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Abetract--Syntheses of several stable PGI 2 analogs substituted by 
halogen atoms(s) at C-S or(and1 C-7 are described. React ion 
of protected PC12 methyl ester (la) vith @-chlorosuccinimide 
gave S-chloro-A6-PC11 derivative (2a vhich vas transforned into 
5-chloro- and 5,7-dlchloro-PCIzT(Ll and (5) 1 by subsequent 
lsomerization or chlorination. Similarly, reaction of lb vlth N_- 
bromo8uccinimlde gave 5-broao-A6-PC11 derivative (3&b), which vas 
further transformed into 7-fluoro-PGI 2 (161 by silver fluoride 
treatment. These halogenated PGI2 analoge<ere found to be much 
more stable than PGI,. 

Proetacyclin (PC121 is a useful therapeutic aqent in cardiovascular field 

because of It5 poverful vaeoactive propertlee.’ However its chemical instability 

against hydroly#ls2 is disadvantageous for its practical use, and chemically stable 

PG12 analogs have been proposed as more practical and useful agents.3 

The instability of PG12 molecule is due to the unstable enol ether linkage In 

the molecule. Since thls enol ether group constitutes a part of the strained 

blcyclo[ 3.3.0Joctane ring system, lt 15 hydrolyzed much easier than an ordinary 

l nol ether group.’ In fact, PCI, is easily hydrolyzed to result in the formation 

of biologically less active 6-oxo-PcFI, . 2 PC 12 ana logs vith an electron- 

vithdravlnq group on or adjacent to the enol ether double bond vere considered to 

be resistant aqainat the hydrolysis since the electron-vithdravlnq group would 

reduce the electron density of the enol ether double bond to prevent it from the 

attack of the hydronlum ion. 5 These analogs should be chemically more stable 

than naturally occuring PC12. Along with this strategy, 5-phenylthio-PGIz6 va5 

synthesized by the electrophllic reaction of benzenesulfenyl chloride to the enol 

ether linkage of PGI,, and 7-hydroxy-6(b1f7 and 7-f luoro-PC12 6(bl*7 vere also 

synthesized in our laboratory. Other stable PG12 analogs such as 

4-0x0-PG12 ,’ 5-oxo-A~-PGI: ,” 

7-0x0- PGI 2,8 

5-cyano-PGI2 ,” 5-carboxy-PG12, 12 5-formyl-PGI; ,” 
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10,10-dlfluoro-PC12’4 g& 3 are also included in this category. In this report, 

electrophillc haloqanation to the PG12-enol ether vas examined, and syntheees of 5- 

chloro-, 5,7-dlchloro-, and 7-f luoro-PGI, derlvatives are described. 

(I) Electrophlllc haloqenation of PC12 methyl eater 

Previously ve reported the eynthesls of stable S-phenylthlo-PG12 ,6 vhere the 

electron-vlthdravinq phenylthlo qroup on the enol ether double bond participated in 

the stabilization of the molecule against hydrolysis. However, the phenylthio 

substitution resulted in the decreased bioIoqicaI actlvlty. As it vas considered 

that the decreased activity might be due to the bulkiness of the phenylthlo group, 

halogen atoms smaller than phenylthio function vere chosen as electron-vithdravlnq 

groups for the chemical etabilltation of PG12. 

Ilvxrophlllc kactlon 

PCI* Chemically Stable PCIY Analops 

In order to introduce halogen atom into the PCIz skeleton, the electrophllic 

reaction of N-halosuccinlmlde with PGI, -enol ether linkage vas exanlned. Electro- 

phillc chlorination of PC12 blsft-butyldlnethylellyl ether) methyl ester (2) vlth -- 
N-chlorosucclnlmlde (I.05 equiv.) vas carried out in carbon tetrachlorlde, and 

(SE)-S-chloro-A6-PC11 b&t:-butyldlmethylsilyl ether) methyl ester (&I vas obtained 

in 60% yield accompanied vith the formation of eucclnimido-adduct d (20%). 

Slmllarly, the reaction of & vlth N-bromosuccinlmide gave (SRI-5-bromo-46-PCI, 

blsft-butyldlmethylsilyl ether) methyl ester (2b) In 57% yleld accompanied also -_ - 

vlth succlnlmido-adduct g (201). Roth allyllc halides & and 2b vere found to be - 
homogeneous by the examinations of their “C-NHR spectra, and thelr stereochemistry 

at C-S was tentatively assigned as x (vlde lnfra). On the other hand, the eimllar 

electrophillc haloqenatlons of PCI, methyl ester diacetate (lb) vith g-chloro- 

succlnimlde or E-bromosucclnlmlde gave a dlastereomerlc G mixture of S-chloro- A6- 

PGI, dlacetate methyl ester CaS, or S-bromo-h”-PGI, dlacetate methyl ester (3bl ln - 

58% or 6Ot yield, respectively. Succlnlmldo-adduct 4c or 4d vas also obtained in - - 
these reactions In 2Ot or 13% yield, respectively. lV-Nt4~ spectra of the 

products 3a and 3b exhibited several pairs of peaks corresponding to the several - - 
carbons with the peak ratio of ca. These observa- - 5:3 and ca. 7:3, respectively. - 
tions suggested that acetyl-protected allyllc halides 3a or 3b vere eplmerlc - - 
mixtures of (51j)- and (SS)-isomers in the respective ratios. 
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The exclusive formation of Sg-isomer of sllyl-protected allylic halide & or 

& from silyl-protected PGI, methyl ester _ la could be accounted for the bulkiness 

of the t-butyldlmethylsilyl ether substltuent at C-11. From the molecular model 

study, the C-11 substltuent was found to be close to the enol ether double bond as 

depicted in Fig. 1.16 The &-butyldlmethylsllyl group is bulky enough to hinder 
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the lover side of the cnol ether group from the attack of the haloqenatlnq agent, 

and consequently the halogenstIng agent could only approach from the less hindered 

upper side of the enol ether linkage to result in the exclusive formation of (SE)- 

Isomers 2a or 2b. - - On the other hand, In the case of less hindered acetyl-protected 

PC12 s, the halogeoatinq agent could approach from the both sides to give the 

eplmerlc mixture of (SE)- and (SS)-allyllc halides. The stereochemistry at C-5 of 

sllyl-protected succInImldo-adducts 4a and 4b were tentatively asrigned to 5R, - - 
whereas that of acetyl-protected adducte C and a were assumed to be mixtures of 

z and 5s. 

