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Figure 1. Pulse voltammetry of 0.001 M CO(acac)s in 0.1 M II-aceto-
nitrile, at a 13-cm? Hg electrode.
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Figure 2, The effect of potential on enantioselectivity.

son of these data. (1) The decrease in selectivity at poten-
tials between —1.20 and —2.4 V corresponds to measure-
ments made under conditions of increasing mass-transport
control. Thus, little or no selectivity is associated with mass
transport. (2) In the region of pure activation overpotential,
(E > —1.0 V), In (k4/k1) increases linearly with decreasing
potential. The selectivity must therefore be associated with
a potential dependent process at the electrode surface.

Specific adsorption of I is apparently not involved. Zero-
time extrapolation of coulometric transients!® measured
with and without I were found to be the same within experi-
mental error. We conclude that electron transfer per se,
under the influence of the chiral double layer, is the selec-
tive process.

Several authors have provided quantitative models for
the influence of double layer on electrode kinetics.!4-16 In
these treatments, only average electrostatic interactions are
included. Since enantioselectivity reflects a discrimination

based purely on substrate structure, it must be concluded
that interactions with the double layer also have a signifi-
cant steric component.

Included in Figure 2 is the effect of electrolyte concentra-
tion. It was found that, for each concentration, the X inter-
cept at low overpotential corresponded to the potential of
zero charge excess (pzc).!? Since the surface concentration
of cations at the pzc cannot be less than their concentration
in the bulk solution, it is noteworthy that no selectivity ex-
ists at this potential regardless of the electrolyte concentra-
tion. It may be inferred that some factor other than the
mere presence of asymmetric cations is required for selec-
tivity. We propose that this factor is the orientational or-
dering of electrolyte dipoles in the Helmholtz plane.!” An
interfacial potential gradient, capable of imposing such
order, would be lacking at the pzc but may be quite sub-
stantial at other applied potentials.
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Reaction of Ketone Enolates with Copper
Dichloride. A Synthesis of 1,4-Diketones

Sir:

Copper-promoted dimerization of carbanions has consti-
tuted a convenient method of carbon-carbon bond forma-
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Table 1. Synthesis of 1,4-Diketones by the Reaction of Ketone Enolates with CuCl,
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Starting ketone

1,4-Diketones (yield, %)4

(CH,),CCOCH, (CH,),CCOCH,CH,COC(CH, ), 95)
C,H.COCH, C,H,COCH,CH,COC H,¢ ] (83)
(CH,),CHCOCH ,CH,COCH(CH,), (89)

(CH,),CHCOCH, {(CHS)QCHCOCH,C(CHE),COCH,d 3)
C,H,COC,H, C,H.COCH(CH, )CH(CH,)COC,H d: 32)
CH.COCM {C,HSCOCH,CH,COC,HJ (58)
sCOC,H, C.H.COCH.CH(CH, )COCH, & (12)
CH,COCH,, C.H,,COCH,CH,COCH,,» (62)
CiH..COCH.CH(C,H,,)COCH, (18)

CH,COCH==CH(CH,), (CH,)C=CHCOCH,CH,COCH==C(CH,),/ @7)

+

some minor products®

aThe yields are not necessarily optimum since each run was performed only once. The isomeric 1,4-diketones are separated by GLPC. b Ref-
erence 9. ¢ Reference 1. d Reference 10. €dl/meso mixture. f Reference 11. £ NMR (CCl, with TMS): 6 0.98 (t, 3 H), 1.04 (d, 3 H), 2.10 (s,
3 H), 2.10-2.80 (m, 5 H). » NMR (CDCl, with TMS): 5 0.85 (t, 6 H), 0.80-1.90 (m, 16 H), 2.35 (q, 4 H), 2.63 (s, 4 H). INMR (CDCl, with
TMS): 6 0.84 (t, 6 H), 0.90—1.80 (m, 16 H), 2.20 (s, 3 H), 1.95~2.80 (m, § H). /NMR (CCl, with TMS): § 1.83 (d, 6 H), 2.05 (d, 6 H), 2.55

(s, 4 H), 6.00 (m, 2 H). ¥ Unidentified.

Table II. Synthesis of Unsymmetrical 1,4-Diketones and y-Ketoesters by Cross Coupling Reactions

Cross coupling (mole ratio)4

Products? (yield, %)

CH,COCH, + CH,COC,H, , (3:1)

(CH,),CCOCH, + CH,COCH, (3:1)
(CH,),CCOCH, + CH,CO,CH, (1:3.5)
CH,COCH, + CH,CO,C(CH,), (3.5:1)

CH,COCH,CH,COC H, ,° (73)
CH,COCH,CH(C H,,)COCH,d 4)
C,H,,COCH,CH,COC,H,, (8
CH,COCH ,CH,COCH, ¢

(CH,),CCOCH,CH,COC H, (60)
(CH,),CCOCH,CH,COC(CH,), ¢

(CH,),CCOCH,CH,CO,CH,£ (70)
CH,0COCH,CH,CO,CH, ¢

CH,COCH,CH,CO,C(CH,)," (65)
(CH,),COCOCH,CH,CO,C(CH,),! (28)

