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REacTray BETWEEN TRIFLCOBOMETHYL p=TOLI ENETHIOLAL LFONATE AND SECONDARY AMINLS
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* DKl and HL Bertsch, Clhew. Bee., 89, 2007 (1956), give mp 148°.

binds appeared.  Band 1 hiad /¢ ca. 0,35, the nsual thiol-
snlfonate posttion, and band 2 K¢ ca. 0.8; isnally associated with
@ disudfide. Band 1 was extracted with ether and a crvstalline
material melting at 90-95° was obiained. Band 2 gave miea-like
flakes which melted ar 89-00°. Since rhe two conmpounds melted
=0 clozely nnd sinece tle previously described compound, p-
CHLOHSOSCTBr-p, was reported to melt at 107202 1t was
mmporiant to prove that both p-bromnophenyl p-toluenetinol-
sulfonate and bix(p-bromophenyl) disulfide were present. A
comparison of the infrared spectrim of the material fron band
2 with a =pectrinn of an authentic sarnple of bis(p-bromophenyli
dixulfide, mp 89-01°, showed the two to be identical. The spec-
trrm of the ervstals from band 1 was identieal with 1that of the
recrystallized compound of mp 93.5-94.5°.  Wirlt vhese dara
and confirmation by the elementul analysiz it appears that the
compound reported by Loudon® may not have been p-bromo-
plienyl  p-toluenethiolsnlfonate: total yield of thiolsulfonate
(RBOSRYY from this reactiorn, 2.5 ¢ (677,

It order to determine the fute of the SCF; gronp, the reaction
berweere trifilnoromethyl p-tolnenethiolsulfonate and thiophenol
wis performed in o xealed <vstem contaiing n gas cell. Trifluoro-
methivl p-tolnenetholsinlforaite (2,56 g, 0.01 mole) was dissolved
in 10 ml of abrolute ITOH in a heavy-wall vube and frozen with
ligid Noo To this was ndded 1.1 g (0.01 mole) of thiophenol and
the svstem wias pvacuated.  The repetion tinbe was then allowed
to warnt to room temperaiuee, the gas cell was remwoved, :amd
=pectra were determined.

The =ohttiow from the reaction tube was allowed 1o stand over-
night, and a ervstalline produet whiclr melred a1 ©5--77° wax
separated.  Chromatography of the renmining =olntion gave
more neterial melting at 75-77° and anotlier substance melting
at 56-38° The compound, pheryvl p-tolnenethiolanifonate, has
been reported s melting at 76--77°.1%  Commercial phenyl di-
siltide, mp H9-60°, and the disulfide isolated had identical m-
frared spectra.  Total vield of plienyl p-toluenethiolsulfonate
wis LIS g (437,

B. Reactions with Amines (Table III).—A solution of O.87 g
{0.01 mole) of morpholine in 10 1nl of absolute ether was treated
with 1.28 g (0.005 mole) of crude trifluoromethyl p-toluenethiol-
<ualfonnie ire 1) ml of absolute ether. (The 1009 molar excess
of morpholie was not necessary.i The reaction was immediate
and exothermic and caused some of the edher to botl away.
The remaining ether wax removed by modernte heat and the
gelatinons nmss wax taken np i warm 2-propanol, then cooled
al 4° for <everal hoars,  ¥rom rle =olntion 0.9 g (757 of white
ervslals were recovered, mp 144°, Two nore receryvstallations
from 2-propanol gave n compound which had =trong S0y ab-
=orption and was identified as p-tolenesulfonmorpholide.

A sinilar experiment using piperazine in absolute IKtOH
produced a white crystalline material; SO, abrorption, identified
as bis-p-toluenesulfonpiperazide.

Antibacterial Testing.— Bactertcidal activity as the nininum
lethal coneentration (MLC) to Staphylococens awrens was de-
termined by the broth dilution method.?® Trypticase soy broth
nrde np o one-eighth the normal strength was employed to make
serial dilintions of the conmpounds.  This lower strength hrotlr stilt
prodneed lieavy growtlr of the bacterta in 24 hr at 37° but pre-
serded lesx opportunity for undesirable reaction of the ingredients
of the medimn with the compoands.  After 24 hr of ncubation,
the broth i eaclr dilntioo tnbe was <irenked onto full-strength
trypticase =oy agar in Petri plaiex and inenbated for 24 hr (o
determine the presence or absence of bacterial eolonies.
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It has recently been found m this laboratory that
2,2'-dithiodipyridime inhibits the respiration and glv-
colysis of Ehrlich aseites tumor.?  Further studies?
have shown that 2,2’-dithiodipyridine and 4,4’-dithio-
dipyndine react readily and irreversibly with thiols,

O (L
IN/ §—g lN/ + 9RSH — = NG + RSSR (1)
H

as shown ui e 1 and that this reaction, when oceurring
m metabolically netive cells (mouse hiver and kidney,
Khrlich aseites tumor), can also ecause the enzyme-
mediated oxidation of nonsulfhyvdrvl metabohtes, such
as glucose G-phosphate,*?

