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1 -HCl (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 liquors were separated chemically to give a nonbasic part 
which yielded 45 (0.6 g), mmp 85° from EtOAc-petroleum ether. 

b.—AcCl (1.57 g, 1 equiv) in C3H5N (10 ml) was added to 33 
(4.58 g) in C5H5N (25 ml) at 0°. After 18 hr E t 2 0 (100 ml) was 
added and the solution was washed with 2 JV HC1. The E t 2 0 
solution gave a gum containing ester impurity (ir). MeOH (90 
ml) and NaOH (10%, 5.8 ml) were added. After 2.5 hr the MeOH 
was evaporated in vacuo, E t 2 0 was added, and the E t 2 0 solution 
was washed with 2 N HC1. The E t 2 0 solution gave 45, mp 86-
87° from EtOAc-petroleum ether (bp 40-60°). Anal. (C„H21-
NOo) C, H, X. 

<S-[2-Isopropylamino-l-(2-naphthyI)ethyI]isothiourea-2HCl 
(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-l-(2-naphthyl)ethanethiol (13).—Compound 
12 (3.8 g), 1 Ar NaOH (65 ml), and MeOH (200 ml) were heated 
under reflux for 4 hr and then the MeOH was evaporated. E t 2 0 
extraction gave 13, converted into its HC1 by E t 2 0-HCl : nmr 
r 2.15-2.80 (multiplet, ArH, 7), 6.25 (X part of ABX, SCH<, 1), 
7.85-7.97 (multiplet, AB part of ABX, CH2X, 2), 7.20-7.60 
(septet, f-Pr CH, 1), 8.72 (singlet, N H and SH, 2), 9.08 and 9.13 
[2 doublets, CH(CH3)2, 6]. 

Ar-[2-Methoxy-2-(2-naphthyl)ethyl]isopropylamineHCl (16). 
—Compound 1 (1.5 g) in MeOH (40 ml) was heated under reflux 

for 5 days and then most of the MeOH was evaporated. EtOAc 
was added to precipitate 16: nmr r 2.15-2.65 (multiplet, ArH, 
7), 5.45-5.60 (X part of ABX, CHO, 1), 6.75 (singlet, OCH3, 3), 
6.97-7.30 (multiplet, CH 2 NCH<, 3), 7.98 (singlet, NH, 1), 8.93 
and 8.98 [2 doublets, CH(CH3)2, 6]. 

2-Isopropylamino-l-(2-naphthyl)ethylamine-2HCI (14).— 
Compound 1 (0.5 g) and saturated E tOH-NH 3 (20 ml) were 
heated in a Carius tube at 130° for 6 hr and then the EtOH and 
NH3 were evaporated. NaOH (1 JV) was added, 14 was isolated 
by E t 2 0 extraction, and converted into the HCl salt by Et 2 0-HCl . 

2-Isopropylamino-l-(2-naphthyI)ethyl Methyl Hydrogen Phos
phate Hydrochloride (10).—Compound 17 (5.0 g), MeOH (200 
ml), and 0.1 X HCl (100 ml) were kept at room temperature for 
18 hr and then freeze dried. The solid 10 was stirred with Me2CO 
to remove gummy material before crystallization (2.6 g, 47%). 

2-Isopropylamino-l-(2-naphthyl)ethyl Dihydrogen Phosphate 
(11).—Compound 10 (0.5 g) in H 2 0 (2 ml) was kept for 15 min 
and then the solid 11 which had separated was isolated by 
filtration. 

l-Isopropylamino-3-(l-naphthoxy)-2-propyl Dihydrogen Phos
phate (30).—Compound 23 (50 mg) in H 2 0 (30 ml) was refluxed 
for 5 min, filtered, and then concentrated to 1 ml. Compound 30 
separated on cooling. 
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A series of 3,4-dihydro-3-hydroxy-l,5-benzoxazocines has been prepared one of which, 3,4-dihydro-3-hydroxy-
6-methyl-l,5-benzoxazocine (1), has high sympathetic 3-receptor blocking activity. The chemistry of the dihy-
dro-l,5-benzoxazocine system is discussed. 

