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mately the same extent. Compound 3a was also 
found to be a potent irreversible inhibitor of transport 
ATPase in spite of the fact that  3b (which has very 
weak cardiotonic activityLg) did not appreciably in- 
hibit the enzyme. This is in contrast to the finding of 
Hokin, et al.,"& that  A; 14-dianhydrostrophant hidin 3- 
iodoacetate does not irreversibly inhibit transport 
ATPase whereas strophant hidin 3-iodoacetate does. 

Experimental Sectionz0 
3~-Hydroxy.14,15~-epoxy-5P,14a-eard-20(22)-enolide 3-Ace- 

tate (4).-To 418 mg (1.1 mmoles) of 3b13iii 8.6mlof CHC13was 
added a soln of 535 mg of m-ClCeH4C03H (purity 6SC;i,) in 13 ml 
of C6H6. The reaction mixt was allowed t o  staiid for 27 hr a t  
room temp. CHCI, (42 ml) v a s  added followed by 16 ml of lOc/b 
Sa2S03 soh .  The org layer was sepd and washed with 5x8 
Na2C03 soln and HzO and after drying (r\'a&h) yielded 385 mg of 
residue. Ilecrystii of the residue from lIe2CO-Et20 gave 376 
mg (X45, yield) of 4 as needles: mp 186-18s' (lit.14 inp 220-226" 
from Me2CO-petr ether; liL21 mp 1S7-1!Mo from RleOIT-EtpO); 
nmr 6 0.83 ( 3  H, s, 1S-CH3; calcdZ2 6 O M ) ,  1.02 (3 H, R ,  19-CHB; 
calcdZ2 6 l.Ol), 2.11 (3 H,  s, 3-CH3C02), 3.60 (1 H ,  m, I j -CH),  
4.77 (2 H ,  (I, J = 1 cps, 21-CH2), 5.17 i l  H,  m, 3-CH), 5.90 (1 
H ,  q, J = 1 cps, 22-CH); mass spectrim, parent' ion at n / c  
414, a (P - 1120)  peak at  n / c  396, and a (P - HOXc) peak at 
m / e  334. 

15~Hydroxydigitoxigenin 3-Acetate (2e).-This compd was 
prepd from 4 by the procedure described by Okada and Hasmi- 
uma.1* The product was obtaiiied in 655; yield and after re- 

(19) K .  Toki ta ,  C .  Isono, and  1'. KiIJayaslii, S i p p o n  Yakurigaku Zi tsshi ,  
68, 350 (1962). 

(20) Melting points are  corrected and  were detd on a Fisher-Johns melting 
point apparatus .  I r  spectra were detd ivitli a Ueckman hlodel IR-8 spectro- 
photometer and xe re  consistent with the assigned structures. K m r  spectra 
were recorded with a Tarian .\-60.\ spectrometer in CI>Cls(MeaSi/. I n  
nmr descriptions s = singlet, q = iluartet, m = multiplet. Mass spectra 
were taken on an  :1.C.I. RIS-902 instrument using 70 eV with a direct source 
inlet system. Preparative tlc plates (0.75-mm thick), prepared using E. 
Merck silica gel G ,  were activated a t  l l O o  for 2 h r  before use. Bands were 
located under uv light and were extd from the  plates xi t l i  MeOH-CHCla, 
1 : 1 .  Elemental analyses were performed b y  Spang Microanalytical 
Laboratory, Ann Arbor, hlicli. T h e  anal. samples gave comhustion analyses 
within 0.3% of tlieory. 

(21) H.  Ishii, T. Tozyo, and  D. Satoli. Chem. Piiairn. Bull., 11, 576 
(1963). 

( 2 2 )  N .  S. 13hacca and D. H. Williams, "Applications of N M R  Spectros- 
copy in Organic Chemistry: Illustrations from the  Steroid Field," Holden- 
Day ,  San Francisco, Calif., 1966, pp  14-24. 

crystn from MeOH-Et,O had mp 260-262" (lit.14 mp 24j-2jS0 
from RlezCO-EtzO; lit.21 mp 247-250' from ~IeOH-Et,O). 

