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ABSTRACT 

The base-catalyzed dimerizations of several al l ;~l iclenemalo~~o~~itr i les have been studied, 
and proton 11~1clear magnetic resonance (n.m.r.) spectral evidence is presented in support of 
the s~~ggested cyclic structures of these dimers. 

The  preparatioil of a,p-unsaturated dinitriles of the type R?C=C(CN)2 by base- 
catalyzed condensatioil of the corresponding carbonyl compound (R2C=O) with ma- 
lononitrile has been the subject of investigation from the time of I-Ieucli oinvards (1-9). 
In addition to  the expected unsaturated dinitrile, however, a second substance, considered 
to  be a diiner of the dinitrile, has been isolated in several instances ( 5 ) .  The  formation 
of this dimeric product has previously led to confusion about the nature of the inonorneric 
product. For example, cyclol~exylidene~~~alononitrile (5) and isopropylidenemalononitrile 
(4) were originally reported to be crystalline solids and it ulas later sholvn (6) tha t  they 
are, in fact, liquids. 

These crystalline products are obtained in varying yields froin the base-catalyzed 
condensations of both aromatic and aliphatic ketones with malononitrile. T h e  structures 
of sonle of theill have recently been investigated (7, 8 ,  9). Thus, Anderson, Bell, and 
Duncan (7) studied the solid products obtained froill the base-catalyzed reactions of 
malononitrile with several carbonyl conlpounds including acetone, acetophenone, and 
benzil. They  suggested, largely on the basis of infrared spectral analysis, tha t  the structure 
of the dimer of isopropylidenemalononitrile was linear (lIe2C=C(CN) .C(SH2)=CI-I .C4Ie 
=C(CbQ2). Williams later investigated seine of the reactions of this diiller and concluded 
tha t  it was cyclic (see Chart  A (Ia)(Ic)). In a recent communication (9) we have sug- 
gested that  the dimer of cyclol~ex~~lidenemalononitrile is likewise cjiclic. 

We have now investigated the base-catalyzed diit~erizations of other all;ylidenemalo- 
nonitriles in an a t tempt  to determine whether or not the formation of cyclic diniers can 
be considered to  be a general reaction of these conlpounds. The  proton i1.m.r. spectral 
evidence which we have obtained leaves little doubt that the diillers are cyclic, bu t  
they appear to differ froill isopropylidenemalonoi~itrile diimer in the location of the 
carbon-carbon double bond. 

The  mechanism for cyclic ditller formation proposed for isoprop)-lidenemalononitrile 
by Williams (8) can be expanded into the general forill shown in Chart  A. Compounds I 
in Chart  A represent the reaction sequence for isopropylidenemalononitrile itself. Com- 
pounds 11, 111, and IV represent the three other all<ylidenei~~alononitrile systems studied 
in this work. Our n.il1.r. spectruttl of the isoprop~~lidenemalononitrile dinler is included 
in Fig. 1 for coinparison with the spectra of the other dimers. 

2-Butylidenemalo~zonitrile Dinzer (Cl~art A ,  R = CHa; R' = H )  
The  linear form (Chart B, IV (d), IV (e)) of this dimer analogous to  that first suggested 

for isopropylidenei~~alonoi~itrile by Anderson, Bell, and Duncan (7) would arise froin 
attack of the priinary carbanion on a nitrile group of the second ~uolecule rather than on 
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( 9 )  107 

C.p.s. f rom TMS 160 Mo) 
S*. r 1p.p.) 

I .  1 (i) Xssign~iie~its as shown by letters, (ii) relative peak areas circled numbers, (iii) spectra all 
20y0 approsilllately in  CDC13, and (iv) TMS internal standard. 

the /3-carbon atom. The n.1n.r. spectruin (Fig. 1 (11)) of the dimeric product in this case 
suggests that the material is largely in the ainino for111 I1 (b), the relative areas of the 
YE12 absorption a t  4.97 and of the ethylenic hydrogen absorption a t  4.17 being 1.7 and 
0.8 respectively. The linear structure can be ruled out since the 8.77 value for the ~nethyl  
singlet places it on a saturated carbon. This cannot be accommodated in structures VI (d) 
or VI (e). The amino form has been assigned structure I1 (b), with the double bond 
exocyclic, rather than I1 (c), since the latter would be inconsistent with the 8.17 doublet 
and with the 4.27 quartet, which are due to the splitting in the CH3-CEI= group. 

3-Pentylidenemalononitrile D,imer (Chart A ,  R = R' = CH3) 
The n.m.r. spectrum (Fig. 1 (111)) of the dilner again suggests that it is largely in the 

amino forin I11 (b) (relative area of NH2 = 2.2). In the linear forin VII (d), VII (e), 
only one H3C-C-H group is present, while the spectrulll shows two hydrogen quartets, 
which must arise from this kind of grouping. Hence the linear structure can be ruled out. 
The presence of these two quartets likewise rules out structure I11 (6). 

