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Kinetic data are 1;ep01‘ted for the thermal cis—trans relaxation C_if. photoisomerized é_thanol
solutions of two series of N-benzylideneanilines, substituted in the para position of either

the benzaldehyde or aniline ring.
each series, log k& values appear to correlate with the Hammett ¢ constants. .
0.40 for the: substituent on the benzaldehyde ring and

(Lhe proportionality constant) =

= 2.00 for the suhstituent on the aniliné ring:

tlons are also gIVGLI

The isomerization followed first-order kineties. . For
At 30.0°, p

- Thermodynamic properties of the reac-

Introduction ~ -

The cis-trans isonmerization of organie compounds

containing a carbon-nitrogen double bond has been
studied relatively little in comparison to the extensive .-

investigations dealing with.  isonierizations about
carbon-—carbon and nitrogen-nitrogen double bonds.?
This situation apparently arises from the difficulty in ob-
gerving isomerizations in these compounds owing to the
faster thermal cis—{rans transformation around the
C=N bond in comparison to the corresponding isom-
erizations - around the C=C or the N=N
However, by ultraviolet irradiation of ethanolic solu-
- tions of N-{e-naphthylidene)-e-naphthylamine and of
N-benzvliderieaniline cooled to about —100° Fischer
and Frei® were able to observe the photoproduced cis
isomers spectrophotometrically. More 1ecently, Bell,
Conklin, and Childress? reported the separation of the

geometric isomers of the Schiff base formed by the -

condensation  of Q—amino-S-Chlorobenzophenone and
aminoethylmorpholine.. .

By using flash photolysis and fast recording tech-
niques, studies on the isomerization of Schiff hases al
room temperature were carried out in this laboratory.5¢
In the present investigations these techniques were
applied to the study of substituent effects ou the ki-
netic and thermodynamic properties of the thermal
¢ts—trans isomerization of two series of para-substi-
tuted N-benzylideneanilines.

Experimental
M aterials.
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previously.”.

bond. -

‘with the following exception:

_ The preparation and purification of the
para-substituted benzylideneanilines. were desecribed

Other chemicals were ethanol (U.S.I.,
U.5.P.), acetic acid (Allied Chemical and Dye Corp.,
reagent grade), and sodium acetate (Merck, reagent).

Method and Caleulations. - Test solutions were pre-
pared with absolute ethanol as solvent, water content
less than 0.04%,, and with the concentration of ecom-
pound about 10~ M. The solutions were also buffered
with acetic acid and sodium acetate in 8 molar ratio of
1.40:1. Two buffer concentrations were used, one
2.09 X 107* M in acetic acid and another 1.05 X
10 M.

A high-cnergy, fast ﬂash photolysis unit® was used
in accordance with the specifications given in ref, 9
thermostating (to -an
dgecuracy of =02°) was accomplished with a 109
acetic acid solution which also served as a cutoff filter. -

Changes in optical density, AO.D., were followed
vs. time for the thermal relaxation of flashed solutions.
kep1 equals the slope of a straight line fitted to a plot
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Cof —In ]AO D. I vs. time accordmg {0 the method of least

squares,
A and E, in the Arrhenlus equation’ k =
{(—E,/RT) were. caloulated from the regression line

fitted by the method of least squares to a plot of log-

kexpst #8. T7L  AS* was determined from the transi-

tion state theory applying the equation AS* = (In -

A—1—In /Ay —In TR for T = 303°K. (k stands

for the Bolzmann constant and A for the Planek con-

stant in this 1‘elati'on).

Results and Discussion - :
The campounds mveshgated were amls of 1he genel al

struc‘rure N
Fax="ars

'.1‘.hey were substlt_uted in ezther_ t,he 4— or. 4”-pc.>si..t-io.r1"
" with the groups N (CHs)y, OCH3, CH, CI Br, and NOqg:
- All- compounds- absorbed in' the near-ultraviolet

- vegion of the spectrurn with the absorption extending
into the " visible. - With - all “compounds ~except -4'-
NO,, exposure to a pulse of ultraviolet light, “flash,”

caused transient changes in the:light absorption in the.
region 300450 mu: The original optical density was-

restored in the dark. '~ Bome solutions showed inecreased
transient “absorption, -others  decreased absorption;
with some compounds a- solution ‘showed increase
over one part of this wave length region and decrease
aver the remaining part. The solutions were trans-
parent in the region 450-800: my both before and aftel
flashing. _

