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ences in milligram per cent between zero-time samples and sam- 
ples taken a t  1, 2, and 4 hr in the control groups (AC) and in the 
treated groups (An. AT - AC/control blood glucose value a t  
that hour equals per cent changes (Tables I-IV). Normally the 
zero-time values are in the 55-65 mg per cent range. 
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Adrenergic Agents. 2. Synthesis and Potential 0-Adrenergic Agonist Activity of Some 
Ring-Chlorinated Relatives of Isoproterenol 
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A series of 2-, 5-, and 6-chloro-substituted analogs of isoproterenol was prepared in an attempt to find potent and 
tissue selective bronchodilators with a prolonged duration of action. Compounds were examined for potential bron- 
chodilator activity in an in vitro test for relaxation of the spontaneous tone of a guinea pig tracheal chain prepara- 
tion. Potential cardiac stimulant activity was evaluated in a similar in vitro test which monitors changes in the 
rate of spontaneously beating guinea pig right atria. Substitution of the 2 position of isoproterenol and several de- 
rivatives bearing different N substituents generally resulted in compounds with greater tracheal muscle relaxant 
potency than their nonchlorinated counterparts; however, a high degree of tracheobronchial us. cardiac tissue spec- 
ificity was not observed. None of the 2-chloro derivatives demonstrated the in vitro specificity of clorprenaline, al- 
though all were more potent. Chlorination of the 2 position of isoproterenol did not alter the duration of bronchodi- 
lator activity. Thus, both this compound and the prototype had the same duration of effectiveness after subcuta- 
neous administration of equiactive doses in a test for inhibition of acetylcholine-induced bronchospasm in guinea 
pigs. In all instances chlorination of position 5 or 6 of isoproterenol and several derivatives decreased 0-adrenergic 
agonist potency as determined in the in vitro tests. A marked decrease in potency was also observed for some 5- 
chlorocatecholamines in which the meta OH was methylated and for similar para-methoxylated 6-chloro-substitut- 
ed analogs. 

The influence of additional aromatic substitution upon 
the biological activity of adrenergic catecholamines has 
been the subject of only *limited study. A 6-OH analog la 
of epinephrine induces release of norepinephrine in isolat- 
ed mouse heart.1 Sympathomimetic activity is claimed233 
for 5-hydroxynorepinephrine (lb) and several 5-acyloxy 

derivatives. Various %alkyl-, cycloalkyl-, and alkoxy-sub- 
stituted catecholamines, e.g. ,  IC and Id, have been pat- 
ented for their sympathomimetic and broncholytic ac- 
tions.4-6 The 2-, 5-, and 6-methyl and methoxyl deriva- 
tives of isoproterenol were only weakly active in a test 
for norepinephrine-releasing ability in mouse heart.7 
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OH 

X 
0‘ 

0 
la. X = 3,4,6-(OH),, R = Me 
b,X = 3,4,5.(OH),,R = H 
c .X  =2-OMe.3.4-(OH),,R = I-Pr 
d , X  = 2-Me,3,4-(OH),,R = I-Pr 
e , X  =5-Me, 3.4 (OH),.R= r-Pr 
f ,  X = X I ,  R = r -Pr 
g.X=3.4-CI2,R=r-Pr 
h X = 4-TH 3.5-Cl , R = t-Bu 

In contrast, halogen-substituted phenylethanolamines 
have been examined extensively and several demonstrate 
significant adrenergic agonist and antagonist activity. For 
example, clorprenaline (If) is a relatively potent P-adren- 
ergic agonist a t  bronchial and cardiovascular sites,8 has 
some /3-antagonist activity,g and is a clinically effective 
bronchodilator.1° Dichlorisoproterenol (lg), the prototype 
of $-adrenergic antagonists, also possesses some agonist 
activity.11 Several 4-amino-3,5-dichlorophenylethanola- 
mines, e g , Ih, are potent @-adrenergic agents. Interesting- 
ly, (-j-lh is a potent &-adrenoreceptor agonist whereas 
the (+) isomer selectively inhibits 