During the last few years, many sympathetic /3-recep
tor blocking compounds have been described containing 
the 2-isopropylamino-l-hydroxyethyl1 (I) or 3-isopro-
pylamino-2-hydroxypropyloxy2 (II) side chain or minor 

-CHOHCH 2 NHCHMe 2 

I 
-OCH 2CHOHCH 2XHCHMe 2 

II 

variants3 attached to an aromatic or heterocyclic nu
cleus. These compounds possess a number of pharma-
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cological properties e.g., /3-blocking, quinidine-like, 
local anesthetic, and possibly hypotensive properties,4 

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. 

i 

ex 
OCH,CHOH rr OCH.CHOH 

C = N C H , 
I 

CH3 

1 

^ " " T H N H C H , 

CH3 

23 

In fact, 3,4-dihydro-3-hydroxy-6-methyl-l,5-benzox-
azocine (1) was found to possess significant /3-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 heterocyclic 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 III with XH3 in MeOH at room 
temperature. 

(4) J. H. Biel and B. K. B. Lum, Progr. Drug Res., 10, 46 (1966). 
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OH 

COR' 

OCHXH—CE. 

COR' 

III 

.OCHCHOHCHXH, 

roR' 

.0—CH,—t'HOH 

C = N CH 
I 
R' 

The intermediate amino alcohol IV usually formed 
within 48 hr and then cyclized slowly to the benzoxazo-
cine over a period of days. Attempts to accelerate this 
process always resulted in. decreased yields. In a few-
favorable cases the overall yields from the hydroxy ke
tones were greater than 30% but usually they were 
lower, particularly with the more heavily substi tuted 
examples. In a few cases, the amino alcohol failed to 
cyclize and the benzoxazocine could not be isolated. 
No explanation of these failures could be deduced on 
electronic, steric, or solubility grounds. Most of the 
dihydrobenzoxazocincs reverted to the amino alcohols 
on acid treatment but there were some exceptions, 
notably the 9-phenvl derivative, possibly due to the 
very insoluble nature of this compound. 

There is the possibility that the epoxides might react 
with NH : ) to give isomeric amino alcohols V which could 
then cyclize to give 1.4-bcnzoxazepincs VI. This is 

„OCH;CHNH.,CH,OH 

T O R ' 

V 

0 — C E . 

' C = N ' 

„CH0H,OH 

VI 

unlikely by analogy2 and on mechanistic grounds, but is 
positively excluded because the amino alcohol 25 de
rived from 1 has the expected nmr spectrum. In 
particular the observed spectrum clearly shows signals 
due to 3 protons on C adjacent to 0 (r o.7, o.oo) and 2 
protons on C adjacent to N (r 6.6) whereas the position 
isomer (V. R = H; K ' = Me) would be expected to show 
signals from 4 protons on. 0 adjacent to 0 and I on C 
adjacent to X. The benzoxazocines themselves give 
unsatisfactory nmr spectra due to poor solubility. 

Other modes of cyclizations of IV are excluded be
cause all the products show a strong ir band at 1640 
c m - 1 characteristic of C X. which disappears on 
hydrogenation {e.g., in23) . 

The chemical reactions of the dihydrobenzoxazocines 
are indicated in Char t I. 

Pharmacological Results and Discussion.—The 
pharmacological results reported in Tables I and I I 
form the initial part of a screening program designed 
to find a compound with useful sympathetic /3-receptor 
blocking activity unaccompanied by acute toxic 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 
in these preparations and for determination of the 
lethal dose mice were used. 

The results in Tables 1 and II indicate that, only a 
small group of dihydrobenzoxazocines (1, 2, 6, 14. 16. 
and 17) possess appreciable /^-blocking activity and that 
relatively minor departures from the parent compound 1 
lead to total loss of activity. Moreover activity is un
likely to be due to hydrolysis to the open-chain deriva
tives since the primary amine 25 formed by hydrolysis 
of 1 ha,s loss than 0.•Jo the activity of the latter. 

The activity of members of this class of compounds 
presents some points of interest in that the X function 
((' X) is different from that found in other 0-blocking 
series (viz. C XH) and the effect of nuclear substitution 
on activity does not parallel that in other series. More
over it is difficult to reconcile the benzoxazocine configu
ration with the detailed structural requirements of some 
of the current theories of the mode of action of /3-block-
ing agents at the molecular level.-'' 

Experimental Section 

Biological Methods.-• Compounds which were soluble in H>o 
were dissolved in normal physiological saline. Bases were dis
solved by the addition of HC1 which was subsequently neutralized 
(pH 5.0) with NaOH. One insoluble compound (15) was ad
ministered orally as a suspension. 

Sympathetic ji-Receptor Blocking Activity.—Cats were anes
thetized with chloralose (80 mg/kg i.p.) and pentobarbitone 
((I mg/kg i.p.'). Heart rate was recorded continuously from the 
E.C.G. or pulse wave, and the blood pressure was either re
corded on a kymograph with an Hg manometer, or with a pressure 
transducer and an electrnphysiological recorder. 

