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Abstract: hydroboration-oxidation reductive 
qatio%?' used to bring about the asst?i?i hy&enation of 
simple trisubstituted olefins. This technique has been illustrated by the 
preparation of (RI-(-I-6.7.10,11-tetrahydrofarnesol. 

The hydrogenation of non-proximal double bonds is an important aspect of the biosynthesis 

of some higher acyclic terpenes. Praninant examples are the incorporation of geranylgeraniol (66) 

into tocopherolsla or chlorophylllb. In a previous paper2 advantage was taken of the different 

reactivities of the various double bonds in the geranyl. farnesyl and geranylgeranyl acetate (di-, 

tri- and tetra-prenol respectively) to carry out the selective hydrochlorination of the non 

-proximal double bond(s). Hydrogenolysis of the halogen led to the desired hydrogenated products. 

This route although practically convenient does not lead itself to an asyllnetric hydrogenation. 

The synthesis of optically active compounds of this type has been actively pursued in recent 

years, particularly the side chain of vitamin E3. To the best of our knowledge, no partial 

hydrogenation of higher polyprenols has been described. 

The asymmetric hydrogenation of carbon to carbon double bonds has been extensively 

investigated and considerable progress has been made'. Catalytic hydrogenation has proved 

extremely efficient when the double bonds carry stem substituents such as NHR, COOR..., but this 

is not so with simple double bonds. Ionic hydrogenation' with trifluoroacetic acid (TFA) and 

optically active hydrogenosilane has led to a very small ee. - Asynanetric epoxidation of double 

bonds has been efficiently achieved6 with allylic alcohols. This would however be of no help in 

our problem. Asymmetric epoxidation of simple double bonds has been improving steadily7. However 

reduction of two sites including the sensitive one could be necessary. 

Asynsnetric hydroboration was potentially useful. When this work was started, it had led to 

fairly high induction. The ee was usually measured on the alcohol produced by oxidation of the 

borane8, 
- 

whereas we intended to use the ee induced on the other carbon atom of the original double - 
bond which should be just as good. 



5004 M. JOLLA and P. ROY 

We did not expect to remove the boron from the intermediate borane by selective 

protonation' of the desired alkyl residue without affecting the allylic function. However, after 

the well exemplified hydroboration-oxidation of the double bond, reductive removal of the oxygen 

function should be posslble without modifylng the chirality of the adjacent saturated carbon atom. 

In polyprenols. the hydroboratlon was expected to take place on the non-proximal double bond". 

Although cyclic hydroboration of 1.5dienes can lead to interesting remote stereocontro13i. it is 

known to involve the proximal double bond In geranyl derlvatlves 10,11.12 . We therefore could not 

use monoisopinocampheyl borane (IpcBH2 BcI which had led to very high ee In the hydroboration of - 
trisubstitued double bonds. Since diisopinocampheyl borane does not give good results with such 

oleflns. we turned to the readily available llmonyl borane 2 (li1~8H*~) to investigate the 

feasabillty of this approach. We selected as a first target tetrahydrofarnesol. 

Whereas protonolysis of borane needs fairly severe conditions', the conversion into halides 

or alcohols is easy. We selected the well known hydrogen peroxide oxidation to obtain the alcohol. 

Preliminary hydroboratlon-oxidation of citronellol la gave the expected diol 2a. The - - 
primary alcohol function was acetylated much Mre rapldly than the secondary one. The byproducts 

3 and 2f are easily recycled. Monoacetate 2b was then treated with tosyl chloride in pyrldlne to - - 
give in high yield the acetate tosylate 2c. Lithium alumlniue hydride (LAHI reduction of 2c gave - - 
tetrahydrogeraniol 2d in high yield. It proved essential to use a clear solution of LAH filtered 

through cellte13. - 

With geranlol + itself or its butyl ether *. the best conditions found involved addition 

of limBC1 and Me2S to a solution of olefin and LAH In ether. After the usual oxidation with 

hydrogen peroxide and sodium hydroxide, the mixture was separated by flash-chromatography. The 

desired dial 6a14 - , and g respectively, was readily separated from the starting material. In some 

