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B-Adrenergic Blocking Agents.
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Some g-haloatkylamines related to pronethalol (33) and propranoclol (35) have been prepared.

Those of the

pronethalol series are hydrolyzed in wvitro and in 2ivo to the corresponding 3-hydroxyalkylamines, and are 3-

adrenergie blocking agents.
ing ageut.
ot a @-adrenergic blocking agent.

group are mich less potent as g-adrenergic blocking agents.
A componnd reported to be the g-chlaroalkylamine related to

by CH, markedly redueces bloeking potency.

The g-chloroalkylamine 29 related to proprauolol (35) is not a g-adrenergic bloek-
It is hydrolyzed with difficulty in vitro to give mainly the position isomer 25 of propranolol which is
Pronethalol analog+ having SH, NH,, NlIMe, and OMe in place of the Ol1

Replacement of the ethereal O atom of propranolel

epinephrine has been shown {o be the cyelie sulfite ester of the reported componnd,

The  B-chloroethylamine 1' (Table 1) velated to
2-isopropylamino-1-(2-naphthyl)ethianol (prouethalol)*
(33) was originally prepared as a possible means for
providing a slow release of pronethalol én vivo. It was
known? that such B-aryl-g-chloroethylamines could be
hydrolyzed in vitro to the parent ethanolamine and it

“/]‘CH( JHCH. NHY Pr

33
“/(‘H(NH-i-l‘r)CH;OH
34

was surmised that the sanie might happen in vwo.
The B-chloroethylamine 1 proved to be ax potent as
pronethalol as a B-adrenergic blocking agent. The
onset of B-receptor blockade was rapid and the com-
pound did not show significantly prolonged aetivity.
The observed biological activity of 1 was presumed to
be due to hydrolysis 4n wtiro to pronethalol wvia the
aziridinium cation of 18 and hyvdrolysix must be rapid
beeause of the speed of onxet of g-receptor bloekade.
This explanation wag supported by tle fact that, where-
as the position isomer 34*" of prouethalol was virtually
inactive as a B-receptor blocking agent, the g-ehlovo-
ethylamine 19 related to it was as netive ns pronethalol.
Hydrolysix in #ieo to pronethalol wia the common
aziridinium cation of 18 could explain the observed
biological activity of 19. Somewhat urprisingly, at the
time of testing, the g-chloropropylamine 29 related
to l-izopropylamino-3-(1-naphthoxy)-2-propanol (pro-
pranolol®) (35) was devoid of @-receptor blocking ae-
tivity, which suggested that it was not livdrolyzed to
propranolol O #ivo. It may however have been hy-
drolyzed @ #iro to the position 1somer 25 of propranolol,
whieh is not a 8-receptor bloeking ngent.  These inter-
pretations were substantiated by n study of the hivdroly-
sis of 1, 19, and 29.

(1) (a) R. Nowe, Nature, 207, S04 110653 il R. owe, Boush Palem
Specification 1,005,021 (184:5).

{2) (a) ALDERLIN Trademark: ¢y Part 1: R. Howe, A I, Crowther.
J. 8. Sieplhienson, B, & Rao, and L. H. Smith, J. Med. Chom., 11, 1000
{1968).

(3) . Wolflielin, Ber., 47, 1451 {1914).

(4} <a) INDERAL®L (1) Part 11: A, F. Crowller and L. H. $nib,
J.o Med, Chem., 11, 1009 {1968).

OCH.CHOHCH, NH:( 'y

e

OCH.CH(NH-;-Pr)CH,OH

The biologieal implieations of the above results,
particularly with reference to the carcinogenicity of
pronethalol but nat of proprauoclol in miee, have al-
ready been discussed.'®?  This paper reports the prepa-
ration of -nryl-8-haloalkylamines related to pronethalol
and propranolol, dizcusses some of their reactions, and
deseribes their use as intermediates for the preparation
of potential g-adrencrgie receptor bloeking agents.
IExperimental details are given for those hydrolytic
experiments deseribed previously'® whiel led to new
compourds,

Most of the 8-haloalkylamines listed i Table 1 were
prepared by the action of SOCL in CHClz on the ap-
propriate  3-hydroxyvalkylamine (method A).  Thix
method failed when applied to the primary aleohol 34
for whiceh neat SOCL was necessary to produce 19
(method B).  The best method (C) for converting
propranolol (35) into the related elioro compound 29
was the use of PCl; in CHCL. The 1.3,2-oxazaphos-
pholidine 23, recogmzed as a by-product in the last
reaction, wiax more casily obtained by the nctian of
POCI: and Et;N* on propranolol, as exemplified for 17.

