ZINC

LITERATURE SURVEY QOVERING THE YEARS 1972 AND 1973

Jan G. Noltes

Organisch Chemisch Instituut TNO, Utrecht (The Netherlands)

CONTENTS
1. Preparation of organozinc compounds 1
11. Reactions of organozinc compounds 9
A. Reformatsky reaction and related reactions 9

B. Reactions of alkenylzinc compounds with carbon-carbon

and carbon-heteroatom unsaturated bonds 18

C. Carbenoid reactions of organozinc compounds 24

D. Miscellaneous reactions 28

Il1l. Organozinc compounds as polymerization catalysts 33
IV. Structural, spectroscopic and physical studies 36
A. Structural studies 36

B. Spectroscopic studies 317

C. Miscellaneous studies 38
References 39

1. PREPARATION OF ORGANOZINC COMPOUNDS

The recent literature contains numerous references dealing with new
organozinc compounds or new types of organozinc complexes.

So far, the so-called direct synthesis of organozinc 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 ot anhydrous zinc bromude with potassium in THF appears to be
much more reactive than any form of zinc previously described in the
literature 1n that this mater:al undergoes the direct reaction in high yield
with bromobenzene [I].

Zinc metal reacts directly with pentafluoroiodobenzene in a variety

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

quantitative yi1elds of pentafluorophenylzinc iodide [2]. The reaction of
I,1,1-trifluorotrichloroethane with zinc in ether solvents (dioxan, DME,
THF) aifords 2,2,2-trifluorodichloroethylzinc chloride which crystallizes
with one molecule of solvent and which 1n ether solution exists in equi-

librium with the bis-organozine compound [3]:

S —_
CF}CC]3 + Zn — CF3CC122nCl-(S) < (CF‘3CCIZ)ZZn +

+ ZnC%-(S)

Klabunde et al. have prepared non-solvated fluoro-substituted organozinc
compounds by the co-condensation of zinc atorms and fluoroalkyl iodides
on a cooled surface. These non-solvated compounds are much more
reactave and less stable than those formed 1n solution. Difluorocarbene
1s & decomposition product as shown by the presence of tetrafluoroethylene,
and trapping with olefins [4].

Di-3-butenylzinc and di-4-pentenylzinc have been prepared by the
reaction between the mercury analogs and zinc dust in evacuated sealed

tubes 1n nearly quantitative yield [5]:

Q
[HZC=CH—(CHZ')nJ2Hg + zo g5 E!ZC=CH(CH2)n]ZZn + Hg

(n=2,3)

The preparation of diorganozinc compounds RZZn among which diphenyl-

zinc by the reaction of electrolytic zinc dust with triorganoaluminium



compo .ds R3A.l and organic halides RX (X = Gl, Br, I) a. 90° - t40°

has been claimed in a patent [6].
A novel compound with a bis-1,3-organozinc structure (I) has been
obtained by Courtois and Miginiac via dimerisation of allylzinc bromude

in refluxang THF or DME [7]:

2CH,=CHGH,ZnBr s eaX 0 > BrznCH,CHCH,ZnBr
15-20 hrs CIIHZ"H=CH,

18]

The complex (I1) abtained from the 1/ interaction of dicyclopenta-
dienyldiphenyltitanium aad phenyllithium reacts with zinc chloride to form
the corresponding zinc c >mplex (I1l} which 1s thermally unstable and de-

composes at room tempe-ature with the formation of diphenylzinc [8]:

z[(c:sus)z'rlplh]u + 2ZnClL, —> [(C5H5)2T1Ph3]22.n
(n (1)
a

(C5H5)2Ti th + Ph?‘Zn

Moorhouse and Wilkinson have applied the Grignard method to the

preparation of bis{trimethylsilylmethyl)zinc:

2 Me;SiCH,MgX + ZnX, —> (Me_,’SiCHZ)ZZn t 2 MgX,
(11}

(1) forms adducts with N-ligands which are much less sensitive than (1),
e.g. the 2,2%-bipyridyl and 1,10-phenanthroline complexes are unaffected
by air for several days [9].

Reaction of tantalum pentachloride with (I1) gmnves a mixture of
(Me35iCHZ)2TaCl3 and (Me_jSiCHZ)gTaCIZ, whereas niobium pentachloride
gives mainly (Me~,_,‘SiCl-{2)3l\‘bC12 {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(V) chlorides by Fowles
et al. by the reaction of niobium(V) chloride and dimethylzinc which gives
rise to an equilibrium mixture coataining both mono- and di-methyl-

niobium(V) chlorides. MerCl4 has not been isolated, but its complexes
with bidentate ligands were prepared. MeszCl3 as well as a series of
complexes with mono- and bidentate ligands were obtained in this way
Ci0].

Tebbe observed the occurrence of reversible complex formation

between dicyclopentadienyltantalum hydride and diethylzinc:

Cp,TaH; + Et,Zn = Cp,TaH,ZnEt,

Analogous adducts of dicyclopentadienylniobium hydride were detected by
NMR spectroscopy at =20 to -50°, but at roem temperature ethane is

evolved with formation of a product the proposed structure of which s

shown in Fig. 1 [11].

Fig. 1. The proposed structure of [(CSH5)ZNbHZJZZn [from F.N. Tebbe,

J. Am. Ghem. Soc. 95 (1973) 54131].

Thiocyanogen reacts with Zn(CH:,’)Z, Zn(CZHs) R CHBZnOCHB and
C‘.,_l-l,__:‘ZnSC(Cl—l_._})3 to form the corresponding hydrocarbon-insoluble zinc

thiocyanates [lZ]:



ZnR2 + (SCN)2 —> RZnSCN + RSCN

(R=CH3, CZHS)

RZnX + (SCN)Z —> XZnSCN + RSCN
(R = CH;, X =OCH3)

(R=GCH;, X= SC(CHZ)3)

Well-defined complexes with 1/1 (e.g. C,H;ZnSCN* Py) or 1/2 (e.g.
CH302nSCN-2 Pv) stoechiometry have beén isolated from pyridine solu-
tions of these compounds. According to their properties and IR spectra
the organozinc thiocyanates are coordination polymers {IV) with thio-

cyanate bridges which are partly broken down by pyridine (V) (2]

/ZTn \S/ ?n\
«saS cus
| [N Py Ry G
ﬁi m ﬁ;l l“ Zn /Zn\
N <l: iy cI; s S...
...\Z‘J;/s\é,n’s\ (V)
R./ - hd

(v)

A variety of organozinc compounds has been prepared by acidolysis-
-type reactions.

Kobayashi et al. have carried out a gas-volumetric study of the
interaction of diethylzinc with a number of monohydric and dihydric
phenols. Products such as bis(ethylzinc) resorcinolate (Vi) and more

complex products such as ethylzinc phenoxyzinc resorcinolate (VIl1}) were

prepared [ 13].

