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Nucleophilic Attacks on Carbon-Carbon Double Bonds. Part XVII.l 
Base-catalysis in the Displacement of Vinylic Ethoxy-, Fluoro-, and Cyano- 
leaving Groups by Amines 
By Zvi Rappoport and Pnina Peled, Department of Organic Chemistry, The Hebrew University, Jerusalem, 

Israel 

The observed second-order rate coefficients kzob5 for the displacement of the leaving group X of p-Me,N*C,H,-C- 
(X):C(CN), [ ( l )  when X = OEt, CN. and F] bypiperidine and morpholine in MeCN, and of compound (I; X = OEt) 
also in EtOH and Pr'OH and of (I; X = OEt) with di-isobutylamine in MeCN, increase with the increase in the 
amine concentration. Two types of kinetic behaviour are (a)  a linear dependence, kZobe = k' + k"[Amine], 
observed for al l  the reactions of compounds (I; X = CN) and (I; X = F) and for (I; X = OEt) with piperidine in 
MeCN and EtOH, and (6) curved plots of kZob5 against [Amine], which yield linear inversion plots of l/kZob, 
against ?/[Aminel, found for the other reactions. The reactions of (I; X = OEt) in MeCN are not catalysed by 
pyridine, p-phenylenediamine, and N-methylpiperidine, but the reaction with piperidine + morpholine is faster 
than the combination of the two separate reactions. The reaction of the cyano-compoirnd (I; X = CN) with di- 
isobutylamine i s  faster in 1 : 3 CC1,;MeCN than in 1 : 1 CCI,-MeCN. A mechanism is suggested in which the amine 
attacks the double bond (k,) forming a zwitterion, which can either revert to the reactants (k1), expel the leaving 
group in an uncatalysed route (k,), or react with a second amine molecule in a catalysed (k3B) route, where a rapid 
proton transfer equilibrium is followed by a slow electrophilically assisted detachment of the leaving group by the 
ammonium ion. Linear plots are obtained when 3- kz + k,[Amine] and curved plots which yield linear inversion 
plots when N k, + k3[Amine]. The catalysed route predominates in MeCN (kSB/kZ = 5-->2300) but the 
uncatalysed route becomes more important in the alcohols. The effects of the changes in the nucleophile, the 
solvent, and the leaving group [relative k 3 ~  in MeCN: (I; X = OEt), 1 < (I; X = CN),104 < (I; X = F), 10'1 are 
consistent with the mechanism suggested, and are in accord with a multistep mechanism for nucleophilic vinylic 
substitution. 

THE nucleophilic vinylic displacement via the addition- 
elimination route2 of a leaving group X by amines is 
of the first order in amine when X = C1,173 X = Br,l93b" 
x = OS0,Me or OS02C6H4Me-$,1 or second order in 
amine with 1 ,l-dicyano-2-$-dimethylaminophenyl-2- 
fluoroethylene (I; X = F),4 or with several polycyano- 
olefins when X = CN,5 and exhibits an order between 
one and two in the amine with 2-chloro-l,l-dicyano-2-~- 
dimethylaminophenylethylene (I ; X = Cl) ,4 These 
features are accommodated by Scheme 1,4 which is 
illustrated by the 1,1-dicyano-2-$-dimethylarninophenyl- 
2-X system (I). The initial nucleophilic attack (k,) 
forms the zwitterion (11), where the C-X bond cleavage 
should be slower than that in (111) owing to the electron- 
attraction by the substituted ammonium ion, which is 
also a good leaving group (it?., k-, is high). With a 
good leaving group the expulsion of X from (11) to give 

1 Part XVI, 2. Rappoport and A. Topol, J.C.S. Perkin 11, 
1972, 1823. 

2 (a) 2. Rappoport, Adv.  Phys. Ovg. Chem., 1969, 7, 1; 
(b) G. Modena, Accounts Chem. Res., 1971, 4, 73. 

3 (a) G. Modena, P. E. Todesco, and S. Tonti, Gazzetta, 1959, 
89, 878; (b)  G. Modena, F. Taddei, and P. E. Todesco, Ricerca 
Sci., 1960, 30, 894; (c) L. Maioli, G. Modena, and P. E. Todesco, 
Boll. sci. Fac. Chim. inn. Bologna, 1960,18, 66; ( d )  A. Campagni, 
G. Modena, and P. E. Todesco, Gazzetta, 1960, 90, 694; (e) F. 
Scotti and E. J. Frazza, J. Uvg. Chem., 1964, 29, 1800; (f) F. 
Beltrame, G. Favini, M. G. Cattania, and F. Guella, Gazzetta, 
1968, 98, 380. 

(IV) is fast and uncatalysed (k,) and k, is rate-determin- 
ing. However, with a poor leaving group, when the 
C-X bond cleavage is slow, deprotonation of the ammon- 
ium ion of (11) by a second amine molecule (with a rate 
coefficient k3J may precede the C-X bond cleavage. 
The expulsion of X from the resulting carbanion (111) 
will be enhanced since the electron-attracting +NHR, 
group is replaced by the mesomerically electron-donating 
NR, group. Alternatively, primary or secondary amines 
may serve as electrophilic (k3J or bifunctional catalysts 
for the formation of (IV), by hydrogen bonding to X. 
Evidence for base catalysis is derived from the fact that 
pyridines catalyse the formation of (V) from the fluoro- 
compound (I; X = F) and p - t~ lu id ine .~ ,~  

Steady-state treatment of Scheme 1, the electro- 
philically-assisted k,, route being neglected (the derived 
equations would have the same form with k,, + k,, 
replacing k 3 J ,  gives the second-order rate coefficient 
k20bs of equation (1). A more detailed description of the 
k3B route where the C-X bond cleavage is involved in the 
rate-determining step (Scheme 3) will be discussed later. 
For a good leaving group, the forward reactions are 

4 2. Rappoport and R. Ta-Shma, J .  Chem. SOC. (B) ,  1971, 871. 
6 2. Rappoport and D. Ladkani, J.C.S. Perkin 11, in the 

press; Abstracts of the 72nd. Meeting of the Israel Chemical 
Society, Rehovoth, 1972, p. 6. 

2. Rappoport and N. Ronen, J.C.S. Perkin 11, 1972, 956. 
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faster than the reversal of the nucleophilic attack, i.e., 
k, + F,,[Amine] > k-ll so equation (1) reduces to  
equation (2) and no amine-catalysis is observed. With 
sluggish leaving groups the reversal is faster than the 

(I; X = Cl)] with piperidine, morpholine, and di-iso- 
butylamine in several solvents. The reaction of the 
cyano-analogue, NN-dimethyl-+-tricyanovinylaniline (I ; 
X = CN) 10 was also investigated briefly. 

