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Untreated controls, methanol-treated controls, and
stamdards treated with the herbicide 3-(3,4-dichloro-
phenyl)-1.1-dimethylurea (diuron) or 2-chloro-{-ethyl-
amino-G-isopropylaimino-s-trinzine  (atrazine) ot 10
Ibfnere were also included. Phnts  treated with
diuron or atvazine showed phytotoxie svimptoms within
5 dawvs. After 7 weeks all plants were dead in the
diuron-treated flats, and only Zea mays survived in
the atrazine-treated flats,  The plats in flats treated
with compounds in Table T showed no symptoms of
phytotoxicity during this period.

Experimental Section®

4-Phenylsemicarbazides.—'T'he appropriate phenyl isocyanare
wis dissolved in 5 val of diry ethyl cther if liquid, or if a solid,
in 10 val of toluene ut 45° and added slowly to 1.1 equiv of the
approprinte alkylhydimzine in 30 vol of dry Et,0 at voowmn tew-
perature. The crude producr usually precipitated in approxi-
mately quanttative vield within a few minutes, except 2-
chlorophenyt and 2-rolyl anulogs, which required corcentration
of solvent. The crude produet wax filtered off and recrystallized
as indicated in Table T.
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Conzsiderable therapeutic importanice attaches 1o
several representatives of the 1,4-benzodiazepine ring
systenn - Four such compounds (chlordinzeposide, 1
dianzepam, I11; oxuzepam, IIT; and nitenzepum. IV) are
emploved clinieally for their effects on the central
nervous svstem, aud many others have undergnne test-
ing. The benzodinzepines thus resemble the pheno-
thiazine tranquilizers in the breadth of struetural
variation that ix possible without loss of pharnsico-
logical aetivity,

All of the marketed compounds have @ >Ce=aN-
systent between positions 4 and 5 (I N-oxide), but
published reports indieate that saturation of thisx bond
does not destroy activity. ! We wished to examine the
effects of shifting the nn=aturation from the 4,5 to the
3,4 positions and have develbped methods for preparing
the desived 1,5-dihvdro-2H-1 4-benzodiazepin-2-anes.
The chemicnl reactions of these products huve been

(1) {ay Presented in pade ac e 152nd National Meeting of the Amercon
Chemical Society, New York, N. Y., Sept 1966; b) 8. J. Chidress and M.
1. Gluekmman, J. Pherm. Sei, 88, 577 (14964).
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studied, and in one sequence a novel preparation of
oxazepani has been achieved.

Proctor and others?—3 have studied the base-catalyzed
elimination of the sulfinate anion from variously
substituted sulfonamides to afford imines. For ex-
aniple,  35,6-dihydro-s-p~tolylsulfonyl-7H-dibenz|b,d -
azepin-r-one (V) with sodium ethoxide at room tem-
perature gave T7H-dibenzlbdlazepin-7-one (VI), In
order to apply this method to the preparation of a
1.5-dihydro-2H-1,4-benzodiazepin-2-one, it was nec-
essary to prepare a 4-p-tolylsulfonyl-1,3,4,5-tetrahvdro-
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2H-1,4-benzodiazepin-2-one (VIII) which was easily
accomplished from the readily available VII (Chart T).
Although the activation of the 3-methylene group of
VIIT which is adjacent to a lactam carbonyl group is
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to his brought about the elimination of p-toluenesul-
finic acid to afford a mixture of compounds from which
the desired IX as well as the already known compound
X587 was isolated.

The nmr spectrum of IX was consistent with the
assigned structure. Two doublets resulting from al-
Ivlic coupling between the 3-proton and the 5-proton
oceur at 8 5.78 and 6.58 (J = 2 c¢ps). In contrast, the
isomeric X shows a singlet at § 4.22 for its 3-protons.
Recovery of the original starting material VII by re-
duction of IX with tetraethylammonium borohydride
demonstrated the preservation of the 1,4-benzodiaze-
pine ring. Compound IX was isonmerized to X by
vigorous treatment with sodium ethoxide which raises
a question as to the mechanism by which X is formed in
the reaction.

Because of the undesirable presence of X in the reac-
tion product and its possible origin in the conversion of
IX into X under the conditions of the reaction, another
milder method was sought for the preparation of IX.
The selection of a better leaving group than sulfinate
was a possible improvement. The elimination of an
anion such as acetate from the appropriately substituted
hydroxylamine seemed a likely prospect, since the pre-
requisite generation of an adjacent carbanion would be
analogous to that occurring in the foregoing sulfinate
elimination. Accordingly, the available 7-chloro-1,3 -
4 5-tetrahvdro-4-hyvdroxy-5-phenyl-2H-1,4-benzodiaze-
pin-2-one (XI)® was acetviated to give the 4-acetoxy
compound XII which was treated with trieth-
vlamine to bring about the elimination of acetate.
Triethylamine was chosen over sodium ethoxide in
order to decrease the possibility of ester cleavage.
TFrom XII, both IX and X were again obtained in a

