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administered orally ax a saspension in 29, gam acacia, and hlood
sagm was determined at 1.3, 3, 5, 7.9, and 24 Iir by Somogyi's
method? asing Nelson's reagent.”  The crassover tests were
carried vat with tollmtmnide at 27 mg kg dose level asing 7
aninuds in each gronps,  One groap was given the test dmyg while
ihe other received tolbatamide.  Following o rest period of
week, the dimgs were crossed over wnd the test wax repeaied,

IYor adloxan-diabetic rats, healthy male alhina rats weighing
aboat 200 g were fasted overnight and injected with an aqg sola-
tion of alloxan monchydrate at 200 mg kg dose level and food
given immediately.  Only diabefic animals were nsed in the test.

Chemical Method.“ p-Ethylbenzhydrazide.-— Iithyl p-cthyl-
benzoate {44.0 g, 0.25 mol), NI, TLO 20 ml of 0877 :ad
O (100 ml) were mixed and heated ander reflux for 2 hr.
The residue after removal of EtO was triturated with 19,0,
filtered, wand washed (IO Ir was crvstd (1103, vield 39.1 g
(9560 mp NO-00°, Awal. (CL1LNLO5 CL T

1) ML Somowyi, S Biol, Cler,, 160, G4 {19055,

<3y N. Nelson, 1644, 183, 375 119143,

i) The melting points were yken v capillarr tibes witle o parial
ipnnersion etmometer awl are anenrrecied.  Where analvses are iwli-
catel only br svimbols of tlie elemencs, 1he analrtical resalts olwained for
diese elonents were wyihin 0450 of the Gheoredeal vahies,

Saligenin Analogs of Sympathomimetic Catecholamines

Congax, o ol

1-p=Sulfamoylbenzoyl-4-ethylthiosemicarbazide.- p-Scdian-

ovlbenzhyvdrazide (21.3 2, 0.1 mol) was dissalved in dioxane (170
ml and heated ander reflax with ethyl isothioeyiamte 9.0 ml,
011 mol: for 4 e, The =olid thar sepd on cooling was codleeiof
by tiltration, washed (1105, and crvstd J10OTT 5

All the thiosemicarbazides reqaived {or ihe present work wore
similialy prepaved and ervstd from F1OIL See Table IV for the
vew thiosemicarbazides.

5-p-Sulfamoylphenyl-4-ethyl-4/4-1,2,4-triazole -3 -thiol. - -
Salfinovihenzovi-4-eihvlthiosemienrbazide /6.0 g, 0.02 mol?
wik diszolvet 112 N NaOIL {60 ) and reflnxed for 2 e The
reaction mixtare wie coclpd and acidified with HHCL apll 4
The white precipitale of the desived componnd was tiltered,
washed (110, apd covsid (5577 1201,

All che new Iriazoles which were prepuaeld similarly and
ceysrd from KtO11 are lisved in Table Vowith cheir melting points,
ansdytieal diga, ere
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Analogs of ixoproterenal have been prepaced in which the catechol groap has heen replaced by salieylie acid

(IX) or saligenin (VIL) funetions.

are effective orally and show a highly selective action on bronchial simaoth masele.

Many af the Intter are potent long-lasting g-ndrenoreceptor stimalants that

Struetare-nctivity relation-

ships are disenssed and related to enrrent theories of molecalar processes at g-adrenoreceptors,

Syimpathonnmetic  amines  that  relax  bronchial
smootlh musele by stimulation of g-adrenoreceptors
have been widely used as bronchodilators in reversible
airways obstruction and extensive Investigations of
structure-aetivity relations have been made.?  Max-
imum potency has always been associated with the
presence of a catechiol funetion as 1 isoproterenol
(In). The catecholamines have only a short duration of
parenteral action probably mainly owing to uptake
into tissues®™* but also because of metabolism by
catechol-O-methyl transferase (CONT) to a methy]
ether, c.g.. Ib. The latter ix a G-adrenoreceptor
blocker.®  An additional metabolic barier may under-
lie the ineffectiveness of the catecholumines when
administered orally sinee it has been shown in the dog?
and i man? that they are inactivated by conversion
into an O-sulfate esterin the gut.

We hoped to eircumvent these metabolic pathiways
and hence overcome some of the elinical deficiencies of

11 () For preliminary sounnnnieation of ¢his work see D, Harder, 1),
Jack, L. M. C. Lunts, and AL C, Ritehie, Nature Loedon), 219, 861 (1968).
() Vresonted in part at the Vourth Rencontres Incernationales sle Chimie
Theérapeatiopie Clermont- Ferrand, 1968, 40 16 whom hwpiries shionlld
L addressed,

(2) 1Por leading referenses see (a) 1. I'ratesi and 15, Grana, Advas. Dy
Res., 2, 127142 065): thy R, 1*. Barlow, “Introduetion to Chemical
Phamuo:oliey,”™ MeOwmen ansl Co., London, 1061, pp 282-343; (e) A, M.
Lawds and T, G Preown in “Drags Alfecring the eripheral Nervons Syvs-
ey, Vol 1, AL Burger, 194, Dekker, New York, N. Y., 1967, p 390,

Gl WO D Coneay, 11 inatora, Ao M. Lawls awl J. M. Shekesk) .
AL P harwe Set,, BT 1135 (10068),

oy D Moergan, M. Sandler, 1.8, Davies. M. Conolly, J. W, Paterson.,
sl C. T Diollery, Biochem. /., 114, 8P (19601,

) =014 Ross, Aty FMharewccol, Torieol,, 20, 267 (106:3).

161 F W Paterson, ML 19 Conolly, DX Davies, and COT, Dollery, Lol
2, 126G (1968).

isoprotereniol by the preparation of compounds of
formula T where X was a group which retained some of
thie attributes of the eatechiol but whieh would not be
subjeet to attack by the enzymes that inaetivate the

Iatter,
X CHOHCH NHCH(Me ).
HO

Ie. X = MeSO,NH
1d. X =HOQC

la. X =HO
Ih. X = MeO

le. X = HOCH.

