064

g. (239%), m.p. 200-203°. One rcerystallization from al-
cohol gave pure material, ni1.p. 203-204°. A mixed melting
point with an authentic sample prepared according to Hil-
bert!s gave 202-204°. The ultraviolet absorption spectra
wer)e also similar (maximum at 274 mg, minimum at 243
mgy).

A small sample of X was treated with methanolic hydro-
gen chloride according to Hilbert, and 1-8-p-glucopyrano-
syluracil'® was isolated, m.p. 199-201°. A mixed nielting
point with authentic material’® gave no depression.

Synthesis of Cytidine.—1-0-Acetyl-2,3,5-tri-O-benzoyl-
D-ribose!® (0.02 1ole) was added to 250 ml. of anhydrous
ether saturated with hydrogen chloride at 0°. After 4
days at 5-10° the solvent was removed ¢% vacuo as previously
described, and a benzene solution of the sirupy halogenose
was added to an azeotropically-dried mixture of 7.5 g. of
IX in hot xylene. After 5 minutes under reflux the stirred
mixture clarified. After an additional 20 ininutes the re-
action was cooled, treated with petroleum ether, filtered
and the precipitate dissolved in chloroformm. The chloro-
form solution was treated in thic usual manner, and upon re-
moval of the solvent a sirup was obtained which was taken up
in a minimum volume of warm ethiyl acetate and treated with
ether. Upon cooling overnight some unreacted 1-O-acetyl-
2,3,5-tri-O-benzoyl-p-ribose separated out (0.3 g., m.p.
126-129°) and was removed. In the filtrate a mass of
crystals appeared which, upon filtration, gave 3.7 g. (XI)
of white powdery material, m.p. 96-106° (to a viscous
liquid). An additional 3.2 g. of lower melting material
precipitated from the mother liquor (total yield of crude
material 609). Both fractions were combined and used
directly for conversion to free nucleosides.

Crude XI (1.5 g.) was treated with 50 ml. of alcoholic
ammonia in a sealed tube at 100° overnight. The contents
were worked up in the usual manner (vide supra) and gave
520 mg. of cytidine (as the sulfate), 70%,. Recrystalliza-
tion from ethanol-water did not raise the melting point.
222-223°, and a mixed melting point with the synthetic
material prepared wia the N-acetylcytosine route or with
material prepared from natural cytidine gave 1o depression.

Crude XI (0.4 g.) in 50 ml. of cthanol was trcated with 2
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ml. of sodium ethioxide (1 N) and the solution refluxed for
1 lir, The reaction was acidified with concentrated hydro-
chiloric acid (0.5 ml.) and filtered from some sodium chlo-
ride. The acidic filtrate was warined to reflux temperature
for 10 minutes and then concentrated to a sirup which was
taken into water and extracted with ether, The ether layer
was discarded and the water layer was treated with charcoal
and filtered. A spectral determination of the aqueous
solution showed that uridine was present (no shift in the
spectrum between pH 1 and 7, maximum at 262 my; in 0.1
N alkali, maximum at 263 mu). When chromatographed
in butanol-water (86/14) a major spot (similar in X to
uridine) was obtained along with a minor component.

Polarimetric Investigations.—Optical rotations were de-
termined with a polarimetric unit model D attachment? to
the Beckman model DU spectrophotometer calibrated with
standard sucrose solutions. For the determination of the
rotations of the dialdehydes produced, solutions of known
concentrations were treated in the polarimetric cell with ex-
cess sodium metaperiodate. Readings were taken at fre-
quent intervals until a coustant reading was attained. The
specific rotations of the dialdehydes produced were based
upon the original concentrations of the nucleoside solutions.

Metaperiodate Titration Studies.—Concentrations of
nucleosides ranging between 0.0015 and 0.002 mmolc per
ml. were treated with excess sodium metaperiodate and ti-
trated iodometrically according to the usual procedures.!81?
The acidity produced was determined by the method of
Jackson and Hudson.2
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Guanamine Diuretics

By SEyMOUR L. Suariro, VINCENT A. PARRINO, KARL GEIGER, SIDNEY KOBRIN AND Louls FREEDMAN
REeceivep MarcH 28, 1957

A scries of guanamines of the type I has been synthesized and evaluated as oral dinretics in rats.

Dinretic activity 1s fonnd

to be critically dependent on structural characteristics of the group R. Certain of the variants of this scries arc the most

active guanamine diuretics so far reported.

Although the diuretic activity of formoguan-
amine!~* (I, R = H) has been known for some time,
it is only recently that structural variations with
enhanced diuretic activity® have been character-
ized.

(1) (a) W. T.. Lipschitz and E. Stokey, J. Pharmacol., 83, 235
{1945); (b) W. L. Lipschitz and Z, Hadidian, ibid., 81, 8% (1944)
(dinretic studies in animals).

(2) (a) S. A. Freire, Rev. brasil. biol., 8, 1 (1948) [C. A., 42, 7870
(1048)]; (b) A. Turchetti, Riforma med., 64, 405 (1950) [C. A., 44,
10165 (1950) ] (the mode of activity).

(3) (a) S. A. Freire, Arquiv. biol. (Sdo Paulo). 31, 141 (1947) [C. A.,
42, 4672 (1948)]; (b) W. L. Lipschitz and E. Stokey. J. Pharmacol.
Exp. Therap., 92, 131 (1848); (c) L. DeBellis, Boll. soc. ital. biol. sper.,
29, 1224 (1953) [C. A., 48, 12306 (1954)] (use in humans).

(4) A. A, Kattus, E, V. Newman and J. Franklin, Bull. Jokns Hop-
kins Hosp., 89, 1 (1951) [C. A., 45, 10401 (1951)] (use of acylated
derivarives in hiuman studies).

(3) (a) Q. Clander and G. Bulesn, Mogyar Kém. Folydirot, BT, 68
(1951) [C. A, 46, 1023 (1952)]; (b) Richter and Gedeyns, Vegyészeti Gydr
Rt., (Hungarian Corp.), British Patent 676,024; () D. A, LeSher
ond 10150 Siydemea, J. Pharmacol. Exp. Therap., 118, 38 (1954).

Maximum activity was noted in the compounds
I, where R = phenyl, p-chlorophenyl, p-bromo-

phenyl. Structures of this type have been re-
H
A
N 'N
RN .—\11»1.
A N7 2
1

ported® to yield remarkable results in cases of
cardiac edema.

An additional variant,” claimed to yield diurctic
activity, includes compounds of the type where R
= H, and the hydrogen in the 6-position is re-
placed by a dialkylaminomethyl group.

