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Abstract The first total synthesis of the ditrrpene clerodsn. insect rntifredsnt rjugarin I (11 has 
boon achieved. The key step of the syntherir discloses the use of the 1.3-dithiolane unit to 
stereochemically direct the conjugate addition of a but-3-enyl cuprate to set in place thr C-10 spS 
carbon centr.. The J&KnK-fused ring geometry was obtained by conjugate additon of a vinyl cuprrte 
to an enon. and regio and ster.oselectiv.ly trapping the resulting enolrte with formaldehyde. 
Introduction of the necessary butenolide aide chain was achieved by conjugate addition of a aulphone 
stabilised anion to ethyl-4-(t-butyldimethylsilyloxylbut-2-ynoste followed by work-up with fluoride. 
Final hydroxyl directed epoxidation was not specific giving both the natural product ajugarin I and 
its 4-epi isomer. Chemical modification of the insect antifeedant clerodin hemiacetal afforded a 
series of side chain modified structures for biological evaluation. 

Over 400 clerodan. diterpene natural products are now known’ SOllU of which have useful 

biological properties. The &&gg remob (Labiatao) plant, which is not attacked by predatory insects 

:timulst.d interest aa a potential source of novel doterrent chemicals. Isolation studies led to 

the chrracterisation of five clerodane polyoxygenated diterpenes’ of which ajugarin I (1) was the 

major component. Biological evaluation of (1) showed it to be a strong l ntifeedant against a 

variety of insect species. 

Sovoral synthetic approaches to clerodan. related compounds have now been reported3 together 

with a limitrd humbrr of total ryntheres of the natural products. 
4 

Our intrrest in understanding the functional group requirement for biological activity led us 

to develop general synthetic strategies to this clars of compounds. 
5 

Here we show how these methodr 

can now be applird to a more challenging total synthesil of the antifeedant ajugatin I (11. 

The key elementa of the synthesis rrquit. a sterooselective annelation of an appropriately 

substituted cyclohexenon. derivative to afford a decalin enone followed by conjugate addition 

and regio- and st.reos.l.ctiv. hydroxymethylation (Scheme 0. Further chemical manipulation of the 

functional groups would then lead to the requited product. 
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Scheme 1. 

Despite this apparently Simple plrn considerable tactical effort was required to achieve these 

gos1s. 

Prrparation of the stlrting enon. (2) was achieved by Diels-Alder reaction between l-methowy- 

3-trimethylsilyloxybutadiene (Danishefsky’s diene) 
6 

and (El-2-methylbut-2-enal at 140’. This 

reaction. upon aqueous hydrochloric acid work-up. gave (2) together with the methyl ethers (31 which 

were separately converted to (21 by further acid treatment with p-toluenesulphonic acid under reflux 

in benzene. The combined yield of (21 by this process was 462 owing to additional by-products also 

being formed. These rid. products 0) and (5) were characterised as resulting from Diels-Alder 

reaction between the diene and the carbonyl group of the initial sldehyde and of a similar reaction 

of the diene with I-methoxy-3-buten-2-one (i.e. the hydrolysis product of the dieno). 

The next phase of the synthesis required the stereoselective conjugate addition of a cuprrte 

(21 (3) (4) (5) 
species to the enon. (21, or a derivative, such that the cuprrte added from the Sam. side as the 

methyl substituents. However, with dimethylcopper lithium, for exsmple, addition occurred exclusively 

from the top face to give (6). C-4 Sroups other than formyl showed similar reactivity. To overcome 

this problem we reasoned that a 1,3-dithioltne group in place of the l ldehyd. might well bind 

strongly to the cuprrte such that an unusually hindered top face of the molecule would force the 

second equivalent of cuprrte to attack from the required bottom face. The monodithiolane (71 was 

prepared in two steps from 121 a the dithiolrne IO by selective hydrolysis using mercury (III 

scetate and cadmium carbonate 
7 

or more reliably thallium (XIII nitrate 6 in good overall yield. 

Pleasingly when 17) was treated with 2.2 equivalents of dimethylcopper lithium the only product of 

the reaction was the required compound 191 (6011. Yith this stereochemical addition problem solved 

we next studied the conjugate addition of a but-3-enyl side chain. This re8ction too proceeded with 

excellent stereochemical control to give I101 in 921 yield. Addition of oxygen containing side- 

chains in this cuprrte reaction gave poor stereocontrol. 



Total synthesis of the insect antifaxlant ajupin 1 6521 

Hydrobontion of (101 using borene-dimethyl sulphide followed by basic hydrogen peroxide 

gsve the diol (11) (96.2). Attempts to oxidisr Ill) to the necesssry keto-sldehyde (12) using s 

variety of chromium bssed reagents were unsuccessful. After much experimrntstion it wss found that 

the pyridine/SO,, activated DtlSO method’ clesnly gsve 112) in Tl2 yield. Owing to vsrying quality of 

this reagent we preferred to use triphenylbismuth carbonate 
10 

ss s more reliable method. in spite of 

the slightly lower yield (5121. Aldol condensation of 112) with p-toluene sulphonic acid in boiling 

benzene afforded the key enone (131 in 802 yield. 

& &z/ 

(111 (12) 

The next stage of the synthesis required the conjugate addition of s group to (131 which could 

be later unmssked ss s methylene substituent at C-4. Simultaneous quenching of sny conjugste 

addition process by formaldehyde should also introduce the primsry methylene hydroxyl group et C-S. 

Severs1 synthetic equivalents to the exo-methylene substituent were investigated without success. 

Therefore we decided to use the vinyl group es s masked equivalent since this, by ozonolytic 

cleavage. reductive work-up and elimination should give a methylene group. In l ddition, by using s 

vinyl substituent, we would gsin synthetic flexibility owing to the robust nature of a carbon-carbon 

double bond. 

The synthesis of sjugarin I therefore proceeded by conjugrte l ddition of divinylcopper lithium 

to 113) followed by regio- snd stereoselective slkylstion of the intermediate l nolste with s THF 

solution of monomeric formaldehyde to produce 1141. Some difficulty wee experienced in 
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stereoselectlvely reducing the csrbonyl group in I10 owing to the directing ability of the rrlal 

primary hydroxyl substituent. For this reason the free hydroxyl group was silylated using t- 

butyldimethylsilyl chloride and subsequently treated with LiAlH4 to give the diol (151. The best 

results (442) were obtained by conversion of the enone (13) throu(jh to (151 without puriC1catjon of 

the intermediate sjlyl derivative. The hydroxyl groups in 115) were convenlontly protected as the 

acetnnide 116) 19511 using acetone and anhydrous copper (111 sulphato. Orprotection of the h1nrlerud 

dithiolane 116) to give ((71 was achieved using buffered thallium (111) IrifluoroacetPte” In BGI 

yield. This procedure was noticeably superior to all other methods investigated. 

At this point we addressed the problem of the intraductinn of the side chain. Firstly it was 

necessary to homologste the hindered aldf?hyde group in (17) In such a way 3s to bu cumpatiblr w1 th 

the olher p1dnnc.d synthetic steps. These included ozonolytic cleavage and elaboration llf the vinyl 

substltuent to methylene. and ultimately cponide funrtinnaljties. and t.he timing for the 

lntl,oduction of the butenolide moiety. In preparation for the studies we Lhose to lnvestlgatc s11r11e 

new chemistry which we hoped would find wider application for the introduction of this sansitivr 

moiety. Therefore in model. reactions 17) was reduced to (18) using sodium borohydride. protected 

as the t butylclimethylsilyl derivative (18) and the dithiolane was removed to give the aldehyde 

120). This compound reacted smoothly with the anion from pher~yltrimethylsilylmethyl~~ll~~ho~~a by a 

Pett’rhun rllef,nation sequence to give the vinyl sulphone (21) lg2Z).12 We have also applied this 

method tcl several other hindered carbonyl groups with equal success. Con-~uyate reduction of 121) 

was now pnsslble ushng lithium triothylborohydride to givr tht! saturated sulphone (22) (9721. 
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(18) R= Si%uMe2 

(24) R=S02Ph 

(25) R=H 
&SitBu Me2 

‘BuMe2Si 

= -COOEt 

(22) 

Introduction of the butenolide was achieved by deprotonrting the sulphone (221 usrng n-butyllithium 

in THFIHMPA. followed by conjugate addition to the rcetylenic ester (231. Without isolation of any 

intermediate, the mixture was then simply treated with tetra-n-butylammonium fluoride to give the 

butenollde (20 in a moderate 651 yield. Reductive removal of the phenylsulphone in the normal way 

with sodium amalgam gave (251 18521. 

Having demonstrated the successful preparation of the ethyl butenolide side chain in the model 

sy!.trm we were now confident that a similar approach could be applied to the synthesis of ajugarin I 

Reaction of the aldahyde 117) with the anion from phenyltrimathylsilylmethylsulphone methane gave an 

addition product from which the (El-vinyl sulphonQ (26) was obtained by elimination (9fiZl. 
t 

Similar 

conjugate rrductlon using lithium triethylborohydlido gave thr !.aturated compound (771 (9611. The 

next stage of the synthesis required ozonolytic cleavage of the appending vinyl substltuent. 

Treatment nf I271 with 0 3 followed by sodium borohydride work-up gave the hydroxysulphone (261 

I” essentially quantitative yield. Th1.s compound was transformed to the ewomethylene derivative 

1191 u the phenylselenide (301 and m-eliminrtion of the corresponding selenoxide in 631 overall 

yield. The selenide (30) was prepared from (281 by reaction with N-phenylselenophthalimide (NPSPI 

and tri-n-butylphosphine. 
13 

Oeprotonation of (29) with n-butyllithium and coupling with the 

butenolide synthon (23) gave the compound (31)in 461 yield after fluoride treatment. Reductive 

removal of the phenylsulphonyl group and deprotection nf the rcetonide with aqueous trifluoroacetic 

acid gave the diol (321 (7521. 

The planned hydroxyl djrected epoxidation of (32) using VO(acaclp and t-butylhydroperoxide 
14 

failed to afford useful products owing to the sensitivity of the butenolide ring under these 

conditions. After several attempts using peracids to effect the epoxidation of (32) we found that 

buffered Ig-chloropcrbenzoic acid in CH2C12 at room temperature, followed by acetylation of the diol 

gave the natural product rjugarin I (1) 1n 201 yield. The major product in the reaction however was 

4-epiajugerin I (3313' which was obtained in 621: yield. 
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The synthesis of ajugarin I reported 

interesting insect antifeedant compound. 

In connection with a wider programne 

antifeedant activity we were also interested 

S. JoNm et aI. 

above constitutes the first total synthesis of this 

designed to study the functional groups necessary for 

in other structures related to the ajugarin I molecule. 

