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A number of &substituted 3,11-dihydrodibenz [b,e] [1,4] oxazepines and 5,ll-dihydrodibenzo[b,e] [1,4] thi- 
azepines have been prepared. When the 5-substituent is 3-[1-(2-hpdroxyethyl)-4-piperazinyl]propyl and a 
sitbstituent like C1 or CFa is in the 3, or 7 position, the compounds show antianxiety effects a t  lower duses and 
CXS depressant activity a t  higher doses. When the 5 substituent is a simple dialkylaminoalkyl group, then 
the compounds are not CNS depressants a t  either dose level, but instead are CNS stimulants, but only at the 
higher dose range. 

I n  our earlier papers2 we have described the synthe- 
sis of a number of derivatives of 5,ll-dihydrodibenz- 
[ b , e ]  [1,4]oxazepine (1) and compared several of these 
for t.heir 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 heterocycle, 5,ll-dihydrodibenzo [b,e] [ l,.l]thi- 
azepine (2). 

R' 

1 , X = 0 , R 2 = H  
2 , X = S , R 2 = H  
3, R = (CHJ3CI 
4, R = CHZCHCH, 

R, R1 = H. C1, Br, CF, 

The synthetic route to ar-substituted 1 described 
previously,2a involved the preparation initially of an 
o-bromobenzyl-o-nitrophenyl ether, followed by Fe- 
HC1 reduction to the o-(0-bromobenzy1oxy)aniline. 
HC1, then formanilide formation and cyclization in 
DJIF .  N-Formylation mas essential for cyclization 
4nce 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 0- [N,N-di(o-bromobenzyl)amino]- 
phenol plus large amounts of unresolvable by-products. 
The o-formamidophenols were highly and specifically 
reactive and gave the (0-bromobenzy1oxy)formanilides 
directly in good yield. While the o-acetamidophenols 
mere equally reactive ton-ard o-bromobenzyl bromide, 
the (0-bromobenzy1oxy)acetanilides were less satis- 
factory in the subsequent cyclization step, requiring 
much higher reaction temperatures and giving lower 
vjelds of 1. I t  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 t h e  Division of hfedicinal Chemistrl ,  159th 
National hleeting of t h e  American Chemical Societj ,  S e n  York, N Y., 
Sept 1969. 

(2) (a) H L Yale and F. Sownski ,  J .Wed Chem., 7, 609 (1964); (h) 
H. L. Yale and  F. Soninski, ahtd.. 10, 1022 (1967); ( c )  H. L. Yale, abzd , 11, 
396 (1968). 

to give the o-(0-bromobenzy1thio)anilines. Theie were 
isolated most conveniently as their hydrochlorides, 
converted by means of formic acid-sodium formate into 
the formanilides, and then cyclized to 2. o-Amino- 
benzenethiol and formic acid, even under IS2, 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 D N F ,  anhydrous KZCO3, and Cu bronze at  
about 155". Invariably, the reaction gave highly 
colored crude products from which i t  was difficult to 
isolate the IS-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 = R1 = H),  but could 
not be used to prepare 3- or 7-substituted derivatives 
of 2, since in D l I F  only highly colored tars were iso- 
lated. Once 1 and 2 mere isolated they could not be 
reformylated by any of the known procedures although 
they could be S-acetylated with Ac20-p-toluenesul- 
fonic acid. Since the N-formyl derivatives were re- 
quired for another pharmacodynamic study, i t  was 
decided to investigate other solvents in place of DAIF 
in the hope (a) that these derivatives might be more 
easily isolated and (b) that  another solvent might lead 
to the ar-substituted2. This study has now shown that 
Dowtherm A (a eutectic of biphenyl and diphenyl ether), 
diethylbenzene, and diphenyl ether were far superior 
to DAIF, giving excellent yields of S-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. 

I n  our earlier paper,2a, 1 mas reacted with an amino- 
alkyl halide in either THF or DJISO, using S a H  to 
generate the heterocyclic anion. We have now found 
that the heterocycles 1 and 2 react readily with dialkyl- 
aminoalkyl halides in lfezCO, employing granular 
S a O H  as the base. Since a major part of the present 
investigation required the preparation of 5-{  3- [l-(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 Xe2- 



. 

c 
I. 

. -  



z z  z z  z z z z z z z z  z z  Z Z Z Z Z Z Z  z 

?- u c G c 
G 



%i 

-I 

- 3 c  x -  



Journal of Medicinal Chemistry, 19T0, Vol. 13, N o .  4 717 

yield, however, by hydration with 97% H2S04 at 

The heterocycle 1 reacted with COCl2 to  give low 
yields of the carbamoyl 2 was even less 
reactive than 1 toward COC12, and gave very low yields 
of the carbamoyl chloride. The carbamoyl chloride 
with KH3 gave the urea in only about 1% yield, overall. 

