216 9 294 -1- DESCRIPTION Process for Producing and Separating ﬁ

Di asterebneric Urea Derivatives The present  application has been divided
out of .our Application No.83.24536 (2127020), referred to beIQMAéSqu%g
"primary" Application, in which we have described and cl aimed a process
permtting. the resolution of optical isomerd ef certain beta- adrenergic
aryl - or hetaryl - oxypropanol am nes. As explained in the specification of "
our primary Application, it is well esQ@EEﬁiEEEE@%at many beta- adrenergic
agents elicit nore_than a ng%p bi ol,ogi cal, ef f ect foII§ g

admi ni stration. gBPﬁF?Sn 8f WQ ' aq- TRAL d8s SEﬁPEeﬁﬁFch
contain asynnetrlc A es__,._ ed

di fferences in potency ?ﬁ%%ﬁg@sgggsﬁ§b§qg%&§onlBagdge%hoglggpbpcgga5| g

know edge of receptor s profiles of
i ndi vi dual |sonersOHﬁyAPPé@Pé&iﬁ@wNQn&ﬁoﬁ4§§ﬁe(8é§793%06 QPﬁQFQﬁﬂlﬁpes.

Previously, the opbetaw kE0BBEFS "BiriRdiryl 3dpeAeadiien, in which we have
described and claimed a process permitting the

>

resolution of optical isomers of certain beta-
adrenergic aryl- or hetaryl-oxypropanolamines.

'As explained in the specification of our primary
Application, it is well established that many beta-
adrenergic agents elicit more than a single bioclogical
effect following administration. Resolution of the

#(@:T'?‘

optical isomers of these agents which contain asymmetric
centers has, in many instances, demonstrated marked
differences in potency between these isomers. In
addition to increasing knowledge of receptor site
topography, the pharmacologic profiles of the individual
isomers may provi&e new and/or more desirable drug
entities.

Previously, the optical isomers of f~adrenergic
agents have most generally been obtained by one of three
basic methods: 1) the fractional recrystallization of

ﬁﬁ- chiral acid salt derivatives; 2) synthesis of the single
optical isomer using chiral epoxide : ("



agents have nost general | y -beerr=ebt ai-ned -by one--of three basic nethods: 1% |

“the fractional tecrystallization of -chiral acid salt derivatives; 2)

synt Hesi s” of the single optical isoner using chiral epoxide -2-

i nt er peditat es; and, sore recently, 3) colum chromat ography utilizing
chiral _stationary phases. The difficulties associated w th application of

t hese met hods are vell known to practitioners-in the art: specifically, the
tedi ous and time-consuming fractional recrys:allizations and 5 repeated
chromat ogr aphy, requisite chiral syntheses of epoxide internmediates with,
the attendant conplications associated with stereospecific synthesis, and
size limtation of quantities obtained via chrgnatography. Generally, -
‘preparation of a singl e enantioner by these nethods is quite expensive. 10
Anot her resolving nethod, -derivatization with a chiral organic reagent, -has
-been used for resol uti orf*FEet 3o AT ST ENaR FBmm Yroriograity @oilizing

[err]-Adrenergic agents ditagelebalky PAVe. t ¥R a&&@'&&hwﬂsgé}nwutﬁ%;-.ﬁ&%%%?' eto

. derivatization, i.e. secondary am no and al cohol functionalities. The
resol ution of amines an®®dMEORGTYS I BBE (PR 2 AFGFCIDS 1o fhet 472 PHerdicaticy |
hal i des- or isocyanates itSe Waikdus KiOMBe-tdasd=ig ﬁl&%ﬁa;lecrys:nuzmoas and

S repeated chronii:ogtaphy,'requisite chinl' syntlieses of epoxide
intermediates with the attendant caﬁplicntiéns ‘associated with
' stereospecific l.ynthesis,. and size iin:_Ltatioﬁ of quantities obtaine-d
~via chromatography. ngetally, freparation of l single enantiomer by
. these uthods.is'. quite ﬁpenﬁive.
10 . . ‘Another ruqiving'uthod. derivatization with a chiral
organic reagent, has been used fﬁr_ resolution of compounds which can
forn dc_r:l-v.atives. B-Adrenergic agents in gméi_'al have two f'unc.tio.nal
" moieties men'abie to 'derivatiz__ltion; i.e. seédndary smine and aleohel
'functimli':ies. The resolution of amines nnd alcohols by derivatizatiom
15 with éh:l.ri.l acyl balides or isocyanates is well known in the chemical =
literature. The success of such a r.'e'solution .stra:;gy depends upcn-
several factors, iot-a_bly'l) ‘formation of the diastereomeric derivatives
.'11: reasomably high yiild. 2) facile separation of these diastereomers
by chromatographic or erystallization techniques, and 3) the regeﬁez_a:ioﬁ
‘k). ) - 20 of the pau_at' compound from the separated diutéreomric derivatives.
| h - To our h’:mﬂ’éﬂge, this ncliniq-.xe has never been utilized for the
- .tc'aolnuon of B-adrenergic piopmolmines.
' The following ut’erenceﬁ disclose B-adrenergic propancl-
~ amines having a urea moiety in'co_rpointed into :héir_ structure.
25 1. O'Tomnell, et al, Clin. Exp. Pharmacol., 8/6, 614~615
(1981) di;ﬁos- & B-adrenergic agent (ICI 89963) with a urea ao:'f.ety
in *he terminal alkyl portion of the structure.



literature The success of 'such a resol ution strategy depends upon several
factors,  notably 1) formation of the di ast ereoneri c. derivatMves in
reasonably high yield. 2) facile separation of these diastereoners by
.chromat pgraphic or crystallization techniques, and 3) the regeneration 20,
of the parent -conpound fromthe separated di astereoneric derivatives. To-;ﬁ
our -knowl edge; this ‘techni que has never been utilized for the resolutron Bf
[err]-adrenergic. propanolntnes The follow ng references disclose :
[err]-adrenergi c propanol - am nes having a urea noiety |ncorporated into
their structure. 25 1. O Donnell, et al, din. Exp..

Phar macol ., 8/6, 614-615 (1981) di scl ose a [err] adrenergrc agent (ICI
-89963) with a urea noiety In be terminal alkyl portion-of the structure. -
_ {err] 2. Eckardt, et al., Die Pharnazie 30, 633-637 (1975) disclose
[err] bl ocki ng propanolantnes Wi th sub i tuents Dn tAmE\aryl portion of
the nmol ecul'e: [err] These urea c5°rrp ds F‘“@i?ﬁ’é\t\'ﬁr‘@ fromthe urea
‘internedi ates 5 of the |nstant process 25, the propanol e nitrogen of
the reference :

1\

2._ Eckardt, .e: 11., Die ?hamzie, 30 633—637 (1975)
disclose B-blccki.ng propanoluines u'.u:h urea substituents on the aryl

. 'por:ion ef the nolecule

-m'-“\r\"“

. Eckard_:, et al.- ‘

’ .‘l'hese uru eonpomds differ struc:urally frau the urea intemediates
. 5 of the mtant pme:s as :he propmluiae ni::ogen of the reference
conpounds 1.3 ot 'a conponznt of the urea gtoup:l.ng. _
The next ;:ouping of nfeunces ula:e to u:hcds of
-r.csolu:icn of optical isomers which are dcmd most relevant .to the
m::::t process. described herein. _ .
10 3. 1. 3acques, A Collet, . E. Vilen, in in “Enantiomers,
: hcmtes, and Resolutim" John 'Hiley & Sons, New York, N.Y. (1981), .. u .
: - _ pp. 330-335. This refeunce delcri‘bes, ‘among othez :hings, formation '
N ‘and npata:itm of dmte:emts eoupr:l.sing covalent dc:ivuives of
a:lnu and alcohols. Specifically. amines nay be resoclved through
: 15 | couverlion im:o diutereonen‘.c ureas by resction with optically active
uocynntes, and. fouwing uparation of the diastermetic ureas by
-crys:alnzntion or by ehrmtography. the rasalved nine is :ecavered

through pyrrolylis. :



-jconpounds IS not a conponent of the urea groupi ng. " The next groupi ng og;
references relate:to-nethods of resolution of optical isonmers which are
deered nost reIevant to the i nst ant process described herein. 10
3. J. Jacques, A- Collet, S. H Wlen. in "Enantionmers, Racemates, and
Resol utions", Jon Wley & Sons, New York, N'Y. (1981), pp. 330-335. This
ref2rénce descri bes, aong other t hi ngs, fornatlon and separation .of
di ast-eraoners conprising covalent derivatives of -am nes-and al cohol s.
*Specifically, amnes may be resolved through 15 - conversion into
di astereoneric ureas by reaction wth optically active isocyanates; and,
following separation of the diastereoneric ureas by crystallzation or by

- <chromat ogr aphy, the resolved anine is recovered through pyrrolysis. -4-_-'

4. F. C Vhitnore in "Organi ¢ &hefits Whipore B "Srasni\Getiseaity Tovap Mswed/or k,
N.Y. (1937), p. 551. Thig rgferanes r@fsy,ts shatndl 7dreRlhn0:ba5ki 6. 5

aldehyde di met hyl . acetal , Terr], gave di‘ast ereonmeric ureas when treated
Wi th 1-nenthyl i socyanat'eim'a}sﬁﬁfaf*l“*%“oﬂf“’é“?éc'ﬁéﬁb B 8CHERASHOEE 0 pt icewd | y

Eﬁt{ ve gl yceral dehydes. a'é.mnmiomee; Ofen tfder @l vt et lnentilyd 15dfbhile, .Esu;hsh
' | |on

5 of a scheme to ptepa:e op:ically active ;lycerlldehydes.

