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The m-phenolic group of catecholamine j3-adrenergic agonists may be replaced by various functionalities capable of
undergoing H bonding. Considerable latitude in the nature of the OH simulating group is permissible with retention
of activity; however, the most extensively studied analogs are ones in which a mobile proton is attached to an O or N
atom. In a search for new selective bronchodilators a series of catecholamine analogs bearing a substituted sulfonyl or
sulfonylalkyl group in the meta position (i.e., groups in which the mobile H is attached to a C atom) was examined.
These compounds were studied for 3-adrenergic agonist activity in vitro by measuring their ability to relax tracheal
smooth muscle and to increase the rate of spontaneously beating right atria of guinea pigs. Adrenergic activity was
influenced by the nature of the alkylene bridge between the sulfonyl and aromatic groups, branching of the ethanola-
mine side chain, stereochemistry, and substitution of the sulfonyl and amino groups. 3-Adrenergic blockade was
noted for some compounds having the sulfonyl attached directly to the ring. Greatest 3-adrenergic agonist potency
and tissue selectivity was observed with a m-MeSO;CHj substituent. One of these compounds, «-{[(1,1-dimethyleth-
vl)amino]methyl]-4-hydroxy-3-{(methylsulfonylymethyl]benzenemethanol hydrochloride (sulfonterol hydrochloride,
USAN), was studied more extensively in animals and is presently being examined for bronchodilator activity in man.

Isoproterencl (1a), the prototype of 3-adrenergic recep-
tor agonists, is a powerful bronchodilator; however, it also
interacts with related cardiovascular sites to produce posi-
tive inotropic and chronotropic cardiac responses and a de-
crease in blood pressure. That these actions, classed as §2-
and (;-adrenoreceptor responses,'~* can be separated by
replacement of the prototype’s m-phenolic group has been
clearly established. For example, replacement of this group
by a methanesulfonamido moiety (1b, soterenol®), a hy-
droxymethyl functionality (le, salbutamol®-8), or various
amino and substituted amino groups, notably a ureido sub-
stituent (1d, carbuterol®19), affords derivatives with vary-
ing degrees of potency and bronchodilator vs. cardiovascu-
lar selectivity. Considerable latitude in the nature of the
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m-phenolic substitute is possible. Thus, compounds in
which an OH or NH; is separated from the aromatic ring
by a two methylene bridge (le, 1f!!) retain a high degree of
B-adrenoreceptor agonist activity. Generally a labile proton
in the vicinity of the meta position seems to be a require-
ment for activity; however, several compounds lacking a
proton in this area, such as 1g,% 2a,!2 and even the 8-hy-
droxyquinoline, quinprenaline (2b),13 are potent §-adren-
ergic agonists in vitro.

A group’s ability to simulate the m-phenolic OH of cate-
cholamine 3-adrenoreceptor agonists has been attributed
to “bioisosterism”,5 “water-ordering effects”,”8 and chelat-
ing properties.’> Among the many suggestions ad-
vanced®11.14-18 to rationalize the activity of these sub-
stances, a currently favored concept!!:14-16 ig that the (-
adrenergic agonists associate with a lipoprotein surface
(likely associated with adenylate cyclase) where specific in-
teractions induce a highly favorable and specific conforma-
tional perturbation of the enzyme. The potency enhance-

ment produced by catechol OH groups and the various al-
ternative meta substituents is attributed to steric fit into
the lattice of a localized water cluster, thus increasing a fa-
vorable proton mobility or hydrogen bonding condition.

Although not an inviolate structural requirement, in
most potent 3-adrenoreceptor agonists the aromatic ring
bears a substituted O or N group capable of hydrogen
bonding. In our continuing®'” search for new bronchodila-
tors with minimal cardiovascular side effects, it seemed
pertinent to examine some catecholamine analogs in which
the mobile proton (hydrogen donor) was one attached to a
C rather than the more usual O or N atoms. Such a mobile
proton is provided by an alkyl or substituted alkyl group
adjacent to a sulfonyl moiety. For example, the pK, of di-
benzylsulfone is 22.'® For this reason we prepared and
studied the adrenergic activity of a series of catecholamine
analogs bearing a substituted sulfonyl or sulfonylalkylene
group in the meta position. In this article are described the
synthesis and results of preliminary pharmacological study
of some of these compounds.

Chemistry. A series of catecholamine analogs related to
isoproterenol, but bearing an alkylsulfonylalkylene or
methylsulfonyl group in place of the prototype’s m-OH.
was prepared as illustrated in Scheme I.

In some instances 2-(chloroalkyl)anisole derivatives 3 (n
= 2, 3) were converted in sequence to 4, 5, and 6 (Table I).
2-Methylsulfonylphenol (6, n = 0) was derived from 2-bro-
moanisole'®?! according to the general procedure of Bord-
well and Boutan.?? Acetylation of phenols 6 afforded the
acetates 7 (Table I). Several routes were employed to de-
rive appropriately substituted aceto- and butyrophenones
8 (Table IT). Fries rearrangement of the phenyl acetates 7
gave the acetophenones 8a, 8¢, and 8d. In other instances
3’-chloromethyl-4'-hydroxyacetophenone® or  3’-chloro-
methyl-4’-hydroxybutyrophenone (9), prepared by chioro
methylation of the corresponding 4’-hydroxyphenone. were
condensed with the requisite magnesium alkylsulfinate™ to
produce the ring-substituted aryl alkyl ketone 8b and 8e-i.
Benzylation of the 4’-hydroxy-3'-substituted aceto- and
butyrophenones 8 vielded corresponding 4’-henzyloxy de-
rivatives 10 (Table II1). One of these (10b) was methylated
to give the alkylene branched homolog, 4'-benzyloxy-3'-[1-
(methylsulfonyl)ethyljacetophenone (10)). Bromination ot
the benzyloxy-substituted phenones 10 with pyrrolidinone
hydrotribromide (PHT) in the presence of 2-pyrrolidi-
none?” afforded the phenacyl bromides 11 listed in Table
IV. Two different routes were employed for conversion of
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the 4’-benzyloxy-2-bromo-3’-substituted aceto- and buty-
rophenones 11 to the catecholamine relatives 13-27 (Table
V). One of these sequences involved DMSO oxidation of 11
to a glyoxal derivative 12 which was transformed to the cat-
echolamine analog by amination with the appropriate pri-
mary amine followed by subsequent reduction and hydro-
genolysis of the resulting imino ketone. The second, more
conventional procedure, entailed amination of the a-bromo
ketone 11 with an N-alkylbenzylamine followed by catalyt-
ic reduction. As a consequence of steric hindrance, as noted
previously,®® the o-bromobutyrophenone 11i was con-
densed with tert-butylamine to give a secondary amino ke-
tone which on reduction with sodium borohydride gave a
single diastereomer (TLC) whose hydrogenolysis product
was assigned the anticipated26-28 erythro configuration on
the basis of NMR data. Compounds 18 and 19, which bear
two asymmetric centers, probably exist as diastereoisom-
ers; no attempt was made to separate them.

