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Dialkylzincs in Radical Reactions
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Abstract: This review describes recent developments in the use of dialkylzincs in radical reactions. In most of the 
processes reported therein, dialkylzincs act simultaneously as sources of alkyl radicals, as Lewis acids, and as 
chain transfer agents. A parallel is drawn with the behaviour of trialkylboranes in similar reactions.
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friendly tin-free procedures. The second 
one is a consequence of their aptitude to act 
as chain transfer agents through their fast 
reaction with heteroatom-centred radical 
species, which enables the performance of 
radical-polar crossover reactions.

Initiation of the Reduction of Alkyl 
Halides with Tributyltin Hydride

Diethylzinc was used by Ryu et al. to 
initiate tin hydride-mediated reduction of 
alkyl halides [6]. As exemplified in Scheme 
1 with the reduction of adamantylbromide, 
the reaction proceeds in non-degassed sol-
vent in the presence of 5 mol% of Et2Zn. 
The yield in adamantane is quantitative 
when air is added to the reaction medium.

Radical Additions to C=N Bonds

The reactivity of dialkylzincs with re-
spect to imino group was first investigated 
by Van Koten and coworkers [7]. Dialkyl
zincs react with 1,4-diaza-1,3-butenes 
under inert atmosphere to give either a C-
alkylated or a N-alkylated product depend-
ing on the nature of the alkyl group in the 
organometallic species (Scheme 2).

Mechanistic studies by EPR spectros-
copy have led to the proposal of two pos-
sible mechanisms. The first one would pro-
ceed through the cage recombination of the 
persistent radical species 2 with the alkyl 
radical (path (a)). The second one would in-
volve an electron transfer from 2 to 1, prior 
to the recombination of a carbanion with 
the cationic complex 5 (path (b)). Once 
freed from the solvent cage, 2 is in equilib-
rium with its dimer 3.

The behaviour of glyoxylate imines 
with respect to diethylzinc depends strong-
ly on the experimental conditions. Under 
inert atmosphere, they lead to azetidinones 
through a reaction involving the transfer 
of the ethyl group to nitrogen (the mecha-
nism is likely to involve polar species, but 
it might also involve a cage radical recom-
bination). The resulting zinc enolate adds 
to the complexed imine (6) to form the β-
lactam (Scheme 3) [8].

In contrast, when air is added to the 
reaction medium, the N-alkylated product 
8 is formed in very low amounts, the ma-
jor product being the C-alkylated product 
7 (Scheme 4). When diethylzinc is used 
alone, the amount of 8 depends on the 
amount of oxygen in the reaction medium. 
Moreover when six equivalents of t-butyl 
iodide are added to the reaction medium, 8 
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Introduction

Dialkylzincs are moisture- and air-sensitive 
organometallic species which are generally 
used in carefully deoxygenated medium. 
Their fast reaction with oxygen has been 
known since their discovery [1]; however, 
the mechanism of their oxidation was only 
elucidated a hundred years later, in 1968, 
thanks to the work of Davies and Roberts on 
bimolecular homolytic substitution at metal 
centres [2]. With the exception of a few at-
tempts to initiate free-radical polymeriza-
tions [3], the use of dialkylzincs as a source 
of alkyl radicals in the presence of oxygen 
stimulated the interest of radical chemists 
only much later. It is known that the zinc/
iodine exchange can be promoted by Cu(i), 
Ni(0) or Pd(0), and a radical mechanism has 
been proposed for these reactions [4]. It has 
also been observed that air accelerates the 
formation of zinc carbenoids from diethyl-
zinc and dihalomethanes [5]. This review 
intends to emphasize the benefits of using 
these organometallic species as mediators 
in radical additions. The first advantage 
resides in the proposal of environmentally 
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is no more detected, the only product is the 
adduct of t-butyl radical to the C=N bond 
[9]. This argues against 8 originating from 
a cage radical mechanism.

Since a Zn/iodine exchange is highly 
unlikely in the case of a tertiary alkyl io-
dide, Bertrand and coworkers have pro-
posed the mechanism shown in Scheme 5, 
in which Et2Zn plays simultaneously the 
role of initiator by reacting with oxygen, 
the role of Lewis acid by activating the re-
activity of the C=N bond with respect to 
the nucleophilic alkyl radical, and finally 
the role of chain transfer agent, by reacting 
with the incipient aminyl radical accord-
ing to an SH2 process. Ethyl radical, vec-
tor of the chain reaction, reacts via iodine 
atom transfer from the alkyl iodide. This 
mechanism is very close to the mechanism 
generally accepted for the triethylborane-
mediated radical addition to imines [9b–
d][10].

