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The synthesis from acyclic precursors of norpyridoxal o'-phosphate (Vila) and w-methylpyridoxal o'-phosphate 
(Vllb), compounds in which the methyl group at position 2 of pyridoxal 5'-phosphate (PLP) has been replaced by H 
or C2H5, is described. Both compounds replace PLP as a coenzyme for purified glutamate-oxaloacetate apotrans-
aminase (GOT) of pig heart and for crystalline apotryptophanase (TPase) from Escherichia coli, but with vary
ing effectiveness. V i l a is a more efficient coenzyme than PLP for GOT, as judged either by its affinity for the 
apoenzyme, or the maximum velocity of the reaction catalyzed by the reconstituted enzyme: Vl lb is less ef
fective than PLP for both criteria. Both Vi la and V l l b are less effective than PLP as coenzymes for TPase. 
The results show that the methyl group of PLP is not a prerequisite for the coenzymatic activity of this compound. 

For a closer assessment of the relation of structure 
to function of vitamin B6, a comparative study of the 
chemical and enzymological properties of analogs of 
pyridoxal phosphate in which the methyl group at posi
tion 2 is replaced by hydrogen or by an ethyl group is 
important. The latter compound has been synthe
sized3 but is not currently available; the former com
pound has not been made. Both of the corresponding 
analogs of pyridoxine, 3-hydroxy-4,5-bis(hydroxy-
methyl)pyridine4,5 and 2-ethyl-3-hydroxy-4,5-bis(hy-
droxymethyl)pyridine,6 have been previously syn
thesized but only from difficultly available starting 
materials or in poor over-all yield. To obtain these 
compounds in sufficient amounts for subsequent syn
thesis of the corresponding analogs of pyridoxal phos
phate, their synthesis via the more recently developed 
oxazole pathway7,8 was undertaken. 

The appropriate N-formyl-a-amino acid esters la 
and lb (Scheme I) were prepared by formylation of the 
corresponding amino acid esters (Sheehan and Yang9). 
Formylation of the ester hydrochlorides resulted in 
lower yields. Cyclization of lb with P205 in chloro
form by the procedure of Karrer, et a/.,10 gave the 
oxazole l ib in 47% yield, while Ha could be prepared 
from la in only 3-5% yield under the same conditions.11 

Altered reaction conditions (see Experimental Section) 
gave no better results. The 5-ethoxyoxazoles Ha and 
l ib underwent Diels-Alder condensation with diethyl 
maleate to give the bicyclic compounds III, which were 
not isolated but were converted to the diesters IVa or 
IVb, respectively, with ethanolic HC1. IVa was iso
lated as its hydrochloride in 53% yield and IVb as the 
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free ester in 51% yield. Reduction of the free diesters 
with LIAIH412 gave the pyridoxine analogs Va and Vb 
which were isolated as their hydrochlorides in 30 and 
68% yield, respectively. Oxidation of Va and Vb 
with manganese dioxide gave the corresponding analogs 
of pyridoxal Via and Vlb which were converted by 
phosphorylation of an appropriate Schiff base13 to the 
corresponding analogs of pyridoxal phosphate Vila 
and Vllb. 

Previous studies reviewed elsewhere14 have shown 
that compound Vb (co-methylpyridoxine) does not re
place pyridoxine as a vitamin for CeratostomeUa ulmi 
and Saccharomyces carlsbergensis or for rats depleted of 
vitamin Be prior to testing the analog, but acts instead 
as a competitive antagonist of pyridoxine. However, 
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this same compound partially replaces pyridoxine as 
a growth factor for tomato roots, and decreases the 
requirement of weanling rats for vitamin BR for several 
weeks before it. becomes toxic.1'' Compound Vlb. 
u-methylpyridoxal. replaces pvridoxal completely for 
growth of lactic acid bacteria under some conditions, 
and acts as a vitamin B6 antagonist under other con
ditions. lfi These varied activities result from the fact 
that oi-methylpyridoxal phosphate (Vllb) fully or 
partially replaces pvridoxal phosphate as a coenzyme 
for certain enzymes (e.g.. the phenylalanine a-keto-
glutarate and the leucine a-ketoglutarate transaminases 
DI' Streptococcus faccalis, and the glutamate oxaloacetate 
transaminase of rat liver) but not for others (e.g.. the 
cysteine dcsulfhydrase of S. faccalix), and thus can 
support or inhibit growth depending upon the growth-
limiting reactions it must subserve."'' 