Intravenous dose- of isoproterenol of 0.2 and 0.4 /jg were given 
alternately at 7-min intervals. When the experimental subject 
was responding regularly, a low dose of the test, compound was 
administered 3.5 min after a 0.2 ,ug dose of isoproterenol. The 
size of the next tachycardia response to 0.4 ng of isoproterenol 
was compared with those of the previous responses and the ap
parent potency of isoproterenol expressed as a per cent of control 
was determined as: 

7i.. - 'fix 
X 0.3010 

where A\ is the size of the control response to 0.2 ^g of isopro
terenol, It-2 is the size of the control response to 0.4 ^g of isopro
terenol, and li>\ is the size of the response to 0.4 ,ug of isoprotere
nol after the dose of the test drug. 

When the subject had recovered, a further increased dose of 
the test substance was given similarly. The per cent apparent 
isoproterenol values were plotted against the logarithm of the 
dose of test drug. The best line was fitted by eye and inter
polated to find the dose producing a 50',',' apparent, isoproterenol 
potency. This dose is called the 50rv effective dose. 

Syntheses.1" —All melting points were determined on an elec
trothermal instrument and are corrected. 

The general procedure for the preparation of benzoxazocines 
front o-hydroxyketones (iSee Table I) is illustrated by the follow
ing example. 

m.-3,4-Dihydro-3-hydroxy-6-methyl-l,5-benzoxazocine (1). 
o-Hydroxvacetophenone (272 g, 2.00 mol) was added to NaOKt 
in Et OH'[from Na (46 g, 2.00 g-atom) and EtOH (2500 ml)] to 
give a slurry of the Na salt of o-hydroxyacetophenone to which 
was added epichlorohydrin (480 ml, 6.15 mol) during 0.5 hr. The 
mixture was refluxed for 3 hr, cooled, filtered, and fractionally 
distilled to give l-o-acelylphenoxy-2,3-epoxypropane (267 g. 
70C) ), bp 40° ( 1 mm I. 

l-(o-Acetylphenoxy)-2,3-epoxypropane (267 g) was added to 
anhydrous MeOH (1250 ml) "saturated with XH 3 at - 3 0 ° . 
The solution was allowed to warm to room temperature and was 
kept for 10 davs, during which time colorless prisms of 1 (190 gi 
deposited, mp 249-250°, ir (KBr disk) 1640 e n r 1 (C= X). 

5) 15. M. B!<, 

til M i i T i i a i m l 

in and 1, M . G o l d m a n . Athnit. Drug Res.. 3 , 121 HHIilii 
*fs wove prM'fon'nod l>> Mr . S. Biincf find tds *tan'. 
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CHART I 

a .OCH—CHOH 

CH—NH—CH2 

Me 
23 

NO, 

OCH,CHCH,NH, 

COMe 
31 

W N i 

*. I .OCH,CHOHCH,NH,-HCl 

Uk, 
COMe 

25 

NH, 

/ Fuming HNO,. 0'-

.0—CH—CHOH 

C = N CH, 
I 

Me 

FumingHNO., 

NO; 

I 

^/PhCHO 

0—CH2—CHOH 

C = N CH, 
I 
C H = C H P h 

10 

IOO-
vAc20 

a: ,OCH2CHOHCH2NHCOCH, 

COMe 
30 

,0—CH,—CHOH 

C = N CH, 
I 

Me 
16 

TABLE I 

3,4-DlHYDRO-3-HYDROXY-l,5-BENZOXAZOCINKS 

„OCH,CHOH 

C = N C H , 

R 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

R 
CH3 

C2H5 

n-C3H7 

J-C3H, 
£-C4H9 
CeHs 
p-CH3C6H4 

CfiHsCHs 
C6H;CH2CH, 
C 6 H 5 CH=CH 
p-N0 2 C 6 H4CH=CH 
2-C5H4N 
CH3 

CH3 

CH3 

CH3 

CH3 

CH3 

CH3 

CH., 
CH3 

CH3 

CH3 

C2H5 

" Yield from hydroxy ketone. 
The analytical results were within 

Other substituent 

3-CH3 

8-C1 
8-C6H5 

8-N02 

9-C6H5 

8-n-C3H,C0NH 
7,9-Cla 
8,10-C12 

8,10-(CH3)2 

9,10-C6H4 

5,6-H, 
5,6-H, 

When no yield is quoted, 

Yield 

(%)" 
37.5 
23 

8 
.5 
2 

12 
5 
6 
7 

5 
19 
6 
4 

15 
58 

8 
12 
4 

34 

Mp, °C 

249-250 
227-229 
170-174 
198-200 
209-212 
261-262 
238-242 
212-214 
143-145 
125« 
200r 

222-224 
281-285 
240c 

254-256 
173-175' 
215-217.5 
288-289 
219-220 
163-165 
13.5-137 
138-140 
95 

300 

see Experimental Section 
±0.49r of the theoretical values. c Decomposed. 

