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Despite the presence of the ammonium salt moiety,
which usually decreases stability,® 2 seems considerably
more stable than the salt 1,4-bis(2-aminoethyldithio)-
butane dihydrochloride (19-359%, 3 hr) and indeed
seems comparable to the amide of this butane compound
(>209%. 72 hr) in being one of the most resistant to
disproportionation we have encouutered.” Similarly,
disulfide 3 disproportionated to the extents of 6%, in
22 hr and 13% in 72 hr.

Experimental Section®

2-Acetamidoethyl 2-(n-Decylamino)ethyl Disulfide Hydro-
chloride (2).—2-(n-Deeylamino)ethyl 2-(n-decylamino)ethane-
thiolsulfonate dihydrochloride (1, 13.44 g, 25.0 mmoles)” was dis-
solved in a boiling mixture of CHyCl and EtOH (500 mi, 1:1),
and the solution was cooled to room temperatnre, 2-Acetamido-
¢lthanethiol (2.98 g, 25.0 mmoles)8 theit was added in one portion
with stirring. The mixture was stirred for 3 hr more and then
was chilled at ca. 10° overnight; filtration then removed traces
of unreacted thiolsnifonate 1. Evaporation of solvent below 30°
gave solid, which was dissolved in a minimum of CHCI; (25 ml).
The CHCl; solution was placed on a chromatographic cohimn
(24 X 300 mm of Mereck acid-washed alimina)? and was eluted
with CHCl;. Evaporation of the first 500 ml of elnate gave
crude 2 (6.51 g). Recrystallization from dioxane gave 5.00 g
(549,) of pure 2, mp 155-156°, unchanged by further recrystal-
lization. The infrared spectrnm showed the expected absorp-
tions (cm™1): 3420 (b), 3310 (s), 2440 (m) (characteristic of the
n-decylamino hydrochloride moiety),? 1650 (s) aud 13530 (s), in
addition to a new absorption band at 1450 (s) not shown by either
symmetrical disulfide, and nearly complete absences of 775 (m)
and 760 (m) (doublet), which appeared in n-decylaminoethyl
disulfide dihydrochloride. Similarly prepared material with a
somewhat lower melting point (identical infrared spectrum) was
analyzed. Thin layer chromatography (959 ethanol on Eastman
Chromagram Type K301R; silica gel) showed only a single spot
after development by exposure to iodine vapor (R¢ 0.52).
Anal. Caled for CigHs:CIN.OS:: C, 531.79; H, 9.51; N, 7.55;
S, 17.28. Found: C, 51.64; H, 9.65; N, 7.36; S, 17.17.
3-Acetamidopropanethiol.—In a modified procedure based on
one for 3-amino-l-propanethiol of Turk and co-workers!® and
on an acetylation proceditre essentially like one for 2-acetamido-
ethanethiol,?® a solutiolr of NaOH (40 g, 1.0 mole) in MeOH (200
ml) was thoroughly saturated with HsS. A continuous stream
of HyS was maintained throughout the reaction. 3-Chloro-
propylamine hydrochloride (65 g, 0.50 mole)1! dissolved in MeOH
(70 ml) then was added during 0.5 hr with vigorous stirring at
50-60° (exothermic reaction). Solvent was then removed aud
CHCI; (350 ml) added, together with anhydrous MgSO; (30 g)
to remove water. The mixture was heated under reflnx for 15
min under N; and cooled, and solid then was removed by filtra-
tion. Acetyl chloride (25 ml, 0.35 mole) then was added dropwise
to the rapidly stirred filtrate over ca. 20 min. After having been
stirred for 3 hr more, the solution was shaken with saturated
N2280; solution (20 ml) and the CHCl; layer was separated and
evaporated (760 mm) to 12.0 g (369) of oil, which on titration
with 0.1 N I,-KI indicated 769, purity.

(3) L. Field, A. Ferretti, and T. C. Owen, J. Org. Chem., 29, 2378 (1964).

(6) Melting points are corrected. Elemental analyses were by Galbraith
Microanalytical Laboratories, Knoxville, Tenn. Infrared spectra were ob-
tained using a Perkin-Elmer Model 13713 or Beckman IR10 spectropliotome-
ter with KBr pellets: s, signifies strong; m, medium; w, weak: b, broad.
Evaporation of solvents usually was done under reduced pressure using a
rotating evaporator,

(7) Kindly provided by Dr. Thomas R. Sweeney of the Walter Reed
Army Institute of Research; prepared by the procedure of ref 2.

