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A b&act: An advanced rntetmedrate for the syntheses of the Laurencla ~~~nane natural product obtusenyne I, 
namely the unsaturafed rune-membered lactone 3. was efinently prepared m seven stepsfrom fE)-3-hexenorc acrd 7 
The key transformatzon was the Clarsen rearrangement of the vrnyl ketene acetal 4, which represents novel 
methodology for the preparation of such unsaturated nzne-membered lacwnes 

A host of nonterpenold Cl5 metabolltes have been isolated from red algae of the genus Luurencla, as well 
as the oplsthobranchs that feed upon them 1 f 13 Among these are a number of halogenated mne-membered nng 
cy&c ethers (oxonanes), such as obtusenyne 1 43 and brasllenyne 26 (Figure 1) Our planned strategy738 for the 
synthesis of these challengmg marme natural product targets required the preparation of the 5,6-unsaturated 
2-oxonanone 3 

OSIPh,t-Bu 

Figure 1 

The cychzatlon of acychc precursors to form nine-membered lactones IS generally an unfavourable 
proces\,g although mcorporatlon of a (Z)-double bond mto the chain of a whydroxy acid can lead to acceptable 
yields for ldctomsatlon l”vl 1 Carbon-carbon bond formmg cychzation approache&t3 and nng expansion 
reactlons 1415 provide the remaining examples of a rather limited range of methods for the synthesis of 
unsdturated nine-membered lactones This paper describes development of a Clsusen rearrangement strategy for 
the qynthesls of the lactone 3, based upon the method used previously by us for the preparation of unsaturated 
eight-membered lactones 16 Petrzllka had previously applied this procedure to the synthesis of the naturally 
abut ring ten-membered lactone phoracanthohde J l7 
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RESULTS AND DISCUSSION 

Synthesis of the unsaturated nine-membered lactone 3 by the planned Chusen rearrangement strategy 
required preparation of the vmyl ketene acetal4 (Scheme 1) from the 1,4-d1015 and a ketene equivalent 16 The 
preparation of the dlol5 from the known lactone 618 IS now described 

OStPh,t-Bu 
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Scheme 1 

Acid treatment of 3,4-epoxyhexanolc acid (10) was reported by Falbel* to gve a 2 1 mixture of the 
hydroxy y-lactone 6 together with the correspondmg p-lactone In our hands attempted epoxldatlon of 7 with 
either peracetic acid or meta-chloroperbenzolc acid (MCPBA) faded to give the required epoxy-acid 10 
However, the same authors reported that actd treatment of the correspondmg epoxy esters gave the hydroxy “I- 
lactones selechvely This alternative approach to the hydroxy r_lactone 6 was utdlsed 

Epoxidahon of methyl (E)-3-hexenoate 8 with MCPBA gave the epoxy ester 9 m excellent yield (Scheme 
2) Treatment of 9 with 3% aqueous sulphunc acid gave the hydroxy ylactone 6, with no evidence of P-lactone 
formation 18 However, repeated extmchon of the aqueous reaction rmxture was necessary to achieve a good 
yield The robust tert-butyldlphenylsllyl group’9 was chosen for protecuon of the hydroxy lactone 6, smce 
removal was expected to be late m the synthetic sequence to obtusenyne 1 and such pmtectlon was known to be 
stable under the Clalsen rearrangement condmons l6 Thus, the hydroxy lactone 6 was converted Into the 
sllyloxy compound 11 using rert-butykhphenylchlorosllane and mudazole m anhydrous DMF at 60 OC 

The protected hydroxy lactone 11 was transformed mto the 1.4~d1015 VM a two step procedure Reduction 
using two equivalents of dusobutylaluuunmm hydnde (DIBAL), to ensure complete reacuon, and quenchrng at 
low temperature followed by an extractlve work-up gave the correspondmg lactol This was treated, wlthout 
further punflcatlon, with an excess of vmylmagneslum brormde to afford the dlol 5 (98% yield for the two 
steps) Attempts to carry out the conversion as a ‘one-pot’ process resulted in only a moderate overall yield of 
the dlol5 
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The dtol5 was treated with phenylselenoacetaldehyde drethylacetalt6fo m refluxmg toluene, under mild 
acrd catalysrs. to grve the Qoxepane 12 m quantttattve yteld. Pyrtdmmmp-toluenesulphonate (PPTS) proved to 
be a supenor catalyst to either Amberhte IR120 gel-type or Amberlyst 15 macroreucular sulphomc acrd resms 21 
The product was isolated as a mixture of three dtastereorsomers, as evident by rH NMR, which were not 
separated Oxtdauon to the correspondmg selenoxtdes was carned out using sodmm penodate After extracttve 
work-up and drying, the crude product was heated In refluxmg toluene m the presence of 1,8- 
dtazabtcyclo[5 4 Olundec-7-ene (DBU) under relattvely high &lutton condmons (1 mmol/lOO ml), condmons 
whrch had been opnmtsed m a model study An excellent yteld of the unsaturated rune-membered lactone 3 was 
obtained, via Clatsen rearrangement of the presumed lcetene acetal mtermedrate 4 The product lactone 3 
appeared to be a single isomer by 1H & 13C NMR and TLC The double bond geometry was assumed to be CIS 
from an analysis of the ltkely transitron states 