Formula' 

C u H 1 3 N0 2 

C12H15N02 

C1 3H„N02 

C1 3H„N02 

C„H1 9N02 

Ci6H15N02 

CnHnNO,1* 
CnH17N02 

C1SH19N02 

C u H ^ N O / 
C18H16N20^ 
C16H14N202 

CJ2H15N02 

CUH12C1N02 

Ci7H17N02 

CnHi2N204e 

C17H„NO, 
C15H2„N203 

C nH„Cl 2NO, 
CuH„Cl2NO, 
C13H„NO, 
CJ5H16N02 

CnHi6N02«./ 
C12H17N02/ 

h All compounds 
•* Hemihydrate. e 

LD50 
(mg/kg i\ 

in mice 

>200 

160 
175 

>200 
120 
165 
160 
150 
200 

>200 

>200 

>200 
72 
50 

130 

50% effective 
) dose (mg/kg 

iv) in cats 

0.4 
0.8 

> 2 . 0 
> 4 . 0 
> 1 . 0 

0.9 
> 3 . 6 
> 2 . 0 
> 2 . 0 
> 2 . 0 
> 1 . 8 
> 2 . 0 
> 1 . 0 

0.7 
>50 p.o. 

0.6 
1.0 

> 1 . 0 
> 3 . 2 
> 5 

>30 
> 2 . 0 

>10 .0 
> 2 . 0 

were analyzed for C, H, and N 
Hydrate. •' Hydrochloride. 

Other benzoxazocines in Table I were prepared in a similar 
way. In a few cases it was necessary to concentrate the reaction 
mixture to an oil which was extracted with 2 Ar HC1. The acid 
solution was made alkaline and extracted with EtOAc. After 
being kept for several days, crystals of the benzoxazocine formed. 

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

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 
mol) in E t 2 0 (100 ml) was added during 5 hr to o-MeOC6H4MgBr 
(from 150 g of o-bromoanisole, 24.3 g of Mg, and 750 ml of Et 2 0) 
at —10 to —15°. The reaction mixture was treated with 2 N 
HC1 and the E t 2 0 layer was fractionally distilled to give n-
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T u t u . II 

(K'H.CHOHCH Ml 

rocii. 

Substituent 

20 

ride. 

4-CH;l 

3,5-(CH3)2 

4,5-(CH,)2 

3,4-cjr 4 

Propranolol 

' All compounds were analyzed for C, X, 

28 
29 

M|i , "('• 

00 
133-135 
121) 
155-158 
IIS- 123 

Formula'1 

0„H,ftN*(>.,'' 
C1 2H„X03 

013tl19NO3 

C13HlSX03 

0,;,H,;XOs 

I , D M 
f m g ' k g 

in ink-

NO 

20 
and II. The analytical i'esults were within .-fcO.4% of the theoretical values. 

IOVP effective 

<lose (m<r/k^ 
iv) in cms 

7 . 0 
2 0 

1 . 1 

0 . 0 1 2 

!. '' Hvdro ( •hi, 

m e t h o x y p i v a l o p h e n o n e (47.0 g, 4 6 % ) , h p 78-85° (0.4 m m ) . 
Anal. ( C i 2 H l c 0 2 ) O M e . 

o - jMethoxypiva lophenone (47.0 g) in v igorous ly s t i r red a n 
hydrous boiling pyridine (100 ml) was treated with H O gas 
until no more was absorbed. The reaction mixture was then 
refluxed for 15 min, cooled, poured into H20, and extracted with 
E t 2 0 . The E t 2 0 solution was extracted with 2 .A" XaOH which 
on acidification afforded the hydroxy ketone (22.5 g, 52'', ), 
bp 115-124° (10 mm). Anal. (CuH,402) C, H. 

2-Hydroxy-4'-methylbenzophenone.—Similarly /j-tolunitrile 
and o-MeOC6H4MgBr gave 2-methoxy-4'-methvlbenzophenone 
(44%), mp 62°. Anal. (Ci5Hi402) C, *H. This "compound was 
demethylated to the hydroxy ketone (33%). m P 61-03°. Anal. 
(C14H1202) C, H. 

