Tetrahedron Vol 44 No |3 pp 195310 1973, 1988 0040402088 $3 00+ 00
Pnnted i Great Bniain C 1998 Pergamon Press pic

EPOXY-SILANES IN ORGANIC SYNTHESIS
Garry Procter,*3 Andrew T. Russelld, Patrick J. Murphy?, T.S. Tanb, and Andrew N. Matherd

aDcparument of Chemistry and Applied Chemistry, University of Salford, Salford, MS 4WT, UK.
bDepariment of Chemistry, University College, Cardiff, CF1 IXL, UK.

(Recewed in UK 2 December 1987)

Abstract  Stereoselective reactions involving functionalised B,y epoxysilanes and epoxide-allylsilanes
provide a range of synihetically uscful transformations.

The reactivity of cpoxy-silancs depends upon the regiochemical relationship between the epoxide group and the silyl
substituent, and upon the nature of the silanc unit itself. aB-Epoxysilancs (1) undergo a number of synthetically useful
rcactions including rcarrangement to carbonyl compounds and ring opening with nuclcophiles.! Placing a methylene
group between the silyl substituent and the cpoxide group of (1) produces B.y-cpoxysilanes (2) and results in a dramatic
change in reactivity. Now the chemisiry is dominated by the easc of climination of (2) to producc allylic alcohols,2 a
reaction with significant synthetic poiential. Both of these types of cpoxy-silane are uscful in a general synthetic sense, but
as the cpoxide group becomes morc remote from the silyl substituent (v.8-cpoxysilancs and above) (3), the special
reactivity duc to the proximity of the two groups more or less disappears, and the synthetic valuc drops rapidly.
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Sysiems in which the cpoxide is remote from the silyl substiluent become interesting from a synthetic point of view
when this substitucnt is present as an allylsilanc since the possibility of cyclisation of the allylsilance onto the epoxide

ariscs, a reaction which could be of usc for Ui synthesis of carbocycles or heterocycles (reaction /).3
0
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Herein we describe some of our recent work on the use of reactions which involve chiral B.y-<cpoxysilancs for the

stercosclective synthesis of potentially uscful synthetic units, and on the cyclisation of some simplc epoxide allylsilanes
(Rcaction I).

Sterenselective reactions of f,y-epoxysilanes generated by the axidation of chiral acyclic allylsilanes

As a rcsult of work in our laboralories (in collaboration with Dr. A.H. Davidson, UWIST)* on a convergent toial
synthesis the antifungal antibiotic ambruticin (4), it became apparent to us that olefinic systems with the general structure
(5) were particularly difficult 10 preparc by the “obvious™ approach of coupling the two chiral fragments using reactions
such as Wittig or Julia type olcfination,
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In wur experience when the nucleophilic species is moderately hindeved [e.g. B-branching in (6)] and the aldchyde is both
8-tranched and highly enolisable, this direct coupling approach can be very difficult indeed. An aliernative approach to
sysiems such 28 (5) is outlined in Scheme 1, and wilises & silyl substitvent 1o controt the relative and absolute
stereochemistry of the chiral centres in (3).
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For this silicon-based approach 10 be of any value, a munber of steveochemical issues must be resolved, Given that the
alkylation step is Hkely to be stercroseloctive, as shown by Fleming ef al.,3 the epoxidation/climination sequence then
becomes critically important, since i is in this sequence that the relative stercochemistry of the hydroxyl group and Riig
established. Purthermore, the double bond is formed in the elimination step of this sequence, and it is important thal s
takes place with good stereoselectivity. Previous work by Kumada «f al® and Floming e al¥, and reports which
appewred during our initial investigations confirm that the desired stercochemical conirol in the epoxidationfelimination
soquence is possible.

Our initial investigations cemered upon the chemistry of the amide-allyisilanes® and the ester-allylsilanes® (Scheme 1,
Y=NMes and Y=0E! respectively). The allylsilanes (73, (B) and (9) were readily prepared using the sppropriate version of
the Claisen rearrangement! 031 as shown in Scheme 2, and the racemic allylic alcohol (10) proved to be an exceliom
substrate for Sharpless kinetie resolution 8,12

Scheme 2
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T addition 10 the racemats, both enantiomers of the amide-allylsitane (7) were prepered and their reaction with mefa-
chioroperoxybenzoic acid (m-CPBA) was studied. We were surprised to find that none of the expected allylic alcohol was
formed in this reaction, the oducts were shown (vide ifra) to be the isomeric y-lactones (11), {133, and (13).

Me 3
Combined yield ~ 75%, (11(12):(13) = 81:16:3
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Presumably the y-lactones (11) and (12) arise from epoxidation of either face of the double bond and intramolecular
nucleophilic attack of the amide carbonyl group on the epoxide (which must be more rapid than elimination to the allylic
aicohol), followed by hydrolysis of the resulting iminium ion. The formation of small quantitics of ylactone (13) was
puzzling at this stage, dut became clear in the light of further experiments on the ester-allylsilanes (vide infra). A plausible
mechanism {or the formation of y-lactones (11) and (12) is outlined in Scheme 3.

Scheme 3
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The unexpected formation of these ylactones was fortunate since it replaced the amide group, which is rather difficuli to
manipulate , with the rcactive and synthetically versatile lactone group and this allowed us to carry out further synthetic
transformations under mild conditions. Morcover the major y-lactone (11) was casy 1o isolale and crystalline making this
material awractive for further synthetic studies. We discovered that treatment of y-lactone (11) with tetra-n-butylammonium
fluoride (TBAF)!3 in 1ctrahydrofuran (THF) followed by removal of the solvent gave the cis-salt (14) in essentially
quantitative yicld, and on acidification the deconjugated 8-lactone (15) was isofated. This 8-lactone was produccd dircctly
in very high yicld on treatment of (14} with boron trifluoride etherate (BFy 0E1;). No trace (*H nmr) of the conjugated §-
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lactone (16) could be detected in the product from either of these reactions. This conjugated 8-lactone (15), parasorbic
acid, !4 was casily prepared by treatment with 1,8-diazabicyclo4,5,0}-T-undecene (DBU). The conversion of opiically
active samples of the y-lactone (11) derived from S-(10) into the naturally occurring antipode of parasorbic acid [that
shown in structure (16)] determined the absolute configuration of the hydroxyl-bearing carbon of (11) to be as shown. In
addition this finding made it very likely that the other two chiral centres of (11) were as shown, since the chirality at the
carbon carrying the silyl substituent was established as S- by the Eschenmoscer-Claisen rearrangement, !0 and the
stcrcochemical reahionship between this centre and the adjacent centre follows from the formation of the cis-alkenc on
climination.!3

As expected, treatment of the y-lactone (12) [contaminated with a small quantity of (13)] gave the corresponding irans-
salt (17) which was converted imto the esier (18) in high yield (this has only been carricd out in the racemic serics so far).
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With the epoxidation/elimination sequence worked out for the amide-allylsilane (7) we then investigated the alkylation of
this amide and the effect of the alky! group on the oxidative lacionisation. As expecied’ the alkyiation was highly
stersosslective producing effectively & single dinstereoisomer (19) s shown (Scheme 4. Treatment of this alkylated
amide-allyistiane with m-CPBA again gave a mizwre of lactones as shown. The major product isolated in $3% yield by
chromatography was shown o be the y-lacione (20) by X-ray crysuallography.}® This lactone was converted into the
carpenter bee pheromone (23)!8 by elimination with BF,.OE1, followed by hydrogenation of the double bond as shown
below,

Beheme 4
Scheme Me

Me M NMes  ypa; et WW;\W Nidey
H e S

A o Moy Si Q

28

Mgy Si
MaSi M 1o Me
HO, N o
T o Me” 00
Me GU a2
Combined yicld ~ 84%, (2010212022} ~64:18:18
BF;.G?@;&
?ﬁa,} Me,
m iy, Pdy &(\
e (J’
70" " Me O 0 " Me
(24) 23y

Although the formation of the deconjugated ylactone (24) was expectod from our carficr resalt with the amide allylsilanc
{T)ynevestheless it is most interesting since it should be possible 1o funciionalise the double bond in e ylactons (34)
without conjugation occuring.

With these results in hand we turned our attention 1o the reaction of the corresponding ester-aliylsilane (8) and the acid-
allylsilane (9) with m-CPBA. Once again y-lactones were formed but {0 our surprise the ratio of the sicrepisomers was
completely different from that oblained with the amide-allylsilane (7). The ylactone (13) was now the major product,
whereas in the case of the amide-allylsilane (7) this isomer was formed in very small amounts, for comparison the relevam
ratios are given in the table in Schome 5.

Scheme §
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*Ratios normalised to 100% to fecilitate comparison.
Bacial seloctivity of the initial eporidation as estimated by [(31} + (IR} {I2)

It is possible that this change in product distribution is due to sguilibration of the oxoniwm on (Schemes 3 and 6) dorived
from the major cpoxide, Initially thiz fon has the adjacent trimethyisilyl substituent and the hydroxy-ethy! group ¢is-,
whereas in the equilibrated ion those bulky groups are frans-, which is presumably the more stable amangement. A
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possible sequence for this is outlined in Scheme 6. The oxonium ions derived from the ester and acid are likely to be
intrinsically less stable than that derived from the amide and therefore more easily equilibrated (the “open” carbonium ion is
presumcd to be of similar stability in all these cases). There would be litde driving force for the oxonium ion derived from
the minor epoxide to equilibrate since the (rans- isomer is formed directly.

Scheme 6
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The obscrvation that much more equilibration oocurs with the alkylated amide (19) than with amide (7) is consistent with
this picture since the oxonium ion which would be produced initially from the major cpoxidc would be Jess stable than that
from (7) as it possesses three cis-ring substituents.

. lrrespective of the mechanistic detail, we belicve that the work which is outlined here could be of use in organic
synthesis since it does ofTer the prospect of sicrcochemical control and control of double bond geometry using 8 common
sirategy. Clearly much more work remains to be carricd out in this area and we arc actively pursuing the development of
the methodology and investigating some synthctic applications of this chemistry.

Cyclisations of epoxide-allylsilanes

Cyclisations of allyl and vinyl silancs on 1o electrophilic centres with the simulianeous formation of a new C-C bord
have been known for some time,!7 indeed this type of cyclisation has been used as an impontant part of scveral total
syntheses of natural products. Most of these cyclisations have uscd carbonyl groups or their cquivalents as the
clectroptulic centre. We were interested in the possibility of using an epoxide group as the clectrophile and an allylsilanc as
the nucleophile in such a cyclisation, since the product would possess potentially useful functionality (vide infra), amd it
had already boen demonstrated that the comresponding intermolecular reaction could be carricd out.!8 The cyclisation of an
epoxide-allylsilane would produce adjacent functional groups (-CH,OH and -CH=CHygwhich are equivalent to
diffcrentiated aldchyde groups at the same time as formation of the carbocycle. Morcover the cyclisation gencrales a new
chiral centre and it was of intcrest 10 investigate the sierooscloctivity with which this was formed.