A primary amine related to the catecholamine adrenergic
agents, but having a methylsulfonylmethyl group instead of
a hydroxyl in the meta position, was obtained by a differ-
ent synthetic sequence as outlined in Scheme II.

The chloromethyl derivative, obtained by conventional
chloromethylation of 4-hydroxybenzaldehyde, was con-
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densed with magnesium methylsulfinate.?¢ Benzylation of
the resulting phenol afforded 28 which was condensed with
nitromethane in the presence of sodium ethoxide to give
29. Catalytic hydrogenation of 29 proceeded with difficulty.
The primary amine 30 was obtained in low yield only after
prolonged hydrogenation in the presence of platinum
oxide.

Two isoproterenol congeners bearing a sulfamyl group in
the meta position were prepared as shown in Scheme I11.

Treatment of the diazonium salt derived for 3’-amino-
4’-benzyloxyacetophenone® with cupric chloride and sulfur
dioxide, according to the general procedure of Meerwein et
al.,?® gave the 3’-chloro-sulfonated acetophenone 31. Ami-
nation of 31 with ammonia or methylamine afforded the
corresponding sulfamyl derivatives 32a and 32b, which
were converted to the meta-sulfamylated isoproterenol
congeners 33 and 34 via the conventional bromination-
amination-reduction sequence.

One of the most promising potential bronchodilators
arising from this study, 14 (sulfonterol®?), was resolved into
its (=) and (+) enantiomers as described in the Experimen-
tal Section.

Results and Discussion

As a measure of fs-adrenoreceptor activity, catechol-
amine analogs 13-27, 30, 33, and 34 bearing a substituted
sulfonyl or sulfonylalkyl group in the meta position were
examined in vitro for their ability to relax a spontaneously
contracted guinea pig tracheal chain preparation.3!
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Table I. 2-Substituted Anisole, Phenol, and Phenyl Acetate Derivatives 4-7

MeX(CH-z)nj :
RO
Mp or bp Yield,

No. X n R (Torr), °C Recrystn solvent  Method® % Formula®
4a S 2 Me 107 (0.5) A 77 CH .08
4b S 3 Me 116(0.5) A 92 Cy4H,08?
5a SO, 2 Me 51-53 i ~PrOH B 70 CyoH 1,058
5b SO, 3 Me 6869 EtOAc-hexane B 72 Cy1H 058
6a SO, 2 H 84-86 EtOAc-hexane c 82 C3H 40,8
6b SO, 3 H 78-80 EtOAc-hexane c 99 CyoH 0,8
Ta S0, 2 MeCO 80-82 EtOAc-hexane D 7 CyH,O8
o S0, 3 MeCO 243 (0.25) D 99 Cy3H (40,S°
Tc SO, 0 MeCO 104-106 EtOAc-hexane o 82 CH,,0,S

2See Experimental Section, Chemistry, General Procedures. *Compounds for which formulas are given were analyzed for C and H; analyt-
ical values were within +0.4% of the calculated values unless noted otherwise. ¢C: calcd, 65.89; found, 66.60. ¢C: calcd, 67.30; found, 66.24.
¢C: calcd, 56.23; found, 55.77. /Prepared from 6 (n = 0), ref 21, which was obtained from 2-bromoanisole by the general method of ref 22.

Table II. 4’-Hydroxy-3’- substituted Aceto- and Butyrophenones 8

]
RSOQ(CHz)njij/CCHZR1
HO
Yield,

No. R n R! Mp, °C Recrystn solvent Method® % Formula®
8a Me 0 H 168-169 EtOH-hexane E 75 CH,,0,8
8b Me 1 H 207-209 CHCl, F 52 CH{,0,8
8c Me 2 H 176-178 EtOH-hexane E 53 C{H0,8
8d Me 3 H 140-141 EtOH-hexane E 48 C1pH 40,8
8e Et 1 H 137141 CHC13 F 30 C11H14O4S
8f n-Pr 1 H 73.5-76 EtOH~-hexane F 36 C,,H,0,8°¢
8g i-Pr 1 H 96.5-100 EtOH-hexane F 83 C1,H0,S
8h 4-MePh 1 H 173-175 EtOAc F 42 CygH40,8°
8i Me 1 Et 130-132 CHCl,-hexane F 50 C,H0,8

aSee footnote a, Table 1. 2See footnote b, Table 1. ¢C: calcd, 56.23; found, 56.76. ¢C: caled, 63.14; found, 62.56.

Changes in the contraction rate of spontaneously beating
guinea pig right atria in vitro®2 were used to evaluate 3;-
adrenoreceptor activity. Selectivity of the compound for
tracheobronchial vs. cardiac muscle was estimated by com-
parison of the EDsq for tracheal relaxation with the EDgs
for atrial rate increase. Results of these in vitro studies for
the present series and for the standards isoproterenol and
N-tert-butylnorepinephrine are presented in Table V.

Structural variations involving length and branching of
the alkylene bridge between the substituted sulfonyl group
and the aromatic ring, the nature of the sulfonyl substitu-
ent, the amino substituent, and introduction of an ethyl
branch on the methylene adjacent to the basic amino func-
tionality were studied.