In the present commumieation we report further
studies on the effeet of a number of other disulfides,
aliphatic and heterocyelie, on the carbohyvdrate metab-
alism of Tthrlich aseites tumor.  In all cases, the cffeet
of the corresponding thiol has also been studied.

Results and Discussion

Table I reports the results of the manometrie expen-
ments.  Most of the thiols (or thiones) studied have no
significant effect on IKhrlich ascites tumor metabolisim;
only  evsteamine (1) and  N,N'-dimethyleysteamine
(IT) cause a substantial inhibition of @o,.  In addition.
[ stimulates Qo,((r) and 0%, and inhibits QY. if
sufficient time is allowed,

Among the dwsulfides, it is apparent that two types
ol action can be distinguished: (a) strong mhibition of
glveolysis and of respiration by XIII, XIV, XVII,
XVIII, XXI, and XXII (the effect of these compounds
is similar to that of 2,2'-dithiodipyridine);* and (b)
moderate or negligible inhibition of anaerobic glyecolysis
and of respiration, accompanied by apparent stimula-
tion of aerobic glyeolysis (accumulation of lactate in the
presence of oxygen) by XV, XVI, XIX, and XXIII.

(1) (a) This invesligaon was suppourled by Public Health Service Re-
seareh Grant CA 08538-01, from 1lie National Cancer 1nstitute. (b) Parr of
the data reported here have been presented at the 3rd International Meeting

of Meidivinal Chemsstey Cliune Uhéapenliague), Pars, [<eance, daly a2,
2 b R Gleass sodr S Med Chenc, 8, 753 (1U65),

30 DL Re Grassend arsl 1 1 Murray, Jr., Jdrech. Bigchem. Biophy«., 118
11 31967).

ChoDL R Gt onl W1 Ntaee, Jes, cbaols Bisvhews,, e priss,

01 Dy WL GoasserG el 1 Nureay, vy, Bivehen, Hharnwrol., du prese.



TapLk Ie

Thiols, RSt Disulfides, RSSR:
Ref Conen, Y, change Ref Corren, Type ————————% change —
R Compd prepn 103 M Qu. Q0. (G) Q. QT4 Compd prepn M effect Qo Qo:(G) Q% QChe
T1T.NCH,CH, 1 b 5 I hr, —27 +31 —14 —19 X111 b 5% 107# A —90 —85 —80 —90
20y, =07 433 48 52
(CH;3),NCH,CII, 11 b 5 1 hr, —54 NSCe NSC  NS8SC X1V g 5 X 1073 A —90 —80 —90 —90
2 hr, —64 NSC N&C NSC
CHLCONTICILCH, 111 d 5 +9 +15 +8 42 XV d 5% 107 B —45 -5 43 0
HOOCCH.CH, IV b 5 —6 +8 -7 +4 XVI b 5 X 1073 B —50 —60 +95 —20
Y
3\:\>‘ vV b 1 —19 0 0 -3 XVII h 1 X 107% A —95 —90 —05 —95
7
Ny J VI b 1 -3 i) —17 —9 XVIII 7 1 X 1072 A —95 —90 —R0 —90
&
HOOC 7
(Nl VII [ D +5 +4 +19 +7 XIX New 5 X 1073 B —&0 —35 423 —25
H:A\(u /
0 \Nl VIII S 1 —1 +10 +4 -7 XX New 3.5 X 1075 -3 +10 +2 -9
N
r
e Ix b 1 —1 +1 —4 +1 XXI New 1 X 1073 A -9 -8  —90  —93
~
NN X b 1 +4 -5 +5 0 XXII j 1 X 10-9 A —90  —83  —00  —95
CH, .
A
E(NH XI b 1 —4 -3 +5 0 XXIII k P X 1073 B —5H0 —10 +35 —50
0
CI\/L XII b 1 -3 +1 409 —1 XXIV { 3.2 X 1078 +3 —3 +1 +6
N
2
o Juxperiments were carried out at 37° for 1 hr, except. when indicated otherwise. @ values are ul/mg dry weight of ascitie fluid per hr.  Qo, = rate of Oy uptake in air; Qo,((3) = rate of O