(6 G. V. Austerwesl, Chemistry & Industry, 372 (1932).

(7) V. Littel and J. Nosek, Chem. Listy, 46, 280 (1432) (. A.. 47,
4344 (1053) ).
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Our study was concerned with the locus of struc-
tural variation which would give maximal diuretic
activity and minimal toxicity.

Synthesis of I, R = phenyl with substituents in
position 6 such as CH;, C,H; % CH.CH,~OCHj;,
CH,CH,~0-C:H;, CH,-CH,-OH,® OH, CH.)CI,
CHCI,® or acetylation of the amino group in the 4-
position! or substituting an additional group in
the R-bearing amino group (see Table I), indicated
upon evaluation as diuretics that peak activities
were restricted largely to variation within R, with
the remaining positions in I being desirably unsub-
stituted.

The scope of the work was designed to include a
systematic variation in R, where the groups were
alkyl, isocyclic, cycloalkyl, arylalkyl and aryl, de-
spite indications that the use of alkyl groups®
was associated with poor diuretic response.

Of the synthetic methods described*—!2 for prep-
aration of the N-substituted guanamines, the most
convenient appeared to be formylation (with ethyl
formate or ethylene diformate) of the biguanide
as shown in Scheme I.

SCHEME 1
H
N
H H
RN—(”: C—NH; + C=0 —>
NH NH OC,Hs
l - _
AT
H AN
RN—ﬁ) (HD—NHz + CH;OH | —> I + H:0
NH N
i
L @ _

The preparation of the aryl biguanides pro-
ceeded without difficulty using the method of Curd
and Rose.!’* The biguanides derived from N-
methylaniline, N-ethylaniline and ethyl p-amino-
benzoate were more conveniently prepared follow-
ing the procedure of Jacobs and Jolles!* using pyri-
dine as a solvent.

The non-arylbiguanides were all prepared by fu-
sion of intimate mixtures of the amine hydro-
chlorides with equimolar quantities of dicyandi-
amide at temperatures ranging from 140-160°%
for about 1 hr.

Since purification of the biguanide was often diffi-
cult, the feasibility of proceeding directly from the
alkylbiguanide in the unpurified fusion mixture to
I, R = alkyl, was investigated. Parallel runs set

(8) C. G. Overberger and S. L. Shapiro, THis JOURNAL, 76, 1061
(1954).

(9) 8. L. Shapiro and C. G. Overberger, 7bid., T6. 97 (1954).

(10) C. G, Overberger and S. L. Shapiro, 1bid., 76, 93 (1954).

(11) J. R. Geigy. Swiss Patent 252,530 [C. 4., 43, 6246 (1949)].

(12) J. R. Geigy, Swiss Patent 254,538 [C. 4., 44, 174 (1950)].

(13) F. H. S. Curd and F. L. Rose, British Patent 581,346 [C. A.,
41, 3125 (1947)1.

(14) B. R. Jacobs and Z. E. Jolles, British Patent 587,907 [C. 4.,
42, 214 (1048)].

(13) (a) K. Sugino and S, ldzumi, J. Chem. Soc. Japan, 65, 265
(1944) [C. A., 41, 3762 (1947)]; (b) F. Bobeck. Anx., 487, 204 (1931);
(¢) F. H. Tendick and J. H. Burckhalter, Trrs JournaL, 72, 1862
(1950); (d) W. K. Detweiler and E. D. Amstutz, ¢bid., T4, 1483
(1952),
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up with cyclohexylamine hydrochloride following
Scheme I wherein the Nl-cyclohexylbiguanide
hydrochloride was isolated and purified or used un-
purified in the fusion melt resulted in the identical
product I, R = cyclohexyl, with the latter proce-
dure affording superior yields based on cyclo-
hexylamine hydrochloride.

The compound I (R = cyclohexyl) was also pre-
pared following the procedure of Overberger and
Shapiro.’® Reaction of cyclohexylbiguanide with
ethyl oxalate yielded the product II, which readily
formed the 2-amino-4-cyclohexylamino-6-carboxy-
s-triazine upon treatment with alkali and neutrali-
zation (Scheme II). Decarboxylation of this prod-
uct at its melting point yielded I, R = cyclo-
hexyl, identical with the product obtained above.

ScHEME 11
— o = _ -
N N
H /N H | ™~
RN—ﬁ: CIIZ—NHz RN—?l) C=0 ?——NHz
> |
NH N N h
/
= i
L COOC:H; L OH .
11
1, NaOH |l
v 2, H;S0,
NHz NHZ
AN N
N N A N °N
| > I |
H /NN H/ANNN
R—N COOH R—N H

The validity and utility of the synthetic ap-
proach wherein the biguanide is not isolated is fur-
ther confirmed by comparisons of the melting
point of our preparations and the following com-
pounds prepared from the respective biguanides
which have been reported in the literature: I, R
equals #z-butyl,®® ethyl,!” n-propyl,*® allyl,”® cyclo-
pentyl,? benzyl,?! p-chlorobenzyl?* and «-phenyl-
ethyl.??

Further confirmation of structure was obtained
from analysis, preparation of derivatives and consid-
eration of the ultraviolet absorption spectra (see
Experimental).

Pharmacology.—Selected guanamines in this
series (compounds 11, 14, 20, 50) show marked
diuretic activity (DA) at dosage levels lower than
any previously reported compounds.

The DA is critically dependent on the structure
of the group R, and definite relationships between
structure and activity are evident.

In the n-alkyl group diuretic activity is obtained
with R = ethyl through heptyl, with peak effects
being noted with amyl and heptyl (compounds 2, 4,

7, 11, 18, 20). Compound 1, R = CH;, did not
(16) J. R. Geigy, Swiss Patent 252,530 [C. 4., 483, 6246 (1949)].
(17) J. R. Geigy, Swiss Patent 261,811 [C. A., 44, 4517 (1950)].
(18) J. R. Geigy, Swiss Patent 261,819.

(19) J. R. Geigy, Swiss Patent 261,812.
(20) J. R. Geigy. Swiss Patent 261,820.
(21) J. R. Geigy, Swiss Patent 261,813.
(22) J. R. Geigy, Swiss Patent 261,830.
(23) J. R. Geigy, Swiss Patent 21,814,
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R
CH,;-
C?_Ha—a
CH,;=CHCH,-
1Z~C3H7—g
4-CgHr—

CH2=C(CH3)CH2—
n-Cqu—h

1-CsH -

S€C~C4H9—

t-CiH

7-CsHp
CH;(CH;),CHCH;-
CH;CH,CHCH;CH,-
CH;CHCH;(CH,),-
(CH,);CCHe-
CHsCHCHgCHCHa—
CH;CH.CHC.Hs-
n-Ceng—

1-CeH 35—

71-CyHyy-

n-Can—

i-CsHirm
C:H,CHC,H;CH,-
n-CgHm—

n~C10H21—

n-CioHys—

n'Cqus—_
#-CigHgg*

n-CisHyr
CH,BrCHBrCH,~*
CH,OCH,;CH,CH,-
Cyp-~!

