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8-(3,4-Dihydroxyphenyl)alanine (1), usually referred to
as Dopa, is a primary precursor in both catecholamine! and
melanin biosynthesis.? The levo isomer of 1 is also current-
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ly therapeutically useful in treating Parkinson’s disease.?
As a result of other studies in our laboratory, and because
of the potential physiological significance of methylated
analogs of 1, a study of the alkylation of Dopa with diazo-
methane was undertaken. Previous studies of the reactions
of some amino acids with diazomethane were conducted in
moist ether, absolute ethanol, or ethanol-water.? In the
present study, reactions were conducted in methanol-ether
(1:1). Such a common solvent mixture slightly enhances
solubility of the amino acid (relative to ether alone) and en-
ables a study of the reactions of three functional groups in
a nonaqueous medium.

Reactions were performed by suspending 0.05 mmol (10
mg) of 1 in 5 ml of methanol and adding 5 ml of a 0.2 M so-
lution of diazomethane (20 molar excess) in ether. Dopa
was initially relatively insoluble in the solvent system, but
solution was effected between 4 and 8 hr. In order to main-
tain a constant temperature, to minimize loss of reagent
and solvent, and to avoid artifacts due to light, the reac-
tions were carried out at 4°C, in a glass stoppered flask, in
the dark. The reaction times varied from 5 min to 24 hr and
the reaction products were studied by comparison of both
TLC and VPC with known synthetic products. In several
reactions, analyses of products were confirmed by ir spec-
tra and GC-MS data.

The treatment of Dopa with diazomethane led to eventu-
al alkylation of each functional group present, i.e., carbox-
yl, phenolic, and amino. With respect to time, the appear-
ance of each compound was in the order of increased meth-
ylation, i.e., 2 was detected before 3, 3 before 4, and 4 prior
to 5. Interestingly, traces of the trans cinnamate methyl
ester (6) appeared at 24 hr. At the end of 24 hr, the reaction
solution was clear and almost colorless, and at times longer
than 24 hr, no further change was observed in the reaction
products, an indication that all of the diazomethane react-
ed and/or evaporated. Essentially all of the reacted Dopa
could be accounted for by compounds 3-6 at the 24-hr time
period.
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Although Dopa is quite insoluble in methanol-ether, es-
terification commenced instantaneously as evidenced by
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the formation of 2 within 5 min. After 8 hr, essentially all of
1 had reacted. The phenolic groups were rapidly methyl-
ated and small amounts of 3 were detected at 5 min. At the
end of 16 hr, all traces of catechol (2) had disappeared. The
insolubility of 1 is apparently the prime cause for the slow
rate of esterification and methyl ether formation, since
both carboxyl and phenolic methylation of solubilized sub-
strates are usually quite rapid.

In the TLC observations, at least three additional spots
appeared at Ry values between that of 2 and 3. These spots
were observed as early at 5-10 min, reached maximum in-
tensity at 30-60 min, noticeably decreased after 2 hr, and
completely disappeared at the end of 16 hr. Attempts to
isolate the compounds causing these spots after a large-
scale reaction were fruitless. These substances could be un-
stable intermediates or other products which may have also
interfered with VPC analysis. Attempts to determine which
of the phenolic groups was first methylated were also pre-
cluded by the fact that the methyl esters of 3-O-methyl-
Dopa and 4-O-methyl-Dopa appeared at Ry values very
close to that of the unidentified spots mentioned above.?

The amino group was the slowest to react and N-methyl-
ation occurred only after the carboxyl and phenolic func-
tions had begun to react. However, N-alkylation was ob-
served before complete esterification was achieved. The
monomethyl analog 4 was detected within 1 hr and traces
of the N,N-dimethy! derivative 5 were observed at the 2-hr
time period. That the reaction pathway does not involve a
continuous direct methylation of the amino esters was
demonstrated by the fact that no reaction occurred at the
end of 24 hr when methanolic solutions of 3 or 4 were treat-
ed with ethereal diazomethane. These results could be ex-
plained by assuming small amounts of the dipolar ions con-
tinuously generated from Dopa and which can be slowly al-
kylated to the N-methylated zwitterions. In the present
study, the intermediate dipolar N-methylated amino acids
were not detected by TLC methods when the reaction was
conducted in the absence of water. However, when the re-
action was conducted in moist ether, the amino acids of 3,
4, and 5 were readily detectable. These observations are
also consistent with that of Kuhn and co-workers, who
demonstrated that when water was present in ether solu-
tions of diazomethane, N-methylated dipolar ions were
formed.? In absolute ethanol using dry diazomethane, the
esters were not converted into dipolar ions.4® With increas-
ing amounts of water, greater quantities of the dipolar ions
were formed, partly owing to the hydrolysis of the amino
methyl esters.

