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iho~,ro~,ylnmiiie. ('orrodi, c t d.,6 report the ida t io i i  
of u i  e r y t h r o  isomer when thi- route n 
htereochemical assignments \\ ere confiriii 
in particular by the chemical shift arid couplirig constant 
of the benzylic proton OCH- . The ery thro  isomer 

lowed :i doub1t.i :it r 5 22 (.I = 4 cps) aiid the thrro 
omer :t doublrt :it 7 5.88 (.I = 8.2 cps), values which 

correspond with those reported for ephedrine aiid $- 
cy)hedriiic.7 SOCI, converted both 3 and 5 to thc 
hytlrochloridc of the chloro analog 24. Thih i. ahsigned 
i he fhreo configuration oil the basiq of the coupling 
(viistaiit (9.0 cps) of tlie benzylic proton. Hydrolybk 
of 24 gave niainly the t h r w  isomer 5 ;  the ratio threo 
L i y I A r o  wab 10/1.8 Also in agreement with the asigri- 
metits, thc X-benzoyl derivative 6 (of 5) n-as smoothly 
cwnvc~ried in theorc~tical yield by cthanolic HC1 to thc 
hydrochloride of the 0-benzoyl derivativc of 5. Thtk 
.:itiic cwidition.: converted the S-benzoyl derivative 4 
(of 3) iri 12% yield to a 7: 3 mixtare of the hydrochloridc 
of i h v  0-benzoyl derivative of 3 and the corresponding 
clcriv:rtive of 5. 1Iucli  4 

('ompounds 7 arid 10. prepared from the broniohydriii 
23 were pure thleo isomer,. hy iimr. Thc chemical shift 
:uid coupling coiintaIit of the herizylic proton i? given iii 
'1':ihl~ I .  compo urd^ 1 aiid 8, prepared from 22, werc 
purc r > r g l h i  o iwnicrS. Catalytic reductive alkylation of 
1 witli tioiiaii-2-oiie proceeded without iiiverhion of thc 
:uoi r ic t  hirie ir Ltermcdiat e arid gave 9. ('ompound 2, an 
('/ y t h r o  iboriicli-, w: ih  prepared by retluctiori of l-methyl- 
:iminoniethyl 2-naphthyl I1t~tone hydrochloritle'0 with 

'I'hc tcrtiary xlcoliol- 13 aiid 14 \\ere prepared l y  tho 
: t r t  ion of :L Grigriard reagelit on iiopropy1:imiiiomet~i~l 
2-tlit~)lithyl lictouc 25'" (rcl I ) .  Thv ititcrnwdiate 11 

SaRHJ. 

25 
OH 
I 

13, R3 = CH, 
14, R3 = CzH5 

\ V N ~  ot)tiiiiicti iii low :iiid uricertairi yield by thcJ route 
rined hy Erlerinieyer and by Bergmannll (eq 2 ) .  X 

( t i )  t l .  Gorrodi, TI. Peruson, .1. Carkiln.  and  .I. Kol,erts, J .  . 1 I ~ d .  Chrni.,  

i i )  G .  G. Lyle and L. K. Keefer, J .  O w .  C ' h e m . ,  31, 3Y2l (1966). 
(8) 11.  Pfanz and H. Wieduwilt, <lrch.  P ? $ m n . ,  288, 560 (19.35). 
(9) G. Fodor, V. Bruckner, .J. Kiw,  and C;. Oliemi ,  J .  Org. Cliem., 14, 

( I O )  .2. .I. Krogacheva and S. I. Sergie\-aka,\a, % h .  Oiishch. Kl<im.. 21, 211TII 

(11) I:. L). Dergmann, et u l . ,  .J. Chum. S i c .  2t i i . 3  (19511; 2,XA ~ l ! l ~ : ~ I :  

6 ,  751 (1963). 

337 (1949). 

(1961); 

I064 ~ l < l 5 4 ) :  1662 (1956), and references ?icwl tiiereiri. 

Chem. d b a t r . ,  46, 8073 (19523. 
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aypcar to  have I ) ( Y ~ I I  obtaiiied by other \\orlivr-. 27 
cvuld :&(> by thc :idditioii of hydrogen from 26 i o  tlic 
azomethine bond of :I vcoiid molecule of 26 rather i1i:in 
t o  the c:irbonyl group of 2-iiaphth:ddehyde. 

