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In order to study the mechanism of thermal geometrical isomerization involving a sp2-hybridized 
nitrogen atom, kinetic effects of substituent, solvent, and pressure were studied in substituted 
N-benzylideneanilines. The effect of the substituent on the aniline moiety was almost independent 
of the electronic nature of the benzylidene group, and the results could be described satisfactorily 
by log (kllz,) = p [ S  + r+(a+ - ao) + r ( r - u O ) ] ,  except for the 4-(dimethylamino) group. The r values 
were more than twice as large as r+, suggesting strongly that the aniline ring is in conjugation not 
with the carbon-nitrogen u bond but with the nitrogen lone pair in the transition state. The lower 
activation enthalpies and fairly large negative activation entropies observed in N-(4-X-benzylidene)- 
4-nitroanilines also support this view. When a dimethylamino group exists in the 4-position of the 
aniline ring, the rate constants observed were larger than that expected from the above equation. 
This deviation suggests the existence of a reaction route where the two phenylgroups become coplanar 
in the transition state. Ab initio calculations on selected N-phenylformaldimines and N-benzyli- 
deneanilines were performed to characterize the actual relation between both reaction possibilities 
as alternative and parallel routes, respectively. On the basis of the experimental data, the rate 
constants for the two inversion isomerizations were estimated by assuming parallel reactions for 
three cases. 

Introduction 
The mechanism of ZIE-type thermal isomerization 

involving sp2-hybridized nitrogen(s) continues to impose 
challenging problems on organic chemists. Such reactions 
are well-known for a variety of azoarenes and azomethines. 
For example, (2)-azobenzene was first isolated by Hartley 
in 1937,’ and it was shown to regenerate the E-isomer in 
several hours at room temperature in solution.2 Similarly, 
a relatively slow spectral change observed after the xenon- 
flash irradiation of solution of substituted azobenzenes3 
or N-benzylideneaniline~~>~ was attributed to thermal Z 
to E isomerization. Coalescence of 19F-NMR signal was 
also observed in N-(hexafluoroisopropy1idene)anilines 1, 

and the rate of the degenerate isomerization was calculated 
from the results.6 The interest in the mechanism was 
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aroused by the proposal of nitrogen inversion by Binen- 
boym and his co-workers for difluorodiazene (transition 
state 2).7 Now it is generally agreed that their conclusion 
is applicable to most of the cases.* One notable exception 
is the reaction of push-pull-substituted azobenzenes such 
as 4-(dialkylamino)-4’-nitroazobenzene. Involvement of 
a highly polar rotational transition state 3 was proposed 
by Whitten3 on the basis of the kinetic effects of solvent, 
and it was shown later that the mechanism depends upon 
the polarity of the reaction medium, Le., inversion (uia 4) 
in nonpolar solvents and rotation in polar ones.13J7-19 The 
two-route mechanism was unequivocally proved by con- 
cave-up Arrhenius plots observed in benzene, l,Cdioxane, 
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ae evidenced by slower reaction in polar solvents” and by a smaller energy 
of solvent transfer (from cyclohexane to cyclohexanone) for the activated 
complex than that for (Z)-azobenzene,’P.18 and (4) the retardation of 
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and other solvents with medium polarity. A similar two- 
route mechanism was proposed for some N-arylazo- 
methines such as 1, Sa, 6, 7, and 8, on the basis of the 
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intervention of the planar inversion mechanism was yet 
to be proven for a compound that is most closely related 
to azobenzene, Le., N-benzylideneaniline. Therefore, the 
effects of the substituent X were studied experimentally 
and theoretically for N-arylazomethines 12-15,17, and 18 
to shed light on the electronic and structural features of 
the species with an sp-hybridized nitrogen atom. 

