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Thermal Dissociation of Sulfonylureas II: Dissociation of
Four N- and N’-Substituted Sulfonylureas in Different Media

FRANCESCO BOTTARI, BORIS GIANNACCINI, ENRICO NANNIPIERI4, and MARCO F. SAETTONE

Abstract (] N-n-Butyl-N'-tosylurea (tolbutamide), N-n-butyl-N'-
methyl-N'-tosylurea, N,N-pentamethylene-N’-tosylurea, and N,N-
pentamethylene-N’-methyl-N’-tosylurea were heated at different
temperatures in a series of solvents, and the reaction products were
submitted to quantitative analysis. The outcome of these experi-
ments, which had the aim of elucidating the mechanism by which
sulfonylureas undergo a breakdown when heated in reactive sol-
vents, may contribute to a better understanding of the stability of
sulfonylureas in pharmaceutical preparations. The results of the
reactions in alcoholic media were in good agreement with a mecha-
nism involving dissociation of the urea into isocyanate and amine,
followed by reaction of the isocyanate with the alcohol. The be-
havior of the four sulfonylureas in water was also in good agree-
ment with the dissociation hypothesis. The breakdown of these

compounds in amines seems to follow a more complicated pattern,
the reactivity being influenced, among other factors, by the basicity
of the amine. Although dissociation seems to be operative at the
lower temperature, the occurrence of aminolysis at higher tem-
peratures could not be excluded. The present results point to dis-
sociation, rather than solvolysis, as the most likely mechanism by
which sulfonylureas undergo breakdown in alcohols and in water,
as well as in amines at relatively low temperatures.

Keyphrases [ ] Sulfonylureas—thermal dissociation in alcohols,
water, and amines, mechanism [_] Tolbutamide and related sulfonyl-
ureas—thermal dissociation in alcohols, water, and amines, mecha-
nism [] Dissociation, thermal, tolbutamide and related sulfonyl-
ureas—in alcohols, water, and amines, mechanism

Sulfonylureas, a class to which belong some impor-
tant oral hypoglycemic agents, are known to undergo a
breakdown under various experimental conditions.
Although a hydrolytic process is most frequently ob-
served in such decompositions (1-4), cases of thermal
dissociation were reported (5, 6). Symmetrically substi-
tuted sulfonylureas such as tolbutamide (I) can theo-
retically yield on dissociation either an alkyl (path a) or
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an arylsulfonyl isocyanate (path b4), as indicated in
Scheme 1. A quantitative dissociation of I to p-toluene-
sulfonamide and n-butyl isocyanate (path @) was re-
cently reported (5) to take place in inert solvents at 160~
180°. Evidence for the dissociation of I in alcohols at
80° according to the alternative path b was given in the
first paper of this series (6). The purpose of the present
work was to provide additional information on the
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ArSO;NCO + RNH,

dissociation of sulfonylureas in reactive!' solvents, a
subject which seems to have received little attention
until now. In particular, it was of interest to ascertain:
(a) whether other reactions such as solvolysis compete
with dissociation, and (b) what experimental conditions
favor either type (a or b) of dissociation for compounds
of type 1.

The sulfonylureas used for this study were N-n-butyl-
N’-tosylurea (tolbutamide) (1), N-n-butyl-N’-methyl-
N'-tosylurea (II), N,N-pentamethylene-N’-tosylurea
(I11I), and N,N-pentamethylene-N’-methyl-N’-tosylurea
(1V). The four compounds were chosen so that each one

H@—@—SO_NRCONR’R”

R R’ R"
1. —H —H ——C4H9
II: _CHs —H ‘C.ﬁHg
I —H —(CH»)s—
Iv: —CHg _(CHQ)’;—

would display a different type of reactivity on dissocia-
tion. Indeed, I may dissociate according to paths ¢ and
b; but Il and 111, being N- (or N’-) disubstituted, can
dissociate only in a single fashion (@ and b, respectively).
Compound 1V, being completely N,N’-substituted, is
unable to dissociate. Therefore, were dissociation to
play a predominant (or exclusive) role in their break-
down, a rather definite behavior might reasonably be
anticipated. Conversely, in the case of solvolysis, the
reactivity of the ureas and the structure of the reaction
products, although not exactly predictable, should be
less dependent on substitution on either N atom, and
even Compound IV might show some degree of reac-
tivity.

