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2-Imino-3,4-dimethyl-5-phenyloxazolidine (X).*—A 7.0 g.
satple (0.0425 niole) of di-ephedrine® was cyelized with ¢yano-
gen bromide using Method A, After reervstallization frou etber—
petroleum ether, 4.77 g. (539.539%) of pure 2-mino-3,4-dimethyl-5-
phenyl-Z-oxazolidine ( X)) was obtained, ni.p. 67--71°,  Literature®
np. 71-73° AR 3.0, 333, 3.47. 595, 6.45. 6.63. 6.88, 7.02,
707, 7.27, 7.35 a.

1-(or 3-)Acetyl-1-(3-hydroxy-o-methylphenethyllurea (XI or
XII).—To a solution of 5 g. (0.0286 mole) of 2-ainino-4-methyi-5-
phenyl-2-oxuzoline (V) in 65 ml. of pyridine was added 8 ml. of
acetic anhydride.  The solution was left to stand at roont tem-
perature for 72 br.: it was then aeidified with cold 1077 bydro-

301 Obtained from Merek and Co., Inc.

Vol. ¢

chloric acid and washed 3 tines with etber.  The aqueous sohi-
tion was niade basic with 307 sodinm hydroxide solution and
extracted thoroughly with ether and niethylene ehloride. The
extracts were dried and concentrated, sffording 3.3 g. of prodnet.
The aqueous basie solution was saturated with solt and re-ex-
tracted, affording an additional gramn of product.  The two erops
were combined and reerystallized from methanol-benzene, viekd-
ing 3.2 g. (BL.37.) of the substituted urea: mp. (198.3) 208.5
211.5° dee. The sumiple was recrystallized onee from methanol
benzene and onee from acetone affording 1.77 g of product, m.p.
206-207.5° ASM 2,04, 3,02, 315, 3.35, 5.86. 6,10, 6.40, 6.66,
6.80, 6,96, 7.17, 7.20 u.

Jdual. Caled. for CatlygNoOa: C 61000 HL 6.83:0 N
Found: €, 61.12; H, 6.00: N, 1191

PG

Hypotensive 1,2,4-Benzothiadiazines

BarBara ANy BierBauy, Joux J. TrRavERrso, axp Canverr W, WHITEHEAD

Lilly Research Laboratories, Indianapolis 6, [nudiuna

Recetved October 22, 1562

2-Aminobenzenesulfonamides were prepared by way of (1) the chlorosulfonution of aminobenzenes, (2) the
amination of 2-chlorobenzenesulfonamides and (3) the chlorine oxidation of 2-henzylmercaptonitrobenzenes.
New 1,2 4-benzothiadiazine-1,1-dioxides were obtained by the cyclization of the 2-mminobenzenesulfonamides

with formic acid, ortho esters, mixed anhydrides and with aldehvdes.

cvelie sulfonamides are described.

Since the hypotensive activity of 6-chloro-7-suli-
amoyl-1,2,4-benzothiadiazine-1,1-dioxide  was recog-
nized chinically,! there has been a search in this lab-
oratory forsulfonamides having principally or exclusively
effective hypotensive activity. This paper deseribes
part of the investigation concerned with 1,2 4-benso-
thiadiazine-1,1-dioxides not containing an extranuclear
7-sulfamoyl group.

Chlorosulfonation of 3-chloro-t-methylaniline and of
4-chlorobenzoic acid yielded, respectively. 2-amino-4-
chloro-3-methylbenzenesulfonyl chloride and 3-car-
boxy-2-chlorobenzenesulfonyl chloride. The reactive
chlorine atoms of 2.3-dichloronitrobenzene and of 2-
chloro-s-methyhitrobenzene were displaced by benzyl-
thiol in alkaline solution. Chlorine oxidation of the
resulting  2-benzylinercapto-3-chloronitrobenzene and
2-benzyhnercapto-3-methylnitrobenzene yielded the
corresponding 2-nitrobensenesulfonyl! chloride.  All the
above snlfonyl chlorides were converted to sulfonamides
by treating them with liquid anunonia. Reactions of
5-chloro-2-nitrobenzenesulfonyl chloride with n-pro-
pylamine and with beuzylamine yielded N-n-pro-
pyl-and N-benzyl-3-chloro-2-nitrobenzenesulfonanides.
Catalytic reduction of the 2-nitrobenzenesulfonainides
and displacement of the chlorine of 2-chloro-3-carboxy-
henzenesulfonamide yielded the 2-aminobenzenesulfon-
amides listed in Table 1.

