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AW—Chmmhnmmethyﬂo{cychhexyMyhmmmmpbwﬂmmmwuhMyl 3-phenyl-2-
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Lphenylpennn-z-onemy The reaction rates and chemical yleids (30-60%) are lower than in correspond-
ing reactions with lithiom dimethyicoprate and lithium methy#{2-(1-dimethylaminoethyl)phenyljcuprate respec-
tively. Lithium halides in the reaction favour the formation of ose enantiomer. The bighest asymmetric induction

obtained is 4.4%.

Due to their specificity as nucleophilic reagents, lithium
organocuprates, LiR;Cu,mwndelyusedforC—Cbond
fommons,e.;.m addition to a,8-unsaturated
comPounds and in displacements with in-
vmmatsp-hybnddeatoms”Mixedumm
LiRR'Cu, have been used in order to utilize valuable R
groups more economically.® It could be possible to create
chiral surroundings for the conjugate addition with a
chiral, nontransferable ligand, R*, in the cuprate.
Reaction between mixed cuprates, LIRR*Cu (R = Me,
Ph, and Bu; R*=(+)-0-(1-dimethylaminoethyl)phenyl
(R*H; Fg  la)),

quantmuvely Withthechnlnomwemcbgmdk‘
some optical activity has been observed in the 1.4-
adduct."'l‘behgandk‘precxpnawsumecormpond-
ing copper compound, R*Cu.

One of the critical points in this approach to asym-
metric synthesis should be the composition of the
reagent and thus the presence and role of the chiral
ligand in the transition state. This could be compared
with the reaction of an organometallic reagent with a
chiral substrate, e.g. an a,8-unsaturated ester of an
optically active alcohol. The asymmetric induction can
be fairly high in such cases.'>"!

Copperhubeenanuutedtoactasanucleophilem
sevadmcuonsofhthlmndmpmmm 7 A one-
electron transfer has also been as the initial
step for the conjugate addition,’ but free radicals have

AN
QL™
X
Fg. 1.

not been detected. Such mechanisms should not exclude
the possibility of obtaining asymmetric induction.

The organocuprates may be mvolved in different
lithinm halides.® or aggregation to clusters.'

The amino group in organometallic 2-(dimethyl-
aminomethyl)pheny! reagents makes the reagent more
stable'® and also reduces the freedom of rotation within
the reagent.

It was considered appropriate to use a more bulky
amino ligand in the reagent, in order to investigate the
possibilities of obtaining asymmetric induction and also
to study the composition of the reacting reagent. The
2-(dimethylaminocyclohexyimethyl)phenyl group R* was
chosen for this investigation (R*X; Fig. 1b).

The conjugate additions studied were the Me addition
to methyl 3-phenyl-2-propencate (Fig. 2a) and 4-phenyl-
3-buten-2-one (Fig. 2b).

(=)-R-3-Phenylbutanoic acid [a]p = —60.0°'° has been
correlated to (—)-R-4-phenylpentan-2-one [a]lp=~74.5°
via the (—)-R-methyl ester [a)p = —44.3°."7

" 1a: R-CH.
X=H
1b: R=¢c-CeHys
X=H
te: R=c-CeH1s
X=8Br

RLi + R'CUS| |RR*Cu + R'CHe=CHCOR ——

RU +RCu—

o
—_ R'-?—CH:C/R + R*Cu——— R'—CH—CHr—COR + R*H

Scheme 1.
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LiCl-isR’Cu+©—~CH=CH——CG\‘ 2a: R=—O0CH,
- @—E‘:—mz—m 2b: R=—CH,
Fg. 2.

RESULTS

N+(Cyclohexylphenylmethyl) N,N-dimethylamine (Fig.
1b) was prepared and treated with BuLi." The lithiation
was not complete even after one week. Therefore o-
bromo N-(cyclobexylphenylmethyl) N,N-dimethylamine,
was synthesized (Fig. Ic) and lithiated with BuLi' or
with t-BuLi. A second equivalent of t-BuLi reacts with
the bromoalkane formed to produce LiBr."

The lithiated amine added to carefully prepared
methylcopper (c.g. free from Cul) rapidly gave a homo-
geneous solution. The lithiated amine itself adds instantly
to methyl 3-phenyl-2-propencate, while the mixed
reagent reacts slowly to give the methyl 1,4-adducts with
methyl 3-phenyl-2-propencate and 4-phenyl-3-buten-2-
one. The chemical yields are lower and the reactions are
slower when the cyclobexyl-substituted amine is used
instead of the Me-substituted amine (Table 1).”*°

The colour of the reagent solution varied with the
method of preparation. In exp. 1 (Table 1) a greenish-
grey reagent was obtained, while the reagent in exp. 2
was brown. After addition of a substrate to a reagent rich
in LiX the solution turned yellow but remained homo-
geneous. When less LiX was present a green precipitate
was formed at the end of the reaction.

