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SUMMARY

The electronic structures of a series of sulfanilamide and sulfonamide derivatives have

been calculated by the H#{252}ckelmethod and also by the extended HUckel method.
In the case of the sulfanilamide derivatives (sulfa drugs), the elect.rophilic reactivity

indices (superdelocalizability or partial atomic population) at the N4 atom in the
molecule are correlated with their relative bacteriostatic activities against Escherichia coli.

From the results calculated for a dihydropteridine derivative, a possible reaction mechanism
is proposed in which the carbonium cation of the compound will attack the N4 atom of t.he
sulfanilamide derivatives electrophilically.

In t.he case of sulfonamide derivatives (carbonic anhydrase inhibitors), the relative

activities as carbonic anhydrase inhibitors are discussed in ternis of t.he electrophilic reac-
tivity indices at the nitrogen atom of t.he free amino group. A hypothetical reaction model
for the interpretation of the inhibitory action for carbonic anhydrase is ProPOseci.

INTRODUCTION

Recently, many investigations have been

carried out to reveal the relation between

chemical structure and pharmacological
activity. In order to design phai-macologi-

cally more effective compounds, it is es-
pecially important. to study quantitatively

the relation between phai-macological ac-

tivity and electi-onic structui-e and to
identify the most important and secondary

centers in the cheunical strtuctures respon-

sible for the activity of various drugs.

H2N SO2NH-, -SO2NH2,

Presented at tloe 88th Annual Meeting of the

Pharmaceutical Society of Jmopan, Tokyo, April
1968.
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Thee species of tlrugs having the same
sulfonamide moiety au-c known to show

quantitatively (iuit e different pharma-

cological activities: sulfanilamide cleriva-

t.ives, sulfonamide compounds, and sul-

fonylurea compounds. These compounds

are the antibacterial sulfa drugs, the car-

bonic anhydrase inhibitors, and the oial
antidiabetic drugs, respectively. Ari#{235}ns et
at. (1) showed that the essential moieties

for the hacteriost.atic action, the carbonic

anhydrase-inhibitoi-v action, and the oral
ant.idiabetic action more

and __f����__SO2NHCONH-,

respectively. Vat-ions physicocheinical

properties of these compounds, especially
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of the sulfa drugs (2) , have also been

studied in relation to their biological ac-
tivities. In this report, the electronic struc-

tures of the former two types of conipounds
have been calculated by the H#{252}ckelmethod

and the extended Hflckel method and i-e-

lated to their phat-macological activities.
The changes in electronic structure that

some model compounds undergo during a
hypothetical reaction have also been

studied.
The oral antidiabctic drugs have not

been studied here because their mechanism
of pharmacological action is not clear.

THEORETICAL

The H#{252}ckel method. It is safe to assume

that the 7r-electrons play particularly itn-

portant roles in bacteriostatic an(l carbonic

anhydrase-inhibitory action, insofar as
these actions of 7r-con�ugatcd compounds
are exhibited through specified chemical
reactions. Consequently the conjugated

�-systems are treated by the H#{252}ckel
method.

The parameters used iii these CitlClIlUtiOtlS
are the Coulomb integrals, a., of a carbon

atom C; a�, of a hetero atom X; and the
resonance integral, f3,_.�, between a carbon

atom and a hetero atom. These values are

shown in Table 1.
The number of Tm--electrons in the sulfonyl

group is regarded as 4, on the assumption

TAusu,E 1

C’ouobonib aFt/I re.sonaotce iioteqr/tl.s used in

hoe Hiickel met/to/I

that the yr-molecular orbitals for this group

a i-c constructed as follows.

U

60

Two oxygen atoms of the sulfouiyl gioup

are otut of plane, an(I each m-r-electron takes

part iii 7r-conjugation ( 3)
The formal charge 2 - q,i and the

electrophilic or nucleophihic supcu-delocali-
zability, S� (4) , arc used as reactivity

indices.