Compound 1 was obtained uunexpeetedly from a re-
action planned ta give the HCI salt of the O-benzoy!
derivative 36 of pronethalol. The conditious, BzCl
115° for 4 hr, were slightly more vigorous tluin those
applied  to  2-amino-1-(2-naphthyDethanol by Lin-
mediata and Day.” 36-HCI could be couverted into
tlhie base by earcful treatment with alkali. Tnimediata
and Day were unable to obtain bases from salts of
related primary and sccondary wmines. A sample of
36 hase, exanined after several yvears, consisted of the
corresponding N-henzoyl analog 37 formed by O — N

35

25

2 1AL Bond and R. Howe, Biackem. Pharpacol.. 16, {261 (1967,
y6) AL Lamzza and G, Braneaccio, UL S, Paveni 3,103,572 {10653
T 1 Inmnedizes and AL R Dax, S e Claem 5, 513 (104
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benzoyl migration. Authentic 37 was prepared (a) by
forming the O,N-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 NaBH, Au-
thentic 36 - HCl was prepared from 37 by HCl catalyzed
N~O benzoy] migration.

The 8-chloroethylamine 40 related to epinephrine was
reported to be an unstable solid by Hulkki and Sep-
palainen,® and by Heacock, et al.¥ We have repeated

HO CHCICH.NHMe /O CHCICH.NHMe
O T
HO O

40 21
0S0Cl1

HO:©/ CHCH,NHMe
HO

41

their work and shown that the solid obtained is the
cyclic sulfite 21 of 40; the ehlorosulfite 41 is excluded
by mass spec, m/e 247. The cyclic sulfite 21 is hygro-
scopic and unstable, even in a desiceator, 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-HCI with 59, NaHCO; to give 1 free
base, which on standing dismutated to a readily separa-
ble equimolecular mixture of 1-HCIl 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 H,SO, for 15 min, the
aziridine 24 related to propranolol was relatively resis-
tant to these conditions.!2 With 209, H,S0, at 100°
for 1 hr, the position isomer 25 of propranolol was
obtained in 119, 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-2in 24. The effect of the O atom

2 3 2 3 2 3
RCH—CH, ROCH,CH—CH, RCH.CH,CH—CH,
N N

N N N
i-Pr i-Pr i-Pr
18 24 28

R =1naphthyl

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 (1958).
(9) R. A. Heacock, O. Hutzinger, and B. D. Scott, Can. J. Chem., 48,
2437 {1965).
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atom in 24 the analog 28 which has CH; in place of O
was prepared. The intermediate propranolol analog 26
was made by the route:

RCH,CH;COCl —>

26

R = l-naphthyl

The properties of aziridine 28 closely resembled those
of 24, Compound 28 was relatively resistant to 1.1
equiv of 0.1 N H,SO4 at 100° for 15 min. Duplicate
hydrolyses of 24 and 28 with 209, H,SO, were carried
out. As much as 689, of 24 was recovered, and ~6.59,
of 25 and ~29, of propranolol (35) were obtained
after repeated preparative tle. Compound 28 (75%)
was recovered, and 26 (~79,) and the position isomer
42 of 26 (~79) 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 CH..

CH,CH,CH(NH:i-Pr)CH.OH

0

The B-chloroalkylamines 27 and 29 behaved similarly
with AcO and NaHCO;, and gave the O-acetates 43
and 44 of the corresponding secondary aleohols 26 and
35. By contrast 1 gave the secondary aleohol 33 and
its N-Ac derivative 45. An authentic sample of the
N-Ac derivative 45 was prepared by acetylation of
pronethalol with AcCl in C;H,N.,

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 NHj,
MeNH,, and MeOH, respectively.

