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Non-enzymatic Conversions of Dopamine to Norepinephrine and
Trihydroxyphenethylamines!

By Siro SENOH? AND BERNHARD WITKOP
RECEIVED MAvY 15, 1959

Intramolecnlar acylation of tlie quinones of (acyl)-aminocatechols under the conditions of the Thiele reaction, or with
boron trifluoride etherate, lead, vie benzoxazole derivatives, to substituted trihydroxyanilines. This procedure is not prac-
ticable for the introduction of oxygen functions into N-acyldopamine quinones. However, ¢ntermolecular 1,4- and 1,6-
addition of water, methanol and hydrogen bromide to quinones (XII) of N-acyldopamines XIa, XIb leads to ring-substituted
2,4,5-trihydroxyphenethylamines such as XIVa, XIVb, XIVe, XIXa, XIXDb, or tlie mescaline isomer XVIId, whose struc-
ture was proved by oxidative degradation to asarylic acid (XVIII). The half-wave potentials of catecholamines are more
than twice as high as those of their ring-substituted derivatives which accounts for the formation of methoxyquinones in the
process of addition. The concomitant formation of norepinephrine (XVIb) and its 8-O-methyl ether is interpreted as sul-
furic acid- or boron trifluoride-catalyzed 1,6-addition of water or methanol to the tautomeric p-quinonemethine (XIII) of
N-acyldopamine o-quinone. Precedents for the introdiction of hydroxyl groups into side chains of catechols by this path-
way are cited. The yields in this conversion are ~1-3% of 2,4,5-trihydroxyphenethylamine, ~30-35%, of the methoxy
compound XIVe and 0.1% for 1,6-addition of water or metlianol to yield norepinephrine (XVIb) and its 8-O-methyl ether.

Yields were determined by preparative chromatography and spectrophotometric evaluation.

Labile diliydrobenzene, o- and p-quinoid, or
quinolid intermediates in the enzymatic hydroxyla-
tion of aromatic compounds to phenols,®3 of
phenols to catechols? and of catechols to melanins®
have been considered or observed spectrophotomet-
rically, but never isolated. Such intermediates,
however, exist in a number of comparable chemical
reactions. For example, the frans-glycol of dihy-
drobenzene® easily dehydrates with acid to phenol
or dehydrogenates enzymatically to catechol?
o- and p-quinols and their acetates undergo rear-
rangements,® external® and internal addition®® re-
actions that lead from an initial phenol zia o- and
p-quinoid intermediates into the catechol, hydro-
quinone, resorcinol and pyrogallol series. As an
extension of these reactions this investigation con-
cerns itself with related hydroxylation mechanisms
of 3,4-dihydroxyphenethylamine (‘‘dopamine”), a
biogenic amine of key importance in metabolism.

Intramolecular Hydroxylation of Aminocatechol
Quinones by Neighboring Group Effects.—The
normal Thiele reaction consists in the external
addition of acetoxyl ion to an o- or p-quinone.!!
Quinol acetates, under the conditions of the Thiele
reaction, rearrange by infernal migration of the acet-
oxyl group through quasicyclic intermediates.!
The analogous reaction occurs when 4-acetamino-

(1) Oxidation Mechanisms. XXII. Preceding paper in this series:
S. Senoh, B. Witkop, C. R. Creveling and S. Udenfriend, Colloquium
on Oxygenizing Enzymes, 4th International Congress of Biochemistry,
Vienna, 1958, Congress Monograph, in press.

(2) Visiting Scientist of the USPHS on leave of absence from the
Iunstitute of Food Chemistry and Osaka City University, Japan.

(3) (a) Cf. C. Mitoma, H. 8. Posner, H. C. Reitz and S. Udenfriend,
Arch, Biochem. Biophys., 61, 431 (1958). (b) For a survey of the
recent literature as well as new results, ¢f. H. S. Posner, Thesis, George
Washington University, Washington, D, C., October, 1958.

(1) Cf. H. S. Mason, ““Advances in Enzymology,’”* Interscience
Publishers, Inc., New York, N. Y., Vol. 19, 1957, p. 79.

(5) Cf. A. B. Lerner, ibid., Vol. 14, 1953, p. 73.

(8) M. Nakajima, I. Tomida, A. Hashizume and S, Takei, Ber., 89,
2224 (1956).

(7) P. K. Ayengar, O, Hayaishi, M. Nakajima and I. Tomida, 133rd
ACS Meeting, San Francisco, Calif., April, 1958, Abstracts, p. 29-C.

(8) F. Wessely and R, H, Thomson, Quart. Revs., 10, 27 (1056).

(9) E. Bamberger, Ann., 890, 164 (1912): cresorcinol dimethyl
cther from p-toluquinol in acidic methanol.

(10) S. Goodwin and B. Witkop, THis JoURNAL, 79, 179 (1957).
Cf. W. Metlesics, F. Wessely and H. Budzikiewicz, 7'etrahedron, 6,
345 (1950).

(11) H. Burton, Quaert. Revs., 6, 316 (1932).

o-quinone (IIa)!? is treated with acetic anhydride
under the conditions of the Thiele reaction. De-
acetylation of the diacetoxybenzoxazole IIIa to the
known dihydroxybenzoxazole IVal? is easier than
hydrolytic opening of the oxazol ring which requires
489, HBr in glacial acetic acid. Trihydroxyaniline
is too unstable for isolation and was obtained as the
tetraacetyl derivative V. A similar sequence of
transformations was carried out with the analogous
benzoyl derivatives (Ib — IVb). The 2-phenyl-
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benzoxazole IVb was stable to hydrolysis. The in-
tramolecular nature of the cyclization of the acyl-
amino group into the quinone ring was demor-
strated by the use of boron trifluoride in ether on
the quinones Ila and IIb which gave directly the
catecholoxazoles IVa and IVb.

The analogous reaction in the naphthalene series
led from 2-(acet)-amino-1,4-naphthoquinone (VI)
to the naphthoxazole VIIa, although the isomeric
angular tricyclic structure VIIb has not been rigidly
excluded.

Examples of the intramolecular addition of an
acetyl group to the exo-cyclic double boud of a quin-
(12) . Kehrmanu and E. Hochu, Hely. Chim. Acte, 8, 218 (1925).

(13) K. Fries and 1°. Beyerlein, Ann., 8527, 71 (1936).
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oid species exist in the pyridine and quinoline se-
ries.!* Abstraction of a hydrogen from 2-picoline
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N-oxide acetate by acetate anion produces a o-pyri-
donmethine which rearranges to a hydroxymethyl
pyridine derivative. A comparable o-quinone =2
p-quinone methine (VIIIa =2 VIIIb) tautomerism
in the oxidized form of N-benzoyldopamine should
lead to the oxazoline form of N-benzoylnorepi-
nephrine (IX). Extensive attempts in this direction
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were given up when it was found that external 1,4-
addition of acetate supervenes in this reaction and
that the oxazoline IX which, according to paper
chromatographic evidence, probably is formed, can-
not be hydrolyzed to norepinephrine. The action of
acid on epinephrine is known to lead to deep-seated
rearrangements (e.g., adnamine (X)1),

Intramolecular Additions of Nucleophilic Agents
to Quinones of N-Acylated 3,4-Dihydroxy-6-meth-
oxyphenethylamines.—The oxidation of N-benzoyl-
dopamine (XIa) to the quinone XII was preferably
carried out with silver oxide in anhydrous methanol
containing 2% of formic acid. Other solvents, such
as methanol alone, dioxane with and without ether
were unsatisfactory. Chromic acid or sodium di-
chromate was not effective in anhydrous acetic
acid®; water had to be present for the formation
of the quinone. The solution of the quinone exhib-
ited a low extinction peak at 375 mu which com-
pletely disappeared on standing overnight at 0°.7

(14) Cf.V.]J. Traynelis and R. F. Martello, THIS JoURNAL, 80, 6590
(1958).

(15) M. Kawazu, J. Pharm. Soc. Japan, 78, 399, 402, 978 (1958).
(16) Cf. L. F. Fieser, THI8 JOURNAL, 70, 3237 (1948).
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The boron trifluoride-catalyzed addition of meth-
anol to freshly prepared quinone XII led to a yel-
low crystalline compound in 349, yield. Spectro-
photometric evidence and analytical data point to
the structure of the quinone XVa of 3,4-dihydroxy-
6-methoxyphenethylamine (XIVa). The analo-
gous reaction is the ZnCls-catalyzed addition of
methanol to p-quinone (Ei;, 0.699 v.) leading to
2,5-dimethoxy-1,4-benzoquinone (Ey, 0.476 v.).®
Indeed, the half-wave potentials of the methoxy
derivatives XIV and XV were less than half the
values for dopamine and its derivatives (Table I).!°
The reason for the much greater stability of XVa
compared with an unsubstituted o-quinone XII is
the presence of the structural element of a vinylo-
gous ester group. The catechol XIVa is easily ob-
tained on reduction with sodium hydrosulfite of the
quinone XVa and is reoxidized easily with 1,2,3,4-
tetrachloro-1,2-benzoquinone. Methylation or
acetylation of XIVa yielded XVIIa and XVIIb, re-
spectively.

TABLE I

Polarographic half-wave potentials and calculated oxida-
tion-reduction potentials of a number of substituted cate-
cholamines and their ¢-quinoid oxidation products. All
measurements were done in aqueous phosphate buffer at pH
6.86.