(8) R. Kuhn and G. Quadbeck, Chem. Ber., 84, 844 (1951).

(9) No difficulty was experienced with columns packed with CHCl.
However, with a related series of decylaminoethy! dis«lfides, we occasionally
got very poor separations, which we attribute to (0o basic an alumina, We
got excellen results when sach aluminas were stirred 30 gsec in CHCls saca-
rated wich IICl and then were packed in the eolunin using this mediam.
Shoald separations witl 2 or 8 give difficulty, therefore, this procedure may
eliminate the difficulty.

(10) 8. D. Turk, R. P. Loathan, R. L. Cobb, and C. R, Bresson, J. Org.
Chem., 2T, 2846 (1962).

aAl) DR Twrbell und DL Y. Cianeroq, J. . Clhem. Soe., T8, 2731 (1956).
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3-Acetamidopropy! 2-(n-Decylamino)ethy! Disulfide Hydro-
chloride (3)—3-Acetamidopropanethiol (5.50 g of 769, thiol,
equivalent to 31.4 mmoles of pure thiol) was added to an EtOH-
CH:Cl; solution (500 ml, 1:1) of thiolsulfonate 1 (14.00 g, 26.0
mmoles), and the reaction mixture was worked up exactly as
described for the 2-acetamidoethyl derivative (2). The crude
product after being washed with acetone ecrystallized from
EtOH-EtOAc as prisms (6.48 g, 65%), mp 122-123°, unchanged
by further crystallization. Similarly prepared 8 (identical infrared
spectrnm) was analyzed.

Anal. Caled for CzHxnCIN:0S:: C, 53.02; H, 9.69; N, 7.28;
S, 16.65. Found: C, 52.93; H, 9.40; N, 7.41; S, 16.85.

The infrared spectrum showed absorptions as expected and
closely resembled the spectrum of 2.

Disproportionation of 2-Acetamidoethy! and 3-Acetamidopropy!
2-(n-Decylamino)ethyl Disulfide Hydrochloride (2 and 3)—
The disulfide 2 (about 1 mmole, precisely weighed) in EtOH (10
ml of 959 ) was heated at 100° in a sealed vial wrapped with A.
foil for either 22 or 72 hr, and the vial then was chilled in icel
Solvent was removed from the contents of the vial, and the
residue was rubbed well with purified dioxane (15 ml), in which
only acetyleystamine, of components present, is significantly
soluble. The resulting sliurry was filtered, the residue was washed
with a little more dioxane (9 ml), and the filtrate was evaporated.
The acetyleystamine left then was dried to constant weight under
rednced pressire; its ideutity and pirity were established by
its superimposable infrared spectrum. Caleulations of the extent
of disproportionation were done as usual,12.13

The propy! derivative 3 was doune i1t the same way. Identity
of the 3-acetamidopropy! disulfide was shown by melting point
and mixture nielting point and by comparison of the infrared
spectrum with that of a sample prepared by reaction of H,O,
on 3-acetamidopropanethiol. With both 2 and 3 the reaction
mixtures were homogeneons thronghottt at 100° and a precipitate
only appeared on cooling.

(12) Validity of this means of estimating disproportionation was estab-
lished by making three sample mixtures of 2, 2-(n-decylamino)ethy! disulfide
dihydrochloride, and acetyleystamine, as though disproportionation of 2 had
occurred to the extents of 10, 60, and 909,. Caleculation of **disproportiona-
tion, 9" for these mixtures from acetyleystamine, isolated as described, gave
reasonable check results of 10, 61, and 85%. We are indebted to Dr. J. D.
Buckman for suggesting the use of dioxane after a number of other separa-
tions had given poor results.

(13) L. Field, T. C. Owen, R. R. Crenshaw, and A, W. Bryan, J. Am.
Chem. Soc., 88, 4414 (1961).
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Thiolsulfonates of the structure RSO,S-aryl and
RSO,8CCIl; (R = alky!l or aryl) have been prepared
by the reaction of metal sulfinate and sulfenyl chlo-
ride. This paper, following our earlier brief reports,
describes the synthesis by a similar procedure of the
compounds RSO,SCF; and unique reactions of these
compounds with mercaptans and with amines.23

Trichloromethy! thiolsulfonates have been investi-

(1) This iuvestigation was supported by U. 8. Pablic llealtl¢ Ssrvice
Research Grant RII 00429, Divisiou of Radiological llealth.