EXPERIMENTAL?

Materials—p-Toluenesulfonamide®, butyl isocyanate*, n-octa-
decyl alcoholt, N-methyl-p-toluenesulfonamide (7), ethyl and #-
octadecyl N-tosylcarbamate (6), N,N’-dibutylurea (8), N-butyl-N’-
phenylurea (9), N-butyl-N’-cyclohexylurea (10), N,N-penta-
methylene-N'-phenylurea (11), N,N’-diphenylurea (8), N-phenyl-N"’-
tosylurea (12), and N,N’-dicyclohexylurea (13) were either ob-
tained from commercial sources or prepared by known methods;
they were purified to constant melting point or boiling point.

Tolbutamide (1) was the medicinal grade drug; it was crystal-
lized several times from benzene to a constant melting point (127-
129°). N-n-Butyl-N’-methyl-N’-tosylurea (II) was prepared in 709
yield from N-methyl-p-toluenesulfonamide and butyl isocyanate

! The term ‘“‘reactive” indicates a potential reactivity either toward
the undissociated suifonylurea or toward one of the dissociation prod-
ucts.

? A Beckman DU spectrophotometer was used for all determinations.
IR spectra were recorded in mineral oil mulls with a Perkin-Elmer
Infracord 137 spectrophotometer, TLC separations were carried out on
Merck Fus, silica gel plates. Melting points were determined on a Kofler
hot stage and arc uncorrected. “Petroleum ether” refers to the fraction
of boiling range 60-80°,

3 Aldrich Chemical Co., Inc.

4 Fluka AG.

at 100° in the presence of a catalytic amount of pyridine. The crude
reaction product was chromatographed over alumina and melted
at 50-52° after crystallization from petroleum ethers; IR: 3400
(NH) and 1690 (CO) cm.™ 1,

Anal —Calc. for Ci3H:N.O;S: C, 54.92; H, 7.04; N, 9.85; S,
11.26. Found: C, 54.70; H, 7.12; N,9.90; S, 11.38.

N,N-Pentamethylene-N’-tosylurea (II[) was prepared in 699
yield from ethyl N-tosylcarbamate and piperidine, according to
the general method of Marshall and Sigal (14). The product, puri-
fied by dissolution in cold methanol and reprecipitation with water,
melted at 146-148° [lit. (15) m.p. 145-147°].

N,N-Pentamethylene-N'-methyl-N’-tosylurea (1V) was prepared
in 749 yield by methylation of IIT in dimethylformamide by the
sodium hydride-methyl iodide method of Fones (16). The crude
reaction product was chromatographed over alumina and melted
at 62-64° after crystallization from petroleum ether; IR : 1680 (CO)
c¢m.~!; no NH absorption,

Anal —Cale. for CiyHxN.0;S: C, 56.75; H, 6.75; N, 9.45; S,
10.81. Found: C, 56.80; H, 6.82; N, 9.10; S. 11.00.

All four sulfonylureas were shown by TLC to be free from con-
taminants or decomposition products.

The following salts were prepared, using standard methods:

1. #-Butylamine salt of I, m.p. 115-125° (dependent on heat-
ing rate) after crystallization from absolute ethanol.

Anal —Cale. for CigHyyN3;O38: N, 12.28; S, 9.35. Found: N,
12.02; S, 9.40.

2. Piperidine salt of III, m.p. 98-102° after crystallization from
ether.

Anal—Calc. for CmH-ngaOaS: N, 11.44; S, 8.71. Found: N,
11.15; S, 8.52.

