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I. PREPARATION OF ORGANOZINC COMPOUNDS 

The recent literature contains numerous references dealing with new 

organozrnc compounds or new types of organozinc complexes. 

So far, the so-called direct synthesis of organozlnc compounds 

starting from zinc metal and organic halides had been restricted to alkyl- 

zinc compounds. The zinc powder obtained by Rieke et al. from the 
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reaction OL anbydrous zinc bromide with potassium in THF appears to be 

much more reactive than any form of zinc previously described in the 

literature rn that this material undergoes the direct reactlon in high yield 

wth bromobenzene [ I ]. 

Zinc metal reacts drrectly with pentafluoroiodobenzene in a variety 

of coordinating solvents such as THF, DMA and DMSO to give almost 

quantitatrve yield, of pentafluorophenylzinc iodide [2]. The reaction of 

I,l,l-trifluorotrlchloroethane with zinc in ether solvents (dioxan, DhlE, 

THF) &fords 2,2,2-trlfluorodlchloroethylz!nc chlorrde which crystallizes 

with or&e molecule of solvent and which III ether solution exists in equi- 

librrum uqth the bls-organozlnc compound [3] : 

CF3CC$ t Zn -% CF3CCL2ZnCl.(S) 2 (CF3CCL2&Zn t 

t ZnCL,.(S) 

Klabunde et al. have prepared non-solvated fluoro-substituted organozinc 

compounds by the co-condensztlon of zinc atoms and iluoroalkyl iodides 

on a cooled surface. These non-solvated compounds are much more 

reactzve and less stable than those formed In solution. Dlfluorocarbene 

LS 6 decomposition product as shown by the presence oi tetrafluoroethylene, 

and trapping urlth oleflns [q]. 

Dl-3-butenylzrnc and dl-4-pentenytzrnc have been prepared by the 

reactlon between the mercury analogs and zinc dust in evacuated sealed 

tubes In nearly quantrtatlve yield [s]: 

[iC=CH-(C~in]2Hg f Zn & bC=CW4,Zn + Hg 

(n = 2,3) 

The preparahon of drorganozinc compounds %Zn among which diphenyl- 

zinc by the reaction of electrolytic zinc dust with triorganoaluminium 



compo .dS %Al and orgaruc halrdes lU (X = Cl, 

has been clarmed in a patent [6]. 

A novel compound unth a bis- 1,3-organozinc 

3 

Br, I) .ir go0 - 140° 

structure (I) has been 

obtained by Courtots and Migrniac via dimerisation of allylzinc 

in refluxlng THF or DME [7]: 

ZCI-L2=CHCH2ZnBr T~~rlo~ hnhlE* BrZnCi-$CHCH2ZnBr 

15-20 hrs ‘I 
CH+H=CH, 

(I) 

bromide 

The complex (II) clbtalned from the l/l interaction of dicyclopenta- 

dienyldiphenyltrtanium a_ld phenyllithLum reacts with zinc chloride to form 

the corresponding zinc c Bmplex (III) wluch IS thermally unstable and de- 

composes at room tempe-azure wrth the formation oi diphenylzinc [RI: 

2[(C,H,&TtPhj]Li + ZnC12 j [(C5K,)2TlPh3]2Zn 

(11) 

I 

(111) 
& 

(C,l-$,),TiP$ + P%Zn 

Moorhouse and Wrlkinson have applied the Crignard method to the 

preparation of bis(trimethylsilylmethyl)zinc: 

2Me3SiCh$MgX t ZnX2 j (MqSiCH2)2Zn t 2 h4gX2 

(II) 

(11) forms adducts with N-ligands which are much less sensrtive than (II), 

e.g. the 2,2r-bipyridyl and 1, IO-phenanthroline complexes are unaffected 

by air for several days [9]. 

Reaction of tantalum pentachloride with (II) grves a mixture of 

(MejSiCI-&TaCLj and ( MejSiCl$)3TaC12, whereas niobium pentachlorlde 

gives mainly (M%SiCI-$)3NbC12 [9]. An other example of the use of 
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organozinc compounds for the preparation of alkyl transition metal 

halides involves the preparation of methylniobium chlorides by Fowles 

et al.. by the reactlon of niobium(V) chloride and dmethylzinc which gives 

rise to an equilibrium mixture containing botb mono- and di-methyl- 

complexes 

series of 

niobium(V) chlorrdes. MeYbC14 has not been isolated, but Its 

with brdentate ligands were prepared. M?NbC$ as well as a 

complexes wzrh mono- and bldentate lrgands were obtained in 

ClOl. 

thrs way 

Tebbe observed the occurrence of reversible complex formation 

between dicyclo~ntadienyltantalum hydride and diethylzinc: 

Cp,TaT f E5Zn c Cp2TaH3ZnE$ 

Analogous adducts of dicyclopentadienylniobium hydride were detected by 

NMR spectroscopy at -20 to -50°, but at rOom temperature ethane is 

evolved *mth formatlon oi a product the proposed structure of which IS 

shown in Fig. I [I I ]. 

Fig. I, The proposed structure of [K&JzNb~12 Zn [from F.N. Tebbe, 

.i. Am. Chem. Sot. 9 5 ( 1973) 54 I3 1. 

Tbiocyanogen reacts with Zn(CY12, ZII(%%)~, CYZnOS5 and 

C2%ZnSG(CH3& to form the corresponding hydrocarbon-insoluble zinc 

tl-uocyanates [ 121: 
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Zn% + (SCN& 4 RZnSCN + RSCN 

(R=CHJ, 5%) 

RZnX t (SCN)2 - XZnSCN t RSCN 

(R=Ci-$, X=OCI+ 

(R = 5%. X = SC(CH.& 

Well-defined complexes with 1 /I (e.g. C;_%ZnSCN’ Py) or 1 /Z (e.g. 

CHJOZnSCN.2 Pv) stoechrometry have been isolated irom pyridrne solu- 

tlons of these compounds. Accordrng to their properties and IR spectra 

the organozinc thiocyanates are coordination polymers (IV) with thlo- 

cyanate bridges which are partly broken down by pyrtdlne (V) [ 121. 

I. 

PY 

'Zn' 
cz%py , .,I-+ 

. ../ \’ ‘s... 
(V) 

A variety of organozrnc compounds has been prepared by acidolysts- 

-type reactlone. 

Kobayashi et al. have carried out a gas-volumetric study of the 

interaction of dtethylzinc mth a number of monohydric and dlhydric 

phenols. Products such as bis(ethylzinc) resorctnolate (VI) and more 

complex products such as ethylnlnc pheooxyzinc resorcinolate (Vfl) were 

prepared [ 13). 
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Various alkylztnc alkoxldes derrved irom tertiary alcohols (i.e. trtphenyl-, 

diphenylmethyl- and dimethylphenylcarbmol) have been Isolated and their 

degree of association has been determined [II]. The formation of tri- 

phenylsiloxy-substituted organoztnc compounds via acrdolysrs of drorga- 

noz~nc compounds wth triphenylsilanol has been reported by Petukhov et 

al. 1153: 

FqZn f P%SiOH ---$ RZnOSiF5 f Rl-l 

(R = Ec,Ph) 

The hydrostannolysrj reactlon of zinc-carbon bonds in coordinztlvely 

saturated monoorganozrnc compounds readily affords complexes con- 

taining a tin-z:nc bond, e.g.: 

P SnH 
4 

+ EtZnCl-L y PhjSnZnCl-L t EtH 

(L = Et,O, DXIE or ThIED) 

tincomplexed P %SnZnCl has been obtained wa removal of E$O tram 

P%SnZnCl-EtZO by heattng In vacua [lo]. 