= 2 (Cr’)2

00110X(’

‘� (.V) = 9 � (C�)2

where Cr1 is the coefficient of the itli
atomic orbital in the jth molecular orbital,
A1 is the coefficient of its energy (given as

= a + Aj�), and the summations “‘�

and � cover occupied orbitals and un-

occupied orbitals, u-esl)ectively.
The e.rtended H#{252}ch-et method. Iii this

method (5) all valence atomic orbitals are

taken into account. A molecular orbital �
can be expresseol as a linear counhination of

all the atomic orl)itals Xo’ of the valence

electrons of each constituent. atom

=

The siunultaneoius equations ate wi-itteui

= 1,2

The orbital energies c are roots of the

secular equation

Hrs - �‘�r.-’ = 0

The jth molecular orbital is not-niahized as

V V (‘r’C,�Sr,� I

8 r

In these equations � ttnd ASr.s- arc reso-
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nance auth overlap integt-a ls, IosJ)cctively.

(‘it is time coefficient of the rth atomic
orl)ital in the jth moheculat- oubital.

The Coulomb itit(’glal, iirr, of an atomic
Oil)itah is taken as 11,.,. -L, in which 1r

is the moohiuied valeuice state ionization po-

tential of t lie rthi atomic orbital. For the

modified valence state ionizatioui potentials,

we adopted the approxiunmote valut�s for

some relateol compounds determined by aim

o-technique in the extended lliickel method

� propose�i l)v (‘usachs et (ii, 6-8 . These
values are shown iii Table 2. The Coulomb

integrals for the zinc atonm �Ve1e obtained

from the estimated values of Bahiharusen

and Gray (9), and are given iii the same

table.

The resonance integral, 1178. betweeui the

rth and the sth atomic orl)itals is given l)y

the following equation:

- KSr�(Hrr + 11k,)
2

wheme K 1 .75 mouth S,.� is the O\(lIla[)

integral.

The exponcuit values of atomic orbitals

ate assessed aecoi-ding to Slater’s rule to

be 1.00 fom- the hydm-ogen atom, 1.625 for

the carbon atom, 1 .95 for the nitrogen atom,

2.275 for the oxygen atom, and 1.817 for

the sulfur atom. Thie exponent values of

the zinc atomn are 3.067 for the 3d orbital

and 1.176 for the 4,s and 4p orbit als.

The steu-ic configurations of the com-

l)ounds used �veue obtained from Sutton’s
Tables 10) and are shown in Fig. 1. Un-

known hontl lengths and bond angles have

been estnnatcoi fu-otn those of analogous

COti1� ou mitIs -

We adopted the lam-gcst partial atomic

PoPulatiOul in the highest occupied (HO) or
the next Ho or the lowest vacant (LV)

orbitals, and also these ombital energies,

as the i-eactivitv iuidices in the extended



TABLE 2

Coulonth iiotegrals used in the

rrt#{176}n/Ie’1 F! oie’.-el ,n�’t’oo/I

d S P
neutral
-NH2
-OH
pyndine

Hi
2
3
4

� -

2
3

01
2
3

-13.6
-15.83
-17.15
-14.65

neutral
-COOH
pyndine
�C0

-2iTl�
-24.47

-21.01

-11.42
-14.85
-11.52

“SO2�0C0H
-OH
�C0

-3Q79

31.29

-14.29
27.73-11.00

-15.02
-NH2

pyridine
NH3

Ni -23.39
2 -23.70
3 -23.69

-10.26
-10.99
-10.47

-5--
�S02

51 f-7
2 [-28.6

-11.85
-17.4

Zn� Zn -28.00[-14.49 - 8.42

l)mota from Yo)uezaw�o ci (11. (6. 1 limize mouth .Jmtf1’�

(7), Cusachs and Reynolds (So, mouth Bahhhomtoisemo momiol

Gray (9).

rAuI.Fm 3
(‘hem td(Il 0(0(1 iO’ib!J / ,)(/)(.(5 dOIdOIlat(’// b11 tbte H 01(11(1 000(1/tO/I, ro’l/Itio’o’ I)/1(t(’ttOsi/,tle

(zelioities- of .50//f/I /1 ron/s /zq(!omt.st L’. coli, (moo/I pK, oh 1/u’ .V� atone

The empty l)lucks iuo the last coloumui I ui(hiomol e ito phimou’ioomto-o do gicmol moot ivi t v.

Sulfa Drugs
X-�1H-O-S021�1H-Y

Nc

1

X

H

V

� 4.9’l

S�E) 5(N)

2.141 2.33)
�.Lqi
0.4h�

�eIative ratio p
E.coli inhibit.

