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Sulfamylurea Hypoglycemic Agents. II . Drug Dynamic Studies 
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The aqueous solubilities, lipid-water partition ratios, and ionization constants of a series of sulfamylurea 
hypoglycemic agents are reported, together with the metabolism and excretion of these compounds in man and 
the dog. The physiological disposition of these compounds is related to their physical properties in terms of 
established drug dynamic concepts. 

In recent years, considerable emphasis has been 
placed on understanding the role which physical proper­
ties play in determining the physiological fate of a drug. 
After oral administration, a drug must be absorbed 
from the gastrointestinal tract into the blood, by which 
it is distributed to the various body tissues, and ulti­
mately is excreted or metabolized. It has been recog­
nized that, between analogous or closely related com­
pounds, these processes (absorption, distribution, 
metabolism, and excretion) frequently can be corre­
lated with the lipid-water partition ratio, solubility, 
ionization constant, etc., of the compounds.1-7 At­
tempts to describe these processes quantitatively, 
using the mathematics of chemical kinetics,8-10 have 
been applied recently in studies on antibacterial sulfon­
amides11'12 and tetracycline antibiotics.13 

In studies on the hypoglycemic sulfonylureas, it was 
recognized that the magnitude of the hypoglycemic 
effect was related to the concentration of the drug in 
blood.14'16 Clinical potency, therefore, being com­
pounded of both intrinsic activity and the time over 
which that activity is manifested, is dependent upon 
the plasma half-life of the drug.16 It was anticipated 
that the related series of sulfamylureas would reveal a 
similar relationship and that drug dynamic factors and 
the physical and chemical properties influencing plasma 
half-life would be an important aspect of the study of 
their pharmacology. The preparation and hypogly­
cemic activity of these compounds have been detailed 
in a previous paper.17 Concurrently with synthetic 
work, the physical-chemical factors that it was be­
lieved would influence the physiological disposition of 
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these compounds were studied. These factors, to­
gether with the metabolism and excretion of these 
agents in the dog and man are reported in this paper. 

Materials and Methods 

Plasma, urine, and fecal samples were analyzed for drug and 
metabolites by methods previously described.18 The pi£a was 
determined either by titration in 50% aqueous dioxane19 or by 
the method of solubility in buffer solutions of varying pH.20-23 

All pifa determinations were made at 25°. Relative lipo-
philicities were determined in two ways. The Rt of the test 
compound was measured, relative to a known standard, in a 
descending chromatographic system (benzene saturated with 
propylene glycol-2% acetic acid24) on Whatman No. 4 paper. 
The papers were sprayed with KOCl-KI-starch solution to make 
the spots visible. Alternatively, the partition ratio of the 
compound between 0.1 N HC1 and cyclohexane was measured 
(at concentrations of 10-100 7/ml.). This system gave parti­
tion ratios such that the concentrations of sulfamylurea in both 
phases could be analyzed by the available techniques.18 In the 
chloroform-0.1 Ar HC1 system, the partition ratios of the major­
ity of the compounds studied were so high that concentrations 
in the aqueous phases were below the assay capabilities (5 7/ml.). 

Animal studies were carried out in fasted unanesthetized mon­
grel dogs of both sexes. Drugs were administered in solution 
(intravenously) or in a gelatin capsule (orally), except for com­
pounds of very low solubility (VI and VIII, see Table I) which 
were ground in water in a tissue homogenizer and administered in 
suspension by stomach tube. Blood samples were drawn from 
the brachial vein and transferred to heparinized tubes. The 
animals were housed in metabolism cages with free access to 
water. Food was withheld for 24 hr. preceding drug administra­
tion. Urine and feces were collected from the cages. For in­
vestigation of the dynamic properties of the sulfamylureas in 
man,25 the compound (1 g.) was administered orally to apparently 
healthy male prisoner volunteers in the fasting state. Blood 
samples were drawn by venipuncture and transferred immedi­
ately to heparinized tubes; drug plasma half-life was mathemati­
cally derived from measurements of plasma drug concentrations.26 

Urine was collected for a period of 72 hr. and stored at 4° until 
analyzed. 

