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Analogs of o-(2-aminoethyldithio)benzoic acid (1), an active antiradiation drug, are reported. They were

prepared by thioalkylating thiols with thiolsulfonates.

Activity was uot confined to a zwitterionic structure

tvpified by acid 1, since replacement of CO.H by Cl, CH;0, or HOCH, gave active compounds, but the most
promising analogs were zwitterions in which the HO,C of 1 was replaced by HO;S (9) or the 2-aminoethyl moiety
by 2-pyridyvimethyl (12); both 9 and 12 were rated "good.” Resistance of the unsymmetrical disulfides pre-
pared to disproportionation into symmetrical ones differed for thermally and photochemically induced reactions.

Thie ortho substituents had marked but unpredictable effects.

No clear-cut relationships emerged of the three

factors: resistance to disproportionation, antiradiation activity, and nature of the substituent.

o-(2-Aminoethyldithio)benzoic acid (1) gives good
protection against lethal effects of ionizing radiation,
but several derivatives or isomers of 1 do not (e.g.,
the ester, the N-acetyl and N-(n-decyl)amino deriva-
tives, and the meta or para isomers of 1).2 Synthesis

SH

(I + G H,NT(CH»,S0,S(CHy),NH, CIT —
X 8
SS< SS\

@ (Ho. -+ @ CH),  +
X NH, X| . _
1,X =CO,” NH,"Cl
9,X=SO3_ 2yX=Cl 5,X=OCH3

3,X-NO, 6,X=CH,0H
4, X= CH3 7, X= OCH3,6‘OCH3
also present

CIT NH,T(CH2),S0,H (1)

of ortho-substituted analogs of the presumed zwitterion
1 in which the carboxyl group was replaced by other
groups was of interest for several reasons. (1) The
possibility that analogs might be worthwhile protective
agents was attractive. If activity were not confined
specifically to the ortho-zwitterionie structure, it might
be usefully correlated with electronie, sterie, or anchi-
meric effects of ortho substituents. (2) A characteristic
reaction of unsymmetrical disulfides is disproportiona-
tion to two symmetrical ones, as shown by eq 2. Ther-

2RSSR’ < RSSR + R'SSR’ (2)

mally induced disproportionation of para-substituted
unsymmnietrical disulfides resemibling 2-6 apparently
followed first-order kinetics and gave a Hammett
oc—p correlation; the effect of substituents essentially
reversed when disproportionation was induced by
light.® It was desirable to learn whether correla-
tions could be developed in the ortho series between
three factors: nature of substituents, resistance to

(1) (a) Paper XVI: L. Field and W. B. Lacefield, J. Org. Chem., 81, 599
(1966); (o) reported in part at the 149th National Meeting of the American
Chemical Society, Detroit, Mich., April 4-9, 1965, Abstracts, p N 25.

(2) R. R. Crenshaw and L. Field, J. Ovg. Chem., 30, 175 (1965).

(3) T. F. Parsons, Ph.D. Dissertation, Vanderbilt University, May 1964,
to be pnhlished.

disproportionation, and activity as antiradiation drugs.
(3) Perhaps one of the two sulfur atoms of the unsynr-
metrical aryl disulfides could be selectively oxidized,
for reasons outlined in earlier worlk.*

Compounds 2—6 were prepared to provide a range of
electron-withdrawing and electron-donating substit-
uents in the ortho position. Their properties are
reported in Table I. When the 2-methoxy compound
(5) proved to be one of the more active antiradiation
drugs of the series (¢f. Table II), the 2,6-dimethoxy
compound (7) was prepared to assess the radiopro-
tective effect of a second flanking group; as Table II
shows, however, it was inactive. Compounds 2-7
were prepared by the general method outlined in eq 1,
.., by thioalkylation of the corresponding aromatic
thiols by means of 2-aminoethyl 2-aminoethanethiol-
sulfonate dihydrochloride (8). Preparation of a com-
pound like 2-7 but with X = NH, was unsuccessful;
reaction of ¢-aninobenzenethiol with 8 led quantita-
tively to o-aminophenyl disulfide, and the hydro-
chloride of the thiol led to an inseparable mixture. An
attempt to prepare a compound with X = OH also
was unpromising, apparently because the amphoteric
product could not be isolated as usual.

Isolation of products 2-7 was best achieved by ex-
traction of unreacted thiols with organic solvents after
the reaction, followed by neutralization, extraction of
free bases, and subsequent reconversion of the bases to
the hydrochlorides. Since an early effort to recrystal-
lize 4 from aleohol failed (rapid disproportionation),
no further attempt was made to recrystallize com-
pounds 2-7. To obtain analytically pure samples,
the unsymmnetrical disulfide hydrochlorides were washed
well with acetone. Evidence of purity was that prod-
ucts 2-7 showed a single spot in thin layer chromatog-
raphy and no haziness upon dissolution in water
(presence of 0.59 of phenyl disulfide in 2-(aminoethyl-
dithio)benzenc hydrochloride (10) was shown to cause
haziness of an aqueous solution).

Conversions of the thiols to the products shown in
Table I were rather low (21-429%,) because of incomplete
reaction when bases were not used.’ Thus ether ex-
traction after the reaction, followed by titration with
iodine, indicated that 57 and 449 of o-mercaptobenzyl

(4) L. Field, H. Hirle, T. C. Owen, and A, Ferretti, J. Org. Chem., 29,
1632 (1964).

