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Abstract—The conformation and activity of the four benzenesulfonyl analogues of 4-aminobenzene-
sulfonamide, 4-aminobenzenesulfonic acid, 4-methylbenzenesulfonamide, and 4-methylbenzenesulfonic
acid with antibacterial activity on Staphylococcus aurcus were studied using an empirical potential function
(ECEPP/2) and the hydration shell model. The conformational energies were minimized from the starting
conformations which included possible combinations of torsion angles in each molecule. To understand
the hydration effect on the conformation of the molecule in aqueous solution, the hydration free energy of
each group was calculated and compared each other. The conformational entropies of low-free-energy
coformation of benzenesulfonly analogues were computed by a harmonic approximation. From the correla-
tion of lowest-free-energy conformation of each compound and its antibacterial activity, it was found that

the hydration of sulfony! groups and the substituents are the decisive factors to show antibacterial ac-
tivities.
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Fig. 1—(a) Definition of functional groups and torsion angles. Chemical structure of
(b) 4-aminobenzensulfonamide (ABS), (c) 4-aminobenzensulfonic acid (ABSA),
(d) 4-methylbenzensulfonamide (MBS), and (e) 4-methylbenzensulfonic acid (MBSA).
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Table I—Definition of Torsion Angles of Four Bezenesul-

fonyl Analogues.®

Com- 6,

pound $2 3

ABS  H;-NjCyCs
ABSA  H{-N3CyCy
MBS  H;-C4C5Cq
MBSA H;-C4-Cs5-Cq

Cg-C11-814-015
Cg-C11-814-015
C10-C12815016

C11-814-Ny7-Hyg
C118140y7-Hyg
C12-815-Nyg-Hyg

C19C19-81501¢  Cr2-S15018Hyg

a Each torsion angle corresponds a rotational angle
around middle two atoms. See the Fig. 1b-e for details.
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Table I1—Energetics and Torsion Angles of Low-Free-Energy Conformations of 4-Aminobenzenesulfonamide (ABS).2b

Conf. Torsional Angled
Letter codec %1 2 #3  AGyg® of AAGe  AGR -TAST AE,J 4E* AEy' AE,M™

e g- g+ 0 -61 56 .000 .201 000 .000 .000 .000 .000  .000  .000
e gt g+ 0 60 59 035 .189 -.001 024 -.011 035 .026  .009 .000
t gt g+ -180 60 59 104 .168 -.001 087 -.019 .106 021 .085 -.001
t g~ g+ -180 -60 55 .140 .158 .001 .139 .000 .139 065 075 -.001
e t g+ 0 -180 56 343 .113 .005 199 -.139 .338 043 296 -.001
t-t g+ -180 180 58 470 .091 .005 327 -.138 .465 094 372 -.001
e g~ g~ 0 -62 -83 1.435 .018 .788 .670 023 .647 798 -.157  .006
t g- g- -180 -62 -83 1.584 .014 7186 819 021 798 872 -.078 004
e g+t 0 62 -150 1.622 .013 .860 .800 .038 762 932 -.174  .004
t gt t -180 62 -150 1.661 .012 .858 844 .041 .803 897 -.098  .004
e g+ g- 0 67 -95 1.707 .011 190 1.077 160 © 916 884 -.040 .072
t g+ g~ -180 67 -96 1.751 .010 792 1112 154 .958 854 033 .071
e t ¢ 0 -160 -135 2.927 .001 .858 2919 849  2.070 1.048 538 484

a Energies are in Kcal/mol, and free energies and entropic contributions are calculated at 298 °K.

b Only the conformations with the relative total free energy to that of conformation eg~g+ AG, <3.0 Kcal/mol
are listed.

¢ Each conformation is defined by three torsion angles of ¢,, ¢,, and @5 defined in Fig. la and Table [; ~30°<e<
30°, ~120°<g-<-30°, 30°<g*<120° 120°<t<180° or —180° <t< -120°.

d Units are in degree.

e The total free energy of each conformation in the hydrated state; AGyy; =Gio—Gigr°, Giot® = —43.733 Keal/mol.

