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Walden Inversion of Amino Acids. VI. The Synthesis
of D-Surinamine (N-Methyl-D-tyrosine)

By Nobuo IzuMIYA and Atsuo NAGAMATSU

(Received March 27, 1952)

The synthesis of n.-surinamine was carried CeH,,OH C¢H,0CH,
out by Fischer and Lipschitz® from 1.-tyrosine (,LH (13 H
through p-toluenesulfonyl derivatives. Recently, é} 2 —> é ?
Corti® treated r.-tyrosine with dimethyl sulfate L-IINHCHO HNHCHO
and obtained r-surinamine, But no synthesis :
of p-surinamine has yet been attempted. The (’0?}1 (n JJO:) H (®)
present study was undertaken to accomplish ) .
the synthesis of n-surinamine, and the reactions Cel1,0CH,4 CeH(OCH,
utilized were as follows: (BHS H,

—_ —
éHNHg (lHBr
(1) E. Fischer and W. Lipschitz, Ber., 48, 360 (1915). ‘JJOOH () éOOH (V)

(@) TU. A. Corti, Helv,, 32, 681 (1949). L [1]
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CeH,0CH, CeH,0H

bu, bu,

J)]EILT.EIGH‘1 - &HN‘HCH,
00H (V) JJOOH (W)

D D

One of us (N. L) has reported the results of
his studies on Walden inversion of some amino
acids,® such as § -benzoyl-L-ornithine, &-
benzoyl-1-lysine, L-methionine, S-methyl-1.-
cysteine, S-butyl-n-cysteine, S-benzyl-L-cys-
teine, O-methyl-1.-threonine, B-methoxy-nL-
norvaline and 1 (or 3)-benzyl-i-histidine, and
recognized a certain regularity in the case of
amination and methylamination at 0 and
100° of the [1]-a-bromo acid prepared by
the action of nitrosyl bromide on L-amino
acid.

O-Methyltyrosine produced by the action of
ammonia on the bromo acid (IV) at 100° was
racemic, but O-methyltyrosine obtained at 0°
was of p-form and showed the occurrence of
Walden inversion. In the case of methylami-
nation either at 100 or 0° the obtained O,
N-dimethyltyrosine was of p-form. But it
must be noted that Rivers and Lerman®
synthesized O-methyl-p-tyrosine before we did
by the reaction of ammonia on bromo acid
(IV) at 0°.

Though N-formyl-L-tyrosine was synthesized
by Fischer® in 1907, we obtained a good yield
of the substance by the method of Fruton and
Clarke.® O-Methyl-L- tyrosine had already
been prepared by Behr and Clarke®™ by
methylation and subsequent hydrolysis of N-
acetyl-r.-tyrosine, and by Rivers et al.® by
catalytic reduction of O-methyl-N-carbobenzoxy-
L-tyrosine. But, the method adopted by the
present authors seems preferable to the existing
methods described above in the yield and the
procedure. The compound (III) had [a]b=
—5.7° (the authors), [alp=—5.9°" and
[@)p=—10.0°.® Therefore, it was expected
that we might obtain a partly racemized pro-
duct after formylation. But actually, L-tyro-
sine obtained by the hydrolysis of our -O
methyl-L-tyrosine and p-surinamine by the
methylamination of bromo acid (IV) and sub-

(8) N. Izumiya, J. Chem. Soc. Japan, Pure Chem. Sect.,
71, 500 (1950), 72, 26, 149, 445, 560, T02, 1060 (1951); The
result of concerning, 1 (or 3)-benzyl-L-histidine is unpub-
lished.

(#) R. P. Rivers and J. Lerman, J. Endocrinol., 5, 223
(1948).

(6) E. Fischer, Ber., 40, 3716 (1907).

8 J. 8. Fruton and H. T. Clarke, J. Biol. Chem., 106,
667 (1984).

(T) L.D. Behr and H. T. Clarke, J. Am. Chem. Soc., 54,
1630 (1982).
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sequent hydrolysis were optically pure sub-
stances.