5. [Rolomietes, et al, Zh. Orz. Khiz., English Edition,
16/5, pp. 054-857 (1980). This reference descri.bes kinetic resclution
of ucondn-y alcohols and amines using S-(—)-c—pheayle:‘:ylisocymte.

It is -pprecuted by the prlcr.itiouer in the art, that '

10 den’.vatiatian of B-adrenergic aryloxypropanohnines nigb: be_ expected
o present difficulties by virtue of the molecule contsining two
reactive functionalities, e.g. both an amine and an alechel 'miety..

Reference 4., supra, is the only example of which we are
ﬁre' :hit'reporu diascereomeric ures derivatizati&n by 4isocyanate

15 trestment of a mlecule containing both aufino and hydroxy moieties.

' The compound being derivatized in the work nen:ioned by Whitmore is -
not related to :he B-adtenergic propanclamine s:ruc:ure. The terminal
primary amino group as oppoud to the oecoudaty hydtczyl :l.n
B, NCH,CBOH(0CH;) 5 “would be expected to be more accessible stenca.lly

.20  to electrophilic at:ack by an isocyanate. Any steric advantage of
zheui.nn group is negated in bﬁrmrgu structures in which th; amino
"mitrogen is further substituted with an alkyl group, _'vhic.h is usually
Stmdu’d, thereby giving a more hindered lcéondary inine. It would -
:nsouily be expected prior to the instant invention .:!ut reaction.

25 of an optically acrive isocyanate and a B-adreergic aryloxypropauolamine
weuld result in a complex product mixture containing both diastereomeric

ureas and carbamates. In practice, it is discovered that the reaction



| “which the am no nltro enis.

16/ 5. pp. 854-857 (1980). This reference describes kibetic resolution of
secondaryvalcohols .and -am nes using S-(-)-[err]- phenyletthlsocyanate | t
L is appreC|ated by the practitioner in the art, that 10 derivatization of -
- [err]-adrenergic aryl oxypropanol ani nes ni ght be expected to.present
difficulties by virtue of the nolecule conﬁarnlng two reactive

'functlonalltles e.g. ‘both an anine and an .al cohol moi ety. Reference 4. ?J.

~upra, is the 0nE&keéaﬁmhseOﬁr&@beanﬁ@aaly aﬁatﬁetbﬁtereﬂOths gingsé er eoneric.

urea derivatization.by isoc B % ﬂg % n? gcule cont ai ni ng -
both ani no and H?HFGXy ﬁBFBtV gn s ﬁEiEBﬁgXu n Efﬁﬁ d8rYVvaBi BEGTin the
wor k menti oned bmehEhMmyeastnnoblrehaEBmedDates teerfiiadteneogeric

secondary" bydro erry e ex: € nore. access
sterically 20 basisl@errﬁpnufﬁ65§t§§ek g¥ sheiBpeganst ef thgyPEeEent
advant age of th?nvent@oﬁroﬁE hisaegakednbnfiﬁét]sadpeaerghe photessres in
ﬁ% erisubstltuted with an al kyl group, which
is usual |y bran@HEGPF W@FXbﬁpB FRY18%mor e hi ndered secondary anine. |t
mould reasonably be expected prior to the instant invention that reaction
25 ~of an optically.active'iocyanate and a'[err]-adrenergic
aryloxypropauolanlne woul d result in a conplex product m xture containing
bot h di astereoneric ureas and carbanates In practice, it is discovered
that the reactlon - . ' '

“

: .-

pr opanol am ne st ?CtﬁQEVelhe t@ nggaggigg ¥e§3%@9v9E9U?o?ﬁs°9E€5ed to the .



5 takes place preferentially at the site of the am ne .noiety, even mheq;”
" sterically. hindered, giving pre- dominently as novel intermediates the

- di astereoneric derivatives. This reaction selectivity forns the basis for
the first step of -the process of the present invention, as also for the
first -step of the process of our primary ApplTcation. ~ -6- The process. of

our ~primary Application conprises treatment of the racemc mxture of

er 11 adener 01 proanaharyAscei s HE AP AR IS Scians

di astereoneric urea internedl separati on of” t

di ast ereoners, andtFegtpentcderihe orpesmiidiivpine AT ifodrensgrgite starting

anine by cl eavage prophol agieetiote &GRIOITULKYMdi: udiig@de hydrate.
fn the present App I-Cagérqgémehrgi\./\evez[é V\‘fn'?ér?mc incteersned eonI wlh the fl_rst
two of the three s-tﬁg C uj g. ediat s Sepa at;on of these
- S - into the individual diastereomers, and facile
generation of each optical isomer of the startiﬁg amine -
by-cléavage'of the intermediate urea compound with
hydraéine hydrate. o
In tﬁe present Application, howe?er; we are
concerned only with the first two of the three steps
_ . ~ Just mentioned. | - | '
'\,/_' : o . According to the present invention, in fact, we
' provide a process for pfdducing and separating '
'intermediaté ubea-derivatives of Formula III



o JUSt nent|0ned E Accordlng to the pr esent invention' in fact, we provide a
process for produci ng and separating internediate urea derlyﬁtlves of

Formul-a 111 - Ba -.[err] wherein Z .is substituted or unsubstituted aryl -
.group for exanple phenyl, tetralyl, indanyl, indenyl or naphthYlL. or-a ...
substituted or unsubstituted hetaryl

‘group for exanpl-e pyridine,
benzopyridine, pyrrole; benzo- pyrrole, furan,

- benzot hi oPhene, pyrim dine, or-thiadfzole,
substituents bonded to Z being a nenber or

‘benzofuran, thiophene, N
with the substituent or i
nembers sel ected fromthe group.

~of lTower alkyl, |ower alkoxy,. |ower: al kerS# ,~ l-ower al kenyl oxy, |ower _
_ al kynyl, | ower alkynyloxy Iomer alkylth1o Iower al kanoyl , hydroxy:- Iomer_

alkyl. eyano; lover - go-cH cu-cna-N—Y

oX | =19=
*
Ar-CH' :
. ]
| R
'(1115

wherein _ .
B 'z is- substituted or unsubstltuted aryl group U
" for example phenyl, tetralyl 1ndany1, : -

i.indenyl or- naphthyl . or a substituted or
unsubstltuted hetaryl group for example
.pyrldine, benzopyrldlne, pyrrole, benzo-
pyrrole, furan, benzofuran, thlophene,.
‘benzothiophene, pyrim1dine, or thiadizole,
with the substituent or substituents bonded
?to z ‘being a member or members selected from .
the group of lower .alkyl, lower alkoxy, lower
alkenyl, lower alkenyloxy, lower alkynyl
lower alkynyloxy, lower alkylthio, ‘lower |
alkanoyl hydroxy-lower alkyl, cyano, 1ower_:t
cycloalkyl jower cycloalkenyl, carbamoyl,.
lower alkylcarbamoyl, ‘carbamoyl-lower alkyl

" lower alkyl carbamoyl- lower alkoxy, lower

. alkyl-lower alkoxy,



'cycloalkyl lower cycloal kenyl, -carbamayl, lower alkylcarbanoyl, ' %

'.carbannyl-lomer al'kyl ,» | ower al kyl carbanoyl -1 ower . al koxy, | ower -
aIkyI-Iomer al koxy,. — -6b= | over- al koxy-1ower al kl, | ower al koxy-| ower

al Koxy; " I'over arkenyTthi o, | ower "alkyl thi o-] ower al kyl, .l ower al koxy-| ower
-alkyl't hi o, hal ogen, hal ogen-1ower al kyl, hydroxyl, . '
carbﬁxyl N, N-di | ower al kyl [err], N-lower alkyl carbanoyl-I|ower alkyl,
N—dl-Iomer al kyl carbaxoyl -1 ower al kyl, | over al kanoyl am no-I| ower: . al kenyl ,
N | ower . al kylam ne, N, S- di-Iower alkylanino | ower ~al koxycar bonyl, | ower
al koxy- carbonylan1no, | over al koxy--carbonyl anmi no-1 ower ‘al kyl, |ower

