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SUMMARY

A hoimmologous seiies of substituted l)eimzeneSulfoimaimlides imas beemi syntimesize(l, aimni the
mmmimmimmmunmimmimibitory coiicemmt ration (MW) against two straimms of bacteria has i)eelm deter-
nmimmed. It is showim that there is an approximmmately limmear re!at-ionsimip between the MW of

the substituted bemizenesulfonammminles and the o�-Hammimmmett values as well as time b values
calculated from immfrared-spect rophotommiet mic data of time substituted ammilimmes used for the
syntimesis of the bemmzeiiesulfommanmides. Timereby it is possible to predict time in euro activity

of sulfommanmides usimmg either Hanmnmett or b values of the basic anmines.

INTROI)UCTION

Previous studies omm structure activity

correlations of i)emmZeime- and pyrit!immecarbo-
t-hioimamk!es ( 1 , 2) have shown that the

stretching frequencies ammd time iimfrared

( IR)-absorptiomm intensities arisimmg fromim
vihratiomms of fumictional groups camm i)e related

to their reactivity. However, timese studies
could oimly i)e doime usimmg a KBr-disk tech-
nique because of the immsolubility of the coin-
pounds iii iiommpolar solveimts. As I)oillten! out,

no claiimm can i)C mmmade for time accuracy of the
frequency values because of the association

effects iii the solid state. Moreover, there is
iio possibility for time r!etermnimmatiomm of al)-

sorptiotm mt eimsities imm solid st-at e measure-
imient-s. Timese difficulties could i)e overcoimme
by studying time beimzommit riles, wiminh are time
precursors of bemmzemmecarbotimiommaimmides iim
synthesis. Timese substammces are higimly solu-
ble imm nomipolar solvemmt systems aim! time
vibration frequeimcy of interest is very well

isolated frommi otimer vibrations occtIi�rimmg iii

the lit spectra of time beimzomiitriles. Thc.
results obtained (3) Imave verified the results

calculated front time C=S boimd of time carho-

thiommaimmides (2). Timis paper deals witim
structure-act ivil-v Studies on subst it uted

i)emmzene rlerivat ives of sulfanilamnide, based
on coimsideratiomms very simmmilar to timose (lis-

cussed above. Siimce sulfa nlrugs of timis type
are highly insoluble in iiommpolar orgammic

solvents we thought of stu(lying f-he sub-

stit-uemmts rat-her t-iman time complete sulfa
(Irugs. For this purpose omme mnay split I ime

sulfommaimmide immolecule aceordimmg to time

niotteni limme B, studying, for exaimmple, sub-

st-ituted chlorobeimzenes, wimich may be

user! for the syimtlmesis of the sulfa drugs.

Simmce it is knowim for sulfa! hiazoie aimd sulfa-
pyridimmes (4, 5) atm(l for sonic 4-suifapyrimmmi-
(lilies aimni sulfaphenazole (6, 7) that time
subs! it uemmt mmmay be bounmd to time V’-imitrogeim
atoimi by a double bon(!, it scents to i)e mmmore
appropriate to split the sulfa drug immolecule

according to the dot ted lime A, thims studying

time suh)stituted aimiiimmes. Iii timis paper corre-

latioims will be show’im between physicocimeini-
cal pi�opt’ii ies of timese stll)st it ut-ed atmilimmes
anti t he antibacterial activities of time (O1TP-

spolm(liiig sulfommaimmides.
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Simmce the discovery of the aimtilmmicrobial
action of sulfoimaimmides, mammy studies imave

beemm domme to get- an immsight iiito the immode of

actiomi of timis type of chemimotimerapeutic
agemmt ami(! to finn! soimie structure-activity
correlatioims wimi(im nmight he imelpful for the
syntimesis of ime��’ sulfa drugs ammn! for the

prediction of their activity. The timeory of
Bell aim! Itol)limI (8), pul)lisheni iii 1942, is the

immost- nmmportaimt- aiR! st.iimmulat-immg omme. Plot-

ting time mnimmiimmuimminimih)itor3’ concentration
(�.1J(i) agaimm.st time pi� value of several

sulfommamimides, Bell and B.ol)lum fouimd a bell-
shaped curve ��‘it im a imminiimiummm for the NI IC
I)etweemi iK� 6 ann! 7. This relatioimsimip was

used t-o 1)re(lict- time iNII(.� of a sulfommaimmir!e
by mneasurimmg its l)Ka value. Time reason for

this relationsimip is, accor(hmig to Bell ann!

