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/. Introduction 
Although the formation of organocadmium compounds (R2Cd 

or RCdX) was suggested several times from 1853 to 1891 , 1 - 4 

the first purified reagents—dimethyl- and diethylcadmium—were 
reported by Krause in 1917.5 Recognition of their utility as re
agents in synthesis, however, stems from the pioneering work 
initiated much later by Gilman and Nelson.6 Their synthetic use 
to the present time has been restricted almost exclusively to the 
preparation of ketones from acid chlorides and anhydrides, a 
subject which was reviewed in 19467 and again in 1954.8 

Apparently, most organic chemists still assume that orga
nocadmium reagents are peculiarly unreactive toward aldehydes 
and ketones, the latter being the end products of their reactions 
with acid chlorides and anhydrides. This misconception has been 
restated in well-recognized textbooks in organic chemistry, 
published in the U.S.A. as recently as 1973, 1975, and 1976. In 
a book on organozinc and organocadmium compounds published 
in 1967,9 most of the discussion of the latter dealt with the re
actions with acid chlorides. Only in the most recent, extensive 
review by Nutzel of organocadmium compounds10 is there a 
presentation of some of the less familiar reactions, with al
dehydes, ketones, and organic halides. 

The simple generalization, however, that organocadmium 
reagents react only with acid chlorides, anhydrides, and 1,2-
dicarbonyl compounds must of necessity be modified since the 
important discovery by Kollonitsch11"13 that the reagents differ 
markedly in their reactivity with organic substrates, depending 
on the presence or absence of magnesium or lithium salts. Thus, 
in situ reagents are reactive toward simple aldehydes and ke-
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tones, whereas purified reagents (i.e., salt-free) are much more 
selective. Nevertheless, even in situ cadmium reagents are 
considerably lower in their reactivity than the corresponding 
magnesium or lithium compounds and consequently are prom
ising selective reagents for transforming aldehyde, ketone, acid 
chloride, and acid anhydride functions without affecting ester, 
nitrile, amide, nitro, and other functional groups present in the 
same molecule. Perhaps of greatest synthetic utility is the se
lective displacement by organocadmium reagents of halides (or 
other suitable leaving groups) in substrates containing other 
functionalities, which would be decomposed by the more re
active lithium or magnesium compounds. 

What follows is a survey of some of these less familiar re
actions of organocadmium reagents—simple additions, dis
placements, reductions, and rearrangements. 

An effort has been made to survey the literature through 1975, 
but without including the reactions with acid chlorides and an
hydrides which have been covered in earlier reviews. (In addition 
to Organometallic Chemistry Reviews, B (1977-1973) and 
Journal of Organometallic Chemistry, (1973-), see, for example, 
ref 14, 15, and 16.) 

It is noteworthy that organocadmium compounds are not in
cluded in an extensive chapter on the literature of the main-group 
organometallics published in 1975.17 

//, The Organocadmium Reagent 
A. Methods of Preparation 

Of the many possible routes to organometallic compounds 
described by Jones and Gilman,18 only a few have been used 
in preparing cadmium compounds. Further details on synthesis 
of organocadmium reagents can be found in the extensive 
treatise by Nutzel.10 

1. Exchange between an Organometallic Reagent and 
a Cadmium Salt 

Although not chronologically the first method attempted for 
preparation of organocadmium reagents, the interaction of an 
organometallic reagent and a cadmium salt has become the 
standard route to their synthesis. It was first reported in 1917 by 
Krause,5 who prepared dimethyl- and diethylcadmium by distil
lation of the reaction mixture from the alkylmagnesium halide 
and cadmium bromide. Some of the properties of these purified 
reagents were described many years later in a book by Krause 
and von Grosse.19 Success of the method depends upon the 
generalization18 that the equilibrium involving two organome-
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tallies lies on the side of the less reactive partner. Limitations 
and variations in the method as a general route to organome-
tallics were noted in the ensuing years. It was found, for example, 
that alkyl bromides were superior to chlorides or iodides and that 
dibutyl ether was inferior to diethyl ether as solvent.20 Cason 
recommended replacing solvent ether with benzene after for
mation of the organocadmium reagent,7 a technique which be
came standard practice in many synthetic procedures. 

Alkyl and aryl21 lithium reagents also exchange readily with 
cadmium salts, but they have not been as widely used. Highly 
purified dimethylcadmium has been prepared from trimethyl-
aluminum and cadmium acetate.22 

2(CHa)3AI + 3Cd(OAc)2 —• 3(CH3)2Cd + 2AI(OAc)3 (1) 

Exchange between aluminum alkyls and cadmium halides has 
been patented as a synthetic method.23 

Although vinyl Grignard and lithium reagents generally fail to 
react,24 the acetylenic Grignard reagent from butenyne under
went exchange with cadmium chloride to afford the cadmium 
reagent.25 

CH2=CHC=CMgBr + CdCI2 —> CH2=CHC=CCdCI (2) 

Allylic cadmium reagents cannot be prepared by this method 
and, in fact, were reported from a different route for the first time 
only in 1967.26 Indirect evidence for the formation of crotyl (or 
methallyl) cadmium reagent was provided by Agami and Pre-
vost,27 who allowed "crotylzinc" reagent to interact with cad
mium chloride in various solvents and then hydrolyzed the re
action mixture. On the basis of the composition of the butenes 
(from gas-liquid chromatography), they estimated that the fol
lowing equilibrium lay 64% on the side of the organocadmium 
compound. 

(C4Hy)2Zn + CdCI2 — ZnCI2 + (C4H7)2Cd (3) 

C4H7 = crotyl or methallyl 

Difunctional organocadmium reagents from X(CH2)„X have 
been generated by way of the Grignard reagents, n being 4, 5, 
6, and 10. The success of the synthesis, as judged by conversion 
to diketones with acid chlorides, improves as n becomes larg
er.28 The organocadmium reagent generated from X(CH2)6X with 
2 equiv of CdX2 affords final products (from acid chloride, al
dehyde, or ketone) in considerably lower yield.29 

A methylene insertion into CdCI2 with diazomethane leads 
to bis(chloromethyl)cadmium, but the yield is only 11 % .30 

2CH2N2 + CdCI2 — (CICHa)2Cd (4) 

2. Reaction of an Organic Halide with Cadmium Metal 

Before 1900 at least four reports of the attempted preparation 
of organocadmium reagents from methyl or ethyl iodide and 
metallic cadmium appeared, the first in 1853.1"4 In every case 
evidence for the organometallic compound was fragmentary, 
the isolation of CdI2 being taken as an indication that the reaction 
had proceeded. 

With the advent of polar, aprotic solvents in recent years, 
some limited success has been achieved in the direct synthesis 
of organocadmium reagents from the metal. The method has 
been shown to work with alkyl iodides (but not bromides),31,32 

and cadmium cuttings, with hexamethylphosphoramide,32 di
methyl sulfoxide,31 or dimethylformamide31 as solvent. The 
simple dialkylcadmium compounds chus formed are identical 
in reactivity with those prepared by Krause.5 Cadmium metal 
has been used in place of zinc in a "Reformatsky" reaction, 
where the solvent was either dimethyl sulfoxide or hexa
methylphosphoramide.33 No such reaction with cadmium has 
been achieved with the more common solvents (ether, etc.). 

BrCH2C02C(CH3)3 + Cd0 — * -
or HMPT 

H-C3H7CHQ n-C3H7CH(OH)CH2C02C(CH3)3 

*" 45%, 65% ( ' 
Highly active cadmium in the form of a slurry, prepared by 

cocondensation of the metal vapor and solvent at 77 K, reacts 
with ethyl iodide during several hours' reflux. Evidence for for
mation of ethylcadmium reagent was based on GLC analysis of 
ethane after treatment of the reaction mixture with 10% 
HCI.34 

Although the best conversions were accomplished with di-
glyme (83 %) and dioxane (74 %), it is noteworthy that organo
metallic formation took place even in hexane (61 %) and toluene 
(55%). Attempts to obtain purified diethylcadmium, however, 
failed. 

Recently the formation of RCdX, complexed with neutral bi-
dentate ligands, has been carried out in an electrolytic cell, with 
cadmium as the anode and platinum as the cathode.35 In a typical 
experiment, electrolysis is conducted on degassed solutions of 
alkyl (or aryl) halide and tetraethylammonium perchlorate in dry 
acetone. Yields, based on loss of cadmium at the anode, are of 
the order of 90 %. The fact that acetone can be used as solvent 
is probably an indication of the strong stabilization of the cad
mium compound by the ligands (e.g., 2,2'-bipyridyl, 1,10-
phenanthroline, and dioxane). Thus, although of considerable 
interest, the method is not of promising value for the usual ap
plications to organic synthesis. 

There is even some evidence that aryl iodides will undergo 
reaction with cadmium metal in suitable solvents. It was reported 
that pentafluoroiodobenzene and cadmium turnings in dimeth
ylformamide, dimethyl sulfoxide, or hexamethylphosphoramide 
afforded brown solutions, whose 19F NMR spectra indicated the 
presence of both Ar2Cd and ArCdI.36 

3. Reaction of an Organometallic Compound with 
Cadmium Metal 

In a patent in 1963 the preparation of divinylcadmium, a liquid, 
was described as proceeding from divinylmercury and cadmium 
metal.37 That result was later disputed, however, when divinyl
cadmium, a crystalline solid, was obtained by an alternate 
route.38 There is apparently only one documented example of 
the formation of an organocadmium compound from cadmium 
metal and another organometallic reagent, that being the re
action of bis(perfluorophenyl)thallium bromide with the metal 
in the absence of a solvent in a sealed tube at 160 0C for 7 days. 
The yield of bis(perfluorophenyl)cadmium is reported to be 
53 %.39 

(C6Fg)2TIBr + Cd0 -* (C6Fg)2Cd (6) 

4. Metalation 

The formation of bis(phenylethynyl) cadmium by way of a 
metalation reaction has been reported.40 In this procedure ha-
lide-free diphenylcadmium and phenylacetylene, both in ether, 
were placed in a sealed, evacuated vessel for 8 h at room 
temperature. 

C6H5CSiCH + (C6H5J2Cd ->• (C6H5C=C)2Cd (7) 

By contrast it was reported from another laboratory that di
ethylcadmium (unspecified nature) failed to react appreciably 
with phenylacetylene in ether at 20 0C under argon.41 Solvent 
had a profound effect on the rate of metalation. The half-life for 
phenylacetylene (as determined by evolution of ethane) varied 
from 21 h in dimethoxyethane to less than 5 s in tetramethylethyl-
enediamine. 

2C6H5C=CH + (C2Hg)2Cd — 2(C6H5C=C)2Cd + 2C2H6 (8) 

In spite of this low reactivity, a later report appeared on the 
use of the cadmium reagent, generated from phenylacetylene 
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by way of the ethylcadmium reagent, as a general route to ke
tones.42,43 The solvent was ether-benzene, but there was no 
indication of other conditions required for effecting the meta-
lation. 

CdCl2 C6H5C=CH RCOCI 
C2H6MgBr—*- — > - —*-C6H5C=CCOR (9) 

Metalation of tris(pentafluorophenyl)germane with diethyl-
cadmium (unspecified) required heating in toluene at 100 0C for 
2h.44 

(C6Fg)3GeH + (C2Hg)2Cd — [(C6F5J3Ge] 2Cd (10) 

The solvated unsymmetrical germylcadmium compound was 
described as arising from metalation of triphenylgermane and 
diethylcadmium.46 

(C6Hg)3GeH + (C2Hg)2Cd — (C6H5)3GeCdC2H5(solvated) 

(11) 

The slow abstraction of relatively acidic hydrogens by cad
mium reagents, which distinguishes them from Mg and Li re
agents,46 is noteworthy and warrants further investigation. One 
study has been done with variously substituted benzyl alcohols. 

CH2OH + (C2Hg)2Cd 

2C2H6 (12) 

The half-lives, measured by evolution of ethane, at 35 0C for 
abstraction of hydrogen by halide-free diethylcadmium varied 
from 80 min (p-CF3) to 36 min (p-OCH3).

47 These results have 
been correlated with kinetics, isotope effect, and the Hammett 
relationship.48 

tert-Butyl alcohol only slowly decomposes dimethylcadmium; 
disappearance of the reagent (as followed by proton NMR) re
quires 1.5 h in benzene and even longer in ether.49 The rate of 
the second-order proton abstraction from isoamyl alcohol by 
purified dimethylcadmium is enhanced by the addition of metallic 
salts (ZnCI2, AICI3, MgBr2). This behavior is the opposite of that 
observed with Grignard reagents.46 

5. Redistribution 

The preparation of allylic cadmium reagents has been ac
complished by the very rapid redistribution between allylic boron 
compounds and dimethylcadmium.26 

2(CH2=CHCH2)3B 
-10 °C 

+ 3(CH3)2Cd — > • 3(CH2=CHCH2)2Cd + 2(CHg)3B (13) 

Diallyl-, dimethallyl-, and dicrotylcadmium were obtained in the 
form of solids, the residual trimethylboron by-product (a gas) 
being removed in vacuo. This is the method of choice for prep
aration of allyl compounds, for solutions or mixtures from allylic 
Grignard or lithium compounds and cadmium salts are unstable. 
The allylic reagents are unique among organocadmium com
pounds, inasmuch as they are obtained halide-free without any 
purification step such as distillation or precipitation of metal 
halide with dioxane. 

Divinylcadmium has been prepared by the redistribution be
tween divinylmercury and dimethylcadmium, an exchange which 
is much slower than that for allylic compounds. The two com
ponents were heated at 60 0C in a sealed container for 5 days. 
After the dimethylmercury had been removed in vacuo, the re
sidual divinylcadmium was purified by sublimation.38 

(CH2=CH)2Hg + (CH3)2Cd — (CH2=CH2)2Cd 
+ (CH3J2Hg (14) 

It has been reported that unsymmetrical cadmium reagents 
RR'Cd can be obtained by a controlled redistribution reaction. 
n-Butylethylcadmium, for example, was described as arising 
from two sources.50 

H-C4H9CdI + C2H5MgCI 

n-C4HgMgBr + C2H5CdI 
H-C4H9CdC2H5 (15) 

It was reported that 2-thienylphenylcadmium, in the form of a 
hemidioxanate, was obtained from equimolar amounts of 
phenylcadmium iodide and thienylmagnesium iodide; the mag
nesium iodide was precipitated by dioxane.51 

C6H5CdI + F 
dioxane 

-MgI C6H5Cd- J 
(16) 

(17a) 

(17b) 

B. Nature of the Reagent 

The nature of the cadmium reagent depends on its method 
of preparation. The most common procedure is to prepare a 
cadmium reagent by addition of a cadmium salt (usually the 
chloride or bromide) to a solution of a Grignard or lithium reagent 
in ether or other suitable solvent.78 The resulting in situ reagent, 
used directly, contains 1 or 2 molar equiv of magnesium halide, 
depending on the relative amounts of organometallic and cad
mium salt. These alternatives are illustrated below for prepa
rations from a Grignard reagent. 