Experimental

N-Formyl-L-tyrosine (I).—r-Tyrosine (18.1g.),
having m.p. 314~316° (decomp.) and [aly=—121°
(c=2.81, 3x HCI), was treated with 859% formic
acid (220ce.) and acetic anhydride (65cc.) by
Fruton and Clarke’s method of formylation. At
the end of the reaction, the solution was evapora-
ted under reduced pressure. An ice cold N-hydro-
chloric acid was added to the remaining product
to dissolve tyrosine not reacted on,and the com-
pound (I) was collected by filtration, and washed
with a small amount of cold water. It was
recrystallized [rom water, and obtained 16.3g.
(vield 78%). It had no crystal water and remain-
ed as a non-hydrated compound even when
exposed to the air for a long time. It has m.p.
170~171° and [a]h= +89.4° (¢=1.74, ethy] alcohol).
Found: N, 6.64%; neut. equiv., 213. Calculated
for CyoH,,O04N: N, 6.70%; neut. equiv., 209.1.

Fischer® has described this substance as having
one mole of crystal water, m. p. 171° and [e)D =
+84,8° (dried substance, ¢=2.20, alcohol).

0-Methyl-N-formyl-L-tyrosine (I1).—The com-
pound (I) (20.9g.) was dissolved in 4w -godium
hydroxide (50 ce.). The solution was then treated
alternately with 4x-sodium hydroxide (10 cc.) and
dimethyl sulfate (476 cc.) with mechanical stir-
ring, the temperature being held at 30~35° by
cooling; the addition was repeated four times in
all. Stirring was continued for two hours at room
temperature after all of the dimethyl sulfate had
been added. The solution was acidified with 8x-
nitric acid, and the crystal was collected and
recrystallized from water. 20.3g. was obtained
(vield 919;). It had m. p. 152~154° and [«1h=
494,70 (c=2.11, alcohol). Found: N, 6.31%; neut.
equiv., 226. Caleulated for C,;H;;O;N: N, 6.28%,
neut, equiv., 223.1.

The compound (I) was methylated with methyl
iodide and sodium hydroxide in the usual way,®
and the product obtained had m. p. 151~154°,
showing correct elementary analysis. But, in this
case, the fact that the product contained a small
amount of the compound (I) was recognized in
the paper chromatogram of the hydrolysate of
this product.

0-Methyl-L-tyrosine (111).—The compound (IT)
(11.2 g) was hydrolysed with 3x-hydrochloric acid
(100 ce.) for 2 hours. The solution was evaporated
under reduced pressure, and the concentration
was repeated with the addition of water. The
residue was dissolved in a small amount of
water and neutralized with ammonia. After co-
oling, the resulting crystal was collected. This
was recrystallized from hydrochloric acid and
ammonia, and 8.6 g. was obtained (yield 88%). It
had m. p. 263~265° (decomp)) and [alp=—5.7°
(¢=2.02, 3x HOl. Its phenylhydantoic acid had
m, p- 176° and [a]g=+127.5 (c=3.89, alcohol).