Catalytic reductive alkylation of 11 gave 12 i i i  lo\\ 
yield, t oget hey. with 2-napht hylmet hanol. ('learly 
part of the azomcthine intermediate 29 for the :tIkyl:i- 
tioii uridcrn-crit :I rcvei'sc aldol condensation to give. 
L'-iiaplith:Lldch?-tlc which ~ v : i ~  thrii reduced. 

29 

The haloliydriri i r i t  erniediate- required for t he prcp:~- 
ration of the propranolol arialogs 15-17 arid 19 ww 
prepared from the xppropriatv :wid by the get1er:rl 
route <howl in eq 3. *hi attempt to prepare the acid 

OC(CH3)iCO-H 
I 

-+ 

30 

RCOCI -----, RCOCHN2 - KCOCH,Cl --+ 

OC(CH,),CHOHCH-C'I 
I 

chloride of 30 Ivith excebs SO('1, in the absc.ilct~ of :I 

wlvent gave the 4-chlorosulfirlyl derivative 31 (of 30).  
The tertiary alcohol 18 was prepared from thr  cpoxidc 

33 obtained hy the. :iction of diniethy1sulfor;oiiiul-u 
methylide O I I  1-iinpht hoxyacet one (32). l 2  
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biological screening tests13 are given in Table I .  The 
test procedure was identical with that reported pre- 
viously. la 

Introduction of substituents into the side chain of 
pronethalol and propranolol analogs generally gave 
compounds which were less potent than the unsubsti- 
tuted analog. The reduction in potency which accom- 
panied alkylation of the carbon atom a to the amino 
function, i . e . ,  C-2 in 20 and C-1 in 21, appears to be 
fairly general for /3-adrenergic blocking agents6>l4 and 
for 0-adrenergic stimulants.'j l6 The erythro isomer 3 
mas about three times more potent than the threo 
isomer 5 ,  but only about one-third as potent as the 
unsubstituted analog (pronethalol'"). I n  the 2-amino- 
1-aryl-1-propanol series erythro isomers appear to be 
generally more potent than t h m  isomers in their action 
011 /3  receptor^.'^ l7 The potencies of 1 and 2 were low, 
but were greater than might have been expected from 
liriowledge of the potencies of the unsubstituted 
analogs.'" Uloth, et al.,14 have previously noted that 
introduction of a methyl group in the erythro configura- 
tion on the a carbon atom of the N-methylamino com- 
pound 34 raised &blocking potency. 

flCH(OH)CH2NHMe \ U 

24 MeS0,NH 
34 

Experimental Section18 
Nmr spectra were measured in CDCl3 ( T N S )  unless stated 

otherwise. Hydrogenations were carried out at. room tempera- 
ture and atmospheric pressure. 

erythro-2-Isopropylamino-l-(2-naphthyI)-l-propanol (3).--A 
solution of 224 (6 g) in Me&O (20 ml) was hydrogenated in the 
presence of Pt (0.5 9). The  mixture was filtered and the filtrate 
was evaporated to dryness. The residue was shaken with 1 S 
HC1 (800 ml) and Et20 (200 ml). The acidic aqueous solution 
was made alkaline with 8 -I' NaOH and then extracted with Et20 .  
The extract, gave 3 (4 g), mp 123-124", after fractional crystalliza- 
tion; T 2.15-2.75 (multiplet, Ar-H, 7 ) ,  5.22 (doublet, J = 4.0 
cps, >CHO, l), 6.94 [quartet of doublets, J = 6.5 and 4.0 cps, 
-CH(CH,)-], 7.07 [septet, CH(CH3)zI , 8.95 [two doublets, 
CH(CH3),, 61, 9.23 [doublet, J = 6.5 cps, -CH(CH3)-, 31. 
3.HC1 was prepared by adding ethereal HC1 to the base in MeOH 

2-Bromo-l-(2-naphthyI)-l-propanol (23).-KaBH4 (3.0 g) was 
added during 45 min with stirring to a suspension of 1-bromoet,hyl 
%naphthyl ketonelo (10 g) in MeOH (200 ml) a t  0-5'. After 30 
min the mixt,ure was poured into 6 AV HBr containing ice and 
extracted with EtzO. The extract gave crude 23 as a gum, which 
was used without further purification. 

threo-2-Isopropylamino-l-( 2-naphthyl)-l-propanol (5).-A so- 
lution of 23 (24.3 g) and i-PrWHz (100 ml) in EtOH (150 ml) was 
heated under reflux for 48 hr and then the EtOH and the excess 
i-PrNHz were evaporated. The residue was dissolved in 1 -L' 
HC1 and the solution was washed with Ego. The acidic aqueous 
solution was made alkaline with 8 S WaOH and then extracted 
with CsHe. The extract gave an oil which was dissolved in the 

+ EtzO. 

