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Reactzon of the enol ether of PGI2 wztk N-kaZosuccznzmzde and subsequent 

zsomerzzatzon or kalogenatzon gave new stable PGI2 analogs, 5-ckZoro- and 

5, 7-dzckZoro-PG12 

Many efforts have been made to obtain stable PGI2 analogs which would be expected to be 

promlslng therapeutic agents ' One of the efflclent methods to stablllze PGI2 1s to Introduce 

(an) electron-wlthdrawlng group(s) around the enol ether function In the molecule' In this 

respect, we reported the syntheses of 5-PhS-,3 7-OH and ~-OAC-PGIL,~ which were stable, however, 

unfortunately with weak blologlcal ac'clvltlas This time we chose (a) halogen atom(s) as (an) 

electron-wIthdrawIng group(s), which would be Introduced In the molecule of PGI> by the 

electrophlllc halogenatlon It 1s well documented that the electrophlllc halogenatlon of sllyl 

enol ethers with N-halosucclnlmlde gives a-haloketones,5 whereas the reactlon of alkyl en01 

ethers has not been much studled 6 We report here that the reactlon of PG12 with N-halosuccln- 

lmlde and subsequent lsomerlzatlon or halogenatlon led to new stable PG12 analogs of 5-chloro- 

and 5,7-dlchloro-PG12 

Halogenatlon of t-butyldlmethylsllyl-protected PG12 methyl ester la7 with N-chloro- or 

N-bromosucclnlmlde (1 05 equv , CC&, 5‘ t , 1 h) proceeded stereoselectlvely to afford sllyl- 

protected (5R)-5-chloro-A6-PGI] methyl ester a8 or (5R)-5-bromo-A6-PGI1 methyl ester 2_b in 60% 

or 57% yields accompanied with the formatlon of succlnlmldo-adduct 4~ (20%) or‘ & (20%) Both 

compounds 2s and s were found homogeneous by their l3 C-NMR spectra and their 5R-conflguratlon 

was tentatively assigned on the basis of the mechanlstlc conslderatlon (v&e znfpa ) On the 

other hand, the slmllar halogenatlons of acetyl-protected PGI2 methyl ester lb gave a 

dlastereomerlc mixture of 5-chloro-A6-PGI1 methyl ester g (58%) (511 5S = ca 5 3)' or 5-bromo- 

A6-PGI1 methyl ester 3_b (60%) (5R 5s = ca 7 3)g besldes respective succlnlmldo-adduct 4~ (20%) 

or- 4d (13%) The selective formatlon of the 5X-isomers from protected PGI2 methyl ester 1 

could be accounted for the bulkiness of the C-11 substltuent, which 1s close to the enol ether 

double bond as deplcted in Fig l,l" where the halogenatlng agent could approach the enol ether 

double bond more easily from its less hlndered upper side than from the lower side resulting ln 

the selective formatlon of 5R-Isomer Further chlorlnatlon of sllyl-protected-(5R)-ally1 

chloride 2a was accompllshed by treatment with N-chlorosucclnlmlde (10 equlv - CCl4, 60°C, 3 h) 
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la R=SIMaptBu & x=Cl(5R), R=SIMeptBu + X=Cl, R=SIMeztBu 2 R=SIMeptBu - 

lb R=Ac 2b X=Br(SR), R=SIMegtBu 4b X=Br, R=SIMeztBu - - - 

3a X=Cl, R=Ac 4c X=Cl, R=Ac - - 

3b X=Br, R=Ac 4d X-Br, R=Ac - - 

dR 1 

\COOMe 

OR ; 
OR 

6 R=SIMe2tBu & R'=SIMe2tBu, R2=Me 8a R1=Sme2tBu, R2=Me - 2 R=SIMeztBu 

7b R1=H, R2=Me 8b R1=H, R2=Me - - 

7c R*=H, R2=Na 8c R'=H, R2=Na - - 

Upper side 4 

0 a. 
s:r\/\COOMe 

to afford a geometric mixture of (5E,7S)- and (52,75)-5,7- 
9 6 H 

dlchloro PGI2 methyl esters 5 and 6 II-I 15% and 20% yields, - _ 

respectively 
11 

In order to obtain 5-chloro-PGIZ derlvatlve 2, in the F 

8 

1 1 
10 lower side 

OR 
RW 11 

hope that 7 would be one of the promlslng stable PGI2 

analogs, lsomerlzatlon of the endo-double bond (A6 ) of above 
(RU=w) 

obtalned 5-Cl- A6 -PGTI 2a to exo-double bond (A5 ) was 
bR 

examined Previously we achieved to lsomerlze 5-PhS-A6 -PGIl la R=SlMeztBu - 

g stereospeclflcally Into 5-PhS-PG12 11 In excellent lb R=Ac - - 

yleld4 by treatment with trace cone H2SO4 However, the F1g. 1 

slmllar treatment of 5-Cl-A6-PGIi & with trace cone HaSO4 

gave lsomerlzed 2 and & only In low yield After several examlnatlons, the lsomerlzatlon of 