{ Normalized statistical weight.

g Intramolecular interaction energy change; AE=E-E°; E°=E.°+E;,° +E,,° = —21.000 Kcal/mol.

h Free energy change; AG=AE-TA4S, G°=1.091 Kcal/mol.

i Conformational entropic contribution.

j Hydration free energy of each conformation; AAGhyd=AGhyd-AGhyd°, AGhyd° = - 22,733 Kcal/mol.

k Electrostatic energy change; AE  =E . E.°, E.° = —17.862 Kcal/mol.

1 Nobonded energy change; A B, =E,-E,°, E;°=-3.139 Keal/mol.

m Torsional energy change; AE, =K, -E;.°, Ei,°=0.001 Kcal/mol.

4 Zgol 7|18k ok & e,
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(a) ABS, eg-g*; (b) ABSA, eg-g+; ofe) HA7A Azalo] Qlets Aoz Atg
{c) MBS, tg+g*; (d) MBSA, g-g-g* o{Rc}, o] 16709 & o|x] conformation &
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Table III—Energetics and Torsion Angles of Low-Free-Energy Conformations of 4-Aminboenzeneslfonic acid
(ABSA).2b

Conf. Torsional Angled
Lettercodec %1 $2  #3  AGy® of  Ad&E AGh -TAST AEJ AE& AE,l AE,™

e g- gt 0 -61 45 .000 .084 .000 .000 .000 .000 .000 .000 .000
e g+t g- 0 61 -44 .038 .079 .001 011 -.026 .037 .020 017  .000
e g+ gt 0 61 44 040 .079 .018 018 -.004 022 .038 -.016 .000
e g~ g~ 0 -61 -43 .051 .077 .022 010 -.019 .029 041 -.012 .000
t g- g+ -180 -61 43 126 .068 -.006 112 -.020 132 050 082  .000
t g+ g- -180 61 -4 133 .067 .003 107 -.023 .130 .040 .090 .000
t g+ g+ =180 61 44 .138 .067 020 17 -.001 118 .061 056  .000
e t g+ 0 180 43 .148 .066 .003 083 -.063 .146 012 134 -.001
e t g- 0 -180 -44 .158 .065 .012 084 -.062 146 .009 138 -.001
t g- g- -180 -61 -44 .160 .064 .024 126 -.010 .136 074 062 .000
t g~ e -180 -61 0 172 .063 -.063 067 -.168 235 -.002 237 .000
e t e 0 -180 0 183 .062 -—.064 032 -.215 247 -.054 302 -.001
t t g+ -180 180 44 253 .055 .006 195 -.053 .247 042 206 -.001
t t g- -180 -180 -43 .282 .052 .006 192 -.083 275 .057 220 -.001
t t e -180 180 -1 298 .051 ~.064 139 -.222 361 -.015 377 -.001
t e e -180 0 0 2.856 .000 -.055 2.870 -.040 2910 -.044 956  1.999

a, b, ¢, d, f, i See the footnotes of Table II. J AGy,4°=-24.214 Keal/mol.

e Gy °= —44.672 Keal/mol. k Eg°=~17.279 Keal/mol.

g E°=-20.458 Kcal/mol. 1 Ep°=-38.180 Kcal/mol.

h g°=1.522 Keal/mol. m E;,,°=0.001 Keal/mol.

r\o

2 Agsre 2% s = (—’;3 A HA| AFollix] & ZH= conformation fg*gtel o
i*ﬂ ZHT"“‘/‘]X] AG:<1.0kecal/mol) S o < 3k Alel A 2ol A)Fke] 3. 0kcal/mol ©]3sal

mlm

e}, 2]z HA Arel]=] conformation eg™ conformation 59 7+ torsion angle 3} 7} ojiq=]
g+9 dAF=E Fig.2(b)ell el Table AEE-S Table Vol 5313t o] 207 &
Me2%E o] 753 conformation o gloiA olid%] conformation® FolA, 1374ute] p&