Ar CN - H+ 
k [Aminel’ - + \  -/ 

3 8  
+ R2NH - 

Ar\ ,CN -H+ 
____) 

R2H N +/c=c\ C N  

fin) 
SCHEME 1 Ar = p-Me,N*C,H,; X = F, C1, OEt, or CN 

Ar CN 
\ -A 

R N-C-C 
‘x’ ‘CN 

(Y) 

forward reactions (kv1 > k, + k,,[Amine]) and equation 
(3) which calls for linearity in a plot of kobs against 

k20bs = k, (k, + &,[Aminel)/ 
(k-l + k2 + (l) 

k20bs = k1 (2) 

[Amine] is obtained. Equation (3) includes terms both 
for the ‘ catalysed ’ and the ‘ uncatalysed ’ reaction, and 
their relative importance, i.e., k,,/k2 is obtained from the 
(Slope) : (Intercept) ratio of the above plot. When 
k,,/k2 is high the reaction is of the second order in the 
amine, and when it is low the reaction is mainly un- 
cat alysed. 

k2&s = k,k,/k-, + (k1k,,/kJ[Amine] (3) 
The observation of catalysis argues for the multi- 

step nature of the vinylic substitution,2 but the argu- 
ment would be strengthened if equation (1) would be 
obeyed in a vinylic system. A promising leaving 
group is ethoxy, since it was recently demonstrated that 
equation (1) is followed in nucleophilic aromatic sub- 
stitution when X = OEt or OAr.’ Other mechanistic 
questions, which were little or not a t  all explored, cover 
the relative importance of the catalysed and the un- 
catalysed routes and the relative magnitude of the rate 
coefficients in the catalysed route as a function of a 
change in the nucleophile,4,8 the leaving group, and 
the ~ o l v e n t , ~ . ~  and whether the catalysis is basic, electro- 
philic, or bifunctional. 

For these reasons we studied the reactions of 1,l-di- 
cyano-2-~-dimethylaminophenyl-2-ethoxyethylene (I ; 
X = OEt) [the ethoxy-analogue of (I; X = F) and 

(a) J .  F. Bunnett and C. Bernasconi, J. Amer. Chem. SOC., 
1966, 87, 5209; (b) C. R. Hart and A. N. Bourns, Tetrahedron 
Letters, 1966, 2996; (c) C. F. Bernasconi, J. Org. Chem., 1967, 
32, 2947; (d )  J .  F. Bunnett and R. H. Garst, J. Amer. Chem. SOC., 
1966, 87, 3876; J .  Org. Chem., 1968, 33, 2320; ( e )  F. Pietra, 
D. Vitali, and S. Frediani, J. Chem. SOC. (B) ,  1968, 1695. 

RESULTS 

Reaction of the Ethoxy-compound (I; X = OEt) with 
Piperidine, Morpholine, and Di-isobutylamine in Aceto- 
nitrile.-The reaction of (I; X = OEt) with the three 
amines was followed spectrophotometrically by monitoring 
the decrease in the absorption of (I; X = OEt) a t  410 nm. 
The amine was always in large excess and its concentration 
was changed 3-32 fold. The reactions were followed up 
to 70-90y0 and showed pseudo-first-order kinetics in each 
run. The rate coefficients k’obs were obtained from the 
linear plots of log (Dt - Om) against time where Dt and D, 
are the optical densities a t  the time t and after 10 or more 
half-lives, respectively. The D, values remained constant 
when the cold reaction mixtures were kept in the dark in 
order to avoid oxidation. The second-order coefficients 
h2&s were obtained by dividing k’obs by the amine con- 
centration. Most of the runs were conducted with the 
same concentration of (I; X = OEt), but occasional change 
in its concentration showed that the reaction order in (I; 
X = OEt) is unity. 

Table 1 shows that k2&s values increase with the increase 
in the amine concentration. For piperidine and di-iso- 
butylamine the increase is linear according to equation (4) 
(Figure 1) .  The least-squares intercepts (the ‘ uncata- 
lysed ’ rate coefficients) k’ and slopes (the ‘ catalysed ’ rate 

k2&s = k’ + k”[Amine] (4) 

coefficients) k”, their ratios, and the derived activation 
parameters are in Table 2. The reactions of di-isobutyl- 
amine were much slower than those with the cyclic amines, 
and the k20bs values are based on initial rate coefficients 

The increase in k2&s values for morpholine with the amine 
concentration (Table 1) is not linear, as demonstrated in 
Figure 2. The relative increase with the addition of a 

* 2. Rappoport and R. Ta-Shma, J .  Chem. SOC. (B) ,  1971, 
1461. 

A. D. Josey, C. C. Dickinson, K. C. Dewhirst, and B. C. 
McKusick, J. Org. Chem., 1967, 32, 194. 

10 B. C. McKusick, R. E. Heckert, T. L. Cairns, D. D. Coffman, 
and H. F. Mower, J. Amer. Chem. SOL, 1968, 80, 2806. 

k’obs- 
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TABLE 1 

Second-order rate coefficients (k2,bs) for the reaction of lO-*M-(I; X = OEt) with amines in acetonitrile 
lo2 [Piperidine]/~ 2-6 6-0 7.6 10 20 20 30 40 60 
lO3kZob,/l mol-1 s-1 at 30 "C a 0-46 0.77 1-16 1.36 2.62 2.71 3-88 4.77 6.21 
lO3kzOb,ll mol-1 s-1 a t  46 O C  a 1.73 3.36 4.94 6.21 7-77 

10z[~orphol ine] /~ 2.6 5.0 7.5 10 20 2 0 b  30 40 60 60 70 80 
103k20bs/l mol-1 s-1 at 30 "C 2.69 2.79 3-21 3.46 3.80 3.76 4.07 4-20 4-38 4-46; 4-54 4-66 
103k20~,/l mol-l s-l a t  45 "C a 6.68 6.52 7-09 7.41 

1OZ[Di-isobutylamine] /M 20 30 30b 40 60 60 
104k2,b,/l mol-1 s-1 a t  30 OC 0 1-44 1.73 1.74 2.04 2-63 2.79 

Correlation coefficient (1') for the first-order plot >,0.9991. b [(I; X = OEt)] = 5 x 1 0 - 5 ~ .  C Initial rate coefficients; 
r 3 0.983. 

TABLE 2 
Kinetic parameters for the reactions of (I; X = OEt) with piperidine and di-isobutylamine in acetonitrile 

' Uncatalysed ' reaction a ' Catalysed ' reaction 5 

104k' 104k'/ k"/k' AH: AS: (30 "C) AH: AS: (30 "C) 
Amine tl0c 1 mol-1 s-1 12 mol-2 s-1 ~mol-1 kcal mo1-I cal mo1-I K-l kcal mol-1 cal mol-1 K-1 

Piperidine 30 2.0 119 60 6.4 f 0.9 -68 f 3 2.3 f 0.6 -60 f 2 

Di-isobutylamine 30 0.71 3.5 4-96 
46 3.2 149 46.6 

a The errors were calculated according to Peterson et al. (see Table 10). 

certain concentration of amine is lower with morpholine 
than with piperidine, and a plateau in the curve of k2,bs 
against [Amine] is obtained a t  high amine concentration. 
Consequently, the reaction with morphoIine is faster a t  low 
amine concentrations [e.g., k2,bs(morpholine)/k2,~,(piperid- 
ine) = 6 at  0*025~-amine a t  30 "C) while that with piperid- 
ine is faster at high amine concentrations [k2,bs(morpholine) /- 
k2,b,(piperidine) = 0-7 at 0-51f-amine at  30 "C]. A plot of 

I I I 
25 50 75 

1O2[Morpholine1/M 

FIGURE 2 Dependence of k2,b, for the reaction of (I; X = OEt) 
with morpholine in acetonitrile a t  30 "C on the morpholine 
concentration 

I I I 
20 40 60 
102[Arninel/M 

FIGURE 1 Dependence of K 2 0 ~ s  for the reaction of (I; X = OEt) 
with A, piperidine and B, di-isobutylamine in acetonitrile 
at 30 "C on the concentration of the amine 

l/k2,bs against l/[Morpholine) was found to be linear [equa- 
tion (5 ) ,  Figure 31, and the k"' and kIV values, their recipro- 
cals (see Discussion section), and the derived activation 

1/k2*hs = k'" + kIV/[Amine] (5) 

parameters are in Table 3. 
The reactions of piperidine and morpholine in the presence 

of added amines are summarised in Table 4. No significant 
rate change was observed either with pyridine or with fi- 
phenylenediamine except a t  high concentrations, where 

10 20 
[Morphotinel- ' /~- '  

FIGURE 3 Inversion plot [equation (6)] for the reaction of 
(I ; X = OEt) with morpholine in acetonitrile at 30 "C 
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oxidation of the amine complicates the spectrophotometric 
measurements. The stronger base, N-methylpiperidine, 
was practically ineffective when the [N-methylpiperidine] : 
[Morpholine] ratios were changed from 0-33 to 20. 

