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zation constant for compounds in this series, which
would strike a balance between metabolic stability and
renal elimination.

Attempts to attain this balance in this sulfamylurea
series met with varied results. The longest plasma
half-lives were seen in the compounds in the morpho-
line series; I (pK, = 5.6) exhibited a plasma half-life
in the dog of 10-14 hr., and approximately 309, of the
drug was recovered unchanged in the urine after intra-
venous administration. Substitution in the morpho-
line ring had little effect on pK, (II), but attempts to
increase the acidity of compounds in this series by intro-
duction of a pentafluoropropyl group in the place of a
cycloalkyl group were successful.’” The expected re-
sistance to metabolism was obtained, but the increase
in ionization constant (IIT and IV, pK, = 4.8) was such
that these compounds, being extensively ionized in
tubular urine, were probably poorly reabsorbed and
consequently rapidly exereted. Plasma drug half-life
decreased to 1-2 hr. and about 609, of the drug was
recovered unchanged in the urine.

Compounds in the piperidine series were of higher pK,
than their morpholine analogs, and, as was expected,
proved to be relatively vulnerable to metabolism. VI
(pKa = 6.2) had a plasma half-life of 3—4 hr. and was
extensively metabolized, less than 259, being re-
covered unchanged in the urine. The same extensive
metabolism was seen in VIII (pK, = 6.4, plasma half-
life 2.5-3.5 hr.) and IX (pK, = 6.4, plasma half-life
2-3 hr.). In this series also, an increase in acid strength
was obtained by the introduction of the pentafluoro-
propylamine moiety.'” Thus the analog of VI, VII
(pK, = 5.6), showed an increase in plasma half-life to
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7-9 hr. This compound was more resistant to metabo-
lism than VI, a reflection of increased acidity. Similar
success was obtained with the pentafluoropropyl analog
of VIII, X (pK., = 5.4). This compound had a half-
life in the dog of 6-9 hr., which appeared, from the
urinary recovery of unchanged drug, to result from its
comparative resistance to metabolism.

The broad generalizations concerning the effects of
physical properties on physiological dynamies that have
emerged from the study of this series of compounds are
all consistent with well-established concepts of drug
dynamics. Rate of oral absorption, related to rate of
solution, is as much a function of the surface area of the
compound presented for solution as it is of the abso-
lute solubility. It appears that in a series such as the
sulfamylureas, which in general have high lipid-water
partition ratios, small changes in lipophilicity are with-
out significance in control of physiological disposition,
Increase in acidity confers resistance to metabolism.
Since chemical hydrolysis is known'® to occur by a
mechanism facilitated by low degree of ionization (high
pK.), it is possible that the enzymatic process of me-
tabolism is subject to similar control. Thus, rela-
tively high acidity can lead to an extended drug plasma
half-life. However, if the acidity of the compound
becomes too high, the extent of ionization in tubular
urine will be increased, and facile renal excretion will
occur, presumably because tubular reabsorption is
hindered.
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Two new series of hypoglycemic agents have been synthesized:

(1) tetrasubstituted sulfamylureas of the

general formula R{R:NSO,NHCONR;R, (IT) in which both RR;N and NR;R, are derived from secondary

amines, and (2) sulfamylearbamates RiR,NSO;NHCO;R; in which R; is eycloalkyl.

Generally, the hypoglyce-

mic activities of these compounds are somewhat less than those of previously described sulfamylureas represented

by Ri{R;NSO,NHCONHR (I)in which NHR is derived from a primary amine,

tion of sulfonyl isocyanates is also described.

Earlier papers in this series’:? described the synthe-
sis, hypoglycemic action, and drug dynamic properties
of trisubstituted sulfamylureas of the general formula
RiR NSO, NHCONHR (I) wherein NHR is derived
from various primary amines. These studies sug-
gested that of two closely related sulfamylureas the
more acidic analog will exhibit the longer half-life.
Since longer half-lives were desirable in this series,
efforts were made to increase the acidity of sulfamyl-
ureas.

