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DFTHODUCTION

The hydrolysis of several monosubstibtuted diphenyl ketimine hydro-

3

chlorides as studied by Professor Culbertson and his co-workers” shows

a dependence of rate upon the relative positions as well as the nature
of the substituted groups in the molecule. For the ortho compounds,
proximity effect is observed and Stieglits suggested that this relative

stability misht be due to an imine-enamine tautomerism, which is supported

L

by studies of absorption in the near ultraviolel regions”. Hammett and

H 2
- N 0,8,10 . . . -
his co-workers ° *7, by postulating a theory which sssumes a rigid

[+3]

structure for the tfapéiti@n state complex, have related the entropy
of acﬁivation to the figidity of the reacting substances, Thus, for a
ziven class of reactibn, other things being equal, a rigid molecule
ghould have an entnopy of activation greater than_a non-rigid one.
These considerations have suggested that a study ol temperature
coefficlents of the rate of formations of several romosubstituted
diphenyl ketones from the hydrolytic reactions of their'respective
ketimine hydrochlorides
Pe-t b tho YA +/l4£;£'

7 y T

Vi o &
s

and the corresponding values of the entropies of activation might
reveal a possible extension of Hamumett's rigid structure theory of
transition complex.

The rate of hydrolysis, equation (1) can be measured by the conduc-

[

_ T
¢ = NH2 5

5)2

less mobile than the ammonium ion. Benzophenone is found not to adsorb

tivity method since the diphenyl ketimonium ion, (Céﬂ



poeudo~undinolecular in the concen-

any of the ions, This reaction is

trations studied, aboub 10 mg. per 10 ce. of water,



EXPERIMENT AL
laterials.

(QrChlﬁro-,‘guchlaro—, p~chloro~, o-methyl-; p-uethyl-, and unsubstituted
diphenyl ketimine hydrochlorides were prepared and purified for reaction
rate stulies. These aampounds were made from nitidiles via the Grignard
reaction and the nitriles (with the exception of benzonitrile) from
supstituted anilines via the Sandmeyer reaction. The following represents
a typical sciieme of synthesis for all tha compaunds?:

61~ 1 i, Halldor HOL, 1t -n 01 Cw2(CW2,  c1-G b -CN

A O~5Y 6k 2 . ' 6 h
01-C H NH, G1
Cl-C H -CN + ¢ M Mgpr -Gbhery $'1>g . HelgBr e
6 L 65 0 0l A = di-ligl ICE
_ o , ~15°
Ci ' ; ' Cl—C ’ :
S N - S A\\ + -
c= g | = = NH, -~ Cl
C gl yd HCL O, _—C 2 |

Preparation gi}ﬁonbsubstituted Benzonitriles., 7

o~Tolunitrile (b.p. 204°), m~tolunitrile (b.p. 21ho)rand p~bolunitrile
.(neadles, FleDe 29,5°) were made by the Vogel procednrell, Yields were
40=50% of the theoretical.

2~Chlorobenzonitrilév(m.p. 142~3°, sublimes, needles), m~-chlorobenzo-
nitrile (m.p. 40~1%) and p-chlorobenzonitrile (m.p. 92°, necdles) were
prepared by the Clarke and sead procedurez. Yields are 75-80% of the
theoretical.

Some difficulty was =scountered in diazotizing p~chloroaniline.
‘When ice was addqd to the concentrated hydrochloric acid solution, the
reaction stopped because of diluition. It was foand best to cool the

mixture o 0-5° in this case by placing tle resction vessel in an ice bath.



Preparation of Diphenyl Ketimine Pydposhlor 1de. "’

The folluwing quantitles of materials were used in each expsriment:
0627 usla of browobenzene, 0.21 stom of megnesium, 130 ce. or sboub 6
moelooiler equlvalents of ether, & crystal of iodine which weighed sbout
Du ey and .15 mole of bongonitrils or substituted benzonlirils 1n
18 mow of sthers

T 8 D.%-1. three-neck Flask fitted with 2 dropping fumel, reflux
sondenser, and stirrer were placed 4.8 g. (0421 atoms) of magnesium
turninegs and a erystal of jodine. A mixture of 5.1 g. of bromchenzene
end 20 ee. of dry other was added and the flask wermed gently with the
pria uabil $ho reactlon became rapide Stirring was then started, and
the vessel was surrounded by a dish of cold water. A nmixture of 26.9 g
of bromohenzene (total 32 g., 0.20 moles) and 110 cc. of dry ether
{total 130 eoe, 120 moles) was run in at such a rate (about 15 drops
per ten seconds szt the very beginning) as to esuse vigorous refluxing.
Then tha addition was complete (1€ min.) the whole was stirred for ten
nimbess The solution was cooled in ice sud 15.5 ge (0.15 mole) of
benzonlirile in 15 cc. of dry ether was added with stirring. A white
powiior appeared and the mixture wag heated on a water bath for 8 hours.
The nivbure was then cooled in the ice box over night. The white erys-
tailise powder wae washed with dry ether four times by decantation.

