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Reactions of Alkenyl Grignard Reagents or
Alkenyl-lithiums with 1,3-Diphenyl-2-
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Treatment of vinylmagnesinm chloride with
anhydrous cerium(IIl) chloride in tetrahydro-
furan at —20°C, followed by reaction with 1,3-
diphenyl-2-propanone, afforded (Z)-2,7-dibenzyl-
1,8-diphenyl-4-octene-2,7-diol and (Z)-2,7-
dibenzyl-1,8-diphenyl-4,6-octadien-2-0l in 19%
and 9% yield, respectively. Isopropenyl-
magnesium bromide underwent trimerization on
treatment with cerium chloride at 20 °C, and the
subsequent reaction with the same ketone
provided (Z,Z)-2,9-dibenzyl-4,5,7-trimethyl-1,10-
diphenyl-4,6-decadiene-2,9-diol in 22% yield.
Under similar conditions, the reaction of 2-methyl-
1-propenylmagnesium bromide provided (Z)-2,6-
dibenzyl -4 -methyl- 1,7 - diphenyl - 3,5 - heptadien- 2 -
ol in 7% yield. Vinyl-lithium and isopropenyl-
lithium were also subjected to dimerization by the
action of cerium chloride, and the generated di-
organometallic species were trapped by 1,3-
diphenyl-2-propanone.

Keywords: organocerium reagent; Grignard rea-
gent; organolithium reagent; alkenyl organometal-
lic reagents; cerium chloride; coupling reaction;
ketone; addition reaction

INTRODUCTION

The Griganrd reaction of carbonyl compounds to
yield alcohols is undoubtedly one of the most
fundamental and versatile methods for carbon—
carbon bond formation (for excellent reviews, see
Ref. 1). Despite its enormous synthetic utility, it
is also well recognized that the Grignard reaction
is often accompanied by so-called abnormal reac-
tions such as enolization, reduction and conjugate
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addition. In some cases such abnormal reactions
prevail over the ‘normal addition’, resulting in
poor yields of desired compounds. Previously, we
reported that anhydrous cerium(1II) chloride sig-
nificantly promoted the normal addition reaction
of Grignard reagents to carbonyl compounds with
remarkable suppression of abnormal reactions.’
One of the characteristic features of this method
is that the reactions are carried out under mild
conditions (0°C through to room temperature)
except for alkenyl Grignard reagents. Alkenyl
Grignard reagents decompose at around room
temperature on contact with cerium chloride, and
hence the subsequent reaction with carbonyl com-
pounds results in the formation of a complex
mixture, giving no trace or low yield of the corre-
sponding addition products. These reactions,
therefore, should be carried out at —78°C to
obtain the normal addition products in satisfac-
tory yields.® A typical example is shown in
Scheme 1. Thus, when vinylmagnesium chloride
or bromide was mixed with cerium chloride at
~78°C and it was allowed to react with 1,3-
diphenyl-2-propanone at the same temperature,
the normal addition product, 2-benzyl-1-phenyl-
3-buten-2-0l (1), was produced in excellent yield.
In sharp contrast, when the mixture of the
Grignard reagent and cerium chloride was
warmed to temperatures higher than —20°C and
then it was reacted with 1,3-diphenyl-2-
propanone, no trace of compound 1 was pro-
duced.

We have been interested in the latter unusual
reaction and have intended to isolate and charac-
terize the reaction products in order to clarify the
scope of the reaction. For this purpose, vinyl-
magnesium chioride and isopropenylmagnesium
bromide were selected as the model substrates.
At the same time, the corresponding organolith-

Received 8 August 1994
Accepted 14 August 1994



450 T. IMAMOTO, T. HATAJIMA, K. OGATA AND M. NISHIURA

(PhCH2),CO ?H
2,
s PhCH C-CHPh

CH=CH2

CeCli
CHp=CHMgX _7: - 1 Excellent yleld
X=Cl8r (PhCHZ),CO
>-20°C  -718°C 1
0%
Scheme 1

ium reagents were also employed in order to
compare their reactivities with those of the
Grignard reagents. In this paper we describe the
results of these reactions together with the
mechanistic aspects. A preliminary account of the
results has appeared.®

