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It has been shown in a previous investigation (1) that the racemization of the sodium salt of acetyl-Z-tryptophane in aqueous
solution by acetic anhydride encountered by du Vigneaud and
Sealock (2) is a reaction which can be extended to other amino
acids. The reaction seems,in fact, to be a general one for primary
c-u-aminoacids and can be used for the preparation of the racemic
modification of these amino acids. In the case of acetylcystine,
however, some decomposition accompanied the racemization of
the compound, free sulfur and hydrogen sulfide being formed.
Proline which contains a secondary amino group was not racemized
by this treatment.
It was also shown that the formyl as well as
acetyl derivatives of amino acids could be racemized by this
method.
The mechanism of this reaction attracted our interest because
of the mildness of the conditions under which the reaction takes
place and the fact that it occurs in aqueous solution. It seemed
reasonable to assume that the racemization was brought about
either by some catalytic effect or by some definite reaction involving the groupings attached to the asymmetric carbon atom in contrast to the type of racemization such as that caused by boiling
acid. Such reactions as the latter are generally regarded as occurring without a change in constitution of the molecule other than
that of the arrangement of the groups around the asymmetric
atom, this change being due merely to the increased vibration of
t,hese groups. In the racemization reaction we have under con143
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sideration some chemical reaction undoubtedly
occurs with the
formation of an intermediary
molecule in which the asymmetry
is
destroyed.
A keto-enol shift might seem at first sight to explain our racemization reaction, but the fact that we were unable to obtain
racemization with acetylproline seems to us to be a strong argument against such an assumption.
There is no convincing reason
why acetylproline should not give a keto-enol shift as indicated
in the following equation as well as any other amino acid since it
has a hydrogen atom on the a-carbon atom.
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The failure of this compound to racemize would also eliminate as
an explanation of our reaction the following keto-enol rearrangement suggestedby Bergmann and Zervas (3) for their racemization
reaction, since acetylproline would be expected to behave similarly
to other amino acids in this respect.
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A possible mechanism which seemsto us to agree with the experimental evidence is one that is based upon a transitory formation of the azlactone of the acylated amino acid. It is known that
whenever an azlactone of an amino acid which contains a hydrogen
atom on the a-carbon atom is formed, racemization results. This
may be due to the migration of the hydrogen atom as represented
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by the shift from (11) to (III) or to the carbon of the acyl grouping
as indicated by the conversion of (II) to (IV).
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Either hydrogen atom shift in the azlactone ring would explain
our racemization.
Further the necessity of the formation of the
azlactone in our racemization would explain the lack of racemization of proline since a true azlactone of proline or of any amino
acid with a secondary amino group cannot be formed.
Since the behavior of proline is quite crucial for this theory, we
felt that the behavior of some substituted
amino acids besides
proline should be investigated.
We therefore synthesized
Nmethyl-l-phenylalanine
and subjected it to our racemization reaction. Even though the reaction was allowed to continue for 96
hours, the optical activity was unaffected.
N-Methyl-Z-phenylalanine, like proline, should not be capable of yielding an azlactone.
The fact that racemization
of acetyl-l-cystine
is attended by
decomposition and splitting out of sulfur seems to us to fit in well
with this particular mechanism.
It might be expected from the
work of Bergmann and Delis (4) and Bergmann, Andrews,
and
Andrews (5) on the stability of various ring derivatives of cystine
and serine that the azlactone of cystine would be unstable.
The
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transitory
formaCon of the azlactone in our racemization react.ion
could therefore give rise to such decomposition.
The explanation we have offered for this mechanism has a close
analogy in the theory postulated by Ashley and Harington
(6)
for their simultaneous acetylat,ion-esterification
reaction of amino
acids. In this reaction the ethyl ester of the acetylated amino acid
was obtained by treating the sodium salt of the amino acid in
et’hyl alcohol with acetic anhydride.
Ashley and Harington
explained this on the basis of a temporary formation of an azlactone which reacted with the ethyl alcohol to yield an ester according to the following equations.
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In an analogous manner in our reaction the acetyl derivative might
be dehydrated to give temporarily an azlactone which in turn
would react with another molecule of water to give back again the
acet,ylamino acid which would then be optically inactive.
It is conceivable that this esterification might occur simply
through the dehydrating action of acetic anhydride by the splitting
out of a molecule of water between the alcohol and the carboxyl
group. Such an experiment was tried with hydrocinnamic acid
in place of phenylalanine in Harington’s reaction. A 30 per cent
yield of ethyl hydrocinnamate was obtained. An experiment was
also run in which glacial acetic acid was substituted for the acetic
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anhydride.
Although the attempted isolation of the ester was
carried out by exactly the same technique as above, no ester was
obtained, showing that the ester was not formed through any
other step in the procedure and that the esterification was really
due to the action of the acetic anhydride in this instance.
It is quite apparent that if the azlactone is temporarily
formed
in Harington’s
reaction with phenylalanine and thyroxine, racemization should result even as it did in our racemization
reaction.
This point is indeed a crucial one for their azlactone theory.
Since the analogy to our reaction is so close and since we wished
to utilize it as further evidence in favor of the temporary formation
of the azlactone in our racemization,
we decided to investigate
more closely the esterification reaction.
Since Ashley and Harington started with inactive phenylalanine,
the acetyl ester they
obtained was of course the inactive one and no decision could be
drawn from their work as to whether or not racemization
could
have occurred.
The thyroxine
employed by them in the preparation of the acetyl ethyl ester of thyroxine
was also probably
the racemic modification.
To reach a decision on this question
we resolved synthetic
phenylalanine
and subjected the active
amino acid to their procedure.
The inactive acetyl ester of
phenylalanine was obtained, demonstrating
that racemization had
occurred in the reaction.
Further proof was therefore afforded
in favor of the -azlactone theory that Ashley and Harington had
offered in explanation of their reaction.
If the azlactone formation should represent the true mechanism
of this reaction, then proline should be incapable of yielding the
racemized ester by this treatment.
When I-proline was tried,
only acetyl-Z-proline
could be isolated and we could obtain no
evidence of either esterification
or racemization.
EXPERIMENTAL

