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Abstract: A variety of cyclopropanone acetal derivatives were found to undergo facile Fe(III)

mediated oxidative radical cyclisation to the corresponding trisubstituted cyclopentane esters in good

yieid and with diastereoselectivities as high as 23:1.

© 1998 Published by Eisevier Science Lid. All rights reserved.
Introduction
Over the past few years we have been investigating the Fe(IIT) mediated oxidative cleavage of a variety of
cyclopropane derivatives as a potential non-tin method for carbon centred radical generation. More specifically,
we have found that cyclopropyl ethers! serve as good substrates for the Fe(III) mediated generation and

cyclisation of carbon centred radicals eg 1—2 (Scheme 1). Following our initial investigations with
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Scheme 1
Results and Discussion
The first system we studied was the cyclopropanone acetal 6 which was easily assembled by using our now
standard! conjugate addition/cyclopropanation sequence. It was found that addition of butenylmagnesium
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bromide to 5,6-dihydro-2H-pyran-2-one in the presence of TMSCI gave ihe silylketene acetal 5 in 88% yicid
following distillation. This product proved to be very labile and was immediately subjected to the Et;Zn/CHzlp
cyclopropanation procedure to give the key cyclopropanone acetal 6 in 68% yield. Treatment of 6 with
anhydrous ferric chloride in DMF under our standard conditions! gave the ring expansion/cyclisation product
8 (X=Cl) as anticipated, but in poor yield (22%) and as an inseparable mixture of diastereoisomers.
Suspecting that the poor yield was due to slow reaction of the cyclopropane with FeCl3 at 0°C, the reaction
was repeated at 60°C and a higher yield of 40% was obtained. Treatment of 6 with ferric nitrate in DMF3 gave
a better vield (66%\ of the product 8 {XMH\ resultin frgm hvdro

Unfortunately it was not possible to assign the relative stereochemistry of these diastereoisomers by NMR.
Attempts to implement a similar sequence wiih 2{5/)-furanone 10 were initiaily thwarted by the instability of
the trimethylsilylketene acetal 10 (R=Me3Si), which proved impossible to cyclopropanate without
decomposition. Use of TBDMSCI in the conjugate addition step allowed the isolation of the TBDMS ketene
acetal 10 (R=BuMe3Si), which upon immediate reaction with EtpZn/CH2I; gave the TBDMS protected
cyclopropanone acetal 11 in moderate overall yield. Attempted oxidative cyclisation with both ferric chloride
and nitrate initially gave no reaction and the reaction mixture was slowly warmed to 60°C. This TBDMS

protected cyclopropanone acetal showed remarkable thermal stability in the prescence of Fe(III) salts, and it

e | M
was only at 60°C that decomposition was observed. Unfortunately prolonged heating resulted in complete
decomposition to an intractable mixture, with no cyclisation products being observed.
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Scheme 2
Tt is quite clear from the above study that, compared to the analogous cyclopropyltrimethylsilyl ethers (e.g. 1,
n=1),! the inclusion of a heteroatom dramatically alters the stereochemical outcome of these reactions. This is
probably due to conformational differences between the ring expanded lactone radical 7 and the analogous
carbocyclic radical in Scheme 1. It is likely that this would have a profound effect on the stereochemical
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ouicome of the 5-exo l'd(llLaI CyCllSB,[lOIl We therefore decided io ant‘,bU&a[C the l“ﬁ(lll) oxidations of me
simple cyclopropanone acetal 13 with a view to obtaining cyclic products which would be easier to analyse by
spectroscopic techniques. To this end the silylketene acetal 12 was prepared in almost quantitative yield by
conjugate addition of butenylmagnesium bromide to ethyl acrylate. It is interesting to note that in this case
DMPU could be substituted for HMPA, albeit with a decrease in yield. This was contrary to our previous
experience with related additions which failed completely with co-solvents other than HMPA.
Cyclopropanation of freshly prepared 12 gave access to the cyclopropanone acetal 13, which proved stable

enough to be stored for nrolonged per riods. With mnltigram

————— ot Y U OSSR PRIV VRS A2 LA L LA 112 Saliiid & 2 2 227
out a detailed study of its oxidative cyclisation (Scheme 3) using a variety of Fe(IIl) species and conditions,
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The oxidation of 13 with ferric chloride (Table 1), as previously shown for 6, was found to be temperaiure

sensitive. For example, in entry 1 a good yield of cyclopropane cleaved material was observed, but the major
product was the uncyclised material 16 (X=Cl). This was attributed to the fact that the oxidative cleavage of
the cyclopropane ring was slow at 0°C and therefore the concentration of unreacted ferric chloride was able to
increase in the reaction mixture. When cleavage to the B-propionyl radical 14 takes place it is then quenched by
chlorine abstraction from FeClj at a rate faster than 5-exo radical cyclisation to the desired product. This was
proved by repeating the addition of FeClz at 60°C (entry 2), which completely reversed the situation to give

cyclised 15 (X=Cl) as the major product. Extending the addition times to 5h at 60°C allowed the almost
exclusive formation of 1 ( =Cl), although at the expense of the overall yield (entry 3). We then turned our
aiieniion to the use of complex [FeCla(DNM AF)3]{FeCl4}4 ossible substitute for anhydrous ferric

chioride. This proved to be very similar in reactivity to ferric chloride itscif and als
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15:16 at elevated temperatures and ngcr addition times. In fact this complex is superior to ferric chioride due
to the smaller reduction in yield at elevated temperatures. Also, from a practical point of view, since this
complex is air and moisture stable it is possible to manipulate it without the glove bag protocol required for
anhydrous ferric chloride. Entries 10-15 detail the reaction of 13 with anhydrous ferric nitrate in the presence
of a number of radical traps. With ferric nitrate alone (entry 10) the cyclised ester 15 (X=H) was obtained as
the sole product in 54% yield. As mentioned carlier, we believe that this product arises via hydrogen atom

abstraction from the solvent by the final cyclised radical. Since there is no uncyclised material formed it is quite

into the final products. Thus, using 1,4-cyclohexadiene as a hydrogen atom source (entry 11) the cyclised
ester 15 (X=H) was obtained as before, but in higher yield (76%). Use of diphenyldisulfide as a trap (entry
12) gave a good yield of the sulfide 15 (X=SPh) without any formation of the corresponding uncyclised
sulfide 16 (X=SPh). The use of N-chlorosuccinimide (entry 13) gave a 9:1 mixture of 15:16 (X=Cl)
respectively in good yield (76%). This was a very significant result as the ferric nitrate/NCS combination
would appear to be superior, in terms of yield of cyclised product, to all of the results obtained in entries 1-9.
A competition experiment between ferric chloride and diphenyldisulfide (entry 15) gave only products

resulting from chlorine atom abstraction, thus demonstrating that the rate of chlorine atom abstraction from

TABLE 1: Oxidative Cyclisation of 13 with FeCl3, [FeCla2(DMF)3][FeCl4] & Fe(NO3)3

ENTRY | CONDITIONS (Addition time)2 % YIELD 15d:16 X
1 FeCl3b, DMF, 0°C, (0.5h) 79 1:2.5 Cl
2 FeCl13, DMF, 60°C, (0.5h) 66 36:1 Cl
3 FeCl3, DMF, 60°C, (5h) 47 9:1 Cl
4 {FeCla(DMF)3}{FeCl4]¢, DMF, 0°C, (0.5h) 36 1:2.5 Ci
5 [FeClp(DMF)3]{FeCl4], DMF, 0°C, (Sh) 78 1:2.67 Cl
6 [FeCl2(DMF)3][FeCl4], DMF, rt., (5h) 79 1:1 Cl
7 [FeCl2(DMF)3][FeCl4], DMF, 40°C, (5h) 53 93:1 Cl
8 [FeCla(DMF)3][FeCl4], DMF, 60°C, (0.5h) 89 2:1 Cl
9 [FeClo(DMP)[FeClal, DMF, 60°C, (5h 69 54:1 Cl
i0 Fe(NO3)3P, DMF, 0°C, (0.5h) 54 15 only H
11 Fe(NO3)3, 1,4-Cyclohexadiene, DMF, 0°C, (0.5h) | 76 15 only H
12 Fe(NO3)3, (PhS)2, DMF, 0°C, (0.5h) 66 15 only PhS
13 Fe(NO3)3, N-Cl-Succinimide, DMF, 0°C, (0.5h) [ 76 9:1 Cl
14 Fe(NO3)3, N-Br-Succinimide, DMF, 0°C, (0.5h) | Complex mixt. | - -
15 FeCl3, (PhS)2, DMF, 0°C, (0.5h) 67 1:1.67 Cl

equivalents. din all cases cis 15(a) was the major isomer (80-90%).
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Stereoselectivity

This preferentiai formation of the cis-isomer in relaied Bu3SnH initiated cyclisations is well documented and
has been rationalised by Beckwith.3 In the present study we wanted to capitalise on this stereoselectivity and
examine the stereochemical influence exerted by a varicty of substituents during the oxidative radical
cyclisation of substituted cyclopropanone acetals (17—19, Scheme 4). According to this comprehensive
body of work compiled by Beckwith such 5-exo radical cyclisations should proceed via the chair-like
transition state 18, where the 2-substituent (R') adopts a pseudoequatorial conformation. This then leads to

cyclopentane formation and the cyclised product (19) will, in principle, be formed with the stereochemistry as

shown in Scheme 4
TMSO H =I i-Ro c -i
N1 ) - =" N
HO/\' / Fe(iii) IRQEC/\/-Q | - . I H I
a Ao T el
. 18
p \ e
IROQC\ _x) e
sl
e
M————

Scheme 4
Initially we elected to study the effect of a methyl group on the cyclisation. Readily available (£)-ethyl
citronellate 20 was treated with LDA followed by quenching of the resuiting enolate with TMSCI. Foliowing
an anhydrous workup the corresponding labile ketene acetal 21 was obtained pure by bulb-to-bulb distillation
under reduced pressure. This sensitive ketene acetal proved to be too labile for prolonged storage and was
immediately subjected to the Simmons-Smith reaction which gave an excellent yield of the now stable
cyclopropanone acetal 22. Oxidative cyclisation of 22 using ferric nitrate and 1,4-cyclohexadiene as a

hydrogen atom donor gave the cyclised product 24 in moderate yield but as a complex mixture of

cyclised radical 23 undergoes further oxidation by Fe(IIT) to a cation followed by loss of a proton 8
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mmuugn the basic LyLledllOﬂ wqucnu: was I-:UI'ly GIII(..IGDI the 11'11[13,1 level OI GlaSIﬁIEOSClCCUOH obtained was
disappointing. Since alkene formation was confusing the issue it was thought prudent to study a range of
simpler cyclopropyl systems (e.g. 28, Scheme 6) where complications arising from oxidation of the resulting
cyclised primary radical would be unlikely. These were readily synthesised by conjugate addition of a number
of Grignard reagents to the substituted acrylate esters 25 or 26,7 in the presence of TMSCI, to give the
corresponding ketene acetals 27 in excellent yield. Cyclopropanation of these reactive ketene acetals under the
usual conditions gavc the substituted cyclopropanone acetals 28 in good to excellent yield (Scheme 6,
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Scheme 6

Ferric nitrate oxidation of the cyclopropanone acetals 28 was carried out as before in anhydrous DMF using
1,4-cyclohexadiene as a hydrogen atom donor. In all cases oxidative cyclisation proceeded to give the
cyclopentane esters 29a/b in good yield (Table 2). The lower yield obtained for entry 4 was attributed to the
volatility of the cyclised product. In general, the diastereoselection obtained in these oxidative radical
in entrv 1 (R=Ph) the

(RS SR 2 8 8 L v

iastereoselection, with only trace amounts of
A~k

P2 Y11 R PR PR oD

other stereoisomers (29b) detectable by NMR spectroscopy.

roof of the relative sicrecocneimisiry in 2%a was
obtained by nOe experiments on the reduced product 30 (Figure 1). Both the n-propyl (entry 3) and iso-
propyl (entry 2) examples also gave good levels of sclection. Although not quite as selective as the phenyl
case these two results are consistent with a decrease in the size of the 2-substituent which would influence the
preference for adopting a conformation where the substituent is equatorial. Not surprisingly, when R=Me
(entry 4) a reduced stercoselectivity was observed. This is consistent with the results obtained with (£)-ethyl
citronellate and clearly indicates the weaker stereochemical influence of the smaller methyl group.



