B-BrocriNg 1,5-BENZOXAZOCINES

1-HCI (2 g) treated as above gave 33-AcOH (0.25 g), mmp 111°,
and 33 (0.6 g), mmp 106°, by fractional crystallization.. The
mother liqiiors were separated chemically to give a noubasic part
which yielded 45 (0.6 g), mmp 85° from EtOAc-petroleum ether.
b.—AcCl (1.57 g, 1 equiv) in C;H;N (10 ml) was added to 33
(4.58 g) in C;H5N (25 ml) at 0°. After 18 hr Et,0 (100 ml) was
added and the solution was washed with 2 ¥ HCl. The Et,0
soltition gave a ghim containing ester impurity (ir). MeOH (90
ml)and NaOH (1097, 5.8 ml) were added. After 2.5 hr the MeOH
was evaporated in vacuno, Et,0 was added, and the Et,0 solution
was washed with 2 ¥ HCL. The Et,0 solution gave 45, mp 86—
87° from EtOAec-petrolenm ether (bp 40-60°). Anal. (CiiHy-
NO.) C, H, N.
S-[2-Isopropylamino-1-(2-naphthyl)ethyl]isothiourea- 2HC!
(12),—Compound 1 (4 g) and thiourea (1.1 g) in EtOH (150 ml)
were heated under reflux for 9 hr and then the EtOH was evapo-
rated to give 12.
2-Isopropylamino-1-(2-naphthyl)ethanethiol (13).—Compound
12 (3.8 g), 1 N NaOH (65 ml), and MeOH (200 ml) were heated
under reflux for 4 hr and then the MeOH was evaporated. Et.O
extraction gave 13, couverted into its HCl by Et.O-HCl: umr
7 2.15-2.80 (multiplet, ArH, 7), 6.25 (X part of ABX, SCH<, 1),
7.85-7.97 (multiplet, AB part of ABX, CH:N, 2), 7.20-7.60
(septet, -Pr CH, 1), 8.72 (singlet, NH and SH, 2), 9.08 and 9.13
[2 doublets, CH(CHj)., 6].
Na[2-Methoxy=-2-(2-naphthy!l)ethyl]isopropylamine-HC! (16).
—Conipotuind 1 (1.5 g) in MeOH (40 ml) was heated under reflux
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for 5 days and then most of the MeOH was evaporated. EtOAc
was added to precipttate 16: nmr 7 2.15-2.65 (multiplet, ArH,
7), 5.45-5.60 (X part of ABX, CHO, 1), 6.75 (singlet, OCHj;, 3),
6.97-7.30 (multiplet, CH,NCH<, 3), 7.98 (singlet, NH, 1), 8.93
and 8.98 [2 doublets, CH(CHs)s, 6].
2-Isopropylamino-1-(2-naphthyl)ethylamine-2HCl (14).—

Compound 1 (0.5 g) and saturated EtOH-NH; (20 nil) were
heated in a Carius tube at 130° for 6 hr and then the EtOH and
NH; were evaporated. NaOH (1 N') was added, 14 was tsolated
by Et.0 extraction, and converted into the HCl salt by Et,0-HCL.

2-Isopropylamino-1-(2-naphthyl)ethyl Methy! Hydrogen Phos-
phate Hydrochloride (10).—Compound 17 (5.0 g), MeOH (200
ml), and 0.1 ;¥ HCI (100 ml) were kept at room temperature for
18 hr and then freeze dried. The solid 10 was stirred with Me,CO
to remove gummy material before crystallization (2.6 g, 47%).

2.Isopropylamino-1-(2-naphthyl)ethyl Dihydrogen Phosphate
(11),—Compound 10 (0.5 g) in HyO (2 ml) was kept for 15 min
and then the solid 11 which had separated was isolated by
filtration.

1-Isopropylamino-3-(1-naphthoxy )-2-propy! Dihydrogen Phos-
phate (30).—Compound 23 (50 mg) in H,O (30 ml) was refluxed
for 5 min, filtered, and then concentrated to 1 ml. Componud 30
separated on cooling.
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A series of 3,4-dihydro-3-hydroxy-1,3-benzoxazocines has been prepared one of which, 3,4-dithydro-3-hydroxy-
6-methyl-1,5-benzoxazociite (1), has high sympathetic 8-receptor blocking activity. The chemistry of the dihy-

dro-1,3>-benzoxazocine system is discussed.

