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SALTS OF @~AMINO-p-TOLUENESULFONAMIDE

Molar
cem——=Acid added to——-- ratio
base in FtOH base:  Yield,

No. Salt Acid Solvent acid %
1 Acetate Acetic Nane 1:1 a1
2 Carbamate  CO: None 1:0.7¢ 95
3 Clitrato Citric-H20  2-Propanal 1:0.33 5
4 Fumarate Fumaric LMY | B U] 09
f) Snecinate Suceinie T 1:0.5 100

212.2

w Lithniun metheside titration,
1:0.5.

while the acetate cansed little or no change in the same
parameters,

The same authors reported that the acute intrave-
nous toxicity of the acetate was significantly less than
that of the hydrochloride salt, in both mouse and rat.
The 24 hr intravenous LD;, values are 900 £ 52 and
1780 = 101 mg/kg, respectively, in the mouse; wnd
1170 = 74 and 2040 = 139 mg/kg, respectively, in the
rat, for HCI and HOAc salts of a-amino-p-toluenesul-
fonamide.

Experimental Section

To a stirred solution of 1 mole of a-amino-p-toluenesnlfonamide
in 2 L. of boiling ethanol, the equivalent amount of the acid,
dissolved in a suitable solvent, was udded over a period of 15~
20 min. The resulting thick slurry was cooled to 10° and the
golid was filtered. The filter cake, after having been pressed
hard under a rubber dam, was washed with alcohol and dried at
60° n vacuo. No recrystallization was carried out. The yields
ranged from 73 to 100%%.

The carbamate salt was prepared directly by saturation of a
warm (50°) solution of the base with excess CO,. The data are
summuarized in Table I.
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The important class of antineoplastic compounds
known as alkylating agents includes the nitrogen mus-
tards, bis- and trisethylenimine derivatives, bise-
poxides, and bismethanesulfonate esters. Common
to all of these alkylating agents is their possession of at
least two functional groups which can interact readily
with biological nucleophiles, in some cases by way of
carbonium ions and in others by way of nucleophilic
displacement, affording cross-linking and inactivation
of the nucleic acids and possibly other cell constituents.?
The distance between the alkylating centers is im-
portant, and this variable was particularly suitable
for study in the case of the bismethanesulfonate esters.?

(1) D.T.Gamble, H. W. Bond, and A. Burger in ' Medicinal Cliemistry,"
A. Burger, Eid., 2nd ed, Interscience Publishers, Inc., New York, N. Y., 1460,

1 1083,
(2} G, R, Qreenboerg, Pederation 'coe., 12, 6Fl (1053),
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Congideration of the structire and reactivity of bis-
oxime sulfonates [RSO;0ON=CR'(CH,),UR"=+N0S-
O:R] led us to hope that this type of componnd might
also have the cross-linking properties of the established
alkylating agents. Oxime sulfonates are highly rcac-
tive, undergoing facile solvolysis (Beckmann rearrange-
ment) and incorporating a variety of nucleophiles snch
ag amines, aleohols, and phosphate anions® A
second type of compound which offered similar theo-
retical possibilities was the bisquaternary hydrazoncs
[(CH;)sN +*N==CR(CH,) ,CR=-NN*+(CH;);].* Another
interesting feature for this type is that, although we arc
not aware of any literature examples, a direct nueleo-
philie displacement ou nitrogen is at least a theoretical
possibility, This possibility affords o distinction (a
the classical alkylating agents wherein uucleopliilic
attack must take place on carbon. Of further intevest
inn this type was the possibility of preparing compounds
m which appropriate separation of the two positively
charged nitrogen atoms would afford pertinent ann-
logs of the well-known hypotensive bisquatcerry
amines.’

We therefore nmdertook the preparation of u series of
siimple bisoxime sulfonates and bisquaternary lLiydra-
zones,’ with emphasis on variation of the distance he-
tween the two reactive groups. The bissulfonates of
diketoximes were prepared conveniently by treatment
with methane- or p-toluenesulfonyl chloride in pyridine.
Bismethanesulfonates were prepared from 1,2-cvelo-
hexanone dioxime and 1,4-cyclohexanone dioxinie, aud
bis-p-toluenesulfonates were prepared from dimethyi-
glvoxime and 2,5-hexanedione dioxime (Table I). The
last-mentioned compound was prepared by addition of
the sulfonyl halide to a sispension, in benzene, of the
disodium salt of the dioxime,  Not surprisingly, no bis-
gulfonates of dialdoximes conld be obtained by these
techmques.®  Coundensation with excess 1, 1-dimethyl-

(3) W. Z. Meldt, J. . Chem. Soc., 80, 5880 (1958), and references chled
(herein.

