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A number of 3-substituted i,11-dihydrodibenz[b,e][1,4]oxazepines and 3,11-dihydrodibenzo[b,e][1,4]thi-
azepines have been prepared. When the 53-substituent is 3-[1-(2-hydroxyethyl)-4-piperazinyl]propy! and a
substituent like Cl or CF; is in the 3, or 7 position, the compounds show antianxiety effects at lower doses and

CNS depressant activity at higher doses.

When the 5 substituent ix a simple dialkylaminoalkyl group, then

the compounds are not CNS depressants at either dose level, but instead are CNS stimulants, but ouly at the

higher dose range.

In our earlier papers? we have described the synthe-
sis of a number of derivatives of 5,11-dihydrodibenz-
[b,e][1,4]oxazepine (1) and compared several of these
for their antihistaminic and anticonvulsant activities.
The present paper is concerned largely with a compari-
son of the CNS effects of a wider variety of derivatives
of that heterocycle as well as of derivatives of the re-
lated heterocyele, 5,11-dihydrodibenzo[b,e][1,4]thi-
azepine (2).
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The synthetic route to ar-substituted 1 described
previously,? involved the preparation initially of an
o-bromobenzyl-o-nitrophenyl ether, followed by Fe-
HCI reduction to the o-{o-bromobenzyloxy)aniline-
HCI, tlien formanilide formation and cyelization in
DMPF. N-Formylation was essential for cyclization
since the aniline derivative did not cyclize.

The availability of a large number of aminophenols
suggested their use as intermediates; however, reac-
tion of o-aminophenol with o-bromobenzyl bromide
and base gave only o-[N,N-di(o-bromobenzyl)amino -
phenol plus large amounts of unresolvable by-produects.
The o-formamidophenols were highly and specifically
reactive and gave the (o-bromobenzyloxy)formanilides
directly in good yield. While the o-acetamidophenols
were equally reactive toward o-bromobenzyl bromide,
the (o-bromobenzyloxv)acetanilides were less satis-
factory in the subsequent cyeclization step, requiring
much higher reaction temperatures and giving lower
vields of 1. It was noteworthy that the o-bromoben-
zyloxy carbanilides cyclized as readily as did the for-
manilides.

With o-aminobenzenethiols, o-bromobenzyl bromides
and base reacted almost exclusively with the thiol group

(1) Presented in part before the Division of Medicinal Chemistry, 159th
National Meeting of the American Chemical Society, New York, N. Y.,
Sept 1969,

(2) (a) H. L. Yale and F. Sowinski, J. Med. Chem., 7, 609 (1964);: (b)

H. L. Yale and F. Sowinski, thid., 10, 1022 (1967); (¢) H. L, Yale, tbid., 11,
396 (1968).

to give the o-(o-bromobenzylthio)anilines. Tlese were
isolated most conveniently as their lLydrochlorides,
converted by means of formic acid-sodium formate into
the formanilides, and then cyclized to 2. o-Amino-
benzenethiol and formic acid, even under N,, gave only
2,2’-dithiodiformanilide and not the desired o-mercap-
toformanilide; thus, this class of compounds was not
readily available for reaction with the o-bromobenzyl
bromides.

The orginal procedure® for eyelization involved the
use of DM, anhydrous K,CO; and Cu bronze at
about 153°. Invariably, the reaction gave highly
colored crude products from which it was difficult to
isolate the N-formylated 1 or 2. The problem was
readily solved with 1 and its ar-substituted derivatives
by saponifying the crude mixture and then selectively
extracting the desired product from the highly colored
by-products with a solvent like hexane. This pro-
cedure was also effective for 2(R = R! = H), but could
not be used to prepare 3- or 7-substituted derivatives
of 2, since in DMF only highly colored tars were iso-
lated. Once 1 and 2 were isolated they could not be
reformylated by any of the known procedures although
they could be N-acetylated with Ac;O-p-toluenesul-
fonic acid. Since the N-formyl derivatives were re-
quired for another pharmacodynamic study, it was
decided to investigate other solvents in place of DMI
in the hope (a) that these derivatives might be more
easily isolated and (b) that another solvent might lead
to the ar-substituted 2. This study has now shown that
Dowtherm A (a eutectic of biphenyl and diphenyl ether),
diethylbenzene, and diphenyl ether were far superior
to DMF, giving excellent vields of N-formylated 1 and
2 and none of the colored by-products formed in DMF.
Several other solvents, e.g., isopropylbenzene, p-
isopropyltoluene, biphenyl, and nitrobenzene were
inferior to the three mentioned above.

In our earlier paper,?* 1 was reacted with an amino-
alkyl halide in either THF or DMSO, using NaH to
generate the heterocyclic anion. We Lave now found
that the leterocyeles 1 and 2 react readily with dialkyl-
aminoalkyl halides in Me,CO, employing granular
NaOH as the base. Since a major part of the present
investigation required the preparation of 5-{3-[1-(2-
hydroxyetliyl) - 4 - piperazinyl] - propyl} derivatives,
these were prepared via the 5-(3-chloropropyl) com-
pounds 3 by reaction with 2-piperazineethanol. The
procedure developed for 3 was an outgrowth of the Me,-



10

125
12¢
12d

16

W

(¢]

O
(0]

O

O

[§]

Cla
C1
CF3
CIs
Cls

Cls

Cl'

CF3

Cl%

s

Cls

H

H

Tanra: T

Baxre Drrivanmves or 5,1 1-Digyorovisrenz]be] |1 4]oxaziringe ann 5,1 1-DiyvoroviseNzolb,e] |1, 4] TinazepiNe

R
(C113)sN{Clly)2
(Call)oN(Cll s
ILN(C11y)s
(Cl13)sN(CH a2
(CH2)aN(C 119«

(CH2)sN{Cllz)s

{ H Hcn,

|
CH,

HO<9‘¥(CH._.)i

(CH.),

HO

Cli,—CH—CH,
(CHy), N{CH.),

CH,—CH—CH,

HOCHN,  INCHD:

oy, NI,

I~
HOCH)N  N(CH)),

(fHJN\v/t»’ 'N(CH.).

HN,  NCHo,
./

H_N(‘l{_.@((‘llj_

/N
HN  ON(cH,

11 ZC
W—C, 7

“l “
X -

- \'
R
—_—— = -— DBases—-— — oo e
Mp or by, Yield,
I'ormala °C (mm) LA Analyvses Formula
Cixl11al"3N =0 100¢ CiwHisF3N-0 - (4HaO4
Coull PN O 152 157 (0.2) 8D ¢ 11 N Canll2sl'3N 0 - CaHa0:4
CiillalsN20 86° CiHiiFsN=O - 11C1
CiallnT3N-0 72 Crylla'3N O - HCH
CuTluF3N:O L7C-180 (0. 12) ™ ¢ 11 N CaHyl"sN:0-11C1
Cullsl3N20 - C2H 04
CallF3N 0 3¢ N NI CeHslNO - CiH0,
Callsl N0 200 220 (0.07) 12 N NE?  Callpl N0 - Cull 6O
Carl 7N -0~ ¢ 100 N NEt
Col L 1N 20 I oD N NIt
Crllysl 3N 2O ) 64 N ONEC CupllaylaNO - 11CE
Claal Lol 7 aN 3O H Corl Lol aN 2O - 2051 O, 51O
Coll 73N a0- 3 11 N ONEC CullalaN,0 21101
CusllaylFaNO - 2C 1404
Co il N30 - 20611505 - 2110
Cullal sN O - Coll 1Oy 110449
Cogllal’sNaO- . 98 Cagllyg FaN Q220411404
Cotlag]aN3O - 90 CusllaplTaN 3O - 211 CT
CulluFaN2O - 11,0 - a5 N ONEY CullulsNaO - 20311404
ol LN 200-210 1D an 81 ¢ 11 N Cod TN <O - 2¢71 11O«
Col 6N , Ba N OONEY ColbwlaNO - 203110,

- ee — e —Ral (g oo e -
Re-
Mp. erystn Yrield,
o solvend o Analyses
166 -167 A 60 ¢ 11 N NE
150-152 A 87 ¢ 11 N
176180 dec B 81 N NE* Ci-
181-187 13 &l ¢ 11 N 1
173176 A 84 (G §
183 -185 ¢ s 11 N
167 -170 D 93 N NE®*
173-200 o 100 ¢ 1F N
k
»
230241 1) 48 NOONEC O
[78-18D 1 A 1 1IF N
107200 1y 70 N NI
[58-1181 k; 7 ( I N
HO=114 dee I3 H6 N
16164 i« 100 N ONI”
117 120 I 85 N
2i6-268 dec I 81 ¢ 11 N [
155--158 I 77 N ONFx
1G3-167 I 71 ( I N
118 11 I Gl 1N

oax ‘e g o insnnoyy ppuiipo i fo poudno oy,

EFVIRZLLIS ONY DR T i) Sy g


crysl.11

23

24

25

26

27a

27b

28

29

30

31
32
33

34

44

S
pal

46

Cl

CT3

Cl

Cl

C1

H

C1

Cls

Cls
I3

11

Cl

Cl

Cl

Cl

11

H

Br

Br

H
11
11

H

H

ADNH(CH,);
HNC(:NH)NH(CH,);

