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DL-8-(2-Pyridyl)-a-alanine has been synthesized in a good yield by the condensation of a-picolyl
chloride and diethyl acetamidomalonate and by the subsequent hydrolysis of the product. The
N-carbobenzoxy derivative of this amino acid, quite different from 3-pyridylalanine reported by
Griffith and Harwood, could easily be prepared in a good yield. Only the carbodiimide method
and the N-bromosuccinimide method proved to be successful in bringing the N-carbobenzoxylated
amino acid into a peptide-coupling reaction with an amine component. Other methods, i. e.,
the mixed anhydride method, the azide method and the p-nitrophenyl ester method, were unsuccess-
ful. It is noteworthy that, in the former cases, the activation of the carboxyl group occurs in
situ in the presence of an amine component. No difficulties were encountered in the coupling reac-
tion of the alkyl ester of this amino acid with usual N-protected amino acids. The alkaline hydro-
lysis of the protected dipeptide ester afforded the N-protected peptide in a good yield. The
catalytic hydrogenation could be used to remove the benzyl ester group as well as the carbobenzoxy
group without any damage to the pyridine ring. Decarbobenzoxylation also proceeded smooth-
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ly with hydrogen bromide in acetic acid.

In connection with the previous reports!> of this
series, the syntheses of pL-S-(2-pyridyl)-a-alanine
and its peptides will be reported in this paper. This
amino acid had already been synthesized in several
ways.2=% In this experiment it was prepared by
the condensation of diethyl acetamidomalonate and
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a-picolyl chloride, easily obtainable from a-
picoline, and by the subsequent hydrolysis of the
condensation product. Both the condensation and
the hydrolysis proceeded smoothly, and the hydro-
chloride of the amino acid was obtained in a good
yield (Scheme I). By treating the hydrochloride
with an ion exchange resin, there was obtained free
amino acid, which gave a characteristic yellow-
brown color in a ninhydrin test on paper.

The carbobenzoxylation of this free amino acid
with carbobenzoxy chloride proceeded smoothly in
water, with sodium hydroxide as the base, and gave
the expected carbobenzoxy derivative in a 77%
yield. According to Griffith and Harwood,®
3-pyridylalanine is carbobenzoxylated only in a low
yield (349%) by usual methods; they attributed
this low yield to ‘“‘the ability of carbobenzoxy-3-
pyridylalanine, once formed, to rapidly promote the
destruction of unreacted carbobenzoxy chloride.”
They also examined the carbobenzoxylation of
phenylalanine in the presence of an equivalent of
pyridine or a one-third equivalent of carbobenzoxy-
3-pyridylalanine and observed that “‘the yield of
carbobenzoxyphenylalanine fell essentially to zero.”
They concluded from these facts that organic
soluble pyridine derivatives facilitate the decom-
position of carbobenzoxy chloride in aqueous alkali.
Therefore, we attempted the carbobenzoxylation of
phenylalanine under similar conditions, using
2-pyridylalanine instead of 3-pyridylalanine, with

6) R. K. Griffith and H. J. Harwood, ibid., 29,
2658 (1964).
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a view to finding if there were any characteristics
similar to those claimed for the latter amino acid
derivative. The reaction, however, proceeded
normally, and carbobenzoxyphenylalanine was
isolated from the reaction mixture in a 909, yield;
no unfavorable effect of this amino acid was ob-
served during the carbobenzoxylation. A similar
carbobenzoxylation of phenylalanine in the pre-
sence of picolinic acid afforded carbobenzoxy-
phenylalanine in a 789, yield. In the presence
of an equivalent of pyridine, the yield of carbo-
benzoxyphenylalanine dropped to 429, (raw yield),
but not to zero, in spite of the description of Griffith
and Harwood.

The esterification of this amino acid proceeded
smoothly in the presence of p-toluenesulfonic acid,
giving 2-pyridylalanine benzyl ester in a 839, yield
as p-toluenesulfonate.

