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An Approach to the Enantioselective Synthesis of the Crucial Intermediate
of Conformationally Locked Nucleosides

Soon-Ai Kim and Hak Sung Kim*
College of Pharmacy, Institute of Pharmaceutical Research and Development, Wonkwang University, Iksan 570-749, Korea

Abstract — Conformationally locked nucleosides are important in searching selective agonists and antagonists for P2Y
receptors. There were two previous synthetic works of the crucial intermediate, cyclopentenyl alcohol (3), which had some
inefficiency like using too strong dianionic base and synthesis of racemate. Here we describes a facile synthesis of the inter-
mediate using Sharpless epoxidation and the opening of epoxide ring using zinc, followed by Grubb's metathesis as key
steps. The intermediate was converted to the southern bicyclo[3.2.0]heptane for confirming its usefulness.

Keywords [] nucleoside, enantioselective, Sharpless oxidation, bicyclo[3.2.0]heptane

TradleAle By rEE Qe =] el ] Al g
1 9] &Jell(conformationy= purinoceptors(P2X F= P2Y)2)
2 subtypes?} HAZ zka QrhFig. 1.2 53] p2y
2412 subtype % P2Y;: northern FEIE AT Fo=
AdeA glom Feke] 53} v 9l P2Ye°] 74 southern
Fef2 MFsh= Aow A4 kY Southerns} northern &
Ell&+ pseudorotational tablell¥] Z}Z}; southern region(@F 160~
200%) 5= northern region(®F 320~4005)°) &3 HA9-=
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Fig. 1 - Crucial intermediates for synthesis of conformationally
locked nucleosides.
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Fig. 2 — Previously reported synthetic works for the crucial
intermediate, cyclopentenyl alcohol.

oo} k= Y 93] ZefHT). o]y o f= & i) §
el AA 283 5 e RS 2 YFES] sto]
Hask Aot} & =EolAE g SLEAT Aok AR
3}l 7] (chiral) 3}3H=2] enantioselective 3 5 3}eAlE0]
Al Bz ow dA s e olgste] & RS W
o &HA A& 7Fsst WS -tetaAl SRich.

Slol] H7k 73 ulel 20| southern bicyclo[3.2.0]Theptane
A|2E] 3o Qs S J= o R HyE AL T
A F 7FA17}F tk(Fg. 2). 3 A= diethyl diallylmalonate
Rz FA] s Zo k2O w104 8} o] diethyl
diallylmalonate®] Grubb's metathesis= cyclopentene dicar-
boxylate diethyl esterS 343+ &
DIBAL-H 9% 1A cyclopentenyl mono-alcohols & <=
3lt}. Cyclopentenyl mono-alcohol®l] vanadium$@-S FvE sk
hydroxy-directing epoxidation WF-5- 02 Ao} C2-symmetry
hydroxyepoxide 7= chiral ephedrine dianion®] #1215 &

319, benzylediene X 3,

3} enantioselective ring opening® ¢ cyclopentenyl alcohol =
HYE}, o] 35E2 2 @AE A southern nucleoside=
AP ShelME AEdise] o] Y] WS a9 o
= IS stuAk & u) 395 oY Q7= chiral ephedrine
dianion®] #|Z=ef| )T}, Dianions |31 HdiM= -NHy719}
-OH719] F 7}e] 4 AAE A slok sh=d] o] uf 21
n-butyllithiumo] 22Q1t}, webA 3952 dianions A|Z317] 9
M= st 2 FEE 7] 95 n-butyllithiums: 697
o] Mofsk= zlo] o] FAde] dAARI FAlo|t},

Fig. 29] "2+ 1,3-dihydroxyacetones &2 2 3lo
-3+ thermal Claisen rearrangement®} Grubbs
2 9AZ 319 cyclopentenyl alcohols &= A
A7} kgl 4
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%)= vinyl alcoholo] racemate©]”] W&o #1&AF o] A<
Ao gl digk 277 Q& = Sith.

2 =5 Sl alst 7 7 3 s
ok M AT AE g Slvh S 3 A 3 P elM gt
o] & tEE o] e 49719 AR Adshe FEE
Mdalaal ar F WA ooflA] B racemate Q) IAIS
dol & Aol ddAE AT & e FAHES J”tst
312} BATE HofRl =2 A1 cyclopentenyl alcoholS #
FA 02 southern system®Z HE3}o] o] M) 84S
skt sl

Aldrich-SigmaellA] F-ufsilom,
= = Eokﬁ]rﬁ'("r)i“rﬁ T
= 7AA ¢l
oz ARgSIGiTh gl Saguliel disl e x4
e 31%3}01 dojzl Z1& ol43lirt. 'H-NMRE JEOL
ECLITSE-500 Spectrometer(500 MHz)E ARE351o] 574381310
] Y5 EE B2 R tetramethylsilane(TMS) S AFg-8FSlth &
g v g 2ulE 78H9)(TLC)+= Merck AlE91 A2 714
60F 5, = ARE-8I3 AL, dnt AR T2 v 18v)= Merck #1359
Kieselgel 60(70-200 Mesh)S AF2-31t}.