Robliim : “the immore negative time SO2 group
of a sulfonaimmide type commil)oun(!, time greater

the i)acteriostatic activity of time commmpoumid.
The eorrelatli)n l)etWeeml acin!ic n!issociation

(1ic) ammd the a(t ivity is simowmm to be dlireCtlV
associate(l �vitim the imegative eimaracter of time

So2 group.”

\Vimemm \VC tFie(l to reexaimmimme time hypot-ime-

sis of Bell ann! Roi)iin we could not flimni such
a good relatiommslmil) I)et\Veeii time PI�:i aim!

the ?mIIC for immammyathlitiommal simlfoimamninles
(9). Timere are sulfommaimmides �vitim a pIc� value
higimer or lomver timan 6 oi� 7 ann! still vei�y
active, amid t imere are sulfommamnides �vit-im

imearlv the sanme pK� amm(i n!ifferent- INII(1 (10).

Iimfrarer! st ul(Iies I o (leterimmume the j)olarity

of t lie sulfoime group iii the sulfommaniir!es
(9, 12) (hspmoved the imypot imesis of Bell ammnl

Roh)liim that a sulfoimaimmide �vitim a mmmore polar
SO2 group is iimore act ive. Addit iommal st udies
omm t lie pi�iimmaiy anmiimo group iii a series of
sulfoimainides seemmmed to support our timeory

(9, 11) tlmat time reactivity of time prumiamy
aimmumo group is immost imimportamit for sulfon-
anmitle act iou. 1lowever, further stualies oum a

series of aevi-subst it uted sulfommaimmides (10)

aim(1 st un!ies I y Waiml (12), usimmg Raimmaum- aim(l
lit-spent ronmet ry, do not support our hy-

iot imesis. Time (liffiduht ies are mmmostlv (lime to
time liummitatiotm of I1t-spectropimotommmetrv to

solid state ummeasureummeumts for timis type of
coummpotimmnl. Time associatiomm effects of south-

state uimeasureimmemmt 5 overlap time summall spec-

1ral slmifts 1hat camm be expected imornmally.

Based oim out results iii beimzelmecarb)othiomma-

lmii(he stunlies �vlmere � imave takeum for cal-

culatiomm lit (hata fromn time 1)elmzommit-riles use(l
for time synthesis of the carl)othiomlanminhes we
ti�ie(! to overconme time (lifficulties iii the
sulfommammmide S(’i�ies by st udyiimg t he various

eonmpommeimt ammmiumes.

METHOI)S

���‘1jnt1iesi.s of subs/il UIC(/ beim-zene (/erim’atu’es

of sulfan-ilamide. ‘Time sulfommaimmirles were Pm�(�-

j)aren! accornhing to (a) (‘mossley ci al. (13) or
(b) Kimorr amm(l itOssler (14). Most of the

sulfonamm.minies used ate (Ies(rii)en! iii t he litera-

ture (15-17).

IN-lethod a: To a solution of 0.1 ummole of time
aumilimme imm25 mmmlof (Iry l)Yri(!ine 0. 1 umiole of

nrystalliume p-acet ylanmiumobenzenesuifochlo-
ri(ie is anhded uumder st irriuig. The temmipera-

lure is kept i)eiow (�)#{176}. Time si irring is
immaimmtaiimer! for aI)out 2 1mm. Time solutiomm is

timemm l)ourerl iumto water ammd the precipitate
is collected.