Pharmacology and Ancillary Activities.-The major 
pharmacological work-up was done with two com- 
pounds, 12a.2HC1 and 27a.2HC1. 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 i t  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 
12aa2HCl or 27a.2HC1, the rats responded more often 
than did saline treated controls and a t  about the same 
rate as did rats similarly doses a t  8.0 mg/kg vi th  
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.2HC1 and 
27a.2HC1, in ip doses of 0.5-1.0 mg/kg, produced a 
significant increase in avoidance response without af- 
fecting escape latency; a t  1.0 mg/kg, 16 produced no 
effect on avoidance response. At 3.0-5.0 mg/kg, 
12a.2HC1 and 27a.2HC1 effectively reduced avoidance 
response l\-ithout 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 see. The animal can postpone all shocks 
by making responses a t  intervals of less than 10 sec. 
At 3.0-5.0 mg/kg, 12a.2HC1 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~2HC1, 27a.2HC1, 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.2HC1 
and 27a.2HC1 led to stimulation (premature respond- 
ing) as did D-amphetamine sulfate a t  1.0-2.0 mg/kg or 
15 a t  4.0-8.0 mg/kg. At 3.0 mg/kg, 12a.2HC1 and 
27ae2HCl 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.2HC1 and 27a.2HC1, 
ip, exhibited greater activity (EDjo = 10.0 mg/kg) 
than did 15 (ED60 = 30.0 mg/kg) ; imipramine, 16 and 
17 were slightly more effective (EDBO = 7 . 5 ,  5 . 5 ,  and 
7.0 mg/kg, respectively). 

25-30 O . 
Both 12a.2HC1 and 27a-2HC1 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. I n  addition, 
no tolerance to behavioral effects was seen. 

In  the cat, 12ae2HCl and 27a.2HC1 produced marked 
inhibition of motor activity a t  ip doses of 1.0 mg/kg; 
some ataxia was produced a t  doses of 30 mg/kg or 
higher. 

Neither compound induced cardiovascular toxicity 
a t  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 a t  2.0-5.0 mcg/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 CSS depressant 
activities are seen when the side chain a t  position 5 is 
3-[1-(1-(2-hydroxyethy1)-4-piperazinyl]propyl and a 
substituent like C1 or CF3 is at positions 3 or 7 .  When 
C1 is a t  position 3, the presence of Br at 2 does not 
significantly alter potency, but when C1 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 homopiperazingl 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; a t  low- doses, they show only slight CKS 
activity. 

Experimental Section 
Method A. 4-( 3- [5,11-Dihydro-7-(trifluoromethyl)dibenz- 

[b ,e ]  [1,4] oxazepin-5-yIl propyl) -1-piperazineethanol Dihydro- 
chloride (I-12a). A. cu,~,~-Trifluoro-6'-hydroxy-m-formo- 
to1uidide.-Hydrogenation of 66.0 g (0.32 mol of cu,cu,a-trifluoro- 
2-nitro-p-cresol,6 6.0 g of 570 Pd-C, and 150 ml of abs EtOH 
a t  3.5 kg/cm2 was complete in 1 hr. To the filtered EtOH solu- 
tion was added 94 ml of 98-1007, HCOzH and the EtOH dis- 
tilled under NP 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 (8570 yield) of air-dried product, mp 172- 
173". An analytical sample was recrystallized from toluene, 
mp 174-176". 

B. 6'- [ (o-BromobenzyI)oxy] -cu,cu,cu-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 NS and with stirring, was added in 1 hr 69.8 
g (1.29 mol) of NaOlIe  in 750 ml of abs EtOH. The dark solu- 
tion was stirred a t  room temperature for 5 hr  when the color 
changed to a light yellow and a d i d  sepd. The mixture was 
poured into 12 1. of HzO, agitated thoroughly; the solid was filtered 
and air-dried to give 551.0 g of crude (11-3), mp 141-151' (see 
Table TI for melting point and analytical data for purified 11-3 and 
related structures), suitable for cyclization. 
C. 5,11-Dihydro-7-(trifluoromethyl)dibenz[b,e] [1,4] oxazepine 

(111-I).-To 1960 ml of DMF, 164.0 g (1.2 mol of KzCOI, and 
14.0 g of Cu bronze, under reflux, u-as added in 2 hr a solution of 
233.0 g (0.62 mol) of 11-3 in 1960 ml of DhIF. During the addi- 
tion, after 1 hr, an additional 86.0 g of KPCO~ was added. Sub- 
sequently, stirring and heating under reflux were continued for 
1.5 hr, the mixture was filtered hot, and the filtrate concd in 

Anal. (C8H6F,K02) C, H, pu'. 

(6) R. .VI. Pettit and J. C .  Tatlow, J. Chem. Soc., 3852 (1954). 
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mct lo  to dryness. This viscoirs priiyle residue was dissolved i l l  

1560 ml of 9 i r i  EtOH, SI2 nil of 25('; ,  aqueous X a O H  was added: 
the mixtnre was heated under reflux for 1 hr, a i d  again coned ili 

cuciio. The residiial parple d i d  was washed thoroughly with 
H20, filtered, and air-dried to give 141.0 g (S6(';) yield of (111-1 ), 
nip 112-1 17" (see Table 111 for melting point aiid analytical data 
fur  purified 111-1 and related structure$), siiitable for the alkyla- 
tion step. 