Adrenergic catecholamines bearing a nuclear chlorine 
substituent, however, do not appear to have been studied. 
Although halogen substitution of the 4 position of me- 
taproterenol-like structures is ~ l a i m e d , ~  biological data 
are not recorded. As nuclear alteration, particularly that 
involving the meta substituent of catecholamines with P -  
adrenergic agonist activity, sometimes results in products 
with tissue selectivity,13 examination of 2-, 5-, and 6-  
chloro-substituted analogs of isoproterenol was of interest 
in our attempts to develop new selective bronchodilators 
with minimal cardiovascular side effects.14 A second ob- 
jective involved exploration of the possibility that such 
nuclear substitution, particularly in position 2, might 
sterically retard the primary route of metabolic inactiva- 

adrenoreceptors.12 

Table I. Ring-Chlorinated Benzaldehyde Derivatives 3 

Scheme I 
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2a, R’ = H: R- = Me, 2Cl 
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6-22 (Table 111 ) 

tion of such catecholamines, i e . ,  reaction with catechol 
0-methyltransferase (COMT), to  provide bronchodilators 
having an enhanced duration of activity. In this report we 
present the synthesis of a series of a-[(substituted ami- 
no)methyl]-2-. -5 - ,  and -6-chloro-3,4-dihydroxybenzyl alco- 
hols and the results of preliminary pharmacological exam- 
ination of these substances. 

Chemistry. Ring-chlorinated relatives of isoproterenol 
were prepared from 2-chloroisovanillin (2a) ,15 5-chloro- 
vanillin (2bj,l6 and 6-chloroveratraldehyde (2c)17 by the 
general route outlined in Scheme I. 

- -~ - 

c1 Recrystn Yield, 
No. position H ’  It 4 Mp, ”C solvent Method 1 rc F orniula ‘ j 

3a 2 H H 193-195 EtOH-H?O A 9 0 CiH ClO, 
3b 5 H H 232-233 EtOH- H i 0  A 9 0 C;H ,ClO 
3ct 6 H H 218-219 EtOH-H?O A & 3  C-H C1O 
3d 2 PhCH, Me 91-93 EtOH B 64 Ci ,HI jC10 
3e 2 PhCH? PhCHz 128-129 EtOH I3 47 CziHi jC1C)j 
3f 5 Me PhCHz 43-45“ PhH-hexane R 48 Ci ,H, iClO I 

B 63 C2iHiiClO 
3h 6 PhCH? PhCH, 108- 109 Et20-hexane B 71 CLiH i ;ClO 
3g 5 PhCHJ PhCHz 94-95 Et?O-hexane 

“See Experimental Section: Chemistry. General Procedures. DAll compounds were analyzed for C and H and analytical values 
were within 10.4% of calculated values. CReported mp 211’ [K. Weise, Ber., 43, 2605 (1910) 1. dRp  165-167’ (2.7 mm 

_- Table 11. Chlorinated Benzyloxy-Substituted Phenylethanolamine Hydrochlorides 5 

c1 Recrystn Yield, 
No. position Ra R 4  R MP, “C solvent 70 Formula 8 4  

5a 2 PhCHz Me i-Pr 172-173 EtOH-Et20 81 C I ,HljCIzN Oa 
5b 2 PhCH? PhCHz i-Pr 171-172 MeCN 45 C,;H,,Cl,NO, 
5c 2 PhCH, PhCHz C- C >Hi I 181-182 EtOH- Et.20 40 CU;H:,,Cl?NOZ 
5d 2 PhCHy PhCHz t-Bu 191-192 MeOH-MeCN 42 C?sH:<,Cl,NO3 
5e 2 PhCH, PhCHz b 176-178 EtOH-Et,O 23 C3sHa;ClzNO, 
5f 2 PhCH? PhCHz C 141-143 MeCN 22 CdL&lzNOn 
5g 5 Me PhCHz b 157-160 MeCN--Et?O 18 C Y H ~ C I ~ N O :  
5h 5 PhCHz PhCHz i-Pr 162-164 MeCN 3 6 C,iH?,,C12NO:j _- 

