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Kinetic studies of the reaction of O-methy1-S-phenvlthiocarbonates with benzylamines in methanol at 43.0 °C
have been camied out. The reaction proceeds by a stepwise mechanism in which the rate-determining step is
the breakdown of the zwitterionic tetrahedral intermediate, T=, with a hvdrogen-bonded four-center tyvpe
transition state (TS). These mechanistic conclusions are dravwn based on (i) the large magnitude of px and pz.
(ii) the normal kinetic isotope effects (Au/kp > 1.0) involving deuterated benzylamine nucleophiles. (iii) the
positive sign of pyy and the larger magnitude of pyz than that for normal S)2 processes. and lastly (iv)
adherence to the reactivity-selectivity principle (RSP) in all cases.
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Cross-interaction constant

Introduction

Aminolvses of acetate,’ ester. and acvl compounds have
been studied extensively, however, much less is known about
the aminolvsis of tlhiophenvlcarbonates. In view of the
importance of predicting the effects of the acyl group with
thiophenyl leaving groups on the mechanism of anunolysis
of thiopheny]l compounds, we have used several different
acyl group with thiophenyl leaving groups in our studies of
the aminolysis mechanism.** In a previous work. we have
studied the kinetics of the aminolvsis of thiophenyl
dimethylacetates and trimethylacetates.- We have found that
the nucleophilic reaction of thiophenyl dimethylacetates and
trimethvlacetates in acetomtrile poroceeds by rate-limiting
breakdown of a tetrahedral intermediate, T, with a hvdro-
gen-bonded. four-center transition state.” The signs of cross-
interaction constants. p; in eq. (1). where 1 and j are the
substituents on the nucleophile (X). the substrate (Y) or the
leaving group (Z), are opposite (pxy >0 and pvz <) to
those for normal Sx2 processes or for acyl transfers with
rate-limiting formation of the tetrahedral intermediate. T*
(oxv <0 and pyz > 0).° The deuterium kinetic isotope effects
involving deuterated nucleophiles are normal, Aw/ip =
1.0.1‘:‘4‘6

log(z/bim) = puOx + P20z + Pz OOz (1a)
Pz = 9P/ dow = dpx/do: (Lb)

In this work. we investigated the kinetics and mechanism
of the aminolysis of O-methyl-S- phenylthiocarbonates with
benzylamines in methanol at 43.0 °C. eq. (2). The objective
of the present work is to elucidate the mechanism by
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determining Su(fBouc). Sz(B1y). cross-nteraction constant iz,
eq. (1), secondary kinetic isotope effects. and activation
parameters AH® and AS™ where X and Z denote substituents
n nucleophile and substrate, respectively.
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CH;OCNHCH:CsHaX + "NH:CH:CiHaX + SCHaZ  (2)

X = p-OCHj. p-CHs. m-CHs. H. p-Cl. m-CL
Z = p-CHa, H. p-Cl. p-Br. m-Cl. m-Br

Results and Discussion

The reactions were observed as first-order Aw in both
benzylamine. [N]. and substrates. [S]. as shown in egs. (3)
and (4). under the experimental conditions. Plots of b
against benzylamine concentration were linear accordance
with eq. (4). where %, and An are the rate coefficients for
solvolysis and aminolysis.

Rate = ko[ S] 3
kobs. = ko + kI\[N] (4)

respectively, of the O-methyl-S-phenylthiocarbonates. The
observed solvolysis rate constant was very small under the
reaction condition (4, = 0). The second-order rate constants
for amimolysis (ky) were obtained from the slopes of the
plots [eq. ($)]. These values. together with the Hammett
[p(Peuc) and pz(0127)] and Bronsted [ (Buc)] coefficients,
are shown i Table l. The rate 1s faster with a strong


mailto:iskoo@nongae.gsnu.ac.kr

92 Bufl Korearn Chem. Soc. 2003, Vol. 24, No. 1

nucleophile (3cy < 0) and a better nucleofuge (307 > 0) as is
expected from a typical nucleophilic substitution reaction.