4- ( 3- [5,11-Dihydro-7- (trifluoromethy1)dibenz [b,e] [I ,4 I - 
oxazepin-5-yll propyl 1 -1-piperazineethanol Dihydrochloride (I- 
12a).--A suspeiisioii of 62.5 g (0.21 mol) of 111-1, 625 ml of 
EtCOlIe, 150.0 g (0.98 mol) of C1(CH2)SBr, aiid 76.5 g (1.9 niol) 
of granular NaOH was heated under reflux for S . 5  hr: an addi- 
tional 76.5 g of granular KaOH was added arid the whole wah 
htirred and heated under reflux for  :til additional 14 hr. I lur ing 
the heating the color of the reaction mixture changed froin deep 
piirple to  light yellow. The caooled i.eaction mixture wah diluted 
with 4\50 ml of ice-H:!O and stirred in the cold until no more solid 
remained, the EtCOMe layer sepd, the aq phase extract,ed with 
100 ml of EtCOlIe,  and the combined organic phases were washed 
with :3 portions of satd NaC1, dried, and concd to ahont :330 nil. 
(See below for the isolation of the :3-ehloropropyl derivative III- 
S.) To this solution was added 34.0 g (0.26 mol) of 2-piperazine- 
ethanol and 18.9 g (0.12 mol) of S a I ,  and the whole $tiired and 
heated under reflux for 19 hr, and concd to dryness in vacuo. The 
residrie was dist,ributed between 250 ml each of HrO and EtmO, the 
Et20 layer sepd, the HI0 layer extracted with two 230-ml por- 
tioris of E t 2 0 ,  the rombined Et& extracts were washed with 
.io ml of hatd aq NaCI, and the Et20 solntion vittli extracted with 
two 100-ml portions of cold 10"; aq HIP04 (see below for  the 
isolation of the 5-(allyl) derivative 111-7). The HsP04 ext,rac:ts 
were combined, layered with 200 ml of fresh EtuO, cooled, neu- 
tralized with 507; aq KOH, and satd with solid R,COI. The 
EtZO layer was sepd, the aq layer extracted with two 250-ml poi'- 
tion.: of fresh EtrO, arid the combined Et20 extracts were washed 
with 50 ml of saturated aq KaCl, di,ied, and m" t o  give 44.0 

of (.rude base I-12a. 
The carade base (44.0 g)  w-a:, d i s d v e d  iri 400 nil uf NeCX w i t l i  

stirring, itrid (at the boiling puiiil) a hot s~ lu t ion  of 26.1 g (i).225 
riiol) of maleic acid in  260 ml of M e C S  was added t o  the ha.ic~ 

D. 

.solii. h c:dorlesi. solid sepd aft el' >evei.al niiiiritrh. Tht :  wh11lt3 
ile rooliiig, arid the solid filtered and air-dried t o  givv 
ield) of criide dimaleate I-12b, Inp L57-1~i!Jo. T t )  :i 
37.3 g of the crude dimaleate in 430 ml of E:tnO : u l t l  

220 ml of H& was added portionwLe 39.4 g (0.36 mol) of SarCO:,. 
the solutions were repd, the aq layer was extracted with two 150- 
nil portions of Et20, and the combined FtuO extracts were washed 
with txn X-ml portions of satd aq NaCI, and dried. To l h c .  
filtered, cwled Et,& solution with stirring was added slowly I47 
nil of 2.6 A' Et:!O-HCI, the solvent decanted from the guniniy 
ppt, the ppt dissolved in 
with 470 ml of Et,O to  
filtered and dried in i'nc 
at 14.i-1,jOo and melted 
indicated that this was the dihydrate. .4 nul. (C1zH&;8.A)~~~ 
2HCI~2HuO: C, € I ,  K. Ilec ,tallization of dihydrate fi,oni 401) 
ml nf i-PrOH gave the alcoh e stable in uucuo after .i hr :it \ i ) O :  

thci aliwholate sintered at 116" and melted a t  193--l%o. . I  / I ( : / .  

coholate, on drying at 140' for :3 hr in uacuo, wits ohtaiiieti 111c 
uusolvated dihydrochloride (I- l2a) ,  21 . I  g ( 7 3 5  yield h w d  on 
crude dimaleate), mp 1$j7-200°. (see Table I for aiialytic~al d:it :i 
on thk  compound as well a*  a11 of the other .Xaniiiioal!q~l I 
derivatives. 1 

4- /  3- [5,1 l-Dihydro-7-(trifluoromethyl)dibenz [b,cJ \l,4j oxa- 
zepin-5-yl]propyl) -1-piperazineethanol Pamoate (1-12d).---T[r 
l.05 g (0.002 mol) of 1-12a.2HC1 in 2.5 ml of HzO with stirriiig 
\vas added 0.86 g fO.002 mol) of sodium pamuate. Separ:iliol1 of 
the yellow salt occiirred pruniptly: thix was filtered, w 
H r O ,  and dried t o  give 1.4,; g of I-12d. No suitable re 
tion solveiit was foiuid for  this salt. 

