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Macrocyclisations using Allylic Radical Intermediates. A New Synthetic 
Approach to Natural 14-Membered Cembranoids 
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A range of  alternative radical macrocyclisation approaches to cembranoids have been evaluated. 
Radical macrocyclisations involving the allylic radicals 11 generated from the corresponding allylic 
iodides, 15b and 20b, in the presence of  Bu,SnH-AIBN,? are shown to lead to 14-membered trienones, 
viz 10, via selective 14-endo-trig processes. Both 10a and 10b can then be elaborated to  the natural 
marine cembranoids 8 (mukulol) and 9 respectively, by straightforward functional group interconver- 
sions. 

Concise syntheses of  the a,o-dial 28, the terminal acetylenic aldehyde 27 and the allylic iodide 
enal 37 were developed, but neither was found to undergo radical mediated cycfisation to the 
corresponding 14-membered carbocycles 29, 30 and 38 respectively. instead, only the products of 
reduction, e.g. 39, or intermolecular pinacolisation, e.g. 34 were produced. 

Ever since the determination of the structures of the 14- 
membered diterpene hydrocarbon cembrene 1 from Pinus 
albicaulis in 1962,' a very wide range of cembranoids have been 
found in higher plants of the genus Pinus2 and Ni~ot iana,~  in 
particular, and also from marine soft corals4 Cembranoids have 
attracted a great deal of interest from both synthetic chemists 
and biologists, largely as a result of their unusual structures and 
their diverse range of biological properties. For example, the 
simplest cembrane, neocembrane 2, is used as a trail pheromone 
of the Australian termite Nasutitermis ex~it iosus,~ and sinularin 
3 produced by the soft Sinularis Jlexibilis is an antineoplastic 
agent.6 Asperdiol4 is active against tumor cells at the pg cmP3 
level,7 and lophotoxin 5 is a neuromuscular toxin (LD,, in 
mice 8 pg g-') isolated from the gorgonium of the genus 
Lophogorgonia.* Finally, 16-deoxysarcophine 6 found in the 
coral Sarcophytum trocheliophorum has been found to possess 
interesting calcium antagonistic activity and lobalide 7 from 
Lobophytum crassum shows ichthyotoxic properties.' 

In spite of considerable effort there remains a dearth of 
flexible macrocyclisation methodology for the elaboration of 
1Cmembered diterpenes of the type represented by formulae 1- 
7 which accommodate a range of sensitive oxygen-containing 
functionality distributed in a predetermined geometrical man- 
ner.'l,12 We have examined a number of complementary 
methods for the synthesis of oxygenated cembranoids which 
have as their focus the intramolecular macrocyclisation of 
carbon centred radical precursor molecules.' In this paper we 
describe the development of this chemistry and the total 
synthesis of mukulol8 found in Comiphora mukul l4 and a new 
approach to the cembranolide lactone 9 isolated from the soft 
coral Sinularia mayi,'5*16 

Although radical cyclisations have now acquired a status of 
immense importance in the design of synthesis of five- and six- 
membered (and some medium) carbo- and hetero-cyclic com- 
pounds, before the fundamental studies published by Porter et 
al.' in 1986, and before the start of our own work, illustrations 
of their use in the elaboration of large ring compounds were 
extremely sparse indeed. Our idea in the work described here 
was to elaborate the 14-ring macrocyclic ketones 10a and 10b 
via 14-endo-trig cyclisations of the novel ally1 radical inter- 
mediates lla and llb respectively as the key step, and then to 
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10a R = H  
b R=CHMe2 
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produce the cembranoids 8 and 9 by appropriate functional 
group manipulation of the macrocycles. At the outset of our 
work there were no illustrations of the scope for allyl radicals in 
ring synthesis ' * and no demonstrations of the use of radical 
macrocyclisations in target natural product synthesis. 

Thus, in our synthesis of the 14-membered trienone precursor 
10a to the cembranolide lactone 9, farnesal 12 was first treated 
with vinylmagnesium bromide in tetrahydrofuran (THF) at 
0 "C leading to the bis-allylic alcohol 13, which was then 
smoothly oxidised to the corresponding tetraenone 14 in the 
presence of manganese dioxide. The elaboration of 14 to the 
allylic alcohol 15a was next effected, in a regio- and stereo- 
selective manner, using catalytic selenium dioxide in the 
presence of tert-butyl hydroperoxide.20 The E-stereochemistry 
of the allylic alcohol double bond in 15a followed from NOE 
experiments, where irradiation at 6 3.98 (CH,OH) in the 'H 
NMR spectrum was shown to enhance the signal at 6 5.37 
(CH,CH=CMeCH,OH) by 10%. 

12 13 14 

inwards (see data in Experimental section). The full structure 
and stereochemistry of the all-E-macrocyclic trienone 16 
followed from inspection and comparison of its 'H NMR and 
13C NMR spectral data with those reported by Kato et for 
the same compound prepared by an alternative route. 
Confirmation of the (102) stereochemistry of the minor product 
17 resulting from radical macrocyclisation of 15b was obtained 
by comparison of 'H and 13C NMR data with those of the (1OE) 
isomer 16, e.g. the pronounced y-effect observed at C-12 in the 
I3C NMR spectrum of 17; 6 23.0 0s. 6 15.0. The isomer 17 is 
clearly the result of isomerisation, oia allylic transposition, of the 
radical intermediate lla produced from 15b prior to the 
observed 14-endo cyclisation. No additional products, whose 
formation could be accounted for as a result of competitive 
8-exo, 10-exo or 12-endo cyclisation modes, were isolated from 
the cyclisation of 15b. The all-E-trienone 16 has been used by 
Kato et in a synthesis of the cembranolide lactone 9, 
following: (i) deprotonation and alkylation with ethyl 
iodoacetate; (ii) reduction of the resulting y-keto ester with 
sodium borohydride; (iii) acid-catalysed cyclisation to the 
corresponding cis-butyrolactone; and finally (iv) a-methylen- 
ation. Our synthesis of 16, therefore, constitutes a formal 
synthesis of this cembranolide which is found in the coral 
Sinularia maji. ' 
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Treatment of 15a with iodine in the presence of triphenyl- 
phosphine and imidazole 2 1  next led to the allylic iodide 15b, 
precursor to the allyl radical intermediate of lla for the 
projected macrocyclisation to 16. To our satisfaction when a 
solution of the iodide 15b in dry deaerated benzene was heated 
under reflux for 3 h in the presence of tributyltin hydride and 
AIBN, work-up led to a 3 :  1 mixture of the (10E) 16 and the 
(102) 17 isomers of the anticipated cyclotetradecatrienone, 
which were easily separated by chromatography, in a combined 
yield of 52%. 

