
Derivatives of 3,4-Dihydro-l(2H)-naphthalenone as p-Adrenergic 
Blocking Agents. 1 .  Runolol and Related Analogs 

A new orally potent p-adrenergic blocking :gent 11:~s been prep:ireti which c ' m  lie cionsidereil i o  be :t c~lussic:il 
:itriagoiiist sinre it, h:ul IIO ~-s~-nip~~l}iiJniiinet ic activity. 13utiolol (1 ) ( ~ ~ - [ ~ ~ - ( ~ - l ~ ~ i t ~ y l ~ t i 1 ~ i 1 1 o ) - 2 - ~ i ~ ~ i r ~ ~ ~ y p r o ~ ~ o ~ ~ ] -  
:1,4-dihydro-l (211)-rinplit~ialeiiorie) w:w 2 t,inies inow potent t,li:tii pi~opr:itiolol (30) iiitra,venously :iiid 20-:$0 
times more x t i v e  orally. Buriolol possessed relatively weak nctivity against ouabain-induced vrritrirul:ir 
:+ri,liythniias. The synthesis of bunolol aiid its alid(JgS \vas accomplished by treating the appropriate hydroxy- 

lone with epichlorohydrin followed by reaction of the epoxide int,erniediate so obtained with the desired 
amine. h systematic st,udy of the positional isomers in the tetralone series possessing identical side chain 
,structiires ,showed that, the 5 isomer (bunolol) had t.he great,est act>ivity as a 8-adrenergic blocking agent. The 
subsequent comparison of amino group substitutions w a ~  devoted mainly to the most active Sisomeric series. It, 
was shown that the classical structure requirements prevailed. Alteration in the side chain in other ways led to 
less active compounds. The 
keto group of bunolol was shop-n to be responsible for the greatly enhanced oral potency and for the relative hck  
of activity against ouabain-induced ventricular arrhy(1iiniris. Due to a favorable therapeutic index aiid greater 
olsl activity, bnnolol may have clinical advantage wheii coinpi"red to existing 0-adrenergic blocking agents. 

Resolution of bunolol revexled that t,he 1 isomer possessed the major activity. 

X new, orstlly-active, P-adrenergic blocking agent 
liar been prepared having the structure 5- [3-t-butyl- 
amino) -'-liydroxypropoxy]-3,4-dihydro- l(2H) -1iaph- 
thalenone (1). When compared to propranolol (30), 
bunolol' (1) showed significant activity as a p-adren- 
ergic blocking agent and higher oral potency. 111 

addition, butiolol and related p-adrenergic blockers were 
shown to possess relatively weak antiarrhythmic action 
against ouabain-induced arrhythmias and no p-adreii- 
ergic stimulant activity in contrast t o  pronethalol ant1 
dichloroisoproterenol.zt8 

p-Adrenergic blocking agents have been of interest 
for the treatment of angina pectoris and a variety 
of cardiac  arrhythmia^.^ 

A series of 30 compounds was studied including 
bun0101 (l), a potent analog which was shown to be 3 
times more potent than propranolol (30) iv and 20-30 
times more potent orally. Bunolol (1) appears to he :L 
classical type of p-adrenergic antagonist with no p-syni- 
pathomimetic action arid little or no activity againit 
ouabain-induced arrhythmias. Bunolol has shown en- 
hanced oral absorption and good therapeutic ratio, 
indicating possible clinical advantage when comparcd 
to existing p-adrenergic blocking agents. 

Chemistry.-Bunolol (1) and related compounds were 
prepared generally by the reaction of epichlorohydrin 
with the corresponding known hydroxytetraloneAia 
in tlie precjence of a base such as SaOH. The inter- 
niediate 5-(2,3-epoxypropoxy)-l-tetralone (32) obtaintd 

as further treated with the appropriate amine a i d  
give the desired 3-substituted amino-'-hydroxy- 
Ixopoxytetralone usually isolated as a salt. The same 
pioduct 1 was obtained through an alternate routle 
involving the reaction of 5-hydroxy-1-tetralone (31) 
with t-butylamino-2,:l-epoxypropane (33) in the pres- 
ence of NaOH. 

i I )  Bunolol is t h e  generic name for j - [3- ( t -buty iamino)-" - I ,~dros~~ 

(2) E. J. Ariens, Ann. A'. Y .  Acad. Sci., 189, 606 (1967). 
( 3 )  R. Howe, A. F. Crowther, J. S. Stephenson, B. S. Rao, arid I,. H. 

