METARAMINOL ETHERS

mole) in warm EtOH (250 ml) was run into a stirred solution of
aminoguanidine nitrate (134 g, 0.975 mole) in 500 mi of H,O and
750 mi of EtOH. A ppt was formed almost immediately. The
suspension was warmed to about 70° to complete the reaction,
then allowed to cool to room temp overnight. The ppt was
filtered off, washed (H-0, a little EtOH, and Et.0), and suspeuded
in 1.8 1. of H.O. This stirred suspension was warmed at 80°
for 30 min and filtered hot to give the guanylhydrazone, mp
228-229° dec, yield 213 g (729%). Anal. (CsHpClN,-HNO;)
H, N, 0. C: caled, 35.08; found, 35.53.

The other guanylhydrazones in Table II were prepared simi-
larly.

N-Amino-N’-phenethylguanidine = Hydrochloride.—S-Meth-
ylisothiosemicarbazide - HI (44.3 g, 0.19 mole) was suspended in
a mixture of abs EtOH (100 ml) and phenethylamine (23.5 g,
0.193 mole) and heated under gentle reflux until MeSH was 10
longer evolved. Removal of the EtOH in vacuo gave an orange—
brown oil which was taken up in n-PrOH and diluted with Et;O.
A small crimson ppt was rejected. The filtrate was treated
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with ethanolic HCI to give a fine white crystalline solid, mp
140-146°, yield 38.7 g. (909;). Three recrystallizations from
EtOH gave fine pale-cream plates, mp 156-157° (10.1 g). Anal.
(CeHuNy-2HCH C, H, Cl. N caled, 22.31; found, 22.78.

2,6-Dichiorophenethylguanidine Sulfate.—A mixture of 2,6-
dichlorophenethylamine!? (24 g, 0.125 mole), S-methylisothio-
uroninm sulfate (17.7 g, 0.063 mole), 939 EtOH (50 ml), and
H:0 (25 ml) was heated on a steam bath until the evolution of
MeSH ceased. On cooling, a solid, mp 255-258°, crystd; yield
12.7 g. Trituration, first with hot H.O, then with hot EtOH,
gave & fine white powder, mp 258-260°, yield 10.4 g. Anal.
(CeHuCLN;-0.5H,80,) C, H, CI, N, O, 8.

Acknowledgment.—The authors wish to thank Dr. H.
Lehner and his staff for the microanalyses and ir spec-
tra.

(12) B-(2.6-Dicblorophenyl}ethylamine - HC], mp 283-286°) was prepared
by eatalytic reduction of 2,8-dichlorophenylacetonitrile, bp 134° (4 mm).
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A series of ethers of (1R,28)-a-(1-aminoethyl)-m-hydroxybenzyl aleohol (metaraminol) has been prepared.

These compounds deplete the mouse heart of norepinephrine.

The more potent members, ¢.g., the ethyl and

cyclopropylmethyl ethers, exhibited acute pressor effects in the dog while the /- and p-chlorobenzyl ethers of

metaraminol were found to produce norepinephrine depletion without significant acute pressor action.

Evideuce

is presented to show that the ethers are dealkylated ¢n vivo to metaraminol.

Metaraminol (I}, (—)-erythro, appears to possess the
attributes of a nearly ideal substitute adrenergic trans-
mitter.":2 Thus metaraminol has a high intrinsie abil-
ity to enter and displace the normal transmitter nor-
epinephrine from storage sites within the adrenergic
neuron; it is released during stimulation of the sym-
pathetic nervous system; it is not a substrate for mono-
amine oxidase; and it possesses considerably less trans-
mitter potential than norepinephrine.

Crout? has reported that metaraminol has a signifi-
cant antihypertensive effect in a few subjects given the
drug orally in small dosages over several days. How-
ever, administration of metaraminol under certain con-
ditions ecan produce acute pressor effects which makes
testing of the compound for therapeutic utility pre-
carious. The amino acid a-methyl-m-tyrosine, which
is metabolized to metaraminol in animals,® has also
been reported to be effective in lowering the blood pres-
sure of hypertensive patients when administered intra-
venously.* However, the amino acid was not effective

* To whom correspondence should be addressed.

(1) For leading references to the substitute transmitter hypothesis, see:
1, J. Kopin, Annu. Rev. Pharmacol., 8, 377 (1968}: C. A. Stone and C. C.
Porter, Advan. Drug Res.. 4, 71 (1967).

(2) J. R. Crout, Cire. Res., 18, 19, Suppl.. I, 120 (1966).

(3) A. Carlsson and M. Lindquist, Acta Phisiol. Scand., B4, 87 (1962);
P. A. Shore, D. Bushfield, and H. S. Alpers, J. Pharmacol. Exp. Ther, 146,
194 (1964).

