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~bstrui-Hegiospcc~fiic cr-acylarmn of B-alkcnvlatcd enolatcs generated by conjugate addmon of lithium 
organocuprates IO o8.unsaiuratcd ketones IS described. Several new 7-oxoproslaglandin anatogues. 7- 
oxoprostagJandin E, tlg). I I-Jeoxy-7_c~xopro\raelandin R, (22). and their 15.rp~ enantiomcrs I7 and 22. wcrc 
\ynthcsizcd bv conjugate addrtion-acylation method From optrcally ;LCIIW 4(H). I bur)Idlmcrh)l\ilo~c)-clopenr 2 

en I ODC (R.11). 7uxoprosraglandin E, (18) pas \vnthcsrz~d. Lktcrmmarion of rhc absolute contiguratron of 
I Ideoxy-7.oxoprostagtandm E, 03) and 11s I!-epl cnantiomcr (22) on the ba\is of CD \tudy i\ de\cribcd Successful 
acvlatmn of B-alkcnvlatcd lithium copper enolatcs urth rcactrvc acylatmg agents such as throl Esters and S.acvl 
imidarok as’well as’acyl halides IS d&rihcd. 

The prostaglandins. showing highly biological activities in 

various systems, are cyclic. oxygenated C, fatty acid\ 

possessing four (R type) or five (): type) chiral centers. 
The prostaglandins have become the synthetic targets of 

many groups’ because of their limited accessibility from 
natural sources and their necessity for biological and 

clinical tests. A variety of synthetic efforts’ have been 

focused on how to introduce these chiral center\ into the 
prostaglandin skeleton. Optically active Corey’s lactone’ 
has been important as a prostaglandin synthon with four 

chiral centers. Sib’s group has achieved ~hc asymmetric 
synthesis of naturally occurring prostaglandins from 

protected 2. substituted -4(R). hydroxycyclopcnt - 2. en - 
I - ones through microbial transformation.’ Recently. it 
has been reported that /?-alkylatcd organocopper cnolatcs 

generated by conjugate addition of organocuprates IO 

various a&unsaturated ketones react with a variety of 

clcctrophilcs. such as a-silylatcd vinyl ketones.’ alkyl 
halides,’ ” aldehydes. “’ ” ” and methyl chloroformate.” IO 

afford corresponding a.Bdisubstitutcd ketones. These 

methods provided a possihile short and highly efficient 
synthetic method of prostanoids.‘O” ” ” Howcvcr. a 

difficulty arose in the synthesis of naturally cxzcurrinp 
prostaglandin FAPGE?) by this methodology presumably 

due to the steric hindrance of 3- and/or 4-suhstitucnts on 
the cyclopentanone ring.” Stork’\ group successfully 

overcame this difficulty IO trap the resultant y-substituted 

&alkylated enolate with formaldehyde and achieved the 
total synthesis of F-type prostaglandins.“ While studics 

on the synthesis of naturally cxcurring prostaglandinc” 
have been made. new types of prostaglandin analogues” 

which have more specific biological activity arc now 
intensively studied IO provide therapeutic agents. In the 

previous communication, x it was reported that cnolatcs 

(II) generated by conjugate addition of organocuprates to 
a&unsaturated ketones (I) reacted regiospecitically 
with various acyl chlorides to afford a-acylated-/3- 

alkylated ketones (Ill) (Scheme Il. This method provided 
a new synthesis of (d/)-7-oxoprostaglandin E, and 
(d/)-l I-deoxy-7-oxoprostaglandin E,. In this paper, the 

synthesis of optically active 7-oxoprostaglandin E, started 

from optically active j(R) I - hutyldimethyl - 
siloxycyclopent - ! - en - I one (R-11).“-” as well as 
optically active I I - dcoxy - 7 - oxoprostaglandins 

E, (22 and 231. and the later developments of this 
acylation reaction arc described. 

Synthesis of a-acvlored kfones. Rcgiospecific C- 

acplation of ketones ‘iv a useful procedure in organic 
synthesis. While considerable studieszL” have been made 

to control C- or O-acylation of melal cnolatcs. il is often 

difficult IO achieve regiospecific C-acylation of metal 
enolates. Kecently, /3-alkylated magnesium cnolatcs in the 

prescncc of cuprous sall were directly lrapped with acyl 
chlorides IO give a mixture of C- and O-acylated products 

in various ratios depending on solvents and/or acylating 

agents used.’ We found that @-alkylated organocup 
per enolates generated by conjugate addition of lithium 

organocuprates to various @-unsaturated ketones were 

regiospecilically acylated with a variety of acyl chlorides 
IO give predominantly C-acylated products. Results of the 
preparation of various B-diketones by this method arc 
summarized in Table I. 

As shown in the entry I of Table I, acctylation of 
resultant 3-n-butylcyclohcxanonc cnolatc (2) with acetyl 
chloride gave mainly C-acetylated product (k; 97%) with 
a small amount of 0-acctylated product (4s: 3%). On the 
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Tabk I. Acylatron of C)-atkylated orgarnxoppr cnolatc~ 
.- -.-- 

Entry Or,(MOCOF;Cr ti’,p-L!muturnted Acyletinp, Solvent $-Diketonc” 
Bewent Ketom A&er.t Syntem (%) 

1 r.-SU2cULl b ?-cyclohcxecoce C?!3COCl ether- 91 
i!MF’A 

2 @u7CuLi b 2-cyclohexcnone (Z3COCl ether 56’ 

3 ?@U7CuLl 2-cyclohtxenone (413CO)70 ether- 9( 3gCjd 

b HYPA 
4 n-Bu7CaL1 7-cycloper.tenone QI COCl ether- 

3 !8(59C)d 

5 ~-Su2CuLlb 
XYPA 

z.ethy? vmyl k8tor.e PhCCCl ether- 5r 
d 

!‘XPA 
6 Kt2CuLl ?-cyc:ohexer.one C?!,CoCl ZP- 7+ 

NKPA 
7 ylczcux~l ;-cyclohexenone CI:3CCC1 ether- 0 

HI!Ph _-_ 

n) Isolat-on yleldo were r.ot ontmized. 
b) Trl-p-tutylphoeFhinr ran uoed es i. ll&md. 
c) IncluJ* --DC: farther 0-scylated products of the 9-d:ketor.t. 
d) The rest of thr products mn the @-alkylatcd iroduct. 

other hand. acetylation with acetic anhydride gave the reactivity of each formed enolate toward acyl 
Oacetylated product 4a in 56% yield, as well as chlorides. Regiospeciticity of this reaction was confirmed 
C-acetylated products (39%). In the reaction of 2- by the following experiments. Organocopper enolate 2 
cyclopentenone (10: entry 4). further O-acetylated prepared by conjugate addition of lithium di-n-butyl- 
products (21%) of the resulting C-acetylated @-diketone cupra~c to 2cyclohexcnone I was trapped with 

(7) were also obtained. In these experiments. trimethylchlorosilaneO-R IO atford silyl cnol ether (5). The 
hexamethylphosphoric triamide (HMPA) was found IO be cnol ether 5 was treated with methyllithium and then 
effective for the C-acylation. II is known, however, that acetyl chloride” IO give a mixture of C-acetylated product 
acetylation of the enolatcs derived from conjugate 1 and O-acetylated product Ir in a ratio of I : 2.8 (Scheme 
addition of lithium dimethylcupratc’-%-’ or of mcthyl- 2). These products 3r and 4a coincided with the IWO 
magnesium iodide2 with cuprous salI gives mainly products obtained by direct acetylation of @-alkylated 
O-acetylated products, i.e. enol acetates (entry 7). On the cnolate 2 with acetyl chloride. Furthermore, when cnol 

contrary, acetylation of organocopper enolatcs derived acetates (4s and NJ in a ratio of 2: 3) prepared from 
from lithium diethyl+ntry 6) or di-n-bulylcuprale (entry 3-n-butylcyclohcxanone (6) and acetic anhydride were 

I) with acetyl chloride led predominantly IO C-acetylation. treated with methyllithium and then acetyl chloride, two 

These results were presumably due IO the difference of C-acetylated products (3a and Jb in a ratio of I : 3) and two 
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O-acelylated producls (Q and 4b in a ratio of 1: I) were 

obtained in a ratio of 3 : I, respectively (Scheme 2). These 
resultant positional isomers 3s through 4b were separated 
by gas chromatography and identified. These observations 

to the conclusion that the R-alkylated lithium organocop- 
per cnolate was regiospecitically acylated with acyl 
chlorides to give a-acylated-/3-alkylated products. 