Both length and branching of the alkylene bridge joining
the substituted sulfonyl group to the aromatic ring had a
profound influence on adrenergic activity. The order of 3-
adrenergic agonist potency as measured in the guinea pig
tracheal test was CHjy (14) > (CHy)s (20) > (CHy)s (21) =~
CH(Me) (26) > no alkylene bridge (13). In fact, several de-
rivatives lacking an alkylene bridge exhibited §-adrenergic
antagonist activity in preliminary experiments. For exam-
ple, in the guinea pig right atrial test 13 attenuated the rate
increase induced by isoproterenol in a manner suggestive of

competitive inhibition. Likewise, the sulfamyl analog 33
produced effects characteristic of competitive 8-adrenergic
blockade in the isolated rabbit heart and the dog cardiovas-
cular tests. In the latter preparation it caused a dose-relat-
ed antagonism of isoproterenol-induced decrease of blood
pressure and increase of heart rate. In the guinea pig tra-
cheal test it produced contraction at a concentration of 9.1
X 10~7 M. These effects coincide with those observed with
several other compounds having an electron-withdrawing
moiety in place of the m-phenolic group of a catecholamine
B-adrenergic agonist. As an example, the m-H>NCO conge-
ner (AH 3474) related to 33 is a 3-adrenoreceptor blocker,33
as is also the corresponding N-phenylisopropy! derivative
(AH 5158).3435 The salicylic acid precursor of the saligenin
derivative salbutamol (1b) likewise is devoid of 8-adrener-
gic agonist activity, although antagonistic properties have
not been reported.® Methylation of the m-sulfamyl group
of 33 resulted in compound 34 which somewhat unexpect-
edly was moderately effective in causing relaxation of guin-
ea pig tracheal tissue in vitro.

As indicated, a methylene bridge between the aromatic
ring and the sulfonyl moiety results in greatest 8-adrenore-
ceptor agonist potency. For example, in the guinea pig tra-
cheal test 14 (sulfonterol30) was approximately 40 times
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Table II1. 4’-Benzyloxy-3’- substituted Aceto- and Butyrophenones 102-

i
RSOZ(CHg),,jij/CCHQR1
PhCH,0

Yield,
No. R n R! Mp, °C Recrystn solvent % Formula®
10a Me 0 H 147-148 EtOAc—-hexane 96 C16H1504S
10b Me 1 H 118-119 EtOAc—hexane 61 C/H5048
10c Me 2 H 176-178 EtOH-hexane 93 C1gH;,048
10d Me 3 H 79-81 EtOAc—hexane 89 Cy9H,,048
10e Et 1 H 79-82 EtOH-hexane 95 C15H00,8
10f n-Pr 1 H 112-115 MeCN 94 C15Hpy0,8
10g i-Pr 1 H 104-106 MeCN 74 C13Hyy0,8
10h 4-MePh 1 H 148-149 MeOH 60 Cy3H,y0,8
10i Me 1 Et 120-122 PhH-hexane 61 C3Hp0,S
10j Me d H 126-130 EtOAc—hexane 25° CgH,048

aPrepared according to Experimental Section, Chemistry, General Procedure G, unless noted otherwise. *The acetophenones had NMR
(CDCl3) 6 ~2.5 ppm (s, 3, COCHj3). The butyrophenone 10i had NMR (CDCl3) 6 ~3.0 ppm (t, 2, COCHzEt). ¢See footnote b, Table I.

4(CHz), = CH(Me). ¢Prepared by methylation of 10b as described in the Experimental Section.

Table IV. 4’-Benzyloxy-2-bromo-3’- substituted Aceto- and Butyrophenones 114+¢

RSO,(CH,),

CCHR!

|
U Br
PhCH,0O

Yield,
No. R n R! Mp, °C Solvent® % Formula?
11a Me 0 H 148-149 EtOAc-hexane 69 CygHysBrO,S
11b Me 1 H 144-146 EtOAc 47 CyHBro,s*
l1c Me 2 H 135-137 EtOH 82 CygH{4BrO,S
11d Me 3 H 110113 EtOAc-hexane 49 Ci4HyBrO,S
11e Et 1 H 137-139 MeCN 70 C.gH{sBrO;S
11f n~Pr 1 H 149-151 MeCN 70 CysHyBrO,S
lig i -Pr 1 H 136-138 EtOH 52 C4H,(BrO,S
11h 4 -MePh 1 H 161-163 MeCN 63 C23H21BrO4S
11i Me 1 Et 93-96 CHCI, 83
11j Me g H 122-126 EtOAc—hexane 68 Cy3H1,Bro,s”

“Prepared according to Experimental Section, Chemistry, General Procedure H. ®The 2-bromoacetophenones 11, Rt = H, were charac-
terized by their NMR (CDCls) 6 ~4.5 ppm (s, 2, COCH;Br). The 2-bromobutyrophenone 11i had NMR (CDCl;3) 6 ~5.1 ppm [t, 1, COCH-
(Et)Br]. ¢In some instances the solvent was employed for recrystallization; in others, the solvent was used only for trituration. ¢See footnote
b, Table I. ¢C: calcd, 51.40; found, 50.55. 'Used for further reaction without additional purification. €(CHz), = CH(Me). C: caled, 52.56;

found, 53.23.

more potent than its ethylene-bridged counterpart 20, a re-
sult that contrasts somewhat with the relationship between
salbutamol (1e¢) and its bridged homolog le which are al-
most equally active as relaxants of bronchial smooth mus-
cle.!! The propylene-bridged 21 and branched 26 analogs of
sulfonterol (14) exerted tracheal relaxant activity only at
concentrations about 1075 M. Another feature noted with
sulfonterol (14) was its marked tissue selectivity. In con-
trast to its highly potent activity in the guinea pig tracheal
test, 14 was comparatively ineffective in the atrial assay; it
had a separation ratio (see Table V) of 1650. Additionally,
in the atrial test the intrinsic activity,36:37 i.e., the portion
of maximal isoproterenol-induced response that can be
produced by the test compound, was only 0.3 for 14.
Substitution of the sulfonyl group also affected adrener-
gic activity in a profound fashion. In general, §-adrenergic
agonist potency decreased as the bulk of the substituent in-

creased. Thus, in the guinea pig tracheal test the methyl
derivative sulfonterol (14), which is about one-half as po-
tent as isoproterenol (la), is three to four times more po-
tent than the ethyl derivative 22 and about 300 times more
potent than the n-propyl homolog 23. It is noteworthy that
22 decreased the rate of contraction in the guinea pig atrial
test. The bulkier isopropyl derivative 24 was less effective
in the guinea pig tracheal test than its n-propyl isomer 23,
and the still larger p-toluene congener 25 was even less po-
tent. In addition, 25 produced pharmacological actions sug-
gestive of $-adrenergic antagonism in the guinea pig heart
test.

