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inhibitors. The ketoamines (11-16) show some sero­
tonin antagonism and are mild analgesics. Both 
these effects are more pronounced with the correspond­
ing amino alcohols (17-22). 

The observation of significant antitumor activity 
in these halogenoethylamines is of considerable interest 
as it is usually assumed23 that "one-armed" mustards 
possess little antitumor activity. However, the low 
activity of the aminoethanols (3, 5, and 6) show that 
the /3-halogenoethylamine moiety is essential to this 
antitumor activity. Variation of the substituent in 

C!3) (a) \Y. C. J. Ross, "Biological Alkylating Agents," Butterworth and 
Co. (Publishers) Ltd., London, 1962, p 113; (b) D. J. Triggle, J. Theorei. 
Bill., 7, 241 (1904). 

It 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 /3-receptor activa­
tion. Thus, norepinephrine is the prototype of a-
receptor stimulants, while isoproterenol, with X-
isopropyl substitution, is the most powerful /3-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,2a and the substitu­
tion with two phenolic hydroxyls, especially in the cate­
chol structure, yields compounds with optimal sympa­
thomimetic activity.2d,e In the case of a single phenolic 
hydroxyl group, it has been demonstrated that the 
activity is increased as the hydroxyl group is moved 
from the ortho to the nieta to the para position. 

(1) Supported in part by a grant from the Wisconsin Heart Association. 
(2) (a) H. D. Dakin, Proc. Royal Soc. (London), 76B, 498 (1905); (b) 

G. Barger and H. H. Dale, J. Physiol. (London), 41, 19 (1910); (c) A. M. 
Lands, Pharmacol. Rev., 1, 279 (1949); (d) R. A. McLean in "Medicinal 
Chemistry," A. Burger, Ed., Interscience Publishers, Inc., New York, N. Y., 
I960, p 592: (e) E. J. Aliens, "Molecular Pharmacology," Vol. 1, Academic 
Press Inc., New York, N. Y., 1964; (f) R. P. Ahlquist, Am. J. Physiol., 153, 
586 (1948); (g) P. Pratesi, E. Grana, L. Lilla, A. LaManna, and L. Villa, 
Farmaco (Pavia), Ed. Sci., 18, 920, 932 (1963); (h) E. Grana, L. Lilla, P. 
Pratesi, A. LaManna, and L. Villa, ibid., 21, 4 (1965). 

the 5 position of the benzo[5]thiophene nucleus also 
produces marked changes in antitumor activity al­
though much more evidence will be required before 
any rationalization can be attempted. 

Acknowledgments.—We thank the Xicholas Re­
search Institute Limited for carrying out the general 
pharmacological testing and Dr. K. Hellmann and his 
colleagues of the Cancer Chemotherapy Unit of the 
Imperial Cancer Research Fund for the tumor-inhibi­
tion tests. Fuller details of the results will be pub­
lished elsewhere. The authors wish to thank the 
Science Research Council for a research studentship 
( toB. I.). 

Recently, Powell and Slater3 reported that com­
pounds which selectively blocked the adrenergic fi 
receptors were obtained when the phenolic OH groups 
were replaced by two chlorine atoms in the catechol­
amine nucleus. It was also demonstrated that opti­
mal /3-blocking activity 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 /3-
blocking activity of pronethalol,4 l-(4-nitrophenyl)-l-
hydroxy-2-isopropylaminoethane (INPEA),6 4-(2-isopro-
pylamino-l-hydroxyethyl)methanesulfonanilide,6 and 
other derivatives7 also supports the view that sub­
stitution in the 3,4 or 4 positions in the phenyl ring is 
important for adrenergic /3-blocking activity. How­
ever, compounds with substitutions in other positions 
of the phenyl ring of 2,3-(propranolol),8 2,5-(X-iso-

(3) C. E. Powell and I. H. Slater, J. Pharmacol. Exptl. Therap., 122, 480 
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ibid., 161, 32 (1966). 
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Structure-Act iv i ty Relat ionship in a Series of Adrenergic /3-Blocking Agents 
Related to l - (4 -Ni tropheny l ) - l -hydroxy-2 - i sopropy laminoethane (INPEA)1 
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Several new structural analogs of the adrenergic /3-blocking agent, JM-(4-nitrophenyl)-l-hydroxy-2-isopropyl-
aminoethane (IXPEA) were synthesized. The adrenergic /3-blocking activity of these compounds was investi­
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 /3-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. 
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propyimethoxamino),9 and 3-[l-(3-tnethylphenoxy)-2-
liydroxy~3-isopropylaminopropane] ln also possess ad­
renergic ^-blocking activity. 