(2) (a) S. S. Block., J. P, Weidner, and A. Walsh, Winter Meeting, Ameri-
can Cliemical Society, Phoenix, Ariz., 1966, Abstract A36; (b) S, S, Block
and J. P, Weidner, 153rd National Meeting of thie American Chemical
Society, Miami Beacli, Fla., 1867, Abstract O 109,

(3) 8. 8. I'tock and J. I, Weidner, Nature, 214, 478 (1967).
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gated for several years in their roles as pesticides.*®
Sinee the toxieity of the compounds seems to involyve
the stepwise reaction of the SCCl; group, it was of in-
terest to prepare the fluorine analogs and to determinc
their activity against microorganisms, Tests showed
that the trifluoromethyl thiolsulfonates were indeed
autimicrobial.?  This finding led us to luvestigate the
nature of the reaction between trifuoromethyl thiolsul-
fonates and mercaptans, sinee the SH group in the
living cell may be the site of attack as is believed i the
caze of the SCCly group.® Iu the latter case, the sc-
quence of reactions between trichloromethyl 3,4-dichlo-
robenzenethiolsulfouate and cystine has been postu-
lated to produce o sulfinic acid, eystine, and thio-
phosgene.” We looked for the fluorine analog of thio-
phosgeune in reactions betwecn mercaptans and tri-
fluoromethyl thiolsulfonates but could detect none.
Instead, we isolated two solid products: the disulfide
of the mercaptan and 2 thiolsulfonate RSOLSR’.
where R came from the trifluoromethyl thiolsulfonate
and R’ from the mercaptan.

The geuneral reaction of thiolsulfonates with mer-
captans® s rapid, and one canuot generally prepare

RSOOSR 4+ RUSH — HSOH + USSR )

thiolsulfonates from sulfonyl chlorides and mereaptans
because reaction 1 follows immediately. When tri-
fluoromethy! thiolsulfonates were treated with mer-
captans it was observed that a gas was produced. The
reaction was then run in a closed system and the gas
was collected and examined by infrared and mass
spectroscopy. The mass spectrometric cracking pat-
tern of the sample showed « peak corresponding in
inolecular weight to SCFy, suggesting that the gas was
Cl4SH and wag produced according to eq 2. When

lsr<®~so_,scp, + HS—@—CH, -
BrA@‘so._,,sA@‘cH; + CK.SH ()

solutions of trifluoromethyl thiolsulfonate and mer-
captan were added at ouce, rather than dropwise, the
reaction proceeded nearly mole for mole as in eq 2.
In this manuer an 809 yield of p-tolyl p-bromoben-
zenethiolsulfonate was obtained and no p-tolyl di-
sulfide was isolated. In this reaction, which required
less than 5 min, the gas was noted effervescing and an
offensive odor, attributed to CI:SH, was immediately

apparent.
The course of reaction 1 hax been explained as being
effected by a localization of charges as shown in eq 2.%
& 6"
0
t 58
RS—SR” + R”S—H ——— RSO.H + R’SSR” €3
|
0

4) 1. H. Ulilenbroek., Angew. Chen., 67, 764 (1957).

(5) J. H. Uhlenbroek, M. J. Koopimnaus, and 1. O. Haisman, Kec. Tror.
Chim.. 76, 129 (1957).

(6) R. .\ hakens and M. O. Sisler, Mhytopathology, 48, 235 (1958).

(7) R.J. Lakeus, 8. Rieh, and J. G, Horsfall, i/, 55, 658 (1963,

(8) 1. Fielkl, 1. . Owen, R. R. Crenshiaw, amwl V. W, Bryau, J. A,
Chem. Sec,, 88, 4414 (1061).

) G, Leawlri and N, Tuwlo, Ane. Clione (Rome), 44, 235 (1954).

