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Abstract : Selective addition of hydrogen chloride on the non-proximal 
double 6ond(s) of the title compounds followed by hydrogenolysis led to 
selective hydrogenation of these double bond(s). 

The polyprenols display considerable selectivity in the reaction of various double 

bonds. In presqualene or prephytoene alcohol formation, the C -C double bond is 
63 

involved 
la , 

whereas in the biosynthesis of phytol from geranyl geraniol it is unaffected during the 

reduction of the other three double bonds. This is all the Mre intriguing since both processes 

are triggered by electrophilic attack. The catalytic hydrogenation of geraniol la occurs - 
preferentially at the Cg-C3 double bond; however the selective hydrogenation of geranyl 

trimethylsilane and more so with geranyl isopropyldimethylsilane occurred at the distal double 

bond'. 

Previous work3 had shown various factors which influence to a considerable extent the 

reactivity of trisubstituted double bonds towards electrophilic attack. With these results in hand 

the question of the regioselective reduction of the double bonds in polyprenols could be 

addressed. The method used involved successive reactlon with a proton and a hydride ion (or their 

equivalents). The most direct method (see schema I(C)) was first studied with the very efficient 

one pot reactant hydrogenosilane in acid conditions. Then an alternative two step process was 

proposed (Dl 

R=H. la - 

SCHEME I 
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The biological reduction of geranyl geraniol 3a is carried out by an NADH containing - 
enzymelb. It takes place fn such important processes as the biosynthesis of tocopherol 15 and 

chlorophyll. Whether it occurs before or after attachment to trimethyl hydroquinone or 

phacophorblde is not yet clear. In sune cases, the enzymatic reduction by WADH involves an 

essential zinc ionic, this might be mimicked by acid activation of the double bond followed by 

hydride transfer. 

Ionic hydrogenation of olefrns has been carried out catalytically4, with sodium 

borohydride and acid5 or with substituted silicon hydride6. 

(TFA)~ tri- 

With Et3SiH/trifluoroacetIc acid 

and tetrasubstltued olefins are rapidly converted into the corresponding 

trifluoroacetates which are then reduced (see also *'g91D). In fact, addition of a Lewjs acid such 

as BFS,Et20 '1, Liclo4'* or the use of a more polar solvent (WeN0211* led to a considerable 

acceleration of the reaction. This technique was first tried wlth cltronellyl acetate 8b in order - 
to avoid interference of another double bond. The results are shown in table I. 

TABLE I : Reduction with ETSSIH. 

I I I I II I I 
Run (all Substrate ) LlClO4 ( T 1 t I( Addition 1 Reduction ) Cyclisation 

I eq I 'C ( hr 11 Product X I Product % ( Product X 
I I II I I 

I 

’ Ih)I 8b I O I 8o I ** I l ga 
50 Ill 27 I 

II - - 
2 I II I O I 80 I ’ I I u 3 1 ’ 75 1 

3 

j 

II I 0 I 50 I II i 1 II 54 I Is 24 I 

4 ,I I 0.1 I 50 I I, [I II 2 1 II 80 1 
I 

5 I ” 1 0.1 I 20 I II 11 II 51 In 42 I 

6 1 II I 0.2 I 20 I II /I II 29 I la 60 1 

7 1 II I 1 I 20 I ,I [I II 1 1 I, 90 I 

8 I U I 1 I 20 I 3 II oa 25 1 ’ 65 1 

9 (bl; ' I 1 I 20 I ” II oa 45 I u 42 1 

10 (c)I I0 j 1 
I 

/ 20 j 48 1: j& 20 I o” 65 1 

1 I116a !4b 
I 

11 1 lb I ' 1 20 I 0 t I 17b 20 

(dl[ I 20 I 

- 

0.51 I Ia 

- - 

12 " I 1 0 I lo t I I4 14 

13 I q I 0 1 60 ! 10 1: (f) I I 

14 (e)I & / 0 1 50 1 78 /I (gl / I 

15 (e)! U I 0 llO0 I 2 II 6 ! ” 8 

16 tell 'I I ’ I 20 I 

I II 

0 I o” 8 

17 I& I1 I 20 I 

15 11& 

II /I H 

2 [ ” 

t(l7c 52 

18 IeI/ 
I 

16b I 1 / 20 j 

- 

t I ” 40 
I 

I 

I 

I 
The percentage were calculated by VPC after the usual workup and addltion of an Int- 
ernal standard. (a) Standard condition: 1 nsaol of substrate, 1 ml of 1PrN02 , 2.5 eq 
of TFA, 2 eq of Et SIH except for the following notes.(b) leq of C H OAc. (c) Acid 
5 eq of CC1 HCOOH.3(d) Solvent: Et SiH (12 eq). (el No acid. (fICdbl@e degradation 
(gl No reac?ion. (h) Solvent: CH2Cj2 1 ml. t: trace. 

In dichlorcmethane. with Et3SiH and TFA reduction of @ into 11 takes place at 80°C. 

but considerable addition of acid to the double bond was also observed. The use of 2-nitropropane 
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however led to a considerable increase in chemoselectivlty (run 2). This aust have been Caused by 

the easler ionlsation of the interaediate g. Lowerlng the tecrpsrature sloued dorm the reduction 

of the acid addition product (run 31, but th+s could be offset by addition of LIClO4, one 

equlvalent of which allowed the reduction to proceed at room teclpcrature with gO% yield In 20 

hours (run 7). Care should be taken not to introduce an internal standard which might 

"neutralise'la soae of the acid (run 9). Mchloroacetic acid could be used but was less efficient 

(run 10). However with geranyl acetate lb under the best conditions found so far, the reaction was - 
very rapid but only a trace of the dihydro compound could be found; some cyclogeranyl acetate 17b - 

and polymers were formed. This could not be .improved by working with an excess of Et3SiH or at 

higher temperature (run 12, 13). The addition of TPA onto the distal double bond was then first 

carried out and the adduct 16a submitted to the reduction conditions in iPrN02 with LiC104 but - 
with no acid present. Very low yields (2-6 X) of dihydrogeranyl acetate 4b were obtained and a lot 

- of polynV?risation products (run 15,161. Changing geranyl acetate for the corresponding 

2.4-dinltrophenyl ether lc or using the adduct 16b led to considerable cyclisation (17~) without 

appreciable reduction (c)(run 17.18). 
- - 

TABLE II: Mscellanous reductions with Et3SiH(2eqI. 

Run 1 Substrate 

OAc 
- 

I 

12. 

r t 

I 

I 
I 

I 
I 

t 
hr - 

20 

20 

1 

20 

36 

I- 
t 
/ 
I 

I 

I 
I 

Results 

Reduction 4d: 7% i 
Cyclisation lm: 93% I - 

I 

Reduction 19b: 87% i - 
I 
i 

Degradation 

I 
Reduction 20% (a) 

Reduction 14: 85% 
/ 

Experlmental condltlons: Substrate:1 mnol; Solvent:iPrN02, 1 
TFA , 2.5eq; LiClO : leq; Temp.: 20°C. 
(a) calculated by eLC-Mass. X of isolated product.rS021$ol. 

A number of related compounds (table III were then treated as 

Geranyl ptolyl sulfone Id underwent mostly cyclisation (17dI together with - - 

ml; Acid: 

in run 7 of table I. 