The rcquisile cpoxide-allylsilancs were preparad as outlined in Scheme 7. Onc ultimatie aim of this initial investigation
was 10 utilisc carbohydratcs andd other readily available optically active materials as sources of enantiomerically enrichod
cyclisation precursors and in order 10 accommaxdaie this the two related routes shown in Scheme 7 were developed for Uie
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preparation of epoxide-ailylsilanes. Route A was investigated in order 1o establish the reactivity of the silyl-substituted
phosphorane!? towards lactols. In practice the route worked well for the preparation of the aldehyde (20), but the direct
conversion of this aldehyde to the desired epoxide-aliylsilane (21) was not particularly efficient but did give clean samples
of the simple precursor (21) {no doubt & systematic study of the conversion of (20} into (21) would produce & more
accepiable solution]. Route B was investigated as an altermative, and to determine whether the allylsilane system would
survive the acidic conditions required for the removal of the scetonide group, This route was successful and proved 1o be
ihe route of choice for the preparation of this simple cyclisation precursor. Both routes produced the epoxide-allylsitanc
(21) as a mixture of double bond isomers, approximately 411 Z:F as shown by high field 'H nmor.,

Scheme 7
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The cyclisation of epoxide-allylsilance (21) occurred on reatment with titanium teteachloride {TiC1)!8 in dichloromethane
at low lemperature (~-95°) and produced a mixiure of ¢is- and irans- isomers (22) and (23) with the cis- isomer
predominating (~4:1). The mixture of alcohols (22) and (23) was oxidised 10 the corresponding mixture of aldehydes, and
equilibration of this mixture produced the frans- isomer (24) (~10:1), This frans- aldehyde could be reduced to produce 2
highly enriched sample of the trans- alcohol (23).
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With the success of the cyclisation of the simple precursor (21) we tumed our attention to the substined cpoxide-
allylsilancs (25) and (26), since these epoxides could be prepared in optically active form by the use of Sharpless
epoxidation,? although the work preseniesd here was carried out in the racemic serics only. The preparations of the
eposide-allylsilanes (25) and (26) were straightforward, and are outlined in Scheme 8,

Scheme 8
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The cyclopentanes which would result from the cyclisation of (23) and (26) both bear significant relationships to natural

products. The product from (25) might sepresent an intermediate for the synthesis of sarkomyein! and the cyclopentane
derived from (26) could represent the thrce contiguous chiral centres of brefeldin €22 Morcover the results of the

CHO
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cyclisation of the precursors (21), (25) and (26) would form an interesting scrics from a mechanistic point of view.

Treatment of the cpoxide-allylsilanc (24) with TiCle produced mixtures under all conditions investigated and we were
unablc 10 isolaic any matcrial which was homogencous by high ficld 'H nrr spectromeiry. Similar resulis were obtained
on cyclisation of the corresponding acctate, and in this case clemental anatysis and the TH nmr spectrum suggestod that the
product was a mixiure of 5- and 6-membered rings.

SiMey

a0 O AD AD

The cyclisation of cpoxide-allylsilanc (26) was much more successful, indeed the cyclisation could be carricd out
without proieciion of the hydroxyl group and in higher yield than with the simpler precursor (21). The product of this
cyclisation was shown 10 be a mixture of cis- and trans- isomers by periodate cleavage of the diol 1o the corresponding
mixiure of aldchydes, both of which had been prepared previously from (21).
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In conclusion this type of cyclisation can be of usc for the stercosclective synthesis of functionatised cyclopentancs, and
inter alia we arc curremly investigating the usc of optically active cpoxide-allylsitane (26) (prepared using Sharpless
cnantiosclective cpoxidation) for the synthesis of thie brefeldins.

Acknowledgements. We arc grateful 1o the S.ER.C. for 2 posidoctoral rescarch assistamiship (to PAAL) and for
rescarch assistaniships (10 A.NM. and A.T.R.). and to Dr. A H. Davidson and Dr. 1. Fleniing for vatuable discussions,

EXPERIMENTAL

Infra-red absorption spectra were recorded on cither o Perkin-Elmer 259 or Pye-Unicam $P3-100 grating
spectrophotometer. The spectra were recorded cither as a thin film oc as a chloroform solution in a 0.1 mm sodium chloride
ccll. Wavelength correction was carvied out using reference absorption barkds from a .05 mim polystyrene {ilm. Circular
dichroism spectra were rocorded on a Jeol instrument. TH-n.nvr. were recorded using the following machines; Varian T-
60 (60 MHz), Varian EM-360A (60 MHz), Perkin-Elmer R-32 (90 MH2z), Brukcr WM-360 (360 MH2), Bruker W1-400
(400 Mliz, S.E.R.C. nmur. fucility at Warwick), Bruker WM-360 MH., (S.ER.C. fucility at Edinburgh), modificd
Bruker AC-300 (300 MHz). Samples were run as deuterochloroform solutions. Unless otherwise stated aft chemical shifts
were referenced to the deuterochloroform Jock.  For low ficld spectra of molecules containing a trimethylsilyl group, this
resonance was taken as 0.00 8, otherwise all spectra were referenced to ietramethylsitane (§TMS = 0.00). Electron it
muss spectra were recorded on a VG 7070H mass spectrometer. Chontical ionisation miass speciri were recorded cither on
a Finnigan 4300 instrument (ammuonia gas), a Kratos MS-30 (methanc gas) or a VG12-253 (ammonia gas) {ut the S.ER.C.
facility a1 Swansea). X-ray swructure deicrmination was carried out at the S.E.R.C. facility at Queen Mary College,
London. Data from this experiment has been deposited with the Cambridge crystaltographic dia centre, University
Chemical Laboratory, Lensficld Road, Cambridge. Melting points were determined using an “Electrothermal™ apparatus
and are wicorrecicd. Optical rotations were measured using a Thorn automation 243 polarimeter.  Concentrations are
cxpressed in grams per 100 mi solvent. Capillary gas-chromatography was carricd out on 2 Perkin-Elrcr 8320 instrument
using an SGE vitreous silica columin (25QC2/BPL 0.25).  Thin layer chromatography was perforied with Camiab
“potygram Gas4” precoicd silica-gel plates or Macherey-Nagel glass-backed plates. Thie plates were visualised by use of
ultraviolet Jight, iodine or onc of the following agents: methanolic phosphomolybolic acid, 10% ceric sulphate in IN
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sulphuric acid, ethanolic anisaldehyde, cthanolie vaniliin or vanadium pentoxide, Silica gel 60 {panticle sizes 0.040-:0.0683
mm} supplied by E.M. Merck was employed for fiash chromatography using the procedure of Siill, Khan and Murs 33 All
solvents were distilled before use. Light potroloum refers to the fraction of by, 40-608C, Ether refors to dicthyl cthet.
Reactions were run undor an atmosphere of dry nitrogen or argon. Al solvenis were distilied prior 1o use, i)é'y
tetrahydrofuran and cther were distilled from sodium benzophenong ketyl,  Dichleromethane, chloroform,
diisopropylamine, benzene and orthoexylene were dricd by distiliation from calelum hdyride mud stored over 4A molecular
sieves, n-Buiyliithium {~ 1.5M in hoxanes) was supplicd by Litheo Corporation and was stamdardised by tiiration, wsing
diphenylacatic acid as indicator.24

Magm*smm {5 62 g, 0.23 mole) was covered with anhydrous other (50 mi). Grignard reagent formation was
initiated by addition of neat ethy! bromide (0.5 ml, 6.7 mmeole). The reaction was maintained at & stoady reflux by slow
addition of cthyl bromtide (17.2 ml, 0.23 mole} in anbydrous ether (140 mi). To the clear browa solution was added bu3-
yn-2-0l (16} (7.99 g, 0.114 mole) as u solution in anhydrous cther (64 mi). A vigorous reaction was noted and afier about
Tl of the aleohol (16) had boen added o heavy “war-like” precipitate formed. To the two phase mixtwre was added
irimethyisilyichioride (14.6 ml, §.115 mole). A small scale work-up rovealed some stanting material foft so 2 second
equivalent of rimethyisilylchioride was added (14.6 mi, 0115 mole) and the mixture stirred for 12 . before quenching the
reaction by tpping the whole omo iced water (300 mi), The organics were separated and the agueous exttaciod with ¢ther
(3 x 100 ml), The combingd organics were washed with 2 N sulphuric ackd {2 x 50 mi), saturated sodium hydrogen
carbonaie solution {2 x 50 mb), water (1 x 50 ml), brine (1 2 50 mi), dricd (MgS04), Nhered amd evaporated 1o afford {£)-
4-rimethylsityl-but-3-yn-2-01 {14) (15,29 g, 95%) as a light vellow-hrown oil which was uscd witheut further purificition,

Yonax (CHCIs), 3590 (O-H, free) 3400 (O-H) and 2180 cav! (C=C), §;; (60 MHz, CDCl), 000 (9H, &, Si-Mg), 1.23
(3H, d, J; 5 = 6.5 Hz, C(1)), 256 (IH, brs, O, 4.30 (1K, g, I 1 = 6.5 He, CQH),

To a stirred solution of sodium bis{metboxyothoxy)aluminium hydride®S (2,07 o9, 3.4M solution in tolunne, 704
mmole) in subydrous ether (20 mi) a1 0°C Cice bath) was added a solution of 4-rimothylsiiyibut-Zoyn-2001 (3063 mg, 357
mmole) in antiydrous cther (15 mi) slowly over 18 min. The reaction was stirred a1 U°C for 3 b before being quenchod by
the addition of a fow millilitres of sawrated sodivm sulphate solution, The orgonic layer was washed with winer (x 2),
brine, dried (Mg504), filicred and evaporated to afford (21-E-trimethyisilylbut-3-en-2-0! (10319 (404 mg. 79%) as a
eotourless oil sufficiently pure for immediamte use, vy, (CHCI), 3600 sh (O-H), 3460 br (O-H) and 1620 e} {C=C),
& (90 MHz, CDCy), 0.00 (9K, 5, Si-Me), 1.22 (OH, d, J; 3 = 6.0 Hz, COHHY, 297 (IH, brs, 0431, 4.23 (1, dyg,
dg 1= 60 e, Jog = 4.0 He, CHH), 578 (1H, 4, Jg3 = 150 Ha), 6,11 (IH, dd, Jy 4 = 190 He, I35 = 44 Hg,
C{HH). EZ-ratio was determined by capillary gas clromatography to be » 1001, TLC Bes 0.83 {athyl scetate-Jight
petroloum 11},

“%‘zmmum tmasmg}mwmée {2087 mi, 6.9 mmole) and L-{+)-dlethyl tanrate (178 oy, 10,41 nunole) were
dissolved in anliydrous dichioromethanc (63 mi) and cooled to -23°C {cardice/fcarbon wetrachioride). To this was added
(£)-E-4-trimathylsilyibut-3-en-2-0! (contaminated with (R)-4-trimethylsilylbutan-2-00) (10} (1 g, 6.94 mmole) as 2 svlution
in dichloromethane (10 mi) followed by tert-butylhydroperoxide (2.08 mi of & 2M solution in dichloromethane, 4,16
mmele). The mixture was stirred for 10 min. ten trunsforred to the freever at -20°C for 3 duys after which # was pourcd
imo sectone (150 mi) comtaining water (2.1 mi) with stiving ot -20°C, After 2 b o further portion of water (2 ;i) was
added and stirring continged for 15 min, then the whole was filiered through a silica pad, The resulting solution was dried
{MgSQy), fillered and evaporated 1o give a crude oil, The crude was ttkon up in other (50 mi) and conled 1w 0°C before
treating with 1 N sodiwm hydroxide selution (21 mi) for 1 b, with vigorous stiming.  After this the organic layer was
separated aed washed with water, brine, dricd (MgSOg) and cvaporaied 1o give a crade product (R7.6 mig). This was
purificd by hush chromnptography {eily acotate-light petroleuny 163 1o give two fractions, Traction (A was funbior pusificd
by distiiiaion in s Kugolrobr 1o afford (R}-E-rimethylsiiyibul-3-on-2-0l (1 contaminaiod with ()-d-arimethylsilythntan-
2-0f {2749.6 mg, 28% combined yield). Specirosocpic propentics were as reporied before, Fraction (B) wos assigned the
stracture {28,38,48)-3 4-cpoxy-dotrimethylsilyibuian-2-0l (476.8 mg, 43%), 5” (60 Mife, CUCH), 0,00 U1 5, Si-Rig)
L34 (O d, By g = 6.0 He, COOH, 2,20 (VH, 4, Jg 3= 3.5 He, CAOHD), 2.5 (8L brs, O-RD, 272 (1L 4 Jy g = 32 =
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3.5 Hz, C(3)H), 3.80 (1H, dq, J;,; = 6.0 Hz, J; 3 = 3.5 Hz, C(2)H).
The (S)-cnantiomer of (10) was preparcd as above but using D-(-)diisopropyhartrate, in 29% yicld (again
contaminated with the saturated alcohol).