Ethyl 4-(tert-butyldimethylsilyloxy)-3-((tert-butyldimethyl-
silyloxy)methyl)but-2-enoate (8) — 1,3-Dihydroxyacetone 7
(5.4 g, 60 mmol), N,N-dimethylpyridine(1.47 g, 6.0 mmol) 72|
1L triethylamine(11.1 m/, 80 mmol)S- methylene chloride(100
ml)ll £3lA171 & 0°CE YZ3)aL t-butyldimethylsilyl chloride
(9.0 g, 60 mmol)= U 5o JeS FAUES E Hoj
o] Wtk TLCE wbg-2] 45 gRlstl WeEdeas &
F4(100 mi)9} ethyl acetate(150 mi) 7 2ol Eajxx]
== %als}ﬂ %2 ethyl acetate(50 m)E U] FE31Tt.
AMEF LN B0 m)= 7 el 4
A Aojdiarl HeE 155 o SHEFORE AXAI7]aL o

Ne s ol & A7 A9
A =2rFE 729 (n-hexane/ethyl acetate=20 : DZ #-2] A5}
disilylacetone(19.1 g, 100%)2 At}

NaH(2.46 g, 60% dispersion in mineral oil, 61.6 mmol)<
THF(50 ml)oll @8A17]32 0°CE 1J2}$t ¥ triethylphosphono-
acetate(13.8 g, 61.6 mmol)®] F<= THFE0 ml)) £4& AV S

o] g-sto] oF 16w 1 F7Fslrh. 74 7k o] ME As
golsl T E2ldt oA oA o
56 mmol)& 7 THF(70 ml)ell 531 &5

o
ﬁ

ER

EE!O
==

A2 disilylacetone(18.0 g,
AR F
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7RItk HESo] ¢kdE & E(1 ml)E Yo quenchingslal ethyl
acetate(200 m)2} 10% FIIEF FEN (100 m)= A2 5
7155 Feste] 7 SMhERC R 113A]7]aL o st of
oS ZlelieZalolr). dojxl FRES Au)yla A mnbE
279 (n-hexane/ethyl acetate=20: 1)=& 2] A5l 3=

8(22.3 g, 96%)= AT},

"H-NMR (CDCl,, 500 MHz) & 5.96 (t, 1H, J=2.1 Hz), 4.85
(d, 2H, /=09Hz), 442 (d, 2H, /=09Hz), 414 (1, 2H,
J=69 Hz), 127 (t, 3H, J=6.9Hz), 092 (s, 9H), 0.88 (s,
9H), 0.09 (s, 6H), 0.05 (s, 6H).

Ethyl 3,3-bis((tert-butyldimethylsilyloxy)methyl)pent-4-
enoate (9) — o,p-Unsaturated ester 8(22.1 g, 56.9 mmol)E |
gl Z 2ol =200 m)el 521 §As 40°CE Bhst &
DIBAL-H(80 m/, 120 mmol, 1.5 M in tolueneYs #313] #7}s}
Atk Hhgo] kAdE $ 15% Rochelle solution(400 m/) ©. &
quench1ng 5kl ethyl acetate(150 m)Z =3It} E2lE 771
ASPHEF 589100 m)Z A2 F 5 SE
FOE XA offsle] ofdls AdsFalgint. dojxl 1k
FEs A87H Ay 3 2ulE 189 (n-hexane/ethyl acetate=
5:1)% 2 AA|3ko] Claisen A¥H-3-2] 71del Gy
(18,53 g, 94%)5 ATt

A= Ad=(18 g, 51 mmol), ZZ324H300 mg) 123l triethyl
orthoacetate(18 m))E ¥4 EF41(300 m))ol] ¢ & R ex
£ 110~120°CZE 7}43tHA] 578 short path apparatusE ©]
goto] Rkg- T k= olvheS AR dA AE5H 0= A
Attt wheo] e F EF<dle A%k Fste] AlAska
FES Ay A3 2 etE 125 (n-hexane/ethyl acetate
=20: D= 2] gAlste] sk 9184 g, 87%)E LU

"H-NMR (CDCl,, 500 MHz) & 5.84 (dd, 1H, /=17.9, 11.0
Hz), 5.10 (dd, 1H, /=11.0, 1.4 Hz), 5.04 (dd, 1H, /=179, 1.4
Hz), 4.07 (1, 2H, J=7.4 Hz), 3.65 (d, 2H, J=9.2 Hz), 3.60 (d,
2H, J=9.6 Hz), 2.42 (s, 2H), 1.22 (t, 3H, /=7.4Hz), 0.87 (s,
18H), 0.02 (s, 12H).

