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n-Butylanmine rescts with phenyl dlohloroacetate in
oyolohexane following third order kinatios onl!-'Hh'n

" ‘the saps regction was oarried in syslohexenesdioxen. .. -~
plxture, the rata of the reastion wee found to increaca ’
ed the percent of dloxen in the mixture is inoreaséd.
These resﬁlts puzrest thet the seeond order term 1nithe
p3inclysis of esters In dioxan, reported previously,

repreeenit & solvent eatalyred prooesa, The poseslbls

mechanisma of surh picrisGed are dlscussed,

Introduotion

i 2' | . . i
Satchell and Secomskl hove clalimed that the aminélysis bfkésters

by 1°%7 op 2ary amnines in diethyl ether obeys the’ rste equation (1)

4 [ester) /et = k, [estar][amina] + k3 [eater] [amine_] censl)

and that added tartiary amines do not acoelerute the recction. It H'"

further argued that these observationa rigoruusly u:clude thu

. »

# Chemistry Department, Faculty of Science, Universlty of Calro,
Celro, Egypt.

— g —



— 00 —

possibility of the partioipation of the molvent in & path involving
only cone emine molecule,

Preéuousu reported resulte’ have shown that only 1°77, and not
2‘r7, gnines lead to rate squation {1); 2877 gmipnes have besn found
to lced exolusively, to an sxpression first order in emina, as shown

in squation (2]1’33
—d[huter]/dt = kzl?sta;liamine] seasaeves(2)

It was ghowm in several repoftsi;hat sgter amindlysis im subject toe
both inter- and intramolecular base catalyulu.i's'b
It hae been our expesrience that for the experimental conditlons
carrlied for the n-butylaminolysie of p—nltrophanyiaoatnta-1ntestigate
by Satchell and Seoamskiz. third order kinetios mey very coaslily esoq]

detectlon.1'5 This sheds doubts en Satohell’s aonolusions, and we
thourht 1t 1s Iinteresting to investigate the anlnolysis of egters in
different solvents. The oystems investigated in this work include tt
reactlon of phenyl dichloroncetates with n-butylamine in o¥olohexanse
and in cyclohexane-dloxan mixtures, The erme anlnolyele Teaction wan
raperted before in dla:an.1 Cyclohexene ond dloxan were chosen beem
they have almoot similar dielectrle constnnke, but differ in thelr
ability to Interact with the solute moleoules. If the molvent ployas 1
rols, the kinetlos of aminolysis in elthor solvent or in thelr miriu:

“would be expeoted to be the ceme.

Experimental

Eatorials; Cyolohexane end Adfoxan were Matheson, Colemen and Béll
Spectroqu~llty resgents grode solventss Their purlty wae ohsoked by |

uv and vepor vthase chromatographls snalysie.
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rifisd Wy ‘sboring overplght over wodius hydresile peilets; bthem
stilled from fresh sollivs mﬁt péllate ulug l 18-1m. Vigreux
Tvms. The fractice. heving cometsud b,ps sas sallected and bored
, an smbey 513w botile ovar fr4sh soliwm hydvexide pslleld. 2hx dagTe
ww—mw-a—n-ummm Ty vapor
w54 shrowmopvaghitc omiiyele. A slsem oimgie posk s abkatued,
dlsating almost 1008 purity. Ita physisal cmirtma e ngresd with
wae in sha lltlrltlrh‘ y ’
Phenyl dichlorcasetate was preparsd from aishlercasetyl mrm'?
4 pharol as Jeearibed prnvloull_y.l Ity pieraisel sonstuniz eled-agréed

th 1iterature valun,

Elnetien; A Bwawsh sn? Losb Bpeotremic 5095 ur tpsatrepheronsier
Lth jacketed sell ecwpsriwent malntained st 29.§ % 0.7° wes wred for
ne XAmi¥ie Wm The resotions =ers sayiiad out im 1-om p st
|- axs -8 onpered n--ﬁ ailies pbmorpéiva ceils, Tie prossdure of falio' !
n-"mmsau £f tws Teeotiens; and the mtﬁoﬂn--&t tresding She drfe

are similar to those dsscribed wninuﬂ.r.i

Stolshicmetry amd Inl&tnn of Produsbe: Anthsntls sewnles of
.n-batyldizaloroasstomide wos prepmred by imdspendent methoda, When
he resation bf Pheuyl dishlercasstate with n-pukyiawine war esrried
nt on laberabory ntlll. bh- P sbrd ﬂsm abiminad in abﬂt
gl yield and wam '.Hnmtl wivh e ﬂduhbl-s mreele.