(2R)-E-4-Trimethyisilylbut-3-cn-2-0l (25.2 mg, 0.18 mmole) together with (8)-O-acetyl-maictic acid (52.3 mg,
0.27 mmwolc) and 4"-{N,N-dimcthylamino)pyridine (catalytic amount) was dissolved in anhydrous dichloromicthane (0.8
mi) and lowered to 0°C (ice bath). To the stirring solution was added dicyclohexylcarbodiimide (51.9 mg, 0.25 mmole) as
a solution in dichloromethane (0.5 mi) dropwisc over 5 min., during the aldition precipitation of dicyclohexylurca was
noted. The mixture was stirred at room iemperature then dituted with dichioromethane and filiered through a cclite pad.
The organics were washod with 0.5 N hydrochloric acid (2 x § mil), saturated sodium hydrogen carbonate solution {2 x §
mi), brine (1 x $ mi), dricd (MgSOy), filicred and evaporated 1o alford (2R)-E-4-irimethylsilylbut-3-cn-2-01-(8)-O-aceiyl-
marnlelate (58.7 mg, 105%) contaminated with a littic dicycloheaylcarbodiimide. The crude product was examined by 360
MHz n.m.r. and found 1o be esscntially onc isomer. num.r. data as reported for the racemic case (vide infra).

( . : r . invlsilat \

In order to test the analysis of (10), a mixwre of racemic cis- and trang-isomers was analysed using the
foltowing method:-

A mixture of (1)-E- and Z-4-trimethylsilylbut-3-en-2-0l (25.9 mg, 0.1R mmolc) together with (5)-0-

acctylmandelic acid (53.2 mg, 0.28 mmwle) and 4-(N,N-dimethylamino)pyridine (catalytic amount) was dissolved in
anhydrous dichloromethane (0.5 ml) and lowered 1o 0°C (ice bath). To thic stirring solution was aided
dicyclohexytearbodiimide (32.8 mig, 0.26 nunole) in dichloromethane (0.6 mi) dropwise over 5 min., during the addition
precipitation of dicyclo-hexylurca was noted. The mixture was stirred at room temperature for 23 h. then diluted with
dichloromcethane and filtered through celite w remove the dicyclohexylurca. The organics were wishod with 0.8 N
hydrochloric acid (2 x 5 ml), saturated sodium hydrogen carbonate solution (2 x 5 mi), brinc (1 x 5 mil), dricd (MgSOg),
filtered and evaporaied w afford a mixiure of four mandclate csters (54.6 mg, 95% combinad yicld). The E- and Z-isomers
were n a ratio of ~ 2.4:1, ad the R:S ratio was 1:1, as eapecied.
(2R)-E-4-rrimethylsilylbut-3-cn-2-01-(8)-O-acerylmandelaie §;; (360 MHz, CDCl3) 0.06 (9H, s, Si-Mc), 1.16 (3H, d, Jy 3
= 6.5 Hz, C{1}H), 2.19 (Ol s, 0-Ac), 5.35 (1H, dyd, Jy; = 6.5 He, J3 3 = S0 He, Jp ¢ ~ 1.0 Ha, C(DH), 5.83 (OH,
dd, Je3 = 190 He, Jg 3 ~ 1.0 Hz, C(AH), 5.93 (1H, s, C(S)HH), 5.96 (1H, dd, J3 4 = 19.0 Hz, Jy 5 = 5.0 Hy), 7.32-7.42
(3H, m, Ar-}), 7.44-7.52 2H, m, Ar-1D).
(2S)-E4-irimethylsilytbut-3-cn-2-01-(S)-O-acctylmandelate 8y (360 MHz, CDCly) -0.04 (9H, 5, $i-Mg), 1.31 (3H, 0, J; 3
= 6.0 Hz, C(1)H), 2.20 (3H, 5, O-Ac), 5.35 (1H, m, C(2)H), 5.44 (1H, dd, 143 = 19.0 Hz, Jay = 1S Ha, C@H), 5.76
(IH, &, J3 4= 19.0 Hz, J3 3 = 5.0 He, C(3)H), 5.92 (1H, s, C(5)H), 7.34-7.42 3H, m, Ar-}{), 7.42.7.60 (211, my, Ar-
H) (2R.S)-Z-4-trimcthylsilylbut-3-en-2-0l-($)-O-acclylmandelate.

The two scis of signals for the Z-isomers cannot be distinguished and so are reported in one group. 8y, (360
MHz, CDCly) 0.08 (9H, s, Si-Mg), 0.14 (9H, 5, Si-Mo), 1.16 (BH. d, J; 5 = 6.5 Hz, CLHHY, 132 (31, d )y 3 = 6.0 s,
C(1)H), 2.20 (6H, s, buth OAc), 5.57 (2H, m, both C(2)H), 5.86 (1H. 5, C(5)H), 5.88 (1H, s, C(S)H), $.99 (1H, dd,
J3.4 = 180 H2, 333 = 9 Hz, CO)H), 6.19 (1H, dd, J3 4 = 14.0 Hz, J3 3 = 9.0 Hz, C(3)H), 7.34-7.42 (34, m, Ar-LD),
7.42-7.60 2H, m, Ar-}{).

{)-E-N,N-Dimethyl-3-trimethylsilylhex 4-cnamide (7) was preparcd by the procedure of Jenkins, Gut, Welier
and Eschenmoser!0 in 85% yicld. v, (CHCI3) 1635 cm*! (C=0), §;; (360 Milz, CDCly, TMS), 0.00 (Y11, s, Si-Mg),
166 (3. dd, Jg.5 = 5.5 He, Jg g ~ 1.0 Heo COH), 206 (1H, ddd, J3 258 = 10.5 1, Jy ¢ = RO Hz I3 90 = 4 M2,
CNM. 233 (I, i Jap ai = 15.0 He Jyp 3 = 4.0 He, CQRAN), 243 (1H, kil Jg 94 = 150 Hy, Jyp 3= 105 Hy,
C@B), 296 (34, s, N-Mg), 3.04 (311, s, N-Mg), 526 (1H, dg, Js ¢ = 15.5 Hz, Jg 6= 5.5 2, C(HH), 534 (111,
O, Jas= 155 Heodga = RO Bz Jyq ~ 1.0 He, CAH), nvz (cleciron impact) 213 (M*, 15%), 212 (23), 198 (100),
184 (70), 170 (21), 159 (19), 149 (15), 145 (40), 130 (36), 129 (49), 113 (23), 112 (23), 111 27), 102 (37). A
(EtOH) 216 nm {shoulder 232 nm). TL.C: Ry = 0.22 (cthyl scetate-light petrolcum 1:2),

X
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{3SLENN-Dimethyb-3-trimethyisiiviies
The title mm;}aamﬁ was g:mpami by the same procedure as vsed in the racemic series 10 give alier distiliation

(Kugelrohr, pot temperature 97°C at 0.1 mmHBg) 150.3 mg (50%).* Agyyq = + 33.8 dm? mol! (1.45 mg in 50 ml

cthanol). Speciroscoplc data s reponied before.

*This low yickd is a result of ibe prosonce of (E)~4-trimethyisilylbuian-2-0l in the starting maiorial,

Thf: mkz mmg@zxm iiﬁ} wis ??Cgm‘tx! by Jw same procedure &s ysed in the racomic series 1o give, afler distillation
{Kugelrobr, pot. temperature = 98°C at 0.1 mmHg) 128 mg (45%)* Agy,5 = -33.14 dmi? mot! (1.8 mg in 50 mi cthanol),
Specroscopic data as reported before,

*This low yiekd is 2 result of the prosence of {+3-d-trimcthyisilylbutan-2-of in the starting material,

’I‘u a mmum «a{ {‘38) E N Nn&%xmemy% 3»mm«:§ssy§sﬁy hs:;x-nd«:r;asnédc {1256 mg, 0.59 mmole) in
dichloromethane (§ mi) stirring a1 -20°C {eprdicoearbon tetmehloride} was added m-chloroperbonzaic scid (85%) (335 mg,
1,65 mmole) as a solution in dichiorometiune (10 mi) dropwise over 10 min. The solufion was stivred for g further 10 min,
then transforred to a freezer at <20°C for 4 days, The reaction was worked up by washing with 1 N sodium hydroxide
solution {x 3), water {x 2), brine {x 1}, dvied (Mig3Q0y), Nlicred and evaporaicd 1o sfford a crude off (122 mg, H2%). This
was purified by flush chromatography (ethy! acetme-light potroleunt 1:3.5) to yield twe fractions, Fraction (A) was shown
50 be (348583518 - hydroxyoiby D-4-vrimathyisilyldihydrofuran-Z-one (11 (73.6 myg, 62%) 25 2 colourioss orystaliine
solid.27 Mup. 419C, laly = -6.04 (CHCly, 0.14), vy, (CDCI3), 3460 br {O-1) and 1765 em'! (C=0). §;; (360 b,
CDRCH, §; (300 MHz, COC), 009 (UH, 5, Si-M), 1.26 3H, 4, 17 4 = 6.0 Hz, CHH), 165 (1L, brs, (41D, 1.87
(IH, ddd, Jgaenae = 12.0 Ha,® 3 5000 = 9.5 Hz,® Jg 5= 7.5 Hy, CIOH), 2.35 (T, dd, Figngo sesn = 180 H2 J3gn404 =
12.0 Hz, CQlgugdoH)y.* .74 (IH, bedy, Jgs= 7.5 He, Jﬁj = 6.0 Ha, CEH), 435 (UHL ¢ Jg g = I 4 = 1.5 He, C5HA
8c (90.56 Mz, CDCI) - L7 (g, Si-CH4l 206 (g, COT), 27.4 (4, T, 308 (L €Q)), 66.53 {4, C6)), BT.3 {d TGN,
1779 (s, C{20. M/z {chomical ionisation (ammionia)) 220 [(MF + NH T, 100%], 185 (98), 138 (64), 90 (25).

*These assignmens maybe reversed,

Fraction (B} was found 10 be a mixtere of 1wo siorcolsomers (12) and (13) (16,9 myg, 14% combined yicld} in amtieof 513
s & crysialline solid,  The major isomer was assigned the structure (4S.5R}-S{(1R)-hydroxyethyl}-4-
irimethylsilyldibydrofuran-2-one (12}, v, (COBCE) {mixture) 3430 br (O-H) and 17635 et {C=0), §;; (360 Mila,
CDCly) 0.03 @, s, Si-Me), 1.1 (3H, d, Iy 6= 6.5 Hz), 1.66 (1H, ddd, J4 30000 = 11.0 He® Jg 300, = 70.* Jy s = 6.0
Ha, L), 228 (1M, &, Jagy, sendo = 180 Ha, Jago 4 = 7.0 Hz, CORan)I.® 275 (1, A Jaguag 3exe = 180 Ha,
igmﬁ = {10 Ha, CCOondopb® 2,93 (1M, brs, O-HD, 3.96 (IH, da, Jea=83 Hy Jgs =30 He, Cl63HD, 4.29 (11,
dd, 15 4 = 6.0 He, Jg g = 3.0 He, C(BH). &, (P0.56 MHz, CDCY), 3.5 (m, SCH), 17.8 {g, CO)L 212 {0, ©En,
30,7 4, CEOY, 6048 (4, TEY, 85.9 &, O8N, 178.0 5, O M7z chomical ionisation {mothane)) {mixture 203 (M + 1,
1.79%), 185 303, 113 (100, 73 (65). The minor siorcoisomer was assigned the siructure (48, 5R3-5-((1S)-hydronyethyl)-
d-trimethyl-silyldibydrofuran-2-one (1133, 5;; {360 MHz, CDCly), 0.04 (9H, 5, Si-Me), 1.29 (OH, &, 74 = 6.5 1), 1.84
(U, 08, o agpa0 = Ja3gsg = 105 1, Jas = 8.0 Ha, CEM), 2.32 (TH, 04, J3ggg 30000 = 180 Mz, Jypeq = 105 1y,
C3gaadHn® 266 (1H, 04, Sa0000 9050 = 18.0 He, Jypgpp 4 = 105 Hz, COppgeth).* 2.9 (TH, brs, O-H), 3.67 (1H,
brdg, g = 6.5 Hz, Jg s = 3.0 He, CIEIH), 4.20 (1H, dd, Is 4 = B.0 Hz, Js ¢ = 3.0 Hz, CHH). &, (90.56 MHz,
COCHY, +3.3 (m, Si-CHa), 2002 (g, TT) 233 (6, A, 31.0 @, CE3Y, 8.7 (d, C6Y), 86.2 {d, T, 178.0 (s, ()
TL.C.r Ry = .16 (ethyl scomic-light petroleum 1:4).