Synrherir of ‘I-oxoprosfoglondins. In the previous 

paperem the application of this acylation reaction was 
demonstrated by the synthesis of new prostaglandin 
analogucs. i.e. (d/)-7-oxoprostaglandin El from (dl) - 4 - I - 
butyldimethylsiloxycyclopent - ! - en - I - one (d/-11) and 
(dI) - 1 I - deoxy - 7 - oxoprostaglandin E, from 
2cyclopentenone (IO). A chiral prostaglandin synthon. 
4(R) - t - butyldimethylsiloxycyclopent - 2 - en - 1 - one 
R-11 was synthesized from 3(R) - acetoxy - S(R) - 

hydroxycyclopent - I - cne obtained by microbiological 
hydrolysis” W of (dl) - 3.5 - diacctoxycyclopent - I - enc.” 
Thus. we next tried IO synthesize optically active 
‘I-oxoprostaglandin E, (18) from this optically active 
synthon R-11. The chiral cnone R-11 ([a]t +!I”. 86% R 
c.c.)” was allowed to react with chiral mixed cupratc 
reagent (12)” prepared from 3(S) - I - butyldimcthylsiloxy 
- I - lithio - from - I - oclcne3 and n-propylcthynyl- 
copper..9.” followed by treatment with 6- 
methoxycarbonylcaproyl chloride (13a)” to give protcc- 
ted ‘I-oxoprostaglandin E, methyl ester (Ma: 35%). 
Dcsilylation” of 14s by exposure to acetic acid-water- 
tetrahydrofuran (3: I : 1) afforded 7uxoprostaglandin E, 
methyl ester (16a: 70%) accompanied by a small amount 
of 7 - 0x0 - IS - epi - ent - prostaglandin E, methyl ester 
(158; I%).” Reaction of (dl) - 4 - I - 
hutyldimethylsiloxycyclopent - ? -en - I -one (d/)-l1 with 
chiral CUpnk 12 and acyl chloride 13a gave a mixture of 
Iwo diastcreomcric methyl esters 1% and Iha in equal 
amounts after desilylation. Enzymatic hydrolysi? of 
methyl esters 15s and Ma by partially purified hog 

pancreas lipase gave ‘I-oxoprostaglandin El 18 (60%) and 

7 - 0x0 - IS - eppi - et11 - prostaglandin E, 17 (42%). 
respectively. 

Similarly, reaction of 2cyclopentenone 10 with chiral 
mixed cuprate reagent 12. followed by addition of acyl 
chloride 13a gave protected II - dcoxy - 7 - 0x0~ 
prostaglandin E, methyl ester (19a; 38%). which was 
dcprotected IO afiord a diastereomeric mixture of II - 
dcoxy - 7 - oxoprostaglandin E, methyl ester (21s) and I I - 
dcoxy - 7 - 0x0 - I5 - epi - cnt - prostaglandin E, methyl 
ester (a) in almost equal amounts (8% based on 1%). 
These methyl esters. & and 2lr. were isolated by 
preparative thin layer chromatography. More polar 
methyl ester exhibited the following Cotton effects 
([t&, + 1.03~ 10’. [tI]= +3.32x lo’, and [Olne -1.52~ 
IO’), whik less polar methyl ester showed the opposite 
Cotton effects ([@I>,, - 1.03 x IO’. [t&, - 3.32 x IO’. and 
I@],,,+ I.52 x IO’) (Fig. I). Methyl ester of 7-0x0- 
prostaglandin E, 16. which was synthesized from chiral 

:;L*_-__ . -- - -. -. - 
,“I i’.. ! . . (‘:, 

-I- 

Fii. I. Circular dichrorsm specua of 74x~PtiE, Me ester lk 
(- 1. II - deoxy - 7 0x0 - IS _ epi . en1 . PGE, Me esfer & 
(----). and II . deoxy . 7 0x0 PtiE, Me ester Zla t----.I 

I ,(.,,t~K&-,H. R’OC<YCH,KOX 

13e: R’ = (‘H,. X = Cl 
0Sl~tc:‘Hu 13~: R’ - C,H,. X = Cl 

24. R’ = CH,. X 7 SPh 

/-\ 
25: R’=<‘H,. X=%-h’ 

OSi%tc~‘Bu 26: R’ = CH,. X = 

R-11 d-11 

14a: R’ = CH,. R’ = R’ = OSiMc,‘Bu 
Mb: R’ = C,H,. R’ = R’ = OSiMc,‘Bu 
1%; R’ = CH,. R’ = R’ = OH 
15b: R’ = C,H,. R’ = R’ = OH 
17; R’_ H. R’ = R’ 7 OH 
1%; R’ = CH,. R’ = H. R’ 2 OSiMe,‘Bu 
I9b: R’ 7 C,H,. Rz r H. R’ - OSiMe,‘Bo 
a; R’ = CH,. R’ = H. R’ - OH 
2@ R’ _ C,H,. R’ - H. R’ = OH 
22; R’=R’=H. RI-OH 

14; R’ = CH,. R’ = R’ = OSiMq’Bu 
Mb: R’ = C,H,. R: = R’ = OSiMe,‘Bu 
16; R’ = CH,. R’ = R’ = OH 
Mb: R’ = C,H,. R’ = R’ - OH 
18: R’ = H. W’ = R’ - OH 
1%: R’ = CH.. R’ = H. R’ = OSiMc,‘Bu 
19b; R’ = C,H;. R’ r H. R’ = OSiM&‘Bu 
21a; R’ = CH,. R: = H. R’ - OH 
fib; R’ = C,H,. R’ c H. R’ = OH 
23; R’ = R’ = H. R’ - OH 



synthon R-II with natural configuration as mentioned 
above. exhibited Cotton effects ([8],,, + 1.27 x IO’. [&, 
-15.20 x IO’. and [e],,, - 4.04 x IO‘) similar to those of the 
more polar component. Thus. the more polar compound 
was assigned to be II - deoxy - 7 - oxoprostaglandin E, 
methyl ester ZIP and the less polar compound was 
assigned to be II - deoxy - 7 - 0x0 - I5 - epi - ent - 
prostaglandin E, methyl ester #k as illustrated. Each of 
the ester a and 21s was converted into I I - deoxy - 7 - 

0x0 - I5 - eppi - cnf - prostaglandin E: (22) and I I - deoxy - 
7 - oxoprostaglandin E, (23; 60 - 72%). respectively, by 
hydrolysis with aqueous sodium hydroxide. 