TABLE 3 

with niorpholine in acetonitrile 

k”’/mol 1-1 s 215 127 
k*V/mol2 1-2 s 7.27 4.92 
(103/k”’)/l mol-l s-l 4.65 7.86 
( 10/kIV)/12 mol-2 s-l 1.38 2.03 
(k”’/kIV)/l mol-l 29-6 25.8 

Kinetic parameters for the reaction of (I ; S = OEt) 

At 46; OC At 30 O C  

For the ‘ uncatalysed ’ process: AH: = 6.1 f 0.4 kcal 
mol-l; 0 A S  (30 “C) = -494 & 1.3 cal mol-1 K-10 

For the ‘ catalysed ’ process: AH: = 4-3 1-3 kcal mol-l; 6 
A S  (30 “C) = -48.4 f 5-2 cal mol-1 K-16 

Based on l/k”’. Based on l/kl”. 

TABLE 4 
Pseudo-first-order coefficients (Fobs)  for the reaction of 

(I; X = OEt) with morpholine and piperidine in the 
presence of added amines in acetonitrile a t  30 “C 

1 02[Piperidine]/~ 30 30 30 30 30 
1 02[P-Phenylenediamine] /M 0.1 0.5 1.0 10 
103h10b8/s-1 1.10 1.16 1-12 1.20 1.670 
1 02[Piperidine] /M 20 20 20 20 20 
102[Pyridine]/~ 5 10 20 30 
1 O~klobe/S-l 5.37 5.06 5-35 5.36 8.47 
1 02[Piperidine]/~ 30 30 30 30 30 
1 O2[N-Methy1piperidine]/~ 10 20 40 50 
1 03klob8/S-1 1.10 1.04 1.01 0.98 1.08 
1 02[Morpholine] /M 30 30 30 30 30 30 
1 O2Cp-Phenylenediarnine]/ni 0.1 0.6 1.0 1.6 10 
1 o3kloba/S-1 1.27 1.30 1.33 1.33 1.46 0.93 

1 02[Pyridine]/~~ 5 10 20 30 
i041~1~~,/s-1 7.71 8-13 7.87 7.99 8.28 
102[Morpholine]/nb 2.6 2.5 2.6 2.5 2.5 
1 O2[N-Methy1piperidine] /M 5 20 40 50 
104k1~4s -1  6.69 6.80 5-47 5.49 6.37 
102[ilIorpholine] /M 30 30 30 30 30 
1 02[N-Methylpiperidine] /M 10 20 40 50 
1 0 4 ~ , ~ / s - l  10.7 10-9 11.0 11.0 10.7 

102[Morpholine]/~ 20 20 20 20 20 

Oxidation of the amine after long reaction times (observed 
by u.v.) obscures the infinity reading. 

TABLE 5 
Pseudo-first-order coefficients for the reaction of (I; X = 

OEt) ( ~ O - * M )  with morpholine ( 0 . 4 ~ )  and piperidine in 
acetonitrile a t  30 “C 
1 02[Piperidine]/~ 5 10 20 30 40 
1 03klobsp + m/S-l 1.91 2.23 3-04 3.92 5.09 
1 0 3 ~ 1 ~ ~ ~ ~ / ~ - 1  0.038 0.13 0.52 1.16 1.91 
1 03k10hsm/~- l  1-60 1.60 1.60 1-60 1-60 
103Ak’ob,/S-1 a 0.27 0.49 0.92 1-15 1-58 

a Ak’Obs = kloQ’ - (klobsP + k1obSm). 

In order to use a stronger catalytic base with morpholine, 
the reactions of mixtures containing O.4~-morpholine and 
varying concentrations of piperidine were compared with the 
reactions in the presence of each amine alone. Only the 
disappearance of (I; X = OEt) was followed, since the 
spectra of the morpholino- and the piperidino-enamines (V) 
are similar. Table 5 gives the pseudo-first-order coefficients 
for the individual reactions with piperidine and morpholine 
(hlobsP and klobsm), for the reactions with the mixtures of the 

amines (klobsP+m), and the difference klobsP+m - (klObsP + 
klobsm) = Ak1,b, which reflects the sum of catalysis by 
morpholine to the piperidine reaction and the catalysis by 
piperidine to the morpholine reaction. The linear increase 
in Ahlobs values with the increase in the piperidine con- 
centration (Figure 4) shows the presence of catalysis by the 
cyclic amines. 

Reactions of the Ethoxy-comfiound (I; X = OEt) with 
Pifieridine aizd Morpholine in Ethanol and in P~o@an-2-01.- 
The reactions of (I; X = OEt) with the cyclic amines in 
ethanol and propan-2-01 were followed similarly to those in 
acetonitrile. Again, the reaction of (I; X = OEt) with 

140 

I I i 
20 40 

10’ [Piper id ine ] / M 

with piperidine + morpholine on the piperidine concentration 
FIGURE 4 Dependence of Ahlob. in the reaction of (I ; X = OEt) 

piperidine followed equation (4) (Table 6), but the contribu- 
tion of the catalysed process expressed in the K“ : k’ ratios 
was lower than in acetonitrile. 

TABLE 6 
Second order coefficients for the reaction of 10%- 

(I; X = OEt) with amines in EtOH and in PriOH a 

1 O2[Pipendine] /M 10 20 30 40 50 60 
103k20b,/l mol-1 s-l 1.93 3.30 3.66 4-51 

103h20bs/l mol-l s-l 4.40 5.20 5.90 6.60 

103k2,b,/l mot1 s-l 3.99 5-89 7-03 8.03 8.72 9.12 

in EtOH at 30 “C 

in EtOH at 45 O C  

in PriOH at 30 “C 

1O2[Morpholiiie]/~~ 10 20 30 40 50 60 
103k2,b,/l mol-1 s-l 0.78 1.11 1-28 1.34 1-43 

103k2,b,/l mol-l s-l 2.28 2.34 2.56 2.60 

103k2,b8/l mol-l s-l 0.99 1.14 1.26 1.35 1.38 1.44 

in EtOH at 30 “C 

in EtOH at 45 “C 

in Pr*OH at 30 “C 
0 For the first order plots Y 2 0.9993. 

The reactions with inorpholine in ethanol and propan-2-01 
and the reaction with piperidine in propan-2-01 gave non- 
linear plots of k20b3 against [Amine] (Figure 5). An inverse 
plot according to equation (5) gave linear correlations in all 
cases (Figure 6) except for the reaction with morpholine in 
propan-2-01 which showed curvature. The K20,,s values 
are in Table 6 and the parameters of the above plots and the 
activation parameters are in Tables 7 and 8. 

