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hrttwt- kwbotmne reacts with m-•llylpallad!u hexafluomacctylacctonate (5), 

followed by ttlphenylpIwsphln and the optically active llthlu acctylldc of 

3-tctrahydropyranylory-S-(-)-I-octym to fom the enyn 7. Sclectlve oronolys~s, 

Ylttig oleflnatlon and deprotectlon afford prostaglandfn endoperoxide analogue 4. 

The prostaglandln endoperorfdcs 1 (-2) and 2 (wI2) are central to the btorynthests of 

the prlury prostagIandlns, the leukotritnes, and the thr&mxancs. The extraordinary 

1 x- OOH (PGG2) 3 bH 
2 x- OH (PCH2) 

biological potency of F%G2 and PW2 and their extreme Instabllfty have spurred Interest fn the 

synthcsls of stable analogues, 2*3 Yhfle the ast corrron rwtes to these c~nds havt 

Involved elther mdlflcation of naturally occurring prWStagldndlnS or Olelr-Alder approaches, 

WC have developed benzylpalladat~orr, 'OS thlenylpalladatlon,6*' oxypalladatlmn.* 

carboethoxyscthylpalladation,g vlnylprlladatlm 10 and allylpalladatlon'l approaches to a wide 

varfety of novel new trtdoperoxldc analoguer. Of our new capounds, to date the most potent 

InhIbitor of arachldonlc acid-lndwed blood platelet rggregatfon has been analoguc 3 (as a 

mixture of all porslble tplwrs at C-15 and the points of side chain l ttachrnt) prepared by 

an allylprlladatlon approach (q. l).ll Me, therefore, sought for blolglcal ttstlng an 

-co2i4 
1. 3‘ -. 

pa/2 
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2. PPhj 

3. L~CICCH(OR)CSH~I 

ColR c 
OR 

efficient route to fstmer 4 which ntalns the clr-5.6~doublt bond present !n the naturally 

(1) 

occurrlnp portaglandlns. Yc are happy to report here tha successful synthesfr of aoqarnd 4 

using a modlficat~m of our allylpalladatlon approach. 
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Results urd Dls43Jrslm 

Since neither the tradItIona approaches to prortagland?n endoperoxtde l nalqucs, such as 

the Otels-Alder reactton or mdtflcat~onr of naturally occurrlnp prostaglandlns, nor any of 

our carllcr oqanopalladlu appmaches were dlmtly appllcablc to the preparatlm of corpaund 

4, n have developed a mdlffcatlon of our eatller allylpalladatlon approach. Because 

v-allylpalladlum coqoundt are known to add to blcycllc rlkemr to afford exclurlvely the 

trvw product, rc scwght an Irdlrect way to lntroducc the desired cls double boml. An 

approach which lntmduces an acetaldthyde m!ety onto the blcycllc skeleton was particularly 

appeallq, slncc subsequent Wlttlg olcflnat~on of the l ldehyde would Introduce In one step the 
deslred carboxyllc acid stde chain wlth the correct stereochmistry. Indeed, thts approach 

has proven quite successful as outllntd below. 

The two side chains of the dcrlred prostaglandln analque were rcadlly !ntroduced by the 

reactIon of norbomn wlth I-allylpalladlum hexafluoroacstylacetonate (S). using a standard 

lltcrature procedure11~12 (q. 2). followed by reactlon with the optIcally active llthim 

acetylide of 3-tetrahydropyranyloxy-S-(-)-1-octync urlng wr previously developA pmcedure 11 

(q. 3). 

1. 2 PPh3 
6 

2. (S)-LiC=CCH(cXHP)C~H~~ 

60-7Ob 

The success of this overall approach depended upon flrbd!ng a relectlve rthod for 

oxidlrlng compound 7 to the desired l ldehyde 8 (q. 4). Tk use of catalytic amcunto of 

P 
OTHP 

(4) 

oulu tatroxlde and excess sadfum rtapertodate*3 under a vartety of reactton condltlom 

(1-4X 0~0~. 1.5 h-overnight, lCKJ-200% palO4) all resulted In n lxturer of the desired aldehyde 

8 and the cwmspodlq carboxyltc acid. 

Since acetylenes are km to be slaw to urdcrgo or~nolyrlt*~ and selectlvc oronolys~s of 

a carbon-carbon tible bond tn the presence of an acetylene has been accapll~hed.~~ we have 

exmined thft approach. Accordlqly, ozonolysls of enync 7 at -78'C WI attaqted In the 

presence of pyrldlne, rlnce pyrldlne has been shown to mderatc tk icactlvlty of ozone I6 (eq. 