182 5.98

2

3

H

H
��CH3

�

4.907

4.907

2.110 2.34

2.111 2.34�

0.44

0.44

142 6.85

142 6.37

4 H C0-��4� 4.871 1.865 2 .65� 0.47: 36 4.37

5 H 4951 2.386 2.201 O.45� 80 7.23

6 H 4.938 2.314 2.25� 0.4& 56 4.79

7 H -4�) 4.919 2.192 2.281 0.44 27 8.56

$
9

it,
ii

H
H

(CH3)
CH3CO

-H
-CONHC6H9
-CONHC4H9
-H

7
2:667

2.498 2.013
1.989
1 .9�
�.447

�42k3 1 10.43
a little

12cH3CO -(N� 26572.076

j� H2N-O-cOOH 46�

a The relative hacteriu.stati(- activities more from Kiruger-Thiemer (11), Sevdel and \\enipe (12), and Orteh

and Mohnike (13). Thou pKa valoues more from Bell auitl Holdm (14) amid \oshiioka el al. (15).
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FIiickcl ummethod. The partial atomic 1)01)1)-

lations ttr(’

Itr(�) = 2 V Cr’Cs�tSr,

\Vhll1( (‘ri is thie coefficient of the rth atomic

orbital belonging to the X atom in the )th

mmmolecular orbital am I covets a 11 the

atomic orhitals hcloumging to the X atom.

The l)t01)em’ties of the iollize(l forms of

sulfanilamnidc derivatives sccun to affect
_________ indirectly the biological activities, as fou

itist anee wit Ii resl)c(t to Ifl(lnl)fltIl( P(rumle-

moh)ilitv. The above tuemitment of the mmii-
_____________ ioiiiZeo I fommn . therefore, is eonsio hem-co I to 1)0-

mth)l)Ioh)Iiate.

Iu-:sl’LTs .�N I) I)ISCI’sSR)N

eV ( lid/it 1(01 1(�(1 (101 ‘ii �i ii) (10Ce.5 /) 1)1(001) C(I b y

floe JIuo’-kel metloo(1. Iii the case of sulfauoil-

mounit he romn� lounols. X�N4H- -
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1.00 80 160

Activity

l’uo - 2. �S’to /)(t’/l/lOCOIlitII)tltt or.-’ toot/I ref/Itt to I)(octerio-

.stati(’ (let it’iti(’.s of soil/u //00//S

‘fhie mooumnbeus over the l)oiflts iii this figtuue coomre-

spomid to (loose of (lie compoumids imi Table 3.

#{149} ‘� - -�, �hor1-moo-t imig soulfmo ohi’oigs ; 0 0, loomig-

mt�t iutg sulfa thu-togs.

S( � ‘II -Y, do-ct 101 hi lie �ti� )(iolelO(ItliZ-

mthilitv, ‘��01’� , at time N’ moloumi ; mmueleoj)imilic

sttl)eio lehoca hizabi lit v , S’,/ � , mit time sumhfuum
atommo ; mind elect iophmihie slil)diolehodaliz-

ability, S � , at (hoe N’ (11 OflI are coin-

areo I with I imo-im’ to-hat ive 1met c-uiost mttic
tt�t ivil ids Ifl 0111/) agmoimist L’.5(/i(iiClt 0(1 cal,.

TIme ielmit ive mitt Wit liS (Otill)mli’eil to sul-

fmtm hmoimiit It t Pd (it (01 fl-otto K u-iigo-r-Th mid mlii

(11), Seyolel mommol Wemj )e (12), mint I ( )mtel

:111(1 �\ I ohmiike (13) -

TIme formal chamge (2 - q1) at time N’
mmtoimi is (oilll)lil(tl with the l)T� vmolue mit

time smo itt posit iot I, �vl michi is 0)1 )t miimit-t I fmtommi

the pmopo-ts hy Boll anti llohlimm (I 4� aimol

Yoshmiokmt (‘f (11. ) lS

1mm lmtl)l( 3, N Lstlbstitlited amid N1-sub-

stituteol stulfanilamioles an(l p-aminobenzoic

aeid mime shmowmm. L’ommmpounols 1-4 are bug-

actitmg III ni cot 011)011100 ls 5-S mote si 1i)mt -act it ig

soil la di-ugs. Con il )0li1 it Is 9-12 have lit tie am

110 1iact (tiOst at 1( �l(t i�’it V, mttm(l (Oumml )otltl(I

13 is time ess(motial nmet mti)Olit( in(lispeuisal )l(
foi t,hm( growth of E. coil. It is clear that iii

(ut(il gu-oup of long-act iimg 101(1 shout-
mtotitmg sub fat milamitle dem-ivat ives, time active

011(5 hmavc the 1111-gd-st 5(E) and comn��am’�t-

t.ively lam-ge S 0/1) and S,5�’� in the molecule.