Eth’o\@o\ZnEt Eth’°\©/°\Zn /Q\©

(vi) (Vi)
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Various alkylz:nc alkoxides derived from tertiary alcohols (i.e. triphenyl-,
diphenylmethyl- and dimethylphenylcarbinol) have been 1solated and their
degree of association has been determined [I4]. The formation of tri-
phenylsiloxy-substituted organozinc compounds via acidolysis of diorga-

nozinc compounds with triphenylsilanol has been reported by Petukhov et

al. [15]:

RZZn + PhZSiOH e RZ’.nOSiPh3 + RH

(R = Et, Ph)

The hydrostannoly:z1s reaction of zinc-carbon bonds in coordinatively
saturated monoorganozinc compounds readily affords complexes con-

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

PhBSnH + EtZnCl-L —» PhBSnZnCI'L + EtH

(L = Et,0, DME or TMED)

Uncomplexed Ph3SnZnC1 has been obtained via removal of EI.ZO trom
Ph3$nZnCl-El‘20 by heating in vacuo [Ib].

The 2/1 reaction of triphenylgermane and triphenyltin hydride with
coordinatively saturated dialkylzinc compounds affords the corresponding

bis(triphenvigermyl)- or bis{triphenyltin)zinc complexes [17]:
2P}13GeH + EIZZn'L —_— (Ph_,'Ge),Zn-L + 2EtH

(L = Bipy, TMED)

ZPhBSr_H + Er22n-L —_—> (Pl’%Sn)zZn'L + 2 EtH

(L = THF, DME, Bipy, TMED)

Bychkowv et al. have reported the selective acidolysis of one Zn-C bond

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

ture:

Ph3GeH + EfZZn —> EthGePh3 + EtH



-]

Upon further reaction at 150° (Ph3Ge)ZZn-d1glyme is obtained [l8].

The reaction of organotin halides with zinc metal proceeds via the
imtial formation of reactive organofin-zinc compounds, the nature of the
final reaction products depending entirely on the reaction conditions. In
aprotic solvents, in the absence of strongly coordinating ligands, tetra-
organotin compounds are formed via alkylation or arylation by interme-
diate organozinc compounds, produced by [,2-intermetallic shifts of

organic groups 1n the 1nitial organotin-zinc reaction product [19]:

R,SnCl Zn(Cu) | R,SnZnGl —> R,Sn+RZnCl

R35nCl

R,Sn + [RZSn]

Strongly coordinating ligands prevent the 1,2-shift and hexaalkyl- or
hexaarylditin compounds are formed [19], e.g.:

Zn{Cu)

Ph35nCl 1

Ph35nZnCl-TMEID

1Ph3SnCl

Ph,OS.n2 + Z.nClz- TMED

Burlitch and Hayes have obtained a series of tetrameric transition
metal carbonyl zinc alkoxides via alcoholysis of transition metal carbonyl

derivatives of zinc [20], e.g.
zn[Co(cO),], + cHOH —s i[cH,02znCo(CO)], + HCo(CO),

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

v

order of reactivity Zn[F‘e(CO)ZCp]2 > Zn[Mn(CO)5]2 = Z.n[Mo(C;O)SCp:l2
> zn[Co(CO)4]Z generally pa-allels the pKa values of the corresponding
metal carbonyl hydrides [20].

A brief survey of the coordination chemistry of diorganozinc com-
pounds RZZn and, 1n particular, of monoorganozinc compounds RZnX,
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8 -
with emphasis on research performed by the Utrecht group of Boersma
and Noltes, has appeared i1n print [Zl].

In the course of their study of the interaction of monoorganozinc
compounds RZnX with B-propiolactone (AS 70; 413) Boersma and Noltes
isolated the unusual organozinc complex (VIII) (structure assigned on the

1 31 13

basis of "H-, P- and C-NMR spectroscopy) from the reaction of *

p-propiolactone with ethylzinc diphenylphosph.de [22]. The formation of
this compound was rationalized i1n 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-

rion of (X1) which in benzene is a dimer [22]:

O
~C= i
EthPPhZ + C|l-‘2 ? o e EtZHOCHZCl'lzclpPhZ :m—)

CH,-0O (1X)

PPh,
] 1
—> GH,=CHGPPh, EtZnPPhs , E£znOG=CHCH,PPh,

(X) (x1)

Based on NMR results the reaction product of diethylzinc with

phenylstyrylketone exists in benzene solution in the enolate form (XII) [23]:



OZnEt

o Et
i 1 7/
@-cn:cu-c-@ + E,Zn —> @-CH—CH=C

(X11)

Ashby and Watkins have reported a convenient method for the

preparation of cornplex metal hydrides of zinc involving the formation of

an "ate''complex of zinc M Zn R followed by reaction with either

2m+n
LiA1H4, NaAlH, or A1H3. The 1/1, 2/1 and 3/1 complexes of methyl

4
lithium and dimethylzinc yield LiZnH‘B, Li.ZZnH4 and Li;ZnHy upon
reaction with I...iA.ll-l_4 in ELZO, e.g.:

2 LiAlH

MF_‘,_Zn £ 2MeLi —> LiZZnMe_1 1> ].JLZZnH_4 +

+ 2LiAlMe,H,

The 1/1 and 1/2 reaction of KH with dimethylzinc in THF vyields
s

KZnMezH and KZ.n2Me4H, respectively. Other complex hydrides reported
in this paper are KZn,H, resulting from the reaction of either KZnMe,H
or KZn,Me,H with A.ll—l3 in THF and KZnH, resulting from the reaction

of KZnMe,H with LiAlH, in THF [24, 25].

4

Ii. REACTIONS OF ORGANOZINC COMPOUNDS

A, Reformatsgky 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 Reformatsky reaction. Considerable progress has been made
with the elucidation of the nature of Reformatsky-like reagents. Numerous
new synthetic applications of the Reformatsky reaction and related reac-

tions have appeared in the literature.
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Gaudemar has published an excellent review containing 543 refer-
ences dealing with research connected with all aspects of the Reformatsky
reaction (limited to reagents derived from o-bromoesters) published
during the past thirty years {z6].

In order to avord secondary reactions occurring upon saponification
of the conventional R2formatsky reaction product Bellasoued et al. have
applied the Reformatsky reagent of the bromozinc salt of an @-bromo-
acid in stead of the usual @¢-bromoester for the synthesis of a large

variery of B-hydroxyacids [27, 28]:

Br

Br
rR, |/ Ry 7
INc-coon &= CHC*?’“B' '~c-cooznBr £
R,” 4
2 r4
R’I ZnBr (I)H 3 /O
N ‘c COOZnBr R ‘C‘ —c—c”7

RZ ll:{z \OH

The yield of the lactone-diester (XIV) formed by the Reformatsky
reaction cf the ester-ketone (XIII) can be increased to over 90 9, if a

3/1 benzene/dimethoxyethane solvent mixture i1 used [29]:

B:-Zr:1C!-~lZCOOCl--_-_‘9

(H30+)

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

2-substituted cyclopentanones with the Reformatsky reagent [30]:
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r Sk
+ BrznCHCO0GH; Troe>
(CH,), COOG, H I
I (o]
COOC, H,

However, the cyc:-pentanone (XV) afforded the 1-(carbethoxymethylene)-

-substituted cyclopentane (XVI) [31]:

o ~HCOOGC, H,
<j\ + BrznCH,COOC,H; (1?5*)_) <:E
(e H._,_) CH, )3coo<:ZH5

3COOCZHS

(XV) {XVID)

Indene-3 acetic acid derivatives have been prepared via the Reformatsky

reaction of 6-benzyloxy-1-indanone [32]:

PhCHZO o
\©j + BanCHZCOOEt (H3_O*T->

PhCHZO

\@—CHZCOOEI

The tricarbonyliron complexes of cyclohexa-2,4-dienone and cyclohepta-
~-2,4-dienone undergo the Reformatsky reaction with methyl ¥-bromo-

acetate and zinc to afford the expected B-hydroxy esters [33]-

o HO GH,COOMe

+ BanCHZCOO Me (—}43?)—>
}S‘e(CO)3 Fe(CO),
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The configuration of the various B-hydroxyesters formed in the
reaction of the organozinc reagent of methyl ¢-bromopropionate with
2-phenylpropanal [34] and with o-phenylethyl-methylketone [35] has
been eluc:dated.