Clarsen rearrangment of the vmyl ketene acetal 4 could either occur vra a charr-lrke (C) or a boat-hke 
transmon state (B) (Ptgure 2) The former would result m crs-double bond geometry for the product lactone 3, 
whereas the latter would produce the rruns-geometry Molecules which can readily adopt etther arrangement 
prefer the charr-like transmon state 2223*24 Also recent work by Paquette provided compellmg evrdence that a 
closely related Clarsen rearrangement to form a cyclooctenone proceeded via a charr-hke transmon state 25 Thus, 
transmon state C would seem to be the more favourable for rearrangement of the vinyl ketene acetal 4, 
suggestmg the preferred as-double bond geometry for the unsaturated lactone 3, as shown Tlus was supported 
by a tH NMR decouphng expenment which revealed that the coupling constant between the olefimc protons of 
the lactone 3 was 11 Hz, fully conststent with the assigned crs-geometry 26 

Figure 2 

The route employed for syntheses of the unsaturated lactone 3 was hrghly efficient Nme reactrons were 
camed out, reqmnng punficatmn by &sttllanon or chromatography at seven of the steps, m an overall 65% yield 
from mexpensrve (E)3-hexenolc acid 7 The key Clalsen rearrangement step proceeded m 93% yield 
Elaboration of the lactone 3 to a nme-membered nng ether, appropnately funcuonahsed for the synthesis of 
obtusenyne 1, ~111 be reported m due course 27 
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EXPERIMENTAL 

NMR spectra were recorded using Bruker WM250 and WM4OL-l mstmments IR spectra were determined 
on a Perkm-Elmer 1310 spectrophotometer, cahbrated xelahve to polystyrene Low and high resolution electron 
impact (EI) mass spectra were recorded on AEI MS902 and MS30 mstruments. respectively Chemical 
lomsatlon (CI) mass spectra were recorded by Dr J Ballantme and co-workers at the S E R C Mass 
Spectrometry Service Centre, Swansea Mlcroanalyses were performed by Mr D Flory and staff at the 
University Chemical Laboratory, Cambndge M p s were detexmmed on a Buchl 510 apparatus Flash 
chromatography28 was camed out on Merck Qeselgel60 (230-400 mesh) and thin layer chromatography was 
carried out on Merck Kleselgel 60 GF254 plates, coated to a thickness of 0 25mm. THF refers to 
tetrahydrofuran distilled from potassium m a recycling ~11 Other dry solvents were punfied by standard 
techniques 29 

Methyl (E)J-hexenoate 8 
(E)-3-Hexenolc acid 7 (7 27 g, 63 7 mmol) was stmed overnight m methanol (75 ml) contammg cone sulphunc 
acid (3 75 ml) The mixture was poured into water (50 ml) and extracted with dlchloromethane (3 x 100 ml) 
The combined extracts were dned, concentrated and the residue punfied by &stdlahon to gve the title ester 830 
as a colourless liquid (7 24 g, 89%), b p 56 “C at 18 mm Hg [lit, 67-68 “C at 34 mm Hg], Rf (1 1 
ether/hexane) 0 53, vmax (CC4) 1740vs (C!=G) cm-l, 8~ (250 MHz. CDC13) 0 97 (3H, t, J 7 Hz, CHj), 2 04 
(2H, m, allyhc CH2), 3 02 (2H, d. J 6 Hz, CI-IzCO), 3 67 (3H, s. OCH3). 5 55 (2H. m, CH=CH), 6~ (100 
MHz, CDC13) 13 4 (CH3), 25 5 (CH2), 37 9 (CH2CO). 517 (OCH3). 120 4, 136 4 (CH=CH), 172 7 (C=O), 
m/z (EI) 128 (M+, 53%), (Found M+, 128 0833 Calculated for C7H12O2 M, 128 0837) 