7% reduction (46). but 

the llnalyl e-tolyl sulfone 18b gave a 87% yield of dihydrosulfone 19b. Llnalyl acetate 18a was - - 
rapidly destroyed, but the more stable dehydrolinalyl acetate gave'2yyfeld of the hydrogenated 

compound. This technique could also be used with the chroman derivative 12 13a , the double bond of - 
which was smoothly (85%) reduced to E 14. The higher isoprenolog (a-tocotrieno113bI13 underwent - 
mainly cycllsation. It so appeared that various reactions compete efficiently with the desired 

reduction. In order to use a more efficient reducing agent, a two step procedure was considered1 
scheme I, (AI-(D)). 

The addition of hydrogen halides to $y;;ic terpenes has been known for a long tiae. 

although it has been mainly used on squalene l . Dry hydrogen chloride added seoothly to 

geranyl acetate in dfchloroaathane at -78X. The acetoxy chloride 2Ob could be isolated by - 
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dlstlllation (72%). A number of by-products could be identified (see experimental part). The 

addition of HCl to geranlol itself gave more by-products, hence the chloro alcohol 20a was - 
preferably prepared by llthlum alumlniw hydride reduction of the acetate 20b. Similar additions - 
of one mole of HCl were carried out with neryl acetate, geranyl dlnitrophenyl ether{& to give 

El. geranyl e-tolyl sulfonelgto give 2Odl and linalyl e-tolyl sulfone(l8b to give 19a). - - - 
With farnesyl acetate 2b the reaction was stopped when analysis showed the - 

substitution of the acetoxy group by chlorine. The dichlorotetrahydrofarnesyl acetate 25b could be 

isolated (40%) by chromatography. Geranylgeranyl acetate 3b could be efflcizy (62%) - 
hydrochlorinated at -78°C in pentane, where the addltlon product 27b is sparingly soluble. - 
Addition of hydrogen bromide proved possible, but more difficult to carry out, thus the chloro 

derivatives were used for the reduction experiments. 

The hydrogenolysis of alkyl halldes can be carried out in a variety of ways 17. The 

above haloalcohols were initially treated with the radical anion of dit-butyl blphenyl (LiDB8118 

which has been recently recawnded. Chlorohydrogeraniol 20a and chlorohydronerol 21a were - - 
smoothly converted into djhydrogeraniol s (70%) and dlhydronerol 28a (75%) respectively. The - 
bromide 23a also gave dihydrogeraniol (45%) but elimination was also observed (17%). Dichloro - 
tetrahydrofarnesol 25a gave a 32% yield of tetrahydrofarnesol 5a and conslderable (4&x1 - - 
elimlnation. The separation proved difficult. 

Preliminary experiments with trlbutyl tin hydrldelga with photoinitiation In the 

stoechicmetric or catalytic lgb mode gave impure product (hydrostannatjonl In low yield. With free 

radical (AIBN) initiation,1 eq of 8u3SnH gave a high yield of the desired product (table III). A 

small amount of isomerisation (E to Zj2' of the double bond was observed. In a blind experlmant 

(run 81, the dihydrogeraniol s itself was isanerised to a considerable extent. The acetate could 

be used directly and gave a higher yield (run 2.5,7). The catalytic mode was trled too and gave 

more iscnnerlsatlon (more than 10%). propably because of longer reaction times (4 days). 

TABLE III: Reductive dehalogenation of halohydro terpene derivatives with 

Run 

Bu3SnH 

-0, 
X n n 

Substrate 

n=l ; X=Cl ; R-H 20a - 

" ; ” ; R=Ac 20b - 
,I ; X=Br ; R=H 23a - 

n=2 ; X=Cl ; R=H 25a - 
Y ; II ; R=Ac 25b - 

n-3 ; ” ; R=H 27a - 
II ; " ; R-AC 27b - 

n=l : X=H ; R=H 4a - 

Tlm 
Ian 

60 

45 

60 

120 

30 

90 

60 

60 

300 

Bu3SnH 
(al eq 

1.1 

1.5 

-1.1 

1.1 

1.4 

1.1 

1.5 

1 

II 

Products yield( El Zl 
X 

4a : 91% (951 51 

sb : 92 (951 5) 

sa : 64 (941 6) 

& :70 (90/10) 

5b : 98 (95/ 5) - 

2 : 61 (941 6) 

?,28a : : 93 (b) :i::l:: -- 

0, : (b) (70/30) 

Experimental conditions: Substrate: 1 avnol; Cyclohexane: 1 ml/mnol; AIBN: 0.1 
eq/Cl. (al eq with respect to Cl to be reduced. (b) an allquot was preleved 
and filtered before Injection in a VPC column, no internal standard was added 
In other experiments the percentage is calculated for isolated products. 



Selective reduction of distant doubk bond(s) 4995 

Ye next tried sodium borohydride under solvolytic conditions 
21 with chloro 

dihydrogeraniol 2&, but w observed only substitution and eltmlnatlon reaction. 

With zinc borohydride** in ether, preliminary experiments showed that the starting 

materlal was consumed to give the desired dihydro derivative which disappeared agaln! It turned 

out that reduction of the halide gives diborane rrhlch adds to double bonds. Additlon of an alkene 

(more reactive, in excess), such as cyclohexene, provided a diborane trap and good results could 

be obtained (table IV). The experimental procedure proved to be very important, In that addition 

to a mixture of zinc borohydride and cyclohexene of the halide i_n ether gave much better results 

than other ways of mixing the reagents. Dfhydrogeraniol 2 (run 4,7) and phytol c and its acetate 

(run 13,141 could thus be obtained in good yields. Cyclisation products could not be detected, and 

the mechanism has not yet been elucidated (the important role of the rinc)23. 

TABLE IV: Reduction with Zn(BH4)* in ether 

X n 
-OR 

n 

Run 

1 

2 

3 

4 

5 

6 

7 

B 

9 

10 

11 

12 

13 

14 

15 

1 
Substrate /llllbOl 

n=l ; X=Cl ; R=H ; 20a /0.5 - 
" 

* 

" 

I, 

n=l ; X=Cl ; R=Ac ; 20b/0.5 - 

n-3 ; X=Cl ; R-AC ; 270/O.*! - 
II 

,I R=H ; 27a/O.*! - 
II 

l- 

II 
I 

t 

I 

I 

I1 

I 

1 
jl 

I 
jl 

I 
I 

2 
Zn(BH4j2 

eq/ml/N 

2/4/0.25 

.2/2.5/.5 

2 /2 /0.5 

II 

II 

4 /2 /0.5 

2 /2 /0.5 

6 /3 /0.5 

II 

I, 

l- 

t 

I 
I 

I 

I 

3 
yclo- 
exene 
eo 

5 

I( 

II 

” 

” 

I‘ 

Y 

q 

II 

15 

5 

15 

II 

II 

" 

-(a) small amount of phytol -(b) dropwise. X of isolated product. 

Start. 

mat. 3 

44 

44 

D 

0 

10 

D 

90 

54 

20 

D 

0 

0 

12 

0 

Reduct. 

prod.% 

a : 53 
39 

44 

80 

78 

73 

79 

0 

42 

61 

k :74 0 

k :57 a 

” 76 

'b : 44 

" 69 

Condition 

of addit. 

(1+3)+2 

II 

1+(2+3) 

(2+31+1 b 

II 

II 

80 

II 

II 

II 

Y 

* 

II 

II 

" 

In a last series of experiments, a dihydropyridfne derivatlve was selected as the 

reducing agent. It had recently been shown that I-benzyl-3,5-dipyrrolidinocarbamoyl-1,4-dihydro- 

pyridine 29 was reasonably stable in the presence of dichloroacetic acid in acetonitrfle24. - 
However. when cltronellyl acetate (as a'model) was added to ‘such a reaction mixture, no reduction 

was observed. The geranyl acetate / TFA adduct 16a was next used In nltrocethane where a small - 
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amunt (1.0x) of dlhydrogeranyl acetate was observed., I-benzyl-1,4-dihydronlcotinamlde 0 gave 

2.6-3.4s yield of 4b In the LiC104 system. It thus proved possible to carry out a bloaintlc - 
synthesis of phytol, but the yields were very low. The two step procedures above were found to be 

much more efficient. 

