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Stereoselective Synthesis of Solanesol and all-trans- Decaprenol 

By Kikumasa Sato," Seiichi Inoue, Akira Onishi, Nobuhiko Uchida, and Nobuto Minowa, Department of 
Applied Chemistry, Yokohama National University, 156 Tokiwadai, Hodogayaku, Yokohama 240, Japan 

Allylic p-tolyl sulphones (5), (1 4), and (1 6) couple with allylic bromide (7) and geranyl bromide to produce regio- 
and stereo-chemically pure 1,5-diene systems. The coupling of all-trans-w-bromogeranyl acetate (7) with 
geranyl p-tolyl sulphone (5) and higher isoprenologues (21 ), (24), and (27), followed by reductive elimination of 
p-tolylsulphonyl group, furnishes a stereoselective synthesis of all-trans-polyprenols (3), (23), (26), and deca- 
prenol (1 b). Solanesol (1 a) was synthesised using trans-4-chloroprenyl acetate (29) instead of (7). 

SOLANESOL (la) has been isolated from tobacco leaves,l 
mulberry leaves,2 and from unsaponifiable matter of 
silkworm faeces.2 Analogous alcohols such as decaprenyl 
alcohol (1 b), undecaprenyl alcohol (lc) , and dodeca- 
prenyl alcohol (Id) have also been found in mulberry 
leaves.213 

Solanesol and its analogues are important materials 
for the synthesis of biologically active isoprenoid 
q~ inones .~  For example, ubiquinone (coenzyme Q) (2a) 
has been prepared by the condensation of 2,3-dimethoxy- 
5-methylhydroquinone with the isoprenoid alcohol 
(1),6 and menaquinones (vitamin K,) (2b) have been 
prepared from 2-methyl-l,4-naphthohydroquinone and 

0 

( 2 )  

a; R ' = R 2 = M e 0 , R 3 = M e  
b; R'-R2= -CH=CH-CH=CH-, R3=Me 
C; R ' =  R2=Me, R3=H 
d; R ' =  R3=Me,R2=NH2 

( 1 ) . 6 s  t Plastoquinones (2c) and rhodoquinones (2d) are 
also among the same kind of compounds. 

Because of their importance for the synthesis of iso- 
prenoid quinones of biological importance and their 
minute occurrence in quantity in natural products, it 

t Compounds (2a) and (2b) have also been prepared by coupling 
reactions using protected quinones and/or polyisoprenoid com- 
pounds (refs. 7 and 8). 

would clearly be desirable to have synthetic access to 
all-trms-polyprenyl alcohols. In this paper we report 
stereoselective syntheses of all-tram-polyprenyl alcohols 
up to C50 including solanesol (C4,). Solanesol (la) 9 and 
all-tram-decaprenyl alcohol (1 b) lo have previously been 
synthesized by Isler et al. in a nonstereoselective fashion 
by means of the sequential C, and C ,  extension of the 
requisite carbon skeleton. 

The recent need for stereochemically pure 1,5-dienes 
in the field of natural insect hormones and in the study of 
biogenetic-like cyclizations of polyolefinic compounds 
has greatly stimulated research on the stereoselective 
synthesis of trisubstituted olefins,ll resulting in the 
invention of many excellent methods. However, most 
of these consist of extension of a carbon skeleton by one 
C, or smaller unit a t  a time. Because of the unstable 
nature of polyenes to heat and acids, stepwise construc- 
tion of the polyene systems by a t  least C, extension 
would be favourable for the current synthetic purposes, 

Altman et aZ.12 have reported the synthesis of all- 
tram-geranylgeraniol (3) originating from geraniol, 
which utilized w-chlorogeranyl benzyl ether (6) to 
alkylate the carbanion derived from geranyl phenyl 
sulphide (4), followed by reductive cleavage of the phenyl- 
thio and benzyl groups in the coupling product (8).  In 
order to synthesize all-tram-geranylgeraniol and poly- 
prenyl alcohols, the reaction sequence was modified so 
as to facilitate operations on a larger scale (Scheme 1) .  

(2E ,6E) -8-bromo-3 ,?-dime t hyloct a-2,6-dienyl 
acetate (7) was used as the key intermediate in our 
synthesis to alkylate the sulphone-stabilized allylic 
carbanion derived from tram-geranyl p-tolyl sulphone 
(5).  Stereoselective oxidation l3 of geranyl acetate with 
1.2 equiv. of selenium dioxide as described l4 gave rise to 
the aldehyde (10) in 44% yield (Scheme 2). The 
alcohol (1 1) was obtained by borohydride reduction of 
(10) at  low temperature in anhydrous methanol, whereas 
similar treatment of (10) with sodium borohydride in 
95% ethanol a t  0 "C l4 resulted in competitive formation 
of the diacetate (ll-acetate). The corresponding bro- 
m i d e  (7) was prepared by tlic usual procedure and utilized 
to alkylatc l-~-tolylsulpl~onylgeranyl-lithiuni. An 
arylsulplionyl group rather than an arylthio group was 
chosen because of its easy preparation, powerful activat- 
ing effect, and ease of removal by reduction or elimin- 

Thus, 
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atio11.l~ The sulphone (5)  was obtained froni tmizs- 
geraniol via trans-gcranyl bromide in a high ovcrall yield, 
as described.16 

Allylic cross-coupling was pcrformed by metallation of 

V \ \ &, + A OR 

( 5 )  x = SO*-p-tolyl 
(4) X = SPh (6) Y = CI, R = CH,Ph 

( 7 ) Y  = Br, R =COMe 

OR 
X 

( 8  I X = SPh, R = CHzPh 
( 9 )  X = S02-p-tolyI,R=COMe 

OH 

( 3  1 
SCHEME 1 

8 1.70 (assignable to thc cis olefinic Incthj.1 group) or 
near 6 6.60 (assignable to the P-sulphonyl-vinyl proton) 
indicating complete retention of geometry and stereo- 
chemistry of the ally1 sulphone m0iety.l' 

The allylic cross-coupling reaction was also employed 
for the synthesis of ao-disuhstituted geranylgeraniol(l5), 
which was thought to serve as a synthon in the prepara- 
tion of polyprenyl alcohols. Thus, the sulphone (5) was 
oxidized with selenium dioxide , the product then being 
treated with sodium borohydride , yielding trans-o- 
hydroxygeranyl p-tolyl sulphone (12) in 66yo overall 
yield (Scheme 3). The alcohol (12) was converted via the 
bromide (13) into the benzyl ether (14). Metallation of 
the sulphone (14) with n-butyl-lithium in tetrahydro- 
f uran- hexame th ylphosphoramide followed by addit ion 

the sulphone (5) with n-butyl-lithium in tetrahydro- 
furan-hexamethylphosphoramide (4 : 1) followed by addi- 
tion of the bromide (7) at -78 "C, resulting in formation 
of the pure sulphone (9) in 79% yield, Coupling at the 
y position or geometrical isomerization during the 
reaction was rigorously ruled out by lH n.m.r. spectro- 

Me 
(15) 

scopy and by g.1.c. analysis of the product derived from M ~ ~ S O ,  \ 
QAc 

(16) 

c 
+ 

SCHEME 3 

of the bromide (7) resulted in formation of a new sulphone 
HO (15) in 60°/, yield. Exclusive coupling at the a- 

position and retention of configuration were again con- 
firmed by the IH n.m.r. spectrum. 

