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A number of 3-substituted 35,11-dihydrodibenz[b,e][1,4]oxazepines and 3,11-dihydrodibenzo[b,e](1,4]thi-
azepines have been prepared. When the 3-substituent is 3-[1-(2-hydroxyethyl)-4-piperazinyl]propyl 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 is a simple dialkylaminoalkyl group, then

the compounds are not CNS depressants at either dose level, but instead are CNS stimulants, but only 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 heterocyecle as well as of derivatives of the re-
lated heterocyecle, 5,11-dihydrodibenzo[b,e][1,4]thi-
azepine (2).

4,R = CH,CH:CH,
R, R!=H, Cl, Br, CF,

The synthetic route to ar-substituted 1 deseribed
previously,?® involved the preparation initially of an
o-bromobenzyl-o-nitrophenyl ether, followed by Fe-
HCl1 reduction to the o-(o-bromobenzyloxy)aniline-
HCI, then formanilide formation and cyeclization in
DMF. 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 J-
phenol plus large amounts of unresolvable by-products.
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-bromobenzyloxy)acetanilides were less satis-
factory in the subsequent cyclization step, requiring
much higher reaction temperatures and giving lower
vields of 1. It was noteworthy that the o-bromoben-
zyloxy carbanilides ecyclized 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., T, 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. These were
isolated most conveniently as their hydrochlorides,
converted by means of formic acid-sodium formate into
the formanilides, and then cyelized 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 cyclization involved the
use of DMF, anhydrous K,CO; and Cu bronze at
about 155°. Invariably, the reaction gave highly
colored crude products from which it was difficult to
isolate the N-formyvlated 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 DMF
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 yields 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 heterocyelic anion. We have now found
that the heterocycles 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-
hydroxyethyl) - 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 Ne,-
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Lols ToEis 5% CO-NaOH method mentioned above, namely reaction
. - TT =ETETIETE , . AT e
e -3 N z =2 of the heteroeyele 1 or 2 with CL{CH.);Br in 15tCON .,
AN Sy T R = =T . - . . .
| iz 5 > pQE 2= T using granular NaOH to form the anion.  Derivatives
b 7z 2 Z. %o . o . . . .-
| :. oy E2A g 2D of 3 were formed in 50-759 vields along with 15257,
| - ‘ E-=ZE2E3F of the S-ullvl derivatives 4. The separation of 3 and 4
‘ oo - o =224 could be effected by tie on silica gel but this wuas not
. . = D 2 . . . - .
i v~ S PR Sat essential for the syvnthesis,.  When the mixture wis
[ 1 . §.z5%s treated directly with 2-piperazinecthanol,® the aq acid-
= [ o T = e S LTS 22 . - A X
| ET % -@ s b E<SZEZZEZ soluble derivative was easily sepurated from the neutral
! - s, 2= = . . . . v .
i " T4 82T 4, At this time. it s not known whether additional
£33 A - s 5ET TS Ly 4 was formed during the reaction of 3 with 2-piperazine-
< B = 2~ 2T 5L e - TN T )
B = TE-ig ethanol.  While NaH in DM alto gave the hetero-
z . 5T %Z2 5. 3 evelie anion, the vields of 3 were significantly lower
AT - ZTFEESF e than those obtuined with EtCOMe-~-NaOH.
Z° == 3 ORE z =7 The 7T-substituted derivatives ol 1 and 2 were readily
| L [ S =259z . ) . . :
: [ R L EEE L5 available from the 2-nitro- or 2-formamido-p-substi-
* P~ a F = K . .
' ZEELS tuted phenol, or the 2-umino-p-substituted benzene-
i = T . . . . :
\‘ P = o 850 thiol, respectively.  To prepare the 3-ehloro deriva-
== T ITEDA tives, p-ehlorotoluene wuas subjected to Fe-eatalvzed
| L 2L == . . , . . . :
| g = TLUEF L Z=0 bromination. The monobromo fraction consisted
:‘ << g= L Z ICES e LEE largely of 2-bromo-p-chlorotoluene (5), along with lesser
! g == =% 5 = TA A~ =T v N ’ .
‘ A : == Tz T .5 E% amounts presumably of 3-bromo-p-chlorotoluene (6).
ST np B T T —-= .= = . . o L . o=
T oo 0,5, S % AN K The residue from 5 and 6 was almost pure 2.5-di-
Zz zz % Z3 - "% E=2T bromo-4-ehlorotoluene (7). Allvlie bromination of the
QL ST U oLz Z o TS R - Lo . .
= 2 L2 5 32 Sz T EE ~ mixture of 5 and 6 gave prineipally two isomerie benzyl
R L =z ; &> -;: Z=Z br(nn.idos (8), while 7 similarly t1'f}zLTed\gu‘\'e principally
< - e~ T h==ZfT s~ 2 S-dibromo-4-chiorobenzyvl bromide (9).  Both 8 and 9
r |2 2 P D@ S22 T oy n . . ' N .
T - > zz £ 2 F a3 were used direct]y in the next step without purification.
t < -~ = s - . . .
IE - o= AT The two benzyl ethers derived from 8 were readily sep-
Lz 7 oz 2z % T=5 50 g e ; . .
< g e arated during the work-up of the reaction mixture.
< <~ T = o —-= Z 22 o A o . ]
T SECZ 2o s Compound 9 led eventually to the 2-bromo-3-chloro
3 - s VY EpEIRGEET derivative of 1.
2  Eoo TS E - 3 The 10-oxides of 2 were prepared by treating the V-
= N2 on T2 Az g & . Co IO S
— D= fTUES s EE LT formyl derivatives (10) with 1 equiv ot m-chloroper-
R TESY 3R benzoie acid in CHCly at room temperature and then
= ‘ —~ = Y e oo
o 2 FA STE gl saponifying to remove the N-formyl group.  Alter-
e = = == % LE= ’ = ; ; ;
: = ~ SR ET Eg nately, the protonated H-dialkylaminoalkyl derivative
= Py >fﬂ’ﬂ:""fa"r_\' B o o
8z = SEESTEEYEE S of 2 and EtOH-HL0; under reflux also gave the 10-
0 =2 T E. =2 ETTDZ . L T ,
T de = ~ 22 ENE De Eo = oxides,  Performic acid and 10 reacted spontaneously
- - TT 228 E. 22X z and were subsequently heated at 90-95° to give the
< ( o o - . . * . e
L. oTXEER 10,10-dioxides,; these again could be =aponified 1o
Lo- . £ SEMAEFE=- remove the N-formvl group.
! = /. ES - ElE . — P ) . R
L E R B Q ht I .. =S = The A-13-(2-hydroxyethyl)-4-piperazinyl jpropyli
i B Z2 z =z Z Z¥o =7 FET Loy . t . i ~1 1 hent Ild |
L2 T T T = SEEE = 2 ED denvatives were estertied with heptanovl, decanoxl,
i Z 9o < ) T = =5 >z e ¢ . :
= = & = SmZ £E A~ 7 . . ceye
== =z = = z% e52Z S0 2 and dodecanoyl chloridex, but with greater difficuliy
ERRE R e BT oS ' ! ' _
R “ £S5z~ 2% than that encountered with the same derivatives of
= =0 .F P . .
=Z2=5z~=c" 2-(trifluoromethyi)phenothiazine.*
L~ ~ -~ O e B . )
T sl ESTC”L The buase-catalvzed addition of 1 to aerylonitrile
Foug="=2= 93 .
ZEs Eoz gave the S-propionitrile (11); LAH reduction of 11 «
— Lo o D T - - . . . 5
) ErET2EE7 about 5° gave the 5-(3-uminopropyl) derivative 12
%’ = SSEF =N The reaction of 3 with IX phthalimide in DME gave
= 3} TZES R - o : )
- 7 A sz v the phthalimidopropyl intermediate 13 and 13 with
B3 - SN -\ Yo ) )
P [ : T ooof. = H,NNH; gave 12, Finully, 12 and 2-methyi-2-thio-
o &) a=Ed s - - . e . .
g s 2 & T = 2222 pseudourea gave the guanidine derivative.
. B = = = 5="" 5% . - L .
5 8 § =z ESzz T2 2 The S-propionitrile, 11, and aq alkaline H,O, re-
- =) EZEZ2xElw A ; T, .
£§8 g g = SEEZREZ g2 2 generated 1. The amide 14 wuas formed in excellent
et =g P28
ER A
Nz = = =T SEEZ=zZ T3 RTT F =
z 2z ';‘) = 5, ol = i3) . L. Yale and 1", Sowinski, J. bner. Chem, Soc., 82, 2039 (19601,
= —_ - o= o T = (4) H. L. Yale, A. Cohen, and F. Sowinski. J. Med. Chem.. 6, 347 (1963).
- - e - - b ,_'? = i‘ ‘Z Such compounds would he expeeted to have a long duration of activity
=2 ‘E 2 following parenteral administration, For example, fluphenazine enanthate
. _—k _—— ..
T TT ? TS0 o= s SSE] (Prolixin Enanthate®) has been marketed as a parenterally administered,
3 Z M.E: - 'g - long-acting antipsychotic agent: a single 25 mg dose will exert its thera-
. cod E T=- >z Z = peutic effects for 1-2 weeks,
oo 28 n AR '5 = . - é E i3) An excess of LAIL and liigher temperatures are to be avoided; hLiydro-
; _:E S'U _E_ <= genolysis of the heterveyclie benzyl ether can be a competing reaction.
RS © = § - — e o ¥ E z 5 < = f < The use of LAII-AICH resulis in extensive hydrogenolysis (see Experimental
AT TEH OB wean EESETEL F Section for details).
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vield, however, by hydration with 979, H.S0O, 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 COCly, and gave very low yields
of the carbamoyl chloride. The earbamoyl chloride
with NHj; gave the urea in only about 19 yield, overall.

