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Some 0-halualkylamines related to pronethalol (,33) and propranolol (35) have been prepared. Those of the 
pronethalol series are hydrolyzed in vitro and in vivo to the corresponding /3-hydroxyalkylamines, and are tf-
adrenergic blocking agents. The /3-chloroalkylamine 29 related to propranolol (35) is not a ^adrenergic block
ing agent. It is hydrolyzed with difficulty in vitro to give mainly the position isomer 25 of propranolol which is 
not a /5-adrenergic blocking agent. Pronethalol analogs having SH, NH2, NHMe, and OMe in place of the OH 
group are much less potent as /3-adrenergic blocking agents. Replacement of the ethereal O atom of propranolol 
by CH2 markedly reduces blocking potency. A compound reported to be the /3-chloroalkylamine related 1o 
epinephrine has been shown to be the cyclic sulfite ester of the reported compound. 

The /3-chloroethylamine l 1 (Table I) related to 
2-isopropylamino-l-(2-naphtliyl)ethanol (pronethalol) -
(33) was originally prepared as a possible means for 
providing a slow release of pronethalol in vivo. I t was 
known3 that such |3-aryl-/3-chloroethylamines- could be 
hydrolyzed in vitro to the parent ethanolamine and it 

CHC\TW-Pr)CH£)H 

34 

was surmised that the same might happen in vivo. 
The /3-chloroethylamine 1 proved to be as potent as 
pronethalol as a /3-adrenergic blocking agent. The 
onset of /3-receptor blockade was rapid and the com
pound did not show significantly prolonged activity. 
The observed biological activity of 1 was presumed to 
be due to hydrolysis in vivo to pronethalol via the 
aziridinium cation of 18 and hydrolysis must be rapid 
because of the speed of onset of /3-receptor blockade. 
This explanation was supported by the fact that, where
as the position isomer 34'-b of pronethalol was virtually 
inactive as a /J-receptor blocking agent, the fi-chloro-
ethylamine 19 related to it was as active as pronethalol. 
Hydrolysis in vivo to pronethalol via the common 
aziridinium cation of 18 could explain the observed 
biological activity of 19. Somewhat surprisingly, at the 
time of testing, the /3-chloropropylamine 29 related 
to l-isopropylamino-3-(l-naphthoxy)-2-propanol (pro
pranolol4) (35) was devoid of /3-receptor blocking ac
tivity, which suggested that it was not hydrolyzed to 
propranolol in vivo. It may however have been hy
drolyzed in vivo to the position isomer 25 of propranolol, 
which is not a /3-receptor blocking agent. These inter
pretations were substantiated by a study of the hydroly
sis of 1, 19, and 29. 

(1) la) H. I Lowe, Nature. 207, 5!t4 (19651; il>) It. Howe, Brit ish Pa ten t 
Specif icat ion 1,005,021 (1965). 

(2) (a) A L D E R U N T r a d e m a r k ; ( b j l ' a r t 1: R. Howe. A. F. C n n v t h e r . 
.1. H. S t e p h e n s o n . B. S. Rao , a n d L. II . Smi th , . / . Med. Chem.. 11 , 1000 
(1968). 

(3) F . Wolfheim, Ber., 47', 1451 (101-4;. 
(4) (a) L X D E R A I - ( R l ; (It) P a r t I I : A. F . Crowt l ie r anil I. H. Smi th , 

.!. Med. Chem., 1 1 , 1009 (1968). 

OCH,CH(NH-cPr)CH,OH 

The biological implications of the above results, 
particularly with reference to the carcinogenicity of 
pronethalol but not of propranolol in mice, have al
ready been discussed."4,5 This paper reports the prepa
ration of /3-aryl-fl-haloalkylamine,s related to pronethalol 
tind propranolol, discusses some of their reactions, and 
describes their use as intermediates for the preparation 
of potential /J-adrenergic receptor blocking agents. 
Experimental details tire given for those hydrolytie 
experiments described previously1" which led to new 
compounds. 