(4) P. A, S, 8mith and E. E. Mosl, Jr., J, Org. Chem,, 22, 358 (19i7).

(5) A. Burger in "Medivinal Chemistry,” A. Burger, LEd., 2l al, Inrer-
science Publishers, Inc., New York, N. Y., 1960, p 509,

(6) Prior to this investigation reparts on only two bisoxime p-l1olunenerl-
fonates? and no bisquaternary hydrazones could be found ip the literaiure.

(7) 1. L. Knunyants and 13. P. Fabrichnyi, Dokl. Akad, Nauk SSSR, 68,
701 (1949); G. I. Glover and 1. Rapoport. J. Am. Chem. Soc., 86, 3307
(1964).

18) The elimination of substituents fromn aldoxime derivalivoes consirnres
a general method of nitrile synthesis (R. B. Wagner and H. ). Zoak, "Syn-
Lhetic Organic Chemiscry,”' Joln Wiley and Sons, Inc., New Yoark, N, Y.,
1053, p 598). In several altemipted preparations of aldoxime p-loluenes-
fonates, we detected, by infrared alwsorption speetra, tie formarion of nitrite
VP,
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BisoXIME SUFFONATES
Mbp, Yield, Caled, %, Found, %
Compound °Ca % T'ormula C 11 N S C 1I N 8
(‘31{3 Clls
p-CHsCeHS0:0N=C——C=N0S0:CsH;CHs-p 183-185 60  CisHaN206S: 50.93 4.75 6.60 15.11 51.22 4.63 6.72 14.93
CHs CH3
p-CH3CsHiSO2:0N=C(CH3»)>:C=NOSO0:CsH(CH3-p 126-127 20 CoHuN»068» 53.08 5.35 6.19 14.17 533.32 5.81 6.21 13.67
NOSO,CH,
CE 160 30  CsHuN:0s8: 32.20 4.73 9.39 21.50 32.58 4.80 9.65 21.31
NOSO,CH;
CH,;S0,0N.
n 134-135 56  CsHuN:0:S: 32,20 4.73 9.39 21.50 32.57 4.85 9.51 20.80
NOSO,CH,
@ Melting points (eorrected) were determined on a Mel-Temp melting point apparatus,
TasLe I
Bis- aND MoNo-1,1,1-TRIMETHYLHYDRAZONIUM lODIDES
—m————Caled, % _ Found, 9%—————
Compound Mp, °C Formula C H I N C H 1 N
+ +
(CH;):NN=CH(CH.);CH=NN(CH,;), 21~ 183 CuHyxlNy 28,22 5.56 54.25 11.97 28.25 5.89 53.95 11.66
CH; CH;
+ +
(CH;);NN=C(CH,);C=NN(CHj;), 21~ 221-224 CHyxlNy, 29.80 5.85 52.64 11.62 29.40 6.01 52.88 11.43
+
(CH;);NN=CHCH=NN(CH;), I~ 195 C:Hi7IN, 29.59 5.98 44.66 19.71 29.56 6.06 44.13 19.37

hydrazine afforded bisdialkylhydrazones® of both dike-
tones and dialdehydes. The ease of conversion of these
bisdialkylhydrazones into their methiodide salts varied
with structure. Thus, the bis-1,1-dimethylhydrazone
of 1,h-pentanedione reacted vigorously and instan-
taneously with methyl iodide forming the corresponding
bistrimethylhydrazonium diiodide, whereas this same
type of reaction was much slower with the bis-1,1-di-
methylhydrazone of 2,5-hexanedione. The quaternary
hydrazones are listed in Table II. Inspection of mo-
lecular models reveals more steric crowding in the tri-
methylhydrazonium salts of ketones than in the corre-
sponding salts of aldehydes, and this property might
explain the observed rate differential. That the bis-
1,1-dimethylhydrazone of glyoxal forms only a mono-
trimethylhydrazonium iodide salt would appear to con-
tradict this explanation; however, in this instance the
two hydrazone groups are in conjugation and the for-
mation of a positive charge on one group should deac-
tivate the other as illustrated in A and B."

Ho==N-N — N=N"%

NN | H(H: N=N(+
—N==N=CH —III*'—I:I—-CH

A B

Pharmacology.—The bisoxime tosylates and bis-
quaternary hydrazones described in this note were all
found inactive when tested against the 72; mammary
adenocarcinoma in nice at dose levels of 250 mg/kg.!!