- aIkoxycarbony[anino-lomer al kenyl, Iover al RBxycarbonyl ani.no-| ower alkoxy
Fover al kyl carbonyl - am no-1| ower-. aIkyI "N -1 over al kyl -ureido,
N, N -di -1 ower al kyl -ureido, |over aIkyIsUIfonyIaninb, nitro,

“lower al kenoyl, and N-norphol no; the word "l ower" having the significathn*
"p. to (Jerr]"; Yis'C toC  alkyyl or AB ' : _

lower o _
: llkory-loﬁer alkyl, lower 'd.kaxy-lavcr ;iicoxy. leér
alkenylthio, lower dkylth_io-lmr"alkyl. lover alkoxy-lower uk}ithio.
balogen, halogen-lower alkyl, hft_!:ax'yl. LI cl_:boryl-.
N . . . : _ K, !I—d‘.leue' alky‘ cartbaxcyl, .l
i\/ . : o l—lm-er alkyl urbmy‘n-lewe' alkyl, N, K-d.—love' alkyl ca*bs:ey..-l:met
' alkyl, lover alkanoylasino-lover alkeayl, F-lower alkylacias, N,%-
di-lower d'k}-lnina,. lover alkoxvcarboryl, lover dbi‘y-urb.en_vluinu,
‘lover alkoxy~carbovylamino-lover alkyl, lowver 'llkoxiy.catbonyluino—lsver
glkenyl, lowver albncarhuyl“lover alkoxy, lower slkylcarboryl-
anino-lowver alkyl, N'-lowver alkyl-ureido, N.N'-di-lovef 2lkyl-ureido,

lover al‘kyl;glfonylatiao. '__ nityrs, . . lover alkenoyl,
and N-morpholirno; : .
the word "lower" havmg t.he sigruﬁcatlon "up to CG'“
Y is C, to ClO alkyl or AB o - )
wherein - T :

A is an alkyl chalp fram 1 to 10 carbons, branched or
~ unbranched, and

B is a substituted or unsubstituted aryl or hetaryl group;



1 10 'wherein Ais an aIkyI chaln fron1 1to 10 carbons branched or
unbranched ‘and B is a substituted or unsubstituted aryl- oéEhetaryI group;
X s hydrogen or RCO wherein R is [ectrbcakkyl, phenyl, substituted
phenyl or al kyl phenyl; Ar " represents an aryl group, for'exanple phenyl ,

substltuted phenyl or naphthyl; and [err] é}éﬁ.(ﬁ al kyl said'process:f=
conpri si ng reactlng a conﬂbundﬁﬁhﬂﬂﬁQQﬁﬁiqr[ wher ei n Z Y and X are &%

~ previously defi pex 5_% a conpound of Formula Il [err] wherein Ar and [err] -
T LR S e R P s mas
' D or alkylphenyl; _
Ar represents an aryl group, for exanple' e
phenyl, substituted phenyl or naphtnyi; Hand_
: R;H is Cl—Ce alkyl; '_ . S
- said process comprising reacting_a.compOund-ef Formula I

' 2-0-CH.CH-CH NHY

2, 2
“ox |
i wherein Z Y and X are as prev1ously defined w1th a |
| ompound of Formula II .' L : ;.'.,_ o _S_Je

R1
|

L I

- Ar=C-N=C=0 *

R

H

"wherein Ar and Rl are as preViously defined SO as-to
_produce a pair of diastereomeric urea derivatives of
Formula III and then separating said pair of

' diastereomeric urea derivatives of Formula III; _ _
said separating step being achieved by the use in the L
said reacting step of a reaction liquid in which one: ; |
.of said pair of diastereomeric urea derivatives of _k_j.
Formula III is soluble ana the other of said pair of
derivatives is insoluble. '



di astereoneric urea derivatives of Fornula IIl; said separating step be
“achieyed by the use in the said reacting step of a reaction liquid in which
‘one of said pair of, ‘di astereomeric urea derivatives of Formula Il is

sol ubl e and the ot her of said pair of derfvatves. i's insol uble. -7- The
present inproved process is convenient, and amenabl e to | ar ge-scal e '

mantf act ure. - The f0||OWh69p&é§eﬁﬂtﬂmﬁ&bvéﬁ protessedsf eahviersent, tdoed :
process of the presen ortho substltuted phenyl

ring; (b) z is®Bfi® BPhﬁo 8u ?FgfuggélﬁyPFHFﬁgch (c) A is aferr]
al kyl chain, branched Gheuffbldewhag, azadoptionah ondpreferngdsgsatuweid)
X is hydrogen; e t I hyl It is
preferred that X ﬁgvgh%rkkﬁcghgsg?tE?%ogggvﬁﬁt §n4?§€g§? it my for
exanpl e be’ phenyl (adnd, ZuhéFean PEthet suprtitutadyrhenayli bingiy be a

: radlcal.. _ (b) 2z is an ortho substituted pyridine ring;

(¢c) A is a c,
. and B is an indole rlng system,
(@) X is hydrogen; -
(e) R is methyl and Ar is l-naphthyl.
It is preferred that X have ortho-substitution.
; Where B is aryl, it may for example be phenyl, and,
: \{’ where B is_hetaryl,'it may additiohally be a radical

-C alkyl chain, branched or unbranched,'

"derived from, for example,



. déri ved from for exanple, | -8- pyridine, benzopyridine, pyrrol e',

~benZzopyrrole, furan, benzofuran, thiophene, benzothiophne. gyrrolidina, or

- 'pi peridine. Substituent groups attached to-ABcenprise-1over, | kyl-, al koxy,
al kenyl~ nitro, hydroxy, am no, cyano, or halogen. |he substituent groups
of the radicals Z and , |ijsted. above, nay be nore speC|f|caIIy defined: The_

term | ower al kyl aﬂyﬁﬁﬁehmé@%eméecmm i §eranand branched-d
- chain al'kyl groups of 1-6 car bon at oms i ncl u5|ve such as net hyl, ethyl,

n-propyl , i sopr opy|® ™y Shigehrre: Rt PP A 5 PPt Y | | or - -
cycl ohexyl- radi cal Sciseitdae grdipdiRetadies td £donpasd ldvikl‘ldkiﬁh&l&ei nakaygr al kenyl .
denot.es straight an chedlﬁmgln al kenyl groups of 2-6 carbon atomns, .
~especially allyl or ?’fﬁtg? ’? Fadi TEs o The*Ferm | ower al kynyl incl udes the -
 straight or branched chain-al kynyl groups of 2-6 carbons, with the . . .

~propargyl radical being especially suited. The terﬂ1lomer al kyl oxy or |ower . .
al koxy denotes straight or- branched chain alkoxy groups of 1-6 carbon

at ons, f_OI’ exarrpl €, met hoﬂé subs:itmt ;roups of the radicals Zz and Y, uste-‘
' . sbove, may be more specifically defined. The tern lower l.lkyl as
used hereiubove denotes cyclic. ltraight n.nd branched chain alkyl
mups of 1-6 carbon stoms inclusive, -uch as methyl, ethyl, n—propyl,
tsopropyl; n—butyl, isobutyl, :er:.-butyl, pen:yl. -or cyclehuyl
ndiuls bcnded in -any dutrud posi.tion. o : o B . u
'l'he tern lm: alkenyl denotes st'raight' and _bfancﬁed_ chain .
cikenyl t_i'ou'ps ‘of 2~6 carbon atoms, ispec:f_.allj allyl or methallyl
| The term lover alkymyl includes the straigi:t of bruiche.d
' chain alkynyl r.-oups of 2-6 urbons. with r.he p:op;rgyl radical be.ng
apechlly mited. '
. The. term Iower :lkyloxy or lawer llknxy detotes s:raight or
'l:tanch«_l chain alkox'y groups of 1-6 carbon atoms, for ennple, wethoxy,
ethoxy, propory, butoxy, and the like. - |



et hoxy, propoxy, butoxy, ad the like -9 - The termlover alkenyl oxy 20
dénoces stralght and branched chain. Iover al kenyl oxy groups-and:the
poskti-onal isoners thereof, haV|ng 2-6 carbons, -for exanpl e, et henoxy,

pr openoyy, but enoxy, and the | i.ke. The tern1|omer al kynyl oxy enbraces:
straight and. branched 5 chai n al kynyl oxy groups of 2-6 carbon atons, such
as =t hynyl oxy, 2-propynyl oxy, 3-butynyloxy, and the like. The tern1|over

al koxy-1over al kyl enbraces nethoxymethyl, ethoxymethyl, isopropoxyethyl,
and the like. The term | ower al koxy- Iomer al koxy enbraces for exanple .
met hoxynet hoxy, net hoxyet hoxy, 10 et hoxyet hoxy,s et hoxyi sopr opoxy, - andt he’
like.  The term bydroxy-lower alkyl is, for exanple, hydroxymethyl, 1- or
2- hydroxyethyl and the |ike. The tern1|over alkylthio.is, for exanple '
. methy. thio, -ethylthio, isoprogyt t‘ﬁPd“‘ﬁ-‘H&S’E’y}?"FHF‘B‘“aﬁﬁEP!*ﬁe“‘F PiapehedTifeiat er m

lover 15 alkenyl thi o hsved hikki§iccRkR0pshMa enddfoaiteN 43hRs el £RYISE hi O,
3-pentenyl tbio, and.the_like. Lower alkylthio-Ilower al kyI is il Iustrated by