Thus. we succeeded in the synthesis of new pros- 
taglamfin analogues by one-pot reaction of reactive acyl 
chlorides to copper enolates. which were difficult to be 
alkylated by less reactive alkyl halides. Since acyl 
imidazoles’ or thiol esters” were known as effective 
acylating agents. it is of further interest to apply them to 
our reaction. In addition. since the S atom has a strong 
affinity for the Cu atom, thiol esters such as thiophenol 
esters were expected to be a powerful acylating agent for 
organocopper enolates. Indeed. it was found that three 
acyl derivatives, 24, 25 and 26. were effective to acylate 
B-alkenylated organocopper enolates and gave protected 
II - deoxy - 7 - oxoprostaglandin E, methyl ester 10s 
(‘Table 2). Acylation of b-alkenylated organocopper 

cornpurer: only lhc major Ions and lhcu relative mtcnsitics are 
hs~cd. Exact mass analyses were carried out with a rolerancc of 
30.0 ppm for a measured mass. Optical rotations were measured rn 
MeOH on a JASCO Model DIP-SL automatic polaruncter. CD 
spcclra were recorded on a JASCO J-20 aulomatic recording 
spcclropolarimcrer GLC was carrkd OUI wrth a Hrtachi 073 gas 

chromatograph (for analysis) equipped with a column (2 m x 3 mm 
i.d.j packed with 20% carbowax 2OM on chromosorh W fNAWI 
(oven temp. 180”. injection temp. 2.w. N,. 35 mllmin) with Takeda 
Riken TR.22l!A digital inregrator. layer chromatography was 

performed using Merck sihca gel (Kicselgel60 F,,) analytical and 
preparatrvc plates. Column chromatography was carried OUI on 
Wako gel C-200 (silica gel). All reactions were carried OUI under 
rutrogcn. Magnetic stirring devrccs were used in all cases. 
Solvents for reactions were purified if necessary before use by 

distillation from suitabk drying agents. Solvents for extraction 
were GR grades Organic extracts were always dried over tia,SCl. 

or MgSO.. As lhe esterate for enzymatic hydrolysis was used hog 
pancreas lipase purchased from Sigma Chemical Co. 

C’onjugorr addition oldi-n-bufylcuprafr to 2-cyclohexenonc 1 and 

accfylarion of cnolarr rifh acrtyl rhloride or acaic anhydride 

To a stirred soln of tri-n-hutylphosphine (n-Bu,Pkoppcr (I) 
iodide complex (n-Hu,P-Cull” (3.9 g. IO mmol) in ether (30 ml) at 

78” was added a I.31 M hexanc soln of n-Buli (l~.3ml. 

2Ommol). After stnring for .3Omm. 1 f%Jmg. IOmmol) tn ether 
(C ml) was added at .7$ After stirring for further 30 min. acclyl 

chloride (4 ml. 56mmol) in ether (lOmU and hexamethyl- 
phosphoric ~riamide (HYPA: Sml) was rapidly added. and the 

‘Table 2 Acylaljon of @.alkylarcd enolare with various acylaiing agents 
-. ---- -~- 
hcylst 1”~ Afi:er.t Ccmd : t 13c hcylated YICld 

h X Tcrp.(‘:), Tlac(rn) Yro$uct f < 1 
- - __-_ ..- . - 

u Cii C: 

m C& ::1 

-2s” 15 z!!? 38 

r.t. 30 U 76 

14 Cli, SF!.. -25’ i4c xk 46 

11 CH, +=$i -40° 110 x?!! 4c 

1’; c!: I 
, _&2 -4co 170 g& 25 

-. -_- 

enolates with the acyl chloride lk was thought to proceed 
regiospecificatly as mentioned above. Regiospecificity of 
new acylation reactions with acyl derivatives. 24. 25, or 
26. was also confirmed by the fact that these desilylated 
products were identical with products obtained with acyl 
chloride 13n by thin layer chromatographic and spec- 
troscopic analyses. 

According to a preliminary biological assay. 7-0x- 
oprostaglandin E, showed inhibitory activities of platelet 
aggregation and gastric secretion. ‘The detailed biological 
evaluation of these prostaglandin analogues will be 
published elsewhere. We are interested in the relationship 
between biological activities of these new 7-0x- 
oprostaglandins and those of buxoprostaglandin F,,” 
obtained from arachidonic acid with a homogenate of the 
rat stomack fundus. 

Ex-At. 

All m.ps and b.ps are uncorrected. M ps were observed with a 
Yanaco micro melting point apparatus. IR spectra were recorded 
on a Hitachi EPI.SIO spectrometer. NMR qxc~ra were deter- 

nuned on a Varian EM .360 (6OMHrJ. a Jcol JNM.MH-I00 
tl00MH1). and a Jcol JNM-PSI00 (IoOMHrj spcclromcler. 
Mass spectra were taken al 70 or II eV on a GLC-lurked I.KB 
yoo0 mass spcclromelcr cqurppcd wirh a Simazu GC-MSPAC 300 

mixlurc was allowed lo warm up IO room lcmp. After stirring al 

room temp. for 4 hr. ~hc mrxture was treated with NaHCO, aq. 
then ammomacal NH.CI aq for Mmm. The organic layer was 

separated and the aqueous layer was extracted with ether 
(3 x 50 ml). The combined organic layers were washed with saf 
NH,CI. dried (Na,SO,). and concentrated under vacuum IO give 

5.48~ of a crude product, whose G1.C analysis (2 m x 3 mm rd.. 

20% Carbowax !OM on chromosorb W (SAW). 180”) indicated 
IU-o products. k (13.6 min) and 41 (5.3 min) in a ratio of 97: 3 by 
comparing rtlcnlion I~mes wrth those of aulhcnlic samples as 

described later. Disr!llatinn of IIK crude product afforded I 81 g 
(9.2 mmol. V?Zx) of 3a (hp.: 64-66”/0 MmmHg) with 6Omg 
(0 3 mmol. 3%) of Ir. 3a; IR (hqud film). 3350. 1720. 1700. 1600. 
PWOand745cm ‘, NMR&OMH;.Ct’LJ: OYot3H.<‘H,). 2.lOt3H. 
s.CoCH,); I I-!.4(13H.CH2)and I6 13fIH.enol H); MRf70eV; 

m/r. 9): 196 (6. M’l. I78 0). IC3 (3). I40 (IO). 139 (100). I21 (IO). 
I I I (I?). 100 (20). 97 (82). XC (I?). CC (23). 43 (64) and 41 (17). Calc. 
for C,,H,O,. 196.1464. Found. 196.1473 ? 0.0059 The product k 
showed a p~tve result m FcCI, ICSI indtcating a characterisrc 
property of 1.3.dicarbonyl system. 