Biological Results.—The results of the biological
screening tests! are given in Table 1. B-Adrenergic
blocking potency was determined in the usual way 2>

The potencies of the S-haloethylamines 1 to 9 and
the phosphate esters 10 and 11 were similar to those
of the corresponding 8-hydroxyethylamines related to
pronethalol, as would be expected if hydrolysis of 1 to
11 occurred in vivo.'* 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 1.2» A single chloro analog 8 (this
paper) was obtained from both diasterecisomers 51A
and 51B (in part I)?* of the corresponding hydroxy
compound. The oxazaphospholidine 17 was more po-
tent than expected from a comparison with pronethalol
(459, inhibition at 50 ug/kg per min) and with 23 and

(10) Biological tesling 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, Brt. J. Pharmacol.. 28, 577 (1963).
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g; g_é_ff j‘" propranolol (579, inhibition at 2.5 ug/kg per min);
™ = 22280 E ‘g % g — perhaps it 1s transported or distributed more effectively
T a® o .2 than pronethalol before hydrolysis. Compounds 29
R and 24 are probably not active because they are not
© © sTe & igg E . hydrolyzed to propranolol in vive, an explanation for
: : :C: £EEET which chemical support is given here. The activity of
R %E cé y the P compounds 23 and 30 suggests that there is some
Az % S ® hydrolysis to propranolol 7n »ivo by a mechanism which
g = it AR g does not involve an intermediate aziridinium cation.
o 2 deng =" S g Replacement of the OH group of pronethalol by
- - ’ - '; ’5‘:236'5 SC(=NH)NH, (12), SH (13), NH, (14), NHMe (15),
AEHSSE and OMe (16) and that of propranolol by SC(=NH)-
~ A == -
" 5 ol g 22 NH. (31) and SH (32) groups reduced potency markedly,
Cizg o= e underlining further!! the contribution of the OH group
. . z ZZ57 2= t = ;g toward the affinity of the compounds for 8-receptors.
= = = SEZZ §22% < £ Replacement of the side chain OH group of epinephrine
g S < HEOUC 5 2 E?Es =4 by NH. reduced the pressor activity to 0.1'* and the
ERS-Y - hypoglycemic activity to 0.05'% that of epinephrine.
EE£3Ea32 Replacement of the ethereal O of propranolol by CH.
2z ;E G (26) reduced potency most markedly to <0.01 that of
Q &5 s S propranolol. This profound effect suggests that the
o T8y 33T 2z ethereal O is directly involved in binding to the receptor
S z S Z 3 zZS 25 ::'2 X by means of its unshared electrons; a contribution to
= = -l e 332 Cqs . . .
g Q Z 2% 3% ;; 2T EES binding may also arise from the inductive effect of the
e T = ZTZIT V.o 0
= = S Lle = o S &~ o atom.
< : < TSCO = . . . . .
> 2 © o E RELE The carcinogenicity of 1 in mice has previously been
5 TETEQE reported.’*= More recently my colleagues Tucker!
= 3 _2@ - é « and Leonard® have shown that it is a potent
g 25T 2 carcinogen in rats and mice, producing thymie lympho-
® e o > - = Lo . . . .
® e -z 51221'2 2 o~ oOE sarcomas in mice and multiple tumors, chiefly leu-
I P 1 ST :'_-: . 3 ]
= ) - -:?—é 2 kemias and mammary carcinomas, in rats. The fact
- - ‘i SsSgE" that this compound produces several different types of
> d="=2 & leukemia which can be readily transplanted into new-
