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We report that the reaction between the pyridoXgbBosphate Scheme 2

(PLP) analogud (10 mM) and glycine (100 mM) in BD buffered w o o
at neutral pD does not give the expected products of a PLP- H o H;—Hko@ H%o@
catalyzed reaction, but rather givesqaantitative yield of the o . ® % HoON® H. N®
diasterioisomer2a and2b from the formal Claisen-type addition Y HSN\)J\oe - \H@ ke - H@
of glycine to1 (Scheme 1). |N/ B 0 _‘k—‘ S © 3
Scheme 1 |1|® N(/B P Eé
® €O ® CO5 1 H
H o HgN——H HgN——H
® 9 HO——H H——OH kqqal1]
| bz | 7 | Pz H3N__H H3N——H @
N N N HO——H H——OH o o o)
1 2a 2b OH OH —\®
[(RR)+ (S  [RS)+ (SR \(ﬁ/\ \(\/ AW
The highly effective catalysis by acetone of deuterium exchange N N —@0 H OH
of thea-amino protons of glycine methyl ester in® results from 2a 2b

the seven-unit decrease in thie;of these protons upon formation o, aqduct of aminomalonate withto give the enolat& followed
of the iminium ion adduct with acetorieThis is analogous to the by addition of3 to a second molecule of (Scheme 2), then
effect of formation of a Schiff's base with PLP on the carbon acidity deprotonation of the iminium ion adduct of glycine Wilho’give

of a-amino acids, which is thought to be well understédtVe 3 o614 also result in the formation @f (Scheme 2)although
expected that an examination of the deuterium exchange reaction, . necessarily as the only produéH NMR analysié? of the

of glycine catalyzed by the PLP analoglievould provide the reaction of aminomalonate (100 mM) with (10 mM) in D,O
carbon acid [, of the c-amino protons of the iminium ion adduct buffered at pD 5.7 with 40 mM acetate at 26 (I = 1.0, KCI)
of glycine with 1.2> However,'H NMR analysis® of the reaction  p5veq complete reaction within 10 min and the essentially
of_ glycine (100 mM) with1 (10 mM) in D,O buffered at pD _7.0 quantitative formation oPa and2b.5
with 10_0 mM phosphate at ,ZK: (= 10 K_Cl) reyealed the f_'r_St' This formal Claisen-type addition of glycine focould proceed
orderdisappearancef 1 to give an equilibrium mixture containing by cyclization of the enolat@ to give the aziridinium ion4

4 . ; . . )
3%1 ?nd 97% of the diastereomeric produggsand2b in a ratio followed by regiospecific nucleophilic attack of water at the
of 2:17 butno detectable {1%) incorporation of deuterium from gl carbon. However, the following results from kinetic
D0 into glycine or transamination to gé 5-deoxypyridoxaminé analyses of the reaction of glycine (100 mM) at both low (0.10
The sum of the normalized integrated peak areas for the protonsmM) and high (10 mM) initial concentrations df in H,O (pH
of 1, 2a, and2b was constant during reaction of more than 90% of 6.5) or D;O (pD 7.0) buffered by 100 mM phosphate ([B]/[BL
1, and both the disappearanceloand the appearance @& and = 1.0) at 25°C (I = 1.0, KCI) provide strong support for the
2b are governed by the same first-order rate constapiy= 4.3 reaction mechanism shown in Scheme 2
x 107% 571, 13C NMR analysis of the reaction of [EC]-labeled ’
glycine under the same conditions revealed a pair of signaafor

and 2b. A value of kypsg = 4 x 1075 st was determined by 0L CﬁH
monitoring the disappearance of the signal for the iminium ion H 2@
adduct of [213C]-labeled glycine withl.3p Y

The reaction of glycine with pyridoxal to give was reported | P 4
50 years ago in a study that focused on the role of metal cations. E@