SCHEME II 

1 a Z=OH C 

b Z+OAc d 

4 a Z=OH 

b Z-OAc 

E Z / 
J+QmL 

Z 

2 a Z=OAc; X=OCOCF3 

b Z=OAc; X=OCDCHC12 

I 

2a 
b 

3a 
b 

C 

d 

5a 
b 

da 
b 

1a 
b 

!a 
b 

Z=ODNP:2,4-dinltrophenyl 

Z=S02@ol 

Z=W 

Z-OAc 

Z=OH 

Z-OAc 

Z=ODNP 

z-so2~tol 

Z=OH 

Z=OAc 

Z=OH 

Z=OAc 

Z=OH 

z=oAc 

Z=OH 

Z=OAc 

Z=DH; X=OH 

Z=OAc; X=H 

1 
14 n=l 

16 a Z-OAc; X=OCOCF3 

b Z=ODNP; X=OCOCF3 

17 a Z=OH - 
b Z-OAc 

18 a Z=OAc - 
b Z=S02@ol 

n 

c Z=ODNP 

d Z=S02@ol 
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19 a x41 

b X=H 

X=Cl a Z=OH d Z=S02@ol X=Br a Z=OH 

20 b Z=OAc e Z=Cl 23 b Z=OAc 

X c Z=ODNP c Z=Br 

21 a Z=OH 

b Z-OAc 

22 a Z=OAc; X=Cl 

b Z-Cl; X-Cl 

24 Z=OAc; X=Br 

25 a Z=OH c Z=Cl - 
b Z=OAc 

Z 26 a Z=OAc - 
Cl Cl Cl b 241 

27 a Z=OH - 
b Z=OAc 

CONH2 

30 - 

Melting points were deterqned in a capillary tube and ere not corrected. The 
spectroscopic instrumentation included H NHR(PMR): Brucker UH SW 
MHz), CDCl solution with respect to Me Si unless otherwise stated; 

(B MHz) and Cameca 250 (250 

MHz), 4 ve?uee ere given in ppm and coup 
f 

C IWR(CZ4R): BrUcker 90 (90 
ing constants in Hertz. IR: Perkin-Elmer 599. either neat 

or in CHCl solution(valuee given in cm- ,S:strong, m: medium, Y: weak). Mae6 epectra: Varian llat 
CH9, and f%r the GLC-Maee meaeurement: Ribenaeg with capillary colw; Chemical ionieation: CI; 
Blectronic impact: HI. GLC: Varian 1740. column: OV 101 5% (4fn) on Anekrom 9; Integrator: 
Intersmat Minigrator; Girdel SO, column: OV 101 10% (48~) or capillary calm: SE 52, integrator: 
Hevlet Packard HWMOA; Interemat, column: FFAP 10%. Nicroenalyeie were carried out in the 
microanalytical laboratoriee of the Universit6 P. et W. Curie to whom our thmnke are due. 
Analytical TLC were carried out o&Merck plates (5735, plaetlc eheet, silicagel 5OF254, thickness 
0.2mm). Flesh chz%aatography(FC) wae carried wt with silica gel (J4erck 7736), eluted with a 
mixture of pentene/ether/eth.yl acetate. Some by-producti were obtained in euch l low yield, or 
were 80 unstable that only a partial, but unequivocal, chmracterieation wae poeeible. 

Geraniol mnd nerol were purchased !Yom Fluka. t,t Parneeol wme ieolated from the 
mixture (Fluka) of ieomere by MPLC (LOBAR Nerck) with a C(440%% Lichroprep Si 50 column (4063ym) 
Geranylgeraniol wee a generous gift fYom the Kuraray Co.. 
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Reduction vith Et,SIH. 
l Dihydrocitronellyl acetate: 3,7-dimethyloctyl acetate, 1. 
Trifluoroacetic acid (0.2 ml, 2.5 mmol, 2.5 eq) vas slowly added to a mixture of 

citronellyl acetate 5 (198 mg, 1 mmol), lithium perchlorate (106 mg, 1 mmol), triethylhydrogeno 
silane (242 mg, 2 wool) and P-nitropropane (lml) et 20°C, the mixture was allowed to stand for 22 
hours. The organic solution was washed with aqueous saturated sodium bicarbonate solution followed 
by extraction with ether. After drying (HgSO ) and filtering, the solution was evaporated. The 
residue vas purified by FC to give 180 mg (9& of pure dihydrocitronellyl acetate 11 identical to 
a sample prepared by catalyticsl hydrogenation of gersniol, followed by acetylation% pyridine. 

l 3,7-Dimethyl-3-E-toluenesulfonyl-l-tone 19b. 
By wing the same procedure with the 3,7~~ethyl-3-~toluenesulfonyl-l.6-octadlene 

18b and a reaction time of 48 h, we have obtained after purification by FC 256 mg (8796) of 
dihydrolinalyl sulfone ~,colourless liquid. PllR(250): 0.83 (d, J=GHs,GH); l.l9(m,4H); 1.32 
(s,3H); 1.85(m,2H); 2.39 (s,3H); 5.08 (d,J=l'IHz,lH); 5.37 (d, J=10.5Hx,lH); 5.92 (dd, 
J=17&10.5Hx,lH);7.15 (d,J&ls,W);7.52 (d, J=8Hz,2H). QIR: 16.4 (CH ); 21.6 (CH +CH 1; 22.6 (2 
CH ); 27.7 (CH); 32.9 (CH ); 39.2 (CH );68.2 (C); 119.8 (CH ); 128.63(2 CH); 130.3 $CH); 132.1 
(CT; 135.2 (CH); 144.0 PC). IS: 2&O-2860 S;l630 v; 159% m; 1300 S; 1150 S. IL9 CI (YM3): 
312(M+18,10). AnaI.:calc. for C17H2602S, C 69.34 H 8.90; found, C 69.31 H 9.05. 

l 3,7-Dimethyl-7-trifluoroacetoxy-2&octen-l-y1 acetate 16b. 
To a solution of geranyl acetate E (llg, 56 mmol) ini Cl 

slowly added ( 21 ml, 280 mmol, 5eq) trifluoroacetic acid. After 100 I& &e'~~e~~'o:"e~;~ z: 
neutralised with a saturated aqueous solution of NaHCO . The organic layer was washed with water, 
dried (MgSO ), filtered and evaporated to give 15 g o 

R 
9 crude oil. After purification on 250 g of 

silica Nerc (60) eluted with petroleum ether/ethyl acetate,ve obtained (9 g, 52%) of 6b. 
Colourle~s liquid. PllS(80): 1.52 (m,2H); 1.55 (6,6H); 1.69 (s,3H); 1.79 (m,2H); 2.05 (m+s,S%; 
4.59,5=7Hx,W); 5.36 (t,J&'Hz,lH). -:16.1 (CH 1; 20.8 (CH 1; 21.5 (CH 1; 25.4 (2CH 1; 39.2 
(CH 1; 39.8 (CH ); 61.0 (CH ); 88.8(C); 114.9 (CF ,J=285&,; 118.8&; 140.8 (CA 155.6 
(&41Hx); 170.3(C). IS: 2946 S; 1770 S; 1735 S; 166% v; 1450 S. 16 CI (T5i3): 328 (M+l8,100), 
214(31). And.: celc. for C14H21F304, C 54.19 H 6.82; found, C 54.21, 6.76. 

