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

Attempts to  attain this balance in this sulfamylurea 
series met with varied results. The longest plasma 
half-lives mere 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 30% of the 
drug was recovered unchanged in the urine after intra- 
venous administration. Substitution in the morpho- 
line ring had little effect on pK, (11), 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 su~cess fu l .~~  The expected re- 
sistance to  metabolism was obtained, but the increase 
in ionization constant (I11 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 pK, 
than their niorpholine analogs, and, as was expected, 
proved to be relatively vulnerable to metabolism. VI 
(pK, = 6.2) had a plasma half-life of 3-4 hr. and was 
extensively metabolized, less than 2570 being re- 
covered unchanged in the urine. The same extensive 
metabolism was seen in VIII  (pK, = 6.4, plasma half- 
life 2.5-3.5 hr.) and IX (pK, = 6.4, plasma half-life 
2-3 hr.). In  this series also, an increase in acid strength 
was obtained by the introduction of the pentafluoro- 
propylamine moiety. l7 

(pK, = 5.6), showed an 
Thus the analog-of VI, VI1 
increase in plasma half-life to 

7-9 hr. This compound was more resistant to nietabo- 
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 dynamics that have 
emerged from the study of this series of compounds are 
all consistent with well-established concepts of drug 
dynamicq. 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. I t  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 cheniical hydrolysis is known1* to occur by a 
mechanism facilitated by low degree of ionization (high 
pK,), it is possible that the enzymatic process of me- 
tabolism is subject to  similar control. Thus, rela- 
tively high acidity can lead to an extended drug plasma 
half-life. However, if the acidity of the compound 
beconies too high, the extent of ionization in tubular 
urine mill be increased, and facile renal excretion will 
occur, presumably because tubular reabsorption is 
hindered. 
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Two new series of hypoglycemic agents have been synthesized: (1) tetrasiibstitiited siilfamyliireas of the 
general formula R1R2NSOzNHCONR3R( (11) in which both RlRzN and NRIRI are derived from secondary 
amines, and ( 2 )  siilfamylcarbamates R1R2TSO2?;HCOzRj in which Ri  is cycloalkyl. Generally, the hypoglyce- 
mic activities of these compounds are somewhat less than those of previously described sulfamylureas represented 
by R1R2NSO21\SHCONHR (I)  in which NHR is derived from a primary amine. A simple method for the prepara- 
tion of sulfonyl isocyanates is also described. 

Earlier ~iapers i r i  this described the syrithe- 
sis, hypoglycemic action, and drug dynamic properties 
of trisubstituted sulfaniylureas of the general formula 
RII1,SSO~SHCONHR (I) wherein S H R  is derived 
from various primary amines. These studies sug- 
gested that of two closely related sulfaniylureas 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. 
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Several modificatioiis of the sulfonylurea structure 
can be made which will lower the pK,. For example 
l-butyl-l-methyl-3-(p-tolylsulfonyl)ulea is about 2.3 
times more acidic than its parent, l-butyl-3-(p-tolyl- 
sulfony1)urea ( t~ lbu tamide )~  (see Table I). Reasoning 
that secondary amine derivatives might in general be 
more acidic than comparable primary aniine deriva- 
tives, we undertook to synthesize tetrasubstituted 
sulfamylureas represented by R1R2SS02SHCOSR3R4 
(11) in which RIR,N is derived from piperidine or 4,4- 
dimethylpiperidine, arid SRsR,  is derived from diverse 
secondary amines. h small series of S-sulfamyl- 
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Experimental Section 
Ill l ) o 1 1 1 1 ~ ~  p o i i i t b  ,tie imu)rreded. 1lt,llliig poi1its W(TI' 

(1~terriiiiied oii a Fishcr-Johns melting poiiit apparatiis n t i t l  itrt 

cwrret ted. Siilfonamldes and amines not comnierc~titlly avail- 
able were prepared by previously described methods. Bnalyses 
were made by the Physical Measurements Laboratory of Chas. 
Pfizer & Co. 
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