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Kinetic studies of the reaction of Z-thiophenyl 2-thiopheneacetates with X-benzylamines in acetonitrile at 45.0
°C have been carried out. The reaction proceeds by a stepwise mechanism in which the rate-determining step
is the breakdown of the zwitterionic tetrahedral intermediatewith a hydrogen-bonded four-center type
transition state (TS). These mechanistic conclusions are drawn base on (i) the large magmritarnigosf (ii)

the normal kinetic isotope effectsiko > 1.0) involving deuterated benzylamine nucleophiles, (iii) the positive

sign of pxz and the larger magnitude pf; than that for normalx2 processes, and lastly (iv) adherence to the
reactivity-selectivity principle (RSP) in all cases.

Keywords : Aminolysis, Acyl transfer reaction, Stepwise mechanism.

Introduction

(0]

Aminolyses of ester compounds have been the subject « I
numerous kinetic studié$ Most of these reactions are XNHz2 + R=C—SCgHsZ
nucleophilic and in some of them curved Bronsted-type
plots have been found, which have been explained by th K-y
existence of at least one tetrahedral intermediate in th
reaction path and a change in the rate-determining step. Ky

In contrast to the generally accepted view of the past 2C R—C—SCgH4Z —> R—C + "SCgHsZ
30 years that nucleophilic substitution reactions at a carbor XNT-l xNH

. . . . . 2 4+ 2

yl group involve almost invariably the tetrahedral intermedi- T
ate, it has been shown recently that some acyl transfe st | -t
reactions can involve a concerted mecharisfost of these
studies are, however, carried out in protic solvents, typically
in aqueous solution. Recent results of aminolysis studies ¢ 3
esters and acyl halidéshave shown that the similar mecha- E .-
nism involving the tetrahedral intermediate also applies ir R— '---—st6H4z "HSCoH,Z ﬁ
aprotic solvents like acetonitrile. ‘ Lol — % RC

The following mechanistic criteria are proposed theoreti- X_NB.___Q6 |

7 : . | XNH

cally’” and found experimentdry to apply to the stepwise H
mechanism with rate-limiting expulsion of the leaving group Scheme 1
in the aminolysis of esters and carbonates. (i) The magni-
tudes of the reaction constamis (onu) andpz (o) [and  either positive or negativi(iii) The magnitudes obxy, Pvz
also the corresponding (B.we andBz (Bg)] values, based andpxz are greater than those for normaR processes?
on the macroscopic rate constarss (kd/ka)k, = Kk, for (iv) The deuterium kinetic isotope effects involving deute-
the simplified reaction given by Scheme 1, are largg) rated nucleophiles are normil/ko > 1.02%2 (v) The RSP
The sign of cross-interaction constamisin Eq. (1) where  holds,i.e. a fast rate is accompanied by a lower selecfivity.
i and j are the substituents on the nucleophile (X), thevi) There is a small positive enthalpy of activatid]*,
substrate (Y) or the leaving group (Z), are oppogite. ¢ 0 and a large negative entropy of activatitg?.'°
andpyz < 0)" to those for normal& processes or for acyl _
tranngers with rate-limiting formation of the tetrahedral log (i/ki) = pi0i + 0] + Py0i0] (12)
intermediate, T (oxv. > 0 andovz < 0). The sign opxz is Pxz = 0pzl00% = dpx/doz (1b)
always positive in the stepwise mechanism with rate-
limiting decomposition of the tetrahedral intermediatg, T
(Scheme 1), whereas in the concertg2l i®actions it can be

kg

%

Besides a change in the reaction medium from protic to
aprotic, a change in the acyl group R to a stronger electron
acceptor is also known to favor the stepwise mechanism
*Corresponding Author: Fax: +82-63-270-3416; e-mail: ohkeurWith rate-limiting decomposition of the terahedral inter-
@moak.chonbuk.ac.kr mediate, T(Scheme 1j:
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In the present work we carried out a kinetic and mechashown. The reactions obeyed clean second-order kinetics,
nistic study of the reactions of thiophenyl 2-thiophene-Egs. (3) and (4), indicating that there are no complications
acetates with benzylamines in acetonitrile at £&&0We  arising from competition of the fast proton transfer from an
varied the two substituents X and Z on the nucleophile anthtermediate, ¥, nor from general base catalysis by the
leaving group, respectively Eq. (2). benzylamine.