*These assigruneits say be roversed,

(AR =SR-SO R - Hvdrosyethylbirmeiuisilvidildrolunan-2-one

The title compownd was prepared a3 deseribed for lis antipode, to give afier Dash-chrommography 22) (T2 3 my,
$1%) a3 a-colouriess erysiiine solid, Jaly = + 437 (CHCl, C=3.0) The siereoisomeric Iactones (20) and (21) were
obigined ag a nuixiure {21.6 mg, 18%). The spectroscopic propertics were as reporied before,
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+).8- i 4.en-

To a stirring solution of (£)-{4R*,5R*)-5-((1R*)-hydroxycthyl)-4-rimcihylsilyldihydro-furan-2-one (102.2 mg,
0.51 mmole) in anhydrous chioroform (4 mi) at 40°C was added boron trifluoride etherate (0.31 mi, 2.52 mmole). The
mixture was stirred at 40°C for 24 min. then quenched by the addition of saturated sodium hydrogen carbonate solution,
The organic layer was separated and washod with 1:1 brincisaturated sodium hydrogen carbonate solution (2 x 2 mi), brine
(1 x 2 i), dricd (MpSO4). filiered and evaporated to give (£)-6-methyldihydropyr-4-cn-2-onc?® (15) (56.7 mg, 100%) as
light brown oil. v, (CHCI3) 1730 el (C=0), §;; (360 MHz, CDCly), 1.36 (3H, d. J7 6 = 7.0 Hz, C(NH), 2.98-3.02
(2H, m, C(HH), 5.01 (1H, dyd, Jg s = 100 He, Jg 7 = 7.0 Ha, 3 ¢ = 3.0 Hz, CC(6)H), 5.76 (2H, 5, C(4)H and C(5HH).
8, (90.56 Mtiz, CDCly), 21.5 (q. C(7)), 294 (1, C(3)), 75.8 (¢, C(6)), 120.9 (¢, C(4)), 127.5 (4. C(5)), 1688 (5, C(2)).

This compound could also be prepared as follows:-

To a solution of (1)-(4R*,5R*)-5-((1R*)-hydroxy)-4-trimcthylsilyldihydrofuran-2-one (11) (51.7 mg, 0.26
mmolcs) in anhydrous tetrahydrofuran (1 m1) was added ictrabutylammonium (uoride (0.26 mi, 0.26 mmoles, 1M solution
in tcirahydrofruan). The mixture was refluxed {or 8 h. then dituicd with ether and washed with 0.5 N hydrochloric acid (x
2), brine (x 1), dricd (MgSOy). filicred and cvaporated to give (1)-6-methyl-dihydropyr-4-cn-2-onc (15) as a light brown
oil (27.1 mg, 94%). N.m.r. data as reporicd before.

To a solution of (£)-(4R*,5R*)-5-{(1R *)-hydroxycthyl)-4-uimcthylsilyldihydrofuran-2-oae (11) (49.1 mg, 0.24
mmwle) in anhydrous tetrahydrofuran (1 mi) was added tetrabutyl-anumoniom fluoride (0.25 mi, 0.25 mmole, 1M solution
m 1ctrabydrofuran) and tie mixture refluxed for 1.75 . then the solvent evaporaied to give (2)-tetrabutylammonium 2.5-
hydroxyhex-3-ctoic aid as a thick, light browr o which was taken up in deuterochiorofom awt anatysed by 360 Mile,
n.mur. This thowed vinylic coupling constims consisient with a Z-double bond. 8;; (360 M, CDCH), 0.74 (1) = 70
He, N(CH3)3-CH3)® 096 (3H, J, Jg s = 6.5 He, C(6)H), 1.18 (scxtet, J = 7 iz, N-(ClH3),CH,-)* 1.39 (m,
NCHyCHy-1*, 257 (11, dd, Jaa a1 = 13.0 He, 1ja 3 = 7.0 Ha, C2AYH), 3.02 (e, N-CHi)* 4.32 (1, quintel, Jeg =
Js4=65H. CHH), 530 (1H, dd, Je3 = 11O Hz Jg 5= 8.0 He, C(H), 546 (1H, brdt Jy ¢ = Jyan ~ 11 Hz, Jyga
= 7.0 Hz, C(HH).

*As an cxcess of tetrabutylammonium lluoride was uscd these peaks over-integrate at so no relative integral is given,

)-P pic acid (16

To a solution of (£)-6-mcthyldihydropyr-4-cn-2-onc (16) (58.2 mg, 0.52 mmwle) in chioroform (1 mi) was added
one drop of 1,8-diazabicyclo{5.4.0Jundex-7-cne and the mixture stirred at room tcmiperature for 1 hr. At this point the
solution was diluted with cther and filicred through a 1 em silica pad, cluting with cthier. The solvent was cvaporated 1o
give (2)-parasorbic acid!® (16) (57.7 mg, 99%) as a colourless vil. v, (CDCI3), 1720 e (C=0)), 8y (360 MHy,
CDCly). 1.33 (BH, d, J7 4 = 6.5 Hz, C(T)H). 2.19 (1H, ddt, Jsasy =190 Hz, Jsae= 11LOHL A 12 Jgp 4 =30 Hy,
C(5AH), 2.29 (IH, dddd, 35;;‘5,\ = 194 He, ’{5“.‘ =6 Haz, an.ﬁ =45, 151;'3 = 1.0, C{SR)I}, 4.47 (111, ddy, j(,_’A
= 1V Mz Jo 7= 0.5 HeJg sp = 475 Ha, COMH), 5.89 (1H, ddid, J3 ¢ = 100 e, Jy g4 = 3.0 He, Jy o = 1.0 Ha, COMH),
6.80 (1H, ddd, Jg3 = 10.0 Hz, Jg s = 6.0 Hz, Jg 5o = 3.0 He, CLYH). 8 (90.56 M., CDCly, TMS), 20.7 (4. C(7)),
31.0 ¢, C(5)). 14.4 (d, C(6)). 121.1 (¢, C(3)), 145.2 (4, C(4)), 164.6 (5, C(2)).

+)-Purasarbic ack J

To a solution of (-)-(45,5R)-5-((15)-hydroxymethyl)-d-trimcthylsilyldibydrofuran-2-one (11) (52.7 mg, 0.26
mmolc) in anhydrous chlorofonn (2 mi) was added boron trifluoride ciberate (0.07 it 0.57 mmole} axd the mixture stirred
for 1.75 h. at which point a further 0.07 mi (0.57 mmolc) was added. Stirring was continued for a further SO min. then the
reaction was guenched by the adduion saturated sixdium hydrogen carbonate solution, the organics were winhied with 101
brinc:saturated sdium hydrogen caranate sotution, dricd (MgSOy4) and cvaporaied 1o give (+)-(6)-6-methylditydropyr-4-
cn-2-onc (24) as an oil. The crude o was tken up in chioroform (1 m1) and weated with 1, 8-hiasubicyclo]S.4.0)-7-
undecane (1 drop). After 2 h. the solvent was evaporated to feave a crude 0il (52.7 mg). The crude was purificd by iTash
chrontatography (cther light-petrolcum 1:1) to afford (+)-parasorbic acid (25.2 g, 87% for the two steps). [l = +
126.3°(CHICly, C = 2.5). Spectroscopic propertics as described for the racentic conpound,
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(1:(6R)-6-Methvldihydropyr-4-cn:2-ong (15)
The title compound was prepared as in the racemic series to afford (24) 33.7 mg (84%), [alp = -30.3° (CHCY,
C=13.2), Specuoscopic propenies as deseribed before.

{(=)-Parasorbic acid (163
The titie compound was prepared as in the racemic series 1o afford unnatural parasorbic acid 33.4 mg (Y9%).
{alp = - 1436 {CHCl, C=13.6). Spectroscopic properties as reporied Tor the racomic compound,

Toa semum of ( }«paras&rmc mzﬁ (16} (33.4 mg, 0.29 mmolc} in ether 3 mi) was added pulladium on charcoal
{10%) (34.2 mg) and the mixture shaken under an atmosphere of hydrogen for 2 h, When 11.¢, showed the reaction (o be
complete. The solids were filtercd off by passing through a pad of magnesivm sulphate (anhydrous). The solvent was
evaporated 1o give a crude oil (27.9 mg, 82%). The crude was purificd by disilistion (ugelrohr) pot. temperature 80°C ot
20 mmHg 1o give ($)-ER)}G-mothylicwahydropyran-2-one (19.1 mg, 538%) [alp = + 31.6°C (CHCK, C= 2.0} 8, (60
MHz, CDCly, CHCly), 137 (3H, ¢, Jy g = 6.5 He, C(NH), 1.50-2.25 (H, m, CEH and C(5H), 233-272 (3H, m,
C(H), 4.12-4.68 (I1H, m, CEH).

’ﬁ) a mmzim s}f {i} {%’."‘ S%“}*S {(Eb"%-?ayﬁmxwﬁ;y%}-&mma&ytsa yidibydrofuman-2-one {12) and s C{6)
epimer (13) (5:1 mixture) (§1.2 mg, 0.25 mmole) was added wirabutyl-ammontum fuoride (0.28 mi, 0.28 mmoles, 1M in
seirahydrofuran) the misiure was refluxed for 12 b, then the solvent evaporated 1© give @)-eirsbutylammoniug B-5-
hydroxyhex-3-cnoie acid as a thick oil which was taken up in deutevochloroform and analysed by 360 Mz nmr. This
showed & coupling constant for the viny! protons consigient with an E-double bond 8;; (360 Mz, CDC3), 074 (L I =7
Hz, N{CHg)3-Cliak® 0.94 (3H, 4, Jg 5 = 6.5 He, CIEH), LIB (sentet, J = 7 He, N(TH;),Cls)* 138 (m
N.CHyCHz-® 264 (3, 4, Ja 4 = 7.0 He, GO, 3.02 {m, N-CHa,* 396 (1H, quintet, Jg g = J5 g = 6.3 He, C8)E,
SAT(H, dd, Ja3= 15 Hy, Jy 5= 6.5 Ha, CUOTE, 5.36 (dt, I3 ¢ = 15.0 Mz, Iy g = 7.0 Ha, COHH).