The first obvious sign that macrocyclisation of 15b had 
occurred was the loss of the characteristic signals for the ethenyl 
group in the 'H NMR spectrum of the product, and the shift in 
the positions of the other (non-conjugated) vinyl hydrogen 
signals from 6 5.1-5.4 to 6 4.84.9 in ( E )  16. These shifts in the 
vinyl signals, which are presumably associated with trans- 
annular interactions and/or ring strain, are typical of many 
cembranoids.,, Interestingly, the 10-H of the 10( 2 )  isomer 17 is 
significantly deshielded in comparison with the same signal in 
the E-isomer (6 5.96 us. 6 4.79) presumably because this vinylic 
hydrogen is directed out of the macrocycle ring rather than 

Using an identical sequence of reactions to those described 
above, we also effected a new total synthesis of mukulol 8 a 
metabolite which was first isolated from the gum resin of the 
Indian tree Comiphora mukul.14 Thus, elaboration of farnesal to 
the iodotetraenone 20b, via 18, 19 and 20a, followed by 
stannane-induced radical cyclisation led to a 4: 1 mixture of the 
macrocyclic trienones 21 and 22 in a combined yield of 40%. 
After separation of the all-E isomer 21, by chromatography, 
reduction in the presence of lithium aluminium hydride then 
gave ( f )-mukulol8 which showed spectroscopic data identical 
with those reported for the natural product. This second 
synthesis of the 14-membered ring system found in cembranoids, 
therefore fully endorsed the potential for radical macrocy- 
clisation reactions via allylic radical intermediates in this 
demanding area of synthesis. 

In contemporaneous investigations we also examined a 
number of complementary routes to cembranoids, each of 
which involved radical macrocyclisation as the key stratagem. ' 
For example, both the a,o-dialdehyde 28 and the corresponding 
terminal acetylenic aldehyde 27 were synthesised from geranyl- 
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Scheme 1 Reagents: i, Ref. 29; ii, Ac,O-C,H,N, iii, HIO,; iv, 
MnO,; v, P h , k H , B r  Br-KOBu' (R = Ac); vi, K,CO,-MeOH; vii, 
KOBu'; viii, MnO, 
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geraniol 23, (Scheme l), with a view to effecting their 
intramolecular reductive coupling (pinacol-type) to the diol29 
and the allylic alcohol 30 respectively. However, although 
model work with E-citral (producing 31; 12%) and literature 
precedent 24*2 were encouraging, the attempted electrochemi- 
cul reductive pinacolisation of the dialdehyde 28, to 29, under a 
range of conditions, e.g. in the presence of chromium(I1I) 
trichloride 24 to first complex the aldehyde or in the presence of 
diethyl malonate as a proton source,25 met with failure, and 
only starting material was recovered. Furthermore, although 
Shono e r  and have demonstrated that terminal 
acetylenic ketones undergo smooth intramolecular reductive 
coupling to the corresponding cyclic allylic alcohols, viz 32- 
-33, under a range of conditions e.g. electrochemistry, sodium 
naphthalene radical anion, reducing metals, the only product 
we were able to obtain from electrochemical reductive coupling 
of the acetylenic aldehyde 27 was the pinacol dimer 34 in 11% 
yield. 

Finally, in other investigations we synthesised the allylic 
iodide--&unsaturated aldehyde substrate 37, with a view to 

effecting its radical-mediated cyclisation to the 14-membered 
aldehyde 38 (Scheme 2). These attempts also met with failure 
however, and only the product of reduction, i.e. 39, was isolated 
on treatment of 37 with tributyltin hydride and catalytic 
azoisobutyronitrile. 

Experimental 
General Details.-M.p.s were determined using a Kofler hot- 

stage instrument and are uncorrected, and Kugelrohr bulb-to- 
bulb distillations were performed on a Biichi GKR-50 rotating 
bulb apparatus. 

Infrared spectra were recorded on a Pye-Unicam SP3-100 
spectrome'er; spectra were recorded as thin liquid films on 
sodium chloride discs or as solutions in the stated solvent. 
Ultraviolet absorption spectra were obtained on a Philips PV 
8720 UV/Visible scanning spectrophotometer as dilute solu- 
tions in the stated solvent ( E  follows A,,, in parentheses). 

Proton magnetic resonance spectra were recorded at 90 MHz 
unless otherwise stated and were recorded as either continuous 
wave spectra at 90 MHz on a Perkin Elmer R32 instrument or 
as pulsed Fourier transform spectra on a Bruker WPSOSY PFT, 
a JEOL FX9OQ PFT, a Bruker WM250 PFY, or a Bruker 
AM400 PFT spectrometer at 80 MHz, 90 MHz, 250 MHz and 
400 MHz respectively. ' 3C Nuclear magnetic resonance spectra 
were also recorded on these instruments at 20.15 MHz, 22.5 
MHz, 62.9 MHz and 100.6 MHz respectively as stated. All 
NMR measurements were obtained for dilute solutions in 
deuteriochloroform containing tetramethylsilane (TMS) or 
chloroform as an internal standard and chemical shifts (6) are 
reported in ppm from TMS. Line separations ( J )  are given 
in Hertz and multiplicities are designated as follows: no 
designation, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; 
br, broad. For 13C NMR, designations were determined by 
distortionless enhancement by polarisation transfer (DEPT) 
pulse sequences in conjunction with broad-band decoupled 3C 
NMR. 

Mass spectra were recorded on an AEI MS902 or on a VG 
7070E instrument using either electron impact or chemical 
ionisation (CI) techniques. Microanalyses were performed 
using a Perkin Elmer 240B elemental analyser. 

All organic solutions were dried over magnesium sulfate or 
sodium sulfate and solvents were removed under reduced 
pressure on a Biichi rotary evaporator. Analytical thin-layer 
chromatography was performed on Merck Kieselgel 60 F254 
aluminium backed plates which were visualised with UV light 
(254 nm) or alternatively with basic potassium permanganate, 
acidic alcoholic 2,4-dinitrophenylhydrazine, dilute aqueous 
sulfuric acid or acidic alcoholic vanillin spray reagents. Silica 
refers to Silica gel 60. 

Gas-liquid chromatography was performed on a Pye- 
Unicam GCD chromatograph with flame-ionisation detection 
using a nitrogen flow rate of 40 cm3 min-'. 

High pressure liquid chromatography was performed on a 
Waters Associates Liquid Chromatograph equipped with a 30 
cm column (internal diameter 7.8 mm) packed with pPorasi1. 

3,7,11- Trimethyldodeca-2(E),6(E),lO-tvienal 12.-A solution 
of (E,E)-farnesol (10.0 g) in dichloromethane (20 cm3) was 
added in a single portion to a stirred suspension of manganese 
dioxide (40.0 g) in dichloromethane (400 cm3). The mixture was 
stirred at room temperature for 16 h and then filtered under 
suction. Evaporation of the filtrate left the enal(9.12 g, 95%) as a 
pale yellow oil, b.p. (oven) 190-194 "C (11 mmHg) [lit.,30 b.p. 
98-118 "C (0.5 mmHg)]; A,,, (EtOH)/nm 238 (11 000); vmaX- 
(film)/cm-' 2770, 1685, 1635 and 1615; 6,(250 MHz) 9.99 (d, J 
8, CHO), 5.89 (d, J 8 ,  =CHCHO), 5.08 (br my 2 x =CH), 2.3-1.9 
(m, 4 x CH2, CH,), 1.64 (CH,) and 1.58 (2 x CH,); 6,(22.5 
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Scheme 2 Reagents: i, Ac,O-C,H,N; ii, SeO, - Bu'0,H; iii, MnO,, CHCl,; iv, K,CO,-MeOH; v, PPh,, I,, imidazole; vi, Bu,SnH-AIBN 

MHz) 189.7 (d), 162.1,135.7,130.5,126.9 (d), 123.8 (d), 122.2 (d), 
40.0 (t), 39.2 (t), 26.2 (t), 25.3 (t), 25.0 (q), 17.0 (q), 16.8 (q) and 
15.4 (9). 