HOCH)LN,  N(CH),

/N

HN

N(CH,),
csﬂ,acoxcm)zNC/\N(cm
CBH)scoﬂ(CHz)zN\_/N(Cﬂz)u

C, ,HzaCOZ(C]-IQ)ZN\_/N(CHz)3

HzNCH2®(c1lz)J

(CH,),N(CH,),

HOCH),N,  N(CH),
Ho<c}12)21\1/\:/\N(C}12)3

(CH),N(CH,),

HQCHQ)ZNC/\N(CHM

H,N(CH,);
(C;H;),N(CH,),
H,NC(NH)NH(CH,);

l*IO(Cl'[z)zNC)\!(CHz)3

(CH;),N(CH,),
HO(CH,L,N.  N(CH,),
ADNII(CH);
(CH3):N(CHy)»

(C2115)2N(CHy)+
(CH3):N(CHo2)s
(C+Hs):N(CHy)s
(Cl13)sNCII(CII3) CHs*
(C113):NC11,CUH(C113)CH:

{ H )CH,

|
CH,

VRN
CHsN N(CHp);

HOCH)N,  N(Clla)«

CuHaul'sN20

CisHyo¥3N4O

CuHxCIN3O:

CxaHuCIN:O

CawHaCIN3O3

Cis:H4sCIN3Os

CallCINOs

C211xCIN:O

C1l1,CIN 0

CaHyCINO2

C2HuClN3502
CuHiBrCIN O
C22115BrCIN ;02

CiHisN 20
CaHxN2O
CrH2NO

C2H20N 302

Cis11191°3N =S

CauHul"sN308

CaHa 3N S
CllaN=S
CrollaN2S
Cisll2N2S
CaHaN oS
CillaNS
CigllaN:S

Cxnll2N28- H:0

CalluN3sS

CaalTN:08

91-93°

160-165 (0.

154-159 (0 .:

61-63
c

200-210 (0.

40°

180-185 (0.

m

c

180190 (0.

220-230 (0.

i
[

175-178 (0.
178-180 (0.
190-195 (0.
178-182 (0.

165-168 (0

81-8n

05)

w

05)

05)

05)

1))
1)
06)
1)
.15)

100

89

91

44

82

80

65

100

38

100

82
68
22
80

70

69

C

ol

11

H

11

H

11
11

ZZZZZ

Cl1

NE®

Cuills1FaN20 - HC1

CiH1sFaN4O - 0.5H>804
C#H2sCIN3O2-2HCI
Cael InCIN 10 - 2C411,04

Ca2l14CIN30 - 2CaH404

Ca9HgCIN3O3 - 2C4H404

C31T4sCIN 303+ 2C4 11404

CauHs50CIN3Q3- 2C 1104

CHpCINO - 2C411404

CaHi1sCINO - HCL

C2HuCIN3O2- 2HCI

CallsCIN3O;- 2C41401

CalnClaN3O2- 2CsHaO4

CrHiBrCIN»O - H3PO4

C2115uBrCIN;O:- 211C1- 0.5 H.0

Crsl1sN20-HCI

C1iHxN10-0.511-804
CusH2N30:- 2HCL - HoO
CisHuFsNoS- HCI
CalluFiN3OS - 2C41140¢
Cully1*aNsS-HCI
C1iH20N2S - C4H404
C17HaN:S- 1.5H;PO4
CroHauN 5 - 21131704
CisHN2S - 1.5113P04
Cx115N:8 - C2H204

C15H N8 - HaPO4- H,O®
C19H24N1S - 1.5 HsPO,

CoHuNS-1.5H:PO4- 2H0

CaHzN3S - 2Cq11404

Cae2yN308 - 2C4H4O4

244-249

199-206 dec

224-226 dec

171-173 dec

150-160 dec

171-172

171-172

170-171

168-170

230-232 dec

227-230

170-171

153-156

224-226

215-217

249-253

206-211
193-195
238-243
171-174
260-262
154-155
199-201
148-151
166-168
144-145

225-226
209-211

246-249 dec

190-192

157-159

11

H

43

67

68

78

78

49

55

67

82

63

78

49

65

48

21

12

53

48

88

63

C

C

C

C

C

C

C

1I

11

H

H

1I

H

H

Z

Z

Z

N

N

Z

Z

zzz 2z

NEZ Cl-

3

NE4 C1-

cr

NE¢ Ci-

Cl-

NE4

NE¢ C1-

Cl-

NE? ¢
NE? ¢

rn
NE? 5
NI ¢

SATIXIOUALAH DITIDADATOJ TTAON

SIL 70N ‘BT 104 ‘06T ‘Rasiuay) ppuipaqy fo pusnof


C17H20N2S-l.5H.PO4

716 Jowcnal of Medicinal Chemisiry, 1970, Vol. 13, No. Yoare, Brey, Priscue, aNp Seerzvnag
N = = R . . . i
- _s =22 é 242 CO-NaOH method mentioned above, namely reaction
s - i =3 B - . . . VT S . S,
i g N . =2 of the heteroeyele 1 or 2 with CHCH.);Br in 15tCONe,
T a7 : 3 — .~ oo <
. R n 5 -~ = . N - ) . . . .
| o Z o 2= using gramilav NaOH to formn the anion.  Derivittives
‘ ERPa v STV E0 of 3 were formed in 50-759; vields along with 15 257
Z d A L = 25232 . _ . . - . .
| L _ E-Z2E8EFERE of the d-allvl derivatives 4. The separation of 3 and 4
‘ - -7 Z o could he effeeted by tle on silics gel but this was not
i =~ -~ - P28 L F essentinl for the <vnthesis,  When the mixture was
! = =T .z . O . . , .
I o ( T -FZg treated direetly with 2-piperazineethanol,* the ag ncid-
. : =g oz sn L iEEE vadi iy :
R <2223 soluble derivative was easily separated from the neutral
: e % . . . e
e =4 = 4, At this time, 10 1= not known whether additinmal
% 2 5 < 4 was formed during the reacti "3 with 2-piperaz
$FE ~ - PO 5T < was formed during the reaction of 3 with 2-piperazitie-
oz = == g 4 - > o . . . . \ )
. ER = ethanol.  While NaH i DME alxo gave the hetero-
E s s =< =z evelie auton, the yvields of 3 were significantly lower
A S - . = = than those obtained with tCONe-NaQH.
- = & 2 The 7-substituted ilerivatives of 1 and 2 were readily
: 2 % % available fram the 2-nitra- or 2-formamido-p-substi-
' tuted phenol, or the 2-anuno-p-substituted  benzene-
\3 -z thiol, respectively.  To prepare the 3-chiloro deriva-
z 2% tives, p-clilorotoluene was =ubjected tn Fe-eatalyzed
! .- = o — . . [ nl . N
| 3 - e = bromination.  The monobromo  fraction  consisted
| L < S =Y =2
: T % Bz & _% Sy =7 largely of 2-bromo-p-cllorotolucue (5), along with lesser
‘ Sz o R =R 1z ISy amounts prestwmably of 3-bromo-p-chilorotoluene (6).
Sy ¢ Dy LT A Iz N | ' : 3 B
T aon 23 ;, % N AR The residue {from 5 and 6 was almost pure 2.5-di-
: f z 22 % %;‘ = = bromo-4-chilorotolueny (7). Allvlie bromination of tlie
. = & U U < < = .. D . _— . R X
‘ = 2 £33 B OEZ EE.) 5= mixture of § and 6 gave principally two isorerie benzyvl
= = = == = S o . R
[ x = E = - =~ =2 . i3 . — . . . . .
S < £ <cC e < & bronides (8), while 7 similarly treated gave principally
) - .~ T L * = 2.5-dibromo-4-chlorobenzyl bromide (9).  Both 8 and 9
I = Z7 & 3 PRy were used direetly in the next step without purification.
. & — = ~ : g ]
Ly s Yoy = - The two benzyvl vthiers derived from 8 were readily sep-
E] ' P oo S : : L
<= H =) =~ arated during the work-up of the reaction mixture.
5 R - - 2% - l
I T T 2= ~ = Cotpound 9 led eventually to the 2-bromo-3-chiloro
T . o=, s . . .
T SERTINNS e % derivative of 1.
3 A= T . ) . . . .
< o = . w o ~ Z [he 10-oxides of 2 were prepared by treating the V-
- = am R - farmyl derivatives (10) with 1 equiv of m-chloroper-
= SRSk =3z benzoie acid in CHCly at room temperature and tlien
i 3 =ZA . £z 2 saponifyving ta remove the N-formyl group.  Alcer-
S = EEZ = T 5 nately, the protonated S-dialkylaminoalkyl derivative
- 3 ~s 22E3Z T o - ;
ERP SEE-TE =% 2 of 2 and F1OH-H.0. under reflux also gave the 10-
¢ e 5 - 22 EST D= a2 oxides,  Performic acid and 10 reacted spontancously
B " T EZL e ZERE and were subsequently heated at 90-93° to give the
TEL 22 i L ‘ . N
. 2zFZ2g% 10,10-dioxidex,; these again could be =aponified 1o
| e e R e 1 &L — . . T
- , " k= :f = remove the N-formyl group.
oz C SR A =2 - — - = Mo = Eo o livdrov vt v Svara ] T rer ] 1
22 2 2 253z iCs_nToEd l‘lu . .)-,_0-(_-11‘\(Il.qx)(T]l.‘\1)-—,{-})1})(,141111_\1]pll)})'\l,
2Tz oz T Lz :E2F g 524 derivatives were cesterified with heptanovl, decanoy],
z 3 % T O E R ITOE R T 5 . - A Lo,
= = = = 2Xz3 =T :25Z%¢ z and dodecanoy] chlorides, but with greater diffienlty
N i B AT s g i T 2V ) . . . .
v L VLY EZ 5 Ez~ 8 than that encountered with the same dervatives of
o~ = 3 =o oy et : . .
Exz=iixzz 2-(trifluoromethyl) plienothiazine.
T el AT The basc-catalvzed addition of 1 to acerylonitrile
© Zo 2 gave thie S-propionitrile (11); LAH reduction of 11 at
— P D - - . . . -
. ==z.25 127, about 5° gawve thie S3-(3~aminopropyl) derivative 127
2 = oEEE ~ The reaction of 3 with I< phthalinude in DME gave
= &) o > /42 = —_— o
Z Z :‘;‘; sV the phthalimidopropyl intermediate 13 and 13 with
R - Baiw N\ “ 4 i
e [j S e T HyNNH,; gave 12, linally, 12 and 2-methyvl-2-thio-
jonilie] " 2L mTOEF 2SS - ) P . .
S8 & 4 ZTzzzZIZZEEE5:SZ O pseudourea gave the guanidine derivative,
Z z g Z ZEREZSEERTSZET> - - L .
228 g ZZZZ 5S4z f 8232 The S-propionitrile, 11, and aqg alkaline M0, re-
R TR e - F =, . . .
€8 § g 2CtzzzzEe== §2 2 generated 1. The amide 14 was formed in excellent
< RN AR == c
=oAL = = =
N =z = = = —z==="= % = < ¢ =
_:7 = = Z 'i == 31 11, L, Yale and 1. Sowindki, J. Aner. Chen, Sae,, 82, 2030 (19501,
_ = —- - _ T F o= (41 11. L. Yale, A. Colien, and I". Sowinski. JJ. Med, Chen.. 6, 347 (116G3).
~“~ = = = T zZ=z= % L= 8T 2R
g .3 § __:: “ - .;_’ = Rieh compounds would be oxpected to have a long duration of activity
E‘ z :\ ‘:j, = oo = = E following parenteral adminisiratioa. For ¢example, fluphenazine enanchate
KRS @] 7 T=CT o= =k =2 iProlixin Enanthiate®) Lax Leen murketed ax a parenterally administered,
3 Z ‘_.;—-4 B = = A long-acting anlipsychalic agenc: ssingle 24 myg dose will execr ity Chera-
. cod & —: jonliid = = pewtie elfecos for (-2 weeks.
- o A N ML TR %‘: ’i z . § = i9) Arncexcess of LALL andd Lighor cempeerniures sre to he avoided; (oedro-
; - E 5'23 é o= serclyvsts of che Leteracyelie hienzyl edior can be a coonpeting reactGan,
LT, 23 o —aimoer E z S i‘ =1 The rae of LAII=ALCL resulis in extensive hydrogenolysis (see Ioxperbaental
. T T | s e T REDEZTES Recrion for denilsi,