Arrrvlarion of cnolarr renerafcd /mm 3 . r bury/ I 

fn’mrrhylsilor~cyclhrxtne 5 virh acrryl chloride 

To a srured soln of 2 (IOmmol) generared as &scribed was 
added at -7w” rrimerhylchlorosiram (6mlr and tnerhylamrne 
ftl ml) in THF (20 ml) I0 * After stirring ar room lcmp for 2 hr. the 

mixture was poured mto a mixture of hcxanc (599ml) and 
ice.water (300ml). The organic layer was separated. drred 
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(Na,SO.). and concenlratcd in I PCUO IO afford 5 47 p of a rcGfue 
‘To the rc\iduc m THF I20 ml) ud\ added al O’.I 3.0 M clhcr roln of 
5lcIi (3.3 ml, IO mmol). Afler \Iurinp a1 room lcmp. for 20 mm. 
accl)l chlorde (4 ml) m ether (II) ml) was added. and rhc mlxlurc 
u-a5 shned a( room (emp for 2 hr. Irca(cd wlrh UI SaHCO, 
(!Oml) for Mmin The mrwre wa\ cxlraclcd uilh elhcr 
(3x .Wml). and Ihc comhmcd orpamc wins were u-axhcd ullh 
bnnc. dncd (Sa:SO,). and cvapor&d in rat-uo to Icart ( 05 p of an 
oily residue. wluch ua5 dl\Mlarcd lo pibe I ?9p of a volalilc 
producr (up IO 74”!0 ( mmHp) The (;I.(’ of rhe product mdlcafud 
three producI\. 3.n.bu~ylc)clohcra~)nc b I I 16 p. X X mmol. X8%1. 
4a (13 mg. 0 M mmol. 0 6% I. and k (46 mp. 0.2 mmol. !ckl. Thcsc 
~wld\ were c&m;rrcd h) (;I.(’ peak mlcn\ilic\. ‘The raw of 6. Ir. 
and 3r uas 61 2 X: I h! (;I.(‘ bcforc Jwll;~tion 

Artl~lulion o/ tnnolu/t ~tntrtt~td from I . ac-tlor~ 3 n . 
hu~~lcvriohtxt-nt Js und I ~wrotv 5 n burvlrvc-lohtrtnt 4b 

wtrh octld chlondt 

A soln of 6 f Il.4 p. X- mmolv. prcp.lrcd from I h) conjuparc 
addrhon of hrhium di-n-bulylcuprale. and hc:O (40 X 9.0 4 mol) In 
(‘(‘I. (IO0 ml) rrlh ii cal;d!Ilc amount of ‘0% HCIO, aq u-a\ \Irrrcd 
at room (cmp for 20 hr.” The uwal uork-up g.wz 8.9X p (hp.: 
hldP/O.OS mmlfp. 46 mmol. 53%) of Ihc ixomeric cnol ;icclale\ C 
(5.3 mm) and 4b (5.9 mm) In n mlro of 2.3 h) G1.C The rctcnlion 
rime of the mmur enol ~CCLIIC k u;t\ ldenwal ulrh Iha! of Ihc 
O.aceryla(ed producr of orparwoppcr or lrthium cnolaw wrh 
ace!)-1 chlorrdc d’r dcwrbcd dlwvc ‘Therefore. rhe other major 
crwl acclale &%a\ arclgwd I ;~cclo~)-. 5. n. hu~)lc)clohcxcnc 
4r. IR (film), I-CO. 16X0. 1.360. 121’. and IlMcm ‘. h’htR 
(605flfr. (‘(‘1.1 091 (IH. (‘H,). I ?-IX (I!H. CH:). 200 OH. 
C’OC’H,). C !I (IH. olcfimc H): 51s (?lcV. m!t. %I. I96 (I!. 5f t. 
154 (*). 97 (1001. and 43 I IO). (‘ale for f’ ,H,O,- I96 IW 1&1nd 
l%.l419* 00059 46. IR (lilml 1750. 16X0. 1360. 121% and 

II3Ocm ‘. NMR (6OMH/. (‘Cl,1: 091 (311. CH,). 1.2-l X (I!H. 
C‘H~).!(W)(!~~.(‘(W‘H,I;I~~ (.?I (IH.olcfmic Il~:YS(~OcV,m!t. 
%I. I% (23. >I’). 154 (Xl. 11’ IX). 9’ (IOU). and 43 (IOJ (‘;llc for 
(‘,,H,O,- I96 I464 Found: I96 IJM *. ll.00~9 

To J slirrcd win of IhIs rwmcrrc cnol ace~atc\ C and 4b m rt 
ratio of 2-3 (192X. Ylmmol) In dimcthor)clh.mc (2Omll ~a\ 
;Iddcd 41 V ;t 10 51 ether win of hlc1.1 f 13.3 ml. 40 mmol) After 
the mIxlure was \hrrcd al 0’. accl!I chlondc (X ml) in ether (2Oml) 
%a\ added.” .Afrcr wrrmg al 0’ for 1 hr. I/K mIxlure ua\ lrcarcd 
with V;tH(‘O,aq. and c\lraclcd u-lth ether (3 * !Oml, ‘The 
comhmed organrs Ia)cr\ were uathcd wrh hrmc. dried (Na:SO.). 
and cvaporaled IO dflord (.42X of a crude prtducr. which W;I\ 
d~rhllalcd lo ~I\C 2 Wp of .i \olarilz producr (up to 
I I?‘!0 I mmHpl The G1.C anal!w of the pr&cl mdrcalcd fi\e 
component\ and yrcld\ acre c\lrmalcd b) peak inlen\lrrc\ of 
G1.C’ Thc\c product\ were dcnr~ficd h! Ihe rclcnlion II~IW\ of 
(;I.(‘ The five produ<r\ ucrc 6 (4 4 mm. 6’0 mg. 4 1 mmol. !_??I. 
4a and UI m ;t ralio of I I (’ 1 and 5 9 mm. 1641 mg. 0.X mmol. 4%). 
3a (1!.6min. WOmg. !.Ommol. ICY%). and Jb (17 2min. I IXp. 
60mmol. 30%) Jb. IR (film): WOO. 1‘20. 1700. Ih(x). 9X0. and 
7Wcm ‘; NMR (6or,SfHc. (‘(‘I,, 0.90 OH. CH,l. 2.10 (3H. \. 
C(K’H,I. 1.1-24 (l3H. CH,).;tnd I6 IO(IH.cnol H). MSf7OcV: 
m/t.%): 196(1X. 51’). IXI (461. I%(Ih). 1391~7). III (321.9: (661. 
ILI (IX). 71 (IX). 69 (!I). (5 (301. and 43 (100) CaIc for (‘.,H,O:. 
1% I464 Found 1% 1453 -0 MI!9 

To a wnzd win of n.Ru,P-(‘ul (3 9 p. IO mmol) in ether (211 ml) 
.$I ?x” ua\ added .t I (6 M hcxarw win of n.Hu1.l I lZ.Xml. 
20 mmoll. After \Iurtnp for 30 mm. JO (X20 mg. IO mmol~ m cfhcr 
(’ ml) ua\ added al V After \trrrinX for 30 mm. .~cc~yl chloride 
(3 93 g. CO mmol) m ether (20 ml) and HhlP.~ (C ml) ~4s gradualI) 
added ~$1 -7X’. and rhc nurwrc wa\ allowed IO uarm up 10 room 
remp Afrcr wrinp ;$I room lcmp for I hr. Ihc uwal work-up ga&e 
10.7Xg of a residue. which uas dislrllarcd IO afford ~hc following 
product\; !-n.bul~lcyclopenl;rm,ne (4(ro mg 3 3 mmol. 33%) 
Klcnlikcd wthan aurhcnw enc. MS(70c\‘. m/t.%) 140(!!. M’,. 
I I I (2X,. 96 f 17). X3 (100). 70 (IX,. 69 f IO). (6 (60. .cC (79). 43 (20. 
and 41 (SO). 2 :~ccl)l 3 n . hulylc~clopcnlanone 7 (VOmp. 
1.X mmol. 3R%l. h p X2-X!‘i3 mm~fp. IR (film) 1740. 1~10 and 

