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57 ABSTRACT 
Ortho-mercaptoaroylamides and pharmaceutically ac 
ceptable salts thereof exhibit hypoglycemic activity in 
warm-blooded animals. The compounds may be pre 
pared directly by the reaction of a secondary amine 
with a 2-imino-1,3-benzothiazin-4-one or indirectly by 
the reaction of the desired amine with (o- 
chlorocarbonylphenyl) dithioether followed by reduc 
tion of the disulfide linkage. 

10 Claims, No Drawings 
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ORTHO-MERCAPTOAROYLAM DES AND SALTS 
THEREOF ABSTRACT OF THE DISCLOSURE 

BACKGROUND OF THE INVENTION 

In the past, various substituted phenylsulfonyl ureas, 
substituted biguanides and insulin derivatives have 
been employed as hypoglycemic agents, U.S. Pat. Nos. 
2,538,018; 2.961377; 2,968, 158; 3,041,331 and 
3,349,124. 

BRIEF DESCRIPTION OF THE INVENTION 

It has now been found that certain ortho 
mercaptobenzoic acid amides and their pharmaceuti 
cally acceptable salts reduce the blood sugar level in 
warm-blooded animals. 
Thus, in accordance with this invention there is pro 

vided certain novel hypoglycemic agents possessing the 
orthomercaptobenzoic acid amide structure in which 
the amide moiety is a 1-azacycloalkyl radical contain 
ing from 3 to 7 carbon atoms, and pharmaceutically ac 
ceptable salts thereof. In addition, there is provided 
pharmaceutical compositions containing as an active 
ingredient, the ortho-mercaptobenzoic acid amides of 
this invention. 
Furthermore, in accordance with this invention, 

there is provided processes for the production of the 
hypoglycemic agents and for their administration to a 
hyperglycemic warm-blooded animal. 
DETAILED DESCRIPTION OF THE INVENTION 

The compounds of this invention are generically de 
finable as N-polymethylene-mercaptoaroylamides of 
the formula: 

R O 

(HgC) N- SH 
R3 

R2. R 

in which 

10 

5 

20 

2 

O 

E. N-l SH R3-- 7 & 
R2 R 

in which 
R. R. R. and R are independently selected from the 
group consisting of -H, lower alkyl, lower alkoxy, 
halo, -NO, -NH2, di(lower)alkylamino, -OH, 
-SH and lower alkylthio; and 

physiologically acceptable salts thereof. 
In the preceding paragraphs, the expression "lower', 

employed to modify alkyl, alkoxy, and the like, is used 
to denote groups derived from the alkane series which 
contain from 1 to 6 carbon atoms. The expressions 
azacycloalkyl and azacarbocyclic aromatic are used to 
define monovalent radicals containing one nitrogen 
atom, the valence bond of the radical belonging to a 
carbon atom or the 1-aza nitrogen atom as indicated. 

. The expression pharmaceutically acceptable salts 

25 

30 

35 

40 

R and R are independently -H, lower alkyl, aryl of 45 
6 to 10 carbon atoms, (lower)alkoxyaryl of 7 to 11 
carbon atoms, m-trifluoromethylaryl of 7 to 11 car 
bon atoms, an azacarbocyclic aromatic radical of 
5 to 9 carbon atoms, -OH, -SH, lower alkoxy, 
lower alkylthio, lower alkylsulfonyl, -CF, -F, 
-Cl, -Br, -, -NO, -SCN, di(lower)al 
kylamino, CONH, -SONH2, carboxy(lower)al 

50 

kyl, carboxy, (lower)alkanoylamido, or when 
taken together, the ortho-fused 1,3-butadienylene 
radical; 

R and R4 are independently selected from the group 
consisting of -H, lower alkyl, lower alkoxy, aryl of 
6 to 10 carbon atoms, (lower)alkoxyaryl of 7 to 11 
carbon atoms, aralkyl of 7 to 11 carbon atoms, 
azacycloalkyl of 4 to 6 carbon atoms, an azacarbo 
cyclic aromatic radical of 5 to 9 carbon atoms, 
-CF, -F, -Cl, -Br and I; 

x is an integer from 1 to 5; and 
the pharmaceutically acceptable salts thereof. 
A preferred group of compounds from the standpoint 

of economics and availability of the necessary starting 
materials are those of the formula: 

