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Abstract: An advanced intermediate for the synthests of the Laurencia oxonane natural product obtusenyne 1,
namely the unsaturated mine-membered lactone 3, was efficiently prepared in seven steps from (E)-3-hexenoic acid 7
The key transformation was the Claisen rearrangement of the vinyl ketene acetal 4, which represents novel
methodology for the preparation of such unsaturated mine-membered lactones

A host of nonterpenoid Cis metabolites have been 1solated from red algae of the genus Laurencia, as well
as the opisthobranchs that feed upon them 1.23 Among these are a number of halogenated nine-membered ring
cyclic ethers (oxonanes), such as obtusenyne 14,5 and brasilenyne 26 (Figure 1) Our planned strategy?-8 for the
synthesis of these challenging marine natural product targets required the preparation of the 5,6-unsaturated
2-oxonanone 3

OSiPhyt-Bu

Figure 1

The cychzation of acyclic precursors to form nine-membered lactones 1s generally an unfavourable
process,? although incorporation of a (Z)-double bond 1nto the chain of a @-hydroxy acid can lead to acceptable
yields for lactomsation 10,11 Carbon-carbon bond forming cychzation approaches!2:13 and ring expansion
reactions 14,15 provide the remaining examples of a rather limited range of methods for the synthesis of
unsaturated nine-membered lactones This paper descnibes development of a Claisen rearrangement strategy for
the synthesis of the lactone 3, based upon the method used previously by us for the preparation of unsaturated
erght-membered lactones 16 Petrzilka had previously applied this procedure to the synthesis of the naturally
occutring ten-membered lactone phoracantholide J 17
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RESULTS AND DISCUSSION
Synthesis of the unsaturated nine-membered lactone 3 by the planned Claisen rearrangement strategy

required preparation of the vinyl ketene acetal 4 (Scheme 1) from the 1,4-diol 5 and a ketene equivalent 16 The
preparation of the diol 5 from the known lactone 618 15 now described

OSIPh,t-Bu

OH

Scheme 1

Acid treatment of 3,4-epoxyhexanoic acid (10) was reported by Falbel8 to give a 2 1 mixture of the
hydroxy y-lactone 6 together with the corresponding B-lactone In our hands attempted epoxidation of 7 with
either peracetic acid or meta-chloroperbenzoic acid (MCPBA) failed to give the required epoxy-acid 10
However, the same authors reported that acid treatment of the corresponding epoxy esters gave the hydroxy y-
lactones selectively Ths alternative approach to the hydroxy y-lactone 6 was utilised

Epoxidation of methyl (E)-3-hexenoate 8 with MCPBA gave the epoxy ester 9 1n excellent yield (Scheme
2) Treatment of 9 with 3% aqueous sulphunc acid gave the hydroxy y-lactone 6, with no evidence of -lactone
formation 18 However, repeated extraction of the aqueous reaction mixture was necessary to achieve a good
yield The robust fert-butyldiphenylsilyl group!? was chosen for protection of the hydroxy lactone 6, since
removal was expected to be late 1n the synthetic sequence to obtusenyne 1 and such protection was known to be
stable under the Claisen rearrangement conditions 16 Thus, the hydroxy lactone 6 was converted 1nto the
silyloxy compound 11 using terz-butyldiphenylchlorosilane and 1midazole 1n anhydrous DMF at 60 °C

The protected hydroxy lactone 11 was transformed into the 1,4-diol 5§ vig a two step procedure Reduction
using two equivalents of dusobutylaluminium hydnde (DIBAL), to ensure complete reaction, and quenching at
low temperature followed by an extractive work-up gave the corresponding lactol This was treated, without
further purification, with an excess of vinylmagnesium bromude to afford the diol § (98% yield for the two
steps) Attempts to carry out the conversion as a 'one-pot' process resulted 1n only a moderate overall yield of
the diol §



//. (‘ﬁzn
/\/\/vu 2l
ut,meon ~ 7 R=H
®% \ 8 R=CHs
OSIPh,t-Bu
O O "’"’l/
11

Synthes:s of obtusenyne

MCPBA, NaOAc,
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t-BuPh,S1Cl, imidazole,
DMF, 60 °C

(97%)