The 2/I reaction of trtphenylgermane and trlphenyltln hydride wth 

coordtnattvely saturated dtalkylztnc compounds affords the corresponding 

bis(trtphenvlgermyl)- or bt.s(trrphenylttn)zrnc complexes [ 171: 

ZP%CeH f EtZZnmL -_j (Pb,GeIzZn-L + 2 EtH 

(L = &py, ThlED) 

2PhtSrH t ErZZn-L _ (Ph.$n)2Zn-L t ZEtH 

(L = THF, DhlE, Btpy, TMED) 

Bychkov et el. have reported the selective acidolysis of one Zn-C bond 

of diethylzinc, if the reaction is performed in diglyme at room tempera- 

ture: 

PhjGeH f E$Zn + EtZnGeP% + EtH 



Upon further reaction at 150° (P%Ge)ZZn.dlglyme is obtalned [IS]. 

The reaction of organotln halrdes wth zinc met&l proceeds wa the 

inltlal formation of reactive organotrn-zinc compounds, the nature of the 

fInal reactton products depending entirely on the reaction conditions. In 

aprotic solvents, in the absence of strongly coordlnattng Itgands, tetra- 

otganotin compounds are formed via alkylation or arylation by Interme- 

drate organozinc compounds, produced by 1,2-intermetalllc shifts of 

organic groups in the Initial organotln-zinc reactlon product (IS]: 

%SnCI 
Zn(CuI 

l F$SnZnCl + R8Sn;RZnCl 

Strongly coordinating ligands 

hexaaryldrtln compounds are 

prevent the I ,2-shlit and hexaalhyl- or 

formed [19]. e.g. : 

P%SnCl E&f&& PhjSnZnCI-ThfED 

1 
P~SnCl 

Ph 
0% 

+ ZnC 
‘z 

-ThlE3 

Burlitch and Hayes have obtalned a series of tettametic ttansltlon 

metal carbonyl zinc aIkoxides VLZI alcoholysis of transItIon metal carbonyl 

derivatives of zinc [ZO], e.g. 

Zn[Co(C0)4]z + CUjOH w f[CyShCo(CO),], + HCO(CO)~ 

As judged by the ease of conversion in the pure alcohol, the observed 

order of reactivity Zn[Fe(CO&Cp]_, > i51[Mn(C0)~]~ FJ Zn[Mo(GO)jGp&~ 

> Zn[Co(CO14]Z generally parallels the pK, values oi the correspon&ng 

metal carborryl hydrides [ZO]. 

A brief 

pounds SZn 

Ftefereoc~ p. 39 
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with emphasrs on research performed by the Utrecht group of Boersma 

and Noltes, has appeared in print [Zl]. 

In the course of their study of the interaction of monoorganozlnc 

compounds RZnX with 8-propiolactone (AS 70; 4 13) Boersma and Noltes 

isolated the unusual organozlnc complex (VIII) (structure assigned on the 

basis of ‘H-, 3’P- and 13 C-NhlR spectroscopy) from the reaction of’ 

b-proplotactone with ethylzinc diphenylphosph.de [22]. The formation of 

this compound was ratlonallzed In terms of acyl-oxygen cleavage of the 

lactone leading to the adduct (IX) which undergoes elimination with 

formation of (X). This compound then undergoes 1,4-addition with forma- 

tion of (XI) which in benzene is a dlmer [223: 

0 

EtZnPP% + ~Hi-~=” - EtZnOCH2Cf-$zPPh2 -EtZnOF! ’ 
Cf-fz-0 (IX) 

8 pps 
+ Cl-$=CHCPP% EtZnPPh7+ EtZnOC=CHCH2PPb2 

(X) (XI) 

Based on NMR results the reaction product of diethylzinc with 

phenylstyrylketone exrste in benzene solution in the enolate form (XII) [23]: 
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Ashby and Watkins have reported a convenient method for the 

preparation of complex metal hydrides of zinc invoivrng the formatlon of 

an “ate*‘complex of zinc MnZnmR2mfn followed by reaction with either 

and 3/l complexes of methyl 

Li2ZnH4 and Li3Zn% upon 

OZnEt 

Li AlH a, NaAlH4 or AM-$- The I / 1, 2/I 

lithium and dimethylzinc yield LiZnH3, 

reaction with LiAlH4 in Et20, e.g.: 

MSZn t‘ 2 Meti 
L 

+ LjZnMe, :!4+ L5ZnH4 i 

The I/ 1 and I/Z reaction of KH with dlmethylzlnc in THF yields 
, 

KZnM%H and KZn2Me4H, respectively. Otber complex hydrides reported 

rn this paper are KZn21-$ resulting from the reaction of either KZn Me2H 

or KZIhle4H with AlI-$ in THF and KZnHj resultang from the reactlon 

of KZnMqH with LiAiHq in THF [24, 251. 

Ii. REACTIONS OF ORGmOZINC COMPOUNDS 

G Reformateky reaction and related reactions 

The chemistry of functionally substituted organozinc reagents has 

continued to attract attention. Many of the reagents prepared and syn- 

theses performed with these reagents have only a remote connection with 

the original Reformat&y reaction. Considerable progress has been made 

unth the elucidation of the nature of Reformatsky-like reagents. Numerous 

new synthetic applications of the Reformat&y reaction and related reac- 

tions have appeared in the literature. 

Fblemalxm p. 39 
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Gaudemar has published an excellent review containing 543 refer- 

ences dealing with research connected wrth all aspects of the Reformatsky 

reaction (lirruted to reagents derived from o-bromoesters) published 

during the past thirty years [ho]. 

In order to avord secondary reactIons occurring upon sapomfrcation 

of the conventional R?formatsky reactlon product Bellasoued et al. have 

applied the Reformatsh3- reagent of the bromozinc salt of an o-bromo- 

acid in stead of the usual o-bromoester for the syntbesls of a large 

varlery of 6-hy-drouyacids [27, 281: 

Br 

RI >d_ COOH %%_!,zz R1$I COOZnBr Zn 

RZ Rz/ 
THF ’ 

_ T.fnBr 
Rz/ 

C-COOZnBr 

The yield of the lactone-dlester (XIV) formed by the Reformatsky 

reaction cf the ester-ketone (XIII) can be increased to over 90 s, if a 

3/l benzene/dlmethoqetbane solvent mixture LE used [29]: 

Bicyclic Y-lactones were found among the products of the reaction of two 

Z-substituted cyclopentanones with the Reformatsky reagent [SO]: 
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t BrZnC~COO~~ qq-pp 

However, the cyc::pentanone (XV) afforded the I-(carbethoxymethylene)- 

-substrtuted cyclopentane (XVI) [ 3 11: 

0 

t Br ZnCH>COOC$Hg 

m-y3coo~Hg 

(XV) 

r,HCOOC$H, 

U-$04’ a_ CH,),COOc;H, 

(XVI) 

Indene-3 acetlc acid derrvatives have been prepared crla the Reformatsky 

reactlon of 6-benzylov- I -indanone [ 323: 

PhCyb , 

‘OJ” 
+ BrZnCH2COOEt (?Of) ’ 

_ phc~o~yCOOEt 

The tricarbonyliron complexes of cyclohexa-2,4-dienone and cyclohepta- 

-2,4-dienone undergo the Reformatsky reactton wtth methyl ff-bromo- 

acetate and zinc to afford the expected a-hydroxy esters L333. 

