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Synthesis of Hydroxycyclopentane as a Synthetic
Intermediate for Carbaprostacyclin

Young-Ger Suh®, Bon-Am Koo, Jae-Kyung Jung, Youn-Sang Cho and Woon-Lyong Lah
College of Pharmacy, Seoul National University, Seoul 151-742

Abstract— An efficient synthetic route to the trisubstituted cyclopentane as an useful synthetic
intrermediate for carbaprostacyclin is described. Ireland Claisen rearrangement of a hydroxylactone

has been employed as a key reaction.

Keywords [ ] Carbaprostacyclin, cyclopentane, Claisen rearrangement, lactonization.
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'H-NMR spectrat= Bruker WP 80 % JEOL JNM-
GCX 400 spectrophotometerd ©]8-3lo] (etrameth-
yisilane¥ internal standard® A}8-3led =3}l o
vreple}. Infrared

Perkin Elmer 1710 Fourier transform
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spectray=
spectrometer® % 438}¢] 0™, frequencyi= cm &
3 AlstedT)h. Mass spectrat= VG Trio GC-MSE A}
£3tod 70 eVe] electron beam energyel 4] ELE %=
Astedom, column chromatographyi= silica gel
(Kieselgel 60, 230~400 mesh, Merck)-S A}-8-3eic}.
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(R, Z)-6-[2-(Ethoxy)ethoxy]-1-(tetrahydropyrany-
(M—PPTS (5.09g, 0.02 mol)<]
CH.CI,(200 m/) solutionell 5C of| 4] (—)-glycidol 6(15

loxy)-2-hexen-5-ol



292 #]e3 7

e 447

. Z
Az

g

o

, 0.20 mol)¥} ethylvinylether(29.2g, 0.41 mol)& %
a1 30 FoF kgl ol Aol A 3417k awksls
th CH.Cl, (500 mi X 2)& ZZsly §-7])&n) 2=
o} &, brinee @ A3 F MgSO,E Ax3Ixw
% sk crude oil& 33 ZEF(b.p 75C /20
Torr)3le] 6as 20.72g(70%) dgict

1H-NMR(80 MHz, CDCly)

5:474(q, J=53Hz 1H), 3.36~3.85(m, 4H),
3.07~3.29(m, 1H), 2.54~2.89(m, 2H) 1.09~1.34(m,
6H)

Propagyl alcohol THP ether(d4l.4g, 0.30 mol)E
THF(200 ml)oll =3l % ~78C ol n-BuLi(1.6M
solution in hexane, 168 m/, 0.27 mol)-& H*13] A7}
shodrh. —10C & 228 &8 24]2F sk §, o4
—60T ol 4] 6a(20.72g, 0.14 mol)E HMPA(24 m/)°
o] HAB| Hrlelon) ALoE 2E &84 12
Hkg-Hol| E-& 7}8ked quen-
chingdta ether(300 m/ X 2)2 F&3gict 780
29 ol & brinel. 2 AHHst MgSOZE A=
& AteE shdch 213 AHFE-E column chro-
matography (EtOAc : n-Hex=1: 3)3}e] T4 0il2]

6bS 34.8¢ (85.7%) Xk

IR(neat) 3300, 2240 ¢cm !

TH-NMR(80 MHz, CDCls)

8. 4.61~4.79Gn, 2H), 4.43(s, 2H), 3.27~4.29(m,
7H), 2.42~249(m, 3H), 1.48~1.60(m, 6H), 1.10~
1.34(m, 6H)

Mass(EI) m/e . 257(M " -CH,CH3)

oko]] 4] 18- 6b(15.12¢, 52.8 mmol)2}, 5% Pd/BaSO,

[o
ol }'3 2 ol

A EASR = BITA S S

(400 mg, cat)& i1 Ho2 # 33k 5 MeOH(240 m/)
& Y 22)7b wwksielch &elE bEEd §

ol mate] F-4 oil9] 74 15.14g(100%)2 vk

IR(neat) 3300 c¢cm '