‘vlet imod 1) : To a solut 1(J)! of 0. 1 uimole of
time aimiliume ammd 0. 1 Immole of sonliuumm carbomiate
iii �vat er, 0. 1 niole p-acet ylalmmimioi)emmzeume-

sulfochloride is adnle(! slowly un(her vigorous
st irriumg. ‘Time st irriimg is nmaimmt aine(l for al)out

1 hr, time solo.! ion is aninhifien!, aim! the pre-
cipitate is collected. ‘Time p-acet-ylammmnmo-

b)enzeiiesumlfommamimir!e is hynlrolyzer! to t hme
free l)euizemmesulfoumalmmi(!e I �v simort boilnmg in

50t�_3 sulfuric acid or 20�3� so(!iuumm imydroxi(le.
The sulfoimaumminles are recrvstaliizeni fromim

etimanol-water for purifinat 1011. N-Ieltiimg

l)Oimmt 5 are givemi in TaI)le 1 , noluummii 7.
Iimfrared spectra were measured wit im a

Leit z gmat ing spectropimotoimmet cc aumni (eS

filter, t hme apparemmt slit wRit ii heimmg about
4 cummm. Standard ai)sorpt ion hues of polv-

styrol aum(l a umiixtuue of iimdeimn’, cammmpimor,
aimni rycloimexaimomme accordimmg to Jones (18)
were used as wavelcuigtim calibrants. A

variable pat im leimgt im cell with son!iumn
cimlorinhe windows was user!. Measureimmemmts
were immade with different patim lemmgths amid

several (oumceumt rat iomms iii time range of

0.01 u.
‘Time aumilimmes used were cit imem’ (ommmummel’dial

1)1O(IU(t S 01’ saummpies suppled h)� Flcecimst
A.(, ( erimmauiv. �\..ll \Vdid rc(rvstahlized or

medist ilhed imm�t ii phmysieai (Oust aim! S �i m(hc it e(l
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TABLE 1

Strncture-actirity correlations in the sulfonantide serie.sa

1 2 :m 4 5 (1 7

Sulfoimamides syimthiesized

using time amiumes listed

11 �

0�

Ilanmmett-

P�

((.fl�-t)

t’�

(cnlm)

1O� X k

(dyn (.fl)m) 9 1)

jut column 1

Melting �\-11C
1)Oilmt �mtdes/1

(#{176}C) E. coli

Clii

/
p-N -() . (�)(_)t) 3453 3377 6 . 46 1 09 . 4 0 . 499 234-23g.) 45.))

\
CH3

o-OCH, -0 . 3()�b 345 331)6 6 . 56 1 13 . 2 0. 531 203-206 45.1)
o-OC2H� 3486 3396 6.56 112.9 0.535 150-153 45.0

p-OCH3 -1) . 268 3460 3382 6 � 48 1�1 . #{182}0.504 198 34.5
p-OC2H5 -0.250 3451) 3381 6.48 1t)9.8 0.503 195 32.()

p-CH, -0 . 170 347)) 331))) 6 . 51 1 10 . 3 0 . 508 188-195 27.2

o-CH, �o17oh 3482 331)8 6.55 113.2 0.520 157-158 32.()
ni-CH, -0.061) 3475 331)3 6.53 110.8 0.512 135-137 22.5

H 0 :3479 3396 6.54 111.1 0.514 156-157 16.0

m-OC2Ha +0. 1 15 :3482 3397 6 . 55 1 1 1 .6 0.518 1St) 13.3

-rn-OCT-I, +0. 1 15 3483 3398 6.55 1 1 1 6 0.518 164-166 1 1 .2

o-C1 +0.200” 34�4 3401 6.58 1 13.7 0.535 174-175 2.8
p-Cl +0.227 3482 3398 6.55 111 3 0.516 202 16

