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Abstract: Total syntheses of the spasmogenic diterpenoid zoapatanol and a demethyl analogue of the 

potent antigestational agent ORF 13811 are reported. A NiO-catalysed coupling of MeMgBr with a 

dihydrofuran, and a carbo- or hydro-magnesiation of an acetylene were used to construct the tri- 

substituted alkenes in the key intermediates with high stereoselectivity. 

Tea prepared from the leaves of xoapatle (Monfanoa torncntosa) has long been used in Mexico to induce menses and laboar, and to 

terminate early pregnancyt. The oxepane diterpenes zcqatanol(1) and montanol(2) were isolated from the tea* and the former shown to 

be biologically active. More recently tomem (3). tomento14 (4), tomeatanols (5), and the probable biosynthetic precursors of these 

d&penes - (6), (7). & (8)6 - have been isolated. 

Zoapatanol will terminate pregnancy in guiaea pigs and has7 a significant spasmogenic effect on isolated cat coronary artery and 

guinea pig ileum, being somewhat less active than the p~~taglandin endoperoxide (FGHJ analogues 9,11-methano-epoxy-PG% and 

9,l l-epoxy-methano-FG%. Notably pinane-thtomboxane+4, a PG% antagonist, blocks the latter effect, but only reduces that due to 

zoapatanol by 30% suggesting a different binding site. Unlike prostaglandins. zoapatanol has no effect on rabbit uterus or human platelets. 

This suggests that anti-fertility agents based on zoapatanol may avoid the unpleasant side effects associated with the use of prostaglandins 

F2u and Ez to terminate pregnancy and accounts for the great interest in them. 

A structure - activity study* on xoapamnol derivatives demonstrated a marked increase in potency on oxidative cyclisation to give 3,8- 

dioxabicyclo[3.2.l]octanes and lead to the selection of 0RF13811 (9) for extensive9 investigation. It has been suggesteds that in vivo 

transformations of the monocyclic oxepane to the bicyclic system, an easy transformation in vitro, is a prerequisite for biological activity. 

(1) R’ = CH#-lC(Me)2, R”= H. (6) R = CH&HC(Me)2, 

(2) R’ = CHC(Me)CH(Me)2, R”=H . (7) R’ = CHCHC(OH)(Me)2 

’ (3) R’ = CHCHC(OH)(Me)z, W-AC. (6) R’= CH&(CHpjC(OH)(Me)2 

(4) R’ = CHC(CH&H(Me),, R”=H. 

(5) R’ = CH$H(Me)C(Me)CH2, R” = H. 

(9) R=Me 
(10) R=H 
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Some doubt has been raisedlo as to whether roapatanol itself is the active component of xoapatle tea on the basis of its poor extraction 

into water and thermal instability. ORF13811(9) is9 an effective antifertility agent after oral administration in a range of rodents (EDm 6- 

10 mg/kg), dogs (ED% 10-30 m&kg), and baboons @Dso 40-60 m&g). 

Several total syntheses of (i)-xoapaumol have appeared 11-14 those of Nicolaou and co-workerslt (16 steps, 12% overall yield) and 

Cookson and co-workers12 (17 steps, 5% overall yield) being the most efficient. There has also been synthetic interest in the bicyclic 

analogues. For example, ORF13811 has been synthesised by two grot~ps*~~~~ in around 3% overall yield. We now report full details of an 

efficient stereocontrolled synthesis of (It)-xoapamnoll’ (1) and the demethyl analogue (10) of ORF138111*. In common with other 

syntheses we did not attempt the diastereocontrolled introduction of the remote C4’ methyl group since its stereochemistry, or indeed 

stereochemical integrity, in natural xoapatarml has not been established. In order to work with homogeneous compounds we omitted this 

methyl group in our synthesis of the 0RF13811 analogue (lo), and designed our synthesis of (It)-xoapatanol to introduce thii chiral centm 

at a late stage.. 

Gur synthetic strategy was based on the biomimetic6 cyclisation of the epoxydiols (19A) and (19B) to afford the oxepane ring 

systems (2OA) and (2OB) with the correct relative stemochemistry, which cot&l then be elabomted to (f)-xoapatanol (1) and demethyl- 

ORFll381(10) respectively. Since the stereochemistry of the epoxide is derived from the precursor alkene the first stage in the synthesis 

was the stereoselective construction of the key diols (16A) and (16B). This was accomplished in 41 and 53% yields from 1-iodo4-methyl- 

4-pentene and l-iodo-5-hexene respectively, by a mute incorporating two highly stemoselective tri-substituted alkene syntheses (Scheme 

1). 

The C-6-C-7 double bond was introduced via a NiO-catalysed coupling19 of MeMgBr with the 2-all@-dihydrofurans by the method 

of Wenkert and co-w&. Two important modifications to the original method were developed to aid work on a large (0.2 Mol) scak: 

the reactions were run in a mixture of benzene and ether. and the amount of catalyst was reduced from 10 to 2 mol%. The Wenkett reaction 

is slower in coordinating solvents and previously the ether from the Grignard reagent was removed in vacua before the addition of the enol 

ether. However dihydrofurans am highly reactive substmtes and the presence of ether did not reduce the rate noticeably. With a model 

compound 2-pentyl4&dihydtofuran, the reaction was run successftthy in pure ether with only 0.5 mol% catalyst. The dihydrofurans (11) 

were obtained in high yield by the reaction of 2-lithiodihydrofuran with the appmprmte alkyl iodide and reacted with MeMgBr in the pres- 

ence of (PPh&NiC$ to afford the alcohols (12). Both steps could be carried out on a large scale and overall yielda were up to 94%. The 

products were greater than 99.5% isomerically pure by capillary g.c. provided that cam was taken with the work-~p~~. 

The C-2-C-3 double bond in the diols (16) was constructed with >95% stemoselectivity by the mmsual carbomagnesiationzl of 1 

butyne-1,4-diol with the Grignard reagents (14) derived from the alcohols (12) by smndard methods. Careful optimisation of the reaction 

conditions was necessary before a consistent yield of 5560% was obtained. Initially considerable amounta of the Wurtx coupled diier 

were produced during formation of the Grignard reagent limiting the overall yield. This problem was overcome by using a high purity 

magnesium powder which had been cleaned before use with hydrochkxic acid, and by the coaddition of ethylene dibromide with the 

required bromide. Another problem was that the addition step had to be carried out in ether since in THF the intemmdiate carbomagnesiated 

compounds (15) undergo 1,2-eliiination to afford the allenes (21). This was unfornmate since the dimagnesium salt of butynel,4diol 

was best prepared by the addition of MeMgBr to a solution of the diol in THF. The problem was overcome by exchanging solvents 

during the reaction by repeated washing of the flocculent precipitate of BrMgQCH&=CC~OMgBr with ether by settling and decantation. 

With these conditions the main by-products were the allene (21) (5%) and pro&mated Grignard reagent (30%). It should be noted that when 

an excess of the Grignard reagent can be used thii reaction occurs in better than 80% yield. The ease and high rrunr-stereoselectivity of this 

additiohprobably reflects internal coordination of the alkenylmagnesium bromide intermediates (15). 

In an attempt to circumvent the problems mentioned above we investigated an alternative route to the diol(16A) in which the key 

step was a titanium-catalysed hydromagnesiation2* of the alkyne (26) (Scheme 2). Thus the alcohol (12A) was converted to the iodide (24) 

which was displaced with the lithium salt of THP-protected ptopargyl alcohol to afford the acetylene (25) - a reaction which failed under 

many other conditions due to elimination of the homoallylic iodide to afford a butadiene. Deprotection and hydromagnesiation gave the 

magnesiated intermediate (27). The stereoselectivity of the reaction was confused by a water quench to give the cis-alkene (30) (the 

coupling between the alkene protons was 10.7 Hz) with better than 99% selectivity by capillary g.c. Quenching with carbon dioxide 

followed by esterification and reduction gave the required diol with high selectivity, but only 44% overall yield from (26). Quenching with 

formaldehyde gave (16A) directly but the yields were only slightly imptoved and separation of by-products was more diftlcult. ‘Ibe easy 
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(a) 5-Llhio-2.3-dihydmfuran I THF 
(b) MeMgBr, [Ph3P]2NiCI2/ Et20-Benzene (1 : 1); 80% E 

Q8 
96 

(c) M&I, EhN I CH& -1 OOC; LiBr I acetone, reflux 92 98 
(d) .Mg I Et@ [-I i-1 
(e) BrMgO-CH+CCH20MgBr I Et@, reflux, 16h. 55 59 
(f) AcCl, Et3N I CHfi12 go 100 
(g) mcpb 1 CH& 76 95 
(h) WW~ 100 100 
(i) SnCl& THF, -20 - 20% 84 85 
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c 

(25)R-THP C+l (27) 

(b) 
(28)R=H 
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(a) LiC&C+lflTHP /MF 
(bl HCllMeOH 
icj C&TiClp, i-BuMgCI I Etfi 
Id) CO= 

Yields (% 

79 
98 

iej Mei- Tetramethylguanidine I benzene 77 
ff) DiBAlHITHF 89 

(18A) a &w 

(0) c 
(28)R-COOH W)R=H 

(2Q)R-COOMe 

esterification of the. acid (28) using tetramethylguanidine and Mel by tbe procedure of Wlostowski and JaworskiD is notable as an altema- 

tive to the use of diazome.thane when acidic conditions must be avoided 

With the diols (16A) and (16B) in hand we tumed to their conversion into the oxepane ring system via tbe epoxydiols (19). 

Epoxidation of the C-6-C-7 double bond could only be achieved after pmtection of tbe hydroxyl functions as the acetates, which 



3842 P. J. KOCIE~KI er al. 

were then easily removed by methanolysis. Epoxidation of (17A) was not totally chemoselective, the mrminal disubstituted alkene 

competing with the required site. Typically the diepoxide (22) (15%) and recovered starting ma&al (9%) were isolated as well as the 

required epoxide (HA) (75%) when 1 equivalent of mcpba wss used. 

Cyclisation of the epoxydiols occurred on treatment with SnC14 in THF at -28 to 20°C in moderate yield to affcad the required 

oxepanes (20A) and (2QB) as white crystalline solids mp. 71.5-72.5 and 38.539.5’T respectively. lhe choice of catalyst was crucial to 

the success of this cyclisation24, SnCl,, being exceptional in forming the oxepane product selectively rather than pyran (23). 

This completed the synthesis of the key oxepane ring system in good overall yield from simple starting materUs by methods readily 

amenable to large scale work 

Synthesis of (f)-zoapatanol. 

Conversion of the oxepane @A) to xoapatanol (Scheme 3) commenced with protection of the hydroxyl functions as their tert- 

butykhmethylsilyl ethers, followed by selective hydrobomdon of the terminal double bond Swern oxidation and reaction of the so-formed 

aldehyde with dimethyhaulphonimn methyl& gave the epoxide (32). Nucleophibc cleavage of the epoxide was best achieved with the 

homocuprate derived ftom 2,2dimethylvinyl-lithimn and CuI to afford the alcohol (33) together with 38% of the alkcne derived from 

reductive deoxygenation of the epoxide. Swern oxidation of the secondary alcohol and removal of the protecting groups with HF in aceton- 

itrile gave (*)-zoapatanol as a 1: 1 mixture of diastcmoisomcrs due to the uncontroBcd stereochemistry of the side chain methyl group. 

