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PHENYLSEMICARBAZIDES

@—NHCONR;RZ
R

Recrystn

No. R Ry R2 solvent? Mp, #C
1 1 i NiCHg)e o 111.5-112"%
2 11 CH; NH: M, DA Y0-u2. 3¢
i H H - N(CIL), A DA 102.5-103
! 2.} i N(CH3): M, L 88.5-89.57
5 2.1 CHs N He M. L 100-101
6 3-C! H N(CH: L, Al 48-94 . 57
7 3-C CH; NH: MoALC 158-160.5
5 1-C 1 1, A 150-151.5¢
9 -5 1t « 150. 5152
10 34-C L i 13 32-133.5
11 34-C1: CH, M, DT 13

12 3.4-Cl 1 oo B 155

13 i-1 H LB 12

14 1-Br 1t LAl 15

15 -1y CH; AL M 158

16 2-C 1, 11 M 14

17 2-C' s Clty M 1015

15 3-C 1y H L. M TH-TY

1 3-Cs on b, L Y1-02.5
20 1-CHa H LoAL A 136-157
2 -1 CH I T4-113 .5
22 2.NO: n Y/

2 2NO- s M, oA

24 B-NO. t AV D
25 3-N O CHs M.oA O

25 -NO: 1l NiCly. M.A

27 N0 CH; N - M

28 LOCH, NCI L. D

24 LOCH:  ClHL N H: I 105-106

Carbon, 7y, Hydrogen, N or other, 'y
tormula Cated Found Caled  Tound Caled Found
CotlpN0O (IS 1040 .51 T.27
CyHNO0
CritheN:O H6. 42 6. 70 521 825
CaHRCINGO 30054 S0.TT 5. 66 57T
CsHpCINO 518 1R56 005 3.0 7. T 17 3¢
CaFCINGO
CyHCINGO 48,12 I35 a5 5. 15 [ IS 06
CaHCINGO 3050 G622 5 5.53 Thoe T2y
CriHLCINGO H8.8 Lk i, 6H.51
CulllCLNLO BN i ' 130
[QN BTG 1.0t R 3 3.83 LARAEAY] 30 00¢
CalCLNGO 5164 3. 5,61
ColTeF N0 SN [ 609
CaHEBrNO 1188 1 .67 e BTN i
COBe NGO AR { 111
e NLO t2 1a T TTh 21Ta
Catls N0 (IR T 710 25045
LN 8215 T.oN2 Toay 2175
N0 503 L 7ol R 23,45
CotlNLO 6215 7.2 TS 2075
ClTeN-O B0 Tl T2t 28040
CHEN O s 2 540 5051 BRI
O NGO By 71 1os0 .05 2 i
CabhaN:O N2 540 TS REWLY
CuH LNk [N 180 1ol LI
CutlieNLO 15,21 5,10 5ok RE STH]
NGO 5.7 2 1,80 180 26
TN 53710 7o T2 Toan 200N
CalliaNLOy S5uT 35,0050 6Tl .6y 21053 200,440

cNolvents: A = EtOAc-ligroin, B = Me,CO-ligroin, C = CHCl-ligroin, D = F0-MeOl-ligroin, It = aqueons LG0T, 1L =

Li,O-ligroin, M = agueous NMeOIT.

EBE analysis.

mp 99°0 7 Lit mp 133°, ;

Untreated controls, methanol-treated controls, and
standards treated with the herbicide 3-(3,4-dichloro-
phenyD)-1.1-dimethylurea (diuron) or 2-chloro-d-ethyl-
amino-t-isopropylamino-s-trinzine  (atrazine) at 10
Ib/uere were also ineluded. Plants treated with
diuron or atrazine showed phytotoxie symptoms within
5 dayvs.  After 7 weeks all plants were dead in the
diuron-treated flats, and only Zea mays survived in
the atrazine-treated flats,  The plants in flats treated
with compounds in Table I showed no svmptoms of
phytotoxieity during this period.

Experimental Section?

4-Phenylsemicarbazides.—The appropriate phenyl isocyanate
was dissolved in 5 vol of dry ethyl ether if liquid, or if a solid,
in 10 vol of toluene at 43° and added slowly to 1.1 equiv of the
appropriate alkylhydrazine in 30 vol of dry Et;0 at room tem-
perature.  The crude product usually precipitated in approxi-
mately quantitative vield within a few minutes, except 2-
chlorophenyl and 2-toly! analogs, which required concentration
of solvent. The crude product was filtered off and recrystallized
as indicated in Table T.