Results and Discussion 

The physical properties of the compounds investi­
gated in this study are shown in Table I, together with 
their plasma half-lives and extent of urinary excretion 
in the dog. Chlorpropamide (XVI) was studied as a 
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" Citric acid- disodium phosphate. ' Measured in o0'/i dioxaiie and corrected to aqueous value (Materials and Methods). '-' Admin­
istered as sodium salt. d Partially recovered as piperidone. e Recovered as sulfoxide. •' Chlorpropamide. 

reference compound. Many of the compounds in the 
sulfamylurea series had aqueous solubilities too low to 
permit measurement of pKa by the buffer solubility 
method,20-23 but all were sufficiently soluble for titra­
tion in 50% aqueous dioxane. The "apparent" piva 

of the sulfamylureas in this system was about 1.7 units 
higher than the pKa measured in the fully aqueous sys­
tem. This correction, observed both in the sulfamyl­
ureas reported in this paper and in a large number of 
related compounds,27 was applied to any p/£"a deter­
mined in 50% aqueous dioxane to estimate the pKA in 
an all aqueous system. The ratios of the cyelohexane 

(27) K. TT. Wiseman anil H. f.. Wagner, unpublished observations. 

dilute acid partition coefficients of the sulfamylureas 
were relatively the same as the ratios of their Ri indices 
in the paper chromatographic system, in the range Rf 
0.2-0.6. Outside these limits, the correlation was 
limited, probably owing to the intrusion of other factors 
(possibly adsorption on the paper) into the Rf value. 
However, since the partition ratios of the sulfamylureas 
in the chloroform-dilute acid system were so high (ap­
proximately 10-1000), the differences noted in the 
cyclohexane-dilute acid ratio are probably without 
physiological significance. Partition ratios of the 
magnitude seen in the chloroform-dilute acid system are 
such that rapid penetration of physiological lipoidal 

TH.CF.CF
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Route of 
administration 

Intravenous 
Oral (capsule) 
Oral (capsule) 
Oral (capsule) 
Oral (suspension) 

° 25 mg./kg. 

TABLE II 

EFFECT OF PHYSICAL STATE OF VI AND VIII" ON ABSORPTION IN THE D O G 

2-hr. plasma 24-hr. urinary 
drug concn., y/ml. recovery, % 

Physical form VI VIII VI VIII 

Solution 
Crystalline 
Powder 
Sodium salt 
Sodium salt 

VI 

70 
6 

20 
40 

VIII 

54 
0 
0 

15 
27 

VI 

0 
2 
3 
0 

11 

VI 

S8 
45 
27 

24-hr. fecal 
recovery, % 

VIII 

8 
SO 
G5 
50 

TABLE I I I 

P E A K PLASMA DKUG CONCENTRATIONS AND P E R C E N T URINARY EXCRETION IN HUMAN SUBJECTS RECEIVING SULFAMYLUREAS0 

No. 

I 
I I 
VI 
V P 
VIIF 
IX 
XI 

" 1 g. orally, 
as piperidone. 

No. of 
subjects 

5 
9 

10 
5 
6 
5 

10 

.-——Peak plasma drug concn. 
Time after 
dose, hr. 

4 
3 
4 
1 
3 
3 
3 

6 Administered as solution of sodium salt in 200 ml 

ncn.——. 
Concn., 
7/ml. 

90 
50 
14 
85 
14 
28 
28 

200 ml. of water 

Cnehanged 
drug 

14 
16 
6 

20 
10 
14 
23d 

—48-hr. urinary recovery, 
Sulfamide 
metabolite 

19 
2 

63 

. c Administered as sodium salt. 

%— 

" P a 

Amine 
metabolite 

4 

3 
6 
6 

rtially recov 

phases would be expected, and this step would not be 
rate limiting in the diffusion process. 

After oral administration, the weakly acidic (piv"a = 
•1.8-6.4) sulfamylureas, once dissolved in the contents 
of the gastrointestinal tract, would be expected to be 
swiftly absorbed. With two exceptions, all the com­
pounds studied had water solubilities such that solution 
and absorption occurred rapidly, as evidenced by ap­
proximately equivalent peak plasma drug concentra­
tions and urinary recoveries after oral and intravenous 
administration. The absorption of the two very spar­
ingly soluble (less than 10 7/ml.) compounds VI and 
VIII was profoundly affected by the physical form ad­
ministered (Table II). Whereas intravenous adminis­
tration (25 mg./kg.) produced initial plasma drug con­
centrations typical of the series (50-70 7/ml.), oral 
administration of the crystalline compound resulted in 
low plasma concentrations, and most of the drug was 
recovered in the feces. Absorption was improved, to 
some extent, by powdering the drug, and still further 
by administering it as the sodium salt. When the drug, 
either as the free acid or as the sodium salt, was finely 
ground in a tissue homogenizer before administration 
in suspension by stomach tube, absorption was further 
enhanced. Plasma concentrations of VI, following oral 
administration of the finely ground sodium salt, were 
comparable to those observed after intravenous ad­
ministration. 