Reaction of NN-Dimethyl-p-tricyanovinylaniline (I ; X = 
CN) and 1,1 -Dicyano-2-p-dimethylavnino@henyl-2-~uoroethyl- 
ene (I; X = F) with Morpholine and Piperidine in Aceto- 
nitrile.-The effect of the leaving group was studied in the 
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TABLE 7 

Kinetic parameters for the reaction of (I; X = OEt) with piperidine in ethanol 
' Uncatalysed ' reaction 

1 0 3 ~  1 0 3 ~ /  k"/k' AH$ ASt (30 "C) A H t  A S  (30 "C) 
' Catalysed ' reaction a 

t/"C 1 mol-1 s-1 12 mol-* s-i 1 mol-1 kcal mol-1 cal mol-l I<-1 kcal mol-1 cal mol-1 K-l 
30 1.32 8.12 6-16 9.7 f 0.3 -40 & 1 -2.0 f 0.3 -76 & 1 
46 2.96 7.31 2-46 

a The errors were calculated according to Peterson et al. (see Table 10). 

substitutions of (I; X = CN) and (I; X = F) with the 
cyclic amines in acetonitrile. The reaction of (I; X = CN) 

TABLE 8 

with amines in EtOH and in PrQH 
Kinetic parameters for the reaction of (I; X = OEt) 

Piperidine 
in PriOH 

a t  
30 "C 

k"'/mol 1-1 s 82-2 
kIV/rnol2 1-2 s 17 
(lO3/k"')/l mol-1 s-l 12.16 

5.9 
(k"'/W)/l mol-1 4.8 
( 102/k1V) /12 mol-2 s-l 

Morpholine 
in EtOH in PriOH 
a t  a t  a t  

30°C 45°C 30°C 

73 17.6 37.4 
647 316 664 

1.83 3.18 1-53 
1.37 5.7 2-68 
7.5 17.9 17.5 

AHt/kcal mol-l (' catalysed ' reaction) 
ASt(30 "C)/cal mol-l K-l (' catalysed 

AH:/kcal mol-l(' uncatalysed ' reaction) 

6.5 f 0.5 
-50 f 1.5 

17.5 &- 1.0 
-9 f 3 

reaction) a 

(' uncatalysed ' reaction) 
ASt(30 "C)/cal mol-l K-l 

a Based on Ilk"'. 6 Based on l/kIV.  

was followed a t  510 nm and that of (I; X = F) at  420 nm. 
Except for the reaction of (I; X = F) with piperidine all 
the reactions were studied under pseudo-first-order condi- 
tions, and k'obs values were independent of a change in the 
substrate concentrations. Several amine concentrations 
were studied and kZ0bs values increased linearly with the 
increase in the amine concentration (Table 9). Since the 
catalysis is very important, Table 9 includes also the third- 
order coefficients K30bs = k2,,b,/[Amine]. Treatment accord- 
ing to equation (4) gives sometimes intercepts K' of ca. 0. 
The data are in Table 10. 

The reaction of (I; X = F) with morpholine at 45 "C is 
very fast and the data are less accurate than in the other 
experiments. The reaction with piperidine was very fast 

i m 
U 5 120 

I 1 1 
20 10 60 

lo2 [Amine]/M 
FIGURE 5 Dependence of k20b for the reaction of (I; X = OEt) 

with amines on the amine concentration at 30 "C; A, with 
morpholine in EtOH; B, with piperidine in PriOH; and C,  
with morpholine in PriOH 

under pseudo-first-order conditions, but third-order co- 
efficients with correlation coefficients of r = 0.998 for each 
run were obtained by using the third-order equation: 
Rate = K30bs (a  - x ) ( b  - 2 4 2  where x, a - x ,  and b - 2x 

TABLE 9 
Second-order (k20,,s) and third-order (Pobs)  rate coefficients for the reactions of 3 x 10-5~1-(I; X = CN) and 

-(I; X = F) with amines in acetonitrile 
(I; x =  CN) 
1 O3[Morpholine] /M 

k30bs/12 mol-2 s-l a t  30 "C 
1O2k2ob@/l mol-l s-l a t  45 "C 
k3,# mol-2 s-1 a t  45 "C 

104[Piperidine] /M 

102k20b,/l mol-l s-1 at 30 "C 
k30b8/12 mol-2 s-1 a t  30 "C 
102k20bs/l mol-1 s-1 a t  45 "C 

1oekObs/l m0l-l S-l a t  30 "c 

kS0bs/l2 IllO1-zS-l a t  45 "c 
(I; X = F) 
104[Morpholine]/~ 
k20b,/1 mol-1 s-1 a t  30 "C 
k30m/12 mol-2 s-1 a t  30 "C 

k30b/12 mol-2 s-l at 46 "C 

lO4/[Piperidine]/M 
k3,,bS/l2 mol-2 s-l a t  30 OC 

k2,b6/l mOl-' S-l a t  45 " c  

4 8 12 16 18 20 20 
1.04 1.82 2-87 3.89 3.86 
1.30 1.52 1-79 1.96 1.93 

4.0 6.6 13.6 
10 8.3 7.6 

4 8 12 16 20 20 24 
17.0 25-5 32.3 40.8 47.7 47.9 62.4 
426 31 8 269 255 238 239 218 

14.4 21-9 29.6 46.0 
180 183 185 192 

4 6 8 9 10 10 12 
0.39 0.64 0.88 1.29 1-34 1-45 
976; 1067 1100 1290 I340 1208 
1.08 1.44 
1800 1600 

1.2 1.5 1.8 2.1 2.4 
34,800 60,900 73,900 87,800 97,600 

a [(I; x = CN)] = 1.6 x 10%. 6 ((I; x = F)] = 1.6 X lo-%. 

24 
6.01 
2.08 
15.8 

6.6 

15 

2-00 
1333 

28 
6-05 
2.16 
17.6 
6.3 

16 
2.18 
1363 
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are the concentrations of (V), (I; X = F), and piperidine, 
respectively. The involvement of two amine molecules 
in the stoicheiometry is shown by the formation of only 

FIGURE 6 Inversion plots [equation (6)] for the reactions of 
( I ;  X = OEt) at 30 "C with A, morpholine in PriOH; B, 
morpholine in EtOH; and C, piperidine in PriOH 

half an equivalent of (V) when equimolar amounts of the 
reactants are used. However, the k30bs values increased 
with the amine concentrations. 

DISCUSSION 

The increase of k20bs values with the amine con- 
centration in our reactions fulfills the prediction that 
amine-assisted routes of the intermediate (11) which 
carries sluggish leaving groups (F, CN, or OEt) are 
important. Two distinct types of kinetic behaviour are 
(a) a linear dependence of k20bs on [Amine] [equation (4)] 
observed in the reactions of piperidine with (I; X = 
OEt), (I; X = CN), and (I; X = F) in acetonitrile and 
with (I; X =  OEt) in EtOH, and with morpholine 
with (I; X = CN) and (I;  X = F) in acetonitrile, and 
(b)  curved plots of k20bs against [Amine], observed in all 
the reactions of morpholine with (I; X = OEt) and of 
piperidine with (I; X = OEt) in Pr'OH. We will use 
the superscripts p, m, and d in conjunction with the 
rate coefficients for piperidine, morpholine, and di-iso- 
butylamine, respectively. 

