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n-Butylanine reacts with phenyl dlohloroecetate ;n
oyolohexans following third order kinatics oply. Whwn

‘the sams regetion was osrrisd in eyolohexsne<diozen. .. -
pixture, the rata of the reaotion was found to increasa ’
es the percent of dlexen in the mixture im inoreased.
These resﬁlts suzrest thet the seoond order term in fhe
painclysls of ecters in dioxan, reported previously,

representt & solvent aatalyged prooesas The poecibls

nechanisma of surh picrisGes are dlscuseed,
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Satchell and Secomekl hove claimed that the aminolysis of,eeters

by 1377 or zary emines in diethyl ether obeys the’ rate equation (1} :

-d[ester_]/dt: = ky [estar][amine] + k3 [eater] [amine_] eesne{l]

and that added tertiery amines do not acoelernte thHe reastion. It n""

further argued thet these observatlons rigorously uclude the
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possibility of the partiocipation of the molvent in a path involving
only one amine molecule.

Preéviously raported results1 have shown that only 1277, and not
2%, enines lesd to rate equation {1)s 2977 gnines have besn found
to lced exolusively, to sn sxpression firat erder in aming, as shown

in equation (2)1'33
~4[ester)/dt = k, [ester][mmine]  seieceies(2)

It was ghown in several repofta;;hnt sater amindlysis is subject to
both inter- and intramolecular baee catalyu!e.i'g'u
It has been our expsrience that for the experimental conditions
carried for the n-btutylaminolysie of p-nitrophenylsoetate investizate
by Satchell and Seoomskiz. third order kinetios mey very easily esoaq|

detectlon.1'5 This sheds doubts on Satohell'’s oonolusiona, and wa
thourht 1t 15 Interesting to inveatigate the aminolysis of eaters in
different ecolvents. The cystems investigated in this work include &t
reaction of phenyl dichloroncetate with n-butylamine in cyolsohexanae
and in cyclohexane-dioxan mixturee, The some aminolyels reaction wao
reperted before in dloxan.1 Cyclohexmne end dloxon were chosen bacan
they have elmoot similar dielsctric constante, but differ in thelir
ability to interact with the solute molecules. If ths motvent ployas 3
role, tim kinetios of aminolysis in eltior solvent or in thelyr mizdw

would be expeoted to be the same.

Experimental

Katorisls: Cyolohaxane snd dfoxan were Matheaon, Coleman and Bell
Spectroqu~llty reagents grade solventss Their purity was oheoked by

uv and vapor thase chromatographioc snalysie.
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n-Butylsuine was yarchased from Haihssow, m-nmnen o 15 vaz

rifisd by 'Bboring overplsht over wodlws nyemﬂﬂo peilete, Shen
stilled from frash sodiva kdrouile pellets uiisg & 15-in. Vigreur,
lums. The Trsciics hewisg comstand b.p. sas celleoted and sbored
. an smbey glame DotWle owar frask sollum byldvexide pslledd. lia degre
. peSilly wme determinsd by Swid-duge Vitrsiisw and oheebed by vapor
sss chroasjogvaplitc catiywin, A sleam oimsis pesk was obbatued,
Zlsating almost 1008 purity. Its plysiesl sumstwste sgrasd with
e in the 11““:-0.‘ " )

Pheryl dlehlorogeetats was preparsd from dishiercassiyl -h!.orﬂ.-"
4 phanol ez deeoTibed u'ul!.cmlly.l 1ts phyaissl sonsimats eles-agreed

th 1iterature nlu."'

Einstions A Bemweh sn? Losb Spestronio 503 ur cpsstrsphetomeder
th jacteted sell eowpsriwent matutsized st 5.5 % 0.1° was wred for
"¢ kima¥io wessuTOmeRts, The rcastions weze ssxided out im toom areur
ass-stonpered fused silied pbmorPhica owlils. The prossdure of felio't
ul ¥irstles of tes Tesotiens; and the mtiwdn-ar tresdling Ghe drte

sre similnr to those desEcribed ||:|-"it»'ﬂl'1r.1

Stolehicmetry amd Inl;t‘&na of Predusbe: Authsutle sewples of
-n-tutyldighlorcasstoside was prepured by imd<pendent nethoda, When
he resaticn vy phanyl dishierossstate with n-dekylawins war earried
it on 1abeiabory seala, bhe expéebed amide ues whimimed in about
% yieTd and was dembianl ¥ive W mechenbli wrevie.
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- Beeudita -
In ﬂ.l M-n- e espar ‘somsemirEiin waz mgintntesd At