2RMgX + CdX2 — R2Cd + 2MgX2 

"dialkylcadmium" 

RMgX + CdX2— RCdX + MgX2 

"alkylcadmium halide" 

"Purified" cadmium reagents, free of halide, can be obtained 
by direct distillation at reduced pressure if the compound is 
sufficiently volatile. Dimethylcadmium, diethylcadmium,5 and 
di-n-butylcadmium52 have been isolated in this way, for example. 
An alternative method of removing inorganic halides is ac
complished by precipitation of the salts with dioxane. For ex
ample, di-p-tolylcadmium53 and dicyclohexylcadmium54 were 
isolated as solid dioxanates by treatment of an ethereal solution 
with dioxane. Diphenylcadmium was purified by sublimation 
following a similar treatment with dioxane.55 Another route to 
halide-free reagents depends on the method of Thiele26 devel
oped for allylic cadmium reagents, in which a redistribution is 
carried out between an allylic boron compound and dimethyl
cadmium. 

A careful distinction should be made between in situ and 
"purified" organocadmium reagents in any assessment of their 
behavior. It was first pointed out by Kollonitsch11-13 that their 
properties may be markedly different, and this situation has been 
confirmed by many other workers. 

Relatively few investigations into the composition and 
structure of organocadmium reagents have been carried out. 
The use of spectroscopy to deduce structures is complicated 
by the many components in equilibrium in the in situ reagents, 
and information on purified compounds may be of limited use 
for conclusions about the former. 

A characteristic infrared band at about 540 c m - 1 has been 
noted5657 for the Cd-C bond in dimethylcadmium, and infrared 
spectroscopy has been the basis for some conclusions about 
the structure58 and position of equilibrium59 of in situ reagents. 
From the rotational spectrum of gaseous dimethylcadmium, the 
Cd-C bond distance was calculated to be 2.112 A.60 The general 
consensus from vibrational infrared61 and Raman61'62 and 
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pure-rotational Raman spectra is that dimethylcadmium assumes 
a quasi-linear structure, with free rotation about the Cd-C 
bonds.63 

The proton NMR chemical shift in dimethylcadmium64'65 is 
intermediate between those of dimethylzinc (higher field) and 
dimethylmercury, in line with the relative electronegativities of 
the three metals. Shifts of a few other simple cadmium reagents 
have been included in a review.65 In the vinyl compounds, the 
internal proton NMR chemical shifts decrease as the metal is 
changed from Zn to Cd to Hg (increasing atomic number and 
electronegativity). At the same time the various coupling con
stants decrease.66 The 13C coupling with Cd in organocadmium 
compounds has been reviewed.67 From the coupling constant 
in dimethylcadmium it was estimated that the carbon possesses 
24% s character.68 The use of 113Cd FT NMR spectroscopy for 
studying redistribution reactions is discussed in part VIII. 

Garrett and co-workers69 suggested that the chief component 
formed by mixing purified diethylcadmium and cadmium bromide 
in THF is (C2Hs)2Cd-CdBr2, a conclusion based on molecular 
weight determination and exchange experiments with radioactive 
115Cd. More recently Sanders and Ashby52 have made an ex
tensive study of various in situ reagents in ether derived from 
D-C4H9MgX and CdX'2 in various proportions (X, X' = Cl, I). Their 
conclusions were based on elemental analysis for Mg, Cd, and 
X and on infrared spectra of both soluble and insoluble reaction 
products. When the reagent is prepared in a Grignard:CdX2 ratio 
of 2:1, it seems to consist only of R2Cd + MgX2. In a 1:1 ratio 
the reaction seems to afford MgX2 and an equilibrium mixture 
of R2Cd and CdX2. Cooling the solution from the 1:1 reaction 
mixture caused precipitation of solids, whose analyses were 
consistent with the structure RCdX-MgX2. At least weak asso
ciation between cadmium compound and Cd or Mg salt was 
noted in all cases. From these studies it might be generalized 
that "dialkylcadmium", prepared in a 2:1 (Grignard:CdX2) ratio, 
can be depicted in solution as R2Cd 4- MgX2 ^ R2Cd-MgX2. 
"Alkylcadmium halide", from a 1:1 ratio, is more complicated. 
The following additional equilibria are probably involved, with 
R2Cd being the dominant organocadmium component. 

2RCdX + 2MgX2 — R2Cd + CdX2 + 2MgX2 (18a) 

RCdX + MgX2 ^ RCdX-MgX2 (18b) 

RCdX + CdX2 — RCdX-CdX2 (18c) 

2RCdX — R2Cd + CdX2 (18d) 

Heretofore reagents depicted as "RCdX" have been isolated as 
dioxanates.70 

///. Reactions with Aldehydes and Ketones 
A. The Reagent: In Situ vs. Purified 

Contrary to widespread belief75-77 organocadmium reagents, 
prepared in ether or benzene solvent, add rapidly and efficiently 
to simple carbonyl compounds—aldehydes and ketones—under 
mild conditions, provided the in situ reagent is employed. The 
misconception that cadmium reagents are inert toward simple 
carbonyls has been restated as recently as 1976 in prominent 
organic chemistry textbooks in the U.S.A. This misconception 
stems primarily from two review articles by Cason7 and Shirley,8 

who discussed the use of cadmium reagents for the synthesis 
of ketones from acid chlorides and anhydrides; and from an 
earlier paper by Gilman and Nelson6 in which it was reported that 
benzaldehyde and ethylcadmium reagent were converted to the 
adduct in only 32% yield, even though the reactants were stored 
in a sealed tube at room temperature for 5 months. The ethyl-
cadmium reagent in Gilman and Nelson's experiment had been 
distilled, according to the procedure of Krause,5 and so was free 
of halide salts. More than 20 years later, Kollonitsch was the 
first1112 to report that organocadmium compounds reacted 

readily with benzaldehyde (86% yield in 2 h) and other simple 
carbonyls, provided the in situ or reconstituted reagents were 
used. He corroborated the unreactivity of purified reagents 
toward a variety of substrates; and, significantly, he observed 
that in situ cadmium reagents prepared from organolithium 
compounds were less effective than those from Grignard re
agents. The generality of this behavior—facile additions of in 
situ organocadmium reagents to aldehydes and ketones—has 
been confirmed in several publications, notably those originating 
from the research group at Orsay.57'78-99 

The metal halide present in an in situ or reconstituted cadmium 
reagent may function in one of several ways to "activate" the 
reagent; two possibilities are that it forms a complex with R2Cd 
(represented by 1) or coordinates with the carbonyl group as in 
2, thus enhancing the nucleophilicity of R2Cd in the first case 

\ A \ 
.Cd M C = O - --MX2 

R X 

1 2 

and making the carbonyl group more electrophilic in the latter 
case. Infrared evidence has been presented for structures of type 
1, where the metal halide is magnesium bromide.58 Magnesium 
halides promote addition reactions far more effectively than do 
zinc, cadmium, lithium85 or aluminum salts.82 The nature of the 
halide plays a noticeable but less pronounced role. Among 
magnesium salts, iodides are most effective100101 and chlorides 
least effective (fluorides have not been investigated). That is, 
an in situ organocadmium reagent prepared from: 

CdX2 

2RX + 2Mg -> 2RMgX —>• R2Cd + 2MgX2 (19) 

is most effective when X = I throughout. Comparable recon
stituted reagents can be prepared by the addition of 2 molar equiv 
of MgI2 to purified R2Cd. 

In the special case of ethoxymethylcadmium reagent, 
(C2H5OCH2J2Cd, its preparation by way of the corresponding 
Grignard reagent is satisfactory only with cadmium iodide, for 
both cadmium chloride and bromide were found to have reacted 
incompletely even after 48 h.81 

B. Allylic Reagents 
It is remarkable that allylic cadmium reagents, prepared free 

of metal halide by way of organoboron compounds,26 are highly 
reactive toward aldehydes and ketones102"104 as evident in the 
following syntheses of secondary and tertiary alcohols.102 

2(CH2=CHCH2)3B + 3(CH3)2Cd 
— 3(CH2=CHCH2)2Cd + (CH3)3B (20) 

(CH2=CHCH2)2Cd + RR'CO 
->• RR'C(OH)CH2CH=CH2 (21) 

R = H, R' = Pr (74%) R = Me, R' = Et (85%) 

R = H, R' = Ph (80%) R = R' = Et (89%) 

Reactions must be carried out under unusually mild conditions 
(below 10 0C), presumably because of the instability of the allylic 
cadmium compound. Yields are, in fact, superior to those from 
the comparable Grignard reagent, which is known to undergo 
extensive coupling as a side reaction. 

C. Scope 
Electron-withdrawing substituents in benzaldehydes activate 

the carbonyl group toward addition. m-Chlorobenzaldehyde is 
converted to the alcohol in 83% yield with purified ethylcadmium 
reagent, under conditions where benzaldehyde reacts to the 
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CL ^ ^ CHO 

~ + (C2H5)2Cd 

Cl. .CH(OH)C2H5 

(22) 

extent of only 20%. p-Chlorobenzaldehyde is likewise readily 
attacked, whereas p-tolualdehyde, containing an electron-rich 
group, is even less reactive than benzaldehyde.83 

As expected, a-chlorine substituents in aliphatic aldehydes 
or ketones enhance the tendency for addition as well. Thus, a,a-
or a,a'-dichloro ketones underwent addition with in situ "R2Cd" 
(R unspecified) to the extent of 30-50%, whereas the conver
sion with dichloroacetaldehyde was 35-65% and that with 
chloral was 45-70%.78 It was reported that one chlorine sub-
stituent was not sufficient to activate an aldehyde or ketone 
carbonyl toward addition, but results from such experiments 
were not described. This is unexpected in view of the general 
addition to both aliphatic aldehydes and ketones. 

If the addition of cadmium reagents to carbonyls is nucleo-
philic in nature, then one would expect ketones to be less readily 
attacked than aldehydes. To the limited extent that comparable 
information is available, this generalization seems to hold. Thus, 
for example, the tertiary alcohol from methyl ethyl ketone and 
excess n-butyl reagent is formed in 45 % yield under conditions 
where benzaldehyde reacts with an equivalent of the ethyl re
agent to the extent of 85 % .86 

Apparently methyl cyclobutyl ketone is unusually reactive 
toward the in situ methylcadmium reagent. The acid chloride of 
cyclobutanecarboxylic acid, under the "usual" reaction condi
tions (excess of cadmium reagent to which the chloride is added 
at reflux temperature), affords exclusively the tertiary alcohol, 
presumably by way of the ketone. When the acid chloride is 

.C(OH)(CH3J2 

(CH3)2Cd • LT 
.COCl (reflux). 

-70 0 C 

|(?) p o r , u (23) 

D 
COCH3 

added at - 7 0 0C to a limited amount of cadmium reagent, the 
ketone is formed in 66% yield.75,105 

Aromatic ketones, as expected, are less reactive than ali
phatic compounds. Michler's ketone (3) is presumably inert to 
cadmium reagents in general, inasmuch as these reagents give 
no color test.71 Benzophenone reacts to the extent of about 
40 %91 with in situ ethylcadmium reagent, which, however, adds 
in 86, 91, and 100% yields to the aromatic ketones 5, 6, and 7, 

(CH3J2N C 

3 

< (C6Hg)2C=O < 

4 

N(CH3J2 

.C6H5 

'CRH 6 n 5 
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TABLE I. Solvent Effect in the Reaction of Purified Diethylcadmium 
with Benzaldehyde 

63 °C 
C6H5CHO + (C2Hs)2Cd — > - C6H5CH(OH)C2H5 

solvent time, h yield, % 

15 
6 

15 

20 
63 
80 

hexane 
hexane:TMED(3:1) 
hexane:HMPT(1:1) 

respectively.90 Ketone 7, in fact, undergoes addition in about 
85% yield with purified halide-free ethyl reagent whereas 5 is 
inert under the same conditions.90,106 

Formate esters, like "aldehydes" in general, react with in situ 
but not purified reagents. The yield of diphenylcarbinol from ethyl 
formate and the phenylcadmium reagent (present in excess) is 
45 %.86 

HCO2C2H5 + 3Ph2Cd ~> Ph2CHOH (24) 

The dramatic change in the reactivity of cadmium reagents 
in polar, aprotic solvents has been noted. Purified reagents 
(halide-free) are greatly activated by use of the solvents te-
tramethylethylenediamine (TMED) or hexamethylphosphortri-
amide (HMPT).83 A comparison of the yields of alcohol in the 
familiar addition of purified diethylcadmium to benzaldehyde, 
shown in Table I, points out the efficacy of these solvents in 
promoting the reaction. 

A "Reformatsky" reagent from cadmium metal (as well as 
aluminum) has been reported. The bromo ester is allowed to 
react with cadmium metal in dimethyl sulfoxide or HMPT; then 
the mixture is treated with butyraldehyde. In the limited number 
of examples reported,33 the fert-butyl ester appears to be su
perior. No /J-hydroxy ester was isolated from ethyl bromoacetate 
under similar conditions. 

BrCH2CO2CH(CHa)2 + Cd 

H+ C3H9CH(OH)CH2C02CH(CH3)2 
_ * " 23% 

Me2SO C3H9CHO 
> - >• -

(25) 

(26) 

(27) 

BrCH2CO2C(CH3J3 + Cd 
M*zs° CsH9CHO H+ C3H9CH(OH)CH2C02C(CH3)3 

*" 65% 

BrCH2C02C(CH3)3 + Cd 
HMPT CaH9CHO H+ C3H9CH(OH)CH2C02C(CH3)3 

*" ^ 45% 

The solvent must play a vital role in oxidation-reduction be
tween halo ester and metal, for Nieuwland and Daly had reported 
failures in 1931 in similar attempts to generate cadmium eno-
lates from a-chloro esters and cadmium powder in benzene, 
toluene, or without solvent.107 

The fact that organocadmium reagents will add to "activated" 
carbonyl compounds—those in a-diketones, a-keto esters, 
etc.—was probably first realized by Gilman and Nelson,6 who 
observed that ethyl chlorooxalate formed not the expected ethyl 
a-ketobutyrate with ethylcadmium reagent, but the hydroxy ester 
which presumably came from addition of cadmium reagent to 
the intermediate keto ester. 

CICCO2C2H5 + (C2H5J2Cd 

(C 2H 5 ) 2Cd 

[C2H5CCO2C2H5] 

(C2H5J2CCO2C2H5 (63%) (28) 

OH 
It was later shown that a-keto esters do indeed undergo addition 
readily.98'108 An example is the reaction of ethyl 2-oxohexanoate 
with in situ /7-butylcadmium reagent at 0 0C.108 
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Table II. Stereochemistry of Addition of Methyl Organometalllcs to 4-
ferf-Butylcyclohexanone 

organometallic 
(ether) % Z % E Z: E 

CH3MgBr 
CH3MgI 
2CH3MgBr + CdCI2 

2CH3MgI + CdCI2 

/1-C4H9COCO2C2H5 + (C4Hg)2Cd 
— (C4Hg)2C(OH)CO2C2H5 (80%) 

68 
62 
50 
42 

32 
38 
50 
5z 

2.2 
1.6 
1.0 
0.74 

(29) 

Even when the reaction of ethoxalyl chloride was carried out by 
slow, inverse addition, the keto ester was a minor product.108 

A few examples of other compounds which undergo selective 
addition at an activated carbonyl (underlined) are represented 
below. 