The reaction cf the Reformatsky reagent with Schiff bases may

give rise to the formation of B-lactams or of B-aminoesters, e.g.*

66H5_CH=N_(:6HS C6 Hs--CH—CH2 Cé HS—CHC HZCOOCZHS
+ +
||
BanCHZCOOCsz C6H.5—N—C =0 C6 HS—NH

Dardoize et al. have studied the various factors disfavouring ring-

-rlosure of the intermediate {XVIIJ leading to the formation of B-lactams:

R—-GH-CH R—GH-C

R'—N=y, c=0 — l I + BanOC2H5
a’ RT— N—-C=0

Br—Zn CCI)CZHS

(XVII)

Conditions {low reaction temperature, short reaction times) have been
developed for the Reformatsky synthesis of a variety of B-armunoesters
[36]. The results of a study of the stereochermustry of the condensation
reaction were :n accord with those of Luche and Kagan (AS 71; 83) in
that the reaction is stereospecific with nearly quantitative formation of
the armuinoester with erzthro-conﬁguration (XVIil). Evidence has been

presented that the condensation reaction is reversible [37]:

i
r'cH(znBricoor? + RPcu=NR! — R*---G—— C---cOOR?
R'NZnBr g

(X VI1II)
The Reformatsky reaction wvith N-methylene~-N! N!-diphenylhydrazine

(XIX) produces the B-hydrazinoester (XX) in good yield [38]:
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Ph Ph
~ _ Zn ~
Ph/N-—N—CH2 + BrC HZCOOEt -—_9(1'130'1') Ph’N_NH—C HZ—C HZCOOEI:

(X1X)

(XX)

A variety of B,B'-dialkyl-B,B'-dicarbalkoxydiethylethers has been
obtained by the Reformatsky reaction of @¢-bromoesters with bis(chloro-

methyl)ether [39]:

R R R
] o) o | ] o?
(c1c1—lz)_,_o + 2BrZnCHC (__0—*? R'OICCHCHZOCHZCH Zon

H,

<
~OR!

(R=1-Pr,Bu;
R!= Me, Et, Pr, Bu)

More recently, a complete analysis of the products formed in this type of
reactions has been published [40]. The interaction of Reformatsky rea-
gents with chloromethyl benzoate has been used to prepare a variety of
hydroxyesters of type (XXI) which readily dehydrate to give o,B-unsatu=-

rated esters of type (XXI1) [41]:

2 RCH{ZnBr)COOR! OH
| _CHRGOOR!
.—Ty
(H,0™) ~ OCH,CHRCOOR!
PhCOOGH,C1 (3x1)
4CRCOOR?
—>» PL-C
\OCHZCHRCOOR'
(XX11)

(R=1i-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 a-bromoesters derived from allylic or acetylenic alcohols provides

a useful synthesis of ¥,b-unsaturated acids [43]:

?I) CI)ZnBr OZnBr
Br
R, }?/C\o 7 i‘z‘,cﬁc‘o ;Z:C o)
—_— —_
% |
H

H\ /H ~ ~H H\ 1

,C: ~C PA ~C C< =CJ
Rym "5¢T TR Ry TG7TTOR R7TT¢T TR,

H H H

The organozinc reagent derived from diethyl a@<~bromomalonate adds
exother mally to the carbon-carbon triple bond of terminal acetylenes

enabling the synthesis of a variety of B-methyl-,B-unsaturated carboxylic

acids [44]:

COOEt (ﬁ”z _COOEt

BrZnCH + RC=CH ——_F-> RCCH

t (H;0%) N
COOEt COOE
c

G kou | ° COOE

- KLOH  rpe=c
RC = GHGOOH NCOOET

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

The reaction of diethyl dichloromalonate with zinc 1n methylal solution
(reflux) or in THF (rap:id at 20°) affords a reagent which based on IR-

-spectral data has been assignad the enolate structure (XXI1I) [45]:

EtO
N ~0
CLG{COOEt), + zZn —> GI-C7 ~znCl
2 \C____oa
s
EtO
(3¢I1)

(3=XJ11) appears tc be quite unreactive towards orgamic halides, butin
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methylal solution undergoes condensation with isobutyraldehyde {a5]-

]
(XxX1I1) + R-CH > R—CH-<C

The reaction of the organozinc reagent derived from ethyl dibromoacetate
with diethyl alkylidenemalonates results in cyclization of the primary

adduct leading to cyclopropane-1,1,2-tricarboxylic esters [46]:

R—CH=C(COOEt)Z R—CH-—-C(COOEt)Z
N\ ¢
¥ Methylal o oocGCH%ZnBr —
w —Zl.“B'z'Z
BrZnCHB:rCOOEt Br
RCH — C(COOE),
N 7/

e (.;,H
COOE:t
The reaction with ethyl trichloroacetate affords the not hitherto reported
3-alkyl-2-chloro-1,1,2~triethoxycarbonylcyclopropanes [46].

The Reformatsky reaction of methylisopropylketone with 1sopropyl-
-Y-bromocrotonate carried out in methylal at 0° affords exclusively the
p-hydroxyester (XXV) after hydrolysis. Hydrolysis following heating of
the adduct (XX1V) affords exclusively the 6-hydroxyester (XXVIl) cor-~

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

BrCHZCH=CHCOOR OZnBr OH
zZn R'I\l R'l\l
R 0 COOR GOOR
c=0
7 (Xxav) (XXV)
RZ 6 hrs; 45°
Rl CI)ZnBr ,R,‘ OH
~ _ [
ACCHGH=CHCOOR  _, >GCH,GH=GHGOOR

2 (XXvI1) R, (XX V1)

References p. 39
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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 [47].
The Reformatsky reaction of 7-methoxy-2-methylchroman-4-one

and of é6-methoxycoumaran-3-one (XXVIII) with methyl-Y-bromocrotonate

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

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

o)
+ BrZnCH CH=CHCOOMe —>
MeO’QOT ik (H30+)
(XXVIII)
— LS
NMeO O

(XX1X)

CHZCH=CHCOOMe

The same organozinc reagent has been used in the synthesis of miltirone,
a diterpenoid quinone [49].