Previous replacement of oiie o1 both plienolie groups?
by other substituents has drastically reduced svim-
pathomimetic action except in the case of compounids
stich ax Ie where the bioisosteric methanesulfonamide
group produces a pseudoecatechol®  The enhanced
acidity of the m-phenolie group in the catecholanines,
which is simulated by the methanesulfonamide group.
ix considered huportant for high biologieal activity.®
An additional feature of possible importance is the
ability of the cateeliol moiety to chielate with metals?
Both of these properties are displayed. with the mini-
mum of steric disturbance, by the salieylic acid Id whichi
was our first objective. A general synthetie route to
Id. outlined in Scheme [ also leads to the =aligenin
derivative Te which =hould still be capable of chelating

(7)) TPor lapling references =oe R0 Uloeds, G0 R Kivks WAL Gonebl, and
A Larsen, . Mol Clovwr 9, 88 (1066),

(8) AL AL Larsen. W, AL Condd, 11, R, Roth, W18 Coraer, R Ulsth,
ICWL D, sl 17, ML Lish, 140d., 10, 462 (1967).

S 1L Dellews: jyn U Civa Fomlation Symposinim on Adrenergic Moevla-

nisii="" J R Vane, G 1 Wolsienholme, and M. O'Connor, 1551, Charelitl,
Liendon, 1960, 12343,
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with metals and of taking part in H bond formation
although the pK, of the hydroxymethyl group will be
much higher than those of the corresponding groups in
Ia, Ie, or Id. A similar approach was also envisaged
for the less accessible isomeric series in which the
p-OH group of the catecholamine, Ia, is replaced by an
acid or by a CH,OH group.

Chemistry.—A  general synthesis of the desired
phenethanolamines from the methyl esters of 4- and
5-acyl salieylic acids (IT) is outlined in Scheme I.

The 5-acyl salicylic esters were obtained by Fries
rearrangement!® of the corresponding phenolic esters
of salicvlic acid followed by esterification. Methyl
4-acetyl salicylate was synthesized from methyl 4-amino
salicvlate by selective benzvlation of the phenol,
conversion of the amine into an acetyl group via
diazotization and reaction with acetaldoxime,!' and
removal of the benzyl group by catalytic hvdrogena-
tion.'? The acy] esters IT and the phenacyl bromides
IIT derived from them by bromination at room tem-
perature in CHCI; are shown in Table I.

Methyl 5-bromoacetvl salicylate condensed readily
with secondary benzylamines on heating in EtCOJle
to give the amino ketones V. The use of primary
amines was generally unsatisfactory as the product was
often contaminated with a nonketonic base.!® How-
ever, the more hindered methyl 35-bromobutvryl
salicyvlate failed to react with bulky secondary amines
such as isopropylbenzyviamine but gave a fair yield of
the required product (24) on refluxing with -PrNH,
in MeOH.

Methyl 4-bromoacetyl salicylate reacted with -
PrNHCH,;Ph in EtCOMe, EtOH, or THF at room tem-
perature but the resulting amino ketone was unstable

(10) K, W, Rosenmund and W, Selinitrr, Justus Liebigs Ann. Chem., 460,
56 (1928).

(11) See W. Beech, J. Chem. Soc., 1297 (1954).

(12) 4-Acety] salicylic acid has been previously prepared by a different
route,see F. Mayer, Q. Stark, and K. Schén, Ber., 68B, 1333 (1932).

(13) R. Howe. A. F. Crowther, J. 8. Steplienson, B. 8. Rao, and L. H.
Smith {J. Med, Chem., 11, 1000 (1968)]| have sliown that aminopyrroles are
formed by self condensation of similar aminoketones.

CH.Ph !
COCHN< npr - HOOC CO(I’,HN\R
| R HO R :
1

lH_.. Pd—C

111 R

PhCH,NHR ~E(OMe
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OH OH

HOCH. CHCHNHR, MeOOC CHCHNHR,
HO | | )
HO R

|
HOOC CHCHNHR.
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R
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and was best processed in sttu through the next stage
of the synthesis to IV. The greater stability of a p-
hydroxyphenacylamine has been explained in terms
of a resonance contribution which is not permitted for
the m-OH isomer.!* The arylamino ketones prepared
are listed in Table II.

Hyvdrolysis of the 5-glyeyl esters V with HBr fol-
lowed by catalytic reduction of the ketone and concom-
itant removal of the benzvl group gave the salicyclic
acid derivatives IX. Catalytic hydrogenation of V
gave the corresponding esters VIII. Where R, is an
alkyl group the products were predominantly the ex-
pected erythro isomers having nmr spin coupling con-
stants of 4 Hz for the protons on adjacent asymmetric
centers.

Reduction of the amino ketones V with LAH in THI
followed by catalytic hydrogenolvsis of the protective
benzyl group over Pd-C gave the corresponding sali-
genin derivatives VII. In this case, when R, was an
alkyl group, IV and VII showed coupling constants of
8-9 Hz for protons on adjacent asymmetric C atoms in
agreement with that expected for a thieo configuration.'®
The catalytic reduction of the saligenins occasionally
resulted in some degree of hydrogenolysis of the pri-
mary alcohol group to give an o-cresol, easily identified
by the Me signal at ca. 7 7.8 in the umr spectrum. This
side reaction could be promoted by acid catalysis to
give the Me compound (e.g., XIV) in high yield or
could be suppressed by addition of a base such as EtsN.

In a modified process to the p-saligenin derivative,
XIII, the intermediate aminoketone XI was first re-
duced with NaBH, piior to catalytic debeunzylation,
as shown in Scheme II.

The Me ether XII was also prepared from the amino
ketone XI by refluxing with methanolic HCI and subse-
quent catalytic debenzyvlation.