p-Br +0 . 232 :3485 3399 6 . 56 1 1 1 . 8 0 . 521 20:1-206 1 1 .25

p-I +0.276 3456 3398 6.55 1 12.4 0.525 208-216 10.1

nt-I 0.352 3487 3399 6.56 112.3 0.525 132-134 8

itt-Cl 0 . 373 349)) :-�4()2 6 . 575 1 12 � 4 0 . 525 129-135 8

itt-Br 0.391 3491) 3401 6.57 112.6 0.527 138-141 11.25

,n-IN02 1) . 7 10 3497 3407 6 . (i() I 12 . 9 0 . 529 180 2

p-COCI13 0 . 874 3502 3410 6 . 61 1 13 . 4 0 . 533 11)5-191) 1 .4

p-N()� 1 27c 3509 3416 6 .64 1 i3 - 6 0 535 169-172 1 .4

o-NO, - 3527 3407 6.66 121.1 0.583 179 1.4

a Strumctumres of an ilii-tes used jim timis study (column 1) ; c-Han nnett c )nstaimt for the sumbstitutemmts of time

anilines (columnmn 2) ; time l)ositioum of tlme symmetric v, and the ammtisynmmetric v� stretchimmg vibration of the

an�immo group in anilines (columns 3) ; thie N-I-I stretching vihration force constant k calculated freon v,

aimd V� using Eq. (I) (colunmmm 4) ; the H-N-H bommd angle 0, calculated from v, and v� using Eq. (II) (column

5) ; the “s” character of time imit-rogeim hybrid orbitals of the N-Il bonds expresse(l as the coefficient b using

Eq. (III) (colimmn 6) ; anti time mneltiumg poiumt and minimumnm inhibitory concentration ()�IIC) (columnums 7)

of the sulfonan�ides syumtlmesized by using time aimiliumes listed in colunium I . Time t)rtimo-sui)stitulte(l compouumds

are 1)rinted jim boldface type.
b Using Taft’s ortho-sui)st-ituelmt parameter.

C Special r-vahmes for aumiline derivatives (37).

purity. Time cal1)on tetracimlorin!e user! as

solvemmt was spectral grade (Mei’ck AG.,
Darinstadt, Gernmany) . Time force constant

k, time i)oimd! aimgle 0, and the coefficient b

were calculaten! froimi time st-ret-clmimmg Ire-
queimcies of the pnimmary ammmino group of the

aimihimmes usiumg t ime followimmg equatiomms (see

refereumees 19, 20)

.) .‘ ,

ir- X c X in
h� � � (1/8 4 �‘(Z) (iyne cimm’

ifi��j-T��
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where: c = velocity of light 2.99776 X 1010

cut sec’;
in imiass of a pai’ticle haviumg ummolec-

ular weight of 1;

M’ amid M”, at ommmic weigimt of t he

at-oimm part icipatenl, e.g., NH2:
Ms = 14. M�1 = 1.

(v��)2 - I

cos 0 = (i + �/.,). �)2 + 1

b2 = - cos 0/(1 - (.05 0)

J1,Iicrob-ioloq-ical assay 1il(�1/lO(/. ‘Time NI I( � of

the N’-benzenesulformammmin!es was deterimmimmer!
according to Ikruger-Thieimmer et al. (21) iim

a special stann!arr!i zed i)acteriological screen-
ing test. Time strains of bacteria used were
Escherichia coli (nmut-afior) amm! Mycobac-
terium smegmat-is 169. Readings were takemm
after 24 hr (E. coli) or 4 days (M. s-meginatis)
of growth on a symmthetic Saut-on nmenliuimm.

The MIC is givemi as the lowest concentra-
tion of the sulfa drug that showed inhibition

of bacterial growth. The dilution steps user!

were 1: �/‘2. Time MIC determmiimmen! is given
as MM.

RESULTS AND DISCUSSIOX

To keep time immon!ei as sinmple as possible
and to have amines which are easily soluble

in imommpolar solvemmt systemmms for Ill- ann!