Compound \ 'a (norpyridoxine) has been tested pre
viously for its ability to replace pyridoxine as a growth 
factor for vitamin Bf) deficient rats17 and for the yeast, 
S. caiinbergemi>;.l>A~' Like co-methylpyridoxine, nor
pyridoxine is inactive for both organisms, and even at 
high levels does not act as a vitamin antagonist for 
the latter organism," In striking contrast to the in
activity of norpyridoxine as a vitamin for these organ
isms, norpyridoxal phosphate (Vila) was found (Table 
1) to be even more effective than pvridoxal phosphate 
as a coenzyme for the extramitochondrial glutamate 
oxaloacetate transaminase of pig heart muscle, as 
judged either by its affinity for the apocnzyme, or the 
maximum velocity of the reaction catalyzed. It also 

TABLK I 

COMPARATIVE COENZVMATK ACTIVITIES OF PYKIDO.XAI. 

PHOSPHATE, XOUPYUIDOXAI. PHOSPHATE, AND 

W-METHYLPYUIDOXAI. PHOSPHATE 

( l l u i a i u a l e -
oxaloacet ic c 

( 'oeiiM nit- a|ii11 ransnininase A pol r\ pi o p h a n a s e 
/\',.„." liM Velocity' ' K,..„" nM Velocity' ' 

Pyridoxal phosphate 0. l."i 1 u 0.71 1.1) 
Norpyridoxal phos

phate 0.077 2..") ."..s 0.70 
u-.M ethyl pvridoxal 

phosphate 0.15 0,:55 11.0 0,:i() 

" /A",.„ is defined as the concentration of pyridoxal phosphate or 
its analogs required to yield half-maximum activity in the test 
system following a 15-min preincubation period with the apo
cnzyme. '' The figures represent the ratio of the maximum 
velocity f I'm) of the reaction obtained with the specified coenzyme 
to that, obtained with pyridoxal phosphate (PLP). V*,,, for PI,P 
plus glutamate- oxaloacetate apofransaminase was 1(50 pinoles of 
oxaloacet ate formed/m in /mg of enzyme; for PLP plus apotrypto-
phanase it was 25 jumoles of indole produced/min/mg of enzyme. 

replaces pyridoxal phosphate as a coenzyme for the 
tryptophanase of Escherichia coli. but in this capacity 
is somewhat less active than the naturally occurring 
coenzyme. ai-Methylpyridoxal phosphate (Vllb) also 
activates these two enzymes but is less effective than 
pyridoxal phosphate (Table I). 

The dispensability of the methyl group of pyridoxal 
for nonenzymatic model reactions tha t simulate the 
corresponding enzymatic reactions for which pyridoxal 

i 1.1) It. S a n d m a n and C I-:. Snell, 1'ror. .Sec. l-j-pll. Biol. Med., 90, 0:1 
(1 thiol. 

i Hi) .1. Ol ivanl and K. E. Snell, ,/. Itivl. Chi-m., 213 , 20;i, 21.1 (l!).1;1,i. 
U " ; Ci. l'ol anil II . .1. Klein Obi . ink, liec. I ' w . Clrim., 80, 217 U'JOD. 

phosphate is required had been previously noted.1 '-^ 
It is clear from the present results that the methyl 
group of pyridoxal phosphate likewise i- not essential 
for coenzymatic activity, since coenzyme analogs in 
which this group is replaced by either hydrogen or an 
ethyl group retain coenzymatic activity for many 
apoenzymes. Modification of this group does, how
ever, affect the shape of the coenzyme and hence iis 
affinity for the apoenzyme. As shown earlier'1'' with 
w-methylpyridoxal phosphate the resulting ' 'analog 
holoenzyme." for steric oi' other reasons, may likewise 
show changed affinilies for its substrates. 

