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(—)-Metaraminol® is a potent catecholamine de-
pleter in heart tissue in a number of animal species.?—®
Shore. Busfield, and  Alpers’ reported that (—)-
metaraninol is rapidly taken up and retained by syni-
pathetic nerve endings, generally with a stoichiometric
exchange between metaranminol and norepinephrine.
Crout® demonstrated a significant fall in blood pressure
with (—)-metaraminol in four of six hypertensive
patients,  Besides an indirect action of norepinephrine
release from tissue storage sites, {—)-nmietaraminol has
been shown to have direct svmpathominetie action on
the effector organ.® A large variation in the relative
direet and indirect vasopressor activity is seen among
the four possible stereoisomers of epliedrine in the
anesthetized dog with the (1.5,2R) and (18,28) isoners
exhibiting less direct activity than the (1R,2S) form.
Thus, it was of interest to prepare the four optieal
ixomers of metaraminol to determine whether any of
these rvetained the potent indirect release-depletion
action =cen with (—)-metaraminol (1R.2S) together
with o reduetion of the direet syvmpathomimetie
Property.

Shiece quantities of both {—)-metaraminol and the
other liquors from 1ts resolution!! were available to us.
we chose to ephmerize the benzylic hydroxyl rather
thun to symthesize and resolve the threo 1somer. The
route chosen (i.e., introduction of n benzylic group
prior to hvdrolyvsis, while longer than direct hydrolysis
of the oxazoliue, permitted the final produet to he
readily ixolated and purified (Scheme I).

Our results agree with those of Dirkx!? who assigned
the (1R,2N) configuration to (—)-metaraminol on the
Liaxis of optieal rotory dispersion and lend further sup-
port to the utility of coupling constants of the benzylic
hydrogen to demounstrate the erythio or threa configura-
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tion of phenethanolanunes.’™  However. as anticipated,
the Kurplus cquation fails to predict correct structures
for the five-membered oxazoline ring, Both the /s
(485R) and frans (45,58) oxazolines were svuthesized
for comparison of their nmr data; the former had o
coupling constant of 10 Hz and the latter a value of 7
Hz in CDCI,,

Our biologieal results, summarized in Table I, in-
dicate that only the (1R,2S) isomer of metaraminol
shows appreciable activity in cathecholamine depletion
and antihypertensive  studies, although the acute
toxieity of the various isomers does not vary appreeia-
blv. Similar results have been reported for ephedrine
ixomers.® Y The graded dose-respouse activity seen in
this laboratory with subeutaneous (1R,28)-metaraminol
in the hypertensive rat agrees with the data of Brunner,
et al.'t The oral daily doses of (— )-metaraminol (1R,2S)
that were found to be effective in the dog were similar
to the effeetive dose range (6-22.5 mg) reported for
(— )-metaraminol in man’ It would appear from the
antihvpertensive ineffectiveness of the other threc
isomers in the rat and dog, that a precise stereo con-
figuration of metaraminol is eritical for retention by the
svipathetic nerve ending; an optical isomer of metar-
minol possessing antihypertensive activity without
potent direct vasopressor action was not found.

After our work was completed, Merck secientists
published two papers on metaraminol. Saari, Raab.
and FEugelhardt detailed the synthesis of the racemie
and optieally active threo 1somers by a more direct but
lower vield route than ours. Torchiana, Porter, and
Stone'™ reported certain biological activities of the
1somers.  Our results supplement and corroborate those
of the Merek group.

Experimental Section!”

(18,2 j=a-{1-Aminoethyl)-m-hydroxybenzyl Alcohol (— -
Bitartrate [( + )-erythro-Metaraminol (1)].—One liter of methano-
lic mother lignors from the preparation of (—j-metaramninoi
{4+ bitartrate® was concentrated to give 224 g of amber syviup.
This was dissolved in 400 ml of H,O and neutralized with 49 g of
NaOH in A0 ml of H.0.  Dilution with 600 ml of EtOH precipi-
tated 110 g of disodiiun tartrate.  After filtration the filtrate was
concentrated and triturated with warm THYF 10 cause the separa-
tiont of another 26.7 g of disodiun tarirate.  Coueeniration of the
THF solution yielded 9.1 g of syrup. A solution of 34.1 gz of
thiz syrup, 49.5 g of {— -tartaric acid, 230 ml of MeOH and 5.5 1wl
of HaO was allowed to stand at room temperature for 3.0 hi.
Seratehing the flask gave a ervstalline precipitate which, wls
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TaBLE T
ANTIHYPERTENSIVE AND T1ssUE CATECHOLAMINE DEPLETION AcTIvITY OF OpTIcAL IsOMERS OF METARAMINOL