CH3COCOCH3
86'109 C2H5OCOCOCO2C2H5

97'110 

C6H5COCHO111 

C6H5COCOC6H5
112 CH3COCO2C2H5

98 

D. Stereochemistry of Additions to Aldehydes 
and Ketones 

The limited stereochemical studies of additions to simple 
carbonyis have been carried out with a view to comparing the 
selectivity of various organometallic reagents, notably the 
magnesium, lithium, aluminum, cadmium, and zinc compounds. 
This subject was thoroughly reviewed in 1975,113 and so only 
the highlights will be mentioned here. Only a few studies of the 
stereochemistry of addition of organocadmium reagents to 
carbonyl compounds have been published, in sharp contrast to 
the extensive, detailed studies of similar reactions with mag
nesium and aluminum compounds.113 

Even with the limited information, however, some striking 
peculiarities of the cadmium (and zinc) reagents are noteworthy. 
In the reaction of the methyl reagent with 4-fert-butylcyclo-
hexanone, there is relatively more axial attack, to give the 
nonthermodynamic diastereomeric alcohol, with cadmium (and 
zinc) than there is with the magnesium or lithium reagents.100 

Thus, for example, the Zand Eaicohols, arising, respectively, 
from equatorial and axial attack of the organometallic reagent, 
form in substantially different amounts (normalized %) with a 
change in the metal from magnesium to cadmium (see Table II). 
Under these conditions the ketone is effectively consumed 
(>95%). 

The only other instance of enhanced axial attack in 4-fert-
butylcyclohexanone is that when trialkylaluminum reagents are 
used in excess.113 Originally this behavior was rationalized as 
arising from "tighter" transition states for cadmium (and zinc), 
as compared to those for magnesium,100 where the transition 
state models were based on earlier suggestions.114'115 Ashby 
and Laemmle have offered support for their theory of steric 
compression as an explanation for this behavior, as it has been 
used to explain the enhanced axial attack by excess alkylalu-
minum reagents.113 

The in situ propylcadmium reagent is less reactive and more 
stereoselective than the methyl reagent;89116 that is, there is 
less axial attack in 4-tert-butylcyclohexanone with the propyl 
reagent. 

The halide-free allylcadmium reagent, on the other hand, 

OH 

CHoCH—CHn 

TABLE III. 
Reagents I 

metal 
temp. 
(0C) 

Stereoselective Addition of in Situ "Crotyl" 
o Achiral Aldehydes (RCHO) 

% "threo' 
R — C2H5 D-C3Hy 

(normalized) 
(CH3)2CH 

Organometallic 

(CH3)3C 

Mg (+35) 
Zn (+35) 
Cd (-20) 

52 
45 
50 

51 
46 
51 

58 
70 
80 

75 
84 
86 

exhibits even a higher preference for equatorial attack, the Z 
alcohol constituting 78% of the mixture of diastereomers.104 

Acyclic carbonyl compounds have been examined in only two 
laboratories. In one case,101 a marked change in stereoselec
tivity in the addition to a-substituted phenylacetaldehydes by 
methylcadmium (and zinc) as compared to the magnesium re
agents was observed. The erythro isomer is the favored alcohol 
product when R = methyl or ethyl, but the threo isomer pre
dominates when R = isopropyl. This changeover in stereo
selectivity would not be predicted from the models of Cram,117 

Karabatsos,118 or FeIkIn.119 

C6H5CHCH(CH3)OH (30) C6H5CHCHO + CH3M-

While in the cases where erythro is favored, the cadmium 
reagent is less stereoselective than the magnesium compound, 
the cadmium is more stereoselective (greater fraction of threo) 
when R = isopropyl. 

The reaction of "crotyl" cadmium reagent with achiral al
dehydes (or ketones) could lead to a complex mixture of products 
arising from a combination of allylic rearrangement and ste
reoselective addition. 

O 
Il 

RCR' + "CH3CH=CHCH2CdX" 
—>- RR'C(OH)CH2CH=CHCH3 

(racemic mixture) 
+ RR'C(OH)CH(CH3 (CH=CH 2 (31) 

(two racemic mixtures) 

Remarkably, the "crotyl" reagent, prepared in situ from crotyl 
bromide by way of the Grignard reagent, affords exclusively the 
methyallyl adducts.103120 Addition to aldehydes thus constitutes 
an interesting situation where two chiral centers are generated 
simultaneously. Four cases were examined (R = ethyl, r>-propyl, 
isopropyl, fert-butyl); in the first two, no stereoselectivity was 
observed. In the latter two, the "threo" isomer predominated. 
Qualitatively similar results were observed for the Mg and Zn 
compounds; all three sets of results are presented in Table 

RCHO + CH3CH=CHCH2CdX 

OH 

H-

H,C-

OH 

-R 

-H 

H-

H-

C H = C H 2 

(+ enantiomer) 
"threo" 

-R 

-CHo 
(32) 

CH=CH 2 

enantiomer) 
"erythro" 

If one assumes the crotyl reagent adds in a concerted, allylic 
rearrangement (an SE' process), two contrasting transition states 
8 and 9 can be drawn as shown (alternative arrangements, 
leading to other conformers, are, of course, possible). 

Transition state 8 is favorable in that it lacks the gauche in
teraction between the methyl and the incipient hydroxyl group. 
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O ' ' 'CH 2 

Il Ii 

H R " - C ^ 

8 (+ enantiomer) 

X 

I 
. ' C d V 

O ' ' 'CH 2 

Il I! 
/•-•v--.CH\. 

H R --C 

H 

9 (+ enantiomer) 

OCdX 

C H 9 = C H 

.H xk: (33) 

C H , 
C H 
^ 3 "threo" (+ enantiomer) 

OCdX 

C H 2 = C H C H , 

.CH3 H ^ j ^ R 

H 

"erythro" (+ enantiomer) 

(34) 

The results are consistent with this picture, for the stereo
selectivity increases as the size of "R" increases. It is of interest 
that this interpretation holds only if one considers methyl "large" 
and vinyl "medium" at the organometallic site. 

Precedent for this kind of stereoselectivity can be found in the 
addition of the Reformatsky reagent from methyl a-bromopro-
pionate to benzaldehyde,121 in which the "threo":"erythro" ratio 
of products is 63:37. In transition states leading to these /3-
hydroxy esters, the carbomethoxy carbonyl takes the place of 
the vinyl group in 8 and 9. 

O 

.C. 

ZnBr 
M e O — C , 

\ v 

C 6 H 5 

CH 

C H , 

MeO2C. 

OH OH 

, 1 ^ M e O 2 C x I ^ C H 3 

CH 3 

"threo" 

Side Reactions 

C 6 H 5 

(35) 

H 

H 

"erythro" 

C 6 H 5 

It was noted by Tatibouet and Freon78 in 1963 that when they 
repeated Kollonitsch's reaction between the in situ ethylcadmium 
reagent and benzaldehyde, they obtained not only the reported 
ethylphenylcarbinol, but benzyl alcohol as well, the latter a re
duction product. 

C6H5CHO + (C2Hg)2Cd 

— C6H5CH(OH)C2H5 + C6H5CH2OH (36) 

The possible formation of reduction products accompanying 
additions to aldehydes was subsequently investigated by Soussan 
in the same laboratory. 

RCHO + R'2Cd — • RCH(OH)R' + RCH2OH + RCR' (37) 

R, R' = CH3 , n-C3H7 , C 6H 5 

Products from the reactions of acetaldehyde, butyraldehyde, and 
benzaldehyde with in situ methyl-, n-propyl-, and phenylcadmium 

reagents were analyzed by gas chromatography. In every case, 
both reduction and oxidation products were found, in approxi
mately equal amounts. This suggests that they arise by the 
Meerwein-Pondorff-Verley (M-P-V) reduction (Oppenauer 
oxidation) route. 

RCHO + R'2Cd 
'R. 

RCHO 
> RR'CO + RCH 2 OCd- (38) CHOCd-

In some instances the tertiary alcohol, resulting from further 
addition of cadmium reagent to the ketone, was also detected 
in trace amounts. An example is the reaction of butyraldehyde 
with the methylcadmium reagent. 

Ai-C3H7CHO + (CH3J2Cd 

-»• H-C3H7CH(OH)CH3 + H-C3H7CH2OH 

+ H-C3H7COCH3 + H-C3H7C(OH)(CH3);, (39) 

In a more detailed examination of the reaction of butyraldehyde 
with the n-propylcadmium reagent, it was shown that the amount 
of oxidation-reduction products increased with an excess of the 
cadmium reagent. 

A similar array of products was reported by Soussan from the 
1,6-bis-cadmium reagent and butyraldehyde.79 Solvent and other 
reaction conditions were not specified, but it was noted that the 
relative amounts of the products changed with variation in the 
ratio of aldehydexadmium reagent. 

H-C3H7CHO + XCd(CH2)6CdX 

- * CH3(CH2)5CH(OH)C3H7-n (40) 

CH3(CH2)5COC3H7-n 

n-C3H7CH(OH)(CH2)6CH(OH)C3H7-n 

n-C3H7CO(CH2)6CH(OH)C3H7-n 

n-C3H7CO(CH2)6COC3H7-H 

1-Butanol, the M-P-V reduction product of butyraldehyde, was 
reported to be formed as well. It is of interest that there was no 
tendency for cyclization, for example, to form 1-n-propylcy-
cloheptanol. 

O .OH 

[XCd(CH 2 J 6 -CC 3 H 7 -H ] - X * (CH2)6 \ (41) 

C3H7-H 

An even more complex sequence of reactions has been noted 
when the "addition" reaction of benzaldehyde and ethylcadmium 
reagent is carried out in ether in the presence of a variety of 
metal halides (MgCI2, MgBr2, MgI2, ZnBr2, LiBr, AICI3). 

Not only were the oxidation-reduction products noted earlier 
found, but benzyl benzoate (Tischenko reaction), ethylphenyl-
carbinyl benzoate (Cannizzaro ?), and benzalpropiophenone and 
ethylidenepropiophenone (aldol condensation) were detected 
in minimal amounts.82 The side reactions (in particular the 
M-P-V reduction, Oppenauer oxidation) are enhanced as the 
amount of added metal halide is decreased; that is, the side re
actions predominate as the reagent approaches the "purif ied" 
state, when simple addition is very slow. The addition of CdBr2 

was reported to have no effect, but in this case the solvent was 
DMF. 

Reduction accompanies addition of the in situ benzylcadmium 
reagent to the "activated" ketone benzil.112 It is not clear what 
is serving as reducing agent. One possibility—that the benzyl 
reagent is oxidized to the alkoxide, which, in turn, takes part in 
a M-P-V process—appears ruled out. The composition of 
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products, analyzed by column chromatography and NMR, does 
not change when oxygen is excluded. Furthermore, no trace of 
benzaldehyde could be detected. 

C6H5COCOC6Hs + (C6H5CH2)2Cd 

— • C 6 H 5 C ( O H ) C O C 6 H 5 + C6H5CH(OH)COC6H5 (42) 

CH 2C 6H 5 

A somewhat analogous situation has been noted in the for
mation of the cis enediol dibenzoate from benzoyl chloride and 
ethylcadmium reagent under Barbier (one-step) conditions.122 

C6H 6 n 5 S • C 6 H 5 

C6H5COCI + (C2H5)2Cd 

C6H5COO 
\ 

(43) 

0OCC 6 H 5 

A case in which the alkylcadmium reagent serves as the re
ducing agent has been noted where n-propylcadmium reacts 
with 4-tert-butylcyclohexanone.89'116 Addition, however, pre
dominates over reduction.89 '116 In a comparison of various or-

O + H-C3H7M-

M = Mg, Cd, Zn 

OH ? 3 H 7 

O 3 H 7 OH 

OH 

OH H (44) 

ganometallics, it has been found in two different laborato
ries89 ,116 that the ratio of addition-.reduction decreases in the 
order Cd, Mg, Zn. Stereoselectivity in the reduction decreases 
in the order Mg, Cd, Zn. In one instance, in fact, the propylzinc 
reagent (from propylmagnesium bromide and ZnBr2) affords 
mainly the nonthermodynamic axial alcohol.116 

IV. Reactions with Other Unsaturated Functional 
Groups 

A. Esters and Lactones 
There are very few instances recorded in which an ester 

reacts by addition of an organocadmium reagent at the carbonyl 
group. (It has already been pointed out that propiolactone is at
tacked at the B carbon.123) Halide-free allylic cadmium reagents 
seem to be exceptional, for they add to ethyl acetate to afford 
the tertiary alcohol.104 '124 

CH3CO2C2H5 + (CH2=CHCH2)2Cd 

— CH3C(OH)(CH2CH=CH2)2 (45) 

Reaction with other in situ organocadmium compounds is limited 
to "activated" esters6 '85,86 '88 such as diethyl oxalate. 

(CO2C2Hs)2 + (C2Hg)2Cd — (C2Hs)2C(OH)CO2C2H5 (46) 

Even in these cases, addition occurs at only one ester function. 
The reaction fails with halide-free reagents.88 The fact that ethyl 
formate undergoes addition is consistent with the tendency for 
aldehydes to react readily.86 

HCO2C2H5 + (C6Hs)2Cd — (C6Hs)2CHOH (47) 

(in situ) 

The more common situation is that an ester or lactone function 
survives while other groups undergo addition or displacement 
with the cadmium reagent. Some representative examples are 
the following. 

C H 3 C H ( O A C ) C H 2 C O C I + (CH3J2Cd 

—•»- C H 3 C H ( O A C ) C H 2 C O C H 3 (ref 125) (48) 

COCI 

(CH 2)„ 
\ 

+ R2Cd (CH2)n 

OCJ2O2jH 5 

COR 

CO2C2H5 

(ref 7, 8, 96) (49) (n>2) 

CH3COCO2C2H5 + R2Cd 

—* • CH3CR(OH)CO2C2H5 (ref 98) (50) 

CO. 
< 

,OC^C^r^ 

+ R2Cd 

CO 2C 2H 5 

RC(OH) 

CO2C2H 5 

(ref 97, 110) 

(51) CO2C2H5 

CH3OCH(CI)CO2CH3 + (C6H5)2Cd 

—*- CH3OCH(C6H5)CO2CH3 (ref 126) (52) 

C 6 H 5 ?6H5 

.CCI 

O + R2Cd 

CO 

CR 

> 
CO 

SO O 

C7O 

+ (CH3)2Cd 

(ref 127, 128) 

(53) 

.CH(CH3) 

(ref 129) (54) 

Recent interest in the use of diethylcadmium as a catalyst for 
the polymerization of ethylene monothiocarbonate 

(CH2); 
A 

2J2 / 'CO 

suggests that thio esters (or lactones) are more susceptible to 
attack by cadmium reagents than the oxygen analogs.130 

B. Amides, Lactams, and Nitrites 
The generalization made in 196378 that amides and nitriles 

are unreactive toward organocadmium compounds has not been 
disputed. The only exception is the case of dimethylformamide, 
which was reported to be converted in 40% yield to benzalde
hyde with an excess of the in situ phenylcadmium reagent.86 

(C6H5J2Cd + HCON(CH3J2 

N(CHg)2 

C6H5CK 

OCdCfiH 6 n 5 j 

-+- C6H5CHO (55) 

Inasmuch as the reaction did not proceed further, even though 
benzaldehyde is known to react under such conditions, it is 
reasonable to assume that the initial adduct persists until the 
hydrolysis step. 

Presumably lactams, unless highly strained, would likewise 
be inert toward cadmium reagents. There are apparently no 
examples of ring openings of /3-lactams. 