The reaction of @-bromoamides with zinc powder in refluxing
methylal gives rise to the nearly quantitative formation of the corre-
sponding organozinc reagents (XXX) which undergo the usual condensation
reaction with aldehydes and ketones, thereby affording a facile route to

B-hydroxyamides (XxXi1) [50]:

R'l ’/O Zn R'I //0
~GBr-G =~cC{zZnBr)C
RY MRy, FeCOMRRT g o SN(Rg),

(X%XX)
R
4>C=0 R, OH Efl o
Rs c'—c—c”%
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The condensation reaction is stereospecific with predominant formation
of the isomer with erythro-configuration [50].
Similarly, the reaction of o-bromonitriles waith zinc 1n THF at 20°
yields quantitatively the corresponding organozinc reagent which is

present (IR, NMR) in the C-metalated form [51]:

%nBr
RI\CBp-CEN + Zn —> R"c—csnr
rd rd
R, Ry
(XXXI1)

{XXXI1) condenses normally with aldehydes and saturated ketones pro-
viding a convenient route to P-hydroxynitriles, the nature of the solvent
having little influence on the stereochemustry of the reaction (pre-
dominant formation of isomer with erythro-configuration). The reaction

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

vield [51]:

ZnBr ,COOEt
Ry _| . COOEt R;—~CH—CH
C—C=N + R;—CH=C —_—D ] COOEt
7 ~cooEt (H0") R_.cC
R, R-C—8,
C=N
(XX XT1I)

The condensation of (XXXiI) with acid anhydrides depending on the
nature of R.l and R2 produces either B-ketonitriles (XXXIV) or the

ci1s- and trans-enol esters (XXXV, xxxvI) [52]:

O

RLRFH 4 |

——=—> R;~G-G-G=N
ZnBr Pe !
_ R,~C R,
SC~C=N + >o ENIR (XXXI1V)
R, Rcl, 5O
=H - . c=N
RI—_) R3 /C=C\R2._ + R3\/C=C\,
—E—o C=N  RyC-O R,

References p. 39 (XXXYV) (XXX VI)
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Intermolecular one-electron transfer with the formation of phenacy

radicals takes place upon reacting phenacyl bromide with zinc in DMSO

[53]:

O O L O
u Zn i] ¢ )]
PhCCl‘EBr BDRS PhCCl‘&—ZTnBr e ZPhCCH?_' + ZnBJ.'2
PRCGH,—Br
= (@]
o (ll) i
PhCCHZCHZCPh

Organozinc reagents derived from aliphatic o-bromoketones have been
successfully applied to the synthesis of B-azlkoxyketones [54]:

Cl O R
n i1

i I !
BanCHCCHZR+ R,ICHOR2 —_ RCHZC(IZHCHOR2
R

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

-hetervatom unsaturated bonds

The group of L. Migimiac and Ph. Miginiac at Poitiers have con-
tinued their extensive studies concerning the reactivity of 2-atkenylzinc
compounds towards carbon-carbon and carbon-heteroatom unsaturated

bonds. This research has produced a number of valuable synthetic

procedures.

t g addition of alkenylzinc compounds to unsaturated (ethylenic,
acetylenic and allenic) amines constitutes a general method for the syn-

thesis of mono- and di-ethylenic armunes [55], e.g.:

HC=CHCH) NG 1), GH,=CH-CH,~CH=CH-CH,),~N(C 1),
) (T,o") i
CH,=CH-CH,~ZnBr CHZ=C(CHZ—CH=CHE,_)—(CHZ)n—N(CZHS)Z

Addition reactions with the organozinc reagent derived from l=bromo-
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pentane-2 involve allylic rearrangement, e.g.:

H.C,—CH=CH-CH,~ZnBr C.H3—(;=c:1-{—-(CHZ)2—-1\x(c2HS)Z
+ —r
(HBO )

H,C—C=C—CH,),—N(C,H,), C,H,—CH-GH=CH,

With allenic armunes addition takes place at the terminal double bond [55],

e.g.:

CH,=C=CH-CH,),~N(G,H,), CH,=CH~{CH,),—CH=CH—{CH,),—N(C, H,),
+ @T)) i +
CH2=CH—CHZZnBr CH3—C(CHz—CH—CH2)=CI—1—(G-I._,_)2—N(C2HS)2
The reaction of @-ethylenic organozinc compounds with aldimines 1n
general affords a mixture of branched and linear amines (e.g. XL and
XLI). Mauzé et al. have shown that the adduct (XXXIX) resulting from the
addition (with allylic rearrangement) of pentenylzinc bromide to N-methyl-
benzaldimine is slowly converted into the thermodynamucally more stable

adduct (XXXVIII):

= cHy
J »
C6HS(I_‘.!-{1\|—ZnBr <__> CZHSCHiCHCHZanr : Ct.)H,j(i;l-ﬂ\J—ZnBr
CH‘?'CH=CHC2H5 C6HSCH=NCH3 CZHBQHCH=CI-E
+ (XX XVIL) (XXXIX)
(H30 ) (H30+)
T’é"‘s (lje,ﬂs
CZHECH=CHCHZCI-l.'NHCl-i3 CHZ=CHCHCHNHCH3

(xXL1)

|
(XL) G,H,

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

the C—~C bond of (XXXIX) 1s involved 1s evidenced by the isolation of the

mixture of amines (XL), (XLl) and {XLII) upon reacting the amina (XLI)

with allylzinc bromide for 72 hrs at 20°:
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CHZ=CHCHZZnBr CHZ=CHCH2CHNHCH3 30 %
+ {XLII)
C'26H5 712_’3111'1_5
CHZ=CH(|:HC]-[NHCH} CZHSCH=CHCl-lZCHNHCH3
(XL) 10 %
A < °
(XLI) 6'5 70 %

CHZ=CH?HCHINHCI-£3

GHs

(XLI) 90 %

The results of 2 study concermng the reversibility of adduct-formation
with a variety of aldimines is reported [s6].

Contrary to pentenyllithium which undergoes selective 1,1-addition
with {XLIO)}, the reaction of pentenylzinc bromide with the o,B-unsaturated

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

C,H,—CH=CH-CH,~ZnBr Cl—l3—CH=CH—CH—NH—CH(CH3)Z
F (Lo’ C,H.~CH-CH=C

CH,—CH=CH-CH=N-CH(CH,), H3 25 (83 %) e
(X LIII)

Cl—l3—CH=CI—I-CI:1-l-NH—CH(Cl-13)Z

CH-CH=C H—-CZH5

(17 %) (XLIV)

A product analysis for the addition reaction of pentenylzinc bromide with
three other o,f-unsaturated aldimines is presented [57]. Lake the
additions with non-conjugated aldimines [56] adduct-formation of this
type is reversible. With increasing reaction time the proportion of the
armune (XLIV) derived from the thermodynamically more stable adduct
(no allylic rearrangement) increases [58].