The thermal ‘relaxation -after flashing followed in

every case the kinetics of a first-order reaction and was

followed for two to three half-lives. - Arrhenius plots
of the rate constants are shown in Figure I.- No
transient-changes in light absorption with a half-life
exceeding 20 psec. were ‘observed in solutions of the

4-NO,; eompound, over the wave length region 350- -

600 mpu. - All compounds except: the 4-N(CHa)s and
4'-OCH; derivatives yielded rate constants which did

not show any systematic dependence on the concentra- -
_ No distinction was therefore
made between the. data at the two different buffer

tion of acetate buffer.

concentrations. For the 4-N(CH,}» and 4'-OCH;

anils the rate constants were substantially higher for

the higher buffer eoncentration, and with these com-
pounds separate Arrhenius plots were made for the two
buffer coneentrations.

The rate constants, k, at 30.07, as obtained from the

regression lines, entropies of activation, and o-values!®!! -

are also included in the table.

A exp.

The values of A and E, from -
the regression lines in Figure 1 are collected in Table I.

Tahle 13 Rate Parameters for the Thermal Relaxation of

Photoisomerized Solutions of N-Benzylideneanilines
) . Activa- - o
. Rate -~ - Pre tion Entropy
’ . ‘gonstant © exponential energy, of activation, -
4-Bub- - at 30°, factor, Ea., keal AS¥, eal,
stituént - ¢-Value® . k, see.Tl . A, sep.”! mole~t mole! deg.*
- —1.00 0.40° 1.0 1012 17.2. ~6 .
N{CH.)}, —0.800 0.67-.2.8 X 102 17.5. . —4 =
oH® —0.357 0,72 1.6 X100 157 - —10
OCH,  =0.268 112 '5.9 X110 17.6 -2
CH; . . =0.170°. 1,30 1.4 10%  18.1 -1
B 00 R6T 3.0 100 1402 S —13
TG 02260 175 5T X 10173 . =2
CBrL 00282 1,72 2.5 X102 - 16.9 —d
NO: 0778217 1.4 X 102 . 16.4 -5
4’-Bub- ' . . .
stituent _ : el
; : 0.25° 2.1 X 10° "~ 12 .4 —22
- N(CH:)e -“0 000 {0. 797 19X 1057 8.8 —32
O 0.24% 3.5 x 10% 15.5. —12
- OCH, '0'2678 {0.425_ 2.6 X 10° 13.6. - —18
CH, —0,170 0.59 3.5 x 0= 17.7-. . —3. -
H 0 1.67 3.0x 100 142 —13
Gl - 0.226 3.12 4.6 X 10w 16,9 =3
Bro 0232 3.41 9.4xi10m 17.3° . -1
NQ: . - . - 0.778 No transient change

" “The o-values are taken from ref. 10 and are esséntially the
same as those given by Jaffé.’? " Data obtained from ref. 6.
° Acetic acid concentration: 2.0¢' % 10~* M. ¢ Acetic acid cons -
centration: 1.05 X 1073 M. a

Table T shows that the relaxation, when not cata-
lyzed by the buffer, has an activation energy of 14-18
keal. mole~' and a pre-exponential factor of 102
to 10’3 sec.—t. However, for the two samples showing
huffer catalysis, 4’-N(CHj), and 4’ OCHg, B.and A
are signifieantly lower. -

Assuming that the buffer eata1y51s is. hnear]v de-

'pendent on buffer coneentration obeying the law

Fep = ki Foiea[HOAC] ()

'1t is possﬂ)le to evaiuate the uncatalyzed pormon of the

rate eonstant, k., and the buffer-catalyzed portion,
Eousee[FIOA€]. The concentration of acetic acid,
[FIOAc], is arbitrarily chosen to. represent the buffer
concentration. For the 4-N{CHaj):- and 4-OCH;"
anils eq: 1 was applied to caleulate ks and Knafrer 8t
any temperature where k.1 had been measured at
both buffer ratios. The values of ks and kyuprer 'Were -
used. separately in the Arrhenius equation to obtain

(10} J. Hine, “Physical Organic Chemntrv" McGraw—Hiﬁ Book
Co.,, Inc., New York, N: Y., 1956. : :

(1) H. H. Jafié, Chem: Rev., 53, 191 (1953), -
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“Table M : Rate Parameters Obt.zmed by Separatmg the Thermal Relaxatlon into an Dncatai} aed Portlon and a

‘Catalyzed Portion

Buffer-catalyzed portion

Unecatalyzed portion: :

AS* eal.