(4) D. Horwitz and A. Sjoerdsma, Life Sct.. 8, 41 (1964);: H, J. Holtmeler,

A. vonKlein-Wisenberg, and F. Marongiu, Deut. Med. Wochenschr., 91, 198
(1966).

after oral administration. In addition central nervous
system effects have been observed with a-methyl-m-
tyrosine which have discouraged further clinical trials.

It seemed desirable, therefore, to develop other deriv-
atives of metaraminol which would be susceptible to
metabolic econversion into the phenolic amine without
causing acute cardiovascular effects.

Chemistry.—The ethers reported in Table I were
prepared from metaraminol (I), (—)-ervthro, by the
route outlined in Scheme I. The acetyl intermediates

ScHEME |
OH (I)H
HO CHCIHCHS HO CHCiHCHa
\©/ NH, \©/ NHCOCH;
I 11
OH OH
| @ ]
RO C%HCIHCHa RO CHCHCH,
— |
\©/ NH, U NHCOCH,
v I

IIT were usually not isolated, but were hydrolyzed
directly to the optically active ethers IV with NaOH,
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Tasue 1:

Norepinepbrine
depletion

LDy as Relative

Yield,* 151)5,%  metaraminol, dog pressor
No. R Metbod* My, °C 7, l'ompola A lyaes e/ ky mg/kg activity”
1 I 0.10 1. 10 1.0
2 A—(‘IL A 102.0-133.0 1%.6 Crd 1y NOL-Cid 1,00 ¢, 1, N a.15 0. 11 0.05
B CLlls 3 145, 0-146.0 34.7 Uyl N Oy GOy ¢, 11, N a.19 0. 16 0. 10
4 (CILuCll b 125.5-126.5 226 Cyo s N Oy - Gy 1H,04 ¢, I, N Q.24 0. 19
5 b ! 141.0-144 .0 46.8 CH ) NOWS - CHOp ¢, 10N 0.0 0. 19 <001
TN, ’
6 m-FCHClly C 136.0-138.5 37.0 Crslhis PN Oy CyHLOy¢ ¢, 1, N 0355 0.2
7 p-1'Cs11,CTLL C 147.0-148.5 271 Cpl1IENO, - CH Oy ¢, H, s 0.39 0. 24
N ClH, B 153.4-154 .4 48.8 CroH ;N O C,H, 0,1 C, H, N 0 45 .42 Uiy
Y m-ClCsHCIL, 9] 117.0-120.00 438 Cygl11sCIN Oy CH Oy ¢, H, Cl .67 .38 0
i0 Csl11,CHH(CHy) 1) 189.4-190.4 14.4 Cy: HaNO. - CyIL0y/ 1, N 0.65 0,43 0
11 Cel1,CH, D 160.0-162.0 3.5 CrgHpNO, - C 08 ¢, I, N 0.77 0.5 1
e - | ¢ 1453./-146. 5 324 CrH Ny Oy G047 CH,N 0o 0.5
SN,
15 p-ClCsHClHL ¢ 105.0-195.07 38 058 Crl, CINO,- CHO CUIL CL 008D 0.49 a
14 CHy(CH.)CH, D 132.0-133. 5 325 CyyHy,NO, - C4H,0, ¢, 4, N .90 .67
15 ClH==CHCH. D 140.5-142 .0 28.5 CrliNOy- CHO ¢, H, N i 0.8 1), 08
16 0-CIC:H,CH, D 152.8-154.5 38,5 C)eHCINOy - Cy 1,07 C, H, N 2000 1. 44 1
17 Cel;CH,CH. 1) 134 .5-136.5 10.1 CpHaNOs - CiH O C, H, N 160 1.7
18 p-NCCH,CH. ! 123.0-126.0 8.2 C:HisNy Oy - CH O 0, N 2,80 1.66
19 o-BrCH,CIH, D 134.0-135.0 375 CysHigBrNO, - CH, 0550 C, 1, N 350 1.67
20 0-CH,CsH,CH. b 120.0-130. 5 222 Cy:HoyNOy - CH O ¢, 10,8 507 BN
21 m-CIHyCHCH,y D 145.0-146.0 26.0 CyHyNOs - CHO8¢ ¢, 1, N ~6.0 ~4.0
22 p-CILCs I, CH, C 204 .0-206.0 271 Cy;HuyNOy - CH, O ¢, H, = 6. 44 4.27
23 CedyCH b 131.8-1495.8 7.2 CellaNOy- CH O C, 1, N ~10 ~G.3 0
24 1, I 191.7-201.7 28.0n CrHN Oy CHLO08 CoH, N ~51 ~35 0
25 p-CILOCH,CIH. C 176.0-178.0 6.0v Cy;HaNOy- CHOp ¢4, 10, N i
20 (18,212)-CI3 B 149 9-151 .9 40.6 Chol1): NO. - CyH,0,7 C I N (
27 US2R)-CH,CHy s D 135, 7-156.7 321 CelluNOy CHQOyf ¢, 10, N -