The alteration of adrenergic activity induced by replace-
ment of the tert-butyl substituent on the basic nitrogen of
sulfonterol (14) was similar to that noted with similar rela-
tives of soterenol (1b)® and salbutamol (1¢).6 The unsubsti-
tuted primary amine 30 contracted guinea pig tracheal tis-
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decrease greater than three orders of magnitude. Similarly,
sulfonterol (14) was considerably more potent in decreasing
pulmonary resistance than in decreasing soleus muscle ten-
sion in the cat; it was only abcout %oth as potent as isoprote-
renol in the latter test.

These data strongly suggest that more than one 3-recep-
tor type may be involved in causing these effects which
have previously been classed together as resulting from 3s-
adrenoreceptor agonism.3®-41 This is of particular interest
since potency in the soleus muscle tension test has been re-
lated to the disturbing side effect of physiological tremor
produced by B8-adrenergic bronchodilators in man.*? Evi-
dence has been presented to suggest that carbuterol (1d)
also discriminates between §-receptors in tracheobronchial
and vascular smooth muscle.®!? Other workers*3** have
also suggested that the S-receptors mediating these re-
sponses may differ.

The studies reported herein demonstrate convineingly
that the mobile proton of an activated methylene group
may replace the m-phenolic group of a catecholamine -
adrenergic agonist with retention of a high degree of activi-
ty. Further, such modification appears to afford com-
pounds with marked selectivity for 3-adrenoreceptors. On
the basis of these preliminary studies, sulfonterol (14) ap-
pears to be a §-adrenoreceptor agonist which is more selec-
tive for airway smooth muscle than for cardiovascular 3-
receptors. These observations, coupled with sulfonterol’s
apparent lessened propensity to decrease soleus muscle
tension, have led to its selection for clinical trial. Sulfonter-
ol (14) is presently being examined for bronchodilator ac-
tivity in man.

Experimental Section4?

Chemistry. General Procedures. A. 2-(Methylmercaptoalk-
yh)anisoles. To a stirred and refluxing solution prepared by addi-
tion of 0.5 mol of MeSH to 0.5 mol of NaOH and 250 ml of EtOH,
0.5 mol of 2-(2-chloroethyl)-#¢ or 2-(3-chloropropyl)anisole*” was
added at a rate which enabled maintenance of reflux without ex-
ternal heating. After being stirred and refluxed for 1 hr following
completion of the addition, the reaction mixture was concentrated
in vacuo. The residue was suspended in HoO and the mixture was
extracted with Et20. The Ety0 extracts were dried and concen-
trated. Distillation of the residual liquids afforded 4a and 4b
(Table I).

B. Oxidation of 2-(Methylmercaptoalkyl)anisoles. A solu-
tion of 0.1 mol of the mercapto derivative and 0.3 mol of 30% Hy0-
in 100 ml of HOAc was stirred and refluxed for 2 hr. After being
diluted with Hs0, the mixture was extracted with Et;0 or CHCly:
the extracts were dried, treated with decolorizing C, and concen-
trated. Recrystallization of the residual solid afforded 5a and 5b
(Table I); 5 (n = 0)20 was prepared in a similar manner.

C. Demethylation of 2-Substituted Anisocle Derivatives. A
mixture of 0.1 mol of the 2-(methylsulfonylalkyl}anisole in 200 ml
of 48% HBr was stirred and refluxed for 3 hr. The mixture was
cooled to ambient temperature; then it was extracted with PhMe
or CHCls. Recrystallization of the residue obtained by concentra-
tion of the dried extracts which were treated with decolorizing C
gave 6a and 6b (Table I). Compound 6 (n = 0)?! was prepared in a
similar fashion.

D. Acetylation of Phenolic Derivatives. The appropriate phe-
nol (0.1 mol) and 200 ml of AcyO were stirred and refluxed for 3 hr.
The residue remaining after concentration of the solution was dis-
tilled or recrystallized to give 7a—c (Table I).

E. 4’-Hydroxy-3'-methylsulfonylalkylacetophenones 8a, 8c,
and 8d. To a solution of 0.1 mol of the phenyl acetate 7a-c in 125
ml of PhNOgy was added, in portions, 0.3 mol of AlCl3. The mixture
was stirred at ambient temperature for 1 hr and at 50-60° for 1.5
hr and then it was poured into ice-Hz0. Products were isolated ei-
ther by filtration, by diluting the dried PhNO; layer with Et.0O, or
by CHCIl; extraction. In the CHCl; isolation method the organic
layer was extracted with 0.5 N NaOH; then the alkaline extracts
were acidified and the mixture was extracted with CHCl;. After
being dried, the CHCl; solution was concentrated in vacuo to give
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a crystalline residue. Recrystallization of solid products, thus ob-
tained, afforded 8a, 8c, and 8d (Table II).

F. 3-Alkylsulfonylmethyl-4’-hydroxyaceto- and -butyro-
phenones 8b, 8e, and 8i. A mixture of 0.1 mol of 3'-chloromethyl-
4"-hydroxyaceto-?* or -butyrophenone in 100 ml of MeOH and
0.06-0.075 mol of the appropriate magnesium alkylsulfinate?® in 50
ml of HoO was heated under reflux for 18 hr. The hot mixture was
filtered, allowing the filtrate to drop into a vigorously stirred ex-
cess of HoO. In some instances crystalline solids precipitated. In
other cases the products precipitated as viscous liquids. The lig-
uids were extracted into CHCls. The CHCl; solutions were extract-
ed with aqueous Na,COjy which afforded the products upon acidifi-
cation. In some cases, chromatography on a silica gel column using
EtOAc as an eluent was required to obtain a crystalline material.
Recrystallization of the solid products gave 8b and 8e-i (Table I1).

