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Summary. Aldehydes are readily obtained in high yield by ultrasonic irradiation of various 

alkyl and aryl halides in the presence of lithium and DMF. 

Since our first report on the effects of ultrasounds in organometalllc chemistry3, new 

applications of ultrasonic irradiation rn various synthetic transformations have been publi- 

shed. The formation and in situ reaction of organozinc derivatives have been described 4 and 

we have shown that organocopper species can also be generated by this method'. 

These findings demonstrate that ultrasonic irradiation of heterogeneous reaction mix- 

tures can offer some important advantages, such as improved yields and selectivity, reduced 

reaction times and temperatures, and the possibility of using reduced amounts of reagents5. 

We wish now to report a significant improvement in the Bouveault reaction achieved 

through the use of ultrasonic irradiation. The Bouveault reaction6 involves the formylation 

of an alkyl or aryl halide to the homologous aldehyde by transformation to the corresponding 

organometallic (usually lithium or magnesium) then addition to drmethylformamlde (DMF). 

M R-X - DMF R-M -. 
l- 

!_ 
R -CH;;;e2 & 1 RCHO + HNMe2 

This transformation for a long time suffered from numerous side-reactrons7. Several 

modifications have recently been reported, employing various formic acid derivatives 
8 
designed 

for the purpose of stabilizing the intermediate aminoalkoxide, but in some cases an expensive 

reagent is required. 

We have found that 

in dry THF substantially 

sonlcation of a mixture of lithium, an alkyl or aryl halide, and DMF 

improves this reaction. High yields of the expected aldehydes are 
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obtalned under exceedingly simple experlmental condltlons. Typically, 1 mm01 of the alkyl 

halide, 1 mm01 dry DMF, and 50 mg (2 1 mg-atoms, 1.e. approximately the stolchlometrlc amount) 

of llthlum sand In mineral 011' In 4 ml dry THF are sonlcated In an ultrasound cleaner (96 W/l, 

40 kHz). The reactlon 1s usually complete at lo-2O'C rn less than 15 min. After work-up 

(addrtlon of ether and washing with dll HCl and sat NaCl, drying over sodium sulfate and remo- 

val of solvent) the crude aldehyde, uncontaminated with startrng material, 1s obtalned as a 

colorless 011 In reasonable purity, as shown by VPC, TLC, IR, and NMR. Flltratlon over silica 

gel affords a pure product, ldentlfled by the usual spectral techniques and, when possible, 

through comparison with an authentic sample Isolated yields are given In Table I. 

As can be seen, the reactlon works well with primary, secondary, and tertiary allphatlc 

bromides as well as with aromatlc bromides. This result contrasts with the unsuccessful con- 

densatlon of secondary Grlgnard reagents with formic acid 
8c . In addltlon, llthlatlon of chlo- 

rides, which has not previously been reported3, and subsequent In situ formylatlon can also be 

effected quite satlsfactorlly somewhat longer lrradlatlon times are sometlmes required 

As shown In the Table, tnis method 1s also useful for the bls-homologatlon of dlbromo 

compounds. To the best of our knowledge, the Bouveault reactlon has seldom been used for the 

preparation of dlaldehydes 
8c 

It has previously been establlshed that this reactlon also takes place In the absence 

10 
of ultrasounds, but the rate and yields are slgnlflcantly lower . In our hands, under condl- 

tlons slmllar to the aforementioned with rapld stlrrlng III lieu of lrradlatlon, n-butyl bromide, 

DMF and llthrum gave only a very low yield of the expected aldehyde (<10X) after 10 min. The 

effect of the ultrasonlc waves thus appears to be more complex than a mere agltatlon effect. 

Cavltatlon'1"2, known to effect the erosIon of metallic surfaces 
13 , can be accompanred and 

14 
greatly ampllfled by a stationary waves phenomenon . These phenomena, which can act synergls- 

tlcally, may be responsible for the observed effects. AddItional applxatlons of the ultra- 

sonic lrradlatlon on organic reactions are currently under study 
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Table 

Hahde 

n C,H,- X 

x = Cl 

X = Br 

Aldehyde 

n C,H9-CHO 

lrradlation Ttme (mmJ tot Yield’ 

5 20 7ab 

5 10 aab 

nC7H,5- Br 

Br- (CH3),,-Br 

n= 4 

nCIHIs-CHO 5 20 83 

OCH - (CH&-CHO 

n=4 10 20 64 

nr7 n= 7 5 10 84 

n =. 10 n=lO 10 20 83 

#- 
X o- CHO 

x =a 10 10 70 

X = Br 5 10 76 

t C4Hg-Br t C4H,-C~0 5 10 (67 f 

CH 
I 3 $H3 

C,H,-C-X C,HS - C - CHO 

AH3 AH3 

x =a 15 20 84b 

X=Br 5 20 80b 

CeH5 CH1 - Br CsH,CH2-CHO 5 10 85 

C6H5 - X C6H5 -CHO 

x =CI 5 15 78 

X= Br 5 10 86 

a Isolated yreld unless speclfled 
b 

VPC ylela with mternal standard ' THF (Eb = 65") and 

plvalaldenyde (Eb = 71") were not satlsfactorlly separated The yield 1s estimated by VPC 

after reduction (NaBd4) of the crude mxture to neopentyl alcohol 
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