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The reactlvlty of the ethyl--zinc group m “ethylzinc carbosylate”, formed 
by the equlmolar reactlon of dlethylzmc and carbouyhc acid, towards methanol 
and pyrrole is higher than that af dlethylzlnc. i!Aectron withdrawmg carbosyl 
groups are consldered to be favorable for the coordmac!on of the actwe hydrogen 
compounds with the zinc atom. 

In the reaction of dlethylzmc and two molar equivalents of methanol, the 
first ethyl-zmc group of dlethylzinc reacts read&~ wth methanol, but the reac- 
t?vlty of the second group IS much diminished [ 11. 

(C,H,),Zn + CH30H 2 “C?HSZnOCH3” + C&H, (1) 

“C,H,ZnOCH,” + CH,0Hd5w Zn(OCH3)2 + C,H, (2) 

The product of a slm&r reactlon to 1 of dunefhylzmc may be isolated as 
a crystalline solid, which proved to be the tetramer (CH,ZnOCH,).? [2]. However, 
this compound U-I soiutlon exists m equlhbrium with a mlr;ture of more comp!es 
species and dimethylzmc [3]. 

2(CH3ZnOCH3)4 * 2[(CH3)1Zn* Zn(OCH,),], = [ (CH,)?Zn l Zn(OCH,),] 4 

(CHJ),Zn + [(CH3)1Zn* Zn(OCH,),:, - Zn(OCH3)2 (3) 

The low reactwty of the alkyl-zmc group in reactlon 2, therefore, LS con- 
sidered to correspond to the low reactivity of the alkyl-zinc group m species 
hke (RZnOR’), or [ RzZn - Zn(OR’), ] x. 

In contrast, as deserlbed m the present report, the reactivity of the ethyl- 
zinc group in the product of the equimolar reactlon of dlethylzmc and a car- 
boxybc acid, “ethylzmc carborylate”, is enhanced when compared with dlethyl- 
zinc. 
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1. Reaction of diethylzinc and carhovylrc acid 

The equlmolar reaction of dlethylzmc and a carboxylic acid m benzene pro- 
ceeds rapidly and quantltaGvely with the evolution of the stoichiometnc amount 
of ethane (eqn. 4). 

(C2Hi),Zn + RCOOH - “C,H,ZnOOCR” + C,H, (4) 

R = CH3, CF,, C6Hj 

ln the Infrared spectra of the reaction mL.tures no absorptlons due to dlethyl- 
zinc are observed, and m the NMR spectra no signals due to diethylzmc are ap- 
parent_ These observations are consldered to mdlcate the absence of free &ethyl- 
zinc m the reaction mL-.ture. Therefore, the product may be stolchlometncaily 
represented as “ethylzmc carbosylate”, C2H,Zn00CR. 

In the NMR spectrum of ethylzlnc methoslde m benzene, two kmds of 
slgnnals are obsemed for methosy protons as well as for methylene(-zmc) pro- 
tons. Slmflar observations have been made for “methylzmc methoslde” m 
benzene [3,4] and for “ethylzmc metho?ude” In cycloheaane [5]. On the other 
hand, m the NhlR spectra of‘“ethylzmc acetate” and “ethylzmc tnfluoroacetate” 
no clear sphttlng of signals for acetoxy and methylene(-zmc) protons IS observed. 
However, a rapid mterconverslon between the species like (C2HjZnOOCR), and 
[(C,H,), Zn - Zn(OOCR)2], may not be escluded. By cryoscopic measurements the 
“ethylzinc carboxylates” were found to be associated in benzene solution. 
These data are summarized m Table 1, together with characteristic IR and NhiR 
absorption data. 

The slgnal due to me thylene(-zmc) protons shows an upfleld shift when the 
NMR spectrum IS measurcad m 1 ,%dunetho:,yethane, perhaps due to breakdown 
of the associated structurr!s mto ether-soivsted species The relatively hl& extent 
of the upfleld shift for “ethylzlnc acetate’ as compared with that of “ethylzmc 
methoslde” suggests that the solvatlon of the “carbouylate” takes place more 
strongly than that of the “alkohlde”. 