1 DIBAL (2 eq), THF, -78 °C
2 CHp=CHMgBr (3 eq), THF, RT
(98% for the two steps)
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The diol § was treated with phenylselenoacetaldehyde diethylacetal!6.20 1n refluxing toluene, under mild
acid catalysis, to give the dioxepane 12 1n quantitanve yield. Pyndinium p-toluenesulphonate (PPTS) proved to
be a superior catalyst to either Amberlite IR120 gel-type or Amberlyst 15 macroreticular sulphonic acid resins 21
The product was isolated as a mixture of three diastereoisomers, as evident by 1H NMR, which were not
separated Oxidation to the corresponding selenoxides was carned out using sodium penodate  After extractive
work-up and drying, the crude product was heated in refluxing toluene in the presence of 1,8-
diazabicyclo[5 4 OJundec-7-ene (DBU) under relatively high dilution conditions (1 mmol/100 ml), conditions
which had been optimised 1n a model study An excellent yield of the unsaturated nine-membered lactone 3 was
obtained, via Claisen rearrangement of the presumed ketene acetal intermediate 4 The product lactone 3
appeared to be a single 1somer by 1H & 13C NMR and TLC The double bond geometry was assumed to be cis
from an analysis of the likely transition states

Claisen rearrangment of the vinyl ketene acetal 4 could either occur via a chair-like (C) or a boat-like
transition state (B) (Figure 2) The former would result 1n cis-double bond geometry for the product lactone 3,
whereas the latter would produce the frans-geometry Molecules which can readily adopt either arrangement
prefer the chair-like transition state 22.23,24 Also recent work by Paquette provided compelling evidence that a
closely related Clasen rearrangement to form a cyclooctenone proceeded via a chair-hke transition state 25 Thus,
transition state C would seem to be the more favourable for rearrangement of the vinyl ketene acetal 4,
suggesting the preferred cis-double bond geometry for the unsaturated lactone 3, as shown This was supported
by a 'H NMR decoupling experiment which revealed that the coupling constant between the olefimic protons of
the lactone 3 was 11 Hz, fully consistent with the assigned cis-geometry 26

Figure 2

The route employed for synthesis of the unsaturated lactone 3 was highly efficient Nine reactions were
carried out, requining purification by distillation or chromatography at seven of the steps, 1n an overall 65% yield
from inexpensive (E)-3-hexenoic acidd 7 The key Claisen rearrangement step proceeded 1n 93% yield
Elaboration of the lactone 3 to a nine-membered ning ether, appropniately functionalised for the synthes:s of
obtusenyne 1, will be reported mn due course 27
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EXPERIMENTAL

NMR spectra were recorded using Bruker WM250 and WM400 instruments IR spectra were determined
on a Perkan-Elmer 1310 spectrophotometer, cahibrated relative to polystyrene Low and high resolution electron
impact (EI) mass spectra were recorded on AEI MS902 and MS30 imnstruments, respectively Chemcal
omsation (CI) mass spectra were recorded by Dr J Ballantine and co-workers at the SER C Mass
Spectrometry Service Centre, Swansea Microanalyses were performed by Mr D Flory and staff at the
Umversity Chemical Laboratory, Cambndge M p s were determined on a Buchi 510 apparatus  Flash
chromatography28 was carned out on Merck Kieselgel 60 (230-400 mesh) and thin layer chromatography was
carrted out on Merck Kieselgel 60 GF254 plates, coated to a thickness of 0 25Smm. THF refers to
tetrahydrofuran distilled from potassium 1n a recycling still Other dry solvents were purified by standard
techmques 29

Methyl (E)-3-hexenoate 8

(E)-3-Hexenoic acid 7 (7 27 g, 63 7 mmol) was stirred overmght 1n methanol (75 ml) containing conc sulphuric
acid (375 ml) The mixture was poured 1nto water (50 ml) and extracted with dichloromethane (3 x 100 ml)
The combined extracts were dned, concentrated and the residue purified by distillation to give the ntle ester 830
as a colourless hquid (7 24 g, 89%), bp 56 °C at 18 mm Hg [lit, 67-68 °C at 34 mm Hg], Ry (11
ether/hexane) 0 53, Vimax (CCls) 1740vs (C=0) cml, 8y (250 MHz, CDCl3) 097 (3H, 1,J 7 Hz, CH3), 2 04
(2H, m, allyhc CHp), 3 02 (2H, d, J 6 Hz, CH2CO), 3 67 (3H, 5, OCH3), 5 55 (2H, m, CH=CH), 8¢ (100
MHz, CDCl3) 13 4 (CH3), 25 5 (CHy), 37 9 (CH2CO), 51 7 (OCH3), 120 4, 136 4 (CH=CH), 1727 (C=0),
m/z (EI) 128 (M+, 53%), (Found M+, 1280833 Calculated for C7H1202 M, 128 0837)