Experimental Section 

Melling points were taken on a Kiiller hot Mage inieru.-eope 
and are iineorrecled. Nmr -pectra were dcterniined on a Yarian 
Associate.- A-00 nnir spectrometer. The chemical shift.- are 
reported in 5 values in parts per million with the .Me,,Si signal 
as internal reference at 0 ppm. Ultraviolet spectra were taken 
on a Cary Model 14 spectrophotometer. 

N-Formylamino Acid Esters la and lb. t r e e glycine ethyl 
ester was prepared from its hydrochloride and immediately forin-
ylated.9 The over-all yield of X-forniylglycine ethyl ester [la. 
tip 125° ri.S mm"ij was N.V ,'. Ethyl Di.-a-aminobutyratc 
hydrochloride ('nip 144-147°!, prepared from «-hmihobui vrir 
aeid'1J in OS'', yield, was convened to the free ester |bp 100- 107'' 
(700 mini, yield S.V., | and then to the X-formyl derivative 
IIa, bp 1 14° '2.0 inm),2" yield 00'< ' b\' these same procedure-. 

Anal. Calcd for (\Il' |,N() : i: ('. 52.S2: II, S.2.'!: N, s.so. 
Pound: (', 52.M: II, S.45: N, S.70. 

Oxazoles Ha and lib. A. 5-Ethoxyoxazole (11a;. V-A K, 
<'•>() g) was sus])ended in 500 ml of chloroform that had been 
freshly distilled over 1Mb. To the refiuxing suspension UN g of 
la was added during a period of .'j0 mill. After refiuxing an 
additional :>0 ruin, an additional 15 g of 1M),, was introduced: 
and after .'ill niin a second 15-g portion of PA);, was added. The 
suspension was refiuxed for a total of 5 hr, then allowed to cool 
lo room temperature. The chloroform was decanted and dis
carded since it did not contain appreciable l lu ," The lumpy 
dark brown residue wa.-dissolved by adding ice and solid Xa_.('():i 

alternately so that the temperature did not rise above '•'>'" and 
the pl l remained at about 5. The resulting -olulion mlauil 
100 ml) wa- extracted once with :>00 nil and twice with 200 ml 
ol' ether: the extract- were dried iNa-jSOii and decanted, and 
the ether wa- evaporated under slightly reduced pressure. The 
residue wa- distilled under reduced pressure, the receiver being 

>led by a Dry Ice-acetone mixture. For analysis, a -mall 
sample was purified by ga- chromatography at 150° over a iS.-KI-m 
column containing 10') ("arbowax 20 M on Chromo-mb \\ ,"•-' 
with He a.- carrier: ,\,',',','; '''"" 225 ni/t : <• 5470 i: uinr -peel rum 
(in CIX.'ljj. .'! proton- a- triplet at 1.44 ppm, 2 protons as quad
ruplet at 4.25 ppm. 1 proton as -inglet at O.iSO, and another a-
singlel at 7,2ti ppm. 

Anal. Calcd for ('.,1 l7N< );i: ('. 5:i. 00: II, 0.24: N, I2.:is. 
Pound: (', 52.'.).'!: II, 0..'!-t: N, 12.50. 