TABLE 2: Diastereoselective Oxidative Cyclisation of 27 with Fe(NO3)3

Entry | R 27 28 29a/b Ratio® 29a:29b
1 Ph 83% (from 25)| 88% 83% 23:1
2 iso-C3H7 94% {from 26)) 74% 74% 8.1
3 n-CqHy 92% (from 26)| 86% 69% 6:1
4 Me 94% (from 25)| 92% 69% 2:1

aRatios determined by 1H NMR

Finally, equally good results were obtained in the oxidative cyclisations using ferric chloride as the iron
ennrce For evamnla treatment nf the cuel ronanane aratal IR (R=Ph) oave the trichetitntod chlaramaethul
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p
cyclopentane ester 31 with a selectivity of 17:1. The incorporation of a chloromethyl group will be useful for

oo

the introduction of further functionality (Scheme 7).

TMSO E10.C
2 CH,CI
Eto” q & FeCl. . \_,HZ
_ * ) DMF, 0'C o H I 17:1 diastereoselectivity
R~ 829, e NS I
28 (R=Ph) 3 '
Scheme 7

clear that the use of a TBDMS group rather than a TMS group effectively shuts down the oxidative process
(Scheme 2). Further proof of this was obtained on attempted oxidative cyclisation of the TBDMS
cyclopropanone acetal 32 which failed to undergo oxidative cyclisation under the usual conditions and
decomposed on elevation of the reaction temperature (Scheme 8). If TBDMS cyclopropanone acetals are stable
to cleavage under the reaction conditions it would suggest that desilylation is the first step of the mechanism.

Aunlicatinn ¢t 18 withant svant (Cohameae Y Vialde and nroduct rating cimilar to thoge obtained directly from
CyCiiS4tilil 10 15 WIHIOUL OVOIL (BLILHIC 6. T IGIUS dilu PIUUULL 1aUUS Sliilial W uivst UULGALLTU ULy Vil
1 T T T 0 G it o e € by b ianatal 22 woith Tad s TEaf L TYNEY L 1T EA (1
the suylkeiene acéial 15 wWere ooiained on rcalmdiit 01 Ui nimniactial 5o Wil o1y, [FOIZUAVIE 3014

or Fe(NO3)3 in DMF.
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1. BrMgCH,CH,CH=CH, BuMe,SiQ
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We therefore propose a refinement to our original mechanism which involves initial desilylation of 13 to give
abas TIA(TITY ot 2 A T AT 2 i A 1 . O oo sl T (l ,,,,,
nc reyv* alKOX1uc 3. 111C reyv*+**/ 15 eI reauccd vid sSoi W e rev: dlL (.U[ﬂplLX DD, Lnub lonﬂlng me

E.

carbon centred radical; loss of Fe(IDX7 would then generate the B-propionyl radical 14 (Scheme 9). Direct

'

cleavage of the (IDFe—O bond in 34 to an alkoxy radical is unlikely as we have previously investigated this
and ruled it out in the casc of cyclopropyl ethers.1

EtQ EtO
. EtO\ )

\(/1 . M X Carn N
e I T N A e o i
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Y X X
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Scheme 9

Good evidence that carbon centred radicals are being formed came from prehmmary EPR studies. For
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observed due to the high dielectric constant of DMF which required the spectra to be obtained at low
temperature. Further EPR work in other solvents will be necessary to gain more structural information about

any carbon centred radicals formed.

Finally, we sought to investigate how many equivalents of the iron species were required for the oxidative
cyclisation to occur cleanly. Traditionally, and in accord with literature precedent,® we have been using
2.2 equivalents of the respective Fe(IIl) salts. However, we soon found that treatment of 13 with just
1.1 equivalents of FeCl3 gave rise to the mixture of cychsed and uncyclised product (15 and 16) almost an

" -3

antinal <
entica1 y

-
(=%

also obtained when 0.55 equivalents of [FeClo(DMF)3]{FeCl4] (1.1 equivalents in
Fe(NO3)3 were employed (entries 2 and 3). Furthermore, when iess than one equivaient of ferric nitrate was
employed (entries 4 and 5) there was a corresponding decrease in the yield of the cyclised product. This clearly

indicates that one equivalent of the Fe(III) source is required for complete conversion. In these reactions the
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cyclopropanone hemi-acetal 33 was a major by-product which, in conjunction with 15, accounted welil for

75% of the mass balance. The formation of 33 can be explained by assuming that the unreacted starting
material undergoes hydrolysis on aquecous work-up.

Me3SiO_

P HO
E:o><’\ f n equiv. FeXs EtO,M OY\(X J/' Eto><l l/
*  OEt *+
~ ~.
11

Sa/f 16 33

-

TABLE 3: Oxidative Cyclisation of 13 with stoichiometric and sub-stoichiometric
equivalents of Fe(IIl)

ENTRY | CONDITIONS (Addition time) 15/16 33 X

1 1.10 eq. FeCl3, DMF, 40°C, (0.5h) 83% (15/16, 1 : 1.2)] 0% Cl

2 0.55 eq. TFeCIh(DMFW\ U FeClsl DMF. 40°C. (0.5h) 1 66% (18/16. 1 - 1 Yl 0g 1

o Gl RIS PAY 35 CioiG ], AsaVAD, U O, \VLJiY UV 70 \Lullu, L . L.ijy VU0 A

2 1 10 A~ Ea/NMN-\. MAD N° /N S0 £9Q IS -GS TN nor ry

3 1.1V €4. re(NU3)3, DMK, U C, {(.50) 38% (1S only) Go H

4 0.55 eq. Fe(NO3)3, DMF, 0°C, (0.5h) 31% (15 only) 2% |H

5 0.10 eq. Fe(NO3)3, DMF, 0°C, (0.5h) 11% (15 only) 64% |H
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EXPERIMENTAL

All compounds were prepared as racemic mixtures and any stereochemistry shown is relative. Yields quoted
are based on isolated mass and ratios of isomers were determined from integrals of the appropriate peaks in the
IH NMR spectra. All reactions were carried out in oven or flame dried glassware under an atmosphere of dry,
oxygen-free argon. Diethyl ether and THF were dried by distillation from sodium and benzophenone; DMF
was dried over barium oxide for 24 h followed by distillation and subsequently stored over 4 A molecular

sieves. The diethyl zinc used was a 1 M solution in hexanes (ex. Aldrich) throughout. All manipulations

AL oSt 11t 11 A1) Ul

Y Fal’8 s I 42 00 74 3

Boiling points refer to the oven temperature of a Biichi GKR-50 Kugelrohr during short path bulb-to-bu
distillation. NMR spectroscopy experiments were carried out on Brucker AC250, Jeol EX270, Varian Unity
300, Varian XR400 and Unity 400 MHz FT spectrometers. Chemical shifts are quoted in parts per million
(ppm) downfield from tetramethylsilane and are referenced to the residual protio solvent peaks as internal
standard. Coupling constants (J) are measured in Hz. Infra-red spectra were recorded on a Perkin-Elmer
1720X FT IR spectrophotometer. Microanalysis was performed with a Carlo Erba EA 1108 instrument. Mass
spectrometry was carried out on Kratos MS25, HP 5958A, HP G1800A and VG Platform MS instruments.
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4-(But-3'-enyi)-2-trimethyisiiyioxy-5,6-dihydro-(4H)-pyran 5: To a stirred suspension of dry
magnesium turnings (0.372 g, 15.2 mmol) activated with a single crystal of iodine in THF (24 mL) was added
4-bromo-1-butene (12.2 mmol, 1.24 mL) and the mixture stirred at room temperature for 1 h until the
exothermic reaction had subsided and consumption of magnesium had ceased. To the grey/green solution was
added HMPA (24.4 mmol, 4.26 mL) and the reaction mixture was cooled to -78°C. Copper iodide (0.193 g,
1.0 mmol) was added. A solution of 5,6-dihydro-2(2H)-pyranone (1.0 g, 10.2 mmol) and
chlorotrimethylsilane (24.4 mmol, 3.10 mL) in THF (6 mL) was added dropwise over 10 min and the mixture
stirred at -78°C for 2 h. It was quenched with triethylamine (10 mL) and then allowed to warm to room

temperature. The mixture was poured onto petroleum ether (200 mL) and the solution decanted from the

. ,_ s smemzimiemadmdes PRI ool oo...boll 2ol S Ry gy DI S B S T TAY _ hY ~
rcbull g Cy plt:clpuam LIS Wdd wddhHcUu WILI 1u1 LI1C1 pcuulcm 1 CLICT (1WA 111 } l llC COm l nica
organics were washed with water (4 x 125 mL), dried over MgSO4, filtered and the solvent removed under

reduced pressure. The crude product was purified by Kugelrohr distillation to yield the title compound as a
clear, colourless liquid (2.04 g, 88%). bp 150-160°C @ 15 mm Hg; Vmax/cm-1 (thin film) 1744, 1684, 1641;

31H (270 MHz; CgDg) 5.72, (1H, tdd, J 7, J 10, J 17, CH=CH»), 5.06-4.88 (2H, m, CH2=CH), 4.03 (1H,
d, J 3, CH=C), 3.83-3.61 (2H, m, CHp), 2.09 (1H, m, CH), 1.95 2H, t«d, J 7, J 8, CHj), 1.49-1.06 (4H,
m, CHy), 0.23 (9H, s, (CH3)3Si); 813C (67.5 MHz; CgDg) 155.21 (C), 139.02 (CH), 114.52 (CHa), 79.25

(CH), 65.59 (CH3), 37.02 (CH?), 31.49 (CHp), 30.81 (CH), 29.09 (CHy), 0.28 ((CH3)3Si); m/z (E1) 226
{M*) (8%), 211 (6), 171 (100), 129 (2), 103 (16), 73 (55%); (Found: C, 63.87; H, 9.98. C12H220,S81
requires C, 63.66; H, 9.80%).

—~ s me e we e~

GENERAL CYCLOPROPANATION PROCEDURE.

5-(But-3'-enyl)-1-trimethylsilyloxy-2-oxabicyclo[4.1.0]heptane 6: To a stirred solution of
freshly distilled 4-(but-3'-enyl)-2-trimethylsilyloxy-5,6-dihydro-(4H)-pyran 5 (1.8 g, 7.95 mmol) in diethyl
ether (40 mL) was added diethylzinc (15.9 mmol, 15.9 mL) followed by diiodomethane (15.9 mmol,
1.28 mL). The reaction mixture was heated to reflux for 16 h and then allowed to cool to room temperature.
Pyridine (5 mL) was added and the cloudy suspension stirred for 30 min. It was poured into petroleum ether
(250 mL) and the cloudy, white liquid decanted from the oily, yellow sludge. This was washed with

re from the combined organics.

i uer (15“ m ) uud & i VY EhT LVEL . Rk plv M e Vin
2 ) PSRN U R | ao miti€fiad he aianaleiihe dictillatinm ta viald tha titla ramnnind ac n rlaar ralanrlace
1NE reésuliing nJuid was puriticld o0y KUECHONr GiStillauvil W yiCiu Uit uut LULNPUULIU a5 a ViCal, LUIVUNTSS
15 1 1A e L0 L 17O 1ME0N ) 1€ s TT s Jaznm ] fakien €1 14641 S11T /970 MU - .\ & £Q
nquid (1.5 g, 087} Dp 1/U-1/5"C & 15 MM 11§, vmax/Cili ° (Uil 11H1) 1051, 7M1 (4/V Vs, /6] J.U7
(1H, tdd, J 7, J 10, J 17, CH=CH3), 5.01 (2H, m, CH»=CH), 3.65 (1H, ddd, J 4, J 10, J 11, OCHy), 3.35

(14, td, J 5, J 11, OCHy), 1.98-1.90 (2H, m, CHy), 1.48-1.18 (4H, m, CH3), 1.110.83 (3H, m, CH +
CHy), 0.63 (1H, d, J 1, CH), 0.30 (9H, s, (CH3)3Si); 813C (67.5 MHz; C¢Dg) 138.71 (CH), 114.70 (CHp),
84.75 (C), 60.99 (CHy), 35.50 (CHjp), 31.92 (CH3), 31.04 (CH), 27.93 (CH2), 23.93 (CH), 19.80 (CH2),
1.08 ((CH3)3Si); m/z (EI) 240 {M*} (7%), 197 (20), 185 (38), 171 (13), 129 (11), 103 (10), 73 (100%);
HRMS: m/z (CI, NH4OAc) Found: 241.1628. C13H2502Si {[M+H]*} requires 241.1624.

GENERAL IRON(111) CHLORIDE PROCEDURE.

