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Abstract The cleavage of a-ketoepovcarbtnyl ra&cals has been rnvesttgated for stx substrates ustng two meth& of ra&cal 

formatton Products resalhng from carbon-oxygen bond cleavage were observed tn each case, bat vinyl ethers derived from 

epomie carbon-carbon cleavage were tsolated II) one case 

The regtochermstry of cleavage of epoxycarbmyl radtcals 11s mmgmngl Inmal stu&es showed that 
simple alkyl-substituted cases underwent C-O bond cleavage to 2, although the product of C-C bond cleavage 
would be expected on the basis of bond dlssoctation energtes* 

We3 and others4 have shown that C-C bond cleavage resultmg in 3 can occur for aryl- and vmyl-subsntuted 
epoxldes Whether the resulang alkoxyalkyl radicals form as a result of kmehc or thermodynamtc factors has 
not yet been definmvely established A recent study has shown epoxlde C-C bond cleavage occurs m some 
aryl-substituted epoxides regardless of stereoelectronic factors5 and yet other epoxldes6 seem to show 
regoselectlvlty determmed by such factors Accordmgly, the nature of the products may depend on the 
kmetlcs of reversal of C-O and C-C cleavages, the size of the stereoelectromc effects and the rates of 
quenching of intern&late carbon- and oxygen-centred ticals 
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Because these reactions are now provmg to be of substantial synthenc mterest7, we sought to determine 
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the effect of other groups adjacent to the epoxlde m mfluencmg the regochermstry of 

mportant hem 
Two types of acttvatlon have been used in the generatton of the relevant radicals ad&non of thlyl 

radicals to a vmyl epoxlde and reaction of mbutyltm radtcals wtth c&romoepo~des Snnple vmyl epoxtdes 4 

and 6 were synthesised by Diuzen8 reactton of a-bromopmacolone or a-haloacetophenones ~th acrolem or 

crotonaldehyde It was observed that a-haloacetophenones were much less successful than a- 
bromopmacolone in this regard This was because of the conversion of the former to styrene oxide, 
presumably with hthtum dusopropylarmde acting as a reductantt” 
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(I) Ph,PCHCHO, CHC13, 41h, (1;) &DA, I-bromopmacolonel -78%> r t ,24h, (~1) TBAF, THF, I 7h, (IV) 

BnEt3NCl, T&l, NaOH, CH2Clz, (v) KSAc, acetone, 2 Sh, (vi) prpendtne, DMAP, Me&, 25 “c, Udays. 

(VU) nBu3P, THF, HzO, (VIII) AIBN, THF, A, 2h 

On treatment with n-butanethtol and AIBN in benzene, fragmentations of 4 and 6 to the a$- 
unsaturated aldehydes 5 occurred This mdlcates that epoxtde C-O bond cleavage has occurred, with the 

resulhng a-alkoxycarbonyl radical undergomg the expected rapid fragmentaaonll No plvalaldehyde was 
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observed m the reactions of 6. mdtcatmg that factlet decarbonylation had occurred No products derived 
from epoxtde C-C bond cleavage were observed. However, benzaldehyde was detected m the decomposthon 

of the aryl epoxldes These. reactions are not very efficient, but tt 1s suqmsmg that the o&unsaturated 
aldehydes can be isolated m a reachon m whch butanethlol IS one of the reagents. 

In an attempt to get a more efficient reactton, an mtramolecular addmon of a thtyl radical to a vinyl 
epoxlde was destgned usmg substrate 1Oc This compound was synthesised by the route shown On heatmg 
with AIBN, the thlyl rad~al addtuon &d indeed take place, but the volahhty of the product 12 made &anon a 
real problem However, by oxtdismg the tetrahydrothtophene in srru with “Oxone”. the correspondmg 
sulfone 13 was tsolated and charactensed Once agam, we could not detect any products resultmg from 
cleavage of the epoxtde C-C bond 

To approach the fiagmentahons usmg &fferent chemistry, the bromopivalate 14 was prepared from the 
alkene 6b using N-bromosuccmmude and potasstum pivalate It was possible to isolate one of the 
draste~tsomers m a pure state followmg chromatography, although the stereochemrstry was not determmed 
Treatment of thus compound vvlth mbutyltm hydrtde and AIBN led to nolatton of the the vmyl ether 17 as a 

mixture of(E) and (Z) isomers as well as the a&unsaturated aldehyde 18 

6b 

0 

tBu 
+o~oLl 

’ 16 O* 
15 

Y l 

0 d 
17 18 

The C-C bond cleavage leading to (17) 1s particularly mterestmg It 1s possible that Just such a reacnon 
occurs m Nature m the hosynthesls of the Important antibiotic nfamycm S (19)t3 from its precursornfamycm 
W (20)t4 In this transformation loss of C-34a occurs, although it is not known at what oxldahon level thts 
happens Compounds related to (20) at both the aldehyde and carboxyhc acid level of oxtdaoon have been 
isolated from such btosynthetzc mcubauons The convertmg brew thus features a range of oxldatwe enzymes 
Oxtdatton of the C29-C12 alkene to an epoxtde and oxldaaon of the CMa carboxylate to its carboxyl tical 
would then mgger loss of carbon dlox:de to form (21) and epoxide C-C bond cleavage to gwe radwl(22). 
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Proton loss and electron loss then complete the conversion Whether dus IS the mechamsm by which nfamycm 
S IS produced wdl reqnre detaded biosynthetic mvesnganons. 

Me Me Me Me Me Me 

OH OH OH 

20 

OH OH 

19 24 23 

ox&non 

21 

Me 

OH 

In summary, the cleavage of SIX ketcepoxycarbmyl radicals has been explored Etience of epomde C- 
O bond cleavage was observed 111 each case, and for one substrate products of C-C bond cleavage were also 
observed. These observahons agree with previous findmgs that the extent of carbon-carbon bond cleavages 111 
epoxldes correlate with the stabtisaaon of the resltmg carbon radical. Aryl and vmyl epoxldes undergo 
predommant or exclusive C-C cleavage, alkyl epoxldes show exclusive C-O cleavage, ketoepoxldes he m 
between these two extremes. 
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Experimental Section. 