Pharmacology and Ancillary Activities.—The major
pharmacological work-up was done with two com-
pounds, 12a-2HCl and 27a-2HCI. 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-.-2HCl 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 see.
At 3.0-5.0 mg/kg, 12a-2HCI and 27a-2HCI produced
a significant increase in response, and on a mg/kg
basis 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-2HC]
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-2HCI caused a decrease in responding similar to
that observed with 16 at 3.0 mg/kg and thioridazine
(17) at 6.0 mg/ke.

Muricide Activity.—Inhibition of mouse killing activ-
ity by rats may be related to the stimulant activity of
a compound. In this test, 12a-2HC! and 27a-2HC],
ip, exhibited greater activity (ED; = 10.0 mg/kg)
than did 15 (ED;, = 30.0 mg/kg); imipramine, 16 and
17 were slightly more effective (EDj = 7.5, 5.5, and
7.0 mg/kg, respectively).

Journal of Medicinal Chemisiry, 1970, Vol. 13, No. 4 717

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-2HC! 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 CFj is at positions 3 or 7. When
Cl is at position 3, the presence of Br at 2 does not
significantly alter potency, 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
heterocyele; one particularly unexpected decrease is
that observed with the homopiperazinyl derivative
related to 12a or 27a. A decrease in potency is also
seen when 8 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-(trifluoromethyl)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 e,«,a-trifluoro~
2-nitro-p-cresol,® 6.0 g of 59, Pd-C, and 150 ml of abs EtOH
at 3.5 kg/em? 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 N2 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. (CsHsF;NO,) C, H, N.