Most of the rj-haloalkylamines listed in Table 1 were 
prepared by the action of SOCT in CHCI3 on the ap
propriate /3-hydroxyalkylamine (method A). This 
method failed when applied to the primary alcohol 34 
for which neat SOCl2 was necessary to produce 19 
(method B). The best method ((') for converting 
propranolol (35) into the related chloro compound 29 
was the use of PCI,-, in CHC13. The 1,3,2-oxazaphos-
pholidine 23, recognized as a by-product in the last 
reaction, was more easily obtained by the action of 
POC!3 and Et3X

B on propranolol, as exemplified for 17. 
Compound 1 was obtained unexpectedly from a re

action planned to give the HC1 salt of the O-benzoyl 
derivative 36 of pronethalol. The conditions, BzCl at 
l lo° for 4 hr, were slightly more vigorous than those 
applied to 2-amino-l-(2-naphthyl)ethanol by Im
mediate and Day.7 36-HC1 could be converted into 
the base by careful treatment with alkali. Immediata 
and Day were unable to obtain bases from salts of 
related primary and secondary amines. A sample of 
36 base, examined after several years, consisted of the 
corresponding A7-benzoyl analog 37 formed by () —*• X 

10) P. A. Ilonil and U. Howe, Biuchvm. fharmncal... 16, 1261 (l'JK7>. 
ill) A. I . a r u / a and O. Brancaccio , t ' . S. P a t e n t (1,19:1,,572 (1965; 
7) T . I m m e d i a t a and A. K. D a y . ./. On/. Cl.em., 5, 512 il'.MO;. 

'CHOHCH,NH-/-Pr 
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benzoyl migration. Authentic 37 was prepared (a) by 
forming the 0,JV-dibenzoyl derivative 38 of pronethalol 
and then selectively hydrolyzing the ester and (b) by 
benzoylating isopropylaminomethyl 2-naphthyl ketone 
and then reducing the product 39 with NaBH4. Au
thentic 36 • HCl was prepared from 37 by HCl catalyzed 
N-*0 benzoyl migration. 

The /3-chloroethylamine 40 related to epinephrine was 
reported to be an unstable solid by Hukki and Sep-
palainen,8 and by Heacock, et al.9 We have repeated 

HO 

HO 

CHClCH.,NHMe 0. 
OS 

40 

HO 

HO 

0 

OSOC1 

I 
CHCH.NHMe 

41 

CHClCH2NHMe 

21 

their work and shown that the solid obtained is the 
cyclic sulfite 21 of 40; the chlorosulfite 41 is excluded 
by mass spec, m/e 247. The cyclic sulfite 21 is hygro
scopic and unstable, even in a desiccator, but gives the 
correct elemental analysis for a few hours after prepara
tion. When 21 was heated with EtOH the ethyl ether 
22 of epinephrine was obtained. 

The aziridine 18 related to pronethalol was obtained 
by treating 1-HC1 with 5% NaHC03 to give 1 free 
base, which on standing dismutated to a readily separa
ble equimolecular mixture of 1 • HCl and the aziridine 
18. The more stable aziridine 24 was obtained by the 
action of NaOH on 29. Whereas the aziridine 18 
related to pronethalol readily gave pure pronethalol, 
and no trace of the position isomer 34, when hydrolyzed 
at 100° with 1.1 equiv of 0.1 N H2S04 for 15 min, the 
aziridine 24 related to propranolol was relatively resis
tant to these conditions.la With 20% H2S04 at 100° 
for 1 hr, the position isomer 25 of propranolol was 
obtained in 11% yield. Its structure was confirmed 
by nmr; the nmr spectrum of propranolol is included 
for comparison. 

