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The aminolysis reactions of phenyl N-benzyl thiocarbamate with benzylamines in acetonitrile at 50.0 oC are inves-
tigated. The reactions are first order in both the amine and the substrate. Under amine excess, pseudo-first coefficient 
(kobs) are obtained, plot of kobs vs free amine concentration are linear. The signs of ρXZ (< 0) are consistent with 
concerted mechanism. Moreover, the variations of ρX and ρZ with respect to the sustituent in the substrate and large 
ρXZ value indicate that the reactions proceed concerted mechanism. The normal kinetic isotope effects (kH/kD = 1.3 ~ 
1.5) involving deuterated benzylamine nucleophiles suggest a hydrogen-bonded, four-centered-type transition state. 
The activation parameters, ∆H‡ and ∆S‡, are consistent with this transition state structure.
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Introduction

Although the aminolysis mechanism of aryl esters1 (1) and 
carbonate2 (2) have been investigated extensively, reports on 
the aminolysis mechanism of carbamates (3) are scares. These 
three classes of carbonyl compounds differ only in the acyl part, 
R, RO and RNH, where R is alkyl or aryl, with a similar phe-
noxy leaving group, OAr. The aminolysis mechanism of the 
carbamates is therefore expected to be similar to the relatively 
well known aminolysis mechanisms of the esters 1 and carbo-
nates 2. Shawali et al.3 proposed a stepwise mechanism with 
rate-limiting breakdown of a tetrahedral intermediate, T±, for 
the reactions of aryl N-arylcarbamates, R = Ar in 3, with butyl-
amine in dioxane. The stepwise of 2 through a tetrahedral 
intermediate, however, shifts to a concerted process when the 
leaving group is changed to a thiophenoxide4 (EtOC(=O)SAr) 
instead of a phenoxide (–OAr). The push provided by an EtO 
group to expel –SAr in T± is now strong enough to make the 
intermediate so unstable that the intermediate cannot exist. In 
view of the similar strong push expected from a PhCH2NH group 
to expel the –SAr group in T±, it is of interest to see whether the 
aminolysis mechanism of the thiol analogue of aryl N-benzyl 
thiocarbamates also shifts to a concerted mechanism or not.
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In order to pursue further the mechanistic similarities between 
carbamates and carbonates, we carried out kinetic studies on 
the aminolysis of aryl N-benzyl thiocarbamates (C6H5CH2NHC 
(=O)SC6H4Z) with benzylamines in acetonitrile, eq 1. The 
primary purpose of this work is to establish the aminolysis 
mechanism for eq 1 and to examine the effect of the nonleaving 
group, C6H5CH2NH-, on the mechanism. We varied substituents 
in the nucleophile (X) and leaving group (Z) and the rate 
constants, k2, are subjected to a multiple regression analysis to 
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MeCN
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determine the cross-interaction constant4, ρXZ in eq 2. For a 
concerted mechanism the sign of ρXZ was found to be negative4 
and the reactivity-selectivity principle (RSP) failed.5

log(kXZ/kHH) = ρXσX + ρZσZ + ρXZσXσZ (2a)

ρXZ = ∂ρZ/∂σX = ∂ρY/∂σZ (2b)

Results and Discussion

The reactions of aryl N-benzylthiocarbamates (C6H5CH2NHC 
(=O)SC6H4Z) with benzylamines follow a clean second-order 
kinetics, eq 3.

