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The aminolysis reactions of thiophenyl phenylacetates with benzylamines are investigated in acetonitrile at
55.0°C. Relatively large selectivity parametgs,= 1.5, 3, =-1.5—1.8 andB3xz = 0.92 together with the valid
reactivity-selectivity principle are consistent with stepwise acyl transfer mechanism with rate limiting expul-
sion of the leaving group, thiophenolate anion, from the tetrahedral intermediafbgTirst order kinetics

with respect to the benzylamine concentration and the realtively large secondary kinetic isotope éKect (
=1.2-1.7) involving deuterated benzylamine nucleophiles suggest a four center type transition state in which
concurrent leaving group departure and proton transfer are involved.

Introduction It has been shown that thm, is large positive and a
higher reactivity is invariably accompanied by a smaller
The aminolysis of acyl compounds has been extensivelynagnitude of selectivity parameters, sucjp asdg, i.e., the
studied. The Bronsted type plots are used in these reactionsactivity-selectivity principle (RSP)holds, for the acyl
as mechanistic criteria. A biphasic dependence of the amiransfer reactions with rate-limiting breakdown of an inter-
nolysis rate on amine basicity showing a change in slopenediate, F.5¢6
from a large .= 0.8-1.0) to a smallGuc.= 0.1-0.3) value
has been attributed to a change in the rate-determining step Result and Discussion
from breakdown to formation of a tetrahedral intermediate
in the reaction path as the basicity of the amine nucleophile The pseudo-first order rate constants obsenied) (
increases. The aminolysis of thiophenyl benzoates with obeyed eq 3 with negligible (= 0) in acetonitrile. The sec-
benzylamines, however, exhibited an unusually lgg& ond-order rate constants,(M~1st) summarized in
uw= 1.86) in acetonitrile, which was considered to proceed _

t%rough a rate-limiting breakdown of a tetrahedral zwitteri- kovs= ko +ha [ BA] ()
onic intermediate, T2 Benzylamines are primary amines Table 1, were determined using eq 3 with at least five benzy-
with relatively high basicities (pK= 9.0) due to localized lamine concentrations, [BA]. No third-order terms were
cationic charge on the benzylammonium ion and their nucledetected, and no complications were found in the determina-
ofugality from T may be much different from that of the tion of kyssand also in the linear plots of eq 3. This suggests
secondary and tertiary amines, especially from a sulfur zwitthat there is no base-catalysis or noticeable side reactions
terionic tetrahedral intermediate since it is known thatArS and over all reaction follows the route given by eq. 1. The
is a poorer leaving group from*Than an isobasic ArO rate is faster with a stronger nucleophile and a better nucle-
group? In this work, we investigated the kinetics and mecha-ofuge as normally observed for a typical nucleophilic substi-
nism of the aminolysis of thiophenyl phenylacetates (1) withtution reaction.
benzylamines in acetonitrile at 55.0 °C, eq 1. The objective The px (onuc) andBx (Bwud values are presented in Table 1.
of the present work is to elucidate the mechanism by We note that the magnitude of the two selectivity parameters
is large. As we have pointed out previously, th@sgalues

ﬁ) MeCN can be considered to represent reliable values since although
2 XCeH4CHzNH2 + GsHsCH,CSGH.Z “B50C the absolute values of pkn MeCN differ from those in

water, a constamtpKa (pKamecn)- PKagpo) = 7.7 £0.3) was
I . experimentally found for 22 alkyl and alicyclic amirfe3ur
CeHsCH,CNHCHCeHaX + NH3CHCeHaX + ~SGHaZ recent theoretical work of the solvent effects on the basici-
(1) ties of pyridines indicated that th@K, (= 7.7) value arises

- r . solely from the ion solvation energy difference dfibh in
determiningBx(Bd, Bz(Big) and cross-interaction constant water and in acetonitriledAG® (H?) = 10.5 kcal mot

gﬁl'eegr? dzr:/\L/Ircliaergfl)J(gaen(r:ieiF;jeecr:ﬁ/z;ubstltuents In the nucleo; ich corresponds thpKa = 7.7, at the MP2/6-31G*//MP2/