RESULTS AND DISCUSSION

Isolation and characterization of
unusual products

Our initial investigation was undertaken with the
reaction of vinylmagnesium chloride. The
Grignard reagent was added to a suspension of
one molar equivalent of cerium chloride in THF
at —78°C, and the suspension was gradually
warmed. The color of the suspension changed
from pale yellow to brown at about —45 °C and it
turned to dark brown at —20°C. The resulting
mixture was cooled to —~78°C, and 1,3-diphenyl-
2-propanone (0.33 mol equiv.) was added. From
the reaction mixture (Z)-2,7-dibenzyl-1,8-
diphenyl-4-octene-2,7-diol  (2) and (Z)-2,7-
dibenzyl-1,8-diphenyl-4,6-octadien-2-ol (3) were
isolated in 19% and 9% yields, respectively,
based on 1,3-diphenyl-2-propanone (Scheme 2).
Allylmagnesium bromide and phenylethynyl-
magnesium bromide were treated with cerium
chloride at room temperature and were then
reacted with 1,3-diphenyl-2-propanone in order
to compare their reactivities with that of vinyl-
magnesium chloride. These reactions afforded
the corresponding normal addition products in
almost quantitative yield. Other lanthanide salts

1. CeCly, -20*C,05h

CHo=CHMgCI

(CeF;, Cel;, Ce(OSO,CF;);, NdCl,, LaCl;, and
YbCly) and cerium metal were tested for the
reaction under similar conditions. The use of
Cel;, Ce(OSO,CF;), and NdCl; instead of CeCl,
afforded almost the same results, whilst the
others did not react with vinylmagnesium chloride
at room temperature.

The structure of compound 2 was estimated on
the basis of its spectral data and finally unequivo-
cally determined by single-crystal X-ray analysis.
The ORTEP drawing of compound 2 is shown in
Fig. 1. Similarly, the structure of compound 3 was
determined by IR, MS and NMR including
nuclear Overhauser enhancement spectroscopy
(NOESY).

These results suggest that vinylmagnesium
chloride is subjected to dimerization by the action
of cerium chloride to generate diorganometallic
compounds as the intermediates. In order to con-
firm the existence of C, components as the reac-
tive intermediates, the reaction of vinyl-
magnesium chloride with cerium chloride was
quenched with water. Analysis of the reaction
mixture by GC-MS indicated the formation of
(Z)-2-butene, (FE)-2-butene, I|-butene, and
butane.

In order to study the mechanistic aspects of this
unusual coupling reaction of alkenyl Grignard
reagents, we investigated the reaction of an
a-substituted alkenyl Grignard reagent, isopro-
penylmagnesium bromide, with cerium chloride.
The decomposition of isopropenylmagnesium
bromide in the presence of cerium chloride was
considerably more sluggish than that of vinyl-
magnesium chloride. Therefore, isopropenyl-
magnesium bromide was allowed to react with
cerium chloride at 20°C for 30 min, and then

Ph Ph Ph Ph
- HO§_/=_\~% . HW
2. (PhCHR)2CO, -78 °C OH
Ph Ph Ph Ph
2 3

Scheme 2
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the mixture was treated with 1,3-diphenyl-2-
propanone at —78°C. From the reaction mix-
ture, a crystalline compound was isolated,
although the yield was poor. The structure of the
compound was determined to be (Z,Z)-2,9-di-
benzyl - 4,5,7 - trimethyl - 1,10 - diphenyl - 4,6 -
decadiene-2,9-diol (4) by single-crystal X-ray
analysis (Scheme 3). The ORTEP drawing of
compound 4 is shown in Fig. 2.

It is noted that the product 4 involves three
components of the original Grignard reagent unit.
This result can be explained by assuming that the
Grignard reagent undergoes trimerization by the
action of cerium chloride involving formation of
diorganometallic species.