runs, small amounts of the isomeric glycol El5 

l2 

(& respectively) or the diastereoisomerlc trio1 

!!? 1% respectrvely) were isolated. The enantiomeric purity of the hydroboration-oxidation 

products 5a and 6a was determined by esteriflcation with a-methoxy-strifluoromethyl phenyl acetyl - 
chloride 1t4TPAClmI and HPLC analysis of the diastereoisomerlc mixture formed. The values of the 

ee found were 52% for 5a and 50% for &. - - 

The next target was tetrahydrofarnesol E2; before embarking on the partial hydrogenation of 

farnesol. we needed an authentic sample of the optically active tetrahydrofarnesol of known 

enantiomeric purity for comparison purposes (Schema III. (RI-(+I-citronellol was converted into 

the corresponding phenyl sulfone & via its tosylate 17 2h. The reduction of the double bond was 

carried out wjth Et3S1H-TFA-LiC104 as fn the previous pa&' to give (RI-tetrahydrogeranyl sulfone 

2e. This was metalated wlth butyl lithium and condensed with 4-bromo-3-methyl-2-buten-l-y1 acetate 

E (kindly provided by Dr Ferezou). Reductive desulfonylatlon of the sulfonyl acetate J_l was 

carried out with sodium amalgam in methanol to give tetrahydrofarnesol 12 which should have the - 
same optical purity as the starting cltronellol (s BOX). 

-OH OTs y&&/S02Ph 

la lb DMF - Pyrldlne - & 

Et3SiH 

I 

LIClo4 

Na/Hg 

12 - - 
MeOH 

OAc 
OAcL S02Ph 

- 

THF.BuLI,HMPT 2e - 
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The farnesol 3 was then exposed to the hydroboratlon conditions. After oxidation, the 

desired dfastsreofsarcrfc trlol E fanred by double hydroboration was isolated in 31% yield 

together with the starting material (17X1, a mixture of fsomerfc dfols 18a and 18b (15%) formed by - 
reaction at one of the non proximal double bonds and sane (5X)of the triple 

hydroboratfon-oxidation product n. Honoacetylatfon of to primary alcohol function of 14 to give 

15a was iess selective (45%) than in the geranfol series, - but the side products 15b and 15~ can be -- 
easily recycled. Dftosylatfon of 15a to 16a was carried out with a yield of 47%. with some -- 
byproducts: uncaaplete tosylatfon f f6b and 16~); ellafnatfon ( 19a apd 1gbl. Hydrogenolysis of -- -- 
the two tosyloxy groups in I6a with Ifthfum alumfnfum hydride in THF gave tetrahydrofarnesol 12 in 

a 50% yield. The optical purity was 53 + 12%. the absolute configuration was (RI, 
- 

as in the 

authentic sample prepared from (RI-cftronellol. 

It was thus possible to carry out asytwnetrfc hydrogenation of the middle double bond of 

farnesol. The optical purfty was about the sm as that observed in the hydroboratfon of the 

distal double bond of geranfol. It is the best witfch could be expected with LfmBH. While this work 

being completed. an extremely efficient chfral hydroboratfon reagent were descrfbed18; ee as high - 
as 95% being obtained with trfsubstftuted oleffns. This should allow the very efficient asynnetric 

reduction of internal double bond of farnesol and geranylgeranfol. 

aOR 

*OR 

&OR 

8r 

SCHEME 111 

I a Z=OH 

b Z=OTs 

2 a X=Z-OH d X=H;Z=OH 

b X=OH;Z=OAc e X-H;Z=S02Ph 

c X=OTs;Z-OAc f X=Z=OAc 

2 

4 a R=nBu 

b R=H 

2 a R=nBu;X=OH 2 a R=H;X-OH 

b R=nBu;X=OMTPA b R=H;X=H 

5 a R=n8u 

b R=H 

9 a R=nBu 

b R-H 

c Z*S02Ph 

g X=OAc;Z=OH 

h X-OTs;Z=OH 

c R-AC 

I a R=Ac;X=OH 

b R=Ac;X-OAc 

c R=Ac;X=OMTPA 

OAc 11 
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c Y-H; X=Z=Ac c X-Ts.; Y=H; Z-AC 

OH 17 - 

OR 

18 a R=H - 

OR 

The spectroscopic 

250 (250 MHz), in CDC13 

constant In Hertz (s: 

18 b R=H - 

EXPERIMENTAL 

19 a R-Ts - 

19 b R=Ts - 

instrumentation included 'H NMR (PMR) Brucker NH 80 (80 MHz) and Cameca 

solution . 4 Value are given in PPM with respect to Me4Si and coupling 
singlet; d: doublet; t: triplet; q: quadruplet; m: multiplet). IR: . 