Not much is known about the aminolysis of heterocyclic Since the reaction were conducted in acetonitrile, reliabi-
lity of the magnitudeBx (B andBz(3y) determined using

ﬁ the Kavalues in water may be doubted.this respect, we
have recently shown that thé values determined by
| S C—8CeHaZ + 2XCoHiCHaNM, correlating the rate constants in acetonitrile wita(H-0)
MeCN (2)  are reliable in spite of the different solvéhOur theoretical
o 450C work!® of the solvent effects on the basicities of pyridines
|E_/[L/|| . has shown that although the absolute valueKgfdH:CN)
S C—NHCH,CgHsX + XCgHsCHoNH3 ™ SCgH4Z differ from pKy(H.0) a constantApK, [= pKa(CHCN)-

pKa(H20)] O07.7 was obtained. The theoretitaK,= 7.7 at
ester compounds. Therefore, kinetic studies have beeitie MP2/6-31G/MP2/6-31G level of theory is in excellent
carried out in order to clearfy the mechanism of the reactionagreement with the experimentapK, = 7.7 +0.3!* The
of the thiopheneacetate ester compounds. To our knowleddg®pK4([17.7) value was found to arise solely from the ion
there have been no reports of the kinetics of the aminolysisolvation energy difference of *Hion in water and in

of thiophenyl 2-thiopheneacetates. acetonitrile, AGS(H*) = 10.5 kcal mot, which corresponds
to ApK,= 7.7 Moreover, we are comparing the magnitude
Results and Discussion of Bx and; values determined for the reactions carried out

under the same reaction conditid®, in acetonitrile. The
The aminolysis of thiophenyl 2-thiopheneaceates with anagnitude of3x in Table 1 x = 1.07-1.92) is again much
large excess of benzylamines in acetonitrile followed the

simple kinetic rate law given by Egs. (2) and (3), where P it 0 o
thiophenolate anion and N represent benzylamine. H S H ,Q_SAr + HoNCH,CgHX ta H S ﬂ ,%_SA,
d[P}/dt = kovs[substrate] 3) ¥y 5)
Kobs= kn [N] (4) o sHaX
— [31 /Q—NHCHZCGWX + ArS + H'

The ky values were determined from the slope of the lineal
plot of kys against [N]. Theky values are summarized in
Table 1, where selectivity parametdrs,, the Hammettdx larger than those for the corresponding reactions with
and pz) and Bronsted fx and 3z), coefficients, are also anilines and other secondary and tertiary amifies=(0.6-

5

Table 1 The Second Order Rate Constahtsx 10° dn? mol? s? for the Reactions of Z-Thiophenyl 2-Thiopheneacetates with X-
Benzylamines in Acetonitrile at 45°C

Z b
X Pz Bz
p-Me H p-Cl p-Br
13.8 275
p-OMe 10.r 43.7 234 198 3.1%0.11 -1.32:0.09
7.27 141
p-Me 8.71 275 170 214 3.40t0.18 -1.39+0.06
H 3.80 145 110 138 3.83t0.16 -1.5#0.09
p-Cl 1.48 7.59 63.1 83.2 4.24+0.15 -1.74:0.17
0.741 52.5
m-Cl 0.518 3.72 42.7 37.3 4.56+0.16 -1.89:0.11
0.373 27.2
px°® -1.9%0.03 -1.59+0.08 -1.13t0.02 -1.10+0.03 pxz'= 2.13t0.24
Bx? 1.92+0.06 1.56+0.09 1.11+0.02 1.070.05