(5) Cf. T. F. Parsons, J. D. Buckman, D. E. Pearson, and L. Tield, ibid.,
30, 1923 (1963).
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Canversion
(yieldy,
No. N Gt M, ¢C Farmala
2 Cl 27 142-145 Cy I CLNS.
5 N 41 190-192 dec CsIH CING
4 CI, 42 157159 CoH\,CIN
B OCH, 22 [42-145 Co L CINOS,
i CILOII 2136} 155-155 Cy T CINOS,
7 2, 6-(0CT ;) 40 (81D 191-200 dec CroHWCIND 3,

«HCanversion, C07 s based on the amonnt of thiol takeu;
and salated as the synmmetrical disulfide.

alcohol and  2,6-dimethoxythiophenol remaimed nn-
changed, respectively, in the preparation of 6 and 7.
For large-scale preparations, recovered thiols were
ciuployved again with thiolsulfonate 8. In another
experiment i the synthesis of 7, the reaction was
forced to completion by adding potassium hydroxide
without extraction of unaltered thiol. The conversion
of 409, dropped to only 149, and the amount of 2,6-
dimethoxyphenyl disulfide increased from 7 to 649;
perhaps the thiolate anion produced by the base at-
tacked the unsymmetrical product i a chain-type
reaction to result in symmetrical disnlfide.

Interestingly, there was no by-product of dispropor-
tionation (o-nitrophenyl disnlfide) isolated in the synthe-
=iy of 3, even though nitro compound 3 underwent
relatively  rapid thermal disproportionation.  This
result was an early sign that althongh 3 proved to be
thermally less stable than other disulfides it is more
resistant to disproportionation induced by ambient
light; a duality of disproportionation mechanism thns
was indicated.

Compound 9 was obtained by reaction of the thiol-
=nlfonate 8 with the o-mercaptobenzenesulfonate anion,
in turn prepared by diazotization of orthanilic acid,
reaction with potassiunn ethylxanthate, and sapoui-
fication.  The thiol was purified by precipitation of its
lead thiolate and regeneration with hydrogen sulfide.
An imtial attempt to use the unpurnified o-mercapto-
benzenesnlfonate from saponification of the unpui-
fied xanthate gave the snlfonic acid zwitterion 9
(367, mp 249-251°), but analytically pure 9 could not
be obtained. Reaction of the purified thiol with the
thiolsulfonate 8 resulted in precipitation of the zwit-
terion 9 (609, yvield), which was purified by diszolntion
in alkall and reprecipitation with acid. 9 with-
stood recrystallization well, and the product had ap-
propriate elemental analyses and nentralization equiva-
lent (formol titration). Since clementary analyses
did not distinguish 9 from the salt of the two syimn-
metrical disulfides, its structure was coufirmed n
several ways. (1) It was not identical with cystaminc
2.2’ dithiodibenzenesulfonate.  The infrared spectrum
of this salt was rather similar to that of the zwitterion
9, except for changes in relative intensities, but the
melting behavior was greatly different from that of 9.
(2) Vigorons oxidation of 9 gave tanrine and dipotas-
siuni o-benzenedisulfonate, the identity of which was
proved by compavison ol infrared spectra with those
of anthentic substances; since the spectrm of the di-
potassiuin salt was not highly characteristic, identity of
N-ray diffraction patterns also wuax  dentonstrated,

cvield, R
“ Melting point of tlhe aualytical satuiple.

- == Lonud,
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i based on that wken less the s ol that titeated by iadine
e Anal. Caled: N, 10,50, Fouud: N, 10.47.

(3) Although the disnlfide 9 proved to be one of the
most resistant we have seen to disproportionation (its
sparing solubility may be a factor), disproportionation
could be accomplished by heating a solution of 9 at 100°
for 7 days.  The two symmetrical disnlfides could not
be readily scparated, but cystamine could be isolated
as its picrate withont diffienlty, consistent with at
least 599, disproportionation, thus again substantiating
the structure of 9. That no picrate conld be isolated
after 25 hr at 68° and only one-half the above amomnt
after 60 hr (see Table T1) shows that the cystamine
must have been formed by disproportionation and
could not have been present oviginally.

In light of the good protective activity referred fo
below for the sulfonic acid 9, two additional com-
ponnds (11 and 12} were synthesized which resemble
9 and 1 in having an orfhe acidic function bnt which
differ in the basic moicty of the unsymmetrical disul-
fide.  Compounds 11 and 12 were prepared nsing

1

the aryl arvencthiolsnlfonate 13, as shown by eq 4.

S50

13
—H\LH‘V \—Hscnyns
S8 SSCH,
O O
CO. H.N com BN
11 12

Reaction of o-carboxyphenyl o-carboxybenzenethiol-
sulfonate (13) with o-aminobenzenethiol and 2-pyri-
dinemethanethiol® resulted in precipitation of the de-
sired zwittertons 11 and 12, respectively.  The thiol-
sulfonate 13 was not obtained easily from conuncreial
2.2’-dithiodibenzoic¢ acid,® becanse of diffienlties in
purifying commercial disulfide by recrystallization.

However, chlorinolysis of pure o-mmercaptobenzoic
acid afforded good thiolsulfonate 13 ensily. This

procedure has advantages over the original one based
on the disulfide because of the relatively easy purifica-
tion of o-mercaptobenzoic acid.