Methyl 3(R*),4@*)-epoxyhexanoate 9 
73% MCPBA (22 05 g, 106 mmol) was added pomonwlse to a mechamcally stmed suspension of methyl (Q-3- 
hexenoate 8 (10 22 g, 79 7 mmol) and sodmm acetate (20 0 g, 240 mmol) m dlchloromethane (800 ml) at 0 OC 
The mixture was steed at RT overmght The solld was filtered off and the filtrate was washed with saturated 
aqueous sodium sulphlte (500 ml), saturated aqueous NaHC03, water, then bnne The aqueous phases were 
washed with dlchloromethane (2 x 200 ml) and the combmed organic extracts were dned and concentrated 
Flash chromatography of the residue afforded the title epoxy ester 9 (11 22 g, 98%), as a colourless liquid, Rj 
(1 1 ether/hexane) 0 40, vmax (CC4) 1745~s (C=O) cm -l, 8H (250 MHz, CDC13) 0 99 (3H, t, J 7 Hz, CH3), 
159 (2H, m, CH2), 2 51 (lH, dd, A of ABX, JAB 16 HZ, JAX 6 Hz, CHzCO), 2 59 (lH, dd, B of ABX, JAB 
16 Hz, JBX 6 Hz, CHzCO), 2 73 (lH, dt, J 6, 2 Hz, CH-0), 3 03 (lH, dt, J 6, 2 Hz, CH-0), 3 71 (3H, s, 
OCH3), 6~ (100 MHz, CDC13) 9 7 (CH3), 24 7 (CHz), 37 5 (CH$i!O), 51.8, 53 6, 59 6 (2 x CH-0 and 
OCH3), 170 9 (C=O), m/z (EI) 144 (M+. 0 l%), 143 (0 2), 129 (M-CH3, l), 128 (M-16, 0 5), 127 (2), 113 
(M-OCH3,4), 112 (6), 88 (27), 87 (lOO), (Found C, 58 55, H, 8 6 C7H1203 requires C, 58 3, H, 8 4%) 

4(R*)-Hydroxy-S(S*)-ethyl-4,5-drhydro-2(3H)-furanone 6 
The epoxy ester 9 (5 71 g, 39 6 mmol) was stirred ovemlght m 3% aqueous sulphunc acid (50 ml) The 
product was extracted with dlchloromethane (8 x 100 ml), dned and punfied by flash chromatography (ether) to 
give the title hydroxy y-lactone 6l* as a colourless hquld (4 40 g, 85%), Rj (ether) 0 20, vmax (CC4) 3620m 
(O-H), 3450s (O-H), 1790~s (C=O) cm- *, 8~ (250 MHz, CDC13) 103 (3H, t, J 7 Hz, CH3), 1 65 (2H, m, 
CH2), 2 36 (lH, br s, OH), 2 52 (lH, dd, J 18.4 Hz, CHzCO), 2 83 (lH, dd, J 18, 6 Hz, CH$O), 4 29 
(2H, m, 2 x CH-0), 8~ (100 MHz, CDC13) 9 5 (CH3), 26 1 (CH2). 37 7 (CHzCO), 71 1,89 3 (2 x CH-0), 
175 7 (C=O), m/z (EI) 113 (M-OH, 3%), 102 (M-CO, 19). 83 (12), 59 (loo), m/z (CI, NH3) 148 
[(M+NHd)+, lOO%], 131 [(M+H)+. 151, (Foun& (M+Na)+, 148 0974 Calculated for C6Ht003 M+NHd, 
148 0984) 
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4(R*)-tert-Butyld~phenysrlyloxy-S(S*)-e~hyl-4,5-drhydro-2(3H)-furanone 11. 
The hydroxy y-lactone 6 (3 935 g, 30 2 mmol), mndazole (4 53 g, 66 5 mmol) and terr- 
butykhphenylchlomtie (8 6 ml, 33 mmol) were sarred at 60 “C m dry DMF (25 ml) ovezmght. After allowmg 
the solunon to cool, 1t was poured mto water (125 ml) and extracted urlth ether (3 x 100 ml) The extracts were 
washed with brme (50 ml), combined and dried. The residue after evaporation was punfied by flash 
chromatography (2-l &chlommethane,‘hexane as eluant) to yield the We ~kzcrone 11 as a colourless, viscous 011 
(10 79 g, 97%) The od crystalhsed on storage m the freezer, and was xecrystalhsed from hexane to gve a wlute 
sohd, m p 64-65 ‘C. Rf (CH2Cl2) 0 41, v mBx (m4) 1790vs (c=o) cm-l; &.I (250 MHz, CDC13) 0 75 (3H, 
t, J 7 Hz, CH3), 106 (9H, s, C(CH3)3), 131 (2H, m, CH2), 2 50 (2H. m, CH$O), 4 17 (lH, m, CH-0), 
4 27 (lH, m, CH-0), 7 42 (6H, m, Ar), 7 62 (4H, m, Ar), 6~ (100 MHz, CDC13) 9 4 (CH3), 19 0 
(C(CH3)3). 25 7 @Hz), 26 8 (C(CH3)3), 37 8 (CH$O), 72 4. 89 3 (2 x CH-0). 128 0. 130 2, 132 78, 
132 83, 135 67, 135 71 (Ar), 175 2 (C=O), m/z @I) 311 (M-t-Bu, 66%). 269 (100). m/z (CI, NH3) 386 
[(M+NH)+. lOO%], (Found C, 714, H, 7 7 C22H28O3S1 requires C, 717, H, 7 7%) 