AS a quantity of the natural product clerodin hemiacetal (341” was avaIlable we have also carried 

out several chemical modifications of the side chain. In these studies the epoxy diacetate 

arrangement in the decalin ring system was not varied since we already knew that changing these 

groups resulted in a dramatic reduction in biological activity. 

Oxidation of (30 using barium mangenate” gave the lactone (351 (6021 while treatment with 

excess sodium borohydride produced the very polar trio1 1361 (6321. This trio1 with the Fetlzon 

reagent ” underwent oxrdation to the hydroxy lactone (37) 16711. However with different batches of 

the oxidant some variation was noticed and in one experiment a 3:l ratio of 1371 to the alternative 

hydroxylactone 1361 was obtained. Dehydration of (37) with phosphorus onychloride in pyridine gave 

I391 (931) which is interesting as this compound is an isomer of ajugarin I. Ozonolysis of (391 

afforded the novel aldehyde (40) (351) and on reductive work-up with borohydrlde gave the alcohol 

141) (3111. 

These degradation studies thus provided a series of novel structures suitable for biological 

evaluation. 
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Heltlng pojnt:. were determined for solId products using a Kofler hot-stage apparatus and are 

uncorrected. products without meltlng points were colourless oils. Infra-red spectra were recorded 

on a Prrkin 

Instruments 

Elmer 298 a Perkin Elmer 9836 grating infra-red spectrophotometer or a, tlatteson 

Sirius lfl0 FT.IR spectrophotometer using a thlll film or solution in CHCl . Ii n.m.r. 

spectra were obtainled for solutions in LDCl 

Varlan EH 360A. Perkin Elmer R32, Varian X I 

lHe,Si as internal standard) and were r:curd*d on a 

100. Brukrr Wll 400 or Rruker UM 250 machine. ndss 

spectra were determined with a VG mAcromass 7070 6 Instrument. Microanalyses were performed I" the 

Imperial College Chemistry Departmellt microanalytical laboratury. Analytical thin layer 

chromatography (TLC1 was performed on Merck precoated silica gel F plates. 

60.(230-40~54meshl. 

Preparative 

chrumatography was carried out on columns of Merck Kieselyel Solvents were 

purlfled by standard tcchnlques. Solutions wrr dried over anhydrous sodium sulphate and evaporated 

with a rotary evaporator, followed by static evaporation with an 011 pump. 

Preparation of 4~-Formyl-4a.5a-dimethylcyclohex-2-rnonr (21 

Into a carefully base-washed and dried 12 02 glass bomb, waz placed 4-methory 2 

trlmcthylsilyloxy~l,.? hlrtadiene (229, n.l23moll. tiylaldrhyde 113~. 0.154molJ and hydroquinone (5 

my). The bomb was sealed, evacuated and placed jn a hllt Wood's metal bJth (14O'Cl for 14 16h. 

During the course of the reaction, the initial pale yellow colour of the mixture changed to a golden 
brown. After cooling, the crude adducts of three such runs were combined. dissolved in THF (450 ml) 

and hydrolysed by the addition 2N Htl I1 mll. After 30 mln the reaction mixture was carefully 

neutralised (aqueous sodium bicarbonate) and the product extracted into petroleum ether (3 x 400 

ml). The combined organic layers were dried. flltered and the solvent removed b y~(yp to give the 

crude enone-aldehyde. Excess tiylaldehyde and 4-methoxy-3-buten.2..one werv removed & m tn.5 

mmH9. 12 hl and the residue distilled under high vacuum through a 5 cm Viyreauw column to give, 

firstly. 4~-formyl-4a,5a-dimethylcyclohex-2-rnone (2) (20.94y. 3521. b.p. 60-62"/2.2 x 1O'.3 mmHg: 90 

MHz ccnrl I; 6 9.55 (s. 1HI. 6.72 (d, J 10H.z. (HI. 6.06 (d, J lOHz, lHl,, 2.77-2.03 lm. 3H), 1.25 (s, 

3Hl. and ?.08 Id. J 8H.z. 3Hl: v (film1 2720, 

(Calculated for C H 0 152.06~?~. Next. 

1735, and 1695 cm 1; m/p 152.0838 lM*l. 137. and 123 

a mixture of what was predominantly the two methyl ethers 

(3) (in a 1:l rat!olf 2distrlled over (14.34 g) 119.51). b.p. 70-72oC15 x 10-3 rmnHg. A small amount 

was separated chromatographically (silica gel, 50:50 ether/pet. ether), to give (iI 4@-formyl-3a- 

methoxy-4a,5a- dimethylcyclohexanonr; b (COCl I 9.32 Is. 1Hl. 

(s. 3Hl. 2.90-2.00 (m. SHI. 1.15(~. 3Hl. and 0365 (d. J 6 HZ. 

3.62 (dd, J 12. and 5 Hz. lH), 3.20 

1Hl; v (film1 2830, 2710, 1720. and 

1095 cm-l; p~/p 164.1100 Ill+1 166. 156. and 124 (Calculated for C H "8": 184.101)91; and Iii1 the C-3 

rpimer - namely 4e- formyl-3~-methoxy-4a.5a-dimethylcyclohexanon~~ d6(?DCl I 9.51 (s. ltil. 3.65 ldd. 

J 4. and 4 Hz. lH1, 3.20 Is. 3Hl. 2.80-2.00 lm. 5H1, 1.01 (6, 3H), and a. 

(film1 2930. 2710. 1720 and 1095. 

99 (d, J 6 Hz. 3H), vmax 

Conversion of the l pimoric methyl l thrrs (3) into 48-Fornyl-4a.Sa-dimothylcyclohex-Z-•nono.(2) 

The mixture of ethers and (7.6 g. 41.3 mm011 obtained above was dissolved in benzene (400 ml), 
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togothor with pTSA (1 g) and wes heetod to reflux for b5 min. After cooling, the rerction mixture 
wes diluted with ether (500 ml) rnd washed sequentially with aqueous sodium bicsrbonete (2 Y 50 
ml), squeous l aonium chloride (50 ml) end brine (100 ml). The combined squeous layers wer* 
extrected into ethyl ecetrte I100 ml1 and the combined orgenic layers were dried end filtered. 
9emovr1 of the solvent in ~LOLP geve the crude enone-rldehyde which wes distilled. IS above. or 
subjected to column chromatography Tsilice gel, 5o:so. ether/petroleum ether). to giue (i) 5.6- 
dihydro-4H.StE-2’-but-2’- ene)-pyran-(-one 0) (0.56 g, 921: b 100 IiHz TCOCl ) 7.26 (d. J (I Hr. lH1. 
5.56 tn. 1HI. 5.23 (dd, 3 5. rnd 1.5 HZ, ltl). 4.67 (dd. J 12. snd 4 Hz. lHI3 2.75 (dd. J 14. and 12 
Hr. 1Hl. 2.30 tddd, J 14. 4. snd 1.5 Hz, llll. end 1.72 Ire, 6H); v (film) 3065. 1660. 1593, 1405, 
end 1276 cm-l: ml9 152.0646 (WI, 137. 124, end 97 (Celculeted for”~9H1202: 152.08371,: 8nd (ii) 48- 
formyl-ta,5a-dimethylcyclohex-2-enone (2) 17.6 g. 662) ss before. 

PrOPeretiOn of 4g-Formyl-3g.4a,5a-trimethylcyclohoxanone (6) using lithiodiaethyl cuprrte 16) 

An oven dried, j-necked, 50 ml round-bottomed flssk wes fitted with e dry three-wry tap under 
(dry) srgon. The apparatus was cherged with cuprous bromide-dimethyl sulphide c~aplax I220 reg. 1.07 
mm01 I and 811 joints were reeled with Psrrfilm end the spparetus wes evacuated end refilled from 
the belloon four times. The spperstus wes then placed in an ice-wster b8th at O°C end dry ether (4 
ml) was added by syringe. lh Methyl lithium (2.05 ml, 2.05 mol) wes added dropwise. by syringe, to 
the stirred slurry over 5 min. The reaction mixture iaudietely went bright ye&low end then. rfter 
the addition qf all the rlkyl lithium. colourless. Stirring for 5 min completed the formetion of 

th8 CUprate giving l totally clerr (occssionrlly ten colouredl solution. After slow cooling to - 
45 I the enone*eldehyde I21 (0.152 g, 1.0 -1) in dry ether (5 ml) wes added dropwise over 10 min. 
lerding toothe isvnediete formation of s bright yellow precipitate. After stirring for s further 10 
min st -&5 C. the reection wes quenched by the rddition of dry methenol (0.5 ml) and the mixture wes 
sllowed to werm to R.T. After pouring,into ssturated aqueous emnonium chloride (30 mll and ether 
(50 ml1 vigorous sheking geve P pele yellow orgrnic leyar. over e blue l queous one. IOccasionally. 
the copper selts did not breek-down completely - this wss evoided by blowing eir through the 
extraction mixture). Seplrstion. followed by extraction of the squeous layer into ether (2 x 50 
ml), combination of the orgenic layers. drying, filtration snd removal of the solvent b,urolp geve 
the crude product es I yellow oil. Chrometogrsphy (silice gel) 50:50 ether/pet. ether1 geve bg- 
formyl-3g,4a.Sa-trimethylcyclohexenone (6) (0.10 g. 6011, 6 100 MHz (Cot1 1 9.52 Is. lh), 2.70-1.65 
fm, 6H7. 1.22 (I, 3H7; 1.02 (d. J 3.5 Hz, 3H7, and 0.93 (d. J 3.5 Hz. 3H7: v (film) 2960. 2932. 
2680, 2690, and 1720 cm-l; g/9 166.1149. 140, 124. and 109 (Calculated for Cloyi02: 168.1150. 

Prepsrrtion of O~-~2’-1’.3’-Oithiolan~-6a.9a-diwthyl-l,4-dithiespiroI4.51dec-6-one (0. 

A solution of the enone-eldehyde (0.15 g. 1 mmol) (21, redistilled l thene-1,2-dithiol IO.3 ml) 
end pTSA I10 mg) in benzone (30 ml) we‘ refluxed through I Dean-Sterk epperetur until no more wete$ 
wss collected. After cooling, the solution WIS filtered through I ped of MFC silice gel, rnd the 
solvent wss removed b ypo~p to give sn oil which, upon crystsllisetion (ether/pet. ether), geve 6g- 
(2’-1.3’-dithiolanl-Ea,Sa-dimethyl 1.4-dithiespiroC4.5ldec-Gene (61 (0.20 g. 662). m.p. 65.5-66oC; 
~H;CpCl~~15~~“g~d, J 10 Hz. lH), 5.65 Id. J 10 Hz. lH7, 4.67 (s, 1H). 3.30 (br, s. LH.1, 3.15 IS, 

tm. 3H), 1.00 (8. 3Hl. and 0.95 Id. J 6 Hz, 3H); v (KBr) 3020, 1425. 1275. 825. 
776, and 608 cm-l; D/B 304 (tl+), 199. 139, and 105 (Found: C, 51.@; H, 6.76; S, 41.62. 
requires C, 51.27; H. 6.76: S. b2.111). The mother liquor wes concentrated in ~LOLP end the W&t 
wes chromstogrsphed (slice gel. 4:96 ether/pet. ether) to give I further sample of the bis-dithiolen 
(0) (72 mg, 232) OS above. 

