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tion of 18.0 g. (0.04 mole) of 21-bromo-3«,17a-dihydroxypregnane-
11,20-dione® and 1.685 g. (0.015 mole) of triethylenediamine in
200 ml. of dry ethyl methyl ketone was heated at 50° for 4 days.
The solution became cloudy and crystals separated. Filtration
gave 10.3 g. of crystalline solid, m.p. 243-248° after sintering and
darkening from 210°. Dilution of the filtrate to 1 I. with absolute
ether gave 1.9 g. of additional compound. A sample dried at 100°
in a high vacuum overnight was found by Karl Fischer analysis to
be anhydrous. However, it was hygroscopic and was difficult to
analyze.

Anal. Caled. for CisH7Br:N.Os: C, 59.62; H, 7.71; Br,
16.53; N,2.90; 0,13.24. Found: C, 58.01; H, 8.29; Br, 16.52;
N, 3.22; 0, 13.59.

A sample of this material was boiled with about 2 1. of water.
The cloudy solution was filtered through Supercel and the warm
solution was decanted from a little gum which immediately
separated. On cooling a flocculent gelatinous precipitate sepa-
rated and after standing overnight in the refrigerator it was col-
lected, washed with water, and dried giving 3.7 g. of near white
solid, m.p. 242-246° dec. Samples allowed to equilibrate in air
at 50% humidity were found by analysis to contain 2.5 molecules
of water (Table I). The nuclear magnetic resonance spectrum
supported the proposed structure.

Triethylenediamine Mono-N-oxide Dihydrochloride (17).—
To a solution of 22.4 g. (0.2 mole) of triethylenediamine in 400 ml.
of absolute ethanol was added during 15 min. with stirring at 20°
100 ml. of 309, aqueous hydrogen peroxide. After standing at
room temperature for 4 days the excess hydrogen peroxide was
destroyed by cautiously adding an aqueous slurry of 0.5 g. of 30%
platinum on charcoal. After stirring vigorously for 4 hr. the
mixture was filtered through Supercel and the colorless solution
was evaporated below 80° giving the free N-oxide base as a clear
colorless oil.

The oil was dissolved in 300 ml. of absolute ethanol and acidified
with 75 ml. of 6 NV ethanolic hydrogen chloride. The resulting
white precipitate was collected and dried giving 37.4 g. of white
solid. In the melting point bath it darkened at 200-220° but was
not all decomposed at 310°. This was dissolved in about 1.4 1. of
methanol and concentrated on a steam bath by a stream of nitro-
gen to 800 ml. After cooling, the crystals were collected and
dried giving 23.5 g. of white solid with melting behavior the same
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filtrate. The infrared spectrum was very different from that of
triethylenediamine dihydrochloride and the potentiometric
titration showed two breaks in the curve; neut. equiv. caled:
100.6; found: 101.3.
1-Phenacyi-4-aza-1-azoniabicyclo[2.2.2]octane Bromide 4-
Oxide Hydrate (18).—Mono-N-oxide free base was prepared as
above from 22.4 g. (0.2 mole) of triethylenediamine. The solu-
tion, after filtration from the platinum on charcoal, was cooled to
3° and a solution of 41 g. (0.21 mole) of phenacyl bromide was
added. After standing overnight the solution was concentrated
to 500 ml. The resuiting crystals were collected, boiled with
methanol, and cooled. After filtration from a small amount of
white solid, the two filtrates were diluted with ether giving white
solids which were combined and dissolved in 1.1 1. of 909 ethanol
by warming. After filtration this was diluted with 2 1. of abso-
lute ether giving 54.2 g. of white solid, m.p. 165-166° dec. (with
some darkening from 145°). The infrared spectrum showed this
to be a hydrate.
3a,17a-Dihydroxy-11,20-diketopregnene~21-trimethylam-
monijium Bromide.—To a cold solution of 25.6 g. (0.06 mole) of
21-bromo-3a,17a-dihydroxypregnane-11,20-dione? in 330 ml. of
ethyl methyl ketone was added 6.2 g. (0.1 mole) of cold trimethyl-
amine. The flask was stoppered, clamped, and allowed to
stand at room temperature for 3 days. A tan gummy solid
separated and then white crystals separated from the supernatant
solution. These erystals were twice recrystallized from a mixture
of ethanol and ethyl methyl ketone giving 5.49 g. of white solid,

m.p. 200-204°. The crystallized gummy solid proved hard to
purify.
Anal. Caled. for CxHysBrNOy: C, 59.25; H, 8.29; N, 2.88;