Cychzation of 2-aminobenzencsulfonamides  with
tormic acid, triethyl orthoformate, triethyl ortho-
acetate and with triethyl orthopropionate yielded 3-H-,
3-methyl- and 3-ethyl-1,2 4-benzothiadazine-1,1-diox-
ides (Table II).  Mixed anhydrides of trifluoroacetic
acid with alkane, aralkane and eycloalkanecarboxylie

(1) W. Hollander and R. W. Wilkins, Boston MWed. Quart., 8, 69 (1957);
R. W. Wilkins, Vew England J. Med., 287, 1026 (1957); A. A. Rubin, F. E.
Roth, R. M. Tayloy, and H. Rosenkilde. J. Pharmacol. Kxptl, Therap.. 136,
344 (1962,

The hypotensive activities of the endo-

acids reacted with the 2-aminobenzenesulfonamides to
give 2-carboxamidobenzenesulfonamides.  One  of
these. H-chloro-2-phenacetylaminobenzenesulfonamide,
was isolated and characterized. The other crude 2-
carboxamidobenzenesulfonamides were cyclized in con-
centrated ammonium hydroxide to yield 3-alkyl (4 or
more carbons), 3-aralkyl- and 3-cycloalkyl-1,2,4-ben-
zothiadiazine-1.1-dioxides (Table II). The ixed
anhydride method was not snceessful with benzoic
acid, and G-methyl-3-trifluoromethyl-1,2,4-benzothi-
diazine-1,1-dioxide was obtained from the reaction with
the anhydride of trifluoroacetic acid and 3.4.5-tn-
methoxybenzoic acid.  Condensations of aldehydes
with the 2-aminobenzenesulfonamides in acid gave the
2.3-dihydro-3-alkyl-, aralkyl- and eyecloalkyl-1.2,4-ben-
zothiadiazine-1,1-dioxides (Table III). The nnnsual
and new adamantane-1-carboxaldehyde was prepared
by the lithiwm aluminum hydride reduction of
N-methyl-N-phenyl-adaimantane-1-carboxanide.  Thix
amide was obtained from adamantane-1-carboxylic acid
throngh the acid chloride.

Experimental

Chlorosulfonations (Table I).—To | kg. of chlorosulfonic acd
was added carefully 100 g. of 3-chloro-4-methylaniline or 100 g.
of p-chlorobenzoic acid. The mixture was stirred mechanically,
and 130-200 g. of NaCl was added in small portions. The es-
caping hydrogen chloride was conducted to o water-wash colurn.
The reaction mixture was heated in an oil-bath at 160° for 5 hr.,
then cooled and added to ice water. The separated sulfonyl
chloride was extracted with ether or collected on a filter, washed
with water and dried. ‘'L'he product was added cautiously to
excess liquid ammonia in au open beaker. After the excess
ammonia had evaporated, the solid sulfonamide was recrystal-
lized from aleohol.

