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:or:c HODUC"I1ION 

rrhe hydrolysis of· several monosubstit,uted diphmyl ketimine hydro

chlorides as studied by Professor Culbe:rtson end h.is co-workers3 shows 

a dependmce of rate upon the relative positions as well us the nature 

of the substituted groups in the .molecule. r,1 or the ortho com.pounds, 

proximity effect is observed and Stieglitz suggested that this relative 

stability might be due to an irrdne-enrunine tautomerism., which is supported 

by studies of absorption in the near ultraviolet regions4. Hammett and 
·. 6(>10 
his oo-work;ers 1101 , by postulating a theory which assurnes a rigid 

structu:ce for the tr~sition state oomplEai:1 have related the entropy 

of activation to the :dgidity of the reacting subs'ta.nces. Thus, for a 

given class of x·ea.ction11 other things being equal, a rigid molecule 

should have a.n entropy of activation greater th.:m a non-rigid one. 

These considerations have suggested that a study of temperature 

coefficients of the rate of formations of seve1'al irJmosubstituted 

diphenyl ketones from the hydrolytic reactions of their respective 

ketimine hydr·ochlorides 

(1) 

and the corresponding values of the entropies of activation might 

reireal a possible extension of Hammett• s rigid structure theory of 

transition complex. 

The 1:~ate of hydrol;,.rsis, equation (l) can be measured by the conduc-
.,.. 

tivi.ty method since the diphmyl ketimonimn ion, (c6H5)l = NH2 is 

less u1obile than the ruumonium ion. Benzophenone is found not to adsorb 



any of the ions. This reaction is pseudo-unimolecula.r in the concen

trations studied, about 10 mg. per 10 cc. of water. 

2 



2,-Chloro-,.: !];rChloro-, 2-chloro-, 2-methyl-, _R-methyl-, and unsubstituted 

· dipherzy-1 ketimine hydrocb.lorides were prepared and purified for reac;:tion 

rate stu;iies. These compounds were made from nitiiles via. the Grignard 

reaction and the nitliles (with the exc·eption of benzonitril<i;) from 

sub$tituted anilines 1!ia the Sandro.eyer reaction. The _following represents 

· a typical soh.eme of synthesis £or ill the compounds: 

Cl...C,Jl_::_ -NH N§J\TO~ HO\~ Cl-C H -N Cl Cu2(CN)2~ c1-c6n_r -CN 
. 0 4 2 -0- . . . 6 4 2 . . I+ 

NH1 uri > 
HGl 

Prepat>ation 2f. l-Ionosubstituted Benzonitriles. 

ICE 
-1,0 

,2-Tolunitrile (b.p. 204°), !}.-tolunitrile (b .• p .. 21.4°) and .}!-tolunitrile 

· (needles;: m.p. 29 .• 5°) were ma.de by the Vogel proeedurell. Yields were 

40-50% of the theoretical. 

~-Chlorobenzonitrile (m.p. 42 ... .3°, sublimes., needles), m-chlo1qobenzo

nit.rile (m.p. 40 ... 1°) and ,R-chlorobenzonitrile (m.p. 92°, needles) were. 

pl"epared. by the Clarke and 1.iead. proeedure2. Yields are 75-00J0 of the 

theoretical. 

Some. difficulty was imcounte1~ed in diazotizing .2-chloroaniline. 

When ice was added to the concentrated hydrochloric acid solution,. the 

reaction stopped beca.usa of dilution. It was i'oond best to cool .the 

mixture to 0-5° in this case by placing the l;'ea.ct.ion vessel in an ice bath. 



