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By Nicola Ann Newman 

This thesis is concerned with the development of cyclisation methodologies which 

have potential in the synthesis of natural products. A palladium catalysed cyclisation 

is developed and applied to the synthesis of virola indenone. The structure of virola 

indenone is redefined and two routes to the natural product are described. A one pot 

synthesis is also developed. 

The use of a radical cyclisation methodology utilising thiyl radicals and a bite back 

strategy to attempt to control the stereoselectivity is studied. Its scope in the synthesis 

of aryltetralins and other systems is investigated. 

A new method of synthesising biaryls and triaryls through an intramolecular ipso-

substitution reaction initiated by the addition of an aryl radical to a benzyl ether is 

described. A tandem variant of the reaction is also demonstrated. 

A literature review of the synthesis of aryl indenones is presented. 
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Chapter One 

Introduction 



The Synthesis of Arvl Indenones 

Indenones have been used as fungicides, potential oestrogen binding receptors and 

fermentation activators. They are also useful intermediates in the synthesis of a 

variety of natural products e.g. steroids and gibberellins. They can be prepared 

following traditional synthetic methods or by metal mediated reactions. Summarised 

below are a selection of the methods available for the synthesis of aryl indenones. 

1.1 Elimination oflndanones 

Perhaps the most logical precursor to an indenone is the corresponding indanone. This 

method has a long history and most early examples involved the bromination and 

dehydrobromination of the corresponding indanone.^ A typical example is 

highlighted in Scheme I.I.^ 

101 

Br? 

102 

Scheme 1.1 

The initial bromination of the indanone 101 resulted in dibromide 102 which was 

unstable. Immediate heating of 102 provided the aryl indenone 103 in 16% yield. 

Many examples tell a similar tale of poor yielding reactions. Floyd had more success 

in tl:e synthesis of indenones this method, as did House in 1969; however, they 

did not apply the methodology to 3-arylindenones. 6,8 



1.2 Friedel-CraAs Type Cvclisations 

Work has taken place to develop routes to indenones via intramolecular Friedel-CraAs 

cyclisations. Early work laid the foundations for application to the 3-substituted 

examples. In 1974 Martens ejected the synthesis of 2,3-substitued indenones vm 

treatment of acid chloride 104 with 2-butyne 105, a reaction catalysed by aluminium 

chloride, to give the intermediate p-chlorovinyl ketone 106.^ Further treatment of 106 

with AICI3 in DCM gave a 53% yield of indenone 107 (Scheme 1.2). 

AICl3,CH2Cl2 AlCl3,CH2Cl2 
II I II I , / 

I | j 

MeO' "COCl -10°C 25°C MeO' 

— O 

105 
104 106 107 

Scheme 1.2 

An alternative approach was developed by Floyd and later improved by Galatsis and 

Manwell.^''® They found that direct treatment of 108 with the dianion of propanoic 

acid accomplished transformation to 110 in 89% yield. A Friedel Crafts acylation 

with concomitant p-elimination was then successfully effected by treatment of the 

corresponding acid chloride with aluminium trichloride (Scheme 1.3). However, the 

reaction was only useful when a substituent was present in the 2-position of the 

indenone. 
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Scheme 1.3 

ii. AICI3 

ill. py, A 

74% 

O 

111 

In 1991 Baneqee showed that 3-arylindenones could be formed by an intramolecular 

Friedel-CraAs acylation between an arene and an anhydride/ For example, treatment 

of 116 with alumininum trichloride for 24 h promoted cyclisation to give indenone 

117. Unfortunately, the utility of this route is difficult to assess since no yields or 

experimental details were given. 
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Scheme 1.4 



1.3 Use of Transition metals - zinc and copper 

A range of transition metals have been used in the synthesis of 3-arylindenones. 

Brunner found that organozinc and copper reagents can undergo conjugate addition to 

(2-propynylidene) morpholinium triflates and employed this in the synthesis of 

several 2-acyl-3-arylindenones/^ For example, treatment of iodide 118 with activated 

zinc then CuCN.2LiCI gave a complex to which was added propyne iminium triflate 

120. The intermediate allene 121 cyclised m j'f/w to the vicinal cyano moiety giving 

indenone 123 on work up. Zinc ions are presumed to initiate addition of the enamine 

to nitrile (Scheme 1.5). 
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Scheme 1.5 

1.4 Use of Transition Metals - Nickel 

Liebeskind investigated reactions of nickel carbonyl with i o d o b e n z e n e . N i c k e l 

carbonyl reacts with iodobenzene to produce a benzoylnickel complex which 

decomposes to benzil in aprotic solvents. However in the prescence of an aikyne, the 

benzoylnickel intermediate is trapped, undergoing addition to the aikyne. Desertion of 



CO follows to yield a nickel complex and subsequent decomposition gives organic 

products. 

In an extension of the reaction it was found that o-diiodobenzene gave substituted 

indenones when treated with I equivalent of nickel carbonyl and a substituted alkyne. 

A number of different substituents were incorporated and some good yields were 

obtained. When unsymmetrical alkynes were employed both of the possible 

regioisomers were seen and the reaction was only regioselective when the substituents 

differed greatly in steric bulk. In such cases the bulkier substituent was found at C-2 

of the indenone (Scheme 1.6). This method appears to be a mild and direct route to 

vaiious substituted indenones. However electron deficient alkynes did not yield any 

useful products under the reaction conditions. 

o 
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Scheme 1.6 



1.5 Use of Transition Metals - Iron. 

Butler described the thermal reaction of Fp-Aryl (Fp = dicarbonyi-(r|^-

cycIopentadienyl)iron) with diarylacetylenes to give 2,3-disubstituted indenones.'"^ 2 

Molar equivalents of aryllithium with diphenyl acetylene in the prescence of TMEDA 

followed by metathesis with Fpl at low temperature gave the alkenyliron compound 

130. Heating 130 in decalin at reflux for 10 min under N2 gave indenone 131 cleanly 

and in good yield (Scheme 1.7). A similar reaction conducted at reflux in xylene or 

toluene with a molar equivalent of triphenylphosphine gave an improvement in yield. 

The route was also successfid with a naphthyl substitutent on the starting alkyne to 

produce 2-naphthyl-3-arylindenone in 86% yield. 

Ph 

Ph PhLi 

TMEDA \ Ether 

128 129 

/ 
OC CO 

Fpl 

-70°C - RT 

decalin 

ref lux 

Scheme 1.7 

131 

54% 
74-78% with added phosphine 



1.5 Use of Transition Metals -Manganese 

Robinson and co-workers reported that reactions of or^Ao-manganated aryl carbonyl 

compounds with alkynes provide an efGcient route to indenois and indenones.'^ T]̂ -

(2-Acetylphenyl)tetracarbonyhnanganese 132 reacts with diphenylacetylene in 

benzene under reflux for 8 h to form 2,3-diphenyl-l-methylinden-l-ol 135 in 97% 

yield. A similar reaction in methanol also gave 135 in 51% yield. While the reaction 

of of-̂ Ao-manganated #^-dimethylbenzamide 133, with diphenylacetylene under the 

same conditions gives the indenone 137 in 56% yield. Similarly, the orfAo-

manganated/;-dimethylaminobenzaldehyde 134 gives 138 in 46% yield (Scheme 1.8). 

It seems likely that an indenol is the first product formed in the reaction and that the 

indenone is then formed by oxidation. The proposed mechanism involved an initial 

insertion of the alkyne into the Mn-C bond to give 139. Intramolecular addition 

across C=0 then gives 140, which on protonolysis provides the indenol. When 

aromatic aldehydes and amides were employed, collapse to an indenone is favoured. 



Mn(C0)4 

R 

R R, = Me R: 

132 R, =Me, Rz = H 
133 R, = NMe2,, R2 = H 
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Scheme 1.8 
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O 
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O -4^Mn(C0)4 

139 140 

In 1994 Cambie found that silylated manganese complex 141 and diphenylacetylene 

in benzene gave 131 in a disappointing 22% yield after photolytic demetallation 

(Scheme 1.9). 16 
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1.7 Use of Transition Metals - Rhodium 

Hong reported in 1979 that the reaction of benzene with diphenylacetylene and carbon 

monoxide could be catalysed by Rh4(C0)i2 and gave 2,3-diphenylindenone in 10% 

yield together with various side products.'^ The composition of the product mixture 

varied with the pressure of carbon monoxide, but the yield of the indenone was low 

in each case studied (Scheme 1.10). 

Ph 

Rh4(C0)i2 
^ 

CO 

o 

Ph 

142 128 131 

Scheme 1.10 

Later, Miura described a much improved route to indenones using rhodium.'^ Aroyl 

chlorides are known to react with low valent transition metal species, including 

rhodium and palladium complexes, to produce the corresponding aroyl-

chlorometalcomplexes. These may be further transformed into arylchlorometal 

complexes by decarbonylation at elevated temperatures. He observed that aroyl 

chlorides react with terminal alkynes in the prescence of [RhCl(cod)]2 and 

triphenylphosphine to give vinyl chloride derivatives in good yield and in a regie- and 

stereoselective maimer (Scheme 1.11). 

ac o c i ^ [RhCI(cod)]2, PPhg H 

+ C l ^ P h 

CO 

92% 

143 144 145 

Scheme 1.11 
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The reaction of aroyl chlorides with disubstituted alkynes was found to proceed 

without decarbonylation to produce 2,3-disubstituted indenones. No vinyl chloride 

derivative was detected and yields up to 76% were seen (Scheme 1.12). 

^ P h x ^ C O C l [RhCl(cod)]2,PPh3 

Ph 

128 143 131 

Scheme 1.12 

Alkyl and phenyl substituted alkynes were sucessfully employed. Where 

unsymmetrical alkynes were used a 1:1 ratio of regioisomeric 2,3-disubstituted 

indenones were formed. Yields varied &om moderate to low. The mechanism 

proposed for the formation of these indenones is outlined in Scheme 1.13. Firstly 

rhodium inserts into the carbon to chlorine bond. Decarbonylation is followed by 

insertion of the alkyne. Carbon monoxide then reinserts and a subsequent cyclisation 

involving elimination of HCl generates the indenone. 

12 
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Scheme 1.13 

1.8 Use of Transition Metals - Palladium 

Heck first reported the palladium catalysed formation of diphenyl indenone 6om 

o-iodobenzaldehyde ISland diphenylacetylene 128 in 1989.̂ ^ In 1993 Larock and 

Doty published a more comprehensive study of the annulation in which the scope and 

limitations of this chemistiy were explored.^° A wide range of 2,3-disubstitued 

indenones were reported. 

o Ph 

H + 

Br 

151 

Ph 

128 

Pd(OAc)2,M-Bu4NCl 

100°C, DMF, 
NaOAc 

O 

Ph 

Ph 

131 

Scheme 1.14 

With only 5 mol% of catalyst, an 84% yield of 2,3-diphenylindenone 131 was isolated 

(Scheme 1.14). The reaction was found to be robust to an increase in scale and 

changes in substituents. Where regioisomers were possible, less hindered alkynes 

13 



such as 1-phenyl-1-propyne tended to produce a 1:1 mixture of regioisomers, whereas 

alkynes containing more bulky, tertiary alkyl, trimethylsilyl or other hindering groups 

were shown to be selective, with the more sterically demanding group in the C-2 

position. The most likely mechanism proposed involved addition of the C-Pd bond of 

the vinyl palladium intermediate 153 across the C=0 bond of the aldehyde, followed 

by P-hydride elimination (Scheme 1.15). 

o Pd(0Ac)2 
H —— 

Br 

151 

O 

H 

Pd-Br 

152 

Ph 

Ph 

128 

Ph Ph 

153 

0 

^ P h 

Ph 

BrPdO 

131 

Scheme 1.15 

154 

In 1996 Vicente and co-workers investigated palladium assisted formation of carbon 

to carbon bonds in the synthesis of indenols and indenones.^^ They reported the 

formation of a wide variety of symmetrical and unsymmetrical 2,3-substituted 

indenones from palladium complexes. They first isolated an o-fbrmylaiylpalladium 

complex 155 which reacted at room temperature with diphenylacetylene to provide 

the indenone 158 in 77% yield (Scheme 1.16). Agam, electron withdrawing groups 

on the alkyne rendered the reaction unsuccessful while the presence of three donating 

methoxy groups on the aiyl ring gave the most successful results. The reaction was 

attempted using substoichiometric palladium, but yields were poor. Interestingly, the 

14 



only example found to proceed in a regioselective fashion was with 1-phenylpropyne. 

In this case only 2-phenylindenone was produced. Also, when 1-f-butyl-l-propyne 

was used, a 1:1 mixture of regioisomers was formed. This was in contrast to the 

observations of Larock. 20 

R' 
OMe 

155 

OMe R R' 

' R 

128 

156 

158 157 

Scheme 1.16 

In 1998, Clark required a route to an indenone gn rowfg to 163, an indanone natural 

product which shows constrictor activity of cardiovascular smooth muscle.^^ He 

successfully performed an intramolecular Heck reaction with enone 161 to give the 

indenone 162 in 75% yield (Scheme 1.17). 

15 
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Scheme 1.17 

1.9 Use of Grisnard Reagents 

Indenones can be prepared from benzylidenephthalides. Thus, when 

benylidenephthalide 164 was treated with phenylmagnesium bromide it was 

converted directly to 2,3-diphenylindenone 131 (Scheme 1.18). The method was first 

introduced by Shriner and Knox, then developed by Manning and often gives good to 

acceptable yields. 

O 
PhMgBr 

f 
Ph 

131 

Ph 

Scheme 1.18 
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Anstead sought an alternative route to 2- and 3-aryIindenones when synthesising 

substrates to act as oestrogen receptors.^ The method adopted used a double 

condensation-decarboxylation reaction between 4-methoxyphenylacetic acid 166 and 

phthalic anhydride 165 as a first step. The resulting indanedione 167 was then 

allowed to react with 2 equivalents of Gringard reagent to provide the required 

indanone 168 (Scheme 1.19). 

O 

.0 + 
o 

HO 

OMe Et3N 

O 
AC2O 

62% 
165 166 

OMe 

R = Et(2]%) 
R = Ph (68%) 

RMgBr 

O 

^ A r 

R 

168 

Scheme 1.19 

1.10 Miscellaneous Routes 

Scheinmann utilised an alternative and indirect route to indenones vza indenes 
25 

Reaction of //-phenyl-l,l-diphenyl-2-ethylbut-3-ynylamine 169 in 98% formic acid at 

room temperature (18 h) followed by hydrolysis gave 2-ethyl-l-methylene-3-phenyl-

1^-indene 173 in 56% yield. This indene was then treated with potassium 

17 



permanganate in benzene containing 18-crown-6 to effect oxidation of the exocyclic 

double bond to give indenone 174 in 28% yield (Scheme 1.20). 

Et j [ . P h 
NH 

Ph 

169 

HOOC^ Et 

HCOO 

170 
HCOO 

KMnO ,̂ CgHg 

18-crown-6 

174 
173 

Scheme 1.20 

HCOO 

172 

In a study of poly-lithiated organic compounds, Maerker investigated the reaction of 

benzylidenecyclopropanes with lithium.̂ ^ Diphenyhnethylenecyclopropane 175 was 

taken in dry ether at 20°C and added to a suspension of excess lithium dust under 

argon. The resulting dilithium 176 underwent a 1,6-hydride shift to give 177 - the 

mechanism of which was indeterminable. Reaction of 177 with carbon dioxide then 

gave 178 in 19% yield (Scheme 1.21). 

18 



2Li 

EtzO 

20°C 

175 176 177 

CO2 

Ph 

XV 

0 

178 

Scheme 1.21 

1.11 Wittis type cvclisations 

In 1989 Vorbruggen developed a Wittig type cyclisation from keto acid 179 which 

gave 2-chIoro-3-phenyIindenone 182 in 37% yield (Scheme 1.21).^' Although the 

yield was low the route is simple and direct and may be amenable to optimisation. 

Presumably, the acid is first converted into acid chloride 180 en route to the indenone 

182 (Scheme 1.22). 

19 
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Varvoglis and co-workers showed that phenyliodonium 6yj'(phenylsulfbnyl)methyl]ide 

185 gives cycloaddition products vith alkenes and alkynes?^ When performing the 

reaction with alkynes, the indene skeleton was provided. Reduction of the indene 

with Na amalgam unexpectedly gave the indenone 131, implicating autooxidation in 

air (Scheme 1.23). This result was reproducible and a number of examples were 

successful. Yields were usually in the region of 50 - 60%. 

20 
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Ph [O] 
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Scheme 1.23 

Phrc-(S02Ph)2 

185 

Ph 

Ph 

SOnPh 

Ph 
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1.12 Conclusion 

To conclude, many approaches to the aryl indenone have been reported. These range 

&om the classical Friedel-CraAs methodologies to the more recent developments 

using transition metals. Several miscellaneous methods are also available. This 

review has not been comprehensive but is intended to provide a useful introduction to 

the area. 
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Chapter Two 

The Synthesis and Identity of Virola Indenone 

22 



2.1 Backeround 

Many compounds have been isolated Aom the fmit of Fiiro/a and Kzm/a 

Of these a series of arylindenones have attracted particular attention due 

to their unusual structural futures. Most notably, virola indenone 201 is the only 

reported 3-arylindenone to have been isolated from natural sources and may thus 

represent the first example of a new class of lignans. 

O 9 9 

: OH 

MeO MeO 

201 202 203 

That virola indenone may be an artifact of the isolation process rather than a true 

natural product has been noted by Whiting/^ Thus, loss of acetic acid from 202 

provides a plausible route to 201 and this might occur in the fruit or during the 

extraction process. 

Whiting envisioned these compounds as arising through ring contraction of a 

hypothetical hydroxylated tetralone (Scheme 2.1). 

23 



ArOH 

ArOH 

Scheme 2.1 

Several reports have appeared in recent years relating to the biological activity of 

indenones. Klein has investigated the structural requirements for anti-tumour activity 

in indanone analogues of podophyllotoxin.^^ His investigations fbcussed on 

compounds active against human and murine tumour cell lines and led him to 

conclude that substitution at the C-2 and C-3 position on an indanone is crucial for 

activity and that these substituents are conformationally sensitive. 

Katzenellenbogen considered 2- and 3-substituted aryl indenones as ligands for the 

oestrogen receptor. He found that they display high binding affinities rendering them 

potential post coital contraceptives.^^ Hajela then proceeded to investigate this effect 

in laboratory rats.̂ "̂  Indeed, when the substituted indenones were administered post-

coitally to female rats, the occurrence of implantation was inhibited by up to 85%. 

24 



2.2 Our Preliminary Synthesis of Virola Indenone 

Having considered the literature methods for the synthesis of 3-arylindenones we 

chose to apply the Heck-Larock armulation to the synthesis of virola indenone 201 as 

it appeared to be the most direct way of obtaining the natural product.'^' Thus, the 

palladium coupling of 6-bromopiperonal 204 and aryl alkyne 205 should provide 201 

directly, along vyith the 2-arylindenone regioisomer. 

201 204 

Scheme 2.2 

205 

We obtained the alkyne in four steps as shown in Scheme 2.3. Reaction of the 

aldehyde 206 with ethyhnagnesium bromide followed by oxidation with baiium 

manganate provided ketone 208 in good yield. Conversion of the ketone to the 

dichloride 209 was achieved using phosphorous pentachloride. Stirring 209 with 

magnesium provided alkyne 205 in 89% yield. We were now in a position to effect 

the key step. Stirring a DMA solution of 204 and 205 containing sodium carbonate 

and 5 mol % palladium acetate at 100°C provided a 5:1 mixture of indenone 201 and 

the corresponding regioisomer 210 in 25% yield. 

25 



o OH 
MgBr MeO 

MeO 80% MeO 

BaMnO^ 

70% 

206 207 

O 

208 

PCI5 82% 

O 
Mg 

89% 
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Heck-Larock 

25% 

209 

201 210 

Scheme 2.3 

Separation of 201 and 210 was not trivial but could be achieved using a chromatatron 

or by selective crystallisation &om ethanol. Having obtained pure samples of both 

201 and 210, the spectroscopic and physical characteristics each displayed were 

compared with those data reported for virola indenone. Numerous discrepancies were 

revealed. In particular, we noted that the melting point of our synthetic sample of 201 

was 142-144°C whereas the reported value was 216°C. There were also discrepancies 

in the 'H NMR and NMR data while the mass spectra, IR and UV data were in 

close agreement (Table 2.1). 
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T a b l e 2 .1 

Characteristics 201 Natura l Product 

Appearance red solid red solid 

m. p.(MeOH) I42-144°C 214-216°C 

m/e (amu) M l f (APCI) 325 (EI) 324 

IR CH2CI2 

1699, 1598, 1514, 1321 

KBr 

1692, 1600, 1484-1440 

UV (MeOH) 464 (700), 335 (6400) 

268 (32000) 

340 (7600), 265 (32400) 

'H NMR (CDCI3) 

ArH 

ArH 

ArH 

2 X ArH 

2 X OMe 

CMe 

300 MHz 

7.01-6.92 (4H, m) 

6.63 (IH, s) 

5.98 (2H, s) 

3.98 (3H, s), 3.95 (3H, s) 

1.91 (3H, s) 

60 MHz 

7.17 (IH, s) 

7.00 (3H, m) 

6.69 (IH, s) 

6.10 (2H, s) 

3.89 (3H, s) ,3.86(3H, s) 

1.89 (3H, s) 

'^C NMR (CDCI3) 

CH; 

CH2 

CH 

C 

75.5 MHz 

56.2, 56.1,8.9 

102.1 

121.3, 111.3, I l l . l , 105.1, 

103.6 

196.9, 152.9, 151.3, 149.9, 

149.1, 147.1, 142.4, 129.3, 

129.3, 125.3 

20 MHz 

55.8, 55.7, 18.0 

103.5 

120.8, 111.7, 108.5, 108.0, 

105.9 

208.0, 168.6, 159.9, 151.7, 

149.3, 148.2, 147.7, 132.4, 

128.9, 127.9 

We felt sure that our initial synthesis of 201 had proceeded without incident, but 

thought it wise to secure an alternative route before we drew any conclusions about 

the identity of virola indenone. 

To avoid ambiguity, the new route we adopted followed more traditional lines 

(Scheme 2.4). It began with 6-bromopiperonal 204 which was treated with 

ethylmagnesium bromide to give alcohol 211 in 76% yield. The bromoalcohol 211 

was then reacted with 2 equivalents of n-butyllithium to form a dilithiated 
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intermediate which, upon exposure to dimethoxybenzaldehyde 206, gave diol 213. 

On work up, this material dehydrated to give the THF 214 as a 1:1 mixture of 

diastereoisomers. Oxidation of 214 with barium manganate then provided diketone 

215 in 76% yield which when exposed to /?-toluenesulfbnic acid in chloroform gave 

201 in 56% yield. 

OH 

»-BuLi, -78°C 

81% 

OLi 

MeO 

MeO 

211 212 206 

O BaMnO^ 
\ 

76% O 

OMe 
OMe 

215 214 

;7TsOH 56% 

OMe 

OMe 

213 

201 

Scheme 2.4 

We were pleased to note that the data for our second sample of 201 agreed with that 

of our Hrst, showing that there had been no errors in our original synthesis. 
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2.3 Redefinition of the Structure 

The inconsistencies in the data obtained for our synthetic sample of 201 and those 

attained for the natural product led us to conclude that the structure proposed for 

virola indenone was incorrect. Thus, we reassessed the published data and concluded 

that the most likely stmcture for virola indenone was 216, in which the arene 

substituents are interchanged. 

MeO—yy OMe MeO 

216 210 217 

Our reasoning for favouring 216 over the isomeric indenones 210 and 217 were as 

follows. The UV/visible spectra obtained for 201 agreed with the data reported in the 

isolation paper, suggesting the presence of a similar chromophore. Secondly, the 

chemical shift of the allylic methyl group in 201 and virola indenone were both Sn 

1.89 p.p.m., suggesting attachment at C-2. Thirdly, the biosynthesis of virola 

indenone proposed by Whiting was equally valid for 216.^ 

We therefore embarked upon a synthesis of 216 following the strategy used 

successfiilly for the synthesis of 201 (Scheme 2.5). Though the yields attained were 

lower in this sequence, we were nonetheless able to obtain the requisite alkyne 222 

and cyclise it under the Heck Larock conditions to give an 8:1 mixture of 

resjioisomers 216 and 217. 

29 



o 

0 ' 

OH 

MgBr O 

75% O 

218 219 

O 
MeO y V 

223 

+ 

222 

Heck-Larock 

28% 

MeO-v% 

5:1 

216 

BaMnC^ 

47% 

Mg 

35% 

O 
o 
< 
o 

220 

PCI5, 22% 

221 

217 

Scheme 2.5 

We also synthesised 216 using the more traditional aldol condensation route. The 

yields were comparable to those attained in the synthesis of 201, the key cyclisation 

of229 to 216 being achieved in 52 % yield (Scheme 2.6). 
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OH 

MeO' 

M-BuLi, -78T 

72% 

OLi 

MeO 

MeO 

224 

Li 

225 

BaMnO, 

MeO 

228 

TsOH 52% 

216 

Scheme 2.6 

o 
o 
< 
o 

226 

0 - / 

227 

A comparison of the data attained for 216 with that reported in the natural product 

isolation paper was then undertaken. We were pleased to note that the melting points, 

IR, UV and mass spectra were in agreement. Likewise the anomalies in the 'H NMR 

data were within experimental limits given that the original data was recorded using 

unsophisticated equipment. 
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M^or discrepancies were nonetheless noted in the NMR spectral data. '̂ C NMR 

data attained from 210 and 217 were also compared and these too showed poor 

correlation. As the NMR data in question was recorded at 20 MHz, we presume 

an early NMR instrument had been used to attain the values reported. The 

discrepancies may therefore be attributed to experimental errors. Notably, to locate 

the signal at 197 p.p.m. coresponding to the carbonyl moiety, we needed to extend the 

relaxation time between each scan. Clearly, at 20 MHz this signal would have been 

hard to detect. Thus the signal reported at 208.0 p.p.m. may have been due to noise. 

Thus we believe that the actual structure of the natural product is indeed 216. 
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Table 2.2 Data for all synthetic samples as compared to the natural product. 

201 Natural 

product 

216 210 217 

Appear- red solid red solid red solid red solid red solid 

ance 

m.p. 142-144°C 214-216°C 214-215°C 198-200°C 187-189°C 

.(MeOH) 

m/e MH^ (APCI) M"(EI) MH+ (APCI) MH^(APCI) ]vr(Cl) 

(amu) 325 324 325 325 324 

IR CH2CI2 

solution 

KBr neat neat CH2CI2 

solution 

1699, 1598, 1692, 1600, 1685, 1580, 1702, 1590, 1702,1586, 

1514,1321 1484-1440 1494, 1460 1491,1354 1487,1344 

UV 464 (700), 462 (600) 460(400) 488 (700) 

(MeOH) 335 (6400) 340 (7600) 343 (7100) 310(3600), 314(3100) 

268 (32000) 265 (32400) 273 (32000) 264(21800) 274 (20400) 

'H NMR 300 MHz 60 MHz 300 MHz 300 MHz 300 MHz 

(CDCI3) 5h 6H Gn 5H 

ArH 7.09- 6.92 7.17 (IH, s) 7.01 ( lH , s ) 7.05 - 6.92 7.12 (IH, s) 

(4H, m) 7.00 (3H, m) 6.95 (3H, m) (4H, m) 6.90 (3H, m) 

ArH 6.63 (IH, s) 6.69 (IH, s) 6.65 (IH, s) 6.71 ( IH, s) 6.75 ( l H , s ) 

2 x A r H 5.98 (2H, s) 6.10 (2H, s) 6.09 (2H, s) 5.99 (2H, s) 5.99 (2H, s) 

OMe 3.98 (3H, s) 3.89 (3H, s) 3.88 (3H, s) 3.97 (3H, s) 3.96 (3H, s) 

OMe 3.95 (3H, s) 3.86 (3H, s) 3.89 (3H, s) 3.97 (3H, s) 3.93 (3H, s) 

CMe 1.91 (3H,s) 1.89 (3H, s) 1.91 (3H, s) 2.28 (3H, s) 2.19 (3H, s) 

"C NMR 75.5 MHz 20 MHz 75.5 MHz 100 MHz 75.5 MHz 

(CDCI3) 8c 5c 5c 6c 5c 

CH3 56.2,56.1, 55.8, 55.7, 56.4, 56.4, 56.3, 56.3, 56.5, 56.5, 

8.9 18.0 8.7 13.1 12.6 

CH2 102.1 103.5 101.4 102.4 101.1 

CH 121.3, 111.3, 120.8, 111.7, 122.1, 108.7, 113.0, 111.4, 123.4, 109.8, 

111.1, 105.1, 108.5, 108.0, 108.2, 107.6, 105.4, 102.5, 108.3, 107.2, 

103.6 105.9 105.6 122.5, 104.3 

C 196.9, 152.9, 208.0, 168.6, 197.6, 152.9, 195.9, 152.2, 196.3 153.1, 

151.3, 149.9, 159.9, 151.7, 152.4, 148.4, 152.1, 149.1, 152.4, 149.0, 

149.1, 147.1, 149.3, 148.2, 148.3, 148.0, 149.0, 147.9, 147.6, 147.1, 

142.4, 129.3, 147.7, 132.4, 140.2, 129.4, 143.1, 132.5, 140.5, 132.0, 

129.3, 125.4 128.9, 127.9 126.7, 123.6 124.7, 124.5 128.0, 123.4 



2.4 Optimisation of the Cvclisation 

When we were making our samples of virola indenone and its isomers, we were 

disappointed with the yields attained in the Heck-Larock aimulation (between 25 and 

28%). We thus decided to pursue the optimisation of this reaction, conAdent that a 

higher yield could be realised. Optimisation was carried out on the model reaction 

between 204 and 230 (Scheme 2.7). 

O 

< , y V + 
Heck-Larock ( 

1:0 

204 230 231 232 

Scheme 2.7 

Various palladium catalysts were examined. It was noted that reactions with 

palladium chloride were generally cleaner than those employing palladium acetate 

and that two equivalents of PPh] was optimal. A range of high boiling solvents were 

tested including benzene, 1.4-dioxane, toluene, DME and DMF. Best results were 

attained using toluene at 100°C for 24 h. 