During the last few years, many sympathetic g-recep-
tor blocking compounds have been described containing
the 2-isopropylamino-1-hydroxyethyl' (I) or 3-isopro-
pylamino-2-hydroxypropyloxy? (II) side chain or minor

-CHOHCH.NHCHMe; -OCH.CHOHCH,NHCHMe:
I 11

variants® attached to an aromatic or heterocyclic nu-
cleus. These compounds possess a number of pharma-
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codyn.. 168, 212 (1967): R. C. Hill and P. Turner, Brit. J. Pharmacol.,
82, 663 (1968); P. Somani, R. T. Backand, Jr., W. Murmann, and L.
Almirante, J. Med. Chem., 9, 823 (1966).
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col. Acta, 26, 219 (1967): H. Brunner, P. R. Hedwall, and M. Meier, Brit.
J. Pharmacol., 80, 123 (1967); B. Ablad. M. Brogard, and L. Elk, Acta
Pharmacol. Toxicol., 38, Suppl. 3, 9 (1967); A.S. J. P. A, M. van Miert and
E. A. Huisman, J. Pharm. Pharmacol., 30, 495 (1968); D. Dunlop and R. G.
Shanks, Brit. J. Pharmacol., 82, 201 (1968); K. Hermansen, Acta, Pharma-
col. Toxicol., 26, 343 (1968): R. G. Sbanks, T. M. Wood, A, C. Dornlorst,
and M. L. Clark, Nafure, 212, 88 (1966).

(3) H. C. Stanton, T. Kirchgessner, and T. Parmenter, J. Pharmacol.
Exp. Ther., 149, 174 (1965); B. Levy, ¢bid., 161, 413 (1966); R. Ferrini,
Arzeim. Forsch., 18, 48 (1968): P. N. Patll, A, Tye, and J. B. LaPidas, J.
Pharmacol Exp. Ther., 186, 445 (1967).

cological properties e.g., B-blocking, quinidine-like,
local anesthetic, and possibly hypotensive properties,*
and we considered the possibility of synthesizing struc-
tures in which the mobility of the side chain was re-
stricted in the hope of achieving some specificity of
pharmacological action. One approach entailed linking
the side chain with the aromatic nucleus to form benzox-
azocines such as 1 and 23.

OCHz(lZHOH OCH.,(,jHOH
: | =NCH, : (|3HNHCH2
CH, CH,
1 23

In fact, 3,4-dihydro-3-hydroxy-6-methyl-1,5-benzox-
azocine (1) was found to possess significant 8-blocking
properties and we report here the synthesis of this com-
pound and 30 related analogs. Furthermore, since the
1,5-benzoxazocines represent a new heterocyeclic system
some of its chemical reactions are described.

Chemistry.—Most of the benzoxazocines were pre-
pared by treatment of the appropriate o-acetylphen-
oxypropane epoxide IIT with NH, in MeOH at room
temperature.

(4) J. H, Biel and B. K. B. Lum, Progr. Drug Res., 10, 46 (1966).
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The intermediate amino aleohol 1V usually formed
within 48 hr and then eyvelized <lowly to the benzoxazo-
¢nie over a period of days.  Attempts to aecelerate this
process always resulted in deercased vields. In a few
favorable cases the overall vields from the hydroxy ke-
tones were greater than 309 but usually they were
tower, partieularly with the more heavily substituted
examples,  In a few eases, the amino aleohol failed to
evelize and the benzoxazocine could not be ixolated.
No explanation of these fatlures could be deduced on
electronie, steric, or solubility gromnds.  NMoxt of the
dilivdrobenzoxazocines reverted to the amino aleohols
o aeld treatment but there were some exeeptions.
notably the 9-phenyvl dertvative, possibly due to the
very insoluble uature of this compound.