PPN Wy . n1.3

10-Chioromethyi-4-oxabicycio[5.3.0]decan-3-one 8 (X=Cl): To a stirred solution of S-(but-3'-
- N ot N N AQ lo ) e e ~t o) 2am = (AN T \ .
enyl)-1-trimethylsilyloxy-2-oxabicyclof4.1.0] heptane 6 (0.48 g, 2.0 mmol) at G°C in DMF (40 mL) was
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added a solution of anhydrous iron(IiI) chloride (0.714 g, 4.4 mmol) in DMF (20 mL) over 30 min via
syringe pump. The lemon yellow solution was stirred at 0°C for 1 h and then allowed to warm to room
temperature. It was poured into water (400 mL) and extracted with ethyl acetate (4 x 150 mL). The combined
organics were washed with water (200 mL) and brine (200 mL), dried over MgSQy, filtered and the solvent
-removed under reduced pressure. The crude product was subjected to column chromatography with eluent
20% ethy! acetate in petroleum ether to yield an inseparable mixture of diastereoisomers of the title compound

(0.088 g, 22%) as a clear, pale golden oil. The two major diastereoisomers were present in a 1:1 ratio (by 13C

,,,,,,,,,,,,,

(’)‘7[\ MU - CUF! 2) 4.40-4.10 (2H. m. OCH» \ 3.70-23.35 (2H. m ("LL.("})

L INT IVAR Rdiy 3] TFAUTTOAU &Kk, 110, \I\,ll& 9 T INITILIT \&EEy By AR

CH); 813C (67.5 MHz; CDCl3) 174.77 (C), 68.93 + 67.92 (OCHy), 66.81 + 63.56 (CH,Cl), 47.67 + 46.90

~ P Yo N et & Y MO A TN A A

(CHj), 46.42 + 43.39 (CH), 43.13 + 43.09 (CH), 41.13 + 39.52 (CH), 35.22 + 33.82 (CH»), 31.48 +
31.00 (CHp), 27.28 + 26.27 (CH2); m/z (EI) 204 {M*} (12%, (WCI)) 202 {M+*} (36, (35C1)), 167 (100),
153 (6), 138 (13), 125 (38), 109 (40), 93 (41), 81 (84%); HRMS. m/z (CI, NH40Ac) Found: 220.1101.
C10H19CINO, {[M+NH4]*} requires 220.1104; (Found: C, 59.31; H, 7.59; Cl, 17.67. C1oH15Cl102

requires C, 59.26; H, 7.46; Cl, 17.49%).

Variations to the general procedure: The above reaction was carried out using 2.2 eq. FeClz at 60°C

and 1.1 eq. [FeClh(DMFREWUFaClal (2.2 ea. in Fe) at 0°C. In hoth cases the spectral data were consistent wit
10 1.1 eq. (reLiiVMI )3 relig) (4.2 €4Q. 1 rg) at U (. 1n Doth cases the speciral gata were consistent with

thaoa Anntad £Fae tha sgamaral meanadiiea s

tnose quotea 10r wic gencrair proceaurte aoove

GENERAL IRON(III) NITRATE PROCEDURE.
10-Methyl-4-oxabicyclo[5.3.0]decan-3-one 8 (X=H): A solution of iron(lll) nitrate nonahydrate
(1.778 g, 4.4 mmol) in DMF (20 mL) was stirred over 4 A molecular sieves for 12 h. It was added dropwise
over 30 min via syringe pump to a stirred solution of 5-(but-3'-enyl)-1-trimethylsilyloxy-2-oxabicyclo[4.1.0]
heptane 6 (0.48 g, 2.0 mmol) in DMF (40 mL) at 0°C. The orange/red solution was stirred at 0°C for a further
1 h and then allowed to warm to room temperature. It was poured onto water (400 mL) and extracted with
ethyl acetate (4 x 150 mL). The combined organics were washed with water (200 mL) and brine (200 mL)

was purified by column chromatography with eluent 20% ethyl acetate in petroleum ether to give an
inseparabie mixture of diastereoisomers of the title compound (0.205 g, 66%) as a clear, pale golden liquid.

The two major diastercoisomers were present in a 1:1 ratio (by IH NMR spectroscopy) together with traces of
other diastereoisomers. Vipax/cm-1 (thin film) 1734; 81H (270 MHz; CDCl3) 4.38-4.12 (2H, m, OCHpy), 2.89-
1.18 (11H, br m, CH2 + CH), 1.04 (1.25H, d, J 6, CH3 (major, diastereoisomer 1)) 0.97 (0.25H, d, J 7,
CH3 (minor, diastcreoisomer 3)), 0.96 (0.25H, d, J 7, CH3 (minor, diastereoisomer 4)), 0.83 (1.25H, d,
J 7, CH3 (major, diastereoisomer 2)); 8!3C (67.5 MHz; CDCl3) Major diastereoisomers: 175.72 + 174.34
(C), 69.08 + 67.05 (OCHp), 44.87 + 44.75 (CH), 43.78 + 41.06 (CH), 36. 03 + 35.94 (CH), 35.89 + 34.20

MR 2L

(CHy), 33.77 + 31.92 (CHy), 31.00 + 30.75 (CH2), 29.44 + 29.26 (CHp), 19.36 + 16.68 (CH3); m/z (EI)

1£0Q [RA+Y (E0L) V144 (177 1/1{\ M1Y 122 D2y 124 (10Y 10R (RKY Q85 (Q04Y Q4 (76Y K1 (10NN RMS-
100 (V17 fJ \D£70), 10U (17 ), 18U (L1}, 100 \&LJ), LLT (L7), 1UO \DUy, 7J (757, 77 \7U), U1 (1UU L/, L1UVEIO.
S LY O RTET YVA Y oo de 104 1TASN ML LI AN~ (IMMINIT 14 Y eannisae 1R& 1404 (Eavnd: ¢ 71 14
ny/Z \\1, NII4UA C) rOUnd. 100.190U, UJZ2(iNU7 {LIVITINDGE4 ] TOHUIILS 10U 1575, (CUULuU. L, 71.1U,
H, 9.47. C10H1602 requires C, 71.39; H, 9.59%).

w
—



15332 K. I. Booker-Milburn et al. / Tetrahedron 54 (1998) 15321-15344
A _I\ ke 3 A_.:_....Q¢L-.I_.,:l_.l,>_.“ A &2 3L ... . D P 440 /T TR XD, ™ 11 . 21 1
ho-\nul. Ny -&=-trimeuyisnyloxy-«4,5-ailyaroiuran 1v (K=1My): roliowing ih¢ gencral
conjugaie addition procedure described above, using magnesium turnings (0.434 g, 17.8 mmol), THF

(24 mL), 4-bromo-1-butene (14.3 mmol, 1.44 mL), HMPA (28.5 mmol, 4.97 mL), Cul (0.226 g
1.2 mmol), 2(5H)-furanone 9 (1.0 g, 11.9 mmol) and chlorotrimethylsilane (28.5 mmol, 3.62 mL), to yield
the title compound as a clear, colourless liquid (1.708 g, 68%). bp 170-175°C @ 15 mm Hg; Vimax/cm-! (thin
film) 1781, 1684, 1642; 81H (270 MHz; C¢Dg) 5.67 (1H, tdd, J 7, J 10, J 17, CH=CH3), 4.99-4.91 (2H,
m, CH»=CH), 4.13 (1H, t, J 9, OCH)y), 3.87 (1H, d, J 2, CH=C), 3.71 (1H, dd, J 6, J 9, OCH»), 2.80-

2.68 (1H, m, CH), 1.95-1.81 (2H, m, CHp), 1.37-1.24 (2H, m, CHy), 0.17 (9H, s (CH3)3Si); 813C
(67.5 MHz: CeDz)Y 159.30 (C) 13876 (CH)Y. 114.58 (CH»). 73.54 (OCH»). 7347 (CHY. 41 02 (CH)
\V 7w/ AVALRdNy Q) AT IV A\ ) 207U (wddyy 21500 cxagjey 1 J.IT ANAINERY Jg 1 TTT \Nr X fy, Tr.UT (A1),
2611 (OOTHIAY 21 KA (EIAY D TA ((OTT N Qe 2an /e (T 2172 [TINALLITHRY FTAOQZLY 1£Q 71NV 179Q 732 ©1 7A1Y
3011 (117, 51.0% (a1, ~U.ia \(\C13)301 ), /2 \LLLj 215 (Vi)™ j (1a70), 107 (1), 145 (L3), 61 (41),
79 (22), 75 (92), 73 (65%); (Found: C, 61.92; H, 9.34. C11H2002Si requires C, 62.21; H, 9.49%)

4-(But-3'-enyl)-2-(tert.-butyldimethylsilyloxy)-4,5-dihydrofuran 10 (R=TBDMS): Following
the general conjugate addition procedure described above, using magnesium turnings (4.34 g, 17.8 mmol),
THF (24 mL), 4-bromo-1-butene (14.3 mmol, 1.44 mL), HMPA (28.5 mmol, 4.97 mL), Cul (0.226 g, 1.2
mmol), 2(SH)-furanone 9 (1.0 g, 11.9 mmol) and chloro-fert.-butyldimethylsilane (2.148 g, 14.3 mmol), to
y1eld the title compound as a clear, colourless liquid (1.45 g, 48%). bp 125-130°C @ 0.1 mbar; Vmax/cm-1

(2 m CH-r=CHY 423 (1H dd 79 J QO OCH-» IR8 ( = RIVAIH Add T J O
\&ll, 1y “RR7NAR), LT (11X, UG, v T, v T, Nexn) )y, F.00 (111, U, V &y oarmu g, Joiv iy, ULy, v O, v 7,
raYal & PN A7 YN 113 ~m MLIY 1 QN_1 QY /D1 peey FO B PR T A1 N (DL e V@ B PRRN NnoL 01T o
venl)y &« 0 /-«. 79V L1503, 1L, Cil), L.2U-1.0U {(&I1, I, LIl}), 1.4/-1.2U (&1, 111, Ur1}), U.70 (7n, 3,
72l PRV Al AN TaWre4 d | 7 6 PRYN « AW NS Vo o< I RAYTI_. £ I \ 180 AL MY 1720 =L 7T TN 11 A £OQ 7YY _\
(LI13)3uwol), V.20 (0, 5, (LrI13)251), 0*-"C (\U/,.0 IMI1Z, Lglg) 107,40 (L), 130./0 (\L.I11), 114.00 \L.In1Y2),

73.77 (CH), 73.50 (CHpy), 41.03 (CH), 36.09 (CH2), 31.58 (CHp), 25.67 ((CH3)3CSi), 18.28
((CH3)3CS1i), -4.59 ((CH3)2Si); m/z (EI) 254 {{M+H]*} (2%), 169 (36), 131 (7), 81 (11), 75 (100%); It was
not possible to obtain an accurate elemental analysis due to the lability of this compound.

4-(But-3'-enyl)-1-(tert.-butyldimethylsilyloxy)-2-oxabicyclo[3.1.0Jhexane 11: To a stirred
lution of freshly distilled 4-(but-3'-enyl)-2-(zert.-butyldimethylsilyloxy)-4,5-dihydrofuran 10 (R=TBDMS)

oluti 1ly dis
0.996 g, 3.9 mmol) in diethyl ether (16 mL) was added dicthylzinc (11.7 mmol, 11.7 mL) followed by

tr

—~

diiodomethane (11.7 mmol, 0.94 mL). The reaction mixturc was heated to reflux for 2 h, After this time TLC
snowea some proauc& IOI'lThl[lOl'l Logf:tnt:r Wll.ﬂ some uu,ompomuon [)Cglﬂﬂlﬂg {0 occur. ll was QIIUWCU 0 LUOI
to room temperature and worked up following the general cyclopropanation procedure to yield the titie
compound as a clear, colourless liquid (0.467 g, 45%). bp 130-135°C @ 0.3 mbar; Vymax/cm-! (thin film)
1641; 381H (270 MHz; CgDg) 5.71-5.56 (1H, m, CH=CH3), 4.97-4.89 (2H, m, CH»=CH), 3.61 (1H, dd, J
3,79, OCHy), 3.34 (1H, dd, J 7, 7 9, OCH3), 1.83 (2H, apparent q, J 7 CHp), 1.68 (1H, apparent dq, J 3,

J 7, CH), 1.44-1.27 (2H, m, CHy), 1.21 (IH, dd, J 5, J 9, exo-CH3), 1.02 (4.5H, s, (CH3)3CSi), 1.01