< P ) g 2z :_:n =" T born rats makes it a valuable experimental tool. The
< —_ ) - . . .
o o =g go~SbhIg A leukemogenic properties appear to be due to a direct
z = 03 EZ =<9 . ;
z o I it £T.=LE chemical effect on the white cell precursors.
= st - = el o i s
Q O @} > Q o) O Qv - = = = B
T T = @ T O =3 =
= = 5 === ERSEZ2°s . .
= = = g Shalalal 1C8 1= 5 Experimental Section'®
EEEEEE
Zg o ~:~; "5 £ g 2% Experimental methods A, B, and C are representative for the
2 i =3 A % z compounds in Table I. Melting points and solvents given in
= = g 53Ece=sE L5 Table T are not repeated here. Petroleum ether had bp 60-80°
= = = TTNE .3 ? 25 E nnless specified. Nmr spectra were obtained on base in CDCl;.
% 2z, E = A. N-[2-Chloro-2-(2-naphthyl)ethyl]isopropylamine -HCI (1).
e O s E —Compound 33 (6 g, 0.026 mol), SOCl, (4.8 g, 0.04 mol), and
?;1" : = s T g+ F= CHCI; (120 ml) were heated under reflux for 1 hr and then the
= ) < Cesd T% '% ~ ::’5 = CHCI; and excess SOCl, were evaporated. The residie was
D crystallized to give 1 (5.8 g, 78%).
T F5om P Y . ' , .
= gg B 3 B. N-[2-Chloro-1-(2-naphthyl)ethyl]isopropylamine - HCI (19).
o5 EE g'ﬁ —Compound 34 (0.5 g) and SOCl; (53 ml) were heated under
£ FTFEZAE reflux for 16 hr and then excess SOCl; was evaporated. The
22z &3 ~E = residiie was crystallized to give 19 (0.31 g, 50%).
sz * 73 g l: i z C. N-[2-Chloro-3-(1-naphthoxy )propyllisopropylamine - HC1
éﬁ 52— 7 (29).—Componnd 35 (89 g, 0.34 mol), PCl; (63.4 g, 0.3 mol), and
. TEL 2o EERs CHCl; (350 ml) were heated under reflux for 20 hr and then
2 “ ~E0Z E2FEx 3 ! r .
z = “o® 38 % —‘;} g evaporated to dryness. The residual gnm was erystallized to give
= g Lo -TE 29 (66.0 g, 619%)
= —_ 2= = . ) /¢
E é E _; : Z5F & 2-Chloro-5-(2-naphthyl)-3-i§opropyl(1,3,2-oxazaphospholidine)
= z . =& 8 =~ v g 2-0Oxide (17).—POCl; (5 ml) in CsHg (25 ml) was added slowly
2 ) & < ER :E 8 : to a stirred solution of 33 (11.45 g) and Et;N (15 ml) in CsHs
=} =) é\z—-f g g E - (150 ml) at below 50°. The mixture was stirred at room tems-
= > - HEE Lo
= 2 < HAEQ oL
z g z TgTESC
<, 2, <L g mE~T -
E Q 5 Q E Q ;: ,."é és [P g,_‘ (11) E.J, Ariens, Proc. Int. Pharmacol. Meeting 1st, 1961, 7, 247 (1963).
«.:_; 5 » c;s z {12) R. Duschinsky, L. A. Dolan, L. O. Randall, and G. Lehmann, J.
O O O = < -C‘ - Amer. Chem. Soc., 69, 3150 (1947).
Lizo3SEx {18) S. Ellis, J. Pharm. Ezp. Ther.. 101, 92 {1951),
é BN = S = = (14) M. J. Tucker. Proc. Eur. Soc. Drug. Tozx., 10th, April 1968,175 (1968).
swgEEER t15) B. J. Leonard. ibid., 183 {1968).
% ~ % S22y ST : B g E 'g.‘ (16) Where analvses are indicated only by symbols of the elements,
N ~ N Nwee sy § [ U = analytical results obiained for 1hiose elements were within £0.49% of the
EeT~ 23 theorelical valaes.
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perature for 4.5 hr and then filtered to remove Et,N-HCL The
filtrate was evaporated in vacuo to remove Cs¢Hs  The residnal
solid (12 g) was washed eight times with cold IH.0O (100 ml each
time) and the Et,O washings were discarded. The zalid residne
wils extracted (ten times) with boiling petrolenm ether {100 ml
each time). The combined extracts gave 17 (4 g, 26C.).