The yield of 11a was not improved by variation.- in leliiix Dim 
between 1.25 and It hr or by conduct ing the read ion at room tem
perature for :! day- in-lead of at reflux temperatures. When a 
2'', solution of la in chloroform containing 10') of SOCl-j or 
POCfi wa- refiuxed for o hr, no 11 a was detected in the reaction 
mixt lire.21 

i ISi li , K Met / lo r , \I . Ikav.a and 1%. 1-.. -null . ./. , l » . i.'lu-m. .-»<-., 76, a i s 
m . i i i . 

l'.ij V.. Fischer. Ha:, 34, l:i:{ • m i l l ) . 
(20: H. ( i , Junes , ./. Am. Clirm. Si,,-., 7 1 , 0.1 I (l'.l-11'J, repor t s i.p i l l ) 

. 1 inno for t his p roduc i . 
2!) Reac t ion mix tures »i:rf lesled fur lie presence ..f I la a- follow-. 

\\ lien IM);> was i he cyeluint t a i ienl , t he t U K ' U was d e c a n t e d and P-Os was 
decomposed willi cold 1 A X a O I I or Xa.-CO,;, Tlie a lka l ine so lu t ion iva.-
o\1 racted w it h el her t lie el her v as n ivo i in niru.,,, and the amoun t of I la 
in llie residue was e s t ima ted specTrophotoinetricall .y i \ H M 22.1 m ^ ' in lt.1' , 
e lhano l . \\ hen 1 tie eycti/hijr a u e m s vvere solid ile in eh iurofonn . ( ' I K ' ! ! Has 

solved in 1 A \ a O l l Ur S-d-A'O:, and tlien t rea ted will: oilier as desi-rit.ed 

22 We ll iank Dr. Kllcu < l.n l -chalk for I i.:s operal ion. 
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TABLE II 

ABSORPTION MAXIMA AND MOLAU ABSOUBANCE OF ANALOGS OF PYRIDOXAL AND PYRIDOXAL PHOSPHATE" 

, Xmax, m,u ( ( ) 

Compound 

w-Methylpyridoxal (Mb) 

Pyridoxal 

Norpyridoxal (Via) 

0.1 Ar HC1 

2S9(S900) 

288(9100) 

283 (6400) 

pH 7.06 

318(8400) 

317(8800) 

313(4200) 

u-Methylpyridoxal 5'-phosphate (VHb)" 

Pyridoxal 5'-phosphate" 

"Norpyridoxal 5'-phosphate (Vila)" 

0.1 AT NaOH 

239 (8300) 
300 (5700) 
392(1800) 
240(8300) 
300(6100) 
390(1700) 
241(8900) 
299(5000) 
383(500) 
390 (6900) 

In acid 
phenylhydrazinec 

410(21,500) 

410(23,000) 

415(18,500) 

295(8200) 389(5800) 390(6900) 410(24,000) 
335(1500) 
293(7200) 388(5500) 389(6600) 410(24,500) 
334(1300) 
290(4700) 381(2900) 382(4300) 415(21,000) 
328(900) 

" Quantitative determinations of organic phosphate showed 99% of the theoretical for pyridoxal phosphate, 98% for w-methvlpyri-
doxal phosphate, and 83%. for norpyridoxal phosphate. The true molar absorbancies of the latter compound, therefore, may be 
somewhat higher than those tabulated. << In 0.1 M potassium phosphate buffer. c Procedure of Wada and Snel!26 for determination 
of pyridoxal and pyridoxal phosphate. 

B. 4-Ethyl-5-ethoxyoxazole ( l ib).—P206 (100 g) was sus
pended in 1500 ml of freshly distilled, dry CHC13. To the re-
fluxing suspension, 102.7 g of l b was added during a period of 
1 hi'. One hour later a 50-g portion of P>05 was introduced, and 
after 2 hi- another 50 g of P2O5 was added. The suspension was 
refluxed for a total of 5 hr. After standing overnight at room 
temperature, the chloroform was siphoned off from the insoluble 
lumps of P206, concentrated to 150 ml, and extracted with a 
little concentrated aqueous NaOH. The insoluble P2O5 was 
dissolved by slowly adding XaOH pellets and ice so that the 
temperature was kept at 0-5° and the pH at 3-5. After solution 
was complete, the NaOH extract of the CHCI3 layer was added 
and the pH brought to 9. The alkaline solution was extracted 
once with 500 ml and three times with 300 ml of ether. The 
ether extracts were combined with the chloroform layer and con
centrated at atmospheric pressure until the boiling point began 
to rise above 70°. The residue was distilled under vacuum; 