5(R*)-tert-Bu~~d~p~nyls~lyloxy-3(R*,S*),6(S*)-drhydroxy-l-octene 5 
A solution of the lactone 11(6 60 g. 17 9 mmol) m dry THP (95 ml) was cooled to -75 Y! and DIBAL (10 M 1n 
hexane, 36 0 ml, 36 0 mmol) was added dropwlse The rmxture was stu-red at -70 ‘C for an hour, then the 
excess DIBAL was quenched by dropwise addmon of saturated ammomum chlonde (6 ml), at such a rate as to 
mamtam the temperature below -60 “C A solunon of aqueous 10% HCl(l2 ml) was added, the coohng bath 
removed, and the n~xture was s&rred for 30 mmutes The reacnon nurture was poured mto 10% aqueous HCl 
(100 ml) and extracted urlth ether (3 x 500 ml) The extracts were washed with 10% aqueous HCl(100 ml) and 
bnne (100 ml), combmed and dned over sodmm sulphate The drying agent was filtered off, the filtrate was 
concentrated, and the residue was dned under tigh vacuum to &Ive the crude lactol The matenal was chssolved 
1n dry THF (120 ml) and cooled to -5 “C. Vmylmagneslum brormde (10 M m THF. 54 ml, 54 mmol) was 
added, while the temperature was mamtamed below 5 ‘C The coohng bath was removed and the solution was 
stirred at RT for three hours The reacuon rmxture was cautiously poured into 5% aqueous HCl(l20 ml), wltb 
cooling 1n an 1ce bath, and extracted with ether (3 x 600 ml) The ether extracts were washed with bnne (120 
ml), combmed and dned The product was punfied by flash chromatography (1 1 ether/hexane) to furnish the 
utle dloZ 5, as a pale yellow 011 and an approxunately 1.1 rauo of &astereolsomers (7 01 g. 98% over the two 
steps), Rf(1 1 etherihexane) 0 24, v - (CC&) 36oom (O-H), 3440m (O-H) cm-l, SH (250 MHz, CDC13) 
0 79 (3H, m, CH3). 1 08 (9H, s, C(CH3)3), 1.23-1.74 (4H, m, 2 x CH2), 2 33 (2H, br, 2 x OH), 3 55 (lH, 
m, CH-0), 3 8-4.5 (2H, 4 x m, 2 x CH-0). 4.95-5 17 (2H, m, CI-I2=). 5 62-5 75 (lH, m, -CH=), 7 34-7 49 
(6H, m, Ar), 7 64-7 73 (4H, m, Ar), 8~ (100 MHz, CDC13) 10 27, 10 31 (CH3), 19 35, 19.46 (CH2). 25 13, 
25 17 (C(CH3)3), 27 08 [C(CH3)3 of both Qastereoisomers], 38 22, 38 54 (CH2), 67.52, 69 27, 75 59, 
76 06, 76 38 (3 x CH-0 of 2 diastereoisomers), 113 67, 113 87 (CH2=), 127 77, 128.84, 129 97, 130 03, 
133 41, 133 51, 135 77, 135 87 (Ar), 140 97, 14124 (=CH), m/z (EI) 341 (M-t-Bu, 0 2%). 339 (WC3H70, 
0 6). 323 (M-t-Bu-H20,7), m/z (CI, NH3) 416 [(ikf+NH#, 2%], 399 [(kf+H)+, 131, (Found C, 72 5, H, 
8 8 C24H#$i requires C, 72 3, H, 8 6%) 