3. Piperidine salt of ethyl N-tosylcarbamate, m.p. 126-128°
after crystallization from absolute ethanol.

Anal —Calc. for C;;H2sN:0.S: N, 8.53; S, 9.75. Found: N, 8.80;
S,9.74.

n-Octadecyl N-n-butylcarbamate was prepared by heating for
00 min. at 100° a mixture of n-octadecyl alcohol (2.0 g.), butyl
isocyanate (0.89 g., 209 molar excess), and pyridine (0.2 g.). The
product melted at 67-68° after crystallization from petroleum
ether; IR : 3350 (NH) and 1680 (CO)cm.™ L

Anal —Calc. for C:;;HNO.: C, 74.74; H, 12.82; N, 3.79. Found:
C,74.80; H, 12.59; N, 3.85.

Methods—Reactions with Alcohols—The dissociation of the four
sulfonylureas and of the salts of I and of 1II in ethyl and in n-octa-
decyl alcohol at 80° was investigated by the procedure described
in the previous paper (6). Mixtures containing 50 mg. of sulfonyl-
urea and 450 mg. of alcohol were heated for 1 hr. in 5-ml. sealed
ampuls. The reaction products were estimated spectrophoto-
metrically after separation by quantitative TLC with the solvent
system described previously (3).

The sulfonylurea IIT was very reactive; even a brief (5-10 min.)
heating in ethanol, followed by evaporation of the solution at low
temperature, caused its conversion into the piperidine salt of ethyl
N-tosylcarbamate.

The reactions at higher temperature were carried out by heating
for 5 hr. at 150° mixtures containing 10 mmoles of the urea and 11
mmoles of n-octadecyl alcohol. The reaction products were first
evaluated qualitatively and semiquantitatively by TLC. Then they
were separated using different methods—uviz., quantitative TLC,
column chromatography, solvent extraction, and fractional crystal-
lization. As an example, the procedure followed in the case of [
is described. A mixture of I (2.70 g., 10 mmoles) and of n-octadecyl
alcohol (3.0 g., 11 mmoles) was heated for 5 hr. at 150° in a sealed
ampul in an electrically controlled oil bath. After cooling, the mix-
ture was extracted several times with cold petroleum ether. Evapo-
ration of the solvent afforded pure n-octadecyl N-butylcarbamate
(VII, 0.48 g.). The insoluble residue was chromatographed over
silica gel. A mixture of petroleum ether and benzene (50:350)
eluted 1.70 g. of unreacted alcohol. Benzene eluted n-octadecyl
N-tosylcarbamate (X, R = n-CisHy, 1.26 g.), m.p. 96-98° [lit. {6)
m.p. 97-98°]. A mixture of benzene and ethyl ether (90:10) eluted

5 The same product was obtained by methylation of [ with dimethyl
sulfate, according to the method described by K. Sabih and K. Sabih
[J. Pharm. Sci. ., 59, 782(1970)] for the preparation of their ‘““methyl de-
rivative of tolbutamlde, m.p. 33°, The structure of the compound
(N’- rather than N-methyl) is unequivocally established by the prepara-
tion from N-methyl-p-toluenesuifonamide and butyl isocyanate.
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Table I—Breakdown of Sulfonylureas 1, 11, 111, and IV in Ethanol and in n-Octadecyl Alcohol

—(mmoles Found/mmoles of Sulfonylureas Introduced in Reaction) X 100-—

Ethyl or n-Octa-
decyl N-Tosyl-

Sulfonylurea,

p-Toluene-
sulfonamide or

n-Octadecyl N-Methyl-p-tolu-

Compound Experimente % Recovered carbamate N-Butylcarbamate N,N’-Dibutylurea  enesulfonamide
1 A 59 40 — — _
B 60 40 — —
C 25 27 13 27 42
1, butylamine salt A,B 100 — — — _
It A 100 — — — _
B 100 — _ — —
C 90 — 9 — Trace amount
I A 0 98 — — —
B Trace amount 94 — — .
C 0 99 — — —
I, piperidine salt A,B 100 — — _ _
v A 100 — —_— — —
B 100 — — — —
C 100 — — _ _

@ A = 10% w/w solution of sulfonylurea in absolute ethanol, heated 1 hr. at 80°. B = 107 w/w solution of sulfonylurea in n-octadecyl alcohol,
heated 1 hr, at 80°, C = sulfonylurea, 1 mole, and n-octadecyl alcohol, 1.1 moles, heated 5 hr. at 150°.