I6JOcm ‘; NMR (00.WHr. CCI.)~ 0.93 (3H. C’H,). I l-l.7 (IIH. 
CH,).and 2 OOOH. s.CM’H,); MS(7OcV: m/t.%t: IX! (IO. M’). 
I64 (2). 139(X). I27 (23). I25 (100). 107(15). Xl (X5). 7100). 55 (20) 
and 43 (90); Calc. for C,,H,.O,: IX? I.%+ Found. IX2 I306 L 
0.0055: and further O-acefylaled producl of 7 (470 mg. 2 I mmol. 
2191 delccted h) 0~ (iI.C*-MS merhod: MS (7OcV: m/t. %I: 224 
10 I. 51’). 209 (I!). I94 (4). I!?& (2). I64 (16). 152 (100). I23 (6). I:! 
(0. I IO (22). 109 f I?. IOX (XI. 96 (7) and 43 (I?). 

l’o a \rwrcd win of n-Ru,PCul (3.9 g. IO mmol) in ether (2U ml) 
al -Y was added w l.!6M hcxanc \oln of n-Hu1.r (I! Xml. 
20 mmol). After wrmp for 30 min. methyl vinyl ketone (%I mp. 
IOmmol) in crher (IOml) was added 31 -?Ip Afrcr trirrmg for 
fur0wr I hr. bcnzql chloride (3 53 p. 25 mmol) In ether (20 ml) and 
H5lP.k (5 ml) wa\ added al 7Lp. and the mixture was allowed IO 
warm up IU room lcmp .Affcr \wnng it1 room temp. for I hr. rhc 
usual work-up Xa\c 12.33 X of a crude producl. which wa\ pun&d 
h! Glica gel column chromalcwgr-dph) with twvcnc IO afford I 2Op 
of Qcnto~l~.?-wlanonc (C 2 mmol. 52%): IR (film) 3050. 1720. 
1680. If&I. IW. 12’0. 710. and 6Wcm ‘; KbtR (00MH7. (‘Cl.) 
0.90 (3H. (‘H,I. I l-l 9 (XH. (‘HI), 202 (3H. \. C(KH,); and 
- 7-7 ( :md 7 ‘-X.1 (!H snd 2H. Ph): YS (70cV: m/t. %I. 232 (I. 
hI:,. 1X9(% Ih!(l‘). I61 (0. 1!3(lC). IOc(l00),X2(lc,.;t(32,.cS 
(121 and 43 (IX) 

(‘onlu~alt addirion oj dCfh$-uprart lo !-rylohtrtnont I ond 

a‘-t~vlutum of tnoloft rirh oc-nyl rhbndr 
T’o .I 5lured wqunvon of cuproux iodide (9.50 mp. C mmol) al 

TX’ W;L\ Jddcd ,t 05X 51 clhcr soln of E11.1 (I: ml. IO mmolj 
After \lirrmg for ?+tl min. I (48Omg. 5 mmol) in ether (I ml) wa\ 
added al 71 4fIcr Wrrinp for Mmin. aceI) chlorldc (2.2X. 
2X mmol) In THF (IO ml) ;md HMPA (2 ml) usI\ added. and lhc 
mixture ua\ \hrrcd for I hr. The uwal uork.up ~a\c 1.26~ of ;i 
crude producl. which wa\ p&cd by prcparalrvc T1.C fclhcr. i& 
0 651 loafford 60( mnof 9(3 6 mmol. 73). FKI, 1~51. poo\ifrvc. IR 
(film)- 3dOO. I?!O. I&l. 1600. I230 and IlMOcm .: ‘G%lk (60 MHI. 
(‘Cl.). o 93 (3H. (If,). I &! 5 (9H. CH..). 2.0: (3H. s. (‘(W’H,I. and 
16.10 (IH. enol HI. %fS (7OcV. m/t. 5%): 16X (IX. .%I’). I39 (100). 
I21 (II). III (I!). 100 (II). Y, (X3). CC (IX, 2nd 43 (461. C;tlc. for 
(‘,,H,.O, 168 11’1. Found. I6XIl3.(-OCM7 The IWO minor 
products were dclcclcd b) IIK (iL(‘-MS analyvs One of Ihem 
ua\ I-aceroxy.~-cfhylc!clohcxene (25 mg. 0 IC mmol. 3%): SfS 
(7OcV.mlt.%l: Ihn~!~.M~~.I39(X~.1!!~10~.I31(X~.I26(1!~.9~ 
(IIY)) and 41 (101. (‘ale for (.,&I,.(); Ihx.II(I: Found. 
16X I IO3 l O.OW~. The olhcr u-a\ fur&r (Gcclylaled producl of 
~hc (‘.accr!larcd product 9 (Ml mg. 0 30 mmol. 6% 1. VS (70 c\‘. 
not. W 210 (X). 16X (IO). I39 (100). I!1 (X,. 97 (IO). and 43 (20 
(‘ale for (‘,,H .O,. 210 I?? Found 210 I?.M-OCM 

(;I) A I.4 51 pcnranc soln of fl.hml. 2.2 mmol) u’a\ 
added 31 7V a \rincd win of I 

- 3.Q (c-. 
(‘(‘I,) prepared by of 3(S). hydroxy - I 

Cr. 3 7. !.fd)H,) In ether (5 ml). and the 
rewllmp mixlure was \fined al -W for 2 hr. To ~hc mIxlure u-as 
added a~ -7(P 3 shrrcd \oln of n-propylclhynylcopper” (144 mg. 
I I mmol) and wRu,P (444 mp. 2 2 mmol) in ether (I ml) al room 
temp. for !Omin. Aflcr 5lirnnp for I hr. (dl) 4 I 
bu(yldlmelhyl\~lr)x~~~clopent . ? en I . mc” (d/)-II (?I! mg. 
I .O mmoll m ether (4 ml, wa\ added at .7X*. and rhr nuxlure wa\ 
\!irrcd a~ ?R; for I! min. lhen al -W for 30 mm. A win of 
bmelhorycarbon)capro)-I chloride Ik (b.p.: X9-91’11 .( mmHp. 
210 mp. I I mmol). which u-a\ prepared from pimelrs acd mono 
mcrhyl cslcr (b p.: 103-I 17’/0.03 mmHg) and rhionyl chloride In 
‘GM yield by a par~dly modified method of Ihe cited procedure.” 
In THF (4 ml) and HMP.4 (0 5 ml) was added al 4@. ‘and the 
mixture ua\ \(irrcd aI -40” for I hr. Jhe mixrurc was Ircalcd wrlh 
ammonracal SH,CI aq (40 ml). and cx~rac~cd wlh elhcr (3 x 
CO ml) The combuwd organic Iayw. after washmp wlh hrinc and 
dr)mp (?;.I:%).). wcrc conccntrarcd rn twuo IO aflord 1.2X p of a 



III0 T. T*sAK* cl al 

crude producl. which was purified by pepararive TLC (hcnane- 
EIOAC. 4: 1. R, 0.53) IO give 208mg of diaskreomeric Ilr 
(034mmol. 34%); IR (fdm)- 1740. 1G. 16SO. 1610. 1460. 1360. 
12SS. 1070.830 and 770 cm ‘: NMR (60 MHz. CCL): 0.05 (6H. s. 

SiCH,).0.88(2lH.1-Bu andCH,). l.l-1.6(14H.CH,l. I.&!.4(7H. 
CH, and CH). 3.23 (IH. COCHCO), 3.S9 (3H. s. OCH,). 4.02 (2H. 