The carbon-13 n.m.r. of this material was consistent with that mported= for natural xoapatanol, and the 360 MHz proton n.m.r. was iden- 

tical with that of synthetic (f)-roapamnol prepared by Cookson and Liverton12. 

04, (c)s (4. 
c 

o~OTBDMS 

(2OA)R-H L (31)R-TBDMS 

(a) TBDMSOTf, 2,6-lutidine I CH2C12 

I(& HFlMeCN 79 I 

&T 
(208) (a) \ c 

(34)R-CHC a (35)R-QH 

I 
Reagents Yloldr (%) 

I 
(a) MI@ I CH&12, 5 min 72 
(b) PDC I DMF, 20%. 20 h 97 
(c) mcpba, 20°C, 4 h 100 
(d) Me&CHM9Br, Cul Ill-IF, -4oOC, 1 h 72 
(a) PDC I DMF, 0% 1 h 94 

(36) 

I 

(d) 

(e)[ 

(10)X-H,OH 

(37)X=0 
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Synthesis of damethyl-ORFl3811 (Schema 4). 

~dioxideaxidatioaobtheoxepane(2oB)~vethebicyclicaldehy&(34)viaan~o~Michacladdition.F~ 

oxidation w&h pyrid&m di&nnBte in DMF afbrded the acid (35); epoxidation with mcpba then gave the qxnide (36). Nuclcophilic 

opening with dimethylvinylmagnesium bromii aysed by CuI afforded detnelhyl-ORF13811(lO) in 50% overall yield from (2oB). 

This, like ORP13811. is a 19 mixture of diastereomers doe to the C(Y) hydroxyl group. One isomer could be obtab& pure by fractional 

recrystalktion, the othez was isolated in around 90% purity frcm the rnothex liquors. Oxidation of the mixture gave the ketone (37). the 

4’-methyl analogue of which has hem obtained from zoapatauol by Pt / Oz / NaHC03 oxidation. 

In conchuion we have developed staexxmt~~lled routes to (zk)-)-zoapetanol (S steps. 6.6% overall yield) end demethyl-ORF13811 

(13 steps. 16.5% overall yiekl) which can be run on a large scale, and which have involved the development of two stereocontrolled tri- 

sub3litute4l alkene syntheseo. 

EXPERIMENTAL (4H. m). 1.3-1.6 (4H. HI). 

‘H N.m.r. (270 or 360 MHz) and “C 11.m.r. (68 or 90 MHz) were cartied 

out aa JBGL GX270 or Bmka BM-360 mwbines. Unless ahawiie indicated 
they ae for CDCls roll with tetmmahylsilale u M suttdud nm 
a 360 MHz @mtm) md 90 MHz (cab@. Sigtal m&iplicitie~ me 
described by : I (ringlet), d. (doubla). t (triplet), q (quata). atd m (multi- 
pla). For tsC spectn they tder to amdxd prams oaly atd wae daamiid 
by DEFT techniques. A * by the multiplic@ ittdicaes tha the sigtul w.s 
obsaved *I. pair of lbtes. A&O.1 ppm due to the presence of 
diistaumten. 

~E))-4,8-DimcrhyroM-3.8-dirr-l-d (12A) 

Infm red lpeam wclc recmded cm a Perkii-Blmer 298 spcammaer md 
are for neat samples baweat N&l plaes unless * solvent is spcified what 
they uz: for solutions. C-H strach &sot@atr UC na repor&. 

Mur rpcnn were record& on. Krua MS-30 spcctmmaa by elearcm 
impsa a 20 eV. unless otherwise btdkaal. 

THFmd~ylaha(nha)weredricdbydi~~franMdipm/ 
batz+atate. Pyddbte ~8s distilled from atd stored over KOH. Ttiabyh- 
mine, dichlotmnahate. md light pamlwm &.p. 40 - 60 “C) wcrc distilled 
fmm ulcium hydride. 1-Io&5-hexme wu prepwed from S-pattme-l-01 by 
mesylaion atd displuematt of the mesyti with sodium iodide. 5-Iodo-2- 
methylpent-l-me ws pmpaed tiom 2-mabylptc~atol via * CLicen 
runngement (triahyl orthouxtae. H+. A), teduabm of tbe 10 formed ethyl 
4-mahylpatt-4-atoae to the llmbol (LiAlH,) mxl conversion to the iodide 
II above. 1-Bmmo-2lnabyl-prop-lcnc w.s ptepaed from 3-methyl-but-2- 
en& acid by addition of bromine followed by bse btdwed deurboxyluive 
eliitiott of bromide. 

To (PPb.&W& (0.783 g. 1.2 mmol) in dry benzcac (SO ml) under ugcm 
~tmrmtanpenturcwuddeddmpwireMeMgBr(0.9mld~3Mrolutimir 
aher, 264 mmol). After stirring for 15 min MeMgBr (44.0 ml. 132 mmol) 
and then 2-(4-methyl-4pemenyl)-4.5-dibydrofunn (1IA) (9.0 8. 59.9 mmol: 
inbawte(5ml)waeakkdMdtbemixttuc mfhtxd for 3h. Aher cooling 
to WC the graen re& mixture wu quatcbed by pouring .I a slow st- 
into vigotuusly s&Ted sawaed ~“e.ous NH&l roluti0n (200 ml) a -10x 
The stirring w*s c0Ittittucd for 1s milt (tmtil the mixnve wa* white) befc.re 
the orgmic layer was repaaed atd the qneous pharc exmued with ether (3 
x 110 ml). The combbled orgadc layers wac dried (MgSO,). the rolveat 
removed. md the residue dxmmaognphed 011 riliu gel (aher:liiht paw 
lam 1:4-1:2 .I eluunt) to lcmove biphenyl imp&y. Capilluy gas chrcmo- 
togn$y (CP wu. 14ooc) showed 1 pe& with * ramtiat time of 8.7 min. 
Kugelrbor distillaim (15WC. 1 mmHg) gave the ritle olcohol (12A) (8.82 8. 
90%) .I . co1ourlc.a oil. Potmdz M+. 168.1498: C,,HmO mquire: 168.1509. 
IR: 332&r s. 16551~. 145Om. 13601~. 1055s. 890s atit. PMR: 5.15 (lH, t 
with fme splitting, J 7.1, 1.3 Hz), 4.68 (2H. d with fme splitting. J 11.4. 
1.1 Hz), 3.59 (2H. f J 6.8 Hz). 2.42 (1H. s. OH), 2.28 (2H. q, J 7.1 Hz), 
1.99 (4H. q, J 7.8 Hz). 1.71 (3H. I). 1.63 (3H, I), 1.58-1.50 (ZH. m). CMR: 
145.8 (I). 138.3 (I). 120.1 (d). 109.9 (1). 62.5 (t). 39.4 (t). 37.5 (t). 31.6 
(t). 26.0 (t), 22.3 (q). 16.1 (I). ldz: 153 (1%). 150 (2). 135 (5). 112 (17). 
109 (21). 95 43). 81 (100). 68 (38). 67 (46). 55 (41). 41 (60). 

Synthesis of the triene-diols (16A) and (16B). 
2-(4-Merhyl-4-pL~eny~rcnyl)-4. Sd&i?ojkan (11A) 

To 4.5-diiydrofwn (6.54 g, 93.4 mmol) in THP (SO ml) was added 
‘B&i (47.0 ml of * 1.8M solution in pentare. 80.0 mmol) drop&e over 
lh. m~inminiig the temperature around 40°C. The ruaicm mixture ws 
ticwed to W&I to -5’C over lh. cooled to -2O’C md 5-iodo-2mabylpem-l- 
ene (14.0 *. 66.7 mmol) addal Over 10 min. The ruaion mixture was 
tiowed to w.rm slowly to r.t. (16b) before cooling to 0°C atd pouring into 
NH,aq (100 ml) utd aher (100 ml). ‘llte organic phuc wu sepaaal. 
diiuted with aher (100 ml). atd w&cd with brine (100 ml). before dryiig 
rapidly (MgSO,). removal of the solvent md npid Kugelrhor distillaiat 
,(lSO’C, 1 mmHg) to dfmd the ritlr dihy&&ran (9.23 g. 91%) u a colcur- 
less oil IR: 1660s. 164Om. 14501~. 138Om. 125Otv. 11801~. 117Otn. 
1010s. 9408, 890x, 72&n. PMB: (CCl,, 4.64 (ZH, d. 17 Hz), 4.45 (1H. I). 
4.22 OH, t. J 8 Hz). 2.55 @I, t with fmc splitting. J 8 Hz). 2.00 (4H. m). 
1.69 (3H. a), 1.59 (2H. q”, J 8 Hz) CMlk 158.9 (I). 144.5 (I). 110.4 (1). 
93.0 (d). 69.2 (1). 37.2 (t). 30.0 (1). 27.4 (1). 24.5 (t), 22.2 (q). 

Prepaed u &ove u . colourless oil b.p. ux)‘C I 14 mmHg (Kugelmhr) 
in 96% yield. > 98% purr by 8.c. (15OoC. OVlOl on chmmosotb). (Found 
for I-naphthylcalnmae: C, 78.11; H. 8.07; N. 4.16. C,H,NO, requires C, 
78.3; H, 8.06; N, 4.15%). Ilk 334Obr s. 1635~. 1435. 1045, 905 cm.‘. 
PMR: 5.805 (1H. ddt. J 17. 10.3. 6.7 Hz), 5.127 (1H. br t, J 8 Hz). 4.995 
(lli. dq, J 17. 1.8 Hz). 4.933 (1H. br d. J 10.3 Hz). 3.630 (ZH. 1, J 7 Hz). 
2.65 (1H. br s. OH), 2286 f.2H. q, 16.8 Hz). 210 (4H. m). 1.630 (3H. s). 
1.4-1.5 (4H. m). CMR: 139.09 (d), 138.57 (8). 119.99 (d). 114.41 (t), 
62.51 (t). 39.74 (t), 33.79 (1). 31.67 (t). 28.70 (t). 27.52 (t). 16.18 (q). 

OE)-1-Bromo-4.8-dimcrhyl~o~-3,8-dirrtc (13A) 
To ~lcobol (12A) (7.1 g. 423 mmol) mtd triethylaniie (8.2 ml, 59.2 

Z-(S-Haxcnyl)-4J-dilrydro/ylon (IIS) 
Replrea as &we in 96% yield .s . colcwles: oil. IRz1670. 1470. 