1.4 g. of a mixture shown by quantitative TLC to consist of 48.5%
unreacted 1 and 51.5%, p-toluenesulfonamide (V). Finally, a mix-
ture of benzene and ethyl ether (50:50) eluted 0.47 g. N,N’-di-
butylurea (VIII), m.p. 68-70° [lit. (8) m.p. 70.5-71°].

Reactions with Water—Aqueous 1.0%, suspensions (50 mi.) of
the sulfonylureas (solutions in the cases of the salts of I and of 111)
were heated for 15 hr. to boiling in flasks connected with reflux
condensers. The mixtures were then acidified with 109 hydro-
chloric acid and extracted with chloroform. The products were
estimated as follows:

1., Compound I and the butylamine salt of I—evaporation of
the chloroform extract yielded a mixture of I and of p-toluenesul-
fonamide (V), which was quantitatively analyzed by TLC.

2. Compound Il—evaporation of the chloroform yielded a mix-
ture shown by IR and TLC to consist of N-methyl-p-toluenesul-
fonamide (XIII), m.p. 77-78° [lit. (7) m.p. 78-79°] and N,N’-di-
butylurea (VIII). A treatment of the mixture with 109, NaOH,
which left the urea undissolved, allowed a quantitative estimation
of the products.

3. Compound 111 and piperidine salt of IlI—the analysis was
carried out as described for I.

4. Compound IV—evaporation of the extract yielded quanti-
tatively the starting material.

Reactions with Amines—In all cases, 209 w/w solutions of the
sulfonylureas (5 mmoles) in the amines were heated in small flasks
connected with reflux condensers. A description of the workup
procedures follows.

1. Reactions with aniline, 1 hr. at 80°—Compound I: the re-
action mixture yielded a solid on acidification with 109 HCI. This
was collected and triturated with a little 1097 NaOH. The insoluble
portion (Na salt) was dissolved in water; acidification of this solu-

Table II—Breakdown of Sulfonylureas I, II, III, and IV in Water
after 15 hr. at Reflux Temperature®

(mmoles Found/mmoles of Sul-
fonylureas Introduced in
Reaction) X 100——

p-Toluene-
sulfonamide
or N-Methyl-
Sulfonylurea, p-toluene-  N,N’-Dibutyl-
Compound % Recovered  sulfonamide urea
I 44 54 —
I, butylamine salt 74 24 —
I 0 98 49
I 15 84 —
111, piperidine salt 74 25 —
v 100 — —

a Initial concentration of compounds was 1%, wiw.
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tion caused precipitation of N-phenyl-N’-tosylurea (XII), m.p.
166-168° [lit. (12) m.p. 166-169 °]. The NaOH solution was acidified
to yield unreacted I. Compounds 1I and 1V: the starting material
was recovered quantitatively. Compound III: acidification of
the reaction mixture caused separation of pure N-phenyl-N’-
tosylurea (XII).

