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In order to determine which structural changes in the 5 position of pyridoxol give rise to growth inhibitors, a
unmber of analogs have been synthesized in which the side chain in this position has been modified with respect
to length, branching, and nature of the end gronp. The homologs of pyridoxol obtained by extending the fi-hy-

droxyniethyl gronp by 1-3 carbon atoms are the most potent antagonists.

It a semisynthetic medinm these

analogs reduced the growth of Saccharomyces carlsbergensis by 509; at 5-8 X 10-8 M. Replacement of the
terniinal aleoholic group by hydrogen or halogen in the three-carbon homolog did not. change the potency signifi-
cautly, indicating that the 7n vivo phosphorylation of these analogs is not a prerequisite for their activity. Other
functional end groups, such as carboxyl or amino, decreased the activity of the analogs markedly, giving 50%
inhibition only at 3 X 1074to 1 X 1078 /. Branching of the side chain also decreased the activity. The «*3-0O-
izopropylidene derivatives of these analogs have, in general, less activity than do the respective pareut cam-

ponnds.

Pyridoxol? analogs can interfere with the function of
enzynies for which pyridoxal phosphate i1s a cofactor
either by displacing the cofactor or by inhibiting its
formation.® Other effects of the analogs, such as inter-
ference with cellular uptake of the vitanin, may also be
mvolved. Siuce inhibition of the vitamin Bg metab-
olisn: has been shown to elicit carcinostatic effects, the
analogs synthesized may prove of value in cancer
chemotherapy.*

The present paper is concerned mainly with the chem-
teal methods used for modifying pyridoxol in the 5
position, and with the antagonist activity of the com-
pounds thus obtaited, as deternnned with Saccharomy-
ces carlsbergensis (ATTC No. 9080).

Previous papers®® have described the synthesis aund
the inhibitory properties of 3-hydroxy-4-(hydroxy-
methyl)-5-(hydroxypropyl)-2-methylpyridine (I), an
analog of pyridoxol in which the 5-hydroxymethy! side

CH,OH CH,0OH
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CH,” N CH” SN
I I

chain is extended by two carbon atonis. Considering
the pronounced growth inhibitory activity of this com-
pound it was thought of interest to obtain additional
analogs differing in shape and size of the side chain and
to compare their activity with that of the three-carbon
howmolog. Accordingly, the side chain in I was length-
ened or shortened by one carbou atom, and some simple
branched-chaint homologs were prepared.

{1) This investigation was supported by U. S. Public Health Service
grants {CA-05697 and CA-08793). 1t represents paper XIII in the series
“'Pyridoxine Chemistry."”" Previous paper in this series: W. Korytnyk,
G. Fricke, and B. Paul, Anal. Biochem., 1T, 66 {1966). Part of this study
was reported at the 148th National Meeting of the American Chemical
Society, Chicago, Ill., Aug—Sept 1964, Abstracts, p 12P.

{2) The compound is generally known as pyridoxine. The nomenclature
used lhiere and in the previous pablications in this series is that recommended
by the IUPAC [J. Am. Chem. Soc., 82, 5545 {1960)], according to which the
name pyridoxine has heen extended to designate all naturally occurring
pyridine derivatives with vitamin Bs activity. Analogs of pyridoxol are
designated as derivatives of the parent structure whenever feasible; other-
wise, systematic nomenclature is followed.

{3) E. E. Snell, Vitamins Hormones, 18, 77 {1958).

{4) F. Rosen, E, Mihich, and C. A. Nichol, ibid., 22, 609 (1964).

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

{6) C. A. Nichol, A, Bloch, W. Korytnyk, E. Mihich, and F. Rosen,
Abstracts, Sixth International Congress of Biochemistry, New York, N. Y.,
1964, p 433.

A stable amino acid analog, 2-(&®-pyridoxyl)aminoacetic acid, has also been synthesized.

Since several pyridoxol analogs containing the free 5-
hydroxymethyl group are phosphorylated by pyri-
doxal phosphokinase,” the question arose whether
phosphorylation of the 5-terminal hydroxy group in I
18 essential for biological activity., Compounds were
therefore prepared wherein the 5-termiinal hydroxy
group was replaced by hydrogen or halogen.