Br, 16.43. Found: C, 59.23; H, 8.76; N, 2.79; Br, 16.37.
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3-Hydroxy-3-phenylphthalimidines, related structurally to the diuretic agent chlorphthalidone but lacking a
sulfamoyl substituent, showed antihypertensive but not diuretic activity when administered intravenously to

as above. An additional 8.9 g. was obtained from the methanol
anesthetized dogs.
In 1961, a preliminary account was given® of

investigations concerned with the antihypertensive
activity of compounds related to certain known diuretic
sulfonamides, but lacking the free sulfamoyl group.
Subsequently detailed accounts of work in the 1,2,4-
benzothiadiazine series were published.? We would
now like to report results obtained with some substi-
tuted phthalimidines.

A noteworthy feature of chlorphthalidone* (I) is

(1) Part IT: J. G. Topliss, L. M. Konzelman, E. P. Shapiro, N. Sperber,
and F. E. Roth, J. Med. Chem., T, 269 (1964).

{2) A. A. Rubin, F. E. Roth, M. M. Winbury, J. G. Topliss, M. H. Sher-
lock, N. Sperber, and J. Black, Science, 188, 2067 {1961).

(3) (a) A. A. Rubin, F. E. Roth, R. M. Taylor., and H. Rosenkilde, J.
Pharmacol. Exptl. Therap., 186, 344 (1962); (b) J. G. Topliss, M. H. Sher-
lock, H. Reimann, L. M, Konzelman, E. P. Shapiro, B. W. Petterson, H.
Schneider, and N. Sperber, J. Med. Chem., 6, 122 (1963); (c) ref. 1.

(4) Von F. Reutter and F. Schaub, Schweiz. Med. Wochschr., 89, 1158
(1939).

Structure-activity relationships in the series were explored.

its close similarity in diuretic and antihypertensive
effects with chlorothiazide (and related thiazides)?
in spite of major structural differences between the
compounds. In view of the enhancement of the anti-
hypertensive effect and elimination or reversal of the
diuretic effect obtained on removal of the sulfamoyl
group in the thiazide series,®? we were prompted to
examine the biological properties of 3-(p-chloro-
phenyl)-3-hydroxyphthalimidine (IT).

OH OH
QuiOLIgw o
_NH NH
ﬁ SO,NH, @/
0
I i

(5) N.A. David, Current Therap. Res., §, 93 (1963).
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TasLE 11
2-BENZOYLBENZOIC ACIDS
X X,
CcO
v CO,H Y,
M.p.. Recrystn. Empirical —~Carbon, %-— —Hydrogen, %— —Chlorine, 95—
No. X Y Xy Y1 o, solvent¢ formula Caled. Found Caled. Fonnd Caled. Found
19° H H 3/-Cl oy C1sHsC10;
20° H H 2/-C1 H Ci1HsCl10s
21 H H H 4'-CFs 176-178 B-H C1sHsF305 61,23 61.41 3.08 3.30 19.37¢  19.30°
22 H i H 4/-0CH; 145-147 Et-H CisHie0s 70.30  70.46 4.72 4.90
234 H H 3/-C1 4/.Cl ChsHsCl:04
24° H H 2'.Cl1 4'-C1 C1sHsCl:03
257 3-Cl H H H C14HsCl0s
26 3-Cl H H 4'-Cl1 182183 C-H CuHCLO;  58.97  56.81 2.73 2.90 24,03 24.45
27/ 3-Cl H 2’.CHs 4'-CHa CisHisCl0;
28 4-0CHj; 5-0CH; H 4/-Cl 227-228 Et-H CiHnCl0s  59.91 59.84  4.09 4.20 11.06 11.22
« B = benzene, C = chloroform, Et = ether, H = hexane. » M. 8. Newman, J. Am. Chem. Soc., 60, 1368 (1938). ° Fluorine.