An example of the inertness of the nitrile group is provided 
in the case of 3-trichlorosilylpropanenitrile, which undergoes 
displacement at silicon in 90% yield.131 
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CI3Si(CH2)2CN + (CH3J2Cd -»• CH3Si(CI2)(CH2)2CN (56) 

C. Nitro Compounds 

Nitroethylenes react with organocadmium compounds in the 
conjugate manner exclusively,86,88'132 the nitro group remaining 
intact. Likewise, cadmium reagents add in the conjugate manner 
to ethyl nitrocinnamates without affecting the nitro func
tion.133 

NO, 

CR=C(CN)CO2C2H5 + (C2Hg)2Cd 

CR(C2H5)CH(CN)CO2C2H5 (57) 

NO9 

Although a-nitro ketones may lead to a complex mixture with 
cadmium reagents, in all of the products the nitro group is still 
present. An example is the addition of the ethylcadmium reagent 
to nitroacetone.94 

CH3COCH2NO2 + (C2H5J2Cd — CH3(C2H5)C(OH)CH2NO2 

40-60% 

+ CH3COC2H5 + CH3NO2 (58) 

Nitromethane undergoes metalation rather than addition with 
purified dimethylcadmium; the bis(nitromethyl)cadmium deto
nated in the glove box.134 

2CH3NO2 + (CH3J2Cd — (02NCH2)2Cd + 2CH4 (59) 

All the above reactions were carried out under fairly mild 
conditions (diethyl ether as solvent, gentle reflux) with no effect 
on the nitro group. In one study, aromatic nitro groups were re
duced with a cadmium reagent when the latter was present in 
excess and the reactions were carried out in dibutyl ether at 
reflux for 12 h.135 Under these conditions the nitro group was 
converted to a secondary amine, the /V-alkyl group originating 
from the alkylcadmium reagent. Furthermore, alkylation occurred 
in some instances in the aromatic ring. Besides the example 
shown, similar results were recorded for nitrobenzene, nitro-
mesitylene, and m- and p-nitrotoluene. 

NO2 

(Qj + (C2H5)2Cd 
^ ^ ^ NHC2H5 NHC2H5 

- p C H ^ 0 ' C H 3 (60) 

C2H5 

Because the reaction conditions for these reductive alkyla-
tions are extreme, it is reasonable to assume that nitro groups 
in general will survive treatment of a multifunctional compound 
with cadmium reagent under more usual conditions. 

D. Miscellaneous Nitrogen Compounds 

1. Imines 

Benzalanilines undergo 1,2-addition at the imine bond with 
in situ ethylcadmium reagent in high yield (over 90 %), whereas 
the purified reagent is ineffective.136 The corresponding Grignard 
reagent adds similarly, but in situ ethylzinc reagent provides the 
adducts in only 40-60% yield. When MgBr2 is added to the pu
rified cadmium reagent, its effectiveness is restored.137 

ArCH=NAr' + (C2Hg)2Cd — ArCH(C2H5)NHAr' (61) 

A study was made of the effect of substituents (p-OMe, p-Me, 
p-CI, m-CI) in both rings on the rate of addition,138139 which 
appears to have little or no nucleophilic character, for the 
Hammett p values, although small (0.4-1.4), are negative. Thus, 
electron-withdrawing substituents slightly impede the addition. 
On the other hand, a Hammett plot for the addition with diethyl-
magnesium had a positive slope.140 It was suggested that in the 
case of Grignard addition, coordination of Mg with the nitrogen 
is important. 

In an asymmetric synthesis of amino acids, by addition of 
organometallics to iminoglyoxylates, Fiaud and Kagan found in 
situ cadmium reagents to be superior to the Grignard reagents. 
While the cadmium route led regiospecificaliy to the secondary 
amine, the Grignard reagents were often unselective or else 
afforded exclusively the tertiary amine.141 

C6H5CH(CH3)NHCHC02('-)menthyl 

R2Cd/ R 

C6H5CH(CH3)N=CHC02(-)menthyl (62) 

RMgX^ 

C6H5CH(CH3)NHCHC02(-)menthyl 

R 
+ C6H5CH(CH3)NCH2C02(-)menthyl 

2. Isocyanates 

In contrast to the case with Grignard reagents, isocyanates 
do not undergo simple addition with in situ alkylcadmium re
agents but rather trimerize.142 

RNCO + (D-C4Hg)2Cd 
R N 'TMR 

oAAo 
R 

(63) 

R = C2H5, n-C4H9, C6H5, C10H7 

Phenyl isocyanate underwent trimerization with the purified 
n-butyl reagent and with in situ ethyl and n-propyl reagents as 
well. Arylcadmium reagents lead to a complex mixture of 
products. 

3. Thiocyanogen 

Reaction of cadmium reagents (apparently halide-free) with 
(SCN)2 in benzene led to the formation of alkylcadmium thio-
cyanates, whose decomposition points and vibrational spectra 
were taken as evidence that they were coordination poly
mers 143 

RR'Cd + (SCN)2 —• RCdSCN + R'SCN (64) 
R = methyl, ethyl, ethoxy; R' = methyl, ethyl 

4. Nitric Oxide 

Nesmeyanov and Markarova reported formation of 
"C6H5N=NNO3" from the interaction of purified diphenylcad-
mium with NO.144 More recently, Abraham and co-workers have 
isolated in high yield the methyl analog of cupferron from di
methylcadmium and nitric oxide in benzene at room tempera
ture.145 

(CH3J2Cd + 2NO Cd[ONCH3I2 

NO 

(65) 



500 Chemical Reviews, 1978, Vol. 78, No. 5 P. R. Jones and P. J. Desio 

TABLE IV, Conjugate Addition of in Situ Cadmium Reagents to Unsaturated Compounds 

unsatd compd 
Cd reagent 

(R = ) 
1,2-

addition 
1,4-

addition ref 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 

19. 

20. 

21. 

22. 

25 

CH2=CHCHO 
CH2=CHCHO 
CH3CH=CHCHO 

C6H5CH=CHCHO 
,CHO 

CT 
[HL-CHO 

Q - C H O 

CH2=CHCOCH3 

CH2=CHCOCH3 

CH3CH=CHCOCH3 

CH3CH=CHCOCH3 

CH3CH=CHCOCH3 

(CH3)2C=CHCOCH3
 b 

(CHa)2C=C(CH3)COCH3 " 
CH3CH=C(COCH3)2 

C6H5CH=CHCOC6H5 

C6H5(COCH3)=C(C6H5)COCH3 

0° 

CoHc; CRHR 

I. Aldehydes 
C2H5 

C6H5 

CH3 

C2H5 

n-C4Hg 
CH3 

CH3 

C2H5 

D-C4Hg 
CH3 

C2H5 

CH3 

C2H5 

C5H5 

CH3 

C2H5 

C6H5 

II. Ketones 
CH3 

C2H5 

CH3 

C2H5 

isoC4H9 

C2H5 

C2H5 

C2H5 

C6H5 

C2H5 

C2H5 

C2H5 (excess) 

C2H5 

C6H5 

C2H5 

C2H5 (purified) 
/1-C4H9 

C6H5 

C2H5 

D-C4H9 

C6H5 

C2H5 

C2H6 (purified) 
D-C4Hg 
C6H5 

C2H5 

10 
45 
14 
58 
40 
72 

3 
51 
59 
30 

56 
82 
86 
73 
78 
84 
84 

trace 
^ 1 
trace 
< 1 
< 1 
40 
10 
O 
O 
O 

< 1 
< 1 

O 

100 
82-85 
100 
100 

91 
93 
93 

86 
0-1 

90 
69 

O 

0(25)a 

0(33)a 

< 1 
2 
2 
6 

22 
49 
41 

5 (starting 
material 
recovered, 43%) 

16 
0 
O 
O 
O 
O 
O 

5 
3, 7(10)a 

5 (83, 89)a 

6 (44, 50)a 

4 (44)a 

0 
O 

95 
100 

52 

5 (70)a 

20 

25 (hydroquinone, 25%) 

2,6-diphenyl (10%") 
2,5-diphenyl(20%) 
2,3,5,6-tetraphenyl(20%) 

hydroquinone (50%) 
0 
0 
0 
0 

0 
0 
0 
0 

0 (starting material 
recovered, 90%) 

149,150 
149, 150 
150 
150 
150 
150 
150 
150 
150 
150 

150 
150 
150 
150 
150 
150 
150 

106 
106, 149 
106, 149 
106, 149 
149 
106 
106 
106 
151 
106 

106, 149 
106, 149 

92, 106 

93 

106 
106 
106 
106 

106 
106 
106 

106 
106 
106 
106 

106 

III. Esters, Nitriles, Keto Esters, etc. 
26. 
27. 
28. 

29. 
30. 
31. 

32. 

CH3CH=C(CO2C2Hs)2 

CH3CH2CH^=C(C02C2H5)2 
(CH3)2C=C(C02C2H5)2 

(CH3)2CHCH=C(C02C2H5)2 

CH3CH=C(COCH3)CO2C2H5 

(CH3)2CHCH=C(C02C2H5) 

I 
CO(CH2)2C02C2H5 

(CHs)2C=C(CN)2 

CT-C10H7 

CT-C10H7 

D-C4H9 

CT-C10H7 

C2H5 

CT-C10H7 

H-C4H9 

0 
0 
0 

0 
0 
0 

0 

60 c 

65 c 

28 (diethyl 
isopropylmalonate, 34%) 

77° 
85 
33 

5 (isopropyl 
malononitrile, 39%) 

153 
153 
156 

153 
106 
154 

156 
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TABLE V. (Cont) 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

unsatd compd 

(CHs)2C=C(CN)CO2C2H5 

C2H5C(CHa)=C(CN)CO2C2H6 

R. Ri 

k 
(Cj) CR = C(CN)CO2C2H5 

CH3CH=CHNO2 

C2H5CH=CHNO2 

(CHa)2CHCH=CHNO2 

C6H5CH=CHNO2 

Cd reagent 
(R = ) 

n-C4H9 

C6H5 

C5H5CH2 

"-C3H7 

C6H5 

C5H5CH2 

C2H5 

C2H5 

H-C4H9 

C5H5 

C2H5 

H-C4H9 

C5H6 

C2H5 

H-C4H9 

CeH5 

C2H5 

H-C4H9 

C5H5 
a Yield of condensation products from subsequent conjugate addition. b 

acetate added. 

1,2-
addition 

O 

O 
O 
O 
O 
O 

O 

O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 

Forcing conditions ( 

1,4-
addition 

15 (saturated 
cyano ester, 23%) 

12 
92 
12 (saturated cyano ester, 
26 
93 

59%) 

8 (various adducts obtained; 
no yields recorded) 

60 
55 
55 
55 
60 
50 
55 
60 
50 
76 
70 
50 

ref 

156 

156 
156 
155 
155 
155 

133 

132 
132 
132 
132 
132 
132 
132 
132 
132 
132 
86, 132 
132 

excess Cd reagent, refluxing ether 10 h). c Piperidinium 

Although attack by cadmium reagents at N-O bonds may be 
general, there appear to have been no further investigations in 
this area. 

5. Diazo Compounds 

In a study on the generation of organometallic diazoalkanes, 
Lorbert obtained evidence for the cadmium enolate of dia-
zoacetic ester. The reaction involved metalation of diazo-
methane or ethyl diazoacetate with di[bis(trimethylsilylami-
no)cadmium146 at - 3 5 0C (eq 66 and 67). Cation exchange 
between lithiodiazomethane and cadmium chloride failed (eq 
68). 

Cd [N(Si(CH3)3)2] 2 + CH2N2 — Cd(CN2)2 (66) 

Cd[N(Si(CH3)3)2]2 + N2CHCO2C2H5 

— Cd[C(N2)CO2C2Hg]2 (67) 

CdCI2 + LiCHN2 *» Cd [CHN2] 2 (68) 

Although the diazo-containing cadmium compounds de
compose readily (cadmium diazomethane is explosive), their 
formation illustrates the indifferent reactivity of the diazo group 
(as well as esters) toward organocadmium compounds. 

E. Oxides of Carbon 

Very little has been reported on the interaction of carbon 
monoxide and carbon dioxide with cadmium reagents.10 In one 
instance, in situ phenylcadmium reagent was inert toward CO;147 

in another, purified diphenylcadmium failed to react with 
CO2.

144 

The halide-free, allylic cadmium reagents, however, were 
found to afford the corresponding acids (without rearrangement) 
in good yield.148 

CO2 

(CH2=CHCHa)2Cd >- CH2=CHCH2CO2H (69) 

CO2 

(CH2=C(CH3)CH2)2Cd >- CH2=C(CH3)CH2CO2H (70) 

CO2 

The lack of investigation in this area can be attributed to the fact 
that it offers no synthetic advantage over the carbonation of 
Grignard or lithium reagents. 

V. Conjugate Addition 
The recorded examples of the interaction between organo

cadmium reagents and a,/3-unsaturated compounds have been 
assembled in Table IV. Most instructive is to compare the results 
of organocadmium reagents with the more familiar Grignard 
additions. 

In the case of aldehydes, the cadmium reagent effects some 
1,4-addition when the corresponding Grignard reagent leads 
exclusively to 1,2-addition.149150 

For the cases of crotonaldehyde with n-butylcadmium and of 
cyclopentene-1-carboxaldehyde with methylcadmium, it was 
shown that the tendency for 1,4-addition was enhanced by the 
presence of cuprous iodide and suppressed by increasing the 
Cd/aldehyde ratio.149150 Only with cyclopentene-1-carboxal-
dehyde, among those studied, however, was there substantial 
1,4-addition. It accounted for about one-half the product with the 
ethyl- or n-butylcadmium reagent, for example.150 

CHO 

+ R2Cd 

.CH(OH)R 

CHO 

(72) 

R = C2H5, H-C4H9 

R 
(Z and E) 

(CH3CH=CHCH2)2Cd >- CH3CH=CHCH2CO2H (71) 

Under similar conditions crotonaldehyde, cinnamaldehyde, cy-
clohexene-1-carboxaldehyde, furfural, and thiophene-2-carb-
oxaldehyde afforded exclusively or predominantly the 1,2-ad-
ducts. These observations serve as convincing confirmation of 
the facile addition of cadmium reagents to aldehydes. 

Ketones tend to undergo 1,4-addition somewhat more ex
tensively than aldehydes. Furthermore, the relative amount of 
1,4- to 1,2-addition is higher for cadmium than for Grignard re
agents, an observation that holds for (!,^-unsaturated esters and 
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nitrites as well. As an example, it was shown that 3-penten-2-one 
afforded the 1,2-adduct in 76% yield with methylmagnesium 
bromide, whereas the same product was formed in only trace 
amount with the methylcadmium reagent.106 The mixture of 

CH3CH=CHC(OH)(CH3)2 (76%) 
CH3MgBjX"^ 

(CHo)3Cd 
CH,CH=CHCOCH, 1,4-products(100%) (73) 

products from the latter case was the result entirely of a se
quence of 1,4-additions. 