B. 6’-[(o-Bromobenzyl)oxy]-a,a,a-trifluoro-m-formotoluidide
(II-3).—To 265.0 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:0O, agitated thoroughly; the solid was filtered
and air-dried to give 551.0 g of crude (II-3), mp 141-151° (see
Table II for melting point and analytical data for purified 1I-3 and
related structures), suitable for eyeclization.

C. 5,11-Dihydro-7-(trifluoromethyl)dibenz(b,¢] [1,4] oxazepine
(ITI-1).—To 1960 ml of DMF, 164.0 g (1.2 mol of K,;COs, 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 ml of DMF. During the addi-
tion, after 1 hr, an additional 86.0 g of K.CQO; was added. Sub-
sequently, stirring and heating under reflux were continued for
1.5 hr, the mixture was filtered hot, and the filtrate coned n

(6) R. M. Pettit and J. C. Tatlow, J. Ckhem. Soc., 3852 (1954).
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Receryst Yield,

No A% W N Y 7 [Formuly Mp, °C s0lvent A Analyvses

1 O,N (0] CF; H " CiHoBrF;NO; 107-109 A K4b Ne

2 NH,-HCl1 O CF; I 1 C Hy BrF,NO-HCI 175177 dee B 74 N4

3 NHCHO 0O CF, " & CisHuBrF;NO, 159160 C 83 N¢

4 NHCOCH;, O CTy H H CigHBrF,NO, 140-142 D 96 Nt

5 O, N O H Cl I CiHBrCINO, 120122 I 59 ¢, H, N
6  NH,-HCl 0 151 0| H CiHuBrCINO- HCL 209-211 dec F 7 G, H, N
7 NHCHO 0 H 1 51 C1 11, BrCINO, 140-142 G 60 NG

8 0N O Cl Cl H CiHsBrCLNO, 185--167 I8 Bt ¢, Hy N
9 NH,-HCI O Cl Cl 134 CilpBrCLNO - HCT 204- 205 ¥ 54 ¢, H N
10 NHCHO O @ Cl H CydTBrCLN O, 155 126 I 61 ¢, 1, N
11 NHCO,CH; O H H 5 CulTi BrNO; K7--88 T 72 ¢, 1, N
12 NHCHO 0 H Cl Br Ciall;pBr.CINO, 201205 K 406 ¢ I N
13 NH,-HCl s CFs H H CiHnBrF;NS- H(I 145-150 f S50 q

14 NHCHO S CF, H n CiHn BrF;NOS 87--89 I 56 ¢, H, N7
15 NI -HCI S Cl H H CpHBrCOINS - HCI 187189 dec B 60 ¢, H, N*
16 NH, S Cl H H Cysl1BrCINS 6:3-64 J G, H, N7
17 NHCHO S Cl 5 H Cy HuBrCINOS 86--88 I 68 ¢, I, N*
18 NHCHO b H H H C HisNOS? 60--61 K 75 N7

19 NH,-HCl b H H I Ci, HiBrNS - HCI 189--193 dec L 80 N

20 NHCHO I 1 H H (1 HeBrNOS 111 113 M H6 N

21 NH, = (¢} Cl I CialheBrCLNS 67-68 J 31 ¢, H, N*
22 NHCHO = (@ Cl H CHBrCLNOS 92 -04 K 67 ¢, H, N*

* Recrystallization solvents used are:

mental Section for details.
S hAnal. (S

cAnal. (Br). 4 Anal
“ H in place of 0-Br in general structure.

(Br, Cl).

cacuo to dryness.  This viscous purple residue was dissolved in
1560 ml of 93¢ EtOH, 312 ml of 25¢; aqueous NaQH was added;
the mixture was heated under reflux for 1 hy, and again coned in
vacio. The residual purple solid was washed thoroughly with
H.O, filtered, and air-dried to give 141.0 g (867;) vield of (ITI-1},
mp 112-117° (see Table III for melting point and analytical data
for purified III-1 and related structures), suitable for the alkvla-
tion step.

D. 4-{3-(5,11-Dihydro-7-(trifluoromethy!)dibenz [b,¢] (1,4} -
oxazepin-5-yl]propyl}-1-piperazineethanol Dihydrochloride (I-
12a).—A suspension of 62.5 g (0.24 mol) of ITI-1, 625 ml of
EtCOMe, 150.0 g (0.98 mol) of CI(CH,):Br, and 76.5 g (1.9 mol)
of granular NaOH was heated under reflux for 8.5 hr; an addi-
tional 76.5 g of granular NaOH was added and the whole wax
stirred and heated under reflux for an 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,0 and stirred in the cold until no more solid
remained, the EtCOMe layer sepd, the ag phase extracted with
100 m] of EtCOMe, and the combined organic phases were washed
with 3 portions of satd NaCl, dried, and coned to about 350 ml.
(See below for the isolation of the 3-chloropropyl derivative III-
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 under reflux for 19 hr, and coned to dryness in vacuo. The
residue was distributed between 250 ml each of H;O and Et:0, the
Et:0 layer sepd, the Hy0 layer extracted with two 250-ml por-
tions of Et,0, the combined Et,O extracts were washed with
30 ml of satd aq NaCl, and the Et,0 solution was extracted with
two 100-ml portions of cold 10¢; aq HsPO. (see below for the
isolation of the 5-(allyl) derivative ITI-7). The H;PO. extracts
were combined, layered with 200 ml of fresh Et,0, cooled, neu-
tralized with 509; aq KOH, and satd with solid K:COs. The
Et,0 layer was sepd, the aq layer extiracted with two 250-ml por~
tions of fresh Et,0, and the combined Et:0 extracts were washed
with 50 ml of saturated aq NaCl, dried, and coned to give 44.0
g of crude base I-12a,

The crude 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 maleic acid in 260 ml of MeCN was added to the basic

(A) 959 EtOH; (B) MeCN: (C) Cells-ligroin ¢3:1): (D) MeOH;
i-PrOH; ((3) Skellysolve V; (H)PhMe: (I) hexane; (J) petroleum ether; (K)ligroin; (L) 1097 aq HCL; (M) heptane.
“Anal.
1 Anal.