CHOW and 5.43 (2H. olelinic H); MS (70eV; m/c %): CS3 (I. 
M-Bu). 466 (0.5). 464 (0.S). 421 (I). 409 (I). I89 (43). IS7 (41). IS3 

WI. I2S (39). 120 (41). 92 (100). 78 (63). 7.c (48). 69 (43). 57 (48). S.c 
(S2l and 41 (40). Calc. for C,H,,O.Si, (M-‘Rub: SC3.3384. Found. 

jSj.3403 z 0.0166. 
The ester IC (2@3 mg. 0.34 mmol) obtained above was dissolved 

in a mixture of AcOH (I2 ml). water (4 ml). and THF (4ml) ” 
After standing al room temp. for 87 hr. rducne (SO ml) was added 

and the mixture was azeovopically evaporated IO leave 308 mg of 

a crude product. which was punfkd twice bb preparative TLC 
(hexanc-EtOAc. I :I) IO give IWO Bdicarbonyl products (R, 027 
and 0.22). The less polar compomnl was lk (13 mg. 0.12 mmol. 
3SR bavd on Ma) as described later: [u]$o” (c. 7.6. M&H). IR 
(film): WOO. 17400.1720. 16SO. 1610.1180.1030 and 980 cm ‘; SMR 

(100 MHz. CDCI,): 0.89 (3H. CH,). 1.2-1.8 (l4H. CH,). 2.0-2 5 

(7H. CH. and CHI. 3.38 (IH. COCHCO). 366 (3H. s. OCH,). 
j,7-4 4 (4H. CHOH). and 5.64 (2H. olefintc H). MS (I! cV; mla 

%): 382 (0.1. M’). 364W. M-H:O). 358(66). 346(100). 264(19)and 
208 (27). Calc. for C,,H,O, (M-ZH,O): 346.2146. Found: 
346.1X80 zO.0277. Tht more polar producl was I(r (%mg. 

0 I! mmol. 3!% based on IC) as de&t& later; [a]: -12.S’ (c.. 
7.1. M&H); CD (MeOH). [glz., +1.27x IO’. ]g],. -C.zOx IO’. 

]e]W -4.04~ 10’ (c. 8.6s~ IO ‘Ml; IR (film): 34SO. 1740. 1720. 
16SOo.1610. 1180.1030 and 980 cm ‘; NMR (100 MHt. CDCI,): 0.89 

(3H. CH,). 1.1-1.8 (14H. CH,). 2.1-2,s (7H. CH: and CH). 
3.24-3.53 OH. OH and COCHCO). 3.6s (3H. 5, OCH,). 4 I6 (2H. 
CljOH). and 5 62 (2H. olefinic HI; MS (IZcV; m/e. %). 382 (0.1. 

M’). 366 (80. M-H/J). 358 (94). 346 (100). 293 (14). 264 (16). 2.SO 
(II). 2Q8 (33). 190 (14). IS7 (20) and 43 (16). Calc. for C,,H,O. 
(W!H,O). 346.2146. Found: 346.18WrO.0277. 

(b) A soln of (R)_ll’* (212mg. l.Ommol. [a]K -SI’ (c. 7.9. 
&OH). 86% R c.c.) was added at -78” IO ~hc soln of chual mixed 

cuprale I2 (1.1 mmol) prepared in lhc same way as in (a). 
SimJarly. Ik (2lOmg. I.1 mmol) in THF (4ml) and HMPA 
(0.S ml) was added al -UP. and the mixture was stirred at -W for 
I hr. lhe same work-up and purification gave 214 mg of IC 

(0.35 mmol. 35%). which was ldcnlical (TLC. IR. NMR and MS) 
with I(r obtained in (a). Dcsilylatron of IC (141 mg. 0.23 mmol) 
gave l6a (94 mg. 0.24 mmol. 70%). which was identical (T1.C. IR. 

NMR and MS) with the more polar component obtained in (a). 

accompanied by a small amount of Ik (I.3 mg. 0.004 mmol. 1%). 

7.0x0-PGE, I8 and 7-0x0-lS*pi*nr-PGE, I7 
A soln of I(r (3 mg. 0.0079 mmol) in acetone (0. I ml) was added 

IO rhe lipare soln (S ml) partially &ficd from crude hog pancreas 
lipase (Sigma) in the same way a\ described.M The mixture was 
sonicatcd at (P for 2.5 min. and poured into acetone (.SO ml). Aflcr 
filrenng through Cehk. rhe resulting soln was concentrated in 

cacao and rhc residue was extracted wllh ElOAc (3 x SO ml). The 
combined orgaruc layers. afrcr washing with brine and drying 
(MgSO.). were concentrated lo give 5.4 mg of a crude producl. 
which was purified by prcparalrve TIC (EIOAc~yclohcxwe- 
acetic acid. 40:60: 2. R, 0.35) IO afford I.6 mg of 18 (0.004! mmol. 
fL%) Hydrolysis of 15a by rhe same procedure gave I7 (42%) 
7-0x0.PGE, 18; IR (film): 3100. 1740. 1710 and 16SOcm ‘: NMR 

(IOOMHt. CDCI,): 0.88 (3H. CH,). 1.2-1.8 (14H. CH,). 2.&! C 
(7H. CH, and CH). 3.2-3.S (3H. OH and COOHl.4.14 (3H.CljOH 
and COCHCO) and S.S2-S.7S (2H. olefimc H); MS (II eV; m/c 
%I: MB (0.2. MC(‘). 3SO (60. M.H,O). 332 (SO). 314 (30). 264 (IO). 251 

(60). 2SO (100). 249 (SO). 247 (60). 237 (38). 233 (42). I90 (40) and IS I 
(31). Calc. for Cd&, (M-H,()): 3SO209S. Found: 3.SO.1990 
~00105. 7-Oxo-Ij:ep~nf-PGE,. If; IR (film): 3100. 1740. 1710 
and 16SOcm ‘: NMR (l@l MHz. CDCI,)~ 0.90 (3H. CH,). I l-l.9 
(I4H. CH,). 2.1-3.0 (7H. CH, and CIO. 3 2-3.7 (3H. OH and 
COOH). 4 IS (3H. CljOH and COCHCOI and S.S-5.8 (2H. okfimc 
H): MS (I1 eV: m/r. %I: X8 (0.1. M’l.350 (30. M-H:Ol. 332 (20). 
314 (20). 264 (8). 2Sl (40). 250 (100). 249 (60). 247 (70). 237 (IS). 233 

(47). 190 (IS) and ISI (30). Calc. for Cd& (M&O): 3W209S. 
l+Und~ 3W.2003 f 0.010~. 

Similarly. reaction of (dlbll (212mg. l.Ommol) with achiral 

mixed cuprale (d/b12 (I.?mmol). followed by addition of 1% 
(b.p.: BS46’11.0 mmHg. 1.03 g. 5 mmol). whtch was prepared from 
pimcln- acid monocthyl ester (b.p: l!~163”/.(.0mmHg) m 94% 

ylcld. gave (d&l& (143 mg. 0.23 mmol. 23%) after purilicarlon by 
preparative TIX: (ether. R, 0.Q); IR (film): 1730. 1631. I?SO. 1180. 
107s. 840 and nScm 1: NMR (60MHz. Ccl,): 0.08 (I2H. s. 
SiCH,). 0.93 (ZIH. I-Bu and CH,). I.29 (3H. CH, of ethyl ester). 