The reaction of the organozinc reagent derived from 3-bromo-1i-

-butyne with aldimines proceeds in a sterecoselective fashion. In the
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muxture of diastereoisomeric acetylenic amines obtained the isomer vnth

threo~-configuration strongly predominates [59]:

CH30H=:J=CHZnBr _ E_C o Sj C:
C reneng _f’(l—go P %t Y H + Gy % H,
65 RNH G=CH RNH H
(erEhro) {threo)
R=Me (THF) 15 . 85
R= Et (THF) 7 : 93

Whereas both allyllithium and allylmagnesium bromide add to the
double bond, allylzinc bromide adds exclusively to the triple bond of

penten-2-yn -ol-1:

CH,CH=CH,
(Ban)2C= H=CH—CHZOZnBr

l(H30+) (XLV)

CH,GH=CH,
H,C = C-CH=CH-CH,OH
HC=C—CH=CH-CH,OH 58 ¢, (XLVI)
+
H,C=CHCH,ZnBr (cI:HZCH=CI-Lz)Z

(Br Z.n)3C—C—CH=CH—CHZOZn Br
(F;07)  (XLVII)

(CIHZCH=C H),
C—C—CH=CH-CH,OH

Hy
15% (XLVII)

The formation of {XLVI) and (XLVIII) results from hydrolysis of the
0,2-b1s-bromozinc and @, -tris~-bromozinc compounds (XLV) and
(XLVII), respectively, as evidenced by the formation of the corresponding
deuterated alcohols upon deuterolysis of the reaction mixture [60].

The reaction of allylzinc bromide with the vinylecyclopropane~-
dicarboxylic ester (IL) affords exclusively the product (L) resulting from

1,2-addition to one of the ester functions [61]:
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CH,=CH-CH,ZnBr H,C=CH-CH_ ___COOEt
+
HZC=CH—(IZH\C,COOE:t (H30'§ GHZ/C\CI(CHZCH=C1-E)Z
&’ “GOOEt OH
(1L} (L)

The reaction of the cinnamyl organozinc reagent (Ll) with aldehydes
and ketones produces a mixture of branched (allylic rearrangement) and

lineal zlcohols {LI1) and (LII) after hydrolysis:

Ph
1
PhCH=CHCH,ZnBr CH,=CHCHC(OH)RR!
+ L (L)
(F,07)
R-C-R? PhCH=CHCH,C(OH)RR"'
o (L111)

The condensation reaction has been shown to be reversible. By applying
elevated reachion temperatures and longer reaction times the product
composition becomes thermodynamically controlled enabling in some
cases the exclusive synthesis of alcohols (LIII) [62].

The bis-organozinc reagent (L1V) formed by heating a solution of
allylzinc bromide at reflux temperature is reactive :owards aldehydes,
ketones, gem-chloroethers and acyl halides, but is unreactive towards

esters, nitriles and aldimines [7]. The alcohols resulting from the

BanCHZ(i:HCHZZnBr CHZ=(I;CHZ._
CH,CH=CH, GH,~CH=CH,
(L1v) (LV)

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

a primary condensation step i8 followed by a reduction step [7]:



R
' R
( R —> RCH,0ZnBr + CHZ—-CCHZCH(OZnBr)
H
Bran) CHZ—CH(OZnBr) CHZCH CH,

CHZ/ \CHZCH =CH,

Addition reactions of dicrotylzine (A) with simple olefins and dienes
have been reported by Lehmkuhl and Nehl [63]. Although according to
'H-NM.R spectroscopy dicrotylzinc occurs exclusively in the 2-butenyl
form the addition products obtained from olefins are derived from the

1-methyl-2-propenyl form, e€.g.:

= o
A CHZ—CI-LZS BN N H0

2 20

A 209766 hrs HO Ph Me
—_—

W
S AN \ﬂ}/‘@
Zn

In the addition to butadiene products derived from the 2-butenyl form are
obtained as well [633.
The reaction of allylzinc bromide with terminal acetylenes results in

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

conditions [63]:

n-Bu
~N
/C=C( Zn Br)z
n-Bu—C=CH CHZ=CHCH2
+ —_ +
CHZ=CHCHZZnBr n-Bu\

_ C—C{(Zn Br)3
(CH2=CHCHZ)2

Pentenylzinc bromide undergoes mono-~addition only, but two isomeric
products are formed as a result of partial allylic rearrangement. Allyl-
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zinc bromide undergoes exclusive mono-addition with the triple bond of

enynes [63]:

n-Bu~-CH=CH-C=CH (|3HZCH=CHZ
+ — n-Bu—CH=CH—C=CH2
(H30+) .
CF&:CHCHZZnBr cis and trans

C. Carbenoid reactions of organozinc compounds

The carbenoid reactivity of appropriate organozinc 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 carried out concerning the
zinc carbenoid reagent generated from diethylzinc and gem-dihaloalkanes
first introduced by Furukawa et al. (AS 69; 225).

Chloroiodomethane/diethylzinc was found to be a useful methylene
source for the cyclopropanation of olefins (70 - 100 % yield) provided the
reaction 1s carried out 1n the presence of oxygen, of radical generators
such as AIBN or under irradiation wvith UV lhight, The methylene addition
to cis- and trans-2-butene proceeds in a stereospecific manner 1in the
presence of oxygen. The reactivity order of dihalomethanes towards
diethylzinc (CI—!212 > CHZC]_I > CH,Br, > CHZBrCI) is the same as that of
radical 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 carbenoid reaction [65, 66 ]:

Initiator

EtZnR or BV

Et-

Et- + CHZIX —> EtI + -CHZX

-CHZX + EtZnR —> XCHZZnR + Et- etc.

(X =Clorl; R=Etor X)
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Olefins inhibit the formation of the zinc-carbenoid reagent from E.tZZn and
CICH,)I, the order of the inhibitory effect following the order of the
reactivity of the olefin towards radicals. This result 1s consistent with the
proposed radical~chain mechanism for the formation of the zinc-carbenoid
reagent, more reactive olefins being more effective 1n trapping inter-
mediate ethyl or chloromethyl radicals [66, 67]. )

Whereas bicyclo [4.].0] heptane was obtained as the major product
of the reaction of cyclohexene with diethylzinc and methylene 10dide, the
yield is considerably reduced if the reaction 1s performed in the presence
of lithium or magnesium halides. The presence of large amounts of
n-propyl and n-butyl iodide was interpreted in terms of insertion of the
zinc carbenoid reagent into the carbon-i1odine bond of ethyl and n-propvi
iodide [68]:

Et,zn + CHL fast, gy + EtZnCH,

(a)
{(A) + Etdl —> n-Prl + EtZnl

(A) + n-Prl —— n-Bul + Etznl

Seyferth and coworkers have introduced the ethylzinc 1odide/
methylene 1odide reagent as a very useful alternative for the previously
used Zn(Cu)/CHZ!.2 reagent for nucleophilic iodomethylene~group transfer
to heavy metal atoms. The homogeneous solution of 1odomethylzinc iodide
produced by reaction of equimolar quantities of EtZnl and CH,L, in THF
has been used to prepare Me,SnCH,l, Me,Sn(CH,I), and Hg(CH,l), in good
yield, Recently prepared M%SiCle and Me,;SnCHI2 lhikewise react with
EtZnl to give M%SiCHIZnI and Me}SnCH[ZnI » respectively, which show

nucleophilic reactivity comparable to that of ICH,Znl [69:]:

MezSnCl
Me,SnCHIL, EtZal Me,SnCHIZnl S (Me;Sn),GH1
{83 %)
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Whereas the 1/1 reaction of L{esSiCXZH (X = Br,I) with ethylzinc 10dide
or with zinc-copper couple yields M%SICHXZHX (X = Br,I), the reaction

of I\.1e3SICHBr with zinc-copper couple in a 1/2 ratio affords a product

2

which upon hydrolys.s affords Me4S|. and, therefore, is believed to be

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

Me,SICHBr, + 2Zn(Cu) %}W Me,S1GH(ZnBr),
(LVI)