CH,COCH,CH,COCH, ¢

4No attempt has been made to optimize the reaction conditions. 2 Yields are based upon the smaller amount of the starting material. The
products are separated by GLPC. ¢ Reference 12. d NMR (CDCl, with TMS): 6 0.85 (t, 3 H), 0.90—1.90 (m, 8 H), 2.10 (s, 3 H), 2.19 (s, 3 H),
2.50~3.00 (m, 3 H). ¢ Yields are comparable to those of the major cross coupling products. f NMR (CCl, with TMS): § 1.15 (s, 9 H), 2.78 (t,
2 H), 3.12 (t, 2 H), 7.15-8.05 (m, 5 H). & Reference 13. # NMR (CCl, with TMS): § 1.38 (s, 9 H), 2.08 (s, 3 H), 2.42 (t, 2 H), 2.47 (t, 2 H).

iReference 2.

tion in organic syntheses. Successful dimerization of carb-
anions which are stabilized by sulfonyl,! phosphoryl,! imi-
doyl,! and alkoxycarbonyl? by copper salts have been re-
ported. Nevertheless, there are few examples! of the cop-
per-promoted dimerization of ketone enolates, which should
become an attractive entry into 1,4-diketone derivatives.
Recently, we have reported? the regiospecific coupling of
silyl enol ethers by Ag,O producing 1,4-diketones, in which
the use of aprotic polar solvents such as dimethyl sulfoxide
(DMSO), dimethylformamide (DMF), and hexamethyl-
phosphoric amide (HMPA) is crucial.

Now we found that the CuCly-promoted dimerization of
ketone enolates is realized by the use of cosolvent DMF at
—78°, leading to the desired 1,4-diketones in satisfactory
yields. Lithium enolates of pinacolone and acetophenone,
prepared according to eq 1, were treated with CuCl; in
DMF at —78° to produce the corresponding 1,4-diketones
in high yields (eq 2). In the CuCl, promoted coupling of ke-

THF
RCOCH; + LiN[CH(CH,),], —

<

RC=CH, + NH[CH(CH,),), (1)

OLi
cuC 12 in DMF
R(F:CH2 ———— RCOCH,CH,COR (2)
-78°
OLi
R = {-C,Hy, Ph

tones having two different enolizable hydrogens
(RR’CHCOCHR”R’”), a mixture of 1,4-diketones was
yielded with the less crowded 1,4-diketone predominating

(eq 3). Some results are summarized in Table I. The prod-

1o LIN({Pr)y
RR'CHCOCHR'R!"! —————»

24 CuCly ta DMF
RR/CHCOC(R')(R""")C(R'")(R'"")COCHRR'
RR/CHCOC(R')(R"")C(R)(R")COCHR/'R" (3)
R/"R/""CHCOC(R)(R")C(R)(R")COCHR"'R'’/

uct yields and selectivities in the reaction depend upon alkyl
substitution at the a-carbon of the ketone. Increasing alkyl
substitution at the coupling site results in a remarkable re-
duction in the yield of the coupling product.* The reaction
with methyl ketones (CH3;COCHRR’) furnishes 1,4-dike-
tones (RR’"CHCOCH,;CH,COCHRR’) arising from cou-
pling at the methyl group in high selectivities (80-90%) and
in good yields (60-90%) together with other isomeric 1,4-
diketones as minor products. The highly selective coupling
at the methyl group of methyl ketone (CH3COCHRR')
may be due to kinetically controlled deprotonation® of the
ketone by lithium diisopropylamide and steric hindrance in
the transition state of ketone enolate coupling. The present
coupling reaction of ketones provides a general and conve-
nient route to the symmetrical 1,4-diketone of RCO-
CH,CH,;COR, which has been otherwise prepared with
rather great difficulty.

A typical experimental procedure is as follows; a solution
of diisopropylamine (5 mmol) in dry THF (5 ml) is treated
with n-butyllithium (15% hexane solution, 5 mmol) at
—78°, and after 15 min 3-methylbutan-2-one (4.5 mmol) is
added dropwise with stirring. After 15 min, anhydrous
CuCl, (5 mmol) in DMF (5 ml) is added all at once at the
same temperature. The dark green solution is stirred for an
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additional 30 min and then allowed to reach room tempera-
ture. The reaction mixture becomes dark brown and homo-
geneous. Acid work-up produces 2,7-dimethyloctan-3,6-
dione (89%) with 3,3,6-trimethylheptan-2,5-dione (3%).

As might have been expected, coupling of lithium eno-
lates, which were regiospecifically generated from silyl enol
ethers and methyllithium,® by CuCl, in DMF at —78° pro-
duced the corresponding 1,4-diketones regiospecifically® ac-
cording toeq 4 and 5.