Measured Caled.
El/z vs. El/z s,
C.E., H;: electrode,
Compound volt volt
3,4-Dihydroxyphenethylamine (dop-
amine, XIc) hydrochioride +0.139  +0.380%
N-Benzoyl- (XIa) + .101 4+ .342
N-Carbobenzyloxy- (XIb) + .098 4 .339
3,4-Dihydroxy-6-methoxyphenethyl-
amine (XIVe) hydrochloride - .089 + .152
o-Quinone of N-benzoyl- (XVa) — .080* <+ .161
N-Benzoyl- (XIVa) - 079"+ 162
o0-Quinone of N-carbobenzyloxy-
(XVb) — .101° 4+ .140
N-Carhobenzyloxy- (XIVb) — .101° 4+ 141

¢ The related 3,4-dihydroxyphenylalanine has been found
to have a Ey’ of +0.370 v.at pH 7; E. Ball and T.-T. Chen,
J. Biol. Chem., 102, 691 (1933). ® The equimolar mixture of
XIVa and XVa showed —0.105 v. (4+0.136 v.). ¢ The equi-
mc))lar mixture of XIVband XVb showed —0.085 v.(+0.156
v.).

Further nuclear 1,6-additions of HBr or methanol
to the quinone XVa yielded XIXa and a less well
characterized methoxy homolog of XIVa. The proof
of the position of the nuclear bromine required the
preparation of the free amine XIXb which was not
obtainable by acid hydrolysis of the benzoyl deriva-
tive.

N-Carbobenzyloxydopamine (XIb) was, there-
fore, prepared. With the experience gained in the

(17) This shows |¢f. F. Ramirez and P. v. Ostwalden, J. Org. Chem.,
20, 1676 (1955)) that the unknown dop-
amine quinone chromophor comes close to
that of o-quinone, Amaz (log ¢ 390 mu
(3.26) and that the values for **adrenaline
quinone” (“*adrenoerythrin’), Amax 294
and 490 mu |Ruiz-Gijon, Farmacognosia,
12, 71 (1952); C. A., 47, 10498 (1953)],
could possibly indicate a p-quinoid oxida-
tion product resulting from 1,4-addition of water in the strong acid
medium; ¢f. ref, 22,

(18) J. B. Conant and L, F, Fieser, THIS JOURNAL, 46, 1858 (1924).

(19) We are greatly obligated to Prof. Charles Wiesner, University
of New Brunswick, Fredericton, N. B., for arranging for the polaro-
graphic determination of the half-wave potentials.
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TRANSFORMATIONS OF N-ACYLDOPAMINEQUINONES
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transformations of the more easily crystallizable
benzoyl derivatives, all the analogous carbobenzyl-
oxy compounds were prepared (XIVb, XVb). Be-
cause of the easy removability of the carbobenzyl-
oxy group, a number of new dopamine derivatives
with nuclear substituents was prepared.®® Cata-
lytic decarbobenzyloxylation of XIVb gave 2-
methoxy-4,5-dihydroxyphenethylamine (XIVe)
which was demethylated to 2,4,5-trihydroxyphen-
ethylamine, subsequently shown to arise from dopa-
mine under conditions of oxidation, autoxidation or
in vivo after administration to animals.

Both decarbobenzyloxylation and 1,6-addition of
HBr were observed when the quinone XVb was
treated with HBr—-HOAc. That the resulting com-
pound was 2-methoxy-3-bromo-4,5-dihydroxyphen-
ethylamine (XIXb) and not the equally possible
isomer, ‘.., 2-bromo-3,4-dihydroxy-G-methoxy-
phenethylamine was proved by intramolecular oxi-
dative cvclization to the (dihydro)-indole which
still retained one atom of bromine.??

Further methylation of XIVb eventually led to
2,4,5-trimethoxyphenethylamine (XVIId), an iso-
mer of mescaline, reported to be hallucinogeric but
somewhat more toxic.?* The conclusive proof for
the structure of this amine was its oxidation to asa-
rvlic (2,4,5-trimethoxybenzoic) acid (XVIII).

(20) Cf. A. Burger and R, D. Foggio, THIS JoURNAL, 78, 4419
(1956).

(21) S. Senoh, B. Witkop, C. R. Creveling and S. Udenfriend, ibid.,
81, 6236 (1959).

(22) S. Sench and B. Witkop, ibid., 81, 6231 (1959).

(23) M. P. J. M. Jansen, Rec. trav. chim. pays-bas, 80, 291 (1931).
No striking central effects in cats and monkeys were observed with
this compound in doses which are effective for mescaline, We are in-

debted to Dr. Sydney Archer, Sterling-Winthrop Resaareh Tnstitute,
for arranging for these pharmaenlogical testa,
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The Formation of Norepinephrine.—The addi-
tions described so far are 1.4- and 1,6-additions
in the o-quinone nucleus. If in the solution of N-
acyldopamine quinone (XII) were present only a
trace of the tautomeric quinone methine (XIII),
besides the usual 1,4-addition, there could also be
1,6-addition which would introduce a nucleophilic
group (OH, OCH;) in the g-position of the side
chain leading to norepinephrine (XVIa — XVIb) or
its 8-O-methyl ether.

For 1,6-addition of nucleophilic agents across the
conjugated system of quinone methines there are
many precedents.?* Hindered quinone methines on
refluxing in acidic methanol yield p-liydroxybenzyl
O-methyl ether derivatives.® By analogy, the
enzymatic conversion of homogentisic to gentisic
acid has been formulated viz an intermediate o-
quinone methine which is hydrated to 2,5-dihy-
droxyphenylglycolic acid.®

A welcome analogy for our case may be found
among the naturally occurring quinone methiues.”
Fuscin, a natural antibiotic, though it could exist as
the o-quinone XX, is actually the quinone methine
XXI1.%* It shows 1,6-addition of nucleophilic
agents to yield substituted catechols of type XXI1I.
Even in cases where stabilizing environmental fac-

(24) K. Hultzsch, **Chemie der Phenolharze,” Springer Verlag,
Berlin-Géttingen—-Heidelberg, 1950, pp. 63-87; ¢f. J. W. Ralls, Chem.
Revs., 59, 329 (1959).

(25) C. D. Cook and B. E. Norcross, Turs Jouryat, 78, 3797 (19536).

(26) Y. Sakamoto, T. Mitsuhashi and U. Ichihara, J. Biochem.
(Japan), 46, 1 (1958).

(27) For a review see: R. G. Cooke and R. . Thomson, Rev. Pure
and Appl. Chem., 8, 85 (1958).

(28) D. H. R. Barton, Symposium on Antibiotics and Mold Metab-
olites, Special Publication No. 5, London, The Chemical Society,
1956, p. 16; D. H., R. Bartoen and I. R. Hendriekeon, J. Chem. See.
1028 (1056).



Dec. 5, 1959 NoON-ENZYMATIC CONVERSIONS OF DOPAMINE 6225
R0l 02 03 04 05 06 07 0 o9 e fon
() Cotolyst: BF3 <> € @ @ s8c-BuOH (75)
HCOOH (I5)
A (2) Cotolyst: 60% 50, | @D H0 {10)
(3) Cotalyst: BF with o ol © @
tetrachlore-g-quinone
{4) Reference substonces o @egDo
ABB CDE F
(I) Cotolyst: BF m qp < Phenol (804.)
: £ 002 N HCl{20g)
{2) Catalyst: 60% Hp504 | @ KCN {troce)
B (3) Cotolyst: BF< with In SOz otmosphere
otoiyst: 3 Wi )
tetrachloro-g-quinane WE'
(4) Reference substonces @D
E D F

yellow UV-fluorescence

Fig. 1.—Paper chromatographic resolution of the reaction products derived from N-carbobenzyloxydopamine quinone
(XII): A, norepinephrine; B, 2,4,5-trihydroxyphenethylamine; C, dopamine; D, 6-methoxydopamine; E, 8-O-mnethyl-

norepinephrine; F, unknown compound.

tors, such as conjugation and additional rings, as in
fuscin, are lacking, the presence of quinionie meth-
ines sometimes is indicated by characteristic ab-

sorption bands or the typical products of 1,6-addi-
tion of water or methanol. The dineric quinone
methine XXIII from the enzymatic dehyvdrogena-
tion of coniferyl alcohol is a recent example.?®

HQ(I,‘OH
HCl—OR'

HC«~2
I OR

n\ OCH,

XXIII ©

Two different sets of conditions were used for
addition reactions to the dopamine quinone XII:
boron trifluoride in methanol and 609 sulfuric acid.
After removal of the methoxyquinone XVb by
crystallization, the mother liquors were decarbo-
benzyloxylated catalytically and put on paper.
Figure 1 shows the chromatographic resolution of
the products in a non-phenolic and phenolic solvent
system.