Another interesting result was obtained in the
reaction of 2-methyl-1-propenylmagnesium bro-
mide, as is illustrated in Scheme 4. When the
mixture of the Grignard reagent and cerium
chloride was kept at —78°C and then it was
allowed to react with 1,3-diphenyl-2-propanone,
2-benzyl-4-methyl-1-phenyl-3-penten-2-ol (5) was
obtained in 83% yield. On the other hand, when
the mixture of the Grignard reagent and cerium
chloride was warmed to 25 °C, (Z)-2,6-dibenzyl-
4-methyl-1,7-diphenyl-3,5-heptadien-2-ol (6) was
isolated in 7% yield. The structure of compound 6
was determined by IR, MS and NMR inlcuding
nuclear Overhauser effect (NOE) experiments.

Our attention next turned to the reactions of
alkenyl-lithiums with anhydrous cerium chloride.
First, vinyl-lithium was treated with cerium chlor-
ide. In this case, the color of the mixture turned
to dark brown even at —78°C, and the subse-
quent reaction with 1,3-diphenyl-2-propanone
provided diols 2 and 7 in 11% and 21% yields,
respectively.  Under  similar  conditions,
isopropenyl-lithium was converted to compounds

Me pp
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/ 2. (PhCH);CO, -78 °C OH
Me MgBr Ph
)=-< 5 83%
Me H
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8 and 9 in 7% and 14% yields, respectively
(Scheme 5). When vinyl- and isopropenyl-
lithiums were treated with cerium chloride at
—30°C, only (Z)-isomers, 2 and 8, were isolated
in 16% and 12% yield, respectively. No traces of
(E)-isomers, 7 and 9, were produced under these
conditions.

Although many carbonyl addition reactions of
alkenylcerium reagents have been reported, this
type of unusual reaction is unprecedented.*

Mechanistic aspects

The formation of the unusual products, 2—4 and
6-9, can be interpreted by assuming the existence
of diorganometallic species 10-13 as the reactive
intermediates.

Although the precise mechanism for the gener-
ation of these diorganometallic species has not yet
been clarified, we tentatively propose the dimeri-
zation and trimerization pathways depicted in
Scheme 6. Thus, the reaction might involve car-
bometallation of the carbon—carbon double bond
to generate diorganometallic species 14 which
might isomerize to 10 and 11. It is also assumed
that diorganometallic species 12 is formed via B-
hydrogen elimination of an intermediate 15.

EXPERIMENTAL

General

Infrared spectra were recorded on a Hitachi-IR
215 spectrophotometer. 'H NMR spectral data
were recorded on a JEOL JNM-FX-270 (at
270 MHz), JEOL JINM-GSX-400 (at 400 MHz) or
JEOL JNM-GSX-500 (at 500 MHz) spectrom-
eter. C NMR spectra were obtained on JEOL
JNM-GX-270 (68 MHz), JEOL JNM-GSX-400
(100 MHz) or JEOL JNM-GSX-500 (126 MHz)
spectrometers. Chemical shifts are reported as
parts per million (ppm) downfield from
tetramethylsilane in 0 units, and coupling con-
stants are given in cycles per second (Hertz).
Mass spectra were measured with JEOL
HMS-HX-110 (EI) and JEOL JMS-DX 300 (FD
and FAB) instruments. Gas chromatographic
analyses were carried out on a VZ-7 column.
GC-MS spectra were obtained with a Shimadzu
QP-1000. Microanalyses were performed on a
Perkin—Elmer 240B at the Chemical Analysis
Center of Chiba University.

All experiments were carried out under an
atmosphere of dry argon. For thin-layer chroma-
tography (TLC) analysis throughout this work,
Merck precoated TLC plates (silica gel 60 F,s4,
0.25 mm) were used. The products were purified
by preparative TLC on silica gel (Wakogel
B-5F).