6-31G* level® The Bx values (1.5-1.6) obtained in this work
log(kxz/KuH) = pxOx + P20z + PxzOx Oz (2a) is considerably larger than those for the corresponding reac-
Pxz = 0pz/ 0px = dpx | dpz (2b)  tions with aniline$and other secondary and tertiary amines



1018 Bull. Korean Chem. Sot999 Vol. 20, No. 9 Hyuck Keun Oh et al.

Table 1 The Second Order Rate Constakig10® dm? mot? st = dlogka / dpKa (X) — dlogka / dpKa (X)

for the Reactions of Z-Thiophenyl Phenylacetates with X- + dlogks, / dpKa (X)

Benzylamines in Acetonitrile at 55°C =B-BatBo (6)

Z pza sz - .
andf; = 0.2-0.3 so that the largg is due to the large mag-

pMe H  pCl pBr nitude ofB.a (= -1.3).

p-OMe 798 139 275 31.7 1.42+0.08 -1.47+0.07 In the conjugate acid forms of secondary and tertiary
6.68 26.2 amines, and also of anilines, the cationic charge is partially
5.52 21.5 delocalized and the sensitivity of the functional (positively

p-Me 414 757 153 178 1.50£0.08 -1.60+0.08 charged) N center to the substituent (X) variation should be
H 243 494 102 115 1.61x0.08 -1.66x0.11 |ower, i.e., B-a should be smaller in magnitudg-{ =

pCl 177 353 7.89 858 166+0.09 -1.69+0.09 —0.5~—0.7). For this reaction the ratho./ ky is also high so

mCl 1.01 203 481 573 1.79+0.09 -1.72+0.08 that the break point, pK where the nucleofugality of ben-

0.832 4.58 zylamine and thiophenolate is eqéflies above the pgs
0.681 3.66 of the conjugate acids of benzylamines used in this work,
pCR 0510 116 276  2.96 1.8420.07 -1.77#0.12 5nq 5 straight line Bronsted plot is obtained.
p¢ 154 -150 149 144 pg'= 0.9280.07  \e pote that the size @ (-1.5—1.8) is large, which is

004 +0.06 =*0.03 +0.05

Bx9 159 155 153 148
+0.06 +0.08 =+0.04 =+0.07

again an indication of the rate-limiting leaving group expul-
sion mechanism. For example, the reactions of thiophenyl
benzoates with benzylamines in acetonitrile atGhave

aThe o values were taken from Dean J. Mandbook of organic _limiti i
Chemistry McGraw-Hill: New York, 1987; Table 7-I1Correlation been proposed to proceed by the rate-limiting expulsion of

coefficients were better than 0.997 in all cas&he pk, values were  thiophenolate ion from=¥; the 3; values for these reactions
taken from ed., Buckingham Dictionary of Organic Chemistry ranged from-1.4 to—1.7, which are quite similar to the val-
Chapman and Hall: New York, 1982; 5th, ed. Z=p-Br was excluded fromag gbhtained in this work.

the Bronsted plot fo3; due to an unreliable pKvalue. Correlation . . .
coefficients were better than 0.996 in all cass45°C. %At 35°C. °The The cross-interaction constamtz (=0.92 +0.07) is rela-

o values were taken from McDaniel D. H.; Brown H.C.Org. Chem tively large (the corresponding value for the reaction of

1958 23, 420. Correlation coefficients were better than 0.997 in all¢h; ; iti
cases!Correlation coefficient was 0.996The pk, values were taken thiophenyl benzoates is 03)The large positivepxz and

from Fischer A., Galloway W. J.; Vaughandl.Chem. Soc1964 3588.  adherence to the RSP (Table 1) also support our proposed
Correlation coefficients were better than 0.996 in all cases. X =f®CH mechanisn.

was excluded from the Bronsted plot {8t (benzylamine) due to an inatic i i i
unreliable pK value listed. The pKvalue for p-CE (g, = 0.54, pl = The kinetic isotope effects (Table 2) involving deuterated