N NI li-speet romimet i�y we imave cimosen beim-
zemmeammmimmes,substituter! ut ortimo, mneta, ann!
para l)Osit ion. rl,he (!iffelefl(es am time in vitro

activity of the sym it-imesized bemizemmesuifon-

aimiirhes were large enough to look for soimme

st ructure-activity relationships (Table 1,
coluimmn 7). As simo�vn IYV i’ig. 1, there is aim

approxi mimately linear relation between the
o-ilanimimet-t values (22) ammnl the logarithmmm

of time \-IIC. Similar approacimes for other
systenms have been imma(le i)y Haimsch,
Zahra!imik, Bo�ek, ann! t imeir associates

(23-27). Fiommi this plot it can i)e seen that
time immore positive time o-llaimmmnett constaimt
of time ammmimie,the mmmoreactive the correspomid-
ing sulfonaimmic!e, with time exceptiomi of the

orthohalogemmateni ammuiime, which proved to
give a mmmore active sulfommaimmide than couh!

be expected i�y its o-Hammimmmet-t value (Table
1). Thus, there is a sitmiple Hamnimmett or Taft
relatiommslmip bet�veemi time activity of a

sulfonammmide ann! its correlaten! aimmine. This

can he useful for the synt-imesis of imew sul-
foimammminles amm(i time predictioum of their activ-
ity. Liummiting is the fact that only a very

smmiali number of Haimmmmiet-t constatmt s are
available ann! ommly for very siumiple aimmine

immolecules. For this reason we looked for
ot her mmmolecular parammmeters of the ammmines

whicim nouln! i)e used for time prediction of

sulfonammminle activity immstean! of or in addi-
tion to �-Hanmimmet-t values.

Mamm�’ authors have simowim timat the

FIG. 1. Plot of the o-Hamntett values (Table 1, column 2) oft/ic atnine.s (Table 1, column 1) versus the logarithm

of the MIC (Table 1, columns 7) of the corresponding sulfonamides

For o-nitroammiline no �-IIammet-t is available, only the MIC of the corresponding sulfonamide is given

(arrow).



stF(’t nimimmg frequeum(ies ammrl I ime ai)so il)! ion

inteimsities arising frommi vii)rat ioims locahizen!

iii fumictiommal groups at-tanhenl to ammarommmatic
rimmg camm he relaten! to time electronic nat mitt’ of

time mimmgsuh)stituemmt coimstammt (28, 29), I)ased

oum reactivity stunlies. Correlations imave i)eeum
pul)lishen!, for iimstarice, for the OH st-retch-
ing vibrations iii pimeimols (30), time (‘�N
stretcimimmg ViI)ratiOiis iii i)emmzoilitriles (3,
30-35), time C=O stretcimiimg vibratiomms imm
al(!ehyn!es (36), aim! the NH2 stretciming
vihmatiomm jim aniliimes (19, 35, 37-40). Mean-

wimile t hese correlat iomms, which liar! ret mmaimied

so bug largely eimII)irical are I)ased on a
mmmore satisfactory timeoi’etical treatnmemmt
Bro�vmm (41) imas simowim, on time l)asjs of mmmolec-

ular ori)ital calculation, that sucim correla-
t jolt of spectropimotoummet nc paramimetr’rs wit ii

react ivit y coimst amit s ate reasommai)le, since

t ime clmammges imm elect ron rhst rib)Ut ion which
occur in the mimolecumle nluriimg vihrat iorial
(list on ioims closely l)arallel t imose wimicim occur

ill time forimmation of time transition state

clueing cimeniical reactioims.
�Fhe N-H stretnimimig vib)ratiomms iii sub-

stitutenh anilines have aireanhy beeum sturhienl

in great n!etail i)y Krueger and co-workers

(35, 37) ammd in heterocyclic ammmiimes by I’sIasomi
(19). Infrared n!ata for sonme of time ammilumes
useni iii this study have not yet been pub-

usher!, as far as we kmmow. Therefore we
nleck!en! to nmeasure all the aimmimmes again to
have i)etter comnparai)le niata. The that a

oi)tained i�’ us front time st ret cimimmg frequemi-
cies of the aimmino group are imi exnelleumt
agreemmmemmt with those ol)taimmed by Krueger

