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This ±esis is concerned with the synthesis, and cyclisation of compounds containing a 

methylenecyclopropane moiety. Special interest is given to Lewis acid mediated cyclisation 

of methylenecyclopropyl ketones and ketals, which proceed with high yields of highly 

functionalised carbocycles. 

Chapter 1 discussed the synthesis and the cyclisation of methylenecyclopropyl ketones 

and aldehydes 122, which gave cyclised compounds 125 and 126. 

CI 

TiCl4 

DCM 
OH 

R = H, CHg 
122 R^=H, OH,Bn, OMe 125 126 

In addition, a rapid method for the preparation of precursors for the Lewis acid 

mediated cyclisation of metliylenecyclopropane derivatives was developed with addition of 

methylenecyclopropyl cuprate to cotyugated ketones. 

Chapter 2 focused on the cascade process of 1,2-disubstituted 

methylenecyclopropanes vyith Erst cyclisation induced by Lewis acid to give an allyl cation 

intermediate which can be trapped in a cycloaddition reaction. 

Chapter 3 also discussed the cyclisation of 1,1-disubstituted methylenecyclopropane 

derivatives mediated by Lewis acid, especially the synthesis of spirocycle 293 obtained as a 

2 : ] mixtme of diastereoisomers. 
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Chapter 4 discussed the effect of a silyl group on the cyclisation reaction. Ketone 300 

gave, under treatment with Lewis acid, cyclised compounds 303 and 304 in very good yields, 

due to presumably the ability of silicon to stabilised P-carbocation intermediate 301. 

Chapter 5 is concerned with the development of a cascade process in which the silicon 

atom is used to transfer allyl and phenyl groups to the substrate. 

R 

L.A. 

Cyclisation 

333 

OH 

OLA. 

intramolecular 
transfer 

X = F, OH 

335 334 

Compounds, such as 354 and 385 were obtained in reasonable yields with high 

diastereoselectivity. 

Finally Chapter 6 is concerned with an attempt, which failed, to synthesise the natural 

product norketoagarofiiran 396. 
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INTRODUCTION 

I-General Information on Methylenecyclopropanes 

Methylenecyclopropane 1 is a highly strained molecule due to the exocyclic double 

bond, which imposes steric strain in the cyclopropyl ring. The structure of 

methylenecyclopropane 1 has been determined by microwave spectroscopy' and shows that 

the strain in the molecule is reflected by an increase in the C2-C3 bond length and the C2-CI-

C3 bond angle compared with cyclopropane. 

A 
1.51 

1.3317 

.4570 
63 9 

2 1,5415 3 

1 

Ph Ph 

.323 

.4: 482 

1.528 

2 

In addition, the structure of l-(diphenylmethylene)-cyclopropane 2 has been 

established by X-ray analysis^ and similar observations can be made. The increase in the bond 

length and the bond angle indicate clearly that the exocyclic double bond is responsible for 

the steric strain and substituents at the terminus alkene carbon have very little effect. 

Despite its strain, methylenecyclopropane 1 can be stored for months in a cylinder at 

room temperature and a perception of its stability can be gained from it incoi-poration in 

natural products such as the amino acids hypoglycine 3, isolated firom the unripe fruit of 

the Ackee tree .g/fgA/a and methylenecyclopropylglycine 4 isolated from the kernel of 

litchi fruits. 
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H 

NH; 

COOH 

NH2 

COOH 
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Both amino acids exliibit powerful biological activities : hypoglycine A 3 is 

responsible for Jamaican vomiting sickness and methylenecyclopropylglycine 4 causes 

hypoglycaemia in mice and rats. 

Il-Synthesis of Methylenecyclopropane 

Many synthesis for methylenecyclopropanes^ have been developed, however, the ones 

described in this section are among the most commonly used. Methylenecyclopropane 1 is a 

readily available molecule prepared from methallyl chloride 5.^ The reaction can be carried 

out in one or two steps. The Grst method uses a mixture of NaNH^ and t-BuOH to which is 

added 5. However, this method requires a tricky purification. The second method produces a 

mixture of methylenecyclopropane 1 and methylcyclopropene 6, but the la#er can be 

isomerised under equilibrating conditions to give 1 only (Scheme 1). 

CI 

NaNHg/'BuOH/lW, 

A 

NaNH;, "-BU2O 

A 

'-BuOK 
DMSO 

A ^ ^ 

1 6 

Scheme 1 

The best method for synthesising substituted methylenecyclopropane is the addition of 

methylchlorocarbene to a suitably flmctionalised alkene 7 to give a chloro cyclopropane such 

as 8, followed by dehalogenation to give substituted methylenecyclopropane 9 (Scheme 2).̂  
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CHaCHCla 

BuLi, Et20, - 40 °C 

' BuOK, DMSO 

40 °C 

Scheme 2 

An alternative strategy for the preparation of substituted methylenecyclopropanes is to 

alkylate the methylenecyclopropyl anion 10 (Scheme 3). Indeed, methylenecyclopropane 1 

can be deprotonated using a strong base such as BuLi to give allyl anion 10 which can be 

tiapped with electrophiles such as ketones/ aldehydes^ and alkyl halides^'^. 

o 

n-BuLi, THF 

-78 CtoO°C 
A? 

10 

50-70% 

R—X 

11 

.R^ 

OH 

50-90% R 
12 

Scheme 3 

Disubstituted methylenecyclopropanes can be also obtained using this method. 

However, if the first electrophile is a silyl group, 1,1-disubstituted methylenecyclopropanes 

15 will be obtained^^ and if the first electrophile is an alkyl group, 1,2-disubstituted 

methylenecyclopropanes 16 will be formed (Scheme 4).̂ '̂ ^ 

n-BuLi, THF 

78 °C to 20 °C 

Li 
E' 

13 14 

or 

'E ^ E 

IS 16 

Scheme 4 

The Wittig olefination has been extensively used for the synthesis of diversely 

functionalised methylene- and alkylidenecyclopropanes. The most commonly used method 

employs 3-bromotriphenylphosphonium bromide 17 as tlie precursor for the preparation of 
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the ylide 18. Tlien, reaction with ketones or aldehydes produced the alkylidenecyclopropane 

19 (Scheme 5). ' 

i) NaH o 

G"" THF, reflux R' 

® Q ^ A ^ 
PPh^ Br ") / \ 

17 or^'BuOK 18 19 

Scheme 5 

However, enolisable aldehydes cannot survive the reaction conditions. A great 

improvement in the yields of the reaction has been found by using 10 mol % of an additive 

phase-transfer catalyst, tris[2-(2-methoxyethoxy)ethyl]-amine (TDA-1).'^ 

Methylene(thiophenyl)cyclopropane 23 can be obtain using bromoform and aqueous 

NaOH (Scheme 6).'^ Addition of BuLi to a mixture of Mel and dibromocyclopropyl ring 21 

obtained generates bromomethylcyclopropane 22 which eliminates HBr under treatment witli 

t-BuOK to give 23. 

,Br \ ^Br 
CHBr^, 50% aq. NaOH ^ BuLi, Mel 

S - P h reOux T H F . - 9 0 ° C t o 2 0 ° C g - p h 

20 21 22 

t-BuOK 
THF, -5 °C 

S—Ph 

23 

Scheme 6 

Spirocyclic methylenecyclopropanes can be prepared ^ o m nucleophilic addition to 

epoxides.''^ Addition of excess LDA to epoxide 24 gave spirocyclic methylenecyclopropane 

25 in good to excellent yields (Scheme 7). However, tetrasubstituted spirocyclic 

methylenecyclopropane could not be obtained, demonstrating the limitation of this method. 
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24 

6 eq. LDA, THF 

- 60 °C to 0 °C 

88-99% 

R' = H, alkyl, Ph 
R̂  = H 

Scheme 7 

R 

R' 

HO 

25 

Finally, Lautens reported recently the synthesis of fused cyclic 

methylenecyclopropanes using intramolecular cyclopropanation of allenic diazoacetates.^^ 

Addition of allene 26 to a suspension of 5 mol% bis-(#-rerf-butylsalicylaldiminato) 

copper(n) as catalyst in toluene gave 1,2-disubstituted methylenecyclopropanes 27 (Scheme 

8). 

26 

5 moi% Cu(TBS)2 

toluene, reflux 

54-95% 

Scheme 8 

Ill-Use of Methylenecyclopropane in Organic Chemistry 

Methylenecyclopropanes undergo reactions characteristic of reactive olefins such as 

electrophilic additions, radical additions, additions of cai benes and nitrenes and various other 

types of cycloadditions (Scheme 
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Clo, 0 °C 
m-CPBA 
DCM 

.N—C02Me 

70% 6% 

Scheme 9 

OH 

C02Me 

l-Cycloaddition Catalysed by Transition Metal 

Thermally induced [4+2] cycloaddition of methylenecyclopropanes occur at high 

temperature. However, the use of transition metal catalysts allows the [3+2] cycloaddition 

reaction to proceed at moderate temperatures and this process has been extensively studied as 

it allows the formation of carbocycles especially 5-membered rings. The cyclopropyl ring 

can react either by ling opening of the proximal (Ci-Cg) or the distal (C2-C3) bond, which 

opens is metal catalyst dependent, Ni(0) can either open the distal or proximal bond, whereas 

Pd(0) opens the distal bond exclusively. Whilst the mechanism for the distal bond cleavage is 

relatively straightforward, the mechanism for the proximal ring opening proceeds first by an 

oxidative coupling of the two alkenes with Ni(0) catalyst, followed by a cyclopropylmethyl/3-
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butenyl rearrangement. Reductive elimination of the catalyst gives the cyclic product 

(Scheme 10). 

1 

\ R 
M 

I 
E 

R 

R 

distal I proximal 

f ring opening ring oDenine nng opening 

R 

E R 

R 

Scheme 10 

However, a problem of dimerisation in these processes encouraged Motherwell'^ to 

investigate the intramolecular cycloaddition of methylenecyclopropane derivatives. 

Intramoleculai' [3+2] cycloaddition of precursors such as 28 and 30, catalysed by the m 

prepared Pd(0), gave bicycles 29 and 31 in reasonable yields (Scheme 11). 
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MeOiC-

28 

Pd^dba ,̂ P(0'Pr)3 

toluene, reflux 

36-54% 
MeOzC 

29 

MeÔ C COzMe 
CO^Me 

30 

Pd^dbag, P(0'Pr)3 

toluene, reflux 

59% 

Scheme 11 

MeOzC 

31 

COzMe 
CO?Me 

Lautens'^ carried out a detailed study on the effect of substituents at different 

positions on the cycloaddition process. Methylenecyclopropane derivative 32 was cyclised, 

using the m prepaied Pd(0), to give bicycle 33 (Scheme 12). 

32 

Pd^dbag, P(0'Pr)3 

toluene, reflux 

Scheme 12 

33 

Depending on substituents, cyclisation occuned in either modest to excellent yields or 

none of the expected cyclised products were observed. Substituents on the carbinol carbon 

(R^ and R^) had very little effect on the reaction, as well as substituent on the terminus 

methylene (R^). Substituents at the sp^ carbon of the cyclopropyl ling have a marked effect on 

the success of the cycloaddition. For example, good yields were obtained when R = H or 

MeO but a mixture of products was obtained with R = Me. More signiGcant is the effect of 

substituents at the alkyne position: electron withdrawing groups favoured the reaction and 

silyl substitution led to capricious reactions. Tlie choice of catalyst was also shown to be 

crucial for the cycloaddition reaction. 
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2-Radical Addition onto Methvlenecvclopropanes 

The use of radical chemistry in organic synthesis has become increasingly important 

over ± e last decade'^ especially for the formation of C-C bonds as reactions proceed under 

mild conditions and often exhibit a high level of chemo-, regio- and stereoselectivity. 

Singleton and Church studied the effect of adding sulfur radicals onto 

methylenecyclopropane?° When (phenylsulfonyl)-methylenecyclopropane 34 was treated 

with thiyl radicals in the presence of an electron rich or electi'on poor alkene 35, a [3+2] 

aimulation reaction occuiTed to give methylenecyclopentane 36 (Scheme 13). 

SO P̂h 

34 

SOzPh 

R 

35 

PhSSPh, AIBN 
benzene,80 °C 

or 

BuSSBu, hv 
PhO^S 

36 

Scheme 13 

SR 

Work by Kilburn and Destabel^'^^ established general rules for the radical cyclisation 

of methylenecyclopropane derivatives (Scheme 14). Initial e»(fo-cyclisation would be 

favoured, due to less steric hindrance encountered in such a pathway, and leads to a relatively 

stable cyclopropyl radical. Alternatively, g%o-cyclisation would lead to an intermediate 

cyclopropylmethyl radical, which was expected to open rapidly, to give either the ring 

expanded methylenecycloalkyl radical or the cycloalkylmethyl radical. 



f Der/va/n'gi 

endo nng 
opening 

exo ring 
opening 

Scheme 14 

It was found tliat methylenecyclopropyl propyl radicals cyclised exclusively in a 5-e%o 

fashion, followed by ling opening of the resultant cyclopropylmethyl radical, whereas 

methylenecyclopropyl butyl radicals gave a mixture of exo and products. 

Santagostino^^ extended the radical cyclisations to polycyclic compounds through a 

cascade process (Scheme 15). The formation of tricycles 40 aiid 41 was unexpected, but is 

readily understood. Formation of 39 was expected, but the radical 39 underwent a further 

cyclisation to give 40 and 41 in a 1 : 1 ratio. 

Bû SnH 

MeqSi 

SiMei 

SiMê  

39 

Mê Si 

Scheme 15 

1 

40 41 

10 
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Further tandem methodology was carried out by Pilce''̂ '̂ ^ in order to develop a new 

route for the preparation of 6,5- (43) and 6,6- (46) bicyclic compounds (Scheme 16). 

SiMea 

BuaSnH, ATBN 

toluene, reflux 

42 

SiMe 

44 
20% 

SiMea 

BugSnH, AIBN 

toluene, reflux 

45 MeaSi 

Scheme 16 

Treatment of 42 with BusSnH gave 43 in 67% yield, with 20% of the reduced starting 

material 44. Reaction of 45 with BugSnH, using a syringe pump, gave the bicyclic compound 

46 in 41% as the only isolated product. In both cases, the fused structure was assigned to have 

cis stereochemistry based on literatuie precedent.^'^ 

Work by Penfold^^ used methylenecyclopropanes for the preparation of tribactams 

(Scheme 17). Addition of tin hydride to azetidinone 47 gave an alkenyl radical which added 

onto methylenecyclopropane to give tribactams 48 and 49 as a 1 : 1.25 mixture of 

diastereoisomers. 

BugSnH, AIBN 

toluene, reflux 

27% 

48 49 

1 : 1.25 

Scheme 17 

11 
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Boffey utilised Smli to generate ketyl radical which then added onto 

methylenecyclopropane.^^ This methodology was applied ibr the synthesis of the natural 

product Paeonilactone B 54 (Scheme 18). 

SmI,. t-BuOH 

HMPA, THF, 0 °C 

63% 

steps 

53 

Paeonilactone B 

52 

Scheme 18 

Addition of ketone 50 to SmI] generated ketyl radical anion 51 which cyclised in a 5-

gxo fashion to give, after ring opening, cyclohexyl radical 52 which underwent a fiirther 

cyclisation to give 53. Paeonilactone B 54 was then obtained aAer a few functional groups 

transformations. 

3-MethvlenecvcIoDroDane and Pauson-Khand Reactions 

Reaction of a dicobalthexacarbonyl complex of an alkyne with an alkene, leading to 

the formation of cyclopentenones, proceeds especially easily with strained alkenes. The 

strained nature of methylenecyclopropane 1 encouraged Smit^^ to study the intermolecular 

Pauson-Khand reaction of 1 with various alkynes. Cyclopentenones 56 and 57 were obtained 

in reasonable to excellent yield (Scheme 19) 

12 
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A 

R 

ill 

R' 

C02(C0)6 

55 

50 °C, 2 hrs 
^ 

46-81% 

Scheme 19 

56 57 

However, Ae conventional conditions of reaction (heating the reaction in hydrocarbon 

solvents for several hours) were unsuccessful and cyclopentenones 56 and 57 were obtained 

in poor yields. The Pauson-Khand reaction occurred smoothly when the reaction was carried 

out under dry-state adsorption, by removing solvent and suspending the reagents on 

chromatography adsorbents, such as SiOz or AI2O3. 

The intramolecular version of the reaction was investigated by de Meijere^^ with 

substituents grafted onto the terminal alkene. For example, [2+2+1] cycloaddition of 

precursor 58 gave bicycle 59 in good yields (Scheme 20). 

i)Co2(CO)g 
benzene, 20 °C, 2 hrs 

58 R = H,TMS 
E = H, CO^Me 

ii) TMANO, 0 2 
20 °C, 14 hrs 

63-87% 
59 

Scheme 20 

Motherwell^^ has also studied the intramolecular Pauson-Khand reaction with 

methylenecyclopropane and found, for example, that derivative 60 gave a mixture of 

products 61 and 62 (Scheme 21). 

i) Co2(CO)g 
20 "C, 1 hr 

ii)NMO 
benzene, reflux 

10-51% 

60 R = H, Et 
Z = H, TMS 
X = O, CHi 

61 62 

Scheme 21 

13 
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4-Diels-Alder Cvcloaddition 

The Diels-Alder reaction is a very efficient and economic way to construct complex 

molecules, and work by de Meijere^° showed that methylenecyclopropane can undergo 

intramolecular cycloaddition with furan under high pressure to give complex molecules such 

as 64 (Scheme 22). Treatment of 63 with LiC104 or with a Lewis acid led exclusively to 

polymerisation. However, when the substrate was exposed to high pressure the cycloaddition 

took place smoothly and good yields of cycloadducts such as 64 were obtained. 

pentane 

10 kbar 

82% 

Scheme 22 

64 

5-Cvcloaddition of Methylenecyclopropane with Nitrones 

The thermal rearrangement of spirocyclopropane isoxazolidines revealed a practical 

and versatile method for synthesis of indolizidine skeletons. The substrate can be easily 

obtained from 1,3-dipolar cycloaddition of nitrones and methylenecyclopropane. Brandi^' 

demonstrated the efficiency of this method through the synthesis of natural products such as 

Lentiginosine 69 (Scheme 23). 

14 
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TBDPSCl OTBDPS 

N@ 
65 Oe 

o. 

68 

PTBDPS 

OTBDPS 

i) TsNHNH^ 
MeOH, 7 hrs 
ii)NaBH4 
65 °C, 20 hrs 
iii) aq. HF, CH3CN 
20 °C, 2 d 

OH 

benzene 

20 °C. 7 d 

75% 

Scheme 23 

OTBDPS 

OTBDPS 

O -N-

66 

45% 
xylene 
]40 C, 1.5 hrs 

OTBDPS 

OTBDPS 

67 

Reaction between methylenecyclopropane 1 and nitrone 65 gave spirocyclopropane 66 

which undei-went reaiTangement under heating in xylene to give indolizidine 67. Reduction 

followed by deprotection afforded Lentiginosine 69. Similar results were obtained by 

Guarna. 32 

Langlois^^ also used nitrones with methylenecyclopropanes substituted with electron 

withdrawing groups on the terminus alkene to caizy out cycloadditions (Scheme 24). The 

electron withdrawing group accelerated the reaction and cycloadduct 72 was obtained in an 

hour (whereas reaction of 65 with 1 had taken 7 days) and in good yields. 
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@N 

gO 
70 

R. 

toluene 

50 °C, Ihr 

71 R = CN, 87% 
R = CO^Me, 63% 

Scheme 24 

72 

IV-Use of Lewis Acid in Organic Chemistry 

Lewis acids are electron deficient and are therefore capable of accepting an electron 

pair and are commonly used today to catalyse a range of reactions. 

The best known use of Lewis acids are : 

- catalysts in Diels-Alder reactions. 

- catalysts for Friedel-Crafts reactions.^^ 

- catalysts for coupling reactions. 

- catalysts for reactions with carbonyl groups. 37 

1 -Basic principles of Lewis acids 

Reaction of carbonyl compounds with a neutial Lewis acid generates a negatively 

chaiged metal complex called an ate complex.^^ The level of acidity comes from the central 

atom M. 

L 
I 

L - M — L 
I 

L 

Acidity is diminished when two electron pairs are required. There is a smaller energy 

gain upon receipt of the Hrst pair, and there is an accumulation of negative charge on M if 

two pairs are received. Consequently, the result is that group IE metal Lewis acids are more 

acidic than transition metal Lewis acids : 

B F 3 > A l C l 3 > F e C l 3 > T i C l 4 
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In addition, the acidity of M will decrease within any group with increasing atomic 

volume owing to the weaker attraction between nuclear charge and incoming electron pairs. 

This leads to this order (F^an rules)^^: 

BX] > AIX3 > GaXa > InX] 

and 

TiX4 > ZrX4 

In general, tlie energies of different atomic orbitals lie closer with increasing atomic 

number, because orbital contractions arising from the electronegativity of the nucleus tend to 

decrease with increasing atomic number. This allows more effective overlap of hybridised 

orbitals. The availability of d orbitals will become easier and more effective the heavier the 

element. Taking all of these points together gives an acidic series : 

B > A1 > Ga> In > Fe > Ti > Zr 

There are no acidic properties when M = C and when M = Si, only weak acidic 

properties are observed. Finally, the formation of a Lewis acid-Lewis base complex is 

allowed according to the HSAB theory, which allows the formation of a complex between 

hard acid and hard base or between soft acid and soft base. Indeed, if a big difference exists 

between the hardness or softness of the Lewis acid and the Lewis base, no reaction will occur. 

2-Lewis Acids in Organic Synthesis 

The relative strength of a Lewis acid is important to many major classes of organic 

reactions utilised in synthesis. Lewis acids are used in connection with several important C-C 

bond forming reactions. This includes Fiiedel-Crafts type reactions^^ and Diels-Alder 

reactions,^'^ as well as otlier pericyclic reactions. Changing the Lewis acid can have dramatic 

ef%cts on the rate of reactions and the products distribution in both the Diels-Alder and 

Fiiedel Crafts reactions^ '̂̂ , and no real predictive rules exist for these reactions. Williamson^^ 

showed the influence of Lewis acid on selectivity in the reaction of 

pentachlorocyclopentadiene 73 and methyl acrylate (Scheme 25, Table 1). 
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CI H 
-^^^CO^Me 

c r CI 

74 

Scheme 25 

75 76 

L.A Time (h) Yield (%) 74 75 76 

None 6 60 53 37 10 

BF3 4.5 60 53 39 8 

TiCL 3 85 64 33 3 

AICI3 0.75 97 69 29 2 

Table 1 

The Lewis acid can also be so reactive that the resulting product is unstable under the 

reaction conditions. For these reasons, Lewis acids possessing a wide range of acidic 

strengths in various reactions are required in synthesis. Aluminium chloride (AlClg) is a very 

reactive and unselective catalyst, reacting with virtually all functional groups which have 

Lewis base properties.^''^ '̂ ^ Zinc chloride (ZnCl]) is a mild and selective catalyst in reactions 

where halides or alcohols are required to react selectively with an olefin double bond.̂ *̂'"'*̂  

Tin tetrachloride (SnCL,) is a very mild catalyst which can be used for acylation of reactive 

aromatic nuclei such as thiophene. Catalysis of reactions involving thiophene with AICI3 is 

too vigorous, and extensive decomposition accompanies the process.̂ ^ '̂"^^ TiCl4 has also been 

applied to Friedel Crafts reactions of active aromatics^^ '̂ ''̂  wdiich carmot tolerate vigorous 

reaction conditions, as with fliran derivatives for example.̂ ^ '̂'*'̂  

Harrowven'^^ obtained tetralins from tetrahydrofuran and tetrahydropyran tethered 

aromatics in good yields with excellent stereocontrol. Treatment of 77 and 79 with TiCl/i in 

DCM at room temperature led to tetralins 78 and 80 in 68% and 70% yields respectively 

(Scheme 26). 
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77 

TiCl̂ , DCM, RT 

3.5 hrs 

68% 

OH 

78 

79 

TiCÎ , DCM, RT 

3.5 hrs 

70% 

Scheme 26 

OH 

80 

In both cases, when TiCl4 was replaced by AICI3, decomposition of the substrate was 

observed. Cyclisation of the /roMj-disubstituted tetrahydrofuran 81 gave tetralin 82 as a single 

diastereoisomer (Scheme 27). 

OMe 

81 

TiCl ,̂ DCM, RT 

3.5 hrs 

53% 

Scheme 27 

82 

Kocienski"^^ used Dieter methodology to obtain aromatic ring 85 (Scheme 28). 

Treatment of allyl ketone 83 with methallylmagnesium chloride afforded 84, which upon 

addition of BFs.EtgO gave 85 in a 63% overall yield for the two steps. 
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OTBS 

CIMg 

THF. 0 °C 

OTBS 

84 

Scheme 28 

BFg.EtzO 

MeOH-THF 

-40 °C RT 

63% overall yield 
for the two steps 

OMe 

85 

He also used EtAlClz in THF to cyclise sulfbne 86 into pseudopterosin precursor 87 

(Scheme 29). 

OMe ' 

EtAICli 

PhOiS 

THF 
-78 ° C — R T 

79% 

Scheme 29 

87 

One of the best known Lewis acid activated reactions, is the Hosomi-Sakurai'^^ 

reaction of allyl silanes with carbonyl compounds. When TiCl4 was added to carbonyl 89, 

followed by the addition of allyl silane 88, allyl alcohol 90 was obtained in very good yield 

(Scheme 30). The reaction can be carried out with a wide range of aliphatic and aromatic 

groups either on the allyl silane or on the carbonyl with no dramatic effect on the reaction. 

Furthennore, this process works with either ketones or aldehydes. 

R" 

R' SiMei 

88 

O 

89 

TiCl̂  ^2 

DCM 

40-100% 90 

R \ = H, alkyl, aiyl 

Scheme 30 
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A modiGcation was introduced by Mukaiyama'^^ with the aldol type reaction of silyl 

enol ethers with carbonyl compounds (Scheme 31). Addition of TiCl^ to silyl enol ether 91 in 

the presence of carbonyl 89 gave the aldol adduct 92 in good yield. 

OTMS 

R' 

91 

O 

R̂  

TiCL 

DCM 
R' 

89 25-100% 

Scheme 31 

o 

92 

R" 
R" 

OH 

.49 An elegant new annulation reaction induced by Lewis acid was reported by Knolker' 

and other groups.Addition of TiCl4 to a mixture of conjugated ketone 93 and allyl silane 94 

gave the annulated bicycle 95 in a good 86% yield (Scheme 32). 

93 

+ Si(iPr)3 

r 

0 
CLTi 

TiCL 

96 

DCM 

86% 
94 

Si(iPr)3 

Scheme 32 

Cl̂ Ti 

"iSi(iPr)3 

97 

#'fSi(iPr)3 

The reaction is thought to proceed by addition of the allyl silane to give intermediate 

96, which rearranges to the siliranium cation 97. Subsequent addition of the titanium enolate 

at the siliranium ion 97 gives the annulated product 95. 

Many other reactions induced by Lewis acid exist and those discussed above are a 

personal selection that illustrates the scope of chemistry mediated by these reagents 
32,51 
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S-Methvlenecvclopropane and Le^vis Acid 

Veiy little work has been carried out concerning the reaction of 

methylenecyclopropanes in combination with Lewis acid. Work by Monti^^ showed that 

Lewis acids can catalyse [3+2] cycloadditions between methylenecyclopropane derivatives 

such as 98 and allyl silane 99 to give methylenecyclopentane 100 and/or 101 (Scheme 33). 

The mechanism of this reaction is assumed to go tlirough the allyl cation intermediate 103 

due to chelation between TiCL ,̂ the exocyclic double bond and the carbonyl. Addition of the 

allyl silane generates the siliranium cations intermediates 104 and/or 105 (as proposed by 

Knolker"^^) which is then quenched by the titanium enolate to give the annulated products 100 

and/or 101. 

TMS 

TMS 
TiCL 

DCM 

TMS 

and/or 

98 99 100 

CÎ Ti 

and/or 

MeiSi 

CLTi 

105 

Scheme 33 

Hosomi^^ has shown that it is possible to couple methylenecyclopropane derivatives with 

carbonyl compounds (Scheme 34). 
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O TiCL 

R' R 

89 

DCM 
R' 

R-

R" 
106 

CI 

OH 
Ck ^3 

107 

Scheme 34 

108 

R' R- R^ Conditions Products 

107 

Yield 

108 (%) 

Pj](CH2)2 H H 

CiH,: H H 

"Pr H H 

'Bu H H 

f-02NC6H4 H H 

-VST. 2 h 

-VS'C.2h 
to RT. 2h 

H. , H 

-VS'C. 2 h PKCHJ: 
Ph(CH2)-

QH.̂ . 
CI 

0̂°C. 2.5 h '3r H 

O'C, 24 h ' Bu 

H. , H 

CI 

H 
OzNC^H^ 

CI 

C,H, 

72 

73 

75 

49 

20 

Et Et H 

Ph(CH2)2 H C:Hr 

O-C. 14 b 

-Tg'C, 2 h 

Et 
E 

Ĉ,H, 

CI 

CI 
OH 

PKCH;): V 

18 

Table 2 

Hosomi tried diSerent Lewis acids and TiCl4 gave the best results. When is a 

saturated alkyl group and R" - H, the allylated products were obtained in decent yields (49% 

to 73% yield). For unsaturated ketones and aromatic aldehydes with substituted 
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methylenecyclopiopanes, the reaction did not work very well, even at room temperature. In 

addition, a similar tendency was observed in the allylation of ketones (Table 2). 

A possible mechanism for this allylation was proposed by Hosomi (Scheme 35). The 

Grst step is coordination of the carbonyl group to TiCl4 to form the complex 109. 

Nucleophilic addition of 106 gives the cyclopropyl cation 110 which isomerises to the Ti-allyl 

cation intermediate 111. Trapping of the allyl cation 111 by a chlorine anion gives the 

homoallylalcohols 107 and 108. 

o 

,A 
89 

TiCU 

109 

0 
/ A Cl̂ Ti 

106 
0 

@ 

110 111 

TiC]x 

H?0 

Scheme 35 

R 

3 

OH OH 

CI 

107 108 

These few examples clearly demonstrate that a good knowledge of the relative acid 

strength of a Lewis acid is essential for understanding many important reactions in synthesis. 

Moreover, the Lewis acid chosen for a particular reaction must not react with other Ainctional 

groups in the reacting partners. 
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V - P f o g r a m of W o r k 

Following Hosomi's results irom ± e intermolecular addition of 

methylenecyclopropanes onto an activated carbonyl, the aim of this project was to investigate 

the intramolecular version of this process (Scheme 36). Thus, Lewis acid activation of the 

carbonyl 112 Ibllowed by intramolecular nucleophilic attack by the double bond should lead 

to 114 and thus 115 and, by Hosomi's mechanism to 117 and 118. Hosomi reported that 

ketones were insensitive to this nucleophilic attack, but we assumed that in an intramolecular 

reaction, the reaction might still work. 

112 

TiCL 

CI 

R 

118 

OTiCl OTiCl 

R 

OH OH 

114 

117 

Scheme 36 

HiO 

115 

OTiCk 

116 

Cyclisation of methylenecyclopropyl ketones and aldehydes 119 will be investigated 

first. It was anticipated that 119 would give cyclised compounds 120 and 121 (Scheme 37). 
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CI 

TiCL 

DCM 

119 R = H. CH] 
R' = H, OH, Bn, OMe 

OH OH 

R 

120 121 

Scheme 37 

The mechanism involves a Tc-allyl cation, so if the intramolecular cyclisation occurs, 

the reaction to polycyclic compounds could be extended by using a [3+4] intramolecular 

cycloaddition as a second step (Scheme 38). 

O 

CI OH 
[4+3] 

Scheme 38 

The cascade process with first cyclisation to give the allyl cation intermediate which 

can be trapped in a cycloaddition reaction will be investigated. 

26 



Zewzi' v4czW CycZfaarfoM q/"Me%;ZgMecyc/o;)ropaMe Derfva/fvgf 

CHAPTER ONE 

The aim of the research was to study the scope and limitations of the intramolecular 

version of the Lewis acid mediated cyclisation of methylenecyclopropane derivatives, the 

intermoleciilar version of which had been investigated previously by Hosomi/^ It was 

anticipated that activation of aldehyde or ketone 122, with a suitable Lewis acid, such as 

TiCl4, should allow intramolecular nucleophilic attack of the double bond of the 

methylenecyclopropyl unit leading to cyclopropyl cation 123, which, following Hosomi's 

mechanism, should open to give vr-allyl cation intermediate 124, which in turn, can be 

quenched by a chloride anion to give cyclohexene 125 or methylenecyclohexane 126 

(Scheme 39). 

OL.A OL.A 
L.A. 

OH + OH 

122 

R = H, CHj 
R' = H, OH, MeO or BnO 

123 124 

Scheme 39 

125 126 

Ketones 127 and 128 were chosen as the model compounds for this study. 
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O 

R 
128 

R - H, OH, MeO or OBn 

I -Cvc l i sa t ion S t u d y of M e t h v l e n e c v c l o p r o p v l K e t y l A lcoho l a n d K e t o - e t h e r 

D e r i y a t i v e s 

Ketones 127 and 128 were chosen for the initial cyclisation study, as they could be 

functionalised very easily by etherification with several suitable groups, in order to produce 

polycyclic compounds under cyclisation conditions. 

o 

R R 

127 128 

R = OH, OBn or OMe 

Indeed, ketones such as 129 would give polycyclic compound 131 after trapping of 

the allyl cation intermediate 130 in a [4 + 3] cycloaddition (Scheme 40). 

'n 

129 

TiCL [4+3] 

130 

Scheme 40 

CI OH 
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l-Synthesis of MethvlenecycloproDane 

Several synthesis of methylenecyclopropane 1 exist, but previous studies^'''^'^" showed 

tliat the method of Singer'^ was the most convenient and successful. 

Reaction of commercially available methallyl chloride S witli sodium amide, in hot M-

butyl ether, produced a mixture of two carbenes adducts, methylenecyclopropane 1 and 

methylcyclopropene 6, as well as an immiscible layer of ammonia. All products are gaseous 

at ambient temperature, so they were trapped in vessels at - 78 °C. The ammonia was then 

evaporated from the reaction mixture. Although, the reaction favoured the caibene addition to 

give the by-product methyl cyclopropene 6, isomerisation with potassium Terr-butoxide in 

/g^Y-butanol and DMSO gave pure methylenecyclopropane 1 (Scheme 41). 

CI 

NaNH;, " BuzO 

A 

1 6 
52% 

'̂BuOK, ' BuOH 

DMSO 

100% 

A 
1 

4.7 

Scheme 41 

2-Prenaration of Precursors 

A method for the preparation of ketone 142, as described by Boffey^^, was applied to 

the preparation of ketones 127 and 128. Protection of keto esters 132 and 133, with ethylene 

glycol in the presence of catalytic amount of ^-TsOH gave ketals 134 and 135 in 74% and 

95% yield respectively. Quantitative reduction to alcohols 136 and 137 and subsequent Swem 

oxidation afforded aldehydes 138 and 139 in 61% and 69% yield respectively (Scheme 42). 
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O O 

O 

n= 1.132 
n = 2. 133 

HO OH 

_p-TsOH 
Toluene, reflux 

O O O 
LiAlH^ Ô  

s . / 
O 

O 

: 1,134, 74% 
2, 135, 95% 

OH 

n= 1, 136, 100% 
n = 2, 137, 100% 

(C0CI)2, DMSO 

Et̂ N, DCM 

O, ,0 
o 

H 

n= ], 138,61% 
n = 2,139, 69% 

Scheme 42 

Aldehydes 138 and 139 were respectively added to a solution of lithiated 

methylenecyclopropane to give alcohols 140 and 141, as a 1 : 1 mixture of separable 

diastereoisomers (Scheme 43). The stereochemistry of both isomers of alcohol 140 had been 

determined previously by X-ray diffraction of the /)-nitrobenzoate derivative, as jy/? and 

products.Deprotection of ketal 140, using j;-TsOH in wet acetone, gave ketone 142, as an 

inseparable 1 : 1 mixture of diastereoisomers. 

i) BiiLi 

A 
1 

n = 1,138 
n = 2,139 

;,-TsOH 

Acetone-water(l 0%) 

30% 

n= 1,140, 61% 
n = 2.141, 67% 

n = 1,142, 30% 

Scheme 43 

Alcohols 140 and 141 were easily allq'lated, using NaH and benzyl bromide or methyl 

iodide, to give benzyl ether 143, as a 1 : 1 mixture of diastereoisomers, or methyl ether 144, 

as a 1 : 1 mixture of diastereoisomers, in 91% and 95% yield respectively. Deprotection of 

the ketone Amction of 143 and 144 gave keto ether 145, as a 1 : 1 mixture of 

diastereoisomers, and keto ether 146, as a 1 : 1 mixture of diastereoisomers, in 80% and 65% 

yield respectively (Scheme 44). 
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n = 1, 140 
n = 2.141 

i)NaH 
ii) DMPU 

iii) BnBr 
or Mel 

o 
)° 

H 
,0 

R 

p-TsOH 

Acetone-water (10%) 

80% 

O 

H 
,0 

n= l .R = Bn, 143,91% 
n = 2,R = Me, 144, 95% 

Scheme 44 

/ 
R 

n = l , R = Bn, 145, 80% 
n = 2,R = Me, 146,65% 

3-Cvclisation Study 

geyc/opro^/ 

Cyclisation of ketone 142 was investigated first. When 1.1 eq. TiCL^ was added to 

ketone 142, a complex mixture of compounds was obtained, where none of the wanted 

cyclohexyl products were observed and only dieneone 147 could be isolated in 20% yield 

(Scheme 45). 

1.1 eq. TiCÎ  

DCM, - 78 °C, 2 hrs 

20% 

142 147 

Scheme 45 

The formation of dieneone 147 is presumably due to the relative acidity of the 

hydrogen atoms bearing the carbonyl function, which promotes dehydration, favoured by the 

formation of chelate 148, to give intermediate 149. A chloride anion can then attack the 

cyclopropyl ring to give 150 which is hydrolysed to 147 (Scheme 46). 
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O TiCL 

C 
H 

H 2 
OH 

142 

6 ^ o @ 
n c ^ 
G 

148 

TiCk 

149 

CLTi. 

147 150 

Scheme 46 

Benzyl ether 145 was anticipated to overcome this problem of dehydroxylation-

chelation. However, when TiCL^ was added to the mixture of and anrz isomer of ketone 

145, debenzylation occurred to give ketone 142 (Scheme 47). Jung a/, reported a similar 

reaction, where ketals were deprotected under Lewis acid condition, such as TMSI.̂ '̂  

o 
1.1 eq.TiCl^ 

DCM, - 78 °C, 2hrs 
H 5 

O 
Ph 

67% 
OH 

145 142 

H2O 

151 152 

Scheme 47 

Following the mechanism proposed by Jung, a chlorine anion can attack the chelate 

intermediate 151 to give intermediate 152, which is hydrolysed to give ketone 142. 
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In addition, BF3.Et20, as a monodentate Lewis acid, was also investigated. In ±is case 

chelation control should be avoided. Unfortunately, analysis of the 'H NMR of the crude 

reaction mixture showed only the presence of the ring opened compound and the 

debenzylated ketone 142. 

It was then assumed that ketone 146 would also overcome the problem of 

dehydroxylation. However, treatment of the mixture of diastereoisomers of ketone 146 with 

1.1 eq. TiCl4 gave bicyclic dichloride 153, as a single diastereoisomer, in 36% yield. 

Moreover, addition of 1.1 eq. SnCl^ gave methylenecyclobutyl ketone 154, as a single 

diastereoisomer, in a good 68% yield. When TiCl4 was added to methylenecyclobutyl ketone 

154, bicyclic dichloride 153, as a single diastereoisomer, was again obtained (Scheme 48). 

t.l equiv. SnCl^ 
DCM 

78 °C to RT, 24 hrs 

68% 

.1 equiv. TiCI ,̂ DCM 

- 78 °C to RT, 24 hrs 

36% 

a\H 

cr 
154 

Scheme 48 

O 

CI OH 

CI H 

153 

1.1 equiv. TiCl4 
DCM 

78 °C to RT, 24 hrs 

19% 

The stereochemistry of 153 was determined by X-ray diffraction (Figure 1). 55 
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Figure 1: Crystal structure of 153 

For full details of the X-ray crystallographic data, see appendix A. 

As methyl enecyclobutyl ketone 154 gave bicyclic dichloride 153 upon treatment with 

TiCl4, its formation may be part of the mechanism involved in the formation of 153 (Scheme 

49). 

o 

L.A. 

O 

146 

CI OH 

"II H2O 

e 
CI 

L.A.-̂  @ 

155 

L.A.-. 
O 

CI H CI 
H 

156 157 

L.A. 

H H 

153 159 158 

Scheme 49 
154 
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Activation of ketone 146 with Lewis acid would give intermediate 155 promoting a 

ring enlargement^^ to give meAylenecyclobutyl cation 157. Methylenecyclobutyl cation 157 

is presumably quenched by a chloride anion, to give meAylenecyclobutyl ketone 154. W%en 

SnC]4 is used, the reaction gave only methylenecyclobutyl ketone 154, whereas, with TiCl^, 

154 underwent a Airther cyclisation. However, in contrast to the corresponding cyclopropyl 

cation formed in Hosomi's mechanism, the cyclobutyl cation 159 did not open, presumably 

because its ring is less strained than the cyclopropyl ring and the trapping of the cation, by a 

chlorine anion, is faster than the ring opening. 

Baldwin g/ a/. has reported an analogous re^angement of methylenecyclopropane 

to methylenecyclobutane (Scheme 50). 

MsCl, Et3N 

160 161 

Scheme 50 

'OMs 

162 163 
5 : 1 

90% 

Cyclisation of ketals was also studied as the ketal unit could be activated by a Lewis 

acid. Ketal 140 was initially investigated. However, addition of TiCl4 on each separated jyM 

and an/z isomer of 140, resulted in deprotection of the ketal function to give the jyn and anz'z 

isomer of ketone 142 in 35% and 36% yield respectively. Dieneone 147 was also isolated in 

32% yield (Scheme 51). 
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140 syn 

140 anti 

1.1 eq. TiCÎ  

DCM, - 78 °C, 2 hrs 

1.1 eq. TiCl^ 

DCM, - 78 °C, 2 hrs 

142 fj'7! 35% 

O 

H £ 
OH 

142 36% 

Scheme 51 

147 32% 

147 32% 

Deprotection of ketal 140 can be explained following the mechanism proposed by 

Jung g/̂  (Scheme 52). Activation of ketal 140 with TiCl4 gave intermediate 164, which 

open to cation 165. A chlorine anion can then attack the alkoxy side chain to give ketone 142. 

Dieneone 147 is presumably obtained from ketone 142 following the mechanism proposed in 

Scheme 46. 

CI 
0 - ^ 

o-

TiCL 
"O 

o 

o 

0 
1 

(^O-TiCl) 
© 

H i 
OH 

140 

H 5 
OH 

164 

TiCl̂  
8 

Scheme 52 

H £ 
OH 

165 

Cyclisation of benzyl ether 143 was also investigated. Treatment of the mixture of 

and isomers of ketal 143 with TiCU gave debenzylated ketal 140, as a 1 : 1 mixture of 

separable diastereoisomers, in 21% yield and debenzylated deprotected ketone 142, as a 1 : 1 

mixture of inseparable diastereoisomers, in 37% yield (Scheme 53). 
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O ^ 

"O I.l eq. TiCl4 

DCM, - 78 °C, 2 hrs 
H 

"o 

Ph-
O 

M3 

H i 
OH 

140 

21% 

142 

37% 

Scheme 53 

Finally, cyclisation of ketal 144 was studied, in order to obtained seven membered 

ring systems. Addition of 2 eq. of either TiCL) or SnC^ to the mixture of diastereoisomers of 

ketal 144 gave ketone 146, as a 1 : 1 mixture of inseparable diastereoisomers, in 55% and 

71% yield respectively (Scheme 54). If the reaction had been leA longer, presumably 

methylenecyclobutane 154 would have been obtained with SnCl^ and bicycle 153 would have 

been also obtained with TiCl4. The mechanism of the deprotection of ketal 144 is the same as 

for deprotection of ketal 140 (Scheme 52). 

L.A., DCM 

- 78 °C. 2hrs 

144 TiCl̂ , 55% 
SnCl̂ , 71% 

Scheme 54 

Cyclisation of precursors 127 and 128 was not successful, presumably due to 

chelation between the ketone and the alkoxy functions. Alternative cyclisation precursors 

were therefore investigated. 
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Il-Cvclisation Study of MethvlenecycloproDvl Ketones and Aldehyde 
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Methylenecyclopropane derivatives 166-169 were chosen as simple cyclisation 

precursors. 

n= 1,166 
n=2 , 167 
n = 3, 168 

169 

1-Preparation of Precursors 

Ketones 166 and 167 were prepared, starting from alcohols 136 and 137. Conversion 

of the alcohol fimction to iodide was easily achieved, using triphenylphosphine, imidazole 

and iodine to give iodide 170 and 171 in 91% and 98% yield respectively (Scheme 55). 

o. o PPh. O. o 

OH 

n = 1, 136 
n = 2,137 

Imidazole, I2 

Scheme 55 

I 

n = 1,170, 91% 
n = 2,171, 98% 

Alkylation of litWated methylenecyclopropane with iodide 170 and 171, in the 

presence of HMPA, gave ketals 172 and 173 in 92% and 88% yield respectively (Scheme 

56). When HMPA was not used, none of the alkylated product was obtained. Deprotection of 

ketals 172 and 173 afforded ketones 166 and 167. 
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A 
i) BuLi 
ii) HMPA 

iii) 
o o 

n= 1,170 
n = 2, 171 

p-TsOH 

Acetone-water (10%) 

n = 1, 172,92% 
n - 2, 173, 88% 

n= 1,166, 78% 
n = 2,167, 65% 

Scheme 56 

Ketone 168 was prepared following the same method, but starting &om 4-

acetylbutyric acid 174 (Scheme 57). Esterification of 4-acetylbutync acid 174 with ethanol in 

the presence of acid afforded ethyl ester 175 in 72% yield. Protection of ketoester 175 with 

ethylene glycol and ^-toluenesulfbnic acid gave ketal 176 in 84% yield. Quantitative 

reduction of 176 gave alcohol 177 which was easily converted to the corresponding iodide 

178 in 80% yield, using triphenylphosphine, imidazole and iodine. 

O o 
ethanol, H 

174 

O 

toluene, reflux 

72% 

O 

O 
175 

178 

Scheme 57 

ethylene glycol 
p-TsOH 

toluene, reflux 

84% 

o a ° 

i) PPha 
ii) imidazole 

iii) l2 

80% 

O, 

o ^ 
176 

LiAlH^ 
THF, 0 °C 

100% 

O 

3 

177 

OH 

Methylenecyclopropane 1 was then deprotonated, with BuLi, and alkylated with 

iodide 178, in the presence of HMPA, to give ketal 179 in 88% yield, which gave ketone 168 

after deprotection of its ketal fimction (Scheme 58). 
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i) BuLi 
ii) HMPA 

iii) 178 

88% 

p-TsOH 

Acetone-water (] 0%) 

86% 
179 168 

Scheme 58 

Aldehyde 169 was prepared in 4 steps, starting from 3-bromopropaaol. THP 

protection of 3-bromopropanol gave bromide 180 in 73% yield. Alkylation of lithiated 

methylenecyclopropane with bromide 180 in the presence of HMPA, gave 

methylenecyclopropyl ether 181 in 75% yield and THP deprotection gave alcohol 182. 

Alcohol 182 had previously been synthesised by Destabel and her method was followed.^ 

Swem oxidation afforded aldehyde 169 in only 55% yield, due to the volatility of the 

aldehyde (Scheme 59). 

Br' 

i) BuLi 
ii) HMPA 

A iii) 180 

1 75% 

DHP 
ÔH 

181 

;,-TsOH 

73% 

OTHP Acetone-water 

p-TsOH 

65% 

Scheme 59 

180 

HO. 

182 

(C0CI)2 

DMSO 

EtgN 

55% 169 

2-Addition of MethylenecvcloproDvlcuDrate to Coniueated Ketones 

As the preparation of ketones such as 166 required several steps, a faster process had 

to be developed if we wanted to have a rapid access to more substrates. Earlier, in our group, 

Pike^^ and Penfold^^ developed a method for the preparation of methylenecyclopropylcuprate. 

Tliese organocuprates were used in the synthesis of /^lactam compounds (Scheme 60). 
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i) BuLi, THf. - 30 to 0 °C 

ii) Cul, THF, - 25 °C 
30 mins CuLi 

183 

Scheme 60 

iii) OTBS 
H 

80% 

OAc 

OTBS 
H / \ 
L 

• ' I , 
H 

O 
-NH 

184 

Following the method used by Hanessian^^ for ± e coupling of an allylcuprate to 

azetidinone, methylenecyclopropane was deprotonated with BuLi and then added to a 

suspension of copper(I) iodide in THF to give organocuprate 183. Addition of the azetidinone 

gave an excellent yield of alkylated product 184. To our knowledge, this was the first 

example of such a cuprate. 

However, recently de Meijere^^ reported the use of higher order cuprates in the 

alkylation of glycine derivatives. When the higher order methylenecyclopropylcuprate 186 

was formed by addition of the lithiated methylenecyclopropane to a suspension of CuCN at -

40 °C followed by addition of glycine acetate derivative 187, he observed an unusual ring 

opening of the cyclopropyl ring to give methylenetetrahydropyridine 188 (Scheme 61). 

R. .R i) BuLi, THF 
0 °C,1 hr 

ii) CuCN, THF 
- 40 °C, 20 mins 

C02Et 
AcO—( Ph 

N={ 
Ph 

187 

- 10 °C, 6 hrs NH 

Cu(CN)Li2 

185 186 R = (CH2)2. 63% 
R = H, 69% 

COgEt 

188 

Scheme 61 

As organocuprates are excellent soft nucleophiles for the addition to Michael 

acceptors.^^'^^ It was anticipated that addition of a,P-unsaturated ketones to the Oilman 

reagent methylenecyclopropyl cuprate 183 would give [1,4] Michael addition. In this way the 

precursors for the Lewis acid cyclisation study could be obtained in one step (Scheme 62). 
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A 

I 

i) BuLi, THF, - 30 to 0 °C 

ii) Cul. THF, - 25 °C 
30 mins ^CuLi 

183 

Scheme 62 

R' 

:0 

R" 
R' R̂  

Different enones were used and tlie results are shown in Table 3. 

Substrate Product Yield Substrate Product Yield 

o 

190 

o 

166 

79% 

0 

195 

196 

95% 

O 

191 
192 

59% 

197 

198 

76% 

o 

193 

0 

194 

71% 

Ph 

O 
Ph 

199 

Table 3 

However, the use of TMSCl was required in all cases. The role of the TMSCl was first 

to activate the enones and second to trap the enolate formed after addition, in order to prevent 

the formation of side products as previously demonstrated by Taylor^^ and Matsuzawa gr oZ ' 61 
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Me&yl vinyl ketone gave in one step precursor 166 in 79% yield. The reaction also 

proved to work with hindered enones such as 191 and 196, which gave ketones 192 as a 3 : 3 

: 2 : 1 mixture of inseparable diastereoisomers and ketone 194 in 59% and 71% yields 

respectively. Cyclic ketones worked well too. Cyclohexenone 195 gave a 1 : 1 mixture of 

inseparable diastereoisomers 196 in an excellent 95% yield and enone 197 gave ketone 198 as 

a 5 : 5 : 3 : 2 mixture of insepaiable diastereoisomers in 76% yield. Unfortunately the reaction 

of chalcone 199 with methylenecyclopropyl cuprate 183 failed to give any expected product. 

a,p-unsaturated esters were also tried. Methyl acrylate and methyl crotonate gave 

polymeric material and methyl cinamate gave a complex mixture of products. Michael 

addition onto acrylonitrile was also attempted, but failed to give any of the expected product. 

Polymerisation was observed instead. 

3-CvcIisation Study 

Ketones 166, 167 and 168 and aldehyde 169 were expected to give six, seven and 

eight membered systems respectively, upon treatment with a suitable Lewis acid, such as 

TiCl4 (Scheme 63). Activation of ketone or aldehyde 200 with TiCl4, should allow 

intramolecular nucleophilic attack of the double bond of the methylenecyclopropyl moiety 

leading to cyclopropyl cation 201. This should open to give 7t-allyl cation intermediate 202, 

which in turn, would be quenched by a chloride anion to give cyclised products 203 and 204. 

R G 
OL.A 

R = H,CH3 
Scheme 63 

Lewis acid mediated cyclisation of ketone 166 was first attempted with a range of 

Lewis acids (Scheme 64, Table 4). 
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CI 
OH OH 

H0/„. 

c r 

166 205 

Scheme 64 

206 

lO 

207 

Lewis acid Temp Time Yield (%) 

required (°C) (h) 205 206 207 

BF3,Et20 -78 to 15 24 0 0̂  0 

BF3(AcOH)2 -78 to 15 24 0 0' 0 

ZnBr2 - 78 to 15 24 0 0^ 0 

SnCl4 -40 4 6 0 0 

HCl -78 to 15 24 0 0' 0 

Et2AlCl -78 to 15 24 0 0^ 0 

EtAlClz -78 to 15 24 0 0^ 0 

TiCl4 -78 2 10 0 0 

TiCl4 -40 1.5 50 0 9 

riCl4 0 1 30 0 25 

^ a mixture impossible to separate was obtained. 

^ only starting material was recovered. 

Table 4 

Only TiCl4 gave a reasonable yield of cyclohexene 205. No methylenecyclohexane 

206 was ever obtained. With SnCl4, at - 78 °C, a low yield (6%) of cyclohexene 205 was 

obtained, whereas treatment of ketone 166 with BF3.Et20 and BF3(AcOH)2 only ever gave a 

complex mixture of products, and no reaction was observed with ZnBri, HCl, Et2AlCl or 

EtAlCli (Table 4). 

The best yield of 205 was obtained by conducting the reaction at - 40 °C. At higher 

temperatures, an increasing amount of byproduct 207, as a single diastereoisomer, was 

formed, presumably by intramolecular trapping of the intermediate allyl cation 209 by the 

alkoxide. Subsequent hydration of the double bond assisted by the ether bridge, which may 

formed intermediate 210a before hydroxide quenching, gave 207 (Scheme 65). However, all 

attempts to prove the stereochemistry of 207 failed and the stereochemistry is tentatively 

assigned based on the proposed mechanism. One clue for the proposed assignment of the 
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stereochemistry of 207 is the broad peak observed for the tertiary alcohol at 3.24 ppm on the 

'H NMR. 

Q 
TiCl4 
I 

HD y .O 

208 207 

209 HO 
210a 210 

Scheme 65 

A similar range of Lewis acids was investigated for the cyclisation of aldehyde 169 

(Scheme 66). 

Lewis acid CI 

DCM 

OH 

CI 

OH 

169 211 212 

Scheme 66 

Lewis acids Temp Time Yield (%) 

required (°C) (h) 211 212 

BFs, EtiO -78 to 15 24 0 q1 

ZnClz -78 to 15 24 0 0^ 

SnCl4 -78 3 7 0 

TiCl4 -78 2 22.5 0 

TiC]4 -40 1 39 0 

TiCl4 0 1 50 0 

TiCl4 15 0.5 21 0 

^ a mixture impossible to separate was obtained. 

^ only starting material was recovered. 

Table 5 
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In common with Hosomi, we found that TiCl4 worked best tbr aldehyde 169, giving a 

50% yield of cyclohexene 211 as the only isolated product when the reaction was conducted 

at 0 °C. Lower yields of 211 were obtained at either higher or lower temperatures. With 

SnCLt, at - 78 °C, a low yield (7%) of cyclohexene 211 was obtained, whereas treatment of 

aldehyde 169 with BF3.Et20 only ever gave a complex mixture of products, and no reaction 

was observed using ZnCl] (Table 5). 

Cyclisation of ketones 167 and 168 was best carried out with SnCl4, but now gave 

cyclopentanol 213 in 43% yield and cyclohexanol 214 in 40%, as single diastereoisomers 

(Scheme 67). Using BFs.EtzO or TiCl4, a complex, mixture of inseparable products was 

obtained and there was no reaction with HCl, EtiAlCl or EtAlCli. However, all attempts to 

determine the stereochemistry of 213 and 214 were unsuccessful. 

SnCL 

DCM, - 50°C 
CI 

OH 

n= ], 167 
n = 2,168 

n = 1,213, 43% 
n = 2,214, 40% 

Scheme 67 

Cyclopentanol 213 and cyclohexanol 214 are presumably obtained by nucleophilic 

attack of the distal cpbond of the cyclopropyl ring of intermediate 215 to give ;z^allyl cation 

216, which can be then trapped by a chlorine anion to give 213 and 214 after hydrolysis 

(Scheme 68). This pathway is favoured, over Hosomi's mechanism, probably because of 

favourable overlapping of the cr orbitals of the cyclopropyl ring with the ;r orbital of the 

carbonyl. 

n= I, 167 
n = 2, 168 

SnCL 

Scheme 68 

— SnCl. 
OSnCl OH 

n= 1,213 
n = 2, 214 
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Attention was turned to precursors obtained from the cuprate addition. Regarding the 

previous results, it was decided to attempt tlie cyclisation only with TiCl4. Cyclisation of 

ketone 196 was initially investigated and gave upon treatment with TiCl4 three products 

(Scheme 69). The first isolated compound was the starting ketone 196 as a single 

diastereoisomer in 43% yield followed by /mw alkene 217 in 15% yield and finally the 

expected cyclised product 218 in 35% yield. 

CI 

eq. TiCl̂  
196 + 

DCM. - 78 to 0 °C 
8 hrs 

OH 

196 

43% 

Scheme 69 

217 

15% 

218 

35% 

The stereochemistry of trans alkene 217 was suggested by nOe experiment. Irradiation 

of the alkene H gave a 2% enhancement of the proton of CH2CI and no enhancement in the 

signal of the methyl group (Figure 2). 

217 

Figure 2: nOe cross peak 

The recovery of the staiting ketone 196 in 43%, as a single diastereoisomer, indicated 

that only one isomer is cyclising. Investigation of models does not give any obvious clue as to 

the stereochemistiy of the isomer which reacts. 

In order to elucidate the stereochemistry of the unreacted ketone 196, a 

nitrobenzoate derivative was prepared (Scheme 70). Reduction of ketone 196 with LiAlH4 to 

alcohol, followed by alkylation with ̂ -nitrobenzoyl chloride, using NaH and DMPU, gave the 

expected p-nitrobenzoyl ester 219 in 23% yield, as a single diastereoisomer. However, all 
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attempts to obtain good quality single crystals, for X-ray dif&action, failed and an alternative 

method was investigated. 

Q i) LiAlH^ 

196 

ii) a. NaH 
b. DMPU 
c. 

0,N-

NO 

O 

219 
CI 

23% over 
the 2 steps 

Scheme 70 

The imreacted ketone 196 was converted to the corresponding hydrazone 221 

following a method described by Wicha^^ (Scheme 71). Addition of DBU to ketone 196 

followed by addition of an acidified methanolic solution of hydrazine 220 gave hydrazone 

221 in 14% yield. However, recrystallisation in ethyl acetate-petroleum ether gave very 

Aagile crystals which failed to provide us with a structure. 

1 9 6 

i) DBU 

220 

MeOH, H2SO4 

14% 

Scheme 71 

NOi 

221 

Lewis acid mediated cyclisation of ketone 198 was next investigated. Treatment of 

ketone 198 with TiCl4 gave a inseparable mixture of regio- and diastereoisomers 222 and 223 

in 29% yield, accompanied by aromatic 224 in 38 % yield (Scheme 72). However, due to the 

complexity of the NMR., it was not possible to determine the ratio of each regio- and 

diastereoisomer. 
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TiCl̂ , DCM 

78 °C to - 40 °C. 7 hrs 

198 222 

Scheme 72 

223 

29% 

Ketone 192 gave similar results. Addition of TiCl4 to ketone 192 at - 78 °C, gave a 

mixture of inseparable regio- and diastereoisomers 225 and 226 in 38% yield, accompanied 

by tetramethylbenzene 227 in 35% yield (Scheme 73). However, as for the cyclisation of 

ketone 198, due to the complexity of the NMR, it was not possible to determine the ratio of 

each regio- and diastereoisomers. 

TiCl̂ , DCM 

- 78 °C to - 40 °C, 7 hrs 

HO 

192 225 226 

38% 

Scheme 73 

Aromatics 224 and 227 are presumably derived from the same mechanism, as for the 

formation of 222 and 225, requiring only elimination of HCl and H2O (Scheme 74). 

228 

R' 
R 

229 

Scheme 74 

R.R.̂  = (CH2)4, 224 

R = R.' H CH3, 227 
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Fm-themioiG, when the cychsed compounds 222 and 223, and 225 and 226 were 

treated with 1 equivalent of DBU, aromatics 224 and 227 were formed respectively. 

Finally, cyclisation of ketone 194 allowed us to study the effect of gem dimethyl 

substituents, the Thoi-pe-higold effect.^^ Indeed, when ketone 194 was treated with TiCl^, we 

observed an acceleration in the rate of the cyclisation, which went to completion after 40 

mins instead of the several hours required for ketone 192 and cyclohexene 230 was obtained 

in a good 65% yield as a single regioisomer (Scheme 75). 

TiCÎ , DCM 

78 °C, 40 mins 

65% 
194 2 3 0 

Scheme 75 

Lewis acid mediated cyclisation of ketals 172, 173 and 179 were also investigated. 

Ketal 172, upon treatment with 1.1 equiv. of TiCl^, at - 78 °C, gave dichloride 231 in 37% 

yield. Using 2 equiv. of TiCl4, a slightly improved yield of 231 was obtained (41%). Using 2 

equiv. of SnCl4, cyclohexene 232 and methylenecyclohexane 233, as a single 

diastereoisomer, were obtained in 70% yield, as an inseparable mixture of regioisomers, in a 

1.6 : 1 ratio (Scheme 76). 

Lewis acid 

231 

D C M . - 78 °C 

2 hrs 

O - A CI 

O 2 eq. SnCl^ 

HO... 

172 

DCM, - 78 °C 

2 hrs 

HO 

O + 

232 

1.] eqTiCI^ , 3 7 % 

2eq T i C l 4 , 4 ] % 

CI 

1.6 : 1 

7 0 % 

O 

233 

Scheme 76 

The same mechanism, as for cyclisation of ketone 166, is involved in these reactions. 