.0 2 ;l.s Ty uham nn.m umtnl:nﬂm wms varied 1!& ' rouKe-

.01 to 8,1 N, This enau soncentrstion of amine led o ‘Illlh-
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£irot order dlsappearonce of ester., The reaptiong were followed by '
rate of appearance of the phenol peek et 274 mu, The observed fizzt .
order tatc constants, kopgy METO calculated from plets of log (Q,-Dt)
¥s, tipe, whare D, end D, represent the optlcal denaltlen, wnt tha
chonen wave length, at infinite tims and at ony interval *t', respsct-

s Valuea of k.., were normally repred-

ively, 03 explained vreviously.
uoibvle to ¥ 37 or beteer.

The kinetic datan are inclnBed iu Tatle 1 Far the reaction of
phenyl dlchloroacetate with zm-butylemine in cyrlohexens, the follomirg
relation was obtalred:

Kopg/ [amine) = ky [pmine] eierierane(3)
This is 1llustrated in Fig.l, whore a plot of kcbm/‘§m1n°] ¥E. [amlnqj
rives a ctrelght lime, whose slope im equsl to ka.

nepulhs for n serles of experiments far the remotlon af phenyl
dlchloroacetate end n-tmtylamine im cyalshsrany-2loxzen mixtures aore
rapresented in Table 1. In this serles, bath aster &nd amine conoernt-
rattons were held conatnnt and the msolvant coapositlon xas varied.

The data indicats that at censtent emlns aoncentzatlon, thera inm a
grodual lncrosse in the rate of the reacclon sr tlis ratio of dioxen tn
eycloherene 1n the reaction mlzture is lnoreased, then the rate event-

ually levels off at hish conoentratiens of dlozen, as 34n be obsarved

in Fig. 2.

Diecussian

In a reactlan Eyeten contaliling the ester and n-butylvomlne thare
are threa possible pathways that way be oonsidereds (a) the uncatnlyer

reaction, (b} base-catalyzed recetion and {¢) solvent-catalyBed reaction.
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If g1l three pathways wera operating simul tansously, the overall

rrta expression ould be glven byi

rate = k,(E][A] + X5|E}(A}* + k;[E][L][B] sversanses(l)

whore B, A and 8 7efer te the ester, amine and golvent respactively.
In eyclohoxane, the oatalytlo contribution of the golvent molesulesn

15 absent. Acoordingly, the rate equation {1) would ke reduced tor
rate = kZ[E][AJ + ka[E][ﬂlz 0.;-...-0..‘2’

The, evallatle deta indlckte, however) that on%f the third ordex
pathuay 1€ operating for the aminolysis in oyolohexane. This c¢onclucsion
is in accordence ulth Menper'e results9 for the aminolyels of p-nitro
phenglacctate in ctilerobenzene, where the second order term in amire,
i the only term obeerved, The absence of the seoond order term when
cyclohaxnne is the solvent suggesta that the gecond crder term obtalned
for the n-butylaminclysls of phenyl esters in dloxanl repreeenta
8 sclveut cetelyzed reaction. Also, the fact that the overall rete
of the resction of phenyl chloroscetate with n-butylemipe increcz-¢
as the percentage of dloxan Increases when the reaction 1F carried
ocut 1n cyclohexane-dloxen mixture, substantlatees this conclusion.

An alternste explanation for the diseppearance of the overall
gaaond order term 18 that in hydrecerbon solvents, suoh ae cyclchexnane,
the amine exists predominantly in the dlmerlzed form. This i3 becnusae
hydrogen bonding to tha solvént itgelf will be lesz prominent. Undey
guch conditions, the smine oatalyzed pathuay becomesd the predominant
one. This explanatlen, elthough seems reasonable, is conpldered
unllkely because the linear relatlonship of kobs/[anine} ve.[nm!uéJ

(Fie. 1), nemns that n-butylsmine tust exiet ecrantielly either all
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in the monomerle form oy in the dimerie form, in ths concentration
range used, If both monomers and dimers were preeant in appreclabl
smounts in the concentratlon range used in thies study, then a plot
kopg/ [amine) vs. [anine] would be curved, At lower concemtration
there would be a lower percentngs of reactive dlmers in solublen
than at higher concentration. Hevertheless, the datm do not execlud
a sltuation in whioh there 18, for example, 1% mr' "mers snd 997 3Iim
This 1s concidered unlikely since 1t would wrean that the true third
order rate constent for the reaction of n-tutylauine dimer with

the phenyl ester in cyclohexane would be larger than that observed
in dioxen, The wvalues of k3 cbtaeined in eyclohexans and dloxan1 Wer