(35, 37). We t-rie(! to fiimd a correhatiomi of

either time stretcimiimg frequencies, t he force
coimstaimt (k), the baimr! inteimsities, or time

“s” chmaracter of time nitrogen hybrid orbitals
of the N-H bommnls expresse(I as time coeffi-

cient b of the ammmines to (-he MW of time
correspommnhmmg sulfoimaimmides, where t lie rela-
tion between b aimni time mmitrogeum imybrid
orhitals is given by

�1i’hybrid = 14’.. + �/‘(l + �

Each of timese parammieters gave acceptable
correlatioums to time i’m. vitro activity of time

sulfoimammmiche. We decinleni t-o use time “s”
character, for it had time best correlation
aimd it- is possible to interpret the results in

a mimore fundanmeumtal umiaimner. Time HNH

bond angle calculated front time N--Il

stretciming frequencies using time Er1s. I (20)

and II (19, 40)

71.2 )< c2m

1�; = � � (�, + Va)’ (lyric cmn’

(�\�2

(05 0 = 1 + ��,i!1I,; �

‘ (�)+i

immcreases smmmootiml� fromit 109.4#{176}jim p-di-

inet-hylammminoaimilimme to 1 1 1 . l�’ � anihiume,
to 113.6#{176}in p-nitroanihine (19). ‘Time increase

in the i)Oflni aimgle is synchromnzed wit-im t ime

change of the imitrogemm atommm from almost-
pure �p3 hyi)ric!izatiomi towarn! a state witim
higimer s : P ratio when time lone pair elect romms

i)eCOmfle mmmore ann nmore delocalized over t ime

aronmatic rimmg. rflme immcrease in “s” cimauanter
is accoummpammied 1)3’ an increase in time N l-I�
st-retr’lmimig frequemmcies and iii time ( ‘-N

stretcimimig frequencies as these acquire miiore

ant! immore niouble-i)onnl character.
rfhe commstant b is time coefficient of time 2s

orbital of mmitrogemi iii the hyi)rid (19). It
can be useni as a mmmeasure of time “s” nimaracter
of the hmyi)rid nitrogen orbit als i)nm(hmmg time
hydrogen atonis ann! camm b)e ca!culate(1 l�’ the
follo�vimig equation

btm = _dos 0/( I - cos 0)

1’or sonic p-sui)st-it-ute(! ammiiimmes t ime calcu-
hated b values ame already available iii t he

literature (42). ‘Time results of our cal(ula-

t-ions ai�e givemm iii ‘i�ai)le 1 together with r!ata
of the Nil2 st tetcimimig frequencies aumnl t lie
1)011(1 ammgles. l’lme (louli)le houmd cimaract cc

expresse(l h)\ b immereases as time sul)stituemmts
I)ecommme more and mmiore elect u’omm-�vit hnIra�v-

imig. Plottiimg t ime b values of time aunimies
against. time logarithmmmm of time i\-IIC of time
sulfoimamimides, � get- an approximmmatehy

himmear relatiomishmip (Fig. 2), slmowimmg timat
time sulfommanminin becommmes nmore ant ive wit I
imicreasing b vaiues, i.e., witim iumereasiuig

(Iotli)le-I)Oumd cimaracter of time (‘-N bond.
‘The aimihmie derivatives with or! imo-SuI)st-it -

ueimts nieviate frommi time limme in mmiost cases.
‘This behavior can I)e explained by immtra-
molecular imydrogeum honnlimmg bet �veen t lie

protoims of time prinmary amimmo group amm(1 time
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� O��:

#{149}= para-R

0
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VNH2

3410

3100

3390

3380

#{149}= ortho-R

#{149}:para-R 7,77’
meta-R

H2N#{216}�

77’

H r�#{149}’
#{149}#{149}
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V
3370 . .