1255, 1180. 1165. 1050. 930 cm-‘. PMR: 5.814 (1H, ddt. J 17.1. 10.3. 6.7 
Hz), 5.008 (1H, dq. J 17.1. 1.8 Hz). 4.947 (1H. d+fs. J 10.3 Hz). 4.577 
(lH, br I). 4.304 OH. t, J 9.4 Hz). 2.597 (2H. tq. r9.2, 2.0 Hz). 2X-2.1 

mmol) in dry dicblommahmte (110 ml) was ulded dropwir vi0 ayringc 
mesyl chloride (3.94 ml, 50.8 mmol) m~inuinbtg the tcmpaatwe betwem - 

1OT atd -5’C. After 0.5 b the ruaioo mixture ws poured into NaHCGsq 
(170 ml), the phue: scpuacd md the aqueous phase extnaed with dichlo- 
ranabu~e (3 x 50 ml). Ihe caabiied organic kyers were washed with brine 
dried (MgSG,). atd the solvent ranoval. Lithium bromide (14.7 g. 169 
mmol) dissolved in dty wetate (3M) ml) wu &led md the mixhue nirrcd 
under mfhu (2 h). The bulk of the - was lrdnovcd by raamy c.wpora- 
tica, the residue t&m vp in wa.a (170 ml), utd the product extraaed into 
light parokum (4 x 85 ml). ‘lhe mmbimed orgmic phase were washed with 
2M HClq (8s ml), NaHCOsaq (85 ml). and brim (2 x 85 ml). before dtyiig 
(MgSG,). After remowl of the rolvatt the residue was chmmatognpbzd on 
s&x (kht parolatm as ehttant) to give the rirle bromide (9.0 8. 92%) as B 
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cdonrlelr oil. IR: 1655m. 145Om. 127Om. 890m cm-t. PMR: 5.14 (H-I, t 
with fine tplittin& J 7.1. 1.3 Hz). 4.69 (w, d with fine rpliaing, J 11.1. 
1.2 HZ)). 3.34 @H, t, J 6.1 HZ). 2.57 (2H. q. J 7.1 HZ), 2.02-I.% (4H. m). 
1.71(3H. I). 1.62 QH. I). 1.58-1.51 (2H. m). CMR: 145.8 (I). 138.6 (I), 
121.2 (d), 110.0 (t). 39.3 (1). 37.5 (1). 32.7 (t), 31.9 (I). 26.0 (t), 22.4 (q). 
16.3 (q). m/z: 23ON2 (M+. 0.1%). 217/L15 (0.6). u)3/201 (0.3). 189/187 
(0.8). 176/174 (21). 109 (10). 95 (100). 81 (43). 68 (53). 55 (39). 41 (58). 

ticm (130oC / 1 &8) S.vC the title bt’cmide 98% ,‘ a cdUJrleS8 oil @tm 
by &t.C. 00 6% OvlOl I rbnrmororb at 1WC). IR: 1640. 144&r. 1270. 
913 ati’. PMR (60 MHz.): 5.82 (1H. ddt, J, 17. 9.5, 5.5 Hz), 4.8-5.3 (3H. 
m). 3.32 (2H. t, J 6.6 Hz), 2.55 (XI. q, J 7 Hz). 20 (4H. m). 1.61 (3H. 8). 
1.4 (4H. m). 

(2B. 6~-3-Hydo*ynu~~f-7.1l~~thyl-dodaca-~6,ll-nirn-l-o/ (16A) 
To “i8tiUr1y stirred butyne-1. 4did (3.18 8. 36.7 mmd) in THP (95 

ml) xv.* added MeM8Br (25.8 ml of. 3M solutim in ether. 7’7.4 mmd) 
dmpwire via 9+t1gc. mabubdng the kmpmkre betwem 18 mtd 22Dc. Stir- 
ring wu ~~~timaed for lb and that ether (200 ml) added. the pncipikk 
allowed to mettle, and the mpemumt ~olvettt (175 ml) removed. By the fame 
pmcedwe the precipikk wa9 wwbed with more ether (2 x 175 ml) before 
SddiiS CtbW (30 rt,,). 

To ma8netium powder (2.58 8, 106 mmol. wtivakd by wuhin8 witb 
0.3M HCI. water. abmd. ether, and dryin overnight at 0.5 mmHS) in ether 
(65 ml) at WC was added dmpwir over lh l mixmre of (3B>l-brano-rl. 8- 
dimethyl-nona -3, S-dime (13A) (7.75 8, 33.6 mmol) mtd 1.2dibnunoeth~ne 
(5.62 8. 29.9 mmd) in aher (20 ml). The mixture wu stir& at 30°C for Ih 
and the Gr@wd rugeat 10 formed tnmfened vi0 cammla into the bntyne-I. 
4-did rdt famed above. llte reactim mixmre was reflsxcd for 2Oh. then 
poured into NH,Claq (175 ml). The pharer were nepuakd and the aquecur 
phase extrackd with ether (3 x 140 ml). The combined or@c layen were 
washed with brine (30 ml), dried &l#O,), md the :dvent mnoved. lYte 
residue WI chromat~graphed on aili= (etbyl wkte:light petroleum 3:2 *I 
dutattt) to 8ive the lirlc dial (16A) .I . pale yellow oil (3.36 8. 55%). 
KU8dIdU diatillatica (19@‘C. 0.01 -Ha) 8we a colcwle~ v&our oil. 
(Fauna: C. 75.1; H. 10.9. C,,H,O, Requirea: C. 75.6; H. 11.0%). IR: 
3420br 1. 1655m. 145(kn, lOlO& 890m cm-t. PMR: 5.63 (1H. t. J 6.8 Hz). 
5.10 (IH. t. J 6.7 Hz). 4.68 (2H. d, J 11.6 Hz). 4.17 (2H. d. J 6.8 Hz). 4.03 
(2H, II). 3.85 (IH. br 1. OH). 3.67 (la br 8. OH). 2.15-2.02 (4H. m). 2.01- 
1.91 (4H. m). 1.71 (3H, 0. 1.58 (3H. I). 1.55-1.47 @I. m). CMR: 145.9 
(I). 142.1 (0. 136.1 (s). 124.6 (d). 123.6 (d). 109.9 (t), 66.0 (t). 58.7 (t), 
39.3 (1). 37.5 0). 28.4 (I). 27.2 (t). 26.0 (t). 22.3 (q). 15.9 (q). m/z: 137 
@f+-CH,C(CH,OH)=CHCH,oH). 135 (a), 133 (80 ), 121 (7). 112 (7). 110 
(5). 109 (41). 95 (40). 81 (100). 67 (21). 55 (31). 41 (7.5). 

(2B. 6E)-3-Hydrox)nnrthyf-~r~~~-2,6.12-trica-l-ol (16B) 
‘Ibc tide dial WI prepared a~ above (58%) a~ a vi.wws. cdoadu: oil. 

IR: 3340br 1. 1640. 145Obr. 1130. 101Obr. & 915 cm”. PMR: 5.81 (1H. 
ddt. J 17.2. 10.2. 6.6 Hz). 5.69 (1H. t. J 6.8 Hz). 5.10 (lH, t. J 6.9 Hz), 
5.00 (lH, dq, J 16.8. 1.7 Hz), 4.94 (1H. d. J 9.8 Hz). 4.21 (2X-I. d, J 6.9 
Hz). 4.09 (2H. II). 2.0-2.2 (6H. m). 1.97 (ZH, t. J 7.0 Hz). 158 (3H. I). 1.3- 
1.45 (4H. m). CMRz 141.9 (8). 139.0 (d), 136.1 (a), 124.4 (d). 123.4 (d), 
114.2 (t), 65.8 (I), 58.6 (I). 39.5 (t). 33.6 (t), 28.6 (t). 28.4 (t), 27.4 (1). 
27.2 (t).15’.9 (q). m/z 207.176 (M+-CH20H. C&,0 rquimr 207.175. 
0.2%). 189 (0.2). 147 (0.3). 109 (11.8). 95 (21.4). 81 (41.4). 69 (27). 55 
(100). 41 (79). Thir w.* malysed as iu di-p-phenylbmzoyl derivative m.p. 
62-634: (from hexmsztber) &and: C. 82.1; H. 7.1. C,,H,O, requirea C, 
82.2; H. 7.1%) 

Atu, irdued wm the the following: 
(6B)-3-Hydro*ymarhyI-7-nu~~l-Ir~~c~-1.2.6.12-tehauru (218).(0.86 8. 

7.5%). IR: 3340br 1. 1960. 1640 cm-t. PMR: 5.79 (lH, ddt. J 17.1. 10.2. 
6.6 Hz). 5.13 (IH. t, J 6.5 Hz). 4.98 (1H. dq, J 16.8. 1.6 Hz), 4.92 (lH, d. J 
9.7 Hz). 4.83 OH. quinkt, J 3.0 Hz). 4.03 (2H. t, J 2.9 Hz), 2.40 (lH, br I, 
OH). 2.14 (2H. q, J 7.3 Hz). 2.0-2.05 (4H, m). 1.97 (2I-l. t. J 7.3 Hz), 1.58 
(3H, s), 1.35-1.40 (4H. m). CMR: 204.9 (s). 139.0 (d), 135.7 (I). 123.8 (d). 
114.2 (t), 104.3 (a). 77.8 0). 63.0 (t). 39.5 (t). 33.6 (t). 29.1 (1). 28.5 (I), 
27.4 (1). 26.2 (W5.9 (q). m/z: 220 (M’, 0.3%). 212 (0.5). 205 (0.5). 191 
(6.5). 151 (8.3). 149 (5.8). 138 (21). 109 (34). 107 (20). 105 (19). 95 (63). 

81 (100). 55 (92), 41 (73). 
~P)-4-~~thyl-&ca-3,9~~~.~.46 8. 31%). IR: 1640, 145Obr. 995. 

913 cm-‘. PMR: 5.8 (1H. ddt. J 17. 9. 6 Hz). 4.8-5.2 QH, _m), 1.833 (6H. 
3, 1.56 (3H. s). 1.4 (4H. 3. 0.92 WI, t, J 7 Hz). CMRz 139.1 (d). 134.4 
0). 126.5 (d). 114.2 (1). 39.6 (1). 33.8 0). 28.7 (t), 27.6 (t), 21.2 (t). 15.7 
(e). 14.4 (n). 

Alternative preparation of (MA) vfa bydromagncslatloa. 
(3B>1-hdo-4,8dim#thyl-1w~-3,8-diuu @4) 
To dmhd (12.A) (3.36 8. 20 mmd) and ttiethylamine (3.89 ml. 28 

tmtml) in dty dicblnrmethule (50 ml) wu added dmpwi8e via lytil@ muyl 
cblaide (1.86 ml. 24 mmol) mainkbting the tattpwutuc below -WC. After 
10miochC~~mixmrrW~lpOMd~~kf(~~)mddiehlname- 
the (SO ml), the phser replnted md the organic layer washed with water 
(30 ml). dried &‘fgg0,), .ttd ths SOhIt rrmorrod SodiUm iodide (12.0 g. 80 
mmd) diwolved in dry acetale (150 ml) wu added and the mixkre stirled 
rmdcrnflux(2h),befne~SkU)OC~parrinshuoH)B~(l50 
ml). rodim tbiorulphak (10 ml), md light pettdatm (150 ml).Tbo pbuer 
wem wpamkd and the .queat‘ phue an&cd with light plvolam (100 ml). 
The c@mbined organic pba8r.I we= dried (Mgsos, the solwalt trJnoved and 
the *ridw cbmmuogmphed 011 rilia (light padenm u ebtkttt) to give the 
title iodide (5.16 g. 93%) u a eolcurleu oil. IR: 16SSm. 14501. 138&n. 
1255s. 1170s. 895: cm-t. PMRz (270 MHz) 5.11 (IH. f J 7.3 Hz). 4.70 
(W, d. J 6.0 Hz). 3.12 (2H. t. J 7.3 Hz), 2.59 (2H. q. J 7.3 Hz). 2.02-I.% 
(4H. m). 1.72 (3H. I). 1.62 WI, I). 1.62-1.49 (2H. m). CMRz 146.0 (I). 
138.2 (s), 123.2 (d). 110.0 (t), 39.3 (t). 37.4 (1). 32.5 (t), 25.8 (1). 22.6 (q), 