The infraved spectra of the unsymmetrical disulfides
are not merely sumimations of the spectra of the =ym-

61 L. Natting, R. 3. Silverstein, and 0 3L Thnel, UL S0 Patent 2,650 -
%818 (1960); Chem. Abstr., 85, 4742 (1461,
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1DISPROPORTIONATION OF VARIOUS DISULFIDES AND PROTECTION AGAINST RADIATION”

Alay 1966
———— e —— Disproportionation, %b
—_— ——Thermal (68°)——————
No. X 10 hr 25 hr 60 hr
7 2,6-(OCH;). 83-89 82 97-100
2 CI 45° 85° 100°
3 NO; 21 53-56 100
10 H’ 8 45 47
i OCH; 8 36 66
6 CH.OH 10 35 41
4 CH; 7 35 51
9 SO:H <7 28
11 See text
12 See text

Photo- Protection
chemical against Drug dose. Vehicle of
(25 min)¢ radiation® mg, kg administration
14 0 50 or lexs Saline soln
45 + or ++ 30 or less Saline =olu
0 0 51-150 Saline solu
53 0 30 or less Saline solu
37 +++ 351-750 Soln in H.O, pH 6.15
24 +4+ 151-350 Saline solu, pH 5.95
50 0 30 or less Saline soln
0 +++ 47 50 or less Susp CMC-Tw
0 51-150 Susp CMC-Tw
++++ 351-750 Susp CMC-Tw

a For general procedures, meanings of activity ratings, ete., see ref 8. CMC-Tw refers to a suspension in physiological salilie solution

containing methylcellulose and Tween 180.2
vusymmetrical disulfide used.'®
(2) with Tand 9, and 10 as a standard (959).
40 hr, 889,. / Prepared by Parsons.?
a suspelision in CMC-Tw.

metrical ones. In many instances, bands present in
the symmetrical disulfides are absent in the unsym-
metrical materials. Band shifts and new bands also
often occur. Such behavior has been noted in our
earlier work (e.g., ¢f. ref 2).

It is well known that unsymmetrical disulfides dis-
proportionate to equilibrium mixtures of unsym-
metrical and symmetrical disulfides, and that equi-
librium may be approached from either direction, as
shown by eq 2.7 However, this was believed not to
be true in water as a solvent for our unsymmetrical
disulfides containing one arylthio and one 2-amino-
ethylthio hydrochloride moiety. Rather, dispropor-
tionation has been assumed to proceed to completion
irreversibly because of the virtual insolubility of the
symmetrical aryl disulfides. This supposition was
confirmed by heating cystamine dihydrochloride with
three typical aryl disulfides under the usual condi-
tions of disproportionation described below; all three
aryl disulfides were recovered quantitatively and un-
changed.

The disproportionation was carried out both ther-
mally and photochemically to compare the reactivity
of the ortho-substituted disulfides 2-7 and 9. Results
are shown in Table II, including those with the phenyl
compound (10). The effect of substituents in con-
ferring resistance to thermal disproportionation differed
from that of the para series (for the para series, resist-
ance increased in the order: NO, < Cl < H < CH; <
CH;30).5 Attempts were made to plot concentration
of unreacted unsymmetrical disulfide zs. time (zero
order), log concentration ¢s. time (first order), and the
reciprocal of concentration ws. time (second order).
Unlike the para series, which was first order in un-
consumed unsymmetrical disulfide,® no linearity in the
plot was discernible in any instance. Table II reveals
that the relative ease of disproportionation for the di-
sulfides depends on the time of reaction, as sum-
marized below for the order of increasing resistance to
disproportionation.

(7) (a) D.T. McAllan, T. V. Cullum, R. A. Dean, and F. A. Fidler, J. Am.
Chem. Soc., T8, 3627 (1951); (b) 8. F. Birch, T. V. Cullum, and R. A. Dean,
J. Inst. Petrol., 89, 206 (1953): (¢} L. Haraldson, C. J. Olander, S. Sunner,

and E. Varde, Acta Chem. Scand., 14, 1509 (1960): (d) G. Dalman, J.
MecDermed, and G. Gorin, J. Org. Chem., 29, 1480 (1964).

b Calculated as (100 X 2 X moles of aromatic symmetrical disulfide isolated)/moles of
¢ Photochemical disproportionation was perfornied twice: (1) with 2-6, and 10 as a standard (539):
() = none, + or +-+ = some, ++4 = fair, ++4 4+ = good.
¢ The carboxylic analog was rated good (4 + + +) at a dose of 151-350 mg/kg admiuistered as

¢In 3 hr, 26%;: in

(a) 10 hr: 2,6-(OCHs) < Cl < NO» < CH,OH ~ H ~
OCH; ~ CH;

(b) 25 hr: 2,6-(OCH;), ~ Cl < NO, < H < OCH; ~
CHZOH ~ CH3 < SOaH

(c) 60 hr: 2,6-(OCH3)y ~ Cl~ NO; < OCH; < CH; ~ H <
CH.OH < SO;H

Remarkable thermal instability was noticed when a
second methoxyl group was introduced in the 6-posi-
tion of the benzene nucleus of disulfide 5, giving the
2,6-dimethoxyphenyl compound 7. It seems likely
that this instability of 7 arises from a noncoplanarity of
the ring with the two sulfur atoms which is unique to
7.

Since little if any disproportionation was observed
for the zwitterionic disulfide 9 after 25 hr and only
289, after 60 hr, great thermal stability seems to be
associated with zwitterionic character (the zwitterion
1 and its isomers seemed more stable than their hy-
drochloride or sodium salts?). Despite the stability
and sparing solubility of 9, it could not be obtained
by prolonged standing of a solution of disodium 2,2'-
dithiodibenzenesulfonate and 2-mercaptoethylaniine
hydrochloride in a minimum of water; presumably
attack of the thiol on the disulfide is very sluggish.

Thin layer chromatography after thermal dispro-
portionation of the phenyl compound 10 showed that
the reaction is a clean one without much complication.
Only three coniponents were found: phenyl disulfide,
cystamine dihydrochloride, and 10. Furthermore,
a good material balance accorded well with eq 2.