2(R*,S*)-Phenylselenomethyl~(S*)-ethyl-S(R*)-tert-butyldrphenylsrlylo~-7(R*,S*)-v~nyl-I,3-d~oxepane 12 
The chol 5 (5 96 g, 14 9 mmol) was heated under reflux 1n dry toluene (150 ml) with 2- 
phenylselenoacetaldehyde diethylacetal 16~0 (4 52 g, 16 5 mmol) and PPTS (113 mg) for 2 5 hours The 
solution was allowed to cool, and was then poured mto water (200 ml), and the aqueous phase was extracted 
with ether (3 x 500 ml) The extracts were washed with bnne (500 ml), combmed and dned The residue after 
removal of the solvent was chromatographed (10% ether 1n hexane) to yield the title selemde 12, as a yellow 011 
(8 67 g, lOO%), Rf (10% ether/hexane) 0 36/O 43, v max (CC4) 307Om, 296Os, 293Os, 2880m, 2860m (C-H 
stretches) cm-l, The IH & 13C NMR spectra were comistent with a complex mixture of chastereolsomers of the 
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required structure, m/z (CI, NH3) 598 [(M+NH4) +, *oSe, 1481, 398 (91), (Found C, 66 7, H, 7 0 
C32IQo03SeS1 requires C, 66 3, H, 7 0%) 

8(R*)-tert-Buryld~phenyls~lyloxy-9(S*)-ethyl4,7,8,9-tetrahydro-2(3H)-oxonmone 3 
The selenlde 12 (2 23 g, 3 85 mmol) was &ssolved 1n methanol (280 ml) and water was added (40 ml) 
Sodium hydrogen carbonate (0 36 g, 4 29 mmol) then sodium metapenodate (2 47 g, 115 mmol) were added 
and the resultant mixture was stmed for 90 mmutes, gvmg a white preclpltate The mixture was poured Into 
water (1400 ml) and extracted with tichloromethane (3 x 500 ml) The combined extracts were dned over 
sodium sulphate, filtered, evaporated and dned under high vacuum to give a quantltatlve yield of the 
corresponding selenoxlde 

The selenoxlde was dissolved 1n dry toluene (385 ml) and DBU (173 ml, 11 6 mmol) was added The 
solunon was heated under reflux overnight (20 hours), allowed to cool and concentrated to a small volume The 
residue was punfied by flash chromatography (hexane then 10% ether 1n hexane) to give the title lactone 3 as a 
colourless 011 (1 52 g, 93%), Rf (10% ether/hexane) 0 30, v max (CC4) 1735~s (C=O) cm-t, 8~ (250 MHz, 
CDC13) 0 81 (3H, t, J 7 Hz, CH3), 1 04 (9H, s, C(CH3)3), 126-l 45 (lH, m, CH2), 1 72-l 90 (lH, m, 
CH2), 2 12-2 36 (6H, m, 2 x allyl1c CH2 and CHzCO), 3 68 (lH, m, CH-0), 4 84 (lH, dt, J 2,9 Hz, CH-0), 
5 30 (lH, m, CH=), 5 47 (lH, m, CH=), 7 40 (6H, m, PhH), 7 67 (4H, m, Ar), 6~ (100 MHz, CDC13) 9 48 
(CH3), 19 3, 23 9, 25 7 (2 x CH2 and C(CH3)3). 26 9 [C(CH3)3], 33 8, 34 1 (2 x CH2), 76 2, 80 8 (2 x CH- 
0), 127 3, 127 6, 127 7, 129 7, 129 7, 129 9. 133 3, 135 9, 135 9 (CH=CH and Ar), 174 7 (C=G), m/z (EI) 
287 (M-t-Bu-Ph, 93%). 269 (M-ZPh, 86), m/z (CI, NH3) 423 [(M+H)+, 72%], 345 (M-Ph, 66), (Found C, 
73 7, H, 8 0 C26H3403S1 requires C, 73 9, H, 8 1%) 
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