NoveL Porycycenic HETEROCYCLES

yield, however, by hydration with 979, H,S0, at
25-30°.

The heterocycle 1 reacted with COCl; to give low
vields of the carbamoyl chloride;?¢ 2 was even less
reactive than 1 toward COCl,, and gave very low yields
of the carbamoyl chloride. The carbamoyl chloride
with NHj; gave the urea in only about 197 vield, overall.

Pharmacology and Ancillary Activities.—The major
pharmacological work-up was done with two com-
pounds, 12a.2HC] and 27a-2HCl. The two com-
pounds were very similar in the several tests enumer-
ated below both as to CNS activity and potency.

Conflict Behavior.—This procedure measures the
tendency of the rat to repeat a response for which it has
previously been punished. The extent to which the
animal repeats the punished response is considered to be
a reflection of its decreased anxiety concerning the
punishment. After ip doses of 2.0-3.0 mg/kg of either
12a-2HCI or 27a-2HCI, the rats responded more often
than did saline treated controls and at about the same
rate as did rats similarly doses at 8.0 mg/kg with
chlordiazepoxide (15) or chlorpromazine (16).

Pole Jump Conditioned Avoidance.—In this standard
procedure, a decrease in avoidance response is con-
sidered a measure of the tranquilizing or depressant
properties of a compound. Both 12a.2HCI and
27a-2HCI, in ip doses of 0.5-1.0 mg/kg, produced a
significant increase in avoidance response without af-
fecting escape latency; at 1.0 mg/kg, 16 produced no
effect on avoidance response. At 3.0-5.0 mg/kg,
12a-2HCI and 27a-2HCI effectively reduced avoidance
response without affecting escape latency. At higher
doses, avoidance behavior was further reduced and
escape latency increased. In this test, 15 showed no
activity until high doses were used and then there oc-
curred only an increase in escape latency.

Avoidance Acquisition.—In this procedure, naive rats
are placed in a chamber with a wheel mounted on the
wall. After 10 sec, a foot shock is presented; turning
the wheel stops the shock and resets the timer for
another 10 sec. The animal can postpone all shocks
by making responses at intervals of less than 10 sec.
At 3.0-5.0 mg/kg, 12a-2HCI and 27a-2HCI produced
a significant increase in response, and on a mg/kg
basig were more potent than either 15 or 16.

Motor Activity.—In this standardized test in the rat,
12a.2HCI, 27a-2HCI, and 16 were equipotent in de-
creasing motor activity.

Timing Behavior.—This procedure measures the
ability of the rat to estimate time and has been shown
to be an indication of the stimulant properties of a
compound. At ip doses of 1.0-1.5 mg/kg, 12a-2HCI
and 27a-2HCI led to stimulation (premature respond-
ing) as did p-amphetamine sulfate at 1.0-2.0 mg/kg or
15 at 4.0-8.0 mg/kg. At 3.0 mg/kg, 12a-2HCI and
27a-2HC] caused a decrease in responding similar to
that observed with 16 at 3.0 mg/kg and thioridazine
(17) at 6.0 mg/kg.

Muricide Activity.—Inhibition of mouse killing activ-
ity by rats may be related to the stimulant activity of
a compound. In this test, 12a-2HCI] and 27a.2HC],
ip, exhibited greater activity (EDs; = 10.0 mg/kg)
than did 15 (ED;s = 30.0 mg/kg); imipramine, 16 and
17 were slightly more effective (EDy = 7.5, 5.5, and
7.0 mg/kg, respectively).
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Both 12a-2HCI and 27a-2HCI were inactive in the
rat in tests designed to demonstrate analgesia, anti-
oxotremorine, antireserpine temperature depression, or
anticonvulsant activities. Repeated ip dosage to
mature female rats at 1.5 mg/kg per day for 10 days
did not induce cumulative behavioral effects and did
not cause changes in endocrine variables. In addition,
no tolerance to behavioral effects was seen.

In the cat, 12a-2HCl and 27a- 2HCI produced marked
inhibition of motor activity at ip doses of 1.0 mg/kg;
some ataxia was produced at doses of 30 mg/kg or
higher.

Neither compound induced cardiovascular toxicity
at cumulative intravenous doses of 51 mg/kg or cumula-
tive oral doses of 64, 96, or 128 mg/kg in the dog.

In vitro, the two compounds at 2.0-8.0 meg/ml pro-
duced little or no inhibition of acetylcholine, oxytocin,
angiotensin, bradykinin, histamine, or serotonin.

Structure-Activity Relationships.—Among the di-
benzoxazepines, the most potent CNS depressant
activities are seen when the side chain at position 5 is
3-[1-(1-(2-hydroxyethyl)-4-piperazinyl]propvl and a
substituent like Cl or CF; is at positions 3 or 7. When
Cl is at position 3, the presence of Br at 2 does not
significantly alter poteney, but when Cl is present at
both positions 3 and 7, there is a decrease in potency.
A decrease in potency is also seen when any other side
chain is attached at 5 to either the 3- or 7-substituted
heterocycle; one particularly unexpected decrease is
that observed with the homopiperazinyl derivative
related to 12a or 27a. A decrease in potency is also
seen when S replaces 0 in the highly active 12a or 27a.
With side chains like dimethylaminopropyl, the com-
pounds tend to be stimulant rather than depressant
at high doses; at low doses, they show only slight CNS
activity.

Experimental Section

Method A. 4-{3-[5,11-Dihydro-7-(trifluoromethy!)dibenz-
[b.e] [1,4] oxazepin-5-yl]propyl}-1-piperazineethanol Dihydro-
chloride (I-12a). A. a,a,a-Trifluoro-6’-hydroxy-m-formo-
toluidide.—Hydrogenation of 66.0 g (0.32 mol of «,a,a-trifluoro-
2-nitro-p-cresol,® 6.0 g of 5% Pd-C, and 150 ml of abs EtOH
at 3.5 kg/cm? was complete in 1 hr. To the filtered EtOH solu-
tion was added 94 ml of 98-1009, HCO:H and the EtOH dis-
tilled under Ns by means of a steam bath until the still head tem-
perature reached 82°. The residual liquid was heated 1 hr
under reflux, cooled somewhat, and poured with stirring onto 270
g of ice to give 55.3 g (859, yield) of air-dried product, mp 172-
173°. An analytical sample was recrystallized from toluene,
mp 174-176°. Anal. (CHsF;NO:) C, H, N,

B. 6’'-[(o-Bromobenzyl)oxy| -«,a,a-trifluoro-m-formotoluidide
(II-3).—To 2656.0 g (1.29 mol) of the above formotoluidide,
324.0 g (1.29 mol) of o-bromobenzyl bromide, and 2600 ml of
abs EtOH, under N; and with stirring, was added in 1 hr 69.8
g (1.29 mol) of NaOMe in 750 ml of abs EtOH. The dark solu-
tion was stirred at room temperature for 5 hr when the color
changed to a light yellow and a solid sepd. The mixture was
poured into 12 1. of H,0, agitated thoroughly; the solid was filtered
and air-dried to give 531.0 g of crude (II-3), mp 141-151° (see
Table I for melting point and analytical data for purified 1I-3 and
related structures), suitable for cyclization.