Cerium chloride, lanthanum chloride, neody-
mium chloride and ytterbium chloride were pur-
chased from Wako Pure Chemicals Ltd. Cerium
fluoride was purchased from Nippon Yttrium Co.
Ltd. Cerium triflate was provided by Seimi
Chemical Co. Ltd. Cerium iodide was prepared in
situ by the reaction of cerium metal with iodine in
THF. The following Grignard reagents were pre-

M R/\_"' L M
2 -=< — § ____ M —_ — 10+ 11
R R R
14
Me Me =<u Me Me Me H H
— ____M._’ 2—; Me e Me / : —_ 12
LY I}
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Figure 1

Figure2 ORTEP drawing of (Z,Z)-2,9-dibenzyl-4,5,7-trimethyl-1,10-diphenyl-4,6-decadiene-2,9-diol (4).

pared according to procedures in the literature
and their concentrations were determined by
titration:  vinylmagnesium  chloride,” vinyl-
magnesium bromide,® isopropenylmagnesium
bromide,” phenylethynylmagnesium bromide®
and allylmagnesium bromide.® Vinyl-lithium'

and isopropenyl-lithium'" were prepared by
known procedures. Other simple chemicals were
purchased and were used without further purifica-
tion. Tetrahydrofuran (THF) was distilled from
sodium benzophenone ketyl under argon prior to
use.
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2-Benzyl-1-phenyl-3-buten-2-ol (1)

This compound was obtained in almost quantita-
tive yield according to the procedure described in
the literature.* Colorless oil. 'H NMR (270 MHz)
(CDCl;) 6 1.54 (s, 1H, exchangeable with D,0),
290 (s, 4H), 491 (dd, J=17.2Hz, J=1.3 Hz,
1H), 5.01 (dd, J=10.7 Hz, J=1.3 Hz, 1H), 5.94
(dd, J=17.2Hz, J=10.7 Hz, 1H), 7.10-7.35 (m,
10H). IR (neat): v 3520, 3000, 2890, 1485, 925,
770, 705 cm ™.

{Z)-2,7-Dibenzyl-1,8-diphenyl-4-octene-
2,7-diol {2) and (£Z)-2,7-dibenzyl-
1,8-diphenyl-4,6-octadien-2-ol (3)

In a 30-ml two necked flask, 792 mg (3 mmol) of
CeCl; - H,O was completely dried in vacuo by
stirring at 130-140 °C for 3 h. While the flask was
still hot, argon gas was introduced and the flask
was then cooled in an ice bath. Dry THF (6 ml)
was added all at once with vigorous stirring. The
ice bath was removed and the suspension was well
stirred overnight under argon at room tempera-
ture. To this was added vinylmagnesium chloride
(2 ml of 1.5M THF solution) with vigorous stir-
ring at —78°C. The temperature of the mixture
was elevated to —20°C, whereupon its color
turned to dark brown. After 30 min, the mixture
was cooled to —78 °C and 210 mg (1 mmol) of 1,3-
diphenyl-2-propanone was added. The mixture
was stirred for an additional 30 min and then
quenched by 5 ml of 1 M HCI. The organic layer
was separated and the aqueous layer was
extracted three times with ether. The combined
organic layers were dried over anhydrous sodium
sulfate. The solvent was evaporated and the resi-
due was subjected to preparative TLC to give the
compounds (Z)-2,7-dibenzyl-1,8-diphenyl-4-
octene-2,7-diol (2) (45.7 mg, 19%) and (Z)-2,7-
dibenzyl-1,8-diphenyl-4,6-octadien-2-ol 3)
(19.5 mg, 9%).

Compound 2: m.p. 115.0-115.5°C (from hex-
ane). '"H NMR (500 MHz) (CDCl;): 6 1.59 (br s,
2H), 1.98 (d, J=4.8Hz, 4H), 2.75 (d,
J=13.7Hz, 4H), 2.76 (d, J=13.7 Hz, 4H), 5.76
(t,J=4.8 Hz, 2H), 7.17-7.33 (m, 20H). “*C NMR
(68 MHz) (CDClL): 6 36.4, 45.7, 74.4, 126.5,
127.8, 128.2, 130.8, 137.2. IR (KBr): 3400, 3000,
2880, 1580, 1480, 1440 cm™". Analysis: calcd for
C,H;,0,: C, 85.67; H, 7.61. Found: C, 85.71; H,
7.70%.