(E)-Ethyl 5,5-bis((tert-butyldimethylsilyloxy)methyl)hepta-
2,6-dienoate (10) — 332 9(6.3 g, 15.1 mmol)E =+ E5<1
(75 m)ell &3A17]3L -78°CE Y7gt 5 o] §-He] DIBAL-H
(10 m/, 15 mmol, 1.5M in toluene)S 10%-ol Ax] #7}sl3itt.
FAsF 2504 30 =<oF Wyl & gk (15 m)= quqs]
A7V3HA quenchingdtSith. WHg 3 0% &1
ethyl acetate(200 m))E 713t &
AN A e FE 713}%13} 1

AL A 2 dHs| =145 grs 2 AR 3§ Wk
< sk 85 Pdske A Fds WS #83lo1) Horner-
Emmons-Wadworth?+-5-© 2 o,B-unsaturated ester® %k}
3FE 10(16.79 g, 97%)s AUt

'H-NMR (CDCl;, 500 MHz) & 6.94 (dt, 1H, /=156, 7.8
Hz), 5.82 (d, 1H, J=15.1 Hz), 5.72 (dd, 1H, /=184, 11.5 Hz),
5.13 (dd, 1H, /=11.0, 1.4 Hz), 5.01 (dd, 1H, /=184, 1.4 Hz),
4.17 (q, 2H, J=6.9 Hz), 3.51 (d, 2H, /=9.2 Hz), 3.46 (d, 2H,
J=9.7 Hz), 229 (dd, 2H, /=78, 14Hz), 127 (t, 3H,
J=7.4Hz), 0.84 (s, 18H), 0.03 (s, 12H).

(E)-5,5-Bis((tert-butyldimethylsilyloxy)methyl)hepta-2,6-
dien-1-0l (11) - 3}3+= 10(16.7 g, 37.7 mmol)= HEANE=Z 2}
o]=(100 mlPll g3ir71aL -78°CE W¥7kst F o] gl DIBAL-
H(G0 m/, 75 mmol, 1.5 M in toluene)= 204l A3 A 7}s3
o}, A3 25ollA] 30 FoF wRIsE & WEke(75 m)E A3
3| A7}slo] quenchings}Sitt. vk
ethyl acetate(300 m))E 7}kl 1+
A1 aAe] s 7uEl o] %@%91 OL—ErUH?%‘E celite
E FI7IE Aol BE AlAS oL AdEFEste] F
ol g3l Az * Aozl ARES HEFH @ESELEU}
B 729 (n-hexane/ethyl acetate=4: )% #2] AAsle] L

= 11(14.8 g, 98%)5 AUt

1H—NMR (CDCl;, 500MHz) & 5.71 (dd, 1H, /=110, 179
Hz), 565 (m, 2H), 5.09 (dd, 1H, /=114, 1.4 Hz), 497 (dd, 1H,
J=179, 14 Hz), 407 (m, 2H), 348 (d, 1H, /=9.2 Hz), 3.45 (d,
2H, 9.7 Hz), 2.14 (m, 2H), 0.87 (s, 18H), 0.02 (s, 12H).

((2R,3R)-3-(2,2-Bis((tert-butyldimethylsilyloxy)methyl)
but-3-enyl)oxiran-2-yl)methanol (5)—4 A molecular sieveS}
D-(-)-diisopropyl tartarate(0.88 m/, 4.2 mmol) 72|31 Ti(Oi-
Pr),(1.0 ml, 3.5 mmol)E ¥3sh= -2 2k~A(500 m)E 171
SOFE AFAIZIIL o}= 0 F XFhel & F wedlE 2 o]
Z(00m)S ¥al -22°CE Y713t 3 tert-butylhydroperoxide
(12.7ml, 70 mmoDE FAIE ol-8slo] 108 3tell A F7}st
Atk o] wkg-Eel < 11(14.0 g, 35 mmol)?] HHANZE
o] = (50 m) &-M& —Zr/\}ﬂ HEE o] gslo] ofF 2471l A A
AA3] F7reslt. o] Wk E3HES -22°ColA] 2241%F wRkst
2 10% sodium thiosulfate &N (100 m)S Y1 A0 F A
3] 255 224 =2 fert-butylhydroperoxideS quenching
33T}, o] Hkg- &322 molecular sieve: celites §3A]7]