Rate = kobs [substrate] (3a)

kobs = k2 [benzylamine] (3b)

Unlike in the aminolysis of aryl N-phenylcarbamate,6 no base 
catalysis by the amine was noted. The rate constants, k2, deter-
mined are summarized in Table 1 together with the selectivity 
parameters, ρX, βX, ρZ, and βZ. For the determination of βX 

(βnuc), the pKa values of benzylamines in H2O are used. This 
procedure was found to be reliable since the pKa values in 
MeCN and in H2O varies in parallel, albeit the absolute values 
are different.7 For the βZ (βeg) values, a factor of 0.62 was 
multiplied to all the βZ values determined using the pKa(H2O) 
values.7 The rates are substantially slower for the aminolysis 
of aryl N-benzylthiocarbamates (k2 = 5.84 × 10‒3 M‒1 s‒1 at 
50.0 oC with X = H and Z = H) than for the corresponding 
reactions of aryl N-ethylthiocarbamates (k2 = 7.36 × 10‒3 M‒1 
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Table 1. The Second Order Rate Constants, k2 (102 dm3 mol‒1 s‒1) for the Reactions of Z-Aryl N-Benzyl Thiocarbamates with X-Benzylamines
in Acetonitrile at 50.0 oC

X
Z

ρZ
a βZ

b

 p-Me   H p-Cl p-Br

p-OMe
0.316
0.221c

0.152d
2.07 33.9

37.6
25.5c

17.5d
5.17 ± 0.04 ‒2.18 ± 0.09

p-Me 0.224 1.39 20.2 22.4 4.98 ± 0.03 ‒2.10 ± 0.09
H 0.126 0.584 8.16 8.32 4.61 ± 0.06 ‒1.96 ± 0.03

p-Cl
0.0557
0.0384c

0.0265d
0.248 2.81

2.87
2.01c

1.38d
4.32 ± 0.05 ‒1.84 ± 0.05

m-Cl 0.0314 0.135 1.22 1.24 4.02 ± 0.03 ‒1.71 ± 0.07
ρX

a ‒1.56 ± 0.01 ‒1.85 ± 0.03 ‒2.22 ± 0.02 ‒2.29 ± 0.03
ρXZ

e = ‒1.75
βX 

f 1.57 ± 0.02 1.87 ± 0.04 2.24 ± 0.04 2.31 ± 0.04
aThe σ values were taken from ref. 19a. Correlation coefficients were better than 0.998 in all cases. bThe pKa values were taken from ref. 19b. Correlation 
coefficients were better than 0.998 in all cases. cAt 30 oC. dAt 20 oC. ealculated by a multiple regression analysis using eq 2a. r = 0.999, n = 20 and Fcalc
= 1410 (Ftab = 10.66 at the 99.9% confidence level). fThe pKa values were taken from ref. 19c. Correlation coefficients were better than 0.997 in all cases.
For X = p-CH3O an extrapolated value of pKa = 9.64 was used.

s‒1 at 30.0 oC with X = H and Z = H).8a This slower rate found 
with N-benzyl relative to N-ethyl analog can be attributed to 
the weaker push provided by the benzylamino (C6H5CH2N: σp

+ 
is ‒0.28)5 than ethylamino (EtNH: σp

+ is ‒0.31)5 group to expel 
the leaving group from a tetrahedral structure8a which may be 
either an intermediate T± or a transition state, T± (TS).

Interestingly, as we move up to the stronger electron donating 
group, EtO and PhNH, a mechanistic change occurs from step-
wise with phenoxide (–OAr)6,9a to concerted with thiophenoxide 
leaving group8b,9b (–SAr). This is because the thiophenoxides 
are better leaving groups than phenoxides, since the σ*C-S orbital 
is lower than the σ*C-O level and hence is a better electron 
acceptor and is readily broken compared to the C-O bond. For 
example, the aminolysis of O-ethyl aryl carbonates with benzyl-
amines9a in MeCN is stepwise with rate-limiting breakdown 
of T± (βX = 2.4 for Z = 4-NO2, and ρXZ = 1.35) but the corre-
sponding reaction of O-ethyl arylthiolcarbonate10b is concerted 
(βX = 0.6 for Z = 4-NO2, and ρXZ = ‒0.47). Likewise the amino-
lysis of N-phenyl aryl carbamates with benzylamines9a in MeCN 
is stepwise (βX = 1.3, ρXZ = +1.10) but that of thiocarbamate8b 
analogs react by a concerted mechanism (βX = 1.3, ρXZ = ‒0.63).