Ethyl Ester of Acetyl-dl-Phenylalanine
from d-Phenylalanine1.65 gm. of cl-phenylalanine having a specific rotation of 33.46’
were dissolved in 30 cc. of absolute alcohol containing 0.23 gm. of
sodium.
5 cc. of acetic anhydride were added and the mixture
shaken.
The flask was attached to a reflux condenser, for the
heat of the reaction is sufficient to cause the alcohol to boil. After
30 minutes, the alcohol and as much as possible of the acetic anhy-
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dride were removed by vacuum distillation.
The residue was
extracted with about 40 cc. of ether and this solution washed in a
separatory funnel with dilute Na2C03 solution to remove acetic
anhydride still present.
The ether layer was evaporated to dryness and 0.7 gm. of material was obtained.
It was recrystallized
from a mixture of equal parts of ethyl ether and petroleum ether
(b.p. 65-110”).
The melting point was 66-67” which agrees with
the melting point of 67” reported by Ashley and Harington
(6).
The compound possessed no rotation whatsoever.
The ester was
likewise prepared starting with inactive phenylalanine
and the
melting point of the mixed products was taken.
No lowering in
melting p$nt was detected.
Attempted Formation of Ethyl Ester of Acetylproline-5
gm. of
Z-proline were dissolved in 100 cc. of absolute alcohol containing
1.0 gm. of sodium.
20 cc. of acetic anhydride were added. The
reaction mixture became slightly warm.
It was allowed to stand
2 hours and was then reduced by vacuum distillation to a viscous
syrup.
This syrup was extracted with chloroform, in which the
ethyl ester of acetylproline is readily soluble (7). Evaporation
of
the chloroform left no residue.
7.24 cc. of 6 N HzS04 were added to the syrup, whereupon crystallization occurred.
4.5 gm. of material which proved to be
active acetylproline
were obtained.
The melting point of a
mixture of this material and acetyl-Z-proline
was 116-117” (corrected).
The specific rotation of a 0.5 per cent aqueous solution
which agrees with the value found for the
was [cI]~’ = -107.1”
compound when prepared by acetylation in aqueous solution (1).
Analysis
4.127 mg.
3.222
IL

substance:
“
CTHnOsN.

8.16 mg. COZ and 2.52 mg. Hz0
: 0.260 cc. N at 31” and 746 mm.
Calculated.
C 53.46, H 7.05, N 8.91
Found.
“ 53.92, “ 6.83, “ 8.89

