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The preparation of a number of 1,4-benzodiazepines substituted in the 3 position is described. The rearrange-
ment of 7-chloro-1,3-dihvdro-3-phenyl-2H-1,4-benzodiazepin-2-one 4-oxide with diacetyl sulfide yields largely
the 3-acetylthio compound. Amines, ethers, and sulfides were prepared through the chloro intermediate. A
3-carbethoxybenzodiazepine was prepared and converted into oxazepam. The pharmacological test data of new

and previously published compounds are given.

The possession of depressant activity in the central
nervous system is a common property of 1,4-benzodiaze-
pin-2-ones despite diverse substitution.? We have de-
voted most of our work with this system to 3-substituted
benzodiazepines as exemplified by oxazepam (I) and
report here syntheses of further compounds and bio-
logical test data of significance in this area.

In addition to the hydroxy group, halogens, ethers,
amines, and variously substituted esters have been
introduced into the 3 position, The new compounds
have been prepared by the methods cited in Table I or
as discussed below.

3-Acetoxy-7-chloro-1,3-dihydro-3-methyl-5-phenyl-
2H-1,4-benzodiazepin-2-one (XI) was obtained as ex-
pected upon treatment of 7-chloro-1,3-dihydro-3-
methyl-5-phenyl-2H-1,4-benzodiazepin-2-one  4-oxide?
with acetic anhydride, but attempted hydrolysis to the
3-hydroxy analog using strong base or acid resulted in a
facile rearrangement to 2-acetyl-6-chloro-4-phenyl-
quinazoline (Scheme I). A similar rearrangement in
acid of the more stable I has been described.* Mlilder
treatment of XI with diethylamine caused neither rear-
rangement nor hydrolysis but resulted in displacement
of the acetoxy group to yield 7-chloro-3-diethylamino-
1,3-dihydro-3-methyl-5-phenyl-2H - 1,4 - benzodiazepin-
2-one (XLII).
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7-Chloro-5-0-chlorophenyl-1,3-dihydro-1-methyl-2H-
1,4-benzodiazepin-2-one 4-oxide and related com-
pounds have been reported to undergo a Polonovski re-
action upon treatment with diacetyl sulfide to afford
3-acetoxy-7-chloro-5 - o - chlorophenyl-1,3-dihydro - 1-

(1) (&) Medicinal Chemistry Section. (b) Pharmacology Section.

(2) 8. J. Childress and M. I. Gluckman, J. Pharm. Sct., 53, 577 (1964).

(3) 8. C. Bell, T. 8. Sulkowski, C. Gochman, and 8. J. Childress, J. Org.

Chem., 2T, 562 (1962).
(4) 8. C. Bell and 8. J. Childress, tbid., 29, 506 (1964),

methyl-2H-1,4-benzodiazepin-2-one.* We have found,
however, that treatment of 7-chloro-1,3-dihydro-5-
phenyl-2H-1,4-benzodiazepin-2-one 4-oxide with di-
acetyl sulfide gives a mixture of the 3-acetoxy (VII) and
the 3-acetylthio (XXX1IV) compounds with the latter
predominating. The presence of thioacetic acid greatly
increased the proportion of XXXIV (Scheme II), It
was also found possible to replace the acetoxy group of
VII by the acetylthio group to afford XXXIV by heat-
ing with thioacetic acid. In consonance with its mild
acetylating power, thioacetic acid alone caused rear-
rangement of the 4-oxide and yielded XXXIV.

3-Halobenzodiazepin-2-ones were principally em-
ployed as intermediates in the production of 3-amines,
3-ethers, and 3-sulfides and the displacements proceeded
unexceptionally.

The 3-carbethoxy compound LIII was prepared
directly from 2-amino-5-chlorobenzophenone and
aminomalonic ester.® Compound LIII was readily
brominated in the 3 position and the resulting labile
substituent was easily displaced by hydroxy and meth-
oxy groups to afford I.IV and L.V (Scheme III). The
benzodiazepine ring of 1IV was unstable when treated
with base. In contrast, LV was hydrolyzed by base
and the product was decarboxylated upon acidification
to give the 3-methoxybenzodiazepine XXII. Com-
pound XXII was converted into I by reaction with
boron tribromide followed by treatment with water.