4 See ref 10b. ¢ See ref. 10a. / See ref. 10d.

This compound, when administered intravenously
to anesthetized dogs at doses of 10 mg./kg., produced
a fall in blood pressure of extent and duration sinnlar
to that brought about by diazoxide (7-chloro-3-methyl-
2H-1,2 4-benzothiadiazine 1,1-dioxide).? Also, on
oral administration of the phthalimidine (II) to saline-
loaded rats, an antidiuretic effect was observed of the
same order as that produced by diazoxide.®

Accordingly, other related phthalimidines were pre-
pared and evaluated biologically. These are listed in
Table I. A number of them were known compounds
and were prepared according to procedures deseribed
in the literature. The new compounds were synthe-
sized from the corresponding 2-benzoylbenzoic acids
(III) by conversion to the pseudo acid chloride (IV)
followed by treatment with ammonia to give the
phthalimidine (V). The phthalimmidine structure (V)
was established from a consideration of the infrared

R, Re R, Ci R;
CO (COCY,
_0
R, COH R, R, co R.
111 v
NH;
R1 OH R3 f{1 R3
CO
N /NH
R, co R. R, CONH. R.
Va

\JT
spectra of the products determined in pyridine solu-
tion. These show a single sharp carbonyl absorption
band in the 5.8 x region indicative of the phthalimi-
dine structure (V) as opposed to the open-chain form
Va which requires two carbonyl absorptions.”

The benzoylbenzoic acids (IIT) (Table II) were ob-
tained from the phthalic anhydride (VI) via a Friedel-
Crafts reaction or by reaction with an appropriate
Grignard reagent. The structare of the benzoylben-

R
R CO R
1 \0 AlCl, R, co 3
e R4
R. CcO or R, R, CO.H R,
XMg 111
Vi R,

(G) R. M. Tavlor, Angiology. 14, 79 (1963).
(7Y W. Graf, E, Girod, E. Schimid, and W, G. Rtoll, Helv. Chim. Acta, 42,
1085 (1959).

zoic acid 26 (Table II) was established by decarboxyla-
tion with copper powder in quinoline affording 2,4'-
dichlorobenzophenone.

In connection with some projected demethylation
experimients on methoxyl-substituted 3-hydroxy-3-
phenylphthalimidines we were led to investigate the
reactivity of 3-(p-chlorophenyl)-3-hydroxyphthalimi-
dine (IT) towards refluxing 509, hydrogen bromide—
acetic acid. The crystalline produet which separated
from the reaction mixture had the elemental composi-
tion C.H;BrCINO, and appeared to be a hydro-
bromide salt since an immediate, copious precipitate
formed with silver nitrate solution. The empirical
formula of the product corresponds to the hydrobromide
of the starting phthalimidine (IT); however, treatment
with hot sodium bicarbonate solution gave 2-(p-
chlorobenzoylybenzoic acid (VIII), whereas II was
stable under these conditions. Catalytic reduction of
the compound in methanol solution in the presence of
platinum oxide and treatment of the reduction product
with sodium bicarbonate solution furnished 3-(p-
chlorophenyl)phthalimidine (IX) identified by com-
parison with an authentic sample.? These transforma-
tions established the structure of the initial reaction
product from II as VII. A probable pathway for the
formation of VII is shown in the accompanying re-
action scheme,

OH Ao
O [T
HBr- r
/NH r-AcOH /NH
0
11
1—1{20
lﬁIH-HBr
QL Qg
Br
CO.H — o NH
|
VIl H_/‘*(I) b
jNaHCOa . H
aq.
H
NH
CO,H 6f0)
VIII X

(8) Synthesized by M. H. Sherlock and N. Muller-Kulenkampff, Sclhering
Corporation.
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Pharmacological Methods.*—The test procedure has
been deseribed in part I.3»  The activities of the co-
pounds are given in Table T and are rated aceording to
categories defined i part I1.!