As an alternative route to geranylgeraniol, we 
examined the coupling between o- toluene-@-sulphonyl- 

reductive cleavage of the sulphoiie iiioietv (see 1aic.r). geranyl acetate (16) and geranyl bromide. Thus, 
In the '13 n.m.r. spectrum of thc sulphoiie (9) tlic niethyl iiietallation o f  the sulphone (16), obtained from tlic 
group a t  C-11 ( y  to the allylic sulphonyl group) appeared bromide (7), with n-butyl-lithium was performed in 
at a high field (6 1.21) and no signals were observed near tetrahydro furan-hexamethylphosphoramide (4 : 1)  a t  

(11) 
SCHEME 2 
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-78 "C; geranyl bromide was then treated with the 
anion. Isolation by chrornatograpliy on silica gel 
gave the coupled sulphone (17) in 49y4 yield (based on 
tlie consumed bromide) along with a 42% recovery of 
geranyl bromide. There seemed to be some trouble in 
generating the carbanion from (16) ; Iiowever, the 
reaction was not investigated further, and was abaridoncd 
for further application to the synthesis of higher iso- 
prenologues of (3). 

Reductive cleavage of tlle carbon-sulphur bond of tlie 
sulphone (9) was first carried out by exposure to sodium 
amalgam in anhydrous methanol a t  0 "C for 1.5 1 1 , ~ ~  

The allylic cross-coupling .reaction and lithium- 
e thylamine reduct ion were also employed for the 
synthesis of farnesylfarnesol (23), octaprenol (26), and 
decaprenol (16). Thus, the all-trans-polyprenols (3) , 
(23 ,  and (26) were converted 7)ia their bromides into thc 
corresponding sulphones (21), (24), and (27) in high 
yields (Scheme 5). The carbanions derived from tlie 
above sulphones were coupled with (7) to afford the 
coupled compounds (22a), (25a), and (28a), respectively, 
in good yields; these were then hydrolysed to the 
corresponding hydroxy-sulpliones (22b), (25b), and (28b) 
respectively. More conveniently, the allylic cross- 

Na (Hg) / YeOH 

QH 
( 7 :  3)  

(18) 

NaOMe 

lMeoH (20) 

L i i E t N H 2 -  Et2O 
OH * (3 )  + (18) 

I 6 
Me 

( 9  : 1) 

(19) 
SCHEME 4 

affording a mixture of the expected all-trans-geranyl- 
geraniol (3) and the rearranged all-tram-tetraenol (18) i n  
a ratio of 7 : 3 ;  these products were separated by 
conventional chromatography on silica gel only with 
difficulty. Similar treatment of the hydroxy-sulphone 
(29) with sodium amalgam gave the same result (Scheme 
4). Our results of the reductive cleavage are consistent 
with the earlier observations by Grieco l6 on the synthesis 
of bisgeranyl. 

When the sulplione (9) was exposed to lithiuin in 
etliylamine at -78 "C for a short period, simultaneous 
reductive cleavage of the toluene-11-sulphonyl and 
acetoxy groups took place to afford the tetraene (20) in 
707, yield. The best result was obtained when the 
Iiydroxy-sulphone (19) was treated with lithium in 
etliylamine with ether as co-solvent a t  -78 "C. The 
product donsisted of (3) and (18) in the ratio 9 : 1 ,  from 
wliicli pure ( 3 )  was isolated by chromatograpliy on silver 
nitrate-impregnated silica gel. The structure was con- 
firnretl by the IH n.1n.r. spectrum and comparison 
(g.1.c.) of the acetate with an authentic sample under 
conditions which enabled us to distinguish between 

102) -isomers. 
(IZE,6E,lOE)-, (2E,GE,lOZ)- ,  (2E,GZ,lOE)- a~ l t l  (2E,OZ,- 

coupling reaction and the subsequent hydrolysis were 
performed in one pot to give the hydroxy-sulphones 
directly. Reductive elimination of the sulphonyl group 
of the coupled alcohols was carried out a t  -78 "C with 
lithium in ethylaniine to afford the expected polyprenyl 
alcohols (23), (26), and (lb),  together with the con- 
jugate-reduction products in the ratio 9 : 1 ('H n.m.r.). 
Althougli the alcohols were purified by careful chromato- 
graphy on silver nitrate-impregnated silica gel, purific- 
ation was more conveniently performed in the case of 
(23) and (26) after conversion into the corresponding 
sulphones. The structure of the final product, dc- 
caprenol (lb),  was confirmed by lH n.m.r. and i.r. 
spectroscopy and by mixed melting point witli an 
authentic sample prepared from natural solanesol. 

We next examined the allylic cross-coupling reaction 
between the sulplione (5) and (E)-l-chloro-4-acetoxy-3- 
methylbut-2-ene (29) I9 as a model reaction for thc 
synthesis of solanesol ( lb),  one of the polyprenyl alcohols 
having an odd number of isoprene units (Scheme 6). 
Coupling of trans-geranyl sulphone (5 )  with the chloride 
(29) followed by methanolysis gave the hydroxy- 
sulplione (30) in 85y0 yield. Reductive cleavage of the 
sulphone provided farnesol (31)  in 55y0 yield, but g.1.c. 
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analysis of the product showed the prescnce of three hy- 
products totalling 40% of the mixture. The farnesol 
was isolated after column cliromatography in 28% yield, 
and the by-products yere also isolated and identified as 
cis,tram-farnesol, (22,5E, lOE)-3,7,11- trime thyldodeca- 
2,5,10-trienolJ and (22,5E,lOE)-3,7,11 ,trimethyldodeca- 
2,5,10-trienol based on their i.r. and lH n.m.r. spectra. 

( 3 )  n = 3  
(23111 = 5 
(26) n = 7 

1 

( 2 1 )  n = 3 
( 2 4 )  R = 5 
( 2 7 )  n = 7 

1 1 7 1  

H, 
OR 

Me 

(22)  n =  3 
( 2 5 )  n = 5 
(28) n = 7 
a; R = A c :  bi R = H  

(23) n = 3 
(26) n = 5 
( l b )  n = 7 

SCHEME 6 

Considerable isomerization and conjugate reduction 
seem to be caused by the presence of a hydroxy-function 
close to the sulphonyl group. The all-tram-octaprenyl 
sulphone (26) was carried through the same three-step 

reaction sequence to produce solanesol ( la) in 50% yield 
('based on the coupled sulplione (32)l. 