l 3.7-Dimethyl-7-trifluoroacetoxyoctyl acetate &. 
By using the same procedure with citronellyl acetate E. Colorless oil. PllS (2500): 

0.91 (d, J=l.JHz, 3H); 1.1-1.9 (m, 9H); 1.56 (a,6H); 2.03 (s,3H); 4.06 (ddd, J-14.14A5Hz.W). Q(R: 
19.4 (CH3); 20.9 (CH3); 21.1 (CH3); 25.7 (2 CH ); 29.8 (CH); 35.6 (CH 1; 37.0 (CH ); 40.6 (CH2); 
62.8 (CH ); 89.1 (Cl; 114.0 (CF J=258Hx)* 152.6 (C, J=41Hx); 170.6 (8,. IS: 2940-$870 S; 1770 S; 
1735 S; 1450 m. 18 CI(NH3): 333' (N+lS, 5;); 216 (100); 199 (30). Anal.:celc. for C14H23F304, C 
53.84 H 7.42; found, C 53.70 H 7.46. 

l 3,7-Dimethyl-l-(2,4-dinitrophen~~)-7-~ifluoroeceto~-~~ctene 16~. 
In the same way es previously, lc (8 g,25mmol) gives 16c (6.1 0.4%. PMll(250): 1.55 

(m,2H); 1.57 (6,6H); 1.79 (s,3H); 1.82 (T,W); 2.12 (t,J=6Hx,WT 4.74 (d,J=6.5Hx.W); 5.48 
(t.J=6.5Hx,lH); 7.18 (d,J=9.5Hx,lH); 8.38 (dd,J=9.5&2.8Hs,lH); 8.69(d,J=2.8Hs,lH). CSIR: 16.3 

114.7 (C); h7.4 
(CH3); 21.2 (CH ); 25.;c(HCH2)i2!3;0 (CH 1; 39.5 (CH2); 67.3 (CH 1; 88.9 (Cl; 114.2 (CF ,J=285Hz); 

. (4) 128.5 (CH); 1327 (CH)* (Gil)* 
(C);155.6(C);156.2(C). IR:;940 S;1770 S;17\5 v;1660 v;1530 S;1490 m. 18 'CI :g':: 452&8,:~~;! 
Anal.: celc. for C18H21F3N207, C 49.77 H 4.87 N 6.45; found, C 50.24 H 4.88 N 6. 3 3. 

Addition of hydrogen chloride. 
+ Cerfuwl acetate: 7-chloro-3.7-dimethyl-2&octen-l-y1 acetate 20b. 
A stream of dry hydrogen chloride was passed through-e solution~f geranyl acetate a 

(19.5 g, 0.1 mol)in CH2C12 (250 ml) at -78OC, the reaction was monitored by TLC. When the starting 
material vss consumed, the solution was poured into water and washed with saturated aqueous NaHC03 
solution. After work-up, distillation gave 20b (16.6 g, 72X1,b.p. 68OC et 0.001 torr 8s a 
c010urle~s liquid. PnS(80): 1.57 (6,6H); l.?i-(s,3H); 1.5-1.8 (m,4H); 2.06 (6,3H); 2.13 (t, 
J=BHz,W); 4.60 (d, J=Mt,W); 5.37 (t, J=7Hs,lH). a(R: 15.9 (CH3); 20.6 ((X3); 22.7 (CH2); 32.1 
(2CH ); 39.0 (CH 1; 45.0 (CH ); 60.7 (CH ); 69.9 (Cl; 118.5 (CH); 140.6 (Cl; 169.7 (C).IR: 
29822950 S; 1738 S; 1665 w;~ 

c12H21c102* 

1450 m.wS & (NH3): 252. (M+18,36), 250 (100). Anal.: talc for 
C 61.93 H 9.09; found, C 61.76 H 9.21. 

l By-products: these products were isolated in very emall proportions from different 
experiments on geraniol or geranyl acetate by flash chromatography. 

- 3,7-Dichloro-3,7dimethyl-l-octyl acetate 22b. 
Colourless liquid. l'lIR(80): 1.61 (s,9H); 1.7fls,6H); 2.05 (s,3H); 2.12 (t, J=7'Hs,W); 

4.31 (t, J=7liz,2H). ILS CI ( ): 290 (M+18,10); 288 (60); 286 (100); 252 (12); 250 (35). 
-dinethyl-2Goctene 200 . 

Colourless liquid. PIlR(80): 1.57 (~,6Hr1.73 (d, J=lHx,3H); 1.6-1.8 (m,4H); 2.07 (t, 
J=6Hs,2H); 4.08 (d,J=8Hs,W); 5.51 (tq, J&&lHz,lH). 18 KI: 210 (5); 208 (8); 174 (18); 172 (65); 
136 (12); 121 (27). 

- 1,3,7-Trichloro-3,7-dimethyloctane 22~. 
Light yellow liquid. PWR(80): 1.60 (ex); 1.75 (m,6H): 2.24 (m, J=8&2Hs,W); 3.97 (t, 

J28Hz.W). OIR: 20.4 (CH 1; 29.7 (CH 1; 32.6 (2 CH 1; 40.2 (CH 1; 44.4 (CH 1; 45.8 (CH 1; 46.6 
(CH 1; 70.5 (Cl; 72.0 CC)? 118 CI (I+ 266 (Y+l8,7fi 264 (21);2262 (22); 2& (8); 192 ($0); 190 
(307; 174 (33); 172 (100). 
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l Neryl acetate: ?-chloro-3,7-dim8thyl-2Z-Oct8n-l-yl acetate 21b. 
C~~OU~~SSS liquid (47x). AIR: 1.57 (8,6H); 1.5-1.8 (mx); 1.79 (s,3H); 2.05 

(8.3~); 2.13 (t, J&z.W); 4.55 (d, J=7Hz,2H); 5.38 (t, JGWz,lH)~ CJB: 21.1 (CH 1; 23.4 (Ch 1; 
23.5 (CH ); 31.8 (CH f; 32.5 (2 CH ); 45.5 (CH 1; 60.8 (CH 1; 70.6 (Cl; 119.3 (&; 142-l (8); 
170.6 (Cf. IB: 29QO-&X+0 S; 1760 S? 1670 W; &I a. 1pB C12( ): 262 (~+l8,23), 260 (271, 214 

(68), 154 (1OC). Aual.: talc. for C12H21C102, d, C 61.81 Ii 9.09. 

TM reaction waa carriad out ae for z on 8 g of farnesyl acetate 2, and stopped 
when TLC showed the formation of less polar compounda (terminal chlorides). Purification by yC 
gave four fraction8 in the order of elUtiOn : Fraction n"l(D.lgf gave compounds & and =i 
fraction no2 (4.2g) contained monochloro and cyclised products; fraction no3 (4.2~) contained 25b - 
and fraction n*4 (0.5g) contained 26a. 

- 7,11-Dichloro-3,7,ll-trim&hyl-2E-dodec8n-l-yl acetate 26b. 
colour1ees liquid. RR(260): 1.52(s,3Hf; 1.66(4,6H); l.~=(m,lOff); 2.06(~,3H); 2.09 

(t,J=8Hz,W); 4.57(d,J=BHz,2H); 5.33(t,J&iz,lH). m: 16.3(CH 1; 20.4(CH ); 21.O(CH 1; 22.5(cH ); 
29.7(CH ); 32.3fCH ); 32.4(CH ); 39.3(CH ); 43.4(CH 1; ko.O(d 1; 45.9(& ); 61.0(& ); 70.4(E); 
74.3(C)? 118.5(Cj3 141.0(Cf;3170.2(C). ;;6, CI ($1: 356(kI+&,18), 354&O), 320(2& 318138). 
Anal.: talc. for C C 60.53 H 8.96; found, C 60.52 H 9.13. 

