
3725 

rangement reactions which occur under enzyme control. It 
follows that conclusions drawn from model reactions lacking 
one or more of the above features18 must be applied with cir
cumspection to mechanistic questions surrounding the rear
rangement reactions. 

At the same time, it is proper to point out features of the 
model rearrangement reactions which have not yet been illu
minated. Neither in this nor in our previous experiment4 is the 
ionization state of either cobalt or carbon revealed.'9 We are 
just beginning to probe the possible salutory effects of the 
thioester grouping on the present rearrangement. The highly 
important question of stereochemistry remains completely 
open in the model series. These are examples and constitute 
only a few of the problems confronting us in attempting to 
understand the mechanism of the carbon-skeleton rear
rangements from a chemical point of view. They will form the 
objectives of our continuing research effort in this area. 
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a-Aminoacrylate Schiff Base in Nonenzymatic 
Pyridoxal Catalysis 

Sir: 

This report describes a species absorbing at 467 nm, which 
we conclude to be the titled compound and a possible model 
for an intermediate in pyridoxal catalyzed a,/3-elimination and 
^-replacement reactions of amino acids. 

Many pyridoxal phosphate containing enzymes catalyze the 
elimination and/or replacement of a /3-substituent of an amino 
acid. The generally accepted reaction sequence1 involves two 
metastable intermediates: a quinoid (carbanion) intermediate, 
which is a Schiff base of the coenzyme and the amino acid 
deprotonated at the a-carbon atom, and a Schiff base of a-
aminoacrylate formed from the quinoid intermediate with a 
loss of an electronegative group on the /3-carbon atom. 

Marked changes in spectra of enzymes during reactions with 
substrate or pseudosubstrate provided evidence for the reaction 
sequence. Intermediate species with an intense absorption in 
the 500-nm region have been studied in enzymatic1-2 and in 
nonenzymatic systems3'4 and identified as the quinoid inter
mediate. 

On the other hand, there is less spectral evidence for the 
of-aminoacrylate Schiff base. Transient species absorbing at 
455-470 nm have been reported in a few pyridoxal enzymes 
catalyzing /3-elimination or ^-replacement and have been 
suggested to be this intermediate.5 A similar species has not 
been reported so far in nonenzymatic reactions. 

Pyridoxal 7V-methochloride (1 X 1O-4 M) and tryptophan 
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Figure 1. Spectral change accompanying the reaction of pyridoxal N-
methochloride, tryptophan, and Al(III) nitrate in methanol containing 
KOH. Concentrations in the final mixture are described in the text. Times 
after initiating the reaction are indicated beside the spectral curves. 

(1 X 1O -3 M) were mixed in alkaline methanol (KOH, 2 X 
1O -3 M) and allowed to stand for 2 h. Then, a methanolic so
lution of aluminum nitrate (1 X 1O-4 M) was added. 

Figure 1 shows the spectral change observed in this system 
at room temperature. An absorption band appeared at 514 nm 
with a decrease of an absorption at 388 nm, ascribed to the 
Al(III) chelate of an aldimine, JV-methylpyridoxylidene-
tryptophan.6 The 514-nm band is assigned to the Al(III) 
chelate of a quinoid intermediate, the aldimine deprotonated 
at the a-carbon of tryptophan.4 Its intensity reached a maxi
mum 15 min after the addition of Al(III). With a decrease of 
the 514-nm band, a new absorption appeared at 467 nm. 

The absorbance at 467 nm reached its maximum after about 
8 h and was stable for about 10 h, before it decreased gradually 
and disappeared in several days. The disappearance was ac
celerated by addition of thiophenol, /?-chlorothiophenol, or 
yV.yV-dimethylaminoethanethiol. 

To a methanol solution of pyridoxal 7V-methochloride, 
tryptophan, and Al(III) absorbing at 467 nm, p-chlorothio-
phenol and, then, pyridoxamine were added. In the reaction 
mixture was found a considerable amount of S-{p-ch\oro-
phenyl)cysteine identified by comparison of the mass and ir 
spectra and gas chromatographic behavior with the authentic 
compound,7 and by elemental analysis. The result suggests that 
the 467-nm species was converted to .S-(p-chlorophenyl)cys-
teine. 

For the appearance of the 467-nm band, pyridoxal N-
methochloride could be replaced by l-methyl-3-hydroxy-4-
formylpyridinium chloride. Pyridoxal and 3-hydroxy-4-
formylpyridine produce neither the 514- nor 467-nm species 
under the conditions. Aluminum nirate can be replaced by its 
chloride or perchlorate. Gallium nitrate also formed a similar 
absorption. 