4-1 3- [5,1 l-Dihydro-7-(trifluoromethyl)dibenz [b,e] [1,41 oxa- 
zepin-5-ylI propyl f -1-piperazineethanol Dicitrate (I-lZc).~--A 
whition of 0.88 g (0.002 mol) of I-12a base in  80 nil of Et20 wa' 
:idded t o  0.84 g (0.004 mol) of ritric ac:id.211y0 i n  30 1111 of t t t v  

KtOH. The mixture was stirred atid w- 
fiiised fat. 0.5 hy, kept I S  hr t i t  I'OOIi1 temperatiu,e, the sdveliia 
wercs decanted, arid the grim was 

~ C : . ' ~ I I I ~ F ~ S ~ O ~ . ~ H C ~ . ( , ~ ~ H I O ) :  (:, I € ,  S ;  N. E. FIY~III  tile 211- 

A giinimy ppt septi. 

arihyd Et.& t ( ~  give 0.9 g of c 
t nllizatioii solverit FV:L.S f t r r inc i  
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0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
O 
0 
0 
0 
S 
d 
8 
S 
S 
S 
S 
S 
S 
H 
8 
SO 
so 
SO 
SOL 
SO? 
SO2 
S 
S 

s 
CF, 
CFJ 
CF3 
CF, 
CF3 
CF3 

CF, 
CFJ 
e1 
C1 
H 
H 
H 
C1 
c1 
C1 
H 
H 
H 
H 
H 
H 
H 
H 
I1 
H 
I T  
H 
CF, 
CF3 
Cl 
Cl 
e1 
C1 
H 
Cl 
C1 
C1 
C1 
C1 
C1 
C1 

Y 
H 
H 
H 
H 
H 
H 

H 
I1 
I1 
H 
Cl 
C1 
e1 
C1 
C1 
C1 
e1 
e1 
C1 
H 
H 
€1 
H 
1% 
H 
H 
H 
H 
H 
H 
I1 
II 
H 
H 
H 
H 
H 
H 
H 
H 
C1 
e1 

is 

H 
H 
I1 
H 
H 
H 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
Br 
Br 
Br 
H 
H 
H 
H 
H 
€I 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

n 
H 
CHO 
COCH, 
(CH,)2CN 

(CHL),-phthal- 
(CH?)&ONHz 

imide 
CHLCHCHL 
(CHa)JC1 
CHO 
COCH, 
H 
CHO 
(CH2)3C1 
H 
CHO 
COCH, 
H 
CHO 
COCH3 
COCH, 
COzCH3 
(CH, )2CX 
(CH2)rCONHt 
H 
CHO 
COCH, 
COICHs 
COSH2 
H 
CHO 
CH?=CHCH, 
H 
CHO 
COCHi 
H 
H 
CHO 
H 
CHO 
COCHI 
H 
CHO 

nip ,  oc 
12.5-127 
132-1 34 
9.7-97 

161-163 
149- 13 1 
1 12-1 14 

60-63 
73-76 

126- 128 
123-124 
113-115 
129-131 dec 
70-73 

168-170 
14.5-143 
1.54- 1 36 
187-189 
120- 124 
108-110 
113-1 14 
121-123 
138-140 
13.7- 1 .i7 
11 8-1 19e 
125-127 
110-112 
183-18.5 
2 1-5-2 17 

113-1 17 

115-117 
163-164 
1 7 3- 1 7 tj 
167- 169 
233-23.5 dec 
220-221 
222-233 dec 
2X7-237 dec 
228-230 
160-16 1 
169-171 

1 13-1 14 

76-78 

Recryst Yield, 
solvent" 'Z 

A 81 
B 60 
C 3 0 
1) 6 2  
E 62 
F 20 

C 

C 

C 90 
C 70 
G 70 
C 70 
H 8 0 

60 B 
C .1D 

I 62 
I 78 
A 77 
I 47 
J -7 0 
B 39 
K 31 
F 79 
E 80 
C 48 
E 60 
F 3 
31 1 . 2  
B 74 
B 50 
B 
I 76 
I >  78 
I 78 
L 54 
I >  70 
i> 66 
1) 90 
1) 66 
1) .i 7 
I 80 
1) 6 .7 

- _  

.Inalysei 

c, II, N 
C, H,  N 
C, H,  N 
C, H, N 
C, H, N 
N* 

C, H, K 
S d  
C, H,  K 
C, H, ?i 
C, H,  Nd 
C, H,  N d  
C, H, N 
C, H ,  K 
C, H,  N 
C, H,  N 
C, H,  N 
C, H, 2: 
C, H,  S 
C, H ,  S 
(1, H, N 
C, H,  N 
C, H, N 
XI 
C, H,  S 
C, H, X J  
Nf  
NJ 
C, H, K 
C, H,  X 
S J  
C, H, Ne 
C, H ,  Ne 
C, H >  1i 
C, H,  N 
C, H,  ?; 
C, H,  S 
C, H, N 
C, H,  N 

C, H,  S 
C, H, S 

1 

Recrystallization solvents used are: (A)  ligroin; (B)  hexane: (C) i-PmO; (11) RIeCN; ( E )  Skellysolve E;  (F) 95% EtOH; (G) 
CsHs-hexane; (H) i-PrOH; (I) cyclohexane; (J) heptane; (K) MeOH; (L)  PhRIe; (hI) CsH6. * Bnal. (sapon equiv). See 
Experimental Section for details. e Soc. des usines chim. Rhone Poulenc, French Patent 1,176,115 reported mp Anal. (Cl). 
121-122'. ' A n d .  (S). 