Compound 3: colorless oil. 'H NMR (500 MHz)

(CDCly) 6 1.54 (s, 1 H), 2.28 (d, J=7.4 Hz, 2H),
2.85 (s, 4 H), 3.24 (s, 2 H), 3.42 (s, 2 H) 5.64 (dt.
J=7.4Hz, 11.0Hz, 1H), 6.11 (d, J=11.6Hz,
1H), 6.56 (dd, J=11.0 Hz, 11.6 Hz, 1H), 7.18—
7.31 (m, 20H). *C NMR (100 MHz) (CDCL,): 6
35.4, 36.3, 43.4, 45.7, 74.6, 123.2, 126.1, 126.2,
126.4, 126.5, 127.1, 128.2, 128.3, 128.4, 128.7.
129.1, 130.8, 137.2, 139.5, 141.3. IR (neat) 3400,
3020, 2900, 1600, 1500, 1455cm™'. Analysis:
caled for CyH,,0: C, 89.04; H, 7.47. Found: C,
89.03; H, 7.62%.

X-ray crystallographic analysis of
compound 2

A well-shaped monoclinic crystal of 2 was
obtained by recrystallization from hexane:
CyuH;30,; space group P2i/a; Z=4; D=
1.161 gcm™>; cell constants a=21.780(24) A, b=
11.094(21) A, ¢=11.030(11) A, 3 =92.6787(84)°;
V=2727.6 A>. Lattice constants and intensity
data for 1 were measured using graphite-
monochromated Cu Ka radiation on a Rigaku
AFC-5 diffractometer. A total of 3273 unique
reflections with Fy>30(F,) were obtained using
the w—20 scanning method with a 26 scan speed
of 4°min~" to 120°. The structure was solved by
the UNICS-III system (Computer Library of
University of Tokyo) based on direct methods.
Approximate positions for all hydrogen atoms
were found in subsequent difference Fourier syn-
theses. Final refinement cycles utilizing aniso-
tropic thermal parameters for all nonhydrogen
atoms resulted in R =0.0577.

(Z,Z)-2,9-Dibenzyl-4,5,7-trimethyl-
1,10-diphenyl-4,6-decadiene-2,9-diol {4)

Isopropenylmagnesium bromide (1.3M in THF,
2.3ml) was added to a suspension of cerium
chloride (3 mmol) prepared by the procedure de-
scribed above, at 0°C. The temperature of the
mixture was elevated to 20°C, whereupon its
color turned to dark brown. After 30 min, the
mixture was cooled to —78°C and 210mg
(1 mmol) of 1,3-diphenyl-2-propanone was added
and the reaction mixture was worked up by the
same procedure described above. The crude
products were purified by preparative TLC (ethyl
acetate/hexane = 1:15) to give 59.6 mg (22%) of
white crystals: m.p. 138°C (from hexane). 'H
NMR (500 MHz) (CDCl,;): 8 1.54 (s,2H), 1.57
(s,3H), 1.70 (d, J=1.1 Hz, 3H), 1.73 (s, 3H),
1.96 (s, 2H), 2.10 (s, 2H), 2.58 (d, J=13.5Hz,
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2H), 2.62 (d, J=13.5Hz, 2H), 2.73 (d,
J=13.5Hz, 2H), 2.75 (d, J=13.5 Hz, 2H), 5.68
(s, 1H), 7.16-7.30 (m, 20H). “C NMR (68 MHz)
(CDCl;): 6 19.4,20.7,25.6,42.3, 44.7, 46.4, 74.6,
75.5, 126.2, 126.3, 128.0, 128.3, 130.8, 131.2,
131.6, 132.9, 137.6, 137.7. IR (KBr): v 3500,
3000, 2900, 1600, 1500cm™'. FDMS: m/z 544
(M™"). Analysis: caled for C,HuO,: C, 85.99; H
8.14. Found: C, 86.04; H, 8.23%.

