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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 intvo-
duction of a pentafluoropropyl group in the place of a
cycloalkyl group were successful.V’ The expected re-
sistance to metabolism was obtained, but the increase
in ionization constant (III and IV, pK, = 4.8) was such
that these compounds, being extensively ionized in
tubular urine, were probably poorly reabsorbed and
consequently rapidly excreted. 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
(pK. = 6.2) had a plasma half-life of 34 hr. and was
extensively metabolized, less than 2359 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
2-3hr.). In thisseriesalso, 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 oceur 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
occeur, 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 Ri{R,NSO,NHCONR;R, (II) in which both R;R:N and NR;R: are derived from secondary

amines, and (2) sulfamylcarbamates RiR,NSO,NHCO:R; in which R; is cycloalkyl.

Generally, the hypoglyce-

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

by RiR:NSO,NHCONHR (I) in which NHR is derived from a primary amine.

tion of sulfonylisocvanates is also described.

Earlier papers iu this seriest? described the synthe-
sis, hypoglycemic action, and drug dynamic properties
of trisubstituted sulfamylureas of the general formula
RiRNSO,NHCONHR (I) wherein NHR is derived
from wvarious 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. McFarland, 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, bid.,
8,777 (1965).

A simple method for the prepara-

Several modifications of the sulfouylurea structure
can be made which will lower the pK,. Tor example
1-butyl-1-methyl-3-(p-tolylsulfonyljurea is about 2.5
times more acidic than its parent, 1-butyl-3-(p-tolyl-
sulfonylurea (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,
(IT) in which R R,N is devived from piperidine or 4 4-
dimethylpiperidine, aud NR;R; is derived from diverse
secondary amines. A small series of N-sulfamyl-

(3) W. Morozowich, Dissertation, PLi.D. Thesis, Thie Olio State Univer-
sity, 1959,
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ASONIICOB
I'rimary amihe derivalives Necondary annne derivatives

A I8 A" 13 nh,
p-Tolyl Butylaminag o1 Bulyhmelhylamina 1.0
Piperidina Cvelohiexyalinina 8.1 Cyelohexylinethylanina .8
Piperidino C'velalieptylamina 8.1 1-lexaliydroazepinyl T8

*The pi, values of the p-tolucnesulfonylureas are data from
Morozowich® and were determined in 500 aqueons ethauol.
The other pK, values are data from Iv. H. Wiseman of these
laboratories (personal commmmnication) and were determined in
500 anqueous dioxane.

Tasig 1

AS0,NCO
Reaction Yield, Infrared,
A time, hr. R, *C. [l < u®
Phenyl 6 RH-86 (1).6) 15 4.500
p-Tolyl S 106107 (0. 6) 29 4. 520
Piperidino L TO=-TH(0.35) 34 4474
4.4-Dimethyl- 1 05-98(0.35) 24
piperidina
AMorpholino I 1)

= Ouly the clhiaracteristic absorption of the isoeyanate group is
given. ®5% in CHyCl.. ¢ Lit. b.p. 90-93° (0.05 mmn.),® Y0--
92° (0.5 mm.).3 < Film,

;arbaimates of the type RiReNSO.NHCO:R;, where R;
is cycloalkyl, was also made in order to investigate the
blood sugar lowering activity of this class. 1t has been
reported that N-sulfonylcarbamates are hypoglycemic.*

A special case of tvpe IT =ulfamylureas is that in
which NRsRyis the same as RiyRe N, Toinvestigate this
series, chlovosulfonyl isocyanate was prepared by the
method of Graf* and was subscquently treated with