Benzalacetophenone gave the 1,4-adduct with phenylcad-
mium reagent in quantitative yield;151 although the phenyl Gri-
gnard reagent is known to produce predominantly the same 
product, there is, nevertheless, some 1,2-adduct as well.152 

2,3:6,7-Dibenzotropone is recovered unchanged after treat
ment under forcing conditions with the ethylcadmium reagent. 
Fluorenone85 and other highly conjugated cyclanones react 
extensively in the 1,2 manner under milder conditions.106 

An early report by Riegel153 indicated that the enhanced 
1,4-addition with cadmium over magnesium reagents also pre
vailed with alkylidenemalonic esters. The saturated malonic 
esters from a-naphthyl reagent were isolated in higher yields 
from the cadmium compound in each case. It was noted, how
ever, that piperidinium acetate facilitated the cadmium reaction, 
and so this salt was added to the reaction mixtures. 

RCH=C(CO2C2Hs)2 + (a-C10H7)2Cd 
R = CH3, C2H5, (CHa)2CH 

piperidinium 
acetate"* RCH(a-C 1 0 H 7 )CH(CO 2 C 2 H 5 ) 2 (74) 

Advantage was taken of this conjugate addition to carry out the 
following transformation in a multistep synthetic se
quence 154 

(CH3)2CHCH=C(C02C2H5)CO(CH2)2C02C2H5 

+ (a-C10H7)2Cd -* 
(CH3)2CHCH(a-C10H7)CH(CO2C2H5)CO(CH2)2CO2C2H5 (75) 

It was noted by Prout155,156 that alkylidene cyanoacetic esters 
behaved in the contrary way: 1,4-addition was higher with Gri-
gnard than with cadmium reagents, the examples being the 
propyl, butyl, and phenyl organometallics. Only in the case of 
the benzyl reagents did the cadmium compound afford the 
1,4-adduct in higher yields. 

CH3C(RJ=C(CN-JCO2C2H5 

+ R1
2Cd — CH3CRR1CH(CN)CO2C2H5 

+ reduction product (76) 

R = CH3, C2H5; R
 = D-C3H7, /7-C4H9, C5H5, CeH5CH2 

The synthesis of a series of 1,4-adducts from benzalcyanoacetic 
esters by this method has been the subject of a recent pat
ent.133 

The 1,2- and 1,4-additions in conjugated compounds are likely 
to be accompanied by side reactions. If the cadmium reagent 
contains /3 hydrogens, it might be expected that reduction would 
occur. This is particularly the case with benzoquinone,92,93 

where hydroquinone accounts for one-half the product. An ex
ample is the case of its reaction with the ethylcadmium re
agent.92 The fact, however, that hydroquinone is a major product 

(C2H5)2Cd (77) 

with the phenylcadmium reagent as well points to other pathways 
to reduction.92 

In the case of alkylidene malonate and cyanoacetate deriv
atives, reduction is observed with butyl but not with phenyl or 
benzyl reagents.155,156 This suggests that reduction may be 
taking place by means of the transfer of a /3 hydrogen from the 
alkyl group of the cadmium reagent. It is of interest, although 
unexplained, that the extent of reduction is higher for cadmium 
than for Grignard reagents.156 

"Simple" 1,4-addition is followed by further Michael con
densations with some conjugated ketones; in fact, this sequence 
accounts for all or most of the final products in some cases. For 
example, of the 1,4-addition product between 3-penten-2-one 
and methylcadmium reagent, all but 5 % of it is the bimolecular 
condensation product.106 

CH3CH=CHCOCH3 + (CH3J2Cd 

(CH3)2CHCHCOCH3 

— • (CH3J2CHCH2COCH3 + CH3CHCH2COCH3 (78) 

minor major 

Cyclohex-2-enone gives mainly the condensation product rather 
than the 1,4-adduct with the ethylcadmium reagent.149 

25% 

+ (C2H5J2Cd 

C2H5 

minor C2H5 

major (79) 

These secondary products presumably arise by conjugate 
addition to starting ketone of the initially formed enolate, which 
was itself the product of 1,4-addition. 

,-- I CH,CH==CHCOCH, 
(CH3)2CHCH:—CCH3 —2 ^ 

(from 1,4-addition) 
(CH3J2CH—CHCOCH3 Q 

CH 3CH—CH '— CCH3 —>• product (80) 

The fact that the condensation products predominate suggests 
that the Michael addition is kinetically or thermodynamically 
favored over the addition of cadmium reagent. 

A proposal has been put forward that the competition between 
1,2- and 1,4-addition in conjugated carbonyls can be correlated 
with the organometallic by means of the Pearson hard and soft 
acid-base theory.157 According to this point of view, it can be 
calculated that the 4 position in an a,/3-unsaturated carbonyl 
compound is "softer" than the 2 position. Then the "hard" metal 
cations (e.g., Li, K, Na, Ca) should tend to promote 1,2-addition, 
whereas the "soft" ones (e.g., Cd, Ag, Cu, Hg) should lead more 
readily to 14-addition. Metal cations of intermediate hardness 
should exhibit an effect somewhere between the extremes. 
Although the examples of comparison between cadmium and 
other organometallics are limited, there does indeed seem to 
be a correlation in the 1,2- vs. 1,4-addition for the series: Li > 
Mg > Cd (1,2 > 1,4). 

Vl. Reactions at Saturated Carbon 
A. Halides 

Cason and Fessenden158 reported that some secondary and 
tertiary halides (2-iodooctane, 2-bromobutane, fert-butyl chloride, 
tri-n-propylcarbinyl chloride) were either inert toward in situ 



Reactions of Organocadmlum Reagents Chemical Reviews, 1978, Vol. 78, No. 5 503 

alkylcadmium reagents or else they underwent elimination to 
alkenes, usually in low yield. Even allyl bromide did not react 
significantly with the n-octylcadmium reagent. More recently, 
Galiullina and co-workers159 reported a high conversion of tri-
phenylmethyl chloride to 1,1,1-triphenylethane with dimethyl-
cadmium (presumably halide-free). This displacement or 
"coupling", typified by Grignard and other organometallics 
(Kharasch and Reinmuth), is in competition with elimination, 
which the organocadmium compound undergoes when the "R" 
of the cadmium reagent contains /3 hydrogens. The two con
trasting pathways are illustrated in eq 81. Yields, based on un-

(C6H5J3CR (R = Me, Et, Ph, benzyl) 

R2Cd + (C6Hg)3CCI (81) y 

(C 6 HJ) 3 CH + [RCdCI] + alkene (R-H) 

(R-Et, n-Pr, /-Bu) 

recovered organocadmium reagent (determined by hydrolysis), 
were high for cadmium reagents where R = methyl, ethyl, and 
n-propyl but were not reported for R = isobutyl, phenyl, or 
benzyl. 

The bis(triethylgermyl)cadmium compound affords, in low 
yield, displacement or cross-coupling products with three ha-
lides, as shown in eq 82-84. It was demonstrated by ESR 
spectroscopy that the reaction mixture from triphenylmethyl 
chloride generates free radicals and products derived from 
them.160'161 Reaction of the same cadmium compound with 
benzyl bromide160 affords symmetrical coupling products (eq 
85), an observation also suggestive of free-radical intermedi
ates. 

[(C2Hg)3Ge]2Cd + (C6H5)3CCI — (C2Hs)3GeC(C6Hg)3 (82) 

[(C2Hs)3Ge]2Cd + CH2=CHCH2Br 

- * (C2Hg)3GeCH2CH=CH2 (83) 

[(C2Hs)3Ge] 2Cd + C2H5Br — (C2H6)4Ge (84) 

[(C2Hs)3Ge]2Cd + C6H6CH2Br — (C2H5V3GeGe(C2Hg)3 

+ C6H5CH2CH2C6H6 (85) 

The interaction of diethylcadmium (and -zinc) with carbon 
tetrachloride and chloroform leads to dichlorocarbene formation, 
the evidence for the divalent intermediate being the trapping 
product with cyclohexene and 1-chloropropene, presumed to 
form by an insertion of dichlorocarbene into the carbon-cad
mium bond.162'163 

(C2H5J2Cd + CCI4 

C2H5CdCI3 

:CCI2 + 

C2H5CdCCI3 + C2H5CI (86a) 

•*• C2H5CdCI + :CCI2 (86b) 

.Cl 
(86c) 

Cl 
(detected by chromatography) 

CCI2 + (C2H5J2Cd or C2H5CdCI 

—>• C2H5C(CI2)CdR(R = C2H5, Cl) (86d) 

C2H5C(CI2)CdR —>• RCdCI + [C2H5CCI] 
-°-»- CH3CH=CHCI (86e) 

(isolated) 
Benzyl bromide or chloride leads to substantial coupling with 

phenylcadmium reagents.164166 Of particular interest is the 
observation by Emptoz and Huet that bibenzyl formation disap
pears when one changes from in situ to halide-free diphenyl-
cadmium, and that benzene is superior to ether as solvent.165 

Dimethylcadmium affords ethylbenzene with benzyl bromide in 
ether or benzene as solvent, but the reaction conditions are more 
extreme, and the conversion is inferior to that with diphenyl-
cadmium. 

C6H5CH2X + R2Cd — C6H5CH2R 
R = Ar, CH3 

(87) 

There has been one report of the conversion of allyl bromide 
to 3-phenylpropene (39%) and of 3-bromocyclohexene to 3-
phenylcyclohexene (81 %) with the in situ phenylcadmium re
agent.164 

(C6H5)2Cd 
CH2=CHCH2Br 

- * CH2=CHCH2C6H5 

C6H5 (88) 

Displacement at silicon in 3-trichlorosilylpropanenitrile is 
effected with purified dimethylcadmium in toluene. 

CI3Si(CH2)2CN + (CH3J2Cd — CH3Si(CI2)(CH2)2CN (89) 

The product of monodisplacement is formed in 90% yield (69% 
in benzene), whereas a mixture of mono-, di-, and tri-displace-
ment products are formed with the Grignard reagent.131 

B. Epoxides 
Only one study of the reactions of styrene oxide with cadmium 

reagents appears to have been carried out.86'166'167 The prod
ucts with in situ methyl, ethyl, butyl, and phenyl reagents are 
secondary alcohols, presumably arising from phenylacetal-
dehyde, an initial rearrangement product. (It has been shown that 
phenylacetaldehydes readily undergo addition with in situ re
agents.101) In no case was any indication given that either of the 

A 
C6H5CH—CH2 + R2Cd(MgX2) -+ - [C6H5CH2CHO] 

C6H5CH2CH(OH)R (90) 

alcohols from direct ring-opening—C6H5CH(OH)CH2R, 
C6H5CH(R)CH2OH—was detected. The metal salts present in 
the in situ reagent may promote the rearrangement of styrene 
oxide to phenylacetaldehyde; in any case, purified cadmium 
reagents were shown to be unreactive toward styrene oxide. The 
interaction with epoxides warrants further attention, however, 
for it has been noted that diethylcadmium and mercaptans serve 
as catalysts in the polymerization of propylene oxide.168 

C. Competition between Displacement at 
Saturated Carbon and Other Reactions 

An early report by Bunnett and Tarbell169 would indicate that 
addition to an acid chloride is more facile than displacement of 
an a-halogen. The example is chloroacetyl chloride, which was 
converted in 26% yield to the ketone with in situ butylcadmium 
reagent. 

CICH2COCI -»• CICH2COC4H9 (91) 

The mixed carboxyl carbonic anhydride of acetoacetic acid 
ethylene ketal reacts in the expected manner with in situ butyl-
cadmium reagent, to afford the corresponding ketone.170 

CH 
x O O + (C4Hg)2Cd 

CH2COCOC2Hs 

r\ 
CH X (92) 

'CH2COC4H9 

The next two higher homologs, however, react preferentially by 
what appears to be displacement at the ketal carbon, alkoxide 
being the leaving group.170'171 
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TABLE V. Displacement Reactions Effected by Organocadmium Reagents in Multifunctional Compounds 

Reactant 
Cd 

reagent (R : product(s) (yield, %) ref 

19. 

C 6 HSCOOCH(CI )C 6 HS 

(CeH5COO)2CHCeHs 
CeH6COsCH(CI)CH=CHC6H5 

BrCH2COsC2Hs 
BrCH2COsCsH5 

CICH 2 COSC 2 HS 

CH3CH(Br)CO2CsH5 

CH3CH(Br)CO2C2H5 

CH3CH(Br)CO2C2H5 

10. 
11. 
12. 
13. 

14.! 

15. 

16. 

17. 

18. 

(CH3)2C(Br)C02C2H5 

BrCH(CO2C2Hs)2 

C6H5COCH2Br 
CH 3 OCH(CI )COSCH 3 

CHn-CHp 
I I 
O — C = O 

@5 
^ - ^ " C O /* CHBr 

^~. ,CHCl 

<§0 
as above 

as above 

C6H5 

C6H6 

C6H5 

C6H5 

Qf-C10H7 

C 6 H 5 

C 6 H 5 

0 - C 1 0 H 7 

6 - (CH 3 O)^-C 1 0 H 6 

C6H5 

C6H5 

C6H5 

C6H5 

0-C4H9 

C6H5 

o-C6H4CH3 

/77-C6^CH3 

2-C10H7 

C6H5 

CH3 

CsH5 

C3H7 

C6H5 

C6HsCOOCH(C6H5)S (29) 
CeH5COOCH(C6Hs)2 (13) 
(C6H5)sCHCH=CHC6H5 (25) 
CeH5CH2CO2CsH6 (11, 26, 46, 53) 
0-C10H7CH2CO2C2H5 (9, 16, 62) 

CH3CH(CeHs)COsCsHs (40, 58) 
CH3CH(O-C10H7)CO2CsH5 (55) 
CH1O. m 

'CH(CH3)CO2C2H5 

CH2(C02C2H5)s (75) + C6H5Br (75) 
C6H5COCH2C6H5 (3-31) 
CH3OCH(C6Hs)CO2CH3 (60) 
n-C4H9(CH2)2C02H (32) 
CeH6(CH2)SCO2H (77) 
0-CH3-C6H4(CH2)2C02H (5) 
m-CH3-C6H4(CH2)2COsH (51) 
2-C10H7-(CH2)2CO2H (48) 

Ck (41) 

S ^(CHj)2CO2H 

^C(C6H5J2 

/ 
CO 
.CH(CH3 

b 

(32) 

/ 
CO 

CH(C2H5) 

O 

CO 
CH(C3H7) \ 

O / 
CO 
CHC6H \ 

O 

(90) 

(18) 

(16) 

6n5 

(74) 

a 
174 
174 
174 
164, 174 

179 

193 

174 

174 

174 

126 

123 

123 

123 

123 

123 

123 

128 

175 

175 

175 

CO 

OCH3 

20. ©6 
^ - ^ co 

.CH(OCH3) 

O C H 3 

CHCH3 

CO2H 

OC2H5 

(91) 

,CH(CH3) 

y> (2) 
CO 

129 

21. 

CH(OC2H5) 

O 

CO 

C H 3 

CHCH3 

(85) 

CO2H 

Omenthyl 

CH(CH3) 

O (1) 

CO 

129 

22. 

23. 

25. 

CHO(menthyl) 

> 
CO 

.CHOCOCH3 

CO 

.CHOCOCH20(menthyl) 

/ 
CO 

C H ' \ 
/ 

CO 

CH 

CO' 

.C(CH3)CI 

CO 

as above 

CH3 

CH3 

CH3 

CH3 

C2H5 

C3H7 

^ ^ ^ / C H C H 3 o r <61<97' 
^ ^ X O 2 H 

CH(CH3) 

O (30,57) 

"CO 

as above (13,38) 

CH3 CH3 

I ^ 0 ^ I CH CH 

CO2H HO2C 

C(CH3)C2H, 

(51) O 

CO 

C(CH3)C3H-, 

O (57) 

CO 

(22) 

129 

129 

129, 180 

129 

175 

175 
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Reactant 
Cd 

reagent (R = ) product(s) (yield, %) ref 

28. 