The difference in the ease of hydrolysis and in the 
type of product formed from the aziridines 18 and 24 is 
no doubt largely due to the fact that C-2 in 18 is 
benzylic and is better able to support the partial posi
tive charge which must be developed in the course of 
the reaction than is C-2 in 24. The effect of the O atom 

RCH—CH, 

\ / " 
N 
| 1 

;'-Pr 
18 

ROCH2CH—CH2 

\ / 
N 

j-Pr 
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R = l-naphthyl 

RCHX :H,CH—CH 
" \ / ' 

N 

!-Pr 
28 

in 24 will be to make C-2 less able than C-3 to support 
a partial positive charge and thus favor the formation 
of 25. To determine more precisely the effect of the O 

(8) J. Hukki and N. Seppalainen, Acta Chem. Scand., 12, 1231 (1938). 
(9) R. A. Heacock, O. Hutzinger, and B. D. Scott, Can. J. Chem., 43, 

2437 (1965). 

atom in 24 the analog 28 which has CH2 in place of O 
was prepared. The intermediate propranolol analog 26 
was made by the route: 

RCH2CH2C0C1 — > 

RCH2CH2COCHN2 — > RCH2CH2COCH2Cl 

i 
RCH2CH2CHOHCH2NH-i-Pr <— RCH2CH2CH0HCH2C1 

26 
R = 1-naphthyl 

The properties of aziridine 28 closely resembled those 
of 24. Compound 28 was relatively resistant to 1.1 
equiv of 0.1 N H2S04 at 100° for 15 min. Duplicate 
hydrolyses of 24 and 28 with 20% H2S04 were carried 
out. As much as 68% of 24 was recovered, and ~ 6 . 5 % 
of 25 and ~ 2 % of propranolol (35) were obtained 
after repeated preparative tic. Compound 28 (75%) 
was recovered, and 26 (~7%) and the position isomer 
42 of 26 (~7%) were obtained. These amounts sup
port the idea that the benzylic nature of C-2 in 18 is 
mainly responsible for the differing reactivities of 18 
and 24, and agree with what would be expected on 
replacement of the ethereal O of 24 by CH2. 

CH,CH,CH(NH-/-Pr)CH,OH 

42 

The /3-chloroalkylamines 27 and 29 behaved similarly 
with Ac20 and NaHC03, and gave the O-acetates 43 
and 44 of the corresponding secondary alcohols 26 and 
35. By contrast 1 gave the secondary alcohol 33 and 
its iV-Ac derivative 45. An authentic sample of the 
N-Ac derivative 45 was prepared by acetylation of 
pronethalol with AcCl in C5H6N. 

The thiol analog 13 of pronethalol was prepared con
ventionally from the chloro analog 1 via the thiouronium 
compound 12. More vigorous conditions were required 
to produce 31 and thence 32, which by nmr was found 
to consist of about a 1:1 mixture of the compound 
shown and its position isomer of type 25. The amino 
(14), methylamino (15), and methoxy (16) analogs of 
pronethalol were obtained by heating 1 with NH3, 
MeNH2, and MeOH, respectively. 

Biological Results.—The results of the biological 
screening tests10 are given in Table I. /3-Adrenergic 
blocking potency was determined in the usual way.2b 

The potencies of the /3-haloethylamines 1 to 9 and 
the phosphate esters 10 and 11 were similar to those 
of the corresponding (3-hydroxyethjiamines related to 
pronethalol, as would be expected if hydrolysis of 1 to 
11 occurred in vivo}3- Compound 5, which has two 
asymmetric centers, may belong to a different stereo-
isomeric series from the hydroxyethylamine analog 8 
in Table I of part I.2b A single chloro analog 8 (this 
paper) was obtained from both diastereoisomers 51A 
and 5IB (in part I)2 b of the corresponding hydroxy 
compound. The oxazaphospholidine 17 was more po
tent than expected from a comparison with pronethalol 
(45% inhibition at 50 jug/kg per min) and with 23 and 

(10) Biological testing was carried out by Dr. J. W. Black and Mr, D. 
Dunlop. For further information see J. W. Black, W. A. M. Duncan, and 
R. G. Shanks, Brit. J. Pharmacol., 28, 577 (1965). 
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propranolol (57% inhibition at 2.5 Mg/kg per min); 
perhaps it is transported or distributed more effectively 
than pronethalol before hydrolysis. Compounds 29 
and 24 are probably not active because they are not 
hydrolyzed to propranolol in vivo, an explanation for 
which chemical support is given here. The activity of 
the P compounds 23 and 30 suggests that there is some 
hydrolysis to propranolol in vivo by a mechanism which 
does not involve an intermediate aziridinium cation. 