(1) Abs EtOH: (F)
b Ree Experi-
(Br, Cl,

(NCHO). o Anal.

(Cl, 8.

f Puriied by sublimation.

soln. A colorless solid sepd after several minutes. The whole
was stirred while cooling, and the solid filtered and air-dried to give
63.2 g (80¢;, vield) of crude dimaleate 1-12b, mp 157-159°. Tou
suspension of 37.3 g of the crude dimaleate in 450 ml of Et,0 and
220 ml of H.O was added portionwise 59.4 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,O extracts were washed
with two 50-ml portions of satd aq 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 gummy
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 145-150° and melted at 102-198°,  Analyses of this material
indicated that this was the dihydrate. dnal. (CuHuxIN.O.-
2HC1 2H,0: C, H, N. Recrystallization of dihydrate from 400
ml of -PrOH gave the alcoholate stable in vacuo after 5 hr at S0°;
the alcoholate sintered at 116° and melted at 195-198°.  Anal.
(CuHyFaN30,- 2HCL-C3H0): ¢, H, N; N. E. From the al-
coholate, on drying at 140° for 3 hr in vacuo, was obtained the
unsolvated dihydrochloride (1-12a), 21.5 g (75¢; vield based on
crude dimaleate), mp 197-200°. (See Table I for analytical data
on this compound as well as all of the other 3-(aminoalkyl
derivatives.)

4.{3-[5,11-Dihydro-7-(trifluoromethyl)dibenz (b,¢ [1,4] oxa-
zepin-5-yl]propyl} -1-piperazineethanol Pamoate (I-12d).—To
1.05 g (0.002 mol) of T-12a-2HCl in 2.5 ml of HyO with stirring
was added 0.86 g (0.002 mol) of sodium pamoate. Separation of
the yellow salt oceurred promptly; this was fillered, washed with
H.0, aud dried to give 1.45 g of I-12d.  No suitable recrystalliza-
tion solvent was found for this salt.

4-18-[5,11-Dihydro-7-(trifluoromethyl)dibenz[b,e} [1,4] 0xa-
zepin-5-yl]propyl} -1-piperazineethanol Dicitrate (I-12¢).—A
solution of 0.88 g (0.002 mol) of 1-12a base in 30 ml of Et,() wax
added to 0.84 g (0.004 mol) of citric acid-2HyQ) in 30 ml of abs
EtOH. A gummy ppt =epd. The mixture was stirred and re-
fluxed for 0.5 hr, kept 18 hr at room temperature, the solvents
were decanted, and the gum was triturated in the cold with 60
ml of anhyd Et:0 to give 0.9 g of crystalline I-12¢.  No suitable
recrvstallization solvent was found for this salt.
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NoNBasic Derivatives or 5,11-DinyDroDIBENZ[b,¢] [1,4]0XAZEPINES AND THIAZEPINES

W Z
jod ¥
N

X R

Recryst Yield,

No. W X Y Z R Formula Mp, °C solvent® %% Analyses
1 O CF, H H H CiH, FsNO 125-127 A 81 C, H N
2 o) CF; H H CHO Ci:HioF3NO, 132-134 B 60 C,H,N
3 O CF; H H COCH;, CieH1FsNO; 95-97 C 30 C, H, N
4‘ O CF3 H H’ (CHQ)zCN C17H13F3N20 161—163 I) 62 C, H, N
5 0O CF, H H (CH.).CONH, CiHiFsN20, 149-151 E 62 C, H N
6 O CF3 H H (CHz)g-phthal- C-_z:,HmF@N-zOg 112-114 F 20 Nb

imide
7 O CFS H H CII;CHCH; CnHuFaNO 60-63 C C, H, N
8 0O CF& H H (CHZ)JCI CnHmC]FaNO 73-76 c Nd
9 0 Cl H H CHO C1H1pCINO, 126-128 C 90 C, H, N

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

11 0O H Cl H H CiHy CINO 113-115 G 70 C, H, N¢

12 O H Cl H CHO C1H,CINO; 129-131 dec C 70 C, H, N¢

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

14 O Cl Cl H H CisHyCLNO, 168-170 B 60 C,H, N

15 O Cl Cl H CHO CuHCLNO, 145-149 C 55 C,H,N

16 0] Cl Cl H COCH; Ci:HuCLNO, 154-156 I 62 C,H, N

17 O H Cl Br H C,H:BrCINO 187-189 1 78 C,H N
18 0) H Cl Br CHO CuHBrCINO, 120-124 A 77 C, H, N
19 O H Cl Br COCH; Cy:Hy BrCINO 108-110 I 47 C,H, N