aThe o values were taken from J. A. De&tandbook of organic ChemistriylcGraw-Hill, New York, 1987, Table 7-Correlation coefficients were
better than 0.997 in all cas&%he [Ka values were taken from ed., J. BukinghBxationary of Organic ChemistnChapman and Hall, New York,
1982, 5th, ed. Z=p-Br was excluded from the Bronsted plgfaiue to an unreliablefa values. Correlation coefficients were better than 0.995 in all
cases’At 35 °C. YAt 25 °C. °The o values were taken from D. H. McDaniel and H.C. BrodvrQrg. Chem 1958,23, 420. Correlation coefficients
were better than 0.997 in all cas@&orrelation coefficients was 0.99The Ka values were taken from A. Fischer, W. J. Galloway and J. Vaughan,
Chem. Sa¢ 1964, 3588. Correlation coefficients were better than 0.995 in all cse®.67 was used for X p-CHzO. (reference H. K. Oh, J. Y. Lee,
and . LeeBull Korean Chem. Socl998 19, 1198.)
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1.0) but similar to those with benzylamings € 1.4-2.5).  Table 3 Activation Parametetdor the Reactions of Z-Thiophenyl
All of these latter values are for the thiol ester aminolysis2-Thiopheneacetates with X-Benzylamines in Acetonitrile

with benzylamines in acetonitrile which are predicted to  x 7z AH%kcal mol*  —AS*/cal molt K2
proceeded by rate-limiting breakdown of a zwitterionic

. . N . . OoM -M 54 50

tetrahedral intermediate,*TOn this account,e. large B« F}OMZ P Bre 57 43

values obtained, the aminolysis of thiophenyl 2-thiophene- P al FTMe 5'8 55
acetate with benzylamines in acetonitrile is most likely to P P '

p-Cl p-Br 5.6 a7

occur by the rate-limiting expulsion of thiophenolate ion,aC

— + i alculated by the Eyring equation. The maximum errors calculated (by
ArS’, from T, Eq'.(4)' where the proton IS. Cor.lsumed by theth method of K. B. Wiberdg?hysical Organic ChemistryWiley, New
excess benzylamine present in t_he s_olutlon in a subsequefk, 1964 p378) are +0.6 kcal mdland +2 e.u. foAH* and AS,
rapid step to form benzylammonium ion. The rate constantespectively.

kn in EqQ. (3), is therefore a complex quantity represented by

Eq. (6). benzylamine. The consumption of proton by the excess
K benzylamine should therefore take place in a subsequent
ky = [a [k, = K [k, (6)  rapid step.

The low activation enthalpieAH?”, and highly negative

The magnitude o8, (B,) values 3z =-1.3~-1.9)is also  activation entropies)S*, (Table 3) are also in line with the
comparable to or greater than that for the similar reactioproposed TS. Especially, th®H* values are somewhat
with rate-limiting expulsion of ArSin acetonitrile ;= lower and theAS™ values are higher negative values than
-1.2 ~-1.6). other aminolysis systertfs The expulsion of RSanion in

The proposed mechanism is also supported by a largie rate determining step (an endoergic process) is assisted
positive cross-interaction constantpxf=2.13) and by the hydrogen-bonding with an amino hydrogen of the
adherence to the reactivity-selectivity principle (RSP),benzylammonium ion within the intermediaté, This will
which are considered to constitute necessary conditions fdower theAH” value, but the TS becomes structured and

the rate-limiting breakdown of T rigid (low entropy process) which should lead to a large
The kinetic isotope effects (Table 2) involving deuteratednegativeAS™ value.
nucleophile, XGH4,CH;ND,, are normalk./ko > 1.0) sugg- In summary, the reactions of thiophenyl 2-thiophene-

esting a possibility of forming hydrogen-bonded four-centeracetates with benzylamines in acetonitrile proceed by a

type TS® as has often been proposed. Since no basstepwise mechanism in which the rate-determining is the

catalysis was found (the rate law is first order with respect tdreakdown of the zwitterionic tetrahedral intermediate with