The linear dependence is predicted by Scheme 1 when 
k-, 9 k,  + k3,[Amine] and comparison of the slopes and 
the intercepts of equations (3) and (4) gives k' = k,k,/k,, 
k" = klk3B/k-i, and k"/k' = k,,/k,. The contribution of 
the catalysed route (k3B) is very high (k3Jk2 = 274- 
>2300, Table 10) with (I; X = CN) and (I; X = F), 

TABLE 10 
Kinetic parameters for the reactions of (I; X = CN) and (I; X = F) with amines in acetonitrile 

' Catalysed ' process a 

102k' k " k"/k' AHt A S  (30 "C) 
Compound Aminc t/"C 1 mol-1 s-l 12 mol-2 s-1 1mol-i kcal mol-1 cal mol-l K-1 

(I; X = CN) Morpholine 30 0 2.65 Very high 9.7 f 1.8 -26 f 6 
45 2.09 6-74 274.3 

46 0 197.5 Very high 

45 48 1100 2305 

Piperidine 30 10.8 180 1672 0-6 IfI 0.4 -46 f 1.6 

(I; x = F) M orpholine 30 0 1480 Very high -3.2 5 2.6 -56 & 9 

a The errors were calculated according to  R. C. Peterson, J. H. Markgraf, and S. D. Ross, J .  Amer. Chem. SOL, 1961, 83, 3819. 

The reaction of (I; X = CN) with di-isobutylamine in 
1 : 1 and in 1 : 3 CC1,-MeCN mixtures is faster in the solvent 
with the higher dielectric constant. haobs and k30bs are in 
Table 11. From the linear plots of k2&s against [Di-iso- 

TABLE 11 
Second-order (k2&s) and third-order (k3&g) coefficients 

for the reaction of (I; X = CN) with di-isobutylamine 
a t  30 "C 

In  1 : 1 CC1,-MeCN 
1 02[Amine] /M 2.0 2.6 3.0 3.6 4.0 6.0 
104k2,M/l mol-1 s-1 4.4 6.2 6.8 7.1 8.3 11.0 
1 03k3,,b8/12 moP2 s-1 2.2 2.1 2.0 2.0 2.1 2.2 

In  1 : 3 CC1,-MeCN b 

1o2[Amine]/~ 3.0 3.6 4.0 6.0 6-0 
102k2,,,/1 mol-l s-1 1.26 1.43 1-51 1.90 2-23 
103k3,bs/12 mote  s-1 4.2 4.1 3.8 3.8 3.7 

a [(I; X = CN)] = 7.6 x 10-6~.  b [(I; X = CN)] = 3 x 
10-5~. 

butylamine] k' = 1.47 x 1 mol-l s-l, k" = 2.01 x 
l2 mol-2 s-l, and k"/k' = 137 1 mol-1 in 1 : 1 CC1,- 

MeCN mixtures a t  30 "C, and k' = 27 x 10-5 1 mol-1 s-1, 
k" = 3.25 x l2 mol-2 s-l, and k"/V = 12 1 mol-1 in 
1 : 3 CC1,-MeCN mixtures a t  30 "C. 

where the reactions are of almost of the second order in 
the amine, as also found with substituted anilines with 
(I; X = F) or with 2-dicyanomethyleneindane-1,3-di- 
one.6 The uncatalysed route (k,) is relatively more 
important with ( I ;  X = OEt), but since k3,P/k2p = 
46-50-60 the catalysed route predominates a t  all our 
amine concentrations. Only with di-isobutylamine is 
the catalysis moderate, i.e., at  amine concentrations 
(0.2~ the uncatalysed route predominates. 

Curvature in the plot of k20bs against [Amine] is pre- 
dicted by Scheme 1 when k-, - k, .+ k,,[Amine] 
[equation (l)], with a plateau at high amine concentra- 
tions when k1 < k, + k,,[Amine]. Inversion of equa- 
tion (l), coupled with the assumption k,,[Amine] > k, 
as found for piperidine, gives equation (6), according to 
which l/k2,bS is linear in l/[Amine]. Indeed, all except 

one of the reactions which showed curvature in the 
plots of k20bs against [Amine] gave linear inversion plots 
[equation (5)]. This is the first demonstration of such 
behaviour in a vinylic system, and it is in excellent 
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accord with, and strengthens, the multistep mechanism 
of Scheme 1. 

Comparison of equations (5) and (6) gives k"' = 
I/&, kIV = k-,/&k3B (= llk"), and krfr/kIv = k3B/k-1. 
Consequently, the value of k20bs at the plateau (e.g., of 
Figure 2) should be [equation (2)] and indeed is equal to  
llk"'. The k,Bm/k-lm values of 2543-29.6 with (I ; x = 
OEt) show that with morpholine as nucleophile in aceto- 
nitrile, the forward reaction is much favoured over the 
expulsion of morpholine from the zwitterion (11), while 
with piperidine the opposite is true. 

Comparison of the rate coefficients of the catalysed 
route in MeCN for the cyclic amines (Tables 2 and 3) 
gives ktfm/k"P = k3Bm(klm/k-lm)/k3BP(klP/k-l)P = 11.6 at 
30 "C and 13.6 at 45 "C. Since the steric bulk of the 
two amines is similar, their carbon basicities (k,/k,) 
should follow their relative hydrogen basicities (230 in 
MeCN) and nucleophilicities. The klP/klm ratios for 
attack on the structurally related ~-O,N-C,H,*C(OTs):- 
C(CO,Et), and the corresponding p-bromobenzenesul- 
phonate are 13.7-16-2,l and the ratios are 7-17 for their 
addition to 9-tolylvinyl sulphone.ll Moreover, klP/klm = 
8 for the addition of (I; X = OEt) in PriOH (Table 8). 
If a Brgnsted relationship exists between the carbon 
nucleophilicities and the carbon basicities, the (klp/km1P) : 
(k,m/k-lm) ratio should be higher (Le., 210)  than the above 
ratio and then k3Bm/k3,P > 100. If k3B is given its 

- 
+ 

k HR N CN 
2 \  -/ 
Ar-C-C + R,NH A 
X ' 'CN 

bond cleavage X is hydrogen-bonded to  the amino- 
hydrogen of a second amine molecule), or more complex 
base-catalysed. 

Catalysis by tertiary amines which can serve only as 
base catalysts was used for distinguishing between 
electrophilic catalysis and base catalysis in the reactions 
of (I; X = F).4s6 The added amine competes with the 
second amine molecule in the proton abstraction, and 
k3B of Scheme 1 is replaced by 2k,BB for all the amines B 
in solution. We used this approach in the reactions of 
(I; X=Oet). That pyridine( pK, 5.25) l2 catalysis does 
not compete with the self-catalysis by piperidine (pK, 
11-2) l2 or morpholine (pKa 8.32) l2 is not surprising. 
However, N-methylpiperidine (mp) is a stronger base 
(PKa 10.08) l2 and if we assume that pK,P - pKamp is 
the same in water and in acetonitrile, and that the 
catalysis is efficient (e.g., Brprnsted p = 0.7) the reaction 
with piperidine should be accelerated by 30% at our 
highest N-methylpiperidine concentration. Although 
N-met hylpiperidine is a stronger base than morpholine, 
the reaction with morpholine is already near the plateau 
region, and the maximum rate enhancements expected 
are therefore only 10% a t  0.3~-morpholine and 700/, 
at  O.O25~-morpholine. However, no catalysis was ob- 
served in either reaction, even with high excess of A'- 
methylpiperidine. This is ascribed to reduction of the 
catalytic efficiency of the tertiary amine by steric effects, 

u 

~ 

+8 +8 
R,HN---H--.- R N -/CN 

L - c  
X' 'CN 

(?A) - - 
SCHEME 2 

R N  
2 \ -/CN 

X ' 'CN 

- Ar-C-C + R$H* 

simplest mechanistic interpretation as the rate constant 
for proton transfer between zwitterion and amine we 
reach the surprising conclusion that for (I; X = OEt) 
the deprotonation of the morpholinium zwitterion by 
morpholine is much faster than the deprotonation of the 
piperidinium zwitterion by piperidine. However, this 
fits the detailed mechanism of the k,, step discussed 
below. 