AGp Aol ABS o vB7IAE F2 AE,% 7Fsd 72 (&, A AA AvA AG,.<1.0
AE, 2815 —TAS &) 7ool 23 ALS & 4 kcal/mol) & & 4 v}, zela MBS #HA
ggier, 2yt ABSA = ABSo vidle] Yhe #t Ao 14z conformation fg*gtel YATZE
fol 42 conformation$ X ot+d 43  Fig 2(c)ol “epAd
(AAGhyg)7h T F3E FAGUTH Table IVEZHE MBSt %<& Afolux
44 7bsd 22 Jelt conformation S) conformation S A=t AE % AAG,.7t
7t torsion angles 2w, 4.3 4,5 ABS9} vt $8F % diF jlew, MBSO i
AN & eclipse & trans LI gauche 9% trans  conformation ol ™3 ZE  ofivfx] A3kl
Felz Jeldx|ul, g gauche o} eclipse S  ABS oF FAbHA vERdE o 4 i, z2Elm
ZHe A% o 4 lgden], ABSA ¢ ABS Y 4.7} 7174 7158 conformation ©] ZH= torsion angle
dzA vehdbs AR X ) o]Ey FdHe)l F & v, 4, (H,-C-Cs-Co)& F = gauche
5 AYE AT 5 sl trans, $5(Cio-Ci12-S15-O16) T gauche &} trans =L
4-Methylbenzenesulfonamide( MBS )— 2| A L §5(C1p-Si5-Nys-Hio) & gauche FelE 2+
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Table IV—Energetics and torsion angles of low free energy conformations of 4-Methylbenzenesulfonamide

(MBS).2»

Conf. Torsional Angled

Letter codec ¢, 2 ¢z AGe of

AAGy  AGh

~TAS| AE,J] AE k AE,! AE,m

t g+ g+ 160 60 59  .000 .090
gt g+ gt 40 60 59  .000 .090
g+ g+ gt 80 60 59  .000 .090
g- g g+ -40 -60 54  .007 .089
g~ g- g+ -81 -60 54  .007 .089
t g+ g+ 178 60 59  .008 .089
t g- g+ 160 -60 54  .009 .089
t g- g+ -179 -60 54  .015 .088
e g gt 0 -60 54 .071 .080
gt t g+ 39 -180 57  .481 .040
gt t g+ 80 -180 57  .483 .040
t t g+ 160 -180 57  .485 .040

t t g+ -179 —180 57  .492 .039
t g- g- -159 -61 -82 1.452 .008
g- g- g -8 -61 -82 1.452 .008
g- g- g- -40 -61 -82 1.453 .008
t g- g- -179 -61 -8 1459 .008
gt gr ot 80 61 -148 1.599 .006
b gt 160 61 -147 1.600 .006
g+ g+ g- 80 66 -93 1.633 .006

.000 .000 .000 .000 000  .000 .000
.000 .000 .000 .000 000 .000 .000

000 —.031 -.032 .001 001 .000 .000
003 044 039 005 019 —.014 .000
003 002 -.003 005 019 -.014 .000
000 —152 -.160 .008 .001  .007 .000
003 -.052 -.058 006 .020 -.015 .000
008 —.179 -.191 .012 .019 -.007 .000
003 291 223 .068 .020 .049 .000
006 .306 -.170 475  .087 .388 .000
006 287 -.191 478 090 388 ".000
006 335 -.145 480  .092  .388 .000
006 226 -.261 .487 .092 395 .000
794 606 -.052 658 831 —.175 .002
794 621 -.037 658 .831 -.175 .003
794 581 -.078 659 .832 -.176 .003
794 497 -.169 666 .831 -.168 .003
875 718 -.006 .724 .924 -.201 .00l
876 711 -.013 724 924 -.202 .002
788 972 127 .843  .861 -.069 .053

a, b, ¢, d, f, i See the footnotes of Table II.
g E°=-23.282 Kcal/mol.

h G°=1.568 Kcal/mol.

i AGyyg® = -16.481 Keal/mol.