5,11-Dihydro-7-(trifluoromethyl)dibenz[b,e] [1,4] oxazepine-5- mat'erial as 111-7, and this structure was confirmed by the ir 
carboxaldehyde (111-2). Cyclization in Dowtherm A.-A mix- spectrum (the overtone of the terminal CHZ 912-cm-I band w i t h  

ture of 5.6 g (0.115 mol) of 11-3, 9.5 g of K2C03, 0.4 g of Cu at 1820 cm-' and the C=C stretch at  1650 cm-l) and by the nmr 
bronze, and 100 ml of Dowtherm ,4 was stirred and heated for spect'rum [the CH, group of the allyl side chain was a 2-protoil 
2 hr at an internal temp of 160-165", filtered hot, and the filtrate doublet at 7 5.64 ( J  = 5) and the vinyl and terminal olefins were 
concd to dryness in vacuo. The residue solidified when treated represented by a 3-proton complex multiplet at T 3.9-4.9 (exclud- 
with a few milliliters of hexane; filtration gave 5.4 g (quantita- ing the 2-proton PhCHz singlet a t  T 4.76)]. 
tive yield) of 111-2. This product (2.9 g), 40 ml of 95Yc ethanol, 5- (3-Chloropropyl)-5,1 l-dihydro-7-(trifluoromethyl)dibenz- 
and 8 ml of 25y0 aq NaOH were refluxed for 1 hr, concd to dry- [b ,e ]  [1,4]oxazepine (111-8).-A port,ion of an EtCOMe solution 
ness in vacuo; the residue, stirred with 100 ml of H20, filtered, and obt,ained as above and containing the 3-chloropropyl derivative 
dried, gave 2.6 g (99% yield) of 111-1. was freed of solvent and the residue distd; the fraction, bp 135- 
5-(Allyl)-5,11-dihydro-7-(trifluoromethyl)dibenz [b ,e]  [1,4] oxa- 140' (0.1 mm) crystallized spontaneously to  give 111-8. This 

zepine (III-7).-The Et20 solution remaining from the aq H3P04 material gave acceptable C1, H, and ?u' analyses but the C value 
extractions was freed of solvent and the residue fractionated to was 0.77% high. 
give an oil, bp 135-137" (0.110 mm) which crystallized spon- Method B. 4- [3-(7-Chloro-5,11-dihydrodibenzo[b,e] [1,4] thia- 
taneously, mp 60-65". Analyses (see Table 111) established this zepin-5-yl)propyl] -1-piperazineethanol Dihydrochloride (I-49a). 
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of 12.0 g (0.058 mol) of m-chloroperbenzoic acid (Research 
Organic/Inorganic Chemical Co.) in 250 ml of CHC13, the whole 
stirred 4 hr a t  room temp, concd in vacuo, and the residue treated 
with E t 2 0  to give 14.0 g of 111-37. A solution of 11.6 g (0.04 mol) 
of 111-37,450 ml of 9570 EtOH, and 90 ml of 25% aq NaOH was 
stirred and refluxed for 1.5 hr, concd in vacuo to about 200 ml, 
and 500 ml H2O added to give 10.0 g of 111-36. 

(b) 7-Chloro-5- [2-(dimethylamino)ethyl] -5,ll-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 a t  room temp mas added 
in 0.5 hr 1.8 g (0.04 mol) of 507, NaH dispersion; the internal 
temp reached 38" duiing the addition. Subsequently, the mix- 
ture was stirred for 2 hr a t  room temp and 4.5 g (0.04 mol) of 2- 
dimethylaminoethyl chloride was added dropwiae, after which the 
internal temp was raised to 50". At this temp, an exothermic 
yeaction occurred and the temp rose spontaneously to 80". 
The temp was maintained at  75-85' for 3 hr, the whole mixture 
way cooled to room temp and poured into 300 ml of H20. The 
aq mixture was extracted with 200 ml of Et20, the Et20 solution 
was extracted with 100 ml of 2 5 7 ,  aq HCI, the HCl extracts were 
cooled, covered with 150 ml of Et20, and adjusted to pH 11 with 
Folid K2C03. The Et20 layer was sepd, dried, and concd to give 

5- [2-(Dimethylamino)ethyl] -5,ll-dihydradibenzo[b,e] [I ,4] thi- 
azepine 10-Oxide Sesquiphosphate (1-51).-To 11.95 g (0.027 
mol) of 38b in 600 ml of 957, EtOH was added 3.16 g of 31.9Y0 
H202 and the solution was heated under reflux for 17 hr. Con- 
centration in vacuo gave a yellow oil which crystallized under 
Et2O; it was filtered to  give 9.0 g of hydroscopic 1-31. No suit- 
able recrystallization solvent was found. 

7-Chloro-5- [2-(dimethylamino)ethyl] -5,ll-dihydrodibenzo- 
[b,e] [1,4] thiazepine 10,lO-Dioxide (1-53). (a) 7-Chloro-5,ll- 
dihydrodibenzo [b ,e ]  [I ,4] thiazepine-5-carboxaldehyde 10,lO-Diox- 
ide (III-39).-The addition, dropwise, of 15 ml of 30% H202 
to a stirred siispenqion of 10.5 g (0.039 mol) of 111-32 in 45 ml of 
98-1007, HCOzH 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-dihydrodibenzo[b,e] [1,4] thiazepine 10,lO- 
Dioxide (III-38).-*4 suspension of 9.2 g (0.02 mol) of 111-39, 
320 ml of 9570 EtOH, and 54 ml of 25Tc aq YaOH was stirred 
and refluxed for 4 hr. cooled, and poured Into 500 ml of H20 to 

2.4 g of 1-52. 

give 7.5  g of 111-38. 
(c) 7-Chloro-5- i2-idimethvlamino)ethvll-5,11-dihvdrodibenzo- 

[b,e] [1,4] thiazepine 10,lO-Dioxide (I-5i).-The piocedure em- 
ployed to prepare 1-52 was used here, starting with 5.6 g (0.02 
mol) of 111-38 The yield of crude 1-51 was 3.4 g. 