A concentration of 1 mL toluene to every 10 mg of alkyne gave best recovery of 

product. Surprisingly substituting triethylamine for sodium carbonate led to the 

production of indanone 233 (Scheme 2.8). 
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0 ' 

o 

Br 

204 230 231 233 

Scheme 2.8 

The yield of indenone was improved when sodium hydrogen carbonate was employed 

as the base. Under these conditions we were pleased to be able to produce a 

consistent yield of 54% for the aimulation step (Scheme 2.9). 

o 

o 

o 

Br 

PdClz, PPh3, ( 

NaHCOg, A, 24 

54% 
1:0 

204 230 231 232 

Scheme 2.9 

We also had the opportunity to conduct these reactions at high pressure. Success was 

limited and we were unable to improve on the yields attained using traditional 

techniques. 

MeO 

MeO Br 

+ 

MeO 
PdClz, PPh3 

NaHC03,A, 24h 
52% 

MeO 

1:0 

223 230 234 235 
Scheme 2.10 



It should be noted that in the Heck-Larock annulation between 204 and 230 we saw 

no evidence for the formation of regioisomer 232. Similarly the cyclisation of 223 

and 230 provided 234 as the sole product (Scheme 2.10). 

Br 

Pd(0Ac)2,Na2C03, 

m-Bû NCI, DMF, 

100°C, 56% 
1:1 

236 230 237 238 

Scheme 2.11 

We had assumed that the selectivity we observed in the formation of 231 and 234 was 

governed by the polarisation of the substituted aryl alkyne 230 (Scheme 2.11). 

However Heck and Larock both reported a 1:1 mixture of regioisomers in the 

cyclisation of 230 and 236. These results suggest that the aryl aldehyde governs the 

regiochemical outcome of the reaction. When we used the trisubstituted aldehyde 239 

for the annulation we saw a 1:1 mixture of regioisomers (Scheme 2.12). Overall, we 

suggest that the reaction is inclined to be selective for the 3-arylindenones when 

electron rich aldehydes are employed. However, a methoxy group adjacent to the 

bromine increases steric encumbrance en route to 240 significantly and production of 

241 then becomes competitive. 
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OMe 

239 

11 Heck-Larock 

MeO 
OMe ^ 

230 240 

1:1 

OMe 

241 

Scheme 2.12 

2.5 Ow One Pot Approach 

We were keen to find an alternative to the four step route to aryl alkyne 222. A 

Sonogashira reaction between aryl bromide 242 and propynylmagnesium bromide led 

us directly to the arylalkyne in 68% y i e l d . W e then showed that this reaction could 

be run efficiently in toluene prompting us to try a one pot synthesis of our natural 

product. 

O 
< 
O 

Br -MgBr 

242 

PdCloPPhi 

Scheme 2.13 

222 

This was achieved, after some optimisation, by warming a toluene solution of aryl 

bromide 242 and propynylmagnesium bromide in toluene at 60°C together with 20 

mol% PdCl2(PPh3)2. After 8 h further PdCl2 was added along with aldehyde 223 and 

NaHCO], The temperature was raised to 100°C and heating continued for 24 h. 
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Upon cooling and work up we were pleased to isolate an 8:1 mixture of 216 and 217 

in 44% yield. 

O 

MgBr 

PdCl2(PPh3)2 

MeO" - Br MeO 
223 

MeO 

O 

PdCl2 
NaHCO. 

\ - 0 

242 

2.6 Conclusion 

222 

Scheme 2.14 

217 

216 

We have developed two routes to virola indenone and redefined its structure.We 

have optimised the Heck Larock annulation for this system and have developed a one 

pot synthesis of the natural product 6om commercially available materials. 
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3.1 Background 

Radical cyclisation reactions are valuable for the construction of both carbocyclic and 

heterocyclic r i n g s . I n the past, radical chemistry has gained a reputation for being 

capricious and unselective, often giving rise to complex mixtures of products due to 

their high reactivity. However, the advent of mediators such as tributyltin hydride 

prompted the development of numerous reactions of synthetic utility.^^ Indeed, it is 

now appreciated that radical chemistry has significant advantages over more 

traditional methods in many instances. In particular, radical reactions are conducted 

under mild, neutral conditions so a wide range of functionalities are tolerated, 

avoiding the need for protection. They are also useful for the generation of bonds 

between sterically crowded centres as radical intermediates are unsolvated and 

reactions proceed vm early transition states. 

The use of trialkyltin hydrides as mediators of radical reactions provides the most 

popular method to effect radical cyclisations. The tin radical is a powerful atom and 

group abstractor and a wide variety of radical precursors can be used. Although 

tributyltin hydride is most commonly employed for cyclisations involving 

nucleophilic (unstabilised) radicals, it may also be used to generate electrophilic 

(stabilised) radicals. Thus, reactive aryl and vinyl radicals as well as the more stable 

allyl and benzyl radicals can all be generated from a suitable radical precursor.̂ ^ 

Although these reactions exhibit many benefits, there are several drawbacks 

associated with the use of organotin compounds. Tin hydrides are highly toxic, as are 

the stoichiometric amounts of organotin residues produced in their reactions. These 
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residues can be diHicult to remove from the reaction medium and often require 

40 specialist workup procedures. 

In addition a typical radical cyclisation will expend two fimctional groups to create 

one new carbon - carbon bond (Scheme 3.1). When cyclic compounds are formed 

from acyclic starting materials the stereocontrol is often poor. Thus staimane based 

methodology has largely been restricted to laboratory scale experiments where 

toxicity, waste and expense are manageable.'̂ ' Some of these problems are overcome 

using catalytic variants of the method, though these tend to be less efficient.'*^ 

B r . ^ AIBN / 
] j + Bu3SnH ^ y ''' Bû SnBr 

EtO O PhH, reflux, O 

toxic , t ox i c , 

3 f u n c t i o n a l g r o u p s m o d e r a t e l y e x p e n s i v e 1 f u n c t i o n a j g r o u p d i f f i c u l t t o r e m o v e 

Scheme 3.1 

3.2 Radical Cvclisation Reactions 

In order to conduct a selective radical cyclisation, one requires selective radical 

generation, cyclisation and quench. The rate of each cyclisation step must be faster 

than the rate of quenching by the solvent or other radical trap and the method must 

convert the cyclic radical into a stable product. The key steps normally involve 

generation of an initial carbon centred radical, then addition of that reactive centre to 

an unsaturated moiety to effect an intramolecular cyclisation. Finally atom 

abstraction firom a mediator simultaneously furnishes the product and another radical 

intermediate to propagate the chain reaction. 
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Radical cyclisations are especially useful for the synthesis of five membered rings 

since the 5-gxo-trig cyclisation is usually faster than reactions leading to other ring 

sizes. Where cyclisations lead to the creation of a new stereogenic centre, 

stereoselectivity is usually modest. The Beckwith transition state model, where the 

intermediate radical is assumed to adopt a chair like conformation, provides a means 

of predicting the stereochemical course of 5-gxo-trig cyclisation reactions. 

3.3 Thivl Mediated Radical Cvclisations 

Previous work in the group had fbcussed on developing an alternative to trialkyltin 

hydride in radical cyclisations. The addition of thiyl radicals to alkenes is both fast 

and reversible. The normal fate of the intermediate carbon centred radical is to revert 

back to starting materials or to suffer hydrogen atom quench. For 1,6-dienes radical 

cyclisation is also possible. Such reactions usually result in complex mixtures. A way 

was envisaged to control these cyclisations using the "equilibration and bite back 

strategy" outlined in Scheme 3.2. 

Et02C COzEt 

V V RS 

301 

CO^Et H 

302 

COzEt 

Et02C-4>-^H 

304 

SR 

COzEt H 

303 

CO2E1 i" 

305 

-Bn 
H 

EtO^C, 

EtÔ C 

EtOzC 

EtOzC 

H 

306 

H 

H 

307 

Scheme 3.2 

Addition of a thiyl radical to a 1,6-diene 301 would lead to a radical intermediate 302/ 

304. A 5-gxo-trig cyclisation through the favoured chair like transition state 302 
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would provide 303. A second irreversible 5-gA;o-trig cyclisation involving the 

homolytic displacement of an alkyl radical firom sulfur would generate the fused 5,5-

ring system 306. This fate is not available to the diastereoisomer 305 (derived from 

cyclisation through conformer 304) as the intermediate carbon centred radical and the 

sulfur atom cannot come into close proximity. Overall the cyclisation 301 to 306 

would be rendered diastereoselective. It was hoped that the cyclisation 304 to 305 

would be reversible so that the homolytic displacement at sulfur would channel all of 

the substrate 301 through to the bicyclic product 306. 

When we commenced our work this method had been successfully applied to a 

number of 1,6-dienes as highlighted in Scheme 3.3. Photochemical initiation was 

found to be more efficient than thermal initiation. The use of di-r-butyldisulfide was 

more effective than other disulfides and thiols (being a poor hydrogen atom donor). 

Monocyclic side products arising from hydrogen atom quench prior to homolytic 

displacement at sulfur were minimal under these conditions. 

(fBuS)2, hv 

^ hexane, Et̂ B 
55% 

308 

HI"—"IH 

309 

H 
^ (auS)2, hv 

o s 
o. 1 D 

310 

hexane, EtgB 
45% H 

311 

O 

O 

(rBuS)2, hv 
^ 

^ hexane, Et̂ B 
33% 

TsN 

(muS)2, hv 

hexane, Et̂ B 
33% 

H 

TsN S 

H 

312 313 314 315 

Scheme 3.3 
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The use of dibenzyldisulfide produced significant amounts of monocycle which was 

attributed to a facile intramolecular hydrogen atom transfer from the benzylic position 

(Figure 3.1). Use of fgrf-butyldisulfide increased the yield of co-cyclised product but 

generation of the monocycle from the diastereoisomer was still observed. 

Presumably the hydrogen atoms of the f-butyl moiety are less prone to abstraction but 

can participate in a slow elimination reaction, leading to hydrogen atom transfer 

(Figure 3.2). Bf:9-(l-adamantyl)disulfide 316 was also investigated as a source of 

adamantyl thiyl radicals. Abstraction of a hydrogen atom in this case is much less 

favourable since it would result in the formation of a bridgehead double bond (Figure 

3.3). Use of 316 did indeed minimise the formation of monocyclic products but gave 

virtually no improvement in the yield of bicyclic products. Since 316 is not available 

commercially, di-/-butyl disulphide was subsequently used. 

H 
)—Ph 

H 

} - P h 
S 

Figure 3.1 

H- \ / /S 7< 
R 

+ RH + muSS" 

Figure 3.2 

R 

+ RH + AdSS 

Figure 3.3 
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The long reaction times required (typically 24 h of irradiation) were reduced when 

triethylborane was added to the solution. Switching from a Pyrex photochemical 

reactor to a quartz vessel was likewise beneficial. The increase in amount of ultra 

violet light reaching the reaction mixture was apparent from the reduction in reaction 

times. Hexane was found to be the solvent of choice in these cyclisation reactions. 

Acetonitrile extended the reaction times slightly but was a useful alternative when 

more polar substrates, with poor solubility in hexane, were employed. As would be 

expected, tetrahydrofiiran was found to increase the production of monocyclic 

products through facile hydrogen atom donation. 

3.4 Application to Lisnan Synthesis 

A logical extension of this work would include application in target oriented synthesis 

and this was our aim. Our targets included the aryltetralin lignans 317 and 321 

isolated from the fruits.'*'' 317 has also been isolated from l/fro/a 

as have 320 and 322,'*̂  while otobain 318 has been found in 

fruit and austrobailignan-3 319 was isolated from 

A range of routes to aryltetralin natural products can be found in the literature and will 

not be discussed further here. 
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Our retrosynthetic analysis sought to produce aryltetraiin 320 by dehydration of 

alcohol 323 formed by union of an aryl Gringard reagent with ketone 324. The 

ketone was to originate from the sulfur mediated radical cyclisation of diene 326 

followed by treatment with Raney Nickel (Scheme 3.4). 

ArMgr oTsOH 

OMe 
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O 
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o 
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O 
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= > <: 
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325 326 

Scheme 3.4 
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There were several points of interest within the retrosynthetic analysis. Firstly we 

were curious to see if our method could be used to effect construction of a six 

membered ring. Moreover, since one would expect ring closure to favour production 

of a /raMJ substituted cyclohexane, would co-cyclisation generate a rraM -̂fused 

product? 

c_% — 

4 % 
/Bu 

SfBu 

H 

SfBu 

H 
H H 

^ 

H 

CV^ 
H 

H 

Scheme 3.5 

We began by following the synthetic route shown in Scheme 3.6. 6-Bromopiperona] 

204 was treated with vinylmagnesium chloride to give 327 in 72% yield. Protection 

of the alcohol with the methoxymethyl protecting group provided 328 in 86% yield. 

The allyl moiety was next installed vfa metal-halogen exchange with ^-butyllithium, 

transmetallation with CuI.P(0Et)3 and union with allyl bromide to give 326 in 86% 

yield. Irradiation of a hexane solution of 326 at ambient temperature with 

triethylborane and di-r-butyldisulfide led to a complex and inseparable mixture of 

products. Notably, no alkene resonances were evident in the proton NMR of the 

mixture, suggesting that the cyclisation may have proceeded but was unselective. 

Several regiochemical and stereochemical outcomes can be envisaged and we 

presume that many are facile (Scheme 3.6). 
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Scheme 3.6 

We noted that in this example there was no differentiation between the alkenes. Since 

the sulfur centred radical is electrophilic, it would be expected to attack an electron 

rich alkene preferentially. With this in mind we aimed to oxidise alcohol 335 to 

enone 336 in order to direct attack of the sulfur centred radical to the unconjugated 

alkene and thus render the reaction selective (Scheme 3.7). 
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Scheme 3.7 
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Removal of the MOM protecting group from 326 proved troublesome so we amended 

our approach and employed a THP protecting group. However the allylation was then 

unsuccessful so an alternative protection strategy was required (Scheme 3.8). 

OH 
O O i) f-BuLi O O 

DHP, PPTS Q 

78% O 

o ii)CuI.P(0Et)3 ^ 

O 
m ) ^ B r 

337 338 

Scheme 3.8 

Protection of aldehyde 204 as an acetal and allylation of 339 with CuCN.LiCl and 

allyl bromide gave 340 in 87% yield. Deprotection under acidic conditions to 

aldehyde 341 and exposure to vinylmagnesium chloride gave 335. However, 

oxidation of 335 to 336 proved intractable most likely due to polymerisation of the 

a,P-unsaturated ketone. 
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Scheme 3.9 
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We thus chose to utihse a model system to enable us to make a clearer examination of 

the cyclisation. A Wittig reaction between aldehyde 341 and ylid 342 gave diene 343. 

This molecule satisfied our requirements for differentiation between the alkenes - one 

being conjugated to the ester and electron poor and the other out of conjugation so, in 

principle, more likely to be attacked by the electrophilic thiyl radical. Exposure of 

343 to di-/-butyldisulfide under UV irradiation, as expected led to products derived 

from attack of the resulting sulfiir radical at the more electron rich alkene. (Scheme 

3.10). 
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OEt 

S'BU 
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Scheme 3.10 

347 

Due to the planarity of the molecule, we expected the radical 344 to undergo a 6-

endo-Xng cyclisation to form the six membered ring and our desired skeleton 346. 

However, in practice the intermediate radical underwent a 5-e%o-trig cyclisation to 

intermediate radical 347 which then, underwent hemolytic substitution at sulfur to 

form bicyclic product 348. 
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We then attempted the cyclisation again using thiophenol as our radical source. A 

product was given in 37% yield as an inseparable 1:1 mixture of diastereoisomers. A 

long range NMR correlation spectroscopy confirmed that this product was a mixture 

of 349 and 350, establishing that the 5-exo-trig cyclisation dominates in this system. 

O O 

<:xr^- • <:xx!^Z 
343 349 350 

Scheme 3.11 

Further model systems were then investigated in an attempt to bias the reaction 

towards six membered ring formation. We sought to constrain the diene in a more 

rigid molecule such as 354. It was hoped that the radical intermediate formed on 

addition of the thiyl radical to the enone would be better able to effect a 6-eMâ o-trig 

cyclisation as the pathway would be less strained. 

The a,P-unsaturated ketone 354 was synthesised via the route shown in Scheme 3.12. 

Acetal 339 was stirred with methyl acrylate under Heck conditions to give 351 in 70% 

yield. Deprotection of the acetal under acidic conditions provided 352 in 89% yield. 

The resulting aldehyde was then treated with vinylmagnesium chloride to give alcohol 

353. Though unstable, this alcohol could be used directly in the following 

transformation, an oxidation with barium manganate, to give 354 in a yield of 48% 

over the two steps. Unfortunately cyclisation of 354 was unsuccessfW -

polymerisation being more facile than cyclisation in this instance. 
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o 
< 
o 

o - \ 
Pd(0Ac)2,PPh3,Et3N Q 

Br 

339 
O 

70% 

OMe 

pTsOH 

PhSH, hv 
SPh _ 
OMe 

355 

351 

BaMnÔ  Q 
••al — ^ 11 

o OMe 

Q 48% (two steps) 

354 

OMe 

352 

c^MgCI 

OH 

OMe 

353 

Scheme 3.12 

3.5 Returning to the Methodology. 

As all attempts to effect the synthesis of a six membered ring had met with failure we 

chose to further investigate the scope and limitations of the cyclisation. 

o 

Br 

Heck Wittig O 

OEt 

356 357 

O (/BuS)2, hu 

OEt _ 
OEt 

358 

Scheme 3.13 

We began by synthesising 358 Wa the sequence depicted in Scheme 3.13. However, 

all attempts to effect cyclisation of the aromatic substrates using sulfur mediated 

radical cyclisadons failed. One possible explanation is that the cyclisation step will be 

slow as the product is strained (the bond angle at a and b is less than its preferred 
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120°). This may cause the reverse reaction to be faster than the forward reaction 

(Scheme 3.14). 

.QEt quench 

< II J O 
o OEt 

SR O 

O 

360 

OEt 

361 362 

Scheme 3.14 

A number of general examples were then attempted to ensure that the method used to 

conduct the aforementioned experiments did not differ from the original work 

(Scheme 3.15). The precursors 364, 366 and 368 were prepared by diallylation of a 

(3-dicarbonyl compound with allyl iodide using DBU as base. Diene 369 was 

obtained from 364 by decarboxylation with NaCl in refluxing DMF. Dienes 371 and 

373 were synthesised by the allylation of 370 and 372 respectively using LDA and 

quenching with three equivalents of allyl bromide. Where monoallylation occurred, 

the monoallyated product was subjected to the same reaction conditions to give 371 

and 373 respectively. 
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Me02C MeOgC 

MeOzĈ  DBU MeOzC^"^ ( I DBU 
37% 53% 

363 364 365 366 

M . O , C ^ D M ^ ^ ' 0=< MeO^C^^V — M e 0 2 C - < 

EtO^C MeOzC 

47% 

367 368 364 369 

a ^ c f ^ 
0 ^ 0 

x2 steps 87% 79% 

370 371 372 373 

Scheme 3.15 

Photolysis of each of the dienes 364, 366, 368 and 369 in the presence of di-r-

butyldisulfide led to the corresponding cz^y-bicyclic products in modest yields. 

Interestingly, for ester 369, only one diastereoisomer was given whereas for P-

ketoester 368, two diastereoisomers were given in equal proportion. We were also 

able to effect the cyclisation with dienes 371 and 373. In both cases the cyclisation 

gave a 1:1 mixture of diastereoisomers in modest yields (Scheme 3.16). 
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M e O z C ^ ^ hu 

MeOzC 46% 

364 

MeOoC^COzMe 

H")—f"H 

374 

MeÔ C 

r~^ hu (ffluS)2 
MeOjC—<f ^ Hi")—("'H 

^ 42% .g. 

369 375 

hu (fBuS); 

47% 

EtO^C 

EtOzC 
hu (fBuS)? 

HI 

45% 

EtÔ C 

hu (fBuS)? 

371 379 380 

J 

O'^O 

372 

(fBuS)2, hu 

32% 

381 382 

Scheme 3.15 

The method was then extended to six ring closures using diene 383. Here, the 

products attained were monocycles 384 and 385. We are unsure why the second 

cyclisation was disfavoured in this case. 
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OEt — *" ^ ^ " , , OEt L ^ . . „ OEt 

OH SfBu 
T ^ 40% 
OH OH SfBu 

383 384 

Scheme 3.17 

Attempts to cyclise dienes 386 and 387 proved unsuccessful which we presume to be 

due to steric factors - ± e alkene being 1,2-disubstituted impedes the addition of di-f-

dibutyldisulfide considerably. Our failure to effect cyclisation of diene 388 is more 

puzzling. It may be that the Thorpe-Ingold effect has considerable influence upon the 

outcome of these reactions.''^ Most successfiil cyclisations contain a quaternary 

carbon within the carbon chain of the 1,6-diene, while those that failed do not. 

AcO 

OEt 
OEt 

MeO EtO 

386 387 388 

Finally, compound 389 was treated with di-r-butyldisulfide. In this case the first 

cyclisation gave rise to a mixture of cis and trans isomers. A proportion of the cis 

diastereoisomer then underwent a second cyclisation to give tricycle 393 in 18% 

yield, while the Tm/iy diastereoisomer suffered hydrogen atom quench to yield bicycle 

392. 

Conducting the reaction with adamantyldisulfide under similar conditions provided a 

mixture of czj and fraw bicycles 394 and 395 in a 5:1 ratio. 
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Presumably the steric bulk of the adamantyl group prevents adoption of a 

conformation that would allow an Snl reaction at sulfur to occur. In this case only 

monocyclic products were given. 

o 

389 

O 

389 

H tq 
f'/BuS)] hv 

/ \" 
(AdS)2 hv ^ 

70% 
H 

5;1 

394 

Scheme 3.18 

395 

3.6 Conclusions 

We attempted to construct the aryltetralin skeleton using a thiyi radical cyclisation 

pioneered in the Harrowven group.'*̂  Our failure led us to examine further the scope 

of this cyclisation method. Our studies have shown it to be tolerant of a range of 

functional groups. Yields were generally modest with 1,6-dienes, suggesting that the 

first radical cyclisation step (e.g 304 to 305) is irreversible. 
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Chapter Four 

Intramolecular Radical Cyclisations to Aromatic Systems 
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4.1 Background 

Biaryl moieties are found in many natural product systems and an efficient synthesis 

of these would have a wide range of applications. There are a number of well known 

methods for biaryl synthesis, many of which involve transition metal complexes as 

intermediates. Perhaps the most widely used is the Suzuki reaction, a palladium 

catalysed cross coupling between an aryl halide and a phenylboronic acid.^' However 

these methods are often poor when orfAo substituted substrates are employed due to 

steric hindrance. Recent advances in radical based methodologies, such as the 

addition of aryl radicals to aromatics, provide useful alternatives.^^ For example, 

Motherwell has produced biaryl systems from sulfonamides and sulfonate precursors 

v/a an aryl migration reaction conducted under standard radical forming conditions 

(Scheme 4.1).̂ " 

BusSnH 
R? 

401 402 

0-63% 

403 

0-57% 

Ri,R2 = HorCH3 
X = OorNCH3 

Scheme 4.1 

The production of 403 was presumed to occur via ipso attack followed by the loss of 

SO2. The efficiency of attack was greatly influenced by orrAo substituents on the 

radical accepting ring. When R] - Me and X = NMe, the only identifiable product 

was 403 in 57% yield. 
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Use of o-bromobenzyl phenyl ethers as precursors to biaryl systems has also been 

investigated although yields were modest (Scheme 4.2).̂ '* 

o - \ 

MeO 

BusSnH 

AIBN 

o - \ o - \ 

404 405 

5% 

Scheme 4.2 

406 407 

7% 

More recently silyl ethers and phosphinates have been used as a tether for aryl 

migrations (Scheme 4.3)/^'^^ 

i) BuaSnH, AIBN 

ii) MeLi 

,0H 

408 

Ph 

409 

BugSnH, PhMe 

AIBN 73% 

410 

.OH 

411 

Scheme 4.3 

412 

4.2 Cvclisations onto Pyridines 

Toddaquinoline 415, a natural product extracted from the root bark of fbrmosan, has 

been a target in our group.̂ '̂ The successful synthesis of this compound prompted 

further investigation into radical cyclisations onto pyridines (Scheme 4.4). 
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Co(I) 

OH 
OBn 

OBn 
\ - 0 N 

413 414 

Scheme 4.4 

415 

After some initial failures, treatment of aiyl bromides 416 and 419 with tributyltin 

hydride and AIBN in toluene at 80°C for 24 h provided products derived from zpj'o-

substitution albeit in low yield (Scheme 4.5 and 4.6). 

OMe OMe 
OMe 

Bi 

O OMe 

N 

Bû SnH, AIBN 

PhMe, 80-90°C 

OMe MeO 

416 
18% 

417 

OMe 

Scheme 4.5 

Br 

O ,xr 
N 

BugSnH, AIBN 

PhMe, 80-90°C 
+ 

MeO 

419 

19% 
420 

16% 

421 

Scheme 4.6 

4.3 Extension of the methodology 

We felt that this methodology had great potential especially if it could be extended to 

z/75(9-substitutions involving phenyl rings. To that end a series of benzyl 2-iodophenyl 

ethers were prepared from 2-iodophenol and various benzyl halides. These were 

either commercially available or synthesised from the corresponding benzyl alcohol 

by treatment with phosphorous tribromide in benzene. 
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Reaction of 422 with tributyltin hydride and AIBN in toluene provided aryl methyl 

ether 423 in 73% yield together with a trace of tricycle 424 (Scheme 4.7). 

NC 

BugSnH, AIBN 

PhMe, 80-90°C 

MeO 

trace 73% 

422 423 

Scheme 4.7 

Production of 423 and 424 were presumed to be a result of a 5-e%o-trig cyclisation vza 

attack. Spirocycle 426 then fragments to 427 to re-establish the aromatic ring. A 

hydrogen atom abstraction from tributyltin hydride gives methyl ether 423. The 

radical Intermediate 427 may also add to the arene vza either a 5-g%o-trig cyclisation 

leading back to spirocycle 426 or a slower 6-g«^o/gxo-trig course to 428 providing 

benzo[c]chromene 424 (Scheme 4.8). 
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NC 

BugSnH 

AIBN, PhMe 
80 -90°C 

+ 

OMe 

422 423 

e t a 

CN 

425 

CN 

CN 
CN 

426 

O 

427 

O 

428 

Scheme 4.8 

We were pleased to be able to apply the cyclisation to a number of substrates. Thus, 

ester 429 gave 430 and 431 in moderate yield and we saw cyclisation to the 

terphenyls 433 and 434 in 16% and 32% respectively (Scheme 4.9 and 4.10). 

Unfortunately the complete separation of the two products was not possible in these 

examples. 

MeOzC 

BugSnH, AIBN 

PhMe, 80-90°C 

42% 

429 

+ 

COzMe ]:] 

430 

MeO 

COzMe 

Scheme 4.9 
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' D 
Bû SnH, AIBN 

PhMe, 80-90°C 

48% 

+ 

1:2 

MeO 

432 433 434 

Scheme 4.10 

Methyl substituents at the position were then shown to block the 6-gM6fo-trig 

pathway. Hence, exposure of 2,4,6-trimethylbenzyl ether 435 to tributyltin hydride 

under standard radical forming conditions gave methyl ether 436 in good yield 

(Scheme 4.11). 

BugSnH, AIBN 
MeO 

435 

PhMe, 80-90°C 

79% 
436 

OMe 

437 438 

Scheme 4.11 

439 

We believe that the intermediate radical 438 may abstract a hydrogen atom from a 

proximal methyl group to give 439 which is then quenched by tributyltin hydride 

(Scheme 4.11). Intramolecular hydrogen atom abstraction may also occur when one 
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or^Ao-methyl substituent is present on the benzyl ether. Thus, o-tolyl ether 440 

provided biaryl methyl ether 441 as the m^or product in 47% yield (Scheme 4.12). 

BuiSnH, AIBN 
MeO 

440 

PhMe, 80-90°C 

47% 

Scheme 4.12 

441 

4.4 Synthesis of terphenyls 

Terphenyl systems are also present in a number of natural products, including the 

simple terphenyls 442 -444.^^ 

OH OAc 
OAc 

BzO 

BzO 

OBz AcO 

OBz AcO 

OAc 

OAc 

OH OAc 

442 443 444 

We attempted to target this class of compounds using a tandem variant of the reaction. 

By treating 2,4-diiodo-l,3-diphenol with 4-cyano benzyl bromide 446 we were able to 

prepare the ether 447 which was set up for sequential cyclisation. Unfortunately, 

we found this compound to be insoluble in all regular solvents. Its molecular weight 

and melting point were beyond the parameters of our instruments so we were unable 

to fully characterise the material. Moreover, its insolubility in refluxing toluene or 

benzene prevented us from taking the compound through the tandem ^j'o-substitution 

step (Scheme 4.13). 
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CN 

OH Br 

A NaOH 

7 - 9 81% 

OH 1 
CN 

445 446 

MeO 

OMe 

CN 

447 m.p. >270°C 

Scheme 4.13 

We were, however, able to effect such a reaction on other substrates. The cyclisation 

and fragmentation of ether 448 appeared to be successful but the resulting mixture 

of compounds could not be separated. Likewise, the products &om the /7-methoxy 

substrate 452 were also inseparable. In both cases we were able to use '^C NMR data 

to conArm the absence of starting material. These data also provided evidence in 

support of the products 449 - 451 and 453 - 454. Furthermore analysis of the product 

mixture by GC mass spectrometry allowed us to confirm that the molecular weight of 

each component was in agreement with the assignments made (Scheme 4.14 and 

4.15). 

O 

o 

Bu^SnH, AIBN 

PhMe, 80-90°C 

88% 

OMe 
+ 

OMe 

448 449 

Scheme 4.14 

450 451 
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o 
Bu.SnH, AIBN 

O 

MeO 

PhMe, 80-90°C 

68% 

MeO 

MeO 

OMe 

OMe 

MeO 

OMe 

OMe 

452 453 454 

Scheme 4.15 

The success of the cyclisation of 432 to terphenyls 433 and 434 prompted us to try a 

tandem version of this cyclisation as it would provide a route to the pentaphenyl 

moiety, a class of compounds that has found applications as laser dyes.^° Thus, we 

synthesised compound 455 and treated it under our radical forming conditions. The 

resulting products again proved inseparable by column chromatography but were 

yellow solids that appeared to fluoresce in solution. Attempts to separate these 

compounds by recrystallisation also failed. However, GC-MS showed that all three 

components of the product mixture had molecular masses consistent with 456 - 458. 
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BugSnH, AIBN ,OMe 
+ 

PhMe, 80-90°C 

71% 

,OMe 
+ 

455 456 

Scheme 4.16 

457 458 

As before, the reaction produced only one product when two orfAo methyl 

substituents were present in the benzyl ether. Thus cyclisation of 459 gave terphenyl 

460 as the only isolated product in 67% yield (Scheme 4.17). 