5,9,13- Trimethyltetradeca-1,4(E),8(E),12-tetraen-3-01 13.-A 
solution of the enal 12 (9.10 g) in dry ether (15 cm3) was added 
dropwise over 15 min to a stirred solution of vinylmagnesium 
bromide (0.1 mol dm-,) in THF (100 cm3), under nitrogen at 
0 "C. The solution was stirred at 0 "C for 20 min and then 
quenched by the addition of saturated ammonium chloride 
solution (30 cm3). The mixture was diluted further with brine 
(500 cm3) and then extracted with diethyl ether (4 x 150 cm3). 
The combined extracts were washed with water (200 cm3) and 
then with brine (150 cm3). Evaporation of the dried extracts left 
the alcohol (9.45 g, 92%) as a pale yellow oil which was 
comparatively pure. A small sample was purified by chro- 
matography on silica to give a colourless oil; vmax(film)/cm-' 
3330br, 1665, 1005 and 905; 6,(250 MHz) 5.90 (ddd, J 18, 10 
and 8, H,C=CH), 5.23 (d, J 18, =CHH), 5.25-5.0 (m, 3 x =CH), 
5.12 (d, J 10, =CHH), 4.87 (br dd, J 8, 8, CHOH), 2.15-1.9 (m, 
4 x CH,), 1.70 (CH,), 1.67 (CH,), 1.58 (2 x CH,) and 1.45 (br, 
OH); 6,(20 MHz) 140.2 (d), 138.9, 135.4, 131.3, 126.0 (d), 124.4 
(d), 123.8 (d), 113.9 (t), 69.9 (d), 39.7 (t), 39.6 (t), 26.8 (t), 26.3 (t), 
25.7 (q), 17.7 (q), 16.7 (q) and 16.0 (q) (Found M f ,  248.21 10; C, 
81.8; H, 11.4; CI7H,,O requires M ,  248.2140; C, 82.2; H, 11.4%). 

5,9,13-Trimethyltetradeca-1,4(E),8(E),12-tetraen-3-one 14.- 
A solution of the alcohol 13 (9.20 g) in dichloromethane (20 
cm3) was added in a single portion to a stirred suspension of 

manganese dioxide (92.0 g) in dichloromethane (500 cm3). The 
mixture was stirred at room temperature for 16h and then 
filtered under suction. Evaporation of the filtrate left the 
tetraenone (7.03 g, 77%) as a pale yellow oil, b.p. (oven) 178- 
180 "C (7 mmHg) which was used without further purification; 
il,,,(EtOH)/cm-' 250 ( 5  500); vma,(film)/cm-' 1680, 1670, 1630, 
1610 and 980; 6,(250 MHz) 6.52 (dd, J 18 and 11, 

(dd, J 11,2, =CHH), 5.18 (br, 2 x =CH), 2.35-2.0 (m, 4 x CH2, 
CH,C=CC=O), 1.78 (CH,) and 1.70 (2 x CH,) (M+, 246.1988. 
M ,  246.1984). 

H2C=CHC=O), 6,35 (=CHC=O), 6.29 (dd, J 18,2, =CHH), 5.83 

14-Hydroxy-5,9,13-trirnethyltetradeca- 1,4(E),8(E), 12(E)- 
tetraen-3-one 15a.-A solution of the tetraenone 14 (6.80 g) in 
dichloromethane (10 cm3) was added in a single portion to a 
stirred mixture of selenium dioxide (1.50 g) and tert-butyl 
hydroperoxide (80% solution, 6.0 cm3) in dichloromethane (90 
cm3) at 0 "C. The stirred mixture was allowed to warm to room 
temperature over 2 h before it was concentrated to leave a 
yellow residue which was immediately taken up in diethyl ether 
(50 cm3). The solution was washed with sodium hydroxide 
solution (lo%, 2 x 50 cm3) and then with brine (50 cm3). 
Evaporation of the dried extracts left a yellow residue. The 
residue was purified by chromatography on silica using 
pentane-diethyl ether (2: 1, 3:2, 1: 1) as eluent to give the 
hydroxy tetraenone (2.03 g, 28%) as a pale yellow oil; 
h,,,(EtOH)/nm 264 (9 800); v,,,(film)/cm-' 3420br, 1660, 
1628, 1604 and 990; 6,(250 MHz) 6.42 (dd, J 15, 10, 
H2C=CHC=O),6.28 (=CHC=O),6.23 (dd ,J  15,2,=CHH), 5.75 
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(dd, J 10, 2, =CHH), 5.37 (t, J 5, =CH), 5.10 (br, X H ) ,  3.98 
(CH,OH), 2.3-1.9 (m, 4 x CH,), 2.14 (d, J 1, CH,C==CC=O), 
1.68 (CH,) and 1.62 (CH,); irradiation at 6 3.98 gave an NOE of 
10% at S 5.37; 6,(22.5 MHz) 190.6, 160.1, 138.4, 135.9, 134.9, 
126.9 (t), 125.7 (t), 123.2 (d), 121.7 (d), 68.9 (t), 41.3 (t), 39.3 (t), 
26.2 (t), 26.1 (t), 19.7 (q), 16.0 (9) and 13.7 (4) [Found M +  (CI) 
263; C, 77.4; H, 9.9. C17H2602 requires M + H, 263; C, 77.8; H, 
1 O.O%]. 

14-10do-5,9,13-trirnethyltetradeca-l,4(E),8(E), 12(E)-trien-3- 
one 15b.-Triphenylphosphine (200 mg) and a solution of 
imidazole (60 mg) in acetonitrile (0.5 cm3) was added to a 
stirred solution of the hydroxy tetraenone 15a (100 mg) in dry 
diethyl ether (1 cm3). The resulting pink solution was stirred 
under nitrogen at 0 "C for 10 min and then iodine (240 mg) was 
added in 12 x 20 mg portions. The solution was stirred at  0 "C 
for 30 min and then was diluted with pentane (15 cm3). The 
extracts were washed successively with saturated aqueous 
sodium thiosulfate (5 cm3), saturated cupric sulfate solution (5 
cm3) and water (5 cm3). Evaporation of the dried extracts left 
the iodo tetraenone (106 mg, 75%) as a highly labile pale yellow 
oil which was used immediately without further purification; 
v,,,(film)/cm-' 1655, 1620, 1598 and 990; 6 ,  6.8-6.1 (m, 
3 x S H ) ,  5.9-5.6 (m, 2 x =CH), 4.9-4.65 (br, =CH), 3.99 
(CH,I), 2.35-2.0 (m, 4 x CH,, CH,), 1.80 (CH,) and 1.64 
(CH3) ( M +  - I, 245. M - I, 245). 