C. 5,11-Dihydro-7-(trifluoromethyl)dibenz[b,e] [1,4] oxazepine
(I11-1).—To 1960 ml of DMF, 164.0 g (1.2 mol of K:CO;, and
14.0 g of Cu bronze, under reflux, was added in 2 hr a solution of
233.0 g (0.62 mol) of II-3 in 1960 m! of DMF. During the addi-
tion, after 1 hr, an additional 86.0 g of K:CO; was added. Sub-
sequently, stirring and heating under reflux were coutinued for
1.5 hr, the mixture was filtered hot, and the filtrate concd #n

(6) R. M. Pettit and J. C. Tatlow. J. Chem. Soc., 3852 (1954).
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QC
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Recryst Yiold,

No. L% W N Y VA Femmuly Mp, 7C s0lven A Analyvees

1 O,N (0] CF; Il 11 CgleBrEsN O, 107-100 A [4b Ne

2 NH;-HCl O CF; H Tl CHyBrF,NO-HCI 195177 dee B3 74 N4

3 NHCHO O CF, )8} H CislInBrF;NO;, 159-160 (@ 85 N

4 NHCOCH; O CT, 11 11 g1, BrF,NO, 140--142 1) 06 N

A O,N 0 11 Cl 11 CiH.BrCIN Oy 120--122 e BD) 1L N
6 NH:-HCI 9] Tl Cl H CyHuBrCINQ-HCL 209-211 dee ¥ It O, H, N
7 NHCHO 0 I Cl H C 11, BrCINO, 140--142 (& 60 N

8 0).N 0O 1 Cl H CiylHsBrCLN O, 165- 167 11 59 1N
0 NH, -HCl O Cl Cl 1T Crdl,BrCLNO - 110 204-205 ¢ Y LN
10 NHCHO O 1 (@3 11 Cal1 1 BrCLNO. 135 150 o 61 ¢, I, N
11 NHCO,CFH, (9] 1T 5 11 CrlLBrNO;y K7--88 T 72 ¢, 11, N«
12 NHCHO (0] 11 Cl Br Cill1Br,CINO, 201203 I’ 40 1, N
13 NH;-HCI ) CFy H L C1Hi BrF;NS-11C1 148-150 f 50 [

14 NHCHO S CF; 1T 11 CHLBrF;NOS NT-89 1 306 11, N
15 NI HCl S Cl H H Cpl 11 BrCINS - 1HCH 187--189 dec 3 60 ¢, I, N«
16 N, S Cl H H CBrCINS 6364 J ¢, 11, N*
17 NHCHO S 1 €I H C HuBrCINOS 8688 15 068 C, T, N
18 NHCHO S 11 11 11 CHiNOSY 60--61 K 75 Né

19 NUH,-HCI b 11 11 11 €y, 110:BrNS - HCI 180-193 dee 1. 80 N
20) NHCHO o 11 3 11 ) HeBrNOS [RRERE S M 96 N-
21 N1, S 1 1 11 C3llBrCLNS 6708 J 31 ¢, 11, Ne
22 NHCHO = ] 1 11 CBrCLNOS 02-94 K 67 ¢, 1, N#

¢ Recrystallization solvents used are: (A) 9597 EtOH; (B) MeCN: () Cylls-ligroin ¢3:1y: (1)) MeOU; (1) Abs EtOI1: (F)

i-PrOH; ((3) Skelly=olve V; (11) PhMe: (T)hexane; (J) petralemm ether; (K) ligroin; (L) 109 ag HCL; (M) heptane.

b See lixperi-

nmental Section for details. « Anal. (Br). < Anal. (Br, Cl). “.tnol. (NCHO). ¢ Purtfied by =ablimation. # Anal. (Br, Cl,
S kdnal. (8). 7 H iu place of 0-Br in general stracturve. 7 Anal.  (Cl S,
vacro to dryness. Thix viscons purple residue was dissolved in sol. A colorless solid sepd after several minntes. The whole

17160 ml of 957, EtOH, 3121l of 25, aqueous NaOH was added;
the mixtiire was heated under reflux for 1 hr, and again coned i
vacio. The residnal purple solid was washed thoroughly with
H0, filtered, and air-dried to give 141.0 g (86¢;) vield of (ITT-1),
mp 112-117° (xee Table III for melting point and analytical data
for purified III-1 and related structures), suitable for the alkvlu-
1on step.

D. 4-{3-15,11-Dihydro-7-(trifluoromethyl)dibenz[b,e] [1,4] -
oxazepin-5-yl|propyl}-1-piperazineethanol Dihydrochloride (I-
12a).—A suspension of 62.5 g (0.24 mol) of TII-1, 625 ml of
EtCOMe, 150.0 g (0.98 nmiol) of C1(CH,)sBr, and 76.5 g (1.9 mol)
of granular NaOH was heated under reflux for 8.5 hr; an addi-
tional 76.7 g of granular NaOH was added and the whole wax
~tirred and heated under reflux for au additional 14 hr. During
the heating the color of the reaction mixture changed from deep
purple to light yellow. The cooled reaction mixture was diluted
with 450 ml of ice-H:O and stirred in the cold until no more solid
remained, the EtCOMe layer sepd, the ag phase extracted with
100 ml of EtCOMe, and the combined orgaiiic phases were washed
with 3 portions of satd NaCl, dried, and coned to about 350 ml.
{See below for the isolation of the 3-chloropropy! derivative ITI-
8.)  To this solution was added 34.0 g (0.26 mol) of 2-piperazine-
ethanol and 18.9 g (0.12 mol) of Nal, and the whole stirred and
heated iinder reflux for 19 hr, and coied to dryness invacuo. The
residiie was distributed between 250 ml each of HyO and Et;0, the
Et:0 layer sepd, the H,0 layer extracted with two 2350-ml por-
tions of 1260, the combined Et,0 extracts were washed with
530 ml of =atd ag NaCl, and the Et,0 solution was extracted with
two 100-ml portions of cold 104 aq Hi;PO4 (see below for the
isolation of the 3-(allyl) derivative ITI-7). The H;PO, extractx
were combined, layered with 200 ml of fresh Et,0, cooled, neu-
tralized with 309, aq KOH, and satd with solid K,CO;. The
Et.0 layer was sepd, the aq layer exiracted with two 250-ml por-
tions of fresh Et:0), and the combined Et,O extracts were washed
with 50 ml of saturated aq NaCl, dried, and coned to give 44.0
g of erude base I-12a,

The c¢riide base (44.0 g) was dissolved in 400 ml of MeCN with
stirring, and (at the boiling point) a hot solution of 26.1 g (0.225
mol) of maleie acid in 260 ml of MeCN was added to the basice

wax stirred while cooling, and the solid filtered and air-dried to give
$3.2 g (80¢;, vield) of erude dimaleate 1-12b, mp 157-159°. Toa
suspension of 37.3 g of the crnde dinaleate in 430 ml of Et,0 and
220 ml of H.0 was added portionwise ;19.4 g (0.56 mol) of Na,CO;,
the solutions were sepd, the aq layer was extracted with two 150-
ml portions of Et,0, and the combined Et,0 extracts were washed
with two 30-ml portions of satd ag NaCl, and dried. To the
filtered, cooled Et,0 solution with stirring was added slowly 147
ml of 2.6 N Et,0-HCl, the solvent decanted from the guninmy
ppt, the ppt dissolved in 230 ml of Me;CO, and the solution diluted
with 470 ml of Et,0 to give crystalline dihydrochloride. When
filtered and dried /n vacuo for 3 hr at 100° the product sintered
at 143-150° and melted at 192-198°.  Analyses of this material
indicated that this was the dihydrate. Anal. (CuHxTaNoOy-
2HCL 2H,0: C, H, N. Recrystallization of dihydrate from 400
ml of ~-PrOH gave the aleoholate stable in vacuo after 5 hr at S0°;
the aleoholate sintered at 116° and melted at 195-195°. indl.
(CusHaFsN302- 2HCL-CHO): ¢, U, N; N. E. TFrom the al-
coholate, on drying at 140° for 3 hr in vacuo, was obtained the
mnsolvated dihvdrochloride (I-12a), 21.5 g (75¢¢ yield based o
crude dimaleate), mp 197-200°, (See Table I for analytical daia
on this compound as well as all of the other H-(aminoalkyl
derivatives.)

4-{ 3-]5,11-Dihydro-7-(trifluoromethyl)dibenz{b,¢| [1,4| oxa-
zepin-5-yl|propyl}-1-piperazineethanol Pamoate (I-12d).--T'v
1.05 g (0.002 mol) of 1-12a-2HCI i 2.5 ml of H,0 with stirring
wax added 0.86 g (0.002 mol) of sodium pamoate. Separation of
the yellow salt aceinred promptly; this was filtered, washed with
H.0, and dried to give 1.45 g af I-12d.  No suitable recrystalliza-
tion solvent was found for thix salt.