55 

60 

65 

thereof, is intended to embrace the salts formed with 
alkali metal cations e.g. Na', K", Rb and Cs"; the al 
kaline earth cations e.g. Cal 15, Mg', Sr.'; and the 
transition metal cations such as Zn. In addition to the 
common metal cations certain organic salt forming 
compounds which are especially desirable are those 
presenting the amidine structure 

NE 

--NH. 

and the H- substituted forms thereof (e.g. acetami 
dine, guanidine, and isoureas) and tertiary amine salts 
such as are derived from piperidine, piperazine, pyrrol 
idine and imidazolidine. 
The compounds of this invention may be produced 

by several methods. A direct route for preparation of 
an amidine salt is as follows: 

O 
R R 

N/N /x, 3 
NE + an oil. Hered 
p=NH R 

R2 
R3 O NH R3 

(CH2). N-k sh NH, -N (CH) 
X/ )={ 
r () is 

wherein the groups R, R2, Ra and R4 and the values for 
x are as described above. The reaction proceeds 
smoothly at the reflux temperature of the reactants 
when pyrrolidine itself is used as the reactant and sol 
vent. However, any inert mutual solvent may be used 
as the reaction medium if desired. Furthermore, the re 
action may be conducted at from ambient tempera 
tures to the reflux temperature of the system, under el 
evated pressures if desired. Generally the practical 
temperature range for performance of the process lies 
between about 30°C. to about 150°C. 
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The process of this invention as described in the pre 
ceding paragraph affords a desirable method for pre 
paring known and novel N-amidino derivatives from a 
2-imino-1,3-benzothiazin-4-one by reaction with an 
amine to produce the amidine salt of the o-mercap 
tobenzoylamide from which the N-amidino derivative 
may be recovered by acidification and isolation from 
the amide by conventional procedures. 
The compounds of this invention may also be pro 

duced by reacting the desired amine with an acid halide 
to prepare an amide followed by reduction of the di 
thioether linkage and preparation of a salt as follows: 

COC R3 

--- - S --- 

J. 
-- HN (CH) 

CoN (RCH), airie 
NX - SALT 

-SH R 

R 

Amidine derivatives other than that depicted, e.g. 
NH NH 

NH, -NH., NH, -N(CH), 
and the like, may be employed to produce the desired 
salts. Likewise, the alkali metals, alkaline earth metals, 
and transition metals form desirable salts with the 
ortho-mercaptobenzoyl amides of this invention. Vari 
ous amines such as pyrrollidine, piperidine, piperazine, 
and the like, may be employed as the salt forming base. 
Thus, the sodium salt of 1-(ortho-mercaptobenzoyl)- 
pyrrolidine or the free mercaptain thereof may be con 
verted to the piperazine salt by methods known to the 
art to provide a very desirable form of the compound 
for administration. 
Recently, it has been established that at least one 

form of hyperglycemia is produced by reduced insulin 
B-chain albumin complex, the latter serving to block, 
in some unknown way, the function of insulin in vivo 
(Diabetes 17:1, 1968). This form of hyperglycemia 
seems to be more prevalent in the elderly, although it 
is not limited to any age group, and may be considered 
a chemically induced, maturity onset hyperglycemia. 
Although applicants do not intend to be bound by 

any specific theory or mode of action, the hypoglyce 
mic effect induced in a warm-blooded animal by the 
compounds of this invention is hypothesized to result 
from inhibition of insulin B-chain induced hyperglyce 
mia. An especially beneficial response is obtained in 
cases involving maturity onset diabetes where a resid 
ual insulin producing ability still exists, the compounds 
of this invention preventing inhibition of insulin activity 
endogenously provided. 
The hypoglycemia agents of this invention are admin 