Metrhyl 3(R*),4(R*)-epoxyhexanoate 9

73% MCPBA (22 05 g, 106 mmol) was added portionwise to a mechanically stirred suspension of methyl (E)-3-
hexenoate 8 (10 22 g, 79 7 mmol) and sodium acetate (20 0 g, 240 mmol) 1n dichloromethane (800 ml) at 0 °C

The mixture was stirred at RT overmight The solid was filtered off and the filtrate was washed with saturated
aqueous sodium sulphite (500 ml), saturated aqueous NaHCO3, water, then brine  The aqueous phases were
washed with dichloromethane (2 x 200 ml) and the combined organic extracts were dried and concentrated

Flash chromatography of the residue afforded the title epoxy ester 9 (11 22 g, 98%), as a colourless liquid, Ry
(1 1 ether/hexane) 0 40, Vmax (CClg) 1745vs (C=0) cm’!, 8y (250 MHz, CDCl3) 099 (3H, t,J 7 Hz, CH3),
159 (2H, m, CH»), 2 51 (1H, dd, A of ABX, Jap 16 Hz, Jox 6 Hz, CH2CO), 2 59 (1H, dd, B of ABX, /aB
16 Hz, Jgx 6 Hz, CH2CO), 2 73 (1H, dt, J 6, 2 Hz, CH-0O), 3 03 (1H, dt, J 6, 2 Hz, CH-0), 371 (3H, s,
OCH3), 8¢ (100 MHz, CDCl3) 97 (CH3), 24 7 (CHy), 37 5 (CH2CO), 51.8, 53 6, 59 6 (2 x CH-O and
OCHy), 1709 (C=0), m/z (EI) 144 (M*, 0 1%), 143 (0 2), 129 (M-CH3, 1), 128 (M-16, 0 5), 127 (2), 113
(M-OCH3, 4), 112 (6), 88 (27), 87 (100), (Found C, 58 55, H, 8 6 C7H203 requures C, 58 3, H, 8 4%)

4(R*)-Hydroxy-5(S*)-ethyl-4,5-dihydro-2(3H)-furanone 6

The epoxy ester 9 (571 g, 39 6 mmol) was surred overmight 1n 3% aqueous sulphuric acid (50 ml) The
product was extracted with dichloromethane (8 x 100 ml), dried and punfied by flash chromatography (ether) to
give the title hydroxy y-lactone 618 as a colourless hiquid (4 40 g, 85%), Ry (ether) 0 20, Vmax (CCly) 3620m
(O-H), 3450s (O-H), 1790vs (C=0) cm'l, 8y (250 MHz, CDCl3) 103 (3H, t,J 7 Hz, CH3), 1 65 (2H, m,
CH3), 2 36 (1H, br s, OH), 2 52 (1H, dd, J 18, 4 Hz, CH2CO), 2 83 (1H, dd, J 18, 6 Hz, CH,CQ), 429
(2H, m, 2 x CH-0), 8¢ (100 MHz, CDCl3) 9 5 (CH3), 26 1 (CH2), 37 7 (CH2CO), 71 1, 89 3 (2 x CH-0),
1757 (C=0), m/z (EI) 113 (M-OH, 3%), 102 (M-CO, 19), 83 (12), 59 (100), m/z (CI, NH3) 148
[(M+NHg)*, 100%], 131 [(M+H)*, 15], (Found' (M+NHg4)*, 148 0974 Calculated for CgH19O3 M+NHy,
148 0984)
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4(R* )-tert-Butyldiphenysilyloxy-5(S*)-ethyl-4,5-dihydro-2(3H)-furanone 11.