However, depending on the Lewis acid used, displacement of the glycol unit occurred or not. 
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As TiCl4 is a stronger Lewis acid ±an SnCl4, alkoxyelimination took place, whereas the 

hydroxy side chain remained with SnCl4. Using BFa.EtzO and BF3(AcOH)2, a complex 

mixture of products was obtained. 

Similar results were obtained with the cyclisation of ketal 173 (Scheme 77). As for 

the cyclisation of 172, dichloride 234 was obtained in 11% yield when the reaction was 

carried out with 2 equiv. of TiCl4. Using 2 equiv. of SnCk, cycloheptene 235 was obtained in 

46% yield, as a single regioisomer. A complex mixture of compounds was obtained with 

BFg.EtzO and BFsCAcOH);. 

2 3 4 

2 eq. TjCl4 

D C M 

173 

Scheme 77 

2 eq. S n C l 4 

D C M 

4 6 % 

O H 

2 3 5 

Interestingly, 7-membered rings were obtained with ketal 173, whereas ketone 167 

gave only cyclopentanol 213. 
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III-SHmmary 

All attempt to cyclise ketones 127 and 128 and tlieir corresponding protected ketals 

failed due to chelation in the reaction with Lewis acid, giving ring opened compounds. 

Deprotected ketones, debenzylation and rearrangement of the cyclopropyl ring into a 

cyclobutyl ring were also obtained. As no cyclised products were obtained with ketones 127 

and 128, the presence of alkoxy substituents, to the cyclopropyl ring is clearly a 

limitation of this process. 

However, removal of the hydroxy function in these precursors avoided the problem of 

chelation and gave encouraging results. Six and seven membered ring systems were obtained. 

Furthermore, the efficiency of these cyclisations is sensitive to the Lewis acid used, but under 

optimum conditions gave reasonable yields of highly functionalised products. Only strong 

Lewis acids, such as TiCl4 or SnCL,, were efficient. Milder Lev\ds acids, such as BF3.Et20 and 

BF3(AcOH)2, failed to give any cyclic compounds. 

Finally, a rapid route fbr the preparation of ketones precursors has been developed 

with addition of methylenecyclopropylcuprate 183 to conjugated enones. 
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CHAPTER TWO 

As the process involves a :i-allyl cation intermediate, the aim of tlie project was to trap 

the allyl cation in a further reaction to give polycyclic products. For example, the reaction to 

polycyclic compounds could be extended by using a [4+3] intramolecular cycloaddition as a 

second step (Scheme 38). 

TiCU 

CI O H 

[4+3] 

Scheme 38 

However, methylenecyclopropyl ketones 127 and 128 failed to give cyclic compounds 

and the synthesis of precursors for possible cascade cyclisation was modified. Attention thus 

turned to 1,2-disubstituted methylenecyclopropane derivatives. Ketones, such as 236, were 

expected to give polycyclic compounds 239 (Scheme 78). 
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236 237 238 

[4+3] 

O H 

239 

Scheme 78 

I-Cyclisation of MethylenecYclopropvI Benzyl Ketone and Aldehyde 

Methylenecyc]opropyl benzyl ketone 242 and aldehyde 245 were chosen for the initial 

cyclisation study of 1,2-disiibstituted methylenecyclopropane derivatives. 

R = Me, 242 
R - H . 2 4 5 

l-Preparation of precursors 

Following a procedure described by Destabel/ methylenecyclopropane 1 was 

alkylated with benzyl bromide, to give benzyl-methylenecyclopropane 240 in 50% yield 

(Scheme 79). A second alkylation of 240 with iodide 170 gave 1,2-disubstitiited 

methylenecyclopropyl ketal 241 in 62% yield as a mixture of c / j and rmw diastereoisomers. 

Hydrolysis of the ketal function of 241 gave ketone 242 in 85% yield. 
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i) BuLi 

ii) BnBr 

1 50% 

i) BuLi 

240 

")cCo 

170 

62% 

"O 

241 

85% 

f - T s O H 

Acetone 
water (10%) 

242 

Scheme 79 

However, the second alkylation of liAiated benzyl-methylenecyclopropyl anion with 

iodide 170, which gave 1,2-disubstituted methylenecyclopropyl ketal 241, proved to be 

problematic. Several experiments were carried out to determine the optimum conditions for 

this reaction. As the second deprotonation is very slow, the reaction mixture must be warmed 

very slowly to 0 °C; kept at 0 °C for 1 hour; allowed to warm to room temperature for 30 

minutes and then cooled to - 60 °C. Iodide 170 can then be added by cannula at - 60 °C. 

These results complement those observed by Pike where the reason for the poor second 

alkylation onto the methylenecyclopropyl ring is the result of poor deprotonation.'^ 

Aldehyde 245 was prepared following the method describe by Boffey^'' (Scheme 80). 

The second alkylation of benzyl-methylenecyclopropane 240 with THP protected bromo 

propanol 180 gave THP ether 243 in 75 % yield and as a mixture of diastereoisomers. 

Hydrolysis of the THP group of 243 gave alcohol 244 in 68% yield and subsequent Swem 

oxidation afforded 1,2-disubstitiited aldehyde 245 in 68% yield. 
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Ph 

240 

i) BuLi 

i i )Br ^^OTHP 
180 

75% 

OTHP ;7-TsOH 

M e O H 

68% 
243 

Scheme 80 

244 

68% 

(C0C1)2 

DAdSO 
EtaN 

r\ 

Ph 

245 

2-Cvclisation Studies 

1,2-Disubstituted methylenecyclopropyl ketone 242 and aldehyde 245 were expected 

to give tricycles 247 and 248 respectively, upon treatment with Lewis acid (Scheme 81). 

Activation followed by cyclisation of precursor 242 and 245, with a suitable Lewis acid such 

as TiCl4, should give allyl cation intermediate 246. The allyl cation should be then trapped by 

the aromatic ring, following a Friedel-CrafLs alkylation mechanism, to give tricycles 247 and 

248. 

R = Me, 242 
R = H , 2 4 5 246 

Scheme 81 

H7O 

R = M e , 2 4 7 
R = H , 2 4 8 

Unfortunately, none of ti icycles 247 or 248 were observed when 1.1 eq. TiCl4 or 

SnCl4 were added to ketone 242 or aldehyde 245. A complex mixture of inseparable products 
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was observed, indicating that the phenyl group is participating in the reaction but without any 

control. 

Il-Cvclisation of MethylenecvcloproDvl Dimethoxv Phenyl Ketone 

It was assumed that the incorporation of two electron-donating groups on the phenyl 

ring of the 1,2-disubstituted methylenecyclopropyl ketone 245, would direct the Friedel-

Crafts alkylation in favour of the wanted tricycle product. Ketone 255 was prepared and its 

cyclisation investigated. 

1-Prenaration of Precursor 

It was anticipated that alkylation of methylenecyclopropane with 3,5-dimethoxybenzyl 

iodide 250, obtained in 99% when dimethoxybenzyl alcohol 249 was treated with 

triphenylphosphine, imidazole and iodine, would give dimethoxy benzyl 

methylenecyclopropyl 252 (Scheme 82). However, only dimer 253 was isolated in 33%, and 

in 26% yield when HMPA was also used. Dimer 253 is presumably formed due to metal 

halide exchange. 
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M e O 

M e O 
249 

i) PPh3 
ii) imidazole 

O H iii) Xz 

MeO 

M e O 
X = I, 250, 99% 
X = Br. 251, 90% 

O M e M e O 

MeO 

i) BuLi 

MeO OMe 

250 

ii) 

MeO OMe 

250 

M e O 
2 5 3 

no H M P A , 3 3 % 
w i ± H M P A , 26% 

O M e 

O M e 

Scheme 82 

In order to reduce the metal halide exchange process, iodide 250 was replaced by 

bromide 251, obtained in 90% yield in the same way as for iodide 250 (Scheme 82). 

Deprotonation of methylenecyclopropane 1 with BuLi and addition of bromide 251 af%)rded 

dimethoxybenzylmethylenecyclopropyl 252 and dimer 253 in 48% and 27% yield 

respectively. Using HMPA, the yield of 252 dramatically decreased (Scheme 83). 

O M e 

i) BuLi 

ii) Br 
M e O 

M e O 

M e O 

MeO OMe 

251 

no H M P A 
with H M P A 

252 

48% 
7 % 

253 

2 7 % 
2 9 % 

OMe 

OMe 

Scheme 83 

Some of dimer 253 was still obtained, but enough 

dimethoxybenzylmethylenecyclopropyl 252 was produced to carry on with the synthesis of 

ketone 255. A second alkylation of lithiated dimethoxybenzylmethylenecyclopropyl 252 with 

iodide 170 gave ketal 254, in a 24% yield. Hydrolysis of tlie ketal group of 254 afforded 

ketone 255 (Scheme 84). 
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O M e 

A 
i) BiiLi 

ii) Br 
M e O 

MeO OMe 

251 

4 8 % 

252 

l-Cyclisation Studies 

M e O 

i) BuLi 

ii) 
o^,o 

170 

2 4 % 

M e O 

64% 

254 

p - T s O H 

Acetone 
water (10%) 

M e O 

M e O 

255 

Scheme 84 

Witli ketone 255 in hand, its cyclisation was investigated. Tricycle 257 was expected 

to be formed, upon treatment with a Lewis acid (Scheme 85). 

255 

G H ? 0 
TiCÎ  ^ 

256 

Scheme 85 

O H 

257 

Unfortunately, all attempts failed to give tricycle 257. Treatment of ketone 255 with 

TiCl4 and SnCL^ only ever gave a complex mixture of products. 
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Ill-Cyclisation of Methylenecyclopropyl Alkenyl Ketone 

As all attempts to trap the allyl cation in a Fiiedel Craft reaction tailed, it was 

anticipated that a more simple substrate, such as an alkene, would be able to trap the allyl 

cation more easily. The synthesis and cyclisation of ketone 261 was therefore investigated. 

261 

l-Preparation of Precursor 

Methylenecyclopropane 1 was first alkylated with 3,3-dimethylallyl bromide 258 to 

give allylmethylenecyclopropane 259 in 88% yield (Scheme 86). A second alkylation with 

iodide 170 gave ketal 260 in a 33% yield. Deprotection of ketal 260 afforded ketone 261. 

i) BuLi 

A " 
ii) 

Br 

1 258 259 

i) BuLi 

ii) O. . 0 

170 

3 3 % 

O 

o 

260 

; ; -TsOH 

Acetone 
water (10%) 

5 8 % 

Scheme 86 

261 
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2-Cvclisatioii Studies 

Ketone 261 was expected to give bicycle 263 (Scheme 87). 

TiCL 

261 262 

Scheme 87 

H?0 O H 

However, all attempts failed to give bicycle 263. Treatment of ketone 261 with 

BF3,Et20, TiCl4 and SnCl4 only ever gave a complex mixture of products, while no reaction 

was observed with HCl, Et2AlCl or EtAlCl2. 

IV-CycIisation of Methvlenecyclopropyl Furyl Ketone 

Despite the fact that all attempts to trap the allyl cation intramolecularly had so far 

failed, cyclisation of methylenecyclopropyl furyl ketone 236 was nevertheless investigated. It 

was anticipated that a [4+3] cycloaddition might be more appropriate for the trapping of the 

allyl cation. 

2 3 6 

Indeed, a recent report by Haimata^^ showed that [4+3] cycloaddition can be achieved 

by generating a 7t-allyl cation, using TiCL ,̂ and subsequent reaction with furan to give 

cycloadduct products. Treatment of acetal 264 with TiCl4 in the presence of furan gave 

intei-mediate 265 which led to 266 and 267 after Peterson elimination (Scheme 88). 
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/',,, / O 

T M S 

264 

iliran, TiC]^ 

E t N O ; , - 78 °C 

G ^TMS 
TiCL 

2 6 5 

266 2 6 7 

17 : 1 

7 1 % 

Scheme 88 

l-Preparation of Precursor 

A convergent strategy was applied for the synthesis of ketone 236. Bromide 268 was 

obtained in 78% yield by deprotonation of fiiian, with BuLi, and alkylation with 1,3-

dibromopropane following a procedure described by Padwa^"* (Scheme 89). 

i) BuLi 

ii) Br(CH2)3Br 

7 8 % 

Scheme 89 

268 

Successive alkylation of methylenecyclopropane 1 first with bromide 268 and second 

with iodide 170 was then tried (Scheme 90). Methylenecyclopropyl fuian 269 was obtained 

in 74% yield Irom alkylation of lithiated methylenecyclopropane with bromide 268. 

However, none of the wanted ketal 270 was obtained after the second alkylation. 
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Alternatively, the order of alkylation was inverted and gave first ketal 172 in 92% yield. Only 

starting material was recovered when the second alkylation was tried with bromide 268. 

A 

i) BuLi 
ii) H M P A 

ii) 268 

74% 
2 6 9 

9 2 % 

i) BuLi 
ii) H M P A 
ii) 170 

^BuLi 

i i) 1 7 0 

i) BuLi 

ii) 268 

172 270 

Scheme 90 

In fact, quenching the anion generated by addition of BuLi to 269 with D2O showed, 

by analysis of the crude NMR, that BuLi deprotonates the furan ring rather than the 

cyclopropyl ring (Scheme 91) 

1) BuLi 

ii) D2O 

269 

Scheme 91 

As no ketal 270 was obtained from the convergent route, an alternative strategy was 

envisaged. Bromide 271 was obtained in 96% yield by protection of 3-bromoprbpanol with 

chlorodimethyltliexylsilane in the presence of imidazole and a catalytic amount of DMAP 

(Scheme 92). Alkylation of lithiated methylenecyclopropane with bromide 271 gave silyl 

ether 272 in 76% )deld. However, only starting materials were again recovered when the 

second alkylation of 272 was tried with iodide 170. 
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Br. 

D M A ? 
imidazole 

,0H 
ThMezSiCl 

9 6 % 

OSiMegTh 

2 7 1 

A 

i) BuLi 

ii) H M P A 
» 

iii) 271 

7 6 % 

OSiMezTh i) B u L i 
O 

272 

ii)l 

Scheme 92 

O' 

2 7 3 

O S i M e , T h 

When the order of alkylation was inverted, silyl ether 273 was obtained and 

subsequent deprotection of the silyl ether gave alcohol 274 in 10% overall yield (Scheme 93). 

Alcohol 274 was then converted to the corresponding iodide 275 in 84% yield. 

O' / ^ o 
i) BuLi \ 

0 ^ O 
ii) 271 
iii) T B A F 

10% 

i) PPIi3 
OH ii) imidazole 

iii)l2 

8 4 % 

172 274 

Scheme 93 

275 

Alkylation of the lithiated furan with iodide 275 gave ketal 270 in 95% yield and 

deprotection of ketal 270 afforded ketone 236 in 96% yield (Scheme 94). 

i) BuLi p - T s O H 

270 

acetone (] 0 % H2O) 

96% 
236 

Scheme 94 
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2-Cvclisation Studies 

Ketone 236 was expected to give polycyclic compound 239, upon treatment with 

Lewis acid (Scheme 78). However, all attempts to obtain compound 239 failed. 

Decomposition was observed when TiCl4 and SnCLt were added to either ketal 270 and 

ketone 236. 

V-Summarv 

All attempts to obtained polycyclic compounds by intramolecular tiapping of the allyl 

cation failed. Decomposition of the substrate was obtained, indicating that the reaction could 

not be controlled. The combination of cyclisation and Friedel Craft alkylation was not 

successful and decomposition of substrates was always observed. The combination of 

cyclisation and nucleophilic addition of alkene was also unsuccessful v^th decomposition or 

no reaction of the substrate. Finally, a combination of cyclisation and cycloaddition was not 

successful. Decomposition of substrate was observed. 

The development of a cascade process initiated by the Lev^is acid mediated addition 

of a methylenecyclopropane to a carbonyl seemed to be much more complex than initially 

anticipated. 

65 



Q/c/wor/oM o/Me//g;/gMgcyc/qprqpame Z)erz'vafzvgj' 

CHAPTER THREE 

Cyclisation of 1,2-disubstituted methylenecyclopropanes failed to give the anticipated 

cascade processes. As an alternative approach, we tried to prepare 1,1-disubstituted 

methylenecyclopropane derivatives in order to see if the position of substitnents on the 

cyclopropyl ring has an effect on the cascade reaction. To this end, we prepared several 

precursors and investigated ±eir cyclisations upon treatment with Lewis acid. 

R O 

R = H , X = H2, 276 
R = M e . X = 0 , 277 
R = ' Bu. X = O, 2 7 8 

Treatment of precursors 276, 277 and 278 with a suitable Lewis acid such as TiCl4, 

should give 71-allyl cation intermediate 279, which could be trapped by the carbonyl or the 

alkoxide to give spirocycle 281 and 282 after hydrolysis (Scheme 95). It was anticipated that 

with a more simple trapping agent the cyclisation would proceed more smoothly. 
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O-TiCl̂  
RO 

X 

0 
o-Tia4 

R = H . X = H?, 276 
R = Me , X = 6 , 277 
R = ' Bu, X = O, 278 

279 280 

HoO 

X = 0, 281 
X = Hz, 282 

Scheme 95 

I-Svnthesis of 1,1-Disubstitued Methvlenecvclopropanes Derivatives 

Following the method used by Santagostino,^^ 1,1-disubstituted methylenecyclopropyl 

ketones were prepared fiom TMS ketal 283, easily available following the method described 

by Binger.^^ Binger repoited that a trimethylsilyl substituent on the cyclopropyl ring of 

methylenecyclopropane directed the second deprotonation to the silyl bearing carbon, due to 

the ability of silicon to stabilise an (z-carbanion,^^ and that the reaction could be carried out in 

one pot. Indeed, ketal 283 was obtained in a one pot procedure (Scheme 96). Lithiated 

methylenecyclopropane was first quenched with TMSCl, followed by a second deprotonation 

with BuLi and quenching with iodide 170 to give silyl ketal 283 in a good 95% yield. 

A 

i) BuLi 

ii) T M S C l 

iii) BuLi 

' 1 
170 

95% 

Scheme 96 

o 

o 

T M S 

2 8 3 
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Ketal 283 was next converted to ester 284 following the method used by 

Santagostino?^ Desilylation in tlie presence of TBAF, and Michael addition onto methyl 

acrylate gave ester 284 in a modest 38% yield. The low yield is attiibutable to polymerisation 

of methyl acrylate (Scheme 97). Reduction of ester 284 gave alcohol 285 quantitatively. 

Deprotection of both ester 284 and alcohol 285 afforded ketone precursors 277 and 276 

quantitatively and in 72% yield respectively. 

o 
TBAF 

-o 

TMS 
C02Me 

DMF, HMPA 

38% 
283 

COiMe 

284 

100% 

;)-TsOH 
acetone 
]0% H^O 

CO^Me 

277 

Scheme 97 

LiAlH^ 
THF, 0 °C 

100% 

72% 

;)-TsOH 
acetone 
]0%H90 

OH 

276 

We also prepared fg/'r-butyl esters 286 and 278, as they might give spirolactone 

products more easily than ester 284 and 277 (Scheme 98). 

o 

"O 

TMS 

283 

TBAF 

COz'-Bu 
DMF, HMPA COz'^ii 

286 

Scheme 98 

p-TsOH 

acetone, 10%H20 

95% 
COz'lBu 

278 
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Desilylation of 283 in ± e presence of TBAF, followed by Michael addition onto ^erf-

butyl acrylate, gave ester 286 in a modest 24% yield, again due to polymerisation of ferf-butyl 

acrylate. Deprotection of ketal 286 gave keto ester 278 in 95% yield. 

II-CycMsation of 1,1-Disubstituted Methylenecyclopropane Derivatives 

l-Cyclisation study of MethylenecvcloproDvl Esters 

Cyclisation of ketal 284 was first investigated. Treatment of ketal 284 with 2 eq. TiCl4 

gave dichloride 287 in an excellent 89% yield, whereas addition of SnCL^ gave cyclohexene 

288 in 40% yield (Scheme 99). 

C O ? M e 

2 8 7 

TiCl^, D C M 

- 78 °C, 4 hrs 

89% CO^Me 

284 

Scheme 99 

SnCl^, D C M 

- 78 °C, 4 hrs 

4 0 % 
CO? Me 

O H 

Unfortunately, no spirolactone was obtained, presumably because the trapping of the 

allyl cation by the chlorine anion is faster than attack by the carbonyl to give 

spirolactonisation. hi addition, a complex mixture of products was obtained when ketal 284 

was treated with softer Lewis acids, BF3.Et20 or BF3(AcOH)2. 

fe/Y-Butyl ester 286 was expected to favour this spirolactonisation as a more stable 

tertiary cation would be formed prior the lactonisation. However, decomposition of the 

substrates was observed when TiCl4, SnCLt, BF3.Et20 and BF3(AcOH)2 were added to ketal 

286. The fez-Z-butyl group is probably a too good leaving group: it may be removed very easily 

even before the cyclisation starts under Lewis acid conditions thereby giving rise to 

decomposition of the substrate. 
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Q/c/wofwM o/̂ Ag^o/fgf 

Lewis acid mediated cyclisation of ketone 277 was then investigated. Treatment of ketone 

277 v̂ dth either SnCl4 or TiCl4 gave ary] ester 292 in 12% and 26% yield respectively 

(Scheme 100). 

MeO Ĉ 

277 

1.1 eq. L. A. 

D C M , - 78 °C 

MeOnC 

OL.A. 

H 
289 

a romat i sa t ion M e 0 2 C 

292 SnCl^, 12% 

TiCl̂ , 26% 

Scheme 100 

290 

291 

No reaction was observed between - 78 °C and 0 °C, but when the temperature was 

allowed to come to room temperature, ketone 277 disappeared giving aryl ester 292. Below 0 

°C, the ester function and the ketone fimction of 277 may be chelated together with the Lewis 

acid forming a weak 10-membered ring chelate, inhibiting the nucleophilic addition of the 

methylene unit of 277. 

Decomposition of the starting ketone 277, after 24 hours at ambient temperature, was 

observed when BF3.Et20 and BF3(AcOH)2 were added. Again, no reaction was observed 

before the reaction reached room temperature. 

Treatment of ketone 278 with TiCl4, SnCl4, BF3.Et20 and BF3(AcOH)2 only ever gave 

decomposition of the starting material, again presumably due to the facile removal of the 

butyl group leading to decomposition. 
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2-Cvclisation studies of MethvlenecvcIoproDvl Alcohols 

Cyclisation of ketals 

Addition of TiCLt and BF3(AcOH)2 to ketal 285 gave a complex mixture of 

inseparable products and there was no reaction with BFg.EtiO. However, when SnCl4 was 

added to ketal 285, the expected spirocycle 293 was isolated in 50% yield, as a 2 : 1 mixture 

of separable diastereoisomers (Scheme 101). 

H O 

H O 

eq. SnCl^ 

D C M , - 78 °C 
O^ 

o 

285 2 9 3 

2 : 1 

5 0 % 

Scheme 101 

Ketone 276 was expected to give spirocycle 282 (Scheme 95). However, when ketone 

276 was subjected to either BF3.Et20 and BF3(AcOH)2, decomposition of the substrate was 

observed, whereas, treatment with TiCl4 and SnCl4 gave aryl alcohol 298 (Scheme 102). 
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H O 

1.1 eq. L. A. H O 

D C M , - 78 °C 

276 

OL.A 

295 

H O 

296 

aromatisation H O 

298 SnCl^, 22% 

TiCI^, 16% 

Scheme 102 

297 

The mechanism and the reasons for the formation of aryl alcohol 298 follow the same 

explanations as for the synthesis of aryl ester 292. The chelate may be broken when the 

reaction reaches room temperature and cyclisation occurs to give intermediate 295, which 

loses a HCl to give 296. Elimination and aromatisation gives aryl alcohol 298. 

IH-Summary 

Most of the attempts to trap the allyl cation in further reaction failed, presumably due 

to rapid trapping of the allyl cation intermediate by a chlorine anion which derived from the 

Lewis acid, TiCl4 or SnCl4, required for the cyclisation. Indeed, decomposition of substrates 

was obsei-ved when softer Lewis acids, with less nucleophilic ligands, such as BF3.Et20 and 

BF3(AcOH)2, were used. The only successful example is the synthesis of spirocycle 293 in 

50% yield, as a 2 : 1 separable mixture of diastereoisomers. Finally, the cyclisation of 1,1-

disubstituted methylenecyclopropyl ketones failed possibly due to chelation of the carbonyl 

and the alcohol or the ester function with the Lewis acid, giving aromatic rings in poor yield. 

It appeared that the cyclisation works only if chelation can be avoided and only strong Lewis 

acids give cyclised products. 
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CHAPTER FOUR 

.%E)Q%c^ 6 ^ a 6^//);/ G m w p OM / A g 

Lewis acid mediated cyclisation of methylenecyclopropyl ketones 166-168 and 

aldehyde 169 gave encom aging results and prompted us to optimise this reaction. 

Trimethylsilylmethylenecyclopropane 299 can be considered as an allyl silane and its 

reactivity is attributed to the electronic effect of the silyl group on the exocyclic methylene 

carbon. Indeed, its 6 value is about 3 ppm more upfield than in methylenecyclopropane 1. 

This observation clearly indicates that trimethylsilylmethylenecyclopropane 299 has a higher 

nucleophilicity than methylenecyclopropane 1. 

T M S 

2 9 9 

Considering Hosomi's observations, where the presence of a silyl group on the 

cyclopropyl ling accelerated the reaction (only one e x a m p l e ) , w e anticipated that the 

incorporation of a trimethylsilyl group would facilitate the initial addition of the exocyclic 

double bond of methylenecyclopropane, since the silyl group should stabilised the 

intermediate cyclopropyl cation 301. Addition of a suitable Lewis acid, such as TiCl4 should 

allow initial addition of the double bond of ketone 300 to give a stabilised cyclopropyl cation 

intermediate 301. Intermediate 301 should open to the allyl cation intermediate 302, which in 

turn, can be trapped by a chlorine anion to give cyclised compounds 303 and 304 (Scheme 

103). 
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Scheme 103 

T-Synthesis of Precursors 

Binger^^ reported that a trimethylsilyl substituent on the cyclopropyl ring of 

methylenecyclopropane directed the second deprotonation to the silyl bearing carbon, due to 

the ability of silicon to stabilise an (%-carbanion^^ and that the reaction could be carried out in 

one pot. Addition of TMSCl to lithiated methylenecyclopropane followed by m-j'zYw second 

deprotonation with BuLi and alkylation with alkyl halides gave l,ldisubstituted 

methylenecyclopropane 305 in moderate to good yields (Scheme 104). The yield of 

alkylation dropped when bromides were replaced by chlorides (Table 6). 

A 

i) BuLi 

ii) T M S C l 

iii) BuLi 

iv) R - X 

Scheme 104 

^TMS 

3 0 5 
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R X Yield 

CH2=CH(CH2)3-

0(CH2)20(CH2)2-

HCC(CH2)4-

QH;CH2-

Br 

Br 

Br 

CI 

75% 

54% 

65% 

46% 

Table 6 

Binger anticipated that alkylation with an aldehyde or a ketone would also occur on 

the cyclopropyl ring. However, benzaldehyde gave exclusively the alkylated cyclopropene 

306 which derived 6om ;ralkylation and acetone gave a mixture of 307 and 308 resulting 

from a- and ;^alkylation in a 59 : 41 ratio (Scheme 105). 

T M S 

3 0 6 

i) BuLi 

ii) TMSCl 

iii) BuLi 

iv) PhCHO 

70% 

A 

i) BuLi 

ii) TMSCl 

iii) BuLi 

1 iv) CH3COCH3 

67% 

Scheme 105 

OH 

™ s 

307 3 0 8 

59 :41 

T M S 

Following the method of Binger, ketals 283 and 309 were obtained in a one pot 

procedure (Scheme 106). Lithiated methylenecyclopropane was Arst quenched with TMSCl, 

followed by a second deprotonation with BuLi and quenching with iodide 170 and 171 to 

give silyl ketals 283 and 309. In common with Binger, none of the /^-alkylated product was 

observed with alkyl halides 170 and 171. In addition, the yield of alkylation was dramatically 

increased when these iodides were used, the best reported yield by Binger was 75% yield with 

bromides. Deprotection of each ketal gave ketones 310 and 311 In 86% and 96% yield 

respectively. 
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i) BuLi 

ii) T M S C l 

iii) BuLi 

n = 1, 170 
n = 2, 171 

o 
O 

p - T s O H 

acetone-(l 0 % ) H 2 0 

T M S ' ' n 

n = 1 ,283 , 95% 
n = 2, 309, 95% 

T M S 

n = 1, 310, 8 6 % 
n = 2, 3 1 1 , 9 6 % 

Scheme 106 

Il-Cvclisation Study of 1,1-Disubstitiited Methvlenecyclopropanes 

Ketones 310 and 311, as well as ketals 283 and 309, were expected to give 6- and 7-

membered rings under treatment with Lewis acid. 

We expected to see an acceleration in the rate of the reaction of ketone 310, in 

comparison to the corresponding non-silylated ketone 166, due to the presence of the silyl 

group. Indeed, ketone 310 cyclised in one hour at - 78 °C to give cyclohexene 313 in 74% 

when TiCl4 was used and in 70% with SnCl4 (Scheme 107). 

L.A.. 

DCM, - 78 °C 

O L A . 

T M S T M S 
T M S 

310 312 3 1 3 TiCl^, 7 4 % 

S n C l 4 , 7 0 % 

Scheme 107 
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The reaction of the corresponding non-silylated ketone 166 went to completion after 

1.5 hours when the reaction was carried out at - 40 °C and cyclohexene 205 was isolated in 

only 50% yield (Scheme 64). From this comparison, we can conclude that the presence of the 

trimethylsilyl group accelerates the rate of the reaction. The increase in the yield is 

presumably due to the ability of silicon to stabilise ,&cation, since the initial addition of the 

double bond of methylenecyclopropane generates intermediate 312 with a cation /)- to the 

silicon atom. 

It was also believed that the increased nucleophilicity of the exocyclic double bond of 

methylenecyclopropane would allow tlie cyclisation to proceed with softer Lewis acid. 

Indeed, cyclisation of ketone 310 with BFg.EtzO and BF3(AcOH)2 gave bicyclic ether 314 in 

60% and 64% yield respectively (Scheme 108). 

T M S 

.0 

314 

Lewis acid 

DCM, - 78 °C 
3 hrs 

BF3(AcOH)2, 64% 
BFg.Et̂ O, 60% 

TMS 

310 

Scheme 108 

T M S O T f 

D C M , - 78 °C 
45 mins 

7% 

TMS 

315 

Bicyclic ether 314 is presumably obtained by intramolecular trapping of the allyl 

cation intermediate 302 by the alkoxide, due to the absence of relatively nucleophilic counter 

anion. 

Cyclisation of ketone 310 was also attempted with other Lewis acids. However, 

treatment of ketone 310 with TMSOTf gave a complex mixture of products with diene 315 

isolated in only 7% yield (Scheme 108). A possible mechanism for the formation of 315 is 

outlined in Scheme 109. Activation of ketone 310 followed by cyclisation gave intermediate 

316, after ring opening of the cyclopropyl ring, which eliminates a proton to give diene 315. 
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TMS 
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0 
O-TMSOTf 

T M S O T f 

D C M , - 78 °C 

Scheme 109 

OH 

TMS 

315 

The increased nucleophilicity of the double bond of methylenecyclopropane, due to 

the presence of the trimethylsilyl gioup, should allow the formation of 7-membered rings, 

which failed with the non silylated ketones. Indeed, ketones 167 and 168 gave cyclopentanol 

213 and cyclohexanol 214 (Scheme 67). 

SnCL 

DCM. - 50°C 
CI 

OH 

n = ], 167 
n = 2, 168 

n = 1, 213, 43% 
n - 2 , 214, 40% 

Scheme 67 

It was thus very encouraging to see that treatment of ketone 311 with SnCl4 gave 

cleanly the hydroxychloride 317 in a good 65% yield (Scheme 110). 

317 

1.1 eq. SnCI^ 
DCM 

- 78°C, 45 mins 

65% TMS 

311 

Scheme 110 

BF3(AcOH)2 
j 
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TMS 
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The stereochemistry of 317 was obtained by ciystal structure after recrystallisation 

from ethanol-water (Figure 3). The crystal structure clearly shows the c/j- arrangement of the 

alcohol function and the chlorine atom. 

Figure 3 : Crystal structure of 317 

For full details of the X-ray ciystallographic data, see appendix B. 

The increased nucleophilicity of the double bond of methylenecyclopropane also 

allowed the use of milder Lewis acid and bicyclic ether 318 was isolated in a reasonable 55% 

yield when ketone 311 was treated with BF3(AcOH)2 (Scheme 110). Bicyclic etlier 318, as 

for bicyclic ether 314, is presumably obtained by intramolecular trapping of the allyl cation 

intermediate 302 by the alkoxide, due to the absence of a nucleophilic counter anion. 

However, a complex mixture of products was obtained when ketone 311 was treated with 

BFs.EtzO. 

Ketone 311, upon treatment with TiCl4, gave a mixture of four different 7-membered 

rings (Scheme 111). Bichloride 319 and czj'-hydroxychloride 317 were isolated as 1 : 1.4 

ratio of inseparable compounds in 6% yield. Vinylchloride 320 was also isolated in 16% yield 

and finally the expected cyclohexene 321 in 24% yield. 
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^ 
. 78 °C TMS 

TMS 

311 319 

TMS 

1 : 1.4 

6% 

317 

OH + 
CI 

TMS 
OH 

320 

16% 

Scheme 111 

321 

24% 

One important point is tliat all compounds arose from the same intermediate allyl 

cation 322 (Scheme 112). Dichlorides 319 probably came fiom trapping of the allyl cation 

intermediate 322 by a chlorine anion, followed by substitution of the alkoxide by a chlorine 

anion. Vinylchloride 320 presumably arose &om trapping of the allyl cation intermediate 322 

by a chlorine anion to give intermediate 324 followed by proto-desilylation to give 320. 

Finally, cyclohexene 321 and czj'-hydroxychloride 317 were the expected cyclised products, 

which arose from quenching of the allyl cation intermediate 322 by a chlorine anion. 
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323 

311 

TiCk__ @ 

TMS 

322 

3 1 9 

TMS 

OH + CI 

3 2 1 317 

OH 

324 320 

Scheme 112 

It was also anticipated that the presence of the silyl group would accelerate the rate of 

the reaction with ketals. Indeed, the reaction of ketal 283 with Lewis acid went to completion 

in an hour and gave dichloride 325 in 63% yield with TiCl4 and cyclohexene 326 was 

obtained in 46% )ield with SnCl^ (Scheme 113). 
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325 

2 equiv. TiCl^ 
D C M 

- 7 8 °C, Ihr 

63% 
T M S 

283 

Scheme 113 

2 equiv. SnCl^ 
D C M 

- 78 °C. Ih r 

4 6 % 

O H 

326 

Cyclisation of the non-silylated equivalent ketal 172 went to completion after 2 hours, 

indicated that the reaction of trimethylsilylmethylenecyclopropyl ketal is accelerated by the 

presence of the silyl group, which induced an increase in the nucleophilicity of the exocyclic 

methylene group. Furthermore, treatment of ketal 172 with SnCl4 gave a mixture of the two 

possible regioisomers 232 and 233, whereas ketal 283 gave only cyclohexene 326, under 

these conditions. This observation may be attributed to both steric hindrance of the 

trimethylsilyl group and its stabilising effect on ^^carbocations. 

However, treatment of ketal 283 with softer Lewis acids failed to give any cyclic 

products and decomposition was observed witli eitlier BFg.EtiO or BF3(AcOH)2. 

Lewis acid mediated cyclisation of ketal 309 was also investigated. Treatment of ketal 

309 vyith TiCl4 gave a complex mixture of products and decomposition of the substrate was 

observed with BFg.EtzO and BF3(AcOH)2. However, when SnCl4 was added to ketal 309, 

hydroxychloride 317 and cyclohexene 321 were obtained in 31% and 3% yields respectively. 

Methylenecycloheptane 327 and cycloheptene 328 were also isolated in 23% yield, as a 

mixture of inseparable regioisomers, in a 1 : 3 ratio (Scheme 114). 
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2 eq. SnCl^ 
D C M 

- 78 °C, 45 mins 

TMS 

OH 
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309 317 

31% 

321 

3% 

TMS 

HO 

O 

CI 

327 328 

] : 3 

2 3 % 

Scheme 114 

Metliylenecycloheptane 327 and cycloheptene 328 were the expected cyclic products 

and they presumably arose from trapping of the intermediate allyl cation by a chlorine anion. 

czj-Hydroxychloride 317 and cycloheptene 321 arose 6om the deprotection of ketal 309 to 

give ketone 311 under Lewis acid conditions. Cyclisation can then occur and gave 

hydroxychloride 317 and cycloheptene 321. Junĝ "̂  reported the deprotection of ketals under 

anhydrous Lewis acid conditions (Scheme 115). Activation of ketal 309 gave intermediate 

329 which opened to give intermediate 330. A chlorine anion can then attack the ketal chain 

to give ketone 311, which gave cvj'-hydroxychloride 317 and cyclohexene 321 upon treatment 

witli another equivalent of SnC]4, following Hosomi's mechanism. 
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TMS 

3 0 9 

SnCL 

TMS 

3 2 9 

OH SnCl^ 

317 321 

Scheme 115 

TMS 

TMS 

3 1 1 

O-SnCl) 

330 

Earlier ketone 311 gave only the c/^-hydroxychloride 317, upon treatment with SnCl4. 

Although this course is possible, the reaction of ketal 309 to give czj'-hydroxychloride 317 

and cycloheptene 321 is more likely to proceed vzYf the Mukaiyama'^^ reaction involving silyl 

enol ether and acetals (Scheme 116). The same intermediate 329 is first formed, followed by 

intramolecular addition of the double bond to give intermediate 331. Trapping of the allyl 

cation by a chlorine anion gave intermediate 332, which gave c/j-'hydroxychloride 317 and 

cyclohexene 321 after hydrolysis of the ketal function. 
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SnCL 
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Scheme 116 

3 3 2 

Lewis acid mediated cyclisation of trimethylsilylmethylenecyclopropyl ketones and 

ketals gave interesting results. The presence of the silyl group increased the reactivity of such 

substrates by increasing the nucleophilicity of the exocyclic double bond of 

methylenecyclopropane, resulting in very fast cyclisation of all precursors. 

The reaction is also favoured due to the formation of a /)-cyclopropyl cation, stabilised 

by the silicon atom. The increased nucleophilicity of the double bond of 

methylenecyclopropane also allowed the use of milder Lewis acids, such as BFg.EtiO and 

BF3(AcOH)2, and gave bicyclic ether 318 and 314 in reasonable and good yields respectively. 

Finally, cyclisation of trimethylsilylmethylenecyclopropyl ketone 311 is in stark 

contrast with the cyclisation of ihe non-silylated equivalents, which gave cyclopentanol 213 

and cyclohexenol 214, as 7-membered rings were obtained this time. 
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Earlier we tried to trap the aUyl cation, formed as an intermediate in these cyclisations, 

with a range of nucleophilic groups grafted onto the starting methylenecyclopropyl ketone. 

However, most of these attempts were thwarted by rapid trapping of the allyl cation by chloride 

anion derived &om tlie Lewis acid, TiClt or SnCL) which were required for cyclisation. The only 

successful example is the synthesis of spirocyclic ether 293 in 34% yield, accompanied with 

bicycle 294 arising fi-om intramolecular trapping of the allyl cation by the alkoxy side chain and by 

the ketal chain respectively. 

The introduction of a silyl substituent, however, allows the cyclisation to be carried out in 

the absence of a strongly nucleophilic counteranion. So we again thought to exploit the reactivity 

of the intermediate allyl cation for further reaction. We assumed that the siHcon atom could be 

used as a relay for the trapping of the allyl cation by transferring different groups (Scheme 117). 

L.A. 

Cyclisation / 

01^. 

334 

Scheme 117 

HnO 

intramolecular 
transfer 

X = F, OH 

335 

Treatment of silylated ketone 333 witli a suitable Lewis acid, such as BF3.Et20 and 

BF3(AcOH)2, should fii-st allow the cyclisation to proceed to give allyl cation 334, after ring 
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opening of the cyclopropyl intermediate. The allyl cation intermediate 334 should be then trapped 

intramolecularly by transfer of the R group to give cyclohexene 335. 

I-Preparation of Precursors 

Four substrates were chosen for the study of this cascade process : vinyldimethylsilyl 

ketone 336, ^-butyldimethylsilyl ketone 337, allyldimetliylsilyl ketone 338 and finally 

phenyldimethylsily] ketone 339. 

o 

336 337 338 339 

Following the method used by Binger,^^ synthesis of vinyldimethylsilyl ketone 336 

was first attempted. However, none of the expected vinyl silane 340 could be isolated 

(Scheme 118). It was anticipated that the reason for the failure of this reaction was due to 

side reaction during the second deprotonation. The reaction was repeated, but instead of 

adding iodide 170, the second anion expected firom the addition of the second equivalent of 

BuLi was quenched with D2O. The crude NMR of this reaction showed that BuLi in fact 

underwent nucleophilic addition onto tlie vinyl fLinction to give adduct 341. 

o 

0 

Si 
\ 

340 
170 

A -
1 

Scheme 118 

i) BuLi 

ii) ^ S i M e 2 C I 

iii) BuLi 

iv) D2O 

Bu 

Si D 

341 
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Tamao^^ has reported such addition of BuLi onto vinyl silanes. Addition of Grignard 

reagents to vinyl silane 342 failed to give any reaction, but organo-lithium reagents, such as 

BuLi, underwent nucleophilic addition onto vinyl silane 342 to give adduct 343 (Scheme 

119). 

Bu 

Si— 
/ \ 

342 

BuLi, THF 

0 °C. ] lir 

Scheme 119 

Si-
/ 

343 

Preparation of vinyldirnethylsilyl ketone 336 proved to be impossible with this 

method and its synthesis had to be abandoned. 

However, preparation of ^-butyldimethylsilyl ketone 337, allyldimethylsilyl ketone 

338 and phenyldimethylsilyl ketone 339 was not problematic. Lithiated 

methylenecyclopropane was Arst quenched with ^-butyl, allyl, or phenyldimethylsilyl 

chloride, followed by a second deprotonation with BuLi and quenching with iodide 170 to 

give ketals 344, 345 and 346 respectively in veiy good yields. Deprotection of the resulting 

ketals afforded ketones 337, 338 and 339 (Scheme 120). 

i) BuLi 

ii) RMezSiCl » 

iii) BuLi 

170 344, R = f-BuMe2Si, 87% 
345, R = allylMezSi, 89% 
346,R = PhMe2Si, 81% 

p - T s O H 

acetone 
I0%H9O 

337, R = f-BuMecSi, 96% 
338, R = ailylMezSi, 95% 
3 3 9 , R = PhMe2Si ,41% 

Scheme 120 
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Il-Cvclisation study of Lewis Acid mediated Cascade Reaction 

1-CvcIisation of ^-Butyldimethvl silanes 

It was anticipated that the /-butyldimethyl silanes would give the expected cascade 

process with trapping of the allyl cation intermediate 334 by intramolecular transfer of the f-

butyl group. 

When ketone 337 was treated with a strong Lewis acid, such as TiCl4 and SnCl4, 

cyclohexene 347 was obtained in 88% and 82% yield respectively (Scheme 121). Addition of 

the softer Lewis acids, BFs.EtiO and BF3(AcOH)2, gave bicyclo 348 in 70 % and 71% yield 

respectively. 

Lewis acid 

DCM, - 78 °C 

O 
Lewis acid 

347 

TiCl , , 30 mins, 88% 
SnCI^, 45 mins, 82% 

337 

D C M , - 78 °C 

.0 
% 

Si 
/ \ 

348 

BF^CAcOH)?, I hr, 71% 

BFa.EtzO, 5 hrs, 70% 

Scheme 121 

As observed for the cyclisation of trimethylsilylmethylenecyclopropane derivatives, an 

increased in the rate of tlie reaction was observed, in comparison to the coiTesponding non-

silylated ketone 166, which went to completion in less than an hour for TiCl4 and SnCl4, due 

to the presence of the silyl group. However, none of the expected compounds were isolated, 

as a consequence of the rapid trapping of the allyl cation intermediate 334 by the relatively 

nucleophilic chlorine anion. The same observation can be made with the formation of 
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bicyclic ether 348. The allyl cation inteiznediate 334 is more rapidly quenched by 

intramolecular trapping by the alkoxide rather than by transfer of the /-butyl group from 

silicon. 

Lewis acid mediated cyclisation of ketal 344 also failed to give any of the alkyl 

transferred compounds. Decomposition of ketal 344 was observed with BF3(AcOH)2 and 

there was no reaction with BFg.EtiO. In addition, treatment of ketal 344 with SnCl4 gave 

cyclohexene 349 in a good 62% yield and dichloride 350 was obtained with TiCl^ in 85% 

yield (Scheme 122). 

CI HO 

2 eq. SnCI/) 

D C M , - 7 8 °C, Ihr 

0 

O 

62% 

\ 

349 344 

Scheme 122 

2 eq. TiCl4 

DCM, - 78 °C, Ihr 

85% 

350 

The failure of these cascade processes can again be attributed to the faster trapping of 

the allyl cation intermediate 334 by the relatively nucleophilic chlorine anion than 

intramolecular trapping of the allyl cation intermediate 334 by transfer of the /-butyl group. 

2-Cvclisation of Allyldimethyl silanes 

The reaction of allyl silanes has been extensively studied by different groups'̂ ^ '̂ ^ '̂ '̂̂ ^ 

and it appeared clear that allyl silanes have a great ability to transfer the allyl group in 

reaction such as the Hosomi-Sakurai'^^ reaction. From these results, it was believed that the 

cascade reaction of the allyl-silanes would be successful. 
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Decomposition of allyldimethylsilyl ketone 338 was observed when TiCLt was added. 

Treatment of ketone 338 vyith SnCl4 gave dimer 351 (Scheme 123). Dimer 351 presumably 

arose from first deailylation resulting from attack of a chlorine anion to give 352. 

Intermediate 352 was then hydrolysed, during work up, to silanol 353 and dimerised under 

acidic condition to give dimer 351. 

Si 

338 

O 1.1 eq. SnCl4 
DCM 

- 7 8 °C, L S h r s 

31% 

O, 

351 

O 

^Si 
CI 

O 
HoO 

O 

^Si 
H O " \ \ 

352 353 

Scheme 123 

However, when BFs.Et^O and BF3(AcOH)2 were used, cyclohexene 354 was isolated 

in a modest 41% and 42% yield respectively (Scheme 124). 

o 
Lewis acid 

DCM, - 40°C 

338 354 BF .̂EtgO, 41% 
BF3(AcOH)2. 42% 

Scheme 124 
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Cyclohexene 354 is presumably formed by the cascade process with initial cyclisation 

to give allyl cation intermediate 355, followed by allyl transfer, possibly vm the ate complex 

intermediate 356 (Scheme 125). 

BF3.Ln 

BF3L 

355 

354 

Scheme 125 

356 

BFzLn 

Interestingly, none of the product arising from intramolecular trapping by the alkoxide 

was isolated, indicating that the transfer of the allyl group is faster than the intramolecular 

trapping by the alkoxide. 

Work by Oshima^^ is in agreement with the proposed mechanism. Addition of TiCLt 

to the (^-crot)^lsi]yl acetal 358 gave the aM^z-homoallylic alcohol 360 in 70% yield aAer 

desilylation using TBAF (Scheme 126). When the (Z)-crotylsilyl acetal 361 was treated with 

TiCl4, the j^M-homoallylic alcohol 363 was obtained in 70% yield. 
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On ± e basis of these results, it is obvious that the reaction proceeds in a 

stereoselective manner through a six-membered cyclic transition state such as 365, which 

gave cyclohexyl cation intermediate 366. Elimination and silyl deprotection then afforded the 

homoallylic alcohol 367 (Scheme 127). 

SiPhz 
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TiCL 

MeO 
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OH 

CqH 19 

R' 
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Scheme 127 
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Lewis acid mediated cyclisation of ketal 345 was also investigated. Decomposition of 

the substrate was observed with TiCl4 and SnCl4. However, when the softer Lewis acids, 

BF3.Et20 and BF3(AcOH)2, were used, cyclohexene 368 was isolated in a modest 33% and 

48% yield respectively (Scheme 128). 

Lewis acid 

345 368 BFa.Et^O, 33% 
BF3(AcOH)2. 48% 

LnFzB LnFzB 

369 370 

Scheme 128 

The same mechanism, as for the cyclisation-intramolecular transfer of ketone 338, is 

involved in the formation of 368. 

3-Cvcl:sation of Phenyldimethyl silanes 

The cascade reaction of phenyldimethylsilanes was also investigated. However, it was 

anticipated that the phenyl group would rather give a 1,2-phenyl shift to tiap the allyl cation 

inteimediate a - to the silicon rather than y- to the silicon. 
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Indeed, aryl groups have a far greater migratory aptitude than alkyl groups or 

hydrogen.^^ Solvolysis of chloride 371 is many thousands of times faster than neopentyl 

chloride 375 in the same conditions. This is ascribed to the fact that, whereas the rate-

determining step in the reaction of neopentyl is the formation of the high-energy primary 

carbocation 376, in the reaction of the phenyl-substituted chloride the rate-determining step is 

the formation of a lower-energy bridged phenonium ion 372 and the aryl group is said to 

provide aMcAr/Mgrzc to the reaction (Scheme 129). 

i f 

3 7 1 372 3 7 3 

\ Ph 
\ = / 

374 

CI 

3 7 5 

„\\H 

H 

3 7 6 3 7 7 

Scheme 129 

-H" 

378 

In addition, the phenonium ion is similar in structure to the intermediate in an 

electrophilic aromatic substitution and therefore, electron donating group, such as jp-OMe 

give rise to greater rates of migration and electron withdrawing groups to lower rates. 

Bearing these observations in mind, activation of ketone 339 with a suitable Lewis 

acid, such as BF3.Et20 or BF3(AcOH)2, should allow first cyclisation to give intermediate 

379, after ring opening of the cyclopropyl cation. 1,2-Phenyl shift should then occurred, 

favoured by the formation of the phenonium ion intermediate 381, to give 

methylenecyclohexane 382 (Scheme 130). 
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Treatment of ketone 339 with either TiCl4 or SnCl4 gave cyclohexene 383 as ± e only 

isolated product in 66% and 79% yield respectively, as a consequence of the rapid trapping of 

the allyl cation intermediate 379 by the relatively nucleophilic chlorine anion (Scheme 131). 

Lewis acid 

DCM, - 78 °C 

O 
BFa-EtgO 

383 TiCl̂ , 66% 
SnCl^, 79% 

/Si 

Ph-̂  \ \ 

339 

Scheme 131 

D C M , - 78 °C 

72% 

.O 

Ph 

-Si 

/ \ 

384 

In addition, bicyclic ether 384 was obtained as the only isolated product in 72% yield 

when ketone 339 was treated with BFs.EtiO, also as a consequence of the rapid trapping of 

the allyl cation intermediate 379 by intramolecular quenching by the alkoxide (Scheme 131). 
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However, treatment of ketone 339 with BF3(AcOH)2 gave bicyclic ether 384 in 22% 

yield and methylenecyclohexane 385, as a single diastereoisomer, in 55% yield (Scheme 

132). 

O 

^Si 

339 

BF3(AcOH)2 

DCM, - 78 °C 

.0 

Ph 

-Si 

/ \ 

384 

22% 

Phi' 

F — S i ^ 

385 

55% 
Scheme 132 

The stereochemistry of methylenecyclohexane 385 was obtained from X-ray 

crystallography after recrystallisation in ethanol-water (Figure 4). 

(%.. \ oil 

/ 

Figure 4 : Crystal Structure of 385 

For full details of the X-ray crystallographic data, see appendix C. 

In this case, competition exists between intramolecular trapping of the allyl cation by 

the alkoxide to give 384 and trapping of the allyl cation intermediate by transfer of the phenyl 
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group to give 385. It seems that the rate of the reaction is Lewis acid dependent as no transfer 

was observed with BFs.EtzO and competition occurred when BF3(AcOH)2 was used. This 

may be attiibuted to the abihty of BFs.EtzO and BF3(AcOH)2 to deliver a fluorine anion, 

required for the formation of the ate complex 380, which may promotes the 1,2-phenyl 

shiA.̂ ^ This observation suggested that BF3(AcOH)2 is a better fluorine anion donor than 

BFg.EtzO. 

The stereochemical outcome of tliis reaction suggests that the reaction proceeds via 

intermediate 380 with the 0-L.A. in the equatorial position and axial attack from the phenyl 

ring is preferred over equatorial attack for the transfer of the phenyl ring (Figure 5). Indeed, 

axial attack in cyclohexyl ring is usually prefeized over equatorial attack. 

.A.L 

Figure 5 : Geometry of intermediate 380 

Treatment of ketal 346 with TiCl4 gave dichloiide 386 in 39% yield, as a result of the 

rapid trapping by the chlorine anion (Scheme 133). 

/Si 
Ph^ 

346 

"o 2 eq. TiCl^ 

DCM, - 78 °C 

39% 

Scheme 133 

— Si 

Ph / \ 

386 

However, addition of BF3.Et20 and BF3(AcOH)2 gave bicyclic ether 384 and the 

desired product from the cascade reaction, 387, as a single diastereoisomer (Scheme 134). 

BF3.Et20 gave 384 and 387 in 12% and 30% yield respectively. BF3(AcOH)2 gave 384 and 

387 in 21% and 39% yield respectively. 
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30% 
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The stereochemistry of 387 was determined by the synthesis of its j7-nitro-benzoate 

deiivative. Treatment of methylenecyclohexane 387 with EtgN in the presence of ^-nitro-

benzoyl chloride gave ̂ -nitro-benzoate derivative 388 in 95% yield (Scheme 135). 

OH 

387 

EtgN, D C M 

O2N-A ^ 
0 

CI 

9 5 % 

Scheme 135 

F - S i 

388 

NO? 

The stereochemistry of benzoate 388 was obtained by X-ray diffraction after 

recrystallisation in ethanol-water (Figure 6). 
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L r , r ^ 

(# 

^ C18 ̂  

Figure 6 : Crystal structure of Benzoate 388 

For full details of the X-ray crystallographic data, see appendix D. 

Methylenecyclohexane 387 has the same relative stereochemistry as 

methylenecyclohexane 385. As a consequence, identical aignment can be given for the 

stereochemical outcome of this reaction. 

The formation of bicyclic ether 384 is presumably due to trapping of the allyl cation 

intermediate 389 by the alkoxy function or- to the quaternary carbon to give intennediate 390, 

which loses ethylene oxide to give bicyclic ether 384 (Scheme 136). 
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Finally, ketal 346, upon treatment with SnCL), gave cyclohexene 391 and diol 392, as 

a single diastereoisomer, in 38% and 23% yield respectively (Scheme 137). In this case 

competition occurred between rapid trapping of the allyl cation intermediate by the relatively 

nucleophilic chlorine anion and by 1,2-phenyl sliift. 

9 " ^ 

2 eq. SnCl^ 

DCM, - 78 °C 

O 
O H 

Phi" 
HO-SL 

..ill* OH 

346 391 

38% 

392 

23% 

H ? 0 

\ ^ 0 - SnClg 

Ph// , . 

0 - SnClg 

393 394 

Scheme 137 

The mechanism involved in tlie formation of 392 is similar to the one proposed for 

385 and 387. However, the ate complex 393 is formed by addition of a chlorine anion onto 

the silicon atom, which resulted in chlorosilane 394 after 1,2-phenyl shift. This chloro-silane 

394 is presumably hydrolysed to silanol 392 during work up (Scheme 137). 

A benzoate derivative of diol 392 was obtained by treating diol 392 with EtsN in the 

presence of j)-nitro-benzoyl chloride and the ^^.y-benzoate 395 was isolated in 64% yield 

(Scheme 138). 
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Scheme 138 

However, X-ray quality crystals could not be obtained, but the stereochemistry of diol 

392 is assumed to be c/j', based on the previous observation for methylenecyclohexane 385 

and 387. 

Ill-Summary 

The cascade process with a f-butyl group failed. The reason for the failure can be 

attributed to a faster trapping of the allyl cation intermediate 334 by either the relatively 

nucleophilic chlorine anion or the alkoxide fimction than intramolecular trapping by transfer 

of the f-butyl group. However, as described in Chapter 4, the presence of the silyl group 

increased the rate of the reaction due to either an increased nucleophilicity of the exocyclic 

double bond of methylenecyclopropane or the ability of silicon to stabilise y^carbocations. 

The cascade reaction of allylsilanes was successful giving reasonable yield of the allyl 

transferred compounds. The reaction is believed to proceed through an ate complex followed 

by the formation of a 7-membered intermediate. Furthermore, none of the products resulting 

from trapping of the allyl cation intermediate by the alkoxide were obtained, indicating that 

the transfer of the allyl group is faster than the trapping of the allyl cation intermediate by the 

alkoxide. 

The cascade reaction of phenyl silanes was also successful. However, in this case 

competition occurred between trapping of the allyl cation intermediate by the relatively 

nucleophilic chlorine anion or by intramolecular addition of the alkoxide and intramolecular 

trapping of the allyl cation intermediate by 1,2-phenyl shift. However, the cascade process 

with phenyl silanes is stereoselective, giving a single diastereoisomer for every reaction. 

Regarding all these results, it can be proposed that the transfer ability is as follow : 

allylsilane > phenylsilane > alkylsilane. 
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CHAPTER SIX 

With the conditions set up for good cyclisation, it was the Gnal aim of this project to 

apply this methodology in ± e syndesis of a natural product. Norketoagarofuran 396 was 

chosen as a suitable target. 

396, NorketoagaroAiran 

Norketoagarofuran 396 is a sequiterpene found in Agar-wood oil isolated from 

fungus-infected along with five closely related decalinic 

sequiterpenes 397-401. 

397, a-AgaroAiran 
398, y@-AgaroAjran 

399, R = R. = H, Dihydroagarofuran 

400, R = H, R ' = OH, 4-Hydroxyagarofuran 

401, R = r ' = OH, 3,4-Dihydroxyagarofuran 
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These compounds have attracted a great deal of interest on account of their 

cytotoxic/' antitumor/^ immunosuppresive^^ and insect antifbedant activities/'^ However, 

very few synthesis of Norketoagarofuran 396 has been repoited/^ 

The latest synthesis of Norketoagarofuran 396 was reported by Kelly,starting from 

unsaturated acid 402 (Scheme 139). 

H2O2, H C O O H 

tOzH 

N a O M e 

402 

c OH 
OHCO 

403 

' t o H 2,5 hrs 

5 0 % over 
t w o steps 

: OH 
HO 

404 

tOgH 

Diazomethane 

EtzO, 5 "C 
92% 

i) MeLi 

20 °C, 3 hrs 

396 

Norketoagarofuran 

ii) Jones 

oxidation 

10% 

NaOMe, d ioxane 

reflux, 2 0 hrs 

Soxhlet 

7 5 % 

H O 
OH 

405 

'̂ tOgMe 

Scheme 139 

Treatment of 402 with perfbrmic acid, formed firom reaction of formic acid 

with hydrogen peroxide, gave diol acid monofbrmate 403. Saponification of diol acid 

monoformate 403 with sodium methoxide gave diol 404, v^hich afforded ester 405 upon 

treatment with diazomethane in ether. Ester 405 was then treated wdth sodium methoxide in 

dioxane and gave lactone 406, after epimerisation and lactonisation. Lactone 406 was finally 

subjected successively to MeLi and Jones reagent to give Norketoagarofuran 396. 
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I-Retrosvnthetic Study 

Our retrosynthetic approach to the total synthesis of Norketoagarofuran 396 is shown 

in Scheme 140. Norketoagarofuran 396 would arise from etheriGcation of alcohol 407, 

followed by deprotection of the secondary alcohol and subsequent oxidation. Alcohol 407 

should come from cyclisation of ketone 408 mediated by Lewis acid, as the key step in the 

synthesis, aAer a-hydroxylation of ketone 409. Ketone 409 should come from 

methylenecyclopropanation of alkene 410, following the method of Singer.^ Finally, alkene 

410 should arise fi-om either ring opening of epoxide 411 at the most substituted centre, 

following a method developed by Iwata,^^ or Birch reduction-alkylation with prenyl bromide 

of coiyugated ketone 414. 

GPO OPG 

396 407 408 409 

412 

O 

414 413 

Scheme 140 
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I I - M o d e l S t u d y 

Methylene cyclopropyl ketone 415 was chosen as the lead compound fbr the initial 

cyclisation study. It was anticipated that 415 would give decaline 416 and 417, upon 

treatment with a suitable Lewis acid, such as TiCl4 (Scheme 141). 

TiCL 

415 

Scheme 141 

A retrosynthetic analysis for the preparation of methylenecyclopropyl ketone 415 is 

shown in Scheme 142 

415 418 

Scheme 142 

419 

Metliylenecyclopropyl ketone 415 should come trom methylenecyclopropanation of 

alkene 418, using the method of Binger.^ Alkene 418 should arise from protection of the a-

alkylated ketone resulting from cr-alkylation of cyclohexanone 419. 

Most of the reported methods used fbr the preparation of a-substituted ketones require 

the use of silyl enol e t h e r . S o silyl enol ether 420 was prepared following Fleming and 

Paterson method.^^ The method of Reetz^^^, for the synthesis of ^-substituted ketone 421, 

was first tried. Addition of silyl enol ether 420 and prenyl acetate to a suspension of Znl^ in 

dichloromethane gave a mixture of compounds impossible to separate. The method of 

Housê *̂̂  also gave disappointing results. When TiCl4 was added to a solution of silyl enol 

ether 420 and prenyl bromide, ketone 421 was obtained, not pure, in only 35% yield (Scheme 

143). 
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ZnL 

OTMS 

i)LDA 

419 

ii) TMSCJ 

62% 420 

) = \ 0% 
/ ^OAc 

TiCÎ  421 

Br 
35% 

Scheme 143 

Direct alkylation of the cyclohexanone enolate with prenyl bromide was then tried, 

and ketone 421 was obtained in 60% yield. However, when the reaction was scaled up, none 

of the wanted ketone 421 could be isolated, presumably because of polymerisation of 

reagents. However, enough material was obtained to carry on with the synthesis. Ketone 421 

was then easily protected to give ketai 418 in 89 % yield (Scheme 144). 

i)LDA 

Br 
419 

60% 
421 

;,-TsOH 

H0(CH2)2OH 

Toluene, reflux 

89% 
418 

Scheme 144 

Attention was next turned onto the cyclopropanation of alkene 418 in order to obtain 

methylenecyclopropyl ketone 415 and this reaction proved to be problematic. Different 

conditions were tiied. 