N'-[2-Chloro-2-(2-naphthyl)ethyl]isopropylamine -HCI (1) and
2- Isopropylamino 1 (2-naphthyljethyl Benzoate - HCl (36).
Contponnd 33 (2.25 g, 0.01 mol) and BzC1 (6.3 g, 0.4 mol} were
heated ot 115 i(n 4 . The cold mixtnre was twice siirred with
1240 (80 ml), and 1}10, supernatant was decanted caeh time.
EiOAe (20 ml) was added to the residne and ithe solid 1 which
separated (1.1 g) was i=olated by filtration. The E(OA¢ filtrate
gave 36-11C1 (0.7 g), mp 204° Irom MeOUIl-FtOAc.  Anal.
(Casl1CINOyy C, 1, (1, N,

NaOH (0.1 V) was udded to a snspension ol 36-HCL (0.29 i
i1 HaO (25 ml) and Lit:0 (25 ml) until the solid had dissolved and
the agueons phace was just alkaline. The 1.0 extract gave 2-
opropylamino-1-{2-naphthyhethyl benzoate (36, ax needles, mp
44° from petrolenm ether {(bp 40-60°1 » 1510 "' v Nujoli.
Ancl. (CallyNO C, 1, N. Several vears later the sample had
mmp 108-109° ¢with 37) and ir spectrin identieal with that of 37.

N -Benzoyl-2-isopropylamino-1-(2-naphthyl)ethyl Benzoate
(38).--BzCl (4.2 g, 0.03 mol) was added to a sohition of 33 (3.2 ¢,
0014 mol) in dry CRHEN (15 mb) at 02, and after 16 hr the C11,N
was evaporated in racno. The residne wax extracted into L0
and the solntion was washed with TIC1 (1 &) to remave CRILN.
The extract gave 38, mp 128° from 15tOAc-petrolemn ether,
p 1712, 1650 em Y dnal. (CopI1nNO3) C, H, N.

N -Benzoyl-2-isopropylamino-1-(2-naphthyl)ethanol (37).--
Componnd 38 (2.8 g, 0.0064 niol), NaOIL (0.5 g, 0.0125 mol},
MeOH (73 mly, and 1140 (5 ml) were kept ai mom temperainre
for 2.5 hr and then the MeOH was evaporated in vacico at room
temperatnre. The grim which separated was extracted o Ety0)
md then separated by wushing with 1TCH (1 N1 into o nentral
part aud a bazie part. The nentral purt gave 37 (1 g§, mp 115°
from 1StOAe-petrolenm ether, » 1600, 1612 em ' el (Cplla-
NOy) ¢, 1, N. The basie part yvielded 33, mmp 100° 710.05 g

Conversion of 37 inte 36 - HCL.-—-Clomponnd 37 (0.2 g2 in MeOIl
(10 by previonsly saturated with 11CL gas was kept at mom
temperatire for 4 days and then the MeOl was evaporated.
The residue of 36-1IC1 had mmp 203° Trom MeOIT-Lit)Ac.

N -Benzoylisopropylaminomethyl 2-Naphthyl Ketone i39).
132C110.7 g, 0.04 wol) in C;HN (25 ml) was added to n =nuspen-
<ton ol isopropylaiminomethyl 2-naphthyl ketone-11Br (10 ¢,
(L0325 moli i CUHLN (20 ml) at 0%, After 4 dayvs the CoHLN was
evaporaled in vecwo. TTCTOL N30 ml) was added and the nentrai
prganic material was isolated 11\' I’.t»:t) extraction to give 39,
mp 1194120° from EtOAe (3 g, 28505, » 1695, 1624 emn Y Dol
(CulTaNOy) 1, N; € reguived 79.7, fonnd S0.3.

Reduction of 39 to 37.--NaBIlL, (0.5 g, 1LULY mol) was ndded
dnring 10 min to a stirred solntion of 39 (1 g, 0.003 mol) in MeO1T
290 ml) at 0° Alter 18 hr the MeOID wax evaporated in varan.
The organie material was taken np in O and washed with
HCL(L &), The E6O solntion gave 37, mmp 112°,

N-|2-Chloro-2-(3,4-sulfinyldioxyphenyl)ethyl|methylamine - HC1
(21 ).~1-Epinephrine (0.5 g) was added to SOCL (15 ml) nnder
Ne ut 0% After 1) min a clear <olntion residted aud after 16 hr
asolid ernst formed. The solid was isolated by filivation, guivkly
stirred with dry Me,CO, and theu reisolated.  The Me (1O treat-
ment was repented twice.  The =olid 21 was dried moreesn at
roont temperature and analyzed 2 I later, oufe 2470 Tt was
extremely hygroscopic and dissolved easily i Hd0) at room temyp-
erature, nud the solution smelled immediately of S0, When 21
was heated tnder refinx with EtOH, it gave the ethyl ether 22.#