15a-Hydroxydigitoxigenin 3-Acetate 15-Bromoaeetate(2b).-A 
soln of 90 mg (0.2 mmole) of 2e in 3.6 ml of dry dioxane*3 and 
2 drops of pyridine was treated with 2 drops of BrCHzCOBr, 
whereupon a granular ppt formed. The suspension was stirred 
a t  70" for 16 hr. The reaction mixt was dild with 30 ml of HzO, 
and 5% N&03 soln was added to pH 7.  The mixt was then 
concd to  dryness, and the residue was purified by preparative 
tlc on silica gel (plates developed in CHC13-NeOH 10: 1, major 
product had Ri 0.4) to give, after 1 recrystn from JIeOH, 34 mg 
(4770 yield) of 2b. An anal. sample had mp 230-232"; nmr 

CH3COzj, and 3.80 ( 2  H ,  s, 13-BrCHX02). Anal .  (C2,HB7- 
Br07)  C ,  H ,  Br. 

Digitoxigenin 3-Bromoacetate (2a).--A soln of 50 mg of digi- 
toxigeiiiii (5) in 2.5 ml of dry dioxane was treated Xvith 2 drops of 
pyridine followed by 2 drops of BrCH2COBr. The white SIIS- 
pensioii was stirred a t  room temp for 1.5 hr. The reaction mixt 
was dild with 10 ml of H20, and the ppt was filtered off, washed 
with H20J and dried in e'acuo. Prep t l c  of this solid on silica 
gel (plates developed in CHC13-lIeOH, 96:4) gave 2 major 
bands.. The lower band (Xr 0.2) yielded 10mgof startiiigmaterial. 
The higher band (I<f 0.5) gave, after recryah from hIeOH, 38 mg 
(5i:G yield) of 2a, mp 211-21%$. Anal .  (C2aH3iBrOj) C, H .  
A14-Anhydrodigitoxigenin 3-Bromoacetate (%a).-The reac- 

tioii leading to t'his compd was carried oiit as described iii the 
synthesis of 2a except, that the reaction time was 3 hr. Prep 
t,lc of the crude product on silica gel (plates developed iii CHC13- 
MeOH, 96:4)  gave a major band at  Rf 0.8 which, after recrystn 
from LleOH, gave 41 mg (6:,$; yield) of 3a, nip 193-193"; nmr 
6 0.82 (3 H ,  s, 18-CH3), 1.01 ( 3  H, s, lo-cI&), 3.85 ( 2  H, s, 3- 
BrCHaC02), and 5.27 (1 H, m, 15-CH). Anal .  ( C ~ A H ~ ~ B T O ~ ) ,  
C ,  H, Br. 

Digoxigenin 3J2-Dibromoacetate (2c).--A s o h  of 78 mg of 
digoxigeiiiri (6) in 3.6 ml of dry dioxane was treated with 2 drops 
of pyridine and 2 drops of BrCH2COBr. The white siispension 
was stirred for 4 hr at 75", dild with H&, and adjusted to  pH 7 
with 5:; iYaaC03 solii. The solvents were removed under re- 
duced pressure, and the residue was purified by prep tlc on silica 
gel (plates developed in  CHC13-lIeOH, 10: 1). The major band 
at lZr 0.7 gave, after recrystn from hIeOH-H20, 7 2  mg (56S;yield) 
of 212, nip 213-218". A n a l .  (C27H360iBr2) C, H ,  Br. 