Structure—Activity Relationships.—With the ex-
ception of 7 and 8 all of the compounds show signifi-
cantly greater antihypertensive activity than chlor-
phthalidone (1).  3-Hydroxy-3-phenylphthalimidine
(3) exhibits moderate antihypertensive activity. In-
troduction of a chloriue atom in the +4’-position (2)
results 11 a marked increase in activity, but in other
positions this substituent does 1ot siguificantly change
activity (4, 5, and 11). Dielloro compounds (9, 10.
aid 12) are nioderately active but not as active as the
4'-nonochloro  compound (2).  More highly substi-
tuted compounds (13 and 14) are 1o more active than
3 which has no arowatic ring substituents. Sonie loss
of activity is cvident when the chlorine atom in 2
is replaced by a trifluoromethyl group and activity
Is practically abolished when the replacing group is
nicthyl or methoxyl.  Replacement of the hydroxyl
group of 2 by wmethoxyl, piperidyl, or hydrogen lowers
activity. None of the compounds tested shows signifi-
caut diuretic activity; some cxhibit antidiuretic prop-
erties.

Experimental

3-Hydroxy-3-phenylphthalimidines.—These were prepared by
a modification of the method of Graf’ The requisite benzayl-
henzoic acid (40.0 g.) i1 benzene (150 ml.) was mixed with oxalyl
chloride (209 excess) and, after the initial reaction had sub-
sided, the reaction mixture was refluxed for I hr. Benzene and
excess of oxalyl chloride were removed by distillation, the residue
was cuttionsly added to a solution of 287, ammoninm hydroxide
(200 1nl.) and ethanal (100 ml.), kept at room temperature for
16 hr., and the crude product was collected by filtration. Re-
crystallization was effected best by dissolving the crude dry prod-
net i the mimimum volume of a L:1 mixture of benzene and
aleohal, concentrating the solution to about half the original
volnne, and adding hot hexane until crystallization began.
Yiclds of ernde produet were 50-909% and yields of the purified
compaounds 25--78%7.

2-Benzoylbenzoic Acids.—The benzoyvibenzoic acids were
prepared cither by @ Friedel-Crafts reaction between a substi-
tuted phthalic anhydride and the appropriately substituted ben-
zene ar by reactian of the phthalic anhydride with a Grignard
reagent from a substituted benzene.

2-(p-Trifluoromethylbenzoyl)benzoic Acid (21).—This wuas
prepared in 6897 yield from p-triflnoromethylphenvhungnesinm
bromide and phthalic anhydride.

2-(p-Anisoyl)benzoic Acid (22).—Compound 22 was obtained
in 5747 yield from the reaction of p-unisoylmagnesium bromide
and phthalic anhydride.

2-( p~Chlorobenzoyl)-3-chlorobenzoic Acid (26).—This com-

i These studies were earried out by Drs. 19, E. Roth, A. A. Rubin, aad
1. AL, Taylor of the Department of General I*harmacology, Biulogical Re-
searel Division, Sehering Curporation,

Q) vay A AL Coldberg, J. Chem. Sosa. 2829 (1931)5  (b) M. Phillips, J.
Anme. Chem. Sov., 49, 473 (1927): () . Weizmann, E. Bergmann, and V.
[rermmnana. J. Chem. Ssc., 1308 (19356 L1 M. 2. Newman and I°. G,
Selwurer, .o dm. Chem. Soe., T8, 5004 (1v34),

1 RGO Jimes, 9d., 69, 2346 11047,
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pound was prepared i 7749 yield from the Friedel-Crafts reqe-
tion of 3-chlorophthalic anhydride?® and chlorobenzene.