As shown here, the coupling reaction of a reactive 
carbanion of a polyprenyl compound with d r a m -  
1 la loge noge ran io 1 or w-t~ans- l i  alogeno pr enol derivatives 

(29) 
( 5 )  n = l  
(26) n = 7 / 

(301 n = l  
( 3 2 )  n = 7  

Me 

(31) n = l  
( la) n = 7  

SCHEME 6 

followed by reductive desulphonylation could well 
provide a general stereoselective synthesis of all-trarts- 
polyprenyl alcohols. 

EXPERIMENTAL 

lH N.m.r. spectra were recorded for CCL, solutions with a 
J EOL C-60 spectrometer using tetramethylsilane as an 
internal standard. 1.r. spectra were taken for neat films 
on a Hitachi Model 2 15 spectrophotometer ; mass spectra 
were determined on a Hitachi RMU-6E spectrometer. 
G.1.c. analyses were performed with Shimazu GC-4A or 
GC-3B instruments using the following columns: 3 m x 3 
mm, 10% Carbowax 20M on 60-80 mesh Neopak 1A; 3 ni x 
3 mm, 200/, Silicone DC 200 on 60-80 mesh Celite 545; 
3 ni x 3 mm, 5% Silicone OV-210 on 60-80 mesh Chromo- 
sorb W. Liquid column chromatography was carried out 
on Wakogel C-200. Silver nitrate-impregnated silica gel 
was prepared for column chromatography by addition of a 
solution of silver nitrate in acetonitrile to the silica gel and 
then removal of the solvent on a rotary evaporator. Tetra- 
hydrofuran (THF) was dried by distillation from lithium 
aluminium hydride; hexamethylphosphoramide (HMPA) 
was dried by distillation from calcium hydride. 

( 2E16E) -8-A ceto,vy-2,6-dirnethyloctu-2,6-d~e~~Z ( 10) _- 
Selenium dioxide (46.6 g, 0.42 mol) in 95% ethanol (500 ml) 
was added to a solution of geranyl acetate (68.6 g, 0.35 
mol) in 95% ethanol (200 nil) under reflux over 2 h. The 
mixture was stirred under reflux for a further 7 h, filtered, 
and concentrated. The residue was dissolved in ether 
(300 ml), washed (aq. NaHCO,, H,O, and aq. NaCl), and 
dried (MgSO,). Distillation gave the aldehyde (10) (32.3 g, 
44%); vmaX. 1 740 ( G O ) ,  1 690 (CH=O), and 1 235 cm-*, 
6 1.74 (6 H, s, CH,), 1.96 (3 H, s, CH,CO), 2.35 (4 H ,  m, 
CH,CH,), 4.55 (2 H, d,  J 6.5 Hz, CH,O), 5.38 (1 H ,  t,  J 6.5 
Hz, CH=), 6.40 ( 1  H ,  t, J 6.5 Hz, CH=), and 9.35 ( 1  H, s, 
CHO) . 

(2E,6E)-8-Aceloxy-2,6-d~rnethyZocda-2,6-dien-l-oZ (1 1) .-To 
a solution of (10) (23.3 g, 0.11 mol) in anhydrous methanol 



(250 ml) was added a solution of sodium borohydride (1.97 
g, 0.055 niol) in anhydrous methanol (30 ml) a t  -10°C 
over 1 h. After the misture had been stirred for further 
4 h, the excess of borohydride was decomposed by addition 
of saturated aqueous ammonium chloride. The mixture 
was poured into aqueous sodium chloride (300 ml) and 
extracted with ether. The extract was washed (aq. 
NaHCO, and aq. NaC1) , dried (MgSO,), and distilled to give 
the alcohol (11) (16.8 g ,  72y0), b.p. 114-122 "C at  0.3 
niniHg; v , , ,~~ .  3 400 (OH), 1 740 (C=O), and 1240 cm-'; 
8 1.65 (3 H, s, CH,), 1.74 (3 H,  s, CH,), 2.00 (3 H, s, CH,CO), 
2.12br (4 H, s, CHJH,), 3.37 (1 H,  s ,  OH), 3.92 (2 H, s, 
CH,OH), 4.56 (2 H, d, J 7 Hz, CH,OAc), and 5.35 (2 H,  t ,  
J 7 Hz, CH=). 

When the reaction was carried out in 95% ethanol at 
O O C ,  the product was obtained with a contaminant (ca. 
10%) of (2E,6E)-2,6-dimethylocta-2,6-diene-1,8-diyl di- 
acetate, vmx. 2 930, 1 735, 1 240, and 1 030 cm-*; 6 1.68 
(3 H, s, CH,), 1.75 (3 H, s, CH,), 1.99 (3 H, s, CH,CO), 
2.01 (3 H, s, CH,CO), 2.11br (4 H,  s, CH,CH,), 4.41 (2 H, s, 
CH,O), 4.52 (2 H, d, J 7 Hz, CH,O), and 5.33br (2 H, m, 
CH=); m/e 134 (20%, M f  -2AcOH), 118 (22, CIoH14' 
-CH,), and 43 (100, CH,COt). 
(2E,6E)-8-Bromo-3,7-d~methylocta-2,6-dienyl Acetate (7).- 

To a stirred mixture of (11) (4.2 g, 20 nimol) and pyridine 
(0.1 nil) in dry ether (50 ml) was added phosphorus tri- 
bromide (2.3 g, 8.7 mmol) in dry ether (20 ml) at 0 "C over 
1 h. After the mixture had been stirred at  0 "C for 5 h, i t  
was poured into ice-water (100 ml) and then extracted with 
ether. The extract was washed (H,O, aq. NaHCO,, H,O, 
and aq. NaCl), dried (MgSO,), and concentrated in vacuo to 
give the acetate (7) (5.1 g, 94y0), which was homogeneous 
on t.l.c., and was used without further purification. An 
analytical sample was obtained by distillation, b.p. 95-1 00 
"C a t  0.09 mmHg, nD20 1.5158; vmaX. 1 740 (GO), 1 235, and 
1210 cm-l; 6 1.74 (6 H, s, CH,), 1.98 (3 H, s, CH,CO), 
2.14br (4 H,  s, CH,CH,), 3.94 (2  H, s, CH,Br), 4.55 (2 H,  d ,  
J 6.5 Hz, CH,OAc), 5.37 (1  H, m, CH=), and 5.58 (1 H, ni, 
CH=). 