CYPCH,-
CYPCH,CH,-
CYHx-"
CYHxCH,-
p-CH,CYHzx-
CY.HX(CHz)z—
?'CH:;C&YHXCH-)_—
CYHzx (CHg)s—
CYHx(CH,)4—
CYHp-—"

d-Bornyl

dl-Bornyl
dl-Fenchyl
CeH:—CH.-*°
4-CIC¢H,CH,-"
CsH;CHCH,;-?
4-CICsH.CHCH ;-
CeH;(CH;)—
2-CICeH,(CHz)o—
4-ClC¢H . (CH;)o—
2,4-diCICsH;(CHs)o—
3,4-diCICsH;(CH,),—
4-BI‘CGH4 (CHg)z—

3,4-diCH3;0CeH 3 (CHz)o—

CsH;(CHa)s-
CeH,(CH.) -

TasBLE I
GUANAMINES? Il{’
R—N
M.p., °C.bs¢ Formula
234-238 CHN;
195-197 CeHsN;
148-149,, CsHHNj;
163-165 CeHuN;
137-140 CeHy; 1 N;
132-134,, CrHp N
140-143,, CsHi3Ns
142-147,, C7H3N5
138-139,, CHy;3N;
147-150., CiH;3N5
115-118 CsH 5N
136-138 CsHi5 N5
123-124 CsHis N5
125-127 CsH;5N5
168-170,, CsHi5N5
161-162 CsHisNs
158-160 CsH 15N
120-122 CoHi1N;
129-130 CsHuirN;
120-121 CioH1oNs
121-122 CuHaNsg
115-117 CnHaNs
110-112, CnHaN;
106-110 Ci2H23Ns
104-106 C1sHas N
110-113 Ci:HysNs
97-101 CirHasNs
80-87 CieHyiNs
108-109 CaldaNs
115 d.e, CsH 1. BryCIN;O,
113-117, C/Hy;3 N0
161-162 CsHi3Ns
141-143 CoHisNs
148-149 CioH N
162-164 CsHis N3
159-162 CioHpir N
230-232 CioHi1r N5
162-164 CuH;9Ns
135~136 CnHieNs
133-137 CieH N5
145-148 CisHas N5
142-144 CioH17 N
164-166 CisHaN;
172-175 CisHa N
78-80 CisHa N,
180-183,, CioHuN;
198-201 CioH,0CING
142-144,, CuHi3Ns
166-169 CnHiCIN;
159-161,, CnHisN;
179-181 CnHipCINs
173-176 CnHi.CIN;
195-198 CanClst
184-186 CnHiuCLN;
192-197 CinH2BrN;
155-156 CisHirN;O0
125-128 CieH N5
98-100 CisHy1Ns

NN
—NH,

—

H

N7

Caled.
e}

38.
43.
47.
47.

47

50.
50.

50

50.
50.
53.
53.
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53.
53.
53.
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18.
45.

53

55.
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55

57.

57

59.
59.
61.
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57.
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63.
63.
59.
51.

61

52.
61.
32.
52.
46.
46.
44.
56.
62.
64.
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59.
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60.
62.
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Activityd
Dose Response
10 0

3.5 2
8 4
4 2
10 0
2.5 3
3 3
3.5 4
10 0
12 0
1 4
20 0
5 3
2 4
7 3
20 0
20 0
7.5 3
5 3
1 3
15 0
10 0
10 Sl
15 0
15 0
15 0
15 0
10 0
15 0
10 Sl
7.5 Sl
4 3
2 3
3 3
5 4
4 3
10 2
3 3
2 3
10 0
10 0
10 4
5 Sl
10 0
5 SL
10 2
2.5 4
10 2
7 3
1 4
2 2
1 3
3 2
2 2
2 2T
10 0
2.5 2
1.5 3
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TABLE 1 (Continued)
Analyses, % L,
Com- Caled. Found® Activityd
pound R M.p., °C.be Formula C C H Dose Response

59 CH3;CH,CHC:H;CH,- 137-138 CisHirN; 64.2 7.0 64.2 7.4 2 4
60 CeHs;(CH,)s— 115-118 CisH;aNs 65.3 7.4 65.0 7.6 4 3
61 (CsHs)oCH- 196-197 CisH1sNs 69.3 5.5 69.3 5.6 15 0
62 CH,CsH;CHCH;- 88-91,, CiHiN; 70.1 5.9 69.3 5.8 10 0
63  (Ce¢H;):CHCH,- 165-167 CiHiiN; 70.1 5.9 69.5 6.0 10 0
64 CH,CH(BN)-*" 164-166 C14HisN;s 67.9 5.7 66.2 5.8 10 Sl
65 (aN)(CHy)o-* 211-212 CisHisNs 67.9 5.7 68.1 5.9 10 0
66  CeH,0-* 162-165 CsH, N0 50.3 4.7 50.5 4.8 7.5 0
67  CeHs—* 235, 10 3
68 4-CIC¢Hq— 259¢, CyH;CINs 48.8 3.6 48.4 3.2 5 3T
69 4-BrCeH&* 263-264,, 5 2T
70 4-IC¢H,- 251-253 d.q, CoHING 34.5 2.6 34.9 2.7 2.5 3T
71  4-FCe¢H,- 145-148 CoHsFN; 52.9 3.9 52.9 4.0 5 3
72 4-NH.SO.CsH¢- 265 d.c, CoyHpNeOaS 40.6 3.8 40.7 3.9 10 0
73  4-C,H;COOC:H,~ 219-221 Ci2H13N50; 55.6 5.1 55.7 4.8 10 0
74  2-C;H;CeH.— 194-196 CiuHi3N; 61.4 6.1 61.6 6.2 2 3T
75 -Ce¢H4—CH.-CiH,- 217 d.e, CisHisNyp 59.1 4.7 59.1 5.5 10 3
76  B-N7 233-238 Ci1:HuN; 65.8 4.7 65.9 4.7 5 4
77 3-Quin” 291-192 d. 20 2T
78 n-C,H, 118-120 CsHisNs 53.0 8.3 52.6 8.3 20 0
79  1-CH, 158-160 CsHisN; 53.0 8.3 53.5 8.3 20 0
80 #-CsHp 120-122 CoHyyNs 55.4 8.8 55.9 8.7 20 0
81 +CsHn 137-138 CoH1r NG 55.4 8.8 55.3 8.7 20 0
82 CYHx- 172-174 CioHiz N5 57.9 8.3 58.2 8.2 20 SL
83 CYHx-* 148-150 CnHsNs 59.7 8.7 59.7 8.3 10 Sl
84  CsH,- 185-187 CioHnNs 59.7 5.5 59.5 5.9 10 SL
85 CeHo~" 178-180, CnHuNs 61.4 6.1 61.6 6.1 5 Sl.
86  CeH,? 185-186 CisHis Ny 69.3 5.5 68.8 5.4 10 0

@ Analyses by Weiler & Strauss, Oxford, England.

ranged between 20-409, based on amine hydrochloride,

b Melting points are not corrected.
in the majority of the syntheses, efforts were not directed toward maximal yields.