uplake in air in the preserice of 0.05 M glucose; @25, = rate of CO; evolution in 0,~CO, (95:5) in the presence of 0.05 M glucose; Q% = rate of CO; evolution in No-CO, (95:5) in the pres-
etice of 0.01 M glucose. * Commercial produets. © NSC means no significant change was noted. These values were found to vary within a wide range (—30 to +47) in eight different experi-
ments. ¢ F.J. McQuillin and J. Stewart, J. Chem. Soc., 2066 (1955). < C. Riith, Ann., 487, 105 (1931). 7 I. 8. Forrest and J. Walker, J. Chem. Soc., 1939 (1948). It was found advantageous to
carry ont the reaction hir dimethylformamide instead of ethanol. ¢ T. 8nzaki, K. Imaeda, M. Kubota, and II. Takagi, Japan. J. Pharm. Chem., 22, 464 (1950); Chem. Abstr., 45, 8458e¢ (1951).
® A. M. Comrie and J. B. Stenlake, J. Chem. Soc., 1853 (1958). 7 Olin Matlicson Chemical Corp., German Patent 1,224,744 (Sept 15, 1966). 7 See lixperimental Section. * W. 11, Miller, R. O.
Roblin, and I. B. Astwood, J. Am. Chem. Soc., 67, 2201 (1945). {T. Kamnetani, K. Fuknmoto, and O. Umezawa, Japan. J. Pharm. Chem., 31, 132 (1959); Chem. Abstr., 54, 11019a (1960); see
alxo 8. Kubota and 1. Akita, J. Pharm. Soc. Japan, 81, 515 (1961); Chem. Abstr., 55, 19926 (1961).
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Tasre Il
SOLUBILITIES IN KREBs-RINGER PHOSPHATE BUFFER a1t 37°
Coropnl Npnse Ty € X 11 Soly, M
XII 216, 276, 384 ST 1.4 X 1078
XX 2 | 3.5 X 107
XXI 207 1.¢ 4.2 X 10~
XXII 240 1.y 2.4 X 10°
NXIV 210, 252, 320, B.65,5. 1.3, UG 1 Rt
Ba2 1.6

Within the group of compounds studied, type a effect
is given by aliphatic or heterocyclic disulfides containing
amino groups. If the basicity of the amino nitrogens
is decreased, ax for instance by N-acetylation of cyvsta-
mine (to give XV), o by introduction of appropriate
ring substituents in heterocyelic bases (to give XIX or
XXIII), the compounds acquire type h effect. A
similar change iz obtained when the ammo groups of
cvstamine are replaced by carboxyls (to give XVI).
It 1s interesting to note that formation of the N-oxide
(to give XVIII) doex not alter the tyvpe a effect of
2,2'-dithiodipyndine.

The solubility of XX and XXIV was very low; a
concentration comparable to that of the other disulfides
studied could not be attained. At the maximum pos-
sible concentration these two eompounds had no signifi-
cant effect on the properties studied.

The accumulation of lactate from ghucose, caused by
action of type b compounds on Ehrlich ascites cells in
air, indicates that the formation of pyruvate through
the glyeolytic pathway is not prevented by these com-
pounds.  However, the further oxidation of pyruvate
through the Ixrebs cyele ix undoubtedly inhibited.
There appears thus to be a selective inhibition of the
Krebs eyele by type b compounds, while the glycolytice
pathway is relatively undisturbed. Compounds of
type a, on the other hand, are strong mhibitors of the
ghveolytic pathway. The study of these compounds at
the enzyvme and molecular level is being continued.

Skrede, ¢t al.,® have studied the effect of several
disulfides on citrate oxidation by rat hver mitochondria.
It ix interesting to note that compounds which we clas-
sify as tvpe a were inhibitory, whereas ecompounds of
type b were not.  Thus, evstamine at 2 X 1073 3/
inhibited respiration to the extent of 709, in the first
hour; on the other hand, at the same concentration.
N, N -diacetyleystamine caused no mhibition of mito-
chondrial oxidation of citrate.

Experimental Section

Materials and Methods. Manometry.——These experinients
were carried out ax reported previously,? except that, for the aero-
bie glyeolysiz, instead of lactate deternunation, the CO, evolu-
tion i a atmosphere of 0,-COs (95:5) was determined in
Krebs-Ringer bicarbonate butfer, pH 7.4, The amonnt of heparin
added wis 30 U.S.P. units/ml of axcitic flaid.

Solubility.~—The=e experimment= were carried out as described
previons=ly? and are reported in Table IT.

Melting point= were determined orc the Ilisher-Jolns bloek.

