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RESUMEN. El metil-{(4-aminofenil)sulfonil]carbamato es conocido comercialmente
como Asulam, el nombre mas comun de un herbicida sistémico y sinergistico, que
es incorporado a las plantas a través de sus hojas y de sus raices y que se utiliza
extensamente contra las malezas y los helechos en €l cultivo de las gramineas, los
citricos, el platano y la cafna de azUlcar, entre otros. La obtencién industrial de este
compuesto carbamico incluye la hidrélisis basica del metil-[(4-acetamidofenil)-
sulfonil]carbamato. En este trabajo se presenta un método sencillo y convencional
para la sintesis del intermediario del Asulam y la caracterizacién de su estructura
cristalina y molecular, mediante el empleo de técnicas de Difraccién de Rayos-Xy
de espectroscopia IR, NMR 'H y C. El precursor sintético sera utilizado como
sustrato de una enzima hidrolitica para el desarrollo de un nuevo procedimiento
de obtencién biocatalitica del herbicida Asulam. Por tanto, determinar su estructu-
ra ayudara no solo a establecer las caracteristicas fisicas de su conformacién mas
estable, sino que permitira predecir la compatibilidad entre las posibles enzimas a
utilizar y el sustrato, de acuerdo con las propiedades de sus centros cataliticos. El
compuesto fue sintetizado a partir de la 4-acetamidofenilsulfonamida y el
cloroformiato de metilo, en presencia de K,CO, anhidro y acetona, extraido con
éter etilico y recristalizado desde metanol. El producto final se obtuvo como un
sélido cristalino, con un rendimiento del 62 %. Los cristales de este compuesto se
obtuvieron mediante evaporacién lenta desde una disolucién de metanol. Los cris-
tgales son monoclinicos, el grupo espacial P2 /n; a = 8,681(4), b = 8,174(3), c = 17,583(3)
A, B =92,40(1)°, Z = 4. El empaquetamiento cristalino es asistido por un arreglo
bidimensional de puentes de hidrégeno. Esta informacién podria emplearse en la
modelacién del enlazamiento de la molécula del intermediario al centro catalitico
de la enzima hidrolitica que se utilice.

ABSTRACT. The methyl[(4-aminophenyl)sulfonyl]carbamate is commercially
known as Asulam. It is the most common trade name for a systemic and synergis-
tic herbicide, which is incorporated by the plants through their foliage and roots,
and is extensively used against weeds and brackens in the cultivation of gramine-
ous, citric, banana and sugarcane, among others. The industrial procedure for ob-
taining this carbamic compound includes the base-catalyzed hydrolysis of the
methyl[(4-acetamidophenyl)sulfonyl]carbamate. In this work a simple and conven-
tional method for the synthesis of the Asulam intermediate and the characteriza-
tion of its crystal and molecular structure utilizing X-Ray Diffraction and IR, NMR
'H and 3C spectroscopic techniques is presented. The synthetic precursor will be
used as substrate of the hydrolytic enzyme in the development of a new biocatalytic
preparation of the herbicide Asulam. Therefore, the knowledge of its structure will
help not only to define the physical characteristics of its more stable conformation,

but also will allow predicting the com-
patibility between the possible enzymes
to be used and the substrate, according
to the properties of their catalytic cen-
ters. The title compound was synthe-
sized from 4-acetamidophenylsulfo-
namide and methylchloroformate in the
presence of anhydrous K,CO, and ac-
etone, extracted with ethyl ether and re-
crystallized from methanol. The studied
compound was obtained as crystalline
solid in 62 % yield. The crystals of inter-
mediate were grown by slow evapora-
tion from methanol solution. They are
monoclinic, space group P2 /n; a =
8.681(4), b = 8.174(3),c = 17.583(3) A,
=92.40(1) °, Z = 4. The molecular pack-
ing shows a bidimensional hydrogen
bond network. These results might be
employed for modeling the linking of
intermediate molecule to the catalytic
center of hydrolytic enzime, which will
be used.

INTRODUCTION

The methyl[(4-acetamidophenyl)-
sulfonyl]carbamate (I) is a precur-
sor in the synthesis of Asulam.! The
latter is the most common trade
name for the herbicide methyl[(4-
aminophenyl)sulfonyl]carbamate (II)
(Fig. 1), which is incorporated by the
plants through their foliage and
roots,? presents very low toxicity
and accumulation, and does not
produce genetic mutations.? For its
systemic and synergistic action,*
this herbicide is extensively used
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The synthetic precursor will be
used as substrate of an enzyme in
the procedure to obtain the herbi-
cide Asulam. Therefore, the knowl-
edge of its structure will help not
only to define the physical charac-
teristics of its more stable confor-
mation, but also allow to predict the
compatibility between the enzyme
and the substrate, according to the
properties of the catalytic center of
the enzyme to be used (Fig. 1).