Boron trifluoride catalysis leads to 8-O-methyl-
norepinephrine which is absent in the sulfuric acid
experiment. A much greater problem is the dem-
onstration of 1,6-addition of water and the forma-
tion of norepinephrine. Its R value in 5 different
solvent systems (Table II) is indistinguishable from
that of the isomeric 2,4,3-trihydroxyphenethyla-
mine. This phenomenon may be called “'isography”

(29) K. Freudenberg, G. Grion and J. M. Harkin, Angew. Chem., 10,
743 (1958,

TABLE I1
Rt VALUES oF CATECHOLAMINES IN VARIOUS SOLVENT
SYSTEMS
Solvent systems
Substance 18 b 3¢ 4d 5¢
3,4-Dihydroxyphenethyl-
amine (dopamine) (XIc) 0.44 0.35 0.64 0.25 0.57
Norepinephrine (XVIb) .30 .22 .53 .13 .51
2,4,5-Trihydroxyphen-
ethylamine .29 .22 .53 .10 .49
B-O-Methylnorepinephrine
(XVIc) .58 .44 .71 .36 .66

2-Methoxy-4,5-dihiydroxy-

phenethylamine (meth-

oxydopamine) (XIVc) .63 .38 .63 .15 .78
2-Methoxy-3-bromo-4,5-

dihydroxyphenethyl-

amine (XIXDb) .. .45 .72 .21 .81
2,4,5-Trimethoxyphen-

ethylamine (XVIId) . .60
3,4,5-Trimethoxyphen-

ethylamine (mescaline) .. .58

& Phenol-0.02 N HCI-KCN (80 g.:20 ml.:trace) in
saturation of SQ.. ?sec-Butyl alcohol-formic acid~water
(75:15:10) in N. atmosphere. ¢ Methyl ethyl ketone-
propionic acid~water (15:5:6). ¢ 1-Butanol-acetic acid~
Evater (7)0:15:15). ¢ Methanol-benzene—~1-butanol-water
2:1:1:1).

and such compounds “isographs.” Resolution is,
however, possible by treating the mixture of the two
isomeric amines with methanol and hydrogen chlo-
ride. This converts the norepinephrine quantita-
tively to its 8-O-methyl ether® and leaves the iso-
meric amine unchanged. The isomeric 6-methoxy-
dopamine and B-O-methylnorepinephrine separate
well on paper (Table III). Additional proof for the
presence of norepinephrine was its spectrofluoro-
metric determination as the noradrenolutine deriva-
tive and the pressor effects of a preparation, puri-
fied by preparative paper chromatography, on the
arterial blood pressure of an anesthetized dog. The
vields in the 1,6-addition of methanol or water to
dopamine quinone yielding norepinephrine or 8-O-
(30) B. F., Tullar, Trrs JourNat, 70, 2068 (1948).
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TaBLe III

CHROMATOGRAPHIC RESOLUTION oF MIXTURES oF TRI-
HYDROXYPHENETHYLAMINE AND NOREPINEPHRINE BY SE-
LECTIVE O-METHYLATION®

PhOH-0.02 N

HCI-KCN#b sec-BuOH-—
80 g.:20 HCOOH-H:0
ml.:trace 75:15:10
(satn. of (N2 atmos-
S0z gas) here
Anhyd. fgnhyd.
HCI-CFH0H ¢ HCI-CH;OH ¢
Before  After Before After
2,4,5-Trihydroxyplienethyl-
aniine 0.29 0.30 0.25 0.25
Norepinephrine .295 .58 .25 .51
Mixt. of trihydroxyphen-
ethylamine and norepi- .30 .30 .25 .25
nephrine .58 51

B-O-Methylnorepinephrine 0.58 0.52

¢ Whatman No. 1 filter paper; the two spraying reagents
used were (i) 0.44%, K3[Fe(CN)] in 0.1 N phosphate buffer
(pH 7.2) or (ii) 0.19% 2,6-dichloroquinone chlorimide in
ethanol, followed by 0.5% aqueous Na.CQ;. ® The spraying
reagent (ii) could 1ot be used in phenolic solvent systems.
¢ Methylation was carried aut in solution in anhydrous meth-
anol which was saturated with dry HCI, then evaporated to
dryuess.

wethylnorepinephrine are 0.05%, 4.e., <1/1000 of
the 1,4-addition of methanol or water, which was
30-35%, and 1-39, respectively. It would not be
correct to conclude that this disparity in the latter
case is the result of the greater nucleophilicity of
alkoxide as compared with hydroxide ion.** The
two sets of conditions are too different to allow such
a comparison.

The biochemical aspects of this conversion for the
biogenesis of norepinephrine are discussed in the
subsequent paper.3?

Experimental®?

4-Acetamino-o-benzoquinone (Ila).—The quinone IIa,
prepared by the method of Kehrmann and Hoehn,!? after
recrystallization from acetone, melted and decomposed at
173° (reported 170-180°); AN (u): 3.10m (NH), 5.82s

(CONH), 5.92m, 5.95m (CO); 6.15s; 6.32m; 6.63s;
7.10m.
Amnal., Calced. for C;H;NO;: C, 58.18; H, 4.27; N, 8.48.

Found: C, 58.27; H, 4.50; N, 8.05.
2-Methyl-5,6-diacetoxybenzoxazole (IIIa).—To the sus-
pension of 400 mg. of the quinone Ila in 4 ml. of acetic an-
hydride there was added with agitation a few drops of con-
centrated sulfuric acid. Tlie exothermic reaction produced a
clear red solution, which was warmed on the steam-bath for
several minutes and poured into excess cold water, After
decomposition of the acetic anhydride the solution was neu-
tralized with sodium bicarbonate, extracted with ethyl ace-
tate three times, washed with water and evaporated to dry-
ness 2n vacuo. The residue (516 mg.) was sublimed in high
vacuum (<10~% mm., bath temperature 85-95°). Recrys-
tallization from a mixture of dichloromethane and petroleum
ether gave ITIa (200 mg.), m.p. 103-105° (reported!s 103°);
ASHE (u): 5.64s (CO); 5.89m; 6.17m; 6.32m; 6.67m;
6.83m; 7.09m; 7.31s. AEH (1nu): 236 (e 9,400); 280 (e
5,300); 285 (e4,900). ALY NeOH i EOH (m ). 342 (e 9,500).
Anal. Caled. for CHuNOQs: C, 57.83; H, 4.45; N,
.62, Found: C, 57.57; H, 4.76; N, 5.42,

(31) Cf. M., L. Bender and W, E, Glasson, A.C.S. Meeting, Chicago,
111, Sept. 1958, Abstracts, p. 13-P.

(32) 8. Senoh, C. R. Creveling, S. Udenfriend and B. Witkop,
TrIs JourKal, 81, 6236 (1959).

(33) All melting points are corrected (Kofler block). All com-
pounds were dried for elementary analysis at 84° over P20s for 5 hours
except where indicated otherwise. The analyses were performed by
Dr. W, C. Alfard and associates of the Analytical Services Unit of this
Linnudory
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2-Methyl-5,6-dihydroxybenzoxazole (IVa).—The solution
of 100 mg. of the diacetyl compound IIIa in a mixture of
equal volumes of glacial acetic acid and 6 N hydrocliloric
acid was warmed on the steam-bath for 2 hours under nitro-
gen and then evaporated to a small volume under reduced
pressure. During concentration crystals deposited which,
after recrystallization from dilute acetic acid, melted at 228~
230° (reportedsz 231°).
Anal. Caled. for CGH;NO;: C, 58.18; H, 4.27; N, 8.48.
Found: C, 58.35; H,4.38; N, 8.17.
2,4,5-Triacetoxyacetanilide (V).—One hundred milli-
grams of IVa was refluxed in a mixture of 2 ml. of glacial ace-
tic acid and 3 ml. of 489, hydrobromic acid under nitrogen
for 10 hours and the reaction mixture coucentrated to dry-
ness under reduced pressure. To the residue was added 2 ml.
of acetic anhydride and 0.5 g. of fused sodin acetute and
the mixture was heated on the steam-bath for 10 hours.
After the usual extraction procedure the product, recrystal-
lized from ethanol, had m.p. 181~186° (reported!® 188°).
4-Benzoylaminocatechol (Ib).—To a solution of 2.7 g. of
4-aminocatechol hydrobromide and 2.3 g. of fused sodiinn
acetate in 20 ml. of water was added 2.1 g. of benzoyl chlo-
ride and the mixture shaken vigorously at room temperature
for one hour, The solid reaction product was collected and
recrystallized from aqueous ethanol or a mixturc of acetone
and chloroform, yielding 2.14 g. of crystals, m.p. 182-186°
(reported!® 169°), By concentration of the mother liquor
an additional crop (0.45 g.) of crystals was obtained; AL
(u): 2.34m; 3.08s; 6.13s (CONH); 6.33m; 6.47s; 6.61s;
7.80s.
Anal. Caled. for CyHNQ;: C, 68.11; H, 4.84; N,
6.11. Found: C, 67.74; H, 4.90; N, 5.84.
4-Benzoylamino-o-benzoquinone (IIb).—To a suspension
of 1.5 g. of 4-benzoylaminocatechol (Ib) in 4 ml. of water
was added gradually at 0° the solution of 1.0 g. of sodium
dichromate in 5 ml. of water containing 0.5 ml. of coucen-
trated sulfuric acid. The reaction mixture was left for 2
hours. The deposited red quinone (1,13 g.) was collected and
washed several times with cold water; m.p. 170-178° dec.
For analysis the substance was recrystallized from acetone
to give red lustrous crystals, m.p. 175-179° dec.; A¥u (u):
3.08m (NH); 5.90s (CO); 6.16s (CONH); 6.25w; 6.34m;
6.61s; 7.14m; 7.80m.
Anal. Caled. for CHNO;: C, 68.72;
6.17. Found: C, 68.58; H, 4.10; N, 5.99.
2-Phenyl-5,6-diacetoxybenzoxazole (IIIb).—To the sus-
pensian of 1.5 g. of the N-benzoylquinone IIb in 5 ml. of
acetic anhydride was added 0.1 ml. of concentrated sulfuric
acid. After the moderate exothermic reaction ceased, the
mixture was warmed on the steam-bath for several minutes
and left at room temperature for two hours. The reaction
mixture was poured into excess cold water to decompose the
acetic anhydride, neutralized with bicarbonate and left
standing at 0°. The crystalline product (585 mg.) was col-
lected and sublimed in high vacunm (<103 mm., bath tem-
perature 120-130°). The sublimate (225 ing.) had m.p.
130-145°. After recrystallization from a mixture of_ di-
chloromethane and petrolewn ether it had m.p. 173-157°.
AGEOM (4): 5.64s (CO); 5.95m; 5 6.43m;
6.72m; 6.84s; 6.91s; 7.31s; 7.45s; 78.5m. ALY (mu):
271 (€ 13,500); 304 (e 25,000). AZL7 NsOH 0 EON (h,): 347
(e 15,500).
Anal. Caled. for CizH;3NOs: C, 65.59;
4.50. Found: C,65.70; H, 4.35; N, 4.53.
2-Phenyl-5,6-dihydroxybenzoxazole (IVb).—To the sus-
pension of 100 mg. of the quinone IIb in 5 ml. of anhydrous
ether 0.2 ml. of boron trifluoride etherate was added with
agitation. The reaction mixture was left for 1 hour at
room temperature, then refluxed gently for 4 hours. After
addition of water, the ethereal layer was separated, and the
aqueous layer was extracted five times with ether. The
combined ether extracts were washed with water and cvap-
orated to dryness, The residue was purified by sublima-
tion in high vacuum (<10~* mm., bath temperature 160-
180°). The sublimate had m.p. 252-260° and was identical
with regard to infrared spectra and mixed m.p. with the
product obtained from 2-phenyl-5,6-diacetoxybenzoxazole
(IIIb) by acid hydrolysis (refluxing for 5 hours in a mixture qf
equal parts of glacial acetic and concentrated hydrochloric
acid); AN (p): 2.90m (OH); 3.00m (OH); 6.04m;
6.11m; 6.34m; 6.47s. AEQ¥ (mu): 223 (e 14,500); 268 (e