(2E,6E, 10E)-3,7,11,15-Tetramethyl-lO-p-tolylsulpJtonyl- 
hexadeca-2,6,10,14-betraenyl Acetate (9) .-To a stirred solu- 
tion of the sulphone (5) (3.0 g, 10 mmol) in anhydrous 
THF-HMPA (4 : 1 v/v; 40 ml) was added a solution of n- 
butyl-lithium ( 1 . 6 ~  in liexane; 6.4 ml, 10 nimol) under 
nitrogen at -78 "C. After 1.5 h,  a solution of (7) (2.4 g, 
8.7 mmol) in THF-HMPA (4 :  1, 10 ml) was added over 
1 h, and the mixture was stirred for 5 11. The mixture was 
allowed to warm to 0 "C, poured into ice-water, and ex- 
tracted with n-hexane-ether (1 : 1 v/v). The extract was 
washed (H,O, aq. NaCl), dried (MgSO,), concentrated, and 
chromatographed on silica gel. Elution with 10% di- 
isopropyl ether-hexane gave unchanged (5 )  (0.9 g, 3.0 mmol), 
and elution with 10% ethyl acetate-hexane gave the 
coupled sulphone (9) (3.3 g, 79%); vnBx. 1 740, 1 600, 1 500, 
1310, 1300, 1290, and 1240 cm-l; 6 (CCl,) 1.21 (3 H, J 
1.2 Hz, ll-CH,), 1.51 (3 H,  s, CH,), 1.57 (3 H,  s, CH,), 1.65 
(6 H, s, CH,), 1.95br (13 H, s, CH,CO and CH,CH,), 2.41 
(3 H,  s, CH,Ar), 3.65 (1 H,  dt, J 10 and 3 Hz, CHSO,), 4.42 
(2 H,  d, J 7 Hz, CH,OAc), 4.80-5.32 (4 H,  m, CH=), and 
7.18 and 7.61 (4 H,  AB q, aromatic). 

(2E, 6E) -2,6-Dimethyl-8-p-toZylsulphonylocta-2,6-dien- 1 -01 
(12).-A solution of selenium dioxide (20.0 g, 0.18 mol) in 
95% ethanol (400 ml) was added dropwise over 3 h to a 
solution of (5) (52.6 g, 0.18 mol) in 95% ethanol (200 ml) 
under reflux, and the mixture was stirred under reflux for 

8 11. After the precipitated selenium had been filtered off, 
a solution of sodium borohydride (4.26 g, 0.11 mol) in 
anhydrous methanol (60 ml) was added to the filtrate a t  
0 "C over 1 h, and the solution was stirred €or 6 h. Treat- 
ment of the resulting mixture as described previously and 
chromatography of the crude product on silica gel with 
5-10y0 ethyl acetate-hexane as eluant provided the purified 
sulphone (12) (30.5 g ,  55%) ; v,,,,~, 3 500, 1 660, 1 600, 1 310, 
1 300, 1 290, and 740 cm-'; 8 1.38 (3 H, s, CH,), 1.59 (3 H. 
s ,  CH,), 2.01 and 2.07 (4 H, CH,CH,), 2.40 (3 H, s, ArCH,), 
2.65br (1 H, s, OH), 3.63 (2 H, s, J 8 Hz, CH,SO,), 3.85 
(2  H, s, CH,O), 4.94-5.25 (2 H, 111, CH=), and 7.23 awl 7.65 
(4 H, AB q, aromatic). 

(2E, 6E) - 1 -Elenzyloxy - 2,6-dimethyl-8-p-tolylsul~/zo nylocta- 
2,6-diene (14).--The alcohol (12) was converted into the 
corresponding bromide (13) with phosphorus tribromide by 
the usual procedure in 80% yield. Benzyl alcohol (1.17 g, 
11 mmol) was treated with sodium hydride (50% in mineral 
oil, 0.52 g, 11 mmol) in anhydrous ether (45 ml) under 
reflux for 3 h. To this mixture was added a solution of the 
bromide (13) (4.0 g,  11 mmol) in ether (30 ml) at  - 10 to 
-5 "C. After the mixture had been stirred for 24 h, i t  was 
poured into ice-water and extracted with ether. Column 
Chromatography of the crude product on silica gel afforded 
the sulphone (14) (2.20 g, 5 0 % ) ;  vlmy. 1600, 1500, 1320, 
1310, 1290, 745, and 700 cn1-l; 6 1.34 (3 H,  s, CH,), 1.62 
(3 H, s, CH.J, 2.01br (4 H, s ,  CH,CH,), 2.38 (3 H, s ,  CH,Ar), 
3.60 (2 H, d ,  J 7.5 Hz, CH,SO,), 3.80 (2 H, s, CH,O), 4.34 
(2 H, s, CH,Ph), 4.9-5.3 (2 H, ni, CH=), 7.23 (5  H, s, 
C,H,), and 7.19 and 7.64 (4 H, AB q, aromatic). 

(2E,6E, 10E, 14E)-16-Benzyloxy-3,7,111 15-tetramethyl-9-p- 
toZylsul~honylhexadeca-2,6,10,14-tetraenyl Acetate (15) .-To 
a stirred solution of (14) (1.62 g, 4.2 mmol) in anhydrous 
THF-HMPA (4 : 1 v/v; 40 ml) was added a solution of n- 
butyl-lithium ( 1 . 2 ~  in hexane; 3.52 ml, 4.2 mniol) at  -78 
"C under nitrogen. After 1.5 h, a solution of (7) (0.77 g, 
2.8 mmol) in anhydrous THF-HMPA (4 : 1 vfv; 10 ml) was 
added at  -78 "C over 30 min. After stirring for 4 h, the 
mixture was worked up as described previously. The 
crude product was chromatographed on silica gel using 5- 
10% ethyl acetate-hexane as eluant to give the acetate (15) 
(0.99 g, 60%); vm2y. 1 740, 1 600, 1 500, 1 320, 1 310, 1 290, 
740, and 700 crn-l; 6 1.23 (3 H, s, CH, at C-ll), 1.81 (9 H, 
s, CH,), 1.91 and 2.01 (4 H, CH,CH,), 2.36 (3 H, s, CH,Ar), 
3.61 (1 H,  in, CHSO,), 3.76 (2 H, s, CH,O), 4.33 (2 H, s, 

ni, CH=), 7.16 (5 H, s, C,H,), 7.12 and 7.57 (4 H, AB q, 
aromatic). 

Acetate (16).-A stirred solution of (7) (7.2 g, 26 mmol) in 
DMF (1 10 nil) was treated with anhydrous sodium toluene- 
p-sulphinate (5.1 g,  29 mmol) at  room temperature for 24 h. 
The usual work-up followed by chromatography on silica gel 
gave the pure sulphone (16) (5.6 g, 62%); vnmx. 1 730, 1 600, 
1 315, 1 305, and 1 290 cm-l; 6 1.63 (3 H, s, CH,), 1.73 (3 H, 
s, CH,), 1.96 (3 H, s, CH,CO), 1.96 and 2.01 (4 H, in, 
CH,CHJ, 2.42 (3 H,  s, CH,Ar), 3.56 (2 H,  s, CH,SO,), 4.44 
(2 H, d, J 7 Hz, CH,OAc), 4.98 (1 H,  t, J 6 Hz, CH=), 5.16 
(1 H, t ,  J 7 Hz, CH=), and 7.23 and 7.63 (4 H,  AB q, aro- 
matic). 

