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alkylations a re  rapid a t  -30°, and are  best done a t  this 
temperature), the other electrophiles shown react in a few 
minutes a t  -78'. No elimination occurs during any of these 
alkylations. Oxidation, either using the two-phase methy- 
lene chloride-hydrogen peroxide procedure,4b or by ozonol- 
ysis-pyrolysisI0 gives a variety of phenyl substituted olefins. 
Mitchell4h has recently reported the alkylation of 6 by sev- 
eral primary halides, and the oxidation-elimination of the 
products to give styrenes. 

Compounds 7-8 are  not deprotonated by L D A  in T H F ,  
but 7b gives the organolithium with lithium diethylamide 

8 
I 

Li 
6 7a, R=CH3 

7b, R = Si(CH,), 
( O O ,  30 min). The  trimethylsilyl substituent is apparently 
less kinetically acidifying than phenyl, phenylthio, or phen- 
ylseleno. The trimethylsilylmethyl selenide 8 is one of the 
few selenides that can be successfully deprotonated using 
alkyllithium reagents (sec-BuLi-TMEDA in hexane, 90 
min, 25'). Only about 15% of cleavage products a re  ob- 
tained. Studies of the use of 7b and 8 in the synthesis of 
vinyl silanes and/or carbonyl compoundsI6 a re  in progress. 

The selenide precursors for the systems 1-6 and 8 were 
prepared by reaction of PhSeNa (from reduction of PhSe- 
SePh with sodium borohydride in ethanol) with the appro- 
priate halide or mesylate, usually a t  room temperature. 
Selenides are  thus easily prepared, and extension of the 
methods described here to  more complex systems should be 
limited primarily by compatibility with the oxidizing" and 
deprotonation reagents used. In particular, the method al- 
lows the easy transformation of an alkyl halide or alcohol to 
the functional equivalent of a vinyl anion in reactions with 
carbonyl compounds. 
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A General Method for the Synthesis of 1,3-Dienes. 
Simple Syntheses of 8- and trans-a-Farnesene from 
Farnesol 

Sir: 

A highly stereospecific transformation of allylic alcohols 
into ethylenic derivatives has previously been described, as 
has the application of this reaction to the stereospecific syn- 
thesis of CIS  Cecropia juvenile hormone.' The process is 
convenient and depending on the choice of reagent allows 
the synthesis of either olefinic isomer in good yields with 
high stereospecificity. W e  now wish to report a general 
method for an allylic alcohol - 1,3-diene conversion which 
depends crucially on the extraordinary effectiveness of or- 
ganoaluminum reagent in oxirane ring opening.2 The se- 
quence shown in eq 1, which incorporates this reaction, con- 
stitutes a widely applicable method for the generation of 
1,3-dienes in very mild  condition^.^ 

I I  
OH H 

Reaction of nerol (1) with vanadium acetylacetonate- 
tert-butyl hydroperoxide in benzene at  25' for 2 hr134 and 
subsequent treatment of trimethylchlorosilane-hexamethyi- 
disilazane-pyridine a t  25' for 30 min produces the epoxy 
silyl ether 2. After washing with water and removing of the 
solvent, the crude product was subjected to the action of di- 
ethylaluminum 2,2,6,6-tetramethylpiperidide (DATMP) in 
benzene a t  0' for 2 hr2 followed by desilylation with excess 
potassium fluoride in aqueous methanol a t  25' for 30 min5 
to produce the 3-substituted 3-butene-1,2-diol3 (79% based 
on l) ,  homogeneous by T L C  and spectroscopically consis- 
tent with the indicated structure.6 An analogous treatment 
of geraniol (4) furnished the isomeric diol 5 in 65% yield;' 
less than 6% of other isomers were determined by chemical 
degradation into conjugated aldehydes ( 1 0 4 -  in ethanol).* 
Thus, in the step of oxirane ring opening, the site ofat tack 
of the organometallic reagent is enforced with remarkable 
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Table I. Synthesis of 1,3-Dienes 

Entry Starting alcohol 3-Ene-l,2-diola (% yie1d)b 1,3-Diene (% yie1d)c 

1 Nerol (1) 
2 Geraniol (4) 

3 (Z, E)-Farnesol 

4 (E,  E)-Farnesol 

5 
OH 

6 

7 @OH 

OH 8 HO / 12 (75)s 

a All substances have been adequately characterized by analytical and spectral data. b Yields refer to pure products after isolation by PLC. 
C Yields refer to  pure products after isolation by simple column chromatography (silica gel, hexane as eluant). d Zinc powder treatment should 
be monitored by TLC assay, since the longer reaction time causes the zinc bromide promoted cyclization which diminishes yield of the de- 
sired product. e A very useful synthetic intermediate for the preparation of substituted trimethylenemethane and other related materials, for 
which there exist only a limited number of synthetic routes: F. Weiss, Q. Rev. ,  Chem. SOC., 24, 278 (1970). f T h e  epoxidation was carried 
out in toluene at 0" using 2 equiv of t-BuOOH. g Before the synthesis of diene, the terminal alcohol (C-12) was converted to the acetate. Thus, 
the treatment of the 1,2,12-triol 1 3  with 2,2dimethoxypropane in ether with a catalytic amount of p-toluenesulfonic acid at 25" for 30 min 
followed by acetylation (acetic anhydride-pyridine) afforded the acetonide acetate which was transformed cleanly to the diol using ethylene 
glycol-tetrahydrofuran and p-toluenesulfonic acid as catalyst (89% overall yield). 