We have reported previously the adrenergic /i-
bloeking properties of IXPEA.'5 '11 In the present in­
vestigation we have synthesized and investigated the 
adrenergic /3-bloeking activity of several structural 
analogs of IXPEA (Table I) lo provide some information 
on the s t ructure-act ivi ty relationships in this series of 
agents, and to determine the optimal position of the 
nitro group in the phenethanolamiue structure for 
adrenergic blocking activity. 

Chemistry. The physical data of the various coin-
pounds investigated in the present study are shown in 
Table I. The nitro derivatives ( I -VII) were syn­
thesized by treating isopropylamine with the corre­
sponding nitrostyrene oxides, as previously described 
for INPEA. 1 2 The optical isomers of INPEA (II and III) 
wore prepared by fractional crystallization of the 
diastereoisomei'ic salts with i>-( — )-dibenzoyltartaric 
acid. I Ie The l-(3,4-dinitrophenyl)-l-hydroxy-2-iso-
propylaminoethane could not be synthesized be­
cause of the lability of the 5-nitro group.13 The inter­
mediate 3,4-dinitroacetophenone was prepared from 
3,4-dinitrobenzoyl chloride and could be brominated 
quantitatively. The resultant bromo ketone Avas re­
duced to the corresponding 3,4-dinitrostyrene oxide, 
but the reaction of the above bromo derivative or 
sytrene oxide with isopropylamine was unsuccessful. 
The 4-amino derivative (VIII) was obtained by 
catalytic hydrogenation of IXPEA1 4 and the l-(4-
methylsulfonylphenyl)-l-hydroxy-2-isopropylaminoeth-
ane (IX) by treating isopropylamine with 4-methyl-
suli'onylstyrene oxide. 

Pharmacological Screening. All compounds were 
tested for their direct and adrenergic! ,3-blocking activ-

(9) (a) J. ,J. I'.urns, K. I. C'ulville, L. A. l . i ndsayand . and R. A. Salvador , 
./. Pharmacol. Espll. Therap., 148, 94 i l y 0 5 ) ; (b) W. 1). Aleester, H. I-'. 
H a r d m a n , and J, J . Harbor iak , ibid., 150, 04 (1905). 

(10) K. Stock and K. Wester inanr i , Bioehem. FharmaroL, 14, 227 (1905). 
I l l ) (a) P . Somani and 15. K. H. h u m . Federation 1'roc, 23 , 320 (1904); 

(b) I ' . Somani and J). K. li. I.tun, J. Pharmacol. Exptl. Therup., 152, 205 
(1906); ir-) \V. A l u r m a n n ami A. G a m b a , Boll. Chim. Farm., 105, 200 (1900); 
(d) AY. M u n n a n n . G. Rumore , and A. G a m b a , ibid., in press; (ft) L. Al-
miranle . and \ \ . A lu rmann , ./ . Med. Ctaaa., 
Federation Pro,-., 25, 624 (1900); !u) G. Passim 
399 (1906). 

(12) U. M . Teot ino , I.. Polo Friz, G. Si,-i-
(Pav ia ) , Ed. rid., 17, 252 (1902). 

113) U. Golds te in and H. Voe t teli, llrh-. Cl>u 
i l l ) (,'. M . Teo t ino . I.. Polo Friz, G. SK-i,, a 

I'harmarol., 15, 20 (190:!;. 