3440 3460 3480 a 3500 3520 cm’1

Fio. 3. Plot of symmetric P’N112 versus the arttisyinnietric VNH2 stretching frequencies (Table 1, column .3)

of time anilines nsed for the synthesis of sulfonanmides
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M IC
pmot/I

100

50

,i, 10

C 5
D

0
0.
(1,
a,

0
U

0.50 - 0.51 0.52 0.53 “0.58

b values of the amines

Fin;. 2. Plot of the b values (Table 1, coluotn 6, calculated b�j Eq. III) of the amittes versus the loqarithm of tite

MIC of t/te corresponding .sul,fonamides (Table 1, column 7)

suh)stituemmts in time ortimo position. ‘Time imy-
drogen homin!immg causes a larger hoimni ammgie,

(alculaten! from JR data, thman namm be
altributen! to delocalizatiomi of the lotte
electron i)ail’ only (Fig. 3). Time prehimiminary
st tidies oim imeterocyclic ammmimmessimow that time
relationship n!escribed above imoln!s iii gemmeral
ann! is not. himmmiten! to anmimmes of the aimiliime
I ype. Adn!it jonah hitmear eolmmi)iimat ion of
at onmic orbitals calculatioims ann! imuclear
mmmaglmetic resoimance r!ata, wimicim ale useful

for the correctioim of JR n!ata of ortho-sub-

slit uteri sulfonammminles will be Pui)lishe(i

short hv.

A (‘KNO WLE 1)GMENTS

The auit imor is iumdebted to 1)r. E. Kriigcr-Timiemer

for imelpful discussion tlmroughout the work and for
helpful criticism amid suggestions concerning the

maumust’ript. He is also pleased to acknowledge time

ext’ellemmt assistance of Miss Ellen Wempe and Miss

Ilelga Ileimke. This investigation was reported, jim

part, mit the IVth Internatioumal Congress of Cimemo-

therapy, Washington, D.C.. October 17-21, 1965.

REFERENCES

1. S. Kakimoto, J. K. Seydcl and E. Wempe,

Ja/mrb. Borstel 5, 240 (1961).
2. J. K. Seydel, E. Wemmmpe and R. Fetting,

A � ittel-Forsc/m. 13, 200 (1963).



Mol. Pharntacol. 2, 259-265 (1966)

PREDICTION OF ACTIVITY OF SULFONAMIDES 265

3. J. K. Seydel, Z. .\aturforsch. 16b, 419 (1962).

4. S. J. Angyal an(I W. K. \\ari)umrton, Australian

J. &i. Res. ,Ser. A. 4, 93 (1951).
5. H. G. Simepimerd, A. C. Bratton and K. C.

Blanchard, J. Am. C/tern. Soc. 64, 2532

(1942).

6. J. K. Scydel, Proc. 3rd Intern. Coitgi. (‘/tento-

therapy, Stuttgart, 1963, Vol. 1, p. 617 (1964).

7. J. K. Seydel and E. Kriiger-Tlmicnieu. A r�nei-

mniitcl-Forsc/m. 14, 1294 (1964).

8. P. H. Bell mumd H . 0. Rohhin, J. .1 in . ( ‘itent

,Soc. 64, 2905 (1942).

9. J. K. Scydel, E. Kriiger-Tlmicmmmer anti E.

Wempe, Z. Natuuforsch. 15b, 620 (1960).

10. J. K. Scydeh and E. WIumml)e, Arzneintittel-

Forsch. 14, 705 (1964).

1 1 . .J. K. Seydel, E. Kriiger-Timieuimer ;iiil E.

\\PITUI)d, ia/tn). Borstel 5, 652 (1961).

12. NI. \Vaiml, Spekt roskopis(’he ‘[mit ersu(imuumgen aIm

einigen Sulfonaumiiden. Diplomarht’it a.(i. I.

