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Synthesis of Vitamin B¢ Derivatives. III.
3-(4-Formyl-3-hydroxy-2-methyl-5-pyridyl)propionic Acid,
An Analog of Pyridoxal Phosphate (1)

Chuzo Iwata (2) and David E. Metzler

The preparation and properties of a new analog of pyridoxal phosphate, 3-(4-formyl-3-hydroxy-
2-methyl-5-pyridyl)propionic acid and of the corresponding 4-aminomethyl compound are de-
scribed. The n.m.r. spectrum of the new aldehyde is compared with those of 5-deoxypyridoxal
and pyridoxal phosphate. The broad aldehyde proton peak of 3-deoxypyridoxal is sharpened by
heating, suggesting an equilibrium between two geometrical isomers. Mass spectra of the new
aldehyde and of 5-deoxypyridoxal are analyzed. The electronic absorption spectrum is nearly the
same as that of 5-deoxypyridoxal. The new aldehyde undergoes rapid transamination with amino
acids, and the corresponding aminomethyl compound can be reoxidized to the aldehyde by heat-

ing with glyoxylic acid in aqueous solution.

Pyridoxal phosphate (I) serves as a coenzyme for many
different enzymic transformations, mostly involving amino
acids. The role of the phosphate group in the catalytic
action of this substance is unclear, but it is often assumed
that it serves simply as a “handle” for the binding of the
coenzyme to the protein portion of the enzyme. The
synthesis of a new analog, 3-(4-formyl-3-hydroxy-2-methyl-
5-pyridyl)propionic acid (or o -carboxymethyl-5-deoxy-
pyridoxal, II) has been reported by Tomita and Metzler
(3)- An improved preparation of this compound is de-
scribed. The corresponding 4-aminomethyl derivative (III),
an analog of pyridoxamine phosphate has als been made,
and some chemical and spectroscopic properties of both
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compounds are presented. Since Il is similar to pyridoxal
phosphate in geometry and in charge distribution in neutral
aqueous solutions, it should be of great interest to test it
with enzymes normally containing pyridoxal phosphate.
Unpublished experiments from this laboratory indicate

that II binds at the active site of an apotransaminase more
weakly than does pyridoxal phosphate and that the en-
zyme containing the modified coenzyme is almost without
catalytic activity on the normal substrates (4). It is a weak
competitive inhibitor of tryptophanase (5) and also binds
weakly to muscle apophosphorylase b (6).

Compound (II) was prepared by oxidation of the corre-
sponding 4-hydroxymethyl compound. Several conditions
for the oxidation of such 4-pyridinemethanols were ex-
amined, the most satisfactory of which was the use of
manganese dioxide in chloroform or in a chloroform
dioxane mixture. Oxidation in such solvents rather than
in water is advantageous because the product can be iso-
lated more easily. Stirring of a suspension of 5-deoxy-
pyridoxol and manganese dioxide in chloroform at room
temperature for 22 hours gave 5-deoxypyridoxal (IV) in
74% vyield (7). Oxidation of 3«(3-hydroxy-4-hydroxy-
methyl-2-methyl-5-pyridyl)propionic acid in a chloroform
dioxane mixture at room temperature for 72 hours pro-
ducedIIin 30% yield. For these oxidations, it is important
to use freshly prepared manganese dioxide (prepared ac-
cording to the procedure of Mancera et al. (8,9)) and to
stir vigorously.

Reaction of II with hydroxylamine gave the oxime in
76% yield. This was reduced by catalytic hydrogenation
to 3(4-aminomethyl-3-hydroxy -2-methyl-5-pyridyl)pro-
pionic acid (or o®-carboxymethyl-5-deoxypyridoxamine,
II) in 59% yield.

Electronic absorption spectra of aqueous solutions of
three of the ionic forms of Il are shown in Fig. 1. If only
the total charge is considered, four different ionic forms
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exist, each bearing one less proton than the preceding
form. These will be designated here as H3 P, H, P, HP and
P respectively, and the pK, values relating them as pK,,
pK2 and pK;. The spectra of H3P and P are directly
measurable at low and high pH, respectively, whereas that
of H,P is represented approximately by that of a solution
at pH 6.1. The precise spectrum of HP shown in Figure
1 was evaluated using a digitalcomputer program devised
by Nagano (10).