(4) A .  C. Dornhorst, Ann. N .  Y .  Acad. Sci . ,  139, 968 (1967). 
( 5 )  (a) D. Papa, E. Schwenk, and ti. Breiger, J .  Ory .  Cheni., 14, :$I,('> 

(1949); (b) J. v. L3raun. .lustus L i e b i g s  Ann. Chem.,  461, 1 i l 9 2 i i .  

~,ropoxy]-3,4-dihydro-l(ZH)-naphthalenone hydrochloride. 

H u i i c h ,  J .  Med. Chem., 11, 1000 (1968). 

The oxazolidine (14) derivative of 1 was preparrvl 
by treatment of 1 with ay formaldehyde under reflu\ 
.4nalog 15 was prepared from 1 by reaction with plien> I 
chloroformate and NaOIIe. B second route to 15 
wai  established involving the addition of t-butyliso- 
q a n a t e  to the epoxy iritermcdiate 32 in the presenw 
of I iBr  as catalyst.' 

Kaceniic bunolol(1) was resolved using d- and I-tnrttt- 
ric acidh. The bitartrate monohydrate salts were ob- 
tained and recrystallized to constant rotation and ana- 
l~ tical purity before conversion into the optically active 
bases. The enantiomorphs were further purified ah 
their crystalline HC1 salts to constant rotation samplw 
possessing equal but opposite signs of rotation. 

The preparation of the quaternary analogs 16 ailti 
27 \vas accomplished by reflming either 1 or 1-(3-di- 
ethylaniino-2-hydrox>propoxy)naphthaleneh i n  nh. 
EtOH containing excess MeI. 

Pharmacology.--d-.4drenergic blocking activity I\ :I? 

evaluated using a small number of mongrel dogs oI 
either sex (10.3-12.5 kg) IT hich T\ ere anesthetized u i t  11 

barbital sodium (300 mg/kg, iv) and titrated to the 
level of surgical anesthesia with pentobarbital. Aortic 
blood pressure, heart rate, and contractile force vivert' 
rneawred. The dogs ere vagotomized bilaterallq , 
thorac.otomized, and maintained on artificial respiration 
Control responses to isoproterenol (0.3 hg/kg, iv) wr ( i  
t~stabli5hed, after which a saline solution of the coni- 
pourid u ab administered intravenously on :& 0.3 log dow 
whedulc (0.03 10.0 mg/hg) at 20-rnin intervals UILI i l  
t o t d  blockade could be affected. Tlie isoproterenol 
challenges were interposed midway between doses of tlrc. 
drug in order to evaluate p-adrenergic blocking activitj . 

Tlie relative oral (po) ,&adrenergic blocking potericier 
v ere determined in barbiturate anesthetized, vagoto- 
mized mongrel dogs. The drug was administered to 
conscious dogs 1 hr prior to anesthesia. Potency es- 
timates were based upon the inhibition of standard 
iPoprotereno1 (0.3 p g j k g ,  iv) responses. 

The antiarrhythmic screen procedure involved a d d  t 
mongrd clogs of either sex (10-15 kg) which weit 
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anesthetized to surgical levels with intravenous barbital 
sodium (300 mg/kg) and pentobarbital sodium. Pa- 
rameters measured included arterial blood pressure, 
myocardial contractile force, heart rate, and lead I1 
electrocardiogram. The animal was thoracotomized 
and maintained on artificial respiration. Ouabain was 
administered 40 pg/kg iv followed in 15 min by an 
additional iv dose of 20 ,ug/kg. Additional ouabain 
was then administered in increments of 10 pg/kg a t  
15-min intervals until a well-established venticular 
tachycardia (ouabain toxicity) was observed. After 
the arrhythmias had been established for 15 min, 5 
mg/kg of the compound was administered at  a rate 
of 1 mg/kg per min. Following drug administration, 
the animal Tyas observed. A compound which did 
not elicit an effect on arrhythmias within 15 min was 
considered inactive. 

Structure-Activity Relationship-The initial study 
of @-blocking agents involved a systematic evaluation 
of the positional isomers in the tetralone or 3,4-dihydro- 
1 (2H)-naphthalenone series. Results showed that 
when the side-chain substitution XTas maintained as 
3-t-butylamino-2-hydroxypropoxy, the 5 isomer 1 
exhibited the greatest potency as a @-adrenergic block- 
ing agent, while the 6 and 7 isomers (20 and 25) i$ere 
much less active. Therefore, most comparisons of the 
substitution effects on the amino function were made 
within the 5-isomeric series. Classical structure- 
activity requirements2 for that portion of the p-blocker 
molecule prevailed. That is, for significant activity 
as a p-adrenergic blocker of the cardiovascular response 
to isoproterenol, a secondary OH and a secondary 
amino group possessing a branched alkyl substituent 
of 5 C atoms or less in size must be present. The 
observed potency order for the amino substituents 
was t-Bu >i-Pr > sec-Bu, cyclopentyl, and i-Bu for 
the 5-(3-substituted amino-2-hydroxypropoxy)-3,4-di- 
hydro-l(2H)-naphthalenone series. Introduction of 
larger functional groups on K such as cyclohexyl 
or  aralkyl or conversion into the tertiary amine led 
only to weakly active or inactive compounds. 