29. 

30. 

31 

32. 

33. 

34. 

35. 

36. 

38. 

39. 

40. 

41 . 

42. 

43. 

44. 

45. 

46. 

47. 

48 . 

as above 

as above 

'COCH, 

ec; 

CCH3 

O / 
CO 
.C(C6H5)CI 

/° 
CO 

as above 

as above 

as above 

as above 

OC2H5 

I 
C(C6H5) 

,0 

OCH(CH3J2 

I 
C(C6H5) 

/ 
CO 

CO 

ô "O 
X l 

° " % H 3 

(or chain tautomer) 

as above 

as above 

as above 

as above 

I Cl 

o - C .O 
C6H5 

(or chain tautomer) 

as above 

as above 

as above 

as above 

as above 

C4H9 

C6H5 

CH3 

CH3 

CH3 

D-C4Hg 

C6H5 

CeHs 

C2H5 

C 2 H 5 

C H 3 

C2H5 

C3H? 

C4H9 

+ C 6 H 5 

C H 3 

C j H 5 

H-C3H7 

0-C 4 H 9 

D-C5H1 1 

H-C6H i 3 

.CXH3)C4H9 

O (60) 

CO 

CXH3)C6H5 

O (42) 

'CO 

.CCH3I2 

O (44) 
CO 
CX6H5)CH3 

p (80) 

CO 

as above (88) 
CX6H5)-n-C4H9 

O / 
CO 

^ - V N - C(C6H5I2 

OL P (70) 

^ ^ X O 
as above (45) 

OC2H5 

C(C2H5)C6H5 

CO2H 

OCH(CH3I2 

C(C2H5)C6H5 

(80) 

(87) 

(19) 

CO2H 

,CO 

^ (CH3I2 

(98, crude) 

CO 

T (60,75) 
,C(CH3)C2H5 

.CO 
O 

X(CH3 )C3H7
 < 6 2 ) 

CO 

.,C(CH3)C4H9 
(63) 

.CO 
"O 

I (73) 
,C(CH3)C6H5 

as above (64) 

CO 

^ (26) 
,C(C2H5)C6H5 

.CQ 
O 
I (43) 

.0 ,C(n-C3H7 )C6H6 

.CQ 
? (55) 

,0 ,C(n-C4H9)C6H5 

CQ. 'O 

^XIn-C 5 H 1 1 )C 6 H 5 

,CO 

(57) 

175 

175 

128 

175 

127 

127 

127 

175 

X( I -C 6 H 1 3 )C 6 H 5 
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TABLE V. (Cont) 

Reactant 

Cd 
reagent (R ; product(s) (yield, %) ref 

49. as above CeH5 

- 0 ^ 
(45) 

50. 
AcO. 

AcO. 

Ac0_7~*"-v2--70 

AcO I 
Cl 

A C O N ^ 

OAc 

CH3 

CH3 

AcO. 

AcO ^ - T \ / (33) 

O O 
^C(CH 3 I 2 

as above (57) 

52. 

53. 

54. 

55. 

56. 

C2H5CO2 

C2H5C02-7~~~^J^° 

C2H5CO2 I 5 2 Cl 

A c O ^ 

A c O ^ / - y - s ^ / 

OAc I 
Br 

as above 

as above 

as above 

CH3 

CH3 

C2H5 

CeH5 

f ^ C ^ g 

CoHcCO? 

c2H5co2--r-~^]^ 
C 2 H 5 C 0 2 ^ U ^ / 

/ \ 
0X0 

C2H5 C AcO 

Ac0-"7~~-~J^0 

CtCH3I2 

AcO-

AcO--7^-J^,0 

A c °v^^y 

CH3 ' C 2 H 5 

, 0 

(33) 

H3 

(40) 

(36) 

AcO 

AcO. 

AcO 
(23) 

OAc C6H5 

AcO 

AcO-

AcO--7\J^.0 

°x° 
(57) 

177 

177 

57. 

59. 

as above 

OAc 
AcO \ 

Acoy~L2j° 

Br 

C2H5CO2 

C 2 H 5 C O 2 - " 7 ^ ^ 2 - - / 0 

C 2 H 5 C 0 2 . ^ > - r \ / 

C2H5CO2 \B|p 

C$HsCH2 

CeH5 

C2H5 

AcO-T^-X-?0 

°x° 
CgH^Cn2 CH3 

OAc OAc 

AcO 

AcO P (29) 

C R H 5 

AcO 

AcO-7~-~~X^° 
AcO ^rY (24, after ester 

interchange) 

C(C2H5J2 

177 

177 

60. as above CH3 

C2H5CO2 _ - ^ ^ J ^ Q 

C 2 H 5 C 0 2 ^ _ / ^ - p ^ / (39 ) 

°X° 
C2H5 CH3 
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Reactant 
Cd 

reagent (R : product(s) (yield, %) ref 

61. 

62. 

63. 

C6H5CO2 

-C l 

C6H5CO2 O2CC6H5 

as above 

as above 

CRH5 

OCH2C6H6 

OBz 

HO C 6 H. HO. 

OH OH 

(25) 

(after saponification) 178 

OCH2C6H5 

OH O-

C6H 

(55) 

' 7 " -C 6 H 5 

HO 9 
-O^ T ^OCH2C6H5 

OH OH 

(12) 

(after saponification) 

OBz 

C 6H 5CO 2 . 

OBz 

C6H5CO2 O2CC6H5 

C6H5CO2 

C6H5CO; 

OBz 

C6H5 
OBz 

64 

P-CH3C6H4CO; 

P-CH3C6H4CO2 

OBz 

OBz 

OH 

65 (after saponification) 

a P. R. Jones, C J. Jarboe, and R. Nadeau, J. Organomet. Chem., 8, 361 (1967). * R. C Fuson, S. B. Speck, and W. R. Hatchard, J. Org. Chem., 10, 
55 (1945). c C. RCichardt and S. Rochlitz, Justus Liebigs Ann. Chem., 15 (1974). " M. Renson and F. Schoofs, Bull. Soc. Chim. BeIg., 69, 236 (1960). 8 M. 
Renson and J.-C. D'Harcour, ibid., 71, 245 (1962). ' R. G. Rees, A. R. Tatchell, and R. D. Wells, J. Chem. Soc. C, 1768 (1967). e R. A . Sharma, M. Bobek, 
and A. Bloch, J. Med. Chem., 18, 473 (1975). * M. P. Mertes, J. Zielinski, and C. Pillar, ibid., 10, 320 (1967). 

It was proposed by LeMahieu170 that this interesting formation ethyl ester presumably forms as a result of cleavage of solvent 
of eight- and nine-membered lactones depends upon coordi-

O 

CH 

< \ n + (C4Hg)2Cd — o 

3 (CH2JnCO2CO2C2H5 c ' (CH2)n 

O 
(93) 

n = 2,3 

nation of MgBr2 between the ketal oxygen and the carbonyl 
group, as depicted below. Support for this explanation is the 

MgBr2 

CH1 
°x° 

(CH 2 ) „ 

so o 
Il Il 

,XOCOC2H5 

observation that purified dimethylcadmium results, not in 
cleavage of the dioxalane ring, but in generation of the ester. This 

CH, 

O x O 

C H 2 C H 2 C O 2 C 2 H 5 

ether, for which there is ample precedent,7 or from ethoxide 
originating from the mixed anhydride. 

There is some indication that displacement at the ketal carbon, 
whatever the mechanism, is more facile when oxygen rather 
than sulfur is the leaving group. This is based on the following 
examples from LeMahieu's work.170 

sx° 
C H 3 ( C H 2 ) S C O 2 C O 2 C 2 H 5 

(14%) (94) 

+ (C4Hg)2Cd 

s x s 

CH3 (CH2J2COCI 

CH3 

C4Hg 

+ (C4Hg)2Cd 

O 

r~\ s x s 
C H 3 ( C H 2 J 2 C O C 4 H 9 

(47%) (95) 
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fert-Butyl 1-chloroethyl peroxide reacted with dimethylcad-
mium to afford the displacement product, ferf-butyl isopropyl 
peroxide, in 50% yield. 

NC4H9OOCH(CI)CH3 + (CH3J2Cd — NC4H9OOCH(CH3J2 

(96) 

With lithium reagents the halo peroxide tended to undergo a-
elimination instead.172 

It was reported in 1963 that polychlorinated aliphatic al
dehydes and ketones (of unspecified structure) for the most part 
undergo addition at the carbonyl, rather than displacement of 
halogen, with in situ cadmium reagents.78 Chloral, for example, 
was reported to afford the secondary alcohol in 45 -70% yield. 
In the cases of monochlorinated carbonyls, it was mentioned 
that addition did not take place, but there was no indication of 
other products. 

CI3CCHO + R2Cd — CI3CCH(OH)R (97) 

2,3-Dichloro-1,4-dioxane undergoes displacement of halogen 
rather than oxygen with the butylcadmium reagent.173 The 
product, 2,3-diphenyl-1,4-dioxane, isolated in 4 4 % , was also 
formed from the corresponding zinc reagent. By contrast, 
butylmagnesium bromide caused dehalogenation to dioxene. 

X 4 H 9 

08) 

In an analogous manner, chloromethyl methyl ether formed 
benzyl methyl ether (34%) with the phenylcadmium re
agent.164 

CH3OCH2CI + (C6Hg)2Cd — CH3OCH2C6H5 (99) 

In general, esters and lactones are not attacked by addition 
under conditions where cadmium reagents cause displacement 
at saturated carbon. All the known instances of this preferential 
displacement over addition are assembled in Table V. Although 
the number of examples is limited, certain generalizations about 
the scope of displacement seem to hold. The site of displace
ment is either allylic, benzylic, or alpha to a carbonyl (ester, 
lactone, ketone) group. It apparently may be primary or secon
dary but not tertiary. The ease of displacement of leaving groups 
follows the order Br, Cl > OCOR > OR. In those instances where 
an acyloxy group can be displaced with or without ring opening, 
the latter prevails; thus, the "exocycl ic" acyloxy group is pref
erentially displaced (see entries 23, 24, 30). Even the ketone 
function in phenacyl bromide (entry 12) survives to some extent 
while the bromide is displaced.174 

Propiolactone is reactive with some organocadmium reagents, 
probably because of the strain relieved when the ring opens. It 
is of interest that ring opening proceeds by attack at the saturated 
carbon (displacement), not by addition at the carbonyl. Most 
Grignard reagents (except benzylic and allylic) attack the car
bonyl group.123 

CHo CHo 

-CO 

RCH 2CH2CO2H 

RMgX 
(100) 

*• C H o = C H C O R 

It has been noted in some instances that symmetrical coupling 
accompanies displacement in multifunctional compounds. For 
example, 2,3-dimethylsuccinic acid was isolated after hydrolytic 
workup from the reaction mixture from ethyl a-bromopropionate 

CH3CH(Br)CO2C2H5 — ^ 
(C6H6I2Cd (H2O) CH3CHCOoH 

,el 
(101) 

and phenylcadmium reagent in THF.174 Similar coupling products 
were detected from a-bromoisobutyrate and a-bromoisovalerate 
esters.164 There is some indication that symmetrical coupling 
is less prevalent with cadmium reagents than it is with Grignard 
reagents. Thus, whereas 3-chloro-3-phenylphthalide (the ring 
tautomer of o-benzoylbenzoyl chloride) afforded some of the 
coupling product, 3-3'-diphenylbiphthalidyl with methylmagne-
sium bromide, none was found when the reagent was in situ di-
methylcadmium.175 

C 6 H 5 C6H5 

C(CI)C6H5 
\ b 5CH3MgBr 

\>S 
L 

c6 \ 
'CO (102) 

An alternative course of the reaction with a-halo esters and 
cadmium reagents is dehalogenative enolization. 

RoCd + X — C — C O 2 R 1 RCdC—CO 2 R 1 + RX 

(103) 

Cason and Fessenden reported formation of the /3-keto ester 
product from ethyl a-bromoisobutyrate in the presence of n-
butylcadmium or n-dodecylcadmium reagent.158 It seems most 
plausible that the (3-keto ester is a Claisen condensation product 
from the enolate. 

BrC(CH3J2CO2C2H5 + R2Cd 
— (CH3)2CHCOC(CH3)2C02C2H5 (104) 

The enolate, resembling the classical Reformatsky reagent, 
is probably the intermediate in the condensation between o>-
bromo esters and ketones, induced by cadmium reagents. 

CH3CO-n-C6H1 3 + BrCH(CH3)CO2C2H5 + (/7-C3H7J2Cd 

CHo 

" " C e H i 3 

/ 
,C(OH)CH(CH3)CO2C2H5 (ref158) (105) 

(74%) 

CH3COC6H5 + BrCH2C02(menthyl) + (n-C3H7)2Cd 

C H , 
H2O 

-»- —-—*-

/ 
C(OH)CH2CO2H (ref176) (106) 

C 6 H 5 

(68%) 

Similar Claisen products were not found in cases where the 
phenylcadmium reagent was employed with simple a-halo es
ters,164,174 but the dehalogenative enolization with bromo-
malonic ester was extensive174 and bromobenzene was shown 
to be produced in equimolar amount.174 Presumably the cad
mium enolate C6H5CdCH(CO2C2Hs)2 is generated, along with 
bromobenzene, before the hydrolytic step. 

BrCH(CO2C2Hg)2 + (C6Hg)2Cd 

H2O 

CHoCHCOoH 

• CH2(CO2C2H5J2 + C6H5Br (107) 

An interesting side reaction in displacements in the hexose 
and pentose series is one involving neighboring group partici
pation (entries 50-63). The first recorded example was the 
formation of bicyclic ketals from an acetate-protected gluco-
pyranosyl bromide177 (entries 55 and 56). Although Hurd and 
Holysz observed that neighboring group participation occurred 
with butyl- and benzylcadmium reagents and not the phenyl re-
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AcO. AcO-

+ R2Cd 

AcO 

agent,177 it has subsequently been shown that similar products 
can be formed in the ribose series with the phenyl reagent as 
well. An example is the behavior of the benzoyl-protected ri-
bofuranosyl chloride178 (entry 61). 

C6H5CO2- O. 
Cl 

(C6H5J2Cd 

C6H5CO2 O2CC6H5 

C 6 H 5 

HO OH 

(109) 

D. Mechanism 

Very little information is available which can be used in sup
port of one or more mechanisms for displacement at saturated 
carbon. The order of ease of leaving group displacement—Cl, 
Br '> OCOR > OR—is in line with a nucleophilic process. On 
the other hand, there is evidence from ESR spectroscopy for the 
formation of free radicals in two instances.160,164 

Both stereoselective and nonstereoselective displacements 
have been recorded. Optically active a-bromopropionate esters 
react with phenyl164 and a-naphthyl179 cadmium reagents to 
afford racemic a-arylpropionate esters. 