1-Isopropyl-2-( 2-naphthyl)aziridine (18).---Compoind 1 {5 g)
was shaken with NaHCO; (5%, 120 ml) and Ee,O (100 ml
The dried Et,O extract was evaporated to give 1 (free base} as
an nnstable ol Thix oil, which rapidly deposited solid 1 HC1
{mmp 185-186°), was warnied with petrolenm ether (bp +0-60°
to enmplete the dismntation.  The material (L.76 g) solable i1
petrolenm ether was the nily azividine:  nmne 7 2.1-2.8 (maltiple,
ArH, 7y, 7.50.7 (4 Hnes, J = 7 and 3.5 ¢px, CH of azinidine, 1y,
S.07 (doublet, J = 3.5 eps, > CHH of azividine, 14 835 (doubla,
Jo= Teps, >CHH of azividine, 1), 8.3-8.8 hunltiplet, CH(CI1,; .
L], 8.8 [doublet, CHICH:), 615 /e 2110 The pierate, preparved
m cold ELOAe, was not recrystallized.

1-Isopropyl-2-(1-naphthoxymethylaziridine (24 )--Clomponnd
29 (0.5 g) and NaOH (2 N, 25 ml: were heated at 100° for 4.5 hr.
The oily aziridine wax isolated by GO extracton: a7

Hown

1.6-3.4 (multiplet, ArH, 7), 5.753-6.18 (8 lines, OCH.CH<, 2,
S0-8.25 (muldtiplet, CH< of aziridine, 13 8.25 {doublet, »>UHH
nl azividine, 13 S03-8.87 [multiplet, CH(ClLgs, 1], 8.0 ¢doubles,
»>CHH of azinddine, 1, S50 and SRT ploablets, CIECH: 5, B
e 241,

2-1sopropylamino-3-(1-naphthoxy )-1-propanol (25 -Con
pound 24 (1.0 g} awd TLSO, (2077, 10 1l) were heated a1 1007
For | hr, The cooled =olntion was made alkaline and rhen ex.
fracted with IS0, The dried extraet was treated with 0111
tn give 25-H(CL "l'i'» e, 117700 v 7 LISelss amalipler,
ArH o C-5, 1y 2000200 onnltipler, ArH at =0, 1 250250
dmaltipdet, AvH o O3, o) -6, and =75 4y 5008528 anultiple,
ArH at G20 1y 554500 nmltiplet, AB part of ABX, OCH.
CHHO 3, 2 6185600 tmnltiplet, AB part of ABX, HOC H_( 1<
21, 6.60-6.00 Gunltipler, X part of 2ABX, >CHNIL 13 6408
[reptei, CH{Cln, 1, 7.85 (broad =<inglet, NH and OH, 2
SS6-8.02 2 donblets, CHOCH;):, G propranolol nne 7 1,72
LSS mmliiplet, AvH o C-X, 13 2200240 tmalviplee, AvH o
(-0, 1y 250280 apnliiplet, ArH at Ca) -4, -6, and 00 4,
B.28-5088  auuldplet, ArH o ac C-20 1y, 5.77-0.10 tiltipled,
OCH.CHOLL, 33 6.70 singlet, NH o and OH, 24 7.05.7.42
fmnltiplet, CHoNTICH <, 39, 8,97 {doublet, CHCH: b, 61