Perkin-Elmer 599. either neat or in CHC13. Values are given in cm-'; S: strong; m: medium; w: 

weak. Mass spectra: Varlan Mat CH 9,and for the GLC-Mass measurement: Ribermag with capillary 

column; CI: chemical ionisation; EI: electronic impact. GLC: Girdel 30. column: OV 101 10% (4mI or 

capillary column: SE 52, integrator lntersmat minigrator and Hewlet Packard HP 3380A respectively. 

TLC was carried out on Merck plates (5735. plastic sheet, silica gel 6OF254, thickness 0.2 asal. 

Flash chromatography (FC)" was carried out with silica gel (Merck 77361, eluted with a mixture of 

pentane:ether:ethyl acetate. In several case, the amount of material avallable did not allowed the 

combustion analysis (microanalytlcal laboratories of the universlt6 Pierre et Marie Curie to whaz 

our thanks are due). 

Geraniol were purchased from Fluka. Butyl geranyl ether was kindly provided by Or C. 

Schmitz. t,t-farnesol was isolated from the mixture (Fluka) of isomers by MPLC (LOBAR Merck) with _- 
a C(440-37) lichoprep Si60 column 14063 pm). (-I-Lim8Cl and (+I-Lim8Cl were prepared from (+I and 

(-I-limonene respectlvely8b and converted in situ into LlsBH. 

Hydroboratlon-oxidation-reduction of citronellol. 

* 3,7-Dimethyl-1.6-octanedlol 2a. - 
Prepared by hydroboration (82H61 of cltronellol and oxldation 12. RN: 56067-10-o. 

l 3.7-Dimethyl-1-acetoxy-6-octanol 2b. - 
Acetic anhydride (0.38 ml, 4 mnol) was slowly added to a solution of diol 2a (0.7 g. 4 - 

mnol) in pyridine (3mlI and CH2C12 (1OmlI at OOC. After standing overnight at RT. the mixture was 

worked-up and the mono primary acetate 2 isolated by FC as a colourless oil (0.4 g, 46%). Small 

amounts of the other monoacetate 3 (3%) and diacetate 2f (6%) were isolated together with 

unchanged diol (32%). PW250): 0.90 (dd. J=l;7Hz,3HI; 0.92 (dd. J-1;7Hz,6H); 1.1-1.7 (m,8H); 2.04 

(s.3HI; 3.31 (ddd. J-8.5;5;3Hz,lHI; 4.03 (m.2HI. IR: 3420 S; 2960-2860 S; 1720 S; 1650 w; 1450 w. 

MS CI(Wl3I: 234 (M+l8, 100); 217 (40); 199 (33). RN: 33730-43-7. 
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l 3,7-Dinethyl -I-acetoxy-6-e-toluenesulfonyloxy octane C. 

The totylate 2c was prepared by addition of tosyl chloride (38@tg, 2 anoll in pyridine 

(0.5mll at 0°C to a solution of hydroxy acetate 2b (216 mg, 1 nmoll in pyridine (1~11. After 72 hr - 
at 0°C the usual workup gave after FC & (302 mg. 82%) as a colourless oil. pM(2501: 0.84 (dd. 

J=7;lHz,3H); 0.86 (d, J=7Hz,6Hl; l-2 (m,EHl; 2.03 (s,3R); 2.42 (s,3Hl; 4.00 (t, J=7Hz,2H); 4.38 

(dt. J=7;5Hz,lH); 7.27 (d. J=8Hz,ZHl; 7.63 (d. J=8Hr,2Hl. IR: 2960-2880 5; 1735 S; 1595 m; 1460 m. 