C. Benzylation of 4'-Hydroxy-3'-Substituted Aceto- and
Butyrophenones. A stirred mixture of 0.1 mol of the appropriate
4’ hydroxy-3’-substituted aceto- or butyrophenone 8, 0.11 mol of
PhCHyCl, 0.12 mol of K3COg3, and 2 g of Nal in 150 ml of Me,CO
and 110 m] of H;0 was heated under reflux for 18 hr. Upon dilu-
tion of the mixture with excess ice-Hs0O, crystalline products were
formed. Recrystallization afforded the benzyloxy derivatives 10a-i
{Table IIT).

H. Bromination of Aceto- and Butyrophenone Derivatives
with Pyrrolidinone Hydrotribromide (PHT).25 A mixture of 0.1
mol of 4’-benzyloxy-3’-substituted aceto- or butyrophenone 10,
0.11 mol of PHT, 0.11 mol of 2-pyrrolidinone, and 400 ml of THF
was refluxed for 2 hr, The mixture was cooled to 10° and filtered to
remove precipitated 2-pyrrolidinone hemihydrobromide, and the
filtrate was poured into HoO. The resulting precipitate was filtered
and purified by trituration or recrystallization, using the appropri-
ate solvent {Table IV).

I. Bromination of 4'-benzyloxy-3'-sulfamylacetophenones
(32a and 32b) with Brs was performed according to the general
method for Bry bromination described previously.? 4'-Benzyloxy-
2-bromo-3’-sulfamylacetophenone (32a) was obtained in 71% yield,
mp 153-156°, after recrystallization from EtOH. 4'-Benzyloxy-2-
bromo-3’-(N-methylsulfamyl)acetophenone (32b) was obtained in
62% yield: mp 142-146° (from EtOH). Both products were charac-
terized by NMR methods: 4 (CDCls) 4.5 ppm (s, 2, COCHBr).

J. Preparation of Amino Ketone Derivatives. The appropri-
ate 2-bromoacetophenone 11 (0.01 mol) was stirred and refluxed
with 0.02 mol of the requisite N-substituted benzylamine
[PhCHaz(t-Bu)NH, PhCHy(c-Bu)NH, PhCHy(1-adamantyl)NH *®
PhCH;,(4-MeOCsH4CHCMeg)NH, PhCHy(i-Pr)NH] in 50 ml of
MeCN for 4 hr. The bromobutyrophenone 11i (0.01 mol in 30 ml of
MeCN) was refluxed with 0.2 mol of -BuNHs for 3 hr. The result-
ing mixtures were cooled to 0°, diluted with about 500 ml of Et20,
and filtered. The filtrate was washed with Hy0, dried, treated with
decolorizing C, filtered, and concentrated. The amino ketone pre-
cursor to 13 crystallized: mp 110-112° (from EtOAc-hexane); 86%
vield. This and the other residual liquids were dissolved or sus-
pended in MeOH and acidified with HCl. Upon addition of ether
the amino ketone precursors of 15 (mp 95-98°, 92% yield), 16 (mp
177-179°, from MeOH-Et;0, 70% yield), 17 (mp 178-179°, from
EtOAc layer in suspension with HoO, 20% yield), and 33 (mp 181-
183°, from MeOH-Et;0, 70% yield) crystallized and were used for
further reaction in this form. In all other instances, the acidified
MeOH solution was treated with a large excess of Ety0; the precip-
itated viscous liquid was separated by decantation and washed
several times with Et2O to give an amorphous solid which was em-
ployed for subsequent reaction.

K. Preparation of Glyoxals.4? A solution of 0.01 mol of the ap-
propriate 2-bromoacetophenone 11 in 30 ml of DMSO was allowed
to stand at about 25° for 2-5 days; then it was added dropwise to
vigorously stirred ice-H20. Resulting solid precipitates were fil-
tered. Viscous liquid precipitates were isolated by decantation and
dissolved in MesCO and the resulting solution was dried and con-
centrated to leave residual glyoxals which were used as such for
further reaction. Three of the solid glyoxals [4-benzyloxy-3-
(methylsulfonylmethyl)phenylglyoxal hydrate [88% yield, mp
108-111° (from EtQOH)]; 4-benzyloxy-3-(methylsulfonylpropyl)-
phenylglyoxal hemihydrate [90% yield, mp 143-144° (from
Me2CO). Anal. (CigH2,058-EtOH; C, H]; and 4-benzyloxy-3-(p-
toluenesulfonylmethyl)phenylglyoxal ethanolate [75% yield,
mp 130-131° (from EtOH). Anal. (Co3Hg005S-EtOH) C, H] were
isolated and recrystallized prior to further reaction.

L. Amino Alcohols (Table IV) via Glyoxals. To a solution of
0.01 mol of the glyoxal in 100 m! of MeOH was added 0.1 mol of ¢-
BulNHj; or. for synthesis of the amino alcohols 18 and 19, 0.01 mol
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of 4-PhCHy;OPhCH,CH(Me)NH3%® or 3,4-OCH.OPhCH.CH-
(Me)NH;,5! respectively. The solution was stirred at ambient tem-
perature for 1 hr and refluxed for 18 hr and then it was concentrat-
ed in vacuo. The resulting solid imino ketone precursors to 14 (mp
156-158°), 18 (mp 116-118°), 19 (mp 110-116°), 20 (mp 124~
126°), and 25 (mp 135-136°) were recrystallized from EtOH.
These crystalline imino ketones, as well as others that were not re-
crystallized, were redissolved in EtOH, 0.05 mol of NaBH4 was
added, and the solution was stirred at about 25° for 18 hr. After di-
luting the solution with HyO, the consequent mixture was extract-
ed with Et;0 or CHCIl3. The organic extracts were dried and con-
centrated. Residual benzyloxy-substituted amino alcohols were
taken into MeOH and the resulting solutions were made acidic
with HCL. Two of these benzyloxy-substituted phenylethanolam-
ine hydrochlorides were recrystallized from MeOH-Et0: i.e., the
precursor to 14 (mp 180-182°) and the precursor to 15 [4-benzyl-
oxy-3-(p-toluenesulfonylmethyl)-a-(tert-butylaminometh-
ylDbenzyl alcohol hydrochloride hemihydrate, mp 178-179°.
Anal. (Co7H34CINO4S.0.5H0) C, H, N]. In all other experiments,
the acidified MeOH solution was diluted with a large excess of
Et,0 to precipitate a viscous liquid which was isolated by decanta-
tion and washed several times with EtoO to give an amorphous
solid. Benzyloxy-substituted phenylethanolamine hydrochloride
derivatives thus obtained were employed for catalytic hydrogena-
tion according to general procedure M.