du 1.002; X„; ' 228 ITUX (e 4160); nmr spectrum (no solvent), 
6 protons as two superimposed triplets at 1.19 and 1.32 ppm, 
2 protons as a quadruplet at 2.50 ppm, 2 protons as a quadruplet 
at 4.24 ppm, 1 proton as a singlet at 7.69 ppm. 

Anal. Calcd for C7Hi,X02: C, 59.56; H, 7.85. Found: 
C, 59.63; H, 7.38. 

Pyridinedicarboxylic Acid Esters IVa and IVb. A. Diethyl 
3-Hydroxypyridine-4,5-dicarboxylate (IVa) Hydrochloride.—Ha 
(13.3 mmoles) was mixed with 2 equiv of diethyl maleate and 
heated in a round-bottom flask with an air-cooled condenser for 
5 hr at 115°. After cooling, 13 ml of dry HC1 (1.14 A") in ab
solute EtOH was added and the mixture was heated on a steam 
bath for 20 min. By cooling to —20° and adding ether, 1.03 g 
of IYa-HCl precipitated. From the mother liquor two further 
crops of 0.69 and 0.24 g could be collected; total yield, 1.95 g 
(53%). A small sample, reerystallized from ethanol for analysis, 
melted at 109-114°. 

Anal. Calcd for C11H14CINO5: C, 47.91; H, 5.02; CI, 12.86. 
Found: C, 46.97; H, 5.10; CI, 13.80. 

B. Diethyl 2-Ethyl-3-hydroxypyridine-4,5-dicarboxylate 
(IVb).—lib (71.8 g) was mixed with 172 g (160 ml) of freshly 
distilled diethyl maleate and kept at 120° for 5 hr in a stoppered 
flask. After cooling, 130 ml of dry HC1 (4 A') in absolute ethanol 
was added slowly. The temperature rose to 80° and was held 
there for 20 min. The mixture was cooled and extracted twice 
with 150 ml of water. The extracts were neutralized as soon as 
they were separated from the organic layer. The combined 
extracts were brought to pH 4 with a concentrated aqueous solu
tion of metaphosphoric acid and the diester IVb was extracted 
twice with 250 ml and twice with 150 ml of a chloroform-ethanol 
(3:2) mixture. The extracts were dried (Na2S04) then decanted, 
and the volatile solvents were removed in vacuo. The residue 
was fractionated in high vacuum, and the fraction boiling be
tween 145 and 150° (1.6-1.7 mm) was collected; yield 69.5 g 
(51%,), ds 1.166, X^°" 299 ran (« 5150). 

Anal. Calcd for C13H1-XO.,: C, 58.42; H, 6.41: X, 5.24. 
Found: C, 58.38; H, 6.38; X, 5.38. 

Pyridoxine Analogs Va and Vb. A. 3-Hydroxy-4,5-bis-
(hydroxymethyl)pyridine (Va) Hydrochloride.—A solution of 
IVa-HCl (1.91 g) in 10 ml of water was adjusted to pl l 6.5 with 
Na2C03, then extracted four times with 15-ml portions of ether, 
the pH of the aqueous phase being adjusted after each extraction 
to 5-6.5 with 1 MII3PO4. The ether extracts were dried (Xa2S04), 
the ether was removed in vacuo, the residue was redissolved in a 
little chloroform, and the last traces of moisture were removed 
with the CHCU by azeotropic distillation. The resulting crystal
line free base IVa (1.52 g) was dissolved in 50 ml of absolute ether 
and added in a period of 10 min to a refluxing suspension of 1 g 
of LiAlH4 in 200 ml of ether. The mixture was refluxed for 2 hr 
and then left at room temperature overnight. Excess LiAlH4 