3,7,11- Trimethylcyclotetradeca-2(E),6(E), 10(E)-trienone 16 
and 3,7,11- Trirnethylcyclotetradeca-2(E),6(E),lO(Z)-trienone 17. 
-Tributyltin hydride (0.54 cm3) and AIBN (50 mg) were 
added to a solution of the iodo tetraenone 15b (720 mg) in dry, 
deaerated benzene (650 cm3) under nitrogen. The solution was 
heated to reflux and held at reflux for 3 h. The solution was then 
allowed to cool to room temperature before it was concentrated 
under reduced pressure to leave a colourless residue (2.0 g). The 
residue was purified by chromatography on silica using diethyl 
ether-hexane (1 : 30,l: 20) as eluent to give a mixture of the two 
isomers 16 and 17 (230 mg, 48%) inseparable by column 
chromatography. Separation was achieved by HPLC eluting 
with diethyl ether-hexane (1 : 40) which gave the major isomer 
(72%), the all-E cyclic ketone 16 as a colourless oil; 
A,,,(EtOH)/nm 240 (10 800); V,,,,,(CHC~~)/C~-~ 1680 and 1610; 
6,.,(400 MHz) 5.93 (=CHC=O), 4.87 (br m, =CH), 4.79 (br m, 
X H ) ,  2.30-1.78 (m, 7 x CH,), 2.08 (d, J 0.8, CH,CXC=O), 
1.59 (CH,) and 1.54 (d, J 0.7, CH,); 6,(101 MHz) 202.4, 
155.8, 134.6, 133.4, 125.9 (2 x d), 125.0 (d), 40.4 (t), 39.5 (t), 
39.1 (t), 37.3 (t), 24.5 (t), 24.2 (t), 21.9 (t), 19.3 (q), 15.1 (4) and 
15.0 (9) (Found: M + ,  246.1974. M ,  246.1984). And the minor 
isomer (28%) the 2(E),6(E),lO(Z) cyclic ketone 17 as a 
colourless oil; A,,,(EtOH)/nm 241 (9 400); v,,,(CHCl,)/cm-' 

=CH( Z ) ] ,  4.92 [br m, =CH(E)], 2.40-1.90 (m, 7 x CH,), 2.07 
(d, J 1.2, CH,C=CC=O), 1.66 (d, J 1.2, CH,) and 1.59 (d, J 

124.5 (d), 123.6 (d), 44.2 (t), 40.6 (2 x t), 31.0 (t), 29.5 (t), 24.0 
(2 x t), 23.4 (q), 18.6 (9) and 16.2 (9) (M', 246.1975. M ,  
246.1984). 

1675, 1615; 6H(400 MHz) 5.98 ( X H G O ) ,  5.16 [t, J 6.5, 

1.1, CH3); Sc(lO1 MHz) 201.8, 157.4, 137.5, 134.6, 126.4 (d), 

2,6,10,14- Tetramethyl-3-methylenepentadeca-5(E),9(E), 13- 
trien-4-01 18.-A solution of a 2:l mixture of 2-bromo-3- 
methylbut- 1-ene and its positional isomer 1-bromo-3-methyl- 
but-l-ene3' (4.88 g) in dry THF (25 cm3) was added dropwise 
over 15 min to a stirred mixture of dry magnesium turnings (880 
mg) under dry THF (25 cm3) at room temperature under 
nitrogen. When the magnesium turnings had all been 
consumed, the solution was cooled to 0 "C and the aldehyde 12 
(6.57 g) in dry T H F  (10 cm3) was then added dropwise over 
10 min. The solution was stirred at room temperature for 16 hand 

then quenched by the addition of saturated aqueous ammonium 
chloride (20 cm3) and extracted with diethyl ether (3 x 50 cm3). 
The combined extracts were washed with water (2 x 50 cm3) 
and then with brine (50 cm3). Evaporation of the dried extracts 
left a yellow residue (8.03 g). The residue was purified by 
chromatography on silica using hexane-diethyl ether (5: 1) as 
eluent to give the alcohol (3.11 g, 54%) as a colourless oil; 
vmaX(film)/cm-' 3550br, 1660, 1640 and 910 6 ,  5.25-4.75 (m, 
2 x =CHR, CHOH), 5.12 (XHH) ,  4.88 (=CHH), 2.2-1.8 (m, 
4 x CH,, CHMe,), 1.73 (d, J 1.3, CH,), 1.68 (CH,), 1.60 
(2 x CH,), 1.07 (d, J6.8, CH,) and 1.05 (d, J6.8, CH,); 6,(22.5 
MHz) 158.0, 138.0, 135.0, 130.7, 127.3 (d), 124.3 (d), 123.7 (d), 
106.0 (t), 70.4 (d), 39.6 (2 x t), 29.9 (d), 26.7 (t), 26.2 (t), 25.4 (q), 
22.9 (q), 22.4 (q), 17.4 (q), 16.4 (4) and 15.8 (9) (Found M', 
290.2615; C, 83.0, H, 11.85. C20H34O requires M ,  290.2610; C, 
82.70; H, 11.80%). 

2,6,10,14-Tetrarnethyl-3-rnethyEnepentadeca-5(E),9(E),13- 
trien-4-one 19.-A solution of the alcohol 18 (180 mg) in 
dichloromethane (1 cm3) was added in a single portion to a 
stirred suspension of manganese dioxide (2.0 g) in dichloro- 
methane (25 cm3). The mixture was stirred at room temperature 
for 17 h and then filtered under suction. Evaporation of the 
filtrate left the trienone (170 mg, 95%) as a pale yellow oil, b.p. 
224-226 "C (12 mmHg); 1,,,(EtOH)/cm-' 243 (7 800) and 258 
(8 350); v,,,(film)/cm-' 1660, 1605 and 930; SH6.39 (=CHC=O), 
5.83 ( X H H ) ,  5.57 (=CHH), 5.12 (br, 2 x =CH), 3.16-2.76 (m, 
CHMe,), 2.2-2.0 (m, 4 x CH,, CH,C=CC=O), 1.67 (CH,), 1.60 
(2 x CH,) and 1.04 [dt, J 6.8, 1.6, CH(CH,),]; 6,(22.5 MHz) 
193.8, 157.2, 156.7, 135.8, 131.0, 124.2 (d), 123.0 (d), 121.4 (d), 
118.9 (t), 41.0 (t), 39.6 (t), 28.0 (d), 26.7 (t), 26.0 (t), 25.5 (q), 21.7 
(2 x q), 19.2 (q), 17.5 (9) and 15.9 (9) (Found: M', 288.2457; C, 
83.45; H, 11.2. C20H32O requires M ,  288.2453; C, 83.27; H, 
1 1.1 8%). 

1 5-Hydroxy-2,6,lO,l4-tetramethyl-3-methylenepentadeca- 
5(E),9(E), 13(E)-trien-4-one 20a.-A solution of the trienone 19 
(100 mg) in dichloromethane (1 cm3) was added in a single 
portion to a stirred mixture of selenium dioxide (18 mg) and 
tert-butyl hydroperoxide (90% solution; 0.1 cm3) in dichloro- 
methane (4 cm3) at 0 "C.,, The stirred mixture was allowed to 
warm to room temperature over 2 h before it was concentrated 
to leave a yellow residue which was taken up immediately in 
diethyl ether (5 cm3). The solution was washed with aqueous 
sodium hydroxide (lo%, 2 x 5 cm3) and then with brine (5 
cm3). Evaporation of the dried extracts left a yellow residue (40 
mg). The residue was purified by chromatography on silica 
using hexane-diethyl ether (2: 1) as eluent to give the hydroxy 
trienone (20.1 mg, 19%) as a pale yellow oil; A,,,(EtOH)/nm 
237 (8 800) and 258 (10 500); vmax(film)/cm-' 3400br, 1665,1615 
and 930; 6,(250 MHz) 6.37 (d, J 1, =CHC==C), 5.84 (=CHH), 
5.59 (=CHH), 5.38 (t, J 1.3, HC==CMeCH,OH), 5.12 (br, 
=CH), 3.99 (CH,OH), 2.95 (septet, J 6, CHMe,), 2.3-2.0 (m, 

and 1.04 [d, J 6, CH(CH,),]; irradiation at S 3.99 gave an 
NOE of -6% at 6 5.38; 6,(22.5 MHz) 194.1, 157.1, 156.8, 
135.6, 134.9, 125.2 (d), 123.1 (d), 121.5 (d), 119.2 (t), 68.4 (t), 
40.9 (t), 39.2 (t), 28.0 (d), 26.1 (t), 25.9 (t), 21.7 (2 x q), 19.2 
(q), 15.9 (9) and 13.4 (9) [Found: M' + H (CI), 305; C, 79.1; 
H, 11.0. C20H3202 requires M + H, 305; C, 78.90; H, 
10.5973. 