2. Reactions with aniline, 5 hr. at 150°—Compound I: acidi-
fication of the mixture caused separation of a solid (A). The mother
liquors from A were extracted with ethyl acetate. Evaporation of
the extract gave a solid residue (B). Trituration of B with 597 NaOH
left undissolved N,N’-dibutylurea (VIII). Acidification of the NaOH
solution followed by extraction with ethyl acetate yielded p-toluene-
sulfonamide (V). A similar treatment of A gave, as the portion
insoluble in NaOH, a mixture of N-butyl-N’-phenylurea, m.p.
129-130° [lit. (9) m.p. 129-130°], and N,N’-diphenylurea, m.p.
232-234° {lit. (8) m.p. 235°], which was separated by fractional
crystallization from chloroform. Acidification of the NaOH solu-
tion gave additional p-toluenesulfonamide. Compound II: the reac-
tion mixture was acidified and extracted several times with chloro-
form. The organic solution, after thorough extraction with 5%
NaOH, gave on concentration N,N’-diphenylurea and then un-
reacted II. After acidification, the NaOH solution gave on ex-
traction N-methyl-p-toluenesulfonamide. Compound 11I: the
acidified reaction mixture was extracted with ethyl acetate. Evapora-
tion of the organic extract gave a solid residue, which was triturated
with 5% NaOH. An undissolved portion was shown by TLC and
fractional crystallization from chloroform to consist of a mixture
of N,N-pentamethylene-N'-phenylurea (65%), m.p. 168-169°
[lit. (11) m.p. 168°], and N,N’-diphenylurea (35%). The NaOH
solution gave pure p-toluenesulfonamide on acidification and ex-
traction with ethyl acetate. Compound IV: the starting material
was quantitatively recovered from the acidified reaction mixture.

3. Reactions with cyclohexylamine, 1 hr. at 80°—Compounds
I, I, and 1V: the compounds were recovered quantitatively from
the reaction mixtures. Compound II: the reaction mixture was di-
luted with chloroform, washed with 109 hydrochloric acid, and
extracted with 59 NaOH. Evaporation of the chloroform gave
N-butyl-N’-cyclohexylurea, m.p. 104-106° [lit. (10) m.p. 105°].
Acidification of the NaOH solution gave N-methyl-p-toluenesul-
fonamide.

4. Reactions with cyclohexylamine, 5 hr. at reflux (134°) tem-
perature—Compound I: acidification of the mixture gave a precip-
itate (A). The mother liquors from A were extracted with ethyl
acetate; evaporation of the solvent gave a solid (B). Trituration of
A with 5% NaOH left undissolved N,N’-dicyclohexylurea, m.p.
227-229° [lit. (13) m.p. 229-230°]. Acidification of the NaOH solu-
tion followed by extraction with ethyl acetate gave pure p-toluene-
sulfonamide. A similar treatment of B gave N-butyl-N’-cyclo-
hexylurea and additional p-toluenesulfonamide. Compound II:
acidification of the mixture gave a precipitate (A). Extraction of the
mother liquors from A with ethyl acetate gave N-methyl-p-toluene-



Table 1II—Breakdown of Sulfonylureas I, II, III, and IV in Aniline and in Cyclohexylamine

—(mmoles Found/mmoles of Sulfonylureas Introduced in Reaction) X 100~—————
Sulfonylurea, p-Toluenesulfonamide
Com-  Experi- % or N-Methyl-p-toluene-
pound  ment® Recovered sulfonamide Other Compounds Present in the Reaction Mixture

I A 22 — N-Phenyl-N'-tosylurea, 71
B 0 97 N-Butyl-N’-phenylurea, 67; N,N’-diphenylurea, 26; N,N'-dibutylurea, 13
C 100 — —
D 0 95 N,N’-Dicyclohexylurea, 87; N-butyl-N’-cyclohexylurea, 7

1I A 100 — —
B 96 3.0 N,N’-Diphenylurea, 2.5
C 0 98 N-Butyl-N’-cyclohexylurea, 90
D 0 97 N,N’-Dicyclohexylurea, 99

11t A 0 — N-Phenyl-N'-tosylurea, 96
B 0 93 N,N-Pentamethylene-N'-phenylurea, 65; N,N-diphenylurea, 33
C 100 — —
D 0 98 N,N’-Dicyclohexylurea, 97

v A 100 — —
B 100 — —
C 100 — —
D 80 14 N,N'-Dicyclohexylurea, 13

a A = 207 w/w solution of sulfonylurea in aniline, heated 1 hr. at 80°, B = same solution as in A, heated S hr. at 150°. C =