Meltmg pornts were measured on a Kofler hot stage apparatus unless otherwrse mdrcated 
Mrcroanalyses were determined using a Perkm-Elmer 24OB elemental analyser. Ultravrolet spectra were 
recorded on a Phrhps PU 8720 spectrometer Infrared spectra were recorded on a Perkm-Ehner 1720-X FTIR 
spectrometer rH nmr (rsC mm) spectra were recorded at 8OMHz on a Bruker WP8OSY, at 9OMHz 
(22 5MHz) on a Jeol FX9OQ, at 25OMHz on a Bruker WM250, at 27OMHz (67 SMHz) on a Jeol EX270 and 
at 4OOMHz (IOOMHz) on a Bruker AM400 spectrometer For both rH and r3C nmr, the solvent used was 
deutenochloroform, and with any solvent the mtemal reference was tetramethyldane at 0 OOppm, unless 
otherwrse mdtcated Mass spectra were recorded on VG Mmromass 70E and AEI MS902 spectrometers, or 
(for Accurate FAB spectra) at the SERC mass spectrometry urnt in Swansea 

Column chromatography was performed usmg Sorbstl C60 srhca gel (May and Baker) unless otherwtse 
mdrcated. Also used was Fluka Kreselgel HF254 silica (for preparatrve II-C) and Brockmann Grade I neutral 
alumma (BDH) 40-600 petrol, pentane. drchlotomethane, ethyl acetate and toluene were drstrlled before use 

For reactrons, solvents were drmd and/or drstrlled before use where necessary Tetrahydrofuran was 
freshly drstrlled from sodmm-benzophenone Benzene and ether were drred over sodium wtre Acetommle 
was drstrlled from phosphonc oxide onto 3A molecular sieves and potassmm carbonate Methanol was 
dtsnlled from magnesmm and mdme onto 3A sieves Dtchknomethane and chloroform were &so&d onto 3A 
sieves 

2,3-Epoxy-I-phenyl-4~hexen-l-one (4a) 
A solutron of lithium dnsopropylamtde (90 Ommole) m THF (4Oml), was cooled to -78’C Phenacyl 

bromide (5 97g, 30 Ommole) m THF (5ml) was added dropwrse and sttrred for a penod of 30mms A 
solunon of crotonaldehyde (2 55g, 30 Ommole) m dry THF was added rapidly and the resultmg mrxture was 
allowed to gradually warm up to mom temperature The contents of the flask were stured for a further twelve 
hours The reaction was quenched by the addmon of water (2ml) Removal of the solvent under reduced 
pressure yielded a vrscous yellow 011 This was Qssolved m ethyl acetate (1 lOml), washed wrth water (2 x 
5Oml), and saturated brme (50ml) The orgamc phase was drred over sodturn sulphate, filtered and evaporated 
to leave a pungent yellow 011 which was ptmfied by column chromatography (hexane/chlomform) gtvmg the 
desired epoxde (4a) as a white crystalline solid (0 67g, 8 5%) (m p 88°C (from hexane/chloroform)) 
(Found C, 74 09, H, 6 22 Cl2Ht202 requires C, 74 56, H, 6 43%), v,, (KBr) 3070, 1685 and 9OOcm-1, 
6B (250MHz, CDC13, Me&, 1.77 (3H, dd, J 1 45 and 6 45, CH3), 3 50 (lH, dd, J 199 and 7 98, - 
CHO), 4 17 (lH, d, J 199, CHG), 5 15-5 48 (lH, qdd, J 1 55, 7 98 and 15 4, =CHCHO), 5 84-6 28 
(lH, qd, J 6 45 and 15 4, =CHMe), 7 34-7 71 (3H, m, Ar-H), 7 93-8 09 (2H, m, Ar-H), 6~ (62 SMHz, 
CDC13, Me&) 17 69, 58 79, 60 58, 126 81, 128 22, 128 81 ,133 86, 134 26, 135 49, 193 94, m/z 188 
(M+, 5%) 159 (8), 105 (100) (Found M +, 188 0832, Cl2Hl202 requires M, 188 0837) The maJor 
product of thus reactron was tdennfied as styrene oxide by comparison wtth an authenoc sample 

2,2-Dmmethyl-4,.5-epoxy-6-octen-3-one (6a) 
Lrthmm dnsopropylarmde (50 0mmole)was cooled to -78’C 1-Bromo-3,3-drmethylbutan-2-one 

(9 84g 50 Ommole) m dry THF (1Oml) was added gradually, wu synnge, over 10 mm The resultmg 
solution was snrred for 2Omms at -78°C to ensure complete deprotonatron of the pmacolone denvatrve A 
solution of crotonaldehyde (3 6g, 50 Ommol) in THF (5ml) was added rapidly The contents of the flask were 
allowed to warm to room temperature and strrrmg was contmued for a further four hours The reactton was 
quenched with water (lOml), and the excess solvent was removed by rotary evaporanon The vrscous residue 
was dtssolved m drethyl ether (200ml) and sequentrally washed with water (2 x 75ml), and saturated bnne 
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(5Oml) The aqueous washmgs were extracted with ethyl acetate (5Oml) The combmed orgamc extracts were 
dried over anhydrous sodmm sulphate. filtered and evaporated to dryness The amber liquid was punfied by 
column chromatography (sihca HF254 98 2 hexane/&ethyl ether) to afford a pale yellow od which sohdtfied 
on scratchmg Recrystalhsatlon from hexane yielded the desired keto-epoxrde (6a) as a colourless sohd 
(3 68g, 46 2%) m p 42’C (from hexane). (Found C, 714; H, 9.7 Ctfi1602 reqmres C. 714, H, 9 6%), 
vmax (KBr), 2975, 1713, and 895cm-1 , 6~ (8OMHz. CDCl,, Me&), 1.21 (9H, s, But), 1 77 (3H, dd, J 
1 5 and 6 5, CH$, 3 25 (lH, dd, J 19 and 7 9, U-IO), 3 79 (lH, d, J 19, CHO), 5 20 (lH, qdd. J 15, 
7 9 and 15 4, =CHCO), 5.80-6 24 (lH, qd. J 6 5 and 15 4, =CH), SC (20MHz. CDCl,) 17 23, 25 13, 
42 84, 56 15, 58 75, 126 73, 132.73, 207 99, m/z 168 (M+, 7 6%). 84 (20). 57 (100). (Found* M+, 
168 1167, CI,,HI~OZ reqmres M, 168 1150). 