(4.5H, s, (CH3)3CSi), 0.99-0.87 (2H, m, CH-5 + endo-CH2), 0.28 (3H, s, (CH3)2Si), 0.26 (3H, s,
(CH1)2Si); 813C (67.5 MHz; CgDg) 138.46 (CH), 114.78 (CHp), 94.65 (C), 71.92 (OCHy), 41.87 (CH),
33.79 (CHj), 32.23 (CHj), 25.94 ((CH3)3CSi), 25.56 (CH), 18.01 (CHp), 13.20 ((CH3)3CSi), -3.55
((CH3)2S1), -3.73 ((CH3)2Si); m/z (EI) 268 {M*} (13%), 211 (100}, 169 (16), 129 (28), 73 (25%); HRMS
m/z (CI, NH4OAc) Found: 286.2202. C15H32NO>Si {[M+NH4]*} requires 286.2202; (Found: C, 66.87;
H, 10.60. C15H2807Si requires C, 67.11; H, 10.51%)
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1-Ethoxy-1-trimethyisilyloxy-1,6-heptadiene 12: Following the general conjugate addition procedurc
described above, using magnesium turnings (1.582 g, 65 mmol), THF (120 mL), 4-bromo-1-butene
(60 mmol, 6.1 mL), HMPA (120 mmol, 20.9 mL), Cul (0.95 g, 5.0 mmol), ethyl acrylate (5.0 g, 50 mmol)
and chlorotrimethylsilane (120 mmol, 15.25 mL) to yield the title compound as a clear, colourless liquid
(11.062 g, 97%). bp 155-160°C @ 15 mm Hg; vpax/cm-1 (thin film) 1740, 1680, 1641; §1H (270 MHz;

CeDs) (Two geometrical isomers were present in a 2:1 ratio, assigned to E (major) and Z (minor) at the ketene

acetal.) 5.87 (1H, wdd, J7, J 10, J 17, CH=CH3), 5.11-4.95 (2H, m, CH2=CH), 3.87 (0.33H, g, J 7,
CH=C (minor)), 3.76 (0.66H, q, J 7, CH=C (major)), 3.45 (0.66H, g, J 7, OCH>CH3 (minor)), 3.40

=77 ? ’ * J JJy =~ T \V.UVURR ’ \1, v 7y \l\/“_‘\./l‘_’ \.llllll\ll,}, JTTU
(12H n 17 HACHA (mainr)Y 2270208 (A m O11A) KA (O sa T4 LI 1 N0 F1LY r A
\AdeddhBy Yy v T 9 NI BA /N ARy \LIAJUL JJy dvodw [ TS \TFLLE, 11, 11 j‘ - L 4 tLll 1, v y \,[12}’ 1.0 \1“, L’ N [,

~ 1
2, 1. s i
J 7, OCH2CH3 (major)), 0.23 (6H, s, (CH3)3Si (major)), 0.15 (3H, s,

OCH3;CH3 (minor)), 0.99 (2H, t,
Vfa) & RV « PN S - 3} L7 € AATT . 107 160y 7w AN AN —~vy
(L3 3ol (minorjj, o*~ .J VINZ, L,6u6) 1v1djor isomer: 156.19 (L), 139.39 (g‘u Lhz), 114.38

@]
l ~~

(CH2=CH), 76.20 (CH=C), 62.77 (OCH;CH3), 33.79 (CH3), 30.81 (CH2), 24.73 (CH3), 14.42
(OCH2CH3), 0.55 ((CH3)38Si); Minor isomer: 153.52 (C), 139.30 (CH=CH>), 114.38 (CH2=CH), 85.92
(CH=C), 62.77 (OCH2CH3), 33.79 (CH2), 30.59 (CHy), 24.64 (CH3), 15.05 (OCH2CH?3), -0.26
((CH3)38i); m/z (EI) 229 {[M+H]*} (4%), 185 (28), 156 (15), 147 (24), 117 (19), 111 (53), 110 (100), 101
(18), 88 (90%); (Found: C, 63.38; H, 10.51. C12H240,S:i requires C, 63.10; H, 10.59%).

1-Ethoxv-2-(nent-4'-envl)-1-{trimethvisilvloxv)cvelonronane 13 allowineg the genaral
AR &IPS SRy R T AR SR RRRRRRR Y ISR Y AVAY /L AU PR U p Gy AW A VLV YWillg  uav guiilial
rurlane, natinn nrocadnra docrrihad ahnva ncing 1_athavy 1 _teimathuloilulaves 1 £ hamtadiana 19 71
LAY L] 18} TULLUULL ULOLLIULU dUUVE, USLHE I-CUHIUA Y- 1-UHUHIICUIY IS Y IUX Y~ 1,0-11 LauICHC ko (1

3 7

i
ether (}92 mL), diethylzinc (96 mmol, 96 mL) and diiodomethane (96 mmol, 7.72 mL) to

as a clear, colourless liquid (7.805 g, 66%). bp 160-170°C @ 15 mm Hg; Vipax/cm-1
(thin ﬁlm) 1641, 1450; 01H (270 MHz; CgDg) (Two diastercoisomers were present in a 2:1 ratio.) 5.87-5.70
(1H, m, CH=CH3), 5.08-4.96 (2H, m, CH»=CH), 3.78-3.66 (1H, m, OCH>CH3), 3.56-3.38 (1H, m,
OCH2CH3), 2.07-1.97, (2H, m, CH3), 1.66-1.23 (4H, br m, CHj), 1.12-1.06 (3H, m, OCH;CH3), 1.04-
0.80 (2H, br m, exo-CH3 + CH), 0.38 (1H, m, J 11, J 6, endo-CH3), 0.23 (6H, s, (CH3)3Si (major)), 0.22
(3H, s, (CH3)3Si (minor)); 813C (67.5 MHz; CeDg) Major diastereoisomer: 139.12 (CH=CHj>), 114.54

(CH»>=CH), 89.26 (C), 61.44 (OCH>CHa2), 33.99 (CHj), 29.06 (CHj), 28.54 (CH»), 23.98 (CH), 18.62
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(16), 124 (22), 119 (17), 117 (26
Found: 243.1774. C13H77S107 {[M+H]+} require
requires C, 64.41; H, 10.81%).
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(2-Chloromethyl)cyclopentane-1-acetic acid ethyl ester 15a/b (X=Cl): Following the general
iron(II) chloride procedure, in which a solution of iron(1lI) chloride (0.714 g, 4.4 mmol) in DMF (20 mL) is

added to a s e > o 2.0 mmol
0d uiion th enyl)-1 n 11y n + £, 2.0 IMmol),
i NMME (AN mI Y Tha rmida nendnat vwae enhisntad tn onlviumn rhramatnaranhvy with aliient 704 diethvul athar in
N Vi (au M. 1000 CTUGE Producy wds SUugjeCica 10 COlnn CaroinaiOgrapny wiui Ciucht £7e GiCuly: Culll i

petroleum ether to yield a clear, colourless ligiud (0.324 g, 79%) which proved to be an inseparable mixture

of the titie compound and 3-chioro-7-octenoic acid ethyl ester (16, X=CI) in a ratio of i:2.5. (*H NMR
spectroscopy indicated that the diastereoisomers 15a and 15b were in a ratio of 8:1.) vpax/cm-1 (thin film)
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, m, OCH2CH3), 3.59 (0.17H, dd, J 7, J 11,
CHClI (minor)), 3.51 (0.83H, dd, J 7, J 11, CH2ClI (major)), 3.44 (0.17H, dd, J 8, J 11, CH,ClI (minor)),
3.39 (0.83H, dd, J 8, J 11, CHgCl (major)), 2.48 (1H, m, CH), 2.45 (1H, m, CH3-C), 2.35 (1H, m, CH),
2.17 (1H, m, CH»-C), 1.86 (1H, m, CHj), 1.83 (1H, m, CHy), 1.71-1.60 (2H, m, CHy), 1.50 (1H, m,
CH»), 1.38 (1H, m, CHj), 1.26 (3H, t, J 7, OCH,CH3); 16 (X=Cl): 5.77 (1H, tdd, J 7, J 10, J 17,
CH=CH3), 5.08-4.94 (2H, m, CH»=CH), 4.29 (1H, m, CH-Cl), 4.17 (2H, q, J 11, OCH>CH3), 2.75 (1H,
d, J 2, CH2-C), 2.72 (1H, d, J 1, CH»-C), 2.08 (2H, m, CHj), 1.76 (2H, m, CH2) 164 (lH m, CHp),
1.53 (1H, m, CHp), 1.26 (3H, t, J 7, OCH,CH3); 813C (10

; i
(OCHaCH), 57.81 (CH-C), 43.70 (CH-C), 37.32 (CHy), 32.94 (CHy), 25.47 (CHy), 1423 (OCH,CH)
15a/b +16 m/z (EI) 206 (M*} (3%, (37CI)), 204 {M+} (9, (35CD)), 169 (42), 168 (47), 161 (15), 159 (41),
158 (11), 123 (27), 122 (17), 101 (18), 95 (100), 94 (97). 88 (62). 81 (50), 80 (45%); (Found: C, 58.98; H,

8.40; Cl1, 17.45. C19H17C103 requires C, 58.68; H, 8.37; Cl, 17.32%).

Variations to the general procedure: The above reaction was carried out using 2.2 c¢q. FeCly and
1.1 eq. [FeCl2(DMF)3][FeCly4] (2.2 eq. in Fe), at various temperatures up to 60°C, with 0.5 h or 5 h addition

A Gl

times of the iron(III) solution (Table 1). In all cases the spectral data were consistent with those quoted for the

2-Methylcyciopentane-1-acetic acid ethyl ester 15a/b (X=H): Following the general iron(III) nitrate
procedure described above, in which a solution of iron(IIl) nitrate nonahydrate (1.778 g, 4.4 mmol) in DMF
(20 mL) is added to a solution of 1-ethoxy-2-(pent-4'-enyl)-1-(trimethylsilyloxy)cyclopropane 13 (0.485 g,
2.0 mmol) in DMF (40 mL). The resulting pale yellow liquid was purified by column chromatography with
eluent 2% diethyl ether in petroleum ether to yield the title compound (0.184 g, 54%) as a clear, colourless
liquid. Two diastereoisomerswere present in a 9:1 ratio by 1H NMR spectroscopy. Vmax/cm-1 (thin film) 1734;
81H (270 MHz; CDCl3) 4.13 (2H, q, J 7, OCH2CH3), 2.60-2.03 (4H, m, CHy + CH), 1.85-1.10 (6H, br

o4

ing-CH»)Y 126 (RH. t. J 7. OCH»-CH1), 0.97 m RH. 4. J 6 CHA (m ;“O{')) NR2 (2 64H d J 6 CHa

m rinog.
iy IEHESNALL/) 1.4 \Jily by o 1y NI ALYy VST <ULy Uy o Uy NoX1§ \RLILLX » VU (& VUTRLy Uy o Uy \oddg

(major)); 813C (67.5 MHz; CDCl3) Major diastereoisomer: 173.89 (C), 60.09 (OCH,CH3), 39.62 (CH),

P L N 7 s L Y- a7 & 72t 8 4 7al i M A T Y sONINTY

36.03 (CH), 35.65 (CHp), 33.10 (CHp), 30.01 (CHj), 22.52 (CH2), 15.13 (OCH2CH3), 14.25 (CHj);
Minor diasterecoisomer: 173.89 (C), 60.09 (OCH2CH3), 44.02 (CH), 40.46 (CH), 39.30 (CHjy), 34.39
(CHj), 32.32 (CHy), 23.17 (CHp), 17.91 (OCH2CH3), 17.04 (CH3); m/z (EI) 170 {M*} (31%), 142 (8),
127 (23), 125 (39), 89 (38), 88 (100%); (Found: C, 70.20; H, 10.63. C19H1802 requires C, 70.55;
H, 10.66%).

Reactions of 13 in the presence of external radical traps: The reaction was repeated as above using

he presence of 2 num of external radical traps.

farric nitrate in |
presence of a nur ber of

1
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2-Methyicyclopentane-1i-acetic acid ethyi esier 15a/b (X=H): As for 15a/b (X=H) abovec, with a
solution of iron(III) nitrate nonahydrate (1.778 g, 4.4 mmol) in DMF (20 mL) added to a solution of 1-¢thoxy-
2-(pent-4'-enyl)- 1-(trimethylsilyloxy)cyclopropane 13 (0.485 g, 2.0 mmol) and 1,4-cyclohexadiene
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(6.0 mmol, 0.41 mL) in DMF (40 mL) to afford the title compound (0.267 g, 76%) as a clear, colourless
liquid. The spectral data were consistent with those previously described.