Benzylamines are reported to strongly destabilize the inter-
mediate,4 T±, due to their powerful nucleofugality from T±, as 
the order of the increasing rate of expulsion shows:5,10 pyri-
dines < anilines < secondary alicyclic amines < quinuclidines < 
benzylamines. These three factors, the less polar solvent, MeCN, 
than water, a carbonyl rather than a thiocarbonyl compound, 
and benzylamines used in the present work are all conducive 
to the concerted mechanism.

Further important mechanistic criteria for the concerted with 
aryl N-benzylthiocarbamates rather than the stepwise (as with 
aryl phenylcarbamate) is that the sign of cross-interaction con-
stant ρXZ is negative for aryl N-benzylthiocarbamates (rather 
than positive as with aryl phenylcarbamate) and the RSP fails 
with aryl N-benzylthiocarbamates.5,7 The stepwise mechanism 
is not favored for the present reactions, since for the stepwise 

aminolysis of esters, carbonates and carbamates, the sign of 
ρXZ is positive and the RSP holds.5,7

The magnitude of βX is, however, large (βX ≅ 1.6 ~ 2.3) 
which is normally considered to indicate a stepwise reaction.11 
For concerted aminolysis reactions, the βX values were found 
to range from 0.4 ~ 0.8.12 It is, however, well known that the 
large magnitude of the Brönsted slope alone is not sufficient to 
decide the aminolysis mechanism as stepwise. Jencks and co-
workers reported concerted acyl transfer reactions with large 
βX values, βX = 0.6 ~ 0.9 for the reactions of phenyl formates 
with substituted O-chlorophenolate anions13 and βX = 0.7 ~ 1.0 
for the reactions of a series of nucleophilic reagents with substi-
tuted N-acetylpyridinium ions.14 Williams and coworkers15 re-
ported even larger βX values (βX = 1.3 and 1.6) for the concerted 
acyl transfer reactions. Thus the large βX values observed in 
the present work may be taken as an indicative of a stepwise 
mechanism, but can not provide a conclusive evidence for a 
stepwise mechanism.

The kinetic isotope effects (Table 2) involving deuterated 
nucleophile, XC6H4CH2ND2, are normal (kH/kD > 1.0) suggest-
ing a possibility of forming hydrogen-bonded four-center type 
TS (4)16 as has often been proposed. Since no base catalysis 
was found (the rate law is first order with respect to [benzyl-
amine], eq 3). the proton transfer occurs concurrently with the 
rate-limiting expulsion of ArO– in the TS but not catalyzed by 
benzylamine. The consumption of proton by the excess benzyl-
amine should therefore take place in a subsequent rapid step.

O
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Table 2. The Kinetic Isotope Effects for the Reactions of Z-phenyl 
N-Benzyl Thiocarbamates with X-Benzylamines in Acetonitrile at 
50.0 oC

X Z kH × 102 
(dm3 mol‒1s‒1)

kD × 102 
(dm3 mol‒1 s‒1) kH/kD

p-OMe
p-OMe
p-OMe
p-OMe
p-Cl
p-Cl
p-Cl
p-Cl

p-Me
H

p-Cl
p-Br
p-Me

H
p-Cl
p-Br

0.316 ± 0.004
2.07 ± 0.06
33.9 ± 0.71
37.6 ± 0.91

0.0557 ± 0.0003
0.248 ± 0.002
2.81 ± 0.04
2.87 ± 0.05

0.234 ± 0.002
1.46 ± 0.02
23.6 ± 0.41
24.4 ± 0.51

0.0421 ± 0.0002
0.178 ± 0.001

1.92 ± 0.02
1.90 ± 0.02

1.35 ± 0.02a

1.41 ± 0.03
1.47 ± 0.02
1.54 ± 0.02
1.32 ± 0.01
1.39 ± 0.02
1.46 ± 0.03
1.51 ± 0.02

aStandard deviations.