0 

Q 
HO CH.,COOhle 

1’ 
t Br ZnCH2CO0 Me 

Fe (CO& Fe (CO+ 

References 9. 39 
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The configuration of the various B-hydroxyesters formed in the 

reactlon of the organoziac reagent of methyl rr-bromopropionate with 

2-phenylpropanal [ 341 and with a-phenylethyl-methylketone [35] has 

been elucidated. 

The reaction cf the Reformatsky reagent wth Schff bases may 

8i.z rise to the formation of 8-lactams or of B-aminoesters, e.g.. 

c6~~H~H2 
I I 

C&-CHCH2COOC2H5 
I 

+ I I t I 
BrZnC 

3 
COOC2H, c$+N-c-0 C6 y-NH 

Dardorze et al. have studled the various factors dlsfavourlng ring- 

-closure of the rntermedlate (XvTlr leadlng to the iormatlon of B-lactams: 

R 
-FH-5;Y 

R’--Nq Cc0 / 

R-CH-CH2 

pi 
Br-Zn 

GP5 

I I 
t BrZnOC2H3 

R’-N-C=0 

(XV-II) 

Conditions (low reaction temperature, short reaction trmes) have been 

developed for the Reformatsky synthesis of a variety of 5-armnoesters 

[36]. The results of a study of the stereochermstry of the condensation 

reachon were rn accord with those of Luche and ffigan (AS 71; 83) in 

that the reaction is stereospecific with nearly quantitative formation of 

the arnrnoester wth erythro-configuration (XVIII). Evidence has been 

presented that the condensation reaction is reversible [37]: 

; 
R’CH(ZnBr)COOR’ + R~CH=NR~ * R?---C- 

“r’ 
+I 

c---cooa 

R ZnBr i 

(XVIII) 

The Reformatsky reaction unth N-methylene-N’,N’-diphenyihydrazine 

(XIX) produces the @-hydrazisoester (XX) in good yield [38]: 
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Ph. Ph 

Ph 
,N-N=Cl-$ + BrCH2COOEt ‘” 

WGOfI’ Ph’ 
‘N-NH<~-G$COOEt 

CUXI 
3 

(%X1 

A variety of B.B’-dralkyl-B,B’-dicarbalkoxydiethylethers has been 

obtalned by the Reformatsky reactxon of o-bromoesters with bls(chloto- 

methyljether [39]: 

R 
0 

(ClCI+),O t 2 BrZ.n(!HC~OR 
0, 

1 cyd+,’ R’O/ 

(R = r-Pr,Bu; 

RI= Me, Et, Pr, Bu) 

hfore recently, a complete analysts of the products formed in this type of 

reactions has been published [40]. Th e interaction of Reformatshy rea- 

gents with chloromethyl benzoate has been used to prepare a variety of 

hydroxyesters of type (?%I) which readily dehydrate to give a,B-unsatu- 

rated esters of type (XXII) [41]: 

2 RCH( ZnBr)COOR1 

t 

PhCOOC~C1 

OH 
1 ,CHRCOOR’ 

-_, 
OCH2CHRCOOR’ 

(XXI) 

- Ph-C 
//CRCOOR’ 

‘OC~CHRCOOR’ 

WXII) 

(R = i-Pr Bu; 

R’ = Me, Et, Pr, Bu) 

The Reformatsky reaction has been applied to the synthesis of 

branched 2-deoxyaldonic acids [42]. 
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The [3,3]-sigmatropic rearrangement of the zinc enolate obtained 

from cr-bromoesters derived from allylic or acetylenlc alcohols provides 

a useful synthesis of y,6-unsaturated acids [43]: 

VZnBr ?Zn Br 

The organozlnc reagent derived from dlethyl m-bromomalonate adds 

exother mally to the carbon-carbon triple bond of terrmnal acetylenes 

enablrng the synthesis of a varrety of B-methyl-a,B-unsaturated carboxylic 

acids [44]: 

YOOEt c? COOEt 
II / 

BrZnCH 

&oom 

+ RC’CH m RCCH,COOEt 

7% 
=5 
I 

I 
,COOEt 

RC = CHCOOH 
<KOH 

RC =C 
‘COOEt 

(R = n-Pr, Ph, p-MePh, p-MeOPh) 

The reactlon of diethyl dichloromalonate wth zinc IU methylal solution 

(reflux) or in THF (rapid at ZOO) affords a reagent which based on IR- 

-spectral.data has been asslgned the enolate structure (XXIII) [45]: 
. 

Et0 
\ 

c-o 
CjC(COOEt), t Zn j Cl-d/ ‘ZnCl 

>= 
=0* 

EtO- 

(==I11 

(m) appears tc be quite unreactive towards organic halzdes, but rn 
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methylal solution undergoes condensation wth isobutyraldebyde [45]: 

t? 
Cl 
1 COOEt 

(XXIII) f R-CH e R-CH-C’ 
I ‘COOEt 

OZnCl 

. . 

The reaction of the organozinc reagent derived from ethyl dibromoacetate 

wth diethyl alkykdenemalonates results in cyclizatlon of the primary 

adduct lea&ng to cyclopropane- I .l,Z-tricarboxylic esters [46): 

R4H=C(COOEt)Z R-CH -C(COOEt), 

t Methylal 
> EtOOCLH+.n Br 

BrZnCHBrCOOEt y8r 

RCH - C(COOEt)z 

+ ‘CL 

dOOEt 

The reaction wth ethyl trrchloroecetate affords the not bitherto reported 

3-alkyl-2-chloro-l,l,2-tr~ethoxycarbonylcycloprapanes L-161. 

Tbe Reformatsky reaction of methyllsopropylketone wth rsopropyl- 

-Y-bromocrotonate carried out in methylal at O” affords exc!usively the 

B-hydroxyester (XXV) after hydrolysis. Hydrolysis followng heating of 

the adduct (XXIV) affords exclusively the 6-hydro.xyester (XXVII) cor- 

responding with the thermodynamically more stable adduce (XXVI) [47]: 

BrCH2CH=CHCOOR 

5,’ 

%’ 
c=o 

OZnBr 

R$X-~~=CH~~~R 

OH 

f4J 

R2 (XXVII - 3’ 

CC%CH=CHCOOR 

(XxvlI) 
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The reversibility of the various reactions has been investigated and 

conditions have been developed for obtaining either the branched 

(allylic rearrangement) or the linear alcohol from this type of reaction [473. 

The Reformatsky reaction of 7-methoxy-Z-methylchroman-a-one 

and of 6-metboxycoumaran-3-one (XXVIII) with methyl-v-bromocrotonate 

yields methyl-y-(7-methoxy-2- methylchromanylidene-4)-crotonate and 

methyl Y-(6-methoxybenzofuran-3)-crotonate (XXIX) [48]: 

Me0 BJ + BrZnC~CH=CHCOOMe 
t30+? 

(XXVIII) 

The same organozinc 

a diterpenoid quloone 

The reaction of 

_ MeO mCYCH=CHCOOMe 

mx7x1 

reagent has been used in the synthesis of miltrrone, 

[493. 

o-bromoamides with zinc powder in refluxing 

methylal gives rise to the nearly quantitative formation of the corre- 

spondlng organozrnc reagents (XXX) which undergo the usual condensation 

reaction with aldehydes and ketones, thereby affording a facile route to 

8-hydroxyamides (XXXI) [ 503: 
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The condensation reactron is stereospeclfic wth predominant formatlon 

of the isomer with erythro-configuration [ 50). 

