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Compounds V and VII were similarly injected daily in doses of
1.4 gmoles, 7.e., at 200 times the thyroxine level. The results of
the assay, listed in Table II, fail to show any thyromimetic or
antithyroid effect of compounds V oand VII.  Componnd VI
was found inactive at 1000 times the thyroxine dose in a previous
experiment.
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Many biguanides display the ability to lower the

blood-sugar levels of animals.! In this communication
we deseribe the synthesis of two phosphinylguanidines

of type 1. These compounds represent examples of a
(CITy)N NRs (CHy)N
e
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novel system in which one of the carbon atoms of a
biguanide skeleton has been replaced with a P=0 unit.

The reactions of commercially available N,N’-bis-
dimethylphosphorodiamidic chloride (2) with guani-
dine? and 1,1,3,3-tetramethylguanidine gave 2-[bis-
(dimethylamino)phosphinylJguanidine (1, R = H)
and  2-[bis(dimethylamino)phosphinyl]-1,1,3,3-tetra-
methylguanidine (1, R = CH;), respectively. The
phosphinylguanidines 1 were administered as suspen-
sions in 0.5% sodium carboxymethylcellulose solution
orally at 250 mg/kg to normal chicks and intraperi-
toneally at 200 mg/kg to normal rats. Blood glucose
levels, estimated as ‘“‘reducing sugar” content by the
method of Hoffman as modified for the Technicon Auto-
Analyzer,® were not depressed significantly below con-
trols when determined at 2 hr after dosing for chicks
and 3 hr after dosing for rats,

Experimental Section*

2-[Bis(dimethylamino)phosphinyl]guanidine.—To 5.5 g (0.094
mole) of gnanidine? was added dropwise with stirring and ice-
bath cooling during 15 min 8.2 g (0.048 mole ) of N,N’-bisdimethyl-
phosphorodiamidic chloride. The mixture was allowed to stand
for 16 hr at room temperature, taken up in hot acetonitrile,
and filtered. TUpon cooling, a solid, 1.6 g, mp 170-180°, sepa-
rated from the filtrate and was collected. Recrystallization from
acetonitrile gave 1.0 g (115;) of colorless needles: mp 179-182°
dec; infrared (KBr disk), strong bands at 2.9 (NH), 8.8 (P=0),
and 10.1 u (PN).5

Anal. Caled for C:;H\(N;OP: C, 31.09; H, 8.29; N, 36.27.
Found: C, 30.35; H, 8.07: N, 36.43.

(1) Salts of phenethiylbiguanide, 1,1-dimethylbiguanide, and =n-butyl-
biguanide are utilized in the clinical control of diabetes: L. J. P. Duncan
and B. F. Clarke, Adnn. Rev. Pharmacol., 5, 151 (1965).

(2) W. Marckwald and F. Struwe, Ber., 85, 458 (1922).

(8) W. 8. Hoffman, J. Biol. Chem., 120, 51 (1937). The animal testing
was carried out by Drs, C. Boshart, 8. Gordon, and E. Tocus of these labora-
tories.

(4) Melting points were determined in a Hershberg apparatus and are un-
corrected. Microanalyses were performed by Mr. L. M. Brancone and staff.

(3) N. B. Colthup, L. H. Daly, and 8. E. Wiberly, ''Introduction to In-
frare:l am! Raman Spectroseony,' Academic Press Ine., New York, N, Y.,
1964, 1 1045,

NorEs 273

The compound was converted to the picrate, yellow needles,
mp 207-208° (from ethanol).

Anal. Caled for CyHoNsOgP: C, 31.28; H, 4.50; N, 26.54;
P, 735, Found: C, 31.43; H, 4.55; N, 25.09; P, 7.21.