Its p-toluenesulfonyl derivative had m.p. 66~
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67° and [e]p=+32.8° (c=3.34, alcohol). Found:
N, 3.88%. Calculated for C\;H;sOsNS: N, 4.01%.
The compound (III) was converted into w-
tyrosine by the action of hydroiodic acid. The
resulting r-tyrosine was confirmed as optically
pure, and had [a]p=—11.9 (c=257, 3N HCI).
Behr et al.c? have reported the compound (IIT)
as having m. p. 264~265° (decomp.) and [e)b=
—5.9° (29 in x HCD, and its phenylhydantoic
acid as bhaving La]%=+123.6° (4% in alcohol).
Rivers et al.® have reported the compound (III)
as having m. p. 259~260° (decomp.) and [e]h=
—10.0° (29 in ~ HCI),
[L]-e-Bromo-8-(p-methoxy phenyl) propionic
acid (1V),—The compound (III) (0.1 mol) and
potassium bromide (0.35 mol.) were dissolved in
2.5x-sulfuric acid (0.52 mol.). To the mixture was
added sodium mnitrite (0.16 mol) in the usual
way.® The resulting pale yellow crystal was
collected, washed with water. Ths yield was 84
9%. It had m. p. 85~89° and []p=+13.8° (c=
1.74, alcohol). It became oily when it was re-
crystallized from aleohol and water. Found: Br,
29.49;. Calculated for C;gH;O,Br: Br, 30.8%.
Rivers et al.(9 have reported it as having m.
p. 98~99°.
0-Methyl-Dr-tyrosine.— The brome acid (IV)
(5.18 g.) was dissolved in 60 cc. of ammonia (sat-
urated at 0°) and heated in a sealed tube at 100°
for 1 hour. The solution was evaporated to
dryness under reduced pressure, and the residue
was collecied by the aid of a small amount of
cold water. 1t was recrystallized from hydrochloric
acid and ammonia, and 3.20g. was obtained
(yield 8294). This had m. p. 285~287° (decomp.)
and no rotation. Found: N, 7.249;. Calculated
for CyoH;;O;N: N, 7.189. Its phenylhydantoic
acid had m. p. 192~193° and showed no appre-
ciable rotation. Found: N, 9.079%. Caleulated
for Cy;HISON,: "N, 8.929%.
Dakint® has reported O-methyl-pr-tyrosine as
having m. p. 295° (decomp.).
0-Methyl-p-tyrosine.—The bromo acid was dis-
solved in ammonia in the manner deseribed above
and kept at 0° for 7 days. The yield was 79%.
It had m.p. 262~268° (decomp.) and [e]p=+5.4°
(¢=2.11, 3x HCl. Its phenylhydantoic acid had
m. p. 176° and [a]h=—124.6° (c=2.84, alcohol).
0, N-Dimethyl-p-tyrosine (V).—(A) The bromo
acid (5.18 g.) was dissolved in 88ce. of aqueous
methylamine (339%) and heated in a sealed tube
at 100° for 30 minutes. The solution was concen-
trated under reduced pressure, and the residue
was collected. It was recrystallized from hydro-
chloric acid and ammonia, and 2.38 g. was ob-

&) I. D. Dakin, J. Biol. Chem., 8, 20 (1911).
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tained (yield 5793). It had m. p. 247~-248°
(decomp.) and [elf=—3.9° (c=2.02, 3x HOD.
Found: N, 6.74%. Calculated for C;;H,;s0,N: N,
6.70%5. (B) The bromo acid was treated in the
manner described above and kept at 0° for 5
days. The yield was 64%. It had m. p. 247~
249° (decomp.) and [e]p=—3.8° (c=2.54, 3N HCI).
Found: N, 6.77%. Caled.: N, 6.709%.

D-Surinamine (VI)—(A) The compound (V)
2.09g), [e]5=—39° was dissolved in 20 cc. of
hydroiodic acid (saturated at 0°) and warmed
in a sealed tube at 70° for 30 minutes. The solu-
tion was concentrated under reduced pressure
repeatedly by adding some water each time. The
residue was dissolved in a small amount of water
and neutralized with ammonia. The resulting
product was recrystallized from hydrochloric acid
and ammonia, and 1.74 g. was obtained (yield 8%
%). It had m. p. 273~274° and [e]p=—18.9°
(c=1.74, 3x HCI). Found: N, 7.079%. Calculated
for C;H,;,0,N: N, 7.18. (B) In the manner des-
cribed above, p-surinamine was obtained from
the compound (V) (elh=—3.8%. It had m. p.
278~275° (decomp.) and [alf=—19.1 (€=2.02,
3x HOCD.

Fischer et al.('’ have reported r-surinamine as
having [elp=+19.8° and Corti‘® as having m. p.
273° (decomp.) and [elh=+191~19.3,

Rf values of paper chromatography.—The com-
position of each solvent was as follows:—phenol:
water=100:15, collidine:lutidine=2:5 (saturated
with water); acetic acid-n-butanol:water=1:4:1.
The figures denote the volumes. The amino acids
were dissolved in x-hydrochloric acid and tested.

Solvent
N
Amino acid Collidine Acetic acid
Phenol + +
Lutidine Butanol
r-Tyrosine 0.57 0.61 0.60
p-Surinamine 0-83 0.66 0.66
O-Methyl-1-tyrosine 0.77 0.59 0.70
0, N-Dimethyl- 0.86  0.64 0.78

p-tyrosine
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