H, 3.99; N,
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5,600);
10,500).
2-Methyl-4,9-diacetoxy-2’,3’-naphthozazole (VIIa) or
2-Methyl-4,5-diacetoxy-1’,2’-naphthoxazole (VIIb).—To the
suspension of 200 mg. of 2-amino-1,4-naphthoquinone in 3
ml. of acetic anhydride was added three drops of concen-
trated sulfuric acid and the mixture boiled for 15 minutes.
After decomposition with cold water and neutralization with
sodium bicarbonate the deposited product was collected and
purified by sublimation. The colorless sublimate was re-
crystallized from dichloromethane, m.p. 178.5-180°.
ANuiel (u): 5.64s (CO); 6.24m; 6.36m; 6.52m; 7.06m.

Anal. Caled. for C¢HyNOs: C, 64.21; H, 4.38; N,
4.68. Found: C, 64.00; H, 4.54; N, 4.69.

The same material was obtained from the Thiele reaction
of 2-acetamino-1,4-naphthoquinone, whereas 2-amino-1,4-
naphthoquinone under milder conditions (5 ml. of acetic
anhydride and 0.1 ml. of concentrated sulfuric acid) yielded
mainly 2-acetamino-1,4-naphthoquinone, m.p. 200-203°
(reported® 204°).

N-Benzoyl-8-(3,4-dihydroxyphenyl)-ethylamine (N-
Benzoyldopamine) (XIa).—To the ice-cold mixture of 3.8 g.
of dopamine hydrochloride and 3.6 g. of sodium bicarbonate
in 40 ml. of water and 20 ml. of ether there was added drop-
wise the solution of 3.0 g. of benzoyl chloride in 30 ml. of
ether under vigorous agitation. After complete addition,
agitation was continued at room temperature for 2 hours.
The crystalline product (3.5 g.) was collected by filtration
and washed with water. It had m.p. 148-154°. Another
crop of 1.5 g. of crystalline material was obtained by extrac-
tion of the filtrate with ethyl acetate, After recrystalliza-
tion from a mixture of ethanol-dichloromethane-petroleum
ether the melting point was 156.5~157.5° (yield 3.9 g. or
70%); ANet (4): 2.87m (OH); 3.01m (NH); 3.22m (OH);
6.22s (CONH); 6.37s; 6.43s; 6.55m; 6.72m; 6.95s.
ARCE (mu): 226 (e 17,400); 280 (e 3,600).

Anal. Caled. for CsHisNOs: C, 70.02; H, 5.88; N,
5.44. Found: C, 69.99; H, 5.89; N, 5.43.

1,4-Addition of Methanol to the 0-Quinone XII and Re-
oxidation. N-Benzoyl-6-methoxydopamine Quinone (XVa).
A. Boron Trifluoride Method.—To 4 g. of N-benzoyldopa-
mine (XIa), dissolved in 50 ml. of anhydrous methanol
containing 1.2 ml. of 989, formic acid, was added 6 g.
of anhydrous sodium sulfate, at 0°, and 7 g. of dry freshly
prepared silver oxide. The mixture was shaken vigorously
in the stoppered flask for 2 minutes and filtered through
a layer of anhydrous sodium sulfate and washed twice
with methanol (solution A); AML® 220, 375 mu of this
solution was in agreement with that of o-benzoquinone.
To this red quinone solution was added 10 ml. of boron
fluoride etherate, which caused a moderate exothermic
reaction and change of color to light orange. After standing
for 15 minutes the mixture was boiled gently on the steam-~
bath for a few minutes and then poured onto a mixture of ice
and water whereupon a yellow oily product separated and
solidified gradually. Two recrystallizations from methanol
vielded 1.5 g. (349%,) of yellow crystals, m.p. 189.5-190.5°;
ANt (u): 3.06m (NH); 3.99s (CO); 6.05m (CO); 6.11s
(CONH); 6.21m; 6.34w; 6.50m. AEQF (mu): 229 (e
14,400); 260 (e 14,800); 360 (¢ 670).

Amnal. Caled. for CeHsNO,: C, 67.36; H, 5.30; N,
4.91; CH,;0, 10.90; mol. wt., 285.3. Found: C, 67.32;
%,65.41; N, 4.86; CH;0, 10.10; mol. wt. (Rast method),

The attempted condensation with o-phenylenediamine to
a q}linoxaline derivative yielded starting material and brown
resins,

Reduction of N-Benzoyldopaminequinone with Sodium
Hydrosulfite,—To the red quinone solution (solution A)
mentioned above there was added an excess of sodium hydro-
sulfite powder with agitation until the deep reddish solution
turned colorless. After the addition of water the reaction
mixture was extracted three times with ethyl acetate. The
combined ethyl acetate extracts were washed and evaporated
to dryness. The residual oil crystallized on rubbing with a
glass rod, m.p. 155-157°, no depression on admixture with
authentic N-benzoyldopamine (XIa). The reduction prod-
uct gave a single spot on paper in several solvent systems.

331 (e 16,000). ALX NORmEOR (yny: 340 (e

(34) L. F. Fieser and M. Fieser, THI$ JOURNAL, 56, 1776 (1934),

NON-ENZYMATIC CONVERSIONS OF DOPAMINE

6227

B. Sulfuric Acid Method.—The red quinone solution
(solution A), prepared from 500 mg. of N-benzoyldopamine
(XIa) with silver oxide, was poured into 50 ml. of 509, aque-
ous sulfuric acid. The color of the reaction mixture turned
immediately from deep red to yellow. The reaction mixture
was warmed on the steam-bath for five minutes, diluted with
water, extracted with ethyl acetate three times, washed and
evaporated to dryness. The residual orange oil was recrys-
tallized from methanol twice. The yellow crystals, m.p.
187-189°, were identical with respect to infrared spectra
and mixed melting point with the compound (XVa) obtained
by method A,

C. Thiele Reaction of N-Benzoyldopamine Quinone
(XII).—The red quinone solution (solution A}, prepared
from 1g. of N-benzoyldopamine (XIa) with silver oxide, was
evaporated to dryness by lyophilization. To the solution of
the residue in 10 ml. of acetic anhydride was added dropwise
0.5 ml. of concentrated sulfuric acid. The exothermic reac-
tion produced a greenish solution, which was warmed on the
steam-bath for 5 minutes and poured into excess cold water.
After decomposition of the acetic anhydride, the solution was
neutralized with sodium bicarbonate, extracted three times
with ethyl acetate, washed with water and evaporated to
dryness in vacuo (yield 1.25 g.). The residual material,
sublimed in high vacuum (<10~% mm. bath temperature
150-170°), yielded 480 mg. of a slightly colored viscous
product. This material was dissolved in a mixture of 10 ml.
of 2 N aqueous hydrochloric acid and 10 ml. of ethanol and
refluxed for 3 hours under nitrogen. The reaction mixture
was concentrated to a small volume in zacuo and excess
water added. The oil which separated was extracted three
times with ethyl acetate. The combined ethyl acetate ex-
tracts were washed and evaporated to dryness under reduced
pressure. The residue was examined by paper chromatog-
raphy in several solvent systems. Two major spots were
observed: The more mobile compound (Ry 0.82 in sec-
BuOH~-HCOOH-H,0, 75:15:10) was identical with authen-
tic N-benzoyldopamine. The identity was confirmed after
elution of the spot from paper and comparison of the ultra-
violet spectrum with that of authentic XIa. The less mobile
compound (R; 0.71 in sec-BuOH-HCOOH-H.0, 75:15:10)
had the same R; asauthentic N-benzoyl-pL-norepinephrine,®
but further confirmation was rendered difficult by the failure
to hydrolyze this material to norepinephrine.