" Prepared by alkylation of the pheuol 11 with the corresponding {A) tosylate, (B dialkyl:nlfaie, (C) chloride, (1)) bhromide, (12) «di-
phenyliodoninm chloride with 1 equiv of NaOMe a= the base i the alkyvlation reaction i place of KoCO,. * Overall yield from the amide
IT. » Oral potency of metaraininol ethers in depleting the mouse heart of norepinephrine, 16 hr after ndininistration.  Doses caleulated
1= base weight.  Six gronps of 5 mice per a=say except for the m-chlorobenzyl ether, 9 groups of 5wice. 7 Observed ED;'s converted
o an equimolar amount of metaraminol buse.  » Administered intraduodennlly m1 125 mg/kg. 7 Hydrogen maleate salt.  » Methane-
sulfounte =ali.  * Softens at 113°, J Isolated as the hydrogen nmleate salt, mp 159.8-157.5°, Anal. (CieHCINO:- C4O0y) C, H, N,
7 Softens nt 180°. # Isolated as the hydrogen maleate salt, mp 165.5-167.5°, .{nul. (C)l],,CINO;-CyHO4) C, H, N. ! Acetamido
group retmoved by acid hydrolysix, zee Experimental Section. » Cyclohexyhmethyl.  » Isolated as the hydrogen maleate salt, mp
165.5-167.5°, Anal. (C,sHyuNO:-CH OO C, H, N, = Isolated as 1the hydrogen maleate <alt, mp 137.0-159.0°, Anal. (C;HiyNO,- C;HLOy)
C, 11, N. rIsolated as the hydrogen malente salt and purified ns the methnnesnlfonnte salt, 7 Data not reported becaiwe this ether
gave n significant metaraminal vahie when assayed by the o-phithalaldehyde method.’t * (4 -Iirythro configuration, prepared from
(18,21 )-a-(1-ncetamidoethyl)-m-hydroxybenzyl alcohol” by the same procedure nsed to prepave the (18.28)-euantionters.  * {a]®n
(+123° (¢ 2, HWO). *Noeffect at 0.5 mg kg, ~ [a]® b (4+) 18° il 1,0). * No effect a1 0.7 mg/kg.

Presence of the threo isomer could not be deteeted by

In one ease (III, R = CH,CeH;) the nmide was isolated
nmr.  In addition, the benzyl ether IV (R = CHyCsH;)

and characterized. Since this scquence of reactions

would not be expeeted to affect the configuration of
either of the two asymmietrie centers in anctaraminol,
the cthers IV were assunied to have ervthro stereo-
chemistry,  This assignment was confirmed by nmr
measurements which showed the expected erythro spin
coupling coustant of 3.5-4.0 Hz for the hydrogens
situnted on C-1 and C-27 of several of the ethers.®”

(5) See formola IV for nambering.

(6) Awioo aleolwls with the erytliro (epliedrive) cordiguration bive beco
reported to lave Jiz( He = 2.5—4.3 Hz wldle tlwse baving the threo (pseodo-
ephedrine) configaration bave Ji( 12 = 8-9.6 11z: 1. 8. Portoghese. J. Med.
Chem., 10, 1057 (1967): R. H. Uloth, J. R. Kirk, W. A, Gould, and A. A.
Larsen, id., 9, 88 (1966): (1. (G. Lyle and L. K. Keefec, J. Ory. Chen., 31,
3021 (1966): J. D, Hyne, Core Jo Chem., 839, 2563 (14615,

(7) W, 8. Saart, Ao W, Raab, and K. L, Epgellardd, J. Afed. Chem,, 11,
1110 {1068).

underwent eatalytic hydrogenolysis to a phenol identi-
eal with metarnminol.  Therefore the ethers have the
sanie absolute configuration as metaraminol, 1R,28.7*

Metaraminol (I) could be alkylated divectly to IV
(R = CH,CeH;) in cxeellent vield with benzyl bromide
and NaOH in DMS0.* However, material preparcd
by this dircet route did not have a satisfactory melting
point or analysis.  An attempt to prepare the p-cyana-
benzy] ether (IVL R = p-NCC¢H,CH,) by this method

80 Absolute cordiguration convention of R, 8. Calm. . K, Ingold, anl
Vo 1eel, Eoperientia, 12, 81 (1956).

v Seleclive O-alkylation of tycosine las boewd soccessfal Ly dds pecen
dare:r S, L Solac and R R Sehoamker, /. drg. Chon 31, 1086 (1U606).
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led to isolation of only the O,N-dialkylated metaraminol
derivative.