8.76) were determined by extrapolation usingalue in the following  Penylamine nucleophile8 XCeH4CHzND, are greater than
eq.; pka=(-1.16 £ 0.05 o +(9.39£0.02), n =10, r = 0.992. unity, ky / ko = 1.2~1.7, suggesting a possibility of forming
hydrogen-bonded four-center type transition state (TS) as
has often been propos&dThe ky/ ko value increases as

(Bx = 0.6-1.0) proceeding by rate-limiting breakdown of a

zwitterionic tetrahedral intermediate,*, Teq 4. On this o
account,i.e., large Bx values obtained, the aminolysis of T & ,
thiophenyl phenylacetates with benzylamines in acetonitrile Cﬁsc“ﬁ;ié}::i&

is most likely to occur by rate-limiting expulsion of thiophe- o

nolate ion, ArS, from T (k, step). The larger magnitude of
Bx values observed with benzylamine nucleophiles in the
present work is considered to represent a very sensitive be
zylamine expulsion raté ) to the substituent (X) variation Proposed TS

o) O

I ka Table 2 The Secondary Kinetic Isotope Effects for the Reactions
CeHsCHy—C—-SAr + XCgH4CHoNH, =

|
i CeHsCHz-C-SAm of Z-Thiophenyl Phenylacetates with Deuterated X-Benzylamines
- ' in Acetonitrile at 55.0C

NH.

Ko, GO & NHCH,CAHX + ArS+ He G X 2 KedOWs) ked0tis) Ko
éﬁH X p-OMe p-Me 7.98(x0.05)  5.87(x0.02) 1.36:001
) p-OMe H 13.9 (0.2) 105 (¥0.1) 1.32+0.02
p-OMe  p-Cl 275 (#0.6) 22.2 (x0.4) 1.24+0.03
ko= (ka/ka) ko =Kk (5) P-OMe p-Br 327 (¥0.8) 26.2 (0.5) 1.21+0.04
due to the loss of a strong localized positive charge on the p-Cl p-Me 1.77(x0.02)  1.03(x0.01) 1.72:0.03
nitrogen atom of the benzylammonium ion in the The p-Cl H 3.53(x0.01)  2.28(0.02)  1.55:0.02
complexkzvalue eq 5 leads to eq 6, whéds nearly zero p-Cl p-Cl 7:89(:0.05)  559(0.03) 1.41:0.01
p-Cl p-Br 8.58(+0.08)  6.97(x0.05) 1.23+0.02

Bx (= B = dlogke / dpKa (X) aStandard deviations.
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Table 3. Activation Parametetsor the Reactions of Z-Thiophenyl (C=0), 1515 (C-C, aromatic), 1475 (C=C, aromatic), 1468

Phenylacetates with X-Benzylamines in Acetonitrile (C-H, CH), 702 (C-H, aromatic)lH NMR (400 MHz,
X 7 AH/kcal mot:  -AS7cal mott K- CDCl), 4.15 (2H, s, Cb), 7.24-7.35 (10H, m, aromatic
- - ring); 13C NMR (100.4 MHz, CDG), 202.5 (C=0), 139.5,
pOme — pMe 4.7£0.1 >4+l 1343, 132.1, 131.4, 1304, 130.2, 129.0, 128.2, 127.9,
p-Om p-Br 5.4+0.1 4911
127.0, 125.9, 123.1, 51.2.
m-Cl p-Me 4.2:0.1 601 -Chlorothiophenyl phenylacetates m.p. 58-61°C, IR
m-Cl p-Br 5.5+0.1 52+1 P pheny! pheny -P- ’