(1) J. M. McManus, J. W, MecFarland, C. F. Gerber, W. M. McLamore,
and G. D. Laubach, J. Med. Chem., 8, 766 (1965).

(2) E. H. Wiseman, J. N. Pereira, K. F. Finger, and E. R. Pinson, 7bid.,
8, 777 (1965).

A simple method for the prepara-

Several modifications of the sulfonylurea structure
can be made which will lower the pK,. For example
1-butyl-1-methyl-3-(p-tolylsulfonylurea is about 2.5
times more acidie than its parent, 1-butyl-3-(p-tolyl-
sulfonyl)urea (tolbutamide)? (see Table I). Reasoning
that secondary amine derivatives might in general be
more acidic than comparable primary amine deriva-
tives, we undertook to synthesize tetrasubstituted
sulfamylureas represented by R:R.NSO.NHCOXNR;R,
(II) in which R;R;N is derived from piperidine or 4,4-
dimethylpiperidine, and NRs;R, 1s derived from diverse
secondary amines. A small series of N-sulfamyl-

(3) W. Morozowich, Dissertation, Ph.D. Thesis, The Ohio State Univer-
sity, 1959.
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TasLe |
ASO.NHCOB
Primary amine derivatives Secondary atne derivatives

A B pRa B bA,
p-Toly] Butylamino 6.1 Butyimethylamino 6.0
Piperidino Cyelohexyalmino 8.1 Cyelohexylimethylamine 7.8
Piperidinoe Crveloheptylaminag 8.1 i-Hexabydroazepinyt 7.8

* The pK, values of the p-toluenesulfonylureas are data from
Morozowich? and were determined in 507; aqueous ethanol.
The other pK, values are data from 12, H. Wiseman of these
laboratories (personal communication) and were determined in
50¢7 aqueous dioxane.

TasLe 11

ASO,NCO
Reaction Yield, lofrared,
A time, hr. B, °C (mm) Dt u®
Phenyl 6 R83-86 (0.6) 15 4.50°
p-Tolyl S 106107 (0.6) 29 4520
Piperidino 1 TO-71(0.33) 34 4.471
4,4-Dimethyl- 1 95-98 (0.35) 26
piperidino

Morpholino 1 0

= Only the characteristic absorption of the isveyanate group is
given. ?59% in CHyCl. ¢ Lit. b.p. 90-93° (0.05 mm.),s 90
92° (0.5 mm.).? < Film,

arbamates of the type RiR. NSO, NHCO:R;, where Rs
is eycloalkyl, was also made in order to investigate the
blood sugar lowering activity of this class. It has been
reported that N-sulfonylearbamates are hypoglycemic.?

A special case of tvpe IT sulfamylureas is that in
which NRyRyis the same as RiRe N, Toinvestigate this
series, chlorosulfonyl isocyanate was prepared by the
method of Grat® and was subscquently treated with

Jo W Mekarann, CoFGerser, axp W, M, McLavore
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reaction of piperidine-l-sulfonamide  Under condi-
tions nearly identical with those given by Speziale and
Smith,” the reaction furnished piperidine-T-sulfony!
igoeyanate in 199 yvield.  Catalysis by benzoy! per-
oxide led to a slight improvement in yield (247%), but
even better results were obtained when a trace of boron
trifluoride was emploved (349 vield).  Siularly, 4.4-
dimethylpiperidine-1-sulfonamide,  p-tolucnesulfona-
mide, and benzenesulfonamide were each treated with
oxalyl chloride in the presence of trace amounts of horon
trifluoride to give the corresponding sulfonyl isocyanate
(Table IT). However, morpholine-1-sulfonamide did
not give detectable amounts of the sulfonyl 1socyanate.”
In cach reaction (exeept that with morpholine-1-
sulfonamide) the corresponding N, N’-biz(sulfonyl)-
oxamide (Table 111} was obtained asz a by-product.
In contrast to these findings, Speziale and Smith? re-
ported only negligible amounts of bisacvlureas as by-
produets of their reactions,