2,2-Dtmethyl-4,5-epoxy-6-hepten-3-one (6b) 
L&num dnsopropylatrude (50 Ommole) was cooled to -78°C whde under a nitrogen atmosphere l- 

Bromo-3,3-dtmethylbutan-2-one (9 84g, 50 Ommole) m dry THF (1Oml) was added gradually. The resultmg 
solution was .s& at -78’C for 10 mms A soluaon of acrolem (2 8Og. 5O.Ommole) m dry THF (5ml) was 
added rapidly to the stilted soluaon of hthmm enolate The resultmg rmxture was then allowed to warm to 
morn temperature and was shrred for four hours pnor to quenchmg with water (1Oml). The residue remannng 
after evaporauon was taken up into dlethyl ether (lOOn@, washed with saturated brme and separated The 
organic phase was tied over magnenurn sulphate, filtered and evaporated to dryness Punficatlon was 
effected by column chromatography (slhca HFz%, 95 5 hexanekhethyl-ether) to yield the trans-epoxtde (6b) 
as a pale yellow 011(2 97g, 39%) (Found C, 69 3, H, 9 35 CgHt402 reqmres C, 70 0. H, 9 15%); vmax 
3098, 1710 and 74Ocm-1 , tiH (9OMHz, CDC13, Me&), 1 19 (9H, s, But), 3 30 (lH, m, CHO), 3 75 (lH, 
d, J 1 9. CHO), 5 36 (1H. m. =CH), 5.54-5 66 (2H. m, =CHz), 6~ (22 SMHz, CDC13) 25.94, 43.82, 
56 93, 59 53, 121 28, 124.02, 206 12, m/z 154 (M+. 9%). 139 (7). 57 (100). (Found M+, 154 0986, 
C&t402 reqmres M 154.0994) 

Homolyttc cleavage of 2,3-epoxy-I-phenyl-4~hexen-l-one (4a) 
Degassed benzene (15ml), butane duo1 (0 42g, 4 Zmrnole) and the epoxlde (4a) (0 1 lg, 0 58mmole) 

were nuxed under nitrogen The sttrred mtxture was refluxed with penod~c addmon of small ahquots (ca 
0 lml) of AIBN (1Omgs) m benzene (2ml). The reflux was conMued for eighteen hours after wkch time the 
solvent was removed under reduced pressure The remammg 011 was taken up into &ethyl ether (20ml) and 
washed wth 1M NaOH (1Oml) and water (201111) The ethereal phase was dned over magnesium sulphate, 
filtered and evaporated NMR of the crude matenal mdcated the presence of two aldehy&c products 
Preparative tic (dlchloromethane) afforded both aldehydes The fiit, ldentlfied as 4-butylthto-2-pentenal(5a) 
a colourless 011, was charactensed, as also was its 2,4-dtnttrophenylhydrazone tivauve 
4-butylthlo-2-pentenal(5a) (20 4mgs, 22 3%), vmax 2960,2825,1691,1630 and 145Ocm-1 , S, (9OMHz, 

CDC13, Me&), 0 89 (3H, t, J 6 1, S(CH&$H$, 1 17-1 72 (7H, m, SCH2(CH&CH3 and CHCH3), 
2 41 (2H, m, SCHzR), 3 53 (lH, m, 4-H), 6 00 (lH, dd, J 7 6 and 15 5, =CH), 6 73 (lH, dd, J 7 8 and 
15, =CHCH), 9 56 (lH, d, J 7 6, CHO), SC (22 SMHz, CDC13), 13 50, 19 29, 21 89, 30 45, 31 43, 
40 97, 130 40, 157 54. 193 25, m/z 172 (M+, 22%). 115 (39), 82 (100). (Found M+, 172 0917, 
C$-It6OS reqmres IU, 172 0922) Dmltrophenylhydrazone denvanve (m p 212’C dec (from EtOH)), vmax 
(KBr) 3095,2930, 1610, and 1332cm- 1 ; 8~ (400hfkIZ CDC13. Me&), 0 91 (3H, t, J 7 3, S(CH2)@3), 
1 36-l 52 (5H. m, S(CH&CH$H$ and CH3), 155-l 60 (2H, m, SCH$H2CH$H$. 2 43-2 49 (2H, 
m, SCHzR), 3 50 (lH, dq, J 7 1 and 8 4, CHCH3). 6 11 (IH, dd, J 8 7 and 15 5, =CH), 6 29 (IH, dd, 
J 8 7 and 9 1, MeCHCH), 7 80 (lH, d, J 9 1, CHN), 7 93 (lH, d, J 9 6, ArH aromattc), 8 29 (lH, dd, 
J 2 6 and 9 6, ArH ), 9 12 (lH, d, J 2 6Hz, ArH), 11 14 (lH, brs, NH), S, (62 SMHz, CDC13) 13 72, 
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19 97, 2206, 3054, 31 56, 41.87, 11663, 12448, 125 06, 12999, 138 17, 14466. 14602, 14907, 
m/z 352 (M+, 23%), 263 (100) (Found M+, 352 1187, Ct~H20N404S xeqmres M. 352 1205) The 
remaining product was ldentlfied as benzaldehyde and was charactmsed as its 2,4_dmmophenylhydrazone 
denvanve (4 3mgs, 2 1%) (m p 235’C (fmm EtOH) mt ,ts 237”C, h (9OMHz, CLKI3, Me,&), 7 35-7 53 
(3H, m, 2,4,6-H), 7 86-7 89 (ZH, m, ArH), 8 26 (lH, d. J 9 5. ArH), 8 43 (lH, dd, J 2 5 and 9 5Hz, 
ArH), 8 64 (lH, s, HC=N-), 9 01 (lH, d, J 2 5, ArH), 1151 (lH, brs, NH), m/z 286 (M+, lOO%), 165 
(ZZ), 107 (76), 77 (69). (Found M+, 286 0652, Ct3Ht,,I$04 reqmres M, 286 0702) 