4-13-15,11-Dihydro-7-(trifluoromethyl)dibenz[b,e] ]1,4] oxa-
zepin-5-yl|propyl}-1-piperazineethanol Dicitrate (I-12¢).--A
solution of 0.88 g (0.002 mol) of I-12a base in 30 nil of Et,0 wax
added to 0.84 g (0.004 mol) of citric acid-2H,0 in 30 ml of abx
EtOH. A gummy ppt =epd. The mixtiure wax stirred and re-
flaxed for 0.5 hr, kept 18 hr at voom temperature, the solvents
weee decanted, and the gnm was triturated in the cold with 60
ml of anhyd Et0 to give 0.9 g of crystalline I-12¢. No =nirahle
recrystallization =olvent wax found for this salt.
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TapLe 11
NoNBasic Drrivarives or ,11-DIHYDRoDIBENZ[b,¢][1,4]0XAZEPINES AND THIAZRPINES

OO

N
R
Recryst Yield,

No. W X Y Z R Formula Mp, °C solvent® %% Analyses
1 O CF; H H H CisHioFsNO 125-127 A 81 C, H N
2 O CF& H H CHO C],’.H]oFaNOz 132—134 B 60 C, H, N
3 0O CF; H H COCH; CisH1:F3NO: 95-97 C 10 C,H N
4 0 CF; H H (CH,).CN Ci7H;3F3N,0 161-163 D 62 C, H,N
-Vl O CF3 H H (CH_‘)QCONHQ C]7H15F3N202 149—1.'-)1 E 62 C, H,

6 O CFa H H (CHz)a-phthal- C-:;,H]gFaNgOa 112-114 F 20 N?
imide

7 O CFS H H C}{zCHCHz C]7H14F3NO 60-6> C C, H, N

8 0 CF& H H (CH;)301 CuH]:.CngNO 73-76 c N4

9 0 Cl H H CHO Ci1Hi,CINO; 126-128 C 90 C,H N

10 O Cl H H COCH; Ci:Hi:CINO; 123-124 C 70 C,H N

11 0 H Cl H H Ci:HioCINO 113-115 G 70 C, H, N¢

12 0 H Cl H CHO CuH,CINO, 129-131 dec C 70 C, H, N¢

13 0O H Cl H (CH,):Cl CisHi;CLNO 70-73 H 80 C,H, N

14 0 Cl Cl H H CiHClNO: 168-170 B 60 C,H N

15 0O Cl Cl H CHO CisHCLNO, 145-149 C a5 C,H N

16 0O Cl Cl H COCH; Ci:HuClLNO; 154-176 I 62 C,H,N

17 0O H Cl Br H Ci,HoBrCINO 187-189 I 78 C,H N
18 0 H Cl Br CHO CuH,BrCINO; 120-124 A 77 C, H, N

19 O H Cl Br COCH; Ci:HyBrCINO 108-110 I 47 C, H, N

20 0O H H H COCH; Ci:HisNO, 113-114 J a0 C,H N

21 0 H H H CO,CHs Ci:H1sNO; 121-123 B 39 C.,H,N

22 0O H H H (CH,:):CN CisH1iN,O 138-140 K 31 C,H, N

23 O H H H (CH,),CONH, CisH16N:0: 155-157 F 79 C, H, N

24 S H H H H CisHuNS 118-119¢ E 80 N/

25 ] o H H CHO CiHNOS 125-127 C 48 C, H, N

26 8 H H H COCH; Ci:HiNOS 110-112 E 60 C, H, N/

27 S H H H CO,CH; Ci:Hi;NOsS 183-183 F 3 N7

28 S H H H CONH; C1,HiN:08 215-217 M 1.2 N/

29 ] CF; H H H CiH F5NS 113-114 B 74 C,H N

30 S CF; H H CHO Ci:HioFsNOS 115-117 B 50 C,H N

31 ] Cl H H CH,=CHCH, CgH:CINS 76-78 B N/

3208 cl H H H CusH CINS 115-117 I 76 C, H, Ne

33 5 Cl H H CHO CisH,,CINOS 163-164 D 78 C, H, N¢

34 3 Cl H H COCH;, Ci;Hi:CINOS 173-174 I 78 C, H N

Kh S0 H H H H CiHINOS 167-169 L 54 C, H, N

36 S0 Cl H H H Ci:HCINOS 233-235 dec D 70 C,H, N

37 SO Cl H H CHO C1sH,,CINOSS 220-221 D 66 C, H, N

38 80, Cl H H H CisHoCINO:S 222-233 dec D 90 C, H, N

39 S0, Cl H H CHO CiH 1 CINO;S 235-237 dec D 66 C, H,N

40 80, Cl H H COCH; Ci:H:CINO;sS 228-230 D 57 /

41 S Cl Cl H H CisHyCLNS 160-161 I 80 C,H N

42 S Cl Cl H CHO Ci1sH,CLNOS 169-171 D 63 C, H, N

¢ Recrystallization solvents used are: (A) ligroin; (B) hexane; (C) ¢-Pr:0; (D) MeCN; (E) Skellysolve E; (F) 95% EtOH: (G)
CsHg-hexane; (H) +-PrOH; (I) cyclohexane; (J) heptane; (K) MeOH; (L) PhMe; (M) CsHs. ? Anal. (sapon equiv). ¢ See
Experimental Section for details. < Anal. (Cl). ¢Soc. des usines chim. Rhone Poulenc, French Patent 1,176,115 reported mp
121-122°. / Anal. (S).

5,11-Dihydro-7-(trifluoromethyl)dibenz[b,e] [1,4] oxazepine-5- material as III-7, and this structure was confirmed by the ir
carboxaldehyde (III-2). Cyclization in Dowtherm A.—A mix- spectrum (the overtone of the terminal CH; 912-cm~! band was
ture of 5.6 g (0.115 mol) of II-3, 9.5 g of K.COs;, 0.4 g of Cu at 1820 em~! and the C=C stretch at 1650 cm~!) and by the nmr
bronze, and 100 ml of Dowtherm A was stirred and heated for spectrum [the CH; group of the allyl side chain was a 2-proton
2 hr at an internal temp of 160-165°, filtered hot, and the filtrate doublet at r 5.64 (/ = 3) and the vinyl and terminal olefins were
coned to dryness in vacuo. The residue solidified when treated represented by a 3-proton complex multiplet at r 3.9-4.9 (exclud-
with a few milliliters of hexane; filtration gave 5.4 g (quantita- ing the 2-proton PhCH: singlet at = 4.76)].
tive yield) of ITI-2. This product (2.9 g), 40 ml of 959 ethanol, 5-(3-Chloropropyl)-5,11-dihydro-7-(trifluoromethyl )dibenz-
and 8 ml of 25% aq NaOH were refluxed for 1 hr, coned to dry- [b,e] [1,4] oxazepine (III-8).—A portion of an EtCOMe solution
ness in vacuo; the residue, stirred with 100 ml of H,O, filtered, and obtained as above and containing the 3-chloropropyl derivative
dried, gave 2.6 g (999, yield) of III-1. was freed of solvent and the residue distd; the fraction, bp 135-
5-(Allyl)-5,11-dihydro-7-(trifluoromethyl)dibenz[b,¢] [1,4] oxa- 140° (0.1 mm) crystallized spontaneously to give III-8. This
zepine (IT1-7).—The Et,O solution remaining from the aq H;PO, material gave acceptable Cl, H, aud N analyses but the C value
extractions was freed of solvent and the residue fractionated to was 0.779 high.
give an oil, bp 135-137° (0.110 mm) which crystallized spon- Method B. 4-[3-(7-Chlore-5,11-dihydrodibenzo [b,e] [1,4] thia-

taneously, mp 60-65°. Analyses (see Table I1I) established this zepin-5-yl)propyl| -1-piperazineethano! Dihydrochloride (I-49a).
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(a) [(o-Bromobenzy!)thio]-5-chloroanilide Hydrochloride (II-15).
—To a slurry of 37.08 g (0.19 mol) of 2-amino-4-chlarothio-
phenol- HCY i1 150 ml of abs EtOH at 10-13° was added drop-
wise a solution of 23.0 g (0.46 mol) of NaOle in 170 ml of ahs
EtOH the cooling bath was removed, and 40.0 g (0.1586 mol) of o-
brouobenzyl bromide added in one portion. The mixture wis
stirred for 10 inin at room temperatare, heated under reflux for |
hr, cooled, 100 m! of Et.O added, the =olid filtered, the filirate
dild with 100 ml of coned HCL (d 1.15), and the ppt filtered to give
42.0 g of IT-15. A small portion of IT-15 suxpended in water and
the whole treated with satd ag Nal{CO, gave the aniline deriva-
tive (II-16).

(b) 2’-[(0o-Bromobenzy!)thio]-5-chloroformanilide (II-17).---
A solution af 84.0 g (0.23 mol) of II-15, 37.0 g {0.54 mol) of
HCO:Na, and 550 ml of 98-1009; HCO.I1 was heated nnder
reflux for 3 hr, cooled to 60°, and powred uto 4 1. of ice-T10.
The solid was filtered and stirred with 100 nu of satd agq NaT1CQO;,
filtered, and dried to give 76.0 of 1I-17.

(c) 7-Chloro-5,11-dihydrodibenzo]f ¢| {1,4| thiazepine-5-carbox-
aldehyde (ITI-33).--A mixture of 30.0 g (0.084 mol) of II-17,
57.0 g (0.42 mol) of K,COs, 2.4 g of Cn bronze, and 200 ml of
Dowtherm A was stirred and heated ut 160-165° for 1 lir, filtered
hot, and the filtrate concd in vacuo ta dryness, The solid residite
was treated with Et.O ta give 15.0 g of ITI-33. The subsequent
steps in the synthesis giving eventaally T-49a and 1-49h were
carried out as described in method A.