The hydroxy <y-lactone 6 (3935 g, 302 mmol), imidazole (453 g, 665 mmol) and ter:-
butyldiphenylchlorostlane (8 6 ml, 33 mmol) were stirred at 60 °C 1n dry DMF (25 ml) overmght. After allowing
the solution to cool, it was poured into water (125 ml) and extracted with ether (3 x 100 ml) The extracts were
washed with brine (50 ml), combined and dned. The residue after evaporation was purified by flash
chromatography (2-1 dichloromethane/hexane as eluant) to yield the title y-lactone 11 as a colourless, viscous o1l
(1079 g,97%) The ol crystallised on storage 1n the freezer, and was recrystallised from hexane to give a white
sohd, mp 64-65 °C, Rs(CH2Clp) 041, vmax (CCla) 1790vs (C=0) cml; 3y (250 MHz, CDCl3) 075 (3H,
t,J 7 Hz, CH3), 1 06 (9H, s, C(CH3)3), 131 (2H, m, CH3), 2 50 (2H, m, CH,CO), 4 17 (1H, m, CH-O),
427 (1H, m, CH-0), 7 42 (6H, m, Ar), 7 62 (4H, m, Ar), 8¢ (100 MHz, CDCl3) 94 (CH3), 190
(C(CH3)3), 257 (CHjy), 26 8 (C(CH3)3), 37 8 (CH2CO), 724, 893 (2 x CH-O), 1280, 1302, 13278,
132 83, 135 67, 13571 (Ar), 1752 (C=0), m/z (EI) 311 (M-1-Bu, 66%), 269 (100), m/z (CI, NH3) 386
[(M+NH)*+, 100%], (Found C,714,H,77 CiH80381 requres C, 717, H, 7 7%)

5(R*)-tert-Butyldip henylsilyloxy-3(R*,S*),6(S*)-dihydroxy-1-octene §

A solution of the lactone 11 (6 60 g, 17 9 mmol) in dry THF (95 ml) was cooled to -75 °C and DIBAL (10 M m
hexane, 36 0 ml, 36 0 mmol) was added dropwise The mixture was stirred at -70 °C for an hour, then the
excess DIBAL was quenched by dropwise addition of saturated ammonium chloride (6 ml), at such a rate as to
maintain the temperature below -60 °C A solution of aqueous 10% HCI (12 ml) was added, the cooling bath
removed, and the mixture was stirred for 30 minutes The reaction mixture was poured nto 10% aqueous HCI
(100 ml) and extracted with ether (3 x 500 ml) The extracts were washed with 10% aqueous HC1 (100 ml) and
brine (100 ml), combined and dned over sodium sulphate The drying agent was filtered off, the filtrate was
concentrated, and the residue was dried under high vacuum to give the crude lactol The matenal was dissolved
n dry THF (120 ml) and cooled to -5 °C. Vinylmagnesium bromide (1 0 M in THF, 54 ml, 54 mmol) was
added, while the temperature was maintained below 5 °C The cooling bath was removed and the solution was
stirred at RT for three hours The reaction mixture was cautiously poured into 5% aqueous HC1 (120 ml), with
cooling 1n an ice bath, and extracted with ether (3 x 600 ml) The ether extracts were washed with brine (120
ml), combined and dned The product was punfied by flash chromatography (1 1 ether/hexane) to furnish the
title diol 5, as a pale yellow o1l and an approximately 1.1 ratio of diastereoisomers (7 01 g, 98% over the two
steps), Re(1 1 ether/hexane) 024, vmax (CClg) 3600m (O-H), 3440m (O-H) cm-1, 3y (250 MHz, CDCl3)

079 (3H, m, CH3), 108 (9H, s, C(CH3)3), 1.23-1.74 (4H, m, 2 x CH»), 2 33 (2H, br, 2 x OH), 3 55 (1H,
m, CH-0), 3 8-4.5 (2H, 4 x m, 2 x CH-0), 4.95-5 17 (2H, m, CHs=), 5 62-575 (1H, m, -CH=), 7 34-7 49
(6H, m, Ar), 7 64-7 73 (4H, m, Ar), 8¢ (100 MHz, CDCl3) 1027, 10 31 (CHg3), 19 35, 19.46 (CHy), 25 13,
2517 (C(CHj3)3), 27 08 [C(CH3)3 of both diastereoisomers], 38 22, 38 54 (CH3), 67.52, 69 27, 75 59,
76 06, 76 38 (3 x CH-O of 2 diastereoisomers), 113 67, 113 87 (CHa=), 127 77, 128.84, 129 97, 130 03,
133 41, 133 51, 135 77, 135 87 (Ar), 14097, 141 24 (=CH), m/z (EI) 341 (M-t-Bu, 02%), 339 (M-C3H70,
06), 323 (M-1-Bu-H»0, 7), m/z (CI, NH3) 416 [(M+NH4)*, 2%], 399 [(M+H)*, 13], (Found C, 725, H,
88 C24H340381 requires C, 72 3, H, 8 6%)