To examine the applicability of common peptide
synthetic methods to this amino acid, the coupling
of carbobenzoxy-2-pyridylalanine and glycine
benzyl ester was tried by the following four methods:
mixed anhydride method, dicyclohexylcarbodi-
imide method, azide method, and p-nitrophenyl
ester method.

(1) The mixed anhydride method: When
ethyl chloroformate was added, drop by drop, to
a dichloromethane solution of carbobenzoxy-2-
pyridylalanine and an equivalent triethylamine,
intense coloration (dark brown) occurred, even
under strong cooling, and after the addition of the
glycine ester, no expected dipeptide could be isolated
from the reaction mixture. The replacement of
triethylamine with a weaker base, N-ethylmor-
pholine, reduced the coloration of the reaction
mixture, but the dipeptide could not be isolated in
this case either.

(2) The dicyclohexylcarbodiimide method:
When dicyclohexylcarbodiimide was stirred into
a dichloromethane solution of carbobenzoxy-2-
pyridylalanine, glycine benzyl ester p-toluenesul-
fonate, and an equivalent of triethylamine under
ice-cooling, dicyclohexylurea soon began to be
separated. When the reaction was carried out at
room temperature, a strong coloration was ob-
served, as in the preceding method, but under
good cooling the color of the reaction mixture
remained a pale yellow. After the usual treat-
ment, the expected carbobenzoxy-dipeptide benzyl
ester was isolated in a 759, yield.

(3) The azide method: Carbobenzoxy-2-pyri-
dylalanylhydrazide could be obtained in a good
yield from carbobenzoxy-2-pyridylalanine through
its ester in a usual way. Into a solution of the
hydrazide in hydrochloric acid, covered with ethyl
acetate, there was stirred, drop by drop and under
sufficient cooling, a cold concentrated solution of
sodium nitrite and, after a few minutes, a 509,
potassium carbonate solution. At this stage, a
large quantity of an amorphous material, soluble

The Syntheses of pL-5-(2-Pyridyl)-a-alanine and Its Peptides

1635

in neither ethyl acetate nor an aquoeus alkaline
solution, was separated out. When the ethyl
acetate extract was made to react on the glycine
ester, with or without this amorphous material,
no expected dipeptide could be isolated. The
amorphous material, obtained here during the
preparation of the azide, melted at about 120°C.
It afforded 2-pyridylalanine by hydrolysis, and its
molecular weight was found to be 318; thus it was
assumed to be carbobenzoxy-2-pyridylalanine
amide, formed by the decomposition of carbo-
benzoxy-2-pyridylalanyl azide.

(4) The p-nitrophenyl ester method: To
synthesize carbobenzoxy-2-pyridylalanine p-nitro-
phenyl ester, dicyclohexylcarbodiimide was added
to a dichloromethane solution of carbobenzoxy-2-
pyridylalanine and p-nitrophenol. After the re-
moval of the precipitated dicyclohexylurea, the
filtrate was, with or without purification, made to
react on glycine benzyl ester, but no expected
dipeptide could be isolated. This result can be
attributed to the lack of success in the active ester
synthesis rather than to that in the coupling reac-
tion, because the attempts to obtain carbobenzoxy-
2-pyridylalanine p-nitrophenyl ester in a crystalline
state were all unsuccessful. Another attempt to
prepare the p-nitrophenyl ester by the reaction of
carbobenzoxy-2-pyridylalanine and p-nitrophenyl-
sulfite in pyridine at 50°C afforded only a black,
tarry material.

From these experiments, we concluded that, in
the case of 2-pyridylalanine, it is very difficult to
obtain the pyridylalanyl peptide by such methods
as the previous activation of the carboxyl group
of this amino acid and the subsequent addition of
an amine component. On the contrary, only
the activation of the acid component in sifu in the
presence of an amine component seems to give the
desired peptide, as is the case with the dicyclo-
hexylcarbodiimide method. To confirm these
assumptions, another coupling method, the N-
bromosuccinimide method, was attempted; this
method permits the activation of an acid component
in the presence of an amine component. Ac-
cording to the instructions of Wolman and his co-
workers” N-bromosuccinimide was added in small
portions to a mixture of carbobenzoxy-2-pyridyl-
alanine, glycine benzyl ester p-toluenesulfonate,
and three equivalents of triethylamine in tetra-
hydrofuran. From the reaction mixture, the
desired dipeptide could be isolated, though the
yield was very poor (about 6%,).