20 0O H H H COCH; Ci:HisNO, 113-114 J 50 C, H, N

21 0O H H H CO,CH;, Ci:HisNO; 121-123 B 39 C,H, N

22 0O H H H (CH;).CN C1eH1 N0 138-140 K 31 C, H, N

23 0 H H H (CH:.CONH,  CyHypN:0, 155-157 F 79 C, H, N

24 S H H H H CizH NS 118-119¢ E K0 N/

25 S H H H CHO CiH;NOS 125-127 C 48 C, H, N

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

27 IS H H H CO,CH; Ci:HisNOSS 183-185 F 3 N/

28 S H H H CONH; C1Hi:N,O8 215-217 M 1.2 N/

29 S CFJ H H H CuHmFgNS 113—114 B 74 C, I"Iy N

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

31 b Cl H H CH,=CHCH, CysH;;CINS 76-78 B N/

32 o] Cl H H H CiH,CINS 115-117 I 76 C, H, N¢

33 I Cl H H CHO C1:H,,CINOS 163-164 D 78 C, H, N¢

34 8 Cl H H COCH; C;H1:CINOS 173-175 I 78 C, H, N

35 SO H H H H CH,LNOS 167-169 L 54 C,H,N

36 S0 Cl H H H CiH CINOS 233-235 dec D 70 C,H, N

37 S0 Cl H H CHO CisH, CINO,S 220-221 D 66 C, H, N

38 SOL Cl H H H CmHmClNOzS 222-233 dec D a0 C, H, N

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

40 S0, Cl H H COCH; Ci;HCINOsS 228-230 D 57 4

41 S Cl Cl H H C:HyCLNS 160-161 1 80 C, H, N

42 S Ci Cl H CHO C1H,CLNOS 169-171 D 65 C,H, N

¢ Recrystallization solvents used are: (A) ligroin; (B) hexane; (C)i-Pr:0; (D) MeCN; (E) Skellysolve E; (F)95% EtOH; (G)
CsHe-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°, f Anal. (8S).

5,11-Dihydro-7-(trifluoromethyl )dibenz{,¢] [1,4] oxazepine-5-
carboxaldehyde (III-2). Cyclization in Dowtherm A.—A mix-
ture of 5.6 g (0.115 mol) of II-3, 9.5 g of K:CO;, 0.4 g of Cu
bronze, and 100 ml of Dowtherm A was stirred and heated for
2 hr at an internal temp of 160-165°, filtered hot, and the filtrate
coned to dryness in vacuo. The residue solidified when treated
with a few milliliters of hexane; filtration gave 5.4 g (quantita-
tive yield) of I1I-2. This product (2.9 g), 40 ml of 959 ethanol,
and 8 ml of 259, aq NaOH were refluxed for 1 hr, coned to dry-
ness in vacuo; the residue, stirred with 100 ml of H,O, filtered, and
dried, gave 2.6 g (999, yield) of III-1.

5-(Allyl)-5,11-dihydro-7-(trifluoromethyl)dibenz [b,¢] [1,4] 0xa-

zepine (III-7).—The Et.O solution remaining from the aqg HsPO4
extractions was freed of solvent and the residue fractionated to
give an oil, bp 135-137° (0.110 mm) which crystallized spon-
taneously, mp 60-65°. Analyses (see Table III) established this

material as III-7, and this structure was confirmed by the ir
spectrum (the overtone of the terminal CH; 912-¢cm~! band was
at 1820 em ! and the C==C stretch at 1650 cm~!) and by the nmr
spectrum [the CH, group of the allyl side chain was a 2-proton
doublet at = 5.64 (J = 5) and the vinyl and terminal olefins were
represented by a 3-proton complex multiplet at = 3.9-4.9 (exclud-
ing the 2-proton PhCH, singlet at 7 4.76)].
5-(3-Chloropropyl)-5,11-dihydro-7-(trifluoromethyl)dibenz-
[b,e] [1,4] oxazepine (III-8).—A portion of an EtCOMe solution
obtained as above and containing the 3-chloropropyl derivative
was freed of solvent and the residue distd; the fraction, bp 135~
140° (0.1 mm) crystallized spontaneously to give III-8. This
material gave acceptable Cl, H, and N analyses but the C value
was 0.779, high.
Method B. 4-[3-(7-Chloro-5,11-dihydrodibenzo|b,e] [1,4] thia-
zepin-5-yl)propyl] -1-piperazineethanol Dihydrochloride (I-49a).
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(a) [(o-Bromobenzyl)thio]-5-chloroanilide Hydrochloride (II-15).
—To a slurry of 37.08 g (0.19 mol) of 2-amino-i-chlorothio-
phenol- HCY in 150 ml of abs EtOH at 10-15° was added drop-
wise a solution of 25.0 g (0.46 mol) of NaOJe in 170 ml of abs
EtOH the cooling bath was removed, and 40.0 g (0.156 mol) of o-
bromobenzyl bromide added in one portion. The wixture was
stirred for 10 min at room temperature, heated under reflux for 1
hr, cooled, 100 ml of Et,;O added, the solid filtered, the filtrate
dild with 100 ml of coned HCI (d 1.15), and the ppt filtered to give
42,0 g of IT-15. A small portion of II-15 suxpended in water and
the whole treated with satd ag NaHCO, gave the aniline deriva-
tive (1I-16).

(b) 2’-[(o-Bromobenzyl)thio]-5-chloroformanilide (II-17),---
A solution of 84.0 g (0.23 mol) of 11-15, 37.0 g (0.54 mol) of
HCO:Na, and 550 ml of 98-100¢, HCO.H was heated under
reflux for 3 hr, cooled to 60°, and poured into 4 1. of ice-H,0.
The solid was filtered and stirred with 100 ml of satd ag NaHCO;,
filtered, and dried to give 76.0 of II-17.