Reaction of cyclopropylmethyl tosylate!® with IT and
anhydrous K,;CO; in acetone followed by NaOH hy-
drolysis gave the cyclopropylmethyl ether IV in low
vield. The appearance of the ether CH, as a doublet
centered at 3.87 ppm (2 H, J = 7 Hz) in the nmr spec-
trum and the presence of a complex cyclopropyl H
multiplet at 0.5 ppm indicated that the cyclopropyl-
methyl group had remained intact during this sequence
of reactions.

Solvolysis of eyclopropylmethyl tosylate in a number
of solvents has been reported to give mainly unrear-
ranged cyclopropylmethyl products. However under
the same conditions, 1-phenyleyclopropylmethyl tosyl-
ate undergoes a rearrangement which leads to 1-phenyl-
cyclobutyl produets.®® Reaction of 1-phenyleyelo-
propyvimethyl tosylate with II was investigated with
the aim of preparing the phenyleyelobutyl ether

(W,R=Q—CGH5). Unfortunately no pure products

could be isolated.

The phenyl ether IV, R = CgH;) was prepared by
alkylation of the Na salt of II with diphenyliodonium
chloride. !

Testing Methods

Norepinephrine and Metaraminol Determinations.—
Iemale mice (Carworth CF 1) were given metaraminol
or the ethers listed in Table I orally, except as noted, in
aq solutions. Doses were calculated as base weight,
mg/kg of body weight. After 16 hr the animals were
sacrificed by decapitation, the hearts were excised
immediately and chilled at 0° until assayed, not more
than 1 hr later. The hearts, in pools of 5, were homo-
genized in HCIO,. The extracts, after purification by
Al,O; chromatography,!? were assayed for norepineph-
rine’® and for metaraminol.'* Results are reported as
concentration of amine, either norepinephrine or meta-
raminol, in the hearts divided by the conen of nor-
epinephrine in the hearts of untreated mice. The
metaraminol ethers were assayed by the o-phthalal-
dehyde method!¢ before use, and were found to contain
insignificant quantities of metaraminol.

Sympathomimetic Actions.—The sympathomimetic
actions of the compounds were assessed in anesthetized
dogs. The initial study was made to determine whether
pressor effects resulted early after iv administration.

Mongrel dogs of either sex were anesthetized with
vinbarbital (50 mg/kg, iv) and artificially respired.
A Walton-Brodie strain gauge was sutured to the right
ventricle to measure myoecardial contractility. Fe-
moral arterial pressure and heat rate were monitored
continuously during the experiment. The metaraminol
ethers were given in doses of 0.05, 0.25, and 1.25 mg/kg
iv in the order stated every 15 min, and metaraminol
was tested at 0.1 of the above doses. Epinephrine

(10) D. D. Roberts, J. Org. Chem,. 30, 23 (1965): J. W. Wilt and D. D.
Roberts, tbid., 27, 3430 (1962).

(11) ¥. M. Beringer., A. Brierly, M. Drexler, E. M. Gindler, and C. C.
Lumpkin, J. Amer. Chem. Soc.. 78, 2708 (1953).

{12) A, H. Anton and D. F. Sayre, J. Pharmacol. Exp. Ther., 138, 360
(1962).

(13) C. C. Porter, J. A. Totaro, and A, Burein, ibid., 180, 17 (1965).

(14) P. A, Slore and H. 8. Alpers, Life Sci., 3, 551 (1964).
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(1.0 ug/kg) was given alternately with the above to
assure that the preparation responded to sympathomi-
metic stimulation. A minimum of 2 animals were
studied with each compound.

In order to determine whether sympathomimetic
actions could be obtained after a longer interval than
observed in the above experiments, additional studies
were made after intraduodenal administration of some
of these compounds. In these studies, the animals
were anesthetized with pentothal (10 mg/kg) and bar-
bital (250 mg/kg); bretylium (2.5 mg/kg, iv) was given
30 min before the test compounds to prevent inordinate
increases in heart rate during the 6-hr period of con-
tinuously recording heart rate and blood pressure.

Results and Discussion

All of the metaraminol ethers of Table I having the
1R,28 configuration ((—)-erythro) were found to de-
plete the mouse heart of norepinephrine to some extent,
The two ethers prepared in the 18,2R series ((+)-
erythro), 26, and 27, were essentially inactive in this
respect.’®* The cyclopropylmethyl ether 2 was the
most active compound of the series being almost as
potent as metaraminol (1).