F“

e

solution of 1-ethoxy-2-(peni-4'-enyl)-1-(irimethylsilyloxy)cyclopropane 13 (0.485 g, 2.0 mmol
diphenyldisulfide (0.655 g, 3.0 mmol) in DMF (40 mL) to yield the title compound (0.369 g, 66%) as a clear,
colourless liquid. Two diastereoisomers were present in a 9:1 ratio by 1H NMR spectroscopy. Vpax/cm-1 (thin
film) 1734, 1585, 1481, 1440; §1H (270 MHz; CDCl3) 7.34-7.13 (5H, br m, Ph), 4.13 (2H, q, J 7,
OCH2CH3), 3.12 (0.1H, dd, J 6, J 12, CH2SPh (minor)), 2.98 (0.9H, dd, J 6, J 12, CH2SPh (major)),
2,80 (0.1H, dd, J 9, J 12, CH2SPh (minor)), 2.72 (0.9H, dd, J 9, J 12, CH2SPh (major)), 2.54-2.41 (2H,
m, CH + CH2-C), 2.28-2.13 (2H, m, CH + CH-C), 1.98-1.07 (6H, br m, ring-CH>), 1.25 3H, t, J 7,
OCH,CHj3); 813C (67.5 MHz; CDCl3) Major diastercoisomer: 173.26 (C), 136.39 (C-Ph), 128.93 (Ph x 2),
128.82 (Ph x 2), 125.75 (Ph), 60.31 (OCH2CH3), 41.37 (CH), 38.89 (CH), 34.84 (CH,SPh), 34.77

(O Y 2N EL (LAY 20 17 (O 7 &0 (O 1490 (OO LA Minae dinctaranicamar 172 24 (0N
(LI12-Cj, SU.O0 (LI12), SU.17 \UIY), 2.0 \Li12), 14.22 (UL 1173), viinor Gi TCOISOMIET. 1/3.20 (),
12£ 20 7/ DL 190 O /DL .. I\ 11 0" /DL o M\ 19& 7€ /DL £N 21 NMNLI_MN AA £O rfHIIN A1 O1
150.5Y (L-Lhi), 120753 (FrM X &), 120.04 (FN X &), 12J3.7/5 (rnj, 06U.31 (ULnije ns}, 44.00 (L), 41.91

[4]

o]
(CH), 39.65 (CH2SPh), 38.74 (CH»-C), 32.47 (CHp), 32.01 (CHp), 23.65 (CH>), 14.22 (OCH;CH3); m/z
(ED) 278 {M*} (100%), 233 (30), 169 (70), 123 (39), 110 (44), 109 (20), 95 (67), 81 (56%); (Found:
C, 68.87; H, 7.98; S, 11.12. C16H2201S requires C, 69.03; H, 7.97; S, 11.51%).

(2-Chloromethyl)cyclopentane-1-acetic acid ethyl ester 15a/b (X=Cl): As for 15a/b (X=H)
above, with a solution of iron(IIT) nitrate nonahydrate (1.778 g, 4.4 mmol) in DMF (20 mL) added to a

solution of 1-ethoxy- 2- (pent- 4'-gnyl)-1- (trime thvlulvlm(vh w]nnmnanc‘ 13 (0.485 g, 2.0 mmol) and

........ PR BT B TP T P S Yt e 1
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ratio 9:1. The spectral data were consisient with those prev10u81y described.

Attempted preparation of (2-phenylsulfanylmethyl)cyclopentane-1-acetic acid ethyl ester
15a/b (X=SPh): Following the iron(Ill) chloride procedure for 15a/b (X=Cl) above, with a solution of
iron(ITI) chloride (0.714 g, 4.4 mmol) in DMF (20 mL) added to a solution of 1-ethoxy-2-(pent-4'-enyl)-1-
(trimethylsilyloxy)cyclopropane 13 (0.485 g, 2.0 mmol) and diphenyldisulfide (0.655 g, 3.0 mmol) in DMF
o vield a clear, colourless ligiud (0.276 g, 67%). This proved to be a mixture of (2-
yclopentane-1-acetic acid ethyl ester 15 (X=Cl) and 3-chloro-7-octenoic acid ethyl ester 16

(X=Cl) in the ratio 1:1.67. The spectr:

P_’.

characterisations were consistent with those previously described.

(2-Phenyisuifonylmethyi)cyciopentane-i-acetic acid ethyi ester i5a/b (X=8O2Ph): To a stirred
solution of (2-phenylsulfanylmethyl)cyclopentanc-1-acetic acid ethyl ester 15a/b (X=SPh) (0.1 g,
0.36 mmol) in methanol (5 mL) at room temperature was added dropwise over 5 min a solution of Oxone®
(0.68 g, 1.1 mmol) in water (5 mL). The immediate mildly exothermic reaction produced a white precipitate.
The reaction mixture was stirred at room temperature for 3 h. It was poured onto water (100 mL) and extracted
with chloroform (2 x 75 mL). The combined organics were dried over MgSOQg, filtered and the solvent
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PR

removed under reduced pressure to yield the titie compound (0.11 g, 99%) as a viscous, colouriess oil. Two
diastereoisomers were present in a 9:1 ratio by 'H NMR SPECIroscopy. Vpax/cm- I (thin film) 1735, 1626,
1526, 1308, 1143; 8!H (270 MHz; CDCl3) 7.93 (2H, m, Ph), 7.70-7.55 (3H, m, Ph), 4.09 (2H, q, J 7,
OCH2CH3), 3.26 (0.1H, dd, J 4, J 14, CH2S02Ph (minor)) 3.20 (0.9H, dd, J 4, J 14, CH>SO,Ph
(major)), 3.02 (0.1H, dd, J 9, J 14, CH2503Ph (minor)), 2.96 (0.9H, dd, J 9, J 14, CH2SO2Ph (major)),
2.51-2.39 (2H, br m, CH), 2.25 (1H, dd, J 6, J 15, CH;-C), 2.08 (1H, dd, J 9, J 15, CH3-C), 1.93-1.32
(6H, br m, ring-CHp), 1.23 (3H t, J 7, OCH2CHj3); 813C (270 MHz; CDCl3) Major diastereoisomer:

J

172.60 (C), 142.15 1 27.91 (Ph x 2) 2SO,Ph). 57.14
172.60 (C), 142.15 (C-Ph), 1336 h x 2), 129, 1), 127.91 (Ph x 2), 60.47 (CH2SO,Ph), 57.14
(NCHACHAY 20 16 (CHY 268 7 CHY 24 QA (C'HA Y 2 AD (CHHAY 20 Q2 ((CHAY 21 Q0 /LI 14 1Q
WL 1Y f, JZ7.1U (odlj, JU.70 (o1, IJT7.09 \ A 01770 ), JUSL (11 ), £7.00 \ 117} ), £1.70 117}, 174.10
(OCH2CH3); Minor diastereoisomer: 172.60 (C), 142.15 (C-Ph
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x 2), 61.29 (CH280,Ph), 57.14 (OCH,CH3), 42.48 (CH), 39.53 (CH), 38.86 (CHj), 34.04 (CH»), 32.88
(CH3), 23.63 (CHp), 14.18 (OCH>CH3); m/z (EI) 310 {M*} (4%), 265 (21), 169 (100), 143 (11), 123 (49),
95 (82), 81 (59%); HRMS; m/z (CI, NH40Ac) Found: 328.1579. C1gH26NO4S {[M+NH4]*} requires
328.1583; (Found: C, 61.59; H, 7.16; S, 10.02. C1gH2204S requires C, 61.91; H, 7.14; S, 10.33%).
Preparative HPLC on a portion of this material, using a Gilson Prep. 239 apparatus with CN-SB3-13753
column and eluent 1% ethanol in heptane, yielded two isomers; 15a (X SO2Ph) (9 mg) and 15b

(X=S0OPh) (1 mg). Coupling constants were as previously guoted for the mixture of diastereoisomers. 15a
(X=SO7Ph): §1H (400 MHz; CDCl3) 7.93 (2H, m, Ph), 7.64 (1H, m, Ph); 7.56 (2H, m, Ph), 4.09 (2H, q,
OCH,CH3), 3.20 (IH, dd, CH;SO;Ph-0), 2. 9\, (1H, dd, CH»SO2Ph-B), 2.51-2.39 (2H, br m, CH), 2.25

d ); nOc¢

(1H, dd, CH»-C-a), 2.08 (1H, dd, CH2-C-B), 1.93-1.32 (6H, ring-CH2), 1.23 (3H, t, OCH2CH3);

~YY ~

(400MHz; CDCl3) CH2S0O,Ph-¢ to CH3-C-B (5.5%), CH2SO2Ph-B to CH2-C-B (4.0%), CHz-C-a to
CH72SO072Ph-o (6.0%) (confirms cis stereochemistry). 15b (X=SO;Ph): S1H (400 MHz; CDCl3) 7.93 (2H,
m, Ph), 7.64 (1H, m, Ph), 7.56 (2H, m, Ph), 4.09 (2H, q, OCH>CH3), 3.25 (1H, dd, CH2SO;Ph-a), 3.01
(1H, dd, CH2SO,Ph-B), 2.40 (1H, dd, CH»-C-o), 2.19 (1H, dd, CH»-C-B), 1.93-1.32 (8H, CH + ring-
CHj3), 1.23 (3H., t, OCH2CH3); nOe (400MHz; CDCl3) showed no peak enhancement from irradiation at
cither CHySO,Ph-o¢ or CHpSO;Ph-B (confirms trans stereochemistry).
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then re-cooled to -78°C. A solution of (£)-ethyl citronellate 20 (2.0 g, 10.2 mmol) in THF (5 mL) was added
dropwise and the mixture stirred at -78°C for 30 min before dropwise addition of chlorotrimethylsilane
(10.2 mmol, 1.3 mL). After a further 1 h at -78°C the mixture was allowed to warm to room temperature. It
was stirred for 2 h and and then poured onto cold (-78°C) petroleum ether (500 mL). The resulting suspension
was filtered through Celite® and the solvent removed under reduced pressure. The residual yellow oil was
purified by Kugelrohr distillation (125°C @ 10 mm Hg) to yield 1-ethoxy-3,7-dimethyl-1-trimethyl

191w} R A

silyloxy-1,6-octadiene 21 as a clear, colourless oil (2.39 g, 87%). Due to the lability of 21 no

o st Aatn Was ~htainad Thic ramnniind ae immadiataly cithientad tn the goneral cuvelanronanatinn
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condiiions usmg Z1 (Z.48 g, Y.L mmoOl), qieinyi €ner (2u mL), ainouodoméudnd (4v inimnol, <uilin) aing
(¥ ed

1 il
diiodomethane (20 mmol, 1.61 mL). The resultant crude product, obtained as a yellow oil, was purified by
column chroatography with eluent 10% ethyl acetate in petrolcum ether to yield the title compound as a clear,
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colourless oil (2.32 g, 82%). Rigorous dsmgnmem of speciroscopic data was impossible due to the complex
mixture of diastereoisomers obtained. Viyay/cm-} (thin film) 1653; §'H (270 MHz; CeDg) 5.23-5.10 (iH, m),
3.79-3.73 (1H, m), 3.46-3.39 (1H, m), 2.04-1.98 (2H, m), 1.68-1.56 (6H, m), 1.48-1.15 (5H, m), 1.13-
0.68 (6H, m), 0.53-0.38 (1H. m), 0.14 (9H, m); 813C (68.5 MHz; C¢D¢) 131.61 + 131.45 + 131.24 +
131.12 (C), 124.82 + 124.73 + 124.36 + 124.27 (CH), 89.91 + 89.62 + 89.45 + 89.14 (C), 62.40 + 62.28
+ 61.75 + 61.67 (CHp), 38.26 + 38.13 + 37.84 + 37.67 (CH), 38.28 + 38.15 + 38.08 + 37.96 (CHy),
34.56 + 34.48 + 34.43 + 34.38 (CH2), 29.94 + 29.83 + 29.72 (CH), 26.24 + 26.12 + 25.92 + 25.83 +
), 16.

25.67 (CHy), 20.67 + 20.35 + 20.13 (CH3 45 + 16.36 + 16.23 + 1598 + 15.78 + 15.45 (CH3), 1.13 +
1.08 + 0.87 (CHR): m/z (ED) 284 (M*} (11%). 173 (76). 151 (5). 129 (17). 109 (16). 73 (100%)
LU AV A \\ILJJ/’ w4 \l—d‘/ e AT ‘L'l ’ \IL IL//‘ R Y e \IV/, VS \J}’ L e S \LI}’ ANI7 \l\l}, 7.7 \1\,’\’ II/I

5-Methyl-2-(prop-2'-enyl)cyclopentane-1-acetic acid ethyl ester 24: A solution of iron(III) nitrate
nonahydrate (1.43 g, 3.52 mmol) in DMF (10 mL) was stirred at room temperature over 4A molecular sieves
for 18 hours. A solution of 22 (0.5 g, 1.76 mmol) and 1,4-cyclohexadiene (3.52 mmol, 0.34 mL) in DMF
(10 mL) was added dropwise at room temperature over 2 h. The solution was then stirred for a further 1 h
before water (200 mL) was added. The resulting suspension was extracted with diethyl ether (3 x 200 mL).
The combined organics were washed with water (2 x 150 mL), dried (MgSOQg), filtered and solvent removed
under reduced pressure to give a colourless oil. This was purified by column chromatography with eluent 5%
ethyl acetate in petroleum ether to yield a clear, colourless oil (0 196 g, 53%). ngorous assignment of

oo

+ 17290 (C), 124.19 + 123.52 (C), 111.12 + 110.84 + 109.72 + 108.73 (CH2), 59.95 + 59.87 (CH3),
46.74 + 46.33 + 46.06 (CH), 44.82 + 44,67 + 44.51 (CH), 38.83 + 38.69 + 38.30 (CH), 37.65 + 37.04 +
36.66 (CH3), 32.98 + 32.68 + 32.51 (CHp), 31.27 + 31.04 + 30.81 (CH3), 21.78 + 21.21 + 20.72 + 20.21
+ 20.11 (CH3), 14.14 + 14.05 + 13.79 (CH3); m/z (EI) 210 {M*} (26%), 167 (100), 136 (20), 123 (38),
107 (54), 93 (60), 81 (46), 69 (35%); (Found: C, 74.14; H, 10.60. C13H2207 requires C, 74.30;
H, 10.50%).