The primary amines of the para series (VII and
VIII, Ry = H), obtained according to Scheme I from

(14) A. Gero, J. Org. Chem., 16,1222 (1031).
(15) Seeref 7 for analogous correlations.
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AnyL Kirases
P@CO([HR
M R,
Yiebl, Crystn®
Compsl P M R R il solvent My, “C 1ainula \nalrsis
1 110 MeOOC 11 11 S3 1t EhY Cioll0O;
2 IO MeOQOC Ale 11 30 Pe HH -6 CnI, 04
B 11O AMeOQOC It 1 79 e T0-714 Cptl0,
4 HO LtO0OC I 11 (4 Lt (12— Cy L0,
7 MeO MeOOC 1L 11 77 W - 047 Ci Oy
0 1 MeOOL: 11 I1 03¢ 15t 45-46 Cral Ly ¢, 1
7 PhC11L,O MceOOC 11 11 Al 1B3-1'e 7172 ChallQy I, O; ¢
s MeOQOC PhCH.0 11 I 10 ¢ 7172 Crl 1Oy , 0 11%
9 MeOOC HO 11 11 TH (& 120-121.5 ol )11
10 AcO AeOCII. I1 11 NO¢ H0° Chsll L0, I; ¢, O«
I MeO MeDOC 11 Br qo Me 15114 CHy Broy ¢ 11, Br
12 110 MeOOC 11 B 72 Pe 00-92« CrolL3rOy
15 PhCH.0O AMeOOC! 11 BB 71 B-(: 1271285 Cha11, BrO; 11
14 NMeOOC 110 11 Br S In S840 Chol 1yBrO; 11, Br
15 110 MeOQOC! Me Br 02 Me 10108 Cnp1B3roO;, ¢, 11
16 110 MeOQOC 15t 13r a6 Al N CrtBro, .11, Br
17 110 EtQ0C 11 Br ) Me o102 Cylly BrO, ¢y, 11, Br, O
IS 11 MeOOC 11 Br 70 Me G570 CiH BrO; o, 1
1o AcO) AcOCIH: 11 Br 0 €, 1:BrO;

« Al EKtOlT; B, Phll; C, eyelahexane; Lit, Kt:0; lp, -PrO1L; Me, MeOLL; Pe, petroleamn ether (hp 60-507: W, 11O, 4 J. 11 Ainin

and 1. D, Desai [J. Sed. Ind. Res., 13B, 175 (1934)] reported mp 55°.
¢ L. Crombie, D, I, Games, and M. T1. Knight {/. Cheni. Soc., C. 763 (1967)] reported inp 61-2°.

¢ Prepared hy esterification of S-acetyl henzaie aeid [see 1. Iinpe and K. von
¢ Prepared hy benzylation of methyl A-ncetyl salicylate with PhCHLCLand K.COq
7 Sce Experimental Section,

64-65°. A Lit.enp 73°,
Krannichfeldt [Ber., 47, 1319 (1914}] reported mp 96°.
Majewski, Ber., 38, 3408 (1900)] with CH.N: in Et.0.

in refluxing 1COMe. * C: caled, 71.82; faund, 72.31.
dixtillation, bp 145° (0.5 mm). = C: caled, 62.41; faund, 61.76.
replorted mp 95-06°.

the dibenzyl intermediates (IV and V, Ry = PhCH.),
could be alkylated reductively with earbonyl compounds
to provide another route to N-substituted phenethanol-
amines.  Alternatively, the esters VIII were obtained
by reductive alkylation of an amine with the glyoxal,
XV. The latter was prepared as o erystalline hydrate
(gem diol) by oxidation of methvl 5-bromoacety] sali-
evinte with DASO.  The esters VIIT could then he
redueed to the p-saligening, VI, with LAH.

0 caled, 32015 found, 32.73.
* Bromination was carried out in Cste and the crnde product was nsed direetly in the next stage.

< la 11 Cox [, Ames. Chen, Soc., B2, 556 (1930)] reparted mp
ST1. von

K10 ealed, 5.67; found, 6.1. ¢ Parified hy
.73, AL Bazas [U. S, Patent .113,9G2]

MeOOC COCHOH.O
HO

XV

Iixamples of compounds with tertiary aleohol groups
artho to the phenol were prepared from the ester VIII
with PhA[gBr and from the dibenzyl ester 40 with
MeMgBr followed by catalytic debenzylation.
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TasLe 11
AryLAMINO KETONES
R
AT
M 1'1 R,
1
Yield. Crystn® Mp.

Compd P M R R: Rs % solvent °C Formula Analysis
20 HO EtOOC H Me PhCH. 52 Al-Et 169-171 CyHyNO4-HCI C,H,C,N,O
21 MeO MeOOC H Me.CH PhCH. 45 Me-Ea? 193-194 CyuH.:NO,-HCI C, H,C, N
22 HO MeOOC H Me,CH PhCH: 34 Me-Ea 168-170 CyxHxNO,-HCI C H,CL N
23 HO HOOC H MeCH PhCH, 80 W 188-189 C;sHxyNO,-HBr C, H, Br, N
24 HO MeOOC Et Me,CH H 43 Me-Et 250 Ci:HuNO,-HCI C,H N
25 PhCH.0 MeOOC H MeCH PhCH: 70 Et-Ac¢ 160-162 CxH2oNO,4-HCI CL, N
26 MeO MeOOC H MeC PhCH, 98 Ea 181-183 C»HxNO,-HCI C, H C,N
27 HO MeOOC H MeC PhCH, 77 Me-Ea 182.5-183 CyH,NO4-HCI C,H,C,N,O
28 AcO AcOCH: H MeC PhCH. 45 Et-Al 173-175 C5H2NO;-HCI C,H, N
29 HO HOCH: H MeC PhCH, 90¢ W 173 CaHasNO; - HCI C, H C,N
30 HO MeOCH: H Me,C PhCH. 62/ Me-Et 202-205 CuHxNO;-HCI C, H,N
31 H MeOOC H Me,C PhCH: 83 Me-Ea 184-186 CuHNO;-HCI C,H, N
32 MeO MeOOC H  PhCH: PhCH, 51 Me-Ea 166-168 Cz:H2:NO; -HCI C, HC,N
33 HO MeOOC H PhCH, PhCH. 87 Me-Ea 167-169 C,Hy;NO,-HC1-0.56 C, H, Cl, N

H.0

34 HO HOOC H PhCH, PhCH, 99¢ Al 163-164 CyH.NO,-HBr-H.O0 C, H, Br, N

35 HO MeOOC H 4-HOCsH.CH.CHMe PhCH. 71 Ip 177-181 CyHxNO;s-HCI H, N; Cs

36 HO MeOOC Me 4-MeOCH.CH.CH, PhCH, 64 Ea-Et 161-163 CxHyNO;-HCI H; C, N»

e See footnote g, Table I. b Ea, EtOAc. ¢ Prepared by hydrolysis of the preceding salicylic or anisic esters with refluxing aq 489,
HBrfor3hr. ¢ Ac, AcMe. ¢ Prepared by hydrolysis of the preceding diacetate 28 with 5 N HCI for 70 hr at room temperature. 7/ See
Experimental Section. ¢ C: caled, 66.4; found, 66.9. #C: caled, 67.0; found, 67.5. N: caled, 2.89; found, 3.39.