The close similarity of these spectra to those of IV at
similar values of pH (10,11) suggests that structures Ila, IIb
and Ile, respectively, account for the longer wavelength
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maxima in the spectra (at 342, 380 and 392 muy, re-
spectively, for H3P, HP and P). Aswith IV, an equilibrium
with hydrated forms, lacking the free carbonyl group but
otherwise corresponding to Ila, I1b and Ilc must also exist.
The hydrated forms account for the shorter wavelength
peaks (at 295, 327 and 303 my, respectively) (11,12).
The value of pK3, describing the dissociation of HP to P,
was evaluated from the change of the spectrum with pH
as 8.23 £ 0.01 and from a titration curve as 8.15. The
values of pK; and pK, were estimated from a titration
curve as 3.7 and 4.6. The major part of the change in
spectrum between H3P and HP is centered around a pH
of 3.8.

The n.m.r. spectrum of II in deuterium oxide is shown
in Fig. 2, and the spectra of II and of IV are compared in
Table I. The spectrum of IV shows four peaks in alkaline
solution and three peaks in acid solution. The one-proton
peaks at =638 c.p.s. (acid) and -613 c.p.s. (alkaline) and
at =492 c.p.s. (acid) and -431 c.p.s. (alkaline) can be as-
sighéd confidently to the aldehyde- and Cg-protons, re-
spectively by comparison with the data reported by
Korytnyk and Singh (13) for pyridoxal and pyridoxal-5-
phosphate (Table I). Similar assignments can be made
for II. The six-proton peak of IV at -164 c.p.s. in acid
solution and the two three-proton peaks at -147 and
~136 c.p.s. in alkaline solutions are due to the 2- and
5-methyl groups. The -147 c.p.s. peak in alkaline so-
lution probably represents the 2-methyl group, the shift
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Figure 1. Electronic absorption spectrum of three ionic
forms of o -carboxymethyl-5-deoxypyridoxal (II) in water.
H3 P represents the most highly protonated form (see text).
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Figure 2. N.M.R. spectrum of compound II in D,0.
(A) In acid solution (in DCI).
(B) In alkaline solution (in NaOD).
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TABLE I

N.M.R. Spectra of Aldehydes in D, O (a)

2-CHj
Acid Alkaline
v -164 -147
II -165 -144
Pyridoxal (b) -159 ~139
Pyridoxal-5"-phosphate (b) -156 -140.5

C6-H\
Acid= Alka  Differr  Aeid

line ence
IV -492 -431 61
11 -493 -436 57
Pyridoxal (b) -492 -442 50
Pyridoxal-5'- -492 -457 35

phosphate (b)

CHO or Hemiacetal —___

Difference Acid Alkaline Difference
17 -638 -613 25
21 -637 -611 26
20 -402 -425 23
-404 -22
15.5 -622
_~5-CH; (or -CH3) ~_ 5-a-CH,
Alka- Differ- (See Structure II)
line ence Acid Alkaline
-164 -136 28
-176 -147 29 -203 -180
=315 -289 26
-303 -297 6
-306 -303 3

(a) Expressed in units of c.p.s. at 60 Mc. The internal standard was Tier’s Salt for compounds II and IV. All spectra
were obtained using a Varian HR—60 n.m.r. spectrometer. Solutions were about 30 mg. of compounds in 500 ul of
N-DCl or N-NaOD. (b) Data of Korytnyk and Singh (13), who used 1,4-dioxane as the internal standard.

TABLE 11

Principal Peaks in Mass Spectra of Aldehydes

Mass Numbers and intensities (in parentheses)
relative to that of highest peak = 100

v 151 (M, 100), 123 (13), 122 (46),
94 (17), 82 (22).

11 209 (M*, 71), 191 (39), 181 (11),
163 (100), 150 (37), 136 (39),
135 (33), 122 (59).

of +17 c.p.s. from its position in acid corresponding to
that observed for the 2-methyl group of pyridoxal and
pyridoxal phosphate (Table I). The peak at -136 c.p-s. is
somewhat broadened, presumably through coupling with
the Cg-proton. Application of decoupling techniques led
to a sharpening of this peak, confirming this hypothesis.