Preperrtion of ~~~2’-1’.3’-Dithiolen~-~a,~-di~thylcyclolux-2-enooe. (71 

(81 Fr~O~-~2’-l’,3’-dithiolan~-ta.9a-dirthyl-l.4-dithierprio~4.Sldoc-6-me 161. 

A stirred solution of bis-dithiolen (8) (5.00 g, 16.4 rmnol) in methanol I250 ml) and 
tetrehydrofren (100 ml) et 0’ wss treated in portions, with thellium III11 nitrate trihydrrte (17.46 
9). 39.4 mmoll. A white suspension wet seen to form imdirtely. After 5 ain the suspension wes 
filtered under reduced pressure through e psd of Merck Kieselgel 60H and then solvent removed under 
reduced pressure to leeve s pale brawn oil. This wss imdirtely redissolved in e minimum volume of 
701 vlv dichloromethenel40-60 petroleum ether and aluted through silic8 with further 701 vlv 
dichlorome:henelbO-60 petroleum ether to give the desired 4@-12,-l’ ,3’-dithioleni-4g,Sa- 
dimethylcyclohex-2-enone 17) (2.50 g, 672). m.p. 63-64’C (ether/pet. ether); 5 250 MHz, (COC131 7.13 
td. J 10 Hz, lH1. 6.02(d, J 10 HZ. lnl, 4.91 Is. 1H). 3.30-3.29 (m. 4H). 2.45-2.fO lm. 3HI. 1.16 (L, 
3Hl and 1.02 (d, J 5 Hz, 3); v ICHCl 1 3014 and 1676 cm ; m/a 228.0661 [I4 1 213. 123, and 105 

57.65; H. 7.06; 5. Pi.O$Z,. 
(Celculeted for CllH 6S 0: 226,O~t~). (Faund: C, 57.60; 7.16; 5. 27.77. C11H16S20 requires C. 

(bt By I one-stop procedure from 3g-formyl-4a,Sa-diwthylcyclohex-2-enone (2) 

A solution of the enone-sldehyde (3.06 8. 20 Iruloll. redirtilled ethene-1.2-dithiol (5 ml, 56 
-11 end pTSA (100 mg) in benzene I250 ml) WPS refluxed through e Oeen-Stark rpperetus. under 
nitrogen, for 12 h. After cooling. the solution wss diluted with ether (200 ml) and weshed with 
saturated equeous sodium bicerbonste (2 x 50 ml). followed by brine (50 ml). The orgenic phero wes 
then vigorously stirred with I mixture of mercury (II) acetate (18 0. !jb mmoll. end crdmium 
cerbonete (3 g8 26 ml), added in portiona, end wster (50 ml). After 14 h.. sodium chloride (25 0) 
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was added and the orgrnic pnare separated. The aqueous phase YJJ re-extracted into ether/benzene 
(l:l, 3 x 200 ml) and the coasbined organic layers were dried and filtered through celit0. Removal 
of the solvent h ~LOLO, followed by chromatography (silica gel. 50:50 ether/pet. ether1 gave (i) 
6~-(2’-1’.3’-dithiolJn)-&,6a-di~thyl-1,4-dithi8[4,Jldec-6-ene (0.4 g, 6.62) (0, 88 above; (ii) 
the desired 46-(2’-1’.3’-dithiolJn)- 4a.Sa-direthylcyclohex-2-enone (2.6 1. 552) I identical to the 
previous ralaple (71. and (iii) 3g-formyl-4a-dimethylcyclohex-2-enone (21 (0.3 0, 1021 again 
identical to the previous sample. 

Preparation of 4g-(2 ‘-l’,3’-DithiolJn~-3a.4a.Sa-trirethyl-cyclohex~none. (91 

To a preformed solution of lithiodimethyl cuprate (4.6 mmol) at -76’C. was added a SolUtiOn of 
46-(2.-l’ .3’-dithiolan)-4a,5a-dimethylcyclohex-2-enone (7) (0.456 g, 2 nJJ01~. in dry ether (20 ml), 
dropwlse over 20 min. The stirred reaction mixture was slowly warmed to -30 C over 4 h after which 
it was poured into saturated aqueous Jaaaonium chloride (20 ml1 and worked-up in the usual manner. 
Chromatography (silica gel, 50:50 ether/pet. ether 1 of the resultant oil gave 4g-(2’-1’,3’- 
dithiolanj-3a.4a.5a-trimethylcyclohenanone 49) (0.40 g. 6221; 8 250 MHz (COC13) 5.50 (6. lH), 3.30- 
3.15 (m, (HI, 2.45-2.10 (m. 6tl). 1.10 (6, 3Hl, and 1.05 (d, J 6 Hz, 6Hl; 13C. 62.9 MHz. 210.76 (81, 
64.03 (d). 46.30 (tl. 42.39 (81, 36.19 (tl. 37.66 Tdl 17.23 (91. and 14.43 (9); v (CHCl I 1720 
cm-l: gl* 244.0951 (sl+). 139. 136. 119. 117. and 105 (Calculated for C 2’Pt:O956, ?Fou”d: 
C. 56.74: H. 6.16: S. 26.24. C12H20S20 requires: C. 56.97; H. 8.25; S.‘$!?!f~;.: 

Preparation of 3a-Out-3 ‘-enyl-4a.Sa-dimethyl-4~-~2’-dithiol8n~-cyclohexJnanone. (10) 

A solution of but-3-enylmagnesium bromide (21.9 nmol) in ether (15 ml) was added to a slurry 
of Cu6r.SHe2,12.247 g. 10.9 maol) in ether (26 ml) at -5O’C under argon. The mixture was cooled to 
-76oC and s erred for 45 min before &ggt&g addition of a solution of the enone (7) (1.113 g, 4.66 
mol) in ether (7 ml). The mrxture was stirred at -76’C for 2 h and then warmed to RT during 2 h 
after which time it was poured into saturated 14H4C1 solution (150 ml). The ether layer was 
separated and the aqueous phase extracted with CH Cl The combrned organic extract was 
dried, filtered and evaporated to give the keton t d~t~l,;rJ~“(::i’Il.275 g, 9221; 1.03 (3H, d, J 7.0 
HZ, MegI, 1.09 (3H, 6. He 1, 0.60-2.56 TlOH, ml. 3.19 - 3.27 (4H. m, H .I, 4.96 - 5.06 (2H, m. 
H ,I. 5.06 (lH, 6. h .I. Jnd’6.70 - 6.66 (144. m. H 1: v (film) : 1710 t1%~1635 cm-l; m/z 264 (II+) 
aid 176 TM+-dithiolafil: (found: C. 63.09: Ii. 6.60.3’C15HF:tiS2 requires: C. 63.33; H. 6.5021. 

Preparation of 4a,SPL-DiPethyl-4~-(2’-1’,3~-dithiol8n~-3a-O’-hydroxybutyl~cyclohexJnol. (111 

To a solution of the dithiolan ketone (10) (0.76 g. 2.66 mm011 in THF (10 ml) was added borane- 
dimethyl sulphide (0.27 ml. 2.7 ~101). The solution was stirred for 1 h and water TO.2 ml), 3N NaOH 
(2.9 ml). and 301 H 0 solution (0.6 ml) added. 
(20 ml) and ewtraceea with CH Cl (3 Y 20 ml). 

The mixture was stirred for 1 h. poured into water 
The combined organic extract was washed with water 

12 x 5 ml). dried, evaporate8 A a d passed through a short pad of silica to give the diol dithiolan 
(111 (0.76 g. 962); 6 (60 MHz): 0.96 (3H, s. flO4), 1.04 (3H. d. 3 7.0 Hz, He5), 0.90 - 2.05 (12H. 
ml. 2.69 (2H. br.6. O-0 ewch. OH). 3.15 OH. 8, H, ..‘I, 3.56 (3H. m, H, ,.I. and 5.00 TlH. s. H,.l. 
” (film): 3600, $420, 2910. and 1320 cm-l; m)r 304 (Ii*); (Found: CI'36.66; H. 9.17. 

r@Eires: C. 59.17; H, 9.271). 
C15H2sb2S2 

Preparation of 3a-6utan-4 ‘-Jl-4a,~-dinnthyl-4~-~2-‘1’.3’-dithiol8nJ-cyclohexJnone. 112) 

81 To a mixture of diol 111) (0.46 g. 1.56 aanol). DMSO (7.5 ml). CH Cl (3.0 ml). and Et N (3.6 
ml) was added a solution of py.SO complex (1.51 $7, 9.46 mmol) in DtlS% (3.5 ml) in one p rtlon. a 
After 35 min the mixture was pours a into water (50 ml1 and extracted with EtOAc (3 x 30 ml), each 
extract being washed with water (3 x 50 ml). The comb.ined EtOAc layer was dried, evaporated and 
chromatographed (10 - 601 ether - 40:60 petroll to give the keto-aldehyde (12) TO.336 g. 7111: 6 
(250 MHz): 1.03 (3H. d, J 7.0 ltz, he 1. 1.06 13H. 6, 

.), 5.36 TlH, 6. H I 
he I. 0.95 - 1.96 (5H. ml. 2.06- 2.63 (IH, m. 

H 1. 3.22 I4H. m. H . 
232a:3’2C50. 2720, 1710 and $3d5cm-1; m/z 308 TH+lf’ 

, and 9.76 (lti, t. J 2.5 HZ, H ,); Y (film) : 
(Found: C, 59.91; H. 6.13. t15k2402S~J~equires: 

C, 59.96; H. 6.051). 

Cl lriphenylbismuth carbonate (3.37 g. 6.7 avaolt was added to a stirred solution of the diol (11) 
(205 mg, 0.67 -1) in dichloromethane 125 ml) and the resultant suspension heated at reflux for 24 
h. further triphenylbismuthcarbonate (1.67 0. 3.35 rsaol) was added rfter 14 h. After cooling the 
suspension was filtered through a pad of silica and solvent removed from the filtrate under reduced 
pressure to leave a pale green oil. This was chromatographed on silica eluting with 50 - 1ooz v/v 
ether petrol to give the keto Jldehyde 4121 (71 mg, 351) which was identical in 811 respects to thJt 
obtained above. 