I Gerser, axp W, M, McLayore
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reaction of piperidine-1-sulfonamide®  Under coundi-
tlons nearly identical with those given by Speziale and
Smith,” the reaction furnished  pipervidine-1-sulfonyl
oeyvauate in 199 vield. Catalysisx by benzoyl per-
oxide led to a slight improvement in vield (2493), but
even better results were obtained when a trace of boron
trifluoride was emploved (349, vield).  Shuilaly, 4.4-
ditwethylpiperidine-1-sulfonamide,  p-tolucncesulfona-
mide, and benzenesulfonamide were cach tecated witly
oxalyl chloride in the presence of trace amounts of horon
trifluoride to give the corresponding sulfouyl isocyanate
(Table IT). However, morpholine-1-sulfonamide did
ot give detectable amounits of the xulfonyl isocyanate®
In cacli reaction (exeept that with morpholine-1-
sulfonamide)  the  corresponding N, N’-bis(sulfouyl)-
oxamide (Table 1II) was obtained as a by-prouiuet.
I contrast to these findings, Speziale and Smith? re-
ported only negligible amounts of bitacylurcas as bhy-
products of their reactions,

Benzene =olutions of the sulfonyl isocyammtes were
treated with appropriate secondary amines {o give
sulfamylureas of {ype 1D (see Table TV). Sunilarly,
addition of appropriate alcohols 1o these sulfonyl iso-
cyanates gave sulfanylearbamates  (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 1I do indeed
show an inereased acidity over those of L. Unfor-
tunaiely these pK, data cannot be correlated with the
plasia hall-life in this series owing to the fact that a
sufficiently sensitive assay for tyvpe IT compounds has
not vet been developed.

TasLe 111
(RiSONHCO-),

M. OCL Recrystu, Carbon, 0 - Nydrogen, .~ - =Nilrogen, ' -
14 dec. solvent Forumla Caled. Found Caled. Fonnd Caled. IMannd
Phenyl 206" MeOH CraH N 0= 4564 45,69 .20 33N Tl 7.
p-Tolyl INT MeOH CisHisN 2068 AN 4T 48,04 4.07 4.23 7.07 N
Piperidino 212 MeCN CraHaN Oy 37,68 NTLN2 .80 5,67 14,64 14 4N
4, 4-Dimethylpiperidina J12 MeCN CieHaN 1065 4382 4377 (.90 G.76 127N 12 5

« R. Adams and W. Reifsclmeider [/, A Chene. Soc., 78, 3825 (1056) ] report mi.p. 256° dee.; M. V. Chiaravte [Lee. trins thin., 32,

04 (1913)] reports n1.p. 256° dec.

various 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 sccondary amines proved to be too unreli-
able for further studies.

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

RCONH; 4 (COCl); — RCONCO 4 CO + 2HCI

(4) H. Ruschig. G. Korger, W. Anmuller, H. Wagner, R. Weyer, A.
Biander, and J. Schols, Arzneimittel-Forsch.. 8, 448 (1958).

(i) R. Graf, Chemn. Ber., 89, 1071 (1956).

iy ', King, J. Org. Chem., 28, 312 (1960 Dritish Datent 692,300
Clune 3, 1903); Chenc sty 47, 8T71d, 22006c 11973).

17) AL L Speziale aud L, R Smich, . Ory, Chewn., 27, 3742 (1012).

Hypoglycemic activities were determined in rats as
previously described.t  Results for compounds under
present consideration are reported in the last coluinns
of Tables IV and V. Generally, a sulfamylurca 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. Activities of
the sulfamylearbamates vary from quite low to a level
cotuparable to that of tolbutamide.

Experimental Section

All Dboiling paiuts are uncorrected.  Meliing poinis were
deternined on a Fisher-Johns melting point apparatus and are
corrected. Sulfonamides and amines not comniercially avail-
able were prepared by previously deseribed methods. Analyses
were made by the Physical Measurements Laboratory of Chas.
Pfizer & Co.

¢8) During the preparation of this manuscript, a report appeared on e
forinatian of benzenesulfonyl isocyanate by the action af oxalyl chloride ou
henzenesnlfonamide: J, I£. Frauz and (. Osucl, 7bid., 29, 2592 (1464;.

on A referec af this papuer has snggested that the morpholine ring system
wonld he nnstalile ta the conditions of anhydrans 11ClLand hieat.



TasLe IV

R,SO:NHCOR.