In this work, it is presented the
synthesis of I, from 4-acetamido-
phenylsulfonamide and methyl
chloroformate; and its characteriza-
tion by means of melting point,

Fig. 1. Structures of the methyl[(4-acetamidophenyl)sulfonyl]carbamate (I) and
methyl[(4-aminophenyl)sulfonyl]carbamate (II).

Table 1. Crystal data and details of data collection and structure refinement for
methyl[(4-acetamidophenyl)sulfonyl]carbamate.

Crystal data
Empirical formula: C, ) H ,N,O,S.

Formula weight = 272.275.

Crystal system: monoclinic.

Mo K, radiation.
A=0.7107300A.
p=275cm.
Space group: P2 /n.

a= 86814 A.
b= 8.174(3)A. from 25 reflections
c= 175833)A. 8 =6.37-15.05°.

Unit cell dimension: Cell parameters
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TLC, spectroscopic methods (NMR- B= 92.40(1)°.
1H, -13C, gnd IR), and single crystal V = 1246.6(8) A, T=293K.
X-Ray Diffraction. 74 v Pri "
= rismartic.
MATERIALS AND METHODS (0.30X0.20X0.16) mm .
The synthesis of methyl[(4- Colorless.

acetamidophenyl)sulfonyl]carbamate
(I) was performed by means of the
conventional method. In a flask
were placed 0.032 mol of 4-aceta-
midophenylsulfonamide, or its salt,
0.078 mol of anhydrous K,CO,,
0.034 mol of methylchloroformate,
and 40 mL of acetone. The mixture
was heated and refluxed during two
hours. Then, it was cooled down in
the flask and poured onto 150 mL
of water. The filtrate was acidified
to pH 2 with HCI and the product
was extracted with ethyl ether and
recrystallized from methanol.

The melting point was deter-
mined with an Electrothermal 9100
equipment and it was not corrected.
The IR spectrum was registered
with a Philips Analytical PU 9600
FTIR spectrometer in KBr pellets.
The spectra of RMN-'H and -13C
were registered with a Bruker AC F
spectrometer (250-'H; 62.0-13C) us-
ing TMS as internal standard and
DMSO-d, as solvent. Thin layer
chromatography (TLC) was carried
out employing silicagel-G-60 plates
as stationary phase, and acetoni-
trile- chloroform (0.6:1.3) (v/v) mix-
ture as mobile phase.

Crystals suitable for X-ray analy-
sis were obtained by slow evapora-
tion from a methanol solution. The
crystal structure was solved by di-
rect methods using SHELXS-86
program’ and refined on F? with
SHELXI1.-93 program.® The refine-
ment was performed on F?(hkl) by
a full matrix least squares proce-

Data Collection

Diffractometer Enraf Nonius CAD 4.
6/26 scan.

Analytical absorption correction.!?

T . =09661 T =0.8864.

3 051 measured reflections.

2 960 independent reflections.

Refinement

Angle 20 =55.78° .
-11<h <11,

0<k<10.
0=<1=<23.

Three standard
reflections monitored
every 1 800 s.

Intensity decay: < 2 %.

Refinement on F2.

R = 0.060.
WR = 0.154.
S =1.013.

1 903 observed reflections [F > 40 (F)].

163 refined parameters.

H atoms were allowed to ride
on the heavier atom.

Weighting scheme:
w = 1/[0*(Fo?) + (0.0756P)* + 1.43P].
P = [max (Fo%,0) + 2Fc?)/3.

NO), e =0

Dp,. =062eAs
Dp,, =-038eAs
Extinction correction:
none.

Atomic scattering
factors from
international tables.!?

dure, originally with isotropic and
in the later stages with anisotropic
temperature factors. The H-atoms
were geometrically located and al-
lowed to ride on the corresponding
bound atom. Program PARST was
used for the interpretation of the

crystallographic results.’ Data col-
lection and structure refinement
details are listed below (Table 1).

RESULTS

The compound (I) was synthe-
sized from methylchloroformate
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and 4-acetamidophenylsulfona-
mide dissolved in dry acetone and
in presence of anhydrous K,CO,,
and obtained as crystalline solid in
62 % yield from methanol.

Melting point: 175-178 °C . R, =
0.77 cm (TLC).

IR (KBr); v (cm™): 3 300 (NH);
3250 (NH); 1750 (C=0); 1680 (C=0);
1580,1500(C=C);1250,1 160 (SO,).