(9) The bisthiosemicarbazone of 2-oxo-3-ethoxybutyraldehyde, a com-
pound having slight analogy to these bisdialkylhydrazones, was reported to
have activity against Walker carcinosarcoma, Sarcoma 180, and others by
Ii. Mihich and C. A. Nichol, Cuncer Res., 25, 1410 (1965).

(10) The bis-1,1-dimethylhydrazone of terephthalic dialdehyde (see Ex-
perimental Section) also has the two hydrazone groups in conjugation, and it
100, gave anly a monomethiodide sall, (ompletely satisfactory analyses
were nol oblained for this salt,

The bisquaternary hydrazones did not exhibit useful
hypotensive properties,!? despite the fact that in the two
examples prepared (Table II) the distances between
positively charged nitrogen atoms (seven and six atoms)
afford reasonable approximations to the optimum dis-
tances required for hypotensive activity in the bisqua-
ternary amines.?

Experimental Section

Bisoxime sulfonates were prepared by treating a solution of
the dioxime in the minimum of dry pyridine at ice-bath tem-
perature with 2 equiv of methanesulfonyl chloride or p-toluene-
sulfonyl chloride, usually on a 20-mmole scale. The resulting
mixture was kept at room temperature for 16 hr, then treated
with ice—water; the precipitate of crude sulfonate was dried in a
vacuum oven and crystallized from CH.Cl,-hexane. However,
the bistosylate of 2,5-hexandione dioxime was prepared by first
treating with 2 equiv of NaOCHj; in benzene for 48 hr. The
mixture was then cooled in an ice bath and treated with 2 equiv
of p-toluenesulfonyl chloride. After 16 hr the precipitate that
formed was dried and crystallized from CH,Cl;~hexane, The
results of these preparations of bisoxime sulfonates are given
in Table 1.

Bis-1,1,1-trimethylhydrazonium Diiodides and 1,1-Dimethyl-
hydrazone-1/,1',1'-trimethylhydrazonium Jodides.—A mixture
of the dialdehyde or diketone, 2 equiv of 1,1-dimethylhydrazine,
and sodium-dried benzene was heated in a Dean-Stark apparatus
until the theoretical amount of water was collected. These
preparations were usually done on an 0.1-molar scale in 200 ml of
benzene. The benzene solution was then concentrated, and the
residiie was distilled under vacuum. From terephthalic dial-
dehyde, the residue was a solid and was crystallized from ace-
tone-water (no distillation). A commercially available, 207,
aqueols solution of 1,5-pentanedione was used directly (water
removed by the Dean-Stark apparatus). In general, the bis-
1,1-dimethylhydrazones were unstable liquids which rapidly
darkened on exposure to air and did not give good combustion
analyses. They were converted directly into the corresponding
hydrazonium salts as described below. Omne exception to this

(11) For a complete description of the antitumor assay procedure, see
A. W. Vogel and J. D. Haynes, Cancer Chemotherapy Rept., 22, 23 (1962);
FE. H. Dearborn, Acta Unio Intern. Contra Cancrum, 18 (Suppl), 76 (1959).

(12) No measurable effect on tlie blood pressure of conscions normolensive
rats at 100 mg/rat pe was observed.
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rule was the bis-1,1-dimethylhydrazone of terephthalic dialde-
hiyde, mp 162--163°, which gave the following analytical data.

Anal. Caled for CuHNy (218.50): €, 66.02; 11, 8.31; N,
25,67, Fanud: G, 66.40; 11,833, N, 2527,

The hydrazoninm iodides af the ahove mentioned Lis-1,1-
dimethylhydrazones were prepared by treating these hivdrazones
witlt w lurge excess of methyl 1dide.  With the bishydrazone of
1,5-pentanedione, an imnmediate, vigorous, exothermic reaction
custed and the produef was obtained in 8677 vield. Tn all
nther nstances =ignificant heat evolution wius not observed,
the solid prodnets separated after several hours or more. The
mone- 1, 1 I-trimethythydeazonimm - iodide  of  glyoxal  his=1,1-
dimethylhydrazone formed rapidly, hut the his derivative conld
not he prepared even on heating at stenm-bath temperature in 2
presgure bottle for 4 hr. A solid produet was obtained on treat-
ment of 1,4-cvelohexanedione bis-1, I-dimethylhydrazone with
methyl iodide. However, this prodnet was extremely austable
and eould not be purified.  The gnaternary hydrazonium iodides
are given in Table 11
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3.5-Morpholinediones (VI and VIa) possess many of
the chemical gronpings considered to be efficacious in
central nervons system depressants.?  3,5-Morpholine-
diones, mioreover, are l1sosteric to barbiturates and
glhitarimides? and thus may be anticipated to approxi-
mute these two chemical classes in their CNS depressant
properties.  Some 3,5-morpholiediones have in the
puast been tested for hypnotic activity and for other
NS depressant manifestations.*