Benzene solutions of the sulfonyl isocyanates were
treated with appropriate secondary amines 1o give
sulfamylureas of type IT (see Table TV). Similarly,
addition of appropriate aleohols 1o these sulfonyl iso-
eyanates gave sulfamylearbamates (see Table V).
Besides these compounds, the arylsulfonyl derivatives 1
(tolbutamide) and 11 were also prepared. As indi-
cated in Table 1, sulfamylureas of type 11 do indecd
show an increased acidity over those of I. Unfor-
tunately these pK, data cannot be correlated with the
plasma half-life i this seriex owing to the fact that a
sufficiently sensitive assay for tvpe IT compounds has
ot vet been developed.

Tasg 111
{(RSONHCO-),

M.p. °C. Recrystu, Carbon, o .~ Hydrogen, - - =Nitrogen, '~
Ry dec. solvent lormula Caled. Found Caled. IP'ound Caled. I"'ound
Phenyl 260" MeOH CraH N Qe 45 .64 45,64 3249 3.8 7.6l .60
p-Tolyl INT MeOH CeH1eN206m 48,47 4854 4.07 4.23 707 t. N3
Piperidino 212 MeCN CraHmN Oy 37.68 NTLR2 5,80 5. 67 14.65 1448
4,4-Dimethylpiperidino 212 MeCN CsHpoN4Og8y 43 .82 4377 6.90 6.76 12,78 1256

« . Adams and W. Reifschueider [/, A m. Chen. Soc., T8, 3825 (1956)] report nip. 236° dec.; M. V. Charante [Rec. trav. chim., 32,

14 (1913)] reports m.p. 256° dec.

rarious secondary amines.  Only with piperidine was a
product of the desired type obtained, and then only in
poor yield. The reaction of chlorosulfonyl isocyanate
with other secondary amines proved to be too unreli-
able for further studies.

For compounds in which NR;R, is not identical with
RN, as well as for compounds in which it is the same,
sulfumyl isocyanates appeared to be ideal intermedi-
ates.  Preliminary attempts to make these highly
reactive intermediates by the action of phosgene on
N, N-disubstituted sulfamidex® failed to yield the de-
sired products.  Recently Speziale and Smith? ve-
ported a remarkably simple process for making acyl
isocyanates by reaction of oxalyl chloride with carbox-
amides,  This report prompted us to try the analogous

RCONH; + (COCl); —> RCONCO + CO -+ 2HCI

(4) H. Ruschig, G. Korger, W. Aumuller, H. Wagner, R. Weyer, A.
Binder, and J. Scholz, Arzneimittel-Forsch.. 8, 448 (1958).

(3) R.Graf, Chem. Ber., 89, 1071 (1956).

6y C. KNing, J. Org. Chem., 38, 352 (1960); Dritish Patent 692,360
Clune 3, Y953) s Cheme. Abstr., 47, 8771d, 2206¢ (1953).

(73 AL Speziale and Lo RoSmith, J. Oy Chem., 27, 3742 (1802).

Hypoglycemic activities were determined in rats as
previously described.!  Results for compounds under
present consideration are reported in the last columns
of Tables IV and V. Generally, a sulfamylurea of
type Il is somewhat less active than a comparable
derivative of type I having the same number of carbon
atoms and similar structural features. Aetivities of
the sulfamylearbamates vary from quite low to a level
comparable to that of tolbutamide.

Experimental Section

All boiling points are uncorrected. Melting points were
determined on 4 Fisher-Johns melting point apparatus and are
corrected. Sulfonamides and amines not commercially avail-
able were prepared by previously described methods. Analyses
were made by the Physical Measurements Laboratory of Chas.
Pfizer & Co.

(8) During the preparation of this manusecript, a report appeared on the
formation of henzenesulfonyl isocyanate by the action of oxalyl chloride on
Lenzenesulfonamide: J. K. Franz and C. Osuch, ibid., 29, 2592 (1064).