BugSnH, A I B N 

PhMe, 80-90''C 

67% 

MeO 

OMe 

459 460 

Scheme 4.17 

We had noted that selectivity was poorer when only one or^/zo-methyl group was 

present in the benzyl ether (Scheme 4.12). The tandem variant of that cyclisation e.g 

with 461, unsurprisingly gave a complex mixture of products attributed to 462 and 
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463. Again we were unable to effect the complete separation of these compounds 

though data attained on the mixture helps confirm our assignment (Scheme 4.18). 

PhMe, 80-90"C 
O. 

71% 

^ Bu^SnH, AIBN ^ O M e 

461 462 463 

Scheme 4.18 

4.5 Conclusions 

We have uncovered a new method of synthesising biaryls and triaryls through an 

intramolecular ^^o-substitution reaction initiated by the addition of an aryl radical to 

a benzyl ether.^' A tandem variant of the reaction has also been demonstrated. Whilst 

there are some issues relating to the separation of the products, the reaction has much 

potential in natural product synthesis. 
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Chapter Five 

Experimental 
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Experimental 

5.1 General Experimental 

Reactions requiring anhydrous conditions were conducted in flame dried apparatus 

under a positive nitrogen atmosphere. Dry solvents were prepared by standard 

methods and where necessary commercial reagents were purified by distillation or 

recrystallisation prior to use. 

Organic extracts were concentrated at aspirator pressure using a Biichi-type rotary 

evaporator. All reaction mixtures were magnetically stirred and monitored by thin 

layer chromatography using Machery-Nagel polygram Sil G/UV254 precoated 

aluminium sheets, layer thickness 0.25 mm. Compounds were visualised firstly by 

UV irradiation, then by heating plates exposed to solutions of either phosphomolybdic 

acid in ethanol or dinitrophenol in sulfuric acid. Column chromatography was 

performed on 230-400 Mesh 60H silica gel (Machery-Nagel), slurry packed and run 

under low pressure. Petrol refers to petroleum ether b.p. 40-60°C and ether refers to 

diethyl ether. 

Melting points were determined on a Griffin melting point apparatus and are 

uncorrected. UV spectra were recorded on a Pye Unicam (PU8800 or SP800) UV-vis 

spectrometer. Maxima are reported as Imax (irni) followed in parenthesis by the 

extinction coefficient, e (dm '̂mol'̂ cm'̂ ). 

IR spectra were recorded on a Perkin Elmer 1600 series spectrometer using NaCl 

cells, or a Nicolet Impact 400 spectrophotometer (1 milliwatt helium neon laser at 633 
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am). Details are reported as v̂ ax (cm ') followed by a description using the following 

abbreviations: s = strong, m = medium, w = weak and br = broad. 

'H NMR spectra were recorded on a Bruker AC300 (300MHz) spectrometer or a 

DPX 400 (400 MHz) spectrometer as stated. Chemical shifts are quoted as 6 values 

(p.p.m.) relative to residual CHCI3 (Sn = 7.27 p.p.m.). Multiplicities are described 

using the abbreviations: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, 

br = broad and app = apparent. 

'̂ C NMR were recorded on a Bruker AC300 (75MHz) spectrometer or a DPX400 

(400MHz) spectrometer as stated. Chemical shifts are quoted as 6 values (p.p.m.) 

relative to residual CHCI3 (6c = 77.2 p.p.m.). 

Mass Spectra were recorded under the supervision of Dr. J.A. Ballantine at the 

EPSRC Mass Spectrometry Centre, University of Wales, Swansea or Dr. G.J. Langley 

at the University of Southampton using a variety of instruments. Signals are reported 

as values in atomic mass units followed in parenthesis by the peak intensity relative to 

the base peak (100%). 
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l-(3,4-l)inicthox\ nlienvl)nropaii-l-()l 207 62 

O 
MeO 

x y 
MgBr 

MeO 
206 

166 

80% 

OH 

207 

196 

MeO 

Prepared by the method of Roberti.̂ ^ 3,4-Dimethoxybenzaldehyde 206 (5.0 g, 30 

mmol) was stirred in THF (60 mL) under N]. Ethylmagnesium bromide (12 mL of a 

3M solution) was added vfa syringe over 10 min. The mixture was left to stir for Ih. 

After this time the solution was quenched with water (30 mL) and extracted with ether 

(3 X 20 mL). The organic layer was separated, dried (MgS04) and solvent removed m 

vacwo. The product was purified by column chromotography (40% ether in petrol) to 

give 207 as a clear oil (4.71 g, 24 mmol, 80%). 

H N M R 

13 C N M R 

FT-IR 

UV 

LRMS 

(300 MHz, CDCI3) 8H 6.80 (IH, s, Ar/^, 6.72 (2H, s, 2 x ArT^, 4.38 

(IH, t, J6.6 Hz, C;/OH), 3.75 (3H, s, OC//3), 3.73 (3H, s, OC/f]), 2.78 

(IH, br s, 1.71 (IH, app. qd, J7.3, 6.6 Hz, CHHCH3), 1.61 (IH, 

app. qd, y 7.3, 6.6 Hz, CH/fCHa), 0.83 (3H, t, J7 .3 Hz, C/Ts) p p m. 

(75.5 MHz, CDCI3) 6c 148.9 (C (Ar)), 148.5 (C (Ar)), 138.6 (C (Ar)), 

118.7 (CH (Ar)), 110.6 (CH (Ar)), 109.1 (CH (Ar)), 75.7 (CHOH), 

55.9 (OCH3), 55.8 (OCH3), 31.9 (CHz), 10.3 (CH3) p.p.m. 

Vmax (neat film) 3490brs, 2836s, 1607s, 1517s, 1483s, 1318m, 1158s, 

1101m, 1027s, 979m, 858m cm '. 

Xmax (MeOH) 279 (3500), 238 (3000) nm. 

(APCI) 196 ([M]\ 11%), 180 (10), 179 (100), 166 (14) amu. 

These data were fully consistent with those reported in the literature. 62 
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l-(3,4-Dinicth()xvnhenvl)nronan-l-one 208 63 

OH 

207 

C,,H,603l96 

O 
BaMnO^ 

70% 
MeO 

208 

C] 194 

Compound 207 (3.0 g, 15 mmol) and BaMn04 (19.2 g, 75 mmol) in dry CH2CI2 were 

stirred under a nitrogen atmosphere for 48 h. The mixture was then filtered through a 

plug of celite and the solvent removed m mcwo. The product was purified v/a column 

chromatography (10% ether in petrol) to give 208 as colourless crystals (2.03 g, 11 

mmol, 70 %). 

m.p. 60.61°C (petrol), lit̂ ^ 59-60 °C. 

'H NMR (300 MHz, CDCI3) §» 7.54 (IH, d with fine splitting, J 8.2 Hz, Ar//), 

7.49 (IH, br s with fine splitting, Ar//), 6.84 (IH, d with fine splitting, 

J 8.2 Hz, Ar^ , 3.87 (6H, s, 2 x OC//]), 2.91 (2H, q, J 7.2 Hz, % ) , 

1.17 (3H, t, J7.2 Hz, % ) p.p.m. 

NMR (75.5 MHz, CDCI3) 6c 199.5 (C=0), 153.1 (C (Ar)), 149.1 (C (Ar)), 

130.2 (C (Ar)), 122.6 (CH (Ar)), 110.2 (CH (Ar)), 110.1 (CH (Ar)), 

56.1 (OCH3), 56.0 (OCH3), 31.3 (CH2), 8.6 (CH3) p.p.m. 

FT-IR Vmax (nujol) 1667s, 1515s, 1377s, 1280s, 1204s, 1083m, 1017m, 875m, 

798s, 722m cm '. 

UV Imax (MeOH) 299 (28000), 273 (46800), 226 (44800) nm. 

LRMS (APCI) 195 ([M+H]+, 100%) amu. 

These data are fully consistent with those reported in the literature 63 
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f£l-l,2-Dichloro-l-(3.,4-dimethoxvphenvI)Dropene 209 64 

o 

208 

CnHi^O] 194 

PCI< 

MeO 
82% 

209 

C,,H,2Cl202 246 

Prepared by the method of Engler.^ Compound 208 (1.55 g, 8.46 mmol) was 

refluxed in toluene (40 mL) together with PCI5 (3.52 g, 16.9 mmol) under a nitrogen 

atmosphere for 48 h. The reaction was diluted with ether (40 mL) and washed with 

saturated sodium bicarbonate solution (2 x 20 mL) and then brine (2 x 20mL). The 

organic layer was dried (MgSO^), concentrated m and purified column 

chromatography (5% etlier in petrol) to give 209 as a colourless oil (1.71 g, 6.93 

mmol, 82%). 

^HNMR 

13 C N M R 

FT-IR 

UV 

LRMS 

(300 MHz, CDCI3) 6H 7.06 (IH, dd, J8.4, 1.8 Hz, Ar/f), 6.99 (IH, d, J 

1.8 Hz, Ar/f), 6.86 (IH, d, / 8.4 Hz, Ar/f), 3.87 (6H, s, 2 x 0 % ) , 

2.38 (3H, s, C//3) p.p.m. 

(75.5 MHz, CDCI3) 8c 149.3 (C (Ar)), 148.4 (C (Ar)), 129.8 (C (Ar)), 

126.9 (ArCCl), 126.2 (=CC1), 122.3 (CH (Ar)), 112.4 (CH (Ar)), 110.7 

(CH (Ar)), 56.1 (OCH3), 56.0 (OCH3), 24.4 (CH3) p p m. 

Some additional signals attributed to ca. 8% of the c/f isomer were also 

observed. 

Vmax (neat film) 3012s, 2836s, 2589w, 2029w, 1601s, 1464s, 1326m, 

1167s, 1027s, 859m cm '. 

Xmax (MeOH) 285 (30500), 262 (37600), 231inf. (31000) nm. 

(APCI) 246 ([M]+, 100%) amu. 

These data were fully consistent with those reported in the literature. 64 
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l,2-Dimethoxv-4-(prop-l-vnvl)benzene 205 64 

MeO 

MeO' 

209 

CuHnCIzO; 246 

Mg 

89% 

MeO 

MeO 
205 

C,,H,202 176 

Prepared by the method of Engler.^ Activated magnesium turnings (737 mg, 30.4 

mmol) were stirred in THF (40 mL) and 1,2-dibromoethane (0.2 mL, 1.2 mmol) was 

added Wa syringe. A sglution of compound 209 (1.5 g, 6.07 mmol) in THF (10 mL)̂  

was added vfa syringe over 10 min and after the initial reaction had subsided, the 

temperature was increased to reflux for 16 h. The mixture was then filtered, diluted 

with water (20 mL) and extracted with ether (3 x 20 mL). The combined organic 

layers were dried (MgS04) and the solvent was removed m vacwo. The product was 

purified via column chromatography (2% ether in petrol) to give 205 as colourless 

crystals (0.95 g, 5.39 mmol, 89%). 

47-48°C (petrol), lit^ 49-51°C. 

(300 MHz, CDCI3) 6H 6.96 (IH, d with fine splitting, J 8.4 Hz, Ar/^, 

6.88 (IH, s with fine splitting, AxH), 6.74 (IH, d, J 8.4 Hz, Ar/f), 3.85 

(6H, s, 2 X OC//3), 1.98 (3H, s, C/^) p.p.m. 

"C NMR (300 MHz, CDCI3) 6c 148.9 (C (Ar)), 148.6 (C (Ar)), 124.6 (CH (Ar)), 

116.4 (C (Ar)), 114.4 (CH (Ar)), 111.1 (CH (Ar)), 84.2 (C=C), 79.7 

(C=C), 55.9 (2 X OCH3), 4.3 (CH3) p.p.m. 

FT-IR Vmax (nujol) 2032w, 1838w, 1723w, 1600s, 1513s, 1483s, 1377m, 

1212s, 1135s, 863s. 763s, 722m cm'^ 

m.p. 

^HNMR 
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UV Xmax (MeOH) 278 (9300), 283 (9600), 256 (30900), 223 (16400) nm. 

LRMS (APCI) 176 ([M]+ 100%) amu. 

These data were fully consistent with those reported in the literature.^ 

7-f3,4-Dimethoxvphenvl1-6-methvl-5i/-indenof5,6-d][l,3]dioxol-5-one 201^^ and 

6-[3,4-Dimethoxvphenvil-7-methvl-5/f-indenoI5,6-d1[131dioxoI-5-one 210 

O 

MeO 

< J 
O 

O 

Br 

OMe 

OMe 

205 

OMe 

204 

C,,H 1202)76 CgHjBrOsZl? 

MeO OMe 

201 

CigHtgO; 324 

210 

CjgHigOg 324 

Prepared by a method analogous to that of Larock.̂ "̂  6-Bromopiperonal (0.286 g, 

1.24 mmol) was stirred in DMA (20 mL) together with M-Bu4NBr (0.805 g, 2.5 

mmol), Na2C03 (1.06 g, O.OIM), Pd(0Ac)2 (0.028 g, 0.12 mmol) and alkyne 204 

(0.440 g, 2.5 mmol). The temperature was maintained at 100°C and the mixture 

stirred under a nitrogen atmosphere for 3h. The solution was diluted with ether (30 

mL) and washed with saturated ammonium chloride (2 x 45 mL). The organic layer 

was separated and dried (MgS04) and the solvent removed m vocwo. Components 

were purified via column chromatography to give 201 and 210 as a 5:1 mixture of red 

solids which were separable by selective crystallisation from ethanol ([201 85 mg, 

0.262 mmol, 21%], [210 17 mg, 0.052 mmol, 4%]). 
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Data for 201 

13 

m.p. 142-144°C (MeOH), lif^ 214-216°C (MeOH). 

^HNMR (300 MHz, CDCI3) 6H 7.09 - 6.92 (4H, m, 4 x Ar/^, 6.63 (IH, s, 

Ar;^, 5.98 (2H, s, OC/^O), 3.98 (3H, s, OC/fs), 3.95 (3H, s, OC/fs), 

1.91 (3H, s, C//3)p.p.m. 

C N M R (75.5 MHz, CDCI3), 8c 196.9 (C=0), 152.9 (ArCMZCHs), 151.3 (C 

(Ar)), 149.9 (C (Ar)), 149.1 (C (Ar)), 147.1 (C (Ar)), 142.4 (C (Ar)), 

129.3 (2 X C(Ar)), 125.4 (ArC-CCHg), 121.3 (CH (Ar)), 111.3 (CH 

(Ar)), 111.1 (CH (Ar)), 105.1 (CH (Ar)), 103.6 (CH (Ar)), 102.1 

(OCH2O), 56.2 (OCH3), 56.1 (OCH3), 8.9 (CH3) p.p.m. 

(APCI) 325 ([M+H]\ 100%). 

vmax (CDCI3) 2923m, 1699s, 1598m, 1514s, 1321m, 1237s, 1140m, 

1027s, 921m, 758m cm '. 

Imax (CHCI3) 464 (700), 335 (6400), 268 (32000), 219 (11000) mn. 

(Er") Found 324.1004 C19H16O5 requires 324.0998 amu 

Found C 69.86 H 5.13 CigHieOs requires C 70.36 H 4.97. 

198 - 200°C (ethanol) 

(300 MHz, CDCI3) 8H 7.05 - 6.92 (4H, m, 4 x Ar/f), 6.71 (IH, s, 

Ar/0, 5.99 (2H, s, OC/fzO), 3.97 (6H, s, 2 x OC//3), 2.28 (3H, s, 0/^3) 

p.p.m. 

^^CNMR (100 MHz, CDCI3) 6c 195.9 (C=0), 152.2 (C (Ar)), 152.1 

(ArC=CCH3), 149.1 (C(Ar)), 149.0 (C(Ar)), 147.9 (C(Ar)), 143.1 (C 

(Ar)), 132.5 (C (Ar)), 124.7 (ArC-CCHs), 124.5 (C (Ar)), 122.5 (CH 

LRMS 

FT-IR 

UV-vis 

HRMS 

CHN 

Data for 210 

m.p. 

'HNMR 
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(Ar)), 113.0 (CH (Ar)), 111.4 (CH(Ar), 105.1 (CH (Ar)), 102.5 (CH 

(Ar)), 102.4 (OCHz), 56.3 (2 x OCH3), 13.1 (CH3) p.p.m. 

FT-IR Vmax (neat) 2947w, 2883w, 1702m, 1590m, 1491s, 1354m, 1221s, 

1030s, 927m, SOSwcm '. 

UV-vis Xmax (CH2CI2) 460 (400), 310 (3600), 264 (21800) mn. 

LRMS (APCI) 325 ([MH]\ 100%) amu. 

HRMS (EI) Found 324.0999, CipHigOs requires 324.0998 amu. 

l-Benzofl,3]dioxol-5-vl-propan-l-oi 219 

O OH 

218 219 

CgH603 150 C,oHi203 180 

Prepared by the method of Orcutt.̂ ^ Piperonal 218 (7.0 g, 46 mmol) was stirred in 

THF at 0°C. Ethylmagnesium bromide (15.5 mL of a 3M solution in ether) was 

added via syringe over 10 min and the solution was allowed to stir for Ih. The 

reaction mixture was diluted with ether (50 mL) and washed with water (2 x 20 mL) 

and brine (2 x 20 mL). The organic layer was dried (MgS04) and the solvent was 

removed vacuo to give 219 as a pale yellow oil (6.27 g, 34 mmol, 75%). 

'H NMR (300MHz, CDCI3) 80 6.82 (IH, s, Ar/^, 6.74 (2H, s, 2 x A r ^ , 5.91 

(2H, s, OC//2O), 4.44 (IH, t, J 6.2 Hz, C/fOH), 2.51 (IH, br s, O/O, 

1.81-1.59 (2H, m, % % ) , 0.86 (3H, t, J7.3 Hz, CH3) p.p.m. 
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" c NMR (75.5 MHz, CDCI3) 8c 147.8 (C (Ar)), 146.9 (C (Ar)), 138.9 (C (Ar)), 

119.5 (CH (Ar)), 108.1 (CH (Ar)), 106.6 (CH (Ar)), 101.2 (OCH2O), 

75.9 (CHOH), 31.9 (CHz), 10.3 (CH3) p.p.m. 

FT-IR Vmax(neat film) 3416br, 2969s, 1684m, 1609m, 1506s, 1437s, 1247s, 

1039s, 976w, 812w cm '. 

UV Imax (MeOH) 286 (2800), 239 (2200) mn. 

LRMS (APCI) 180 ([M]% 6%), 163 (100) amu. 

These data were consistent with those reported in the literature. 

1 -(Bcnzo 11,31 dioxol-S-vD-nropan-1 -one 220^^ 

OH O 

219 220 

C,oH,203 180 CioHioO] 178 

Compound 219 (4.0 g, 22 mmol) was stirred in dry CH2CI2 (30 mL) together with 

activated BaMn04 (38.2 g, 44mmoI) for 16 h at ambient temperature. The reaction 

mixture was Altered through a plug of celite and the solvent removed m vacwo. The 

product was purified vza column chromatography to give 220 as colourless crystals 

(1.85 g, O.OIM, 47%) which were recrystallised from petrol. 

m.p. 33-34°C (petrol), lit̂ ^ 36-37°C 

'HNMR (300 MHz, CDCI3) 6H7.36 (IH, dd, J8.2, 1.6 Hz, Ar/^, 7.23 (IH, d, 7 

1.6 Hz, Ar/:0, 6.64 (IH, d, J 8.2 Hz, A r ^ , 5.85 (2H, s, 0CJ%0), 2.74 

(2H, q, J7.3 Hz, C/6), 1.03 (3H, t, J7.3 Hz, C/^s) p p m. 
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NMR (75.5 MHz, CDCI3) 6c 198.6 (C=0), 151.5 (C (Ar)), 148.1 (C (Ar)), 

131.7 (C (Ar)), 124.4 (CH (Ar)), 107.7 (CH (Ar)), 107.6 (CH (Ar)), 

101.9 (OCH2O), 31.4 (CHz), 8.3 (CH3) p.p.m. 

FT-IR Vmax (nujol) 1882w, 1749w, 1673s, 1604s, 1441s, 1216s, 1138m, 

1043s, 972m, 827wcm-'. 

UV Xmax(MeOH) 307 (11000), 272 (10500), 233 (10500) mn. 

LRMS (APCI) 179 ([MH]\ 100%) 149 (28) amu. 

These data were consistent with those reported in the literature.^^ 

5-f-l,2-DichIoro-l-propenvll-l,3-benzodioxoIe 221 

CI o 
o 
< 

220 

C10H10O3 178 

PCI, 

22% 

221 

CioHgClzOz 230 

Prepared in accordance with the method of Engler.^ Comipound 220 (5.02 g, 28 

mmol) was stirred in toluene (40 mL) at reflux together with PCI5 (11.7 g, 56 mmol) 

for 8 h. The mixture was diluted with ether (40 mL) and washed with saturated 

sodium bicarbonate solution (2 x 20 mL). The organic layer was separated, dried 

(MgS04) and the solvent removed in vacuo. The product was purified via column 

chromatography to give a 1:1 mixture of cis and trans isomers of 221 as a colourless 

oil (1.48 g, 6.43 mmol, 22%). 

NMR (300 MHz, CDCI3) 6.97 (6H, m, 6 x Ar//), 6.04 (4H, s with fine 

splitting, OC^O), 2.43 (3H, s, C7i^), 2.19 (3H, s, C ^ ) p.p.m. 

C NMR (75.5 MHz, CDCI3) 8c 147.9 (C (Ar)), 147.7 (C (Ar)), 147.5, (C (Ar)), 

147.2 (C (Ar)), 130.8 (C (Ar)), 130.7 (C (Ar)), 128.8 (^CCl), 126.4 

13 
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1:23.4 (CH (v\r)), i:Z3.1 (C3i CAj-)), 1(]9.6 (CH (/ur}), 109.4 

(CH (vAj-)), 108.1 OCIi (jAf)), I()7.8 (CH (jAj)), 1()7.8 (=CC1), 1()6.9 

0=(:(:i), 101.4 (OOrtzCO, (OCHzO), 24.2 (OHb), 23^) ((THj) 

p.p.m. 

FT-IR Vmax(neat film) 2899m, 1838m, 1608m, 1503s, 1434s, 1341m, 1248s, 

1099m, 1040s, 936s, 842w, 748m cm'\ 

UV Xmax (MeOH) 293 (4200), 258 (4300), 230 (3300) mn. 

LRMS (APCI) 230 ([M]+, 100%) 214 (23), 196 (37) amu. 

HRMS (EO Found 229.9898, C10H8CI2O2 requires 229.9901 amu. 

6-Methvl-7-phen\i-5//-inden()|5,6-dHl,3]-di()xol-5-one 231 

O 

o 

o 

Br PdCI 

204 

CgHgBrO] 227 

230 

CgHg 116 

231 

C,7H,203 264 

Prepared by a modified method of Larock.̂ "̂  Compound 204 (495 mg, 2.16 mmol), 

1-phenylpropene 230 (500 mg, 4.32 mmol) and sodium hydrogen carbonate (724 mg , 

8.63 mmol) were stirred in toluene (30 mL) together with triphenylphosphine (281 

mg, 1.08 mmol) and palladium chloride (95 mg, 0.54 mmol). The mixture was heated 

at reflux for 48 h after which time it was diluted with water (40 mL) and extracted 

with ether (3 x 20 mL). The combined organic layers were dried (MgS04) and the 

solvent removed m vacwo. Purification by column chromatography (5% ether in 

petrol) to gave 231 as a red solid (615 mg, 2.33 mmol, 54 %). 

m.p. 162-165°C(MeOH) 
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1 3 

'H NMR (300 MHz, CDCI3) Sn 7.42 (5H, m, 5 x Ar/f), 7.08 (IH, s, Ar/^), 6.59 

(IH, s, Ar;^, 6.02 (2H, s, OC/fzO), 2.37 (3H, s, % ) p p m. 

CNMR (75.5 MHz, CDCI3) 6c 195.2 (C=0), 152.9 (C (Ar)), 151.9 (C (Ar)), 

147.7 (C (Ar)), 142.5 (C (Ar)), 132.5 (C (Ar)), 131.4 (C=CAr), 129.5 

(2 X CH (Ar)), 128.9 (2 x CH (Ar)), 127.6 (CH (Ar)), 124.5 

(C=CCH3), 104.8 (CH (Ar)), 102.4(CH (Ar)), 102.1 (OCH2O), 12.8 

(CH3) p.p.m. 

FT-IR Vmax (neat) 2903m, 2251w, 1709s, 1591s, 1448s, 1379m, 1261s, 

1218m, 1871m, 852w cm '. 

UV-v:s Imax (MeOH) 473 (378), 332 (7900), 296 (22700), 231 (9500), 214 

(7600) nm. 

LRMS (APCI) 265 ([M]\ 100%), 249 (9), 215 (8), 157 (7) amu. 

HRMS (El) Found 264.0780, C]7H]203 requires 264.0786 amu. 

6-Methvl-7-phenvl-5iy-indeno[5,6-dlfl,31-dioxol-5-onc 231 and 

rel-(65, 7iS')-6-Methvl-7-phenvl-6,7-dihvdro-5//-indeno-f5.6-dlfl.3]di()xol-5-one 

233 

O 
< 
o 

o 

Br PdCI? 
EtiN 

204 230 

CgH5Br03 229 C9HglI6 

231 

C]7H]203 264 

233 

CnHnO] 266 

Prepared by a method modified from Larock.^° 6-Bromopiperonal (495 mg, 2.16 

mmol), 1-phenylpropyne (500 mg, 4.3 mmol), triethylamine (1.74 g 8.64 mmol) and 

palladium chloride (38 mg, 0.11 mmol) were stirred together under reflux in toluene 
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(30 mL) for 36 h. The mixture was cooled, diluted with ether (20 mL) and washed 

with sulfuric acid (30 mL of a 2M aqueous solution) and then brine (2 x 20 mL). The 

organic layer was separated, dried (MgS04) and the solvent removed vacuo. 

Components were separated by column chromatography (5% ether in petrol) to give 

231 as a red solid (62 mg, 0.23 mmol, 11%), data as reported previously, then 233 as 

a cream solid (68 mg, 0.24mmol, 12%). 

m.p. 

NMR 

13 CNMR 

FT-IR 

UV 

LRMS 

HRMS 

185-187°C (petrol). 

(300 MHz, CDCI3) 8H 7.38 (4H, m, 4 x Ar/^, 7.23 (2H, m, 2 x A r ^ , 

6.62 (IH, s, Ar/0, 6.14 (2H, s, OC/^0), 3.93 (IH, d, J4 .4 Hz, ArCT:̂ , 

2.64 (IH, qd, J 7.3, 4.4 Hz, CTfCH]), 1.37 (3H, d, J 7.3 Hz, C^s) 

p.p.m. 

(75.5 MHz, CDCI3) 6c 205.9 (C-0), 154.5 (C (Ar)), 153.7 (C (Ar)), 

148.8 (C (Ar)), 142.9 (C (Ar)), 131.0 (C (Ar)), 129.1 (2 x CH (Ar)), 

128.0 (2 x CH (Ar)), 127.3 (CH (Ar)), 105.8 (CH (Ar)), 102.4 (CH 

(Ar)), 102.1 (OCH2O), 53.9 (CHC=0), 53.8 (CHAr), 14.7 (CH3) 

p.p.m. 

Vmax(neat)2905m, 1791s, 1608m, 1471s, 1294s, 1265s, l lOlw, 1035s, 

939m, 871w, 815w, 701m cm 

(MeOH) 317 (1800), 268 (1600), 234 (3300) nm. 

(APCI) 267 ([MH]\ 100%) amu 

(EO Found 266.0929, C17H14O3 requires 266.0942 amu. 
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3-(l,3-Bcnzodiox()l-5-\l)-5,6-dimcthoxv-1//-indcn()ne 216 and 

2-(l,3-benzodioxoI-5-vl)-3-nicth\i-5.6-dimethoxv-l//-l-indcnonc 217 

o 

MeO 

PdCl; 
MeO 

MeO 
NaHCO] 

\ _ Q T o l u e n e , 1 0 0 % 

MeO 

MeO 

223 222 

CgHgBrO] 244 C|oHg02 160 

216 

C.gH,60^324 
217 

CigHigOg 324 

Alkyne 222 (340 mg, 1.21mmol), 3,4-dimethoxy-6-bromobenzaldehyde (148 mg, 

0.61 mmol) and sodium hydrogen carbonate (406 mg, 4.84 mmol) were stirred in 

toluene (30 mL) together with palladium chloride (53 mg, 0.30 mmol) and 

triphenylphosphine (155 mg, 0.61 mmol). The mixture was refluxed for 36 h then 

cooled, diluted with ether (30 mL) and washed with water (20 mL) and brine (20 mL). 

The organic layer was separated, dried (MgS04) and the solvent was removed m 

vacuo. Separation by column chromotography gave firstly 216 (102 mg, 0.32 mmol, 

52%) and then 217 (11 mg, 0.03 mmol, 6%) both as red solids. 

Data for 216 

m.p. 214-215°C 

'HNMR (300 MHz, CDCI3) Sn 7.01 (IH, s, ArT^, 6.95 - 6.79 (3H, m, 3 x 

Ar/0,6.65 (IH, s, A r ^ , 6.09 (2H, s, OCH2O), 3.88 (6H, s, 2 x OC^s), 

1.91 (3H, s, C//3)p.p.m. 

CNMR (75.5 MHz, CDCI3) 6c 197.6 (C=0), 152.9 (C (Ar)), 152.4 (C (Ar)), 

148.4 (C (Ar)), 148.3 (C (Ar)), 148.0 (C (Ar)), 140.2 (C (Ar)), 129.4 

(C (Ar)), 126.7 (C-CAr), 123.6 ( 0 = 0 % ) , 122.1 (CH (Ar)), 108.7 

(CH (Ar)), 108.2 (CH (Ar)), 107.6 (CH (Ar)), 105.6 (CH (Ar)), 101.4 

(OCH2O), 56.4 (2 X OCH3), 8.7 (CH3) p.p.m. 