Physik. Institut tier Universitjjt Miinchen,

Abt. Prof. Brandnmfiller (May 1965).

13. M. L. Crosslcy, E. H. Northey anti M. E.

Hultquist. .1. A nt. (‘hem. Soc. 62, 374

(1940).

14. L. Knorr and P. R#{246}ssler, Bee. Dent. (‘hem.

Ges. 36, 1279 (1903).

15. H. Erlenmeveu, Nil. Aeiarli mumti F.. Sorkin,

Iielv. C/tint. Ada 30, 2066 (1947).

16. R. Behnisch. (‘hem. Bee. 81, 297 (1948).
17. C. Marcimant, C. C. Lucas aum(i L. McClelland

(Appendix h� P. H. Greey), Can. J. Res.

20, 5 (1942).

18. R. N. Jones, P. K. Faure and W’. Zaharias,

Re-v. Unteerselle .l!tJt(’s [91 15, 417 (1959).

19. 5. F. Mason. J. (‘/mein. Soc. 1958, 3619 (1958).
20. D. Barnard, J. M. Fabian and P. H. Koeim,

J. Chem. ,‘mC. 1949, 2442 (1949).
21. E. Kriiger-Thienmer, E. Wempe and M. T#{246}pfer.

Arz,teimittel-Forse/i. 15, 1309 (1965).

22. L. P. Hammett, J. tnt. (‘hem. Soc. 59, 96

(1937).

23. C. Hanscim and T. Fujita. J. .lnt. Chetit. Soc.

86, 1616 (1964).

24. C. Hatmsch, E. \V. Deimtscit :tn(1 H. N. Sniith,

J. .4 ut . C/tent . ,“oc. 87, 2738 (1965).

25. C. Hmtmmsvh. K. Kieiis and ( . L. 1.awrtnre, .1.
Ant . (‘item . Soc. 87, 5770 ( 1965).

26. R . Zaiirathnik, Experi.entia 18, 534 t 1962).

27. K. Bocek, J. I’t.opecky, lu-I. I’irivu(’ova afld D.
Vlacimovmi, Experientia 20, 667 (1964).

28. L. P. Hamnwtt, “Physical Organic Chemistry,”

1’ 186. McGraw-Hill, New \ork. 1940.
29. H. H. Jaff#{233},Chem. Rev. 53, 191 (1953).

30. P. 1. Stones and H. \V. Tltnuimit.on. .“,/)(‘(tro-

c/tim. Ada 10, 17 (1957).

31. H. \V. Thonmpson an(i (. Stetl, ‘l’ra,ts. Faraday

.Soc. 52, 1451 (1956).

32. ?�-1. W’. Skinner an(i H. W. ‘1itoumm�tson. J.

C/tent. Soc. 1955, 487 (1955).

33. P. Sensi and C. C. Callo, Gazz. (‘him. hal. 85,
235 (1955).

34. E. Liltiert, Z. Elektrochein. Bee. Bunsen yes.

Physik. C/tent. 59, 534 (1955).

35. P. J. Krueger and H. W. Thouim1son, Proc.

Roy. Soc. A250, 22 (1959).

36. H. W. Thompson, R. W. Neethliaumm anti 1).
.Janmvson, �S/)eCttOchiUt. .4eta 9, 208 (1957).

37. P. J. Krueger and H. W. Thompson, Proc.

Roy. Soc. A243, 143 (1957).

38. M. S. C. Flett, Trans. Faraday ,�o’. 44, 767
(1948).

39. 5. (‘ahifano anti H. Moctia. GaZZ. (‘him. Ital.

86, 1014 (1956).

40. J. \\. Linnett, ‘fans. Faraday ,Soc. 41, 223
(1945).

41. T. L. Brown, J. Phys. C/tent. 64, 1798 (1960).

42. P. J. Krueger, Z. .\‘at urforsc/t. 17a, 692 (1962).