2-o-Hydroxybenzoylpyridine.—Similarly 2-eyanopyridine af
forded 2-o-methoxybenzoylpyridine (23%), mp 77-79°. Anal. 
(CiaHnNOs) C, H, N. Demethylation gave the hydroxy ketone 
(80%), mp 55-56°. Anal. (Ci2H9X02) C, H, X. 

D L-3,4-Dihydro-3-hydroxy-6-styryl-l ,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 crystallized (charcoal) from EtOH-petroleum ether (bp 
40-60°) to give the 6-styrylbenzoxazocine (2.0 g, 55%). 

DL-3,4-Dihydro-3-hydroxy-6 -p - nitrostyryl -1,5 - benzoxazocine 
(11) was prepared similarly at 140° in 10% yield. 

DL-3,4-Dihydro-3-hydroxy- 6 - methyl - 8 - nitro -1,5 - benzoxazo
cine (16).—Compound 1 (5 g) was added during 30 min to fuming 
HNOs (50 ml, d = 1.51) at —35°. After 10 min the solution was 
poured onto a mixture of ice and 2 .V XaOH to give the 8-nitro-
benzoxazoeine (1.5 g, 24%,). 

DL-3-Hydroxy-6-methyl-3,4,5,6-tetrahydro-l ,5-benzoxazocine • 
HC1 (23).—A solution of 1 (5 g) in EtOH (150 ml) was catalyti-
cally hydrogenated (Raney Xi) at 7.03 kg/cm2 at 80°. The solu
tion was concentrated to an oil which was treated with concen
trated H O and then evaporated to dryness. Trituration with 
petroleum ether (bp 40-60°) afforded the hydrochloride hvdrate 
(5 g, 78%,), mp 95°. Anal. (C„H 1 5XOvHCl-H 20) O, H, X, 
H20. 

ra.-6-Ethyl - 3 - hydroxy - 3,4,5,6 - tetrahy dro -1,5 - benzoxazocine 
(24), mp 148-151°, was prepared similarly. Anal. (OJ lnXCM 
C, II. The hydrochloride had mp 300° dec. .1 mil. (CYjHn-
X O r H O ; C , H , C l . 

n[.-l-Acetamido-3-o-acetylphenoxy-2-hydroxypropane (30).— 
Compound 1 (5 g) and Ac20 (50 ml) were heated at 100° for 2 
hr and then cooled and poured on to H 2 0 to give 30 (1.35 g, 
23%), mp 108-110°. Anal. (C1 3HnX04) C, H, N.~ 

i)L-3-Acetoxy-3,4-dihydro-6-phenyl-l,5-benzoxazocine (32). 
AeCl (3 ml) was added during 10 min to 6 (3 g) in dry pyridine 
(70 ml) at 0°. The reaction mixture was stirred at 0° for 2 hr 
and poured onto ice to give 32 (3.2 g, 92%.), mp 280-282°. A rial. 
(C, sHnX03) C, IT, X. 

ni.-l-(o-Acetylphenoxy)-3-amino-2-hydroxypropane Hydro
chloride (25). A solution of 1 (20 g) in 2 Ar H O (250 ml) was 
made alkaline with 10 Ar XaOH and, after 60 min, extracted 
with Et 2 0. The dried extract was treated with H O gas to 
give 25 (17.5 g, 68%), mp 60°. 

D!.-l-(2-Acetyl-4-nitrophenoxy)-3-aminopropyl-2-nitrate Hy
drate (31).—Compound 1 (5 g) was added during 30 min to 
fuming HXOs (25 ml, d = 1.51) at 0°. After a further 5 min at 
0°, the solution was poured on to a mixture of ice and 2 AT XaOH 
to give 31 (2.4 g, 26%), mp 251-253° dec. Anal. (CuH,3X30,. 
HCMT,0)C , H ,X , CJ,H20. 

i)i.-l-(o-Acetylphenoxy)-3-amino-2-hydroxypropane Hydro
chloride (25).- -A solution of 1 (20 g) in 2 N H O (200 ml) was 
kept for 8 hr, then basified with 12 .V XaOH, and extracted with 
CHO3. Treatment with ethereal H O gave 25 (17.5 g) as a 
hygroscopic solid, mp 60°, nnir (I)20) r 6.6, 2 IT+ (CH2XH3); 
5.7, 2 H + (OC'11,1: T 5.55, 1 I I ' (CIIOTU Anal. (C,,H15XO;r 
I I O l C H X . 
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