Y,
o
12
4>
30
AN

Qct, & ABS 9} vlas] & « ©x
gmtol hEA JehdE & 4 Jed oA —
NH,7| 94 —CHy717} A gsloial Aae Y2
ojxic}, ole} 2L Azkg E o uld receptor 9}
9] binding site7} 4,9 4, FHekd ABS 9}
MBS 9] gHtdo] A4S Aoz oFHo] Ao,
4-Methylbenzenesulfonic acid(MBSA)-—3
] AA] AfolixE 2 conformation g-g g+
of g Ad] Al Afoizzke] 3, 0kcal/mol
o]3lel conformationE1ke] 7t torsion angle 2}
7+ AR A E-E-S Table Vol 45313k, 2438
% conformation £ torsion angle 5% 24 ¢,
(H,-C4-Cs-Co)& MBS 9 4,3 A3, z28]lx
¢2 (CIO-C12_515—016)9'} ¢3 (Clz'—sl5-018-Hl9)—‘E-

e Gy = —39.762 Kcal/mol.
k Eg°=-19.914 Kcal/mol.
1 E,°=-8.368 Kcal/mol.
m E,.°=0.000 Kcal/mol.

ABSA 9} ¢,, 4,9 FA VElsten, o] 2470
o] & Zfol|iR] conformation & 25 7t
g FZE, A A4 ZAFoA] AGe:<1.0
kcal/mol) ¢ & 4 ek, zEla FA Aol
=] conformation g-g g*¢l qAT=%F Fig,
2(d)oll viephiiet,

Table V2¥& MBSA< 715% conforma-
tion&¢] TE ojufx] 73g4de] MBS & 799
A7) UEhtem, MBSAE ABSA 9 whirA
2 F3(AAGye) 7t ¥ AR conforma-
tione FAIEHA shedl H FIE FAUTE ¢
4 dddh, o9t e AAE £ wf MBSA+
MBS, ABSA 9 #A1d 44E 71 ZeR 4%
fmg JFHs fASHA Jebd oz ¢iFslo
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Table V—Energetics and torsion angles of Low-Free-Energy conformations of 4-Methylbenzenesulfonic acid