A higher level of stereoinduction is re-
corded with the imines derived from vali-
nol owing to the chelating properties of the 
auxiliary (Scheme 6).

The methodology has been successful-
ly applied to other imino group containing 
radical acceptors such as oxime ethers and 
hydrazones [9b,d]. These compounds are 
more reactive than the corresponding gly-
oxylic imines. This raises the problem of 
chemoselectivity since it is more difficult 
to avoid the competitive addition of ethyl 
radical, except by using a large excess of 
secondary or tertiary alkyl iodides.

Temporary connection to camphorsul-
tam leads to high stereoselectivity (Scheme 
7) [11]. The procedure has also been ex-
tended to oxime ethers supported on Wang 
resins [11c].

The reactivity of imino groups is strong-
ly dependent on the nature of the substitu-
ents at both nitrogen and carbon. As long as 
the imino group is made electrophilic by an 
electron-withdrawing group at carbon, the 
reactivity of oxime ethers and diphenyl-
hydrazones is very high [9d]. In contrast, 
dialkylhydrazones such as 9 are much less 
reactive and, owing to the fast consumption 
of diethylzinc with oxygen, a portionwise 
addition of an excess of reagents is neces-
sary to achieve the addition in acceptable 
yields. Similarly, in the absence of activa-
tion at carbon, oxime ether 10 reacts very 
slowly (Scheme 8) [12].

The use of dimethylzinc as the me-
diator was investigated by Tomioka and 
coworkers [13]. In the presence of oxygen, 
dimethylzinc behaves as a source of methyl 
radical. Owing to enthalpic factors, methyl 
radical is far more efficient than ethyl radi-
cal to abstract hydrogen atoms from differ-
ent substrates like ethers [13a,b] and cyclo
alkanes [13c] (the C–H BDE in methane 
is 440 kJ mol–1, it is only 411 kJ mol–1 in 
ethane). As exemplified in Scheme 9, when 
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THF is used as the solvent nearly quantita-
tive yields in 2-tetrahydrofuranyl radical 
adduct are isolated. The reaction is accel-
erated by bubbling air through the reac-
tion medium. No competitive addition of 
methyl radical is detected, only the most 
nucleophilic radical in the medium adds 
to the C=N bond. Comparatively, diethyl-
zinc or diisopropylzinc lead to low yields 
and to competitive addition of ethyl and 
isopropyl radical, respectively.

In the presence of benzaldehyde and 
an aromatic amine in solution in THF, 
dimethylzinc enables the multicompo-
nent reaction to proceed through addi-
tion of the α-THF radical to the in situ 
formed imine in good yield, without any 

competitive addition of the α-THF radi-
cal to the C=O bond (Scheme 10) [13d]. 
In contrast, when triethylborane is used 
as the mediator, the major product results 
from addition to the carbonyl group. This 
multicomponent reaction can be applied 
to alkoxyamines, hydrazines, and cyclic 
ethers other than THF. However, hydra-
zines give moderate yields.

In fact, the dimethylzinc-mediated ad-
dition of THF to benzaldehyde proceeds 
very slowly [14a]. When dimethylzinc-
mediated oxidation of the α-THF radical 
is conducted in the presence of aniline, it 
leads to the adduct of the α-alkoxyalkyl 
radical to an intermediate iminoalcohol 
according to Scheme 11 [14b].

The use of dimethylzinc as the media-
tor instead of diethylzinc enables the addi-
tion of alkyl iodides to proceed even with 
primary alkyl iodides. As stated previ-
ously, owing to more favourable enthalpic 
factors iodine transfer to methyl radical 
is much faster than iodine transfer to the 
ethyl radical [15]. The reaction does not 
proceed in the absence of air, which ar-
gues in favour of a radical process. How-
ever, the addition of alkyl radicals of low 
nucleophilicity needs to be accelerated by 
the addition of Lewis acids. In the pres-
ence of BF3.OEt2 and Cu(OTf)2, the re-
action is totally chemoselective with only 
five equivalents of primary alkyl iodide 
(Scheme 12).
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Conjugate Radical Additions and 
Radical-Polar Crossover Reactions

