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inhibitors. The ketoamines (11-16) shorn some sero- the 5 position of the benzo[b]thiophene nucleus also 
tonin antagonism and are mild analgesics. Both produces marked changes in antitumor activity al- 
these effects are more pronounced with the correspond- though much more evidence will be required before 
ing amino alcohols (17-22). any rationalization can be attempted. 

?he observat.ion of significant antitumor activit,y 
in  these halogenoethylamines is of considerable interest, 
:is it is usually assumed23 that  "one-armed" mustards 
posww little antitumor activity. However, the lorn 
:irtivity of the aniinoet,hanols (3, 5, and 6) show t,hat 
thc  P--halogenoethylanine moiety is essential to this 
antitumor activity. Variation of the subst,ituent in 

('!:3) ( a )  \\.. C. J. Ross. "13iolopiral .ilk>-lating Agents." Butterworth and 
f'o. (Puhli-liPrP) Ltd., London, 1962, p 113; (b) D. J. Triggle, J .  Theoret.  
B , d , ,  7 ,  2-11 (lY(i-1). 
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Several new structural aiialogs of the adrenergic 8-blockiiig agelit,, dl-l-(4-iiitropheiiyl)-l-h?.droxy-2-ifiopro~,!-l- 
aminoethane (ISPEI)  were synthesized. The adrenergic p-blocking activity of these compounds was iiivesti- 
gated in the isolated rabbit heart preparation. Substitution with a single nitro group in the para position of the 
phenyl ring yields the most active compound in this series, and the activity is decreased by moving the nitro 
group to meta or ortho positions. The adrenergic 0-blocking activity is also decreased by substitution with two 
nitro groups in 2,4 and 3,5 positions in the phenyl ring and also by substitution with p-amino or p-methylsulfonyl 
groups in these compounds. 

I t  is generally accepted that optimum adrenergic 
activity is present in the catecholamines with the basic 
structure of phenethylamine. A substitution with 
methyl, propyl, or other alkyl radicals on the primary 
amino nitrogen results in a decrease in the responses 
mediated through the adrenergic a receptors2 without 
any change in the responses due to preceptor activa- 
tion. Thus, norepinephrine is the prototype of a- 
receptor stimulants, while isoproterenol, with S- 
isopropyl substitution, is the most powerful 6-receptor 
stimulant agent in this series. The presence of a 
hydroxyl group in the phenolic ring is also critical for 
activity on the adrenergic receptors,'" and the substitu- 
tion with two phenolic hydroxyls, especially in the cate- 
chol structure, yields compounds with optimal sympa- 
thomimetic activity.2dze In  the case of a \ingle phenolic 
hydroxyl group, it has been demonstrated that the 
activity is increahed a$ the hydroxyl group is moved 
from the oi-tho to the ),letu to the p u m  position. 

(1 )  Supported in part  by a grant f rom t h e  LVisronsin Heart Association. 
(2) (a) H. D. Dakin, Proc. Koyul Soc. (London), 76B, 498 (1905); (b) 

G. Barger and H. H .  Dale, J .  Physiol .  (London), 41, 19 (1910); ( e )  A,  &I. 
Lands, Pharmacol. Reu., 1, 279 (1949); (dj R. A. RIcLean in "Medicinal 
Chemistry," .%. Burger, Ed.,  Interscience Publishers, Inc.. Kew Tork,  N. Y . ,  
1960, p 692: ( e )  E. . J .  Ariens, "hlolecular Pllarmacology," Vol.  1, Academir 
Press lnr. ,  N e w  Yorlc, N .  T., lY6-1: ( f )  K. 1'. .\lilquist, A m .  J .  P h ~ s i o l . ,  153, 
586 (1948); ( g )  P. Pratesi, E. Grana, L. Lilla, A .  LaAIanna. and L. Villa, 
Farnaco (Paria) ,  Ed.  Scz., 13, 920, 932 (1963); (11) E. Grana, L. Lilla, P. 
Pratesi. A. LaAIanna, and L. Villa, tbid., 21, 4 (1965). 