nAll compounds were analyzed for C, H, and N and analytical values were within 10.4% of calculated values unless other- 
wise noted. hCH(Me)CH2CsH3-3,4-(OMe)2. cCH(Me)CH2CsH4-4-OCH2Ph. 
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Chloro-substituted protocatechualdehydes 3a-c (Table 
I), derived by BBr3 cleavage of the methyl ethers 2a-c, as 
well as the monophenols 2a and 2b, were benzylated. Re- 
sulting benzyloxybenzaldehydes 3d-h (Table I) upon 
treatment with dimethylsulfonium methylidel8 in DMSO 
gave the styrene oxides 4. From amination of these epox- 
ides with i-PrNH2, t-BuNH2, c - C ~ H ~ I N H ~ ,  3,4- 
(MeO)zCsH3CH2CH(Me)NH2, or 4-PhCH20C6H4 
CH2CH(Me)NH2, a reaction which can produce P-phenyl- 
ethanolamines, e.g., 5a-h and the kinetically less fa- 
vored isomers 5i, were isolated the benzyloxy-substituted 
phenylethanolamines listed in Table 11. Hydrogenolysis of 
these compounds, as well as several crude amination 
products, following purification, gave the phenolic amino 
alcohols 6-22 (Table III). Homogeneity of the products 
listed in Table I11 was based on chromatographic data. 
Isomeric composition of the purified compounds listed in 
Tables 11 and 111 was established by nmr methods and 
mass spectral fragmentation patterns as described in the 
Experimental Section. 

Results and  Discussion 
Ring-chlorinated relatives 6-22 of isoproterenol were ex- 

amined for their ability to relax spontaneously contracted 
guinea pig tracheal smooth muscle in an in uitro test.14 
This provides a measure of potential bronchodilating ac- 
tivity. Cardiac stimulant potential was evaluated in an in 
vitro assay14 utilizing guinea pig right atria. This test 
measures changes in the rate of spontaneously beating 
right atria induced by the test compounds. As an index of 
selectivity of the compounds for tracheobronchial us. car- 
diac muscle, a separation ratio was calculated by dividing 
the ED25 i.e., the dose causing a rate increase equal to 
25% of the maximum isoproterenol-induced response, in 
the guinea pig right atria test by the ED50, i.e., the dose 
producing 50% of the maximum papaverine-induced re- 
laxation, in the tracheal chain assay. 

As in other series of 0-adrenergic stimulants, selectivity 
of action and potency of ring-chlorinated catecholamines 
6-22 was significantly influenced by the nature of the 
amine substituent group.14J9 In this series most potent 
P-adrenergic agonist activity was observed with the iso- 
proterenol congeners bearing a chloro substituent in the 2 
position. In general, 2-chlorinated derivatives were more 
potent than their catecholamine counterparts in the guin- 
ea pig tracheal chain test, but relative selectivity varied. 
Thus 6, the 2-chlorinated derivative of isoproterenol, was 
about five times as potent as the prototype of 6-adrenergic 
agonists as a relaxant of tracheal muscle and it gave a 
somewhat higher separation ratio (2.7 us. 0.48). As in the 
catecholamine series, the 2-chlorinated tert-butyl deriva- 
tive 7 was even more potent than its nonchlorinated ana- 
log in the tracheal chain test; however, in this case it was 
less selective. The separation ratio for 7 was 0.2, as com- 
pared to 5.5 for N-tert-butylnorepinephrine. Likewise, the 
2-chlorinated N-cyclopentyl compound 8 was about three 
times as potent as its unsubstituted counterpart in the 
tracheal chain assay. In this case, however, a slightly 
higher separation ratio was noted for 8, Le., 3.3 us.  0.4 for 
N-cyclopentylnorepinephrine. Although replacement of 
the N-isopropyl group of isoproterenol with a 4- 
MeOCsH4CH2CH(Me)1g or 3,4-OCH20C&CHz- 
CH(Me)1S,20 (ie.,  protokylol) is associated with a high 
order of bronchodilating activity, the 3,4- 
(MeO)&&CH&H(Me) derivative 9 was only about 0.2 
as potent as isoproterenol. A ~ - H O C ~ H ~ C H ~ C H ( M ~ ) - S U ~ -  
stituted congener 10, as similarly noted in the ring unsub- 
stituted parent series,Z1 was very potent in both the tra- 
cheal and atrial tests and it had a separation ratio of 2.4. 
All of the 2-chlorinated relatives 6-10 of isoproterenol 