Pharmacological Activity.—Results from two be-
havioral observation tests and three antagonism tests
are recorded in Table I. The dose causing a motor ac-
tivity decrease affords an estimate of the quieting
effect and the dose producing ataxia is not only a
measure of an undesirable side effect but may also give
an indication of muscle relaxation. The antimorphine
test detects both major and minor tranquilizers. The
antipentylenetetrazole and antielectroshock tests are
usually considered to be anticonvulsant tests. We have
found the antipentylenetetrazole test particularly use-
ful in forecasting responses to benzodiazepines in
more sophisticated behavioral studies, A more de-
tailed description of these tests has been given by
Gluckman.”

The general requirements for good activity in the 1,4-
benzodiazepines are with few exceptions met in the
base structures employed here for study of the effects
of varying substitution in the 3 position. Except for

(5) E. Reeder, A, Stempel, and L. H. Sternbach, U. S. Patent 3,340,253
(1967),

(8) Cf. J. Schmitt, South African Patent 65/3049 (1966); Derwent
Farmdoc 19574.

(7) M. L. Gluckman, Current Therap. Res., Clin. Exptl., T, 721 (1965).
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¢ For descriptions of the biological tests see ref 2 and 7.

pounds are described in those instances.

30, 3576 (1965); D:
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VI and L all of the compounds have a 7-chloro sub-
stituent and carry a phenyl or o-chlorophenyl sub-
stituent at the 5 position. Most of the compounds are
unsubstituted in the 1 position. By comparing the
data for unalkylated and l-alkylated pairs, e.g., I and
II, it can be seen that no tremendous difference arises
in the antagonism tests by alkylation, It should be
noted, however, that 1-methylation does result in con-
siderable muscle relaxant activity as measured by sup-
pression of the linguomandibular reflex in cats.” Com-
pounds IT and IV have, respectively, twentyfold and
twice the potency of their unmethylated analogs, I
(EDsy = 4.2 mg/kg) and IIT (EDj; = 0.65 mg/kg), in
this test, Acyl groups in the 1 position also appear to
have little effect, possibly because of ready hydrolysis
in vivo.

Turning to the varying 3 substituents it can be seen
that the usual pattern of benzodiazepine activity is pre-
served; that is, a compound active in one of these tests
is active in all. There are, however, quantitative dif-
ferences; the most potent compound in one test is not
necessarily the most potent in the others.

Placement of a hydroxyl group in the 3 position re-
sults in compounds (I-V) having the highest potency
in the antipentylenetetrazole test, which can be con-
sidered as representative of the total effect. The com-
parisons that follow are based on this test. Although
acylation of the 3-hydroxy group (VI-XXI) lowers po-
tency there is reason to believe that hydrolysis is an im-
portant process in the metabolic fate of some of these
compounds.?

A 38-alkoxy group gives compounds (XXII-XXVII)
with high potency. Conversion ¢n vivo into 3-hydroxy-
benzodiazepines seems much less likely than is the case
with the 3-acyloxy compounds. In two compounds
(XXVIII and XXIX) bearing substituted alkoxy
groups, potency is low. The 3-chloro compounds
(XXX-XXXII) resemble the 3-alkoxy compounds in
potency.

Sulfur-containing substituents result in lowered po-
tency in relation to their oxy analogs (XXXIII vs, I,
XXXIV vs. VII). The effect of amino substituents is
dependent upon the nature of the amine, but only
XXXVII and XXXVIII have high potency. Acyla-
tion of 3-amines reduces activity (XLIV and XLV vs,
XXXVII). A 3-carbethoxy substituent results in an
effective compound (LIII),

In three examples (LIV-LVT) in which two functional
groups are placed in the 3 position, potency remains
high only in LIV. Two compounds (XI and XLII)
illustrate the harmful effect upon potency of a 3-methyl
substituent added to an existing 3 substituent.

Experimental Section

The capillary melting points were determined in an oil bath
and are not corrected. Compounds whose elemental analyses
are indicated only by symbols showed values within 0.4%, of the
theoretical values.

3-Acetoxy-7-chioro-1,3-dihydro-3-methyl-5-phenyl-2H-1,4-
benzodiazepin-2-one (XI).—To a suspension of 4.0 g of 7-chloro-
1,3-dihydro-3-methyl-5-phenyl-2H-1,4-benzodiazepin-2-one 4
oxide? in 40 mi of AcOH was added with stirring 20 mi of Ac;O.
The solution was heated on the steam bath for 15 min and con-
centrated in vacuo. Recrystallization of the residue from ethanol
gave 1.8 g of XI.