- ethyl thiomet hyl, net hyl &i ‘Bé‘?f‘ﬁylf“ SRy PR B PO a Ryt eHE: Pk HiSver
~al koxy | over al kyI thio i S i1l ust &&taadwebmﬁmhmamhyhhkb‘hond branched

5 clnin alkynyloxy groups of 2-6 clrbon atoms, such as ethynyloxy,
z-propynyloxy, 3—but_ynyloxy, and the like. _ .

. 'l'he tern lo_;lier alkexy-lower alkyl embraces netboxyneihyl,
_ethoxymethyl, isopropoxyethyl, and the like. The term lowet alkgicy-
.ldwet' alkoxy ﬁnbra,ces for example nethome:hc;xy. methoxyethoxy,

/10  aethoxyethoxy, ethoxyiscpropoxy, and the like. The term hydroxy-lover
. | alkyl is, for example, hydroxymethyl, 1- or 2- hydroxyethyl and the
like. : | ' '
The term lower 'ul'kyl.:hio is, _fot'dnmpie, wethy.ithio,
ethylthio, isopropylthio, gbuiylthio, and the ..like. 'The term lovef
"1 15  alkenylthioc is illustrated by 1-propesyltiio, 1-butesylthio,
3-pentenylthio, and the like. Lower alkylthio-lover alkyl is illustrated
by methylthiomethyl, methylthioethyl, Z-Gthylthidetﬁyl and the like.
Lower alkaxy—lcwer alkylthio is illustrated by uethoxyuethylthio.
E ethoxymethylthio, and the 1ike. _
20 The cterm halogen fs depicted by fluorine, chlorine, bromine,
N2 s - and ﬁdi.ne,' especially flusrine or chlorine. ‘The term halogen-lower
| alkyl 4s c'xdupiified by trifluofome:hyl, trichloromethyl, 'aud the like.
It lhould also be understood that certain subs:ituents as in the
group set forth henmbove may be attached to the Z ring at two sites,
- 25 usually adjoin:l.ng ring atoms, :c give, for exmple. tetralins,
te:ralonu. :l.ndnes. indanones, indenes, and the. 1ike.
Adrenergic propnnoluines nbraced by structure I for the

purpose of this invention are exemplified by the following beneficial



ethozynet hyl thig; and the |ike. 20

- The term hal ogen i s depicted

by- fluorine, chlorine, bromine, and iodine, especially fluqrine or _
~chlorine.. The term bal ogen-lower alkyl is exenplified by &li f.1 uor omet hyl,
trichloronmethyl, and the like. It should al so be understood that certain

substltlﬁents as i.n the group set forth. hereinabove- ‘may be attached to the Z :

ring at two sites, 25 usualiy adj oi ning ring atons, to give, for exanple

tetral-ins, tetral_ones [

ndanes, .indanones, |ndenes.'and the |ike.

‘Adr ener gi ¢ propanel am nes 'enb-r,aced by structure | for the purpose of this
invention are exenplifi-ed by the followi ng beneficial -~ - 10- drugs which
contain centers of asymmeetry. Exenplary drygs_are acebutolol or -
N-(3-acetyl -4-[2-hydroxy- 3- [(1 rret hyI et hyl ) am no] propoxyl

phenyl ] but anam de; - al prenol ol - [ (1- et hyl et hyl ) ami no} - 3-[ 2- (2- o
propenyl.) - phenoxy] - 2- progagmh;chanbcnm ohtemoflas[ymew]i Chxrdplamp $oae ity | -

phenoxy 3| Sopr Opyl am nog 2&{ 4119]]p§'rn19 [3— eg\ig{-wpliygl’a r3-[1‘ —Le(ﬂ%'lllt"'g.l @I @%xv]-

phenet hyI )ani no] - 3- ([eri}

yl 0Xy) - 2- pr opanol uprenolol or I'-

“but yl am no) - 3- [(6 chI Or Ophedydibytahanidy: Zlvpmﬁsanml-[(mmlpﬁmmw 3ZL2-("-

'13-[1, 1-di athyi et hyl ) am
- 5-[3-(1,1- dlen”ethyleth |

QQJ«%S-*}MQ&QMQGW,\/ lhenzon i-iiclnﬁmpumhol or

2- hydroxypr opoxy] - 3, 4- di h dro-1I:
pheno:y-3—1soprupylam.tno-2-propanol, an:olol or [(3 b= :hoxv-

phne:hyl)uino]-&(_ :olyloxy)-z-ptopml, buprenolol or 1-(:er:.

. butylnim)-S—[ (G—chloro-m-tolyl)oxy]-Z-propanol' buni:rolol or 2-

.10,

- [3-[1, l-dinethylethyl)aaino] Z-hydroxyptopoxy]benzonitrile' bunolol N

‘or 5-[3-(1.l-d:l.nethylethyl)mino]-z-hydroxypmpoxy1-3 4-dihydro-1(2H)~"

uphthnlmne, e.:aptolol or 1-(o-cyclohexylphenoxy)-3-(isopro?ylanino)-
z-propml. indanolol or 1-[indan-lu-yloxy}-3-[l-mthyle:hylaainc]-

-2-prapann1. letoprolol or 1-(1sopropylanino)-3-[g-(z-nethoxye:hyl)phenoxy]-

._ 2-propanol; aoprolol or. 1-(2-netho:yphmxy)-3—[ (l-uthylethyl)mino ]-

s

z-propml. oxprenolol or. 1-(isopropy1m:lno) Z-hydroxyos-[o-(anyloxy)-

pheno:y]ptopane' pmtolol or net:hyl-[r[}hydroxy-}(isaptopyluino)-

pnpoxy]phmthyl]urbmte, penbu:olel or 1-(2—¢yclopentylphenoxy)-

3-[ (1 l-dine:hyle:hyl)mino]—z—propanol pargolol or 1-(tert. ~butylamino)- .

&lrtz-pnymlm)phenoxy]—z-propml. pzocinclol or 1- (o-cyclo-

20

propylphmzy)-:i-(uoptopylnino)-z-pro;ml. pra::olol oz 1-(6-

' cemldophmxy)-S—iupropylmino—Z—proyaacl. tiprennlol or 1-[(1- . W

.. _'uthylethyl)uino]-3-[2—(nethy1:hio)-phmxy]-2-propam=1 tolamolol

or 4=[2-] [Z-hydroxy-S- (aneth_ylphuoxy)_propyl ]ninn Jethoxy Ibenzamide;

. toliprolol or 1-(1isopropylamino)=-3~(m-tolyloxy)-2-propanol; nadolol _

or 1-(gert.-butylamino)-3-1(5,6,7, S-tetrahydro-cis=6, 7-dihydroxy-1-

uplithﬂ)a:y]—l-propml §Moh1 or 1=~(indol-4~yloxy)-3-(isopropyl-

nino)-!-propml' and :holol or 1—(ter: =butylamins)=3-{ (&-norphnlino-

1,2, S-Mhzol-s-yl)oxyloz-prnpml. .These beta-adrenergic propano_l-_

smines are known to the art, appearing in the Her'ck. Index, Unlisted



10 napht hal enone; . exaprol ol or 1-(o-cycl ohexyl phenoxy)-3- (i sopropyl am n@;—l "
T 2- propanol |ndanoIoI or 1-[indan-4-yl oxyj-3-[I|-nethylethyl am no] -