Antihypertensive act.
Optical isomer RH rat, AEDs sc
(1R,2R) or (= )-threo >12
(18,28) or (4 )-threo >12
(1R,28) or (= )-erythro 1.1
(18,2R) ov (+ )-erythro >17

Activity, mg of base/kg

Acute toxicity

Hypertensive dog, Tissue CA depletion mouse,
MEAHD®? oral rat heart, AED;y (hr) ALD;p iv
>24 8 (16) 92
>1.5 8 (16)
0.07 0.06 (4) 90
>2.1 >6 (4) 122

¢ Minimum effect antihypertensive dose is the daily minimum dose producing a sustained reduction in systolic/diastolic blood pres-

sure in the unatesthetized dog.
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filtered and dried, weighed 52.8 g, mip 176-179°. Recrystalliza-
tion from 9 vol of EtOH gave 91¢} recovery, mp 179-181°,
[C(]%D +4.4° (C 1, Hzo) Anal. (CgHmNOg‘CqHst) C, H, N.

N-[p-Hydroxy+a-méthyl-m-(benzeyloxy )phenethyl] benzamide
(2).—Benzoylation of either metaraminol base or its tartrate under
Schotten-Baumann conditions gave a nearly quantitative crude
yvield of the dibenzoyl derivative. Recrystallization from EtOAc-
hexane gave 78-83%, yield of pure material: (1R,28) or (—)-
erythro, mip 145.5-147.53°, [«]®Dp —66.6° (¢ 5, CHCL) [Anal.
(CsHaNOy) C, H, N]; (18,2R) or (4 )-erythro, mp 146-148°,
[a]®Dp +69.0° (¢ 5, CHCl;) [Anal. C, H, N].

In some preparations tle on AlO; plates developed with CHCls
showed the presetice of a less polar impurity. Purification of a
sample by dry column chromatography gave crystals melting at
173-175.5°. Nmrshowed that this was the tribenzoyl derivative.
Beuzoylation in pyridine of the dibenzoyl derivative gave the sanie
(1R,28)-N-[(m,8-dihydroxy-a-niethyl)phenethyl]benzamide di-
benzoate, [«]®p 19.2° (¢ 5, CHCl;). A4nal. C, H, N,

trans-5-(m-Benzoyloxy )phenyl-4-methyl-2-phenyl-2-0xazoline
Hydrochloride  (3).—erythro-N-[8-Hydroxy-«-methyl-m-(benz-
ovloxy)pheuethyl]benzamide (75 g) was dissolved in 400 ml of
CHCI; and added at 0° to 200 ml of S8OCl,. After storing over-
night at 5°, the reaction mixture was concentrated at 35° until a
solid separated. Addition of Et,O precipitated the produet in
50-60% yields: (4R,3R) isomer, mp 134-136°, [a]®p +30.1°
(¢ 1, HOAc) [4nal. (CsHiNO;-HClL) H, N; C: caled, 70.13;
found, 69.36]; (48,58) isomer, mp 153.5-156.5°, [«]%p —64.9°
(¢ 5, CHCL) (Anal. H, N; C: found, 69.54).