- 1,7,f acetate 26~. 
COtOW186~ liquid. PWR(80): 1.59(m,9H); l.73(m.l3H); Z.OBtt,J=GHz.W); 4.12 (d,J=Mz 

,2H); 5.46(t.J=8Hz,lHf. Ys CI (5): 324(&18,18); 322(55); 320(64); 298(7); 296(37); 294(6l); 
260(24); 258(65); 222(42); 205(100). 

- 3,7,11-Trichloro-3,7,11-trimothyl-l-dodccyl acetate 26a. 
Colourless liquid; PNQ(80): 1.60(m,lW); 1.75(m,lW1;2.05(s,3Hf; 2.12(t,J=GHz.2HJ; 

4.3(t,J=7Hz,2H). rS CX @Ii,,: 394 (M+18,10), 392(25), 390(20), 356(23), 364(35), 320(42), 
318(lOOt, 282f45f. 

- 1,3,7,ll-T8trachloro-3,7,ll-trimethyl dodecane s. 
Colourless liquid. RIR(80): 1.60 (m,12Hf; 1,75(m,l2H); 2.23(t.J=6Hz,ZH); 3.7(t,J=6Hz 

,W). It6 CI fNH3): 372(M+l8.5); 370(13); 368(25); 366(21). 

* Ceranylgeranyl acetate s: 7,11,16-trfchtoro-3,7,1l,l5-tetramethyl-2E-hexadecen 
-l-y1 acstate 27b. 

Ca?&iylgeranyl acetate (441.5 mg. 1 mzolf in pentane (lml) was added at -78W to a 
1.8N solution of WC1 in pantane. A light brown gum separated out. After 5 min the mixture warn 
worked up. Tha dosired trichlOroaC8tate 27& was ieolated by FC. Colourl444 crystals ( from pentane 
/ ether, 283 mg, 63961, m.p. 35-37°C* RIRf250): 1.63(~,3H); 1+55(6,3Hf; 1*59(6,6H); l*7(8,3H)i 
1.5-1.8(m,16H); 2.05(8,3H); 2.05(m.W); 4.56(d,J=BHz,W); 5.36(t,J=6Hz,lH). QB(: 16.3(CH3); 
ZO.O(CH ); 20.4(CH ); 2l.O(CH ); 22.5(CH ); 29.7(2 CH 1; 32.4(2 CH ); 39.2(CH ); 44.043.3(4 CH ); 
45.6(CH2); 61.0(CH2); 70.4(C); 73.9(C); 54.0(C); 
s, 166i? w, 1460 2,. JB CI (NH ): 462(Mt18,16); 

118?5(CH); l41.0&); 170.1(s). IR: 2940 S, 1530 

386(x)); 360(80). Anal.: talc. f& C22H3gC1302, 
460(50); 458(47); 424(15); 422(17); 388(13); 

C 59.80 H 8.90; found, C 59.62 H 9.05. 

gYdrog8nolysis of th8 hydrogen ohiorids adducta of the terpene acetates. 
Lithium aluminium hydride (LAH)(38 mg, 1 mmol) was slowly added to a solution of ths 

acetate (1 mmolf in anhydroue ether (5 ml) at CW. After standing for 4 hours the usual work-up 
gave th8 corresponding alcohol, in a yield of at least 95%. 

l 7-Chloro-3,7-dimsthyl-2E-octen-l-o1 20a. 
Colourlese oil. PMR(80): 1.56 (8,6H);x68 (8.3H); 1.7 fm,r)H); 2.05 (t, J=6Hz.2H); 

4.26 (d. J=7Hz,2H); 5.44 (t, J=7Hz,lHf. QQt: 16.0 (CH ); 22.9 tCH f; 32.3 (2 CH ); 39.2 (CH f; 
56.7 (CH 1; 70.7 (Cl; 123.6 (CH); 137.8 (C? IR: 3320 2.: 2970-2850 S, 166C S, 146C2m. 
210 (g+$8,5); 208 (15); 192 (8); 190 (23); 172 154 (lOO)e An&a: 

C 62.98 H 10.04; found, C 62.99 H 10.01. IW: 39847-63-7 (396 . 
talc for 

l 7-Chloro-3,7-dimethyl-ZZ-octen-l-01 2& . 
Colourless oil. PNR(80f: 1.56 (8,6H); 1.66 (e,2H); 1.7 (6.2~); 1.77 (4,3H); 2.1 (t, 

J=6Hz,2H); 4.13 (d, J=7Hz,W); 5.46 (t,JGHz,lH). m: 23.4-23.7 (CH +CH 1; 31.8 (CH ); 32.8 (2 
CH3,; 45.6 (CH 1; 59.1 (CH 1; 70.8 (Cl;124.5 (CH);139.4 (Ct. IR:34C&,2&0-2860 S, &WI w, 1460 
m. rS CI(f(tl 
10.64; foun 

):221O (M+18,1?~;208 (37);192 (16);lQO (48). Anal:calc. for CIOHIQC1O, C 62.98 H 
3, C 62.99 H 9.99. 

l 7,11-dichloro-3,7,ll-trim8thyl-2&dodec8n-l-ol 26a. 
Colourleas oil. PllR(26C): 1.53 (13,3X); 1.56 (8,6Hrl.6-1.8 (m,lOH); 1.67 (s,3H); 2.03 

(t, J=GHz,W); 4.14 (d, J=7Hz,2H3); 5.40 (tq, J=7&lHz,lH). CXR: 16.1 (CH 1; 20.4 (CH 1; 29.7 (CH 1; 
32.4 (2 CH 1; 39.3 (CH ); 43.4-43.9 (2 CH 1; 45.9 (CH 1; 58.9 (CH ); 30.6 (C)i,&.3 (Ct; 123.6 
(CH); 138.2 (C). IX: 3&O m; 3440 m; 29~&MO S; 1665 i; 1450 S. 4: 39847-59-l . 

l 7,11,15-Trichloro-3,7.11,15-tetramethyl-2E-h8xad8cene-l-ol 27p. 
Colour1aas crystal4 ,m.p. 6C-65*C frsnn sther/pentane. REl(26Ot: 1.63 (s.3H); 1.55 

(6,3H); 1.59 (s,6H); 1.67 (4,3H); 1.5-1.8 (m,16HI; 2.02 (t, J=6.6Hz,W); 2.20 (6,lH); 4.11 
(d,J=7Hz,2H); 5.37 (t, J='THz,lH). aW: l6.1 (CH 1; 20.0 (CH 1; 20.4 (CD ); 22.6 (CH 1; 29.7 (2 
CH ); 32.4 (2 CH 1; 39.3 (CH 1; 43.4-44-O (4 CH ?; 68.9 (CH 12; 70.6 (Cl; 6.0 (Cl; 74.3 (Cl; 123.8 
(Caf; 138.2 (C).'zR: 3600 1n;~3440 m; 2960-2640 3; 1665 m; l&O 5. I6 CI(HK3,: 420 (M+l8, 33); 418 
(100); 416 (95); 402 (21; 400 (5); 398 (5); 364 (10); 382 (63); 360 (80); 366 (2); 364 (7); 362 
(10); 346 (17); 344 (40); 328 (7); 326 (13); 308 (37); 290 (42). &al.: talc for C20H37C130r C 
60.07 H 9.33; found, C 59.99 H 9.43. 
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Niscellanoun hydrogen chloride adducts.(same procedure aa for lb). 

l From geranyl 2.4-dinitrophenyl ether &: 7-chloro-1-(-2,4_dinitrophenoxy)-3,7- 
dimethyl -2Goctene 2&. 60% . 