The results in Table | reveal that the magnitude of the two
parameters (px and fx) are quite large. As we have pointed
out previously. these B value can be considered to represent
reliable values since although the absolute values of pKa in
MeOH different from those in water.*® The Sx values (1.6-
2.45) obtained in this work are considerably larger than
those for the corresponding reactions with benzylamines”
proceeding by rate-limiting break-down of a zwitterionic
tetrahedral intermediate. T*. eq. (3). The large SBx values
obtained the aminolysis of O-methyl-S-phenylthiocarbon-
ates with benzylamines in methanol are most likely to ocour
by rate-determining expulsion of thiophenolate ion. ArS™,
from T=.(k step). The large Bx values observed with
benzylamine nucleophile in this work are considered to
represent a very sensitive change in the benzyvlamine
expulsion rate (k) with substrate (X) variation due to the
loss of a strong localized charge on the nitrogen atom of the
benzylammonium in the T=.

it i
ke !
CHO C-SA1Z XCHCHNH, == CHO C:$nz 5
e i :
"NH-CH.C\H.X
) T
I i _
— CILEO-C-NICHCA X 1 Ar§T H*
k,
k= k_ k= Kk (6)

-A

The large px values (-0.80 ~ -1.03) observed in this work.
which is an indication of rate-limiting leaving group expulsion
mechanism. For example. the reaction thiophenyl dimethyl-
acetates and trimethy lacetates with benzylamines in acetonitrile
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at 53.0 and 60.0 °C have been proposed to proceed by rate
limiting expulsion of thiophenylate ion from. T*. the /%
values for these reaction ranged from -0.80 to -1.7.7 which is
are quite similar to the values obtained in this work.

The cross-interaction constants frz obtained are positive
and is similar to that (0.533) for the reaction of Z-phenyl
dithiobezoates with X-anilines in acetonitrile which is
known to proceed by rate-limiting break-down of a zwitter-
ionic tetrahedral intermediate. T* ! The positive pxz and the
larger magnitude of pxz than that for normal Sx2 processes
and adherence to reactivity-selectivity principle (RSP)
(Table 1) also support our proposed mechanism.

Secondary kinetic isotope effects involving deuterated
benzylamine nucleophiles are summarized in Table 3.
Benzylamines have two mobile protons so that in a general
base-catalyzed nucleophilic attack in Sy2 type concerted
processes one of the mobile hydrogens on the N atom will
cause an inverse isotope effect due to steric hindrance to N-
H bending vibration.- Thus. in such cases. the ku/kp values
are either less than wnity (inverse effect) or marginally greater
than unity (normal effect) due to cancellation of the primary
kinetic effect of deprotonation process.” The Au/kn values
observed in Table 3 is all greater than 1.0. It means that
deprotonation will cause a decrease in the N-H vibration
frequencies and Au/fp values will be grater than 1.0. Thus.
the normal Au/hp values (Aufhn>1.0) alone do not allow us to
predict the correct mechanism. Previously we have noted
that the Au/kp values are close to 1.0 in the rate-limiting
breakdown of T* " The Au/kp values in Table 3 are somewhat
larger than those for such a mechanism. This can be
rationalized by a cyclic four-center TS of types shown as 1
and II. respectively. for stepwise and concerted mechanism.
In such four-center cvclic proton transfer. leaving group
departure is facilitated in addition to charge dispersion. The
assistance to bond cleavage of the leaving group is especially

Table 1. Rate constants, &» 107*M™!s7!, for the reactions of O-Methyl-S-Arvlthiocarbonates with X-benzyvlamines in MeOH at 45

Z 0 o7
Z.= p-CHs H p-Cl p-Br m-Cl m-Br
p-OCH. 1.50 313 8.57 9.76 17.2 19.5 1.99+0.04 081014
1.08° 7.10 14.3
0.7837 319 10.4
p-CHs 0.894 2.04 5.90 6.42 1.9 134 2.09+0.03 -0.875x0.14
p-CHs 0.589 147 4.39 4.81 9.03 10.3 220+0.04 093014
H 0.435 0.984 3.08 3.69 6.82 8.16 226 £0.07 091014
p-Cl 0.181 0492 1.51 1.83 348 4.29 240+ 0.07 -
(.122¢ 129 2.91
0.087¢ 0912 2.02
m-Cl 0.101 0.279 (0.954 1.13 241 2.84 2.36+0.06 -1.04£0.14
o 179005 -161£005 -149+£0.04 -143£0.03 -133+£0.04 -128+004 Prz=033£0.13
B 2340123 2102007 197008 189006 174008 1.68+£0.07

“The py and p, values were calculated using ¢ values, which were tound in J. A. Dean, Handbook of Organic Chemistry, McGraw-Hill, New York, 1987,
Table 7-1. *The B, and B, values were calculated pA'a values. which were found in I. Bukingham. Dictionary of Organic Chemistry. Chapman and Hall.
New York. 1982, 5th, ed. Z=p-Br was excluded from Bronsted plot for 8; due to an unreliable pKa values. ‘At 33 °C. A1 25 °C. ‘The & values were
taken from D. H. McDaniel and H. C. Brown..J. Org. Chemr. 1958. 23, 420./The pKa values were taken from A Fischer, W. J. Galloway and J. Vaughan,
J. Chem. Soc. 1964, 3588. Correlation coetlicients are better than 0.992. pKa = 9.67 was used tar X = p-CH;O. (reference H. K. Ol J. Y. Lee and . Lee.