R2N 
Sb Y-2-H 

MeOCO 
PhCO 

'C=N*X \ C = N e X  

PhNHCO / 6 MeOCO' 

Me 'c=N-' 

kinetic effects of the substituent X on the aniline 
moiety.6*2s In all of these compounds, the isomerization 
was accelerated both by electron donation and attraction 
by the substituent X. While the acceleration by electron- 
attracting substituents was rationalized by an increase in 
contribution of a canonical structure 9' in the (perpen- 
dicular) inversion transition-state 9, the electron-donating 

1 0  
11 

substituents were believed to accelerate the reaction by 
inducing the rotation mechanism. Since most of these 
compounds carry electronegative substituent(s) on the 
imino carbon, considering a dipolar transition state such 
as 10 was seemingly justifiable. However, the examination 
of the kinetic effects of solvent and pressure revealed that 
in 1 and Sa, the polarity of the reactant decreased slightly 
even in the case of X = N M ~ Z . ~ , ~  The results could not 
be reconciled with a highly polar rotation transition state, 
and the acceleration by electron-release from X had to be 
rationalized in the framework of the inversion mechanism. 
Therefore, the existence of a conformationally different 
(planar) inversion transition state 11 where the aryl group 
is in conjugation with the carbon-nitrogen r bond was 
assumed for the strongly electron-donating substituents. 
This conclusion was supported by ab initio calculations 
on 1 and 5b.Bn In these compounds, the perpendicular 
inversion was energetically favored for X = NO2 and H, 
while the planar inversion was preferred for X = NH2 
both in the gas phase and in water. However, the 
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1 2  Y-4-NMe2 a: X4NMe2 b Xd-Me0 e: X-CPhO d: X d M e  

13: Yd-NQ e: X-4-F I: X-4.Cl 9: Xd-Br h: X.46F3 

1 4  Y-2.4-(NO& I. XdGM)Et j: Xd.NQ k X-3.MeO I: X & M e  

15: Y=2.4,6.(NOdr rn: X-3-F n: X-3-C 0:  XJ-CF3 p: X-3-NQ q: X-H 

Met hods 
Materials. N-Benzylideneanilines (12-16) were prepared 

from the corresponding benzaldehyde and aniline. They were 
purified by recrystallization from benzene, hexane, or a mixture 
of the two. Column chromatography (silica gevbenzene) was 
ale0 used in the case of 4-(dimethylamino)-N-(2,4,&trinitroben- 
zylidene)aniline 1Sa. All of the isolated products gave satisfactory 
elemental analyses. The melting/decomposition points (in "C) 
are a8 follows: 12a, 238-9 (lit." 239-40); 12b, 142.5-3 (lit." 143); 
120,151-2; 12d, 124-5 (lit." 123); 120,139.5-4 (lit." 137); 12f, 
154-5 (lit." 153); lag, 161-2 (lit." 162); 12h, 155-5.6 (lit." 151); 
121, 120-22 (lit." 121); 13, 208.5-9.5 (lit.@ 207); 12k, 92 (lit.81 
82); 121, 80 (lit.*' 79); 12m, 86-7; 1211, 81-1.5; 120, 94-5 (lit.a 
81-2); 12p, 112-3 (lit." 112); 12q, 101.5-2.5 (lit." 100); 13a, 226 
(lit." 223-4); 13b, 137 (lit" 134); 13c, 146-7 (lit.= 143-5); 13d, 

13g, 166-7 (lit." 164); 13h, 126-7 (lit." 128); 131, 183.5-4 (lit." 
180); 13j, 205-6.5 (lit.% 203); 13k, 97-8; 131,98-9 (lit." 98); 13m, 
89.5-90; 13n, 110 (lit.% 107-9); 130,81-2; 13p, 155-6 (lit." 152); 
13q, 92-2.5 (1it.M 93); lka, 216-7 (lit.= 211); lab, 133-3.6 (lit.87 

106; 14j, 173 (lit" 169.5); 141, 135-6.5 130); 14n, 144-5.5 
(lit." 137); 140, 138.5-9; lap, 141 (lit.*7 138); l4q, 133-4.5 (lit.4* 
133); Ea, no clear melting point (1it.S 268); lSb, 184 (lit." 182); 
16fj 181-2 (lit.Q 180); 1Sj 179-80. The structures of newly 
reported compounds and the ones with an inconsistent melting 
point were confiied by 'H- and W-NMR spectra (supple- 
mentary material) except i6a. It was not possible to obtain 
satisfactory spectra for this compound because of ita poor 
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Table I, Firrt-Order &ate Conrtants (k/F1) for Thermal 
Z/E Iromerization of N-bneylideneaniher 12-16 in 