*Ag an cxeess of etrabulylammonium Duoride was used 1hese peaks overinicgraie and so no relative imegral is given,

(-2 Re AS% BN N2 Trimethivl-Toirimethyisilvlbex-4-cnamide (19

Diisopropylamine (041 ml, 2.9 mmole) was dissolved in anhydrous teirabivdrofuran (645 mi) and cooled
08¢, To this was added, dropwise, nebutyliithium (1,76 mi, 2.64 mmole; LM in hexane). The solution was stirred at
0oC for 0.5 b, then lowered (o <78°C {cardicefaccione) and a solution of (£)-E-N N-dimethyl-3-trimethylsilythes-4-
enamide (7) (31 1.8 mg, 2.40 mmole) in anhydrous totrahydrofuran (3 mi} (pre~dried over 44 sieves) aided dropwise, The
mixture was stirred 81 -78°C for 2.5 h. then neat methy! fodide (0.49 mi, 7.92 mmolc) was added. The reaction was stirred
at ~782C for 3 h. then allowed 1o warm o room temporaiure overnight. The reaction was guenched by the addition of a fow
drops of water, The werabydrofuran was evaporated and the residue taken up in ether, the organies separated and washod
with 1M sulphuric acid {x 2), saturatcd sodium hydrogen carbonate (1 1), water (1 x 5 mi), brine (1 x 5 mil), dricd
{MgS04), Niliered and cvaporaied 1o allord a crude ofl (545 mg, 100%). The crude was purificd by Nush chromatography
{cthyl-ucetate Hght-potroleum 1:3) 1o afford (4)-(2R* 38%)-E-NN-2-trimethiyl-3-rimethylsitylhox -4-onamide (19) as 2
colourless oil (3109 mg, 94%). v,,,,, (thin film) 1640 et {C=0, 5;; {360 MHz, CDCly), -0.07 (Ol s, S-Mg), 1LU6
(3H, d, Jy3 = 7.0 He, C2»-Mg, 1.65 OHL, dd, Jg s = 6.0 He, Jg ¢ = 1.5 He, CIOH), 191 (0H, dd, J3 4= 105 Ha, Jyn
= 9.0 Hz, C(33H), 279 (1K, dg, Jo 3 = 90 Hy, Jg 7 = 7.0 Hz, CIHH), 290 (3H, s, N-Mge), 3.04 (31, 5, N-Mg), 516
(M, ddy, J5 5= 18.0 He, Jg3 = 10.3 He, Jy ¢ = L8 He, COH), 5.29 (UM, dg, Js 4= 150 Hx, J5 6 = 6.0 Ha, O,
m/z (chemical jonisation (methanc)), 300 [(M + SiMoayt, 20%), 256 [(M + 29)%, 191 228 {(M + 1)*, 87, 212 (100,00},

VR AR SRRSO R -Hydrneoihnl R imethivid-nimethyisilvidibydrofumn-2-one {38

To a solution of (1)-(2R354)-E-M N-2-wimethyl-3-trimothylsilylhos-4-enamide (19) (35 1.4 mg, 1.53 mmuole)
in dichloromethane (7.7 ml) stirving a1 -239C (cardice/carbon wira-chioride) was added, dropwise, a solution of m-
chiloroperbenzoie acid (85%) (885.1 mg, 4.36 mmole) in dichioromethane (22 mi). The solution was stirred at 230C {ora
few minues then wansferred to g frecver at ~200C Jor 1 day, The reaction was worked up by washing with sodiam
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carbonale solution, water, brine, dricd (MgSOy). filicred and evaporated to afford o crude product (352.1 mg, 105%). The
crude was purificd by flash chromatography {cthyl accime:light-petroleum 1:3) 1o afford two fractions. Fraction (A) was
shown to be (2)-(3R* 4R* SR*)-S- *} -3+ -4-11i i i -2 {20) (176 mg,
53%3) as a colourlcess crystalline solid. A portion was crysiailized from cthyl acciatc and ligit petrolcum to give an
analytically pure sample (Found: C, 55.8; H, 9.5, C;oH3003Si requires C, 55.6; H, 9.3), m.p. 107.8-1084°C. v .
(CHCly), 1765 cnr! (C=0), §;; (400 Mz, CDCly), 0.19 (9H, s, Si-Mg), 1.35 (3H, d, J5 ¢ = 6.0 Hz, C(T)H). 1.37 (3H,
d.Jg3y =80 He, C(2)-Mg), L9 (1H, dd, Jy 3= 9.5 He, Jy s = 8O Hr, C4H), 278 (1H. dyq. J3 ¢= 9.5 Hz, J3 4 = 80
Hz, C(3)H), 3.85 (1H, s, dy, Jg s = 9.5 He, Jg 1 = 6.0 Hz, C(6)H). 4.26 (1H, &, Js ¢ = 9.5 Hz, J5 4 = 8.0 Hz, C(5)H).
M/z (chemical jonisation (methane)) 199 [(M + 1-H,0), 16%], 155 (17), 127 (100), 73 (25). T.L.C. Ry = 0.35 (cihyl
acetate light-petroleur 1:3), The structure of (20) was also determined unambiguousty by X.ray crysiallography.

Fraction (B) was obtaincd as a colourless oil (102.2 mg, 30%) and was found to be a mixture of two isomers ina
ratio of approximaicly 11, Onc of the compounds was assigned as a y-lactone stercoisomeric with (20), (3)-5-(1-
hydroxymethyl)-3-methyt-4-trimethylsityldihydro-furan-2-one (21). v, (thin film) (mixture of isomers) 3425 br. (O-H1),
1740 em'¥ br (C=0). §;; (360 Mtz CLCIly), 0.12 (9H, s, Si-Mg), 1.28 (3H, d, Jg 3 = 7.5 Hr, C(3)-Mg), 132 31, 4.
Jr.6% 6.5 Hy, C(HH), 179 (1H, brs, OLD. 191 (ML & Jy 3= 95 He, Jg s = 70 Hy, ClAH), 293 (MK dg. Sy ¢ =
9.5Hz J35=75Hz, COM), 3.74 (1M, br. dy. Ja7 = 65 Hz, Jg s = 3.5 Hz, C(6)H), 4.24 (1H, dd, Js 4 = TO Hz, Is g
= 3.5 He, C(S)H). M/z (chemical ionisation (mcihane)) 217 (M + 1), 6%, 199 (5), 155 (14), 127 (100), 73 (52).
TG Ry = 0.17 {cthyl acctate-light petrolcum 1:3).

The other compound was assigned as a stercoisomer of the 8-lactone (£)-5-hydroxy-3,6-dimethyl-4-
trimethylsilylictrahydropyran-2-one (22) 8y (360 MHz, CDCly). 0.10 (9H, s, Si-Mg). 1.26 (3, . J33 = T0 Uz,
C(8H), 1.35 (1H, dd, Jg s = 7.5 Ha Jg3 = 6.5 He, C(H), 143 QH, d, J7 6 = 6.0 He, C(NHH), 3.08 (1H, yuintel, J3 g
= J3 4= 7.0 Hz, C(3H), 3.66 (1H, brdd, Js 6= 9.0 Hy, J5 ¢= 7.5 Hz, C(S)H), 4.18 (1H, &, Jg s = 9.0 Hz, Jg 7 = 6.0
Hz, C(6)H).

To a solution of (2)-(3R*.4R* SR*)-5-((IR*)-hydroxymcthyl)-3-methyl-4-trimcthyl-silyldihydrofuran-2-one
(20) (104.4 mg, 0.48 mmoice) in anhydrous chloroform (4.8 mi) was added boron trifluoride ctherate (1.6 nig, 4.8 mmolc).
The reaction was stirred at room temperature for 12 he then quenched by addition of saturated sodiuim hydrogen carbonate
solution. The mixture was diluted with chloroform and washed with saturated sodium hydrogen carbonaie solution (3 x 2
mi), water {1 x 2mi), brine (1 x 2 mi), dricd (MgSOy), fillered and evaporated 1o afford (2)-(25°.6R *)-2,6-dincthyipyr 4-
cn-2-onc (24) (55.1 myg, 21%) as a light hrown oil. Attempied purification by distitlation (Kugelrohr) pot. iemperature
47°C at 0.8 mbar Jod to substantinl decomposition of (45) with only 19 mg (31%) recovered amd an unidentified residuc
(19.4 mg), (24) showed the {ollowing properties v, (thin film) 1730 e (C=0)), 8” (90 Mits, CDCYy, TMS) L3R (3EL,
d, J1g = 7.0 He, C(HH)®, 147 (BH. d, Jg 3 = 7.0 Hy, C(2)-Mo)*, 2.84-3.20 (1H, m, C(2)1), 4.90-5.22 (11, m,
C(6)H), 5.80 (2H, s, C(4)H and C(5)H).
*These assignmens may be reversed.

28 6R*Y.T 6-Di FOP\TAN- .beeld

(#)-{28*,6R*)-2,6-Dimcthylpyr-4-cn (23) (19.0 mg, 0.15 mmole) was dissolved in cther (3 mi). To this was
added 107% patladiuny on charcoat (19.5 mg) and the niixture stirred vigorously under an atmaosphiere of hydrogen at room
temperature for 2 b, 10 min. then the solid filiered off by passing through a pad of celite. Evaporation of the solvent gave
(1) campenicr-bee pheromone (23) (17.7 myg, 92%) as a colourless oil.  Attiempted purification by flash-chromatography
caused decompanition of the compound. The only data available is for the crude hydrogenation praduct. 8;; (90 Mile,
CDCly, TMS), 1.22 3H, ¢, J = 7.0 Hz), 1.36 B, d, J = 6.0 Hz), 4.344.59 (1H, m, C(6)H). The other protons were
not clearly distinguished but the valucs given abuve are in agreement with the litcrature.

(£)-Ethyt E-3-trimethylsilythes -4-cnoate (R)

A mixture of E- and Z-isomers of (1)-4-trimethylsilylbut-3-cn-2-0l (395.5 mg. 2.75 mmole) wogether with
ricihylonthoacctae (0.19 mi, 5.5 mmole) and propaneic ackd (2 drops) were dissolved in anhiydrous o-xylene amd heated at
1000C for 1 b, and then nused 1o 1369C for 5 e Additional tricthylorthoacetate (0.3 mi, 1.8 nunole) was akled and after
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reftux for a further 12 h the reaction mixture was poured onto 8 3 om silica pad and then washed with light peiroleum o
remove the xylene, The crude product was cluted with cther:light perroleum 11 to give an oi! 563.7 mg (96%). This oil
was further purified by Nash clvomatography (dichloromethane-light peurolesm 1:3) o afford (3)-cihyl B-3-
wrimethylsilyihex-4-cnoate (8) (439.7 mg, 78%), Voax (hin Glm) 1740 e (Cal) Byy (60 MHz, COChy), 0.00 (9H, 5,
Si-Mg), 1.20 (3H, 1, Jg 7= 7.0 Ha, O-CHp-CHa), 1.63 (3H, brd, g 5 = 4.0 He, CEH), 1.73-3.0 (3H, m, COOH snd
COH), 4.10 (2H, g, J7 g = 7.0 Hz, O-CHy-CHy) 4.90-5.76 (2H, m, C(OH and C(SH). M/ (chemical fonisation
{meibane)). 231 [(M + 17}, 229 [{M + 15), 12], 215 [(M + 1), 12], 214 (M, 17), 213 J(M « 1), 1004, 185 (19), 141
(8. 73 43),

To a sotution of (F)-cthyl E-3-trimethylsilylhex-4.cnoate (8) (195 mg, 0.19 mmoles) in ethanoliwater (3 mi, 2:1
mixture) was added sodium hydroxide (40.0 mg, 1.0 mmole) and the mixture stirred at room temperature for 18 b, then
most of the splvent evaporated. The residuc was acidified o pH 2 and exiraciod with chlorelorm (2 x 25 mi), The organics
were separated snd washed with brine {x 1), dricd (Mg80Oy), filiered and evaporated 1o give a crude oil {176.7 mg, 104%).
The crude was taken into base (1N sodium hydroxide) and after acikdification to pH 2 {sulphuric acid) eatracied imo
chlorolorm {2 x 25 mi). The combined organics were washed with brine (1 x 10 mY), dried (MgSOy4) filiered and
evaporated 10 give (3)-E-3-trimethylsilyihox-4-cnoic acld (9) (134 mg, 79%) a5 a colouriess oil, b.p, (Kugelrohr) 839C a1
0.6 mbar (92%) recovery), v, (tin film) 3550-2300 (O-H) and 1700 em! (C=0), &, (300 Milz, COCly) -0.04 (91, 5,
Si-Mg), 162 (OH, brd, Jg s = 4.5 Hz, COJH), 1.88-1.97 (1H, m, COMH), 230 (1H, dd, Jyaan = 150 Ha Joa gy =
130 Hez, COAM), 240 (0H, dd, Jygga = 150 He, Jag 3 = 5.0 He, CZEH), 5.20-5.35 (2, m, C@) and C53H).
Mz {chemical ionismtion/amumonin)) 259 {(M + 73), 63%], 204 {{M + NH*, 100}, 187 2. 90 (62). TLC.o Re~ 0.5
(streaks) (cthy] acetate-tight petrotoum 1:3),

snate a0id (9

Eeaction of (£} ethyl E-3-rimethyisilyibex-d-gnoate (B) with m-CPBA

To a solution of (H)-cthyl E-3-rimethylsilylbex-4-ononte (8) (98.7 mg, 0.46 mmole) In dickoromethang (4 i),
stirring at -23%¢C (cardice/CChe) was added dropwise a solution of m-chloroperbenzoic acid (85%) (167.7 mg, 1.31 nunole)
in dichloromethane (7.8 mil), The resulting mixture was stirred for 10 mis, 8t -239C then wansferred 1o a freezer ot -20C
for 42 h. A heavy white precipitate was formed, The reaction was worked up by ditution with dichloromethane (10 m)
then washing with 1N sodium hydroxide (3 x 5 mi), water (2 x 5 mi), brine {1 x 5 mi), dried (AgSOy), filicred and
evaporated 1o alford a crude off (84.2 mg, 101%}. The crude was analysed by capiilary gas chromatography and shown (o
comain 2 3.5:1 mixture of (13) and {12). The crude was purificd by fash chormaogrpby (ether-light peiroloum L) to
afford a mixture of (X)-(4R* 58%)-5-{(1R*)-hydroxyethylp-4-trimethylsilvidibydrofuran-2-one (13) and (2)-(4R* §59)-5-
{{15%)-hydroxyethyD)-d-irimethylsilyldihydrofuran-2-one (12) (43.7 mg, 47%) as a colourless ¢il, The high field nor,
also revealed the presence of a small quantity of an unidemtificd maerial, otherwise spectroscopie data was a8 reponed
before.