Preparation of 4a,Sa-Oiwthyl-W-(2-1’. 3’-dithiolJnl-6~-bicyc~o[).).0l-dec-((l0~-en-2-one. (13) 

A solution of ketoaldehyde (121 (1.0 0, 3.3 mmol) in benzene (40 ml1 containing a little CSA 
WJS heated to reflux under Dean-Stark conditions for 1 h. The solution was cooled, washed with 
satursted NaltC03 solution (10 ml). dried and evaporated. The residue was chromatographed (10 - 
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502 ether - 40:66 POtrOll to give the enon. dithiolrn (13) (0.75 g, 
U.5). 1.06 (3H, d. 

6021: a I250 MHz): 1.00 OH, t, 
1.36-2.25 (6H. ml, 2.15 (IH, dd. J 6.6, 16.6 HZ. 

(IH. m, H I 
J 6.9 Hz. Me,,, 

8 2.50 (IH. dd. J 5.9. 16.6 Ht. H I. 2.74 (lH, m. H I, 3.15-3.34 OH, m, H 
Ii,,,,. 2.43 

(1H. 5, H 0 
,I. 5.02 

* 21 and f76 
. and 6.99, (IH, m. Hlol: vmax 

8: (Found: 
(fj!fi): 2915, 1665. 1690. 1610, and 730 cm-I;‘&~ 264 (I+ 

C, 63.49: H. 7.91. C,5H220S2 requires: C, 63.76: H, 7.852). 

Preparation of 4~,5a-gimrthyl-4~-~2-1’,3’-dithiolan)cycloh.x-2-.n-~~-ol (16) 

To a solution of enone (1.1303 g, 49.5 001) in ethanol I20 ml1 at O’C was added Na9H 
in portions until reaction was complete (TLC). 

~excrssl 

and 1N HCl (20 ml) was added. 
The reaction was then quenched with water‘(l0 ml), 

The mixture was extracted with dichloromethane (3 x 26 ml), and the 
combined organic extracts washed with saturated NaHCO solution (20 ml), dried and evaporated. 
Chromatography (10 - 502 ether - 40:60 Petrol) gave th 1 allylic alcohol (16) (0.67g, 7721 : 5 I60 
MHZ1 : 0.9‘ (3H, d, 0.76-2.06 (3H. m, H , 2.50 IIH, br.s, 0 0 
exch, . OHI. 

J 7.0 Hz. t!e51, 
3.1‘ (‘H, s. H , 

1.03 (3H, s, Me,), 
.I, 4.22 (lH, dd, 3 6.0. 10.0 lit, H ), 4.7 ? ‘!lH, s, N ,I, and 5. ? 7 

(2H, s, H2 I: v (film) j440? 2930, 1660, 1360, and 1020 Cm-l: rn)z 230 ft4+1, 202, f64, and 107; 
(Found: fl+. 230.07!fx C,,H,60S2 requires: H+, 230.07991. 

preparation of 4a,5a-Dim.thyl-4~-(2’-1’,3’-dithiolan)-la-t-butyld~m.thylsilyloxycycloh.x-2-.no (19) 

70 a Solution of allylic alcohol (161 (0.67 g, 3.76 mm011 in a mixture of CH2Cl 
a 

(10 ml1 and 
pyridine ((0 ml1 was added OflAP (trace1 and TeOnSCl (0.626 g, 4.16 mmoll. The mixtu e was stirrrd 
at RI for 6 h and then poured into 1N UC1 solution (50 ml). The organic layer was separated and 
washed with water I30 ml), dried and evaporated. 
silyl ether dithiolan (191 (1.156 g, 

Chromatography 1102 ether - 40:60 petrol1 pave the 
6921; 6 I60 t!Hzl: 0.10 l6H, s, Sine), 0.92 (9H, s. SiBu I, 0.95 

(3H, d. J 7.0 Hz. ties). 1.06 l3H. 8, tie I. 1.0 - 2.2 (3H, m), 3.16 OH. 61, 4.23 (1H. dd, J 6.0, 9.0 
HII, 4.76 LlH. sl. (film): 2950. 2910. 1460, and 1250 cm-l: m/z 329 It!+- 
He), 267, and 239: ,F:,n:d:?: :92”;6brti:k%tx Cl,Hj20S2Si requires: C, 59.25; H, 9.361. 

Preparation of 4a.5a-Oim.thyl-4~-formyl-la-t-butyldimethylsilyloxycyclohox-2-one (20) 

70 a solution of the silyl ether I191 (1.156 g, 3.37 mm011 in THF (15 ml1 at RT was added 
71IOCOCF3l3 (5.49 g, 10.11 mmoll in on. portion, causing the solutin to turn bright red in colour. 
After 2 h saturated NaHC03 solution (10 ml1 was added to the mixture dropwise. The solution was 
stirred for 10 min before the addition of ether (30 ml1 and more NaHC03 solution (20 mll. The 
organic layer was separated and the aqueous phase extracted with more ether (3 x 20 ml). The 
combined organic extract was diluted with 40:60 petrol (150 ml), dried, filtered and evaporated to 
yield an Oily residue. Chromatography (2 - 
(201 (0.677 g. 7521; 6 (60 MHz): 0.12 l6H, 

102 ether - 40:60 petrol) gev. the formyl Silyl ether 
s, Sit!.), 0.92 (9H, s, SiBu I, 0.66 13H. d. J 7.0 Hz, 

H 1. 
lC1H. 

1.02 (3H. s, Me I, 0.5-1.9 i3H. ml, 
br.d. J 10.0 Hz,'H I, 

4.27 (IH, m. H I, 5.22 (IH. dd. J 2.0. 10.0 Hz, H 1. 5.70 
and 9.23 LlH, s, H ,I; v 

266 (H*l. 253, and 211; ?Found: H+-6ut, 211.1143. 
oilml: 2930. 2660. 1720, and 1250 c&l; m/z 

CT;#2302Si requires: M-But, 211.11541. 

Preparation of 4a.5a-Dimethyl-4~-lE)-I2’-phonylsulphonyl~vinyl-la-t-butyldimethylSi~yloxYcYClohex-2- 
one (211 

To a solution of I-trimethylsllyl-I-(phenylsulphonyl)methane (0.516 9, 2.26 nvnoll in THF IS.0 
ml1 at -76'C under argon, was added "BuLi Il.57 ml of a 1.45 H Solution, 2.26 mm011 in hexane. The 
solution was stirred at -76’C for 30 min before addition of the formyl silyl ether (201 LO.5603 9. 
2.17 mmoll. in THF (1.5 ml). The solution was stirred at -76’C for 5 min and then allowed to Warm 
to RT and quenched with water (10 mll. The product was extracted into CH Cl I3 x 10 ml1 and the 
combined organic extracts dried, evaporated and chromatographed (10 - 60 0th r - 40:60 petrol1 to 2 f 
give the vinyl sulphone (21) (0.722 g. 9221: 6 I60 tiHz1: 6 0.09 (6H, 5. Sitlel. 0.64 (3H, d, J 7.0 
Hz. He I. 0.90 (9H, s, Si6u I, 1.03 (3H. s. Me I. 
2.0, 18.0 Hz, H I, 5.60 IIH, br.d. J 10.0 Hz, 

0.6-1.9 (3H, ml. 4.16 (IH. m, H I, 5.16 (IH. dd. J 

H .I. and 1.34-7.65 i5H. m, SO Ph1: v 
A 1, 6.13 IlH, d. J 16.0 Hz. H .I, A.64 (1H. d. J 16.0 

HZ, 
391 (Pl!-Ii.), and 349; 

(film): 3070, 3030. 1620, and ?I40 cm-l: m/z 406 (II+), 
(Found: C, 63.21; H!‘l(.64. C22H3403SSi requires: C. 64.96; H, 6.432). 

- 
Preparation of 4a.sa-Di~thyl-4~-(2’-phenylsulphonyllothyl-la-t-butyldi~ethyltilYloxYcYc~ohex-2-ene 
(221 

A solution of LiHBEt (‘Super Hydride’l, (2.0 ml of a IH solution, 
to the vinyl sulphone (0.322 g. 1.76 mm011 in THF (2.0 ml). 

2.0 am1011 in THF was added 
The mixture was stirred overnight and 

then poured into IN HCl solution (10 ml1 and extracted with CH2Cl 
3 

(3 X 10 mll. The combined 
extracts were washed with water I10 ml), dried, evaporated and sub acted to column chromatography 
(50) ether - 40:60 petrol1 to give the sulphone silyl ether (22) (0.704 9. 972). m.P. 107-109 C. 6 
(250 NHzl: 0.06 (6H. al, 0,76 l3H, d, J 7.0 Hzl, o.e3 (3H, 81, 0.66 L9H, 61. l.O-l.ES (SH, m, 

H I, 2.64-3.06 (2H. m, Hp.), 
lb:05;t8), 

4.1‘ (tH, m, H ), 5.13 (IN; dd, J 2.0. 10.0 Hzl, 5.53 (IH. br.d, J 
and 7.51-7.69 (SH. m1; v (film) I470, 1300, 1150, and 640 cm-l: m/z 393 LM*-He) and 

351: (Found: Ii+-But. 351.1440. C,,H~:i,SSi requires: W-But, 351.14501. 

Preparation of Ethyl-4-(t-butyldi~thylsiJY~oxY1but-2-Ynoate (231 

To a solution of propargyl alcohol (2.92 ml. 50.2 x.101) in a mixture of pyridine (10 ml) and 
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CN Cl (15 ml), was added DHAP (trace). and 16DtlSCl 16.4 g, 56 mall. 
h get&e pouring into 1N NC1 solution (50 ml). 

The solution was stirred for 4 
The organic layer was separated, washed with water 

(2 x 30 ml). dried and evrporrted to give crude TBDIIS protected propargyl alcohol. 

A solution of this acetylene in TNF I10 ml1 was gradually added to a solution of ethyl 
magnesium bromide 160 ml) in TNF I60 ml) causing rapid evolution of ethrne gas. When addition was 
complete the solution was stirred for 30 min before addition uir catheter to a well-stirred Solution 
of ethyl chloroformate IlOD nraol) in TNF I60 ml). The mixture was stirred for ln min and poured 
into saturated NN4Cl solution 000 ml) and extracted into ether I2 x 100 ml). The combined ethereal 
extract was washed with further NH,? solution I2 x 50 ml), dried I evaporated and distilled under 
reduced pressure to give the acetylenrc ester (23) (5.95 g, 4921, b.p. lD2oC at 6 mmlig. 6 (60 MHz): 
0.13 l6H. s. Sitlel, 0.92 (9N. 6. SiBu 1. 
COCNHe I , and 4.40 (2N, N 1; v 

1.30 (3N, t. J 7.0 Hz, COCNtle), 4.16,12N, q. J 7.9 Hz, 
(film) 2220. l?lD. 1460, 1360, and 1240 cm : m/z 227 (H -He) 

and 1611; (Found: C. 59.46y’N, b.96.m’~12N2203Si requires: C, 59.46; 9.152). 