Benzene at 25 O C  
Y 

x 4-NMez 4NOz 2,4-(NO& 2,4,6-(NOz)s 
4-NMez 0.133 0.258 8.73 9.24 
4-Me0 0.214 0.330 (0.36)a 0.0369 0.0169 
4 P h 0  0.994 1.08 
4-Me 0.794 1.07 0.117 
4-F 0.653 0.945 0.101 
4-C1 2.77 3.24 0.344 0.138 
4-Br 3.59 4.13 
4-CF3 33.7 42.2 2.94 
4-COOEt 70.3 68.1 

704 395 (347)O 36.2 19.3 
3-Me0 2.50 2.95 
3-Me 2.05 2.52 0.305 
3-F 6.51 7.26 
3-C1 7.20 8.35 0.767 
3-CF3 10.5 12.7 1.15 

18.0 18.6 3.14 
H 2.17 2.73 (3.00)a 0.284 

a Reference 34. 

-1 

Asano et al. 

t 4 - M e 0  

l - . . - l - . ' -  

solubility in common solvents. I t  dissolved in dipolar aprotic 
solvents but decomposed rapidly at room temperature. However, 
the IR spectrum (KBr) showed an absorption a t  1613 cm-I. 
Spectrograde benzene (Wako Pure Chemical Ind.) was used as 
received. 

Kinetic Measurements. All rate constante were measured 
by flash spectroacopy; details are described elsewhere.18J7 

ab Initio Calculations. The ab initio calculations on the 
substituted N-phenylformaldimines and N-benzylideneanilinea 
were performed using GAUSSIAN9P and SPARTAN& program 
packages, respectively. The geometries of the N-phenylform- 
aldimines were completely optimized employing the ob initio 
3-21G and 6-31G* basis sets.& In selected cases, complete 
geometry optimization was possible a t  the MP2/6-31G* basis set 
level. Otherwise, the calculation of the correlation energy by 
means of the MP2 formalism is basedon the corresponding 3-21G 
and 6-31G* optimized geometries. The thermochemical data 
arise from the calculated vibrational frequencies. In caw of the 
N-benzylideneanilines, the geometries were o p t i m i i  a t  the 
3-21Glevel. Onthe basisofthesegeometries,the abinitio6-31G* 
and Mp2 calculations were performed. 

Results and Discussion 
The first-order rate constants for ZIE isomerization of 

N-benzylideneanilines 12-15 in benzene at 25 O C  are given 
in Table I. Direct comparison with the literature valueas4 
is possible in three cases, and they are in fairly good 
agreement. Plots of the logarithms of the rate constant 
against Taft's normal substituent constant uo of X are 
shown in Figures 1-3. Some of the (po1ynitrobenzylidene)- 
anilines were unstable and decomposed during or after 
recrystallization, and they are not included in the table. 
As can be seen clearly from Figure 3, the 4-dimethylamino 
group on the aniline moiety clearly accelerated the reaction 
at least in 14 and 15. However, with the exception of this 
strongly electron-donating substituent, the rate constant 
increased moderately with an increase in the electron- 
attracting tendency of X and the points for the para 

(44) Friech, M. J.; Trucks, G. W.; Head-Gordon, M.; Gill, P. H. W.; 
Wong, M. W.; Foreman, J. D.; Johnson, B. G.; Schlegel, H. B.; Robb, M. 
A.;Replogle,E.S.;Gomperts,R.;Andreas,J.L.;Raghavnchari,K.;BinLley, 
J. S.; Gonzalez, C.; Martin, R. L.; Fox, D. J.; Defiw, D. J.; Baker, J.; 
Stewart, J. J. P.; Pople, J. A. GAUSSIAN92, Revision B, Gaueaian Inc., 
Pittaburgh, 1992. 