1-Ethoxy-2- (1'-phenylpent-4'-enyl)-1-(trimethylsilyloxy)cycloprnpane 28 (R=Ph): Following
J36g

n

the general conjugate addition procedure described above, using magnesium turnings ({
THF (30 mL), 4-bromo-1-butene (13.2 mmol, 1.34 mL), HMPA (26.4 mmol, 4.78 mL), Cul (0.26 g, 1.37
mmol), ethyl cinnamate 25 (R=Ph) (11.0 mmol, 1.91 mL) and chlorotrimethylsilane (26.4 mmol, 3.35 mL)
to give a colourless oil. This was purified by Kugelrohr distillation (125°C @ | mm Hg) to yicld 1-ethoxy-
3.phenyl-1-trimethylsilyloxy-1,6-heptadiene 27 (R=Ph) as a clear, colourless oil (2.79 g, 83%).
This product was carried straight through to the preparation of 28 (R=Ph). Following the general
cyclopropanation procedure, using 27 (R=Ph) (2.83 g, 9.2 mmol), diethyl ether (20 mL), diethylzinc
(18.3 mmol, 18.3 mL) and diiodomethane (18.3 mmol, 1.48 mL) to give a yellow oil. This was purified by
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colourless oil (2.6 g, 0o %) . KlgUlUU". assignimient of SpecirosCopic dgata was impossioie Gue o ine Compicx

L p 1
mixture of diastereoisomers obtained. vpax/cm-1 (thin film) 1640, 1603; 3!H (270 MHz; CgDg) 7.26-7.
(5H, m, Ph), 5.87-5.68 (1H, m), 5.08-4.92 (2H, m), (1 )
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AT Y 1T 29 NT70 FALT Y NEAY N AL LT Y N 2L OLT . 137 720 € RALY_. 779 ™ \ 1452 NOQ 1 48 N
(o1, i), 1.04-U./7 (U1, Iil), V.U£L-U.51 (401, (01}, U.D0 (711, 111); O°-L (06.0 MINZ] Ugllg) 143.38 + 145.07 +
145.03 (Ph), 138.91 + 138.84 (CH), 128.23 + 128.14 + 128.06 + 127.98 + 127.84 + 127.79 + 125.94 +

125.67 (Ph), 114.27 + 114.21 (CHy), 89.40 + 89.08 + 88.51 + 88.09 (C), 61.85 + 61.25 (CHp), 44.41 +
44.33 + 44.18 (CH), 35.63 + 34.26 (CHpy), 31.48 + 31.36 (CH2), 30.19 + 29.40 (CH), 18.23 + 18.15
(CHp), 15.06 + 14.98 + 14.83 (CH3), 0.47 (CH3); m/z (EI) 318 {M*} (31%), 249 (4), 199 (12), 173 (100),
117 (60), 91 (13), 73 (53%) (Found: C, 71.71; H, 9.20. C19H3002Si requires C, 71.70; H, 9.43%).

mL) to a solution of 1- ethoxy 2- (1' -phenylpent-4'-enyl)-1-
(0.5 g, 1.57 mmol) and 1,4-cyclohexadiene (3.44 mmol,

2
1

yclopropane 28 (R=Ph) (
mL) at room temperature. The resulting pale yellow liquid was purified by column
chromatography with eluent 5% ethyl acetate in petroleum ether to give the title compound as a clear,
colourless oil (0.32 g, 83%). Vmax/cm-1(film) 1736 (C=0), 1602 (Ph). 8H (270 MHz; CgDg) 0.90 (3H, d , J
=6 Hz, CH3), 1.14 (3H, t, ] = 7 Hz, OCH2CH3), 1.31-1.48 (1H, m), 1.61-1.82 (2H, m) 2.01-2.49 (5H,
m), 2.72 (1H, m, CH), 3.91 (2H, q, J =7 Hz, OCH»CH3), 7.14-7.27 (5H, m, Ph). 8C (68.5 MHz; CgDs)
14.11 (CHj), 16.03 (CH3), 33.12 (CH»), 33.48 (CHj), 34.47 (CHjy), 35.25 (CH), 47.63 (CH), 49.52

(CH), 60.07 (CH2), 126.13 (Ph), 127.64 (Ph), 128.37 (Ph), 173.33 (C=0). m/z (EI) 246 {M+} (28%), 201
(12) 18R (10N 142 (6Y 117 (1N 104 (1) 01 (129%) Found- C 7R 277, T6C% (1 Hanl)a roanireg
\Lh}’ AU \LU\II’ E S V4 \\I-}}’ A AT \Jsﬁ/, AWVTT \L\I}" 7 4 \Abll/} AN/ N T Qe 1 iUy Ad Vel \J iU \.4‘ lLAUL x UiiD

55*-Methyl-28*.phenylcyclopentane-1S§*-acetic acid: A stirred solution of 55*-methyl-2§*-
phenylcyclopentane- 1S *-acetic acid ethyl ester 29 (R=Ph) (0.51 g, 2.07 mmol) in 2M NaOH (30 mL) and
ethanol (10 mL) was heated to reflux for 2 h. The solution was cooled to room temperature before water
(100 mL) was added. The solution was acidified with conc. HCI and extracted with ethyl acetate
(3 x 100 mL). The combined organic extracts were dried over MgSQy, filtered and the solvent removed

under reduced nressure to give a vellow oil. The crude material was purified by column chromatography with
H regquced pressure 1o give a yo ud alera as pu €¢ Dy cou caromalograpny U
alizant 2000 athul nsatata in natenlonm athar tn affard tha titla comnannd ae a nloar Anlanrloce il 10 VT o
cluclit ou /v Dl—llyl avoilaur 1l Pbllulbulll CHHIVE WU Aiiuviluy Luiv uuiw \lUllllJUUllu adr A4 vival, VWIUVULIVOD ULl \(U.. 1/ b,
QNI s Jama-1 fehin Fi1aa) 20007 17700 140D SILT /70 MU Y AY T 217 12 /(KTT sa DhY 2 AQ (11T ~
OL70). Vimax/CILE = (ULLL LI DUL /7, 17UV, 1VUL, O NI \L /U MITLL, CLACLS) 1017710 \JI, 1), O, £.07 (11, {4,
J 2, CH), 2.49-2.03 (6H, m), 1.79-1.63 (1H, m), 1.48-1.37 (1H, m), 0.93 (3H, d, J 2, CH3); 813C (68.5

MHz; CgDg) 168.65 (C), 128.38 (Ph), 127.58 (Ph), 126.04 (Ph), 49.59 (CH), 47.82 (CH), 35.45 (CH),
34.08 (CH2), 33.35 (CHp), 32.98 (CHp), 15.86 (CH3); m/z (EI) 218 {M*} (26%), 158 (100), 143 (76), 129
(7), 117 (23), 104 (27), 91 (23%); (Found: C, 76.89; H, 8.27. C14H1807 requires C, 77.06; H, 8.26%).

2S*-(2'-Hydroxymethyl)-3S*-methyl-1S*-phenylcyclopentane 30: A solution of 55*-methyl-
2S*-phenylcyclopentanc- 1S *-acetic acid (0.28 g, 1.28 mmol) and lithium aluminium hydride (0.21 g,

g § mmal) in THE (10 mI ) wac ctirred at room temnerature for & h before ethvl acetate (5 ml.) was added
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extracted with ethyl acetaie (3 x 100 mL) and the combined organics dried over MgSOy, filiered and the
P

solvent cvaporated under reduced pressure to give a colourless oil. This was
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LhHiviaivgiapily widl Ciuciit SU7e Cuiyl actudil 1ii peuatiCum iner to arnord iné tiue compounda (U.1538 g, d3%)
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as a <iCar, COI0UTICSS 011 Vpax LT T ) 0353, 10UL] 0411 (£/7U MIAZ; U 13) 7.30-7.12 (5H, m, Fh),

3.51-3.35 (2H, m, CH20H), 2.70 (1H, m, CH), 2.30-1.92 (4H, m), 1.70-1.34 (4H, m), 0.90 (3H, d, J 7,
CH3); 813C (68.5 MHz; CDCl3) 128.39 (Ph), 127.55 (Ph), 125.91 (Ph), 61.90 (CHp), 49.60 (CH), 48.07
(CH), 35.67 (CH), 33.36 (CHy), 33.24 (CHy), 32.45 (CHp), 15.47 (CH3); m/z (EI) 204 {M*} (54%), 186
(18), 158 (83), 143 (42), 117 (28), 104 (100), 91 (28%); (Found: C, 81.89; H, 9.91. C14H200 requires C,
82.35; H, 9.80%).

S5R*-(Chloromethyl)-25*-phenylcyclopentane-18*-acetic acid ethyl ester 31: Following the

addition of a solution of iron(III) chloride (1.61 g,

general iron(III) chloride procedure described above, with
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2.0 0L 111 1/ o) L.) ) a4 sOIuULIon Gt Xy A [l -pnt:ny pen [.-4 ‘Cﬂyl)‘l-([rlme[nylsllyloxy)

,_
S

, o]
—~
[y
—_

, —-
n

1 :—

cyciopropane (28, (R=Ph)) (1.5 g, 4.72 mmoi) in DMF (30 mL), over an addition time of 4 h and a reaction
temperature of 50°C. The resultant colourless oil was purified by column chromatography with eluent 10%
ethyl acetate in petroleum ether to yield the title compound (1.11g, 82%) as a clear, colourless 0il. Vax/cm-1
(thin film) 1734, 1602; 81H (270 MHz; CDCl3) 7.22-7.06 (5H, m, Ph), 3.88 (2H, q, J 7, OCHCH3), 3.55
(14, dd, J 5, J 11, CHCl), 3.37 (1H, dd, J 8, J 11, CHaCl), 2.29-2.12 (2H, m), 2.10-2.00 (4H, m), 1.71-
1.65 (3H, m), 1.06 (3H, t, J 7, OCHCH3); 813C (68.5 MHz; CgDg) 144.30 (C), 128.73 (Ph), 127.89 (Ph),

126.64 (Ph), 60.13 (OCHCH3), 50.57 (CH), 46.91 (CH), 46.73 (CHy), 43.02 (CH), 33.80 (CH>), 33.50
(CH»). 29.19 (CH»). 14 08 (OCH-CH2): m/z (E1) 280 (MY (129 235 (7). 192 (35) 143 (100N, 117 (21
\Wiip), 22015 (2), 108 (AN, MYVZ D) 2OV (M7 \12T7), 233 (1), 192(32), 153 (1UV), 117 ({21),

1-Ethoxy-2-(1'-isopropyipent-4'-enyi)-1-(trimethyisilyloxy)cyclopropane 28 (R={Pr):
Following the general conjugate addition procedure described above but using magnesium turnings (0.23 g,
9.75 mmol), THF (20 mL), 2-bromopropane (7.8 mmol, 0.71 mL), HMPA (15.6 mmol, 2.8 mL), Cul
(0.13 g, 0.65 mmol), ethyl-2,6-heptadienoate 26 (1.0 g, 6.5 mmol) and chlorotrimethylsilane (15.6 mmol,
1.98 mL) to yield 1-ethoxy-3-isopropyl-1-trimethylsilyloxy-1,6-heptadiene 27 (R=IPr) as a clear,
colourless oil (1.65 g, 94%) following distillation (120°C @ 10 mm Hg). Cyclopropanation was carried out

following the general cyclopropanation procedure, using 27 (R —’Pr\ (1.65 g, 6.1 mmol), diethyl ether
(MY T Y Adiothylzine (12 mmanl 1 mlI ) and diiadomaothane (12 mmal 1 07 mI ) o ornde nroduet wace
\4U L), VIGULYI4IHG {1 BHIHUR, 1T i) dliu UHUVUUINVUIGLI L0 1UIVE, 1.7 MIdgy. R UL VIUUL piuvuuvi wao

P 1. RPN il ot ©O7 el » NUURY RPN B BT TNEPLIC [ I
pumlcu column LﬂrUdlUbl—dp ]y wilh €U o7 €inyl acetaic lll pbl.lU curn Cuicr 1o yicla ine l.ll.lb compouna as a

clear, colourless o0il (1.29 g, 74%). Rigorous assignment of spectroscopic data w p0331bl ue to the

complex mixture of diastereoisomers obtained. Vipax/cm- I {thin film) 1641; 81H u’/‘O Hz; CDCI3) 5.86-5.73
(1H, m), 5.00-4.92 (2H, m), 3.75-3.72 (1H, m), 3.42-3.41 (1H, m), 2.15-1.73 (3H, m), 1.44-1.23 (4H,
m), 1.14 (3H, m), 0.88 (6H, m), 0.48-0.46 (2H, m), 0.14 (9H, s); 813C (67.8 MHz; CDCl3) 139.91 +
139.67 (CH), 113.95 + 113.69 (CH»), 88.23 + 87.96 (C), 61.06 + 60.09 (OCH2CH3), 42.95 + 42.49
(CH), 32.11 + 31.29 (CHy), 30.89 + 29.62 (CH3), 30.35 + 30.17 (CH), 26.45 + 26.25 (CH), 20.02 +
19.94 (CHj), 18.67 + 18.35 (CH3) 15.33 + 15.27 (CHj3), 1.01 + 0.72 (CH3); m/z (EI) 284 {M*} (4%),
241 (14), 173 (7), 151 (3), 119 (22), 95 (36), 73 (100%).