4). Subscqucnt wrk-up uslq zinc rod mtlt rcld grw the aldehyde 8 In 501 umptlulred 

yltld. 

tha Wtttlg oltfhatlon ef rtdchyde 8 U&S best effected uslq kO-t-6u and the approprtatc 

phorphonlrr salt (eq. S)," Hydrolysis ulth 4:2:1 acctfc rcld/TMf/u4ter1* rt 4S'C for 9 h 

gave ccqmund 4 In 90% ylcld. 

[PhlP (cH214CO2HlBr 
6 

2 KO-IL-Bu 

55% 
(5) 

9 &HP 

It sharld be noted thrt the product 4 of this sequence Is lnhercntly a patr of 

dlastereaers resulting froll addttlon of the tro sldc chetns to opposite ends of the wlglnal 

norbornene double bond, but the dlastereoaers could never be obstwed by IM MR spectroscopy 

and they cwld mat be separated at any stage of the overall stqutf~t. 1% lllw spectroscopic 

analysls of the product 4, kmever, does lnd!cate the pmstncc of tuo extra peaks In the 

allphrtlc region. Ye assuy th4t the d~arttremers art there In 4pproxlwtcly a 1:l rrlxturt. 

Compound 4, as a pair of dlartcremers, has been tested tn huan plrteltts using both an 

600 UK arachldonlc acid challcqt and an NIP challeqt. Sow rctlvlty 11~'s (IJH) 

rtspecttvtly of -140 and -RH3j l patnst both stlulatlq agents has been observed suggertlq 

non-scltctlvlty, but the level of wttvlty Is on the lower frlqt of slgnlftcancc so 

Inttrprctatlon +s hazardous. 

Atttrpts to extend thlr overall reactlon squence to blcyclo12.2.2loct-2-cm rnd 

norbornadtene hrve been dlsappotnttq. MMlt the organop4lladlu &ducts of these two oltflns 

correspondtq to compound 6 c4n l rslly be prepared,12 lqthlu acctyllde dlsplacemnt of the 

bIcyclooctylpa\ladtr carpound afforded PhC~CCH(OTHP)CSH~~ as the major product and the yield 

of dfsplacment product 10 fra the norbornadlene rdduct war only 33 (q. 6). tk latter 

0 
OTHP 

coqoond 10 41~0 frtled to undergo selecttve ozonolysts brlqtq M end to our rttcrpts to 

gtmrrltre thls process. 

6xp&me&41 S&Ion 

All chaatcals were used as obtrlned crrctrlly unless othenlse noted. The follalq 

chemtcrls were purchased fra Aldrlch Chmlcrl Co.: trlplmtylphosphlne, hexrfluoro- 

acetylacetone, nortmrnene, l-octyn-3-01, potatslu +Jtoxld, and (I-crrtmxyWtyl)- 

trlphcnylphosphonlu brmlde. Sllwr acetate ws abtalmd frrrr Flshcr Scfenttflc Co. 

trlphmylphoiphlrre ~4s mrystrltlred fra ethnol before use. Tetr4hydrofuran (TIE) MS 

dlstllled fra llthlw alrnlmta hydtlde. x-A11ylprlladtu chlwtde was prepared rccofdtq to 

the Ilttt4twe procedure.19 S-(-)-1-Octyn-J-al was kindly p~lded by Dr. Fmlhlko Icondo. 
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3-Tetrahydropyranyloxy-S- 

literature proced~n.~ 

(-)-1-octyne was waprrcd frcm tht alcohol using 4 standard 

Syntbtsis of collpound 6. r-Allylpalladiu chlorldc dlrr (0.910 g, 2.5 ml) and 

purified silver acetate (0.880 gr 5.25 rsl) were added to chloroform (200 ml). The mixture 

nes stirred at r001) tmrsture for 70 min and then filtered to rCY)ve the silver chloride 

precipitate. Mexafluoroacety1acet~ (1.10 ml, 7.5 -1) uds added to the filtrate, which was 

stirred for 40 min. ati the resultant solution was filtered through Cellte and evaporated to 

dryness on a rotary evaporator. The yellw solid thus obtaimd was freed of acetic acid by 

placing it under a high vacuum for l-2 h, The yield of coqountl S was 94%: lH 1IW (CCJCl3) 6 

3.13 (d, 2 H. 4 n 12 Hz, anti CH-C-CM), 4.20 (d, 2 Ii, J = ? Hz, syn WC-CM), 5.70 

(overlapping tt, 1 H, J - 12 Hz and $ l 7 Hz, C-CM-C). 6.09 (s, I H, Hfacac). 