1 3 
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FT-IR (CDCI3) Vmax 2914s, 1685m, 1579m, 1494m, 1460s, 1361m, 1245m, 

1095w, 1016w, 927w cm '. 

UV-vis (CHCI3) Imax 462 (600), 341 (7100), 273 (32000). 

LRMS (APCI) 325 ([MH]^ ,100%), 162 (10), 104 (25) amu. 

HRMS (EI^) Found 324.1006, CigHigOg requires 324.0997 amu. 

Data for 217 

m.p. 

H NMR 

1 3 CNMR 

FT-IR 

UV-vis 

LRMS 

HRMS 

187- 189°C(ethanol) 

(300 MHz, CDCI3) 8H 7.12 (IH, s, Ar/^, 6.92 - 6.87 (3H, m, 3 x 

Ar/0, 6.75 (IH, s, ArT^, 5.99 (2H, s, 0 % 0 ) , 3.96 (3H, s, OC/Z3), 

3.93 (3H, s, OCj%), 2.19 (3H, s, % ) p p m. 

(75.5 MHz, CDCI3) 8c 196.3 (C=0), 153.1 (C (Ar)), 152.4 (C (Ar)), 

149.0 (C (Ar)), 147.6 (C (Ar)), 147.1 (C (Ar)), 140.5 (C (Ar)), 132.0 

(C (Ar)), 128.0 (C-CAr), 125.3 (C^CCHs), 123.4 (CH (Ar)), 109.8 

(CH (Ar)), 108.3 (CH (Ar)), 107.2 (CH (Ar)), 104.3 (CH (Ar)), 101.1 

(OCH2O), 56.5 (2 X OCH3), 12.6 (CH3) p.p.m. 

(CHCI3) Vmax 2912m, 1702m, 1586s, 1487s, 1344m, 1286s, 1040s 

934m, 798m cm''. 

Imax (CHCI3) 488 (700), 314 (3100), 274 (20400) mn. 

(APCI) 325 ([MH]\ 100%), 324 [M]"̂  (33) amu. 

(EI)+ Found 324.0987 CigHigO; requires 324.0997 amu. 
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5-(l-Propvnvl)-l,3-benzodioxole 222 6 7 

Br PdCl2(PPh3)2 Q 
^ 

o "MgBr 

242 

C7H5BK)2 201 

222 

C|oHg02 160 

Compound 242 (2 g, 9.9 mmol) was stirred in toluene (40 mL) together with 

PdCl2(PPh3)2 (1.39 g, 1.98 mmol) and Cul (18 mg, 0.09mmol) and the mixture was 

heated to 60°C. Propynylmagnesium bromide was added vza syringe and the mixture 

stirred at this temperature for 15 h. The mixture was diluted with ether (40 mL), 

washed with water (2 x 20 mL) and brine (2 x 20 mL). The organic layers were 

separated, dried (MgS04) and the solvent removed m wacwo. The product was 

purified by column chromotography (1% CHCI2 in petrol) to give 222 as a clear oil 

(1.097 g, 6.85 mmol, 69%). 

NMR (300 MHz, CDCI3) 7.19 (2H, m, 2 x Ar//), 7.09 (IH, dd, J8.4, 1.8 

Hz, Ar/0, 5.92 (2H, s, OC^^O), 2.03 (3H, s, C/fg) p.p.m. 

'^CNMR (75.5 MHz, CDCI3) 8c 147.4 (2 x C (Ar)), 125.9 (CH (Ar)), 117.5 (C 

(Ar)) 111.7 (CH (Ar)), 108.5 (CH (Ar)), 101.3 (OCH2O), 84.1 

(C=CCH3), 79.1 (C^CCHa), 4.4 (CH3) p.p.m. 

FT-IR Xmax (neat) 2916m, 2362m, 1654m, 1489s, 1329s, 1246s, 1213s, 

1101m, 1039s, 936m, 808m cm'\ 

UV (CHCI3) Imax 299 (6600), 261 (11900) nm. 

LRMS (APCI) 161 (100% [M+H]+), 131 (14) amu. 

These data are consistent with those published in the literature 67 
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5,6-Dimethoxv-2-niethvl-3-nhciivl-l//-l-indenone 234 

O 

MeO' Br 

PdCI 

MeO 

223 

CgHgBrO) 245 

230 

CgHg 116 

234 

CigHigO] 280 

Prepared by a modified method of Larock.^® Alkyne 230 (100 mg, 0.86 mmol) was 

stirred in toluene (10 mL) together with 3,4-dimethoxy-6-bromobenzaldehyde 223 

(104 mg, 0.43 mmol), PdClz (15 mg, 0.043 mmol), triphenylphosphine (47 mg, 0.086 

mmol) and sodium hydrogen carbonate (144 mg, 1.72 mmol). The mixture was 

heated with stirring at 100°C for 24h. The solution was diluted with ether (10 mL) 

then washed with water (20 mL) and brine (20 mL), dried (MgS04) and concentrated 

m vacz/o. Purification by column chromotography (20% ether in petrol) gave 234 as a 

red solid (62 mg, 0.221 mmol, 52%) and a single regioisomer. 

m.p. 

H N M R 

13 C N M R 

187-189°C (ethanol) 

(300 MHz, CDCI3) 6H 7.47-7.32 (5H, m, 5 x Ar/f), 7.19 (IH, s, ArT:/), 

6.76 ( lH»s^JY) , 3.99 (3H, s, 0 % ) , 3.92 (3H, s, OC/fg), 2.29 (3H, 

s, Cj%) p.p.m. 

(75.5 MHz, CDCI3) 6c 153.8 (C (Ar)), 153.5 (C (Ar)), 148.9 (C (Ar)), 

140.8 (C(Ar)), 132.8 (C^CCHs), 131.8 (C(Ar)), 129.5 (2 x CH (Ar)), 

128.4 (2 X CH (Ar)), 127.5 (CH (Ar)), 122.5 (C-CCH3), 107.1 (CH 

(Ar)), 104.3 (CH (Ar)), 56.5 (2 x OCH3), 12.7 (CH3) p.p.m. A peak 

corresponding to the carbonyl carbon was not observed in this spectra. 



FT-IR Vmax (CHCI3) 2838w, 1703s, 1589s, 1490s, 1415w, 1380w, 1292m, 

1122w, 1030m, 877wcm'\ 

UV-vis Xmax (CHCI3) 464 (924), 300 (44000), 275 (19000) mn. 

LRMS (APCI) 281 ([MH]^, 100%), 280 ([M]+, 19%) amu. 

HRMS (EI^) Found 280.1111, CigHigO] requires 280.1010 amu. 

2-Methvi-4,5.6-tri(methvloxv)-3-nhcn\i-l//-indenone 240 

3-Methvl-4,5,6-tri(methvloxv)-2-r)henvl-l//-indenone 241 

PdCl2 MeO-Y^ 

MeO 
NaHCOg 

Toluene, reflux 

OMe 

239 230 

C,oH,,I04 321 C9Hgll6 

. V 

240 

C,@H,g04 3)0 

241 

CigHigO ŜlO 

Prepared by a modification of a method described by Larock.^° Compound 239 (404 

mg, 1.25 mmol), compound 230 (291 mg, 2.5 mmol), sodium hydrogen carbonate 

(840 mg, 5 mmol), triphenylphosphine (131 mg, 0.25 mmol) and palladium chloride 

(44 mg, 0.12 mmol) were stirred together at reflux in toluene (30 mL) for 48 h. The 

reaction mixture was diluted with ether (30 mL) and washed with water (2 x 20 mL) 

and brine (2 x 20 mL). The organic layer was separated, dried (MgS04) and 

concentrated in vacuo. Components were separated by column chromotography (5% 

ether in petrol) to give 240 and 241 a red solid (147 mg, 0.47 mmol, 38%) comprising 

an inseparable 1:1 mixture of 240 and 241. 

m.p. 154-157°C (MeOH). 
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13 

'HNMR (300 MHz, CDCI3) 7.41 (lOH, m, 10 x Ar/^), 7.06 (2H, s, Ar/̂ O, 

7.05 (2H, s, Ar/f), 3.86-3.92 (15H, m, 5 x 0 % ) , 3.38 (3H, s, OC/:^), 

2.48 (3H, s, C/^), 1.79 (3H, s, C/fg) p p.m. 

C NMR (75 MHz, CDCI3) 8c 197.3 (C=0), 195.6 (C=0), 156.2 (C (Ar)), 155.6 

(C (Ar)), 154.4 (C (Ar)), 153.7 (C (Ar)), 149.3 (C (Ar)), 148.6 (C 

(Ar)), 147.5 (C (Ar)), 147.0 (C (Ar)), 135.5 (C (Ar)), 135.4 (CH (Ar)), 

134.1 (C (Ar)), 132.7 (C (Ar)), 131.2 (C (Ar)), 131.4 (C (Ar)), 130.9 

(C (Ar)), 130.7 (C (Ar)), 130.4 (CH (Ar)), 129.7 (CH (Ar)), 128.9 (C 

(Ar)), 128.7 (CH (Ar)), 128.4 (2 x CH (Ar)), 128.2 (2 x CH (Ar)), 

127.9 (CH (Ar)), 127.6 (CH (Ar)), 104.9 (CHAr), 104.3 (CHAr), 61.5 

(OCH3), 61.3 (OCH3), 61.2 (OCH3), 61.1 (OCH3), 56.6 (2 x OCH3), 

15.5 (CH3), 8.6 (CH3) p.p.m. 

Vmax(nujol) 2361s, 1682m, 1471s, 1372s, 1321s, 1158w, 1101mcm"\ 

Imax (MeOH) 447 (700), 340 (7200), 325 (7800), 271 (32300), 265 

(29250), 223 inf. (17400) nm. 

(APCI) 311 ([M+H]\ 100%), 279 (13), 263 (31) amu. 

(EO Found 310.1211, Ci9Hig04 requires 310.1205 amu. 

FT-IR 

UV-Vis 

LRMS 

HRMS 
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6-Bromo-l-fBenzo[l,31dioxol-5-vl)-propan-l-ol 211 

O 
o 

< 
o r f . , 

MgBr 

204 

CgHsBrO^ 228 

OH 

{ x X r 
211 

CioHiiBrOg 258 

Aldehyde 204 (10 g, 43 mmol) was cooled in THF (100 mL) to 0°C. 

Ethylmagnesium bromide (14.3 mL of a 3M solution in ether) was added v/a syringe 

over 5 min and the solution stirred for 1 h. The reaction was diluted with water (20 

mL), and extracted into ether (3 x 30 mL). The organic layer was then dried (MgS04) 

and concentrated m vacuo to give 211 (10.914 g, 42 mmol, 98%) as a colourless solid, 

m.p. 92 - 93°C (methanol) 

NMR (300MHz, CDCI3) 60 7.11 (IH, s, Ar/f), 6.92 (IH, s, Ar/7), 5.95 (2H, 

s, OCJYzO), 4.92 (IH, t, J 7.3 Hz, OC//), 2.24 (IH, br s, 1.78 -

1.70 (2H, m, C/^), 0.98 (3H, t, J 7.7 Hz, C//3) p.p.m. 

"C NMR (75.5 MHz, CDCI3) 5c 147.6 (C (Ar)), 147.3 (C (Ar)), 137.0 (C (Ar)), 

112.3 (C (Ar)), 112.3 (CH (Ar)), 107.2 (CH (Ar)), 101.6 (OCH2), 74.0 

(OCH), 30.7 (CH2), 10.2 (CH3) p.p.m. 

FT-IR Vmax (nujol) 2919s, 1503s, 1375s, 1239s, 1312m, 1282m, 1157m, 

1041s, 980s, 839s, 721m cm '. 

UV (CHCI3) 289 (1400), 256 (1500) nm. 

LRMS (APCI) 260 ([M]^, ^'Br, 96%), 258 ([M]^, % r , 94%), 243 (100), 241 

(98) amu. 

CHN Found C 46.32 H 4.21, CioHiiBr03requires C 46.36 H 4.28. 
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l-f2-Bromo-4,5-dimethoxvphenvl1-propan-l-ol 224 

O 

223 

CgHgBrOa 244 

OH 
MgCI 

11 I 
MeO-'^s^ 

224 

CiiHigBrOa 274 

Aldehyde 223 (2.0 g, 8.1 mmol) was stirred in THF (50 mL) at 0°C. Ethylmagnesium 

chloride (5.83 mL of a 1.4M solution in hexane) was added vza syringe over 2 min. 

The mixture was stirred at ambient temperature for 1 h. The solution was diluted with 

water (20 mL) and extracted with ether (3 x 20 mL). The combined organic layers 

were dried (MgS04) and concentrated m vacuo. The resulting oil was purified by 

column chromotography to give 224 as a colourless oil (1.92 g, 7 mmol, 86%). 

NMR (300MHz, CDCI3) Sn 7.19 (IH, s, Ar^, 6.92 (IH, s, Ar/^, 4.89 (IH, t, 

J 7.2 Hz, OC/^, 3.88 (3H, s, OCJ:/]), 3.86 (3H, s, 0 C % 2.18 (IH, 

brs, 07^, 1.72 - 1.74 (2H, m, % ) , 0.98 (3H, t, 77.4 Hz, C/fs) p p m. 

'̂ C NMR (300MHz, CDCI3) 6c 148.6 (C (Ar)), 148.5 (C (Ar)), 135.6 (C (Ar)), 

115.1 (CH (Ar)), 111.7 (C (Ar)), 109.7 (CH (Ar)), 73.9 (OCH), 56.1 

(OCH3), 55.9 (OCH3), 30.7 (CH2), 10.1 (CH3) p.p.m. 

FT-IR (neat) Vmax 2969w, 2916w, 1605m, 1499s, 1456w, 1378m, 1257s, 

1246s, 967w, 870w, 793m cm''. 

UV Xmax (MeOH) 396 (1000), 242 (3500), 224 (3900) nm. 

LRMS (CI) 274 ([M]\ 7%), 258 (44), 178 (100) amu. 

HRMS (EI) Found 274.0203 C,,Hi503^^Br requires 274.0205 amu. 
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5-(3,4-I)inicthoxvohenvl)-7-cthvl-(-5,7-dihvdro|l,3l-dioxolof4.5-flisobenzofuran 

214 

OH 

° x x r 

211 

CioHnBrOg 258 

O 

206 

CgH]Q03 166 

wBuLi 

MeO OMe 

214 

Ci9H2oOg 328 

Alcohol 211 (2.0 g, 7.7 mmol) was stirred in THF (50 mL) under Nz at -78°C. 

M-butyllithium (7.7 ml of a 1.5 M solution) was added v/a syringe over 2 min. The 

mixture was allowed to stir for Ih after which time aldehyde 206 (1.27 g, 7.7 mmol) 

was added as a solution in THF (10 mL) v/a syringe over 1 min. The mixture was 

allowed to warm to ambient temperature, stirred for 30 min then diluted with water 

(20 mL) and extracted into ether (3 x 30 mL). The combined organic layers were 

dried (MgS04), concentrated m vacwo and purified by column chromatography (40% 

ether in petrol) to give 214 as an unstable oil and an inseparable 1:1 mixture of 

diastereoisomers (989 mg, 2.6 mmol, 62%). 

'H NMR (300MHz, CDCI3) Sy 7.14 (IH, s, ArJY), 6.79 (2H, s, 2 x Ar/f), 6.75 -

6.59 (6H, m, 6 X AxH), 6.52 (IH, s, AxH), 6.49 (IH, s, OCHAi), 6.23 

(IH, s, OC//Ar), 5.80 (2H, s, OC//2O), 5.72 (2H, s, 0 % 0 ) , 5.03 -

4.97 (IH, m, OC/fCHz), 4.72 - 4.63 (IH, m, OCMZHz), 3.73 (6H, s, 2 

X 0 C % 3.67 (6H, s, 2 X OC/^), 1.93 - 1.78 (IH, m, C/fH), 1.77 -

1.46 (2H, m, 2 X C H ^ , 1.44 - 1.41 (IH, m, C/7H), 0.92 (3H, t, J6 .8 

Hz, C/f;), 0.71 (3H, t, J6.8 Hz, CH3) p.p.m. 
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1 3 C N M R 

FT-IR 

UV 

LRMS 

HRMS 

(75.5 MHz, CDCI3) 6c 149.1 (2 x C (Ar)), 147.9 (2 x C (Ar)), 147.7 (2 

X C (Ar)), 136.1 (2 x C (Ar)), 135.3 (2 x C (Ar)), 134.8 (2 x C (Ar)), 

120.2 (2 X CH (Ar)), 110.9 (2 x CH (Ar)), 110.8 (2 x CH (Ar)), 100.9 

(2 X C (Ar)), 102.9 (2 x CH (Ar)), 101.6 (2 x OCH2O + 2 x CH (Ar)), 

85.1 (2 X OCHAr), 83.9 (2 x OCHCH2), 56.1 (2 x OCH3), 55.9 (2 x 

OCH3), 28.9 (2 X CHz), 9.5 (2 x CH3) p.p.m. 

(neaQ 2955v^ 2929v^ 2858v^ 1588v^ 1521n^ 1434n^ 1255s, 

1029s, 927m, 860w, 756w cm '. 

(CH2CI2) 277 (5600), 224 (9400) mn. 

(CI) 328 ([M]\ 29%), 299 (100) amu. 

Found 328.1309, Ci9H2o05 requires 328.1311 amu. 
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5-(3-Ethvi-5,6-diniethox\-l,3-dihvdro-2-benzofuran-l-vl)-1.3-benzodioxolc 228 

OH . 
MeO 

O MeO 
wBuLi 

224 226 228 

CnHi5Br03 274 CgHgO l̂SO C19H20O5328 

Alcohol 224 (1.09 g, 3.9 mmol) was stirred in THF (50 mL) under N2 at -78°C. »-

Butyllithium (7.8 ml of a 1.5 M solution) was added vza syringe over 2 min. The 

mixture was allowed to stir for Ih after which time aldehyde 226 (630 mg, 3.9 mmol) 

was added as a solution in THF (10 mL) vm syringe over 1 min. The mixture was 

allowed to warm to ambient temperature and stirred for 30 min. The mixture was 

diluted with water (20 mL), extracted into ether (3 x 30 mL) and the combined 

organic layers were dried (MgS04) and concentrated m vacwo. The product was 

purified by column chromatography (40% ether in petrol) to give 228 as an unstable 

oil and an inseparable mixture of diastereoisomers (691 mg, 2.1 mmol, 54%). 

'H NMR (300 MHz, CDCI3) 6.93 (2H, s, 2 x Ar/7), 6.91 - 6.72 (7H, m, 7 x 

Ar;^, 6.69 (IH, s, ArT ,̂ 6.61 (IH, s, OC//Ar), 6.37 (IH, s, OCTfAr), 

5.93 (2H, s, 0 % 0 ) , 5.90 (2H, s, OC/^O), 5.18 - 5.11 (IH, m, 

OC/fCHz), 4.86 - 4.77 (IH, m, 0CM:H2), 3.88 (6H, s, 2 x OC/:/]), 

3.81 (6H, s, 2 X OC//3), 2.08 - 1.95 (IH, m, CMi), 1.89 - 1.62 (2H, m, 

2 X CH//), 1.62 - 1.46 (IH, m, CH/^, 1.06 (3H, t, J7.3 Hz, C//3), 0.87 

(3H, t, J7.3 Hz, CH3) p.p.m. 
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FT IR 

UV 

LRMS 

Vmax (neat) 2939w, 2847w, 1598w, 1490s, 1244m, 1224s, llOlw, 

1045s, 927w, 753s cm'^ 

m̂ax (CH2CI2) 294 (5600), 241 (7900) nm. 

(EI) 328 ([M]\ 27%), 299 (100) amu. 

l-(6-{|3.4-Dimcthoxvphenvl|carbonvl}-13-benzodioxol-5-vl)-l-Dronanonc 215 

MeO 
OMe 

214 

BaMnOi 

MeO 

C19H20O5328 Ci9H,g06 342 

THF 214 (420 mg, 1.2 mmol) was stirred in DCM (30 mL) together with barium 

manganate (1.64 g, 6.4 mmol) at ambient temperature for 18 h. The heterogeneous 

mixture was then filtered through a plug of celite, and the residual solids washed with 

CHCI3 (150 mL). The combined filtrate and washings were then concentrated in 

vacuo to give 215 a yellow solid which was recrystallised from CHCI3 (321 mg, 0.92 

mmol, 76%). 

m.p. 126-128 °C (CHCI3) 

NMR (300 MHz, CDCI3) §» 7.58 (IH, s with fine splitting, Ar//), 7.28 (IH, 

s with fine splitting, AxH), 7.11 (IH, d with fine splitting, J 6.9 Hz, 

ArT^, 6.85 (IH, s, Ar/^, 6.79 (IH, d, J 6.9 Hz, Ar/^, 6.15 (2H, s, 

0C;^0) , 3.97 (3H, s, 3.95 (3H, s, OC;^), 2.84 (2H, q, / 7.2 

Hz, C//2), 1.07 (3H, t, J 7.2 Hz, % ) p.p.m. 
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13 CNMR 

FT-IR 

UV 

LRMS 

HRMS 

CHN 

(75.5 MHz, CDCI3) 6c 200.1 (C-0), 195.8 (C=0), 153.4 (C (Ar)), 

150.4 (C (Ar)), 149.3 (C (Ar)), 148.5 (C (Ar)), 137.0 (C (Ar)), 132.4 

(C (Ar)), 130.4 (C (Ar)), 124.9 (CH (Ar)), 110.7 (CH (Ar)), 109.9 (CH 

(Ar)), 108.8 (CH (Ar)), 108.6 (CH (Ar)), 102.6 (OCH2), 56.2 (OCH3), 

56.1 (OCH3), 33.2 (CHz), 8.3 (0^3) p.p.m. 

vmax (neat) 2943w, 1680s, 1643s, 1499s, 1441m, 1375s, 1255s, 1177s, 

1029s, 979w, 930m, 806m cm '. 

ûmax (CH2CI2) 296 (1100), 262 (1200), 218 (2900) mn. 

(CI) 343 ([M+H]\ 2%), 324 (100) amu. 

Found 342.1102, CigHigOe requires 342.1103 amu. 

Found C 66.53 H 5.25, CigHigOg requires C 66.66 H 5.29. 

l-f2-(l,3-BenzodioxoI-5-vIcarbonvl)-4,5-dimethoxvphenvl-l-propanone 229 

BaMnOd 
MeO 

MeO 

C19H20O5328 Ci9H]g06 342 

THF 228 (810 mg, 2.36 mmol) was stirred in DCM (30 mL) together with barium 

manganate (2.64 g, 10 mmol) at ambient temperature for 18 h. The heterogeneous 

mixture was then filtered through a plug of celite, and the residual solids washed with 

CHCI3 (150 mL). The combined filtrate and washings were then concentrated m 

vocwo to give 229 as a yellow solid which was recrystallised from CHCI3 (470 mg, 

1.37 mmol, 58%). 
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m.p. 165-168°C(ethanol) 

NMR (300 MHz, CDCI3) 6H 7.21 (IH, s, Ar/^, 7.15 (IH, s, Ar/f), 7.12 (IH, 

d,y7.1 Hz, Ar;^, 6.91 (IH, s, Ar^^, 6.68 (IH, d, J7.1 Hz, Ar/^, 5.98 

(2H, s, 0 % 0 ) , 3.93 (3H, s, OC^s), 3.87 (3H, s, OC/fs), 2.78 (2H, q, 

J 7.7 Hz, C/fz), 0.99 (3H, t, J 7.7 Hz, C/fs) p p m. 

"C NMR (75.5 MHz, CDCI3) 6c 200.5 (C=0), 196.1 (C-O), 152.1 (2 x C (Ar)), 

149.7 (C (Ar)), 148.6 (C (Ar)), 135.2 (C (Ar)), 132.7 (C (Ar)), 130.8 

(C (Ar)), 126.4 (CH (Ar)), 111.7 (CH (Ar)), 111.3 (CH (Ar)), 109.2 

(CH (Ar)), 108.2 (CH (Ar)), 102.3 (OCH2), 56.7 (OCH3), 56.6 

(OCH3), 33.5 (CH2), 8.6 (CH3) p.p.m. 

FT-IR Vmax (neat) 2914w, 1676m, 1647m, 1590w, 1565w, 1363m, 1288s, 

1198m, 1132w, 1020m, 872m, 814m cm"'. 

UV (CH2CI2) 296 (1400), 262 (1200), 218 (2900) mn. 

LRMS (CI) 342 ([M]\ 6%), 324 (100) amu. 

HRMS Found 342 1104, CigHigOg requires 342.1103 amu. 

CHN Found C 66.57 H 5,32, CigHigOg requires C 66.66 H 5.32. 
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l-(6-Bromo-l,3-benzodioxol-5-vl)-2-propen-l-oI 327 

O OH 

O 
< 

^MgCl O 

O' Br 

204 

CgHjOjBr 229 

< 
o 

327 

CioHpO B̂r 257 

A THF solution (30 mL) of 6-bromopiperonal 204 (15.0 g, 0.065 mol) was 

stirred under N] at 0°C and vinylmagnesium chloride (37.7 mL of a 1.7M 

solution in THF) was slowly added syringe. The solution was warmed to 

ambient temperature and it was stirred for a further 1 h. The reaction was then 

diluted with water (30 mL), extracted with ether (3 x 30 mL), the combined 

organic layers were dried (MgS04) and the solvent removed m vacwo. The 

product was recrystallised from ethanol to give 327 as a white solid (11.8 g, 

0.045 mol, 70%). 

m.p. 65-67°C (ethanol) 

NMR (300 MHz, CDCI3) Sn 7.03 (IH, s, Ar/f), 6.99 (IH, s, Ar//), 6.00 

(2H, s, 0 % 0 ) , 5.99 (IH, obs ddd, J 17.2, 8.4, 5.1 Hz, C/fCHz), 

5.55 (IH, dd with fine splitting, J 5.1, 3.3 Hz, MZOH), 5.41 (IH, 

d, J 17.2 Hz, CHCH/f), 5.23 (IH, d, J 10.0 Hz, CHCMl), 2.08 

(IH, d, y 3.3 Hz, 07!/) p.p.m. 

CNMR (75.5 MHz, CDCI3) 6c 147.9 (2 x C (Ar)), 138.5 (=CHCHOH), 

135.0 (C (Ar)), 115.5 (CH-CHz), 113.0 (CBr (Ar)), 112.6 (CH 

(Ar)), 107.9 (CH (Ar)), 101.9 (OCH2O), 73.4 (CHOH) p.p.m. 

FT-IR Vmax (nujol) 3208brs, 2916m, 1692w, 1503m, 1468s 1305w, 

13 

uv 

1241s, 1039s, 922m, 862w cm' 

Xmax (MeOH) 293 (20000), 241 (23000), 219 inf (19000) nm 
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LRMS (APCI) 258 ([MHC'Br)]\ 100%) 256 (MHCBr), 87) 240 (57), 

160 (82), 150 (9), 134 (8) amu. 

HRMS (CI) Found 255.9735, CioHgOsBr requires 255.9735 amu. 

5-Bronn)-6(l-(|(meth\ioxv)mcthvl]oxv}-2-pronenvl)-l,3-benzodioxole 338 

327 328 

CioHgOgBr 257 CizHnO^Br 301 

Prepared by a method analogous to that of Winkle.^^ NaH (144 mg of a 60% 

dispersion in mineral oil, 6.03 mmol) under a Ni atmosphere was washed with 

petrol ( 3 x 1 0 mL). Diy ether (25 mL) and DMF (5 mL) were added followed, 

after 15 min, by a solution of 327 (1.55 g, 6.03 mmol) in ether (5 mL). The 

reaction mixture was then allowed to stir overnight. The solution was diluted 

with water (20 mL), extracted into ether (3 x 20 mL), the organic layer dried 

(MgS04) and solvent removed m vacuo. The product was isolated by column 

chromatography (15% ether in petrol) to give 328 as a clear oil (1.21 g, 4.01 

mmol, 67%). 

NMR (300 MHz, CDCI3) Sw 6.95 (2H, s, 2 x Ar//), 6.01 - 5.96 (2H m, 

OC/60), 5.86 (IH, ddd, J 16.5, 10.3, 6.0 Hz, C/fCHz), 5.48 (IH, 

d, J6 .0 Hz, CmCHi) , 5.35 (IH, app. d, J 16.5 Hz, =CMi), 5.23 

(IH, app. d J 10.3 Hz, =CH/f), 4.70 (IH, d, J 6.6 Hz, 

OC/mOMe), 4.61 (IH, d, J 6.6 Hz, OCH/fOMe), 3.41 (3H, s, 

OC/:/]) p.p.m. 
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'^CNMR (75.5 MHz, CDCI3) 8c 147.9 (2 x C (Ar)), 136.9 (CH=CH2), 

133.3 (C (Ar)), 116.6 ( = % ) , 113.3 (C (Ar)), 112.5 (CH (Ar)), 

108.2 (CH (Ar)), 101.9 (ArOCHzO), 94.1 (OCHzOMe), 76.7 

(CHOH), 55.8 (OCH3) p.p.m. 

FT-IR Vmax (neat) 3082w, 2890m, 2360w, 1607w, 1502s, 1476s, 1237s, 

1150s, 1034s, 980m, 859wcm-'. 

UV (MeOH) 294 (20100), 241 (22000), 217 inf. (21000) nm. 

LRMS (EI) 303 ([MH(^'Br)]\ 5%), 302 ([M(^'Br)]+, 35%), 301 

([MH(^^Br)]\ 37%), 300 ([M(%r)]+, 27%), 270 (25), 255 (30), 

241 (15), 229 (17), 215 (6), 160 (100), 148 (45) amu. 

HRMS (CI) Found [M]^ 299.9997, C|2H]304Br requires 299.9997 amu. 

5-(l - [ {(M et hvl 0 X V) m e t h v 11 oxv)-2-propenvl)-6-(2-propcnvi)-l,3-bcnzodioxolc 

326 

328 

i) /-BuLi 
ii) Cul.P(0Et)3 

326 

CigHigO^ 262 CizHioO^Br 301 

A solution of 328 (932 mg, 3.1 mmol) in THF (30 mL) was stirred under N2 at 

-78°C. r-BuLi (3.48 mL, 0.89 M solution in pentane) was slowly added to 

produce a red solution which was stirred for 10 min. A THF (10 mL) solution of 

CuI.P(0Et)3 was then added over 10 min giving rise to a pale yellow solution. 