'2- proopanol ; et oprolol or 1- (i sopropyl am no) - 3-[ p-(2- nethoxyetbyl)phenoXyl-
2- propanol ; uoprolol.or |-(2-aetbosypbenoxy)-3-(1-naethyl.etbyl)amno -
2-propanol ; osprenal ol or |-(isopiopylaino)-2-hydroxy-3-[-(allyloxy)-

' phehﬁXy]propane pamat ol ol or methyl - [ p-[2-ydroxy-3-(i sopropyl-am no) -
propoxyl phenet hyl | .car bamat e; penbut ol ol or 1-(2-cyclopentyl phenoxy) -

(1, 1- di net hyl et hyl ) ami no] - 2- propanol pargol ol or 1-(tert.-butylam no)-
3-[ o( 2- pr opynyl oxy) phenoxy] - propanol procinolol or 1- (-cyclo-

propyl phnoxy) - 3- (isopropylanino) 2-prop nol; pﬁbdtolol or 1-(4- 20

- 4cet ati dophpnozy)r 3-i sopropyl am no- 2- propanol ti prenolol or 1-[(1-

‘ethyl et hyl ) ami no] - 3- [2u=(=£xemwmhlu@)mphem,xyd 02 REsRP A8 imiad RLAADLO! O
4-12-[[2- hydroxy-3-(2-eth l};ﬁ?nhenox y)pr Op%} ] am-no] et hoxyl benzam de;
r

toliprolol or 1-(isopr8f¥tanihe)=r3 (Peri% 2eese yho% 372 grbiibol %l- n¥dol ol or
1-(tert.-buty' | m no) - 3pahdsB1690 71805 etrahydro cis- 6 7-di hydroxy-1- 25 -
uapht hyl ) oxy] - 2- propanol ; pi ndol ol or ?élndol ony -3-(i.sopropyl-

‘am no) --2- propanol ; and gti ol §FF*YP LA ‘“otffgll"%u’r'i‘%b) Blef Iﬂ"ﬂ'of‘ﬁkfﬁl i no-
1,2,5-th adi zol - 3- gl )omba:Qﬂﬁhiﬁp&Bﬁhon 2l 856D RIn21:3AERN BE Gh3cf10RAN0! -

'amnes are known to t a a aring in the Merck I ndex, Unlisted -
Dr ugs, USAN and USP D|h€ i|"!<£)‘1;r1“‘é%r ?‘Eg? g, TR ISTARP AR MERF 2 o SPFYRL

. . _ _ rotation they effect, by (+) and (=), (1) and (d), or tombinations of
. | \/ ‘ these syubols. Ihg lyl_;bpl: (L) and (D) and the synbols (s) and (R),
' _ which stand for sinister and rectus,I '_rcspec:ively, designnt§ an absolute
: lb spatial eenfigﬁfation of the enantiomer. A complete resolutioa utilizing
the instant process is detailed in the following section entitled

-Descrig:ion of Specific Embodiments . Assignment of absolute cenfigura:ion

to the enant:‘.oners separated therein is tentative and is based on the
_ usual assignment of S-con.f:lguration to the s-adrenergic urylaxypropanol-
15 : anine enantiomer with negative rotation. .
‘The following flow chart, Scheme 1, illustrates the resolutioﬁ '
of a racemic '-ixtnr.e of B-adrenergic propanclamines utilizing the
- progesses of our primary Application' (the entire Scheme) and
- of the present Application (all but the final cléavages with
hydrazine hydrate). |



Medi ci nal Chenistry, Vol. 10, pages 51-60 (1975), and ibid., Vol. 14, pages
-81:90 (1979). Certain conventions are used. by those skil inthe art:to 5
“.designate optical -rotation and spatial configuration of opfical isoners..
| ndi vi dual enantioners are common|y designated according to the optical .
‘rotation they effect, by (+) and-(-), (1). and (d), or conbinations of these
synbol s. The synbols (L) .and (D) and the synbols (S) and (R), which standy¥" -
for sinister and rectus, respectively, designate an absolute 10 spatial = - .
configuration of the enantioner. A conplete resolution utilizing the
instant process i's detailed In the followi ng segpion entitled Description
of Specific Enbodinments. Assignnent of absolute configuration to the
- enantioners separated therein is tentative and is based on the usual -

assi gnnent. of “S-configuration to the [err]-at#he@mérgi c aryl oxypropanol - 15
“am ne enantionmer with negative rotation. Tfte following flow chart, Schene -
"1, illustrates the resolution of a racem c}m Xt tseep Of [errl-adrenergic .
propanol ani nes utili.zi ngztoh@zﬁﬁﬁéﬁﬁes* 4t ptirc=brTmary ZApBr iR &®I R (the
entire Schene) and of the pre®&nt ApplicatfFon (all but the®%inafcl eavages

wi'th hydrazine hydrate). . - .12 - - (ciral) .
: : . (raccnic T o '(_II).' —

_ -n_ux:u:e)

$eparation into - v
-{individual -
.} Atasterecmers
(R), (R)-1I1 ' _ (R),(S)-IIT
Cer (8),(8)-I1T  or (S),(R)-III
Rﬂzmz : [Stg'p 3] . '_ l NHZNHZ'
(R)- or (S)-1 - L (8¥er (BT
In Scheme 1, X, Y, and Z are as t_iefi_.ﬁed above; Ar represénts :
an aryl jtoup such as fhenyl, ‘substituted phenyl or naphthyl, preferably
l-qaplil_:hyl; 11 is a Cl-cs" alkyl gréup, preferably mechyl; and an A
5 asterisk denotes centers of asymmetry in'the molecule. It is to be VR

understood that other opticnily uti've_j i{socyanates, e.g. unthyi
isopimte, nay also. be used in the 1nst:ant process. '
Step 1 of the Scheme m;tli_.ned above involves the reaction
" of the .adrene.:'s'ic propanolamine with a chiral ﬁ&cy.amte of 'atruuct.ure
10 'iI u give a pair of novel di,utereoneiic, ureas of Formula 1II. The
reaction of step 1 1s acﬁmltéhe& simply by stirring together

qquinol_af quaht‘ities of the adrenérgic amine, in its free base form,



- [err] I'n Schenme 1, X Y, and Z are as defined above; Ar represents an aryl_
" group~such as phenyl, -substituted phenyl or naphthyl, preferably 34
| -naphthyl; Rlerr] is a [err] alkyl group, preferably nethyl; and an 5
.asterisk denotes centers of asymetry in gfge-nolecule. It is.to be
understood that other optically active isocyanates, e.g.. nmentbyl
|sd‘c§anate may al so be used in the instant process. St ep 1 of the Schene
~outlined above i nvol ves the reaction of the adrenergic psopanol amine vith a
chiral isocyanat e of udlehd otk QsckPhnade! 1ata G&Y%gﬁnﬂ%&?ﬂ@hd@VﬁL
di astereaneric ureas of Fornula Il1. The geaction of step 1 is acconplished
~.sinmply by stirring t'tﬁ'@'éf‘h@f‘“eﬁd"h‘iﬂf‘&?“’cfu%?nt‘rtF‘Bs"‘fﬂ‘"ﬁ‘l‘fé ariF@BefGPc mne, in
:‘ts fa ee 3ase ;orm ..mnal aoﬁutmaﬂ'ﬁkut'h& echhaaLfm,lseﬁyam;eo‘ifl ﬁea’;rthd’lﬁd’rt organic
“liquid nmedium for.aeveral hours r oxi mat.e err]C. The tenperature
can range from anmbi eRF™S W‘fé‘ﬁigeﬂ’aﬁegﬁﬁ’ndﬁd% % Padst&perature of the
particular organi c |doginedd wishedl tas cb @Eght haids. msdizum rddatSn naaﬂkl on is usually
‘conplete within four ej ght ho Suta ereactl n li i ncl ude but
are not linmted to b‘é’ﬁxz“‘én"e"g g%mdr °u?€§zrf“'d:|‘5mf’&f° “‘e"t"h’ﬁk’l 2 o
. di-met hor yechane, et Ouched, dgteﬁmm feera C i @mirrqune@htm 1)@ ©F) Benzene.