Similarly, the reaction of W-bromonltriles wth zinc rn THF at 20° 

yields quantitatrvely the corresponding organozinc reagent which is 

present (IR. NMR) in the C-metalated form [Sl]: . 

(XXXII) condenses normally with aldehydes and saturated ketones pro- 

viding a conoenient route to B-hydroxynitriles, the nature of the solvent 

having little influence on the stereochermstry of the reaction (pre- 

dominant formation of isomer with erythro-configuration). The reaitlon 

with alkylidene 

yield [51]: 

malonates produces the 1,4-adducts (XXXIII) in good 

ZnBr 

R, 1 
,COOEt 

,COOEt 
-_C”N + FL+H=C 

%-2H_CH, 

‘COOEt v l++., 
cooa 

C=N 

(XXXTlI) 

The condensation of (XXXlI) with acid anhydrrdes depending on the 
. 

nature of I?., and 3 produces either B-ketonitriles (XXXlV) or the 

CIS- and trans-enol esters (Xxxv, XXXVI) [52]: 

Rerereocea p. 39 
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intermolecular one-electron transfer with the iormatlon oi phenacy 

radicals takes place upon reacting phenacyl bromide with zinc in DMSO 

0 
II Zn 

PhCCYBr D 

P I i? 
PhCCH.,-Zn Br 

- t 

4 2 PhCCY_= + ZnBrz 

Pb?C+Br 
-0 - 

Organoztnc reagents derived from aliphatic o-bromoketones have been 

successfully applied to th- e synthesis of B-alkoxyketones [54): 

iv? F’ t? R 
BrZnCHCGf+R + R,CHOl$, j RCH2CFH~HOR2 

R 

B. Reactions oi alkenylzinc compounds with carbon-carbon and carbon- 

-heteroatom unsaturated bonds 

The group of L. Wglruac and Ph. Wginiac at Poitrers have con- 

tinued thetr extensive stu&es concerning the reacttvity of 2-atkenylztnc 

compounds towards carbon-carbon and carbon-beteroatom unsaturated 

bonds. This research has produced a number of valuable synthetic 

procedures. 

: e addition of alkenylzinc compounds to unsaturated (ethylenic, 

acetylenic and allenic) amines constitute s a general method for the syn- 

theses of mono- and dl-ethylenlc anunes [ 551, e.g. : 

HC=4~~-N(C$-$)2 CH2=CIUI$~H=CH-(CI-+N(C2H54)2 

t 
u-p) 

l + 

CH2=CCH2-ZnBr cH;!=C(C~~H=Cy)--I:CH2~-N(CZHg)2 

Addihon reactions with the organozmc reagent derived from I-bromo- 
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psntane-2 involve allylic rearrangement, e.g. : 

H!C,-CH=CH--CH2-ZnBr Ci-$-G=CH-_(CH&-N(C2H5)2 

c’ I 

-_ 
t 

HpcGK~pK2Hg~2 ‘y” ) C2H54H-CH=CH2 

With allenic an-unes addttton takes place at the terminal double bond [55], 

e.g. : 

Cy;=C=CH_(Cy),-N(C2H,)2 
-_ 

cy_=CH~Cy),-cH=CK-(CY)2--N(~_If)2 

t 
(yo+? 

t 

CH2=CH-CH2ZnBr C~,-c(Cy_-cH=Cy,=CH-(~_)2--N(C,~f)Z 

The reaction of a-ethylenic organozinc compounds with aldtn-unes rn 

general affords a mixture of branched and linear amines (e.g. XL and 

XLI). Mauz6 et al. have shown that the adduct (XX-XIX) resulting from the 

addition (with allyllc rearrangement) of pentenylzinc bronude to N-methyl- 

benzaldlmine is slowly converted into the thermodynarrucally more stable 

adduct (XXXVIII): 

7’5 
C6H5CHN-ZnBr 

i 
C2H5CH=+CHCH2ZnBr EHN-Zn Br 

I 6/ v5, 

Cl-L2CH=CHCZH! CoHgCH=NCh$ C&$HHCH=Ch$ 

U-$0+1 

I 

(XXXVllI) 

I 

(XXXlXi 
(H+W 

c% 
I6 

G&i-L 3 

C2H5CH=CHCH2CHNHC~ 

(XL) 

CI-$,=CH~H&UVHCq 

Y-5 
(XL11 

That the formation of adduct (XXXIX) is reversible and that rupture of 

the u bond of (XXXIX) IS involved IS evidenced by the isolation of the 

mixture of arnines (XL), (XLI) and (XLII) upon reacting the amine (XLI) 

with allylzinc bronude for 72 hrs at ZOO: 

Rererenca D. 39 
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CH2=CHCH2ZnBr C~=CHCl+HNHCHJ 

t (XLII) 

=+I 
I6 

72 hrs 
m 

CY=CHYHC-C5 
c2H5 

(XLI) 

30 % 

.-3- . C2H5CH=CHCH2CHNHCH3 

(XL) IO % 

-3 I6 70 so 
CH2=CH~HCHNHCH3 

The results of a study concerning the reversibility of adduct-formalzon 

with a variety of aldrrnines is reported [56]. 

Contrary to pentenyllithium wbrch undergoes selectzve 1,4-addition 

with (XLIII), the reaction of pentenylzinc bromide with :he o,B-unsaturated 

aldirnine (XLIII) involves exclusively 1,2-addition. 

C21-15-CH=CMl-$-ZnBr 

t 

C~4H=CH-CH=N4H(CH$2 
FpT C$-+i4H=C~ 

(83 I) 
(XLZII) 

CI-$-cH=C~WW~H~C~,, 

CH+H=CF% 

(17 %) (XLIV) 

A product analysis for the addition reaction of pentenylzinc bromide with 

three other o,B-unsaturated aldimines is presented [57]. Like the 

addrbons with non-conjugated aldimines [56] adduct-formation of this 

type is reversible. With increasing reactlon time the proporhon of the 

amine (XLIV) derived from the thermodynamically more stable adduct 

(no allylic rearrangement) increases c583. 

The reaction of the organozlnc reagent derived from 3-bromo- I - 

-butyue with aldimines proceeds in a stereoselective fashion, In the 
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rruxture of dizstereoisomeric acetylenic amines obtained the isomer vnth 

threo-configuration strong!y predominates [SS]: 

CS-$CH=C=CHZnBr 
H C=CH 

vv 
+ .y c6I-&--c<--cy + C6y--c-C--cy 

C6H5CH=NR 
(k-$0 1 A A 

RNH CZCH RAA 

(erytbro) (tbreo) 

R= Me (THF) 15 85 

R= Et (THF) 7 93 

Whereas both allyllitbium and allylmagnestum bromrde add to the 

double bond, allylzinc bromide adds exclusively to the triple bond of 

penten- 3-yn-01-i: 

yc = C~H=CH-C%OH 

HCsC4H=CH4H20H 58 A (XLVII 

H2C=CikH2ZnBr - ($:~CH=CH,& 

(BrZn)3C-C4H=CH-%~OZuBr 

1 
(i-$0+) (XLVII) 

(yH2CH=CH& 

H3C-C--CH=CkX~OH 

15 9% (XLVIrIl 

The formatxon of (XLVI) and (XLVIII) results from hydrolysis of the 

m,m-bls-bromozinc and oJ,ce,!-tris-bromozinc compounds (XLV) and 

(XLW), respectively, as evidenced by the formation of the corresponding 

deuterated alcohols upon deuterolysis of the reaction mixture [60]. 