The mother liquor from the above preparation contains more
produet, but it is contaminated with o-(1-aminoethyl)-m-
hydroxybenzyl alcohol dibenzoate hydrochloride. This com-
pound [(18,28) isomer] was prepared in 869, yield by refluxing
1 g of II.HC], R = C¢H;CO [(48,538)isomer] with 7.5 ml of H,O
and 2.5 ml of concentrated HCl for 30 min; mp 221-222°,

[a]®D —27.4° (¢ 0.5, 1:1 HOAc-H;0).
C, H, N.
trans-m-(4-Methyl-2-phenyl-2-0xazolin-5-yl)phenol (4).—A
mixture of 16 g of benzoyl oxazoline (3), 16 g of K:COs, 60 ml of
H,0, and 48 ml of EtOH was stirred and refluxed for 7 hr. The
EtOH was removed in vacuo, H:O was added, and the product
was collected by filtration; yield 91-959, mp 172.5-175°.
Samples were recrystallized from EtOAc for aualysis: (48,58)
isomer, mp 175-177°, [«]%p 77.4° (¢ 1, EtOH), nmr showed CHO
at 7.98 ppm with J = 8.6 Hz in TFAA and at 4.96 ppm with
J = 7 Hz in CDCls [4nal. (CisHieNO:) C, H, N]: (4R,5R)
isomer, mp 172-175°, [a]%p —76.3° (¢ 1, EtOH) [4nal. C, H, N].

(48,5R)- or cis-m-(4-Methyl-2-phenyl-2-0xazolin-5-yl)phenol.
—A mixture of 2.68 g of (1R,28)-metaraminol and 2.45 g of ethyl
benzimidate was warmed under slight vacuum on a steam bath
for 4 hr. The residue was converted to the hydrochloride, dis-
solved in 25 ml of boiling EtOH and filtered rapidly. Addition of
10 ml of Et:O and cooling gave 2.90 g of crystals, mp 167.5—
169.5°, [«]®p —185.6° (¢ 1, EtOH), nmr on the crystalline base
showed CHO at 6.55 ppm with J = 10 Hz in TFAA and at 5.5)
ppmwithJ = 10 Hzin CDCl;. Anal. (CieHisNO.-HCI) C, H, N.

a-(1-Aminoethyl)-m-hydroxybenzyl Alecohol Benzoate Hydro-
chloride (5).—trans-(4-Methyl-2-phenyl-2-oxazolin-5-y1)phenol
(30.4 g) was suspended in a solution of 30 ml of concentrated
HCl and 240 ml of H,O. The mixture was heated to boiling,
filtered, and cooled to precipitate the product in S4-869; yield:
(18,28) or (—)-threo isomer, mp 220-222°, [a]®D —53.8° (¢ 1,
MeOH), nmr showed CHO at 6.21 ppm withJ = 8 Hz in TFAA
[Anal (C15H17N03'HC1) C, H, Nl, (1R,2R) or (+ )-th)'eo
isomer, mp 219-221°, [«]%D +-49.2° (¢ 1, MeOH) [Anal. C, H, N]
(1R,28) or (4 )-erythro isomer, mp 244-245° dec, [«]¥D +83.5°
(¢ 1, MeOH), nmr showed CHO at 6.26 ppm with J = 2 Hz in
DMSO-d; [Anal. C, H, N].

N-[3-Hydroxy-a-methyl-m-(benzyloxy )phenethyl]benzamide
(6).—A mixture of 5.80 g of o-(1l-aminoethyl)-m-hydroxybenzyl
aleohol benzoate hydrochloride, 20 ml of 2 ¥ NaOH, 2.54 g of
CsH;CH.C], aud 40 ml of DMSO was stirred overnight. H.0
(70 ml) was added and the mixture was cooled aud scratched to
induce crystallization. Recrystallization of the crude crystals
from EtOAc-hexane gave 5.21 g of product (77%): (18,28) or
(+ )-threo isomer, mp 110-113°, [a]®D +34.0° (¢ 1, CHCls)
[Anal. (CesHesNO;) C, H, N1; (1R,2R) or (— )-threo isomer, mp
107-110°, [«]®p —54.2° (¢ 1, CHCl;) [4nal. C, H, N].

a-(1-Aminoethyl)-m-(benzyloxy )benzyl Alcohol (7).—A mix-
ture of 4.02 g of 6, 10 g of NaOH, 10 ml of H;0, and 20 ml of
MeOH was stirred and refluxed for 6 hr. Addition of 70 ml of
H.0 dissolved the gelatinous white precipitate. The product was
extracted with Et,0.