Honwlync cleavage of 2,2-dtmethyl-4J-epoxy-6-octen-3-one @a) 
Butane thlol (0 84g, 9.4mmole) and epoxlde (6a) (0 5g, 2 6mmole) were dissolved in dry benzene 

(25ml) Small amounts of the ra&cal mltlator AIBN (30 Omgs) m benzene (3ml) were added at penod~ 
mtervals over the twelve hour re.flux The dark 011 remammg after removal of the solvent under reduced 
pressure was dissolved m &ethyl ether (40ml) and washed with 1M NaOH (15ml) and then water (20ml) 
The separated ethereal phase was dned over anhydrous sodium sulphate. filtered and evaporated under 
reduced pressure Preparanve tic (nhca / dlchloromethane) afforded 4-butylthm-2-pentenal (5a) (22 7mgs, 
24 7%) Spectroscopic data were Identical to those obtamed for the same product derived from homolflc 
fission of keto-epoxlde (4a) No other product was Isolated 

Honwlytrc cleavage of 2,2-drmethyM,S-epoxy-6-hepten-3-one (6b) 
To dry degassed benzene (2Oml) wefe added n-butanethlol (0 84g, 8 4mmole) and the epoxlde (6b) 

(0 75g, 4 86mmole) The stirred mixture was refluxed under a nitrogen atmosphere ~th the per&~ 
addluon of small ahquots (ca 0 25ml) of a solution of AIBN (2Omgs) m dry benzene (Zml) The resultmg 
solution was heated under reflux for a penod of ten hours After evaporation, the residue was punfied by 
colum chromatography (85 15 hexane/&ethyl ether) Punficauon afforded 3-butylthto-2-butenaZ (Sb) which 
was Isolated and charactensed as Its 2,4-dtnrtrophenyl hydrazone denvanve - 3 butylthm-2-butenal (Sb) was 
isolated as a colourless pungent 011 (89mgs, 12%), v,, 2954 , 1682 and 1377cm-*, S, (9OMHz, CDCl,, 
Me&), 1 19 (3H, t, J 7 0, S(CH,),CH3), 1 25-l 79 (4H. m, SCH,(CH,),R), 2 48 (ZH. t, J 7 0, 
SCHzR), 3 36 (ZH, d. J 7 2, SW&H=), 6 17 (lH, dd. J 7 6 and 14 4, =CH), 6 79 (lH, td, J 7 2 and 
14 4, CH&H=). 9 67 (lH, d, J 7 6, CHO), SC (22 SMHz, CDCl,) 13 61, 31 06, 31 32, 33 11. 65 77. 
133 33, 152 29 and 193 03 The duutrophenylhydrazone denvanve was isolated as an orange-red solid. 
(m p 122’C), 6~ (80MHz, CDCl,, Me4Si), 1 19 (3H, t, J 7 0, S(CH,),CH3), 1 23-l 83 (4H. m, 
SCH2(CH,),CH3), 2 45 (ZH, t, J 7 1, SCH*R), 3 38 (ZH, d, J 7 2, SCH&H=). 6 20-6 37 (ZH, 
m,CH=CH), 7 75 (lH, d, J 7 3, CHN), 7 92 (lH, d, J 9 6, ArH), 8 33 (lH, dd, J 2 6 and 9.6, ArH), 
9 18 (IH, d, J 2 6, ArH), 9 65 (lH, br s, NH), SC (22 SMHz, CDC13). 13 69, 2197, 30 99, 3140, 
33 88, 116 68,123 43, 127 83, 129 43, 129 98, 138 30, 140 04, 144 68 and 148 82, mlz 338 (M+, 
39%), 249 (55), 231 (47), 67 (1OOj (Found M+, 338 1040, Ct4HtsN40J reqmres M, 338 1049) 

4-t-butyldlphenyblyloxybutan-I -01 1s 
To a solution of dry dlstdled butane-1,4-dlol (62 8g, 7OOmmo1, 1Oeq) and lmldazole (9 6g, 14Ommo1, 

Zeq) m dry dlmethylformamlde (140ml) under mtrogen was added a solunon of t-butyldlphenyltiyl chlonde 
(19 24g, 7Ommol) in dunethylformamlde (7Oml) over 70 mm After 17 h, the soluaon was poured onto water 
(5OOml) and extracted with dlchloromethane (2x5OOml) The combined organic layers were extracted ~th 
water, dned (MgSOJ, evaporated to dryness and chromatographed (C!H2C12. RF 0 19) giving 

4-t-butyldlphenylsilyloxybutan-I-01 as a colourless syrup (16 36g, 49 Immol, 71 1%) (Four& C, 

73 42, H, 8 86% C&12s02!G reqmres C, 73 12, H. 8 59%). v, (film) 3350, 3110, 3061 and 702 cm-*, 

8, (250MHz) 1 05 (9H, s, tBu), 1 67 (4H, m. CH,CH, ). 2 02 (IH, s, OH), 3 67 (ZH, t, J 6_1Hz, 
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HOCH$, 3 70 (2H, t, J 5 8Hz, ROCHz), 7 41 (6H, m, ArH) and 7 67 (4H, m, ArH); & (22 SMHz) 
19 12, 26 87, 29 15, 29 42 , 62.30, 63 93, 127 58, 129 53, 135.49 and 133 81; m/z (CI) 329 (MH+, 
22%), 311 (36). 271 (56), 251 (47), 239 (62), 229 (54). 199 (NO), 193 (70), 167 (73) and 73 (48) 