MS CIURi31: 388 0h18,lOOl. 

* 3.7-Dimethyl-1-octanol 2d (tetrahydrogeranloll. - 
A cooled solution of LAH in THF (0.83 M, filtered through celite, 2mll was slowly added to 

a solution of the above tosylate C (112 mg, 0.3 reaol) in THF (0.5 ml) at -lO°C, and the mixture 

was allowed to warm up to RT overnight. Workup gave a mixture of 2d (39 mg, 82% yield by GLCl - 
identical wjth an authentic sample 2 and citronellol (6%). 

Hydroboration-oxidation of geraniol. 

* 3.7-Dimethyl-tE-octen-1.6-dlol 6a. - 
A 20 ml flask was flame-dried and cooled under argon. Lithium aluminium hydride (57 mg. 1.5 

nsnol) and geraniol 4b (154 mg, 1 m~ol) fn dry ether (4ml) were cooled to -30°C. A solution of - 
LlmKl (360 mg, 2 ssnol) in Reps (0.243 ml, 4auol) was then added. After 48 h standlng at -30°C the 

temperature was allowed to rise 0°C and water (0.05 ml) and aqueous 3 H Nash (1.5 ml) were added. 

30% Hydrogen peroxide (2mll was then slowly added and the mixture refluxed 2 h. After the usual 

work-up the mixture was fractionated by FC to give 32% of recovered geraniol 4b and 46% of the 

desired dlol e14. pI#!(250): 0.92 (dd. J=7;lHz,ffl); 1.4-1.7 (m,3Hl; 1.67 G,3Hl; 2.1 (ddd. 

J=l4;9.5;6.3Hr,lH); 2.2 (ddd, J-14;9.5;5.7Hz.lH); 3.34 (ddd.J-8.5;5;3Hz,lHl; 4.12 (d, J=6.5Hz.2Hl; 

5.43 (tq. J~6.5;lHz.lH). IR: 3350 S; 2960-2860 S; 171Ow; 1660 m; 1450 S. If5 EI: M-172. 

* 3.7-Oimethyl-ZE-octene-1,6-diol acetate 7a. - 
The diol 6a was acetylated (Ac20. pyrldlne, CH2C121 as for c, to give 2 (66%) as a 

colourless 011. I&(250): 0.91 (dd, J=7;1.5Hz,6H); 1.4-1.7 (m,3H); 1.72 (s.3Hl; 2.06(s,3H); 2-2.3 

(m.2Hl; 3.35 (ddd. J-8.5,5;3Hz.lHl; 4.59 (d, J=7Hz,2Hl; 5.39 (tq, J=7;lHz,lHl. IR: 3410 S; 

2960-2860 S; 1710 S; 166G w; 1450 S. MS CI (M31: 232 (Rtl8.14); 215 (11; 172 (75); 155 (100). 

* Together wlth 11% of 3.7-dimethyl-ZE-octene-1,6-diol diacetate 7b. 

Colourless oil. pM250): 0.89 (d, J=6.7Hz,6Hl; 1.5-1.8 (m,3Hl;T68 (s.3H); 2.04 (s,6Hl; 

2.05 (m,2Hl; 4.53 (d, J-7Hz.2Hl; 4.68 (t, J=6Hz,lH); 5.30 (tq. J=7;lHz,lHl.IR:2960-2860 S; 1735 S; 

1650 w; 1465 m. MS CI(U31: 274 (Mtl8,lOO); 232 (101; 214 (501; 197 (25). 

Hydroboratlon-oxidation of geranyl n-butyl ether. 

