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Summary

The reactivity of the ethyl—zinc group 1n ‘“‘ethylzinc carboxylate’’, formed
by the equimolar reaction of diethylzinc and carboxylic acid, towards methancl
and pyrrole is higher than that of diethylzinc. illectron withdrawing carboxyl
groups are considered to be favorable for the coordination of the active hydrogen
compounds with the zinc atom.

In the reaction of diethylzinc and two molar equivalents of methanol, the
first ethyl—zinc group of diethylzine reacts readilyr with methanol, but the reac-
tinity of the second group 1s much diminished [1].

fast

(CaHs)2Zn + CH,OH - “C,HsZnOCH;” + C,H, (1)

slow
“C,H;ZnOCH;” + CH;0H - Zn(OCH,), + C,H, (2)

The product of a ssmilar reaction to 1 of dimethylzinc may be 1solated as
a crystalline solid, which proved to be the tetramer (CH3;ZnOCH,),[2]. However,
this compound 1n solution exists in equilibrium with a mixture of more complex
species and dimethylzinc [3].

2(CH;3ZnOCH;), = 2[(CH;):Zn - Zn(OCHj3).]1: = [(CH;3)2Zn- Zn(OCH3),] 4
i+
(CH3)2Zn + [(CH3)2Zn - Zn(OCH;), 15 - Zn(OCH;), (3)

The low reactivity of the alkyl—zinc group in reaction 2, therefore, 1s con-
sidered to correspond to the low reactivity of the alxyl—zinc group 1n species
like (RZnOR'), or [R;Zn- Zn(OR ') ..

In contrast, as deseribed in the present report, the reactivity of the ethyl—
zinc group in the product of the equimolar reaction of diethylzine and a car-
boxylic acid, ‘‘ethylzinc carboxylate’, is enhanced when compared with diethyl-
Zinc.
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1. Reaction of diethylzinc and carboxylbe acid

The equimolar reaction of diethylzinc and a carboxylic acid 1n benzene pro-
ceeds rapidly and quantitatively with the evolution of the stoichiometric amount

of ethane (eqn. 4).

(C:H.—,):Zn + RCOOH - “C:HSZHOOCR” + C'_‘Hﬁ

R = CHs, CF3, C¢H;

(4)

In the infrared spectra of the reaction mixtures no absorptions due to diethyl-
zinc are observed, and 1n the NMR spectra no signals due to diethylzinc are ap-
parent. These observations are considered to indicate the absence of free diethyl-
zine in the reaction mu:zture. Therefore, the product may be stoichiometncally
represented as ‘"ethylzinc carboxylate”, C.H;ZnOOCR.

In the NMR spectrum of ethylzine methoxide 1n benzene, two kinds of
signalis are observed for methoxy protons as well as for methylene(-zinc) pro-
tons. Similar observations have been made for “methylzinc methoxide’ 1n
benzene [3, 4] and for ‘‘ethylzinc methoxide™ 1n cyclohexane [5}. On the other
hand, in the NMR spectra of “‘ethylzinc acetate’’ and “‘ethylzinc trifluoroacetate™
no clear splitting of signals for acetoxy and methylene(-zinc) protons is observed.
However, a rapid interconversion between the species like (C,H;ZnOOCR), and
[{C.Hs): Zn- Zn(OOCR}.], may not be excluded. By cryoscopic measurements the
“ethylzinc carboxylates” were found to be associated in benzene solution.

These data are summarized in Table 1, together with characteristic IR and NMR

absorption data.

The signal due to methylene(-zinc) protons shows an upfield shift when the
NMR spectrum is measured 1in 1,2-dimetho:.yethane, perhaps due to breakdown
of the associated structures into ether-solvated species The relatively high extent
of the upfield shift for ‘"ethylzinc acetate’ as compared with that of **ethylzinc
methoxide” suggests that the solvation of the “carboxylate’ takes place more
strongly than that of the ‘‘alkoxide™.

TABLE 1

NMR AND IR CHARACTERISTIC ABSORPTIONS AND DEGREE OF ASSOCIATION OF “XZnEL”

NMR signals 7 vas (C—Zn—%)° Degree of
association in
“AZnEt" 8(CH3) 8(CHa) (em™ ") benzene
(ppm) (ppm) (01 mol/) €
CaH,ZnEt 126 026 561 096
a 19) (0 10)
CH30ZnEt 160 070 552 12
{0 72
(1 33) (0 42) 521)
CH3COOZnEL 165 070 519 39
(1.20) (0 18) (51
CeHsCOOZnEL 139 055 (510) 29
CF3COOZnEt 1 30 051 33

a

For CH3—CH2—Zn wn benzene (1in 1.2-dumethoxyethane) J(CH2—CH3) ~8cps b

dimethoxyethane) € Based on the assumed structure * XZnEt"

in benzene (1n 1,2-



2. Reaction of ‘“‘ethylzinc carboxylate” with methanol and pyrrole

The reactions of ‘“‘ethylzinc carboxylates™ with an equimolar amount of
methanol were examined in toluene at 0°C. The volume of ethane evolved was
determined to follow reaction 5.