2-Benzylmercaptonitrobenzenes and their Chlorine Oxidation
(Table I).—To a cold solution of KOH (54-108 g.) in 2 L of
alcohol was added 100 g. of benzylmercaptan and either 154.5 g.
of 2,3-dichlorenitrobenzene or 128 g. of 2-chloro-3-methylnitro-
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Tasige 1
Ry
RS j@iSOZNHz
R2 R1
Analyses, %
Empirical M.p.. Yield, Caled. — Found —
formula °C. %% C H N C H N
C;H,CIN:0.8 185 45 38.09 4.11 12.69 38.16 4.28 12.49
CHCINOS 260 70 35.67 2.56 5.84 35.85 2.77 5.73
C¢H:CIN.O,S 144 70 30.40 2.13 11.83 30.37 2.16 11.77
C7HoN0.8 125 15 45.14 5.41 15.04 45.23 5.68 15.00
CeH-CIN 0.8 135 91 34.90 3.41 13.56 35.00 3.39 13.42
CiHN:0,8 263 d. 42 38.88 3.72 12.96 38.96 3.70 12.908
C1:H3CIN-O,8 148 60 51.75 4.03 8.63 51.92 4.06 8.47
Tapre 11
R3 02
R2Ii|/S\NH
R, N>R
Average
Analyses 9 % blood
Empirical M.p., Yield, Caled. Found — pressure
R: formula °C. %% C H N C H N change
H CyHyN;0,8 301 50 45.18 3.79 17.65 45.10 3.85 18.09 0.0
H C/H:N0.8 325 70 42.60 3.58 21.30 42.56 3.94 21.60 0.0
H CH;:N;08 262 85 37.00 2.22 14.11% 36.50 2.18 13.74¢ —-8.0
H CH;CIN,O0:8 280 48 12.25 12.45 -2.9
H CyHCIN;O:8 304 72 44.20 3.71 11.45 44.14 3.87 11.21 —-2.3
H C,H;CIN:0:8 290 70 46.42 4.26 10.82 46.65 4.51 10.65 0.0
H C;H:CIN:0.8 285 11 63.55 4.31 7.06 63.74 4.51 7.01 +3.3
H C,H;3CIN0,8, 307 13 46.81 3.40 7.28 47.08 3.58 7.02 +1.2
Cl CzH;CIN.0.8 261 81 41.20 3.06 12.25 41.09 2.91 12.02 +3.1
Cl CyHCIN.O.S 229 70 44.20 3.71 11.45 44.81 4.15 11.15 -3.9
H CH,CLX0.8 303 52 33.47 1.59 11.15 33.66 1.41 11.37 -3.2
H CHCLN:0.8 322 48 36.26 2.28 10.57 36.34 2.49 10.33 —14.9
H CH;sClLN:0:8 311 70 38.38 2.89 10.04 39.04 3.10 10.04 —13.1
H CioHoClN:0.8 310 43 40.96 3.43 9.56 40.84 3.24 9.39 —7.6
H CiH;sCLN:0.8  >400 21 53.00 4.71 7.27 52.8 5.10 6.97 -3.1
H CiHoCLN:OS 314 20 55.25 3.09 7.16 55.37 3.07 6.87 0.0
H CuH;oCLN:0:8; 241 34 45.04 2.70 7.50 45.24 2.92 7.27 +1.2
H C¢H:F;N:0.8 326 36 40.90 2.67 10.61 41.36 2.92 10.42 —13.7
H C,HF:N:0-8 312 39 43.17 3.26 10.07 43.26 3.04 10.05 —15.9
H CHiiF;N20:8, 196 32 47.60 4.53 7.40 48.06 4.51 7.14 0.0
H CyHpN0.8 250 56 51.47 4.79 13.34 51.38 5.01 13.09 +3.1
H C,H2N:0.8 218 83 53.567 5.37 12.49 53.71 5.21 12.34 —4.9
H CeHsN20:8 244 46 63.97 5.37 9.33 64.07 5.48 9.12 0.0
H CieHi6N20:8: 191 54 57.80 4.85 58.12 4.78 —5.8
Cl  CgHeClN20.8 370 61 36.26 2.29 10.57 36.44 2.46 10.46 —-3.6
Cl  CyHCLN-0-S8 337 80 38.74 2.80 10.04 38.74 2,99 9.83 -2.0
Cl G H;oClN2OS 265 57 47.15 2.83 7.85 47.02 2.8 7.60 0.0
Cl CiH;ClaN2OsS 230 28 47.90 2.87 7.98 47.84 2.89 7.97 —-1.9
Cl  CpHLCLN:0.8 326 29 46.80 4.24 8.42 46.94 4.39 8.22 0.0
Cl CpyHsCLN0.S 400 18 52.85 4.93 7.25 52.95 4.8 7.00 +2.4
H CH:CIN:O.S 327 60 41.60 3.06 12.13 42.01 3.31 11.90 -3.9
H CyH CIN.0.S 272 83 44.17 3.71 11.45 44.37 3.96 11.44 —4.6
H C,H;CIN.0.S 268 19 54.40 4.24 9.07 53.81 4.30 8.67 -3.0
H CuHuCINO58 240 31 52.10 3.44 8,67 52.23 3.51 8.57 0.0
H CuH;CIN.0.8 262 32 54.75 3.61 9.13 54.68 3.70 9.07 +2.1
H CpHuCIN,O-S 246 27 52.55 4.74 9.42 52.69 4.62 9.23 -1.3
H C;3H:CIN:0-S 312 28 52.20 5.06 9.37 52.19 5.19 9.23 0.0
H C.HiCIN:0-S, 208 50 45.90 2.87 8.93 46.57 3.17 9.00
H CiH:F:N:0-8 208 40 40.90 2.67 41.48 2.77 —-3.8
H CyHN.0,8 300d. 6 44.99 3.35 11.66 44.76 3.35 11.45 +1.9