There ix the possibility that the epoxides might reaet
witlht NH; to give isomerie amino alcohols Vowhieh eould

then evclize to give ld-benzoxazepines VIL This is
OCH,CHNH.CH,OH O—CH,

R_EI R CHCH,OH
COR’ c=x"

l
R’
v Vi

unlikely by analogyv® and on mechanistic grounds, but i
posttively excluded beeause the amino aleohol 25 de-
rived from 1 has the expected nmr spectrum. In
particular the observed spectrum eclearly shows signals
due to 3 protons on C adjacent to O (7 5.7, 5.53) and 2
protons on C adjacent to N (7 6.6) whereas the position
isomer (V. R = H; R’ = Me) would be expected to show
signals from 4 protons on C adjacent to O and 1 on €
adjacent to N. The benzoxazocines themselves give
nnsatisfactory mnr spectra due 1o poor solubility.

Other modes of evelizations of IV are excluded be-
cause all the products show a strong ir band at 1640
em ~! charaeteristic of Ca=N. which disappears on
hvdrogenation (e.g., in 23).

The chemical reactions of the dihydrobenzoxazocines
are indieated in Chart 1.

Pharmacological Results and Discussion.—The
pharmacological results reported in Tables T and II
form the initial part of a screening program designed
to find a compound with useful sympathetie g-receptor
blocking activity unaccompanied by acute toxie effects.
The chloralose-anesthetized cat preparation was used
because of its reliability and stability over prolonged
periods. It was not found practical to reach toxic doses
it these preparations and for determination of the
lethal dose mice were used.

Bstn. «f o

The results in Tables I and IT indicate that only o
small group of dihvdrobenzoxazociues (1. 2, 6, 14, 186,
and 17) posse== appreciable g-blocking aectivity and tuu
relatively nunor departures from the parent componnd 1
lead to total loss of activity,  Moreover activity is un-
likely to he due to hvdrolysis to the open-chain deriva-
tives since the primary amine 25 formed by hyvdrolysis
of T has less thau .25 the activity of the latter,

The netivity of members of this ¢lass of contponnds
presents sonie points of interest i that the N fietion
(C+ Ny ix different from that fonnd tn other g-blocking
sertes (v, (5 NH) and the offect of nuelear substitution
on activity does ot parallel that i other zeries. More-
over it = difficult to reconcile the benzoxazocine configu-
ration with the detailed struetural reguirements of some
of the enrrent theories of the mode of wetion of 8-block-
g agent= at the molecular level

Experimental Section

Biological Methods.--Componnds which were soluble in H.O
were cissolved i normul pbysiological saline.  Bases were (lis-
solved by the addition of HCLwhich was subseqnently nentralized
(pH 5.0) with NaOll.  One msoluble compomud (15) was ad-
ntnistered orallv ax 1 snxpension.

Sympathetic 3-Receptor Blocking Activity.-—Carts were anes-
thetized with chloralose 180 mg kg i.p.) and peuntobarbitone
16 mg/kg t.p.). Heart rate was recorded continnonsly from the
L.C.Gloor pulse wave, wud the blood pressire was eitber re-
corded on s kynmograph with an Ilg manometer, or with a pressure
tran=dncer and an electrophysiological recorder.

Intravenons doses of oproterenol of 0.2 and 0.4 pg were givey
alternately at f-miv mrervals, When the experimental subject
was respotding regularly, i low dose of the test compound wis
administered 3.5 min after a 0.2 ug dose of izoproterenol.  The
size af the wext tnchyeardia respouse (o 0.4 ug of isoproterenct
wis eottpared with those of the previons respouses aud the ap-
parent potency of isoproterenol expressed as @ per cent «f control
was determined i~

o — Ry .
o 2= 2Tl g 5010
! ( /f‘ - /{l X )

where [/} 15 the size of the control response 10 0.2 pg of wopro-
terenol, 22 1+ the size of the control response 10 0.4 pg of tsopro-
terenol, atel K.4 15 the xize of the response to 0.4 pg of tzoprofere-
nol after the doxe of the text drug.

When the subjeci had reeovered, n further increased dose of
the text substanre wax given simtlarly. The per cent apparent
tsoproterenol vahies were plotced against the logarithm of the
dose of text drng.  ‘The best line was fitied by eye and inter-
polated 1o find the dose producing a 50%7 apparent isoproterenol
potency.  Thix dosc is called the 50¢7 effective dose.