To the flask canﬁaining a suspension of the powder In ether, a freezing
mivbure {a-monium chloride, 197 + iee, 817) at -15° was sdded carefully
with agitations During this hydrolysis the ketimine which formed was
eontimwusly taken up with ether. The cther extracts containing ketimine

were ismadiately dried with anhydrous sodium sulfate; they were then



&9

saturated with dry hydrogen chloride gase The diphenyl ketimine hydro-
shiveide (apoearing as erystals) were separated and dissolved in a
sinimum emount of hot dry methanol and filtered to remove ilmpurities.
The hydrochloride was then reprecipltated as pure erystals by ecoling.
The yield of pure crystals was 505 of the theoretical.

& derivative of diphenyl ketimine hydrochloride was made by heating
a small quantity {about 2 g.) of the solid with 50 ec. of 107 hydrochlorie
erid molution for two hours. The purified benzophenone thus cbtained
melted at 48+5%

Preparation pf o-Methyldiphenyl Ketimine Hydrochloride.

The method was the same as described under Preparation of Diphenyl
Kotinine Hydrochloride except that 17.5 ge (0.15 mols) of o-tolunitrile
wae used in place of 15.5 ge {0.15 mole! of benzonitrile. The yield
wag 720

A gimilar derivative was made as described sbove. The purified
o-methyldiphenyl ketone thus obtalned was an oil whieh formed an
oxime, anti~phenyl g-tolyl kotoxime {mep. 69°).

Prepapration of p-Hethyldiphenyl Ketimine Hydrochloride.

The method was the same as deseribed under Preparation of Diphenyl
Ketinine Bydrochloride except that 17.5 ge (0«15 mole) of _p_—talunitrile‘
wae used in place of 15.5 g (0,15 mole) of benzonitrile. The yield
was 237

A similar derivative was made as deseribed above. The purified

peuethyldiphenyl ketone thus obtained melted at 59-60° (stable fora}.



Preparabtion of e-Chlorodi_‘phenyl Ketimine Hydrochloride.

The method was the sane as described under Prepavation of Diphenyl

3

Ketimine Hydrochloride except that 20.% g. (0.15 mole) of o~chlorobenzo-
nitrile wes used in place of ihe benzonitrile. The yleld wos 32%.
L similisre derivative was made ag deseribed above., The puriiied

o-chlorodiphenyl ketone thus obtained melted at 45.57.

Preparatbion of m-Chlorodiphenyl Ketimine dyvdrochloride,

The method was the same as described under Preparation of Lipheayl
Ketimine Hydrochloride except that 20.6 g. (0.15 mole) of m~chlorobenzo~
Ty,

nitrile was used in place of the beazonitrile. The yield was 214,

4 similiar derivative was mede as deseribed above,  The purified

%3

m~chlorodiphenyl ketone thus obtained =melted at 82~ a3°,

Preparation of p-Uhlorodiphenyl Ketimine Hydrochloride.

The method was the sane as deseribed under Prt,pc.m fon of Ulphenyl
Ketimine Hydrochloride excépt thet 0.6 go (0.15 mole) of p-chlorobenzo~
nitrile was used in place of 15.5 g. (0.15 wole) of benzonitrile. The
yield was 193,

A similiar derivative was made as described above, The purified
p-chlorodiphenyl ketone thus ohtained melted at 75 =765,

Atbvempted Preparailon of mﬂ,ctxgldlﬁhemrl Retinine Hydrochioride.

m-Tolunitrile & d not add to the Grignard reageat, € H kgdr, and

u

heice we were unable vo prepare the ketimine. 4 mwrivate communication
from Dr. Culbertson indicated however that this ketimine can be nede

by this series of resctions.

o



Kinetic Heasurememts.
Lpparatus.

7t

L student~type condictance ncaswrenent seb-up was used. It was composed

of: (1) a stendard resistance (L snd N #4745) vhich was » four-dial unshielded
£ C resistemce box, twtal resistance 11,110 ohus,; sieps of 10 (1 - 10 - 100 -
1000) ohms, accuracy  0.125; (2) a circulsr slidewive (I and ¥ #4261), length

2

aboub 35 ecm., resisbance about 100 ohms, scale divided into 100 divisions

v

which may be read to 0.1 dvision, ervor * 0.5 division, the resistance of

e

the end coils is 4.5 times the resistance of the slide; (3) 2n sudio
oscillator, Jeneral jiadio Co., Type 8134, 2 1000-cycle oscillator .of the
tuning fork type, out ;;;u{r about 25 millivatbs, with no more then 1§ harmonics;
(.‘L,) en anplifier, composed of an clectionray tube SL8GT as null point
indicator and fow other tubuas converted i‘mxﬁ o kadar seby (5} switches,
battery for powering cssc:i.l?nator and Freas type conductivity cells.