1-i3-Hydroxy-4- isoprop)laminobutyl)naphthalene (26).- -5
{ 1-NaphthyDpropionyl (}11011(10 (25 gy in E6O (300 mly was
trented with exress CHLN, in 15,0 at ()° After 15 hr the 1ol
and exvess CHLNG were (‘V.‘l})()l‘:li((l The residual oily dinzn-
methy! 2 aaphthyliethyl ketone ©p 2105 e 74 625 giin FO
(00 mlrwas satirated with TICH gas at 020 Tee 1250 g was added
and the mixture was shaken. 'l‘h(x 1440 =olntion was washed
snecessively with 1,0 (100 ml, ¢ tim(*\». agueons NisCy (104,
1IN0 ml, 23 timess, sud 10 ll()t) 1111 B t1111(‘\) The Etol) extract
wu evaporited teogive chloromethy! 20t l-naphithyliethyl ketoe
ax ah ool e 17300 em NaBIL, 12 g, 0315 mold was added
during 1 hr 1o a sdrred solution of thix ketone (25 g, 0.12 mol:
in MeOH (00l ar 070 Afrer 16 hr the MeOT was evaporated,
15,0 <300 ml was added, and the mixtnre was extracted with
L0 1100 ml, 3 tines i, The extrael gieve 1-¢dehlom-3hvdroxy
butylimaphthalene ax i »il. Thix (lll(nl()}l\(llill 25 g, 0,106
mall APeNTH, 80 ml, Lol sad FGOLT 62 !

230 ml: were henfed
o antoelave an 100° B 10 hey, and then the ErOF and exeess
=PrNILwere evaporated. FICLC N, 300 mly was 1<l<1<<l ated the
<alid which separated was extracted 1oro CIICL 200 ml, 5 tines w
The extraet gave 26, mp 131-183°0 The aquenns weid solntion
from the exll':lvtinl. wil~ bazified aud then extracted with K0,
Thix extraet, trented wich E0-1HCL gave more 26, mp 1S1-185°

Duplicate Hydrolyses of 1-Isopropyl-2-i1-naphthoxymethyl.-
aziridine 124% and 1-Isopropyl-2-|2-(1-naphthyl)ethyl}aziri-
dine 28). a. -Componnd 28 (0.0 gy and L3O, 20077, 5
ml) were hiegted at 1002 for 1 hee The conled solntion was ex-
tractel with Bie), The ag solutinn wax buzified with N NaO11
and then exiraeted with FigO. ‘The extract gave an . )il i 40 g
which was separated by preparative tle '\111< agel GEFL 1O NTLOIL
mn 14 tt)ll* hiio .28 BRSBTS g, THY Y, 26 04 (1 ' oo e,
~7000, aud  Ledhvdroxy-s-isopropylaminobm yDna phthale e
4210089, 35.’2 me, ~770 42-HC had mp 166°, l'mm MeOIT-
A e+ 100280 imultiplet, ArH, 71 6.20.6.55 0N
lines, A3 part ol ABX, >CIICH O, 275, 0.83.7.40 cnmltiphe
ArCH, + »>CHNHCH<, 45, 583 «<inglet, OH and NH, 2i
N.05=8.430 unltiplet, C1LCHLCIT <, 250 800 and 0.02 12 doublets,
CHiCHz 0w, 65 Lt (CTTCINOG T, NG O ealed, 6950 fonndd
6490, For compuarizon, 236 nmyr 7 1L.8)-2.50 (mnltiplet, AvH, 7
6.23-6.05 (10 lines, N part of 2ABN patierns, CILCHOHCH. 1y,
6.40-7.05 mnltiples, ArCHy, 2y, 7.10.7.80 imultiplet, OH -
NH + CH.NHCH=<= S.08-530 mmltplet, CHACHCH-, 2
N A7 [doubler, CH(C H,: s D

b.-Compond 24 (1.5 g1 ireated ax in a gave an oil 7440 mg)
wliich was sejmy nul vt 24 (¢ 063, 34D g, 680, 25 \I.f
.52, 55 mg, ~6.0" 5 and propranolol 35 (R (). 3) 12 mg, ~2005

t-1sopropylaminomethyl-2-(1-naphthoxy Jethyl Acetate t43) -
Componnd 29-11C1 {2 g) and 11,0 (20 nil) were warmed briefly
to effect solntion, enoled ta 0%, and then treated with AcO (5 g)
tollowed by NaHC: 10 @), Alter 1.3 hr the mixture swas
exiracted wirlh DA (o give 43 - HCFH (1.9 g, 8897, mmp 171°
from MeOIT-FEOAC

1-Isopropylaminomethyl-3-( 1-naphthoxy jpropyl Acetate (44 ).