Denis, Girard and Conia have reported two modifications of the
conventional Stmmons-Smith reaction which result in improved yields,
particularly with functionally substituted olefins. A zinc-silver couple 13
used 1n stead of a =inc-copper couple and work-up involves the addition of
an amine (e.g. pyridine) i1n order to remove zinc salts. Numerous exam-
ples of successful methylenation reactions of olefinic esters, aldehydes,
ketones and ethers by the new procedure are provided and the results are
compared with those employing the conventional CHle/Zn(Cu) reagent and
hydrolytic work-up [7l]. The great utility of this reagent is for example
tllustrated by the synthesis of 1,l'-dibydroxydicyclopropyl via cyclo-

propanation of bis-2,3(trimethylsiloxy)butadiene followed by methanolysis

[72]:

H,C . _OSiMe StMey OH
(’: I° CHI,/Zn(Ag) CH;OH
X - 00 %)
S (E’zg‘rr;?lne (1 o)
- {]
Me,SiO H, Me,5:0 o

The reaction of trimethylsilyl ennl ethers with the Stmmons-Smuth
reagent affords a mixture of trimethylsilyl cyclopropyl ether (LVII) and
cyclopropanol (LVIII). The yield of (LVII1) is :mproved employing cold,
rapid work-up, whereas enrichrment in {(LVIII} occurs upon work-up at

ambient conditions [73]:
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R OSiM OSi M OH
l & R = R,
A "/ CH,L /Zn(Cu) \<|:< . \<|::
C > C/CHZ c /CHZ
P PN PN
R, R, R, Ry Ry R;
(LVIID) (LVIID)

3-Sila- and 3-germabicyclo [3.I.O]hexanes with various substituents at
the metal atom have been obtained 1n good yield by applying the Simmons-~

-Smith reaction to unsaturated five-membered metallacyclic compounds

[74]:

CHZIZIZn(Cu) /_—‘>

LM

(R = Me; M = Si (65 %); M = Ge (65 9%)
R = Ph; M = Si (76 %); M = Ge (74 %))

The Simmons-Smith reaction applied to the cyclohexynyl urethanes (LIX,
3- and 4-position) gave the syn-isomers (LX)} and (LXI) with 95 % stereo-

specificity and 75-95% yields [75].

HCOOEL NHCOOELt
@—NHCOOEI: WH

(LIX) (LX) (LX1}

Partially optically active trans-{(1 R, -2 R){-)-2-phenylicyciopropane-
carboxylic acids have been obtained via asymmetric Simmons-Smith
methylenation of (~)-menthyl trang-cinnamate [76].

The Stmmons-Smith reaction has been applied to various hexeno-
pyranosides [77, 78, 79].

Simmons-Smith methylenation of 5,6-unsaturated steroids leads to a
mixture of both epimeric cyclopropane derivatives. Gontrary to the results

of Templeton and Wie (AS 71; 101) influence of the configuration of an
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hydroxylgroup at C(3) on the stereochemical course of the reaction was
not observed [80, 8!]. 150,16~ Methylenetestosterone has been obtained by
a multi-step process including a Simmons-Smith methylenation step [82].

Miyano et al. observed that the zinc-carbenoid reagent obtained from
the Zn/CH,L, reaction (1/2 ratio) does not afford methyl iodide on hydro-
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 CH,(Znl), is the reacting species [83].

Reactions of @-haloacrylic esters with organozine compounds
resulting 1n the formation of cyclopropane derivatives will be mentioned
under section D of this review [94,95].

The reaction of benzene with the iodocarbenoid reagent formed irom
diethylzinc and iodoform results in ring-expansion. The reaction of alkyl-
benzenes with this reagent affords a novel route to alkyl-substituted
7-ethylcyclohepta-i,3,5~-trienes. It 13 proposed that the intermediate
alkyl tropylium ions, formed from the adduct of the iodocarbenoid reagent

and the alkylbenzene, react to form the product [84, 85]:

R H Et
d ErZZn/CHI3 @>§H . EtZn] @
— 3 — - —>
R R

D. Miscellaneous reactions

Acidolysis-type reactions have been used for preparing a variety of
zinc compounds of the type RZnX and Zn.x2 (cf. Section I of this Survey;
Refs. 13 -18). Inoue et al. have studied the influence of coordinating
ligands on the reactivity of the Zn—C bond 1n this type of reactions 86,
87]). N,N,N',N'-Tetramethylethylenediamine (TMED) has an accelerating

effect on the reaction of Et,Zn with pyrrole., 2,2"-Bipyridine (Bipy) has a
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similar, but much larger effect. The reactivity of di-n-propylamine,
diphenylamine, pyrrole, indole and carbazole towards Et?_Zn is much the
same in spite of the considerable difference in their acidities indicating
that coordination of the amine to zinc is an 1mportant factor [86]. From
the observation that the reaction of EtZZn with cyclopentadiene (pKa 15),
indene and fluorene 1s much slower than with nitrogen acids such as pyr-
role (pKa 16.5) or with ethanol (pKa 18) the conclusion was drawn that in
acidolysis reactions of dialkylzinc compounds O-type coordination, which
1s possible for ethanol and pyrrole, but not for the acidic hydrocarbons,
plays an important part [87].

Bis(trifluoromethyl)phosphine reacts with dimethylzinc to form a

new four-membered P-C--R.C heterocy:le:

Z(CF3)2PH + 2Me,Zn —> 2CH, + 2MeZnF + (c1=‘31='01=‘2)2

The proposed intermediate h.leZnF’(CF‘:‘]').2 and the M=ZnF reaction
product were not isolated [38].

Di-n-butylzinc and di-isopropylzinc react with carbon monoxide at
atmospher:ic 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 reaction sequence

[89]:
R,Zn + K'"OCG(CH), &= K'R,Z30C(CH,),

o
|
2 K*R,ZAOC(CH ), co, 2K+R—%5—(I:R N

OC(CH._,')3
(|)K OK (')H (o]

0 )

I
—> ZRZnOOI;((;l-i.‘,,)3 + RC=CR —> RCH-CR
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Benzoin 1s not formed 1n the reaction of diphenylzinc the only 1dentified

product being biphenyl [89].