(MBSA).2b
Conf. Torsional Angled
Letter code® ¢; ¢; 43 AGy® of AAGE AGP -TAST AE,] AE. < AE,' AE,™
g- g~ gt -39 -61 44 000 .047 000 -.027 -.032 .000 .000 .000 .000
g~ g~ gt -80 61 44 001 .047 001 -.048 -.054 001 .001 .000 .000
t g- g+ -160 -61- 44 .002 .047 001 -.048 -.055 .002 .002 .000 .000
t g- g+ -179 -61 44 009 .046 000 -.196 -.210 .009 .002 .008 .000
t g+ g+ -160 61 44 022 .045 .028 .000 000 -.005 015 -.019 .001
g- gt g+ -39 61 44 .022 .045 026 -.032 -.033 -.004 015 -.019 .001
g+t gt gt 81 61 44 022 .045 026 -.032 -.033 -.004 015 -.018 .001
gt gt g- 39 61 -43 024 .045 004 -.048 -.073 .020 .004 .017 .000
g+ gt g- 80 61 -44 026 .045 005 -.041 -.067 .021 .005 017  .000
t gt g+ 178 61 44 .029 .045 027 -.291 -.298 .002 015 -~-.012 .001
t gt g- 178 61 -44 034 .045 005 -.140 -.174 029 .006 024 .001
t g- g- -160 -61 -44 .034 045 029 -.087 -.096 .004 021 -.016 .001
g~ g g -40 -61 -44 .035 .044 031 -.092 -.102 .005 023 -.018 .001
gr g~ g- 80 -61 -44 037 .044 031 -.021 -.032 .006 024 -.018 .001
g- g g -59 -61 -44 .045 .044 033 -.107 -.124 .012 .026 -.013 .001
t g™ e -180 -61 0 052 .043 -.059 -.182 -.297 110 -.054 165 .001
e g+ g+ 0 61 44 084 .041 .026 .232 .168 059 014 044 .001
e g~ g 1 -61 -44 .098 .040 .031 216 143 .068 .023 045 .001
gr t gt 39 180 43 .206 .033 .000 063 -.148 206 -.011 217 001
gr t g+ 80 180 43 .208 .033 .001 089 -.123 207 -.008 216 .000
t t g+ -178 180 43 218 .033 003 -.070 -.290 215 -.005 221  .000
gt g -40 -180 -43 227 .032 .007 .038 -.187 220 -.002 223  .000
gt t g 80 -180 -43 228 .032 .005 098 -.130 223 -.002 226 .000
t t g~ -179 -180 -43 234 .032 006 -.002 -.237 230 -.002 233 .000
a, b, ¢, d, £ i, See the footnotes of Table II. j AG},yd" = —-17.954 Kcal/mol.
e Gy ® = —41.507 Keal/mol. k Eg°=~-20.136 Kcal/mol.
g E°=-23.553 Kcal/mol. 1 Ep,°=~3.418 Kcal/mol.
h G°=1.898 Kcal/mol. m E,,°=0.000 Kcal/mol.
Ak, S o £ gk ok 2L AUEAE of A
ofu] de{A ubgr|A ™M) st sulfaAle] & B2 g0 eclipse, trans Ol gy gauche 3
T24-S bacteria 9 WHolA folic acid7} &4 &)Y o 3HFEo] bg AAL 4 4 YA
& o] p-aminobenzoic acid ¢} sulfa A7} A5 7 Benzenesulfonyl %50l w3k ?H”rEﬂJJr T+
0% B folle scds] B4l WA 2 A} Qo e A BAay
@old, o @ C, 94 (Fig.1(a) #2)9 — o o] §4%2) F#4e R, 94 (Fig. 1(a) 3
NH,7[7} 9bgoll #odshs ez d#izf Qlrh o] z)o] 59 AAE 712 “HT‘Z‘ S Aol A
ol g FTHL MBSA<KMBS<ABSA<  conformation ol W& 431e] 3sko| & wi 3H7H
ABS(Table V€22 theht gieh, wehd) T2 of Zdisiglon), R, A%el Az e A3AE
4 Ansl BEesel WA 4 Ak F b e FEHe| £3te] Ferche Akl o
HS S g S 2R S B AEReldAe] 9L BeTe AT ¥ 4
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Table VI—The free energy of hydration for groups or
atoms in the Lowest-Free-Energy conforma-
tion and antibacterial activity of four benzen-
sufony! analogues.

Compound C,3 Cyp2 8.2 Ogq2 02 Activity®
ABS -0.996 -0.910 -1.826 -3.053 -3.087 2x10-4
ABSA -0.993 -0.926 -1.842 -2.982 -3.549 5x10-3
MBS -0.981 -0.928 -1.885 -3.072 -3.085 2x10-2
MBSA ~0.978 -0.944 -1.915 -2.984 -3.540 5x10-2

a Refer to the Fig. la and units in Keal/mol.

b Denotes the minimum inhibitory concentration (MIC)
of benzensulfony! analogues on Stapphylococcus aureus;
units in mol/m!.25)

UL,

2, Partial atomic charges and dipole
moments

TEFY dTolA ZAH FEATY A AA
Aol dA]  conformation 2] 7+ A4S partial
atomic chargest FTHIAS] IAE, ez
dipole moment ¢}2] AL A ¥ kx|t o]
ko] P3d ARdAE ge Aoz ey
omg olZo g HWxe Table-d AJzkslgdch
w2t drug dipole-receptor dipole 7+e] A= 7]
5L FgaEo] A JlodskA sS4 &
Art,

3. Hydration effect

4] conformation #4o4 ABS ¢ MBS+
371 e o4z conformation$ §=|3h=d]
Z 719% slgdxlat ABSA 9 MBSA+ ¥ o3
< T4 %5 dsdct, ajn F2EA Azl
2t
.