A solunon of oxalyl chlortde (4 8ml, 54 6mmo1,l. leq) m dry dlchloromethane (125ml) under mtrogen 
was cooled to -63’C and dry &methyl sulphoxlde (7.75ml, 109 2mmol,2.2eq) m &chloromethane (25ml) 
added After 5 mm, a soluuon of 4-t-butyldlphenyblyloxybutan-l-01 (16 31g, 49 65mmol) m 
hchloromethane (5Oml) was added over 10 mm After 5Omm. at -63Y!, dry dusopropylcthylamme (43 24ml, 
248 3mmol,5eq) was added, stmed for 5 mm and allowed to warm to room temperature The solumn was 
poured onto water (15Oml), the organic layer drted (MgSOJ, evaporated to dryness and chromatographed 
[40-60’ petrol / &chloromethane (6 1.2 1 and 1 1 )] gtvmg 

4-t-butyl&phenylnlyloxybutanal (7) as a colourless 011 (13 53g, 41 45mmo1, 83 5%) (Found MH+, 

327 1678 &H2702S~ reqmres MH. 327.1780), v,,,,, (film) 3071,3050,2720, 1727, 1590, 1473 and 703 

cm-t, sH (25OMHz) 1 04 (9H, s, tBu), 1 89 (2H, tt, J 7, 7 CH,CH,), 2 55 (2H, td, J 7 and 1 7, 
CH2CH2), 3 69 (2H, t, J 6 0, ROCH2), 7 41 (6H, m, ArH), 7 65 (4H, m, ArH) and 9 79 (lH, t, J 

1 6Hz, HCO), & (22 5MHz) 19 33, 25 46, 27 08, 40 79, 63 16, 127 84, 129 85, 135 65. 133 86 and 

202 01, m/z (CI) 327 (MI-l+, 1%). 269 (100). 249 (4 9), 251 ( 4), 199 (87). 139 (44), 77 (lo), 71 (36) and 

57 (8) 

E-6-t-butyldrphenylsdyloxyk-2-enal(8) 

A solution of 4-t-butyldtphenyblyloxybutanal (7) (3 Ug, lOmmo1) and formylmethylenetnphenyl- 
phosphorane (3 35g, 1 lmmol, 1. leq) m dry chloroform (125ml) under mtrogen was heated under reflux for 
41 h The solution was evaporated to dryness and the restdue extracted mth cold (-20°C) ether (6x2Oml) The 
extract was filtered to remove phosphorane and phosphme oxlde, evaporated to dryness and chromatographed 
using 4O-60’ petrol /ether (15 1 and 9 1 gvmg 

E-6-t-butyldtphenylsrlyloxyhex-2-enal(8) as a yellow syrup (2 194g. 6 22mmo1, 62 2%) (Found C, 

74 93, H, 8 20% t&HZsO,Sl reqmres C. 74 95, H, 8 OO%), i,,,= (MeCN)/nm 219sh (E 25 000), 259 (870) 

and 264 5 (820), v,, (film) 3071,3050,2738,1693, 1638, 1590, 1473 and 703 cm-t, 6” (25OMHz) 106 

(9H, s, tBu), 1 75 (2H, tt, J 7, CH2), 2 45 (2H, ddd, J 7, 7 and 1 5, =CHCH2), 3 70 (2H, t, J 6 1, 
OCH,), 6 10 (lH, ddt, J 15 7, 7 9 and 1 5, HCO CH), 6 82 (lH, dt, J 15 6, 6 8, CHCH,), 7 39 (6H, 

m, ArH), 7 65 (4H, m, ArH) and 9 46 (lH, d, J7 8, HCO), iic (22 5MHz) 19 33, 27 08, 29 30, 30 93, 

63 00, 127 84, 129.85, 133 26, 135 65, 157 97 and 193.56 , m/z (CI) 353 (MI-I+, 8%), 335 (3). 295 (62), 
275 (84). 199 (21), 155 (26), 125 (46), 97 (lOO), 77 (8) and 57 (5) 

E-l -t-butyldlphenylstlyloxy-6,7-epoxy-9,9-dt~thyl~c-4-e~-8-o~ (9a) 
To a solution of dry dusopropylamme (108ml, 7 69mmo1, 1 2eq) m dry tetrahydrofuran (5ml) under 

nitrogen, cooled to -78’C, was added a solution of n-butylhthlum m hexanes (1 4M, 5 04m1, 7 OSmmol, 
1 leq) dropwlse over 8 mm After 10 mm sttmng, a solution of I-bromopmacolone (0 947m1, 7 OSmmol, 
1 leq) m tetrahydrofuran (5ml) was added dropw~se over 5 mm After 30 mm snmng, a dry solution of E-6- 
t-butyldlphenylnlyloxyhex-2-enal (8) (2 253g, 6 39mmol) m tetrahydrofuran (1Oml) was added rapldly, the 
solution allowed to warm to room temperature and stu-red for 24 h The mixture was evaporated to dryness, 
&ssolved m ether (5Oml), extracted mth water (2x75ml), dned (MgSO,), evaporated and chromatographed 
[40-60“ petrol / ether (20 l)] glvmg the CIS and trans isomers about the epoxlde (9a) Trans isomer 

E-l -t-butyldrphenylsrlyloxy-6,7-uans-epoxy-9,9-drmethyldec-4-ene-8-one (9a) as a colourless 011 
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(1 92g. 4 26mmo1, 66 7%) [RF 0 51, 4 1 petrol / ether] (Found MH+, 451267 C28H390$1 reqmres 

MH, 451267), v,,,, (film) 3071, 3050, 1716, 1669, 1590, 1475 and 706 cm-l, S, (25OMHz) 105 (9H, s, 

tBu), 121 (9H, s, tBu), 1.66 (2H, tt, J 7, 7, CH2). 2.u) @I-I, tdd, J7, 7 and 1.2. CHCH,), 3 28 (lH, 
dd, J 8 2 and 1.9, CHO), 3 66 (2H, t, J 6.2, ROCHz), 3 74 (lH, d, J 1 9, CHO), 5.20 (lH, ddt, 
J 15 5, 8 2 and 14, =CH), 5 98 (lH, dt, J 15 5 and 7, =CHCH& 7 41 (6H, m, ArH) and 7 66 (4H, m, 