In compound II the two-proton triplet peaks at ~176
c.p-s. and -203 c.p.s. (acid) and at =147 c.p.s. and -180
c.ps. (alkaline) must represent the methylene groups of
the 5-propionic acid side-chain. The methylene group 8 to

e e e
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Figure 3. N.M.R. peak of the aldehyde proton of 5-deoxy-
pyridoxal at three different temperatures.
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the carboxyl and adjoining the ring is of similar character to
the 5-methyl group of IV, and we have therefore assigned
the peaks at -176 c.p.s. (acid) and ~147 c.p.s. (alkaline)
toit. Significantly, in pyridoxal phosphate (I) all the differ-
ences of the chemical shifts between acid and alkaline so-
lutions (2-CH;, C¢-H and 5-CH;-) are less than for pyri-
doxal, for Il, or for IV.

The broad peaks of the aldehyde protons of these com-
pounds in alkaline solutions may be explained by the equi-
librium between the two structures, A and B. The alde-
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hyde proton peak for IV is sharper at higher temperatures,
as would be predicted (Fig. 3).

In acid solution, the ratios of the areas of the peaks of
the aldehyde- to the Cg-protons are 0.78 and 0.58, respec-
tively, for IV and for Il. Korytnyk and Singh (13) were
unable to locate the peak of the aldehyde proton in acid
solutions in pyridoxal phosphate. These results are diffi-
cult to interpret because the electronic absorption spectra
of all three compounds in acid are nearly identical, and
from these a ratio of free aldehyde to hydrated forms of
only about 0.3 in acid solutions has been estimated (11,
see also Fig. 1). However, the spectral measurements were
made at a concentration of about 10™* M and the n.m.r.
measurements at about 0.3 M.

The positions of the principal peaks in the mass spectra
of IV and I are shown in Table II. Five of these are present
for IV, the largest being the molecular ion peak at m/e
151. Metastable peaks were observed corresponding to a
loss, from the molecular ion, of the radical CHO and carbon
monoxide, respectively, to yield peaks at m/e 122 and
123, the former predominating. The loss of CHO- is re-
ported to be a minor pathway of cleavage of benzaldehyde
(14) as is the loss of CO to form the radical cation of ben-
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zene. The loss of CO is the major pathway of fragmen-
tation of phenol (15); hence, for deoxypyridoxal two
possible pathways of loss of CO and two possible structures
for the resulting ion of m/e 123 can be proposed (Scheme
I). Metastable ion peaks exist corresponding to the loss of
hydrogen from m/e 123 to yield m/e 122 and of aceto-
nitrile to yield m/e 82. The latter cleavage is similar to that
reported by DeJongh et al. (16) for a*,3-O-isopropylidene-
isopyridoxal and related compounds. The peak at m/e 94
results from loss of CO from m/e 122, an observation sup-
ported by the presence of the expected metastable ion
peak.

The mass spectrum of II shows eight major peaks, the
base peak being that of m/e 163. Metastable ion peaks are
seen for the loss of water from the molecular ion of m/e
209 to give m/e 191 and for the loss of CO and of aceto-
nitrile from m/e 191 to give m/e 163 and m/e 150, re-
spectively. The ethyl ester of II fragments in a similar
manner, but with the loss of ethanol rather than water.
Proposed structures are shown in Scheme II. Metastable
ion peaks are also present to support the loss of CO and of
‘CH,COOH from the molecular ion to give m/e 181 and
m/e 151, respectively. The first of these cleavages is
similar to that seen with IV, but the intensity of the m/e
181 peak is relatively less than that of the corresponding
m/e 123 peak for IV if allowance is made for the extensive
conversion of II to the ion of m/e 163. The cleavage of II
to the pyridyl cation of m/e 150 corresponds to that often
observed with pyridyl compounds (13). A metastable ion
peak was also present for the loss of acetonitrile from m/e
191 to yield m/e 150. The peaks at m/e 135 and 122 re-
sult from expulsion of carbon monoxide from m/e 163
and 150, respectively. The appropriate metastable ion
peaks being present.

That the peaks at m/e 150 and m/e 122 both contained
two different fragments (see Scheme II) was confirmed by
a high resolution mass spectrum of II.