Cyclizations of II-17 in Solvents Other Than Dowtherm A.
(a) Diphenyl Ether.-—A mixtuwre of 1.6 g (0.015 mol) of II-17,
9.5 g of K,COs, 0.4 g Cu brouze, and 100 il of PhO was stirred
aud heated at an internal temp of 160-163° for 2 hr and the
reaction worked up as above gave 3.24 g (90¢ vield) of 1T1-32.

(b) Biphenyl.—-The previous experineut was repeated except
that 100 g of Phy was substituted for the Dowthermt A. The
vield of IT1-32 was 2.56 g (T19).

{c) Isopropylbenzene.--The (a) experiment was repeated, with
100 ml of isopropylbenzene replacing the Dowtherm A and the
heating was done under reflux (148-150° imernal temp); the
vield of IT1-32 was 1.36 g (37¢ ..

(d) PhNO-..—-Repetition of the {a) experiment, with 100 ml
of PhNO; replacing the Dowtherm A gave ITI-32 in about 30¢¢
vield along with substantial amonnts of a purple-colored im-
purity.

(e) p-Isopropyltoluene.—Substitution of 100 ml of p-izo-
propyltoliiene fur the Dowthermi A in (a) gave 2.38 g (8047)
yield of IT1-32.

DMF.—Replaciug the Dowthermn A in (a) wult 100 ml of
DMF and carrying out the reaction under reflux (150-155°)
gave ITI-32 in about 5¢% yield along with considerable aniomnts
of a purple-colored by-product.

Reaction of o-Aminobenzenethiol with Formic Acid. Forma-
tion of 2,2’-Dithiediformanilide.—A mixture of 10.0 g of »-
aminobenzenethiol and 125 ml of 98-100¢, HCO,H wax heated
under reflux under N. for 0.5 ir and coned to dryness. The
residue erystallized spontaneously, mp 157-159°.  An analytical
sample was obtained from 7-PrOH and melted at 159-160.5°; no
absorption in the 2400-2600 e ~! region.  Anal.  (ClHEN0.S,)
C, H, N, S.

Method C. 4-{3,7-Dichloro-|5,11-dihydrodibenzib,e] {1,4]-
oxazepin-5-yl|propyl|-1-piperazineethanol Dimaleate (I-28}.
(a) 2-Bromo-p-chlorotoluene.—To 508.0 g (4.0 mol) af p-chloro-
toluene and 50 g of powdered Fe at 25-30° was added 880.0 g
(5.0 mol) of Br, in 3.5 hr, the whole filtered, and the filirate
(n*p 1.5850) distd to give 456.3 g of ernde 2-bromo-p-chloro-
toluene, bp 95-110° (3 mm), n** 1.5731.  Anal. (C;HsBrCl) Br.
The other principal coniponent in this material was presnmed to
be 3-bromo-p-chlorotoluene (see helow). The residue from the
crude 2-bromo-p-chlorotoluene distd at 180-185° (0.1 mm) and
erystallized spontaneously. Recrystallization front hexaune gave
247.5 g of 2,5-dibromo-4-chlorotoluene, mp 94-95°; its nnir
spectrum showed two one-proton singlets at = 2.38 and 2.31,
attributable, resp, to the protons at C; aud Cs, as well as the
3-proton singlet at r 7.64 due to CH;.  Anal. (C;H; BryCl)Br, Cl.

(b) 2-Bromo-4-chlorobenzy! Bromide.—To 453 g of crude
2-bromo-p-chlorotoliene and 3.0 g of benzoyl peroxide, heated
in an oil bath at 120° and irradiated by a nv lamp, was added
360 g of Bry in 4.5 hr and the mixture purged with N, to give
crude 2-bromo-4-chlorobenzyl bromide, n%p 1.6215, used in the
next step without purification. The subsequent steps in this

(71 A.J. Collings and K. J. Morgan, Tetrahedron, 20, 2173 (1964),

Yoarr, Bue, Prescee, anp Seorzvan

synthesis followed the procedure reporied® and gave 2-bromo-
4-chlorobenzy! 4-chloro-2-nitropheny! ether (II-8), the 11-8 wis
rediiced with Fe-HCI to the aniline-T1C1 T1-9, aud the Liper
wis canverted ince the formanilide 11-100 A mixtace ot 230 «
(0,066 mol) of 11-10, H1.0 g of K.COs, 15N g of Cn brouze, and
450 ml of diethyvlbensene was xtirred vigoronsly, heated nnde
reflax for 3 hir, rard filtered, and the filtrate wax coned ta dryness
‘a vacwo 1o give 130 g of TII-15, The IT1-15, 150 ml of 05¢,
1O, and 10 ml of 259, aq NaOIl were heateld under reflax for
.5 he and coned i oracvo to give 9.8 g of TTI-14. The remainder
ol the proceilure to give 1-28 followed that outlined in method A,
Contaminant in the 2-Bromo-4-chlorobenzy! Bromide. By-
Products Arising from the 3-Bromo-4-chlorobenzyl Bromide.-
The mother liquors front the isolation of IT-8 were shown to con-
tain g more =olable xomer derived by reaction of 2-nitro-p-
chlaraphenol with 3-hromao-4-clhlorobenzyl-broumde:  the Liter
was Tormed as : hy-prodnet from the allvlie bromination of tle
3-bromo-p-chlorotoluene. prescin = u minor component in the
2-bhramo-p-chlorotolacne,  The yield wax 0.6 g, mp 112-714°
after reervvstallization from hexane. . tael, (CRlIBrCLNOg )
I, N, Br, CL The =tmetuce aszigned 1o this i=omer was i-
Lronw-4-ehlorobenzyl 4-chlorge2-nitraphenyl ether. Rednetion
with Te-11C1% gave the corresponding aniline- FICL wmp 2012057
after recrystallization from MeCN. Aned, (CpllL BreLNO - HCT

C, 11, N.  The wiline-11CL in (arn, gave the formanilide, re-
ervatallized from hexane, wp 102:104°0 el (CTHBrCLNO )
', 1, N

In siniilar fasbian, reaction of e-nitrophienol with the S-bromo-
4-clilorobenzyl bromide led 10 the isolation of the more salnhle
S-bromo-4-chlorobenzyl 2-nitrophenyl ether, mp S3-90°, after
revrvatallization from evelohexane.  Anaol. (ORI BrCINGOg; 5
1, N. The ether, i1 1arn, gave (he aniline-HCL, mp 1741767
Anal. (CplBrCINO L HCH Br, tot:d Cl, and the formanilide,
mp 142+ 144 after reerysiallization from PrOTL {nal (Cyll-
BrCINO N, N=CHOL.

2-Bromo-3-chloro-5-12-(dimethylamino jethyl|-5,11-dihydrodi-
benz[h,¢| [1,4] oxazepine Phosphate (I-29).—10o 3.1 g (0.0]
maly of TH-17, 40 ml of Me,CO, and 4.3 g (0.04 mol) of 2-di-
nethylamivoethiy] ehiloride was added 2.4 g {0.06 moby of grannlar
NaOH and the whole wis stirred and heared inder reflux for 3
I, The cooled mixtire was filtered and the filtrate concentrated
o cocao to dryvuess.  The rvesidue wax dissolved in 30 il of
IO and extinered with three $0-ml portions of cold 10,
1ILPO..  On keeping, the extracts deposited the phosphate:
however, the mixtare wis treated with an excess of KoCO; and the
oil that sepd wis salated vie GO extraction. To 5.0 g {1.008
moll of the oil in 35 ml of MeCN was added slowly 2.1 ¢ of 8a¢,
H.PO, in 20 ml of MeCN o give 1.2 g of 1-29.  The hydrochloride
wis ulso prepared but was tao hydroseopie to be isolated and
purified.

5-[3-(Dimethylaminopropy!|-5,11-dihydro-7-(trifluorometh-
yl)dibenz|b.¢| [1,4] oxazepine -HCl (1I-4).—1In o Pyrex combustion
tube was placed 10.0 g (0.029 mol) of TTT-8 and 53.0 g (0.29 moli
of a 237 solution of Me:NH in Cglls, the tabe was sealed and
heated at TOD° for 24 hir. The caoled tabe wis opened, the mix-
tare wazhed with T1.0, the Cglls =olntion concentrated i racio,
the residae dissolved in 100 ml of Et:0, and the Lt0O solntion
extracted with two 100-ml portions of 1.5 N aq HCL - The acid
extracts were washed with Et.0, treated with an excess of 204 aq
NaOll, and extracted with three 50-ml portions of Ft.0. The
washed and dried 1t.0 solution with Ft:0-HCl gave 1-4.

Methyl 5,11-Dihydrodibenz[),e| [1,4] oxazepine-5-carboxylate
iI11-21). ia) Methyl 2-](0o-Bromobenzyl)oxy|carbanilate (II-11 .
- To 212 ¢ (0.076 mol) of o-(o-hromoebenzylaxy aniline in 250
nil of Et20 was added in 0.5 hr; simultaneonsly, from (wo sep-
arate dropping fuunels, 9.4 g (0.01 mol) of methy! chloroformate
in 100 ni! of B0 and 4.0 ¢ (0.01 mol) of NaOH in 100 ml of 11.0.
keeping the internal temp at 15-20° and the pH at & Subse-
quently, the mixture was stirred for 0.5 hr at room (emp, the
1it,0 layer was sepd, washed with 50 mil of 19, ag NaOll, then
aq satd NaCl, dried, and coned to give 22.7 g of I1-11.