(e) 7~Chloro-5,11-dihydrodibenzo[b,¢] [1,4] thiazepine-5-carbox-
aldehyde (IN-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 Cu bronze, and 200 ml of
Dowtherm A was stirred and heated at 160-163° for 1 hr, filtered
hot, and the filtrate concd in vacuo to dryness, The solid residue
was treated with Et;0 to give 18.0 g of 11I-33. The subsequent
steps in the synthesis giving eventually T-49a and I-49h were
carried out as described in method A.

Cyclizations of II-17 in Solvents Other Than Dowtherm A.
(a) Diphenyl Ether.-—A mixture of 5.6 g (0.015 mol) of II-17.
9.5 g of K:COs, 0.4 g Cu bronze, and 100 ml of Ph,O was stirred
and heated at an internal temp of 160-165° for 2 hr and the
reaction worked up as above guve 3.24 g (90, yield) of 111-32.

(b) Biphenyl.—The previous experiment was repeated except
that 100 g of Phy was substituted for the Dowtherm A. The
yield of II1-32 was 2.56 g (T197.).

(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° internal temp); the
vield of II1-32 was 1.36 g (37¢.).

(d) PhNO..—Repetition of the (1) experiment, with 100 ml
of PhNQ, replacing the Dowtherm A gave III-32 in about 50¢;
vield along with substantial amounts of a purple-colored im-
purity.

(e) p-Isopropyltoluene.—Substitution of 100 ml of p-iso-
propyltoluene for the Dowtherm A in (a) gave 288 g (8077)
yield of III-32.

DMF.—Replacing the Dowtherm A in (a) with 100 ml of
DMF and carrying out the reaction under reflux (150-155°%)
gave III-32 in about 597 yield along with considerable amounts
of a purple-colored by-product.

Reaction of o-Aminobenzenethiol with Formic Acid. Forma-
tion of 2,2’-Dithiodiformanilide.—A mixture of 10.0 g of o-
aminobenzenethiol and 125 ml of 98~10057, HCO,H was heated
under reflux under N for 0.5 hr and concd to dryness. The
residue crystallized spontaneously, mp 157-158°.  An analytical
sample was obtained from -PrOH and melted at 159-160.5°; no
absorption in the 2400-2600 em~* region. Anal. (CH;:Ny0.8:)
C,H,N,S.

Method C. 4-{3,7-Dichloro-(5,11-dihydrodibenz{b,e] [1,4]-
oxazepin-5-yl]propyl;-1-piperazineethanol Dimaleate (I-28).
(a) 2-Bromo-p-chlorotoluene.—To 508.0 g (4.0 mol) of 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 filtrate
(n*p 1.5850) distd to give 456.3 g of crude 2-bromo-p-chloro-
toluene, bp 95-110° (3 mm), n%*p 1.5731. Anal. (CoHBrCl Br.
The other principal component in this material was presumed 10
be 3-bromo-p-chlorotoluene (see below). The residue from the
crude 2-bromo-p-chlorotoluene distd at 180-185° (0.1 mm) and
crystallized spontaneously. Recrystallization from hexane gave
247.5 g of 2,5-dibromo-4-chlorotoluene, mp 94-95°; its nmr
spectrum showed two one-proton singlets at = 2.38 and 2.51,
attributable, resp, to the protons at C; and Cs, as well as the
3-proton singlet at r 7.64 due to CHs. Anal. (C;/H;Br.Cl)Br, CL

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

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

Yoare, Brer, Proscre, anp Serravinii

synthesis followed the procedure reporied® and gave 2-brome-
4-chlorobenzyl 4-chloro-2-nitrophenyl ether (II-8), the II-% wu-
reduced with Fe-HCl to the aniline-HC1 T1-9, and the latter
was converted into the formanilide T1-10. A mixtwe of 23.0 ¢
(0.066 mol) of T1-10, 51.0 g of KyCO,, 155 g of Cu hronze, and
450 ml of diethylbenzene was =tirred vigorously, heated unde
reflux for 3 hr, and filtered, and the filtrate was coned (o drytess
‘novacuo to give 1301 ¢ of TII-15. The ITI-15, 150 ml of 95°¢,
FAOH, and 10 ml of 257, aq NaOH were heated under reflux for
0.5 hr and coned n vacno to give 9.8 g of II1-14.  The remainder
ol the procedure to give 1-25 followed that outlined in method A,
Contaminant in the 2-Bromo-4-chlorobenzyl Bromide. By-
Products Arising from the 3-Bromo-4-chlorobenzy! Bromide.-
The mother liquors from the isolation of IT-8 were shown to con-
tain: - more =oluble jsomer derived by reaction of 2-nitro-p-
chlorophenol with 3-bromo-d-chlorobeuzyl-bromide;  the latier
was formed as n by-product from the allvlic bromination of the
3-bromo-p-chlorotoluene, present a~ w minor component i the
2-bromo-p-chlorotoluene,  The vield was 9.6 g, mp 1121147
after recrystallization from hexane.  Anal, (CpHLBrCLNOg €
H, N, Br, Cl. The =tructure assigned to this somer wax 3-
bromo-4-chlorobenzy] d-chloro-2-nitrophenyl ether.  Reduction
with Fe~tIC1> gave the corresponding aniline- HCI, mp 201-203°
after recrystallization from MeCN.  Anal, (CuHWBrCLNO-HCH

¢, H, N. The aniline-TICL, in twrn, gave the formanilide, re-
eryvstallized from hexaue, mp 102-104°0 Apel. (CLIBrCLNO)
', HON.