I, 05O ( I960) ; (f) P . Somani , 
, ,/. VI,arm. Pharmacol., 18, 

md 1). Dell; 

itv on the isolated rabbit heart preparation set up 
according to the procedure of Langendorff. New 
Zealand albino rabbits weighing 2.0-2.5 kg were stunned 
by a blow to the back of the. neck, and the hearts were 
rapidly removed and placed in the Anderson--C raver1"' 
apparatus. The heart was perfused witli the Ringer 
solution of the following composition (g/1.): XaCl 
9.0, KCl 0.42, CaCb 0.24, X a H C 0 3 0.5, and dextrose 
1.0. A mixture of 9 5 % (.).. and 5 % CO, was bubbled 
through the solution in the reservoir bottle. The 
pH of the solution was 7.4, and a. constant, tempera­
ture of 37.5 ± 0.5° was maintained. The effluent 
solution was not recirculated in any of the experiments. 
The myocardial contractile force was recorded on a 
Crass polygraph through a Crass FT 03 force displace­
ment transducer. This was connected to the apex 
of the rabbit heart by a thread passed around a pulley, 
and the resting tension was established at 0.5-1.0 g. 
The positive inotropic response to epinephrine (0.25 
and 0.5 fig) and CaCl; (1.5 nig), injected close to the 
heart through a side-arm cannula, was recorded prior 
to and after a 15-niin perfusion of the blocking agent. 
A selective reduction in the positive inotropic response 
to the two doses of epinephrine was taken as evidence 
of the adrenergic (3 blockade. The direct effect, of the 
blocking agent on the myocardial contractile force 
during the 15 mill of perfusion was also recorded in 
these experiment s. loach blocking agent, was employed 
in a series of at least four 1o five experiments. In all 
screening procedures, DK-PXPEA was used as the refer­
ence substance. The results are summarized in 
Table II. 

Discussion 

The data obtained confirm the earlier reports- '" 
that IXPEA and other nitro analogs effectively block 
the responses mediated through activation of the 
adrenergic 13 receptors. These results also confirm our 
earlier observations11*"'' tha t the i>-( —) isomer of 
IXPEA is much more potent than the !--(+) isomer in 
the /3-receptor blocking activity. A similar difference 
in activity of other series of /^-blocking drugs lias also 
been reported in recent years.s '" : Hydroxyl substitu­
tion on the ft carbon ot* the ethylnmine side chain has 

ii. \ . c , / . I'harmarol. F..rj,!l. Thera/,.. 93 , 

Art. 
1 1). 

26, 475 (19 13). 
Delia Delhi, . / . /'/» 

(15) I'. I'. \ n d e r s o 
105 (1918). 

(10) ia) l i . I IOIM-. li'orlam. Eharmarai., 12 (Suppl) , 85 (1903); lb) It. 
l i . Lurehesi , ./. I'harmarol. Ex01. Therap.. 148, 94 (1905); (.(.•) .1. V. Fes.-. 
and V. Hiehanls , I'rar. Sor. F.jpll. Biol. Med., 122, 073 (1900), 
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TABLE I I 

RESULTS OF in Vitro SCREENING FOR ADRENERGIC /3-BLOCKING 

ACTIVITY USING ISOLATED RABBIT HEART PREPARATION 

Compd 

i 
i i 
i n 
IV 
V 
VI 
VII 
VIII 
IX 

Intrinsic 
activity" 

± 
+ 

+ + 
-
— 
— 
+ + + 
± 

Dose,6 M 

1 X 10-5 

5 X 10"6 

1 X 10~3 

5 X 10"5 

5 X 10"4 

5 X lO"4 

5 X 10"4 

5 X 10"3 

1 X 10"3 

° An increase in the contractile force is expressed bv + (less 
than 25%), + + (25 to 50%), and + + + (more than '50%); a 
decrease in contractile force is expressed by —. b The smallest 
dose of the drug (in molar concentration, perfused for 15 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 these sympatho­
mimetic amines such as epinephrine, norepinephrine, 
and isoproterenol have been found to be much more 
potent than their respective dextrorotatory isomers.17,18 

The demonstration that the absolute D configuration 
in Z-INPEA is the same as the D configuration in the 
catecholamines19 and the observations that D-INPEA is 
the pharmacologically active isomer suggest that the 
/3-hydroxyl group in IXPEA binds to the same site of the 
adrenergic receptor as the /3-hydroxyl group of the 
catecholamines. 

