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PREFERENTIAL FORMATION OF 8-EPI-PROSTAGLANDIN F2o 

V-IA THE CORRESPONDING ENDOPEROXIDE BY A BIOMIMETIC CYCLIZATION 

E. J. Corey, Chuan Shlh, Neng-Yang Shlh, and Katsulchl Shimoji 
Deparlment of Chemistry, Harvard Unlverslty, Cambridge, Massachusetts 02138 

Summary: Homolytlc demercuratlon of the 1,2-dloxolanes 122 and &4& in the presente of oxygen leads 
preferentidly to endoperoxlde 1,7 @oth eplmers at C*) whlch upon reductlon affords 8-&-prostaglandin F2, 
and the C(15)-eplmer, a result in accord wlth a prevlous mechanlstlc proposal. 

We recently descrlbed the flrst chemlcal synthesis of prostaglandins (PGs) by a blomimetic route 

involvlng free radical carbocycllzatlon to form a 2,3-dioxablcyclo[2.2. llheptane (endoperoxide) intermed- 

1ate.l Each of the diastereomerlc 1,2-dioxolanes ,I_ and 2_ upon treatment with trl-o_butyltin hydrlde at 

-40” was converted to a reduced organomercurlal which underwent gradual decomposltlon ln the presente of 

alr at -10 to 0” to form the endoperoxldes ,3_ and $_in a ratlo of -. 1 : 1 (each as a 1 : 1 mlxture of dia- 

stereomers at the carbon corresponding to C(15) by PG numbering). Endoperoxide 3 formed ln 35-45s 

yleld, was converted to enone 2, a standard intermediate for PG synthesls by the sequence: (1) reductlon 

wlth triphenylphosphlne in lsopropyl alcohol at O”, (2) cycllc acetal formation catalyzed by pyrldlnlum 

tosylate in methanol at 23”, (3) purlflcatlon by chromatography, (4) oxidatlon to Q, @-enone by manganese 

dioxlde, and (5) eplmerlzatlon at C(l2) (morphollne, acetic acld, 75”, 48 hr). 

The strlklng 5ndlng that the same 1 : 1 mixture of endoperoxides 3 and 4 was obtalned startlng from 

the two diastereomerlc mercurials’ andz was interpreted in terms of cycllzatlon vla a common radical 

conformer 6, stablllzed ln the geometry shown by delocallzatlon lnto the radicaloid p orbital both from a 

/3-peroxy oxygen lone palr and from the diene unlt. Cycllzation from $_ wlll involve rotatton of E p orbital 

lobes toward one another (dlsrotatory motlon) and ln consequence the endoperoxide which results wlI1 

possess cls oriented appendages (elther exo, exo or endo, endo). - -- The present note describes a test of this 

model whlch predicts that cls disubstltuted endoperoxlde should also result wlth substrates havlng the ful1 - 

elcosanold slde chaln and a 12,13(2)-double bond regardiess of whether the 14,15-double bond 1s E or z. 

For this study the 12,13a-lsomer and the 12,13(z), 14,15@-lsomer of ll-HPETE methyl esters, 1,1 and 

12, respectlvely, had to be syntheslzed. 

The OBO ester z2 was metallated to the magnesimn acetyllde (1 equiv of ethylmagneslum bromlde, 
3 

ether, 0”) and coupled wlth 1-lodo-hex-2-yne-5-ene in the presente of 1 mole !& of cuprous chioride in 

tetrahydrofuran (THF) at 23” for 24 hr to afford a product whlch was hydroxylated (1.3 equlv N-methyl- 

morpholine N-oxide, 5 mole % osmium tetroxide in 2 : 1 acetone-water for 3 hr at 23”) to give dio1 8_ (500/0 
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overall) after chromatography on silica gel (sg). 
4 

Aldehyde 2 was produced from 8_ in 80% overa11 yield by 

the sequence: (1) Lindlar reduction using Pd-Caco3 and 1 aun H2 in THF containing 1.5% of triethylamine, 

(2) exposure to 1 mM sulfuric acid-methanol at 0” for 20 min, addition of potassium carbonate to a net 

0.01 M concentration and stirring at 23” for 1.6 hr (m convert OBO ester to methyl ester), and (3) glycol 

cleavage of the resulting dio1 methyl ester using 1.5 equiv of lead tetraacetate in methylene chloride (5 ml/g 

Pb(OAc)4) at -30” for 50 min, (4) isolation by addition of ether, rapid filtration through a short column of 

sg, concentration in vacuo, and azeotroping in vacuo with k-heptane to remove traces of acetic acid. Reac- -- 

tion of 9_ with the lithio derivative of non-1-yne-3(Z)-ene’ (from 1 equiv of BuLi in hexane) in toluene-hexane 

at -78” for 1.5 hr gave after sg chromatography the corresponding acetylenic carbinol which upou Lindlar 

reduction (Pd-CaC03, 1 atm HZ, pyridine-toluene) and sg TLC purification afforded 12,13@11-HETE 

methyl ester (13). 