R

In all M- n-s she enpar ‘sonemptation waz naintntesd &t '_

.0 'Y ;l_.s__ s r.:hcrm m.n- umtntnun was varisd tg,gm r-w:e

.01 te @.1 W, Thip essass poncentrstion of awine led Yo “panmde—
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firet order dleappearance of ester, The regotlopg were follgwed by '
rate of appearance of the phenol pesk et 274 mu, The observed firzt I
order rate constents, Kgy., wera ealeulnted Crom plets of leg (Q’-Dt]
¥s, tips, where D, end D, represent the opileal dengitles, wt tho
choaen wave length, at Infinits time =rd at sny Interval *t', respsct-
ively, a3 expigined previouslr.i ¥eluea of kahy pars norpelly reprod-
ucivle to ¥ 3% or batﬁer.

The kinetlc date arpg included in Table L. Far the reaction of
phenyl dlehloroacetate with m-butylemine in cyelohexens, the follomirg
relatlon wes obtalrped:

Kope/ (emine] = Ky [mmine] ciureevsne(3)
Thls is 1llustrated in Fig.l, whore a plgt of kobn/‘§m1"°] ¥e, [amlnqj
nlves a strelight llme, ﬁhnsu alope im egusl to kﬁ'

Nerults for A serles of experiments far the remotlon af phenyl
dlchloroacetate and n-tutylamine kn cyolohsrani-2icxsn mixtures are
rapresented in Table 1. In thie eerles, both aster snd amine conmoent-
rations wers held constnnt end the solvont coaposlitlen wps warled.

The data Indicate that et censtent emlns aoncenbratlon, thera im A
gredual incronse in the rate of the reactlon as tlis ratlo of dicxen ta
eycloherane 1ln the reaction mixture 18 Llnoreased, then the rate event-

ually levels off &t hish conoentratliens of dloryen, as san be chearved

in Flg. 2.

Discuselan

In.a reactlon Eyatem contaliilng the ester and n-butyleomlne thare
are threa possible pathways that may be vonsidered; (n) the uncatnlyer

reacticn, {b) base-catalyzed resation and {o) gsolvent-catzlyned renctlon.
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If g)]1 three pathways wers operating simultansously, the overall

rete erprecslon -ould be glven byt

rate = k,(E][A] + X5|E}[A}* + k;[xj[n}[aj srvesanees(l)

xhore E, A and 8 7efer te the éutar. amine and solvent respsotively.
In eyclohoxane, the oatalytlo contribution eof the golvent molecules’

15 ohsent. Acoordingly, the rate equation {1} would be redused tor
rate = kz[E][AJ + ka[E][hlz au-.-aouooc.‘z,

The evailetle deta indlchte, however, that on%f the tﬁlrd ordex
pathuay 1f operating for the eminolysis in oyclohexane, Thie eonclurion
1e in amccordence ulth Menger'em reéultss for the aminolyels of p-nitro
phenylanctete in chlercbenzene, where the sesond order term in amine,
is bthe only term obeerved., The dbsence of the seoond order bterm when
cyclohaxane is the solvent suggests that the second order term obtalned
for the n-tutylaminelysls cf phenyl esters in dlo:an1 repregents
a solvent catelyzed reaction. Also, the fact that the overall rate
of the fegctlon of phenyl chloroacetate with n-butylemipe increpm-~r
as the percentage of dloxan lncreases when the reactlon ir carried
cut 1n cyclohexene-dlexen mixture, substantlates thisz concluslon.