[N], Eg. 3). the proton transfer occurs concurrently with thea hydrogen-bonded four-center type TS.

rate-limiting expulsion of RSin the TS but not catalyzed by =~ These mechanistic conclusions are drawn based on (i) the
large magnitude gbx andpy, (ii) the normal kinetic isotope

5 effects ku/ko>1.0) involving deuterated benzylamine
T:) ) nucleophiles, (iii) a small positive enthalpy of activation,
| . 350 .7 AH?, and a large negative entropy of activatib®’, (iv) the
s~ CH | ;o positive sign opxz and the larger magnitude pf; than that
HN&* N for normal &2 processes, and lastly (v) adherence to the
————— H ,
| RSP in all cases.
CH,
sHaX Experimental Section
Proposed TS Materials. Merk GR acetonitrile was used after three

distillations. The benzylamine nucleophiles, Aldrich GR, were
Table 2 The Secondary Kinetic Isotope Effects for the ReactionsuSed without further purification. Thiophenols and thio-
of Z-Thiophenyl 2-Thiopheneacetates with Deuterated X-Benzyl-pheneacetyl chloride were Tokyo Kasei GR grade.
amines in Acetonitrile at 45C Preparations of thiophenyl phenylacetatesThiophenol
X Z x10 MY kox10 (MsY)  kiko derivatives and thiopheneacetyl chloride were dissolved in
anhydrous ether and added KOH carefully keeping temper-
pOMe pMe  13.8¢0.25) 8.57¢0.06) 161:0.08 ature to 0-5°C. Ice was then added to the reaction mixture

-OMe H 43.7¢1.0 28.5¢0.4 1.53:0.04 . o
S_OMG p-Cl 23 455.0)) 16352_0)) 1.44¢0.04 and ether layer was separated, dried on Mg8@ distilled
P-OMe pBr  2755.5) 2036:2.5) 1.35:0.03 under reduced pressure to remove solvent. The melting

p-Cl  p-Me 1.48¢:0.01) 0.866¢:0.005) 1.710.02 point, IR (Nicolet 5BX FT-IR)!H and**C NMR (JEOL 400

pCl H 7.590.07) 4.83¢0.04)  1.570.02 MHz), data are as follows:

p-Cl  p-Cl 63.1¢:0.9) 42.6¢0.5) 1.48:0.03 p-Thiotolyl 2-thiopheneacetate m.p. 65-67 °C, IR

p-Cl  p-Br 83.2(:1.0) 59.9¢0.8) 1.3%£0.03 (KBr), 3104 (C-H, thiophene), 1701 (C=0), 1575 (C=C,
aStandard deviations. aromatiC), 1473 (C'H, Cb‘l, 1327 (C'H, CH), 695 (C'H,
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aromatic);'H NMR (400 MHz, CDCJ), 4.01 (2H, s, Ch),
6.96 (2H, m, thiophene), 7.23 (H, dd, thiophene), 7.28 (2H,
d, meta aromatic), 7.34 (2H, d, ortho aromatid; NMR
(100.4 MHz, CD@J), 195.1 (C=0), 136.0, 135.5, 133.3,
131.2,129.3,129.1, 127.7, 127.2, 125.4, 43.6.

Thiophenyl 2-thiopheneacetate liquid, IR (KBr), 3087 5
(C-H, thiophene), 1695 (C=0), 1578 (C=C, aromatic), 1476 ~
(C-H, CH), 710 (C-H, aromatic)!H NMR (400 MHz,
CDCl), 4.03 (2H, s, Ch), 6.93 (2H, m, thiophene), 7.22 (H,
dd, thiophene), 7.24-7.59 (5H, m, aromatitIC NMR
(100.4 MHz, CDGJ), 194.7, 135.6, 135.4, 133.5, 129.2,
129.0, 127.6, 127.3, 125.7, 43.5.

p-Chlorothiophenyl 2-thiopheneacetate m.p. 87-89C,

IR (KBr), 3101 (C-H, thiophene), 1703 (C=0), 1569 (C=C,
aromatic), 1475 (C-H, C#| 707 (C-H, aromatic)H NMR