The cinnamate ester (6), however, was not obtained from
the uncharged amino methyl esters. To ensure that loss of
ammonia from 3 or dimethylamine from 5 to give 6 was not
base catalyzed, a mixture of 3 and 5 in MeOH-Et,0 for 24
hr also gave no reaction. When the free acid form, 7, was
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treated with diazomethane, the formation of 3, 4, 5, and 6
was observed.

Two plausible pathways leading to the formation of the
cinnamate ester (6) may be envisaged. Elimination of tri-
methylamine from 8 gives the unsaturated acid 9, which
upon additional methylation may produce 6. Similarly,
Hofmann elimination of the permethylated analogue 10
would furnish 6 directly.®

In no case could the trimethyl betaine (8) be isolated.
Even when water was used in place of methanol, the be-
taine could not be obtained. Several different methods of
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alkylation, including the use of dimethyl sulfate and meth-
yl iodide, failed to produce the betaine from 1. Kuhn had
isolated the trimethyl betaine of phenylalanine in 39%
yield (plus a 50% yield of amino ester)*® but no mention of
a betaine was made when tyrosine was made to react with
diazomethane.” The presence of alkoxy groups on the aro-
matic nucleus may enhance the formation of the conjugat-
ed cinnamyl system.

The syntheses of compounds 2-6 were achieved without
much difficulty, but provided some interesting observa-
tions. The formamide 11 was utilized in the preparation of
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4. In the NMR of 11, the methyl protons of the carbome-
thoxy group and the proton of the formyl group each ap-
peared as two peaks of approximately equal height, with
the former at 6 3.73 and 3.75 and the latter at § 7.84 and
8.00, respectively. These results may be explained by as-
suming two different configurations, i.e., the cis and trans
rotamers of 11, which are quite common in N-substituted
formamides.? Similar observations in the NMR have been
previously reported for esters of substituted formamides.?
Thus, the protons giving rise to two peaks exist in different
chemical environments having a population of approxi-
mately 50% each. One might also expect to observe two
peaks for the N-methyl protons as well. Although two dis-
tinct peaks were not observed, the NCHjg peak at § 2.86 had
a break in it and was not as sharp as the NCHj3 peaks of 4
and 5. Addition of deuteriobenzene clearly separated the
N-methyl peaks, resulting in a significant upfield shift of
the methyl trans to the amide carbonyl.®?

The N,N-dimethyl analogue 5 could be prepared in
quantitative yield by catalytic reductive alkylation of 3.19 It
was essential that the free base was used, since the hydro-
chloride of 3 apparently gave the isoquinoline derivative,
the NMR of which was similar to that of analogous com-
pounds previously reported.!?

Finally, the hydrochlorides of 3, 4, and 5 were converted
to analytical samples of the free amines by passing metha-
nolic solutions of the hydrochlorides through an anion
(OH™) exchange column and elution with methanol. Very
little ester hydrolysis was observed in this very useful but
apparently seldom used procedurel? for conversion of the
amine salt to the free amino ester.

Experimental Section

Ir spectra were obtained with CHClj; solutions recorded on a
Perkin-Elmer Infracord Model 137B. NMR spectra were obtained
from a Varian 60-MHz instrument with CDCl; solutions (except
where noted otherwise) using Me,Si as an internal standard. Re-
ported NMR data are expressed in é units. Mass spectra were ob-
tained using a LKB Model 9000 gas chromatograph-mass spec-
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trometer. VPC was performed employing a Varian Model 1860
unit in the fid mode; column conditions 6 ft X 0.125 in. stainless
steel 3% OV-1 on Supelcoport, 160°, 30 ml/min He flow. Recorded
Ry values are the averages of at least five runs on silica gel GF
plates (250 um thick, Analtech) with CeHg—~CH30OH (6:1) as a sol-
vent. Prior to use, the plates were dried at 120°C for 2 hr, then
transferred immediately to a desiccator containing Drierite. For
comparison on TLC the amino acids of 3, 4, and 5 were obtained
by hydrolysis of the related esters. Melting points were observed in
capillaries in a Thomas-Hoover apparatus and are uncorrected.
Purified compounds gave one spot on TLC, and one peak on VPC.
Elemental analyses were performed by Spang Microanalytical
Laboratory, Ann Arbor, Mich. Dopa was purchased from Nutri-
tional Biochemical Corp. and was found to be chromatographically
(TLC) pure.