(CH3)2CHC=CH2 CH3Li (CH,),CHC=CH, CuC1,
—_— ' —_—

OSi(CH,), OLi  toDmr
(CH,) ,CHCOCH,CH,COCH(CH,), (4)
(78%
CH;C=C(CHy), cH,ut CH;C=C(CH;), cwc1,
s ( —_—
Si(CH,), OLi o DMF
CH;COC(CH,),C(CH,),COCH, (5)
(6%

Next, the present method is successfully applicable to
some cross couplings of two different methyl ketones and of
methyl ketone with acetate, leading to unsymmetrical 1,4-
diketones (RCOCH,CH,COR’) and +-ketocarboesters
(RCOCH,CH,CO;R’), respectively (Table II). For in-
stance, addition of CuCl; in DMF to a 1:3 mixture of lithi-
um enolates of 2-octanone and acetone at —78°, prepared
by addition of a 1:3 mixture of 2-octanone and acetone into
lithium diisopropylamide in THF according to the above
procedure, produced undecan-2,5-dione in 73% yield (based
upon the starting 2-octanone) together with 3-pentylhexan-
2,5-dione (4%), hexadecan-7,11-dione (8%), and hexan-
2,5-dione. Besides the readily available starting materials

3CH,COCH;,
1o 445LiN(iaPr)g
+ —_———

24 4,5CuC 1y~ DMF

CH;COCH,CH,COCHy; (73%)
CH;COCH,CH(C;H,;}COCH; (4%
CH,;;COCH,CH,COCH;; (8%
CH,COCH,CH,COCH,

and the manipulative simplicity, the high selectivity and
good yield render this reaction most straightforward and
useful in the preparation of undecan-2,5-dione, a precursor
of dihydrojasmone.’

Cross coupling of ketone enolate with ester enolate by
CuCl, was carried out as follows. First, a mixture of ketone
enolate and ester enolate was prepared by the sequential ad-
ditions of ketone and ester (after 15 min) to lithium diiso-
propylamide in THF at —78°. Then, the mixture was treat-
ed with CuCl, in DMF at the same temperature. By this
procedure, condensation product® is almost completely ex-
cluded, resulting in the formation of coupling products. We
are currently exploring the full scope of the coupling reac-
tion of ketone enolates by CuCl, in aprotic polar solvents.
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An Immunoelectrode
Sir:

Proteins in aqueous solutions are polyelectrolytes and
have a net electrical charge polarity and magnitude of
which depends on the isoelectric point of the protein and on
the ionic composition of the solution. If the protein is an
antibody which can complex with a corresponding antigen,
which also can have a net electrical charge, the electrical
charge of the resulting complex will be different from that
of the antibody or the antigen alone.!

If the antibody is covalently attached to the surface of a
thin layer of a hydrophobic polymer which, in turn, is de-
posited on a metallic conductor, then the surface charge of
the polymer-solution ' interface will depend on the net
charge of the immobilized antibody. When corresponding
antigen is present in the solution and the binding site of the
antibody has not been destroyed during immobilization, the
immunochemical reaction will take place at the interface
with a resulting change of the surface charge. This change
can be measured potentiometrically against a reference
electrode immersed in the same solution, using an electrom-
eter amplifier.

It is known? that the reaction between immobilized anti-
body and free antigen, or vice versa, is an equilibrium pro-
cess. The potential difference between the reference elec-
trode and an electrode with immobilized antibody or anti-
gen (thereafter called immunoelectrode) should, therefore,
depend on concentration of the free immunochemical coun-
terpart. The concept applies equally to the case when anti-
gen is bound to the membrane and antibody is free.

In order to test this idea, Concanavalin A (Con A) was
covalently attached to the surface of an approximately S u
thick, dense poly(vinyl chloride) membrane deposited on
platinum wire. Although Concanavalin A is not a true anti-
body, it complexes certain polysaccharides?® in the same way
true antibodies do. This reaction has been used extensively
as a model immunochemical system. Yeast mannan reacts
with Concanavalin A, forming a strong complex? which is
soluble between pH 2 and 4 and insoluble between pH 5
and 7. Various other polysaccharides such as, for example,
agar or amyloses do not bind to Con A.

Dependence of potential of Con A immunoelectrode on
concentration of yeast mannan measured against silver-sil-
ver chloride reference electrode is shown in Figure 1. Simi-
lar dependence is obtained when poly(vinyl chloride) coated
platinum wire without Concanavalin A is used instead of a
Con A immunoelectrode. This indicates that there is a con-
siderable nonspecific adsorption of polysaccharides at the
polymer surface. In order to separate the effect of adsorp-
tion from specific immunochemical interaction, the fol-
lowing experiments were carried out. First, the reference
electrode was replaced with another Con A immunoelec-

Journal of the American Chemical Society | 97:10 /| May 14, 1975