Further chlorination of sllyl-protected (SE)-allyllc chloride 2a vas feasible - 
vith N-chlorosuccIniaide. When allyllc chloride 2a vas treated vlth N-chloro- - 
eucclnimlde In carbon tetrachlorIde-methylene chloride, geometric Isomers, (5E,7S)- 

and (5&7Sl-5,7-dlchloro-PGlr bls(t-butyldImethylsIly1 ether) methyl eaters (Sal -- - 
and C&l, vere obtained in 17t and 201 yield, respectively. These dichlorides 5a - 
and 6a were also obtained directly from silyl-protected PC12 methyl ester la by - - 
treatment with t-butyl hypochlorlte17 (8 equIv.1 in methylene chloride In 17% and 

58 yield, respectively. The 7S-stereochemistry of Sa and 6a vas determined from - - 
the ‘H-NHR study where the 76-methine protons of the products coupled vlth their 

8B-methine protons by less than one Hz suggesting the 72-configuration of s and 

The As-olefln geometry of 5a and 6a vas also tentatively assigned from their 

?:‘,HR studles as follows - - . The 7a-methlne proton of more polar dichloride 5a - 
appeared In a freld lover by 0.10 ppm than that of less polar 6s. - By analogy with 

the case of 5-chloro-PGIi derivatives 7b and 8b (vlde Infra) where ‘la-methlne - - -- 
proton of SE-Isomer 7b appeared In a field lover by - 0.11 ppm than that of Sz- 

Isomer e, the more polar dlchlorlde 5a and the less polar 6a vere tentatively - - 

assigned to SE and z, respectively. - 
Removal of the ellyl-protecting groups of 5s and 6a with hydrogen fluorlde- - - 

pyridlne In acetonltrlle afforded (5~,721- and (52,7S)-5,7-dlchloro-PG12 methyl 

ester (5b) and (6b) In 8Ot and 76% yield, respectively. - - 
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(II) Isomerlzation of S-chloro-A6-PC11 into 5-chloro-PCIz 

Isomeritatlon of the endo-double bond (A61 of allylic chloride 2 into the 

exo-double bond (As) is an important transformation to get a stable PCI, analog - 

such as 5-chloro-PGIz (11. Previously, acid catalyzed stereospeclfic isonerisation 

of sllyl-protected 5-phenylthlo-A6-PCI1 methyl ester s lnto (SE)-5-phenylthlo-PCIz 

derivative 11 van reported.6 - Similar treatment of sllyl-protected (SR_)-S-chloro- 

A6-PCI, 2 vlth a trace amount of concentrated sulfuric acid gave a nlxture of SE- 

and Sz-vlnylic chlorides 7a and 8a only in lov yield (both in 101 yields) after - - 

x#o. 

chromatographic separation. The difference In the stereochemlcal results vould be 

attrlbuted to the different intermediate formations as follovs. In the acid 

catalyzed isomeritation of 5-phenylthlo derlvative s, tlmre vas a proposal of an 

exclusive formatlon of eplsulfonlum ion intermediate 12 vhlch could lead - only to 

(SE)-5-phenylthlo derivative via oxonium ion Intermediate g.6’b’ The type 14b - 
conformer of 12 vould be excluded probably due to the restricted bond rotation 

betveen C-5 and C-6 by the contribution of eplsulfonlum ion 11 or by the bulkiness 

of the phenylthlo group. On the other hand, in the case of the isomerization of 

5-chloro derivative &, tvo possible conformatlonal isomers of oxonium ion 

intermediates 14s and I4b vere considered to be more plausible than three membered - - 
ring intermediate such ds epichloronlum intermediate 14~. These tvo intermedldtes - 
lla and lib vould lead to the formation of 7a and Sa, respectively. - - - 

The alternative formation of 5-chloro-PGIz derivative 7a vas achieved by - 
stepvlse transformation of 2a via hemidcetal 2. -- When allylic chloride 2a vas - 
treated with a catalytic amount of pyridlnium p-toluenesulfonate in molstured 

benzene, 5-chloro-6-hydroxy-PGI, derivative 2 vas obtained as an eplmerlc mixture 

at C-6. Subsequent dehydration of the crude hemiacetal 2 vith excess anhydrous 

magnesium sulfate in refluxlng benzene resulted In the formation of 7a and 8a along - - 
vith the starting allyllc chloride 2s in 209, 28s and 18s yields, respectively. - 
Removal of the sllyl protecting groups of 2 and Sa with tetrabutylammonlum - 
fluoride in tetrahydrofuran afforded (SE)-5-chloro-PC12 methyl ester (7b) and - 
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(Szl-S-chloro-PC12 methyl ester (Sb) in 951 and SO8 yields, respectively. - 

Hydrolysis of Sb and 9b with sodium hydroxide in ethanol-water gave sodium salt - - 

solution of (SE)-5-chloro-PCI1 E and (SE)-5-chloro-PGI1 &, uhlch were used 

directly for pharmacological tests. 