ArH), & (22 5 MHz) 19 23, 25 73, 26.92, 28 60, 31 58, 43 45, 56 88, 59 32, 63.00, 126 01. 127 64, 

129 59, 133 97, 135 49, 138 14 and 208 46, m/z (CI) 451 (MH+, 5%), 433 (5), 393 (26), 373 (27), 199 
(5), 195 (14), 85 (26) and 57 (100); and CIS isomer 

E-l-t-buryldtphenylsalyloxy-6,7-cls-epo~-9,9-dtmethyldec-4-ene-8-one (9a) as a yellow 011 

(0 20928, 0 464mmo1, 7 3%) [RF 0 33.4 1 petrol / ether] v,, (film) 3071, 3049, 1715, 1590, 1474 and 

704 cm-l, sH (25OMH.z) 1.04 (9H, s, tBu), 1 18 (9H, s, tBu), 1 61 (2H, tt, J 7, CH*), 2 16 (2H, dt, J 7, 
7 =CHCH,), 3 63 (lH, dd, J 8 9 and 5, CHO), 3 64 (2H. t, J 7. OCH,), 4.10 (lH, d, J 5 0, CHO), 
5 13 (lH, ddt, J 15 6, 8 8 and 14, =CH), 6 03 (lH, dt, J 15 6 and 6.9,=CHCHZ), 7 40 (6H, m, ArH) 

and 7 65 (4H, m, ArH), 6~ (22 5MHz) 19 12, 25 84, 26 87, 28 71, 3175, 43 34, 57 05, 58 29, 63 06, 

122 92, 127 58, 129 53, 133 87, 135 44, 139 61 and 208 0, m/z (CI) 393 (M+-tBu, 20%), 373 (3). 199 
(43), 195 (14). 85 ( 19) and 57 (100) 

E-l -hydroxy-6,7-trans-epoxy-9,9-drtnethykiec-4-ene-8-one (9b) 

To a solution of E-l-t-butylQphenylstlyloxy-6,7-trans-epoxy-9,9-d~methyldec-4-ene-8-one (9a, 
tram) (8 2Og, 18 19mmol) m dry tetrahydrofuran (1OOml) was added a solunon of tetra-n-butylammomum 
fluonde (lM, 36 4ml, 36 4mmol,2eq) m tetrahydrofuran After 17 h, the brown solutton was evaporated to 
dryness, taken up in dlchloromethane (2OOml), extracted with water (2xl5Oml), dned (MgSOJ and 
evaporated to dryness Due to decomposltlon on sihca and alumma, the alcohol was used crude m the 
followmg tosylanon step 

E-l-tosyloxy-6,7-trans-epoxy-9,9-dtmethyldec-4-ene-8-one (SC) 
To a solution of crude E-l-hydroxy-6,7-nans-epxy-9,9-~methyldec-4-ene-8-one @a) (18 19mmol) 

and benzylmethylammomum chlonde (0 2072g, 0 9lOmmo1, Smole%) m dchlommethane (50ml) was added 
s&urn hydroxide soluaon (40%, 5Oml) and the mtxture mechanically stmed A solunon of toluenesulfonyl 
chlonde (10 4Og, 54 6mmo1, 3eq) m dlchloromethane (25ml) was added over 10 mm, the mature 
mechanically stured for 21 5 h, and poured onto Qchlommethane (150ml) and water (400ml) The aqueous 
layer was extracted with dlchloromethane (2xlOOml) and the combmed organic layers extracted with water 
(2xlOOml), dried (MgS04), evaporated to dryness and chromatographed usmg 40-60” petrol /ether (6 1 and 

2 1) gvmg 
E-l-tosyloxy-6,7-trans-epoxy-9,9-dlmerhyldec-4-ene-8-one (SC) as a colourless 011 (6 06g, 

16 55mmol,910% over 2 steps) (Found C, 62 29, H, 7 2496, C,,%,O,S reqmres C, 62 27, H, 7 15%,) 

(Found M+, 366 1470 C,,H,,O$ reqmres M 366 1501), v,,, (film) 1714, 1669, 1599, 1478,665 and 

556 cm-‘, St., (8OMHz) 1 22 (9H, s, ‘Bu), 1 75 (2H, tt, J 7, CHz), 2 16 (2H, br dt, J 7, 7 CHCH2), 2 45 
(3H, s, Me of OTs), 3 26 (lH, dd, J 7 7 and 2 0, CHO), 3 72 (lH, d, J 2 O,CHO), 4 03 (2H, t, J 6 0, 
CHz), 5 20 (lH, ddt, J 15 6, 7 7 and 1 3, =CH), 5 90 (lH, dt, J 15 6, 6 5, =CHCH$, 7 35 (2H, d, J 

8 5, ArH) and 7 78 (2H, d, J 8 4, ArH), SC (22 5MHz) 21 51, 25 68, 27 85, 27 95, 43 39, 56 73, 58.94, 

69 51, 127 20, 127 74, 129 91, 136 09, 133 27, 144 81 and 208 52, mlz (EI) 366 (M+, 1 5%), 353 (ll), 
281 (10) and 57 (100) 
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E-l-acetylthto-6,7-trans-epoxy-9,9-dmtethykiec-4-ene-8-one (lOa) 
Potassmm duoacetate (2 159g. 18 9lmmol. 1 15eq) was added to a solution of E-1-tosyloxy-6,7- 

trans-epoxy-9,9dtmethyldec-4-ene-S-one (9~) (6 02g, 16 44mmol) tn acetone (65ml) under mtrogen and the 
rmxture brought to reflux, gvmg an unme&ate precipitate of potassmm tosylate. After 2 5 h, the reactton was 
cooled m ice, filtered, and the residue washed with ice-cold acetone The filtrate was evaporated to dryness, 
&ssolved in ether (5Oml), washed with water (4x6Oml), dned (MgSO& evaporated and chromatographed 
[40-60’ petrol / ethyl acetate (7 1 [RF 0.25])] gvmg 