The observation that the propionic acid IT has a con-
siderably lower inhibitory activity than the propyl al-
cohol I suggested that factors such as polarity may in-
fluence the effectiveness of the compounds. Other
analogs were therefore prepared in which the polarity
was reduced by converting the carboxyl group in II to
an anitde or an ester.

Because of the nature of the synthetic methods used,
most of the analogs deseribed in this paper were avail-
able both as the parent compound and as «*3-O-1s0-
propylidene derivatives. The biological activities of
the two types of analogs are compared.

Chemistry.—An improved method for synthesizing
a4, 3-O-isopropylidenepyridoxol® and various key inter-
mediates derived from it® permitted the systematic
chemical modification of pyridoxol in the 5 position,
Reactions mvolving the isopropylidene dertvatives were
carried out under alkaline or neutral conditions, and the
products were subjected to acid hydrolysis to obtain
the desired compounds. In most cases, the procedure
yielded a single comipound of high purity. The syn-
thetic routes used for the preparation of the analogs are
shown in Schemes I-VI.

The nitrile XIX and the carboxylic acid XX have also
been obtained by Tomita, ef al.'® The acid XXIII had
no tendency to lactonize, in contrast to the well-known
tendency of the 4- and 5-pyridoxic acids toward lac-
tonization.

Condensation of isopropylideneisopyridoxal (XXIV)
with nitromethane to give the nitro olefin XXV was
carried out in absolute alcohol in the presence of anhy-
drous sodium carbonate and methylamine hydrochlo-
ride. When the reaction was carried out with NaOH
instead of sodium carbonate, or in toluene in the pres-

{7) J. Hurwitz, J. Biol, Chem., 217, 513 {1955).

(8) W. Korytnyk and W. Wiedeman, J. Chem. Soc., 2531 {1862),

{9) W. Korytnyk, E. J. Kris, and R. P. Singh, J. Org. Chem., 29, 574
(1964).

(10) I. Tomita, H. G. Brooks, and D, I;, Metzler, J, Heterocyclic Chem., 3,
126 (1966).
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SCHEME V

BrancHED-CHAIN anD Two-Carson HomoLoas
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When obtained by reaction of the aldehyde XXIV
with methyllithium, the secondary alcohol XXIX was
apparently contaninated with trace quantities of the
starting material, which interfered with microbiological
testing. Hydrolysis of the isopropylidene group in
XXIX gave the expected product, but hydrolysis of the
methy! ketone XXVII under various conditions gave a
nmixture of at least two products, fron which pure ma-
tertal has not been isolated.

Preparation of H-deoxypyridoxol by hydrogenolysis
of the chloro intermediate XVIII and hydrolysis of the
isopropylidene group (Scheme IV) is analogous to the
method developed by us for synthesizing 4-deoxypyri-
doxol,!® and supersedes an earlier method for synthesiz-
ing the 3-deoxy isomer.!*

Nnir spectra have been determined for niost com-
pounds and correspond to the assigned structures.
In the series represented in Table I, a*3-O-isopropyli-
denepyridoxol (XVII) is taken as the reference con-

{13) R. P. Singh and W, Korvtnvk, J. Med. Chem., 8, 116 {1965).
t14) 1}, Hevl, 8. A, Harris, and K. Yolkers, J. Am., Chem. Soc., 758, 633
{1953).

pound, and the proton shifts are compared as the
substituent in the 5 position is varied. In addition to
the electromnic effects previously noted,>? steric and ani-
sotropy effects are prontinent in this series of conipounds,
as indicated by a* and Cg-proton resonances, especially
m the tertiary alcohol XXIX. I'urther examples of
these effects and their extent and nature will be discussed
m a separate pubhcation. The hiydrogens of the nitro
olefin XXV are frans to each other, since their sphtting
constant J,g is 14 c¢ps. A nuniber of other nitro olefins
previously obtained by similar methods from pyridine
aldehydes' probably have the same configuration.

