[3,3]-sigmatropic rearrangement®} Grignard ¥7FF-& &3]
o7 F3sle] 75 FA4sla, A5t divinyls! 7ol RCM HE
& Tl Tag REEIHAR] 88 FUE T Us Aoz
AtaEo] dy ol whe-& Fassict.
29E3 19 t-butyldimethylsilyl chloride(TBDMSCDE: ©}&
3t hydroxy7]—— B33 AE3t Honer-Wadsworth-
Emmons(HWE)® #h2-8 $38510] cisftrans E888 35
g8kt ol& 01’“14]‘: o o] % whAlA st getEE
A2 7] gl F2& dart gt Ester #3EQ1 3&
diisobutylalumium hydride(DIBALHYS o] &-3lo] ghlalgion
A48} triethyl orthoacetate®)A] propionic acidg Zvlj 23t
Johnson's orthoester Claisen rearrangement® 33t y,0-
unsaturated ester 55 83% &% $HJ3ITE -78°Ceolld T4
toluenes £ ALE-3to] DIBALHE 3] Br1gho g4
aldehyde 65 &% + AAT A3t} 7]l vinylMgBre:
ARE31] divinyl 72 diastereomeric mixture2A A9 4= Q)
et o] "AleM = olE YA FAE FelE 7t /i)
o] e th3HReQ) ring-closing metathesis(RCM)RF
-2 33l cyclopentenol ¢! 8% 95 A3 Aoz §AIsto]
Z7HE oA Ee@ 4 Ao ol «] A dATEE
NOEZ F-3ate} €A T o Ut

|
—_

UATZE AEFE 5 AS ¥ olg} 23] W] o
ol G2 baseE FT37] YA 2wt SN2 Hk3-g =}
F o) &l vk WA, ¥ ATFNME S\2 v o] &8k
nucleosidic base?! adenine®} uracil® Z38}7] A o
isomer?! 92 mesylation”MsCl, TEA, CH,Cl)& a2 A
T SEte 2 go] vl WO (10~20%), TS RIS
dadol et 2EA thEFe] o] EAR 8& ol&sl] &
715 F38P71=2 et 1817] HAsliA WA hydroxy’ & ethyl
chloroformateZ- 831 B43tE IRHE 102 86% &= 3
skt of 7o & 4# R Trost ¥-&-91 Pd(0)-S ©] -3+
adenine?} uraciks &35} 117 128 I} % nucleoside
£ 3M9517] H8iA] tetrabutylammonium ﬂuoride(TBAF)% =]
el & HEE E 137 148 91% X 89% TEE 77
4 & Q). HZol guanine®t cytosmeTr_x_21H o 4
Zol 9J3t gAdo] RuHAREY B Aol F4IE adenine
% uracil FEAE AN SFEYS THARAIM & 7 ASiTH
98 SEES oe 7HA vlo]eA(HIV-1, HSV, HSV-2, ¥
HCMV)oll tigh ahntolz) 2 oka s ARt 9
el 3EES 3hE 4= gl

AZHOoT B d7¢ U T2E 77 njEy Y 2Ed
Q1 acetol o] &3l k¢ 7Vl 4ol methyl SHE 7}
7 3}3+E-8 [3,3]-sigmatropic rearrangement®} RCM ¥h&-& 5
Qdle oz o]f3to] Al uracil?} adenine ¥71E 7R
carbacyclic nucleoside® A3t Th o] WA R = w9 7t
3kal ThE nucleoside FAE €A 82 = U= 7}
A3 . o] ¥ke-& o] 83to] ER1Q) ATAeM:

A
T
S

6}- OI:E__

AR
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N
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A e G718 7FA AZE nucleoside®] -7 843 (enan-
tiomeic synthesis)s A7 7igt 5 off Aok

1

2)

3)

4)

5)

stoeckler, J. D. Cambor, C. and Parks, R. E. Jr :

A NEE

L]

Human
-1ythrocytic purine nucleoside phosphorylase: reaction with
st gar-modified nucleoside substrate. Biochemistry 19, 102
1980).