N

doixl A =folidz] Alefel conformation
7 flAtelvt hAEo] wiEk 3kl

(AGyya) St water-accessible %9 (V,,) 9} &FH
7ve] BAE Z+7+ Table VISH VIlol vehliglcy,

T2EA Aol wel A 2relvx] confor-
mation 8] 7} Yziglolvt YRS Fof4] Table VI
of Yehd A3} 3ol C,, Gy S 05 O.(Fig.
1(a) #2)9 AG,.a13He Adsdtt, o F G
2} Spv AGusZt T 38 745 ddHe] AX
£ AAE UeRAE G AGL,sH Bl
5 o] Axle AAJAE eblleh, ey
O O ABA] gl AR ey, of9}
e Aol UA ] didt AAE £ W, AGua
Zkel Z7138~E hydrophobicity 7} #AR & A4l
ZAEA o] frEAlEe] & FHHE 2V A=
C,% S;& hydrophobicity 7} #AAoF 3tz C,9
hydrophobicity &= 2}obA ok & & 4~ U+,

Table VIelA 2& vle} #o] water-accessible
29 (Vo) ot 083 BAS 2 Cis Vol
ARDTE 28 G2t St Vil Fotd45 gt
o] Z7}algdeh, ©] water-accessible 33 (V)
o] Wt} AGyy, W3} M2 ulEshe AMZAH
Cor GOt S8 & AGuol 53 Aozt
HE ZloslA] dethe AS & 4+ Urh (e A
(1) #=).

k

2 B

Benzenesulfonyl $=4%¢] conformation
Staphylococcus aurveus o W& HHE o] A
£ AR A ohea e AR WE & A

Benzenesulfonyl §-=4159 C, Al AEH
NH,% CH, #37|E°] trans &+ eclipse G| o]
2, 28x S, Hxo 2= NH,¢ OH A37|=

Table VII—The water-accessible volume for groups or atoms in the Lowest-Free-Energy conformation and
antibacterial acitivity of four benzensulfonyl analoges.

Compound C,2 Cp2 S.2 Og 02 Activityb
ABS 500.122 457.268 500.523 385.667 386.273 2x10-4
ABSA 498.661 465.291 501.224 393.692 394.296 5x10-3
MBS 492.670 465.990 508.537 385.619 384.988 2x10-2
MBSA 491.025 474.003 509.247 392.863 393.767 5x10-2

a Reffer to the Fig. la and units in As,
b See the footnotes of Table VI.
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o] SO 9,} ,] z%;ﬂ 7]74 /ll—i %—oﬂ _qo].oq gduche

el 5 zt: conformation & o 748l =S )
Bl e & 4+ partial atomic
charge ¢} dipole moment & ¥ ulas] 2
73} o] F=AE3 receptor 79} AEAEL A
7| 43Agel o254 B A B3k,

212]3 Benzenesulfonyl A
Az, g oln] steiA gle ukerlH e #
AgRH o] FrAlEe drHe R, AA 5
AFAE A we e 2jolvA conforma-
tion o] gl 4-5ke] ogko] F wl) FFH o] FoiH
Rqov, R, HHol Mz & A3AE 7R wl=
gaae] 3he] o u s A3 Wi ERP
Ag Ao qzle kg etk S 4 4 S
o,

w3t grEa AR dSEHE
Aztetelt YxbEe] AGhyd)
benzenesulfonyl #5452 20|
MAE Gt S hydrophob1c1 y 7} 7% of &},

C.2 hydrophobicity & Zte}=]ok & ok 4 9J9d
o},

Ao,
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