Replacement of the OH group of pronethalol by 
SC(=NH)NH2 (12), SH (13), NH2 (14), NHMe (15), 
and OAIe (16) and that of propranolol by SC(=NH)-
NH2 (31) and SH (32) groups reduced potency markedly, 
underlining further11 the contribution of the OH group 
toward the affinity of the compounds for ^-receptors. 
Replacement of the side chain OH group of epinephrine 
by NH2 reduced the pressor activity to 0.112 and the 
hypoglycemic activity to 0.0513 that of epinephrine. 

Replacement of the ethereal O of propranolol by CH2 

(26) reduced potency most markedly to <0.01 that of 
propranolol. This profound effect suggests that the 
ethereal O is directly involved in binding to the receptor 
by means of its unshared electrons; a contribution to 
binding may also arise from the inductive effect of the 
O atom. 

The carcinogenicity of 1 in mice has previously been 
reported.la More recently my colleagues Tucker14 

and Leonard15 have shown that it is a potent 
carcinogen in rats and mice, producing thymic lympho
sarcomas in mice and multiple tumors, chiefly leu-
kemias and mammary carcinomas, in rats. The fact 
that this compound produces several different types of 
leukemia which can be readily transplanted into new
born rats makes it a valuable experimental tool. The 
leukemogenic properties appear to be due to a direct 
chemical effect on the white cell precursors. 

Experimental Section16 

Experimental methods A, B, and C are representative for the 
compounds in Table I. Melting points and solvents given in 
Table I are not repeated here. Petroleum ether had bp 60-80° 
unless specified. Nmr spectra were obtained on base in CDCI3. 

A. A"-[2-Chloro-2-(2-naphthyl)ethyl]isopropylamineHCl (1). 
—Compound 33 (6 g, 0.026 mol), SOCI2 (4.8 g, 0.04 mol), and 
CHCI3 (120 ml) were heated under reflux for 1 hr and then the 
CHCI3 and excess SOQ2 were evaporated. The residue was 
crystallized to give 1 (5.8 g, 78%). 

B. A-[2-Chloro-l-(2-naphthyl)ethyl]isopropylamineHCl (19). 
—Compound 34 (0.5 g) and SOCl2 (5 ml) were heated under 
reflux for 16 hr and then excess SOCl2 was evaporated. The 
residue was crystallized to give 19 (0.31 g, 50%). 

C. N- [2-Chloro-3-( 1-naphthoxy )propyl] isopropylamine • HC1 
(29).—Compound 35 (89 g, 0.34 mol), PC15 (63.4 g, 0.3 mol), and 
CHCI3 (350 ml) were heated under reflux for 20 hr and then 
evaporated to drvness. The residual gum was crystallized to give 
29 (66.0 g, 61%). 

2-('hloro-5-' 2-naphthyl i-3-isopropyl: 1,3.2-oxazaphospholidine) 
2-Oxide (17).—POCl3 (5 ml) in C6H6 (25 ml) was added slowly 
to a stirred solution of 33 (11.45 g) and Et3N (15 ml) in CeH6 

(150 ml) at below 50°. The mixture was stirred at room tem-

(11) E. J. Ariens, Proc.Int. Pharmacol. Meeting 1st, 1961, 7, 247 (1963). 
(12) R. Dusehinsky, L. A. Dolan, L. O. Randall, and G. Lehmann, J. 

Amer. Chem. Soc, 69, 3150 (1947). 
(13) S. Ellis, J. Pharm. Exp. Ther.. 101, 92 (1951). 
(14) M. J. Tucker, Proc. Eur. Soc. Drug. Tox., 10th, April 1968. 175 (196S). 
(15) B. J. Leonard, ibid., 183 (1968). 
(16) Where analyses are indicated only by symbols of the elements, 

analytical results obtained for those elements were within ± 0 . 4 % of the 
theoretical values. 
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perature for 4.5 hr and then filtered to remove Et 3N-HCl. The 
filtrate was evaporated in vacuo to remove Cells. The residual 
solid (12 g) was washed eight times with cold Et.»0 (100 ml each 
time) and the EtaO washings were discarded. The solid residue 
was extracted (ten times) with boiling petroleum ether f 100 ml 
each time). The combined extracts gave 17 (4 g, 2 0 r