Hypo-

Recrystn. Yield, Carbon, % Hydrogen, % Nitrogen, % glycemic

Compd. R R- M.p., °C. solvent® 9% Tormula Caled. Found Caled. Found Caled. Found activity”
1 p-Tolyl Butylaming 126-127° CH,Cl-IPEF 72 C2 115275048 ... .. . L . . 35 £5.1
2 Piperidino Piperidino 135-137 Phll-hex 22 CHyN;058 47 .98 48 16 7.69 7.62 1526 15.25 19+4.0
3 Piperidino I-lHexahydroazepinyl 139-141 PhH 55 Co My N30,8 49 .81  50.18 8.01 7.78 14.52  14.53 27 2.3
4 Piperidino 1-Octahydroazocinyl 146148 IPA-IPE 42 C3HyN3058 51.46  51.51 8.31 8.23 13.85 13.60 19 =+x£3.2
5 Piperidino 4,4-Dimethylpiperidino 138-139 PhH -hex 69 Ci3HysN;058 51.46 51.73 8.31 R.25 13.85 13.57 13 4.0
6 Piperidino Cyclohexylmethylamino 116-117 PhH-IPF. 38 C31H5N ;0,8 51.46  51.79 8.31 8.04 13.85  13.25 2 3.7
7 Piperidino 3-Aza-3-bicyclo[3.2.2]- 189190 PhHL 27 CiaHyN;053 53.31  53.53 7.99 7.98 13.3: 12.93 22 3.2

nonyl

8 Piperidino 2-Tetrahydro-1,2-oxazinyl 123-124 PhIi-hex 53 CioH 1 usN;3088 43.30  43.63 6.91 6.88 15.15  14.63 10 3.5
9 4,4-Dimethylpiperidino 2-Tetrahydro-1,2-oxazinyl 129-131 PhH-hex 43 Ch2I T3 N0 4719 47 .44 7.59 7.45 13.76  13.61 22 +1.9
10 4,4-Dimethylpiperidino Morpholino 160-1624 Phll-hex 31 CHyuN;0.8 47.19  47.25 7.59 7.3% 13.76  15.3%8 19 £6.7

(170-172)
2 CHyCly = methylene chloride, hex = hexane, IPA = isopropyl alcohol, IPE = isopropy! ether, MeOH = methanol, PhH = benzeune. » Maximum per cent fall in blood sugar 4 standard
error. © M.m.p. (withauthentic tolbntamide) 129-152°. ¢ After standing a few weeks at room temperature, the melting point changes from an initial 160-162° to 170-172°, indicating dimorphism.

TasrwV
R,SONTICO, Ry
Hypo-

Recrystn. Yield, Carlion, 9 Hydrogen, % Nitrogen, % glycemic

Compd. Ri Rs M.p., °C. solvent* A Formula Caled. Found Caled. Found Caled. Found activity”
11 Phenyl trans-4-t-Butyleyclohexyl 165--166 TPA-IPL 32 CyHxNOS 60.15  59.98 7.42 7.51 4.13 4.11 24 £ 3.0
12 Piperidino Cyclohexyl 84-85 Hex 19 C 2 HaNO,S 49.63 49.22 7.64 7.39 9.65 9.62 0449
13 Piperidino trans-4-t-Butyleyclohexyl 108-109 Hex 45 CisHuN08 55.46  55.37 8.73 8.56 8.09 8.10 3525
14 Piperidino Cholesteryl 1458-149 MeOH-acet 21 CiHyeNO0S 63.70  68.8% 9.79 9.80 4 86 4.64 732
15 4,4-Dimethylpiperidino Cyclohexyl 72-73 Hex 22 C.H2%N.0S 52.80  52.70 8.23 8.39 8.80 8.01 30 2.8