The isopropyhidene derivatives of these compounds
are amenable to gas chromatography and the relation-
ship between the structure and their retention tinres
has been discussed.'® Themass spectraof certainanalogs
of pyridoxol described here have been determied, and
their fragmentation patterns are being elincidated;'” the
niass spectrunt of the methyl ketone XXVIT has been
presented.!®

Experimental Section

Syntheses. Three-Carbon Homologs and Derivatives. 5-(3-
Chloropropyl)-2,2,8-trimethyl-4H-m-dioxino[4,5-c]pyridine (IV).
—To «*3-O-isopropylidene-a®-pyridoxyl-g-ethanal (111, 1.8 g,
7.8 mmoles) in benzene (20 ml), a solution of SOCI: (1.8 g) in
benzene (4 ml) was added dropwise, aud theu the reaction mix-
ture was cooled. After filtration and washing with ether, a pure
product, mp 181-183°, was obtained in almost gnantitative
vield.

Anal. Caled for CisHyjoCLNO.: C, 53.43; T, 6.55; N, 4.79;
Cl, 24.27. Found: C, 53.13; H, 6.56; N, 4.87; Cl, 23.95.

5-Propyl-2,2,8-trimethyl-4H-m-dioxino[4,5-c]pyridine (V) —
5-(3-Chloropropy1-2,2,8-trimethyl-411-m-dioxino 4,5~ ¢]pyridine

{15) K. W, Merz and H. Stolte, Arch. Pharm., 292, 496 (1959).

{16) W. Korytnyk, G. Fricke, and B. Paul, Anal. Biochem., 17, 66 {1966).

{1¥) Work in progress with Dr. Don C. Delongh; see also ref 18,

(18) D. C, Delongh, 8. C. Perricone, and W. Korytnvk, J. Am. Chem,
Soc., 88, 1233 (1966).
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(rom MesSias an internal standard.
and the jasitions of penks are acciyate withbr 1 oeps

hyvdroclloride (IV, 1.00 g) was dissolved in o few williliters of
witer, (reated with an equivalent amount of NasCl);, and
extracted with =ix J0-nid partions af ether,  After evaporatian of
the ether, the resulting oil was dried by azeotrapic dixtillatian
with benzene, tuken up in tetrahydrofuran (THEF) (30 ml), aud
added to a snspension of LIAIH, (014 g) in THF (25 ml).  After
refluxing far 2.5 hr and decompesition with ethyl acetate, water
wux added, and the produet was extracted with five 100-111 par-
tions af chlaraforni.  The CHCIl; extract was washed with twn
20-mid portions af 6 N NaOH and was evaporated /n vacuo.
The oil salidified, vielding 510 mg (87¢; ) of crystalline material,
mp #$1° Sublinatian at 30° with an aspiratar vacunm raised
the nielting paiut ta 37-38°,
Stnal. Caled for CuH g NO.:
Found: C, 70.30; H, 8.63; N, 6.60.
4-Hydroxymethyl-2-methyl-5-propy!-3-pyridinol (VI)——5-Pro-
pyi-2,2,8-trimethyl-4H-m-diaxina[4,5-¢]pyridine (V, 11 mg), in
0.1 .V HCI (3 ml), wax heated a1 a steant bath for 30 min.  Kvap-
nration n racue gave an oil that could nat be made to erystallize,
A picrate was prepared hy the addition of piceric acid (13 mg)
dizzolved in o nmiinimnni amonut af water. The melting poim
of the picrate (17 mg, T8C;) was 109°, which did nat change on
recrystallization from ethanol.
Anal. Caled for CigHioNiOp-0.0H.O: ¢, 45.80;
N, ER36. Fannd: C,45.96; H, 4.27; N, 13.13.
a',3-0-Isopropylidene-o®-pyridoxylacetic Acid Methyl Ester
(VIII) Hydrochloride.—«*,3-O-Isoprapylidene-af-pyridoxylacetic
acid (VTT, 1.0 g5 was dissolved in methaunal (20 wil), ta which
an excess of diazoniethane dissalved in ether wax added. Livapa-
ration of the =alutian gave an ail.  Thin layer chranatography
(el an silica gel (1 (MeOH-CHCI,, 1:1) gave a miajor =pot (7
0.4) and an impurity at che origin. - The vily pradiet wax chro-
nmtographed an ALO, (grade II) and the major {raction wax
chnted with Celle=CHCl.  The praduet resisted ery=tallization,
and a purtian af it was canverted ta the hydrochlaride by pas<ing
HCHinto an ether salutian af the oil, mp 168~170°,
Avat. Caled far CsHaCINO,: C, 50,72 H, 6.38.
L i48; 1, 6.77.
a*,3-0-Isopropylidene-co*-pyridoxylacetamide (IX)—a*,3-0)-
Iropropylidene-ab-acetic acid (3.34 g, 1.41 mimoles) was treated
with CHuN: b1 the mianner just deseribed.  The resulting oil was
di==olved 1n ethanol {150 ml), cooled ta 0°, saturated with NH,
i a pressure tihe, and kept at room temperatnre for 10 days.
After evaparation af the ethanal, crystallization began, and same
ether wax added. The amide X (2.43 g, 7377 ) was recrystallized
frain ethyl acetate; mp 164°.
Anal. Caled Tor CpdhyNuOy: C, 638
Pound: ¢, 62.40; H, 7.38; N, 11.39.
o*-Pyridoxylacetamide (X)—-The isaprapylidene derivative
(1IN, 0.40 g, 1.6 mmoles) in 0.1 N HCI (20 ml) was heated on &
steam hath far 14 min. Water was evaporated /n vacuo ut
roomn temnperaliure, and abzolnte alecohol was added und likewisc