The (18,28) or (+ )-threo isomer was isolated as the hydro-
chloride in 869, yield, mp 159-161°. Anal. (C;sHsNO,- HCl) CL

The (1R,2R) or (— )-threo isomer was isolated as the acetate
in 739, yield, mp 170-172°, [«]®p —24.7° (¢ 1, EtOH). Anal.
(C1sH1sN O, C:H,0,) C, H, N.

a-(1-Aminoethyl)-m-hydroxybenzyl Alcohol Acetate Salt (8).—
a-(1-Aminoethyl)-m-(benzyloxy)benzyl alcohol acetate (10.8 g),
1.0 g of 109 Pd-C, 20 ml of HOAc, and EtOH to a total volume
of 200 ml was hydrogenated at room temperature. Hydrogena-
tion was complete in 10 min, Concentration of the filtered re-
action mixture gave a syrup which was crystallized from 25 ml
of EtOH 10 give 5.9 g (769,), mp 186-189°,

The (18,28) or (4 )-threa metaraminol acetate had [«]%D
34.6° (¢ 1, H:0). Anal. (CoHi3NO.-C:H,0:) C, H, N. The
(1R 2R) or (—)-threo metaraminol acetate had [«]®p —30.8°
(¢ 1, HO): nmr showed CHO at 4.95 ppm with J = 89 Hsa
in ,0. Anal. C, H, N,

Anal. (C23H21N04 ' HCI)
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Biological Methods.—Hypertension was induced 1 1male
Sprague-Dawley strain rats, weighing approximately 200 g, hy
the bilateral emeapsulation method of Abramx and Sobin.t?
Antihypertensive activity of the test compounds following <ingle
subeutaneous medication was estimated in unanesthetized renal
Lypertensive rats in terms of ARDy values. The AED. is
defined ax the approximate dose of the test compound, expressed
in mg kg, found to reduce the systolie blood pressire 1o s normo-
tenxive level in 5040 of the animals tested. Systolic blood pres-
sire was measured indirectly by means of the photoelectrie
tenxometer method of Kersien, ef of.* utilizing three hyperten-
sive rats per dose level. Syxtolie blood pressure of 130 mm or
lexs wax cousidered normotensive. Blood pressuire was measured
before and at 1, 2, 4, 6, 24, and 4% hr following medication,

Componnds were administered onee daily in gelatin eapsulex
for & conseentive days a week at each dosage level 1o unanes-
thetized hypertensive dogs. The methods for the indnetion of
hypetrtension in dogs and the medication test procedie were
dexeribed previonsly. !

Gronps of four femnale Sprague-Dawley strain vt were used
for the tisaie catecholamine depletion studiex. At least 1wo
gronps were lsed for each medication level with duplicate asxsays
on cach group.  Medieations to 40 g ‘kg were giveu subeutane-
ously 4-16 hy prior 1o acrifice.  After decapitation, hearts werce
iimediately frozen over aleohol-1yy Tee. The frozen tissuesx
were weighed and homogenized in D.4 A HCIO; and assayed by a
modified altmina absorption procedure of Auton and Sayre.®?
Fstiimates were based on the ethylenediamine-siabilized 1ri-
hivdroxindole procedure of vou Luler and Lishajko.?*  The
Al was defined ax the dose expressed as mg/kg of hase pro-
duecing a 5097 veduetion in tissue catecholumine content.  AlSl,
vitlnes were estimated graphically.

Acvte toxieity was expressed in cerms of the approximate
LD, ALDg, by intraveuous injection into male, Webster straiu,
albino mice weighing 22 = 2 g, The compomds in aqueous
solution were injected into groups of three mice at ench of three
or more dose levels.
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Amphetamine Analogs. 1I.
Methylated Phenethylamines!