Prrprrrtion of 3-~l-phrnylrulphonyl-2-lla~6a-dimrthyl-4a-t-butyldimethylsilyloxycyclohex-2-enyl~- 
l thyllbut-2-en-4-olido 124) 

To a stirred solution F(f sulphone (0.1406 g, 0.345 nvnol) rn TNF I1 ml) and HMPA IO.25 ml) at 
76’C under argon was added 6uLi IO.25 ml of a 1.51 N solution, 0.36 nsnol) in hexane. After 20 min 
a solution of the acetylenic estar (231 167.6 mg. 0.362 mmol). In TNF (0.2 ml) was added dropwise. 
The reaction wss stirred at -76 C for 15 min, then warmed to RT before pouring into water (10 ml). 
The mixture was extracted with ether (3 x 10 ml) and the combined ethereal extracts washed with 
water I3 x 10 ml), and brine (5 ml), then dried and evaporated to an oil. Uithout purification the 
residue was dissolved in TNF ID.2 ml). and TBAF LO.5 ml of a 1.0 N solution) In THF added. After 1 
h the red solution was poured into brine (10 ml) and the product extracted into ether (3 x 10 ml). 
The ethereal extract was dried, evaporated and chromatographed (20-602 ether - 40:60 petrol) to grve 

the sulphone butenolide I20 I76 mg. 4521, 6 1250 MHz, major diastereomer): 0.06 16N. s. Sine). 0.76 
IJH. d. 3 7.0 Hz, 
Hz, H .I. 4.17 LlH. 

Meg,), 0.66 (12N. s, SiEu 
m. N6.), 

and Me3,), 1.00-2.49 (5N. ml, 3.79 (1H. br.d, 3 10.0 

5.03 (IN, br.d. J 10.0 HZ. 
4.67(lH, dd, J 1.9, 17.6 Hz. N4), 4.79 IlN. dd. J 1.9, 17.6 HZ. H4), 

N *I, 5.46 IlH, br.d. J 10.0 Hz. N ). 5.92 IlH. m. 
ICHCl 1: 1+65 (C=O str.1 1745 (conj. C=O st?:), 

H 1 
5, 

and 7.59,.7.64 
ISN, m, SD Ph); v 
m/z 475 (II?-He) a(A8’433 (Ml-But); (Found: H+-6ut. 

1630 lC=C str. ad 1140 cm-l: 
433.1492, cslc., 433.15051. 

Preparation of 3-[2-lla.6a-dimethyl-4a-t-butyldimethylsilyloxycyclohex-2-onyl~ethyl~bUt-2-On-4- 
olide (2s) 

To a solution of the sulphone butenolide (24) (23.5 mg. 0.046 mnol) in MeON il.5 ml) at -2onc 
UPS added Na HP0 I66 mg. 0.46 svnol) and 42 Na/Ng IO.11 g. 0.19 mmo1). The solution was 
maintained at2-206C for 1.5h during which time further small portions of 42 NalHg were added until 
reaction W1S complete (TLC). The solution was filtered through a small wad of glass wool, 
evaporated, and subjected to column chrombtography I20 - 602 ether 40:60 petrol) to give the 
butenolide (25) 114.2 mg, 652). m.p. 97-99 C; 
0.69 (3N. d. J 7.0 Hz. He,,), 0.90, l9N, s, 

t6 (250 t!Nzl: 0.06 (3N, s, Sine). 0.09 l3H. s, Sidle) 
SiBu 1. 0.91 (3H. 5. He3.), 1.40-1.77 i5N, ml. 2.29 (2H, 

m. N,')' 4.25 IlH, m, N6,1, 4.73 (2N, d. J 1.6 Hz), 5.32 IlH. dd, J 2.0. 10.4 HZ. N4.), 5.60 (1H. 

br.d, J 10.4 Hz N6.1, and 5.63 (lN, tt, J 1.6, 1.6 Hz. N2): vmax ICHC131: 1760. 1745. and 1640 cm.1; 

m/z 350 (WI and 293 (II+-But): (Found: ti*-But, 293.1562, talc.. 293.1573). 

Prep8ration of 4a,5a-Dimrthyl-5~-(2’-l’,3’-dithiolrn~-la-hydroxymethyl-lO~-vinyl-6~-b~cyclo~4.4.D~- 
drcrn-2-one 114) 

A solution 
Cu6r.SHe2 

of vinylmagnesium bromide (9.2 mm011 in TNF I10 ml) was added to a suspension of 

(0.94 9, 4.6 mnoll in ether (10 ml) at -SD C under argon. The resulting green/brown 

suspension was stirred at -5OoC for l.S h bOf8re addition of the enone 113) (0.59 g. 2.1 mm011 in 

THF (3.0 ml). The mixture was stirred at -60 C for 1 h and a TNF solutign of formaldehyde (excess) 

added. When reaction was complete by TLC the solution was warmed to 0 C. poured into saturated 
NH Cl solution 1100 ml) and rapidly extracted with EtOAc 13 n 50 ml). 

we!, washed with water (50 ml), 

The combrned EtOAc layers 
dried, evaporated and chromatographed (10 - 602 ether - 40:60 

petroll to give the hydroxymethyl ketone (0.3693 g. 522) ; 
d. J 7.0 Hz, He,). 1.00-1.92 (7N, ml, 2.11 IlN, dd. J 2.5, 

b (250 Hz): 0.97 l3N, $, He51 0.99 (3H. 

13 Hz. N 2.50 (lN, dd, J 2.5. 10.3 
Hz, H6). 2.66 IlN. m. H o), 2.97 IlH. dd. J 7.0. 13 Hz. H 

CNOHI, 3.117 (2N, br.m, CNON), 
I, 3.16-3.32’;4N, m. N . 

D 0 exch., fi 

.I. 3.40 IlH, 
br.m, 
(1N. m, ii ,I; v 

5.04-5.1jaf2H. m. N ,), 5.07 (lN,'s: 

(film): 3480, 1690. 1630, 910, and 730 cm-l; m/z $35 (tf* -dithiolanIf’ 
1. and 6.02 

(Found: M+- 
dithiolrn! 235.T6!7, talc.. 235.1696). 

Preparation of 4a,5a-dimethyl-Sg-(2-l’. 3’-dithiolrn~-la-hydroxymethyl-lO~-vinyl-6~-bicyclo~4.4.D.l- 
decan-2a-ol (151 

To a solution of keto-alcohol 114) (0.369 0, 1.09 mmolI in DHF 12.0 mll was added TBDPSCl 

LO.357 9, 1.30 mmo1). and imidrzole LO.177 g, 2.60 iwnoll and the mixture stirred overnight. The 
solution was poured into water 130 all 8nd l xtr8cted with ether (3 x 20 ml). each extract being 

washed with wrter (10 ml) and brine (10 ml). The combined ether extract was dried and evaporated to 
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give the crude silyl ether intermediate. The oily residue wal dissolved in THF Il¶ ml) and LiAlN 
(excess) added. After 30 mfn the reaction was quenchrd with water (10 ml) and poured into 1N H SO4 
solution (20 ml). The product WIS extracted intO CH Cl 13 x 20 mall, the combined extract dried! 
evaporated and chromrtogrrphrd I20 - 951 ether - 4a* .6 prtrol) to give the diol dithiolan 6 (151 
10.253 g, 6927; 6 I250 MHz): 0.99 (ON, s, ne57. 1.0s (3H, d, J 7.0 Hz. He I. 0.65-2.16 LllH. ml. 
2.30 IZN, br.. 0 0 l xch., 
IlH. br. d, J 17.7 Hr. 

OH), 3.12-3.24 (4H, m. H . -7, 3.12 (lli, dd, J t.5. 12.5 HZ. H I. 3.90 
CHOHI, 4.22 IlH, d. J 11.7'Ht: CHOH), 5.01 (1H s H .I 

7.5. 10.0 HZ, H .I. 5.23 ilH. dd, 3 2.5. 16.7 Hz. N 
(f&if: 3490 

.I. and 6:29'(lii ddd 
5.16.(lii dd 

J 10 0' 10'0 
J 

16.7 Hz); v and 1635 cm-l; m/z 237 (PI+-$i&%an): (Found: N+-dithi&n. 237.1050: 
COlC., 237.1!!#1: (Found: C, 63.24; H, 6.79: ClRH3002S2 requires: C, 63.11; H. 9.632). 

PrePlratiOn of 4a,9a-0i~thyl-S~-~2-1',3'-dithiolrn~-~~2a-hydroxy-la-hydroxylmthy~~acetonidel-lO~- 
vinyl-6g-bicyclo[4.4.Oldecano (16) 

To a solution of the diol (151 (0.253 g, 0.74 nvaoll in acetone (5.0 ml1 was added anhydrous 
cuso 
and $ 

(2.0 9) and the suspension stirred for 6 h. The mixture was the diluted with ether (20 ml) 
altered through a short pad of celite to give the dithiolan acetonide (16) LO.266 g, 9527: a 

(2SO MHz): 1.10 (3H. d, J 6.5 Hz), 1.14 (3H. s). 1.36 13H, s. He I. 1.41 l3H. 
I. 1.03-2.02 (ton, ml, 2.95 (IH, m. H I. 3.12-3.25 (4H. ml, 3fFft??idedd, J 4.3. 9.7 Hi: 

:et!?"t~ellH. d. J 12.1 Hz. CHOR), 4.07 (1H. d!'J 12.1 Hz, CHORI , 5.00 (1H. sl, 5.10-5.20 (2H. ml, 
ddd, J 10.0, 10.0, 16.6 Hz, Ii,,!; v (film): 2910, 1630. 1445, and 1370 cm-l; m/z 

367 (II*-He) and 277 itI+-dithiolan); Ifound: N+-dlthibl:n 277.2162, cilc.. 277.2167). 

Prrprrrtion of 4a.~a-Dimthyl-5~-formyl-~l2a-hydroxy-la-hydroxy-methyl~acetonide~-tO~-vinyl-6~- 
bicycloC4.4.0.ldecanr (171 

To a solution of the dithiolan acetonide (161 LO.147 g. 0.36 asnoll in THF (5.0 ml) was added 
Ha HP0 (0.27 g. 1.9 avnol) and TllOCOCF I 10.37 g, 0.69 nssol7. 
at2RT fnd saturated NaHCO solution (2.a $11 added dropwire. 

The solution was stirred for 1 h 
The mixture was then poured into more 

saturated NaHCO solutioi (20 ml1 and the products extracted into ether (3 x 10 ml). 
extract was dil?ted with 40:60 petrol (50 ml), 

The organic 
dried. filtered and evaporated to an oily residue. 