207, w/w solution

of sulfonylurea in cyclohexylamine, heated 1 hr, at 80°, D = same solution as in C, heated 5 hr. under reflux (134°),

sulfonamide. Treatment of A with 597 NaOH, as already described,
gave N,N’-dicyclohexylurea and additional sulfonamide. Com-
pound I1I: the treatment just described gave pure p-toluenesulfona-
mide and N,N’-dicyclohexylurea in practically quantitative yield.
Compound IV : acidification of the reaction mixture gave a precipi-
tate (A). The mother liquors from A yielded N-methyl-p-toluene-
sulfonamide on extraction with ethyl acetate. Extraction of A with
petroleum ether left undissolved N,N’-dicyclohexylurea; evapora-
tion of the solvent gave unreacted starting material.

RESULTS AND DISCUSSION

The results obtained after heating the four sulfonylureas (I, I,
111, and 1V) at different temperatures in alcohols, water, and amines
are summarized in Tables I, 11, and 111, respectively. In all experi-
ments, the qualitative and the quantitative estimation of the reac-
tion products was carried out with the greatest care. The
amount of reaction products found satisfactorily accounted for
the amounts of sulfonylureas which disappeared.

Breakdown in Alcohols—Because of the high reactivity of iso-
cyanates toward alcohols, alkyl carbamates should be expected as
final products of the dissociations carried out in alcoholic media.
As shown in Table I, tolbutamide (I) gave N-tosylcarbamates at the
lower temperature, while an N-butylcarbamate also was formed
when the reaction was carried out in n-octadecyl alcohol at 150°.
The results obtained with the other sulfonylureas seem to be in line
with the dissociation hypothesis; IT gave only a butylcarbamate, I11
only tosylcarbamates, and IV did not react. A tentative rationaliza-
tion for the preferential dissociation of I at low temperature to N-
tosylisocyanate was given in a previous paper (6). The formation of
a butylcarbamate from I (and 11) at higher temperature is consistent
with the findings of Ulrich and Sayigh (5), who found butyl iso-

+ CHNCO %, ¢H,NHCOOCH,

VI VII

/
I/ = C,H,NHCONHCH,

\ VIII

b

H».C—©—~802NCO + CH,NH,

IX %\ ROH
H3C—©—SOZNHCOOR
X

Scheme 11

HJC—-©>——SOZNH2

cyanate (besides p-toluenesulfonamide) as the main product of the
dissociation of I under pyrolysis conditions.

A possible pathway for the formation of N,N’-dibutylurea (Vi)
among the products of the dissociation of I in #-octadecyl alcohol
at 150° is given in Scheme 1I. By taking into account the amounts
of all substances found at equilibrium in this experiment, it would
seem that about 6097 of reacted 1 dissociates according to path a
and about 409 according to path 4. In the comparative experi-
ments carried out at 80°, quite analogous results were obtained
in ethyl and in n-octadecyl! alcohols. This seems tg provide further
evidence for the dissociation mechanism. Indeed, if alcoholysis
were responsible for the formation of the carbamates, some in-
fluence of solvent polarity should have been observed. The observa-
tion that conversion of T and IH into the butylamine and piperidine
salt, respectively, results in noticeably increased stability is note-
worthy. An enhanced stability of sulfonylureas in basic solution,
where they exist in a salt form, was reported by Wiseman er af.
(17). The observed effect might be rationalized assuming that the
tautomeric salt form of I (or of 11I), 15 (or 111b), would resist con-
version into the isocyanate (I1X), since the conversion would require
a transfer of charge on a basic nitrogen (Scheme III).