Since kImis 23 times larger than klPk2P/k-lP, k-l~/k2P is 
estimated as 230 by using the tentative value klP/klm= 10 
and, since k3BP/kzP = 46-5-60, k-lP/k3BP = 4-5, and 
for (I; x = OEt) k l P  > k3Bp > k2P. 

The Natwe of the Catalysed Reaction.-That under 
conditions where k,,[Amine] > k,, k-,m < k3Bm while 
k-lP > k3Bp seems incompatible with k,, being a one-step 
proton abstraction [Scheme 2, transition state (VI)], 
since morpholinium should be a better leaving group 
than piperidinium, i.e., kelm > kip. The effect of the 
leaving group discussed below leads to a similar con- 
clusion. The reaction is therefore either electrophile- 
catalysed (where in the transition state for the C-X 

l1 S .  T. McDowell and C .  J. M. Stirling, J .  Chem. SOC. (B), 
1967, 343. 

A similar explanation was invoked for the absence of 
catalysis by N-methylaniline? or for the lower than 
expected catalysis by ortho-substituted pyridines in 
the reaction of (I; X = F) with 9-toluidine. 

Catalysis was observed in the reaction of piperidine 
and morpholine together where Akl,b, = klobsPfm - 
(klobsP + klobsm) increased linearly with the piperid- 
ine concentration (Figure 4). This cannot be mainly 
due to catalysis by the piperidine to the morpholine re- 
action since klobsm is close to k,, and cannot be mainly 
due to catalysis by morpholine to the piperidine reaction 
which should be constant a t  O-Qxl-morpholine (Table 5) .  
These arguments also hold for electrophilic catalysis. 
The absence of catalysis with 9-phenylenediamine which 
should be a better proton donor than the cyclic amines 
argues against electrophilic catalysis. 

In the absence of conclusive evidence we still believe 
that the catalysis is basic via transition state (VII) 
rather than electrophilic, since base-catalysis was shown 
for (I; X = F) which is a priori more prone to  electro- 
philic c a t a l y ~ i s . ~ , ~  We suggest a multistep route 

12 2. Rappoport, ' Handbook of Tables for Organic Compounds 
Identification,' The Chemical Rubber Co., Ohio, 3rd edn., 1967. 
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(Scheme 3) in which a reversible fast proton transfer to 
the base, forming the carbanion (111), is followed by a 
rate-determining ammonium ion-assisted detachment 
of the leaving group. An analogous mechanism for the 
replacement of sluggish leaving groups is favoured in 
nucleophilic aromatic substitution and was recently 
observed in the reaction of 2,4-dinitro-l-naphthyl ethyl 
ether with amines in dimethyl sulphoxide.l3 A similar 
scheme was suggested for the replacement of the fluorine 
of (I; X = F) by amines in alcoholic solvents 8 and the 
k, step was discussed for the ElcB elimination of cyanide 
ion from carbanions structurally related to (111) in the 
presence of amines.14J6 

The use of Scheme 3 requires replacement of k,, in 
equations (l), (3), and (6) by the product (k3/k-3)k4. 

more likely than catalysis in the k,  step, which requires a 
change in the nature of the nucleophile either by replac- 
ing intermolecular hydrogen bonding between like amine 
molecules by morpholine-piperidine hydrogen bonds, or 
by forming low concentrations of the highly reactive 
morpholide ion by the piperidine + morpholine -- 
piperidinium ion + morpholide ion equilibrium. 

Steric effects are apparent in the reactivity ratios of 
piperidine and the slightly weaker base (pK, 10.91) 12 
but more crowded di-isobutylamine. The ratio k‘p : k’d 

of ca. 3 is much lower than the reactivity ratios (265- 
285) 16 in the substitution of l-chloro-2,4-dinitrobenzene. 
We believe that this results from a compensation of 
(Klp/k-lp)/(kld/k-ld) and k,d/k,p terms which are both 
large owing to steric reasons. However, k”p/k’’d = 34 

R N  \ -/ &3 2 \ -/CN + 
A r-,C -C, -l- R,NH -2 Ar-C-C 

X’ ‘C N 

+ RZNHZ 
k-3 X ’ ‘CN 

R N  CN 

Ar ’ ‘CN H X  + R,NH 4- ‘c=/ 

(YE) 
SCHEME 3 

Since the equilibrium constant k,/k, is determined by 
the difference in pKa between the unsubstituted and the 

Ar[C(CN),IXC- substituted ammonium ion it should be 
similar for both amines and k3P/k3P - k3m/k-3m, resulting 
in a high k,” : k4p ratio. This is reasonable since mor- 
pholinium ion is a stronger acid than piperidinium ion 
and hence it is a better proton donor in the k, step. 

Moreover, it follows that Llm < k4m and k-,P > k4P and 
to comply with k-,P > k-lm, k4m/kqP is higher than K-lp/k-lm, 
i.e., the C-N bond cleavage is less sensitive than the 
ammonium ion-assisted detachment of the leaving 
group to the nature of the ammonium ion. This is 
understood if the degree of the C-N bond cleavage of the 
good leaving group (-NHR,) in the transition state is 
small, while the degree of the N-H bond cleavage in the 
catalysed proton transfer is high. 

The rate enhancement in the morpholine-piperidine 
mixtures is in accord with the involvement of low 
concentrations of morpholinium ion (formed in the 
piperidinium ion + morpholine morpholinium ion + piperidine equilibrium) as a general acid in the 
reaction of the piperidinium carbanion (111). This is 

l3 J. A. Orvik and J. F. Bunnett, J. Amer. Chem. SOC., 1970, 

l4 Z. Rappoport and E. Shohamy, J .  Chem. SOC. (B) ,  1971, 

+ 

92, 2417. 

2060. 
l5 M. Albeck, S. Hoz, and 2. Rappoport, J.C.S. Perkin 11, 

1972, 1249. 

since the steric retardation to the approach of the bulky 
nucleophile (or its conjugate acid) results in k4p > k4d. 
Consequently, k3,d/k,d = 5 and the uncatalysed route 
predominates a t  low amine concentrations. 

The very low and even negative [with (I ; X = I;) and 
morpholine] activation enthalpies (AH’. = 9.7 to -3.2 
kcal mol-l) and the high negative activation entropies 
(AS$ = -55 to -26 cal mol-l K-l) are consistent with 
the composite nature of k’ and k” as discussed ear l ier .4~~~ 
The main contributors to the activation parameters 
are AHl$ and AS,$ since the value of AH$ and A S  for 
the k ,  step in the reaction of (I; X = OEt) with mor- 
pholine in acetonitrile, or for the addition of piperidine 
to $-tolyl vinyl sulphone,l* are similar to those based 
on k3B. This fact suggests a cancellation of the con- 
tributions of AHl$ (ASl$) on the one hand and AH,* 
(AS2$) or on the other. 