General Procedure for the Reactions of Dopa with Diazo-
methane. An ethereal solution of diazomethane was prepared
from N,N’-dimethyl-N,N’-dinitrosoterephthalamide.!® Titration
with benzoic acid'4 indicated the diazomethane solution to be 0.2
M. To a 50-ml round-bottom flask containing a Teflon-coated
magnetic stirring bar and a suspension of finely powdered 1 (10
mg, 5.1 X 1072 mmol) in absolute methanol (5.0 ml) was added 0.2
M diazomethane-ether (5.0 ml, 20-fold excess). The reaction flask
was stoppered lightly and placed in the cold room at 4° in the
dark. Single reaction runs were made at 5, 10, 15, 20, 30, and 45
min, Duplicate studies were made at 1, 2, 4, 8, 16, and 24 hr. The
solvent was removed at the rotary evaporator at 25° or less and the
reaction residue was treated with 1.0 ml of absolute methanol.
Both TLC and VPC results were compared with standard solu-
tions prepared from the synthetic compounds. Identification of the
amino acid methyl esters was also confirmed in a few reactions by
gas chromatography-mass spectrometry, and by observing the de-
crease of ir absorbance of the N-H bond (ca. 3300-3400 cm™1) as
time progressed.

dI-$-(3,4-Dihydroxyphenyl)alanine Methyl Ester (2). The
methyl ester hydrochloride of 1 was prepared in greater than 95%
yield by either of two methods: (a) refluxing in CH3OH saturated
with HCl gas for several hours or (b) gentle refluxing for 1-2 hr in
SOClz-CH30H. The free amine was liberated from the hydrochlo-
ride using the method of O’Neill et al.l® Recrystallization from
CHClg-petroleum ether (bp 30-60°) gave white crystals, mp 124
126° (lit.15 126°), R; 0.32.

dl-3-(3,4-Dimethoxyphenyl)alanine Methyl Ester (3). Using
the procedure of Schrecker and Hartwell,1® N.-formyl-5-(3,4-di-
methoxyphenyl)alanine was refluxed in CH;OH saturated with
gaseous HCI to give 3 HCl in 97% yield. Recrystallization from -
CH30H-Etp0 gave white crystals, mp 183.5-184° dec (lit.16 185
186° dec). A solution of the hydrochloride (551 mg, 2.0 mmol) in a
minimum amount of methanol was placed on a chromatography
column (1 X 30 c¢m) containing Bio-Rad Dowex Ag-1X-8 (200-400
mesh, OH~ form) and eluted with CH3;OH.12 After 1 ml of forerun,
2-ml fractions were collected and monitored by TLC. Fractions
5-13 were combined to yield 393 mg (82%) of the free amine 4 as a
straw-colored oil: Ry 0.47; ir 3400, 3340 (NH,), 1735 cm~! (C==0);
NMR 6 1.50 (broad, NHy), 2.98 (d, 2, CHy), 3.2-2.4 (m, 1, CH), 3.71
(s, 3, CO2CHy3), 3.86.(s, 6, ArOCHjy), 7.73-7.80 (m, 3, ArH); m/e 239
(M%), 180 (M* — CO2CHj), 151 (M* — HyNCHCO2CHj). Anal.
Caled for CipH7NOy: C, 60.24; H, 7.16; N, 5.85. Found: C, 59.78;
H, 7.03; N, 5.60.