M. Catalytic Hydrogenation of Amino Ketones and Amino
Alcohols. A mixture of 0.02 mol of the requisite amino ketone de-
rivative obtained by general procedure J or amino alcohol from
general procedure L, 2.0 g of 10% Pd/C, and 100 ml of 70% aqueous
EtOH was hydrogenated on a Parr apparatus at 25° and an initial
H, pressure of 3.5 kg/cm? After Hy uptake was completed (10-15
min was required for the amino alcohols; 2—4 hr for the amino ke-
tones), the mixture was filtered. The filtrate was concentrated and
azeotroped twice with PhMe and the residue recrystallized to af-
ford the catecholamine analogs listed in Table V; i.e., 13-27, 30, 33,
and 34.

3’-Chloromethyl-4'-hydroxybutyrophenone (9, R = Et). To
28 ml (11.2 g, 0.37 mol) of a 37% CH>0 solution and 215 ml of 11 N
HCI at 50-60° was added 49.2 g (0.3 mol) of 4’-hydroxyaceto-
phenone in 150 ml of dioxane. After being heated at 50-60° for 1
hr the reaction mixture was poured into Hs0. The precipitated
solid was filtered and recrystallized from PhH-hexane to give 35.2
g (55%) of light tan crystals: mp 121-123°; NMR (CDCls) 6 4.8
ppm (s, 2, ArCH5Cl).

3-Chloromethyl-4-hydroxybenzaldehyde was prepared in
45% yield by the same method described for the synthesis of 9 (R
= Et): mp 126-129° (from PhH); NMR (CDClj) § 4.83 ppm (s, 2,
ArCH,Cl).

4-Hydroxy-3-(methylsulfonylmethyl)benzaldehyde was pre-
pared by general procedure H. It was obtained in 52% yield as a
crystalline solid, mp 161-163.5°. Anal. (CgH;004S) C, H.

4-Benzyloxy-3-(methylsulfonylmethyl)benzaldehyde (28)
was prepared by a modification (250 ml of 50% aqueous dioxane
was used as solvent; the reflux time was 3 hr) of general procedure
G. The product (59% yield) was obtained as light tan crystals, mp
118.5-120°. It gave a single spot (R; 0.63) on Analtech silica gel GF
(250-u plates) (Analtech, Inc., Newark, Del.) upon development
with 50:50 PhH-EtOAc: NMR (CDCly) § 2.77 (s, 3, CH3SOs), 4.6
(s, 2, SOoCHAr), 5.4 (PhCH50), 7.2-8.4 (m, 8, ArH), 10.0 ppm (s,
1, ArCHO).

a-Aminomethyl-4-hydroxy-3-(methylsulfonylmethyl)ben-
zyl Aleohol Hydrochloride (30). To a solution of 3.0 g (0.01 mol)
of 28 in 25 ml of dioxane and 25 ml of H20 was added 0.7 g (0.01
mol) of MeNOs. The solution was cooled to 0°, a solution prepared
by addition of 0.25 g of Na to 25 ml of EtOH was added, and the
mixture was stirred at 0-5° for 1 hr. The solid precipitate pro-
duced by dilution with excess EtoO was filtered and dissolved in
H30. Acidification (HOAc) of the resulting solution produced a
yellow liquid precipitate. The mixture was extracted with CHClg;
the extracts were dried and concentrated to give 3.4 g of a yellow
liquid 29. A mixture of this liquid, 0.1 g of PtOg, and 100 ml of
MeOH was hydrogenated at 25° on a Parr apparatus using an ini-
tial Hy pressure of 3.5 kg/cm?. After Hs uptake was completed (40
hr), the mixture the filtered; the filtrate was acidified with HCl
and concentrated in vacuo. The residue was triturated with i-
PrOH to give 0.45 g (16%) of 30 (Table V).

4'-Benzyloxy-3’-[1-(methylsulfonyl)ethyl]acetophenone
(10j). To a solution of 15.9 g (0.05 mol) of 4’-benzyloxy-3'-(methyl-
sulfonylmethyl)acetophenone in 100 ml of DMF at —30° was
added 2.15 g (0.051 mol) of a 57% dispersion of NaH in mineral oil.

Journal of Medicinal Chemistry, 1975, Vol. 18, No. 7 681

After being stirred at —30 to —10° for 30 min, 7.1 g (0.05 mol) of
Mel was added dropwise. The solution was allowed to come to 25°;
then it was concentrated in vacuo. A CHCl; solution of the residue
was washed with H;0, dried, treated with decolorizing C, and con-
centrated. Recrystallization of the residue gave 10j (Table IV):
NMR (CHCly) 6 1.75 [d, 3, SO.CH(CH3)Ar], 5.0 ppm {q, 1,
SO.,CH(CHj3)Ar].

4'-Benzyloxy-3'-chlorosulfonylacetophenone (31). A solu-
tion of 10.5 g (0.15 mol) of NaNO; in 25 ml of HsO was added
dropwise to a stirred solution of 3’-amino-4’-benzyloxyaceto-
phenone® in 50 ml of HOAc and 50 ml of 11 N HCI at 0-5°, After
being stirred at 0-5° for 15 min a mixture of 5.0 g of CuCl2-2H0
and 30 g of SOz in 75 ml of HOAc was added to the solution. The
mixture was stirred at 25° for 2.5 hr; then it was filtered. The solid
was washed with HyO and dried to give 15.6 g (48%) of 31, mp
146-148°. Anal. (C15H130104S) C, H.