Alteration of the side chain structure such as by 
the formation of oxazolidine (14) or oxazolidone (15) 
derivatives resulted in a reduction of p-blocker potency. 
Recently, it  has been shown that @-adrenergic blocking 
activity usually associated with oxazolidine analogs 
was most probably due to the rapid hydrolysis of 
the oxazolidine in aqueous solution which regenerated 
the active open-chained analog.8 As has been found 
in other @-blocker s e r i e ~ , ~ , ~  the Z-antipode 17 of bunolol 
was most active and was approximately twice as active 
as 1. The &antipode 18 was weakly active and was 
about 1/30 as active as 1. The low order of activity 
possessed by 18 could also have resulted from contami- 
nation by small amounts of 17 which could not have 
been detected due to the limits of experimental error 
related to the resolution of 1. 

The tetralone nucleus was shown to contribute 
significantly to the activity of bunolol (1). The in- 
creased iv potency of 1 in comparison with propranolol 
(30) could be attributed to either the saturated ring 
or the t-Bu portions of the molecule. The contribution 
by the t-Bu group to activity was shown to be minimal 

(8) L. Almirante and W. Murmann, Farmaco Ed.  Sci., 24, 744 (1969). 
(9) K. Howe and B. S. Rao, J .  Med.  Chem.. 11, 1118 (1968). 
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when the t-Bu analog 29 of propranolol 30 exhibited 
an activity approximately equal to that of 30.6 The 
increased potency of bunolol was shown to be due to 
the tetrahydro portion of the tetralone nucleus since 
analog 28 had approximately the same activity as 
1. Introduction of the keto group into 28 to give 1 
enhanced the oral potency of 1 by 20-30 times when 
compared to 30 and by 7 times when compared with 
28. The oxime 13 of bunolol was less active as a 
@-adrenergic blocker. 

Bunolol had little activity against ouabain-induced 
arrhythmias while 28, 29, and 30 all had significant 
ability to convert ouabain-induced ventricular ta- 
chycardia to normal sinus rhythm. Therefore, the 
keto group appeared to be responsible for the decreased 
antiarrhythmic action of 1. The possibility existed 
that some useful antiarrhythmic activity could have 
been obtained in the tetralone series if the amino 
function was suitably altered. In the naphthyloxy 
series of propranolol (30), a quaternized analog'O (27) 
was shown to separate @-blockade activity from anti- 
arrhythmic action through elimination of @-blockade 
while retaining antiarrhythmic activity. A similar 
quaternary analog 16 of bunolol was shown to have 
lost its @-adrenergic blocking action without enhancing 
(10) B. R. Lucchesi and T. Iwami, J. Pharm. E r p .  Ther., 162, 49 (1968). 
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or unmasking any possible antiarrhythmic activity to 
any significant degree. Therefore, quaternization of 
0-blockers which already possess antiarrhythmic action 
simply removes p-blocking activity from that structure 
and does not enhance or create antiarrhythmic activity. 

When analogs containing a variety of other amino 
groups were evaluated, it was found that 9 and 11 
possessed antiarrhythmic activity but of a lower po- 
tency than 30 against ouabain-induced arrhythmias. 

A more detailed report on the pharmacology of 
bunolol will be published elsewhere. 

Thus, in the tetralone series, bunolol (1) appears 
to be a classical 0-blocking agent. When compared 
to existing ,&adrenergic blocking agents, bunolol may 
have clinical advantage due to its increased oral po- 
tency and favorable therapeutic index. 

Experimental Section 
Melting points were taken in open capillary tubes on a Mel- 

Temp and are corrected. Each analytical sample had ir, uv, and 
nmr spectra compatible with its structure. Combustion analysis 
for C, H, K, and C1, I, or S gave results within 0.4% of theory. 
Optical rotations were taken on a Perkin-Elmer 141 polarimeter. 
The physical properties of 1-29 are given in Table I. 