The reacticn of allylzinc bromide with the vinylcyclopropane- 

dicarboxylic ester (IL) affords exclusively the product (L) resulting from 

1,2-addition to one of the eater functions [6 I]: 



OH 

The reaction of the cinnamyl organozinc reagent (LI) with aldehydes 

and ketones produces a mi.uture of branched (aLlylic rearrangement) and 

lineal alcohols (LII) and (LID) after hydrolysis: 

PhCH=CHCH,ZnBr 

t 

R-C-R’ 

& 

The condensation reaction has been shown to be reversible. By applying 

elevated reachon temperatures and longer reaction times the product 

C%=CHCHC(OH)RR’ 

(LII) 

PhCH=CHCF$C(OH)RR’ 

&) 

composlhon becomes thermodynamically controlled enablrng in some 

cases the exclusive sy-nthesls of alcohols (LlII) [b.Z]. 

The bis-organozlnc reagent (LIV) formed by hesting a solution of 

allylzinc bromide at reflw temperature is reactive zowards aldehydes, 

ketones, gem-chloroethers and acyl halides, but is unreactive towards 

esters, nrtrlles and aldrrmnes [7]. The alcohols resulting from the 

BrZnC 
c3=7”3- 

C%CH==C% C%XH=Cl-$ 

(IJVI (I-V) 

reaction with carbonyl compounds contain the group (LV) suggesting that 

a primary condeneation step is followed by a reduction step (71: 
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Bl-Zll J 1 
0 

): 

Ij + RCF$OZnBr t CH2=F;CH2CH(OZnBr) 

\-,“= 

CH2-CH(OZn Br) CH2CH=CH2 

=!2 
CH2CH=CH2 

Addition reactIons of dicrotylzlnc (A) with simple olefins and dlenes 

have been reported by Lehmkuhl and Nehl [63]. Although according to 

I I-!-NhlR spectroscopy dicrotykinc occurs exclusively in the 2-butenyl 

form the addition products obtained from olcfins are derived from the 

I -methyl-2-propenyl form, e.g. : 

cl+=c l-$ 
A 20”/20 hrs’ 

PhCH=CH> 

A 20”/66 hrs 

E 

F3 
Zn 

&y9J$ 

Z*+ 

Znm 

+ h 

In the additron to butadiene products dertved from the Z-butenyl form are 

obtarned as well [63]. 

The reactlon of allylzrnc bromide with terminal acetylenes results ~fl 

a mixture of mono- and his-addition products depending on the reaction 

conditions [63]: 

n-Bu4eCH 

t 

CH2=CHC~ZnBr 

n-Bu, 

Cf-$=CHCX-$ 
,C=C(ZnBr$ 

t 

n-Bu 

‘C4(ZnBrj3 
(CH2=CHCy,,’ 

Pentenylzinc bromide undergoes mono-addition only, but two isomerlc 

products are formed ae a result of partial allylic rearrangement. Allyl- 

Rererencup 39 
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zinc bromide undergoes exclusive mono-addition unth the triple bond of 

enynes [633: 

n-Bu-CH=CMzCH $H2CH=C% 

•t (30+,’ n-Bu-CH=CHk=C 
l-5 

C%=CHC%ZnBr cis and trans 

C. Carbenoid reactions of organozinc compounds 

The carbenoid reactivity of approprrate organozlnc compounds has 

continued to attract attention and further examples of their application in 

organic and organometallic synthesis have appeared In the literature. 

Considerable further research has been carrred out concerning the 

zinc carbenoid reagent generated from dlethylzinc and gem-dihaloalkanes 

first introduced by Furukawa et al. (AS 69; 225). 

Chloroiodomethane/dietbylz~nc was found to be a useful methylene 

source for the cyclopropaation of olefrns (70 - 100 % yield) provided the 

reaction IS carrred out in the presence of oxygen, of radical generators 

such as AlBN or under lrradratlon wth UV Ilght. The methylene addltlon 

to CIS- - and trans-2-butene proceeds In a stereospeclfic manner In the 

presence of oxygen. The reactivity order of dihalometbanes towards 

diethylzinc (C3T > C%ClI > CH2Br2 > CH2BrCI) is the same as that of 

radrcal halogen-abstraction reactions from dihalomethanes. A free- 

-radical mechanism for the formation of the zinc-carbenoid reagent is 

proposed with the methylene-transfer step being a conventional one-step, 

three-centered carbenold reaction [65, 661: 

EeZnR Initiator Et_ 
orhv B 

Et= + CH21X _-it Et1 + -Cli2X 

-CH2X + EtZnR + XCl$ZnR + Et- etc. 

(X = Cl or I; R = Et or X) 
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Olefins inhibit the formation of the zinc-carbenoid reagent from ErZn and 

ClCl-$l, the order of the inhibitory effect following the order of the 

reactivity of the oletin towards radicals. This result is consistent with the 

proposed radrcal-chain mechanism for the formation of the zinc-carbenoid 

reagent, more reactive olefins being more effective rn trapping inter- 

mediate ethyl or chloromethyl radicals [66, 671. 

Whereas bicycle [4.1.0] heptane was obtained as the malor product 

of the reaction of cyclohexene wxth &ethylzinc and methylene iodide, the 

yield is considerably reduced if the reaction IS performed in the presence 

of lithium or magnesium halides. The presence of large amounts of 

n-propyl and n-butyl iodide 

zinc carbenoid reagent into 

iodide [68]: 

was interpreted in terms of insertion of the 

the carbon-iodine bond of ethyl and n-propvl 

(AI + EtI + n-PrI t EtZnI 

iA) t n-PrI w n-BuI t EtZnI 

Seyferth and coworkers have introduced the ethylzinc iodide/ 

methylene iodide reagent as a very useful alternative for the previously 

used Zn(Cu)/CI-& reagent for nucleophilic iodomethylene-group transfer 

to heavy metal atoms. The homogeneous solution of iodomethylzinc iodide 

produced by reaction of equrmolar quantities of EtZnI and GH& in THF 

has Eeen used to prepare MejSnG!cI,I, hl~Sn(C~I)2 and Hg(CH$& in good 

yield. Recently prepared M ?SiCHG and Me3SnCHIg lrkewrse react with 

EtZnI to give Me3SiCHIZnI and M+SnCHIZnI , respectively, which show 

nucleophilic reactivity comparable to that of JCH,ZnI [69>: 

MejSnCH 5 
EtZnI h14 SnCi ~ 

Me3SnCHIZnI > (Mq.%$CH I 

(83 %I 

Relereoces p 39 
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Whereas the 1 /I reaction of Me3SiCY2H (X = Br,Il with ethylzinc Iodide 

or with zinc-copper couple yields Me3SiCHXZnX (X = Br,l), the reaction 

of kl 
4 

StCHBr 2 wtth zinc-copper couple in a I/2 ratro affords a product 

which upon hydrolysrs affords Me St 
4 

and, therefore, is believed to be 

the gem-dizinc reagent (LVI) [70]: 

Me3StCHBr2 t 2Zn(Cu) 3 
THF 
rs; 0 “> MejSlCH(ZnBr), 

(LVI) 

Denis, Girard and Conia have reported two modifrcatrons of the 

conventional Simmons-Smith reaction which result in improved yields, 

particularly with functtonally substttuted olefins. A zinc-silver couple IS 

used rn stead of a zinc-copper couple and work-up involves the addition of 

an amrne (e.g. pyrldine) in order to remove zinc salts. Numerous exam- 

ples of succ23sful methylenation reactions of oleflnic esters, aldehydes, 

ketones and ethers by the new procedure are provrded and the results are 

compared with those employing the convenhonal C H212/Zn(Cu) reagent and 

hydrolytic work-up [71]. Th e great utility of this reagent is for example 

Illustrated by the synthesis of I,1 *-dihydroxydicyclopropyl via cyclo- 

propanation of brs-2,3(trimethylsiloxy)butadiene followed by methanolysts 

[i2]: 

The reaction of trimethylsilyl enol ethers with the Summons-South 

reagent affords a mixture of trimethylsllyl cyclopropyl ether (LVII) and 

cyclopropanol (LVIII). The reld of (LVII) is Improved employing cold, 

rapid work-up, where&s enrichment in (LVIII) occurs upon work-up at 

ambient conditions [ 733: 
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OSi M “3 
CyrgznCCu) 

R, , ,OH 

k 
=. 