t ) . 
A'-[2-Chloro-2-(2-naphthyl)ethyl]isopropylamineHCl (1) and 

2-Isopropylamino-l-(2-naphthyl)ethyl BenzoateHCl (36). 
Compound 33 (2.25 g, 0.01 mol) and Bz.C! (6.3 g, 0.43 mol) wen-
heated at 115° for 4 hr. The cold mixture was twice stirred with 
Et-,.0 (30 ml), and the supernatant was decanted each time. 
EtOAc (20 ml) was added to the residue and the solid 1 which 
separated (1.1 g) was isolated by filtration. The EtOAc filtrate 
gave 36-1101 (0.7 g), mp 204° from MeOH-EtOAc Ann!. 
(0.,H,1C1X02) C, H, CI, N. 

NaOH (0.1 .V) was added to a suspension of 36-HCl (0.21) gi 
in H;0 (25 ml) and Et 2 0 (25 ml) unfil the solid had dissolved and 
the aqueous phase was just, alkaline. The Et2() extract, gave 2-
isopropylamino-l-(2-uaphthyl)etbyl benzoate (36; as needles, mp 
44° from petroleum ether (bp 40-00°), v 1710 cm"1 iNujoli. 
Anal. (CaalianNOa) C, H, X. Several years later the sample had 
mmp 108-109° (with 37) and ir spectrum identical with that, of 37. 

A -Benzoyl-2-isopropylamino-l-(2-naphthyl)ethyl Benzoate 
(38) . -BzCl (4.2 g, 0.03 mol) was added to a solution of 33 (3.2 g. 
0.014 mol) in dry OdEN (15 ml) at 0°, and after 16 hr the C:,ll:,X 
was evaporated in vacuo. The residue was extracted into E l 2 0 
and the solution was washed with MCI (1 .V) to remove OdEX. 
The extract gave 38, mp 128° from EtOAc-petroleum ether, 
v 1712, 1630 cm '. Anal. (CaiiHaTNOs) C, H, N. 

A"-Benzoyl-2-isopropylamino-l-(2-naphthyl)ethanol (37.).—-
Compound 38 (2.S g, 0.00G4 mol), NaOH (0.5 g, 0.0125 mol), 
MeOH (75 ml), and H20 (5 ml) were kept at, room temperature 
for 2.5 hr and then the MeOH was evaporated in vacuo at room 
temperature. The gum which separated was extracted into Et2(> 
and then separated by washing with 11C1 (1 A" i into a neutral 
part and a basic part. The neutral part gave 37 (1 g.l, mp 113° 
from EtOAc-petroleum ether, v 1600, 1612 cm"1. Anal. (CasHa:,-
NOo) C, H, N. The basic part yielded 33, mmp 100° (0.05 gi. 

Conversion of 37 into 36-HCI. Compound 37 (0.2 g! in MeOH 
(10 ml) previously saturated with IIC1 gas was kept at room 
temperature for 4 days and then the MeOH was evaporated. 
The residue of 36 HCl had mmp 203° from MeOH EtOAc. 

A-Benzoylisopropylaminomethyl 2-NaphthyI Ketone (39). 
BzCl (5.7 g, 0.04 mol) in C;,H:,N (25 ml) was added to a suspen
sion of isopropvlaminomethyl 2-naphthyl ketone-HBr (10 g, 
0.0325 mol) in O-.ll-.N (50 ml) at 0°. After 4 days the CJI.-.N was 
evaporated in vacuo. HC1 (1 A', 50 ml) was added and the neutral 
organic material was isolated bv EM) extraction to give 39. 
mp 110-120° from EtOAc (3 g, 28'',' ;, „ 1605, 1624 cm >. Arm). 
(CaalEiNOO II, N ; C required 70.7, found 80.3. 

Reduction of 39 to 37. - N a B I I , (0.5 g, 0.013 mol) was added 
during 10 min to a stirred solution of 39 f 1 g, 0.003 mol) in AleOI! 
(50 ml) at 0°. After 18 hr the MeOH was evaporated in vavio. 
The organic material was taken up in EtaO and washed with 
HC1 ( 1 A;.). The E t , 0 solution gave 37, mmp 112°. 