“C;HsZnOOCR” + CH;0OH - “CH;0ZnOOCR"” + C,H;, (5)
R = CH,, CF,;, CoH,

As shown in Fig. 1, the imitial rates of the reactions of ‘“ethylzinc carboxylates”
and methanol are higher than that of diethylzinc. On the other hand, the reactivity
of “ethylzinc methoxide’’ towards methanol 1s much lower. The reactivities of
“‘ethylzinc phenoxide™ and “ethylzinc thiophenoxide™, formed by similar reactions
to 1, are also lower than that of diethylzinc. The same observation is made in the
reactions carried out 1n 1,2-dimethoxyethane at 0°C.

In the reactions of ““ethylzinc carboxylate’ and pyrrole in toluene at 50°C,
higher reactivities of the ethyl—zinc groups 1n “ethylzinc trnifluoroacetate” and
“ethylzinc benzoate’ than that in diethylzinc are observed. Although pyrrole
possesses aimost the same acidity as methanol (pK,, methanol 16.6; pyrrole 16.5),
the reactivity of the former towards the ethyl—zinc group 1s found to be much lower.

This may be attributed to the absence of the lone pair electrons readily available
for coordination with the zinc atom [6].

3. Discussion

As mentioned above, the ethyl—zinc group 1n the “*ethylzinc carboxylate™,
formed by the equimolar reaction of diethylzinc and carboxylic acid, exhibits
higher reactivity towards active hydrogen compounds than does diethylzinc.

Since “ethylzinc carboxylate” forms associated structures, the actual con-
centration of the reactive organozinc species would be lower than that of the

1 oe=8=

Convorsion (%)

Reaction time {min)

Fig 1 Equumolar reaction of ‘**XZnCsHg" with methanol 1 toluene at 0°C mtial conc , 2 mmol of “XZniZpHg"
in 25 ml of toluene Conversion = evolved ethane/imtial **XZnCaHs™ 1, CF3C002ZnC;Hs, 2,CgH5C002ZnC;, H;,
3, CH3COO0Z2nC,Hs51 4, CaHsZnC3yH;5. 5, CgHsSZnCqHg, 6, CgH50ZnCaHg, 7. CH30ZnCaHs
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zinc atom. The low reactivity of *‘ethylzine methoxide’ as compared with di-
ethylzinc would be due, at least partly, to such association (eqn. 3). The higher
reactwity of the ‘"ethylzinc carboxylate” is noteworthy, since monomeric di-
ethylzinc is considered more advantageous 1n this respect. As mentioned already,
“ethylzinc carboxylate” would be an equiibrium mixture of associated species
(eqn. 6) In such species the reactivity of the ethyl—zinc group should be higher
than that of diethylzinc.

2(C;H,ZnOOCR), = [(CH,),Zn+ Zn(OOCR), ] _ (6)

Among the factors governing the reactivity, the enhancement of the nu-
cleophilicity of the ethyl—zinc group would be important. However, it should
be noted that the reactivity of the ethyl—zinc group 1n ‘“‘ethylzinc methoxide™
1s much lower, although an equilibrium similar to 6 1s considered for this com-
pound (egn. 3). Since the carboxyl group 1s much less electron donating than
the methoxy group, it is very unlikely that the former increases the nucleo-
philicity of the ethyl—zinc group more than the latter, either directly through
the zinc atom (1n (C.H;ZnOOCR), ) or via intermolecular coordination (in
[(C:H5),Zn - Zn(OOCR) ).

Therefore, the coordination of active hydrogen compound with the zinc
atom 1n the “‘ethylzinc carboxylate’ i1s considered umportant for the enhanced
reactvity. In this respect, the electron withdrawing carboxyl group 1s more favor-
able to increase relativeiy the electronegativity of the zinc atom than the methoxy
group or the ethyl group (in diethylzinc), and the ability of the zinc atom to
coordinate with methanol or pyrrole is enhanced. The higher reactivity of me-
thanol than that of pyrrole also indicates the umportance of such coordination.

4. Experimental

Reagents

Diethylzinc was purnified by distillation under reduced pressure. Methanol
and pyrrole were punifiled by the usual method. Acetic acid was dried over phos-
phorus pentoxide and then distilled over anhydrous copper sulfate. Trifluoro-
acetic acid was distilled over phosphorus pentoxide. Benzoic acid was purified
by recrystallization from toluene.

Reaction of diethylzinc and carboxylic acid

Equimolar amounts of diethylzine (2 mmol in 20 ml of solvent) and carbox-
vhe acid (2 mmol in 5 ml of solvent) were allowed to react at 5°C (1n benzene)
or at 0°C (1n 1,2-dimethoxyethane) with sturing for 5 min. The reaction was
complete within the above reaction time as confirmed by volumetric measure-
ment of the gas evolved, which was confirmed by gas chromatography to be
ethane containing a negligible amount of ethylene.

No IR absorptions and NMR signals attributable to diethylzinc were ob-
served 1n the reaction mixture. Therefore, if the formation of zinc dicarboxylate,
Zn(OOCR),, should occur because of the higher reactivity of “*ethylzinc carboxyl-
ate” than diethylzinc, the dicarboxylate could not exist in its free form but
should form a complex with diethylzine or disproportionate to form ethylzinc
carboxylate, which are considered to be in equilibrium with each other (egn. 6).



Reaction of “‘ethylzinc carboxylate’ with methanol or pyrrole

The above reaction misture kept 1n a constant temperature bath was satur-
ated with ethane, and 2 mmol of methanol or pyrrole were introduced nto the
solution by means of a syringe, followed by sturing. The volume of ethane
evolved was measured with a gas burette.
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