Carried out as above with 5 szaol of g. FC gave in the order of elution: recovered 4a (5%); 

the unwanted isomer 8a (10%). the desired one 5a (22%) and the dihydroboration product %(33%1. - - 
l 3.7-dimethyl-1-butoxy-6-octen-2-01 8a. Colourless oil. Mt(250): 0.88 (d, J=6.8Hz,3Hl; 

0.91 (t. J=7.5Hz,3Hl; 1.16 (m,lHl; 1.36 (n.2H); 1.54 (m,2Hl; 1.6 (m,2H); 1.60 (s,3Hl; 1.67 (s.3Hl; 

2.0 (m,2H); 3.29 (dd, J-9.5;8.5Hz.lHl; 3.44 (ddd, J=l2.5;9.5;3Hz,lHl; 3.45 (t, J=6.5Hz,2Hl; 3.58 

(m,lH); 5.08 (t. J=7Hz,lHl. IR: 3430 S; 2950-2850 S; 1630 w; 1450 S. MS EI: H-228. Anal.: talc. 

for C14H2802, C 73.63 H 12.36; found C 73.50 H 12.17. 
* 3.7~Dlmethyl-1-butoxy-2E-octen-6-01 5a. Colourless 011. pMU250): 0.89 (dd, 

J-6.8;1.5Hz,6H); 0.90 (t. J-7.5Hz.3Hl; 1.36 (m.2H); 1.54 (m.2H); 1.3-1.7 (m.3Hl; 1.66 (s.3H); 2.06 

(ddd.J=l4;9.5;5.7Hz.lH); 2.19 (ddd.J=l4;9.5;6.3Hz,lHl; 3.32 (ddd. J*8.5;5;3Hz.lHl; 3.39 (t, 

J-6.5Hz.2Hl; 3.95 (d, J=6.5Hz,2Hl; 5.37 (tq, J-6.5;lltz,lHl.IR:34OO S, 2950-2860 S; 1650 w; 1450 n. 

I4S EI: H=228. Anal.: talc. for C14H2802. C 73.63 H 12.36; found, C 73.75 H 12.43. 

* 3.7~Djmethyl-I-butoxy-2,6-octene diol 9a. Colourless 011. RIR(250):0.9 (m,l2H); 1.1-1.8 

(m,lOHl; 3.2-3.6 (m,6Hl. IR: 3400 S; 2950-2870 ST1460 S. NS CI(H131: 264 (R+l8,23); 248 (60); 247 

(42); 229 (100). 
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Preparation of diastereolsomeric esters. 

l The KTPA ester z was prepared with 2 (15 stg, 0.065 mall, NEt3 (0.2 ml), 4-dlmethyl 

amtno pyrldlne (5mgl and MTPACl (lw, leq). The mixture was worked up after 3 h at RT. Impurities 

were removed by filtratlon through a short column of silica gel. PW2501: 0.90 (m.9Hm); 1.3-1.7 

(m,7H); 1.59 + 1.63 (divided s,3H); 1.83-2.10 (m,2Hl; 3.40 + 3.42 (divided t, J=6.5Hr,2Hl; 3.55 

(s.3H); 3.93 + 3.96 (divided d, J=6.5Hz,2H); 4.95 (m.lHl; 5.27 + 5.34 (divided t, J=7Hz.lH); 7.40 

(m,3H); 7.59 (a.2Hl.IR: 3060 w; 3000-2840 S; 1740-1720 S; 1650 m; 1490 w; 1460-1450 q . The 

analysis was performed by injecting the mixture, dissolved in pentane. into a Zorbax 5 , 25 cm 

HPLC column and elutlng with ethyl acetate 1% In Isooctane, flow rate 1.5 ml/min: ee 52%. - 
* The MTPA ester mixture 7c derived from 7a was prepared as above. PNL(2501: 0.90 (d, - - 

J=6.7Hz,6H); 1.5-1.7 (m.3H); 1.6 + 1.66 (divided s.3Hl; 1.86-2.1 (m.2Hl; 2.02 + 2.04 (divided 

s,3H); 3.54 (s.3H); 4.53 t 4.55 (divided d, J-7Ht.2Hl; 4.91 (m.lHI; 5.20 + 5.30 (divided tq. 

J=7;1Hz,2H); 4.91 (m.lH); 5.20 t 5.30 (divided tq, J=7;1Hz,lHl; 7.34-7.50 (m.5Hl.IR: 3060 w; 

3000-2840 S; 1740 S; 1650 m; 1490 w; 1460-1450 m. HPLC showed an ee of 50%. 

Preparation of authentic (RI-tetrahydrofarnesol. 