The Efect of the Leavifig Grou9.-Data on the relative 
reactivities of systems with different leaving groups X 
other than chloride and bromide are scarce for nucleo- 
philic vinylic substitutions and absent for sluggish X.192~ 
The base catalysis found in the present work shows that 

l6 J. J. Blanksma and H. H. Schreinemachers, Rec. Trav. 
chim., 1933, 52, 498; 0. L. Brady and F. R. Cropper, J .  Chenz. 
Soc., 1950, 607. 

l7 2. Rappoport, P. Greenzaid, and A. Horowitz, J .  Chem. SOC., 
1964, 1334. 

l6 S. T. McDowell and C. J. M. Stirling, J .  C h e w  SOC. (B) ,  
1967, 361. 
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cyanide, fluoride, and ethoxy are indeed ‘ sluggish ’ 
leaving groups. The reason for the increase in kaobs for 
piperidine with (I;  X = F) is not yet clear. 

Comparison of k,, for (I;  r; = OEt) and (I; x = 
CN) with piperidine and for (I ; X = CN) and (I ; X = 
F) with morpholine gives the reactivity order: (I; X = 
OEt), 1 < (I; X = CN), 104 < (I; X = F), lo7, and 
since k ,  is negligible, this is also the overall relative 
reactivity. Since k3B (I; X = F) /k3 ,  (I; X = C1) is ca. 
50 for substituted anilines? the relative order of k,, is 

OEt). Since for Scheme 2 only inductive and steric 
effects are of importance while in Scheme 3 an element 
effect is apparent, this order and the enormous reactivity 
difference between X = OEt and X = F argue strongly 
for Scheme 3. For Scheme 2 ,  k,, = (ki/k-,)k3 and for 
Scheme 3, k 3 B  = (kl/k-l)(k3/k-3)k4. We therefore evalu- 
ated the effect of X on (a) the k, /k ,  term, ( b )  the k ,  and 
k,/k-, terms, and (c) the k ,  term and found that our con- 
clusion is borne out by a detailed consideration of 

(a) The h, : k ,  ratios should be in the order I; > C1 > 
OEt if the electronegativity [F(4-0) > O(3-5) > C1(3-0)] 
governs h17a,19 and if k ,  is governed by steric effects 2o 
(where OEt > F). The log (k,/k,) values for the re- 
action of OH- with C( 1) of 2,4,6-trinitro-l-substituted 
benzenes 21y22 are C1, 0.10; MeO, 0.00; and H, 0.33, 
although it was questioned whether the attack is on C(1) 
for X = C1 and X = Me0.22 Data for the l-fluoro- 
compound are absent, but the above suggests that 
k,/k-, would not be more than two orders of magnitude 
higher than for the chloro-compound. This is also in 
line if k,/k-, values are mainly governed by k,. In most 
nucleophilic aromatic substitutions k,(OEt) and k,(Cl) 
do not differ m ~ ~ h , ~ ~ , ~ ~  while the highest k,(F)/k,(Cl) 
ratios observed or extrapolated in nucleophilic vinylic 
substitutions are <300.2a93JH 

(b)  We evaluated the relative k, /k ,  values in water for 
the zwitterions (11) with different X groups by using 
Taft’s relationship for tertiary amines pK, = -3.30 
CO* + 9.61,% by using the values o*(CH2CN) = 1.30, 
o*(CH2F) = 1.10, o*(CH,Cl) = 1.05, and o*(OMe) = 
0.52,26 since the only structural change is in the Ar- 

[C(cN),]XC- substituent. Compound (11; X = CN) 
is the most acidic, while (11; X = F) is 2 pK, units 
stronger acid than (11; X = OEt). The relative k ,  
values would be lower on the assumption of a normal 
Brgnsted relationship between k3 and k,/k,. 

Hence, a combination of k, /k ,  and k ,  and Scheme 2 is 

lS J. Sauer and R. Huisgen, Angew. Chem., 1960, 72, 91; 

2o J. F. Bunnett and J. J. Randall, J .  Amer. Chem. SOC., 1968, 

z1 R. Gaboriaud and R. Schaal, Bull. SOG. chim. France, 1969, 

22 J. Hine, J.IAmer. Chem. SOC., 1971, 93, 3701. 
23 J . Miller, Aromatic Nucleophilic Substitution,’ Elsevier, 

24 P. Beltrame and G. Favini, Gazzetta, 1963. 93, 757; E. F. 

z5 H. I<. Hall, jun., J .  Amer. CJaem. SOC., 1957, 79, 6441. 

(I; X = F )  > (I; X=C1) > (I; X = C N )  > (I; X =  

(a)+> * 

H. Suhr, Chem. Ber., 1964, 97, 3268. 

80, 6020. 

2683. 

Amsterdam, 1968, ch. 5. 

Silversmith and D. Smith, J. Org. Chem., 1958, 23, 427. 

incompatible with the ratio k3*bs (I; X = F) : k30bs 
( I ;  X = OEt) = lo7, while (I; X = CN) is expected to 
react more rapidly than observed. The results are 
compatible with Scheme 3 if k ,  involves an appreciable 
element effect. 

(c) The scattered data on ElcB eliminations 14~15,27 

shows that the C-X bond cleavage from the carbanions 
x ( X ) - c <  is highly sensitive to the nature of X. For 

the C-X bond cleavage in the RCX=N-gAr anions 28 it 
was estimated that the variation in the reactivity on a 
logarithmic scale is roughly half the variation in the 
pK, of HX. Such an estimate in our system (pK, values 
in water are: HF, 3.45; HCN, 9.3; EtOH, 16 29) gives 
for an unassisted k ,  step the reactivity order OEt(1) < 
CN(5 x lo3) < F(106)  which is close to that observed 
experimentally. It is highly probable that this order 
would remain the same in the electrophilically assisted 
k,  step, and the leaving-group effect therefore supports 
Scheme 3. A bifunctional catalysis (transition state 
VIII) fits qualitatively (c) above, but it is discarded 
since tertiary amines catalyse the reaction of (I; X = F) 
with P - to l~ id ine .~?~  

The ‘ Uncatalysed ’ Route.-The high solvation energy 
of F- and EtO- makes unassisted expulsion highly 
unlikely in acetonitrile. However, by analogy with 
Scheme 3, an internal assistance via the four-membered 
transition state (IX) is possible. The preference for 
catalysis then reflects the unfavourable entropy terms 

associated with (IX), the absence of the inductive effect 
of the ammonium ion in (VII), and the higher basicity 
of the external base than of the group X towards the 
N-H proton. 