Acknowledgments.--The author is indebted to H. J.
Thome, E. I. du Pont de Nemours and Co., Wilmington,
Del., for 3,4-dichlorophenyl isocyanate, to FAC Corp.,
Princeton, N, J., for N-aminohexamethylenimine, and
to A. W. Burgess and P. IX. Cramer for valuable
technical assistance.

(5) Melting points were determined by wmeans of a Kofler miero hot stage
and are corrected. The elemental analyses were performed by Drs. G
Weliler and . Strauss, Microanalytical Laboratory, Oxford, England.

PROR Levy [(Men Povdres, 40, 429 (19581
¢ M. Busch, E, Opfermann, and T, Walther [Chen. Ber., 37, 2324 (1004)] veported myp 93045,

Chepio Abstr, 55, TUS39 (196 1)] reported mp LOS®,
TR mp 96°0 ¢« Clanalvsis, Lit.”

5-Aryl-1.5-dihydro-2H-1,4-benzodiazepin-2-ones "
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Considerable therapeutic importance attaches to
several representatives of the 1,4-benzodiazepine ring
system.!”  Four sueh compounds (ehlordiazepoxide, [;
diazepam, 11; oxazepam, ITI; and nitrazepam. IV) are
emploved elinically for their effeets on the central
nervous svstenl, and many others have undergone test-
ing. The benzodiazepines thus resemble the pheno-
thiazine tranquilizers in the breadth of structural
variation that is possible without loss of pharmaco-
logical activity.,

All of the marketed compounds have o >N~
system between positions 4 and 5 (I N-oxide), but
published reports indieate that saturation of this bond
does not destroy activity.’®  We wished to examine the
effects of shifting the un=aturation from the 4,5 to the
3,4 positions and have developed methods for preparing
the desived 1,5-dihydro-2H-1,4-benzodiazepin-2-ones.
The chemical reactions of these products have been

{1) {a) Presented in putt at the 152nd National Meeting of the American
Chemical Societv. New York, N. Y., Sept 1966; (b) 8. J. Childress and M.
1. Gluckman, J. Pharm. Sei., 83, 577 (1964).
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studied, and in one sequence a novel preparation of
oxazepam has been achieved.

Proctor and others?—5 have studied the base-catalyzed
elimination of the sulfinate anion from variously
substituted sulfonamides to afford imines. For ex-
ample,  5,6-dihydro-5-p-tolylsulfonyl-7H-dibenz[b,d]-
azepin-7-one (V) with sodium ethoxide at room tem-
perature gave T7H-dibenz[b,d]azepin-T-one (VI). In
order to apply this method to the preparation of a
1,3-dihvdro-2H-1,4-benzodiazepin-2-one, it was nec-
essary to prepare a 4-p-tolylsulfonyvl-1,3,4,5-tetrahydro-
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2H-1,4-benzodiazepin-2-one (VIII) which was easily
accomplished from the readily available VII (Chart I).
Although the activation of the 3-methylene group of
VIIT which iz adjacent to a lactam carbonyl group is
less than that of Proctor’s ketone V, conditions similar
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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-
Iylic coupling between the 3-proton and the 3-proton
oceur at § 5.78 and 6.58 (J = 2 cps). 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 tetraethvlammonium borohydride
demonstrated the preservation of the 1,4-benzodiaze-
pine ring. Compound IX was isomerized 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 produet 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-hvdroxy-5-phenyl-2H-1,4- benzodiaze-
pin-2-one (XI)¢ was acetvlated 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.
From XII, both IX and X were again obtained in a
ratio of 8:1. It was possible to isomerize IX into X
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(2) G. R. Proctor, Chem. Ind. (London), 408 (1960).

(3) A. V. Robertson, J. E. Francis, and B. Witkop, J. Am. Chem. Soc., 84,
1709 (1962).

(4) A. H. Jackson, G. W. Kenner, and W, G. Terry, Tetrahedron Letters,
921 (1962),

(3) E. Negishi and A. R. Day, J. Org. Chem., 30, 43 (1965).

by heating with triethylamine, thus leaving uneclear the
course by which X arose in the reaction mixture.