¢ 3-Norbornen-2-yl.

¢ Cyclopent-2-enylmethy!l.

¢ Thiophene-2-methyl.
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R hest R Rs formula
CaH @ Cl H CHpClaNa 0,8
(CHy)aCeH, H H 'l CHiCINGON
CHCH(CH.): H H @ CpHpBCINL O
C.H, CF,y H H CyHp FaN20:8
CHo(Hy Cy H H C1Hy:F3NL0:8
(T:Hg" (11‘.3 H H (:‘15H15F‘31\-2(7)g\\.
CH.CeHy,y CF, H H CysH s FaN20,8
3,4-(0OCH; . CeH, CFy H H CsHpaFaN=0,8
(CH)(H, CH; H H CyeH N8
CHLOH(CH;), 1 H €'l ) Hy CLNLOLS
CH(CHD, l H € CaHCLN LGOS
(L H, 0 ' H (] CHCLNO,S
CH,CH, 1 H 'l CysHpgCLAN SO
(' Hye (1 H 'l CyHy CLaN O
1-C)pH; 1 H 1 CyrHpCLN LGOS
('.)Ix}'{ lxiﬁ 1 H 'l (IITH‘,}IyClj:\. 2( )g;\'
CH.CsHy, 'l H 1 3 HisCLN 08
(CH1CeHsy @ H 'l ) Hp ClNOS
3,4-(OCH)CeH, H 1 H C);HCINL O, 8
C:H:0° H ¢l H  CpHuCINOS
Hy H Cl H CLHCINLO:R
CH.C:H, H (@ H Cy3HpCIN 08
(.TH))IV H (.l H (:14H17C11\.g( )2;\.
(CHCHs H Cl H CiuHpCINL0:8
CeHy’ H 1 H O HLCINOS
C5Hy H 'l 1 (14 HCIN 08
1l H @ H 1 HsCIN 08"
H H Cl H C1HCINLO.8¢

+ 5-Norbornen-2-vl. ?2-Furyl. ° I-Adamantyl.

benzene, The ensuing reaction was exotherue, and the yvellow
product separated after 2 hr. The product was collected and
recrystallized from dilute alecohol or water.

The substituted phenyl benzyl sulfide, prepared above, was
added to 1-2 1, of 30-5097 acetic acid and stirred while chlorine
gas was bubbled into the mixture. "l'he reaction became warm,
and the solid disappeared after 4-8 hr. Water was added, and
the aqueous mixture was extracted with ether. The ether solu-
tion was washed with water, dried over MgS0,, filtered and evap-
orated. The resulting sulfonyl chloride wuas added to excess
liquid ammonia, and the ammonia was allowed to evaporate.
The resulting sulfonamide was recrystallized from dilute alcohol.