¢ Vields are not reported since
Yields of recrystallized product generally

The recrystallizing solvent was acetonitrile unless otherwise indi-

cated; ci, benzene; cg, acetone; c;, methanol-water; c., propyl alcohol; c;, ethyl acetate-hexane; cs acetone-hexane;

¢y, isopropyl alcohol-ether; cs, dioxane; ¢, propanol.
of evaluation of diuretic response.
m.p. 168°,

A Ref. 16 reported m.p. 124°, then 144°,
dihydrate.

k Cyclopentyl, ! Ref. 20 reported m.p. 164°,
182.5°. » Ref, 22 reported m.p. 200°.
furyl. # Ref. 10 reported m.p. 234°,
see picrate. * R, is ethyl.
otherwise indicated.

v R, is benzyl.
show activity, and R groups containing 8 or more
carbor)l atoms were completely inactive (compounds
21-29).

In the branched alkyl groups, the same requisites
for carbon content of the R chain obtain (com-
pounds 22 and 23, inactive), and an additional fac-
tor is introduced. The presence of an alkyl group
or more than one alkyl group on the a-carbon of R
(the carbon joining the amino nitrogen) is associ-
ated with complete disappearance of activity.
Thus, R = n-amyl (compound 11) is highly active,
whereas R = 1-methylbutyl (compound 12) is
completely inactive, This effect is manifest
throughout as seen in the following comparisons:
compound 7 #s. 9, 10; 11 ws. 12, 16, 17; 4 vs. 5.

Alkyl substituents attached at a position beyond
the a-carbon of R do not interfere with DA, al-
though compound 15, R = neopentyl, with two
methyl groups on the @-carbon is considerably less
active than R = z-amyl or ¢so-amyl. The data
suggest that in R groups of the same carbon con-
tent, the isoalkyl is somewhat more effective tha n
the z-alkyl (excluding isopropyl which bears a
methyl group on the a-carbon), as comparison of

* Not obtained analytically pure,
m Cyclohexyl,

7 Ref, 23 reported m.p. 138°.
? Ref. 10 reported m.p. 260-261°,

4 See end of Experimental section for detailed description of method
¢ Ref. 17 reported m.p. 197.5°.

7 Ref. 19 reported m.p. 152.5°, ¢ Ref. 18 reported
7 Obtained as hydrochloride
» Cycloheptyl. ¢ Ref. 21 reported m.p. 182-
* 8-N is B-naphthyl. * «-N is a-naphthyl. ¢ Fur-
v 3-Quinolyl, analysis not acceptable; however,

# For compounds 1-77, R; = H; for compounds 78-86, R; = CHs, unless

the following compounds indicates: compound 8
vs5. 7; 14 vs. 12; 19 vs. 18.

The limited number of unsaturated alkyl groups
studied does not permit characterization of the
effect of the double bond too definitely, but com-
parison of R = allyl and propyl, and methallyl
and isobutyl (compound 3 vs. 4; 6 vs. 8) indicates
that the double bond does not interfere with DA.

Substituents other than alkyl such as Br (com-
pound 30) and CH;0 (compound 31) on otherwise
active chains considerably depressed activity.

The cycloalkyl and cycloalkylalkyl compounds
also show a dependence on the bulk of R. Com-
pounds where R exceeds eight carbon atoms were in-
active (compounds 40, 41, 43-45). The cyclo-
alkyls containing 5, 6 and 7 carbons (compounds
32, 35, 42) were all extremely active. Introduction
of methylene chains between the cycloalkyl group
and the amino nitrogen retained DA (compounds
33, 34, 36, 39) until the carbon content of R ex-
ceeded 8 atoms (compounds 40, 41). A compari-
son between cyclohexylmethyl s. p-methyleyclo-
hexyl and cyclohexylethyl vs. p-methyleyclohexyl-
methyl (compounds 36 vs. 37; 38 vs. 39) does not
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permit unequivocal assessment of the effect of
alkyl groups on the cycloalkyl rings.

The arylalkyl series is also characterized by
specific structural requirements. While the phen-
vlalkyls show many active compounds, use of R
components containing 2 phenyl groups (com-
pounds 61-63) or aryl such as furfuryl (compound
66) or naphthyl groups (compounds 64, 65) is as-
sociated with loss of DA. As the phenylmethylene
group is lengthened, it is observed that even num-
bers of methylene groups (compounds, 50, 58 vs.
46, 57, 60) are more effective than those with odd
numbers of methylene groups. The phenyl group
augments the DA associated with a particular alkyl
group (compound 46 vs. 1; 30 wzs. 2; 57 vs. 4;
58 vs. 7) until the 3-membered alkylene chain is
reached (compound 11 vs. 60). The phenyl group
need not be confined to the w-position (compounds
38, 59). Methyl groups on the a-carbon atom in
this category, while not having the marked effect
observed in the alkyl series, considerably diminish
the DA of the corresponding unbranched guana-
mines (compound 48 vs. 50; 49 ws. 52). While
halogenation of the pheny! ring had desirable effects
in many instances and was quite extensively
studied (compounds 47, 49, 52-55), noted oral
toxicity at even the very low doses used in testing
(compounds 55, 68-70), made this approach un-
attractive. In contrast, the oral LDy, in mg./kg.
rate of some of the other compounds in this series
were compound 11, 290; compound 14, 1050;
compound 35, 870. Methoxylation of the phenyl
ring (compound 56) destroyed DA of the active
nucleus of compound 50.