.V-12-Chloro-2-(3,4-sulnnyldioxyphenyl)ethyl] methylamine • HC'l 
(21). i,-Epinephrine (0.5 g) was added to SOCb (15 ml) under 
X2 at. 0°. After 15 min a clear solution resulted and after 16 hr 
a solid crust formed. The solid was isolated by filtration, quickly 
stirred with dry Me2CO, and then reinitiated. The Mc.CO treat
ment was repeated twice. The solid 21 was dried in vacuo at 
room temperature and analyzed 2 hr later, m/c 247. It was 
extremely hygroscopic and dissolved easily in H2() at. room temp
erature, and the solution smelled immediately of SO,,. When 21 
was heated under reflux with EtOH, it gave the ethyl ether 22.s 

1-Isopropyl-2-( 2-naphthyl )aziridine (18) . -Compound 1 (5 g) 
was shaken with NaHC0 3 ( 5 r 0 120 ml) and EtaO (100 ml K 
The dried Et,20 extract, was evaporated to give 1 (free base) as 
an unstable oil. This oil, which rapidly deposited solid 1-1101 
(mmp 185-186°), was warmed with petroleum ether (bp 40-60°) 
to complete the dismutation. The material (1.7(5 g) soluble i i 
petroleum ether was the oily aziridine: nmr T 2.1-2.8 (multiple!, 
ArH, 7), 7.5-7.7 (4 lines, ./ = 7 and 3.5 cps, CH of aziridine, 1 ), 
8.07 (doublet, ./ = 3.5 cps, >CI IH of aziridine, 1 i. 8.35 (doublet. 
./ = 7 cps, > C H H of aziridine, I ), 8.3-8.8 [multiplet, CHfClL,:., 
1], 8.S [doublet, CH(CH:,)2, 6 | ; m/c 211. The picrale, prepared 
in cold EtOAc, was not recrystallized. 

l-Isopropyl-2-(l-naphthoxymethyI)aziridine (24). Compound 
29 (0.5 g) and NaOH (2 ,V, 25 nil I were heated at .100° for 4.5 hr. 
The oily aziridine was isolated by EcO extraction: nmr T 

1.6-3.4 (multiplet, ArH, 7), 5.75-6.IS (S lines, OCH>OH<, '>••. 
8.0-8.25 (multiplet, C H < of aziridine, 1; 8.25 (doublet, > C H H 
of aziridine, 1 ;, 8.3-S.S7 |multiplet, OHlOlhia, 1|, >>.(> (doublet, 
> C H H of aziridine, 1 i, s.so and S.s; Idoublets. OIECH:!,'-,. to: 
in c 24 I. 

2-Isopropylamino-3-(T-naphthoxy)-l-propanol (25;. Com
pound 24 (1.0 g) and H2SO, ( 2 0 ^ , 10 nil) were heated at 100° 
for 1 hi. The cooled solution was made alkaline and then ex
tracted with Et2<). The dried extract wa< treated with Et 20 HCI 
to give 25T1C1 (135 mg, 11 ' , ' ! : mm r 1.7S-1.S8 inuiltiplei, 
ArH at C-8, 1 i, 2.10-2.30 (multiple!, ArH at C-5, 1), 2.50-2.SO 
(multiplet, ArH at 0-3, -4. -6, and -7: 4 i, 3.18-3.28 inuiltiplei. 
ArH at C-2: 1 i, 5.84-5.06 [multiplei, AB part of ABX, OOHr 
(TKOI1 ), 21, 0.13-6.50 'multiplet, AB part of ABX, H O O H C I K 
2), 6.60-6.00 (multiple!, X part of 2ABX, > O H N H , 1 !, 6.OS 
(septet, OH(CIL,i2, 1!. 7.85 (broad singlet, XH and (.)H. 2 „ 
s.sO 8.02 |2 doublets, CH(CH:i)2, 6| : propranolol nmr r 1.72 
1.85 'multiplet. ArH at C-S, 1), 2.20-2.40 ; mull iploi, ArH at 
0-5. I), 2.55-2.85 imultiplet, ArH at 0-3. -4, -6, and -7; 4,. 
3.28-3.38 tinuhiplet. ArH at C-2, I ;, 5.77-6.10 inuiltiplei, 
O C H C H O H , 3i, 6.70 (singlet, XH and OH, 2;, 7.05-7.42 
(multiplet, CH 2 X1I0H<, 3), 8.07 [doublet, CH(CH,}2, Ob 