HAATE AAEAT ARl {715E st = 10%
AIEF TEAGIm)SE 7 Hell 2H AL T {§755
T M ERC R HAXAPT|IL ofFste] ofds 7qksEef
th @zl AFES Ay A Az eHE 229 (n-hexane/
ethyl acetate=6: 1)@ 2] AA6lo] o|ZALZ 5(14.2 g, 98%)
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& gtk
"H-NMR (CDCl,, 500 MHz) & 5.79 (dd, 1H, /=18.3, 11.0

Hz), 5.14 (dd, 1H, /=115, 1.4 Hz), 5.04 (dd, 1H, /=17.9, 0.9
Hz), 3.88 (m, 1H), 3.49~3.59 (m, 5H), 3.04 (dt, 1H, /=6.4,
2.3 Hz), 2.89 (m, 1H), 1.90 (t, 1H, /=6.9 Hz), 1.74 (dd, 1H,
J= 142, 6.0Hz), 157 (dd, 1H, /=14.2, 6.4Hz), 0.88 (s,
18H), 0.02 (s, 12H).
(R)-5,5-Bis((tert-butyldimethylsilyloxy)methyl)hepta-
1,6-dien-3-0l (4) — 3% 5(12.8 g, 30.7 mmol)S HEAZF= e}
O]=(100 m)el] Q1 f4S- -20°CE WYZlsla Eglodol (6.4
ml/, 46.1 mmol)= 21 AL HAFZ o] =2.4ml, 30.7
mmol)& 103 7tell AA F71aslSith. FUsh 25004 40% o
W 3 10% NaCl =820 m)E 716t 202 25
= 221 ethyl acetate(100 m)=E 21l F7]15S Eoadnt.
23 715 7 MMEFOE 113A]7]aL o st of
=35tk Fozl A= AegHd AdazetE
7 (n hexane/ethyl acetate=4: )% 2] JAslo] oA
1E(119 g, 78%)% A3ct.
ZA M AE0) E(11.8 g, 23.8 mmol)¥} Zn(6.2 g, 47.6 mmol),
iodide(7.15 g, 47.6 mmol)2] &%=l EtOH(120 m)=
T AZF Zot 7FdskEEl9it), HEgo] ekdE & nlke-&sl
%% 20 Z YSIL celites B3 oZslo] TAFRES Al
At} ofdls FAdsHato] Fojxl WRES Az d9
A=Zv}E 725 (n-hexane/ethyl acetate=20 : 1)Z 2] “JA[5}o]
TondL= 4(6.86 g, 72%)E A3t
'H-NMR (CDCl, 500 MHz) & 5.80 (m, 2H), 5.25 (d, 1H,
J=17.0Hz), 5.16 (d, 1H, /=11.5Hz), 5.04 (m, 2H), 4.28 (m,
1H), 4.08 (s, 1H), 3.70 (m, 2H), 3.51 (m, 2H), 1.66 (m, 2H),
0.91 (s, 9H), 0.90 (s, 9H), 0.08 (s, 6H), 0.05 (s, 6H).
(R)-4,4-Bis((tert-butyldimethylsilyloxy)methyl)cyclo-
pent-2-enol (3) — Divinyl alcohol 4(2.0 g, 4.99 mmol)S 2]
A 55 ogddZzae] =G0 mhell 39 F LAIth Grubbs'
catalyst(410 mg, 0.5 mmol)& 21 OPEJ‘ 7t ~E o] g3t
degassing SFSITE Aol A] 5AIRF WHESE & Grubbs' catalyst®]
5 Q8 EetATE w79 HES JEHIE 12411 wHkeisl
ok SE AR ¢ 3 Has JuE Ay FF
A2} 73] (n-hexane/ethyl acetate=25:1-10: )Z 2]
JAIBI] cyclopentenyl alcohol 3(1.71 g, 92%)5 LUt
'H-NMR (CDCl;, 500 MHz) & 594 (dd, 1H, /=55, 2.3
Hz), 5.70 (d, 1H, /=6.0 Hz), 4.57 (t, 1H, /=7.4 Hz), 3.66 (d,
1H, /=9.6Hz), 354 (d, 1H, /=9.6Hz), 349 (d, 1H, J=
9.7Hz), 340 (d, 1H, /=9.6Hz), 2.92 (d, 1H, /=10.5Hz),
1.86 (dd, 1H, /=13.8, 6.9 Hz), 1.58 (d, 1H, /=13.8 Hz), 0.89
(s, 9H), 0.88 (s, 9H), 0.05 (s, 6H), 0.03 (s, 6H).
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(R)-((R)-4,4-Bis((tert-butyldimethylsilyloxy)methyl)
cyclopent-2-enyl) 3,3,3-trifluoro-2-methoxy-2-phenylpro-
panoate (12)— Cyclopentenyl alcohol 3(68 mg, 0.183 mmol),
N,N-diisopropylethylamine(59 mg, 0.458 mmol), DMAP(60 mg,
0.49 mmol)= - WA S Zefo] ol G3|A| 7] Z-2ellA]
BOP-CI(61 mg, 0.24 mmol)E AV |2 Wit} sUgh 259
200 WHE A7 TLCE Wh3o] T4 ERlskal R3]
< ethyl acetate(50 m)e} 0.2 N GAF $~8(20 ml) F 5ol
WAl & f7)5S 228k sodium bicarbonate E3§
10 m)HT}F 10% FIIEF T2H10 m)HE Aol el
T2 T PUEFORE AXAPT)IL ofafsto] of A4S Zijh
ool dojx ArEs Au7HA A7 azrtE 189 (-
hexane/ethyl acetate=20: 1)= 2] “J 4|3} Mosher's ester
12(75 mg, 70%)s ¥ o342 vl&2 6.0 ppmoilr &
2]¥ 5 vinyl protons(doublet)®] ZFH| = A7 = Tt Major
at 6.02 ppm : minor at 5.98 ppm=>5:1.