effectiveness by the presence of the trimethylsiloxy screen- 
ing group.g Further, the stereochemical outcome is fully 
consistent with the previous observations which can be un- 
derstood by the rigid stereochemical control introduced by 
the bulky T M P  group.2 

1 2 3 

- \  - I  
4 

A A. A 
5 

The generality of the reaction between D A T M P  and 
epoxy silyl ether is apparent from the result summarized in 
Table I. In addition, taken together with the previous obser- 
vation,' it is now possible to  prepare 3-butene-1,2-diol de- 
rivatives with remarkable stereochemical control. For ex- 
ample, the erythro structure for the diol 6 was demon- 
strated by the 'H N M R  analysis of the corresponding ace- 
tonide 7. l o  Thus, the methodology described herein is appli- 
cable to  a wide variety of synthetic problems in which the 
stereoselective introduction of 1,2-diol is involved.' ' . I 2  

With the demonstration of the high regio- and stereo- 
selectivity for the 3-ene- 1,2-diol synthesis, attention was di- 
rected toward transformation of the enediol moiety into the 

7 

1,3-diene function. Although attempted deoxygenation of 
1,2-diol by the procedure of EastwoodI3 gave only a little 
success (20-30% yield),14 an alternative route was devel- 
oped by a sequence of straight-forward steps. Thus, the 
treatment of the diol 3 with phosphorus tribromide in ether 
a t  -78' for 5 min and 0' for 1 hr in the presence ofcu-  
prous bromide (5 equiv)15 followed by the addition of ex- 
cess zinc powder a t  0' for 2 hr produced the desired myr- 
cene (8) in 58% yield.I6 

3 8 

This method accordingly permitted the facile syntheses re- 
corded in Table I of the natural products trans-p-ocimene 
(9),16 p-, and trans-a-farnesene (10 and 11, respectively)I6 
from their biological precursors. Similarly, the recently iso- 
lated sex pheromone 12, produced by the female red boll- 
worm moth," was synthesized efficiently from the triol 13, 
which in turn was prepared from 2-dodecene- 1,12-diol. 2- 
Dodecene- 1,12-diol was prepared from the 12-membered 
diol 14 by sodium metaperiodate oxidation followed by bor- 
ohydride reduction (73% from 14). 
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A Protecting Group for the Carbon-Carbon Double Bond 

Sir: 
The use of protecting groups plays an important role in 

organic synthesis. Carbon-carbon unsaturation has mainly 
been protected by halogenation-dehalogenation and epox- 

idation-deoxygenation,1,2 but these methods are  limited by 
competing reactions with other functional groups. W e  de- 
scribe herein a practical and selective method of olefin pro- 
tection which employs the organometallic moiety C5H5Fe- 
(CO)2+ (=Fp+,  below) as the blocking group. 

/ \  co co 
The  Fp(olefin)+BF4- complexes may be prepared by sev- 

eral routes3 the most direct being the thermal exchange 
reaction between readily available Fp(isobutylene)+BF4- 
(1) and  alkene^.^ The free olefins are  conveniently regener- 
ated upon treatment of these complexes with N a I  in ace- 
tone.5 W e  have now found that the coordinated functional- 
ity is unreactive toward many reagents which attack car- 
bon-carbon unsaturation thus permitting selective transfor- 
mations a t  other reactive centers in polyfunctional alkenes. 

Thus, whereas electrophilic (and radical) additions to 
norbornadiene are  frequently accompanied by homoallylic 
isomerization producting nortricyclane derivatives,6 Fp(q*- 
norbornadiene)+BF4- (Z) ,  obtained in 74% yield from the 
exchange smoothly added several electrophiles 
to the uncoordinated double bond without isomerization 
(Scheme I). Catalytic hydrogenation of 2 to the norbornene 

Scheme I 

I 'Br 3b 
3a 

I 

(90%) 

2 4 

5 

salt 5 (CF3C02H solvent, 2 5 O )  was also accomplished. The 
structures assigned to the products 3a, 3b, 4, and 5 are  
based upon ir and 'H NMR spectral data and were con- 
firmed by unambiguous synthesis or by characterization of 
the deprotected ligand.9 It appears that the free double 
bond in 2 is somewhat deactivated toward electrophilic at- 
tack since methylene chloride solutions of 2 failed to react 
with HCI, HBr, or m-chloroperbenzoic acid a t  25' over a 
few hours. 

W e  have also investigated use of the protecting group 
with some unsymmetrical polyenes and ene-ynes. The Fp' 
moiety has been found to selectively coordinate to less sub- 
stituted and/or strained double bonds in several dienes' ' 
providing a method of protecting these sites which are more 
reactive toward certain reagents. For example, Fp(4-vinyl- 
cyclohexene)+BF4- (6) took up 1 equiv of H2 (10% Pd/C,  
CF3C02H solvent) to afford Fp(q2-vinylcyclohex- 
ane)+BF4- (7, 75%). The endo-dicyclopentadiene and 1 - 
octene-4-yne complexes (8 and 10) were likewise reduced in 
good yield to  9 and 11, respectively. It should be noted here 

Journa l  of the American Chemical Society 1 97:11 1 May 28, 1975 