Procedure. |

Ten cubic centimeters of distilled water was nipetted into a Freas
conductivity cell in o ihermostat (at O £0.02°%, 20 20.02° =nd 35 *0.02°),
The thermometer used wézs comper ed with one calib réted at the U, 3. Bureau
of Standards. ALfter allowing the cell to ege foftwémtj minutés at
‘constant temperature, 10 mg. of powdered diphenyl ketimine hydrochloride
o one of ibs substibut éd galts were added, accompsied by constant
shaking (for abowt 3 minubes) with the right hand while the stop wateh
was started by the left. The number of readinzs taken on the decade
resistance box dep-_ended upon the rate of hydrolysis. In peneral,

O

readings were taken up to the half peried.



used o compute the rate

vag ract oy

he smallsr,

o

consecuently the wndietivity of the = lultion lncreases snd the resistance

conshart is K is related
the equivalent enductance A of the slectrolybe ot the concentration

7

¢ through the equation:
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Substituting equations (3) and (5) into equation (4) cne obtains

_,__/_,:__‘L_ —-._7_5__1. ')< /
Rt R a7, 7z (6")

el at ) (R A (®

The rate equation applicable to the pseudo first order reaction at hand

is of the form
kt = ln afa-x

which becomes, when proper substitution from equation on (¢) is made:

kt =1nR, - R_/R,~- 1n Rt/ﬂt-Ro,,
Henee a plot of log Rt/ht~R<c,vs. t should give & straight line whose
slope is equal to 0.4343k. One therefore measures the conductivity es a
function of time to determine values of Et. After allowing the reaction
mixture to stand for several half lifes (greatly expedited for the slower
reactions by raising the temperature) the resistance is again measured

and when further change in the resistance is no longer noted the value

i3 taken a2s Rooe
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HESULES
Toble I, Sample #498301, iate of Hydrolysis of o~Methyldiphenyl
Ketimine Hydrochloride at 25,00 £0.02°C.; 10 mg. per 10 cc. o iz, L)

R

Time (min.) | Ht{ohms) RO‘ log.. e
2 1 - Hoflty
10 1111 0.709 0.5361
20 1091 0.721 0.5544
30 1070 0.736 0.5784
40 1044 0,754 0.6091
53 © 1028 0.766 0.6308
60 1913 0.776 0.6498
70 998 0,789 0.6757
80 : 985 0.800 0.6990
90 97k 0.809 0.7190
100 962 0.819 0.7423
110 952 0,828 0.7645
120 942 0.836 , 0.7852
130 933 0.845 0.8097
o 788 S— S

From Fig. 1, 2, two readings were used for calculeting the velocity constant,
t«», = L0 min. ard t, * 130 min,
k..o £ 2 [
25 B S— - —z
2‘3 . La [~ K=
-Ku-a =2.303 X Rz 2t re T,
‘ —(.L,z - t/

0.§097 —0.60%/
[30 — Ho0

-3 -/
=823 X706 s,

_ 2,303 X

It should be noted that these two readings lie on the best straight line

which one may draw through the experimental nolats.
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Table II. Sample #498311, Rate of Hydrolysis of o-lMethyldiphenyl

Ketimine Hydrochloride at 25.00 $0.02°C., 10 mg. per 10 cc. HO (Fig. 1,b)

Time (min.) R, (ohns) ® log _l_:;-m___/n_b_
R
10 1058 0.718 0.5498
20 1036 0.733 0.5735
30 1017 0.747 0.5969
40 998 24760 0.6198
50 982 0.773 046440
60 967 0.785 0.6676
70 95k 0.796 0.6904
80 942 0,805 0.7100
% 930 0.816 0.7352
100 919 0.826 047595
10 909 0.835 0.7825
120 900 0484l 0.8069
130 892 0.851 0.8268
o< 759 s e e

From Fig. 1, b, two readings were taken for calculating the velocity

constent, k 250. 30min and t2
2.303 [&1 L-'L [ - ]-i:,
s, ;-osqé? T
=2.303 % 7‘?,20_30 =623 X180 win

By assuming no errar in t but a variation of plus or minus one ohm in Ry,
we find an uncertainty in k of about five par cent. The above values of

k25° lie within the experimental ervor,
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Tabls I Bate Comstarte, kx30° astac 487, 45% s 237 2
Hydolvsis of Divhenyl Ketimine Hydrochlorides.