((2S, 38, 4R)-4-(tert-Butyldiphenylsilyloxy)-2,3-dihydroxy-
cyclopentane-1,1-diyl)bis(methylene) dimethanesulfonate
(2) — Cyclopentenyl alcohol 3°|4 olg] ©AS AAH I
dimesylate 13(422 mg, 0.78 mmol)¥} N-methylmorpholine N-
oxide(120 mg, 1.02 mmol)E ¢P1E-=-THF-+-BuOH(4:1:2: 2,

ekl

2 Mr m{n X

OH Fo

6 m)oll 23|A7) T Ao 1% osmium hydroxide(in water,
0.4 m)E IS o] gsto] WAL A=ollA 12413 wHksh &
0°CE ¥Zskar 14 Na,yS,04300 mg)S ¥] osmium hydroxide

= eleh. vl e AdeRE Al sk ?%
33 ZHFE-S ethyl acetate(30 m)9F 10% F3HERH
HE-M20m)oll Friste] 7155 FElekal 55 ethyl
acetate(10 m/x2)= F7}2 FE3th 7155 7 Eol '+
T REF SR 713A7]31 ofsle] o HE TIkEEsIeltt.
Foj7 FFEE Ae)7hd A¥ a2 vkE 7123 (n-hexane/ethyl
acetate=2: )% F2] AA5lo] tol2 2(396 mg, 88%)= Lt

'H-NMR (CDCl,, 500 MHz) & 7.64 (t, 1H, /=1.4 Hz), 7.63
(t, 1H, /=1.8Hz), 7.60 (t, 1H, /=14Hz), 758 (5, 1H, J=
1.8 Hz), 7.37~7.46 (m, 6H), 4.39 (d, 1H, /=9.7 Hz), 4.37 (s,
1H), 4.35 (d, 1H, /=9.6 Hz), 4.27 (d, 1H, /=9.7 Hz), 4.16
(m, 1H), 4.13 (d, 1H), 4.10 (ABq, 2H, J=14.2, 7.3 Hz), 3.98
(t, 1H, J=3.2 Hz), 3.06 (s, 3H), 2.99 (s, 3H), 2.05 (dd, 1H,
J=14.7, 5.5 Hz), 1.49 (dd, 1H, /=14.7, 2.3 Hz), 1.06 (s, 9H).

#3132 13: 'H-NMR (CDCl;, 500 MHz) 8 7.64 (m, 4H),
7.36~7.47 (m, 6H), 5.87 (dd, 1H, /=5., 2.3 Hz), 5.74 (d,
1H, /=6.0Hz), 4.86 (m, 1H), 4.28 (ABq, 2H, /=11.0, 9.7
Hz), 4.03 (ABq, 2H, /=16.5, 9.7 Hz), 3.04 (s, 3H), 2.95 (s,
3H), 1.95 (dd, 1H, /=14.2, 6.9 Hz), 1.81 (dd, 1H, J=14.2,
3.2Hz), 1.02 (s, 9H).
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((1S,3R,4S,5S)-3-(tert-Butyldiphenylsilyloxy)-4-hydroxy-
6-oxabicyclo[3.2.0]heptan-1-yl)methyl
(14) - Sodium hydride(4.4 mg, 0.164 mmol, 90%)°ll E3k=]o] Q)
© TS AFFEEE o] g3 AAS ¥4 THFGm)HE ¥
HEAA -25°CE ¥Z1eiiet. o] Wz gole]l tolE 2(52.6 mg,
0.092 mmoly& THF@ ml)el| 521 |8 3| F71s]8lc). vt
SE WY 8 JE Ads] A AshEs 243k A