NMR-'H (DMSO-d); &ppm): 10.3
(1H, s, NH); 7.82 (2H, o, ArH); 7.79
(2H, m, ArH); 7.74 (1H, s, NH); 3.6
(3H, s, CHy); 2.1 3H, s, CH,).

NMR-“C (DMSO-d,); dppm):
169.1 (CO); 151.9 (CO,); 143.8 (C,);
132.5 (C,, Ar); 128.8 (C, Ar); 118.5
(C,, Ar); 52.8 (CH,); 24.1 (CH,).

Chemical analysis calculated
C, H,N,O.S (272.23): C: 44.11; H:
4.41; N: 10.29. Found: C: 43.95; H:
5.19, N: 9.43.

The FTIR spectrum of the title
compound mainly presents the carbo-
nyl groups at 1 750 and 1 680 cm™,
which correspond to carbamic and
amido groups. The NH groups ap-
pear at 3 300 and 3 250 cm™ as are
usual for secondary amides and car-
bamates, respectively.

The NMR-'H studies show
that the signals of the protons from
the benzene ring appear at 7.82 and
7.79 ppm, while that ones corre-
sponding to the protons of the me-
thyl groups are at 3.6 and 2.1 ppm .
The proton signals of the NH
groups are observed at 10.3 and
7.74 ppm. The values are usual for
this kind of compound in DMSO-
d.

’ The NMR-3C spectrum shows
signals, which correspond to the
benzene ring, in the range between
143.8 and 118.5 ppm . The signals of
the methyl groups appear at 52.8
and 24.1 ppm. Signals from car-
bonyl carbons are observed at
169.1 ppm (CO) and 151.9 ppm (CO,),
respectively.

The geometry of the methyl[(4-
acetamidophenyl)sulfonyl]carbamate
molecule in the crystalline state, as
well as the crystal data, the atomic
coordinates and the temperature
factors were obtained from the X-
Ray Diffraction study (Fig. 2, Tables
1 and 2).

DISCUSSION

The bond lengths, bond angles,
and torsion angles are within ex-
pected values (Table 3). According
to these X-ray data, I presents a
nearly planar region located from S
to C, atoms (S-C,,-C,-C, and C,-N,-
C,-C,, torsion angles: 179.8 and
178.7°, respectively).

The analysis of the molecular
packing indicates the existence of
two intermolecular hydrogen bonds
(Fig. 3). These bonds (Table 4) link
neighbor molecules building bidi-
mensional puckered layers parallel
to the (011) plane. The layers are
held together in the crystal by Van
der Waals interactions.

The obtained results allow to
predict the compatibility between
the precursor molecular structure
and the active site of the enzyme,
which will be used in its hydrolysis.

Taking into account the confor-
mation of I, obtained from the
single crystal study (Fig. 2), and the
structure of the hydrolase active
site, it is possible to develop a model
for the interaction between I and
the enzyme. In this sense, the posi-
tion, as well as the orientation of
main functional groups of the sub-
strate molecule are important.$

The precursor molecule pre-
sents several functional groups

such as the acetyl, carbonyl, amide,
carbamoyl and phenyl ones. The
carbonylic group plays a decisive
role in the mechanism of the
amidasic bond hydrolysis, which
has to be located at the catalytic
center of enzyme, in the appropri-
ate way.

In order to define the compat-
ibility of the substrate and the en-
zyme structures, the hydrophobic
end of acetyl group and the benzene
ring might interact with two hydro-
phobic subsites of the enzyme ac-
tive center, and the carboxylate
group, present in the carbamic end
of the intermediate molecule, would
be linked with the hydrophilic
subsite of the enzyme.
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Fig.2. ORTEP plot,!! showing atoms labels, of the XRD conformation f methyl[(4-
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Table 2. Fractional atomic coordinates (10) and equivalent isotropic displacement

parameters (A2 104).

Atom X/a Y/b Z/c U,
0@4) -902(@3) 3 165(4) 985(2) 76(1)
N@1) 218(3) 20104) 2 055(1) 54(1)
C4) -604(4) 3 193(5) 1 660(2) 60(1)
O(5) -1 007(3) 4380(4) 2 128(2) 88(1)
C(6) -1 853(6) 5 845(9) 1 806(4) 124(2)

S 944(1) 364(1) 1651(1) 56(1)
0O2) -209(4) -341(4) 1 156(2) 82(1)
o) 1574(4) -563(3) 2 282(1) 73(1)
N@) 6 178(3) 2 856(4) -65(2) 57(1)
C(2) 6 362(4) 29144) -815(2) 53(1)
(0]6)) 5353@3) 2914(4) -1306(1) 68(1)
C@3) 7 872(4) 3 979(6) -977(2) 68(1)

C(11) 2 459(4) 1 085(4) 1119(2) 47(1)
C(12) 3 840(4) 1 458(5) 1 489(2) 65(1)
C(13) 5 048(4) 2 031(6) 1 086(2) 69(1)
C(14) 4 895(4) 2 233(4) 297(2) 47(1)
C(15) 3509(4) 1 822(5) =70(2) 55(1)
C(16) 2 293(4) 1261(5) 341(2) 58(1)
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Table 3. Selected bond lengths, bond angles and torsion angles.