Tasre 111
| g
M RJ. 2
Yield, Crystn® Mp.

Compd bid M R1 R: Method 9% solvent °C Formula Analysis
37 HO HOCHz H I\Ie A 49 Et 132-134 C17H21N03 C, H, N, (6]
38 HO HOCH, H Me,CH A 63 Et-Pe 115-116  CisHxNO; C, H, N,
39 HOCHz HO H IVIezCH Al a9 Et 103-108 C19H25N03 c
40 PhCH,0 MeOOC H Me:CH B 93 Ea 134-136 CxHuNO,-HCI- C, H, N

0.5 H:0

41 PhCH.0 HOCMe). H Me,CIH Cc 80 Ea-Tfe 174.5-175 CyHiNO;-HCI  H, N: Ce

42  MeO HOCH. H Me,C A 70 Me-Ea 196-197 CyHNO;-HClI G, H, N, O

43 HO HOCH: H Me;,C B 87 Et-Pe 109-111  CxHxNO; C,H N

4 H HOCH. H Me,C A 96/ Al-Ea 173-174 CyHuNO.-HCl C, H, N

45 HO HOCH, H PhCH, A 80 Ea-C 110-111  CgHeNO, C, H, N

46 HO HOCH: H 4-HOC:H,CH:CHMe A¢ 50* Oil CosHasNO, ¢

47 HO HOCHz Me 4-MeOCsH4CHchz A 635 Oll Cst31NO4 c

s See footnote @, Table I.  ® The intermediate arylamino ketone was formed in THF and reduced #n sitw with LAH. ¢ Not analyzed.

¢ Tf, THF.

yield; product is a mixture of diastereoisomers.

¢ C: caled, 71.5; found, 70.8; 7 Yield of free base isolated as an oil.
ductive alkylation of p-hydroxyamphetamine with PhCHO (see Method F), 699, mp 101-103°.
¢ N-Benzyl-p-methoxyphenethylamine, bp 142° (0.01 mm); K. Kindler, K. Schrader,

¢ p-[2-(Benzylamino )propyl] phenol prepared by re-
Anal. (C;sHisNO)C, H, N. 4 Crude

and B. Middelhoff [Arch. Pharm., 283, 184 (1950)] reported bp 210° (13 mm).

The phenethanolamines prepared by the above pro-
cedures are listed in Tables ITI, IV, and V.

Experimental Section

Melting points were determined in open capillary tubes on a
Townson—Mercer apparatus and have not been corrected.
Compounds gave satisfactory uv, ir, and nmr spectral data ob-
tained, respectively, on a Perkin-Elmer Model 137 uv spectro-
photometer, Unicam SP 100, and Varian Associates A-60A
spectrometers, Microanalyses were determined on a F and M
185 C, H, and N analyser and by Dr. A, Bernhardt, 5251 Elbach
tber Engelskirchen, West Germany. Where analyses are in-
dicated only by the symbols of the elements, analytical values ob-
tained were within ==0.49, of the calculated values.

Each general method discussed in the theoretical part of this
paper is described here by only one representative example.
Hydrogenations were carried out at room temperature and
atmospheric pressure.

Methyl 4-Amino-2-benzyloxybenzoate.—Methyl 4-aminosali-
cylate (20.88 g, 0.125 mol) in 59, NaOH (100 ml) and DMSO
(250 ml)* was heated to 80° and PhCH-.Br (21.38 g, 0.17 mol)
slowly added with stirring. After a further 0.5 hr the mixture was
poured onto ice and the produet isolated by extraction with
CHCIl;. Two recrystallizations (PhH—-cyclohexane) gave color-
less needles 8.9 g (28%) mp 124-127°; Amax at 236 mu (e 13,10
0), 282 (e 13,950), and 304 (15,000). Anal. (C;sHisNO;) C, H, N.

(16) DMSO added to suppress N-benzylation.
Schumaker, J. Org. Chem., 81, 1996 (1966).

See 8. L. Solar and R. R.
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I’@(‘H()H(I,‘HNH R,

M R,
Yiebl, Crysen’ My,
el 1 hS| Re R Method 5 =olver C Foringla Analprsis
45 11O MeOOC 11 11 8] 70 AMe-léa IST-188 CioHuNO,; - HOL ¢, I, Cl, N
40 HO MeOQOC 11 11 B N1 Me 12 222 CillNO, - 1 ¢, 1, N
S0 HO MeOQOC 11 Mes,CH D 85 Me-Lin 15515 CuHNOs-HCL 1L CL N
ol HO HOOC I Mes,CH D S6 Me--Ea 165166 C.Hi:NO,-HBr  C, 11, Br, N
52 HO MeOOC 11 AMe,C b 90 Al 147 CH N O,y ¢, H, N
oy HO MeOQOC H PhCH.CH e I AR CipyHyyNO,
St HO MeOOC Il PhOCH.CHMle I ENN C 04104 C, HuNO; ¢, H, N
5y 1O AeOOC H 4-MeOCH,CH.CH)e It 397 r-Ae 169-171  CyuHuNO; FICL ¢, H, Cl, N
a6 HO AeQOC H 14-MeOCH,CH,CMe, 177 42 (- Pe 19121 CaHeNO. C,H, N
a7 110 AMeOOC 1 Adamantyl I 39 Me-Lia 220-221  CyulHnNO - HCL ¢, H, N
AN HO MeOOC Me  4-MeOC:HCH,CH: D+ 74 Me-lda 191.5-193.0 CyluNO;-HCI I, N; Cf

" See foatnote ¢, Table I, Crade yield: pradnet is a nanerystalline mixture of diastereaisomers.  * Pradact is an unknown mixtare
ol diastereoizamprs.  * a,@-1)imethyl-p-methaxyphenethylamine, hp 166-1658° (0.8 wun); C. Mentzer, Buil-Hai, and P. Caguianl
[Bull. Soc. Chim. Fr., S13 (1942)] reported bp 225-226° (16 mm). * ¢rythro. £ C: ealed 67.0; found, 67.43.