These results parallel those observed by other work­
ers in studies on the hypoglycemic sulfonylurea, tolbut­
amide.28 Following oral administration to human sub­
jects of the sodium salt of tolbutamide, which dis­
solves in acidic media nearly 104 times as rapidly as the 
free acid, plasma drug concentrations approached those 
obtained after intravenous administration. In con­
trast, orally administered tolbutamide gave lower but 
more prolonged plasma drug concentrations. In studies 
in human subjects with the sulfamylureas, the in­
fluence of physical state on oral absorption was com-

(28) J. G. Wagner, J. Pharm. Sci., 50, 359 (1961), and references therein. 

parable to that observed in the dog (Table III). Com­
pound VI, administered as the acid, gave a low peak-
plasma concentration; however, administered as the 
sodium salt, it swiftly gave high plasma concentra­
tions. Compound VIII, administered as the sodium 
salt, gave only low plasma concentrations, which by 
analogy with the dog were most probably the result of 
incomplete absorption. Thus, even a drug with as low 
a solubility as VI was rapidly and completely ab­
sorbed, when the material was administered in a form 
which presented the maximum possible surface area 
so that rate of solution was maximal.29,30 However, 
even administration as the finely ground sodium salt, 
a form which would be expected to have a maximal 
rate of solution, could not offset the extremely low 
aqueous solubility of VIII, and this compound was 
incompletely absorbed. 

The sulfamylureas were eliminated from plasma by 
both excretion and metabolism. Unless the compound 
contained a metabolically more vulnerable center, it 
was metabolized by cleavage to the related sulfamide 

R, NS02NHCONHR, Ri NS02NH2 + H2NR2 

and primary amine. The sulfamide, in general, was 
resistant to further metabolism and was excreted as 
such, but the amine moiety was apparently extensively 
degraded since very little was detectable in the urine. 
The metabolic fate of the compounds that were studied 
in both species appeared to be essentially similar in 
man and the dog. Further evidence of similarity 
between the species was obtained from a comparison of 
plasma half-lives. In dogs, this was determined after 
intravenous administration of the drug. In man, the 
plasma drug concentrations following oral adminis­
tration were subjected to kinetic analysis to derive 
plasma half-life.26 It can be seen (Table IV) that for 
those compounds from which determinations could be 

(29) E. Nelson, .7. Am. Pharm. Assoc, Sci. Ed., 48, 96 (1959). 
(30) E. Nelson, E. L. Knoechel, W. E. Hamlin, and J. G. Wagner, J. 

Pharm. Sci.,61, 509 (1962). 
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TABLE IV 

PLASMA HALF-LIVES AND PER CENT EXCRETION" OF 
SULFAMYLUREAS IN M.\N AND THE T>OG 

No. 

I 
II 
VI 
VIII 
IX 
XI 
" After oral ad: 

. - P l a s m a 

D O E 

10-14 
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15 
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'/c 
M a n 

14 
10 
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10 
14 
13 

made, the plasma half-life and extent of urinary excre­
tion of unchanged drug were essentially similar in man 
and the dog. No estimate of the plasma half-life of 
VII I in man could be made since, because of poor ab­
sorption, plasma drug concentrations were below the 
limit of accurate determination. Compound X I , a 
cyclic ketal derivative, showed a shorter half-life in 
man 1 han in the dog. Paper chromatography of human 
urine extracts showed that the preponderance of urinary 
material, both as sulfamylurea and its sulfamide me­
tabolite, was in the piperidone form, the ketal having 
been hydrolyzed. It is possible that in man, enzymes 
callable of degrading X I to the piperidone are more 
active than in the dog, and this may account for the 
more rapid disposal of the drug in man. However, 
incubation of X I in simulated gastric juice led to con­
siderable hydrolysis to the piperidone form in 4 hr.,:!1 

and it. is possible that the urinary ketonic material re­
sulted from hydrolysis prior to absorption, rather 
than from enzymatic metabolism. 