llorborncne (0.486 g. 5.06 rol) and compound S (1.63 g, 4.6 rrmol) were dissolved In 

methylerte chloride (21 al). The solution was stirred at roQ tcrpcrature for 24 h and then 

chrorrcltographed on a floriril colum using nthylene chloride as the eluant. Coqound 6 was 

obtained as a yellw solid in 9% yltld afttr rcroval of nthylcne chloride: lli mA (COCl3) 4 

1.0 - 2.60 (a, 11 H), 3.26 (dd, 1 H, J - f Hz rnd 4 = 2 Hz, WCM), 4.28 (dd, 1 H, J - I4 Hz 
and 4 - 1 Hz, cis C-C-C-H), 4.39 (dd, 1 Ii, 4 - 8 Hz ad 4 - 1 Hz, ttans C-C-C-H), 5.73 (m. 1 

H, c-CH-C), 5.97 (s, 1 H, Hfacac). 

Synthtsis of compwt~J 7, Corpaund 6 (1.90 g, 4.0 rol) was ueightd into an oven-dried 

round bottom flask fitted with a septum and gas inltt tube. The system was flushed with 

nitrcqtn and 30 ml of freshly distilled benzene was added by syringe, follwed by 

triphenylphosphine (2.10 g, 8.0 ml). Tht mixture was stirred for 5 min and the benzen was 

evaporated on a rotary evaporator follwed by a high vacua purp, fttrahydtofuran (34 ml) was 

added by syringe and the reaction mixture was thtn cooled to -78'C. The lithium acetylide 

solution, tht preparatlon of which is outlined below, uas added uslq a stainless sttel 

transftr netdle. The acetylide solution was prepared as follws. 3-lttrahydropyranyloxy-S- 

(-)-1-octym (0.8&I g, 4.20 al) and 25 ml of tttrahydrofuran uert added to an oven-dried 

round bottom flask fltted with a septu and gas Inlet tube. The systa was flushed with 

nitrogen and coo3ed to -78X. f+tylllthlum (4.70 ml) was added with stirring to the 

solution of the acetylene. The reaction was stirred at -78'C for 10 min. werned to -25'C for 

20 min. and then cooled again to -78-C prior to addition to the organopalladlun coqound. 

Afttr addition, the co&ined reaction mixture was stlrred at -18-C for 1 h, warmed to -25X 

for 3 h, and then warred to r~ tccgcrature. The rtactlon mixture was stirred at room 

tcrpcraturt for 36 h. Methanol (1 ml) was addtd to qutnch the rtactlon and the solvtnt was 

rmved on a rotary evaporator. The resultant gm. black rtridut was txtracted with htxane 

(3 x SO ml) and tht codlntd extracts utrt fllttred. After rmval of the solvent, tht 

extraction process uas rtpeated twlct mart and tht resultant orange oil was chr=tograpM on 

silica gel using 1g:l benztnclethyl acetatt as the eluant. Coqound 7 was obtained In 6fX 

yield: 'H mR (CtK13) b 0.80-2.40 (II, 28 H). 2.48 (W, 1 H, J - 8 Hz, KC&), 3.29-4.78 (I. 4 

H, CH20, CYCCHO- and -OWO-), 4.92 (d, 1 Ii, J - 0 Hz, trans C-C=C-M), 4.% (d, 1 Ii, 4 - 17 Hz, 

cts C-C-C-H), 5.58-6.00 (II, 1 H, C-CM-C); IR (neat) 3060, 2950, 2870, 2220, 1640, 1465, 1070, 

9800, 910, 865, 670 cm-l. 

Synthesis of cogound 8. A general published procedure for ozonolysls was e~loyed.~~ A 

solution of corparnd 7 (0.791 g, 2.30 rol) and freshly distilled pyrtdlne (0.22 ml) in dry 

aethylene chloride (23 ml) was cooled to -78'C. Ozone was bubbled through tht solution at 

approxiutely 1 ml/Bin. Afttr rpproxIuttly 1.6 equlralents of ozon uttt added, the 

reaction was stopped and the solution was added Imtdlattly to zinc dust (1.18 g) in a round 
botta flask. Glacial acetlc acid (2.36 ml) was also added and the flask was wryd to room 

teqerature by means of a water bath. After the reaction l ixture was stlrred for 2 h, it was 



Synthesis of cogound 9. A general prbllshad procedure for WIttlg oltfinatlon was 

eWloytd.17 Potasrlm t-butoxtdt (0.550 g, 4.93 ml) was slowly added with stlrrlng to 4 dry 