:mole of bcnzonitril~ or substituted benzon.ltrile in 

tit o.s-1. three-neok r:task fitted trith ii dropping fum:iel, reflux 

,:,on.denaer, and stirrer were placed 4.8 g. (0.21 atoms) of magnesium 

t-i,.rnings and a crystal of iodine. A mixture of s.l g. of bromobenzene 

end 20 t,c .. ot' dry ether was added and the flask warmed gently with the 

until the reaction became rapid. Stirring was then started, and 

the V3ssel was surrounded by a dish of eold water. A mixture of 26.9 g. 

of bromohenzene (total 32 g., 0.20 moles) and llO ec. of dry ether 

(total 130 ee., 1.20 moles) was run in at sueh a rate (about 15 drops 

per t~n seconds at, the very beginning) as to cause vigorous :refluxing. 

rthen tJie addition was complet~ (16 min .. ) the whole was stirred for ten 

m:i.nutet;S. The solution was cooled .in ice a.nit 15. 5 g. (0.15 mole} of 

benzonitrile in 15 ec .. or rll"y et.her was added w!.th stirring. A white 

powtle?" v.ppear.oo and the mixture was heated on a water bath for 8 hours. 

tt\11.ii'l:O pt>wder was washed with dry ethel" four times by decantation. 

To the Tlask containing a suspension of the powder in ether, a freezing 

{SY:1monium chloride• l9't + ice, Bl:t) at -15° was added carefully 

eontinl1ously taken up with ether. The other extracts containing ketimine 

w,r~1~~} irr.1.mediately dried with anhydrous soditti11 sulfnte; they were then 

4 



saturated with dr;y hydl"Ogen chloride gas. The diphenyl ketimine bydro

ooloride ( appS'iiring as crystals) were separated and dissolved in a 

minimum amottnt of hot dry methanol and f'iltered to remove impurities. 

The .hydrochloride was then reprecipitated as pure c:r;ystals by cooling. 

'The yield of pure crystals was 501! or the theoretical. 

A derivative ot dipheD7l ketimine hydrochloride was made by heating 

a small quantity (about 2 g.) ot the solid with SO cc. of 10,( hy'droehloric 

&~id soluti011 for two hour~. The purified bemophenone thus obtained 

melted at 43.5°. 

:fttm1£atl21 Bl. o-Meth;rJ.diP.lltm:l Ket;bd,ne Hydrochloridt• 

!he method was the same as described under Preparation or Dipheny-1 

Ketitdne Hydrochloride except that 17•5 g. (o.15 mole) or .Q.-tolunitrile 

was used in place cf 15.5 g-. (0.15 mola) or benzonitrile. The yield 

was 12,'t. 

A 11imil.ar derivative was made as described. above. The purified 

s:,,me-t}wldipheJVl ketone thus obtained was an oil which· formed an 

oxime• anti-phenyl .a-tol7l k"1tox1me (m.p. 69°) •. 

f.:f PK!:tiM at P:Meth;rld~miemrl 1Ceti!4,ne I:Jl:a£Qehl,oride. 

'1le method was the same as described under Preparation of D!phenyl 

Ketir.dne Hydrochloride exeept that 11.5 g. (0.15 mole) of :2-tolunitrile · 

was: used in place of' 15. 5 g. (0.15 mole) ot benzonitrile. The :,ield 

WU 25j!· 

A similar derivative was made as described above. The purified 

~h7ldipheqrl ketone thus obtained molt.ad at 59-60° (stable form). 



Prenaration of o-Chlorodi.12,henyl K~~timine Hyqrochlo:dde. 

The nethod was the Daue as described under Preparation or Diphmyl 

l(etimine HyfJ.rochloride except t.ha,t 20.6 g •. (0.15 :mole) oi 2,-chlorobenzo ... 

nit.rile W.tJ,s used in place of the benzoni·trile. 'l'he yleld wt;,s 32;b. 

A similitrc der·ivative t1as made as described above. 'l'he purifi..ed 

,2.-chlorodiphenyl ketone thus obtained melted at 45. 5°. 

Prepc:Jr a,tion 2£ m-Chlorodiplu:,"ll;yl Ketimine Hydrochlo:dde. 

Ketin1ix1e Hydrochloride except that 20.6 g .. (0 .. 15 rJ.ole) of B,!-chlorobenzo-

nitrile was used in place of tho bem:1onit.rile. The y1eld i-ms 211~. 

A similiar de:dve:Live wm.; made as described above. The purified 

m-chlorodiphenyl ketor1e thus oo tained t~®lted at 82-l33°. 

Preparation £f. g-Chloro:!.iphenil Kctim:i.ne H;icd.cochloride. 