4 x CH,), 2.08 (d, J 1, CH,C=CC==C), 1.66 (CH,), 1.62 (CH3) 

1 5-Iodo-2,6,10.14-tetramethyl-3-methylenepentadeca- 
5(E),9(E), 13(E)-trien-4-0ne 20b.-Triphenylphosphine (260 mg) 
and a solution of imidazole (67 mg) in acetonitrile (1 cm3) were 
added to a stirred solution of the hydroxy trienone 20a (150 mg) 
in dry diethyl ether (1.5 cm3) at 0 "C under nitrogen. The 
resulting solution was stirred at 0 ° C  for 10 min and then 
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iodine (250 mg) was added in 10 portions over 5 min. The 
solution was stirred at 0 "C for 30 min and was then diluted 
with pentane (10 cm3). The extracts were washed successively 
with saturated aqueous sodium thiosulfate (5 cm3), saturated 
aqueous cupric sulfate (5 cm3) and water (5 cm3). 
Evaporation of the dried extracts left the iodo trienone (150 
mg, 74%) as a highly labile pale yellow oil which was used 
immediately without further purification; v,,,(film)/~m~ 1655 
and 1605; 6, 6.38 (=CHC=O), 5.85 ( S H H ) ,  5.65 (br, 
HC=CMeCH,I), 5.58 ( S H H ) ,  5.12 (br, S H ) ,  3.93 (CH,I), 
3.15-2.75 (m, CHMe,), 2.3-1.95 (m, 4 x CH,), 2.08 (d, J 1.5, 
CH,C=CHC=O), 1.60 (CH,), 1.54 (CH,) and 1.04 (d, J 6.4, 
CHMe,) (M', 414. M, 414). 

14-Isopropy1-3,7,11 -trimethyIcycIotetradeca-2(E),6( E), 1 O( E)- 
trienone 21 and 14-IsopropyI-3,7,11 -trimethylcyclotetradeca- 
2(E),6(E),10( 2)-trienone 22.-Tributyltin hydride (0.1 cm3) 
and AIBN (6 mg) were added to a solution of the iodo trienone 
20b (150 mg) in dry, deaerated benzene (125 cm3) under 
nitrogen. The solution was heated under reflux for 3 h. The 
solution was then allowed to cool to room temperature before it 
was concentrated to give a colourless residue. The residue was 
purified by column chromatography on silica using diethyl 
ether-hexane (1:50) as eluent to give a mixture of the two 
isomers 21 and 22 (50 mg, 35%) inseparable by column 
chromatography. Separation was achieved by HPLC eluting 
with diethyl ether-hexane (1 : 100) which gave the major isomer 
(7973, the all-E cyclic ketone 21 as a colourless oil; 
&,,,(EtOH)/nm 241 (6 200), v,,,(CHCl,)/cm-' 1675 and 1610; 
6,(400 MHz) 5.89 (=CHC=O), 4.94 (br m, S H ) ,  4.83 (br m, 
=CH), 2.36-1.65 (m, 6 x CH,, 2 x CH), 2.1 1 (CH,C=CC=O), 
1.60 (CH,), 1.52 (CH,), 0.89 [d, J 6.8, CH(CH,)Me] and 0.87 
[d, J 6.8, CHMe(CH,)]; 6,(101 MHz) 205.5, 155.8, 134.5, 
133.7, 126.5 (d), 125.9 (d), 125.2 (d), 56.7 (d), 39.5 (t), 38.9 (t), 
37.2 (t), 31.2 (d), 26.0 (t), 24.4 (t), 24.0 (t), 21.2 (q), 20.3 (q), 
19.5 (q), 15.3 (q) and 14.6 (q) (M+, 288.2449. M ,  288.2453). 
And the minor isomer (21%) the 2(E),6(E),lO(Z) cyclic 
ketone 22 as a colourless oil; ~,,,(EtOH)/nm 236 (5 500); 
v,,,(CHC~,)/C~-~ 1670 and 1610; 6,(400 MHz) 5.97 
(=CHC=O), 5.15 [t, J 7, =CH( Z)], 4.90 [br m, =CH(E)], 2.30- 
1.70 (m, 6 x CH,, 2 x CH), 2.11 (d, J 1.0, CH,C=CC=O), 
1.66 (d, J 0.7, CH,), 1.60 (CH,), 0.93 [d, J 6.7, CH(CH,)Me] 
and 0.87 [d, J 6.6, CHMe(CH,)]; &(lo1 MHz) 204.0, 157.8, 
137.5, 134.8, 126.1 (d), 123.9 (d), 123.4 (d), 60.8 (d), 40.8 (t), 
40.4 (t), 29.7 (t), 29.5 (t), 29.4 (d), 27.7 (t), 24.0 (t), 23.1 (q), 
21.5 (q), 20.1 (q), 18.9 (9) and 16.4 (4) (M+,  288.2442. M ,  
288.2453). 

( f )-Mukulol &-Lithium aluminium hydride (1.0 mg) was 
added in a single portion to a stirred solution of the cyclic 
ketone 21 (4.5 mg) in dry diethyl ether (1 cm3) at 0 "C under 
nitrogen. The mixture was stirred at 0 ° C  for 30 min then 
quenched by the addition of water (0.5 cm3) and then 
extracted with diethyl ether (2 x 2 cm3). Evaporation of the 
dried organic extracts left a colourless residue (3.0 mg). The 
residue was purified by chromatography on silica using 
pentane-diethyl ether ( 5 :  1) as eluent to give the saturated 
ketone (1.5 mg, 33%), resulting from 1,4-reduction, as a 
colourless oil; 6,(400 MHz) 5.02 (m, =CH), 4.91 (m, =CH), 
2.3-1.65 (7 x CH,, 3 x CH), 1.50 (2 x CH,) and 0.95-0.75 
(m, 3 x CH,) (Mf ,  290.2607. M ,  290.2610). And then 
( & )-mukulol (14-isopropyl-3,7,11-trimethylcyclotetradeca- 
2(E),6(E),lO(E)-trienol) (1.0 mg, 22%) as a colourless oil; 
dH(400 MHz) 5.33 (d, J 8.8, S H C H O H ) ,  5.04 (t, J 6.1, X H ) ,  
4.92 (t, J6.5, S H ) ,  4.60 (d, J8.8, CHOH), 2.3-1.7 (m, 6 x CH,, 

CHMe(CH,)] and 0.96 [d, J 6.8, CH(CH,)Me] (M+, 290.2588. 
M ,  290.26 10). 