(6) L. H. Sternbach and E, Reeder, ibid., 26, 4936 (1961).
(7) 8. C. Bell, T, 8. Sulkowski, C. Gochman, and 8. J. Childress, ibid.. 27
562 (1962).
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3,7-Dichloro-1,3-dihydro-3-phenyl-2H-1,4-benzodia-~
zepin-2-one hydrolyzes with aqueous base to give the
corresponding 3-hyvdroxy compound (oxazepam) III,
Our attempts to halogenate the 3 position of X and
thus provide a useful intermediate in the synthesis of
III had failed. Neither bromine nor N-bromosueeini-
mide affected X, and the use of chlorine in acid solution
was similarly ineffective® Bromination of INX with
N-bromosuccinimide, however, gave a bromo deriva-
tive (XIII) whose infrared spectrum resembles that of
the 3-chloro derivative of X.* Hydrolysis of XIII
in aqueous base gave II1. The 3,4,5 positions of IX
constitute an allvlie triad and either the bromination or
the nucleophilie displacement of the bromo substituent
of XIIT is envisioned as involving an allylic rearrange-
ment.  Direct oxidation of IX did not involve an al-
Ivlic change. and the previously described XNIV? was
obtained.

Compound IX was studied in the usual sereening
tests  applieable to  benzodiazepines."” The general
profile of tests showed IX to be less potent than its
isomer X.  I'or example, in the key antipentylenetetra-
zol test in mice IX had ED; 21 mg/kg, whereas X had
EDy 0.9 mg/kg. In the 1.3-dihyvdro-2-one series,
poteney is greatly inereased by introduction of an elee-
tronegative group in the ortho position of the 3-phenyl
substituent,  Accordingly, the 5-(o-chlorophenyl) ana-
log of IX was prepared and tested, but it was much less
potent than IX.

Experimental Section

AMelting points were determined in an oil bath and are -
corrected. Infrared spectra were taken in KBr. Nmr spectra
were recorded in DMSO-d with TMS as an internal standard.

7-Chloro-1,3,4,5-tetrahydro-5-phenyl-4-(p-tolylsulfonyl)-2H-
1,4-benzodiazepin-2-one (VIII).—-To a mixture of 3.0 g of VII¢
in 20 ml of pyridine was added 3.5 g of p-toluenesulfonyl chloride.
The reaction mixture was heated on the steam bhath for 15 min
and diluted with Hy(). The resultant precipitate was collected
and washed with Hy(O) and with EtOH. There was obtained 4.6
g of VIIT, mp 246-245° (from EtOH).

Anal.  Caled for CoHyCINGO,S: C, 61.89; H, 4.49.
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
A was heated on the steam bath for 10 min. A clear solution
was obtained that deposited, upon cooling, 1.3 g of XII, mp
193-195°,

Anal. Caled for C:HpCIN,Oy: C) 61.72; H, 4.57; Cl, 10.72;
N, 847, Found: C,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), wax
prepared by the method Sternbach and Reeder® employed for XI.

fAnal. Caled for CiHpCLN,Os: €, 55.74; H, 3.74; Cl, 21.94;
N, 867, Found: C,55.70; H,3.76; Cl, 21.4; N, 8.43.

4-Acetoxy-7-chloro-5-(o-chlorophenyl)-1,3,4,5-tetrahydro-2H-
1,4-benzodiazepin-2-one, mp 193-195°, was prepared in the
same way as XI1I.

Anal. Caled for CiHuCLN,O5: C, 55.90; H, 3.86; CI, 19.4;
N, 7.67. Found: C, 55.61; H,3.83;: C], 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 VIIIT
(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

Found:

(8) A recent patent indicates the successful halogenation of N with N-
halo compounds: R. I. Fryer, E. E. Garcia, and L. H. Sternbach, South
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 retlux for 30 min and concentrated. The rexidue was
slurried in MeCN and filtered. The filtrate wux evaporated 1o
an oil and redissolved in CHCl;.  This =olution was exiracted
with dilute HCI, H,0, and saturated NaCl. The CHCIl exiract
was dried by passage through cotton and concentrated /n racuo
to a foam.  Treatment of the foam with EtOH caused 150 mg of
IX 1o separate a= needles: mp 215-217%; ARPT3.06 10 A0 242
mu (e 95000 nmr, 8 3.8 and 6.58 (3- and 5-H, d, ./ = 2 ¢p=s2
7.3-T.49 taromatic multiplet, S H), 11.2 (NH).