> :: ,=H2 

(LVW (LVIIII 

3-Sila- and 3-germabicyclo [3. I.O]h . exanes with various substltuents at 

the metal atom have been obtained in good yield by applying the Simmons- 

-Smith reactlon to unsaturated five-membered metallacycllc compounds 

[74]: 

Rz” a CI-&/Zn(Cu) 

> 13” ED 
(R = Me; hl = SI (65 7’); hl = Ge (65 55) 

R = Ph; M = Si (76 70;); hl = Ge (74 70’0)) 

The Simmons-Smith reaction applted to the cyclohe_xynyl urethanes (LIX, 

3- and 4-position) gave the syn-isomers (LX) and (LXI) uqth 95% stereo- 

specrflcity and 75 - 95 70 yields 1753. 

@%-OOEL B &““““’ 
(LIX) (LX) ( LxIi 

Partially optlcally active trans-(I R, -2 R)(-)-Z-phenylcyclopropane- 

carboxylic acids have been obtained via asymmetric Simmons-Smith 

methylenation of (-)-meatbyl trans- cinnamate [76]. 

The Simmons-Smith reaction has been applied to various hexeno- 

pyranosides [77, 78, 791. 

Simmons-Smith methylenation of 5,6-unsaturated steroids leads to a 

mixture of both epimeric cyclopropane derivatives. Contrary to the results 

of Templeton and Wie (AS 7 1; IO I) influence of the configuration of an 
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hydroxylgroup at C(3) on the stereochemical course of the reaction was 

not observed [SO, Sl]. 15a, 16a-Methylenetestosterone has been obtained by 

a multi-step process including a Simmons-Smith methylenation step [SZ]. 

Miyano et al. observed that the zrnc-carbenoid reagent obtained from 

the Zn/CI-f.,L, reaction (l/2 ratio) does not afford methyl iodide on hydro- 
IL 

lysis, but does yield methylene iodide upon reaction with iodine. This 

result together with the formation of styrene in the reaction with 

benzaldehyde suggests that Ci-$(Zn.I), is the reacting species [83]. 

Reactions of o-haloacrylic esters with organozinc compounds 

resulting UI the formation of cyclopropane derivatives will be mentioned 

under section D of this review L94.953. 

The reaction of benzene with the iodocarbenoid reagent formed irom 

drethylzrnc and iodoform results in ring-expansion. The reaction of alkyl- 

benzcnes wth tbs reagent affords a novel route to alkyl-substituted 

P-ethylcyclohepta- i ,3,5-trienes. It IS proposed that the intermedIate 

alkyl tropyllum ions, formed from the adduct of the iodocarbenoid reagent 

and the alkylbenzene, react to form the product [84, 851: 

D. Miscellaneous reactions 

Acidolysis-type reactions have been used for preparing a variety of 

zinc compounds of the type RZnX and Z- (cf. Section I of this Survey; 

Reis. 13 - 18). Inoue et al, have studred the influence of coordinating 

ligacds on the reactivity o. c the ZH bond In this type of reactions [86, 

871. N,N,N’,N’-Tetramethylethylenediamine (TMED) has an accelerating 

effect on the reaction of Et2Zn with pyrroie, 2,2’-Bipyridine (Bipy) has a 
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similar. but much larger effect. The reactivity of di-n-propylamlne, 

drphenylarmne, pyrrole, indole and carbazole towards EbZn is much the 

same in spite of the considerable difference in their acidrtles indlcatlng 

that coordination of the amine to zinc is an Important factor [86]. From 

the observation that the reaction of Et2Zn wth cyclopentadiene (pK, 151, 

indene and fluorene IS much slower than wth nitrogen acids aucb as pyr- 

role (PK& 16.5) or with ethanol (pK 
a 18) the conclusion was draun that in 

acidolysis reactrons of &alkylzlnc compounds o-type coordlnatlon, which 

1s possible for ethanol and pyrrole. but not for the acidic hydrocarbons, 

plays an important part [87). 

Bis(trifluoromethyl)pbosptine react s with dimethylzlnc to form a 

new four-membered P-C-SL heterocyzle: 

Z(CF3)2PH + 2 Me2Zn -_j 2CH4 

The proposed intermediate MeZnP(CF5)2 

product were not isolated [88]. 

Dr-n-butylzinc and di-rsopropylzinc 

t 2 MeZnF + (CF3PCF2), 

and the hIcZnF reactlon 

react with carbon monoxide at 

atmospherrc pressure in the presence of potassium t.butoxide to furnish 

after hydrolysis the corresponding acyloins. The presence of base is 

essential for reaction to occur suggesting the following reactton sequence 

[89]: 

%Zn t K+-OC(C5)2 c Kf_R2ZiiOC(Cy), 

2K+ F$Z;iOC(CH& co, 2IA-Z;i>R + 

F YK F?O ?” t? 
-+ 2 RZnOC(CHJ)3 + RC =CR + RCH-CR 

References p. 39 
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Benzoin LS not formed In the reactton of dipbenylzinc the only IdentiTled 

product being biphenyl [89]. 

The reactlon of carbon droxlde with dlethylzlnc has been found to be 

=pectfically accelerated by N-methylrrmdazole. 

EbZn t CO2 
benzene; ZOO EtCOOZnEt 

& complexlng agent > 

The enhancement of the reactlvtty of dtethylzlnc 1s believed to result 

from o- as well as n-coordinatton with N-methylimrdazole. Tbs reactton 

has been related to the carbon droxide/water reactlon catalyzed by the 

metalloenayme carbonrc anhydrase which contains one zinc atom per 

molecule. The suggestton has been put forward that coordination of the 

tmidaaole gro#Jp of histrdine to the zinc atom tn thts enzyme makes an 

Important contrtbutron to the high catalytrc actrvlty of the enzyme [90 I- 

The reactlon of aikylphenylketones with optically active dialkylzinc 

compounds _ R8Zn such as (+)-dr[(S)-2-methylbubl]ztnc, (t)-dt[(S)-)-methyl’ 

pentyl]zlnc and (+)-dr[(S)-l-methylhexyl] zinc produces as the main product 

optica!ly active carbtncls wth (S)-conflguratron, the stereoselectivlty of 

the reaction decreasrng wth increasIng distance of the choral carbon 

atom rn the alkyl group to the zinc atom [9l]: 

Dietbylztnc is less reactive than diethylcadmium towards Schrff 

bases, but :he reactivity is enhanced In the presence of magnesium 

bromide, the peld of adduct wtb benzalaniltne tncreasing from 12 to 

57.%, if the amount of MgB4 present during the reactron IS increased 

from IO to 200 mole s [92]: 

Et2Zn + PhCH=NPh 
lo Et20; MgBr2 Pb\ 

2> %Of 
> 

Et 
,CHNHPh 
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The reaction of diethylzinc with nitroalkanes has been reported to 