CH3CH(Br)CO2R + Ar2Cd -» CH3CH(Ar)CO2R 
(optically active) (racemic) 

Ar = C6H6, K-C10H7 

It was shown that both the starting ester164'179 and product179 

were optically stable under the reaction conditions. Consistent 
with this finding is the fact that the reaction with phenylcadmium 
reagent generates free radicals, so an electron-transfer pro
cess164 is a plausible pathway for this conversion. 

In a different series, it was found that 3-[(—)-menthoxyace-
toxy] phthalide underwent displacement with the methylcadmium 
reagent with formation of (+)-3-methylphthalide.180 

(110) 

CHOCOCH20(-)menthyl 

O + 

CO 

(optically active) 

(CH3)2Cd 

^ ^ C H ( C H 3 ) 

(+) 

(111) 

Although the absolute configuration of the 3-methylphthalide 
is known to be ft,181 it is not known whether the displacement 
proceeded with net retention or inversion, inasmuch as the 
configuration and optical purity of the starting material could not 
be determined. 

The formation of 3-methylphthalide could occur "directly", 
as represented in path A (eq 112), or "indirectly" by sequential 
displacement of endocyclic and exocyclic acyloxy groups, as 
represented in path B. In either case, the steps must be con
certed to account for retention of optical activity in the final 
product. 

CH(CH3) 

P 
>-- C 0 

(CH3)2Cd f (112 

.CH(CH3)OCOR" 

^ - ^ . C H O C O R 

COO" 

Other phthalide compounds with a potential leaving group "X" 
in the 3 position: 

C|X)R 

X 
may be attacked by cadmium reagents in a similar fashion, in 
which case the displacements would be stereoselective. The 
possibility that the 3-substituted phthalide reverts to the chain 
tautomer, which is then attacked by cadmium reagent, is ruled 
out in cases where the product retains optical activity. 

C(X)R COR 

COX 

CRR1 

> 
CO 

(113) 

One exception to this is the case of o-acylbenzoic acids (X 
= OH), which probably react by addition to the ketone in the 
chain tautomeric form.128'182 An example is formation of 3,3-
dimethylphthalide from o-acetylbenzoic acid on prolonged 
treatment. A displacement pathway would require that the 
leaving group be " O 2 - " . 

COCH3 

+ (CH3)2Cd 

CO2H 

C(CH3J2O-

'COO" 

-H,0* 

.CTCHg)2 

O (1 1 4) 

CO 

VU. Rearrangements 

Rearrangement in the alkyl or aryl moiety of the cadmium 
reagent seems to be an area which has received little atten
tion. 

A. Allylic Compounds 

Of the few rearrangements which have been reported, most 
have been observed in allylic structures. From recent reviews 
of allylic organometallics,124'183-185 it is evident that rear
rangements are known to occur more widely in allylic com
pounds of lithium, sodium, magnesium, and even zinc, than in 
those containing cadmium. 

The products from "crotyl" cadmium reagent (prepared from 
crotyl bromide, ["(CH3CH=CHCH2)Cd"] with aldehydes and 
ketones have been assigned the 2-butenyl structures. These 
assignments appear to be based only on infrared and not NMR 
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spectral analysis. As an example, the in situ crotylcadmium 
reagent is reported to afford 2,2,4-trimethyl-5-hexen-3-ol with 
pivalaldehyde.103,120 Other carbonyl compounds which give the 
"rearranged" alcohols are methyl ethyl ketone, diethyl ketone, 
butyraldehyde, and benzaldehyde. 

- (CH3)3CCHO 

HO CH, 

(CH3CH=CHCH2)2Cd(Br,Br) 

—*• (CH3)3CCHCHCH=CH2 (115) 

The crotylzinc reagent, halide-free, prepared from the boron 
compound, is reported102,105 to decompose with deposition of 
metallic cadmium under comparable reaction conditions. 
Subjected to air oxidation, it affords a mixture of Zand Ecrotyl 
alcohols, but-1-en-3-ol, and C8 coupling products.186 The ha
lide-free allylic cadmium reagents prepared from boron com
pounds are carbonated quantitatively; the crotyl compound af
fords unrearranged 3-pentenoic acid.148 

CO2 

(CH3CH=CHCH2)2Cd — > • CH3CH=CHCH2CO2H (116) 

By contrast, in situ crotylcadmium reagent is hydrolyzed with 
water to a mixture of alkenes, the composition of which depends 
slightly on the solvent.187 

(CH3CH=CHCH2)2Cd(Br,CI) • 
H2O 

-^" CH3CH2CH—CH2 

(66-77%) 

+ frans-CH3CH=CHCH3 + CZS-CH3CH=CHCH3 (117) 

(10-17%) (13-20%) 

Propargyl bromide and metallic cadmium in THF-HMPT give 
rise to a solution whose infrared spectrum exhibits a significant 
band at 1903 cm - 1 , which was interpreted by Moreau and 

HC=KXH2Br + Cd THF"HMPT> [H 2C=C=CHCdBr] 

OH 

M C 2 H s ) 2 C C H = C = C H 2 (118) 
(~11% yield) 

(C2H5I2CO 

Gaudemar as evidence for the allenic structure. In accord with 
this explanation, the solution reacts with diethyl ketone to afford 
a mixture of alcohols (15% yield), of which 75% is the allenic 
alcohol.95 

Although benzylcadmium reagents have received only cursory 
attention, they appear to give unrearranged (benzyl) products, 
in contrast to the benzyl Grignard reagents. As early as 1939, 
Gilman and Nelson reported formation in low yield of "normal" 
products from in situ benzylcadmium with formaldehyde and 
acetyl chloride.188 The addition to benzil likewise proceeds 
without rearrangement.112 

H2CO^ C6H5CH2CH2OH (8%). 

(C6H5CH2)2Cd(CI,CI) ^ " " " ^ (119) 

CH3COCî  C6H5CH2COCH3 (18%) 

C6H5CH2CdCI + (C6H5CO)2 

in situ o OH 

-1*- C6H5C CCH2C6H5 (70%) (120) 

C 6 H 5 

B. Aryl Compounds 

A rearrangement in the aryl moiety of an in situ arylcadmium 
compound was first reported by Klemm, Mann, and Lind in 

1958.189 They found that the anisylcadmium reagent, prepared 
from m-bromo- or m-iodoanisole, reacted with m-methoxy-
benzoyl chloride to afford, in low yield, a mixture of 3,3'-di-
methoxybenzophenone (the "normal" product) and the 3,4' 
isomer. 

OCH, OCH 

1. Mg 

Br(I) 2 CdCi2 

OCH 

•COCI 

OCH 

Dauben and Collette190 observed the same peculiar behavior 
of the "m-anisyl" cadmium reagent. Rearranged, p-anisyl 
products were identified in reactions with 1-cyclohexenecarbonyl 
chloride, acetyl chloride, /3-carbomethoxypropionyl chloride, 
and acetic anhydride, but only "normal" products could be found 
in reactions with succinic anhydride and biacetyl. The fact that 
both normal and rearranged products result from the m-anisyl-
cadmium reagent suggests that rearrangement must be taking 
place during combination of the reagent with the carbonyl 
compound—not during formation of the Grignard or cadmium 
reagent. In fact, the m-anisyl Grignard reagent gives normal 
products.189 

A third research group observed rearrangement accompa
nying the condensation of m-anisylcadmium reagent with an acid 
chloride (2-bromo-3-nitrobenzoyl chloride) but not with 3-ni-

CCI 

"m-anisyl- + 
cadmium" 

OCH, 

(122) 

trophthalic anhydride.191 The reactions of m-anisylcadmium 
reagent are summarized in Table Vl. 

Clearly, the coreactant with the cadmium reagent plays a role 
in this curious rearrangement. Klemm, Mann, and Lind189 and 
Dauben and Collette190 both suggested a mechanism in which 
the acylating agent (acid chloride or anhydride) is attacking the 
position para to the methoxyl, in a Friedel-Crafts-like reaction, 
the cadmium function serving as a Lewis acid: 

OCH 

Ar 

O L c d ^ <123> 

RC=O 
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TABLE Vl. Reactions of m-Anisylcadmium Reagent 

Coreactant Products8 Ref 

OCH3 

COCI 
COCI 

,COCI 

189 

191 

191 

190 

CH3COCI 
(CH3CO)2O 

CH3OCO(CH2)2COCI 
CHoCO 

\ 
/ 

CH2CO 

O O 

I II 
CH^C-CCHg 

a r i = normal; r = rearranged. 

n, r 
n, r 
r 

n 

n 

190 
190 
190 

190 

190 

This would be consistent with the observation that o- and p-
anisylcadmium reagents show no tendency for rearrangement. 
Apparently the m-anisyl moiety is the only one to date which 
gives rise to rearrangement.192 Even the cadmium reagent from 
6-methoxy-2-bromonaphthalene gives the normal product with 
ethyl 2-bromopropanoate.193 This reaction, however, may be 
free-radical,164 and the same mechanistic interpretation would 
not apply. 

CH3O. 
CH3CHCO2C2H5 

1. Mg I 
2. CdCI2 Br 

Br 
CH3O. 

(124) 

CHCO2C2H5 

VIII. Redistributions 
The term redistribution194 connotes here the exchange of 

metals or alkyl or aryl substituents between two organometallics. 
For redistributions involving cadmium reagents, the use of NMR 
spectroscopy has been most effective, for preexchange lifetimes 
can be estimated from the splitting of protons195 or 1 3C6 7 with 
the 111Cd and 113Cd nuclei.196 The recent development of in
strumentation for 113Cd Fourier transform NMR spectrosco
py 1 9 7 1 9 8 has provided a promising alternative spectroscopic 
method for studying redistributions of cadmium compounds. 

A. Homoexchange 
The fact that the 1H NMR spectrum of neat dimethylcadmium 

consists of five lines in ether or hydrocarbon solvents at ambient 
temperatures demonstrates that homoexchange is slow under 
these conditions.196,199,200 The coalescence temperature is 
about 100 0 C, corresponding to an energy of activation of 15.7 
kcal/mol for the exchange.201 Introduction of more polar sol-
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vents, THF, pyridine, triethylamine, methanol, etc., greatly in
creases the rate of exchange.22,196 '199"202 

The proton-decoupled 113Cd FT NMR spectrum of an equi-
molar mixture of dimethyl- and diethylcadmium consists of three 
lines with intensities 1:2:1, the center line being intermediate 
in position between those of dimethylcadmium and diethylcad
mium.197 This has been explained as being the result of a sta
tistical redistribution to CH3Cd(C2H5) under the conditions of the 
experiment (temperature not designated). The fact that the 
proton-coupled spectrum is highly resolvable is consistent with 
a "s low" exchange, approximated to be 4.5 X 102 s _ 1 as an 
upper limit. The 113Cd chemical shift in dimethylcadmium is 
displaced by solvents both upfield (polar, aprotic solvents) and 
downfield (hydrocarbons, methylene chloride). This suggests 
the importance of coordination of cadmium reagents with sol
vents, which would be expected to facilitate exchange. 

In an 1H NMR study of the exchange between dimethyl- and 
divinylcadmium,38 indirect evidence was advanced for the for
mation of methylvinylcadmium, and it was concluded that vinyl 
exchange was much faster than methyl exchange. 

The homoexchange of dimethylcadmium in benzene or tol
uene is catalyzed by alcohols or phenols, which decompose the 
cadmium reagent to a mixed alkoxide.203 The process with 
methanol requires at least several minutes at ambient temper
ature. 

(CH3)2Cd + CH3OH — CH3CdOCH3 + CH4 (125) 

The mode of catalysis appears not to be a rapid exchange be
tween the dimethylcadmium and methylcadmium methoxide, 
for distinct resonance lines for the two are observed in the 1H 
NMR spectrum below 80 0 C. The catalytic effect of added OH-
containing agents was deduced by observing the temperature 
at which the resonance lines collapsed.22 From these results 
the catalytic effect was ordered as follows: C6H5OH > C2H5OH 
> CH3OH > (CHg)2CHOH. 

Exchange between dimethylcadmium and cadmium bromide 
in THF is even faster than the self-exchange of dimethylcadmium 
in the same solvent.201 Evidence for the Schlenk-type equilibrium 
came from the 1H NMR spectrum at - 1 1 0 0C. 

(CH3)2Cd + CdBr2 <=> 2CH3CdBr (126) 

Although it might be expected that a similar exchange in ether 
would be somewhat slower, this same disproportionation re
action has been the basis for the preparation of "RCdX" re-
agents.53 '70 '204 

B. Heteroexchange 
Some generalizations about the redistributions of organo

cadmium reagents with other organometallics—heteroex
change—seem well grounded. Exchange with "act ive" or
ganometallics (Li, Mg, Al, B) is rapid; that with organozinc and 
organomercury compounds is relatively slow.205 

Several cases of redistributions with organolithium com
pounds have been examined. A "fast" exchange between 
ethyllithium and diethylcadmium in benzene was observed,206 

in contrast to the "very slow" exchange between ethyllithium 
and diethylmercury. An ate complex (C2H5)3LiCd was observed 
from the former pair when traces of ether or THF were intro
duced. The following rapid redistribution between methyllithium 
and dimethylcadmium in THF and ether has been proposed to 
accommodate the 1H and 7Li NMR results.207 

CH3Li + (CH3J2Cd — (CH3Li)2(CHg)2Cd 

+ (CH3Li)3(CHs)2Cd (127) 

It is to be noted that the exchange was faster in ether than in THF, 
an observation in contrast to the homoexchange of dimethyl
cadmium. Lithium and methyl exchange were comparable in 
rates, and the ease of exchange of methyllithium with other or-
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ganometallics was found to be: Me2Cd > Me2Zn > Me2Mg. The 
preexchange lifetime for a 1:1 mixture of dimethylmagnesium 
and dimethylcadmium in THF, for example, was estimated to be 
less than 0.007 s at 28 0C.200 Apparently a rapid exchange 
occurs between "C2H5CdI" (a solid from diethylcadmium and 
cadmium iodide) and n-propylmagnesium bromide, for the 
mixture became a clear solution, which, after distillation afforded 
the unsymmetrical dialkylcadmium.208 

C2H5CdI + A-C3H7MgBr - * C2H5Cd-D-C3H7 (128) 

The preexchange lifetime of methyl groups in the trimethyl-
aluminum-dimethylcadmium system at room temperature is 
estimated to be 0.09 s in benzene,209 whereas that in the di-
methylzinc-dimethylcadmium pair at 25 0C is 0.19 s in the same 
solvent.210 Thiele's synthesis of diallylcadmium depends on the 
rapid exchange between dimethylcadmium and triallylboron.26 

The rates of redistributions in methylene chloride between di
methylcadmium and the methyl derivatives of group 3A metals 
gallium and indium are both faster than that between dimethyl
cadmium and dimethylzinc, in cyclohexane the rate for (CH3)3Ga 
being somewhat faster than that for (CH3)3ln.211 

Both 1H and 19F NMR spectroscopy have been used to ex
amine the exchange in pyridine or diglyme between dimethyl
cadmium and perfluorodimethylmercury.212 

(CH3)2Cd + (CF3J2Hg — CH3CdCF3 

+ (CF3)2Cd + CH3HgCF3 + (CH3J2Hg (129) 

Equilibrium was established "rather quickly" at 34 0C. By noting 
the change in composition of the four products with varying 
amounts of initial cadmium and mercury compounds, it was 
concluded that CH3CdCF3 exchanges more slowly than di
methylcadmium. The rapid exchange with the perfluorinated 
mercury compound is exceptional, mercury compounds gen
erally being slow. At the other extreme is divinylmercury, which 
was exchanged with dimethylcadmium at 60 0C in a sealed tube 
for 5 days.38 

IX. Miscellaneous Reactions 

A. Reactions with Oxygen and Peroxides 

Although the reactions of organometallics with oxygen and 
peroxides have been reviewed in recent years,213"215 only brief 
sections covering cadmium compounds were included. 