6 0.90 (3 H, S, Ifi-CHr), 0.93 (3 H ,  S ,  19-CH3), 2.01 (3 H, S, 3- 
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Yevei a1 (3-amino-2-hydl oxypropovy )acylanilides have been syiithe&ed. In expel imerital animals. they have 
potent p-ndreneigic blocking actions on the myocardium bllt not at Some other *Ites, for example, the peripheral 
blood ves,el,. Of the compound5 tested 4-(2-hydrouy-3-1sopropylaminopropoxy)acetan111de (practolol) was 
-elected for clinical trial on the basit of optimal potency and selectivity 

In extension of our work on 1-amino-3-aryloxy-2- acylamino substituents (RZCOYH) examined have 
propanols reh t  ed to propranolol1 we have prepared included examples of alkanoyl, aroyl, and aralkanoyl 
several :uinlogs in  wliich the aryl residue contains an groups. I n  general the compounds are potent P-adren- 
acylamino substituent. 111 these preliminary studies, ergic b1ocl;ing agents. They differ, however, from 
0111)' relatively minor variations of the substituent (Ri) previously kno\Tn active compounds in that the inhibi- 
011 the propanolamine side chain have been made. The tion of p-adrenergic responses is restricted to  certain 

sites. Thus, the most studied compound of the new (1) Inderal 
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series, 4-(Zhydroxy-3-isopropylaminopropoxy)acetan- 
ilidc (I) (practolol),2 has been found to  be effective in 
the blockade of isoproterenol-induced tachycardia in 
the :mesthetized cat, but this compound had littlc ef- 
fect on the vnsodepressor action of isoproterenol or on 
the relaxation of isolnt ed tracheal chains exposed to 
:drennlin or isoproterenol solutions. Practolol is :It 
preseiit undergoing extensive clinical trials. 

C H I C ~ ~ ~ ~ ~ ~ ~ , ~ ~ ~ ~ ~ ~ , ” - i . ~ r  - 
I 

Chemistry.-The compounds were prepared in a 
ni;tiiiier malogous t o  that  for the 1-amino-3-naphthoxy- 
2-prop:iiiols6 (methods A arid B) by treating the 4- 
(2,3-~poxypropoxy):tcylanilide (11) or the 4-(3-chloro- 
L‘-l1ydroxypropoxy)acylnnilide (IV) wit 11 the appropri- 
a t e  :imine. 

I1 

1v 

The following route (method C) uas used to provide 
ready variation of the acylamino moiety. 

N H , ~ O ( : H , ( . H O H ( : H - ~ ( i - l ‘ r i c H : P h  - R , N X  I 

- 
v 

11 N H ~ O C H ; C H O H C H , P i i l - P r ~ C H ~ p h  H 

- 
VI 

R I C O N H ~ O O C H , C H D ~ c ~ , ~ ~ - I - ~ r  - 
VI1 

Tlie intermediates VI  could be used without further 
purific a t 1011. ‘ 

Routes A and B, \\lien u w l  for the prep:iratioii of 
pr:tctolol, initially gave rise to the tertiary nmine 
VIII, present to  the extent of 3-5Vc in the product. 
Tliiis in the preparation of 4-(2-liydroxy-3-isopropyl- 
aiiiiiiopropoxy):~cetanilide b! method A, the secondary 
amiiic 111 (RI = i-I’r; R? = Ale) appeared to react 
further with the epoxide I1 (R, = JIe)  to give the terti- 
;Lrj :imine VI11 even \\hen :I large excess of i-PrNH2 
\vas used. 

(2) ICraldin. 
( 3 )  .i. M. Barrett ,  A .  F. Croiytlier, I). Dunlop, It. G. Shanks, and  L. 11. 

Smith, S a u n u n - S c h m i e d e b e r o s  A r c h .  Phnrmnkol. R r p .  Pothol . ,  269, 152 
(1968). 

(-4) (a) I). Ci. Gibson, R. Ualcon, and  E. Soivton, B r t t .  M e d .  J . ,  3, 161 
(1968); (1)) .\. G .  MacDonald a n d  11. S. McNeil l ,  Brit. J .  A n a e d h . .  40, 508 
(1968); (c) 11. Johnstone, i b i d . ,  41,  131 (1969); (d) I). IC. .Jewitt, C .  .J.  
Mercer,  anrl J. P. Sliillingford, Lancet .  2 ,  227 (1060). 