Another structural characteristic defining DA is
the need for the hydrogen atom on the R-bearing
nitrogen atom. Replacement of the hydrogen by
alkyl invariably destroyed DA in otherwise active
structures (compound 78 vs. 7; 79 vs. 8; 80 vs.
11; 81 ws. 14; 82, 83 vs. 35; 8486 vs. 67).

Certain aromatic derivatives were explored to
supplement the series of Clauder and Bulscu.?
These workers had shown the electron-donor
groups such as alkoxy, alkyl and dialkylamino on
the phenyl ring depress the DA of the unsubsti-
tuted phenyl ring. While halogen (Br, Cl) on the
ring promotes the DA, our findings reflected that
these substituents greatly enhanced toxicity (com-
pounds 68, 69) as did iodine (compound 70). In
contrast, R = p-fluorophenyl (compound 71) was
more active than R = phenyl and not any more
toxic. This finding is not unexpected since in
many structural categories, fluorine or hydrogen
has parallel pharmacologic effects.?* The inhi-
bition attributed to electron-donor groups® sug-
gested exploration of negative groups, but use of
sulfonamido (compound 72) and carbethoxy (com-
pound 73) as substituents on the phenyl ring de-
stroyed DA.

Poor DA had been reported with R = a-naph-
thyl,%2 but the structurally allied R = ¢-ethylphenyl
(compound 74) showed pronounced DA as well as
toxicity similar to the halo substituents. In con-
trast, the less sterically hindered compound 76,

(24) H. L. Friedman, American Chemical Society, New YVork Meet-
ing, September, 1954, p. 23N
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R = p@-naphthyl, had excellent DA. This sug-
gested investigation of the structurally allied R =
3-quinolinyl (compound 77) which proved to be
toxic.

Interestingly, the p,p’-methylenedianiline deriva-
tive III (compound 75) showed activity equivalent
to R = phenyl (compound 67).

Il-I H
NN N [

H \'/\\”\ x—&  »>—CH C N'/iN(/\NH
24 T — " aaad) 2
N N
111

This survey has served to restrict the structural
requirements for DA to I. However, the broad
structural range of active structures permissive
within R makes it likely that the locus for the
physiological binding of I does not depend too
critically on R but rather is associated with the s-
triazine ring. In turn, the function of R might be
considered as that of promotion of a desirable solu-
bility relationship for aligning the active portion
of the molecule, as has been described for the
barbiturates.?? If R contributes in this non-
specific fashion, it is surprising that such small
changes in R will destroy activity. The depres-
sant effect on DA of a-alkyl substituents may be
associated with such resonance forms as IV which
could lock the triazine ring in an inactive form.

NN

1
BN e/.\N/’.—N H,
N ©

l H
aN
c
| Iv

Inspection of the ultraviolet absorption spectra
(Table IV) shows no difference whatever between
the spectra of compounds which are effective diu-
retics and compounds which are completely inactive.
However, Braude? has pointed out that ultraviolet
light absorption is not too sensitive an index for
steric effects, requiring energy differences of about
2 kcal./mole for wave length displacements of 7
muy, in contrast to reaction rates (in this case, the
chemistry of the diuretic response) where energy
differences of 0.1 kcal./mole are detectable.

It is relevant to consideration of IV to point

(25) A. Burger, “Medicinal Chemistry,” Vol. I, Interscience Pud-
lishers, Inc., New York, N. Y., 1951, p. 122,

(26) E. W. Hughes, THis JOURNAL, 63, 1737 (1941).

(27) E. A. Braude and F, Sondheimer, J. Chem. Soc., 3754 (1956).

(28) (1) M. M. Winbury, J. Pharmacol. Exp. Therap., 106, 320
(1952); (b) M. M. Winbury, D. L. Cook and W. E. Hambourger,
ibid., 111, 395 (1954); (¢) M. M, Winbury, D. L. Cook and W. I
Hambourger, Arch. intern, phormaccdynamie, 97, 125 (1954). In
contrast to the undesirable effects noted in this series with the isopropyl
and sec-butyl groups, Winbury, e al., ascribe superior ganglionic
blocking activity to quaternmary ammonium derivatives containing
secondary alkyl groups such as isopropyl and sec-butyl. Tt is sug-
gested “‘that a-methyl branching may improve blocking action by re-
stricting rotation of the alkyl groups about the quaternary nitrogen.
This would increase the statistical possibility of the cation having the
molecular configuration (bond angle, distance) required for adsorptinn
on the receptor site.”
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R—N NH. R—N NH: R—N H NH R—N H NH: R—N N
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out that the hydrogen of carbon-2 of the ring com- H H
pounds, cyclic and aryl, would not be spatially )N )\
equivalent to the hydrogen on an a-methyl group. HN N N’ 'NH
While the evidence at hand does not justify an L “ ||
extensive discussion, certain considerations for the NN NN
active form for I are suggested by the formulas. —N H NH R—N H NH
The basicity® of I is reduced relative to formo- 6 7

guanamine by the introduction of alkyl or aryl
groups on the amino nitrogen, perhaps due to the
reduction in symmetry and the change in reso-
nance. This effect is augmented by the replace-
ment of alkyl groups for hydrogen in the 6-position.

In view of the weakly basic character of I, it is
likely that its physiological effect is manifest from
reaction as the free base, which is a resonance hy-
brid of a number of non-equivalent forms® in the
planar triazine system.?

In the case of formoguanamine I, R = H, struc-
tures 2 and 5, 3 and 4 and 6 and 7 are equivalent.
Since hyperconjugative as well as steric effectss?3
associated with alkyl at the 6-position would de-
press the population of forms of type 2, 5, 6 and 7,
the lack of DA in such structures and alternatively,
activity in I, can be ascribed to existence of these
forms. The need for hydrogen on the R-bearing
amino group for DA eliminates form 5. The capa-
city of a single methyl group on the a-carbon atom
to render otherwise active structures inactive
would reflect that this methyl group in any of its
alternative conformations would provide steric
resistance. Thus while steric interference with the
hydrogen on N in position 1 is possible in form 2,
no such hindrance is indicated when the methyl
group has the alternative conformation and is
oriented toward the ring nitrogen of position 3.
A similar argument holds for form 7. These factors
would argue that only form 6 would be rendered
inactive by one methyl substituent on the a-carbon
of R and point to form 6 {V) as the active structure.
Interestingly, V bears a formal resemblance to theo-
phylline (VI).

N

H l
/\\ CH; NH
AN
TINN N/\i/
SNNIY NN
R—N H NH o) 0
CH;
v VI
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Materials.—Most of the amines used in this work were
obtained from commercial sources. Those not commercially
available were prepared as follows: a-Phenylpropylamine,

(29) J. R, Dudley, Tuis Journal, 73, 3007 (1951).