(- == —) connects rate constants obtained in buffer with
' [HOAc] =200 X 10~ M; ( ) connects rate -
constants obtained in huffer with [HOAc] = 1.05 X 103 M

fhe Valué's'of A and E, given in Table 1. Also pfe-

sented in this table are the constants k. and Euuerer ab

30° obtained from the regression lines of the Arrhenius
plots.
The Hanimett equatlon :

The Jorirnal of Pﬁym&vrz.’. Chemistry

- tively poor. .

BT : . B, kbuffer (30°). _ By
- Bubstituent . ks {30°), see,*1 A, sec. 1 . keal. mole=t mole ™ dey. “1 1, mole 1 see. "1 A, ], mole—tseec.! - keal mole—1.
AN(CH;) . 0.084 6X 100 178 o7 7.9 %102 3EXI0 85
4.0CH; - 0,17 3 X 011 ' o 16.9 -8 2.3 X110 20100 - 9.7
10010 K — loghk =ps +loghks . (2)
b A was tested for the rate constants at each of the three -
- temperatures 15, 30, and 45°. For the 4" -N{CH;).
b and 4’-0OCH; only the buffer-unecatalyzed portion of
the rate, k; was used. The data for 4-O— substitution -
I were not included in these calculations. Plots of log
e k vs. s-values are shown in Iigure 2. Leastsquare’ .
- or fits give the characteristic (,onstants presented in
i Table IIT.
-l K
30 3 32 33 3 35
109, kgi;nl. . B
' ' ' -l .°.-.°‘-?‘. o T
i _ - G -05 0 03
'Figure 2. Test of the Hammett equation for the fhermal
isomerization of N-benzylideneanilines (cis-irans isomeriza-
. tion): ©, 15.0°%; @, 30.0°; A, 45.0°. A: substituent in
0, 4-position. B: substituent in 4’-position.
. Table ITT: Test of the Hammett Equition
_' - . . .
. Corre-
S s ’ . lation
—_— - — * - . Temp., - coef- Std. |
30 . 3l : 32. . 33 2] ) 35 _ °C. ) P ficient (r) - error®.
Figure 1. Activation energy plots of the rate eonstants for the = Substitution in 4-position 15 0.42 . (.80 .00
thermal relaxation of photoisomerized solutions of : ] . 30 0.40 0.90 0.08
N-benzylideneanilines in acetate-buffered ethanol. 45 - 0.38 0.88 0.08.
Substituent: A, N(CH,);; W, OCH;; 4, CHs; O, Cl; ) S T ) '
O, Br; @ NO. A: substltuent in 4-position. B: substztuent_. Substitution 1n 4’-position. 15 2.06. 0.97 . 0.16
in 4'-position. For the 4-N{CH;), and 4"-OCIH; compounds: 30 2.000 097 0.14
45 1.95 0.97 0.13

° Root ‘mean square of the 6ev1atzons along the log k axis
about the fittéd regression line. . o

Tt is noted that the correlation coefficients are rela-. -
The data do not show any obvious cor- -
relation between E, and ¢ or A and ¢. This could be
due to insufficient accuracy in the determination of
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E,,'but de Wolfe'? also found that no such’ éorrélatiéjn '
exists in the case of hydrolysis of N N’'-diarylform--

amidines. :

The thermally stable form of N-benzylideneanilines

is the #rans configuration. The observed transient
changes are attributed to photocheniical formation of
the ¢is isomer followed by the thermal re-formation of
the trans form. : ' : o :
The p-values in the Hammett equation are positive

‘indicating that the reaction is facilitated by low

electron density at the C=N bond. :
The rate constant for the cis—frans isomerization of

the anion of the 4-0H compo'unc_i from vef. 6 falls in
the sequence predicted by the Hammett equation al-
though one might have expected that resonance
interaction with the reaction site would be important
for this substituent. It should be noticed, however,
that the data for thiz 4-0~ derivative were obtained
from alkaline solutions and that environmental factors’
may be of importance when taking this value into .
account. It was therefore exeluded in the present
calculations,

(12). R. H. de Wolfe, J. Am. Chem. Soc., 82, 1585 (1960).
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