NOTES

Vol 10

However, in the easc of trifluoromethyl thiolsudfonates.
it appears that the three fluorine atoms on the carbon
attached to the divalent sulfur are <o strongly clec-
tronegative that they compete suceesstully with the
oxyvgen wtoms for cleetrons on the oxidized sulfur.
The fluorine atoms essentially reverse the poliily of
the molecule making it react like a sulfonyl chloride
rather than a thiolsulfonate,  “I'hus, nucleophilic at-
tack by the mercaptide won occurs on the =alfone sul-
fur rather than on the divadent sulfur of the thiol-
sulfonate to produce an exchange of the SRgroups of
the thiolsulfonate (1),

st 4

0

s 58"
RS—SCK, + R'S—H -———— RSOOSR + CFSH (€3]
|

)

Lvidence that this is o general phenomenon aud is
not limited to the reactions with mercaptans is found
i the behavior of  trifluoromethyl thiolsulfonates
toward amines. Thiolsulfonates without the trifluoro-
methyl group react ‘“typieally” with amines, wviz..
to produce a sulfinic acid and a derivative of the
divalent sulfur group (3).%  Our results with RSO.8CI

s
RSO.SR’ + 2HN

N VAR
O —> RSN 0+ RSOHHN 0O
/ o/

e

compounds (6) and Dunbar's rvesults with trichloro-
methyl thiolsulfonates' aid amines further support the
coneept of reversed polarity.

——

RSOSCK, + HN O RSO.N O + CESH (6

The ligh yields of thiolsulfonates possible in the
reaction with mercaptans suggest it may have value
as a syuthetic method.  The usual methods of pre-
paring mixed thiolsulfonates arce ¢q 7-9."7 Thas, one
HROWSR 4+ NaBr i
RROSNANT 4 NaCl o oxi
R7UROSRY 4+ REONa 00

PSOSN« + R'Br —>
RRONa 4+ CISAry —
RSO3 + RVR0.Na ——
ix limited by the difficulty of preparation of suitable
alkyl bromides or sulfenyl chlorides, or in finding a
contbination of R groups that will exchauge as in (9),
since not all combinations of R groups exchange.'
Ou the other hand, we have found that even poly-
functional mereiaptans such ws the following  react
readily  with triffuorometlivt thiolsulfonates, and iu-
Cooll
HRCHLCHCOOH

NH.-HCT

H.NCHCH,CH,CONHCHCH, SH

C‘OOH CONHCH,COOH

(10Y J. L. Dealar awd A, ML Rogers, /. Grg. Chen., 31, 2812 (100153,
(tly R. Couner in “Organte Chemistry, 31 Nodvaneed Treadse.” 1l

Gihna, Tl Jobu Wiley wand Sores, Tne,, New Yook, N Y., 1003, p H06.
(12) 1. 1. Lowlon aud M. Livingsten, J. Chem, Seel, 896 (19375,
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TaBLE I
TRIFLUOROMETHYL THIOSULFONATES
RS0.SCF;
In vitro
Infrared bactericidal
absorp ——~Carbon, %——  —Hydrogen, %— —Fluorine, 9%— ——sulfur, Yp—— act.,
Compd R (S02), u Caled Found Caled Found Caled Found Caled Found MLD?
1 CH; 7.30,8.50 13.33 13.65 1.66 1.78 31.63 32.24 35.29 36.25 120
2 n-CH,y 7.32,8.55 27.20 27 .85 4.08 4.21 25.64 26.03 28.85 28.95 >1000
3 n-Cgtyr 7.30,8.55 38.83 38.88 6.15 6.30 20.47 21.95 23.03 23.20 1000
4 7n-CisHas 7.38,8.50, 52.68 53.43 7.80 8.74 14.70 17.91 16.54 15.39 600
8.08
3 CeHs 7.30,8.55 34.71 34.94 2.08 2.04 23.53 24 .06 26.47 26 .82 120
6 p-CHCsH, 7.32,8.55 37.49 37.41 2.75 2.67 22.24 23.25 25.02 25.90 120
7 2,5-(CH;3)CeHs 7.37,8.60 39.99 39.88 3.35 3.37 21.08 22.25 23.72 22.79 120
8 p-CIC¢H, 7.30,8.35 30.38 31.46 1.45 1.49 20.31 21.03 23.20 22.76 500
9 p-BrCgH, 7.32,8.57 26.17 26 .56 1.22 1.49 17.74 14.24 19.98 20.05
10 3,5-(COOH ).CsHs 7.39,8.50 32.72 32.88 1.52 1.72 17.25 17.03 19.41 120
« Analyses performed by G. Weiler and F. B. Strauss, Oxford, England, and Galbraith Laboratories, Inc., Knoxville, Teun. 4 Mini-

mum lethal dose in parts per million to Staphylococcus aureus (see text).