When BuLi was added over two hours at - 35 °C, very small amounts of 

chlorocyclopropane 422 was fbrmed even when the reaction was repeated twice. A decent 

amount was obtained when the addition was extended to 9 hrs. However, when the addition 

was canied out at - 25 °C, chlorocyclopropane 422 was obtained in an excellent yield, as a 

mixture of diastereoisomer, with no further purification needed. The crude reaction was then 

added to a suspension of f-BuOK for elimination and the methylenecyclopropyl ketal 423 was 

obtained in 95% yield over the two steps, as a 2 : 1 mixtiire of diastereoisomer. Finally, 
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deprotection to ± e expected ketone precursor 415 was obtained in 80% yield, as a 2 : 1 

mixture of diastereoisomer, usingjo-TsOH in wet acetone (Scheme 145). 

BuLi 

CI 
418 422 

f-BuOK 

DMSO 

95% over 
the two steps 423 

80% 

;,-TsOH 
acetone 
10%H20 

415 

Scheme 145 

With ketone 415 in hand, it was tlien possible to study its cyclisation. Unfortunately, 

this reaction was again problematic. TiCl4 gave a complex mixture of products. There was no 

reaction with BF3.Et20 and decomposition of the substrate was observed with BF3(AcOH)2. 

Treatment of ketone 415 with ZrCl4 in DCM gave a complex mixture of products. Similar 

results were obtained when the solvent was changed for EDC and the presence or not of 

molecular sieves had no effect on the reaction. 

However, treatment of ketone 415 with SnCl4 did give diol 424 in 23% )neld, as a 

single diastereoisomer (Scheme 146). Diol 424 is presumably obtained by nucleophilic 

addition of the distal cyclopropyl sigma bond on the activated carbonyl intermediate 425, due 

probably to favourable overlapping of the sigma orbital of the cyclopropyl ring and the 7t 

orbital of the carbonyl. The allyl cation intermediate 426 formed was then probably 

hydrolysed to give diol 424. 
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415 

1.1 eq. SnCI/, 

DCM, - 78 °C to RT 

23% 

,\0H 

Cî Sn {+> 

425 

Scheme 146 

426 

The stereochemistry o f d io l 424 was determined by X-ray diffraction after 

recrystallisation in ethanol-water ( F i g u r e 7). 

CiU 

\ 

F i g u r e 7 : Crystal Structure o f diol 4 2 4 

For fu l l details o f the X-ray crystallographic data, see appendix E. 
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The ring junction has a configuration with the two alcohol function cM. In order 

to try to obtain the expected cyclised products, it was anticipated that the corresponding ketal 

423 may provide us with the wanted skeleton. 

However, all attempts failed. Ketal 423, upon treatment with TiCL,, BF3(AcOH)2 and 

ZrCl4 gave decomposition of the substrate. There was no reaction, when ketal 423 was treated 

with BF3.Et20 and a complex mixture of product was obtained with SnCl4. 

From these results, it appeared that the presence of the two methyl on the cyclopropyl 

ring has a dramatic effect on the reaction with Lewis acid. Methylenecyclopropyl ketone 415 

and ketal 423 are obviously not good substrates for the formation of the wanted decalinic 

rings. A different route for the total synthesis of Norketoagarofuran 396 may have to be 

envisaged. 

Ill-Summary 

Tlie total synthesis of Norketoagarofuran 396 was unsuccessful as the model study 

compounds proved to be sensitive to Lewis acid. None of the wanted decalin was obtained. 

Only diol 424 could be isolated in a poor 23% yield, due to addition of the cF-bond of the 

cyclopropyl ring onto the carbonyl function of ketone 415. As a consequence, a different 

approach may have to be consider for the total synthesis of Norketoagarofuran 396. 
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EXPERIMENTAL 

I-General Experimental 

All reactions requiring anhydrous conditions were conducted in flame dried glassware 

under a static, inert atmosphere unless otheiivise stated. Stirring was magnetic unless 

otherwise stated. Where degassed solvents were used, a stream of Ar has been passed through 

them immediately prior to use. All stereogenic centres are relative, i.e. racemic products. 

Solvents were of commercial grade and were used without fiirther purification unless 

otherwise stated. In particular THF, and toluene were distilled Arom benzophenone ketal/° 

DCM was distilled from calcium hydride and petrol was also distilled from calcium hydride 

and the fraction boiling between 40 °C and 60 °C was used throughout. Diethyl ether was 

distilled from sodium. 

Thin layer chromatography (T. L. C.) was performed on plastic backed sheets 

(Camlab) coated with silica gel (SiO^ : 0.25mm) containing fluorescent indicator UV254. 

Flash column chromatography was performed according to the procedure outlined by Still/^ 

on Sorbil Cgo, 40-60 mesh silica. 

Methylenecyclopropane 1 was handled using the experimental methods as described 

by Thomas.^ 

ninstrumentation 

Infrared spectra were recorded on a Perkin-EImer series FT-IR. spectrometer. Sample 

films supported on sodium chloride plates. 

Proton NMR spectra were obtained at 300 MHz on a Bruker AC 300, at 300 MHz on 

a Bi-uker AM 300 and at 400 MHz on a Bruker DPX or courtesy of SmithKline Beecham, 

Harlow. Samples were dissolved in the solvents stated and peak positions are quoted on the 6 

scale. Spectra were referenced with respect to the solvent peak fbr the deuterated solvent 

concerned, or to an internal standard of tetramethylsilane (8 = 0.00). The following 
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abbreviations are used : (s) singlet, (d) doublet, (t) triplet, (m) multiplet, (p) pentet, (q) quartet 

and (br) broad. Coupling constants are reported in hertz (Hz). 

Carbon-13 were obtained at 75 MHz on a Bruker AC 300 and at 100 MHz on a 

Bruker DPX. The multiplicities of the signals were determined using the Distortionless 

Enhancement by Phase Transfer (DEPT) spectral editing techniques with second pulse at 

135° and 90° or courtesy of SmithKline Beecham, Harlow. 

COSY spectra and ^H-̂ ^C correlation spectra were performed on a Bruker AC 300 

and on a Bruker DPX 400 and nOe data was recorded on the Bruker DPX 400. 

Mass spectra were obtained on a VG analytical 70-250-SE normal geometiy double 

focusing mass spectrometer. All EI data were acquired at 70 eV, with the source temperature 

at 200 °C and with an accelerating voltage of 6 kV. All CI data were obtained using ammonia 

reagent gas, the source temperature being 200 °C and with an emission current of 0.5mA or 

couitesy of SmithKline Beecham, Plarlow. 

X-ray dif&action data were obtained from an 

diffractometer, the structure detemiined by direct methods using the program 

and refined using 
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EXPERIMENTAL FOR CHAPTER ONE 

A 
1 

Methylenecyclopropane 1 

Using a modification of the method of Binger/"^ methallyl chloride 5 (280 ml, 2.84 

mol) was added dropwise over 9 hours to a rapidly stirred suspension of sodium amide (139 

g, 3.56 mol) in dry »-Bu20 (400 ml) at 130-140 °C under a slow stream of nitrogen. The 

reaction mixtiue was refluxed for a Airtlier 10 hours using a cold finger condenser at - 40 °C. 

The products were collected in vessels at - 78 °C. The upper layer of NH3 was allowed to 

evaporate and the lower layer contained a mixture of methylenecyclopropane 1 and 

methylcyclopropene 6 (100 ml, 52%) in a 1 : 4.7 ratio. 

The mixture was added to a solution o f ' BuOH (10 g, 0.13 mol) and DMSO (25 ml) 

at 0 °C under a slow stream of nitrogen, and ' BuOIC (8 g, 0.07 mol) in DMSO (25 ml) was 

added over 3 hours. The reaction was allowed to warm to 45 °C over 14 hours under a cold 

finger condenser at - 60 °C. The cold finger was allowed to warm to 35 °C over 6 hours. 

Methylenecyclopropane 1 (80 g, 100%) was trapped in vessels at - 78 °C Sy (300 MHz; 

CDCI3) 5.43 (2H, quintet, J 2 , =Cj^) and 1.09 (4H, t, J 2 , 2 x C % cyclopropyl); 6c (75 MHz; 

CDCI3) 130.90 (0), 103.08 (2) and 2.69 (2 x 2). 

All data agrees with data reported by Binger.^'' 

O. . 0 ° 

O ^ 
134 

EthyI-2-(2-methyl-dioxolanyl)-acetate 134 

Following the method of Kelly ethylene glycol (55 ml, 1 mol), 

ethylacetoacetate 132 (63 ml, 0.49 mol) and j?-TsOH (1 g, 5 mmol) were refluxed together in 

toluene (200 ml) for 20 hours using a Dean Stark apparatus to remove water. The reaction 

mixture was cooled and concentrated m vacuo. Ether (200 ml) was added and washed once 
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with aq. NaHCOa (5%, 100 ml). The organic phase was dried over MgS04 and concentrated 

m vacwo to give a colourless oil which was distilled (98-106 °C/10 mm Hg ; lit.̂ ^ bp. 99.5-

101 °C/17-18 mm Hg) to give 134 as a colourless oil (63 g, 74%) Sx (300 MHz; CDCI3) 4.15 

(2H, q, 77, OC/fzCHa), 3.89 (4H, s, 0(C/f2)20), 2.60 (2H, s, CJ^COOEt), 1.45 (3H, s, CH3) 

and 1.28 (3H, t, 77 , OCHzC^); 8c (75 MHz; CDCI3) 169.46 (0), 107.64 (0), 64.80 (2 x 2), 

60.51 (2), 44.23(2), 24.49 (2) and 14.20 (3). 

All data agrees w4th data reported by Kelly gr 

O. 

o 
135 

Ethyl-3-(2-methyl-1,3-dioxolan-2-yl)propanoate 135 

Following the method of Kelly er ethylene glycol (8.7 g, 140 mmol), ethyl 

levulinate 133 (10 g, 69 mmol) and j?-TsOH (0.13 g, 0.7 mmol) were refluxed together in 

toluene (70 ml) for 20 hours using a Dean Stark apparatus to remove water. The reaction 

mixture was cooled and concentrated m vacwo. Ether (50 ml) was added and washed once 

with aq. NaHC03 (5%, 50ml). The organic phase was dried over MgS04 and concentrated ZM 

to give 135 as a colourless oil (12.3 g, 95%) Sn (300 MHz; CDCI3) 4.12 (2H, q, J 7, 

OC^CHa), 3.99-3.88 (4H, m, 0 ( % ) 2 0 ) , 2.36 (2H, t, J 8, ^ C O O E t ) , 1.99 (2H, t, J 8, 

C/ZzCHiCOOEt), 1.30 (3H, s, CH3) and 1.23 (3H, t, J 7 , 0 % % ) ; 8c (75 MHz; CDCI3) 

173.70 (0), 109.27 (0), 64.90 (2 x 2), 60.43 (2), 34.10 (2), 29.20 (2), 24.11 (3) and 14.34 (3). 

All data agrees with data reported by Trivedi.^^ 

OH 

2-(2-Methyl-dioxolanyl)-hydfoxyethyl 136 

Following the method of Albizati gf ester 134 (10 g, 57.5 mmol) was added 

dropwise to a suspension of LiAlH4 (2.4 g, 63.2 mmol) in THF (300 ml) at 0 °C and stirred 

for 1 hour. Ether (200 ml) was added and the solution was stirred at 0 °C for 5 minutes. 
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NaOH (40 ml, 4 M) was added and the mixtuie stirred until a white heavy precipitate was 

observed. The mixture was filtered and washed with ether (300 ml) and concentrated m vacMo 

to give 136 as a colourless oil (7.6 g, 100%) Rf 0.33 (50/50 ether/petrol); 6H (300 MHz; 

CDCl]) 3.97 (4H, s, 0(C/^)20), 3.76 (2H, t, J 5 , % 0 H ) , 2.80 (IH, br s, OH), 1.95 (2H, t, J 

5, CH2CH2OH) and 1.36 (3H, s, CH3); 8c (75 MHz; CDCI3) 110.50 (0), 64.64 (2 x 2), 58.98 

(2), 40.44 (2) and 23.97 (3). 

All data agrees with data reported by Albizati g/ 

^ , 0 H 

137 

3-(2-MethyI-l,3-dioxolan-2-yI)-l-propanol 137 

Following the method of Albizati ester 135 (8.4 g, 44.8 mmol) was added 

dropwise to a suspension of LiAlH4 (1.9 g, 49.3 mmol) in THF (70 ml) at 0 °C and stirred for 

1 hour. Ether (50 ml) was added and the solution was stirred at 0 °C for 5 minutes. NaOH (10 

ml, 4 M) was added and the mixture stirred until a white heavy precipitate was observed. The 

mixture was filtered and washed with ether (200 ml) and concentrated m vacuo to give 137 as 

a colourless oil (6.55 g, 100%) Rf - 0.08 (50/50 ether/petrol); v^ax (film)/cm'^ 3418, 2953, 

1450, 1378, 1254, 1144 and 1066; 8H (300 MHz; CDCI3) 3.97-3.92 (4H, m, 0(C//2)20), 3.63 

(2H, t, J 6 , C/TzOH), 2.45 (IH, s, OH), 1.81-1.59 (4H, m, C^CHzOH and C^2(CH2)20H) 

and 1.32 (3H, s, CH3); 6c (75 MHz; CDCl]) 110.13 (0), 64.75 (2 x 2), 63.01 (2), 35.90 (2), 

27.27 (2) and 23.83 (3); m/z (EI+) 145 ([M]+, 10%) and 131 (100%). 

All data agrees with data reported by Joshi Navalkishore.^^ 

O.. ,0 ° 

H 
138 

2-(2-Methyl-2-dioxolanyI)-ethanaI 138 

Following the method of Swem/^ DMSO (22.8 ml, 290 mmol), in dichloromethane 

(50 ml), was added to a solution of oxalyl chloride (13.3 ml, 141 mmol), in dichloromethane 

(150 ml), keeping the mixture below - 50 °C. The mixture was stirred fbr 2 minutes at - 60 
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°C. Alcohol 136 (16.9 g, 128 mmol), in dichloromethane (150 ml), was then added within 5 

minutes, again keeping the temperature below - 50 °C. The solution was stiized fbr 15 

minutes and trietliylamine (82.7 ml, 590 mmol) was added and stirred for 5 minutes. The 

solution was allowed to warm to room temperature. The mixture was quenched with water 

(500 ml) and extracted with dichloromethane (3 x 150 ml). The organic phase was dried over 

MgS04, concentrated m mcwo and distilled (54-56 °C/10 mm Hg) to give 138 as a colourless 

oil (10.17 g, 61%) Rf = 0.3 (50/50 ether/petiol); Sn (300 MHz; CDCI3) 9.75 (IH, t, J 2, 

CHO), 4.12-3.86 (4H, m, 0 ( % ) 2 0 ) , 2.72 (2H, d, J 2 , CJ:/2CH0) and 1.43 (3H, s, CH3); 8c 

(75 MHz; CDCI3) 200.10 (1), 107.59 (0), 64.77 (2 x 2), 52.20 (2) and 24.89 (3). 

All data agrees with data reported by Kelly g/ 

0 

139 

3-(2-Methyl-l,3-dio%olan-2-yl)propanal 139 

Following the metliod of Swem,^^ DMSO (4.33 ml, 55.1 mmol), in dichloromethane 

(5 ml), was added to a solution of oxalyl chloride (2.5 ml, 26.4 mmol), in dichloromethane 

(50 ml), keeping the mixture below - 50 °C. The mixture was stirred for 2 minutes at - 60 °C. 

Alcohol 137 (3.5 g, 24 mmol), in dichloromethane (10 ml), was then added witliin 5 minutes, 

again keeping the temperature below - 50 °C. The solution was stirred for 15 minutes and 

triethylamine (15.5 ml, 110 mmol) was added and stirred fbr 5 minutes. The solution was 

allowed to warm to room temperature. The mixture was quenched with water (50 ml) and 

extracted with dichloromethane (3 x 50 ml). The combined organic phases were dried over 

MgS04 and concentrated m vacwo. The crude product was purified by flash column 

chromatography (petrol/ether; 100 to 60/40) to give 139 (2.4 g, 69%) as a colourless oil Rf = 

0.41 (50/50 ether/petrol); v^ax (lilm)/cm-' 2885, 1719, 1376, 1054 and 900; Sn (300 MHz; 

CDCI3) 9.69 (IH, t, J 2, CHO), 4.05-3.81 (4H, m, 0 ( C % 0 ) , 2.45 (2H, dt, J 2 and 7, 

C/fzCHO), 2.05 (2H, t, V 7, C/^CHzCHO) and 1.31 (3H, s, CH3); 6c (75 MHz; CDCI3) 

202.06 (1), 109.23 (0), 61.87 (2 x 2), 38.59 (2), 31.96 (2) and 24.27 (3); m/z (CI) 145 ([M + 

H] \ 17%) and 87 (100%). 

All data agrees with data reported by Siek ef 
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140 

2-Methyl-[r-[(2'-hydroxyethyl)-(l"-methyIenecyclopropyl)]]-l,3-dioxoIane 140 

BuLi (5 m] of 2.01 M in hexane, 12.3 mmol) was added to methylenecyclopropane 1 

(1 ml, 13.4 nmiol) in THF (100 ml) at - 30 °C. The temperature was allowed to rise to 0 °C 

over 1 hour, and held at 0 °C for 1 hour. Then the solution was raised to room temperature for 

10 minutes before cooling to - 78 °C. Aldehyde 138 (1.45 g, 11.2 mmol) in THF (50 ml) was 

then added to methylenecyclopropane anion via canula (the aldehyde was at - 78 °C). The 

solution was allowed to warm to - 20 °C. The reaction mixture was quenched with sat. NH4CI 

(50 ml) and extracted with ether (3 x 50 ml), dried over MgS04 and concentrated m vacwo. 

The crude mixture was then purified by flash column chromatography (ether/petrol: 0/100 to 

40/60), to give 140 and 140 (1.26 g, 61%) as a colourless oil and as a 1 : 1 mixture 

of diastereoisomers (Found: C, 64.87; H, 8.87. CioHigO] requires C, 65.19; H, 8.75%); Vmax 

(film)/cm-' 3475, 2984, 2884, 1380, 1256, 1220, 1109 and 1051; m/z (CI) 185 ([M + H]% 

5%) and 167 ([M - 0 H ] \ 10%); the two diastereoisomers were sepaiated by flash column 

chromatography eluting with petrol, gradually increasing the polarity to 15% ether-petrol to 

give 140 cAiff (0.63 g) Rf = 0.3 (50/50 ether/petiol); Sn (300 MHz, CDCI3) 5.53 (IH, s, 

C = % H B ) , 5.41 (IH, s, C^CHA^/s), 3.97 (4H, s, 0(CH2)20), 3.63-3.50 (2H, m, OH and 

C;/0H), 2.08-1.91 (2H, m, C ^ H O H ) , 1.64 (IH, m, 0 ^ : = % ) , 1.34 (3H, s, CH3), 1.18 

(IH, m, C;/AHBC-CH2) and 0.96 (IH, m, CHA/feC-CHz); 6c (75 MHz, CDCI3) 133.71 (0), 

110.26 (0), 103.98 (2), 70.54 (1), 64.85 (2), 64.43 (2), 44.24 (2), 24.26 (3), 21.39 (1) and 6.81 

(2); and 140 jy/; (0.63 g) Rf = 0.25 (50/50 ether/petrol); By (300 MHz; CDCI3) 5.39 (2H, s, 

fine coupling ^CHz), 3.97 (4H, s, 0(CH2)20), 3.63 (IH, br s, OH), 3.38 (IH, dt, J 8 and 4, 

C/fOH), 2.01-1.93 (2H, m, CT/zCHOH), 1.62 (IH, m, CJ^C=CH2), 1.33 (3H, s, CH3), 1.25 

(IH, m, C;7AHBC=CH2) and 1.08-1.02 (IH, m, CHA^BC=CH2); 8c (75 MHz; CDCI3) 132.85 

(0), 110.24 (0), 104.08 (2), 71.18 (1), 64.85 (2), 64.38 (2), 44.97 (1), 24.16 (3), 21.89 (1) and 

8.60 (2). 
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141 

3-(2-Methyl-l,3-dioxolan-2-yI)-l-(2-methylenecyclopropyI)-l-propanoI 141 

BuLi (6.8 ml of 2.26 M in hexane, 15.3 mmol) was added to methylenecyclopropane 1 

(21.69 ml of 1 M in THF, 16.7 mmol) in THF (50 ml) at - 30 °C. The temperature was 

allowed to come to 0 °C over 30 mins, and held at 0 °C for 30 mins. Then the solution was 

raised to room temperature for 10 minutes before cooling to - 78 °C. Aldehyde 139 (2 g, 13.9 

mmol) in THF (10 ml) was then added to methylenecyclopropyl anion at -78 °C vm canula, 

The solution was allowed to warm to - 20 °C. The reaction mixture was quenched with aq. 

NH4CI (10 ml) and extracted with ether (3 x 50 ml), dried over MgS04 and concentrated ZM 

vacuo. The crude product was purified by flash column chromatography (petrol/ether; 100 to 

50/50) to give 141 (1.86 g, 67%) as a colouiiess oil and as a 1 : 1 mixture of diastereoisomers 

Rf = 0.15 (50/50 ether/petrol); Vmax (fiM/cm"' 3423, 2981, 1376, 1218, 1060 and 889; Sn 

(300 MHz; CDCI3) 5.51 (0.5 x IH, s, ^ C ^ H g ) , 5.40 (0.5 x 3H, s, = % and =CHA%), 3.94 

(4H, s, 0(CH2)20), 3.23 (0.5 x IH, m, CMDH), 3.14 (0.5 x IH, m, C^OH), 1.97-1.51 (6H, 

m, 2 X CHz and C^C^CHi and OH), 1.33 (3H, s, CH3), 1.25 (IH, m, %HBC=CH2) and 

1.01 (IH, m, CHA%C=CH2); 8c (75 MHz; CDCI3) 133.26 (0), 132.90 (0), 109.98 (0), 104.07 

(2), 103.98 (2), 100.11 (0), 74.14 (1), 70.05 (1), 64.63 (4x2) , 35.25 (2), 35.11 (2), 31.39 (2), 

31.32 (2), 23.76 (3), 23.71 (3), 22.40 (1), 21.74 (1), 7.74 (2) and 7.41 (2); m/z (CI) 181 ([M -

HiO]^, 75%) and 87 (100%). 

142 

l'-(l-Methylenecyclopropyl)butan-3'-one-l'ol 142 

2-Methyl-[ 1'-[(2'-hydroxyethyl)-( 1''-methylenecyclopropyl)]]-1,3-dioxolane 140 (0.5 

g, 2.71 mmol) was stirred with /)-toluenesulfonic acid (0.13 g, 0.68 mmol) in a mixture of 

acetone (45 ml) and 10% water (5 ml) for 24 houis. The mixture was concentrated m vacz/o. 
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Ether (50 ml) was added. The mixture was then washed once with 10% aq. NaHCOs (100 ml) 

and extracted wi± ether (3 x 75 ml). The organic phase was dried over MgS04 and 

concentrated m vaczfo to give 142 as a colourless oil (0.11 g, 28%) and as a 1 : 1 mixture of 

diastereoisomers Rf = 0.13 (50/50 ether/petrol); (Found: C, 66.04; H, 8.70. CioHigOs requires 

C, 65.55; H, 8.63%); v^ax (film)/cm-^ 3410, 2889, 1710, 1362, 1072 and 893; Sn (300 MHz; 

CDCI3) 5.51 (0.5 X IH, s, =C//AHB), 5.40 (0.5 x 3H, s, and ^CHA^fg), 3.73 (0.5 x IH, 

ddd, J 8 and 8 and 4, C^OH), 3.53 (0.5 x IH, m, C^OH), 3.05 (IH, br s, OH), 2.85 (IH, dd, 

y 16 and 7, C^AHeCHOH), 2.63 (IH, dd, J 1 6 and 4, CHA%CHOH), 2.18 (3H, s, CH3), 1.66 

(IH, m, CHC-CH2), 1.07 (IH, m, C//AHBC-CH2) and 0.98 (IH, m, CHA^C^CHz); 6c (75 

MHz; CDCI3) 209.46 (0), 209.29 (0), 132.84 (0), 132.38 (0), 104.47 (2), 70.56 (1), 69.95 (1), 

49.87 (2), 49.24 (2), 30.95 (3), 30.88 (3), 21.16 (1), 20.71 (1), 8.77 (2) and 7.01 (2); m/z (CI) 

158 ([M + N H / ] \ 20%), 140 ([M]\ 30%) and 123 ([M - 0H]+, 100%). 

"o 

H 2 
0 

Ph-
143 

2-MethyI-[l'-[(2'-benzyIethylether)-(l"-niethylenecyclopropyl)]]-l,3-dioxolane 143 

2-Methyl- [ T - [(2' -hydroxyethyl)-( 1'' -methylenecyclopropyl)] ] -1,3 -dioxolane 140 

(0.36 g, 2 mmol) in THF (5 ml) was added to a suspension of sodium hydride (0.12 g, 4.8 

mmol) in THF (15 ml) under N2 at 0 °C. The mixture was allowed to warm to room 

temperature and stirred for 30 minutes. The solution was cooled to 0 °C and DMPU (0.62 g, 

4.8 mmol) was then added and stirred for 10 minutes. Benzyl bromide (1.3 g, 7.6 mmol) was 

added and the mixture was allowed to warm to room temperature overnight. The solution was 

quenched with a 2 M solution NaOH (20 ml) and the aqueous phase was extracted with ether 

(3 X 50 ml). The organic phase was dried over MgSO^ and concentrated m vacwo. The 

mixture was then purified by flash column chromatography (petrol/ether ; 100/0 to 50/50) to 

give 143 as a colourless oil (0.50 g, 91%) and as a 1 : 1 mixture of diastereoisomers Rf = 0.71 

(50/50 Petiol/ether); Vmax (film)/cm-' 3030, 2983, 2879, 1454, 1376, 1106, 1057 and 697; Sy 

(300 MHz; CDCI3) 7.45-7.23 (5H, m, Ai/f), 5.60-5.41 (2H, m, = % ) , 4.85 + 4.79 (IH, d, J 

11, O ^ H s B z ) , 4.57 + 4.48 (IH, d, J11 , OCHA%Bz), 4.06-3.85 (4H, m, 0(CH2)20), 3.24 
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(IH, m, C/fOCHzBz), 2.14-1.93 (2H, m, C / ^ C H O ^ B z ) , 1.66 (IH, m, cyclopropyl CH), 

1.48-1.36 (0.5 X IH, m, cyclopropyl CH), 1.43 (0.5 x 3H, s, CHg), 1.41 (0.5 x 3H, s, CH3), 

1.15 (0.5 X IH, m, cyclopropy] CH) and 0.90 (0.5 x IH, m, cyclopropyl CH); 6c (75 MHz; 

CDCI3) 139.06 (0), 135.11 (0), 132.14 (0), 128.44 (2 x 1), 127.89 (1), 127.81 (1), 127.52 (1), 

109.39 (0), 104.49 (2), 104.34 (2), 79.03 (2), 78.62 (1), 71.25 (2), 71.12 (2), 64.57 (2 x 2), 

64.49 (2 X 2), 44.41 (2), 44.08 (2), 24.82 (3), 24.66 (3), 21.01 (1), 20.55 (1), 10.11 (2) and 

6.92 (2); m/z (CI) 275 ([M + H]+ 10%) and 167 ([M - OCvH?]^ 30%). 

All data agrees with data reported by Boffey.^^ 

Benz)i(I -methylenecyclopropylbutyl-3-one)ether 145 

2-Methyl-[l '-[(2'-benzylethylether)-(l "-methylenecyclopropyl)]]-l ,3-dioxolane 143 

(0.18 g, 0.66 mmol) was stined with jc-toluenesulfbnic acid (0.15 g, 0.79 nimol) in a mixture 

of acetone (18 mi) and 10% water (2 ml) for 2 days. The mixture was concentrated m vacwo. 

Ether (50 ml) was added. The mixture was then washed once with 10% solution NaHCOg (20 

ml) and extracted with ether (3 x 30 ml). The organic phase was dried over MgS04 and 

concentrated M to give 145 as a colourless oil (0.15 g, 100 %) and as a 1 : 1 mixture of 

diastereoisomers Rf = 0.68 (50/50 ether/petrol); Vmax (film)/cm'^ 3065, 2990, 2870, 1717, 

1358, 1073, 893 and 738; Sw (300 MHz; CDCI3) 7.45-7.23 (5H, m, A r ^ , 5.60-5.41 (2H, m, 

=CH2), 4.86 + 4.76 (IH, d, J 8 , OC/^Bz), 4.54 + 4.45 (IH, d, J11 , OC^zBz), 3.55 (IH, ddd, 

J 9 and 9 and 4, C^OCHzBz), 2.89 (IH, dd, J 1 5 and 9, CT^HBCHOCHzBz), 2.63 (0.5H, dd, 

y 15 and 4, CHA^CHOCHsBz), 2.58 (0.5H, dd, J 1 5 and 4, CHAT^^BCHOCH^Bz), 2.18 (3H, 

s, CH3), 1.65 (IH, m, CH cyclopropyl), 1.45 (0.5H, m, CH cyclopropyl), 1.32 (0.5H, m, CH 

cyclopropyl), 1.14 (0.5H, m, CH cyclopropyl) and 0.93 (0.5H, m, CH cyclopropyl); 8c (75 

MHz; CDCI3) 207.34 (0), 207.11 (0), 138.62 (0), 133.91 (0), 131.21 (0), 128.50 (2 x 1), 

127.90 (1), 127.86 (1), 127.72 (1), 127.57 (1) 104.96 (2), 104.82 (2), 78.36 (1), 78.10 (1), 

71.80 (2), 71.60 (2), 49.69 (2), 48.87 (2), 31.33 (3), 31.26 (3), 19.77 (1), 19.62 (1), 10.05 (2) 
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and 6.74 (2); m/z (CI) 229.1194 ([M - H]"̂ . C15H17O2 requires 229.1229), 248 ([M + N H / ] \ 

100%) and 231 ([M + H] \ 70%). 

2-[3-Methoxy-3-(2-methyIenecyclopropyl)propyI]-2-methyl-l,3-dioxolane 144 

3-(2-Methyl-l,3-dioxolan-2-y])-l-(2-methylenecyclopropyl)-l-propanol 141 (0.55 g, 

2.78 mmol) in THF (5 ml) was added to a suspension of sodium hydride (0.17 g, 7.27 mmol) 

in THF (20 ml) under N2 at 0 °C. The mixture was allowed to come to room temperature and 

stirred for 30 minutes. The solution was cooled again to 0 °C. DMPU (0.88 ml, 7.27 mmol) 

was added and stirred for 10 minutes. Methyl iodide (0.72 g, 11.5 mmol) was added and the 

mixture was allowed to warm to room temperature. The solution was stirred overnight and 

quenched with a 2 M solution of NaOH (10 ml). The aqueous phase was extracted witli ether 

(3 X 50 ml). The combined organic phases were dried over MgS04 and concentrated m vacwo. 

The mixture was then purified by flash column chromatography (petrol/ether; 100/0 to 

80/20) to give 144 as a colourless oil (0.55 g, 95%) and as a 1 : 1 mixture of inseparable 

diastereoisomers Rf = 0.52 (50/50 Petrol/ether); v^ax (film)/cm'^ 2878, 1375, 1218, 1064 and 

888; §» (300 MHz; CDCI3) 5.43 (2H, s, = % ) , 3.93 (4H, s, 0(CH2)20), 3.40 (0.5 x 3H, s, 

CH3O), 3.37 (0.5 X 3H, s, CH3O), 2.69 (IH, m, C/fOCHs), 1.97-1.59 (4H, m, 2 x CHz), 1.49 

(IH, m, C;/C-CH2), 1.31 (3H, s, CH3), 1.08 (IH, m, C^HBC=CH2) and 0.83 (IH, m, 

CHA%C=CH2); 8c (75 MHz; CDCI3) 134.25 (0), 131.99 (0), 110.05 (0), 104.27 (2), 104.07 

(2), 100.11 (0), 83.42 (3), 83.20 (3), 64.61 (4 x 2), 56.87 (1), 56.78 (1), 34.96 (2), 34.49 (2), 

29.34 (2), 29.28 (2), 23.80 (3), 19.586 (1), 19.51 (1), 9.48 (2) and 6.59 (2); m/z (EI+) 

212.1418 (M+. C12H20O3 requires 212.1412), m/z (CI) 213 ([M + H f , 6%) and 87 (100%). 
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146 

5-Methoxy-5-(2-mefhylenecyclopropyI)-2-pentanone 146 

2-[3-Methoxy-3-(2-methylenecycIopropyl)propyl]-2-methy]-l,3-dioxolaiie 144 (0.37 

g, 1.74 mmol) was stirred with j?-toluenesulfbnic acid (0.33 g, 1.74 mmol) in a mixture of 

acetone (90 ml) and 10% water (10 ml) for 24 hours. Tlie mixture was concentrated m vacuo. 

Ether (50 ml) was added. The mixture was then washed once with 10% aq. NaHCO] (100 ml) 

and extracted with ether (3 x 75 ml). The organic phase was dried over MgS04, concentrated 

m vacz/o. The crude product was purified by flash column chromatography (petrol/ether; 

100/0 to 80/20) to give 146 as a colourless oil (0.19 g, 65%) and as a 1 : 1 mixtuie of 

inseparable diastereoisomers Rf = 0.48 (50/50 ether/petrol); Vmax (film)/cm'' 2929, 1714, 

1357, 1090 and 886; Sn (300 MHz; CDCI3) 5.43 (2H, s, = % ) , 3.39 (0.5 x 3H, s, CH3O), 

3.36 (0.5 X 3H, s, CH3O), 2.71-2.44 (3PI, m, C/fOCHg and CH2CO), 2.13 (3H, s, CH3), 2.01-

1.71 (5H, m, C;7C=CH2 and 2 x % ) , 1.47 (IH, m, CT/AHgC^CH:) and 0.83 (IH, m, 

CHA;^C=CH2); 8c (75 MHz; CDCI3) 209.06 (0), 134.24 (0), 131.48 (0), 104.72 (2), 104.43 

(2), 82.78 (3), 82.60 (3), 57.05 (1), 39.82 (2), 39.64 (2), 30.13 (3), 29.08 (2), 28.96 (2), 19.47 

(1), 19.29 (1), 9.84 (2) and 6.54 (2); m/z (EI+) 168.1151 ( M \ CmHieOz requires 168.1150), 

m/z (CI) 169 ([M + H] \ 19%) and 137 (100%). 

147 

(JE, JE)-7-Chloro-6-methyl-3,5-heptadien-2-one 147 

TiCL (0.72 ml of 1 M in DCM, 0.72 mmol) was added to r - ( l -

methylenecyclopropyl)butan-3'-one-rol 142 (0.1 g, 0.71 mmol) in dichloromethane (20 ml), 

at - 78 °C under Ar. The solution was stirred for two hours. The reaction mixture was 

quenched with water (15 ml) and the aqueous phase was extracted with dichloromethane (2 x 

20 ml) and ether (2 x 20 ml). The organic phase was then dried over MgS04 and concentrated 

m mcwo. The crude mixture was puiified by flash column chromatography (petrol/ether ; 100 

122 



Zgw'M Q/c/MafioM -Mef/gVgMgcycZopro âne Den'vaffvg:* 

to 60/40) to give diene 147 (0.01 Ig, 20%) as a pale yellow oil Rf = 0.51 (50/50 ether/petrol); 

Vmax (film)/cm-' 2974, 1712, 1356, 1255, 1087, 909 and 804; Sy (300 MHz; CDCI3) 7.26 (IH, 

dd, J 1 0 and 14, C/f^CHCOCH]), 6.22 (IH, d, J10 , Cj^C(CH3)CH2Cl), 6.11 (IH, d, J 14, 

-C^COCH]), 4.02 (2H, s, C^Cl) , 2.21 (3H, s, C ^ C O ) and 1.94 (3H, s, % C = ) ; 6c (75 

MHz; CDCI3) 199.21 (0), 143.7 (0), 137.89 (1), 131.62 (1), 127.33 (1), 50.91 (2), 27.97 (3) 

and 15.71 (3); m/z (CI) 176 ([M + NH/]+, 11%), 159 ([M + H] \ 60%), 125 ([M - Cl]+ 

100%). 

142 

l'-(l-Methylcnecyclopropyl)butan-3'-one-l'oI 142 

TiCl4 (0.08 ml, 0.73 mmol) was added to benzyl(l-methylenecyclopropylbutyl-3-

one)ether 145 (0.16 g, 0.69 mmol) in dichloromethane (10 ml), at - 78 °C under Ar. The 

solution was stirred for two hours. The reaction mixture was quenched with water (15 ml) 

and the aqueous phase was extracted with dichloromethane (2 x 20 ml) and ether (2 x 20 ml). 

The organic phase was then diied over MgS04 and concentrated m vacwo. The crude mixture 

was purified by flash column chromatography (petrol/ether ; 100 to 60/40) to give ketone 142 

(0.065 g, 67%) as a colourless oil and as a 1 : 1 mixture of diastereoisomer. 

154 

(2jfX^)-4-(2-Chloro-4-methylenecyclobutyl)-2-biitanone 154 

SnCl^ (0.038 ml, 0.33 mmol) was added to 5-methoxy-5-(2-metliylene cyclopropyl)-2-

pentanone 146 (0.05 g, 0.29 mmol), in dichloromethane (10 ml), at - 78 °C under Ar. The 

solution was allowed to come to room temperature overnight. The reaction mixture was 

quenched with water (15 ml) and the aqueous phase was extracted with dichloromethane (2 x 

20 ml) and ether (2 x 20 ml). The organic phase was then dried over MgS04 and concentrated 
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m vacwo. The crude mixture was puriEed by Hash cokmin chromatography (petrol/ether; 

100/0 to 90/10) to give ketone 154 (0.035 g, 68%) as a pale yellow oil and as a single 

diastereoisomer Rf = 0.64 (50/50 ether/petrol); Vmax (film)/cm'' 2925, 1714, 1357, 1160 and 

880; 6H (300 MHz; CDCI3) 4.84 (2H, s, - % ) , 3.90 (IH, m, CHCl), 3.12-3.01 (2H, m, 

CH2C;^CH), 2.86 (IH, m, C^CHz), 2.57 (2H, t, J 8 , CH2CO), 2.17 (3H, s, CH3), 1.96 (IH, 

m, C77AHB cyclobutyl) and 1.71 (IH, m, CHA% cyclobutyl); 8c (75 MHz; CDCI3) 208.16 

(0), 144.87 (0), 105.65 (2), 56.27 (1), 52.87 (1), 42.24 (2), 40.09 (2), 30.27 (3) and 25.21 (2); 

m/z (EI+) 172.0651 (M^. C9H13CIO requires 172.0655), m/z (CI) 173 ([M + H] \ 12%) and 

43 (100%). 

CI OH 

CI H 

153 

(/6'y)j(,6S',7/()-l,7-Dichloro-3-methylbicyclo[4.2.0]octan-3-ol 153 

TiCl4 (0.33 ml of 1 M in DCM, 0.33 mmol) was added to 5-methoxy-5-(2-

methylenecyclopropyl)-2-pentanone 146 (0.05 g, 0.30 mmol) in dichloromethane (10 ml), at -

78 °C under Ar. The solution was allowed to come to room temperature and stirred overnight. 

The reaction mixture was quenched with water (15 ml) and the aqueous phase was extracted 

with dichloromethane (2 x 20 ml) and ether (2 x 20 ml). The organic phase was then dried 

over MgS04 and concentrated m vacuo. The crude mixture was purified by flash column 

chromatogi'aphy (petrol/ether; 100 to 60/40) to give bicycle 153 (0.022 g, 36%) as a pale 

yellow crystalline solid and as a single diastereoisomer, which was recrystallised from 

ethanol-water. 

Alternatively, TiCLt (0.083 ml of 1 M in DCM, 0.083 mmol) was added to 4-(2-

chloro-4-methylenecyclobutyl)-2-butanone 154 (0.013 g, 0.075 mmol) in dichloromethane 

(10 ml), at - 78 °C under Ar. The solution was allowed to come to room temperature and 

stirred overnight. The reaction mixture was quenched with water (15 ml) and the aqueous 

phase was extracted with dichloromethane (2 x 20 ml) and ether (2 x 20 ml). The organic 

phase was then dried over MgS04 and concentrated m vo-cwo. The crude mixture was puiiAed 

by flash column cliromatography (petrol/ether; 100 to 60/40) to give bicycle 153 (0.003 g, 

19%) as a pale yellow crystalline and as a single diastereoisomer Rf = 0.17 (50/50 
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ether/petrol); Vmax (film)/cm"' 3367, 2935, 1707, 1378, 1204, 1122 and 914; Sn (300 MHz; 

CDCI3) 3.97 (IH, m, CHCl), 2.96 (IH, m, 0 ^ % % ) , 2.86 (IH, dd, J 8 and 11, 

CHCIC^AHBCCI), 2.64 (IH, dd, J 8 and 11, CHClCHA/fgCCl), 2.30 (IH, d, J 14, 

CCIC/^HBCOH), 1.92-1.71 (3H, m, CCICHA^BCOH and C7^CH2C(0H)), 1.70-1.48 (3H, 

m, C(0H)C^2CH2 and OH) and 1.37 (3H, s, CH3); 8c (75 MHz; CDCI3) 69.82 (0), 59.65 (0), 

55.83 (1), 50.96 (2), 50.84 (2), 47.62 (1), 34.94 (2), 26.52 (3) and 21.09 (2); m/z (EI+) 

208.0416 (M^. C9H14CI2O requires 208.0422), 208 ([M]\ 5%) and 35 (100%); structure and 

stereochemistry conf rmed by X-ray diffraction. 

142sjn 147 

l'-(l-Methylenecyclopropyl)butan-3'-one-l'ol 142 yyM 

(3E, 5E)-7-Chloro-6-methyl-3,5-heptadien-2-one 147 

TiCl4 (0.041 ml, 0.37 mmol) was added to 2-methyl-[r-[(2'-hydroxyethyl)-(r'-

methylenecyclopropyl)]]-l,3-dioxolane 140 jyM (0.065 g, 0.35 mmol) in dichloromethane (10 

ml), at - 78 °C under Ar. The solution was stirred for two hours. The reaction mixture was 

quenched with water (15 ml) and the aqueous phase was extracted with dichloromethane (2 x 

20 ml) and ether (2 x 20 ml). The organic phase was then dried over MgS04 and concentrated 

m vacwo. The crude mixture was puiiRed by flash column chromatography (petrol/ether ; 100 

to 60/40) to give ketone 142 (0.018 g, 30%) as a colourless oil and diene 147 (0.019 g, 

20%) as a pale yellow oil. 
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O 

H £ 
OH 

142 0,,// 147 

l*-(l-Methylenecyclopropyl)butan-3'-one-l'ol 142 

(3E, 5E)-7-Chloro-6-methyl-3,5-heptadien-2-one 147 

TiCU (0.041 ml, 0.37 mmol) was added to 2-methyl-[r-[(2'-hydi'oxyethyl)-(r'-

methylenecyclopropyl)]]-l,3-dioxolane 140 (0.065 g, 0.35 mmol) in dichloromethane 

(10 ml), at - 78 °C under Ar. The solution was stirred for two hours. The reaction mixture 

was quenched with water (15 ml) and the aqueous phase was extracted with dichloromethane 

(2 X 20 ml) and ether (2 x 20 ml). The organic phase was then dried over MgS04 and 

concentrated m vaci/o. The crude mixture was purified by flash column chromatography 

(petrol/ether; 100 to 60/40) to give ketone 142 (0.018 g, 30%) as a colourless oil and 

diene 147 (0.019 g, 20%) as a pale yellow oil. 

o 

"0 

H £ 
OH 

140 142 

2-Methy 1-[1' - [(2 '-hydroxyethyl)-(l'' -methylenecy clopropyl)] ] -1,3-dioxoIane 140 

1 '-(1-Methy lenecy clopropy l)butan-3' -one-1' ol 142 

TiCl^ (0. 05 ml, 0.41 mmol) was added to 2-methyl-[r-[(2'-benzylethylether)-(r'-

methylenecyclopropyl)]]-l,3-dioxolane 143 (0.11 g, 0.39 mmol) in dichloromethane (10 ml), 

at - 78 °C under Ar. Tlie solution was stirred for two hours. The reaction mixture was 

quenched with water (15 ml) and the aqueous phase was extracted with dichloromethane (2 x 

20 ml) and ether (2 x 20 ml). The organic phase was then dried over MgS04 and concentrated 

m The crude mixture was purified by flash column chromatography (petrol/ether; 100 

to 60/40) to give ketal 140 (0.015 g, 21%) as a colourless oil and as a 1 : 1 mixture of 

diastereoisomers and ketone 142 (0.020 g, 37%) as a colourless oil and as a 1 : 1 mixture of 

diastereoisomers. 
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146 

S-Methoxy-5-(2-methylenecyclopropyI)-2-pentanone 146 

2-[3-Me±oxy-3-(2-methylenecycIopropyl)propyl]-2-methyl-I,3-dioxolane 144 (0.05 

g, 0.23 mmol) in dichloromethane (5 ml) was added over 45 mins, using syringe pump, to a 

solution of SnCl4 (0.055 ml, 0.47 mmol) in dichloromethane (10 ml) at - 78 °C under Ar. The 

solution was stirred for 1 hour at - 78 °C. The reaction mixture was quenched with water (15 

ml) and the aqueous phase was extracted with dichloromethane (2 x 20 ml) and ether (2 x 20 

ml). The organic phase was dried over MgS04 and concentrated m The crude mixture 

was purified by flash column chromatography (petiol/ether ; 100/0 to 80/20) to give ketone 

146 (0.028 g, 71%) as a colourless oil and as a 1 : 1 mixture of inseparable diastereoisomer; 

2-[3-Methoxy-3-(2-methylenecyclopropyl)propyl]-2-methyl-1,3-dioxolane 144 (0.05 

g, 0.23 mmol) in dichloromethane (5 ml) was added over 45 mins, using syringe pump, to a 

solution of TiCl4 (0.47 ml of 1 M in DCM, 0.47 mmol) in dichloromethane (10 ml) at - 78 °C 

under Ar. The solution was stirred for 1 hour at - 78 °C. The reaction mixtuie was quenched 

with water (15 ml) and the aqueous phase was extracted with dichloromethane (2 x 20 ml) 

and ether (2 x 20 ml). The organic phase was dried over MgS04 and concentrated m vacwo. 

The crude mixture was puriGed by flash cohmin cliromatography (petrol/ether; 100/0 to 

80/20) to give ketone 146 (0.022 g, 55%) as a colourless oil and as a 1 : 1 mixture of 

inseparable diastereoisomer. 

2-(2-Methyl-dioxolanyl)-iodoethane 170 

Following tlie method of Motherwell,triphenylphosphine (8.9 g, 34.1 mmol), 

imidazole (2.63 g, 38.6 mmol) and finally iodine (9.23 g, 36.3 mmol) were added to a stirred 

solution of alcohol 136 (3 g, 22.7 mmol) in ether (60 ml) and acetonitrile (20 ml). The 

solution was stirred for 15 minutes. The resulting red solution was diluted in ether (100 ml). 
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washed with aq. Na2S203 (5%, 100 ml), then water (50 ml), dried over MgS04 and 

concentrated vacz/o. The residue was triturated with petrol (5 x 20 ml), filtered, 

concentrated m vacz/o and purified by flash column chromatography (ether/petrol; 0/100 to 

10/90) to give 170 (4.99 g, 91%) Rf = 0.58 (50/50 ether/petrol); Sn (300 MHz; CDCI3) 3.99-

3.87 (4H, m, 0(C^2)20), 3.15 (2H, t, J 8 , % ! ) , 2.29 (2H, t, J 8 , % % ! ) and 1.30 (3H, s, 

CH3); 6c (75 MHz; CDCI3) 109.94 (0), 65.01 (2 x 2), 44.42 (2), 23.94 (3) and -2.12 (2); m/z 

(CI) 243 ([M + H]+ 25%) and 87 (100%). 

All data agrees with data reported by Trost.^^ 

I 

171 

2-(3-Iodopropyl)-2-methyl-l,3-dioxolane 171 

Following the method of Motherwell,triphenylphosphine (2.69 g, 10.3 mmol), 

imidazole (0.79 g, 11.6 mmol) and finally iodine (2.78 g, 10.9 mmol) were added to a stirred 

solution of 3-(2-methyl-l,3-dioxolan-2-yl)-l-propanol 137 (1 g, 6.85 mmol) in ether (60 ml) 

and acetonitrile (20 ml). The solution was stirred for 15 minutes. The resulting red solution 

was diluted in ether (100 ml), washed with aq. Na2S203 (5%, 100 ml), then water (50 ml), 

dried over MgS04 and concentrated m vaczfo. The residue was triturated with petrol (5 x 20 

ml), filtered, concentrated m vacwo and purified by flash column chromatography 

(ether/petrol; 0/100 to 10/90) to give 171 (1.71 g, 98%) Rf = 0.60 (50/50 ether/pehol); Vmax 

(film)/cm-^ 2879, 1448, 1376, 1252, 1044 and 862; (300 MHz; CDCI3) 4.01-3.90 (4H, m, 

0 ( C % 0 ) , 3.21 (2H, t, J 7, C^I ) , 2.00-1.91 (2H, m, CH2C%CH2l), 1.78 (2H, t, J 7, 

C;f2(CH2)2l) and 1.32 (3H, s, CH3); 8c (75 MHz; CDCI3) 109.53 (0), 64.85 (2 x 2), 39.99 (2), 

28.40 (2), 24.15 (3) and 7.22 (2); m/z (CI) 257 ([M + H]+, 27%) and 87 (100%). 

All data agrees with data reported by Ahlberg.^^ 
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172 

2-M ethyl- [(2'-ethyl)-(l' 'methylenecy clopropyl)] -1,3-dioiolane 172 

BuLi (4 ml of 2.01 M in hexane, 7.94 mmol) was added to meAylenecyclopropane 1 

(15.9 ml of 1 M in THF, 15.9 mmol) in THF (30 ml) at - 30 °C, and allowed to warm to 0 °C 

over 30 minutes. The reaction mixture was cooled to - 60 °C and HMPA (2.14 ml, 11.9 

mmol) was added followed immediately by the dropwise addition of iodide 170 (1.5 g, 6.2 

mmol). The reaction mixture was allowed to come to room temperature overnight. The 

reaction was quenched with saturated aq. NH4CI (40 ml) and extracted witli ether (3 x 150 

ml). The combined organic phases were washed once with brine (100 ml), dried over MgSO/i 

and concentrated vacwo. The crude product was purified by flash column chromatography 

(petrol/ether; 100/0 to 70/30) to give 172 (1.38 g, 92%) as a colourless oil Rf = 0.72 (50/50 

ether/petrol); Vmax (film)/cm-^ 3068, 3066, 2982, 1744, 1717, 1454, 1376, 1221, 1132, 1065, 

947, 889 and 859; Sy (300 MHz; CDCI3) 5.39 (IH, s, ^ ^ H B ) , 5.32 (IH, s, = % % 3.97-

3.86 (4H, m, 0(CH2)20), 1.81-1.71 (2H, m, %C0(CH2)2O), 1.49-1.35 (3H, m, % and 

CH cyclopropyl), 1.29 (3H, s, CH3), 1.19 (IH, m, CJ^Ha cyclopropyl) and 0.72 (IH, m, 

CHA/^ cyclopropyl); 6c (75 MHz; CDCI3) 136.97 (0), 109.96 (0), 102.71 (2), 64.76 (2 x2), 

38.84 (2), 27.69 (2), 23.96 (3), 15.71 (1) and 9.50 (2); m/z (EI+) 168.1154 (M". CioHjsOz 

requires 168.1150), m/z (CI) 169 ([M + H] \ 14%) and 87 (100%). 

173 

2-Methyl-2-|3-(2-methylenecyclopropyl)propyl]-l,3-dioxolane 173 

BuLi (4.19 ml of 2.04 M in hexane, 8.55 mmol) was added to methylenecyclopropane 

1 (1.15 ml, 17.1 mmol) in THF (50 ml) at - 30 °C, and allowed to warm to 0 °C over 30 

minutes. The reaction mixture was cooled to - 60 °C and HMPA (2.3 ml, 12.8 mmol) was 

added followed immediately by the dropwise addition of 2-(3-iodopropyl)-2-methyl-l,3-

dioxolane 171. The reaction was allowed to come to room temperature overnight. The 
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reaction mixture was quenched wi± saturated aq. NH4CI (20 ml) and extracted with ether (3 

X 100 ml). The combined organic phases were washed once with brine (100 ml), dried over 

MgS04 and concentrated m vacuo. The crude product was purified by flash column 

chromatography (petrol/ether; 100/0 to 90/10) to give 173 (1.12 g, 88%) as a colourless oil 

Rf = 0.66 (50/50 ether/petrol); Vmax (fiM/cm'^ 3067, 3042, 2943, 1745, 1461, 1376, 1312, 

1252, 1136, 1069, 947 and 885; Sn (300 MHz; CDCI3) 5.39 (IH, s, ^C/fAHg), 5.33 (IH, s, 

=CHA;/B), 3.97-3.89 (4H, m, 0(CH2)20), 1.70-1.34 (7H, m, 3 x CHz and C^(CH2)3), 1.32 

(3H, s, CH3), 1.21 (IH, m, CTifAHB cyclopropyl) and 0.73 (IH, m, CHA% cyclopropyl); 8c 

(75 MHz; CDCI3) 137.12 (0), 110.26 (0), 102.61 (2), 64.77 (2 x 2), 39.02 (2), 33.40 (2), 

24.10 (2), 23.90 (3), 15.81 (1) and 9.57 (2); m/z (EI+) 182.1305 (M^. CnHigO^ requires 

182.1307), m/z (CI) 183 ([M + H] \ 7%) and 87 (100%). 

o 

166 

4-Methylenecyclopropylbutan-2-one 166 

2-Methyl-[(2'-ethyl)-(r'-methylenecyclopropyl)]-l,3-dioxolane 172 (1.17 g, 6.96 

mmol) was stined with p-toluenesulfonic acid (2.65 g, 13.9 mmol) in a mixture of acetone 

(90 ml) and 10% water (10 ml) fbr 48 hours. Tlie mixture was concentrated m vocwo. Ether 

(50 ml) was added. The mixture was then washed once with 10% NaHC03 (100 ml) and 

extracted with ether (3 x 75 ml). The organic phase was dried over MgS04, concentrated m 

mcwo and purified by flash column chromatography (petrol/ether; 100/0 to 80/20) to give 

166 as a colourless oil (0.67 g, 78%) Rf = 0.59 (50/50 ether/petrol); v^ax (film)/cm'^ 2974, 

2342, 1717, 1409, 1365 and 1152; Sn (300 MHz; CDCI3) 5.39 (IH, s, ^Cy^AHg), 5.34 (IH, s, 

=CHA/^), 2.53 (2H, t, J 8 , C/^CO), 2.15 (3H, s, CH3), 1.75-1.51 (2H, m, C^^CHzCO), 1.42 

(IH, m, CH cyclopropyl), 1.21 (IH, m, C ^ H g cyclopropyl), and 0.74 (IH, m, C H A ^ 

cyclopropyl); 8c (75 MHz; CDCI3) 208.87 (0), 136.23 (0), 103.16 (2), 43.34 (2), 30.11 (2), 

27.29 (3), 15.04 (1) and 9.47 (2); nVz (CI) 125.0957 ([M + CgHnO requires 125.0966), 

142 ([M + NH4'^]\ 8%), 125 ([M + H] \ 25%) and 42 (100%). 
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167 

5-(2-MetliylenecycIopropyl)-2-pentanone 167 

2-Melhyl-2-[3-(2-methylenecyclopropyl)propyl]-l,3-dioxolajie 173 (0.99 g, 5.44 

mmol) was stirred with ̂ -toluenesulfbnic acid (2 g, 10.9 mmol) in a mixture of acetone (180 

ml) and 10% water (20 ml) for 24 hours. The mixture was concentrated m vacwo. Ether (50 

ml) was added. The mixture was then washed once with 10% NaHCOs (100 ml) and 

extracted with ether (3 x 75 ml). The organic phase was dried over MgS04 and concentrated 

m vacifo. The crude product was purified by flash column chromatography (petrol/ether; 

100/0 to 90/10) to give 167 as a colourless oil (0.49 g, 65%) Rf = 0.58 (40/60 ether/petrol); 

Vmax (mm)/cm-' 3068, 3044, 2974, 1715, 1409, 1360, 1226, 1163 and 890; 8H (300 MHz; 

CDCI3) 5.37 (IH, s, -C;/AHB), 5.31 ( IH, s, ^CHA^fg), 2.44 (2H, t, J 8 Hz, C/fzCO), 2.12 

(3H, s, CH3), 1.76-1.62 (2H, m, CA^^CHzCOCHa), 1.42-1.29 (3H, m, C;f2(CH2)2C0CH3 and 

C/fC=CH2), 1.23 (IH, m, C/i^HsC-CHz) and 0.73 (IH, m, CHA/fsC^CHz); 8c (75 MHz; 

CDCI3) 209.19 (0), 136.72 (0), 102.83 (2), 43.47 (2), 32.62 (2), 30.03 (3), 23.76 (2), 15.50 (1) 

and 9.54 (2); m/z (CI) 138.1043 (M+. C9H14O requires 138.1047), 119 ([M - HzO]^ 25%) and 

95 (100%). 

O O 

175 

Ethyl-5-oxohexanoate 175 

Following the method of Rychnovsky gf ethanol (50 ml), 4-acetylbutyric acid 

174 (7 g, 69.3 mmol) and 3 drops of concentrated sulfiiric acid in toluene (100 ml) were 

refluxed together for 8 hrs using a Dean-Stark apparatus to remove water. The reaction 

mixture was then cooled, concentrated m vacwo and distilled under reduced pressure (bp. 78-

80 °C/0.5 mm Hg) to give ester 175 (7.86g, 72%) as a colourless oil Sy (300 MHz; CDCI3) 

4.10 (2H, q, J 7 , 0 % % ) , 2.49 (2H, t, J 7 , C/^CO), 2.30 (2H, t, J 7 , CH3C0C;^), 2.12 

(3H, s, CH3), 1.87 (2H, p, J 7 , C H z C / f z ^ ) and 1.23 (3H, t, J 7 , C;f3CH20); 6c (75 MHz; 

CDCI3) 208.17 (0), 173.28 (0), 60.47 (2), 42.59 (2), 33.35 (2), 30.06 (3), 18.99 (2) and 14.35 

(3). 
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All data agrees with data reported by Rychnovsky.^'^ 

0 

"O' 
176 

Ethyl-4-(2-methyl-l,3-dioxolan-2-yl)butanoate 176 

Following the method of Kelly er ethylene glycol (6.13 g, 98.7 mmol), ethyl-5-

oxohexanoate 175 (7.8 g, 49.4 mmol) and^-TsOH (0.1 g, 0.49 mmol) were refluxed together 

in toluene (100 ml) for 20 hours using a Dean Stark apparatus to remove water. The reaction 

mixture was cooled and concentrated m vacwo. Ether (50 ml) was added and washed once 

with aq. NaHCOg (5%, 50 ml). The organic phase was dried over MgS04 and concentrated m 

vacz/o. The crude product was distilled under reduced pressure (bp. 92-96 °C/0.5 mm Hg) to 

give ester 176 (8.34 g, 84%) as a colourless oil Sn (300 MHz; CDCI3) 4.11 (2H, q, J 7, 

0 % % ) , 3.98-3.84 (4H, m, 0(CH2)20), 2.31 (2H, t, J 7 , C/fzCOzEt), 1.81-1.58 (4H, m, 2 

X CH2), 1.31 (3H, s, CH3) and 1.24 (3H, t, J 7 , CTi^CHzO); 6c (75 MHz; CDCI3) 173.65 (0), 

109.87 (0), 64.77 (2 x 2), 60.35 (2), 38.46 (2), 34.42 (2), 23.90 (3), 19.72 (2) and 14.38 (3). 

All data agrees with data reported by Rychnovsky.^'* 

177 

4-(2-Methyl-l ,3-dioxoIan-2-yI)-l-butanol 177 

Following the method of Albizati g/ ethyl-4-(2-methyl-l,3-dioxolan-2-

yl)butanoate 176 (8 g, 39.6 mmol) was added dropwise to a suspension of LiAlHt (1.65 g, 

43.5 mmol) in THF (60 ml) at 0 °C and stirred for 1 hour. Ether (40 ml) was added and the 

solution was stirred at 0 °C for 5 minutes. NaOH (15 ml, 4 M) was added and the mixture 

stirred until a white heavy precipitate was observed. The mixture was filtered and washed 

with ether (200 ml) and concentrated m vacwo to give 177 as a colourless oil (6.34 g, 100%) 

Rf = 0.07 (50/50 ether/petiol); 6H (300 MHz; CDCI3) 3.96-3.86 (4H, m, 0(C^2)20), 3.61 

(2H, t, J 7 , C^TzOH), 2.05 (IH, br s, OH), 1.71-1.48 (6H, m, 3 x CH2) and 1.29 (3H, s, CH3); 

6c (75 MHz; CDCI3) 110.18 (0), 64.75 (2 x 2), 62.72 (2), 38.95 (2), 32.91 (2), 23.87 (3) and 

20.35 (2). 