(9) A referee of this paper has suggested that the morpholine ring system
would he unstable to the conditions of anhydrous HCLand heat.
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781 W. E. Tarr, H. M. IKrazinsky, I

Sulfonyl Isocyanates from Sulfonamides.—A three-neck round-
bottom flask was flushed with nitrogen and was charged with a
mixture of (0.1 mole of 4 suitable sulfonamide, 0.5 ml. of boron
trifluoride etherate, and 150 ml. of 1,2-dichloroethane. A gas
outlet adapter at the top of the reflux condenser leading to a
trap partially filled with water prevented excessive amounts of
HCI from escaping into the hood.  With efficient stirring, 14.0 g.
(9.4 ml., .11 mole) of oxalyl chloride was added to the mixture
dropwise. Evolution of gases began immediately, and, after
the addition of oxalyvl chloride was complete, the mixture was
heated under reflux with stirring from 1-8 hr.  Afrter the reac-
tion mixture cooled to room temperature, the mixture was treated
with Supercel and filtered through a sintered-glass funnel to give a
clear red-brown solution. The solvent was removed from the
filtrate by distillation at atmospheric pressure, and the residue
was then distilled at reduced pressure to give the desired sulfonyl
isocyanate as o clear colorless oil. For examples of products
obtained by this method see Table I1.

Owing to the extreme reactivity of the sulfonyl isocvanates,
elemental analyses of these compounds were not obtained; how-
ever, that these products are indeed sulfonyl isocvanales i
shown by their characteristic infrared spectra.

Isolation of N,N’-Bis(sulfonyl)oxamides.—The mixtures of
Supercel and crystalline by-products from the above procedures
were each slurried in a hot solvent of recrvstallization and filtered.
Upon cooling, colorless cryvstals of the N, N’-bis(sulfonyvl)oxamide
formed. In each case the produnct was characterized by its
melting point and infrared spectrum and was analvzed. For
examples of compounds isolated by this process see Table 111.

Sulfanilamido-s-triazines.

L SCHAEFER, aNxD R, (3. SHEPHERD
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No attempt was made (o recover quantitatively these and other
possible by-products.

Sulfonylureas from Sulfony! lsecyanates.-- A round-bottom
Hask was charged with a solution of 0.01 mole of the appropriate
sulfonylisocyanate in 10 ml of dry benzene.  With cooling in an
ice bhath and stirring, the solution in the Hask was treated slowly
with a solution of 0.01 mole of the appropriate amine in 10 ml. of
drv benzene.  After the addition was complete the reaction mix-
ture was allowed to warm to room temperature: the volatile
components were then evaporated under reduced pressure to
give (usually) an oil. The oil was taken up in methylene chlo-
ride and washed successively with 1.\ HCl and water. The
organic phase wag then dried ( Nu.SO4, filtered, and evaporated.
The residue was recrystallized 1o give the product as colorless
cryvstals,  For examples of produets obtained by this procedure
see Table 1V,

N-Sulfonylecarbamate Esters.---The procedure was essentially
the same as that above except that 0.01 mole of the appropriate
aleohol was substituted for the amine, and the wash with 1 N
HCl wus omitted, See Table V for N-sulfamyvlearbamates
made by this method.

Acknowledgments.—The technical assistance  of
Messe<. Richard B. James and IFrederic Smith is
gratefully acknowledged. The authors also wish to
thank Professor E. J. Coreyv for helpful discussions
during the course of thix work.

I. Synthesis of
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A series of 2-sulfanilamido-4,6-disubstituted s-triazines was prepared by nucleophilic digplacement of methoxy

groups from 2-methoxy-4,6-disubstituted s-triazines with sulfanilamide anion.

2-Sulfanilamido-4,6-diethoxy-

s-triazine was only obtainable by acid-catalyzed nucleophilic substitution of 2-sulfanilamido-4,6-dimethoxy-s-

triazine.