Pale brown oil. PMll(250): 1.56 (6, 6H); 1.6-1.7 (m,4H); 1.78 (e,3H); 2.12 (t, 
J=5.5Hz,W); 4.85 (t, J=6.5Hz,W); 5.49 (tq, 5=6.5AlHz,lH); 7.20 (d. J=SHz,lH); 8.41 (dd, 
J=9&3Hz,lH); 8.72 (d, J&iz,lH). m: 16.8 (CH 1; 22.9 (CH 1; 32.4 (2 CN 1; 39.2 (CH 1; 45.2 
(CH ); 67.5 (CH ); 70.9 (C); 114.7 (CH); 117.1 C&k,; 121.4 (Cl$; 128.6 (CH);%33.7 (Cl; l&I.5 (Cl; 
143?6 (C); 146.5 (C). IN: 3110 m; 2980-2900 S; 1565 m; 1615 m; 1540 s; 1500 m; 1470 m. Is CI 
(NH3): 376 (N+18, 33); 374 (100); 338 (15). Anal.: talc. for C16H21ClN206, C 53.86 H 5.93 N 7.85; 
found, C 53.88 H 5.88 N 8.03. 

l From linalyl ptolyl sulfone 18b: - 7-chloro-3,7-dimethyl-3-(p-toluens sulfonyl)-l- 
octene e, 90%. 

Colourleae crystals, m.p. 96°C from ether. m(250): 1.35 (a.3H); 1.52 (a,6H); 1.3-2 
(m,6H); 2.39 (0,3H); 5.08 (d, J=17Hz, 1H); 5.37 (d, J=10.5Hz.,lH); 5.92 (dd, J=17&10.5Hzz,lH); 7.15 
(d, J=BHz, W); 7.52 (d, J=8Hz,2H). m: 16.4 (CH 1; 19.6 (CH );21.6 (CH 1; 32.5 (2 CH ); 32.8 
(CH ); 46.1 (CH ); 68.1 (Cl; 70.4 (C); 120.2 (CH 3; 128.7 (2 $H); 130.4 ?2 CH); 132 (C?; 134.9 
(CH?; 144.1 (C)?IN (CHC13): 2980-2880 S; 1590 m&O0 S; 1150 S.11B 348 (M+18, 41); 346 
(100); 310 (26). Anal.: cdc for C17H25C102Sr C 62.08 H 7.66; found, H 7.85. 

l From geranyl ptolyl sulfone G: 7-chloro-3,7-dimethyl-1-(p-toluene sulfonyl)-2E- 
octane E, 80%. 

Colourleas cryatala, m.p. 67OC from ether. PlMl(250): 1.38 (a,3H); 1.56 (a, 6H); 
l.!I-1.6 (m,4H); 2.0 (t, J=6.5Hz. W); 2.43 (s,3H); 3.78 (d, JEeHz,W); 5.17 (t, J=8Hz,lH); 7.29 
(d, JE9Hz.W); 7.71 (d, J=9Hz, 2H). W: 16.0 (CH 1; 21.6 (CH 1; 22.9 (CH ); 32.3 (2 CH 1; 39.3 
(CH ); 45.1 (CH ); 55.9 (CH ); 70.7 (C); 110.6 (CHj3; 128.0 (2 d,; 129.2 (22CH); 135.5 (C?; 144.0 
(C)y 145.3 (C).21N (CHC13):22900 S; 1680 a; 1300 S; 1140 S. Its CI(M 1: 348 (M+18, 45); 346 (100); 
310 (53). Anal.: talc for C17H25C102Sr C 62.08 H 7.66; found, C 61.99 H 7.85. 

Addition of hydrogen bromide to geranyl acetate. 
l A stream of dry hydrogen bromide ie passed through a solution of geranyl acetate lb 

(3.920, 2Ommol) in methylene chloride (5Oml) at -78V until the substitution product6 appear on 
TLC. The usual work-up gives after FC: fraction n'l, 23c (0.50, 9%); fraction n"2. lb (0.70, 18%); 
fraction n"3, 23b (2.4g. 50%); fraction n"4, 24 (0.07clX). 

- fi-Dibromo-3,7-dimethyl-2Goct~e 23c. 
Unstable colourless oil.PMN(80): 1.6-G (m,4H); 1.77 (s,9H); 2.08 (t, J=BHz,2H); 3.99 

(d. J=8Hz,W); 5.57 (t, J=8Ha, 1H). 
- 7-Brcmo-3,7-dimethyl-2B-octen-l-y1 acetate 23b. 
Colourleae oil. PNll(250): 1.73 (a. 3H); 1.77 K6H); 1.7-1.8 (m,OH); 2.05 (a,3H); 2.06 

(m,2H); 4.60 (d,J&'Hz,W); 5.37 (t, J=7Hz,lH). Ow: 16.3 (CH ); 21.0 (CH ); 24.1 (CH ); 34.2 (2 
CH ); 39.1 (CH ); 
1620 u; 1440 m? 18 CI( 

); 61.0 (CH ); 67.6 (C); 118.5 (Ek,; 141.0 (3. Ill: 2930%; 1730 S; 

51.99 H 7.63; 
296 (N+18,230); 294 (27); 214 (100). Anal.: talc for C12H21Br02, C 

H 7.74. 
- 3,7-Dibromo-3,7-dimethyl-l-octyl acetate 24. 
Unstable colourless oil. PMH (80): 1.6-1.8 5,6H); 1.78 (s,9H); 2.06 (s,3H); 2.13 (t, 

J&iz,W); 4.33 (t. J=8Hz,2H). 16 CI(1813): 376 (M+18, 13); 376 (26); 296 (100); 294 (100); 214 
(92). 

l 7-Bromo-3,7-dimethyl-2gectene-l-o1 23a. 
Reduction with LiAlH of the bromoaceze 23b (1.9g) as above gave the brcmoalcohol 

23a (98%). Unstable colourleas %il. m (80): 1.69 (8,3H); 1.75 (6,6H); 1.6-1.8 (m,4H); 1.89 
(a,lH); 2.06 (t, Jm6Hz.W); 4.14 (d, J&'Hz,W); 5.40 (t, JG'Hz,lH). m: 16.1 (CH 1; 24.2 (CH 1; 
34.2 (2 CH ); 39.1 (CH 1; 46.7 (CH2); 58.8 (CH2); 68.0 (C); 123.6 (CH); 137.8 &,.lR: 34202S; 
2960-2850 & 1660 m; l&O S. 