It has been observed that lithium halides enhance the
rate of a 14-addition.® Such an effect could not be
observed in the reactions studied in this work. The
amounts of by-products increased in the reactions at low
concentration of LiX.

When methyl 3-phenyl-2-propenocate was treated with
the chiral cuprate prepared from lithium{o-(cyclo-
hexyldimethylaminomethyl)phenyl] and methylcopper the
specific rotation of the 14-adduct, methyl 3-phenyl-
butanoate, was 0.6° (1.4% e.c.). With 4-phenyl-3-buten-2-
one as the substrate, the highest specific rotation of the
1,4-adduct, 4-phenylpentan-2-one, was —3.3° (4.4% e.c.)
obtainedwithacupntefeparedfromanexeessof
halide-free methylcopper.

DESCUSSION

It is obvious that a cuprate is formed from methyl-
copper and lithium[o-{(cyclohexyldimethylaminomethyl)-
phenyl]. The large ligand in the cuprate decreases the
lithinm methyl[2(1-dimethylaminoethy)phenyllcuprate.
This strongly suggests that the ligand participates in the
rate-determining step. Moreover, the enhanced asym-
metric induction suggests that the bulky ligand takes part
in the transition state giving the 1,4-adduct. These
observations support the hypothesis that the reacting
species is a mixed cuprate.

In both reactions studied, a reagent containing less
lithium halides seems to enhance the formation of the
(=)-R-enantiomer. This suggests that lithium halides
participate in the cuprate complexes. The formation of a
LiRXCu cuprate, totally free from R*Li, is not probable

yldimethylaminomethyf)phenyllcuprate to methyl 3-phenyl-2-propenoate (a) at 0° and 4-phenyl-3-

buten-2-one (b) at —30°. The cuprate was used in 10% molar excess. Two equivalents of t-BuLi (exps. | and 3) gave one equivalent of ArLi and one of LiBr

Table 1. 1,4-Addition of chiral lithtum methylfo<(cyclohex:

Absol.

Optical

[c]l1l2'

Isol.

Reaction GLC
time

l,4-Add. Lithiating MeLi
min

Exp. Sub-

nr

conf.

yleld

and conc.

yield

yield

agent quality

prod

strate

(g' csns)

3.5

4.4

MeLi (LiBr) 60 45 31 . +0.6
30

t-BuLi

*0.3

20

60

commercial

BuLi

MeLi (LiBr) 20 60 41
30

t-Buli

24
21

55

MaLi (LiBr)

BuLi

15 50

cmroialt

BuLi

d = Methyl 3-phenylbutanoate; ¢ = 4-phenyipentan-2-one. / The methyicopper was purified prior to use, in order to remove lithinm halides, and used in excess.



Methyl 3-phenyl-2-propenoate and 4-phenyl-3-buten-2-0ne

since this would generate a free or complexed lith-
ium compound; (LiRR*Cu), +LiX = LiRXCu+
R*LA(LiRR*Cu),_;. This situation can be compared with
the one in which more than one equivalent of RLi is
added to RCu cinsing a 1,2-addition, when the conjugate
addition is slow.™

The fact that the chiral cuprate gives more of the
(~)-R-enantiomer when it reacts with Lpbcnyl-}bmen-
2-one and more of the (+)-S-enantiomer when it reacts
with methyl 3-phenyl-2-propenoate seems interesting.
Colnpamon with earlier results® shows that the enan-
tiomeric excess ofmeﬂaylS—phenylbutnnoatzlslusthan
expected. This, together with the observed “salt eff
suueststhatmorethanonedimcﬁngtendencyisopen—
tive when the chiral cuprate reacts with methyl 3-phenyl-
2-propencate. These competing tendencies could be
expected to be more general and also to be additive in
other systems.

Further experiments are under way to study the
possibilities of obtaining a higher asymmetric induction.

KXPERIMENTAL

Rucnonswerepafomedmdpmdnculmlynduduaﬂnd
carfier.”™® MeLi was syntbesized from bromomethane (Merck)
mdb(uack)mdmhy!ethu BuLi (Merck) and t-BuLi (Fluks)
were commercislly supplied. The commercial MeLi was supplied
by Merck. The strength of the reagents was determined prior to
use.

N<(Cyciohexylphenylmethyl)-N,N-dimethylamine. Cyclohexyl-
phenylmethylamine™ (20g) was dimethylated according to the
method described for 1-pbenylethylamine.® The crude amine
wudmedtromacolnmeommmlkgofdmm(m
neutral) with light petroleum 15% diethyl ether, yield
9.5 g (41%) b.p. 85713 Pa. '"H NMR (270 MHz, CDCly): 8
7.35-7.10 (S H, m), 3.00 (1 H, d, ] 8.2 Hz), 2.10 (6 H, s); 2.0-08
(11 H, m). Abs. mass 217.183. N