All data agreed with data reported by Rychnovsky.^'^ 
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2-(4-Iodobutyl)-2-metbyI-l,3-dioxolane 178 

Following the method of Motherwell,'^'' triphenylphosphine (7.35 g, 28.1 mmol), 

imidazole (2.17 g, 31.9 mmol) and finally iodine (7.62 g, 30 mmol) were added to a stirred 

solution of alcohol 177 (3 g, 18.7 mmol) in ether (120 ml) and acetonitrile (40 ml). The 

solution was stirred for 15 minutes. The resulting red solution was diluted in ether (50 ml), 

washed with aq. Na2S203 (5%, 20 ml), then water (50 ml), dried over MgS04 and 

concentrated m vacz/o. The residue was triturated with petrol (5 x 20 ml), filtered, 

concentrated m vaczm and purified by flash column chromatography (ether/petrol; 5/95 to 

20/80) to give 178 (4.03 g, 80%) as a colourless oil Rf = 0.42 (50/50 ether/petrol); Vmax 

(film)/cm-' 2945, 1427, 1189, 1044 and 730; Sy (300 MHz; CDCI3) 4.04-3.89 (4H, m, 

0(CH2)20), 3.21 (2H, t, J 7, CH2I), 1.87 (2H, p, J 7, € . % % ! ) , 1.75-1.62 (2H, m, 

%C0(CH2)20) , 1.60-1.43 (2H, m, %(CH2)2l) and 1.34 (3H, s, CH3); 8c (75 MHz; 

CDCI3) 109.94 (0), 64.81 (2 x 2), 38.10 (2), 33.74 (2), 25.22 (2), 23.95 (3) and 6.94 (2); m/z 

(CI) 271 ([M + H] \ 100%). 

179 

2-Methyl-2- [4-(2-methylenecy clopropyl)butyl] -1,3dioxolane 179 

BuLi (9.27 ml of 1.79 M in hexane, 16.6 mmol) was added to methylenecyclopropane 

1 (2.24 ml, 33.2 mmol) in THF (50 ml) at - 30 °C, and allowed to warm to 0 °C over 30 

minutes. The reaction mixture was cooled to - 60 °C and HMPA (4.46 ml, 24.9 mmol) was 

added followed immediately by the dropwise addition of iodide 178 (3.5 g, 12.9 mmol). The 

reaction was allowed to come to room temperature overnight. The reaction mixture was 

quenched with aq. NH4CI (50 ml) and extracted with ether (3 x 50 ml). The combined organic 

phases were washed once with brine (50 ml), dried over MgS04 and concentrated in vacuo. 

The crude product was purified by flash column cliromatography (peti'ol/ether ; 95/5) to give 
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179 (2.24 g, 88%) as a colourless oil Rf = 0.66 (50/50 ether/petrol); v^ax (film)/cm'^ 2936, 

1374, 1220, 1069 and 883; (300 MHz; CDCI3) 5.38 (IH, s, ^C/fAHs), 5.32 (IH, s, 

=CHAm, 4.01-3.84 (4H, m, 0(CH2)20), 1.71-1.56 (2H, m, C;f2C(CH3)0), 1.52-1.27 (7H, 

m, 3 X CHz and C^C=CH2), 1.31 (3H, s, CH3), 1.20 (IH, m, C^fAHsC^CHz) and 0.70 (IH, 

m, CHA^faC^CHz); 8c (100 MHz; CDCI3) 138.36 (0), 111.33 (0), 103.52 (2), 65.80 (2 x 2), 

40.81 (2), 34.24 (2), 30.84 (2), 30.62 (2), 24.93 (3), 16.87 (1) and 10.56 (2); m/z (CI) 

197.1554 ([M + H]\ CnHziOz requires 197.1541) and 197 ([M + H] \ 100%). 

168 

6-(2-Methylenecyclopropyl)-2-heianone 168 

2-Methyl-2-[4-(2-methylenecyclopropyl)butyl]-l,3dioxolane 179 (1 g, 5.1 mmol) was 

stirred with ̂ -TsOH (0.97 g, 5.1 mmol) in a mixture of acetone (180 ml) and 10% water (20 

ml) fbr 48 hours. The mixture was concentrated m vacwo. Ether (50 ml) was added. The 

mixture was then washed once with 10% NaHC03 (100 ml) and extracted with ether (3 x 75 

ml). The organic phase was dried over MgS04 and concentrated m vacwo. The crude product 

was purified by flash column chromatography (petrol/ether; 100/0 to 80/20) to give 168 as a 

colourless oil (0.66 g, 86%) Rf = 0.51 (40/60 ether/petrol); Vmax (film)/cm"^ 2929, 1715,1357, 

1160 and 884; Sn (300 MHz; CDCI3) 5.38 (IH, s, ^CTfAHs), 5.32 (IH, s, ^CHA^/g), 2.43 

(2H, t, J 7, C^COCHs), 2,13 (3H, s, CH3), 1.79-0.84 (8H, 3 x CHi and and 

C^AHBC^CHi) and 0.71 (IH, m, CHA/fsC-CH]); 8c (100 MHz; CDCI3) 209.16 (0), 137.03 

(0), 102.60 (2), 43.82 (2), 32.93 (2), 29.97 (3), 29.07 (2), 23.62 (2), 15.64 (1) and 9.50 (2); 

nVz (EI+) 152.1201 (M+. CioHieO requires 152.1201), m/z (CI) 170 ([M + NH4^+ 100%) 

andl53([M + H]\35%). 
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180 

2-(3-Bromopropoxy)tetrahydropyran 180 

Following the method of Anderson/^ dihydropyran (24.7 ml, 270 mmol) was added 

dropwise over 1 houi" to a mixture of 3-bromopropan-l-ol (25 g, 180 mmol) and ^-TsOH 

(0.041 g, 0.22 mmol) at 55 °C. The mixture was kept at 55 °C fbr 1 hour belbre being cooled 

to room temperature and NaHCO] (0.031 g, 0.36 mmol) added. After 30 minutes, the reaction 

mixture was distilled under reduced pressure (bp. 70-72 °C/0.7 mmHg) to give the protected 

alcohol 180 as a colourless oil (29.15 g, 73%) Rf = 0.62 (50/50 etlier/petrol); Sn (300 MHz; 

CDCI3) 4.57 (IH, t, J 3 , OCHO), 3.89 (IH, m, C^HgO), 3.74 (2H, t, J 6 , % B r ) , 3.61-3.41 

(3H, m, CHA%0 and CH2O), 2.10 (2H, tt, J 6 and 6, C/fzCHiBr) and 1.79-1.42 (6H, m, 3 x 

CHz); 8c (75 MHz; CDCI3) 99.04 (1), 65.03 (2), 62.42 (2), 33.03 (2), 30.85 (2), 30.74 (2), 

25.55 (2) and 19.62 (2). 

All data agrees with data reported by Maskill.^^ 

181 

2-(3-Methylenecyclopropylpropoxy)tetrahydropyran 181 

BuLi (19.7 ml of 2.01 M in hexane, 39.4 mmol) was added to methylenecyclopropane 

1 (5.32 ml, 78.9 mmol) in THF (60 ml) at - 30 °C, and allowed to warm to 0 °C over 30 

minutes. The reaction mixture was cooled to - 60 °C and HMPA (10.6 ml, 59.1 mmol) added 

followed immediately by the dropwise addition of bromide 180. The reaction mixture was 

allowed to come to room temperature overnight. The reaction was quenched with aq. NH4CI 

(10%, 50 ml) and extracted with ether (3 x 150 ml). The combined organic phases were 

washed once with brine (100 ml), dried over MgS04 and concentrated m vaci/o. The crude 

product was purified by flash column chromatography (petrol/etlier; 100/0 to 95/5) to give 

181 (4.52 g, 75%) as colourless oil Rf = 0.69 (50/50 ether/petrol); Sy (300 MHz; CDCI3) 5.40 

(IH, s, = % H B ) , 5.34 (IH, s, -CHA%), 4.58 (IH, t, J 3 , OCM)), 3.87 (IH, m, CJ^^HgO), 

3.76 (IH, m, CHAT/sO), 3.52 (IH, m, C^/AHsO), 3.38 (IH, m, CHA%0), 2.00-1.00 (12H, m, 
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5 X CH2 and C7^C=CH2 and C//AHBC=CH2) and 0.73 (IH, m, CHA^C^CHz); 6c (75 MHz; 

CDCI3) 137.04 (0), 102.68 (2), 98.97 (1), 67.34 (2), 62.47 (2), 30.91 (2), 29.88 (2), 29.66 (2), 

25.64 (2), 19.81 (2), 15.59 (1) and 9.55 (2). 

All data agrees with data reported by Destabel.^ 

OH 

182 

3-MethylenecyclopropyIpropan-l-ol 182 

2-(3-Methylenecyclopropylpropoxy)tetrahydropyran 181 (1 g, 5.1 mmol) was stirred with 

TsOH (1.17 g, 6.12 mmol) in a mixture of acetone (90 ml) and 10% water (10 ml) for 48 

hours. The mixture was concentrated m vcfcwo. Ether (50 ml) was added. The mixture was 

then washed once with aq, NaHC03 (10%, 25 ml) and extracted with ether (3 x 75 ml). The 

organic phase was dried over MgS04, concentiated m vaci/o and purified by flash column 

chromatography (petrol/ether; 100/0 to 70/30) to give 182 as a colourless oil (0.21 g, 65%) 

Rf = 0.29 (50/50 ether/petrol); 6H (300 MHz; CDCI3) 5.40 (IH, s, = % H B ) , 5.35 ( IH, s, 

-CHA^a), 3.68 (2H, t, J 3, C/fzOH), 2.00-1.56 (5H, m, 2 x CH2 and OH), 1.41 (IH, m, 

CHC-CH2), 1.23 (IH, m, C/^HgC^CHz) and 0.75 (IH, m, CHA%C=CH2); 6c (75 MHz; 

CDCI3) 136.93 (0), 102.79 (2), 62.66 (2), 32.54 (2), 29.40 (2), 15.46 (1) and 9.54 (2). 

All data agrees with data reported by Destabel.^ 

169 

3-Methylenecyclopropylpropanal 169 

Following the method of Swem,^^ DMSO (0.33 ml, 4.25 mmol), in dichloromethane 

(10 ml), was added to a solution of oxalyl chloride (0.2 ml, 2.15 mmol), in dichloromethane 

(10 ml), keeping the mixture below - 50 °C. The mixture was stirred for 2 minutes at - 60 °C. 

Alcohol 182 (0.21 g, 1.87 mmol), in dichloromethane (20 ml), was then added within 5 

minutes, again keeping the temperature below - 50 °C. Tlie solution was stirred for 15 
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minutes mid trieAylamine (1.19 ml, 8.5 mmol) was added and stirred ibr 5 minutes. The 

solution was allowed to warm to room temperature. The mixture was quenched with water 

(100 ml) and extracted with dichloromethane (3 x 50 ml). The organic phase was dried over 

MgS04, concentrated m and puriAed by flash column chromatography (petrol/ether; 

100/0 to 80/20) to give 169 as a colourless oil (0.11 g, 55%) Rf = 0.70 (50/50 ether/petrol); 

Vmax (film)/cm-' 2928, 1725 and 888; (300 MHz; CDCI3) 9.80 (IH, t, J 2 , CHO), 5.41 (IH, 

s, = % H B ) , 5.37 (IH, s, =CHA%), 2.61 (2H, dt, J 2 and 7, C^sCHO), 1.83-1.58 (2H, m, 

C^^CHzCHO), 1.36 (IH, m, CT^C-CHz), 1.19 (IH, m, %HBC=CH2) and 0.70 (IH, m, 

CHA%C-CH2); 8c (100 MHz; CDCI3) 202.67 (0), 136.16 (0), 103.74 (2), 43.93 (2), 26.04 

(2), 15.27 (1) and 9.85 (2); nVz (EI+) 110.0732 (M+. C7H10O requires 110.0732) and m/z (CI) 

118([M + NH4Y, 48%). 

General procedure for the addition of conjugated ketones onto methylenecyclopropyl 

ciiprate 

BuLi (4.37 ml of 2.40 M in hexane, 10.5 mmol) was added to methylenecyclopropane 

1 (0.71 ml, 10.5 mmol) in THF (10 ml) at - 30 °C, and allowed to warm to 0 °C over 30 

minutes. The reaction mixture was kept at 0 °C for 1 hour and then allowed to warm to room 

temperature over 15 mins. The reaction was cooled to - 25 °C and cannulated to a rapidly 

stirred suspension of Cul (1 g, 5.25 mmol) in THF (20 ml) at - 25 °C. The mixture turned 

black. The black solution was stirred for 30 mins before cooling to - 78 °C. A solution of 

TMSCl (1.33 ml, 10.5 mmol) and the electrophile (3.93 mmol) in THF (5 ml) was added over 

30 mins to the rapidly stirred organocuprate. The temperature was allowed to come to room 

temperature overnight and quenched with aq. NH4CI (50 ml). The aqueous layer was 

extracted with ether (3 x 25 ml). The combined organic phases were washed once with brine 

(10 ml), dried over MgS04 and concentrated m vocwo. The crude product was dissolved in 

EtiO (20 ml) and a solution of HCl was added (20 ml, 2 M). the reaction was vigorously 

stirred for 2 days. The crude reaction was transferred in a separating fimnel and extracted 

with EtzO ( 3 x 3 0 ml), dried over MgS04 and concentrated m The crude product was 

puiified by flash column cliiomatography to give the Michael adduct. 
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iCr° 
166 

4-MethyleHecyclopropylbutan-2-one 166 

Following the general procedure for addition of coiijugated ketones to 

methylenecyclopropyl cuprate, methyl vinyl ketone 190 (0.33 ml, 3.93 mmol) was added with 

TMSCl in THF. After work up and desilylation, the caide product was purified by flash 

column chromatography (petrol/ether; 100/0 to 90/10) to give ketone 166 (0.39 g, 79%). 

192 

3-Methyl-4-(2-metliyIenecycIopropyI)-2-pentanone 192 

Following the general procedure for addition of coiyugated ketones to 

methylenecyclopropyl cuprate, 3-methyl-3-penten-2-one 191 (0.44 ml, 3.93 mmol) was added 

with TMSCl in THF. After work up and desilylation, the crude product was puidfied by flash 

column chiomatography (petrol/ether; 100/0 to 90/10) to give ketone 192 (0.35 g, 59%) and 

as a 3 : 3 : 2 : 1 mixture of inseparable diastereoisomers Rf = 0.34 (10/90 ethyl 

acetate/petrol); Vmax (film)/cm-' 2967, 2869, 1708, 1453, 1353, 1235, 1180, 1073 and 730; 

(300 MHz; CDCI3) 5.47-5.22 (2H, m, - % ) , 2.75-2.42 (4H, m, 2 x C/fCH;), 2.30-2.09 (4H, 

m, 2 X C^CHs), 2.16 (3H, s, CH3CO), 2.15 (3H, s, CH3CO), 2.13 (3H, s, CH3CO), 2.12 (3H, 

s, CH3CO) and 1.54-0.57 (36 H, m, 8 x CTfaCH and 4 x C77C=CH2 and 4 x C772C=CH2); 8c 

(75 MHz; CDCI3) 212.81 (0), 135.87 (0), 135.72 (0), 134.77 (0), 103.94 (2), 103.44 (2), 

103.11 (2), 53.66 (1), 53.33 (1), 52.38 (1), 51.99 (1), 39.62 (1), 39.34 (1), 29.37 (3), 29.11 

(3), 20.83 (3), 19.97 (3), 19.16 (3), 18.40 (3), 18.24 (3), 15.77 (1), 15.09 (1), 13.84 (3), 12.15 

(1), 11.85 (1), 10.12 (2), 9.60 (2), 8.98 (2) and 8.19 (2); m/z (CI) 170.1534 ([M + NH4'']\ 

CioHzoON requires 170.1545), 170 ([M + NH4^]\ 33%), 153 ([M + H ] \ 97%) and 109 

(100%). 
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194 

4-Methyl-4-(2-methylenecyclopropyl)-2-pentanone 194 

Following the general procedure for addition of conjugated ketones to 

methylenecyclopropyl cuprate, mesityl oxide 193 (0.45 ml, 3.93 mmol) was added with 

TMSCl in THF. After work up and desilylation, the crude product was purified by flash 

column chromatography (petrol/ether; 100/0 to 90/10) to give ketone 194 (0.42 g, 71%) Rf = 

0.35 (10/90 ethyl acetate/petrol): Vmax (film)/cm'' 3046, 2960, 2873, 1715, 1467, 1359, 1159, 

1138 and 885; (300 MHz; CDCI3) 5.39 (IH, s with fine splitting, - C ^ H s ) , 5.37 (IH, s 

with fine splitting, ^CHA/Ze), 2.45 (IH, d, J 14, C^HBCO), 2.37 (IH, d, J 14, CHA^CO), 

2.18 (3H, s, CH3CO), 1.59 (IH, m, C^C^CHz), 104 (IH, m, C/fAHaC^CHz), 0.96 (3H, s, 

CH3), 0.93 (3H, s, CH3) and 0.92 (IH, m, CHA;^C=CH2); 6c (100 MHz; CDCI3) 209.28 (0), 

134.38 (0), 104.04 (2), 55.02 (2), 33.83 (0), 33.06 (3), 26.47 (1), 25.96 (3), 24.92 (3) and 5.86 

(2); m/z (CI) 170.1548 ([M + N H / ] \ CmHioON requires 170.1545), 170 ([M + NH4'']% 

24%), 153 ([M + H] \ 94%) and 135 (100%). 

196 

3-(2-MethylenecyclopropyI)-l-cyclohexanone 196 

Following the general procedure for addition of corrugated ketones to 

methylenecyclopropyl cuprate, cyclohexenone 195 (0.38 ml, 3.93 mmol) was added with 

TMSCl in THF. After work up and desilylation, the crude product was purified by flash 

column chromatography (petrol/ether; 100/0 to 90/10) to give ketone 196 (0.56 g, 95%) and 

as a 1 : 1 mixture of inseparable diastereoisomers Rf = 0.63 (30/70 ethyl acetate/petrol); Vmax 

(film)/cm-^ 2932, 1708, 1310, 1024 and 885; (400 MHz; CDCI3) 5.45 (0.5H, s with fine 

splitting, -C/fAHs), 5.38 (0.5 x 3H, s, -CHA% and ^CHz), 2.60-1.85 (6H, m, CT^CHzCO 

and 2 x CH2 and CHAHg), 1.71-1.18 (5H, m, CHz and CHA^/s and C^C^CHz and 

C7:fAHBC=CH2) and 0.84 (IH, m, C/7AHBC=CH2); 6c (100 MHz; CDCI3) 211.74 (0), 135.08 
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(0), 134.71 (0), 103.96 (2), 103.73 (2), 47.70 (2), 43.11 (1), 42.75 (1), 41.74 (2), 41.64 (2), 

31.32 (2), 30.98 (2), 25.46 (2), 25.37 (2), 21.27 (1), 8.62 (2) and 8.47 (2); m/z (CI) 151.1126 

+ CmHisO requires 151.1123) 151 ([M + H] \ 36%) and 168 ([M + NH/]", 100%). 

198 

l-[2-(2-MethylenecycIopropyl)cyclohexyl]-l-ethaiione 198 

Following the general procedure for addition of conjugated ketones to 

methylenecyclopropyl cuprate, cyclohexene 197 (0.49 g, 3.93 mmol) was added with TMSCl 

in THF. After work up and desilylation, the crude product was purified by flash column 

chromatography (petrol/ether; 100/0 to 90/10) to give ketone 198 (0.53 g, 76%) and as a 5 : 5 

: 3 : 2 mixture of inseparable diastereoisomers Rf = 0.32 (10/90 ethyl acetate/petrol); Vmax 

(film)/cm-' 3069, 2933, 2854, 1712, 1449, 1351, 1309, 1173, 1124, 1030, 891 and 844; & 

(300 MHz; CDCI3) 5.35-5.02 (2H, m, - % ) , 2.68 (IH, dt, J 10 and 4, C/fCO), 2.32-1.90 

(3H, m, 3 X CHCO), 2.11 (3H, s, CH3), 2.08 (3H, s, CH3), 2.02 (3H, s, CH3), 1.97 (3H, s, 

CH3), 1.82-0.86 (IIH, 4 X CH2 and 2 X CH and C/fAHsC^CHz) and 0.55 (IH, m, 

CHA%C-CH2); 8c (75 MHz; CDCI3) 212.05 (0), 136.21 (0), 135.68 (0), 135.08(0), 104.22 

(2), 104.04 (2), 103.65 (2), 103.46 (2), 58.27 (1), 57.64 (1), 53.79 (1), 53.30 (1), 42.88 (1), 

42.79 (1), 42.43 (1), 42.24 (1), 31.98 (3), 31.55 (3), 31.35 (3), 30.86 (3), 30.11 (2), 29.72 (2), 

29.58 (2), 29.52 (2), 25.93 (2), 25.91 (2), 25.71 (2), 25.62 (2), 24.81 (2), 24.65 (2), 24.45 (2), 

22.69 (2), 21.11 (1), 20.81 (1), 16.20 (1), 15.87 (1), 10.66 (2), 9.90 (2), 9.43 (2) and 7.93 (2); 

m/z (CI) 179.1436 ([M + H] \ CnHigO requires 179.1436), 196 ([M + NH4^]\ 15%) and 179 

([M + H]+ 100%). 
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205 207 

3-Chloromethyl-l-methyIcyclohex-3-en-l-ol 205 

(7j;^26'X'S)-2,4-Dimethyl-7-oxabicycIo[2.2.1]heptan-2-ol 207 

TiCl4 (0.15 ml, 1.33 mmol) was added to 4-metliylenecyclopropylbutaii-2-one 166 

(0.15 g, 1.21 mmol), in dichloromeAane (6 ml), at - 40 °C under Ar. The solution was stirred 

for 1.5 hours. The reaction mixture was quenched with water (15 ml) and extracted with 

dichloromethane (2 x 20 ml) and ether (2 x 20 ml). The organic phase was then diied over 

MgS04 and concentrated m vacwo. The crude mixture was purified by flash column 

chromatography (petrol/ether ; 100/0 to 70/30) to give cyclohexene 205 (0.097 g, 50%) as a 

pale yellow oil Rf = 0.29 (50/50 ether/petrol); Vmax (nim)/cm"^ 3386, 2926, 1708, 1667, 1436, 

1373, 1259, 1102 and 683; Sn (300 MHz; CDCI3) 5.84 (IH, br s, -CH), 4.01 (2H, s, CH2CI), 

2.28-2.11 (4H, m, -CCJ^COH and CHz), 1.71-1.50 (3H, m, CH2COH and OH) and 1.29 

(3H, s, CH3); 8c (75 MHz; CDCla) 132.39 (0), 126.49 (1), 68.89 (0), 50.20 (2), 40.47 (2), 

34.53 (2), 28.80 (3) and 23.17 (2); m/z (CI) 160.0689 (MT. CgHnClO requires 160.0655), 

160 ([M]\ 16%) and 178 ([M + NH/]+, 100%); and bicyclic ether 207 (0.010 g, 9%) as a 

pale yellow oil and as a single diastereoisomer R f - 0.51 (50/50 ether/petrol); v^ax (film)/cm'^ 

3581, 3448, 2968, 1718, 1444, 1377, 1194, 1120, 969 and 913; Sn (300 MHz; CDCI3) 4.35 

(IH, br s, CHO), 3.24 (IH, br s, OH), 2.64 (IH, m, C^HgCHz), 2.18-1.84 (3H, m, 

CHA%CH2 and C%C(OH)Me), 1.73 (3H, s, CH3), 1.71-1.59 (2H, m, %CHAHB) and 

1.24 (3H, s, C/fsCOH); 6c (75 MHz; CDCI3) 72.21 (0), 69.21 (0), 64.80 (1), 45.14 (2), 32.57 

(3), 31.77 (2), 31.10 (3) and 26.35 (2); m/z (EI+) 142.0995 (M"". CgHMOz requires 142.0994), 

m/z (CI) 143 ([M + H]+, 19%) and 125 ([M - HiO]^ 100%). 

OH 

211 

3-Chloromethylcyclohex-3-en-l -ol 211 

TiCl4 (0.11 ml, 0.99 mmol) was added to 3-methylenecyclopropylpropanal 169 (0.1 g, 

0.91 mmol), in dichloromethane (4 ml), at 0 °C under Ar. The solution was stirred Ibr 1 
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hours. The reaction mixture was quenched with water (10 ml) and extracted w i ± 

dichloromethane (2 x 20 ml) and ether (2 x 20 ml). Tlie organic phase was then dried over 

MgS04 and concentrated m vacwo. The cmde mixture was punfied by flash column 

chromatography (petrol/ether; 100/0 to 60/40) to give cyclohexene 211 (0.065 g, 50%) as a 

pale yellow oil Rf = 0.24 (50/50 ether/petrol); v^ax (film)/cm"^ 3346, 2926, 1706, 1666, 1438, 

1359, 1259, 1066, 905 and 683; (400 MPIz; CDCI3) 5.80 (IH, br s, =CH), 4.05 (IH, m, 

CTfOH), 4.00 (2H, s, C%C1), 2.46 (IH, dd, J 4 and 14, ^CC/fAHgCHOH), 2.35-2.03 (3H, m, 

C=CHC^ and OH), 1.92-1.79 (2H, m, ^CCHA/^eCHOH and CHzC^HgCHOH) and 1.60 

(IH, m, CHzCHAWHOH); 6c (100 MHz; CDCI3) 132.15 (0), 127.15 (1), 67.42 (1), 50.31 

(2), 35.40 (2), 30.05 (2) and 23.49 (2); m/z (CI) 164.0825 ([M + NH4^\ C7H15CINO requires 

164.0842), 146 ([M]\ 16%), 128 ([M - H2O] \ 16%) and 164 ([M + NH4^+ 100%). 

OH 

213 

2-[l-(Chloromethyl)-l-ethenyl]-l-methyl-l-cyclopentanoI 213 

SnCl4 (0.093 ml, 0.79 mmol) was added dropwise to 5-(2-methylenecyclopropyl)-2-

pentanone 167 (0.1 g, 0.72 mmol) in dichloromethane (10 ml) at - 55 °C under Ar. The 

solution was stirred for 6 hours at - 55 °C. The reaction mixture was quenched with water (15 

ml) and extracted with dichloromethane (2 x 20 ml) and ether (2 x 20 ml). The organic phase 

was then dried over MgS04 and concentrated m voczm. The crude mixtuie was purified by 

flash column chromatography (petrol/ether; 100/0 to 70/30) to give cyclopentanol 213 

(0.054 g, 43%) as a colourless oil and as a single diastereoisomer Rf = 0.43 (50/50 

ether/petrol); Vmax (film)/cm ' 3460, 3090, 2928, 1639, 1447, 1375, 1260, 1122, 1048, 936, 

849 and 736; Sn (300 MHz; CDCI3) 5.42 (IH, s, ^CJ^AHs), 5.20 (IH, s, =CHA^), 4.14 (2H, 

s, CH2CI), 2.47 (IH, t, J 9 , C;/C(CH2C1)=CH2), 2.00-1.50 (6H, m, 3 x CH2), 1.40 (IH, br s, 

OH) and 1.31 (3H, s, CH3); 6c (75 MHz; CDCI3) 144.75 (0), 117.12 (2), 79.44 (0), 53.21 (1), 

49.20 (2), 41.20 (2), 30.48 (2), 27.49 (3) and 21.37 (2); m/z (EI+) 174.0806 (M\ C9H15CIO 

requires 174.0811), 123 ([M-51]+, 15%) and 28 (100%). 
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OH 

214 

2-[l-(Chloromethyl)vinyl]-l-metliyicycIohexan-l-ol 214 

SnCL (0.085 ml, 0.72 mmol) was added to 6-(2-methylenecyclopropyl)-2-hexanone 

168 (0.1 g, 0.66 mmol), in dichloromethane (20 ml), at - 78 °C under Ar. The solution was 

stirred for 8 lirs at - 78 °C. The reaction mixture was quenched with water (20 ml) and the 

aqueous phase was extracted with dichloromethane (2 x 20 ml) and ether (2 x 30 ml). The 

organic phase was then dried over MgSO^ and concentrated m vacwo. The crude mixture was 

purified by flash column chromatography (petrol/ether; 95/5 to 90/10) to give cyclohexanol 

214 (0.051 g, 40%) as a pale yellow oil and as a single diastereoisomer Rf = 0.51 (50/50 

ether/petrol); Vmax (film)/cm-^ 3469, 2929, 1373, 1098 and 917; Sn (400 MHz; CDCI3) 5.26 

(IH, s, =C/^HB), 5.11 (IH, -CHA^^B), 4.05 (2H, s, CH2CI), 2.04 (IH, dd, J 4 and 13, 

C^C=CH2), 1.83-1.39 (6H, m, C H C ^ and 2 x CHi), 1.38-1.27 (2H, m, C H C H z ^ ) , 1.21 

(IH, m, OH) and 1.08 (3H, s, CH3); 6c (100 MHz; CDCI3) 147.69 (0), 116.98 (2), 70.85 (0), 

50.94 (1), 49.95 (2), 40.56 (2), 30.08 (3), 29.18 (2), 26.59 (2) and 22.03 (2); m/z (EI+) 

188.0973 (M\ CmHiyClO requires 188.0968), m/z (CI) 188 ([M]+, 14%) and 206 ([M + 

N H / ] \ 100%). 

OH 

196 217 218 

3-(2-Methylenecyclopropyl)-l-cycIohexanone 196 

3-[(E/Z)-3-ChIoro-2-methyl-l-propenyl]-l-cyclohexanone 217 

3-(Chloromethyl)bicyclo [3.3.1 ] non-3-en-l-ol 218 

TiCl4 (0.73 ml of 1 M solution in DCM, 0.73 mmol) was added to 3-(2-

methylenecyclopropyl)-l-cyclohexanone 196 (0.1 g, 0.68 mmol) in dichloromethane (20 ml), 

at - 78 °C, under Ar. The solution was allowed to come to 0 °C over 8 hours. The reaction 

mixture was quenched with water (15 ml) and the aqueous phase was extracted with 
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dichloromethane (2 x 20 ml) and ether (2 x 20 ml). The organic phase was then dried over 

MgS04 and concentrated m vacuo. The crude mixture was purified by flash column 

chromatography (petrol/ether; 95/5 to 70/30) to give cyclohexanone 196, as a single 

diastereoisomer, (0.043 g, 43%) and as a colourless oil Rf = 0.56 (50/50 ether/petrol); Vmax 

(film)/cm ' 2932, 1708, 1310, 1024 and 885; 6H (400 MHz; CDCI3) 5.44 (IH, s, =C;/AHB), 

5.37 (IH, s, -CHAT/e), 2.53 (IH, m, CHC/^HgCO), 2.39-2.13 (3H, m, CHCHA^aCO and 

C//CHAHBCO and CHzC^HBCO), 2.06 (IH, m, CHiCHA^^CO), 1.96 (IH, m, % H B ) , 

1.70-1.48 (3H, m, % % and CH2), 1.37 (IH, m, CJ:/C=CH2), 1.24 (IH, m, %HBC=CH2) 

and 0.82 (IH, m, % % € = % ) ; 8c (100 MHz; CDCI3) 211.74 (0), 135.09 (0), 103.73 (2), 

47.71 (2), 43.11 (1), 41.75 (2), 31.33 (2), 25.46 (2), 21.28 (1) and 8,63 (2); m/z (CI) 151.1126 

([M + H^. C10H15O requires 151.1123) 151 ([M + H^, 36%) and 168 ([M + NH4T, 100%); 

cyclohexanone 217 (0.018 g, 15%) as a colourless oil Rf = 0.46 (50/50 ether/petrol); Vmax 

(film)/cm-' 2937, 1709, 1346, 1222, 914 and 686; (400 MHz; CDCI3) 5.41 (IH, d, J 9, 

=CH), 4.00 (2H, s, CH2CI), 2.72 (IH, m, - C H C ^ , 2.44-2.25 (2H, m, C H % C O ) , 2.19-2.06 

(2H, m, (CH2)2C//2C0), 1.91-1.67 (2H, m CHzC/^CHz), 1.76 (3H, s, CH3) and 1.58-1.44 

(2H, m, CHC/^(CH2)2C0); 8c (100 MHz; CDCI3) 210.94 (0), 133.31 (1), 132.41 (0), 52.20 

(2), 47.67 (2), 41.58 (2), 38.47 (1), 31.56 (2), 25.62 (2) and 14.72 (3); m/z (EI+) 186.0812 

([M]+. C10H15OCI requires 186.0811) m/z (CI) 204 ([M + NH/]+, 13%) and 170 (100%); and 

bicyclo [3.3.1] 218 (0.043 g, 35%) as a yellow oil R.f = 0.25 (50/50 ether/petrol); Vmax 

(film)/cm-' 3368, 2931, 1352, 1259, 1071, 898 and 734; 8H (400 MHz; CDCI3) 5.75 (IH, d, J 

6, =C;/CH), 4.07 (IH, d, y 11, C//AHBC1), 4.00 (IH, d, J 11, CHA/fgCl), 2.67 (IH, br s, 

-CHCTy), 2.36 (IH, d, J18 , =CC/fAHBCOH), 2.30 (IH, d, J 18, =CCHA7%C0H), 1.80 (2H, 

d, J11, CHCT^COH) and 1.63-1.35 (7H, m, 3 x CH2 and OH); 8c (100 MHz; CDCI3) 135.54 

(0), 130.09 (1), 69.46 (0), 49.15 (2), 42.06 (2), 41.84 (2), 40.54 (2), 33.97 (1), 28.24 (2) and 

19.75 (2); m/z (EI+) 186.0812 ([M]\ C10H15OCI requires 186.0811) m/z (CI) 204 ([M + 

N H / ] \ 6%) and 186 ([M]\ 100%). 

NO, 
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3-(MethyIenecyclopropyl)cyclohexyl 4-nitrobenzoate 219 

Following tlie method used by Albizati gr ketone 196 (0.020 g, 0.13 mmol) in 

THF (1 ml) was added dropwise to a suspension of LiAlH4 (0.010 g, 0.26 mmol) in THF (4 

ml) at 0 °C and stirred for 1 hour. Ether (2 ml) was added and the solution was stirred at 0 °C 

fbr 5 minutes. NaOH (0.5 ml, 4 M) was added and tlie mixture stined until a wliite heavy 

precipitate was observed. The mixture was filtered and washed with ether (20 ml), dried over 

MgSO^ and concentrated m to give a colourless oil, which was used without further 

purification. The crude product was added to a suspension of NaH (0.010 g, 0.39 mmol) in 

THF (2 ml) under Ar at 0 °C. The mixture was allowed to come to room temperature and 

stirred fbr 30 minutes. DMPU (0.047 ml, 0.39 mmol) was added and stirred for 10 minutes. 

^-Nitrobenzoyl chloride (0.12 g, 0.65 mmol) was added and the mixture was allowed to warm 

to room temperature. The solution was stirred oveniight and quenched with NaOH (2 ml, 2 

M). The aqueous phase was extracted with ether ( 3 x 1 0 ml). The combined organic phases 

were dried over MgS04 and concentrated m The mixture was purified by flash column 

chromatography (petrol/ether; 100/0 to 50/50) to give 219 as a pale yellow solid (0.009 g, 

23%) and as a single diastereoisomer Rf - 0.72 (50/50 ether/petrol); v^ax (film)/cm'' 2866, 

1719, 1527, 1278, 898 and 718; Sw (400 MHz; CDCI3) 8.28 (2H, d, J 9 , C^^CHCNOz), 8.20 

(2H, d, y 9, CH-C/fCNOz), 5.43 (IH, s, ^C/fAHs), 5.37 (IH, s, =CHAJ%), 4.95 (IH, m, 

CHO), 2.27 (IH, m, ^ H B C H O ) , 2.10 (IH, m, CHA^fgCHO), 1.89 (IH, m, C^HgCHO), 

1.82 (IH, m, CHA%CHO), 1.50-1.02 (7H, m, 3 x CH2 and CH) and 0.85 (IH, m, 

CHC^CHz); 6c (100 MHz; CDCI3) 164.86 (0), 151.23 (0), 137.01 (0), 136.02 (0), 131.40 (2 x 

1), 124.21 (2 X 1), 103.70 (2), 75.63 (1), 40.66 (1), 38.32 (2), 32.37 (2), 32.01 (2), 24.39 (2), 

22.03 (1) and 8.73 (2); m/z (CI) 153 ([M -148]+, 4%) and 135 (100%). 

NOo 

221 

3-(2-Methylenecyclopropyl)-l-cyclohexanone l-(2,4-dinitrophenyl)hydrazone 221 

Ketone 196 (0.045 g, 0.3 mmol) was dissolved in EtiO-DCM (0.4 : 0.2 ml) to yield a 

0.5 M solution and 1 mol equivalent DBU (0.045 ml, 0.3 mmol) was added. The solution was 
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leA for 1 hour and an excess of methanolic hydrazine 220 acidiGed wi± H2SO4 was added. 

The mixture was concentrated in vacuo, redissolved in EtzO (5 ml) and washed once with 

diluted HCl (10 ml). The organic layer was dried over MgS04, concentrated in vacuo and 

purified by flash column chromatography (petrol/ether ; 95/5) to give 221 as an orange solid 

(0.014 g, 14%) and as a single diastereoisomer, mp. 105-107 (Aom chloroform) Rf = 0.67 

(50/50 ether/petrol); Vmax (film)/cm-^ 3318, 2933, 1616, 1584, 1519, 1423, 1334, 1304, 1066, 

921, 893, 832, 743 and 724; Sn (400 MHz; CDCI3) 11.24 (IH, d, J19 , NJ^, 9.13 (IH, t, J 3, 

CH Ar), 8.28 (IH, dd, J 10 and 3, M:=CH Ar), 7.98 (IH, dd, J 10 and 6, HC=CJ^ Ar), 5.47 

(IH, s, = % H B ) , 5.41 (IH, s, = C H A % 3.00-2.65 (2H, m, C772C=N), 2.54 (IH, 

C//AHBC=N), 2.33 (IH, m, CHA^/sC-N), 2.25-1.87 (3H, m, CH and % ) , 1.75-1.10 (4H, m, 

CHz and C/fC^CHz and C;^HBC=CH2) and 0.91 (IH, m, CHA/fBC-CHz); 8c (100 MHz; 

CDCI3) 161.11 (0), 160.99 (0), 145.71 (0), 137.92 (0), 135.20 (0), 130.39 (1), 124.04 (1), 

116.69 (1), 103.75 (2), 42.78 (1), 41.48 (2), 35.79 (2), 27.16 (2), 25.07 (2), 20.97 (1) and 8.69 

(1); m/z (CI) 331 ([M + H]+, 34%) and 35 (100%). 

222 223 224 

3-(Chloromethyl)-l-methyl-];2,4a,5,6,7,8,8a-octahydro-l-naphthalenoI 222 

4-Chloro-l-inethyl-3-methyleneperhydro-l-naphthlenol 223 

5,7-Dimethyl-l,2,3,4-tetrahydronaphthalene 224 

TiCl4 (0.62 ml, 0.62 mmol) was added to l-[2-(2-methylenecyclopropyl)cyclohexyl]-

1-ethanone 198 (0.1 g, 0.56 mmol), in dichloromethane (20 ml), at - 78 °C under Ar. The 

solution was allowed to come to - 40 °C over 7 hours. The reaction mixture was quenched 
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with water (10 ml) and extracted with dichloromethane (2 x 20 ml) and ether (2 x 20 ml). The 

organic phase was then dried over MgS04 and concentrated m vacwo. The crude mixture was 

purified by flash column chromatography (petrol/ether ; 100/0 to 70/30) to give naphthalenol 

222 and 223 (0.035 g, 29%) as a yellow oil and as a insepaiable mixture of regio- and 

diastereoisomers Rf = 0.24 (50/50 ether/petrol); Vmax (film)/cm'^ 3416, 2919, 2852, 1443, 

1373, 1258, 804 and 732; Sa (300 MHz; CDCI3) 5.64 (IH, br s, -CH), 5.51 (IH, br s, -CH), 

5.09-4.80 (2H, m, - % ) , 4.11-3.89 (3H, m, CHCl and CH2CI), 2.50 (IH, br s, OH) and 2.43-

0.79 (31H, m, 10 x % and 4 x CH and OH and 2 x CH3); 6c (75 MHz; CDCI3) 134.26 (0), 

132.47 (1), 131.08 (0), 130.57 (1), 113.54 (2), 72.4^. (0), 70.27 (0), 50.10 (2), 49.76 (2), 

48.06 (1), 45.23 (1), 44.29 (2), 42.34 (2), 37.79 (2), 37.65 (1), 35.46 (1), 32.89 (2), 31.42 (2), 

27.86 (3), 27.00 (3), 26.76 (2), 26.55 (2), 26.06 (3), 25.57 (2), 24.82 (2), 22.51 (2) and 22.33 

(2); m/z (CI) 232.1475 ([M + NH4+]+. C12H23ONCI requires 232.1468), 232 ([M + 

60%), 214 ([M]\ 10%) and 179 (100%); and tetrahydronaphthalene 224 (0.034 g, 38%) as a 

yellowish oil Rf = 0.75 (50/50 ether/petrol); Vmax (film)/cm-' 2922, 2855, 1612, 1480, 1436, 

1375, 1030, 984, 846, 822 and 722; Sn (300 MHz; CDCI3) 6.85 (IH, s, H Ar), 6.80 (IH, s, H 

Ar), 2.77 (2H, t, 76, = 0 0 / ^ % ) , 2.62 (2H, t, J 6 , = 0 0 7 / 2 % ) , 2.29 (3H, s, OH3), 2.21 (3H, 

s, OH3) and 1-95-1.74 (4H, m, 2 x OH2); 8c (75 MHz; CDCI3) 137.14 (0), 136.64 (0), 134.62 

(0), 132.58 (0), 128.12 (1), 127.59 (1), 30.22 (2), 26.53 (2), 23.72 (2), 23.17 (2), 20.97 (3) 

and 19.56 (3); m/z (EI+) 160 ([M]+, 72%) and 145 (100%). 

All data for 224 agrees with data reported by Marson.^^ 

HO 

225 226 227 

3-(Chloromethyl)-l,5,6-tnniethyl-3-cyclohexen-l-ol 225 

4-Chloro-l,2,3-trimethyl-5-methylene-l-cyclohexaiiol 226 

I,2y3,5-Tetramethylbenzene 227 

TiCl4 (0.72 ml of 1 M in DOM, 0.72 mmol) was added to 3-methyl-4-(2-

methylenecyclopropyl)-2-pentanone 192 (0.1 g, 0.66 mmol), in dichloromethane (20 ml), at -

78 °0 under Ar. The solution was allowed to come to - 20 °0 over 7 hours. The reaction 
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mixture was quenched with water (10 ml) and extracted with dichloromethane (2 x 20 ml) 

and ether (2 x 20 ml). The organic phase was then dried over MgS04 and concentrated m 

vacz/o. The crude mixture was purified by flash column chromatography (petrol/ether ; 100/0 

to 70/30) to give cyclohexenol 225 and methylenecyclohexane 226 (0.040 g, 38%) as a 

yellow oil and as a inseparable mixture of regio- and diastereoisomers Rf = 0.35 (50/50 

ether/petrol); Vmax (film)/cm-' 3411, 2962, 2875, 1375, 1256, 1032, 881 and 731; Sn (400 

MHz; CDCI3) 5.64 (IH, br s, -CH), 5.50 (IH, br s, -CH), 5.42 (IH, br s, =CH), 4.91 (IH, s, 

=C;7AHB), 4.84 (IH, s, -CHA/fs), 4.03-4.82 (3 H, m, CH2CI and CHCl), 2.41 (IH, br s, OH) 

and 2.31-0.74 (27H, m, 6 x CH3 and 4 x C^CHg and 2 x CH2 and OH); 8c (100 MHz; 

CDCI3) 144.70 (0), 133.55 (1), 132.73 (1), 132.19 (0), 132.07 (0), 131.04 (1), 130.89 (0), 

113.75 (2), 113.50 (2), 90.11 (1), 72.60 (0), 72.45 (0), 71.28 (0), 70.96 (0), 50.77 (1), 50.28 

(2), 50.03 (2), 49.96 (2), 45.83 (1), 44.05 (1), 42.90 (2), 42.71 (1), 42.54 (1), 41.94 (2), 37.51 

(2), 35.11 (1), 34.02 (1), 28.24 (3), 27.58 (3), 26.54 (3), 21.02 (3), 20.06 (3), 17.68 (3), 17.43 

(3), 14.95 (3) and 12.21 (3); m/z (CI) 206.1317 ([M + NH4'l^. C10H21ONCI requires 

206.1312), 206 ([M + NH/]"-, 87%), 188 ([M]\ 12%) and 153 (100%); and benzene 227 

(0.031 g, 35%) as a yellowish oil Rf = 0.75 (50/50 ether/petrol); Vmax (film)/cm'' 2913, 2869, 

1484, 1375, 1012, 893, 847 and 704; Sn (400 MHz; CDClg) 6.75 (2H, s, H Ar) and 2.20 

(12H, s, 4 X CH3); 8c (100 MHz; CDCI3) 135.22 (4 x 0), 127.30 (2 x 1) and 19.40 ( 4 x 3 ) ; 

m/z (EI+) 134 ([M]\ 95%) and 119 (100%). 

230 

3-(Chloromethyl)-l;5,5-trimethyl-3-cyclohexen-l-ol 230 

TiCl4 (0.72 ml of 1 M in DCM, 0.72 mmol) was added to 4-methyl-4-(2-

methylenecyclopropyl)-2-pentanone 194 (0.1 g, 0.66 mmol), in dichloromethane (20 ml), at -

78 °C under Ar. The reaction mixture was stiized for 40 mins at - 78 °C. The reaction mixture 

was quenched with water (10 ml) and extracted with dichloromethane (2 x 20 ml) and ether 

(2 X 20 ml). The organic phase was then dried over MgS04 and concentrated m vacwo. The 

crude mixture was purified by flash column chromatography (petrol/ether ; 100/0 to 70/30) to 
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give cyclohexenol 230 (0.080 g, 65%) as a pale yellow oil Rf = 0.33 (50/50 ether/petrol); Vmax 

(mm)/cm-' 3451, 2957, 2864, 1455, 1375, 1212, 1158, 1096, 1067, 903 and 681; 6H (300 

MHz; CDCI3) 5.60 (IH, br s, -CH), 4.06 (IH, d, J 11, %HBC1) , 4.01 (IH, d, J 11, 

CHA/TsCl), 2.23 (IH, d, J17, ^ C ^ H B C O H ) , 2.11 (IH, d, J 1 7 , -CCPlA/^COH), 1.68 (IH, 

d, J14, (CH3)2C%HBC0H), ] .59 (IH, br s, OH), 1.47 (IH, d, J14 , (CH3)2CCHAW0H), 

1.31 (3H, s, CH3) and 1.14 (3H, s, CH3), 1.01 (3H, s, CH3); 8c (100 MHz; CDCI3) 137.20 (1), 

129.27 (0), 70.50 (0), 50.78 (2), 48.64 (2), 40.39 (2), 33.52 (0), 31.99 (3), 30.71 (3) and 30.55 

(3); m/z (CI) 206.1322 ([M + CioHziONCl requires 206.1312) 188 ([M]\ 11%) and 

206([M + NH4T, 100%). 

231 

5-ChIoro-l-(chloromethyl)-5-methyl-l-cyclohexene 231 

TiCl4 (0.60 ml of 1 M in DCM, 0.60 mmol) was added to 2-methyl-[(2'-ethyl)-(r'-

methylenecyclopropyl)]-l,3-dioxolane 172 (0.05 g, 0.3 mmol) in dichloromethane (10 ml), at 

- 78 °C under Ar. The solution was stirred for 2 hours. The reaction mixture was quenched 

with water (15 ml) and extracted with dicliloromethane (2 x 20 ml) and ether (2 x 20 ml). The 

organic phase was then dried over MgS04 and concentrated m vacwo. The crude mixture was 

purified by flash column chromatography (100% petrol) to give dichloride 231 (0.022 g, 

41%) as a pale yellow oil Rf = 0.62 (10/90 ether/petrol); Vmax (film)/cm'^ 3051, 2924, 1670, 

1429, 1378, 1261, 1208, 1113, 1073, 776, 680 and 572; Sn (300 MHz; CDCI3) 5.86 (IH, br s, 

-CH), 4.01 (2H, s, CH2CI), 2.57 (2H, d, J 11, =C%PlBC(CH3)Cl), 2.46 (2H, d, J 11, 

=CCHA;/BC(CH3)C1), 2.36 (IH, m, C ^ C H ^ H a ) , 2.18 (IH, m, C-CHCHA%), 2.00 (IH, 

m, CH2C;yAHBC(CH3)Cl), 1.77 (IH, m, CH2CHA%C(CH3)C1) and 1.68 (3H, s, CH3); 6c (75 

MHz; CDCI3) 131.45 (0), 126.15 (1), 68.25 (0), 49.91 (2), 42.45 (2), 36.85 (2), 32.41 (3) and 

23.79 (2); m/z (EI+) 178.0321 (M+. CgHnCh requires 178.0316), 142 ([M - Cl]\ 3%) and 41 

(100%). 
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HQ 

c i " ^ ^ 

232 233 

2- {[3-(Chloi omethyl)-1 -methyl-3-cy clohexenyl) oiy) -1 -ethanol 232 

2-[(4-Chloro-l-methyI-3-methylenecyclohexyl)oxy]-l-ethanol 233 

SnCLi (0.14 ml, 1.19 mmol) was added dropwise to 2-methyl-[(2'-ethyl)-(l''-

methylenecyclopropyl)]-l,3-dioxolaDe 172 (0.1 g, 0.59 mmol) in dichloromethane (10 ml) at 

- 78 °C under Ar. The solution was stirred for 2 hours. The reaction mixture was quenched 

with water (15 ml) and extracted with dichloromethane (2 x 20 ml) and ether (2 x 20 ml). The 

organic phase was then dried over MgS04 and concentrated m vacMo. The crude mixture was 

purified by flash column chromatography (petrol/ether; 100/0 to 70/30) to give an 

inseparable mixtme of cyclohexene 232 and methylenecyclohexane 233 (0.085 g, 70%) in a 

1.6 : 1 ratio, as a pale yellow oil Rf = 0.14 (50/50 ether/petrol); Vmax (film)/cm'' 3418, 3074, 

2928, 1433, 1376,1260,1111, 1052, 967, 911 and 682; m/z (EI+) 204.0917 (M\ CioHnClOz 

requires 204.0917), 169 ([M - C]]\ 10%) and 59 (100%); data for 232 6H (300 MHz; CDCI3) 

5.81 (IH, br s, =CH), 4.01 (2H, s, CH2CI), 3.70-3.62 (2H, m, % 0 H ) , 3.48 (IH, m, 

0%HBCH20H) , 3.38 (IH, m, 0CHA%CH20H), 2.31-2.00 (4H, m, CH2%C(CH3)0 and 

=C%C(CH3)0) , 1.98-1.49 (3H, m, C;f2CH2C(CH3)0 and OH) and 1.23 (3H, s, CH3); 6c 

(75 MHz; CDCI3) 132.07 (0), 126.73 (1), 73.02 (0), 68.84 (2), 62.22 (2), 50.32 (2), 37.21 (2), 

32.15 (2), 23.84 (3) and 23.26 (2); data for 233 (300 MHz; CDCI3) 5.03 (IH, s, =C//AHB), 

4.98 (IH, s, = % % ) , 3.84 (IH, br s, CHCl), 3.70-3.62 (2H, m, C^OH) , 3.52-3.45 (2H, m, 

OC772CH2OH), 2.50 (IH, d, J 14, =CC7/AHBC(CH3)0), 2.39 (IH, d, J 14, 

=CCHA%C(CH3)0), 2.13-1.71 (5H, m, CH2CAC(CH3)0 and C/^CH2C(CH3)0 and OH) 

and 1.66 (3H, s, CH3); 8c (75 MHz; CDCI3) 142.79 (0), 114.60 (2), 78.21 (1), 72.07 (0), 

62.34 (2), 62.04 (2), 45.95 (2), 36.02 (2), 33.43 (3) and 29.28 (2). 
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234 

6-Cloro-l-(chloromethyl)-6-metliyl-l-cycloheptene 234 

TiCl4 (1.1 ml of 1 M in DCM, 1.1 mmol) was added dropwise to 2-methyl-2-[3-(2-

methy]enecyclopropyl)propyl]-l,3-dioxolane 173 (0.1 g, 0.55 mmol) in dichloromethane (10 

ml) at - 78 °C under Ar. The solution was stirred for 2 hours. The reaction mixture was 

quenched with water (15 ml) and extracted with dichloromethane (2 x 20 ml) and ether (2 x 

20 ml). The organic phase was then dried over MgS04 and concentrated m vacwo. The crude 

mixture was purified by Gash column chromatography (100% petrol) to give cycloheptene 

234 (0.012 g, 11%) as a pale yellow oil Rf = 0.65 (10/90 ether/petrol); v^ax (film)/cm'^ 2935, 

1442, 1377, 1257, 1186, 1116, 1067, 1020, 912, 734 and 684; Sn (300 MHz; CDCI3) 6.09 

(IH, t, y 7, =CH), 4.09 (IH, d, y 11, CJ^AHgCl), 4.02 (IH, d, J 11, CHA%C1), 2.77 (IH, d, J 

14, =C%HBC(CH3)C]), 2.70 (IH, d, J 14, =CCHA;/BC(CH3)C1), 2.30-1.99 (6H, m, 3 x 

CHi) and 1.67 (3H, s, CH3); 6c (75 MHz; CDCI3) 135.74 (0), 133.46 (1), 70.42 (0), 52.63 (2), 

48.41 (2), 45.13 (2), 33.14 (3), 27.75 (2) and 22.94 (2); m/z (EI+) 192.0475 (M". C9H14CI2 

requhes 192.0473), 192 ([M]\ 12%), 156 ([M - HC1]\ 51%), 121 ([M - 2 x HC1]\ 87%) and 

107(100%). 

OH 

235 

2-{[3-(ChIoromethyl)-l-methyl-3-cycloheptenyl]oxy}-l-ethaaol 235 

2-Methyl-2-[3-(2-methylenecyclopropyl)propyl]-l,3-dioxolane 173 (0.1 g, 0.55 mmol) in 

dichloromethane (5 ml) was added over 45 mins, using a syringe pump, to a solution of SnCL, 

(0.13 ml, 1.1 mmol) in dichloromethane (10 ml) at - 78 °C under Ar. The solution was stirred 

for 6 hours at - 78 °C. The reaction mixture was quenched with water (15 ml) and extracted 

with dichloromethane (2 x 20 ml) and ether (2 x 20 ml). The organic phase was then dried 

over MgS04 and concentrated m vacwo. The crude mixture was purified by flash column 
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chromatography (petrol/ether ; ] 00/0 to 70/30) to give cycloheptene 235 (0.055 g, 46%) as a 

colourless oil Rt = 0.20 (50/50 ether/petrol); v^ax (film)/cm'^ 3418, 2932, 1442, 1375̂  1279, 

1258, 1209, 1086, 935 and 681; 8^ (300 MHz; CDCI3) 6.00 (IH, t, J 7 , -CH), 4.06 (2H, d, J 

11, C^AHsCl), 4.00 (2H, d, J11, CHA^fgCl), 3.68 (2H, dt, J 9 and 5, % 0 H ) , 3.48 (2H, t, J 

5, C^CHzOH), 2.53 (IH, d, J 15, =CC;/AHBC(CH3)0), 2.39 (IH, d, J 15, 

-CCHA%C(CH3)0), 2.20-2.10 (2H, m, =CH%(CH2)2), 1.95 (IH, m, 

CH2CH2C;yAHBC(CH3)0), 1.80-1.67 (2H, m, OH and CH2CH2CHA^BC(CH3)0), 1.60 (IH, 

m, CH2C//AHBCH2), 1.45 (IH, m, CHzCHA^^B^) and 1.21 (3H, s, CHs); 8c (75 MHz; 

CDCI3) 135.03 (0), 132.57 (1), 74.25 (0), 62.29 (2), 61.91 (2), 52.88 (2), 41.75 (2), 40.63 (2), 

28.17 (2), 24.66 (3) and 21.99 (2); m/z (EI+) 218.1070 (M+. CuHigClOz requires 218.1074), 

217 ([M - H] \ 7%) and 57 (100%). 

152 



A/ecy/ofeof CycZwafioM c^Mef/^/eMecyc/opropoMe Derivofzvea 

EXPERIMENTAL FOR CHAPTER TWO 

240 

2-Benzyl-methylenecyclopropyl 240 

BuLi (23.97 ml of 2.5 M in hexane, 59.9 mmol) was added to methylenecyclopropane 

1 (4.67 ml, 69.2 mmol) in THF (100 ml) at - 30 °C, and allowed to warm to 0 °C over 30 

minutes. The reaction mixture was cooled to - 60 °C and benzylbromide (5.49 ml, 46.1 

mmol) was added dropwise. Tlie mixture was allowed to come to room temperature 

overnight. The reaction was then distilled under reduced pressure (bp. 56-58 °C/0.7 mm Hg) 

to give 240 (3.33 g, 50%) as a colourless oil Rf = 0.74 (50/50 ether/petrol); Sn (300 MHz; 

CDCI3) 7.41-7.15 (5H, m, H Ar), 5.50 (IH, s, ^CT^AHg), 5.45 (IH, s, =CHA%), 2.73 (2H, d, 

J 7, % P h ) , 1.74 (IH, m, C^CHzPh), 1.36 (IH, m, C^HBC=CH2) and 0.91 (IH, m, 

CHA^/sC-CHz); 8c (75 MHz; CDCI3) 141.57 (0), 136.35 (0), 128.54 (2 x 1), 128.49 (2 x 1), 

126.19 (1), 103.52 (2), 39.10 (2), 16.67 (1) and 9.78 (2). 

All data agrees with data reported by Destabel.^ 

241 

2-Methyl-2-(2-[methylene-3-(phenylmethyI)cycIopropyl] ethyl)-!.3-dioxoIane 241 

BuLi (3.26 ml of 2.34 M in hexane, 7.63 mmol) was added to 2-benzyl-

methylenecyclopropyl 240 (1.11 g, 7.71 mmol) in THF (15 ml) at - 40 °C, and allowed to 

warm slowly to 0 °C over 30 minutes. The temperature was kept at 0 °C for 1 hour and then 

warmed to room temperature over 20 minutes. The reaction mixture was cooled to - 60 °C 

and iodide 170 (0.93 g, 3.86 mmol) was cannulated. The reaction mixture was allowed to 

come to room temperature overnight. The reaction was quenched with aq. NH4CI (50 ml) and 

extracted with ether (3 x 50 ml). The combined organic phases were washed once with brine 

(50 ml), dried over MgS04 and concentrated m vafcwo. The crude product was purified by 
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flash column chromatography (petrol/ethyl acetate ; 100/0 to 95/5) to give 241 (0.62 g, 62%) 

as a colourless oil and as an inseparable mixture of diastereoisomers (trans assumed to be 

major) Rf = 0.39 (90/10 petrol/ethyl acetate); Vmâ  (film)/cm'' 3062, 3026, 2945, 1602, 1496, 

1453, 1376, 1220, 1139, 1065 and 947; §» (300 MHz; CDCI3) 7.39-7.15 (5H, m, H Ar), 5.43 

(IH, s, - % H B ) , 5.41 (IH, s, =CHA/%), 4.05-3.85 (4H, m, 0(CH2)20), 2.71 (2H, d, V 7, 

C W h ) and 1.89-1.09 (6H, m, 2 x CH2 and CJ^CHzPh and CJ/C^CHz) and 1.30 (3H, s, 

CH3); 8c (75 MHz; CDCI3) 141.95 (0), 141.69 (0), 128.45 (4 x 1), 126.08 (1), 109.95 (0), 

103.07 (2 trans), 102.13 (2 cis), 64.77 (2 x 2), 38.84 (2 trans), 38.72 (2 cis), 29.22 (2 trans), 

28.75 (2 cis), 27.84 (2 cis), 27.25 (2 trans), 23.98 (3 trans), 23.63 (3 cis), 22.80 (1 trans), 

22.49 (1 cis) and 11.60 (1); m/z (CI) 259.1684 ([M + H]+. C17H23O2 requires 259.1698). 

242 

4-[2-Methylene-3-(phenylmethyI)cyclopropyl)-2-butanone 242 

2-Methyl-2-(2-[methylene-3-(pheny]methyl)cyclopropyl]ethyl)-1.3-dioxolane 241 (0.88 g, 

3.40 mmol) was stirred with j)-TsOH (1.3 g, 6.81 mmol) in a mixture of acetone (90 ml) and 

10% water (10 ml) for 48 hours. The mixture was concentrated m vacuo. Ether (50 ml) was 

added. The mixture was then washed once with 10% NaHC03 (50 ml) and extracted with 

ether (3 x 75 ml). The organic phase was dried over MgS04 and concentrated m vacwo to 

give 242 (0.62 g, 85%) as a colourless oil and as an inseparable mixture of diastereoisomers 

(trans assumed to be major) Rf = 0.34 (50/50 ether/petrol); Vmax (film)/cm'^ 3062, 3026, 2922, 

1716, 1602, 1496, 1453, 1364, 1163, 1030, 890, 747 and 700; Sn (300 MHz; CDCI3) 7.35-

7.19 (5H, m, H Ar), 5.43 (IH, s, - % H B ) , 5.39 (IH, s, -CHA%), 2.64 (2H, d, J 7 , C/^Ph), 

2.43 (2H, t, J 7 , CH2CO), 2.07 (3H, s, CH3), 1.83 (IH, m, C/fCHzPh), 1.65 (2H, dt, J 7 and 7, 

C^CHzCO) and 1.35 (IH, m, C^CHzCHzCO); 8c (75 MHz; CDCI3) 208.77 (0), 141.61 (0), 

141.32 (0), 128.50 (2 x 1), 128.45 (2 x 1), 126.16 (1), 103.47 (2 trans), 102.50 (2 cis), 44.00 

(2 cis), 43.24 (2 trans), 38.63 (2), 30.47 (2 cis), 30.09 (2 trans), 26.67 (2), 23.80 (3), 22.16 (1 

cis), 22.08 (1 trans) and 15.45 (1); m/z (CI) 215.1445 ([M + H]^. C15H19O requires 

215.1436). 
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243 

2-({3-[2-Methylene-3-(phenylmethyI)cyclopropyl] propyl} oxy)tetrahydro-2H-pyr an 243 

BuLi (2.94 ml of 2.34 M in hexane, 6.88 mmol) was added to 2-benzyl-

methylenecyclopropyl 240 (1 g, 6.94 mmol) in THF (15 ml) at - 40 °C, and allowed to warm 

slowly to 0 °C over 30 minntes. The temperature was kept at 0 °C for 1 hour and then 

warmed to room temperature over 20 minutes. The reaction mixture was cooled to - 60 °C 

and bromide 180 (0.77 g, 3.47 mmol) was cannulated. The reaction mixture was allowed to 

come to room temperature overnight. The reaction was quenched with aq. NH4CI (50 ml) and 

extracted with ether (3 x 50 ml). The combined organic phases were washed once with brine 

(100 ml), dried over MgS04 and concentrated m vacwo. The crude product was purified by 

flash column chromatography (petrol/ethyl acetate ; 100/0 to 95/5) to give 243 (0.74 g, 75%) 

as a colourless oil and as an inseparable mixture of diastereoisomers (trans assumed to be 

m^or) R f - 0.43 (90/10 petrol/ethyl acetate); Vmax (film)/cm"^ 3062, 3026, 2990, 1602, 1496, 

1453, 1352, 1261, 1200, 1121, 1077, 1032, 988, 886 and 815; Sn (300 MHz; CDCI3) 7.34-

7.19 (5H, m, H Ar), 5.41 (IH, s, ^CT/AHs), 5.37 (IH, s, =CHA7%), 4.59 (IH, t, J 4 , OCHO 

cis), 4.56 (IH, t, J 4 , OCHO trans), 3.86 (IH, m, CTAHsO), 3.77 (IH, m, CHA^^O), 3.49 

(IH, m, C^/AHgO), 3.36 (IH, m, CHA7/B0), 2.72 (2H, d, J 7, CJ%Ph cis), 2.70 (2H, d, J 7, 

C/^zPh trans), 1.90-1.42 (lOH, m, 5 x CHz), 1.36 (IH, m, CT/CHzPh) and 1.25 (IH, m, 

C/f(CH2)3); 8c (75 MHz; CDCI3) 142.02 (0), 141.70 (0), 128.48 (2 x 1), 128.44 (2 x 1), 

126.08 (1), 103.03 (2 trans), 102.12 (2 cis), 98.99 (1), 67.30 (2), 62.50 (2), 38.78 (2 trans), 

33.52 (2 cis), 30.92 (2 trans), 30.26 (2 cis), 29.67 (2), 29.42 (2), 25.66 (2 trans), 24.59 (2 cis), 

23.62 (1 trans), 22.68 (1 trans), 22.50 (1 cis), 20.46 (1 cis) and 19.84 (2). 