Reduction with Li/DBB. 
l Under a dry atmosphere (Ar + a magnetic etirrer covered with glass) were added 

:;::;? "(1 6 g 6 ma01 
1 at 0%. freshly distilled THF (60 ml), lithium (630 mg, 90 naol, 3 eq) and di_tbutyl 

. 0.2 eq). After etirring for a night at 0%. a deep blue colour 
appeared. 7-Chloro~3,7-dimdthyl-2S-octene-l-o1 20a (5.9 g, 31 mmol) in RIP (20 ml) WM added in 
two portion. After etanding for 24 hours, for the reappearence of the blue colour, the solution 
vaa filtered and hydrolyeed. Moet of the solvent ~(18 evaporated and the usual work-up gave 5.7 g 
of crude oil. Distillation (45°C/0.003 mmHg) gave 6.7-dihydrcgeraniol s (3.2 g, 61%) identical to 
a sample supplied by BASF.IqHt(80): 0.87 (d. J&liz,6H); l-l.7 (m,5H); 1.39 (s,lH); 1.66 (8.3H); 2.0 
(t, JGHz,2H); 4.15 (d, JG'liz,W); 5.40 (t, J='IHz,lH). m: 16.2 (CH 1; 22.6 (2 CH ); 
27.9 (CH); 38.6 (CH )* 39.8 (CH ); 59.0 (CH ); 123.1 (CH); 139.1 (C&M: 1461-04-72 

25.5 (CH2); 

- Dihy&Aerol: 3,7%imethyl-2Zocten-141 28a. 
By the e.ame procedure aa above ,dihydronerofl75% from 21a) wee prepared, identical to 

the sample supplied by BASF. R(R(80): 0.86 (d, J=6Hz.6H); l-l.7 (m,nr); 1.39 (6,lH); 1.77 (6,3H); 
2.07 (t. J=7Hz.2H); 4.13 (d. JG'Hz,W); 5.43 (t, J='THz,lH). W: 22.7 (CH 1; 22.9 (CH 1; 23.5 

185%3-67-l. 
(CH 1; 26.1 (CH3); 27.9 (CH); 32.2 (CH3); 38.8 (CH3); 58.8 (CH3); 123.9 ?CH); 139.6 ?C,. NN: 

l The corresponding acetatea were prepared by acetylation in pyridine of the 
authentique aample supplied by BASF. 

- Dihydrogeranyl acetate: 3,7-dimethyl-2S-octen-l-y1 s. 
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m(80): o.87 (d, JB6Hc,6H); l-l.7 (m,5H); 1.70 (6,JH); 2.04 (t, J=7HG w); 2.05 

(s,3H); 4.59 (d, JG'Hx,W); 5.36 (t, J=7Hx,lH).m: 16.5 (CH ); 21.1 (CH ); 22.7 (2 CH ); 25.5 
(CH ). 28.0 (CH); 38.7 (CH,); 39.8 (CH,); 61.4 (CH2); 118.3 (CH); 142.3 (C)i 170.6 ?C). IHt: 

707G75-4. 
- Dihydroneryl acetate: 3,7-dimethyl-2Z-o&en-1-Yl acetate 28b. 
m(250): 0.87 (d, J=6.8Hx,6H); 1.13 (m,2H); 1.39 (m,W);L.52 (m,lH); 1.75 (a.3H); 

2.04 (e,3H); 2.08 (t, J&ia,W); 4.53 (d, J=7Hx,W); 5.32 (t, J=7Hx,lH). m: 21.1 (CH ); 22.7 (2 
CH ); 23.6 (CH ); 26.0 (CH2); 28.0 (CH); 32.3 (CH2); 38.7 (CH2); 61.0 (CH2); 118.6 QCH); 142.7 
(C?.NM: 707~jk5. 

Reduction with Bu,snH. 
l Dihydrogeraniol: 3,7-dimethyl-2Z-octene-l-o1 *. 
Azoisobutvronitrile (AIBN)( 22 PLP. 0.1 mmol) and tributultin hydride lga (0.32 ml. 1.2 

mmol) were added to a-solution of 7-chloro-3~7-dimethyl-2g,octene-l~l (&)(192mg, 1~~01) and the 
mixture heated at 75oC for 2 hours. Noet of the solvent wa8 evaporated and the residue uaa flash 
chromatographed (petroleum ether/CH2C12,then ether) to give r (102 mg. 70x), identical to the 
product of the preceding reaction. 

l 3,7,11-Trimethyl-2Gdodecen-l-y1 acetate 5&,and alcohol 5a. 
By the same procedure on 25b we obtained 5b (98%:trane7&-9814). Colourleaa oil. 

PllN(250): 0.85 (d, J=6.5Hz.3H); 0.87(d, J=6.5Hz,3H);-1-1.7 (m,lW); 1.69 (s,3H); 2.02 (t, 
J='IHx,W); 2.06 (s,3H); 4.59 (d, J=7Hx,W); 5.36 (tq, J=7AlHx,lH). CXN: 16.5 (CH ); 19.8 (CH ); 
21.1 (CH ); 22.8 (2 CH ); 24.9 (CH ); 25.2 (CH ); 28.1 (CH); 32.8 (CH); 36.8 (Cl?); 37.4 (CH3); 
39.5 (CH3); 39.9 (CH ,T 81.4 (CH )? 117.9 (CH): 142.2 (C); 170.5 (C). IN: 2930-2&J S; 17352S; 
1660 w; ?450 S. w8 Cfi ): 286 (&18,10); 226 (100). 

ding alcohol 2 could be isolated either by hYdrogenOlySia of * (70%: 
trana/cis=90/10) or hydrolysis of z. Colourless oil. PMN(250): 0.85 (d, J=6.5Hx,3H); 0.87 (d, 
J=6.5Hz,3H); l-l.7 (m,lW); 1.67 (s,3H); 2.02 (t, J='THx,W); 4.15 (d, J=nlz,W); 5.40 (tq, 
J=7&lHz,lH). Q(R: 16.2 (CH3); 19.8 (CH3); 22.7 (2 CH3); 24.9 (CH2); 25.2 (CH2); 28.0 (CH); 32.8 
(CH); 37.0 (CH ); 37.3 (CH ); 39.4 (CH ); 39.9 (CH ); 59.2 (CH 1; 123.0 (CH); 139.4 (C). IE II: 
227 (4); 228 h); 299 (1); 2140 (1); I&' (2); 126 b); 123 (31f; 111 (6); 109 (7); 97 (12); 95 
(24). NN: 61252-24-2 . 

l 3,7,11-Trimethyl-2Z-dodecen-1-yl acetate e, and alcohol 9. 
The acetate g Was isolated in small quantities from preceding hydrogenolyeis 

experiments. Colorless oil. PNfl(250): 0.85 (d, J=8.5Hz,3H); 0.87 (d, J=6.5Hx.3H); l-l.7 (m,lW); 
1.75 (6. 3H); 2.05 (a,3H); 2.07 (t, J=7Hz, 2i-i); 4.56 (d, J=7Hx,2H); 5.34 (t, J=7Hx,lH). a(R: 19.8 
(CH ); 21.1 (CH ); 22.8 (2 CH ); 23.6 (CH ); 24.9 (CH ); 25.7 (CH ); 28.1 (CH); 32.4 (CH ); 32.8 
(CH?; 36.8 (CH3); 37.4 (CH 7; 39.5 (CH 3; 61.0 (CH5; 118.7 (Cii); 142.8 (C); 170.5 ?C). IN: 
2930-2860 S; l&5 S; 1660 w:1450 S. 18 &( ): 286 &+18,10); 226 (100). 

The corresponding alcohol & uld be isolated in emall proportions either by 
hydrogenolysis of 25a or hydrolysis of 6b. Colourleas oil. Pll9(250): 0.85 (d, J=6.6Hz;3H); 0.87 
(d, J=6.5Hx,3H); l-1.7 (m,lW); 1.74 (e>H); 2.06 (t, J=7Hz,HH); 4.13 (d, J=7Hz,W); 5.40 (t, 
J=7Hx,lH). QIR: 19.8 (CH ); 22.7 (2 CH ); 23.5 (CH ); 24.9 (CH ); 25.8 (CH ); 28.0 (CH); 32.3 
(CH ); 32.8 (CH); 37.0 ?CH ); 37.3 (Ca ); 39.4 &i ); 
293c-2860 S; 1735 S; 1670 ~~1450 S. NN:264354-69-4 ? 