were more potent but less selective for tracheobronchial 
us. cardiac muscle than their noncatecholic analog, clor- 
prenaline. 

As ring-chlorinated phenylethanolamine derivatives, 
such as clorprenaline ( lf),83 dichlorisoproterenol ( lg )  ,11 

and lh,'2 cause both P-adrenergic antagonist and agonist 
activity depending on the tissue site, it is conceivable that 
compounds in the present series may exert a similar dual 
profile. Although P-antagonist activity was not measured 
in the current study some compounds had low intrinsic 
activity in atrial tissue. This may suggest the possibility 
of partial P-adrenoreceptor antagonistic activity for these 
substances as clorprenaline (If)  also has only limited in- 
trinsic activity a t  this site (Table III). In contrast, nearly 
all of the compounds had an intrinsic activity of one in 
the tracheal chain preparation. 

In general, 3- (14-16) and 6- (20-22) chloro-substituted 
isoproterenol relatives were less effective @-adrenergic ago- 
nists, as measured in both the guinea pig tracheal chain 
and right atria tests, than their nonchlorinated parents. 
Methylation of either the para (11-13) or meta (17-19) 
hydroxy of chlorinated isoproterenol analogs resulted in a 
pronounced diminution in potency in the in vitro guinea 
pig tissue tests. 

To examine the influence of chlorination on the duration 
of action of these compounds, 6 (selected because 2-sub- 
stitution might be expected to have a greater steric influ- 
ence on reaction of the catechol with COMT) and isopro- 
terenol were studied in an inhibition of acetylcholine-in- 
duced bronchospasm test in guinea pigs.14 Time-action 
curves for equiactive doses of 6 and isoproterenol were vir- 
tually identical. Both compounds exhibited a significant 
protective action against the acetylcholine aerosol chal- 
lenge for only about 15 min following subcutaneous ad- 
ministration. 

In conclusion, substitution of position 2 of isoproterenol 
and several N-substituted derivatives generally afforded 
compounds with greater potency than their nonchlorinat- 
ed counterparts, whereas substitution of either the 5 or 6 
position with chlorine decreased @-adrenergic potency as 
determined in in uitro assays measuring relaxation of 
guinea pig tracheal tissue and increased rate of right atri- 
al contraction. No significant trend relative to tissue se- 
lectivity was noted. Chlorination of the 2 position of iso- 
proterenol had no measurable effect on the duration of 
bronchodilator activity following subcutaneous adminis- 
tration. 