'H-NMR(80 MHz, CDCly)

8. 558~5.77(m, 2H), 4.67~4.81(m, 2H), 4.09~
4.23(m, 2H), 3.25~4.00(m, 7H), 2.64(brs, 1H), 2.32(t,
J=6Hz, 2H), 1.48~1.60(m, 6H), 1.11~1.35(m, 6H)

(R,Z)-6-[ 2-(Ethoxy)ethoxy]-5-(p-methoxybenzy-

loxy)-1-(tetrahydropyranyloxy)-2-hexene (8a)—NaH

(60% dispersion in mineral oil, 1.3g, 32.5 mmol)-&

dry n-hexane o 2 2 423t Fof] DMF (20 m)E

78k, hydroxy olefin 7(5g, 17.3 mmol)S DMF(40
ml)ol] o 74k & 1A17F 53k auksled vl PMBCI
(65.42g, 34.6 mmol)-S DMF(40 m/)el| o] 7}sta, 4F
2ol A 12417 o] aenbabeich wkgoel] E-& 713l
quenchingsd}til, ether(200 m{ X2)% 3% &ict #
7] 4w &S Rol & brinel 2 AH3t, MgSO, A
z23F ¥ ke sk ezl 2HFEE column
chromatography (EtOAc : n-Hex=1: 4)d}o] F-22]
oil 8ag 6.8g (95.7%) <<}

IR(neat) 3000 cin !

'"H-NMR(80 MHz, CDCly)

b . 7.25(d, ]=86 Hz, 2H), 6.84(d, J=8.8 Hz, 2H),
5.78~5.59%m, 2H), 4.53~4.66(m, 4H), 4.04~4.24(m,
2H), 3.78(s, 3H), 3.46~3.64(m, 7H), 2.35(brs, 2H),
1.54(brs, 6H), 1.20(q, J=5.2 Hz, 6H)

(R, Z)-5-(p-methoxybenzyloxy)-1-(tetrahydropyra-
nyloxy)-2-hexene-6-0l (8b)— }toll4] o121 8a(6.5g,
15.8 mmol)¢} PPTS (400 mg, 1.57 mmol)S Y1 n-
PrOH (150 m)& 7}sle] Ab-elA 1247 aukslsd
c}. NaHCO; 1g& ol, 127 awtsta Aslkes:
stodvh, 9loxl 224 column chromatography
(EtOAc : CHCl=1: 3)3}o F-42] oil9] 8b-& 4.85g
(90.6%)d Tt

IR(neat) 3300 c¢m !

'H-NMR(80 MHz, CDCly)

§ . 7.26(d, ]=8.7 Hz, 2H), 6.86(d, J=8.4 Hz, 2H),
5.86(m, 2H), 4.50~4.61(m, 3H), 3.86~4.35(m, 2H),
3.79(s, 3H), 3.32~3.67(m, 4H), 2.36~2.44(m, 2H)
1.80(m, 6H)

Methyl (S, Z)-4-(p-methoxybenzyloxy)-8-(tetrahy-
dropyranyloxy)-6-octenoate  (10b)—8b(1.25¢, 3.72
mmol)el DMF (20 m/)& 7}8}3, ice-bathAbel] 4]
(PhO)»,PCH3I (2.52g, 5.57 mmol)-S- DMF (20 mi)ell
=of ] HH3E 27)slgdch(yellowish red solution)
ice-bath4tell 4] 14)7} subs}sr, AF2-el4] 14]7F o
JLH]’a—}‘o:iEl' wk-g-l-8 CH,CL200 m/ X 2) & 74538 &

7] =S “0} IN-NaOH, -E. brineo. 2 |23}
a2, MgS0, A= 7}3bE-4:31o] Todide 99] crude
oil& ik