Syntheses.t --All melting points were derernined on me elecs
rrothermal instrmment and are corrected.

The getteral procecdnre for the preparation of benzoxazoctues
{ront n-hydroxyketones (Ree Table T is illnstrated hy the follow-
ing example.

n1.-3,4-Dihydro-3-hydroxy-6-methyl-1,5-benzoxazocine (1).-
o-Hydroxyacetophenone (272 g, 2.00 mol) was added to NaOku
in EtOH [from Na (46 g, 2.00 g-atom) and EtOH (2500 ml)] to
give a slurry of the Na salt of o-hydroxyaeetophenone to which
was added eptellorohydrin (480 ml, 6.15 mol) during 0.5 hr.  The
mixtire was reflixed for 3 hr, cooled, filtered, and fractionally
distilled 10 give I-o-acetyiphenoxy-2,3-epuxypropane (207 g,
707:), bp 40° ¢} .

b-(o-Acetylphenoxy 1+2,3-epoxypropune (267 g) was added 16
anhydrons MeOH (1250 ml) saturated with NH; at —30°.
The soluntion was allowed to warm 1o roont temperatitre and wis
kept for 10 days, during which time colorless prisms of 1 (190 gt
deposited, inp 249--250°, br (KBr disk) 1640 ¢m =1 (C== N},

@y 1ML Moo and LML Goldroas, Adear, Drig fles, 3, 121 (4B
O Miccoioedvars were perfoerood hy Meo S, Banee and Lis statf.
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CuarT I
: OCH_‘—CH\\OH : jOCH"CHCH:NH:
(|3H~NH—CH2 NO, COMe
Me 31
23 W/N‘ Aming HNO, O
OCH,CHOHCH,NH,H(1 0—CH,—CHOH 0—CH.—CHOH
@E _H* l Fuming HNO, /@( : ,
= —_—_—
NH -3
COMe : (IZ=N—CH.2 NO. | —N—-~CH,
25
Me Me
1 16
/ wzo
PhCHO 100°
@EO—CHQ-—THOH : :OCH.,CHOHCH.,NHCOCH.:
C=N—-o=CH, COMe
CH=CHPh 30
10
TasLE I
3,4-DIHYDRO-3-HYDROX Y~1,5~-BENZOXAZOCINES
OCH._,(’ZHOH
: : | =—NCH,
R
LDs 50% effective
Yield (mg/kg iv) dose (mg/kg
No. R Other substituent. (%)¢ Mp. °C Formula’ in mice iv) in cats
1 CHs 37.5 249-250 CuHiNO; >200 0.4
2 C.H; 23 227-229 Ci:Hi:NO: 0.8
3 n-CaH: 8 170—174: ClaH17NO2 160 >2 . 0
4 1-CsH7 5 198-200 CiHiNO, 175 >4.0
3 t-C.Hy 2 209-212 C1:H 13N O, >1.0
6 CeHs 12 261-262 CiH1:NO2 0.9
7 p-CH3CeH4 b5 238-242 CnHr;NOQd >200 >3.6
8 CsH;CH, 6 212-214 CiHuNO: 120 >2.0
9 CeH:,CHQCHg 7 14:3—14:3 C[gH[gNO‘z 165 >2 . 0
10 CeHdCH:CH 125¢ ClgHI:NOZd 160 >2.0
11 p-NOQCeH4CH:CH 200¢ ClgH15N204d 150 >1.8
12 2-05H4N 3 222-224 ClaHuNszq 200 >2.0
13 CH;, 3-CH; 19 281-285 CHisNO: >200 >1.0
14 CH; 8-Cl 6 240¢ CuH:CINO. 0.7
15 CH;, 8-CeH; 4 254-256 CizHiyNO- >50 p.o.
16 CH;, 8-NO, 173-175¢ CuH N0 >200 0.6
17 CH; 9-CsH; 15 215-217.5 CiyHiNO, 1.0
18 CH, 8-n-C;H,CONH 58 288-289 Cr1:HuN:04 >1.0
19 CH:z 7,9-Cl, 8 219-220 CuHuClNO, >200 >3.2
20 CH:[ 8,10-011 12 163-165 CnHuClzNOg 72 >3
21 CH; 8,10-(CHy ) 4 135-137 CisHiNO, 50 >30
22 CH; 9,10-C¢H, 34 138-140 Ci:HisNO: 130 >2.0
23 CH;, 3,6-H, 95 CuHi:NOy#. / >10.0
24 C.H, 5,6-H3 300 C2:HiuNO»/ >2.0