Results of light-induced disproportionation of the
ortho-substituted disulfides are shown in Table II and
can be sumimarized in the following order of increasing
resistance: H ~ CH; < Cl < OCH; < CH,OH < 2,6-
(OCH;); < NQ; ~SO;H. This order differs from either
that obtained for the para series (H < CH; ~ CH;0 <
Cl < NOy),?* or those obtained in thermal dispropor-
tionation, It was surprising that the thermally least
stable 7 was quite resistant to photochemical dis-
proportionation.

No clear-cut generalizations as to effects of substit-
uents on relative resistance emerge either in the
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ortho series or in its relation to the para <cries, except
that in thermal disproportionation the zwitterionic
strneture of 9 confers stability and the two artho sub-
=titnents of 7 confer nnexpectedly great instability:
however, there does appear to be a trend in the thermal
disproportionations for eclectron-withdrawing snbstit-
nends to decrease =tability (¢f. 2 and 3 in Table 11).

Tn efforts to oxidize nnsymmetrical disulfides selee-
tively to one thiolsnlfonate, the e-nitro and o-methoxy
colpornds were chozen ax typifying opposite extremes.
Use of the nitro disulfide 3 under the usnal conditions?
with hydrogen ])(‘1‘()Xi(1(‘ ledd to recovery of 82€7 of 3.
along with taurine (2067) and o-nitrophenyl disulfide
(19¢7). The o-methory disulfide 5 gave  tanrine
(16%0). the ~yvmmetrical aminoethy!  thiolsnlfonate
8 (47%¢)1, and a material which contained no nitrogen
atid wax presumed to be the other possible <ynunctrical
thiolsnlfonate (7.e., o-methoxyphenyl o-methioxyben-
zenethiolsulfonate, 659).  Since formation of <vm-
metrieal componnds and oxidation to tanrine =ecimed
to  predominate. prospects for <ynthetically  u=ceful
sclective oxidations seemed blealk.

Protective activities \\(10 kindly determived under
the anspices of Dues, DD, Jacobus, T, 1. Sweeney.
and . Coad at the ‘\\':11101' Reed Army Institnte of
Rescarch, Washington, 1. . General procedures
and the meaning of activity ratings were deseribed
previonsly,  Resnlt< in Table IT <how that the pre-
stinably zwitferionie componnds 9 and 12 resemble the
original one (1) in having “good’” activity: threc of the
nonzwitterionie vetho analogs are active, bnt none is
better than “fair.'” There are no striking correlations
between  protective activities and  either  clectronie
eff et of the wetho snbstitnents or resistrnee of the
disulfides fo  disproportionation.  Nevertheless,  the
astho snbstitnent obviously play~ « highly =ignificant
role, even thongh an unpredictable one. in beth pro-
teetive activity and resistance to thermally or photo-
chemically indueed disproportionation.

Experimental Section®

Starting Materials. - -o-Toluenethiol aud ovthanilic acid were
purchused. o-Chlorothiophenol,’®  thioguuiaeal,'  o-mercapto-
beuzyl aleohol,? g-uitrothiophenol. ¥ and  2,6-dimethoxythio-
pbenal® were prepared according to known procedures.  The
thiolulfonate 8 was purtially supplied throngh the kinduess
of DT R Sweeney (prepared by Distillation Produets Indus-
tries] nnd partially prepared aceording to aun earlier procedure. '

8 L. Feld, AL Fervetrd, . R Creaslaw, andt T O Owea, . Ued, Che,
T, 39 (1v64).

11 Melting paints are carvected.
whe nsing an AST M-snecificatian thermameter,
Jeteriraned by immersion of the savaple abunt 10° lneln\\' the decamnpasition
noiat and then Leatiag so hat the remperatare cose ca, 2-3% 'mia. Llecen-
tal analyses wece Ly Galliraith dlicraanalytical Laharataries, IKnaxville,
Tena. Infrared specten were olitained nsing a Pevkin-Elmer Model 13713 ar
Beckiman Model 1R10 spectrapnataraeter with films of ligaids and Nnjol
mnlls or KU pellets of solids: 1y reported absoceptions, G sivnifies hraad.
N-Rayv «Jdilfvactian patterns were Wletecwined by Crabaceh lahoratavies,
Cleveland, Ohie, Bvaparatioa of salveats anally was done nnder vedaee:]
[EeSSOre (TN & ratary evaparator,

i 10} (I. Daccavaa, Jahvesbeeot Ly, 17T (1801,

vl 17, Alaatbinec, Ber., 89, 1348 (1004:,

BN R (.1110 and L. N. Owen, J. Cha. Soc., 1652 (106G,

v DL Gl Foster and 150 12, Reid, J. Uni Chem. Soc., 46, 37 (1421,

¢l V. ‘.z(lial‘ an'd T. Rangarajun, J. Tudiae Chem. Soc., 38 Q610
We obrained 2 6-dimethoxythiaphenal in 7947 viell hy fractional destillation:
Lo 125 -108° mmt. Neveral veerystaliizations froa etlec ggve matecal
Laving an qodine riser of 9347 aad wape 82817, lit. VO 87867,

Ay L Field, T, € Owen, R. R, Crensiave, wad AL W, Deyvau, /. L,
Cheye, S, 88, 441111961,