2-Aminobenzenesulfonamides. Method A. Reduction of 2-
Nitrobenzenesulfonamides (Table I).-—An alcoholic solution
containing 25 g. of 4-chloro-3-methyl-2-nitrobenzenesulfonaniide
or 6-chloro-2-nitrobenzenesulfonamide was hydrogenated ut
2.8 kg./cm.? with Raney nickel. The catalyst was separated
by filtration, and the filtrate was concentrated. The crystalline
products were recrystallized from dilute alcohol while the #-
propy! and benzyl aniides of 2-amino-3-chlorobenzenesulfonic
acid were intractable gums and were used in the subsequent reac-
tions without further purification.

Method B. Amination of 2-Chloro-5-carboxybenzenesulfon-
amide (Table I),—A mixture of 2-chloro-5-carboxybenzenesnl-
fonaniide (100 g.), (N H4).CO; (100 g.), CuS04 (5 g.) and of coned.
NHOH (250 nil.) was sealed in a bonib and heated at 130° for 18
br. Tt was concentrated on the stean: bath, neutralized with
acetic acid and the residue extracted into alcohol. The alcohol
sohition was clarified with carbon, concentrated and diluted with
water. The product erystallized and was recrystallized several
titnes from dilute aleohol.

Method C.—These 2-auminobenzenesulfonmmides were pre-
pured by methods deseribed in the literature: 2-amino-5-chloro-

Mop.,

°C.
239
224
214
108
242
239
237
175
166
266
241
260
283
255
270
341
270
249
232
274
205
200
200
179
101
197
140
160

4 2,3-Dihvdro-4H-pyranyl-2.
methyl, 7 3-Methyleyclopentylmethyl. * Containg a 2-n-propyt substituent.

Average
e Dlood

o

s = Analyses Sy e e o
Yield, - ~

—- ~Caleid e e Pginle s s S pressuye
7y ¢ i N (& 11 N chanve
17 48,70 407 S AR RG4S 820 +1 .4
4N 55 .77 4.068 N.O68 D6 I8 4084 LI +2.6
=3 48,10 5,30 10.20 48,04 5.67 10.06 1.3
20 4283 3.95 10.00 4280 103 9.05 —4.7
35 50.20 5.12 N3850 38 510 8531 —3.9
10 3235 .38 SE3 B28N 449 SO +1.06
[ 51.71  3.30 S04 8182 574 T.92 0.0
10 3L.92 460 674+ 8175 4.80 6,71 —4.6
11 65.54  6.00 0927 6405 635 900 =400
884275 457 907 4260 13D 802 0.0
43 4,60 £.00 N67 MM ST N5l —3.3
45 s 2052 SN 66 208350 NS4 0.0
Do N.50 S 27
30 4874 409 No12ods 67 427 T2 0.0
TS B3R5 310 TON A A0 320 733 4201
46 2.7 5.20 TN 52 81 5023 08 0.0
37 4818 5.20 S030 N 530 T.NB 0.0
$2 3046 3,92 ToRE D053 405 T.8H 0.0

G 53 .34 5,00 T.32 3356 D .06 723 + 1.8
2] 4785 435 931 47 09 446 918 -3
4 34.07 4 R6 a.01 5421 493 a .zl 42
28 SE.90 5,71 Q.33 5185 H.66 a.55
60 33.72 648 R05 33 I8 H.6) N84 —1.1
16 35.77 4.068 SO08 0 HH . F0 4T N.N06 +2 6
14 5225 5.06 038 B2 46 513 920 + 1.3
28 23,41 G0N N000 5321 6.03 S8R0 0.0
86 46,06 5.02 1074 45837 108 10.57 2]
0 5459 303 a9 10 5434 11T .21 —-7.9