In similar fashion, reaction of e-nivophenol with the S-bromo-
4-chlorobenzyl bromide led to the isolation of the more soluble
3-bromo-4-chlorobenzyl 2-nitrophenyl ether, mp S8-90°, afier
recrystallization from evelohexane.  Anal. (CullBrCINO;; €
H, N. The ether, in turn, gave the auiline-HCIL, mp 174-176°¢
Anal. {CpHLBrCINOLUHC Br, total Cl, and the formunilide,
mp 142- 1449 after reervstallization from ~PrOTL {nad. (CH -
BrCINO:) N, N-CHO].

2-Bromo-3-chloro-5-(2-(dimethylamino Jethyl|-5,11-dihydrodi-
benz[h,¢][1,4] oxazepine Phosphate (1-29).—To 3.1 g (0.01
molj of ITI-17, 40 ml of Me,CO, and 4.3 g (0.04 mol) of 2-di-
methylaminoethyl chloride was added 2.4 g (0.06 mol) of granular
NaOH and the whole was stirred aud heated under reflux for 3
hi. The cooled mixture was filtered and the filtrate concentrated
/nvaeno to dryuess<.  The residue was dissolved in 50 ml of
E6O and extracted with three 40-ml portions of cold 107,
HPO.  On keeping, the extracts deposited the phosphate:
however, the mixtire was treated with an excess of IGCO; and the
oil that sepd was isolated vie BEuO extraction. To 3.0 g (0.008
mol) of the oil in 33 ml of MeCN was added slowly 2.1 g of 837,
HPO, i 20 ml of MeCN to give 1.3 g of I-29.  The hydrochloride
wias also prepared but was too hydroscopic to be isolated and
purified.

5-[3-({Dimethylamino jpropyl|-5,11-dihydro-7-(trifluorometh-
vl)dibenz|l,¢] [1,4] oxazepine - HCl (I-4).—In a Pyrex combustion
tube was placed 10.0 g (0.029 mol) of 111-8 and 53.0 g (0.29 mol;
of a 257 solution of Me;NH in (Csl,, the tube was sealed and
heated at 100° for 24 hr.  The cooled tube was opened, the mix-
ture washed with H.O, the Cgllg solution concentrated 7 vacuo.
the residue dissolved in 100 ml of 15,0, and the Et0 solution
extracted with two 100-ml portions of 1.5 .V aq HCl.  The acid
extracts were washed with B0, treated with an excess of 204, aq
NaOH, and extracted with three 50-ml portions of Et,0. The
washed and dried 15,0 solution with Et;O-HCI gave I-4.

Methyl 5,11-Dihydrodibenz|b,¢} [1,4] oxazepine-5-carboxylate
(I11-21). (ai Methyl 2-[{o-Bromobenzyl)oxy]carbanilate (II-11.
~To 21.2 g (0.076 mol) of o-(o-hromobenzyloxy)aniline in 250
ml of Et:0 was added in 0.5 hr; simultaneously, from two sep-
arate dropping funnels, 9.4 g (0.01 mol) of methyl chloroformate
in 100 ml of Et:0 and 4.0 g (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 t{emp, the
Et,0 layer was sepd, washed with 50 ml of 1¢, aq NaOIl, then
aq satd NaCl, dried, and coned to give 22.7 g of II-11.

(b).—A suspension of 6.6 g (0.02 mol) of II-11, 14.0 g of K.CO,,
0.4 g of Cu bronze, and 130 ml of Dowtherm A was heated for 2
hr at 165-~175°, filtered hot, and the filtrate coned in vacwo 1o
dryness.  The residual o1l solidified when treated with petroleum
ether to give 4.0 g of 11121,

7-Chloro-5-{2-(dimethylamino)ethyl] -5,11 -dihydrodibenzo-
{b,e] [1,4] thiazepine 10-Oxide (I-52). (a)7-Chloro-5,11-dihydro-
dibenzo(b,e] [1,4] thiazepine 10-Oxide (III-36).-—To 16.0 g (0.05%
mol) of TIT-32 in 300 ml of CHCl; at 20-25° was added a solution
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of 12.0 g (0.058 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 111-37. A solution of 11.6 g (0.04 mol)
of 111-37, 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-
dimethylaminoethy! 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 H;O. The
aq mixture was extracted with 200 ml of Et;0, the Et,0 solution
was extracted with 100 ml of 2.5¢ aq HC], the HCI extracts were
cooled, covered with 150 ml of Et.0, and adjusted to pH 11 with
solid K;CO;.  The Et;0 layer was sepd, dried, and coned to give
2.4 g of 1-52.

5-[2-(Dimethylamino)ethyl]-5,11-dihydredibenzo[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-51. 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 (III-39).—The addition, dropwise, of 15 ml of 309 H,0O,
to a stirred suspension of 10.5 g (0.039 mol) of 111-32 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 10.5 g of 111-39.

(b) 7-Chloro-5,11-dihydredibenzo{b,¢] [1,4]thiazepine 10,10-
Dioxide (III-38).——A suspension of 9.2 g (0.02 mol) of III-39,
320 ml of 959, EtOH, and 54 ml of 259, aqg NaOH was stirred
and refluxed for 4 hr, cooled, and poured into 500 ml of H.O to
give 7.5 g of 1I1-38.

(¢) 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 III-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 heptanoyl chloride in 50 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 in vacuo the residue distributed between 300 ml of
Et:0 and 100 ml of H;O containing 2.0 g of NaHCO;, the Et.0
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 Hy0O, and 200 ml of Et:O was added 9.7 g
of the purified dimaleate and the whole agitated until all the
solid had dissolved. The Et:O layer was sepd, washed with satd
a% NaCl, dried, and concd to give 6.35 g of pure I-22 base, as an
oil.