After 1 h allyl bromide (0.268 mL, 3.1 mmol) was added, neat over 5 min 

producing a dark green solution which was then warmed to ambient temperature. 

The mixture was diluted with water (20 mL) and washed with ammonia solution 
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until the washings were no longer blue (5 x 20 mL). The organic layer was 

separated, dried (MgS04) and the solvent removed m vacwo. The product was 

purified by column chromatography (10% ether in petrol) to give 326 as a 

colourless oil (700 mg, 2.67 mmol, 76%). 

13 

H NMR (300 MHz, CDCI3) 6H 6.94 (IH, s, Ar/f), 6.65 (IH, s, Ar/f), 6.00 

(4H, m, 2 X CH2=C;f & A r O ^ O ) , 5.29 (IH, m, CMDCHz), 5.24 

(IH, brd with fine splitting, / 16.0 Hz, CH^CHAQ, 5.19 (IH, brd 

with fine splitting, J 11.4 Hz, CH-CMi), 5.07 (IH, d with fine 

splitting, J 11.4 Hz, CH^CM{), 5.00 (IH, d with fine splitting, J 

16.0 Hz, CH=CH/^, 4.67 (IH, d, J6.6 Hz, OCMiO) 4.56 (IH, d, 

J 6.6 Hz, OCm/O), 3.39 (5H, app. s, & Ar % ) p p m. 

C N M R (75.5 MHz, CDCI3) 147.2 (C (Ar)), 146.6 (C (Ar)), 138.1 

(CHCH2), 137.2 (CH=CH2), 131.9 (C (Ar)), 131.2 (C (Ar)), 

116.3 (CH=CH2), 116.1 (CH=CH2), 109.7 (CH (Ar)), 107.6, (CH 

(Ar)), 101.1 (ArOCHzO), 93.6 (OCHzOMe), 74.0 (ArCH), 55.6 

(ArCHz), 36.6 (OCH3) p.p.m. 

FT-IR Vmax (neat) 2891s, 2316w, 1501s, 1407m, 1236s, 1150s, 1033s, 

934m, 869m cm'\ 

UV Xmax (MeOH) 290 (24000), 242 (28300), 220 inf. (23000) nm. 

LRMS (APCI) 262 ([M]\ 100%) amu. 

HRMS (CI) Found [M]^ 262.1205, C15H18O4 requires 262.1205 amu. 
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l-(6-Bromo-l,3-benzodi()xol-5-vl)allvl tetrahvdro-2//-i)vran-2-vl ether 337 

OH 

DHP, PPTS 
o "o 

< 
o 

327 337 

CioH903Br 257 C;5H;7Br04 340 

A solution of 327 (6.0 g, 23 mmol) was stirred in dry chloroform (40 mL) 

together with 3,4-dihydro-2/f-pyran (3.36 g, 39 mmol) and pyridinium 

toluenesulfbnate (1.0 g, 3 mmol) under a nitrogen atmosphere for 18 h. The 

mixture was diluted with ether (40 mL), washed with brine (3 x 20 mL), the 

organic layer dried (MgS04) and the solvent removed m Purification by 

column chromatography (5% ether in petrol) gave 337 as a clear oil and a 1:1 

mixture of diastereoisomers (5.65 g, 16 mmol, 72%). 

'H NMR (300 MHz, CDCI3) Sn 7.09 (IH, s, Ar^^, 6.99 (2H, s, 2 x Ar/̂ f), 

6.97 (IH, s, Ar^f), 5.95 (4H, s, 2 x A r 0 % 0 ) , 5.96 (IH, obs. 

ddd, y 17.0, 10.3, 5.1 Hz, C^f-CH;), 5.73 (IH, ddd, J 17.3, 10.1, 

6.9 Hz, C/^CHz) 5.60 (IH, app. d, J5.1 Hz, ArCM)), 5.45 (IH, 

app. d, J 6.9 Hz, ArCM)), 5.38 (IH, d with fine splitting, J 17.1 

Hz, =CHH), 5.30 (IH, d with fine splitting, J 17.1 Hz, =CMi), 

5.21 (IH, d with fine splitting, J 10.3 Hz, =CH//), 5.15 (IH, d 

with fine splitting, J 10.3 Hz, =CH/7), 4.86 (IH, t, J 2.7 Hz, 

OCM)), 4.50 (IH, t, J3.2 Hz, OCT^O), 3.95 (IH, ddd, J 12.6, 7.8, 

3.2 Hz, OCmi), 3.72 (IH, ddd, J11.4, 8.8, 2.7 Hz, OCMi), 3.59-

3.43 (2H, m, 2 x OCHJY), 1.95-1.41 (12H, m, 2 x % % % ) 

p.p.m. 
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" c NMR (75.5 MHz, CDCI3) 6c 147.9 (C (Ar)), 147.9 (C (Ar)), 147.8 (C 

(Ar)), 147.6 (C(Ar)), 137.6 (CH=CH2), 136.7 (CH^CHz), 134.3 

(C(Ar)), 133.5 (C(Ar)), 117.0 ( = % ) , 115.5 ( = % ) , 113.9 (CBr 

(Ar)), 112.6 (CBr (Ar)), 112.4 (CH (Ar)), 112.3 (CH (Ar)), 108.2 

(CH (Ar)), 108.1 (CH (Ar)), 101.9 (ArOCHzO), 101.8 

(ArOCHzO), 95.8 (ArCH), 95.6 (ArCH), 76.4 (OCHO), 75.9 

(OCHO) 62.5 (CH2CH2O), 62.0 (CH2CH2O), 30.7 (CH2CH2O), 

30.5 (CH2CH2O), 25.6 (2 X CH2CH2O), 19.5 (CH2CH2CH2), 19.2 

(CH2CH2CH2) p.p.m. 

FT-IR Vmax (neat) 3426 br, 2941s, 1724w, 1502s, 1476s, 1409m, 1286s, 

1037s, 967m, 933m cm'\ 

UV (MeOH) 293 (16100), 242 (17200), 223 inf. (12700) mn. 

LRMS (APCI) 342 ([M(^^Br)]\ 100%) 340 ([M(^^Br)]+, 81 %) amu. 

HRMS (CI) Found [M]^ 340.0310, Ci5H,704Br^^ requires 340.0310 amu. 
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5-Bromo-6-(l,3-dioxolan-2-vl)l,3-benzodioxole^^339 

O 
< 
o ^ Br 

204 
CgH503Br229 

O 
;,TsOH, (CH20H)2 

O' ^ Br 
339 

CioHgO^Br 273 

A solution of 6-Bromopiperonal 204 (6.90 g, 0.03 mol), /)-toluenesulfbnic acid 

(0.573 g, 0.003 mol) and 1,2-ethanediol (3.74 g, 0.06 mol), in toluene (30 mL) 

was refluxed under a soxhlet filled with 3A molecular sieves. The reaction was 

continued for 4 h then allowed to cool, diluted with ether (50 mL) and washed 

with 2M NaOH (2 x 20 mL). The organic layer was separated, dried (MgS04) 

and the solvent removed m vacwo to give 339 as a white solid which was 

recr)'stallised from petrol (6.58 g, 0.024 mol, 80%). 

m.p. 

H N M R 

13 CNMR 

FT-IR 

UV 

LRMS 

65-67°C (petrol), lit̂ ^ 68°C 

(300 MHz, CDCI3) §» 7.11 (IH, s, Ar/^, 7.05 (IH, s, Ar/^, 5.95 

(IH, s, OCM)), 5.90 (2H, s, OC/^O), 4.17 - 3.98 (4H, m, 

C/i/izC//]) p.p.m. 

(75.5 MHz, CDCI3) 8c 149.1 (C (Ar)), 147.6 (C (Ar)), 130.1 (C 

(Ar)), 114.0 (C (Ar)), 113.3 (CH (Ar)), 107.8 (CH (Ar)), 102.6 

(OCHO), 102.1 (OCH2O), 65.5 (2 x OCH2) p p.m. 

The NMR Spectra also show peaks corresponding to ca. 2% of 

starting material. 

Vmax (nujol) 2919s, 1847w, 1624m, 1504s, 1247s, 1124s, 951s, 

838s, 721m cm"'. 

(MeOH) 292 (2400), 242 (3000), 217 inf, (2100) nm. 

(APCI) 274 ([M(^'Br)]% 51%), 273([MH (^^Br)]\ 100%), 272 

([M(^^Br)]\ 29%), 271 (29) amu. 
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These data are fully consistent with those reported in the literature. 69 

5-AllvI-6-(l,3-dioxaIan-2-vl)-l,3-benzodioxole 340 

i ) fBuLi, 

CIl 
o o ii) CuI.P(0Et)3 

.... _ Br* 
339 "0 340 

CioHgO^BrZ?] C;3H,404 234 

A solution of 339 (1.01 g, 5.22mmol) in THF (30 mL) was stirred under nitrogen 

at -78°C. r-Butyllithium (6.5 mL of a 1.2 M solution in hexanes) was added 

dropwise over 5 min producing a yellow solution. After 15 min. CuI.P(0Et)3 

(1.84 g 5.22 mmol) in THF (5 mL) was added dropwise over 5 min and the 

mixture was then stirred for a further 15 min. Allyl bromide (0.8 mL, 10.4 

mmol) was added neat over 1 min producing a red black solution which was 

allowed to stir for 10 min at -78°C before being warmed to ambient temperature. 

The mixture was diluted with ether (20 mL) and washed with ammonia solution 

(6 X 20 mL) until the washings were no longer blue. The organic layer was dried 

(MgS04) and the solvent removed m vacuo to give 340 as cream crystals (1.08 g, 

3.96 mmol, 89%) which were recrystallised fi-om petrol. 

m.p. 52-55°C (petrol) 

NMR (300 MHz, CDCI3) 6H 7.09 (IH, s, Ar/f), 6.68 (IH, s, Ar//), 5.95 

(2H, s, 00/^20), 5.93 - 5.96 (IH, obs. m, C^^CHz), 5.92 (IH, s, 

0C/ /0) , 5.07 (IH, d with fine splitting, J 10.4, =C/m) , 5.02 (IH, 

d with ^ne splitting, J 17.8, =CH/i/), 4.20 — 3.97 (4H, m, 

0 % % ) , 3.45 (2H, d, J6.3 Hz, ArC^z) p p m. 
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1 3 CNMR 

FT-IR 

UV 

LRMS 

HRMS 

(75.5 MHz, CDCI3) 8c 148.2 (C (Ar)), 146.2 (C (Ar)), 137.3 

(CH=CH2), 132.6 (C (Ar)), 128.8 (C (Ar)), 116.0 (=CH2), 110.0 

(CH (Ar)), 106.6 (CH (Ar)), 101.2 (OCH2O + OCHO), 65.3 

(OCH2CH2O), 36.3 (ArCH2) p.p.m. 

Vmax (nujol) 1847w, 1687w, 1481s, 1377s, 1320m, 1233s, 1088s, 

1036s, 955s, 809m, 713m cm '. 

(MeOH) 286 (12800), 237 (18700), 217 inf. (12400) nm. 

(APCI) 235 ([MH]\ 60%) 173 (100) amu. 

(CI) Found [M]+ 235.0970, C,3H]404 requires 235.0970 amu. 

Alternative procedure for synthesis of 340 

A solution of compound 339 (7.30 g, 0.026 mol) in THF (40 mL) at -78°C v̂ as 

stirred under nitrogen. Zerf-Butyllithium (17.3 mL of a 1.5 M solution in THF) 

was added over 10 min and the mixture allowed to stir for 10 min. A preformed 

solution of CuCN (2.41 g, 0.026 mol) and LiCl (1.09 g, 0.026 mol) in THF (10 

mL) was then added over 10 min. After a further 10 min allyl bromide (9.43 g, 

0.078 mol) was added as a solution in THF (10 mL) over 10 min. The solution 

was stirred for 15 min and then warmed to ambient temperature, poured into 

water (40 mL) and diluted with ether (30 mL). The organic layer was washed 

with ammonia solution (5 x 20 mL) until the washings were no longer blue. The 

organic layer was then dried (MgS04) and the solvent removed m vacwo to yield 

340 as a white solid (5.30 g, 0.022 mol, 87 %). 
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6-(2-Propenvl-l,3-benzodioxole)-5 carbaldehyde 341 70 

o - ^ o 
p-TsOH, aq. acetone 

o 
340 

234 

O' 
341 

CnH,o03l90 

Acetal 340 (140 mg, 0.597 mmol) was stirred in 10% aqueous acetone (30 mL) 

together with ̂ -toluenesulfbnic acid (125 mg, 0.71 mmol) for 18 h. The mixture 

was diluted with water (40 mL) and extracted with ether (4 x 20 mL). The 

combined organic phases were dried (MgS04) and the solvent removed M vacwo. 

The product was purified by column chromatography (10% ether in petrol) to 

give 341 as a yellow oil (91 mg, 0.57 mmol, 80%). 

NMR 

13 C N M R 

FT-IR 

UV 

LRMS 

(300 MHz, CDCI3) 8H 10.06 (IH, s, C/fO), 7.28 (IH, s, Ar/f), 

6.62 (IH, s, ArJY), 6.09 - 5.92 (IH, obs. m, 0^^/=%), 6.04 (2H, 

s, 0C/:/20), 5.12 (IH, d with fine splitting, J 10.4 Hz, ^CTYH), 

4.95 (IH, d with fine splitting, J 17.0 Hz, =CH7f), 3.71 (2H, d, J 

6.3 Hz, ArC/fz) p p m. 

(75.5 MHz, CDCI3) 6c 189.5 (CHO), 152.6 (C (Ar)), 147.1 (C 

(Ar)), 139.8 (C (Ar)), 137.1 (CH^CHz), 128.5 (C (Ar)), 116.7 

( = % ) , 110.6 (CH (Ar)), 108.4 (CH (Ar)), 102.1 (OCH2O), 36.1 

(ArCHz) p.p.m. 

Vmax (neat) 2904s, 2627w, 2100w, 1676s, 1608s, 1482s, 1259s, 

1153m, 996m, 879m, 754m cm '. 

(MeOH) 320 (8360), 280 (7600), 238 (14200) nm. 

(APCl) 190 ([M]% 100%), 173 (22) amu. 

These data are fully consistent with those reported in the literature 70 
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l,6-AllvI-(l,3-benzodioxol-5-vl)-2-propen-l-ol 335 

0 

o 

o 

MeCI 

341 

CnH,o03190 

OH 

cxx ic 
335 

218 

A solution of 341 (500 mg, 2.63 mmol) in THF (30 mL) was stirred under a 

nitrogen atmosphere at 0°C. Vinylmagnesium chloride (2.64 mL of a 1.2M 

solution in THF) was added over 10 min and the mixture stirred for 1 h. The 

solution was poured into water (20 mL), extracted with ether (3 x 20 mL), the 

organic phases were combined, dried (MgS04) and the solvent removed m 

vacwo. The product was purified by flash chromotography (20 % ether in petrol) 

to give 335 as a colourless oil (450 mg, 2.06 mmol, 78%). 

NMR (300 MHz, CDCI3) Sn 6.98 (IH, s, Ar/^, 6.67 (IH, s, Ar/f), 6.08 -

5.90 (2H, obs. m., 2 x C/f^CHz), 5.94 (2H, s, OC^zO), 5.44 -

5.38 (IH, obs. m., C//OH), 5.35 (IH, d with fine splitting, J 17.0 

Hz, =CMi), 5.22 (IH, d with fine splitting, J 10.3 Hz, =CH7iO, 

5.09 (IH, d with fine splitting, J9 .9 Hz, = C H ^ , 5.01 (IH, d with 

fine splitting, J 16.9 Hz, =CMi), 3.41 (2H, app. d, J 5.9 Hz, 

ArC%), 1.83 (IH, d, J3.6 Hz, O^p.p.m. 

" C N M R (75.5 MHz, CDCI3), 6c 147.9 (C (Ar)), 147.1 (C (Ar)), 139.9 

(CH^CHz), 137.6 (CH=CH2), 133.9 (C (Ar)), 130.8 (C (Ar)), 

116.1 (=CH2), 115.0 (-CH2), 110.1 (CH (Ar)), 107.1 (CH (Ar)), 

101.1 (OCH2O), 71.0 (CHOH), 36.7 (ArCHz) p.p.m. 

FT-IR Vmax (neat) 3374 br, 2893m, 1637m, 1502s, 1107m, 1039s, 990m, 

867m, 809m cm '. 
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UV m̂ax (MeOH) 287 (28100), 242 (29200), 221 inf. (16500) nm. 

LRMS (APCI) 218 ([M]% 11 %) 201 (79), 173 (65), 160 (100) amu. 

HRMS (CI) Found [M]"^218.0943, CisHMOs requires 218.0943 amu. 

Ethyl (£^-3-(6-allvl-l,3-benzodioxoi-5-vI)-2-propenoate 341 

0 
" " ° 

341-

C,,H,o03l90 CigH,60^260 

Compound 341 (1.09 g, 5.73 mmol) was stirred in CH2CI2 (30 mL) together with 

342 (4.00 g, 0.011 mol) (which had been prepared by stirring 

carboethoxymethylenetriphenylphosphonium bromide with 10 equivalents of 2M 

NaOH in 30 ml CH2CI2) under a nitrogen atmosphere at ambient temperature for 

48 h. The solvent was removed in vacuo and the products separated by column 

chromotography (100% petrol) to give 343 as colourless crystals (600 mg, 2.3 

mmol, 40%). 

m.p. 78-80°C 

'H NMR (300 MHz, CDCI3) 6H 7.91 (IH, d, J 15.8 Hz, ArC;f=CH), 7.07 

(IH, s, Ar/0, 6.69 (IH, s, Ar/f), 6.23 (IH, d, J 15.8 Hz, 

ArCH=C/y), 5.95 (2H, s, 0C%0) , 5.95-5.75 (IH, obs. m, 

C/f^CHz), 5.08 (IH, d with fine splitting, J 9.9 Hz, =CM{), 5.01 

(IH, d with fine splitting, J 15.9 Hz, =CH7!f), 4.26 (2H, q, J 7.2 

Hz, C/^CHs), 3.46 (2H, d, J 6 . 2 Hz, ArC/^), 1.34 (3H, t, J 7.2 

Hz, C//3) p.p.m. 
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13 C N M R 

FT-IR 

UV 

LRMS 

HRMS 

CHN 

(75.5 MHz, CDCI3) 6c 167.3 (C=0), 149.6 (C (Ar)), 146.9 (C 

(Ar)), 142.5 (ArCH-), 136.7 (CH=CH2), 134.8 (C(Ar)), 126.7 (C 

(Ar)), 120.5 (ArCH=CH), 117.4 ( = % ) , 109.7 (CH (Ar)), 105.8 

(CH (Ar)), 101.5 (OCH2O), 60.5 (OCH2CH3), 37.6 (ArCHz), 14.4 

(CH3) p.p.m. 

NMR Spectra contain additional peaks due to presence of ca. 10% 

of the cz'j' isomer. 

Vmax (nujol) 1687s, 1683m, 1462s, 1258s, 1169m, 1038s, 974m, 

854m, 722m cm '. 

Xmax (MeOH) 332 (158000), 293 (133000), 238 (141000), 220 inf. 

(130000) imi. 

(APCI) 260 ([M]\ 100%), 231 (9), 215 (20) 186 (33) amu. 

(CI) Found 261.1127, C15H16O4 requires 260.1049 amu 

Found C 69.21 H 6.24, C|5H,604 requires C 69.22 H 6.24. 

Ethyl 4b,7,7a,8-tctrahvdro-57/-thieno|3%4':l,21-indcno-[5,6-dHl,3]di()xole-

5- carboxylate 348 

o 
o 

o 
343 

Ci5H]604 260 

OEt (fBuS); 

Et̂ B, hv 
348 

292 

A solution of diene 343 (100 mg, 0.38 mmol), in acetonitrile (20 mL) containing 

di-/grr-butyl disulfide (342 g, 1.92 mmol) and triethylborane (0.385 mL of a IM 

solution in hexanes) was stirred and irradiated in a quartz photochemical reactor 
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for 4 h. The solution was quenched with sat. NH4C1 (20 mL), extracted with 

ether (3 x 20 mL) and washed with brine (2 x 20 mL). The organic layer was 

dried (MgS04), and solvent removed m vacwo. Components were separated by 

column chromatography (2% ether in petrol) to give 348 as a colourless oil (9 

mg, 0.065 mmol, 13 %). 

NMR (300 MHz, CDCI3) Sn 6.69 (IH, s, ArT ,̂ 6.63 (IH, s, Ar/^, 5.94 

(2H, s, OC//2O), 4.24 (2H, q, J7.3 Hz, OC//2CH3), 4.12 (IH, app. 

d, J7.3 Hz, C/fC=0), 3.89 (IH, m, ArC/^, 3.56 (IH, app. dddd, J 

11.4, 7.3, 8.2, 4.0 Hz, C/fCHzS), 3.33 (IH, dd, J 11.4, 6.9 Hz, 

ArCTm ), 3.15 (IH, dd, J 16.0, 8.2 Hz, CMiS), 2.78 (IH, dd, J 

16.0, 4.0 Hz, CH/fS), 2.70 (IH, dd, J 11.4, 4.0 Hz, ArCMi ), 

1.21-1.48 (3H, t, y 7.3 Hz, C ^ ) p.p.m. 

The spectrum contains some additional signals presumed to be 

alkane (petrol) residues. 

UV Xmax (MeOH) 295 (8400), 235 inf. (8200), 217 (13400) nm. 

LRMS (APCI) 292 ([M]\ 53%), 218 (100) amu. 
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Ethyl 2-[6-(nhenvlthionicthvl)-6,7-dihvdro-5//-indcno|5,6-dlll,3ldioxol-5-vl-

acetate 349 350 

PhSH, hv 

343 

SPh 

349 350 

C,5H,604 260 C2,H22O4S 370 C2,H22O4S370 

A solution of 343 (330 mg, 1.27 mmol) in acetonitrile (20 mL) containing 

thiophenol (838 mg, 2.54 mmol) and triethylborane (1.27 mL, 1.27 mmol) was 

stirred and irradiated in a quartz photochemical reactor for 8 h. NH4CI (30 mL) 

was added and the reaction mixture extracted with ether (3 x 30 mL). The 

combined organic layers were dried (MgS04) and the solvent removed m vacwo. 

Purification by column chromotography (5% ether in petrol) gave a m^or 

component (60 mg, 0.16 mmol, 12 %) comprising a 1:1 mixture of 

diastereoisomers assigned as 349 and 350. 

NMR (300 MHz, CDCI3) Sn 7.41-7.21 (lOH, m , 5 x ArT^, 6.71 (4H, s, 4 

X Ar//), 5.95 (2H, s, 0 % 0 ) , 5.94 (2H, s, OC/^0), 4.17 (2H, q, 

J 7.0 Hz, OC/fz), 4.15 (2H, q, J7.0 Hz, 0C%), 3.60 - 3.64 (IH, 

mC/M), 3.39 - 3.44 (IH, m, CmO, 3.24-3.06 (3H, m, + 

% ) , 2.97-2.71 (5H, m, 2 x C/fz + 2.65 (2H, dd, J 15.3, 6.6 

Hz, C;/]), 2.52 (2H, dd, J6.6, 2.8 Hz, % ) , 2.45 (2H, dd, J 15.3, 

8.4, Hz, % ) , 1.27 (6H, t, J 6.9 Hz, 3 x % ) P-P.m. 
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'^CNMR (75.5 MHz, CDCI3) 8c 172.7 (C=0), 172.5 (C=0), 147.2 (C 

(Ar)), 147.0 (C (Ar)), 146.8 (C (Ar)), 146.7 (C (Ar)), 138.2 (C 

(Ar)), 137.3 (C (Ar)), 136.7, (C (Ar)), 136.3 (C (Ar)), 134.8 (C 

(Ar)), 134.6 (C (Ar)), 129.5 (2 x CH (Ar)), 129.1 (2 x CH (Ar)), 

129.1 (2 X CH (Ar)), 129.0 (2 x CH (Ar)), 126.2 (CH (Ar)), 126.0 

(CH (Ar)), 105.5 (CH (Ar)), 105.5 (CH (Ar)), 105.0 (CH (Ar)), 

104.9 (CH (Ar)), 101.1 (OCH2O), 101.1 (OCH2O), 60.7 (2 x 

CH2CH3), 47.0 (CH), 45.1 (CH), 43.3 (CH), 42.8 (CH), 40.1 

(CHz), 38.8 (CH2), 36.9 (CHz), 36.6 (CH2), 34.9 (CH;), 34.7 

(CH2), 14.3 (2 X CH3) p.p.m. 

FT-IR vmax (neat) 2903brd, 1728s, 1583w, 1474s, 1438m, 1372m, 1251s, 

1147m, 1039s, 909s cm '. 

UV Imax (MeOH) 294 (22200), 254 (23500), 227 inf. (17000) mn. 

LRMS (CI) 370 ([M]\ 28%), 325 (12), 260 (29), 172 (100) amu. 

HRMS (EI) Found [M]^ 370.1251, C2,H2204S requires 370.1238 amu. 
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Methyl (Al-3-|6-(l,3-dioxolan-2-\i)-l,3-bcnzodioxol-5-\l|-2-Dr()nenoate 351 

Heck 

Br 

339 

272 

351 O 

C^Hj^Og 278.08 

Prepared in accordance with the procedure of Heck.^' Compound 339 (2.72 g, 10 

mmol) was stirred with heating to 80°C under a nitrogen atmosphere together 

with palladium acetate (22 mg, 0.1 mmol), methyl acrylate (1.07 g, 12.5 mmol), 

triethylamine (1.26 g, 12.5 mmol) and triphenylphosphine (52 mg, 0.2 mmol). 

AAer 8 h the mixture was cooled, diluted with ether (40 mL) and water (20 mL) 

and the organic layer separated. The aqueous layer was washed with ether (3 x 

30 mL), the combined organic layers were dried (MgS04) and the solvent was 

removed m vacMO. The product was purified by column chromotography (10% 

ether in petrol) to give 351 as white crystals (1.94 g, 6.97 mmol, 70%). 

m.p. 38-40°C (ethanol) 

'H NMR. (300 MHz, CDCI3) Sw 8.02 (IH, d, J 15.8 Hz, C/^CH), 7.12 (IH, 

s, Ar;^, 7.05 (IH, s, Ar/^, 6.25 (IH, d, J 15.8 Hz, CH=C/^, 6.0 

(IH, s, 0C//0) , 5.99 (2H, s, OCBzOAr), 4.10 (4H, m, 

O ^ C / f z O ) , 3.78 (3H, s, 0 % ) p.p.m. 

^^CNMR (75.5 MHz, CDCI3) Sn 167.5 (C=0), 149.4 (C (Ar)), 148.6 (C 

(Ar)), 141.1 (ArCH=CH), 131.9 (C (Ar)), 127.8 (C (Ar)), 118.2 

(ArCH=CH), 109.2 (CH (Ar)), 107.1 (CH (Ar)), 102.6 (OCHO), 

101.8 (OCH2O), 65.5 (2 X OCH2), 51.8 (OCH3) p.p.m. 

FT-IR Vmax (ni:uol) 1716s, 1635s, 1501s, 1461s, 1376s, 1190s, 1093s, 

1035s, 975m, 930m, 858m cm''. 

UV Imax (MeOH) 302 (18400), 273 (25700), 229 (34000) nm. 

115 



LRMS (CI) 278 ([M]% 100%), 219 (100), 205 (85), 175 (86) amu. 

HRMS (EI) Found [M]^ 278.0777, CnHMO^requires 278.0790 amu. 

Methyl (£^-3-(4,5-[methvlenedioxv1-2-fornivlphenvl)r)roDenoate 352 

o-A 0 

7 2 

1 

351 O 

CMHM06 278 
352 o 

C,2H,oOj234 

Acetal 351 (2.0 g, 7.1 mmol) was stirred in THF (20 mL) at ambient 

temperature. Hydrochloric acid (0.5 mL of a 2M solution) was added and tlie 

reaction allowed to stir for 15 min. The precipated product was collected by 

filtration to give 352 as cream crystals (1.54 g, 6.58 nrniol, 90%). 

m.p. 

'H NMR 

1 3 CNMR 

FT-IR 

UV 

182-183°C (CHCI3) lit̂ ^ 178-180 (CHCWhexane). 

(300 MHz, CDCI3) 6H 10.26 (IH, s, CTfO), 8.45 (IH, d, J 15.8 

Hz, ArC/^CH), 7.37 (IH, s, Ar/^, 7.06 (IH, s, ArJY), 6.33 (IH, 

d, J 15.8 Hz, ArCH=C;^, 6.13 (2H, s, 0 ^ 0 ) , 3.84 (3H, s, 

OCT!/]) p.p.m. 

(75.5 MHz, CDCI3) 6c 188.9 (CHO), 167.1 (C=0), 152.7 (C 

(Ai)), 149.7 (C (Ar)), 139.8 (ArCH=CH), 133.8 (C (Ar)), 129.7 

(C (Ar)), 121.9 (ArCH=CH), 109.2 (CH (Ar)), 106.9 (CH (Ar)), 

102.6 (OCH2O), 52.1 (OCH3) p.p.m. 

Vmax(nu)ol) 1745m, 1668s, 1607s, 1488s, 1432m, 1239m, 1178m, 

1061m, 975w, 866w, 787w cm '. 

Imax (MeOH) 320 (51400), 263 (91200), 234 (94700) nm. 
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LRMS (APCI) 235 18%), 203 (100), 175 (78) amu. 

These data were consistent with those reported in the literature. 72 

Methyl f£l-3-(6-acrvIovI-l,3-benzodioxoIe-5-vl)-2-propenoate 354 

OH O 

BaMnO^ O ^ / 

87% O 

353 O 

262 

354 O 

C14H12O5 260 

Compound 353 (50 mg, 0.19 mmol) was stirred at ambient temperature in 

CH2CI2 (30 mL) together with BaMn04 (243 mg, 0.95 mmol) under a nitrogen 

atmosphere for 7 h. The mixture was Altered through a plug of celite and solvent 

removed from the filtrate m vacwo. The product was puriAed by column 

chromatography to give 354 as cream crystals (43 mg, 0.16 mmol, 87%). 

m.p. 70-72°C (ethanol). 