2(R*,S*)-Phenylselenomethyl-4(5* )-ethyl-5(R*)-tert-butyldiphenylsilyloxy-7(R*,S*)-vinyl-1,3-dioxepane 12

The diol 5 (596 g, 149 mmol) was heated under reflux in dry toluene (150 ml) with 2-
phenylselenoacetaldehyde diethylacetall6.20 (4 52 g, 16 5 mmol) and PPTS (113 mg) for 2 5 hours The
solution was allowed to cool, and was then poured into water (200 ml), and the aqueous phase was extracted
with ether (3 x 500 ml) The extracts were washed with brine (500 ml), combined and dried The residue after
removal of the solvent was chromatographed (10% ether 1n hexane) to yield the title selenide 12, as a yellow o1l
(867 g, 100%), Rf(10% ether/hexane) 036/0 43, Vmax (CCly) 3070m, 2960s, 2930s, 2880m, 2860m (C-H
stretches) cm-!, The IH & 13C NMR spectra were consistent with a complex mixture of diastereoisomers of the
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required structure, m/z (CI, NH3) 598 [(M+NHaq)*, 80Se, 14%], 398 (91), (Found C, 667, H, 70
C3pH4003S5e81 requires C, 66 3, H, 7 0%)

8(R* )-tert-Buryldiphenylsilyloxy-9(S*)-ethyl-4,7,8,9-tetrahydro-2(3H)-oxoninone 3
The selemde 12 (223 g, 3 85 mmol) was dissolved in methanol (280 ml) and water was added (40 ml)
Sodium hydrogen carbonate (0 36 g, 4 29 mmol) then sodium metaperiodate (2 47 g, 11 5 mmol) were added
and the resultant mixture was stirred for 90 minutes, giving a whate precipitate  The mixture was poured into
water (1400 ml) and extracted with dichloromethane (3 x 500 ml) The combined extracts were dried over
sodium sulphate, filtered, evaporated and dried under high vacuum to give a quantitative yield of the
corresponding selenoxide

The selenoxide was dissolved 1n dry toluene (385 ml) and DBU (1 73 ml, 11 6 mmol) was added The
solution was heated under reflux overnight (20 hours), allowed to cool and concentrated to a small volume The
restdue was purified by flash chromatography (hexane then 10% ether 1n hexane) to give the title lactone 3 as a
colourless o1l (1 52 g, 93%), Ry(10% ether/hexane) 030, vmax (CCly) 1735vs (C=0) cm-l, 3y (250 MHz,
CDCl3) 081 (3H, t, J 7 Hz, CH3), 1 04 (9H, s, C(CH3)3), 126-145 (1H, m, CH3), 172-190 (1H, m,
CHj), 2 12-2 36 (6H, m, 2 x allyhic CHz and CH2CO), 3 68 (1H, m, CH-O), 4 84 (1H, dt, J 2, 9 Hz, CH-O),
530 (1H, m, CH=), 5 47 (1H, m, CH=), 7 40 (6H, m, PhH), 7 67 (4H, m, Ar), d¢c (100 MHz, CDCl3) 9 48
(CH3), 19 3,239, 257 (2 x CH2 and C(CH3)3), 26 9 [C(CH3)3], 338,34 1 (2 x CHy), 76 2, 80 8 (2 x CH-
0), 1273, 1276, 1277, 1297, 1297, 1299, 133 3, 1359, 1359 (CH=CH and Ar), 174 7 (C=0), m/z (EI)
287 (M-t-Bu-Ph, 93%), 269 (M-2Ph, 86), m/z (CI, NH3) 423 [((M+H)*, 72%]), 345 (M-Ph, 66), (Found C,
737, H, 80 CypgH3403S1 requires C, 739, H, 8 1%)