N-Benzoyl-8-(2-methoxy-4,5-dihydroxyphenyl)-ethyla-
mine (XIVa).—When the suspension of 1 g. of the finely
powdered quinone XVa and 1.5 g. of sodium hydrosulfite in
20 ml. of 509, aqueous methanol was shaken at room tem-
perature, reduction occurred immediately. The suspended
quinone dissolved temporarily and the solution deposited
colorless crystals. The reduction mixture was diluted with
water and cooled in ice for 0.5 hour. The crystals (0.9 g.,
949%,) were collected by filtration and recrystallized from
ethanol, m.p. 236.5~238.5°. The catechol XIVa did not
show any color reaction with ferric chloride in the test-tube,
but it showed the usual color reactions on paper characteris-
tic of catechols, e.g., with ferricyanide at pH 7.4 (0.1 N
phosphate buffer) or with 2,6-dichloroquinone chloroimide
followed by sodium carbonate. ANl (u): 2.94s (OH);
3.00m (NH); 3.17m (OH); 6.12s (CONH); 6.18m; 6.23w;
6.35m; 6.45s; 6.51s; 6.72m; 7.00s. AEQ® m(u): 226 (e
17,600); 296 (e 5,400).

Anal. Caled. for CHpNOg: C, 66.88; H, 5.96; N,
4.88; CH,0, 10.83; mol. wt., 287.3. Found: C, 66.51;
H,5.89; N, 4.84; CH,0,9.99; mol. wt., 206 (Rast method).

Reoxidation of N-Benzoyl-6-methoxydopamine (XIVa)
with 3,4,5,6-Tetrachloro-1,2-benzoquinone,—When the solu-
tions of 0.1 g. of the dopamine derivative XIVa and of 0.1
g. of chloranil, each in 2 ml. of cold methanol, were mixed,
the red color of the chloroquinone solution was discharged
and yellow crystals started separating from the yellow solu-
tion, After filtration and recrystallization from methanol
they melted at 187-189°, not depressed on admixture with
authentic N-benzoyl-6-methoxydopaminequinone (XVa).

(35) N-Benzoyl-pL-norepinephrine was prepared by the same pro-
cedure as described for N-benzoyldopamine. Recrystallization from &
mixture of dioxane~benzene gave colorless crystals, m.p. 125-135°,
The compound retained solvent of crystallization which could not be
removed satisfactorily according to the results of several micro-
analyses; ANSF! (4): 2.97m; 3.14s; 6.09s (CONH); 6.16m; 6.24m;
6.35m; 6.49s; 6.60s. Aba® (mu): 226 (¢ 15,600); 279 (e 3,300).
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N-Benzoyl-8-(2,4,5-trimethoxyphenyl)-ethylamine (XV-
Ila).—To the mixture of 700 mg. of N-benzoyl-8-(2-meth-
oxy-4,5-dihydroxyphenyl)-ethylamine (XIVa), 0.7 ml. of
dimethyl sulfate and 5 ml. of water in a three-necked flask
equipped with a mechanical stirrer, nitrogen inlet tube and
dropping funnel there was added at room temperature with
strong agitation under nitrogen 3 ml. of 109, aqueous sodium
hydroxide. After complete addition the mixture was warmed
to 60° for 15 minutes. When the color of the reaction mix-
ture had faded, it was cooled and another 3 ml. of 10% aque-
ous sodium hydroxide and 0.4 ml. of dimethyl sulfate added.
Then the mixture was warmed to 70° for 10 minutes and on
the steam-bath for 15 minutes. The reaction mixture was
cooled in ice, the crystalline material was filtered and washed
{710 mg.). Recrystallization from aqueous methanol gave
680 mg. (889%,) of the trimethyl ether XVIIa as fine colorless
needles, m.p. 106-106.5°; AN%! (4): 3.02s (NH); 6.10s
(CONH); 6.19m; 6.32m; 6.50s; 6.56s. AECH (my):
229 (e 19,400); 290 (e 5,300).

Anal. Caled. for C,yHy,yNO,: C, 68.55; H, 6.71; N,
4.44; CH;0, 29.5. Found: C, 68.49; H, 6.74; N, 4.50;
CH;0, 29.46.

Attempted hydrolysis of N-benzoyl-g-(2,4,5-trimethoxy-
phenyl)-ethylamine (XVIIa) to the free amine was unsuc-
cessful under the following conditions: (1) refluxing in 15%
potassium hydroxide in ethanol for 10 hours; (2) refluxing in
?5% potassium hydroxide in 1-propanol~water (1:1) for 26
ours.
N-Benzoyl-3-(2-methoxy-4,5-diacetoxyphenyl )-ethyla-
mine (XVIIb).—The mixture of 0.1 g. of the catechol XIVa
in 3 nl. of acetic anhydride with 200 mg. of anhydrous so-
diumn acetate was refluxed for 2 hours, poured into ice-water,
neutralized with sodium bicarbonate, and extracted with
cthyl acetate. The extract was evaporated to dryness and
the residue recrystallized from methanol, m.p. 142.5-143°;
M (u): 2.92m (NH); 5.67s (CO); 6.02s (CONH);
6.23in; 6.32m; 6.64s; 6.74s; 6.82m. AESE (mu): 225 (e
21,500); 274 (e 3,500).
Anal. Caled. for CypHuNOs: C, 64.68; H, 5.70; N,
3.77. Found: C, 64.40; H, 5.58; N, 3.64.

1,6-Addition of Hydrogen Bromide to the 6-Methoxydop-
aminequinone (XVa): N-Benzoyl-3-(2-methoxy-3-bromo-
4,5-dihydroxyphenyl)-ethylamine (XIXa).—When the solu-
tion of 0.15 g. of 6-methoxydopaminequinone (XVa) was
dissolved in the ice-cold solution of 5 ml. of anhydrous 30%
ltydrobromic acid in acetic acid and slowly concentrated in a
desiccator over sodium hydroxide under reduced pressure,
the residual sirup crystallized on trituration with water,
The crude product (220 mg.) melted at 190-197°. Recrys-
tallization from methanol~ether-petroleum ether furnished
colorless crystals, m.p. 205-205.5°; AN (4): 3.02m
(NH); 6.10s (CONH); 6.19m; 6.22m; 6.36s; 6.43s.
AGH (mpu): 297 (e 5,300).

Anal. Caled. for CieH e NOBr: C, 52.47; H, 4.41; N,
3.82. Found: C, 52.71; H, 4.53; N, 3.60.

Further Addition of Methanol to the Methoxy-o-quinone
(XVa). N-Benzoyl-g-(2,3(?)-dimethoxy - 4,5 - dihydroxy-
phenyl)-ethylamine.—The suspension of 130 mg. of N-
benzoyldopaminequinone (XVa) in 4 ml. of methanol and 2
ml. of boron trifluoride etherate was refluxed overnight.
The resulting brown 1nixture was poured into water, ex-
tracted three times with ethyl acetate, and the combined ex-
tracts were washed and evaporated to dryness. The residue
was extracted with chloroform and the extracts evaporated to
dryness. The residue was sublimed in high vacuum (<10-3
mg., bath temperature 130~150°). The sublimate recrystal-
lizedl twice from acetone—ether to give fine colorless needles,
m.p. 166.5-167.0°; AGES (u): 2.86m (OH); 2.97m (NH);
6.04s (CONH); 6.23in; 6.33m: 6.63s; 6.74m; 6.82s;
T.04m. AR (inu): 223 (e 16,400); 291 (e 5,000).

Anal.  Caled. for CiiHNO;: C, 64.34; H, 6.04; N,
4.41; CH;0, 19.6. Found: C, 65.81; H, 6.50; N, 4.97;
CH;0, 21.1.

N-Carbobenzyloxy-8-(3,4-dihydroxyphenyl)-ethylamine
(N-Carbobenzyloxydopamine) (XIb).—To the mixture of
9.5 g. of dopamine liydrochloride and 9.0 g. of sodium bicar-
bonate in 100 ml. of water and 50 ml. of ether there was add-
ed dropwise the solution of 8.6 g. of carbobenzyloxy chloride
in 40 ml. of ether under vigorous agitation in an ice-bath.
Stirring was continued for 5 hours at 0°. The reaction mix-
ture then was extracted three times with ethyl acetate, the
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combined extracts were washed with water and eyaporated
to dryness under reduced pressure. The residual oil (12.7 g.)
solidified gradually and was recrystallized from methanol-
ether—petroleum ether, yielding 10.6 g. (73%) of colorless
crystals, m.p. 133.5-134°. . .
The catechol XIb gave a deep green color reaction with
ferric chloride; ACECH (u): 2.83m (OH); 2.92m (NH);

3.07m (OH); 5.85s (CONH); 6.21m; 6.64s. AEQH (mu):
283 (e 3,000). .
Anal. Caled. for CieHisNOs: C, 66.88; H, 5.96; N,