4- { 3- [7-Chloro-5,11 -dihydrodibenz [b,e] [1,4] oxazepin-5-ylI pro- 
pyl} -1 -piperazineethanol Heptanoate (I-22).-To a solution of 
8.0 g (0.02 mol) of crystalline 1-19 base (prepared by method 
A )  in 120 ml of anhyd C6H6 at  75' was added dropwise 4.5 g (0.03 
mol) of heptanoyl chloride in .50 ml of anhyd C6H6. 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 zn vacuo the residue distributed between 300 ml of 
Et20 and 100 ml of H20 containing 2.0 g of NaHC03, the Et20 
layer was sepd, washed with satd aq NaC1, dried, and concd to give 
11.5 g of crude 1-22 base. This was dissolved in 100 ml of RleCN 
and a t  the boiling point treated with a hot solution of 4.64 g 
10.04 mol) of maleic acid in 50 ml of NeCN with rapid stirring. 
The product sepd shortly after completion of the addition, the 
whole was cooled, the solid was filtered, and recrystallized from 
550 ml of abs EtOH to  give 11.7 g of the dimaleate salt. To 4.0 
g of NaHC03, 50 ml of H20, and 200 ml of Et20 was added 9.7 g 
of the purified dimaleate and the whole agitated until all the 
solid had dissolved. The E t 2 0  layer was sepd, washed with satd 
aq NaCI, dried, and concd to give 6.35 g of pure 1-22 base, as an 
oil. 

5,1l-Dihydro-7-(trifluoromethyl)dibenz [b,e] [1,4] oxazepine-5- 
propionitrile (III-4).-To 50.0 g (0.19 mol) of 111-1 in GO ml of 
Iedistd acrylonitrile was added in 5 min 0.80 ml of 40% aq 
Triton B. Subsequently, the mixture was heated for 1 hr under 
reflux and the product isolated by extraction with C B H ~  to  give 
37.5 g of 111-4. 

5- (3-Aminopropy1)-5,11 -dihydro-7- (trifluoromethy1)dibenz- 
[b,e] [1,4]oxazepine.HCl (1-3). Method A. To 0.06 g (0.016 
mol) of LAH in 80 ml of anhyd Et20 a t  0 and 5" was added 
in 0.25 hr  5.0 g (0.016 mol) of 111-4, portionwiqe; following the 
addition, the solution was stirred for 1 hr  at 0 to 5' and 3.0 ml 

of H20 was added cautiously, followed by 0.5 ml of 20% aq NaOH. 
The Et20 layer was sepd, washed with HnO, and extracted with 
two 50-ml portions of 1.5 N aq HCl. The amine was recovered 
in the usual manner, dissolved in anhyd E t 2 0  and converted into 
1-3 with Et20-HCI. 

Method B. S-( 3- [5,11-Dihydro-'l-(trifluoromethyl jdibenz- 
[b,e] [1,4]0xazepin-5-yl]propyl)phthalimide (111-6).-A mixtiire 
of 17.9 g (0.097 mole) of potassium phthalimide, 30.0 g (0.088 
mol) of 111-8, and 210 ml of DRIF was heated under reflux for 4 
hr and concd in vacuo. The residual oil was dissolved in 400 ml 
of EtZO, the Et20 solution was washed with HZO, dried and concd. 
The residue was extracted repeatedly with C6H6, the C6H6 solution 
was chromatographed on 250 g of alumina (Woelm, Neutral, 
Grade l),  and eluted with C6H6 to give a semicrystalline solid. 
This was suspended in hexane and filtered and the solid was 
recrystallized from 95yc EtOH to give 8.0 g of 111-6. To 2.5.0 g 
(0.035 mol) of 111-6 in 125 ml of 9576 EtOH was added 3.60 g 
(0.061 mol) of 857, H 2 N S H . H 2 0 ,  the whole was heated under 
reflux for 3 hr, the suspension was cooled, 9 ml of concd HC1 (d 
1.18) wvas added the phthalhydrazide was filtered, the filtrate was 
concd to dryness in vacuo and the residue was dissolved in 3.70 
ml of HyO. The aq solution was extract,ed with three 50-ml por- 
tions of EtnO, then made alkaline with 20 ml of 50% aq NaOH, 
and extracted with three 100-mlportions of EtZO. The Et20 solu- 
tion was washed with saturated aq XaCI, dried, and treated in 
the usual manner to give 13.8 g of 1-3 176-18O0 alone or as a 
mixture with the 1-3 prepared above. 