Anal. Caled for CpHGCINLO: ) 66.55; H, 4100 Cl, 13.10;
N, 10,35, Found: €, 66.49; H,4.13; Cl, 12.9: N, 10.26.

Concentration of the EtOH filtrate atfforded 58 mg of colovless
crystals, mp I88-198°. The impure product was predominantly
7-chluro-1,3-dihydro-3-phenyl-2H-1,4-benzodiazepin-2-one (X,
by infrared comparison with authentic material.?  The melting
polut was raised to 210-214° upon recrystallization from EfOTII,

Compound IX 10 XIL—A mixture of 6.5 g of XII, 7 ml of
N, and 260 ml of EtOH was heated under reflux for 10 min.
Cooling produced 3.5 g of IX, mp 215-216°. The filtrate was=
concentrated in racwo, and the residue was recrystallized from
EtOH to afford 0.5 g of X, mp 212-214°,

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

azepin-2-one, mp 243-250° was prepared by the EGN method
from  d-acetoxy-7-chloro-5-Co-chlorophenyl)-1,3,4.5-1etrahydro-
2H-1 4-benzodiazepin-2-one.

Anal, Caled for CpHWCLNLO: O, 3003 H, 3300 CL 23,2
N, IS0 Found: € 59.02; 11, 3.44; Cl, 22.7; N, u.42.

7-Chlore-1,3-dihydro-5-phenyl-2H-1,4-benzodiazepin-2-one
(X). A, [Isomerization of IX with Sodium Ethoxide.—('om-
pound TN (542 mg, 2.0 mmoles) slurried in 20 ml of FtOH was
treated with 3.45 ml of 0.32 NV EtONa in EtOH.  The mixture
was stirved and heated at reflux for 0.5 hr. Removal of the solvent
in vacuo afforded i oily residue which was dissolved in CHCL.
The =olution was extraeted =uccessively with dilute HCL, 0,
and sararated NaCl and was dried by passage through cotton,
Evaporation of the solvent and treatment of the oily residue with
MeCN afforded 273 mg of unchanged starting muaterial.  The
filtrate, kept at 277 for <everal davs, deposited 49 mg of X, mp
212-214°.

B. Isomerization of IX in Triethylamine.—Compound [X
(H7H myg, 2.12 mmoles) was heated at reflux for 0.5 hr in 12.5 ml
of BN, The reaction mixture was wllowed to cool to room
temperature.  Filtvation of the mixture gave 457 my (79.5,) of
unchanged IX, mp 212-214°. Fvaporation of the filtrate and
freatment of the rexultant oil with EtOIT afforded 65 mg of X,
mp 21:2-214°,

Reduction of IX.- Tt solution of .4 g of tetraethylammonium
borohyvdride in 20 ml of EtOH was added 0.4 ¢ of IX, and the
mixture was heated to 55° antil the =olid dissolved. The solution
was cooled and diluted with I1:0. The product which separated
(0.3 g) was found rto be identical with authentic 7-chloro-)-
phenvl-1,3,4 5-tetrahyvdro-2H-1,4-benzodiazepin-2-one (V115

Oxidation of IX.-—To a stirred suspension of IX (500 mg, 3.61
mmoles) in 10 ml of HOAe at 27° was added 0.62 ml of 50¢;
H,0..  After 45 min, the solid had dissolved, and =tirring was
continued for 1 hr. The white precipitate which separated after
gradual addition of 40 m} of H,Q was colleeted and washed with
Ho0. Recrystallization from aqueous methoxvethanol afforded
203 mg of XIV, mp 204-295°. The infrared spectrum of the
product was identical with the spectrum of material prepared
previously.?

7-Chloro-1,3-dihydro-3-hydroxy-5-phenyl-2H-1,4-benzodi-
azepin-2-one (III).—A solution of 920 mg (3.4 mmoles) of IX
in 150 ml of warm C¢Hs was treated with 636 mg (3.65 mmoles)
of N-bromosuccinimide and 50 mg of dibenzoyl peroxide and wax
stirred for 5.25 hr at 26°. Filtration gave 300 mg of a vellow
crystalline hydrobromide, mp 177-179° (Ajbs 5.90 u), which was
dissolved in 1.5 ml of DNF. The solution was diluted with 4.0
ml of warm H,O to yield 28 mg of 11T which after recrystallization
from EtOH had mp 203-204°. The infrared spectrum was identi-
cal with that of an authentic sample.?
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