ACKNOWLEDGEMENTS

We thank the S ER C for supporting this research and Pfizer and I C1 Pharmaceuticals for financial
support

REFERENCES AND FOOTNOTES

1 Moore, R E In Marine Natural Products, Scheuer, PJ, Ed , Academic Press New York, 1978, Vol 1,
Ch 2,p 43

2 Enckson, KL In Marine Natural Products, Scheuer, P J , Ed , Academic Press New York, 1983, Vol
5,Ch 4,p 131

3 Faulkner, D J Nat Prod Rep, 1984, 1, 251
ihid 1986, 3, 1
1bid 1987, 4, 539
ihid 1988, 5, 613

4 King, TJ, Imre, S, Oztunc, A, Thomson, R H Tetrahedron Lett 1979, 1453

Howard, B M, Schulte, G R, Fenical, W, Solheim, B, Clardy, ] Tetrahedron 1980, 36, 1747

6 Kmnel, R B, Dieter, R K, Memwald, J , van Engen, D, Clardy, J, Eisner, T, Stallard, M O, Fenical,

W Proc Natl Acad Sca USA 1979, 76, 3576

Carling, R W, Curtis, N R, Holmes, A B Tetrahedron Lett 1989, 30, 6081

8 For a review of the synthesis of medium ning ethers, see Moody, CJ , Davies, M J In Studies in Natural
Product Chenustry, Atta-Ur-Rahman, Ed., 1991, in press.

9 Illuminat, G, Mandolim, L. Acc Chem Res 1981, 14, 95

Lh

~



7178

10
11
12
13
14
15

16
17
18
19
20
21

22

23
24
25
26

27
28
29

30

N R CurTis et al

Sull, W C, Galynker, I / Am Chem Soc 1982, 104, 1774

Funk, R L, Abelman, MM, Munger Jr, JD Tetrahedron 1986, 42, 2831

Trost, B M, Verhoeven, TR J Am Chem Soc 1980, 102, 4743

Wada, M, Shigehisa, T, Akiba, K Tetrahedron Lerr 1985, 26, 5191

Ochiai, M, Iwaky, S, Ukita, T, Nagao, Y Chem Lert 1987, 133

Posner, GH, Webb, K S, Asirvathan, E, Jew, S -s, Degl'Innocents, A J Am Chem Soc 1988,
110, 4754

Carling, R W, Holmes, AB J Chem Soc, Chem Commun 1986, 325

Petrzilka, M Helv Chim Acta 1978, 61, 3075

Falbe, J, Shulze-Stemnen, HJ, Korte, F. Chem Ber 1964, 97, 1096

Hanessian, S, Lavallee, P CanJ Chem 1975, 53, 2975

Baudat, R, Petrzilka, M Helv Chim Acta 1979, 60, 1406

This trend was found with a related 1,2-amino alcohol system Evans, P A , Holmes, A B Tetrahedron
Asymmetry 1990, 1, 593

Vittorells, P, Winkler, T, Hansen, H -J, Schmud, H Helv Chim Acta 1968, 51, 1457

Hansen, H-J, Schmid, H Tetrahedron 1974, 30, 1959

Rhoads, S J, Raulins, NR Org React (NY ) 1975, 22, 1, and references cited therein

Ziegler, FE Chem Rev 1988, 88, 1423 and references cited therein

Kinney, W A, Coghlan, M J, Paquette, LA J Am Chem Soc 1988, 107, 7352

Willhiams, D H, Flemung, I In Spectroscopic Methods in Organic Synthesis, McGraw-Hill London, 3rd
edition, 1980, Ch 3,p 145

Curtis, NR , Holmes, A B, Looney, M G manuscript 1n preparation

Sull, W C, Kahn, M, Mitra, A J Org Chem 1978,43, 2923

Perrin, D D, Amarego, W L F, Pernn, DR In Purificanion of Laboratory Chemucals, Pergamon Press
Oxford, 2nd edition, 1980

Alcock, S G, Baldwin, J E, Bohlmann, R, Harwood, LM , Seeman, JI J Org Chem 1985, 50,
3526