Tapre V
P@CHOH([‘/HNHR_,
M R,
B-Seimalan
- Aetivitys—.
teron- oar-
rhial diage
Yield, Crystn” My, nus- 1y s-
Clomyped  1* M R. Re Metheod %,  sulvent e I"yar il Analysis cle? clet
a9 1O HOCH- 11 $-HOCe114C' HC 1 Me G 62 MeEt o 60-110% Cis11N Oy CsHsOz - 1107 <IN 300 0.05
60 HO HOCH, H  +-MeOCsHCHCHA e G 8T on 81-837  C1nNOx CoM N 150 0.07
61 HO HOCH. H MesC G 88 LHa-U 157158 CaHaNO; ¢ XL O 100 0Dy
VY .
G2 Ho HOCH. H Q NCH,CHMe 12/ 22 lia 1481514 ChsllesN Qs N 50 1.025
./
63 10 HOCH. H I'hCH:CHMe G 25 ka 13- 1157 CuHaNO: H, N, ¢; 0¢ 50 0.05
[§E1 HO HOCH. H Me:CH G 86 Tf- 1 143-145 Cy:H1sNO: ¢,H N O 10 0.1
65 1O HOCH. H 4-MeOCHiCH«C Me: A 34 Ea 156-157.5 CxHxNO4 C.H N 25 0,000
66 HO HOCH. H 3.4.5-Me0sCsH:CH.CHMe  ER 48 Et 00- 98¢ CuHuNOs C,H N 20 0.1
67 10 HOCH: H  +-MeOCH:CH:CH.CHMe E 63 Et-Pe  99.-107%  CuHaNO, ¢ H N 200
68 110 HOCH. H 4-EtOCeHsCH:2CHMe ) 10 Ea-C 98-107%  CxuHuNOs C, H, N 20 0.01
69 110 IOCH; Me +-MeOCsH(CH.CH, A 50 Ea-Ft 111-118% CiyHuNOs: 0.51{0 COHON IO
70 HO HOCH. H PLIOCH:CHMe A A6 Ea-C 128-130 C1sHsN Oy C,H.N O 1o 01
71 HO HOCH, H 3.4-MeO:CsH:CHCHMe k ER b 31137 CuHeNOs ¢, H N 5Qa.n;
2 o HOCH: H Cyelopenty] E 1t Ea-C 120-131 C wHuNO, ¢, H, N 14 0,05
35 HO HOCH, Et  MeCH A A Al 199! CuHuNOs- 1101 ¢ N 20005
B 110 HHOCH. Me +-MeOCH,CH1. & 35 Me-ka  79-81" CouHsNOs- CeHO" 1, N: e 1 0
5 1o HOCH: H Adamantyi A 58 Ea 147-148 CHeNO: o N [(EY]
6 MeO HOCH; H MesC (¢ 5 B--Pe 115-116 CuHsNOs COHON or o
b HO MeOCH: H Mez(” 1 32 Me-Lt 210 CuHsNOs-HO) . H, N or
8 0n HOCH. H Mes(” G &)  Al-Ea  128-130 CiHaNO: C2HaOr" H.N:. 7 or
) 110 Me H Mes(? a 80 Ea 168-171 CisHaNO: H,N:(® or 0,005
80 1HO HOC (Pl H Mes( ¢ ‘8 TI-Ea 186-187 CsHesNOs- HCL. 0 511:0 C.H. N a
81 HO HOC(Me): 1 Mex('11 G 81 Ti-Et 162-164 CiuHsNOs- O HnOyf CCH, N or
82  HoCi. HO H Me:C1T G T0 Ti-Pe 103-105 ChsHieN Oy C, H N Q
83 110 HOCH: H H G 44 Me-lla 149-151 CyHiNOs 1, N, 0; C? 0
84 MO HOCH: H Me G 52 Ea 109~ 111 CyHpaNOs (s Hy 04 H. N: C? 0?

* Hec footnote a, Table L. faotnote b, Table 11, footnote d, Table 1TI.  * Relative potency <isaproterenat = 100) fram Kanzett Rossler
preparation. © Relative potency (isoproterenol = 100) from isolated guinea pig atria preparation. ¢ Produet is a mixture of diastereo-
ixomers. ¢ Hydrated p-anisate salt. /7 1-Morphalino-2-propanone bp 72-76° (0.5 mm). L. J. lioth and FL. Moaehrle [Arch. Pharm., 297,
5% (1964)] reported bp 98° (14 min). ¢ C: caled, 71.73; found, 72.458.  O: caled, 15.93; found, 15.45. * 1-(3,4,5-Trimethoxyphenyl)-
2-propanone, inp 62-65°. J. M. Pepper and M. Saha [Can. J. Chent,, 42, 113 (1064)] reported mp 66-67°. ¢ Not tested. 7/ (p-Ethaxy-
phenaxy)-2-propanone prepared by refluxing p-ethoxyphenol with CICH:.COCH:~K:CO; in EtCOMe for 24 hr, 4197, bp 127--130° (1.3
mmy}, mp 37-39° [from petroleum ether (bp 40~60°)]. Anal. (C,,H.O;) C, 1. * We thank Mr. S. Buchanan far preparing this com-
pound. !erythro. ™ threo. ™ Acetate salt. ° C: caled, 64.43; found, 63.8. » Weak 3-adrenergic antagonist. See Experimental
Section. " C: caled, 63.58; foand (i4.0; * C: caled, 69.9; foan:d, 70.6. !o¢-Benzoyvlbenzoate <alt. v Debenzylation of 45 took 6 hr.
*C: ocaled, 59.0; found, 58.5: ¥ a-Adrenoreceptor stimulant, 0.1 times the activity of norepinephrine.  *Maleate salt. # C: caled.,
33.67; found, 53.1. 2 x-Adrenareceptor stimulant 0.1 times the activity of epiuephrine.