X-ray crystallographic analysis of
compound 4

A well-shaped monoclinic crystal of 4 was
obtained by recrystallization from hexane:
CyHyO,; space group P2)/n; Z=4; D=
1.082 g cm™>; cell constants a=15.026(16) A, b=
19.348(17) A, ¢=11.039(19) A, B=91.905(12)°;
V=3207.4A° Lattice constants and intensity
data for 2 were measured using graphite-mono-
chromated Cu Ka radiation on a Rigaku AFC-5
diffractometer. A total of 3753 unique reflections
with F,>30(F,) were obtained using the w-26
scanning method with a 26 scan speed of 4° min™!
to 120°. The structure was solved by the
UNICS-III  system (Computer Library of
University of Tokyo) based on direct methods.
Approximate positions for all hydrogen atoms
were found in subsequent difference Fourier syn-
theses. Final refinement cycles utilizing aniso-
tropic thermal parameters for all nonhydrogen
atoms resulted in R =0.0701.

2-Benzyl-4-methyl-1-phenyl-3-penten-
2-ol (5)

This compound was obtained in 83% yield by the
reaction of 1,3-diphenyl-2-propanone with 2-
methyl-1-propenylmagnesium bromide in the
presence of cerium(IIl) chloride at —78°C.%®
Colorless o0il. 'H NMR (270 MHz) (CDCl):
01.52(d, J=1.3Hz, 3H), 1.54 (s, 1H, exchange-
able with D,0), 1.63 (d, J=1.3Hz, 3H), 2.89
(s, 4H), 5.21 (m, 1H), 7.15-7.35 (m, 10H). IR
(neat): v 3520, 2990, 2870, 1480, 1440, 755,
705 cm™".

{Z)-2,6-Dibenzyl-4-methyl-1,7-
diphenyl-3,5-heptadien-2-ol (6)

2-Methyl-1-propenylmagnesium bromide (12.5 ml
of 0.48 M THEF solution) was added with vigorous
stirring to a suspension of ceriunm chloride
(6 mmol) in THF (24 ml) at —78°C. The suspen-

sion was warmed to 25 °C, kept for 1 h at the same
temperature, and cooled to 0 °C. To this suspen-
sion was added a solution of 1,3-diphenyl-2-
propanone (420mg, 2mmol) in THF (3ml).
After 30 min the reaction was quenched with
saturated NH,Cl solution and the products were
extracted with ethyl acetate. The combined
extracts were dried over Na,SO, and concentrated
under reduced pressure. The residual oil was
subjected to preparative TLC (ethyl acetate/
hexane=1:10) to give 2-benzyl-4-methyl-1-
phenyl-3-penten-2-ol (5) (190 mg, 34%) and (Z)-
2,6-dibenzyl-4-methyl-1,7-diphenyl-3,5-
heptadien-2-ol (6) (30 mg, 7% ). Compound 6 was
recrystallized from methanol to give colorless
needles: m.p. 93.5-94.5°C. '"H NMR (270 MHz)
(CDCl,): 6 1.65 (s, 3H), 2.67 (s, 2H), 2.70 (s, 1H,
exchangeable with D,0), 2.81 (d, J=12.9Hz,
2H), 2.90 (d, J=12.9 Hz, 2H), 2.95 (s, 2H), 5.11
(br, s, 1H), 5.31 (br, s, 1H), 6.88-6.91 (m, 4H),
7.10-7.30 (m, 16H). “C NMR (126 MHz)
(CDCL): 6 25.8, 36.0, 41.8, 48.5, 77.3, 125.8,
126.11, 126.15, 127.0, 127.7, 128.2, 128.3, 128.8,
129.0, 130.6, 130.9, 132.9, 137.6, 139.1, 139.3,
141.2. FABMS: m/z 457 (M—-1) (2%), 441
(19%) 367 (81%), 154 (53%), 91 (100%). IR
(KBr): 3510, 2890, 1490, 1450, 765, 710 cm™'.
Analysis: caled for C,H,,0: C, 89.04; H, 7.47.
Found: C, 88.75; H, 7.44%.