was destroyed with ethyl acetate, 40 ml of a mixture of ice and 
water was added, and the ether was removed on a steam bath. 
The precipitate of Al(OH)3 was filtered off and discarded after 
extensive washing with hot water. The filtrate was adjusted to 
pH 6 with CO) gas and evaporated to dryness in vacuo. It was 
redissolved in absolute ethanol-CHCl3 (2:1) and the solvents 
were evaporated in vacuo. This procedure was repeated once. 
Material that was insoluble in the solvent mixture was dis
carded, and the filtrate was evaporated to a dry foam. Va could 
not be crystallized as the hydrochloride from ethanolic HC1 and 
ether. The hydrochloride was reconverted to the free base by 
dissolving the syrup in a little water, adding XaHCOs, and ex
haustively extracting with absolute EtOH. The extracts were 
taken down to a thin syrup, which was applied to a column con
taining 45 g of Si02 (Merck, 0.05-0.02 mm). Va was eluted by 
15-20% methanol in CHCI3 and crystallized as the hydrochloride 
from ethanolic HC1 and ether, then recrvstallized from melhanol-
ether; yield 382 mg (29%), mp 133-135°.23 

Anal. Calcd: C, 43.88; H, 5.26; X, 7.31. Found: C, 
43.76; H, 5.25; X, 7.28. 

B. 2-EthyI-3-hydroxy-4,5-bis(hydroxymethyI)pyridine (Vb) 
Hydrochloride.—LiAlH4 (10 g) was dissolved in 1500 ml of boiling 
anhydrous ether. IVb (12.9 g) diluted with 100 ml of ether was 
added during a period of 1 hr so that the mixture continued to 
reflux. After refluxing for 5 hr, the excess LiAlH4 was carefully 
destroyed with 40 ml of ethyl acetate. Ice (300 g) was gradually 
added to the mixture, and the yellow precipitate was filtered off 
and discarded after washing four times with 200 ml of boiling 
water. The ether layer was discarded and the combined aqueous 
extracts were concentrated to 250 ml. C0 2 was bubbled through 
for 30 min and the solution was evaporated to dryness in vacuo. 
The residue was extracted once with 100 ml and again with 50 ml 
of boiling absolute ethanol. The extracts were evaporated to a 
syrup which crystallized readily on the addition of 250 ml of 
4M dry ethanolic HC1; yield 7.23 g (68%), mp 186-191°. 

Pyridoxal Analogs Via and VIb.—The preparation of 2-ethyl-3-

(23) Van der "Wal, e.t al.,4 report 130-135° dec. 
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hydroxy-4-formyl-r)-hydroxymelhylpyridiiie (w-methylpyridoxal) 
(Vlb) by oxidation of Yb with MuO< has been described.3 

3-lIydroxy-4-formyl-5-hydroxymethylpyridine (norpyridoxal ) 
(Via), was prepared by an analogous procedure ." To 100 nig 
of Yb-HCI was added 2 ml of a suspension of washed MnO: 

prepared-4 from 78 mg of KVlnOj. The mixture was held at 
pll 3.0 by occasional additions of 10'< H,S()4 (0.20 ml total). 
After 3 hi' at room temperature it was heated at 50° for 7 min. 
XuIICOs was then added to pl l 6.4. and the precipitate was dis
carded. Methanol (m. 11 ml) was added and I,lie precipitate 
was centrifuged out. The supernatant solution was concen
trated to a small volume under nitrogen, then streaked onto thin 
layer plates of silica gel (.1 (.Merck i. After development with 
CIK'lr methanol (5:1), the yellow zone from each ehromatogram 
was collected and extracted with methanol, and the methanol 
was evaporated under nitrogen. The crude, crystalline free 
base was rerrystallized from acetone-HCl to yield 51 mg (51' , i 
of Yla-IICl. The substance has no melting point but chars at 
l;!0°. Like pyridoxal, it readily forms an oxime. Its spectrum 
resembles those of pyridoxal and w-methylpyridoxal, but the 
absorption maxima are shifted and slum substantially different 
extinction values (Table II). 