TagLE 11
REACTION BETWEEN TRIFLUOROMETHYL THIOLSULFONATES AND MERCAPT.ANS
RSO.SCF; + HSR’ —> RSO,SR’ 4+ CF,;SH

Yield, Lit.
No. R R 9%, Mp, °C mp, °C
1 CeHs CsHsCHs-p 50-51 52=540
2 CeHs CsHsNOxp 104-105 104-105¢
3 p-CH3CeHa CsHs 43 7577 77-78°
4 p-CH3CsHy CsHiNOQo-p 39 130—-132 130¢
5 p-CH3CsHy CH.CsHs 55—56 554
6  p-CHsCeHy CsHsBr-p 67  93.5-94.5  107¢
7 p-BrCeHy CsHiCHs-p 80 122-123
N
8  p-CHiCoH. —~ D 70 138-139 141/
S
9  3,5-(COOH):Ce¢Hs CeHiCHs+m 50 216-217
10 CHs CsHsBr-p 117-118

R30:SR"

Ir —C, %——~ —H, 9p—-— —DBr, %p— ——8, —
(809, u Caled Found Caled Found Caled Found Caled Found
7.50,8.70
7.50,8.72
7.52,8.78
7.40,8.70
7.50,8.75
7.48,8.74 45.48 45.50 3.23 3.0 23.28 22.82 18.67 18.335
7.52,8.72 45.48 45.50 3.23 3.34 23.28 23.23 18.67 18.75
7.42,8.68
7.42 51.12 50.95 3.40 3.35 18.19 18.34
7.52,8.72
7.55 31.45 32.90 2.64 2.61 24.00 25.62
7.59.8.77

@ Melting points are corrected. Analyses were performed by Weiler and Strauss, Oxford, England, and Galbraith Laboratories,

b Reference 15.
¢ Reference 12.

Tuc., Knoxville, Tenn.
42, 3816 (1909).

frared spectral data indicate the production of their
mixed thiolsulfonates.

Like other thiolsulfonates the trifluoromethyl thiol-
sulfonates possess antibacterial activity. As may be
noted in Table I, the aromatic members demonstrated
moderately high bactericidal power but, except for the
methyl derivative, the aliphatics were low in activity.
None of the trifluoromethy! thiolsulfonates exhibited
the very high bactericidal potency shown by the tri-
chlorovinyl thiolsulfonates.!?

Experimental Section

Trifluoromethy! Thiolsulfonates.—Purified zinc p-toluene-
sulfinate dihydrate (75 g, 0.184 mole), 500 mi of ethyl ether, and
10 drops of dimethylformamide were stirred and 50 g (0.368 mole)
of trifluoromethanesulfenyl chloride!® was slowly introduced
over a period of 2.5 hr at a rate which maintained the temperature
between 25-31°. Stirring was continued for another 0.5 hr after
addition and then the solution was filtered through a sintered-
glass funnel. Abont half of the ether was removed by aspirator
and the remainiug ether solution was washed well with water.
The ether was dried (NaxS8Os) and then removed (vacunm).
The residue of 73 g (78%) of yellowish product had strong in-

(13) J. P, Weidner and 8. S. Block, .J. Med. Chem., T, 671 (1964).
(14) Available commercially from Peninsular Chemresearcl,
Gainesville, Fla.

Inc.,

¢ G. Kresze and W. Kort, Chem. Ber., 94, 2624 (1961).
/ D. Spinelli and A. Salvemini, Ann. Chim. (Rome), 51, 1296 (1961).

¢ E. Fromm and F. Erfurt, ¢bid.,

frared absorption at 7.3, 8.5 (typical of SO, in trifluoroniethyl
thiolsnlfonates), 9.05, and 9.13 (CF;) u. A sample of the com-
pound was purified (tle). A dilute (ca. 39;) ether solution was
chromatographed on silica gel GFz4 (Brinkman) and developed
in benzene. Usually one strong band was present on the plate
which was easily visible under uv light at about R¢ 04.
This band was extracted with ether, and the ether was removed
(vacium).