The 5- and 6-hydroxy-l-tetralones5a were prepared from 
commercially available 5- and 6-methoxy-1-tetralone by refluxing 
in HBr-AcOH. The 7-hydroxy-1-tetralone was prepared ac- 
cording to the published procedure.6b 

The experimental procedures (A and B )  for t,he synthesis of 1 
and 32 may also serve as a general route for the preparation of 
similar analogs. 

A. 5 4  2,3-Epoxypropoxy)-3,4-dihydro-l( 2H )-naphthalenone 
(32).-A solution containing 8.30 g (208 mmol) of NaOH in 
36.5 ml of HQO was diluted wit,h 292 ml of EtOH and 28.5 g 
(17.6 mmol) of 31 and 98.0 g (1.06 mol) of epichlorohydrin were 
added. The mixture was stirred at. room temperature for 16 hr 
and then evaporat,ed in  vacuo to a residue which was partitioned 
between 180 ml of H20 and 250 ml of CHC13. The separated 
aqueoiis phase was extracted with CHC1, (1 X 100 ml), and 
t.he combined organic ext,racts were washed with H2O (2  X 
100 ml) and dried (hlgSO,). Evaporation of the volatile com- 
ponents gave 34.0 g (88.8y0) of a crude syrup which was purified 
by distillation; yield 26.1 g (68.1Yc), bp 136-144" (0.08 mm). 
The distillate 32 was not further purified. 

B. 5- 13-( t-Butylamino)-2-hydroxypropoxy] -3,4-dihydro- 
1( 2H)-naphthalenone HCl (1 ).-A react,ion mixture containing 
20.1 g (91.8 mmol) of 31, 33.0 g (452 mmol) of t-BuNHz, and 
90 ml of Et,OH was refluxed for 40 min. The reaction mixture 
was evaporated in vacuo and gave 1 as a crude solid; yield 25.8 
g (96.7yc), mp 84-86". The crude 1 was converted into a whit.e 
crystalline HC1 salt,; yield 28.0 g (93.2%), mp 223-225". The 
analytical sample of 1 was obtained by recrystallization from 
Et,OH, mp 224-226". 

C. 5- [3-t-Butylamino-2-hydroxypropoxy] -3,4-dihydro-l( 2H)- 
naphthalenone. HCI (l).-To a MeOH solution (25 ml) contain- 
ing 2.51 g (15.5 mmol) of 31 and 618 mg (15.5 mmol) of NaOH 
was added 1.00 g (7.76 mmol) of 33,9 and the resulting mixture 
was heat2ed at  reflux for 1 hr. Evaporation of the reaction mix- 

- 
9 

Q-c 
- 0  - SI $ 3  
2 3 3  3 b 

- 
ture tn vacuo gave an oily residue which was dissolved in 250 ml 
of CHCll and washed with 5yc NaOH (2  X 250 ml) and H2O 
( 1  X 250 ml) before drying (MgSOa). Evaporation of the CHCl3 
phase gave 1.33 g (59.07,) of the oily base 1, which was converted 
into its crystalline HCl salt; yield 537 mg (21.1'3), mp 218-223'. 
Recrystallization of crude 1 from hIeOH-Et20 gave the pure 
hampie of 1;  yield 425 mg (16.7%), mp 224-227" By tlc, mp, 
and ir comparisons both synthetic routes gave the same prod- 
uct, 1. 

D. 5- [( 3-t-Butyl-5-oxazolidinyl)methoxy] -3,4-dihydro-l( 2H)- 
naphthalenone.HCI (14).-An EtOH solution (3 .2 ml) of 460 mg 
(1.58 mmol) of 1 and 0.2 mi of 40yc formalin was heated at  reflux 
for 3.5 hr. An additional 0.2 ml of the 40% formalin was added 
to the reaction mixture and refluxing was continued for a total 
of 21 hr. After evaporating the reaction mixture zn vacuo to a 
residual oil, the crystalline hydrochloride was prepared by tritura- 
tion with EtzO (HC1). The crude 14 was recrystallized from 

g 
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lIeOII-Et20 to give the ana ly t id ly  pur( iriiple; yield 201 nix 
(54.276), mp 139-144' der. 