5,11-Dihydro-7-(triftuoromethyl)dibenz[b,e] [1,4] 0xazepine-5-
propionitrile (III-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 111-4.
5-(3-Aminopropyl)-5,11-dihydro-7-(trifluoromethyl)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;O at 0 and 5° was added
in 0.25 hr 5.0 g (0.016 mol) of III-4, portionwise; following the
addition, the solution was stirred for 1 hr at 0 to 3° and 3.0 ml
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of H,O was added cautiously, followed by 0.5 ml of 209, aq NaOH.
The Et,0 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
I-3 with Et,O-HCL.

Method B. N-{3-[5,11-Dihydro-7-(trifluoromethyl)dibenz-
[b,e] [1,4) oxazepin-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 III-8, and 210 ml of DMF was heated under reflux for 4
hr and coned in vacuo. The residual oil was dissolved in 400 ml
of Et;0, the Et,0 solution was washed with HO, dried and coned.
The residue was extracted repeatedly with CsH;, the CsHj solution
was chromatographed on 250 g of alumina (Woelm, Neutral,
Grade 1), and eluted with Ce¢Hs 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
ml 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-ml portions of Et:0. The Et,0 solu-
tion was washed with saturated ag 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-[5,11-Dihydro-7-(trifluoromethyl)dibenz [b,¢] [1,4] oxazepin-
5-yl]propyl} 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 959 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,
i.e.,, it could easily be transferred to a bottle from the boat.
The recrystallized material was dried at atmospheric pressure
over P;0s.

5-(3-Aminopropyl)-5,11-dihydrodibenz[b,e] [1,4] oxazepine - HCI
(I-3) and o-[N~-(3-Aminopropyl)-o-toluidino}phenol. Reduc-
tion of IT1-4 with LAH - AICL;,—To 1.81 g (0.048 mol) of LAH in
250 ml of anhyd Et,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 HoO-NaHCO; and extracted with Et.O gave the
1-31 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 0-[N-(3-aminopropyl)-o-toluidino] -
phenol - HCl, mp 196-199° dec. Anal. (C:;sH,CIN: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  (I1I-
23).—To 150 ml of 979, -H;80; was added slowly 23.5 g (0.093
mol) of III-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 ITI-23.

Reaction of o-Aminophenol with o-Bromobenzyl Bromide.
Formation of o0-[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 m! 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 LK.
N, N.E.

5,11-Dihydrodibenzo{b,e] [1,4]thiazepine-5-carboxamide (III-
28).—To a solution of 8.2 g (0.046 mol) of II1-24, 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 thix
reaction mixture and the subsequent reaction of the intermediate
carbamoyl chloride with EtOH-NHj followed the published pro-
cedure.” The yield of crude ITI-27 was 1.45 g; chromatography,
in CsHj solution, on 60 g of alumina (Harshaw, Chromatographic
Girade), followed by successive elutions with C¢Hg and ~PrOH,
aud repeated recrystallizations from CsHg were required to give
pure 111-28.38

5-Acetyl-7-chloro-5,11-dihydrodibenz|b,c| [1,4] oxazepine (III-
10).—A solution of 2.0 g (0.0087 mole) of 7-chloro-5,11-dihydro-

A nal. (CzaHuBl‘zNo), BI',

NEUWORTH, of al.

dibenz|b,¢] [1,4]oxazepine,® 25 ml of Ac:0), and 0.4 g of p-toluene-
sulfonic acid was heated under reflux for 2 hr, coned to dryness,
and the residue distributed between 50 ml of EX,00 and 25 m! of
satd aq NaHCQ;. The Et;0 layer wax sepd, washed with satd
aq NaCl, dried, and conced to give 2.4 g of 111-10.

6-[(0-Bromobenzyl)oxy] -a,«,a=trifluoro-n:-acetotoluidide (Il
4).- A mixture of 20.0 g (0.052 mol) of TI-2, 8.6 g (0.11 mol) of
anhyd AcONa, and 120 ml of glacial AcOH was heated under
reflux for 3 hr, cooled somewhat, and poured into 300 ml of
H,O). The oil, that sepd initially, =olidified, and wax filtered
and dried to give 19.4 g of T1-4.

(8) The difficulties encountered in thisx synthesis are similar to those
previously described in the oxazepine series, and are involved in the reaction
. D
of the heterocycle with phosgene.”®
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The synthesis and serum 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.

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

#-C,H, (|"H" +-CH,
HO §—C—s OH
CH
t.C.H, ; +-CH,

condensation of 4-mercapto-2,6-di-i-butylphenol with
acetone.

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

R, }f R,
HO s—(lj—s OH
R, Ry R,

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

(1) J. W, Barnhart, J. A, Sefranka, and D, D, Melntosh, Fed. £rac., 28,
268 (196Y).

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

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

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

Hypocholesterolemic Activity.—Good hypocholes-
terolemic activity in miece is shown by 1 (Table I).
Changes in ring substitution have invariably produced
a decrease in activity. In fact, one o~-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 inelusion of one or two o-Br substituents in
each ring in piace 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 (5). Aectiv-
ity is diminished when Me or ¢-Pr is replaced by H
(3), and lost when replaced by 1,1,3,3-tetramethyl-
butyl (9).

Maximum activity is observed in a structure con-
sisting of an aromatic ring containing 3,5-di-t~Bu sub-
stitution and a 4-OH group with respect to the dithio-
ketal 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 the central quaternary C also lead,
in most cases, to diminished activity (Table II}. In
fact, if just one of the two central Me groups is re-