E-I-acerylthro-6,7-aans-epoxy-9,9-drmethyldec-4-ene-8-one (lOa) as a slightly yellow 011 (2 76g, 

10 2lmmo1, 62.1%). (Found. C, 61 82, H, 8.43%. C,,H,,O,S reqmres C, 62.19, H, 8.18%); v,,, (film) 

1714, 1693, 1479, 893 and 627 cm-‘, 8~ (25OMHz) 1.23 (9H, s, fBu), 1 69 (2H, tt, J 7.7, CH$, 2 18 
(2H, tdd, J 7, 7 and 1 4, =CHtX,), 2 34 (3H, s, Me of AcS), 2 87 (2H. t, J 7 3, SCH& 3 31 (lH, dd, 
J 8 2 and 18, CHO), 3 78 (lH, d, J 19, CHO), 5 25 (IH, ddt, J 15 5, 8 1 and 14, =CH) and 5 98 (lH, 

dt, J 15 5 and 7, =CHCH,), SC (22 5MHz) 25 68, 28 22, 28.66, 30 45, 31 15, 43 39. 56 77, 59 00, 
126 93, 136 74, 194 70 and 208 19, m/z (BI) 226 (lo%), 171 (a), 141 (40). 57 (100) and 43 (68) 

E-6,7-trans-epoxy-8-oxo-9,9-dmu%hyldec4-en-l-y1 methyl dtsulphlde (lob) 
A solution of E-l-acetylthlo-6,7-trans-epoxy-9,9-dlmethyldec-4-ene-S-one (10a) (1 40348, 

5 190mmol), pipemime (1 405Og, 16 Smmol, 3eq) and 4-Qmethylammopyndme (67.2mg, 0 55mmo1, 
lOmole%) m hexane (2OOml) and &methyl dtsulphlde (15ml) under nitrogen was stmed at 25“C for 12 days 
The solutton was diluted with ether (5Oml), extracted Hnth sulphunc acid (0 1M , 2xlOOml), then water 
(lOOmI), dned (MgSOJ and evaporated to dryness Though unstable to TLC, rapid chromatography usmg 
40-60’ petrol /ether (7 1 [RF 0 201) successfully gave 

E-6,7-trans-epoxy-8-oxo-9,9-drmethyldec-4-en-l-y1 methyl dlsulphrde (lob) as a colourless 011 
(1 Olg, 3 68mmol,71%) (Found C, 56 95, H, 8 33%, C13HzO& requires C, 56 90, H, 8 08%)( Found 

M+ 274 1074 C13HzzOzSz requires M, 274 1061), k,, (MeCN)/nm 208sh (E 14 000), v,, (film) 1714, 

1668 and 892 cm-t, 8~ (25OMHz) 1 23 (9H, s, tBu), 1 82 (2H, tt, J 7,7, C!H& 2.23 (2H, tdd. J 7.7 and 
14 , =CHCH,), 2 41 (3H, s. SMe), 2 70 (2H, t, J 7 2, SCH& 3 31 (1H. dd, J 8 2 and 19, CHO). 3 78 
(lH, d, J 2 0, CHO), 5 26 (lH, ddt, J 15.5, 8 4 and 14, =CH) and 6 00 (lH, dt, J 15 5 and 7, 

=CHCH,), 6, (22 5MHz) 23 13, 25 62, 28 01, 30 77, 37 22, 43.29, 56 67, 59 00, 126 71, 137 01 and 

208 14, m/z (EI) 274 (M+, 6%), 227 (17), 189 (48), 141 (64) and 57 (100) 

E-6,7-trans-epoxy-8-oxo-9,9-dtmethyldec-4-en-l-y1 throl (10~) 
To an ice-cooled solution of E-6,7-trans-epoxy-S-oxo-9,9-dlmethyldec-4-en-l-y1 methyl dtsulphtde 

(lob) (0 38768, 14lmmol) m tetrahydrofuran (4Oml) and delomzed water (1Oml) under nitrogen was added 
m-n-butylphosphme (0 37ml, 148mmo1, 105eq) After 1 h, the tetrahydrofuran was removed tn vacua and 
the aqueous residue extracted with dtchloromethane (3xlOml) The combmed orgamc layers were extracted 
with water (lOml), dned (MgSOJ and evaporated to dryness The product was unstable to column 
chromatography and thus was used crude IXI the followmg radial cychsahon 

To a refluxmg soluhon of azobistsobuty-rontmle (0 1806g, 1 lmmol, leq) m dry tetrahydrofuran 
(33ml) under mtrogen were added separately azoblslsobutyromtrde (0 1806g. 1 lmmol, leq) tn 
tetrahydrofuran (Sml) and crude E-6,7-trans-epoxy-S-oxo-9,9-dlmethyldec-4-en-l-y1 duo1 (10~) (0 5113g, 
1 lmmol) m tetrahydrofuran (Sml) dropwtse over 1 hour (syrmge pump) After a further 1 hour at reflux, the 
solution was allowed to cool overnight To reduce the volat&y of the tetrahydrothlophene product, the 
solution was cooled to 0°C and a solution of “Oxone” (2 029g, 3 3mmol,3eq) m delomzed water (1 lml) was 
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added rapidly After 3 hrs at 0°C and 3 hrs at 25”C, the tetrahydrofuran was removed m vacua , the aqueous 
shmy &uted ~th water (20ml) and extracted ~nth dtchloromethane (3x2Oml) The combined orgamc layers 
were extracted with water (15ml), dned (MgSO& evaporated to dryness and chromatographed usmg 
bchloromethane, dchlommethane / ethyl acetate (20 1 and 4: 1) and ethyl acetate @vmg unreacted azobis- 
lsobutyromtnle (0.3025g, 1.84mmol), and 