|

methanesulfonate

B LES PEAZT o] 4AE WA o] LEE F
ANZk o] FAT F E3} FIIEF £5AAm)E 2

o] quenching®t ¥ ethyl acetate(30 m)2} 10% FSPIEF T8
(10 m)ell HlEle] f7158 EBlshal 752 ethyl acetate(10
m/x2)E FE3Ih Kol {7152 4 EFRSR 1%
Al7]1a1 ofFfsto] of g FREsSFaIgit). fojxl AR Al
714 A 3 2ol 1819 (n-hexane/ethyl acetate= 5: 1)= +-2]
A Asked bicyclo[3.2.0]heptane 143} T3 o] A|Ql bicyclo
[2.2.1]heptanes 10: 19] H]E2] E71=(35 mg, 80%)2 LTt

'H-NMR (CDCl;, 500 MHz) & 7.77 (dd, 2H, J=7.8, 14
Hz), 7.69 (dd, 2H, /=7.8, 1.4 Hz), 7.36~7.46 (m, 6H), 4.75
(d, 1H, /=46Hz), 457 (d, 1H, /=69 Hz), 451 (dt, 1H,
J=9.2, 69 Hz), 423 (s, 2H), 3.93 (d, 1H, /=6.4 Hz), 3.88
(m, 1H), 3.04 (s, 3H), 2.13 (bs, 1H), 1.73 (dd, 1H, /=13.3,
6.4 Hz), 1.57 (dd, 1H, J=13.3, 9.2 Hz), 1.07 (s, 9H).

(1S,3R, 48, 5S5)-3-(tert-Butyldiphenylsilyloxy)-1-((methyl-
sulfonyloxy)methyl)-6-oxabicyclo[3.2.0]heptan-4-yl benzoate
15) - 33E 147} FAAES] 29E(30 mg, 0.063 mmol)?} 1]
2](10.0 p/, 0.126 mmol)yS HEHEZ o] =3 mi)ell E3A1Z]
. 0°CE ¥Z38lal benzoyl chloride(9.0 pl, 0.0756 mmol)S- ¥
2§ FYsk 254 182K wHksISIT, vEgo] edd § ub
SE3E-S ethyl acetate(20 m)H2} 10% LIFIEF FEN(10
m)oll Fujate] 7152 8]l 52 ethyl acetate(10 ml
x2)% FEh f715S FAA T PEFOE 11X
Al7]aL ofdfate] ofdls FRksSagith. dojxl REe Ae
712 A A 2vlE 729 (n-hexane/ethyl acetate=10: )Z -
A18k] bicyclo[3.2.0]heptane ©1’3A4] 15(21 mg, 56%)= &
o Fz o] A9l bicyclo[2.2.1]heptane(2 mg, 5.4%)= &
gt

'H-NMR (CDCl;, 500 MHz) & 7.96 (dd, 2H, /=8.3, 1.4 Hz),
7.71 (dd, 2H, /=84, 14Hz), 766 (dd, 2H, /=77, 1.4 Hz),
7.23~748 (m, 7H), 7.25 (t, 2H, J/=7.8 Hz), 5.08 (m, 3H), 4.55
(dd, 1H, J=6.4, 14 Hz), 4.25 s, 2H), 3.97 (d, 1H, /=6.4 Hz),
3.07 (s, 3H), 1.78 (m, 1H), 1.67 (m, 1H), 1.03 (s, 9H).