All data agrees with data reported by Destabel.^ 
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3-[2-methylene-3-(phenylmethyl)cyclopropyl]-l-propanol 244 

To a stirred solution of 243 (0.32 g, 1.13 nimol) in MeOH (50 ml) was added j)-TsOH 

(0.43 g, 2.26 mmol). The solution was stirred for 2 days. K2CO3 (0.5 g, 3.62 mmol) was 

added and the reaction was concentrate m vofcwo. Water (10 ml) was added and extracted with 

ether (3 x 50 ml). The organic layer was diied over MgS04 and concentrate m vocwo. The 

cmde product was purified by flash column chromatography (petrol/ethyl acetate; 100/0 to 

80/20) to give 244 (0.16 g, 68%) as a colourless oil and as an inseparable mixture of 

diastereoisomers (trans assumed to be m^or) Rf = 0.23 (80/20 petrol/ethyl acetate); Vmax 

(film)/cm-' 3346, 3062, 3026, 2932, 2854, 1602, 1496, 1453, 1140, 1059, 1030 and 888; Sy 

(300 MHz; CDCI3) 7.34-7.19 (5H, m, H Ar), 5.43 (2H, s, = % ) , 3.71 (2H, t, J 6, C%OH 

trans), 3.62 (2H, t, J 6 , C/^OH cis), 2.70 (2H, d, J 7 , C/^Ph) and 1.76-1.19 (7H, m, 2 x CH2 

and OH and C^fCHsPh and C//(CH2)3); 6c (75 MHz; CDCI3) 141.92 (0), 141.65 (0), 128.46 

(4 X 1), 126.12 (1), 103.12 (2 trans), 102.19 (2 cis), 62.76 (2 cis), 62.59 (2 trans), 38.71 (2 

trans), 33.50 (2 cis), 33.14 (2 cis), 32.54 (2 trans), 28.88 (2 trans), 24.10 (2 cis), 23.64 (2 

trans), 22.51 (1 trans), 21.22 (1 cis), 20.39 (1 trans) and 19.75 (1 cis). 

All data agrees with data reported by Destabel.^ 

r\ 

245 

3-|Methylene-3-(phenyImethyl)cyclopropyl]propanal 245 

Following the method of Swem,^^ DMSO (0.31 ml, 4.04 mmol), in dichloromethane 

(4 ml), was added to a solution of oxalyl chloride (0.19 ml, 2.05 mmol), in dichloromethane 

(15 ml), keeping the mixture below - 50 °C. The mixture was stirred for 2 minutes at - 60 °C. 

Alcohol 244 (0.36 g, 1.78 mmol), in dichloromethane (5 ml), was then added within 5 

minutes, again keeping the temperature below - 50 °C. The solution was stirred lor 15 

minutes and triethylamine (1.12 ml, 8.06 mmol) was added and stirred for 5 minutes. The 
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solution was allowed to wann to room temperature. The mixture was quenched wi± water 

(50 ml) and extracted with dichloromethane (3 x 50 ml). The organic phase was dried over 

MgS04, concentrated m vacwo and purified by flash column chromatography (petrol/ethyi 

acetate : 100/0 to 90/10) to give 245 (0.24 g, 68%) as a colourless oil and as an inseparable 

mixture of diastereoisomers (trans assumed to be m^or) = 0.49 (80/20 petrol/ethyl 

acetate); v^ax (film)/cm-' 3062, 3027, 2920, 2721, 1721, 1602, 1496, 1453, 1242, 1074, 890 

and 700; Sm (300 MHz; CDCI3) 9.80 (IH, t, J2 , CHO cis), 9.72 (IH, t, J 2 , CHO trans), 7.39-

7.20 (5H, m, H Ar), 5.44 (2H, s, -CH2 trans), 5.43 (2H, s, cis), 2.71 (2H, d, J7 , C ^ P h 

cis), 2.67 (2H, d, / 7, % P h irans), 2.57 (2H, dt, /2 ,and 8 % C H O cis), 2.46 (2H, dt, V 2 

and 8 Cf^CHO trans), 1.86-1.61 (2H, m, CWH2CHO), 1.38 (IH, m, C^fCHiPh) and 1.26 

(IH, m, C^CHz);); 6c (75 MHz; CDCI3) 202.46 (1), 141.45 (0), 140.95 (0 trans), 140.67 (0 

cis), 128.51 (2 X 1), 128.44 (2 x 1), 126.22 (1), 103.83 (2 trans), 102.79 (2 cis), 44.33 (2 cis), 

43.69 (2 trans), 38.55 (2 trans), 33.42 (2 cis), 25.26 (2 trans), 23.93 (1 trans), 21.94 (1 trans), 

20.64 (2 cis), 20.53 (1 cis) and 19.20 (1 cis); m/z (CI) 218.1548 ([M + C14H20NO 

requires 218.1545). 

MeO 

MeO 

250 

l-(Iodomethyl)-3,5-di(methoxy)benzene 250 

Following the method of Motherwell,triphenylphospliine (2.33 g, 8.91 mmol), 

imidazole (0.69 g, 10 mmol) and finally iodine (2.41 g, 9.5 mmol) were added to a stirred 

solution of alcohol 249 (1 g, 5.94 mmol) in ether (60 ml) and acetonitrile (20 ml). The 

solution was stirred for 15 minutes. Tlie resulting red solution was diluted in ether (100 ml), 

washed with 5% NazSiOs (100 ml), then water (50 ml), dried over MgS04 and concentrated 

m vocwo. The residue was triturated with petrol (5 x 20 ml), filtered and concentrated m 

vacuo to give 250 (1.63 g, 99%) as a pale yellow solid (mp. : 76-78 °C) Rf = 0.64 (50/50 

ether/petrol); Vmax (fiW/cm'^ 2930, 2833, 1591, 1475, 1327, 1150, 1051 and 940; §» (300 

MHz; CDCI3) 6.54 (2H, d, J 2 , Ar H), 6.36 (IH, t, J 2 , Ai- H), 4.39 (2H, s, CH2I) and 3.79 
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(6H, s, 2 X CH3O); 6c (75 MHz; CDCI3) 160.80 (2 x 0), 141.21 (0), 106.69 (2 x 1), 100.16 

(1), 55.38 (2 X 3) and 5.68 (2); m/z (E1+) 277 ([M - H] \ 42%) and 151 (100%). 

MeO 

MeO 

251 

l-(Bromomefhyl)-3,5-di(methoxy)benzene 251 

Following the method of Motherwell/^'' triphenylphosphine (2.33 g, 8.91 mmol), 

imidazole (0.69 g, 10 mmol) and finally bromine (0.49 g, 9.5 mmol) were added to a stirred 

solution of alcohol 249 (1 g, 5.94 mmol) in ether (60 ml) and acetonitrile (20 ml). The 

solution was stirred for 15 minutes. The resulting solution was diluted in ether (100 ml), 

washed with 5% Na2S203 (100 ml), then water (50 ml), dried over MgS04 and concentrated 

m vacwo. The residue was triturated with petrol (5 x 20 ml), filtered, concentrated m vacwo 

and purified by flash column cliromatography (ether/petrol; 0/100 to 5/95) to give 251 (1.23 

g, 90%) as a white solid (mp. : 53-55 °C) Rf = 0.67 (50/50 ether/petrol); v^ax (film)/cm'^ 

2925, 2833, 1592, 1425, 1317, 1200, 1167 and 1058; (300 MHz; CDCI3) 6.55 (2H, d, J 2 , 

Ar H), 6.41 (IH, t, 72, Ar H), 4.44 (2H, s, CHsBr) and 3.81 (6H, s, 2 x CH3O); 6c (75 MHz; 

CDCI3) 161.05 (2 X 0), 139.89 (0), 107.10 (2 x 1), 100.74 (1), 55.55 (2 x 3) and 33.80 (2); 

m/z(EI+)231 ([M]\ 100%). 

MeQ 

OMe 

, / 
MeO 

253 OMe 

l-{2-[3,5-Di(methoxy)phenyl]ethy]}-3,5-di(methoxy)benzene 253 

BuLi (1.38 ml of 2.34 M in hexane, 3.24 mmol) was added to methylenecyclopropane 

1 (0.24 ml, 3.6 mmol) in THF (10 ml) at - 30 °C, and allowed to warm to 0 °C over 30 

minutes. The reaction mixture was cooled to - 60 °C and iodide 250 (0.5 g, 1.8 mmol) in THF 

(2 ml) was added dropwise. The mixture was allowed to come to room temperature 
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overnight. The reaction was quenched with aq. NH4CI (10%, 50 ml) and extracted with ether 

(3 X 50 ml). The combined organic phases were washed once with brine (100 ml), dried over 

MgS04 and concentrated m vacuo. The crude product was purified by flash column 

chromatography (petrol/ether: 100/0 to 70/30) to give 253 (0.18 g, 33%) as a white solid 

(mp. : 91-93 °C) Rf = 0.48 (50/50 ether/petrol); Vmax (film)/cm'^ 2930, 2832, 1596, 1455, 

1313, 1205, 1141 and 1067; Sn (300 MHz; CDCI3) 6.38 (4H, d, 72 , Ar H), 6.34 (2H, t, J 2 , 

Ar H), 3.79 (12H, s, 4 x CH3O) and 2.87 (4H, s, 2 x % ) ; 8c (75 MHz; CDCI3) 160.77 (4 x 

0), 144.14 (2 X 0), 106.53 (4 x 1), 98 (2 x 1), 55.28 (4 x 3) and 38.02 (2 x 2); m/z (EI+) 302 

([M]\ 85%) and 151 (100%). 

-

MeO' ^ ^ Med ' ^ 
252 253 bMe 

l-[(2-Methylenecyclopropyl)methyl]-3,5-di(methoxy)benzene 252 

l-{2-[3,5-Di(methoxy)phenyl]ethyl}-3,5-di(methoxy)benzene 253 

BuLi (6 ml of 2.34 M in hexane, 14.1 mmol) was added to methylenecyclopropane 1 

(1.1 ml, 16.2 mmol) in THF (50 ml) at - 30 °C, and allowed to warm to 0 °C over 30 minutes. 

The reaction mixture was cooled to - 60 °C and bromide 251 (2.5 g, 10.8 mmol) in THF (10 

ml) was added dropwise. The mixture was allowed to come to room temperature overnight. 

The reaction was quenched with aq. NH4CI (10%, 50 ml) and extracted with ether (3 x 50 

ml). The combined organic phases were washed once with brine (100 ml), dried over MgS04 

and concentrated m vacwo. The crude product was purified by flash column chromatography 

(petrol/ether : 100/0 to 95/5) to give 252 (1.05 g, 48%) as a colourless oil and dimer 253 

(0.17 g, 27%) as a white solid; 

BuLi (6 ml of 2.34 M in hexane, 14.1 mmol) was added to 

methylenecyclopropane 1 (1.1 ml, 16.2 mmol) in THF (50 ml) at - 30 °C, and allowed to 

warm to 0 °C over 30 minutes. The reaction mixture was cooled to - 60 °C and HMPA (0.74 

ml, 4.15 mmol) was added followed by the dropwise addition of bromide 251 (2.5 g, 10.8 

mmol) in THF (10 ml). The mixture was allowed to come to room temperature overnight. 

The reaction was quenched with aq. NH4CI (10%, 50 ml) and extracted with ether (3 x 50 
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ml). The combined organic phases were washed once with brine (100 ml), dried over MgS04 

and concentrated m The crude product was purified by flash column chromatography 

(petrol/ether : 100/0 to 95/5) to give 252 (0.03 g, 7%) as a colourless oil Rf = 0.75 (50/50 

ether/petrol); Vmax (film)/cm'' 2936, 1596, 1461, 1429, 1319, 1206, 1155, 1068 and 888; Sn 

(300 MHz; CDCI3) 6.45 (2H, d, J 2 , Ar H), 6.35 (IH, t, J 2 , Ar H), 5.49 (IH, s, ^ ^ H g ) , 

5.43 (IH, s, =CHA%), 3.81 (6H, s, 2 x CH3O), 2.67-2.63 (2H, m, % A r ) , 1.63 (IH, m, 

C/fCHzAr), 1.35 (IH, m, C7:/AHBC=CH2) and 0.93 (IH, m, CHA;/BC=CH2); 8c (75 MHz; 

CDCI3) 160.87 (2 X 0), 143.99 (0), 136.29 (0), 106.55 (2 x 1), 103.52 (2), 98.08 (1), 55.41 (2 

X 3), 39.37 (2), 15.44 (1) and 9.77 (2); m/z (EI+) 204 ([M]\ 79%) and 151 (100%); and 

dimmer 253 (0.19 g, 29%) as a white solid. 

MeO 

MeO 

254 

2- [2(2- {[3,5-Di(methoxy)phenyl] methyl) -3-methylenecyclopropy l)ef:hyl] -2-methyl-l ,3-

dioxolane 254 

BuLi (1.04 ml of 2.34 M in hexane, 2.43 nimol) was added to l-[(2-

methylenecyclopropyl)methyl]-3,5-di(methoxy)benzene 252 (0.5 g, 2.45 mmol) in THF (5 

ml) at - 40 °C, and allowed to warm slowly to 0 °C over 30 minutes. The temperature was 

kept at 0 °C for 1 hour and then warmed to room temperature over 20 minutes. The reaction 

mixture was cooled to -60 °C and iodide 170 (0.3 g, 1.22 mmol) was added dropwise. The 

reaction mixture was allowed to come to room temperature overnight. The reaction was 

quenched with aq. NH4CI (20 nil) and extracted with ether (3 x 50 ml). The combined organic 

phases were washed once with brine (50 ml), dried over MgS04 and concentrated m vacwo. 

The crude product was purified by flash colunm chromatography (petrol/ether : 100/0 to 

80/20) to give 254 (0.093 g, 24%) as a colourless oil and as a mixture of diastereoisomers 

(trans assumed to be m^or) Rr= 0.54 (50/50 petrol/ether); v^ax (film)/cm'^ 2943, 2834, 1593, 

1458,1420, 1374,1204,1147,1055, 884, 829 and 736; 6H (300 MHz; CDCI3) 6.55-6.26 (3H, 

m, Ar H), 5.49 (2H, s, = % cis), 5.43 (2H, s, =CH2 trans), 4.09-3.89 (4H, m, 0(CH2)20), 

3.83 (6H, s, 2 X CH3O cis), 3.81 (6H, s, 2 x CH3O trans), 2.78-2.68 (2H, m, % A r trans), 
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2.68-2.55 (2H, m, C/fzAi- cis), 1.79-1.74 (2H, m, C/fzCHCHCHzAr), 1.43 (3H, s, CH3), 1.40-

1.28 (3H, m, CH2CO and C ^ ^ A r ) and 0.89 (IH, m, C77(CH2)2); 8c (75 MHz; CDCI3) 

144.11 (0), 141.90 (0), 140.43 (0), 136.53 (0), 110.34(0 trans), 109.94 (0 cis), 106.47 (2 x 1), 

103.95 (2 trans), 103.44 (2 cis), 98.32 (1), 64.78 ( 2 x 2 cis), 64.74 ( 2 x 2 trans), 55.39 (2 x 3), 

39.65 (2 trans), 39.03 (2 cis), 38.86 (2 cis), 37.88 (2 trans),27.23 (2 trans), 23.99 (3 trans), 

23.80 (3 cis), 23.38 (2 cis), 22.83 (1 cis),17.75 (1 cis), 16.69 (1 trans) and 9.77 (1 trans); m/z 

(CI) 319.1910 ([M + Pir. C19H27O4 requires 319.1909). 

MeO 

MeO 

255 

4-(2-{[3,5-Di(niethoxy)phenyI]methyl)-3-methylenecyclopropyl)-2-butanone 255 

2-[2-(2-{[3,5-Di(methoxy)phenyl]methyl}-3-methylenecyclopropyl)ethyl]-2-methyl-

1,3-dioxolane 254 (0.19 g, 0.59 mmol) was stirred with ^-TsOH (0.23 g, 1.19 nunol) in a 

mixture of acetone (90 ml) and 10% water (10 ml) for 48 hours. The mixture was 

concentrated m vacwo. Ether (50 ml) was added. The mixture was then washed once with 

10% NaHCO] (50 ml) and extracted with ether (3 x 75 ml). The organic phase was dried over 

MgS04, concentiated m vocwo to give 255 (0.1 g, 64%) as a colourless oil and as an 

inseparable mixture of diastereoisomers Rf = 0.35 (50/50 ether/petrol); Vmax (film)/cm'^ 2935, 

1713, 1600, 1462, 1321, 1155 and 1063; 6H (300 MHz; CDCI3) 6.48-6.29 (3H, m, Ar H), 

5.43 (2H, s, =CH2 trans), 5.41 (2H, s, = % cis), 3.80 (6H, s, 2 x CH3O), 2.61-2.56 (2H, m, 

C/^Ar trans), 2.51-2.41 (2H, m, C/^Ar cis), 2.14 (2H, t, J 7 , CT^CO), 2.09 (3H, s, CH3), 

1.64 (IH, m, C^CHzAi), 1.34-1.26 (2H, m, ^ ^ C H C ^ C H z ) and 0.88 (IH, m, 

C/f(CH2)2); 6c (75 MHz; CDCI3) 208.77 (0), 160.88 (2 x 0), 144.02 (0), 141.28 (0), 106.46 

(2 X 1), 103.51 (2 trans), 102.55 (2 cis), 98.11 (1), 55.40 (2 x 3), 43.99 (2 cis), 43.23 (2 trans), 

38.94 (2), 33.68 (2 cis), 30.07 (2 trans), 26.66 (3), 23.56 (1 trans), 22.09 (1 trans), 20.30 (1 

cis) and 19.21 (1 cis); m/z (CI) 275.1647 ([M + H]"̂ . C17H23O3 requires 275.1647). 
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259 

3-Methyl-l-(2-methylenecyclopropyl)-2-butene 259 

BuLi (8.6 ml of 2.04 M in hexane, 17.5 mmol) was added to methylenecyclopropane 1 

(1.35 ml, 20.1 mmol) in THF (10 ml) at - 30 °C, and allowed to warm to 0 °C over 30 

minutes. The reaction mixture was cooled to - 60 °C and allyl bromide 258 (1.55 ml, 13.4 

mmol) was added dropwise. The mixture was allowed to come to room temperature 

overnight. The reaction was then distilled under reduced pressure (bp. 119-121 °C/60 mm 

Hg) to give 259 (1.43 g, 88%) as a colourless oil Rf = 0.77 (80/20 ether/petrol); v^ax 

(film)/cm-' 2972, 1446, 1109 and 886; (300 MHz; CDCI3) 5.43 (IH, s, ^C^AHa), 5.36 

(IH, s, =CHAJ^B), 5.22 (IH, t with line coupling, J 6, =CH), 2.09-2.05 (2H, m, C^^zCH^), 

1.73 (3H, s, CH3), 1.62 (3H, s, CH3), 1.44 (IH, m, C;7CH2CH=), 1.31 (IH, m, 

C/TAHBCHCHiCH^) and 0.89 (IH, m, CHA^BCHCHiCH); 8c (75 MHz; CDCI3) 136.81 (0), 

132.32 (0), 123.06 (1), 102.77 (2), 31.36 (2), 25.89 (1), 17.92 (3), 15.89 (3) and 9.15 (2); m/z 

(EI+) 107 ([M - CH3]% 30%) and 87 (100%). 

260 

2-Ethyl-2-{2-[2-(3-methyl-2-butyl)-3-methylenecyclopropyl]ethyl}-l,3-dioxolane 260 

BuLi (2.5 ml of 2.04 M in hexane, 5.11 mmol) was added tO'3-methyl-l-(2-

methylenecyclupropyl)-2-butene 259 (0.63 g, 5.16 mmol) in THF (10 ml) at - 40 °C, and 

allowed to wann slowly to 0 °C over 30 minutes. The temperature was kept at 0 °C for 1 hour 

and then warmed to room temperature over 20 minutes. The reaction mixture was cooled to -

60 °C and iodide 170 (1 g, 9.38 mmol) was added dropwise. The reaction mixture was 

allowed to come to room temperature overnight. The reaction was quenched with aq. NH4CI 

(10%, 100 ml) and extracted with ether (3 x 50 ml). The combined organic phases were 

washed once with brine (50 ml), dried over MgS04 and concentrated m vacwo. The crude 

product was purified by flash column chromatography (petrol/ether : 100/0 to 95/5) to give 

260 (0.32 g, 33%) as a colourless oil and as an inseparable mixture of diastereoisomers (trans 
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ZgicM Cj/c/MaZzo?) -/Wê A};/gMgc)/c/oprqpaMe Dgrzvaf;ve^ 

assumed to be m^or) Rf = 0.56 (80/20 petrol/ether); Vmax (Glm)/cm'' 2929, 1449, 1376, 1218, 

1112, 1065 and 887; (300 MHz; CDCI3) 5.36 (2H, s, = % trans), 5.31 (2H, s, =CH2 els), 

5.18 (IH, t wi± Hne coupling, J 6 , =CH), 4.05-3.85 (4H, m, 0(CH2)20), 2.19-1.90 (2H, m, 

% C H = ) , 1.86-1.69 (2H, m, CHC/fzCHz), 1.71 (3H, s, CHgC^), 1.60 (3H, s, CH3C-), 1.54-

1.29 (3H, m, CHCHzCT^ and C^CH2CH=), 1.31 (3H, s, CH3) and 1.07 (IH, m, C;f(CH2)2); 

8c (75 MHz; CDCI3) 142.46 (0), 132.06 (0), 123.26 (1 trans), 122.64 (1 cis), 110.00 (0), 

102.34 (2 trans), 101.42 (2 cis), 64.77 (2 x 2), 38.97 (2 trans), 38.51 (2 cis), 33.02 (2 cis), 

30.99 (2 trans), 28.79 (2 cis), 27.29 (2 trans), 25.89 (3), 23.97 (3), 22.85 (1 trans), 22.31 

(Itrans), 20.01 (1 cis), 19.76 (1 cis) and 17.95 (3); m/z (CI) 237.1844 ([M + H]\ C,5H2502 

requires 237.1854), 175 ([M - 0(CH2)20]\ 20%) and 87 (100%). 

26] 

4-[2-(3-MethyI-2-butyl)-3-methylenecyclopropyl]-2-butanone 261 

2-Ethyl-2-{2-[2-(3-methy]-2-butyl)-3-methylenecyclopropyr|ethyl}-l,3-dioxolane 260 

(0.32 g, 1.35 mmol) was stirred with j)-TsOH (0.52 g, 2.71 mmol) in a mixture of acetone (45 

ml) and 10% water (5 ml) for 48 hours. The mixture was concentrated m vacwo. Ether (50 

ml) was added. The mixture was then washed once with 10% NaHC03 (50 ml) and extracted 

with ether (3 x 75 ml). The organic phase was dried over MgS04, concentrated m vacwo to 

give 261 (0.15 g, 58%) as a colourless oil and as a mixture of diastereoisomers Rf = 0.35 

(50/50 ether/petrol); Vmax (film)/cm-' 3063, 2928, 1718, 1438, 1364, 1162 and 887; Sn (300 

MHz; CDCI3) 5.32 (IH, s, =C/fAHB), 5.30 (IH, s, =CHA%), 5.11 (IH, t with fine coupling, J 

6, =CH), 2.47 (2H, t, J 7, C%C0CH3), 2.10 (3H, s, COCH3), 2.06-1.90 (2H, m, 

=CHC/y2CH), 1.66 (3H, s, CH3C-), 1.71-1.50 (3H, m, CHC^CHzCOMe and ^CHCHzC^, 

1.54 (3H,s, CH3C-) and 1.03 (IH, m, C^(CH2)2C0Me); 8c (75 MHz; CDCI3) 208.92 (0), 

141.72 (0), 132.27 (0), 123.05 (1 trans), 122.40 (1 cis), 102.81 (2 trans), 101.82 (2 cis), 43.48 

(2 trans), 43.02 (2 cis), 33.00 (2 cis), 30.85 (2 trans), 30.14 (2 tians), 28.23 (2 cis), 26.89 (3), 

25.89 (3), 22.86 (1 trans), 22.04 (1 cis), 21.58 (1 trans), 20.07 (1 cis), 19.00 (3 cis) and 17.93 

(3 trans); m/z (CI) 193.1242 ([M + H|+. CuHziO requires 193.3083), 210 ([M + NH4^]+, 4%), 

193 ([M + H]+, 6%) and 180 (100%). 
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2-(3-Bromopropyl)fm'an 268 

Following the method of Padwa,^ BuLi (32.24 ml, 73.4 mmol) was added to a stirred 

solution of fiiran (5.34 ml, 73.4 mmol) in THF (50 ml) at 0 °C. The mixture was stiiTed at 0 

°C for 1 hr. A solution of 1,3-dibromopropane (9.69 ml, 95.4 mmol) in THF (5 ml) was 

rapidly added. The mixture was allowed to warm to room temperature overnight. The 

solution was quenched with sat. NH4CI (50 ml) and extracted with ether (3 x 50 ml). The 

combined organic layers were washed with brine (50 ml), dried over MgS04 and 

concentrated m to form a colourless oil, which was distilled (89-91 °C/10 mm Hg ; lit. 

bp.̂ ^ 100-103 °C/20 mm Hg) to give 268 as a colouiiess oil (6.08 g, 78%) Rf = 0.68 (95/5 

petrol/ether); (300 MHz; CDCI3) 7.33 (IH, dd, J0 .7 and 0.7, OHC=:C#.CH=), 6.30 (IH, 

d, 0.7, O^C=CH), 6.07 (IH, d, J0.7, C/f-CCHz), 3.44 (2H, t, J 7 , C/fzBr), 2.83 (2H, t, / 

7, =CCH2), 2.20 (2H, p, J 7 , % % % ) ; 6c (75 MHz; CDCI3) 154.32 (0), 141.39 (1), 

110.33 (1), 105.88 (1), 33.03 (2), 31.17 (2) and 26.52 (2). 

All data agrees with data reported by Padwa.̂ '̂  

269 

2-[3-(2-MethylenecyclopropyI)propyl]furan 269 

BuLi (1.1 ml of 2.28 M in hexane, 2.5 mmol) was added to methylenecyclopropane 1 

(5 ml of 1 M in THF, 4.99 mmol) in THF (15 ml) at - 30 °C, and allowed to warm to 0 °C 

over 30 minutes. The reaction mixture was cooled to - 60 °C and HMPA (0.67 ml, 3.74 

mmol) added followed immediately by the drop wise addition of 2-(3-bromopropyl)furan 268 

(0.36 g, 1.95 mmol). The reaction was allowed to come to room temperature overnight. The 

reaction mixture was quenched with aq. NFI4CI (10%, 20 ml) and extracted with ether (3 x 50 

ml). The combined organic phases were washed once with brine (50 ml), dried over MgS04 
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aiid concentrated m The crude product was purified by flash column chromatography 

(100% petrol) to give 269 (0.23 g, 74%) as a colourless oil Rf = 0.73 (5/95 ether/petrol); v^ax 

(film)/cm-' 3067, 3042, 2932, 1596, 1507, 1146, 1007 and 886; 6H (300 MHz; CDCI3) 7.31 

(IH, dd, J 0.7 and 0.7, OHC=C;/-CH=), 6.29 (IH, d, J0 .7 , O^C=CH), 6.00 (IH, d, J 0.7, 

C/f^CCHz), 5.42 (IH, s, - ^ H g ) , 5.36 (IH, s, =CHAJ%), 2.68 (2H, t, J7 , (CH2)2C;f2furan), 

1.79 (2H, p, 77 , CH2CH2CH2), 1.55-1.31 (3H, m, C%CHC-CH2 and C^C^CHz), 1.24 (IH, 

m, %HQC=CPl2) and 0.76 (IH, m, CHA/fsC^CHz); 8c (75 MHz; CDCI3) 156.31 (0), 

140.70 (1), 136.81 (0), 110.03 (1), 104.05 (1), 102.57 (2), 32.54 (2), 27.82 (2), 27.64 (2), 

15.44 (1) and 9.40 (2); m/z (EI+) 162 ([M]\ 3%) and 81 (100%). 

271 

3-Bromopropyl [ 1,1 -dimethyl-1 (1,1 ethy lpropyl)silyl] ether 271 

Dimethylthexylsilyl chloride (17 ml, 86.3 mmol) was added dropwise to a stirred 

solution of 3-bromopropanol (10 g, 71.9 mmol), imidazole (19.6 g, 288 mmol) and a catalytic 

amount of DMAP, in DCM (60 ml) at 0 °C. The mixture was allowed to come to room 

temperature over 2 hrs. The mixture was poured into ice-cooled water and the organic layer 

separated, dried over MgSO^ and concentrated in vacuo. The crude product was purified by 

flash column chromatography (petrol/ethyl acetate ; 100 to 95/5) to give 271 (19-43 g, 96%) 

as a colourless oil Rf - 0.79 (70/30 petrol/ethyl acetate); Sn (300 MHz; CDCI3) 3.72 (2H, t, J 

5, CH2O), 3.52 (2H, t, y 6, CHiBr), 2.03 (2H, tt, J 6 and 5, CHz), 1.63 (IH, septet, J 7 , CH), 

0.89 (6H, d, y 7, 2 X CH3), 0.85 (6H, s, 2 x CH3) and 0.11 (6H, s, Si(CH3)2); 6c (75 MHz; 

CDCI3) 60.16 (2), 35.57 (2), 34.24 (1), 30.76 (2), 25.13 (0), 20.32 (2 x 3), 18.49 (2 x 3), -3.50 

(2 X 3). 

All data agreed with data reported by Pike.̂ '̂  
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1\ 

272 

lJ-D:methyl-l-(l,l,2-trimetliylpropyI)silyl[3-(2-methylenecycIopropyl)propyl] ether 

272 

BuLi (10.68 ml of 1.57 M in hexane, 16.8 mmol) was added to 

methylenecyclopropane 1 (43.64 ml of 1 M in THF, 33.6 mmol) in THF (100 ml) at - 30 °C, 

and allowed to warm to 0 °C over 30 minutes. The reaction mixture was cooled to - 60 °C 

and HMPA (4.51 ml, 25.1 mmol) added followed immediately by the dropwise addition of 

silylbrpmide 271 (3.69 g, 13.1 mmol). The reaction was allowed to come to room 

temperature overnight. The reaction mixture was quenched with aq. NH4CI (10%, 50 ml) and 

extracted with ether (3 x 100 ml). The combined organic phases were washed once with brine 

(100 ml), dried over MgS04 and concentrated m vocwo. The crude product was purified by 

flash column cliromatography (100% petrol) to give 272 (2.79 g, 76%) as a colourless oil Rf = 

0.69 (5/95 elher/petrol); (film)/cm-' 2957, 1464, 1379, 1251, 1094 and 826; Sn (300 

MHz; CDCI3) 5.40 (IH, s, =C/yAHB), 5.34 (IH, s, = % % ) , 3.63 (2H, t, J 8 , CH2O), 1.73-

1.58 (3H, m, CH2%CH2 and CJ:f(CH3)2), 1.49-1.35 (2H, m, CT^CHzCHiO), 1.23 (IH, m, 

C/fC^CHz), 0.89 (6H, d, J 7 , 2 x CH3), 0.87 (IH, m, C//AHBC=CH2), 0.85 (6H, s, 2 x CH3), 

0.76 (IH, m, CHA^BC=CH2) and 0.09 (6H, s, 81(^3)2); 8c (75 MHz; CDCI3) 137.06 (0), 

102.37 (2), 62.56 (2), 34.23 (2), 32.57 (1), 29.47 (2), 25.14 (0), 20.37 (2 x 3), 18.50 (2 x 3), 

15.51 (1), 9.40 (2) and -3.38 (2 x 3); m/z (CI) 255 ([M + H]^, 4%) and 95 (100%). 

.OH 

274 

3-{2-[2-52-Methyl-l,3-dioxolan-2-yI)ethyl]-3-methylenecycIopropyI}-l-propanol 274 

BuLi (2 ml of 1.48 M in hexane, 2.95 mmol) was added to 2-methyl-[(2'-ethyl)-(r'-

methylenecyclopropyl)]-1,3-dioxolane 172 (0.5 g, 2.98 mmol) in THF (10 ml) at - 40 °C, and 

allowed to warm slowly to 0 °C over 30 minutes. The temperature was kept at 0 °C for 1 hour 

and then warmed to room temperature over 20 minutes. The reaction mixture was cooled to -
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60 °C and silylbromide 271 (0.42 g, 1.49 mmol) was added dropwise. The reaction mixture 

was allowed to come to room temperature overnight. The reaction was quenched with aq. 

NH4CI (10%, 50 ml) and extracted with ether (3 x 50 ml). The combined organic phases were 

washed once with brine (50 ml), dried over MgS04 and concentrated m vacwo. The crude 

reaction was dissolved in THF (10 ml) and TBAF (1.49 ml of 1 M in THF, 1.49 mmol) was 

added to the solution at 0 °C and stined for 30 mins.. The mixture was allowed to come to 

room temperature and left overnight. The solution was concentrated m vacz/o and punfied by 

flash column chromatography (petrol/ether : 100/0 to 30/70) to give 274 (0.023 g, 10%) as a 

colourless oil and as an inseparable mixture of diastereoisomers (trans assumed to be m^or) 

R f - 0.09 (50/50 petrol/ether); v^ax (film)/cm-' 3378, 2931, 1451, 1376, 1060 and 885; Sw 

(300 MHz; CDCI3) 5.36 (2H, s, = % trans), 5.33 (2H, s, ^CHz cis), 4.05-3.85 (4H, m, 

0(CH2)20), 3.68 (2H, t, J 7 , C^zOH), 2.34 (IH, br s, OH), 1.82-1.61 (4H, m, 2 x CH2), 1.53-

1.49 (5H, m, 2 X % and C/fC^CHz), 1.30 (3H, s, CH3) and 1.05 (IH, m, C^fC^CHz); 6c 

(75 MHz; CDCI3) 142.56 (0 trans), 142.23 (0 cis), 109.97 (0), 102.40 (2 trans), 101.50 (2 

cis), 64.86 ( 2 x 2 cis), 64.78 ( 2 x 2 trans), 62.75 (2 cis), 62.68 (2 trans), 39.54 (2 cis), 39.00 (2 

trans), 33.20 (2 cis), 32.70 (2 trans), 31.71 (2 cis), 28.96 (2 trans), 28.74 (2 cis), 27.29 (2 

trans), 23.97 (3 trans), 23.61 (3 cis), 22.70 (1 trans), 22.46 (1 trans), 19.65 (1 cis) and 19.47 

(1 cis); m/z (CI) 244 ([M + NH4'1+, 2%) and 165 (100%). 

275 

2-{2-[2-(3-lodopropyl)-3-methylenecyclopropyl]ethyl}-2-methyl-l,3-dioxoIane 275 

Following the method of Motherwell,'^'' tiiphenylphosphine (0.68 g, 2.59 mmol), 

imidazole (0.2 g, 2.93 mmol) and finally iodine (0.7 g, 2.76 mmol) were added to a stirred 

solution of alcohol 274 (0.39 g, 1.72 mmol) in ether (60 ml) and acetonitrile (20 ml). The 

solution was stirred for 15 minutes. The resulting red solution was diluted in ether (50 ml), 

washed with 5% Na^SiO] (20 ml), then water (50 ml), dried over MgS04 and concentrated m 

Tlie residue was triturated with petrol (5 x 20 ml), filtered, concentrated m and 

purified by flash column chromatography (ether/petrol; 0/100 to 10/90) to give 275 (0.49 g, 

84%) as a colourless oil and as an inseparable mixture of diastereoisomers (trans assumed to 
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be m^oi) Rf = 0.48 (50/50 ether/petrol); v^ax (jilm)/cm'' 2980, 1749, 1374, 1218, 1058 and 

885; 6H (300 MHz; CDCI3) 5.37 (IH, s, ^C/fAHg), 5.34 (2H, s, - % % ) , 4.01-3.85 (4H, m, 

0(CH2)20), 3.32-3.12 (2H, m, CH2I), 2.16-1.85 (2H, m, % % ! ) , 1.81-1.68 (2H, m, 

C//2C0(CH2)20), 1.64-1.44 (4H, m, %(CH2)2l and % % ) , 1.29 (3H, s, CH3), 1.07 (IH, 

m, (CH2)3C//C=CH2), 0.86 (IH, m, C^/C=CH2); 8c (75 MHz; CDCI3) 141.49 (0 trans), 

141.60 (0 cis), 109.93 (0), 102.75 (2 trans), 101.87 (2 cis), 64.88 (2 x 2 cis), 64.80 (2 x 2 

trans), 39.51 (2 cis), 38.96 (2 trans), 34.84 (2 cis), 34.06 (2 cis), 33.62 (2 trans), 33.45 (2 

trans), 28.32 (2 cis), 27.26 (2 trans), 23.98 (3), 22.70 (1 trans), 22.22 (1 trans), 19.70 (1 cis), 

18.64 (1 cis), 7.04 (2 cis) and 6.74 (2 trans); m/z (CI) 337 ([M + 20%) and 275 (100%). 

270 

2-(2-{2-[3-(2-Furyl)propyl]-3-methylenecyclopropyl)ethyl)-2-mcthyI-l,3-dioxolane 270 

Following Padwa gr a/, method,BuLi (0.56 ml of 2.22 M in hexane, 1.24 mmol) 

was added to a stiiTed solution of furan (0.1 ml, 1.43 mmol) in THF (5 ml) at 0 °C. The 

mixture was stirred at 0 °C for 1 hr. A solution of 2-{2-[2-(3-iodopropyl)-3-

methylenecyclopropyl]ethyI}-2-methyl-l,3-dioxolane 275 (0.32 g, 0.95 mmol) in THF (2 ml) 

was added dropwise. The mixture was allowed to warn: to room temperature overnight. The 

solution was quenched with sat. NH4CI (5 ml) and extracted with ether (3 x 20 ml). The 

combined organic layers were washed Avith brine (10 ml), dried over MgS04, concentrated m 

vocwo and purified by flash column chromatography (ether/petrol; 0/100 to 10/90) to give 

270 as a colourless oil (0.25 g, 95%) and as an inseparable mixture of diastereoisomers (trans 

assumed to be major) Rf = 0.55 (50/50 petrol/ether); Vmax (film)/cm'' 2934, 1595, 1507, 1453, 

1374, 1210, 1145, 1058 and 884; Sw (300 MHz; CDCI3) 7.30 (IH, dd, J 0 . 7 and 0.7, Fuian 

H), 6.28 (IH, br s, Furan H), 5.98 (IH, br s, Furan H), 5.36 (2H, s, = % trans), 5.32 (2H, s, 

=CH2 cis), 4.01-3.86 (4H, m, 0(CH2)20), 2.65 (2H, t, J 7 , C % r a n ) , 1.89-1.68 (4H, m, 

C^C0(CH2)20 and CH-CCH2%), 1.57-1.34 (4H, m, 2 x CH2), 1.31 (3H, s, CH3), 1.05 

(IH, m, (CH2)3C//C=CH2) and 0.86 (IH, m, 8c (100 MHz; CDCI3) 155.95 (0), 

142.16 (0 tians), 141.83 (0 cis), 140.36 (1), 109.57 (1), 109.50 (0), 104.32 (1), 101.81 (2 

trans), 100.96 (2 cis), 64.37 (2 x 2 cis), 64.28 (2 x 2 trans), 39.04 (2 cis), 38.53 (2 trans), 

168 



Cyc/MO/ZoM A f̂ĵ /eMgc);c/op7'o^a77g Derh/a^n'g^ 

33.22 (2 cis), 31.78 (2 trans), 28.06 (2 cis), 27.62 (2 trans), 27.45 (2 trans), 27.31 (2 cis), 

26.87 (2 trans), 26.47 (2 cis), 23.47 (3 trans), 23.39 (3 cis), 22.26 (1 trans), 22.13 (1 trans), 

19.24 (1 cis) and 19.09 (1 cis); m/z (EI+) 276.1776 ([M]"". C17H24O3 requires 276.1726) m/z 

(CI) 277 ([M + H]+, 7%) and 215 (100%). 

236 

4-{2-[3-(2-Furyl)propyl]-3-methylenecyclopropyl}-2-butanone 236 

2-(2- {2-[3 -(2-Fui'yl)propyI] -3 -methylenecyclopropyl} ethyl)-2-methyl-1,3 -dioxolane 

270 (0.31 g, 1.11 mmol) was stirred with ^-TsOH (0.21 g, 1.11 mmol) in a mixture of 

acetone (90 ml) and 10% water (10 ml) for 48 hours. The mixture was concentrated m vacwo. 

Ether (50 ml) was added. The mixture was then washed once with 10% NaHCOs (100 ml) 

and extiacted with ether (3 x 75 ml). The organic phase was dried over MgS04 and 

concentrated m The crude product was purified by flash column chromatography 

(petrol/ether; 100/0 to 90/10) to give 236 as a colourless oil (0.25 g, 96%) and as an 

inseparable mixtuie of diastereoisomers (trans assumed to be m^or) Rf = 0.57 (50/50 

ether/petrol); Vmax (RM/cm'^ 2927, 1714, 1434, 1162, 884 and 727; Sy (300 MHz; CDCI3) 

7.30 (IH, dd, J0 .7 and 0.7, Furan H), 6.28 (IH, s, Furan H), 5.98 (IH, s, Furan H), 5.36 (2H, 

s, -CHz trans), 5.34 (2H, s, =CH2 cis), 2.64 (2H, t, J 7, CH=C%(CH2)2), 2.52 (2H, t, J 7, 

C;/2C0CH3), 2.15 (3H, s, CH3) and 1.91-0.81 (5H, m, 3 x CH2, C;/(CH2)2 and C7f(CH2)3); 

8c (75 MHz; CDCla) 209.98 (0), 156.58 (0), 142.15 (0 trans), 141.91 (0 cis), 141.14 (1), 

110.46 (1), 105.13 (1), 103.06 (2 trans), 102.11 (2 cis), 33.93 (2 cis), 32.42 (2 trans), 30.37 (2 

trans), 28.76 (2 cis), 28.47 (2 trans), 28.32 (2 cis), 28.16 (2 cis), 28.03 (2 trans), 27.34 (2 cis), 

27.24 (2 trans), 23.03 (3 cis), 22.27 (3 trans), 19.92 (1 trans), 19.22 (1 trans), 14.73 (1 cis) 

and 11.84 (1 trans); m/z (Ef+) 232.1463 ([M]^. C]5H2o02 requires 2232.1463) and m/z (CI) 

233 ([M + H f , 100%). 
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EXPERIMENTAL FOR CHAPTER THREE 

Trimethyl {1 - [2-(2-methyl-1 ;3-dioxolan-2-yl)ethyl] -2-methylenecyclopropyl} silane 283 

BuLi (12 ml of 1.48 M in hexane, 17.7 mmol) was added to methylenecyclopropane 1 

(1.56 ml, 23 mmol) in THF (50 ml) at - 30 °C under N]. The solution was allowed to warm to 

0 °C over 30 mins and kept at 0 °C for 1 lir. After cooling at - 55 °C, TMSCl (2.12 ml, 16.7 

mmol) was added to the orange solution, which became colourless. The solution was warmed 

to 0 °C over 30 mins and kept at 0 °C for 30 mins. After cooling again at - 60 °C, n-BuLi (12 

ml of 1.48 M in hexane, 17.7 mmol) was added and the warming procedure repeated. The 

orange solution was cooled to - 78 °C and iodide 170 (4 g, 16.5 mmol) was added dropwise. 

The temperature was allowed to warm to room temperature over 5 hrs. The reaction was 

quenched with saturated NH4CI (50 ml), extracted with ether (3 x 50 ml), dried over MgS04 

and concentrated m vacuo. The crude mixture was purified by flash column chromatography 

(petrol/ethyl acetate ; 95/5) to give silyl ketal 283 (3.78 g, 95%) as a pale yellow oil Rf = 0.52 

(90/10 petrol/ ethyl acetate); Vmax (film)/cm'' 2952, 1375, 1247, 1053, 869 and 732; Sn (300 

MHz; CDCI3) 5.25 (IH, s, = % H B ) , 5.19 (IH, s, =CHA%), 3.99-3.87 (4H, m, 0(CH2)20), 

1.72-1.42 (4H, m, 2 X CHz), 1.28 (3H, s, CH3), 1.02 (IH, dt, J 7 and 2, C^HgC^CHz), 0.82 

(IH, dt, J 7 and 2, CHAJ^^gC-CHz) and - 0.01 (9H, s, Si(CH3)3); 8c (100 MHz; CDCI3) 140.17 

(0), 110.29 (0), 100.63 (2), 65.08 (2 x 2), 37.83 (2), 29.89 (2), 24.07 (3), 13.80 (0), 12.77 (2) 

and - 2.17 (3 x 3); m/z (EI+) 240.1541 (M^. CiaHzAOzSi requires 240.1545), m/z (CI) 241 

([M + H] \ 4%) and 87 (100%). 
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-COzMe 
284 

Methyl3-{l-[2-(2-methyl-l,3-dioiolan-2-yl)ethyl]-2-methylenecycIopropyl} propanoate 

284 

Trimethyl {1 -[2-(2-methyl-1,3-dioxolan-2-yl)ethyl]-2-methylenecyGlopropyl}silane 

283 (1.75 g, 7.29 mmol) was added to a stirred solution of methyl acrylate (4.5 ml, 50 mmol) 

and TBAF (0.5 ml of 1 M in THF, 0.5 mmol), in dry t)MF (20 ml) and HMPA (1.5 ml, 8.33 

mmol) under Nz. The yellow solution was then put in an oil bath at 95 °C and stirred under 

N2 for 15 mins. The solution was transferred to a separating funnel, diluted with water (20 

ml) and extracted with ether (3 x 50 ml). The combined organic layers were dried over 

MgS04, concentrated m vacwo and purified by flash column chromatography (petrol/ethyl 

acetate; 95/5 to 80/20) to give 284 (0.70 g, 38%) as a colourless oil Rf = 0.51 (20/80 

ether/petrol); Vmax (f:lm)/cm ' 2983, 1736, 1436, 1374, 1196, 1055 and 857; (400 MHz; 

CDCI3) 5.36 (IH, s, =CffAHB), 5.30 (IH, s, =CHA^B), 3.99-3.82 (4H, m, 0(CH2)20), 3.65 

(3H, s, CH3O), 2.34 (2H, ddd, J 4 and 7 and 10, CWO2CH3), 1.85-1.62 (4H, m, 2 x CHz), 

1.47 (2H, ddd, J 4 and 7 and 10, C/fzCHzCOzCHs), 1.28 (3H, s, CH3) and 0.93 (2H, s, 

C/^C=CH2); 6c (100 MHz; CDCI3) 174.38 (0), 141.12 (0), 110.16 (0), 102.94 (2), 65.02 (2 x 

2), 51.90 (3), 36.24 (2), 31.78 (2), 30.31 (2), 29.18 (2), 23.29 (3), 21.36 (0) and 15.68 (2); 

m/z (EI+) 254.1515 (M+. C14H22O4 requires 254.1518), m/z (CI) 255 ([M + H]% 43.2%) and 

87 (100%). 

OH 
285 

3-{l-[2-(2-Methyl-l,3-dioxolan-2-yl)ethyl]-2-methylenecyclopropyl}propan-l-ol 285 

Following the method used by Albizati,^^ methyl 3-{l-[2-(2-methyl-l,3-dioxolan-2-

yl)ethy]]-2-methylenecyclopropyl}propanoate 284 (0.27 g, 1.06 mmol) was added dropwise 
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to a suspension of LiAlH4 (0.044 g, 1.17 mmol) in THF (4 ml) at 0 °C and stirred for 1 hour. 

Ether (10 ml) was added and the solution was stirred at 0 °C for 5 minutes. A 4 M solution 

NaOH (1 ml) was added and the mixture stirred until a white heavy precipitate was observed. 

The mixture was filtered and washed with ether (50 ml) and concentrated m mcwo to give 

285 (0.24 g, 100%) as a colourless oil Rf = 0.25 (80/20 ether/petrol); Vmax (film)/cm'^ 3388, 

2935, 1376, 1054 and 884; (300 MHz; CDCb) 5.36 (IH, s, =C/7AHB), 5.29 (IH, s, 

=CHA;^), 4.02-3.84 (4H, m, 0(CH2)20), 3.70-3.63 (2H, m, C;:^OH), 1.78-1.47 (9H, m, 4 x 

CH2 and OH), 1.29 (3H, s, CH3) and 0.93 (2H, s, C^^C^CHz); 8c (100 MHz; CDCI3) 142.23 

(0), 110.29 (0), 102.38 (2), 65.15 (2 x 2), 63.26 (2), 36.25 (2), 32.86 (2), 31.30 (2), 30.04 (2), 

24.23 (3), 23.49 (0) and 15.89 (2); m/z (CI) 227.1638 ([M + H]\ C13H23O3 requires 

227.1647), 227 ([M + H] \ 7.3%) and 147 (100%). 

COzMe 
277 

Methyl 3-[2-methylene-l-(3-oxobutyl)cycIopropyl]propanoate 277 

Methyl 3-{1 -[2-(2-methyl-l ,3-dioxolan-2-yl)ethyI]-2-methylenecyclopropyl} 

propanoate 284 (0.15 g, 0.59 nmiol) was stirred with ^-toluene sulfonic acid (0.11 g, 0.59 

mmol) in a mixture of acetone (90 ml) and 10% water (10 ml) for 48 hours. The mixture was 

concentrated m Ether (50 ml) was added. The mixture was then washed once with 

10% NaHCOs (100 ml) and extracted with ether (3 x 75 ml). The organic phase was dried 

over MgS04 and concentrated m vacwo. The crude product was purified by flash column 

chromatography (petrol/ether ; 95/5 to 70/30) to give 277 (0.11 g, 100%) as a colourless oil 

Rf = 0.32 (60/40 ether/petrol); Vmax (film)/cm-' 2950, 1734, 1713, 1162 and 888; (300 

MHz; CDCI3) 5.35 (IH, s, ^C^fAHg), 5.32 (IH, s, -CHA/fg), 3.65 (3H, s, CH3O), 2.51-2.41 

(2H, m, C/f2C02Me), 2.36-2.30 (2H, m, C/72COCH3), 1.85-1.55 (4H, m, 2 x CHz) and 0.94 

(2H, s, C%C=CH2); 6c (100 MHz; CDCI3) 208.37 (0), 173.88 (0), 139.92 (0), 103.21 (2), 

51.56 (3), 40.60 (2), 31.37 (2), 31.24 (2), 29.93 (3), 28.32 (2), 22.55 (0) and 15.11 (2); m/z 

(EI+) 210.1260 (M+. CnHigO) requires 210.1256), m/z (CI) 228 ([M + NH4^]\ 47%) and 

211 ([M + H^, 100%). 
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4-[l-(3-Hydroxypropyl)-2-methyIenecyclorpopyI]-2-butanone 276 

3-{l-[2-(2-Methy]-l,3-dioxolan-2-yl)ethyl]-2-methylenecyclopropyl}propan-l-ol 285 

(0.67 g, 2.96 mmol) was stirred with ;)-TsOH (0.56 g, 2.96 mmol) in a mixture of acetone 

(180 ml) and 10% water (20 ml) for 48 hours. The mixture was concentrated m mcwo. Ether 

(50 ml) was added. The mixture was then washed once with 10% NaHCO] (100 ml) and 

extracted with ether (3 x 75 ml). The organic phase was dried over MgS04 and concentrated 

m vacifo. Tlie crude product was purified by flash column chromatography (petrol/ether; 

50/50 to 40/60) to give 276 as a colourless oil (0.38 g, 71%) Rf = 0.46 (95/5 ethyl 

acetate/petrol); Vmax (fiW/cm'^ 3500, 2934, 1713, 1417, 1264 and 735; Sy (400 MHz; 

CDCI3) 5.34 (IH, s with fine splitting, = % H B ) , 5.30 (IH, s, ^CHA/fa), 3.61 (2H, t, J 7, 

C/^OH), 2.51-2.37 (2H, m, C/fzCO), 2.12 (3H, s, CH3), 1.86-1.29 (7H, m, 3 x % and OH) 

and 0.92 (2H, s, C/fzC-CHz); 5c (100 MHz; CDCI3) 209.28 (0), 141.38 (0), 103.00 (2), 63.07 

(2), 41.14 (2), 31.53 (2), 30.32 (3), 29.93 (2), 28.83 (2), 23.25 (0) and 15.68 (2); m/z (CI) 

183.1382 ([M + H] \ C11H19O2 requires 183.1385), 183 ([M + H^, 70%) and 165 (100%). 

COz'̂ ^Bu 
286 

/e//-Butyl 3-{l-[2-(2-methyl-l,3-dioxolan-2-yl)ethyl]-2-methylenecycIo propyl} 

propanoate 286 

Trimethyl {1 - [2-(2-methyl-1,3-dioxolan-2-yl)ethyl]-2-methylenecyclopropyl} silane 

283 (2 g, 8.33 mmol) was added to a stirred solution of ^er^-butyl acrylate (7.32 ml, 50 mmol) 

and TBAF (0.5 ml of 1 M in THF, 0.5 mmol), in dry DMF (20 ml) and HMPA (1.5 ml, 8.33 

mmol) under N2. The yellow solution was then put in an oil bath at 95 °C and stirred under 

N2 for 15 mins. The solution was transferred to a separating fuimel, diluted with water (20 

ml) and extracted with ether (3 x 50 ml). The combined organic layers were dried over 
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MgSO/t, concentrated m vacuo and puriHed by flash column chromatography (petrol/ethyl 

acetate; 95/5 to 70/30) to give 286 (0.59 g, 24%) as a colourless oil Rf = 0.58 (70/30 

petrol/ethyl acetate); Vmax (film)/cm'' 2931, 1727, 1452, 1367, 1145, 1057 and 885; 8H (400 

MHz; CDCI3) 5.29 (IH, s with fine splitting, =CJ9AHB), 5.22 (IH, s, =CHA/^), 3.93-3.77 

(4H, m, 0(CH2)20), 2.26-2.07 (2H, m, C^C02C(CH3)3), 1.72-1.37 (6H, m, 3 x % ) , 1.36 

(9H, s, C02C(C;f3)3), 1.22 (3H, s, CH3) and 0.86 (2H, s, C7f2C=CH2); 8c (75 MHz; CDCI3) 

173.11 (0), 141.07 (0), 109.96 (0), 102.60 (2), 80.26 (0), 64.78 (2 x 2), 35.98 (2), 32.92 (2), 

30.00 (2), 29.04 (2), 28.23 (3 x 3), 24.00 (3), 23.06 (0) and 15.44 (2); m/z (CI) 314.2315 ([M 

+ N H / ] \ C17H32NO4 requires 314.2331), 314 ( [ M + N H / ] \ 16%) and 161 (100%). 

C02'̂ ''''Bu 
278 

/£?/V-Butyl 3-[2-methylene-l-(3-oxobutyl)cyclopropyIJpropanoate 278 

rez-f-Butyl 3-{l-[2-(2-methyl-l,3-dioxolan-2-yl)ethyl]-2-methylenecyclopropyl} 

propanoate 286 (0.5 g, 1.69 mmol) was stirred with /)-TsOH (0.32 g, 1.69 mmol) in a mixture 

of acetone (180 ml) and 10% water (20 ml) for two days. The mixture was concentrated m 

vacuo. Ether (50 ml) was added. The mixture was then washed once with 10% NaHC03 (100 

ml) and extracted with ether (3 x 75 ml). The organic phase was dried over MgS04 and 

concentrated m vacuo. The crude product was purified by flash column chromatography 

(petrol/ether ; 100/0 to 70/30) to give 278 (0.40 g, 95%) as a colourless oil Rf = 0.58 (50/50 

ether/petrol); Vmax (film)/cm'^ 2976, 1717, 1365, 1148 and 886; (400 MHz; CDCI3) 5.34 

(IH, s, = % H B ) , 5.30 (IH, s, =CHA^B), 2.53-2.36 (2H, m, C^C02C(CH3)3), 2.29-2.14 

(2H, m, ^ C O C H a ) , 2.11 (3H, s, CH3), 1.79-1.55 (4H, m, 2 x CH2), 1.41 (9H, s, 

(CH3)3C0), 0.95 (IH, dt, J 9 and 2, C;^HBC=:CH2) and 0.91 (IH, dt, J 9 and 2, 

CHA/fBC=:CH2); 8c (100 MHz; CDCI3) 208.81 (0), 173.20 (0), 140.55 (0), 103.44 (2), 80.58 

(0), 41.05 (2), 33.05 (2), 30.30 (2), 30.25 (3), 28.90 (2), 28.45 (3 x 3), 23.02 (0) and 15.54 

(2); m/z (CI) 253.1791 ([M + H]+. C15H25O3 requires 253.1803), 270 ([M + NH4^\ 14%), 

253 ([M + H] \ 5%) and 214 (100%). 
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COzMe 
287 

Methyl 3-[4-chIoro-2-(chloromethyl)-4-methyl-l-cyclohexenyl]proparioate 287 

TiCl4 (0.47 ml of 1 M in DCM, 0.47 mmol) was added to methyl-3-{l-[2-(2-methyl-

l,3-dioxolan-2-yl)ethyl]-2-methylenecyclopropyl}propanoate 284 (0.06 g, 0.24 mmol) in 

dichloromethane (10 ml), at - 78 °C under Ar. The solution was stirred for 4 hours. The 

reaction mixture was quenched with water (15 ml) and the aqueous phase was extracted with 

dichloromethane (2 x 20 ml) and ether (2 x 20 ml). The organic phase was then dried over 

MgS04 and concentrated m vacuo. The crude mixture was purified by flash column 

chromatography (petrol/ether; 80/20 to 60/40) to give cyclohexene 287 (0.055 g, 89%) as a 

pale yellow oil Rf = 0.47 (70/30 ether/petrol); Vmax (film)/cm'' 2950, 1734, 1195, 910 and 

730; 6H (300 MHz; CDCI3) 4.15 (IH, d, J11, %HBC1), 4.02 (IH, d, J11 , CHA%C1), 3.67 

(3H, s, CH3O), 2.54 (IH, d, J 14, =CC//AHBC(CH3)C1), 2.50 (IH, d, / 14, 

=CCHA%C(CH3)C1), 2.68-2.29 (5H, m, C/^CHzCOzMe, CHzC^i&COiMe and 

=CCH2%HB), 2.13 (IH, m, = 0 % % % 1.98 (IH, m, =CC^AH8CH2), 1.77 (IH, m, 

=CCHA%CH2) and 1.64 (3H, s, CH3); 6c (100 MHz; CDCI3) 172.21 (0), 137.81 (0), 124.75 

(0), 67.03 (0), 50.71 (3), 43.62 (2), 42.97 (2), 36.34 (2), 31.73 (2), 30.96 (3), 26.87 (2) and 

26.85 (2); m/z (CI) 282.1033 ([M + NH4T. CizHzzNClzOz requires 282.1027), 229 ([M -

Cl]\ 40%) and 282 ([M + NH4^]\ 100%). 

OH 

COzMe 
288 

Methyl-3-[2-(chloromethyl)-4-(2-hydroiyethoxy)-4-methyl-l-cyclohexenyl] propanoate 

288 

SnCl4 (0.046 ml, 0.39 mmol) was added to methyl-3-{l-[2-(2-methyl-l,3-dioxolan-2-

y])ethyl]-2-methylenecyclopropyl}propanoate 284 (0.05 g, 0.2 mmol), in dichloromethane 
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(10 ml), at - 78 °C under Ar. The solution was stirred for 4 hrs. The reaction mixture was 

quenched with water (20 ml) and the aqueous phase was extracted with dichloromeAane (2 x 

20 ml) and ether (2 x 30 ml). The organic phase was then dried over MgS04 and concentrated 

m vacwo. The crude mixture was purified by flash colunm chromatography (petrol/ether; 

95/5 to 60/40) to give cyclohexene 288 (0.023 g, 40%) as a colourless oil Rf = 0.13 (80/20 

ether/petrol); Vmax (fihn)/cm-^ 2922, 1733, 1373, 1109, 908 and 728; 6H (300 MHz; CDCI3) 

4.14 (IH, d, J11 , %HBC1), 4.02 (IH, d, J11 , CHA^Cl), 3.67 (3H, s, CH3O), 3.67 (2H, t, 

J 7 , C^/zOH), 3.47 (2H, t, J 7 , C^CHzOH), 2.56-2.37 (2H, m, C/fzCOzMe), 2.43 (2H, t, J 5 , 

C/fzCHiCOzMe), 2.34-2.11 (4H, m, =C%C(CH3)0 and CH2C%C(CH3)0), 2.02 (IH, br s, 

OH), 1.89-1.52 (2H, m, C;%CH2C(CH3)0) and 1.20 (3H, s, CH3); 6c (100 MHz; CDCI3) 

173.78 (0), 135.57 (0), 126.64 (0), 72.96 (0), 62.66 (2), 62.63 (2), 52.16 (3), 45.55 (2), 39.28 

(2), 33.26 (2), 33.02 (2), 28.45 (2), 27.72 (2) and 24.07 (3); m/z (CI) 308.1641 ([M + NH/]+. 