2 x CH), 1.60 (d, J 4.3, CH,), 1.57 (2 x CH,), 1.00 [d, J 6.8, 

14-Hydroxy-4,8,12-trimethyltetradeca-4(E),8(E),12(E)-trienal 
26a.-Periodic acid dihydrate (500 mg) was added in a single 
portion to a vigorously stirred solution of 14,15-epoxy- 
3,7,11,15-tetramethylhexadeca-2(E),6(E), lO(E)-triene- 1-01 
24a29 (650 mg) in THF (8 cm3) and diethyl ether (2 cm3) at 
0 "C. The solution was allowed to warm to room temperature 
over 1 h before it was diluted with water (30 cm3) and extracted 
with diethyl ether (3 x 20 cm3). The combined ether extracts 
were washed successively with saturated aqueous sodium 
hydrogen carbonate (20 cm3), water (20 cm3) and brine (2 x 20 
cm3). Evaporation of the dried extracts left the hydroxy 
aldehyde (550 mg, 98%) as a pale yellow oil which was 
comparatively pure. A small sample was purified by chro- 
matography on silica; v,,,(film)/cm-' 3400br, 2720, 1720 
and 1665; 6, 9.73 (t, J 1.8, HC=O), 5.41 (t, J 6.9, =CHCH,O), 
4.13 (d, J6.9, 2 x SH), 2.6-1.8 (m, 6 x CH,), 1.67 (CH,) and 
1.60 (2 x CH,); 6, (22.5 MHz) 202.5 (d), 139.2, 135.0, 133.0, 
125.5 (d), 124.2 (d), 123.8 (d), 59.3 (t), 42.2 (t), 39.5 (2 x t), 31.9 
(t), 26.6 (t), 26.4 (t), 16.3 (q), 16.1 (9) and 16.0 (q) (Found: M', 
246.1988; C, 77.1; H, 10.95. C,7HZ802 requires: M ,  246.1984; C, 
77.2; H, 10.7%). 

3,7,11- Trirnethyltetradeca-2(E),6(E),lO(E)-triene- 1,14-dial 
28.-A solution of the hydroxy aldehyde 26a (410 mg) in 
chloroform (2 cm3) was added in a single portion to a stirred 
suspension of manganese dioxide (4.0 g) in chloroform (40 
cm3). The mixture was stirred at room temperature for 3 h 
and then filtered under suction. Evaporation of the filtrate 
left a yellow residue which was purified by chromatography 
on silica using hexane-diethyl ether (3:2) as eluent to give 
the dialdehyde (160 mg, 37%) as a pale yellow oil; 
/Z,,,(EtOH)/nm 238 (25 500); vmax(film)/cm-l 2730, 1730, 1675, 
1635 and 1615; 6, 10.11 (d, J 8, CHHC=O), 9.86 (t, J 1.8, 
CH,HC=O), 5.97 (d, J 8, =CHHC=O), 2.65-1.95 (m, 
6 x CH,), 2.20 (CH,C=CC=O) and 1.64 (2 x CH,); 6,(22.5 
MHz) 202.3 (d), 191.0 (d), 163.4, 136.2, 133.1, 127.5 (d), 125.2 
(d), 122.8 (d), 42.1 (d), 40.6 (d), 39.4 (d), 31.9 (d), 26.5 (d), 25.7 
(d), 17.6 (9) and 16.0 (2 x q) (Mf - H 2 0 ,  244.1817. M - 
H20,244.1827). 

14,15-Epoxy-3,7,11,15-tetramethylhexadeca-2(E),6(E),1O(E)- 
trienyl Ethanoate 24b.-Acetic anhydride (10 cm3) was added in 
a single portion to a stirred solution of the alcohol 24a (2.40 g) in 
pyridine (30 cm3). The solution was stirred at room temperature 
for 20 h, then quenched with water (150 cm3) and extracted with 
hexane (3 x 100 cm3). The combined extracts were washed 
successively with dilute hydrochloric acid (5%, 4 x 50 cm3), 
water (2 x 50 cm3) and brine (50 cm3). Evaporation of the 
dried extracts left the epoxy ethunoate 24b (2.39 g, 88%) as a pale 
yellow oil; v,,,(film)/cm-' 1735, 1665 and 1025; 6, 5.34 (t, J 7.2, 
=CHCH,O), 5.12 (br m, 2 x =CH), 4.58 (d, J 7.2, CH,O), 2.69 
[t, J6.0, HCO (epoxy)], 2.2-1.9 (m, 6 x CH,), 2.04 (CH,C=O), 
1.70 (CH,), 1.60 (2 x CH,), 1.29 [Me(CH,)CO] and 1.25 
[CH,(Me)CO] (M+ - C2H4O2, 288.2440. M - C2H4O2, 
288.2453). 

1 3 -Fo rmyl- 3,7,11- t r ime th y lt ridecu-2( E),6( E), 1 O( E)- trieny 1 
Ethanoate 26b.-Periodic acid dihydrate (880 mg) was added in 
a single portion to a vigorously stirred solution of the epoxy 
acetate 24b (1.25 g) in THF (1 5 cm3) and diethyl ether (2 cm3) at 
0 "C. The solution was allowed to warm to room temperature 
over 1 h before it was diluted with water (30 cm3) and extracted 
with diethyl ether (3 x 20 cm3) and brine (20 cm3). 
Evaporation of the dried extracts left the acetoxyaldehyde (1.03 
g, 94%) as a pale yellow oil which was comparatively pure. A 
small sample was purified by chromatography on silica to give a 
colourless oil which showed: v,,,(film)/cm-' 2720, 1740 and 
1665; 6" 9.72 (t, J 1.7, HC=O), 5.34 (br t, J7.3,=CHCH20), 5.10 
(br m, 2 x S H ) ,  4.56 (d, J7.3, CH,O), 2.6-1.9 (m, 6 x CH,), 
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2.02 (CH,C=C), 1.69 (CH,) and 1.59 (2 x CH,); 6,(22.5 MHz) 
201.6 (d), 170.4,141.6, 134.8,132.8,125.1 (d), 123.7 (d), 118.4 (d), 
61.0 (t), 41.9 (t), 39.2 (2 x t), 31.6 (t), 26.3 (t), 26.0 (t), 20.6 (q), 
16.2 (9) and 15.8 (2 x q) (M+ - C2H4O2, 246.1983. M - 
C,H402,246.1984). 