In contrast, the samne reactivity itldliceS

at time same position in the N4-substituted
compounds ), Nos. 10-12) and carbutanlide

No. 9 are extremely small. Tile nitiOgell

atom of p-aminobenzoic acid (No. 13)

s (N) has an 51�’) value comparable to thoseof active suulfanilamide derivatives.

p-Amnitmobcmizoic acid, w’hich is the essential
metabohite fot’ E. coil, appears, theucfore,

to (-Otfll)cte as (Xi)ectedl with active

sulfami i lamnides.

s (E) In Fig. 2, elcetropimilic an(l nucleophihc5,. values am-c pbotteol against the i-dative

I act (-miostat ie act ivit its of sul fanilamide

- conll)olmulols. ( )nlv when these m-esumlts am-c

(livioled into two separate categomies ) i.e.,

long-acting antI short-acting) can a char-

actet-tistic teumdemcv be visualized. Tile

reasomi is uncem-taium. The correlation eumrve

of S .V) with bmictcu-iostatic activity has a

negative siop(-, which suggests that Iam’ge

#{176}�‘� vmilttes metho-ct mutt mibohe inst :1101Iity of

floe mumoh-eiulmmm st u-Plot 111.0 01 mumot lit-i- uiiknomvtm

fat-tom.

It is t Imem-el’om-elikely timat tlie electra-

phmihe memo(t mvitv of thit N’ atom in sulfamiil-

ammiioli toimipoommiols tummy play the pmitmeipal

1-0010- Ill (hit-li I omit-I o-miost mit it �a-t 10mm, 1111(1 t limit

‘1’�nu.m’ 1

I’Itt’lOtO/)/I 01)0’ .50/tO ,oloItoo’it I) moo/nIt/te.s to no! 00/01/ too

/‘tIi’/OoOl to’ Ott? Ii !/01t00So’-0 ot/ot Iot/ooi’i/ otto ,ito’,s 0/

-on! /00,010) 0/0 o!oIiooo/o)o.s

X-502NH2
-

No X
(El (E)

S-NH2 �-$-
R�1ative ratio
�A inhibitior�

1 EtO 2,472 4.405 227d2(94.h)b

�2
QSO2NH �

477 2.857 198

3 -O CH2�- 2.438 (66’!.)

4 CH3CONH � 2.480 3.063 59(11 I.)

5 H00C-�-- 2.380 (#{149},)�

6 H2N-�-- 2498 1 (.)

h)motmo of \Vistu’mtmool ( i7).

DmOim oof Tmoutiunoml�mti oh (1!. (16).

1)motmt tof h3omrgem (19).



Sulfa Drugs

p- Aminobenzoic Acid

Carbonic Anhydrase

Inhibitors

l.945(-lO.293)

N-N l.927(-1O.289)

CH3CONH 1L�J�’�� SO�H2

Fma. 3. The largest partial (ltonoiC pO/Jt/Iati/)P0S of the HO or tite moext HO (starred) orbitals at time ro.itrogeot of

all component atonos of sulfa drugs, p-aniinoheoozaic acid, and carbonic an/i ydrase in/oibitor.s, and t/oeir orbital

energies (electron volts)
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the sulfur atom and the N� atom may be
of secondary imlipOrtamice with resl)ect to

such factoms as metabolic imistahility.
solubihity, atmd meml)ranc pcu-mncahility.

1mm time case of sulfonamide compoumlds,

electrophilic superdelocalizability, &�i2�

at the free amino position is the next
largest value in tile molecule. The sulfur
atoms in the heterocyclic thioethem- group

of compounds 1, 2, and 4 in Table 4 have
the largest reactivity indices. These indices

are closely correlated with tile inhibitory
activities on erythrocyte cam-bonic anhy-

drase in vitro. These values were obtained
from Tanimukai et al. (16), Wistrammd (17),

Maren and Wiley (18), and Burger (19).