istrable either orally or by the intramuscular route. The 
amount of the active compound needed to reduce 
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4. 
blood sugar to acceptable levels varies with the mode 
of administration as well as with the weight of the indi 
vidual under treatment and the unique response of the 
patient relative to age, level of blood sugar concentra 
tion and the latent or recoverable insulin producing ca 
pability of the patient. 
The compounds of this invention appear to have no 

observable effect on insulin or other known hypoglyce 
mia agents such as tolbutamide, chlorpropamide and 
phenformin and may supplement or be supplemented 
by other blood sugar lowering compounds to produce 
a desired effect. Likewise, a suitable adjuvant may be 
incorporated into the administered vehicle such as a 
diluent, lubricant, solvent, buffer, and the like. 
The compounds of this invention are water soluble 

and directly administrable in aqueous solution. As 
Solids, the compounds of this invention may be formu 
lated into unit dosage form in typical combinations 
Such as: 

TABLET COMPOSITION (weight/weight) 

1-(o-mercaptobenzoyl) pyrrollidine (65%) 
l-o-mercaptobenzoyl) pyrrollidine 

1-pyrrollidine-carboxamidine 
salt (35%) 

Avice (microcrystal line cellulose 5-2S 
Mg Stearate O.5% 
actose G. s.a.d. OO% 

CAPSULE COMPOSITION (weight/weight) 

1-(o-mercaptobenzoyl) pyroidine 
i-pyrrollidine-carboxamidine 
salt 

Mig Stearate 
actose or Talc q. s.a.d. O0% 

NJECTIBLE SOLUTIONS FOR VIALS (wt vol.) 

l-o-mercaptobenzoyl pyrrollidine 
i-pyrrollidine carboxanidine salt 

NaOCOCH HOCOCH buffer 
Anti-oxidant 
HO or Propyleneglycoli 

0.5-2S7. 
qsad. 100% 

In the case of 1-(o-mercaptobenzoyl)-pyrrolidine, 
which is an oil, by either conversion to one of the vari 
ous salt forms in whole, in part, or by forming a mixture 
of the oil and one of its salts, a white solid material for 
dry compounding may be produced. 
The activity of the claimed compounds was initially 

determined by both in vitro and in vivo studies. Follow 
ing the procedures reported in Biochemistry 
5:46-466 (1966) and Nature 2 13:515-516(1967), 
said articles being incorporated herein by reference. 
The hypoglycemic activity of the claimed compounds 
was established at oral dosage levels as low as 5 milli 
grams per kilogram body weight in rats for 
1-(ortho-mercaptobenzoyl) pyrrolidine and its 
pyrrolidine-carboxamidine salt. 
The in vitro testing was performed by preparing mito 

chondria from the livers of male Sprague-Dawley rats, 
(150-250 grams body weight) that had been fasted 18 
hours, by a standardized differential centrifugation pro 
cedure. The effect of reduced insulin B-chain com 
plexed with albumin (0.9 mg of each in 5 ml test sys 
tem) on the inhibition of the mitochondrial swelling by 
insulin (5 X 1 O moles) was determined in a Beckman 
Model B spectrophotometer at 520 mp. Insulin, re 
duced insulin B-chain and albumin were suspended in 
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pH 7.3, 0.125 M KC-0.02 M Tris-0.1% partially hydro 
lyzed gelatin buffer, so that the specified weight or 
molar concentration of these agents was contained in 
5 ml of buffer. Compounds to be tested for their ability 
to block the B-chain inhibition were incorporated in 
the tubes containing the B-chain, albumin and insulin. 
The B-chain-albumin-insulin system was also run with 
out the compound, and these same agents were also run 
by themselves. The solutions were placed in matched 
15 x 100 mm test tubes and stock mitochondrial sus 
pension was added to the 5 ml of KCl-Tris buffer in 