C]4H27NC104 requires 308.1628), 258 ([M - MeOH]\ 69%) and 210 (100%). 

MeÔ C 

292 

Methyl 3-(2,4-dimethyIphenyl)propanoate 292 

SnCl4 (0.05 ml, 0.43 mmol) was added to methyl 3-[2-methylene-l-(3-

oxobutyl)cyclopropyl]propanoate 277 (0.045 g, 0.21 mmol) in dichloromethane (10 ml), at -

78 °C under Ar. The solution was allowed to come to room temperature and stirred overnight. 

The reaction mixture was quenched with water (15 ml) and the aqueous phase was extracted 

with dichloromethane (2 x 20 ml) and ether (2 x 20 ml). The organic phase was then dried 

over MgS04 and concentrated m The crude mixture was purified by flash column 

chromatography (petrol/ether; 95/5 to 60/40) to give aromatic ester 292 as a colourless oil 

(0.005 g, 12%); 

TiCl4 (0.47 ml of 1 M in DCM, 0.47 mmol) was added to methyl 3-[2-methylene-l-

(3-oxobutyl)cyclopropyl]propanoate 277 (0.05 g, 0.24 mmol) in dichloromethane (10 ml), at -

78 °C under Ar. The solution was allowed to come to room temperature and stirred overnight. 

The reaction mixture was quenched with water (15 ml) and the aqueous phase was extracted 

v\4th dichloromethane (2 x 20 ml) and ether (2 x 20 ml). The organic phase was then dried 
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over MgS04 and concentrated m vf̂ cwo. The crude mixture was purified by flash column 

chromatography (petrol/ether; 95/5 to 60/40) to give aromatic ester 292 (0.012 g, 26%) as a 

colourless oil Rf = 0.70 (80/20 ether/petrol); Vmax (film)/cm'' 2950, 1736, 1435, 1153 and 

817; 5H (300 MHz; CDCI3) 7.04 (IH, d, J8 , CB^=CHCCH3), 6.99 (IH, d, J 8 , CH=C;fCCH3), 

6.98 (IH, s, CH3C=C;fCCH3), 3.70 (3H, s, CH3O), 2.89 (2H, t, J 8 , Cj:6C02Me), 2.58 (2H, t, 

J 8, C/fzCHzCOzMe) and 2.30 (6H, s, 2 x CH3); 8c (100 MHz; CDCI3) 173.98 (0), 136.33 

(0), 136.19 (0), 135.95 (0), 131.55 (1), 128.88 (1), 127.17 (1), 52.06 (3), 35.01 (2), 28.37 (2), 

21.32 (3) and 19.58 (3); m/z (EI+) 192.1150 (M+. CnHigOz requires 192.1150), nVz (CI) 210 

([M + NH/]+, 85%) and 192 ([M]+, 100%). 

p . 

HO 
O. 

293 

2-[(8-MetthyI-6-methylene-l-oxaspiro[4.5]dec-8-yl)oxy]-l-ethanol 293 

SnCl4 (0.052 ml, 0.44 mmol) was added to 3-{l-[2-(2-methyl-l,3-dioxolan-2-

yl)ethyl]-2-methylenecyclopropyl}propan-l-ol 285 (0.05 g, 0.22 mmol), in dichloromethane 

(10 ml), at - 78 °C under Ar. The solution was stirred for 4 hrs. The reaction mixture was 

quenched with water (20 ml) and the aqueous phase was extracted with dichloromethane (2 x 

20 ml) and ether (2x30 ml). The organic phase was then dried over MgS04 and concentrated 

m vATcwo. The crude mixture was purified by flash column chromatography (petrol/ether; 

95/5 to 60/40) to give spirocyclic ether 293 (0.025 g, 50%) as a pale yellow oil and as a 2 : 1 

mixtuie of separable diastereoisomers Vmax (film)/cm'' 3416, 2935, 1437, 1046, 898 and 729; 

m/z (EI+) 226.1564 (M\ C13H22O3 requires 226.1569), m/z (CI) 244 ([M + NH4^]\ 7%), 227 

([M + H]^, 5%) and 165 (100%); the two diastereoisomers were separated by flash column 

chromatography (petrol/ether; 95/5 to 60/40) to give isomer A (0.017g) R f - 0.23 (90/10 

ether/petrol; 8n (300 MHz; CDCI3) 4.95 (IH, s, =C^HB), 4.76 (IH, s, - C H A ^ ) , 3.84 (2H, 

ddd, y 19 and 15 and 7, (CH2)2C7^20C), 3.68 (2H, t, J 5, C/^OH), 3.49 (2H, t, J 5, 

OC^CHzOH), 2.44 (IH, d, J 14, -CC//AHBC(CH3)0), 2.35 (IH, d, / 14, 

=CCHA;fBC(CH3)0), 2.04 (IH, m, C;/AHBCH2C(CH3)0), 2.01-1.80 (2H, m, 

CH2C/6C(CH3)0), 1.77 (IH, m, CHAJ%CH2C(CH3)0), 1.69-1.50 (5H, m, 2 x CH2 and OH) 
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and 1.18 (3H, s, CH3); 6c (100 MHz; CDCI3) 148.17 (0), 108.92 (2), 84.49 (0), 75.69 (0), 

67.43 (2), 62.67 (2), 62.44 (2), 44.36 (2), 35.26 (2), 35.06 (2), 34.42 (2), 25.79 (2) and 22.94 

(3); and isomer B (0.008 g) Rf = 0.13 (90/10 ether/petrol); Sn (400 MHz; CDCI3) 5.01 (IH, s, 

=Cf/AHB), 4.73 (IH, s, -CHA%), 3.92 (2H, t, J 7, (CH2)2%0C), 3.70-3.62 (2H, m, 

OCH2C7/2OH), 3.54-3.38 (2H, m, 0 % C H 2 0 H ) , 2.17-2.02 (2H, m, =:CC;f2C(CH3)0), 2.00-

1.86 (5H, m, 2 X CH2 and OH), 1.80-1.59 (2H, m, CH2%C(CH3)0), 1.57-1.48 (2H, m, 

C/f2CH2C(CH3)0) and 1.19 (3H, s, CH3); 6c (100 MHz; CDCI3) 148.97 (0), 108.36 (2), 

84.89 (0), 74.49 (0), 67.92 (2), 62.63 (2), 62.36 (2), 43.49 (2), 35.99 (2), 35.07 (2), 34.99 (2), 

25.89 (2) and 24.92 (3). 

H O ^ 

298 

3-(2,4-Dimethylphenyl)-l-propanol 298 

TiCl^ (0.30 ml of 1 M in DCM, 0.30 mmol) was added to 4-[l-(3-hydroxypropyl)-2-

methylenecyclorpopyl]-2-butanone 276 (0.05 g, 0.27 mmol) in dichloromethane (10 ml), at -

78 °C under Ar. The solution was allowed to come to room temperature and stirred overnight. 

The reaction mixture was quenched with water (15 ml) and the aqueous phase was extracted 

witli dichloromethane (2 x 20 ml) and ether (2 x 20 ml). The organic phase was then dried 

over MgS04 and concentrated m The crude mixture was purified by flash column 

chromatography (petrol/ether; 95/5 to 80/20) to give aromatic alcohol 298 as a pale yellow 

oil (0.007 g, 16%); 

SnCl^ (0.30 ml of 1 M in DCM, 0.30 mmol) was added to 4-[l-(3-hydroxypropyl)-2-

methylenecyclorpopyl]-2-butanone 276 (0.05 g, 0.27mmol) in dichloromethane (10 ml), at -

78 °C under Ar. The solution was allowed to come to room temperature and stirred overnight. 

The reaction mixture was quenched with water (15 ml) and the aqueous phase was extracted 

with dichloromethane (2 x 20 ml) and ether (2 x 20 ml). Tlie organic phase was then dried 

over MgS04 and concentrated m vacwo. The crude mixture was purified by flash column 

chromatography (petrol/ether ; 95/5 to 80/20) to give aromatic alcohol 298 (0.010 g, 22%) as 

a pale yellow oil R_f = 0.57 (95/5 ethyl acetate/petrol); Vmax (film)/cm'' 3338, 2932, 1453, 

1900 and 819; 6H (300 MHz; CDCI3) 7.05 (IH, d, J 8, C^CHCCHs) , 6.98 (IH, s, 

178 



ZewM Der/m/yvĝ y 

CH3C=C//CCH3), 6.96 (IH, d, J 8 , CH=C;fCCH3), 3.72 (2H, t, J 7 , CTfiOH), 2.64 (2H, t, J 

7, C%(CH2)20H), 2.29 (6H, s, 2 x CH3) 1.91-1.79 (2H, m, CHiCT^CHz) and 1.45 (lH,br s, 

OH); 8c (]00 MHz; CDCI3) 137.29 (0), 136.15 (0), 135.85 (0), 131.47 (1), 129.17 (1), 127.02 

(1), 63.04 (2), 33.61 (2), 29.44 (2), 21.27 (3) and 19.59 (3); m/z (EI+) 164.2448 (M+. 

C] iHieO requires 164.2468), m/z (CI) 164 ([M]\ 35%) and 182 ([M + NH4'^\ 100%). 

179 
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EXPERIMENTAL FOR CHAPTER FOUR 

Trimethyl{l-[3-(2-methyl-l,3-dioxolan-2-yl)propyl]-2-methylenecyclopropyI} silane 309 

BuLi (7.95 ml of 2.22 M in hexane, 17.6 mmol) was added to methylenecyclopropane 

1 (9.24 ml of 2.5 M in THF, 23.1 mmol) in THF (30 ml) at - 30 °C under Nz. The solution 

was allowed to waim to 0 °C over 30 mins and kept at 0 °C for 1 hr. AAer cooling at - 55 °C, 

TMSCl (2.11 ml, 16.7 mmol) was added to the orange solution which became colourless. The 

solution was warmed to 0 °C over 30 mins and kept at 0 °C for 30 mins. After cooling again 

at - 60 °C, BuLi (7.95 ml, 17.6 mmol) was added and the warming procedure repeated. The 

orange solution was cooled to - 78 °C and iodide 171 (4.22 g, 16.5 mmol) was added 

dropwise. The temperature was allowed to warm to room temperature over 5 hrs. The 

reaction was quenched with saturated NH4CI (50 ml), extracted with ether (3 x 50 ml), dried 

over MgS04 and concentrated m vac wo. The crude mixture was purified by flash column 

chromatography (petrol/ethyl acetate; 95/5) to give silyl ketal 309 (3.99 g, 95%) as a pale 

yellow oil Rf = 0.43 (90/10 petrol/ ethyl acetate); Vmex (film)/cm'^ 3064, 3034, 2950, 1729, 

1374, 1247, 1068 and 869; Sn (300 MHz; CDCI3) 5.25 (IH, s, = % H B ) , 5.21 (IH, s, 

= % / % ) , 3.99-3.85 (4H, m, 0(CH2)20), 1.65-1.35 (6H, m, 3 x CH2), 1.31 (3H, s, CH3), 1.02 

(IH, dt, J 7 and 2, %HBC=CH2), 0.82 (IH, dt, J 7 and 2, CHA^C-CHz) and - 0.02 (9H, s, 

Si(CH3)3); 8c (75 MHz; CDCI3) 139.93 (0), 110.06 (0), 100.04 (2), 64.61 (2 x 2), 39.48 (2), 

35.79 (2), 23.78 (3), 23.79 (2), 14.03 (0), 12.40 (2) and - 2.59 (3 x 3); m/z (EI+) 254.1702 

(M\ CiAgOzSi requires 254.1702), 254 ([M]\ 45%) and 239 (100%). 
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4-[2-Methylene-l-(l,l,l-trimethyIsiIyl)cyclopropyl]-2-butanone 310 

Trimethyl {1 - [2-(2-methyl-1,3 -dioxolan-2-yl)ethyl] -2-methyl enecyclopropyl} silane 

283 (0.5 g, 2.08 mmol) was stirred with j^-TsOH (0.4 g, 2.08 mmol) in a mixture of acetone 

(180 ml) and 10% water (20 ml) for 48 hours. The mixture was concentrated m mcwo. Ether 

(100 ml) was added. The mixture was then washed once with 10% NaHCO] (100 ml) and 

extracted with ether (3 x 75 ml). The organic phase Was dried over MgS04 and concentrated 

in vacuo. The crude product was purified by flash column chromatography (petrol/ether; 

100/0 to 98/2) to give 310 (0.35 g, 86%) as a colourless oil Rf = 0.46 (50/50 ether/petrol); 

Vmax (film)/cm'' 3065, 3045, 2954, 1718, 1248 and 833; Sn (300 MHz; CDCI3) 5.28 (IH, s, 

=C7fAHB), 5.18 (IH, s, =CHA%), 2.44-2.33 (2H, m, CH2CO), 2.11 (3H, s, CH3), 1.87 (IH, 

ddd, J 6 and 10 and 14, C^HgCHzCO), 1.66 (IH, ddd, J 6 and 10 and 14, CHA^sCHzCO), 

1.04 (IH, dt, J 8 and 2, C/^HgC^CHz), 0.80 (IH, dt, J 8 and 2, CHA^^C^CHz) and 0.00 

(9H, s, Si(CH3)3); 6c (75 MHz; CDCI3) 208.94 (0), 138.95 (0), 101.12 (2), 41.82 (2), 30.05 

(3), 28.17 (2), 1306 (0), 12.00 (2) and - 2.68 (3 x 3); m/z (EI+) 196.1279 (M\ CnH^oOSi 

requires 196.1283) and m/z (CI) 197 ([M + H]+ 100%). 

TMS 
311 

5-[2-Methylene-l-(l,l,l-trimethylsilyl)cyclopropyl]-2-pentanone 311 

Trhnethyl{ 1 -[3-(2-methyl-1,3-dioxolan-2-yl)propyl]-2-methylenecyclopropyl} silane 

309 (1 g, 3.9 mmol) was stirred withp-TsOH (0.74 g, 3.9 mmol) in a mixture of acetone (180 

ml) and 10% water (20 ml) for 48 hours. The mixture was concentrated m vacwo. Ether (50 

ml) was added. The mixture was then washed once with 10% NaHC03 (100 ml) and 

extracted with ether (3 x 75 ml). The organic pliase was dried over MgS04 and concentrated 

ZM vacMo. The crude product was purified by flash column chromatography (petrol/ether; 

100/0 to 90/10) to give 311 (0.80 g, 96%) as a colourless oil Rf = 0.56 (40/60 ether/petrol); 
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Vmox (Rlm)/cm'' 2952, 1716, 1406, 1356, 1248 and 833; Sn (400 MHz; CDCl]) 5.25 (IH, s, 

= % H 8 ) , 5.19 (IH, s, =CHA;^), 2.39 (2H, t, J 7 , C^^COCHs), 2.12 (3H, s, CH3), 1.70-1.55 

(2H, m, CH2), 1.49 (IH, m, %HB(CH2)2), 1.35 (IH, m, ^ ^ ( C H z ) ; ) , 1.05 (IH, dt, J 8 

and 2, C;/AHBC=CH2), 0.82 (IH, dt, J 8 and 2, CHA^C-CHo) and 0.00 (9H, s, Si(CH3)3); 

6c (100 MHz; CDCI3) 208.96 (0), 139.80 (0), 100.42 (2), 44.02 (2), 35.27 (2), 30.02 (3), 

22.69 (2), 13.91 (0), 12.64 (2) and - 2.45 (3 x 3); m/z (EI+) 210.1444 (M". CnHziOSi 

requires 210.1440), m/z (CI) 211 ([M + H]^, 96%) and 121 (100%). 

3-(ChIoromethyl)-l-methyl-4-(l,l,l-trimethylsilyI)-3-cyclohexen-l-ol 313 

TiCl4 (0.28 ml of 1 M in DCM, 0.28 mmol) was added to 4-[2-methylene-l-(l,l,l-

trimethylsi]yl)cyclopropyl]-2-butanone 310 (0.050 g, 0.25 mmol) in dichloromethane (10 ml), 

at - 78 °C, under Ar. The solution was stirred fbr 1 hour. The reaction mixture was quenched 

with water (15 ml) and the aqueous phase was extracted with dichloromethane (2 x 20 ml) 

and ether (2 x 20 ml). The organic phase was then dried over MgS04 and concentrated 

vacuo. The caide mixture was purified by Hash column chromatography (petrol/ether; 95/5 

to 80/20) to give cyclohexene 313 (0.044 g, 74%) as a pale yellow oil; 

SnCl4 (0.28 ml of 1 M in DCM, 0.28 mmol) was added to 4-[2-methylene-1-(1,1,1-

trimethylsilyl)cyclopropyl]-2-butanone 310 (0.050 g, 0.25 mmol) in dichloromethane (10 ml), 

at - 78 °C, under Ar. The solution was stirred for 1 hour. The reaction mixture was quenched 

with water (15 ml) and the aqueous phase was extracted with dichloromethane (2 x 20 ml) 

and ether (2 x 20 ml). The organic phase was then dried over MgS04 and concentrated m 

vacwo. The crude mixture was purified by flash column chromatography (petrol/ether; 95/5 

to 80/20) to give cyclohexene 313 (0.041 g, 70%) as a pale yellow oil Rf = 0.29 (50/50 

ether/petrol); v^ax (fihn)/cm' 3373, 2955, 1372, 1249 and 833; Sn (400 MHz; CDCI3) 4.09 

(IH, d, J11 , C/^AHgCl), 4.06 (IH, d, J11, CHA^Cl), 2.39-2.05 (4H, m, =CC^2C(CH3)0H 

and CA&CHz), 1.74-1.41 (3H, m, CHzC/^ and OH), 1.26 (3H, s, CH3) and 0.20 (9H, s, 

Si(CH3)3); 6c (100 MHz; CDCI3) 140.26 (0), 137.44 (0), 68.32 (0), 48.74 (2), 42.96 (2), 

182 



Q/c/ffon'oM Der;'vafrvg& 

35.04 (0), 28.40 (3), 27.71 (2) and 0.00 (3 x 3); m/z (EI+) 232.1046 (M+. CnHziClOSi 

requires 232.1050), m/z (CI) 232 ([M]\ 16%), 215 ([M - 45%) and 107 (100%). 

^0^ 
314 

Trimethyl(4-methyl-2-methylene-7-oxab:cyclo[2.2.1]hept-l-yl)silane 314 

BF3(AcOH)2 (0.078 ml, 0.56 mmol) was added to 4-[2-methyIene-l-(l,l,l-

trimethylsilyI)cyclopropyl]-2-butanone 310 (0.1 g, 0.51 mmol) in dichloromethane (20 ml), at 

- 78 °C, under Ar. The solution was stirred for 3 hours. The reaction mixture was quenched 

with water (15 ml) and the aqueous phase was extracted with dichloromethane (2 x 20 ml) 

and ether (2 x 20 ml). The organic phase was then dried over MgS04 and concentrated m 

vacwo. The crude mixture was purified by flash column chromatography (petrol/ether ; 95/5 

to 60/40) to give bicyclic ether 314 (0.064 g, 64%) as a pale yellow oil; 

BF3.Et20 (0.070 ml, 0.56 mmol) was added to 4-[2-methylene-l-(l,l,l-

trimethylsilyl)cyclopropyl]-2-butanone 310 (0.1 g, 0.51 mmol) in dichloromethane (20 ml), at 

- 78 °C, under Ar. The solution was stirred for 3 hours. The reaction mixture was quenched 

with water (15 ml) and the aqueous phase was extracted with dichloromethane (2 x 20 ml) 

and etlier (2 x 20 ml). The organic phase was then diied over MgS04 and concentrated m 

vacwo. The crude mixture was purified by flash column chromatography (petrol/ether; 95/5 

to 60/40) to give bicyclic ether 314 (0.06 g, 60%) as a pale yellow oil Rf = 0.68 (50/50 

ether/petrol); v^ax (film)/cm-' 2966, 1452, 1248, 1073 and 836; Sn (400 MHz; CDCI3) 4.56 

(IH, t, J 2, =C/fAHB), 4.52 (IH, t, / 2, =CHA%), 2.10 (IH, dt, J 15 and 2, 

CH2=CC/fAHBCCH3), 2.03 (IH, ddd, J 2 and 5 and 15, CH2=CCHA/fBCCH3), 1.70 (IH, dt, J 

11 and 4, C^HBCH2), 1.53-1.37 (2H, m, CT^CHAHg), 1.33 (3H, s, CH3), 1.30 (IH, m, 

CHA77BCH2) and 0.00 (9H, s, Si(CH3)3); 6c (100 MHz; CDCI3) 156.96 (0), 101.46 (2), 85.76 

(0), 82.95 (0), 47.51 (2), 36.56 (2), 35.77 (2), 21.03 (3) and - 2.61 (3 x 3); m/z (CI) 197.1369 

([M + H]+. C,iH2iOSi requires 197.1362), 214 ([M + NH4^]\ 15%), 197 ([M + H]+, 49%) 

and 90(100%). 
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OH 

TMS 

315 

1 -MethyI-5-methylene-4-(l ,1,1 -trimethyIsilyl)-3-cyclohexen-l -ol 315 

TMSOTf (0.05 ml, 0.28 mmol) was added to 4-[2-methylene-1-(1,1,1-

trimethyIsilyl)cycIopropyl]-2-butanone 310 (0.045 g, 0.23 mmol) in dichloromethane (10 ml), 

at - 78 °C under Ar. The solution was stirred for 45 mins. The reaction mixture was quenched 

with water (15 ml) and the aqueous phase was extracted with dichloromethane (2 x 20 ml) 

and ether (2 x 20 ml). The organic phase was then dried over MgS04 and concentrated 

VAcwo. The crude mixture was purified by flash column chromatography (petrol/ether; 95/5 

to 70/30) to give diene 315 (0.003 g, 7%) as a pale yellow oil Rf = 0.31 (50/50 ether/petrol); 

Vmax (film)/cm-' 3372, 2953, 1248 and 835; Sn (400 MHz; CDCI3) 6.04 (IH, br s, =CH), 5.09 

(IH, s, =C;/AHB), 4.98 (IH, s, =CHAJ%), 2.34 (2H, s, CHz^CC;^), 2.28 (2H, d, J 3, 

=:CHC^2), 1.66 (IH, br s, OH), 1.25 (3H, s, CH3) and 0.18 (9H, s, Si(CH3)3); 8c (100 MHz; 

CDCW 143.57 (0), 138.54 (0), 138.27 (1), 115.41 (2), 69.33 (0), 47.17 (2), 42.45 (2), 28.50 

(3) and 0.00 (3 x 3); m/z (EI+) 196.1287 (M+. C,]H2oOSi requires 196.1283) and m/z (CI) 

197 ([M + H^, 100%). 

Ch 

TMS 

317 

(//f,'/.S')-4-Chh)i o-l -niethyl-3-mcthylene-4-(l, 1,1 -(riniethylsilyl)cycloheptan-1 -ol 317 

SnCl4 (0.061 ml of 1 M in DCM, 0.52 mmol) was added to 5-[2-methylene-l-(l,l,l-

trimethylsilyl)cyclopropyl]-2-pentanone 311 (0.1 g, 0.47 mmol) in dichloromethane (20 ml), 

at - 78 °C under Ar. The solution was stirred for 1 hour. The reaction mixture was quenched 

witli water (15 ml) and the aqueous phase was extracted with dichloromethane (2 x 20 ml) 

and ether (2 x 20 ml). The organic phase was then dried over MgS04 and concentrated m 

vaczm. The crude mixture was purified by flash column chromatography (petiol/ether ; 95/5 

to 60/40) to give methylenecycloheptane 317 (0.069 g, 65%) as a single diastereoisomer and 

as a white solid mp 42-44 °C (from Et0H-H20) Rf = 0.45 (40/60 ether/petrol).; Vmax 
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(mm)/cm-^ 3450, 3092, 2928, 1616, 1431, 1247, 1069 and 831; 6H (400 MHz; CDCI3) 5.45 

(IH, s, =C/fAHB), 5.16 (IH, s, =CHA%), 2.49 (IH, br s, OH), 2.30 (IH, d, J 14, 

=CC77AHBC(CH3)0H),), 2.24 (IH, d, J14, =CCHA%C(CH3)OH), 2.14 (IH, ddd, J 4 and 10 

and 16, (CH2)2C^AHBC(CH3)0H), 1.95 (IH, ddd, J 4 and 10 and 16, 

(CH2)2CHA//BC(CH3)0H), 1.81 (IH, m, TMS(Cl)CC;fAHB), 1.74-1.51 (2H, m, 

CHzC/^CHz) , 1.30 ( I H , m , TMS(C1 )CCHA%), 1.26 ( 3 H , s, CH3) and 0.12 (9H, s, 

Si(CH3)3); 8c (75 MHz; CDCI3) 146.45 (0), 120.32 (2), 69.97 (0), 69.16 (0), 47.74 (2), 44.29 

(2), 38.09 (2), 31.12 (3), 18.75 (2) and - 3.59 (3 x 3); m/z (CI) 264.1544 ([M + N H / ] \ 

CizHzyONSiCl requires 264.1550), m/z (EI+) 246 ([M]\ 20%) and 73 (100); stmcture and 

stereochemistry confirmed by X-ray di&action. 

Trimethyl(5-methyl-7-methylene-8-oxabicyclo[3.2.1]oct-l-yI)siIane 318 

BF3(AcOH)2 (0.036 ml, 0.26 mmol) was added to 5-[2-methylene-l-(l,l,l-

trimethylsilyl)cyclopropyl]-2-pentanone 311 (0.05 g, 0.24 mmol) in dichloromethane (10 ml), 

at - 78 °C, under Ar. The solution was stirred for 3 hours. The reaction mixture was quenched 

with water (15 ml) and the aqueous phase was extracted with dichloromethane (2 x 20 ml) 

and ether (2 x 20 ml). The organic phase was then dried over MgS04 and concentrated m 

vacim. The crude mixture was purified by flash column chromatography (petrol/ether ; 95/5 

to 60/40) to give bicyclic etlier 318 (0.028 g, 55%) as a pale yellow oil Rf = 0.75 (50/50 

ether/petrol); Vmax (film)/cm-^ 2932, 1245, 1035 and 834; Sn (400 MHz; CDCI3) 4.77 (IH, s 

with fine splitting, ^ C ^ H s ) , 4.57 (IH, s with fine splitting, =CHA%), 2.46 (IH, d, J 16, 

CH2=CC;fAHBCCH3), 2.22 (IH, d, J 16, ^ - C C H A ^ C C H ; ) , 1.84-1.61 (2H, m, 

C^2(CH2)2CCH3), 1.56-1.43 (2H, m, % % % ) , 1.39 (IH, m, CT^AHsCHz), 1.32 (IH, m, 

CHA^CHz), 1.16 (3H, s, CH3) and 0.00 (9H, s, Si(CH3)3); 8c (100 MHz; CDCI3) 157.40 (0), 

100.91 (2), 80.73 (0), 79.17 (0), 46.64 (2), 36.48 (2), 32.86 (2), 26.99 (3), 18.29 (2) and - 3.46 

(3 X 3); m/z (EI+) 210.1433 (M^. Ci2H220Si requires 210.1439) and m/z (CI) 211 ([M + H] \ 

100%). 
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OH OH 
TMS c J - ^ J! 

317 320 321 

[(4-Chloro-2-(chloromethyl)-4-methyl-l-cycloheptenyl](trimethyl)silane 319 

(/^,^^-4-Chloro-l-mefhyl-3-methylene-4-(l,l,l-trimethylsiIyl)cycloheptan-l-ol 317 

4-ChIoro-l,3-dimethyl-3-cyclohepten-l-ol 320 

3-(Chloromethyl)-l-methyl-4-(l,l,l-trimethhylsilyl)-3-cyclohepten-l-ol 321 

TiCl4 (0.52 ml of I M in DCM, 0.52 nimol) was added to 5-[2-methylene-l-(l,l,l-

trimethylsilyl)cyclopropy]]-2-pentanone 311 (0.1 g, 0.47 mmol) in dichloromethane (20 ml), 

at - 78 °C under Ar. The solution was stirred for 1 hour. The reaction mixture was quenched 

with water (15 ml) and the aqueous phase was extracted with dichloromethane (2 x 20 ml) 

and ether (2 x 20 ml). The organic phase was then dried over MgS04 and concentrated m 

vacwo. The crude mixture was puriHed by flash column chromatography (petrol/ether; 95/5 

to 60/40) to give cycloheptene 319 and methylenecycloheptane 317, as a 1 : 1.4 mixture of 

inseparable compounds and as a pale yellow oil (0.007g, 7%) Rf = 0.45 (40/60 ether/petrol); 

Vmax (film)/cm-^ 3450, 3092, 2928, 1616, 1431, 1247, 1069 and 831; m/z (CI) 264 ([M^, 

35%), 211([M - 2 Cl]\ 45%) and 121 (100%) for 319; 247 ([M + H] \ 8%), 231 ([M - HzO]^ 

5%) and 121 (100%) for 317; data for 319 Bn (300 MHz; CDCI3) 4.14 (2H, s, CH2CI), 2.52-

2.38 (2H, m, (CH2)2CE2C(CH3)C1), 2.28 (2H, s, =CC%C(CH3)C1), 2.15 (3H, s, CH3), 1.91-

1.48 (4H, m, 2 x CH2) and 0.20 (9H, s, Si(CH3)3); 6c (100 MHz; CDCI3) 141.82 (0), 140.31 

(0), 69.07 (0), 49.59 (2), 42.74 (2), 41.44 (2), 33.45 (2), 29.21 (3), 22.84 (2) and 0.02 (3 x 3); 

cycloheptene 320 (0.013 g, 16%) as a pale yellow oil Rf — 0.38 (50/50 ether/petrol); v^ax 

(film)/cm-^ 3402, 2927, 1374, 1103 and 838; Sw (300 MHz; CDCI3) 2.62-2.52 (2H, m, 

(CH2)2%C(CH3)0H), 2.44 (IH, d, J 14, =C%HBC(CH3)0H), 2.35 (IH, d, J 14, 

=:CHA%C(CH3)0H), 2.14 (IH, br s, OH), 1.87 (3H, s, CH3C=C), 1.82-1.47 (4H, m, 2 x 

CH2) and 1.23 (3H, s, C/fsCOH); 8c (100 MHz; CDCI3) 130.76 (0), 129.52 (0), 69.88 (0), 

47.60 (2), 45.22 (2), 38.36 (2), 28.71 (3), 24.29 (3) and 22.26 (2); m/z (EI+) 174.0809 (M+. 

C9H15CIO requires 174.0811), m/z (CI) 192 ([M + N H 4 % 17%), 174 ([M]\ 55%) and 157 

(100%); and cycloheptene 321 (0.028 g, 27%) as a pale yellow oil Rf = 0.22 (40/60 

ether/petrol); v^ax (film)/cm-^ 3392, 2922, 1244, 1109, 1024 and 829; So (300 MHz; CDCI3) 

4.17 (IH, d, J 11, CBAHsCl), 4.13 (IH, d, J 11, CHA^Cl), 2.64 (IH, d, J 14, 
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-CC;fAHBC(CH3)0H), 2.51 (IH, d, J 14, =CCHA%C(CH3)0H), 2.29-2.12 (2H, m, 

=C(TMS)C^(CH2)2), 1.89-1.61 (2H, m, (CH2)2Cj:f2C(CH3)0H), 1.52-1.41 (2H, m, 

CH2C7/2CH2), 1.26 (3H, s, CH3) and 0.20 (9H, s, Si(CH3)3); 8c (100 MHz; CDCI3) 146.77 

(0), 143.72 (0), 68.48 (0), 50.58 (2), 46.18 (2), 45.19 (2), 31.06 (2), 29.65 (3), 21.92 (2) and 

0.00 (3 X 3); m/z (EI+) 246.1203 (M+. Ci2H23C10Si requires 246.1207), m/z (CI) 264 ([M + 

NH4+]\ 15%), 246 ([M]+ 17%) and 121 (100%). 

325 

(4-Chloro-2-(chloromethyl)-4-methyl-l-cyclohexyl](tnmethyl)silane 325 

TiCl4 (0.42 ml of 1 M in DCM, 0.42 mmol) was added to trimethyl{l-[2-(2-methyl-

l,3-dioxolan-2-yl)ethyl]-2-methylenecyclopropyl)silane 283 (0.05 g, 0.21 mmol) in 

dichloromethane (10 ml), at - 78 °C under Ar. The solution was stirred for 1 hr. The reaction 

mixture was quenched with water (15 ml) and the aqueous phase was extracted with 

dichloromethane (2 x 20 ml) and ether (2 x 20 ml). The organic phase was then dried over 

MgS04 and concentrated m mczfo. The crude mixture was purified by flash column 

chromatography (petrol/ether ; 100 to 80/20) to give dichloride 325 (0.033 g, 63%) as a pale 

yellow oil Rf = 0.66 (20/80 ether/petrol); Vmax (fihn)/cm'' 2923, 1377, 1250, 1075, 834 and 

689; 8H (300 MHz; CDCI3) 4.14 (IH, d, J11, CTfAHsCl), 4.05 (IH, d, J11 , CHA/fgCl), 2.60 

(IH, d, J 17, =CC//AHBC(CH3)C1), 2.52 (IH, d, / 17, =CCHA%C(CH3)C1), 2.41 (IH, m, 

CH2C^HBC(CH3)C1), 2.29 (IH, m, CH2CHA%C(CPl3)Cl), 1.97 (IH, m, 

C;fAHBCH2C(CH3)Cl), 1.70 (IH, m, CHA%CH2C(CH3)C1), 1.64 (3H, s, CH3) and 0.22 (9H, 

s, Si(CH3)3); 8c (75 MHz; CDCI3) 138.99 (0), 137.07 (0), 68.14 (0), 48.55 (2), 44.69 (2), 

37.28 (2), 31.95 (3), 28.26 (2) and 0.00 (3 x 3); m/z (EI+) 250.0712 (M+. CnHzoClzSi 

requires 250.0711) and m/z (CI) 250 ([M]\ 100%). 
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O 
OH 

TMS""'̂ -̂''''''̂  
326 

2-{[3-(Chloromethyl)-l-methyl-4-(l,l,l-trimethylsilyI)-3-cyclohexenyl]oxy}-l-ethanol 

326 

SnCk (0.097 ml, 0.83 mmol) was added to trimethyl{l-[2-(2-methyl-l,3-dioxolan-2-

yl)ethyl]-2-methylenecyclopropyl}silane 283 (0.1 g, 0.42 mmol), in dichloromethane (20 ml), 

at - 78 °C under Ar. The solution was stirred for 1 hr. The reaction mixture was quenched 

with water (30 ml) and the aqueous phase was extradted with dichloromethane (2 x 40 ml) 

and ether (2 x 50 ml). The organic phase was then dried over MgS04 and concentrated m 

vac wo. The crude mixture was purified by flash column chromatography (petrol/ether; 100/0 

to 70/30) to give cyclohexene 326 (0.053 g, 46%) as a pale yellow oil Rf = 0.32 (50/50 

ether/petrol); Vmax (fiW/cm'^ 3398, 2929, 1615, 1372, 1249, 1050 and 833; gy (300 MHz; 

CDCI3) 4.11 (IH, d, J 11, C^HgCl) , 4.05 (IH, d, J 11, CHA%C1), 3.69-3.61 (2H, m, 

CH2CH2OH), 3.48 (2H, t, y 5, CT^OH), 2.38-2.02 (5H, m, =CC;6C(CH3)0, OH and 

CH2%C(CH3)0), 1.68 (IH, m, C;fAHBCH2C(CH3)0), 1.54 (IH, m, CHA%CH2C(CH3)0), 

1.18 (3H, s, CH3) and 0.18 (9H, s, Si(CH3)3); 8c (75 MHz; CDCI3) 140.06 (0), 137.67 (0), 

72.50 (0), 62.24 (2), 61.90 (2), 48.90 (2), 39.68 (2), 32.71 (2), 27.84 (2), 23.48 (3) and 0.00 (3 

X 3); m/z (EI+) 276.1309 (M\ CuHi^ClOzSi requires 276.1312), m/z (CI) 294 ([M + NH/]+ 

93%) and 215 (100%). 

HO 

o 
TMS TMS 

n 
317 321 327 

(//?,-i^.S')-4-Chloro-l-iuclhyl-3-mcthylene-4-(l,l,l-trinielhylsilyl)cycloheptan-l-ol 317 

3-(ChloromethyI)-l-methyl-4-(l,l,l-trimethhylsilyl)-3-cyclllohepten-l-ol 321 

2-{[4-ChIoro-l-methyl-3-methyIeEe-4-(l,l,l-trimethylsilyl)cycIoheptyl]oxy}-l-ethanol 

327 

2-{[3-(ChIoromethyl)-l-metliyl-4-(l,l,l-trimethylsilyl)-3-cyclohepten3'l]oxy}-l-etlianol 

328 
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SnCl4 (0.091 ml, 0.78 mmol) was added to trimethyl{l-[3-(2-methyl-l,3-dioxolan-2-

yl)propyl]-2-methylenecyclopropyl}silane 309 (0.1 g, 0.39 mmol), in dichloromethane (20 

ml), at - 78 °C under Ar. The solution was stirred Ibr 45 mins. The reaction mixture was 

quenched with water (30 ml) and the aqueous phase was extracted with dichloromethane (2 x 

40 ml) and ether (2x50 ml). The organic phase was then dried over MgS04 and concentrated 

M vacwo. The crude mixture was purified by flash column chromatography (petrol/ether; 

100/0 to 80/20) to give methylenecycloheptanol 317 (0.03 g, 31%) as a white sohd and as a 

single diastereoisomer; cycloheptene 321 as a pale yellow oil (0.003 g, 3%); and 

methylenecycloheptane 327 and cycloheptene 328 (0.026 g, 23%), as a 1 : 2.9 ratio of 

inseparable regioisomeis and as a pale yellow oil Rf = 0.15 (40/60 ether/petrol); Vmax 

(f:lm)/cm-^ 3443, 2930, 1448, 1249, 1116 and 837; m/z (EI+) 290.1460 (M+. Ci^HzvClOzSi 

requires 290.1469), m/z (CI) 255 ([M - Cl]^, 54%) and 121 (100%); data for 327 Sn (300 

MHz; CDCI3) 4.94 (IH, s, = % H B ) , 4.86 (IH, d, J 2, =CHA^), 3.75-3.64 (2H, m, 

C H 2 % 0 H ) , 3.55-3.43 (2H, m, C/^CHzOH), 2.01-1.91 (2H, m, CH2=CC^C(CH3)0), 

1.80-1.32 (7H, m, 3 X CH2 and OH) 1.24 (3H, s, CH3) and 0.11 (9H, s, Si(CH3)3); 6c (100 

MHz; CDCI3) 145.06 (0), 119.23 (2), 74.26 (0), 68.48 (0), 61.71 (2), 61.62 (2), 48.19 (2), 

46.39 (2), 36.40 (2), 25.89 (2), 23.50 (3) and - 0.95 (3 x 3); data for 328 Sn (300 MHz; 

CDCI3) 4.17 (2H, s, CH2CI), 3.75-3.64 (2H, m, CHoC/^OH), 3.55-3.43 (2H, m, 

% C H 2 0 H ) , 2.62 (IH, d, J 14, -CC^AHBC(CH3)OH), 2.51 (IH, d, J 14, 

-CCHA%C(CH3)0H), 2.31-2.21 (3H, m, =C(TMS)C%(CH2)2 and OH), 2.02-1.89 (2H, m, 

(CH2)2C/^C(CH3)0), 1.52-1.41 (2H, m, % % % ) , 1.19 (3H, s, CH3) and 0.20 (9H, s, 

Si(CH3)3); 6c (100 MHz; CDCI3) 144.26 (0), 141.28 (0), 73.29 (0), 62.10 (2), 62.05 (2), 

50.54 (2), 43.60 (2), 40.89 (2), 30.90 (2), 24.46 (3), 21.99 (2) and 0.00 (3 x 3). 
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EXPERIMENTAL FOR CHAPTER FIVE 

o 

o 

Si 
\ 

344 

ter/-Butyl(dimethyI)-{l-[2-(2-methyl-l,3dioxolan-2-yl)ethyl]-2-methy!ene 

cyclopropyijsilane 344 

BuLi (5.56 m] of 2.39 M in hexane, 13.3 mmol) was added to methylenecyclopropane 

1 (1.2 ml, 17.3 mmol) in THF (40 ml) at - 30 °C under N;. The solution was allowed to warm 

to 0 °C over 30 mins and kept at 0 °C for 1 hr. AAer cooling at - 55 °C, 

butyldimethylchlorosilane (1.89 g, 12.5 mmol) was added to the orange solution which 

became colourless. The solution was warmed to 0 °C over 30 mins and kept at 0 °C for 30 

mins. After cooling again at - 60 °C, BuLi (5.56 ml of 2.39 M in hexane, 13.3 mmol) was 

added and the warming procedure repeated. The orange solution was cooled to - 78 °C and 

iodide 170 (3 g, 12.4 mmol) was added dropwise. The temperature was allowed to warm to 

room temperature over 5 hrs. The reaction was quenched with saturated NH4CI (50 ml), 

extracted with ether (3 x 50 ml), dried over MgS04 and concentrated m vacz/o. The crude 

mixture was purified by flash column chromatography (petrol/ethyl acetate ; 99/1) to give 

silyl ketal 344 (3.05 g, 87%) as a colourless oil R f - 0.52 (90/10 petrol/ ethyl acetate); v̂ ax 

(fih:i)/cm-' 2953, 1469, 1375, 1251, 1053 and 832; Sn (400 MHz; CDCI3) 5.28 (1 H, s, 

- % H B ) , 5.21 (1 H, s, -CHA/fs), 3.99-3.83 (4H, m, 0(CH2)20), 1.72-1.53 (4H, m, 2 x 

CH2), 1.27 (3H, s, CH3), 1.08 (IH, dt, J 7 and 2, C/fAHsC^CHz), 0.97 (9H, s, 3 x CH3 r-

butyl), 0.81 (IH, dt, J 7 and 2, CHA^C^CHz), - 0.09 (3H, s, SiCHs) and - 0.10 (3H, s, 

SiCHs); 8c (100 MHz; CDCI3) 140.04 (0), 110.30 (0), 101.37 (2), 64.97 (2 x 2), 37.33 (2), 

30.59 (2), 27.81 (3 x3), 24.10 (3), 18.67 (0), 13.05 (2), - 5.79 (3) and - 6.12 (3); m/z (CI) 

283.1951 (M+. CnHaiOzSi requires 283.5052), 284 ([M + H]+, 4%) and 87 (100%). 
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345 

AHyl(dimethyI)-{l-[2-(methyl-l,3dioxolan-2-yI)ethyl]-2-inethylenecyclopropyl}silane 345 

BuLi (3.49 ml of 2.53 M in hexane, 8.84 mmol) was added to methylenecyclopropane 

1 (0.78 ml, 11.5 mmol) in THF (40 ml) at - 30 °C nnder N]. The solution was allowed to 

warm to 0 °C over 30 mins and kept at 0 °C for 1 hr. After cooling at - 55 °C, 

allyldimetliylchlorosilane (1.22 ml, 8.34 mmol) was added to the orange solution which 

became colourless. The solution was warmed to 0 °C over 30 mins and kept at 0 °C for 30 

mins. After cooling again at - 60 °C, BuLi (3.49 ml of 2.53 M in hexane, 8.84 mmol) was 

added and the warming procedure repeated. The orange solution was cooled to - 78 °C and 

iodide 170 (2 g, 8.26 mmol) was added dropwise. The temperature was allowed to warm to 

room temperature over 5 lirs. The reaction was quenched with saturated NH^Cl (50 ml), 

extracted with ether (3 x 50 ml), dried over MgS04 and concentrated m vacwo. The crude 

mixture was purified by flash column chromatography (petrol/ethyl acetate; 95/5) to give 

silyl ketal 345 (1.97 g, 89%) as a pale yellow oil Rf = 0,41 (90/10 petrol/ ethyl acetate); Vmax 

(film)/cm-' 2954, 1451, 1375, 1042 and 832; (400 MHz; CDCI3) 5.79 (IH, ddt, J 8 and 10 

and 16, HiC^C^CHzSi), 5.29 (1 H, s with fine splitting, =C^AHB), 5.23 (1 H, s with fine 

splitting, =CHA%), 4.92-4.82 (2H, m, /fgC^CHCHzSi), 3.99-3.88 (4H, m, 0(CH2)20), 1.74-

1.47 (6H, m, 3 X % ) , 1.29 (3H, s, CH3), 1.08 (IH, dt, 7 2 and 7, C^HgC^CHz), 0.86 (IH, 

dt, J 2 and 7, CHATfeC-CHi), - 0.00 (3H, s, SiCHa) and -0.007 (3H, s, SiCHs); 6c (100 MHz; 

CDCI3) 140.73 (0), 136.50 (1), 114.71 (2), 111.42 (0), 102.45 (2), 66.18 (2 x 2), 38.83 (2), 

30.95 (2), 25.27 (3), 23.85 (2), 14.41 (0), 13.97 (2), - 3.09 (3) and - 3.17 (3); m/z (EI+) 

266.1706 (M\ CisHigOzSi requires 266.1702), m/z (CI) 284 ([M + NH4^]\ 5%) and 35 

(100%). 
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o/A/g^ îy/eMecyc/qpropaMg Dgrzmrfve:; 

346 

Dimethyl{l-|2-(2-methyl-l,3dioxolan-2-yl)ethyl]-2-methylenecycIopropyl}phenylsilane 

346 

BuLi (3.41 ml of 2.59 M in hexane, 8.84 mmol) was added to methylenecyclopropane 

1 (0.78 ml, 11.5 mmol) in THF (40 ml) at - 30 °C under Nz. The solution was allowed to 

warm to 0 °C over 30 mins and kept at 0 °C for 1 hr. After cooling at - 55 °C, 

phenyldimethylclilorosilane (1.40 ml, 8.35 mmol) was added to the orange solution which 

became colourless. The solution was warmed to 0 °C over 30 mins and kept at 0 °C for 30 

mins. After cooling again at - 60 °C, BuLi (3.41 ml of 2.59 M in hexane, 8.84 mmol) was 

added and the warming procedure repeated. The orange solution was cooled to - 78 °C and 

iodide 170 (2 g, 8.26 mmol) was added dropwise. The temperature was allowed to warm to 

room temperature over 5 hrs. The reaction was quenched with saturated NH4CI (50 ml), 

extracted with ether (3 x 50 ml), dried over MgS04 and concentrated m The crude 

mixture was purified by flash column chromatography (petrol/ethyl acetate; 98/2) to give 

silyl ketal 346 (2.02 g, 81%) as a colourless oil Rf = 0.52 (80/20 petrol/ ethyl acetate); Vmax 

(film)/cm-' 2954, 1427, 1248, 1111, 1052, 812 and 699; Sn (400 MHz; CDCI3) 7.47 (2H, m, 

Ar /(), 7.28 (3H, m, Ar 5.23 (IH, s, =C//AHB), 5.21 (IH, s with fine splitting, =CHA%), 

3.81-3.66 (4H, m, 0(CH2)20), 1.57-1.31 (4H, m 2 x CH2), 1.09 (3H, s, CH3), 1.01 (IH, dt, J 

8 and 2, C/fAHsC^CHz), 0.79 (IH, dt, J 8 and 2, CHA/fgC-CHz) and 0.19 (6H, s, Si(CH3)2); 

8c (100 MHz; CDCI3) 141.46 (0), 140.34 (0), 136.40 (2 x 1), 131.48 (1), 130.07 (2 x 1), 

112.20 (0), 103.58 (2), 66.87 (2 x 2), 39.46 (2), 31.94 (2), 25.93 (3), 15.37 (0), 15.17 (2), -

1.75 (3) and - 1.77 (3); m/z (EH-) 302.1707 (M\ CigHidOzSi requires 302.1702), 302 ([M]+, 

7%), 135 ([M - 167]\ 92%) and 35 (100%). 
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337 

4-{l-[l-(/gfY-Butyl)-l,l-dimethylsilyI]-2-methylenecyclopropyl}-2-butanone 337 

/gr/-Butyl(dimethyl)-{]-[2-(2-methy]-l,3dioxolaD-2-yl)ethyl]-2-

methylenecyclopropyl} silane 344 (0.58 g, 2.05 mmol) was stirred with j)-TsOH (0.39 g, 2.05 

mmol) in a mixture of acetone (180 ml) and 10% water (20 ml) for 48 hours. The mixture 

was concentrated m vacwo. Ether (50 ml) was added. The mixture was then washed once with 

10% NaHCO] (100 ml) and extracted with ether (3 x 75 ml). The organic phase was dried 

over MgS04, concentrated vacuo. The crude product was purified by flash column 

chromatography (petrol/ether ; 100/0 to 95/5) to give 337 (0.47 g, 96%) as a colourless oil Rf 

- 0.53 (20/80 ether/petrol); Vmax (fi]m)/cm-' 2929, 1718, 1361, 1252 and 831; Sg (400 MHz; 

CDCI3) 5.33 (IH, s, =C;fAHB), 5.20 (1 H, s, =CHA%), 2.45-2.24 (2H, m, CH2CO), 2.11 (3H, 

s, CH3), 1.98 (IPI, ddd, J 5 and 10 and 14, C/fAHgCHzCO), 1.78 (IH, ddd, J 5 and 10 and 14, 

CHA^CH^CO), 1.10 (IH, dt, J 7 and 2, CTfAHsC^CHz), 0.98 (9H, s, 3 x CH3 f-butyl), 0.82 

(IH, dt, J 7 and 2, CHA/fBC-CHz), - 0.06 (3H, s, SiCHa) and - 0.08 (3H, s, SiCH]); 8c (100 

MHz; CDCI3) 208.99 (0), 138.97 (0), 102.26 (2), 41.30 (2), 30.29 (3), 28.75 (2), 27.84 (3 x 

3), 18.72 (0), 12.26 (2), - 6.08 (3) and - 6.52 (3); m/z (CI) 239.1835 ([M + H]\ CMHiyOSi 

requires 239.1831), 256 ([M + NH4^]+, 2%), 239 ([M + H] \ 70%) and 135 (100%). 

338 

4-[l-(l-Allyl-l,l-dimethylsilyl)-2-methylenecyclopropyl]-2-butanone 338 

Allyl(dimethyl)- {1 -[2-(methyl-1,3dioxolan-2-yl)ethyl]-2-methylenecyclopropyl) silane 

345 (1 g, 3.76 mmol) was stined with j)-toluenesulfbnic acid (0.71 g, 3.76 mmol) in a 

mixture of acetone (180 ml) and 10% water (20 ml) for 48 hours. The mixture was 

concentrated v(3cwo. Ether (50 ml) was added. The mixture was then washed once with 

10% NaHC03 (100 ml) and extracted with ether (3 x 75 ml). The organic phase was dried 
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over MgS04 and concentrated m vacwo. The crude product was purified by flash column 

chiomatography (petrol/ether; 100/0 to 95/5) to give 338 (0.79 g, 95%) as a colourless oil Rf 

0.50 (30/70 ether/petrol); Vmax (fihn)/cm'' 2961, 1716, 1361, 1155 and 832; Sn (400 MHz; 

CDCI3) 5.79 (IH, tdd, J 8 and 10 and 17, HzC^C/fCHoSi), 5.33 (IH, s, -CZ/AHa), 5.22 (IH, s 

with fine splitting, =CHA%), 4.89 (IH, dd, J 2 and 17, C/fAHg^CHCHz), 4.85 (IH, dd, J 2 

and 10, CHA//B=CHCH2), 2.48-2.30 (2H, m, C/fzCOCHs), 2.13 (3H, s, CH3), 1.90 (IH, ddd, 

J 6 and 10 and 14, C/fAHBCHzCO), 1.71 (IH, ddd, J 6 and 10 and 14, CHA^/BCHzCO), 1.59 

(2H, dd, y 1 and 8, SiC/TiCH^CH]), 1.09 (IH, dt, J 2 and 7, C^HBC=CH2), 0.85 (IH, dt, ^ 2 

and 7, CHA/^sC-CHz), - 0.00 (3H, s, SiCHg) and -.0.004 (3H, s, SiCH]); 5c (100 MHz; 

CDCI3) 208.95 (0), 138.66 (0), 135.11 (1), 113.76 (2), 102.09 (2), 41.83 (2), 30.33 (3), 28.28 

(2), 22.50 (2), 12.84 (0), 12.3 (2), - 4.47 (3) and - 4.57 (3); m/z (EI+) 222.1427 (M+. 

CuHzzOSi requires 222.1440), m/z (CI) 240 ([M + NH4^]\ 35%), 223 ([M + H]+, 50%) and 

181 (100%). 

0 

339 

4-[l-(l,lDimethyl-l-phenylsilyl)-2-methylenecyclopropyl]-2-butanone 339 

Dimethyl{l-[2-(2-methyl-l,3dioxolan-2-yl)ethyl]-2-methylenecyclopropyl}phenyl 

silane 346 (1.6 g, 5.3 mmol) was stirred with ^-toluenesulfbnic acid (1 g, 5.3 mmol) in a 

mixture of acetone (90 ml) and 10% water (10 ml) for 48 hours. The mixture was 

concentrated m vacwo. Ether (50 ml) was added. The mixture was then washed once with 

10% NaHCO] (100 ml) and extracted witli ether (3 x 75 ml). The organic phase was dried 

over MgSO^ and concentrated m vacwo. The crude product was purified by flash column 

chromatography (petrol/ether ; 100/0 to 97/3) to give 339 (0.56 g, 41%) as a colourless oil Rf 

- 0.50 (70/30 ether/petrol); Vmax (film)/cm'' 2956, 1716, 1362, 1112, 811 and 699; Sn (400 

MHz; CDCI3) 7.42 (2H, m, H aromatics), 7.25 (3H, m, H aromatics), 5.23 (IH, s, MZJ^AHs), 

5.17 (IH, s with fine splitting, =CHA^B), 2.18-2.01 (2H, m, CH2CO), 1.84 (3H, s, CH3), 1.73 

(IH, ddd, J 17 and 10 and 9, CT/AHBCHzCO), 1.50 (IH, ddd, J 17 and 10 and 9, 

CHA//BCH2CO), 1.01 ( IH, dt, J 8 and 2, %HBC=CH2), 0.76 ( IH, dt, J 8 and 2, 
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CHA%C-CH2) and 0.15 (6H, s, (CH3)2Si); 8c (100 MHz; CDCI3) 210.99(0), 140.58 (0), 

140.03 (0), 136.27(2 x 1), 131.56 (1), 130.13 (2 x 1), 104.16 (2), 43.85 (2), 32.06 (3), 30.49 

(2), 14.95 (0), 14.63 (2), - 2.16 (3) and - 2.25 (3); m/z (EI+) 258.1444 (M+. Ci6H220Si 

requires 258.1440), 258 ([M]\ 2%) and 135 (100%). 

4-[l-(fgrf-Butyl) l,l-dimethylsilyI]-3-(chloromethyI)-l-methyl-3-cyclohexen-l-oI 347 

TiCl4 (0.14 ml of 1 M solution in DCM, 0.14 mmol) was added to 4-{l-[l-(rgr^-

butyl)-l,l-dimethylsilyl]-2-methylenecyclopropyl}-2-butanone 337 (0.03 g, 0.12 mmol) in 

dichloromethane (10 ml), at - 78 °C, tmder Ar. The solution was stirred for 0.5 hr. The 

reaction mixture was quenched with water (15 ml) and the aqueous phase was extracted with 

dichloromethane (2 x 20 ml) and ether (2 x 20 ml). The organic phase was then dried over 

MgS04 and concentrated m vacuo. The crude mixture was purified by flash column 

chromatography (petrol/ether; 80/20 to 40/60) to give cyclohexenol 347 (0.030 g, 88%) as a 

colourless oil; 

SnCl4 (0.14 ml of 1 M solution in DCM, 0.14 mmol) was added to 4-{l-[l-(^err-

butyl)-l,l-dimethylsi]yl]-2-methylenecyclopropy]}-2-butanone 337 (0.03 g, 0.12 mmol) in 

dichloromethane (10 ml), at - 78 °C, under Ar. The solution was stirred for 45 mins. The 

reaction mixture was quenched with water (15 ml) and the aqueous phase was extracted with 

dichloromethane (2 x 20 ml) and ether (2 x 20 ml). Tlie organic phase was then dried over 

MgS04 and concentrated m vacwo. The crude mixture was purified by flash column 

chiomatography (petrol/ether ; 80/20 to 40/60) to give cyclohexenol 347 (0.028 g, 82%) as a 

colourless oil Rf = 0.32 (50/50 ether/petrol); (film)/cm-' 3353, 2962, 1471, 1252, 832 

and 770; Sn (400 MHz; CDCI3) 4.10 (IH, d, J 11, CT^HBCl), 4.04 (IH, d, J 11, CHA%CI), 

2.41-2.13 (4H, m, -CC7/2C(CH3)0H and =CC;/2CH2C(CH3)0H), 1.68-1.45 (3H, m, 

CH2C.f/2C(CH3)0H and OH), 1.26 (3H, s, CH3), 0.90 (9H, s, 3 x CH3 f-butyl), 0.21 (3H, s, 

CHjSi) and 0.19 (3H, s, CH3Si); 8c (100 MHz; CDCI3) 142.01 (0), 135.74 (0), 68.95 (0), 

50.39 (2), 43.73 (2), 35.80 (2), 29.97 (2), 29.17 (3), 27.66 (3 x 3), 18.78 (0), - 2.72 (3) and -

195 



ZeM'U' A/ez/̂ /gMgcyc/q f̂opoMe Derzva/zve^ 

3.21 (3); m/z (CI) 292.1850 ([M + NH/]+. CwHaiNOClSi requires 292.1863), 274 ( [Mf , 

20%), 256 ([M - H20]\ 24%) and 292 ([M +NH/]^, 100%). 

.0 

Si 
/ \ 

348 

#er/-Butyl(dimethyl)(4-methyl-2-methylene-7-oxabicyclo[2.2.1]hept-l-yI)siIane 348 

BF3.Et20 (0.035 ml, 0.28 mmol) was added to 4-{l-[l-(rgr/'-butyl)-l,l-dimethylsilyI]-

2-methylenecyclopropyl}-2-butanone 337 (0.06 g, 0.25 mmol) in dichloromethane (20 ml), at 

- 78 °C, under Ar. The solution was stirred for 5 hours. The reaction mixture was quenched 

with water (15 ml) and the aqueous phase was extracted with dichloromethane (2 x 20 ml) 

and ether (2 x 20 ml). The organic phase was then dried over MgS04 and concentrated m 

mcwo. The crude mixture was purified by flash column chromatography (neat petrol) to give 

bicyclic ether 348 (0.042 g, 70%) as a pale yellow oil; 

BF3(AcOH)2 (0.045 ml, 0.32 mmol) was added to 4-{l-[l-(^err-butyl)-l,l-

dimethy]silyl]-2-methylenecyclopropyI}-2-butanone 337 (0.07 g, 0.29 mmol) in 

dichloromethane (20 ml), at - 78 °C, under Ar. The solution was stirred for 1 hour. The 

reaction mixture was quenched with water (15 ml) and the aqueous phase was extracted with 

dichloromethane (2 x 20 ml) and ether (2 x 20 ml). The organic phase was then dried over 

MgS04 and concentrated m The crude mixture was purified by flash column 

chromatography (neat petrol) to give bicyclic ether 348 (0.05 g, 71%) as a pale yellow oil Rf 

= 0.72 (50/50 ether/petrol); Vmax (film)/cm-^ 2929, 1361, 1249, 1112, 832 and 731; Sn (400 

MHz; CDCI3) 4.76 (IH, s with fine splitting, 4.71 (IH, s with fine splitting, 

=CHA%), 2.30-2.15 (2H, m, CHAHB%), 1.98 (IH, m, C/^HgCHz), 1.66-1.53 (IH, m, 

=C%C(CH3)0) , 1.48 (3H, s, CH3), 1.40 (IH, m, CHA^CHz), 0.99 (9H, s, 3 x CH3), 0.15 

(3H, s, CH3Si) and 0.12 (3H, s, CHsSi); 6c (100 MHz; CDCI3) 158.28 (0), 102.32 (0), 85.81 

(0), 83.99 (0), 48.24 (2), 37.95 (2), 36.49 (2), 28.59 (3 x 3), 21.41 (3), 18.99 (0), - 5.19 (3) 

and - 5.32 (3); m/z (CI) 239.1835 ([M + H] \ CMHzvOSi requires 239.1831), 239 ([M + H] \ 

24%), 221 ([M - H20]\ 15%) and 107 (100%). 
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349 

2-{[4-(l-(/g/^f-Butyl)-l J-dimethylsilyI]-3-(chIoromethyl)-l-methyl-3-cyclohexenyl]oiy}-

ethanol 349 

SnCl4 (0.041 ml, 0.35 mmol) was added to rg/V-butyl(dimethy])-{l-[2-(2-methyl-

l,3dioxolan-2-yl)ethyl]-2-methylenecyc]opropyl}silan^ 344 (0.05 g, 0.18 mmol) in 

dichloromethane (10 ml), at -78 °C, under Ar. The solution was stirred for 1 hour. The 

reaction mixture was quenched with water (15 ml) and the aqueous phase was extracted with 

dichloromethane (2 x 20 ml) and ether (2 x 20 ml). The organic phase was then dried over 

MgS04 and concentrated m vacwo. The crude mixture was purified by flash column 

chromatography (petrol/ether ; 100/0 to 80/20) to give cyclohexene 349 (0.035 g, 62%) as a 

yellow oil Rf = 0.24 (50/50 ether/petrol); v^ax (film)/cm'' 3440, 2926, 1427, 1253, 1103, 834 

and 731; (400 MHz; CDCI3) 4.11 (IH, d, 7 11, C/fAHBCl), 4.04 (IH, d, J 11, CHAWl) , 

3.67 (2H, t, J 5, % 0 H ) , 3.50 (2H, t, J 5, C/fzCHzOH), 2.39 (IH, d, / 18, 

-CC//AHBC(CH3)0), 2.27 (IH, m, CH2%HBC(CH3)0), 2.24 (IH, d, J 18, 

=CCHA%C(CH3)0), 2.14 (IH, m, CH2CHA/fBC(CH3)0), 1.97 (IH, br s, OH), 1.69 (IH, m, 

C^AHsCHi), 1.53 (IH, m, CHA^sCHz), 1.20 (3H, s, CH3), 0.89 (9H, s, 3 x CH3), 0.20 (3H, 

s, SiCHa) and 0.19 (3H, s, SiCHg); 8c (100 MHz; CDCI3) 141.55 (0), 135.68 (0), 72.87 (0), 

62.66 (2), 62.35 (2), 50.32 (2), 40.27 (2), 33.18 (2), 29.74 (2), 27.41 (3 x 3), 23.99 (3), 18.50 

(0), - 3.11 (3) and - 3.23 (3); m/z (CI) 336.2129 ([M + Ci6H35ClN02Si requires 

336.2125), 336 ([M + NH4T, 54%), 300 ([M-HiO^, 15%) and 132 (100%). 
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350 

/grf-Butyl[4-chloro-2-(chloromethyl)-4-methyl-l-cycIohexenyI]dimethylsilane 350 

TiCl4 (0.28 ml of 1 M solution in DCM, 0.28 mmol) was added to fer/-

butyl(dimethyl)- {1 -[2-(2-methyl-1,3dioxolan-2-yl)ethyl]-2-methylenecyclopropyl} silane 344 

(0.04 g, 0.14 mmol) in dichloromethane (10 ml), at - 78 °C, under Ar. The solution was 

stined for 1 hr. The reaction mixture was quenched with water (15 ml) and the aqueous phase 

was extracted with dichloromethane (2 x 20 ml) and ether (2 x 20 ml). The organic phase was 

then dried over MgS04 and concentiated m vacuo. The crude mixture was purified by flash 

column chromatography (neat petrol) to give dichloride 350 (0.032 g, 85%) as a pale yellow 

oil Rf = 0.73 (50/50 ether/petrol); v^ax (film)/cm-' 2956, 1427, 1252, 1075, 904 and 728 Sn 

(400 MHz; CDCI3) 4.15 (IH, d, J11, C/^HsCl), 4.03 (IH, d, J 11, CHA%C1), 2.65 (IH, d, / 

18, =C%HBC(CH3)C1), 2.57 (IH, d, J 18, =CCHA^C(CH3)C1), 2.43 (IH, m, 

%HBCH2C=), 2.28 (IH, m, CHA^fgCHzC-), 1.97 (IH, m, C/fAHeC^), 1.70 (IH, m, 

CHA:%C=), 1.65 (3H, s, CH3), 0.92 (9H, s, 3 x CH3), 0.23 (3H, s, CHsSi) and 0.21 (3H, s, 

CHsSi); 6c (100 MHz; CDCI3) 140.48 (0), 135.10 (0), 68.52 (0), 50.02 (2), 45.28 (2), 37.71 

(2), 32.49 (3), 30.18 (2), 27.40 (3 x 3), 18.58 (0), - 3.08 (3) aiid - 3.27 (3); m/z (CI) 310 ([M + 

NH/]+, 8%), 274 ([M - H20]+, 15%) and 132 (100%). 