'H NMR (300 MHz, CDCI3) Sn 7.84 (IH, d, J 15.6 Hz, ArC/y^CH), 7.08 

(IH, s, Ar^, 6.98 (IH, s, Ar/f), 6.75 (IH, dd, J 17.3, 10.6 Hz, 

C/f=CHH), 6.22 (IH, d, J 15.6, ArCH=C/f), 6.18 (IH, d, J 17.3 

Hz, CH=CH/f), 6.04 (IH, d, J, 10.6 Hz, CH=CHH), 6.05 (2H, s, 

0C//20), 3.73 (3H, s, C/fg) p.p.m. 

CNMR (75.5 MHz, CDCI3) 6c 193.7 (ArC=0), 167.1 (CHsOC^O), 

152.7 (C (Ar)), 149.7 (C (Ar)), 142.4 (ArCH=CH), 136.0 

(ArCH=CH), 133.7 (C (Ar)), 132.0 (CH=CH2), 129.9 (C (Ar)), 

119.0 (CH=CH2), 109.1 (CH (Ar)), 106.8 (CH (Ar)), 102.4 

(0CH20),51.8(CH3) p.p.m. 

The NMR spectra also contain signals relating to compound 352. 

13 
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FT-IR Vmax (neat film) 3019s, 2903m, 1718s, 1610s, 1437s, 1041s, 

1264s, 1176s, 1090m, 972m, 856w cm '. 

UV Imax (MeOH) 320 (70400), 236 (150900) nm. 

LRMS (CI) 261 (54%, 175 (100) amu. 

HRMS (EI) Found [M]^ 260.0677, Ci4H]205 requires 260.0685 amu. 

Ethvl-3-[2-foi mvlnlienvl|-2-propenoate 357^^ 

O 
ethyl acrylate 

I ^ 
Pd(0Ac)2 

356 

CyHgBrO 184 C]2Hi203 204 

2-Bromobenzaldehyde 356 (10 g, 54 mmol) was stirred with heating to 100°C 

under a nitrogen atmosphere together with palladium acetate (1.03 g, 5.4 mmol), 

ethyl acrylate (6.49 g, 54 mmol), triethylamine (6.54g, 54 mmol) and 

triphenylphosphine (2.83g, 10.8 mmol). After 16 h the mixture was cooled, 

diluted with ether (50 mL) and water (50 mL) and the organic layer separated. 

The aqueous layer was washed with ether (2 x 30 mL), the combined organic 

layers were dried (MgS04) and the solvent removed m vacuo. The product was 

purified by column chromotography (10% ether in petrol) to give 357 as a 

colourless oil (6.23 g, 30 mmol, 56%). 

'H NMR (300MHz, CDCI3) Sn 10.21 (IH, s, CM)), 8.44 (IH, d, J 15.8 Hz, 

=Cf/), 7.78 (IH, d, J7.7 Hz, A r ^ , 7.58 - 7.42 (3H, m, 3 x Ar/f), 

6.29 (IH, d, J 15.8 Hz, =C//), 4.18 (2H, q, J 6.9 Hz, C % 124 

(3H, t, y 6.9 Hz, C//3) p.p.m. 
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13 C N M R 

FT-IR 

UV 

LRMS 

(300MHz, CDCI3) 8c 191.8 (CHO), 166.1 (0C=O), 140.9 (=CH), 

136.3 (C (Ar)), 133.9 (=CH), 133.8 (C (Ar)), 133.1 (CH (Ar)), 

132.4 (CH (Ar)), 128.2 (CH (Ar)), 125.6 (CH (Ar)), 60.2 (CHz), 

14.2 (CH3) p.p.m. 

Vmax (neat) 2981s, 1710s, 1636s, 1481s, 1392m, 1317m, 1281s, 

1034s, 888m, 819m, 764m cm '. 

(CH2CI2) 293 (7700), 254 (14000), 221 (22600) nm. 

(APCI) 246 ([MCHsCN]^ 100%), 205 ([MH]^, 38%), 120 (48) 

amu. 

These data were fully consistent with those reported in the literature. 73 

Ethyl 3-(2-|3-cthox\ -3-oxo-l-propenvHr)hcnvl)-2-prnpcnoatc 358 

O O 

74 

OEt 

357 O 

C12H12O3 ̂ 04 

PhgPMZHCOzEt 

342 

358 
C,6H,80^274 

Aldehyde 357 (4.24 g, 27 mmol) was stirred in CH2CI2 (40 mL) together with 

ylid 342 (4.004 g, 0.011 mol), (prepared by stirring carboethoxymethylene-

triphenylphosphonium bromide with 10 equivalents of 2M NaOH in CH2CI2 (30 

mL)) under a nitrogen atmosphere at ambient temperature for 48 h. The solvent 

was removed in vacuo and the products separated by column chromotography 

(20% ether in petrol) to give 358 as yellow crystals (2.83 g, 10 nmiol, 38%). 

m.p. 81 °C (petrol), lit̂ '' 74°C (hexane) 
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13 

'H NMR (300 MHz, CDCI3) Sw 7.91 (2H, d, V 15.8 Hz, 2 x =C/^, 7.41 -

7.34 (2H, m, Ar^^, 7.24 - 7.14 (2H, m, Ar/^, 6.17 (2H, d, J 15.8 

Hz, 2 X =C;^, 4.09 (4H, q, J6 .9 Hz, 2 x % ) , 1.18 (6H, t, J6 .9 

Hz, 2 X C/fs) p.p.m. 

C NMR (300MHz, CDCI3) 6c 166.1 (2 x OC-0), 141.4 (2 x =CH), 134.1 

(2 X C (Ar)), 130.0 (2 x =CH), 127.5 (2 x CH (Ar)), 121.7 (2 x 

CH (Ar)), 60.5 (2 x CHz), 14.2 (2 x CH3) p.p.m. 

FT-IR (CH2CI2) Vmax 2983s, 1706s, 1635s, 1478m, 1308s, 1185s, 1095m, 

1034s, 977s, 867m cm '. 

UV (CH2CI2) 300 (42700), 265 (55300) mn. 

LRMS (APCI) 292 ([M+NH,]^ 100%), 274 ([M]\ 14%), 246 (34) amu. 

These data were consistent with those reported in the literature. 74 

Dimethyl 2,2-diaIlvimaIonate 364 75 

MeOnC MeOzC / ^ 
\ Y 

MeOzC DBU MeOgC 

363 

CgHgO^ 132 

364 

CnH,604 212 

Allyl bromide (5.19 mL, 60 mmol) was stirred in acetone (50 mL) together with 

Nal (9.1 g, 60 mmol) for 20 min. Dimethyl malonate 363 (2.0 g, 15 mmol) was 

then added via syringe and the mixture stirred at ambient temperature for 20 min. 

DBU (4.48 mL, 30 mmol) was then added via syringe and the whole was 

allowed to stir for 24 h. The mixture was diluted with water (20 mL) and 

extracted into ether ( 3 x 3 0 mL). The combined organic layers were washed with 

brine (20 mL), dried (MgS04) concentrated vacwo and purified by column 
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chromotography (5% ether in petrol) to give 364 as a colourless oil (1.21 g, 5.6 

mmol, 37%). 

'H NMR (300 MHz, CDCI3) Sn 5.68-5.55 (2H, m, 2 x -C//) , 5.09 (2H, d, J 

15.8 Hz, 2 X =C/m), 5.08 (2H, d, J 11.8 Hz, 2 x ^CH/f), 3.67 

(6H, s, 2 X OC;/]), 2.63 (4H, d, J7.3 Hz, 2 x C^fz) p.p.m. 

NMR (300MHz, CDCI3) 6c 171.2 (2 x C=0), 132.3 (2 x =CH), 119.3 (2 

X = % ) : 57.7 (CCHz), 52.4 (2 x OCH3), 37.0 (2 x CH2) p.p.m. 

FT-IR Vmax (neat) 2951m, 1732s, 1639m, 1436mm, 1325m, 1218m, 

1144m, 1030w, 994w, 854w cm'\ 

LRMS (CI) 213 ([M+H]\ 100%) amu. 

These data were consistent with those reported in the literature. 

2,2-DiaIlv!-l,3-cvcIohexandione 366 7 6 

o. o 
DBU 

Br 

365 

CgHgOzllZ 

366 

C12H16O2 192 

Allyl bromide (9.24 mL, 106 mmol) was stirred in acetone (100 mL) together 

with Nal (12.1 g, 106 mmol) Ibr 20 min. Dione 365 (3 g, 26.7 mmol) was then 

added as a solution in acetone (10 mL) vza syringe and the mixture stirred at 

ambient temperature for 20 min. DBU (7.98 mL, 53.4 mmol) was then added 

vza syringe and the whole was allowed to stir for 24 h. The mixture was diluted 

with water (20 mL) and extracted into ether (3 x 30 mL). The combined organic 

layers were washed with brine (20 mL), dried (MgS04), concentrated m vacwo 
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and purified by column chromotography (10% ether in petrol) to give 366 as a 

colourless oil (2.75g, 14 mmol, 53%). 

1 3 

H NMR (300 MHz, CDCI3) Sn 5.56 - 5.39 (2H, m, 2 x =C/^, 4.92 (4H, 

app.d, J 13.1 Hz, 2 X =C;/2), 2.54 - 2.40 (8H, m, 4 x % ) , 1.91 -

1.80 (2H, m, CHzC/^CHz) p.p.m. 

CNMR (300MHz, CDCI3) 8c 210.4 (2 x C=0), 132.5 (2 x CH^CH^), 

119.4 (2 X = % ) , 68.3 (CC=0), 40.9 (2 x CHCH2), 40.1 (2 x 

CHzC^O), 16.5 (CH2CH2CH2) p.p.m. 

FT-IR Vmax(neat) 3078m, 2921m, 1722s, 1639s, 1461m, 1337m, 1258m, 

1212s, 1093w,999m cm'. 

LRMS (CI) 193 ([MH]\ 23%), 164(11), 151 (19) amu. 

These data were fully consistent with those reported in the literature. 7 6 

Ethvl-2-acetvl-2-allvl-4-penteneoate 368 

0 = ( I 

77 

EtOzC 

367 368 

C,2H,g03 210 

Allyl bromide (5.19 mL, 60 mmol) was stirred in acetone (50 mL) together with 

Nal (9.1 g, 60 mmol) for 20 min. 367 (1.95 g, 15 mmol) was then added Wa 

syringe and the mixture stirred at ambient temperature for 20 min. DBU (4.48 

mL, 30 mmol) was then added vza syringe and the whole was allowed to stir for 

24 h. The mixture was diluted with water (20 mL) and extracted into ether (3 x 

30 mL). The combined organic layers were washed with brine (20 mL), dried 
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(MgS04), concentrated vacwo and purified by column chromotography (5% 

ether in petrol) to give 368 as a colourless oil (1.503 g, 7.1 mmol, 47%). 

H NMR 

13 CNMR 

FT-IR 

LRMS 

(300 MHz, CDCI3) 6H 5.52 (2H, m, 2 x =C;^, 5.04 (2H, d, J 15.8 

Hz, =CMi), 5.01 (2H, d, J 11.4 Hz, =CmY), 4.12 (2H, q, J7 .1 

Hz, C/fzCHs), 2.46 - 2.65 (4H, m, 2 x C//2CH), 2.11 (3H, s, 

CH3C=0), 1.26 (3H, t,y7.1 Hz, % % ) p p m. 

(75.5MHz, CDCI3) 6c 204.1 (C-0), 171.5 (0C=0) , 132.3 (2 x 

=CH), 119.2 (2 X =CH2), 63.2 (CCH2), 61.4 (CH2CH3), 36.1 (2 x 

CHCH2), 27.0 (CH3C=0), 14.2 (CH2CH3) p.p.m. 

\̂ max (neat) 2949m, 1729brs, 1453m, 1433s, 1253s, 1205s, 1161m, 

1084m, 1022w, 907w, cm '. 

(CI) 211 ([MH]% 100%) amu. 

These data were fWly consistent with those reported in the literature 77 

,78 Methyl 2-allvl-4-pentenoate 368 

M e O g C D M F , N a C 

MeOgC 

364 

MeOnC—( 

369 

C9H14O2 154 

Compound 364 (500 mg, 2.3 mmol) was stirred in DMSO (40 mL) together with 

NaCl (151 mg, 2.53 mmol) and H2O (0.165 mL, 9.2 mmol) and the mixture 

heated to reflux for 28 h. The mixture was diluted with ether (30 mL) and 

washed with water (20 mL). The organic layer was washed with brine (20 mL), 

dried (MgS04), concentrated m vacwo and purified by column chromotography 

(10% ether in petrol) to give 369 as a colourless oil (311 mg, 2.0 mmol, 88%). 
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13 

H NMR (300 MHz, CDCI3) Sn 5.74 (2H, m, 2 x =C/f), 5.10-4.98 (4H, m, 

3.63 (3H, s, OC//3), 2.54 (IH, m, CAO, 2.35 (2H, ddd, J 

10.1, 7.1, 6.6 Hz, CHC//2), 2.28 (2H, ddd, J 10.1, 7.1, 6.6 Hz, 

CHC^z) p.p.m. 

C NMR (75.5MHz, CDCI3) 6c 175.5 (C-0), 135.3 (2 x =CH), 117.1 (2 x 

= % ) , 51.5 (OCH3), 45.1 (CH), 35.9 (2 x CHCH2) p.p m. 

FT-IR Vmax (neat) 2950s, 1738s, 1642s, 1441s, 1369s, 1267s, 1139s, 

994s, 832m cm '. 

LRMS (CI) 155 ([MH]\ 100%) amu. 

These data were fully consistent with those reported in the literature.^^ 

3-Allvltetrahvdro-2-furanonc 

9 ^ 0 

370 

C4H6O2 86 

79 

LDA / \ 

" S ^ O 

C,H|„02 126 

Diisopropylamine (0.812 mL, 10 mmol) was stirred in THF (40 mL) at -78°C 

under a nitrogen atmosphere. M-BuLi (13.3 mL of a 1.5M solution) was added 

vza syringe over 2 min and the mixture allowed to warm to ambient temperature. 

The solution was then cooled to -78 °C and the lactone was added as a solution in 

THF (5 mL). The mixture was stirred at -78°C for 10 min and allyl bromide 

(3.63 mL, 30 mmol) added vfa syringe. After warming to ambient temperature 

over Ih, water (20 mL) was added and the mixture extracted with ether (2 x 30 

mL). The combined organic layers were washed with brine (20 mL), dried 
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(MgS04), concentrated m vacwo and the product puriGed via column 

chromatography to give the monoallylated product as a colourless oil (510 mg, 4 

mmol, 41%). 

NMR (300 MHz, CDCI3) Sw 5.82 - 5.66 (IH, m, =C//), 5.11 (IH, d, J 

12.5 Hz, =C/m), 5.05 (IH, d, / 9.9 Hz, =CH/^, 4.31 (IH, app. 

td,y8.8, 2.9 Hz, OCMi), 4.21 -4.11 (IH, m, OCH/f), 2.68-2.43 

(2H, m, C;^), 2.39 -2.14 (2H, m, C/^), 2.07 - 1.97 (IH, m, 

p.p.ni. 

C NMR (75.5 MHz, CDCI3) 8c 179.1 (C=0), 134.5 (-CH), 117.8 (-CH2), 

66.7 (OCH2), 38.9 (CHz), 34.4 (CH2), 27.9 (CH) p.p.m. 

FT-IR Vmax 2910s, 1771s, 1641m, 1453m, 1374s, 1306w, 1212s, 1166s, 

998m, 918s cm'\ 

LRMS (CI) 144 ([M+NH4]\ 100%), 127 ([MH]% 77%) amu. 

13 

These data were fully consistent with those reported in the literature. 19 

3,3-DiallvItetrahvdro-2-furanone 371 80 

LDA 

371 

C'7Hjq02 126 CjgH]402 166 

Diisopropylamine (0.594 mL, 5.5 mmol) was stirred in THF (40 mL) at -78°C 

under a nitrogen atmosphere. M-BuLi (3.3 mL of a 1.25 M solution) was added 

via syringe over 2 min and the mixture allowed to warm to ambient temperature. 

The solution was the cooled to -78°C and the allyllactone (347 mg, 2.75mmol) 
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was added as a solution in THF (5 mL). After 10 min allyl bromide (0.714 mL, 

7.5 mmol) was added vm syringe. The mixture was then warmed to ambient 

temperature over 30 min and was stirred for a fiirther 1 h. Water (20 mL) was 

then added and the mixture extracted with ether (2 x 30 mL). The combined 

organic layers were washed vyith brine (20 mL), dried (MgS04), concentrated m 

va'cwo and purified by column chromatography (5% ether in petrol) to give 371 

product as a colourless oil (327 mg, 1.96 mmol, 87%). 

'H NMR 

13 CNMR 

FT-IR 

LRMS 

(300 MHz, CDCI3) 8H 5.87 - 5.71 (2H, m, 2 x 5.15 (2H, d, 

y 15.8 Hz 2 X =C/m), 5.11 (2H, d, J 11.4 Hz, 2 x -CH/y) 4.20 

(2H, t, J7.3 Hz, 0 % ) , 2.65 - 2.24 (4H, m, C / ^ % ) , 2.16 (2H, 

t, J7.3 Hz, C/!^) p.p.m. 

(75.5 MHz, CDCI3) 6c 180.6 (C=0), 132.7 (2 x =CH), 119.8 (2 x 

=CH2), 65.5 (OCH2), 46.2 (CCHz), 41.0 (2 x CHzCH), 30.5 (CHz) 

p.p.m. 

Vmax (neat) 2910s, 1771s, 1374s, 1306w, 1212s, 1022s, 955m, 

822w cm"\ 

(CI) 184 ([M+NH4]^, 100%), 167 ([MH]\ 93%) amu. 

These data were fully consistent with those reported in the literature. 80 
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3,3-Diall\ lteti ahvdro-2//-2-pYi anonc 373 

LDA 

80 

J 
o 

372 

CgHgOz 100 

o o 

373 

CnHigOzlSO 

Diisopropylamine (4.32 mL, 50 mmol) was stirred in THF (40 mL) at -78°C 

under a nitrogen atmosphere. M-BuLi (34 mL of a 1.4 M solution) was added vzo' 

syringe over 2 min and the mixture allowed to warm to ambient temperature. 

Tlie solution was then cooled to -78°C and the lactone (2.0 g, 20 mmol) was 

added as a solution in THF (5 mL). AAer 10 min allyl bromide (5.1 mL, 60 

mmol) was added v/a syringe. The mixture was allowed to warm to ambient 

temperature over 30 min then stiized for 1 h. Water (20 mL) was added and the 

mixture was extracted with ether (2 x 30 mL). The combined organic layers 

were washed with brine (20 mL), dried (MgS04), concentrated m vacz/o and 

purified by column chromatography to give the 6/\y-allylated product as a 

colourless oil (2.84 g, 15.7 mmol, 87%). 

'H NMR (300 MHz, CDCI3) Sw 5.82 - 5.66 (2H, m, 2 x 5.11 (2H, d, 

y 9.8 Hz, 2 X -CM{), 5.10 (2H, d, J 18.3 Hz, 2 x =CH;^, 4.31 -

4.22 (2H, m, 0 % ) , 2.54 (2H, dd, J 13.1, 6.6 Hz, CH2CH=), 2.19 

(2H, dd, J 13.6, 8.1 Hz, C;/2CH=), 1.81 (4H, m, C/6C;%) p.p.m. 

C NMR (75.5 MHz, CDCI3) 8c 175.2 (C=0), 133.3 (2 x =CH), 119.3 (2 x 

CH2=), 70.4 (OCH2), 46.0 (CC=0), 43.9 (2 x CH2CH=), 28.6 

(CH2),21.1 (CH2) p.p.m. 

13 
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FT-IR Vmax (neat) 2934s, 1726s, 1638m, 1438m, 1231s, 1166s, 1085m, 

996m, 638w cm '. 

LRMS (CI) 181 ([M+H]\ 100%), 198.2 ([M+NH4]\ 60%), 139 (31) 

amu. 

These data were fully consistent with those reported in the literature. 

Dimethyl c/5-perhvdrocvclopentathiophene-5,5-dicarboxvlate 374 

MeOgC ^ MeOzC^COgMe 

H . U u H 

364 

C,,H,604 212 

S' 

374 

c ] ]h]go/)s 244 

Compound 364 (500 mg, 2.3 mmol) was stirred in hexane (90 mL) together with 

(fBuS)2 (2.27 mL, 11.5 mmol) under hv irradiation in a quartz vessel for 36 h. 

The mixture was partitioned between water (20 mL) and ether (20 mL) and the 

aqueous phase was extracted further with ether (2 x 20 mL). The combined 

organic layers were washed with brine (20 mL), dried (MgS04), concentrated m 

vacwo and purified by column chromotography (5% ether in petrol) to give 374 

as a colourless oil (258 mg, 0.94 mmol, 46%). 

'H NMR (300 MHz, CDCI3) Sw 3.73 (3H, s, OC/fs), 3.68 (3H, s, OC/^), 

2.93 - 2.77 (4H, m, 2 x C % 2.59 - 2.44 (4H, m, 2 x CTî ), 1.98 

- 1.87 (2H, m, 2 X C/f) p.p.m. 

C NMR (75.5 MHz, CDCI3) 6c 52.8 (CCHz), 52.7 (2 x OCH3), 46.7 (2 x 

CH2), 39.9 (2 X CH), 38.4 (2 x CHz) p.p.m. 

13 
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FT-IR Vmax(neat) 2934m, 1713s, 1640m, 1442m, 1278s, 1208s, 1096m, 

992m, 921s, 855w cm '. 

LRMS (CI) 262 ([M+NH4]+, 36%), 245 ([MH]+, 100%) 213 (76) amu. 

HRMS (CI) Found [M]^ 244.0771, C]iH]604S requires 244.0769 amu. 

Methyl c/y-perhydrocyclopentathiophene-S-carboxylate 375 

MeOgC 

MeO^C 

369 

154 

hu ((Bus)] 
^ HI")—("H 

375 

CgH^OzS 186 

Compound 369 (1 g, 6.4 mmol) was stirred in hexane (90 mL) together with 

(/BuS)2 (5.69 g, 32 mmol) under hv irradiation for 36 h in a quartz 

photochemical cell. Water (20 mL) was added and tlie mixture extracted with 

ether (3 x 20 mL). The combined organic layers were washed with brine (20 

mL), dried (MgS04), concentrated m vacwo and purified by column 

chromotography (5% ether in petrol) to give a single diastereoisomer of 375 as a 

colourless oil (500mg, 2.7 mmol, 42%). 

NMR (300MHz, CDCI3) 8H 3.71 (3H s, OC/Ys), 2.87 - 2.68 (4H, m, 2 x 

SC/m+ 2 X C/f), 2.68 - 2.59 (IH, m, C//C=0), 2.58 - 2.51 (2H, 

m, 2 X SC/m), 2.21 - 2.09 (2H, m, C/^), 1.71 - 1.58 (2H, m, 

C/f2) p.p.m. 

C NMR (75.5 MHz, CDCI3) 8c 175.4 (C=0), 51.7 (OCH3), 47.5 (2 x CH), 

45.0 (CHCO2CH3), 38.5 (2 X CHz), 36.2 (2 x % ) p.p.m. 

13 
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FT-IR Vmax (neat) 2935w, 1723s, 1453w, 1258m, 1190m, 1153m, 

1060w, 93Iw cm '. 

LRMS (CI) 186 ([M]+, 100%), 155 (79), 126 (80) amu. 

HRMS (EI) Found 186.0715, C9H14O2S requires 186.0715 amu. 

cis—Spiro[2,2-(perhvdrocvclopentathiophene)-5,2'-(-r3'-

cyclohexanedionel 376 

(rBuS)?: hu 
Q 

365 

192 

376 

C]2H|602S 224 

Compound 365 (1.0 g, 5.2 mmol) was stirred in hexane (90 mL) together with 

(/-BuS): (4.62 mL, 25 mmo]) under hv irradiation in a quartz vessel for 24 h. 

Water (20 mL) was added and the mixture extracted with ether (3 x 20 mL). The 

combined organic layers were washed with brine (20 mL), dried (MgS04), 

concentrated in vacuo and by column chromotography (10% ether in petrol) to 

give 376 as a colourless oil (407 mg, 1.8 mmol, 46%). 

'H NMR (300 MHz, CDCI3) Sn 2.91 - 2.84 (4H, m, 2 x C/^iS), 2.71 - 2.48 

(6H, m, 2x C;f + 2 X CTfiC^O), 2.23 (2H, app. q., J 5.14 Hz, 

CHzC/fzCHz), 1.93 (4H, app. q, J 7.7 Hz, 2 x CC/6) p.p m. 

C NMR (75.5 MHz, CDCI3) 8c 208.5 (C=0), 207.5 (C=0), 74.4 (CC=0), 

47.6 (2 X CH2CH), 38.6 (CH2C=0), 38.1 (2 x CH2S), 37.5 (2 x 

CHzCH), 37.3 (CHzC^O), 18.0 (CH2CH2CH2) p.p.m. 

13 
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NMR Spectra also contain peaks due to petrol residues. 

FT-IR vmax (neat) 2959m, 2359m, 1724s, 1633s, 1458m, 1437m, 1276w, 

1032wcm'\ 

LRMS (CI) 224 ([M]+, 100%) amu. 

HRMS (CI) Found [M]+ 225.0957, CizH^OsS requires 225.0949 amu 

5-Acetvl-5-carboethoxv-2-thiabicvclof3.3.01octane 377,378 

EtOgC 

EtOzC 
hu(/Bus)2 

^ H"j—("'H 

368 

CnHig03 2]0 

EtOgC 

377 378 

C,2Hig03S242 CizHigOgS 242 

Compound 368 (500 mg, 2.3 mmol) was stirred in hexane (90 mL) together with 

(^BuS)] (2.27 mL, 11.5 mmol) under hv irradiation in a quartz vessel for 24 h. 

Water (20 mL) was added and the mixture was extracted with ether (3 x 20 mL). 

The combined organic layers were washed with brine (20 mL), dried (MgS04), 

concentrated m vacuo and purified by column chromotography (10% ether in 

petrol) to give 377 and 378 as a colourless oil (250 mg, 0.94 mmol, 45%).and a 

1; 1 mixture of diastereoisomers 

NMR (300MHz, CDCI3) Sw 4 . 2 4 - 4 . 1 1 (4H, m, C/fzCH]), 2.98 - 2.71 

(8H, m, 4 X SC//2), 2.52 - 2.41 (8H, m, 4 x C7^), 2.14 (6H, s, 

C;f3C=0), 2.0 - 1.82 (4H, m, 4 x C/fCHz), 1.36 - L24 (6H, m, 2 

X CH2C^3) p.p.m. 

C NMR (75.5MHz, CDCI3) 6c 204.1 (C=0), 203.6 (C=0), 172.7 (0C=0), 

172.1 (0C=0), 68.6 (CCHz), 67.8 (CCH2), 61.6 (2 x CH2CH3), 

131 
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46.8 (2 X SCHz), 46.7 (2 x SCHz), 38.7 (2 x % ) , 38.3 (2 x CHz), 

38.2 (2 X 0 = 0 % ) , 26.9 (2 x CHCHz), 25.9 (2 x CHCHz), 14.1 

(2 X CH2CH3) p.p.m. 

FT-IR Vmax (neat) 2974m, 1712br, 1444m, 1354m, 1241s, 1197s, 1086m, 

1017m, 859w cm'\ 

LRMS (CI) 260 ([M+NH4]\ 34%) 243 ([MH]+, 100%), 197 (85) amu. 

HRMS (El) Found [M]̂  242.9743, CnHigOsS requires 242.9767 amu. 

Spiro[(perhvdrofuran-2-one)-3.5'-(2'thiabicvclof3.3.01octane)1 379, 380 

^ 0 - ^ 0 (/Bus)2 O' O ^ 0 ^ 0 

379 380 

1:1 

C10HMO2S 198 CioH^OzS 198 

371 

C|qH|^02 166 

Compound 371 (385 mg, 2.3 mmol) was stirred in hexane (90 mL) together with 

(rBuS); (1.9 mL, 7.6 mmol) under hv irradiation in a quartz vessel for 18 h. 

Water (20 mL) was added and the mixture was extracted with ether (3 x 20 mL). 

The combined organic layers were washed with brine (20 mL), dried (MgS04), 

concentrated in vacuo and purified by column chromotography (5% ether in 

petrol) to give firstly 379 as a colourless solid (80 mg, 0.4 mmol, 18%) followed 

by 380 (80 mg, 0.4 mmol, 18%). 

Data for 379 

m.p. 85 - 87°C (ethanol) 
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1 3 

'H NMR (300 MHz, CDCI3) 4.21 (2H, t, J 6.9 Hz, OC/^z), 3.19 - 3.07 

(2H, m, 2 X C77), 2.89 (2H, dd, J 12.1, 6.6 Hz, S C % 2.49 (2H, d, 

J 9.4 Hz, SC/fz), 2 .31 -2 .19 (4H, m, 2 x CC/6), 1.49 (2H, dd, 7 

6.6, 6.9 Hz, CC/fz) p.p.m. 

C NMR (75.5 MHz, CDCI3) 6c 181.9 (C=0), 66.1 (OCH2), 50.0 (CCH2), 

47.1 (2 X CH), 41.9 (2 x SCHz), 38.8 (2 x CCHz), 35.6 (CCHz) 

p.p.m. 

FT-IR Vmax(neat) 2935w, 1760s, 1450w, 1370m, 1115m, 1019s, 910w, 

733m cm'. 

LRMS (CI) 216 ([M+NH4]\ 100%), 198 ([MH]+, 64%) amu. 

HRMS (EI) Found [M]+ 198.0712, CioHMOzS requires 198.0715 amu. 

Data for 380 

m.p. 

'H NMR 

1 3 C N M R 

FT-IR 

LRMS 

HRMS 

85 - 6°C (ethanol) 

(300 MHz, CDC13) 4.26 (2H, t, J6 .9 Hz, OC/Tz), 2.97 - 2.78 

(4H, m, 2 X €77 ,8%) , 2.55 (2H, app.d, J 10.3 Hz, SC772), 2.07 

(2H, t, y 6.9 Hz CCT^), 2.04 - 1.77 (4H, m, 2 x CTTz) p.p.m. 

(75.5 MHz, CDC13) Sc 180.9 (C=0), 65.4 (OCH2), 50.0 (CCH2), 

47.1 (2 X CH), 41.9 (2 x SCH2), 38.3 (2 x CCHz), 35.4 (CCH2) 

p.p.m. 

Vmax(neat) 2860w, 1760s, 1450w, 1371m, 1176m, 1019s, 910w, 

733s cm'\ 

(CI) 216 ([M+NH4]\ 26%), 199 ([MH]% 100%) amu. 