4.88. Found: C, 66.87; H, 5.86; N, 4.81.

1,4-Addition of Methanol to N-Carbobenzyloxydopamine-
quinone (XIIb) and Reoxidation to the Methoxyquinone
XVb.—To 10 g. of N-carbobenzyloxydopamine (XIb), dis-
solved in a mixture of 150 ml. of anhydrous methanol con-
taining 4 ml. of 987, formic acid and 20 g. of anhydrous so-
dium sulfate, was added at 0° 20 g. of dried freshly prepared
silver oxide. The flask was stoppered and shaken vigorously
for 2 minutes, The reaction mixture was ﬁlt.ered through
anhydrous sodium sulfate and washed twice with methanol.
To the resulting red quinone solution was added 30 ml. of
boron trifluoride etherate. The red color immediately turped
to light orange. After 15 minutes the mixture was boiled
gently on the steam-bath for 2 minutes, poured iuto a mix-
ture of ice and water and left in the ice-box overnight. After
decantation the solid was washed with water and dried.
Trituration with methanol produced crystals. Two recrys-
tallizations from methanol gave 2.4 g. (22%) of ye_llo“:
prisms (XVb), m.p. 133-134°; ASHC® (u): 2.92m (NII);

5.81s (CONH); 5.90s (CO); 6.05s (CO); 6.22s; 6.675:
ANuel (,): 3.08m (NH); ,5.89s (COHN); 5.98s ‘(CO),
6.05s (CO); 6.14m; 6.19s; 6.47s. AEQH (mu): 260 (e
13,800); 360 (e 670). i

Anal. Caled. for CpyHpNOs: C, 64.75; H, 5.43; XN,

4.44; CH,0, 9.84. Found: C, 64.76; H, 5.48; X, 4.54;
CH;0, 9.82.

Boron Trifluoride-catalyzed 1,6-Addition of Methanol to
the Quinone-methine XIIIb: Formation of.B-O-N'Iethylnor-
epinephrine and (by Hydrolysis) Norepinephrine.—Thc
aqueous supernatant from the decantation frqm, and the
methanolic mother liquors of XVb, were combmed.zmd ex-
tracted three times with ethyl acetate. The combined ex-
tracts were washed and concentrated to dryness under re-
duced pressure. The residue, 8 g. of a brown resin, was de-
benzylated catalytically in the presence of 2 g. of 109, pal-
ladium-on-charcoal in a mixture of 300 ml. of metharol and
4 ml, of concentrated hydrochloric acid. The CO; formed
was absorbed in a side tube filled with Ascarite. Within 5
hours 540 ml. of hydrogen was taken up. Under exclusion
of air the reduction mixture was filtered from the catalyst
and evaporated to dryness i# vacuo.

The residue (5.6 g.) was dissolved in hot methanol, seeded
with authentic dopamine hydrochloride and chilled. The
product was filtered and recrystallized from E,m_ethzu_lol,
vielding 1.1 g. of colorless crystals, m.p. 245-246°, identical
with authentic dopamine hydrochloride with regard to Ri,
infrared and ultraviolet spectra. The filtrate fromn the dopa-
mine hydrochloride was evaporated to dryness under sulfur
dioxide to yield 3.8 g. of a resin, which was exaniined by
preparative chromatography as follows: 80 mg. of the crude
product in a small volume of methanol was put on two shicets
of S. & S. No. 598 filter paper and developed in a plenolie
systemn (80 g. of phenol and 20 ml. of 0.02 N hydrocliloric
acid in the presence of a trace of potassium cyanide in an
atmosphere of sulfur dioxide gas, ascending method). At
the samne time, 20-y samples of the following five §ubstanccs
cxpected from the reaction were put on the margins of c_ach
sheet as standards for comparison: dopamine hydrpchlorlde,
pL-norepinephrine (XVIb) hydrochloride, 2,4,5-trihydroxy-
phenethylamine hydrobromide, 6-methoxydopamme (XIV e)
hydrochloride and 8-O-methylnorepinephrine hydrochloride.
(The R; values of the standard samples are summarized in
Table III.) After complete development the paper was
drained in the hood for 10-15 minutes and from the wet
paper the residnal phenol was washed out three times with
benzene and twice with ether. The paper then was dried by a
stream of air. A representative longitudinal strip was cut
off and sprayed with 0.449, ferricyanide in pH 7.4, 0.1 N
phosphate buffer (sensitivity approx. 5~10 v). The brown
spots produced by the ferricyanide spray showed under the
ultraviolet lamp violet fluorescence for dopamine, intensive
bright yellow fluorescence for norepinephrine, weak purple
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fluorescence for 8-methoxydopamine and violet fluorescence
for B-O-methylnorepinephrine.

The five latitudinal strips, corresponding to 6-hydroxy-
dopamine and norepinephrine (fraction A and B), dopamine
(fraction C), B-O-methylnorepinephrine (fraction E’), 6-
methoxydopamine (fraction D) and fraction F containing an
unknown substance (see Fig. 1), were cut off and eluted with
each 10 ml. of 0.1 N hydrochloric acid containing sulfur
dioxide. Each elution was concentrated to dryness in a vac-
uum desiccator charged with sodium hydroxide. The resi-
due of each fraction was rechromatographed in the same
phenolic solvent system. The chromatograms were cut up
again following the markers of the reference catecholamines.
After elution with 0.1 N hydrochloric acid in the presence of
sulfur dioxide and evaporation to dryness, each fraction was
re-examined for homogeneity by paper chromatography in
several solvent systems described in Table III and run with
standard samples for comparison. For the detection of
catecholamines in non-phenolic solvent systems, a freshly
prepared 0.19; ethanolic solution of 2,6-dichloroquinone
chlorimide followed by spraying with 0.29, aqueous sodium
carbonate was used. This reagent is more sensitive than the
ferricyanide reagent and detects not only phenolic comn-
pounds but also their methyl ethers such as mescaline and the
isomeric 2,4,5-trimethoxyphenethylamine (XVIId). Ct*-
Labeled dopamine, norepinephrine and B-O-methylnorepi-
nephrine were used as markers which showed that the
visible spots were matched by peaks of radioactivity using a
strip counter.

The semi-quantitative determination of the catechol-
amines in each fraction was carried out as follows: 1.
Rechromatographed fraction C gave only one spot in several
solvent systems identical with authentic dopamine. Direct
calculation of the yield of dopamine based on the molar
extinction of Amax 280 mu showed that 50-559, of the product
of debenzylation (3.8 g. after removal of crystalline dopa-
mine) consisted of dopamine hydrochloride. 2. Rechro-
matographed fraction D was identical with authentic 6-
methoxy-dopaniine with regard to R and ultraviolet spec-
tra. This fraction represented 10-159%, of the crude product.
3. The chiromatographed fraction E’ contained dopamine
and 6-methoxydopamine as main products. In order to
convert 3-O-methylnorepinephrine to norepinephrine, frac-
tion E’ was dissolved in 3 N aqueous hydrochloric acid in the
presence of sulfur dioxide and evaporated to dryness in
vacuo. A solution of the residue in a small volume of 3 NV
hydrochloric acid was put on paper and developed in sec-
butyl alcohol-formic acid—water (75:15:10) under nitrogen.
The three latitudinal strips corresponding to norepinephrine,
dopamine and 6-methoxydopamine were cut out, eluted with
0.1 N hydrochloric acid and examined spectrophotometri-
cally. There was present <0.1% norepinephrine, 3-49,
dopamine and 4-59% 6-methoxydopamine. 4. On rechro-
matography fraction A and B gave a single spot identical
with 6-hydroxydopamine, corresponding to a yield of 2-47%,.
However, a small amount of accompanying norepinephrine
was detected when fraction A and B was treated with cold
anhydrous methanol saturated with anhydrous hydrogen
chloride, evaporated to dryness in wvacuo and chromato-
graphed in sec-butyl alcohol-formic acid-water. A new spot
identical with B8-O-methylnorepinephrine was found corre-
sponding to a yield of <0.059%, based on the molar extinction
of the solution obtained on extraction of the spot.

In another determination 100 mg. of the crude hydrogenol-
vsis product was treated with 5 ml. of 3 N hydrochloric acid
in the presence of sulfur dioxide and evaporated to dryness
in vacuo. The residue was chromatographed in the phenolic
solvent system described above. The ‘‘norepinephrine
fraction A and B’’ was eluted with 0.1 N hydrochloric acid
in the presence of sulfur dioxide, and evaporated to dryness
in wvacuo. The residue was purified again by chromatog-
raphy (phenolic solvent system) and examined spectro-
fluorometrically using the adrenolutine method. This
method differentiates sharply from any possible contami-
nant, because dopamine, 6-hydroxy- or 6-methoxydopamine
are negative in the adrenolutine test. The yield of norepi-
nephrine by this method was 50-60 /100 mg. or 0.05%. In
addition this fraction was tested pharmacologically by its
effect on the arterial blood pressure in the anesthetized dog.
The slight but distinct rise in blood pressure confirmed the
presence of norepinephrine. Comparable amounts of dopa-
mine or its 6-hydroxy and 6-methoxy derivatives were with-
out effect,
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Reduction of N-Carbobenzyloxydopaminequinone with
Sodium Hydrosulfite.—To the red quinone solution ob-
tained from the silver oxide oxidation of 1 g. of N-carbo-
benzyloxydopamine there was added an excess of sodium
hydrosulfite (Na,S,04) solution in a small volume of water.
The deep red solution turned colorless. Water was added
and the reaction mixture extracted three times with ethyl
acetate. The combined ethyl acetate extracts were washed
and evaporated under reduced pressure. The residual sirup
crystallized on scratching, m.p. 131-133°, undepressed on
admixture with authentic N-carbobenzyloxydopamine (XIb).
After catalytic debenzylation the product showed one single
spot on paper identical with authentic dopamine. .

