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This Microreview on the chemistry of orgariozinc reagents 
starts by briefly showing the methods of preparation of orga- 
nozinc compounds and then discusses the considerable syn- 
thetic utility of zinc oryanometallics for the formation of new 

carbon-carbon bonds in the presence of transition-metal ca- 
talysts. Finally, the use of organozinc chemistry for the prepa- 
ration of polyfunctional and chiral phosphanes is described. 

Organozinc reagents have been known for more than 150 
years"]. However, their application to organic synthesis was 
limited to very specific reactions like cyclopropanation"] 

and the aldol reaction['' due to the moderate reactivity of 
organozinc compounds. Interest in these compounds was 
rekindled about 10 years ago when it became clear that the 
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reactivity or organozincs can be dramatically increased by 
the use of transition-metal catalysis. NegishiL41 first demon- 
strated that organozincs are ideal reagents for the perform- 
ance of cross-coupling reactions in the presence of catalytic 
amounts of palladium(0) complexes. Soon it became clear 
that the moderate reactivity of the carbon-zinc bond is, in 
fact, an advantage since it allows the preparation of highly 
functionalized organozinc reagentsL51. Furthermore, the 
pioneering work of Negishi could be extended and tran- 
sition-metal complexes of many transition metals (Ni, Co, 
Fez Ti) efficiently catalyze reactions of organozincs with or- 
ganic electrophiles. 

Preparation of Organozinc Compounds 

There are two classes of organozinc species: the organo- 
zinc halides (RZnX) and the diorganozincs (K,Zn). The or- 
ganozinc halides can be prepared eilher by transnietalatioiis 
of orgdnolithium or Grignard reagents or, more import- 
antly, by the insertion of zinc into an organic halide[G]. This 
last method is of special importance since it allows the 
preparation of a rangc of polyfunctional organozinc hal- 

like 1-5 (Scheme l). Diorganozincs are more reac- 
tive than organozinc halides and find numerous appli- 
cations in asymmetric synthesis[""]. They can be prepared 
by an iodine-dnc exchange reaction["l starting from a pri- 
mary alkyl iodide. Treatment of the appropriate alkyl halide 
at 50°C with Et2Zn[l] in the presence of a catalytic amount 
of copper(1) halide gives the desired diorganozinc in good 
yield. A method of similar utility, but proceeding under 
milder reaction conditions. is the boron-zinc exchange re- 
action, which allows olefins to be converted to diorgano- 
zincs by a successive one-pot hydroboration followed by a 
boron -zinc exchange reaction mediated by Et2Znle*7]. Fi- 
nally, a nickel(I1)-catalyzed hydrozincation is also possible, 
but this reaction suffers from a lack of The 
iodine- and boron -zinc exchange reactions permit the 
general preparation of polyfunctional primary diorgano- 
zincs like 6-9['3-'51 (Scheme 2). Interestingly, by using (iso- 
Pr)2Zn instead of Et,Zn in the boron-zinc exchange reac- 
tion, it was possible to extend this reaction to the prep- 
aration of configurationally well defined cyclic organozinc 
derivatives. After quenching with an electrophile, such as 
DzO, a high retention of configuration was observed 
(Scheme 3)[l6]. 

Reactivity of Organozinc Compounds towards Carbon 
Electrophiles 

The reactivity of zinc organometallics can be dramati- 
cally increased by adding catalytic or stoichiometric 
amounts of the THF-soluble salt CuCN . 2 LiCl (Scheme 
4)r5l. After this transmetalation, the resulting copper -zinc 
species display a similar reactivity to copper reagents pre- 
pared from organolithium or magnesium reagents. This fact 
considerably enhances the scope of organocopper chemis- 
try, since the use of organozincs as precursors allows the 
use of polyfunctional organometallics. The performance of 
allylation or propargylation reactions is especially efficient 

I022 
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cis : trans = 2 : 96 2) D 2 0  

(Schemes 5 and 6). Thus the unsaturated alkaloid 10 was 
hydroborated with Et2BHL71 and converted to the corre- 
sponding zinc compound by treatment with E1,Zn. After 
the addition of ally1 bromide and a catalytic quantity of the 
copper salt, the expected allylated product I 1  was obtained 
in 95o/b yield (Scheme 5)[171, The zinc compound 12, derived 
from a chiral amino acid, reacts with propargyl bromide in 
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the presence of CuCN to give the allenyl amino acid 13 in C.vp3 centers and leads to polyfunctional molecules like 14 

Scheme 4 
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The cross-coupling between Cspi-Cspi is still a challeng- 
ing problem. The stoichiometric formation of copper rc- 
agents derived from organolithium and magnesium com- 
pounds has often been usedl"]. The preparation of a mixed 
zincate obtained by the reaction of a diorganozinc with 
MelCuMgCl . MgCI(CN) allows substitution reactions at 

in excellent yield (Scheme 7)[201. 