In this sulfamylurea series, sulfoxidation appeared 
to be a more rapid metabolic process than cleavage to 
the sulfamide. The thiomorpholinosulfamylureas X I I 
and XIV, studied in the dog only, were excreted as the 
sulfoxides. Further oxidation to the sulfone did not 
occur, administered sulfoxides being rapidly excreted 
unchanged in the urine. 

As outlined previously, clinical potency of the sul­
fonylurea hypoglycemic agents is partially a function 
of drug plasma half-life.16 Since one of the aims of this 
research was sulfamylureas with extended plasma half-
lives, a quant i ta t ive relationship between physical 
properties and plasma half-life could be of great value 
in guiding synthetic work. The rate constant defining 
plasma drug half-life is a summation of the rate con­
s tants for two separate physiological processes, namely, 
excretion and metabolism. Attempts to rationalize 

' removal by over-all 
excretion : rate constant 

drug in plasma t -•• I:,, — k , + /.",„ 
removal by \ inversely proportional 

i. metabolism to plasma half-life 

the summation of these two processes in terms of the 
physical properties of the drug may be unsuccessful 

(31) X I , dissolved in U .S .P . s imula ted gas t r ic juice to a concen t r a t i on 
of 500 y/u\\., was i n c u b a t e d a t 3 7 ° . Samples of t h e i n c u b a t e were examined 
b y p a p e r c h r o m a t o g r a p h y 2 4 (Ma te r i a l s and M e t h o d s ) for u n c h a n g e d X I 
(fff 0.4) a n d re la ted p ipe r idone [Ii{ 0 . 1 ; posi t ive r eac t ion to Z i m m e r m a n 
r e a g e n t : T . H . K r i t c h e v s k y a n d A. Tisel ius. Science, 114, 299 (1951)] . 
After 15 min . of i ncuba t ion , no Z i m m e r m a n - p o s i t i v e ma te r i a l was p resen t . 
After 4 hr . of i n c u b a t i o n , cons iderable Z i m m e r m a n - p o s i t i v e ma te r i a l was 
present , t oge the r wi th a smal l a m o u n t of u n c h a n g e d X I , 

V. ITNGEH, AND R. PINSON, .IK. Vol. S 

unless il is recognized that each process has a different 
dependence on physical properties. 

The exact nature of the renal excretion of the sul­
famylureas is as yet uninvestigated. The compounds 
are extensively bound to plasma proteins (7o 99cc). , !" 
and if must be assumed that the sulfamylureas can be 
introduced into tubular urine by both filtration at (lie 
glomerulus and by tubular secretion. Considering the 
high Iipophilicity of the sulfamylureas, il is almost cer­
tain that reabsorption from tubular urine occurs, to an 
extent dependent on the degree of ionization of the 

R, NSO,—NCNHR, ^ R1"~NS02N=CNHR., 

„ . , - u - _ ! 
o o 

molecule in tubular urine.33 The more acidic (low pA'J 
compounds, being more extensively ionized in tubular 
urine, would be expected to be less efficiently reab­
sorbed. 

Much evidence is now available to demonstrate 
that the Jiver is the organ usually responsible for the 
destruction of organic compounds foreign to the ani­
mal.6 Many of the enzymes responsible for metabolic 
reactions have been shown to be present in the super­
na tan t fraction of liver homogenate which remains after 
centrifugal ion at 9000g.34,35 These enzymes can be 
visualized as being protected by a lipid-like sheath, 
and since compounds of high Iipophilicity are generally 
more rapidly degraded than arc more hydrophilic 
analogs, the rate-limiting step in the metabolic process 
for some series of compounds has been postulated as 
being rate of diffusion through this lipid barrier.6'36 

However, since all of the compounds in the sulfamyl­
urea series are of high Iipophilicity, and differences be­
tween them are actually small, it seems likely that other 
properties may be the controlling factors in their rela­
tive rates of metabolism. 