I o r 
351 

4-{l-[l-({l;l-Dimethyl-l-[2-metbyIene-l-(3-oxobutyl)cycIopropyl]siIyl}oxy)-l,l-

dimethylsilyl]-2-methylenecyclopropyl}-2-butanone 351 

SnCL} (0.03 ml, 0.25 mmol) was added to 4-[l-(l-allyl-l,l-dimethylsilyl)-2-

methylenecyclopropyl]-2-butanone 338 (0.05 g, 0.22 mmol) in dichloromethane (10 ml), at -

40 °C, under Ar. Tlie solution was stirred for 40 mins. The reaction mixture was quenched 
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with water (15 ml) and the aqueous phase was extracted with dichloromethane (2 x 20 ml) 

and ether (2 x 20 ml). The organic phase was then dried over MgS04 and concentrated m 

vacwo. Tlie crude mixture was purified by flash column chromatography (petrol/ether ; 100/0 

to 50/50) to give dimer 351 (0.026 g, 31%) as a pale yellow oil and as a single 

diastereoisomer Rf ^ 0.44 (50/50 ether/petrol); Vmax (film)/cm'' 2959, 1715, 1361, 1254, 1045 

and 829; Sn (400 MHz; CDCI3) 5.23 (2H, s, 2 x = % H B ) , 5.15 (2H, s with fine splitting, 2 x 

=CHA^B), 2.46-2.29 (4H, m, 2 x CH2CO), 2.06 (6H, s, 2 x CH3), 1.81 (2H, ddd, J 6 and 10 

and 14, 2 x C/fAHaCHiCO), 1.58 (2H, ddd, J 6 and 10 and 14, 2 x CHA^CHzCO), 1.07 

(2H, dt, J 2 and 8, 2 X C^^HgC^CHz), 0.76 (2H, dt, J,2 and 8, 2 x CHA/fsC^CHz), 0.01 (6H, 

d, J 2 , 2 X SiCHa) and 0.00 (6H, d, J 2 , 2 x SiCH]); 8c (100 MHz; CDCI3) 209.00 (0), 138.53 

(0), 101,73 (2), 42.26 (2), 30.28 (3), 28.24 (2), 14.91 (0), 12.26 (2), - 0.62 (3) and - 0.91 (3); 

m/z (CI) 396.2420 ([M + NH4^]\ CzoHagSizNOa requhes 396.2390), m/z (EI+) 378 ([M]\ 

6%) and 181 (100%). 

3-(3-ButenyI)-4-(l-fluoro-l,l-dimethylsilyl)-l-methyl-3-cyclohexen-l-ol 354 

BF3(AcOH)2 (0.034 ml, 0.25 mmol) was added to 4-[l-(l-allyl-l,l-dimethylsilyl)-2-

methylenecyclopropyl]-2-butanone 338 (0.05 g, 0.22 mmol) in dichloromethane (10 ml), at -

40 °C, under Ar. The solution was stirred for 40 mins. The reaction mixture was quenched 

with water (15 ml) and the aqueous phase was extracted with dichloromethane (2 x 20 ml) 

and ether (2 x 20 ml). The organic phase was then dried over MgS04 and concentrated ZM 

vacuo. The crude mixture was purified by flash column chromatography (petrol/ether ; 100/0 

to 70/30) to give alcohol 354 (0.023 g, 42%) as a pale yellow oil; 

BFs.EtzO (0.031 ml, 0.25 mmol) was added to 4-[l-(l-allyl-l,l-dimethylsilyl)-2-

methylenecyclopropyl]-2-butanone 338 (0.05 g, 0.22 mmol) in dichloromethane (10 ml), at -

40 °C, under Ar. The solution was stirred for 3 hours. The reaction mixture was quenched 

with water (15 ml) and the aqueous phase was extracted with dichloromethane (2 x 20 ml) 

and ether (2 x 20 ml). The organic phase was then dried over MgS04 and concentrated m 
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vacwo. The crude mixture was purified by flash colunm chromatography (petrol/ether; 95/5 

to 70/30) to give alcohol 354 (0.022 g, 41%) as a pale yellow oil Rf = 0.28 (50/50 

ether/petrol); Vmax (film)/cm-' 3351, 2973, 1259, 1099, 974 and 866; Sy (400 MHz; CDCI3) 

5.79 (IH, ddt, y 16 and 10 and 6, CHzCTf^CHz), 5.02 (IH, dd, J 2 and 17, CT^HB-CHCHz), 

4.95 (IH, dd, y 2 and 11, CHA%=CHCH2), 2.40-2.01 (7H, m, 3 x % and OH), 1.70-1.39 

(4H, m, 2 X CHz), 1.24 (3H, s, CH3), 0.34 (3H, d, J 2, SiCHg) and 0.32 (3H, d, J 2 , SiCHg); 

6c (100 MHz; CDCI3) 148.14 (0), 138.39 (1), 127.36 (d, 0), 115.24 (2), 68.99 (0), 44.88 (2), 

37.60 (2), 35.48 (2), 33.41 (2), 28.65 (3), 26.24 (2), 0.63 (d, 3) and 0.75 (d, 3); m/z (CI) 

260.1854 ([M + NH/]+. CisHzvNOSiF requires 260.1846), 243 ([M + H] \ 36%), 224 ([M -

H20]\ 70%) and 260 ([M + NH/]+, 100%). 

OH 

368 

2-{[3-(3-Butenyl)-4-(l-fluoro-l,l-dimethylsilyl)-l-methyl-3-cyclohexenyl]oxy}-l-ethanol 

368 

BF3(AcOH)2 (0.052 ml, 0.37 mmol) was added to allyl(dimethyl)-{]-[2-(methyl-

l,3dioxolan-2-yl)ethyl]-2-methylenecyclopropyl}silane 345 (0.05 g, 0.19 mmol) in 

dichloromethane (10 ml), at - 78 °C, under Ar. The solution was stirred for 3 hours. The 

reaction mixture was quenched with water (15 ml) and the aqueous phase was extracted with 

dichloromethane (2 x 20 ml) and ether (2 x 20 ml). The organic phase was then dried over 

MgS04 and concentrated m vac wo. The cmde mixture was purified by flash column 

chromatography (petrol/ether; 95/5 to 70/30) to give alcohol 368 (0.026 g, 48%) as a pale 

yellow oil; 

BF3.Et20 (0.048 ml, 0.37 mmol) was added to allyl(dimethyl)-{l-[2-(methyl-

l,3dioxolan-2-yl)ethyl]-2-methylenecyclopropyl}silane 345 (0.05 g, 0.19 mmol) in 

dichloromethane (10 ml), at - 78 °C, under Ar. Tl:e solution was stirred for 3 hours. The 

reaction mixture was quenched with water (15 ml) and the aqueous phase was extracted with 

dichloromethane (2 x 20 ml) and ether (2 x 20 ml). The organic phase was then dried over 

MgS04 and concentrated m vacuo. The crude mixture was purified by flash column 
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chromatography (petrol/e&er; 95/5 to 70/30) to give alcohol 368 (0.018 g, 33%) as a pale 

yellow oil R f - 0.28 (50/50 ether/petrol); v^ax (Glm)/cm'^ 3452, 2927, 1372, 1255, 1053, 862, 

827 and 785; 8H (400 MHz; CDCI3) 5.80 (IH, ddt, J 17 and 11 and 6, CH2C7^=CH2), 5.03 

(IH, dd, / 2 and 17, CZ/AHg^CHCHz), 4.96 (IH, dd, J 2 and 11, CHA^^CHCHz), 3.71-3.63 

(2H, m, O C H . ^ O H ) , 3.54-3.43 (2H, m, OCT^CHzOH), 2.31-2.11 (7H, m, 3 x % and 

OH), 2.11-1.99 (2H, m, CJ^zCH^CHz), 1.65 (IH, dt, J12 and 6, C//AH8C(CH3)0), 1.56 (IH, 

dt, J 1 2 and 6, CHAW(CH3)0), 1.16 (3H, s, CH3), 0.32 (3H, d, J 2 , CHsSi) and 0.30 (3H, d, 

J 2, CHaSi); 8c (100 MHz; CDCI3) 147.89 (0), 138.39 (1), 127.50 (d, 0), 115.16 (2), 73.27 

(0), 62.61 (2), 62.23 (2), 41.96 (2), 37.66 (2), 33.50 (2), 32.76 (2), 26.40 (2), 23.86 (3), 0.60 

(d, 3) and 0.54 (d, 3); m/z (CI) 304.2109 ([M + NH4+]\ Ci5H3iN02FSi requires 304.2108), 

304 ([M + N H / ] \ 49%) and 225 (100%). 

383 

3-(Chloromethyl)-4-(l,l-dimethyl-l-phenyIsiIyl)-l-methyI-3-cyclohexen-l-ol 383 

TiCl4 (0.21 ml of 1 M solution in DCM, 0.21 mmol) was added to 4-[l-(l,ldimethyl-

l-phenylsilyl)-2-methylenecyclopropyl]-2-butanone 339 (0.05 g, 0.20 mmol) in 

dichloromethane (10 ml), at - 78 °C, under Ar. The solution was stirred for 1 hr. The reaction 

mixture was quenched with water (15 ml) and the aqueous phase was extracted with 

dichloromethane (2 x 20 ml) and ether (2 x 20 ml). The organic phase was then dried over 

MgSO^ and concentrated m vacim. The crude mixture was puriHed by flash column 

cliromatography (petrol/ether ; 80/20 to 40/60) to give cyclohexenol 383 (0.038 g, 66%) as a 

yellow oil; 

SnCl4 (0.025 ml, 0.21 mmol) was added to 4-[l-(l,ldimethyl-l-phenylsilyl)-2-

methylenecyclopropyI]-2-butanone 339 (0.05 g, 0.20 nmiol) in dichloromethane (10 ml), at -

78 °C, under Ar. The solution was stirred fbr 6 hrs. The reaction mixture was quenched with 

water (15 ml) and the aqueous phase was extracted with dichloromethane (2 x 20 ml) and 

ether (2 x 20 ml). The organic phase was then dried over MgS04 and concentrated m vacwo. 
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The crude mixture was purified by flash column chromatography (petrol/ether; 80/20 to 

40/60) to give cyclohexenol 383 (0.046 g, 79%) as a yellow oil Rf = 0.25 (50/50 ether/petrol); 

Vmax (film)/cm-^ 3376, 2962, 1427, 1252, 810 and 697; Sn (400 MHz; CDCI3) 7.51 (2H, m, H 

aromatics), 7.37 (3H, m, H aromatics), 3.99 (IH, d, J 11, C/^HsCl), 3.94 (IH, d, J I I , 

CHA77BC1), 2.44-2.12 (4H, m, =CCW(CH3)0H and =C%CH2C(CH3)0H), 1.73-1.44 (3H, 

m, CH2C;/2C(CH3)0H and OH), 1.28 (3H, s, CH3), 0.47 (3H, s, CHaSi) and 0.46 (3H, s, 

CH3Si); 8c (100 MHz; CDCI3) 143.06 (0), 139.78 (0), 136.28 (0), 134.72 (2 x 1), 130.27 (1), 

129.10 (2 X 1), 69.47 (0), 49.96 (2), 44.20 (2), 36.22 (2), 29.54 (2), 29.49 (3), 0.00 (3) and -

0.21 (3); nVz (CI) 312.1541 ([M + N H / ] \ CiaHzvNOSiCl requires 312.1550), m/z (EI+) 294 

([M]+, 0.5%), 135 ([PhMezSi]^ 93%) and 43 (100%). 

.0 

-Si 

384 

DimethyI(4-methyl-2-methylene-7-oiabicyclo[2.2.]]hept-l-yl)phenyIsilane 384 

BFg.EtzO (0.027 ml, 0.21 mmol) was added to 4-[l-(l,ldimethyl-l-phenylsilyl)-2-

methylenecyclopropyl]-2-butanone 339 (0.05 g, 0.20 mmol) in dichloromethane (10 ml), at -

40 °C, under Ar. The solution was stirred for 6 hours. The reaction mixture was quenched 

with water (15 ml) and the aqueous phase was extracted with dichloromethane (2 x 20 ml) 

and ether (2 x 20 ml). The organic phase was then dried over MgS04 and concentrated m 

vocz/o. The crude mixture was purified by flash column chromatography (petrol/ether; 100/0 

to 90/10) to give bicyclic ether 384 (0.036 g, 72%) as a pale yellow oil Rf = 0.71 (50/50 

ether/petrol); v^ax (film)/cm-' 3071, 2970, 1381, 1247, 1112, 832 and 699; Sn (400 MHz; 

CDCI3) 7.67 (2H, m, H aromatics), 7.38 (3H, m, H aromatics), 4.63 (IH, t, 7 2, :=C^HB), 

4.61 (IH, t, J 2 , =CHA%), 2.31-2.19 (2H, m, CHAHBCffi), 2.01 (IH, m, C/fAHgCHz), 1.67 

(IH, d, J10, =C%HBC(CH3)0), 1.65 (IH, d, J10, =:CCHA%C(CH3)0), 1.53 (3H, s, CH3), 

1.51 (IH, m, CHA^BCHz), 0.47 (3H, s, CH3Si) and 0.44 (3H, s, CH3Si); 8c (100 MHz; 

CDCI3) 156.14 (0), 137.23 (0), 134.46 (2 x 1), 129.05 (1), 127.62 (2 x 1), 101.83 (2), 85.30 

(0), 82.17 (0), 47.07 (2), 36.11 (2), 35.79 (2), 20.62 (3), - 4.02 (3) and - 4.67 (3); m/z (CI) 
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259.1526 ([M + H] \ CigHisSiO requires 259.1518), m/z (EI+) 258 ([M]\ 23%) and 135 

([PhMezSi]^ 100%). 

.0 

-Si 

Pi/ 
384 385 

Dimethyl(4-methyI-2-methylene-7-oxabicyclo[2.2.1]bept-l-yl)phenylsiIane 384 

(7j^,'^j?)-4-(l-FIuoro-l J-dimethyIsilyl)-l-methyl-3-methyIene-4-phenyl-l-cycIohexanoI 

385 

BF3(AcOH)2 (0.03 ml, 0.21 mmol) was added to 4-[1-(1,1 dimethyl-l-phenylsilyl)-2-

methylenecyclopropyl]-2-butanone 339 (0.05 g, 0.20 mmol) in dichloromethane (10 ml), at -

40 °C, under Ar. The solution was stirred tbr 45 mins. The reaction mixture was quenched 

with water (15 ml) and the aqueous phase was extracted with dichloromethane (2 x 20 ml) 

and ether (2 x 20 ml). The organic phase was then dried over MgS04 and concentrated m 

The crude mixture was purified by flash column chromatography (petrol/ether; 100/0 

to 50/50) to give bicyclic ether 384 (0.011 g, 22%) as a pale yellow oil and 

methylenecyclohexane 385 (0.030 g, 55%) as a white solid and as a single diastereoisomer 

mp 44-46 °C (from Et0H-H20) Rf = 0.31 (50/50 ether/petrol); v^ax (film)/cm-' 3452, 2932, 

1445, 1257, 864 and 700; Sn (400 MHz; CDCI3) 7.26 (4H, m, H aromatics), 7.16 (IH, m, H 

aromatics), 5.21 (IH, s, = % H B ) , 5.17 (IH, s, =CHAJ%), 2.41 (IH, dt, J 14 and 4, 

CHAHgC/TAHB), 2.13 (IH, d, J14 , =CC7^HBC(CH3)0H), 2.08 (IH, ddd, J 1 4 and 11 and 7, 

%HBCHAHB), 1.98 (IH, d, J 14, =CCHAJ%C(CH3)0H), 1.82 (IH, br s, OH), 1.58-1.50 

(2H, m, CHAJ%CHAHB and CHAHBCHA%), 1.08 (3H, s, CH3), 0.18 (3H, d, J 7 , CHsSiF) 

and 0.15 (3H, d, J 7 , CH3SiF); 6c (100 MHz; CDCI3) 148.41 (0), 140.09 (0), 129.11 (2 x 1), 

128.60 (2 X 1), 126.18 (1), 116.84 (2), 71.58 (0), 47.73 (2), 43.33 (d, 0), 33.92 (2), 30.53 (3), 

26.00 (2), - 2.00 (d, 3) and - 2.05 (d, 3); m/z (EI+) 278.1492 ([M]^. CigHzgOSiF requires 

278.1502), 278 ([M]\ 16%), 77 ([FMezSij^ 95%) and 169 (100%); structure and 

stereochemistry confirmed by X-ray difAaction. 
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386 

[4-ChIoro-2-(chloromethyl)-4-methhyl-l-cycIohexenyl](dimethyl)phenylsilane 386 

TiCU (0.33 ml of ] M solution in DCM, 0.33 mmol) was added to dimethyl{l-[2-(2-

methyl-l,3dioxolan-2-yl)etl]yl]-2-methylenecyclopropyl}phenyl silane 346 (0.05 g, 0.16 

mmol) in dichloromethane (10 ml), at - 78 °C, under Ar. The solution was stirred for 1 hr. 

The reaction mixture was quenched with water (15 ml) and the aqueous phase was extracted 

with dichloromethane (2 x 20 ml) and ether (2 x 20 ml). The organic phase was then dried 

over MgS04 and concentrated m mcwo. The caide mixture was purified by flash column 

chromatography (petrol/ether; 100/0 to 90/10) to give dichloride 386 (0.019 g, 39%) as a 

pale yellow oil Rf= 0.75 (50/50 ether/petrol); Vmax (film)/cm'' 3068, 2955, 1427, 1252, 1112, 

1076, 811 and 667; Bn (400 MHz; CDCI3) 7.51 (2H, m, H aromatics), 7.37 (3H, m, H 

aromatics), 4.02 (IH, d, J 11, Cy/AHaCl), 3.89 (IH, d, J 11, CHA/fsCl), 2.63 (IH, d, J 18, 

=CC/fAHBC(CH3)Cl), 2.57 (IH, d, / 1 8 , =CCHA//BC(CH3)C1), 2.49 (IH, m, C;/AHBCH2C=), 

2.29 (IH, m, CHA%CH2C=), 1.99 (IH, m, C//AHBC=), 1.71 (IH, ddd, J 11 and 9 and 5, 

CHA%C=), 1.66 (3H, s, CH3), 0.47 (3H, s, CH3Si) and 0.44 (3H, s, CHaSi); 8c (100 MHz; 

CDCI3) 141.45 (0), 139.36 (0), 135.58 (0), 134.43 (2 xl), 130.00 (1), 128.82 (2 x 1), 68.85 

(0), 49.51 (2), 45.60 (2), 38.02 (2), 33.85 (3), 29.65 (2), - 0.30 (3) and - 0.61 (3); m/z (CI) 

330.1218 ([M + NH4^]\ CigHzeNClzSi requires 330.1211), m/z (EI+) 312 ([M]+, 4%), 135 

([Ph (CH3)2Si]\ 27%) and 107 (100%). 
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.O'H 1 1 OH 
Ph" » • 
F - S i ^ 

P / \ / ^ 
384 387 

Dimethyl(4-methyl-2-methylene-7-oiabicyclo[2.2.1]hept-l-yl)phenylsiIane 384 

2-{|(7jf;'/6)-4-(l-F]uoro-l,l-dimethylsilyl)-l-methyl-3-methylene-4-phenylcyclohexyI] 

oxyj-l-ethanol 387 

BpB.EtzO (0.042 ml, 0.33 mmol) was added to dimethyl{l-[2-(2-methyl-l,3dioxolaii-

2-yl)ethyl]-2-methyle]iecyclopropyl}phenylsilane 346 (0.05 g, 0.16 mmol) in 

dichloromethane (10 ml), at - 78 °C, under Ar. The solution was stirred for 6 hours. The 

reaction mixture was quenched with water (15 ml) and the aqueous phase was extracted with 

dichloromethane (2 x 20 ml) and ether (2 x 20 ml). The organic phase was then dried over 

MgS04 and concentrated m vacwo. Tlie crude mixture was purified by flash column 

chromatography (petrol/ether; 100/0 to 50/50) to give bicyclic ether 384 (0.005 g, 12%) as a 

pale yellow oil and methylenecyclohexane 387 (0.016 g, 30%) as a yellow oil and as a single 

diastereoisomer; 

BF3(AcOH)2 (0.046 ml, 0.33 mmol) was added to dimethyl{l-[2-(2-metliyl-

l,3dioxolan-2-yl)ethyl]-2-methylenecyclopropyl}phenylsilane 346 (0.05 g, 0.16 mmol) in 

dichloromethane (10 ml), at - 78 °C, under Ar. The solution was stirred for 5 hours. The 

reaction mixture was quenched with water (15 ml) and the aqueous phase was extracted with 

dichloromethane (2 x 20 ml) and ether (2 x 20 ml). The organic phase was then dried over 

MgS04 and concentrated m vacuo. The crude mixture was purified by flash column 

chromatography (petrol/ether; 100/0 to 50/50) to give bicyclic ether 384 (0.009 g, 21%) as a 

pale yellow oil and methylenecyclohexane 387 (0.021 g, 39%) as a yellow oil and as a single 

diastereoisomer Rf = 0.26 (50/50 ether/petrol); v^ax (film)/cm'^ 3405, 2933, 1445, 1257, 

1086, 869, 730 and 699; Sw (400 MHz; CDCI3) 7.31 (4H, m, H aromatics), 7.18 (IH, m, H 

aromatics), 5.18 (IH, s, = % H B ) , 5.08 (IH, s, =CHA%), 3.72 (2H, t, J 5 , % 0 H ) , 3.48 

(IH, m, CHzC^AHsOH), 3.44 (IH, m, CHzCHA^OH), 2.32 (IH, d, J 14, 

-CC/7AHBC(CH3)0), 2.29 (IH, m, C//AHBCHAHB), 2.18 (IH, dt, J 3 and 13, 

CHAHB%HB), 1.90 (IH, d, J 14, =CCHA%C(CH3)0), 1.76 (IH, m, CHA%CHAHB), 1.62 

(IH, br s, OH), 1.48 (IH, dt, J 3 and 13, CHAHBCHA /̂B), 102 (3H, s, CH3), 0.19 (3H, d, J 8 , 

FSiCHs) and 0.17 (3H, d, J 8 , FSiCHg); 8c (100 MHz; CDCI3) 148.02 (0), 140.44 (0), 128.91 
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(2 X 1), 128.20 (2 X 1), 125.85 (1), 115.73 (2), 74.97 (0), 62.92 (2), 62.21 (2), 43.29 (2), 42.70 

(d, 0), 32.01 (2), 25.76 (3), 24.87 (2), - 2.05 (d, 3) and - 2.21 (d, 3); m/z (CI) 340.2104 ([M + 

NH4+]+. CisHsiNOzSiF requires 340.2108), nVz (EI+) 322 ([M]+ 1%) and 77 ([FMe28i]\ 

56%) and 260(100%). 

NO? 

2-{[(7JR,^i9)-4-(l-Fluoro-l,l-dimethylsilyl)-l-methyI-3-methylene-4-phenyIcyclohe 

oxyjethyl 4-nitrobenzoate 388 

EtsN (0.037 ml, 0.27 mmol) was added to a solution of alcohol 387 (0.029 g, 0.09 

mmol) in DCM (5 ml) at 0 °C under Ar, followed by the rapid addition of p-nitrobenzoyl 

chloride (0.083 g, 0.45 mmol). The reaction mixture was stirred for 30 mins at 0 °C and 

allowed to come to room temperature overnight. The crude reaction was directly purified on a 

flash column chromatography (petrol/ether; 90/10 to 70/30) to give benzoate 388 (0.040 g, 

95%) as a pale yellow solid, mp. 65-67°C (from ethanol-water) and as a single 

diastereoisomer Rf = 0.55 (50/50 ether/petrol); Vmax (film)/cm"^ 2933, 1719, 1525, 1347, 

1086, 871, 828, 749 and 720; Sn (300 MHz; CDCI3) 8.32-8.22 (4H, m, H Ar), 7.31-7.25 (4H, 

m, H Ar), 7.17 (IH, m, H Ar), 5.15 (IH, s, ^C/fAHg), 5.04 (IH, s, =CHA%), 4.50 (2H, t, J 5, 

% 0 C 0 ) , 3.75 (IH, m, COOCHiC/^HsO), 3.67 (IH, m, COOCHzCHA^O), 2.40-2.15 

(2H, m, % % % ) , 2.33 (IH, d, J 14, =CC^HBC(CH3)0), 1.91 (IH, d, J 14, 

=CCHA/fBC(CH3)0), 1.68 (IH, m, CHiC^Hg), 1.48 (IH, m, CHzCHA^s), 1.03 (3H, s, 

CH3), 0.11 (3H, d, J 8, FSiCH]) and 0.10 (3H, d, J 8 , FSiCH]); 8c (75 MHz; CDCI3) 164.95 

(0), 150.69 (0), 147.26 (0), 139.95 (0), 135.82 (0), 131.02 (2 x 1), 128.48 (2 x 1), 127.82 (2 x 

1), 125.42 (1), 123.67 (2 x 1), 114.93 (2), 75.11 (0), 65.88 (2), 58.97 (2), 42.68 (2), 42.31 (d 

0), 31.67 (2), 25.19 (3), 24.51 (2), - 2.44 (d 3) and - 2.63 (d 3); m/z (CI) 489 ([M + NH4'^]\ 

38%) and 182 (100%); structure and stereochemistry confirmed by X-ray dif&action. 
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O 

I , OH 
Phi" 

HO~Si^ 

391 392 

2- {|3-(Chloromethyl)-4-(l ,1 -dimethyl-1 -phenykilyl)-1 -methy 1-3-cy clohexenyl] oxy} -1 -

ethanol 391 

2- {[(7 -Hydroxy-1,1-dimethylsiIyl)-1 -methyl-3-methy lene-4-phenylcyclohexyl] 

oxy}-l-ethanol 392 

SnCLt (0.038 ml, 0.33 mmol) was added to dimethyl{l-[2-(2-methy]-l,3dioxolan-2-

yl)ethyl]-2-methylenecyclopropyl}phenylsilane 346 (0.05 g, 0.16 mmol) in dichloromethane 

(10 ml), at - 78 °C, under Ar. The solution was stirred for 1 hour. The reaction mixture was 

quenched with water (15 ml) and the aqueous phase was extracted with dichloromethane (2 x 

20 ml) and ether (2 x 20 ml). The organic phase was then dried over MgSO^ and concentrated 

m I'acwo. The crude mixture was purified by flash column chromatography (petrol/ether; 

100/0 to 0/100) to give cyclohexene 391 (0.021 g, 38%) as a yellow oil Rf = 0.22 (50/50 

ether/petrol); Vmax (fiW/cm ' 3452, 2928, 1427, 1251, 1107, 810 and 660; Sy (400 MHz; 

CDCI3) 7.51 (2H, m, H aromatics), 7.38 (3H, m, H aromatics), 4.02 (IH, d, J11 , C7:fAHBCl), 

3.95 (IH, d, J 11, CHA/fgCl), 3.71 (2H, t, J 5 , ^ O H ) , 3.52 (2H, t, J 5 , C/^CHzOH), 2.40 

(IH, d, J14, =CC;/AHBC(CH3)0), 2.26 (IH, d, J14, =CCHA;%C(CH3)0), 2.40-2.01 (3H, m, 

C//2C(CH3)0 and OH), 1.75 (IH, m, C^HsCHz), 1.58 (IH, m, CHA%CH2), 1.24 (3H, s, 

CH3), 0.47 (3H, s, SiCH]) and 0.36 (3H, s, 8 1 % ) ; 8c (100 MHz; CDCI3) 142.53 (0), 139.64 

(0), 136.27 (0), 134.45 (2 x 1), 130.01 (1), 129.86 (2 x 1), 73.32 (0), 63.13 (2), 62.82 (2), 

49.87 (2), 40.73 (2), 33.50 (2), 29.16 (2), 24.45 (3), 0.04 (3) and - 0.40 (3); m/z (CI) 

356.1812 ([M + N H / r . CigHaiNOzSiCl requires 356.1812), 320 ([M - H20]\ 7%) and 356 

([M + 100%); and diol 392 (0.012 g, 23%) as a yellow oil and as a single 

diastereoisomer Rf = 0.04 (50/50 ether/petrol); Vmax (film)/cm'^ 3380, 2932, 1253, 1055 and 

867; 8H (400 MHz; CDCI3) 7.29 (4H, m, H aromatics), 7.12 (IH, m, H aromatics), 5.19 (IH, 

s, = % H B ) , 5.14 (IH, s, =CHA//B), 3.67 (2H, t, J 5, C H ^ ^ O H ) , 3.45 (IH, m, 

HOCHzC/fAHBO), 3.38 (IH, m, HOCHzCHA^O), 2.26 (IH, m, C/^HBCHAHg), 2.21 (IH, 

d, J 14, ^CCv^HsC), 2.12 (IH, dt, y 3 and 13, C/^^HBCHAHg), 1.90-1.60 (3H, m, 

CHA/fsCHAHB and 2 x OH), 1.82 (IH, d, J 14, =CCHA%C), 1.44 (IH, dt, J 3 and 13, 

CHAHBCHA%), 0.97 (3H, s, CH3), 0.10 (3H, s, SiCHa) and 0.05 (3H, s, SiCH3); 6c (100 
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MHz; CDCI3) 148.80 (0), 141.74 (0), 129.10 (2 x 1), 128.12 (2 x 1), 125.67 (1), 116.09 (2), 

75.24 (0), 63.06 (2), 62.34 (2), 43.82 (2), 43.37 (0), 32.30 (2), 25.92 (3), 25.31 (2), - 1.00 (3) 

and - 1.03 (3); m/z (CI) 338.2162 ([M + NH4+]\ CigHazNOaSi requires 338.2151), m/z (EI+) 

320 ([M]\ 1%) and 75 ([HOSiMez]^ 100%). 

NO? 
395 

l,l-Dimethyl-l-((7^,^J'()-4-methyl-2-methylene-4-{2-[(4-nitrobenzoyl)o%y]ethoxy}-l-

phenylcyclohexyl)silyl 4-nitrobenzoate 395 

Et3N (0.007 ml, 0.06 mmol) was added to a solution of alcohol 392 (0.006 g, 0.02 

mmol) in DCM (2 ml) at 0 °C under Ar, followed by the rapid addition of ^-nitrobenzoyl 

chloride (0.017 g, 0.09 mmol). The reaction mixture was stirred for 30 mins at 0 °C and 

allowed to come to room temperature overnight. The crude reaction was directly puriGed on a 

flash column chromatography (petrol/ether; 90/10 to 70/30) to give dibenzoate 395 (0.007 g, 

64%) as a pale yellow solid, mp. 65-67°C (from ethanol-water) and as a single 

diastereoisomer Rf = 0.43 (50/50 ether/petrol); v^ax (film)/cm'^ 2933, 1719, 1525, 1347, 

1086, 871, 828, 749 and 720; Sn (400 MHz; CD3OD) 8.42-8.18 (8H, m, H Ar), 7.37-7.20 

(4H, m, H Ar), 7.11 (IH, m, H Ar), 5.14 (2H, s, -CHz), 4.56-4.41 (2H, m, CH2OCO), 3.78 

(IH, m, OC/^HgCHzOCO), 3.69 (IH, m, OCHA/fsCHzOCO), 2.33 (IH, m, Cj^HsCHAHB), 

2.32 (IH, d, y 14, -CC;^HBC(CH3)0), 2.20 (IH, m, CHAHBC^Hg), 1.87 (IH, d, J 14, 

=CCHAJ^BC(CH3)0), 1.71 (IH, m, CHA^^BCHAHg), 1.48 (IH, m, CHAHBCHA%), 101 (3H, 

s, CH3), 0.03 (3H, s, SiCHs) and - 0.02 (3H, s, SiCHs); 8c (100 MHz; CDCI3) 169.09 (0), 

167.70 (0), 153.59 (0), 153.48 (0), 151.04 (0), 143.97 (0), 139.13 (0), 138.48 (0), 133.43 (4 x 

1), 130.50 (4 X 1), 127.23 (1), 126.12 (2 x 1), 126.03 (2 x 1), 117.02 (2), 77.93 (0), 68.39 (2), 

61.64 (2), 45.50 (0), 45.45 (2), 34.14 (2), 27.29 (2), 27.07 (3), 0.19 (3) and 0.00 (3); m/z (CI) 

652 ([M + N H / ] \ 47%) and 75 (100%). 

208 



JWef/̂ /gMecycZoprĉ aMe Der:va^zvgj' 

EXPERIMENTAL FOR CHAPTER SIX 

OTMS 

420 

(l-cyclohexanyloxy)(trimethyl)silane 420 

Following the method used by Fleming^^cyclohexanone 419 (1.83 ml, 17.6 mmol) in 

THF (2 ml) is added to a stirred solution of LDA [prepared in situ by addition of n-BuLi (7.8 

ml, 18.7 mmol) to diisopropylamine (2.97 ml, 21.2 mmol) in THF (40 ml) at - 78 °C] under 

Ar at - 78 °C over 5 mins. The solution was stirred for a further hour and then TMSCl (3.81 

ml, 31 mmol) was added over 5 mins. The reaction was allowed to come to room temperature 

and after stirring for 1 hour, the solvent was evaporated m vAcz/o. Dry pentane (50 ml) was 

added and the LiCl was removed by filtration. Distillation under vacumn (bp. 72-74 °C/40 

mmHg) gave silyl enol ether 420 (1.87 g, 62%) as a colourless oil Vmax (film)/cm'' 2928, 

1366, 1250, 1184 and 838; Sw (300 MHz; CDCI3) 4.87 (IH, br s, =CH), 2.07-1.92 (4H, m, 

C/6C-CH and C/^CH=), 1.72-1.59 (2H, m, % ) , 1.57-1.46 (2H, m, % ) and 0.18 (9H, s, 

Si(CH3)3); 8c (75 MHz; CDCI3) 150.43 (0), 104.40 (1), 30.03 (2), 23.95 (2), 23.30 (2), 22.48 

(2) and 0.49 (3 x 3); m/z (CI) 171 ([M + H] \ 100%). 

4 2 1 

2-(3-Methyl-2-butenyl)-l-cyclohexanone 421 

Following the method used by Fleming^^ cyclohexanone 419 (0.62 ml, 6.02 mmol) in 

THF (2 ml) is added to a stirred solution of LDA [prepared in situ by addition of BuLi (2.66 

ml, 6.38 mmol) to diisopropylamine (1.01 ml, 7.23 nmiol) in THF (15 ml) at - 78 °C] under 

Ar at - 78 °C over 5 mins. The solution was stirred for a further hour and then prenyl bromide 

(1.04 ml, 9.04 mmol) was added over 5 mins. The reaction was allowed to come to room 

temperature and after stirring for 1 hour, the solvent was evaporated m vac wo. Dry pentane 
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(50 ml) was added and the LiCl was removed by filtration. Distillation under vacuum (bp. 

118-120 °C/40 mmHg) gave cyclohexanone 421 (0.6 g, 60%) as a colourless oil Vmax 

(film)/cm-' 2927, 1708, 1446, 1126 and 837; §» (400 MHz; CDCI3) 5.07 (IH, t, J 7, 

CH2C^C(CH3)2), 2.46-2.34 (2H, m, CHz), 2.34-2.22 (2H, m, % ) , 2.11 (IH, m, CHCO), 

2.07-1.91 (2H, m, CHz), 1.85 (IH, m, % H B C H ) , 1.68 (3H, s, CHgC^), 1.66 (IH, m, 

CHA^CH), 1.60 (3H, s, % € = ) and 1.41-1.29 (2H, m, CHz); 8c (100 MHz; CDCI3) 213.49 

(0), 133.31 (0), 122.46 (1), 51.55 (1), 42.41 (2), 33.79 (2), 28.40 (2), 28.29 (2), 26.18 (3), 

25.38 (2) and 18.18 (3); m/z (CI) 167 ([M + H] \ 100%). 

418 

6-(3-Methyl-2-bufenyl)-l,4-dioiaspiro[4.5]decane 418 

Following the method of Kelly,ethylene glycol (0.34 ml, 6.02 mmol), 2-(3-methyl-

2-butenyl)-]-cyclohexanone 421 (0.5 g, 3.01 mmol) and j7-TsOH (0.006 g, 0.03 mmol) were 

refluxed together in toluene (50 ml) for 20 hours using a Dean Stark apparatus to remove 

water. The reaction mixture was cooled and concentrated m vacwo. Ether (50 ml) was added 

and washed once with aq. NaHCO] (5%, 50 ml). The organic phase was dried over MgS04 

and concentrated m vacwo. The crude product was purified by flash column chromatography 

(100/0 to 98/2 petrol/ethyl acetate) to give ketal 418 (0.56 g, 89%) as a colourless oil Rf ' 

0.48 (90/10 petrol/ethyl acetate); v^ax (film)/cm'^ 2930, 1442, 1086 and 924; Sn (400 MHz; 

CDCI3) 5.10 (IH, t, J 7, =CH), 4.01-3.89 (4H, m, 0(CH2)2O), 2.21 (IH, m, C;fAHBCH=), 

1.89-1.42 (13H, m, 2 X CH3 and C/fCHAHsCH^ and CHA%CPI= and CHA^CHCH2CH-

and 2 x % ) , 1.35 (IH, m, CHA%CHCH2CH=) and 1.27-1.14 (2H, m CH2); 6c (100 MHz; 

CDCI3) 132.41 (0), 123.94 (1), 111.20 (0), 65.23 (2 x 2), 45.79 (1), 35.28 (2), 29.37 (2), 

27.18 (2), 26.22 (3), 25.09 (2), 24.44 (2) and 18.19 (3); m/z (EI+) 210.1612 (M". C13H22O2 

requires 210.1619), m/z (CI) 211 ([M + H^, 11%) and 149(100%). 
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423 

6-[(2,2-Dimethyl-3-methylenecyclopropyl)methyl]-l,4-dioxaspiro[4.S]decane 423 

BuLi (10.42 ml of 2.40 M in hexane, 25 mmol) was added to a mixture of 6-(3-methyl-2-

butenyl)-l,4-dioxaspiro[4.5]decane 418 (1.5 g, 7.14 mmol) and 1,1-dichloroethane (0.70 ml, 

8.3 mmol) in ether (12 ml, 0.6 M solution) at - 25 °C over 6 hrs. Further portion of 1,1-

dichloroethane (8 X 0.25 ml, 23.8 mmol) were added after 30 mins and then every 45 mins. 

The mixture was allowed to come to room temperature overnight. The mixture was quenched 

with water (15 ml), extracted with ether (3 x 20 ml), dried over MgS04 and concentrated m 

vaci/o to give a colourless oil which was used without further purification. The crude mixture 

in DMSO (5 ml) was added dropwise to a suspension of ^'BuOK (1.6 g, 1.43 mmol) in 

DMSO (15 ml) at 70 °C under Ar. The mixture turned dark brown and was stirred overnight. 

The mixture was allowed to cool to room temperature and transferred on a silica gel column 

chromatography eluting with a 95/5 solution of petrol/ethyl acetate for purification to give 

acetal 423 (1.59 g, 95%) as a yellow oil and as a 2 : 1 mixture of diastereoisomer Rf = 0.51 

(90/10 petrol/ethyl acetate); Vmax (film)/cm'^ 2933, 1445, 1160 and 889; Sn (400 MHz; 

CDCI3) 5.25 (IH, s, =:C;^HB), 5.21 (0.5H, s, =CHA%), 5.19 (0.5H, s, ^CHA/fs), 3.99-3.85 

(4H, m, 0(CH2)20), 1.90 (IH, m, C//C0(CH2)20), 1.81-1.57 (6H, m, 3 x % ) , 1.49 (IH, m, 

C;fC=CH2), 1.41-0.96 (4H, m, 2 x CH2), 1.16 (0.5 x 3H, s, CH3), 1.15 (0.5 x 3H, s, CH3), 

1.08 (0.5 X 3H, s, CH3) and 1.06 (0.5 x 3H, s, CH3); 8c (100 MHz; CDCI3) 150.04 (0), 149.25 

(0), 111.15 (0), 100.06 (2), 65.15 (2 x 2), 45.72 (1), 45.49 (1), 35.17 (2), 34.95 (2), 29.32 (2), 

29.19 (2), 27.41 (2), 26.56 (3), 26.47 (3), 25.97 (2), 25.12 (2), 24.79 (2), 24.36 (2), 24.32 (2), 

19.86 (1), 19.39 (0) and 18.88 (1); m/z (CI) 237.1865 ([M + H ] \ C15H25O2 requires 

237.1855), 237 ([M + H^, 8%) and 175 (100%). 
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415 

2-[(2,2-Dimethhyl-3-methylenecyclopropyl)methyl]-l-cycIohexanone 415 

6-[(2,2-Dimethyl-3-methylenecyclopropyl)methyl]-l,4-dioxaspiro[4.5]decane 423 (1.5 g, 

6.35 mmol) was stirred with jo-TsOH (1.21 g, 6.35 mmol) in a mixture of acetone (270 ml) 

and 10% water (30 ml) fbr 48 hours. The mixture was concentrated m vacwo. Ether (50 ml) 

was added. The mixture was then washed once with 10% NaHCO] (100 ml) and extracted 

with ether (3 x 75 ml). The organic phase was dried over MgS04, concentrated vocwo. The 

crude product was purified by flash column chromatography (petrol/ether; 100/0 to 95/5) to 

give cyclohexanone 415 as a pale yellow oil and as a 2 : 1 mixture of diastereoisomer (0.98 g, 

80%) R f - 0.68 (20/80 ethyl acetate/petrol); Vmax (film)/cm'' 2931, 1707, 1448, 1128 and 881; 

8H (400 MHz; CDCI3) 5.29 (IH, s with fine splitting, ^C^AHs), 5.23 (IH, s, =CHA%), 2.52-

2.30 (3H, m, CH2CO and CHCO), 2.24 (IH, m, C/fAHgCHCO), 2.08 (IH, m, 

CHA;%CHCO), 1.98-1.79 (2H, m, C;^CHC=CH2), 1.78-1.65 (2H, m, CHz), 1.53-1.40 (2H, 

m, CH2), 1.19 (3H, s, CH3), 1.18 (IH, m, 0 ^ : = % ) and 1.11 (3H, s, CH3); 8c (100 MHz; 

CDCI3) 213.59 (0), 213.51 (0), 149.29 (0), 148.70 (0), 100.49 (2), 100.32 (2), 51.49 (1), 

51.10 (1), 42.47 (2), 42.36 (2), 34.13 (2), 33.85 (2), 28.41 (2), 28.34 (2), 28.23 (2), 26.43 (3), 

26.39 (3), 25.44 (3), 25.39 (3), 25.35 (2), 25.31 (2), 25.22 (2), 19.73 (0), 19.39 (0), 19.14 (1) 

and 18.99 (1); m/z (CI) 193.1604 ([M + H^. CisHziO requires 193.1592), 193 ([M + H^ , 

4%) and 149 (100%). 

,\0H 

(2R,4aS,8aR)-4,4-Diinethyl-3-methyleneperhydro-2,4a-naphthaIenediol 424 

SnCl4 (0.013 ml, 0.11 mmol) was added to 2-[(2,2-dimethhyl-3-methylenecyclopropyl) 

methyl]-l-cyclohexanone 415 (0.02 g, 0.10 mmol) in dichloromethane (10 ml), at - 78 °C, 

under Ar. The solution was allowed to warm slowly over 8 hours . The reaction mixture was 

quenched with water (15 ml) and the aqueous phase was extracted with dichloromethane (2 x 
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20 ml) and ether (2 x 20 ml). The organic phase was then dried over MgS04 and concentrated 

m vacwo. The crude mixture was purified by flash column chromatography (petrol/ether; 

100/0 to 50/50) to give diol 424 (0.005 g, 23%) as a white solid and as a single 

diastereoisomer Rf = 0.11 (50/50 ether/petrol); Vmax (film)/cm"^ 3421, 2932, 1214 and 750; 6H 

(400 MHz; CDCI3) 5.28 (IH, s, = % H B ) , 4.99 (IH, s, =CHA%), 4.38 (IH, ddt, J 12 and 6 

and 2, C/fOH), 1.92-1.80 (3H, m, ^ C H O H and OH), 1.78-1.66 (2H, m, % ) , 1.62-1.50 

(3H, m, CH2 and OH), 1.43-1.24 (3H, m, C ^ C H and CT^HgCOH), 1.19 (IH, m, 

C/fCHzCHOH), 1.14 (3H, s, CH3), 1.12 (3H, s, CH3) and 0.91 (IH, m, CHA//BCOH); 6c (100 

MHz; CDCI3) 157.19 (0), 106.31 (2), 75.13 (0), 68.96 (1), 45.81 (0), 40.84 (2), 37.97 (1), 

31.09 (2), 29.41 (2), 26.31 (2), 24.62 (3), 22.18 (2) and 21.17 (3); m/z (EI+) 210.1612 (M+. 

C13H22O2 requires 210.1620), 210 ([M]\ 6%), 192 ([M - HzO]^ 30%) and 175 (100%); 

structure and stereochemistry confirmed by X-ray diffraction. 
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Appendix A 

X-ray crystallographic data for 153 
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Table 2. Atomic coordinates [x 10''], equivalent isotropic displacement parameters [A^ x 10̂ ] and site occupancy factors. 
is defined as one third of the trace of the orthogonalized f / ' tensor. 

Atom X y z 

Cll 1524(1) 270(1) 798(1) 66(1 

Ct2 4252(1) -867(1) -2221(1) 87(1 
01 2047(2) 4281(2) 394(2) 56(1 
CI 2125(3) 782(3) -229(3) 47(1 
C2 1947(4) -210(4) -1318(3) 57(1 
C3 3283(4) 267(4) -1487(3) 56(1 
C4 3558(3) 808(3) -307(3) 47(1 
C5 2521(3) 3197(3) 513(3) 44(1 
C6 1659(3) 2034(3) -158(3) 44(1 
C7 4429(4) 1994(3) 213(3) 57(1 
C8 3838(4) 3121(4) 127(3) 55(1 
C9 2502(5) 3417(4) 1676(3) 66(1 
Cll' 12940) 6030(1) 5912(1) 59(1 
C12' 4142(1) 2837(1) 4086(1) 60(1 
01' 1457(2) 3862(2) 8348(2) 45(1 
CI' 1846(3) 4576(3) 5867(3) 41(1 
C2' 1772(3) 3566(3) 4772(3) 48(1 
C3' 3060(3) 3290(3) 5080(3) 44(1 
C4' 3302(3) 4612(3) 5878(3) 43(1 
C5' 1979(3) 4611(3) 7758(3) 39(1 
C6' 1262(3) 4126(3) 6693(3) 40(1 
C7' 4026(3) 4916(4) 6906(3) 48(1 
C8' 3341(3) 4330(3) 7615(3) 43(1 
C9' 1898(4) 5989(3) 83560) 530 
cn" 4900(1) 8435(1) 3646(1) 50(1 
CI2" 1741(1) 10573(1) 6126(1) 55(1 
01" 1069(2) 6275(2) 1663(2) 52(1 
CI" 3260(3) 8343(3) 3953(3) 38(1 
C2" 3057(3) 8486(3) 5088(3) 45(1 
C3" 2005(4) 9264P) 4994(3) 45(1 
C4" 2653(3) 9546(3) 4116(3) 38(1 
C5" 1954(3) 7375(3) 2197(3) 42(1 
C6" 2517(3) 7187(3) 3158(3) 42(1 
C7" 1928(3) 9679(3) 3222(3) 42(1 
C8" 1160(3) 8447(3) 2538(3) 44(1 
CO" 2924(3) 7545(3) 1462(3) 51(1 
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Table 3. Bond lengths [A] and angles 

Cll-Cl 
C12-C3 
01-C5 
Ol-Hl 
CI-C2 
CI-C4 
C1-C6 
C2-C3 
C2-H2A 
C2-H2B 
C3-C4 
C3-H3 
C4-C7 
C4-H4 
C5-C8 
C5-C6 
C5-C9 
C6-H6A 
C6-H6B 
C7-C8 
C7-H7A 
C7-H7B 
C8-H8A 
C8-H8B 
C9-H9A 
C9-H9B 
C9-H9C 
Cll'-Cl' 
CI2'-C3' 
01'-C5' 
Ol'-Hl' 
Cl'-C6' 
Cl'-C2' 
C]'-C4' 
C2'-C3' 
C2'-H2'] 
C2'-H2'2 
C3'-C4' 
C3'-H3' 
C4'-C7' 
C4'-H4' 
C5'-C9' 
C5'-C8' 
C5'-C6' 
C6'-H6'l 
C6'-H6'2 
C7'-C8' 
C7'-H7'l 
C7'-H7'2 
C8'-H8'l 
C8'-H8'2 
C9'-H9'l 
C9'-H9'2 
C9'-H9'3 
C11"-C1" 
C12"-C3" 
0]"-C5" 
01 "-HI" 
C]"-C6" 

1.805(4) 
1.790(4) 
1.449(4) 
0.8400 
1.527(5) 
1.538(5) 
1.541(5) 
1.525(5) 
0.9900 
0.9900 
1.530(5) 
1.0000 
1.500(5) 
1.0000 
1.517(5) 
1.525(5) 
1.526(5) 
0.9900 
0.9900 
1.536(5) 
0.9900 
0.9900 
0.9900 
0.9900 
0.9800 
0.9800 
0.9800 
1.808(4) 
1.780(3) 
1.446(4) 
0.8400 
1.515(5) 
1.541(5) 
1.554(5) 
1.532(5) 
0.9900 
0.9900 
1.522(5) 
1.0000 
1.507(5) 
1.0000 
1.520(5) 
1.529(5) 
1.529(5) 
0.9900 
0.9900 
1.516(5) 
0.9900 
0.9900 
0.9900 
0.9900 
0.9800 
0.9800 
0.9800 
1.813(3) 
1.799(3) 
1.448(4) 
0.8400 
1.522(4) 
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Cl"-C2" 
Cl"-C4" 
C2"-C3" 
C2"-H2"l 
C2"-H2"2 
C3"-C4" 
C3"-H3" 
C4"-C7" 
C4"-H4" 
C5"-C9" 
C5"-C8" 
C5"-C6" 
C6"-H6"l 
C6"-H6"2 
C7"-C8" 
C7"-H7"l 
C7"-H7"2 
C8"-H8"] 
C8"-H8"2 
C9"-H9"l 
C9"-H9"2 
C9"-H9"3 

1 530(5) 
1.536(4) 
1.540(5) 
0.9900 
0.9900 
1.510(5) 
1.0000 

1.500(5) 
1.0000 

1.503(5) 
1.514(5) 
1.530(5) 
0.9900 
0.9900 
1.533(4) 
0.9900 
0 9900 
0.9900 
0.9900 
0.9800 
0.9800 
0.9800 

C5-01-H1 
C2-C1-C4 
C2-C1-C6 
C4-C1-C6 
C2-CI-C11 
C4-C1-CI1 
C6-CI-CI1 
C3-C2-C1 
C3-C2-H2A 
C1-C2-H2A 
C3-C2-H2B 
C1-C2-H2B 
H2A-C2-H2B 
C2-C3-C4 
C2-C3-C12 
C4-C3-CI2 
C2-C3-H3 
C4-C3-H3 
C12-C3-H3 
C7-C4-C3 
C7-C4-C1 
C3-C4-C1 
C7-C4-H4 
C3-C4-H4 
C1-C4-H4 
01-C5-C8 
01-C5-C6 
C8-C5-C6 
01-C5-C9 
C8-C5-C9 
C6-C5-C9 
C5-C6-C1 
C5-C6-H6A 
C1-C6-H6A 
C5-C6-H6B 
C1-C6-H6B 
H6A-C6-H6B 
C4-C7-C8 

109.5 
89.1(3) 

113.8(3) 
113.0(3) 
115.1(3) 
114.0(3) 
110.5(3) 
86.8(3) 

114.2 
114,2 

11<L2 

114.2 
111.3 
89.4(3) 

117.6(3) 
116.9(3) 
11&4 
1104 
11^4 
122.2(4) 
121.0(3) 
86.2(3) 

108 5 
108 5 
10&5 
108.9(3) 
107.7(3) 
109.1(3) 
105.0(3) 
112.3(3) 
113.4(3) 
114.4(3) 
108.7 
10&7 
10&7 
108/7 
107X) 
11(X0(3) 
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C4-C7-H7A 109.7 
C8-C7-H7A 109.7 
C4-C7-H7B 109.7 
C8-C7-H7B 109J 
H7A-C7-H7B 108.2 
C5-C8-C7 113.2(3) 
C5-C8-H8A 10&9 
C7-C8-H8A 10&9 
C5-C8-H8B 10&9 
C7-C8-H8B 108 9 
H8A-C8-H8B 10%7 
C3-C9-H9A 109 5 
C5-C9-H9B 10&5 
H9A-C9-H9B 10&5 
C5-C9-H9C 10&5 
H9A-C9-H9C 10&5 
H9B-C9-H9C 10&5 
C5'-01'-H1' 109 5 
C6'-C1'-C2' 114.5(3) 
C6'-C1'-C4' 113.3(3) 
C2'-C1'-C4' 88.3(3) 
C6'-C1'-C11' 11(L5(2) 
C2'-C]'-CI1' 114.6(3) 
C4'-C]'-Ctl' 114.0(2) 
C3'-C2'-C1' 86.0(3) 
CT-C2'-H21 114J 
Cr-C2'-H2^ n 4 3 
CT-C2'-HZ2 1143 
Cl'-C2'-H2'2 114 3 
H2'l-C2'-H2'2 11L5 
C4^C3'-C2' 89.8(3) 
C4'-C3'-CI2' 117.8(2) 
C2'-C3'-CI2' 117.4(3) 
C4^C3'-H? 1101 
C2'-C3'-H3' l l&l 
CI2'-C3'-H3' llOJ 
C7'-C4'-C3' 122.8(3) 
C7'-C4'-CI' 118.6(3) 
C3'-C4^C]' 85.%2) 
C7-C4'-H4' 109.1 
C3'-C4'-H4' 109.1 
Cl-C4'-H4' 109.1 
Or-C5'-Cy 109.6(3) 
Or-C5^C8' 105.0(3) 
C9'-C5'-C8' 112.1(3) 
01'-C5'-C6' 107.4(3) 
C9^C5'-C& 113.4(3) 
C&-C5'-C& 108.9(3) 
Cl'-C6'-C5' 115.9(3) 
Cl'-C6'-H6'] 108 3 
C5'-C6'-H6'l 108.3 
C]'-CW-H#2 108,3 
C5^C6'-H&2 108.3 
H6'l-C6'-H6'2 107.4 
C4'-C7'-C8' 112.3(3) 
C4'-C7'-H7'l 109,1 
C8'-C7'-H7'l 109.1 
C4'-C7'-H7'2 109.1 
C&-CT-H72 109.1 
H7'l-C7'-H7'2 107,9 
C7-C&-C^ 113.6(3) 
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C7'-C8'-H8'l 108 8 
C5'-C8'-H8'l 108 8 
C7-C&-H8% 108 8 
C5'-C8'-II8'2 108 8 
H8']-C8'-H8'2 1077 
C5'-C9'-H9'l 109.5 
C5'-C9'-H9'2 109 5 
H9'l-C9'-H9'2 I0&5 
C5'-C9'-H9'3 109.5 
H9']-C9'-H9'3 10&5 
H9'2-C9'-H9'3 10&5 
C5"-01"-H1" 109.5 
C6"-C1"-C2" 114.6(3) 
C6"-C1"-C4" 113.0(3) 
C2"-C1"-C4" 89.3(3) 
C6"-C1"-Cn" 109.9(2) 
C2"-CI"-CI1" 114.1(2) 
c4"-c ]"-cn" 114.8(2) 
C]"-C2"-C3" 85.0(3) 
C]"-C2"-H2"l 114.5 
C3"-C2"-H2"] llMk5 
C]"-C2"-H2"2 114.5 
C3"-C2"-H2"2 114.5 
H2"l-C2"-H2"2 111.6 

C4"-C3"-C2" 89.9(3) 
C4"-C3"-CI2" 117.6(2) 
C2"-C3"-CI2" 117.7(3) 
C4"-C3"-H3" 110.1 
C2"-C3"-H3" 110.1 
CI2"-C3"-H3" 110.1 
C7"-C4"-C3" 122.0(3) 
C7"-C4"-C1" ]1SL3(3) 
C3"-C4"-C1" 85^P) 
C7"-C4"-H4" 10&2 
C3"-C4"-H4" 109J2 
C]"-C4"-H4" 10&2 
0]"-C5"-C9" 109.3(3) 
01"-C5"-C8" 104.8(3) 
C9"-C3"-C8" 112.4(3) 
01"-C5"-C6" 107.2(3) 
C9"-C5"-C6" 113.3(3) 
C8"-C5"-C6" 109.4(3) 
Cl"-C6"-C5" 115.7(3) 
C]"-C6"-H6"l 1083 
C5"-C6"-H6"l 108 3 
Cl"-C6"-H6"2 10&3 
C5"-C6"-H6"2 108J 
H6"I-C6"-H6"2 10%4 
C4"-C7"-C8" 112.8(3) 
C4"-C7"-H7"] lO&O 
C8"-C7"-H7"l 109 0 
C4"-C7"-H7"2 lO&O 
C8"-C7"-H7"2 lO&O 
H7"l-C7"-H7"2 107^ 
C5"-C8"-C7" 112.1(3) 
C5"-C8"-H8"l 10&2 
C7"-C8"-H8"l 1092 
C5"-C8"-H8"2 10&2 
C7"-C8"-H8"2 10&2 
H8"l-C8"-H8"2 10%9 
C5"-C9"-H9"l 109J 
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C5"-C9"-H9"2 109.5 
H9"l-C9"-H9"2 109.5 
C5"-C9"-H9"3 109.5 
H9"l-C9"-H9"3 109.5 
H9"2-C9"-H9"3 109.5 

Symmetry transformations used to generate equivalent atoms: 
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Table 4. Anisotropic displacement parameters [A^x 10 ]̂. The anisotropic displacement 

factor exponent takes the form: + - - + 2 A t a * 6* ]. 