Reaction of (8 E-J-vimethyisiivihex 4-cnoic acid () with m-CPBA
To & solution of (F}-E-4-wrimethylsilylhex-4-cnoie acid (9) (69.9 mg, (.38 munole) in dichloromethane (3.2 ml) at -

23°C {cardice/carbon tetrachloride) was added dropwise over 10 min, a solution of m-clidoroperbenzoic acid (2170 mg,
105 mmole) in dichloromethane (6.3 mi). The mixture was stirved for 15 mins, at -230C, during which time g white
preciphsie formed, then wansforred to a freeeer at ~209C for 2 days, The reaction was worked up by dilution with
dichloromethune and washing with IN sodium hydroxide solution {3z 5 mi), water (2 x 5 mil), brise {0 x 5 ml), dricd
(Mg80y), filtered and cvaporated to give a crude il (323 mg, 69%). Analysis of the crude by copillary gas-
chromatography revealed it to contgin (12):(13):(11) in the ratio 6.5:18.1:1, This was purificd by Nash-chromarography
{cthy! acewmie-light petrolcum (1:3.5) 1o afford two fractions. Fraction {A) was identificd by capiltary gas chiromatography
{co-injection with suthentic sample) to he (£)-(4R* SR¥}1-3-{{ 1R *}hydranyeibyl}-4d-rrimethylsilvidihydrofuran-Z.one (11
(2.1 mg, 3%). Fraction (B} wos shown io be a migiure of (£}-(4R%585%)-3-((1R*}-hydrosyothyl}-d-
trimethylsilyldihydrofuran-2-one {13} and (3)-(@R®,58%)-3-((15%)-hydroxyethyl-d-rrimethyisiiyklibydrofuran- 2-one (14)
(30.3 mg, 40%). Speciroscopic propertics as described before.
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: ¢ stereochemisiry of the ring substituenis on the lacion AIX om the acid- ilane (9
To a solution of & mixture of the two lactones (4)-(4R*,55*).5-((1R*)-hydroxycthyl)-4-
trimethylsilyldibiydrofuran-2-onc (13) and (1)-(4R*,55*)-5-((15*)-hydroxycthyl)-4-trimethyl-silyklihydrofuran-2-onc (12)
(23.5 mg, 0.12 mmole) in anhydrous tetrahydrofuran (1 mi) was added tetrabutylammonium fluoride (0.13 mi, 0.13
mmole, 1M in teirshydrofuran) and the mixture was refluxed for 15 b, The solvent was evaporated and the crude ofl taken
up in deuterochloro-form and analysed by numnr. and showed the same spectral characieristics as the sample of this
contpourndd previously reported. To the deutcrochlorofom solution was added a fow drops of methyl fodide. In fess than
10 min. the methyl ester was observed 1o have formed by namur. The solution was diluted with cther and shaken
vigorously with water (1 x 3 mi and 2 x 2 mi), brine (1 x 1 mi), dried (MgSQy), and evaporated to afford (£)-methyl-E-5.
hydroxyhex-3-cnoaic as an oil (8.9 mg, 52%). v, {thin film) 3370 br. (O-H) and 1735 cm? {C=0). 8y, (60 MHz,
CDCly, TMS), 1.23 (3H, d, Jg s = 6.5 Hz, C(6)H), 2.00 (1H, br.s, O-H). 3.06 (2H, br.d, 5.0 Ha, C(3H, 3.70 OH, s,
O-Mg), 4.25 (1H, m, C(5)H), 5.35-6.05 (2H, m, C(3)H and C(4)H).

- - w -

n-Butyl-lithium (2.9 mt of a 1.5M solution in hexane, 1.6 mmoles) was added dropwise with stirring over 0.5 b,
to a suspension of methyltriphenyiphosphonium iodide (1.0 g, 2.3 mmoles) in dry THF (40 mi) at 0°C and stirved under
nitrogen. The mixture was warmed to room temperature, stirred for 1 h.; re-cooled 1o 0C and iodomethylirimethylsitane
(0.5 g, 2.3 mmwles) was added over 10 min., and the mixture allowcd to come to room temperature. Afier 1 b, the
reaction mixture was cooled 1 -789C and treated with second equivalent of n-butyl fithium (2.9 mi of a 1.5 M solution in
hexane, 1.6 mmwies). The mixture was allowed to warm 1o room temperature and stirred for 1,5 b, 10 give a durk red
solution of the yhid.!® The lactol (97) (0.24 g, 2.3 mnwles) in dry THF (10 mil) was addod dropwise with stirring over 15
min. 1o the ylid solution at -789C. Aficr 0.5 h., the mixture was warmed to room temperature and stirved under nitrogen for
16 h, The mixiure was washed with saturated anunonium chloride (20 mi), ihe agucous layer extracted with etber (3 x 30
mi), and the combined organic cxtracts dricd (MgSQy), cvaporated and distilled to give the allylsilane (1132 g, KO%); b.p.
80°C/2 mm Hy: Mz, 186 (5.8, M*), 73 (100.0, SHCHj)a*) v, 3400 (OH), 1640 (C=C); § (CDCly) 400 My, 5.38
(1H, qu Jq 10 Hz amd J1 1.6 Hz, -CH=CL{-CH1;-8i(CHy)3), 5.28-5.20 (1H, m, -CH=CH-CH,;Si(Ci1y)y an trans-
isomer?), 3.62 (2H, L J 7 He, (CHy-OH), 2.00 (211, qd, Jq = 8 He, Jd = 2 Hz, H-4), 1.62-1.49 (211, m, }-7), 1.46-1.29
(4H, m, H-2 and H.3), <0.03 (9H, s, -Si{CHy)y).

Pyridinium dichromate2? (1.94 g, 5.16 mmoles) was added to alcohol (98) (0.48 g, 2.58 mmwles) in dry
dichloromethanc (25 mi) and the mixwre was stirred at room temperature for 18 b, The mixture was Ditercd through cehite
(using cther 1o wash (4 x 10 mi)), the cther was evaporaied and the residue was distitied to give the aldehyde (20) (0.34 g,
71%); b.p. 80°0.25 mm Hg; (Found: C, 64.8; H, 7.62. CyoH30Si requires, C, 65.0; H, 7.51%); Viax 1725 (C=0),
1645 (C=C): § (CDCly) Y0 MHz, 9.75 (1H, be s, -CHO), 5.60-5.00 (2H, m, -CH=CH-), 2.52 (21, br 1, 1 8 Hz, H.2),
200 (24, 4. J 6 Hz, H-4), 1.78-1.28 (4H, m, H-3 and H-7), -0.03 (914, 5, -Si(CH3)y).

- - X

Dimethylsulphoxide (20 m) was syringed into a round botiomed flask containing sodium hydride (0.13 8. 28
matoles) and trimethylsalphoxonium iodide (0.62 g, 3.0 mmolcs) and stirred under nitrogen. Aficr hydrogen g8 had
stoppad evolving (ca. 20 min‘),m the akdchyde (20) (0.40 g, 2.2 mmoles) in dimethylsulphoxide {1 mi) was added and the
mixturc was stirred a further 15 min. at room temperature. The mixture was warmed 1o S0°C for 1 b, cooled axd diluted
with cther (60 ml). The organic layer was washed with water (15 ml), followed by hrine (10 ni), dricd {MgSOy), amd
evaporated. Flash column chromatogriphy (cthy? acciaie/ictrol = 1/5) gave the epoxide (1.14 g, 33%), distillation gave an
analytical sumple b.p. 12090.2 mm Hg: (Found: C, 66.4; H, 11.07. C11H220Si requires C, 66.6; 11, 11.10%). Vinas |
640 (C=C); § (CDCH) Y0 My, S.5R8-5.08 (21, m, .CH=CH-), 290 (11, br m, W2y 268 (1HL L a2 =hiaan=$
Hz, H-TaA), 282 (1L &, Jin2 2.5 He, iaan § He, H-1p), 2.15-1.80 (21, my, H-5), 1.70-1.28 {611, m, H.3, 114, §1-
8). -0.03 (Y11, s, Si (CHa).
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’I‘amcns:s’@-suiphamc acm {0.96 g, 5.1 mmoles) was added to & solution of 1,2,6-hexanc-triol (1003 (8.0 g, 306
mmoles} in froshiy distiticd zcoione (100 mi) and the mizture stivred at room temperature for 20 h, Solid sodivm hydrogen
carbonate was added and the mizture was stirred for 0.5 h,, filicred and evaporated fo give the crude scetonide (9.53 ¢,
G2B), Vs J440 (OH), 1150 (CO) 8 {CDCl4) 90 MHe, 4.30-3.90 (2H, m, H-5 and Hx-6), 3.75-3.35 GH, m, H-1 and
Hy-6), 2.75 (1H, br s, disappears upon addition of D40, -OH), 1.80-1.45 (6H, m, H-2, H-3 and H-4), 140 (3H, 5, -
Cﬂg}, 1.35 (3H, s, -CHy).

Pyridinium dichromate (4.3 g, 11.5 mmoles) was sdded 1o a solution of alcehol (1.0 g, 5.8 mmoles} in froshiy
distilted dichloromethane (60 m1} and the mixture stirred at room temperature for 16 h. Ether (40 mi) was addoed and the
mixture was stirred for ca. 0.5 k. THe mixture was filiored through colite, fillered theough MgSOy, evaporated and flash
column chromatography (cthyl acetaie/peirel = 1/5) gave the akdchyde (0.87 g, 88%); (Found: C, 62.3; H, 9,11, Colly405
requires C, 62.7; M, 9.30%); v, 1720 (C=0), 1150 (C-O) § (CDCly) 80 MHz, 9.75 (1H, br s, -CHOY, 4.25-3.90 Q8
m, H-5 and Ha-6), 3.75-330 (0H, m, Hy-6), 270-2.30 (2H, m, H-2), 1.90-1.45 (4H, m, H-3 and H-4), 140 Ol s, -
CHy) 135 (3H, s, -CHy),

n-Buin hmmm (5 2 ml M a 1 5 M sm!uuora in hexane, 8.8 mmoles) was added dropwisc to a suspension of
methyltriphenylphosphonium fodide (3.54 g, 8.8 mmoles) in dry THF (28 mi} at 00C and stirred under nivogen, The
mixiure was warmed 10 room omperature, stirred Tor 1 by, re-cooled 1o 0°C and fodometbylirimethylsilane (187 g, 8.8
mymoles) was added and the misture allowed 1o come to room tlemperature. Afler k., the reaction mixure was cooled 10 -
T8°C and treatod with a second equivalent of n-buiyl Hevdum (5.2 ml of 2 1.5 M solution in hecane; 8.8 mmoles). The
mixture was allowed 1o warm 10 room omperature and stired for 1.5 b 1o give a dark red solution of the ylid19 The
aldehyde {102) (1.37 g, 0.80 mmoles) in dry THF {2 ml) was added dropwise with stirring over 10 mins, o the ylid
solution at -78°C, Alier 8.5 h., the mixture was warmed o room lemperature and stirred under nitrogen for 168 h, The
mixiure was thon washed with satgrated aamonium chloride (30 mib), extracted with ether (3 x 50 mil) and she ether cxtragt
washed with bring (50 mi), dricd (MgS04), cvaporated and distiiled 1o give the silylsilane {1.27 g, 63.5%) b, 800CR
mmHg; (Found: C, 63.4; H, 10,82, Cy14H230381 requires €, 63.6; H, 10.93%), v, 1650 (C=Cx 8 (CDCH) 90 Milz,
5.60-500 (2H, m, -CH=CH-), 4,20:3.90 (2H, m, Hy-1 and H-2), 3.70-3.35 (1H, m, Hy-1), 220-180 24, m, 11.5),
L70-1.15 (6H, m, H-3, H4 and H-B), 1.38 (3H, 5, -CHy), 132 OH, 5, -CHy), -0.03 (98, s, -SHTH4).