&L 17Ty, L A VLV

2-Isopropyl-5-methyicyclopentane-1-acetic acid ethyl ester 2%a/b (R='
d

€
iron(III) nitrate procedure described above, with addition of a solution of ron(III) nitrate nonahydrate
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(trimethylsilyloxy)cyclopropane 28 (R=/Pr

J

(0.5 g, 1.8 mmol) and i,4-cyciohexadiene (3.6 mmol, 0.35 mL)
in DMF (40 mL) at 40°C. The resulting pale ycllow liquid was purified by column chromatography with eluent
5% ethyl acetate in petroleum ether to give the title compound (0.28 g, 74%) as a clear, colourless oil. Two
diastereoisomers 29a and 29b were present in an 8:1 ratio respectively by IH NMR spectroscopy. Vpax/cm-1
(thin film) 1735; 81H (300 MHz; CDCI3) 4.14 (1.78H, q, J 7, OCH2CH3 (major)), 4.14 (0.22H, q, J 7,
OCH>CH3 (minor)), 2.33-2.21 (2H, m), 2.17-2.09 (1H, m), 1.72-1.48 (4H, m), 1.28 (2.67H, , J 7,

OCH7CHj3 (major)), 1.28 (0.33H, t, J 7, OCH2CH3 (minor)), 1.24-1.21 (1H, m), 0.92 (0.33H, d, J 7 CH3
{minor)). 091 (2 67” d I7 (‘”') {maior)) ORKR(OD3IH d J6 CHs (minor) OR7 (2 67TH 4 77 CH,
{minor)), 0.91 (2.67H (major)), 0.88 (0.33H, d, J 6, CH3 (minor)), 0.87 (2.67H, d, J 7, CH3
(major)), 0.84 (0.33H, d, J 6, CH3 (minor)), 0.84 (2.67H, d, J 7, CH3 (major)); 813C (75.5 MHz; CgD¢)
Major diasterecisomer: 173.98 (C), 60.01 ("""2C 13), 49.65 (CH), 39.79 (CH), 34.34 (CH), 33.85 (CH»),
30.82 (CHjy), 30.19 (CH), 23.70 (CHp), 18.83 (OCH2CH3), 15.91 (CH3), 13.10 (CH3), 12.10 (CH3);

Minor diastereoisomer: 174.21 (C), 59.93 (OQHzCH3) 51.89 (CH), 40.97 (CH), 34.34 (CH), 33.85
(CH3), 30.67 (CHj), 30.05 (CH), 23.83 (CH3), 19.46 (OCH2CH3), 15.91 (CHs), 13.10 (CH3), 12.10
(CH3); m/z (El) 212 {M*} (8%), 211 (53), 165 (15), 137 (27), 124 (28), 123 (100), 101 (20), 95 (42), 81
(92), 69 (68%); (Found: C, 73.48; H, 11.36. C13H2407 requires C, 73.58; H, 11.32%).

br()muprupdnc \ 8 mr 1(‘)1, 0.71 mL), HMPA (15 6 mmol, 2.8 mL), Cu .
heptadienoate 26 (l .0 g, 6.5 mmol) and chlorotrimethylsilane (15.6 mmol, 1 98 mL) to yield l-ethoxy 3-
propyl-1-trimethylsilyloxy-1,6-heptadiene 27 (R="Pr) as a clear, colourless oil (1.62 g, 92%)
following distillation (120°C @ 10 mm Hg). Cyclopropanation was carried out following the general
cyclopropanation procedure using 27 (R=""Pr) (1.62 g, 5.7 mmol), diethyl ether (20 mL), diethylzinc
(12 mmol, 12 mL) and diiodomethane (12 mmol, ImL). The crude product was purified by column
chromatography with eluent 5% ethyl acetate in petroleum ether to yield the title compound as a clear,
colourless oil (1.4 g, 86%). Rigorous assignment of spectroscopic data was impossible due to the complex

mixture of diastereoisomers obtained. vpax/cm-! (thin film) 1642; 8!H (270 MHz; CgDg) 5.92-5.83 (1H, m),

CE1€ A00 MI Y 208 277 (1 m) 242228 (1TH mY 221,207 (9 m)Y 1 65.120 (FH m) 117

J.13-4.7F (L, ilij, J.0J-3.7 7 (101, i), I.9L-3.50 111, Hij, L.&i17&. ) \&fk,y Hij, 1.U071.47 \Udl, Lil), 1.1

ATT oy 1 11 1 NE (TET oy NOAN QY (AT Y () AQ_N 20 MO mY NI21 (O o) &13C (67 MU,

o, mj), [.11-1.00 (111, i), U.79-U.04 \UI1, 1l1), U.BTF-U, 07 (&l 1), V.ol \Z11, 5J, U™ % (U /.0 VILlZ,
P T g —~ P YT =

CDCl3) 139.21 + 139.15 (CH), 113.65 + 113.59 (CHp), 88.93 + 88.50 (C), 61.45 + 60.60 (CHp), 36.51 +
36.42 (CH), 36.23 + 35.70 + 35.32 (CHy), 33.48 + 32.72 (CHz), 30.71 + 30.55 (CHp), 28.29 + 28.18
(CH), 20.05 + 19.42 (CHp), 14.73 + 14.61 (CH3), 14.10 + 13.91 (CH3) 0.32 + 0.29 (CH3); m/z (EI) 284
{M*} (2%), 229 (8), 173 (40), 143 (23), 117 (41), 73 (100%).

2-Propyl-5-methylcyclopentane-1-acetic acid ethvl ester 29a/b (R="Pr): Following the general
iron(III) nitrate procedure described above, with addition of a solution of iron(lll) nitrate nonahydrate
(1.615 2. 4.0 mmol) in DMF (40 mL) to a solution of 1-ethoxy-2-(1'-propylpent-4'-enyl)-1-(trimethylsilyl
\LL1.U10 g, .U ILHIUL) 11 L7IVED 7Y iy W SV 1-€tho J A rF*~rJ J J

a of P 1
oxy)cyclopropane 28 (R—lPr) (0.5 g, 1.8 mmol) and 1,4- cyclohexadlene (3.6 mmol, 0.35 mL) in DMF
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(20 mL) at 40°C. The resulting pale yellow liquid was purified by col

<
ethyl acetate in petroleum ether to give the title compound (0.26 g, 69%) as a clear, colourless oil. Tw
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diastereoisomers 2%a and 2%b were shown to be present in a 6:1 ratio respectively by 1H NMR
Spectroscopy. Vmax/cm-! (thin film) 1736; §'H (270 MHz; CDCi3) 4.13 (1.71H, q, J 7, OCH2CH3 (major)),
4.12 (0.29H, q, J 7, OCH2CH3 (minor)), 2.33-2.21 (2H, m), 2.31-2.14 (2H, m), 1.93-1.72 (2H, m), 1.61-
1.43 (2H, m), 1.41-1.30 (3H, m), 1.26 (2.57H, t, J 7, OCH2CH3 (major)), 1.25 (0.43H, t, J 7, OCH>CH3
(minor)), 1.22-1.12 (3H, m), 0.96 (0.43H, d, J 7, CH3 (minor)), 0.90-0.88 (3H, m), 0.83 (2.57H, d, J 7,
CH3 (major)); 813C (67.8MHz; C¢Dg) 174.04 (C (major)), 60.16 (OCH>CH3 (minor)), 59.95 (OCH»CH3

(major)), 45.12 (CH (major)), 42.73 (CH (major)), 37.54 (CH2 (major)), 35.63 (CH (minor)), 35.58 (CH

(major)), 34.96 (CH; (major)), 31.79 (CH2 (major)), 31.68 (CHz (minor)), 29.92 (CH» (major)), 21.19
(CHz (major)), 15.37 (CH3 (major)), 14.14 (CH3 (major)), 14.02 (CH3 (major)), 13.95 (CH3 {mlner)); m/z
(EI) 212 {M*} (6%), 167 (14), 155 (7), 143 (6), 125 (52), 88 (100), 81 (89), 69 (57%); (Found: C, 73.46;
H, 11.34. C13H2407 requires C, 73.58; H, 11.32%)

1-Ethoxy-2-(1'-methylpent-4'-enyl)-1-(trimethylsilyloxy)cyclopropane 28 (R=Mc): Following
the general conjugate addition procedure above, using magnesium turnings (0.92 g, 39 mmol), THF
(30 mL), 4-bromo-1-butene (31.2 mmol, 3.16 mL), HMPA (62.4 mmol, 11.2 mL), Cul (0.52 g, 2.6 mmol),
ethyl crotonate 25 (R=Me) (26 mmol, 3.2 mL) and chlorotrimethylsilane (62.4 mmol, 7.92 mL) to afford 1-
ethoxy-3-methyl-1-trimethylsilyloxy-1,6-heptadiene 27 (R=Me) as a clear, colourless oil (5.98 g,

949%) following distillation (120°C @ 15 mm He), Cvclopronanation was carried out followine the seneral
; 1o110 £ S ton 1 1E/. LYC0propanalion was Carricc oul 10u0owing ing genera:
curlanrananatinn nracadnra nn1nn 27 (R=MNa)Y (SAOR a 74 8§ mmnl) Aiathul athasr () »IT \ Adiatholain
CyCiopropanaiion proCCaurc, USHig &7 (R=nil) (J.76 g, 5.5 1oy, Gifiny: Cinli (v moj, GiCnyi1Zind
(49 mmol, 49 mL) and diiodomethane (49 mmol, 3.92 mL). The crude product was purified by column

chromatography with eiuent 5% ethyl acetate in petroleum ether to yield the title compound as a clear,
colourless oil (5.82 g, 92%). vpax/cm-” I(thin film) 1642; 81H (300 MHz; CDCl3) 5.73-5.58 (1H, m), 4.93-
4.72 (2H, m), 3.67-3.51 (1H, m), 3.36-3.22 (1H, m), 2.08-1.79 (2H, m), 1.63-1.28 (4H, m), 1.15-0.98
(3H, m), 0.96-0.64 (5H, m), 0.38-0.21 (2H, m), 0.09 (9H, m); §13C (75.5 MHz; CDCl3) 139.68 + 139.58
(CH), 114.09 + 113.96 (CHy), 89.05 + 88.33 (C), 61.31 + 61.21 (CHp), 36.23 + 35.96 (CH3), 31.44 +
31.24 (CHy), 30.97 + 29.97 (CH), 20.19 + 19.76 (CHp), 18.71 + 18.39 (CH), 15.22 (CH3), 0.85 + 0.66 +
0.63 (CH3); m/z (EI) 256 {M+} (2%), 211 (19), 173 (17), 75 (27), 73 (100%).