Breakdown in Water—The behavior of the four sulfonylureas in
water (Table II) is also in good agreement with the dissociation
hypothesis. The extent of the dissociation may have been limited by
the very low solubility of the compounds. Ureas I and IIl gave a 54
and 849 vield, respectively, of p-toluenesulfonamide (V), whose
formation can be assumed to occur by the intermediacy of the iso-
cyanate (1X). Indeed, the latter is known to react readily with water
as indicated in Reaction 1 of Scheme IV (18). The urea I, which

R

- /
H;;C——@—SO.ZN—C——N\ =
I R

0
Ia, Hlo

R
mc—@—so —N—cl—/§<R, =

0)

16, M1

- /R
H3C—<: :)—SOQN=C=O + N\R’

IX
Scheme 111
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IX + H:O — V + CO,
\" | + Hgo e C4H9NH2 + COQ
VI 4+ C.H,NH; =— VIII

Scheme IV

(Reaction 1)
(Reaction 2)
(Reaction 3)

can only dissociate to butyl isocyanate (VI) and XIII, gave a quanti-
tative yield of XIII and N,N’-dibutylurea (VIII). As proved by a
separate experiment, VIII originated in good yield when butyl
isocyanate was heated in water at 100°, the formation occurring in
all probability by Reactions 2 and 3 of Scheme IV. An enhanced
stability of the water-soluble amine salts of I and III was observed
also in this case.

Breakdown in Amines—Two amines, aniline and cyclohexylamine,
endowed with different basicity (pKa 4.58 and 10.64, respectively)
were selected for this study. Amines as solvents were used in other
instances for investigation on the dissociation of ureas (8). In the
case of dissociation, e.g., in aniline, I was expected to yield N-phenyl-
N'-tosylurea (XII) and, depending on the reaction conditions, N-
butyl-N’-phenylurea (XI, R = Ph); accordingly, II was expected to
yield only XI, and 111 only XII, as shown in Scheme V. Analogous
cyclohexyl-substituted ureas were expected from the reactions in
which cyclohexylamine was used asthe solvent. Asshown in Table I,
the results of the reactions carried out at 80° did not disagree with
the dissociation theory. However, I and III did not dissociate in
cyclohexylamine, while II was far more reactive in the latter solvent
than in aniline. The lack of reactivity of I and IlIT might be ex-
plained by assuming the unreactive salt forms 16 and 111 to be
present in the basic solvent.

The reactions at higher temperature offer a more complicated
picture. Aminolysis was certainly operative in one case, since IV
underwent partial breakdown to N-methyl-p-toluenesulfonamide
(XIII) and N,N’-dicyclohexylurea (XV) when heated in cyclo-
hexylamine. A possible sequence of reactions leading to XIII and
XV is given in Scheme VI. As shown, N-cyclohexyl-N’,N’-penta-
methyleneurea (X1V), formed by aminolysis of 1V, would further
react with cyclohexylamine to yield XV. A separate experiment
proved indeed that XV was formed quantitatively when XIV was
heated in cyclohexylamine. In view of this result, an individual
discussion of the other reactions seems inappropriate. In fact, hy-
drolysis and dissociation might concur in the breakdown of the
sulfonylureas at high temperature, particularly when cyclohexyl-
amine is used as solvent.

In conclusion, the present results point to dissociation as the most
likely mechanism by which sulfonylureas undergo a breakdown
in alcohols and in water, as well as in amines at a comparatively
low (80°) temperature. Solvolysis seems to occur in amines at high
temperature and is probably favored by a high basicity of the amine,
as shown by the lack of reactivity of 1V with aniline. A temperature
dependence of the type of dissociation of I was also apparent, the

I RNH, -
>v1 —  CH,NHCONHR
1 XI
CsH;NH,
>1x - HBC—-@—SozNHCONHCGHS
il

XIT
Scheme V
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v + HZN—-O —
Hac—-@‘SOZNHCHs + <:>~NHCON )
XIII XIV

XV + HzN—<:> —
<:>~NHCONH—<:> + HN )
XV

Scheme VI

dissociation b being preferred at lower temperature and the dis-
sociation a at higher temperature (¢f., Schemes I and II). Further
studies of this effect of temperature on type of dissociation are now
being carried out on other pharmacologically active sulfonylureas
in view also of the preparative interest of the reactions involved.
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