'£he method 1.'\lc:ts the sane as described under Prc,pac~:rt.ion oi' Diphenyl 

.Ketim:inc Hydro c>.hloride except tl1e,t :CJ .6 g. (0~15 mole) of 2-chlorobenzo

nitrile was used in :pJ.;.:i.ce of 15.5 g. (0.15 mole) of be11zonitrile~ 'l'he 

· l·~ 19·c1 yie . Ct ,·1as /o. 

A siniliar derivative was m:.q,de as described above. 'Ihe purified 

£-chlorodiphenyl ketone th us obtained melt od at 75. 5-76°. 

!,!!-Tolu..'i"iit.rile did not e,dd to the Grignard reagent, t\/I.5i'1;;.81·, a..-id 

hence w~ were unable t.o pi~epare the ketimine. A pd vate cornmu.nication 

from Dr. Culbertson ini:1ica:i:,ed however that this ket,imine can be r,mde 

by this series of re1;,cti ons. 

6 
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Kinetic Heasm"eUl.ent s. 

Apparatus. 

A student-type conductc.l..nce ,:icasm·emen.t set-up wo.s used.; It was composed 

of: (1) a standard res:i.sta.nce (L and N t"47l.5) t,ru.ch was a four-di.DJ. unshielded 

A C resistawe box., total l"'esi&tance ll,110 ohms, :::;tdps of 10 (l - 10 - 100 -

1000) oh."Us, acc~acy t Oa;;; · (2) a circular slidowire {L and 11 #4261),, length 

a.bout 3 5 em., resistance aho ut 100 ohms, · scale divided into 100 div'"isions 

which mav be read to O.l di vision, error :t 0 .. 5 division» the resistance of 

the end coils is 4,.5 times the resistance .of. the slide; (3) an &1dio 

oscillator-., .General Hadio Co • ., Type 813A., a 1000-cycle osclllator .of the 

tuning fork t.;rpe, output about 25 milliwatts, with no ri:u:n.~e than. 1% harmonics; 

(4) .an amplifier, composed of an electrom.•ay tube 6,M!GT ~s null point 

indicator and fb w other· ~'-lb Gs converted from l:1 hadar set; { 5) switches,, 

battery for powering oscillator a.rid Freas type concluctivl ty cells. 

Procedure~ 

Ten cUbic centilooters of' di stilled water was pipetted into a .Freas 

· conductivity cell- in a thermostat (at O :1:0.02°.,. 20 :1:0.02° and 35 *0.02°). 

The thermometer used was compared with one calibrated at the u. s. Bureau 

of Standards. After a,llo~dng the cell to age for twenty :minutes at 

· constant tamperatm·e, 10 ;mg.· of p~1derecl diphenyl keti.mine hych:ochlod.de 

7 one of its substituted ~alts were added, aecoxapanied by constant 

shaking (for about 3 niinu.tes} wi. th the :tight hand whil.e the stop watch 

was sta.i'ted by the left. The 1n:rr11ber of r eadir)2;S taken on the decade 

resistance box depended upon the rate of hydrolysis. In general, 

readings were taken up to fue half period. 
~·.· 



Hethru 2f .Qalculati on .. 

of t.ho ro lut.i. on depends on tt,e fact -l,lca t a~ the hyci1·olyuis p:t•o ceeds the 

1·el2:tively large, slou-movi:o.g ketimonium ion i.n I'l':lplace<l by the s.mal.l8r., 

consequentl;v the oonructivity of the m luti on increas\'.9s md the resistance 

decreases. 

·rho resistance !i of a solution in a. oonductivi~y cC?J.1 11.hose c.ell 

constant is ! is rela.ted. t,J tho concentration of thG 0lect1"olytc e ";;,'ld 

the equivalent conductance A of the electrolyl:,"} nt the concentration 

£ through the equatiom 

(2) 

at t 0 (3) 

wl:mi'e a :: initial concenti·ation or: 1wtinine. 

n,t t = t. 
= ( d'.. -'X) .Llke:t. + ':t" .Ll N/ly.C!P (l+) 

(5) 
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Substituting equations (3) and (5) into equation (4) one obtains 