Bufl Korearr Chein. Soc. 1998, 19, 1198.)
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Table 2. Activation Parameters? for the Reaction of O-Methyl-S-
Arvlthiocarbenates with X-benzyvlanunes m Methanol

X zZ AH/keal mol™ AS/cal mol ' K™
p-OMe p-Me 3.6+0.1° 38+1°
p-Br 3401 35+1°
m-Br 54x0.1° 54 1%
p-Cl p-Me 64£0.1° GO+ 1°
p-Br 6.1£0.1° 36+1?
m-Br 6.6+0.1? 33+ 1°

“Calculated by the Eyring equation. *Errors shown are standard
deviation.

Table 3. The Secondary Kinetic Isotope Eftects for the Reactions
of O-Methyl-S-Arylthiocarbonates with Deuteratated X-benzvl-
amines in MeOD

X Z Jent 10 (M_lS_] :]b fp 107 (M_IS_I:]b fenftepy
p-OMe  p-Me 1.50 1.26 1.19
H 313 2.57 1.22

p-Cl 8.57 641 1.34

p-Br 9.76 7.69 1.27

m-Cl 17.2 133 129

m-Br 19.5 149 1.31

p-Cl p-Me (0.181 0.163 1.11
H (0.492 0428 1.15

p-Cl 1.51 128 1.18

p-Br 1.83 1.53 1.20

m-Cl 348 282 1.23

m-Br 429 343 1.25

“Determined conductimetrically in duplicate. *Averge deviation tvpicallv
3%. ‘Maxamum standard deviations are 0.05.

important in protic solvents since the solvent cannot stabilize
the TS by hyvdrogen bonding. It is difficult to choose one
from two cyclic TS. but the favor [ rather than II because of
the larger magnitude of vz than that for normal Ss2
processes and electron donating OCHs group.

&
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Activation parameters for the reaction of (-methyl-5-
phenylthiocarbonates with benzylamines are shown in Table
2. The values of AH” and AS™ were obtanied from the slope
and intercept. respectively. of Evring plots. by least-squares
analysis. Although the relatively low positive AH™ and large
negative AS” values are in line with the stepwise mechanism.’
they can also be interpreted as supportive of a concerted
mechanism.
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In summary. the reaction of (-methyl-S-phenylthio-
carbonates with benzylamines in methanol proceed by a
steowise mechanism in which the rate<determining step is
breakdown of the zwitterionic tetrahedral intermediate with
a hydrogen bonded four-center type TS.

These mechanistic conclusions are drawn based on (i) the
large magnitude of px and p;. (ii) the normal kinetic isotope
effects (ku/bkp > 1.0) involving deuterated benzylamine
nucleophiles. (iii) a small positive enthalpy of activation.
AH_ and a large negative entropy of activation. AS”. (iv) the
positive sign of pxz and the larger magnitude of pxz than that
for normal Sx2 processes. and lastly (v) adherence to the
RSP in all cases.

Experimental Section

Materials. Merck GR acetonitrile was used after three
distillations. The benzylamine nucleophiles. Aldrich GR.
were used without further purification. The GR grade of
thiophenols and methyl chloroformate were purchased from
Tokyo Kasei.

Preparations of O-Methyl $-Aryl Thiocarbonates.
Thiophenol derivatives and methyl chloroformate were
dissolved in anhydrous ether and added pyridine carefully
keeping temperature to 0-3 °C. Ice was then added to the
reaction mixture and ether layer was separated. dried on
MgSQ; and distilled under reduced pressure to remove
solvent. IR (Nicolet 3BX FT-IR) and 'H and '*C NMR
(JEQOL 400 MHz) data are as follows:

-Methyl $-Phenyl Thiocarbonate: Liquid. IR (KBr).
2943 (C-H. CH3). 1736 (C=0). 1391. 1475 (C=C. aromatic).
1138, 1092 (C-O): '"H NMR (400 MHz. CDCl1). 3.72 (3H.s.
CHai). 7.29-7.45 (3H. m. aromatic ring). ’C NMR (100.4
MHz. CDCly). 170.1 (C=0). 134.7. 1295 1291, 1273
(aromatic). 53 4.