A mixture of the acdd (2.0 g.) and eopper pawder (0.2 ga
i quinoline (15 mlb} was refluxed for o ohr., conled, and the
solution was decanted from the copper and dilited with ether
(100 mb.i. The other sohinion was washed with (hree H0-1al.
partions of 109 hydrachlorie acid followed by 100 sodinng
earbonate solmtion (100 mb), and then dried aver anhydreons
sodinm sulfate.  Comcentration of the dried ether sohition and
addition of hexane gave 2,4'-dichlorabenzophenone (0.8 g,
nLp. 64-65° (h1.1¥ nep. 66.5-67°).  3.47-Dichlorobenzophenane 2
melrs at 1153°.

2.( p-Chlorobenzoy! )-4,5-dimethoxybenzoic Acid (28).-- This
wius prepared in 4697 vield from m-hemipinic anhydridet
and p-chlorophienyhnagnesium bromide.

1-(o-Carboxyphenyl )-1-( p-chlorophenyi)methyleneimine Hy-
drobromide ( VIIL---A mixture of 3-( p-chlaropheny)-3-ha-droxy-
phthahmidine (111 (40.0 g.) and 2 5097 salntion of hyvdrogen
Dromtide in acetie aeid (150 mlb) was refluxed for 1 hr., conled,
and the separated sulid was eollected by filtration, washed
tharcghly with anhydrous ether (total 400 mlbj, and dried
giving the prochiet (46.2 g, 895, m.p. 233° dec.  Recrystal-
Hzation was etfected from methanol--chloroforni- ether mmixtures,
but the melting point did not change; A2 231 mu (e 18,600),
204 (13,4001

Anul. Caled. for CuHeBrCINO.: O, 40036, 1, 5.26; Br,
25.46; CL 1041, Found: C, 48.90: H, 5.60; Br, Ch
10,48,

Hydrolysis of VII.-—A sohition of V11 (0.3 g.) in 104, sodimn
biearbonate solution (10 mb) was refluxed for 1 hr. and then
acidified with concentrated hydrochlorie acid. The reaction
mixture was chilled and filtered yielding 2-(p-chlorobenzoyl -
henznie neid (VIII), mup. 152-154°) identified by « mixture mett-
ing point determimition and comparison of infrared spectra with
an anthentic sample,

3-( p~Chiorophenyl)phthalimidine (IX). A.-—Compound VI
(4.0 g.) in nethanol (125 mlb.) wag redueed in the presence of
platimuin oxide (0.1 g.j at room temperature on n Parr hydrog-
enatr for 2 hr. The catalyst was filtered and the solvent evapo-
rated affording an orange gum which was dissolved in methunol
containing an excess of hydrogen bromide. FEvaporation of the
solvent again gave @ guin, presuable ernde a-(o-carboxyphenyl)-
p-chlorobenzylunine hydrobromide, which did not solidify.
This guin was dissolved in methanol (530 wl.) and the pH ad-
jusied taoew. 8 with 59 sodium bicarbonate solution. The re-
sultant solntion was ccncentrated in an air current giving a solid
(0.4 @), mp. 108-200°. Recrystallization from chloroforin-
hexane gave IX (0.2 g.), m.p. 210-212°, identified by mixture
melting point and comparison of infrared spectra with an anthen-
tic sample (synthesized as desceribed in B,

B.--A mixture of J-p-chlorophenviphchalide® (25.0 g.) and
25¢C, amnuaium  hydroxide solition saturated with ammonia
at 0° {150 mb ¢ was heated in an antaclawve at 150-160° for 10
te. A sold was filtered front the ewoled reactinn mixture,
washed with water, and dried )o give the cmde praduet (23.2
g}, nLp. 205-208°  Recrystallization from chloraform-hexane
furnished - p-cldorophenyDphthalimidine (18.0 g, m.p. 207
208°, The analvtieal sample, m.p. 210-211°) was abtained hy
recryvstathizing from the spme solvent mixture.

Acknowledgment.—The authors are indebted to Mr.
1. Conner for the microanalyses.
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