The Solvent E’ect.-The increase in both k’ and k” 
on changing the solvent from 1 : 1 CCl,-MeCN to 1 : 3 

R. W. Taft, in Steric Effects in Organic Chemistry,’ 
ed. M. S. Newman, Wiley, New York, 1956, ch. 13. 

T. I. Crowell, R. T. Kemp, R. E. Lutz, and A. A. Wall, 
J .  Amer. Chem. SOC., 1968, 90, 4638; L. R. Fedor, ibid., 1969, 91, 
908; A. Berndt, Angew. Chem. Internat. Edn., 1969, 8, 613; 
W. K. Kwok, W. G. Lee, and S. I. Miller, J .  Amer. Chem. SOL, 
1969,91,468; L. R. Fedor and W. R. Glave, J .  Amer. Chem. SOC., 
1971, 93, 986; F. G. Bordwell, K. C. Yee, and A. C .  Knipe, 
J .  Amer. Chem. SOC., 1970, 92, 5946. 

z8 A. F. Hegarty, M. P. Cashman, and F. L. Scott, J.C.S. 
Perkin 11, 1972, 44. 

*S R. C. Weast, ‘ Handbook of Chemistry and Physics,’ The 
Chemical Rubber Co., Ohio, U.S.A., Slst  edn., 1970-1971. 
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CC1,-MeCN in the reaction of (I; X = CN) with di- 
isobutylamine is expected. When acetonitrile (dielectric 
constant D25 = 37.5) 29 was replaced by the protic 
EtOH (D25 = 32) the importance of the catalysed route 
for (I; X = OEt) decreased, but it increased again by 
a further change to propan-2-01 (D25 = 1 8 ~ 3 ) . ~ ~  The 
relative k” are MeCN (10) > EtOH (1) < PriOH (2) 
for morpholine, and MeCN (1.5) > EtOH (1) < PriOH 
(7.3) for piperidine. 

The k3BP/k2P values decrease from 46-5-60 in MeCN to 
2.5-6.15 in EtOH where the catalysis is recognised only 
owing to the high piperidine concentrations used. 
Similar behaviour was observed for (I; X = F) with 
anilines.8 

In the protic solvents k, would be enhanced compared 
with acetonitrile since the solvent competes with the 
amine as a base and also serves as an electrophilic cata- 
lyst, Apparently this is more important than the in- 
crease in k3,,30 in the acidity of (11),31 and in k ,  [since for 
+NR2H2 pK,(MeCN) > pK,(ROH)]. 

From the data of Table 7 and the assumption that 
klp(EtOH)/ki~(PriOH) = 1.21 [fromTable 8, klm(EtOH)/- 
klm(PriOH) = 1-21] we find a t  30 “C in EtOH that 
k2P/k-lP = 0.9, kggPlk-1’ = 5-5, and k3BP/k2p = 6-15. 

Since K’P(EtOH)/k’(MeCN) = 6.5-9.0 and we sug- 
gested above that k,p(EtOH) > k,P(MeCN) it follows 
that (k,p/h-lP)(EtOH)/(klP/k-lp)(MeCN) 5 1. It is 
difficult to predict the change in ki/k-l between MeCN 
and EtOH since both (11) and the amine form hydrogen 
bonds with EtOH. However, we predict a somewhat 
higher k,/k-, in EtOH than in PriOH. 

The more negative ASt(Et0H) than ASt(MeCN) for 
the uncatalysed process fits the presence of an EtOH 
molecule in the transition state. 

The similarity of k”(Et0H) and k” (MeCN) would result 
in k,,(MeCN)/k,,(EtOH) = ca. 1. This seems reason- 
able since in the k-, and the k,, processes the zwitterion 
gives neutral molecules. However, the change EtOH 
-+ Pr’OH increases k”, which calls for k,,(PriOH) > 
k,,(EtOH) for both amines. This is contradictory to the 
behaviour of (I; X = F) where k”(PriOH) > k”- 
( ButOH) .8 

For piperidine in PriOH k, - k2P + k,,P[Amine], and 
since equation (6) is obeyed kBBP > k2P and k3P/k_lP = 
4.8 (Table 8), while in EtOH where equation (3) is 
obeyed k,P/k-,P(EtOH) is low. Since kW1P would be 

30 M. Cocivera, J .  Amer. Chem. SOC., 1966, 88, 672; J. J. 
Delpeuch, B. Bianchin, and C .  Beguin, Chem. Comm., 1970, 1186. 

31 J .  F. Coetzee, Progr. Phys. Org. Chem., 1967, 4, 45. 

favoured in the less polar solvent we find again that 
k,,P(PriOH) > K3RP(EtOH). 

Since the reactivity ratios kr’P/kttm = 2.2, (k3BP/k-i’)/- 
(k3,m/kIirn) = 0.27 in PriOH are only qualitatively under- 
stood, it is important that the klp/klm ratio of 8 at  
30°C in PriOH is reasonable in view of the hydrogen 
basicities of the two amines, and is similar to the values 
obtained where K ,  is rate-determining.l, l1 Since this 
ratio is derived from the inversion plots, it supports 
strongly Scheme 1 in the alcoholic solvents. 

EXPERIMENTAL 

Solvents and Materials.-Dry acetonitrile was prepared 
as de~cr ibed .~  Dry ethanol and propan-2-01 were prepared 
according to Vogel32a and the middle fractions of the 
distillate were used. Carbon tetrachloride was purified 
according to V0ge1,~~* dried (CaCl,), and distilled, b.p. 
76-5 “C. The amines were distilled before use and the 
middle fractions were used. The b.p.s agree with literature 
values.la l,l-Dicyano-2-~-dimethylaminophenyl-2-fluoro- 
ethylene and the 2-ethoxy-analogue were prepared accord- 
ing to Josey et ~ 1 . ~  [(I; X = F), orange needles (from chloro- 
form-methylcyclohexane), m.p. 161-164 O C ,  Amx. (MeCN) 
424 (E 51,500), 315 (1360), 263 (7100), and 240sh nm (5400) ; 
(I; X = OEt), yellow needles (dilute MeOH), m.p. 91 O C . ,  

A,, (NeCN) 377 nm (E 25,000)]. NN-Dimethyl-p-tri- 
cyanovinylaniline was prepared as yellow needles, m.p. 
173-175 “C (from AcOH), A,, (MeCN) 514 nm (C 41,000), 
according to McKusick et al.lO 

The enamines were prepared by adding 10 mol. equiv. of 
the amine to one equivalent of (I; X = OEt) or (I; X = F) 
in acetonitrile. The solutions were left to stand overnight, 
evaporated, and the residues were crystallised from aqueous 
ethanol, giving > 90% of yellow crystals of l,l-dicynn0-2-p- 
dimethylamino~henyl-2-mor~holinoethyleneJ m.p. 173 “C, 
ll,ux. (MeCN) 348 (E 18,600), and 340sh nm (18,300), v 2200 
cm-l (doublet, E N )  (Found: C, 67.9; H, 6.43; S, 19.7. 
C1,Hl,N4O requires C, 68.1; H, 6.38; N, 19.8%) and white 
crystals of l,l-dicyano-2-p-dirnethylaminoplzenyl-2-~iperid- 
inoethylene, m.p. 166”C, lux. (MeCN) 335 (E 21,000) and 
322 nm (21,000), v 2180 cm-l (doublet, CEN) (Found: C, 
72.7; H, 7-22; N, 19.7. C,,H2,N4 requires C, 72.8; H, 

Kinetic Procedure.-This was similar to that described.4 
The first-order rate coefficients were calculated by using the 
KINDAT programme.33 

7-19; N, 20.0%). 
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32 A. I. Vogel, ‘ Practical Organic Chemistry,’ Longmans, 

33 R. C. Williams and J.  M. Taylor, J .  Chem. Educ., 1970, 47, 
London, 1956, (a) p. 168; (b)  p. 176. 
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