I.FI.8 (I4H. CH,). 2.1-2.6 (7H. CH, and CH). 3.60 (IH. 
COCHCO). 3 b4.j (4H. CHOSi and C-H, of ethyl ester) and 
C.4-S.7 (2H. okfmic H); MS (I I cl’; mit. %I: 624 (O.S. M’). 609 

(0.5). 567 (IOOI. 549 (IO). 492 (18). 435 (17). 417 (101. 397 (14) and 

322 (40). 
A similar dcsilylation of (dfl-lib (I25 mg. 0.20 mmol) gave 

(dltl5b and -Mb (56 mg. 0.14 mmol. 7W) after TLC puriftcation 
(EtOAc. R, 0.34) These diasrereomcrtc esters showed IWO spols 
on TLC (&r. R, 0.20 and 0.14. 4 urigalcons); IR (film): 3&O. 

1730.1715.1635.1180.1030arni97?cm ‘: SMR(6OMHz.CDCI,I: 

0.90 OH. CH,). 1.24 (3H. CH, of ethyl ester). 1.2-1.8 (14H. CH,). 
2.1-2.7 (7H. CH, and CH). 2.60 (2H. OH). 3.58 (IH. COCHCO). 
4.07 (4H. CHOH and CH, of ethyl ester). and S.&S 7 (ZH. okfink 
H); MS (II ;I’; m/c. S): j% (0.1: M-1. 378 (.Cg). 368 (30). 360 (63). 

332 (IO). 314 (18). 307 (22). 2S0 (5). M8 (14). IW (7). I64 (IO), 124 
(II). II! (II). IO8 (261. 99 (26). 94 (18) and 92 (100). Calc. for 
C,,H,O, (WH,O): 378.2408. Found: 378.2497 f 0.0113 

I I . I)zory .7.0x0 - PGE, mtfhyl CSIU 2lr and I I drox!. 7.010 . 
15 . epi - en! - PGE, mrrhyl csftr Z& 

(a) Using bmrthoxycarbonylcaproyl chlondt Ik A wln of IO 

(82 mg. I 0 mmol) in ether (4 ml) wa\ added al -W lo lhc soln of 
chiral mixed cuprate It (I. I mmol) which was prepared from WS) . 
I butyldtmcthylsiloxy - I . ~odo - rmns I - oclene (405 mg. 

I.1 mmol) and n-propyklhynylcoppcr (144mg. I I mmol) wirh 
n-Bu,P (444 mg. 2.2 mmol) in a simdar way IO the preparation of 
7*x0-PGE,. ifler stirring at -W for IS min and lhcn at - 2s’ for 

KImin. Ih (2lOmn. 1.1 mmol) m THF (4mll and Hh4P.S (0.5 ml) 

was ad&d at -2S”. The resulting mixture was stirred at 25” for 
I hr. The similar work-up gave I.11 g of a crude product. which 

was pwificd by preparative T1.C (hexanc-EtOAc. 4. I. R, 0.26) lo 
afford 181 mg of a diastereomeric mixture of 19a (0.38 mmol. 

38%): IR (film): 1740. 1700. 1640. 1170. 1030. 840. 780 and 
670cm ‘; NMR (60 MHz. CCL). 0.08 (6H. s. SiCH,). 0.93 (I!H. 
I-Bu and CH,). 1.2-1.8 (16H. CH,). 2.1-2.6 (7H. CH, and CH). 3.60 

(4H. WH, and COCHCO). 4.00 (IH. CHOW. and S.4-S.7 (2H. 
olefinicH);MS(70eV:m/r.%):4W)(0.1.M’).46!(1).669(11.447 

(I).423 (43),4OS (32). 391 (21). 373 (14).2W(l2).239(12). 22s (IS). 
219(lS). 217 (12). 193(16). lS7(77). IS3 (100). IZS (80). III (37j.97 
(43). 83 (S3). 7S (72). 73 (S7). 69 (86). S7 (57). SS (72). 43 (49) and 41 
(60). Calc. for C,,H,O,Si (M(-‘Bu): 423.2569. Found: 423.2460 z 
0.0127. 

The ester 19a (87 mg. 0.181 mmol) obtained above was dissolved 

in a mixture of AcOH (3 ml). water (I ml). and THF (I ml) After 
standing al room temp. for w) hr. loluenc (SO ml) was added and 
the mixture was evaporated arcotropicallb under vacuum IO 
afford 79 mg of a crude product. TI.C analyst\ of whtch showed 
IWO spots stained by ferric chloride (cyclohexane-F.lOAc. 3: 2. R, 
0 38 and 0.36). The crude product was puritkd by preparative TLC 
IO give IWO products cwrcsponding IO rhe above IWO spoor. The 
less polar (higher R,) product was ZL (29 mg, 0 079 mmol. 44%); 
CD mow: ielx., -I 03 x Iv. le], -3.32 x lo’. ]e],,, + 152 x 
IO’ (c. I IKl x IO ’ Ml; IR (film): 34SO. 1740. l?lS. 1640. 1610. 1225 
and 98Ocm ‘; NMR (IOOMHz. Ccl.): 0.92 (3H. CH,I. 1.2-I 8 
(16H. CH,). 2.1-2.5 (7H. CH, and CH). 3.44 OH. COCHCO). 3.64 
(3H. s. OCH,). 4.00 (2H. CHOH). and S.S! (2H. oklinK HI; MS 
(70 cV; m/c. %): 366 (I. M’). 348 (30.335 (4). 318 (8). 278 (19). 214 
(25). 209 (71). 192 (87). 161 (30). I’? (70). I47 (31). 13s (Ml. 125 
(88). 121 (S6). lo9 (S2). 99 (40). 97 (SO). 79 (38). 69 (88). 55 (100). 43 
(82) and 41 (64). Calc for C,,H,:O. (M-H,(_)): 348 2302; Found 
348.38 tO.0104. ‘Tbc more polar (lower R,) prtducl was 
I l.deoxy-7_oxo-PGE, methyl ester Zlr(25 mg. 0.068 mmol. 3nStl. 
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CD (MeOH): [@I:., - 1.03 x IO’. [@I, + 3 32 x IO’. It& - I.52 x 
lO’(c. 1.X0x IO ‘M). IR (film): YSO. 1740. 1715. 1640. 1610. 1225 

and 98Ocm ‘; SMR (IfHIMHr. CCL): 0.88 (3H. CH,). 12-1.8 
(I6H. CH,). 2.1-2.4 l7H. CH, and CHI. 3.40 IIH. C’OCHCO). 3 60 
(3H. \. NH,). 3.96 f2H. CHOH) and C 53 (2H. olefinic H); MS 

(70eV; m/c.(iE): 366tl. M’). 348041.33S (3). 31817). 278116). 214 
(24). 209 (57). 192 (80). 161 (31). I57 (67). 147 (30). 135 (39). I25 
(84). 121 ((I). 109 (53). 99 (33). 97 (49). 79 06). 69 (RR). 55 I 100). 43 
(It41 and 41 166). Calc. for (‘,,H,,O. (M-H,()): 348.2302 Found: 
348.2262 IO.0104. 

lb) L’& methyl S-phmyl monofhiopimefarc 24. U wa\ 
prepared from Ik and thiophenol in quantitative )~ld. The ester 
24 (300 mg. I.1 mmol) In ether (2 ml) was ad&d at -2s’ IO the soln 

of the /3-alkblaled organocoppcr enolate generated from IO 
(82 mp. I.0 mmol) and I2 (I.1 mmol) complexed with n-Bu,P in ~hc 
same way as in la). and the mixture was stirred at -21” for 30 min. 
Affcr filfratwn of fhc formed a ppt inwluhk m water and ether. 
the usual work-up of lhc hllrale gave 1.24~ of a crude producl. 