Cj~clohexylidenemalononitrile Dimer (Chart A ,  R + R' = -(CH&-) 
The proton n.1n.r. spectrum has been reported and discussed in a recent comi~~unication 

(9). I t  is shown for con~parison in Fig. 1 (IV). 
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CHART A 

RCH2, ,CN 
RCH2 

\ 0 
CN RCH2, CN 

C=C, C=C: f monomer C r  N 
~ C H ?  CN ~ C H  

0 
CN 

\ CN 
f /  CN RCH2 

RCH , CN 
* c -  c\ 

<CH< C -  
/ c - C C C N  

RCH2 / \ 

d c H 2  CN 

CHART B 

DISCUSSION 

The  evidence presented in support of the cyclic form of the dirneric products would 
appear to be conclusive. This implies that  attack of the carbanion on the 0-carbon of the 
ene-nitrile is preferred over attack on the cyano group in all the examples considered. 
The  reasons for the observed product distribution anlong the three tauto~neric forms 
indicated in Chart A remaill t o  be discussed. 

This product distribution inay be explained in terms of (a)  the  steric repulsion of the 
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larger allcyl groups in I1 and I11 compared to  I ,  and (b) the degree of substitution of the 
exocyclic double bond in I1 and I11 as  compared to  I. 

The  ami?zo forms of dimers I1 and 111 can be written as  either I1 (b), I11 (b) with the 
double bonds exocyclic, or as  I1 (c), 111 (c) with the double bonds endocyclic. The  n.m.r. 
evidence suggests that  the (b) form with exocyclic double bonds is preferred here in 
contrast to the endocyclic structure I (c), favored in the isopropylidene case. I t  would 
appear tha t  in I1 (b) and I11 (b) R and R' have less steric interaction than would be the  
case in the corresponding (c) form. I t  also suggests tha t  the preferred geometric isomer 
about the RCI-I=C(ring) double bond is tha t  with the R group trans to the ring segment 
carrying the R'Cf-I-entity. Steric interaction of this lcind would not be important where 
R = R' = PI, i t .  in isopropylidenemalononitrile dimer. 

The  second major difference between dinler I and dimers I1 and 111 is in the nature 
of the substituents on the exocyclic double bond. The  presence of a methyl substituent 
here appears to  enhance the stability relative to  that  of an exocyclic inethylene group. 
Thus,  a s  a consequence of both of these factors, the (b) forlns appear to be favored in the 
butylidene and pentylidene dimers, in contrast to the endocyclic double bond form (c) 
in isopropylidenemalononitrile dimer. 

The apparent absence of imino forms I1 (a) and I11 (a) in the dimer products again 
points to the presence of a driving force favoring relief of steric repulsion between R 
and R', possible with an  exocyclic double bond as in I1 (b) and 111 (b). T h e  presence of 
some 40y0 to  30y0 of the imino form in isopropylidenen~alononitrile dimer (see Fig. 1 
and Ref. 8) means tha t  in itself the imino form is not significantly less stable than the 
amino form. I t  appears then that  the dominant factors which determine the almost 
exclusive production of the amino form must be (i) the steric repulsion between R' and R, 
and (ii) the added stability conferred by a methyl substituent on the exocyclic double bond. 

Similar arguments may be applied to the  structure of cyclohex~~lidenemalononitrile 
(IV). We previously suggested (9) that  the structure of this dinler is the mixture IV (a), 
IV (c). f-Iowever, there is also the possibility of the existence of form IV (b), analogous t o  
I1 (b) and I11 (b), where the co~npounds were essentially looyo in these forms. Recent 
thermodynamic studies (10) have shown tha t  the four hexahydronaphthalenes sho~vn 
below have relative stabilities as indicated; 

These studies might suggest that ,  in the amino form of cyclohexylidenen~alononitrile 
dimer, IV (b) would be thermodynamically favored over IV (c). If the 3.97 peak (Fig. 
1 (IV)) were considered to be due to  the hydrogen on the exocyclic double bond in IV (b) 
then the relative positions of the pealcs in the n.m.r. spectrum of the dimer fit structure 
IV (b), if it is assumed tha t  the material is essentially all in the IV (b) form. As previously 
noted (9), however, the broad and overlapping character of the cyclohexane hydrogen 
bands make accurate area correlations difficult. 

Dinterization Mechanism 
In the examples considered the ease of dinlerization appears to  depend on the avail- 

ability of a base-extractable p-hydrogen in the monomeric ene-nitrile. Thus, the diiners 
of isopropylideuemalononitrile, 2-butylidenemalononitrile, and cyclohexylidenen~alono- 
nitrile are produced rapidly (1-2 hours) by the action of base. I t  is also noteworthy that  
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