In the process of the present mvention, ‘as already
indic_:ated an appropriate rea_ction liquid is chosen which
permits the separation of the diastereomeric ureas by virtue
of ocne of the diastereomers being soluble in the 11qu:|.d and
the other being insoluble._



In the process of the present invention, as already indicated, -an
appropriate reaction liquid is chosen which pernmts the se tion of the

di ast.ereoneric ureas by virtue of one of the diastereoners ing soluble in
the liquid and the other béing insoluble. -14-14 - The subj ect process -as

nmentioned, is part| cularly adapt able to |arge- scal e operation, and in o
,?

t hat -respect is both econonical and convenient. " The S. e |
exanpl e conpri se: ( 1fhe ubdesth Braressy 7D Fenticedy éﬁr?ﬁ&rgFﬁ?é‘}ﬁ %iag?ﬁle or’ '
~hetaryl - oxypropagg|i1apéascald dpeeativny @fd onrietnrespet i tis Bythnetdnomicddi r al
|socyanate such as_resol ved, 1- na h Féﬁ Y, by. stirring
for six teo 12 hofhd Weﬁ'ef‘ﬁtar&‘% dgﬁ%%g OELYLXA&?% su@ht'fsgs benzene at a
tenperature of from about. ambient roomtenperature.up to the refl ux

tenperature of the orgafi Grlat |,g|,,p %@&Q@!—;ﬁéd&-?ﬂ ,q,,lpaJ,r of " di ast.ereoneric
ureas ‘(111); (2) separatl on o iastereonmeric pair into i nd| vi dual o

di astereomers. by virtue @F“@H@*Z?F“t“??ém‘“bél“ﬁg‘ &P ghlacracenic

. mixture, with a ch:‘.ral isocya.na:e such as resolved

i—(l_.-naph:hy,l) echyl isocyanace, by- _st,irrir.g for six
:o' li h’onrs in an inert efgaﬁi: 1iquid medium such as
: _benzene at a tenperature of &un amut anb:.axt room
: ::mpe’a:ure up ‘zo the reflux Cemperature of the organic .
.liquid, theteby giv:l.ng a pair cf diastezemeuc ureas ' - u
Cams L. ) ' |
@ separation of the dias:ermeric pair 1n:o individual
diasterecmers by virtue of one of them being soluble,
and the other insoluble, in the benzene or oiher mert
~ orgenic liquid medium enployed_. :



-and the other insoluble, in the benzene- or- ot her inert organlc liquid
nmedi um -enpl oyed. . - 15 - The process of this |nvent|on is- further' %%5
|Ilastrated by t he' Fol | owi ng exanpl es, .
but these exanpl es should not be construea as Ilnltlng the scope of the
present invention. Melting points were determ ned using a Thomas- Hoover
capvflary nelting point apparatus and are uncorrected. All tenperatures:
~are expressed in degrees Celsius. Optical rotation measurements were _
obt ai ned on a Bendi x-NPL 1169 ‘automatic polarineter with digital readout .
The (R -(-)-(l-naphthyl) ethyl isocyanate can be prepared as reported In
the literature (Pirkle, et al, J. Org. Chem, 39 (1974) pages 3904-3906) or

+s available commercially (Ahdﬁoeh. Cheills Galen IO DA ¥ Iher DONRER sy bleUST T At €S
‘a specific proCedure carried out with -~ bucindolol. (1A, mhich-is an

‘anti hypertensive agenfoltUFESMTPY* under clinical investigation. ®*Eike Scheme -

1, Scheme 2 ill ustr at afesd Benpliés dnbatbiove @hschal s QiHic{ag knEBIYpeAFPIne cat | ON

-'g} CSvanes' ot oyl o PSRt b tRE oG8 20 LAl td U L0

_Ioovc: capi.-.lary uel:ing poin: apsara:us and are uncot—ec'ed.. All
:mera:ures are exprnsse_d in degrees Celsiu.s. Optical rotation
measuyrements were obtained oﬁ a Bendix-NPL 1169 a_u:anat:f.c po_larimetir
-with digital readout. The (R)-(-)-(l-naphthyl) ethyl isocyanaté can -
NS . " be preparad as reported in the literature {Pirkle, et al, g.,' m..
. . Chem., 39 (1974) pages 3904-3906) or 13: available ccmer:iaily

(Ald:ich Chemical Company). .

Scheme 2 illustrates a specifz.c Pmcedu—"e Ca& ied out

.ﬁth ~ bucindolol (L\), vhich 4s an  satihypertemsive |

', agcnt cutuntly under clinical investigatiom. Like Scheme 1,

Scheme 2 illustrates the ut111zat10n of both our primary
Applicatlon (the entire Scheme) and the present Application -
(all but the final cleavages with hydrazine hydrate).



- 16 - [err] In exanpl

es which follom/ t he

nuclear - magnetic” resonance

(NWR) . spectral characteristics refer to chenical shifts ?q% expressed- as

parts-per illion (ppm versus tetramethylsilane (TMB) as

erence 5

standar¢.. The relative area reported for the various shifts in the [err]
NVR spectral - data corresponds to the nunber of hydrogen atons of a - =~

particul ar funct onal

type in the nol ecul e.

- The nature of ‘the shifts as'ré

mul tipkicity is.reported as broad singlet (bs), singlet (s), nultrplet (m,
or doublet (d). Abbreviations enployed are |MSO-[err] 10 .

~ (deut er odi-net hyl sul f oxi de),
. - 17 .- conventional .

~'diluent. The el emental

\
| RS e ¥
@®.9-L ®)-(2)-11 o e -
' o s @ :‘EMe
E
PLA®, W/
' separation R, (R)- and (§), (®)-1IT- . . -
i ¥
®, (®-111 (). @-111
N, NH, 5,0 ‘| Etom - _ NH,NH,H,0| EtOH
78% (o] ' N : 78°C
@-(_)-n (§)-(-)-14

[err]. (deuterochloroforn) and are othervrse

The infrared (IR speétr% descri ptions.include onIy
- absorption wave numbers [err] having.functional group identfication value.:
The | R deterninations were enpl oyed usrngsggha§srunrbronlde (KBr) -as
analyses are reported as percent by 5 - weight.

=2 ~CHN=C=0

+ ;:—::S; @oi%\L_ﬁ

T Im mpl_es"vhi.r:h follow, the nuclear magnetic resonance

(R). apeqtrai characteristics refer to chemical shifts (8) exp_reésed

as parts per million (ppm) véri_m_s tetramethylsilane (IMS) as reference

' standard. The relative area r_eported_far':he various shifts in the .

28 R lpectzal dsta corresponds to the nurnber of hydrogen atoms of a

- particular functional type in the molecule. The nature of the shifts

‘10

as to mulriplicity is fe_portnd as broad singlet (bs), singlet (s), _

-ui:iplet (=), or doublet (d). Abbreﬁ._a:ibns employed are n!SO-ds

(deutefodinethylsulfb:dde), 'CDC13 (deuierochlqrofom) and are othervise



" EXAMPLE 1 Di ast.ereonmeric Urea Deri. va't'i ves—of "Buc

i ndbl ol A hot sol ution of

- buci ndol ol hydrochloride salt (100 g, 0.28 nole) and 2.5 L of [err] was

mad€ basi ¢ V\nthai(‘)%solutlon of .10 [err]. Bu
- 2-[2- droxy3[[2(IH-|ndoI 3y|)-||-d|rrethyl

et.hyl].ani no] propoxy] benzonitrile; cf: Kreighbaum et al.

ci ndol ol is -

4, 294,595 patented Novenber 18, 1980, and Journal of Medici nal

23: 3,‘? 285-289 (1980). After being al | owed to coo
the basic m xture was decanted and the residual -
~and crystallized fromisoptopyl al cohol (500 ni)

U. S. Patent "No.
Chem stry,

|, the. aqueous |ayer of
gum 15 rinsed V\nth[err]

to provide 81

of

~buci ndol ol free base, a. p. 126-128C. Theyzaqueous | ayer was al | owed to
stand overnight at 15[err]C -and a precipitate was coll ected by. filtration,
give a further 3.5 g of’
buci ndol-ol " free basterveripasl yhe f3izgred SIRD @pecirpl fagprdrrdens (AREISYe 34k i ndol ol -

base, was then derl&sa&bﬁeaménmee; WE O avind flac.nuﬁlaaﬂlieintpaa%oél 8 S, .

