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Abstract: aldehydes and ketones will add to acrylonitrile,acrylate 

esters ,acrolein and u,& -enones with the formation of a range of 

2(X)-propen-1-01s (X= CrJ, CCOR, OR). The reactions are catalysed 

by tertiary amines and are very sensitive to pressure. A wide 

variety of products may be obtained at pressures of 5 kbar or less 

whereas mst of the reactions do not occur at atmospheric pressure. 

The PEichael Mdition of acetone to acrylonitrile, Scheme 1, is of 

industrial importance in the synthesis of p&dine derivatives and is normally 

cataifsed by primry amines. We found the reaction to be strongly accelerated 

by pressure ' and, while investigating this aspect of the addition, we also 

varied the catalyst. It was observed that tertiary aoines caused the reaction 

to take a totally different course resulting in the formation of 3 in high 

yield rather than 2.~ -Substitution of acrylonitrile by acetaldehyde has been 

claimxl in a patent ‘ but the reaction is slaw. Similarly limited are sane 

analogous reactions of acrylates3 .In our hands, equimlar quantities of these 

reagents in the presence of W, the nest effective catalyst, react at 25Oin 

the absence of solvent to give 2-cyanobut-1-en-3-01, (3 ,R1 = Me ) in good 

yield after 4-S days. Ekxever, the same result can be achieved by maintaining 

the reaqents at 2-3 ktrar for 1 hour. Indeed, the reaction is better controlled 

using the less reactive catalyst,triethylamine.The mst likely route to this 

product is shown in Schme 2.Addition of the amine to the carbon-carbm double 

bond leads to a stabilised carbanim \*lich adds in an aldol-fashion to the 

cartxmylaxnpound. The product then undergoes E2 elimination of the ammonium 
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nucleofuge by attack of a further mlecule of bdse which regenerates the 

catalyst. The reaction is similar to the base-catdl+ed @ymerisation of 

3 acrylonitrile , which also is very pressure-dependent.In the presence of an 

aldehyde, pzAymxisation is negligible and m ilichael adducts are obtained.The 

reason for the latter observation probably lies in the fact tllat the reactive 

species in the Michael addition is the enmi.ne,lb, rather than the enolate,la. 

The former would not be lxxsible frcm a tertiary amine.Ile have measured rates 

of reaction of acrylonitrile with acetaldehyde by mnitoring the formation of 

the product 3,R=Me, by gas-liquid chrcmatcgrapi~y as a function of tim at a 

series of pressures between 1 and 740 bar. Progress of reaction curves were 

fitted by ccqxter to obtain relative rates,Table 1: 

Table 1 

p/w 1 360 600 740 

k 
rel 

1.0 2.9 5.4 8.0 

volume of activation = -79;5 an3m31 
-1 

Schme 1 
cH3 

&I 

\ 
M2 

C* A 'GO or 

/ 
+ RCH,ra, \ 

/ > 
-NHCH2R 

a13 013 cH3 

la lb 
U12=CEIcR' 

CH3CCCH2CH2CH2~ 

2 

Scheme2 
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The volume of activation is 

with a single step process. 

determining and therefore: 

# 

very large and 

iJe assume that 

h vats = 6 v1 + 

negative, too great to be 

the second step of Scheme 

# 
AV . 

2 

associated 

2 is rate 

" -79 (-40 to -50) (-20 to -38) c&mol. -* 

The volume of reaction for the addition of the amine to acrylonitrile must be 

very large and negative since a bond is formed and charges separated. That for 

the addition of tile aldehyde also contributes a further reduction in LQ~UIE on 

account of the bond-formation. This is me of the most lliyhly pressure-dependent 

reactions ever observed and this property :.&es it psslble to extend syntheses 

to analogous reagents which normally are too unreactive to take part. At 1 bar, 

tile only reaction we have been able to observe is that between acrylonitrile and 

acetaldehyde to yield 2,R=Ne and the addition of 2-butenone to acrolein althougii 

it has recently been found that certarn rhodium catalysts will effect similar 

Table 2 

ILgil Pressure Additions of Carbonyl CBqounds to Acrylic Species 

CH2=CHX + RlR2W R3?J b ~f2=CH(~:)CR1R2CH 

X 
R1 R2 

tima/min p/lker yield/% 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10* 

11* 

12 

13 

14 

Me H 5 2-5 

Et H 5 5 

ph H 5 5 

P-An fi 5 5 

ki II 5 2-5 

Fe Fe lco0 5 

-(CH2)5- 10Xl 5 

Me Me 120 5 

Ile Et 120 5 

Me H 25 1.5 

Et H 25 1.5 

cII=CH2 H 30 0.01 

Me H 30 5 

Me Me 1030 5 

5x3 

70 

95 

%I 

90 

70 

50 

75 

50 

95 

95 

20 

%I 

5 

(RON = DV3CC except when indicated *, when m3N was used) 
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4 
reactions of encnes, . 

At 5 kler or less, a wide range of both aldehydes and ketmes my bs used as 

the carbonyl aqmnent while acrolein,vinyl ketones and acrylate esters my 

replace acrylonitrile. The products, 2, are highly functionalised and should be 

useful intermediates for a wide range of syntheses. Qualitatively,the reactivity 

of the acrylic coqmnent falls in the order: 

x-cH=zH2: X= -CHo> -CCNe>-CN> -CWR>-ccM-12 

A &substituent as is present in crotononitrile, prevents reaction altogether 

even at 10 k&r. Aldehydes are ,in general, more reactive than ketones and their 

reactivity falls in the order: f,&CW > PhCHO > n-PrCW . The catalytic effect 

of tertiary amines falls in the order: DABCO > guinuclidine > I:e3N > Et3N, 

and is probably steric in origin. 

Table 2 sets out conditions and yields for representative examples of the 

uc -substitutim reaction, which nm can be viewed as a synthetic msthod of wide 

generality. The mdest pressures and short reaction tines coupled with excellent 

yields rake this an attractive subject for large-scale synthesis under continuous 

flow conditions. 
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