Column chromatography (5 302 ether - 40:60 petrol) gave starting dithiolan (20 mgb; and the 
formyl acetonide (17) 170.4 mg.691, based on recovered starting material). m.p. 92-94 c: 5 I250 
NH2I: 0.73 (3H. d. J 1.3 Hz. ne 1, 
ne 1, 0.95-1.92 f9H. ml. 
Ilficet8%Ide J 1.2, 5.0, 

2.t6 (l~'g~d~3HJ 11'7 :i?:' :2‘: /zH'HS' :ea5rtsnt~fil'm:'~~~11";.~; 
12.6 Hz, H,l. 3166 (;H, dd: J 1.2: 12:4 Hz: C%%,. 

CHOR7, 5.19-5.29 (2H, m, 6:13 (lli. ddd. 10.0, 10.0, 16.6 HZ, H,.l 
ifilm): 1710 and 1630 cm-l: 

H2,1. 
m/z 291 In+-Mel and 231: (Found: H+-He. 29 

(Found: C, 14.22; H. 9.66. C,gH3003 requires: C. 74.47: H, 9.97T). 

4.12 (1H. d. J'Y2.4 Hz, 
9.17 LlH. s. CHOI: v 
.1967, talc.. 291.196!3? 

Preparation of 4a,Sa-Dimethyl-~~2a-hydroxy-la-hydroxymothyll-ac~tonide~-5~- 
vinyl-log-vinyl-bg-bicyclot4.4.O.ldecane (261 

El-(2'-phrnylaulphonyl)- 

TO solution of "0uLi (0.204 ml of a 1.66H solution, 0.34 mm017 was added to phenyl 
trimethylsilylmethylsulphone (77.5 mg, 0.34 mmol) in a mixture of THF (1.0 ml) and HIIPA 10.3 ml) at - 
7e"c. The solution was stirred for 10 min and the aldehyde (17) (66.7 mg, 0.26 nmol) added in THF 

(0.5 ml). The mixture was slowly warmed to O'C, poured Into water (10 ml7 and extracted into EtOAc 
(3 x 10 ml), each EtOAc extract being washed with water I3 x 5 ml) and brine (5 ml). The combined 

EtOAc layer was then dried and evaporated to give the crude hydroxy-sulphone (0.131 9, 1002): 6 (60 
lilizl: 0.50 (3H, d, 3 7.0 Hz), 0.94 (3H, ST, 1.37 (3H. sl, 1.42 (3H. sl, 0.9-2.40 (1lH. mJ. 2.69-4.20 
(7H, m. 1H. 0 0 exch.), 
and 1565 cm-l: mfr 44T 

4.9.9-6.30 (3H. ml, and 7.57-6.00 (5H. ml: 6 (film): 3520, 2690. 1630, 

CM+-CH ), 429 (II*-CH -H 01 
429.20991. The crude produc z from above la.131 g. 

291 and 211: (Found:"fl~-CH -H 0. 429.2096. CalC., 

0.26 mmol) was dissolved In 3 $ry CH Cl (2.0 ml), 

and pyridine (0.3 ml). acetic anhydride (0.15 ml) and ONAP (trace) added. The mixtu?e Eas stirred 

overnight and poured into saturated NaHC03 solution (10 ml) and the product extracted into FtOAc 13 
The organic phase was dried and evaporated, and dissolved in dry THF (1 ml) containing 

The dark mixture was stirred for 2 h and poured into Water (10 ml). The final 

product was extracted into EtOAc (3 x 10 ml), the solution dried, evaporated and chromatography (10 

- 601 ether - 40:60 petrol1 to give the vinyl sulphone acetonide (26) confirmed by x-ray 

crystallography (0.1206 g. 9621 m.p. 161-163°C; 6 l25O NHz): 0.66 (3H, d, 3 7.0 HZ. Me 1. 0.92 L3H. 

5, MegI, 1.41 L3H, 
" 

I 0.60-1.60 (9H. ml. 2.1& LlH. ddd. 3 
12.8, 12.6. 12.6 HZ, H nea~fto~f~~'i,~;4:,':n'~s' :f%6e~?D:d#, H 7, 3.60. (1H. d, J 12.9 Hz, CHORI. 

4.10 IlH. d, J 12.9 HZ. 3i!#ORl. 
H .I, 

5.117-5.26 (2H!'m: H ,I, 6.04 llH,2m. HIt~;,6;;9,~:;, d& T~,~Bl::O 
I and 7.51-7.96 (56, m, SO Phi: v 

is 
6.66 IlH, d, J 15.6 HZ, H . , 

c -1; m/z 444 (N+l and 429 (A*-Mel; (Found: H+-Me. 429.2109, caftx. 429.1099). ’ (Found: C, 70.11: 

H. 6.24. C26H3604S requires: C. 70.24; H. 6.1621. 

preparation of 4~~5~-D~methyl-[2a-hydroxy-la-hydromethyll-8cetonide~-9~-~2~-PhenY~su~PhonY~~~thY~- 
log-vinyl-6g-bicyclo[).).O.ldecane (27) 

A solution of LiBH(Et) in THF (0.5 ml of a 1H solution, 0.5 mmol) was added to a solution of 

the vinyl sulphone (267 CO.llg, 0.27 mmol) in THF LO.5 mll under argon. The solution was stirred 

for 9h before quenching with water (10ml) and extraction of the product into CH2C12 (3 x TO ml). 
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The organic extract was dried, l vaporated under reduced pressure. and chromatographed (10 - 601 
ether - 40:60 petrol' to give the sulphone acetonide (27’ (0.116g. 961'. m.p. 173-174'C: cl{250 
Mtl2': 0.65 (3H, d, J 1.0 Hr. 9. lie I. 1.39 (JH, E, Me I, 1.44 (3H, s. 

!s+"9!gf I, (1'4, 0.?3 dd. - 1.62 J 5.0, fl2H. 

ne,l, 0.18 l3H. 

12.7 ml. Hz. 2.12 H llti. I, ddd, 3.66 J 13.0? J 13.0, 13.2 13.0 Hz. H '"it"!!!%! - 3.06 

5.97 (lH, fidd, J IlH. d, 16.6 Hz, CHOR'3ar.09 (lti, d, J 

(2H. m. 
CfiORl. 5.12 13.2 Hz, - 5.23 (ZH, m. Ii ’ 

(2H. SO Ph';2; 10.4, 10.4. Hz, 7.56 (3H. m. SO Ph'. and 7.90 - 7.93 

m, 
431 In+ -he), ana 370; 

3 

(CHCl I: H1,', 

2680. 1630, 1560, 1300, 1150, and 900 mlz 
Pound:mCx 69.61: H. 6.74. C26H3604S requires: C, 

cm-l: f46 It+', 

69.92: H. 6.561'. 

Preparation of 4a,Sa-biwthyl-~~2a-hydroxy-la-hydroxynrthyll-rcetonidel-lO~-hydroxymethyl-S~-~2'- 

phenylaulphonyl’ethyl-bs_bicycloI4.4.O.Idecane (261 

A stream of dry orone was passed through a solutron of the vinyl derivative 

0.054 rmnoll in EtOH (1.5 ml) until no starting material remained (TLC'. 
(27) (24.2 mg, 

NaBH4 lexcessl was then 
added in portions untrl reduction of the intermediate oronide was complete (TLC'. The mixture was 
then poured into water I5 ml1 and the product extracted into CH Cl (3 x 5 ml'. The organrc layer 
was dried. evaporated and filtered through a short pad of silica2 tt give the sulphone alcohol (26' 
(24.4 mg, looz'; 6(250 MHz': 0.69 (3H, d, J 6.8 Hz. He I. 0.11 l3H. s, 1.36 f3H. s. 
ne 1.46 l3H. 

UAFetsazld"; 12.6. 

s. He I, 1.04 - 1.76 LllH, mf. 2.10 LlH, br 
Meg', 

0 0 exch.. OH', 2.16 
12.6. 12.%CWSP"iae 

H ,I, 2.96 IlH, ddd, J 4.6. 12.2, 12.2 8:' 

'. 2.62 IlH, m. H I. 2.91 (1H. ddd:'J 3.5, 12.2, 12.2 HZ, 

11.2 HZ. CNOR', 
H I. 3.56 IlH. 8. 3 4.2. 10.7 HZ. CHOH', 3.75 LlH, d. J 

3.76 IlH, m. H21. 3.65 ?iH, dd, J 6.9, 10.7 Hz. CHOH'. 4.14 IlH. d. J 12.2 HZ. 

CHORI. 7.56 - 7.72 (3H. m, SOLPhI. and 7.69 - 7.92 (2H. m, SO Ph: r (film': 3490, 2920. 1300, and 
1150 cm-l: mlr 435 (Ii+ - tie'. 357, and 350; (Found: Ht -He. ?35.2188x talc.. 435.22051; (Found: C, 
66.14; H. 6.47. C25H3605S requires: C 66.63; H. 6.50X1. 

Preparation of 4a.~-Dinnthyl-~~2a-hydroxy-la-hydroxymothyl'-rcrtonidrl-lO~-phrnyltelenomethyl-5~- 

l2'-phenylaulphonyllethyl-6~-bicyclo~4.4.O.ldecane (301 

A mixture of the sulphone alcohol (261 (46.9 mg. 

%u P (60 4'1. 

0.104 mmoll, NPSP (96.0 mg. 0.323 mol) and 

0.323 mmoll in THF (0.3 ml) was stirred at RT for 9h. 

ethir (5 ml1 and washed with 1N NaOH 

The mixture was diluted with 

solution (2 mll and brine 12 ml). The ether layer was dried, 

evaporated, and chromatographed (40:60 petrol - 101 ether - 40:60 petrol, the" 20 BOZ ether 
40:60 petrol) to give firstly the phenylrelenomethyl derivative (30' (17.4 mg, 751. based "n 

recovered starting materiall. m.p. 165 - 166.C; 6(250 MHz': 0.67 (3H. d, J 6.7 Hz', 0.77 (3H. s'. 

1.21 (3H, s', 1.43 l3H. s'. 1.02 - 1.96 !llh, m', 2.17 Illi, ddd. J 12.2, 12.2, 12.2 Hz. H I. 2.63 

IlH. ', 2.79 (lH, d, J 11.1 Hz. CHSePhl. 2.60 - 3.02 (2H. m, H _I. 3.19 IlH. dd, J3$T6. 11.1 

Hr. 3.77 (1H. d, J 12.5 HZ, CHOR'. 3.62 IlH, m, H I. 4.09 l$H. d, J 12.5 Hz', 1.22 - 7.26 

(3H, m, SePh'. 7.50 7.54 l2H. m. SePhl, 7.57 7.12 f3H. m. SO Phi. and 7.69 7.93 12H. m. 