{ 3- [5,11 -Dihydro-7- (trifluoromethy1)dibenz [b,e] [1,4] oxazepin- 
5-ylI propyl} guanidine Hemisulfate (I-lS).-A suspension of 7.70 
g (0.024 mol) of 1-3, 3.67 g of 2-methyl-2-thiopseudourea sulfate, 
40 ml of 95% EtOH, and 3 ml of H 2 0  was refluxed for 6 hr, the 
whole concd in vacuo, and the residiial gum dissolved in 40 ml of 
MeOH. The filtered AIeOH solution was diluted with 300 ml 
of anhyd Et20 to give 6.84 g of 1-19. Following recrystallizatiorl 
from RleOH-Et20, 1-19 was found to have a curious tendency to 
fly out, of the porcelain boat used for holding the material duririg 
vacuum drying and yet the solid was not electrostatically charged, 
Le., i t  could easily be transferred to a bottle from the boat. 
The recrystallized material was dried a t  atmospheric pressure 
over P205. 
5-(3-Aminopropyl)-5,ll-dihydrodibenz [b ,e ]  [1,4] oxazepine. HCI 

(1-3 j and 0- [N-(3-Aminopropyl)-o-toluidino] phenol. Reduc- 
tion of 111-4 with LAH.AIC13.-To 1.81 g (0.048 mol) of L.4H in 
250 ml of anhyd Et,,O was added a solution of 6.37 g (0.048 mol) 
of anhyd ,41C13 in 60 ml of anhyd Et20,  the whole was stirred for 
5 min t'o form the insoluble complex and 8.0 g (0.032 mol) of 111-4 
was added in small portions. Only a mild reflux was observed 
during the addition and, subsequently, the mixture was stirred for 
1 hr a t  room temp. and hydrolyzed as above. The washed and 
dried Et20 solution was treated, while cooling, with 10 ml of 3.4 
S Et2O-HC1. The crude hydrochloride (7.1 g)  was recrystal- 
lized from 120 ml of abs EtOH to give 4.0 g of 1-31.HC1; the 
salt treated with H20-NaHC03 and extracted with Et20 gave the 
1-31 base. 

The abs EtOH mother liquors from 1-31 .HC1 were concd to 
dryness to give 3 g of a solid residue; recrystallization from 400 
ml of RleCX gave 1.5 g of 0- [N-(3-aminopropyl)-o-toluidino] - 
phenol.HC1, mp 196-199" dec. Anal. ( C I ~ H H C ~ X ~ O ) ~ ~ ,  X, S,  E. 
The salt by the above procedure, gave the base, mp 137-139', 
after recrystalhation from cyclohexane. Anal. (C16HiiS20), 
?i, S.E., M.W. 

5,11-Dihydrodibenz[b,e] [1,4]oxazepine-5-propionamide (111- 
.%).-To 150 ml of 97%.H2S04 was added slowly 23.5 g (0.093 
mol) of 111-22 while maintaining the internal temp a t  25-30". 
The deep blue solution Tms kept a t  this temp for 1.5 hr and then 
poured sloivly on 1200 g of ice. The pptd solid was filtered, 
washed well with cold H20, and dried to give 22.0 g of 111-23. 

Reaction of o-Aminophenol with o-Bromobenzyl Bromide. 
Formation of 0- [N,S-Di (0-bromobenzyl)amino] phenol.-To a 
suspension of 22.0 g (0.2 mol) of recrystallized o-aminophenol 
in 100 ml of abs EtOH, under X2, was added a solution of 4.6 g 
(0.2 mol) of N a  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 XaBr 
(theory 17.8 g )  and 43 ml of concd HC1 (d 1.18) was added to the 
filtrate. 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 148-130°, after 

A solid sepd. 
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recrystallization from Skellysolve E. d nal. ( C Z O H ~ ~ H ~ L N O J ,  B r ,  
N,  N.E. 
5,1l-Dihydrodibenzo[b,e] [1,4] thiazepine-5-carboxamide (111- 

28).-To a solution of 8.2 g (0.046 mol) of 111-24$ 2.8 g of dry 
CjHjN, arid 80 ml of dry PhMe, a i  -10". was added dropwiw 
47 ml of a 1.5c; w,/v of COC1, in PhAle. The work-up of this 
reactioii mixture and the subsequent, reaction of the intermediate 
carbamoyl chloride wit,h EtOH-NIT3 followed the published p ~ i -  
cedure.ZC The yield of crude 111-27 w-as 1.45 g; chromatography, 
in  solution, on 60 g of alumifla (Harshaw, Chromat,ographic* 
(irade), followed by successive elutions with C6H6 and i-PrOH. 
:tiid repeated recrystallizations from (:flH6 were reqllired to give 
pure 111-28.8 

5-Acetyl-7-chloro-5,1l-dihydrodibenz[b,e] [1,4] oxazepine (111- 
10).--A solution of 2.0 g (0.0087 mole) of 7-chloro-5,1 l-dihydro- 

tlibenz[b,eJ [ t,4ji~xazepine,?* 25 1111 of .It*:( ), :itid 0.4 g d p - t o l i i t ~ t ~ c -  
siilfonic acid was heated under reflux for 2 hr, coiicd to drytieas. 
:$lid thr reaidiie distributed betweeti 50 1111 of Etr() and 25 ml 1 ) f  

haid aq XaHCOs. The E t r 0  layer w:is ~ e p d ,  \ \ .d ied iv i t t i  s:ittl 
a([ TaCI, dried. aiid cwticd i o  give 2.4 g of 111-10. 