(b).--A suspensian of 6.6 g (0.02 mol) of II-11, 14.0 g of ICOs,
0.4 g of Cit binmze, and 150 mil of Dowtherm A was heated for 2
hr at 163-175°, filirred hot, and the filtrate coned n wvacwo 10
dryness,  The residual oil =olidified when treated with petroleam
other to give 4.0 g of 111221,

7-Chloro-5-]2-(dimethylamino)ethyl] -5,11-dihydrodibenzo-
{Db,¢] [1,4]thiazepine 10-Oxide (I-52). (a)7-Chloro-5,11-dihydro-
dibenzo(b,¢| [1,4] thiazepine 10-Oxide (II1-36).--1'0 16.0 g (0.05%
nml) of TIT-532 in 300 ml of CHCl; at 20-23° was added a solution
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of 12.0 g (0.0538 mol) of m-chloroperbenzoic acid (Research
Organic/Inorganic Chemical Co.) in 250 ml of CHCl;, the whole
stirred 4 hr at room temp, coned in vacuo, and the residue treated
with Et:0 to give 14.0 g of II1-37. A solution of 11.6 g (0.04 mol)
of T11-37, 450 ml of 959, EtOH, and 90 ml of 259, aq NaOH was
stirred and refluxed for 1.5 hr, coned in vacuo to about 200 ml,
and 500 ml H:0 added to give 10.0 g of ITI-36.

(b) 7-Chloro-5-[2-(dimethylamino)ethyl]-5,11-dihydrodibenzo-
[b,e] [1,4] thiazepine 10-Oxide (I-52).—To 5.2 g (0.02 mol) of
111-36 in 30 ml of DMSO with stirring at room temp was added
in 0.5 hr 1.8 g (0.04 mol) of 509, NaH dispersion; the internal
temp reached 38° during the addition. Subsequently, the mix-
ture was stirred for 2 hr at room temp and 4.5 g (0.04 mol) of 2-
dimethylaminoethyl chloride was added dropwise, after which the
internal temp was raised to 50°. At this temp, an exothermic
reaction occurred and the temp rose spontaneously to 80°.
The temp was maintained at 75-85° for 3 hr, the whole mixture
was cooled to room temp and poured into 300 ml of HyO. The
aq mixture was extracted with 200 ml of Et;0, the Et:0 solution
was extracted with 100 ml of 2.5 aq HCl, the HCI extracts were
cooled, covered with 150 ml of Et:0, and adjusted to pH 11 with
solid K;COs.  The Et:0 layer was sepd, dried, and coned to give
2.4 g of I-52.

5-[2-(Dimethylamino)ethy!]-5,11-dihydrodibenzo[b,e] [1,4]thi-
azepine 10-Oxide Sesquiphosphate (I-51).—To 11.95 g (0.027
mol) of 38b in 600 ml of 959, EtOH was added 3.16 g of 31.99,
H:0; and the solution was heated under reflux for 17 hr. Con-
centration in vacuo gave a yellow oil which crystallized under
Et:0; it was filtered to give 9.0 g of hydroscopic I-31. No suit-
able recrystallization solvent was found.

7-Chloro-5-[2-(dimethylamino)ethyl] -5,11-dihydrodibenzo-
[b,e] [1,4] thiazepine 10,10-Dioxide (I-53). (a) 7-Chloro-5,11-
dihydrodibenzo[b,e] [1,4]thiazepine-5-carboxaldehyde 10,10-Diox-
ide (I11-39).—The addition, dropwise, of 15 ml of 309 H.O.
to a stirred suspension of 10.5 g (0.039 mol) of IT1-32 in 45 ml of
98-1009, HCO:H resulted in an exothermic reaction. The re-
action temp was maintained at 90-95° during the addition and
subsequently, by heating, for 4 hr. The cooled reaction mixture
was filtered to give 10.3 g of I111-39.

(b) 7-Chloro-5,11-dihydrodibenzol[b,e] [1,4]thiazepine 10,10-
Dioxide (III-38).—A suspension of 9.2 g (0.02 mol) of III-39,
320 m! of 95% EtOH, and 54 ml of 239, aqg NaOH was stirred
and refluxed for 4 hr, cooled, and poured into 500 ml of H;O to
give 7.5 g of I11-38.

(¢) 7-Chloro-5-[2-(dimethylamino)ethyl] -5,11-dihydrodibenzo-
[b,e] [1,4] thiazepine 10,10-Dioxide (I-51).—The procedure em-
ployed to prepare 1-32 was used here, starting with 5.6 g (0.02
mol) of I11-38. The yield of crude I-51 was 3.4 g.

4-{3-[7-Chloro-5,11-dihydrodibenz[b,e] [1,4] oxazepin-5-yl]pro-
pyl}-1-piperazineethanol Heptanoate (I-22).—To a solution of
8.0 g (0.02 mol) of crystalline I-19 base (prepared by method
A)in 120 ml of anhyd CsH; at 75° was added dropwise 4.5 g (0.03
mol) of heptanoy! chloride in 30 ml of anhyd C¢Hs. During the
addition a ppt sepd but this had redissolved when the addition
was completed. The solution was heated under reflux for 3 hr,
concentrated n vacuo the residue distributed between 300 ml of
Et:0 and 100 m! of H:O containing 2.0 g of NaHCO;, the Et:O
layer was sepd, washed with satd aq NaCl, dried, and coned to give
11.5 g of crude I-22 base. This was dissolved in 100 ml of MeCN
and at the boiling point treated with a hot solution of 4,64 g
(0.04 mol) of maleic acid in 50 ml of MeCN with rapid stirring.
The product sepd shortly after completion of the addition, the
whole was cooled, the solid was filtered, and recrystallized from
530 ml of abs EtOH to give 11.7 g of the dimaleate salt. To 4.0
g of NaHCO;, 50 ml of H;0, and 200 ml of Et:0 was added 9.7 g
of the purified dimaleate and the whole agitated until all the
solid had dissolved. The Et,0 layer was sepd, washed with satd
aq NaCl, dried, and coned to give 6.35 g of pure I-22 base, as an
oil,

5,11-Dihydro-7-(trifluoromethyl)dibenz[b,e] [1,4] oxazepine-5-
propionitrile (I11-4).—To 50.0 g (0.19 mol) of ITI-1 in 60 ml of
redistd acrylonitrile was added in 5 min 0.80 ml of 409, aq
Triton B. Subsequently, the mixture was heated for 1 hr under
reflux and the product isolated by extraction with CsHs to give
37.5 g of I1T-4.
5-(3-Aminopropyl)-5,11-dihydro-7-(trifluoromethy! )dibenz-
[b,e] [1,4] oxazepine - HCl (I-3). Method A. To 0.06 g (0.016
mol) of LAH in 80 ml of anhyd Et;0 at 0 and 5° was added
in 0.25 hr 5.0 g (0.016 mol) of 1114, portionwise; following the
addition, the solution was stirred for 1 hr at 0 to 5° and 3.0 ml
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of H:0 was added cautiously, followed by 0.5 m! of 209, aqg NaOH.
The Et,O layer was sepd, washed with H:0, and extracted with
two 50-ml portions of 1.5 N aq HCl. The amine was recovered
in the usual manner, dissolved in anhyd Et,O and converted into
1-3 with Et,0-HCL.

Method B. N-{3-[5,11-Dihydro-7-(trifluoromethy!)dibenz-
[b,e] [1,4] 0xazepin-5-yl]propyl} phthalimide (III-6).—A mixture
of 17.9 g (0.097 mole) of potassium phthalimide, 30.0 g (0.088
mol) of T1I-8, and 210 ml of DMF was heated under reflux for 4
hr and coned n vacuo. The residual oil was dissolved in 400 ml
of Et,0, the Et,0 solution was washed with H,O, dried and conced.
The residue was extracted repeatedly with CsHs, the CgHs solution
was chromatographed on 230 g of alumina (Woelm, Neutral,
Grade 1), and eluted with CsHs to give a semicrystalline solid.
This was suspended in hexane and filtered and the solid was
recrystallized from 959, EtOH to give 8.0 g of III-6. To 25.0 g
(0.055 mol) of ITI-6 in 125 ml of 959, EtOH was added 3.60 g
(0.061 mol) of 859 H:NNH-H.0, the whole was heated under
reflux for 3 hr, the suspension was cooled, 9 ml of coned HCI (d
1.18) was added the phthalhydrazide was filtered, the filtrate was
coned to dryness in vacuo and the residue was dissolved in 350
m! of H,0. The aq solution was extracted with three 50-ml por-
tions of Et:0, then made alkaline with 20 ml of 509, aq NaOH,
and extracted with three 100-m! portions of Et:0. The Et;0 solu-
tion was washed with saturated aq NaCl, dried, and treated in
the usual manner to give 13.8 g of I-3 176-180° alone or as a
mixture with the I-3 prepared above.

{8-15,11-Dihydro-7-(trifluoromethyl )dibenz[b,e] [1,4] oxazepin-
5-yl]propy!} guanidine Hemisulfate (I-19).—A suspension of 7.70
g (0.024 mol) of I-3, 3.67 g of 2-methyl-2-thiopseudourea sulfate,
40 ml of 95% EtOH, and 3 ml of H.0 was refluxed for 6 hr, the
whole coned in vacuo, and the residual gum dissolved in 40 ml of
MeOH. The filtered MeOH solution was diluted with 300 ml
of anhyd Et,0 to give 6.84 g of I-19. Following recrystallization
from MeOH-Et:0, I-19 was found to have a curious tendency to
fly out of the porcelain boat used for holding the material during
vacuum drying and yet the solid was not electrostatically charged,
1.6, it could easily be transferred to a bottle from the boat.
The recrystallized material was dried at atmospheric pressure
over Py0;.