16.4 (4). 36.3 (ql 

11.5 mmd) in THP (40 ml) at Ooc wu added Bu”Li (2.5M in hattes, 4.5 
ml, 11.3 mmd) dropwire via ayringr Afkr 20 min. QB)-1 -iodc-4.8- 
dimuhyl-oma-3.8~dime (2.78 g. 10.0 mmd) in THP (10 ml) wu added and 
the tdution stined under mflnx (2Ob). A furlher 11 mmd of the lithii ralt 
of O-tebahydmpyrmyl pmplr~yl alcohol was then added vi0 cana& and 
~uxin~mntinnedfor~.Ahcr~to~W~(1~)wU~mnd 
the mixture poured into brine (30 ml) and ether (SO ml).‘llte @WI wete 
sepurkd md the aqueotu @are utmckd with etlw (2 x 20 ml). The 
ccmbiied or8anic laym wem dried (&SO,). the lolvcnr removed and the 
maidue chmmatognphed ~1 #ilica (ctberz8ht petmlemn 1:SO u eluknt) to 
give a mixture of the title compound and the pnpusyl aknin muerid. 
This wu mbjeckd to mkry evaPomtim (m, 0.01 mmHg. 20 mitt) atd the’ 
nriduc Kugelrohr dirt&d (14OT. 0.01 w&g) to give the title ol&yne (2.29 
g. 7996) as a aoloudw~ oil. IR! 1635m. 14301 cm-t. PMR: 5.15 (lH, m). 
4.80 (1H. m). 4.67 (2H. d. J 7.0 Hz)). 4.27 and 4.18 (2H. AJ3q. J 15.1 Hz). 
3.82 (1H. m), 3.51 (1H. ID). 2.21 (8H. br 0, 1.96 (4H. at). 1.90 (3H. I). 
1.59 OH. s), 1.51 (2H, ID). CMRz 146.0 (I). 136.6 (s), 123.0 (d). 109.9 (I). 
96.7 (d). 86.5 (I). 54.7 (1). 39.3 (1). 37.5 (t). 30.5 (t), 27.4 (t), 26.0 (t). 
25.6 (1). 22-.4 (q). 19.4 (I), 19.2 (t). 16.1 (q,. 

(6B>7.1 I-Dinu~hyI-dodcca-6.1l~~n-2-~-l-d (26). 
To o-ktmhydmpyranyl-7.1 I-Dimethyldodeu-6.11 dim-l-ol (0.040 8. 

0.17 mmol) in methanol (5 ml) wu added hydnxblmic acid (w. 1 dmp) and 
the roluticm nirred for 2.5 h at 2O’C. Triefhylamii (1 ml) w., added, and 
the rolvcnt rcmoved.The rwiduc ww dirrolvcd in ethyl acekk (10 ml). 
w&d with 50% brine (5 ml), d&d (M.@Od and the dvmt twnov& The 
residue wu chlumatognphcd on silica (ethyl se-tataligbt peaalarm I:20 II 
chant). and that Kugelrdtr dirt&d (lW, 0.01 mmHg) to give the rifle 
akohd (0.028 6, 98%) .I l cdourl~rr oil. IR: 336Obr I, 165%. 146hn. 
136Om. 114Om. 1020s. 895s cm-‘. PMR (270 MHz): 5.17 (1H. m), 4.84 
(2H. d. J lO.OHz). 4.22 (2H. br I). 2.22 (4H. br s). 1.98 (4H, m). 1.85 (IH. 
br 1. OH). 1.66 (3H. I), 1.61 (3h. I). 1.60-1.43 (2H. m). CMR 146.0 (a), 
136.6 (I). 122.8 (d). 109.8 (t). 86.2 (0. 78.5 (a). 51.2 (t). 39.2 (1). 37.3 
(t), 27.3 (t). 25.8 (t). 22.4 (q). 19.3 (t). 16.0 (q). 

To ipo-buy1 magnerium cblmide (14.0 ml of a 2.2M solution in ether. 
29.7 mmd) and ether (10 ml) .t 0°C IV.‘ added titanormc dicltlmide (0.012 
8. 0.05 mmd) and vigomur stirring cattim& for 15 min. 7. 1 I-Dimetbyl- 
dodcu-6,lldien-2-yn-1-01 (26) (0.100 8. 0.48 mmol) in ether (1.0 ml) WI 



Synthesis of ( f )-zoapatanol 3845 

Ihm~urdtbe~6~nirredaU)OCfor4h.Tbc~dtheaber~ 
rrmovedh-,mdTHF(5Oml)a&led.Tbesoltwimvmsstittcdtmderm 
~rmolpbsreofabmdioxidafor16b,WorrNH,~~ml)mdlMHCL 
wereadded.Tbe+seswerescpntedatdtbc~phuautnctcdwitb 
nhCr(7X50ttlI).TbsCUtlb&dtW8&LyonrerSd&d@48StQ,tbC 
solvem twmved. uld tbe residue cbtcmpqnebed (ethyl acetawdi8bt pram- 
lettm 2x5 to 3:s ” ebttalt) 10 8ive the title acid ” lo otau8e oil (2.13 8. 
65%). JR 34OObr s. 1700s. 1655m. 1460s. 128Om. 102Om. 89(kn an-t. 
PMR: 7.7-6.4 @I& br I). 6.96 (1H. t. J 6.1 Hz), 5.12 (HI. t. J 6.8 Hz). 4.68 
(2H. d. J 11.0 Hz). 4.36 (2H. d, J 6.1 Hz). 2.31 (2H. m). 2.12 @Ii. q. J 7.4 
Hz). 1.98-1.93 (4H, m). 1.71 QH. I). 1.58 (3H, s), 1.58-1.47 @H. m)- 

CMRz 17’2.5 (I). 146.0 (8). 1428 (d). 1368 (I). 1325 (s). 123.1 (d). 109.9 
(1). 59.6 (t). 39.3 (t), 37.5 (t), 27.4 (1). 26.0 (t,). 22.5 (q), 16.0 (n). 

diene (18A) 

To dia~~tatc (17A) (6.96 8.21.6 mmol) in dry dicblommetbsne (115 ml) 
at -WC was added mcpba (85% pttte. 4.81 8,23.7 tmnol) and the mixttttv, 
rtimdfnlha-100C.The~msrPnovedby~~the 

filtnte wasbed vi81 sodium ml@ite sdmim (30 ml). NaHCO,q (60 ml). 
brine (50 ml). folbved by dryinS mm,). %e sohmtt was temoved and the 
residue cbmmato~pbed on silica (etbyl l aate:l&ht petmlettm 1:9-1:l as 
&tt.“t). u) give the titk CpCnti (5.53 8. 76%) l ‘ . p& y&W oil. IR: 
1750~. 1650~. 145&n, 1380s. 1235~s. 180s cm-t. PMR: 5.6 (lH, t. J 
7.0 Hz), 4.69 .4 4.66 (4H. ovallppinl dcmblets. J 13 mui 7 Hz respec- 
tively)). 4.57 (2H. I), 272 (1H. dd, J 7.1. 5.4 Hz). 239-2.22 (2H. m), 209 
WI, I). 2.05 (8, 3H). 201 WI. bi t, J 7.1 Hz), 1.71 QH. I). 1.70-1.40 (6H. 
m). 1.26 (3H. s). CMR: 170.33 (s) 170.13 (I). 145.2 (I). 138.9 (6). 123.2 
(d) 110.1 (1). 66.9 (t). 62.3 (d)B 60.6 (a). 60.1 (1). 38.1 (t). 37.6 (t). 27.7 
(1). 25.5 (t), 23.0 (t). 22.1 (q), 20.6 (q). 16.5 (q). 

To acid (28) (1.433 8. 5.66 mmol) dissold in baneate (10 ml) was 
added N. N’-tetramethylgumiditte (0.78 ml. 6.23 mmol) md the sobttiat 
stkd for 0.5 b at 2OY.Z. MeI (0.42 ml, 6.79 mmol) wu then added and stir- 
ring cmtimted for 2 h. ‘Ibe mirmre ’01s f&ted. the fibrUe evaporated to 
dryness, attd tbe residue chtmwo8@ cd 011 ‘ilii 8d (etberzzht petroleum 
1:9 to 1:4 .8 elutmt) u) 8ive the tit/c e&r (1.16 8, 77%) as 1 c&t,rksl oil. 
IR: 344Obr 1. 1725~s. 165&n. 1440s. 1270s. 117Om. 112Qm. 1025m. 
89Om. 750~ cm-t. PMR (270 MHz): 6.82 (lH, t, J 6.2 Hz). 5.10 (lH, t, J 
7.2 Hz). 4.67 (2H. d. J 8.5 Hz). 4.32 (2H. d. J 6.2 Hz), 3.75(3H. I), 2.32 
(ZH, 5 J 7.2 Hz). 2.10 (2& m). 1.95-1.93 (SH, m). 1.70 (3H, s). 1.56 (3H. 
I). 1.50 (ZH, m). CMR (68 MHz> 169.8 (I), 146.1 (I). 140.7 (d). 136.7 (8). 
132.9 (I). 123.1 (d), 109.9 (1). 59.6 (t). 52.0 (q), 39.4 (t). 37.5 (t), 27.5( 2 
x t). 26.0 (t), 22.6 (q), 16.6 (9). m/z: (NH,C.I.): 284 (IM+NH,I+. 43%). 267 
(100). 249 (21). 235 (17). 189 (22). 109 (11). 81 (14). 58 (27). 

AkO is&ted were the dii (22) (1.1 8. 15%) and stattins material 
(17A) (0.62 8. 9%). (2B)-l-Acetoxy-3-oertoxynuthyl-6;7-11,12-diepmy- 
7.11-dimethyldod8co-2~11e (22).IR: 1750~. 145Om. 1370s. 1235~s. 1030s 
cm -l. PMR: 5.68 (lH, t, J 6.9 Hz). 4.66 (2H. d. J 6.9 Hz), 4.56 (2H. I). 
2.74-2.69 (1H. ddd. J 7.2, 5.4. 28 Hz), 2.61 (1H. t, J 4 Hz). 2.57 (1H. dd. J 
4.9, 1.7 Hz)). 2.2-24 (2H, m). 2.09 (3H, I). 2.06 (3H. II), 1.75-1.42 (SH. 
m), 1.31 (3H. 8)). 1.26 (3H, d. J 2.0 Hz). CMRz 170.3 (I). 170.2 (a), 138.9 
(I). 123.3 (da). 66.9 (t). 62.3 (d). 60.5 (I). 60.1 (t), 56.4 (I) 53.6 (t). 53.5 
(1). 38.4 (t). 38.3 (1). 36.6 (1). 36.5 (t), 27.6 (t). 25.5 (t). 20.84 (q). 20.77 
(n) 20.58 (t). 20.55 (t), 16.5 (9). 