0-Methyl $-p-Methylphenyl Thiocarbonate: Liquid. IR
(KBr). 2952 (C-H. CHa). 1732 (C=0). 1392. 1486 (C=C.
aromatic). 1133, 1086 (C-0): 'H NMR (400 MHz. CDCls).
239 (3H. s. CHa). 3.84 (3H. s. CH3). 7.22-7.45 (4H. dd.
aromatic ring). “C NMR (1004 MHz. CDCls). 170.3
(C=0). 139.8. 134.8, 1299, 124.0 (aromatic). 54.3, 21.2.

O-Methyl S-p-Chlorophenyl Thiocarbonate: Liquid. [R
(KBr). 2964 (C-H. CHa). 1732 (C=0). 1348, 1471 (C=C.
aromatic). 1133, 1092 (C-0): 'H NMR (400 MHz. CDCls).
385 (3H. s. CHa). 7.57-7.31 (4H. dd. aromatic ring). '*C
NMR (1004 MHz. CDCls). 170.1 (C=0). 136.7. 132.8.
126.3. 124 5 (aromatic). 34.2.

O-Methyl S-p-Bromophenyl Thiocarbonate: Liquid. [R
(KBr). 2964 (C-H. CH»). 1732 (C=0). 1571. 1472 (C=C.
aromatic). 1133, 1092 (C-0): 'H NMR (400 MHz. CDCls).
383 (3H. s. CHa). 7.52-7.36 (4H. dd. aromatic ring). '*C
NMR (1004 MHz. CDCls). 169.5 (C=0). 136.2. 1324,
126.7. 124 3 (aromatic). 34.7.

O-Methyl S-m-Chlorophenyl Thiocarbonate: Liquid.
IR (KBr). 2964 (C-H. CHs). 1732 (C=0). 1548. 1471 (C=C.
aromatic). 1133, 1092 (C-0): 'H NMR (400 MHz. CDCls).
385 (GH. s. CHa). 7.21 7.37 (4H. m. aromatic ring): '°C
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NMR (100.4 MHz. CDCl3). 170.1 (C=0). 136.7. 132.8.
126.3. 124 3 (aromatic). 54.2.

O-Methyl S-m-Bromophenyl Thiocarbonate: Liquid. IR
(KBr). 2964 (C-H. CH»). 1732 (C=0). 1571. 1472 (C=C.
aromatic). 11335, 1092 (C-O): '"H NMR (400 MHz. CDCls).
3.83 (3H. s. CHs). 7.25-7.39 (4H. m. aromatic ring). '*C
NMR (100.4 MHz. CDCl). 169.53 (C=0). 136.2. 132.4.
126.7. 124 3 (aromatic). 534.7.

Kinetic Measurement. Rates were measured conductri-
cally at 43 = 0.03 °C. The conductivity bridge used in this
work was a self-made computer automatic A/D converter
conductivity bridge. Pseudo-first-order rate constants. Aobs.
were determined by Guggenheim method'' with large excess
of benzylamine. Second-order rate constants. Av. were
obtained from the slope of a plot of Fu. vs. benzylamine with
more than five concentrations of more than two runs and
were reproducible to within + 3%. to within 3%.

Product Analysis. Substrate (0.05 mole) and benzylamine
(0.5 mole) were added to acetonitrile and reacted 43.0 °C
under the same condition as the kinetic measurements. After
more than 13 half lives. solvent was removed under reduced
pressure and product was separated by column chromato-
graphy (silica gel. 10% ethylacetate-n-hexane). A represent-
ative product analysis for p-OCH; (nucleophile) is given as
follows.

CH;OC(=O)NHCHCsHOCH;: Liquid. IR (KBr). 3313
(N-H). 2975 (C-H. benzyl). 2961 (C-H. CH»). 2943 (C-H.
CH3). 1685 (C=0). 1544 (C=C. aromatic). 1521 (N-H).
1262. 1036 (C-0): '"H NMR (400 MHz. CDCls). 1.93 (3H. s.
CHa). 2.36 (3H. s. OCH3). 4.07 (2H. d. CHa»). 7.02-7.42 (4H.
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m. aromatic ring): “C NMR (100.4 MHz. CDCls). 170.1
(C=0).157.5.156.8.131.7. 127.9. 53.6. 51.8. 50.2.
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