5-(3-Aminopropy!)-5,11-dihydrodibenz[b,e] [1,4] oxazepine - HC!
(I-3) and o-[N-(3-Aminopropy!)-o-toluidino|phenol. Reduc-
tion of ITI-4 with LAH - AICl;,—To 1.81 g (0.048 mol) of LAH in
250 m! of anhyd Ft.0 was added a solution of 6.37 g (0.048 mol)
of anhyd AICl; in 60 ml of anhyd Et,0, the whole was stirred for
5 min to form the insoluble complex and 8.0 g (0.032 mol) of 1114
was added in small portions. Only a mild reflux was observed
during the addition and, subsequently, the mixture was stirred for
1 hr at room temp. and hydrolyzed as above. The washed and
dried Et;0 solution was treated, while cooling, with 10 ml of 3.4
N Et;0-HCl. The crude hydrochloride (7.1 g) was recrystal-
lized from 120 ml of abs EtOH to give 4.0 g of I-31-HCI; the
salt treated with H,O-NaHCO; and extracted with Et.O gave the
I-31 base.

The abs EtOH mother liquors from I-31-HCI were coned to
dryness to give 3 g of a solid residue; recrystallization from 400
ml of MeCN gave 1.5 g of o-[N-(3-aminopropyl)-o-toluidino]-
phenol - HCl, mp 196-199° dec. Anal. (C;;HuCIN:0)Cl, N, N, E.
The salt by the above procedure, gave the base, mp 137-139°,
after recrystallization from cyclohexane. Anal. (CisHuN:0),
N, N.E, M.W.

5,11-Dihydrodibenz[b,e] [1,4] oxazepine-5-propionamide  (III-
23).—To 150 ml of 979, -H.:80s was added slowly 23.5 g (0.093
mol) of I11-22 while maintaining the internal temp at 25-30°.
The deep blue solution was kept at this temp for 1.5 hr and then
poured slowly on 1200 g of ice. The pptd solid was filtered,
washed well with cold H.O, and dried to give 22.0 g of IT1-23.

Reaction of o-Aminophenol with o-Bromobenzy! Bromide.
Formation of o-[N,N-Di(o-bromobenzyl)amino|phenol.—To a
suspension of 22.0 g (0.2 mol) of recrystallized o-aminophenol
in 100 ml of abs EtOH, under N, was added a solution of 4.6 g
(0.2 mol) of Na in 100 ml of abs EtOH. To the clear solution
formed was added 51.0 g (0.2 mol) of o-bromobenzyl bromide in
0.5 hr and the mixture was stirred and heated under reflux for 1
hr. The cooled mixture was filtered to recover 18.5 g of NaBr
(theory 17.8 g) and 45 ml of coned HCI (d 1.18) was added to the
filtrate. A solid sepd. By tedious work-up of the solid and the
solution there was recovered only one identifiable product, 5.6 g
of o-[N,N-di(o-bromobenzyl)amino]|phenol, mp 148-150°, after
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recrystallization from Skellysolve E.
N, N.E.

5,11-Dihydrodibenzo[b,e] [1,4]thiazepine-5-carboxamide (I1I-
28).—To a solution of 8.2 g (0.046 mol) of 111-24, 2.8 g of dry
C;H:N, and 80 ml of dry PhMe, at —10°, was added dropwise
47 ml of a 1567, w/v of COCL in PhMe. The work-up of this
reaction mixture and the subsequent reaction of the intermediate
carbamoyl chloride with EtOH-NH; followed the published pro-
cedure.’ The yield of crude ITI-27 was 1.45 g; chromatography,
in CgHe solution, on 60 g of alumina (Harshaw, Chromatographic
Girade), followed by successive elutions with CgHg and 7-PrOH,
and repeated recrystallizations from CgHs were required to give
pure 111-2838

5-Acetyl-7-chloro-5,11-dihydrodibenz[b,e] [1,4] oxazepine (I1I-
10).—A salution of 2.0 g (0.0087 mole) of 7-chloro-3,11-dihydro-

Anal. (CxH1:B1.NO), Br,

Nuvwoktr, of al.

dibenzlb,c]11,4] oxazepine,? 25 il of Ac.), aud 0.4 g of p-tolnene-
snlfonic acid was heated under reflux for 2 hr, coned ta dryness,
and the residue distributed between 50 ml of Et.0 and 45 ml of
=atd aq NaHCO;. The Et.0) layer wax sepd, washed with satd
aq NuCl, dried, and coned to give 2.4 g af T11-10.

6-](o-Bromobenzyl)oxy| -«,«, «-trifluoro-m-acetotoluidide 111-
4. A mixture of 20.0 g (0.052 mol) of T1-2, 8.6 g (0.11 niol) of
anhyd AcONa, and 120 ml of glacial AcOH wax heated nnder
reflux for 3 hr, cooled somewhat, and ponred into 300 ml of
11,00, The oil, that sepd initially, =olidified, and was filtered
and dried to give 19.4 g of TI-4.

&) Tle difficulties encountered in (hix synthiesis are sbnilar (o Choge
previously deseribed in the oxazepine series, and are involved in the reaction
’ >
of the helerocycle witlh phosgene.”®

Synthesis and Hypocholesterolemic Activity of Alkylidenedithio Bisphenols

AL B. NevwortH, R. J. LAUFER,

Rescarch Department, Pitt-Consol Chemical Co., Wilton, Connceticid 068497

J. W. BarNuart, J. A. SErraNKA, AND D. D. McInrosu

The: Dow Chemical Company, Hionan Health Rescarch and

Development, Zionsville, Indiana

46077

Received November 28, 1964

The syuthesis and seruni cholesterol lowering properties of a new class of alkylidenedithio bisphenols and re-

lated compounds are discussed.
phenol).

Maximum activity is shown by 4,4’-(isopropylidenedithio)bis(2,6-di-t-butyl-
A few other members of the class show moderate to good activity and these are produced by substitu-

tion of a Me group or an ¢-Pr group for one {-Bu group in the phenolic nucleus, or substitution of Et for Me in

the isopropylidene moiety.
often, a loss of activity.

This work represents part of a program on the syn-
thesis of nontoxic oral hypocholesterolemic agents,
and is concerned with the structure-activity relation-
ships of a new class of alkylidenedithio bisphenols.
Serum cholesterol depressant activity of the most
active member of this class has been described.’?
Response was shown by mice, rats, monkeys, and hu-
mans.

Thix compound (1), 4,4’-(isopropylidenedithio)bis-
(2,6-di-t-butylphenol), was prepared by acid-catalyzed

#-C,H, cH +-C.H,
i
HO §—C—s OH
CH
t.C.H, : t-C,H,

condensationn of 4-mercapto-2,6-di-t-butylphenol with
acetone.

A generalized structure for this class of compounds
is given below.

R }f R.
HO S——Cl——s OH
R, R R,

The effect of the following variations in structure on
hvpocholesterolemic activity in mice was examined:

(1 4. W. Barnlart, J. AL Sefranka, and 1. D, Mcelntosh, Fed. {'roc,, 28,
268 11960).

(2) J. P. Colmore, A. 3. Norrhby, D. A, Vleedmon, H. 1l. Schweem, ..
Nakano, and K. M, Dubowski, 4th 1nternational Congress of Pharmacology,
Basel, July 14--18, 1969, p 405.

Other reported structural variations resulted in a reduction of activity or, mast

(1) size and degree of branching of alkyl groups R; and
Rs; (2) replacement of R; and Ry, by H or Br; (3)
substituting H for OH; (4) substitution of H, alkyl
groups of inereasing molecular weight, Ph, or cyclo-
alkyl for R; and/or Ry; (5) replacement of the alkyvl-
idenedithio moiety by other S-containing groups.

Hypocholesterolemic Activity.—Good hypocholes-
terolemic activity in mice is shown by 1 (Table I).
Changes in ring substitution have invariably produced
a decrease in activity. In fact, one o-i-Bu must be
present for even moderate activity. The unsubstituted
compound 2 and compounds substituted with alkyl
groups other than ¢-Bu (6-8, 12) are inactive. Like-
wise, the ineclusion of one or two o-Br substituents i
cach ring in prace of {-Bu groups (10, 11) results in
compounds inactive in our test. The only other mod-
erately active compounds in this series are those which
contain one {-Bu and either Me (4) or ¢-Pr (§). Activ-
ity iz diminished when Me or ¢-IP'r is replaced by H
(3), and lost when replaced by 1,1,3,3-tetramethyl-
butyl (9).

Maxinwum activity is observed in a structure cou-
sisting of an aromatic ring containing 3,5-di-t-Bu sub-
stitution and a 4-OH group with respect to the dithio-
kketal linkage. The steric hinderance of the OH group
as a result of the vicinal bulky ¢-Bu groups suggested
that the OH itself may not contribute to activity.
The dehydroxylated analog, 2,2-bis(3,5-di-{-butylbenz-
enethio)propane, showed no activity, indicating that
the OH group is essential.

Changes about tlie central quaternary C also lead,
in most cases, to diminished activity (Table II}. In
faet, if just one of the two central Me groups is re-