~E)-l-Hydroxy-3-~o~fhy~~.7-e~~-7,1 l-dimefhyl-dodeca-2,11- 
diene (19A) 

(2B. 6E)-3-Hydoxymc1hyl-7.1ldirruthy~d~~~-2.6,1l-~ias-l-d (16A) 
To ester (29) (0.923 8, 3.47 mmol) in THF (30 ttd) at -75’y: W.S added 

diisobtttylaluminittm hydride (11.8 ml of a 1M solution in hexanes) dmpwiae 
vi0 Syringe. ‘Ihe ‘&tiOtt was tioared to Mm SlWly to u)oc Over L?b, md 
then NH,aq (15 ml) add&The mixtttrc W.‘ ‘tit& ltntil all the alttmbdtlm 
salts had precipitated, the phases separated. and the aqueous phase extracted 
withaher(4xU)ml).ZMHQwu~toIheaquaousphuemrtil11lthe 
abmtinium s&s had dissolved, followed by extractin with ether (3 x 20 ml). 
The combiied organic layen wexe dried (MgSO,). the solwttt removed. and 
the residue cbrcmaographed on silica 8el (ethyl acat+ht petroleum 1:l 
to 7:3 u clotant) and thm Ktt8elmhr distilled (lWC, 0.01 mmH8) to give 
the rifle dial (0.723 8. 89%) as e colourless viscous oil with idmtical phys- 
ical properties to those spotted above. 
Conversion of Dials (16A) and (16B) to thepanes 
(20A) and (20B) 

To qmxydiwaate (18A) (5.35 8, 15.8 tmttol) in methanol (85 ml) at _ 
5°C xv** added potassium c&mate (4.46 8, 32.4 mmol). After 40 mitt the 
solid was fiimd off and the residue ftcm rotatmy evapmwim of the fdtrate 
pautitimed bawem waer (25 ml) and ether (65 ml). ‘lk aqueous layet W.S 
extncted with dicblommuhute (5 x 60 ml). the mmbiied extracts dried 
(MgSO,) and the solvent removed to give cntde epaydiol(19A) (4.02 g. 
100%). 

This material could be chmmuognphed on silica (ethyl atate sa 
elutant) to lffnd a colatrless oil. IR: 339Obt I, 342Obt I, 1655m. 145Om. 
138Chn. 101Obr tn. 8901~ ctti’. PMR: 5.69 (1H. t. J 6.8 Hz). 4.69 (ZH, d, J 
16.2 Hz). 4.18 (ZH, d. J 6.8 Hz). 4.04 (2H, s). 3.87 (1H. br I). 3.77 (1H. br 
II). 2.74 (1H. dd. J 7.8. 4.7 Hz). 2.18-2.35 (2H, m), 2.00 (2H. t. J 7.1 Hz) 
1.70 OH. I). 1.62-1.37 (6H. m). 1.26 (3H. s). CMR: 145.3 (I) 141.1 (I), 
125.6 (d). 110.2 (t). 66.0 (1). 63.3 (d). 61.5 (I), 58.4 (t), 38.2 (1). 37.7 (t), 
27.7 (t). 25.1 (t), 23.1 (t). 222 (q). 16.6 (q), 22.2 (q). 

hydroryethylldcne)-2-m~thyl-~s~p8n-J-ol (20A). 
(ZE. 6E)-1 -Acetory-3-acctoxymrrhy/-7.1 ldimerhyl-dodeca-2.6.1 I-triene 

(l7A) 
To diol (16A) (4.45 8. 18.6 mmol) and triethylamine (8.27 ml, 59.5 

mmol) in dry dichlotumethane was added acetyl chloride (3.58 ml, 50.3 
mmol) dropwise via syringe. maintktiig the tcmpentwe between -10 and - 
5’C. Stirrin8 WU ColltinUcd fat 15 “tin t&On poUti” the MaiOn ,ttiX”tI’C 
into NaHCO,aq (90 ml). The w+ttic phase w.s sepanted. washed with brine 
(30 ml). dried (h48.30,). the solvent ratmved and ethyl acetate (40 ml) added. 
The mixture ww filtered and the residue frmt mtatoty evapomtion chmmato- 
graphed on silica (ethyl acetatetight pctmleum 1:19 as ebttant) to give the 
rifle diacctare (17A) (5.44 8. 9046) as a cokmticas oil. Found: C. 70.7; H. 
9.1. CtgH,O, Requires C. 70.8; H. 9.4%. IR: 175Ovs, 1655~. 1450mn. 
1370s. 1235~s. 1030s. 89Om cm -t. PMR: 5.64 (lH, t. J 6.9 Hz). 5.12 (lH, 
t. J 6.9 Hz), 4.69 (2H. d. J 10.5 Hz), 4.64 (2H. d, J 6.9 Hz), 4.55 (2H, II). 
2.06-2.20 (4H. m). 2.09 (3H. I). 206 (3H. I). 2.00-1.93 (4H. br t, J 7.7 
Hz). 1.71 (3H. 0. 1.60 (3H. I), 1.57-1.47 (2H. br qn). CMR: 171.0 (2 x I), 
145.82 (s). 139.7 (a). 136.4 6). 123.1 (d). 122.5 (d). 109.9 (t), 67.1 (t). 
60.5 (t). 39.3 (t). 37.5 (t), 28.8 (t). 26.9 (t), 26.0 (t). 22.3 (9). 20.8 (9). 
15.9(q). m/z: 202 @f-2AcOH. 4%). 187 (9). 159 (8). 146 (18). 131 (27). 
119 (23). 109 (32). 93 (37). 81 (100). 69 (23). 55 (39). 43 (67). 

lit tCtmdtlotide (1.90 ml, 16.3 mmol) wss added dropwise via syringe 
to THF (200 ml) at -WC with vigotws stitkg. The mixtore WIS mtttted to 
PC and epo~y-diol(19A) (3.95 8. 15.5 tmttol) in THF (20 ml) added drop- 
wise over 40 mitt. Tbe maaim mixture ~68 warmed m 20oc, stirred for 03. 
and poured into NaHCO,aq (100 ml). The phases WC Mpantcd md the 
aqueous phase extracted with uher (3 x 100 ml). The combiied organic 
layen were dried (&SO,), the solvent removed and the residue chmmato- 
8taphe.d a silica (ethyl acetate:light petroleum 4:l a# elutam) to give a 
yellow oil which solidified on SUndin at 4OC. Rectystalli~~ion afforded the 
title oxcponr ~LII white crystals (2.5 8, 64%) m.p. 71.5-72.5”C. Found : C, 
70.7; H. 10.3. C,,H,O, Rquires C. 70.8: H. 10.3%. lR (CC+): 339Obt. 
1655~. 14501~1. 138Omn. 1120s. 1070s. 103Om. 895m cm-l. PMR: 5.40 (1H. 
t. J 6.5 Hz), 4.69 (2H. d. J 10.1 Hz), 4.18-4.07 (2H, m). 4.09 (2H. a). 3.53 
(1H. dd. J 8.2, 3.1 Hz). 3.00 (IH, br I). 2.85 (1H. br I). 2.48 (lH, ddd, J 
15. 7.6, 3.6 Hz). 2.22-2.12 (1H. m). 2.33-1.97 (2H. m). 1.87-1.71 (2H. m). 
1.71(3H, a). 1.60-1.40 (4H. m). 1.15 (3H, I), CMR: 145.7 (I), 143.0 (I). 
123.6 (d). 110.0 (t). 80.1 (I), 76.6 (d). 69.0 (t). 58.5 (t) 38.3 (t). 37.9 (t). 
31.4 (1). 23.7 (t), 223 (9). 21.3 (1). 18.3 (q). m/z: 154 (4%). 136 (9). 121 
(16). 109 (74). 95 (38). 81 (51). 68 (100). 55 (61). 43 (67). 

(6RX2SR. JRS)-2.(5.Hcxenyl)-6.(2.hydrorycthylidene)- 2. 
methyl-orepan-3-01 (2OB) 

prepared in l way similar to above with the following intmnediater (all 
colourle‘s oil‘) and yields, those of (18B). and (19B) referring to crude mate- 
rial used in the next step. 

(2E)-I-Acctoxy-3acctoxynuthyl-6J-rpoxy-7,1 ldimerhyldodeca-2.1 l- (2E. 6B)-l-Acctoxy-3-accto~~thyl-t~~ca-2.6,12-trie~ (178) (94%) 
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IR: 1740, 1225 cm-t. PMR: 5.80 (1H. ddt, J 17. 10. 7 Hz). 5.62 (la. 1. J 7 

Hz). 5.10 (lH, t, J 6 Hz), 4.99 (1H. d, I 17 Hz). 4.93 (Hf. d. J 10 Hz). 4.64 

W. d, J 7 HZ), 4.54 (w. I), 2.00-2.20 (8H. m). 2.08 (38 s), 2.06 (3& I), 

1.97 (j?H, t. J 7 Hz). 1.58 OH. s),1.37 (4H. m). CMRz 170.6 (I). 170.3 (I). 

139.6 (~1, 138.9 (d). 136.5 (a). 123.0 (d). 122.5 (d). 114.2 (t). 67.1 (1). 

60.5 (t). 39.5 0). 33.6 (t). 28.7 (1). 28.6 (t), 27.4 (t), 26.9 (t). 20.8 (2 x q). 

15.9 (q). 

~B)~l-Acrtary-3-rrc~to~thyl-6,7~~-7-~t~yl-2,12-t~~~~ 

(18B) (100%) IR: 1745. 164Ow. 1230. 1030 cm-‘. PMR: 5.68 (1H. ddt, J 10, 

17. 7 Hz), 5.56 (1H. t, I7 Hz). 4.88 (IH. d, I 17 Hz), 4.83 (1H. d. J 10 

Hz). 4.55 @I, d. J 7 Hz). 4.45 (2H. I). 2.58 (1X. t. J 6 Hz), 2.19 (2H. m). 

1.9-2.0 (2H. m). 1.97 (3H. s), 1.94 OH, I), 1.4-1.6 (4H. m). 1.29 (4H. at). 

1.13 (3H. I). CMR: 170.3 (I), 170.1 (I). 138.8 (I), 138.4 (d). 123.1 (d). 

114.3 (t). 66.8 (t), 62.3 (d). 60.6 (s), 60.0 (t). 38.3 (1). 33.4 (t). 28.8 (t). 

27.6 (t), 25.3 (t), 24.4 (t). 20.6 (2 x q). 16.4 (q). 

(2B)-l-H~~3-h~r~~thyl-6;7Jpory 

(198) (100%). IR: 346Obr. 164ow. 1460, IOKI. 910 cm-‘. PMR: 5.79 (1H. 

ddt. J 10. 17. 7 Hz). 5.70 (IH, t, J 7Hz). 4.99 (1H. d, J 17 Ha). 4.94 (1H. d, 

J 10 Hz), 4.18 G?H, 6 J 7 Hz). 4.05 (2H. I), 2.72 (IH. dd. J 5. 8 Hz). 2.28 

(2H. m). 205 (w. m). 1.73 (lH, m). 1.58 (ZH, m). 1.39 (5H. m). 1.24 (38 

I). CMR: 141.2 (I), 138.6 (d), 125.6 (d). 114.6 (t), 66.1 (t). 63.3 (d). 61.6 

(s). 58.5 (t). 38.5 (t). 33.6 (t), 28.9 (t). 27.7 (t). 25.1 (t). 24.6 (t), 16.6 (q). 

lhe title ozqane POE) (65%) wu obtained as white crystals m.p. 38.5- 

39.5”C (from hexane-dber) (Fama: C, 70.7; H. 10.4. Ct,H&, requires C. 

70.8; H, 10.3%). IR: 337Obr. 164Ow. 1440 cm-t. PMR: 5.80 (1H. ddt, J 17. 