II- 
4 I. .I mixtiire of 20.0 g (0.052 mol) trf  11-2 
iuihyd AcOSa, and 120 ml of glacial AvOH a a h  heated i i t i ( i i x i .  
i,efliis for 3 hr, cooled sornexhai. : L I I ~  porucd i i l i o  :100 in1 o f  
I T g O .  The o i l ,  that sepd iuitidly. holiditied, : i t i d  M'W filterrvl 
:<lid dried t o  give 1!1.1 K of 11-1. 

6- [ (o-Bromobenzyl)oxy] -a ,u ,dr i f luoro-  tir -acetotoluidide 

(81 'l'he diitioriltirs encountered 111 i l l i n  syntlieris a w  siiiiilar i o  t i row 
previouriy described in the  oxaeeyine series. and  are invvlyert in t h e  rear.tion 
cii ttir heterocycle with piivsgene." 

Synthesis and Hypocholesterolemic Activity of Alkylidenedithio Bispheiiols 

The synthesis and seruni cholesterol lowering properties of a new class of alkylidenedithio bisphenols alld re- 
lated compounds are discussed. Maximum act,ivity is shown by 4,4'-(isopropylidenedithio)bis(2,6-di-t-buiyl- 
phenol). .4 few other members of the class show moderat%e to good activity and these are produced by substitn- 
tion of a RIe group or an GPr group for one t-Bu group in the phenolic nucleus, or substitution of E t  for RIe ir i  
the isopropylidene moiet,y. Other reported struct,riral variat,ions resulted in  it reduction of activity or, most 
often, a loss of act,ivity. 

This ork represents part of a program on the h! 11- 

thesis of nontoxic oral hypocholesterolemic agents, 
and is concerned with the structure-activity relation- 
\hips of a n e x  class of alkylidenedithio bisphenols. 
Serum cholesterol depressant activity of the moat 
active member of this class has been described.'.? 
Response was shown by mice, rats, monkeys, and hu- 
manq. 

This compound (1) , 4,4'-(isopropylidenedithio) bis- 
(?,e-di-t-butylphenol) , 1% as prepared by acid-catalyzed 

HO*S-[;S-($-oH 

condenhution of .l-mercapto-?,(i-di-t-butylphenol \\it11 
acetone. 
,4 generalized structure for this class of compounds 

i, given belo\\. 

t-C,Hu 

t.C,H, t-CIH, 

R.> 
I -  

The effect of th r  following variations in structure on 
hypocholesterolemic activity in mice \V:LJ examined : 

( 1 )  ,I. \V. liarnilail, . J .  \, Sdranka ,  arul 1 ) .  U. & l i ~ l n t v a I ~ .  I'd. l ' r n r . ,  28, 
268 ( I Y W J .  

( 2 )  J. 1'. Cvlnivre, .L S ,  Norrl,y. 1). .\. Vloedmon, 11. 11 .  Srtiweeni, , I .  
Nakanv, and K.  AI. l)viio\rski, 4th International Congress of Pliarmacoloes. 
13aue1, .July 14-18, 1969, p 40.5. 

( I )  size arid degree of branching of alkyl g r o u p  K I  :tnd 
K,; ( 2 )  replacement of R1 and R2 by H or Br; ( 3 )  
wbstituting H for OH; (4) substitution of H, alk>l 
groups of increasing molecular n eight, Ph, or cyclo- 
alkyl for Ra and/or R,; ( 5 )  replacemerit of the alkyl- 
idenedithio moiety by other S-containing groups. 

Hypocholesterolemic Activity.-Good hypocholeh- 
terolemic activity in mice is shoun by 1 (Table 1). 
Changes in ring substitution have invariably produced 
a decreabe in activity. 111 fact, one o-t-Bu muht btl 
prewnt for even moderate activity. The unsubstituted 
compound 2 and compounds substituted with alkyl 
groups other than t-Bu (6-8, 12) are inactivta. I,il.;cl- 
\\ isr, the iiiclusiori of  one or t u o  o-Br substitu(Arit- I I I  

cJuch ring in p~iice of t-Bu groups (10, 11) whulth i n  
compounds inactive in our test. The only other mod- 
tlrately active compounds in this series are thow \\ hich 
contain one t-Bu and either Me (4) or i-Pr ( 5 ) .  Activ- 
ity ih  diminished when J l e  or i-Pr is replaccd b j  €f 
(3), and lost when replaced by l ~ l , : ~ , : ~ - t ~ ~ t r ~ ~ ~ i ( ~ t h y l -  
butyl (9). 

JIaxinium activitJ- i h  obberved in a htructure c o t i -  
histing of a11 aromatic ring containing 3,j-di-t-Bu sub- 
htitutiori :tnd a 4-OH group with respect to thtx dithio- 
ketal linkage. The steric hinderance of the OH group 
as a result of thtl vicinal bulky t-Bu groups suggehted 
that the OH itself may riot contribute t o  activity. 
The dehydroxylated analog, 2,2-bis(3,5-di-t-butylbenz- 
fJnethio)propanr, shon t d  [ i o  wtivity, indicatirig t h x t  
thr OH groiip i h  eweItti:tI. 

('hanges about t lw  ccntrnl cluaternary C :dso I t d ,  
111 

g roup  is- rt'- 
, to dimiiiihhed activity (Tablc 11). 

f 'wt,  if juct 0116' of thr t u o  reritral 