((1S,3R,4S,5S)-4-(Benzoyloxy)-3-(tert-butyldiphenyl-
silyloxy)-6-oxabicyclo[3.2.0]heptan-1-yl)methyl
(1) - Triton B(6 p, 0.033 mmol)2} W5%H4 mg, 0.033 mmol)S-

ol

)

;

I~

[}
=

32 W

benzoate

DMF(0.5 m))ell go] “d2ellx 1H947] W-g-© % benzoate A=
P33t T bicyclo[3.2.0]heptane mesylate 15(15mg, 0.026
mmol)®] DMF(1 m)) &5 o] 80°CellA] 12413 F<tk 7Hd
WISl Hhgo] AE & Afe 0w WZSkal ethyl acetate
(60 mH9} 10% FSMHEF +8(10 m)oll Fulete] 7155
eIt F715S 5 BMERSRE 271 o st
o RS PSS dolXl = A A7as
u}lE 7209 (n-hexane/ethyl acetate=13 : )& 2] gAslo] F
% 2AE hicyclo[3.2.0]heptane dibenzoate 1(9.8 mg, 63%)=
At

'H-NMR (CDCl,, 500 MHz) & 8.05 (d, 1H, /=0.9 Hz), 8.03
(d, 1H, /J=14Hz), 8.02 (d, 1H, /=09 Hz), 8.00 (d, 1H, J=
1.4 Hz), 7.55~7.73 (m, 8H), 7.34~7.50 (m, 6H), 7.26 (t, 2H,
J=7.8 Hz), 5.13~5.19 (m, 3H), 4.65 (dd, 1H, /=6.4, 0.9 Hz),
433 (ABq, 2H, J=24.3, 11.5Hz), 4.03 (d, 1H, /=6.4 Hz),
1.78 (dd, 1H, /=128, 6.0 Hz), 1.70 (dd, 1H, /=12.8, 8.7 Hz),
1.03 (s, 9H).
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[

B Aol A WA $AEEE Fig. 1914 Hi= vle} southern
T+ northern 7wEH QA =R WHE Jhsst Qo FIHA
cyclopentenyl alcohol 32| 3/doltt. F3HA 4 = cycol-
pentene ol EASH= o543l dihydroxylations 335+ 2
@9 228 A bicyclo[3.2.0]heptane Al ~ES 5= A
o] o] =] 7 WA 3ol o)g} wdd Av-d¥r) 2007d
of] Z3gl n} QIeh29 regk o] FAlel dihydroxylation ©13F- 2'-
hydroxy”] 2} 4-hydroxymethyl”] & <12 A7t northern
conformations- 7} bicyclo[2.2.1]heptane A]Z~8l O 29 M3
7Fseb] whitell F1HA1e] &8 rt Avkar & 4 Qo

Fig. 3°l4= 8 S 3dS 918 937334 (retrosyn-
thetic analysis)®] A27l%o] itk A A g4 FxQ 38HE 3
& Petga] AEd SO R dojR d=UE 49 Grubbs'
metathesisE 53l 4 F AL AR 4P} FstEd s
71 & dF 4= Sharpless epoxidation¥} expoxide ring
opening BF$-0 % XMelA sWio] 7ps5e 2102 WM} Sharpless

Bz0 é% otps|  MsO oTPS
T oBz |= wmso-f/ ‘o =
Q HO
2

1, precursor
for southern nucleoside

TBSO OH TBSO TBSO HO
= = = = _k\ —=> 0]
TBSO—/ TBSO—/ 4= CHO
SO}K O%OH TBSO—/ HO
4 5 6 7

Fig. 3 — Retrosynthetic analysis.
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Vil OH Vil
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Reagents and conditions: 1) a) 2.1eq TBSCI, DMAP, TEA, CH,Cl,, rt,
12 h, 100%. b) triethylphosphonoacetate, NaH, THE 0°C—rt, 8 h,
96%. ii) a) DIBAL-H, CH,,Cl,, -40°C, 94%. b) triethylothoacetate, cat.
propionic acid, toluene, 5h, short path distillation for continuous
removal of toluene, 87%. iii) a) 1 eq DIBAL-H, toluene, -78°C, 2 h,
88%. b) triethylphosphonoacetate, NaH, THE 0°C—rt, 2 h, 97%. iv)
DIBAL-H, CH,Cl,, -78°C, 98%. v) 0.12 eq D-(-)-diisopropy! tartarate,
0.1 eq Ti(O-iPr),, 2 eq t-BuOOH, anh. CH,Cl,, 4 A molecular sieve,
18 h, -22°C, 98%. vi) a) MsCl, TEA, CH,Cl,, -20~-25°C, 30 min,
78%. b) Zn (4 eq), Nal (2 eq), DME 80°C (10 min)—88°C (30 min),
71%. vii) 1st generation Grubbs catalyst (0.1 eq), CH,Cl, rt, 4h,
92%. v) Mosher's acid, DCC.
Scheme 1 - Enantioselective synthesis of a chiral cyclopentenyl
alcohol and determinaton of the enantioselectivity with
Mosher's acid.