. i
* Cyelohex=2-envhnethyl. 7 Cyelopent-2-cnyvl-

: Contains a 2-bevzyl substituend,

benzenesulfonamide,* 2-aniino-4,6-dichlorobenzenesulfonamide,®
2-amino-4-chlorobenzenesulfonamide,® 2-ainino-4,5-dichloroben-

zenesulfonaniide,?  2-aniino-3-nitrobenzenesulfonamide,!  and
2-amino-4-trifluoromethyltbenzenesulfonamide.
N-Methyl-N-phenyl-adamantane-1-carboxamide.—1'c pre-

pare sdumantane-l-carbouyt chloride a mixtire of 30 g. of
adamantane-1-carboxylic acid® and 42 g. of PCl; was heated under
reflux for 4 hr. The solution then was distilled under reduced
pressure to remove POCl.  'T'he residue, which solidified upon
cooling, was dissolved in dry ether. 'The ether solution was
filtered, and the ether was removed by distillation under reduced
pressure. The product was purified by sublimation. The yield
cf acid chloride was 21.3 g. (64.57.), and 9.6 g. of the starting
acid was recovered. The acid chloride hydrolyzes rapidly at
room temperature and was placed in an evacuated desiecator
until it was used. A solution of 20.3 g. of adamantane-1-carbonyl
chloride in 70 nil. of dry benzene wus added dropwise to w stirred
niixture of 13.5 g. of N-methylaniline, 9.5 g. of triethylamine and
70 ml. of dry benzene which was cooled in ice. The stirring was
continued for 15 min. after the addition of the acid chloride
solution. The benzene was remc ved under reduced pressure, and
the residue was dissolved in petroleum ether. The solution was
dried overnight with MgS0;. The petroleiim ether was renioved
under reduced pressure, and wuter was added to the residue.
The product thien was recrystallized froni an acetone-water niix-
ture, nr.p. 99°, vield, 23.3 g. (8674 ).

@) 1. G Topliss, N Sperbey, and A AL Rnbin, 1728, Patent 2,080,573
11961),

() J. 1L Short and 17, Bienvacher, J. Am. Chem. Soe., 82, 1135 (1480},

(17 A. R. Goldfarb and B. Berk, ibid.. 65, 738 (1943).

i5) ¥. €. Novello, 8. ¢, Bell. E. L. A, Albraws, C. Ziegler, and 1.0 M.
Spragite, J. Ovg. Chem., 26, 968 (1960).

() H. Koelh and W. Haaf, Angew. Chem, T2, 628 11UH).
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Anal. Caled. for CiH»NO: C, 80.25: H, 8.60. Found:
C, 80.04; H, 8.58.

Adamantane-1-carboxaldehyde.—N-Methvl-N-phenyladaman-
tane-1-carboxamide (32 g., 0.082 mole) was dissolved in 100 nil.
of dry, redistilled tetrahydrofuran. The stirred solution was
maintained at 0-53° with an ice bath. A slurry of 1.03 g. (0.027
mole) of LiAlH, in 50 ml. of dry redistilled tetrahydrofuran was
added portionwise to the cooled, stirred solution through a cotton-
stoppered dropping funnel with a large bore. The mixture was
allowed to come to room temperature overnight with stirring.
It was cooled in ice and decomposed by the dropwise addition of
cold 6 & HCL. The strongly acidic aqueous mixture was ex-
tracted with three 300 ml. portions of ether. The combined
ether extract was washed with water to remove acid and then
dried over MgS0,. An oil was obtained when the ether was
removed under reduced pressure. Unreduced anilide (4 g.)
was recovered from the oil when it was cooled inice. The remain-
ing oil was shown to be approximately a 509, mixture of anilide
and aldehyde by comparing the relative infrared absorption
intensities of the aldehyde and of the amide bands cbserved in the
oil.  Further attempts to separate the aldehyde from the anilide,
including distillation, were fruitless. The oily mixture was used
as such, yield 7 g. (presumably 3.5 g. of aldehyde, 26%,). The
aldehyde portion was characterized by converting it to 3-(ada-
mantane-1) - 6,7 - dichloro - 1,2,4 - benzothiadiazine ~ 1,1 - dioxide
(Table II).