( 5 )  11. 1Iorve anrl 1,. 13. Smith,  U. K. Patent  1,078,852 (1987). 
{I j l  .\. I;. Crowtiler and  1,. 1 1 .  Srnitll, J .  -1frd. Chrm.,  11, 1009 (196R). 

VI11 

Pure practolol free from VI11 was obtained chroma- 
tographically from the crude product and by hydro- 
geriolysis of IX (met hod D). 

I1 (K. = Me) + NH(i-Pr)CH,Ph - 

Structure-Activity Relationships.-Throughout the 
p-acylamino m i e s  thc compounds markedly inhibited 
isoproterenol-induced tachycardia but had only small 
(4 ects on thtl iwprotcrcriol depressor response. This 
is in markcd contrast u i t h  the  effects of previously 
described P-:tdrenergic blocking agents, for example, 
propranolol, 11 liich inhibit the responses to isopro- 
terenol, to a large degree, independently of the site of 
action. Results I\ ith compounds 1-5 showed that  
good blockadc of the tachycardia response was associ- 
ated \ \ i th N-i-I’r :md N-teTt-Bu in parallel with thr. 
results of our previouc Mork6 With variation of the  
:~cylamino moiety (6-10) there was retention of high 
blocking activity of  the  tachycardia response and little 
or 110 inhibition on the depressor response except in t h e  
case of 6. 

l lovement of tlie acylamino group to  the 3 or 2 posi- 
tion (11, 12) caused :L loss of the selectivity shown by 
most of the other compounds. Results of biological 
test5 are given in  Tablc I. The total dose, infused over 
:t period of 30 niiti, that  caused a 50% inhibition of the 
t acliycardia iu :mesthetized cats produced by 0.2 pg/kg 
(iv) of isoproterenol is given; the degree (yo) of block- 
ade of the wisodepressor response a t  that  dose level is 
:lis0 given. ,4 low per cent block of the depressor 
response is an indicatioii of cardiac selectivity.8 

Experimental Section lo 

4-(2,3-Epoxypropoxy)acetanilide.--To it stirred sohi of 4.5 g 
of 4-acetoamidopheiiol and 1.5 g of SaOII in 50 ml of 1 1 2 0  was 
added 3.5 ml of epicliloroliydriii at ambient temp. The niixt 
\vas stirred for 16 hr mid filtered. Tlie solid product was washed 
(l id))  aiid air-dried at ambient temp, nip 110”. This material 
was used withotit, frirther piirificatioii for t,he prep of 1 .  

4-(2-Hydroxy-3-isopropylaminopropoxy)acetanilide (1). 
Method A.--A mixt, of 2.0 g of 4-(2,3-epoxypropoxy)acetaiiilide 
and 10 ml of i- l’rSIIr \vas stirred at room temp for I G  hr. The 
mixt was evapd io dryiieab3, aiid the residue was crystd from 
Bi iOhc;  yield 0.7 g (2t\Ci 1, nip 1:3+l:36°, .,Inal. (CjJ12LS20a) 

A sohi of 10 g O C  crutlc 1 i i i  :I i t i i s l  ( ~ f  >!M n i l  of Ale011 nrtd (j 
nil o f  Tu’IIaOIi (,d 0.SX) wviii p:ished through it c~olumii o f  silica gel 
(Kieselgel I1F  X 4 ,  RIerck). T h e  frartioii correspoiidiiig to  
material of IZf 0.3 was collected ;uid evnpd. The residiie was 
pure 1 by nnir, nip 141-142”. 

(1) Method D.---h mixt of 101) g of 4-(2,3-epoxypropoxy)- 
acetanilide, T G  g of beiizyli~opropylaniiiie, and 500 ml of MeOH 
iva.5 heated wider reflux for 2 hr. The mixt was then evapd wider 

c:, € I >  s. 