(8) 8. 8. Walkenstein, R. Wiser, C. H. Gudmundsen, H. B. Kimmel, and
R. A. Corradino, J. Pharm, Sci., 58, 1181 (1964).
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7-Chloro-3-diethylamino-1,3-dihydro-3-methyl-5-phenyl-2H -
1,4-benzodiazepin-2-one (XLII).—Compound XI (1.3 g) was
di=solved in 25 ml of Et.NH and allowed to stand at room tem-
perature for 1 hr. The solvent was removed in vacuo and the
residue was recrystallized twice from EtOH giving 0.6 g of XLIL.

2-Acetyl-6-chloro-4-phenylguinazoline.—To 2 suspension of 2
g of XIin EtOH was added a slight excess of 6 .V HCl with stirring.
A complete solution resulted. The solvent was removed in
vacuo and the residue was recrystallized several times from EtOT
alfording 0.35 g of product, mp 132-134°,  Anal. (C,¢H,;CIN.O)
C, I, N, CL

7-Chloro-1,3-dihydro-5-phenyl-3-succinoxy-2H-1,4-benzo-
diazepin-2-one (XVII).—To 75 ml of pyridine was added with
stirring a mixture of 37 g of I and 37 g of suceinic anhydride.
In a few minutes the reaction mixture solidified. After heating
on the steam bath for 80 min, the reaction mixture was cooled
and diluted with 50 ml of EtOH. Addition of H,O precipitated
57 g of XVII pyridininm salt, mp 139-141°. Recrystallization
from EtOAc did not change the melting point. Anal
(CualTCIN3O:) N.

A solution of 15 g of the pyridiniium salt was dissolved in 200
ml af 504, EtOH and acidified with HCL. There was obtained
152 g of solid, mp 102-104°. Recrystallization from 509¢
FtOH-IT.0 gave 9.8 g of XVII hydrate, mp 110-112°,

TodT g of the pyridinitun salt ~n\pended in 11 of EtOH was
added dropwise with stirring 1 equiv of 105 NaOH in 50¢,
agueons KtOH.  During this tine the starting compound dis-
sulved and then the sodiwm salt precipitated out. Recrystalliza-
tion from EtOI-11,0 gave 42 g of the hydrated sodinm salt of
NVIT.

3-Acetoxy-1-chloroacetyl-1,3-dihydro-5-phenyl-2H-1,4-benzo-
diazepin-2-one (XXI).—A mixture of 3 g of VII and 10 g of
chlovancetic anhydride was heated on the steam bath for several
haoues.  After the reaction mixture became cool, AcOH was
added, and 1.6 g of product was obtained which was recrystal-
lized from a mixture of KtOAc and hexane.

Ethyl (7-Chloro-2,3-dihydro-2-0x0-5-phenyl-1H-1,4-benzo-
diazepin-3-yloxy)acetate (XXVIII).—Compound 1 (5 g) was
gradually added to 35 ml of SOCl; and the mixture was heated
at reflux for 1 hr. Excess SOCl: was evaporated on a rotary
evaporator and trace quantities were removed by codistillation
with toluene. The residue (XXX) was warmed on a steam bath
with 16.2 g of ethyl glveolate until the solid dissolved (10-20
min). Upon standing for 2 days the oil partially crystallized
und was filtered affording 2.9 g of crude product, mp 140-144°.
Recrvsaiallization fram MeCN gave 1.6 ¢ of XXVITL

I XXII

(7-Chloro-2,3-dihydro-2-ox0-5-phenyi-1H-1,4-benzodiazepin-
3.yloxy)acetic Acid (XXIX).—~-Compound XXVIII (1.55 g) was
dissolved tn 15 ml of EtOIT and 10 ml of 0.8 & NaOI and the
solution was warmed on a steam bath for 10 min. The aleohal
was removed on a rotary evaporator and the remaining yellow
solution was diluted with 20 ml of HyO and treated dropwise with
stirring with 9 ml of 1.2 &’ HCL  The crude precipitate (mp 110--
112°) was recrystallized from MeCN to afford 1 g of XXIX,
mp 120°, then resolidified and melted at 205-207°.

