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ABSTRACT

A new series of Thioxanthone and Diphenyleneme-
thane iminosulfuranes have been prepared. ! These com-
pounds were tested against Sarcina lutea and Bacillus
subtilis in the presence of an antibiotic medium I and
IV. These compounds were shown to be inactive against
Plasmodium berghei in mice.

INTRODUCTION

The formation of sulfur-nitrogen systems in imino-
sufurane is isoelectronic with the sulfonium ylid systems
because in both ylids sulfur is hexavalent. For every
sulfur ylid known, an isoelectronic sulfur-nitrogen com-
pound could theoretically be prepared. (Johnson, 1966).
Several compounds containing sulfur bonded to nitro-
gen have been prepared, but very little has been done in
the way of exploring the scope of their reactions. Co-
incidental to the development of sulfur ylid chemistry
has been the slower and less spectacular evolution of
the sulfur-nitrogen system (containing quadrivalent
sulfur) isoelectronic with sulfur ylid syestems. The gen-
eral N-sulfonyl sulfilimines may be formulated by either
the ylid structure, the ylene structure or by the reso-
nance hybrid of both,
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There are five different types of iminosulfuranes
kpown.at the present time. They are classified as the
dfaryl iminosulfuranes, alkyl and aryl iminosulfuranes
dialkyl iminosulfuranes, free iminosulfuranes and cyclic;
lmmosu_lfuranes. Diaryl, alkyl and aryl sulfides readily
react with chloramines and form a corresponding imino-
sulfuraqe. Dialkyl sulfiides (Chattway, 1905: Nicolet
and Willard 1921; Mann and Pope, 1922)’ do not
readily react with chloramines and form a low per-
centage yield of the corresponding inﬂnosulfuraﬁes
In recent years and particularly through the efforts of
Appel (1958, 1959) methods have been developed for
the preparation of the free iminosulfuranes, O-alkyl or
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o-aryl mercapto benzene sulfonamides reacted with
bromine and alkali or with tertiary amines to give in
good yield, cyclic iminosulfuranes. (Wagner and Ban-
holzer, 1959)

Recently Kremlen (1959) has also prepared the imino-
sulfuranes. The yields of the desired products were
raised when instead of (N-cholorobenzene sulfonamide)
sodium, the author used N-N-dichlorobenzene sulfona-
mide and conducted the reaction in a dry organic sol-
vent. Iminosulfuranes and sulfonamides were also
derived from N-chlorobenzimidates and sulfur nucleo-
philes. (Papa, 1970)

The author found the thioxanthone and diphenylene
methane sulfide (thioxanthene) to react with chlora-
mines-B, chloramine-T and a new reagent N-chloro-N-
sodio-p-ethyl benzene sulfonamide (Shah, 1971, 1972)
to obtain the corresponding iminosulfuranes.

All the iminosulfuranes were prepared from the cor-
responding sulfides and chloramines in the presence of
ethyl alcohol at 50°C. The structure of these com-
pounds are as follows:
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TABLE 2: Physical Constants of Diphenylene Methane
Sulfilimines

Infrared Ulera Violet
c-:':"‘“ x 0% 1, Yield pei) MeOH X\ Max __Analysis
K 163 0 1025-1040,
3 " 1200,1133 5 csd
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e

Caled 18,13, Tound 18.00

NOTE:;
Melting points (capillary tube) are uncorrected. Infrared spectra
were recorded on a Beckman Spectrophotometer 620® and ul-
(raviolet spectra recorded on a Beckman Spectrophotometer
Acta IIL® Elemental analyses were determined at M-H-W Lab-

oratories, Garden, City, Michigan 48135.

‘GENERAL METHOD FOR
PREPARATION OF IMINOSULFURANES

The mixed solution of 0.02 mole of sulfide (thioxanthone and
thioxanthene) and of 0.03 mole of chloramine (in 50 ml of 50%
ethyl alcohol-water solution) were heated in a hot (60-70°C)
water bath for 30 minutes. It was then covered and allowed to
stand overnight at room temperature. The product formed upon
standing, was filtered, washed thoroughly with water, dried
and recrystallized from ethyl alcohol or methyl alcohol.

The thioxanthone itself was partly soluble in alcohol, but
more soluble in chloroform. The recrystallized product f;om
the alcohol reaction was dissolved in chloroform. The mixed
solutions were heated in (60-70°C) waterbath for 10 minutes
When product formed, it was filtered, dried and recn;ysta‘lmed
from chloroform. More yield can be obtained in the ck rm
reaction than the alcohol-water reaction. (McCall, Tarbell and
Havill, 1951).