2-|Bis(dimethylamino )phosphinyl]-1,1,3,3-tetramethylguan-

idine.—With stirriug, 12.0 g (0.1 mole) of 1,1,3,3-tetramethyl-
guanidine and 8.5 g (0.05 mole) of N,N‘-bisdimethylphosphoro-
diamidi¢ chloride were mixed. After the exothermic reaetion
subsided, the mixture was heated on a steam bath for 30 min
under nitrogen. The mixture was taken up in ether and filtered,
and the filtrate was concentrated under reduced pressure to a
liguid containing some solid.  After filtration, the material was
distilled to give 3.8 g of colorless liquid, bp 130-~135° (0.5 mm).
Redistillation gave 3.9 g (319,) of colorless lignid: bp 125-126°
(0.3 mm); infrared (CHCI;), strong bands at 8.6 (P=0) and
10.1 4 (PN).5

Anal. Caled for CsHouN;OP: C, 43.37; H, 9.63; N, 28.11;
P, 12.44. Found: C, 42.98; H, 9.75; N, 27.21; P, 12.48.

The compound was converted to the picrate, yellow prisms,
mp 168-169° (from ethanol).

Anal. Caled for C;sHyNOsP: C, 37.66; H, 5.65; N, 23.43;
P, 6.49. Foimd: C, 38.00; H, 5.61; N, 23.37; P, 6.73.
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a-Amino-p-toluenesulfonamide! has been in the ar-
mamentarium of the physician as a broad-spectrum
antibacterial agent for almost a quarter century. It
was synthesized and described by Klarer?? and its out-
standing therapeutic properties were first reported by
Domagk* and summarized by Northey.5

Recently, it was found that this sulfonamide hydro-
chloride was a useful topical agent in burn wound sep-
sis.%7  However, some patients, particularly those who
were treated with large quantities of this drug, de-
veloped metabolic acidosis. In order to overcome this
side effect we have prepared a series of new organic
salts (Table I).

The chemical isolation of the acetate, the salt of
choice, now undergoing clinical trials, has not been re-
ported in the literature, and it was only alluded to as a
potentially useful compound.®® Its use for the treat-
ment of burns, in a hydrophillic ointment base, has
successfully overcome the problem of metabolic acido-
sis.

Skulan and Hoppe!® infused 0.5 M aqueous solutions
of the hydrochloride and acetate salts in the marginal
ear veins of unanesthetized nonfasted male rabbits.
The hydrochloride produced a marked progressive
fall in blood pH and plasma total CO, concentration,

(1) Also known as a-aminomethylbenzenesulfonamide, homosulfanil-
amide, Sulfamylon®, marfanil, mafenide, ete.

(2) J. Klarer, Klin. Wochschr., 20, 1250 (1941),

(3) J. Klarer, U, S. Patent 2,288,531 (1942).

(4) G. Domagk, Klin. Wochschr., 81, 448 (1942),

(3) E. H. Northey, “The Sulfonamides and Allied Compounds,' Reinhold
Publishing Corp., New York, N. Y., 1948, p 252.

(6) R.B. Lindberg, R. E. Brame, J. A. Moncrief, and A. D. Mason, Feder-
ation Proc., 28, 1725 (1964),

(7) R. B. Lindberg, J. A, Moncrief, W. E. S8witzer, S. E, Order, and W.
Miller, J, Trauma, 8, 601 (1965).

(8) J. A. Mendelson and F. B. Brinkley, U. S. Patent 3,230,140 (1966).

(9) J. A. Moncrief, R. B. Lindberg, W. E. Switzer, and B. A. Pruitt, Jr,,
Arch. Surg., 92, 558 (1966).

(10) 'T. W, Skulan and J, O, Hoppe, Life Sci., in press.
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SALTS OF a~AMINO-p-TOLUENESULFONAMIDF,
Molar
cem——=Acl]l added ta—-- ratia
base in EtOH hase: o Caled, Vi - e ol -~
No. Salt Acid Salvent acid Tormula Acil® Base? Otlier Acid  liasc Other
1 Acetate Acetic Noue 1:1 C:H1oN 2068 - CeH,O2 LR N, 11.38 24.1 Ny, 1l dun
2 Carbamate CO: None 1:0.74 (CrH16N2028)2- (1) 8.4 U0y 106 805 COL a0
3 Clitrate Citrie- H:Q  2-Propanal 1:0.38 TCHEN 20035 CTT505 250 T4.4 25,1 TUru L0, 0 1
4 Fumarate Fumarie DM 1:0.5 (CrH1eN O8] Ce L, 208 7G.2 28.4 747
5 Suceinate Suceinic DA 1:0.5 (CTT 1N 208w (4 16Oy 211 75.9 241 TA.7