When pyridylalanine was used as an amine
component, no difficulty was encountered in
coupling reactions with other ordinary N-protected
amino acids. As an example, tritylglycine was

7) Y. Wolman, P. M. Gallop and A. Patchornik,
J. Am. Chem. Soc., 83, 1263 (1961); Y. Wolman, P. M.
Gallop, A. Patchornik and A. Berger, ibid., 84, 1889
(1962).
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coupled with 2-pyridylalanine benzyl ester by the
mixed anhydride method; tritylglycyl-2-pyridyl-
alanine benzyl ester was thus obtained in a 489%,
yield.

The alkaline hydrolysis of dipeptide esters
proceeds smoothly, on whichever side the pyridyl-
alanine residue may be situated, thus enabling
carbobenzoxy-pyridylalanylglycine or tritylglycyl-
2-pyridylalanine to be obtained from its esters in
a good yield.

In the case of peptide synthesis with this amino
acid, another problem remains to be clarified:
the stability of the pyridine ring during hydro-
genation. In order to study this problem, trityl-
glycyl-2-pyridylalanine benzyl ester was hydro-
genated in a quantitative hydrogenation apparatus,
using palladium black as a catalyst. One mole
equivalent of hydrogen was absorbed very quickly,
but then the rate of hydrogenation decreased
markedly; even after ten hours, the total volume of
the absorbed hydrogen did not amount to two mole
equivalents. When the incompletely hydrogenated
contents were treated with hot aqueous acetic acid
triphenylcarbinol was released, and from the
filtrate glycylpyridylalanine was isolated in a
chromatographycally-pure state. When carbo-
benzoxy-2-pyridylalanine was hydrogenated in
the presence of sodium hydroxide in the same
manner as has previously been reported,’> one
mole equivalent of hydrogen was absorbed very
quickly, but then the rate of hydrogenation dropped
markedly and only a small quantity of hydrogen
was absorbed even after a longer period. All
these facts show that the carbobenzoxy- and the
benzyl ester-groups can be removed very easily
by hydrogenolysis, but that the hydrogenolytic
removal of the trityl group proceeds with difficulty,
while the pyridine ring is preserved under these
conditions. In fact, the simultaneous hydro-
genolytic removal of the protecting groups from
carbobenzoxy-2-pyridylalanylglycine benzyl ester
proved to produce a good yield, accompanied by
no reduction of the pyridine ring.

The removal of the carbobenzoxy group with
hydrogen bromide in acetic acid proceeded smooth-
ly, without any recognizable side reactions.

Experimental

2-Picolyl Chloride (I). According to the method of
Itai and Ogura,® 2-pyridylmethanol,® obtained from
a-picoline through its N-oxide and acetate of 2-pyridyl-
methanol, was converted into 2-picolyl chloride (I)
by thionyl chloride. Bp 85—90°C/15 mmHg (lit.>
bp 70—80°C/5 mmHg). Strongly-irritating pink liquid.

8) T. Itai and H. Ogura, Yakugaku Zasshi (].
Pharm. Soc. Japan), 75, 296 (1955).

9) G. Kobayashi and S. Furukawa, Chem. Pharm.
Bull. Japan, 1, 347 (1953); V. Boekelheide and W.
J. Linn, J. Am. Chem. Soc., 76, 1286 (1954).
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Because of its strong resinifying tendency, it was used
for the next step immediately after distillation.
Diethyl (2-Pyridylmethyl)-acetamidomalonate
(). To a solution of acetamidomalonate (50 g) and
metallic sodium (5g) in ethanol (300 m{), the above
chloride (I) (28 g) was added, and then the mixture
was stirred for 6 hr under reflux. After the removal
of the precipitated sodium chloride by filtration, the
filtrate was concentrated and water was added. The
crystals separated were recrystallized from ethanol or