(30) 1. M. Klotz and T. Askounis, ibid., 69, 801 (1947).

(31) P.J. Wheatley, Acta Cryst., 8, 224 (1955).

(32) I. M, Klotz and T. Askounis, THIS JOURNAL, 76, 4625 (1954).

(33) C. G. Overberger and S. L. Shapiro, 1bid., 76, 1855 (1954).

(34) Descriptive data shown in tables are not reproduced in Ex-
perimental section.

cyclopentylamine and B-cyclohexylethylamine were pre-
pared from tlie appropriate halide by a modified Gabriel
reaction.® Aromatic aldehydes were converted to the ni-
trostyrenes3® which were reduced with lithium aluminum
hydride®® to yield the following B-arylsubstituted ethyl-
amines: p-chlorophenyl, o-chlorophenyl, 2,4-dichloro-
phenyl, 3,4-dichlorophenyl and p-bromophenyl. .

Reduction of amides with lithium aluminum hydrlgje37
yielded B-cyclopentylethylamine, cyclohexylpropylamine,
cyclohexylbutylamine, 8,8-diphenylethylamine, 4-phenyl-
butylamine, S-(e-naphthyl)-ethylamine and 2-phenylbutyl-
amine. Reduction of the corresponding oxime? yielded 4-
methyleyclohexylamine. By means of the Hofmann re-
action,® cyclopentylacetamide, cyclohexylacetamide, 4-
methyleyclohexylacetamide and 3-methylvaleramide were
converted to cyclopentylmethylamine, cyclohexylmethyl-
amine, 4-methylcyclohexylmethylamine and 2-methylbutyl-
amine, respectively. The mixed (bornyl and neobornyl) d-
bornyl- and di-bornylamines were made from d-camphor and
dl-camphor and fenchylamine from fenchone.?*® Neopentyl-
amine was prepared from #-butylacetamide.* By means of
the Leuckart reaction,! the respective methyl ketones were
converted to a-p-chlorophenylethylamine and o«-(8-naph-
thyl)-ethylamine. Desoxvbenzoin was converted to 1,2-
diphenylethylamine,4?

Cyclohexylbiguanide Hydrochloride.—A finely ground
mixture of 27 g. (0.2 mole) of cyclohexylamine hydrochlo-
ride and 16.8 g. (0.2 mole) of dicyandiamide was heated at
150-160° for 30 minutes whereupon an exothermic reaction
occurred and the fusion mixture crystallized. Cooling and
solution of the reaction mixture in methanol, upon standing,
yielded 20 g. (43.5%,) of crystals, m.p. 200-210°. The
product, recrystallized from water, melted at 225-227°,

Anal. Caled, for CsHsN:Cl: C, 43.7; H, 8.3; N, 31.9.
Found: C, 43.4; H, 8.21; N, 32.2.
2-Amino-4-cyclohexylamino-s-triazine. I, R = Cyclo-
hexyl. a. From Cyclohexzylbiguanide Hydrochloride.—A
solution of 2.3 g. (0.1 mole) of sodium in 80 ml. of methanol
was prepared and 22 g. (0.1 mole) of cyclohexylbiguanide
hydrochloride added, followed by the addition of 7.4 g.
(0.1 mole) of ethyl formate. The reaction mixture was
maintained at room temperature for 18 hr. and then treated
with 50 ml. of water. On standing several days, 10 g. (529%)
of product crystallized, melting at 157-163°. Recrystal-
lized from acetonitrile, the product melted at 162-164°.
I, R = Cyclohexyl. b. From Cyclohexylamine Hydro-
chloride.—Fusion of 0.2 mole each of cyclolhiexvlamine hy-
drochloride and dicyandiamide was made as above. The

(835) J. C. Sheehan and W. A. Bolhofer, Tuis JourNalL, 72, 2786
(1950).

(36) D. E. Worrall, “Organic Syntheses,”’ Coll. Vol. I, John Wiley
and Soms, Inc., New York, N. Y., 1951, p. 413.

(37) W. G. Brown, **Organic Reactions,' Vol. VI, John Wiley and
Sons, Inc., New York, N. Y., 1951, p. 469.

(38) E. S. Wallis and J. F. Lane, ref. 37, Vol. 111, John Wiley and
Sons, Inec, New York, N. Y., 19486, p, 267.

(39) A. W. Ingersoll, J. H. Brown, C. K. Kim, W. D. Beauchamp
and G. Jennings, THis JourNaL, 58, 1808 (1936).

(40) F. C. Whitmore and A. H. Homeyer, ibid., 64, 3435 (1932).

(41) A. W, Ingersoll, *‘Organic Syntheses,” Coll. Vol. 11, John Wiley
and Sons, Inc,, New York, N. Y., 1943, p. 503.

(42) I. A. Kaye and C. L. Parris, THI8 JoUrNaL, T4, 1566 (1952):
see footnote 23 of this reference.
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cooled reaction mixture was dissolved in 100 ml. of methanol
and filtered. The filtrate was added to a solution prepared
from 3.45 g. (0.15 mole) of sodium in 100 ml. of methanol.
Ethyl formate (14.0 g., 0.19 mole), was added and the reac-
tion mixture maintained at room temperature overnight.
Dilution with an equal volume of water and standing 48 hr.
yielded 17.5 g. (45.5%,) of product. On recrystallization
from acetonitrile, a mixed melting point of products ob-
tained by the two reactions was undepressed.

I, R = Cyclohexyl. ¢. From Reaction Product of Cyclo-
hexylbiguanide and Ethyl Ozxalate. Preparation of II.—
Molar quantities of cyclohexylamine hydrochloride and di-
cyandiamide were fused as above. The cooled reaction
mixture was suspended in 200 ml. of isopropyl alcohol and a
solution prepared from 23 g. (1.0 mole) of sodium in 200 ml.
of methanol and 500 ml. of isopropyl alcohol added. After
standing 48 hr,, the precipitated sodium chloride was
filtered off and the filtrate treated with 162 g. (1.1 moles) of
diethyl oxalate. After a mild exothermic reaction, precipi-
tation of white crystals of I1 ensued, and the reaction mix-
ture was maintained at 10° overnight and filtered yielding
108.1 g. (45.5%) of product, m.p. 209° dec. On recrys-
tallization from acetonitrile, the m.p. was 211° dec.

Anal. Caled. for CoHy;sNsO0,: C, 50.6; H, 6.4; N, 29.5.
Found: C, 50.7; H, 6.7; N, 28.6.