Reactions of Trifluoromethy! Thiolsulfonates with Mercaptans
and Amines. A. Reactions with Mercaptans (Table II).—
Since relatively large amounts were used, the crude RSQ.SCF;
used after chromatography showed it to contain a minimum
of impurities. All mercaptans and disulfides used in the experi-
ments were available commercially from Aldrich Chemical Co. or
Eastman Kodak Co.

The general method of preparation of mixed thiolsulfouates
can be illustrated by the reaction between trifluoromethyl p-
toluenethiolsulfonate aud p-bromothiophenol. To a solution of
2.56 g (0.01 mole) of the crude trifluoromethyl p-toluenethiol-
sulfonate in 10 nil of absolute EtOH was added in one addition
1.89 g (0.01 mole) of p-bromothiophenol (Aldrich, recrystallized
twice from absolute EtOH) in 10 ml of absolute EtOH. The
solution was swirled and poured into a erystallizing dish and with-
in 5 min small, flat crystals began to precipitate. When precipi-
tation had stopped, the product was removed by filtration, dried,
and weighed, giving 1.73 g of material, mp 90°, infrared 7.48
(%) and 874 u (3) (SO, in unsubstituted thiolsulfonates). This
compound was recrystallized onece fromt EtOH aud twice from
isopropyl ether and had nip 93.5-94.5°,

The initial filtrate was chromatographed on silica gel GFyu
usilg a solvent system of 30-60° petrolenm ether-benzene 1:1
by volume. Uunder uv light two distinct, nearly equal sized
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REACTION BETWEEN TRIFL OBOMETHYL p=-TOLCKNETHIOLSU LFON AT AND SHCONDARY AMINLS

Mdie p=Tolwenesalfonaniide My, O Yiell, *,
YA . - . ‘/_b‘\

nA\;Ju CH Ve )_A\Llr» 1463148 A
ST = am v e B

WX XK FH‘Q—SO,,\‘ Nsop@ﬂ‘u 2080 S
. . ; .

* Do Klanun awd H. Bertsch, Chen. Beel, 89, 2007 (1956), give mp 148°,

bands appeared.  Band 1 had [¢; ca. 0.35, the asnal tiol-
snlforte poxition, and band 2 12; ca. 0.8, usually a==ociated with
a disnlfide. Band 1 was extracted with ether and a crv=tallive
material melting at 90-95° wax obtained. Bund 2 gave mica-like
flakes which melted at 80-00°, Since the two conponnds melted
<o closely and siiwe the previonsly described componud, p-
CHLCsHROSCl L Br-p, was reported to melt at 107°,12 it was
iibpyriant to prove that both p-bromophenyl p-rolnenethiol-
suffonate and bis(p-bromophenyt) disulfide were present. A
comparizon of the infrared spectriin of the material from bund
2 with a <pectriin of an authentic sample of bix(p-bromophenyly
dixnlfide, mp 89-01°, showed the two to be ideunticul.  The =pec-
trim of the ervstals from band 1 was identieal with that of che
recrystallized compound of mp 93.5-94.5° With these data
and coufirnution by the elemental analysis it appears that the
cariponnd reported by Londoun' may not have beerc p-bromo-
plienyl  p-tolienethiolsulfonate: 1otal vield of thiolnlfonate
(RSOSRCrom this reaction, 2.5 ¢ (6779,

It order to determine te fute of the SCL, group, te reaction
between trifluoromethyl p-tolnenethiolsnifonate and thiophenol
wit= performed ina sealed sy=tewmr containing a gax cell. Triflnoro-
methyl p-tolenethiolsalfonate (2,56 g, 1.01 molet was dissolved
in 10 mi of abrolite EtOH in a heavy-wall tnbe and frozen with
liquid N To thix was added 1.1 g (0.01 mole) of thiophenol and
the system wias pvacnated.  The reaction tube was then allowed
Lo warnt o room tempertinre, the gas cell was removed, and
spectra were determined.