Involve the formation of the ethylzinc salt of methazonic acid, ethane 

and water which reacts further with diethylzlnc [93]: 

2 Et2Zn 
? 

f 2C%NO2 + $H=N-O-ZnEt t 2EtH t -H.20 

CH=N-O-ZnEr 

The reactlvlty of uncomplexed trlphenyltln zinc chlortde dtfferj 

from that of e.g. Its ThIED-complex in that It acts as a phenylatlng 

agent and, therefore. suggests that in the absence of strongly coordlnatlng 

lrgands 1,2-intermetalllc mlgratlon of a phenyl group from tin to zinc 

has occurred [ 161: 

f-x+ Ph4Sn + [Ph2Sn] t ZnC&, 

“Pt+SnZnCl” 

I,, ~ 
Cs% + [Ph2Sn] t .hleOZnCl 

P%SnSnP% t ZnC$‘TlLlED 

P\SnZnClmTMED 

q+ P%Sn Me t ZnClI- ThlED 

Ethyl(trkphenylgermyl)zrnc has been reported to undergo speciilc 

Ge-Zn bond cleavage upon reaction with ethylbrormde at 100° [18]: 

Et ZnGeP 
h3 

+ EtBr w E$,Zn + P4GeBr 

I > P\GeEt (80 70) 

The l/i reaction of the dglyme complex of bia(trlphenylgermyl)zlnc with 

acetic acid results In selective cleavage of one Ge-Zn bond, if the 

reaction IS carried out at room temperature: 

Reference&p 39 
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(P%Ge)2Zn f HOAc 200, P4GeZnOAc + P4GeH 

At 100° both Ge-Zn bonds react [ 183. 

The thermal decomposltlon of ethyl(tripbenylsilo~y)zinc involves 

migration of a pbenyl group from silicon to zinc and further decomposition 

by a radical mechanism Reaction of (LXII) with carbon tetrachloride or 

chloroform yields an unstable trichloromethylzinc compound which de- 

composes with the formation of trlphenylsiloxyzinc chloride and 

drchlorocarbene [ 153: 

EtZnOSP 
h3 

(Lm) 

+ Ph-$iOZnCl 
-: ccl, 

The stereochemistry of ring-formation rn the reaction of two 

moiecules of a-halogenoacrylic ester with ethylzinc chloride (AS 7 I; 93) 

has been studied using B-deuterated a-bromoacrylic ester. The mode of 

D 
.C=C’ 

Br 
Et ZnCl t 2 t l 

H’ 1 -COOMe -ZnC12 

80 20 

YOOhIe YOOhle YOOMe YOOMe 

+ 

Etz\T/?Br 

c 

A 

Et&: \,/c’Br 

b 
r: 

r: 

50 50 

the C=C double bond opemng was found to be cis and trans in a 50150 - - 

ratio. Tbe use of clural alkylzinc alkoxides allows the asymmetric eyn- 

thesis of cyclopropanedicarboxylic esters [94]. If instead of EtZnCl the 

aIkyIzinc chelate compound (LXIII) is reacted with methyl a-chloro- 

acrylate, the reaction proceeds in a different fashion with only one 

molecule of acrylate participating in the ring closure: 
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FOOMe 5OOMe 

BuZnCk 
‘COOMe 

+ C%=&OOMe (_B uZnC1) l ,=\ ,=, 
H 

(Lxm) 
3 c 

However, if the a-H is replaced by methyi as in (LXIV) the normal 

IOMe 

reaction wtth o-baloacrylate takes place with formation of (LXVT). In this 

case the product of the first-step l/l addition (LXV) can be isolated [95]: 

i”_““OOMe , 

$ZOOMe 

BuZn-C-Me 

&OMe 

(LXIV) 
I 

7 1 > 

2 C%=CCOOMe 

COOMe H 

(LXW 

FOOMe COOhIe 

C A<1 

COOMe 

(LXVI) 

111. ORGANOZINC COMPOUNDS AS POLYMEFUZATION CATALYSTS 

Sevetai publications providing details on the catalytic properties of 

organozinc compounds in polymerization reactions have appeared. Ab- 

stracts of patent applications and patents describing muln-component 

polymerization catalysts containing organozinc compounds as one of the 

components of the catalytic system, which have appeared in Chemical 

Abstracts, will not be surveyed here. 

A brief survey of the research of the Utrecht group concerned with 

the application of organozinc compounds as catalysts for the cyclo- 

trimerizaticn of isocyanates and the polymerizauon of aldehydes and 

g-lactones has appeared in print. Emphasis is on investigations alming 

at elucidating the initiation and propagation mechanism of these organo- 

zinc-catalyzed reactions LZI]. 

Rcfmeneu p. 39 
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Tsuruta has given an excellent account of the state oi the art In the 

area of stereoselectlve and asymmetric-selective (or stereoelectlve) 

polymerrzations in a review wt.h 142 references. The author who has made 

substantial contrlbutrons in this area deals extensively with the role of 

organozlnc- based catalyst systems In this type of polymerrzatlons [96]. 

Several alkylzmc alkovldes derived from tertiary alcohols were 

found to be actrve in the polymerization of epoxldes, the catalytic actlvltyde, 

creastng In the series ethylzlnc trlphenylmethoxlde > ethylzlnc dlphenylme- 

thylmethoxide > ethylzlnc dimethylphenylmerhoxlde and,therefore, wth de- 

creaelng acid strength, The aikylzinc alkoxrdes containing the (t)-Z-methyl- 

butylzlnc group Induced the asymmetric-selection polymerization of 

DL-propylene oxide uqth formatlon of optIcally active poly(propylene oxide). 

The asymmetrlc-selection eCilclency Increases wqth IncreasIng phenyl- 

-subjtltution of the alko.ulde (IncreasIng e-constant) [ 111. 

Tani et al. have published the details of their study of the stereo- 

specrfic polymerization of propylene oxide and its @-deuterated analog 

us!ng N,N-bis(ethylzinc)-tert.butylamine as the catalyst. Only In the 

presence of a small amount of water IS isotactlc poly(propylene oxrde) ob- 

tanned. It was concluded that at least two kinds of catalytlcally active 

species are present, one for the atactrc and one for the rsotacric poly- 

merization and that the maln reaction occurring in the presence of water is 

represented by [97); 

2 EtZnNButZnEt f H20 + 2EtZnNHBut f EtZnOZnEt 

The system diethylzinc/nitromethane has been reported to exh,bit e 

very high catalytic activity for the polymeri zatlon of a variety of alkylene 

oxides. The reaction of E?Zn with nitromethane in addition to the zinc 

salt of methazonlc acid produces water which upon reaction vnth Et2Zn 

produces the catalytically active species [93]. 
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Inoue and Tsuruta have continued their investigations concerned vnth 

the organoztnc-cataiyzed alternate copolymers, ‘vation of carbon dioxide .and 

epoxrdes [cf. AS 71; lOS]. 