Methyl 4-Acetyl-2-benzyloxybenzoate (8).—NaNO. (2.55 g, ¢). hydrated NuOAe (24,1 g), and ncetaldaxiine (3.7 g, 0.059%

0.0374 moly in H.O (3.5 ml) was added to a sthrred saspension of wob) in PO G200 mh at t0-15°0 Afrer + hr the ligaid was
te preceding ester (9.5 g, 0.0338 mal) in IO (20 ml) aud con- decanted from a red-hrown gam and the latter was stirred under
centrated HCL (2.5 ml) at 0-5° fallowed hy NaOAe (3.25 g) in reflax for 2 hr with ferric sunmaninm sulfate (44.2 g) in H.0O (340
11O (10 ml).  The mixtnre was gradually added Delow the sia- mb).  The mixture was filtered and the filtrate extracted with

face of a stirred solation of hydrated CnSO, (1.84 g), NSOy, (015 CHCL. The extracis gave a residual dark oil which was dis-
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ANALOGS OF SYMPATHOMIMETIC CATECHOLAMINES

solved in MeOH (285 ml) and heated to reflux with Girard “P”
reagent (10 g) in HOAc (15 ml) for 1 hr. The solution was cooled,
added to NaOH (9.5 g) in H:O (1 1), and extracted with Et,0.
The aq phase was then acidified with conecentrated HCI (50 ml),
left at room temperature for 1 hr, and again extracted with Et,0.
The extracts were washed with NaHCO; solution, dried (MgSO,),
and evaporated to give a colorless solid 1.05 g (109,). mp 68-70°.
Recrystallization from cyclohexane gave pure product.

Methyl 4-Acetylsalicylate (9).—~The preceding ester (2.6 g,
0.009 mol) in 909, EtOH (250 ml) was hydrogenated over 109
Pd-C (0.3 g). The rate of hydrogenation markedly decreased
when 270 ml of H: had been absorbed. The catalyst was removed,
the filtrate evaporated to dryness, and the residue crystallized
from cyclohexane to give 9 as needles 1.2 g (759,), mp 120-121.5°.

4’-Hydroxy-3'-hydroxymethylacetophenone Diacetate (10).—
3'-Chloromethyl-4'-hydroxyacetophenone” (110 g, 0.6 mol),
NaQAc (49 g, 0.6 mol), Ac,O (110 ml), and HOAc (200 ml) were
heated at 100° for 2 hr and then evaporated to dryness under re-
duced pressure. The residue was dissolved in PhH, washed with
109, Na,CO; solution and H»0, and dried (Na,SO;). The PhH
was evaporated and the residue distilled in vacuo to give 10 as a
colorless liquid which solidified on cooling.

Preparation of Phenacyl Bromides. Methyl 5-Bromoacetyl-
salicylate (12).—Br, (6.3 g, 0.039 mol) in CHCl; (75 ml) was
added dropwise with stirring to methyl 5-acetylsalicylate (7.5 g,
0.039 mol) in CHCl; (25 ml) at room temperature. Evaporation
to dryness and crystallization from petroleum ether (bp 60-80°)
gave 12

Preparation of Arylamino Ketones. Methyl 5-(N-Benzyl-V-
t-butylglycyl)salicylate- HCl (27).—~The preceding phenacyl
bromide (10 g, 0.0366 mol) in EtCOMe (250 ml) was added to N-
t-butylbenzylamine (10.75 g, 0.066 mol) and gently heated at
reflux for 3 hr. The mixture was cooled and filtered and the
filtrate was evaporated under reduced pressure. The hydro-
chloride of the residue was formed in Et:0 and recrystallized
from MeOH-EtOAc¢; Amax 230 mu (e 21,300) and 280 (13,160).

2-(Benzyl-i-butylamine)-4'-hydroxy-3’-methoxymethylaceto-
phenone-HCl (30).—2-(Benzyl-t-butylamino)-4’~hydroxy-3'-hy-
droxymethylacetophenone- HCI (29) (50 g, 0.138 mol) in MeOH
(500 ml) containing 197, HCl was refluxed for 48 hr and then evap-
orated. The residue was crystallized from MeOH-Et0 to give
30.

Methyl 5-Dihydroxyacetylsalicylate (XV).-~Methyl 5-bromo-
acetylsalicylate (12) (44.7 g, 0.164 mol) in DMSO (150 ml) was
left at room temperature for 1 week and then poured into H.O (2
1). The precipitate was extracted continuously (Soxhlet) with
H:0 (3 1). The glyoxal hydrate XV, separated on cooling as
white crystals: 23.6 g; 64%; mp 110-113°; Amax 273 mpu (e
13,570) and 306 (sh) (3,680). Anal. (C;:HOs) C, H.

Preparation of Phenethanolamines (See Tables III, IV, and V).
Method A. «!-Benzylisopropylaminomethyl-4-hydroxy-m-xy-
lene-a!,ad-diol (38).—Methyl 5-(N-benzyl-N-isopropylglycyl)-
salicylate- HCI (22) (11 g, 0.029 mol) was converted into the free
base, dissolved in dry THF (150 ml), and added with stirring to
LAH (3.8 g, 0.1 mol) in dry THF (300 ml). After heating
under reflux for 2 hr the excess hydride was decomposed by the
cautious addition of H,O and the solvent removed under reduced
pressure. The residue was dissolved in dilute HCI, basified with
NaHCO; solution, and extracted continuously (Et:0). Evapora-
tion of the ether and crystallization of the residue from Et,O—
petroleum ether (bp 60-80°) gave 38.

Method B. «!-(Benzyl-i-butylaminomethyl)-4-hydroxy-m-
xylene-a!,o3-diol (43).—NaBH, (1.51 g, 0.04 mol) in 1 N NaOH
(20 ml) was added slowly to a solution of 29-HCI (7.27 g, 0.02
mol) in EtOH (40 ml) below 15°. After 48 hr at room tempera-
ture the mixture was acidified with 5 N H.S0, and the EtOH re-
moved under reduced pressure. The aq phase was adjusted to
pH 8 with 109, Na,CO; solution and extracted with EtOAc.
The extracts were concentrated to 20 ml and petroleum ether
(60-80°) (30 ml) was added to give white crystals of 43.

Method C. «!-Benzylisopropylaminomethyl-4-benzyloxy-
al,ad-dimethyl-m-xylene-a!,a3-diol - HCl (41).—A solution of 40
(1.5 g, 0.0035 mol) in THF (50 ml) was treated with MeMgBr
(0.05 mol) in Et:0 (50 ml) and stirred at room temperature over-
night. The mixture was decomposed with saturated NH,Cl and
the organic layer separated, dried (MgS0O,), and evaporated.
Trituration of the crude product with dilute HCI gave 41 as an in-
soluble hydrochloride which was recrystallized from THF-EtOAc.