E. 5-[ (3-t-Butyl-2-oxo-5-oxazolidinyl)methoxy] -3,4-dihydro- 
1(2H)-naphthalenone (15).-To a soliit#iori of 9.17 g (31.6 mmol) 
of 1 in 50 ml of dry THF was added, at, OD, 4.05 g (40.0 ir i r i iol  i 
of Et8N and 5.50 g (35.0 m m d )  of phenyl chlnroformat,c, and t h e  
result,ing mixi lire w:ts stirred nt, rooin temp(lrat,iire for  19.5 !ir. 
The residt.ing intermediate vas ohtniiiecl by evaporatiori ( i f  thc l  
volatile components of the mixture arid dissolving the remaining 

yield 6.63 g (66.5%) mp 132-135". 
F. 5- [ (3-t-Butyl-2-oxo-5-oxazolidinyl)methoxy] -3,4-dihydro- 

1(2H)-naphthalenone (15).---To a reflitxirig mixture of 1.09 g 
(5.00 mmol) of 32, I00 m g  of T,iRr, arid 3 nil of D3IF 
was added 0.71 ml (594 Ing, 6.00 inrriol) trf ~-BIIYCO [iti  8 pi)t'- 
tioris every 20 miri]. The resi1lt,iny mixt,tw !vas refliisrti !'()I, :i 

tot.al of 4 hi.. The reaction rnisttu~e was alloa-et1 t t i  ~ [ N I I  I O  

I 'OOIl i  ternperatiire arid was added iii r t i l  of 1 1 2 0 .  l'hr : i l l  

mixture wits extrackd with CIICI, ( 2  x .iO nil) and the coiiiliititd 
(:IICI, ext,racts were washed ivit,h II,O (2  x 
(MgYO1). Kvaporatioii of the solverit in ~ u m o  
tive yield of crude solid 15. Two recry5talliz 
gave the white crystalline 15; yield 927 nig i 
134'. The prodiict was show11 hy tlc and melting p i i t i t  to be 
homogeneous and ident,ical with 15 obtained from 1 :uid pherrj.l 
chloroformate. 

Optical Resolution of ur,-5-[3-( t-butylaminoj-2-hydroxy- 
propoxy] -3,4-dihydro-l( 2H)-naphthalenone. HCI i 1). - -Raceriiic. 
1 (140 g, 0.427 mol) vias converted into i t -  frer b:isc~ f t i r r r i  t i>. 
airspending the s d t  i t i  CHCl,--l .\- NizOTT. .\ cliiati'itative yie!tl 
cif the base was obtained from the ClfC'13 ph:r-e : L ~ I P I ,  cli,!.iiig \vi i l~ 
AlgYO, atid evaporating. 

Into a solution of 84.0 g (O..i(iO i i i t i l ' ~  of I-twtnric wid in 400 in1 
of EtOH was dissolved 0.427 mol of the free l):tse form of 1. 
The solution was allowed t o  cool slowly to  room temperature. A 
crystalline precipitate formed which wts obtaiiied in niiixiiiniiri 
yield by coolirig to 0" before collertion by filttxtion; yield 93.6 
g (47.8"[), nip 125-1:33", [el& -0.16' i c  X60> lleob€€L The 
crystalline Gtartrate salt was recrystallized several times from 
EtOII coiitairiiiig 1"; l-tartaric wid and gave a white crystalhie 
salt possessing cvnstarit melting and rotation values; yield 6:5.:% 
g [32.3%), mp 125-1:35', [a]& +].!I2 If 0.1, [a]::, +G.4U t 0.1' 
(C 5.81, MeOH ). 

( + )5- 134 t-Butylamino)-2-hydroxypropoxy] -3,4-dihydro- 
1(2H)-naphthalenone .HCI (18).---A srispeii-ion of 60.0 g (l:N 
niol) of the I-turtratte i f) salt in 1 1. of CIICI, arid 0.5 I. of 5(;;. 
SaOEi W:L+ h t i t w c l  :ii rooin terriperat,rlri~ for 2 hi.. The CFIC'I, 

G .  

*A t d .  C a l d  for CIj€ItlaSOy. C,II,OG. €1.0: C, H, S.  

~ . .  

e - 15- [3-jl-But~~lamino)-2-h~.droxypropoxy] -3,4-dihydro- 
li~2H)-naphthaIenoneHCI (17). -1 mixture of 63.0 g (137 
r i i r i i o l )  G)f d-t:irtr:ite - i wlt. it1 1 I .  of C:FIC13 and 0.5 1. of Sy' 

r ~ o i i i  retiiper:ittirtt for 2 hr. The free base 
I climtititat ivc yield by drying and evspor:it- 

!II :i re*irtii:il oily material. The oil was 
r*oiivertect itito rlit: -i,litl II(:l s i l t ;  yield 41.8 g (92.9q;), nip 

J r i i  AleO11-Et20 gave whit.? 
elting point ttiid rotation valiiec; 

'&e overall yield of 17 way 
11°, [LY]::,> -19.6 i 0.7, [a]::, 


