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Abstract

The cyclization reactions oN-methyl-N’-(2-methoxycarbonylphenyl)sulfamideld), N-methyl-N-(2-
methoxycarbonylphenyl)-sulfamidd), and 2-methoxycarbonylphenylsulfamid@a) were studied in
aqueous amine buffers (butylamine, ethanolamine, morpholine, glycinamide). The dependences observed
between the rate constants and buffer concentrations show that the reactions are subject to base catalysis in
all the three cases, the decomposition of the tetrahedral intermediate being rate limiting. The ratio of the
relative rate constants of the base catalyzed cyclizations reactions of the three derivatve®as 3a= 1:

20000: 100.

The logarithm of rate constants of the base catalyzed cyclization reactions was plotted againgt the pK
values of conjugated acids of the individual amines used as the buffers in the cyclization of cortgound

and the value of th&rdnstedcoefficient obtained was about 0.1, which means that the proton transfer from
the intermediate to the basic buffer component is thermodynamically favorable. The intermediate is a much
weaker base, and the reaction is controlled by diffusion. The slope of an analogous dependence for com-
pound 2a gradually decreases from values near to 0.5 to values near to zero, which means that the interme-
diate formed from compounga (pK, = 9.3) has a pKvalue comparable with that of the acid buffer compo-

nent.
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Introduction

* To whom correspondence should be addressed
We have found that the 2-methoxycarbonylphenyl-

t Presented at the Joint 12th Symposium on thsulfamides can undergo both cyclization and solvolytic
Chemistry of Heterocyclic Compounds (SCHHC) and thd €actions depending on the medium used [lfe
6th Blue Danube Symposium on Heterocyclic Chemistry

(BDSHC), Brno, Czech Republic, September 1-4, 1996.
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cyclization of N-(2-methoxycarbonylphenylN'-isopro- Results and Discussion

pyl-sulfamide in methanolic sodium methoxide solution

represents one of the possible industrial routes for thé&igure 1 shows the dependences of corrected rate constants

preparation of the commercial herbicide Bentazon[1]. Our(k_ .the rate constant corrected with respect to the con-

investigation was focused on the kinetics and mechanisrgentration of anion of substrate [2]) on the concentration

of cyclization of the following three derivatives: 8fme-  of the basic buffer component for the cyclizaton of com-

thyl-N'-(2-methoxycarbonylphenyl)sulfamide &), N-me- pound la in the individual buffers. The analogous depend-

thyl-N-(2-methoxycarbonylphenyl)sulfamid@d), and 2-  ence for compoun@a is of similar nature [3].

methoxycarbonylphenylsulfamid&d) (Scheme 1). From the dependences obtained it is obvious that the
corrected rate constant can be expressed by rate equation

(1):
Keorr = kop[OH] + kg [B] @)

COOCH; R?
> Ng The k,,, value corresponds to the intercept at zero buffer
SO, concentration, andgkcorresponds to the slope. This means

I\II—S OZ-I?JH l?l that the cyclizations of compounds and 2a are subject
R R2 R! to OH ion catalysis and general-base-catalysis.
The Scheme 2 is valid for the two derivativeés and
la-3a 1b-3b 2a: firstly the pre-equlibrium produces the anion which is

then transformed into the intermediate. In this case the base
la,b:R!' = H; R= catalyzed decomposition of the intermediate into the prod-
2a, b R'=CH,; R?=H uct is rate limiting.
3a, b RI=R?=H

Scheme 1 CO,CHg e CO,CH;, K
.o O k
The cyclizations of all the three derivatives were stud- R'?' 32 R'T'H NSO '
ied in aqueous amine buffers in the pH region from 8 to R R
12. o OCH; o}
. ke [B] @i\k ,CH; ©)
( ji ;N—R N
— | — |
,}1/502 O
R R=CHy; H ©
b (CHy)
Scheme 2