~~ -~ 

(7) .I. F. CronLIier, 1). J .  Gilmari, 1 3 ,  J. McLouplilin, I,. I f .  Smith, 

(8) J .  IT, I3lack and  ,I. Y. Stephenson, Lancet ,  2 ,  311 (1982). 
(9) I t ,  H o w  ani1 I,. 1 1 .  Smitli, Frencli Patent 5662M (1967). 
(IO) . \ I 1  melting lroints ivere taken using open capillaries and a re  uncor- 

r e r t e i l ,  
I 1 I )  \Vliere nnalj  s e i  a re  inilicate(l only by syrnl)olu of tlie elements, 

anai.vtical reRulty ol i tn ined for tlio.ie elements were within = t 0 . 4 %  uf the 
tlleoretical value.<, 

It .  W. Turner,  a n d  1’. 11. JVoud, i h i d . ,  12, 638 (1969). 
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TABLE I 
(3-AMINO-2-HYDROXYPROPOXY)ACYLANILIDES 

NO. 

1 
2 

3 

4 
5 
6 
7 

8 
9 

10 
11a 

12b 
13 

R1 
i-CaH? 
tert-CdH~ 

-a 
CH (CH3) (CHz )zC& 
CH ( C H ~ ) C H Z C ~ H ~ O C H ~ - ~  
i-C3H7 
i-C3H7 

i-C3H7 
Propranolol 

MP, 
OC 

142-143 
126 

122-124 

125 
117-118 
136-138 
172-174 

178-180 
138-140 
112-113 
99-101 

98-100 

Crystn 
solvent 

MeCOEt 
EtOAc 

EtOAc 

n-BuOAc 
n-BuOAc 
EtOAc 
n-PrOH- 

i-PrOH 
EtOAc 
EtOAc 
n-BuOAc- 

n-BuOAc 

petr ether 
(60-80") 

MeCOEt 

Doae, 

giving 
50% in- Inhi- 
hibition bition, 

Method of %, of 

cg/kg, 

Empirical of tachy- depressor 
formula Analyses prepn cardia response 

C1JLzNz03 C , H , N  A I D  167 8 
Ci~Hz4Nz03 C , H , N  A 134 7 

Ci6Hz4Ns03 C , H , N  A 744 4 

CnHzBNz03 C , H , N  A 372 3OC 
CziHz8NzOt C , H , N  A 349 26 
C ~ ~ H ~ O N Z O ~ . O . ~ H Z O  C, H, N C 99 28c 
Ci0Hz4Nz03.HCl C, H, N A 161 0 

C19HmClNs03 C , H , N  C 117 0 

Ci~Hzi"04 C , H , N  C 742 17 
Ci4HzzNzOs C , H , N  B 804 42 

CZOHZBNZO~ C , H , N  C 65 1 

ClrHzzNz03 C , H , N  C 457 41 
62 85 

a 3-Acetylamino isomer of 1. b 2-Acetylamirio isomer of 1. c With compounds 4 and 6 there was a significant fall in diastolic blood 
pressure which obscured any cardiospecificity. 

reduced pressure to leave 4-(3-benzylisopropylamino-2-hydroxy- 
propoxy )acetanilide ( I X )  as a pale yellow syrup of satisfactory 
purit,y for hydrogeiiolysis; tlc on silica gel (Merck, Kieselgel 
H F  254) in n-BuOH-AcOH-HsO (8:2:1)  gave Kf 0.15 and with 
NH4OH (SG 0.89thleOH (1:99) ZZr 0.7. 