« IPA = isopropyl alcohol, IPK = isopropy!lether, Hex = hexaue, acet = acetone. * Maximum per cent fall in blood sngar =+ standard error.
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Sulfonyl Isocyanates from Sulfonamides.— A three-tieck round-
bottom flask was finshed with nitrogen and was charged with a
mixtnre of 0.1 male of u suitable sulfonamide, 1.5 ml. of baron
trifluoride etherate, and 150 wl. of 12-dichloroethane. A gas
outlet adapter at the top of the reflux condenser leading to a
trup partially filled with water preveuted excesgive amounts af
HCI from escaping ima the hood.  With efficient stirring, 14.0 g.
(9.4 ml., 0.11 mole) of oxalyl chloride was added ta the mixture
dropwise.  livolution of gases began innmedimiely, and, afer
the addition of oxalyl chloride was complete, the mixture was
heated under reflux wirh stirving fram 1-% hr.  After the reace
tian mixture cooled to room temperature, rhe mixture was treated
with Snpercel and filtered thirough a sintered-glass funnel ta give s
clear red-brown solution.  The solvem was remuved from the
filirate by distillation av atmospheric pressire, and the residue
wag then distilled a1 reduced pressure 1o give the desived sulfonyl
isocyanate us a clear colorless oil. For examples of products
abtained by this method see Table [1.

Owing to the extreme reactivity of fhe sulfonyl isocyanates,
elemental analyses of these compounds were not obtained; how-
ever, that these products are indeed sulfonyl isacvanafes is
shown by their characteristic infrared spectra,

Isolation of N,N’-Bis(sulfonyl)oxamides.—Thc¢ mixtures of
Supercel and crystalline by-products from the above procedures
were each slurried in a hot solvent of recrystallization and filtered.
Upon couling, colorless crysials of the N, N-bis(sulfonyl)oxamide
formed.  In each case the prodnet was characterized by Us
melting poit and infrared spectrum and was analvzed. For
examples of compounds isolated by this process see Table LI

Sulfanilamido-s-triazines. [I.

Na attempt was made ta recover guantitalively these wd ather
possible by-produets.

Sulfonylureas from Sulfonyl lsocyanates.-- A raund-haiton
Hask was charged with a solution of 0.01 male of the apprapriame
sulfanyl isavyanate in 10 ml of dry benzene.  Wirh caaling in an
e hath and sviveing, the solution in the Hask was treatied slowly
with a salution of 0.0% male of the appropriate amine in 1) mb. af
dry benzene,  After the adidition was complere the reaction mix-
e was allawed to warin ta raom temperature:  the volatile
components were then evaporated under reduced pressure ta
give Tusnallvy an o1l The all was 1aken up in methylene chlo-
ride and washed successively with 1\ HCL and waer. The
arganiv phase wag then dried (N8040, filiered, and evaparnied.
The residue was recrystallized w give the produet as calarless
crvstuls.  Far examples of produets obtained by this pracefure
see Table [V,

N-Sulfonylearbamate Esters.--'I'lie pracedire was essentially
the stune as that abave except that 0.01 maole of the apprapriate
aleohal was substitnted far the mmine, and the wash with 1 .V
HCl was amitted.  See Table V' far N-sulfmnvicarbamates
made by this methad.

Acknowledgments.-—'1'he  technical  assistance  of
Messex, Richard B. James and Frederic Smith is
gratefully acknowledged. The authors also wish to
thauk Professor . J. Corey for helpful discussions
during the course of thix work.

Synthesis of

2-Sulfanilamido-4,6-diethyl-s-triazine and Related Compounds

W. L. Tarr, H. M. Krazinsky, I (0 ScHAEFER,' axv R ({. SHEPHERD

Lederle Laboratories Divizion, American Cyanamid Companp, Pearl Itver, New Yors

Feceived Snly 15, 14965

A series of 2-sulfanilamido-4,6-disubstituted s-1riazines was prepared by nucleophilic displacement of methoxy

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

2-Sulfanilamido-4,6-diethaxy-

s-triazine was ouly obtainable by acid-catalyzed uucleophilic substitimion of 2-sulfanilamido-4,6-dimethoxy-s-

triazine.