045 1L 8700 N, @

H, 4.56;

Found:

1, 7.25:;

N, 11.1h.

The instriment was calibivated hy rhe niethod of J. 1o Jungnickel [Anal. Chemn., 35, TOS5 1106:33,
b Reference 4.

“This work, ! Delerence b,

evaporated.  The crnde material  contained  some  starting
material, asx shown Inv e t=iliea gel tio MeOTE-CHCH, o1
After crvstullization (rom etlimnol-ether, 1122 ¢ ol pune ainide,
mp 1A0-151°, wax olitatned.

Anal. Caled for Gl CINLGOy: G, 4864 1 60100 N,
Found: C, 48,115 11, 6.0 N, 11.20.

«’-Pyridoxylacetic Acid Ethyl Ester (XI) Hydrochloride. A
salintion af e 3-0-izopropylidene-o®-pyriduxyiacetic acid (V11
E2g)in F.V ICH (10D was heated for 1 hr,  After evaporation
ol water /n racio, absolite ethanol (20 mll and a few draps of
cancentrated HC were added, and the mixtire was refluxed (or
3 hr After evaporation to a <maller valiime, ether was added,
and 1.3 g of needlex, inp 138-140°, was obtained; recrystallization
from an ethanol-ether mixtnre raixed the melting point 10 140
142°,

Anal, Caled for Cpll:CINOg: G, 3240 11, 6,240 L1202,
Found: C, 52.62; M, 6.70; Cl, 12.97.

Four-Carbon Homologs and Derivatives., «*3-O-lsopropyl-
idene-af-pyridoxyl-3-propionic Acid (XIIT).—A solution of NuCN
(230 mg, 5.1 mmoles) in dimethy! =ulfaxide (DNRO) (15 i,
technical) was stirred and heated 10 140°. A-(3-Chlorapropyl -
22 8- trimethy -4 Hem-dioxino (4, 3-¢] pyridine (IV, 700 mg, 2.30
mnolex) was added over a preriod of 24 min.  After heating for
an additional 30 i, the repaction mixture was cooled with ice,
dilured with 40 ml of water, and exiracteld =everal times witl
ether.  Evaporation of ether vielded ane oily bitrile 1N,
which was refluxed tor 3 hr in 109 aleohalic KO 120 .
The alcohal was evaporated /n vacio, and the <alt was dissolved
I st minipmm gnantity of water. The solution, kept at 12,
wis carefnlly acidified with concentrated HCU to plt 6. The
precipitated acid was filtered, washied with cold water, and dried
over Os: A430 mg (216 mmoles, Y047 1 of the aeld, mye 160-16]°,
wax ahtained.  Crystallization from ethanol did not change 1he
melting paint.