Diluge, S. M., Good, S. S., Faletto, M. B., Miller, W. H., St
C air, M. H., Boone, L. R,, Tisdale, M., Parry, N. R., Reardon,

.. E.. Dornsife, R. E., Averett, D. R. and Krenitsky, T. A. :

1192089, a novel carbocyclic nucleoside analog with potent,
sclective anti-human immunodeficiency virus activity. Anti-
wicrob. Agents Chemother. 41, 1082 (1997).

2) Kitano, K., Miura, S., Ohrui, H. and Meguro, H. : Synthesis
¥ 4-C-fluoromethylnucleosides as potential antineoplastic
Gyents. Tetrahedron 53, 13315 (1997); (b) Yossefyeh, R. D.,
[:gg, D., Verheyden, J. P. H., Jones, G. H. and Moffatt, J. G. :
Smthesis of 4-cyanothymidine and analogs as potent
rhibitors of HIV. Teterahedron Lett. 33, 37 (1992).

) Waga, T., Nishizaki, T., Miyakawa, J., Ohriu, H. and Meguro,
=. : Synthesis of 4'-C-methylnucleosides. Biosct. Biotechnol.
Siochem. 57, 1433 (1993).

“r selected references for nucleosides: (a) Hong, J. H. and Ko,
_. K. : Efficient synthesis of novel carbocyclic nucleosides via
sequential Claisen rearrangement and ring-closing metathesis.
['trahedron Lett. 43, 6399 (2002); (b) Hong, J. H., Gao, M. Y,,
“ho.. Y, Cheng, Y.-C., Schinazi, R. E and Chy, C. K. :
s/thesis of novel 3-C-methyl-apionucleosides: an asym-
1 etric construction of a quaternary carbon by Claisen rear -
7 gngement. Carbohydrate Res. 328, 37 (2000); (c) Hong, J. H,,
Zao. M. Y. and Chu, C. K. : Synthesis of novel 3'-C-methyl-4'-

Vol. 47, No. 5, 2003

thioapionucleosides via highly enantioselective elaboration
of quaternary carbon by [3,3]-sigmatropic rearrangement.
Tetrahedron Lett. 40, 231 (1999); (d) Hong, J. H., Lee, K., Choi,
Y. and Chu, C. K. : Enantiomeric synthesis of 3-fluoro-
apionucleosides using Claisen rearrangement. Tetrahedron
Lett. 39, 3443 (1998).

6) For selected references for nucleosides: (a) Hong, J. H., Shim,

M. J., Ro, B. O. and Ko, O. H. : An efficient synthesis of novel
carbocyclic nucleosides with use of ring-closing metathesis
from D-lactose. J. Org. Chem. 67, 6387 (2002); (b) Gurjar, M.
K. and Maheshwar, K. : Stereoselective synthesis of a novel
carbocyclic nucleoside. J. Org. Chem. 66, 7552 (2001); (c)
Crimmins, M. T, King, B. W, Zuercher, W. J. and Choy, A. L. : An
efficient, general asymmetri synthesis of carbocyclic nucle -
osides: application of an asymmetric aldol/ring-closing meta -
thesis strategy. J. Org. Chem. 65, 8499 (2000).

7) Trost, B. M. and Kallander, L. S. : A versatile enantioselective

strategy toward L-C-nucleosides : A total synthesis of L-
showdomycin. J. Org. Chem. 64, 5427 (1999).

8) Haines, D. R, Tseng, C. K. H. and Marquez, V. E. : Synthesis

and biological activity of unsaturated carbocyclic purine
nucleoside analogues. J. Med. Chem. 30, 943 (1987).

9) (a) Hossain, N., Rozenski, ]J., De Clercq, E. and Herdewjn, P. :

Synthesis and antiviral activity of acyclic analogues of 1,5-
anhydrohexitol using Mitsunobu reaction. 7Tetrahedron 52,
13655 (1996); (b) Jeon, G. S. and Nair, V. : New isomeric
analogues of anti-HIV active azidonucleosides. Tetrahedron 52,
12643 (1996).

10) Kato, K., Suzuki, H., Tanaka, ., Miyasaka, T.,, Baba, M.,

Yamaguchi, K., Akita, H. : Stereoselective synthesis of 4'-o-
alkylcarbovir derivative based on an asymmetric synthesis or
chemoenzymatic procedure. Chem. Pharm. Bull. 47, 1256
(1999).



