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A CONVENIENT METHOD FOR THE PREPARATION OF
SYMMETRICAL POLYOLEFINS.
—— SYNTHESIS OF B-CAROTENE ——
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Various carbonyl compounds undergo the reductive dimerization
to produce symmetrical olefins in high yields on treatment with
low valent titanium compounds, formed in situ from TiCl4 and LiA1H4,
in the presence of a tertiary amine such as 1,8-bis(dimethylamino)-
naphthalene or tri-n-butylamine. This method is successfully
applied to the direct synthesis of B-carotene(6) from retinal(5).

Recently, it was reported from our laboratory that the low valent titanium

compound, formed from TiCl4 and LiAlH4l) or TiCl4 and an), is a useful reagent for

the preparation of pinacolsz), inner and terminal olefiné3)’4), 3)
by the reductive dimerization of carbonyl compounds or the reductive B-elimination
of B-hydroxy sulfides and B-hydroxy thioacetal derivatives. Independently,
Tyrlik and McMurry reported that the low valent titanium reagent, prepared from
TiCl3 and MgG), LiA1H47) 8), is effective in the above reduction reactions.
Our interest in the TiCl4 and LiAlH4
us to study a convenient method for the preparation of symmetrical polyolefin and
a one-step synthesis of B-carotene(6) from retinal(5)9). B-Ionone(l) was used to
determine the optimum experimental condition for the reductive dimerization using
the low valent titanium compound. When B-ionone(l) was treated with TiCl4 and Zn
10),11) was obtained in 94%

and vinyl sulfides

or K
reagent or the TiCl4 and Zn reagent led

at -10°C for lhr under an argon atmosphere, pinacol (2)
yield. Pinacol(2) thus formed was found to be converted into a rearranged product
(4)12) on treatment with a small amount of Lewis acide).

Based on the above observation, the reductive coupling of B-ionone(l) to
symmetrical polyolefin(3) was carried out in the presence of tertiary amines such
as pyridine, triethylamine, tri-n-butylamine, 1,8-bis(dimethylamino)naphthalene
(proton sponge), and 1l,4-diazabicyclo[2.2.2]octane (DABCO) (See Table I).

As shown in Table I, it was found that, in the case of reductive coupling of
B-ionone(l), symmetrical polyolefin(3) was obtained in optimum yield by using
TiCl4-LiAlH4
also effectively used in the present reaction to avoid the formation of undesirable

in the presence of proton sponge, and other tertiary amines could be

rearranged products.
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Table I. The Conversion of B-Ionone to Olefin(3)

Coupling reagent . H H
tert-amine

(1) |/< (2)

=0
(3) (4)
Coupling tertiary conditions Isolated yield (%)
reagenta) nb) aminec) Temp. Time (hr) (2) (3) (4)
A 1.5 - -10°C 1.0 94
B 2.5 - refl. 1.0 8 44 25
B 2.5 n—Bu3N refl. 3.0 70 20
B 5.0 n—Bu3N refl. 3.0 91
A 5.0 n—Bu3N refl. 3.0 20 63
B 5.0 Pyridine refl. 3.0 82
B 5.0 (C2H5)3N refl. 3.0 82
B 5.0 Proton Sponge refl. 3.0 94
B 5.0 DABCO refl. 3.0 72
a) A=TiCl,-zZn (1 : 2), B=TiCl,-LiAlH, (1.9 : 1)

4 4 4
b) Molar ratio of TiC14/B-ionone

c) Molar ratio of amine/B-ionone is 1.0

The following experiment provides a typical procedure for the conversion of

carbonyl compounds to symmetrical olefins: To a solution of TiCl, (10 mmol) in dry

THF (20 ml) was added powdered LiAlH4 (195 mg). The mixture was4refluxed for 20
min under an argon atmosphere to give a deep black solution. To the metal complex
solution thus obtained was added a solution of B-ionone (385 mg, 2.00 mmol) and
proton Sponée (428 mg, 2.00 mmol) in dry THF (7 ml) under refluxing. The mixture

was refluxed for additional 3hr and quenched with 20% K CO3 solution. After

2
filtration, the filtrate was extracted with n-hexane. The extract was washed with
water, and dried over anhydrous Nazso4. Symmetrical polyolefin(3) (332 mg)l3) was

obtained in 94% yield after separation by column chromatography on silica gel
eluting with n-hexane.
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Table II. Yields of Olefins

Starting material tert—aminea) Yield (%) Product
A 94
B 91
HO A 94
B 90
A 92
CeH5CHO B 92 Cets™NMCells
A 90
C6H5\_0 “6 5\—/C6 >
cun’ B 90 cu’ Ncu
675 65 675

a) A=Proton Sponge. B=Tri-n-bytylamine

In a similar manner, various carbonyl compounds were successfully converted

into the corresponding olefins in high yields as shown in Table II.

HO TlCl4—LlAlH4

Proton Sponge

S

(5)

(6)

When retinal(5) was treated with TiCl, and LiAlH4 in refluxing THF for 3hr

4
under an argon atmosphere according to the above mentioned method, a crude B-
carotene was obtained in 90% yield. [Ag;zexane 272nm (e 2.OXl04), 449nm

(e 1.25X105), 477nm (e l.OQX105)]. After recrystallization of the crude product

from C H6—CH3OH, pure B-carotene(6) was obtained in 50% yield (mp 177-180°C,
.. 15
lit.

mp 180°C). The spectral data (ir, uv, and nmr) of B-carotene prepared by
the present method were identical with those of the authentic natural B-carotene.
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