I =_L _-f._ I+_!:_ I 

Rt f o -;- f O q /{:; ( 6') 

or / r I ) (-1 _ I ) {(. \ft -F. = X /foo 7f";: ( 6) 

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

is of the form 

kt = ln a/a-x 

which becomes, when proper substitution from equation on ( 6) is ma.de: 

kt = ln R O - R00/Rc - ln Rt/Rt-R c,0 

Hence a plot of log Rtfet-R= vs. t should give a straight line whose 

slope is equal to 0.4343k. One therefore measures the conductivity as a 

function of time to determine values of Rt. After allowing the reaction 

mixture to stand for several half lifes (greatly expedited for the slower 

reactions by raising the temperature) the resistance is a.gain measured 

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

is taken as Ra::1• 
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RESULTS 

Sample Da,ta. 

Table I. Sample J49830l, ,iate of Hydrolysis of 2-lfathyldiphenyl 

Kctimine Hydrochloride at 25.00 to.02°c., 10 mg. pe:r 10 cc. H2o (fig. l,a) 

Time (min.) R()jl loi:r 
1 

Rt 1 - Ro/Rt 

10 1111 · 0.709 0.5361 

20 1091 0.721 0 .. 5544 

30 1070 0.736 0.5784 

40 1044 0.'154 . 0 .. 6091 

;o 1028 0.766 0.630s 

60 1913 0.776 0.6498 

70 998 0.789 0.6757 

80 9$6 0.800 0.6990 

90 974 0.009 0 .. 7190 

100 962 0.819 0.7423 

llO 952 0.828 0.7645 

120 942 O.SJ6 0.7852 

130 933 o.a45 0.8097 

oC 788 .... _ _..._ -----... -

It shoold be noted that these two readings li'e on the best straight line 

which one m.av draw through the ex:pe.rimental points. 





Table II . Sample #498311, · ate of Hydrolysis of ,2-Methyldiphenyl 

Ketimine Hydrochloride at 25 .00 ±o.02°c . , 10 mg . per 10 cc . H2o ( i g . l ,b) 

Ti me (min. ) t(ohms) log 1 
d) 

1- ~ /Rt 
t 

10 1058 0.718 0. 5498 

20 1036 0.733 0. 5735 

.30 1017 0 .747 0. 5969 

40 998 .Jo'l60 o.6198 

50 982 0.773 0.6440 

60 967 0.785 o.6676 

70 954 0.796 0.6904 

80 942 o.805 0.7100 

90 930 o.816 0.7352 

100 919 0.826 0.7595 

110 909 0.835 0.7825 

120 900 0. 844 0.0069 

lJ) 892 0.851 0.8268 

cP 759 -----
Fran Fig. 1, b , two r eadings we .. :e taken for calculating the velocity 

k - 2. 250 - . 30 3' 

= ~.3o 3 ,J. 

By assuming no er rOI' in t but a variation of plus or minus one ohm in Rt, , 

we fini an um ertaint y in k of about five per cent . The above values of 

k25o lie with in the e:xperimental error . 

11 
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3 -1 L1 t= LI :t L1 :/ Table m. Rate Constants, k x 10 1n min. , H , S .!nS. F for 

Hvdglysis 9!.. Diphen,yl Ketimine Hydrochlorides. 

Unsubstituted 

6.85 
6.31 
6.62 
§,9§ 

Av.6.69 

0.458 

Av.0.458 

.~ 

12.92 
12.75 
11.~ 

Av.13.08 

~ 

2.39 
2.43 
.!J:1 

Av.2.41 

~ 

27.95 
221! 

Av.28.7 

68.75 123.3 
66.l 121.0 

67.4 122.2 

22.65 39.35 
23.0 37.0 
22.a 30.2 

106.7 
100.s 

103.6 

21.7 
22.4 

22.1 

432 
liQ 
436 

5.13 
2.tll 
5.23 

156.0 
154.9 

155.5 

37.4 
38.1 

37.7 

k 350 

14.05 
13,71 
13.8B 

18,700 

14,600 

16,200 

16,200 

17.,800 

21,600 

.t1 s I 
cal. / 0 c. 