However, for many years the literature has emphasizesithiéarity
between nonenzymatic and enzymatic reactions promoted by (1) The reactions ofl with glycine at fl], = 10 mM in D,O
pyridoxal?28so that our failure to observe the expected products monitored byH NMR32or spectrophotometrically at 412 Aff(Kopsa
of the reaction of glycine with the PLP analoglieepresents a =4.3x 105s1) and in HO monitored at 412 nH2 (Kopsg= 5.0
new “wrinkle” in the chemistry of this important cofactor. x 1075 s7%) are all first-order in ] for four reaction half times.
The reaction of aminomalonate withhas been reported to give  This is consistent with rate-determining deprotonation of the
CO; and 2° If this proceeds by decarboxylation of the iminium  iminium ion adduct to give (k-,), because the concentrationbf
t University at Buffalo, SUNY. at aII. times in these experiments is sufficient for the effective
* University College Dublin. trapping of3 by 1 (kaad1] > k,, Scheme 2).

10538 = J. AM. CHEM. SOC. 2004, 126, 10538—10539 10.1021/ja047501v CCC: $27.50 © 2004 American Chemical Society
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Figure 1. Time courses for reaction of glycine (100 mM) witi{0.1 mM)
in H,O at pH 6.5 W) and in DO at pD 7.0 @) buffered by 100 mM
phosphate at 28C andl = 1.0 (KCI), monitored at 412 nm.

(2) Figure 1 shows the time courses for the reaction$ wfth
glycine at I, = 0.1 mM in H,O and DO monitored at 412 nr#f.100
Now, neither reaction is first-order irl], and no stable endpoint

is observed after ca. 40 half times calculated for these reactions at

[1]o = 10 mM. This is consistent with a change to a reaction that
is second-order inl] when [1], is decreased from 10 mM to 0.1
mM. At [1] = 0.1 mM, deprotonation of the iminium ion is partly
reversible so that the addition 8fo 1 is partly rate-limiting kasd 1]

~ k,, Scheme 2}1 The initial velocity, corrected for the estimated
difference in the endpoints, is ca. 1.8-fdlrger for reaction in
D,0 than in BO. This contrasts the 14%mallervalue ofkgysqfor

the reaction ofl in D,O than that in HO at [1], = 10 mM. The
increase in the velocity for the reaction bin D,O relative to that

in H,O as the rate-limiting step changes frdm, at high [1] to
kagq at low [1] is a consequence of the normal primary deuterium
isotope effect on therotonation of 3 (k,, Scheme 2). This is
because the slower protonation®in D,0 than in HO results in
more favorable partitioning oB to product in BO, and this
partitioning controls the overall reaction velocity whegqis partly
rate-determining?

The formal Claisen-type addition of glycine fohas escaped
characterization and @ppearsvery unlikely to occur in water, a
moderately acidic solvent that rapidly protonates the highly basic
enolates of simple carboxylic acid derivatives, including amino
acids®® The protonation o8 would result in the “normal” product
of a PLP-catalyzed reaction, so that the extensive formatidaof
and2b from addition of3 to 1 that is present at 0.1 mM in water
is a consequence of an unprecedented laedectvity of 3 toward
addition to1 in a protic solvent buffered at neutral pH. By
comparison, the protonation of an acetone-like enolate by buffer
acids is significantly faster than its intramolecular addition to a
benzaldehyde-type carbonyl grotfpApparently, the extensive
resonance stabilization @ favors carbonyl addition in water
because it results in a larger increase in the intrinsic barrier to its
protonation than in that for carbonyl additi&n.

The B-deoxypyridoxal-stabilized enolate of alanine generated
by loss of CQ from the iminium ion adduct oé-methylamino-
malonate withl has been reported to undergo a reaction similar to
that reported hert. However, the reaction of dilute 3-hydroxy-4-
pyridinecarboxaldehyde (0.5 mM) with a large excess of alanine
in strongly buffered solution reportedly yields only pyruvate from
a transamination reactidfiwhich suggests that the glycine enolate

3 is unusually reactive toward carbonyl electrophiles. Finally,
although we are not aware of the biological relevance of the reaction
shown in Scheme 2, we are reluctant to conclude that it has no
biochemical implications.
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