Tley were determined in o capillary
Decavanpoesition paints were

Vol. ¢

R l)imolluw\'plu vl disulfide was prepared as o derivative hy
preraiion of 2.6-dimethoxythiophenal™ (048 g3 i 30l of ether
against 1 .\ T, -KT <alutiomn ta an 1:oend paint. The white
preeipitate was eallerted, wastied with ether, and dried: vield,
Ciromyp Issetade s Leervstallization Tram 1|
CHCL-petratevm ether gave Q000w 765 af the disalfide, mp
1992012,

e, Caledd Tar O LOSG () MG~ T A,
CLoA0,096¢ ll. aald

General Procedure for Preparation of the Unsymmetrical Di-
sulfides 2-7.- -ostho-Subsiituted avamatie thiolx (0.025 nale)
and  2cnminaethiel 2-nmineethanethiolsulfounte  dibvdravhlaride
(8, 2A male) were <tivred far 0.0 hie in water (15 ml) nrixed
will etlimnol f4ttwl for 2, 4, and 3¢ Gloml Tor 6 and Sl for 3
and 75 Evaporatioa below 50€ withion 1 lne gave a white vexidue,
which was dissalved ;l' PA-120 mlaf water aud extracted with 1o
wl o ether Tar 2 and 4 7, v aomisiire of henzene-ether 11010
S 30 o rentove nnchanged nul\ the extracts were titrated
with fadine sclntian Tor assay of thinl, wheve appraprinte. o
aaueons e then was <hiaken with 44 ml of =plveni (hexane 1o
2ad 4 amixenre of Cele-iexane Yor 371 1Dy and 517128 (411
cthery oy for 70and Cullefar 63 while 25 ml of an iecd agquenns
~salition ol KOTL $45 o was whled, The water Liver was
extrzeled Dwiee nore witl the salvent deseribed abave 20 ml
poritenst,  Baclt arganie Taver was backwashed vapudly with
water, and after filtsniowewas shaken at auee with thie simne por-
tian af 2.8 il af 1220 THCHD 25wl of water eoaaled i an e bt
The extrmerion was eQeeted within 0.4 by, Precipitation oeenrred
imniediately npan centaet with the aerd. With 6, the three
arganie lvers were filtered wittiont hackwashing with water!€
and were shinken v once with the requived winonm of T1CL
precipitiiion wies nneci enlianeed by moere actd (7.5 ml insread
al 2.5 mle The erade 1)1()(111(1\2 Were sepir: 1((‘(1 hy il ian,
dried nnder vedneal 111(~>~111(' ar 2 hie, aud washed several times
with aectane thovanghly, The arganie rvaffinate wa
dried, and evapeeated 1o give the symmetrival avvl disulficle
fidentified by infrared <pectrnn and Zor melting point),
arve <hiown fu Table 1.

Thin layver chromaiogeams ot the nusyvuunetriesd disnlfides
0 2-7) e Listiman Chivamageam <heet CTvpe Kbl Bicdevelped
with 45¢ ethanal ab ream temperatinre shawed anly <ingle <pats
after exposire t Ly vapor A LT exeept for 3 whieh hied 70 0.3

o-{ 2-Aminoethyldithio }benzenesulfonic Acid (9). A. Prepa-
ration. - The general provedure for dinzatization o arthanilic
acid was thai of Stephenst™: the dinzatization was Taund nat e
proveed, hawever, i chilling is done weh helow Q%0 Pinely
pulverized arthanilic acid (17302 20 1 omale) was suspended i
A20 il il caneentrated lI(,l aloug with SV ml of wiler il was
leated fer oo shart time,  Aftey being conled o raom temperi-
e, the <uspension was stirred (lllii(' rapidly while oovold salitiion
of NaNOL 732 1ot malesy i TRl ol water was added aé
o WP doring 1oL A |m\111\r- stareh- indide text for nirite
1t seill vesulied :nl‘lm' co 20 min CThe resetion nustare was
<tirred A0 misn more s G el then o white diazaninm <alv ¢ 171La
wowel weighi s was rentaverll by filtvaGon: this <alt gave a deep
red precipitate after vesetion with g-naphthal in NaOIT salution,
The dinzanimm ~alt s prepaved wis added gradually with goad
<tirving in =small partions o patassinn ethylsanthate (240008 w0
o malest i L Lo weater heated at v, S0 duving 1 he, Vigorans
evalition  of  nitroget: acnered  with o ench addivian, After
evigparidion af the reaction wismre fa ZA0ml, NaOTl (Soan g
O omalest in 200wl ot water was added and the nnstore was
Lheated nnder reflux avernight.  After heing raoled e an tee
Lahy, 10 was aeidified withe Tl af coneenteated THCT o Aol
of leowater {oo e, pllas?

When the aqueans salurion of the o-tercaptohenzenesidfonate
wits innuedintely addal aoa bhatling aleohalie salation of leal
aceiate rihvdrate 21807 g0 05 molelin LG L of ethanal, preeipi-
tation acerred upon caoling,  ‘Fhe resulting arange precipitate
was <epurated by filivation and was washed with ethianol and
witer nnd dried e e (vield 28000 @) The lead mereaptide
CSA @ wns snspetated o mloaf water throngh which HaS

Wy 7

"o
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was bubbled uutil no more precipitation of PbS occurred. After
ca. 20 min, the mixture was filtered and the filtrate was freed
from excess H.S under reduced pressure. The filtrate decolorized
aqueous [,-KI solution rapidly.!* The thiolsulfonate 8 (51.4 g,
0.2 mole) in 100 ml of water was added with stirring to the filtrate
prepared above. After 20 min, precipitation of white solid
began. Stirring was continued overnight. Filtration gave 28.5
g of 9 (54%; vields are based on the assumption of 8 as the
limiting reagent). More deposited after 1 week, making a total
vield of 31.6 g (609;).