KBr), 1710 (C=0), 1524 (C-C, aromatic), 1475 (C=C, aro-
ZCaI_ct!Iated by the Eyring equation. Errors shown are standar atic), 1459 (C—H, CB: 702 (C—H, aromatic),lH NMR
eviations. (400 MHz, CDCY), 4.16 (2H, s, Cb), 7.26-7.37 (9H, m,
expected from the proposed TS structure; it is larger as theromatic ring); 13C NMR (100.4 MHz, CDG), 200.3
acidity of the amine proton increases with a stronger elec€C=0), 139.3, 133.9, 133.1, 129.7, 129.3, 128.9, 128.5,
tron-withdrawing (X) substituent and as the negative chargd28.2, 127.1, 126.9, 124.2, 50.5.
on the thiophenolate ion becomes stronger with a stronger p-Bromothiophenyl phenylacetate m.p. 57-59°C, IR
electron doner (Z) substituent. (KBr), 1703 (C=0), 1501 (C-C, aromatic), 1468 (C=C, aro-
The low activation parametersi ~andAS™ (Table 3) are  matic), 1454 (C-H, Ch, 674 (C-H, aromatic)!H NMR
also in line with the mechanism proposed. The expulsion 0f400 MHz, CDC{), 4.12 (2H, s, Ch), 7.26-7.37 (9H, m,
thiophenolate anion is aided by hydrogen-bonding by theromatic ring); 13C NMR (100.4 MHz, CDG), 197.6
benzylamine reguiring not much energy in the activation bu{C=0), 139.4, 134.2, 132.9, 130.3, 129.8, 129.5, 129.1,
highly structured TS leads to large negative entropies of actit28.5, 128.1, 126.9, 126.6, 123.8, 50.4.
vation. Kinetic measurement Rates were measured conducto-
In summary, the aminolysis of thiophenyl phenylacetatesnetrically in acetonitrile. The conductivity bridge used in
with benzylamines in acetonitrile proceeds by rate-limitingthis work was a homemade computer-automatic A/D con-
breakdown of a tetrahedral intermediaté, The unusually  verter conductivity bridge. Pseudo-first-order rate constants,
large Bx (Bnud values can be accounted for by a strong local.ps Were determined by the Guggenheim method with large
ized cationic charge on the nitrogen atom of benzylaminexcess of benzylamirié Thek; values were reproducible to
expulsion from T (k). The breakdown rate ratio kf,/ ky within £5%.
is large due to large, and relatively smalt,. The proposed Product analysis Thiophenyl phenylacetate was reacted
mechanism is also supported by a large positive cross-intewith excess benzylamine with stiring for more than 15 half-
action constanfpxz (=0.92), adherence to the RSP, and lowlives at 55.0°C in acetonitrile, and the products were iso-
activation parameters. The greater than ukityko values  lated by evapolating the solvent under reduced pressure. The
involving deuterated benzylamines suggests a four-centgroduct mixture was treated with column chromatography

type hydrogen-bonded TS. (silica gel, 20% ethylacetate-n-hexane). Analysis of the
product gave the following results.
Experimental Section CsHsCH,C(=O)NHCH CH4: m.p. 60-62°C, IR (KBF),

1703 (C=0), 1594 (N-H), 1501 (C-C, aromatic), 1495 (C=C,

Materials. Merk GR acetonitrile was used after three aromatic), 1464 (C-H, Chi 675 (C-H, aromatictH NMR
distillations. The benzylamine nucleophiles, Aldrich GR, (400 MHz, CDC¥), 3.81 (1H, s, NH), 4.35 (2H, s, GH
were used without further purification. Thiophenols and7.32-7.41 (9H, m, aromatic ring}*C NMR (100.4 MHz,
phenylacetyl chloride were Tokyo Kasei GR grade. CDCls), 200.8 (C=0), 139.3, 134.4, 133.0, 130.2, 129.9,

Preparartions of thiophenyl phenylacetates Thiophenol  129.3,128.9, 128.7, 128.2, 126.9, 126.4, 123.6, 50.1.
derivatives and phenylacetyl chloride were dissolved in Acknowledgment The authors wish to acknowledge
anhydrous ether and added KOH carefully keeping temperahe financial support of the Korea Research Foundation
ture to 0-5°C. Ice was then added to the reaction mixturemade in the program year of 1998.
and ether layer was separated, dried on Mg8d distilled

under reduced pressure to remove solvent. The melting References
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