The relative reactivity is expressed by
taking that of sulfanilamide as unity. Al-
though compounds 3 and 5 have no hetero-

cyclic thioether group, they have consider-

able inhibitory activity.

It is therefore suggested that the electm-o-
philic reactivity of the nitrogen atom of the
free amino group may be an importammt

factor for carbonic anhydrase-in hibitory

l.094(-lO.379) l.608(-lO.272)

H2� -oC’�1��’--- SO2N}L

l.246(-lO.369) l,159(-lO.240)

H2N � so2�.

l.O77(�lO.43O)

H2N -�------COOH

HOOC -�----SO21jH2

activity. In fact, tue chemical n-activity

ium(Iices of the nit rogeti atomim imi Imible 4 are
much lamgei- than those of time N1 atom of
time sumlfanilamide derivatives shown in

Table 3.
C/me mnical reactivity indices obtain e(1 by

the e.rtended H#{252}ckel met/mod. Time com-

pounds for which calcumlations have been
made are sulfammilamide and sulfathiazole
as sulfa drugs, p-anminobemizoic acid as the

esseultial bactem-ial metaholite, atid p-sul-

famnoylbenzoic acid and acetazolammmide as

carbonic anhydm-ase iumhihitors. Time largest
partial atomic popumlations at time HO or
the next HO bevel (stat-red) and these
orbital energies in units of electm-on volts
in several comnpouncls are shown immFig. 3.

In the case of the sulfa drugs, the cal-

culated energies of tile HO anti of tilt next
HO orbitals are nearly degenem-mite. Time

1)artial atomic l)opuulatiouls at these levels
are largest at time N4 or N1 atom of the two
simlfamiilammmide comnpoutmds shown in Fig. 3.
Time partial atotmiic populations of time LV

orbital lfl tile benzene ring are fait-ly lai-ge.



PaSS lb Ic rea(-t ion on ce--h (10 osooi of ,so� Ito

dru�js. It hi mis i)t’emi t(l )ou-t (01 t limit sum1fa drugs

iumtcu’fert- wit Ii t lie hiosvmmthiesis of dihy-
oimoi)tem-oio- acitl, cit imt-t- by imihibitimig the

euiZvune syst-mmm mesimoumsible for conden-

sat iomi of p-mouimiumoi x-mmzoic aeitl witim 2-
ammiitio-4-hitlm-ox-6-imvdm-oxvmmiethivldihiydro-

l)t (ill limit- l)�t0l oimoi )hmmtte I 20 ) or by

�itoolutcimig fi-autluk-mit analogues” of di-
hvo lu-opt em-alt mit-jo 1 (21)

Based on thm- latt(-m na-chmatmism, the (-lee-

tmommi(- st m-ut-tut-t- of 2-ammiimmo-4-hyolroxv-6-

hmvdt-oxvmmmt-t hm\-lo Iihmvtlm-optei-idimit- \Vas (‘al(’U-

lateti by immo-miums of the ext(-tmo led Fl #{252}ckel

tllcthio(1. Iii this cast, t hm(- gt-ommmet i’i(’md stmumc-

tnt-c of tIme eonmpoutmtl is assumetl to be
similmiu- to t hat of a Pt (‘hit limme, fat- wimich

cx� etitiletmtmll ohit mi mime givt-ui ill Suttomm s

Tables 1 10) . lum Fig. 4. samoa- at’ time higher

ae(-lmpio-(1 mimoleeu lam- ou-bitals mitt- shown , as

well as t lit- umuthml)cmitig of t hmt- posit ioum of

tIme hat-go-st pautimil atomic popimlatioum 1mm

e(-u-t Ilium ummoleeulmim- Oti)itals.