Recently, Powell and Slat'er3 report'ed that com- 
pounds which selectively blocked the adrenergic p 
recept'ors were obtained when the phenolic OH groups 
were replaced by two chlorine atoms in the catechol- 
amine nucleus. It was also denionst'rated that opt'i- 
mal P-blocking activit,y was present if chlorine substitu- 
tion was in the 3,4 positions in the phenyl ring and the 
ethanolamine side chain had the isopropyl radical 
(dichloroisoproterenol). The strong adrenergic p- 
blocking act'ivity of p r~netha lo l ,~  1-(4-nitrophenyl)-l- 
hydroxy-2-isopropylaminoethane (INPEA),' 4-(2-isopro- 
pylamino-l-hydroxyethyl)rnethanesulfonanilide,6 and 
ot,her derivat'ives' also supports t,he view that sub- 
stitution in the 3,4 or 4 positions in the phenyl ring is 
important for adrenergic P-blocking activity. How- 
ever, compounds with subst'itutions in ot8her positions 
of the phenyl ring of 2,3-(propranolol),s 2,,?-(9-iso- 

(3) C. E. Powell and I. H. Slater, J .  Pharmacol. Ezptl. Therap., 12'2, 480 
(1958). 

(4) J. W. Black and J. 8. Stephenson, Lancet, 11, 311 (1962). 
(5) P. Somani and B. K. B. Lum, J .  Pharmacol. Ezptl. Therap., 147, 194 

(1965). 
(6) (a) A. A.  Larsen and P. hI. Lish, Nature, 203, 1283 (1964); (b) P. 31. 

Lish, J. H. Weikel, and K. W. Dungan. J .  Phormacol. Esp t l .  Therap. ,  149, 
161 (1965); (c) P. Somani, J. G. Fleming, G. ti. Chan, and B. K. B. Lum, 
ib id . ,  151, 32 (1966). 

( i )  (a) H. ('orrodi, Ti. Perxnon, .i. Carlason, and J. Roberts, J .  M e d .  
Chrm.,  6 ,  751 ( IH( i3 ) ;  (ti) . J .  II. Hiel and 13. I<. 1%. Lum, 8,.E,lei,,Ltttel-Forseh., 
in press. 

(8) J. L\-. Illark, A.  F. Croivther, R. G. Slisnks, L. H. Smith. and A. C. 
Dornllorst. Lancet, I, 1080 (1964). 
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TABLE I1 
RESULTS OF in Vitro SCREEKISG FOR ADREKERGIC ~ B L O C K I K G  

ACTIVITY USING ISOLATED RABBIT HEART PREPARATIOK 

Compd 

I 
I1 
I11 
I V  
v 
V I  
VI1 
TI11 
1); 

Intrinsic 
activitya 

zk 

+ 
++ 
_ _ _  

- 
_ 
- 
+++ * 

Dose,b dbf 

1 x 10-5 
5 x 10-6 

5 x 10-5 

5 x 10-4 

5 x 10-6 

1 x 10-3 

5 x 10-4 

5 x 10-4 

1 x 10-3 

a An increase in the contractile force is expressed by + (less 
than ++ (25 to and +++ (more than 50%); a 
decrease in contractile force is expressed by - . The smallest 
dose of t,he drug (in molar concentrat,ion, perfused for 16 min) 
which blocked epinephrine by at  least 50%. 

been reported to influence the affinity of the catechol- 
amines for their specific receptors,17 and it is of signifi- 
cance that' the levorotatory isomers of t,hese sympatho- 
mimetic amines such as epinephrine, norepinephrine, 
arid isoproterenol have been found to be much more 
potent than their respective dextrorotatory isomers.17r18 
The denionst.ration that the absolut,e D configuration 
in ~ - I X P E A  is the same as the D configuration in the 
c~itecholaniines~~ and the observations that D-ISPEA is 
the pharmacologically active isomer suggest' that' the 
P-hydroxyl group in ISPEA binds to the same site of the 
adrenergic receptor as the @-hydroxyl group of t,he 
cat,echolamines. 

The present result,s clearly demotist'rate that  sub- 
stit,ution of a single nitro group in the para position 
of the phenyl ring is optimal for the P-receptor blocking 
activit,y in t'his series of compounds. The p-blocking 
activity is decreased by moving tmhe nitro group to the 
uieta (IT.') or orfho (V) posit,ions. A similar reduction 
in P-blocking act'ivity is also seen when two nitro 
groups are subst,itut'ed on the phenyl ring in the 2,4 
or 3,5  posit'ions (VI and VII). We have not' been able 
to synthesize and evaluate the act,ivity of the 3!4- 
dinitro derivative as yet. The intrinsic synipat'homi- 
nietic activity (posit,ive inotropic effect) is great,ly en- 
hanced n-hen the nitro group is replaced by an amino 

( l i j  E. J. hri&ns and -1. 11. Simonis in "lfolecular Pharmacology," Vol. 
I ,  E. J. hriens, Ed., Academic Press Inc., &-em l-ork. N.  Y.,  1964, p 119. 