The As-olefin geometries of the products 2 and @ were determined on the 

basis of their *H-NM? (400 MHz) spectra with the aid of decoupling studies. The 

C-4 methylene protons of less polar component _ lb appeared in a field lower by 

0.21 ppm (1H) and 0.11 ppm (1H) than those of more polar component @. Since 

allyllc methylene protons e to oxygen atom are known to apmar lover fleld than 

those of trans, ” the As-olefin geometry of less polar isomer B vas asslnged to 

5E, and more polar S&, to 5t. 
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(III) Fluorination of 5-halo-A(-PC11 into 7-fluoro-PGIr 

Floorine atom substituted in the vicinity of the enol ether group of PG12 

molecule should l tabilite the enol ether linkage effectively because of the strong 

electron-wltbdr8winp character.lg Moreover, it is known that the substitution by 

fluorine atom of biologically active subatancea often leads to their enhanced 

biological actlvlties.20 In these respects, we have already reported the synthesis 

of chemically mtable 7-fluoro-PGI, t-1,’ vhich alma retained its biological 

activity. However the previous aethod involving the fluorination of 7-hydroxy-PG17 

derlvatlve _ 15 with dlethylaminosulfur trifluoride (DAST) 1s not satisfactory 

because of the low yield.6’b) The more convenient synthesis of ‘I-fluoro-PGIz (21 

1s the use of the present allylic bromlde 3b. - 

Treatment of acetyl protected 5-bromo-A6-PGI, methyl ester (3bl with silver - 

fluoride (10 equiv.) in acetonltrile gave (St,7S1-7-fluoro-PGI2 methyl eater 

diacetate (16al (4081 and 5-fluoro-Ab-PGI, - methyl ester 11 ,15-diacetate (cl (2081 

after chromatoqraphic separation. Similar reactions of allyllc chloride 3a with - 

silver fluoride or of allyllc bromide 3b with ceclum fluoride (in DMF, r.t. - 

~160’C) gave poor results to obtain the expected allyllc fluoride a. The A5 - 

double bond geometry and the C-7 stereochemistry of 7-fluoro-PGIz derivative 16a - 

thus obtained was determlned as (5z,7S) by comparison with the authentic sample 

synthesized prevlously.6(b1 The isolated 5-f luoro-Ab -PGI, derivatlve > was an 

inseparable mixture of epimers at C-5. 

Removal of the acetyl groups of 16a by treatment vlth sodium rethoxlde in 

absolute methanol afforded (7S)-7-fluoro PGI, methyl ester (16b) ln 821 yleld, and - 

hydrolysis of 16b vith sodium - 
of (7Sl-7-fluoro-PGI, (16~). 

synthesize 7-f luoro-PG12 (&I 

hydroxlde ln ethanol-water gave sodium salt solutlon 

The present new method is a convenient vay to 

from PG12 methyl ester diacetate (lb). - 
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Haloqenated PG12 analogs thua obtained vere found much more rtablo than PCI2. 

The chemical half life of S-chloro- and 5,7-dichloro-PC12 methyl eatorg 7b. @, 2 

and 6b in pH 2.4 buffer solution vaa 4h, - 6h, 12h nnd 2.5 h, reepoctively, vhile 

that of PG12 methyl eater vae less than one minute. b4oreover 7-fluoro-PM2 B bad 

a half-life more than one month in pH 7.4 buffer solution, 6(b’ vhlle that of PC12 

in pH 7.46 haa been reported to be only 15 minute& 7-FlUOrO-~I2 16a and (5Eb-S- - - 
chloro-PGI2 7c &owed lnhlbitory actlvltles on platelet aggregation (Rabbit, ICso; - 

0.05 and 0.14 “g/ml, re8pectively1, vhile (St)-S-chloro-PG12 & and 5,7-dlchloro- 

PGI? methyl esters (5& and a) vere less active (~10 uglmll. 

Experimental 

IR spectra ver’c recorded on a JASCO A102 spectrometer ‘H- and ’ k-NW4 spectra 
vere obtained on a JEOL JNM-CX400 (400 MHz), JEDL JNH-PS-100 (100 MHz) or a Varlan 
EM360A (60 MHz) spectrometer. Chemical shifta are reported aa parts per mllllon 
(ppm) relative to internal tetramothylsllane. Mass spectra vere taken at 70 or 
20 ev on a HITACHI M-BOB or a LXB-9000 mass spectrometer. Optical rotations vere 
measured on a Union Ciken PM-101 automatic polarlmeter. For high pressure liquid 
chromatography (HPLC) analysis, a Shlmadtu Model LC-3A liquid chromatography 
equipped with a Shimadzu SPD-2A UV detector, and a YMC-Pack A-312 ODS (5 urn) column 
(15 cm I 6 mm I.D.) vere employed. Thin layer chromatography (TLC) van performed 
using Merck silica gel (Kieselgel 60 F25~) analytical or preparative plates. All 
reactions vere carried out under argon or nitrogen. Solvents for reactions vere 
purifled if necessary before use by distillation from suitable drying agents. 
Solvents for extraction and chromatography vere CR grades. 

Chlorination of PC12 bis(t-butyldlmethyleilyl ether) methyl ester (la) vlth N- 
chlorosuccinlmide(NCS)-_(SR)-S-Chloro-Ab-PC11 bis(t-butyldlwthylslIv1 ethorl 
methyl ester (2a) and 5-chloro-6-succlnlmldo-PGII bls(t-butYldimethYlsilY1 
ether) methyl ester (4a). 