(13) Biological testing was carried out by Drs. J. IT. Black and R.  G. 
Shanks and Mr. D. Dunlop. For further information see J. W. Black, 
W. A. >I. Duncan, and R. G.  Shanks, Brit. J .  Pharmacol., 26, 5 7 i  (1965). 

(14) R. H. Uloth. J. R. Kirk, W. A. Gould, and  A. A. Larsen, J .  M e d .  
Chem., 9, 88 (1966) .  

(15) 4 .  A. Larsen, W. A. Gould, H. R. Roth,  W. T. Comer, R. H. Uloth, 
K. W. Dungan, and P. M. Lish, J .  -Wed. Chem., 10, 462 (1967). 

(16) D. Hartley, D. Jack, L. H. C. Lunts. and A. C. Ricliie, Nature, 219, 
862 (1968). 

(17) J. Van Dijk and H. D. Moed, Rec. Trau. Chim., 78, 22 (1969). 
(18) Where analyses are indicated only by symbols of the elements, 

analytical results obtained for those elements vere within i0.4Y0 of the 
theoretical values. 

minimum amount of hot EtOAc. Compound 5 (11.1 g)  separated 
on cooling, m p  117-118' depressed to 102-105" by 3; T 2.15-2.75 
(multiplet, Ar-H, 7 ) ,  5.88 (doublet, J = 8.2 cps, -0CH-, l), 7.14 
[septet, CH(CH3)2, 11, 7.28 [quartet of doublets, J = 6.0 and 8.2 
CPS, -CH(CHI)-l, 8.9-9.2 [three sets of doublets, CH(CHS)Z and 
-CH(CHa)-, 91. 

N- [2-Chloro-l-methyl-2-( 2-naphthyl)ethyl] isopropylamine 
(a )  A solution of 3 (0.5 a )  in SOClz ( 5  ml) Hydrochloride (24). 

was heat'ed under reflux for 12 hr and then theexcess SOCl2 was 
evaporated. The residual solid was crystallized from MeOH- 
EtOAc and gave 24: mp 173"; T 2.10-2.80 (multiplet, Ar-H, 
7), 4.26 (doublet, J = 9.0 cps, -ClCH-, l), 6.10-6.50 [multiplet, 
CH(CH8) and CH(CH3)2, 21, 8.33, 8.42, and 8.57 [three sets of 
doublets, CH(CH3)z and -CH(CH3)-, 91. Anal. (ClsHklCl& j 
C, H, C1, N. 

(b) I n  the same way 5 was converted to 24, mp and mmp 173". 

Hydrolysis of 24.-NaOH (1 N ,  1 ml, 1 equiv) was added to a 
solution of 24 (0.298 g) in HzO (20 ml). The solution was heated 
a t  100' for 1 hr and then more 1 A' NaOH (1 ml, 1 equiv) was 
added. Heating was continued for 0.5 hr and then the solution 
was cooled, made strongly alkaline, and extracted with EtzO. 
The EtzO extract gave a mixture of 5 and 3 (ratio 10: 1 by nmr), 
mp 115-117'. 

N-Benzoyl Derivative of 5.--KOH (57& 50 ml) was added duy- 
ing 0.5 hr with shaking to  a solution of 5 (0.5 g) and CGHSCOC1 
(0.51 g) in Et20 (30 ml). The Et20 layer was washed successively 
with HzO, 1 S HC1, and H2O. The dried EtzO solution gave 6 :  T 

2.1-3.0 (multiplet, Ar-H, 12), 3.36 (doublet, J = 8.0 cps, O H ,  1 j, 
4.96 (doublet of doublets, J = 8.0 and 5.0 cps, -0CH-, l), 6.2-6.6 
[multiplet', CH(CH3)2 and -CH(CH3)-, 21, 8.4, 9.04, and 9.83 
[doublets, CH(CH8)z and -CH(CH3)-, 91. 

T 2.0-2.9 (multiplet, Ar-H, 121, 
3.6 (broad singlet, OH, I), 4.78 (broad singlet, -(OH)CH-, l), 
6.1 [septet, -CH(CH3)2, 11, 6.52 [quartet of doublets, J = 7.0 and 
1.7 cps, -CH(CH,)-, 11, 8.59, 8.85, and 8.95 [doublets, CH(CH3)z 
and -CH(CH3)-, 91. 