(1) Thi h b Ifonylimi)

The recrystallized product as obtained by the general pro-
cedure outlined above; yield 25%, mp 167°C, ir (CHCI!_):
(Asym SO2): 1032, 1048, 1210 cm?, (SymSO:): 1135 cm™,
(S=N): 932 cm-'. Anal. calcd. for C1sH1:NS:0: C, 62.12; H,
3.54; N, 3.81; S, 17.44. Found C, 62.00; H, 3.60, N, 3.9%; S,

7.10.

7,

@) Thi hone-p-tol onylimi
The recrystallized product as obtained by the_general pro-
cedure outlined above; yield 29%, mp 169°C, ir (CHCL3):
(Asym SO=): 1052, 1068, 1230 cm-*; (Sym SOs): 1158 cm’,
(S=N) 952 cm-t. Anal. caled for CaoHuNS:0s: G, 62.9% H.
;-69;; N, 3.67: S, 16.80. Found C, 62.88; H, 4.03; N, 3.60; S,

.98,

(3) Thi hone-p-ethyl b sulfonylimine:

The recrytallized product as obtained by the general proce-
dure outlined above; yield 22%, mp 173°C. ir (CH_C]{I'):
(Asym SOs): 1040-1050, 1212 cm-T; (Sym SOs): 1143, (5= 33;
935 em=, Anal, calcd for C:H:NS:0s: C, 63.80; H, 46.38-
N, 3.54; 5, 1620. Found C, 63.92; H, 4.44; N, 3.62; S, 1635
(4) Diphenyl hane-b Ifonylimine:

The recrystallized product as obtained by the general pro-
cedure outl};:ed abovl:; yield 50%, mp 165°C. ir (%'ICI’_),'
(Asym S0O2): 10251040, 1200 cm%; (Sym SO»): 1135 Fmi,
(S=N): 922 cm?, Anal. calcd for CiHiNS:0s: C 6:1 302,
425, N, 3.96; S, 18.13; Found C, 64.66; H, 433 N, 455
, 18.00.

(5) Diphenyle hane-p-tol, sulfonylimi

The recrystallized product as obtained by he .ge?g;lcf:;’:‘
cedure outlined above; yield 58%, mp 168°C. ir (¢ (5=N):
(Asym SOs): 1035-1044 cm, (Sym $O%): 1137 €m™
928 cm-!, Mol. Formula C:0H17NS:0s.

(6) Diphenyl, 'methane-p-ethyl-b sulfonylimine:

The recrxslalllzed product as obtained by the general pro-
cedure outlined above; yield 60%, mp 182°, ir (CHCls):
(Asym SO2): 1040, 1200 cm-!, (Sym SO:): 1134 cm-. (S=N)
925 cm-'. Mol. formula C21H1oNS20s,

TEST METHODS

Accurately weigh 10 mg of each iminosulfurane derivative in
separate 100 ml volumetric flask and dissolve in 10 ml HC1
and eqough phosphate buffer (pH 6) to give an exact con-
centration of 100 pg/ml (solution a). Dilute approximate ali-
quots of solution (a) with enough pH 6 buffer to obtain con-
centrations of 70, 60, 50, 40 and 30 pg/ml. Add 10 ml melted
Bacto-antibiotic medium 1 to sterile petri dishes, distribute
evenly and let harden on perfectly level surface. For actual as-
say approximate amounts of organism-suspensions are added
to (1 ml) Bacto-antibiotic medium IV previously melted and
cooled to 48°C. Mix thoroughly and add 4.0 ml to each plate
containing base layer and Bacto-antibiotic medium I. Distribute
media evenly by tilting plates from side to side with circular
motion and let harden.

Place three cylinders on each plate at approximately 60° in-
tervals on a 2.8 cm radivs. Fill all 3 cylinders with the test
solution. Incubate plates overnight at 30-31°C and measure
the diameters of zones of inhibition by means of mm ruler.
Three plates were used for each assay solution and three plates
for the standard solution. Determine the corrected value of the
sample and standard. Plotting values of x* (square qf thg zone
size) against. In mo (logarithm of the concentration in !.hc
reservoir) gives a straight line intercepting the concentration
axis at In m" (critical concentration). (Horwitz, 1970)

BIOLOGICAL ACTIVITY

The compounds were tested for their. antimalal:ial
activtiy against Plasmodium berghei in mice according
to a procedure already published. (Osdene, Russell and
Rane, 1967). The test results are given in Table 3.