10, 7 Hz). 5.41 (JH. 1. J 7 Hz). 5.00 (IH. d, J 17 Hz), 4.94 (1H. d, J 10 

Hz), 4.05415 (4H. m). 3.52 (1H. d, J 8 Hz). 3.27 (1H. br s. OH). 3.02 (IH, 

br s. OH), 2.48 (lH, dad, J 3. 8, 15 Hz). 2.17 (III. ddd. J 3. 9, 15 Hz). 2.03- 

2.10 (2H. m). 1.70-1.85 (2H. m), 1.50-1.63 (2J-I. m), 1.2-1.45 (4H. m). 

1.14 (3H. I). CMRz 1429 (s), 138.9 (d), 123.6 (d). 114.4 (t). 80.2 (s). 76.6 

(d). 69.0 (t). 58.4 (t), 38.2 (t), 33.7 (1). 31.4 (t), 29.6 (1). 23.7 (t). 22.7 (t), 

18.3 (q). m/z 171 (0.8%). 153 (2.8). 127 (8.7). 110 (46). 95 (16). 82 (46). 

81 (32). 68 (100). 43 (100). 

Conversion of Oxepane (20A) into (k)-Zoapatanol 
(6B)QSR. 3Rs)-3-D~thyl~t-b~l-~i~ylo~6-~~~thyl-t~b~yl- 

silylm)rrthylylidaru)-2-(4mnliyl-4-pmlcn (31) 

Dibttetbyl-t-butyl‘ilylttifllt~ @bona (2.08 ml. 9.06 mmol) 

w.s added dm~wise to. stirred solution of the did @A) (1.00 S. 3.94 

mmol) and 2, 6-climethylpyri&e (1.43 ml. 12.3 mmol) h dry di.name- 

thane (35 ml) at -2PC under nitmgen. After 20 mia the mixuue was p”red 

into NaHC03 (90 ml). the phues repntcd and the aqueous #ate exuaed 

with dichlommetbane (3 x 20 ml). The ccmbiied organic pbars wete wwbed 

with cold 0.3M HQ (20 ml). brine (20 ml). and then dried (&SO,). The 

solvent was removed aad the residue chnmmto8nPbcd on silica (ethyl 

acetateQht petroleum I:25 aa elutatt) to give the protected dial (31) (1.92 

8. 100%) ” a ~lourics‘ oil. Found: M+ 482.3576, CnHwO,S& i’quires 

482.3611. IR: 1655~. 1475111, 1260s. 108Ct.r I, 840s. 780s cm”. PMR: 

5.35 (1H. t, J 6.2 Hz). 4.69 (2H. d, J 5.7 Hz), 4.21 (2H. d. J 6.2 Hz). 4.13 

and 4.04 (2H, ABq, J 14.2 Hz). 3.55 (1H. dd, J 9.9. 3.4 Hz), 2.47 (lh, ddd, 

J 14, 7.6, 2.0 Hz). 2.10 (lb. ddd. J 12. 2. 2 Hz). 1.96-2.04 (2H. m). 1.83- 

1.62 (2H. m). 1.71 (3H. I). 1.62-1.25 (4H. m). 1.11 (3H, I), 0.91 (9H. s.). 

0.89 (9H. I). 0.07-0.05 (12H. m). CMR: 146.0 (8). 141.5 (s). 124.0 (d), 

110.1 0). 80.4 (I). 78.3 (d). 69.0 (t). 59.7 (t). 40.0 (I). 38.5 (I). 32.0 (t). 

26.12 (q), 26.01 (q). 24.3 (t), 22.4 (q). 21.3 (t), 18.4 (I). 18.1 (I). -3.87 

(q), 4.8 (q*. A8 0.25). -4.96 (q). -4.98 (q). m/x 482 (I’&. 0.4%). 467 (0.1). 

425 (4). 350 (9). 299 (50). 293 (IS). 224 (37). 211 (14). 201 (11). 189 

(26). 167 (70). 147 (100). 109 (9.1). 93 (71.0). 75 (7.5). 

(6E)(2SR. 3RS)-3-Dimethyl-t-butyl-si?ylo.ty.6+?-dimethyl-t~butyl- 

silylo~ethylidrru)-2-(5-h~~-4-~thylpen~l)-2-~thylo~~~ (38) 

To a solution of rbc pmtected diol (31) (0.900 8. 1.87 mmol) in THF 

(10 ml) at mom temperature was added a solution of 9-borabicyclcamanc 

(0.250 8. 2.06 mm01 ) in THF (10 ml) dmpwise via syringe o”er 15 min. 

‘IXc reaction mixture v/.s stirred (2.5 h). caded to WC. and 3M NaOHaq 

(0.72 ml of 3M aqueous solution, 2.15 mmol ) added followed by qOz (0.72 

“x, Of 30 wt% SdW.iOq 7.05 mmol). kcepiog rhe UmpcntUre between 25°C 

and 30°C. The reaction mixture was stirred vigomusly for 30 mitl .t 20°C. 

and then ether (30 ml) and w.ter (10 ml) added. ‘llte pbares were separated 

~dthcq~~pulcextncted~~slbcr~xlOmlX~IbcMmbinsd 

oQplnicpbaseswubedwitbbrine(20ml)andtbadried@4@04).After 

removal of the solvent the tesidue wu &rc4tutoSmpbcd cm silica gel (ethyl 

=uue:w p&&WI 1:9-1:4 U &truU) to SiVS tbc tit* d& @.m 8, 
%%) .I . eolwlul oil. IR: 34wbr s, 14aht, 125&& 110&r 1. 84Os, 

670m cm-l. PMRz 5.33 (1H. t, J 6.2 Hz), 4.12 and 4.01 (2H, ABq. J 14.1 

Hz). 3.53 (lH, ddd, J 9.6, 3.2, 1.4 Hz), 3.47 (lk. q. J 5.8 Hz) and 3.38 (lH, 

ddd. J 10.4. 6.4. 2.9 Hz), 243 (1H. ddd. I 14.6. 7.6, 2.1 Hz) mtd 2.07 (1H. 

br t. J 11.8 Hz), 1.87-1.70 (2H. m). 1.70-1.55 (2H. m), 1.55-1.43 (2H. m). 

1.43-1.28 (4H. m). 1.09 QH. I). 0.92 (3H. m). 0.88 (9H. s), 0.86 (SH. s). 

0.04 (129 m). CMR 141.5 (s). 124.0 (d), 80.5 (I). 78.3 (d). 69.0 (t). 68.45 

(t*. A8 0.16). 59.7 (1). 40.67 (t*). 36.09 (d*). 34.07 (t*), 31.98 (to), 26.11 

(q,). 26.02 (q). 24.3 (t). 20.66 (t*). 18.6 (8). 18.2 (s), 16.81 (9.). 16.71 (4). 

-3.9 (9). -4.8 (q*. A8 0.25). 

To . stirred sol&m of oxalyl chloride (0.072 S, 0.56 mmol) in didtlo- 

mmubaoe (1 ml) at -8O=‘C wyu added DMSO (0.092 S. 1.18 rmttd) in diddo- 

romethme(OJml)dmpwileviosyringcovetlOmin.A&r20minthe 

al&to1 (38) (0.242 S. 0.49 mm& in diddommatiune (1 ml) ‘I” added vi0 

syringe wet 10 mill, and 30 mill later trictbylamine (0.34 ml, 2.45 mmol) 

wrs~Ibe~~~mixavcan~o~u,aumto-2(W:(lh)md~ 

qvmcbed by -8 into 0.3M HClq (10 ml). lbe phutr warn copmted 

and tbe quccus pbase extnaed with didtlawwtbux (2 x 15 ml)IIte 

combined ot&c layers were wasbed with NaHCO!, (10 ml), brine (10 ml), 

dried (MgSO,). and the solvan -cd. The tuidue was w on 

silica (ethyl lceute:li&$u petroleum 1:19 .I clutant) m give the titfa a&- 
hyde (39) (0.212 8. 88%) as a colou~cu oil. JRz 1735m. 147&t. 1260s. 

1095br I, 840s. 780s an-‘. PMRz 9.62 (IH, dd. J 4.0. 1.8 Hz), 5.34 (IH. t, 

J 6.2 Hz). 4.20 (2H. d, J 6.2 Hz). 4.12 and 4.02 (2H. ABq. I 14.3 Hz), 3.52 

(lH, dd. 19.9, 3.4 Hz)), 2.43 (IH, m). 207 (lH, m). 2.40-224 (IH. m), 

1.77 (1H. tt, J 10.7. 3.2 Hz). 1.75-1.20 (7H. m). 1.26 (3H. I). 1.09 (3H. s), 

0.87 (18H. in). 0.05 (12H. nt). CMR: 204.8 (d). 141.5 (a), 124.0 (d), 80.3 

(I), 78.3 (d), 69.1 (t). 59.7 (1). 46.6 (d). 40.525 (t*), 32.1 (1). 31.41 (I*. A6 

0.12). 26.10 (q), 25.99 (q), 2A.3 (1). 20.7 (t), 18.45 (I). 18.10 (I), 16.470 

(q*), 13.5 (q’, A8 0.15). -3.9 (q). 4.71 (q*, A6 0.25). m/z 441 &4+-B.‘. 

1.3%). 366 (0.9). 309 (I). 299 (2). 224 (2). 211 0). 199 (3). 189 (3X 171 

(2). 167 (13). 147 (20). 109 (3). 93 (100). 75 (17). 

(6R)(2SR.3RS)-3-Dimetbyl-t-butyl-silylozy-6-(2dim#thyl+b~l- 

silylo~ethylidarr)-2-(4-mrIl?yl-5.6JpoIy (32) 

Sodium hydtidc (0.131 8, 60% dispersion in oil, 3.28 ttmtol) was wasbed 

with light petroleum (3 x 3 ml), and the last traces of sdvcnt rrmovcd in a 

stream of Irgon. DMSO (5.0 ml) w.‘ added md the mixrum heated witIn stir- 

ring .t 6ooC (15 “tiIt). and .t 75°C (2 min). ‘Ibe d.tk SrSen s&tiot, WU 

cc&d to WC. To ut aliquot of the &cwe roltuia (1.80 ml) wu added THP 

and the solutica cooled to -5oC. Trimetbylsu@bcmium iodbk (0.253 6. 1.24 

mmol) in DMSO (1.20 ml) was added over 2 min maintain@ tbe tanPemtwe 

betwcm -50c and Ov. After &+tS for. tiztbet 5 min the &yde 09) 

(0.294 8. 0.59 mmol) in THF (2 ml) was added over 2 min. The reation 

mixture was rtinwi at ooc for 2b. tbal at u)oc for 2b. NH,Claq (10 ml) w.1 

added, the pbaur te~wed and the aqueous phase -cd with aher (4 x 

I5 ml).lhc combined or6anic layers - wasbed witb brine (I5 ml). dried 

(MgSO,), the s&at moved. and the residue cbmmatoSnphed Q1 siliu 8eJ 

(ethyl aal.lte:ligbt petroleum 1:9 as ChItant) to Sive the title qoxide (32) 

(0.278 g. 92%) as s colcurless oil. (Fotmdz M+ 512.3727. CmHsO,Sil 

requires 512.3717). JR (Ccl,): 147&n, 1260s. 1loObr s. 840s. 780s cm-‘. 

PMR: 5.32 (lH, t. J 6.2 Hz). 4.19 (2H. d, J 6.2 Hz), 4.11 and 4.01 (2H. 