which was purifkd by prcparallvc T1.C to yield 214mg of 1% 
(0.45mmol. 45%). Ester I9a and each of the IU’O dcsdylared 

products of Ih (2& and 2lr) were compkrcly tdcntical (TLC. IR. 
NMR and MS) wllh authentic samples obtained above When 
hcxamerhylphusphorous triamlde was uud a\ a lrgand of ~hc 

chirdl mtxcd cuprale rcagcnl I2 instead of n-Bu,P. the producr 1% 
was also yielded In 46%. 

cc) f!rtnn h’~bmrrhox~c-arhonylrapro~/)~mrda:u/c 2.5. Zs 

(30 mg. I. I mmol. m p 49--w rccryslallizcd from ether) In ether 

(2mi) was added al -4@ IO lhc soln of rhc fi.alk~laled 
organocoppcr en&k generated from IO fX2 mg. 1.0 mmol) and 
the chual 12 (I.1 mmol) complexed wl!h hcxamcthylpho\phorous 

rnamidc 1.w mg. 2.2 mmol) in a slmdar way IO (a). and the mlxturc 
was sturcd al W for 2 hr. A white ppl deposited at once. and the 
desired 191 ua\ dcrccred in rhe mixture by TIC. Usual work-up 

gave ,367 mg of a crude product. whch was purified by preparatne 
T1.C IO afiord 190 mp of IPI (0.40 mmol. 4(M). The ester Ih and 
each of the IUO dc\ilylatcd ‘product\ of I)r (2h and 2lr) were 
ldcnlrcal (TLC’. IR. NMR and MS) with authcntlc samples 
obtained ahobc 

Id) L’sing mtfhyl S.!.pytidF/ monorhroptmdarr 26 26 was 
prepared from pimehc acid monomcfhyl e\ter and !.?dlpyridyl 
dirullidc in rhc presence of rriphcnblphosphinc in 889Z yeld by the 
cited method. I’* ‘*’ The ester 26 (400 mg. I.5 mmol) was allowed 
IO react with the tame organocopper enolak as described m (c)at 
.j(r for 2 hr. After filtering off lhc formed yellow solid. usual 

work-up and punficalion by prcparatl\c T1.C jieldcd I20 mg of 
I9a tO?!mmol. 25%). The product 19a and each of rhc two 
de\ilylafcd product\ of I9a l#k and 2la) were also identical with 

authcnllc sample\ 

Il-&or~.7.oro-PGE, 2.3 and Il-dmx~~7~oro~epi-cnr-PGE, 22 

To a soln of rhc less polar 2Oa (I 3 mg. 0 OM mmol) m THF 

(0.6 mmol) and waler (0.2 ml) was added al room temp 0.1 ml of 
1.0 N NaOH After sGrnng at room tcmp for 3 hr. the mixture was 

acid&d IpH 3) with 5% HCI. extracted with ether (3 x 20 ml). The 
combined organic layers. after washing wlrh brine and drbmg 
(~gS(J,). were ConcCnlraICd lo gibe I! mg of a crude prcducr. 
which wa\ purified b) preparative TLC (cyclohcxanc-ElOAc. 
2: 3. H, 0 35) IO y~cld 9 mg of 22 (0.026 mmol. 72%); IR (film). 33!0. 
1735 and 17lOcm ‘. NHR (100 MHt. CDCI,). 0.X8 (3H. CH,). 
12-l X (IhH. (‘H,). 2.G2.7 (7H. CH? and (‘HI. 3.50 (IH. 
COCHCO). 4.10 (3H. CHOH and COOH). and C.56 (2H. okfink 

H): MS (I!eV. m/c B) 352 0. M’). 335 (231. 334 (100). 316 17). 
299 (61.281 (3). 263 (161. !C! (IO). 23X (13). 2.54 (IS). 2@(3l). i& 
(I?). IY3 (16). IY? (93) and I21 (13). Calc for C,H,O. (M.H,O). 
334.2146 Found: 33421 I7 2 0.0100 

Similar hydrolysis of rbr more plar 211 (IPmp. 0 052 mmol) 
wllh SaOH aq yielded ?I mg of a crude product. which wax 
purifKd by prcparatlrc TLC (cyclohcranc-EIOAc. 2: 3. R, 0 28) to 

give II mg of 23 IO.031 mmol. t@?G); IR (film) 33.50. 1735 and 
17lOcm ‘:S’MR~l00MHr.Cl~I,):ORn(3H.CIl,).l 2-I W(l6H. 
(‘Hz). 2 l-2.6 (7H. CH, and (‘H). 3.50 (IH. COCHCO). 4.10 OH. 
CHOH and COOH) and 5 56 (211. olcfimc HJ; MS (I? eV. m/r. a). 
3S2 (4. M’). 33s (26). 334 (IO@. 316 @,. _% Ol,. 281 (16). 263 (IX). 
2S2~II~.23~~lS~.234~lS~.226~ll~.!!~~l!~.209(37~.~~~IS,.l93 

(16). 192 (%I. I82 (12) and 121 (13). Cak. for CaH,O. (M(-H,O). 
334.2146 Found: 334 2103 z 0.0100 

fdl)_lI-~xy-7-oxo-PGE, ethyl cswr zlb and 21) 
Simdarly. reaction of IO (164 mg. 2.0 mmol) with achual mixed 

CUBIC reagent (012 (2.0 mmol). followed by addition of I3b 
(1.24g. 6.0 mmol) gave (dl)_Wb (260 mg. 0.53 mmol. 26%) after 
preparative TLC purification (ether-hcxane. 2: I. K, 0.43): IR 
(film): 1730. 1720. 1630. 1170. 1030. X30 and 77Ocm ‘, NMR 

(@MHz. CCL). 0.08 l6H. I. SEH,). 0.93 lI2H. I-Bu and CH,). 
I 3 (3H. CH, of ethyl ester). I .&I.8 (16H. CH,). 2 l-2.6 (7H. CH, 
and CH). 3.6OlIH. COCHCO).4.16(3H.CHOSiand CH,of ethyl 
ester). and S.4-S.7 (2H. dctinic HI; MS (70eV. m/e. R): 494 (0.2. 

M(’ I.479 (2). 461 1 I). 449 0). 437 (96). 419 (100). 391 04). 373 (28). 
299 (26). 219 (24). 217 (22). 171 (28). ISS (32). I25 (64). 121 (31). 75 

(94). 73 (79). 69 (36) and S.C (34). Calc for C,.H,,O,SI (M-‘Bu). 
437.2726 Found: 437.2669 z 0.0131. 

A srmtlar desdylatmn of cdl)-1% (29 mg. O.oh mmol) afTorded 
(d&2& and -2lb I IO mg. 0 03 mmol. SoaC) after T1.C purification 

ferhcr. R, 0.38): IR (film): 3450. 1730. 1710. 163s. 1170. 1030 and 
97!cm ‘: NMR (6OMHz. CDCI,): 0.89 OH. CH,). 1.2-1.8 (16H. 

CH,) !.I-! 7 GH. CH? and CH). I24 (3H. CH, of ethyl ester). 
3.4-3 II (?H. OH and COCHCO). 4.13 (3H. CljOH and CH, of 

ethyl ester). and 5.4-C 7 (2H. okfimc HI. MS (I I eV; m/r. 5G). 380 
(0.4. M’). M! (100). 316 (I?). 2YU (17). 291 (38). 253 (IX,. 228 (20). 
_m (31). IY! (84). 171 (46). I25 (18) and I21 (13) Calc. for 
C:..H,.O. (M-H:()): 362.24%. Found: 362.2381 r 0 0109 
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