4'-Benzyloxy-3'-sulfamylacetophenone (32a). Concentrated
aqueous ammonia (25 ml) was added dropwise to a stirred solution
of 3.2 g (0.01 mol) of 4’-benzyloxy-3’-chlorosulfonylacetophenone
(31) in 15 ml of dioxane. The mixture was stirred at 25° for 20 min,
100 ml of HoO was added, and the solid precipitate was filtered.
Recrystallization from EtOAc gave 2.4 g (78%) of colorless crystals,
mp 183-185°. Anal. (C1;H;5NO,S) C, H, N.

4'-Benzyloxy-3'-( N-methylsulfamyl)acetophenone (32b)
was prepared in the same manner as described for the synthesis of
32a except that 40% aqueous MeNH; was used instead of aqueous
NHjs. The colorless crystalline product, mp 149-151° (from EtOH),
was obtained in 82% yield. Anal. (C1¢H7NO4S) C, H, N.

4-Methoxyphenyl-tert-butylamine Hydrochloride. A sus-
pension of 20.7 g (0.1 mol) of 4-methoxyphenyl-tert-butylformam-
ide®2 in 225 ml of 11 N HCI and 65 ml of HyO was stirred and re-
fluxed for 2 hr; then it was cooled to 20° and extracted with Et,0.
The acidic solution was made alkaline by addition of 10 N NaOH
and the resulting mixture was extracted with Et30. The Et20 ex-
tracts were dried and concentrated and the residual liquid was dis-
tilled, bp 98-105° (1.8 Torr). A solution of the distillate in EtOH
was made acidic with HCl. Addition of Et20 gave 17.2 g (80%) of
colorless crystals, mp 173-174° (from EtOH-Et;0). Anal
(C11H15CINO-0.56H20) C, H, N, Cl.

N-Benzyl-4-methoxyphenyl-tert-butylamine Hydrochlo-
ride. A solution of 35.8 g (0.2 mol) of 4-methoxyphenyl-tert-butyl-
amine and 23.3 g (0.22 mol) of PhCHO in 130 ml of PhMe was re-
fluxed azeotropically for 2 hr; then it was concentrated in vacuo.
To the resulting liquid in 300 ml of MeOH was added, in portions,
7.0 g (0.2 mol) of NaBH4. The resulting solution was stirred at am-
bient temperature for 1 hr and then it was refluxed for 2 hr, con-
centrated in vacuo, and diluted with H20O. The mixture was ex-
tracted with Ets0. After being dried and treated with decolorizing
C, the Et20 solution was concentrated. A solution of the residual
base in EtOH was made acidic with HCl and Et;O was added to
precipitate the crystalline salt: 35.2 g (58%); mp 173-174° (from
MeCN). Anal. (C138H24CINO) C, H, N.

Resolution of «-[[(1,1-Dimethylethyl)amino]methyl]-4-
hydroxy-3-[(methylsulfonyl)methyl]benzenemethanol Hy-
drochloride (14). To a solution of 5.0 g (0.015 mol) of 14 in 25 ml
of Ha0 was added an excess of KCOs. Liberated base was extract-
ed with EtOAc. The extracts were dried and concentrated to give
4.1 g of a viscous liquid. To a solution of this liquid in 25 ml of
EtOH was added 2.1 g of (+)-tartaric acid in 25 ml of EtOH. On
standing 5.5 g of crystals, mp 173.5-176.5°, was deposited. Five re-
crystallizations from EtOH-H,0 afforded 1.3 g of colorless crys-
tals, mp 170.5-172.5° dec. A solution of this product in MeOH was
passed through a column of excess Amberlite IRA-401,53 eluting
with MeOH. The eluate was concentrated to give 0.85 g of (+)-14
(Table V): [«]2°D +40.4° (¢ 1, MeOH).

All filtrates from recrystallizations of the (+)-tartrate were re-
converted to the HCI salt by passage through the Cl anion ex-
change column as described above. The HCI salt thus derived was
converted to the base as described for the racemate. This base (2.0
g) was treated with an equimolar amount of (~)-tartaric acid to
give the (~)-tartrate, which was processed as described for the (+)
enantiomer to give 0.035 g of (—)-14 (Table V): [«]?’D —-38.7° (c 1,
MeOH).

Pharmacology. Methods. A. Guinea Pig Tracheal Chain
Test. This test was performed as described previously.?

B. Guinea Pig Right Atria Test. This test was carried out in
the manner described previously.® This preparation was also em-
ployed to evaluate 13 and 22 for their ability to attenuate isoprote-
renol-induced increases in atrial contraction rate. In these experi-
ments, after adding 3.5 X 1078 M 13 or 1.6 X 10™4 M 22, the tissue
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was allowed to equilibrate. Responses to a predetermined EDgs
and ED»;5 concentration of isoproterenol were then redetermined.
Both compounds shifted the isoproterenol dose-response curve to
the right in a manner suggestive of competitive inhibition (at the
indicated concentrations, 13 and 22 produced approximately 22
and 36% inhibition, respectively, of atrial rate increases induced by
the doses of isoproterenol).

C. Guinea Pig and Rabbit Heart Test. Freshly isolated guinea
pig or rabbit hearts suspended from an aortic cannula of an Ander-
son heart perfusion apparatus® were perfused with Chenoweth'’s
solution® at 37.5° and a perfusion pressure of 50 cm of Hy0 ac-
cording to the general method of Anderson and Craver.’ The
heart rate was measured by recording ventricular contractions
with a force transducer attached to the ventricular apex by a thin
thread. After a period of equilibration, control increases in con-
traction rate were obtained by addition of 3 X 10~7 M isoprotere-
nol. The rate was allowed to return to normal and 25, 33, and 34
were then tested for their effects on heart rate (see Table V). After
1530 min the control dose of isoproterenol was added again. Inhi-
bition of the isoproterenol-induced heart rate increase (indicative
of g-adrenergic blockade) was determined by comparing the sec-
ond response (beats per minute) to the initially determined control
value.

D. Dog Cardiovascular Test. Blood pressure was measured via
a catheterized femoral artery in three pentobarbital-anesthetized
dogs. The heart rate was determined from an EKG tracing. Infu-
sions of 33 (5 and 10 mg/kg) were administered over a 5-min period
by means of a catheter inserted into the femoral vein. Doses (0.3
and 2.7 ug/kg) of isoproterenol were administered iv to each ani-
mal before and 30-45 min after administration of 33. The com-
pound 33 antagonized the blood pressure decrease and heart rate
increase produced by these doses of isoproterenol (Table V).