(18) (a) A. R. Cushny, J .  Physiol. (London), 37, 130 (1908); (b) A. BI. 
Lands, Pharmacoi. Reu., 1, 279 (1949). 

(19) .\. La Manna and V. Ghislandi, Pormaco (Pavia),  E d .  S o i . ,  19, 3 T i  
(1964). 

group in the p a m  position of the phenyl ring (VIII). 
Nethylsulfonyl substitution (IX) was found to result 
in a greatly diminished adrenergic 0-blocking activity. 

As in the case of other p-blocking drugs,' isopropyl 
substitution on the ethylamine side chain appears to be 
optimal in the INPEA series of compounds also. This 
conclusion is based on the limited observations that 
other substitutions on the nitrogen tended to lower the 
adrenergic 0-blocking activity on the blood ve~selb '~ 
as well as on the myocardium. 2o 

Experimental Section2 
3,4-Dinitroacetophenone.-A solution (ethereal) of 230.5 g 

(1 mole) of 3,4-dinitrobenzoyl chloride was added during 2 hr to a 
suspension of magnesium ethoxide [from 26.75 g (1.1 g-atom) 
of Mg turnings] and diethyl malonat,e (177 g, 1.1 moles) in 
ether. After 5 hr under reflux, the viscous solution was treated 
with dilute H2S04. The ether layer was separated and washed, 
and the solvent was removed in vacuo. The diethyl 3,Pdinitro- 
benzoylmalonate (43 g, mp 69-70' from 2-propanol) was de- 
composed with H2S04 in glacial acetic acid by heating under 
reflux for 4 hr. The reaction mixture was diluted, alkalinized, 
and extracted with ether. The ether extracts were separated 
and washed, and t,he solvent was removed in vacuo. The prod- 
uct (15 g)  was purified from 2-propanol; mp 101-102". 

Anal .  Calcd for C s H ~ N ~ O ~ :  C, 43.75; H, 2.86; S, 13.32. 
Found: C, 45.86; H, 3.48; X, 13.90. 
3,4-Dinitro-w-bromoacetophenone.-The broniinatio1i  as ac- 

complished in benzene. The crude product was filtered (after 
concentration) and recrystallized from benzene-hexane; mp 
94-95O. 

Anal. Calcd for CsH5BrN205: C, 33.24; H, 1.74; Br, 27.65: 
N, 9.69. 

3,4-Dinitrostyrene Oxide.-The above bromo derivative was 
reduced with excess XaBHa in methanol-water, at  O", making the 
solution alkaline wit,h NaOH, after stirring for 3 hr. The crude 
product was filtered and recrystallized from diluted methanol; 
mp 56-57 '. 

Anal. Calcd for C8HSS205: C, 45.75; H, 2.86: 9, 13.32. 
Found: C, 45.46: H,  2.87; S, 13.13. 

1-( 4-Methylsulfonylpheny1)-l-hydroxy-t-isopropylam~no- 
ethane Hydrochloride.-To a suspension of 2 i . 7  g of 4-methyl- 
sulfonyl-a-bromoacetophenone (0.1 mole) ill 950 ml of methanol, 
a t  0-5", was added a solution of 3.8 g of SaBH4 (0.1 mole) in 
water. The solution was made alkaline with NaOH, and the 
styrene oxide was filtered, after chilling. The crude l-(.l-niethyl- 
sulfony1)styrene oxide (10 g)  was suspended in 50 ml of et'hanol 
and treated with 9 g of isopropylamine by heating under reflux 
for 3 hr. The solvent and excess isopropylamine were removed 
in vacuo, and the residue was takeu up in HC1, filtered, decolor- 
ized with charcoal, and made alkaline with SaOH. The base 
was filtered and dissolved in ether, and the hydrochloride salt 
was precipitat,ed by bubbling HC1 into the solution. 

Found: C, 33.01; H, 1.90; Br, 27.36: S, 9.56. 

(20) P. Somani, unpublished obserrations. 
(21) ill1 melting points I\ ere determined in a Ijiiolii InelLinp ~,uinC apyara- 

lus and are corrected. 