Bexa T, Ho, L. Wavye Taxsey, Roserr L. Bawster, RoNe Ax,
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In our previous work on amphetamine analogs,* 2.5-
dimethoxy-4-niethylamphetamine (DOM, 1) was found
to deerease the pentobarbital-induced sleeping time in
mice. It exerted an effeet nearly as pronounced ax
amphetamine.?  Sinee the stimulating effeet of meth-
amphetamine is known to he more pronounced than its
nonmethylated analog® it would be interesting to find
out if the introduction of a niethyl group on the nitrogen
of DONI (see 2) would potentiate its effect both on the
sleeping time and the disruption of animal behavior.
The effect of mescaline (3) on the behavior of rats has

1) Tuis work was supported by Grancs MH-12959, U. 8. Public Health
Service, Bethesda, Md., and by the Britton Fand.

i2) 4. T. Ho. W, M. Melsaae, R. An, .. W. Tansey, K. E. Walker, L. F.
Iinglerr, Jr., and M. B. Noel, J. MHel. Chem., 13, 26 (1970).

(3) I. R. Innes and M. Nickerson in "The Pharmacological Basis of
‘Therapeaties,’' 1.. 8. Goodman and A. Gilman, Ld., 3rd ed, The Macmillan
Co., New York, N. Y., 1965, pp 503, 503.
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also been reported.* Iuterest in what the netivity
would be when the aminopropy! side chain of 1 ix re-
placed by an aminoethyl linkage Ied us to svnthesize
2.5-dimethoxy-4-methylphencthylamine (4) ax well s
its N-methylated derivatives 5 and 6.

Condensation of the 2.5-dimethoxy-p-tolualdehivde
with nitromethane gave the g-nitrostyrene which was
then reduced by TiAIH  to 4. By a reductive formyla-
tion method, 4 was converted to its N, N-dimethy]
analog 6. The N-methyl compounds 2 and § were
prepared by the methylation of Schiff’s bases formed
from benzaldehyde and the corresponding amine.

The results of the conditioned behavioral (V) tesis
arc expressed ax El, (Table I). Compounds wineh
were the most active i disrupting rat behavior were
DON (1) and 4. Although 4 had three-fourths the
activity of 1.1t ix five times more potent than 3. N-
Methylation of both the phenylisopropylamine and tle
phenethylamine series vesulted in comupounds much less
effective in behavioral disruption. A tivefold loss i
activity was observed from 1 to 2, and o 7.5-fold loss
from 4 to 5. Howcever, no further decrense t activity
wis found when o second methy] group wax introdueed

to 6.

TanLe 1

PrARMACGLOGLOAL ACTIvITY OF METHYLATED PN FHYLAMINGS

Moase ~Mimse sleeping time™- - Rt
Meau 42 X, AR IT
N I I Flteer pomle ke
1 3Pt b <ol ! 5o
2 G = 6 N= No oty
4 ox o= Ny <t ! T2
B 1604 o 2.7 <1 1a 1 A4
t 213 O BT B N= No 41
s 4o 2 b and | AN
+ Sleepinug time for control group = 4110 = L1 min.  * Dose

required for K00 decrease in conditioned respouse. * Data from
ref 2. 4 p value larger than IL1D was covsidered 10 be not sig-
nificant (NS,

The effects of 1 and 3 in deereasing the peutobarbital
sleeping time have previously been reported.* Tu this
study, among the four compounds 2. 4. 5, and 6, hoth
4 and 5 were found to potentiate the sleeping time. It
1= luteresting to compare the structures of 3 and 4 and
to note that two opposite effects on the sleeping time re-
sulted as the substituents on the benzene ring were
varied. It remains to be determined if 3 and 4
have any effect on the metabolism of pentobarbital
that could vary the sleeping time.  Ax great as a fowr-
fold difference in toxieity was also observed between 3
aud 4 (Table I).

OCH,

H.C CH.CHN

R, R.

CH,0

. R,=H;R,=H; R,=CH,
2. R,=CH;R.=H; R,=CH,
4,R,=R,=R,=H

5 R,=R,=H; R,=CH,

6. R,=R.=CH; R,=H

«4) 1. R. Smythies, R. 1. Hradley, V. 3. Johnston, ¥. Beninguioan, R. 1.
Morin, and L. 0. Clark, Jr.. Pxychophirmacologin, 10, 370 (19673,



