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suiting solution produced only white solid A-2HC1O?3 ins
tead of the complex. We were also unsuccessful in isolating 
any Co(II), Co(III)t or Fe(II) complex of A from the reaction 
of A and the metal ion. The electronic spectra (Figure 1) 
of the methanol solution containing the ligand and Ni(II) 
ion are also very similar to that containing the metal ion 
only. Moreover, no spectral change is observed even by hea
ting (>45?) the mixture for more than six hours. The simi
lar result was al요。observed in the spectra of the mixture 
of A and Co(II) or Fe(II) ion (EM2+] —5.0X10-3 M; LA] = 2.5 
X10-3 M). This result is quite different from the fact that 
the addition of A to the solution of Cu(II) acetate even at 
room temperature changes its spectrum. The stability 
constant of the Cu(II) complex calculated by the method of 
continuous variation14 at 25t is more than 1.0X106. The 
results indicate that the ligand A is highly selective for com
plex formation with Cu(II) over Ni(II) and other 3d-metal 
ions. The high selectivity for Cu(II) against Ni(II) ion in the 
complex formation has not been observed for other per-N- 
methylated 14-membered tetraaza macrocycles such as D, 
G, and H.9,15,16 Although it has been reported that D exhibits 
some selectivity for Cu(II) over Ni(II) ion,9 both [Cu(D)了+ 

and [Ni(D)了+ are readily isolated by the reaction of 나le 
metal ions and the ligand in methanol solution.8 The Ni(II) 
complex of D or F is also obtained by the reaction of [Ni(C)了+ 

or [Ni(E)]" with M이 and KOH in DMSO solution.17 
However, in all attempts to prepare Ni(II) complex of A from 
[Ni(B)]2* by the similar reaction, the complex with four N- 
methyl groups was never isolated.18 To our knowledge, the 
new ligand A prepared in this work is a rare 14-membered 
tetraaza macrocycle that exhibits the clear-cut recognition 
of Cu(II) against Ni(II) ion in the complex formation.

The reason for the high selectivity for complexation of 
A toward Cu(ID over Ni(II) ion is n아 clearly understood. 
However, it is likely that the selectivity is caused in part 
by the presence of the cyclohexane rings and C-methyl 
groups in addition to the N-methyls in the ligand, that steri- 
cally hinder the binding of the metal ion, and the acidity 
of 산le metal ions(Cu(II)»Ni(II)).19 Further studies on selec
tive extraction, reparation, and transport of the transition 
metal ions by using the noble ligand are in progress.
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The conjugate addition of organometallic reagents to a,。- 

unsaturated carbonyl compounds is one of the most useful 
and reliable method for carbon-carbon bond formation. It 
has been normally achieved using organocopper reagents.1 
On the other hand, the u옹e of Lewis acids such as titanium 
tetrachloride,2 boron trifluoride etherate,3 and trialkylsilyl 
triflate4 makes it possible to use relatively mild allylsilanes 
and allylstannans in conjugate addition to atp-enones. Organo
zinc compounds have mai미y retained their synthetic useful
ness in Reformatsky reaction5 but several organozinc com
pounds such as triorganozincates6 and zinc homoenolates7 
have been employed in conjugate addition to a,p-enones. Sin
ce organozinc compounds are less reactive than organometal- 
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lie compounds derived from lithium, magnesium, and copper, 
their additions to a,p-enones have been achieved through 
the transmetallation of organozinc compounds to organocop- 
per compounds8 or the use of nickel as a catalyst.9

Recently, we have reported that the conjugate addition 
of alkynylzinc compounds to a,P-enones proceeds smoothly 
in the presence of trialkylsilyl triflate (Eq. I)10 and the suc
cess of the reaction may be attributed to an initial strong 
coordination of the carbonyl group by trialkylsilyl triflate and 
preferential conjugate addition of alkynyl group to a,P- 
enones. This initial encouraging result prompted us to in
vestigate the possibility of the conjugate addition of several 
different types of organozinc compounds to a,P-enones. We 
have studied the conjugate addition reactions with commer
cially available diethylzinc in the presence of Lewis acid. 
Among several Lewis acids tested in this study, trimethylsilyl 
triflate (TMSOTf) gave the best result. Thus, the reaction 
of an equimolar mixture of 2-cyclohexen-l-one and TMSOTf 
with 1.2 equiv of diethylzinc in tetrahydrofuran at — 78t 
for 2 h gave 3-ethylcyclohexanone in 92% isolated yield after 
acidic workup (Eq. 2). Similarly, the reaction of carvone with 
diethylzinc gave the conjugate addition product in 86% yield. 
However, the use of trimethylsilyl chloride and boron trifluo
ride etherate gave 3-ethylcyclohexanone in 4% and 40% 
yield, respectively. The effort to extend the utility of the 
present reaction with alkylzinc halides was not promising. 
The reaction of 2-cyclohexen- 1-one with w-butylzinc bromide, 
generated from equimolar amounts of w-butyllithium and zinc 
bromide, in the presence of TMSOTf in tetrahydrofuran at 
—78t afforded 3-n-butylcyclohexanone in 32% yield and 
attempts to improve the yield under various reaction condi
tions were unsuccessful.

n=l; R=t-Bu (92%), R=Et (68%) 
n=2; R=t-Bu (96%), R=Et (40%)

t 배 sern
THF, -7tfc

O I o

7丿J丿、丿Ho-Bu-t
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The Reformatsky reaction with a,p-unsaturated carbonyl 

compounds was known to give mainly the 1,2-addition pro
duct, although the ratio of 1,2- and 1,4-addition product de
pended on the structure of the substrate.5 The Reformatsky 
reagents were prepared from the reaction of /-butyl 2-bro- 
moacetate and ethyl 2-bromoacetate with zinc dust in reflux
ing tetrahydrofuran for 1 h. The reaction of the Reformatsky 
reagent (R=/-Bu) with 2-cyclopenten-l-one in the presence 
of 1.2 equiv. of TMSOTf in tetrahydrofuran at — 78M pro
ceeded cleanly, yielding 92% of the l,4・addition product after 
acidic workup and no 1,2-addition product was detected. Sim
ilar results were obtained with 2-cyclohexen-l-one and car
vone as shown in Eq. (3). In the case of the Reformatsky 
reagent (R=Et) prepared from ethyl 2-bromoacetate, the yie
lds of the 1,4-addition product were considerably decreased. 
Thus, the reaction of the Reformatsky reagent (R=Et) with 
2-cyclohexen-l-one and 2-cyclopenten- 1-one gave the 1,4-ad- 
dition product in 68% and 40% yield, respectively. The pre
sent method reaches a limit with a,P-acyclic enones, yielding 
a mixture of the 1,2- and 1,4-addition product. Thus, the 
Reformatsky reaction with 4-hexen-3-one under the same 
condition gave an equal ratio of the lt2-and 1,4-addition pro
duct as shown in Eq. (4).
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