10 

which they were contained to give an initial optical 
density of 0.49-0.52. The same concentration of albu 
min was added to the tubes that did not contain any re 
agent as was present in the other tubes, and all experi 
mental and control determinations were run in tripli 
cate. The increased average change in optical density 
of the tubes containing insulin, reduced B-chain 
albumin, and compound, above that of the tubes con 
taining all of these reagents except the compound 
under study, served as a measure of activity of the com 
pounds. The greater the optical density change within 
experimental limits and the lower and concentration of 
the compound necessary to produce this change the 
greater the activity of the compound. All compounds 
were studied initially at 7.5 x 10M and an increase in 
optical density of 50 x 10" at 10 minutes, 60 x 108 
at 20 minutes and 30 X 10 at 30 minutes was consid 
ered to be the minimal requirement for activity. 
The in vivo testing was performed with rats in a dia 

betic-like state, that had been maintained for 7 days on 
a high fat, high protein diet, to determine the effect of 
reduced insulin B-chain complexed with albumin in el 
evating the blood sugar levels. These rats are more sen 
sitive to B-chain induced hyperglycemia and generate 
significantly elevated glucose levels. 
After an 18 hour fast the rats were injected intraperi 

toneally with 1 mg of reduced B-chain complexed with 
an equal weight of albumin, or 1 mg of albumin alone. 
A second injection of either the same amount of re 
duced B-chain and albumin, or albumin alone was 
given 30 minutes later. Blood samples for blood sugar 
analysis were obtained before the first and second in 
jections as well as 60 and 90 minutes after the first in 
jection. Rapidly increasing glucose values over the con 
trol values were observed at the 30 and 60 minute time 
intervals with a slightfall off at 90 minutes. In assessing 
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the activity of the drugs, after taking the control blood 
sample, the drug compound was administered orally, 
usually at 30 mg. per kg. After 30 minutes, to allow for 
absorption of the compound, the animal was given B 
chain following the procedure described above. 
The following examples are presented to illustrate 

the way in which compounds of this invention were 
prepared. 

EXAMPLE I 
1-(o-Mercaptobenzoyl)pyrrolidine, salt with 1-pyr 
rolidinecarboxamidine. 
2-Imino-1,3-benzothiazin-4-one (7.0 g., 0.0393 

mole) is heated in refluxing pyrrolidine (100 ml.) for 
2.5 hours and the excess pyrrolidine solvent is removed 
under vacuum. The residue is triturated with acetoni 
trile, to give white crystals (10.5 g), m.p. 187-195 
(uncorr.). Recrystallization of the crude solid from ac 
etonitrile-dimethylformamide, gives white crystals (6.0 
g., 48% yield), m.p. 193-196° (uncorr.). 

50 
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Elemental Analysis: CHNOS. CHN 
Calcd: C, 59.96; H, 7.55; N, 17.49; S, 10.01. 
Found: C, 59.93; H, 7.45; N, 16.97; S, 9.3. 

EXAMPLE II 

1, 1'-Dithiobis(o-phenylenecarbonyl) dipyrrolidine 
To dithiosalicyloyl dichloride (15.0 g., 0.0488 mole) 

dissolved in tetrahydrofuran (100 ml.), pyrrolidine 
(13.9 g., 0.195 mole) dissolved in tetrahydrofuran (25 
ml.) is added dropwise over 4 hour. The solution is re 
fluxed for a hour and the solvent is removed under 
vacuum. Water and methylene chloride are added and 
the methylene chloride layer is washed with dilute hy 
drochloric acid, dilute sodium hydroxide, water, satu 
rated salt, and dried with sodium sulfate. Removal of 
the solvent gives a gum (14.0 g., 70% yield). 

EXAMPLE III 
1-(o-Mercaptobenzoyl)pyrrolidine 
1,1-Dithiobis(o-phenylenecarbonyl) dipyrrolidine 

(14.3 g., 0.0347 mole) is dissolved in absolute ethanol 
(100 ml.) at 65–70°C. and a mixture of sodium boro 
hydride (2.63 g., 0.0695 mole in absolute ethanol (75 
ml.) is added to the solution, dropwise. The mixture is 
heated at 75-80°C. for 1 hour and then poured into ice 
water (650 ml.) where the pH is brought to 1 1 with so 
dium hydroxide. The aqueous solution is washed with 
diethyl ether and cooled to 5°C. with ice. The pH is 
brought to 3 with hydrochloric acid under nitrogen and 
the solution is extracted twice with diethyl ether. The 
ether extract is washed twice with water, saturated salt, 
dried with sodium sulfate, and evaporated under vac 
uum, to give an oil (9.4g., 65% yield). The oil is then 
distilled through a short path distillation column, b.p. 
134-137°C. at 5 x 10 mm Hg., absolute to yield the 
desired product. - 

Elemental Analysis: CHNOS 
Calcd: C, 63.73; H, 6.32; N, 6.76. 
Found: C, 63.35; H, 6.31; N, 7.01. 