1,2,4-Benzothiadiazine-1,1-dioxides (Table II). Method A.
R = H, CH;, C;H;.—The 2-aminobenzenesulfonamide (5 g.) was
heated on the steam bath with excess formic acid according to
the procedure of Park and Williams,” or with excess triethyl
crthoformate, orthoacetate or orthopropionate according to
Freeman and Wagner.®! The reaction mixture was added to
water or the excess reagent was distilled, and the resulting solid
was recrystallized from dilute alcohol.

Method B. R is Other than H, CH;, C:H;.—The 2-amino-
benzenesulfonamide (5 g.) was treated with an equal molar
amount of the mixed anhydride of the appropriate carboxylic

(7) D. V. Park and R. T. Willilams, J. Chem. Soc.. 1760, (1950).
(8) J. H. Freeman and E. C. Wagner, J. Org. Chem., 16, 815 (1951).
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acid and trifluoroacetic acid, and the resulting 2-N-acylamino-
benzenesulfonamides were cyclized in NH;OH according to the
previously reported procedure.?

2,4-Dihydro-1,2,4-benzothiadiazine-1,1-dioxides (Table III).—
The 2-aminobenzenesulfonamide (5 g.) was treated with an equal
molar amount of the appropriate aldehyde in alcoholic-aqueous
HCl according to previously reported procedures.i¢ The prod-
ucts were recrystallized from dilute alcohol.

Pharmacology.—The compounds were tested in renal hyper-
tensive rats prepared by the procedure described by Kempf and
Page.!! Systolic blood pressure was determined by the micro-
phonic manometric method of Friedman and Freed.!? Follow-
ing the control blood pressure determination the compounds were
administered by mouth to groups of three rats. Blood pressure
readings were recorded hourly for 7 hr.

The results are reported in Tables II and III as the average
percentage change in blood pressure from control over the 7 lir.
observation period. Each figure represents the mean change
in blood pressure for three animals resulting front an oral dose
of 20 mg./kg. From past experience in this laboratory with
known hypotensive agents a 59 blood pressure lowering is con-
sidered to be significant. Eight representative compounds from
Tables IT and III produced electrolyte retention in saline-loaded
female rats. There did not seem to be a relationship between the
intensity of electrolyte retention and this hypotensive activity.
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A series of 84 derivatives of guanidine, including 2-amino-2-imidazolines, 2-amino-1,4,5,6-tctrahydropyrim-

idines, nitroguanidines, and aminoguanidines, has been prepared by standard methods.

T'hese conpounds

have been investigated for their ability to block the sympathetic nervous system, but without blocking the
parasympathetic nervous system. Pharmacology and structure-activity relationships are discussed.

In our Laboratories for a number of years we have
been interested in derivatives of guanidine both as
chemotherapeutic agents and for their effects on the
cardiovascular system. In this paper we wish to re-
port our efforts to find an effective antihypertensive
agent in this series of compounds.

With the discovery of the potent antihypertensive
agent, guanethidine?? [2-(octahydro-l-azocinyl)-ethyl]-
guanidine sulfate, we were prompted to reinvestigate
our series of compounds in comparison with guaneth-

(1) Portions of this work were presented before the Division of Medicinal
Cliemistry at the 141st National Meeting of the American Chemical Society,
Washington, D.C., March, 1962.

(2) R. A, Maxwell, R. P. Mull, and A. J. Plunmer, Experientia, 18, 267
(1959).

(3) R. P. Mull, M. E. Egbert, and M. R. Dapero, J. Org. Chem., 25, 1953
(1960).

idine, and to synthesize others which might show this
type of activity. Guanethidine differs from older anti-
hypertensive agents in that it blocks the effects of
stimulation of the sympathetic nervous system, as do
the ganglionic blocking agents, but does not at the
same time block the parasympathetic nervous system.
Since parasympathetic blockade causes undesirable
side effects such as constipation, dry mouth, urinary
retention, and impaired visual accommodation,
guanethidine maintains the advantages of the gangli-
onic blocking agents without many of their disadvan-
tages.

Chemistry.—The guanidines described in Tables
ITI-VII were prepared by standard methods. Method
A Is that of Rathke* and involves the reaction of a

(4) B. Rathke, Ber., 14, 1774 (1881).