SO Ph'; v (CHCl I: 3000, 1600, 1560. 1360. and 1140 cm-l; m/r 5902(tl+', 575 IN+ 

(Faund: fit !88.1976,3calc.. 

owe', and 532; 

590.1966l; further elution gave starting alcohol (26) (29.0 mgl. 

Prepar8tion of 4a.Sa-Dimethyl-~~2a-hydroxy-la-hydroxymethyll-acetonidel-lO-methylene-5~-~2~-phenyl 

- aulphonyllethyl-6g-bicyclot4.4.O.ldecane (291 

Ozone was passed through a solutaon of the selenide (301 (41 mg. 69.4 umoll in CH Cl (2.0 mll 

at -76'C until complete conversron to the corresponding selenoxide had taken place 2LTzCl. The 

solution was warmed to Rf and the solvent removed and replaced by CC1 (2.0 ml). 

was added and the mixture heated to reflux for 20 ml". The solution4war cooled, 

Et2NH (5 drops1 

evaporated and 

chromatographed I10 

64Zl. m.p. 151 - 

o 60X ether - 40:60 petrol1 to give the exomethylene sulphone (291 (25.2 mg, 

152 c; 61250 nnzr: 0.70 (3H. d, 3 6.5 Hz, He I, 0.62 l3H, s, Me I, 1.26 (3H, s. 

I. 1.2 - 1.65 191 ml, 2.17 (lh, ddd J 11.75 11.7 11.7 HZ 
l&H2 H I 2.93 IlH: ddd. J'5.4. ;1.6, 11.6 

3.95 LlH. br:dd?'J'5.0. 12.1 Hz, H2', 4.13 illi. d, J 

br.s. H I, 7.56 .- 7.71 (3H. m. 

1635 lC5@t!!+ePt 1580, 1440, 1140, and 

432.2347, talc.. 432.23341: (Found: C. 

67.99; H. 6.32. C25H3604S.1/2H20 requires C. 67.99: H. 6.4411. 

Preparation of ~6a,l6-Oihydroxylaceton~de-l2-phenylsulphonylcleroda-4,l3~14l-dieno-16.15-lrctone 

131' 

To a stirred solutron of the exo-mgthylene sulphone 129) l32.A mg, 7.5 x 10 
-5 

moll rn a mixture 

Of THF 1300 ul and HhPA 00 ul' at -76 C under argon, was added EuLi (54 ul of a 1.54N solution, 

6.~5X 10 nwnoll in hexane. After 20 min a solution of the acetylenic ester (231 (19.1 mg. 7.9 x 

10 moll in THF (100 pll was added dropwire. The solution was allowed to slowly warm to RT and 

quenched with water (50 ull. The solvent was removed and the involatile residue treated wrth TBAF 

I200 ul of a 1N solution, 0.2 mm011 I" THF. The mixture was stirred at RT for 1 h. poured into 

water (5 ml) and extracted with EtOAc I3 x 5 ml'. Each organic extract was washed with water 12 x 5 

ml' and brine (5 ml'. the combined extract was dried, evaporated and chromatopraphed (20-901 EtOAc - 

40:60 petrol), to give firstly recovered sulphone (12.5 mgl and secondly $he butenolide sulphu"e 

(31' (10.6 mg. 461 based on recovered startihg material'. m.P. 9.9-100 c: b (250 MHZ. maJo_r 

diastereoisomer': 0.64 (3H. d, J 7.0 Hz. Me 1 0.66 13H. s, He 1, 1.28 (3H, 5. he 1.43 

(3~, S. Heacetonidel, 1.57-2.36 (12H. m', 3.82'(1H, br.d, J CO.! Hz, H,21, 3.66 L1fl~e$"n~d~::3 hr, 
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CHORI, 3.92 lltl. m. H I. 
LlH. dd, J 1.9. 17.9 fir, 

4.10 (174, d, J 12.3 HZ, CHORI, 4.47 (IH, dd, J 1.9, 17.9 HZ, H ), 4.79 

7.58-7.62 ISH, m. 
H,61, 4.63 IlH, br.6 H I. 5.00 LlH, br.8. H I, 5.94 IlH. m. A6 ), and 

SO Phi: v (CHCI I: t760, T731. 1630. 1560. 1lS0, !id 1100 cm-l: m/z I#9 IN*- 
Mel. 439 (N+-He-HOAcl,2a"d 357Ta?Found:3 Ill*-Nel 499.2166, talc., 499.21541. 

Preparetion of 6a,l6-Dihydroxyclerodr-(,l3~l4~-dieno-l6,lS-lactone (32) 

To a solution of the sulphgna 131) (7.67 mg. 1.49 x 10 
-1 

mall added kl;Hta 121 mg. 14.9 x 10 further 
mol) in IleOH 11.0 ml1 et -2O'C was 

followed by 42 NslHg (34 mg, 6.0 x 10 molt. The solution 
WilS at -20°C for 1 h. Small portions of 41 Ns/Hg were added until reaction was 
complete (TLC). The solution was quenched with water (200 pll and EtOAc (2 ml) was added. The 
solids were removed by filtration through a small glass wool plug and the filtrate evaporated to 
afford an oil. 
Ull. and 102 

Without further purification the oil was dissolved in CH3CN (1.0 ml), and water (100 
F CC0 H (1 drop) was added. The mixture was stirred for 30 min at UT before the 

addition of EtOic (3.0 ml). and solid NaHCO (0.2 gl. The mixture was filtered, evaporated to 
dryness, and subjected to chromatography (EtOicl to give the butenolide dial (32) (3.74 mg. 752) as 
a gum; 6 (250 MHz): 0.71 l3H, s. Meg), 0.66 (3H, dd, J 0.6, 7.4 Hz, He,l. 1.50-2.12 (12H, ml. 2.16- 
2.32 (2H. m, 
10.3 Hz, 

H3), 
CHOH). 

2.39llH. br., D20 exch., OH), 2.56 (1H. br., D20 exch., OH), 3.93 LlH, br.d, 3 
4.06 LlH, m. H ). 4.12 IlH. d, J 10.3 Hz, CHOHI. 4.72 l2H, d, J 1.9 Hz, H ). 5.02 

IlH. br.6. H171, 5.15 ItH. bP,s, 
1635 cm.1. 

N171. and 5.62 IlH. m, H,,l; vmaX 7CHC131: 3490. 1760,'!750 and 

Preperetion of Ajugerin I Ill and 4-•pi-Ajugrrin (331 

A'solution of the diol (321 l2.5mg, 7.5 x 10-6mol) in CH2C12 I200 4111 was added to a solution 
of mCP6A (6.5mg, 
buffer. 

3.7 x 10-S mol) mol CH Cl (200 ull containing Na NPO, 
2 

(llmg. 7.5 x 10-5 mall as a 
After 10 min the mixture was poure 8 into water (5 ml1 and t he products extracted into EtOAc 

(3 x 3 ml). The combined extract was washed with water (3 ml), 
(3 ml), dried, and the solvent evaporated in vacua. 

NaHC03 solution (3 ml), and brine 
The residue was dissolved in pyridine I150 411) 

and Ac2D 12Oull and OHAP (trace1 added. After 1 h the mixture was diluted with EtOAc (5 ml) and 
washed with NaHC03 solution I3 ml1 and brine (3 ml). Solvents were removed under reduced pressure 
and the residue chromatograghed (10 - 902 EtOAc - 30:40 petrol1 to give firstly 4-epi-ajugrrin I 
(331 (Z.Olmg 6221. m.p. 170 c: 
2.02 (12H. ml, 

b (250 HHzl: 0.74 IJH. 6, MegI, 0.79 (3H, d. J 7.0 Hz, Meg). l.ll- 
1.96 (3H, 6, OCONel, 2.05 (3H, 6. OCOtie), 2.11-2.35 12H. m. H I. 2.53 (1N. d. J 4.0 

HZ, H 
H I, l7 

I, 2.72 LlH. d. 3 4.0 HZ. H ). 4.26. IlH, d. J 11.6 Hz. H I. 4.62 [Ii;, dd, J 5.2, 10.7 HZ. 

l&HCl I; 
74 IZH, d. J 1.6 Hz. H 17 

17dfi. 
4.63 :(lH, d, J 11.6. Hz,'1 I, and 5.64 LlH, m, H 

434.2310. 
2915, 1762, 1742. and 1639 cm-l: m/z 434 IWI adi 404 (H+-H CO1 ~Fou&;TfX 
talc.. 434.23041; followed by sjugarin I (1) (0.65mg 2021. m.p. 190-f92dC IHeOHl; bt2!5h 

MHZ): 0.79 f3H. 6, He I, 0.64 (3H. d, J 5.6 Hz. He I. 1.04-1.65 (12H, ml, 2.02-2.34 l2H, m. H ). 
1.96 L3H. s, OCONel, 2.?1 (3N. s, OCOHel 2.23 LlH, d, J 3.6 Hz. H I, 3.00 LlH, dd. J 2.2. 3.6’41. 
;17LH i.37 llh, d, J 12.1 Hz, H19 , I 4.;1 (lH, m. H ), 4.75 (2H. d7 J 1.6 HZ), 4.65 LlH. d, J 12.1 

, and 5.65 IlH, m. H ); v ICllCl I: 1762. t746. 1730, and 1640 cm-l: 
In:-Hi!Ol; (Found: In+) 434.ijl0, !!$fc., 43?.23041. 

m/r 434 (tl+) and 404 

Preperstion of Clerodin Lactone (351 

A solution of clerodin hemiacetal 134) (5 me, 11 umoll in dichloromethane (3 ml) was treated 
with barium mangrnate I65 mg. 66 umoll and the resultant suspension stirred for 16 hours. 
Filtration through celite gave a clerodin lactone (35) (4 mg. 8121 m.p. 170-3°C; b I250 MHz): 0.66 
f3H. d. J 5.6 H2. Me ), 0.96 f3H, 6, Me I. 1.38-2.17 712H. ml. 1.95 (3N. 6. OCONe), 
OCOMel, 2.21 IlH. d,2! 2.9 Hz, H 1 2.41'LlH dd J 19.1 3.6 Hz H 1 2.91 LlH. dd 

2.11 l3H. 6, 
3 19.1 10.6 

HI. N ). 
IlH. d' 

2.95-3.02 (lH, m. H I. 173:12-3.26 LiH. h. Ii ),').I2 (lk, dtt.'J 11.5, 4.7 Hz. H 
J I, 4.66 (14. dd 3 11.5, 4.7 Hr. HI?, 4.69 IlH, d J 12.3 HZ, H 1 

): 4.37 
and 6105 LIH. 

d J 5.5 
CH3COl; 

Hz, 12.; H;, :,6 (film1 2926, 1761 and 1726 cm-?; m/r 434 (fl*-01, 420 I,+-CaiOl 
(Found!b(H*-?fl~O) 420.2153, talc., 420.21461. 