The methyl (8) and m-chlorobenzyl (9) ethers are
compared with metaraminol in Table II for their ability

Tapur 11
InHiBITION OF METARAMINOL Errrns py SKF-325A

Heart

SKF- metar-

325\ Heart aminol

Dose, 35 norepi fract of

mg/kg. mg/kg fract of normal

Compound No. po ip normal? norepi®
Methyl ether 8 0 0 1.000
0 -+ 1.063
0.5 0 0.321
0.5 -+ 0.945
0.092¢
m-Chlorobenzyl ether 9 0 0 1.000
0 -+ 1.052

1.5 0 0.296 0.364

1.5 -+ 0.813¢ 0.136

0.052¢  0.031¢
Metaraminol 1 0 0 1.000
¥} -+ 1.052

0.4 0 0.255 0.386

0.4 + 0.230¢  0.405

0.052¢ 0.031¢

« Given 45 min before metaramiuol or the ether. ? Sixteen

hours after administration of metaramiuol or the ether; three
groups of 5 mice/treatment. ©Standard deviation. 4p <0.001.
ep >0.25.

to deplete norepinephrine from the hearts of mice. In
addition, the concentration of metaraminol, as deter-
mined by the relatively specific method of Shore and
Alpers,'* is also tabulated. These data show that as
the concentration of norepinephrine in the heart de-
creases, the amount of metaraminol increases, strongly
suggesting that norepinephrine depletion produced by

(15) For a discussion of norepinephrine depletion by the threo isomers of
a-(l-aminocethyl)-m-hydroxybenzyl aleohol, see ref 7, 16, and 17.

(16) M. L. Torchiana, C. C. Porter, and C. A. Stone, Arch. Int. Phurma-
codyn. Ther., 174, 118 (1968).

(17) N. ¥, Albertson, F. C. M¢Kay, H. E. Lape. J. O. Hoppe, W. H.
Selberis, and A, Arnold, J. Med. Chem., 18, 132 (1970).
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the m-chlorobenzyl ether is related to its conversion
i elvo into metaraminol.

I'urther evidence that metabolism s o necessary pr-
requisite for depletion of norepinephrine by the metar-
minol ethers is the finding that pretreatment with di-
ethyvluminoethyl 2.2-diphenyivalerate (usually known
as SKI-525A), which inhibits drug-metabolizing en-
zymes,'® blocked the norepinephrine-releasing action of
the methyl and mi-chlorobenzy| cthers (Table I}, The
activity of metaraminol was not influenced by pretrent-
ment with SKF-325A.  These resalts demonstrate
that metabolism must oecur for the methyl and -
chlorobenzyl ethers to be active and in addition, mdi-
cates that o microsomal drug metabolizing enzyvme sys=-
tem is involved.

The low activity of the phenyl cther 24, the least
active member of the series, is most hkely a reflection
of the metabolic stability of the diphenyl ether fune-
tion.  The reluetance of diphenyl ethers to undergo
metabolic cleavage has been noted previously'® and is
consistent with the view that mierosomal O-dealkyla-
tion is best understood as a hydroxyvlation reaction at a
suturated C adjaeent to 0.1 The small amount of
norepinephrine  depletion observed with the phenyl
ether 1n the mousce is for the most purt probably due to
release by metaraminol formed by eleavage of the ether
bond following an aromatic hydroxyviation.??  Metarun-
inol was detected in the mouse heart after administrn-
tion of the phenyl ether,

Following iv administration of metaraminol at 0.0035.
0.025, aud 0.125 mg/kg to the anesthetized dog, there
was a rapld, almost instantaneous, dose-dependent risc
in arterial pressure.  The pattern of response following
injection of the methyl cther 8 was similar to that of
metaraminol but was obtained at tenfold higher doses
(0.05-1.25 mg/kg). The response also differcd from
that of metaraminol in that it developed more gradually
and reached a maximum 2-3 min after the injeetion.
This delayed response is consistent with the gradual
formation of metarniminol from the etherin o relatively
slow dealkylation step.