2,6,10,14-tetraenyZ Acetate (17).-The sulphone (16) (2.89 g, 
5.4 mniol) in anhydrous THF-HMPA (4 :  1 v/v; 30 ml) 
was treated with a solution of n-butyl-lithium ( 2 . 4 3 ~ ;  
2.22 ml, 5.4 mmol) at -78 "C for 1.5 h. Geranyl bromide 

CHZPh), 4.40 (2 H, (1, J 7 Hz, CH~OAC), 4.78-5.39 (3 H, 

(2E, 6E) -3,7-UimelJ~~l-8-p-tolyls~lp/zonylocta-2,6-dienyZ 

(2E,6E, 1 OE) -3,7,11,15-TetrumethyZ-8-p-toZylhexud~ca- 
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(0.98 g, 4.5 mmol) in anhydrous THF-HMPA ( 4 :  1 v/v; 
10 ml) was added to the carbanion solution at -78 "C over 
25 min. After stirring for 5 h,  the mixture was worked up 
as described previously to give geranyl bromide (0.41 g, 
42%) and the coupled sulphone (17) (0.62 g, 49% based on 
consumed geranyl bromide) after chromatography on 
silica gel; v,,,. 1 735, 1 600, 1 320, 1 305, 1 290, and 1 240 
cm-l; 6 1.6lbr (15 H ,  s, CH,), 1.94br (13 H ,  s ,  CH,CH, and 
CH,CO), 2.41 (3 H ,  s, CH,Ar), 3.53 (1 H ,  ni, CHSO,), 4.42 
(2 H, d ,  J 7 Hz, CH,OAc), 4.97 (4 H ,  m, CH=), and 7.20 and 
7.57 (4 H, AR q, aromatic). 

Jiexadecn-2,6,10,14-tetraen-l-ol (19).-(a) The a e t a t e  (9) was 
stirred in methanol in the presence of a catalytic amount of 
sodium methoxide a t  room temperature for 2 h to yield the 
Jiydruxy-sulphone (19) in quantitative yield ; nD20 1.5355; 
v,,,, 3 500, 1 600, 1 310, 1 300, 1 290, and 1 140 cni-1; 6 1.21 
(3 H ,  s, CH,), 1.52 (3 H ,  s, CH,), 1.55 (6 H ,  s, CH,), 1.65 
( 3  H ,  s, CH,), 1.94br ( 1 0  H, s, CH,CH,), 2.23 (1 H ,  s, OH), 
2.41 (3 H, s, CH,Ar), 3.75 (1 H,  d t ,  J 10 and 3 Hz, CHSO,), 
3.97 (2 H, d, J 7 Hz, CH,O), 4.90 (1 H, d ,  J 10 Hz, CH=), 
5.05-5.20 (2 H, in, CH=), 5.37 (1 H ,  t ,  J 7 Hz, CH=), and 
7.18 and 7.61 (4 H ,  AB q, aromatic). 

( h )  The lithium carbanion generated from (5) (1.75 g, 6.0 
mmol) in THF-HMPA ( 4 :  1 v/v; 15 ml) with n-butyl- 
lithium ( 2 . 6 2 ~ ;  2.2 ml, 5.8 mmol) was coupled with (9) 
(1.10 g,  4.0 mmol) a t  -78 "C for 2 h. Methanol (5.0 ml) 
was added, and the mixture was allowed to warm to rooni 
temperature and stirred for 2 h.  The reaction mixture was 
worked-up as usual. Chromatography of the crude product 
on silica gel using 20% ethyl acetate-hexane as eluant 
yielded (19) (1.41 g, 79%). 

tetraen- 1-ol (all-trans-Geranylger~niol) (3) and (2E,6E, 9E)- 
3,7,11,15-Tetramet/zylhexardeca-2,6,Y, 14-tetruen-l-ol (18).--To 
a stirred solution of (19) (783 mg, 1.76 mniol) in anhydrous 
ethylamine-ether (1 : 1 v/v; 20 ml) was added lithium 
(246 mg, 35.2 mmol) at -78 "C. The reaction mixture 
turned blue after ca. 1 h, and i t  was stirred at -78 "C for a 
further 15 min. The excess of lithium was quenched with 
butadiene, then methanol (1 ml) was added to the mixture 
and the ethylamine was evaporated off. The residue was 
poured into saturated aqueous ammonium chloride and the 
mixture was extracted with ether. The extract was washed 
(H,O, aq. NaCL), dried (MgSO,), concentrated, and chroni- 
atographed on silica gel, using 10% ethyl acetate-hexane 
for elution, to afford geranylgeraniol (255 mg, 48%). G.1.c 
(OV-210, 180 "C) indicated the presence of (3) and (18) in the 
ratio 9 : 1. 

Column chromatography of this mixture (302 mg, 9 : 1) 
on 5% silver nitrate-impregnated silica gel (12 g) using 157; 
ethyl acetate-hexane as eluant afforded the tetraenol (18) 
(20 mg) ; nD20 1.4968; vmx. 3 300, 2 920, 1 450, 1 380, and 
080 mi-'; 8 (CC14) 0.97 (3 H ,  d ,  J 6.5 Hz, CH,CH), 1.25 

2.01br (7 H ,  s ,  CH,CH, and CH), 2.61 (2 H, m, 8-CH,), 3.99 
(2 H ,  d ,  J 6 Hz, CH,O), and 4.81-5.46 ( 5  H, m, CH=). 

Further elution using the same solvent afforded all-trans- 
geranylgeraniol (3) (264 mg); nDzo 1.4964; vmx. 3 300, 
2 900, 1 660, 1 440, 1 380, and 1 000 cm-l; 6 1.56 (9 H ,  s, 
CH,), 1.64 (6 H,  s, CH,), 1.96 and 2.01 (12 H ,  s, CH,CH,), 
3.70br (1 H, s, OH), 4.01 (2 H, d ,  J 6.5 Hz, CH,O), 5.06 
(3  11 ,  m, CH=), 5.33br (1 H, t ,  J 6.5 Hz, CH=). G.l.c. of the 
acetate (Carbowax ZOM, 200 "C) showed a single peak with 
a retention time of 38 min which coincided with an  authentic 

(2E, 6E, 1 OE) - 3,7,11,15- Tetramethyl- 9-p-tolylsulph o nyl- 

(2E,6E, 10E)-3,7,11,15-TetrametJzylhexadeca-2,6,10,14- 

(2 H, 111, 12-CH,), 1.56 (6 H, S,  CH,), 1.64 (6 H ,  S ,  CH,), 

sample of all-trans-geranylgeranyl acetate prepared by the 
known procedure 2o from 6rans,hans-farnesylacetone via 
ethyl all-trans-geranylgeranate, whereas isomeric acetates 
of trans,cis,cis- (25 min), trans,cis,trans- (29 inin), and 
tuans,tvans,cis-geraiiylgeraniols (33 min), obtained from 
geranyl bromide and (7) by the x-allylic nickel complex- 
mediated coupling reaction,21 showed individual peaks a t  
shorter retention times. 