58.3 

42.5 

44.l 

so. 5 

53.0 

72.2 

2100 

2500 

3600 

1800 

2700 

1000 
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The 1o~arithm of the mean ate constant plotted against the reciprocal 

of the absolute temperature gave a series of £POd straight lines ( ' i g . 2) . 

These lines have been drawn by the least-aqua es method g iving the proper 

statistical weight to each point . The corresponding ate equations were 

found to be: 

k 
= 10 12. s :to.3 

exp . (18,700*500)/ T min . -1 
unsubst'd . 

k = 10 
9.3 •o.J exp . (14,600±400)/RT min . -1 

2_-Cl 
9.0 + . l ... 1 

k :: 10 exp . ( 16, 20o±l00) /B.T min , 
.2.-lv e 

11.0 to. 5 -1 
k = 10 exp . (lo , 200±500)/RT min . 
£- Cl ll . 6 :to .1 -1 - exp . (17 , 800t 100)/RT min . k - 10 
E,-1· e 

15. 7 ±0~3 - exp . (21 , 6oot 300)/ liT min.-1 k - 10 
m- Cl 

The er ror limits in these equations i-1ere f ixedl, 5 as follOlfs . 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 o.f 

the logarithms of the mean velocity constants from the least squares 

line was then applied positively and negative:cy 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 introdlced into the entropy of activation diff erences 

is about 1 . 3 cal . / 0c. (corresponds to the exponent 0 .3 in most of the 

equations above), and into the heat of activation differences aoout 

100- 500 cal. , md inw the free energy of activation diff e1·enc es about 

300 cal. 



14 

DISCUSSION 

Table III emphasizes the interdependooce of both the potential energy 

( A H1 ) and the internal kinetic energy ( Al) on substituents . These 

q.ia1tities takoo to i.rethe a e a measure of the free energies of activation 

(A Ft ) • It is important to remem.be that the effect of a change in 

st ucture of reactant upon rate of reaction can be explained in terms of 

internal electron displacemm ts or of external electrical fields due 

to 2. substituting group, in terms that. is, of potential energies alone, 

only when there is a cancellation of othe1· effects due to the internal 

kinetic energies of the reactants . It may be shown that the quantity 

(RTln 

should vmish (where 1 and _g refer to reactants and t., the rate constant) 

whm tm internal kinetic ena'gi.es cancel. Thus the reactivity of 

.2-chlorodiphenyl ketimim hyd.rochlai:•ide can be oornpared with ~methyl-

diphenyl ketimine hydro chloride but not E-chlorodiphenyl ketimine 

hydrochl ide. Simil arly., that of .2-chlorodiphenyl ketimine hydrochloride 

can be compared with .2-methyldi.phenyl ketimine hydrodlloride rut not 

.2- methyldiphenyl k~timine hydrochloride . Unfortunate y , the ~-chloro-

diphenyl ketimine h~rochloride is left uncompared because we were 

unable to prepa ·e m- methyldiphenyl ketimine hydrochloride . 

Both of the crth substi tue ts exhibit a lowering of a:i.tropy of 

acti vat.ion and a decreased value of he t of activation . Apparently the 

influence of entropy of activation is here alone responsible and hence 

a decrease in rate constant . 
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SUMMA 

(1) simple conduc tivitq- me thod has been applied satisfactorily to 

the measurement of the rate f hydrolysis of diphenyl ketimine hydrochlorides . 

(2) The rate constants for the hydrolysis of the monchloro- and 

monomethyldiphenyl ketimine hydrochlor:irl es have been determined at 

temperatures of o0 , 20° and 25° (a.n:i 35° in one case) . 

(3) From the rate oonstant rreasurements the energies, entropies 

arrl free energies of acti. vation have been computed for the three 

monochloro- , the 2-methyl- , the .E,-methyl- and the unsubstituted diphenyl 

ketimine hydrochlorides . · 

(4) Tha-e is no apparent simple relation between the ena- gies of 

activation a.nd the effect of substit'4.cnts due to variation in the entropy 

of activation from ooe oompound to another . 

(5) The sta-ic or proximity effect noted in the ortho substituted 

compounds is not simply an entropy effect . 
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