(45) Hehre, W. J. SPARTAN version 2.0, Wavefundion Inc., Irvine, 
1992. 
(46) Hehre, W. J.; Radom, L.; Schleyer, P. v. R.; Pople, J. A. Ab Initio 

Molecular Orbrtal Theory; Wiley: New York, 1986. 
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Figure 2. Plot of log (kls-l) against uo for ZIE isomerization of 
13: +, meta substituents; 0, para substituents. 

substituents deviatad from the best straight line that could 
be drawn through the points for the meta substituents 
both in electron-donating and -attracting ones. Since 
this reaction is a simple one-step procedure, it is not 
possible to assume a change in rate-determining step to 
rationalize the downward deviations for the electron- 
donating groups. A mechanistic change cannot be invoked 
either, because a change in mechanism always causes the 
plot to be concave up. Therefore, the analysis of the 
general tendency in the substituent effect has to be based 
on a single-step one-route mechanism. Since the mag- 
nitude of the deviation was obviously larger for the 
electron-attracting substituents,(7 the results were best 
correlated with the substituent constants by the following 
Yukawa-Tsuno style equation with two resonance con- 
tribution parameters r+ and P. 

log (k/k,) = p[uo + r + ( t  - uo) + r-(u-- a")] (1) 
As can be seen from Figures 4 and 5, the correlations are 

(47) For example, in 12b, log (kdk& = -0.90 and 6 - u0 = -0.70, 

(48) The plota for 12 and 13 were almost identical, and the one for 13 
while in 125 log (k ,dk& = 1.45 and U- - UO = 0.44. 

is omitted. 
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Figure 4. Plot of the substituent effects in 12 according to eq 
1. 

satisfactory.'s The values of the parameters are given in 
Table 11. All of the parameters were similar in the three 
groups of compounds, indicating that the nature of the 
activated complex is essentially the same despite the large 
electronic difference of the benzylidene component. It is 
difficult to rationalize the results without assuming the 
perpendicular transition state 9. The positive p values in 
13 and 14 cannot be reconciled with the planar transition 
state 11 because inductive electron attraction by X must 
destabilize this transition state when the benzylidene group 
has strongly electron-attracting nitro group(@. The 
observed strong stabilization of the transition state by the 
electron-attracting resonance interactions is understand- 
able in the perpendicular conformation considering the 
contribution of a canonical structure 9'. This perpen- 
dicular inversion mechanism is in agreement with our 
previous conclusion based on the ab initio calculations.s*n 
Lower activation enthalpies and moderately negative 
activation entropies observed for 12j, 13j, and 14j (Table 
111) also support this conclusion. If the nitrogen-phenyl 
bond has a partial double-bond character by the contri- 
bution of 9') it will inevitably restrict the rotation of the 

Figure 6. Plot of the substituent effects in 14 according to eq 
1. 

Table 11. Valuer of the Parameters in Equation 1 

N-benzylideneanilinea 
12 13 l A  

P 1.26 * 0.14 1.18 0.13 1.22 * 0.15 
1.06 0.21 r+ 0.94 * 0.16 0.97 0.15 

r 2.19 * 0.58 2.56 * 0.54 2.08 0.57 
ro 0.985 0.985 0.986 

0 Correlation coefficient. 

phenyl ring and a decrease in the entropy as well as 
enthalpy wi l l  be expected. The fact that the r values 
were much larger than that for the dissociation of anilinium 
ions or phenols (r- = 1) indicates the effectiveness of the 
resonance interactions between the phenyl group and the 
nitrogen atom when the atom is sp-hybridized. The 
downward deviation of the points for the electron-donating 
para substituents is either the result of resonance stabi- 
lization of the 2-isomer or the indication of destabilization 
of the activated complex by an increase in electron density 
on the phenyl carbon connected to the nitrogen (16). To 
the best of our knowledge, this kind of indirect destabi- 
lization has not been reported yet. Even in the ionization 
of phenols, the substituent effects could be satisfactorily 
described by eq 2. However, as will be discussed later, the 

most stable conformation of (Z)-N-benzylidene-4-hy- 
droxyaniline (17, X = OH) has the rotation angle t$ of 
48.6" probably because of steric reasons. Therefore, it 
would be reasonable to attribute the downward deviations 
to the destabilization of the transition state.49 Although 
the values of r+ were smaller than r, the parameter was 
close to 1 in all three caaes studied. This may again be 
taken to indicate the unusually strong interactions between 
the sp-hybridized nitrogen and the ?r electron system 
directly connected to it. 