2.sec-1. respectively.

found to be 1.30 end 1.65 molar™
Conegldering the mechanlen of the solvent-catalyzed pathway, it =
follow elther a coneerted mechanien eg in, echeme I, cr a £topiulse

mechanism according to scheme II

R
R.CO.0fh + BNBZ +8 r— B-C...O-Ph —--) R4CO,NH,B + PhOH...S

T
= - B-N.-'Hu.-s . ’ ll'l-l(I)
- : ! ‘0 -Hﬂ-..s
BR.CO.,O0Ph + nnﬂz + B | B‘? - 0 - Ph ‘—‘9 B.CO.HH.R + PhOH...B
R-N-H ceeaelII)

Although the present kinetic data do not provide a direct evidence
to ezclude completely any of these two possible mechanisms, it is
Tfelt that the concertsd mechanlsm (I} 15 very unllkely, eince 1t
1;-nores the nagt impertant sddition property of the earbenyl groupf

The follouins feects eeer nleo In faver of the stepwlse mechenism (I

(1) If the direct dlsplacement mechenlsm (I) were operative, it
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might b onticipated that =% the remctivity of the ester increasos,
the regetion wmuld proceed wore through thie pathway, &ince in this
way it avolds going though the other pultiplé equilibrium ateps of
the baze-aatalyzed reaotion nequenca; AL a result; the ocontritutien
of the letter would be expented to be small for the Véry reactlva
dsters such ag phenyl trichlprozcetate and difluorcasetnte. Comtrary
to this, provious kinetlc dato1 of the same reaction gystem 1n
dloxen lndleats that the ocontribution of the thira order proceas
to ths overall remotion genernlly increeses mg the reactivity of
the setsr inceeavas. {11) The obtoerved applicebility of Tart's
relation for the obeerved second order rate constents for the
aninolyels of esters previously reportedi. supeests the possible
exlgtsnce of an eddition intermedlets by enalegy tu‘other regotion
cories whare suokh a linear free energy relationship holds.10
(111) If the trewmoitlon state (I} is the only one between the
Toaotants (ester snd Bmina) and the products (amide and phenol),
it would be diffioult to perssive why this transition state would
form so muoh morz readily in nucleophilis substltution reaﬁblons
at the carbonyl-carbon then the coxresponding traneitlon utat;
of the displacement of the alkoxyl mrour in n ether molecule.h
{tv) A survey of the literature reveeals that a direot displecement
mechaniem hee not yet been reported in any mucleophillioc substitution
reactlon at epz-hybrldtzed carbon atom,

Based on the foregoling arsuments, it 12 felt that a atepwise

mechanlem (II), for the second order aminolysls reactlon, 1a more

likely then the direot diaplacement mechaniem (I).
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Fig.l. Linear Plot of kgpo/[auine] vs. [e'unlna]
for the reactlon of FPhenyl dichloroacetate

with n-Butylamine in Cyclohexave at 25.5%

Flza. 2s Dependance of kobg on percent Dioxen for

n~-Butyleminolysis of Phenyl dlohloroacetate

in Cyoclohoazane~Dioxan mixtures,



], Liter/mole /sec.

PR ¥ i 2

1.6

4

1.2

1.0

— 98 —

[_n»l‘luNH?_] X 10, melar

O,
pin
/
I
/
{ | 1 | J 1 ' 1
(14 06 056 10 1.2



14

= =
) [N}
t i)

o
co
{

’!O2 X Kobs_,'.-‘.e(:--1
<
o

<
g
4

.
i
'

=nT

] [ P M
8 10 12 14 1 6

(. ) 1 1

Percent Dioxan




- 100 - _
Sl s b Lpdall

u e o

l.?“?:'" U'L"‘ Jﬂ-l. ok rg:-)ll L3 .h..ﬂl
st 8 PPURENTR L1 P . L AL P

el gp¥ 2l Sbpe ekl — 2 LTS &K R R Juatll (5
Ll Jalil gel Loy o B el ially g2thy. o2 AbJi gl N
PRI, ] 5+ FR) 6 el e ol a2 s o LSl A o LS.

ol s o Lall o

L.V gl el es ke ) add ladleds Bl

RN SRV o Y R Lol = fpd ¥ Ut afza sl G
v b el e dalh
HEP rdtaidisalt | eyl 3 iyt aiTlesol Kia g 520

PR L) PRED