0-Benzoyl Derivative of 5.-A solution of HC1 in EtOH 
( 5  S, 1 ml) was added to a solution of 6 (0.35 g) in EtOH (10 ml) 
at room temperature. After 3 hr the solution was evaporated 
and a solid residue was obtained. An nmr spectrum was deter- 
mined on this solid residue. The HC1 of the 0-benzoyl derivat.ive 
of 5 had mp 247" from MeOH-EtOAc; T (DMSO-& + D20) 
4.02 (doublet', J = 9.0 cps, -OCH-, 1). Anal. (CI3H2,C1NO2) 
C ,  H, W. 

When 4 was treated in the same way, a mixture of the HC1 
salt's of the 0-benzoyl derivatives of 3 and 5 (ratio 7:3) was ob- 
tained (12Yc yield): mp 209-210" from MeOH-EtOAc; T 

(DMSO-& + DzO) 3.55 (doublet, J = 3.0 cps, -OCH-, erythro 
isomer), 4.02 (doublet, J = 9.0 cps, -0CH-, threo isomer). Anal. 
(C2&&1N02) C, H, N. 4 was recovered from the mother 
liquors of the crystallization. 

2 4  l-MethyIoctyIamino)-l-(2-naphthyI)-l-propanol (9).-A so- 
lution of l (base, 0.5 g) in EtOH (5  ml) and nonan-2-one (2.5 ml) 
was hydrogenated in the presence of Pt (0.25 g). The mixture 
m s  filtered and the filtrate was evaporated to dryness. The 
residue was shaken with 2 A' HC1 and Et,,O. 9.HC1 separated 
as a white solid a t  the interface. 
2-Methylamino-l-(2-naphthyI)-l-propanol (2).--SaBH4 (0.5 

g) was added during 30 min t,o a stirred solution of l-methyl- 
aminoethyl2-naphthyl ketone hydrochloride10 (0.92 g) in N e O H  
(20 ml) a t  0". After 12 hr the solution was evaporated to  dryness 
zn vacuo. 2.HC1 was isolated in the same way as 9.HC1. 

Ethyl 2-Amino-3-hydroxy-3-(2-naphthyl)propionate (ll).-A 
solution of glycine ethyl ester (0.72 gj, 2-naphthaldehyde (4.16 g, 
3.8 equiv), and piperidine (0.1 ml) in EtOH (10 ml) was heated at 
70" for 2 hr and then kept at, room temperature overnight. The 
EtOH was evaporated in vacuo and then a slight excess of HC1 in  
MeOH was added, followed by excess E t 2 0 .  The solid which 
separated was fractionally crystallized from NeOH-EtOAc to 
give 11.HC1 (0.3 g, 15rcj .  

Ethyl 2-Amino-3-( ethoxycarbonylmethy1amino)-3-( 2-naphthyl)- 
propionate (27 j and 3-Ethoxycarbonyl-2-( 2-naphthy1)piperazin- 
5-one (28).-A solution of glycine ethyl ester (1.44 g) and 
2-naphthaldehyde (8.3 g, 3.8 equiv) in EtOH (20 nil) was heated 
at, 70" for 2 hr and then kept a t  room temperature overnight. 
The EtOH was evaporated in vacuo and then a slight excess of 
HC1 in MeOH was added, followed by excess EtlO. The solid 
which separated was fractionally crystallized fwni IleOH-EtOAc 
to give 1l.HC1, mp 172-173" (0.02 9);  27,ZHCl: nip 154-156O 

Anal. (Cis&ClzN) C, H, C1, K. 

A similar procedure gave 4 :  



(0.38 g) ;  T (L)MSO-d6) 1.0-5.0 (broad, eschaiiged with l I r 0 ,  
?JHB-+, aiid NH,+, 5 ) ,  1.9-2.6 (multiplet, Ar-H, 71, 5.0 arid .i.2 
(niultiplet?, each becoming a pair of doublets with IhO, --(SH)- 
C H C H < ,  2 ) ,  5.6-6.1 (multiplet, CHzCHa, 3 ) .  6.4 (multiplet, 
hecoming an AB pattern with DrO, SCHZCO, 2 ) ,  8.82 and 8.9 
(t,riplet,s, CH2CH3, 6)  [..lnal. (ClJT~6Cl&&r) C, IT. C1, X]  : aiid 