RESULTS AND DISCUSSION

the workers have prepared iminosulfuranes frorp the
re:glgzlnoif the sulfides with chloramine-T and chloramm;B.
Recently we have prepared a new chloramine (N-.chloro—N-so 0-
ide). No one has u:n;d to p:ipare
imi es from the reaction of sulfide with new chlora-
?mmfsillfsu;a:o one has reported the spectroscopic data of t.ln;
type of iminosulfuranes. There are many different gneth(ﬂs o
preparation of iminosulfuranes, but there is very little ?wn
about their chemistry. There has been mo attempt to exp ol:le
the variety of reactions that may yndcrgo by these u;.;ung 1;
furanes nor has there been any serious attempts to study ef
hysical properties because formation of a low percentage O!
p"eld of iminosulfuranes was observed by most xpeghods.
YIAnﬂlylical data are not adequate proof for the iminosulfuranes
prepared but the spectral data (inimr.ed, u_ltravxolet) verify rtihiie
reparation of these new compounds in this work. Such ve! u;
gal.ion has been successfully mi(llxz;d l;\y K.;ll-futmtl;;a in(xix?l‘)lioﬁ)o :nof
iminos . Figures 1 an show that biti
Sarcinau'fl:;::ﬁand gl‘llacillu.v subtilis on thioxanthone iminosul-

furanes. . ) T —
icillin G Potassium readily inhibits Sarcina |

a ’};:rcy Pl:r:/ concentration ('04_025 ug/ml) but. at a .lnsh u;o:n—

tration (0.25 ug/ml) inhibits Bacillus subtilis. Thioxanthone
mic osulfuranes inhibits Sarcina lutea at a low concentration
lg:)npglml) but at a high concentration (50 vg/ml) inhibits
Bacillus subtilis, while diphenylenemethane munos\ﬂf\;::lne ‘:n;
hibits Sarcina lutea at a Jow concentration (1 wg/ml) "\_x
at a high concentration (3 wg/ml inhhibits Bacillus  subtilis.
Thi T s, furanes  are (12(0400:11)) 1:\:1 ‘c%s;

nementhane iminosulfuranes  are H S t

:]he:r{l:he Penicillin G Potassium in Sarcina lutea, while thiox-
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TABLE 3: Microbiological Data of Sulfilimines f i ST T anthone iminosulfuranes are (200:1) times and diphenylene-
s lll’,:::!'caiﬁ? ll(l;ln:tulfurnnel are afg:l) times less active tham the
icillin otassium in Bacillus subtilis.
Bacillus subtilis ‘ 184 These results suggest that these iminosulfurane derivatives
Sarcina luted Critical Critical 4 have som ibacteri :
tion Diameter of Zones Co ave some antibacterial properties. Tables 3 and 4 show the
Ce d Concentration Diameter of Zones Cal'xcenr.racion Concentra ncentratio g il ) ; ‘
Ro. mp (pg/ml) (o) n' (pg/ml)  mo (pe/ml) * (mm) n' (ug/ml) " i obdlogitsl and mdiaidnal e of these iminosulfurane
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TECH AQUA BIOLOGICAL STATION

The Tech Aqua Consortium, composed of Tennessee
Tech, Belmont, MTSU, TSU, Trevecca, UT-Knoxville,
UT-Martin, the University of the South, Vanderbilt

COURSES AND INSTRUCTORS
FIRST TERM (June 6—July 10)
LOCAL FLORA~—Dr. Gordon E. Hunter, TTU.
FRESHWATER ALGAE—Dr. Hollings T. Andrews,
TTU.
MYCOLOGY—Dr. S. K. Ballal, TTU.
FRESHWATER INVERTEBRATES—Dr. Clay M.
Chandier, MTSU.
ORNITHOLOGY—Dr. Herbert E. Shadowen, WK U.

The Tennessee Academy of Science provides an aca-
demic scholarship for the Summer 76 Session. The
scholarship is valued at $500 (Out-of-Consortium Tui-
tion is waived) and is open to undergraduate students

and Western Kentucky, announces the SUMMER 76
SESSION in field biology:

SECOND TERM (July 14—August 18) .
A%II?TIC MICROBIOLOGY—Dr. Larry P. Elliott,
U

ECVSEYSTEM ANALYSIS—Dr. Joe E. Winstead,

U.

BIOLOGY OF THE CHIRONOMIDS—Prof. William
M. Beck, Jr., Florida A and M.

ICHTHYOLOGY—Dr. Frank J. Bulow, TTU.

LIMNOLOGY—Dr. J. Gerald Parchment, MTSU.

from any college or university in Tennessee. FOR IN-
FORMATION CONTACT: Dr. Robert E. Martin,

Tech Aqua Director, Box 5041, Tennessee Tech, Cooke-
ville TN 38501
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