(400 MHz, CDC}), 4.05 (2H, s, Ch), 6.94 (2H, m, thio-
phene), 7.21 (H, dd, thiophene), 7.25 (2H, d, meta aromatic),
7.30 (2H, d, ortho aromaticy’C NMR (100.4 MHz, CDG),
194.0, 135.9, 135.6, 133.7, 129.4, 129.2, 127.9, 127.1, 125.9,
43.8.

p-Bromothiophenyl 2-thiopheneacetatem.p. 93-95°C, 4.
IR (KBr), 3110 (C-H, thiophene), 1698 (C=0), 1572 (C=C,
aromatic), 1470 (C-H, C#\ 698 (C-H, aromatic)H NMR
(400 MHz, CDC}), 4.03 (2H, s, Ch, 6.97 (2H, m, thio-
phene), 7.21 (H, dd, thiophene), 7.24 (2H, d, meta aromatic),
7.36 (2H, d, ortho aromatic’C NMR (100.4 MHz, CDG), S.
194.5 (C=0), 135.7, 135.6, 133.3, 129.1, 129.0, 127.4, 127.1,
125.5, 43.4.

Kinetic Measurement Rates were measured conducto-
metrically in acetonitrile. The conductivity bridge used in
this work was a homemade computer-automatic A/D con-
verter conductivity bridge. Pseudo-first-order rate constants, 7.
kobs Were determined by the Guggenheim methedth
large excess of benzylamine. Thkevalues were reproduci-
ble to within + 3%.

Product analysis Thiophenyl thiopheneacetates was 8
reacted with excess benzylamine with stirring for more than 9.
15 half-lives at 45.0C in acetonitrile, and the products were
isolated by evapolating the solvent under pressure. Th
product mixture was treated with column chromatography, 5
(silica gel, 20% ethylacetate-n-hexane). Analysis of the
product gave the following results.

CsHsSCHzC(:O)NHCH 206H4: m.p. 67-69’(:, IR (KBI’),
3095 (C-H, thiophene), 1695 (C=0), 1591 (N-H), 1579
(C=C, aromatic), 1468 (C-H, GH 672 (C-H, aromatic)H
NMR (400 MHz, C}), 3.81 (1H, s, NH), 4.35 (2H, s, G
7.32-7.41 (9H, m, aromatic ring}*C NMR (100.4 MHz,
CDCl), 200.8 (C=0), 139.3, 134.4, 133.0, 130.2, 129.9,15
129.3, 128.9, 128.7, 128.2, 126.9, 126.4, 123.6, 50.1.

Acknowledgment This work was supported by Korea
Research Foundation Grant (KRF-2000-015-DP0209).

13.

14.

16.

References 17.
1. (a) Oh, H. K.; Shin, C. H.; Lee,J. Chem. Soc., Perkin
Trans. 21993 2411. (b) Oh, H. K.; Shin, C. H.; Lee J.

Chem. Soc., Perkin Trans.1®95 1169. (c) Oh, H. K,;

18.

Hyuck Keun Oh and Juri Jeong

Shin, C. H.; Lee, IBull. Korean Chem. Sod 995 16,
657. (d) Oh, H. K.; Yang, J. H.; Lee]ht. J.Chem. Kinet
200Q 32, 485. (e) Oh, H. K.; Kim, S. K.; Cho, I. H.; Lee,
I. J. Chem. Soc., Perkin Trans2R0Q 2306. (f) Oh, H.
K.; Kim, S. K; Lee, H. W,; Lee, New J. Chen2001, 25,
313.