7-Chloro-1,3-dihydro-3-mercapto-5-phenyl-2H-1,4-benzodi-
azepin-2-one (XXXIII).-—To a stirred slurry of 1.4 g of XXXIV
in 30 ml of EtOH was added 1.8 ml of 4 ¥ NaOH. The white
solid which separated after 5 min was dissolved by addition of
10 mi of H,O and the solution was stirred an additional 5 min.
The addition of 3 ml of AcOH diluted in 10 ml of H-O caused the
separation of 1.3 g of crystalline product, mp 138-139°. Re-
crystallization from EtOH afforded an analytical sample of
X XXIII, hemiethanolate.
3-Acetylthio-7-chloro-1,3-dihydro-5-phenyi-2H-1,4-benzo-
diazepin-2-one  (XXXIV).—7-Chloro-1,3-dihydro-5-phenyl-2H-
1,4-benzodiazepin-2-one 4-oxide (7.5 g) in 35 g of thioacetic
acid was treated with 7.6 g of acetyl sulfide and the mixture was
heated on the steam bath for 30 min. Ivaporation of the excess
reagents in vacuo afforded an oil which crystallized spontaneously
upon treatment with EtOH to give 5.1 g of product, mp 205-206°.
Recrystallization from EtOH gave an analytical sample of
XXXV, mp 208-209°.

In the absence of thioacetic acid a 4:6 (determined by nmir
camparison of CH3;CO, absorptions) solid mixture of VII aud
XXXIV was obtained. Fractional crystallization of the sohd
mixture from IStOH afforded VII, mp 240-242°. The ir specirum
of the product was identical with that of an authentic sample of
V1L

In the absence of thioacetic anhydride, a solution of 7-chlova~
1,3-dihydro-5-phenyl-2H-1,4-benzodiazepin-2-one 4-oxide in thio-
acetic acid heated for 2 hr on the steain bath afforded a small
quantity of XXXIV.

Compound XXXIV from VII.—Compound VII (1.1 g) was
heated in 5 g of thioacetic acid on a steam bath for 50 min.
The excess thicacetic acid was evaporated in vacuo leaving an
oily residue. Treatment of the residue with EtOH afforded 0.7 g
of XXXIV, mp 206-208°. The ir spectrum of the product wus
identical with that of XXXIV.

7-Chioro-3-(2-diethylaminoethylthio)-1,3-dihydro-5-phenyl-
2H-1,4-benzodiazepin-2-one (XXXV).—To a mixture of 12.7 g
al diethylaminoethanethiol hydrochloride and 10.0 g of Ft:N



May 1968

in C¢Hs was gradually added with stirring and cooling 7.6 g of
XXX. After stirring for 3 hr, the reaction mixture was filtered
from impurities, washed (H,0), and concentrated in wvacuo.
To the residue was added petroleum ether (bp 30-60°) and 5.1 g
of free base was collected and converted in C¢Hg to the hydro-
chloride salt. Recrystallization from EtOH gave XXXV .HCI.
7-Chloro-1,3-dihydro-5-phenyl-3-(2-thiazolin-2-ylthio }-2H-

1,4-benzodiazepin-2-one (XXXVI).—To a stirred suspension of
6.1 g of XXX and 3.5 g of 2-mercaptothiazoline in 50 ml of dioxane
was added 3 g of EtsN with cooling. The solution was stirred
at room temperature for 1 hr. After filtration, the solution was
concentrated at reduced pressure. The residue was washed
(Et:0, Me,CO) and recrystallized from DMF to afford XXX VI,

7-Chloro-1,3-dihydro-3-(2-dimethylaminoethylamino )-5-phen-
yl-2H-1,4-benzodiazepin-2-one (XLI).—Crude XXX was pre-
pared from 5 g of I as in the preparation of XXVIII and dis-
solved in 50 ml of dimethoxyethane. The solution was added
with stirring to a mixture of 10 ml of 2-dimethylaminoethylamine
in 150 mi of 1,2-dimethoxyethane. After 20 min, the solvent
was removed in vacuo and the residue was washed (H;O) and
recrystallized from EtOH giving 2.7 g of XLI.

7-Chioro-2,3-dihydro-2-0x0-5-phenyi-1H-1,4-benzodiazepin-3-
ylpyridinium Chloride (XLIII).—A mixture of 3 g of XXX, 1.1
g of pyridine, and 100 ml of acetone was heated under reflux for
1 hr. After the solution was cooled, 1.3 g of white solid was
collected and recrystallized from MeCN to give XLIII.

Ethyl 7-Chloro-1-(ethoxycarbonyl)-2,3«dihydro-2-oxo0-5-
phenyl-1H-1,4-benzodiazepine-3-carbamate (LII).—To a solu-
tion of 2 g of XXXVIT-HCI in 35 ml of pyridine was added
dropwise 4 ml of ethyvl chloroformate. After stirring for 25 min
the mixture was chilled and diluted with H,O. LII (2.2 g) was
collected and recrystallized from MeCN.