Comportnd 27 -11CH teeated as above gave 44-1{CL mp 158
13? from MeOH=1I0ONe, » 1740 e ' Move 44-T1CL was nle
Giinel by adding 160-11CL to the npaher liguars {rom the
crvetallization. Al Cul IaCINO €T, CL N

N-Acetyl-2-isopropylamino-1-( 2-naphthyljethanol 145 ). a.




B8-BrockriNG 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 liguors were separated chemically to give a nonbasic part
which yielded 45 (0.6 g), mmp 83° 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;HyN (253 ml) at 0°.  After 18 hr Et,O (100 ml) was
added and the solution was washed with 2 ¥ HCl. The Et0O
solution gave a gnm 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, EtyO was added, and the Et,0 solition
was washed with 2 & HCL. The Et,0 solution gave 45, mp 86—
87° from EtOAc-petrolenm ether (bp 40-60°). Anal. (Ci;Hu-
NO.) C, H, N.
S-[2-Isopropylamino-1-(2-naphthyl)ethyl]isothiourea - 2HCI
(12),—Compound 1 (4 g) and thionrea (1.1 g) in EtOH (150 ml)
were heated nnder reflux for 9 hr and then the EtOH was evapo-
rated to give 12.
2-Isopropylamino-1-(2-naphthyl)ethanethiol (13).—Componnd
12 (3.8 g), 1 ¥ 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, converted into its HCI 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, 7-Pr CH, 1), 8.72 (singlet, NH and SH, 2), 9.08 and 9.13
[2 doublets, CH(CHj),, 6].
N-[2-Methoxy-2-(2-naphthyl)ethyl]isopropylamine - HCl (16).
—Componnd 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 precipitate 16: umr 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(CH,),, 6].
2-Tsopropylamino-1-(2-naphthyl )ethylamine - 2HCl (14).—

Compound 1 (0.5 g) and saturated EtOH-NH; (20 ml) were
heated in a Carins tnube at 130° for 6 hr and then the EtOH and
NH; were evaporated. NaOH (1 N) was added, 14 was isolated
by Et,0 extraction, and converted into the HClI salt by Et,0-HCI.

2-Isopropylamino-1-(2-naphthyl)ethyl Methyl Hydrogen Phos-
phate Hydrochloride (10).—Compound 17 (5.0 g), MeOH (200
ml), and 0.1 N 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, 479%).

2-Isopropylamino-1-(2-naphthyl)ethyl Dihydrogen Phosphate
(11)—Compound 10 (0.5 g) in H:0 (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-propyl Dihydrogen Phos-
phate (30).—Componnd 23 (50 mg) i1t HyO (30 ml) was refluxed
for 5 min, filtered, and then concentrated to 1 ml. Componnd 30
separated on cooling.
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A serles of 3,4-dihydro-3-hydroxy-1,5-benzoxazocines has been prepared one of which, 3,4-dihydro-3-hydroxy-
6-methyl-1,5-benzoxazocine (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 8-recep-
tor blocking compounds have been described containing
the 2-isopropylamino-1-hydroxyethyl! (I) or 3-isopro-
pylamino-2-hydroxypropyloxy? (1I) side chain or minor

-~-CHOHCH:NHCHMe. -OCH.:CHOHCH,NHCHMe,
1 1I

variants? attached to an aromatic or heterocyelic nu-
cleus. These compounds possess a number of pharma-

(1) C. E. Powell and I, H. Slater. J. Pharmacol. Exzp. Ther., 123, 480
(1958); R. Howe, A. F. Crowther. J. 8. Stephenson, B. 8. 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., 37, 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..
82, 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, bid., 12, 638 (1969): K. Saameli, Helv. Physiol. Pharma-
col. Acta, 36, 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., 20, 495 (1968); D. Dunlop and R. G.
Shanks, Brit. J. Pharmacol., 83, 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.
Ezp. Ther., 149, 174 (1965); B. Levy. ibid.. 161, 413 (1966); 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., B-blocking, quinidine-like,
local anesthetic, and possibly hypotensive properties,*
and we considered the possibility of synthesizing strue-
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.

OCH_.ClHOH OCH_.THOH
: :?=NCH'. : :?HNHCHZ
CH, CH,
1 23

In fact, 3,4-dihydro-3-hydroxy-6-methvl-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 heterocyelic system
some of its chemical reactions are deseribed.

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

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