When no yield is quoted, see Experimental Section.
¢ Decomposed.

b All compounds were analyzed for C, H, and N.
4 Hemihydrate. ¢ Hydrate. / Hydrochloride.

¢ Yield from hydroxy ketone.
The analytical results were within 2=0.457 of the theoretical values.

The hydroxy ketone intermediates for the above syntheses
were mostly prepared according to literature methods or were
commercially available. The remainder were prepared as
below.

o-Hydroxypivalophenone.—Pivaloyl chloride (63.6 g, 0.53

Other benzoxazocines in Table I were prepared in a similar
way. Inafew cases it was necessary to concentrate the reaction
mixture to an oil which was extracted with 2 N HCL. The acid
solution was made alkaline and extracted with EtOAc. After
being kept for several days, crystals of the benzoxazocine formed.

pL-1-(0-Acetylphenoxy )-3-amine-2-hydroxypropanes.—In four
cases (26, 27, 28, and 29) the general procedure for the prepara-
tion of benzoxazocines afforded noncyclic products (see Table
11).

mol) in Et:O (100 ml) was added during 5 hr to o-MeOC:H:MgBr
(from 150 g of e-bromoanisole, 24.3 g of Mg, and 750 ml of Et,0)
at —10 to —15°. The reaction mixture was treated with 2 N
HCI and the Et,0 layer was fractionally distilled to give o-



406 ./ owrnal of Medicinal Chemasten, 1970, Vol 15, No. &

Bosar, o of

T 11

OCH.CHOBCH NH
: :(‘()(‘H,;

No. Sabstitaent Mp, ¢

25 60

20 4-CHy 183-130

27 3,5-(Cla). 129

28 4,5-(CHay)s 153158

20 3,4-CyH, 118125
Propranolol

= All compounds were analyzed for C, N, and H.
ride.

methoxypivalophenone (47.0 g, 407;), bp 78-85° (0.4 mm).
A 7L(I[. (CIQIIM( )2) (,)Me.

o-Methoxypivalophenone (47.0 g) in vigorously stirred an-
hydrous boiling pyridine (100 ml) was treated with HCl gax
until no more was absorbed. The reaetion mixture was then
refluxed for 15 min, cooled, poured into H:0, and extracted with
Et:0. The Et,0 solution was extracted with 2 A" NaOH which
on aeidification afforded the hydroxy ketone (22,5 g, 52¢,),
bp 115-124° (10mm). Anal. (CoHpOw C, 1L

2-Hydroxy-4'-methylbenzophenone.—Similarly p-tolunitrile

and 0-MeOC:HsMgBr gave 2-methoxy-4‘~methylbenzophenone
(449%), mp 62°.  Anal. (Ci:HuOs) C, H. This compound was
demethylated to the hydroxy ketoune (3397.), mp 61-63°.  Anal.
(CrsH102) C, H.

2-0-Hydroxybenzoylpyridine.—Sinlarly 2-cyanopyridine af-
forded 2-o-methoxybenzoylpyridine (23%), nip 77-79°.  Anal.
(CisHuNO;) C, H, N. Demethylation gave the hydroxy ketone
(80¢%), mp 53-56°.  Anal. (CH,NO2) C, H, N.

pL=3,4-Dihydro-3-hydroxy-6-styryl-1,5-benzoxazocine (10).—
Compound 1 (2.4 g), benzaldehyde (1.5 g), and piperidine (1 ml)
were heated in an open vessel for 2 hr at 110-115°.  The residue
was erystallized (charcoal) from EtOH-petrolenm ether (hp
40-60°) to give the 6-styrylbenzoxazocine (2.0 g, 555).