Tyrosine and cysteine, in the place of tryptophan, formed 
the 467-nm absorption, though it was a weak shoulder with 
cysteine. Histidine formed an imidazotetrahydropyridine de
rivative8 and did not form the 467-nm species. Serine and 
O-succinylserine formed the 467-nm species in the presence 
of 2-mercaptoethanol, the role of which was not clear. 

S-Methylcysteine and ^-(p-chlorophenyOcysteine produced 
a similar absorption under slightly different conditions. 
Without added KOH and in the presence of 5 X 1 O - 4 M 
Al(III) nitrate, a band appeared gradually at around 458 nm 
with a decrease of the band of the quinoid intermediate. The 
458-nm band was not observed in the presence of KOH equi-
molar to the amino acid, whereas the addition of a small 
amount of methanolic HCl increased the absorbance at 458 
nm. Addition of HCl to a solution absorbing at 467 nm in the 
pyridoxal A'-methochloride-tryptophan-Al(III) reaction 
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caused a blue shift to 458 nm and promoted the disappearance. 
Amino acids without a good leaving group in the /3-position, 

such as alanine, valine, phenylglycine, phenylalanine, methi
onine and aspartic acid, did not give rise to the 467- or 458-nm 
band. 

On the grounds mentioned above, we assign the 467-nm 
band to the Al(III) chelate of a Schiff base, A'-methylpyri-
doxylidene-a-aminoacrylate. Possible resonance structures 
are shown in Scheme I. The species absorbing at 458 nm may 
be a closely related one, presumably with an undissociated 
carboxyl group. 

Acknowledgment. This work was supported in part by a 
Grant-in-Aid for Scientific Research from the Ministry of 
Education of Japan, for which the authors are grateful. Y. K. 
thanks Japan Securities Scholarship Foundation for a Pre-
doctoral Fellowship. 

References and Notes 

(1) For a review, see L. Davis and D. E. Metzler, "The Enzymes", 3d ed, Vol. 
7, P. D. Boyer, Ed., Academic Press, New York, N.Y., 1972, Chapter 2. 

(2) W. T. Jenkins, J. Biol. Chem., 239, 1742 (1964); Y. Morino and E. E. Snell, 
ibid, 242, 2800(1967). 

(3) L. Schirch and R. A. Slotter, Biochemistry, 5, 3175 (1966); E. H. Abbott and 
M. A. Bobrik, ibid, 12, 846 (1973). 

(4) S. Matsurr.oto and Y. Matsushima, J. Am. Chem. Soc, 94, 7211 (1972); 96, 
5228(1974). 

(5) M. E. Goldberg and R. L. Baldwin, Biochemistry, 6,2113 (1967); M. A. Becker, 
N. M. Kredich, and G. M. Tomkins, J. Biol. Chem., 244, 2418 (1969); S. 
Guggenheim and M. Flavin, ibid., 246, 3562 (1971); M. Tokushige and A. 
Nakazawa, J. Biochem., 72, 713 (1972). 

(6) L. Davis, F. Roddy, and D. E. Metzler, J. Am. Chem. Soc, 83, 127 (1961); 
Y. Matsushima and A. E. Martell, ibid., 89, 1322 (1967); Y. Matsushima, 
Chem. Pharm. Bull., 16, 2143 (1968). 

(7) Y. Murakami and H. Kondo, Bull. Chem. Soc. Jpn., 48, 125 (1975). 
(8) D. Heyl, S. A. Harris, and K. Folkers, J. Am. Chem. Soc, 70, 3429 (1948); 

Y. Matsushima, Chem. Pharm. Bull., 16, 2046 (1968). 

Yoshiharu Karube, Yoshikazu Matsushima* 
Faculty of Pharmaceutical Sciences, Kyushu University 

Maidashi, Fukuoka, 812 Japan 
Received December 29, 1975 

Aqueous Lanthanide Shift Reagents. 2. Interaction 
of the Ethylenediaminetetraacetate Chelates with the 
Anions of Salicylaldehyde and o-Nitrophenol 

Sir: 

The use of the trivalent lanthanide ions as aqueous shift 
reagents is restricted to the acidic side of neutral pH due to 
hydrolysis and precipitation of hydroxides at higher pH values. 
It has recently been shown that the ethylenediaminetetraa
cetate (EDTA) chelates are suitable as aqueous shift reagents 
for carboxylate substrates up to pH values of ca. 10, above 
which their effectiveness is reduced due to the formation of 
hydroxo complexes.1 Thus the LnEDTA chelates should be 
useful for a variety of substrates, the p/fa values of which are 
above 7 or which are water soluble only (or practically) in their 
ionized form. Presented in this communication are results 
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