Ethyl 7-Chioro-2,3-dihydro-2-0x0-5-phenyl-1H-1,4-benzodi-
azepine-3-carboxylate (LIII).—2-Amino-3-chlorobenzophenone
(44 g) and 20 g of diethyl aminomalonate hydrochloride in 140
ml of pyridine were heated in an oil bath (150°) for 1 hr. An
additional 30 g of diethyl aminomalonate hydrochloride in 60
ml of pyridine was added in three portions at 0.3-hr intervals.
A constant volume of solvent was maintained by distillation of
pyridine from the reaction mixture during the addition period.
After a total reaction time of 4.75 hr, the pyridine was removed
in vacuo and the viscous residue was taken up in benzene and
washed (three times) with H;O. The solution was dried (Mge-
S0y) and concentrated n vacuo to a viscous oil. Treatment of
the oil with 140 ml of MeCN gave 8.6 g of LIII. The ester was
recrystallized from MeCN before analysis.

Ethyl 7-Chloro-2,3-dihydro-3-hydroxy-2-ox0-5-phenyi-1H-
1,4-benzodiazepine-3-carboxylate (LIV).—Compound LIII (5 g)
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in 200 ml of CH,Cl, was treated gradually with 2.8 g of Br, in
50 ml of CH:Cl;. The solution was treated with 75 mg of di-
benzoyl peroxide and stirred at 27° for 16 hr. The solvent and
excess Bry were removed n vacuo and the residue was dissolved
in 530 ml of 1,2-dimethoxyethane and 20 ml of H;O. The mixture
was adjusted to pH 8 with 4 N NaOH and stirred for 35 min
at 27°. The volatile solvents were removed in vacuo and the
mixture was treated with 17 ml of 4 N NaOH thereby causing
3.7 g of a yellow solid to separate. The solid was dissolved in
aqueous EtOH, the solution was filtered from impurities, and
the filtrate was acidified with HCl to precipitate 1.6 g of
product, mp 174-178°. Recrystallization from MeCN gave
LIV.

Ethyl 7-Chloro-2,3-dihydro-3-methoxy-2-0x0-1H-1,4-benzo-
diazepine-3-carboxylate (LV).—Compound LIII (2 g) dissolved
in 100 ml of CH,Cl; was treated with a solution of 1.1 g of Br,
in 5 ml of CH:Cl,. The mixture was stirred with 50 mg of di-
benzoyl peroxide for 16 hr at 26°, treated with 2 ml of MeOH,
and stirred for an additional 40 hr at 26°. The NH,Br that sepa-
rated was removed and the filtrate was evaporated in vacuo to
an orange oil, Treatment of the oil with EtOAc caused 1.8 g of
LV-HBr to separate, mp 190-191° dec. This salt was slurried
in CHCl; and washed with NaHCO; solution. The CHClI;
layer was dried (Mg,S0,) and evaporated in vacuo to an oil that
crystallized on treatment with aqueous EtOH to give 1.3 g of
produet, mp 167-168°. Recrystallization from aqueous EtOH
afforded an analytical sample of LV.

7-Chioro-1,3-dihydro-3-methoxy-5-phenyi-2H-1,4-benzodi-
azepin-2-one (XXII). A.—Compound LV (200 mg) dissolved ip
6 mi of 1,2-dimethoxyethane and 6 ml of H;O containing 0.8 mi
of 4 N was heated at 95° for 16 hr. The solution was allowed to
cool to 40° and was treated with 0.54 mi of 6 N HCL. The oily
residue that remained after evaporation of the solvent was
dissolved in CH.Cl;, and the solution was washed with NaHCO;
solution and water and dried by passage through cotton. Evapo-
ration of the solvent gave an oily residue that crystallized
spontaneously on treatment with MeCN to afford 12 mg of XXII,
mp 251-253°. A mixture melting point was undepressed. The
ir spectrum of the product was identical with that of the material
obtained from reaction of XXX and MeOH.

B.—Compound I (10 g) was added in portions over 23 min to
50 mi of concentrated HyS8Os. The yellow solution was added
with stirring to 400 ml of an ice-water slurry whereupon 10.6 g
of a salt separated, mp 130-131° dec. A 2-g portion of the salt
was heated in 15 ml of MeOH for 20 min on the steam bath until
the material dissolved. On cooling 1.2 g of product (mp 248-254°)
separated from the solution. Recrystallization from MeCN
gave XXII.