An elternste explanation for the disappearance of the overall
gaaond crder term 1B that in hydrccarbon solvents, suoh ae cyelohexspe,
the mnmlne exists predominantly in the dlmerlzed form. This is becoufn
hydroren bonding te the solvént iteelf w11l be less proominent. Under
guch conditions, the amine oatelyzed pathway becomes the predominant
onc. Thls explanatlen, although seems reasonable, ie consldered
unlikely because the linear relatlonship of kobsf[unine} vs.[nmiﬂé]

{Fir. 1}, meons that n-putylamine nust exlst eopantlelly elther all



T

in the monomerlc form or in the dimerie form; in the concentratlion
range used, If both monomers and dimers were preeent in sppreclabl
emounts 1q the concentration range uzed in this gtudy, then a plet
koba/[amins] VG, Euminé] would be curved. At lewer concentratioen
there would be a lower percentngs of reastive dlmers in solublen
than at higher concentration. Nevertheless, the data do nobt exelud
2 pltuatlon in whioh there 18, for examplas, 1% mr mers snd 993 Jim
This 1s considered unlikely since.lt would mean that the true third
order rs;éjqonstant for the reaction of n~tutylomine dimer wlth

the phenylﬁesterﬂin-ﬁyclohexane would be larger than that observed

in dioxsn.IThe values of k3 cbhtained in ecyclohexena and dioxan1 Wer

2.sec-1. recpectively.

found tc be 1.70 end 1.65 moler”
Considering the mechanlisd of the solvent-catalyzed pathway, 14 m
follow elther a concerted mechanlen Eg 1n;acheme I, cT a stoapulae

mechanism eccording to scheme II

i

R _
=2 BaCy.00-Fh ——3 RYCO,NH,B + PhOH.. .8
.‘lB-I‘NIIIHI.ls T o - ll-l-l(_I)

R.C0.0Ph + RNH, + 8

T

4

0 - Hlics :

1

R-C <" - Ph —) B.CO,HB.R + FhOH...5
H-

R- ..0--.‘11}

. .
R.CO,0Ph + RuH, + B o

-]

Althouzh the present kinetic data do not provide a direct evldence
to exclude completely any of these two possible mechenlsma, it is
felt that the concertsd mechanlsp (I) 15 very unlikely, eince 1t
1;norrs thy mast impertant sddition property of the oarbonyl group:
The follouinr fzebts eeem Also In faver of the stepwlse mechenlsm {1

{1) Ir the direct dlsplacement mechenlem {I) were operative, 1t
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might bE anfidipated that 4%: e reactivity of the ester increases,
-tﬁé rEaction wrld proceed more through thie pathway, eince in this
way it avolds going though the other multipla equilibrium ateps of
the baze-aatalyzed reaotlon sequenca; AL a result; the oontributien
of the letter Would be expented to ba small for the very reaotlve
dsteras such ag phenyl trichlorgaéetate and difluorcscetnte. Contrery
to thies, proviouy kinatlcs data1 of the same reaction sSystem 1n
dloxen 1nddeates that the ocontritution of thes thi:u order process
to the overall remotion genermlly increeses ms the reactivity of
the eetor inceeases. {L11) The obeerved applicability of Taft'a
relation for the observed second order rate constents for the
eninolyels of ssgters previously reportedi. mprests the possible
exlgtence of an aeddition intermedleta by analogy tu‘other regotion
corles where such a linear free energy relationship holds.io
{L11l) If the tremaitlon états (I} 15 the only omne botween the
roaotants (ester and amine) and the products (amide and phenol),
1t would ba diffioult to perssive why thia transition state would
form so muoch mors readlly 1n nucleophilia subatltutlon reaﬁtlons
at the carbonyl-carbon then the coyresponding transition staté'
of the dlsplacement of the alkoxyl zroup in 2n ether molecule.
{tv) A survey of the literature reveels that a direot displacement
meschaniam hes not yet been reported in any nueleophilic substitution
reactlon at spo-hybridized carbon atom,

Based on the foregolng arsumente, it is felt that a atepwlse

mechenlem {(II), for the second order amlnolysle reactlen, 1a mere

likely then the direot displacement mecheniem (I).
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Fig.1. Linear Plot of kgye/[auine] ves [anine)

for the reactlon of Phenyl dichloroacetate

with n-Butylamine in Cyclohexane at 25.5°.

Flz. 2. Dependence of kobs on percent Dioxen for

n-Butylaminolysis of Phenyl dlohloroacatate

-

in Cyclohszane~Dioxan mixtures,
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