Pressor responses of shmilur magnitude were also
obtained with the evclopropylniethyl (2), ethyl (3), and
allyl (15) ethers. No significaut acute sympathomi-
metic actions were obtained with the other cthers tested
at this dose level (Table I). Of the more active nor-
epinephrine-depleting agents listed in Table I, the ali-
phatic ethers uniformly exhibited greater pressor activ-
ity than the benzyl cthers,  However, in other experi-
nents in anesthetized dogs, the intraduodenal adminis-
tration of metaraminol (0.125 mg/kg) and its benzyl
cther (11) (10 mg 'kg) eaused definite inerenses in blood
pressure and heart rate. Under similar conditions the
m-chlorobenzyl (9) and p-chlorobenzyl (13) ethers were

(18} Tlweffects of SINF-525 .\ ortie metabolsin of drugs las heen reviewed
Ly J. R, Gillette, Fortschr. Arenednittelforscia, 6, 49, (1963).

19y 11, G, Bray, 8. 1'. James, W, V. Tlwrpe, and M. R. Wasdell, Bivckent.
J.. B4, 547 (1953).

(20) B. B. Brodie, J. R. Gillette, ard B, N Laldw, Annu, Rev. Biochem.,
27, 427 (1958).

(21) Microsomal dealkylation kas leen reviewed by R. II. MeMahon,
J. Pharm. Sci., BB, 437 (1966).

(22) Naelear liydroxylation of diplieny! ether®® and cleavage of tlie di-
I'leenyl ether funetion in tbyronine? and thyroxine? lias been reported.

(23) 8. Stroud, J. Endocrinol., 8, 55 (1940).

(24) 8. Lissitzky, M. T. lenevent, J. Nunez, (. Jacqverain, and . Roclee,
Biochem. Brophys. Actn, 64, 169 (1962).

(25 I, Bjorkstin, detn Chemn. Scond., 29, 1438 (19661 J. Wynp and R.
Gibls, J. Biol. Chem., 2839, H27 (1964): 287, 3499 (1962:,

SAARL ef af.

without effect.? Thix apparent dichotomy that some
cthers exhibiting pressor responses nre hss potent de-
pletors ol norepinephrine (higher Do vidues) than
other ethers which are not pressar under the saume con-
ditions (compare 8 with 5, 15 with 5,9 11 and 13 (Table
) and 11 with 9%) is resolved when it s reeadled thad
the EDg values are o measure of thi extent of conver-
ston mto metarnminal after 16 hre, nat the rate of con-
version,  Thr prissor respouses obscrved with the ab-
phatic ethers thevefore are probably due to norelatively
rapid conversion of these cthers into metaraminol.
However i altermatr explanation that the siimple intucet
aliplhiatic cthers have mare sympathomimetic netian
per se then the benzyl ethers cumot be exeluded at this
tie,

Experimental Section

All melting points, determined on o Uni-Melt Thows-1loover
capillary melting point apparatns are corrected. Where analyses
are indicated only by =yubols of the elements; analytical resalt~
obtained for those clements were within =0.47 - of the theorvetieal
valies.  Ir spectra of all new ccanponnds were consistent with the
proposed stroctiires. Nmr spectia were obtained in DOIT with a
Varian AG60-A spectrophorometer uxing the DOH band ar 4.65
ppil as an hternal standard, - Optical rogations were deteriined
with a Zeiss photoelectric precision polarimeter.

General Method for the Synthesis of Metaraminol Ethers.
(1R,28)=w=(1-Aminoethyl)-m-methoxybenzyl Alcohol Hydrogen
Maleate (IV, R = CH,).--A stirred mixtire of 13 g (0.061 wmole)
ol (11,28)-a- t-ncetamidoethyl)-m-hydroxybenzyl aleohol hy-
drate, 30 g of KeCOy, 131 g of MeSO,, and 300 ml of Me, CO
wits heated m refiux for S v After cocling, inorganic salts were
removed by filtration. The Slate was coned nuder reduced
pressure to an oily residue which was then heated at reflux for
24 he with S0 ml of 109 NaOIl and 5 ml 1O, The reaction
prxtare was coned mider reduced pressure 1o retnove most of the
ErOIL .0 was added «o hring the total vol to about 100 wil.
After =g with NaCl, the erude prodinet was extricted into three
100-ml portions of EtOAc. The FtOAe exiracts were combined,
dried NS0y, filtered, and concenrated.  The residune (13 )
wis dissolved i KTOH, treated with 15 g of maleie acid, and the
hydrogen malente salt of the MeO) derivarive precipitated with
105 An analytical sample was obtained by recrystallization
from EtOH-E6O; [al2n —24° {¢ 2, H.0).