212.2

« Lithiimn methoxide titration.
1:0.5.

while the acetate caused 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
1380 = 101 mg/kg, respectively, in the mouse; and
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 solntion of 1 mole of a-amino-p-toluenesulfonamide
im 2 L of boiling ethanol, the equivalent amount of the acid,
dissolved in a suitable solvent, was added over a period of 15~
20 min. The resulting thick slurry was cooled to 10° and the
solid 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 vields
ranged from 75 to 1009.

The carbamate salt was prepared directly by saturation of a
warm (50°) solution of the base with excess CO;. The data are
summarized in TableI.
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The important class of antineoplastic compounds
known as allkylating 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.TF.Gamble, H. W. Bond, and A. Burger in ‘‘Medicinal Chemistry,"
A. Burger, Ed., 2nd ed, Interscience Publishers, Inc., New York, N. Y., 1960,

1 1083,

2) (R, Greenhoerg, Federation Pece,, 12, 651 (1073),

¢ Acetous perchlorate titration,

¢ Karl Fischer titration. % Iixeess COu used: throrvetical ratio

Consideration of the structure and reactivity of bis-
oxime sulfonates
O:R] led us to hope that this type of compound might
also have the cross-linking properties of the established
alkylating agents. Oxime sulfonates are highly reac-
tive, undergoing facile solvolysis (Beckmann rearrange-
ment) and incorporating a variety of nucleophiles such
as amines, aleohols, and phosphate anions?* A
second type of compound which offered similar theo-
retical possibilities was the bisquaternary hydrazoncs
[(CH3)sN +*N==CR(CH,),CR==NN*+(CH;);].* Aunothcr
interesting feature for this type is that, although we are
not aware of any literature examples, a direct nucleo-
philie displacement on nitrogen is at least a theoretienl
possibility., This possibility affords o distinction (o
the classical alkylating agents wherein nucleophilic
attack must take place on carbon. Of further interest
in this type wag the possibility of preparing compounds
in which appropriate separation of the two positively
charged nitrogen atoms would afford pertinent ana-
logs of the well-known hypotensive bisquatcrnary
amines.’

We therefore undertook the preparation of u series of
simple bisoxime sulfonates and bisquaternary hydra-
zones,® with emphasis on variation of the distance be-
tween the two reactive groups. The bissulfonates of
diketoximes were prepared conveniently by treatiment
with methane- or p-toluenesulfonyl chloride in pyridine.
Bismethanesulfonates were prepared from 1,2-cyelo-
hexanone dioxime and 1,4-cyclohexanone dioxime, and
bis-p-toluenesulfonates were prepared from dimethyi-
glyoxime and 2,5-hexanedione dioxime (Table I). The
last-mentioned compound was prepared by addition of
thie sulfonyl halide to a suspension, in benzene, of the
disodium salt of the dioxime,  Not surprisingly, no his-
sulfonates of dialdoximes could be obtained by these
techniques.®  Condensation with excess 1.1-dimethyl-

(3) W. Z. Heldt, J. 2tm. Chem. Soc., 80, 5880 (19538}, uinl refereiices citerl
therein,

(4) P. A, S, Smithand E. E. Most, Jr., /. Org, Chem., 322, 358 (1057).

(8) A. Burger iu “‘Medicinal Chemistry,” A. Burger, Ed., 2! !, luter-
sgience Publishers, Inc., New York, N. Y., 1960, p 509.

(6) Prior to this investigation reports on only two bigoxime p-tolicenesul-
fouates? and no bisquaternary hydrazones could be found iu the literaiure.

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

18) The elimination of substituents from aldoxiine derivatives conslitulex
a general method of nitrile synthesis (R. 3. Wagner and H. 1). Zook, "Syu-
thetic Organic Chemistry,” John Wiley and Sons, Ine., New York, N, V.,
1953, p 598). In several aitempted preparations of aldaxiine p-taluenesn-
fonates, wesleteeted, by infrare! absorption spostra, the foruntion of nitribe
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