Fm-am t hmt-so- u-esults it is suggested that

heeauso- of the high t-lo-ctm-opimilic meactivities

i.t., (lit l:oi-gest I)miutimll atoumlic PoPimlatiomis

iii t lit- 1I( ) au next HO k-ye-h, ammd so atm I , thmt
N-S atommm, thit- 2-NH� gm-oomp. and tilt- oxygen

mitomum of (hit iwo Iu-oxvnmt-t hmvl gu-oump will be

tmlost emisil’ 100 oimmit-tI, sitieo- thest- positiotis

1120 C02� H2C03

o�i
�0 ;��‘C-0
o “Zn� 6’

fl.-’,

Partial atomic popuLation at HO level
0.995 0.294

H3C-5O2� HO\ -NH HmC�SO2\ HO NH

K2N 9�NH3 � H2N -Zn �NH3

OH OH

1.004 0.419

Zn P===* Zn

fl-.--.--* NH2

* 0

I’m t;. .0. i�(0,IH0 1 to/otto it’ pop. i-I/toots 0/ /ite Ho hoe!

(Oh I/to, O.1’!/(/(Oo (010000 tot tin /t!/dI’o.r!/l qroups of (/ta100fltime

:o toe) I! ( i)y(iro.ro(Ie, (000(1 1/teir 0/ct/pied an(1 0/ nOC-

(‘,O/)ie(l 000(1(11/ ltt’t’i.s tOt t/ie (0/n pier foonoatio’n

‘T’hie sO mtm’m’euI bevel i-o Ihue I 1( ) nm LV lev-l.

-8 Energylevel
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o 119

HN�5���H2 PABI�NXCH2NH QCOOH
H2N+N �H Enz. � N -�

H \ATP H

eV � N-8 \ �
-10 � �. .- 2-NH2 \ #{231}�yNtyCHt

fl -“�---- N-I

h-mo;. 4. I’O’)S’/t/tlt /000.5’!/0t//?(//t’ /fl1!t / 0 O/t/t!//tOJ;/;o’Ot(

ooeid boot 2-(100 i000-4-/tqdo’o.r!/-6-h!/olro.o-!/ntet!t!//diloy-

dropleoodt ite (ott/I ohs orltotn! (‘oteo’qto.s

)ccoupueoh emieugv levels mime mepuono-mioeoh mo uimuils

o of ehe-t tout vo oht , month the 11 ( ) level is st ammooh - p.-� B

is p-mtnlimiooho(mizotio mit-itt.

‘Flit- hit uugemm mit0th ot p-amimiumoi oeuizoie 11(101

has mo slight lv snmmo 11cm’ rt-mio-tivity in(Iex t hatm

limit of time sulfa oluumgs, 1mmaceot(laimct- w’ithi

lit t (tit Io-mmev (-ml hctmlateo I by t Ia- Tl#{252}ckeh
uti(t hiotl.

Iii (lit- cmise at’ tIme (-aml)otim(- atmlmyoltase

iimimil)itoms. time l)mlmtimll atoumc l)oplibmttiotms

of time umitmogemi atomn of the fm-ce mimiumo

group at thue fl( ) hovel mime lmllu(-hm laiget than

tlmos- of atm\ ot lit-u- I)05it10t1 iii t lie mnole(lh1(’.

‘Flit- hugo-st limOrt imil atonma- i �opu lmttion mit

lie hI( ) ho-vt-I denotes t hi(- hmighmt-st elect mo-
phi lit- temio’t ivitv.1 Fimese mo-sn bt s mlr(- hot

o’oummpat 11)10 wit ii t hose Oi)t aiti(-(I I)v t lit’

lluck(-l mmmetliool. Fhiese diffo-1emm(-es may be
mitt ii i)out(ol to the o Ii ffet’ent ova luatiomms of

tia- Cotmlommmh nmt(-grmils.

Fmommm time m-esults (lesct’ih)etl above, it is

gt-uiem-a 1lv comic limo led t imat t lie bmiet em-iost at ic

aetiomis of smulfa ilrimgs at-c (-losely n-lmiteol

to) t hut- tlett tOpliili(’ mt-activities at t lit’ N4
mototmm. These meact ivit its mimo- u-mit hem latgeu-

than (host- of p-miimiitmobetizoic mocid. ( )mm tlm(-

at her iomiuio1, fot cambonic atihmvtltmise-itmhmil)i-

tom-v mitt ioui the hugh (-lect uophmi lie reactivity

of t hio- tilt u-ogt-im atom of th- soul fonanuide

group seems immthispensmli)le.