E.Z:8-Trimethylsiivioct-6-cne-1.2-fiol

A solution of the acionide (0.61 g, 2.4 mmoles) in concentrated hydrochioric acid (0.2 miYwater (0.2
mi)methanel (1.0 mi)chiorofrm (2.0 mi) was stirred &t room temperature for 18 h, The mixiure was neuiralised with solid
sodium hydrogen carbonate and ihe solvent cvaporated. The residuc was exiracied with cther (3 x 30 mi), dried (Mg3Q4)
avaporated, and flash column chromatography {cibyl acetate/petrol = 1/9) gave the diel (138 g, 73%) (Found: C, 6141 16
963, Cy 100,51 requires C, 61,11 H, 9.72%)% Miz, 216 (0.5, M%), (1000, SiMey™) v, 3300 (01D, 1640 (C=C1 8
{CDCly) 90 Mitlz, 5.535-5.05 (2H, m, -CH=CH-), 3.85-3.25 (3H, m, H-1 and H-2), 2.30-1.82 (81, vory brom, 11§ and
2X-0OH), 1.65-1.28 (6H, H-3, H-4 and H-8), -0.03 (9H, s, -Si{CH3)a).

P Raiam:tsﬁ%ph%y! {:kiimd@ {@ ”?é 2, 3 9 mm@i%} was added o 8 solution of the diol .76 g, 3.5 munoles) in
dry dichivromethane {4 m1), foliowed by freshly distiled pyridine (0.56 g, 7.0 mmoles) and the mixture was stirred a1 0°C
for ca. 2 h. The mixture was allowed 1o warm to room {emperaiure and stirred a further 18 b, The solvent was evaporaicd
and pyridine (1.0 mjwater (.5 mi) was added and the mixture was stirred a further 1h, (1o destory any excess p-iolugne
sulphonyt chloride), The mixture was extracied with cther (3 x 20 mi) and the other extract washed with 2N hydrochioric
acid (10 mi), squcous sodium hydrogen carbonate (10 wil), brine (15 mi), dried (MgSOy), ovaporased, and flash colunm
chromatography (othy! acctasiedporol = 1/1) gave the wsylate. (1.06g, 834%% (Foumt: €, 58.7; 1L 812, Cigllye(08i5
requives C, 38.4; U, 8.10%); v, 3400 (OH), 1640 (C=C), 8 (CDCI) 90 My, 780 (1L &, 5 8 He, -OTs), 7.35 21,
g, 3 8 i, ~OTs), 5.55-5.00 (20, m, -CH=CHLY, 4.20-3.60 (1L m, 10 and $1-2), 2,40 (31, 5, -Cl), 220 (0, brs, -
OHY, 2.05-1.20 (BH, my, 113, 14, H-5 and H-8}, -0.03 (8H, 5, -Si(CH3}).
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- - B .

To a solution of tosylate (0.48 g, 1.3 mmoles) in dry chloreform (4.9 mi), & solution of sodium (0.13 g, 5.7
mmolcs) in mcthanol (2.4 ml) was added dropwise at 0°C, the mixture was allowed to warm to room tcmperature and
stirred for 20 h. The mixture was extracied with ether (2 x 20 ml) and the cther extract washed with saturated ammonium
chioride (15 mi), brine (15 mi), dried (MgSOy), cvapoarted and flash column chromatography (cthyl acctate/petrol = 1/5)
gave the cpoxide (21) (0.20 g, 77.5%), identical 1o that prepared previously.

-1- 8%

A cold solution (~ -33°C) of titanium (IV) chloride (0.48 ml of a 1.8M solution in methylene chloride, 0.9
mmoles) was added 10 a solution of cpoxide (21) (0.16 g, 0.79 mmolcs) in dry methylence chivride! (4 mi) at -90°C and
the mixture stirred under nitrogen for 1 h. Saturated sodium hydrogen caronate (10 mi) was added at -0°C and the mixture
was brought to room tempcraturc and filiered through celite (ca. 2 ¢cm) [using methylene chloride (3 x 15 mi) o wash).
The organic layer was washed with brine (15 ml), dricd (MgSO,), evaporaied and flash column chromatography (cthyt
acctate/petrol 1/1) gave the cyclopentancs (22) and (23) (0.06 g, 55.4%); (Found: C, 76.0; H, 10.99. CyH; 0 requites C;
76.2. H, 11.11%); M/z 126 (11, M*), 108 (97, M-H,0), 98 (27, M-CaHy), 95 (67, M-CH,0H), 94 (16), 93 (94), 83
(19}, 82 (37). 81 (21), 80 (61), 79 (10U%). v, .. 3380 (OH), 1640 (C=C); § (CDCi3) 360 Milz, S.81 (JH, m, -
CH=CHy), 5.02 (1H, br d, Jirqns = 16.5 Hz, HCsCHAHp): 4.96 (1H,br o, J ¢is = 10.8 Hz, HC=CHalp), 3.55 (1H,
4d, Jap =8.3and I, g = 18 Hz, -CLAHy-OH), 3.82 (1H, dd, Jop = 8.3 and J5 | = 18 Haz, -CHAHy;-OH), 3.42 (1H, ud,
Jap =83 Hzand Jj y = 18 He, -CH, Hy-Olt), 2.63 (1H, m, H-2), 2,13 (1H, m, H-1), 2.02 (1H, very br s, Q1), 1.85-
1.25 (6H, m, H-3, H-4 and H-5).

y -3.on-2-

Chloromethylirimethylsilanc (1.23 g, 10 mmoles) was added to a suspension of magnesium tumings (0.29 g, 12
mmaoles) in dry ciher (5 mi) and the mixiure was stirred at room tempcerature under nitrogen. (A few crystals of iodine were
uscd to initiate the reaction), When the magnesium had dissolved, crotonaldehyde (0.70 g, 10 mmoles) in dry cther (5 mi)
was added dropwise 1o the Grignard reagent at 0°C, the mixture was allowed to warm 10 room temperature and stirred 3
further 6 h. The mixiurc was diluted with cther (25 mi) and the organic fayer was washed with brine (10 mil), dricd
(MgS04) and evaporated to give the alcohol (1.40 g, 77.8%); v,,,, 3450 (OH), 1660 (C=C); § (CDCly) Y0 Mtiz, 5.85
(1H, ddd, Jp 3 = 7.5 Hz, Jop = 10 Hz and Joc = 17.5 He, HAC=CHylig), 5.10 (1H, d, Joc = 17.5 Hz,
HAC=CHyHe), 4.95 (1H, d, Jop = 10 Hz, HAC=CHgHc), 4.22 (1K, g, J 7.5 He, -CH(OH).), 1.65 (IH, br s,
disappears upon addition of D;0, -Ot).

-4-¢n-1-al

Mercuric acetaie (0.16 g, 0.5 matoles) was added 10 a solution of the silane (0.39 g, 2.5 mumoles) in freshly
distilled cthyl vinyl cther (4 ml) and the mixture was stirred at room temperature under nitrogen for 18 h, The mixiure was
washed with brine (3 ml) and the aqucous solutiun extracicd with ether (2 x 15 mi). The organic extracts were dricd
(MgSOy), evaporated and distilled o give the vinyl cther (0.29 g, 63.0%); b.p. $4-589C/2 mm tig: Venes 1OOU (C=C): §
(CDCl3) 90 MHz, 6.25 (1H, &4, Jcis = 7 Hz and Jirgpg = 15 Hz, HyC=CH-0-), 5.75 (1H, ddd, Jap = 8 Hz, Joig = 10
Hz and Jrans = 18 Hz, HyC=CH \-CH\(CHy)-). 5.18 (1H, br d. Jgjg = 10 Hz, HpHg = CHA-CHyy(CH3)-), 5.10 (1H,
br 4, Jirgns = 18 Hz, HpHc=CH-CHy(CH2)-), 4.38-3.72 (3H, m, HyC=CH-O- and HyCxCHi,-Chiy(CHip)-), 1.15-
0.65 (2H, m, -CH;-8i(CH3ly), -0.03 (9H, s, -Si(CHy)y).

The neat silane (0.20 g, 1.2 mmoles) was heaied for | h. at 190°C. Distiltation gave the aldehyde (0,15 g,
52.6%); b.p. 90°C/2 mm Hg: M/z, 170 (0.5, M*), 116 (28.0), 101 (65.2), 74 (11.0), 73 (100.0. SiMc3*) v,,,, 1720
(C=Q), 1660 (C=C): § (CDCI3) 90 MHz, 9.75 (1H, br s, -CHO), 5.50-5.00 (211, m, -CH=CH1-), 2.060-2.05 (4H, m, H-2
and H-3), 1.50-1.25 (2H, m, -CH;-Si{CHj)3); 0.00 (914, s, -SH{CH;3)3).

1yisilyl- - L6 -dicng-

Vinylmagnesiun bromide (11 ml of a 1.0 M solution in THF, 11.0 mmoles) was ackicd dropwise to a solution of
the aldehyde (0.94 g, 5.5 mmoles) in dry THF (10 mi) and -78°C and stirred under nitrogen for 0.5 . The misture was
warmed {0 room temperature and stirred a further 16 b Sarated sodium hydrogen carbonate (10 mi) was added to the
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mixiure followed by extraction with ether (2 x 20 mi). The ether extract was washed with water (10 mi), brine (10 mil),
dried (Mg5Qy), cvaporated and fash columnn chromatography (ethy] acowic/poirol = 173) gave the sleohol (0.68 g, 61.9%),
(Found: C, 67.5; H, 1122, € HppO8i requires €, 66.6; H, 11.11%% v, 3350 (OH), 1650 (C=C); & (CDCH) 90
MHz, 6,18-5.05 (SH, m, vingl H), 4.15 (14, g, } 6 He, -CH(OM)-), 2.15-1.40 (6H, m, H4, H-5 and H-8), 0.00 (98, s,
~SHCHg)e)

A solution of t-butyl hydroperoxide in benzene was propared s foliows. Boneenoe (7.2 mi) was added 10 +-buyl
hydroperozide (2.8 mi in 70% water, 20 mmoles) and the lower layer was discarded. The mixture was thon dricd over
magnosium sulphate, Vanadyl bis-acetylacetonate {7 mg) was added 1o a solution of the alcohol (0,60 g, 3.1 mmeles) in
dry benzene (15 mi), followed by t-butyl hydroperozide solution (2.3 mi, 4.6 mmoles) and the mixture was stirred at room
temperature under nitrogen for 18 b, The mixiure was washed with brine (5 wi) and the aqucous solution exiracied with
ethyl acetate (3 x 1§ mi), The combined organic extracts were dried (MgSQs), ovaporated, and flash column
chromatography (sthyt acelaie/petrol = 1/3) gave the epoxide (253 (0.21 g, 33%); (Found: C, 62.0; H, 10.08, C;#0:81
requires C, 61.7; H, 10.28%); Miz, 214 (2.1), 117 (25.9), 75 (8%.2), 74 (19.4), 73 (1000, SiMey?); v, 3430 (OH),
1350, 8 (CDCLy) 90 MHz, 5.65-5.00 (2H, m, -CH=CH-}, 4.12-3.75 (14, m, H-3), 3.08-2.60 (3H, m, H-1 and H-2),
2.30-1.30 (6H, m, H-4, H-5 and H-8), 0.00 (BH, 5,-Si(CH3)4).