Scheme 7 

1) EtpZn, CuCN (0.3 rnol%) 
2) M ~ ~ C U ( C N ) ( M ~ C I ) ~  

DMPU, -50 "C & NO2 
AcO(CH2)41 Ac0(CH2)8 

3) I &NO2 14: 83 % 

-78 "C to 0 "C, 2 h 

More interesting from a practical point of view are cross- 
coupling reactions between Csp' centers in which a tran- 
sition metal is used as catalyst. Such a reaction can be ac- 
complished with an Ni(I1) catalyst using alkyl bromides 
bearing a double bond at a remote position. Thus, the reac- 
tion of 15 with Et,Zn at -35°C provides the desired cross- 
coupling product 16 in 82% yield (Scheme 8). The presence 
of the doublc bond in 15 is crucial to the success of the 
reaction, because in its absence no cross-coupling is ob- 
served. The saturated alkyl bromide 17 furnishes only the 
bromide-zinc exchange product 18. This behavior can be 
explained by assuming that the double bond complexes to 
the intermediate Ni(I1) species 19, as shown in Scheme 9LZ11. 
This complexation removes electron density from the metal 
center and therefore favors reductive elimination, leading 
to 20. This method can be used to prepare polyfunctional 
molecules like 21, using catalytic amounts of Ni(acac)? (7.5 
molu/o; Scheme 10). Remarkably, these rcactions proceed at 
- 3 9 2 ,  showing that under appropriate reaction con- 
ditions, transition-metal-catalyzed cross-coupling reactions 
at Csp3 centers can be faster than cross-coupling reactions 
at Csp' centers. Typical reaction conditions of the Negishi 
reaction lie between 0°C and 50"C[41. 

Scheme 8 
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Scheme 10 

(AcO(CHZ)&n 
,-' C02Et 

* =OAc Ni(acac)p (7.5 mol%) 

C02Et THF : NMP (2 1) 

-35 "C, 15 h 
21: 87 % 

The presence o f a  triple bond imtead of a double bond in 
thc alkyl iodide leads to an intramolecular carbozincation 
reaction. The coordination of the nickel(l1) intermediate 
obviously activates the triple bond sufficiently for an ad- 
dition to occur. This reaction provides a short route to 
fuiictioiialized exo-alkylidenecyclopentanes like 22 (Scheme 
1 1)["]. The carbonickelation is highly stereoselective, as 
demonstrated by the substituted iodoalkyne 23. Only the 
cyclopentane 24 is obtained in the cyclization, showing that 
a Ayn-carbonickelation has occurred with over 99% stereo- 
selectivity. This reaction proceeds well in an intermolecular 
fashion to give a short stereoselective preparation of the 
anticancer drug Z-tamoxifen 25. The key step is the , s j m  
carbornetalation of 26 leading, after iodolysis, to the Z- 
tetrasubstituted olefin 27 in 88% yield (E/Z < 1:99, 
Scheme 12)[231. 

Scheme 11 

b i  Ni(acac)2 c a r  U 

opened the way to the design of aromatic multi-coupling 
reagents[26] such as 28. This reagent bears two electrophilic 
functions, a triflate and an iodo substituent. In the presence 
of tri-o-fiirylphosphane (tfp) as a phosphane ligand[24x25J 
and palladiuni bis(dibenzy1ideneacetone) [Pd(dba)2], only 
the carbon-iodine bond undergoes a substitution reaction, 
leading to the functionalized aryl triflate 29 (Scheme 13)[271. 
In the presence of the more eKective phosphane, l.l'-bis(di- 
pheny1phosphino)ferrocene (dppf), the substitution reac- 
tion also occurs with aryl trillates. The bisaryl triflate 30 is 
converted under these conditions to the teraryl 31 in 89% 
yieldrz71. 
Scheme 13 4r Pd(dba)z (1.3 mol%), % 

tfp (4 mol%) 
THF, 25 "C, 1 5 h CI 

CI 
28 

29: 78 % 

goTf + 6' Pd(dba)2 dppf (5 (5 mol%) mol%i  

0 OMe THF, 65 "C, 30 h 

22: 68 % 
30 31: 89 % 

~ e n t 2 ~ n  (2 equiv) Ph 

THF : NMP * @-- 
N i ( a c a ~ ) ~  (7.5 mol%) 