- washed with [err], and dried in air overnight to

0.005 nole), ([err])- 1-napht hyl ) -ethyli'so

cyanat e 9

.ol e), and benzene (‘1'6’0 E’L‘)Ig‘\ﬂ&'s“’sf‘i‘??“éd"at‘:?@[‘ePFTC?T‘OT“‘G hprde
'solid was renmoved bykshi dst d1fieh:ON TRNE edtida@Unal L eAbde defbrf\a@ plscddt § Of ([err])

([err])-N[3-(2- 25"

0. 005
A-white

cyanophenoxy) - 2- ﬁyd’(‘éﬁpropyl] N-[I,1-dinethyl-2-(1Hindol -3-yl)-
~ethyl]-N =-[1-(l-napht hyl )ethyl]urea  Thiagzizea derivative nelted at

: 167 168[ er r] C and gave a SI % tergsogergc grea-ge ?V!leﬁs oichcglgolol [ er r] 9 1) and

rotatlon of [err] (C0.5%:

\/ A hot lolution of bucindolol hydrochloride salt (100 'Y

0.28 mole) and 2. 5L of nzo was made basic with a 10X r~nlution of

10 NaOH. Bucindolol is 2-[2-hydroxy-3-{[2-(1E-indol-3~yl)-1,1-dimethyl- -

ethyl]anino }propoxy]benzonitrile; ef: Kreighbaum, et al, U.S. Patent '

NWo. 4,234,595 patented November 18, 1980, and Journal of Medicinal

' Chemistry, 23:3, 285-289 (1980). After being allowed to cool, the

' aqueous layer of the basic mixture was decanted .and the residual gum

15  rinsed with 2,0 and crystallized from tsopféopyl alcohol (500 ml) to

provide 81 g of bucindolol free base, m.p.. 126-128°C. The agueous .

layer vas allowed to stand overnight at 15_°C. and a precipitate vas _

collected by filtration, vashed with ,0, and dried in air overnight

to give a further 3.5 g of‘bues.ndaxol £free base. rnu material, a

\/ 20 =mixture of (_;R_,S)-bucindolol bue, wvas then dczivntized

A tixture of (!,S)-bucindoa.ol base

(1.8 g, 0.005 nole).

. L)-(-)-1-(l-uphthyl)-echylilocy:ute (1.0 g, 0.005 nole), and benzene

(100 =ul) was stirred at _25% for 6 hrs. A vhite solid vas removed by

| filtration and dried in air to give 1.24 g of (S), (R)-N-[3-(2-

25 - eymphmxy)—z-hydroxyptopyil-g-ll.i-anethyléz-flg_findol-}-yl)-

ethyl]-N'~[1-(l-naphthyl)ethyllures. This urea derivative melted at

167-168°C and gave a single spot on TLC (silica gel; CEZCIZ—L'.hylauutle

9:1) and rotation of [u]:S -14° (c 0.5%, ca 0H).

%



- 18 - Anal .. Cal.cd. for_ [err] Found: --C, 74:89; R '6.46; 14, 9.74. NWR
(DMBO-[err]): 1.38 (6,s); 1.52 (3,d [6.7 Hz]); .3.35 (4, q 3:94 (3,m;
5.70 (1, m; 6.23 (Ibs) 7. 01 (5 mM; 7.59 (11, m; 8.27 (1,d 5 (9.5 Hz])
10.72 (1 §bs) IR (KBr): 745, 1110, 1260, 1490, 1530, '1600 1630, 2230,
2930, 2970, 3050, 3350, and 3410 [err] . The benzene fi Itrate'from above*

was concentrated to dryness and t'he resi dual material chromatog aphed on =%
S|I|ca gel eluting with 10 = [err] (9:1) to giveO?O_g of (R, (R)- N-t §
(2c)- 2-hydrotypropyl] -N-[ 1, 1-dinethyl-2- (1HIndol- 3-yl) ethyl ]- N'_ o

-1- (1- naphthyl)ethyl]urea as a foam This materlal whi ch dird not
crystallize had a rotation of ~ [err] Anal Cal cd. for [efr]: C,. 73 49
H 6. 67; 15 N, 9.7. Found.C?329H666'N918 NVR .
(DIVSO[err]) 1.36 (3,s);.1.52 (6, m; 336(4n) 3.92 (3, m; 376(1n)
6.30 (I bs); 7.00 (5 ) 7. 55 (1dudd ieeBe ﬁ ﬁlo [9.79.98%2 %) §.440%,78.¢01, bs). IR
(KBr): 745 1115, 1260, 1495 1540 16 165 2220, 2930

Found: C, 74. 89; s.a .
R (nvso-de) 1. 8 (s, s) '1.82 (3,4 16.7 Hz]); 3.35 (4,33
3.9 (3,m); 5. 70 (l.n) 6. 23 (1,bs); 7.01 (5, m); 7.59 (11.::). 8. 2/ (;,
5 [953:]), 10.72 (1,bs). o
IR (Rer): 745, mo, 1260, 1490, 1530 1600, 1630, 2230,

- 2930. 2970. 3oso. 3350, and 3410 i
' l'he benzene filtrate from above uas concentrated to dryness
. . and the residual mterial chrmtographed on siliu gel eluting vith
10 _cnzuz-mymew:e (5:1)  give 0.70 g of (), (RIH-[3- (2-cyamd‘xeuq)- |
2-hydroxypropyll-N-[1, 1-dimethy1-2-(13-1ndol-3—y1)ethy1]—\I'-[1-(1- | |
' -uphthyl)ethyl]urea as a foan. This uterial which d:Ld oot crystallize
" had a ratatian of Ic] -119° (C 0.52, CEBOH) _ '
, ml Caltd for C3qfygN,05 !sz:mc c, 73.49; B, 6.67;
15 W, 9.27. Found: -C, 73.29; H, 6.60; N, 9.18. . .
R (nwso-ds) 1 1.36 (3,8); 1.52 (6 m); 3. 36 (4,m); 3.92 (3;m);
5 76 (1,-). 6.30 (l,bc), 7.00 (5, n), 7.55 (u,n) 8.26 (1 d 9.0 Hz]);
20078 @,be). B o
' IR (ﬁlr)- 745, 1115, 1260, 1495, 1540, 1600. 1635 2220, 2930,

---x.

20 2980, 3060, 3350, and 320 'l : ' R

. T.tut:l.ng Tacemic mixtures of other Fomla I adrenergic
niaes v:l.th chiral :i.socymtes (1II) usins ruction ptocedures similar
" to those outlined above gives dusteteouric urea internediates Some

. additinm mles of these are usted in Iable .



20 2980 +3060; 3350, and 3420- [err] “Treating racem c mxtures of other

- Formul a | adrenerg“c anmines with chiral i socyanates (11) using reaction.
"proc€dures simlar :to those outlined above gives diastereomeric urea

i nt er médi at es. ‘Sone additional exanples of these are listed in Table 1.

194- [err] -20- CLAIMS 1. ‘A process for producing and separating

|nverned|ate urea derivatives of Formula Ill [err] (I1I) wherein Z S

- substituted or unsubstituted aryl group for exanple phenyl - tetralyl,
Tndanyl i ndeny!| or naphthyl or a substltuted or : :
s - 19 -

Table 1
- _ o Adrenergic Propaﬂolaéine Trea Derivatives
) , B
* ; ' Y '
ZOCHZCHCHZNH'I + ArCHN=C=Q - ZOC’uZCHCHZWC\'FChAr
L] N 1
ox o ox o
- o ' 163) . an (I
o i . : . ) - 11
~ 5 [Example _X_ Y _ z R AT
2 B XE@ © 2=cyanopyridyl Me phenyl
Y
3 E  i-Pr. 2-(2-propenyl)phenyl Me 1-naphthyl
4 E i-Pr " l-naphthyl - Me 1-naphthyl
5 ® t=Bu i Me phenyl =
10 6 B i-Pr 2=( i‘ptopyloxy)- Me phenyl
' : o pheayl . : :
7 E 4-Pr é~(1B-indolyl) Et phenyl
s B i-Pr é=-acetanslide Me 1-naphthyl
9 B 1-Pr" . 2-(methylthio)phenyl Me  l-naphthyl
15 . 10 B $-Pr 2-cyanopyridyl Et l-naphthyl
11 B t=Bu L 2-cyan.om:|.dyl _ Me i-nitrophanyl
12 acetyl 2-(benzothiophen- 2-cyanopyridyl = Me 1-naphthyl -
3=y1)-1,1=dimethyl
_ ethyl v
20 13 B 2-(1E-indol-3-yl)- 2-cyamopyridyl = Me  l-naphthyl
. - 1,1~Qimethylethyl ' '

Please note that in Table 1 and throushout this document
- i-Pr means isopropyl,
t-&:mtatt.iﬂ:yb:tyl.
2s ~ Me means methyl, and
Et manseﬁ:yl alsodeg:esa:egzmmdegreschmgrﬁe



unsubstituted hetaryl group for exanpl e pyri di-ne, benzopyri dine, pyrrole,
_benzo-- pyrrole, furan, benzofuran, thiophene, benzothiqphemg, pyrim di ne,
0

or thi‘adi zole,” with the substituent or- substituents bonded to Z being a
menber or menbers selected fromthe group @i lower al kyl, | ower al koxy,
| ower al kenyl,” | ower al kenyl oxy, | ower al kynyl , | ower alkynyloxy, | ower

—

-alkylthio, |ower alkanoyl, hydroxy-.|ower CalAIMs, cyano, I ower cycl oal kyl , ’w\v
| ower cycloalkenyl carb&g%%g,slg%ﬁr o@ﬂc %ﬁsggﬁyse ag&yl-lomer aIkyI

l'ower  al kyl carbanDyI oxYy, Power- ca - 21- Ioverﬂ'4
al koxy- | ower aIkyﬂnﬂaﬁmgﬂiﬂtﬁo%WﬂaaﬂeﬁiMﬂ&iﬁFSIQﬁNﬁOQENR@oﬁﬂﬂhlo | ower

al kyi t hi o-1 ower al kyl, |ower alkoxy | ower . al kyl t hi o, -hal ogen, hal ogen- Iomer
al kyl , hydroxyl 2.-5-CH CH—CH :wfgoxyl N, S—dllomer aIkyI

' carbannyl S : 2, 2.
’ OX C—O
: ]
- NH.
L
Ar-CH -
. [ ]
gl
| (II1) |
wherein

] Z"-is substituted or-unsubétifutéd'arYI group.