E. Cat Pulmonary Resistance, Cardiovascular, and Soleus
Muscle Tension Test. Following a period of physiological stabili-
zation, the decrease in spontaneously increased pulmonary resis-
tance (indicative of bronchodilation) was measured after adminis-
tration of increasing iv doses of 14 in five anesthetized cats accord-
ing to the method described previously.!%57 The best fitting line
for the average log dose-response regression curve was employed
to determine the EDsg, i.e., the dose producing a 50% decrease in
resting pulmonary resistance (0.065 ug/kg for isoproterenol).

Cardiovascular activity (blood pressure measured via a catheter
inserted into the femoral artery and heart rate monitored by
means of an EKG tracing) and soleus muscle tension®® were mea-
sured in a separate group of eight a-chloralose-anesthetized cats.
In these experiments soleus muscle tension, measured as described
previously,® and cardiovascular responses were determined for a
series of increasing iv doses of isoproterenol. Following an equili-
bration period, 14 was administered in a similar manner. As a con-
sequence of the variability in responsiveness between cats, isopro-
terenol and 14 were compared in each animal. The best fitting line
for the average log dose-response regression curve was utilized to
determine the EDgs for increase of heart rate (0.38 ug/kg for iso-
proterenol), the EDsg for decrease of diastolic blood pressure
(0.002 ng/kg for isoproterenol), and the EDsq for decrease in soleus
muscle tension (0.034 ug/kg for isoproterenol), i.e., the dose caus-
ing a 25% increase in heart rate, a 30% decrease in diastolic blood
pressure, and a 50% decrease in the area under the soleus muscle
tension curve, respectively. Changes in heart rate and diastolic
blood pressure were determined relative to base line values. Soleus
muscle response was expressed as a percent of the maximum re-
sponse to a supramaximal iv dose of isoproterenol administered at
the conclusion of each dose range study. Potency of 14 relative to
isoproterenol was estimated by comparing corresponding ED
values (see Table VI).

Acknowledgment. We are indebted to John Petta for
test results on blocking activity in the guinea pig and rab-
bit heart tests.
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by Rabbit Liver Microsomes

J. Gal, L. D. Gruenke, and N. Castagnoli, Jr.*

Department of Pharmaceutical Chemistry, School of Pharmacy, University of California, San Francisco, California 94143,

Received November 4, 1974

Metabolic N-hydroxylation of the potent

psychotomimetic

amine 1-(2,5-dimethoxy-4-methylphenyl)-

2-aminopropane (5) by rabbit liver microsomal preparations has been investigated. Synthetic hydroxylamine 8 was
obtained by sequential reduction of the corresponding nitropropene 10 with sodium borohydride followed by zinc re-
duction of the resulting nitropropane 11, Compound 8 in water (pH 7.4) was rapidly air oxidized to oxime 12; this ox-
idation was completely blocked by rabbit liver microsomes. Microsomal incubations of amine 5 or its bis(methoxy-
da)hexadeuterio analog 5-ds resulted in the formation of 8 and 8-ds, respectively, identified as their bis(trifluoroa-
cetyl) derivatives by GLC-MS. Quantitative estimations of metabolite formation employing selected ion monitoring
with the aid of an accelerating voltage alternator were accomplished by stable isotope dilution analyses with 5-dg as
substrate and 8-d as internal standard. Similar analyses starting with “pseudoracemates” (R)-5-do:(S)-5-ds or (R)-
5-dg:(S)-5-dg as substrates established metabolite 8 to be enriched with its R enantiomer.

The metabolic N-hydroxylation of aromatic amines, a
reaction thought to be involved in the carcinogenic and
other toxic effects of some aromatic amines, has been in-
vestigated extensively.! Recently, interest in metabolic N-
hydroxylation has been extended to aliphatic amines.2 The
in vitro2ab€ and in vivo? N-hydroxylation of amphetamine
(1) has been studied by several groups.2b:¢:£ It has been sug-
gested® that phenyl-2-propanone (3), a major urinary me-
tabolite? of amphetamine in man and several other species,
may arise, in part, via the oxime 2 (eq 1). However, the

CH, CH,
NOH 0O
2 3

mode of formation of oxime 2 is a matter of controversy.
Beckett and his coworkers have suggested that 2 arises
from hydroxylamine 4 (a metabolite of 1) via nonenzymatic
oxidation, while Hucker and his group have proposed?s:32
other pathways to oxime 2. Indeed, it has been claimed
that?&3 no N-hydroxyamphetamine (4) is formed in incu-
bations of 1 with rabbit liver microsomes under conditions
where others?«¢ report N-hydroxylation.

These inconsistencies may be partly due to the instabili-
ty of aliphatic N-hydroxy compounds, especially when
subjected to basic conditions in the presence of oxygen2e5
(see below). Metabolic studies?® by Beckett and Al-Sarraj
on the influence of the chiral center of amphetamines on
N-hydroxylation have shown that (R)-(~)-amphetamine
[(R)-1] is about eight times better as a substrate for N-hy-

R,
CH,
H
R, / \R
R; R 1
R S
R R1 Rz R: Ra
1 H H H H H
4 H OH H H H
5 H H OCH, CH, OCH,
5-d; H H OCH; CD; OCH,
5-d, H H OCD, CH, OCD;
5-TFA H COCF; OCH, . CH, OCH,
5d,TFA H COCF, OCD, CH,; OCD,
6 H H OH CH; OCH,;
7 H H OCH, CH; OH
8 H OH OCH, CH, OCH;
8-TFA COCF, OCOCF, OCH; CH, OCH;
8-ds H OH OCD, CH, OCD,
8d, TFA COCF, OCOCF, OCD, CH, OCD,

droxylation than the S enantiomer (S)-1. This metabolic
stereoselectivity, although described without detailed evi-
dence, is interesting in view of the greater CNS stimulant
activity of (S)-(+)-amphetamine.® Benington and his co-
workers found” that replacement of the amino group in a
series of 1-phenyl-2-aminopropanes by the hydroxylamino
group decreases but does not abolish the central stimulant