The exact structure of this product as is the case of the
analogous product from phenylbiguanide® is not known,
and one of several structural possibilities has been indicated
in the Discussion, For convenience it will be designated as
11,

2-Amino-4-cyclohexylamino-6-carboxy-s-triazine.—A sus-
pension of 9.48 g. (0.04 mole) of II in 150 ml. of water was
treated with one equivalent of 1.0 N sodium hydroxide.
After gentle warming (50°) almost all of the solid dissolved
and the solution was filtered. Addition of an equivalent of
1 NV sulfuric acid resulted in formation of a white precipitate
which was separated, resuspended and vigorously stirred in
200 ml. of water and filtered. Air-drying yielded 7.4 g.
(3)4‘0%) of product which melted with decomposition at 205
209

The product was heated in the Abderhalden pistol under
boiling toluene for 2 hr. and indicated 9.39, H:0; caled. for
3.5 H:0, 9.75%. The dried product melted at 204-207°

ec.

Anal, Caled. for C,oHy;sN:0,: C, 50.6; H, 6.4; N, 29.5.
Found: C, 50.1; H, 6.7; N, 30.4.

Thermal Decarboxylation of 2-Amino-4-cyclohexylamino-
6-carboxy-s-triazine.—The hydrated acid (2.0 g., 0.008
mole) was heated in an oil-bath at 210° for 10 minutes at
which point evolution of carbon dioxide had ceased. The
molten residue of 2-amino-4-cyclohexylamino-s-triazine
crystallized on cooling, yielding 1.37 g. (88.99,) of product,
m.p. 157-160°; recrystallized from acetonitrile, m.p. 157-
158°; mixed m.p. with I, R = cvclohexyl, undepressed.

The identity of the decarboxylation product was further
confirmed by preparation of the picrate, m.p. 201-202°;
mixed m.p. with picrate of I, R = cyclohexyl, undepressed.
Data for this picrate and some of the other picrates prepared
are shown in Table II.

TasLE II°

ANALYTICAL DATA ON PICRATES
Analyses, 9,

Caled. Found
R M.p., °C. H e}
Butyl 192-195 39.4 4.1 39.2 4.3
Isobutyl 203-204 39.4 4.1 39.3 4.0
Cyclohexyl 205-207 42.6 4.3 43.1 4.2
B-Phenethyl 181-183 45.9 3.6 45.8 3.6
n-Amyl 148 41.0 4.4 41,2 4.6
Isoamyl 185 41.0 4.4 40.5 4.6
3-Quinolyl 269 d. 46.3 2.8 46.3 3.0

¢ Empirical formula by adding elements of picric acid t
formulas of free bases,

Monoacetate of I, R = Cyclohexyl.—A solution of 3.0 g.
(0.0155 mole) of I, R = cyclohexyl, in 75 ml. of acetic an-
hydride was refluxed for 3 hr. On cooling, 1.8 g. (509,) of
product precipitated, m.p. 205°. After recrystallization
from propanol the product melted at 206-207°,
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Anal, Caled. for CnHpN,O: C, 56.2; H, 7.3. Found:
C, 55.5; H, 7.2.

Monopropionate of ¥, R = Cyclohexyl.—This product
was prepared as above, substituting propionic anhydride, in
339, vield, The product melted at 197-198° (acetonitrile).

Anal. Caled. for C;p;HgN;0: C, 57.8; H, 7.7; N, 28.0.
Found: C, 38.0; H, 7.7; N, 27.8.

2-Amino-4-(3-phenylethyl)-amino-s-triazine Hydrochlo-
ride.—A mixture of 15.8 g. (0.1 mole) of g-phenylethyl-
amine hydrochloride and 8.4 g. (0.1 mole) of dicyandiamide
was heated and stirred in an oil-bath maintained at 148-
150°. The reaction mixture upon reaching 130° was com-
pletely fluid, and with continued stirring an exothermic re-
action resulted, the temperature of the reaction mixture
rising to 156°. Heating was continued for 1 hr. The
cooled reaction mixture was then treated with a solution of
60 ml. of methanol containing 5.4 g. (0.1 mole) of sodiun
methoxide, 4.2 g. (0.07 mole) of methyl formate was added
and the reaction mixture was allowed to stand for 24 hr.
The formed I, R = B-phenylethyl, was converted to its
hydrochloride by addition of 1:1 methanol-hydrochloric
acid to pH 2.5. The solvents were removed by distillation
and the residue (19.6 g.) dissolved in 294 ml. of water. Ad-
dition of sodium chloride (20 g./100 ml. of reaction mix-
ture) precipitated the hydrochloride of I, R = g-phenyl-
ethyl. The product was washed with saturated sodium
chloride, filtered, dried and recrystallized from isopropyl
alcohol (Table I1I), There was obtained 10.27 g. (42.4%)
of product.

TasLE 1I11°

ANALYTICAL DATA ON HYDROCHLORIDES
Analyses, %

Caled. Found
R M.p.. °C. C H [o] H
Cyclohexyl 212-214 47.2 7.0 47.1 6.8
B-Phenylethyl 185-186 52.5 5.6 52.3 5.5
n-Amyl 208-210 44.2 7.4 44.4 7.3
Isoamyl 203-205 44,2 7.4 44.0 7.5

e Empirical formula by addition of HCI to formulas of
free bases.

The hydrochlorides of some of the other products were
isolated by conventional procedures and recrystallized from
isopropyl alcohol. The hydrochlorides crystallized as the
monohydrochlorides and were readily water-soluble and non-
hygroscopic. Some of these are described in Table II1.

Diacetate of I, R = g-Phenylethyl.—To a mixture of 20
ml. of acetic anhydride and 4 drops of pyridine was added
2.15 g. (0.01 mole) of 2-amino-4-8-phenylethyl-amino-s-
triazine, and the reaction was refluxed for 2 ir. On coolmg,
2.7 g. (909%,) of the diacetate crystallized. Upon recrystalli-
zation from acetonitrile, it melted at 150-151°.

Anal. Caled. for CisHpyN;O,: C, 60.2; H, 5.7; N, 23.4.
Found: C, 60.4; H, 5.7; N, 23.2,

An attempt at partial saponification to obtaiu the mono-
acetate was unsuccessful. Saponification in methanolic
hydrochloric acid yielded the free base, confirmed by mixed
melting point. Recent clarification of the acetylation pat-
tern in amino heterocyclic structures would indicate that
the diacetate®® reflects monoacetylation of each amino

roup.