(a) Bond, P. M.; Castro, E. A.; Moodie, R. B.Chem.
Soc., Perkin Trans. 2976 68. (b) Cresser, J. M.; Jencks,
W. P.J. Am. Chem. Soit977, 99, 6963, 6970. (c) Castro,
E. A.; Freudenberg, Ml. Org. Chem198Q 45, 906. (d)
Castro, E. A.; Santander, C. IL. Org. Chem1985 50,
3595. (e) Castro, E. A.; Ureta, C.L.Org. Chem199Q
55, 1676. (f) Castro, E. A.; Salas, M.; Santos, JJ.®rg.
Chem.1994 59, 30. (g) Castro, E. A.; Araneda, C. A.
Org. Chem.1997, 62, 126. (h) Castro, E. A.; Garcia, P,
Leandro, L.; Quesieh, N.. Org. Chem200Q 65, 9047.

3. (a) Buncel, E.; Um, I. HI. Chem. Soc., Chem. Commun

1986 595. (b) Buncel, E.; Um, I|. H.; Hoz, &.Am. Chem.
So0c.1989 111, 971. (c) Um, |. H.; Lee, G. J.; Yoon, H. W;
Kwon, D. S.Tetrahedron Lett1992 33, 2023. (d) Um, I.
H.; Yoon, H. W,; Lee, J. S.; Moon, H. J.; Kwon, D.JS.
Org. Chem1997, 62, 5939.

(a) Williams, A.Adv. Phys. Org. Chemi992 27, 1. (b)
March, J Advanced Organic Chemistrfth ed.; Wiley:
New york, 1992. (c) Cullum, N. R.; Renfrew, A. H.;
Rettura, J. A.; Taylor, J. A.; Whitmore, J. M. J.; Williams,
A.J. Am. Chem. Sot995 117, 9200.

Menger, F. M.; Smith, J. H. Am. Chem. S0&972 94,
3824.

6. (a) Palling, D. J.; Jencks, W.P.Am. Chem. S04984

106 4869. (b) Jedrzejczak, M.; Motie, R. E.; Satchell, D.
P. N.; Satchell, R. S.; Wassef, W.N.Chem. Soc., Perkin
Trans. 21994 1471. (c) Yew, K. H.; Koh, H. J.; Lee, H.
W.; Lee, I.J. Chem. Soc., Perkin Trans1995 2263.

() Lee, IBull. Korean Chem. So994 15, 985. (b) Lee,
D.; Kim, C. K. Bull. Korean Chem. S04995,16, 1203.
(c) Lee, I.; Lee, D.; Kim, C. KJ. Phys. Chem. A997,
101, 879.

Lee, Adv. Phys. Org. Cheri992 27, 57.

Lee, |.; Lee, B. S.; Koh, H. J.; Chang, B.Bull. Korean
Chem. Socl995 16, 277.

0. Neuvonen, HJ. Chem. Soc. Perkin Trans1995 951.

Neuvonen, HJ. Chem. Soc. Perkin Trans1287, 159.

. Exner, O. InCorrelation Analysis in Chemistry, Recent

Advances Chapman, N. B., Shorter, J., Eds.; Plenum
Press: New York, 1978; ch. 10.

Lee, I.; Han, I. S.; Kim, C. K.; Kim, W. K.; Kim, Y. B.
Phys. Chem. 200Q 104, 6332.

The averag@pKa = 7.7 £ 0.3 was obtained from 2Kp
values for alkyl and alicyclic amines reported in: Coetzee,
J. F.Prog. Phys. Org. Chemi967, 4, 45.

(@) Oh, H. K.; Woo, S. Y.; Oh, C. H.; Park, Y. S.; Leé, I.
Org. Chem 1997, 62, 5780. (b) Koh, H. J.; Han, K. L.;
Lee, I.J. Org. Chem1999 64, 4783.

(a) Pross, AAdv. Phys. Org. Chent997, 14, 69. (b) Lee,

I.; Lee, H. W.Collect. Czech. Chem. Commuir999 64,
1529.

(a) Lee, IChem. Soc. Re%¥994 24, 223. (b) laacs, N. S.
Physical Organic Chemistr2nd ed.; Longman Harlow:
1995; p 186.

Guggenheim, E. A2hil. Mag 1926 2, 538.