N-Chlorosucclnlmlde (17 mq. 0.13 mmol) vae added at room teaperature to a 
stirred solution of G (71 mg, -6.12 mmol) in carbontetrachlorlde (4 IpI) In the 
presence of solid potaeslum carbonate (25 mq). After stlrrinq the mixture at r-1 
temperature for 1 hr, vater (10 q Lb was added and the mixture vas extracted vlth 
ether (2 u 20 mLI. The combined extracts vere vashed with brine, dried 
over M9SOc-K2CO3, and concentrated in vacua. The residue vas chromatographed on 
Florlsll eluting vlth p-hexane-ethyl acetate (99.5 : 0.5) containfyg 0.18 of 
trlethylamlne to give allylic chloride 2a (45 mq, 6OU) as an oil; (a]~ l 31. (c, 
0.17. CHCl,): IR (fIlmI 1742, 1658. 1255.7122, 1090, 1002, 970, 838, 775 cm-l; *H- 
NMR -(CDCl ;i. 6 2:85_3;2(iH, .br), j_66(3ti, s), j.7-4.i(2H, m), 4-38(1H, t, J=7 Hz)* 
4.7-s.o(~H, br), s.oO(lH. d. J=3 Hz), 5.52 (2H, ml; IX-NMR (CDCl3) 6 33.3(Cz), 
22.0(C3), j4.9(c,,, 55.4(Cs), 154.8(CS), 101.6(C7), SO.S(Ce), 83.3(Cs)r 42.7(Clo), 
76.1 (Cll), 57.9(C 12); MS m/e 630, 628(H*), 592, 573, 571, 535. Calc. for 
CJ3H ,NO,Sl, 35Cl 628.3743, Found 628.3780. 
Furt R er elution with p-hexane-ethyl acetate (6 : 2) contalnlnq O.la of triethyl- 
amine gave succlnlmldo-adduct 4s (17.5 m9, 201) as an 011; IR (CHC13) 1730, 1708, 
1338. 1255. 972. 838 ca-1: IH-NK (CDCla) 6 O.O3(12H. I). 0.87(9H, s), 0.88(9H, S), 
2.66(4H, s), 3.66(3H, s),.3.7-4.2(2H, mi, i-45-4.9(2h, &I, 5.46(2H, m); MS m/e 
672. 6701M-tBu). 
670:3358, 

630. 628, 
Found k70.33i2. 

592, 573, 571, 535. Ca lc. for C13H57N07S17 3SCl 

Chlorination of PC12 diacetate methyl ester (lb) vlth N-chloroeuccinlninde (NCS)- 
5-Chloro-Ab -PC11 diacetate methyl ester (3a) and S-chloro-6-succinimldo-PC11 
diacetate methyl ester (4cl_ 

Chlorlnation of lb (125 q 9, 0.28 mmol) vith NCS (39 mq, 0.29 mmol) vas carried 
out according to the same method described above. The crude product van purified 
by Florisil column chromatography to Isolate tvo compounds; a (78 m9, 58&b 
(elutlng solvent : g-hexane-ethyl acetate, 07.5 : 12.5, O.la trlethylamlno) and & 
(32 mq, 208) (elutlnq solvent : ethyl acetate, O.l@ trlethylamins); 3a IR (film) 
1735, 1660, 1370, 1240, 1060, 1018, 968 cm-l; lH-NMR (CDCl3) 6 0.88(%, t, J-5 
Hz), 1.98(3H, s), Z.OOOH, s), 2.95-3.4(1H, m), 3.69OH, 01, 4.39(1H6~~, 5.6 Hz), 
4.7-5.35(4H, m), 5.53(2H, m); 1X-NMR (CDCl,) 6 33.2(C2), 22.1 22.0 (CP), 
34.3tcc 1, 54.3 and 54.5 (Csl, 155.0 and 155.4(C6), 
64.9 and 84.6(C9), 

101.3 and lOl.O(C71, 51.5 CCg), 
38.7(~,,), 78.03 and 77.79(Cll), 54.9(C12); MS m/e 486, 484(M 1, 

440, 426, 424, 388, 366, 364, 329, 328. Calc. for Cz5H j,O,)) Cl 404.2226, Found 
484.2192. 42; 1H-NHR (CDC13) d 0.88(3H, t, J-S Hz), 2.00(6H, S), 2.65(4H, l ), 
2.65(4H, I), 3.67OH, 81, 4.4-5.3(4H, ml, 5.50(2H, ml. 

Bromlnatlon of PG12 bls(t-butyldlmethylsllYl ether) methyl e$tor (la.) vith N-brow- 

ester (2b) and 5-brono-6-succinimlde-PGIl bis(t-butYldimothYlm1lYl ether?%% 
succlnlmlde (NBS)-(SR)-$-bromo- A’-PC11 bls(t-butvldlaothvleilvl etherl. 

eater(lb)_ 
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Bromination of la (60 (09, 0.10 maol) with NBS (18.7 m9, 0.105 mmol) was 
m art w the similar method domcribeb abovo. The crude product was purifiad by 
ploriril ml- ChtoMtgprwhy (n-haxana-ethyl acetate, 99.5 : QS, ,O.lt triothyl- 
amih~) t0 9Iv0 l llylic brorldo G 08 m9, 576) a8 an oil; (dD l 59’ (c; 0.32, 
CRClq), ER (film) 1742, 1254, 1122, 968, 835, 775 cm-‘; ‘H-*NR (CDC13) 6 0.04(12H, 
81, 0.86(98, #), 0.99(9~, s), 2.92(11(, t, ~-8 Rt), 3.68OH, a), 3.65-3.9(qR, m), 
3.9-4.1 S(lH, l ) 4.47(18, t, J-7 Ha), 
5.47(2H, m); lk-NRR (CDClq) 6 33.2(Cr), 