less than that of Proctor’s ketone V, conditions similar  ratio of S:1. It was possible to isomerize IX into X
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by heating with triethylamine, thus leaving unclear the
course by which X arose in the reaction mixture.
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3,7-Dichloro-1,3-dihydro-s-phenyl-2H-1,4-benzodia-
zepin-2-one hydrolyzes with aqueous base to give the
corresponding 3-hydroxy compound (oxazepam) IIT.
Our attempts to halogenate the 3 position of X and
thus provide a useful intermediate in the synthesiz of
I1I had failed. Neither bromine nor N-bromosueeini-
mide affected X, and the use nf chlorine in acid solution
was similarly ineffective?  Bromination of IN with
N-bromosuceinimide, however, gave a bromo deriva-
tive (XTIII) whose infrared spectrum resembles that of
the 3-chloro derivative of X.? Hydrolysis of XITII
in agqueous base gave 111, The 34,5 positions of IX
constitute an allvlic triad and cither the bromination or
the nucleophilie displacement of the bromo substituent
of XI1II is envisioned as involving an wilylie rearrange-
ment.  Direet oxidation of IN did not involve an al-
Ivlic change, and the previously described XIV? was
obtained.

Compound IX was studied in the usual sereening
tests applicable to benzodiazepines.'  The gencral
profile of tests showed IX tn be less potent than its
isomer X.  For example, in the key antipentylenetetra-
zol test in mice IX had EDjy, 21 mg/ kg, whereas X had
EDx 0.9 mg/kg. In the 1,3-dihvdro-2-one series,
poteney is greatly inereased by introduction of an elee-
tronegative group in the ortho position of the H-phenyl
substituent,  Accordingly, the 5-(o-chlorophenyl) ann-
log of IX was prepared and texted, but it was much less
potent than IX.

Experimental Section

Melting points were deterinined in an oil bath and are -
corrected.  Infrared spectra were taken in KBr. N spectin
were recorded in DMSO-d with TMS as an internal standard.

7-Chloro-1,3,4,5-tetrahydro-5-phenyl-4-(p-tolylsuifonyl)-2H-
1,4-benzodiazepin-2-one (VII).—Ta a mixture of 3.0 g of VII&
i 20 ml of pyridine was added 3.5 g uf p-taluenesulfonyl chloride.
The reaction mixture was heated on the steam bath for 13 min
and diluted with H:00. The resultant precipitate was collected
and washed with H:O and with EtOF. There was obtained 4.6
g of VIIT, mp 246-248° (from EtOH).

Andl.  Caled for CoHpyOINLO48: C, 61.89; H, 4.4,
C, 61.77; H, 4.55.

4-Acetoxy-7-chloro-1,3,4,5-tetrahydro-5-phenyl-2H-1,4-benzo-
diazepin-2-one (XII).---A mixture of 3 g of XI¢ and 50 ml of
Ac.() was heated on the steam bath for 10 min. A clear solutiom
was obtalned that depoxited, npon cooling, 1.3 g of XII, mp
10:3-195°,

Adnal. Caled for C;HGCINGO:: C, 61720 H, 4.57; CY, 10.72;
N, 847, Found: G, 61.81; H,4.62; Cl, 10.6; N, 8.74.

7-Chloro-5-(o-chlorophenyl)-1,3,4,5-tetrahydro-4-hydroxy-
2H-1,4-benzodiazepin-2-one, mp 203-205° (from MeCN), was
prepiaved by the method Sternbach and Reeder® emplayed far XI.

bnal.  Caled for CisHCLN.O.: G, 35.74; H, 3.74; Cl, 21.94;
N, 8.67. Found: C,55.70; H,3.76; Cl, 21.4; N, 843,

4-Acetoxy-7-chloro-5-(o-chiorophenyl)-1,3,4,5-tetrahydro-2H-
1,4-benzodiazepin-2-one, mp 193-195° was prepared in the
same way as XII.

Anal. Caled for CHCLNOy: C, 55.90; H, 3.86; C1, 10.4;
N, 7.67. Found: C, 55.61; H, 3.83; Cl, 19.1; N, 7.50.

7-Chloro-1,5-dihydro-5-phenyl-2H-1,4-benzodiazepin-2-one
(IX) via p-Toluenesulfinic Acid Elimination.—Compound VIII
(427 mg, 1.0 mmole) was added to 10 ml of EtOH with which 48
mg (2.08 mg-atoms) of Na had reacted. The solution was

Faind:

(8) A recent patent indicates the successfil halogenation of N witl, N-
lialo compounds: R. L. Fryer, E. E. Garcia, and L. H. Sternbach, Soutl,
African Patent 66/7088 (1967).