-40 "C, 20 h 
23 24: 62 %; E : Z> 99 : 1 

Scheme 12 
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New developments of the Negishi reaction have also been 
accomplished by fine tuning the palladium catalyst used: 
and the contributions of Haya~hi"~], Farina"'] and Liebes- 
kindLZsl have significantly increased the synthetic potential 
of this cross-coupling reaction between Csp' centers. It has 

1024 

Reactivity of Organozinc Compounds with Phosphorus Elec- 
trophiles 

Organozinc halides rarely react with an electrophilic 
function in the absence of a metal catalyst. However, chlo- 
rophosphanes undergo smooth substitution reactions with 
various functionalized organozinc halides or diorganozincs 
to give polyfunctional phosphanes in good to excellent 
yields (Scheme 14)c2*]. This method gives direct access to 
a range of polyfunctional phosphanes of great interest in 
coordination chemistry. The preparation of c h i d  phos- 
phanes is readily achieved starting from terpenes. Hydro- 
boration of P-pinene 32 with BH3 . Me2S gives trimyrtanyl- 
borane which, on treatment with Et,Zn, gives bis(myrtany1- 
zinc) (33) in quantitative yield. In the presence of various 
chlorophosphanes this zinc reagent at'fords the expected 
chiral phosphanes 34a-c (Scheme 15). The chelating ability 
of the phosphane 34c makes this compound of potential 
interest as a chiral ligand for catalytic asymmetric reac- 
t i o n ~ [ ~ ~ ] .  

The preparation of polyfunctional chlorophosphanes likc 
35 as phosphorus building blocks led us to react diethylami- 
nodichlorophosphane (36)r3O] with zinc organometallics. 
After protection with BH3[313'21, the readily isolated 
borane-aminophosphane complexes 37 were obtained. 
Treatment with HC1 in ether provides the desired borane- 
protected chlorophosphanes 35 in excellent overall yield 
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Scheme 14 
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Scheme 15 
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(Scheme 16)[151. As an example of an application of this 
reaction the mixed diaryldialkyldiphosphane 38 was pre- 
pared by this methodology (Scheme 16). 

The need for anionic phosphorus reagents showing a re- 
activity pattern complementary to those of the electrophilic 
chlorophosphanes led us to perlorm a reductive lithiation 

on the borane- bis(diethy1amino)chlorophosphane complex 
39 with lithium napththaleni~le[~'1 to afford the new anionic 
phosphorus reagent 40. The reaction of 40 with various or- 
ganic halides or inesylates cleanly provides the substitution 
products of type 41 (Scheme 17)12']. Remarkably, substi- 
tution with iodobenzenes or bromopyridines shows that 
substitution at Csp' centers is also possible (Scheme 17)r31. 

Scheme 16 
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The reaction of the chiral C2-symmetrical dimesylate 42 

with 40 furnishes the tetraamino-l,6diphosphane 43 in 
60% yield. Treatment with HCl in ether gives the tetrachlo- 
rodiphosphane, which can be reacted with a number of or- 
ganometallic reagents to give chiral diphosphanes. The re- 
action with 2-furyllithium gives the diphosphane 44 in 49% 
yield (Scheme The ligand 44 may be of interest for 
the performance of asymmetric hydrogenation 
Finally, the new methods of phosphane preparation were 
applied to a convergent synthesis of the C2-symmetrical di- 
phosphane 45, starting from readily available (S, S)-diacid 
46 (Scheme 1 9)[351 

Scheme 18 

Br QBr 

THF 
-78 "C to 20 "C 
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Conclusion 

Zinc organometallics are ideal organometallic reagents 
for the preparative chcmist. The low toxicity of zinc com- 
bined with the high functional group compatibility and easy 
preparation of these organometallic compounds have led to 
increasing applications in recent years. There are still many 
synthetic problems that could potentially be solved by zinc 
reagents and the use of organozinc reagents in synthesis is 
still in its infancy. 

Scheme 19 

45:35% 
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