Heretofore, ouly a handful of 3,5-morpholinediones
had been prepared.  The classical preparative method.?
utilizing thermally induced cyclizations of diglycol-
aniides (V) (Scheme I) is limited to derivatives free of
bulky substituents.  New c¢yclization procedures,
herein reported, had to be developed in order to pre-
pare 3,5-morpholinediones bearing bulky substituents
in the 2 position.

(1) taj Absiract of part of the F'h.1). thesis submitted to the University of
Kansas, Dec¢ 1960, by F. A. B, (b} To whom inquiries should be addressed:
Hox 1042, Clifton, N. J.

(2) W, J. Close and M. A. Spielman in *‘Medicinal Chemistry,” Vol. V,
W. A. llartung, Ed., John Wiley and Sons, Inc., New York, N. Y., 1961, p 44 f.
(3) (3, 3. 8kinner aud J. B. Bicking, /. Am. Chem. Soc., 76, 2776 (1954).

1) K. W, Wlheeler in **Medicinal Clielnisiry,” Vol. V1, E. E. Campaigne
and W. 1. Hartung, Ed., John Wiley and Sons, 1ne., New York, N. Y., 1963,
10 108,

(5) (a) K. Jungfleisch and M. Godchot, Compt. Rend., 145, 72 (10071
ity P. Vieles, Ann. Chim., 8, 143 (1935); (¢) M. Godchol and ', Vieles, Bu/!.
Sve. Chim. France, 8, 1614 (1938); (d} V. Vieles and G. Gasquet, kid., 10,
231 (1443 () ¢ Skinner, J. Diekimz:, and T, Lovect, J. Org. Chem., 24,
1ART (10
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Amimal testing of both known and novel 3,5-morpho-
linedioues (sce Table TV) has shown at least one cam-
pouud, VI-10, coonparable to glhitethimide® ax a pentyl-
enetetrazole antaganist, A good correlation has heen
demoustrated between pentylenctetrazale antagonist
activity in rats and nild tranquilizer nctivity.?

Synthesis.--3,5-Morpholinediones  (VI), the evelir
imides of diglycoliec weids (VID), were prepared by
converting suitably substituted esters (IT) of glyeolic
acid (Table 1) to diesters (IV) of diglyceolic aeid, then
to diglycolie diamides (V) (Table II) whiclhi were then
cyclized to the title products (VI, Scheme I). Cycliza-
tion of the diamides (V) was effected by either sublinia-
tion from PyQ;, or treatment with sodamide, followed by
hydrolysis with alcoholic HCL  Simple melting of the
diamide was occasionally successful.

N-Methyl groups (R3) were introdiced using diazo-
methane, couverting VI to VIa (Table TII). The re-
quired substituted glycolic esters IT (Table 1) were pre-
pared by (a) esterification of commercially nvailable
glycolic acids or (b) by treatment of uwccessible -
keto esters (I) with organometallic reagents.

As an alternative method of preparing N-substitnted
3, 5-morpholinediones VI, the anhydrides VIIT of di-
glycolic acids VII were treated with an isothiocyannte?
ara snitable amine, then evelized to VIn (Scheme 1T).

Scnev L

1% I
Ry RLCCONTHR
LRCCONT C 2O RN ’
' PR . o )
OCILCOM O O )
: CHLCO.I
Cle -1
VI VIl N
RaNer(oix ¢

Via

Pharmacology. Method.—Pentylenetetrazole an-
tagonist activity was measured in rats by the following
procedure. The drugs were first administered orally
to groups of rats by gastric intubation. One hour
later the rats were injected intravenously with 24
meg/kg of pentylenetetrazole (concentration 9.9 mg.
ml). The injection was made rapidly mmto the Interal

(13) E. Tagmann, 15, Sary, amt K. Hotfivan, Hele, Chim. dvta, 38, 1511
i10h2).

() Lh Teldeschi, unpoblished oliseryvicion:,

(R0 TTared aned AL Prapas, ), O Chiem,, 24, 088 (105,
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