Sonic of thio.- tm/st-mit tout loom’s himovo- �)uo0�0o50’(I fl-.----��’* NH2

(lit- frontier elo-o-tu’on tloo-orv, in whit-lu tho unost

mo-mit-Iuve u o�i I lt)ti imi momi o’ho’ct mom huh ut i’t’mtct uomi is

hmot, of thio l;orgest tt’tmtimol i-lot-Iromu oho-mosuty of Ohio’

highest. nt-cu jot-ti nmI )itmol (8) - This fm’touiI it-u’ tb-it m-o)n

ct)nt-o-jot. un the 1Ioit’kel calcoulmt I iton u� t’xI toii ho-oh to

hut- result obtmiumieol Io�’ I hut- o-x into ho-oh FIuio-ko’h

‘mt li-oulmot ion.
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have t hit- lam-gest 1)tlt’timml atoummic popu hat louis

in hmigimt-r accul)ieoi molecular oubit a ls . �vhilt-

time forimiatiomm of iumt m-amimalccumlmii lm’vduogemi

boumds betw-o-(-mi thut- imydmogemi mitamil of (hit

6-hydroxyunet hivi gm’ouup and time N� atomim

cOil I)e expe-ctcd. lum the l)ut’st-mm(e of t-ui-

zyullo amid ade-mmosimmt- tti1)iiosl)hlmite, t his

comiipauumol is cansi(k-u’e(l to lost its hiydu-oxyl

gu’ouup aimi I to i)t’(Otii( ml cau-i)aumiuln cation

in timt- tmauisitiomm stmite. ‘Flit- (mit’l)Ouiilluii

emit iou mummy h)055i1)l� at t mick ele(t maphiilically

at tile \u atomim of tIw sulfa dmuugs om tht

imitm’ogeum atoimi of p-miiiiiimai�emizt�ie micul.

Pass/Ide 1e(Ictl(on in echo a o’siim oJ Ci’! 11)011 lC

aim/i !J(IOaSC in Ii lb itois. Fm-aiim t lie (-Xp(’ll-

mcmmtal ucsults obtmiiumeoi by oliffetemitial

iumfrau-t-ol spect u-onmo-tu-v, the followiuig cat ml-

lvtic tmie(’hmaliismim, shmowmm iii Fig. ;5, immis beemi

l)m0P0s0ti (22 I - It was suggt-steol timmit thit’
I)icat-bahmate iomm iimighmt be eaol’tlitlmit((l to

time ziumcI II) mitommi of the eamioamiic amilmy-

dm-a�c thmm-aughi t Ia- miegat ively eiiatgeol oxy-

gt-mm mitaimi t)f time tumzvme.

It was also u-epoutt-tl (hat X-ray diffu’mie-

ion ammalvscs of cam-bouiic mtmihmvolu-mist- in (ho-

h)resemmt’t of miet-tax\’tneueumislmlfaumilmimimioie

suggesteol (limit tim(- sulfoumatniole is boummiol to

tIme zimic atom of tIme eumZvmmlo- timu-ouugli tin-

simlfommmimitit- gt-auu�) I 23)

Fm-am al)tiemil u-otatom-v tlispo-u’sioum spt-et u-mi,

it was comicluok-ul (hat whit-ui the t-umzyumie

o-aumtaiumiumg ml (O1)111t (TI) atoiii t)t’ II ZiiiC (ill

mitatim mit t hit- active site hit t-tmictt-tl wit ii

optically iummio-ti\t- mizosulfoumminmiolt’. olissym-

mum-t my was imithuced in time ou’igimmmihly symim-

ummttmitmil tuamisitioum (24) - Fixmi(ioui of the

timole-iuh- in tin- dissvumlnletm’ie imioh-cimlmii’

o-nviromimmmetmt 0) f t lie ptat ciii ummiuhi( octo it’

thmm’oumgh immtt-m-mut iati ivithm t ii-.’nm(-tmil lou iii

(hit l)1’Ottitm.