l-t 3-Hydroxy-4-isopropylaminobutyl)naphthaIene (26). !-
i l-Xaphtbyl)propionv| chloride (25 g) in E i 2 0 (300 mil was 
treated with excess OH2X2 in l;it20 at 0°. After is hr the Et 20 
and excess 01!2X2 were evaporated. The residual oily diazo-
metliyl 2-i l-naphthy!)elhyl ketone > 2105 cm"1) '25 gi in EljO 
(500 ml! was saturated with HCl gas at 0°, Ice (250 g ) was added 
and the mixture was shaken. The EtaO solution was washed 
successively with H2() O00 ml, 3 times), aqueous Xa20O3 (1D<'(, 
100 ml, 3 times i, and HA) 1100 ml, 3 times). The Et-,C> extract 
was evaporated to give ehloroniethyl 2-i 1-naphthyl (ethyl ketone 
as an oil 0< 1730 cm ' i. NaBH4 112 g, 0.315 mol i was added 
during 1 hr to a stirred solution of this ketone (2,8 g, 0.12 mol; 
in MeOH (500 ml) at 0D. After 16 hr the MeOH was evaporated. 
Hat) (300 ml; was added, and the mixture was extracted with 
E t ,0 000 ml, 3 times.;. The extract gave l-'4-chloro-3-liydrox.\ -
butyl inaphthalene as an oil. This chlorohydrin (25 g, 0.106 
moll, /-PrXHa 'SO nil, I. mot;, and EtOH (250 mi; weie heated 
in an autoclave at 100° for Hi hr, and then the EtOH and excess 
f-Pi'NII: were evaporated. HOI (1 A', 300 ml) was added and the 
solid which separated was extracted into CHOI, (200 ml. 3 limes ,. 
The extract gave 26, mp 181-183,°. The aqueous acid solution 
from the extraction was basified and then extracted with EtaO. 
This extract, treated with Et-iO-HCl, gave more 26, mp l s l - l N 3 c . 

Duplicate Hydrolyses of l-Isopropyl-2-(l-naphthoxymethyh-
aziridine (24) and l-Isopropyl-2-[2-(l-naphthyl)ethyl]aziri-
dine (28). a. Compound 28 (0.5 g> and II2SO4 (2()'q, 5 
ml) were heated at 100° for I hr. The cooled solution was ex
tracted with Et2(). The aq solution was basified with s A" XaOlI 
and then extracted with Et,„>0. The extract gave an oil 1 440 mg; 
which was separated by preparative tic (silica gel OK, 1' , XIEOII 
in EtOH) into 28 ,/i',- 0.83, 37s mg, 75'','), 26 ill, 0.23, 30 m», 
s .7 r , 1, and l-<4~hvdroxy-3-isopropylaniinobutyl Inaphthalene 
(42i <A\0.35, 33 mg, O ' , ) , 42-1101 had mp ICO0, from MeOH 
EtOAc: nmr r 1.05-2.80 (multiplet, ArH, 7), 6.20-6.75 (8 
lines, AB part of ABX. > 0 H 0 H 2 O H , 2), 6.83-7.40 .multiplet. 
ArOHa + > 0 H N H C H o , 4), 8.83 -singlet, OH and XH, 21. 
8.05-8.30 (multiplet, CHaCHaCIK, 2 ;, 8.00 and 0.02 [2 doublets, 
CIKOHOa, 6 : . Anal. (CMECIXO) H, X: (', calod, 60.5: found 
00.0. For comparison. 26 nmr T 1.85-2.80 (multiplet, ArH, 7 1, 
6.23 (!.55 (10 lines, X pari of 2ABX patterns. OHCHOIICIia , I i, 
6.40-7.05 imultiplet. ArCHa, 2), 7.10-7.80 imultiplet. OH -
XH + CHaNHOHo. 5 ;, s.08-8,30 (multiplet, OUCHaC'll •; , 2 .. 
8.07 [doublet, (TECH,!-,, 6[. 