THF solutlon (9 nl) of (4-carboxybutyl)trlphenylphosphonlum brmlde (1.06 g, 2.46 ml) under 

an atmrphert of nitrogen at room tagcraturt. The deep red solution war then stlrred for 15 

mtn. To this was slowly added aldehyde 9 (0.210 g, 0.607 ml) In dry THF (6 ml). The 

solutlon turned chocolate brcm and was stirred for 3 h. Hater (50 ml) and 2N H2SO4 (30 ml) 

uert then added. Extractlon wlth dlethyl ether gave an organic fraction which was aqaln 

washed rlth 2M H2SO4 (2 x 20 al) and water (3 x 20 ml) and dried. Purlflcatlon by calm 

slllca qel using 1:l hexanc/ethyl acetate gave 160 q (55%) of the title 

(CDCl3) (#n, Mz) 6 0.83-0.94 (poorly resolved l , 3 H), 1.03-2.67 (m. 32 H), 

). 4,72-5.10 (I, 1 H), 5.27-5.56 (m. 2 Ii); IR (neat) 3400-2400 (OH), 2940, 

1020, 900, 730 a-1. 

chrcmatqraphy on 

coapound: ‘Ii lwl 

3.46-4.12 (m, 2 H 

2860, 1710, 1450, 

Synthesis of coqxnmd 4. Casound 9 nas dissolved In 2.13 ml of acetlc acid, 1.06 ml of 

THF and O.S3 r\ of water (4:2:1) and heated at 4S'C for 9 h.18 The solvents were 

evaporated. The nsldue was taken up In tther and washed with water. drttd over magncslua 

sulfatt and concentrated. Column chraatography on slllca gel using 1:l hexane/ethyl acttatt 

plus a few drops of acetlc acid gave 115 119 of aqound 4 (9OIQ: II! I)R (COC13) (ml rrrr) 4 

0.8-2.60 (I, 29 H), 4.10 (m, 1 H, CxCCHO-), 5.25-5.60 (m, 2 H, CH-CM), 6.2-6.8 (b, 2 H, @i and 

COOM); 13C M (CM13) d 14.03, 22.64, 24.37, 24.98, 26.35, 28.49, 29.92, 30.59. 31.55, 32.58, 

33.78, 38.12, 38.20, 38.98, 39.99, 44.73, 44.79, 45.53. 63.03, 83.08, 86.97, 128.57, 131.40, 

177.64; IR (neat) MOO-2400 (acid, @I), 2940, 2860. 2220, 1710, 900, 720 c~-l; mass spectrum, 

m/t 346.25093 (calcd for C22tl34O3, 346.2=). AMY. Calcd for C22H34O3: C, 76.24; H, 

9.90. Found: C, 76.47; H, 10.07. Caparnd 4 !r lmhercntly a pair of dfastereo@ers, but they 

could not be separated by TLC, nor observed by 'H mS spectroscopy. Nouever, 13C IMU 

spectroscopy shows two extra peaks In the alfphattc region. 

Oryaopalladium approachc8 to prortrglandins4x 

fllttmd, diluted ulth hexane (25 al) and rarhed thm tfrs with water. Crushed ICC was 

added md wrhlng was contInt& ufth 10 al portions of 5% sodlu hydroxide and then with 

water. Each warhlrq mas rxtracted ulth 1:L wthylme chlorlde/htxane. Tht c_Mci extracts 

were dried ovtr sodfu sulfatt and concentrated. Purlflcatton by colurr chromatography on 

silica gal using 4:1 hcxane/tthyl awtatt gave capound 0 (0.38 g) In m yltld: 'Ii mR 

(DCC13) (300 Wz) 6 0.82-2.41 (m. 28 H), 2.56-2.66 (d, 1 H, J l 8 Hz, CH-CiC-), 3.45-4.05 (m. 

2 H, c$O), 4.20-4.41 (m. 1 H, C8CC)Io-), 4.69-4.94 (m* 1 H, -oCW-), 9.74-9.84 (br I, 1 H, 

aldchyde); IR (neat) 2940, 2860, 2710, 2220, 171s. 1440, 1430, 1100, 1060, 1010, 970, 900, 710 
&. 13 C mR (OCC13) 6 14.05, 19.54, 22.63, 25.07, 25.29, 28.17, 29.70, 30.70, 31.61, 34.16, 

36.1:, 38.66, 39.64, 39.75, 41.60, 44.51, 44.66. 47.61, 62.34, 65.32, 82.67, 83.69, 86+93, 

95.47, !@.a), 201.91; WSS Spccttu, m/C 290.1879 (calcd for C19H2603 (n'-C,%), 290.18821. 

ktnowledgmnt. Ye gratefully acknarledge the kcrlcan Meart Asstxlatlon, loua 

Afflllate, for flnanclal support and Johnson HatMy Inc. and Kawaken Flnc Chemtcals Co., Ltd. 

for generous gffts of palladlm salts. 
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