ABq, J 14.3 Hz), 3.51 (lH, dd. J 9.8, 3.4 Hz). 275-272 (0.5H. m) and 

2.52-2.49 (0.5H. m). 2.72-2.63 (1H. m). 2.49-2.38 (1H m). 2.49-2.38 (1H. 

m). 213-2.02 (lH, br t, J 12Hz). 1.83-1.71 (1H. m). 1.71-1.55 (1H. m). 

1.55-1.18 (7H. m). 1.09 (3H, I). 1.01 (1.5H. dd. 16.1. 3.2 Hz) and 0.90 

(1.5H. 4 lies). 0.45 (12H. m). CMRz 141.48 (s*). 123.99 (d*), 80.41 (I*), 

78.22 (d*). 69.03 0). 59.69 0). 57 (a*), 46.89 (t*, A8 0.11). 45.57 (t*. A6 

0.19), 40.65 (t*). 36.4 (d*, A8 0.11). 36.16 (d*. A6 0.14). 35.24 (I*. A6 

0.16). 34.37 (t*. A8 0.25). 31.94 (t’). 26.09 (q). 25.98 (q). 24.24 0). 

20.72 0’). 20.56 (t’). 18.44 (I). 18.08 (I). U7.25. 17.00. 16.75. 1665. 

16.62. 16.57. 15.78. 15.54 (q from 2 metbyl groups in 4 diastereoisomers 
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Synthesis of (+_)-zoapatanol 3847 

To Cul(O.047 g. 0.25 mmol) in ether at -24X vu added l,l- 
dimethylvinyl lithiim (3.02 ml of. 0.19 M sol~ticm in ether. 0.57 trmtol) 
dropwise over 2 min to give l pale yellow solution. Stirring was cmtinued 
for 15 mill beforr the epoxide (32) (0.042 g. 0.082 mmol) in clher (1.5 ml) 
WPIadded.Therr~~~mixmrewu~~to-51Y:md~ltirringfor~ 
further 3 h NH,ClQaq (5 ml) added rapidly. The pkaea were sepanted and the 
aqueous phase extracted with ether (3 x 10 ml), the combiied organic layers 
washed with brine (10 ml). foRowed by drying (Mg.90,) and removal of the 
solvent. Chtumatogmphy on silica (ethexlight petroleum 1:4 as elutatt) 
afforded the title &oho1(0.030 g. 64%) as a cotiu oil. Foond: I&- 
C4Hg. 511.3654. CzsHs60,Sii reqnilu 511.3638. IR: 348Obr m, 147Om. 
1260s. 1lOOIw I, 8408. 780s cm-t. PMRZ 5.34 (n-l, t. J 5.8 Hz). 5.18 (1H. 
dt. J 6.8. 1.3 Hz). 4.21 @Il. d. J 6.2 Hz). 4.13 md 4.03 (2H, ABq. J 14.2 
Hz), 3.55 (1H. ddd, J 9.7, 3.0. 1.4 Hz), 3.52-3.48 (0.5l-l. 5 lines) and 3.47- 
3.38 (0.5H. m). 2.46 (IH. ddd, J 14.7. 7.8, 2.4 Hz). 2.25-2.05 (3H. m). 
1.74 (3H, II), 1.65 (3H, a), 1.10 (3I-I. I) 1.83-1.05 (9H. m). 0.90 (21H. IO). 
0.05 (12H. I). CMR (68 MHz): 141.4 (a). 135.6 (a’). 123.9 (d*). 120.8 (d*. 
A8 0.11). 80.4 (d), 78.0 (I*). 75.3 (to, 2 pairs (A8 0.2) of signals separated 
by 0.6 ppm doe to C-5’). 69.0 (t), 59.6 (t). 40.5 (t,), 37.9 (t*). 33.5 0’). 
33.3 (t*, 2 pain of t sepemted by 1.4 ppm), 31.8 (t*). 26.0 (q). 25.9 (q). 
24.1 (t). 20.9 (t*). 18.4 (SO). 18.0 (q*), 16.6 (q*). 15.4 (q*). 13.9 (q*). -4.0 
(q), -4.9 (q*). Complexity of signals due to uncontrolled nacochemistly at 
C-l and 5 in the si& chain relative to each other cad the oxepane ring. m/z 
511 (M-C,H,. 1%). 367 (7). 299 (14). 224 (14). 167 (25). 147 (33). 93 
(100). 73 (50). 

(6E)(2SR,3RS)-3-I-B~fd~thylsiloxy-(2-t-b~y~~~hy~~o~ 
ethylidene)-2-(4, 8-dimcthyl-5-oxo-rron-7-e~~J-2-Mlhylmcp (40). 

To an aliquot (0.5 ml) of a roltttiat of oxalyl chloride (0.1 ml) in didt- 
lommethane (10 ml) at -75oc w.* added an aliquot (0.4 ml) of. rolutica of 
DMSO (0.2 ml) in dichlommethane (10 ml). dropwise via syringe. Stirring 
was continued for 10 min. and then the alcdml (33) (0.027 g. 0.048 mmol) 
in dichloromethane (0.5 ml) added dropwire over 5 min. After stirring for a 
fulther 35 min triethyluninc (0.024 ml. 0.171 mmol) was added and the 
mixtun allowed to warm to -2wC 0w.r 2h. NH,Claq (5 ml) and ether (5 ml) 
was added, the phases rcprmted and the aqueous phase extracted with ether (3 
x 5 ml). The combiied organic layers were washed with water (5 ml). dried 
(MgSO& and the solvent removed. Chrcmatognpby 00 silica gel 
(ethedight pnroleum 1:9 a* elutant) gave the fitJe hforu (0.025 g. 93%) as 
B colowless oil. Found: M+. 566.4134. C&&O& Requii 566.4186. IR: 
1710s. 146Om. 1250s. 10808, 830s. 7701. 730s cm-t. PMR (270 MHz): 
5.36-5.25 (2H. m). 4.19 (2H. d. J 6 Hz). 4.10 and 4.01 (2H. ABq, J 14.4 
Hz). 3.50 (1H. dd, J 9.5, 3.2. 1.0 Hz). 3.13 (2H. dd, J 7.1. 0.7 Hz). 2.57 
(1H. sextet. J 6.3 Hz). 2.44 (lH, ddd. J 15.4, 7.6. 5.6 Hz), 2.07 (IH. br t. J 
12 Hz). 1.1-1.8 (8H, m). 1.74 (3H. I). 1.62 (3H. a). 1.07 (3H. s). 1.06 (3H. 
dd. J 4.9, 1.5 Hz), 0.89 (9H. II), 0.87 (9H. a). 0.05 (12H. m). ChfR (68 
MHz): 213.3 (a*), 141.4 (s), 135.5 (I). 124.0 (d). 116.3 (d), 80.5 (a). 78.1 
(t’). 69.1 (t). 59.7 (t). 46.0 (d), 41.2 (2x d), 40.6 (t). 33.7 (t), 34.0. 31.9 
0). 26.1 (t). 25.9 (1). 24.2 (t). 21.1 (t*). 18.5 (a*). 18.2 (q). 18.1 (q), 16.6 
(q). 16.4 (q). -3.9 (q). 4.85 (q’ A8 0.25). m/z 566 (M+, 1%)). 551 (1). 509 
(19). 434 (8). 365 (17). 299 (20). 224 (16). 211. (15). 167 (27). 147 (39). 
93 (100). 73 (56). 

A solution of ketone (40) (0.097 g, 0.17 mmol) in acaonitrile (3.8 ml) 
and 40% hydmflcuic acid (1.3 ml) was stirred at mom tempcmture for Ill. 

The mixture was poured into NaHCO, (25 ml) and extracted into ether (4 x 20 
ml). ?hc comb&d cxtncts wte washed with brine (20 ml). dried (IvfgSO,). 
and the solvent removed. C.I1mm8tognphy on silica gel (ether II elutant) 
afforded the tiflc dial (0.045 g. 78%) as a cc.lauieas oil. Found: M+ 
338.2441. C,H,,O, Rqnims 338.2457. IR: 34OObs. 1710s. 144&n. 1030s 
cm-t. PMR (270 MHz): 5.43 (1H. 1. J 6,s I-l& =UfCH~OH). 5.26 (1H. t with 
fine splitting. J 7.1, 1.5H.z. Me$=CIf), 4.20 (2H, d. J 6.8 Hz, ClfzOl-l). 4.12 
WI. br s, C&O). 3.52 (U-l. br dd, J 8,3Hz, WOH). 3.12 OH, lx d, J 

7.1Hq C&CO). 2.56 WI, sextet, J 6.6 Hz, CHCO), 2.45 (lH, m. HCHC=). 
23-21 @H. m. HCffG + 2 x OH). 1.73 OH. d, J 1.5 Hz, M&=). 1.88-1.69 
(ZH. m, W$HOH), 1.68-1.46 (4H. m, UZ~CHC==CH&-O), 1.60 OH. br 

I, MeC=). 1.38-1.20 @II. m. W&H,CHC~), 1.12 md 1.11 (1.5H eaclt. 
M&O), 1.07 ad 1.04 (1.5H each. MeCHCa). CMR (68 MHz). 213.7 (8. 
GO), 143.2 (s*. A8 0.04, CH,C=), 135.6 (s. Me&=), 123.5 (d*, A6 0.02. 
=CH~OH), 116.1 (d, Me$=H), 80.0 (I, Ca), 76.5 (d*. A8 0.2. CHOH), 
69.3 (t.. A8 0.01. CH,O). 58.7 (t. CH,OH), 45.9 Q*. A80.01. CHC=O), 41.0 
(t*. A8 0.14. CH,C=O). 38.3 (t*, A8 0.12. ClX+IHC=O). 33.6 (t, Cl$C-O). 
31.7 Q. CH+XOH), 25.9 (q. M&O). 23.6 (t*. A8 0.07, CH+Y=), 21.1 (t*. 
A8 0.05. CH+IH,C-O). 18.6 (q. bfsC-0). 18.2 (q*. A8 0.04. Me=). 16.8 (q. 
MeCHC-0). mh 338 f&l+. 1%). 320 (MA-H,O. 8). 267 (11). 251 &fX+fs-HzO, 
26). 211 @l&fferty teanngettt~~t, 74). 171 (M-rick dtaii. 14). 141 (80). 
113 (100). 81 (35). 68 (31). 
Conversion of the oxepane (20B) into demethyl-ORF- 
13811 (10) 

(lRS.4sR.sRS)-4-(5-HarmyI)-4-~~hyI-3,8-di~~cyclo[32.l]oc~e-l- 
etktllal (16). 