EXAMPLE IV 

1-(o-Mercaptobenzoyl)pyrrolidine, '4 zinc salt 
To a refluxing solution of 1,1'-dithiobis(o- 

phenylenecarbonyl) dipyrrolidine (13.1 g., 0.0317 
mole) in glacial acetic acid (50 ml.), zinc dust (4.3 g) 
is added in portions and the mixture is stirred and re 
fluxed for 4 hour. The mixture is filtered and the sol 
vent is removed under vacuum to yield an oil. The oil 
is triturated with ethanol, giving a white crystalline 
product (19 g.,), m.p. 228-234°C. (uncorr.). The 

crude product is recrystallized from dimethylform 
amide and washed with ethanol to give white crystals 
(11.0 g., 72% yield), m.p. 238-240.5°C. (uncorr.). 
Elemental Analysis: CHNOS. 4 Zn 
Calc'd: C, 55.29; H, 5.06; N, 5.86. 
Found: C, 55.45; H, 5.37; N, 6.03. 

EXAMPLE V 

1-(o-Mercaptobenzoyl)pyrrolidine piperidine salt 
A slight excess of the stoichiometric amount of piper 

idine is added to the product of Example III in die 
thylether. The precipitated salt is recovered by filtra 
tion and is washed with a small amount of ether to re 
move excess piperidine and afford the title compound 
in good yield. 
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EXAMPLE WI 
1, 1'-Dithiobis(o-phenylenecarbonyl) dipiperidine 
To dithiosalicyloyl dichloride ( i 1.4 g., 0.037 mole) 

dissolved in refluxing benzene (300 ml.), piperidine 5 
(12.6 g., 0.147 mole) dissolved in benzene (100 ml.) is 
added dropwise and the mixture is reacted and worked 
up in the manner of Example I, to give a crude solid 
product (11.6 g., 71% yield), m.p. 145-147°C. (un 
corr.). The solid is recrystallized from acetonitrile to 
afford white crystals (9.5 g.), m.p. 148-150°C. (un 
corr.). 

Elemental Analysis: C2HNO2S2 
Calc'd: C, 65.42; H, 6.40: N, 6.36. 
Found: C, 65.20; H, 6.25; N, 6.53. 

EXAMPLE VI 

1-(o-Mercaptobenzoyl)piperidine 
1,1'-Dithiobis(o-phenylenecarbonyl) dipiperidine 

(5.8 g., 0.0132 mole) is stirred at 65-70°C. in absolute 
ethanol (55 mi.) and a solution of sodium borohydride 
(1.0 g., 0.026 mole) in absolute ethanol (35 ml.) is 
added dropwise. The mixture is heated at 75-80°C. for 
1 hour, poured into ice water (500 ml.), and the pH is 
adjusted to 1 1 with sodium hydroxide. The aqueous so 
lution is washed with diethyl ether and cooled to 5°C. 
with ice. The pH is lowered to 3 with hyrochloric acid 
under nitrogen and the solution is extracted twice with 
diethyl ether. The ether layer is washed twice with wa 
ter, saturated salt solution, dried with sodium sulfate, 
and evaporated under vacuum, to give an oil that crys 
tallizes on standing (4.9 g., 84% yield), m.p. 
66.5°-69°C. (uncorr.). The crude solid is recrystallized 
from hexane to afford a white crystalline product, m.p. 
68.5-70°C. (uncorr.). 
Elemental Analysis: C2HNOS 
Calcd: C, 65. 12; H, 6.83, N, 6.33. 
Found: C, 65.03; H, 6.72; N, 6.47. 