6,6'-Dithiodinicotinie Acid (XIX).-—0-Mercaptonicotinie neid
wits oxidized with iodine and K1 = pll 7; according to the pro-
cedare described by Fox and Gibax.® The disnlfide was purified
by repeafed ex(raction with ot acetone; mp 265°, gnantitative
vield.

(6) 8. Skrele, 1. Bromer, and L. Eldjarn Biockem. /., 95, 838 {196,
(7) 1.1l Fox and J. T, Gibas, J. (leg. Chem., 23, 64 (1958).
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Aoads Caled for CrHeNoOSs: €, 46,750 11, 262,
o470t T, 98

6,6’ -Dithiodinicotinamide (XX .-~ ti-Mercaptonicorhamide wns
nxidized with todine and KI in alkaline medivm { KOH), aceord-
ing to the procedure deseribed by Miller, ¢f ol The disulfide
wits recrystallized from 2-propanol: mp 2063-265°, vield 607 .

deals Caled for CrlloNiOsSy: €, 47040 1, 3290 Fonnd:
L4034 1, 3.7

2,2'-Dithiodipyrimidine (XXI).—--2-Mercaptopyrinddne was

vxidized with iodine ard KI it alkaline medionm® The produet
wits recryvstallized front ethyl acetate-petrolennt cther (bp tii-
FHISE mp 391409, vield 530 (.

Awalo Caled for COHGNS () 43,220 11, 2,02,
43570 1, 205

6,6 -Dimethyl-2,2 -dithiodipyrimidine (XXII).% -2-Mercupto-t-
methylpyritddine was oxidized in the same mannerd  The
product wax ceervstallized fromr acetone-petrolewm ether ibp
30-60° 1 mp 1O8-119°, vield 00", .

el Caled for CpdhNgSe G, 4796 H, 402,
4N360 1, ),

Tonnd:

Fomind: ¢,

Foind: O,

Acknowledgments. -The authors wish to thank Dr,
S. Abraham for helpful discussions and Miss H. T,
Ruan for nssistanee in the manometric experiments.

83 L Millee, 10 X, Crossley, wnl M. )L
25U2 (1942
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The synthesis of N-ucylated cysteines'=? asx mu-
colyvtic agents was extended to include some new car-
boxamides,*? typified by L-2-acetamido-3-mercapto-
propionamide (2), the amide of N-acetyl-L-cysteine
(NAC). Only twa 2-amino-3-mercaptopropionamides
have been reported® previously. 2-Amino-N-g-
naphthyl-3-mercaptopropionamide’ was prepared in
connection with oxytocin studies, and 2-amino-3-mer-
capto-N-n-octadeeyIpropionamide’ was obtained in
erude form for use as an emulsifying agent.

Chemistry.-—Despite unsuccessful attempts by earlier
investigators®™? to obtain L-cystme diamide dihydro-
chloride (19)* by ammonolysis of L-cystine dimethyl
ester dihydrochloride, ™ we have found that 19 can he
wolated in good yield, provided complete conversion to
the dihydrochloride is assured by acidification with

(1) T, AL Mardn and Co WL Walley, UL S Palenn 3,184,505 (1965).

2y T A Martin, J. R. Corvigan, anl Co W, Waller, J. (Urg. Chem,, 30,
2839 (19631

3) 1 AL Atartin, U, HL Cansey, and J. R, Corrigan, manuseripl m nrepic-
ration,

(41 A lecailed study of mary of 1hese compounds, anl 1heir precursors,
as potemlial amino acid anlagonisis will be repurted elsewberc.

(5 AL L. Sheffner, UL S, Pacent 3,252,866 (1900), has diselosal the nse of
1hese compomnlsin bair waving eumposilions,

(6) 1. Tuppy, U. Wiexbauer, and 15, Winlersberger, Mypalcoh., 94, 311
(1463): A, Lindlner, ¥, Sioklaska, anl . Wintersberger, Chem., Abstv.,
61, 15840 (1964).

(7Y 3. Fieser, L. Fieser, 12, Torcmabu@, Y, Lirala, 11 Heymann, M. Vetfi,
arel &, Bhallacharyu, S, Ao Cheor, Sore., T8, 2825 (1956).

i8) Jo WL Swan. Procealings of 1he Internalional Woul Texiile Researrh
Conference, Ausiraliuc. 1855, Vol C, p 25,

Q1AW Staplelen want JOW0 Swan, Ausiraliu S, Chen., 18, 106 (LuG2s,

L L. Zervas and 1 Pundaki, /. s, Chem. Soc., 84, 3887 (1962),