dI-N-Formyl- N-methyl-8-(3,4-dimethoxyphenyl)alanine
Methyl Ester (11). The preparation of 11 was conducted similar
to a procedure described by Olsen.'” To a solution of N-formyl-3-
(3,4-dimethoxyphenyl)alanine'® (1.012 g, 4.0 mmol) in 20 ml of
freshly distilled anhydrous DMF was added 1.2 ml (19.6 mmol) of
CH:1, followed by freshly prepared Ags0 (2.784 g, 12.0 mmol). The
reaction mixture was stirred for 12 hr at room temperature and fil-
tered, and the solid was washed twice with 1-2 ml of DMF. CHCl3
(100 ml) was added to the filtrate and a slight precipitate formed.
The filtrate was transferred to a separatory funnel and washed
with 5% aqueous KCN (2 X 20 ml) and distilled HoO (4 X 20 ml or
until neutral to pH paper), then dried (MgSO,) overnight. The so-
lution was decanted and evaporated (under 40°) to an oil. Last
traces of solvent were removed at 35° (0.5 mm), giving 760 mg of
yellow-brown oil. White crystals could be obtained from the oil in
either of two ways: (a) addition of EtOAc to about twice the vol-
ume of oil and storage of the solution in the refrigerator for several
days, or (b) chromatography on silicic acid, eluting with CH.Cl,
and then CHyCl,-CH30H (9:1). Recrystallization from EtOAc
gave mp 92,5-105°.!% Attempts to recrystallize from at least 13 dif-
ferent solvent systems either failed to give crystals or did not fur-
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ther affect the melting point range: ir 1735 (ester C=0), 1665
cm™! (amide C==0); NMR § 2.86 (s, 3, NCHg), 3.20 (d, 2, ArCH3),
3.4-3.6 (m, 1, CH), 3.73 and 3.75 (s, s, 3, COsCHj3), 3.84 (s, 6,
ArOCHyg), 6.67-6.83 (m, 3, ArH), 7.84 and 8.00 (s, s, 1, CHO); upon
addition of CgDs all peaks shifted upfield with separation of the
NCH;3 and ArOCHj signals into each of two distinct peaks; m/e
281 (M%), 222 (M* - CO.CHj), 151 [M* — CH;3(CHO)-
NCHCO:CHj, base]. Anal. Caled for C14H1oNOs: C, 59.78; H, 6.81;
N, 4.98. Found: C, 59.54; H, 6.61; N, 4.87.

dl-N-Methyl-8-(3,4-dimethoxyphenyl)alanine Methyl Ester
(4). Using the procedure above for the preparation of 3, 155 mg
(0.05 mmol) of 11 was converted to the hydrochloride of 4. Recrys-
tallization from CgHe-CH3OH gave 92 mg (58%) of 4 HCl as a
white solid (one spot on TLC). Utilizing the ion-exchange proce-
dure described above, 66 mg of free amine was obtained as a clear
oil: Ry 0.50; ir 3300 (NH), 1725 em~! (C=0); NMR 6 1.60 (broad,
NH), 2.35 (s, 3, NCHg), 2.90 (d, 2, CHj), 8.28-3.50 (m, 1, CH), 3.67
(s, 3, CO2CH,), 3.87 (s, 6, ArOCH3), 6.70 (m, 3, ArH); m/e 253
(M*), 194 (M* -~ COsCHjy), 151 M+ — H3CNHCHCO,CHj3), 102
(H3C*NH=CHCO,CH3s, base). Anal. Calcd for C;sH;9NOy C,
61.64; H, 7.56; N, 5.53. Found: C, 61.67; H, 6.99; N, 5.45.

dl-N,N-Dimethyl-§-(3,4-dimethoxyphenyl)alanine Methyl
Ester (5). To a solution of 3 (95.6 mg, 0.4 mmol) in 2 ml of CH30H
were added paraformaldehyde (85 mg), 10% Pd/C (50 mg), and an-
hydrous MgS0, (50 mg). The mixture was subjected to a reductive
alkylation at 45° similar to the procedure of Bowman and Stroud!®
to give 5 (107 mg, 100%) as a colorless, clear oil. An analytical sam-
ple of the free amine was prepared by making the solid hydrochlo-
ride, and recrystallization, followed by the ion-exchange procedure
described above: Ry 0.60; ir 1725 cm™! (C=0); NMR 6 2.38 (s, 6,
NCH3y), 2.94 (dd, 2, CHy), 3.28-3.47 (m, 1, CH), 3.59 (s, 3,
CO2CHas), 3.84 (s, 6, ArOCHs), 6.75 (s, 3, ArH); m/e 267 (M*), 151
[M* —~ (H3C)oN=CHCO.CHj], 116 [(H3C)s*N=CHCO;CH3,
base]. Anal. Caled for Ci;4HoiNOg C, 62.90; H, 7.92; N, 5.24.
Found: C, 62.81; H, 7.86; N, 5.15.

When the hydlochlonde of 8 was treated under identical condi-
tions stated above, the major product appeared to be the isoquino-
line analogue. Ion exchange produced an oil: NMR & 2.53 (s, 3,
NCHa), 3.04 (d, J = 6 Hz, 2, ArCH,CHCOg-), 3.54 (t, J = 6 Hz, 1,
CH), 3.72 (s, 3, CO,CH3), 8.83 (s, 8, two ArOCHj3 + ArCH,N), 6.54
(s, 1, ArH), 6.60 (s, 1, ArH).