4.7-S.O(lR, m), 5.01 (II, d, J-2 Hz), 
23.3(C,), 35.5(C4), 46.l(CS), 155.3(CS), 

101.6(C,), 50.6(Cq), 83.1(Cq), 42.6(C)o), 76.O(Cl1 ), 57.8(C 12); RS m/e 6’4, 
672(H*), 617, 615, 592, 537, 535, 460. Calc. for CjqH6, OqSI2 ‘90r 672.3238, Found 
672.3181. 
Further slution with c-hexane-ethyl acetate (8 : 2) containing 0.18 of triethyl- 
amine gave an oily l uccinisldo-adduct 4b (15.5 m9, 20%) IR (fila) 1740, 1712, 
1258, 975, 838, 7’8 cm-l; )H-NNR (CHCl?_ A O.O3(12H, a), 0.84(2qH, bs), 2.63(4H, 

a), 3.65(3H, s), 3.6-4.2(2H, m), 4.3-S.O!ZH, m), 5.48(2H, a); RS m/e 716, 7?4 
(14-tBu), 674, 672, 634, 617, 615, 553, 535. Calc. for C 33Hq7 N07SIz7qBr (R-tBu) 
714.2854, Found 714.2939. 

Bromrnatron of PCIZ diacetato aethyl cater (lb) uirh N-bronosuccinimidr (NW)- 
5-broao-Ab-PC11 diacetate snthvl eater (3b) and S-brow-6-succinlmldo-PCIIdIacetate 
methyl eaer (4d) 

Broalnation of 3 (372 m9, 0.83 maol) with RBS (155 019, 0.87 mmol) was Carried 
out by following the same method described above. The crude product van purified 
by Florinil column chromatography (n-hexane-ethyl acetate, 85 :2c15, O.lU triethyl- 
amino) to qivo allylic bromide 3b (262 109, 608) an an oil; Ia10 l 39.5' (c, 0.51, 
CHCl ,) ; IR (film) 1740, 1655, 1372, 1240, 1060, 1018, 968 crl ; 1H-NHR (CDC~I 1 
0.88(3~, be, J-S HZ), 1.99(3H, 8), 2.00(3H, s), 2.9-3.3(18, ml, 3.67(3H, s), 
4.41(1H, bt, J=7 Hz), 4.6-5.3(4H, ml, 5.48(2H, a); 1 kc-NMR (ma ,I 6 33.1 (c2 I, 
23.2(Cq), 35.4 and 35.6(C c), 45.5(C s), 155.8 and 155.4(C6), 101.0 and 1 ol.z(c 71, 
51.6(Ce), 84.5 and 84.7(Cq), 38.8(C)q ), 77.6 and 77.9(C11), 54.4 and 54.2(C 12); RS 
m/e 530, 528 (M*), 470, 468, 449, 448, 389, 388, 329. Calc. for C2SH3707 7q Br 
528.1721, Found 528.1646. 
Further elution vith ethyl acetate containing 0.18 of triethylamine gave succin- 
Imido-adduct 4d (66 mg, 13*) as an oil; IR (film) 1740, 1710, 1438, 1372, 1330, 
1250, 1010, 975, 918, 732 cm-l; 1H-NHR (CDCl,) 6 0.87(3H, t, J=S Hz), 2.00(6H, s), 
2.68(4H, s), 3.67(3H, 01, 4.4-5.3(4H, ml, S.Sl(ZA, ml; MS m/e 530, S28(bI-euccln- 
Imide), 448. 

Further chlorination of (SR)-5-chloro-A6 -PC11 bIs(t-butyldImethvlsIlyl ether) 
methyl ostor (2a) with RCS-(5E,7S)- and (52,7S)-5,7-dichloro-PC12 bIs(t-butvl- 
dImethy1sIlyl other) mthyl l ntors (Sal and (6a)_ 

g-Chloro~uccinimide (36 m9, 0.27 amol) was addad at room temperature to a 
stirred solution of & (57 m9, 0.091 mmol) In carbontetrachloride-dichloromethane 
(0.6 ml each) in the presence of solid potassium carbonate (38 mg). After stirring 
at room temperature (l.Shr), the reaction mixture van filtered through celite which 
was washed with ethyl acetate (15 mL). The filtrate wan washed with water (10 IL) 
and the vater layer van extracted with ethyl acetate (10 mL) again. The comb1 ned 
organic layer wae washed with brine twice, dried over H9SO,-K,CO,, and concentrated 
in vacua. -- The residue (61 m9) was separated by preparative TLC developing vlth 101 
ethyl acetate-n-hexane containing 0.18 of triethylamine to give more polar 
cllc;i)o;Ide 2 (9.8 mg, 17t) and less polar dichloride 6a (11.3 mg, 208); 

+ 64. (c, 0.49, CHCl ); 
Tss c#-) ; 

IR (film) 1750, 1682, 1255, 1127, 1180, 970, 835, 
lH-NI4X (CDClq I 6 4 .7-l.O(21H), 3.67(3R, 01, 3.85(lH, q, J-8 Hz), 4.05- 

4.3(1H, br), 4.79(lH, s), 4.8-S.l(lH, br), 5.53(2H, I); 13C-NHR (CDClq) A 32.7(C2), 
22.3(C ,), 31.6(C,), lll.J(C,), 152.5(C6), 58.5(C7), S6.1(Ce), 83.9(Cq), 41.2(Clo ), 
77.7(C 11), 52.6(C12); MS m/e 607, 605(R-57), 571, 569. 
::,;7) 605.2651, Found 605.2642. 6a (a]23 l 79’ 