15-Bromo-3,7,11 -trimethylpentadeca-2(E),6(E), 10(E), 14- 
tetruenyl Ethanoate 25.-Potassium tert-butoxide (600 mg) was 
added in a single portion to a stirred solution of bromo- 
methyltriphenylphosphonium bromide 33 (1.28 g) in dry THF 
(50 cm3) at -78 "C under nitrogen for 1 h. The acetoxy 
aldehyde 26b (820 mg) was then added dropwise over 5 min to 
the resulting bright yellow solution and the solution was stirred 
at -78 "C for a further 1.5 h, after which time TLC analysis 
showed complete consumption of the 0x0 acetate. The mixture 
was quenched by the dropwise addition of water (20 cm3) and 
the solution was then allowed to warm to room temperature 
where it was extracted with diethyl ether (3 x 50 cm3). The 
combined extracts were washed with water (2 x 50 cm3) and 
then with brine (2 x 50 cm3). Evaporation of the dried extracts 
left a yellow residue (1.21 g) which was purified by chro- 
matography on silica using hexane-diethyl ether (20: 1) as 
eluent to give the vinyl bromide (14E,14Z mixture, 330 mg, 32%) 
as a pale yellow oil; v,,,(CHC~~)/C~-' 1730, 1670, 1620 and 
1605; 6, 6.25-6.0 (m, S H B r ,  HC==CHBr), 5.37 (bt t, J 7, 
=CHCH,O), 5.15 (br m, 2 x S H ) ,  4.60 (d, J7, CH,O), 2.4-2.0 
(m, 6 x CH,), 2.05 (CH,C=O), 1.73 (CH,) and 1.63 (2 x CH,); 
6,(22.5 MHz) 170.9, 142.1, 135.3, 134.5 (d), 133.8, 125.2 (d), 
123.9 (d), 118.5 (d), 107.7 (d), 61.3 (t), 39.6 (2 x t), 37.9 (t), 28.3 
(t),26.7(t),26.3(t),21.0(q), 16.5(q), 16.0(q)and 15.9(q)(M+ - 

C2H4O2, 324.1248 and 322.1274. M - CzH402 324.1276 and 
322.1296). 

3,7,11- TrimethyIpentadeca-2(E),6(E),lO(E)-trien- 14-ynal 27. 
-Potassium carbonate (200 mg) was added in a single 
portion to a stirred solution of the vinyl bromide 25 (160 mg) in 
methanol (10 cm3) and the mixture was then stirred at room 
temperature for 18 h. The mixture was diluted with water (20 
cm3) and then extracted with hexane (4 x 50 cm3). The 
combined hexane extracts were washed with water (20 cm3) and 
then with brine (20 cm3). Evaporation of the dried extracts left 
the corresponding hydroxyuinyl bromide (144 142 mixture, 120 
mg, 85%) as a pale yellow oil; v,,,(CHCl,)/cm-' 3450br, 1665, 
1620 and 1605; SH 6.15-5.8 (m, S H B r ,  HCBr), 5.34 (t, J 7, 
=CHCH,O), 5.05 (br m, S H ) ,  4.07 (d, J7, CH,O), 2.4-2.95 (m, 
6 x CH,), 1.61 (d, J 0.7, CH,) and 1.53 (2 x CH,); 6,(22.5 
MHz) 139.6,135.2, 134.6 (d), 133.9,125.2 (d), 124.0 (d), 123.6 (d), 
107.7 (d), 59.4 (t), 39.6 (2 x t), 37.0 (t), 28.3 (t), 26.7 (t), 26.4 (t), 
16.3 (q), 16.0 (9) and 15.9 (4) (M' - H,O, 324.1283 and 
322.1288. M - H20, 324.1276 and 322.1296). 

A solution of the hydroxyvinyl bromide (70 mg) in dry THF 
was added rapidly to a stirred solution of potassium tert- 
butoxide (70 rng),, in dry THF (15 cm3) at -23 "C for 20 min. 
The mixture was quenched by the dropwise addition of 
dilute hydrochloric acid (5%, 10 cm3) and then allowed to warm 
to room temperature where it was extracted with hexane 
(4 x 20 cm3). The combined extracts were washed with water 
(20 cm3) and then with brine (20 cm3). Evaporation of the 
dried extracts left a yellow residue which was purified by 
chromatography using hexane-diethyl ether ( 5 :  1,2: 1) as eluent 
to give 3,7,1 l-trimethyZhexadeca-2(E),6(E),lO(E)-trien-l4-yn-l- 
oZ(40 mg, 75%) as a pale yellow oil; v,,,(CHCl,)/cm- ' 3430br, 
3310, 2120 and 1670; 6, 5.33 (t, J 7.0, =CHCH,O), 5.03 
(br m, 2 x S H ) ,  4.06 (d, J 7.0, CH,), 2.2-1.8 (m, 6 x CH,, 
X H ) ,  1.60 (CH,) and 1.53 (2 x CH,); 6,(22.5 MHz) 139.6, 
135.2, 133.2, 125.6 (d), 124.0 (d), 123.5 (d), 84.4,68.4 (d), 59.4 (t), 
39.6 (2 x t), 38.5 (t), 26.7 (t), 26.4 (t), 17.7 (t), 16.3 (q), 16.0 (9) 
and 15.8 (4) (M+ - H20,  242.205. M - H,O, 242.2035). 

A solution of the trien-14-ynol(90 mg) in chloroform (1 an3) 
was added in a single portion to a stirred suspension of 
managanese dioxide (900 mg) in chloroform (10 cm3). The 
mixture was stirred at room temperature for 4 h and then 
filtered under suction. Evaporation of the filtrate left the 
aldehyde 27 (73.6 mg, 82%) as a colourless oil; A,,,(EtOH)/nm 
238 (7 200); v,,,(CHCl,)/cm-' 3320,2790,2130,1665,1635 and 

=CHC==O), 5.16 (t, J 6.8, S H ) ,  5.09 (m, S H ) ,  2.3-1.9 (m, 
6 x CH2), 2.17 (d, J 1.1, CH,MC=O), 1.94 (t, J2.5, =CH) and 

1610; 6H(400 MHz) 10.00 (d, J 8.1, HC=O), 5.89 (dd, J 8.1, J 1.1, 

1.61 (2 x CH3); dc(101 MHz) 197.3 (d), 163.8, 136.5, 133.4, 
127.5 (d), 125.4 (d), 122.7 (d), 84.4,68.4 (d), 40.7 (t), 39.6 (t), 38.5 
(t), 26.6 (t), 25.8 (t), 17.7 (t), 17.7 (q), 16.1 (9) and 15.9 (4) (M', 
258.1958. M, 258.1984). 

Attempted Electrochemical Cyclisation of Trienynal 27.-A 
solution of the aldehyde 27 (51 mg) in dry dimethylformamide 
(DMF) (5 cm3) was added dropwise by syringe-pump over 9 h 
to the catholyte solution [consisting of a solution of anhydrous 
NaClO, (18.4 g) in dry DMF (150 cm3)]13 whilst maintaining a 
cathodic potential of - 1.7 V. This potential was maintained for 
a further 1 h, by which time the current had fallen to zero. The 
catholyte was poured into water (60 cm3) and extracted with 
diethyl ether (6 x 50 cm3). The combined ether extracts were 
washed with water (4 x 50 cm3) and then with brine (2 x 50 
cm'). Evaporation of the dried extracts left a yellow residue 
(35.1 mg) which was purified by chromatography on silica using 
hexane-diethyl ether (1 : 1) as eluent to give 5,9,13,18,22,26- 
hexamethyltriaconta-5,9,13,17,21,25-hexen-1,29-diyn- 15,16-diol 
34 (5.4 mg, 11%) as a colourless oil; aH 5.18 (m, 4 x =CH), 4.4- 
4.1 (m, CHOH), 2.3-1.9 (m, 12 x CH,, 2 x =CH), 1.71 
(2 x CH,) and 1.60 (4 x CH,) (M+ - H20, 500.4014. M- 
H,O, 500.4018). 