Experimental Sectiont 
Chemistry. General Procedures. A. 2-, 5 ,  and 6-Chloropro- 

tocatechualdehydes (3a-c). To a stirred mixture of 12.0 g (0.064 
moll of 2-~hloroisovanill in,~~ 5-~hlorovani l l in ,~~ or 6-chlorovera- 
traldehydel? in 36 ml of CH2C12 a t  0" was added dropwise 25 g 
(0.1 mol) [50 g (0.2 mol) was used for 6-chloroveratraldehyde] of 
BBr3. After being stirred a t  ambient temperature for 4 hr. the 
mixture was concentrated in vacuo. The residue was dissolved in 
MeOH; the resulting solution was heated a t  reflux for 0.5 hr and 
concentrated. After the residual solid was extracted with EtnO. 
the Et20 solution was washed with HzO, dried (MgSOd, and 
concentrated. Recrystallization of the remaining solid from aque- 
ous EtOH afforded 3a-c (Table I). 

B. Benzylation of Phenolic Benzaldehyde Derivatives 3d-h. 
A mixture of 30.0 g (0.16 mol) of 2-chloroi~ovanill in~~ or 5-chloro- 
vanillin,l6 23.4 g (0.17 mol) of K&03, 1.0 g of NaI, 23.4 g (0.18 
mol) of PhCHZC1, and 500 ml of EtOH was stirred and refluxed 

t All melting points were obtained by the capillary method and are u n -  
corrected. Microanalyses were determined by the Analytical and Physical 
Chemistry Section of Smith Kline & French Laboratories. Where analyses 
are reported by the symbols of elements, results were within f0.4% of cal- 
culated value. The nmr spectra were recorded with a Varian T-60 spec- 
trometer using MerSi and the indicated solvent a t  ambient temperatures. 
Mass spectra data were obtained on a Hitachi Perkin-Elmer RMU-6E 
mass spectrometer. 
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for 6 hr. After the mixture was concentrated, i t  was diluted with 
HzO and extracted with EtzO. The Et20 extracts were washed 
with HzO, dried, and concentrated. Recrystallization of the resid- 
ual product gave 3d and 3f (Table I). 2-, 5-, and 6-chloroprotoca- 
techualdehydes (3a-c) were benzylated in a similar fashion, how- 
ever, employing twice the above indicated quantities of KzC03, 
PhCHzCI, and NaI and a 16-hr reflux period to give dibenzyloxy 
derivatives 3e, 3g, and 3h (Table I). 

C. Preparation of Chlorobenzyloxy-1-(epoxyethy1)benzene 
Derivatives 4. A mixture of 4.2 g (0.1 mol) of a 57% dispersion of 
NaH in mineral oil and 70 ml of DMSO was heated at 70-75“, 
under Nz, until evolution of Hz was completed (30-45 min). The 
solution was diluted with 70 ml of THF and cooled to 0-5”, 20.0 g 
(0.1 mol) of trimethylsulf@um iodide was added in portions dur- 
ing 5 min, and 0.025 mol 6f the appropriate aldehyde 3 in 30 ml of 
THF was added rapidly. After being stirred at 25” for 1 hr the 
mixture was diluted with 500 ml of HzO and extracted with 
EtzO. The Et20 solution was washed (HzO), dried (MgSOd, and 
concentrated to give crude epoxide derivatives 4 which were used 
for subsequent reaction without purification. Identification was 
based on absence of ir absorption in the region of the precursor 
aldehyde CHO group (1715-1695 cm-1) and observation of a sin- 
gle spot on silica gel GF tlc plates using 4:l cyclohexane-EtOAc 
as the solvent system. Nmr spectra were consistent with the ep- 
oxide structure: nmr (CDC13) d -2.77 (4, 1, epoxide CH cis to 
aromatic ring), 3.12 (m, 1, epoxide CH trans to aromatic ring), 
and 3.18 ppm (4, 1, benzylic CH). 