Cacl. for C2qA 02S12 3sCl 

1124, 970, 835, 775 cm-‘; 
(c 0.57, CHCl )* IR (yilm) 1742, 

, 1252, 1kNRR (CDCl’,) 6 0.7-l.O;2’lH), 3.67(3H, a), 
3.86(1H, q, 517 Hz), 3.9-4.2(1H, br), 4.69(1H, s), 4.85-5.l(lH, br), 5.53(2H, m); 
‘kc-NRR(CDClq) 6 32.7(C2 ), 22.6(C,), 33.3(Cc), 108.7(Cs), 151.0(Cs ), 57.6(C7 ), 
56.9(Cq), 83.2(cq), 41.o(c,,), 77.8(C,, ), 52.7(c12); ns m/e 607, 605(R-57), 571, 
569. Calc. for C2qHS10sS12 qSC1, (R-57) 605.2651, Found 605.2622. 

Dichlorination of la with t-butylhypochlorite-55s and 6a 
t-Butylhypochlorite (42 uL, 0.37 tamoil was added at -40-C to a eolution of la 

(28 my, 0.b4iemmol) In dry methylone chloride (0.8 EL) containing trlethylami~ 
(20 UL). After stirring at -4OV for 2 hr, saturated NaHCOa solution (10 mL) van 
poured into the reaction mixture and this was extracted with ether (2 = 12 mL). 
Combined extract8 uore washed vlth brine tulco. dried over HaSCL-K4Xb. and con- 
centrated In vacua. The residual oil was separated by praparitlve kC‘hevelopIn9 
with 88 at.yl acetate-benzene containing O.la of trlethylamlne to Isolate more 
polar component 5s (5.3 mq, - 178) and loso polar componet a (1.5 a9, St). 

~5E.7S)-$.7-DIchloro-PGI, methyl oster (Sb)_ 
A eolution of ovridlne (0.14 ml) and hvdrwen fluoride-ovrldine (0.28 mL. 

Aldrich) In acetonitrile (2 mL) wan praparod, ;nd 0.4 mL of thim -;olutIon uas added 
to & (18 ~9, 0.027 mmol) at room temporaturs. After stirring at the same temper- 
ature for 1 hr, maturated NaHCOa solution (10 mL) was added and this van extracted 
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with ethyl acetate (2 x 12 aL). The combined extracts were washed vlth brine, 
",;:;Yve~ ",Er;-f4X11 and concentrated la vacua. ,:z reelqua: zl&f;i;hrOo::tz 

elutlng with n-hexane-ethyl acetate (1 
trlethylamino to give Sb (9 og, 808) as an oil; + 98' (c, 0.11, CUCl,); IR 
(film) 3380. 1738. 168r 1438. 1215. 1078. 970. 928. 655 cm -1: lE-NFtR ICDCl\) 
6 3.69(3R, s.), 3.9j(lH, q, J-8 ht), 4;13(lH; q, J-6 HZ-), 4.82(1R; I), 5*OO(iR, mi; 
5.59(1R, dd, J-8, 16 Hz), 5.67(18, dd, 516, 16 HZ); MS m/e 436, 434(R*), 400, 398, 
382, 380, 363: Calc. for C2)Hj50~1sCl 434.1625, Found 434.1640. 

~5z,7S)-5.7-Dlchloro-PGIz methyl ester (6b) 
The sllyl-protecting groups of 6s (20 m9, 0.030 mmol) were removed by ths same 

method described above (aolin the case of the desilylation Qf a) to give 1'0 m9 
(76t) of B as an oil; (01 

4 
+ 107. (c, 0.10, CHC11); IR (film) 3400, $738, 1680, 

1438, 1215, 1132, 972, 91 , 652 cm-); IH-NMR (CDC13) 6 3.68(3H, S), 3.95(1R, Q8 
J=8 Hz), 4.13(lH, q, 5.6 Hz), 4.76(1H, s), S.O5(1H, m), 5.58(1H, dd, J-8, 16 Hs), 
5.68(1H, dd, 5-6, 16 HZ); ns m/e 436, 434(R*), 400, 398, 380, 363, 345: Cab for 
c,,H,, 0,3Scl (H-H 3scl) 398.1858, Found 398.1882. 

StewiS* trwwforwtion of 2s into 7a and 8a via hemlketal 9 
Pyrldiniur p-toluenesulfonate (26 rag) uas addad to a stirred solution of 

silyl-protected 3-chloro-46-PC11 & (55 mg, 0.088 mmol) in 1 mL of l oisturad 
benzene. After stirring the mlxture at room temperature overnight, saturated 
sodium bicarbonate solution was added and the mixture vas extracted vith ethyl 
acetato twice. The combined extracts vere vashed vlth brine, dried over MgSOc-K1m 
andconcentrated in vacu toglve 47 lag of crude9. 

-* P 

The thin layer chroaatogran of 
2 showed tvo spots ue to the e imera at C-6; IR (CDCl3) 3570, 3350, 1730, 1460, 
1360, 1122, 1002, 972, 835 cm- ; NUR (CDCl,) 6 0.7-l.O(21H), 3.67(3H, s), 3.7- 
4.1(3H, q ), 4.5-4.8(1H, ml, 5.43(21, m); MS m/e 630, 628 (R-18), 592, 591, 589, 
573, 571. 