The product 9 was purified by dissolving 31.6 g (0.12 mole) in
30 ml of water containing 4.8 g (0.12 mole) of NaOH, followed
by acidification with 12 ml of cold concentrated HCl and chilling;
27.8 g (889,) was recovered; yleld, 529; mp 238-242°. Several
recrystallizations from water (100°) gave material of constant mp
254-256° (clear melt, no decomposition). The infrared spectrum
showed the following medium-to-strong absorptions (KBr
pellets, ecm~1): 3450 b, 3100-2910 b, 2900-2600 b, 1615, 1495,
1445, 1425, 1200 b, 1135, 1100, 1060, 1010, 752, 740, 665, 610,
and 570.

Anal. Caled for CsH NO;S;: C, 36.20; H, 4.18; N, 5.28;
8, 36.25; neut equiv, 265. Found: C, 36.07; H, 3.98; N,
5.32; S, 35.98; neut equiv (formol), 269.

B. Cystamine 2,2/-Dithiodibenzenesulfonate.—2,2’-Dithiodi-
benzenesulfonate anion was prepared as follows. The filtrate
containing the o-mercaptobenzenesulfonate, prepared from the
lead mercaptide (28.0 g) and H,S as described, was cooled in an
ice bath and 309, H,O; (6 ml) was added slowly until a positive
starch—iodide test resulted. The reaction mixture was allowed
to stir overnight. After evaporation almost to dryness, the
residue was triturated with 150 ml of absolute alcohol to obtain
a hygroscopic solid; vield, 8.9 g. A solution of cystamine dihy-
drochloride (0.14 g, 0.6 mmole) in water (0.2 ml) was added to a
stirred solution of the 2,2’-dithiodibenzenesulfonate product
(0.25 g, 0.6 mmole estimated) in water (1 ml). Chilling followed
by filtration gave the title compound (0.20 g, ca. 63%), mp 214
(began to darken) to 241° (dec complete); the infrared spectrum
was similar to that of 9; however, there were significant dif-
ferences in relative intensities of bands. The mixture melting
point with 9 was 214-237° dec and obviously differed from the
melting beliavior of 9.

C. Oxidation of 9.—Disulfide 9 (2.7 g, 10 mmoles) was dis-
solved in 20 inl of warm water, and 8 mli of 309, H.O; was added in
small portions during 1.5 hr until a positive starch—iodide test
resulted. The mixture then was heated under reflux overnight.
The starch—iodide test then was negative. After evaporation to
a total volume of ca. 10 ml at 40°, followed by addition of 50 ml
of absolute alcohol and chilling for 24 hr, 0.92 g (72%) of taurine
was obtained. After several thorough washes with absolute
alecohol and drying in air, the infrared spectrum was identical
with that of authentic taurine. The filtrate was neutralized
with KOH and evaporated to dryness, and the residue was
triturated with 10 ml of absolute aleohol to obtain 3.57 g of
white dipotassium o-benzenedisulfonate. Recrystallization from
839 aleohol gave pure substance; yield, 3.16 g (99%). The
infrared spectrum was identical with that of authentic dipo-
tassium o-benzenedisulfonate.® The X-ray diffraction pat-
terns showed that the salt obtained by oxidation of 9 was identical
with the authentic sample,®® although there were some differ-
ences in the minor patterns.

D. Disproportionation for Structural Proof of 9.—The zwit-
terionic disulfide 9 (2635.2 mg) was suspended in 10 ml of water in
an ampoule, which was sealed immediately, wrapped with foil,
immersed in boiling water (9 dissolved), and heated continuously
for 7 days. Evaporation gave a residue, which had the melting
point behavior of the cystamine salt described under B, rather
than of 9. The residue was dissolved in water (5 ml) and then
was boiled a few minutes with a saturated solution of pieric acid
in alcohol (5 ml). Chilling and filtration gave crude cystamine
picrate which weighed 388.8 mg (1279%), mp 190-197°. After
recrystallization from 759, alcohol, 135.0 mg (449)%' was ob-
tained pure; the melting point and mixture melting point were

(19) During the conrse of onr investigation o-mercaptobenzenesulfonic
acid was reported (different synthesis) by A. E. Kretov, A. 3. Bespalyi, and
N. N. Politun, Zh. Obshch. Khim., 34, 2066 (1964); Chem. Abstr., 61, 8220
(1964).

(20) Purchased from Aldrich Chemical Co., Inc.,
recrystallized.

Milwaukee, Wis,, and
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201-203°. The infrared spectra of the isolated and authentic
picrates were identical.

0-(2-Aminophenyldithio }benzoic Acid (11).—o-Aminobenzene-
thiol (2.63 g, 0.021 mole) and thiolsulfonate 13 (6.43 g, 0.019 mole)
in ethanol (50 ml) were stirred at room temperature for 3 hr.
Precipitation occurred immediately. After 3 hr, filtration gave
3.55 g of a white solid (679%,), mp 167° dec. The crude solid was
dissolved in 350 ml of absolute alcohol at room temperature and
was treated once with Darco. Water (450 ml) was added until
the cloudiness point was reached, and the mixture was chilled at
ca. 0-5° for 1 hr and filtered. Several recrystallizatious gave
white solid; yield of 11, 2.7 g (519); mp 167-169° dec.

Anal. Calcd for C]sH]]NOQSQ: Cl 5629, H, 400. N, 505;
S, 23.12. Found: C, 56.37; H, 4.00; N, 5.14; S, 23.05.