Sonte of the metaraminol ether hyvdrogen maleate sales prepared
by 1hi= ronte were found to coatain significant antonnis {as nuch
as 1-2¢) of n phenolic contamivmun, prebably metaraminol.s
Thix impuriry conld not be romoved completely by repented
reerystallization or by conversion into 1he base and reformation
of ihe hydrogen maleate salt.  The methanesulfonnce sults, how-
ever, conld be obtained essentially free of cantaminating phenol.®

(1R,28)=c=|1-Acetamidoethyl!-n:-benzyloxybenzy! Alcohol (III,
R = CH;CH.}.---A mixture of 7.5 g (0.030 mole) of (1/0,28)- -
{ l-neenunidoethyl)-m-hydroxybenzyl alcohol hydrate,” 15 g of
KaCOu 6.9 g of benzylbromide, and 200 1wl of Me.CO was stirred
24 hr ae refinx. After cooling, the reacdon wixtire was filtercd
frec of inorganic material and Hvo=t of the Me,CO removed nnder
rednced pressure. H.O was added (o the residue and the precipi-
tate dried to give N2 g (3.7 of the benzyl ether, mp 3570
140,07, Hecry=tallizava from EcOAc-hexane gave an ainlytical
sanple, mp 135.0-140.0°. taael. 1CyllyNO;) C, 11, N.

{111,28)a-{1-Aminoethyl)-ni-benzyloxybenzyl Alcohol Hydro-
gen Maleate (IV, R = C;H,CH:). A.--A solution of =82 g
{0.0274 mole) of (1R,18)-a-( l-ncetnmidoetiyl)-ni-henzyloxy-
henzyl aleohol i 100 il of EtOIL and 100 1wl of 1047 NaOIT wax
heated at reflux for 24 I and then concentrated nnder reduced
pressire to remave nost of the KO The residue was dissolved

126) These results il he reported v wore detasl i other pablicatious
froia these laboratocies

27 Yields and plorsical eorstants are recorded w Table 1.

(28) Assayed by rhe Mwocowetric metbod of ref 14,

24 Ap acid-catalyzed decompositiva of the dibasie maleic acid salts
Huoing reerysiallizatioa ay accovnt for formation of the plenol sinvce no
significant aracores of comaminant were observed daring purificadon of the
wopobasie metbhapeswlforde acid salts.




DERIVATIVES OF DESOMORPHINE AND MuTopPoN

in a minimum quantity of warm EtOH and converted into the
hydrogen maleate salt,? [«]%Dp —15° (¢ 2, H:0), as described for
the Ne ether.

B.—A solution of 2.1 g (0.012 mole) of PhCH,Br 11 10 mi of
DMSO was added slowly to a stirred mixture of 2.0 g (0.012 mole)
of (1R,28)-a-(1-aminoethyl)-m-hydroxybenzyl aleohol (metara-
minol) in 100 ml of DMSO aund 6.0 ml of 2 N NaOIl at 85°.
After addition was complete, the reaction mixture was stirred at
85° for an additional 2 hr and then poured into 500 ml of ice
H,0. After saturatiug with NaCl, and extracting with four 200-
mi portions EtOAc¢, the organic extracts were combined, dried
(NasS0,), filtered, and concentrated. The crude product was
converted into the hydrogen maleate salt and recrystallized
(EtOH-Et0) to give 3.2 g (729;) of product, mp 150.0-154.0°.
Repeated recrystallization did not improve the melting point.
Anal. (CgHyNO.-C.H,O.)H; C: caled, 64.32, found 65.16,
65.13.

(1R,28)«c=(1-Aminoethyl)-m-(4-cyanobenzyloxy)benzyl Alco-
hol Methanesulfonate (IV, R = CH.C:H.CN)—The inter-
mediate  (1R,28)-a-(1-acetamidoethyl)-m-(4-cyanobenzyloxy )-
benzyl alcohol was prepared by the general method using 9.2 g
(0.0405 mole) of (1 R,28)-a-(1-acetamidoethyl)-m-hydroxybeuzyl
alcohol hvdrate,” 7.6 g (0.050 mole) of p-cyaunobeuzyl chioride,
and 30.4 g of K,CO; i1 Me.CO (500 ml). A sohition of 6 g(0.0185
male) of the amide in EtOH (50 ml) was converted into the
corresponding amine by heating 4 hr at reflux with 1 N HCI (100
ml). After removing most of the EtOH under reduced pressure,
the residue was neutralized with excess satd NaHCO; solution.
The product was extracted into EtOAe, dried (Na.SQ,), filtered,
and concentrated to 4 g of a yellow oil. The crude prodict was
converted into the methanesulfonate salt in the usual manner.
When purification proved difficult, the salt was reconverted into
the free base with dil NaOH and EtOAc extraction. The 1.7 g
of recovered oil was chromatographed on 85 g of silica gel. Elu-
tionn with CHCI; then 10-509; MeOH-CHCI; removed 0.7 g of
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side products. The desired ether (0.7 g) was eluted from the
column with MeOH (900 mi). The methauesulfonate salt was
prepared in the usual manner and recrystallized from -PrOH-
Et:0 to give an analytical sample.?