The deviation of the points for 4-(dimethylamino) group 
must be a result of intervention of the planar inversion 

(49) If the substituent stabilizes the 2-isomer deapite this rotation 
angle, it will lower the energy of the planar transition state more because 
of ita preferred conformation for the resonance. It wi l l  result in upward 
deviation as observed for the dimethylamino group. 
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Table 111. First-Order Rate Constants (k/s-I), Activation Enthalpier (AP/kJ mol-'), and Activation Entropies (A@/J K-l 
mol-') for the Thermal Z/E Isomerization of N-Benzylideneanilines in Benzene 

compd 10 oc 15 O C  25 O C  35 "C 45 o c  AH* As* 
12a 0.0407 0.133 

0.450 
210 

121 

0.0227 
0.0205 
0.0527 
0.0661 
0.609 

10.4 

0.769 

0.0845 
1.01 

0.0093 
0.0380 
0.0344 
0.0880 
0.114 
0.983 

327 

192 

15.3 

2.17 

0.258 
2.73 

0.0369 
0.117 
0.101 
0.284 
0.344 
2.94 

704 

395 

36.2 

0.389 
5.97 

0.726 
7.44 

0.113 
0.331 
0.306 
0.761 
0.976 
9.05 

1380 

781 

90.3 

1.05 
17.9 

1.88 
17.9 

1500 
0.310 
0.897 
0.785 
2.07 
2.51 

20.9 
174 

80.0 
75.7 
62.0 
76.3 
70.9 
60.8 
84.8 
76.6 
76.2 
76.4 
75.7 
74.7 
59.1 

6.6 
16.8 

-16.1 
-0.2 

1.4 
-24.9 

11.6 
-5.8 
-7.9 
0.6 
0.2 

15.1 
-16.5 

Table IV. Solvent Effect0 on the Isomerization Rate 

solvent 
(kls-l) of Selected N-Benzylideneanilines at 26 "C 

compd benzene acetone acetonitrile methanol 
14a 8.73 5.74 3.34 4.00 
1Sa 9.24 9.37 7.06 10.2 

Table V. Pressure Effects on the Isomerization Rate 
(kls-1) of 4-(Dimethylamino)-K(2,4,6- 

trinitrobenzy1idene)aniline 16a in Methanol at 26 OC 
pressure/ pressure/ 

MPa k MPa k 
0.1 10.2 180 10.4 
60 9.4 240 11.9 

120 11.4 

mechanism. The possibility of rotation mechanism was 
clearly denied by the lack of solvent (Table IV) and 
pressure (Table V) effect on the isomerization. 

The actual relation between the two inversion possi- 
bilities was examined by means of ab initio calculations 
on selected substituted N-phenylformaldimines 18 and 
N-benzylideneanilines 17 employing the 3-21G and 6-31G* 
basis sets. The results for the N-phenylformaldimines in 
Table VI demonstrate that the unsubstituted compound 
and the nitro derivative show the perpendicular inversion 
state distinctly preferred over the planar one. Force 
constants calculations indicate the perpendicular confor- 
mation to be a saddle point with one negative eigenvalue 
of the force constants matrix, whereas the planar ar- 
rangement exhibits two negative eigenvalues. The op- 
posite is true for the 4-(dimethylamino) group. Here, the 
planar inversion state is more stable than the perpendicular 
one and is characterized by one negative eigenvalue of the 
force constants matrix. An interesting result was found 
for the 4-hydroxy derivative both at the 3-21G and 6-31G* 
basis set level. Although the perpendicular inversion state 
is still somewhat more stable than the planar one, both 
states are unequivocally characterized as genuine tran- 
sition states by the frequency calculations. Thw, a parallel 
reaction route for the inversion has to be considered in 
this case. Even if this result may change employing still 
better basis sets and considering correlation energy, it 
demonstrates that this possibility has to be taken into 
consideration for special substituent constellations. In- 
clusion of correlation energy is in favor of the planar 
arrangement for the nitro compound without changing 
the principal stability order but in favor of the perpen- 
dicular orientation in all other cases. The same opposite 
influence of donor and acceptor groups on the energy 
difference between the planar and the perpendicular 

Table VI. Quantum-chemicol Data for the Energy 
Difference between the Planar and Perpendicular 

Inverrion States (AE/kJ mol-'), the Inverrion Barriers 
(A&./kJ mol-'), and the Activation enthalpiea (AaC/kJ 
mol-') and Entropies (A@/J mol-' K-l) for Substituted 