The reaction of carbon dioxide with diethylzinc has been found to be

enecifically accelerated by N-methylimidazole,

o
benzene; 20
E:r?_Zn + COZ Complexing agent> EtCOOzZnEt

The enhancement of the reactivity of diethylzinc 1s believed to result
from O- as well as m-coordination with N-methylimidazole. This reaction
hazs been related to the carbon dioxide/water reaction catalyzed by the
metalloenayme carbonic anhydrase which contains one zinc atom per
molecule. The suggestion has been put forward that coordination of the
1midazole group of histidine to the zinc atom 1n this enzyme makes an
important contribution to the high catalytic activity of the enzyme [90 ].
The reaction of alkylphenylketones with optically active dialkylzinc
compounds RZZn such as (+)—d1[(S)—Z—methylbutyl]z.lnc, (+)-d1[(5)-3-methyl‘
pentyl]zmc and (+)-d1[(S)-4-methylhexyl]zxnc produces as the main product
optically active carbincls with (S)-conhguratlon, the stereoselectivity of
the reaction decreasing with increas:ng distance of the chiral carbon
atom 1n the alkyl group to the zinc atom [91]:

-Gy, -Gty

T~ <t

C,
(o}

Diethylzinc is less reactive than diethylcadmium towards Schiff
bases, but the reactivity is enhanced 1n the presence of magnesium
bromide, the y1eld of adduct with benzalaniline increasing from 12 to
57.%, if the amount of MgBr2 present during the reaction 1s increased

from 10 to 200 mole % [92]:

1° E£ O; MgBr Ph
r) ’+ 8772, SGHNHPh
2 H30 Et

EtZZn + PhCH=NPh



The reaction of diethylzinc with nitroalkanes has been reported to
involve the formation of the ethylzine salt of methazonic acid, ethane

and water which reacts further with diethylzinc [93]:

O
4
ZEII‘ZZu + 2CH3NOZ —_— (?H=N—O——ZnEt + 2EtH + HZO
CH=N-O-ZnkEx

The reactivity of uncomplexed triphenyltin zinc chloride differs

from that of e.g. 1ts TMED-complex in that 1t acts as a phenylating
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agent and, therefore, suggests that in the absence of strongly coordinating

ligands 1,2-intermetallic migration of a phenyl group from tin ta zinc

has occurred [ 16]:

Ph,SnCl
——1'5——-—> Ph,Sn + [PhZSn] + ZnCl,

THF 4
" Ph3SnZnCl" e |

MeOH

e G Hy ¢t [PhZSn] + MeOZnCl

Ph,SnCl
s AR Ph,Sn—SnPh, + ZnCL*TMED

THF
PP%SnZnCl-TMEID —

N
—%ﬁ;—) PhZSnMe + 2ZnCll-TMED

Ethyl(triphenylgermyl)zinc has been reported to undergo specific

Ge—~Zn bond cleavage upon reaction with ethylbromude at 100° [!8]:

E:thGePh3 t+ EtBr —> EtZZn + thGeBr

L—>1:~h3cels:t (80 %)

The 1/1 reaction of the diglyme complex of bis{triphenylgermyl)zinc with
acetic acid results in selective cleavage of one Ge—Zn bond, if the

reaction i1s carried out at room temperature:
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(Ph3Ge)ZZn + HOAc 10; Ph3GeZnOAc + P‘n3GeH
At 100° both Ge—Zn bonds react [18].

The thermal decomposition of ethyl{triphenylsiloxy)zinc involves
migration of a phenyl group from silicon to z:nc 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 triphenylsiloxyzinc chloride and

dichlorocarbene [ i 5]:

EtZnOSiPh, % [pb35iozncc13] ——> Ph,Si0ZnCl
(LXT1) CHCL -: CCl,

The stereochemistry of ring-formation i1n the reaction of two
molecules of o@-halogenoacrylic ester with ethylzine chloride (AS 71;93)

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

H < /Br D\ /Br
EtZnCl + 2 C= C\ + /C=C\ Z_C—>
D~ COOMe H COOMe| ~42CL
80 : 20
COOMe GOOMe COOMe GOOMe
—> Cc———c¢C + C——nC
7 N\ /
Et—GTH N\ H/ &: Et—GCIH \?/ Nar
i G ! C
D 1 D [
D H
50 H 50

the C=C double bond opeming was found to be cis and trans in a 50/50
ratio. The use of chural alkylzinc alkoxides allows the asymmetric syn-~
thesis of cyclopropanedicarboxylic esters [94]. If instead of EtZnCl the
alkylzinc chelate compound (LXIII) is reacted with methyl @-chloro-
acrylate, the reaction proceeds in a different fashion with only one

molecule of acrylate participating in the ring closure:



33

.- COOMe ¢l COOMe  COOMe
+ = c c
BU.Z.I'I.CECOOMe CF,Z CCOOMe Fmrr) Pl AN
H CH2 COOMe
(LXI111)

However, if the @~H is replaced by methyi as 1n (LXIV) the normal 1/2
reaction with @-haloacrylate takes place with formation of (LXVI). In this

case the product of the first-step 1/1 addition (LXV) can be isolated [95]:

Cl

| COOMe H
CH,=CCOOMe > CH3(3 é—COOMe
(!7001\:1e él
cl:oorﬂe (LXV)
BuZn—?—Me —_—t
COOMe
{(LXIV) (l:()OMe COONMIe

1
> C——— C-—l1

e /
ZCHZ=CCOOMe cl:oor;ie \ /

CH,C—CH, CH,
COOMe
(LXVI)

III. ORGANOZINC COMPOUNDS AS POLYMERIZATION CATALYSTS

Several publications providing details on the catalytic properties of
organozinc compounds in polymerization reactions have appeared. Ab-
stracts of patent applications and patents describing multni~component
polymerization catalysts containing organozinc compounds as one of the
components of the catalytic system, which have appeared 1n 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 polymerization of aldehydes and
B-lactones bhas appeared in print. Emphasis is on investigations a ming
at elucidating the initiation and propagation mechanism of these organo-

zinc~catalyzed reactions [21 ].
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Tsuruta has given an excellent account of the state of the art 1n the
area of stereoselective and asymmetric-selective (or stereoelective)
polymerizations in a review with 142 references. The author who has made
substantial contributions in this area deals extensively with the role of
organozinc-based catalyst systems i1n this type of polymerizations [96].

Several alkylzinc alkoxides derived from tertiary alcohols were

found to be active tn the polymerization of epoxides, the catalytic activity de.

creasing i1n the series ethylzine triphenylmethoxide > ethylzinc diphenylme-
thylmethoxide > ethylzinc dimethylphenylmethoxide and,therefore, with de-
creasing ac:d strength. The alkylzinc alkoxides containing the (+)-2-methyl~
butylzinc group 1nduced the asymmetric-selection polymerization of
DL-propylene oxide with formation of optically active poly(propylene oxide).
The asymmetric-selection efficiency increases with increasing phenyl-
-substitution of the alkoxide (increasing o¥-.constant) [I4.].

Tani et al. have published the details of their study of the stereo-
specific polymerization of propylene oxide and its @-deuterated analog
using N,N-bis{ethylzinc)-tert.butylamine as the catalyst. Only 1n the
presence of a small amount of water 1s isotactic poly(propylene oxide) ob-
tained. It was concluded that at least two kinds of catalytically active
species are present, one for the atactic and one for the 1sotactic poly-
merization and that the main reaction occurring in the presence of water is

represented by [971:

2EtZnNBu'zZnEt + H,0 —> 2EtZnNHBu' + EtZnOzZnEt

The systermn diethylzinc/nitromethane has been reported to exhibit a
very high catalytic activity for the polymerization of a variety of alkylene
oxides. The reaction of Er22n with nitromethane 1n addition to the zinc
salt of methazonic acid produces water which upon reaction with ErZZn

procuces the catalytically active species [93].
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Inoue and Tsuruta have continued their investigations concerned with
the organozinc-catalyzed alternate copolymerization of carbon diovide and
epoxides [cf. AS 71; 108].