Action of Acetic Anhydride on Sodium Hydrocinnamate
in Presence of Ethyl Alcohol-To
a solution of 0.240 gm. of sodium in 40
cc. of absolute ethyl alcohol 1.564 gm. of hydrocinnamic
acid were
added and the mixture was shaken.
Sodium hydrocinnamate
separated at once and the mixture became almost solid. 5.3 cc.
of acetic anhydride were then added and the mixture was stirred
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thoroughly until all of the solid had gone into solution.
The temperature increased to about 40”. The solution was then allowed
to stand, protected from atmospheric
moisture by means of a
calcium chloride tube, for 5 hours.
It was then poured into 150
cc. of water and thoroughly extracted with four 40 cc. portions of
ether after 10 cc. of dilute (6 N) sulfuric acid had been added.
The combined ether extracts were extracted with 5 per cent sodium
carbonate solution so long as a small sample of the aqueous extract
gave an oily precipitate when acidified with dilute hydrochloric
acid. The combined aqueous extracts were boiled a short time
to expel the dissolved ether and most of the alcohol. After the
solution had been cooled, it was acidified with dilute hydrochloric
acid and then cooled in an ice box. After standing in the ice box
overnight the crystals were filtered. The mother liquor was
extracted thoroughly with four 25 cc. portions of ether, the ether
extract was shaken with a slight excess of 5 per cent sodium carbonate solution, then the ether was distilled. The aqueous residue
was worked up in the same way as the original aqueous extract
and anot,her appreciable quantity of hydrocinnamic acid was
obtained. The combined precipitates were dried in a vacuum
desiccator over calcium chloride. The yield was 0.966 gm. or
61.6 per cent of the hydrocinnamic acid originally used. The
melting point was 4848.5”.
The ether layer resulting from the original aqueous extract was
dried over sodium sulfate and the ether was fractionally distilled
through a 2 foot column. A small volume of an oil was left which
was distilled under reduced pressure. It boiled at 94-98’ at 9 mm.
and weighed 0.6 gm. At atmospheric pressure the liquid boiled at
244’ (corrected) by a micro method. Ethyl hydrocinnamate is
listed in the literature as boiling at 247-249’. The liquid was
refluxed with 5 cc. of 6 N sodium hydroxide until all the oily droplets had disappeared. The solution was then filtered and acidified
with dilute hydrochloric acid. After cooling in an ice box and
seeding the mixture, crystals formed. They were filtered and
dried. The melting point was 4646.5” and when mixed with
known hydrocinnamic acid the melting point was not lowered.
The yield of ethyl hydrocinnamate based on the amount of hydrocinnamic acid used was 32 per cent of the theoretical and the
yield of hydrocinnamic acid obtained in the saponification of t#he
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ester was 0.369 gm. or 73 per cent of the theoretical.
In a preliminary experiment a 26 per cent yield of ethylhydrocinnamate
was obtained.
Acetylmethyl-l-Phenylalanine-Optically
active N-methyl-l-phenylalanine was prepared by the method of Fischer and Lipschitz
(8). The N-methyl-Z-phenylalanine
had a specific rotation of
[ali = +48.9” in 0.1 N NaOH which is comparable to that of
+49.74”, the value obtained by Fischer and Lipschitz.
0.6 gm. of the material was dissolved in 0.8 cc. of 2 N NaOH in
3 cc. of water and the solution cooled in an ice bath. Seven additions of 1.2 cc. of 2 N NaOH and 0.1 cc. of acetic anhydride each
were made in the usual fashion and the solution was allowed to
stand at 40” for 4 hours. After this time, 3.07 cc. of 6 N H&04
were added and the solution reduced to dryness in vacua. The
acetylmethylphenylalanine was extracted from the NazSOd with
acetone and the acetone solution reduced to a viscous syrup in
uacuo. The residue was crystallized from a minimum amount of
water. In order to have successin crystallizing the compound,
care must be taken to removed all organic solvents. 0.4 gm. of
pure material having a melting point of 144-145” (corrected) and
a specific rotation of [cK]“~= - 76.5” (in absolute alcohol) were obtained. The compound crystallized out in tufts of microscopic
elongated six-sided platelets.
The acetyl derivative of dl-methylphenylalanine prepared from
dl-methylphenylalanine crystallized from water in diamond-shaped
platelets with slightly convex sides and melted at 146.5-147”
(corrected). The dl-methylphenylalanine had been prepared by
the method of Friedmann and Gutmann (9).
Attempted Racemixation of Acetyl-N-Methyl-l-Phenylalanine0.3 gm. of acetyl-N-methyl-Z-phenylalanine was dissolved in 1.4
cc. of 2 N NaOH. 3 cc. of water and 1 cc. of acetic anhydride
(7.4 mols) were added and the solution was allowed to stand at
40” for 96 hours. 0.93 cc. of 6 N H&SO4were added and the material was recovered as above. The specific rotation of the compound had not been affected by this treatment as the recovered
material had a rotation of [LY]~~= -75.0”.
Analysis
3.275 mg. substance:
ChH1503N.

0.190 cc. N at 27’ and 750 mm.
Calculated,
N 6.33; found,

N 6.51
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SUMMARY

An explanation of the racemization of sodium salts of acylamino
acids in aqueous solution by acetic anhydride has been presented
upon the basis of a transitory
formation of an azlactone ring.
In confirmation
of a previous conclusion that amino acids containing a secondary amino group cannot be racemized by this.
met,hod, it has been shown that the sodium salt of acetyl-N-methylI-phenylalanine
is not racemized in aqueous solution by acetic
anhydride.
The acetylation-esterification
reaction of Ashley and Harington
has been further investigated.
It has been shown that racemization takes place during the reaction, affording further evidence of
the theory postulated by them of the temporary
formation
of
the azlactone.
Furthermore,
it has been shown that proline is
not esterified nor racemized under the conditions of this reaction.
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