The present results clearly demonstrate that sub­
stitution of a single nitro group in the para position 
of the phenyl ring is optimal for the /3-receptor blocking 
activity in this series of compounds. The /3-blocking 
activity is decreased by moving the nitro group to the 
meta (IV) or ortho (V) positions. A similar reduction 
in /3-blocking activity is also seen when two nitro 
groups are substituted on the phenyl ring in the 2,4 
or 3,5 positions (VI and VII). We have not been able 
to synthesize and evaluate the activity of the 3,4-
dinitro derivative as yet. The intrinsic sympathomi­
metic activity (positive inotropic effect) is greatly en­
hanced when the nitro group is replaced by an amino 

(17) E. J. Ariens and A. M. Simonis in "Molecular Pharmacology," Vol. 
I, E. J. Ariens, Ed., Academic Press Inc., New York, N. Y., 1964, p 119. 

(18) (a) A. R. Cushny, J. Physiol. (London), 37, 130 (1908); (b) A. M. 
Lands, Pharmacol. Rev., 1, 279 (1949). 

(19) A. La Manna and V. Ghislandi, Farmaco (Pavia), Ed. Sci., 19, 377 
(1964). 

group in the para position of the phenyl ring (VIII). 
Methylsulfonyl substitution (IX) was found to result 
in a greatly diminished adrenergic /3-blocking activity. 

As in the case of other /3-blocking drugs,7 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 /3-blocking activity on the blood vessels14 

as well as on the myocardium.20 

Experimental Section21 

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 malonate (177 g, 1.1 moles) in 
ether. After 5 hr under reflux, the viscous solution was treated 
with dilute H2SO4. The ether layer was separated and washed, 
and the solvent was removed in vacuo. The diethyl 3,4-dinitro-
benzoylmalonate (43 g, mp 69-70° from 2-propanol) was de­
composed with H2SO4 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 the solvent was removed in vacuo. The prod­
uct (15 g) was purified from 2-propanol; mp 101-102°. 

Anal. Calcd for C8H6X205: C, 45.75: H, 2.86; X, 13.32. 
Found: C, 45.86; H, 3.48; X, 13.90. 

3,4-Dinitro-u-bromoacetophenone.—The bromination was ac­
complished in benzene. The crude product was filtered (after 
concentration) and recrystallized from benzene-hexane; mp 
94-95°. 

Anal. Calcd for C8H5BrX203: C, 33.24; H, 1.74; Br, 27.65; 
N, 9.69. Found: C, 33.01; H, 1.90; Br, 27.36; X, 9.56. 

3,4-Dinitrostyrene Oxide.—The above bromo derivative was 
reduced with excess XaBH4 in methanol-water, at 0°, making the 
solution alkaline with XaOH, after stirring for 3 hr. The crude 
product was filtered and recrystallized from diluted methanol; 
mp 56-57°. 

Anal. Calcd for C8H6X205: C, 45.75; H, 2.86: X, 13.32. 
Found: C, 45.45; H, 2.87; X, 13.13. 

l-(4-Methylsulfonylphenyl)-l-hydroxy-2-isopropylamino-
ethane Hydrochloride.—To a suspension of 27.7 g of 4-methyl-
sulfonyl-ai-bromoacetophenone (0.1 mole) in 950 ml of methanol, 
at 0-5°, was added a solution of 3.8 g of XaBH4 (0.1 mole) in 
water. The solution was made alkaline with XaOH, and the 
styrene oxide was filtered, after chilling. The crude l-(4-methyl-
sulfonyl)styrene oxide (10 g) was suspended in 50 ml of ethanol 
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 taken up in HC1, filtered, decolor­
ized with charcoal, and made alkaline with XaOH. The base 
was filtered and dissolved in ether, and the hydrochloride salt 
was precipitated b3' bubbling HC1 into the solution. 

(20) P. Somani, unpublished observations. 
(21) All melting points were determined in a Buclii ineHing point appara­

tus and are corrected. 