Atlempied riop glosurs of the epory-alivisilang (25)

A cold solution {~ 3390 of titaniam (V) chloride (0.31 ml of & 1.3M solution in methylene chloride, 0.56
mmoles) was added (¢ a solution of the epoxrysilane (25 (0.11 g, 0.51 mmoles) in freshly distifled methylene chioride (2.8
) at <789C and stirved under nitrogen for 1 h. The mixture was poured into saturated sodium hydrogen carbonate (3 ml),
filiered through cclite (using methylene chioride (3 x 10 mi) to wash). The organic oxiract was washed with brine (10 mi),
dried (MgS50,) and evaporated, Dash column chromatography {othyl acomic/poirel = 5/1) failed 1o give any Tactions
homogencous by TH nom.r, The major fraction (0.03 g, 41%) shows hydroxyl streiching (3460 el and C=C swoiching
(1640 cm-1), The 360 MHz TH num.x, shows the presence of vinyl protons at 8 5,80 and § 4.95, a singlet a1 § 3.93 (iH),
a2 doublet at 8 3.65 (1H), a broad singlet at § 2.88 (-CH,-0OH) and multiplets at 8 2,00 (1), 8 173 (1H) and § 1.50 (61D).

e el e X% JUNE YRRl CEIR Ll

Freshiy distitled tricthylamine (54.5 mg, (.54 mmoles) was added dropwise to a solution of sleohel (25) (96 mg,
045 mmoles) in dry methylene chioride (1.4 mi), followed by acetic anhydride (503 mg, 0.49 mmoles) and 4
dimethylaminopyridine (6 mg, 0.04 mmoles) and the mixture stirved at room temperature for T h, The mixiure was poured
into salurated ammonium chloride (10 mi) and extracted with methylene chioride (3 x 15 mi). The organic exiract was
washed with ditute hydrochioric acid (10 mi), saturated sodium hydrogen carbonate (2 x 10 mi), brine (10 mi), dried
{MgSOy), evaporaied, and {lash chrematography {ethyl acotaie/potrol = 173) gave the acointe (93 mg, B3.0%): (Found: C,
GL.0; H, 930, CyqHy0q8i requires €, 60.9; H, 9379 v, 1740 (C=0), 1240; 8 (CDCL) 90 MHe, 5.60-5.05 (2H,
m, -CH=CH-}, 478 (1H, g, § 6§ Hz, H-3), 3.10-2.82 (1Y, m, H-2), 2.80-2.80 (X, m, H-1), 210 (34, s, COCHYy),
2.05-1.18 (6H, m, H-4, H-5 and H-8), 0.00 (OH, 5, -SHTHa)).

B-Ene-3-g0r s

Auiempied ring closwre of aceiate

A cold solution {~ -332C) of Ganium {1V} chioride (0.5 mi of a 0.8M solution in metiyiene chioride, 842
minoles) was added o a solution of epoxysilane (99 mg, 0.3% mmoles) in dey mothylene chioride (2.5 mi} at -789C and
stirred under nitrogen for 1 h, The mixiure was warmed 1o roum temperature and stirred a for a further T h, The mixture
was then poured into saturated sodivm hydrogen carbonate {8 mi), filicred through celite (using methylene chloride {3 x 20
mi} 10 wash), The organic catract was washed with brine (10 ml}, dricd (Mg304) and evaporued and flagh column
chromatography {ethyl acciate/perrol = 1/1} gave a mixture of products, nong homogencous by B naur, The majer
fraction (31 mg, 43.8%) provided the following physical data, Foumb: €, 8505 11, 8415 Cypllie(y cguires €, 653 1,
8H9%). v,y 3450 (OH), 1720 (C=0), 164- (C=C). The 360 MHz TH nm.r. shows the presence of vinyt protons a2 §
5,70 and 8 5.00, a multiplet at § 3.75 (-CH-OAC), two acoime groups at § 2,60 and § 2.50, and multipleis a8 2.40 (611).
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Dricd methyl riphenyiphosphoranylidencacetate (057 g, 1.63 mmoles) was added to a solution of akdchyde (20)
(0.30 g. 1.63 mmolcs) in freshly distilled benzene (10 mi) and the mixture was stirred at room temperature for 16h. The
benzene was cvaporated and cther (10 mi) was added to the residuc. The mixture was filtered through a layer of
magnesium sulphate (~ 2 cm), evaporated and flash column chromatography (cthyl acctate/peirol = 1/3) gave the esier
(0.30 g. 77.0%): (Found: C, 65.0; H, 9.89. C;3H340,5i requires C, 65.0; H, 10.00%); v,,.,, 1710 (C=Q), 1650 (C=C):
8 (CDCly) 90 Mz, 7.18 (1H, dt, J 8 and 16 Hz, H3COOC-CH=CH-), 585 (1H, br d, J 16 Hz, H3COOC-HC=CH.),
5.65-5.10 (2H, m, -C}H=CH-CH;,8i(CH3)3). 3.75 (3H, s, OCHj3), 2.38-1.90 (4H, m, H4 and H-6), 1.65-1.30 (4H, m,
H-5 and H-9), -0.03 (M, s, -Si{CH3)).

9. . ien- -

Diisobutyl aluminium hydride (2.8 m) of a 1M solution in hexane, 4.2 mmoles) was added to a solution of the
ester (0.34 g, 1.4 mmoles) in freshly distitled hexane (2.4 ml) and the mixiure was stirmed under nitrogen at room
temperature for 16 h, The mixture was diluted with cther (30 ml) and saturated ammonium chiloride (15 mi) added, the
mixture was then filicred. The organic Jayer was washed with brine (10 mi), dricd (MgSOy), evaporated, and Nash column
chromato-graphy (ethyl acewate/peurol = 1/3) gave the alcohol (0.27 g, 89.5%). (Found: C, 67.6; H, 11.25. C;3H,08i
requires C, 67.9: H, 11.30%) v, 3400 (OH), 1610 (C=C), 1150 (C-O); 8 (CDCly) 90 MHz, 5.78-5.58 (2H. m, HO-
CH,-CH=CH-). 5.52-5.10 (2H, m, -CH=CH-CH;-Si(CHj)s), 4.12 (2H, d, J 4 Hz, H-1), 2.25-1.94 (dH, m, H-4 and
H-6), 1.80-1.30 (4H, m, H-5 and H-9), 0.00 (94, s, -Si{CH4)3).

A solution of -butyl hydroperoxide in benzene was preparcd as follows. RBenzenc (7.2 mi) was added to t-huty!
hydroperoxide (2.8 mi 70% in water, 20 mmoles) and the lower layer was discarded. The organic Jayer was then dricd
{MgS0Oy). Vanady! bis-acciylacctonatc (6 mg) was added to a solution of alcohol {0.29 g. 1.38 mmuoles) indry henzene (2.3
mi}, followed by the t-butyl hydroperoxide solution (1.0 ml, 2.07 mmoles) and the mixture was stirred at rooem emperature
under nitrogen for 18 h. The mixture was diluted with cthyl acctate (40 ml) and washed with water (10 mi), brine (10 mi),
dricd (MgSOy). evaporated, and flash column chromatography (cthyl acciate/perrol = 1/3) gave the epoxide (26) (.19 g,
60.3%):. (Found: C, 63.5; H, 1045, C1H248i0; requires C, 63.2: H, 10.53%); v, 3410 (OH), 1630 (C=C), 1250; &
(CDCl3) 90 MHz, 5.54-4.95 (2H, m, -HC=CH-), 3.75 (1H, br d, J 12 Hz, -CHH);-OH), 3.45 (1, br d. J 12 Ha, -
CH7Hp-OH), 2.98-2.72 (2H, m, H-2 and H-3), 2.48 (1H, br s, -OH), 1.90 (2H, g, J 6 Hz, H-6), 1.60-1.15 (6}, m, H-4,
H-S and H-9), -0.05 (9H, 5, -Si{CHj),).

(1.2-Dih s2-vi
A cold solution (- -33°C) of titanium (1V) chloride (0.5 mi of 2 0.93M solution in dichloromcthane, 0.47 minwles)
was akicd to a solution of cpoxide (26) (97 mg, 0.42 mmoles) in dry methylene chioride (2.5 mi) at -784C and surred
under nitrogen at this iemperaturce for 1.5 h. The mixture was pourcd into saturated sodium hydrogen carbonaic (5 mi) ant
filtercd through celite {using mcthylene chloride (2 x 20 mi) 10 wash). The organic layer was washed with brine (10 mi),
dricd {Mg50Qy), cvaporaicd and fash column clvomatography (cthyl acctaic/petrol = 5/1) gave the cyclopemances (27) and
(28) (40 mg, 60.3%), as a mixture of cis- and trans-isomers (ca. 2:3) (Found: C, 68.9; H, 10,15, CyH 40y requites C,
69.2: H, 10.26%); v, ,, 3350 (O, 1640 (C=C); § (CDCly) Y0 Miiz; 5.70 (11, m, -CH=CH,), 5.15-4.80 QH, m, -
CH=CHj). 3.75-3.35 (3H, m, CH{OH)-CH(OH)-), 3.02 (2H, br s, 2X-OH), 2.70-2.12 (1H, m, H-2), 2.05-1.15 (7H,

m, H-1, H-3, H4 and H-5).

-2 Vi -1- ldch
Sodium periodate (104 mg, 0.49 mmoles) was added to a solution of the diols (27) and (28} (38 mg, 0.24
nnnnles) in carbon tetrachloride (0.1 miYacctonitrile (0.1 mi)/water (0.15 mi) and the mixture stirred at room tempeniture
fur 4 h. The nuxture was filicred and extracted with methylenc chloride (3 x 15 mi). The orgamc extrkt wis washed with
saturated serdium hydrogen caronate (5 mi), brine (10 mi), dried (MgSO,) wwd cvaporated to give the cis- amd trans.
aldehydes (25 mg, R3%, cisitrans = 223% v, 1720 (C=0), 1640 (C=C); § (COCI3) 360 Mily, cis-isomer:- .67 (1,
4 J 25 Hz -CHO), 5.85 QML ddd, JA ¢ = 175 1 Ja 3= 10 Hz, Jo 2 = B Hz HAC=CHZHEL SI2 (1, brd, Ja o=
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17.5 Hz, HaC=CHghle), 5.05 (1H, br 4, J n = 10 He, HaU=CHgHe, 2.96 (1H, br quintet, Jy 4 = Jy y s dy 3= 8 He,
H-2), .88 (IH, my, Ho1), 2,10-1.484 {6H, m, H-3, Hed and H-5); trans-fsomess- 9.2 (1M, 4, 1 2.5 Hz, -CHO), 5.80 (1H,
Gidd, I 0 175 M, Ja g w 10 He, Iy p = 7.5 Ha, HaCsCHyHe) 3.06 (1H, brd, 3y o= 17 Hy, HaCsCHpHe), 500
iH, bed, ! A w 10 He, HaC=CligHe), 74 (1H, br quintat, Jpandrislyy= 75 He B2, 254 (I, g 3 Lr=is
Hz, 3y p =y = 7.5 He, Hel), 210-1.44 {6H, m, H-3, H-4 and H8), Those two aldehydes could aiso be prepared from
the alcohols (32) and (23) by oxidation with PDC s dichloromothane,

A solution of sodium {10 mg, {4 mmoles) in mothanol {4 ml) was added dropwise 1o the ofp- and frass
sldehydes (30 mg, 04 mmoles) and the mixture was sifrred 8t room emperatwre for 2 h, The mixiure was diluted with
sther (40 mi) and washed with sstursted ammonium chioride (10 s, brine (10 ml), dried (MgS0,) and svapormed
carefully w0 give the wrans-aldchyde (24) (40 mg, 90% crude yield, The TH numur, spectrum was identical to thay roported
i the previous experiment,
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