16-Hydroxy-3,7,11,15-tetramethylhexadeca-2(E),6(E), 10(E), 
14(E)-tetraenyl Ethanoate 35.-Geranylgeranyl ethanoate * 
(10.75 g) was added dropwise over 10 min to a stirred mixture of 
selenium dioxide (250 mg), salicylic acid (500 mg) and tert-butyl 
hydroperoxide (70% solution; 17 cm3) in dichloromethane (17 
cm3) at 0°C. The mixture was allowed to warm to room 
temperature and then stirred for 60 h before it was evaporated 
under reduced pressure to leave a yellow residue which was 
immediately taken up in diethyl ether (50 cm3). The ether 
solution was washed with aqueous sodium hydroxide (10%; 
2 x 25 cm3) and then with brine (2 x 25 cm3). Evaporation of 
the dried extracts left a yellow residue (8.15 g), which was 
purified by chromatography on silica using hexane-diethyl 
ether (5:1, 4:1, 3:1, 5:2) as eluent to give the aldehyde 
corresponding to 35 (see below) (220 mg, 2%) as a colourless oil 
and then the hydroxy ethanoate (1.21 g, 11%) as a colourless oil; 
v,,,(CHCl,)/cm-' 3400br, 1725, 1675 and 1605; SH(400 MHz) 
5.41 (tq, J 6.9, 1.4, CHCH,OAc), 5.34 (tq, J 7.1, 1.2 
HC=CCH,OH), 5.11 (m, 2 x S H ) ,  4.59 (d, J 7.1, CH,OAc), 
3.99 (CH20H), 2.2-1.95 (m, 6 x CH2), 2.05 (CH,C=O), 1.71 
(CH,), 1.67 (CH,) and 1.60 (2 x CH,); irradiation at 6 3.99 
gave an NOE of -6% at 6 5.41; 6,(101 MHz) 171.1,142.3,135.5, 
134.9, 134.8, 126.1 (d), 124.6 (d), 123.8 (d), 118.5 (d), 69.0 (t), 61.5 
(t), 39.8 (t), 39.7 (t), 26.7 (t), 26.4 (t), 21.1 (q), 16.6 (q), 16.1 
(2 x q) and 13.9 (9) (M+ - CZH402,288.2435. M - C2H402, 
288.2453). 

16-Hydroxy-2,6,10,14- tetramethylhexadeca-2(E),6(E), 1 O(E), 
14(E)-tetraenal %.-A solution of the alcohol 35 (1.21 g) in 
dichloromethane (3 cm3) was added in a single portion to a 
stirred suspension of manganese dioxide (12.0 g) in chloroform 

* (E,€,E)-3,7,11,15-Tetramethylhexadeca-2,6,10,14-tetraenyl ethanoate. 
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(100 cm3). The mixture was stirred at room temperature for 18 h 
and then filtered under suction. Evaporation of the filtrate left 
the corresponding enal (1.09 g, 91%) as a colourless oil; 
A,,,(EtOH)/nm 224 (26 800); v,,,(film)/cm-' 2720, 1750, 1690 
and 1640; SH 9.37 ( H M ) ,  6.46 (br t, J7, HC=CC=O), 5.34 (br t, 
J 7.2, =CHCH,OAc), 5.12 (br m, 2 x =CH), 4.57 (d, J 7.2, 
CH20),  2.55-1.85 (m, 6 x CH,), 2.53 (CH,C=O), 1.73 (CH,), 
1.71 (CH,) and 1.59 (2 x CH,) (M' - C2H402, 286.2298. 

Potassium carbonate (60 mg) was added in a single portion to 
a stirred solution of the above enal(70 mg) in methanol (25 cm3) 
and the mixture was then stirred at  room temperature for 18 h. 
The mixture was diluted with water (10 cm3) and then extracted 
with hexane (3 x 15 cm3). The combined hexane extracts were 
washed with water (10 cm3) and then with brine (10 cm3). 
Evaporation of the dried extracts left the hydroxy tetraenal 
(43.4 mg, 82%) as a colourless oil; A,,,(EtOH)/nm 224 (16 600); 
v,,,(CHCl,)/cm-' 2730, 3460br, 1675 and 1640; SH 9.37 
(HC=O), 6.47 (t, J 7.0, HC=CC=O), 5.41 (t, J 6.9, =CHCH,O), 
5.15 (m, 2 x =CH), 4.15 (d, J 6.9, CH,O), 2.55-1.9 (m, 
6 x CH,), 1.75 (CH,), 1.68 (CH,) and 1.61 (2 x CH,); 6,(22.5 
MHz) 195.1 (d), 154.2 (d), 139.7, 139.2, 135.2, 133.4, 125.7 (d), 
124.1 (d), 123.6 (d), 59.4 (t), 39.6 (2 x t), 38.0 (t), 27.5 (t), 26.7 (t), 
26.4 (t), 16.3 (q), 15.9 (2 x q) and 9.2 (9) (M' - OH, 287.2331. 

M - CZH402,286.2297). 

M - OH, 287.2375). 

1 6-I0d0-2,6,10,14-tetramethylhexadeca-2( E),6( E), 1 O(E), 
14(E)-tetraenal 37.-Triphenylphosphine (300 mg) and a 
solution of imidazole (87 mg) in acetonitrile (1 cm3) were added 
to a stirred solution of the hydroxy tetraenal36 (150 mg) in dry 
diethyl ether (1.5 cm3). The solution was stirred under nitrogen 
at 0 °C  for 10 min and then iodine (350 mg) was added in 
portions over 2 min. The solution was stirred at 0 "C for 30 min 
and then diluted with pentane (15 cm3). The extracts were 
washed successively with saturated aqueous sodium thiosulfate 
(5 cm3), saturated aqueous cupric sulfate (5 cm3) and water (5 
cm3). Evaporation of the dried extracts left the iodo tetraenal 
(100 mg, 47%) as a highly labile yellow oil which was con- 
taminated with a small amount of triphenylphosphine oxide 
and was used immediately without further purification; SH9.39 
(HC=O), 6.48 (t,J7,=CHC=O), 5.15 (m, 3 x S H ) ,  3.48 (d, J9.9, 
CH21), 2.6-1.8 (m, 6 x CH,) and 1.64 (br, 4 x CH,). 

Attempted Radical Cyclisation of the Tetraenal37.-Tributyl- 
tin hydride (60 mm3) and AIBN (5 mg) were added to a solution 
of the iodotetraenal 37 (92 mg) in dry, deaerated benzene (50 
cm3 under nitrogen. The solution was heated to reflux and held 
at reflux for 3 h. The solution was allowed to cool to room 
temperature before it was concentrated to leave a colourless 
residue. The residue was purified by chromatography on 
silica using hexanediethyl ether (50: 1,20: 1,lO: 1) as eluent to 
give 2,6,10,14-tetramethylhexadeca-2(E),6(E), 1 O( E), 14(E)-tetra- 
enal(5 mg, 8%) as a colourless oil; A,,,(EtOH)/nm 228 (10 700); 
v,,,(CHCl,)/cm-' 2730, 1675, 1640 and 1600, dH(400 MHz) 
9.38 (HC=O), 6.47 (t, J 7.2, HC=CC=O), 5.16 (m, 3 x =CH), 
2.5-1.9 (m, 6 x CH,) and 1.75-1.55 (m, 5 x CH,) (M', 
288.2449. M ,  288.2453). 
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