& ZIiAmino-‘l-( 2,3-dibromopropyl)-amino-s-triazine.—To a
solution of 1.51 g. (0.01 mole) of 2-amino-4-allylamino-s-
triazine in 140 ml. of hot benzene was added 1.6 g. (0.01
mole) of bromine in 10 ml. of benzene with shaking. A&qr
standing at 10° for several hours, 2.6 g. of a vellow precipi-
tate separated. When recrystallization was not successful,
the product was dissolved in hydrochloric acid and the
solution filtered and concentrated to a gummy solid in the
desiccator. Purification was achieved by solution in iso-
propyl alcohol and precipitation with anhydrous ether
vielded the hygroscopic product in 1.2 g. yield (31.3%).

p-Carbethoxyphenylbiguanide.—A mixture of 19 g. (0.1
mole) of ethyl p-aminobenzoate hydrochloride and 8_.4_g.
(0.1 mole) of dicyandiamide was added to 35 ml. of pyridine
and the reaction mixture refluxed for 3 hr. TUpon cooling,
a dense crystalline precipitate formed which after rinsing

(43) A. P. Phillips and J. Mentha, Tais JourNaL, T6, 6200 (1954).
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with acetone, afforded 16.9 g. (59.5%,) of the biguanide hy-
drochloride.

One gram of the hydrochloride in 15 ml. of warm (75°)
solution containing an equivalent of sodium hydroxide on
cooling yielded 0.6 g. (699,) of the biguanide base, which
after recrystallization from acetonitrile melted at 172-173°
dec.

Anal. Caled. for C11H15N502: C, 53.0, H, 6.1.
C,52.4; H,5.9.

N’-(3-Quinolyl)-biguanide.—A solution of 2.9 g. (0.02
mole) of 3-aminoquinoline, 1.7 g. (0.02 mole) of dicyandi-
amide, 1.8 ml. of hydrochloric acid and 8 ml. of propanol
was refluxed for 1.5 hr. and cooled. The yellow solid of the
biguanide hydrochloride which precipitated, 4 g. (73%,), was
recrystallized from methanol as faint yellow crystals, m.p.
212-215° 44

Anal- Ca.lcd. for C]]H]sNeCl'O.C‘)HzO: C, 48.2; H, 5.1.
Found: C, 47.8; H, 5.9.

The free base prepared from an aqueous solution of 2.65
g. (0.01 mole) in 15 ml, of water and treated with 0.44 g.
(0.011 mole) of sodium hydroxide precipitated as a tan
solid (2.2 g.), recrystallized from acetonitrile, m.p. 187° dec.

Anal. Caled, for CnHiNg: C, 57.9; H, 5.3; N, 36.8.
Found: C, 58.0; H, 5.3; N, 37.2.

The dipicrate melted at 240° (dec., HyO).

Anal. Caled. for ngH]gN]zOu: C, 40.2, H, 26; N;
24.5. Found: C, 40.1; H, 2.5; N, 24.2.

Ultraviolet Absorption Spectra,—The spectra of a small
series of the compounds were determined in methanol with a

model DU Beckman spectrophotometer using 1l-cm. cells
(Table IV).

Found:

TABLE IV

ULTRAVIOLET ABSORPTION SPECTRA OF N-SUBSTITUTED
GuaNaMINES (1)

Amex, e X Amin, e X
R my 103 mu 103
Methyl 263 3.45 246 2.23
Ethyl 263 3.76 246 2.51
Propyl 263 3.78 247 2.50
Isopropyl 264 3.80 246-247 2.50
Butyl 263 3.80 249 2.90
Isobutyl 263-264 3.80 247 2,63
sec-Butyl 264 3.88 247 2.55
t-Butyl 262 3.65 247 2.63
Hexyl 265 3.95 247 2.58
Octyl 265 3.60 246248 2.40
Tetradecyl 264 3.30 249 2.28
Benzyl 264 4.00 247 2.85
«-Phenethyl 263 4.35 248-249 3.18
B-Phenethyl 263 4.13 248 2.96
3,4-Dimethoxy-
B-phenethyl 267-275 5.50 250 3.45
p-Chlorobenzyl 264 4,60 248 3.35
Cyclohexyl 264 3.50 248 2.46

(44) For preparative methods for other biguanides containing the
quinoline nucleus, see (a) N. L. Drake and R. J. Kray, THi1S JOURNAL,
76, 1320 (1954); (b) R. Roger, J. Chem. Soc., 1665 (1949): (¢) J. M,
Gulland and P. E. Macey, sbid., 1257 (1949).
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Consideration of these spectra in terms of reported values
for substituted aminotriazines® shows a bathochromic effect
and a slight hyperchromic effect relative to formoguanamine
when one of the amino hydrogens of this compound is sub-
stituted by alkyl groups (Table IV). The virtual identity
of these spectra in methanol would also support the identity
in the assigned structures.

Pharmacological Evaluation as Diuretics.—The com-
pounds were evaluated orally in rats following the method
of Lipschitz.*® Twelve rats were used for each dosage level
tested. The data in Table I reflect an arbitrary description
of diuretic response, 0-4 ranging from a response not sig-
nificantly different from control (O activity response) to a
response considerably more than control or clearing all or
more of the administered saline as urine within 5 hr. (4 ac-
tivity response). The dosage level shown in Table I was
the lowest which gave a significant diuretic response. The
letter T shown after the activity value in Table I indicates
that at this dosage level death occurred in the test animals
within a 7-day post-test interval. Typical experimental
results are shown in Table V wherein %, diuretic activity
(volume of urine collected divided by saline administered X
100) is reported s, hours post drug administration as com-
pared to similarly saline-primed rats not given any drug.
A more extensive report of the pharmacological work will be
reported elsewhere,

TABLE V

% DIURETIC AcTIvITY AS FUNCTION OF TIME

Dose level, % diuretic excretion (hours)

mg./kg. 1 2 3 4 5

Compound 14

2 24 .4 42.0 64.0 82.3 110.2

1 20.6 34.0 49.8 64.6 79.8

0 2.9 7.5 12.1 16.5 22.9
Compound 50

1 20.6 41.3 66.6 88.1 100.2

0 5.3 6.9 11.4 15.8 23.3
Compound 48

10 20.4 42.2 55.2 70.8 79.3

0 1.0 16.1 23.5 33.1 37.2
Compound 22

10 2.2 8.1 16.8 19.9 25.1

0 2.9 9.7 14.9 18.6 24.8

A variant of the screening technique used above with rats
has been recently evaluated* as reflecting a response ob-
tained with normal humans but not necessarily reflecting
an indication of the relative diuretic potency of the drug in
humans with congestive failure,

Acknowledgment.—The authors are indebted to
Dr. G. Ungar and his staff for the pharmacological
screening of some of the compounds.
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