N-Phenylformaldimines 18 
Wbasis set AE A E h  AH* As* 

NMef 
3-21G 

MP2/3-21G//3-21G 
&31G* 

MP2/831G*//&31G* 
OHb 

3-21G 
MP2/3-21G//3-21G 

6-31G* 
MP2/6-31G*//6-31G* 

Hd,r 
3-21G 

MF'2/3-21G//3-21G 
6-31G* 

MF'2/6-31G*//6-31G* 

3-21G 
MP2/3-21G//3-21G 

6-31G* 
MP2/6-31G*//6-31G* 

Nod 

-6.9 
4.3 

-2.6 
8.8 

1.9 
12.5 
0.5 

11.6 
(11.4)' 

15.4 
22.6 
15.6 
21.0 

(21.6)' 

38.2 
33.2 
36.4 
35.9 

(34.4)' 

90.6 79.6 
96.5 

111.5 98.0 
108.6 

90.1 77.0 
91.7 

112.4 97.3 
107.2 

(108.5)' 

80.3 69.3 
86.6 

102.8 89.6 
101.6 

(102.0)' 

60.9 62.6 
76.6 
87.2 76.2 
89.5 

(91.0)' 

-4.8 

-0.3 

1.8 

7.4 

-4.3 

-2.2 

-7.8 

-6.6 

a 3-21G 4 7.0'. 6-31G*: 4 36.6'. 3-21G t$ 24.0'. 6-31G': 
4 = 39.8'. e Full optimization at the MF'2/6-31G* level. d 3-21G 4 
= 31.8'. 6-31G*: 4 = 45.3O. e Formaldimineinversion barrier: MP2/ 
6-31G*//6-31GS = 113.5 kJ mol-', for further values, see ref 60. f 3- 
21G 4 = 38.9O. 6-31G*: qi = 60.4O. 

conformations is also found for the zero-point vibration 
energies and the vibration enthalpies. The entropy 
influence is generally small. Thus, in case of the N-phen- 
ylformaldimines, a conformation change of the inversion 
transition state should only be expected for substituents 
of very high electron-donating power. As already shown 
in a former paper,w the inversion barriers of aromatic 
azomethines are considerably lower than for the reference 
compound formaldimine (Table VI). The inversion bar- 
riers are distinctly higher at the 6-31G* basis set level in 
comparison to the 3-21G basis set calculations. This could 
be explained by the well-known fact that split-valence 
and double-f basis seta without polarization functions 
underestimate inversion barriers.& Correlation energy 
influence is relatively small for the 6-31G+ basis set. 
Complete geometry optimization considering correlation 

(M)Hofmann, H.-J.; Cimiiaglia, R.; Tomasi, J. J. Mol. Struct. 
THEOCHEM 1987,162,lB. 
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Table VII. Quantum-Chemical Data for the Energy 
Difference between the Planar and Perpendicular 

Inversion States (AEbJ mol-') and the Inversion Barriers 
(AEL,/kJ mol-') for Substituted N-Benzylideneanilines 17 

and the Experimentally Observed Activation Energies. 
(A&p/k  J mol-') 

X/basis set AE AEh" AEmP 
"2'' 

3-21G -8.1 59.1 78.2c 
MP2/3-21G//3-21G -0.4 76.4 

6-31G*//3-21G -5.4 77.7 

MP2/3-21G//3-21G 9.2 72.5 
6-31G*//3-21G 3.6 79.4 

MP2/3-21G//3-21G 18.9 68.5 
6-31G*//3-21G 17.8 72.3 

OHd 
3-21G 2.8 60.6 76.1 

He 
3-21G 15.4 53.4 70.1 

3-21G 37.6 39.0 66.1s 
N o d  

MP2/3-21G//3-21G 30.1 60.8 
6-31G*//3-21G 37.8 59.6 

a In cyclohexane (ref 5). 4 = 40.1°, B = 39.3O. 4NMezderivative. 
I$ = 48.6O, B = 33.8O. a 4 = 66.6O, 8 = 22.4O. f $  = 76.6O, 8 = 15.6'. 