Li-Ethylamine Reductioii of (9) .-'To a solution of lithium 
(0.25 g, 36 mmol) in ethylamine (45 ml) was added a solution 
of (9) (1.18 g, 2.4 mmol) in ether (10 ml) during 5 inin at 
-78 "C. After 25 min, the excess of lithium was destroyed 
with butadiene and methanol. The ethylamine was 
allowed to  evaporate and the product was isolated by 
extraction and chromatography on silica gel using 5% ethyl 
ncetate-hexane as eluant to give (2E,6E, 10E)-2,6,10,14- 
tetramethylhexaclecx-2,6,10,14-tetraene 10.46 g, 70%) ; 

1 450, 1 380, 1 270, 1 100, and 810 cin-'; S 1.59br 
(13 H, s,  CH,), 1.96br ( I 2  H, s ,  CH,CH,), ant1 5.02br (4 H ,  
i n ,  CH=); m/e 274 (M'). 

Na(Hg)-Methand Reduction of (9) .-To a stirred mixture 
of (9) (1.21 g, 2.49 mtnol) ant1 disodium hydrogen phospliate 
(1.4 g, 10 mniol) in anhyclrous methanol (30 ml) was added 
5?(, sodium amalgam (4.5 g) a t  0 "C. After the mixture 
had been stirred at 0 "Gfor 2 h, i t  was poured into cold water 
and extracted with ether. The crude product was chrom- 
atographed on silica gel with 10% ethyl acetate-hexane ;is 
eluant to give geranylgeraniol (0.36 g, 50%).  G.l.c. 
(OV-210, 180 "C) showed the presence of (3) and (18) in the 
ratio 7 : 3. 

Na(Hg)-Methanol Reduction of (l9).-A mixture of (19) 
(3.20 g, 7.21 mmol) and disodium hydrogen phosphate 
(4.1 g, 28.8 mmol) and 5% sodium amalgam was stirred a t  
0 "C for 2 h .  The resulting mixture was worked up as 
described above to give the purified product (1.14 g,  55%) ; 
(9) : (19) = 7 :  3. 

(2E, 6E, 1 OE) -3,7,11,15- Tetramethyl- l-p-lolylsulphonyl- 
hexadeca-2,6,10,14-tetraene (all-trans-Geranylgemnyl I'oluene- 
p-sulphonyl Sulphone) (2l).-(u) To a stirred mixture of (3) 
(27.5 g, 94.8 mmol) and pyridine (2 ml) in anhydrous ether 
(200 ml) was added a solution of phosphorus tribroinicle 
(11.1 g, 41.1 mmol) in ether (90 ml) at -5 "C over 3 h ,  and 
the mixture was stirred for a further 3 h. The usual work- 
up gave (2E,6E,  10E)-l-bromo-3,7,11,15-tetramethyll-esa- 
deca-2,6,10,14-tetraene (alt-Irans-gerany lgeranyl bromide) 
(30.3 g, 910/,), which was used without purification for the 
next reaction; nD20 1.5101; v,,,. 2 930, 1 660, 1 450, 1 380, 
and 1 210 cm-l. The crude geranylgeranyl bromide 
(23.3 g, 66 mmol) was treated with sodium toluene-p- 
sulphinate (15.3 g, 86 mmol) in DMF a t  ambient temperature 
for 21 h. The usual work-up and chromatography on silica 
gel using 7% ethyl acetate-hexane as eluant gave (21) 
(21.9 g, 78y0), nD20 1.5270; v,,,. 1600, 1500, 1320, 1300, 
1 290, and 1 150 cm-l; S 1.35 (3 H, d ,  J 1.2 Hz, 3-CH3), 1.56 
(9 H ,  s, CH,), 1.66 (3 H ,  s ,  CH,), 1.96 and 2.01 (12 H ,  s, 
CH,CH,), 2.41 (3 H ,  s, CH,Ar), 3.60 (2 H ,  d ,  J 7.5 Hz, 
CH,SO,), 5.00 (4 H, m,  CH=), and 7.17 and 7.61 (4 H ,  AB q, 
aromatic) (Found: C, 75.2; H, !I 8, Cz,H4,02S requires 
C, 75.65; H ,  9.4%). 

( b )  Geranylgeraniol as prepared by sodium amalgam 
reduction of (19) [mixture of (3) and (18) in the ratio 7 : 31 
(1.24 g, 4 28 mmol) was converted into the bromide ( I .  12 g) , 
which was treated with sodium toluene-p-sulphinate (0.68 g, 
3.8 mmol) as described above to afford the sulphone (1.12 g, 
82%) after chromatography on silica gel. A portion of the 
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product (552 mg) was chromatographed on silica gel (20 g)  
impregnated with 5% silver nitrate, using 40% di-isopropyl 
ether in hexane for elution, affording pure (2E,6E,9E)- 
3,7,11,1 5-tetramethyl- l-p-tolylsulphonylhexadeca-2,6,9,14- 
tetraene (127 mg), nD20 1.5276; v,,~,. 1600, 1500, 1320, 
1 300, 1 290, 1 150, and 980 cm-l; 6 0.97 (3 H, d,  J 6.3 Hz, 
ll-CH,), 1.25 (2 H, m, 12-CHZ), 1.38 (3 H, d,  J 1.2 Hz, 
3-CH,), 1.55 (6 H, s, CH,), 1.66 (3 H, s, CH,), 1.98 and 
2.04br (7 H, s ,  CH,CH, and CH), 2.42 (3 H, s, CH,Ar), 2.60 

( 5  H, in, ( ' T I = ) ,  atit1 7.17 and 7.60 (4 H, A B  q, aromatic). 
(2 H, 111, 8-CH2), 8.62 (2 H, tl, J 7.5 Hz, C€I,SO,), 4.8-5.3 

Com- 
pound 
(9) 

(19) 

(22a) 

(2214 

('LFib) 

(28b) 

-78 "C. The reaction was quenched with butadiene and 
worked up as usual to give farnesylfarnesol (23) and the 
conjugate reduction product (7.34 g, 75%; 9 : 1 by 100 
M H z  lH n.m.r. spectroscopy) after chromatography on 
silica gel with 7% ethyl acetate-hexane as eluant. 