' for example phenyl tetralyl, indanyl, : kfj
Lindenyl or naphthyl, or a substituted or '
unsubstltuted hetaryl group for example

-.pyridine, benzopyridlne, pyrrole, benzo- -

. pyrrole, furan, benzofuran, thiophene, o
benzothiophené, pyrimidine, or thiadizole,
with the subétituent-or suﬁstituents bonded
to Z being a-memberlqr-members Seleéted_from;'“
the group of lower alkyl, lower alkoxy, lower
alkenyl lower alkenyloxy, lower alkynyl, '
lower alkynyloxy, lower alkylthlo, lower
alkanoyl hydroxy-lower alkyl, cyano, 1ower

-cycloalkyl lower cycloalkenyl, carbamoyl '
'lower alkylcarbamoyl, carbamoyl ~lower alkyl,.

'_lower alkyl carbamoyl- -lower alkoxy, -lower
_a;kyl-lower alkoxy, ' |

T



N—Iover aIkyI ‘car banmoyl -1 over al kyl , N N—dl-lomer al kyl carbanDyI-Iomer
aIkyI _lover al kancyl.@&m no- | ower alkenyl_ N-1 ower alkylanmino, N N di-lower
alkylan1no | ower - al koxycar bonyl, |over al koxy-carbonyl am no, |over
al kexy ~car bonyl am: ne-I-ewer alky+~-lomer al koxycar bonyl am no- | ower al kenyl .
|.over —al koxycar bonyl ammo- | ower al koxy, | ower al kyl carboxyl - am no-| ower
aIKyP N -lover alkyl-ureido, N N - d|-|0mer al kyl -urei do, |over o
al kyl sul fonyl am no, . nltro | over al kenoyl, and
N—nnrphollno the word "Il ower™ haV|ng the signification "up . to [err]f; Y
is [err] alkyl or AB wherein A'is an-alkyl ghain form1 to 10 cartons,
branched or unbranched, and Bis a stbstituted or unsubstituted aryl or
fet aryl. group; -22- X is- hydrogen'or'[err]: - wherein R™ is
[err] al kyl, phenyl, substltuted phenyl or al kyl phenyl; Ar represents an
aryl group, for exanple ' - S

Icuer
alicxyéiouer alkyl, lower alkoxy-lower Alkofv. lowver
.llkenylthio. lowver llkylthio-lout’ alkyl lover nlkcxy-lounr alkylthie. :
halogen, haloge:-;aue— a;kyl hydraxvl ' L cazhoxyi,
L B . o N, %-dilowe' alky. :a—‘anoy-. )
o/ _  ' - R-lower nlkyl :a’baa:v.—Icve' alkyl u N-dislover aikyl carbanov;-laver
alkyl, lower a-xaacvclzino-.aue' alkeayl F-lover alkylamine, N, N-
-di-lcut' a.kv;:a-n. lover alko:ycarbc*y-. lower a.hnxy-ca*benv-a:.ﬁo,
" lower alkoxy-carbonylamino~-lower alkyl 1ower alkoxy.a'bouy;:a.no-lcwev
alkenyl, Iouez llkaxvca:bcnylaz.no-lnver llkoxy. lower llkylcarbo:vl-
azino-lower- llkyl. N'=lower alkyl-ureids, N,N'-di-lover alkyl-ureido,

lower alkylsulfonyla=ino, .ndtro, " lower alkenmoyl,

'-auiquxphdeo,- . . _
the word "lower" hav1ng the 51gn1f1catlon "uwp to C "

Y is C; to C,, alkyl or AB °.
wherein : : : _ -
o A is an alxyl chain frarm 1 to 10 carbons, branched or'
.\yj'. R  unbranched, and '

B is a sdbetltuted or unsdbstltuted awyi or-hetanyl group,

1D O



.phenyl substltuted phenyl or napht hyl ; <.and Lerr] Is [err] alkyl; said
process conprising reacting a conpound of -Ferrmula | [err]. %erei n Z- Y and
X are~as previously defined with a conmpound of Formul a Il rr] wherein Ar
~and R are as previously defined so as to prpduce a pair of di astereoneric
urea derivatives of Forrmula Il and then separating said pair of - h'
di-astereoneric urea derivatjves.of Fqornula ||l i d separating step bein
achi eved by the use in thé. aidlﬁeagarﬂﬁegtgﬁ %?ég reaction’liquid.in which

one of said pair whedeastereoneric urea derivatives of Formula Ill is ¥
. solubl e and t he ot her of sagd paira~of~der v ns
2. The process of clalmlhwne?g ClZFl@ hyg&%fﬁ%héﬁ%%fl%%?géft%gﬁg pﬁén Ly

3. The progcess of cIa|n11 whePBi AlRYIBhEAY bi t ho s

Ar represents an aryl group, for example : o
_ "phenyl, substituted phenyl or naphthyl ~and
R' is C,-C4 alkyl;

. _said process. compris1ng reacting a compound of Formula I

2CH-CH2NHY

oX

' Z-O-CH

fwherein Z Y and X are as prev1ously defined with a -:k;z

compound of Formula II

wherein Ar and Rl are as previously defined so as to -

\produce a pair of diastereomeric urea derivatives of
Formula III and then separating said pair of -
diastereomeric urea derivatives of Formula III;

"said separating: step being achieved by the use in the N
jsaid reacting step of a reaction liquid in which one .
of said pair of. diastereomeric urea derivatives of
Formula III is soluble and the other of said pair of

derivatives is 1nsolub1e.

’ ) * cL H;:- s * . . . . ) . .o



substit ut ed pyridine ri'ng. 4. The process of claiml,.2 or 3 wherein A Hﬁ
"a C2-C4 al kyl chain, “Hfanched qr unbranched, and B is an indole ring

systém 5. The process of any of ‘claims 1 to 4 wherein X:is hydr ogen.

The process of any of clainms 1to 5 whereir RS s met hyl and Ar i's

I-ngg?t hyl . - 24 - .' The process.of claim1 wherein , o

N[ 2- cyanophe EMQF 1]

S N[F, 1 -di et hyI ol 3yi o?t)%ﬁalim wﬁerﬁl napﬁtshﬁ]) gtrﬁ:y | urea -

“di ast ereoners ar@%ﬁi’d&%@ . - The process of any of cl-ai ns

1| to. 71V\,he[)e| n t@l isal'ﬂllé e%% |o|fql¢|1@\i|n§ lb(i‘»‘ihé]?%&n 2 f:.s Eﬂelpli”’tﬁgess of
Beampl e 0. " Aok B Ao eHB%or mura 1] apecitied | claiml
pr epar ed by the gr.ocegheofprovess ofl @ileEml 1,0 P0or 3 wherein A is a

: 02-04 alkyl chain, branched or unbra.nched and B is an |
indole ring system. - .
5. - The process of any of claims 1 to 4 whereln X 1s
~hydrogen. . _ _
6. The process of any of claims 1 to 5 whereln R1 is
methyl and Ar is l-naphthyl.

"y ’ as
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7. The'prOCess of claim 1 wherein. N4[3-(2-cyanophenoxY5;
2-hydroxypropyl] -N-f ,1-dimethyl- -2-(1H-indol- S-yl)ethyll- :
N'-[l (l-naphthyl)ethy{]urea diastereomers are produced
and separated. _

8. The process of any of claims 1 to 7 whereln the -

‘said reactlon llquld is benzene. . '

9. The process of clalm 1 substantially as described

"in respect of any of the foreg01ng Examples.

10. A urea derivative of the Formula III specified in
claiml.prepared by the process_of any of claims 1 to 9.

* € L WM 5§ x
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