Non-1-yne-3(EJ-ene was synthesized from 1-heptyne by the sequence: (1) hydroboration with 1 equiv 

of disiamylborane (0”, THF, 2 hr), (2) vinyl copper formation by treatment with 1 equiv of sodium methoxide 

in THF (23”, 0.5 hr) followed by cuprous cyanide (-78”, 1 hr), (3) coupling with trimethylsilyliodoacetylene 

(-78 t0 -lo”, 40 hr) to form trimethylsilyl-non-1-yne-3(EJ-ene (4540 overall), and (4) desilylation (sodium 

methoxide-methanol, 23”, 2 hr). Conversion of non-1-yue-3(EJ-ene to the lithio acetylide (BuLi) and 

reaction with aldehyde zproduced the corresponding acetylenic carbinol which was transformed by Lindlar 

reduction as described above into 12,130, 14,15(EJ-ll-HETE methyl ester (12). 

The ll-HETE isomers 13 and 12 were converted to the corresponding hydroperoxides, 1,1 and 12, 

respectively, by reaction of the mesylates with anhydrous hydrogen peroxide. 197 The mesylates were 

formed from the alcohols using mesyl chloride-triethylamine (3 equiv of each) at -78” in methylene chloride 

for 20 min and then treated with excess 20% dry hydrogen peroxide in ether at -110” for 30 mln and then for 

a further 30 min at -110 to -78”. After quenching of the reaction mixture at -78” with deionized water, 

extractive isolation, and preparative sg TLC purification at 5” using 1 : 1 ether-hexane containing triethyl- 

amine for development, the hydroperoxides 1,1 and 12 were obtained as colorless oils in yields of 60-62s. 

Separately the hydroperoxides 5 and 12 were transformed (in 83 and 74Wyield, respectively) into the 

isomeric CIS-~, 5-disubstituted 1,2-dioxolanes +4 and 1_4b, respectively, by reaction at 0” in THF with - 

mercury (II) chloroacetate (1.5 equiv for 2 hr) followed by extractive isolation from saturated aq. sodium 

chloride and sg TLC (20 : 1 CH2C12-ether for elution). 
8 

The chloromercurials 124 and 12 were then con- 

verted to endoperoxides by the following process: (1) reaction with 3 equiv of tri-n_-butyltin hydride in 

chlorobenzene at -40” for 40 min (TLC analysis showed disappearance of 12 and formation of a new UV 

active spot of Rf 0.62 VS 0.48 for 12 using 20 : 1 CH2C12-ether), and (2) bubbling air through the reaction 

mixture which was allowed to warm slowly to 0” and then maintamed at 0” for 1.5 hr (metallic mercury is 

deposited). The endoperoxides were not isolated but instead reduced in situ by reaction with methanolic -- 

triphenylphosphine (3 equiv, 0” for 0.5 hr and 23” for 3 hr).’ Chromatographic analysis revealed that the 

mercurials 124 and 1_4b gave essentially the same mixture of products consistmg of two PGF20 methyl 

ester isomers, which however were definitely distinguishable from the methyl esters of PGF20, and an 

array of much more polar products. 
10 

The two major products, each obtained in pure condition in 10% 
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e to the C(l1) hydroxyl as shown in N was indicated by the appearance of the C(13) proton at 6.65 b in 

the PMR spectrum. This value 1s characteristic of the trans C (13)-C (ll) OH arrangement. For example, 

the lõ-ketone of PGF2o methyl ester shows the C(13) proton at 6.70 S whereas a number of analogs in which 

C(13) and C(ll) OH are cis invariably show the corresponding C(l3) proton below 7.0 6 in the PMR 

spectra. 
1,12,13 - 

The requirement that the 9- and ll-hydroxyls in 15 are cis to one another, the e ar- 

rangement of C(13) and the ll-hydroxyl, and the demonstration that 12 1s isomeric with the 15-ketone of 

PGF2a methyl ester together lead unambiguously to the assignment of 1,5 and 12 to the products from cycliza- 

tion of mercurials L% and I44. Fiually, ketone 12 was shown to be identical (PMR, HPLC) with the 

15-ketone obtained by oxidation of an authentic sample of 8-ee PGF20 methyl ester (supplied by, the Upjohn 

co. ). The intermediacy of endoperoxide N @oth epimers at C*) logically follows. 

. 
These results are fully in accord with our earlier findings’ and with the view that the transition state 

for endoperoxide formation is reached from a radical intermediate of conformation analogous to that shown 

.for 6 by dlsrotatory closure. The favored formation of only the exo, exo-endoperoxide 12 from mercurials -- 

1_4a and 146 can be understood as a result of the z geometry of the 12,13-double bond which greatly disfavors 

the ti, endo pathway. That pathway would forte the C(14)-H group and the nearby endoperoxide oxygen into 

strong steric repulsion. Our results and theory are also in accord with previous observations on the stereo- 

chemistry of dihydroxycyclopentanes generated by oxidation of linolenic acid. 
12.14 
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