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halide and an organo-transition metal derivative have 
recently been described.1*2 One of these is generally 
effective for allyl-nonallyl coupling and involves the 
use of r-allylhalonickel complexes ; the other utilizes 
as reagent the product from the interaction of an alkyl- 
lithium compound with cuprous iodide in a molar ratio 
2: l .3t4 The copper method was shown to have broad 
applicability for a wide variety of halides of the C(sp2)- 
Hal as well as C(sp3)-Hal type, using the reagent de- 
rived from methyllithium. This communication is 
concerned with the extension of the coupling reaction 
to n-alkylcopper reagents which demonstrates generality 
for the primary alkyl organometallic class. 

Addition of n-butyllithium (Foote Mineral Co., 
hexane solution) to an ethereal suspension of cuprous 
iodide5 at -20" leads to formation of a dark insoluble 
product at a 1 : l  molar ratio which by analogy with 
previous work probably corresponds to  (RCu),. The 
precipitate dissolves upon addition of a second equiva- 
lent of n-butyllithium to give a brown-black solution 
probably containing a solvated complex species ; both 
this reagent (arbitrarily described below as R2CuLi) 
and the insoluble 1 : 1 mixture respond negatively in the 
test for free alkyllithium using Michler's ketone.6 In 
the butyl series, as found previously for the methyl 
series,2 RzCuLi is considerably more reactive toward 
organic halides than is (RCu), and also much more 
efficient in cross-coupling. Dark 2 : 1 complexes of 
type RzCuLi have also been prepared from ethyllithium 
and n-heptyllithium in a manner analogous to the butyl 
case. Since the reactions of these three reagents with 
halides have been found to be closely similar, one case, 
R = n-butyl, was selected for intensive study. 

The reaction of lithium di-n-butyl- or diethylcopper' 
reagents (ca. 0.25 M ,  5 molar equiv) with a number 
of halides in ether as solvent led to efficient cross- 
coupling as indicated, for example, by eq 1-11, which 
also summarize experimental conditions.* 

In general, the lithium di-n-alkylcopper reagents react 
more rapidly with halides than does lithium dimethyl- 
copper, but they are also less stable thermally. They 
are also more apt to produce halogen-copper exchange 
as a side reaction (Le., R-Hal + R-Cu) than is lithium 
dimethylcopper. Such exchange, especially serious 
with the starting halides of eq 8, 9, and 11, can be nulli- 
fied by a subsequent addition to the reaction mixture of 
an excess of the alkyl halide corresponding to the n- 
alkylcopper reagent. Without such treatment the 
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13, mp 104-106", with lithium tri-t-butoxyaluminum 
hydride. This alcohol was synthesized independently 
by an analogous route, involving cyclization of the 
diazo ester 14 derived from cyclopent-2-en-1-01 to  
lactone 15, Y 1760 cm-l, reaction with phenyllithium, 
LiA1H4 reduction to diol 16, mp 146-148", and finally 
sodium-ammonia reduction to  13. The samples of 13 
produced by these two routes showed no melting point 
depression on admixture and had identical infrared 
and nmr spectra. 

In agreement with the configurations assigned to  
these compounds is the downfield shift of the benzylic 
methylene group in the nmr spectra of alcohols 9 
(6 3.21) and 13 (6 3.40) relative to its position in ketones 
10 (6 2.85) and 12 ( 6  3.05). 

The inversion of configuration at migrating carbon 
in this 1,4-sigmatropic shift provides yet another 
example in a previously unstudied system of the 
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Carbon-Carbon Bond Formation by Selective 
Coupling of n- Alkylcopper Reagents 
with Organic Halides 
Sir: 

Two new methods for carbon-carbon bond forma- 
tion between unlike groups derived from an organic 
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diminish. In our experience the optimum temperature 
tends to  increase (within the over-all range -95 to 
0') with decreasing reactivity of the halide, approxi- 
mately in the order >C=CH(I,Br), RCH2CH21, >C= 
CR(1, Br), >C=CRCl, RCH2CH2C1. Secondary ha- 
lides are much less suited to coupling with lithium di- 
n-butylcopper than are primary halides. For example, 
reaction of this copper reagent with cyclohexyl iodide 
either in ether or tetrahydrofuran gave no detectable 
n-butylcyclohexane but mainly cyclohexene. 

It should be noted that n-butyllithium (or ethyllithium) 
is a totally unsatisfactory reagent for most of the trans- 
formations discussed above, since it exhibits a much 
greater tendency to cause proton abstraction leading 
to 1,2 elimination and metal-halogen exchange. lo It 
should also be pointed out that the copper reagents 
allow the use of substrates containing functional groups 
such as COOH and CONR, in unprotected form (see eq 
9 and IO) and also can lead to stereospecific coupling 
processes (see eq 4 and 5). This latter property of the 
cross-coupling reaction has been used effectively in 
stereospecific syntheses of farnesol and insect juvenile 
hormone. l 2  
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yields of the products shown in (8) and (11) were ca. 
10 and 30 %, respectively. The following by-products 
were observed in the above reactions: cyclohexene 
(10%) in reaction 3, 1-nonene (15%) and 8,lO-octa- 
decadiene (5 %) in reaction 4, styrene (15 %) and tranS,- 
trans-l,4-diphenylbutadiene (10%) in reaction 5, 7- 
ethylnorcarane (20 %) in reaction 8, and benzene (20 %) 
in reaction 11. Clearly, the principal side reaction in 
these cases is due to replacement of halogen by metal 
followed by protonation during the usual aqueous 
work-up. This side reaction may become dominant 
as, for example, with a-bromo ketones. Elimination 
may also be a major reaction pathway as with cyclo- 
hexyl iodide, which affords only cyclohexene. In 
general, the selection of experimental conditions is 
more critical with n-alkylcopper reagents than with 
lithium dimethylcopper as a result of these complica- 
tions. 

There also appears to be a marked effect of tempera- 
ture on the reactions of lithium dialkylcopper reagents, 
and in many cases an optimum point can be located, 
above and below which yields of cross-coupling product 
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New Methods for the Oxidation of Aldehydes 
to Carboxylic Acids and Esters 

Sir : 
In connection with a synthesis of insect juvenile 

hormone which has been under study in these labora- 
tories,' it was desirable to devise a simple method for 
the stereospecific conversion 1 + 2 under mild condi- 
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tions. This communication describes an efficient and 
useful oxidation process uia aldehyde intermediates 
which has been developed for this purpose and another 
method which permits the oxidation of aldehydes to 
carboxylic acids in neutral or slightly basic media. 

Manganese dioxide (active*) is an effective and selec- 
tive oxidizing agent which cleanly converts primary 
allylic alcohols to conjugated aldehydes3" without sig- 
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