Table 3. Activation Parametersa for the Reactions of Z-Pphenyl N-ben-
zyl Thiocarbamates with X-Benzylamines in Acetonitrile

X Z ∆H‡/kcal mol‒1 ‒∆S‡/cal mol‒1 K‒1

p-OMe p-Me 4.6 51
p-OMe p-Br 4.6 41
p-Cl p-Me 4.5 47
p-Cl p-Br 4.5 46

aCalculated by the Eyring equation. The maximum errors calculated (by 
the method of Wiberg, K. B.20) are ±1.1 kcal mol‒1 and ±4 e.u. for ∆Hǂ
and ∆Sǂ, respectively.

The low activation enthalpies, ∆H≠, and highly negative acti-
vation entropies, ∆S≠, (Table 3) are also in line with the pro-
posed TS. Especially, the ∆H≠ values are somewhat lower and 
the ∆S≠ values are higher negative values than other aminolysis 
systems.17 The expulsion of ArO– anion in the rate determining 
step (an endoergic process) is assisted by the hydrogen-bonding 
with an amino hydrogen of the benzylammonium ion within 
the intermediate, T±. This will lower the ∆H≠ value, but the TS 
becomes structured and rigid (low entropy process) which 
should lead to a large negative.

In summary, the aminolysis reactions of phenyl N-benzyl 
thiocarbamate with benzylamines in acetonitrile at 50.0 oC are 
investigated. The signs of ρXZ (< 0) are consistent with concert-
ed mechanism. Moreover, the variations of ρX and ρZ with 
respect to the sustituent in the substrate and large ρXZ value 
indicate that the reactions proceed concerted mechanism. The 
normal kinetic isotope effects (kH/kD = 1.3 ~ 1.5) involving deu-
terated benzylamine nucleophiles suggest a hydrogen-bonded, 
four-centered-type transition state. The activation parameters, 
∆H‡ and ∆S‡, are consistent with this transition state structure.

Experimental Section

Materials. GR grade acetonitrile was used after three dis-
tillations. GR grade benzylamine nucleophiles were used after 
recrystallization.

Substrates.
Phenyl N-Benzyl Thiocarbamate: A solution of phenol (0.01 

mol) in dry toluene (10 mL) was added to a solution of benzyl 
isocyanate (0.01 mol). A catalytic quantity (0.5 mL) of pyridine 

was added and the solution refluxed for 2 h. On evapolation of 
the solvent in vacuo, the thiocarbamate precipitated and was 
recrystallized from chloroform-pentane. The other substituted 
phenyl N-benzyl thiocarbamates were prepared in an analogous 
manner and recrystallized from chloroform-pentane. The sub-
strates synthesized were confirmed by spectral and elemental 
analysis as follows.

C6H5CH2NHC(=O)SC6H4-p-CH3: mp 130 - 132 oC; 1H NMR 
(400 MHz, CDCl3) δ 2.44 (3H, s, CH3), 4.49 (2H, d, CH2), 6.2 
(1H, s, NH), 7.23-7.48 (9H, m, C6H5, C6H4); 13C NMR (100.4 
MHz, CDCl3) δ 166.6, 140.1, 137.5, 135.4, 130.2, 128.6, 127.4, 
124.7, 45.2, 21.4; νmax (KBr), 3448 (NH), 3045-3201 (CH), 2835 
(CH, aromatic), 1647 (C=O), 745 (C-S); MS m/z 257 (M+). Anal. 
Calcd for C15H15NOS: C, 70.0; H, 5.91. Found; C, 69.9; H, 5.93.