(17) R.Travo. Gazz. Chim. Ital., 81, 773 (1951).
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Method D. 5-(1-Hydroxy-2-isopropylaminoethyl)salicylic
Acid-HBr (51).—A solution of 23-HBr (2.9 g, 0.0071 mol) in
EtOH (50 ml) was hydrogenated in the presence of 109, Pd-C
(0.5 g) until uptake of H, ceased (23 hr). Removal of the catalyst
and solvent left an amber syrup which gave the crystalline hydro-
bromide 51 on trituration with EtOAc.

Method E. Methyl 5-{{2-(1-Methyl-2-phenoxyethyl)amino-
1-hydroxy]ethyl}salicylate (54).—The amine-HCl 48 (6.6 g,
0.0267 mol) in MeOH (250 ml) was neutralized with NaOMe
[from Na (0.614 g) in MeOH (50 ml)], phenoxyacetone (4 g.
0.0267 mol) was added and the mixture was gently refluxed for
2 hr. The cooled solution was then hydrogenated in the pres-
ence of 109, Pd-C (1 g) until uptake of H» ceased (18 hr). The
catalyst and solvent were removed and the oil partitioned be-
tween Et,0 and dilute HCl. The aq extracts were neutralized
with NaHCO; solution and extracted exhaustively (EtO).
The ether extracts were dried (MgSO,) and evaporated, and the
vellow oil crystallized after trituration with petroleum ether
(40-60°), Recrystallization from cyclohexane gave 54.

Method F. Methyl 5-{ [2-(1-Adamantylamine)-1-hydroxy]-
ethyl }salicylate- HCl (57).-—~1-Adamantylamino (3.3 g, 0.022
mol) and the glyoxal (XV) (5.65 g, 1.25 mol) were gently refluxed
in MeOH (200 ml) for 1 hr. The cooled solution was then hydro-
genated in the presence of 109, Pd-C (1 g) until the theoretical
uptake of H: was achieved (30 hr). Because of catalyst poison-
ing by traces of 8 compounds in XV it was sometimes necessary
to add further Pd-C. Catalyst and solvent were removed and
the residue was crystallized by trituration with 2 ¥ HCIl and
Et,0. Recrystallization from MeOH-EtOAc gave the hydro-
chloride 57.

Method G. «!-(¢-Butylaminomethyl)-4-hydroxy-m-xylene-
alyat-diol (61).—The phenethanolamine 43 (0.8 g, 0.0024 mol) in
EtOH (20 ml) was hydrogenated in the presence of 109, Pd-C
(0.5 g) until uptake of H. ceased (within 10 min). The product
crystallized after removal of the catalyst and solvent and tritura~
tion of the residue with Et:O-cyclohexane. Recrystallization
from EtOAc—cyclohexane gave 61.

a-({-Butylaminomethyl)-4-hydroxy-3-methylbenzyl Alcohol
(79).—The phenethanolamine 43 (16.5 g, 0.05 mol) in 1 N
H.S80, (45 ml) was hydrogenated in the presence of 109, Pd-C
(2 g) until 0.1 mol of H, had been absorbed. The catalyst was
removed, the solution basified to pH 8 and the product extracted
with EtOA¢. Crystallization from EtOAc gave 79.

Biological Test Procedures.®——All the phenethanolamines were
tested by iv administration for their effect against temporarily
increased airway resistance caused by iv injections of acetyl-
choline, histamine, 5-hydroxytryptamine. and bradykinin in
anesthetized guinea pigs. An effective g-adrenoreceptor stim-
ulant antagonized the responses of all the spasmogens whereas a
B-adrenoreceptor antagonist potentiated them. The action on
cardiac muscle was ascertained in vitro by measuring the increase
in isometric tension in the electrically driven left atrium of the
guinea pig. The a-stimulant activity was estimated in the pithed
rat preparation from the vasopressor responses to graded iv doses
of the compound.

Structure—Activity Relationships.—Although the salicylic
acid 51, our primary objective, was inactive as a 3-adrenoreceptor
stimulant, the saligenin 64 was about 0.4 times as potent as iso-
proterenol and our interest in structure-activity relationships
centered, therefore, around this compound (Table V).

An understanding of the molecular nature of processes occurring
at g-adrenoreceptors has received great impetus from the specula-
tion of Bloom and Goldman!® and Belleau® which rationalize
earlier observations on structure-activity relationships of the
catecholamines. Both hypotheses invoke interactions of the
phenethanolamine side chain with adenyleyclase-bound ATP
which result in pyrophosphate fission and activation of 8-
adrenergic pathways via cyclic AMP. The analogous structural
requirements of the ethanolamine side chain of our saligenins
allow a similar interpretation. Thus the enhancement of g-
sympathomimetic action by specific branched alkyl and aryl-
alkyl substituents, e.g., 59, 60, 61, and 63, is in good agreement

(18) See V. A. Cullum, J. B. Farmer, D. Jack, and G. P. Levy. [Brit. J.
Pharmacol.. 88. 141 (1969) | for detailed procedures.

(19) B. M. Bloom and I. M. Goldman. Advan. Drug Res.. 3, 121-169
(19686).
(20) B. lielleau, Ann. N. Y. Acad. Sci., 189, 580 (1967).



680 Jourml of Mcdicinal Chemistry, 1570, Vol. 13, No. .

with the correspondiing catecholamines.2! T’he most potent com-
pound was the p-hydroxyphenylisopropyl derivative 59, the
catecholamine analog of which is about 8 tiines as active as iso-
proterenol. This increase in efficacy has been attributed to high
binding efficiency of the phenyl group to a flat portion of the
receptor surface.?’* In our compounds introduction of a phenyl
group does not consistently enhance g-stimulant action, e.g., 65.
66, 67, 68, 70, and 71 are less active than 64, while the morpholino
derivative, 62, although nonplanar, is a potent g-stimulant.
The poor activity of the eyclopentyl compound 72 has no pre-
cedent in the catechol series where the analogons compound is
twice as active as isoproterenol on guinea pig bronchial tissue.??
T'he adamantyl derivative, 75, is inactive, but the carrespouding
catechol has nat been deseribed. As iu the catecholamines,
introduction of an alkyl graap at the «-C, e.g.. 69, 73, and 74,
markedly reduces g-stimnlant potency and increases selectivity
for bronchial over heart musele.