EXAMPLE VIII 

1-Pyrrolidinecarboxamidine 
An aqueous solution of l-(o-mercaptobenzoyl)pyr 

rolidine, l-pyrrolidinecarboxamidine salt is acidified 
with hydrochloric acid to a pH of about 4 (congo red) 
and then extracted with methylene chloride. The aque- 45 
ous phase contains the hydrochloride salt of 1-pyr 
rolidinecarboxamidine which is recovered by stripping 
the water under vacuum to leave the salt as a residue. 

10 
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If desired, the free base is readily obtained by neu- 50 
tralization of the hydrochloric acid. The nitrate and sul 
fate salts are obtained in analogous manner. 

EXAMPLE X 

l-(o-mercaptobenzoyl)pyrrolidine, salt with piperazine 55 

1-(o-mercaptobenzoyl)pyrrolidine (8.9 g., 0.043 
mole) is dissolved in 50 ml. of ethyl acetate and the so 
lution is added to a solution of piperazine dropwise 
(1.85g., 0.0215 mole) in 50 ml. ethyl acetate over a 5 60 
minute period. The resulting mixture is heated to boil 
ing and 200 ml. ethyl acetate is added. The resulting so 
lution is filtered and the filtrate is cooled to give 5.62 
g. of white crystals, m.p. 135°-139C. 

Elemental Analysis: C5H23NOS 
Calcd; C, 61.41; H, 7.90; N, 14.33; S, 10.93. 

65 

8 
Found: C, 61.34; H, 8.06, N, 14.8 ; S, 1.42. 
What is claimed is: 
1. The compounds of the formula 

Rs 3. 

st---/ 3. R 

in which R and R are members independently se 
lected from the group consisting of -H, alkyl of 1 to 
6 carbon atoms, alkoxy of 1 to 6 carbon atoms, –F, 
-Cl, -Br, -I, dialkylamino in which each alkyl group 
has from 1 to 6 carbon atoms, -OH, -SH, -NO, and 
alkylthio having from 1 to 6 carbon atoms; R and R. 
are members independently selected from the group 
consisting of -H, alkyl of 1 to 6 carbon atoms, alkoxy 
of 1 to 6 carbon atoms - F. - Cl, - Br, - I, and dialkyl 
amino in which each alkyl group is from 1 to 6 carbon 
atoms, X is the integer 2 or 3 and pharmaceutically ac 
ceptable amine, alkali metal, alkaline earth metal and 
zinc salts thereof. 

2. A compound of claim 1 the formula: 

N ? -- 
(CH2). s--> 
R R 

in which 
R and R are members independently selected from 
the group consisting of -H, alkyl of 1 to 6 carbon 
atoms, alkoxy of 1 to 6 carbon atoms, -F, -Cl, 
-Br, -, dialkylamino in which each alkyl group 
has from 1 to 6 carbon atoms, -OH, -SH, -NO, 
and alkylthio having from to 6 carbon atoms; 

Ra and R are members independently selected from 
the group consisting of -H, alkyl of 1 to 6 carbon 
atoms, alkoxy of l to 6 carbon atoms, -F, -Cl, 
-Br, -I, and dialkylamino in which each alkyl 
group has from to 6 carbon atoms; and 

pharmaceutically acceptable salts thereof. 
3. The compounds of claim 1 in which said pharma 

ceutically acceptable salt is an amidine. 
4. The compounds of claim 1 in which said amidine 

is 1-pyrrolidinecarboxamidine. 
5. The compound of claim 1 which is 1-(o-mercapto 

benzoyl) piperidine. 
6. The salt of claim 1 which is 1-(o-mercaptoben 

zoyl)-pyrrolidine, 1-pyrrolidinecarboxamidine. 
7. The compound of claim which is -(o-mercap 

tobenzoyl)pyrrolidine Zn. 
8. The compounds of claim 1 in which said pharma 

ceutically acceptable salt is an amine salt. 
9. The compound of claim 1 which is 

mercaptobenzoyl)pyrrollidine piperidine salt. 
0. The compound of claim which is 1-(o- 

mercaptobenzoyl)pyrrolidine piperazine salt. 
:k k k :k : 
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