C6H5CH2NHC(=O)SC6H5: mp 118 - 120 oC; 1H NMR (400 
MHz, CDCl3) δ 45.4 (2H, d, CH2), 6.4 (1H, s, NH), 7.25-7.60 
(10H, m, C6H5, C6H5); 13C NMR (100.4 MHz, CDCl3) δ 166.1, 
137.4, 135.4, 139.6, 129.4, 128.6, 127.6, 127.5, 45.4; νmax (KBr), 
3449 (NH), 3043-3203 (CH), 2845 (CH, aromatic), 1647 (C=O), 
749 (C-S); MS m/z 243 (M+). Anal. Calcd C14H13NOS: C, 69.1; 
H, 5.41. Found; C, 69.3; H, 5.42.

C6H5CH2NHC(=O)SC6H4-p-Cl: mp 150 - 152 oC; 1H NMR 
(400 MHz, CDCl3) δ 4.52 (2H, d, CH2), 6.5 (1H, s, NH), 7.27- 
7.52 (9H, m, C6H5, C6H4); 13C NMR (100.4 MHz, CDCl3) δ 
165.3, 137.2, 136.5, 135.9, 139.4, 129.2, 128.7, 127.7, 45.5; 
νmax (KBr), 3448 (NH), 3042-3202 (CH), 2840 (CH, aromatic), 
1650 (C=O), 748 (C-S); MS m/z 277 (M+). Anal. Calcd C14H12 

ClNOS: C, 60.5; H, 4.41. Found; C, 60.7; H, 4.43.
C6H5CH2NHC(=O)SC6H4-p-Br: mp 114 - 116 oC; 1H NMR 

(400 MHz, CDCl3) δ 4.49 (2H, d, CH2), 6.1 (1H, s, NH), 7.27- 
7.56 (9H, m, C6H5, C6H4); 13C NMR (100.4 MHz, CDCl3) δ 
165.1, 136.7, 132.4, 132.1, 129.3, 128.7, 127.8, 127.6, 124.2, 
45.6; νmax (KBr), 3448 (NH), 3042-3206 (CH), 2843 (CH, aro-
matic), 1645 (C=O), 750 (C-S); MS m/z 322 (M+). Anal. Calcd 
C14H12BrNOS: C, 52.2; H, 3.80. Found; C,52.4; H, 3.82.

Kinetic Measurement. Rates were measured conductometri-
cally in acetonitrile. The conductivity bridge used in this work 
was a homemade computer-automatic A/D converter conduct-
ivity bridge. Pseudo-first-order rate constants, kobsd, were de-
termined by the Guggenheim method18 with large excess of 
pyridine. Second order rate constants, kN, were obtained from 
the slope of a plot of kobsd vs. [BA] with more than five con-
centrations of benzylamine. The k2 values in Table 1 are the 
averages of more than three runs and were reproducible to 
within ± 3%.

Product Analysis. The substrate p-bromophenyl N-benzyl 
thiocabamate (0.01 mole) was reacted with excess p-methyl-
benzylamine (0.1 mole) with stirring for more than 15 half- 
lives at 50.0 oC in acetonitrile (ca. 200 mL) and the products 
were isolated by evaporating the solvent under reduced pressure. 
The product mixture was subjected to column chromatography 
(silica gel, 20% ethyl acetate-n-hexane). Analysis of the pro-
duct gave the following results.

C6H5CH2NHC(=O)NHCH2C6H4-p-CH3: mp 125 - 127 oC; 
1H NMR (400 MHz, CDCl3) δ 2.40 (3H, t, CH3), 2.97 (2H, s, 
-NH-CH2), 4.68 (2H, d, CH2), 6.35 (1H, s, NH), 7.19-7.28 (9H, 
m, C6H5, C6H4 ); 13C NMR (100.4 MHz, CDCl3) δ 157.8, 138.9, 
135.8, 132.4, 129.1, 128.5, 127.4, 127.3, 121.1, 44.5, 21.1; νmax 
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(KBr), 3316 (NH), 3015 (CH, aliphatic), 2931 (CH, aromatic), 
1658 (C=O), 631 (C-S); MS m/z 240 (M+). Anal. Calcd for 
C15H16N2O: C, 75.0; H, 6.71. Found; C, 75.2; H, 7.69.
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