2-(3-oxo-I-propenyl)-tetrahydrothophene 1,1-&0x& (13) punfied by preparative TLC [l 2 petrol / 
ethyl acetate] as a white sohd (4 lmg, 0 024mmol,2 1% from the dlsulphide (lob), m p 176-179’C (dec ) 

(Found MH+, 175 0432 C7Ht103S reqmres M, 175 0429), X,,,,, (MeCN)/nm 214sh (E 1 400) and 273sh 

(290), v,,, (film) 2851, 2749, 1691, 1642, 1303, 1120 and 978 cm-t, St., (25OMHz) 2 2-2 6 (4H, m, 
CH,CHz), 3 12 (lH, m, XI-X$, 328 (IH, m, SCHz). 3 86 (lH, m, SCH). 633 (1H. ddd, J 157,74 

and 0.9, =CHCHO), 6.75 (lH, dd, J 15.8 and 8 3, =CH) and 9 62 (lH, d, J 7.4, CHO), 6~ (1OOMHz) 

20 45,29 27, 51 32, 63 56, 136 97, 144 85 and 192 08, m/z (EI) 175 (MH+, 17%), 173 (4). 146 (4), 109 
(12) and 81 (25). 

Formation ofpotassrum pwalate Tnmethylacetlc acid (20 4g. 0 Zmole) 111 ethanol (4Oml) was added slowly 
to an ethanohc solunon of potassmm hydroxide (7 8Og, 0 19mole) in ethanol (1OOml) The resulMg solution 
was stmed for 30 mms before removal of the solvent under reduced pressure The white sohd was washed 
with &ethyl ether (50ml) and dned m vacua over potassium hydromde 

6-Bromo-2,2-dwnethyl-4,5-epoxy-7-(mmethylacetoxy)-3-heptanone (14) 
Tnmethylacetic acid (10 Og, 98mmole), N-bromosuccmlrmde (19 Og, 107mmole), potassnun ptvalate 

(22 7g, 0 2mole), and epoxlde (6b) (3 31g, 21 Smmole) were added to a flask shielded from light m 
alummium foil and then heated at 50°C, ailowmg the solid contents of the flask to become molten. The 
resultmg solution was sorred at 5O’C for thtrty SLX hours The contents of the flask were poured onto &ethyl 
ether (300ml) held 111 a separatmg funnel The ethereal phase was cauhously treated with saturated sodmm 
hydrogen carbonate soluuon ( 5 x 200ml) until no further gas evoluuon was evldent The separated orgniuc 
phase was sequentially washed Hnth water (1OOml) and saturated bnne (lOOml), dned over sodmm sulphate, 
filtered and then evaporated to low volume Punficahon of the matenal was achieved wtth two successwe 
chromatography columns (6 1 hexane/&ethyl ether) Tlus afforded pure one of the dlastereoisomers of the 
desired epoxtde (14), as a colourless crystalline solid, (0 146g, 2 1%) (m p., 56OC), vmax 2991, 1729 and 
1710cm-1, 8~ (25OMHz, CDC13. Me&), 124 (18H, 2 x s, But x 2). 3 32 (lH, dd, J 19 and 6 1 , epoxlde 
CHO), 3 95 (lH, d, J 1 9, epoxlde CHO), 4 11 (lH, m, BrCH), 4 29-4.95 (2H, m, 0CH2), 6~ 
(22 SMHz, CDC13), 25 79, 28 27, 39 01, 43 94, 47 86, 55 59, 59 27, 64 26, 177 75, 207 44, mlz 
251 011 (M+ -82, ll%), 249 (12), 153 (18), 97 (16), 85 (33), 57 (100) 

Homolytacfisswn of 6-bromo-2,2-dtmethyl4J-epoxy-7-(trl~thylacetoxy)-3-~pt~~ (14). 
Epoxide (14) (0 log, 0 3mmol) was dissolved in degassed benzene @ml) A solution of AIBN 

(15mgs) and mbutyltm hydnde (86 4mgs, 0 3mmole) m dry benzene (5ml) was added m small ahquots (ca 
0 25ml), via syrmge, to the refluxmg solution over a penod of five hours Reflux was contmued for a 
further twelve hours before removal of the solvent under reduced pressure Punficatlon by column 
chromatography (dlchlommethane) and HPLC (solvent 3 1 hexane/dlethyl ether) afforded enal 18 (15mg, 
19%) 6~ (4OOMHz, CDC13, Me&), 1 25 (9H, But), 4 85 (W, br d, J 4, OCH*), 6 3 (lH, dd, J 16, 7 5 
=CH), 6 85 (lH, dt, J 16, 4, =CH), 9 76 (lH, d, J 7 5, CHO), SC (20MHz, CDC13), 11 1, 46 3, 115 9, 
27 19, 1339, 1767, 2000 
and pure vrnyl ether (17), as a rmxture of the CIS and trans Isomers (23 3mgs, 29 6%), vmax 2980. 1728, 
1659cm-1, 6~ (4OOMHz, CDC13, Me&), 1 19 (18H, 2 x s, Butx 2), 4 47 (2H, dd, J 0 79 and 7, trans 
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OCH$H). 4 59 (2H, s, trans OCH&O), 4 62-4 73 (5H. m, CIS =CH and 2 x OC&), 4.94-4.99 (IH, 
td, J 7 and 12 6, truns =CHCH$, 5.95-5 98 (lH, dd, J 10 and 5 2 CIS OCH=), 6 55-6.60 (lH, br. d, J 
12 6, truns GCH=), 6~ (IOOMHz. CDCls), 26 14, 26 24, 27.15, 27 19, 27 33. 38 66, 42 90, 43 10, 
58 11, 62 07. 69 55, 72 16.99 43. 102 25, 148 07. 151 19, 178 54, 178.58,208 85 and 210.19, m/r 256 
(M+, 0 4%), 171 (24), 99 (18), 85 (60), 57 (100) (Foun& M+, 256 1689, Ct4H2404 reqmres M, 
256 1674) 
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