We then stito lico I a hivpot hieti(al i-mitt 10t1

l)ttweeli 111C( hmmiumo-sn 1fan aim mitIt’ mono 1 thou a-

imiiuie zimic I Ill hvtlm-oxiole as ummotk-ls of a

cari)ommic mumhyolu’ase and its inimibitor, it--

spectively. Tin- assumnll)tioum was mnade (limit

i�’hien the suulfommaunide is (Oomohinatcti to mi

zimme (TI) mitom oum time t-mmZville, time- et)Oroli-

ummthomm imuummmbo.-m of (ill- ziume :o(onl chimimiges

fi’oimi 4 to 5 mint! time om-igiimmil �vmumit-tuy of

(hit cooi’tiimmatiotm canmh)Oumii(1, T,,, h)(t()uiit’s

I):nt- The chauige iui (lit- t-lec(rophiiie
reactivity of tlu- oxvgeum 11(0111 of tin-

hmyo lu-oxy 1 gm-oup in thimiummimmiume zimmo’ I I I I Imy-

0 lu-axle he (limit accoummpmiui ics a hmy� )t)t iitt ba 1

ut-mittiomm \�-mis calcumlmitt-o I by t lie o-xt -uioIto I

lIiit’kel nmt-thiool.
1mm timt- (-mist- of mmlethimoumt-simlfomimlmmliolt-, (hit-

I-I ( ) mmit)lttlu lmiu am-i )it a I t-ommsistm- mmmmoimi lv o I’ a

lout- h)miit�tYl)t nit uageui mitoumm am-bit 11 1 : I .o-.

time- h)mii’ti:il atonmic l)0Ptt Imit bum of tIme tilt 10)-

ge-mi atamu at time H( ) ltvt’l is time imou’gt-st itt

t hit- tmlOl(t111t.

‘I’�iit- T�\� muid mu-xt l�\ om’hitmils t)t oliaumo-

ummiuie Zihit I I I I his-dm-txi It- mlme commmi)O-’-t’O I a

1)tYP(’ ziume mi(oun ami)itmils, �vln’ut’mos t hot- lit I

mimole-t-imimim- au-i)itmil -ouisists of a o’-tvpt- oxy-

gt-um mitaun O)ti)it1il ; t he 1)miut ill 1 atounlo 1)0)1 mu-
Imit 10mm of t imt 110 level i)t-coimmcs Imitgest mit

lie oxygt-mm atotim, amid coumse-thucuit lv mo imii�ii

elect uai)hmi lie h-c-net ivitv of timt- axygo-tm mttouiu

is to I �e cxl )e’tt col. ( )mm (hit- ot hit-i’ ii at mol, t imo-

simlfouimimimiolt- is missumtmit’oI to cootchitomitt- to

time tliamnuiiimit- ziuit (II) hmvthmoxiolo- to)

l)(tOtllt olimimiimmiiuit- moat limo umesiul foummimmmio It--

zimic (III imvdu-oxitlt-. mis iuiohieatt-ol iui Fig. S

it-.. t h(- uuumshman-th cIt-ct t’omi I nut- at’ (hit- hi it to)-

g(-um mitotim of t lit- fu’c-t- 11tiihlit) gm_out) is mos�omtimo -oh

to i)ttt)hii(’ i)Oluhitl (t) tlit- zimit. It is st ut-sso-th

(hat 1fl (hit (-anii)ho-x, (lit,- J)miitlmil mitaiiiic

paplulatit)ti 0)1 timo- 11( ) ot’hitmilmittIn- oxvgt-ui
mitamii 1mi the hvo Iroxy I ghoul) oho -t- t-t-a�e-�

mai-kt-o llv imi totmipmomisaim to (limit ito t hit-iso-

lateth uimolt-o-iule.This itmmphies a totmsioht-t’mihlt-

oh-cut-mist- of cIt-ct t’al)hiilit’ it-mitt i \‘it’V iii t lit’

tommip k-x - As mi u’esim It , mitt mitk t)f (hit’ oxvgo-u 0

mitomn of t lit- hivo li’oxv I gm’tnup t-oom’tlimmmot to I to

(he ziiit mitammm i)et0!tit’s hii0t’(’ (lifficlu It, mint I

thit-mittian of cmiu-hoiiic mitihivduast- is blo-kt-oh.

Ft’ammm (hit-se rc-suu Its it mmiv be coun limohotI

hri thm(-inooleh I t0� most-ti mih)Ove is use fuu I

fom- t he fom-immulmit ioti of a it-mmtt 10mm umic-ebimi-

mii-�uim of (mitboiiit motuhmvdrmiso--itmhiibitat’y

act ioui,

mou:mu�mou-:xt’m:’-.
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