b.- -Compound 24 (0.5 gl treated as in a gave an oil (440 mg) 
which was separated into 24 (fl, 0.63, 340 mg, 6 8 ' , ) , 25 (lis 
0.52, 35 mg, ^-6.5'", ;, and propranolol 35 (Hi 0.32, 12 mg, s_2', r). 

l-Isopropylaminomethyl-2-(l-naphthoxy)ethyl Acetate (43).- — 
Omipoiuid 29-HCl t2 g) and IT2() (20 ml) were warmed briefly 
to effect solution, cooled to 0°, and then treated with Ac20 (5 g) 
followed bv XaHCOs (10 g). After 1.5 hr the mixture was 
extracted with EtOAc 10 give 43-HC141' ( 1.0 g, 88'')), mmp 171° 
from MeOH EtOAc. 

l-Isopropylaminomethyl-3-( l-naphthoxy)propyl Acetate (44). 
Compound 27T1CI treated as above gave 44-HCl. mp 158 

150° from MeOH-EtOAc, „ 1745 cm '. More 44-IIC1 was ob-
lained bv adding Et20-I101 to the mother liquors from the 
.•ryslallizatton. Anal. :019Il2601XO2; C, H, CI, X. 

A -AcetyI-2-isopropylamino-l -! 2-naphthyl iethanol (45 i. a. 
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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-

(1) C. E. Powell and I. H. Slater, J. Pharmacol. Exp. Ther., 122, 480 
(1958); R. Howe, A. F. Crowther, J. S. Stephenson, B. S. Rao, and L. H. 
Smith, J. Med. Chem., 11, 1000 (1968); R. Howe, ibid., 12, 642 (1969); 
L. E. Folle and D. M. Aviado, J. Pharmacol. Exp. Ther., 149, 79 (1965); 
B. Levy, ibid., 166, 452 (1967); B. Levy, Brit. J. Pharmacol., 27, 277 (1966); 
K. Takagi, E. Osada, E. Takayanagi, and F. Taga, Arch. Intern. Pharma-
codyn., 168, 212 (1967); R. C. Hill and P. Turner, Brit. J. Pharmacol., 
32, 663 (1968); P. Somani, R. T. Backand, Jr., W. Murmann, and L. 
Almirante, J. Med. Chem., 9, 823 (1966). 

(2) A. F. Crowther and L. H. Smith, J. Med. Chem., 11, 1009 (1968); 
A. F. Crowther, D. J. Gilman, B. J. McLoughlin, L. H. Smith, R. W. Turner, 
and T. M. Wood, ibid., 12, 638 (1969); K. Saameli, Helv. Physiol. Pharma
col. Acta, 26, 219 (1967); H. Brunner, P. R. Hedwall, and M. Meier, Brit. 
J. Pharmacol., 30, 123 (1967); B. Ablad, M. Brogard, and L. Elk, Acta 
Pharmacol. Toxicol., 26, Suppl. 2, 9 (1967); A. S. J. P. A. M. van Miert and 
E. A. Huisman, J. Pharm. Pharmacol., 20, 495 (1968); D. Dunlop and R. G. 
Shanks, Brit. J. Pharmacol., 32, 201 (1968); K. Hermansen, Acta, Pharma
col. Toxicol, 26, 343 (1968); R. G. Shanks, T. M. Wood, A. C. Dornhorst, 
and M. L. Clark, Nature, 212, 88 (1966). 

(3) H. C. Stanton, T. Kirchgessner, and T. Parmenter, J. Pharmacol. 
Exp. Ther., 149, 174 (1965); B. Levy, ibid., 161, 413 (1866); R. Ferrini, 
Arzeim. Forsch., 18, 48 (1968); P. N. Patil, A. Tye, and J. B. LaPidus, J. 
Pharmacol Exp. Ther., 166, 445 (1967). 

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). 