Lithiation of N-{cyclohexylphenyimethyl)-N. N -dimethylamine.
The amine (10 mmol) was mixed with BuLi (10 mmol) in ether
(10 ml), but only small amounts of Lithiated amine were detected
even when the reaction time was extended to 1 week. After
addition of chlorotrimethylsilane,” less than 10% silylated
product could be detected (GLC, OV-17). The IR peak at
233cm™ (C-D) after deuteriolysis varied from very small to
undetectable. Abs. mass 218.193,

(2-Bromophenyl)cyclohexyimethylamine. 2-Bromobenzoic acid
(0.5mol) (Fluka, pract) was trested with SOCL (2mol) and
pyridine (ca. 0.5ml). After 4hr the mixture was warmed to
50-60° and kept overnight. The excess of SOCL; was evaporated
and dry toluene (SOml) was added and thoroughly evaporated.
The acid chloride was used without further parification.

At the same time, cyciohexyimagnesium bromide (0.6 mol) in
ether was prepared. The Grignard reagent, cooled to ~70", was
then slowly added to the 2-bromobenzoyl chloride in ether
(400 ml) at ca. —50°, with the aid of giass tubing and Ny-pressure.
The addition of the Grignard reagent was stopped when no more
acid chloride could be detected (GLC). After usual work-up and
concentration, the product (126 g) was rescted with HCOONH
{2.5 mol) at 180° for 23 hr. After 8 br, excess water was removed
under vacuum to maintain the temp at 180°. After 23 hr onl
1-2% of unrescted ketone could be detected (GLC). Work
resulted in 49.1 g (36.6%) of (2-bromophenyl)cyclobexyimethyl-
amine b.p. 10113 Ps. 'H NMR (270 MHz, CDClL): & 7.50 (IH,
dd), 7.41 (1H, dd), 7.30 (1H, ddd), 7.06 (1H, ddd), 4.13 (1H, d, J
7.2Hz), 20-0.8 (11 H, m). MS (IP 85¢V): m/e=267.055 (M*,
0.49%); 226 (16%); 224 (17%); 186 (97%); 184 (100%).

Resolution of (2-bromophenyl)cyclohexyimethylamine. (+)-
Tartaric acid (14.4g) was dissolved in dry acetone (400 mi) by
hammm(zszg)mwmmmm
dissolved by addition of MeOH (85 ml). After standing in the

, the mother liquor was decanted from the
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crystals. The crystals were dissolved in a hot mixture of acetone
(400 mf) and MeOH (30 i) and left in the cold for 24 br. This salt
was recrystallised three times from acetone, The salt was then
treated with ammonia and the free amine extracted with ether,
dried and concentrated. In this way 255 of the amine were
obtained {alm™ = —30.8° ¢ 0.068 (CHCL)., A fraction showing
[o)sn™ =~27.9" ¢ 0.081 was ca. 88% optically pure as deter-
mined by NMR analysis using the chiral shift reagent euro-
pinm(lll)gis(&txiﬂuoromethylhydroxymethylene)—d—cmpbor
(Ciba-Geigy).

(+)- 0- Bromo - N -(cyclohexylphenyimethyl) - NN - dimethyi -
amine. (—Ho-Bromophenylcyclobexylmethylamine (2.5g) was
dimethylated™ and purified by distillation, yield 2.1g (76%) b.p.
101°/13 Pa. {a)sn™ = +33.6° ¢ 0.053 (CHCly). 'H NMR (270 MHz,
CDCh): & 7.5-7.0 (4H, m), 392 (1H, d, ] 92Hz), 215 (6H, 3),
25-08 (11 H, m). MS (IP 65¢V): mje=295.092 (M*, 0.4%); 214
(93%); 212 (100%).

General procedure for the conjugate additions. Methylcopper
was carefully prepared from copper(Diodide (4.0mmol) and
MeLi (4.0 mmol) in ether in 0.5hr at 0°. In exp. §, the methyl-
copper was prepared from 10mmol of reageats and used in
undetermined excess after removal of lithium halides by twice
liquid. ¢ - Bromo - N - {cyclobexylphenylmethyl) - NN - dimethyl -
amine (4.0mmol) was lithisted with either Buli (4.0 mmol) or
t-Buli (8.0 mmol) at —78* in ether. The soin was allowed to reach
room temp. Mthehﬁnwdmmmmndmedwdnm
shurry, which i dissolved. The reagent was then stir-
red for 1 hr at (°. With 4-phenyl-3-buten-2-one as the substrate,
the reagent was cooled to —35° before the addition of the
substrate (3.6mmol) in cther. Methyl 3-phenyl-2-propenoste
(3.6 mmol) was added at 0. The reactions were followed by GL.C
and worked up when the substrate had been consumed. The
14-addition products were isolated by distillation after the basic
components had been removed by extraction with 0.2 M HCL
The yields and conditions are summarised in Table 1.

Products. The 14-adducts, methyl 3-phenyfbutanoate and 4-
pheaylpentan-2-one, had spectral data identical with those of
authentic samples.
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