0-(2-Pyridylmethyldithio)benzoic Acid (12).—Exactly in the
same manner described for 11, a white solid precipitate (11.0 g,
1099 ) immediately resulted from 2-pyridinemethanethiol (5.0 g,
0.040 mole)® and 13 (12.3 g, 0.036 mole). Several recrystalliza-
tions from methanol gave 12; yield, 7.3 g (729%); mp 176-178°
dec.

Anal.  Caled for CHINOS,: C, 56.29; H, 4.00: N, 5.05;
S,23.12. Found: C,56.14; H,3.97; N, 5.15: S, 23.20.

The infrared spectrum showed medium-to-stroug absorptions
(KBr pellet, em~1) at 3448 b, 1695, 1600, 1460, 1433, 1316, 1087,
1020, 806, 785, 758, 746, and 692,

o-Carboxypheny! o-Carboxybenzenethiolsulfonate (13).—In a
modification of our earlier procedure,? chlorine (20.9 g, 13.5 ml)
was introduced slowly (45 min) into a stirred mixture at 0-5° of
o-mercaptobenzoic acid (30.2 g, 0.196 mwle; recrystallized from
ethanol and dried to constant weight dnder reduced pressure)
and acetic acid (5.6 wl) in previously distilled methylene chio-
ride (110 ml). Within 10 min, the mixture became amorphous.
It was stirred 10 min more at 0°, after which water (3.6 ml) was
added slowly with vigorous stirring. The suspension was kept
at ca. 20 mm for 4 hr. Solid then was triturated twice under
cold water (250 ml). Collection by filtration gave 30.0 g of solid,
which was triturated with 300 ml of 9597 ethanol. The filtrate
was evaporated to dryness, and the residue was triturated with
cold water (200 ml); yield of 13, 20.0 g (609;); mp 215-223° dec
(1it.? mp 218-222° dec). The infrared spectrum was identical
with that of authentic 13.2

Thermal Disproportionation of Unsymmetrical Disulfides. A.
—Unsymmetrical disulfides (1 mmole) were dissolved (2-7) or
suspended (9) in 10 ml of water in 50-ml flasks; the flasks were
wrapped with Al foil, imniersed to their necks in a thermostated
oil bath, and heated at 68° for the designated time intervals.
The flasks then were withdrawn and chilled in ice. The contents
(except with 9) were extracted twice (CHCl; 10 ml), and the
extracts were washed with water, dried, aud evaporated to a
residue, which was kept under reduced pressure until the weight
was constant. The symmetrical aryl disulfides thus obtained
were characterized by their infrared spectra and/or their melting
point. “Disproportionation, 9,”” was calculated as usual.!

In the case of 9, 879 of unchanged material was recovered
after 23 hr by filtration; it was identified by melting point (235°)
and infrared spectrum; the filtrate gave no cystamine picrate at
all when residue obtained by evaporation was dissolved in water
(5 ml) and boiled with a saturated solution of pieric acid in alcohol
(3 ml).22  After 60 hr, chilling gave no precipitate. Evaporation
gave residue which was dissolved in water (3 ml) and boiled with
a saturated solution of picrate acid in alechol (5 ml). Crude
picrate was recrystallized as usual (¢f. ref 21); vield of cystamine
picrate, 64.38 mg (219,); mp and mmp 205-206°. Based on the
factor of 100/74 X 21,% disproportionation amounted at least
to about 289;. A homogeneous aqueous solution of 9, on the
other haud, gave no picrate at all.

(21) The cystamine picrate was recrystallized owing to the result of a
blank run. When 74 mg of cystamine dihydrochloride was dissolved in 5 ml
of water, boiled a few minutes with 5 ml of a saturated picric acid solution in
alcohol, and chilled at ca. 0°, 304.0 mg of crude picrate was obtained (152%).
After recrystallization from 75% alcohol, 148.4 mg remained (74%). The
correction factor of 100/74 X 44, based on true and isolated amounts of
cystamine in this identical control isolation, shows that picrate isolated in
the experiment corresponds to disproportionation at least to the extent of
abont 59%.

(22) As aresnlt of a blank run, it was learned that presence of as little as
19.5 mg of cystamine 2,2’-dithiodibenzenesulfonate in water (5 ml), corre-
sponding to 7% disproportionation, was detectible by precipitation of cyst-
amine picrate; hence the 25-hr result in Table II is reported as “<7."
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B. Irreversibility of the Disproportionation.—Cystamine di-
hydrochloride (0.5 nimole) was heated with 0.5 mmole of phenyl
disulfide, o-chlorophenyl disulfide, or o-hydroxymethylphen-
vl disulfide, as usual for disproportionation experiments, in
10 ml of water at 100° for 72 hr. The three arvl disulfides were
recovered unchanged (mixture melting point and infrared spec-
trum) in yields of 09, 104, and 1017 ¢, respectively,

C. Material Balance in the Disproportionation of 2-Amino-
ethyldithiobenzene Hydrochloride (10).—An aqueous solution of
10 (0.2338 g, 1.054 mnwoles) v water (10 ml) was heated at 68°
exactly as in the disproportionation of 2--7) except that a 10-day
periad was used to assure nearly ecamplete reaction. Phenvl
dizulfide was extracted with CHClLi: yield, 103.8 mg (9261
mp and mnmip 38-50° (infraved specirum identical with that of
phenyl disnlfide). Thin layer chromatography was performed
an this solid, aloug with the agueous phase and appropriate
authentic =amples, on astman Chromagram sheet {(Type K
501R; previonsly activated at 110° for 0.5 hr). Developmeut
with 9567 acetic acid for 2 hir and exposire to iodine vapor
showed ane =pot with 2y 0.81 Gdentical with anthentie plienyl
diznlfide) and only two other spots, with &y values of 0.40 and
.66 enrrespondibig to the anthentic <amples of eyvstamine -
hydrochloride and 10, respectively.