To oxcpme (2OB) (2.00 g. 7.9 mmol) in dicblmumethmte (200 ml) was 
added MnO, (27 g) at - tanpentwe. After 5 min the IUnO, was rattcwed 
by filtration thtmttgb a pad of silica and wasbed with ahn (1 1). The 
canbii filtrate was conca~trated & chmmatognphed cm silica (ether : light 
petmlenm, 1:l) to afford the title oldchydr (34) (1.42 g. 72%) as a mlourless 
oil (Foundz M+ 252.175, C,,HHOs rqttires M+ 252.173). IR: 1730. 1640~. 
lU70 cm-t. PMR: 9.81 (1H. t, J 2.5 Hz), 5.79 (1H. ddt. J 17, 10, 7 Hz). 
4.99 (iH, d. J 17 Hz), 4.93 (1H. 4 J 10 Hz). 3.86 (1H. d. J 7 Hz). 3.73 (lH, 
d, J 11 Hz). 3.34 (1H. dd, J 11. 1 Kz), 262 WI, m). 2.03-2.20 (4H, m). 
1.85 (III. m), 1.67 (1H. m). 1.2-1.45 (6H. m). 1.33 (3H. 8). CMRz 199.7 
(d). 138.6 (d). 114.5 (t). 81.1 (d). 79.3 (I). 75.2 (a), 69.7 (1). 48.3 (t). 38.6 
(1). 33.5 (1). 31.9 (1). 29.5 (1). 25.0 (0, 22.5 (0, 18.2 (4). m/z 252 (M+. 
0.1%). 234 (0.2). 209 (0.4). 197 (0.7). 169 (10). 141 (12). 127 (29), 113 

(10). 109 (22). 83 (33). 81 (34), 69 (58). 55 (34). 43 (100). 41 (42). 
(lRS.4sR~RS)-4-(5-HumyI)-4~thyl-3,8dio~bi~clo[32.I~octorrc-l- 

rihanoic Acid (35). 
To aldchyde (34) (1.02 8.4.04 mmol) in DMF (20 ml) was added pyri- 

dinium dicltmmate (4.2 g. 12 mmol) .t - tanpemtun. After stirring for 
20 h the ruaioa mix- was poured into water (50 ml) and the prcdwts 
extracted into aher (4 x 100 ml). ‘lltc combined cxgmic phases were washed 
with brine (30 ml). dried (MgSO,). solvent removed. and the t&due chromat- 
ographea (0.25% acetic acid in &et as elutant) to afford the title acid (35) 
(1.05 g. 97%) u white crystals m.p. 34-37oC (from light peuduun) (Found: 
C. 67.1; H, 9.1%; M* 268.165. C,sH,O, mquires C. 67.1; H. 9.0%. M+ 
268.167). IR: 3lMlb1, 1740. 1715. 164ow cm-t. PMR: 10.6 (1H. br s. 
COH), 5.78 (1H. ddt, J 10, 17, 7 Hz). 4.99 (1H. d, J 17 Hz). 4.94 (1H. d, J 
7 Hz). 3.89 (1H. d, J 7 Hz), 3.79 (1H. d. J 11 Hz). 3.49 (1H. d. J 11 Hz), 
2.64 (2H. ABg J 15 Hz), 205-22 (4H, m). 1.80 (2H. m). 1.2-1.45 (6H. m). 
1.33 (3l-I. I). CMRz 174.2 (a). 138.7 (d). 114.5 (t). 81.4 (d), 79.3 (s). 75.6 
(8). 69.5 (0. 40.2 (1). 38.5 (1). 33.5 (1). 31.5 (1). 29.5 (t), 25.0 (1). 22.6 (t), 
18.3 (4). m/z 269 (1.3%). 268 (I#. 2.7). 213 (3.2). 208 (1.7). 185 (16). 

143 (20). 129 (9). 127 (12). 109 (12). 97 (11). % (14). 68 (26). 55 (30). 
43 (100). 41 (52). 

(lRS.4SR.5RS)-4-(5.~EpEpoxylruyl)-4-nurhyf-3,8-dio~bi~cIo 
[32.l]octonr-l-ethanoic Acid (36) 

Alkene (35) (0.34 g. 1.3 mmd) ~8s diisolved in diddommetltane (8 
ml) and mcpba (0.4 g. 80% pure) added. After 4 h at mom tempenture the 
v&tiles were removed and the rcridue chmmatognphed on silica (0.5% 
AcOH in aher : light parolcnm 1:l) to afford the title epoxide @S) (0.36 g, 
99%) u . viscous oil. IR:. 315Obr. 1730, 1200. 1055, 825 cm-t. PMR: 10.2 
(1H. br ‘, CO& 3.89 (1H. d. J 7 Hz), 3.79 (lH, d. J 11 Hz), 3.49 (1H. d. J 
11 Hz), 2.77 (1H. m). 2.93 (1H. m). 2.63 (2H. ABq, J 15 Hz). 2.49 (1H. dd, 
J 3, 5 HZ). 2.1 (2H. m). 1.8 (ZH, m). 1.25-1.6 (8H. m). 1.33 (3l-I. s). CMR: 
173.5 (0. 81.4 (d). 79.3 (I). 75.3 (s). 69.5 (0. 523 (d). 46.9 (t’), 40.1 (t), 
40.1 (t). 38.5 (1). 321 (t*). 31.4 (1). 26.5 (t*). 24.9 (1). 22.8 (t*). 18.2 (q). 

(lRs.4sRJRs)4-(8-McIhyl-5-h~~-7~no~n~J-4-~thyf-3.8. 
dioIobicyc10[32.l]occonr-l-~llm~ic Acid (10) (DcmethjI-ORFl3811). 

A solution of l-bmmomqnesio-2-metbyLl-we was prepared fnnn 
the bromide md CXCU~ magnesium in THF. The magnesium brmdde WI 
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dl4wedtoctyrtdlisecatuO=Cutdtbe atpemucnr sdntiml transfetnd to 

utotber flak. The concuttNtiotl of me Gti8Mnd tugeat was estimated by 

toulhletitnriclldm~qtlaARer~gu,=IODC~~wingmme 

nulpluimnbmmidetoayrulliceootllml(lO~d)dthirrolodmwu 

~u,copperQ)iodide@.5g)in~(2oml)u-7ooc.~mixtorewu 

allowed to watm to -40-C before the e~oxide (36) (0.73 g. 2.6 mmol) in THP 

(lOml)wu~doruU)min.Aftsrs~fa~~lbuthirtsmper- 

atumthereaaionwuqum&dbypauinlitttoNH,~(1OOml)utdtbc 

Prcdltcasextnaedintoetbcr(5x 1OOml).Titeresidueftcmtbedtkd 

&fgSO~ tdmicm wu subjecacd to cuefnl dnmatognpby (1% acetic acid in 

1 : 1 ctber : light petdeum to dher) to afford the fitts compound (10) (0.63 

g. 72%) u white ctystals. Reuyadlimtiot~ fmm e&or-light @roleum gave 

a single diastexeoi,tmter m.P. 87-89OC. conancntim of the matlet gave 

white crystals m.P. 44-63oC tbown to be >90% tbc uber diastuwiramer l 

C-5’ by “C n.m.r. (l’amdz C, 67.0; H. 9.459; M+ 340.227. C,,H,OS 

requilesz c, 67.0; H. 9.45% M+ 340.225). IR: 34OObr. 1735. 1090, 1060, 

825 cm-‘. PMR: 6.6 (2H. br 1. CG$i + OH). 5.15 (lH, 5 J 7 Hz). 3.88 (1H. 

d, J 7 Hz). 3.78 (1H. d, J 11 Hz). 3.60 (IH. ~auet, J 6 Hz). 3.50 (lH, d, J 

11 Hz), 2.62 (X-I. ABq. J 15 Hz). 2.15 (4H. to), 1.7-1.9 (2H. m). 1.73 (3H, 

I). 1.63 (3H. I). 1.2-1.5 (8H. m). 1.32 (3H. I). CMk 173.3 (I). 134.8 (I). 

120.1 (d). 81.5 (d). 79.4 (a). 75.5 (I). 71.9 (d). 69.6 (t). 40.2 (0. 38.7 (t). 

36.5 (0, 36.2 (I*). 31.5 (t). 26.4 (t*,. 25.8 (q), 25.0 (0, 23.2 (t), 18.3 ((I). 

17.9 (q). m/z 341 (M+tl. 0.1%). 340 (0.02). 322 (2.6). 271 (43). 253 (10). 

185 (8). 163 (8). 143 (11). 129 (23). 111 (43), 97 (20). 95 (28). 83 (25). 

81 (30). 70 (65). 69 (SO), 55 (5Q 43 (100). 41 (58). 

(IRS. 4SR. 5Rs)-4-(8-M~rhyi-5~o-7-~~~yl)-4-~~hyl-3,8- 

diorcrbicyclo(33.l]ocroru-l-athruoic Acid (37). 

To alcoltol (10) (88 mg. 0.26 mmd) in DMF (4 ml) and dichlorane- 

fhane (4 ml) wan added ~yridinium didwmate (0.45 9) in ooe portion at OOC. 

A&t stirring at tbir tempenture for lh the nxctim mixture w.s poured into 

w.ter (30 ml) and the ~mdwt extracted into ether (3 x 40 ml). The combined 

organic extraas WCIC warbed with brine (2 x 10 ml). solvent mnovcd md 

tbe ruidue cbtcm~togmPbed m siliu (ether : light pebulam : acetic acid :: 

25 : 75 : 1) to afford the tills k&our (82 mg, 94%) u a cdoudess oil 

(Found: M+ 338.2078. Ct9HwOs requitw M+ 338.2093). IR: 31OObr. 1740. 

1720. 1380. 1210, 1100. 1060. 834 740 cm-t. PMR: 9.2 (1H. br s. C&H). 

5.25 (1H. t, J 7 Hz). 3.05 (lH, d, J 11 Hz), 2.58 (2H, ABq, J 12 Hz), 239 

QH. t. J 7 Hz). 2.09 (2H. m). 1.7-1.8 (2H. m). 1.71 QH. s). 1.59 (3H. I). 

1.52 (2H. m), 1.28 QH. s). 1.15 - 1.40 (4H. m). CMR: 209.49 (r), 173.86 

(r). 136.0 (a), 1 l&U7 (d). 81.48 (d). 79.33 (I). 75.33 (s). 69.54 (1). 4273 

(1). 41.93 (0. 40.13 (t). 38.46 (t). 31.49 (t), 25.68 (q). 25.02 (I). 24.40 (t), 

2277 (t). 18.23 (q). 18.02 (9). m/z: 338 (M+, 20%). 269 (46). 251 (15). 

226 (7). 205 (9), 161 (7). 157 (lo), 143 (13). 139 (25). 127 (33). 111 (27). 

109 04). 97 (29). 91 (25). 81 (100). 69 (57). 43 (84). 

This was analyred as the corrclpmdittg amide, white cryat& m.p. 68- 

69Dc (from ether) (Fwttd: C, 67.6; H. 9.4; N, 4.1% M+ 337.2224. 

C,,H,,NO, mquirw C. 67.6; H. 9.3; N. 4.1% M+ 337.2253). IR: 3510. 

3380. 2960, 1715. 1680. 1593, 1370, 1050. 911 cm-t. PMR: 6.61 (1H. br 

t. NH), 5.34 (1H. br s. NH), 5.29 (lH, t, J 7 Hz). 3.89 (1H. d. J 7 Hz). 3.78 

(lH, d. J 11 Hz). 3.28 (1H. d. J 11 Hz). 3.10 (2H. d. J 7 Hz). 257 L 2.42 

(2H. ABq. J 15 Hz), 2.44 @H. t, J 7 Hz). 2.18 (1H. ddd. J 11. 10. 4 Hz), 

203 (1H. ddd. J 12, 10, 5 Hz), 1.7 (1H. m), 1.76 (3H. r). 1.86 (1H. m). 

1.63 (3H. I). 1.57 (2H. m). 1.31 OH. I). 1.2-1.5 (4H, ID). m/z: 337 (M+. 

10%). 320 (12). 268 02). 250 (5). 205 (7). 197 (13). 156 (8). 142 (35). 

113 (50). 97 (29), 81 (64). 69 (57). 55 (47). 43 (100). 
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