A mixt of 103 g of IX,  6 g of 6% Pd/C, and 300 nil of EtOH 
was hydrogenated at 133.6-123 kg/cm* in a Bergius converter a t  
27-35" for 16 hr. The mixt was then filtered through Kieselguhr, 
aiid the filtrate was evapd under reduced pressure. The residue 
was stirred with 300 ml of EtCOMe for 10 min and then filtered. 
The solid residue was dissolved in 150 ml of 1 iV HC1 and stirred 
with 1lY3 carbon for 30 miri. The mixt was filtered, and the 
filtrate was basified with 75 ml of 10 A' NaOH at  0-10". The 
pptd product was filtered, and the solid residue was washed with 
HzO, dried, and crystd from 350 ml of EtCOhle to give I ;  yield 
16.7 g (27y0), mp 142.2-142.8'. Anal. (C14Hz2Nz03) C, H ,  N. 
3-(3-Chloro-2-hydroxypropoxy)acetanilide.-A mixt of 4.5 

g of 3-acetamidophenol, 4.5 ml of epichlorohydrin, and 0.03 ml of 
piperidine was heated at 90" for 6 hr. It was then evapd to 
dryness and used without purification in the prepii of 11. 

3-(2-Hydroxy-3-isopropylaminopropoxy)acetanilide (11 ). 
Method B.-A mixt of 7.2 g of 3-(3-chloro-2-hydroxypropoxy)- 
acetanilide and 20 ml of i-PrNHz was heated ir i  a sealed tube for 
10 hr a t  100". It, was pvapd to dryness, and the residue was 
dissolved in 50 ml of 2 N HC1. The s o h  so formed was C treated 
and filtered. The filtrate was basified with 2 N KaOH and 
extd with 50 ml of EtOAc. The dried ext (MgSOn) was evapd 
to dryness, and the residue was crystd from EtOAc; yield 0.8 g 
(lo%), mp 99-101". Anal. (Cl4H~2N~03) C, H ,  N.  
1-(Benzylisopropylamino)-3-(4-nitrophenoxy)-%-propanol~ HCI. 

-A mixt of 21 g of l-(4-nitrophenoxy)-2,3-epoxypropane1z 

(12) I. I. Chizhevskays and V. I. Pansevich-Kolyada, Zh.  Obshch. Khim., 
97, 1223 (1957). 

and 14.9 g of benzylisopropylamine was heated a t  100" for 2 hr. 
The mixt wab dissolved in 100 ml of EtOAc and acidified with 
ethereal HC1. I t  was filtered, and the solid residue was washed 
with EtOAc; yield 23.8 g (63%), mp 147-148". Anal. (C19H24- 

l-(4-Aminophenoxy)-3-benzylisopropylamino-Z-propanol (V). 
--A mixt of 30.0 g of Fe powder, 120 ml of EtOH, arid 0.5 ml of 
11  N HC1 was stirred rapidly under reflux. There was then 
added, portion% ise, 11.4 g of 1-(benzylisopropylamirio)-3-(4- 
nitrophe11oxy)-2-propanol~ HC1. The mixt was stirred aiid 
heated under reflux for 4 hr, 0.5 ml of 11 N HC1 being added after 
the first hr. After 4 hr, 4 ml of 11 N KaOH was added, and the 
hot mixt was filtered. The filtrate was evapd to dryness, and 
the residue was distd; yield, 5.25 g (58yC), bp 198-200" (0.15 
mm). Anal. (C1&6NzOz) C, H ,  N.  

1 - (4-Ethoxycarbonylaminophenoxy)-3-isopropylamino-2-pro- 
panol (10). Method C.-To a stirred soln of 3.1 g of V in 50 ml 
of dry Et& there was added, a t  ambient temp, a mixt of 1 ml of 
ethyl chloroformate in 25 ml of dry Et&. The mixt was stirred 
for 1 hr at 20", and the ethereal layer was decanted. The residue 
was dissolved in 50 ml of EtOH and hydrogenated in the presence 
of 0.4 g of 5% Pd/C, a t  atmospheric pressure and ambient temp. 
The mixt was filtered, and the filtrate was evapd to dryness. 
The residual solid was stirred with 1 A' Pu'aOH and EtOAc. The 
EtOAc ext was dried and evapd, and the residue was crystd from 

N204.HC1.0.25HzO) C, H, N. 

EtOAc; yield 0.35 g (127,), mp 112-113'. Anal.. (C15H24- 
NaOi) C, H,  N.  
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