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REDUCTIVE ALKYLATION OF ACRYLONITRILES AND ACRYLATES 

T. Caronna, A. Citterio, A .  Clerici 

Istituto di Chemica del Politecnico 
Piazza L. da Vinci 32, 20133 Milano, Italy 

R. Galli* 

Istituto di Chimica Organica 
Via M. dtAzeglio 85, 43100 Parma, Italy 

In the presence of activated metals, secondary alkyl 

iodides and bromides react with olefins conjugated with elec- 

tron withdrawing groups, in particular acrylonitriles and 

acrylates, to give the corresponding products (111) of reduc- 

tive alkylation. 

R” R R“ 
\ CH-X + CH2=&-Y ?v / ‘CHCA2b€I-Y 

R 

R f R’ 
I I1 I11 

X = I, Br, ((21); Y = CN, COOR, etc. 

Under the experimental conditions used, alkyl iodides and 

bromides give the best results as shown in the Table while 

with alkyl chlorides, the yields are much lower. Among the 

various metals used, the most effective are zinc dust and 

copper-activated or preferably silver-activated zinc dust. 

Satisfactory yields are obtained neither with primary alkyl 

halides (even though they react with activated metals) nor 

with the tertiary ones since in this case the zinc halide 
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CARONNA, CITTERIO, CLERIC1 AND GALL1 

formed during the reaction favors the Ritter reaction with the 

nitrilee (substrate or solvent). 

The reaction mechanism has not yet been thoroughly 

studied. Recently, it has been observed’ that the reaction 

of benzyl and isopropyl halides with metals leads toalkylation 

of activated substrates, such as protonated heteroaromatic 

bases via free radicals. However, at the present time, we 

cannot state definitely that radical species are involved. On 

the other hand, a mechanism involving organometallic compounds 

is contraindicated since the same reductive alkylation is also 

obtained in methanol as solvent; in this case, the mainproduct 

results from the addition o f  methanol to the acrylic acid 

derivative. 

TABLE 

Alkyl halide Olefin Conversiona 
% 

1. Cyclohexyl iodide CH2=CH-CN 54  

2. Cyclohexyl iodide CH2=CH-COOMe 76 

3.  Cyclohexyl iodide CH2= -COOMe 61 4 
4. Isopropyl iodide CH2=CH-CN 68 

5. Cyclohexyl bromide CH2=CH-CN 57 

6. Cyclohexyl bromide CH2=CH-COOMe 50 

Based on the alkyl halide. 
Based on converted alkyl halide by glc data. 

Yieldb 
P 

92 

90 

90 

a5 

70 

70 

The complete absence of polymerization coupled with the 

very simple experimental conditions recommends this reaction 

as a convenient method for the preparation of compounds not 
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REDUCTIVE ALKYLATION OF ACRYLONITRILES AND ACRYLATES 

always readily accessible by other routes, from commonly avail- 

able starting materials. 

EXPERIMENTAL 

Preparation of the Silver-Zinc Couple. 

CAUTION.- It is advisable to carry out the filtration and the 

washings as rapidly as possible, preferably under nitrogen and 

to avoid paper filters since the dust may catch fire. 

The directions of the literature2 were modified as follows: 

Zinc dust (21 g) was stirred with 10% aq. HC1 (100 ml) for 15 

min. with a magnetic stirrer. The supernatant liquid was 

decanted and the zinc washed with acetone (2x50 ml) and ethyl 

ether (50 ml), then dried (mechanical pump). In a 250 ml 

flask, a suspension of commercial silver acetate (1 g) in 

glacial acetic acid (100 ml) was boiled to reflux withstirring 

for 10 min. The heating bath was removed and immediately 

thereafter, the activated zinc (10 g) was added in one portion 

to the suspension and with vigorous stirring. Vigorous and 

spontaneous boiling which started again, without external 

heating was allowed to continue f o r  an additional 5 min. with 

continued stirring. The mixture was rapidly cooled with an 

ice-bath to at least 50°, filtered on a sintered glass funnel 

and the zinc dust washed first with acetic acid (30  ml) then 

abundantly with acetone and finally with ethyl ether (2x100 

ml). It was kept in a vacuum desiccator (mechanical pump) for 

5 hr. over P205; 9.5-9.8 g of zinc-silver couple wereobtained. 
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CARONNA, CITTERIO, CLERIC1 AND GALL1 

Reaction between Alkyl halides and Activated Olefins. General 

Procedure.- In a four-necked 250 ml flask, equipped with a 

mechanical stirrer, a thermometer, a reflux condenser and a 

dropping funnel, the olefin (~0.22 mole) was dissolved in com- 

mercial acetonitrile (70 ml) and the Zn-Ag couple ( 6  g) added 

to the solution, The stirred mixture was heated to boiling 

(-70') and the alkyl halide (0.11 mole) was added over a 

period of about 1 hr. Before the end of the addition, the 

previously clear suspension had become cloudy and gray-green 

in color; the blackish surface of the metallic dust was 

covered by a gray-green coating. The suspension was reflwced 

with stirring for 4-6 hr. (with alkyl iodides, 4 hr. is suf- 

ficient; with bromides 6 hr. is preferable). The reaction 

mixture was cooled to room temperature and poured into 1 1. of 

water slowly with stirring; in this way, the resulting flakes 

were thin and well dispersed (otherwise bulky lumps are formed 

which are difficult to filter and extract). After filtration, 

the liquid was extracted with ethyl ether (2x200 ml); the 

solid was stirred with aq. lo$ HC1 at room temperature for 

15 min. when practically all the solid had dissolved (if 

little lumps remained, they were removed by filtration). This 

solution was also extracted with ethyl ether (2x100 ml) and 

the combined ethereal extracts were washed with aq. NaHC03 

solution (150 ml) and water (2x200 ml), dried over Na2S04 and 

evaporated. The residue was distilled in vacuo to give most 

of the unreacted halide a8 the first fraction followed by the 

product, contaminated with a little of the starting halide, 

as shown by the glc analysis. It is readily purified by a 

careful redistillation. 
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REDUCTIVE ALXYLATION OF ACRYLONITRILES AND ACRYLATES 

The products obtained are all known compounds, except 

I11 (R, R' = (CH2)5, R' = CH3, X = C02CH3) and were identi- 

fied by comparison with authentic samples and by their spec- 

tra (IR, NMR, MA). 

The gas-chromatographic analyses were carried out on a 

Hewlett-Packard instrument, model 5750 G, using a 6 ft x 1/8i1 

steel column packed with DEGS 10% on Chrmosorb W. 

Methyl 3-cyclohexyl-2-methylpropionate.- Bp., 232-233O; NMR 

(CDC13, from TMS): 1.12 (d, 3H, -CH-G3); 0.90-1.90 (broad, 

11H, cyclohexyl); 2.56 (sextet, lH, -g-COOMe); 3.64 ( s ,  3H, 

-OCH3). m/e 184 (M'); major peaks at m/e 153  (m-OMe), M.S.: 

141 (M-C3H7), 125, 110, 101, 88. 

Acknowledgement.- We wish to thank Prof. F. Minisci for en- 

couragement and helpful discussions. 
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