oxidation®] 71€2 TBS 15°= K& ¥ 1,3-dihydroxyacetone
S SNEAE slo] olu] & X® Wittig reaction - DIBAL-H
reduction - Johnson's orthoester Claisen rearrangement -
DIBAL-HS =A% dojx aldehyde] Wittig reaction -
DIBAL-H= AzJsto] 34 7hsd slo= o dsigich
MM E BiRe] AT & F-2l= Sharpless's
epoxidation®]” 23+ enantioselective epoxide®] 3} Grubbs'
metathesisE ©]-&-3F & 2] gAJolt}. Scheme 1°4]= cyclo-
pentenyl alcohol®] Aol #3dt S WoIF QUTh 1,3-
dihydroxyacetone 7] diol TBS 15°% X353 5 Horner-
Wadsworth-Emmons reaction® = o,p-unsaturated |~E 8=
35T}, o| ~E|E DIBAL-HZ #9510 dojxl dHd=g
242 Johnson's orthoester Claisen H$JHk2ol] 2831 v, 8-
E¥3} o AE 92 TSI Claisen A9HHS- A g4 ©A|
£ £°17] 93l ethyl vinyl ether?} & o]&-3te] Fnt=
LB =E skt skl ot vEgo] A=A okgkor 9
sh= SHERl dls| el st 585 vl wWotth 3= 9
9] oA IS duls| =R vuHt] 913l 195 DIBAL-H=E
A &A=t oluf 2kt alcohols B HARE o] Ao M=
JASA L FukZ Wittig WF--oll 28314 a,B-unsaturated
olAH 10 & 7 ATk e 102 3= 89 dAxA
W osde Wy = 29 o]4e] DIBAL-HE A 23t
Sharpless epoxidation®] 71231 4HLF 11= AFsIQlt). 3}

iE o
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e 7oA SIstE 117BA19] Q] 82 80~99%7HA] vl
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kel

oF2leka! 11¢] Sharpless epoxidationS” 28-A171 A3} s}
poxy alcohol 37} ©] =2 °] enantiomers 5:1°] H[&%

o flo o

o 2 a2 rfr

122 H=9] proton NMRE o851 o]/d&A|9] vinyl 4=
o] A{H|E o]&sto] AASAT k= 59 ¥F Iu=
mesyl chlorideZ *]2]3}°] mesylateE I$.2" mesylates ¢
2H0% WA 9kl Nal H7FsE Zn/ZAk iks- 248 o] &
o] JhE- UlollA] mesylate”} iodide= YA epoxy iodide &
A7} Znoll 2)3) 32 epoxide B 7HAWE-go] Lo A
Grubbs metathesis 7]2<! divinyl alcohol 42 22 5= AUTEY
Mt Grubbs' vl o]gsle] sljta 45 vEdEZelo| =
A RESAIZ] A3 AR Yeke TR sk 38 ¢
At

TRHHA 39 8795 AFs] A8l southern =45 %t
= bicyclo[3.2.0Jheptanes 435I tHScheme 2). 3185 132
TS okl MEshs Aol ol E4= 35
= 0% E S trRIEA foxl AL o1 4 a%h
A7} go] xEgto] H QY] wiitel FEle] A Y-S Al
3hA] ottt 3FsHE 132 0sO,-mediated dihydroxylation -
cis-diol 22 ==t olwf S| s}eh-& Aulst= AR tert-
butyldiphenylsilyloxy155-2] JAIgeljolct. o] &4 oju] SkA|
g ol A v kR o] 150 A AR cis-
diok> -OTPS 152 wiisde] 3/J¥ct. Dihydroxylationel T
S AedE Al Sk 2%k proton NMR 7l
A minor 3FE-S 2HS = SISl cis-diol 28] FAR 0-&4
3} hgo] 218 7S ul K,CO, MeOH ZA0M= 34 &
¥ southern 3}5H&3} northern A/d-&2] Hl&o] A 1:1
Sulslo] ds] deiido] glgltt. o] A2 S Slal w2

it

bz

" M0 .
0
13 2

MsO . MsO . MsO
- %/OTPS i OTPS %/OTPS
Mso~~ OH | “oH
e o
14

i MsO otps ,, B OTPS
] oz /T “oBz
o o
15 1

Reagents and conditions: 1) 1% aq. OsO,, NMO, acetone/water/THF/

tBuOH (4:1:2:2), rt, 12 h, 88%. ii) NaH, THE -25°C—-5°C, 12 h,

80% iii) BzCl, pyridine, CH,Cl,, 0°C, 18 h, 56% (isomer 5.4%). iv)

BzOH, triton B, DME 80°C, 12 h, 63%.

Scheme 2 - Conversion of cyclopentenyl alcohol to a precursor for
the southern nucleosides.
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