Anhydrous magnesium sulfate (1.2 g) vas added to the crude hemlketal 9 (47 mg) 
in dry benzene (4 mL), and the mixture vas stirred with reflux for 3 hr. After 
removing the magnesium sulfate vlth filtration, the filtrate vas partitioned 
betveen ether and saturated sodium bicarbonate solution. The vater layor was 
extacted vlth ether again, and the combined organic layer vas vaahed with brine 
tvlce, dried over RgSOc-K2C03, and concentrated in vacua. The residue (41 mg) vas 
separated by preparative TLC developing with 88 ethyl acetate-n-hexane containin 
trace amount of triethylamlne giving three components. & (15 mg, 28@), 2a (9 mg, 
1S@), 7a (11 mg, 201) in the order of polarity. The least polar 7a; 
(c, 0.22, CHC13); IR (CHCI,) 1736, 1696, 1462, 1260, 1122, 978, 

[a%3 l 11' 
838 cm ; H-NMR 

(CDCl, 1, 6 0.86(9H, s), 0.89(9H, 81, 3.66(3H, s), 3.84(lH, q, J=8 Hz), 4.07(1H, 

ml, 4.62(lH, ml, 5.49(2H, ml; 13C-NHR (CDC13) 6 33.6 (C,), 22.6(C 3), 32.9(C*), 
106.O(C,), 153.2(C,), 31.4(C7), 44.8(Ca), 85.6(C9), 41.7(C l(J), 78.0(C)) ), 
MS a/e 630, 628(R*), 573, 571, 535, 439. Calc. for 
Found 628.3734. 

C,,H,,O,Si, 35Cl 628.3743, 

T::2mo”,‘,,9”‘8”3’8~c;m!~~3 . 17. (c, 0.24, CHCl ); IR (CHCl3) 1734, 1690, 1460, 1252, 

3.85ilH, 
)H-NHR (CDCl,) 6 0.8&9H, s), 0.89(9H, (I) s) 

q, J-7.6 Hz), 4.07(1H, ml, 4.70(lH, ml, 5.48(2H, ml; 1k_3,‘::‘:H,bcl,i 

33.4(C,), 22.6(C ), 32.7(Cc), 100.9(Cs), 151.2(C6), 32.6(C7), 45.5(Ce), 85.1(C9), 
41.6(Clo ), 78.1&,), 54.6(C), ); US n/a 630, 628(M*), 573, 571, 535, 439. 
Calc. for C13H~)0$~3SC1 628.3743, Found 628.3712. 

Acid catalyzed isomerlzation of 2a into 7a and 8a 
Trace amount of concentrated sulfuric acid vaa added by mean8 of a thin 9laSS 

capillary into a NHR sample tube containing a solution of 2a (20 m9, 0.032 mmol) in 
chloroform-d (0.3 mL). AS soon as the C-7 vinylic protonFf the starting material 
vas disappeared In its NRR spectrum, this mlxturs vas poured into aqueous NaHCO3 
solution and extracted with methylene chloride twice. The combined extracts vere 
washed with brine, dried over RgSO b-K2C03 and concentrated in vacua. The residue 
vas separated by preparative TLC developing with n-hexane-ethyl acetate (9 : 1) 
containing 0.58 of trlethylamlne giving less polar 2 (2.0 mg, 10%) and more polar 
& (2.0 mg, 101). 

(SE)-5-Chloro-PC12 methyl ester (7b) and its sodium salt solution (7~) 
Tetrabutylammonlum fluoride trlhydrate (139 mg, 0.44 mmol) vas added at room 

temperature to a stirred nixture -of 7a (18 mg-, 0.028 q mol) and triethylamine 
(67 uL) in 2.5 aL of totrahydrofuran. TG reaction mixture vas stirred at room 
temperature for 4hr and concentrated in VACUO. -- Saturated NaHCq solution (10 mL) 
vaa poured into the residue and this vas extracted with ethyl acetate (2 x 12 mL). 
The combined extracts vero washed vith brine, dried over HgSO,-K CO and concen- 
trated in vacua. Chromatography of the crude product vith Florisi t eiuteli uith n- 
hexane-eth-cetate (3 : 1 ‘* 1 : 1) containing 0.16 of triethylamine furniahzd 
10.5 tag of 7b (95~) as an oil; IR (CRC13) 3420, 1730, 1592, 1438, 1158, 1079, 972, 
916 cm-); --Nl4R (CDC13) 6 2.16(1H, q, J-8 Hz; C ,2-HI, 2.325(21, t, J-7 Hr; Cz-Hz& 
2.37(1H, q, J-8 Hz; C3-HI, 2.38(1H, dt, J-14, 7 Hz; C*-Ii), 2.48tlH, dt, J-14, 7 Hr; 
C.,-H), 2.48(1H, dt, J-14, 7 Hz; C 100-H), 2.63(lH, d, J-17 Hs; C76-R), 2.7O(lH, dd, 
J-17, 8 Hz; c9 -H), 3.68(3H, al, 3.90(1H, br; C13-H), ).lO(lH, q, J= 6 tlz, Cl, - 

HI, 4.66(lH, dt, J-3, 8 Hz; Cq-H), 5.53(lH, dd, J-8, 15 HI; C13-H), 5.64(1H, dd, 
J-6, 15 Hz; C,, -H); NS m/e 402, lOO(R*), 384, 382, 366, 365, 364, 347: Calc. for 
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Cz,H ,0~3~C.l 400.2014, Found 400.1998. 
To t hd solution of 7b (8.7 x19, 0.022 mm011 in ethanol (1.3 ml) was added 1.3 ml of 
0.1 H aqueous sodlum>ydroxide. The mixture was stirred at room temperature until 
the starting eator 7b disappaared on TLC (6 hl. This solution vas usad for pharma- 
cological assay aa asolution of B. 