acetone. Yield, 919%. Mp 92.5—93°C (lit.> 90—
91°C).
pL-$-(2-Pyridyl)-g-alanine (III). The above

malonate (II) (20 g) was boiled with 6 N hydrochloric
acid for 8 hr. The solution was concentrated to dryness,
and the residue was dissolved in water and treated with
Amberlite CG-120 to obtain the free amino acid. Yield,
70%. Mp 200—208°C (lit.#> 200—210°C). Rj;*¢=
0.30 (free amino acid); 0.21 (hydrochloride).
Found: C, 57.58; H, 6.06; N, 17.27%. Calcd for
CsH,,O;N,: C, 57.82; H, 6.07; N, 16.86%.
Carbobenzoxy-pL-8-(2-pyridyl)-g-alanine  (IV).
To a solution of (III) (16.6 g) and sodium hydroxide
(4g) in water (50 ml), carbobenzoxy chloride (19 g)
and sodium hydroxide solution (sodium hydroxide
4 g; water 20 m/) were added under ice-cooling. When
the reaction had finished, the mixture was adjusted to
pH 4 with acetic acid. A white precipitate was collected
by filtration, washed with water thoroughly, and re-
crystallized from aqueous alcohol to give colorless
needles. Yield, 77%. Mp 145—147°C.
Found: G, 64.25; H, 5.45; N, 9.13%. Calcd for
CyeH;6O.Np: G, 63.99; H, 5.37; N, 9.33%.
pL-3-(2-Pyridyl)-g-alanine Benzyl Ester Di-p-
toluenesulfonate (V). A mixture of pyridylalanine
(IIT) (16.6g), p-toluenesulfonic acid monohydrate
(45 g), benzyl alcohol (20g), and benzene (200 mi/)
was boiled with occasional shaking and the continuous
azeotropical removal of water. After 8.5 hr the solu-
tion was cooled, whereupon the crystals which had
separated out were collected by filtration, washed
thoroughly with ether, and recrystallized from alcohol-
petroleum ether. Yield, 83%. Mp 158—159°C.
Found: G, 57.65; H, 5.27; N, 4.60%. Calcd for
CyoH320sN,S,:  C, 57.98; H, 5.37; N, 4.66%.
Carbobenzoxy-pL-$-(2-pyridyl) - ¢ - alanylhydra-
zide (VI). According to the method of Izumiya and
his co-workers,1® IV (40g) was converted into the
ethyl ester (yield 38.5g); it was obtained as a yellow
syrup and did not crystallize even after having been
stored for a long time. To a methanol (120 m!) solu-
tion of the ester, 909% hydrazine hydrate (10g) was
added and the mixture was allowed to stand for 2 days
at room temperature. When the clear solution had
been cooled well and triturated, voluminous crystals
were formed. Yield, 32.3g (77.1% from IV). After
recrystallization from ethyl acetate, it melted at 131—
132°C into a turbid liquid, which became clear at 137°C.
Found: G, 61.14; H, 6.00; N, 17.78%. Calcd for
CeHsOsN,: G, 61.13; H, 5.77; N, 17.83%.

*4 Circular paper chromatography. Solvent, n-
BuOH : AcOH : H;O=4:5:1.

10) T. Kato, K. Makisumi, M. Ono and N. Izumiya,
Nippon Kagaku Zasshi (J. Chem. Soc. Japan, Pure Chem.

Sect.), 83, 1151 (1962).
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Carbobenzoxy - DL -8-(2-pyridyl)-g-alanyl-glycine
Benzyl Ester (VI). a) The Dicyclohexylcarbodiimide
Method. Into a cold solution of IV (3g), glycine
benzyl ester p-toluenesulfonate (3.8 g), and triethyl-
amine (1.5 ml) in dichloromethane (80 m!), a solution
of dicyclohexylcarbodiimide (2.1 g) in dichloromethane
(2 ml) was stirred, drop by drop. After 2 hrs’ stirring
under ice-cooling, the mixture was allowed to stand
overnight at room temperature. The dicyclohexylurea
was then filtered off and washed with dichloromethane.
The pale yellow filtrate and the washings were combined
and washed successively with 0.5 N hydrochloric acid,
N sodium hydroxide, and water, and dried over sodium
sulfate. After the removal of the dicyclohexylurea
which had separated during the evaporation of the solvent
by filtration, the solution was concentrated to dryness.
The viscous syrup which remained soon solidified com-
pletely. Yield, 3.2g (72%). Mp 105—107°C (from
ethanol).