(EI) Found [M]+ 198.0713, CioHwOzS requires 198.0715 amu. 
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Spiro[(perhvdroDvran-2-one)3,5'-f2'-thiabicvclor3.3.01octane)1 381, 382 

(/BuS)2, hu 

CuHigOzlSO CnH;602S212 CnHi602S212 

Compound 372 (524 mg, 2.8 mmol) was stirred in hexane (90 mL) together with 

(rBuS)2 (2.7 mL, 14 mmol) under hv irradiation in a quartz photochemical reactor fbr 

24 h. Water (20 mL) was added and the mixture extracted with ether (3 x 20 mL). The 

combined organic layers were washed with brine (20 mL), dried (MgSO^), concentrated 

m vacwo and purified by column chromotography (5% ether in petrol) to give 381 (98 

mg, 0.46 mmol, 16%) and 382 as colourless oils (97 mg, 0.45 mmol, 16%). 

Data for 381 

H NMR 

13 C N M R 

FT-IR 

LRMS 

(400 MHz, CDCI3) 6H 4.33 - 4.20 (2H, m, 0C;%), 3.14 - 3.04 (2H, m, 2 

X C/^, 2.82 (2H, dd, J 10.2, 7.3 Hz, 2 x CMiS), 2.47 (2H, d, ^10.2 Hz, 2 

X Cm/S), 2.36 (2H, dd, J 12.8, 7.7 Hz, 2 x CC^m), 1.92 - 1.78 (4H, m, 

C/fzC/f]), 1.1.36 - 1.23 (2H, m, 2 x CCH/^ p.p.m. 

(100 MHz, CDCI3) 6c 177.7 (C=0), 71.7 (OCH2), 52.4 (CCHz), 48.8 (2 

X CHCH2), 46.3 (2 X CHzCH), 40.1 (2 x CH2S), 35.1 (CH2CH2), 23.1 

(CH2CH2) p.p.m. 

The spectrum contain an unidentifiable contaminant (ca 10%). 

Assignments were confirmed by a C-H correlation experiment 

Vmax (neat) 2956s, 2358w, 2250w, 1731s, 1456m, 1351m, 1268m, 1153s, 

1089s, 982wcm-\ 

(CI) 213 ([MH]% 100%), 113 (52) amu. 
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Data for 382 

NMR (400 MHz, CDCI3) 8H 4.28 (2H, app. t, J 5.5 Hz, 0 % ) , 2.85 - 2.76 

(4H, m, 2 X C77 + 2 X C m ^ ) , 2.57 (2H, app. d, J 9.6 Hz, 2 x CMiS), 

2.03 (2H, dd, J 12.5, 6.8 Hz, 2 x CCMi), 1.91 (2H, dd, J 12.5, 5.2 Hz, 2 

X CCHTf), 1.87 - 1.78 (2H, m, % % ) , 1.74 - 1.67 (2H, m, CHzC^z) 

p.p.m. 

NMR (100 MHz, CDCI3) 8c 176.2 (C=0), 70.1 (OCH2), 50.9 (CCH2), 46.9 (2 

X CH), 44.4 (2 X CHz), 38.4 (2 x CH2), 31.9 (CH2CH2), 21.4 (CH2CH2) 

p.p.m. 

FT-IR Vmax (neat) 2948m, 2358w, 1722s, 1442w, 1344w, 1257m, 1155s, 

1104m, 972wcm"\ 

LRMS (CI) 213 ([MH]\ 100%) amu. 

HRMS (CI) Found [M]^ 212.0869, C]]Hi602S requires 212.871 amu. 

Ethyl 7-hvdroxv-2,8-nonadienoate 383 

.0 

OEt 

O 

383a 

170 

O 

OEt 
MgBr T 

OH 

383 

C,,H,g03l98 

Aldehyde 383a (2.0 g, 11.8 mmol) was stirred in dry THF (40 mL) at 0°C. 

Vinylmagnesium bromide (15 mL of a 0.79M solution in hexane) was added vza 

syringe over 5 min and the mixture was allowed to stir for 1 h at ambient temperature. 

The mixture was then diluted with water (20 mL) and extracted with ether (4 x 20 mL). 
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The combined organic layers were washed with brine (20 mL), dried (MgS04), 

concentrated m vacwo and purified by column chromatography (20% ether in petrol) to 

provide 383 as a colourless oil (1.0 g, 5 mmol, 43%). 

'H NMR 

13 C N M R 

FT-IR 

LRMS 

(300 MHz, CDCI3) 8H 6.9 (IH, dt, J 15.8, 6.6 Hz, CHzC/^), 5.73 - 5.91 

(2H, m, C/f=CH2 + CH=C;f), 5.12 (IH, d, J 17.1 Hz, CH-CMi), 4.98 

(IH, d, J 10.3 Hz, CH=CH^, 4.18 (2H, q, J6 .9 Hz, 0C%), 4.10 (IH, 

m, C/fOH), 2.21 - 2.24 (2H, m, C%), 1.86 (IH, brs, OH), 1.58- 1.52 

(4H, m, 1.29 (3H, t, J 6.9Hz, % ) p.p.m. 

(75.5 MHz, CDCI3) 6c 166.8 (C=0), 149.1 (CH2CH=), 141.2 

(CH=CH2), 121.5 (CH=CH), 114.6 (CH=CH2), 72.7 (OCH2), 60.3 

(CHOH), 36.3 (CH2CH=), 32.1 (CH2), 23.8 (CH2), 14.3 (CH3) p.p.m. 

Vmax (neat) 3434brd, 2980s, 2863s, 1720s, 1445s, n28m, 1042s, 988s, 

858w cm'. 

(CI) 199 ([MH]\ 28%), 181 (100), 153 (12), 135 (31), 107 (73) amu. 

Ethv'l-2-(2-|f?g/-/-but\'lfhio)methvH-3-hvdroxvcvclohexvUacctate 384 

(BuS)2, hv 

OEt 

OH 

383 

CnHigOa 198 

f V 
1..,,̂  OEt 

OH SrBu 

384 
^15^28^3^ 288 

isomers 

Compound 383 (1.0 g, 5 mmol) was stirred in hexane (90 mL) together with (fBuS)2 

(4.57 mL, 25 mmol) under hv irradiation in a quartz vessel for 24 h. Water (20 mL) was 

added and the mixture extracted with ether (3 x 20 mL). The combined organic layers 

were washed with brine (20 mL), dried (MgS04), concentrated in vacuo, and purified 
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by column chromotography (10% ether in petrol) to give 384 as a colourless oil and as 

an inseparable mixture of diastereoisomers (544 mg, 2.0 mmol, 40%). 

NMR (300 MHz, CDCI3) Sn 4.30 - 4.02 (2H, m, 0 % ) , 2.53 - 1.48 (14H, m, 

6 X + 2 X CJ:/), 1.43 - 1.25 (12H, m, 4 x C//3) p.p.m. 

'^CNMR (75.5 MHz, CDCI3) 8c m^or diastereoisomer 171.9 (C=0), 68.1 

(OCH2), 61.5 (CHOH), 48.1 (CH2C=0), 45.4 (CHzS), 43.7 (SQ, 39.7 

(CH), 32.3 (CH), 31.3 (CH3), 31.0 (CH3), 30.9 (CH3), 30.7 (CH2), 30.1 

(CH2), 19.7 (CH2), 14.4 (CH3) p.p.m. 

The spectra also contained signals corresponding to other 

diastereoisomers 

FT-IR Vmax (neat) 3465br, 2959s, 1654w, 1724s, 1458s, 1364s, 1266m, 1164s, 

1095m, 912m, 733s cm '. 

HRMS (CI) Found [MH]+ 289.1839, CisHzgOsS requires 289.1837 amu. 

1 £",6£'-N()nadienvl acetate 386 

Isopropenylacetate 

386 

C„H,802l82 

;)TsOH 

386a 

CgHigO 140 

Nonenal 386a (200 mg, 1.42 mmol) was stirred at reflux in isopropenyl acetate (30 mL) 

together with^-TsOH (2 mg, 0.13 mmol) for 22 h. The mixture was diluted with ether 

(30 mL) washed with water (2 x 20 mL) and then brine (2 x 20 mL). The organic layer 

was dried (MgS04), concentrated vacwo and purified by column chromotography 

(10% ether in petrol) to give 386 as a colourless oil which deteriorated upon standing 

(120 mg, 0.65 mmol, 46%). 
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'H NMR (300 MHz, CDCI3) 60 6.90 (IH, d, J6.2 Hz, 5.51 - 5.25 (2H, m, 

4.87 (IH, app. q. J 7.2 Hz, 2.16 (3H, s, C;f3C=0), 

2.22- 1.99 (6H, m, 3 x % ) , 1.44 (2H, app. quin, J7 .4 Hz, % ) , 0.95 

(3H, t, J7.7 Hz,C/f3) p.p.m. 

C NMR (75.5 MHz, CDCI3) 8c 168.2 (C=0), 134.3 (=CH), 132.2 (=CH) 128.7 

(-CH), 114.1 (=CH), 29.4 (CH3), 26.6 (CH2), 24.1 (CHz), 20.8 (CHz), 

20.7 (CHz), 14.9 (CH3) p.p.m. 

1 3 

Ethvl (2£',7£'Z)-8-methoxv-2,7-octadienoate 387 

C^COzEt 

^ CHsOCH^PPĥ  O 

383a 

C9HMO3 170 

81 

387 

C,;H,g03l98 

The Wittig salt, MeOCH2ClPPh3 (1.21 g, 3.52 mmol) was stirred in dry THF (30 mL) 

under a nitrogen atmosphere. /BuOK (394 mg, 3.52 mmol) was added and the reaction 

stirred for 1 h giving a bright red solution. Compound 383a (300 mg, 1.76 mmol) was 

added drop wise via syringe as a solution in THF (10 mL) and the resulting orange 

solution to stirred for 1 h. The mixture was poured into water (20 mL) and extracted 

into ether (3 x 20 mL). The combined organic layers were then washed with brine (20 

mL), dried (MgS04), concentrated m vacwo and purified by column chromotography 

(20% ether in petrol) to give 387 as a colourless oil and an inseparable 3:2 mixture of 

czf and isomers (229 mg, 1.16 mmol, 66%). 

'H NMR (300 MHz, CDCI3), Sn 7.0 - 6.81 (IH, m, C/^CHC=0), 6.25 (IH, d, J 

12.5 Hz, C/^CH0CH3 (/raM.y)), 5.85 (IH, d, J 6.2 Hz,C;f=CH0CH3 
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1 3 CNMR 

FT-IR 

LRMS 

W ) , 5.78 (IH, d, J 15.8 Hz, C/fCOzEt), 4.64 (IH, dt, / 12.5, 7.3 Hz, 

CHzC/^ (rra»^)), 4.23 (IH, dt, J6.9, 6.2 Hz, % € / / = (c/f)), 4.12 (2H, 

q, J 6.9 Hz, C//2CH3), 3.52 (3H, s, OC//]), 3.45 (3H, s, OCT/]), 2.18 

(2H, dt, J 6.9, 6.2 Hz, C^CH= (c/^)), 2.04 (2H, dt, J 7.3, 6.9 Hz, 

% C H = (/rornj)) 1.85 (2H, dt, J 6.9, 6.9 Hz, % C H = C = 0 ) , 1.48 (2H, 

quin, y 7.1 Hz, CH2C;/2CH2), 1.24 (3H, t, J 6.9 Hz, CH2C/f3) p.p.m. 

(75.5 MHz, CDCI3) 8c 166.7 (CO2), 149.3 (CH=CHC02), 147.6 

(CH^CHOCHs), 122.3 (CHCO2), 102.0 (^CH^CHOCH]) , 60.2 

(CH2CH3), 55.9 (OCH3), 31.4 (CH2CH=CH0) 29.1 (CH2CH-C=0), 

28.1 (CH2CH2CH2), 14.3 (CH2CH3) p.p.m. NMR spectra also 

contains signals relating to the isomer. 

Vmax(neat) 2932m, 2855w, 1718s, 1653s, 1454w, 1367m, 1266s, 1136s, 

1042m, 935m cm'\ 

(CI) 199 ([MH]\ 98%), 184 (100), 167 (88), 138 (32), 75 (28) amu. 

These data are fully consistent with those published in the literature. 81 

82 Ethyl (2£l-2,7-octadienoate 388 

383a 

CgH^Oa 170 

CH2=PPh3 

388 

C|oH]602 168 

The Wittig salt BrCHzPPh] (3.15 g, 7.5 mmol) was stirred in THF (40 mL) at -78°C 

under a nitrogen atmosphere. M-BuLi (5.35 mL of a 1.44 mol solution in hexanes) was 

added dropwise over 1 min v/a syringe and the mixture stirred at this temperature for 15 

min. The whole was allowed to warm to ambient temperature over 90 min then cooled 
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to -78°C. 383a (I g, 5 mmol) was added as a solution in THF (10 mL) via syringe over 

1 min and the reaction allowed to warm to ambient temperature over 30 min then stirred 

for 15 h. The mixture was diluted with ether (30 mL), washed with water (30 mL) and 

brine (20 mL), dried (MgS04), concentrated m vacuo and purified by column 

chromotography (5% ether in petrol) to give 388 as a colourless oil (537 mg, 3.1 mmol, 

64%). 

HNMR 

13 CNMR 

FT-IR 

LRMS 

(300 MHz, CDCI3) 6H 6.92 (IH, dt, J 15.4, 6.9 Hz, % € ; / = ) , 5.87 -

5.71 (2H, m, =C//, % = € ; ( ) , 5.02 (IH, d, J 17.1 Hz, =CMf), 4.97 (IH, 

d,79.9 Hz, =CH/^, 4.38 (2H, q, J7.1 Hz, € % % ) , 2.21 (2H, dt, J7.7, 

6.6 Hz, C//2CH), 2.07 (2H, dt, J 7.7, 6.6 Hz, CJY2CH), 1.56 (2H, app. 

quin, y 7.7 Hz, CHzC/^CHz), 1.28 (3H, t, ̂  7.1 Hz C//3) p.p.m. 

(75.5 MHz, CDCI3) 6c 166.8 (C=0), 149.1 (CH2CH=), 138.1 CHi^CH), 

121.6 (CH=CH), 115.2 ( = % ) , 64.2 (OCH2), 33.2 (CHzCH), 31.6 

(CH2CH), 27.2 (CH2CH2CH2), 14.4 (CH3) p.p.m. 

Vmax (neat) 2931m, 1720s, 1652m, 1309m, 1264s, 1175s, 1041m, 978m, 

91 Im cm'. 

(CI) 186 ([M+NH4]% 82%), 169 ([MH]% 100%) amu. 

These data are consistent with those published in the literature. 83 
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tert-Bnty\ perhvdrobenzo[61furan-3-vlmethvl sulfide 392, 

rcl-(2aR.7bS) Pcrh\'dro|l]bcnzothiolo[4,3-bc]furan 393 

O (/BuS)2, hu H 0- \ H S/Bu 

389 

CgHnO 138 

392 

C]3H240S 228 C9H14OS 170 

Compound 389 (1.0 g, 7.2 mmol) was stirred in hexane (90 mL) together with (fBuS)2 

(6.94 mL, 36 mmol) under hv irradiation in a quartz vessel for 24 h. Water (20 mL) 

was added and the mixture was extracted with ether (3 x 20 mL). The combined 

organic layers were washed with brine (20 mL), dried (MgS04), concentrated m vacwo 

and purified by column chromotography (10% ether in petrol) to give 392 (590 mg, 2.5 

mmol, 36%) and 393 (220 mg, 1.3 mmol, 18%) as colourless oils. 

Data for 392 a 1:1 mixture of diasteroisomers 

'H NMR (300 MHz, CDCI3) Sx 4.12 (IH, app.t, J 5.14 Hz, OC/f), 4.02 - 3.92 

(3H, m, OCTf, 0C;f2), 3.62 - 3.53 (2H, m, OCT^), 2.68 (IH, app.dd, J 

10.2, 6.9 Hz, CHzC/^, 2.61 - 2.47 (4H, m, 2 x CHiC//, S C ^ 2.18 -

2.06 (IH, m, CM:H2), 2.01 - 1.80 (4H, m, SCA^, C/^), 1.71 - 1.36 

(lOH, m, 5 X C;^), 1.33 (20H, m, 3 x C/^, C/^), 1.21 - 1.09 (2H, m, 

C/^) p.p.m. 

C NMR (75.5 MHz, CDCI3) 6c 78.4 (OCH), 76.3 (OCH), 72.2 (OCH2), 70.9 

(OCH2), 44.5 (CH), 43.7 (CH), 43.6 (CH), 42.1 (CCH3), 41.9 (CCH3), 

40.1 (CH), 32.4 (SCH2), 31.1 (2 X CH3), 30.9 (4 x CH3), 28.5 (SCHz), 

28.2 (CH2), 27.7 (CH2), 26.4 (CH2), 24.5 ( % ) , 23.8 (CH2), 21.5 (CH;), 

21.1 (CH2), 20.5 (CH2) p.p.m. 

13 
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FT-IR Vmax 2928s, 2241m, 1720w, 1458s, 1363s, 1239w, 1182s, 1120m, 1022s, 

990m 910s cm'\ 

LRMS (CI) 229 ([MH]\ 33%), 57 (100) amu. 

HRMS (EI) Found [M]^228.1548, C]3H240S requires 228.1548 amu. 

Data for 393 

HNMR 

13 CNMR 

FT-IR 

LRMS 

(300 MHz, CDCb) 8H 3.96 - 3.82 (2H, m, OC/f, OCHH), 3.77 (IH, d 

with fine splitting, J 6.9 Hz, OCHT ,̂ 3.55 - 3.48 (IH, m, C/^), 3.15 

(IH, app.q, J 6.9 Hz, CH2C//CH2), 2.96 (IH, dd, J 9.4, 5.1 Hz, 

CHC^CH), 2.73 (IH, app. d, J 10.2 Hz, SCMi), 2.63 - 2.54 (IH, m J 

7.7 Hz, SCHAO, 2 .17 -1 .96 (2H, m, % ) , 1 .91 -1 .67 (2H, m, C/fz), 

1.64 - 1.46 (2H, m, 0%) p.p.m. 

(75.5 MHz, CDCI3) 6c 77.9 (OCH), 75.3 (OCH2), 50.0 (SCH), 47.7 

(CH), 47.3 (CH), 39.8 (SCHz), 28.1 (CHz), 26.7 ( % ) , 15.1 (CHz) 

p.p.m. 

\^Mx(nea0 2995s, 1713n^ 1442n^ 1270n^ 1164v^ 1078s, 1029s, 907s 

cm'. 

(CI) 171 ([MH]\ 100%) amu. 
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Adamantyl rel-(3S,3aR,7aR">-perhvdrobenzo[b1furan-3-vlmethvl sulfide 394 

Adamantvl rel-(3R,3aR,7aR)-perhvdrobenzo[blfuran-3-vlmethvI sulfide 395 

O (AdS)2, hu SAd O-A H SAd 

389 394 395 

CgH^O 138 Cî HaoOS 306 C19H30OS 306 

Compound 389 (1.01 g, 7.3 mmol) was stirred in hexane (90 mL) together with (AdS): 

(12.1 g, 21.5 mmol) under hv irradiation in a quartz vessel for 24 h. Water (20 mL) was 

added and the mixture was extracted with ether (3 x 20 mL). The combined organic 

layers were washed with brine (20 mL), dried (MgSO^), concentrated m and 

purified by column chromatography (10% ether in petrol) to give 394 (1.30 g, 4.2 

mmol, 58%) and 395 (260 mg, 0.84 mmol, 11%) as colourless oils. 

Data for 394 

'H NMR (300 MHz, CDCI3) Sw 4.04 (IH, app. t, J7 .7 Hz, OCJ!/), 3.78 (IH, dd, J 

9.5, 6.1 Hz, OCMi), 3.42 (IH, dd, J7.7, 6.1 Hz, OCm^, 2.50 (IH, dd, 

J9.4, 8.5 Hz, OCHzCT^, 2.32 (IH, dd, /11 .1 , 8.5, Hz, C/fCHzS), 2.06 -

1.86 (6H, m, 3 X C/^), 1 85 - 1.63 (lOH, m, 5 x C7^), 1.62 - 1.50 (5H, 

m, C//2 4- 3 X CH), 1.49 - 1.05 (4H, m, 2 x Cj!^) p.p.m. 

"C NMR (75.5 MHz, CDCI3) 8c 77.6 (OCH), 72.3 (OCH2), 44.8 (OCHCH), 44.3 

( S q , 43.7 (3 X CH2), 43.7 (OCH2CH), 36.4 (3 x CH;), 30.0 (3 x CH), 

29.6 (SCHz), 28.3 ( % ) , 27.8 (CHz), 23.9 (CHz), 21.1 (CH2) p p m. 

Vmax (neat) 2903s, 2848m, 1448m, 1342w, 1299m, 1155w, 1043s, 1022s, 

976w, 855w cm"'. 

(CI) 307 ([M]\ 8%), 170 (10), 135 (100) amu. 

(EI) Found [M]^ 306.2019, CigHsoOS requires 306.2017 amu. 

FT-IR 

LRMS 

HRMS 
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1 3 

Data for 395 

'H NMR (300 MHz, CDC13) Sw 4.05 - 3.91 (2H, m, 0 C ^ + OC//H), 3.61 - 3.52 

(IH, m, OCH//), 2.62 - 2.46 (2H, m, OCHzC^f + C/fCHzS), 2.13 -

2.00 (6H, m, 3 X C/fz), 1 95 - 1.82 (lOH, m, 5 x CB2), 1.81 - 1.70 (5H, 

m, €//%+ 3 X C/:Q, 1.68 - 1.36 (4H, m, 2 x p.p.m. 

C NMR (75.5 MHz, CDCI3) 6c 78.4 (OCH), 70.9 (OCH2), 44.2 (OCHCH), 43.9 

( S q , 43.7 (3 X CHz), 40.1 (OCH^CH), 36.4 (3 x CHz), 29.8 (3 x CH), 

28.6 (SCHz), 24.5 ( % ) , 23.7 (CH2), 21.6 (CH2), 20.6 ( % ) p.p.m. 

Vmm (neaQ 2903s, 2848v^ 1448n^ 1342n^ 1299n^ 1155v^ llOlv^ 

1022s, 976w,855w cm '. 

(CI) 307 ([M]% 22%), 171 (34), 135 (100) amu. 

(EI) Found [M]^ 306.2019, CigHaoOS requires 306.2017 amu. 

FT-IR 

LRMS 

HRMS 
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4-(2'Iodophenoxv)methvlbenzonitrile 422 

HO 

+ 
NC 

Br K2CO3 

Acetone NC 

O 

422 

C6H5IO22O CgH^BrNIPS CMH10INO335 

Benzonitrile 422 was prepared using a modification of the method of Sheppard.̂ ^ 2-

lodophenol (2.29g, 10.41 mmol), potassium carbonate (1.83 g, 13.26 mmol) and 4-

cyanobenzyl bromide (2.00g, 10.20 mmol) were stirred in acetone (20 mL) at ambient 

temperature for 16 h. The mixture was filtered and the solvent removed m vacuo to 

give 422 as a colourless solid (3.04 g, 9.07 mmol 89%). 

m . p . 

'H NMR 

13 CNMR 

FT-IR 

LRMS 

CHN 

75 - 77 °C (EtOH) 

(300 MHz, CDCI3) 6H 7.86 (IH, d, J7.7 Hz, Ar/^, 7.75 (2H, d, J 8.5 

Hz, 2 X A r ^ , 7.64 (2H, d, J 8.5 Hz, 2 x Ar//), 7.31 (IH, app. t, J 8.5 

Hz, ArH), 6.83 (IH, d, J 8.4 Hz, AxH), 6.81 (IH, app. t, J 7.7 Hz, 

AxH), 5.23 (2H, s, OC//2) p.p.m. 

(100 MHz, CDCI3) 8c 157.1 (C (Ar)), 142.3 (C (Ar)), 140.1 (CH (Ar)), 

132.9 (2 X CH (Ar)), 129.9 (CH (Ar)), 127.7 (2 x CH (Ar)), 123.7 (CH 

(Ar)), 119.1 (C=N), 112.9 (C (Ar)), 112.8 (CH (Ar)), 87.1 (CI (Ar)), 

70.2 (OCH2) p.p.m. 

Vmax (neat) 2372w, 2339w, 2220m, 1734m, 1586w, 1476m, 1362m, 

1248s, 1129m, 1014s, 819s, 752s cm '. 

(CI) 335 ([M]\ 29%), 116 (100) amu. 

Found C 50.05 H 3.03 N 4.16, C14H10INO requires C 50.17 H 3.01 N 

4.18. 
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4-(2'-Mcthoxvphenvi)benzocarb()nitrile 423 

6/f-benzo[c1chromene-8-carbonitrile 424 

84 

NC 

Bu^SnH, AIBN 

PhMe, 80-90°C 

MeO 

422 

CMH,oIN0 335 

CN 

423 424 

CnH] ,N0 209 C^HgNO 207 

Nitrile 422 (800 mg, 2.39 mmol), tri-/2-butyltin hydride (1.04 g, 3.58 mmol) and azo-

6z\y-isobutyronitrile (60 mg, 0.36 mmol) were stirred in toluene (40 mL) at 85°C for 

20 h. The mixture was cooled to ambient temperature, aqueous potassium fluoride 

(10% w/v, 20 mL) was added and the mixture stirred for 24 h. The mixture was then 

extracted with ether (3 x 20 mL) and the combined organic phases washed with brine 

(20 mL), diied (MgS04), concentrated m vacuo and purified by column 

chromatography (10% ether in petrol) to provide 423 (364 mg, 1.74 mmol, 73%) and 

424 (<4.94 mg, <0.02 mmol, <1%) as colourless oils. 

Data for 423 

'H NMR (300 MHz, CDCI3) Sn 7.72 (4H, m, 4 x Ar/f), 7.46 (IH, t, J 7.7 Hz, 

Ar/0, 7.34 (IH, d, J7 .7 Hz, 7.14 (IH, t, J 7 . 3 Hz, Ar/0, 7.06 

(IH, d, J8.4 Hz, A r ^ , 3.89 (IH, s, OC//3) p.p.m. 

"C NMR (75.5 MHz, CDCI3) 6c 156.4 (C (Ar)), 143.5 (C (Ar)), 131.9 (2 x CH 

(Ar)), 130.8 (C (Ar)), 130.4 (CH (Ar)), 130.1 (2 x CH (Ar)), 128.7 (C 

(Ar)), 121.2 (CH (Ar)), 119.3 (C=N), 111.5 (CH (Ar)), 110.5 (CH 

(Ar)), 55.7 (OCH3) p.p.m. 
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FT-IR vmax(neat) 2978w, 2835w, 2210m, 1600m, 1481m, 1429w, 1262m, 

1029m, 824m, 757s cm'^ 

UV Imax (CH2CI2) 292 (1900), 262 (2900), 233 (3000) mn. 

LRMS (CI) 209 ([M]^, 100%), 194 (45), 140 (52) amu. 

These data were consistent with those reported in the literature.̂ '* 

Data for 424 

'H NMR (300 MHz, CDCI3) Sw 7.79 (IH, d, J8.5 Hz, Ar/^, 7.75 (IH, d , / 8 . 5 

Hz, Ar/Q, 7.67 (IH, d, J7.7 Hz, Ar//), 7.47 (IH, s, Ar/^, 7.32 (IH, t, 

J7.7 Hz, ArT^, 7.10 (IH, t ,y7.4 Hz, Ar/f), 6.98 (IH, d , / 8 .1 Hz, 

A r ^ , 5.12 (2H, s, O C ^ ) p.p.m. 

This spectra is contaminated with 423 and residual tin compounds. 

Methyl 4-[(2'iodophenoxv)methvI1benzoate 429 

I 
Br K2CO3 

Acetone Me02C 

429 

QH5IO22O CpH9Br02 228 C;5H;3l03 368 

Ester 429 was prepared using a modification of the method of Sheppard.̂ ^ 2-

lodophenol (I.17g, 5.3 mmol), potassium carbonate (1.83 g, 13.26 mmol) and methyl 

4-(bromomethyl)benzoate (1.95g, 14.12 mmol) were stirred in acetone (20 mL) at 

ambient temperature for 16 h. The mixture was filtered and the solvent removed 

vacwo to give 429 as a colourless solid (3.04 g, 9.07 mmol 89%). 

m.p. 95 - 97°C (ether) 
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13 

'H NMR (300 MHz, CDCI3) Sw 8.09 (2H, d, J 8.0 Hz, 2 x Ar/^, 7.82 (IH, d, J 

7.3 Hz, Ar/^, 7.60 (2H, d, J 8.0 Hz, 2 x ArT^, 7.30 (IH, t, J 7.7 Hz, 

Ar/0, 6.86 (IH, d, J 7.7 Hz, Ar//), 6.78 (IH, t, J 7.7 Hz, ArT^, 5.18 

(2H, s, OC^), 3.94 (3H, s, OCTYg) p.p.m. 

C NMR (75.5 MHz, CDCI3) 6c 166.9 (C-0), 156.9 (C (Ar)), 141.8 (C (Ar)), 

139.7 (CH (Ar)), 130.1 (2 x CH (Ar)), 129.7 (C (Ar)), 129.6 (CH 

(Ar)), 126.8 (2 x CH(Ar)), 123.2 (CH(Ar)), 112.7 (CH(Ar)), 86.8 (CI 

(Ar)), 70.2 (OCH2), 52.3 (OCH3) p p m. 

FT-IR Vmax (neat) 2992w, 1710s, 1619w, 1581w, 1486m, 1453m, 1272s, 

1233m, 1100m, 1005m, 738s cm '. 

UV Xmax (CH2CI2) 260 (3000), 220 (15000) nm. 

LRMS (CI) 368 ([M]\ 15%), 149 (100) amu. 

CHN Found C 48.87 H 3.51, CigHisIO] requires C 48.93 H 3.56. 