Reaction of 1,3-diphenyl-2-propanone
with alkenyllithiums in the presence of
CeCl,

An alkenyl-lithium (3 mmol), which was prepared
by the reaction of vinyl bromide or isopropenyl
bromide with r-butyl-lithium, was added to a
suspension of cerium chloride (3 mmol) in THF
(15ml) at —78°C. The color of the mixture
turned to dark brown. After 2.5h, 210mg
(1 mmol) of 1,3-diphenyl-2-propanone was added
and the reaction mixture was worked up by the
same procedure described above.

isolation of {E)-2,7-dibenzyl-1,8-
diphenyl-4-octene-2,7-diol (7) and
compound 2

A crude product was obtained by preparative
TLC (ethyl acetate/hexane=1:5) and it was re-
crystallized from hexane to give (E)-2,7-dibenzyl-
1,8-diphenyl-4-octene-2,7-diol  (7)  (49.6 mg,
21%): m.p. 160.5-161.0°C. 'H NMR (500 MHz)
(CDCl): 6 1.53 (s, 2H), 2.13-2.20 (m, 4H), 2.80
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(s, 8H), 5.54-5.61 (m, 2H), 7.23-7.32 (m, 20H).
PC NMR (126 MHz) (CDCl;): 6 42.1, 45.7, 74.0,
126.5, 128.2, 129.8, 130.8, 137.3. IR (KBr) 3500,
3000, 2900, 1500, 1440 cm™". Analysis: caled for
CiH30,: C, 85.67; H, 7.61. Found: C, 85.51; H,
7.60%. Compound 2 (27.0mg, 11%) was
obtained from the mother solution.

Isolation of (Z)-2,7-dibenzyl-4,5-
dimethyl-1,8-diphenyl-4-octene-2,7-diol
{8) and (E)-2,7-dibenzyl-4,5-dimethyl-
1,8-diphenyi-4-octene-2,7-diol (9)

A crude product was purified by preparative TLC
(ethyl acetate/hexane =1 15). The collected solid
was recrystallized from hexane to give 34.8 mg
(14%) of compound 9. The mother solution was
concentrated and the residue was purified by
preparative TLC (benzene). The solid was recrys-
tallized from hexane to give compound 8
(16.8 mg, 7%) as white crystals.

Compound 8: m.p. 170.0-171.5°C. 'H NMR
(400 MHz) (CDCl): 8 1.51 (s, 2H), 1.79 (s, 6H),
2.11 (s,4H), 2.51 (d, j=13.5Hz, 4H), 2.61 (d,
J=13.5Hz, 4H), 7.16~7.32 (m, 20H). *C NMR
(100 MHz) (CDCl;): 6 21.8, 43.8, 46.3, 74.6,
126.3,128.0, 130.1, 130.9, 137.8. IR (KBr): 3500,
3000, 2900, 1600, 1490, 1440cm™'. Analysis:
caled for C,,H,,O-: C, 85.67: H, 7.99. Found: C,
85.83; H, 8.00%.

Compound 9: m.p. 171.0-172.0°C. 'H NMR
(500 MHz) (CDCl,): 6 1.54 (s, 2H), 1.63 (s, 6H),
2.30 (s, 4H), 2.72 (d, J=13.7 Hz, 4H), 2.86 (d,
J=13.5Hz, 4H), 7.21-7.34 (m, 20H). “C NMR
(126 MHz) (CDClLy): 6 22.0, 44.0, 46.6, 75.2,
126.4, 128.1, 139.9, 130.9, 137.6. IR (KBr): 3550,
3000, 2900, 1600, 1500, 1450 cm™'). Analysis:
caled for C;,H,,0,: C, 85.67: H, 7.99. Found: C,
85.83; H, 8.19%.

Compound 9 was identical with the compound
prepared by the reaction of diethyl (E)-2,3-
dimethylbutenedioate with benzylmagnesium
bromide (4 mol equiv.) in the presence of anhyd-
rous cerium chloride.
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