3,4-Dimethoxycinnamic Acid Methyl Ester (6). The cinna-
mate ester was prepared from the free acid by gentle refluxing in
SOCI>-CH30H, mp 60-62° (lit.!° 68-69°), R, 0.88.

Acknowledgments. This investigation was supported in
part by NIH Grant CA-11959. Mass spectra were obtained
by Mr. John Naworal on an LKB-9000 supported by NIH

J. Org. Chem., Vol. 40, No. 24, 1975 3613

RR-00273. Appreciation is also extended to James Ramsey
(supported by ACS Project Seed) and Donald Evans for
some technical assistance. 3-O-Methyl-Dopa and 4-O-
methyl-Dopa were kindly provided by Dr. Sidney Teitel of
Hoffmann-La Roche, Inc.

Registry No.—1, 63-84-3; 3, 56771-16-5; 3 HCl, 56771-17-6; 4,
56771-18-7; 5, 56771-19-8; 5 HCl, 56771-20-1; 11, 56771-21-2; N-
formyl-3-(3,4-dimethoxyphenyl)alanine, 53053-93-3; 2-methyl-3-
carbomethoxy-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline,
56771-22-3; diazomethane, 334-88-3. -

References and Notes

(1) H. Blaschko, J. Physiol. (London), 96, 50P (1939); M. Sandler, Schwaiz.
Med. Wochenschr., 100, 526 (1970).

(2) H. S. Raper, Biochem. J., 21, 89 (1927); W. L. Duliere and H. S. Raper, |
ibid., 24, 239 (1930); H. S. Mason J. Biol. Chem., 172, 82 (1948).

(3) W. Birkmayer and O. Hornykiewicz, Wien. Klin. Wochenschr., 73, 787
(1961); A. Barbeau, T. L. Sourkes and G. F. Murphy, ‘“Monoamines et
Systeme Nerveux Centrale'”, J. de Ajuriaguerra, Ed., Masson, Paris,
1962; O. Hornykiewicz, Fed. Proc., Fed. Am. Soc. Exp. Biol., 32, 183
(1973).

(4) (a) R. Kuhn and W. Brydowna, Chem. Ber., 708, 1333 (1937); (b) R.
Kuhn and H. W. Ruelius, ibid., 83, 420 (1950).

(5) With the aid of three different spray reagents, the unidentified sub-
stances appearing at Ry values between that of 2 and 3 afforded differ-
ent colors than that observed by spraying samples of 3-O-methyl-Dopa
and 4-O-methyl-Dopa. Based on the overall observations, it appears
that very small amounts, if any, of the monomethoxy methyl| esters are
present during the reaction.

(6) Diazomethane-catalyzed eliminations of quaternary salts of structurally
related §-phenylethylamines have recently been reported; cf. J. Nagha-
way, N. A, Shaath, and T. O. Soine, J. Org. Chem., 40 538 (1975).

(7) J. Herzig and K. Landsteiner, Biochem. Z. 105, 111 (1920).

(8) (a) L. A. LaPlanche and M. T. Rogers, J. Am. Chem. Soc. 85, 3728
(1963); (b) W. E. Stewart and T. H. Siddall, lll, Chem. Rev., 70, 517
(1970).

(9) D. J. Abraham, N. R. Farnsworth, R. N. Blomster, and A. G. Sharkey,

Jr., Tetrahedron Lett., 317 (1965).

(10) R. E. Bowman and H. H. Stroud, J. Chem. Soc., 1342, (1950).

(11) A. Brossi, A. Focella, and S. Teitel, Helv. Chim. Acta, 55, 15 (1972).

(12) B. Grefsgard, Medd. Nor. Farm. Selsk., 21, 25 (1959); Chem. Abstr., 53
22732c¢ (1958).

(13) J. A. Moore and D. E. Reed, Org Synth., 41, 16 (1961).

(14) F. Arndt, ‘‘Organic Syntheses Collect. Vol. I, Wiley, New York, N.Y.,
1943, p 165.

(15) J. J. O'Naill, F. P. Veitch, and T. Wagner-Jauregg, J. Org. Chem., 21,
363 (1956).

(16) A. W. Schrecker and J. L. Hartwell, J. Am. Chem. Soc., 79, 3827
(1957).

(17) R. K. Olsen, J. Org Chem., 35, 1912 (1970).

(18) The wide range in melting point was not unexpected since NMR re-
vealed the presence of two distinct cis and trans rotamers.

(19) E. Adler and K. J. Bjorkquist, Acta Chem. Scand., 5, 241 (1951).