8 Extrapolated from Hammett plot. 

energy at  the 6-31G* level does not change the results 
obtained by means of Mp2 calculations based on the 
6-31G* SCF geometries (Table VI). Correction for zero- 
point vibration and fiiite temperature of the experimental 
determination of the barriers based on the calculated 
vibrational frequencies decreases the barriers considerably. 
The principal conclusions from the calculations on the 
N-phenylformaldimines are confirmed by the theoretical 
data for the N-benzylideneaniline derivatives (Table VII). 
Most important is the result for 4-amino compound, which 
indicates that the planar inversion state remains more 
stable now, although the energy difference is small, than 
the perpendicular one even if correlation energy is 
considered. Thus, in molecules with stronger push-pull 
character of the substituents at the azomethine linkage, 
the planar inversion state should have a good chance to 
be realized as indicated by our former results on substituted 
hedluoroacetone and pyrazolone az~methines.*+~~ In the 
case of the N-benzylideneanilines, comparison of the 
theoretical and experimental values for the inversion 
barriers becomes partially possible. The 6-31G* inversion 
barriers are in rather good agreement, whereas the 3-21G 
inversion barriers seem to be somewhat underestimated 
as already found and discussed for the N-phenylform- 
aldimines. 

It may be interesting to analyze the kinetic data based 
on the assumption of a parallel route of the inversion 
mechanism which has got some support from the theo- 
retical data at least for special substituents. By extrap- 
olating eq 1 and inserting the estimated rate constant for 
perpendicular inversion (kl) to eq 3, the rate constants for 
planar inversion (k2) were calculated. They are listed in 
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Table VIII. Rate Constants for Perpendicular (%l/s-') and 
Planar (%&r') Inversion in 

N-Benzylidene-4-( dimethy1amino)anilines 

k,, = k, + k ,  (3) 

Table VI11 along with kl values. It can be seen clearly 
that planar inversion is much faster even if the benzylidene 
group has a dimethylamino group in its 4-position. 
However, the planar inversion can be realized only when 
the aniline moiety has a mesomerically strong electron- 
donating substituent such as a dimethylamino group as 
predicted by our calculations. It must be pointed out that 

compd ki kz 
12a 
138 
14a 

0.018 0.115 
0.028 0.230 
0.0018 8.73 

little deviation from eq 1 was observed even in the 
4-methoxy group. Although the introduction of the second 
nitro group into the benzylidene component increased the 
planar inversion rate ca. 40 times, the substitution of the 
4-(dimethylamino) group with a nitro group (from 12a to 
13a) showed only a marginal effect on the rate. Similar 
insensitivity was also observed in the perpendicular 
inversion, and it is not possible to provide rationalizations 
for these observations at this point. The introduction of 
the third nitro group also did not show noticeable kinetic 
influence (Table I). This might be the result of the 
decrease in conjugation of the phenyl group with the central 
?r bond caused by steric interactions between the third 
nitro group and the rest of the molecule, i.e., the nitrogen 
lone pair and/or the hydrogen atom(s) on the methine and 
the ortho carbon of the aniline ring. 

By examination of the structure of the (2)-N-phenyl- 
formaldimines and (2)-N-benzylideneanilines by means 
of the quantum chemical methods, a regular substituent 
influence on the rotation of the phenyl rings becomes 
visible (Tables VI and VII). Rotation of the N-phenyl 
ring is increased by electron-attracting substituents and 
decreased by electron-donating groups. Thus, the ten- 
dency of the nitrogen lone pair conjugation into the phenyl 
ring occurs already in the basic compounds. The opposite 
substituent influence exists for the C-phenyl ring rotation 
of the N-benzylideneanilines where electron-donor groups 
increase and acceptor groups decrease the rotation angle. 

Conclusions 
From the results in this and previous reports,2627 it can 

now be safely concluded that perpendicular and planar 
conformations are possible at the inversion transition state 
for the ZIE-type isomerization of N-arylazomethines. The 
planar inversion where the N-aryl group is in conjugation 
with the carbon-nitrogen double bond is realized when 
the aryl group has a strong electron-donating substituent 
on its 4-position. In the perpendicular transition state, 
the interactions between the nitrogen lone pair and the 
aryl ?r electron system is exceptionally strong. 
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