Two steps in the metabolic process can be envisaged: 
diffusion to the site of metabolism, followed by cleavage 
at that site. If penetration of un-ionized drug to the 
intracellular enzyme site is rapid, it would not be the 
major factor controlling the rate of metabolism, and 
rate of cleavage would be the over-all rate-conlrolling 
step in the removal of sulfamylureas by metabolism. 
By analogy wit h chemical hydrolysis,18 metabolic at tack-
by some nucleophilic moiety is most likely to occur at 
the carbonyl function of the sulfamylurea, In the 
ionized form, the electron density at that center would 
tend to resist attack, and the more acid sulfamylureas 
(low p2va), being more highly ionized at physiological 
pH, would be less prone to metabolism. Increase in 
acidity, therefore, would be expected to increase plasma 
half-life by conferring resistance to metabolism, but as 
discussed previously, it may also tend to decrease 
plasma half-life by hindering reabsorption of the sul­
famylurea from tubular urine. It would thus be ex­
pected tha t there should be an optimum range of ioni-

(32) De te rmined at 2o~ by equi l ib r ium dialysis t h rough Viskinf* m e m ­
branes aga ins t pII 7.4 p h o s p h a t e buffer a t p l a sma concen t r a t ions of oO 
100T/ 'ml . 

(33) A. IS. G u t m a n , P. G. D a y t o n , T . F . Yu, L. Berger. W. ("lien, L. !•:. 
S icam, and J. .1. Burns , Am. J. Med.. 29, 1017 (1960). 

(34) B. B. Brodie , J . R. Oi le t te , and B. X. La Du, Ann. lite. « r a i n « . . 
27, 427 (1958). 

135) .1. Axelrod, ./. l>l,atmaeul. Kxptl. Therap., 117, 322 (1956). 
(36) L. K. G a u d e t t c and B. P.. Brodie, Biochem. Pharmacol. 2, 89 (l!)59). 
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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 (pit~a = 5.6) exhibited a plasma half-life 
in the dog of 10-14 hr., and approximately 30% of the 
drug was recovered unchanged in the urine after intra­
venous administration. Substitution in the morpho-
line ring had little effect on pifa (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.17 The expected re­
sistance to metabolism was obtained, but the increase 
in ionization constant (III and IV, pKa = 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 60% of the drug was 
recovered unchanged in the urine. 

Compounds in the piperidine series were of higher pKa 

than their morpholine analogs, and, as was expected, 
proved to be relatively vulnerable to metabolism. VI 
(pif a = 6.2) had a plasma half-life of 3-4 hr. and was 
extensively metabolized, less than 25% being re­
covered unchanged in the urine. The same extensive 
metabolism was seen in VIII (pi£a = 6.4, plasma half-
life 2.5-3.5 hr.) and IX {pKa = 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.17 Thus the analog of VI, VII 
{pKg. = 5.6), showed an increase in plasma half-life to 

Earlier papers in this series1'2 described the synthe­
sis, hypoglycemic action, and drug dynamic properties 
of trisubstituted sulfamvlureas of the general formula 
R1R2XSO!XHCONHR "(I) wherein XHR 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. McFarland, C. F. Gerber, W. M. McLamore, 
and G. D. Laubach, J. Med. Chem., 8, 766 (196S). 

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

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 (pi?a = 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 dynamics 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 known18 to occur by a 
mechanism facilitated by low degree of ionization (high 
pit's), 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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Several modifications of the sulfonylurea structure 
can be made which will lower the pi?a. For example 
l-butyl-l-methyl-3-(p-tolylsulfonyl)urea is about 2.5 
times more acidic than its parent, l-butyl-3-(jo-tolyl-
sulfonyl)urea (tolbutamide)3 (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 R1R2XSO2XHCOXR3R4 
(II) in which R1R9X is derived from piperidine or 4,4-
dimethylpiperidine, and XR3R4 is derived from diverse 
secondary amines. A small series of X-sulfamyl-

(3) W. Morozowich, Dissertation, Ph.D. Thesis, The Ohio State Univer­
sity, 1959. 
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Two new series of hypoglycemic agents have been synthesized: (1) tetrasubstituted sulfamylureas of the 
general formula RiR2NS02NHCONR3R4 (II) in which both RjR2N and NR3R4 are derived from secondary 
amines, and (2) sulfamylcarbamates R1R2NSO2NHCO2R5 in which R5 is cycloalkyl. Generally, the hypoglyce­
mic activities of these compounds are somewhat less than those of previously described sulfamylureas represented 
by RiR 2 NS0 2 NHCONHR (I) in which N H R is derived from a primary amine. A simple method for the prepara­
tion of sulfonyl isocvanates is also described. 