Atom [/" U'' yl2 

Cll 59(1) 81(1) 70(1) 42(1) 9(1) 4(1) 
C12 117(1) 93(1) 61(1) 24(1) 26(1) 66(1) 
01 72(2) 50(2) 45(2) 11(1) -1(1) 22(1) 
CI 45(3) 45(2) 56(3) 24(2) 4(2) 6(2) 
C2 68(3) 48(3) 54(3) 16(2) -7(2) 13(2) 
C3 64(3) 55(2) 51(3) 15(2) 11(2) 31(2) 
C4 46(3) 55(2) 46(3) 21(2) 4(2) 21(2) 
C5 48(3) 46(2) 39(2) 14(2) 1(2) 13(2) 
C6 32(2) 57(2) 43(3) 17(2) 4(2) 8(2) 
C7 41(3) 69(3) 61(3) 20(2) 12(2) 13(2) 
C8 50(3) 55(3) 58(3) 19(2) 3(2) 2(2) 
C9 75(4) 69(3) 51(3) 13(2) -4(3) 23(3) 
Cll' 49(1) 57(1) 80(1) 33(1) 2(1) 14(1) 
CI2' 47(1) 75(1) 58(1) 22(1) 19(1) 12(1) 
01' 38(2) 54(2) 47(2) 21(1) ' 8(1) 9(1) 
c r 32(2) 42(2) 50(2) 16(2) -2(2) 7(2) 
C2' 34(2) 58(2) 56(3) 26(2) -5(2) 6(2) 
C3' 40(2) 59(2) 44(2) 27(2) 16(2) 14(2) 
C4' 32(2) 48(2) 49(3) 21(2) 4(2) -1(2) 
C5' 32(2) 42(2) 45(2) 16(2) 3(2) 8(2) 
C6' 26(2) 47(2) 49(2) 17(2) 3(2) 4(2) 
C7' 32(2) 59(3) 55(3) 22(2) -1(2) 4(2) 
C8' 35(2) 51(2) 42(2) 16(2) -2(2) 9(2) 
C9' 48(3) 55(3) 47(3) 6(2) 0(2) 8(2) 
CIl" 29(1) 59(1) 59(1) 14(1) 6(1) 11(1) 
CI2" 48(1) 63(1) 50(1) 10(1) 17(1) 17(1) 
01" 32(2) 45(2) 64(2) -1(1) 3(1) 4(1) 
CI" 23(2) 45(2) 49(2) 17(2) 8(2) 8(2) 
C2" 38(2) 55(2) 49(3) 27(2) 2(2) 8(2) 
C3" 38^) 49(2) 45(2) 11(2) 8(2) 5(2) 
C4" 30(2) 37(2) 44(2) 10(2) 2(2) 6(2) 
C5" 30(2) 43(2) 43(2) 4(2) 6(2) 4(2) 
C6" 28(2) 40(2) 52(3) 10(2) 8(2) 7(2) 
C7" 41(2) 39(2) 45(2) 11(2) 4(2) 12(2) 
C8" 36(2) 51(2) 46(3) 15(2) 2(2) 11(2) 
C9" 40(2) 57(3) 47(3) 8(2) 7(2) 4(2) 
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Table 5. Hydrogen coordinates [x 10'* and isotropic displacement parameters [A^ x 10^]. 

Atom % y z 

HI 2031 4211 -237 52(13) 1 

H2A 1842 -1085 -1327 62(12) 1 

H2B 1290 -76 -1772 79(14) 1 

H3 3273 957 -1777 58(12) 1 
H4 3835 135 -73 51(11) I 

H6A 1565 2061 -869 59(12) 1 
H6B 816 2062 129 63(12) 1 

H7A 5242 1936 -121 81(14) 1 
H7B 4591 2108 956 61(13) 1 
H8A 4382 3902 534 60(12) 1 

H8B 3808 3065 -610 42(10) 1 
H9A 1632 3438 1886 94(17) 1 
H9B 3003 4218 2068 70(13) 1 
H9C 2858 2736 1820 78(14) , 1 
HI' 703 3979 8453 106(19) 1 
H2'l 1087 2868 4653 50(10) I 
H2'2 1780 3902 4196 48(11) 1 
H3' 2952 2663 5440 24(8) I 
H4' 3655 5200 5527 41(10) 1 
H6'] 1176 3198 6433 41(9) 1 
H6'2 403 4376 6786 62(11) 1 
H7'l 4168 5838 7257 39(9) 1 
H7'2 4858 4610 6778 42(10) 1 
H8'l 3803 4642 8305 43(10) 1 
H8'2 3346 3410 7324 32(9) 1 
H9'l 1013 6131 8420 48(10) 1 
H9'2 2317 6500 7983 42(10) 1 
H9'3 2313 6225 9052 28(9) 1 
HI" 1456 5642 1455 85(16) 1 
H2"] 3771 8968 5583 48(10) 1 
H2"2 2759 7694 5199 48(10) I 
H3" 1199 8702 4723 15(7) 1 
H4" 3306 10290 4413 35(9) 1 
H6"l 1823 6879 3510 33(9) 1 
H6"2 3077 6522 2924 50(10) 1 
H7"l 2523 9977 . 2789 49(10) 1 
H7"2 1351 10321 3497 30(8) I 
H8"l 459 8231 2931 39(9) 1 
H8"2 792 8562 1915 39(10) 1 
H9"l 3426 6843 1277 77(13) 1 
H9"2 3475 8333 1800 53(11) 1 
H9"3 2502 7572 832 54(12) 1 
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Table 6. Hydrogen bonds [A and ' 

6/(H -.4) &((D v l ) Z(DH^) 

01-Hl- 01" 0.84 1.92 2.728(4) 162.0 
Ol'-Hl' .01"" 0.84 1.88 2.692(3) 161.2 
01"-H1" 01 0.84 1.91 2.681(3) 152.9 
Symmetry transformations used to generate equivalent atoms: 
(i)x,y,z-l (ii)-x-y+l,-z+l 
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a 
University of Southampton • Department of Chemistry 

EPSRC National Crystallography Service 
EPSRC 

Table ]. Crystal data and structure refinement. 

IdenlificatioH code 
Empirical formula 
Formula weight 
Temperature 
Wavelength 
Crystal system 
Space group 
Unit cell dimensions 

Volume 
Z 
Density (calculated) 
Absorption coefOcient 
frooQ) 
Cr)'Stal 
Cr}'stal size 

Grange for data collection 
Index ranges 
Reflections collected 
Independent reflections 
Completeness to 24.75° 
Max. and min. transmission 
Refinement method 
Data / restraints / parameters 
Goodness-of-fit on 
FinalJ?indices [f^>2o(f^)] 
R indices (all data) 
Largest diff. pealc and hole 

00sot013 (= 99sot042) 

CnHziCIOSi 
244.83 
120(2) K 
0.71073 A 
Triclinic 
P\ 

0 = 6.8053(5) A a = 96.225(3)° 
6 = 9.2212(6) A ^=90.765(3)° 
c = 22.718(2) A y = 94.491(4)° 
1412.52(19) Â  
4 
1.151 Mg/m^ 
0.332 mm-' 
528 
Needle; colourless 
0.20 X 0.05 X 0.05 mm^ 
3.00-24.75° 
-8 < ^ 8, -10 < A ^ 10, -25 ^ ^ 26 
7818 
4149 = 0.1049] 
86,5% 
0.9836 and 0.9366 
Full-matrix least-squares on 
4149/12/271 
0.935 
7(7 = 0.0945, w;;2 = 0.1307 
;;/ = 0,2615, ,yj;2 = 0.1610 
0.476 and -0.371 e A'^ 

Din̂ ractomcter: A^^^aCCD area detector (^ scans and a scans to Rll A w W sphere). Data collection and cell 
refinement: Denzo (Z. Otwinowski & W. Minor, .AAf/zoak /n (1997) Vol. 276: Mzcromokcwizr 
part A, pp. 307-326; C. W. Carter, Jr. & R. M. Sweet, Eds,, Academic Press). Absorption correction: SORTA F(R. H. Blessing, 

Acta Cr)'St A5] (1995) 33-37; R. H. Blessing. J. Appl. Cr)'st. 30 (1997) 421-426). Program used to solve structure: 
SHELXS97 (G. M. Sheldrick, Acta Cryst. (1990) A46 467-473). Program used to refine structure: SHELXL97 (G. M. Sheldrick 
(1997), University of GoUingen, Germany). 

Further information: http:/Avww.soton,ac,uk/~xservice/strat,htm 

Special details: 
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Table 2. Atomic coordinates [x lO"], equivalent isotropic displacement parameters [A^ x 10 ]̂ and site occupancy factors. 
6/,, is defined as one third of the trace of the orthogonalized tensor. 

Atom X y z Ue, j'.o./ 

Sil 6761(3) 1071(2) 6345(1) 29(1) 1 

C l l 9648(2) -1077(2) 6521(1) 50(1) 1 

0 1 5211(6) -4962(5) 5686(2) 38(2) 1 

C I 8313(10) 1688(8) 5743(3) 50(3) 1 

C2 7520(9) 2130(7) 7067(3) 46(3) 1 

C3 4118(8) 1338(7) 6193(3) 44(3) 1 

C 4 6981(8) -973(7) 6388(3) 22(2) 1 

C5 6396(10) -1865(7) 5798(4) 26(2) 1 

C6 4273(9) -2481(8) 5752(3) 39(2) 
C 7 3812(10) -3996(9) 5953(4) 43(3) 1 

C8 4046(10) -4022(8) 6620(4) 46(2) 1 

C9 5867(10) -3225(7) 6921(3) 43(2) 
CIO 5995(10) -1556(7) 6916(3) 36(2) 1 

Cll 7606(12) -2072(9) 5350(4) 54(3) 1 

C12 1757(9) -4608(8) 5740(4) 76(4) 
Sil' 1563(3) 344(2) 8670(1) 32(1) 
Cll' 4391(2) -1917(2) 8469(1) 51(1) 1 

o r 57(6) -5368(5) 9304(2) 41(2) 1 

Cl' 2325(9) 1049(8) 7963(3) 35(2) 1 

C2' 3186(9) 1265(7) 9276(3) 41(2) 1 

C3' -1047(8) 698(8) 8822(4) 52(3) 1 

C4' 1757(8) -1718(8) 8615(3) 26(2) 1 

C5' 1248(9) -2314(7) 9194(3) 24(2) 1 

C6' -890(9) -2893(8) 9245(3) 40(2) 1 

C7' -1297(10) -4513(8) 9050(4) 35(2) 1 

C9' 540(11) -4252(8) 8046(3) 46(2) 1 

C8' -1272(11) -4903(8) 8378(4) 50(3) 1 

CIO' 640(10) -2566(8) 8077(3) 42(2) 1 

C12' -3333(9) -5051(8) 9250(4) 61(3) 1 

Cll ' 2533(11) -2300(8) 9643(4) 53(3) 1 
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Table 3. Bond lengths [A] and angles | 

SU-Cl 1.850(8) 
sn-C2 1.860(7) 
sn-C3 ] 867(6) 
s n - c 4 1.915(7) 
cn-c4 1.848(6) 
01-C7 1.449(8) 
Ol-Hl 0.8400 
C]-H1A 0.9800 
Cl-HIB 0.9800 
Cl-HlC 0.9800 
C2-H2A 0.9800 
C2-H2B 0.9800 
C2-H2C 0.9800 
C3-H3A 0 9800 
C3-H3B 0.9800 
C3-H3C 0.9800 
C4-C10 1.512(9) 

1.525(9) 
C5-C11 1.325(10) 
C5-C6 1.509(8) 
C6-C7 1.527(10) 
C6-H6A 0.9900 
C6-H6B 0.9900 
C7-CI2 1.519(8) 
C7-C8 1.523(10) 
C8-C9 1.507(8) 
C8-H8A 0.9900 
C8-H8B 0.9900 
C9-C10 1.536(9) 
C9-H9A 0.9900 
C9-H9B 0.9900 
CIO-HIOA 0.9900 
CIO-HIOB 0.9900 
C12-H12A 0.9800 
C12-H12B 0.9800 
C12-H12C 0.9800 
Sil'-C2' 1.843(6) 
Sil'-C3' 1.861(7) 
Sil'-Cl' 1.862(7) 
Sil'-C4' 1.907(7) 
Cll'-C4' 1.847(6) 
Or-C7' 1.415(7) 
Ol'-Hl' 0.8400 
c r - H i i 0.9800 
c r - H r 2 0 9800 
Cl'-H]'3 0.9800 
C2'-H2'l 0.9800 
C2'-H2'2 0.9800 
C2'-H2'3 0.9800 
C3'-H3'l 0.9800 
C3'-H3'2 0.9800 
C3'-H3'3 0.9800 
C4^C5' 1515(9) 
C4'-CI0' 1.534(8) 
CS'-CIl' 1.333(8) 
C5^C6' 1.521(8) 
C6'-C7' 1515(9) 
C6'-H6'l 0.9900 
C6'-H6'2 0.9900 
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C7'-C12' 
C7'-C8' 
C9'-C10' 
C9'-C8' 
C9'-H9'l 
C9'-H9'2 
C8'-H8'I 
C8'-H8'2 
ClO'-HlOC 
ClO'-HlOD 
CI2'-H]2D 
CI2'-H]2E 
CI2'-H12F 

Cl-Si]-C2 
Cl-Si]-C3 
C2-Sil-C3 
CI-Sil-C4 
C2-Sil-C4 
C3-Sil-C4 
C7-01-H1 
Sil-Cl-HIA 
Sil-Cl-HIB 
HIA-Cl-HIB 
Sil-Cl-HlC 
HiA-O-HlC 
HIB-CI-HIC 
Sil-C2-H2A 
Si]-C2-H2B 
H2A-C2-H2B 
Sil-C2-H2C 
H2A-C2-H2C 
H2B-C2-H2C 
Sil-C3-H3A 
Sil-C3-H3B 
H3A-C3-H3B 
Sil-C3-H3C 
H3A-C3-H3C 
H3B-C3-H3C 
C10-C4-C5 
C10-C4-C1] 
C5-C4-C11 
C]0-C4-Sil 
C5-C4-Si] 
Cll-C4-Si] 
C11-C5-C6 
C11-C5-C4 
C6-C5-C4 
C5-C6-C7 
C5-C6-H6A 
C7-C6-H6A 
C5-C6-H6B 
C7-C6-H6B 
H6A-C6-H6B 
01-C7-C12 
01-C7-C8 
C12-C7-C8 
01-C7-C6 
C12-C7-C6 
C8-C7-C6 
C9-C8-C7 

1.527(9) 
1.531(10) 
1.545(9) 
1,567(9) 
0.9900 
0.9900 
0.9900 
0.9900 
0.9900 
0.9900 
0.9800 
0.9800 
0.9800 

110.7(3) 
110.3(3) 
108.3(3) 
109.5(3) 
110.0(3) 
108.0(3) 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109 5 
109.5 
10&5 
109 5 
109 5 
10&5 
10&5 
10&5 
113.9(5) 
105.0(4) 
108.4(5) 
114.2(5) 
111.1(4) 
103.3(3) 
121.5(7) 
124.0(6) 
114.5(7) 
117.1(6) 
lO&O 
108 0 
108.0 
10&0 
107J 
108.0(6) 
106.0(6) 
110.7(7) 
108.3(7) 
110.2(6) 
113.5(6) 
117.6(6) 
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C9-C8-H8A 
C7-C8-H8A 
C 9 - C 8 - H 8 B 

C7-C8-H8B 
H8A-C8-H8B 
C8-C9-Cm 
C8-C9-H9A 
C10-C9-H9A 
C8-C9-H9B 
C10-C9-H9B 
H9A-C9-H9B 
C4-C10-C9 
C4-C10-H10A 
C9-C10-H10A 
C4-C10-H10B 
C9-C10-H10B 
H]0A-C]0-H10B 
C7-C12-H12A 
C7-C12-H12B 
H12A-C12-H12B 
C7-C12-HI2C 
H12A-C12-H12C 
H12B-C12-H12C 
C2'-Sil'-C3' 
C2'-Si]'-Cl' 
C3'-Si]'-Cl' 
C2'-Sil'-C4' 
C3'-Sil'-C4' 
C]'-Sir-C4' 
C7'-01'-H1' 
Sil'-Cl'-Hl'l 
Sil'-Cl'-H1'2 
HI'1-C1'-H1'2 
S i l ' - C l ' - H l ' 3 

Hri-CI'-HI'3 
H ] ' 2 - C ] ' - H 1 ' 3 

S i l ' - C 2 ' - H 2 ' ] 

Sil'-C2'-H2'2 
H2']-C2'-H2'2 
Sil'-C2'-H2'3 
H2'l-C2'-H2'3 
H2'2-C2'-H2'3 
Sil'-C3'-H3'l 
Sil'-C3'-H3'2 
H3'l-C3'-H3'2 
Si]'-C3'-H3'3 
H3'l-C3'-H3'3 
H3'2-C3'-H3'3 
C5'-C4'-C10' 
Ci^C4'-Cn' 
C10'-C4'-Cir 
C5'-C4'-Sil' 
C]0'-C4'-Sil' 
Cl]'-C4'-Sil' 
Cir-C5^C4' 
Cll'-C5'-C6' 
C4'-C5^C6' 
C7'-C&-C5' 
C7-C6'-H&1 
C5'-C6'-H6'l 
C 7 - C 6 ' - H & 2 

I0%9 
10%9 
1079 
1079 
1072 
114.6(6) 
108 6 
108 6 
108 6 
108 6 
107.6 
115.9(7) 
1083 . 
108.3 
108.3 
108.3 
107.4 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
110.0(4) 
108.9(3) 
110.1(3) 
109.8(3) 
108.0(3) 
110.0(3) 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
1095 
10&5 
113.4(5) 
109.0(4) 
105.2(5) 
111.3(5) 
113.6(5) 
103.6(3) 
123.7(6) 
121.0(7) 
115.2(6) 
114.4(6) 
10&7 
10&7 
10&7 
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C5^C6'-H&2 10&7 
H6'l-C6'-H6'2 107.6 
01'-C7'-C6' 112.5(6) 
01'-C7'-C12' 106.1(6) 
C6'-C7'-C12' 110.0(7) 
01'-C7'-C8' 107.3(7) 
C6'-C7'-C8' 113.8(6) 
C12'-C7'-C8' 106.7(6) 
C10'-C9'-C8' 112.7(7) 
C10'-C9'-H9'l 109.1 
C8'-C9'-H9'l 109.1 
C10'-C9'-H9'2 109.1 
C8'-C9'-H9'2 109.1 
H9'l-C9'-H9'2 107.8 
C7'-C8'-C9' 116.9(6) 
C7-C8'-H&1 108 1 
C9'-C8'-H8'l 108.1 
C7-C8'-H&2 108J 
CW-C8'-H&2 lO&l 
H8'l-C8'-H8'2 107.3 
C4'-C10'-C9' 116.1(6) 
C4'-C10'-H]0C 108.3 
C9'-C10'-H10C 108.3 
C4'-C10'-H10D 108.3 
C9'-C10'-H10D 108.3 
HIOC-CIO'-HIOD 107.4 
C7'-C12'-H12D 109.5 
C7'-C12'-H]2E 109.5 
H12D-C12'-H]2E 109.5 
C7'-C12'-H12F 109.5 
H]2D-C12'-H12F 109.5 
H12E-C12'-H12F 109.5 

Symmetry transformations used to generate equivalent atoms: 
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Table 4 . Anisolropic displacement parameters [A^x 10 ]̂. The anisotropic displacement 

Atom f/" (7^ I / ' U'' 

Sil 27(1) 22(2) 36(2) 4(1) -5(1) -2(1) 

Cll 32(1) 36(2) 83(2) 8(1) -14(1) 6(1) 

01 45(3) 27(4) 40(4) -6(3) -4(3) 5(3) 

CI 57(5) 46(6) 48(7) 19(5) -13(5) -14(4) 

C2 42(5) 28(6) 66(7) -4(5) -4(5) 1(4) 

C3 38(5) 23(5) 71(7) -1(5) -18(5) 10(4) 

C4 17(4) 20(5) 29(6) 2(4) -1(4) 1(3) 

C5 34(4) 15(4) 29(4) 6(3) -8(3) 1(3) 

C6 44(5) 23(5) 49(7) -11(4) -13(4) 14(4) 

C7 31(5) 19(6) 75(8) -22(5) -5(5) 8(4) 

C8 51(5) 15(5) 67(8) -5(5) 22(5) -11(4) 

C9 78(6) 15(5) 35(6) -4(4) -4(5) 6(4) 

CIO 52(5) 18(5) 35(6) 0(4) -8(5) -11(4) 

Cll 90(6) 32(6) 44(7) 9(5) . 39(5) 19(5) 

c n 37(5) 34(6) 150(11) -16(6) -31(6) -2(4) 

Sir 29(1) 28(2) 39(2) 8(1) 1(1) 1(1) 
Cll' 36(1) 40(2) 79(2) 16(1) 21(1) 11(1) 

01' 32(3) 28(3) 65(4) 16(3) 4(3) 1(2) 

CI' 30(4) 32(5) 45(6) 16(4) 5(4) -2(4) 

C2' 52(5) 27(5) 42(6) 0(5) 0(4) -5(4) 

C3' 33(5) 27(6) 99(8) 6(5) 11(5) 13(4) 

C4' 18(4) 40(6) 19(5) 2(4) -1(4) 1(3) 

C5' 28(3) 19(4) 25(4) 3(3) 6(3) 7(3) 

C6' 52(5) 33(6) 34(6) 4(5) 13(4) 7(4) 

C7' 34(5) 23(6) 53(7) 19(5) 9(5) 7(4) 

C9' 87(6) 23(6) 24(6) -5(4) 0(5) -6(5) 

C8' 66(6) 20(6) 65(8) 15(5) -8(6) -9(4) 

CIO' 72(6) 29(6) 25(6) 7(4) -4(5) 0(4) 

CI2' 42(5) 36(6) 111(9) 34(6) 12(5) 4(4) 

Cll ' 86(6) 28(6) 46(7) 15(5) -28(6) -9(4) 
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Table 5. Hydrogen coordinates [x 10"' and isotropic displacement parameters [A^ x 10^]. 

Atom A' y z 'S'.o./ 

HI 4989 -5113 5319 57 1 

HIA 7884 1124 5366 76 1 
HIB 9694 1536 5826 76 1 
HlC 8183 2730 5716 76 1 

H2A 6682 1788 7379 69 1 

H2B 7379 3172 7044 69 1 
H2C 8899 1987 7158 69 1 
H3A 3312 995 6513 66 1 

H3B 3688 780 5816 66 1 

H3C 3968 2379 6172 66 I 

H6A 3827 -2519 5334 47 1 

H6B 3476 -1786 5989 47 1 

HBA 2883 -3605 6809 55 I 

H8B 4012 -5058 6700 55 1 

H9A 7041 -3606 6724 52 . 1 

H9B 5913 -3449 7337 52 1 

HlOA 4641 -1234 6937 43 1 

HlOB 6721 -1103 7279 43 1 

HI2A 1473 -5576 5874 114 1 

HI2B 1686 —4694 5306 114 1 

H12C 787 -3949 5902 114 1 

HI' 1188 -4929 9317 61 1 

Hl'l 1477 559 7637 53 1 

HI'2 3699 853 7887 53 1 

Hl'3 2201 2106 7993 53 1 
H2'l 4555 1065 9195 62 1 
H2'2 2798 898 9650 62 1 

H2'3 3068 2323 9305 62 1 

H3'l -1900 207 8497 79 1 

H3'2 -1182 1754 8854 79 ] 

H3'3 -1434 321 9194 79 I 
H6'] -1281 -2697 9663 47 ] 

H6'2 -1728 -2344 9003 47 I 

H9'l 1767 -4543 8223 55 1 

H9'2 461 -4672 7626 55 1 

H8'l -2483 -4575 8205 61 1 

H8'2 -1339 -5983 8295 61 1 

HIOC 1271 -2270 7714 50 1 

HIOD -724 -2265 8075 50 1 

H12D -3600 -6093 9111 92 1 

H12E -4335 -"4494 9084 92 1 

H12F -3372 -4911 9683 92 1 
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Table 6. Hydrogen bonds [A and 

Ol-Hl- o r 0.84 2.29 3.119(9) 167.2 
Symmetry transformations used to generate equivalent atoms: 
(i) -xi-l,-y-],-z+l 
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Zen'M A^fAjz/gMgcyc/qpropoMe Der/va/rvgiv 

X-ray crystallographic data for 385 
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- a 
University of Southampton • Department of Chemistry 

EPSRC National Crystallography Service 
EPSRC 

Table 1. Cr)'stal data and structure refinement. 

Identification code 
Empirical formula 
Formula weight 
Temperature 
Wavelength 
Crystal system 
Space group 

Unit cell dimensions 

Volume 
Z 

Density (calculated) 
Absorption coefficient 
frooo; 
Cr)'stal 
Cr)'stal size 
6* range for data collection 
Index ranges 
Reflections collected 
Independent reflections 
Completeness to 23.50° 
Max. and min. transmission 
Refinement method 
Data / restraints / parameters 
Goodness-of-fit on 
Final ^indices 

indices (all data) 
Absolute structure parameter 
Extinction coefficient 
Largest diff. peak and hole 

99sot064 
Cig^FOSi 
278.43 
193(2) K 
0.71073 A 
Tetragonal 
f42 ,c 
a = 14.1637(6) A 
6= 14.1637(6) A 
c= 16.4308(9) A 
3296.2(3) A^ 

90° 
^=90° 
;' = 90° 

1.122 Mg/m^ 
0.144 mm'' 
1200 
Plate; colourless 
0.07 X 0.05 X 0.05 mm^ 
1.90-23.50° 
- 1 5 < A g l 5 , - 1 5 ^ t ^ 15,-13 18 
5499 
2155 = 0.1012] 
94.8% 
0.9928 and 0.9900 
Full-matrix least-squares on 
2155/0/191 
0.876 

= 0.0582, = 0.1024 
0.1586, = 0.1219 

0.0(2) 
0.0033(8) 
0.179 and -0.125 eA"^ 

Diffractometer: EnrafNomus KappaCCD area detector (j^ scans and ta scans to fill Ewalci sphere). Data collection and cell 
refinement: Denzo (Z. Otwinowski & W. Minor, Methods in Enzymology (1997) Vol, 276: Macromoleciilar Crystallography, 
part A, pp. 307-326; C. W. Carter, Jr. & R. M. Sweet, Eds., Academic Press). Absorption correction: SORTAV (R. H. Blessing, 
Acta Cryst. A51 (1995) 33-37; R. H. Blessing, J. Appl, Cryst. 30 (1997) 421-426). Program used to solve structure: 

(O. M. Sheldrick, Acta Cryst. (1990) A46 467-473) Program used to reRne structure: (0 . M. Sheldrick 
(1997), University of Gottingen, Germany). 

Further information: http://w\vw.soton,ac.iiky~xser\'ice/strat,htm 

Special details: 

Hydrogen bonds (Table 6) 

11/12/00 10:24:32 Dr T. Gelbrich 99sot064 User: G. Peron 242 

http://w/vw.soton,ac.iiky~xser/'ice/strat,htm


Table 2. Atomic coordinates [x lO"*], equivalent isotropic displacement parameters [A^ x 10 ]̂ and site occupancy factors. 
Ug, is defined as one third of the trace of the orthogonalized tensor. 

Atom A" y z lha 

Sil 15944(1) 12376(1) 19188(1) 79(1) 1 

01 18697(3) 10498(3) 20055(3) 69(1) 1 

P I 14882(2) 11983(2) 19098(2) 119(1) 1 

CI 16500(3) 11804(3) 20104(3) 51(1) 1 

C2 16622(4) 10742(4) 20032(4) 61(2) 1 

C3 17190(4) 10289(3) 20684(4) 62(2) 1 

C4 18173(4) 10706(3) 20784(4) 62(1) 1 

C5 18081(4) 11767(3) 20855(4) 69(2) 1 

C6 17511(4) 12211(4) 20172(4) 65(2) 1 

C7 16234(5) 10238(5) 19464(6) 100(2) 1 

C8 18676(5) 10289(5) 21509(4) 88(2) 1 

C9 15893(4) 12036(4) 20845(4) 60(2) 1 

CIO 15147(4) 11463(4) 21066(4) 76(2) 1 

CM 14581(5) 11647(6) 21723(5) 101(2) 1 

CI2 14756(6) 12420(7) 22192(5) 102(2) 
C13 15479(6) 13030(6) 22004(5) 93(2) 1 

C14 16042(5) 12817(4) 21333(4) 79(2) 1 
C16 15845(4) 13656(4) 19331(4) 105(2) 1 

C15 16590W 12127(4) 18248(4) 115(3) 1 
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Table 3. Bond lengths [A] and angles [° 

Sil-Fl 
Sil-C15 
Sil-C16 
Sii-Cl 
01-C4 
C1-C2 
C1-C9 
C1-C6 
C2-C7 
C2-C3 
C3-C4 
C4-C8 
C4-C5 
C5-C6 
C9-C10 
C9-CI4 
ClO-ClI 
CH-C12 
C12-CI3 
CI3-C14 

F]-Si]-C15 
F]-Sil-C16 
C]5-Sil-C16 
Fl-Si l -Cl 
ClS-Sil-Cl 
C]6-Sil-C] 
C2-C1-C9 
C2-C1-C6 
C9-C1-C6 
C2-Cl-Si] 
C9-Cl-Sil 
C6-Cl-Sil 
C7-C2-C3 
C7-C2-CI 
C3-C2-C] 
C2-C3-C4 
01-C4-C8 
0I-C4-C5 
C8-C4-C5 
0I-C4-C3 
C8-C4-C3 
C5-C4-C3 
C4-C5-C6 
C5-C6-C1 
C10-C9-CI4 
C10-C9-C1 
C14-C9-C] 
C11-CI0-C9 
C12-C11-C10 
CI1-C12-C13 
C12-C13-C14 
C9-C14-C13 

1.610(4) 
1.831(6) 
1.833(5) 
1.881(6) 
1.440(6) 
1.518(7) 
1.527(8) 
1.548(6) 
1.298(8) 
1.485(7) 
1.521(6) 
1.508(8) 
1.513(6) 
1.518(7) 
1.381(7) 
i.383(7) 
1.370(8) 
1.362(8) 
1.376(8) 
1.394(8) 

108.8(3) 
106.4(2) 
109.7(3) 
108.4(2) 
112.5(2) 
110.9(3) 
109.8(4) 
105.6(4) 
112.5(5) 
114.4(4) 
108.0(3) 
106.6(4) 
120.7(6) 
123.5(6) 
115.7(5) 
]13.9(5) 
109.5(5) 
108.1(5) 
111.6(6) 
107.6(5) 
111.5(5) 
108.4(4) 
113.6(5) 
113.1(4) 
115.8(6) 
120.9(5) 
123.3(5) 
122.9(6) 
119.6(8) 
120.9(8) 
117.8(8) 
123.0(7) 

Symmetry transformations used to generate equivalent atoms: 
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Table 4. Anisotropic displacement parameters [A x̂ 10̂ ]. The anisotropic displacement 
fac tor e x p o n e n t lakes the fo rm: -27t'{h^a'^^U^' + - + 2 /: A: a * 6* t / ' " ]. 

A t o m L ' " 

S i l 91(1) 83(1) 62(1) 6(1) 0(1) 14(1) 
01 58(3) 88(3) 61(3) -5(2) 10(2) -4(2) 
F1 96(2) 145(3) 116(4) 2(3) -30(3) 8(2) 
C I 51(4) 49(4) 52(4) -5(3) 9(3) 0(3) 
C2 62(4) 66(5) 56(5) -3(4) 0(4) -4(3) 
C3 80(4) 50(4) 56(5) 0(3) 22(4) 0(3) 
C4 66(4) 66(4) 54(4) 3(4) 1(4) ](3) 
C5 65(4) 76(4) 65(5) -17(4) 3(4) -1(3) 
C6 72(4) 53(4) 69(5) -5(3) -2(4) -4(3) 
C 7 93(5) 73(6) 132(8) -14(5) 9(5) 7(4) 
C8 90(6) 113(7) 62(6) 2(4) -12(4) 32(5) 
C9 64(4) 59(4) 56(4) -1(4) -9(4) 4(3) 
CIO 81(5) 67(4) 81(6) -18(4) 19(4) -2(4) 
Cl l 88(6) 122(7) 92(7) -13(5) : 34(5) 15(5) 
C12 87(6) 140(8) 79(6) 1(6) 27(5) 45(6) 
C13 93(6) 115(7) 69(6) -22(5) 2(5) 36(5) 
C14 74(5) 71(5) 90(6) -15(4) 1(4) 2(4) 
C16 142(5) 93(5) 81(6) 23(4) 11(5) 33(4) 
C15 149(6) 144(6) 54(6) 6(4) 25(4) 44(5) 
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Table 5. Hydrogen coordinates [x lO* and isotropic displacement parameters [A^ x ICP], 

Atom JC z S o . / 

HIO 19180 10817 20(M6 8^20) 1 
H3A 17248 9621 20565 5404) 1 
H3B 16854 10350 21196 1 
H5A 18708 12043 20858 50^3) 1 
H5B 17784 11918 21371 66^9) 1 
H6A 17839 12112 19661 100(20) 1 
H6B 17472 12887 20264 3 K n ) 1 
H7A 16310 9586 19462 75^9) 1 
H7B 15880 10529 19058 210(50) 1 
H8A 18739 9 ^ 9 21437 100(20) 1 
H8B 18319 10414 21!#3 15CK30) 1 
H8C 19291 10569 21558 66^9) 1 
HIO 15024 10%8 20755 36^3) 1 
Hll 14081 11247 21848 150(30) 1 
H12 14382 12536 22646 13%%% 1 
H13 15589 13568 22315 170(40) 1 
H14 16541 13218 21208 31^3) 1 

15523 13784 19833 U8 I 
15495 13924 18887 U8 1 

HUC 16464 13930 19347 ^ 8 1 
HUA 16620 11456 18164 n 3 1 

17219 12376 18289 173 1 
16271 12416 17797 n 3 1 
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Table 6. H y d r o g e n b o n d s [A and °]. 

D-H- (/(D-H) y4) Z(DH^) 

Ol-HlO Ol' 0.82 2.00 2.801(5) 166.4 

S y m m e t r y t r a n s f o r m a t i o n s used to genera te equ iva len t a toms : 

(i) y+l,-x+3,-z+4 
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Lewis Acid Mediated Cyclisation of Methylenecyclopropane Derivatives 

Appendix D 

X-ray crystallographic data for 388 
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University of Southampton • Department of Chemistry 

EPSRC National Crystallography Service 
EPSRC 

Table 1. Crystal data and structure refinement. 

Identification code 00sot065 
Empirical formula CzsHaoFNOiSi 
Formula weight 471.59 
Temperature 293(2)K 
Wavelength (X71073 yl 
Crystal system Triclinic 

Space group f T 
Unit cell dimensions a = 7.9022(3) A 0! = 104.3760(17)° 

6 =10.6116(4) A P = 91.5070(15)° 
c=15.3911(8)yl r = 90.616(2)° 

Volume 1249.58(9) A^ 
Z 2 
Density (calculated) 1.253 Mg/m^ 
Absorption coefficient 0.136 mm"' 

500 
Needle; colourless 

Crystal size 0.10 X 0.05 X 0.05 mm^ 

Grange for data collection 2.88 - 24.24= 

Index ranges - 9 ^ / , ^ 9 , - 1 2 < * < 12, - 1 7 ^ / ^ 17 
Reflections collected 
Independent reflections 3852 [#„„ = 0.0655] 
Completeness to 8= 24.24° 9 ^ 5 % 
Max. and min. transmission 0.9932 and 0.9865 
Refinement method Full-matrix least-squares on F^ 
Data / restraints / parameters 3 8 5 2 / 6 / 3 2 7 
Goodness-of-fit on 1.182 
Final R indices [F^ > 2a{F^)] #7 = 0.0681, = 0.1042 
R indices (all data) a ; = 0.1784, ^ # 2 = 0.1173 
Extinction coefficient 0.0063(12) 
Largest diff. peak and hole 0.542 and -0.178 eA"^ 

Diff rac tometer : Enraf Nonius KappaCCD area detector (fi scans and a scans to fill Ewald sphere). Data collection and cell 
ref inement: Denzo (Z. Otwinowski & W. Minor, Methods in Enzymology (\991) Vol. 276: Macromolecular Crystallography, 
part A, pp. 307-326; C. W. Carter, Jr. & R. M. Sweet, Eds., Academic Press). Absorpt ion cor rec t ion : SORTAV(R. H. Blessing, 
Acta Cryst. A51 (1995) 33-37; R. H. Blessing, J. Appl. Cryst. 30 (1997) 421-426). P rogram used to solve s t ruc ture : 

SHELXS97 (G. M. Sheldrick, Acta Cryst. (1990) A46 467-473). P rog ram used to refine s t r u c t u r e : SHELXL97 (G. M. Sheldrick 
(1997), University of Gottingen, Germany). 

F u r t h e r informat ion: littp://www.soton.ac.uk/~xservice/strat.htm 

Special details: 
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Atomic coordinates [x 10'*], equivalent isotropic displacement parameters [A^ x 10^] and site occupancy factors. T a b l e 2 _ . . 

L'eq is defined as one third of the trace of the orthogonalized if-' tensor. 

Atom X z ^eq 

Sil 4713(1) 3753(1) 2821(1) 69(1) 1 
F1 5751(2) 2864(2) 3337(2) 90(1) 1 
01 7652(3) 7546(3) 2197(2) 63(1) 1 
0 2 5242(4) 9306(2) 3254(2) 72(1) 1 
0 3 3028(3) 9462(3) 2368(2) 93(1) 1 
0 4 -82(6) 7579(5) 6185(4) 190(2) 1 
0 5 -2201(5) 7667(4) 5359(3) 145(2) 1 
N1 -697(7) 7745(5) 5515(3) 119(2) 1 
CI 2997(5) 2720(5) 2176(4) 95(2) 1 
C2 3896(8) 5114(5) 3691(4) 107(2) 1 
C3 6304(4) 4272(4) 2071(3) 53(1) 1 
C4 6950(4) 3019(4) 1466(3) 54(1) 1 
C5 8263(5) 2319(4) 1714(3) 59(1) 1 
C6 8771(5) 1148(5) 1170(4) 73(1) 1 
C7 7962(6) 636(5) 370(4) 74(1) 1 
C8 6658(6) 129K5) 95^0 80(1) 1 
C9 6151(5) 2476(5) 646(3) 71(1) 1 
CIO 5574(5) 5164(3) 1542(3) 56(1) 1 
Cl l 6826(5) 5657(4) 972(3) 64(1) 1 
C12 8280(5) 6429(4) 1546(3) 67(1) 1 
C13 9054(4) 5587(4) 2098(3) 68(1) 1 
C14 7780(4) 5080(4) 2686(3) 71(1) 1 
C15 4028(7) 5514(5) 1493(3) 124(2) 1 
C16 9589(6) 6865(5) 954(3) 89(1) 1 
C17 6698(5) 8456(4) 1843(3) 71(1) 1 
C18 6340(5) 9611(4) 2600(3) 76(1) 1 
C19 3602(6) 9249(4) 3040(3) 69(1) 1 
C20 3207(6) 8607(4) 4486(3) 76(1) 1 
C21 2175(7) 8235(4) 5090(3) 84(1) 1 
C22 478(7) 8138(4) 4891(3) 780 ) 1 

C23 -246(6) 8418(4) 4158(4) 810) 1 
C24 805(5) 8801(4) 3547(3) 720) 1 
C25 2529(5) 8903(3) 3732(3) 62(1) I 
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Table 3. Bond lengths [A] and angles [° 

Si l -Fl 
S i l -Cl 
Sil-C2 
Sil-C3 
01-C17 
01-C12 
02-C19 
02-C18 
03-C19 
0 4 - N l 

0 5 - N l 
N1-C22 
Cl -HIA 
C l - H I B 
Cl-HIC 
C2-H2A 
C2-H2B 
C2-H2C 
C3-C10 
C3-C4 
C3-C14 
C4-C9 
C4-C5 
C5-C6 
C5-H5 
C6-C7 
C6-H6 
C7-C8 
C7-H7 
C8-C9 
C8-H8 
C9-H9 
C10-C15 
ClO-CIl 
CH-C12 
C l l - H l l A 
C l l - H l l B 
C12-C13 
C12-C16 
C13-C14 
C13-H13A 
C13-HI3B 
C14-H14A 
C14-H14B 
C15-H15A 
C15-H15B 
C16-H16A 
C16-HI6B 
C16-H16C 
CI7-C18 
C17-H17A 
C17-H17B 
C18-H18A 
C18-H18B 
C19-C25 
C20-C25 
C20-C21 
C2D-H20 
C21-C22 

1.597(2) 
1.839(4) 
1.845(4) 
1.895(3) 
1.433(4) 
1.451(4) 
1.326(4) 
1.439(4) 
1.192(4) 
1.182(5) 
1.204(5) 
1.482(6) 
0.9600 
0.9600 
0.9600 
0.9600 
0.9600 
0.9600 
1.504(5) 
1.523(5) 
1.584(4) 
1.383(5) 
1.383(5) 
1.385(5) 
0.9300 
1.356(5) 
0.9300 
1.365(5) 
0.9300 
1.400(5) 
0.9300 
0.9300 
1.286(5) 
1.512(5) 
1.528(5) 
0.9700 
0.9700 
1.502(5) 
1.537(5) 
1.550(5) 
0.9700 
0.9700 
0.9700 
0.9700 
0.9300 
0.9300 
0.9600 
0.9600 
0.9600 
1.502(5) 
0.9700 
0.9700 
0.9700 
0.9700 
1.492(5) 
1.371(5) 
1.379(5) 
0.9300 
1.365(5) 
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C21-H21 
C22-C23 
C23-C24 
C23-H23 
C24-C25 
C24-H24 

0.9300 
1.351(5) 
1.400(5) 
0.9300 
1.382(5) 
0.9300 

F l - S i l - C l 
F l - S i l - C 2 
C l - S i l - C 2 
F l - S i l - C 3 
C l - S i l - C 3 
C2-Si l -C3 
C17-01-C12 
C19-02-C18 
04 -N1-05 
0 4 - N 1 - C 2 2 
0 5 - N 1 - C 2 2 
S i l - C l - H I A 
S i l - C l - H I B 
H I A - C l - H I B 
S i l - C l - H l C 
HIA-CI-HIC 
H I B - C I - H I C 
S i l -C2-H2A 
Si l -C2-H2B 
H2A-C2-H2B 
Si l -C2-H2C 
H2A-C2-H2C 
H2B-C2-H2C 
C10-C3-C4 
C10-C3-C14 
C4-C3-C14 
CI0-C3-Si l 
C4-C3-Si l 
C14-C3-Sil 
C9-C4-C5 
C9-C4-C3 
C5-C4-C3 
C4-C5-C6 
C4-C5-H5 
C6-C5-H5 
C7-C6-C5 
C7-C6-H6 
C5-C6-H6 
C6-C7-C8 
C6-C7-H7 
C8-C7-H7 
C7-C8-C9 
C7-C8-H8 
C9-C8-H8 
C4-C9-C8 
C4-C9-H9 
C8-C9-H9 
C15-C10-C3 
C15-C10-C11 
C3-C10-C11 
C10-C11-C12 
C l O - C l l - H l l A 
C12-C11-H11A 
C l O - C l l - H l l B 

106.6(2) 
106.5(2) 
112.0(3) 
104.89(14) 
112.4(2) 
113.7(2) 
116.3(3) 
115.6(3) 
122.6(6) 
116.3(5) 
121.0(5) 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
112.1(3) 
105.8(3) 
111.6(3) 
113.1(2) 
105.9(2) 
108.5(3) 
116.2(4) 
120.4(4) 
123.3(4) 
122.1(4) 
118.9 
118.9 
120.4(5) 
119.8 
119.8 
119.7(5) 
120.2 
120.2 
119.7(5) 
120.1 
120.1 
121.8(4) 
119.1 
119.1 
128.2(4) 
117.0(4) 
114.8(3) 
111.4(3) 
109.3 
109.3 
109.3 
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C12-C11-H11B 
H l l A - C l l - H l I B 
01-C12-C13 
01-C12-C11 
C13-C12-C11 
01-C12-C16 
C13-C12-C16 
C11-C12-C16 
C12-C13-C14 
CI2-C13-H13A 
C14-C13-H13A 
C12-C13-H13B 
C14-C13-H13B 
H13A-C13-H13B 
C13-C14-C3 
C13-C14-H14A 
C3-C14-H14A 
C13-C14-H14B 
C3-C14-H14B 
H14A-C14-H14B 
C10-C15-H15A 
C10-C15-H15B 
H15A-C15-H15B 
CI2-C16-H16A 
C12-C16-H16B 
H16A-C16-H16B 
C12-C16-H16C 
H16A-C16-H16C 
H16B-C16-H16C 
01-C17-C18 
01-C17-HI7A 
C18-C17-H17A 
01-CI7-H17B 
C18-C17-H17B 
H17A-C17-H17B 
02-C18-C17 
02-C18-H18A 
C17-C18-H18A 
02-C18-H18B 
CI7-CI8-H18B 
H18A-CI8-H18B 
0 3 - C 1 9 - 0 2 
03-C19-C25 
02-C19-C25 
C25-C20-C21 
C25-C20-H20 
C21-C20-H20 
C22-C21-C20 
C22-C21-H21 
C20-C21-H21 
C23-C22-C21 
C23-C22-N] 
C21-C22-N1 
C22-C23-C24 
C22-C23-H23 
C24-C23-H23 
C25-C24-C23 
C25-C24-H24 
C23-C24-H24 
C20-C25-C24 
C20-C25-C19 

109 3 
108.0 
104.8(3) 
111.0(3) 
108.0(3) 
110.3(3) 
111.7(4) 
110.9(4) 
114.1(3) 
10&7 
10&7 
108.7 
10&7 
1076 
109.8(3) 
10&7 
109J 
109 7 
10&7 
108.2 
120.0 
120.0 
120.0 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
108.4(4) 
IICUD 
IIO.O 
llOX) 
110.0 

108.4 
113.2(3) 
108.9 
108.9 
108.9 
108.9 
107.7 
123.8(4) 
122.9(4) 
113.3(4) 
120.6(4) 
11&7 
119.7 
117.3(5) 
12L3 
12L3 
124.1(5) 
116.0(5) 
119.9(5) 
118.4(4) 
120 8 
12&8 
118.5(4) 
12&7 
12^7 
121.0(4) 
122.3(4) 
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C24-C25-CI9 116.5(4) 

Symmetry transformations used to generate equivalent atoms: 
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Table 4. Anisotropic displacement parameters [A"x 10^]. The anisotropic displacement 

factor exponent takes the form: + ••• + 2 h k a* b* ]. 

Atom t / " t / " f / " 

Sil 67(1) 68^) 750) 220) 15(1) 12(1) 
F1 97(2) 990) 870) 45(2) 13(1) 230 ) 
0 1 63(2) 56(2) 720) 17(2) 3 0 ) 6(1) 
0 2 67(2) 68(2) 780) H O ) 2(2) 5(1) 
03 810) lll%3) 90(3) 440) -4(2) 2(2) 
0 4 148(3) 313(5) 148(4) 127(4) 41(3) 29(3) 
05 115(3) 194(4) 134(4) 60(3) 14(3) - M O ) 
N1 129(4) 165(4) 75(4) 52(3) %4) 19(4) 
CI 6&P) 97(4) 126(4) 36(4) 6(3) - 4 0 ) 
C2 118(4) 94(4) 104(4) 10(4) 47(4) 11(4) 
C3 509) 520) 560) H O ) -8(2) 3(2) 
C4 49P) 63(3) 51(3) 19(3) 2(2) 0(2) 
C5 61(3) 56(3) 60(3) 11(3) 3(3) 7(2) 
C6 56(3) 68(4) 99(5) 30(3) 15(3) 11(3) 
C7 78(3) 62(4) 77(4) 5 0 ) 17(3) 10) 
C8 89(3) 80(4) 66(4) 1CK3) -12(3) -11(3) 
C9 83(3) 58(3) 69(4) 13(3) -16(3) 4 0 ) 
CIO 40(2) 57(3) 70(3) 14(2) -8(2) m o ) 
C l l 7%?) 60(3) 60(3) 15(3) -2(3) 8 0 ) 
C12 62(3) 58(3) 84(4) 22(3) 18(3) 7(2) 
C13 56(2) 53(3) 89(3) 4 0 ) -4(3) 6(2) 
C14 610 ) 57(3) 98(4) 23(3) -1(3) 3(2) 
C15 129(4) 130(5) 124(5) 51(4) -3(4) -13(4) 
C16 96(3) 79(4) 92(4) n ^ ) 36(3) 0(4) 
C]7 82(3) 62(3) 73(4) 26(3) 14(3) 11(3) 
CIS 77(3) 57(3) 96(4) 20(3) 11(3) 2 0 ) 
C19 76(4) 590) 68(4) 10(3) -6(3) 10(2) 
C20 80(4) 81(3) 60(4) 9 0 ) -5(3) 9(2) 
C21 93(4) 97(4) 63(4) 21(3) -7(3) 31(3) 
C22 92(4) 86(3) 59(4) 22(3) 12(3) 7 0 ) 
C23 72(4) 90(4) 76(4) 11(3) 1(3) 3(2) 
C24 69(3) 83(3) 66(4) 21(3) -1(3) -3(2) 
C25 75(3) 49(3) 60(3) 8(2) - K 3 ) 7(2) 
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Table 5. Hydrogen coordinates [x lO"̂  and isotropic displacement parameters [A^ x 10^]. 

Atom % z 

HIA 3472 2023 1733 140(20) 1 
HIB 2293 3232 1883 119(18) 1 
HIC 2329 2367 2574 170(20) 1 
H2A 4827 5630 4010 160(30) 1 
H2B 3241 4777 4102 210(30) 1 
H2C 3194 5645 3413 210(30) 1 
H5 8824 2644 2265 38(10) 1 
H6 9671 710 1354 75(13) 1 
H7 8295 -156 10 99(17) 1 
H8 6107 952 -457 67(12) 1 
H9 5253 2910 456 73(13) 1 
H l l A 6249 6208 646 61(11) 1 
H U B 7280 4925 537 63(12) 1 
H13A 9946 6082 2484 55(10) 1 
H13B 9571 4848 1698 57(11) 1 
H14A 7311 5809 3118 210(30) 1 
H U B 8359 4533 3014 57(11) 1 
H15A 3204 5204 1812 187 1 
H15B 3734 6076 1139 187 1 
H16A 10484 7354 1327 114(18) 1 
H16B 9052 7400 612 140(20) 1 
H16C 10049 6114 553 112(18) 1 
H17A 5644 8054 1567 66(12) 1 
H17B 7338 8729 1390 73(12) 1 
HI8A 7403 9963 2896 96(15) 1 
H18B 5823 10279 2356 82(13) 1 
H20 4374 8658 4590 150(20) 1 
H21 2618 8058 5612 80(13) 1 
H23 -1413 8358 4061 49(10) 1 
H24 352 8983 3029 114(18) 1 
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University of Southampton • Department of Chemistry 

EPSRC National Crystallography Service 
PSRC 

Table 1. Crystal data and structure refinement. 

Identification code 00sot037 
Empirical formula C13H22O2 
Formula weight 210.31 
Temperature 296(2) K 
Wavelength 0.71073 A 
Crystal system Monoclinic 
Space group f2 , /» 
Unit cell dimensions a = 8.9541(2) A a = 90° 

6 = 7.1843(2) A ,0= 98.162(1)° 
c = 19.1662(2) A y = 90° 

Volume 1220.45(5) A^ 
Z 4 
Density (calculated) 1.145 Mg/ m' 
Absorption coefficient 0.075 mm"' 

464 
Crystal Needle; colourless 
Crystal size 0.20 X 0.04 X 0,04 mm^ 
6*range for data collection 3.03-25.50° 
Index ranges - l O ^ A ^ 10, - 8 < ) ( : ^ 8 , - 1 4 ^ / ^ 2 3 
Reflections collected 4854 
Independent reflections 2160 = 0.0571] 
Completeness to 0= 25.50° 95.2% 
Max. and min. transmission 0.9970 and 0.9852 
Refinement method Full-matrix least-squares on 
Data / restraints / parameters 2 1 6 0 / 0 / 2 2 5 
Goodness-of-fit on 0.913 
Final R indices [F^ > 2a{F^)\ j;; = 0.0469, = 0.0955 
R indices (all data) = 0.0978, = 0.1078 
Extinction coefficient 0.007(3) 
Largest diff peak and hole 0.178 and -0.137 eA"^ 

Diff rac tometer : Enraf Nonius KappaCCD area detector ((^ scans and ai scans to fill Ewald sphere). Data collection and cell 
ref inement: Denzo (Z. Otwinowski & W. Minor, Methods in Enzymology (1997) Vol. 276: Macromolecular Crystallography, 
part A, pp. 307-326; C. W. Carter, Jr. & R. M. Sweet, Eds., Academic Press). Absorpt ion cor rec t ion : SORTAV{R. H. Blessing, 
Acta Cryst. A51 (1995) 33-37; R. H. Blessing, J. Appl. Cryst. 30 (1997) 421-426). P rogram used to solve s t ruc ture : 

SHELXS97 (G. M. Sheldrick, Acta Cryst. (1990) A46 467-473). P rog ram used to refine s t r u c t u r e : SHELXL97 (G. M. Sheldrick 
(1997), University of GOttingen, Germany). 

F u r t h e r informat ion: http://www.soton.ac.uk/~xservice/strat.htm 

Special details: 
Hydrogen bonds (Table 6) 
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Table 2. Atomic coordinates [x 10''], equivalent isotropic displacement parameters [A^ x lO'] and site occupancy factors. 
Ueq is defined as one third of the trace of the orthogonalized if-' tensor. 

Atom X y z Ueq 

01 3452(1) 6738(2) 1895(1) 40(1) 1 
0 2 2539(2) 13003(2) 1868(1) 53(1) 1 
CI 3853(2) 7527(2) 1255(1) 3%n 1 
C2 2395(2) 8420(2) 839(1) 40(1) 1 
C3 1872(2) 10011(2) 1273(1) 38(1) 1 
C4 3063(2) 11470(2) 1496(1) 41(1) 1 
C5 4443(2) 10561(2) 1910(1) 42(1) 1 
C6 5059(2) 9016(2) 1492(1) 39(1) 1 
C7 6502(2) 8166(3) 1884(1) 52(1) 1 
C8 7142(2) 6662(3) 1456(1) 56(1) 1 
C9 5966(2) 5171(3) 1246(1) 5%U 1 
CIO 4544(2) 6019(3) 839(1) 440 ) 1 
C l l 1164(3) 6932(3) 675(2) 62(1) 1 
C12 2693(3) 9227(4) 125(1) 58(1) 1 
C13 511(3) 10150(3) 1457(1) 59(1) 1 
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Table 3. Bond lengths [A] and angles [°]. 

0 1 - C l 
0 1 - H l O 
0 2 - C 4 
0 2 - H 2 0 

Cl-ClO 
C1-C6 
C1-C2 
C2-C3 
C2-C11 
C2-C12 
C3-C13 
C3-C4 
C4-C5 
C4-H4 
C5-C6 
C5-H5A 
C5-H5B 
C6-C7 
C6-H6 

C7-H7A 
C7-H7B 

C8-H8A 
C8-H8B 
C9-C10 
C9-H9A 
C9-H9B 
CIO-HIOA 
CIO-HIOB 
C l l - H I I A 
C l l - H l l B 
C l l - H l l C 
C12-H12A 
C12-H12B 
C12-H12C 
C13-H13B 
C13-HI3A 

1.4410(18) 
0.91(2) 
1.427(2) 
0.87(3) 
1.527(2) 
1.542(2) 
1.568(2) 
1.526(2) 
1.536(3) 
1.544(3) 
1.319(3) 
1.514(2) 
1.518(3) 
1.042(16) 
1.518(2) 
0.990(18) 
0.987(19) 
1.527(3) 
0.993(18) 
1.517(3) 
0.97(2) 
0.984(19) 
1.515(3) 
0.98(2) 
0.99(2) 
1.523(3) 
1.03(2) 
0.99(2) 
0.994(16) 
1.016(19) 
1.01(2) 
0.95(2) 
0.97(2) 
0.98(2) 
1.01(2) 
0.95(2) 
0.970(19) 
0.970(19) 

C1-01-H10 
C 4 - 0 2 - H 2 0 
O l - C l - C l O 
0 1 - C 1 - C 6 
C10-C1-C6 
0 1 - C 1 - C 2 
C10-C1-C2 
C6-C1-C2 
C3-C2-C11 
C3-C2-C12 
C11-C2-C12 
C3-C2-C1 
C11-C2-C1 
C12-C2-C1 
C13-C3-C4 
C13-C3-C2 
C4-C3-C2 

0 2 - C 4 - C 3 
02 -C4-C5 
C3-C4-C5 

11L:%16) 
1141(16) 
109.47(13) 
105.74(13) 
109.08(14) 
107.71(12) 
113.22(15) 
111.33(13) 
11L44{16) 
107.92(15) 
106.83(19) 
109.06(13) 
109.93(16) 
11]L65(16) 
120.87(18) 
124.69(18) 
114.44(15) 
114L02(15) 
111.86(16) 
1(%I.75(14) 
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02-C4-H4 105.1(8) 
C3-C4-H4 108.4(9) 
C5-C4-H4 107.3(8) 
C4-C5-C6 111.62(16) 
C4-C5-H5A l ia3(10) 
C6-C5-H5A 11&1(10) 
C4-C5-H5B 110.3(9) 
C6-C5-H5B ii&opo 
H5A-C5-H5B 104.4(14) 
C5-C6-C7 112.21(16) 
C5-C6-C1 111.75(14) 
C7-C6-C1 112.07(15) 
C5-C6-H6 106.4(9) 
C7-C6-H6 109.8(9) 
C1-C6-H6 104.2(9) 
C8-C7-C6 li:L13(19) 
C8-C7-H7A 11]L4(12) 
C6-C7-H7A 108.7(11) 
C8-C7-H7B 109.2(10) 
C6-C7-H7B 111.8(11) 
H7A-C7-H7B 102.3(16) 
C9-C8-C7 110 20(18) 
C9-C8-H8A 111.3(11) 
C7-C8-H8A 1CKI.4(11) 
C9-C8-H8B 111.0(11) 
C7-C8-H8B l(%r3(ll) 
H8A-C8-H8B 105.4(15) 
C8-C9-C10 ]1CL60(17) 
C8-C9-H9A 11(L8(10) 
C10-C9-H9A 1CH14(11) 
C8-C9-H9B 1CH12(11) 
C10-C9-H9B 11CL6(11) 
H9A-C9-H9B 108.2(14) 
C9-C10-C1 li:L80(17) 
C9-Cia-H10A 112.6(9) 
Cl-ClO-HlOA 108.2(9) 
C9-C10-H10B 107.1(10) 
Cl-ClO-HlOB 109.7(9) 
HIOA-CIO-HIOB 106.2(14) 
C2-C11-H11A 11(L0(11) 
C2-C11-H11B llO.SKll) 
H l l A - C l I - H l l B 107.5(17) 
C2-C11-H11C 110.3(12) 
H l l A - C l I - H l l C 106.3(16) 
H l l B - C l l - H l l C lll.l%17) 
C2-CI2-H12A 111.9(11) 
C2-C12-H12B 113.1(15) 
HI2A-C12-H12B 1101(18) 
C2-C12-H12C 1101(15) 
H12A-C12-H12C 104.8(19) 
H12B-C12-H12C 106.5(19) 
C3-C13-H13B 121.1(11) 
C3-C13-H13A 120.8(11) 
H13B-C13-H13A 11&1(16) 

Symmetry transformations used to generate equivalent atoms: 
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Table 4. Anisotropic displacement parameters [A^x 10^]. The anisotropic displacement 

factor exponent takes the form: + ••• + 2 h k a* b* ]. 

Atom u" ^22 U" jj23 

01 580) 300) 360) 1(1) 17(1) -7(1) 
0 2 850) 280) 520) - 2 0 ) 30(1) 2 0 ) 
CI 4 5 0 ) 290) 300) 0 0 ) 11(1) - 4 0 ) 
C2 4 7 0 ) 390) 350 ) - 3 0 ) 6 0 ) 0 0 ) 
C3 47(1) 370) 31(1) 3 0 ) 8 0 ) 10) 
C4 610 ) 280 ) 39(1) -1(1) 22(1) - 3 0 ) 
C5 510) 350) 42(1) - 4 0 ) 11(1) -14(1) 
C6 46(1) 340) 38(1) 2 0 ) 12(1) - 6 0 ) 
C7 4 7 0 ) 540) 54(2) - 2 0 ) 6 0 ) -9(1) 
C8 440 ) 62(1) 64(2) 7 0 ) 11(1) 6 0 ) 
C9 66(2) 45(1) 54(2) 1(1) 19(1) 110) 
CIO 540) 38(1) 42(1) - 4 0 ) 12(1) -2(1) 
Cl l 54P) 53(1) 74(2) -6(1) -2(1) 
C12 82(2) 61(2) 33(1) -2(1) 7 0 ) 1%2) 
C13 56(2) 60(2) 62(2) -12(1) 13(1) 10) 

11/12/00 10:26:17 Dr. T. Gelbrich 99src User: G. Peron / Prof Kilburn 2 6 6 



Table 5. Hydrogen coordinates [x 10''] and isotropic displacement parameters [A^ x 10^ 

Atom X z 

HIO 3190(20) 5520(30) 1835(13) 93(8) 1 
H20 2350(30) 12730(30) 2287(14) 103(10) 1 
H4 3398(16) 12050(20) 1044(9) 42(5) 1 
H5A 5236(19) 11500(20) 2051(10) 53(5) 1 
H5B 4197(18) 10070(20) 2361(10) 39(5) 1 
H6 5271(18) 9590(20) 1044(10) 38(5) 1 
H7A 7220(20) 9150(30) 2019(10) 66(6) 1 
H7B 6340(20) 7650(20) 2343(10) 48(5) 1 
H8A 8050(20) 6140(20) 1732(10) 59(6) 1 
H8B 7480(20) 7230(30) 1036(11) 66(6) 1 
H9A 6370(20) 4180(30) 933(11) 65(6) 1 
H9B 5740(20) 4550(20) 1683(11) 57(6) 1 
HIOA 3754(18) 5070(20) 688(9) 38(4) 1 
HlOB 4836(19) 6570(20) 390(11) 51(5) 1 
HI] A 1530(20) 5910(30) 379(11) 62(6) 1 
H U B 280(20) 7450(30) 413(11) 61(6) 1 
H l l C 950(20) 6350(30) 1108(12) 69(8) 1 
H12A 2860(20) 8250(30) -210(11) 74(7) 1 
H12B 3550(30) 10150(30) 172(14) 95(9) 1 
HI2C 1830(30) 9870(30) -95(14) 92(8) 1 

H13B -230(20) 9170(30) 1346(11) 65(6) 1 
H13A 228(19) 11230(30) 1711(10) 58(6) 1 

11/12/00 10:26:17 Dr. T. Gelbrich 99src User: G. Peron / Prof. Kilburn 2 6 7 



Table 6. H y d r o g e n bonds [A and ' 

d{R---A) (^(D'.4) Z ( D H ^ ) 

0 1 - H l O OZ 

0 2 - H 2 0 0 1 " 

0 .91(2) 

0 .87(3) 

1.90(2) 

1.95(3) 

2 .8034(16) 

2 .8000(18) 

170(2) 

166(2) 

Symmet ry t r ans format ions used to generate equivalent atoms: 

( i ) x , y - l , z ( i i ) - x + l / 2 , y + l / 2 , - z + l / 2 
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