A portion (2.19 g)  of the product was chromatographed on 
504 silver nitrate-impregnated silica gel to afford (2E,6E1- 
9E, 14E, 18E)-3,7,11,15,19,23-hexamethyltetracosa-2,6,9,- 
14,18,22-hexaen-l-o1 [0.20 g, 7% based on (22b)], nD20 
1.5025; v , , , ~ ~ .  (neat) 3 300, 2 900, 1440, 1 380, and 980 
cn-l;  6 0.98 (3 H, d,  J 7 Hz, 11-CH,), 1.25 (2 H, m, 12-CH2), 

T A B L E  1 
Physical characterisation of coupling products 

L -In 50, 

6 
h- 

i j k' vmar. (cm-') 
Yield r- 

n R (yo) n13zo a b c d e f g h 
0 Ac 79 a 1.51 1.65 1.05 1.21 1.95 4.42 3.65 4.8- 2.41 7.18 1.95 1 740 1600 1310 

1.57 5.3 7.61 1300 1240 1140 
0 H 79 1.5355 1.52 1.65 1.65 1.21 1.94 3.97 3.75 4.8-- 2.41 7.18 3 500 1600 1310 

1.55 5.5 7.01 1300 1290 1 140 
2 RC 7:1 1.5218 1.58 1.60 1.66 1.23 1.95 4.44 3.67 4.7- 2.41 7.20 1.95 1740 1315 1300 

5.3 7.62 1290 1240 
2 I1  73 1.5307 1.69 1.66 1.59 1.23 1.96 8.98 3.68 4.7- 2.42 7.21 3 500 1600 1500 

5.4 7.63 1320 1300 1290 
4 I I  66 15300 1.54 1.04 1.54 1.21 1.94 3.97 3.68 4.7- 2.41 7.19 3 500 1600 1500 

5.4 7.61 1.320 1300 1290 
8 11 A9 1.6249 1.57 1.63 1.57 3.23 1.90 3.97 3.67 4.6-- 2.41 7.18 3400 1600 1500 

5.4 7.61 1320 1300 1290 
Not determined. 

Analysis (%) 
Found 
(Calc.) c H 

71.35 8.8 
(71.60) (8.64) 

a 

74.95 9.75 
(75.24) (9.32) 

a 

78.4 10.5 
(78.72) (10.12) 
80.05 10.66 
(80.28) (10.33) 

Further elution with the same solvent afforded (21) (324 
"'d. 
(2E, 6E, 1 OE, 1 4E, 18E) -3,7,11,1 Ti, 19,23-Hexamethy1-9-p- 

tolylsul~honyltetracosa-2,6,10,14,18,22-hexaenyl Acetate (284. 
-Essentially the procedure for the preparation of (9) was 
applied to the synthesis of (22a). Spectral data are shown 
in Table 1. 

tolylsulphonyltet~ncosa-2,6,10,14,18,22-hexaen-l-ol(22b), 

methyl- 9-p-tolylsulphonyldotriaconta-2,6,10,14,18,22,2 6,30- 
oclnen-1-01 (25b), and (2E,6E,lOE,14E,lSE,22E,26E,30E,- 
34E) - 3,7,11,15,19,23,2 7,3 1,35,3 9-decamethyl- 9-p-tolyl- 
sulphonyltetraconta-2,6,10,14,18,22,26,30,34,38-decaen-l-ol 
(28b) .-These compounds were prepared similarly to (19) 
[method (b)]. In some runs, both the alcohol and the 
acetate were obtained owing to incomplete alcoholysis. The 
acetate was hydrolysed to the alcohol in quantitative yield 
with potassium hydroxide in 80% methanol. 
(2E,6E,10E,14E,18E)-3,7,11,15,19,23-Hexamethyltetra- 

cosa-2,6,10,14,18,22-hexaen- 1-02 (all-trans-Farnesyvarnesol) 
(23).-To a solution of (22b) (13.3 g, 22.9 mmol) in anhydr- 
ous ethylamineether (2 : 1 v/v; 150 ml) was added lithium 
(3.21 g, 0.46 mol) a t  -78 "C. The mixture was stirred for 
ca. 1 h until it turned blue, and for a further 15 min at 

(2E,6E, 10E,14E, 18E)-3,7,11,15,19,23-Hexanzethyl-9-p- 

(2E,6E,10E,14E,18E,22E,26E)-3,7,11,15,19,23,27,3l-O~~~- 

1.57 (12 H, s, CH,), 1.65 (6 H, s, CH,), 1.97 and 2.02 (15 H, 
s, CH,CH, and CH), 2.62 (2 H, ni, 8-CH2), 4.02 (2 H, d, J 
7 Hz, CH,), and 4.9-5.5 (7 H, m, CH=). 

Further elution afforded pure (23) [1.85 g, 63% based on 
(22b)). 
(2E,6E, 10E,14E, 18E)-3,7,11,15,19,23-Hexamethyl-l-p- 

tolylsul~honyltet~acosa-2,6,10,14,18,22-hexaene (24) and 
(2E,6E, 10E, 14E, 18E,22E,26E)-3,7,11,15,19,23,27,32-Octa- 
wzethyl- l-p-tolylsulphonyldot~iaconta-2,6,10,14,18,22,26,30- 
octaene (27) .-These compounds were prepared by a similar 
procedure as for the synthesis of (21). Spectral properties 
are shown in Table 2. 

Octamethyldotriaconta-2,6,10,14,18,22,26,30-ocfaen-1-ol (all- 
trans-Octaprend) (26) and (2E,6E,lOE,14El18E,22E,26E, 
30E,34E)-3,7,11 , 15,19,23,27,3 1,35,39-Decamethyltetraconta- 
2,6,10,14,18,22,26,30,34,38-de~aen-l-d (all-trans-Deca- 
prenol) (lb) .-These compounds were obtained from (25b) 
and (28b), respectively, by a similar procedure to that used 
for (23). 

An authentic sample of (lb) was obtained as follows. 
Natural solanesol was converted into solanesylacetone, lo  
which was condensed with the carbanion of triethyl phos- 
phonoacetate to afford a 1 : 4 mixture of ethyl cis- and 
Irans-y-solanesylsenecioate. The pure trans-isomer was 

(2E,6E,10E,14E,18E,22E,26E)-3,7,11,15,19,23,27,31- 
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isolated by careful clirom;~I-oarapli~~ on silica gel, and was 
reduced with litliiuin aluininiuiii liytlride to gi~7e tlecapreiiol 

(%E,GE, 1 OE) -3,5,11 - T r i m e t l r y l - 5 - p - t o l y l s z i l ~ ~ t ~ ~ ~ ~ y l d o d e ~ ~ -  
2,O.lO-tvien-I-ol (30) .--'To a solution o f  tile carbrtnion 0 1  ( 5 )  
(8.11 g, 27.9 iiimol) in THF-HMPA (80 1111) w a s  atldecl ;I 

solution of (29) (3.58 g ,  21.7 niniol) in 'I'HF (30 ml) a t  
-775 "C, and tlie mixture was stirred for 3 11 1:sual ~ o r k -  
i i p  atid cliromntographv on silica gel affortletl the hytlros!r- 
sulphoiie (30) ( i .10 g,  85";) ,  nn20 1.5251 ; vll,sl,. 3 300, 1 310, 
I 290, I 280, antl 1 140 c- i i i  I ;  h' 1.24 ( 3  H, s, i -<71j: i ) ,  l . Z i  
(6 €1, s ,  CH,), 1.78 ( 3  H, s,  CH,), 1.92 arid 1 . 9 7  (4  H,  s, 

( lh ) ,  1i1.p. 42.5-43.5 "C. 