NaH(60% dispersion in mineral oil, 372 mg, 9.29
mmol)E dry n-Hexane &2 A %(23]) 3}1. ethylbe-
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zenesulfonyl acetate(2.12g, 9.29 mmol)E DMF (20
mh)ell el 7}pskal, 1217 2ubste] aniond 443
sladt) ofoll A & crude iodide 98 DMF(20 m/)el
=od ] ethylbezenesulfonyl acetate anionell 3]
A7vsba, 100T ol 4 124]7F mubaleich ¥hSolo

7}8te]  quenching®}il, CH.Cl(200 m/X2)=
sgith. 7149 %S& o} &, brine® Y

, MgS0, #Axg % 7 Li’ﬁ}‘?i"/} odeizl Ak

FE4 column chromatography(EtOAc : n-Hex=1
:3)8ke] crude oil 10aF Agch

etol| A d-& 10ao] 6% Na-Hg (5.7g, 14.40 mmol)-&
Y7 jce-batholl A wuksleic}. 1417+ ¥ 6% Na-Hg
(4.3g, 1115 mmol)-& v Y3 2*]4 o aubksheich
wWh-g-ol-g- decantationa}oi 2 Na-Hg& A|7st,
EtOAC(200 m)2 F%3 % ‘n‘ﬂ‘%‘“ﬁi'o‘ ol E,
brineo 2 M3l MgSO, dx¥ ¥, #AshyEsl
ack. ozl AHEL column chromatography
(EtOAc : n-Hex=1: 2)3}ed F-A2] oil¢] 10b& 593
mg(3step yield : 40.7%) 2k

IR(neat) 1740 cm !

"H-NMR(80 MHz-CDCly)

8:718~729(m, 2H), 6.84(d, J=88Hz 2H),
5.61~5.64(m, 2H), 4.59(brs, 1H), 4.42(d, J=3.2 Hz, 2
H), 4.15~4.22(m, 2H), 3.78(s, 3H), 3.61(s, 3H) 3.44~
3.54(m, 3H), 2.29~2.39%(m, 4H), 1.47~1.93(m, 8H)

Methyl (S, Z)-8-hydroxy-4-(p-methoxybenzyloxy)-
6-octenoate (11a)—Ester 10b(900 mg, 2.29 mmol)e}
PPTS(64 mg, 0.26 mmol)& EtOH(50 mi)ell 5]t 55
oA 2417 mubstedch AsbEE F Adeld 3

ook o
Rome o

B8 column chromatography (EtOAc . #-Hex=1"

13te] F-42) oile] 11aF 645 mg(91%) It

IR(neat) 1740 cm !

'H-NMR(80 MHz-CDCls)

8:7.13~723(m, 2H), 6.80(d, J=83Hz, 2H)
557~5.89(m, 2H), 4.38(s, 2H), 4.07(d, J=6.0 Hz,
2H), 3.73(s, 3H), 3.57(s, 3H), 3.34~3.48(m, 3H) 2.17~
2.42(m, 4H), 1.64~1.90(m, 2H)

Mass(EI) m/e : 290(M ' -H,0)

(S, Z)-8-hydroxy-4-(p-methoxybenzyloxy)-6-octe-
noic acid (11b)—11a(645 mg, 2.09 mmol)ol LiOH
solution(0.1M in H,O, 30 m))E 7}8l32 THF (60 m/)
7HeE & Aol A 22417F adbalkg]ch. w-gE-& EtOAc
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(100 mHE AHFT F F& +353& 5%-HCIeE pH
3712 AkAEbelal EtOAc(100 mi X2)2 F& 3t}
Fr71 8w %E Sol &, brine2® A A £ MgSO,
Azsla FhabEEstel £9 oil 11b-E 635 mg(100
%) Fdck

IR(neat) 1705, 3300 cm !