28.HC1: mp 245' (0.34 g ) ;  T io11 free basel 2.1-2.7 inidtiplet, 
Ar-Tf, 7 ) ,  3 . 2 2  (singlet, I3 a t  position 1, exchanged by 1320, 1 j, 
,5.Gti (AB pattern, TI'S at position-. 2 arid :3 ,  2 ) ,  6.(1.7 (qiiartet, 
CH2CTIr, 2),  6.42 (singlet, €1'3 at, poaiiiori 6, P i ,  7.55 (broad sin- 
glet, exchanged with D,O, H at position 4, 1 1 ,  9.07 itriplet, CI1: 

Ethyl 3-Hydroxy-2-isopropylamino-3-(2-naphthyl)propionate 
(12).---.I soliition of 11 'HC1 (0.55 g) in IT-T?C) (30 nil), 1 S XaOH 
(1.8.; nil) ,  :irid l I e2 ( ' 0  ( I O  ni l )  was hydrogeitated iii t h e  pre-enw 
[ i f  I't (0 .25  gj. T h e  inixtiire was filtered iiritl the filtrate w a ~  
evapot,aieti t i l  drylie;.; in vacuo. The residiie was (tis-olved i n  
b:t.20, the so1rit)iori war washed wit.h 1 1 2 0 ,  aiid then dried. A 
slight excess of ethereal €IC1 was added t o  precipitate 12,HCI.  
The mixtitre was filtered, t,he filtrate tieing ret,airied. 12,TIC'l 
10.143 g) ,  nip 174-1i5°, wa5 ohtaiiied. The retained Et20 
f i lhi t r  was washed with H 2 0  arid theit dried. Thr Et,O wa.> 
rvaptrrat et1 arid the rehitliial oil (in ('61Tti)  \ v a ~  ctit,oni:iti,gi,aphed 
ot i  XlrOi. bzliiiioii with CI lC~l~- (&l I~  ) gave 2-liaphthyl- 
ixrl)i i iol  n-: plates (0.(123 g) ,  i r ip  X i l o  f'rc ietroleiirii et her (I)p 
30-60°1, mp 80". . \nn/ .  i( ' l l f l lLIO) 11: C':  w i d ,  83.5: 
~ f ~ l i l i r l ,  8:Ll). 

2-Isopropylamino-l-methyl-l-(2-naphthyl)ethanol (13).----.% 
soliitiriii of 3IehlgI in Et2() (130 rnl)  W:LY prepared from .\Ig 
powdc31' (2.88 g) and l I e 1  f l i  e).  25.11131 (6 g) w i b  added and 
aftel, thP vig~roiis re:tctii)ii had siiiisirletl the niixt lire mi.< heated 
i i u d c i ,  refliis for 1 hi,, a id  iheri b t i r i , e d  at rooin t,eniperatiire for 12 
hr. llC1 ( I  S) was added to estmi.t the basic. product, arid the 
t,xt,rart wa5 washet! with Ii;t %O. The acitlic* aqueous soliltion x i s  
rtiatlc alkaliiie with 8 a\- Sa011  n i i t l  theti extracted with CFIC'I.,. 
The ("IIC:l:l wa- ev:zporat etl, the relidiial oil w:ir dissolved in cold 
petrolciiin eiher (bp  40--60°) (.io nil j ,  :ind the soliitioii was filtered 
io reniove insoluble malerial. The filtrate was evaporated t o  

€Ci:O. c ~ n d  ethereal €IC1 

--.I solution <if 2-( 1- 
OC12 (16.5 g )  in CHCla 
:xiid &hen evaporated to 
iii petroleum ether ihp  

6il  -80" j, ti,eated wit 11 c-har(wal, arid filtered, :inti the solvent wa-; 
iwipor~i t rd  Tho iwidiial oil had :III ir liand at 1770 c n - '  
c~h:itxctei~ist ic of :in acid cliloritle. X soliition ( J f  the acid chloride, 
i i i  1':t.O wi. treated with a slight exress of CH&% in Et&. After 
IS Iir t h p  solvent was evaporated. The reaidiial mlid had  :in ir 
1)aiitI :it 2100 c m r l  characteristic. of a tii:izo wmpoiirid. A% solii- 

)E the diazo ketoiie iii Et20 was satitrated with HC1 at  0". 
I h r  ice was added, arid the Et:!() layer \vas separated arid 

( l ! i \  I t .  Rupe anti 1;. Ilecherer. H e l i , .  C h i m .  A c t a ,  6, 880 (1923). 
120) C. .\. Bisclioff, Ber.. 33, 1386 11900). 

C H r ,  :3) ;  ' P  298 [ A v , ~ / .  (CiiIligCIY2O~j C', IT! Cl, Sl. 

~~ . 