TABLE 1 

‘kUXqR AND IR CHAR9CTERISTlC ABSORPTIONS AND DEGREE OF ASSOCIATION 0F”XZnEr” 

“XZnEL” 

Nhl R s~gnab a vas (C-zn--\r) 
b 

Dcaee of 

assoclz4tmn rn 

6tCH3) 6(CH?) (cm-’ ) benzene 
@pm) tmm) (0 1 mol/l) r 

CzH,ZnEr 1 26 0 1-6 561 096 
(1 19) (0 10) 

CH30ZnEt 1 60 t 070 0 72 552 42 

(1 33) 
CH$OOZnEt 1 65 

(1.20) 
C~H~COOZ~EL 1 39 
CF$OOZnEr 1 30 

(0 42, (521) 
0 70 519 39 

(0 18) (51-l) 
0 55 (510) 29 
0 51 33 

= For CHJ--CH2-Zn ~11 benzene (m 1 .2_dunethoxyethane) J(CH~-CHJ) -8cps b 
In benzene (1x1 1.2- 

dunethoxyetbane) c Based on the assumed structure “XZnEt” 
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2. Reaction of “ethylzinc carboxylate” with methanol and pyrrole 

The reactions of “ethylzrnc carboxylates” with an equunolar amount of 
methanol were esammed m toluene at 0°C. The volume of ethane evolved was 
determmed to follow reaction 5. 

“C&H,ZnOOCR” -C CH,OH + “CH,OZnOOCR” + C?Hb (5) 

R = CHS, CF3, C,H, 

As shown m Frg. 1, the mitral rates of the reactions of “ethylzinc carborylates” 
and methanol are higher than that of dlethylzmc. On the other hand, the reactrvlty 
of “ethylzrnc methoxrde” towards methanol IS much lower. The reactnntres of 
“ethylzmc phenourde” and “ethylzmc thlophenoslde”, formed by sun~lar reactions 
to 1, are also lower than that of drethylzmc. The same observation 1s made in the 
reactions carried out In 1,2-drmethoxyethane at 0°C. 

In the reactions of “ethyizmc carbosylate” and pyrrole m toluene at 5O”C, 
higher reactlwties of the ethykzmc groups m “ethylzinc tnfluoroacetate” and 
“ethylzinc benzoate” than that In drethylzinc are observed. Although pyrrole 
possesses aimost the same acidity as methanol (ph’,, methanol 16.6; pyrrole 16.5 I, 
the reactlvlty of the former towards the ethyl--zinc group IS found to be much lower. 
This may be attnbuted to the absence of the lone parr electrons readrly avzulable 
for coordrnation wrth the zmc atom 161. 

3. Discussion 

.\s mentioned above, the ethykzrnc group m the “ethylzmc carboxylate”, 
formed by the equunolar reactron of drethylzmc and carbohylic acid, exhrblts 
higher reactivity towards active hydrogen compounds than does drethylzmc. 

Smce “ethylzrnc carboxylate” forms associated structures, the actual con- 
centratron of the reactive organozinc species would be lower than that of the 

Oe-- 
_ _ 

5 IO 
Reachon time (mm) 

FLY 1 Equunoka reacllon of “XZnC2H5” unth melhanol m toluene at 0°C tn~t~al cone . 2 mmol of -.~z~I:~H~*~ 
1” 25 ml of tahene Coaverslon = evolved ethane/m!t!al “XZnC~H5” 1. CFZJZOOZIIC?H~. 2,C6H5COOZnC2H,., 
3. CHSOOZnC2H5: 4. C2HsZnC2Hs. 5. C6HsSZnC~H5.6. CgH50ZnC~H5.7. CH30ZnC2HS 
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zmc atom . The low reactivity of “ethylzmc methoslde” as compared with dl- 
ethylzinc would be due, at least partly, to such assoclatlon (eqn. 3). The higher 
reactivity of the “ethyizmc carboxylate” IS noteworthy, smce monomeric dl- 
ethylzinc is consldered more advantageous m this respect. As mentioned already, 
“ethylzmc carborylate” would be an equtibnum mLvture of associated species 
(eqn. 6) In such species the react1vlt.y of the ethyl-ztnc group should be higher 
than that of dlethylzmc. 