The aqueous phiase wax evaporaled under reduced pressure o
twhite residue. The residue was rubbed with cold absolute eth-
anol, which removed 10 but left most of the cystamine sall,
Evaporation of the ethaunol left crude 10, Several applications
of this procedure finally separated 20.6 mg (130() of 10, mp
and minp 127-131°, and 102.6 mg (86¢7) of eystaniine diliydro-
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chiloride, mp and mmp 218-220° dee,  Infrared spectra for 10
and the eystamine salt were identical with those of authentic
material,  Sinee thin layer chromatography showed that ounly
tbree materials were present and since separation showed these
materials ta be the two symmetrical disulfides (86-02%¢) and
inchanged 10 (1347, evidently still containiug a little eystamine
salty, thie disprapartionation nist proeeed rather eleanly with
rather slight formation of by-produets.

Photochemical Disproportionation of Disulfides 2-7 and 9.
Aqueous solutions of 1 nunele of unsynmetrieal disulfide in 20
ml of water (0.05 3 Vin 50-ml Pyrex flasks2 were irradiated at a
distonee «f 12,3 i with an ultraviolet =ouree (100-w Hanovia
ultravialer lomp, Engelhard Industries Tne., Newark, N. J.)
for 25 wmin at room remperature.  Isolations and ealeulations
were doue i the =aume manuer deseribed for thermal dispropor-
tlonation.

>
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24 A hemoeeneans solusion of sparingly solable 9 was prepared Ly dis-
solving 1 mmale in 10 1al of tat water, caaling. and dilating with 10 nl
mare,

Nitrofuryl Heterocycles. 1.
5,6-Dihydro-3-(5-nitro-2-furyl)imidazo[2,1-b]thiazoles and Acid Addition Salts'
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The preparation of several 5,6-dihydro-5-(5-uitro-2-furyl)inidaza[2,1-bithiszoles and acid addition salis 13
reported and their m vitro antibacterial activity is discnssed.  These compounds are prepared by the condensation
of bromomethyl and chloromethyl 3-uitro-2-furyl ketones with ethyleuethiourea and C-alkyl-substituted etliylene-
thioureas. The acid-catalyzed condensatian of 5-niro-2-furaldehyde with ehloroacetone produces 3-chloro-4-

(5-nitro-2-furyl)-3-buten-2-oue.

Coundensation of 5-nitro-2-furaldehyde with (3-chlaro-2-oxopropylidene)tri-

phenylphosphoraue yields 1-chloro-4-(5-nitro-2-furyl-3-buten-2-oue which reacts with ethylenethionrea to give

the vinylog of the title compound.

Sinee the introduction of nitrofurazone® as a topical
antibacterial agent, other nitrofurans have been pre-
pared in an cffort to increase activity. This paper de-
seribes the synthesiz of a new class of nitrofurans, the
5,6-dilvydro-3- (5-nitro-2-furyl)imidazo [2,1-b]thiazoles
and their acid addition salts, which possess enhanced
in vitro activity, especially against Proteus vulgaris
and Pseudomonas aeruginosa organisins,

Chemistry.-—The reaction of cthylenethiourea (1a)
and p-nitrophenacyl bromide to yield 6,7-dihydro-3-(4-
nitrophenyl)-5H-imidazo[2,1-b]thiazolium bromide was
reported by Fefer and Iing.®  When this reaetion was
applied to la using bromomethyl and chloromethyl
S-nitro-2-furyl ketones (2a* and 2b,> respectively) in
refluxing ethanol, or dimethylformamide at steam bath
temperature, the midazothiazoles 3a and 3b, respec-

13 Prescnted at the 1530th National Meetiag of the Anerican Cheinical
Naeiely, Atlantie City, N. J., Sept 1965, Alistracts, n 1110,

121 Faracin®, 3-nitro-2-furaldehyde semicarbazone.

4y M. l"efer and L. C. Xing, .JJ. Org. Chem., 26, 828 (1961).

1) O. Dann, H. Clrict, and K. 1. Moller. Z. Natucforsch,, Th, 334 (19321
Chope, Ahstr., 47, 8730f (1953).

3) G. Gever,  U. 8. Datent 3,111,530 {1963):  Chem. Abste., 60, 2893
[ERIGEEN

tively, were formed. Neutralization of the =alt 3
produced the frec base 4 which could be converted to
other salts.  Becanse of the good in vitro activity of
these compounds, several homologs were prepared.
Allcyl substitution on the imidazoline ring carbons
was accomplished by using C-alkyl-substituted ethyl-
enethionreax (1).  The ethylenethioureas were pre-
pared from the appropriately substituted cthylenedi-
amines and carbon disulfide.%” Condensation of these
ethylenethioureas with 2a or 2b resulted in the products
3a-e listed in Table I. Tt is interesting to note that the
<ynthesis of 3¢ and 3d, as well az 3a and 3b, proceeded
smoothly at steam bath temperature. However, in
order to obtuin 3e, it was necessary to carry out the
reaction in refluxing Methyl Cellosolve. Inrther-
more, it should be noted that the methyl and gem-
dimethyl groups of 3¢ and 3d, respectively, can he on
ecither methylene ¢arbon of the imidazoline ring.  Thin
layer chromatography in several systems indicate

{61 A, I, AMelay and W, (5. Hatton, J. dm. Chem. Soc., T8, 1G18 (105G,
17) L. Zallova, Collectinyg Czech. Chem. Commun., 2, 108 (1930): Chere.
Abstr. 24, 2431 (19508,