Boron Trifluoride-catalyzed 1,4-Addition of Methanol in
the Presence of 3,4,5,6-Tetrachloro-1,2-benzoquinone.—To
the red quinone solution obtained from the silver oxide oxida-
tion of 2 g. of N-carbobenzyloxydopamine (XIb) there was
added 0.9 g. of 3,4,5,6-tetrachloro-1,2-benzoquinone in
methanol and 5 ml. of boron trifluoride etherate. The reac-
tion mixture was warmed on the steam-bath for 15 minutes
and poured into a mixture of ice and water. The viscous oil
which separated after decantation was suspended in cold
methanol. The crystalline product was recrystallized from
methanol (580 mg.), m.p. 132-134°, undepressed on admix-
ture with the methoxyquinone XVb., The combined
mother liquors from XVb in a small volume of methanol
were reduced with an excess of sodium borohydride. The
reduction mixture was poured into water, extracted with
ethyl acetate and evaporated. The residual oil was dissolved
in a small volume of ethanol. By addition of ether, tetra-
chlorocatechol was precipitated. The filtrate was evapo-
rated to dryness and decarbobenzyloxylated catalytically in
methanol (H; uptake 134 ml.). The reduction product (1.15
g.) was examined by paper chromatography. Figure 1 shows
that by this procedure the yield of 6-methoxydopamine was
increased and that of dopamine decreased.

Sulfuric Acid-catalyzed 1,6-Addition of Water to Yield
Norepinephrine.—The quinone solution obtained from 1 g.
of XIb was poured into 50 ml. of 609, aqueous sulfuric acid
and kept at room temperature for one hour. The reaction
mixture was diluted with water and extracted three times
with ethyl acetate, washed and evaporated to dryness. The
residue after catalytic debenzylation in ethanol was ex-
amined paper chromatographically using the same procedure
described before (see Fig. 1). It contained dopamine,
2,4,5-trihydroxyphenethylamine, 6-methoxydopamine and
a small quantity of norepinephrine which did not separate
from 6-hydroxydopamine in the solvent systems used. The
norepinephrine fraction was rechromatographed in two dif-
ferent solvent systems. The eluted spots were assayed spec-
trofluorometrically by the noradrenolutin method, as well
as by their effect on the blood pressure in the anesthetized
dog using known amounts of norepinephrine and 6-hydroxy-
dopamine as standards of reference. Although exact yields
could not be calculated, there was no doubt about the pres-
ence of norepinephrine.

N-Carbobenzyloxy-2-methoxy-4,5-dihydroxyphenethyl-
amine (XIVb), (A) With Sodium Hydrosulfite.—The sus-
pension of 1.0 g. of the quinone XVb and 1.5 g. of sodium
hydrosulfite (NayS,04) in 15 ml. of 60%, aqueous methanol
was agitated until the color was discharged. Water was
added to the reaction mixture. The colorless crystals which
deposited on cooling at 0° were collected, washed with
water and dried (530 mg.). The filtrate was extracted three
times with ethyl acetate and the combined extracts were
washed and evaporated to dryness (100 mg.). The total
yield was 630 mg. (63%), m.p. 142-144°, Recrystalliza-
tion from methanol-ether yielded fine needles, m.p. 145.5~
146.5°. This catechol did not give a color reaction with
ferric chloride; ANu@' (u): 2.94w (OH); 3.0lm (NH);
3.16m (OH); 5.86s (CONH); 6.11m; 6.21w; 6.30w; 6.58s;
6.68m; 7.07s. AESH(mu): 292 (e 4,900).

Anal. Caled. for CnHNO;s: C, 64.34; H, 6.04; N,
4.41. Found: C, 64.26; H, 6.07; N, 4.53.

(B) With Sodium Borohydride.—To the suspension of
1.60 g. of the quinone XVb in 10 ml. of methanol was
added 120 mg. of sodium borohydride with agitation. The
vellow color was discharged immediately. The reaction
mixture was filtered, the clear filtrate was diluted gradually
with water and cooled in ice. The crystals which sepa-
rated after scratching were collected, washed with water and
g&eéi, yielding 1,60 g, of eolerléss hicedles (99% ), m.p. 142.5~

]
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Reoxidation of N-Carbobenzyloxy-2-methoxy-4,5-dihy-
droxyphenethylamine (XIVb) with 3,4,5,6-Tetrachloro-1,2-
benzoquinone.—When the solutions of 100 mg. of XIVb and
of tetrachloro-o-benzoquinone, each in 2 ml. of methanol,
were combined, a yellow solution was obtained which depos-
ited crystals on cooling in ice. Tley were identical with the
quinone XVb, m.p. 131-132°.

2-Methoxy-4,5-dihydroxyphenethylamine (XIVc) Hydro-
chloride (6-Methoxydopamine Hydrochloride). (A) By
Catalytic Decarbobenzyloxylation.—The catalytic decarbo-
benzyloxylation of 1.1 g. of the catechol XIVb was carried
ont in 30 ml. of methanol containing 1 ml. of coucentrated
hydrochloric acid with 400 mg. of 109, palladium-on-char-
coal at room temperature and ordinary pressure in a flusk
equipped with a side tube filled with Ascarite. The uptake
was 83 ml. (989,) of hydrogen (65 ml. within 1 hour and 17
ml, within further 5 hours). The reaction mixture was fil-
tered, the catalyst washed with methanol containing sulfur
dioxide, the combined filtrate evaporated to a small voluine
under reduced pressure and kept in the refrigerator. The
colorless prisms were filtered and washed with a small volume
of cold concentrated hydrochloric acid. There was obtained
320 mg., m.p. 187-188°. An additional crop of 290 mg.,
m.p. 186~-188°, was obtained by concentration of the mother
liquor. The total yield was 610 mg. (979%). The sample on
examination by chromatography in several solvent systems

showed only one spot (Table III); AEQ® (mu): 222
(e 5,500); 295 (e6,000).
Anal. Caled. for CHiNO;-HCL: C, 49.21; H, 6.42;

N, 6.38. Fouund: C, 49.29; H, 6.42; N, 6.24.

(B) One-step Conversion of 6-Methoxy-N-carbobenzyl-
oxydopaminequinone (XVb) to the Amine XIVb.—Tle sus-
pension of 630 mg. of the quinone X Vb in 40 ml. of methanol
containing 0.2 ml. of concentrated hydrochloric acid was
reduced catalytically with 200 mg. of 109 palladium-on-
charcoal at room temperature and ordinary pressure (Asca-
rite side tube). Within 6 hours 95 ml. of hydrogen (theor.
97.2 ml.) was taken up. After filtration the catalyst was
washed with methanol and the combined filtrate was evapo-
rated. The residual sirup gave two spots; one gave a
blue color with 0.449%, ferricyanide in 0.1 N phosphate buffer
pH 7.4. The sirup was triturated with a small volume of
methanol, filtered and the filtrate was evaporated to dryness
under reduced pressure. The residual sirup crystallized
gradually on addition of a few drops of ethanol. The solid
was dried on a porous porcelain plate, dissolved in isopropyl
alcohol. To this solution was added ethyl acetate. Some
fractionation was required until crystallization started.
After cooling in ice the crystals were collected and dried.
The substance showed a single spot on paper, identical with
that of the amine XIVc obtained by procedure A.

(C) Decarbobenzyloxylation of the Catechol XIVb with
Anhydrous 309, Hydrobromic Acid in Glacial Acetic Acid.—
When 0.15 g. of the catechol XIVb was dissolved in 2 ml. of
anhydrous 309, hydrobromic acid in glacial acetic acid, the
odor of benzyl bromide and the evolution of carbon dioxide
were observed. The mixture was evaporated to dryness in a
vacuum desiceator in the cold room. When the residual sirup
was triturated with ethyl acetate, it crystallized, The R;
values of the compound in several solvent systems were iden-
tical with the catecholamine XIVe obtained by the proce-
dures (A) and (B).

Anal. Caled. for C;H,sNO;HBr: C, 40.91; H, 5.34; N,
5.29. Found: C, 40.35; H, 5.65; N, 4.94.

N-Carbobenzyloxy-2,4,5-trimethoxyphenethylamine (XV-
IIc).—Using a three-neck flask equipped with a mechanical
stirrer, nitrogen inlet tube and dropping funnel, 6 ml. of 10%
aqueous sodium hydroxide was added dropwise to the mix-
ture of 1.6 g. of the catechol XIVb, 1.9 g. of dimethyl sulfate
and 10 ml. of water at room temperature with strong agita-
tion under nitrogen. After complete addition the mixture
was warmed to 60° for 15 minutes, cooled again and another
6 ml. of 109, aqueous sodium hydroxide and 1.9 g. of di-
methyl sulfate was added. Then the mixture was warmed to
70° for 10 minutes, and for a further 10 minutes on the steam
bath. On cooling in ice the methylation product (1.59 g.)
crystallized. The filtrate was extracted with ethyl acetate.
The extract gave an additional crop of 0.12 g. The total
vield was 1.71 g. (98%,) of colorless crystals, m.p. 86-88°.
After recrystallization from methanol the melting point was
87.5-88°; ANue! (4): 300s (NH); 5.79s (CONH); 6.19m;
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6.27w; 6.50s; 6.60s. AZOH (mu): 230 (e 9,400); 290 (e
4,900).
Anal. Caled. for CyHuNOs: C, 66.07; H, 6.71; N,

4.06. Found: C, 66.31; H, 6.85; N, 3.92,

2,4,5-Trimethoxyphenethylamine (XVIId) Hydrochloride.
—The catalytic decarbobenzyloxylation of 1.7 g. of N-car-
bobenzyloxy-2,4,5-trimethoxyphenethylamine (XVIIc) was
carried out in 100 inl. of ethanol containing 1 ml. of concen-
trated hydrochloric acid with 500 mg. of 109, palladium-on-
charcoal at room temperature and ordinary pressure (side
tube with Ascarite). The uptake was 150 ml. of hydrogen
within 6 hours. After filtration the catalyst was washed with
ethanol and the comnbined filtrate was evaporated to dryness
under reduced pressure. The crystalline residue (1.22 g.,
989,) had m.p. 185-190°, and, after recrystallization from
ethanol-ether, 193.5-194.5° (reported?? 190°). A" (1nu):
232 (€ 8,300); 291 (e 4,600).