* (RI-I+)-Citronellol was tosylated17. The tosylate lb (3 g, 9.7 rmol) and sodium benzene 

sulfinate in OMF were heated to 80°C overnight. The usual;rk-up gave unchanged tosylate (67%) 

and the desired sulfone lc (0.8 9,27X). PIW80): 0.84 (d, J=6Hz,3Hl; l-l.7 (m,5H); 1.56 (s,3Hl; 

1.66 (s.3H); 1.94 (m,2H);3.10 (t,J=7Hz,2Hl; 5.02 (t, J-7Hz,lHl; 7.2-8 (m,5H).IR: 3000-2860 S; 

1640 w; 1590 m; 1460 m. 

* (RI-3,7-Dimethyl-l-benzene sulfonyl octane 2e. - 
Crude sulfone lc (0.8 g, 2.6 ~11, L1C104 (140 mg, 0.5 eql, Et3S1H (1 ml, 2.5 eq4) and TFA - 

(0.54 ml) were heated for 3 h In 2-nitropropane at 80°C. After the usual work-up, FC gave crude 

tetrahydrogeranyl sulfone with an NMl spectrum identical to that of racemic component. 

* 3.7.11-Trimethyl-5-benzenesulfonyl-2E-dodecen-l-yl acetate 11 -. 
A solutlon of n-butyl lithium in hexane (1.52 M. 0.7 ml1 was added at -78'C to a solution 

of sulfone 2e (297 mg, 1 ssnol) in THF (5 ml). After standlng for 30 min at RT. HHPT (0.3 ml) was - 
added and after 30 mOre minutes, the mixture was cooled again to -78°C then bravo acetate 10 (300 - 
mg, 1.57 eq) was added. After 1 h at -78°C and 2 h at RT the reaction was wrked up to give after 

PC the sulfone 11 (136 mg, 35%). PMU80): 0.84 (d, J=6Hz,9Hl; l-l.7 (m.lOH); 1.62 (s,3H); 2.02 

(s,3H); 2.03 (m&l; 3.11 (m,lH); 4.52 (d, J=7Hz,2Hl; 5.34 (t. J=7Hz,lHI; 7.63-7.82 (m.5Hl.IR: 

3000-2880 S; 1740 S; 1640 w; 1580 m; 1450 m; 1300 S; 1150 S. 

* (RI-3,7,11-Trlmethyl-ZE-dodecen-l-01 12. 

To a solution of sulfone acetate 11 (1; mg, 0.25 rmsoll In methanol (2mll was added 6% - 
sodium amalgam (580 mg, 6 eql and the mixture was stirred 17 h at RT. The usual workup gave after 

FC, (RI-tetrahydrofarnesol 12 (30 mg, 54X1, C*)25= - -0.59" t 0.04' (c=2.54, CHC13). The NMR and 

mass spectra were identical with those of an authentic racemlc sqle2. 

From farnesol. 

* All trans farnesol 13 (671 mg. 3 sswll was introduced In a flam dried flask under argon. - 
L1AlH4 (51 mg. 1.34 assol) and dry ether (2.5 ml) were then added at -30°C followed by (-)-LisBCl 

(520 mg. 2.8 am011 in He2S (0.4 ml). After 24 h at -3OY. (-)-Lim8Cl (281 mg, 1.6 rmaoll in Me2S 

(0.2 ml1 and LAH (30 IQ, 0.8 sanoll In ether (2ml) were added and the addition repeated after 24 h. 

After standlng another 24 h at -3OY. excess LAH was hydrolysed at 0°C; aqueous sodium hydroxide 

(3H. 4.4 ml) and 30% hydrogen peroxide (5.8 ml) ware added and the mixture refluxed for 3 h. After 

the usual work-up the purification by FC gave sorpe unchanged farngsol 13 (17%). a mixture of the - 
isanerlc dlols 18a and 18b (15X), the desired trlol 14 (31%) and sane tetraol 17. -- - - 

- The mixture 18a + 18b was identified by the NMR and Mass spectra. Colourless oil. 

PW250) partial: 5.36x. J=E.lHl; 5.12 (m.lHl; 4.07, (m,2H); 3.33 (m,lHl.IR: 3400 S; 2980-2880 

S; 1710 m; 1670 m; 1460 q . I4S CI(M31 (Re3Si derivatives): 402 (H't18, 221. 