Found: G, 67.01; H, 5.70; N, 9.26%. Calcd for
CosHosOsN3: G, 67.10; H, 5.63; N, 9.39%.

b) The N-Bromosuccinimide Method. Carbobenzoxy-
pyridylalanylhydrazide (1.6 g), glycine benzyl ester
p-toluenesulfonate (1.7 g), and triethylamine (1.5g)
were dissolved in 30 m/ of tetrahydrofuran. Into the
cold solution solid N-bromosuccinimide (1.8g) was
then stirred in small portions. A remarkable evolu-
tion of gas was observed, and the color of the reaction
mixture gradually changed to yellow brown. After
the addition, the mixture was stirred for an additional
20 min, then diluted with water and extracted with
ethyl acetate. The extract was washed successively
with water, hydrochloric acid, a potassium carbonate
solution, and water, and then dried over sodium sulfate
and concentrated. The residual red-brown syrup
(0.74 g) was dissolved in alcohol, from which mixture
crystals were separated by letting it stand in a refrigerator
overnight. Yield, 0.17g (7.6%). Mp 105—107°C
(from alcohol). The crystals showed no depression
of the melting point when mixed with the preceding
specimen.

¢) An Attempted Coupling Reaction by the Azide Method.
A solution of VI (942 mg) in 1 N hydrochloric acid
(9 ml) was covered with ethyl acetate (12 ml), and then
into the mixture there was stirred a solution of sodium
nitrite (210 mg) in water (2 ml) at 0°C. After 2 min
a 509, potassium carbonate solution (3.6 m!) was added,
and the organic layer was separated. The aqueous
layer was extracted with ether. At this stage a large
amount of a solid material soluble in neither ethyl
acetate and ether nor water was separated. This
solid, insoluble also in aqueous alkali, melted at about
120°C. A paper chromatogram of the hydrolysate
with hydrochloric acid showed one spot identical with
that of an authentic sample of the hydrochloride of
pyridylalanine. The molecular weight was determined
to be 318 by a cryoscopic method, using 2,4,6-tri-
bromophenol as the solvent. From these evidences,
this substance was assumed to be carbobenzoxy-pr- 8-
(2-pyridyl)-@-alanine amide (molecular weight 299).
To the organic layer mentioned above, after it had been
dried over sodium sulfate, there was added an ether
solution of the glycine benzyl ester (obtained from 1.18
g of glycine benzyl ester p-toluenesulfonate), but from
the mixture no dipeptide derivative could be obtained.

Carbobenzoxy-DL-3-(2-pyridyl)- ¢ - alanyl-glycine
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(vIo). VII (2.3 g) was dissolved in methanol (60 m/
and hydrolyzed with N sodium hydroxide (6 m/) for
1hr at room temperature. The solution was then
diluted with water and treated with active charcoal.
The clear solution was acidified with acetic acid and
allowed to stand overnight in a refrigerator. The
crystals which thus separated were collected and washed
with water. Yield, 1.3g (72%). Mp 178—179°C.

Found: G, 60.36; H, 5.35; N, 11.62%. Calcd for
CysHgOsN;: G, 60.49; H, 5.36; N, 11.76%.
DpL-B-(2-Pyridyl)-g-alanyl-glycine (IX). a) By

the Hydrogenolysis of VII. Hydrogen gas was allowed to
bubble through a solution of VII (4.0 g) in methanol
(150 m!) for 4 hr in the presence of a Pd-catalyst (0.4 g).
The catalyst was then filtered off, and a large amount
of water was added to the filtrate. After treatment
with active charcoal, the clear solution was concentrated
in vacuo to a small volume, and then ethanol was added.
The hydrated dipeptide was separated as needles
(sintered at about 80°C), which became anhydrous
upon being dried at 110°C in vacuo. Yield, 1.5g
(75%). Mp 179—180°C. A paper chromatogram
showed only one spot (Ry*+=0.55).