jSZ)-S-Chloro-PGIj methyl aocor (8bl and itr rodiua salt s01utlOn (8Oi_ 
The allyA-protecting qroupa of (k (22 mg, 0.035 maol) vecd removed by the same 

method described above (as. in the caue of the deeilylation of 7s) to give 11 m9 
(8OUl of @ as an oil; IR (CHCl~l 3420, 1730, 1690, 1437,1135, 1087, 975, 908 cm-l; 
H-NHR (CDCl31 6 2.17(1H, q, J=8 Hz; C,,-Hl, 2.27(2H, t, J-7 Hz; Cc-Hz), 2.33(2H, 

t. 517 Hz: C,-H-1 2.44(1H, Q. J-8 Hz: CR-H), 2rSt(lH, d, J-16 Hz, CT,-Hl, 2.53(lH, 
dt, J.14; S’Ht,GC,o-H); 2;67ilH, dd;J=i6, .B Hz; C,g-Hl, 3.67(3H, s,, 3.91(1H, qr 
~~8 HZ; C,, -H), (.lO(lH. a, J-6 Hz; Cls-Hl, 4.74(1H, dt, 513, 8 Hz; C 9 -HI, 

5.52(1H-, db; J=-8, 16 Hz; CmI,-HI, 5.64(1H, dd, 5.6, 16 Hz; Cl*-Hl; MS m/e 402, 
loo(kl*l, 394, 382, 366, 365, 364, 3472 Calc. for C2, Hj7 0, 3sCl 400.2014, Found 
400.1980. 
To the solution of @ (3.5 m9, 0.009 mm011 in ethanol (0.52 ml1 vas added 0.52 ml 
of 0.1 n aqueoua sodlua hydroxide. The mixture vas stirred at room temperature 
until the atartlnq ester @ disappeared on TLC (6 hl. This solution vas used for 
pharmacoloqlcal assay as a solution of SC. - 

Fluorination of 3b with ellver fluorlde-(7S)-7-fluoro-PGIZ dlacetate methyl ester 
J16a) and S-fluoro-Av-PGI1 diacetate methyl ester ll7al 

Silver fluoride (610 IWI. 4.8 mm011 vaa added at room temperature to a stirred 
solution of a (253 m9, 0.4-B mmol) ln acetonltrile (12 mL) dontalnlng potassium 
carbonate 1199 mg, 1.44 smol) and the mixture vaa stirred at room teaparature for 
4 hr. Benzene (12 mL) vas added and the mixture vab filtered through Celite. 
After washing the Celite vlth benzene, combined filtrate vaa concentrated in vacua. 
The resulting resldue vas purified by Florisll column chromatography to isolate tvo 
compounds; 16a (90 m9, 408) (eluting aolvent : n-hexane-ethyl acetate, 9 : 1, 0.1% 
trlethylamlne) and 17a (45 m9, 2OAl (elutlng solvent 
87.5 : 12.5, 0.1 t trlxhyl amine). 

: n-hexana-ethyl acetate, 
16s; IR (film) 1740, 1700, 1438, 1370, 1240, 

970 cm-l; :H-NMR (CDCA3) 6 2.01(3H, e), 2.05(3H, I), 3.67(3H, 81, 4.77(lH, t, 5.7 
Hz), 4.7-5.1(28, ml, 4.95(1H, d, J=SS Hz), 5.1-5.3(lH, ml, 5.55(2H, m); 13C-NHR 
(CDCl 3) b 33.51(3,1. 24.81C 11, 24.8(C 3. lOI.S(d. Ja10.7 Hz: C 3. 153.3(d. J.15.3 Hz: .-. 
C6), 94.4(d, 59177.0 Hz: ‘c;,, 52.1(;1; 5122.9 HZ: Co), 83:2fC-$, 37.9(C1d, 78.2(C13, 
48.3(d, ~~6.1 HZ: 
M-m)- 408.2311, 

c,,), us m/e 460 fH*l, 448. 400. 340, 328. Calc. for Cz~H,~OsF 
Fd;nd 408.2344. G, IR (film) -1735, 1665, 1365, 1240;-9ib cm-‘; 

‘H-NMR (CDCl 1 6 1.99(3tl, 8) 2.04(3H, e), 3.14(1H, a), 
‘kc-NHR iCDCl,l b 33.5(& 

4.6-5.3(5H, n), 5.51(2H, 
ml: 20.3(d. J-3.7 Hz: CX). 33.0 and 32.8(d. J.24.4 Hz; 
d,- 5124 Hz, respectively: -Cl), 07.i4 and 87.47-(h, J-168 Hz; d,. 51172 Hz, 
respectively: Csl, 154.5 and 154.4 (d, 5120.8 Hz; d, J=20 Hz, respectively: Cd, 
101;2 and 10_1_7(d, J-6.1 Hz; d, J=7.3 Hz, reepectlvely: C71, 51.5, 54.5(ce or C:21, 
84.7 and 84.9(Cs), 38.7(C lo), 77_9(C,,l; MS m/e 468(kl*l, 440, 400, 348, 328. 

Measurement of chemical stability in PH 2.35 buffer solution 
A buffer solution vas prepared by mixing 0.2 M-KC1 (50 mL1, 0.2H-HCl (4 mL) 

and ethanol (29 mL1. The pH of this buffer solution was 2.35 at 23’C. Ethanol 
solutlono (25 uL, 2 mg/ml) bf chlorinated PGI, methyl esters S& 6b, 2 and g vere 
added to the buffer solution (975 LL) at 23’C. The hydrolysis vas monitored at the 
same temperature by following the peak area change of the compounds on high 
pressure liquid chromatography (HPLC) charts (Mobile phase, CH,CN : Hz0 - 1 : 1; 
Wave length, 235 nm for a and & and 210 nm for 2 and &3&l. The half lives of PGQ 
methyl ester vas measured in the same condition and vas found to be less than one 
mlnute. 
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