In the presence of air, diethylzinc me-
diates radical addition to enones. No ad-
ditional catalyst is needed [9b]. When 
diethylzinc is used alone the product re-
sulting from the addition of the ethyl radi-
cal to cyclohexanone is isolated in 64% 
yield. In the presence of six equivalents 
of a secondary or a tertiary alkyl iodide, 
iodine transfer is faster than the addition 
of ethyl radical and addition products of 
secondary and tertiary alkyl radicals are 
observed (Scheme 13). The reaction has 
been applied to 2-H-pyran-3-ones by Fer-
inga and coworkers [16].

Most likely, the mechanism is similar 
to that proposed by Brown and Midland 
for the conjugate addition of boranes [17]. 
The intermediate enoxyl radical reacts (like 
previously the aminyl radical) by bimolecu-
lar homolytic substitution at zinc to give a 
polar intermediate; in this case, a zinc eno-
late, which can be trapped by electrophiles 
(Scheme 14).

Since homolytic substitution at zinc is 
easier than homolytic substitution at boron, 
other acceptors behave like enones with re-
spect to dialkylzinc that do not react in the 
same way with triethylborane. N-Enoyloxa-
zolidinones are among these. The aptitude 
of the enoxyl radical to react by homolytic 
substitution at zinc or boron is commonly 
correlated to spin delocalization at oxygen. 
The α-imidoyl radicals have a spin density 
at oxygen intermediate between enoxyl and 
α-alkoxycarbonyl radicals [18]. The behav-
iour of the latter depends on their substitu-
tion, the limits appeared to be very small 
since secondary α-alkoxycarbonyl radicals 
give rise to homolytic transfer at zinc fol-
lowed by aldol condensation, whereas terti-
ary ones do not [19].

The above behaviour of methacrylates 
is in good agreement with the cascade reac-
tion performed by Chemla and coworkers on 
ester 11 [20]. Dialkylzinc 14 does not result 
from the cyclization of a zinc enolate that 
would lead to the opposite diastereomer, as 
demonstrated by forming unambiguously 

the enolate in two steps (carbozincation 
with tri-n-butylzincate followed by reac-
tion with n-butylzinc bromide). It results 
from the cyclization of radical 12, which 
indirectly confirms that the tertiary radi-
cal does not undergoes homolytic substitu-
tion at zinc. The reduction of radical 13 by 
Bu2Zn leads to 14. The exchange between 
the two alkyl groups is favoured since 14 
is stabilized by chelation with the carboxy-
late [21]. Organozinc derivative 14 can be 
trapped by different electrophiles to give 15 
in good yields (Scheme 15).

In the ‘one-pot’ reaction reported by 
the Takemoto group, the delocalized terti-
ary α-alkoxycarbonyl radical 19 reacts by 
SH2 with diethylzinc to give zinc enolate 
20 which is trapped by the π-allyl palladium 
complex 17 (Scheme 16) [22]. 

These results suggest that the tendency 
of α-alkoxycarbonyl radicals to react by ho-
molytic substitution at zinc is also sensitive 
to their aptitude to form chelated enolates. 
In contrast to simple α-alkoxycarbonyl rad-
icals [17], malonyl radicals have also been 
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tivated double bond, formation of lactones 
bearing a t-butyl group can be performed 
in the presence of only two equivalents of 
t-butyl iodide (Scheme 19) [19].

Conclusion

The need for environmentally friend-
ly radical methodologies has stimulated 
the search for tin-free procedures. This is 
probably the main reason why the use of 
dialkylzincs as mediators is currently be-
ing developed. In addition, the aptitude of 
heteroatom-centred radicals (aminyl and 
enoxyl radicals) to give rise to homolytic 
substitution at zinc enables radical-polar 
crossover reactions to occur through the 
transformation of a radical intermediate 
into a polar species (aminozinc, or zinc 
enolate). Several multi-component domino 
reactions based on the ‘switchable’ proper-
ties of organozinc compounds have already 
been proposed.
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reported to form boron enolates via homo-
lytic substitution at triethylborane [23].
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tives. As shown in Scheme 17, an additional 
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sic conditions used for the cleavage of the 
auxiliary, optically pure trisubstituted lac-
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