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4 NOTE ON THE MECHANISM OF THE FORMATION OF ALPHA-ACYLAMINO

KETONES FROM AMINO ACIDS

by
Arthur Fry and Henry Rapoport

Radiatlon Laboratory and Department of Ch?mistny,
University of California; Berkeley

August 23, 1950
. ABSTRACT

The-reaction.of.ala-nineulécu'and'phenylalaninewl-cl4 with
aéetic anhydridé in the-presence;of'pyridihe has been studied, and
- the carboxyl group of the amino acid has been shown to be the ex-

clusive source of the carbon dioxide involved.

(#) The work described in thas paper-was -sponsored by the
Atomic Energy Comm1381ono
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4 NOTE ON THE MECHANISM OF THE FORMATION OF ALPHA-ACYLAMINO

KETONES FROM AMINO AcIDs (¥)

by
Arthur Fry and Henry Rapoport

Radiation Laboratory and Department of ?he§istry,
University of California, Berkeley

The mechanism of the .conversion of a-amino acids to a=acylamino
ketones and carbon dioxide by means of acetic anhydride in the presence of
a base such as sodium acetate or pyridiné.haS?recently been the subject of

several discussions (1,2,3,4,5). One of the proposed mechanisms is the cone

(%) After this paper was prepared fbr_publication Randestvedt, Manning
and Tabibian (J. &m. Chem. Soc., ]2, 3183 (1950)) published a paper
drawing the same conclusions by us;ng-alanlneelaGIA

(#*) The work described in this paper was sponsored by the Atomic Energy
Commission,

(1) Wiley and Brown, J., Am. Chem. Soc., 129 1626 (1950).

(2)  Wiley, Sciencé,';;;, 259 (1950) . '

(3) :Cleland and Niemann, J. 4m. Chem. Soc., 71, 841 (1949).”
(4) Attenburfow, Elliott and Pemny, J. Chem. Soc., 1948, 3100
(5)  Wiley, Chem. Rev., 37, 401 (1945).
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densation of one of the methyl groups Ef the acetic anhydride with the car-
boxyl group of the amino acid, solvolysis of the mixed anhydride soiformed,
followed by decarboxylation of the resulting p-keto acid (5), All of the
other mechanisms lead to acetylation of the a=position of the amino acid,
preceeded by (1,2) or followed by (3) less of carbon dioxide from its car-
boxyl group. It is éVident that in the first mechanism mentioned the carbon
dloxide evolved would come from the acetic anhydride, while in the latter
case it would come’ from the carboxyl group of the amino acid.

The reaction has been carried out using alanine-1-gi4 and,phenyle
alahine=1e014 with the results shown in Table I. In both cases the carbon
dioxide evolved was fdund to have the séme épedifio activity as the carboxyl
group of the amino acid used. The laphenylazmaeetaminc=3=butanoﬁe obtained
from the phenylalanlnes and the semicarbazone of Bcacetamino=2=butanone ob=-
tained £rom alanine were found to be completely inactive after several re-
cfystaliizationsp

It has thus been conclusively demonstrated that the'carboﬁ dioxide
evolved in this”rééétion has its source exclusively in thelgg:b02YI group
of the aminé acidj“’fhis same conclusiom could be deduced frbﬁithe results
of Gleland and Niemann\(B) and Wiley and Borum (6) who fouﬁd“thaﬁ other ane-
hydrides gave the acylamino ketone predieted by the se@ond me@hanism men-

tioned above rather than that predicted by the first.

(6) Wiley and Borum, J, &m. Chem. Soc., JQ, 2005 (1948),
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AqtivitY1in‘Disintegrations/hino/hg.cn

- Sample

Phenyla 1anim_a

vBaGO3 from combustion

Corresponding carboxyl

group activity

Alanine ‘ I
E

1,01 + 0,02 x 104

3,03 & 0.06 x 104 L

9u4 £ 052 x 103

8.45 £ 0.2 x 104

BaCOB from ninhydrin
decarboxylation

8427 + 0,2 x 104

BaCQOq from feactibn

with acetic anhydride

3,02 £ 0,06 x 104

842 * 0.2 x lo4

Acetylated_aﬁiné B

=006 £ 1,0

ketone or dgrivatiﬁe - =03 % 1;0
Ezggrimental

 vPheﬁyl&iaﬁineél«GIA'was.preparéd'from glycinee-lacl4 by the azlactone -

synthesis (7). -Glyeine-1-Cl4 and alanine-1-G* were prepared by bromination

and amination erlabeled~acetic and propionic acids by Dr. R. Qstﬁald of

this labdratory'§7)}"

(n Calvin,-Heidelberger,'Reid,,Tolbert~and-¥ankwich, "Isotopic Carbon",
John Wiley and Sons, Inc., New York, N.Y., (1949), p. 216, 223,
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The reactionS'were carried out essentially as described by Dakin'and
West (8)»' The carbon dloxide was SWept out by a nltrogen stream, collected
in sodium hwdroxide and preclpltated as barium carbonate° After_the_evolu—
tion of carbon dioxide was complete, the reactlon mlxture was Steam'distilled
to remove the pyiidine and excess acetlc anhydrlde, and the acylamino ketones
were extracted into’ ether.( The l-phenyl-2-acetamino=3-butanone was re-
-crystallized,alternately from ether and mylene. The ether ertract of the
3-acetamino—2é§utanone from the alanine wasuevaporated over a emall amount
of_water and one ggam of the resulting yellow oil wae warmed with a solution
of one gran of semicarbaaide hydroehloride and 1.5 g. of sodium aoetate; The
resulting semlcarbazone was recrystallized sevaral times from alcohol, M.P,=
221-3° d. Analo Caled for C7H1402N4,. C 45 23 H, 7 6 N, 30 1 o
Found: G, 45 5, H, ,7.8 'N;. 3063, . ' o
| The activ1ty of the lnphenylaznacetam1no=3-butanone and the semi—;~
carbazone of the 3~acetam1no~2ubutanone were determlned by counting direct

plates of about 30 mgo of materlal° The 1n1t1a1 act1v1ty of the alanine and

phenylalanine were determlned by a modified Van Slyke«Folch combustioav(9)

and precipitation of the resultlng carbon dioxide as barium carbonat ;The'

activity of the carboxyl group of the phenylalanlne was also determined-by
decarboxylation with ninhydrin (10) and collectlon of the resulting barium
carbona‘beo Tge aotiv1ties of the barium carbonate samples were determined by

the procedure of Dauben, Reld and Yankwieh (ll)

(8) Dakin and West J. Biol, Chem,, 18, 9 (1928)

(9)  McCready and Hassid, Ind. Eng. Chem. Anal, Edo, ,g, 525 (1942)

(10) Van Slyke, MacFadyen and Hamilton, J, Biols Cheme, 141, 671 (1941).
(11) Dauben, Reid and Yankwich, Anal, Chem,, 19, 828 (1947).
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Summary

The reaction of alanine-1-C14 and phenyialanineal-cl4 with acetic
' anhydride in the présence of pyridine has been studied, and the'carboxyl -

group of the.amino ‘acid has been shown to be the exclusive source of the

carbon dioxide evolved,