The differences between the catalyst systems diethylztnc/water and 

diethylzinc/methanot has been examined in relation to the elementary 

processes of the copolymerlzation. Both catalysts react urlth CO2 to pro- 

duce XZnOCOOR, where X =OCHj ior the E5Zn/ hIeOH system and X = 

(OZnLOH or (OZn)nEt for the EZZn/l$O system. The reactivity of 

XZnOCOOR with propylene oxide depends on X and the difference between 

the two systems can be explarned by the presence or absence of repeatlng 

Zn-0 bonds [98]. Th e combinatron drethylzincfdlhydrtc phenol 1s a 

parttcularly effecttve catalvst fo r the copolymerizatron reaction. The 

catalytic activity of these systems is believed to be connected with the 

presence of tl-e ZnOXOZn group, where X may be phenylene, naphthylene, 

etc. One aromatic group (-0XW 1s Incorporated unto the copolymer 

chain in the initial stage of the copolymerizahon [ 13 J: 

0 

Et-(ZnOXO)n-ZnOXOY t MeC&-t?% 

re 

--j Et-(ZnOXO)n-ZnOCHCI-$OXOY 

Me 
I 

coz, 

+ Et--(ZnOXO) -ZnOCOOCHC~OXOY n + 

A 

MeCff-C%%??2+ Et-(ZnOXO) -2n . . . . . copolymer . . . . . -0XOY 
n 

Another active copolymeriaation catalyst consists of the combination of 

dialkybzinc with dicarboxylrc acids or hydrorycarboxylrc acids. Especially 

Et_Zn/isophthalic acid I /l and E5Zn/ m-hydrobenzoic acid l/l gave higher 

yields than the EtZZn/resorcinol system. Active species of the tYpe 

Et-(ZnOOCRCOO&-H and Et~ZnOOCR0b-H are probably involved [99]. 

Relereoces p. 39 
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Tsuruta has studied ethylzinc 1,3-diphenyl- 1 -pentene-olate (LXVTI) 

as a model compound for the growing end in the anionic polymerization of 

phenylvinylketone [ 231: 

Iv. STRUCTURAL, SPECTROSCOPIC AND PHYSICAL STUDIES 

A Structural studies 

An X-ray crystal structure determination of ethylzinc iodide has been 

reported [ 1001. This compound is a coordination polymer in the solid, 

Frg. 2 showing the arrangement of the molecules in the projection along 

b and Frg. 3 the relationship between the polymeric structure and the 

theoretical cubane-type arrangement. 

Fig. 2. tirangement of ethylzrnc Fig. 3. The relationship between the 
iodide molecules in the projection 
along b [from P. T. Moseley and 

polymeric structure and the theore- 
retical cubane- 

Y 
e structure for 

H. M. M. Shearer, J. Che sot. ) ethylzinc iodide from P. T. Moeeley 
Dalton Trans., 1973, 64 . T and H. A& M. Shearer, J. 

F 
hem. Sot., 

Dalton Trans., 1973, 64 . 
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B. Spectroscopic studies 

Evans and Phillips have concluded from I9 F-NMR spectroscoprc 

measurements (p-fluorine region) that the specres present in solutions of 

pentafluorophenylzinc iodide in THF can be represented by a predominant- 

ly monomeric Schlenk equlllbrrum: 

(C6 F5)2Zn + Zni2 c ZC,F5ZnI 

The calculated value for the equibbrlum constant K is 7.5 t 0.9 at 35O. 

The activation energy for pentafluorophenyl exchange was found to be ca. 

70 kJ mol -’ [2]. Keq values for a variety of solvents are given. 

Pentafluorophenylzmc bromide rn THF behaves similarly unth 

K eq 16.0 + 3.0 at 35O [Z]. 

The 60 MHz 
1 

H-NMR spectral parameters for a series of divinyl- 

metal compounds (Zn, Cd. Hg) have been reported by Visser and Oliver. 

The change in the chemical s’hifts and coupling constants have been dis- 

cussed as a function of the central metal atom [loll. The 60 MHz ‘H-NMR 

parameters for di-3-butenylzlnc and di-4-pentcnylzinc have been reported 

by Denls et al. The data for the latter compound have been Interpreted In 

terms of a weak intramolecular interaction between the ztnc atom and the 

double bond. A &pole-dipole Interaction as a result oi the inherent 

polarity of tbe 2nd bond and the polarity of the double bond is proposed 

C51. 

Stability constants for the complex formation between drmethylzinc 

and diethylsulphide (K = 3). diethylether (K = ,201 and triethylamine 

(K fi) 200) have been deterrmned by an NMR technique [ 1023. NMR apectro- 

scopic data for a variety of alkylzinc alkoxides derived irom tertaary 

carbinols have been reported by Nakaniwa et al. [ 143. 

The transient monometbylzinc radical has been generated by flash 

photolysie of dimethytzinc and its UV absorption spectrum has been 
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recorded and interpreted. Two absorptton systems occur at 3790- 4180 .8 

and 2600 - 2740 _g [ 1031. 

D~methylzinc has been included in a mo!ecular structure study of 

drmethylmetal compounds (hl= Zn, Cd, Hg). A normal coordrnate analysis 

IS presented and the normal frequencies and ergenvectors nave been cal- 

cu!ated [lo-t). 

IR and Raman spectra have been presented for solid methylzinc 

borohydrlde and methylzlnc deuttrrde. The vlbratlonal modes of the 

cw Zn t 
3 

eon have been essigned as~urn~ng local C 
3v 

symmetry. The Zn-C 

stretch (557 cm -I ) occurs at the average of the symmctrlc (503 cm -‘) &nd 

asymmetrlc (610 cm-‘) stretches of (CH3)zZn [ 1053. 

The Z,Z’-btpyrtdyl complex of bts(trtphenylgermvl)ztnc and of bts- 

(trtphenylstannyl)zinc dtsplay s charge-transfer absorptlons in the tqsible 

spectrum, Amau of whrch decreases wtth rncreastng polarity of the 

solvent [ IT]. 

The constjtently lower metal-metal stretchtng frequency (‘J as 
hlZn hi) 

in (Pb3M)2Zn~B!py complexes as compared wrth tn (Pb3hl)2ZnmT.MED com- 

plexes (hl=Ce,Sn) has been explatned In terms of Zn * B~pv charge 

transfer [ 171. 

Alkylztnc thtocyanates RZnSCN display the Zn-C stretching ab- 

sorption at 558 cm -’ (R=Cy) and 530 cm-’ (R=C2H5), respecttvely [I?]. 

Bis(trtmethylsilylmethyl)zinc (hle3SlCH2)2Zn accordtng to the IR and 

Raman spectra possesses the expected linear structure. The stngle 2n-C 

stretch occurs at 508 cm -’ (polarized) [9]_ 

C. IvEsceLlaneous shches 

25 . Measurements of the optical rotation (=D In benzene solution) have 

revealed tba: the transfer of (S)-Z-methylbutyl groups from zinc to 

aluminium in the (f)-dl[(S)-2-methylbutyl] zlnc/tri-isobutylaluminium 

system proceeds without significant racemization [lob]. 
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Philipp et al. have developed an improved procedure for the quanti- 

tative determinatron of C, - C5 alkylzlnc compounds [ 1073. The bls-THF 

complex of dimethylzrnc has been applzed as the reagent for the quanti- 

tative gas-volumetric determlnatior. of surface hydroxyl groups in 

amorphous silica [ 1083. 

Guest et al. have Included dlmethylzinc In their theoretical study of 

the bonding in a number of methylmetal compounds (Li. 8, Zn) based on 

semi-empirIcal and ab Inltro molecular orbital calculations. The carbon 

atoms are approximately sp- hybrrdlzed, the Zn--C bonds have neEh?tble 

n character and the zinc 3d orbltals are ez.senrlally non-bonding In 

character [lO9). A topological equivalent orbrtal approach hae been 

applied by Cox to a variety of polynuclear organozlnc species such hs 

(RZnSR’jd and (kTeZnS-lPr)8 [I IO]. 
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