(9) 8. C. Bell and 8. J. Childress, J. Org. Chem._ 27, 1691 (1962).
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heated at reflux for 30 min and concentrated. The residue was
shurried in MeCN and filtered. The filirate was evaporated 1o
an oil and redissolved in CHCl;. This solution was extracted
with dilute HCI, H.O, and saturared NaCl. The CHCL; exiract
wis dried by passage through cotton and concentinled ¢ racio
1o a foam. Treatment of the foam with E1OH eansed Il mg of
IX 10 seprrate ns needles: mp 215-217°; A 546 0 A0 242
mp e DH00 i, 8 A8 und 6.58 (3- and -1, d, ./ = 2 ¢p=i
7370 Garomntic muldtiplet, S H), 11.2 (NH1.

ied. Caled for CH,CINLO: C) 66.05; H, 4,100 Cl, Ly i
N.HL3A, Fomd: (7, 66.49; H, 4.13; Cl, 12.40: N, 10.26,

Coneentration of the IXtOH filtrate alforded 58 mg of colorless
craxtals, mp ISS-198°0 The hmipure prochlet was predaminantly
7-chlora-1,3-dihydvo-5-phenyl-2H-1,4-benzodiazepin-2-one - (X
by infraved comparizon with ainrhentic material.? - The melting
paint wax raised ta 210-214° upon rerrystallization from EtO1LL

Compound IX iz XIL—-A mixtine of 4.5 g of N11I, 7wl of
st N, and 260 ml of FrOH was heated under roflux for 10 min.
Caaoling prodireced 3.8 ¢ of IX, mp 215-216°. The filonte was
concentrated 7 caevo, and the residue wax recryvsiallized from
E1OIT va atford 0.9 g of X, mp 212-2147,

7-Chloro-5-(o-chlorophenyt)-1,5-dihydro-2H-1,4-benzodi-

azepin-2-one, mp 248-250° wus preparved hy the EGN method
from  d-aectoxy-7T-chloro-a-f g-chlorophenyl)- 13,40 100ahived -
2H-1 4-henzadiazepin-2-one.

Anal, Caled for CaHWCENLO: C, 3003 H, sa50: CLo2sz:
N, 080 Found: ) 50.02; 1 8.44; CL 22,7, N, 042,

7-Chloro-1,3-dihydro-5-phenyl-2H-1,4-benzodiazepin-2-one
tX). A. Isomerization of IX with Sodium Ethoxide.—Com-
pound IN (542 mg, 2.0 mmoles) slurried in 20 1ml of EtOT was
trented with 3415 ml of (152 NV E1ONa in EtOH., The mixture
was stirred and heated st veflux for .5 e Remaovalof the solven
in vacwo afforded an olly residne which was dissolved 10 CHCL.
The =olulion wis extineted saceessivelv with dilnie HCL 110,
and satmeated NaCl and was dried by passage thimgh cotion,
Lvaporation of the solvent and trentment of the olly residne with
MeCN affarded 273 mg of unchanged starting material. - The
filtrate, kept at 277 for severn] duyvs, deposited 40 g of N, mp
2122140,

B. Isomerization of IX in Triethylamine.—Compoand 1X
in7a mg, 212 mnoles) was hented at reflux for 0.5 o in 12,0 ml
of E1:N.  The reaction mixture was allowed 1o caol ta roeom
remperatire. Filtration of (he mixiare gave 457 mg 1 740.37) of
unchanged IN, mp 212-214° FEvaporation of the filiare and
treatiient of the vesnliant ol wirh ool atforded 65 g of X,
mp 212-214°,

Reduction of IX.-- T i =olution of 0.4 g of tetraethylimmonium
horohyvdride in 200wl of BtOH was added 0.4 g of IX, and the
mixtire was hented 1o 55° antil the =olid dissolved. The salution
was caoled and dilnted with Fa0. The product which separated
13 gy was found to be identical with authentie T-chlara-)-
phenvl-1,3.4 5-tetrahydro-2H-1,4-benzadiazepin-2-one (VI1;.5

Oxidation of IX.—To i sthrred suspension of IX 1700 g, 3.61
mmales) n 10 ml of HOAe at 27° was added 0.62 ml of 204
11,0, After 45 min, the salid had dissalved, and <tirring was
continued for 1 hr. The white precipitate which separnted afrer
gradial addition of 40 ml of HyO was colleered and washed with
H.0. Reerystallization from aqueous methoxyethanol afforded
203 mg of XIV, mp 294-205°. The infrared speeivimn of the
product was identienl with the =pectrum of materinl prepared
previansly.?

7-Chloro-1,3-dihydro-3-hydroxy-5-phenyl-2H-1,4-benzodi-
azepin-2-one (III).-—A solution of Y20 g (3.4 mmoles) of IX
in 150 ml of warm CgHe was treated with 656 mg (5.68 mmoles;
of N-bromosuceinimide and 50 mg of dibenzoyl peroxide and was
stirred for 5.25 hr at 26°. TFiltration gave 300 mg of a vellow
crystalline hydrobromide, mp 177-179° (A5 5.90 w), which was
dissolved in 1.5 ml of DMF. The solntion was diluted with 4.0
ml of warm H,O to yield 28 mg of I1I which after recry-stallization
from EtOH had mp 203-204°. The infrared spectrinn was identi-
cal with that of an anthentic sample.?
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