Anal. Caled. for ChHNOgHCl: C, 53.30; H, 7.32;
N, 5.66; CH;0, 37.38. Found: C, 53.12; H, 7.39; N,
5.59; CH;O, 37.75.

DNP Derivatives of XVIId.—The aqueous solution of the
trimetlioxyamine XVIId hydrochloride was treated with
aqueous sodium bicarbonate and 2,4-dinitrofluorobenzene.
The orange-red product was recrystallized from ethanol,
m.p. 164.5-165.5° (reported?® 158°).

Anal. Caled. for CpHisN;Oq: N, 11.14.
10.79.

Asarylic Acid (XVIII) by Permanganate Oxidation of 2,4,5-
Trimethoxyphenethylamine (XVIId).—To tle solution of
0.5 g. of 2,4,5-trimethoxyphenethylamine (XVIId) hydro-
chloride in 40 ml. of water containing 1.5 ml. of pyridine was
added dropwise the solution of 1.15 g. of potassium permnar-
ganate in 33 ml. of water at room temperature. The per-
manganate color was discharged immediately. The reaction
mixture was filtered, and the residual manganese dioxide
was washed several times with hot water contaiing sodiuin
hydroxide. The combined filtrate was evaporated to a small
volume under reduced pressure, acidified with concentrated
hydrochloric acid and extracted three times with a mixture of
ether and ethyl acetate. The organic extract was washed
with water, then extracted twice with aqueous sodium bicar-
bonate solution. The aqueous bicarbonate extracts werc
acidified with concentrated hydrochloric acid and re-extracted
three times with a mixture of ether-ethyl acetate. The
combined ether-ethyl acetate extracts were evaporated to
dryness. The residual oil crystallized on trituration with
ether. The crude acid was sublimed in high vacuum (<10-3
mm., bath temperature 80-85°) and recrystallized from
aqueous ethanol, m.p. 145.5-146.5°, undepressed on admix-
ture with authentic asarylic acid. The infrared and ultra-
violet spectra wecre also identical with authentic XVIII;
AEB (u): 3.14m (OH); 3.42m; 3.45m; 3.57m; 5.82s (CO);
6.21s; 6.31lm; 6.59s; 6.78s; 7.08s. AEQE (mu): 220 (e
21,800); 258 (¢9,900); 312 (6,400).

Anal. Caled. for C,¢H1:0;5: C, 56.60; H, 5.70. Found:
C, 56.67; H, 5.87.

Asarylic acid was prepared by methylation of 2,4,5-tri-
hydroxybenzoic acid® in acetone with a large excess of po-
tassium carbonate and dimethyl sulfate overnight. After
addition of water to the reaction mixture it was acidified
with hydrochloric acid, extracted three times with ethyl ace-
tate. The combined extracts were evaporated to dryness,
whereupon the ester of asarylic acid crystallized, m.p. 95~
96°. The ester was saponified by boiling with excess aque-
ous methanolic sodium hydroxide on the steam-bath for 10
minutes. After cooling, the hydrolysate was acidified with
concentrated hydrochloric acid. Asarylic acid was obtained
as fine needles from the solution on cooling in ice, m.p.
146.5-147° after recrystallization from dilute ethanol.

2,4,5-Trihydroxyphenethylamine (6-Hydroxydopamine)
Hydrobromide.,—The solution of 600 mg. of 6-methoxydop-
amine (XIVc) hydrochloride in 25 ml. of a mixture of equal
volumes of 489, aqueous hydrobromic and glacial acetic
acid was refluxed gently under nitrogen overnight. The
solution was diluted with 25 ml. of water containing sulfur
dioxide, decolorized with active charcoal and filtered. The
colorless filtrate was evaporated to a small volume nnder re-
duced pressure and kept at 0°. The colorless firte ncedles

Found: N,

(36) Bargellini and Martegiani, Gasz. chiwm. dtaf., 42 1T, 355 (1912}
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were filtered and washed with a small volume of cold 489,
hydrobromic acid. There was obtained 650 mg. (95.5%),
m.p. 218-219°, The substance gave a single spot on paper
in several solvent systems (Table III). The ferric chloride
test gave a brown color; AEQ® (mu): 297 (e 4,700).

Anal. Caled. for CgHuNOzHBr: C, 38.41;
N, 5.60. Found: C, 38.42; H, 5.08; N, 5.60.
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Formation and Rearrangements of Aminochromes from a New Metabolite of
Dopamine and Some of its Derivatives'
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Spectrophotometric, polarographic and tritium studies demonstrate the easy oxidative cyclization of 2,4,5-trihydroxy-
phenethylamine (I), the new metabolite from dopamine, to the p-quinoid aminochrome IV, while 2-methoxy-4,5-dihydroxy-
phenethylamine (VII) goes to the o-quinoid aminochrome which is easily rearranged to the dihydroxyindole VIII. The
low oxidation—-reduction potential of I (E1/, +0.083 v.) is indicative of a p-quinoid oxidation product II whereas E1/, +0.172
v. of the methoxydopamine VII is characteristic of an o-quinoid oxidation product. The amine I containing two tritium
atoms in the benzyl position of the side chain retained all activity on cyclization to the final product, the aminochrome IV,
whereas the analogously tritium-marked VII lost as required one atom of tritium in the conversion to the indole VIII. The
conversion of 2-methoxy-3-bromo-4,5-dihydroxyphenethylamine (XIIa) via the crystalline aminochrome XIIla to 4-meth-
oxy-B-bromo-6,7-dihydroxyindole (XIV) extended and confirmed these observations and established the position of the

bromine in the starting amine,

The oxidation products of catecholamines, among
them the so-called aminochromes,® are of impor-
tance in the determination of (nor)epinephrine.t
So far they have no clear physiological role® no
significant pharmacological effects and only minor
therapeutic applications.5

The easy oxidation or metabolic conversion of
dopamine to 2,4,5-trihydroxyphenethylamine (I)!
adds to the recent interest in (dihydro)-indoles with
oxygen functions in position 4,7 6 and 7% which
would arise by intramolecular oxidative cyclization
of the ethaneamine side chain (I-VI).

The reversible polarographic half-wave (oxida-
tion-reduction) potentials of these amines can be de-
termined without interference of the side chain,
since any possible intramolecular addition would be
too slow to be significant.? Compound I has a
much lower oxidation-reduction potential (Ei/, +
0.083 v.) than its methoxy derivative VII (Ei, +
0.172 v.) which is incapable of forming a p-quinone,
reminiscent of the similar case IX @2 X (R = H or
CH;)" where the oxidation-reduction potentials of

(1) Oxidation Mechanisms,
JournNaL, 81, 6222 (1959),

(2) Visiting Scientist of the USPHS on leave of absence from the
Institute of Food Chemistry and Osaka City University, Japan.

(3) H. Sobotka and J. Austin, THIS JourNaL, 78, 3077 (1951).

(4) A. Lund, Acta Pharm. Tox., B, 75, 121 (1949); 6, 137 (1950);
U. S. v. Euler and J. Floding, Acta Physiol, Scand., 38, Suppl. 118, 45
(1935).

(5) Adrenochrome, ¢.z., is not present in blood: S. Szara, J. Axzelrod
and S. Perlin, Ant. J. Psychiatry, 118, 162 (1958).

(6) For arecent review ¢f. H. Sobotka, N, Barsel and J. D, Chanley,
“Progress in the Chemistry of Natural Products,’”’ edited by L. Zech-
meijster, Springer Verlag, Wien, Vol. 14, 1857, pp. 217-243; R. A.
Heacock, Chem. Revs., 59, 181 (1959).

(7) Cf. Psylocybine, A. Hofmann, A. Frey, H. Ott, Th. Petrzilka
and F. Troxler, Experientia, 14, 397 (1958).

(8) The indole related to mescaline, i.e., 5,6,7-trimethoxyindole,
seems to be devoid of central effects in cats [R. D. Morin, F, Benning-
tout and L, C, Clark, Jr., J. Org. Chem., 23, 331 (1957); 23,19 (1958)];
cf.. J. Org. Chem., 24, 917 (1959).

(9) E. G, Ball and T. T. Chen, J. Biol. Chem., 102, 691 (1933); K.
Wiesner, Biochem. Z., 813, 48 (1912); 814, 214 (1943).

(10) L. F. Fieser and M. A. Peters, Tuis JoURNAL, 83, 793 (1931).
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