2(C,H,ZnOOCR)r 5 [(C,H,)2Zn* Zn(OOCR)z ] ~ (6) 

Among the factors governmg the reactlvlty, the enhancement of the nu- 
cleophlllcrty of the ethyl-mc group would be unportant. However, it should 
be noted that the reactlvlty of the ethyl-zmc group in “ethylzinc methoxlde” 
1s much lower, although an equlllbrlum sun&~ to 6 IS consIdered for this com- 
pound (eqn. 3). Smce the carboxy! group IS much less electron donating than 
the methosy group, it 15 very unlkely that the former Increases the nucleo- 
phlhclty of the ethy!--zlnc group more than the latter, either duectly through 
the zinc atom (m (C2H,ZnOOCR), ) or via mtermolecular coordlnatlon (m 
[(C,H;), Zn - Zn(OOCR)2 J .). 

Therefore, the coordlnatlon of active hydrogen compound with the zinc 
atom in the “ethylzmc carbouylate” IS consldered unportant for the enhanced 
reactlvlty. In this respect, the electron wlthdrawmg carbosyl group 1s more favor- 
able to mcrease relatlveiy the electronegatlvlty of the zmc atom than the methosy 
group or the ethyl g-roup (In dlethylzmc), and the ablhty of the zmc atom to 
coordinate with methanol or pyrrole is enhanced. The hrgher reactlvlty of me- 
thanol than that of pyrroll? also mdlcates the unportance of such coordlnatlon. 

4. Espenmental 

Reagenls 
Dlethylzlnc was purlfled by distlllatlon under reduced pressure. Methanol 

and pyrrole were punfled by the usual method. AcetIc acid was dried over phos- 
phorus pentoxIde and then dlstdled over anhydrous copper sulfate. Trlfluoro- 
acetic acid was distffled over phosphorus pentoxlde. Benzolc acid was purtiled 
by rectystalllzation from toluene. 

Reacllon of dlethylzrnc arzd carboxylrc actd 
Equunolar amounts of dlethylzrnc (2 mmo! m 20 ml of solvent) and carbos- 

yhc acid (2 mmo! m 5 ml of solvent) were allowed to react at 5°C (m benzene) 
or at 0°C (m 1,2-dlmethosyethane) with stu-rmg for 5 min. The reactlon was 
complete Lvlthm the above reaction time as confrrmed by volumetric measure- 
ment of the gas evolved, which was confirmed by gas chromatography to be 
ethane contaming a neg!l@b!e amount of ethylene. 

No JR absorptlons and NMR slgnak attributable to dlethylzmc were ob- 
served m the reaction mLuture. Therefore, If the formation of zinc dicarbosylate, 
Zn(OOCR)2, should occur because of the higher reactlvlty of “ethylzmc carboxyl- 
ate” than diethylzmc, the dlcarboxylate could not exist in its free form but 
should form a complex with dlethylzmc or dlsproportlonate to form ethylzinc 
carbohylate, which are consldered to be in equlhbrlum imth each other (eqn. 6). 



Reactlorz of ‘Lethylzuzc carbo_xylate” wltil methauol or pyrrole 
The above reactlon rn-ture kept m a constant temperature bath was satur- 

ated with ethane, and 2 mmol of methanol or pyrrole were Introduced Into the 
solution by means of a syrmge, followed by stu-rlng. The volume of ethane 
evolved was measured with a gas burette. 
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