2a was effected as follows Treatment of a molstured benzene solution of ally1 chloride 2 - 

with a catalytic amount of pyrldlnlum p-toluenesulfonate (r t , 16 h) gave hemlacetal 2 
12 

Subsequent dehydration of 9 with excess anhydrous MgS04 In refluxlng benzene (1 5 h) afforded - 
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14 The half life was measured by monltorlng the lntenslty of their UV absorption (X=210 nm) 

15 M J Cho and M A Allen, Prostaglandlns, 15, 943 (1978) 

References and Notes 

Prostaglandln Chemistry XVIII For part XVII, K Bannal, T Toru, A Hazato, T cba, 

T Tanaka, N Okamura, K Watanabe, and S Kurozuml, Chem Pharm Bull , 3J, 1102 (1982) 

P J Lewis and J O'Grady (ed 1, "Cllnlcal Pharmacology of Prostacyclln", Raven Press, 

New York, 1981 

G Kov&x, V Slmonldez, I Tbmoskozl, P Kormoczy, I Szekely, A Papp-Behr, I Stadler, 

L Szekeres, and Gy Papp, J Med Chem , g, 105 (1982), J Fried, II K Mltra, 

M Nagarajan, and M M Mehrotra, tbzd , 23, 234 (1980), Scherlng AG Ger Offen 2801846, 

Japan Kokal 54-81257 

T Toru, K Watanabe, T Eba, T Tanaka, N Okamura, K Bannal, and S Kurozuml, 

Tetrahedron Lett , 2_l, 2539 (1980) 

K Bannal, T Toru, T Eba, T Tanaka, N Okamura, K Watanabe, and S Kurozuml, 

Tetrahedron Lett , 23, 1417 (1981) 

R H Reuss and A Hassner, J Org Chem , 39, 1785 (1974) 

G Greenwood and H M R Hoffmann, J Org Chem , 37, 611 (1972) 

The starting PGI2 derlvatlves la and lb were prepared according to the procedure of Johnson -- 

et al (see ref 12), and used without purlflcatlon in the presence of trace amount of 

trlethylamlne 

Ally1 chloride 2a was also obtained In 55% yield by treatment of la with t-butylhypo- - - 

chlorite (1 25 equlv , CH2ClZ, -7O"C, 30 mln ) 

The Isomer ratlo was estimated by the relative lntenslty of their lS-NMR signals and the?r 

C-5 ConfIguratIon was tentatively determined by the mechanlstlc conslderatlon 

The crowded concave of this blcyclol3 3 01 system has been shown by the facile formatlon of 

6(9a), G(lla)-dloxldo-15S-hydroxyprost-13E-enolc acid methyl ester from PGI2 methyl ester, 

see K ShlmoJ1, Y Konlshl, Y Aral, M Hayashl, and H Yamamoto, J Am Chem sot , 100, 

2547 (1978), J Ueda, T Yanaglsawa, M Shlbasakl, and S Ikegaml, Tetrahedron Lett 1978 ) -9 
2511 

The C-7 conflguratlon was asslgned to S since the C-7 proton of 5 and 6 appeared as a _ - 

slnglet at 4 79 ppm and 4 69 ppm, respectively, we have observed the coupling constant 

between 7& and 8B-proton was less than 1 Hz (see ref 4) The A"-olefln geometry of 5 and - 

2 was tentatively assigned to F and 2, respectively, based on the difference of the C-7 

proton chemical shift caused by the deshleldlng effect of C-5 chlorine atom (see ref 13) 

R A Johnson, F H Llncohn, E G Nldy, W P Schneider, J L Thompson, and U Axen, 

J Am Chem Sot , 100, 7690 (1978) 

S J Rhoads, J K Chattopadhyay, and E E-Waall, J Org Chem , 32 3352 (1970), 

H 0 House and V Kramer, z&d , 8, 3362 (1963), L M Jackman, "Appllcatlon of Nuclear 

Magnetic Resonance Spectroscopy in Organic Chemistry", 2nd ed , Pergamon Press, Oxford, 

1969 

(Received In Japan 5 June 1982) 