'H-NMR(80 MHz-CDCl,)

§:719~729(m, 2H), 6.85(d, J=88Hz 2H),
5.63~5.80(m, 2H), 4.45(s, 2H) 4.14(d, J=75Hz, 2
H), 3.92(brs, 1H), 3.78(s, 3H), 3.42~3.63(m, 2H) 2.23~
2.52(m, 4H), 1.72~1.96(m, 2H)

Mass(EI) m/e . 294(M ™)

(S, Z)-8-hydroxy-4-(p-methoxybenzyloxy)-6-octe-
noic acid lactone (12)—250 m/ one-arm flaskel}
CH,CN (80 m/)3} methyltriphenoxyphosphonium
iodideA] ¥ (716 mg, 2.808 mmol)& ¥ refluxshd
A, 11b (205 mg, 0.7 mmol), Et;N (566 mg, 5.59
mmol)2] CH;CN(40 m/) solutiong- syringe pump2
o|-8-3to] 2441 70ell AM A HA3] Hrlaelch FR
3‘? 4*}7} o] reflux3dt ¥, £9(CH,.CN)YE A5

2, EtOAcE (50 m/X2)2 FZ3}gith vﬂﬁ‘ﬂi =

2ol B brinel® A H 5}5' MgSO, #A=% %
OLh‘—a, isl—oﬂc} 9loizl AFE-E column chromato-
graphy (EtOAc : n-Hex=1: 7)3te] 74 oil®] lac-
tone 12% 70 mg(36%) ¥k

IR(neat) 1740 cm '

"H-NMR(80 MHz-CDCly)

8 720~730(m, 2H), 6.86 (d, J=84Hz 2H),
5.60~5.82(m, 2H), 4.78~4.82(m, 2H), 4.53(s, 2H),
3.80(s, 3H), 3.54~3.66(m, 1H), 2.25~2.62(m, 4H),
1.94~2.11(m, 2H)

Mass(El) m/e [ 273(M ")

tert-Butyldimethylsilyl-4-(p-methoxybenzyloxy)-2-
(13)—-TBSCI(21.8
mg, 0.15 mmol)-& LiN(SiMes), (1M solution in he-
xane, 0.15m/, 0.15 mmol)-& 7}star —78C = YJ7t
2171 F, lactone 12(20 mg, 0.072 mmol)% THF(2 mi)
of] im0 4] A 7}atdeh 127 9k —78C
A AF, 0C 4] 2412 o] WA Ak Whg-Eol
A-LE-5 7}ste] quenching3lal n-pentane(50 m/ X 2)
o Z&qcr) §7]8vlEE Kol 45E, brinec &
A g F, MgS0, 7123k kg5

onf

ethenylcyclopentanecarboxylate

48]

=5lo] crude oil
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16 mgs At

4-(p-methoxybenzyloxy)-2-ethenylcyclopentane
carboxylic acid (14)—Ester 13(16 mg, 0.04 mmol)-&-
THF(1 m/)el] *°]a n-Bu,NF(1.0M solution in THF,
74 W, 0074 mmol)& M A3 Frletdrh AbelA 3
A7 4ks] 22, NaHCO,(10 mi) 718 &, etherE A&
(30 mI X2)3}a, 30} 5% HCIS 7}3lA pH 3A:=
2 AR Ekgt Fol NaCl(solidrg geo] 2&A|zich
F7)8v) 25 ether BO0m/X2)2 FE3k1 Abss
sko] 14a9} 14b9] diastereomer®] EFEE 1:12
5mg(2 step 25%)= <Airch

IR(neat) 3200cm ', 1700 cm ™!

'H-NMR(80 MHz-CDCl)

§:721~731(m,2H), 6.87(d, J=88Hz, 2H),
5.86~5.95(m, 1/2H), 5.74~5.82(m, 1/2H), 5.08(dd,
Jac=13.3 Hz, Jbc=6.3 Hz, 2H), 4.47(s, 1H), 4.40(s,
1H), 3.95~4.18(m, 1H), 3.90(s, 3H), 1.78~2.25(m,
2H), 1.12~1.29(m, 4H)

Mass(EI) m/e . 276(M ™)

ZtAte| 2
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