Found: C, 53.23; H, 5.88; N, 18.78%. Calcd for
C;oH;30:N;: G, 53.80; H, 5.87; N, 18.839%

b) By the Action of Hydrogen Bromide in Acetic Acid
on VIII. A mixture of VIII (0.36 g) and 20% hydrogen
bromide in an acetic acid solution (ca. 2 ml) was kept
for 5 min at about 25°C. Ether was then added, and
the crystals were collected and washed several times
with ether. Yield, 0.42 g (quantitative). Mp 169—
171°C (decomp.). A paper chromatogram showed only
one spot. The free dipeptide obtained by the passage
of the hydrobromide through the column of an ion
exchange resin showed a chromatogram identical
with that of the sample obtained by the method a.
The hydrobromide of the dipeptide obtained by the
method a melted at 165—167°C (decomp.) and showed
no depression of melting point when mixed with the
hydrobromide obtained by the method &.

Tritylglycyl-DL-5 - (2-pyridyl) -z -alanine Benzyl
Ester (X). To a stirred solution of tritylglycine (4.7 g)
and triethylamine (2.1 m/) in dichloromethane (100 m/),
ethyl chlorocarbonate (1.43 m/) was added, drop by
drop, under strong cooling. To this mixture, after
an additional 30 mins’ stirring, there was added a
solution of V (9g) and triethylamine (4.2 m!) in di-
chloromethane (400 m/). The solution was left to
stand overnight at room temperature, then washed
with an aqueous citric acid, an aqueous sodium carbo-
nate, and water, and dried over sodium sulfate. When
the solvent was evaporated off, there remained a viscous
syrup (6g) which crystallized when triturated with
ethyl acetate and petroleum ether. Yield, 4g (48%).
Mp 119—121°C_(large cubes from ethyl acetate).

Found: G, 77.75; H, 6.32; N, 7.229%. Calcd for
C3sHy3O3N3: G, 77.81; H, 5.99; N, 7.56%.

Tritylglycyl-DL-$-(2-pyridyl)-g-alanine (XI). X
(666 mg) was hydrolyzed with N sodium hydroxide
(1.5 m!) in methanol (20 m/) for about 2 hr at room
temperature and then treated as usual. Amorphous
powder. Yield, 97%. Mp 93—95°C.

Found: C, 74.47; H, 5.69; N, 8.47%. Calcd for
CgoH,;O3N3: G, 74.82; H, 5.85; N, 9.03%.

Glycyl-pL-3-(2-pyridyl)-g-alanine  (XII). a)
From X. X (2.23g) was hydrogenated in aqueous
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methanol (methanol 100 m/; water 20 ml) in the
presence of a Pd-catalyst (0.2 g) with a quantitative
hydrogenating apparatus. In about 50 min 97 m/ of
hydrogen was absorbed, but thereafter the rate of the
absorption became so slow that even after 4 hr the
volume of hydrogen absorbed amounted only to 34 ml.
The solution, freed from the catalyst, was evaporated
under reduced pressure. The residue was treated
with 509, acetic acid on a boiling-water bath for 2 min;
water was then added, and the triphenylcarbinol thus
separated was filtered off. The filtrate decolorized
with active charcoal was concentrated to dryness under
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reduced pressure. Yield, 0.33g (37%). Mp 196—
200°C (from water - ethanol). A paper chromatogram
showed only one spot, Ry*¢=0.43.

Found: GC, 49.51; H, 6.31; N, 17.56%. Calcd for
CoH;s0:N3-H,O: G, 49.78; H, 6.27; N, 17.42%.

b) From XI. XI (200 mg) was dissolved in 709%
acetic acid (5 ml) and warmed to about 70°C for 10
min. Water was then added to the reaction mixture,
and it was treated as above. Yield, 82 mg (58%).
A paper chromatogram afforded an Ry value identical
with that of the preceding specimen.