It has been claimed that diethylcadmium forms a "bisperox-
ide" (C2H5)2Cd-202 reversibly in heptane,216 the evidence for 
the adduct being an intense ultraviolet band at 276 nm and an 
infrared band at 790 cm - 1 . The experiments were carried out 
in a vacuum line. In ether solution dimethylcadmium forms the 
monoperoxy cadmium compound, whereas dieth.i- and di-n-
butylcadmium are converted to diperoxy derivatives.134217 The 
fact that peroxide formation was inhibited by galvinoxyl sug-

R2Cd + O2 — ROOCdR + (ROO)2Cd (130) 
(R = CH3) (R = C2H5, /1-C4H9) 

gested that the reaction could be formulated as a free-radical 
chain mechanism not involving a long-lived oxygen complex.218 

Hydroperoxides have been synthesized by controlled oxidation 
of organocadmium reagents with oxygen and hydrolysis of the 
resulting peroxide.219220The reaction, illustrated with n-butyl-
cadmium chloride219 

D-C4H9CdCI + O2 — * • [ H-C4H9OOCdCI] 

H > 0-C4H9OOH (94 %) (131) 

was also carried out with dibutylcadmium (95%), octylcadmium 
chloride (90%), and benzylcadmium chloride (86%). It was noted 

that the yield (42%) of cyclohexyl peroxide from the cadmium 
reagent was higher than that achieved directly from the Grignard 
reagent.220 The corresponding hydroperoxides from menthyl-
and bornylcadmium reagents were prepared in 28 and 39% 
yield, respectively.220 Under conditions apparently less carefully 
controlled, air oxidation of aliphatic cadmium reagents leads to 
alcohols, probably by a sequence of oxidation and dispropor-
tionation. 

H-C4H9CdBr(SONd) ^ 2 * H-C4H9OH (ref221) (132) 

60% 

"crotyl cadmium reagent"—2^ CH3CH=CHCH2OH (ref 186) 

(E and Z) 

+ CH3CHCH=CH2 + C8H14 (133) 

OH 

There seems to be very little information about the behavior 
of arylcadmium reagents toward oxygen. Diphenylcadmium in 
benzene gave some phenol but mainly biphenyl, which was 
shown from labeling studies to come from radical attack on 
benzene.222 Oxidation of diphenylcadmium in chloroform or 
carbon tetrachloride gave, in addition to the above products, 
some benzoic acid (after hydrolysis), presumably from benzo-
trichloride. 

(C6Hs)2Cd + O2 — > - (C6Hg)2 + C6H6OH (134) 

CHCl3 

(C6H5)2Cd + O2 — > - (C6Hg)2 + C6H5OH + C6H5CO2H (135) 
or 

CCI4 

Although few examples have been reported, it would appear 
that sulfur inserts itself between carbon and cadmium in an 
analogous way. The products may be salts,223 mercaptans, or 
disulfides.221 

An alternative route to peroxy cadmium compounds is the 
reaction of purified alkylcadmium reagents with hydroperoxides, 
which might be visualized as a nucleophilic displacement by the 
cadmium reagent on hydrogen.217 

R2Cd + R'OOH — RH + RCdOOR' (136a) 

RCdOOR' + R'OOH — RH + (R'00)2Cd (136b) 

Either 1 or 2 equiv of hydrocarbon from the cadmium reagent 
is generated, the methyl reagent being less reactive than the 
ethyl or n-butyl reagents.134,217 

Diphenylcadmium reacts with tert-butyl hydroperoxide to form 
the cadmium peroxide and alkoxide, the latter being a secondary 
product from the former.224 

Presumably benzene was formed as well. With dibenzoyl 
peroxide the diphenyl reagent affords phenyl benzoate, phen-
ylcadmium benzoate, and cadmium dibenzoate.224 

(C6Hg)2Cd + (CH3)3COOH - * [(CH3)3COO]2Cd 
+ [(CH3)3CO]2Cd (137) 

(C6Hg)2Cd + (C6H5COO)2 — C6H5CO2C6H5 

+ C6H5CdOCOC6H5 + Cd(OCOC6Hs)2 (138) 

Dimethylcadmium and fert-butylperoxy radicals, generated 
thermally from di-fert-butyl hyponitrite, react to form methyl 
radicals, which are detected by ESR spectroscopy.225 

The reaction of alkylcadmium reagents with hydrogen per
oxide has been described, but the products were incompletely 
characterized.134 

B. Thermal Reactions 

Diethylcadmium decomposes at 250-290 0C to deposit 
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metallic cadmium metal in 99.5% purity.226 Under considerably 
milder conditions other cadmium reagents have been reported 
to decompose. Diphenylcadmium, for example, deposited me
tallic cadmium in refluxing ether;227 (S)-di(2-methyl-1-butyl)-
cadmium is said to decompose at room temperature with sep
aration of cadmium, although it could be distilled at 55-60 0C 
(0.04 Torr).228 It is of interest that this reagent is optically stable 
when heated at 103 0C for 3 h; racemization occurred only to 
the extent of 1.5%.228 Thus, whatever the mode of decompo
sition may be, it does not involve /3-elimination followed by 
readdition. 

[CH3CH2CHCH2I2Cd — * [CH3CH2C(CH3)=CH2] 

CH3 

(S) 
/ * - [CH3CK2CHCH2]2Cd (139) 

CH3 

(RS) 

Thermal decomposition of diphenylcadmium in 14C-labeled 
benzene at 215-220 0C for about 80 h afforded, after removal 
of solvent and hydrolysis, benzene (50%) and biphenyl (50%), 
each containing a small amount of radioactive label.229 

The products from thermal decomposition of dimethylcad-
mium vapor at 260 0C are cadmium metal, methane, ethane, 
ethylene, and a solid polymethylene.230 

(CH3)2Cd - * Cd0 + CH4 + C2H6 + C2H4 + (CH2)* (140) 

The activation energy for rupture of the first C-Cd bond in the 
homogeneous reaction is 43 kcal and for rupture of the second 
C-Cd bond is 21 kcal. Evidence points to the initial generation 
of methyl radicals.231,232 

(CH3)2Cd — * • Cd0 + 2CH3 (141) 

Rates of pyrolysis of dimethylcadmium have been measured in 
a flow system with benzene and toluene as carriers.233,234 

C. Photolysis 

Photolysis of purified dimethylcadmium results in formation 
of cadmium metal.235,236 The metal film is deposited only where 
the ultraviolet radiation is incident on the walls of the system.235 

It has been concluded that asymmetric dissociation of the mol
ecule, involving breaking of a C-Cd bond, is the preferred 
mode.236"238 In one photolysis study of dimethylcadmium, ion
ization thresholds were measured for the principal ions by ul
traviolet and mass spectroscopy.239 From the heats of formation 
so determined, the bond dissociation energy for dimethylcad
mium was calculated to be 69 kcal/mol. 

The photolysis of diphenylcadmium in dioxane affords ben
zene, biphenyl, and "a little" dimeric coupling product from the 
solvent. In 14C-labeled benzene, the photolysis of diphenyl
cadmium leads to unlabeled benzene (after removal of solvent 
and hydrolysis) and biphenyl with some radioactive label.229 

D. Electrolysis 

Alky!-, cycloalkyl-, and arylcadmium reagents (presumably 
in situ), when subjected to electrolysis, lead to coupling products. 
Magnesium, lithium, and zinc compounds behave similarly in this 
transformation, presumed to be the result of dimerization of 
radicals generated by oxidation at the anode.240,241 

R2Cd' 
electrolysis 

-VR 2 (142) 

As a preparative method there is no advantage in electrolyzing 
cadmium reagents over the more readily available magnesium 
and lithium reagents, with the exception of a few long-chain 

alkanes. Dotriacontane and hexatriacontane, for example, are 
produced in higher yield by coupling of the hexadecyl and oc-
tadecylcadmium reagents, respectively, than from other or-
ganometallics.241 Several terpene derivatives were coupled, 
including farnesyl halide, which afforded squalene, albeit in only 
25% yield. The geranyl and menthyl reagents of magnesium and 
lithium coupled more efficiently than those of cadmium. 

In the case of aryl coupling, the question arises as to what 
extent dimerization occurs during generation of the organome-
tallics, for biaryls are inevitably produced at this stage. 

E. Generation of Carbenes from gem-Dihalides 

The interaction of diethylcadmium (and zinc) with carbon 
tetrachloride and chloroform leads to dichlorocarbene formation, 
the evidence for the divalent intermediate being the trapping 
product with cyclohexene and 1-chloropropene, presumed to 
form by an insertion of dichlorocarbene into the carbon-cad
mium bond.162,163 (see eq 86a-e). 

The combination of diethylcadmium and gem-diiodo alkanes 
is considered a source of an in situ cadmium carbenoid, similar 

RCHI2 + (C2H5)2Cd—*~ [C2H5CdCH(R)I] + C2H5I (143) 

to the Simmons-Smith reagent. When the reaction is carried out 
in the presence of alkenes, cyclopropanes are formed.242 Thus, 
for example, norcaranes were formed from cyclohexene. 

+ (C2H5J2Cd + RCHI2 (144) 

; H, CH3, C6H5 

The addition of substituted carbenoids to cyclohexene (R = 
methyl, phenyl) is less stereoselective in favor of the syn isomer 
than is the corresponding zinc carbenoid; in fact, the anti isomer 
predominates slightly in the product from 1,1-diodoethane (R = 
CH3). 

Configuration in the alkene is maintained, as is illustrated in 
eq 145 with the two enol ethers of propanal. 

.On-C3H7 

(C2H5)2Cd + CH2I2 

Reaction of mono-arylacetylenes with the carbenoid reagents 
led either to allene or a mixture of allene and homologous, in
ternal acetylene (eq 146). By contrast, metalation (with evolution 
of ethane) was the predominant course of the reaction when 
diethylzinc was substituted for diethylcadmium.242 

ArC=CH + RCHI2 + (C2Hg)2Cd -* ArCH=C=CHR 
+ ArC=CCH2R (146) 

Ar = C6H5, P-CH3C6H4, P-BrC6H4; R = H, CH3 

F. Reactions with Sulfur-Containing Functional 
Groups 

1. Sulfonyl Chlorides 

Gilman and Nelson first noted that the in situ phenylcadmium 
reagent (from bromide-free Ar2Mg) and benzenesulfonyl chloride 
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led to formation of diphenyl sulfone (15%), benzenesulfinic acid, 
and chlorobenzene (15 %).6 This reaction was apparently not 
investigated further until 1957, when Henze and Artman explored 
its utility as a synthetic route to sulfones.243 The yields of diaryl 
sulfones from a variety of arenesulfonyl chlorides generally 
ranged from 30 to 46%, although in one case (p-chlorophenyl 
cadmium reagent and benzenesulfonyl chloride) it was as high 
as 61 %. Arenesulfinic acid was a by-product in almost all in
stances. The reaction failed to give any ethyl phenyl sulfone from 
diethylcadmium (in situ) and benzenesulfonyl chloride, ethyl 
chloride being isolated as the product instead. 

Ar2Cd + Ar'S02CI - * ArSO2Ar' + Ar1SO2H (147) 

Quite recently these general results have been confirm
ed;244"246 that is, sulfones are obtained in moderate to low yield 
along with arenesulfinic acids from arenesulfonyl chlorides and 
arylcadmium reagents. The reaction either fails or affords very 
little (8%) aryl alkyl sulfone if either the cadmium reagent or 
sulfonyl chloride is aliphatic. 

2. Sulfinate Esters 

The in situ dimethylcadmium reagent is reported to give 
sulfoxide in 20% yield with (—)-menthyl p-toluenesulfin'ate;247 

it is thus of no advantage over the Grignard route to sulfox
ides. 

CH3C6H4S02(-)-menthyl + (CH3J2Cd 
-^CH3C6H4SOCH3 (148) 

3. Thioketones 

Thiobenzophenone is converted to a variety of products with 
the ethylcadmium reagent in THF, and about one-half the starting 
material is recovered.248 Similar products are formed with the 
n-propylcadmium reagent. 

(C6H5J2C=S + (C2H5)2Cd — • (C6Hg)2CHSC2H5 

S 
/ \ 

+ (C6Hs)2C-C(C6H5J2 + (C6Hs)2C=CHCH3 

+ (C6Hg)2CH2 (149) 

With diethylcadmium and ether as solvent, the thiirane is 
formed in 90% yield. The presence of free radicals was con
firmed by ESR spectroscopy. 

4. Sulfenyl Chlorides 

A displacement with diphenylcadmium in THF at a sulfenyl 
chloride was used to generate a sulfide in a penicillin synthesis. 
The selectivity for reaction at the sulfenyl chloride over that at 
any of the imlde functions is difficult to assess, however, inas
much as the yield was only 3%.249 

H H „,-., 
PntrL ; ; .sci 

+ (C6H5I2Cd 

y 
-NCOCH, 

H H 
Phtlv ' ' ^.SC6H5 

(150) 
^ NCOCH3 

Phth = phthalimido 

G. Polymerizations 

Dlalkylcadmium reagents have been used as catalysts for vinyl 
polymerizations.250 It was shown that In the polymerization of 

styrene and acrylonitrile, di-n-butylcadmium was intermediate 
in "intrinsic reactivity" between diethylzinc and diethylmercu-
ry.251 Diethylcadmium has been used as one component of the 
catalyst for polymerization of allyl thioglycidyl ether and 1,2-
butylene sulfide.252 The dimethyl or diethyl reagent catalyzes 
formation of an optically active polymer from 

^CHn 
CH3CK 

and an optically active alcohol.253 

Polymerization of propylene oxide is catalyzed by a diethyl-
cadmium-CH3COSH combination, which is superior to diethyl
cadmium combined with alcohol, mercaptan, or carboxylic 
acid.254 

Cadmium alkoxides (ROCdC2H5), from optically active alco
hols and diethylcadmium, have been used in initiating vinyl 
polymerizations.255 

H. Other 

Decaborane (B10H14) is metalated with diethylcadmium in 
ether to form CdB10H12^Et2O, a compound which presumably 
contains internally bridged Cd-B bonds.256 

Chlorine azide forms cadmium azides with dimethylcadmium, 
diethylcadmium, and ethoxymethylcadmium.257 Presumably the 
by-product in each case is alkyl chloride. 

Alkylations of tricarbonylcyclohexadienyliron cationic com
plexes are possible with organocadmium (and zinc) reagents, 
whereas Grignard and lithium reagents lead to coupling. 

(CO)3Fe FT2Cd (CO)3Fe (151) 

The yields, generally superior with cadmium over zinc re
agents, ranged from 40% (R' = 1-propenyl) to 83% (R' = allyl, 
benzyl). The alkylations are both regio- and stereoselective; 
attack from the side opposite the Fe(CO)3 is consistent with an 
irreversible nucleophilic reaction.258 
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