Figure 2 shows the dependence of the rate constant on
Keor - the concentration of the basic buffer component for the
104" third, unsubstituted derivativ8a reacting in morpholine

| and glycinamide buffers. In contrast to the previous cases
27 - (derivativesla and 2a) the dependence shown has a dif-
ferent course — an increasing concentration of the basic

, buffer component slows down the reaction. This means
0.10 that, at higher buffer concentration, the rate becomes in-
dependent of the buffer concentration and depends on the
individual pH values. In the limiting case of a very high

concentration of the buffer, the reaction changes from a

Fig. 1. The dependence of the corrected rate constantgeneral-base-catalyzed one to a specific-base-catalyzed
kcorr(s‘l) of the cyclization eaction 1ato 1b on molar  gpe.

concentration [B] in the buffers: butylamineZ(
pH = 11.1), ethanolaminee( pH = 9.8), morpholinef,
pH = 8.9)

0.05
[Bl/md I*
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becomes significant, which means that the konstant to
make itself felt. Thus the overall reaction rate is lowered.
The corrected rate constant (K is given by rate equa-

tion (2):
_ ke[B]

COI’I’ kO
Ks / [BH]+1 (2)

The value k = 2.2<103-mol- s and the ratio j /k,
= 3.3 were found in the morpholine buffer of 1:1 concen-
tration ratio with pH 8.9, and valug, k 1.%103-mol-s*
and the ratio k /k, = 2.8 were found in the glycinamide
buffer of 1:1 concentration ratio with pH 8.2.
0 0'05 0'10 Table 1 presents the, kalues, i._e. the rate gonstants_of

’ ‘ the base-catalyzed transformation of the intermediate
[B]/mol-I- (Scheme 2) into product, for derivativds and 2a.

corr

10%.s?

Fig. 2. The depence of the corrected rate constants k
(s1) of the cyclization eaction 3a to 3b on molar
concentration [B] in the buffers: morpholine( pH = 8.9),
glycinamidef , pH = 8.2)

Table 1. The pK values of the conjugated acids of the
amines used in the buffers ang donstants (I-mof-§ for
compoundla and 2a.

Compound kg/l-mol-st

la - 8.3x10° 9.1x10°% 12.1x10°3

2a 3.7 9.8 22.5 54.0
COCH CO,CH
@ O,CH3 base 0O,CHs

o ) e Amine glycin- morpholine  ethanol- butyl-

NHTS O2"NH NH™S O,"IjH amide amine amine

PK, 8.32 8.82 9.68 11.38

Figure 3 represents the dependences of the logarithm
o of the k, constants on the pKvalues of the conjugated
acids of the individual amines used in the buffers. The fol-
N lowing conclusions can be made from the dependences
_SO, obtained:

'|\' 1. The slope is close to zero for compouba which
H means that the proton transfer from the intermediate to the
basic buffer component is thermodynamically favourable
- the intermediate is a much weaker base, and the reaction
is controlled by diffusion.

2. For compounda the slope gradually decreases from

The experimental dependences (Fig. 2) can be explaine afplues c;]loseh to 0.5 down ]EO \;alueshngar to zde_ro, Wh'gh
by the decomposition of the intermediate given inMans that the proton transfer from the intermediate gradu-

Scheme 3. The path from left to right predominates at Iov\fi"y becomes less favorable. From this dependence it was
buffer concentration, i.e. the rate is given by thecén- possible to estimate the pKalue of the intermediate (Fig.
stant. 4), namely 9.3.