58.9 (&12); 123.9 ?CH); 139.7 (C).IN: 

l The reduction of hexahydrotrichlorogeranyl geraniol 27*(B) and its acetate 27b gave 
in high yield (61 and 93% respectively) the corresponding dehalogenated product: phytol anrphytyl 
acetate as a 95/S mixture of E/Z isomers. 

Reduction with zinc borohydride. 
l Dihydrogeranyl acetate g. 
A solution of 7-chloro-3,7-dimethyl-2E+cten-l-y1 acetate e (1W mg, 0.5 rmnol) in 

dry ether (0.5 ml) wae slowly added to a 0.5 M solution of zinc borohydride in ether ( 3 ml) 
containing cyclohexene (0.5 ml) at 40°C. After 6 min the mixture wae hydrolyeed and worked up. 
Dihydrogeranyl acetate sb (72 mg, 74%) was isolated by FC and found identical to a sample obtained 
by acetylation of dihydrogeraniol. 

l PhyQl acetate 2 (76%) wae obtained in a similar way as a colourless oil, identical 
to a sample obtained by acetylation in pyridine of phytol. PMN(250): 0.85 (d, J=6.5Ha, 6H); 0.87 
(d, J=6.5Hz,6H); l-l.7 (m.19H); 1.7 (s,3H); 2.02 (t, 5=7.5Hx,2H); 2.06 (e,3H); 4.6 (d, J=7Hz,2H); 
5.36 (tq, J=7&1Hz, 1H). NN: 76337-16-1. 

l Phytol itself wae obtained in a yield of 69% aa a colourless oil identical to a 
sample supplied by Nerck.PlNt(250): 0.85 (d, J=6.6Hz,6H); 0.87 (d, J=6.5Hx,6H); l-l.7 (m.19H); 1.67 
(8, 3H); 1.99 (t, J=7.5Hz. W); 4.14 (d, JQ~Hz,W); 5.40 (tq; J=7AlHx,lH). Rw: 7541-49-3. 

Reduction with a NADH analogus. 
l 1,7-Dimathyl-7-trifluoroacetoxy-2g+ctene-l-y1 acetate (310 mg,2d mmol) was diluted 

in degasned HeNO 
ii 

(1 ml). LiC104 (106 rug, l-1). then dihydronicotinamide 0 (l-1) were added 
under dry atmosp ere (Ar). After 4 hours at 80°C, the reaction VM stopped and the usual work-up 
gave a crude oil which was rapidly chromatographed. The fraction containing the mixture of 
intermediate products (acetates) was analyysed by GLC after addition of an internal reference 
(undecenyl acetate), to give a yield of 3.4% in dihydrogeranyl acetate. 



5002 M. JULIA and P. ROY 

Acknowledgementa: Our thanks are due to BASF and Kuraray Co.who kindly supplied ua with certain 
starting materials or authentic samples, to the Eoole Polytechnique and to the DRET who wpported 
financially this work and tc the CNRS (LA 32) where this work waa carried out. 

1 

2 
3 

4 

a) C.D. Poulter and H.C. Rilling, Biosynthesis of Isoprenoid Compounds, J.W. Porter and S.L. 
Surgeon Ed., vol. 1, p. 413, Wiley, New York (1983j.b) Ibid., J.F. PeMOCk and D.R. 

Threlfall, vol. 2, p. 191. c) D.J. Creighton, J Hadju and D.S. Sigman, J. Am. Chem. Sot., 98, 
4619 (1976). 
R. Calao, J.P. Pillot and J. DunoguAs, C.R. Acad. SC. Paris, 292, III, 669 (1981). 
a) M. Julia and C. Schmitz, Bull. Sot. Chim. Fr., in press. b)d. Tetrahedron, in 
prems. 
H.I. Kalinkin, G.D. Kolcmnikova, Z.N. Parnea, D.N. Kurzenov, Rune. Chem. Rev., 48, 332 
(1979). 

5 S.R. Yann, P.T. Thornen, MM. Kreevoy, J. Org. Chem., 46, 2579 (1981). 
6 D.N. Kurzanov. Z.N. Parries. N.N. Loim. Synthesis. 633 (1974). 
7 H.P. Doyle &I C.C. Mnc Oeker, J. Org; &em., 43; 693 (1978). 
8 D.N. Kursanov, Z.N. Parries, G.I. Beesova, N.H. Loim, V.I. Zdanavitch, Tetrahedron, 23, 2235 

9 
10 
11 
12 

13 

14 
15 

16 
17 
18 
19 

20 
21 
22 
23 
24 

- 
(1967). 
F.A. Carey and C.L. Wang Heu, J. Org. Yetall. Chem., l9, 29 (1969). 
J.L. Fry and M.G. Adlington. J. Am. Chem. Sot., 100, 7641 (1978). 
Z.N. Parnee, G.I. Boleetava, D.N. Kurzanov, Zhu. Org. Khim., 2, 476 (1977). 
Z.N. Parnee. M.I. Kelinkin, V.A. Tsyryapkin, R.F. Khemitovu, D.N. Kureenov, Dokl. Akad Nauk 
SSSR, 203, 600 (1972). 
a) T. Ichikawa and T. Kato, Bull. Chem. Sot. Jap., g. 1224 (1968). b) H. Meyer and 0. Ialer, 
Methods in Enzymology, vol XVIII (C), 321 (1971). 
Ibid p.308. 
P. De Mayo, The Higher Terpenoids p. 68: The Chemistry of Natural Products, vol. III, K.W. 
Bentley Ed., Intereciance, New York (1959). 
Hoffluenn La Roche, Gen. Offen. 2 213 177; Chem. Abetr., 78, P 29242 (1973). 
A.R. Pinder, Synthesis, 425 (1980). 
P.K. Freeman and L.L. Hutchineon, J. Org. Chem., 45, 1924 (1980). 
a) H.G. Kuivila, Synthesis, 499 (1970). b) H.J. Corey and I.N. Sugg, J. Org. Chem., 40, 2554 
(1975). 
J.C. Podeeta, A.B. Chopa, A.D. Ayala, J. Org. Metall. Chem., 212, 163 (1981). 
H.M. Bell and H.C. Brown, J. Am. Chem. SIX., g, 1473 (1966). 
S. Kim, C.Y. Hong, S. Yang, Angeu. Chem. Int. Ed. Eng., 21, 582, (1983). 
T. Tanaka, T. Nakata, T.Oishi, Tetrahedron Letters, 472371981). 
H. Awano, T. Hirabeyaehi, W. Tegaki, ibid, 5, 2005 (1984). H. Awano and W. Tagaki, Chem. 
Letters, 669 (1985). 

25 W.C. Still, 1. Kahn, A. Witra, J. Org. Chem., 43, 2923 (1978). 
26 D. Arigoni, R.E. Winter, F. Dorn, J. Org. Chem., 45, 4787 (1980). 
27 E.P. Brody and C.D. Guteche, Tetrahedron, 23, 72371977). F.G. Fischer and K. Lthfenberg, 

Ann., 475, 183 (1929). 
28 K. Wallenefelle and H. Bchully, Juetue Liebig Ann. Chem., 621, 106 (1959). P. Kerrer and F.J. 

Stare, Helv. Chim. Acta, 20, 418 (1937). 

REPBRKNCBS 