Bond lengths (A)

Bond Angles (°)

Torsién Angles (°)

Length Angle Angle

04)-C4) 1.206(4) C(4)-N(1)-S 123.7(2) C(14)-N(2)-C(2)-0(3) -4.2(7)
N(1)-C4) 1.372(5) 04)-C(4)-N(1) 124.8(4) C(14)-N(2)-C(2)-O(3) 175.5(4)
N@)-S 1.657(3) 04)-C4)-0(5) 124.8(4) 0(2)-S-C(11)-C(12) -164.7(3)
C4)-0(5) 1.328(5) N(@)-C4)-0(5) 111.0(4) O(1)-S-C(11)-C(12) -32.2(4)
0(5)-C(6) 1.503(6) C(4)-0(5)-C(6) 119.14) N(@1)-S-C(11)-C(12) 78.4(4)
S-0(2) 1.421(13) N(1)-S-0(2) 108.7(2) 0(2)-S-C(11)-C(16) 14.3(4)
S-0(1) 1.432(3) N(1)-S-0(1) 103.8(2) 0(1)-S-C(11)-C(16) 146.8(3)
S-C(11) 1.748(3) N(1)-S-C(11) 105.3(2) N(1)-S-C(11)-C(16) -102.6(3)
N(@2)-C(2) 1.365(4) 0O(2)-S-0(1) 119.8(2) C(16)-C(11)-C(12)-C(13) 1.2(7)
N(2)--C(14) 1.401(4) 0(2)-S-C(11) 109.6(2) S-C(11)-C(12)-C(13) -179.8(4)
C(2)-0(3) 1.228(4) O(1)-S-C(11) 108.7(2) C(11)-C(12)-C(13)-C(14) -0.5(7)
C(2)-C@3) 1.494(5) C(2)-N(2)-C(14) 129.93) C(12)-C(13)-C(14)-C(15) -0.9(7)
C(11)-C(12) 1.374(5) N(2)-C(2)-0(3) 122.1(3) C(12)-C(13)-C(14)-N(2) 178.9(4)
C(11)-C(16) 1.378(4) N(2)-C(2)-C(3) 114.4(3) C(2)-N(2)-C(14)-C(15) 1.1(7)
C(12)-C(13) 1.372(5) 0@3)-C(2)-C@3) 123.6(3) C(2)-N(2)-C(14)-C(13) -178.7(4)
C(13)-C(14) 1.399(4) S-C(11)-C(12) 118.9(2) C(13)-C(14)-C(15)-C(16) 1.7(6)
C(14)-C(15) 1.383(4) S-C(11)-C(16) 121.1(3) N(2)-C(14)-C(15)-C(16) -178.1(4)
C(15)-C(16) 1.382(5) C(12)-C(11)-C(16) 120.03) C(12)-C(11)-C(16)-C(15) -0.5(6)

C(11)-C(12)-C(13) 120.1(3) S-C(11)-C(16)-C(15) -179.4(3)

C(12)-C(13)-C(14) 120.7(3) C(14)-C(15)-C(16)-C(11) -1.0(6)

N(2)-C(14)-C(13) 116.7(3)

N(2)-C(14)-C(15) 124.7(3)

C(13)-C(14)-C(15) 118.6(3)

C(14)-C(15)-C(16) 120.4(3)

C(11)-C(16)-C(15) 120.2(3)

Gy

Fig. 3. View of the unit cell of the title compound. Hydrogen bonds are shown with dashed lines.
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Table 4. Relevant geometrical parameters? for the intermolecular hydrogen bonds
observed in the crystal structure of methyl[(4-acetamidophenyl)sulfonyl]-

carbamate.
Donor-H (A) Donor ... Acceptor A H .. Acceptor (A) DonorH .. Acceptor A
N-H, N, ..O* H..O* N-H, ..O,*
0.860 2.885(4) 2.038(4) 168.0(4)
N,-H, N, ... O ** H,..OQ** N,-H, ... O **
0.860 3.087(4) 2.234(4) 171.8(4)

*x-1/2, -y+1/2, +z+1/2.
**x+1, +y, +z.

1 Supplementary chemical and crystalographic data of this paper are available from
the X-ray Laboratory of the National Center for Scientific Research, Havana, Cuba.
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