Unsubstituted

Ko X0  Xase K 350 An” As? ar?

~oal. _  _oale feC. _ oals

6485 68.75 123.3
6e31 66,1  121.0
6062 18,700 58.3 2100

£96
Av.6.69 674 122.2

o=Cl

3.77 2265 39.35

3:95  23.0  37.0 14,600 42.5 2500
Av.3.86 22.8 38.2

o-lle

0.458 5.13 14.05

. S:33 16,200 44,1 3600
Av.0,458 5.23 13.88

p=Cl

12.92 106.7 156.0

12.75 100.5 154.9

13,58 16,200 50.5 1800
Av.13.08 103.6 155.5

p=lie

2.39 21.7 37.4

243 22.4 38.1 17,800 53.0 2700

2243
Ave2.41 22.1 37.7

e=Cl

27.95 432

29,4 440 21,600 7242 1000
Av.28.7 436
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The 1%°farithm of the mean rate constant plotted against the reciprocal
of the absolute temperature gave a series of good straight lines (Fig. 2).
These lines have been drawn by the least-squares method giving the proper

statistical weight to each point. The corresponding rate equations were

found to be:

k = 10 e 0l exp. (18,700%500) /RT min, >

um'l.lbﬂt'dc 9 3 £0 3

K 210 % 7 exp.(14,6008400)/BT min, "t

&=Cl 9.0 20,1 1

k =10 7 " exp.(16,2008100)/RT min.

o-tle 11.0 £0.5 <1

k bl 210 *?  exp.(16,200%500)/RT min.

- Atk S0 >

kB_Ha =10 exp.(17,800%100) /RT min.
5.7 T0. =

e = 1p 17+7 703 exp.(21,6006800) /8T win.t

The error limits in these equations were i':i.x.edl’5 as follows. It was
assumed that all the error resided in the log k values and none in the
temp erature measurements., The root mean square of the deviations of
the logarithms of the mean velocity constants from the least squares
line was then applied positively and negatively to the two ends of the
least squares line at the extreme temperatures of the experimental
range to give the error limits shown.

The error thus introdiced into the entropy of activation difierences
is sbout 1.3 cal, /°C. (oorresponds to the exponent 0.3 in most of the
equations above), and into the heat of activation differences shout
100-500 cal., and into the free energy of activation differences about

300 ecal.



DISCUSSION

Table III emphasizes the interdependence of both the potential energy
(AH‘ ) and the internal kinetic energy (4 g ) on substituents. These
quantities taken touether are a measwe of the free energies of activation
(A Ff ). It is important to remember that the effect of a chenge in
siructure of reactant upon rate of reaction can be explained in terms of
internal electron displacements or of external electrical fields due
to & substituting group, in terms that is, of potential energies alone,

only when there is a cancellation of other effects due to the internal
kinetic energies of the reactants, It may be shown that the quantity

¢ 2 g

£
88 - ASS] = =—memme= (RTln --——=-
1 2 T = K, )

should vanish (where 1 and 2 refer to reactants and k, the rate constant)
when the internal kinetic energies cancel. Thus the reactivity of
o-chlorodiphenyl ketimine hydrochlaride can be compared with o-methyl-
diphenyl ketimine hydrochloride but not p-chlorodiphenyl ketimine
hydrochloride., Similarly, that of p-chlorodiphenyl ketimine hydrochloride
can be compared with p-methyldi phenyl ketimine hydroch loride but not
o-methyldiphenyl ketimine hydrochloride., Unfortunately, the m-chloro-
diphenyl ketimine hydrochloride is left uncompared because we were
uneble to prepare m-methyldiphenyl ketimine hydrochloride,

Both of the ortho substituents exhibit a lowering of entropy of
activation and a decreased value of heat of activation. Apparently the
influence of entropy of activation is here alone responsible and hence

a decrease in rate constant.
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SUMMARY.

(1) A simple conductivity method has been applied satisfactorily to
the measurement of the rate of hydrolysis ol diphenyl ketimine hydrochlorides.
(2) The rate constants for the hydrolysis of the monchloro- and
monomethyldiphenyl ketimine hydrochlorides have been determined at
temperatures of 0°, 20° and 25° (and 35° in one case).
(3) From the rate constant measurements the energies, entropies
and free energies of activation have been computed for the three
monochloro~; the o-methyl-, the p-methyl- and the unsubstituted diphenyl
ketimine hydrochlorides,

(4) There is no apparent simple relation between the energies of
activation and the effect of substituents due to variation in the entropy

of activation from one compound to another,
(5) The steric or proximity effect noted in the ortho substituted

compounds is not simply an entropy effect,
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