- 3,7,11-Triwthyl-PE-dodecen-1.6.10~trio1 a. Colourless oil. m(250): 0.91 (d. 
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J=~Hz,~H); 1.2-1.7 (~.8Hl; 1.67 (s,3Hl; 2.0-2.3 (m,2Hl; 2.62 (s,3Hl; 3.28-3.42 (@Nl; 4.12 (d, 

J=7Hz,2H); 5.43 (t, J-7Ht.lH). IR: 3580-3410 S; 2960-2860 S; 1650 m; 1450 S. ~ CI(-I #e3S1 

derivative): 402 (W'+18,221. 

- 3;7,11-Trirthyl-dodecane-1,2,6,10-tetraol 17. Colourless oil. pM(25D): 0.9 (n, 12Hl; 

1.0-1.7 (m. 11~); 3.0-3.7 (II, 5j.11: 3400 S; 2980-2880 S; 1710 II; 1650 w; 1460 m. lls CI (Ni,) 

(We3SI derivative): 582 #'+18. 31). 

* Acetylatlon of 14. To a solution of trio1 14 (241 mg. 241 001) in pyridine (2mll at O°C - - 
were added portlonwlse AC20 (0.087 ml, 1 eq) in pyridine (lal). After 15 h at RT. the usual 

work-up and FC gave the dihydroxy acetate 15a as a colourless oil (45%). PllR (2501: 0.91 (m,9Hl; 

l-l.7 (m.12H); 1.71 (s,3H); 1.93 (s,2Hl; 2.04 (s.3Hl; 2.24 (m,2H); 3.33 (ddd, J=8.5;5;3.5Hz,lHl; 

3.41 (ddd, J-9;5.5;3Hz,lH); 4.57 (d.J-7Hz.2H); 5.38 (tq, J=7;1Hz,lH).IR: 3500 S; 2980-2880 5; 1740 

S; 1680 w; 1460 m. 

- Together with some trio1 14 (12%). a m8lxture of the iscxneric dlacetates 15b + 15c (10%) 

were also isolated (Rf 0.59 In peGane/ether:30/701. MU2501 partlal: 5.32 (m,lH); 4.7m.lHl; 

4.54 (m.2H); 3.40 (m,lH); 2.04 (s.6Hl. IR: 3500 m; 2980-2880 S; 1740 S; 1680 w; 1460 m. MS 

CI(NL31(Me3Si derivative): 432 (H'+18,97). 

* 3,7,11-Trimethyl-6,lO-di-~-tosyloxy-2E-dodecen-l-yl acetate 16a. - 
The tosylatlon of 15a was carried out as above to give the acetate djtosylate 16a (45%) as 

a mlddle fraction of a FC.m(250): 0.80 (m,9H); l-l.7 (m,12H); 1.61 (s.3Hl; 1.78 x2Hl; 2.05 

(s.3Hl; 2.42 (s.3Hl; 2.43 (s.3H); 4.37 (m.2H); 4.54 (d, J=7Hz,2Hl; 5.22 (t, J=7Hz,lH); 7.31 

(m,2Hl; 7.75 (m,2H).IR: 2960-2880 S; 1735 S; 1735 S; 1670 w; 1590 m. 

- The first fraction of the FC (Rf 0.46 in pentane/ether:70/301 showed vinyllc protons 

indicating that elimination had taken place (10%). The last fraction contained the isomarlc 

acetate monotosylate 16b and 16c (10%) (Rf 0.51 In pentane/ether: 30/70). R(R(250) partlal: 7.74 

(d, J-8Hz.2Hl; 7.28 d, J=8HzHl; 5.37 Lt. J=7Hz,lHl; 4.57 (d. J=7Hz,2Hl; 4.42 (m,lHl; 3.30 

(m,lH); 2.42 (s,3H); 2.04 (s;3Hl. 

* The ditosylate 16a (122 mg) was treated as above to glve tetrahydrofarnesol (22 mg. 50%) - 
Cd,,= -0.31' + 0.05" (c.1.97, CHC131. The optical purity is therefore 53 + 12%. 
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