Pyridoxal Phosphate Analogs Vila and Vllb.--u-Methyl-
pyridoxal phosphate (Vllb) has been prepared previously.3 

Norpyridoxal phosphate (Vila) was prepared by phosphorylation 
of the Scruff's- base formed between norpyridoxal and p-tolu-
idine.13 For this purpose, 155 mg of Va was oxidized with )ln()•; 
as described in the preceding section. After neutralization with 
NallCOa and centrifugal ion, the supernatant solution was 
mixed with 120 mg of /)-1oluidine hydrochloride. The Sehiff's 
base, which precipitates immediately, was dissolved in chloro
form -efha.nol (2:1), the solution was dried (Na>S04), and the 
solvent was removed under vacuum, llecrystallization from 
methanol- CHCb gave 00 mg of the crystalline, yellow Sehiff's 
base, which decomposed at 180°. This was mixed in a small 
centrifuge tube with 0.6 ml of a homogeneous mixture (1.1:1.0) 
of 85'',' II3PO.; and P2().-. The tube was stoppered tightly, and 
heated 5 hr at 45°. The resulting syrup was mixed with 0.6 ml 
of 0.1 A' HC1, heated 15 min at 60° to hydrolyze pyrophosphates, 
and adjusted to pll 3.0 with 50'',' X'aOII while cooling in ice. 
The thick precipitate which formed was collected by eeutrifuga-
tioii, dissolved in cold 2 A' NaOII and diluted to 20 ml with cold 
water. After extracting twice with 10 ml of chloroform-ethanol 
(.2:1) to remove p-toluidine, the solution was adjusted to pl l 
5.5 with concentrated 1TC1 then poured onto a column of the 
anion exchanger, 1 )owex 1-XS (200-400 mesh ), in its formate form. 

(2-lj M. Viscmitiiii, C. Kl,mil her. ami I', Kilrrer, / /«/". Chim. Acta. 34 , 
18); 1 (1(151). 
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Figure 1.—Comparative spectra of pyridoxal phosphate and its 
analogs in 0.2 A" KOH; pyridoxal phosphate and u-methyl-
pyridoxal phosphate, 1 pinole/ml. The sample of norpyridoxal 
phosphate showed approximately 0.7 the absorbanee of pyridoxal 
phosphate at 390 m^: its concentration was adjusted upward for 
comparative purposes. 

The column was developed with 0.25 .V formic acid: norpyridoxal 
phosphate is recognized by its absorption (in alkali) at 300 m/n, 
where neither \'a nor Ala absorbs. Fractions containing it were 
concentrated by freeze drying to a syrup, from which crystalline 
norpyridoxal .V-phosphate (Vila) was obtained on trituration 
with ethanol; yield 14 mg. The spectrum of the product re
sembles that of pyridoxal phosphate and of w-methylpyridoxal 
phosphate (Figure 1, Table I I ) . 

Enzymatic Testing Procedures.—Commercially available 
glutamate-oxaloacetate transaminase (Boehringer, 180 units/nig) 
was freed of its coenzyme by the procedure of Wada and Snell.25 

Crystalline apotryptophanase was prepared-6 from E. coli 
H/117-A. Both enzymes were incubated with the test coenzymes 
for 15 min prior to determining their activity by the cited pro
cedures.26,26 The results are shown in Table I. 

(.2.-)) 11. Wai la and E. JO. linell, ./. Biol. Chem., 237, 127 (1002). 
(2(1) W. A. N e w t o n , Y. Mor ino . ami K. 1-0. Sued, ibiii.. 240, 1211 (lill'i.y 