p1.-3,4-Dihydro-3-hydroxy-6 -p - nitrostyryl - 1,5 - benzoxazocine
(11) was prepared similarly at 140° in 1097 yield.

p1.=-3,4-Dihydro-3-hydroxy-6 - methyl - 8 -nitro- 1,5 - benzoxazo-
cine (16).—Compound 1 (3 g) was added during 30 min to fuming
HNO; (30 ml, d = 1.51)at —35°.  After 10 min the soluntion was
poured onto a mixture of ice aud 2 ¥V NaOH to give the &pitro-
benzoxazocine (1.5 g, 2457,).

pL-3-Hydroxy-6-methyl-3,4,5,6-tetrahydro-1,5-benzoxazocine -
HCI (23).—A solution of 1 (5 g) in EtOH (150 ml) was catalyvti-
cally hydrogenated (Raney N1) at 7.03 kg/cniz at 80°.  The soln-
tton was concentrated to an oil which was treated with councen-
trated HCI and then evaporated to dryness. Trituration with
petrolenm ether (bp 40-60°) afforded the hydrochloride hydrate
(5 g 78%), mp 95°. .dnal. (ChHNOLHCLILO) €, H, N,
H.0.

1.1 204 effective
dose (noz/ ke
(V) i ems

(g kg (vt

Fortanls”? 1 otiee

CallNOy U ~1.0
CraHeNO; 7.0
CutlsNOy 26
CrH o NO; 11
(‘131‘[1;N’0:~; =00
26 0.012

The analytical results were within £0.4%¢ of the theovetical values.  * ydrochlo-

n1.-6-Ethyl-3 -hydroxy - 3,4,5,6 - tetrahydro- 1,5 -benzoxazocine
(24), mp 14N-151°, was prepared similarly.  ral. (CullnpNOGD
C, 1. The hydrochloride had mp 300° dec. Anal. (Cpllp-
NO-HCL C, 1, CL

nl.-1-Acetamido-3-0-acetylphenoxy-2-hydroxypropane (30).--
Cotporund 1 (53 g) and AcO (50 ml) were heated at 100° for 2
Iir and then cooled and poured on 1o H.O to give 30 (1.35 g,
23C0, mp 108-110°. Anal. (CpllzNOy) C, H, N,

n1.=3=Acetoxy-3,4-dihydro-6-phenyl-1,5-benzoxazocine (32).—-
AcCl (3 ml) was added during 10 min to 6 (3 g) in dry pyridine
(70 ml) at 0°.  The reaeticn mixture was stirred at 0° for 2 hr
and potred onto tee to give 32 (3.2 g, 9267, mp 280-282°,  Anal.
[CsHENO) C, H, N,

vL=1l-(¢0=-Acetylphenoxy }-3-amino-2-hydroxypropane Hydro-

chloride (25).--A solution of 1 (20 g) in 2 N HCI (250 ml) was
made alkaline with 10 & NaOH and, after 60 min, extracted
with E.0. The dried extract was treated with HCl gas to
give 25 (17.5 g, 68,), mp 60°.

i.=1-(2-Acetyl-4-nitrophenoxy)-3-aminopropyl-2-nitrate Hy-
drate (31).--Compound 1 (5 g) was added during 30 min to
fuming HNO; (25 ml, ¢ = 1.51) at 0°.  After a further 5 min ac
0°, the solntion was poured on to a mixture of 1ce and 2 N NaOl{
to give 31 (2.4 g, 267), mp 251-253° dec. Anal. (CallsNiOq-
HCLH-H,0) C, 11, N, Cl, HyO.

vi=1=(0=-Acetylphenoxy )-3-amino-2-hydroxypropane Hydro-

chloride (25).--A solution of 1 (20 g) in 2 N HCI (200 ml) was
kept for 8 hr, then basified with 12 ¥ NaOTI, and extracted with
CHCl;.  T'reatinent witl ethereal HCI gave 25 (17.5 g) as n
hyvgroseopte solid, mp 60°, nmr (10) 7 6.6, 2 H* (CH.NH,);
5.7, 2 HT (OCH:): 7 5.55, 1 117 (CHOR).  Anal. (ColTNO;-
ICH CHN.
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