Com- Yield 
pound n X (yo) 

(3) 2 OH 48 

(21) 2 Ts 78 

(23) 4 OH 63 

(24) 4 Ts 76 

(26) 6 OH 70 

(27) 6 Ts 67 

(lb) 8 OH 45 

(la) 7 OH 50 

OM.p. 30- 

1380cn1-~; 8 1.62br (12 H ,  s), 1.98br (8 H, s), 3.20 (1 H, s), 
3.97 ( 3  H, d) ,  antl 8 01 ( 3  13, m). 
(2E,GE,I0E,14E,18L.:,28E,2(iE,30E)-3,7,11,I5,19,23,87,- 

3 1 , :3 5- ,Yo pt a w e  t hjd-  5 -  p- to lylsulph o ~~yl lr  exnt Y iacmz t a- 2 ,6,10. - 
1 4 , 1 8 , 2 2 , 3 G , 3 0 , 3 ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - 1 - ~ 1  (32) .- -To a solution of the 
lithium carbanion tlerivetl from (26) (0.80 g ,  0.80 mmol) in  
THl~-HhI!'AA (4  : 1 v /v ;  1 0  ml) was added a solution of (29) 
( 0 . 1 1  g,  0 . M  rnmol) in THF ( 1  nil) a t  - 78 "C. 'I'he reaction 
was worked up ;is usual to afford the sulyhone (32) (0.14 g,  
27°, , ) .  ?z,,'a I .R24H; v ~ , , . ~ ~ .  :3 300, 1 330, 1 300, 1 290, and 1 140 
ciii 8 1.20 ( 3  H, s, i-(*H,), 1.57 (2i H, s, CH,), 1.95br (32 H, 
q, CH,C€IJ, 2.40 ( 3  H, s, CH3:1r), 3 93 ( 2  H, d ,  J 6 Hz, CH,O), 

''',.KfiLL "; 

1 'liysical clinmcterisntion of polyprenyl alcohols and sulphones 

I- 
I 

b f d f  9 

L Jn 

nU2O 
1.4964 

1.5270 

1.5056 

a 

b 

1.5248 

c 

d 

-32 "C. 

a b c d e f  
1.56 1.64 1.64 1.96 4.01 5.06 

1.56 1.66 1.35 1.96 3.60 5.00 

1.58 1.66 1.66 1.98 3.98 5.03 

2.01 

2.01 

1.58 1.68 1.38 1.97 3.63 5.04 

1.57 1.65 1.65 1.97 3.99 5.03 

1.57 1.66 1.38 1.95 3.62 5.09 
2.02 

1.58 1.67 1.67 2.00 4.12 5.08 
2.05 

1.58 1.66 1.6G 1.96 4.00 5.03 
2.01 

b M.p. 36-37 "C. M.p. 42.5-3.5 "C.. 

CH,CH,), 2.43 (3 H,  s, CH,Ar), 2.26 and 2.80 (2  H, d,  J 13 
Hz, 4-CH2), 3.81 (1 H, dt, J 3 and 10 Hz, CHSO,), 3.97 (2 H ,  
d, J 6 Hz, CH,O), 4.83 (1 H, d, J 10 Hz, 6-CH=), 4.92br 
(1 H, s, lO-CH=), 5.33 (1 H, t, J 6 Hz, 2-CH=), and 7.28 and 
7.62 (4 H, AB q, aromatic). 

(2E,6E, 10E) -3,7,1 l-Trirnethyldodeca-2,6,1 O-trien- 1 -oZ (all- 
trans-Farnesol) (31).-A solution of (30) (3.71 g, 9.87 mmol) 
in ethylamine-ether (7 : 3 v/v; 100 ml) was treated with 
lithium (1.38 g, 197 mmol) at -78 "C for 2.5 h. The 
reaction was worked up as usual to give a crude product 
(1.21 g, 55%).  G.1.c. (OV-210, 140 "C) showed four peaks 
in a relative area of 7 : 19 : 14 : 60. The inajor peak and 
the third peak coincided with trans,trans-farnesol (3 1) and 
cis,trans-farnesol, respectively. The crude oil was chrom- 
atographed on silica gel using 10% ethyl acetate-hexane as 
eluant to effect isolation of three isomers and (31). (32,6E)- 
3,7,1 l-Trimethyldodeca-3,6,1 l-trien-1-01 had vnlax. 3 300, 
2 910, 1380, and 980 cm-l; 6 0.96 (3 H, d), 1.66 (6 H, s ) ,  
1.74 (3 H, s ) ,  1.98br (7 H, s), 3.36 (1 H, s), 3.97 (2 H, d),  and 
5.0-5.3 (4 H, m) ; (32,7E)-3,7,1l-trimethyldodeca-3,7,11- 
trien-1-01 had vmax. 3 300, 2 910, and 1 380 cm-1; 6 1.62br 
(9 H, s), 1.73br (3 H, s), 1.99br (8 H, s), 3.32 (1 H, s), 3.98 
(2  H,  d) ,  and 5.02 (3 H, m); all-trans-farnesol (31) (0.59 g, 
27OL) had n-20 1.4915: v 3 300. 2 910, 1 650. 1440, and 

6 
1 __ ____ 

g h i  ~111,x. (cm-') 
5 .:I 3 :3 300 2 900 1 G60 

1440  1380  1000 
5.00 2.41 7.17 1600  1500  1320  

7.61 1300  1290 1150  
5.30 3 300 2 920 1660  

1440 1380  1000 
5.04 2.43 7.20 1600 1440  1320  

7.63 1300  1150 1090  
5.31 3 300 2 900 1 660 

1440  1380  1 0 0 0  
5.03 2.43 7.21 1 600 1440  1 320 

7.(i4 1 305 1 150 1 090 
5.40 3 350 2 920 1660  

1440  1380  1000 
5.30 3 300 2 920 1660 

1440  1380  1000  
M.p. 41.5-2.5 "C. Not determined. 

Analysis (yo) 
Found 
(Calc .) 

c H 
e 

75.2 9.8 
(75.65) (9.4) 
84.15 12.1 

(84.45) (11.8) 
78.8 10.15 

(78.65) (10.0) 
85.15 11.95 

(85.35) (11.8) , 
80.45 10.8 

(80.5) (10.35) 
85.7 12.0 

(85.9) (11.8) 
e 

5.01 (9 H, in, CH=), and 7.25 arid 7.56 (4 H, ABq,aromatic). 

3 1,35- Nona~~~ethylhexc~tr~a~onta-2,6,10,14,18,22,26,30,34- 
nonaen-1-02 (Solanesol) (la).--A solution of (32) (0.137 g, 
0.18 mmol) in ether (5 nil) and ethylamine (12 ml) was 
treated with lithium (0.1 g, 14 mmol) a t  -78 "C. The 
reaction was worked up as usual, and the crude product was 
chrolnstographed on silica gel using 15% ethyl acetate- 
hexane for elution to give (la) (57 ing, 5 0 % ) ;  m.p. 41.5- 
42.5 "C. The product was identical in all respects with an 
authentic sample obtained from natural sources. 

(2E,6E, 10E,14E, 1 8E,22E,26E,30E)-3,7,11,15,19,23,87,- 

\Ye are grateful to Mr. Y. Hirasawa for technical assistance. 
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