Calculated Mass Empirical Formula (Mass)
150.0304 CsHeO3  (150.0317)
150.0539 CsHg O, N (150.0555)
122.0365 C,Hs0, (122.0368)
122.0598 C,HgON (122.0606)

Like pyridoxal and deoxypyridoxal, II reacts rapidly
with aqueous solutions of amino acids, apparently under-
going transamination to IIl. The reverse reaction of III
with a-ketoacids to form II does not proceed readily, the
equilibrium evidently favoring the amine. However, 111
reacts rapidly at 50° with 0.1 M sodium glyoxylate (at pH
5.2 with 0.002 M aluminum ammonium sulfate) to be
converted in over 90% yield to II (17).
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EXPERIMENTAL

All melting points were uncorrected. The n.m.r. spectra were
obtained at 60 Mec. using Varian A-60 and HR-60 instruments cali-
brated by standard methods. The internal standard was Tiers’ salt.
Mass spectra were determined with an Atlas Mat mass spectrometer
with an ionizing potential of 70 e.v. The UV spectra were meas-
ured at 25° with a Cary 15 spectrophotometer.

3{4-Formyl-3-hydroxy-2-methyl-5-pyridyl)propionic Acid (II).

One gram (4.7 mmole) of 3-(3-hydroxy-4-hydroxymethyl-2-
methyl5-pyridyl)propionic acid, prepared by the method of Tomita
et al. (18) or of Korytnyk (19) and powdered finely, was suspended
together with 10 g. of freshly prepared manganese dioxide (8,9) in
a mixture of 100 ml. of chloroform and 100 ml. of dioxane in a
500 ml. flask and stirred at room temperature. After 72 hours of
stirring the reaction mixture was filtered. The residue was washed
with a 1:1 mixture of chloroform and dioxane (50 ml. portions)
5 — 10 times, until the washings were colorless. The combined
filtrate and washings were evaporated to dryness under reduced
pressure, and the residue was extracted by alternately triturating
and refluxing with about 10 ml. of absolute ethanol several times
over a period of one-half hour. The residual manganese dioxide
was removed by filtration through a medium sintered glass filter.
The filtrate was again evaporated to dryness and the residue was
recrystallized several times from a minimum (2—3 ml.) of hot abso-
lute ethanol. The yield of II after the recrystallization was 0.25 g.
(30%), m.p. 191-192°,

Anal. Caled. for C;oH; O4N: C, 57.41; H, 5.30; N, 6.70.
Found: C, 57.50; H,5.35; N, 6.73.

v max (in KBr): 1695 cm™! (COOH); 1653 em~! (CHO).
Thin layer chromatography: Rf = 0.59 (n-BuOH: Acetic acid:
H,0 = 4:1:5, silica gel G, location of compounds with Gibb’s re-
agent (1% dichloroquinone chloroimide in benzene).

Oxime of II.

Sixty mg. (0.3 mmole) of I, 70 mg. (1 mmole) of hydroxyl-
amine hydrochloride, 82 mg. (1 mmole) of sodium acetate and 50
ml. of ethanol were refluxed in a 100 ml. flask for 3 hours. After
cooling, the reaction mixture was filtered and the residue was
washed with ethanol. The combined filtrate and washings were
evaporated under reduced pressure, and the residue was recrystal-
lized from about 5 ml. of ethanol to yield 50 mg. (76%) of the
oxime of II, m.p. 211-212°,

Anal. Calcd. for C10H1204N22 C, 53.57; H, 5.39. Found:
C,53.47; H, 5.57.

34(4-Aminomethyl-3-hydroxy - 2-methyl-5-pyridyl)propionic Acid
Dihydrochloride (III).

A solution of 0.23 g. (1 mmole) of the oxime of II in 50 ml.
water and 2 ml. of concentrated hydrochloric acid was hydrogen-
ated over 0.30 g. of 10% palladium on activated charcoal at room
temperature and atmospheric pressure. Two moles of hydrogen
per mole of oxime were consumed in about an hour. The catalyst
was filtered off and washed with water. The combined filtrate and
washings were taken to dryness under vacuum, and the residue
was recrystallized from methanol and ether.