The differences between the catalyst systems diethylzinc/water and
diethylzinc/methanol has been examined in relation to the elementary
processes of the copolymerization. Both catalysts react with CO2 to pro-
duce XZnOCOOR, where X=OCHS for the ErZZ.n/MeOH system and X =
(OZn)nOH or (OZn)nEt for the EtZZnIHZO system. The reactivity of
XZnOCOOR with propylene oxide depends on X and the diiference between
the two systems can be explained by the presence or absence of repeating
Zn—0 bonds [98]. The combination diethylzinc/dihydric phenol 1s a
particularly effective catalyst for the copolymerization reaction. The
catalytic activity of these systems is believed to be connected with the
presence of the ZnOXOZn group, where X may be phenylene, naphthylene,
etc. One aromatic group (=OXO—} 1s incorporated i1nto the copolymer

chain in the initial stage of the copolymerization [l3J:

O
7N
Et—-(ZnOXO)n—ZnOXOY + MeCH—-GH2 —_>

Me
)
—> Et—{ZnOXO0) —ZnOCHCH,0X0Y €%,

Me
1
—> Et{ ZnOXO)n—ZnOCOOC HC HZOXO Y —>

7
w&, Et—(ZnOXO)n—-Zn ceese COpOlymer ..... —OXOY

Another active copolymerization catalyst consists of the combination of
dialkylzinc with dicarboxylic acids or hydroxycarboxylic acids. Especially
E%anisopbthalic acid 1/1 and EtZZnIm—hydrobenzoi.c acid 1/1 gave higher
yields than the ErZZnIresorcinol system. Active species of the type

Et-(ZnOOCRCOO)n—H and Et—(ZnOOCRO)n-—H are probably involved [99].
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Tsuruta has studied ethylzinc 1,3-diphenyl-l-pentene-olate (LXVII)
as a model compound for the growing end in the anionic polymerization of

phenylvinylketone [ 23 J:

(LXV1I)

I1V. STRUCTURAL, SPECTROSCOPIC AND PHYSICAL STUDIES

A, Structural studies

An X-ray crystal structure determination of ethylzinc iodide has been
reported [100]. This compound is a coordination polymer in the solid,
Fig. 2 showing the arrangement of the molecules in the projection along

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

theoretical cubane-type arrangement,

Fig. 2. arrangement of ethylzinc Fig. 3. The relationship between the
iodide molecules in the projection polymeric structure and the theore-
along b [from P. T. Moseley and retical cubane-type structure for

H. M, M. Shearer, J, Che Soc. , ethylzinc iodide [from P, T, Moseley

Dalton Trans., 1973, 64]. and H, M, M, Shearer, J. Chem. Soc.,
Dalton Trans., 1973, 64J.
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B. Spectroscopic studies

Evans and Phillips bave concluded from l9F‘-NMR spectroscopic
measurements {p-fluorine region) that the species present in solutions of
pentafluorophenylzinc iodide in THF can be represented by a predominant-

ly monomeric Schlenk equilibrium:
—_—
(G Fg)Zn + Znl, &2 2G FgZnl

The calculated value for the equilibrium constant Kis 7.5 + 0.9 at 359,
The activation energy for pentafluorophenyl exchange was found to be ca.
70 kJ mol'l [2]. Keq values for a variety of solvents are given.

Pentafluorophenylzinc bromide 1n THF behaves similarly with
Kgq 160 £ 3.0 at 357 [2].

The 60 MH=z ]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 shifts and coupling constants have been dis-
cussed as a function of the central metal atom [lOl]. The 60 MHz l.H-NMR
parameters for di-3-butenylzinc and di-4-pentenylzinc have been reported
by Denis et al. The data for the latter compound have been interpreted 1n
terms of a weak intramolecular interaction between the zinc atom and the
double bond. A dipole-dipole interaction as a result of the inherent
polarity of the Zn—~C bond and the polarity of the double bond is proposed
{51

Stability constants for the complex formation between dimethylzinc
and diethylsulphide (K = 3), diethylether (K = 20} and triethylamine
(K = 200) have been determuned by an NMR technique [102]. NMR spectro-
scopic data for a variety of alkylzinc alkoxides derived from tertiary
carbinols have been reported by Nakaniwa et al, [14].

The transient monomethylzinc radical has been generated by flash

photolysis of dimethylzinc and its UV absorption spectrum has been

References p. 39
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recorded and interpreted. Two absorption systems occur at 3790 - 4180 ]
and 2600 - 2740 & [103].

Dimethylzinc has been included in a molecular structure study of
dimethylmetal compounds (M =2Zn, Cd, Hg). A normal coordinate analysis
1s presented and the normal frequencies and eigenvectors have been cal-
culated [IO—!].

IR and Raman spectra have been presented for solid methylzinc
borohydride and methylzinc deuteride. The wvibrational modes of the
CI—T.32n+ ton have been assigned assurmung local C3V symmetry. The Zn—C
stretch (557 cm-l) occurs at the average of the symmetric (503 cm_l) and
asymmetric (610 cm_l) stretches of (CHZ)DZn [IOS].

The 2,2'-bipyridyl complex of bis(triphenylgermvl)zinc and of bis-
(triphenylstannyl)zinc displays charge-transfer absorptions in the wisible
spectrum, '\m of which decreases with increasing polarity of the

ax

solvent [ IT].

The cons:istently lower metal-metal stretching frequency ("fas NMZn M)
10 (Ph3M)ZZn-Blpy complexes as compared with 1n (Ph3M)ZZn-TMED com-
plexes {M=Ge, Sn) has been explained in terms of Zn —> Bipy charge
transfer [I?].

Alkylzinc thtocyanates RZnSCN display the Zn—C stretching ab-
sorption at 558 em™! (R =CH,) and 530 em™! (R=CZH5), respectively [12].
Bis{trimethylsilylmethyl)zinc (h!e__,’SlCHZ)ZZ.n according to the IR and
Raman spectra possescses the expected linear structure. The single Zn—C

stretck occurs at 508 cm™ ! {(polarized) [9].

C. Miscellaneous studies

Measurements of the optical rotation (O’%)s in benzene solution) have
revealed thai the transfer of (S}-2-methylbutyl groups from zinc to
aluminium in the (+)—d1[(S)—2—methylbuty1]z:ncltri-isobutylaluminium

system proceeds without significant racemization [106].
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Philipp et al. have developed an improved procedure for the quanti-
tative determination of Cl -C5 alkylzinc compounds [107]. The bis-THF
complex of dimethylzinc has been applied as the reagent for the quanti-
tative gas-volumetric determinationr of surface hydroxyl groups in
amorphous silica [108].

Guest et al, have 1ncluded dimethylzinc 1n their theoretical study of
the bonding in a number of methylmetal compounds (Li, B, Zn) based on
semi-empirical and ab 1nitio molecular orb:ital calculations. The carbon
atoms are approximately spz hybridized, the Zn—GC bonds have negligible
m character and the zinc 3d orbitals are essentially non-bonding 1n
character [109]. A topological equivalent orbital approach has been
applied by Cox to a variety of polynuclear organozinc species such as

(RZnSR'), and (MeZnS-1Pr)y [i10].
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