Previous attempts to preparve sulfanilamido-s-triazine
rie sulfonylation of 2-amino-s-triazine have been un-
successtul,2? although one derivative, 2-sulfanilamido-
4,6-diamino-s-triazine, ha= been obtained? by such a
reaction.  Although the latter had no antibacterial
activity,* it was not considered to be a satisfactory
eriterion of activity of the triazine series* Tn this
relatively unexplored class of sulfanilamido hetero-
cvele, the solubility desired in a sulfanilamide drug wus
expected on the basix of the high aqueous solubility of
s-triazine® and various substituted s-triazines®™” and of

(1) Ceutral Researell Division, Awmerican Cyanamid Co., Stamford,
Cou,

) G. W. Andersan, 1I. II. Taith, 1I. W. Marson, I'. X. Winnek, aml
R. O. Rollin, Jr., J. Am. Chem. Soc., 64, 2002 {1942).

{3) 1. Bretschineider and W. Klétzer, U. %. Patent 2,774,756 1{Dec. 18,
1456).  Unpulilished results of their own and of othier lalioratories are snu-
mmarized hiy the authors in the pulilic file on this patent: the synthesis af
2-sulfanilamido-s-triazine claimed in Swiss Hatent 244,348 {1947) conld nat
he repeated iy the Xwiss patentees ar iy athers.

¢4) Amina derivatives af several sulfanilamido heterucycles display jonr
activity: k. 1. Narthey, "The Sulfanilamides ainl Allied Campannds.”
Reinhiald Puldizhing Corp., New York, N. Y., 1948, 1. 4L T4, 89, 93, ere.

i3) C. Grundmanu and A, Krentzherger, J. Aw. Chemn. Sov., T6, tidy
11444, s-Triazine dissolves readily in water, ax a result af hydrasen-
luded solvation, priar ta its relatively rapid decomnpositian.

2-Sulfanilamido-4,6-diethyl-s-triazine has high amibacterial activity, goad aquenus solubility, and
uther properties suitable to its use as a inedicinal agent.

2-sulfanilaimido-+4,6-diamino-s-triazie.** No  alkyl
derivatives  of  2-=ulfanilamido-s-tviazine  have  been
reported and, i considering their possible synthesis
at the initiation of thix work, our attention was directed
to methoxytriazines for two reasons.  Preparation of 2-
sulfanilamido-4,6-dimethoxy-s-triazine from trimethyl
cyvanurate had been reported,? and direct ring synthescs
of 2-methoxy-4,6-dialkyl-s-triazines* and of 2-methoxy-
s-trinzine!' had just been developed in our laboratories.

2-Sulfanilamido-s-triazine (IV) and its 4 6-dimethoxy
(IX) and 4,6-dimethy] (V) derivatives were prepared

) D. W, Kaiser, . T, Thirsvau, J. R Dudley, Y. C. Selarfer, I Heehien-
hleikner, and 1. Halin-1Tansen, ihid., 73, 2984 (1951).

(Tr V. P, Wystrach, Do WL Kaiger, and I". C. Schaefer, ilvd., T7, 516
V10307,

(8] The agueaus solubility liere is tite resull af hydrogen-iianded selvalinn
af the acidie sulfanilamido heterocvele trf. triazine itselfs) as wull as aof the
anian forined at plivsialogical pH. This diamino derivative is highly
solulile in spite af the presence of tlie amina gronps whicl, in heteroeyeles,
decrease solubility (W. Pfleiderer in “Phyeical Methads in Heteracyelic
Chewistry,” A, R. Katritzky, Idd.. Meademice Press lue., New Yark, N Y.,
1963, 1. 182) due ta hvdrogen houding in the salid state.  Tu 1his case, 1le
se solubility alsn by decreasing the acidity of 1he

amina graaps wonld leere
wilfanilamidatriazine as a resnlt of their dectran-danating character.
oy 11 Brersehneider and W, Klotzer, Mapatsh, Chem., 87, 120 119401
10y 1. O, Schaefer, J. Org. Chem., 27, 3608 11962).
1y 10 Selmefer and GoXL Peters, S Ane Chem, Soe, 81, 1470 11839,