Methyl 6if-benzo[c1chromene-8-carboxvIate 430 

Methyl 4-(2'-methoxvphenvl) benzoate 431 85 

MeO?C 

BuiSnH, AIBN 

PhMe, 80-90°C 

MeO 

+ 

COgMe COzMe 

430 431 

C]5H,2O3 240 C15HMO3242 
429 

C,5H,3l03 368 

Ester 429 (800 mg, 2.17 mmol), tri-n-butyltin hydride (1.27 g, 4.35 mmol) and 

azobisisobutyronitrile (50 mg, 0.31 mmol) were stirred in toluene (40 mL) at 85°C for 

20 h. The mixture was then cooled to ambient temperature and aqueous potassium 
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fluoride (10% w/v, 20 mL) was added. The mixture was stirred for 24 h then 

extracted with ether (3 x 20 mL). The combined organic phases were washed with 

brine (20 mL), dried (MgS04), concentrated vacwo and purified by column 

chromatography (20% ether in petrol) to provide a colourless oil comprising of 430 

and 431 as an inseparable 1:1 mixture (221 mg, 0.91 mmol, 42%). 

GC-MS Retention time 12.07 min (CI) 242 ([M]\ 100%), 211 (48), 168 (44), 

139 (52) amu. 

Retention time 12.76 min (CI) 240 ([M]\ 100%) 209 (11), 181 (24), 

152 (72) amu. 

4'-[(2'-Iodophenoxv)methvl1biphenvl 432 

I 

HO 

Br KiCO 

Acetone 

432 

C6H5IO22O CnHnBr246 13"]!' C|9H]5l0 386 

Benzonitrile 432 was prepared using a modification of the method of S h e p p a r d . 2 -

lodophenol (1.68 g, 7.65 mmol), potassium carbonate (1.51 g, 10.94 mmol) and 4-

(bromomethyl)biphenyl (1.80g, 7.29 mmol) were stirred in acetone (20 mL) at 

ambient temperature for 16 h. The mixture was filtered and the solvent removed in 

mcwo to give 432 as a colourless solid (2.08 g, 5.39 mmol, 74%). 

m.p. 99 - 100°C (ethanol). 

'H NMR (300 MHz, CDCI3) §» 7.91 (IH, d, J7.7 Hz, A r ^ , 7.71 - 7.59 (6H, m, 

6 X ArAO, 7.53 (2H, app. t, J 7.7 Hz, 2 x Ar/^, 7.42 (IH, d, J 8.0 Hz, 
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1 3 C N M R 

FT-IR 

UV 

LRMS 

ArH), 7.30 (IH, m, 6.93 (IH, d, J 8.1 Hz, 6.78 (IH, t, J 

7.7 Hz, Ar//), 5.22 (2H, s, 0 0 % ) p p m. 

(75.5 MHz, CDCI3) 8c 157.4 (C (Ar)), 140.9 (C (Ar)), 139.7 (CH 

(Ar)), 135.7 (C (Ar)), 129.6 (CH (Ar)), 129.0 (2 x CH (Ar)), 127.7 (2 x 

(CH (Ar)), 127.5 (3 x CH (Ar)), 127.5 (2 x CH (Ar)), 127.3 (C (Ar)), 

123.1 (CH (Ar)), 112.9 (CH (Ar)), 87.1 (CI (Ar)), 70.7 (OCH2) p.p.m. 

Vmax (neat) 2975w, 3032w, 1736m, 1547w, 1480s, 1378s, 1250s, 

1122w, 1065m, 768s, 691m cm'\ 

;̂ max(CH2Cl2) 272 (33000) mn. 

(CI) 386 ([M]% 2%), 167 (100) amu. 

8-Phenvl-6i/-benzoklchromene 433 

4'-(2"-Methoxvphenvl)biphenvl 434 86 

BusSnH, AIBN 

PhMe, 80-90°C 

432 

C;9H,5l0 386 C,98,40 258 

MeO 

434 

260 

Iodide 432 (800 mg, 2.07 mmol), tri-M-butyltin hydride (905 mg, 3.11 mmol) and azo-

6zf-isobutyronitrile (60 mg, 0.37 mmol) were stirred in toluene (40 mL) at 85°C for 

20 h. The mixture was then cooled to ambient temperature and aqueous potassium 

fluoride (10% w/v, 20 mL) was added. The mixture was stirred for 24 h then 

extracted with ether (3 x 20 mL). The combined organic phases were washed with 

brine (20 mL), dried (MgS04), concentrated m vacwo and purified by column 
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chromatography (20% ether in petrol) to provide a colourless oil comprising of a 1:2 

mixture of 433 and 434 (5.37 mg, 2.28 mmol, 48%). 

GC-MS Retention time 13.54 min (CI) 260 ([M]% 100%), 215 (22) amu. 

Retention time 14.35 min (CI) 258 ([M]^, 100%), 226 (19) amu. 

l-[(2'-Iodophenoxv)methvI|2,4,6-trimcth\ibenzcnc 435 

1 

HO 

CI K2CO3 

Acetone 

CgHglO 220 CioHigCI 168 

435 

352 

Benzonitrile 435 was prepared using a modiGcation of the method of Sheppard.̂ ^ 2-

lodophenol (2.74 g, 12.45 mmol), potassium carbonate (2.79 g, 20.16 mmol) and 

2,4,6-trimethylbenzyl chloride (2.00g, 11.86 mmol) were stirred in acetone (20 mL) at 

ambient temperature for 16 h. The mixture was filtered and the solvent removed in 

vacwo to give 435 as a colourless solid (2.54 g, 7.23 mmol, 61%). 

m.p. 56 - 58°C 

'H NMR (300 MHz, CDCI3) 6H 7.86 (IH, d, J 7.7 Hz, ArT^, 7.39 (IH, t, J 8.1 

Hz, ArT^, 7.05 (IH, d, J 8.1 Hz, Ar/y), 6.97 (2H, s, 2 x Ar/iT), 6.78 

(IH, t, J7.7 Hz, Ar;^, 5.11 (2H, s, OC/^), 2.46 (6H, s, 2 x C/fs), 2.39 

(3H, s, C/^) p.p.m. 

"CNMR (75.5 MHz, CDCI3) 6c 158.1 (C (Ar)), 139.7 (C (Ar)), 139.7 (CH 

(Ar)), 138.4 (C (Ar)), 138.3 (2 x C (Ar)), 129.6 (CH (Ar)), 129.2 (2 x 
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CH (Ar)), 122.9 (CH (Ar)), 112.9 (CH (Ar)), 87.2 (CI (Ar), 66.2 

(OCHz), 21.3 (2 X CH]), 19.9 (CH3) p.p.m. 

FT-IR Vmax (neat) 2963w, 2920w, 1610w, 1457m, 1381w, 1276m, 1243m, 

1014m, 990m, 905s, 747s cm '. 

UV Imax (CH2CI2) 275 (3000), 229 (13600) nm 

LRMS (CI) 352 ([M]+ 8%), 209 (14), 133 (100) amu. 

CHN Found C 54.53 H 4.82, C|6H,7I0 requires C 54.56 H 4.87. 

l-(2'-MethoxvphenvI)-2,4,6-trimethvibenzene 436 87 

Bu^SnH, AIBN 

PhMe, 80-90°C 

MeO 

435 436 

CigHiylOSSl C]6H|g0 226 

Iodide 435 (800 mg, 2.27 mmol), tri-n-butyltin hydride (990 mg, 3.41 mmol) and azo-

6ff-isobutyronitrile (60 mg, 0.37 mmol) were stirred in toluene (40 mL) at 85°C for 

20 h. The mixture was then cooled to ambient temperature and aqueous potassium 

fluoride (10% w/v, 20 mL) was added. The mixture stirred for 24 h then extracted 

with ether (3 x 20 mL). The combined organic phases were washed with brine (20 

mL), dried (MgS04), concentrated in vacuo and purified by column chromatography 

(20% ether in petrol) to provide 436 as a colourless solid (405 mg, 1.79 mmol, 79%). 

m.p. 48 - 50°C (ethanol) 
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H NMR 

1 3 CNMR 

FT-IR 

UV 

(300 MHz, CDC13) Sn 7.43 - 7.35 (IH, m, 7.10 - 7.02 (3H, m, 3 

X Ar/f), 6.98 (2H, s, 2 x Ar/^), 3.79 (3H, s, OC//]), 2.38 (3H, s, % ) , 

2.04 (6H, s, 2 x C ^ ) p.p.m. 

(75.5 MHz, CDCI3) 6c 156.9 (C (Ar)), 136.7 (4 x C (Ar)), 135.4 (C 

(Ar)), 131.1 (CH (Ar)), 128.6 (CH (Ar)), 128.1 (2 x CH (Ar)), 120.8 

(CH (Ar)), 110.9 (CH (Ar)), 55.6 (OCH3), 21.3 (CH3), 20.6 (2 x CH3) 

p.p.m. 

Vmax (neat) 2968w, 2825w, 1596w, 1505w, 1448m, 1376w, 1233s, 

1105m, 1062s, 1024s, 790s, 743s cm"'. 

Xmax (CH2CI2) 260 (2200), 218 (3700) nm. 

l-[f2'-Iodophenoxv)methvl}2-methvIbenzene 440 

HO ' D Br KoCO 2L.U3 

Acetone 

C<H<IO 220 c g h g b r 184 324 

Iodide 435 was prepared using a modification of the method of Sheppard.̂ ^ 2-

lodophenol (2.62 g, 11.94 mmol), potassium carbonate (2.79 g, 20.16 mmol) and 2-

methylbenzyl bromide (2.00g, 10.86 mmol) were stirred in acetone (20 mL) at 

ambient temperature for 16 h. The mixture was filtered and the solvent removed m 

vacwo to give 440 as a colourless oil (1.05 g, 3.24 mmol, 21%). 

440 
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HNMR 

13 CNMR 

FT-IR 

UV 

(300 MHz, CDCI3) 6H 7.82 (IH, dd, J7.7, I.l Hz, Ar/^, 7.59 (IH, m, 

Ar/f), 7.38 - 7.21 (4H, m, 4 x Ar//), 6.94 (IH, d, J7.3 Hz, Ar/^, 6.76 

(IH, t, J7.7 Hz, Ar/^, 5.16 (2H, s, 0 % ) , 2.45 (3H, s, C/fg) p p m. 

(75.5 MHz, CDCI3) 8c 157.4 (C (Ar)), 139.7 (CH (Ar)), 136.3 (C 

(Ar)), 134.5 (C (Ar)), 130.4 (CH (Ar)), 129.6 (CH (Ar)), 128.3 (CH 

(Ar)), 128.3 (CH (Ar)), 126.1 (CH (Ar)), 122.9 (CH (Ar)), 112.6 (CH 

Ar)), 86.8 (C(Ar)), 69.5 (OCH2), 19.2 (CH3) p.p.m. 

Vmax (neat) 2979w, 2865w, 1471s, 1431m, 1374w, 1268s, 1229s, 

1048m, 1021m, 735s cm"'. 

(CH2CI2) 260 (1900), 212 (7100) nm. 

l-(2'-Methoxvphenvl)-2-methv!benzene 441 

BuiSnH, AIBN 

PhMe, 80-90°C 

MeO 

440 

CMH;3lO 324 

441 

CMH,40 198 

Iodide 440 (800 mg, 2.46 mmol), tri-M-butyltin hydride (1.24 g, 3.69 mmol) and azo-

6zj-isobutyronitriIe (100 mg, 0.45 mmol) were stirred in toluene (40 mL) at 85°C for 

20 h. The mixture was then cooled to ambient temperature and aqueous potassium 

fluoride (10% w/v, 20 mL) was added. The mixture was stirred for 24 h then 

extracted with ether (3 x 20 mL), the combined organic phases were washed with 

brine (20 mL), dried (MgS04), concentrated m vacwo, and purified by column 
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chromatography (20% ether in petrol) to provide 441 as a colourless oil (228 mg, 1.15 

mmol, 47%). 

H N M R 

1 3 C N M R 

FT-IR 

UV 

LRMS 

(300MHz, CDCI3) 8H 7.47 - 7.21 (6H, m, 6 x Ar/^, 7.18 - 7.04 (2H, 

m, Ar//), 3.87 (3H, s, OC^) , 2.29 (3H, s, C ^ ) p.p.m. 

(75.5 MHz, CDCI3) 8c 138.1 (C (Ar)), 131.6 (CH (Ar)), 130.1 (C 

(Ar)), 129.7 (CH (Ar)), 129.2 (CH (Ar)), 128.7 (C (Ar)), 128.3 (CH 

(Ar)), 127.4 (CH (Ar)), 125.6 (CH (Ar)), 125.5 (C (Ar)), 120.5 (CH 

(Ar)), 110.7 (CH (Ar)), 55.5 (OCH3), 20.9 (CH3) p.p.m. 

Vmax (neat) 2935w, 2909w, 1489m, 1453m, 1308w, 1237s, 1167w, 

1030m, 999w, 876w, 743s cm '. 

m̂ax (CH2CI2) 254 (2600), 215 (4000) nm. 

(CI) 198 ([M]\ 26%), 175 (100) amu. 

l,4,-6t.s-(4-cvanobenzvoxv)-2,5-diiodo benzene 447 

OH 

OH 

+ 

445 

C6H4I2O2 362 

NC 

Br 
NaOH 

446 

CgHgBrN 195 

CN 

CN 

447 

C22H14I2N2O2 592 
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Diiodide 447 was prepared using a procedure adapted from Hunig.̂ ^ 

2,5-Diiodohydroquinone (3.718 g, 10.2 mmol) was dissolved in NaOH (12.8 ml of a 

2M solution) and ethanol (40 mL) then treated with 4-cyanobenzyl bromide (5.99 g, 

30.5 mmol). The mixture was heated at reflux for 1 h then cooled and filtered to give 

447 as a pink sohd. (2.891 g, 4.8 mmol, 47%). 

m.p. > 270°C 

Due to the high boiling point and insoluble nature of this compound, no further data 

was obtained. 

l,4-^/sbenzvIoxv-2,5-diiodobenzene 448 

OH 

+ 

OH 

Br 
NaOH 

448 

CgH ÎgOz 362 Ĉ Ĥ Br 170 CzoHi^IiOi 542 

Diiodide 448 was prepared using the procedure of Hunig.̂ ^ 2,5-Diiodohydroquinone 

(1.5 g, 4.1 mmol) was dissolved in NaOH (5.1 mL of a 2M solution) and ethanol (40 

mL) and treated with benzyl bromide (2.1 g, 12.3 mmol). The mixture was heated at 

reflux for 1 h then cooled and the precipitated solid filtered. The crude product was 

recrystallised firom toluene to give 448 as a white solid (1.273 g, 2.3 mmol, 57%). 

m.p. 171 - 172°C (toluene) 
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HNMR 

13 CNMR 

FT-IR 

UV 

LRMS 

(300 MHz, CDCI3) 6H 7.69 - 7.21 (12H, m, 12 x 5.24 (4H, s, 2 

X O C / f : ) p .p .m. 

(75.5 MHz, CDCI3) 6c 154.9 (2 x C (Ar)), 137.1 (2 x C (Ar)), 128.7 (4 

X CH (Ar)), 128.2 (2 x CH (Ar)), 127.4 (4 x CH (Ar)), 123.6 (2 x CH 

(Ar)), 87.3 (2 X CI (Ar)), 72.2 (2 x OCH2) p.p.m. 

Vmax (neat) 3441w, 1475s, 1444w, 1347s, 1219s, 1050s, 1014s, 906w, 

845s, 789m, 732s cm"'. 

Xmax (CH2CI2) 281 (1400), 242 (8200) nm. 

(CI) 542 ([M]\ 4%), 91 (100) amu. 

2'5'-Dimethoxv-p-terphenvl 449 

5J2-Dihvdrobenzo[c]isochroimeno-f3,4-g1chromene 450 

2-Methoxv-3-phenvl- 6i/-benzo[clchromene 451 

O 

,0 

BuiSnH 

AIBN 
MeO 

OMe OMe 

448 449 450 451 

C20H16I2O2542 C2oHig02 290 C2(,H,602 288 C20HMO2286 

Diiodide 448 (273 mg, 0.5 mmol), tri-»-butyltin hydride (218 mg, 0.75 mmol) and 

azo-6zj'-isobutyronitrile (12 mg, 0.07 mmol) were stirred in toluene (40 mL) at 85°C 

for 20 h. The mixture was then cooled to ambient temperature and aqueous potassium 
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fluoride (10% w/v, 20 mL) was added. The mixture was stirred for 24 h then 

extracted with ether (3 x 20 mL). The combined organic phases were washed with 

brine (20 mL), dried (MgS04), concentrated m vacwo and puriAed by column 

chromatography (20% ether in petrol) to provide a coulourless oil comprising of 449, 

450 and 451 as a 1:4:6 mixture (129 mg, 0.44 mmol, 88%). 

GC-MS Retention time 6.67 (EI) 290 ([M]+, 100%), 275 (28) amu 

Retention time 7.14 (EI) 288 ([M]\ 100%) 197 (62) amu 

Retention time 8.26 (EI) 287 ([M+H]\ 33%) amu. 

1.4-/;»(3-methoxvbenzvloxv)-2,5-diiodohcnzene 452 

OH 

^ NaOH 
+ 

OMe 

O 

I 
OH OMe O 

MeO 

452 

362 CgH B̂rO 200 C22H20I2O4:602 

Diiodide 452 was prepared using a procedure adapted from Hunig.^^ 

Diiodohydroquinone (2.328 g, 6.4 mmol) was dissolved in NaOH (8.03 ml of a 2M 

solution) and ethanol (40 mL) and treated with 3-methoxybenzyl bromide (3.86 g, 

19.2 mmol). The mixture was heated at reflux for 1 h then cooled and filtered. The 

crude product was recrystallised from DCM/petrol to give 452 as a colourless solid 

(3.12 g, 5.1 mmol, 81%). 

m.p. 140 - 141 °C (DCM/petrol) 
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13 

'H NMR (300MHz, CDCI3) Sy 7.41 - 7.27 (4H, m, 4 x Ar/^, 7.12 (2H, s, 2 x 

Ar/^, 7.07 (2H, d, J 8.1 Hz, 2 x Ar/f), 6.95 - 6.36 (2H, m, 2 x Ar^, 

5.07 (4H, s, 2 X 0 % ) , 3.86 (6H, s, 2 x 0 % ) p.p.m. 

C NMR (75.5 MHz, CDCI3) 6c 159.9 (2 x C (Ar)), 152.8 (2 x C (Ar)), 137.9 (2 

X C (Ar)), 129.7 (2 x CH (Ar)), 123.5 (2 x CH (Ar)), 119.4 (2 x CH 

(Ar)), 113.9 (2 X CH (Ar)), 112.6 (2 x OH (Ar)), 86.6 ( 2 x 0 (Ar)), 

71.8 (2 X OCH2), 55.4 (2 x OCH3) p.p.m. 

FT-IR Vmax (neat) 2960w, 2883w, 1608m, 1485m, 1367m, 1250s, 1163s, 

1040s, 840s, 789s cm '. 

UV ;umax(CH2Cl2) 312 (1400), 281 (1600), 235 (4700) nm. 

CHN Found C 43.85 H 3.30, C22H20O2I4 requires C 43.88 H 3.35. 

2%3,3'%5-Tetramethoxv-p-terphenvI 453 

2,7-Dimethoxv-8-(3-methoxvphenvl)-benzofc1chromene 454 

OMe 

O 

0 

Bu3SnH 

AIBN 

OMe 

452 

C22H20I2O/, 602 

MeO 

MeO 

OMe 

OMe 

453 

C22H22O435O 

OMe 

OMe 

MeO 

454 

C22H20O4348 
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Iodide 452 (1.242 mg, 2.0 mmol), tri-M-butyltin hydride (873 mg, 3.0 mmol) and 

azobisisobutyronitrile (48 mg, 0.3 mmol) were stirred in toluene (40 mL) at 85°C for 

20 h. The mixture was then cooled to ambient temperature and aqueous potassium 

fluoride (10% w/v, 20 mL) was added. The mixture was stirred for 24 h then 

extracted with ether (3 x 20 mL). The combined organic phases were washed with 

brine (20 mL), dried (MgS04), concentrated m vacwo and purified by column 

chromatography (20% ether in petrol) to provide a colourless oil comprising of a 2:3 

mixture of 453 and 454 (237 mg, 0.67 mmol, 33%). 

GCMS Retention time 17.07 (CI) 350 ([M]\ 38%) 121 (100) amu. 

Retention time 16.81 (CI) 348 ([M]^, 100%) amu 

l,4-/;/'.y-/7-Binhenvloxv-2,5-diiodoben/ene 455 

OH 

+ 

OH 

NaOH 

445 

C6H4I2O2362 C j jHj ]Br 246 

455 

C32H24I2O2 694 
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Diiodide 455 was prepared using a procedure adapted from Hunig. 

2,5-Diiodohydroquinone (2.328 g, 6.4 mmol) was dissolved in NaOH (8.03 ml of a 

2M solution) and ethanol (40 mL) and treated with 4-(bromomethyl)biphenyl (3.98 g, 

19.2 mmol). After heating at reflux for 1 h the mixture was then cooled, filtered and 

the resulting solid recrystallised from DCM/petrol to give 455 as a colourless solid 

(2.97 g, 4.2 mmol, 66%). 

m.p. 

'HNMR 

1 3 CNMR 

FT-IR 

236 - 238°C (DCM/petrol) 

(400 MHz, CDCI3) 8H 7.59 - 7.38 (14H, m, 14 x 7.36 - 7.24 

(2H, m, 2 X Ar/f), 7.25 - 7.16 (2H, m, 2 x Ar//), 7.11 (2H, s, 2 x Ar/f) 

4.98 (4H, s, 2 x OC/^) p.p.m. 

(100 MHz, CDC13) 8c 154.1 (2 x C (Ar)), 142.2 (2 x C (Ar)), 140.1 (2 

X C (Ar)), 135.4 (2 x C (Ar)), 129.2 (4 x CH (Ar)), 128.1 (4 x CH 

(Ar)), 127.7 (5 X CH (Ar)), 127.5 (5 x CH (Ar)), 124.1 (2 x CH (Ar)), 

87.1 (2 X CI (Ar)), 72.3 (2 x OCH2) p.p.m. 

Vmax (neat) 2955w, 2863w, 1480m, 1449w, 1342m, 1193s, 1055s, 

999s, 871w773scm-\ 

UV lmax(CH2Cl2) 292 (1000), 232 (9000) nm. 

CHN Found C 55.71 H 3.47, C32H24O2I2 requires C 55.35 H 3.48. 

The high molecular weight prevented a satisfactory mass spectra from being obtained. 
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2",5", Dimethoxypentaphenyl 456 

Pcntanhcnvl 457 

8-/?-BiDhenvl-7-methoxv-3-phenvl-benzo[c1chromene 458 

455 

C32H24I2O2694 

BugSnH 

AIBN 

,OMe 

MeO 

456 457 

.OMe 

458 

C32H26O2442 C32H24O244O C32H22O2438 

Diiodide 455 (2.162 g, 3.1 mmol), tri-M-butyltin hydride (1.35 g, 4.6 mmol) and 

azobisisobutyronitrile (74 mg, 0.4 mmol) were stirred in toluene (40 mL) at 85°C for 

20 h. The mixture was then cooled to ambient temperature and aqueous potassium 

fluoride (10% w/v, 20 mL) was added. The mixture was stirred for 24 h then 

extracted with ether (3 x 20 mL). The combined organic phases were washed with 

brine (20 mL), dried (MgS04), concentrated m wcwo and purified by column 

chromatography (20% ether in petrol) to provide a colourless oil comprising a mixture 

of 456, 457 and 458 (532 mg, 1.2 mmol, 38%). 

LRMS (EI) 442 ([M]\ 7%), 440 ([M]\ 15%), 438 ([M]\ 13%) 167 (100) 

amu. 
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2,5-jb/5-('2,4,6-Trimethvlbenzvloxv)-l,4-diiodobenzene 459 

OH 

C, • . 

OH 

445 459 

362 CioHnCl 168 626 

Diiodide 459 was prepared using a procedure adapted from Hunig.̂ ^ 

Diiodohydroquinone (3.0 g, 8.3 mmol) was dissolved in NaOH (10.3 ml of a 2M 

solution) and ethanol (40 mL) and treated with 2,4,6-trimethylbenzyl chloride (2.79 g, 

16.6 mmol). The mixture was heated at reflux for 1 h then cooled, filtered and the 

resulting solid recrystallised from (ethanol) to give 459 as a colourless solid. (3.27 g, 

5.2 mmol, 63%). 

m.p 

1 

13 

230-232°C (ethanol) 

H NMR (300 MHz, CDCI3) Sw 7.18 (4H, s, 4 x Ar/f), 6.78 (2H, s, 2 x Ar/f), 

4.52 (4H, s, 2 X OC/fz), 2.26 (12H, s, 4 x % ) , 2.15 (6H, s, 2 x CT/s) 

p.p.m. 

C NMR (75.5 MHz, CDCI3) 6c 153.4 (2 x C (Ar)), 138.5 (2 x C (Ar)), 138.4 (4 

X C (Ar)), 129.3 (2 x C (Ar)), 129.2 (4 x CH (Ar)), 123.7 (2 x CH 

(Ar)), 86.7 (2 X CI (Ar)), 67.3 (2 x OCH2), 21.2 (2 x CH3), 19.9 (4 x 

CH3) p.p.m. 
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FT-IR Vmax (neat) 2924w, 2842w, 1731m, 1454s, 1362m, 1342s, 1198s, 

1055m, 988s, 830s, 763m cm '. 

UV L̂max (CH2CI2) 302 (1100), 228 (5000) amu. 

2\ 2",4',4",6'., 6"-hexamethvl-2'.,5'-methoxv-/7-terDhenvl 460 

BusSnH 

AIBN 
MeO 

OMe 

459 

(-26^28^202 626 

460 

^26^30^2 374 

Diiodide 459 (1.166 g, 1.86 mmol), tri-M-butyltin hydride (811 mg, 2.79 mmol) and 

azo-6z^-isobntyronitrile (44 mg, 0.3 mmol) were stirred in toluene (40 mL) at 85°C 

for 20 h. The mixture was then cooled to ambient temperature and aqueous potassium 

fluoride (10% w/v, 20 mL) was added. The mixture was stirred for 24 h then 

extracted with ether (3 x 20 mL). The combined organic phases were washed with 

brine (20 mL), dried (MgS04), concentrated m vacwo and purified by column 

chromatography (20% ether in petrol) to provide 460 as a colourless solid (466 mg, 

1.2 mmol, 67%). 

m.p. 210 - 212°C (ethanol). 
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13 

'H NMR (300 MHz, CDCI3) 6H 7.06 (4H, s, 4 x Ar/f), 6.73 (2H, s, 2 x ArT ,̂ 

3.73 (6H, s, 2 X OC//3), 2.45 (6H, s, 2 x C//3), 2.17 (12H, s, 4 x C/^) 

p.p.m. 

C NMR (75.5 MHz, CDCI3) 6c 150.7 (2 x C (Ar)), 136.7 (4 x C (Ar)), 136.6 (2 

X C (Ar)), 135.4 (2 x C (Ar)), 129.1 (2 x C (Ar)), 128.6 (4 x CH (Ar)), 

113.9 (2 X CH (Ar)), 56.2 (2 x OCH3), 21.2 (2 x CH3), 20.3 (4 x CH3) 

p.p.m. 

FT-IR vmax (neat) 2929w, 2852w. 1511m, 1480m, 1378m, 1203s, 1060s, 

866m, 845s, 778m, 732w cm'. 

UV Imax (CHzClz) 293 (2400), 222 (5200) nm. 

LRMS (CI) 374 ([M]\ 100%) amu. 

HRMS Found 374.2249, C26H30O2 requires 374.2245 amu. 

l,4-6/5-(2-Methvlbenzvloxv)-2,5-diiodobenzene 461 

OH 

OH 

+ Br 
NaOH 

445 

C6H4I2O2362 CgHgBr 184 

461 

^22^20^202 570 

Diiodide 461 was prepared using a procedure adapted from Hunig.^^ 

2,5-Diiodohydroquinone (3.5 g, 9.6 mmol) was dissolved in NaOH (12.8 ml of a 2M 
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solution) and ethanol (40 mL) and treated with 2-methylbenzyl bromide (5.29 g, 28.8 

mmol). The mixture was heated at reflux for 1 h then cooled, filtered and the solid 

recrystallised from DCM/petrol to give 461 as a colourless solid. (2.97 g, 5.2 mmol, 

54%). 

m.p. 188 - 190 °C (DCM/petrol). 

NMR (300MHz, CDCI3) Sw 7.59 - 7.49 (2H, m, 2 x Ar/^, 7.37 - 7.18 (8H, 

m, Ar/y), 5.06 (4H, s, 2 x OC/Ti), 2.46 (6H, s, 2 x C ^ ) , p.p.m. 

C NMR (75.5 MHz, CDCI3) 6c 153.1 (2 x C (Ar)), 136.5 (2 x C (Ar)), 135.2 (2 

X C (Ar)), 130.4 (2 x CH (Ar)), 128.6 (2 x CH (Ar)), 128.4 (2 x CH 

(Ar)), 126.2 (2 X CH (Ar)), 123.4 (2 x CH (Ar)), 86.4 (2 x CI (Ar)), 

70.2(2xOCH2), 19.2(2xCH3)p.p.m. 

FT-IR Vmax (neat) 2960w, 2847w, 1485m, 1352s, 1219s, 1055m, 840m, 830m 

13 

cm 

UV Xmax (CH2CI2) 292 (4000), 223 (10000) nm. 

2,2"-Dimethvl-2%5'-dimethoxv-p-terphenvI 462 

5-Methvl-7-methoxv-8-(2-methvlphenvI)-benzo \c]chromene 463 

O 

o 

BugSnH 

AIBN 
MeO 

OMe OMe 

461 

C22H20I2O2 570 

462 463 

C22H22O23I8 C22H20O23I6 
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Diiodide 461 (L796 g, 3.3 mmol), tri-«-butyltin hydride (1.44 g, 4.95 mmol) and azo-

6z.y-isobutyronitrile (79 mg, 0.5 mmol) were stirred in toluene (40 mL) at 85°C for 20 

h. The mixture was cooled to ambient temperature and aqueous potassium fluoride 

(10% w/v, 20 mL) was added. The mixture was stirred for 24 h then extracted with 

ether (3 x 20 mL). The combined organic phases were washed with brine (20 mL), 

dried (MgS04), concentrated m vacwo and purified by column chromatography (20% 

ether in petrol) to provide a colourless oil comprising a 2:1 462 and 463 as 

inseparable colourless oils (640 mg, 2.0 nm:iol, 61%). 

GC-MS Retention time 13.62 min (CI) 318 ([M]% 100%) amu 

Retention time 15.04 min (CI) 316 ([M}\ 100%) amu. 
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