Moadification of the saligenin inaiety is limited by the synthetic
routes used. However, it is clear that the labile pratons an the
phenol and hydroxymethyl groups are key factors since etherifica-
tion, as in 76 and 77, or replacement of either OH function by 11,
as in 78 and 79 abolishes stimulant action on branchial musele.
The cresal, 79, shows a slight but selective cardiac stimnlant
aetivity whereas 76, 77, and 78 wre weak g-adrenoreceptor
blockers.

In the tertiary alcohols, 80 and 81, it appears that an nufavor-
able steric factor abolishes stimulant activity and the com-
pounds are g-adrenoreceptar bloekers.

The ability of the saligenin moiety to subserve alsa as a catechol
fanetian in e-adrenoreeeptor stimulants is shown in 83 and 84
althangh the poteney ratios relative to those of norepinephrine and
epineprine are less than that ohserved far the g-mimetic process
wheu 64 is compared with isaproterenol.  Campound 84 differs
fromn epinephrine but resemblex the corresponding methanesulfou-
amide analog® in having no g-adrenoreceptar stimnlant action.

A remarkable feature of the saligenius is the lass of activity
when the position of the phenol and hydroxymethyl groups are
reversed as in 82. A similar observation was reported by Larsen,
et al.,® in the “psendocatechol” series where only the compound
with the wm-methanesnlfonamide substitutent (soterenol) ix
active. They snggested that the active conformatian of soterenol
and isoproterenol at the receptor site is determined by primary
binding of the most acidic group, which is the meta substitnent
in each case. When the para isomer is more acidic as in the
reversed isomer of soterenol an unfavorable fit on the receptor
is indnced. In the saine way, in the monophenolic analogs of
isoproterenol the camponnd having the acidic group in the meta
position is some 10 times morp active than the pare isomer at
metabolic g-receptors.22  However, anr results clearly cannot he
interpreted in these terms. Tustead they emphasize the critical
natare of the pawra phenolie group. In view af the relatively
poor chelating properties of the saligenin granp compared with
those of catechol and salicylie ucid, and also taking into account
the inactivity of the reversed isomer 82, it seems unlikely that
nmetal chelation as proposed by Belleau® and adopted by Bloamn
and Goldman? is a major factor in the potency enhancement of 3-
responses. On the other hand, the postulate that the saligenin
group may initiate formation of an ordered water crust that inter-
acts with adenyleyclase to induce a highly favorable and specific
conformational perturbation, is in accard with Belleau's later
hypothesis.?® Some refinement of this model, however, will b
necessary to explain oar observed structure-activity relations
ships which emphasize equally the hinportance of the para
phenolic gronp and of a mela sabstituent containing a labile pro-
tan. A recent hypothesis? has sought to explain both these

321) fa) 11, 12, Aloed. J, van [lijk, sl 11, Niewind, fec. Trav. Chim,
/*hys-Bhs, TT. 273 (1958): (1) J. H. Biel, E. G. Schwarz. E. . Sprengeler,
M. A, Leiser, and H. L. Friedman. .J. Amer. Chem. Soc., T6, 3149 (1954).

(22) A. M, Lands and M. L. Tainter, drch. Exp. Pathol. Pharmakol. 219,
76 (1953).

{23) A. A, Larsen, Nature (London), 224, 25 (1969).
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features and indeed has nsed them to propose 1 new general
mechanism of adrenoreceptor responses involving a guinone
methide intermediate, that is nat possible with meta phenols.

An outstanding feature of the active saligenins is the degree of
selectlvity for brouchial over cardiac muscle. Such a sepraation
of effects has been established in principle wih eatecholamines
and has led Lands, ¢t al.,** to propose the existenee of two distinet
B-receptors-—3; in cardiac tissue and 8- in bronchiolar and vascular
smooth mnnscle.  The magnitnde of the observed selectivities in
the catecholamines is small compared with ihit seen in the
saligenin series. Thus at equiactive branchodilator doses 61 s
2000 times less active than isoproterpnol oa eardine masele
(Table V) compared with a figure of 30 times for the -hniyl
catecholamine analog.?®  Although onr resnlts we campatible
with the snbdivisian of receptors into 81 and 3; tvpes a letailed
pharmacological examination of 61 may also saggest a degree oof
selectivity between B: receptors.”  Thns the action »f 61 on blood
flaw in the femoral artery of the anesthetized dog is 0.1 times rh
of isopraterenal for equivalent bronchadilator doses. A seleeriy-
ity of action bhetween the 8) receptors that goveru the foree amd
those that control the rate of contraction of eardiae muscle has
been observed in eatecholnmines witle n-alkyl groups in the
phenethanolainine side chain® and also in w resorcinol analog.*

These selecetive actinns of nnnatural g-ngonists elearly shaw thatr
there are variations between g-receptors in different tizsnes of
the sunie animal.  From onr stroctare- activity studies we think
it possible thut thesp variations may resnlt from the ocearrence
of izoenzymie forms of adenyleyvelase.  Thus there woald be only
one g-receptor for the unatural catecholamines bhut the iso-
enzyies canld generate a1 series of isnreceptors? with difiering
specifieities for nnataral g-agonists.

I accord with onr original hypothesis, the saligenins are 1w
metabolized hy COMT. Martin, # al.,® have shown thal in
cantrast to isoproterenol the metabolic pathway of 61 albhnta-
mol )2 does not depend on the ronte of adiministration.  After oral
or parenteral dosage to dogs, cats, rahhits, or gninea pigs the
componnd is recovered unchanged or as the phenolic ghi-
curonide, the extent of each depending on the speecies used.  The
compoand is thas well-absorbed orally and is an effective hironeho-
dilator., The dnration aof bronchodilatir action of salbataimol
administered by aerasal inhalavion is several thues greater than
an equipotent dose of isaproterenal by the same ronte. Clinieal
stidies showing the efficacy of saltmtamol in the treatmenl of
asthma have heen pablished. 2
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