At higher buffer concentrations, the concentration of
the acidic buffer component increases, and the reverse path

Scheme 3
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The pK values measured by us for both the starting

log kg ' ! ! substancesl@3a) and cyclizates1(p-3b) are given in
Table 2.
1+ _
Table 2. The pK, values of compound&a-3a and 1b-
P o 3b
0 —
Compound PK, Compound PK,
al | la 9.30+ 0.05 1b 2.33 £ 0.02
2a 10.75 + 0.03 2b 1.11 + 0.04
L ® 1 3a 9.39 + 0.02 3b 2.39 £ 0.03
: : 8.20 £ 0.04

T
9 10 PpPKa 11

Fig. 3. The dependence of the logarithm gfok the pk

values of the protonated amines used in the buffers for Compoundsla and 3a have very similar pKvalues,
compoundsla () and 2a (o). which reflect the splitting of the proton from the first ni-

trogen atom. The pKvalue of derivative2a is higher by
about 1.5 units, which corresponds to the splitting off of
the proton from the terminal nitrogen atom. Comparison
of pK, values of the cyclizate$b and 3b revels an inter-
esting acidity increase due hmethyl substituent in com-
pound 1b.

CH3 Experimental section

. . . Kinetic measurements
Fig. 4. Structure of intermediate of compound lla (pK

9.3) The cyclization ratela-3a to 1b-3b was measured spec-

trophotometrically using a HP 8453 Diode Array Spectro-
hotometer in aqueous solutions of glycinamide,

T_he_ relative _rat_e_ constants of base'Catalyzeﬁmrpholine and ethanolamine buffers. The ionic strength
cyclization of the individual compounds can be summa-, adjusted at | = 1 moftlby addition of 21 KCI solu-

rized as TOIIOWS'. The _denvatwéa, W_h'Ch h_as the methyl tion. A 1 cm quartz cell was charged with 2 ml buffer solu-
group at its termm_al nltroger_1 at(_)m, is cyclized more SIOWIytion (25 °C), and at the time t=0, 25 ml fresh methanolic
than the unsubstituted derivatiBa by a factor of 100. ) vion of substrate (c = 0.33 mob)lwas injected, where-

The derivative2a which has the methyl group at its first after absorbance was monitored at the wavelengths from

nitrogen atom (neighbour on benzene ring), is cyclized260 nm to 360 nm. The rate constangs k1) were cal-
faster than the unsubstituted derivative llla by a factor 200, ,|ated from the equation; kt = —2 Bflog DA+const
o . "

This means that the shift of methyl group from one nitro- h _

: ere DA=(A-A) or (A-A_).

gen atom to the other will cause a change of four orders ova (g or (AAq)
magnitude in the cyclization rates.

These findings can be interpreted as follows:

1.Derivative 2a provides a smaller number of conform- The di iation constants of com 3ab wer
ers due to its methyl substituent present at the first nitro- e dissociation constants of compoulldsh — 3ab were

gen atom, hence the cyclization is more favourable fromrneasured spectrophotometrically using HP 8453 Diode

the point of view of the entropy. Array Spectrophotometer. The measurements of com-

2. The rate decrease observed with the derivatiae pounds1b, 2b and 3b (pK,,) were carried out in chloro-

. . . acetate buffesolutions. A 1 cm quartezell was charged
which has the methyl group at the terminal nitrogen atom, : ) .
S vith 1 ml buffer solution and 1 ml substrate solution (the
can be due to steric hindrance of the methyl group to th(ﬁnal ionic strenght was adjusted with KCI at | = 1 %)-I(
addition to carbonyl group. :

The reference cell contained the same buffer. The meas-

Measurements of Dissociation Constants
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urement of compoundsa, 2a, 3a and 3b (pK,,) was car- References and Notices

ried out in glycinamide, morpholine and ethanolamine

buffers prepared in a similar way. The pH values of thel. Kavalek, J.; Kralikova, U.; Machacek, V.; Sedlak, M.;
buffers were measured with an Radiometer PHM 93 Co- Sterba, V.Collect.Czech.Commuri99Q 55, 202.
penhagen using a combined glass and silver chlorid@. Kavalek, J.; Machacek, V.; Sedlak, M.; Sterba, V.

electrode. Collect.Czech.Chem.CommutR92 56,1701.
3. Kavalek, J.; Machacek, V.; Sedlak, M.; Sterba, V.
Syntheses of Substrates Collect.Czech.Chem.CommutR93 57,1282.

Preparation of compoundsa,b — 3a,b were described in
previous papers [1-3].
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