2,5-Dimethylcyclopentane-1-ace Howing the general iron(IIl)
nitrate procedure described above, with addition of a solution of iron(IIl) nitrate nonahydrate (1.697 g,
4.2 mmol) in DMF (20 mL) to a solution of l-ethoxy-2-(1'-methylpent-4'-enyl)-1-(trimethylsilyloxy)-
cyclopropane 28 (R=Me) (0.5 g, 1.9 mmol) and 1.4-cyclohexadiene (4.0 mmol, 0.38 mL) in DMF (40 mL)
at 50°C. The resulting pale yellow liquid was purified by column chromatography with eluent 5% ethyl acetate
in petroleum ether to give the title compound (0.24 g, 69%) as a clear, colourless o0il. Vipax/cm-! (thin film)
1738; 8!H (300 MHz; CDCl3) 4.15 (1.3H, q, J 7, OCH2CH3 (major)), 4.14 (0.67H, q, J 7, OCH2CH3

(minor)), 2.36-2.15 (2H, m), 1.91-1.76 (2H, m), 1.69-1.62 (1H, m), 1.46-1.31 (2H, m), 1.28 (2H, t, J 7,

mainneYY NAQY MH A 17 CHa {mainr)) ) (1 d I 7 CHa {minarY NDR4 (MH A 77 CHa (maior)):
\lllluUl}j, V.70 (&Llly Uy J 7,4 11 VHEAjUL J) V.07 (111, Uy J 7, 119 \IULIIULJ ], V.U (&lXy Uy v 7,y i1y \1IQAJULS),
13 (7€ & MLI-. YOS 17400 (Y &0V D1 (CHAY S0 QA4 (CHAY AR 74 (CHY 27 28 (CHNY A1 (CHN
(4] \/J.0 VIK1Z, UILACL3) 179UV (), UU.LL \ 117 ), J7.7% \LL1/), FU./5% (LLl), J37.00 \X1), JU.JL (i),
35.31 (CH), 34.61 (CHy), 32.43 (CHy), 32.23 (CHy), 31.95 (CHy), 31.83 (CHp), 31.72 (CHz), 31.41
(CH>2), 19.56 (CH3), 19.05 (CHj3), 15.69 (CH3), 14.00 (CH3), 13.97 (CH3); m/z (EI) 184 {M*} (8%), 183
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(47, 137 (19), 109 (67), 95 (100), 81 (25%}); (Found: C, 71.59; H, 10.89. C11H»002 requires C, 71.74; H,
10.67%)
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and chlorotrimethylsilane (7.24 g, 48 mmol), to yield the title compound as a clear, colourless liquid (2.84 g,

53%). NMR spectroscopy indicated a mixture of two geometrical isomers, present in a 2:1 ratio. These were
assigned to E (major) and Z (minor) stereochemistry at the ketene acetal. bp 170-75°C @ 1 mbar; vpay/cm-i
(thin film) 1740, 1679, 1642; 61H (270 MHz; C¢Dg) 5.82 (1H, tdd, J 7, J 10, J 17, CH=CHj), 5.10-4.91
(2H, m, CH>=CH), 3.98-3.74 (2.33H, m, CH=C + OCH2CH3), 3.41 (0.22H, g, J 7, OCH2CH3 (minor)),
3.39 (0.44H, q, J 7, OCH2CH3 (major)), 2.22-2.04 (4H, m, CH3), 1.49 2H, m, J 7, CH3), 1.08 (1H, ¢, J

7, OCH2CH’; (minor)) 0.99 2H, t,J 7, OCHQCH’% (major)), 0.94 (6H, s, (CH%)?CSi (major)), 0.92 (3H, s,

((CH3)3QS1), 14.42 (OCHQ_QH3), -3.93 ((CH3)281), m/z (EI) 270
(13), 129 (14), 115 (13), 110 (15), 103 (44), 88 (15), 75 (57), 73 (100%); HRMS: m/z (CI, NH40Ac)
Found: 271.2093. C15H31028i requires {{M+H]*} 271.2093.

1-Ethoxy-2-(pent-4'-enyl)-1-(tert.-butyldimethylsilyloxy)cyclopropane 32: Following the

v

general cyclo nropa.n..'. on prgggdl‘,re described above, but using 1-ethoxy-1-(tertiary-buty ,dlme[hvlsﬂvlng\-
1,6-heptadiene (2.47 g, 9.2 mmol), diethyl ether (37 mL), diethylzinc (18.4 mmol, 18.4 mL) and
diiodomeihane {18.4 mmaoi, 1.49 mL). The crude maicrial was puuucu Uy column chromawgraphy with

eluent 1% diethyi ether in petroieum cther to yield the titie compound as a clear, colouriess liquid (2.04 g,
78%). NMR spectroscopy indicated a mixture of two diastereoisomers in a 2:1 ratio. Vmax/cm-! (thin film)
1642, 1473, 1450; 81H (270 MHz; CgDg) 5.90-5.71 (1H, m, CH=CH»), 5.09-4.95 (2H, m, CH»=CH),
3.82-3.70 (1H, m, OCH»>CH3), 3.56-3.31 (1H, m, OCH2CH3), 2.10-1.97, (2H, m, CHj), 1.65-1.20 (4H,
br m, CHp), 1.12-1.06 (4H, m, OCHCH3 + exo-CH2), 1.00-0.81 (1H, m, CH), 0.98 (3H, s, (CH3)3CSi
(minor)), 0.97 (6H, s, (CH3)3CSi (major)), 0.41 (1H, m, endo-CH3), 0.25 (2H, s, (CH3)2Si (minor)), 0.19
(4H, s, (CH3)2Si (major)); 813C (67.5 MHz; CgDg) Minor diastereoisomer: 139.03 (CH=CHj), 114.58

(CH»=CH), 89.04 (C), 62.02 (OCH-CH3), 34.04 (CH>), 28.88 (CH»), 28.38 (CH»), 27.10 (CH), 25.90
Al R L=V d kg UZ VT W)y Ve Ve (Wi s /3 37 ~ \ L7 AN L7

1772} & PRYa T JAN 19 78 (LI 17 Q) ((CLIAVA0C5) 18 ’10 (OCHACTTAY 2 80 H(“Ll AQ1Y Mainr
WL 3jj3ueoi), 10.70 \CriZ ), 1/4.74 \\CHX3)3%01), 1J.07 \NAAAT/N 113/, FedU A\~ 251, Majorl
diastereoisomer: 139.14 (CH=CHj3), 114.58 (CH2=CH), 89.0 ( ), 61.42 (OCH,2CH3), 3 1 (CHp),

—~ —~ o~ s e —~ A A ey ry

29.22 (CHjy), 28.77 (CH2), 25.94 ((CH3)3CS1i), 23.73 (CH), 20.94 (CHp), 18.08 uu13)3£bl), 15.39
(OCH,CH3), -4.27 ((CH3),8i); m/z (EI) 284 {M*} (3%), 241 (8), 215 (8), 185 (5), 147 (18), 103 (48), 80
(16), 75 (39), 73 (100%); HRMS: m/z (CI, NH40Ac) Found: 302.2517. C16H36NSi02 {[M+NH4]*}
requires 302.2515; (Found: C, 67.51; H, 11.19. C1¢H325i03 requires C, 67.54; H, 11.33%).
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(mmetnylsuyloxy)cyu()pr()pdm, i3 (4 85 £, 20 mmol) in methanol (iU mL) was stirred at room temperature
for 2 h. After this time no reaction had occurred so a single drop of chlorotrimethylsilanc was added. After
stirring for a further 30 min at room temperature no starting material remained. The methanol was removed
under reduced pressure and the resulting pale golden liquid subjected to column chromatography with eluent
5% diethyl ether in petroleum ether. Pure fractions were obtained and evaporated to dryness under reduced
pressure to yield the title compound as a clear, colourless liquid (3.21 g, 94%) as a mixture of two
diasteriomers in a 2:1 ratio. Vmay/cm-! (thin film) 3392, 3078, 1737, 1717, 1642; 8!H (270 MHz; CDCl3)

5.79 (1H, tdd, J 7, J 10, J 17, CH=CH>), 5.03-4.89 (2H, m, CH,=CH), 3.70 V@ﬁi—],q J 7, OCH2CHj3

(minor)), 3.69 (1.33H, q, J 7, OCH2CHj3 (major)), 3.32 (0.33H, br s, OH (minor)), 3.10 (0.66H, br s, OH

(major)), 2.11-2.10 (2H, m, CHy), 1.59-1.34 (4H, br m, CHy), 1.27-1.09 (1H, br m, exo-CH>), 1.19 (1H,
t,J7, OC‘H;ZC‘m (minor)), 1.17 2H, t, J 7 HoCHj (major)), 1.06-0.94 (iH, m, CH), 0.49-0.42 (iH,

m, endo-CHy); 813C (67.5 MHz; CDCl3) Minor diastereoisomer: 138 89 (CH=CHjy), 114.32 (CH=CH),
88.02 (C), 62.30 (OCH>CH3), 33.48 (CH2), 28.50 (CH>), 27.46 (CHj), 26.88 (CH), 19.25 (CHj), 15.42
(OCH2CH3); Major diastereoisomer: 138.89 (CH=CH3), 114.41 (CH»=CH), 88.02 (C), 61.62 (OCHCH3),
33.48 (CH>), 28.79 (CHp), 27.50 (CHj), 25.48 (CH), 19.25 (CHj), 15.42 (OCH2CH3); m/z (EI) 170 {M*}
(14%), 130 (58), 117 (48), 97 (56), 88 (94) 81 (66), 67 (68), 54 (75), 41 (100%); (Found: C, 70.68;
H, 10.78. C1gH 1802 requires C, 70.55; 10.66).

. ,
(2-Chloromietlivl)cyclopentane-1-acetic acid ethyl ester 15a/b (X=Cl): Following the general
P ¥ { )i g g

iron(I1I) chloride procedure described above, in which a solution of iron(IlI) chloride (0.714 g, 4.4 mmol) in
DMF (20 mL) is added to a solution of 1-ethoxy-2-(pent-4'-enyl)-cyciopropanol 33 (0.341 g, 2.0 mmol) in
DMF (40 mL). The crude product was subjected to column chromatography with eluent 2% diethyl ether in
petroleum ether to yield a clear, colourless ligiud (0.25 g, 62%) which proved to be a mixture of the title
compound and its isomer, 3-chloro-7-octenoic acid ethyl ester 16 in the ratio 1:1.9. The spectral data were
consistent with those described previously.

The reaction was also carried out using [FeClp(DMF)3][FeCly] (1.20 g, 2.2 mmol) instead of iron(III)
chloride to yield a clear, colourless liquid (0.34 g, 84%) which proved to be a mixture of the title compound

Aand 1L in ¢l
diiu 19y Hi u

ie ratio 1:1.4. The spectral
2-Methylcyclopentane-1-acetic acid ethyi ester i5a/b (X=H): Following the general iron(Iil) nitrate
procedure described above, in which a solution of iron(IlI) nitrate nonahydrate (1.78 g, 4.4 mmol) in DMF
(20 mL) is added to a solution of 1-ethoxy-2-(pent-4'-enyl)-cyclopropanol 33 (0.34 g, 2.0 mmol) in DMF
(40 mL). The resulting pale yellow liquid was purified by column chromatography with eluent 2% diethyl
ether in petroleum cther to yield the title compound (0.18 g, 54%) as a clear, colourless liquid. The spectral
data were consistent with those described previously .

Reaction of 13 With Fewer Equivalents of Fe(IIl)
(2-Chloromethyl)cyclopentane-1-acetic acid ethyl ester 15a/b Cl): As for the general

1ron(1u)cnlor1m, proceaure plevxous1y described for (2-chlor 1ethy1)cy'c}0pe
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yield a clear, colourless liquid (0.34 g, 83%) which proved to be a mixture of the titie compound and
3-chloro-7-octenoic acid ethyl ester 16 in a ratio of 1:1.2. The spectral data were consistent with those
previously described.

The reaction was also carried out using only 0.55 eq [FeClo(DMF)3][FeCly] (0.60 g, 1.1 mmol). The reaction
mixture had to be heated to 40°C before conversion of starting material took place. The usual work up was
carried out to yield a clear, colourless liquid (0.27 g 66%) which proved to be a mixture of the title compound
and 3-chloro-7-octenoic acid ethyl ester 16 in a ratio of 1:1.1. The spectral data were consistent with those

!‘P_ll I described

2-Methylcyclopentane-1-acetic acid ethyl ester 15a/b (X=H): As for the general iron(Ill) nitrate
procedure previously described for 2-methyicyciopentane-i-acetic acid ethyl ester 15a/b, (X=H) but using
only 1.1 eq iron(III) nitrate nonahydrate (0.89 g, 2.2 mmol) to yield the title compound (0.20 g, 58%) as a
clear, colourless liquid. The spectral data were consistent with those previously described.

The above reaction was repeated using only 0.55 eq iron(III) nitrate nonahydrate (0.44 g, 1.1 mmol) to
yield the title compound (0.10 g, 31%) as a clear, colourless liquid. A second, more polar, product was
obtained as a clear, colourless liquid (0.14 g, 42%) and was identified as 1-ethoxy-2-(pent-4'-enyl)-
cyclopropanol 33. The spectral data were consistent with those pxevxously described.
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cyclopropanol 33. The spectral data were consistent with those previously described.
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