(1R,28)«a-{1-(4-Cyanobenzylamino)ethyll-m-(4-cyanobenzyl-
oxy )benzyl Alcohol Methanesulfonate.—A solution of 3.0 g (0.020
mole) of p-cyanobenzyl chloride in 20 ml of DMSO was added
slowly to a stirred solution of 3.4 g (0.020 mole) of (1R,28)-a-
(1-aminoethyl)-m-hydroxybenzyl alecohol (metaraminol) in 200
ml of DMSO and 8.0 ml of 2 N NaOH at 85°. After stirring 2.5
hr at 85°, the reaction mixture was poured iuto 1 1. of ice H.O and
extracted with EtOAc (4 X 200 ml). The combined extracts
were dried (Na,SO,), filtered, and concentrated. The crude
product was converted into the methanesulfonate and recrystal-
lized from ¢-PrOH-Et.0 to give 0.8 g (16.29%,) of product, mp
194.5-196.5°. Anal. (CgsH23N302‘0H4038) C, H, N

Hydrogenolysis of (1R,2S)«a«(1-Aminoethyl)-m-benzyloxy-
benzyl Alcohol.—The free base (1.3 g, 5.06 mmoles), liberated
from 2 g of the hydrogen maleate salt of the beuzyl ether, was
hydrogenated in 25 ml of EtOH with a 59, Pd-C catalyst at
atmospheric pressure until 1 equiv of Hy was taken up. After
filtering and concentrating under reduced pressure, the crude
product was converted into a fumarate salt (0.86 g), mp 192-195°
dec. Further recrystallization (MeOH-EtOAc) gave 0.70 g
(61.59) of the pure fumarate salt of metaraminol, mp 199-200°
dec, {a]®p — 22.3° (¢ 2, H:O). This product was identical by
mmp and nmr with an anthentic sample of metaraminol fumarate,
mp 200-201° dec, prepared from metaraminol.
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N-Phenethyl, -3-methyl-2-butenyl, and -cyclopropylmethyl derivatives (3b, ¢; 4¢, d; and 5a, b) of normetopon,
nordesomorphine, and 5-methyldihydronormorphine (3a, 4b, and 5, R = H) have been synthesized and evaluated
for analgetic activity (mice) as well as for physical dependence capacity and properties of antagonism (monkeys).
Marked separation of favorable and undesirable pharmacologic properties has been achieved in some instances.

It is well documented that the substitution of such
radicals as allyl, 3-methyl-2-butenyl, and eyclopropyl-
methyl for Me on the N of morphine, levorphanol, and
certain 6,7-benzomorphans confers a combination of
agonist (analgetic) and antagonist properties that
renders tliese molecules much less prone to abuse
without markedly impairing their analgetic effective-
niess.!  Similar substitution of phenethyl is known to
inerease analgetic potency five- to tenfold with some de-
crease in abuse liability.? Consequently, we wish to
report the preparation and some pharmacologic prop-
erties of N-3-methyl-2-butenyl- and -cyclopropylmethyl-
nordesomorphine (4c, d); N-3-methyl-2-butenyl- and
-phenethyliormetopon (3¢, b); and N-cyclopropyl-
methyl and -phenethyl derivatives (5a, b) of the corre-
sponding 6-carbinol. Desomorphine (4a)? was chosen

(1) E. L. May and L. J. Sargent in '"Analgetics,”” G. deStevens, Ed.,
Academic, New York, N, Y., Chapter 4, 1963.

(2) N. B. Eddy and E. L. May, "Synthetic Analgesics,'" Part I1 B,
Pergamon Press, Ltd., Oxford, 1966, p 155 ff.
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3863 (1933). This compound is also known as dihydrodesoxymorphine-D
and was supplied by Hoffmann-La Roclee, Inc., Nutley, N. J.

as a base structure, because it is 10 times more potent
tlian morphine with a rapid onset of action;* metopon
(1)% 1s 3 times as active as morphine after parenteral ad-
ministration and is very effective orally.b45
Nordesomorphine (4b), the starting material for 4¢, d,
was obtained in 20-309;, vield by demethylation of the
O-acetyl derivative of 4a by either the von Braun
method® or with diethyl azodicarboxylate.” Reaction
of 4b with cyclopropylearbonyl chloride followed by re-
duction of the resultant amide with LAH gave 4d.®
Compound 4c resulted from direct alkylation® of 4b with
1-bromo-3-methyl-2-butene.

(4) N. B. Eddy, H. Halbach, and O. J. Braenden, Bull. W. H. 0., 17,
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