D. Addition of Amines to Ring-Chlorinated 1-(Epoxyethyl)- 
benzene Derivatives. A mixture of 0.01 mol of the appropriate 
ring-chlorinated 1-(epoxyethy1)benzene 4, 20 ml of i-PrNHz or t- 
BuNHz, and 0.015 mol of c-CsH11NH2 or 4- 
PhCHzOCeH&HzCH(Me)NHzZz or 0.011 mol of 3,4- 
(CH~O)ZCBH~CHZCH(M~)NHZZ~ in 40 ml of MeOH was stirred 
and refluxed for 3-5 hr. The solution was concentrated in vacuo, 
the residual base was dissolved in EtzO, and the solution was ex- 
tracted with 1 N HC1. The acidic solution was made alkaline 
(NaOH) and the resulting mixture was extracted with EtzO. 
After being dried, the Et20 solution was concentrated and the re- 
sidual liquid converted into a HC1 salt. In several instances (5a- 
h, Table 11), HC1 salts were prepared by addition of a solution of 
HC1 in Et20 to the base in the indicated solvent; they were puri- 
fied by recrystallization. Assignment of P-phenylethanolamine 
structures listed in Table I1 was based on nmr (DMSO&) 6 
-2.5-3.0 ppm attributed to the CH2NHR methylene protons 
(part of the ABX system). Isomeric 5i, bearing a CHzOH group, 
would be expected to have d -3.5-4.0 ppm for these methylene 
protons. Other benzyloxychlorophenylethanolamines 5 (R3, R4 = 
PhCHz or Me) not listed in Table I1 were converted into HC1 
salts by addition of a solution of HC1 in Et20 to a solution of the 
base in a minimum volume of EtOH, followed by addition of an 
excess of EtzO. Resulting amorphous solids were isolated by fil- 
tration or decantation and exhaustive washing with EtzO. They 
were employed for hydrogenolysis without further purification. 

E. Hydrogenolysis of Chloro-a-[(substituted amino)methyl]- 
benzyloxybenzyl Alcohols. A mixture of 0.02 mol of the appropri- 
ate chlorinated benzyloxy-substituted phenylethanolamine hy- 
drochloride 5, 100 ml of MeOH, and 1.0 g of 10% Pd/C (wetted 
with HzO) was hydrogenated a t  an initial Hz pressure of 3.5 kg/ 
cm2. After H2 uptake was completed (about 15 min) the mixture 
was filtered. The filtrate was concentrated and azeotroped twice 
by stripping with PhMe, and the residue was recrystallized and 
converted to base (by treatment of a concentrated aqueous solu- 
tion with KzC03 followed by extraction into EtOAc) or converted 
to another acid salt (21 base was treated with maleic acid in 
MeOH-MeCN) to give 6-22 (Table III). Homogeneity of the prod- 
ucts was based on observation of a single spot on Analtech silica 
gel GF (250p, tlc plates) (Analtech, Inc., Newark, Del.) upon de- 
velopment with 70:30:3 or 90:10:3 CHC13-MeOH-90% HCOOH. 
Assignment of isomeric composition was based on their mass 
spectral fragmentation patterns. Major fragments were as expect- 

ed for these compounds. Most significantly, in all cases major 
fragments were observed for CHz=NHR+ and ArCH=OH+ 
which are characteristic for the  arylet ethanolamine^.^^ 

F. The guinea pig right atria test was carried out as de- 
scribed p r e v i o ~ s l y . ~ ~  

G .  Inhibition of Acetylcholine-Induced Bronchospasm in 
Guinea Pigs. EDSO’S, Le., the dose causing 50% inhibition in the 
test, were determined as described previously14~25 with 95% confi- 
dence limits being calculated according to the method of Fin- 
ney.26 Each compound was tested a t  its ED50 sc, i.e., 7.9 (4.8- 
11.4) pg/kgz5 for isoproterenol and 1.8 (1.4-2.3) pg/kg for 6. Com- 
parative time-action curves were determined by challenging 
groups of eight guinea pigs with the acetylcholine aerosol a t  vary- 
ing times (0, 2.5, 5, 10, 15, 30, 45, 60, and 90 min) following sc ad- 
ministration of the test compound. Each animal was exposed only 
once to the acetylcholine challenge. 
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