Anal. Caled. for CyoH,4N,03-2HCl: C, 42.41;
N, 9.90. Found: C, 42.21; H, 5.83; N, 9.58.

A max (H,0, pH 8.08), 321 my, € = 8.1 x 103, 249 my, ¢ =
4.5 x 103. » max (in KBr), 1686 cm™! (CO).

Reaction of Aldehyde, II, with Leucine Ethyl Ester.

A solution of II (10™* M) and leucine ethyl ester (0.24 M) in
0.1 M cacodylic acid buffer at pH 6.8 was examined spectrophote

H, 5.70;
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metrically at various times. After 2.5 hours at 25°, the change in
the spectrum indicated that about 20% of the aldehyde had been
converted to the amine, IIl. The reaction continued until the ab-
sorption bands of the aldehyde (and Schiff’s base) disappeared al-
most completely. The change in the spectrum is almost identical
to that observed with 5-deoxypyridoxal, which was shown by chro-
matographic identification of products to yield 5-deoxypyridox-
amine.

Reaction of Amine, ITI, with Glyoxylic Acid.

The reaction of amine, II, with cwketo acids is not expected to
proceed to completion because of an unfavorable equilibrium con-
stant. The reaction with glyoxylic acid, is an exception (17). A
solution of I11, (10~% M) and sodium glyoxylate (0.1 M) containing
2 x 1073 M aluminum ammonium sulfate as a catalyst in 0.1 M
acetate buffer at pH 5.2 yielded about 90% of aldehyde, 11, in 20
hours at 50° as judged by the change in the spectrum.

Acknowledgment.

We wish to thank Dr. T. Kinstle for his discussions and advice
on mass spectra, Dr. R. W. King for the measurement of n.m.r.
spectra, Mr. R. Johnson for the titrations and the evaluation of UV
spectra of I, and the members of the microanalytical laboratory
of the Faculty of Pharmaceutical Science, Osaka University, for the
elementary analyses.

REFERENCES

(1) Journal paper No. J-5621 of the lowa Agricultural and
Home Economics Experiment Station, Ames, lowa, Project No.
1259. Supported in part by Research Grants AM-01549 from the
United States Public Health Service and GB1571 from the National

Vol. 4

Science Foundation.

(2) Exchange visitor from Osaka University, Japan.

(3) 1. Tomita and D. E. Metzler, Abstracts of Papers, 148th
Meeting, American Chemical Society, 1964, p. 59c.

(4) F. S. Furbish and D. E. Metzler, in preparation.

(5) W. A. Newton, Y. Morino and E. E. Snell, J. Biol. Chem.,
240, 1211 (1965).

(6) G. Johnson and D. J. Graves, in preparation.

(7) C. Iwata, “Biochemical Preparations,” Vol. 12. In press.

(8) O. Mancera, G. Rosenkranz, and F. Sondheimer, J. Chem.
Soc., 2189 (1953).

(9) M. M. Polansky, R. T. Camana and E. W. Toepfer, J. Assoc.
Offic. Agri. Chem., 47, 827 (1964).

(10) K. Nagano and D. E. Metzler, J. Am. Chem. Soc., 89, 2891
(1967).

(11) D. E. Metzler and E. E. Snell, ibid., 77, 2431 (1955).

(12) K. Nakamota and A. E. Martell, ibid., 81, 5857, 5863
(1959).

(13) W. Korytnyk and R. P. Singh, ibid., 85, 2813 (1963).

(14) J. D. McCollum and S. Meyerson, ibid., 85, 1739 (1963).

(15) H. Budzikiewica, C. Djerassi and D. H. Williams, “Interpre-
tation of Mass Spectra of Organic Compounds”, Holden-Day, Inc.,
San Francisco (1964) pp. 167—168.

(16) D. C. DeJongh, S. C. Perricone and W. Korytnyk, J. Am.
Chem. Soc., 88, 1233 (1966).

(17) D. E. Metzler, J. Olivard and E. E. Snell, ibid., 76, 644
(1954).

(18) 1. Tomita, H. G. Brooks and D. E. Metzler, J. Heterocyclic
Chem., 3, 178 (1966).

(19) W. Korytnyk, J. Med. Chem., 8,112 (1965).

Received March 25, 1967 Ames, Iowa 50010