Previous attempts to prepare sulfanilamido-s-triazine
vie sulfonylation of 2-amino-s-triazine have bheen un-
suceessful,2® although one derivative, 2-sulfanilamido-
4,6-diamino-s-triazine, has been obtained? by such a
veaction. Although the latter had no antibacterial
activity,? it was not considered to be a satisfactory
criterion of activity of the triazine series* In thix
relatively unexplored class of sulfanilamido hetero-
cycle, the solubility desired in a sulfanilamide drug was
expected on the basis of the high aqueous solubility of
s-iriazine® and various substituted s-triazines®” and of

(1) Central Research Division, American Cyanamid Co., Stamford,
Conn.

(2) G. W. Anderson, H. 15 Faith, H. W. Marson, P. X, Winnek, and
R. O. Roblin, Jr., J. Am. Chem. Soc., 64, 2902 (1942).

(3) I. Bretschneider and W. Klétzer, U. 8. Patent 2,774,756 (Dec. 18,
1956).  Unpublished results of their own and of other laboratories are sum-
marized by the authors in the public file on this patent: the synthesis of
2-sulfanilamido-s-triazine claimed in Swiss Patent 244,348 (1947) could not
he repeated by the Nwiss patentees or by others.

(4) Amino derivatives of several sulfanilamido heterocyeles display poor
activity: K. 1. Northey, "The Sulfanilamides and Allied Compounds."
Reinhold Publishing Corp., New York., N. Y., 1948, pp. 64, 79, 84, 93, ete.

(5) C. Graundmann and A, Kreutzherger, J. Am. Chem. Sovc., T6, 5646
(1954). s-Triazine dissolves readily in water, ax a result of bydrogen-
honded solvation. prior to its relatively rapid decomposition.

2-Sulfanilamido-4,6~diethyl-s-triazine has high antibacterial activity, good aqueous solubility, aud
other properties suitable to its use as a medicinal agent.

2-sulfanilnmido-4,6-diamino-s-triazine. > No alkyl
derivatives  of  2-sulfanilamido-s-triazine have  been
reported and, in considering their possible synthesiz
at the initiation of this work, our attention was directed
1o methoxytriazines for two reasons. Preparation of 2-
sulfanilamido-4,6-dimethoxy-s-triazine from trimethy!
cvanurate had been reported,® and direct ring syntheses
of 2-methoxy-4,6-dialkyl-s-triazines'® and of 2-methoxy-
s-triazine't had just been developed in our laboratories.

2-Sulfanilamido-s-triazine (IV) and its 4,6-dimethoxy
(I1X) and 4,6-dimethyl (V) derivatives were prepared

16) . W. Kaiser. J. T. Tharston, J. R. Dudley, I, C. Schaefer, [. tTechen-
bleikner, and 1. Holm-Ilansen, ihid., T3, 2084 (1951).

{7y V. P. Wuystrach, D, W. Kaiser, and I". C. Schaefer, /hid., 7T, 5018
(19355,

18 The aqueons solubility here is the result of hydrogen-bonded solvation
of the acidic sulfanilamido heterocvele (¢f. triazine itselfs) as well as of the
anion formed at physiological pH. This diamino derivative is highly
soluble in spite of the presence of the amino groups which, in heterocyeles,
decrease solubility (W. Pfleiderer in “Physical Methods in Heterocyelic
Chemistry,” . R. Katritzky, Ed.. Academic Press Ine., New York, N. Y.,
1063, p. 182) due to hydrogen bonding in the solid state.  In this case, the
amino gronps would decrease solubility also by decreasing the acidity of the
<ulfanilamidotriazine ax a result of their electron-donating character.

0y H. Bretschneider and W. Klotzer, Monatsh., Chem., 87, 120 (1454,

(1 1. CL Schaefer, J. Org. Chem., 2T, 3608 (1962).

(113 FL O Sehaefer and (o XL Peters. J. . Chem. Noe., 81, 1470 11454).