and 407 (M*- 

Preparation of 6a,l6-Diecetoxy-4a.17-epoxycleroda-ll~S~,15.l6-trioll (361 

NaEH 159 mg, 1.75 mm011 was added to a solution of clerodin hemiacetal (34llO.1564 9, 0.35 
KMllOll in’ethanol (10 ml1 and CH Cl IS ml1 at RT. After 45 min reaction was complete,by TLC and 
the mixture was quenched with wite? I10 ml1 and poured into saturated NH Cl solution (20 ml). The 
product was extracted into EtOAc I4 x 20 ml), and the combined organic ex ract dried. evaporated and ,# 
::i.tered through a sh;;t)pad of silica-gel to give the trio1 1361 IO.1326 g, 632); b (250 MHz): 0.62 

, d. J 5.5,Hz. , 0.65 13H. 6, Me I, 1.01-2.36 (15H. ml, 1.96 (3H, 6, OCOHel, 2.12 l3H, 6, 
OCOHel. 2.22 (IH. d, J 9.6 Hz. H ). 2.66 ?3H. v.br. 0 0 exch. OHI, 3.00 (IH. br.6. H 1, 3.60 LlH, 

m. H 1. 3.75 (4H. m, H ), 1?36 IIH. d, J 12.7 Hz,'CHOAcl, 4.69 IlH, m, H ), and .90 IlH, d. J l7 
12.7 aa, CHOAc): v LCfiC16): 3460 (Found: (II*- 
C6H1303) 323.1666: ::fc. 3243.16561. 

and 1730 cm-l: m/r 436 Ill+-H201. 323 (M+-~6H13031; 

Preperetion of 6a,l6-Discetoxy-4a,l7-epoxy-ll~S~-hydroxycleroda-l6,l5-lectone. (37) 

A mixture of the trio1 (361 (0.21 8, 0.46 fonoll and Fetizon's reagent (2.76 g. = 10 l q.) was 
heated to reflux in benzene I10 ml1 for 6h. The mixture was cooled, filtered, and subjected to 
column chromatography I602 ether - 40:60 petrol 307 EtOAc-ether1 to give the hydroxy lactone I371 
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(O.lb g. 612), nl.p. 12s-127°c: 6 I250 MHz): 0.62 13H. d. J 6.0 Hz, He I, 0.91 l3H. 6, He 7, 1.04- 
2.66 (16li, ml. 1.96 (3H. s, OCOHeI. 2.11 (3H, s, OCOHeI. 2.23 Illi, d, J 9.6 Hz, H 1 3.00g(lH dd 
J 2.6, 3.6 Hz, H 1, 3.56 LlH, br.d, J IO.? Hz, H 7. 3.92 (IH. dd, J 6.1, 9.0 d!.'H 7, 4.31'11": 
d. J 11.0 Hz, CHO1!). 4.45 (IH, dd. J 1.4, 9.0 Hr,'d 7. 4.66 LIH. dd. J 1.6. 11.0 Hr!'H 7, ad 4.66 
(IH, d. J 11.0 Hz, CHOk): Vmax (CHCl 1: 1775 and 1730 cm-l: m/r 431 (II+-H207, 422 LM+6CH20). and 
379; (Found: II+-CH20, 422.2297: cslc. 421.2304) 

Preprretion of 6a.l6-Di8cotoxy-4a.l7-epoxy-l5-hydroxyclorode-ll,l6-lectono (36) 

A stirred solution of trio1 136) (16 mg. 0.039 mmol) in benzene (25 ml) was treated with 
Fetizon's Reagent (I.00 g, 40 equivalents7 and heated at reflux for 62 hours. After cooling the 
suspension was filtered through celite 
Chromatography (silica. 

and the solvent removed b Y+OLP from the f 
ethyl acetate) on the resulting mixture gave hydroxy-lactone (371 

5117 as before, and 6a.l6-diacetoxy-4a,l?-epoxy-l5-hyroxy clerodane-11,16-lactone (36) 
1617, 6 (250 MHz7 0.69 (3H, d, J 6.3 Hz, He 7. 0.99 (3H, I, He 7. 1.00-2.39 Il4H, ml 1.96 
OCOMeI. 2.11 L3H. I, OCOHe~, 2.23 (IH. d?'J 3.9 Hz, H 7, 2.+9-2.93 LlH. m. H 
3.7, 2.4 Hz), 3.62 12H. bs, H15), 4.36 (IH, d, J 12.6 Hr17H 

I, 2.56 ( 
7. 4.60 LlH, dd J 9136.6 Hz, H 

(IH, 
1761, 

dd, J 11.5, 4.1 Hz. H61, and 4.90 IIH, d, J 12.6 Hz. II0 I; v ‘1 (film1 3462, 3055, 29 
1?26, 1459, 1369 and 1253 cm-l; m/z 422 (M+-CH201'!nd 4!!XLH*-CH3COl; (Found: (I 

422.2297; talc., 422.2300. 

Preparation of 6a.l6-Dircrtoxy-4a.l7-epoxyclorode-ll~E~-en-l6,l5-lectone (391 

iltrate. 
0.7 mg, 
3.1 mg. 
(3H, s, 
H, dd, J 

6, 7, 
4.69 

2810. 
tl*-CH20) 

To a solution of hydroxy lactone (371 LO.14 g, 0.31 mmol) in pyridine (5.0 ml) at -3O'C under 
argon, WIS added POC13 (0.2 ml, 2.1 mmol) dropwise. When additron was complete the solution was 
warmed to ooc. and maintained at this temperature for 2 days. The mixture was cautiously poured 
into ice cold NaHCO solution (20 ml) and the product extracted into CH Cl L& x 15 mll. 

~~~~~~~~te~H~~~t.n~x::%;'Io~~~56d~~ed;3z;~dm~~~a~~~]~~~o~~d6 ;;;y;;;;f';hf; ;:;th;rJ, ;o, /:veNe:;" 

0.62 (3H. 5. tie 7. 1.02.2.16 LlOH, ml, 1.96 i3H. s. OCOtle), 2.16 L3H, s, OCOlle), 
1 2.33 I?H. dd. J 6.6, 17.3 Hz, H I, 

’ 2:23 I;". d: 3 9.6 

:f;.ki HZ. H 
2.66 (lH, dd. J 7.6. 17.3 HZ, H 7, 3.01 LlH, dd. J 

4.43 (lH.17 
7, 3.22 IlH. m, H l,'j.99 (lH, dd, J 7.6, 9.0 HZ, H 7, It36 (IH. d. J 12.0 Hz, 

H197S 
dd, J 7.5, 9.0 HZ. d3 1. 4.79 IIH. m H 1. 4.65 (lli. d!6J 12.0 Hz, H 1. 5.15 IIH. 

d. J 15.0 Hz, H 1, and 5.29 IlH, dd6 J 7.3, 15.0 Hi fi 7; v 
171Q LC=O str., 1425, 15 

(CHCL 7: 3020, 177il6(C=O str.. 5 
ring lactone), acetate). 1370, 35, !:a 1165 ?m-I; m/z 434 (N+) 404 Ill+- 
CH201 and 391 (M'-CH2CO); (Found, C, 66.12; H 7.92: Calc. for C24H3407 C. 66.34; H 7.691). 

Preparation of 2a-Acetoxy-la-rcttoxymethyl-4a1.5a-dimethyl-5~-formyl-6~-bicyclo~4.4.O.Idecrne-lO-~- 
Spiro-I'-oxiran (401 

Ozone was passed through a solution of the olefinlc lactone (391 (53 mg. 
I10 ml) at -LOoC for lh. 

0.12 nmnol) in CH2ClZ 
The solution was warmed to UT and the volume of solvent reduced to 2 m 

before addition of excess He2S (2 ml). The mixture was stirred at RT for 2 h by which time reaction 
was complete (TLC). Volatile material was then removed i.6 Y+OLP and the residue chromatographed (20 
- 701 CtOAc - 40:60 petrol) to give the aldehyde (40) (15 mg, 3517; 6 (250 HHzl: 0.72 (3H. d. J 6.9 
HZ, He,], 0.96 (3H, s, He I, 0.62 - 2.12 LlOH, ml, 1.96 (3H, s. OCOHe7, 2.12 (3H. s, OCOMcl. 2.26 
(IH. d. J3.6H2, Ii'), 5. 07 LlH, dd. J 2.5, 3.6 HZ. H 4.36 (1H. d. J 12.,3 Hz, CHOAcl. 4.61 

(IH. d. J 12.3 Hz. CAOAc). 4.65 (1H. dd, J 6.7, 9.6 Hz. 

1730 and 1710 cm-l 

and 9.19 (lH, 5, CHO): vmax [film): 

Preperetion of 2a-Acetoxy-la-ecetoxynrthyl-4a,5a-dimethyl-5~-hydroxymethyl-6~- 
bicyclot4.4.Ol_drcenr-lo-0o-Spiro-I'-oxirrn 01) 

Ozone was passed through a solution of the olefinic lactone 1397 (2 mg, 
(IO ml) as -3O'C for 1.5 hours. 

4.6 umoll in methanol 
Excess sodium borohydride was added and mixture stirred for 5 hours 

and then rllowed to warm to room temperature. Thamixture was poured into brine (20 ml) and 
extracted with dichloromethsne (3 x 10 ml). The combined organrc phases were dried, filtered and 
solvent removed b ~LULP and the residue chromatogrrphed (silica, 701 vlv ethyl acetate, ether1 to 
give the title compound (411 (0.5 mg, 3117; 6 (250 MHz) 0.56 (3H, s, MegI, 0.63 I3H. d, J 6HZ. tie I. 

0.98'2.16 llOH, ml. 1.96 I3H, s, OCOtiel. 2.12 (3H, s. OCOtiel. 2.22 (Iti. d, J 3.7 Hz, Ii ,I. 3.03 ctn 

dd J 3.7, ZHz, H 4.37 TlH. d. J 11.5 Ht. CH OAcl, 4.77 LlH, dd 3 1.07, 5.6 
HZ. H I. 

,I, 3.37 12H, bs. CH20H), 

1252 2m-I; 

and 4!64 (IH, d, J 11.5 HZ. CH20Acl; v (film) 3446. 2322. 2652, 1?29,'1457, 1375 and 

ml2 337 (tin*), 

324.1929: talc., 324.19361. 

317 01H+-H201, 324 (R!~Ct1201 and 311 IH*-COCH31; (Found: ~H+CH201 

We thank the SERC for financial support and Professor Sir Derek Barton F.R.S. for a sample of 
clerodin hemircetal and Professor I. Kubo for a sample of ajugarin I for comparison purposes. 

i The structure of this compound was confirmed by X-ray crystallography. 
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