The =olntion from the reaction tibe wa= allowed to <tard over-
wight, and a crystalline praduet which melted at 73-77° wax
separited.  Chromatography of the remaining =olntion gave
more nutterial melting «t 75-77° aud another substance melting
at 50-38° The compound, phenyl p-tolienethiolsulfonate, hus
been reported ax melting at 76-77°.¢  Commerciul pheuyl di-
sulfide, mp 39-60°, and the disnlfide isolated had ideutical in-
frared spectra. Total vield »f phenyl p-tolienethiolsulfouute
was s g (439,

B. Reactions with Amines { Table III).--A solution of 0.587 g
(0.01 mole) of morpholine in 10 ml of absolute ether was treated
with 1.28 g (0.005 mole) of ernde trifluoroniethyl p-toluenethiol-
sulforate in 10 ml of absolte ether. (The 1009 molar excess
of morpholine was not necessary.) The reaction was immediate
and exothermic and canzed some of the ether to boil away.
The remaining ether wax removed by moderate heat and the
gelatinons nus= wax taketc 1up e warm 2-propanol, then cooled
at 49 for several honrs, From the =olution 0.9 g (75 ) of white
ervstals were recovered, wp 144°, Two more recrystallations
from Z-propanol gave a compound which had <trong SO, ab-
=orption and was iderdified as p-tolnenesulforanorpholide.

A siniilar experiment using piperazine in absolute LtOH
produced a white erystalline material; SO, absorption, identified
s his-p-toluenesulfoupiperazide.

Antibacterial Testing.— Bactericidal activity us the niiniummn
letfutl concentration (MLC) to Staphylococcns auesns wis de-
termired by the broth dilution method.®®  Trypticase soy broth
nrtde np to one-eighth the normal strength was employed to make
<erial dilirtions of the componnds.  This lower strength brotl still
prodiced heavy growth of the bacteria in 24 hr at 37° but pre-
sented less opportunity for mdesiruble reaction of the ingredients
of the medinm with the compounds,  After 24 hr of incnbation,
the broth i each dilntione tibe wus <treaked onta fnll-strength
tryplicase <oy wgur in Petri plites and inenbated for 24 hr to
determine the presence or absence of bacterial colonies.

(1o VL Kltvenyt, ey, Keweo Folyaoreat, 64, (21 (1938, Chemn, et
84, ILHLG (D0,

16y VT Mkt wrd Lo B MeCur ooy, 2 Wit laek of Yewetoal e
cerialore,” 81 ed) Willtans wrol Wikt Co, Bl Gaore. Med, P8, 1 200,

" LICY mup 206-298°.

The Effect of Some Disulfides and Thiols on
the Carbohyvdrate Metabolism of Ehrlich

Ascites Tumor!

DR Crasseren Jo I Mueeeay, Ji, ML I Brokke,
win AL DL Grrvay

deequipa Foundalion, Sun Feancisco, Californie 55104

Received Jane 168, 1467

It has recently been found in thix laboratory that
2,2'-dithiodipyridine inhibits the respiration :nd gly-
colysts of EFhrlich aseites tumor.?  [urther studies?
have shown that 2,2'-dithiodipyridine and 4,4’-dithio-
dipyridine react readily and irreversibly with thiols,
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as shown i eq 1 and that this reaction, when occurring
in metabolically active cells (mouse liver and kiduey,
Khrlich asecites tummor), cun also cause the enzynie-
mediated oxidation of nonsulfhydryl metabolites, such
as glueose G-phosphate.t*

In the present conununicatiornt we report further
studies on the effect of o number of other disulfides,
aliphatic and heterocyelie, on the carbohydrate nietah-
olism of Thrlich ascites tumor.  In all cares, the offeet
of the corresponding thiol has also been studied.

Results and Discussion

Table I reports the results of the manometric expett-
mentz.  Most of the thiols (or thiones) studied huve no
significant effect on Ehrlich ascites tumor metabolisti;
only  evstewmnine (I} and N,N’-dimethyleysteamine
(IT) cause a substantial inhibition of Qo,. In addition,

. . 0O TR Ne g
[ stimulates Qo,((5) und Q¢p, and inhibits @co. U
sufficient time ix allowed.,

Anoug the disulfides, it ix apparent that two types
ol action can be distinguished: (a) strong inhibition of
glveolyvsis and of respiration by XIII, XIV, XVII,
XVII, XXI, and XXII (the effect of these corapounds
is similar to that of 2,2'-dithiodipyridine);* and (b)
moderate or negligible inhibition of anaerobic glycolysis
and of respiration, accompanied by apparent stimula-
tion of aerobic glyeolysis (accumulation of lactate in the
presence of oxygen) by XV, XVI, XIX, and XXIIL
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