Anal. Caled for CulwNOg: G, @has; 1, 7.2 N,
Found: C, 63125 11, 7337 N, 444,

w*-Pyridoxyl-3-propionic Acid (XVI) Hydrochloride.—A =nlu-
ticm of o 3-O-isopropylidene-a~pyridoxyi-3-prapianic acid (X111,
20 mg, 0.75 wmoled i 0.1 N HCE (3 ml) wax heateld for
30 min can g osteamn harh,  After evaporation of the solvemr in
macne, water was added, und evaporatian was repeated. e
praduet {173 mg, 0.68 nunole) had mp 204°, which wax raised
to 208--200° hy erystallizatian (rom ethanol-ether.

Anal. Caled far CoHCINO: €, 50.48: 1, G.HG;
Found: C, 5091 H, €.18; N, 5.21.

2,2,8-Trimethyl-4H-m-dioxino}4,5-c|pyridine-5-butanol (XIV),
~-A solutian af &, 3-O-ixopropylidene-a®-pyridoxyl-3-propianic
acid (XTI, 100 mg, 0.38 munale ) in THEF (13 ml) was treated with
TAATH, 0.3 g).  The reaction mixture was stirred for 2 hr
1ol temperatire nider No, and was then decomposed firsi
with ethyl acetare and then with wmer.  FExtraction with CHCl
ind evaporntion gave an ol whicl eryvstallized o the addition

1E.306.
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of petrolenm ether (bp 37-34°), vielding 59 mg (63%) of the
aleahol XTIV, mp 84°, which was not altered by recryxztallization
fram a mixture of ethyl acetate and petroleuni ether.

Anal. Caled for CiHaNO;: C, 66.90; H, 842; N, 5.57.
Found: C, 67.22; H, 8.54; N, 5.77.

«*-Pyridoxyl-3-propanol hydrochloride (XVI) was not isolated,
but was obtained in solution on hydrolysis of its isopropylidene
derivative (XIV) by heating with 0.1¥ HCl for 30 min on a steam
bath.

Two-Carbon Homologs and Derivatives. 2,2,8-Trimethyl-4H-
m-dioxino[4,5-c|pyridine-5-acetonitrile (XIX)—3-(Chlorometh-
v1)-2,2,8-triniethyl-4H-m-dioxino[4,5-c]pyridine  hydrochloride
(XVITI) was prepared according to the method of Benmnett,
Burger, and Umblireit?® from o* 3-O-i2opropropylidenepyridoxol
obtained by the method of Kurytuyk and Wiedeman.® The
acetonitrile was prepared from the clhiloromethyl derivative by
two niethods.

Method A.—To 5-(chloromethyl-2,2,8-trimethyl-4H-m-dioxino-
[4,5-¢]pyridine hydrochloride (XVIII, 5.28 g), suspended in 50
ml of acetone, KCN (9.10 g) dissolved i1 40 ml of water was added.
The twa immisicible layers of liquid were heated and stirred for 20
hr while being refluxed. The solvents were removed n vacuo,
and the mixture solidified. Recrystallization from water and
then fram petrolenm ether provided 3.4 g of XIX, mp 85-89°.
A xecond recrystallizatian from petroleum ether gave mp 90-91°.

Method B—To a solution of NaCN (1.67 g, 30 mmoles) in
DMSO (250 ml, technical grade), 5-(chloromethyvl)-2,2,8-tri-
methyl-4H-m-dioxino[4,5-¢]pyridine hydrochlaride (XVIII, 4.1
g, 14 mmaualex) was added over a period of 45 min, the tempera-
ture being Rept at 80°, The teniperature was then raiced to
140° and maiutained for 15 min.  After cooling in ice, water was
added (i00 ml), and the reactiun mixture was extracted with
seven 150-ml portiaux of ether. Oun evaporation af the ether,
3.52 g (91%) of XIX, mp 89-90°, was ohtaiued.

Anal.  Caled far C.HiuN:0.: C, 66.03; H, 6.47; N, 12.84.
Found: C, 66.32; H, 6.25; N, 12.57.

2,2 8-Trimethyl-4H-m-dioxino[4,5-c] pyridine-5-acetic Acid
(XX),—2,2,8-Trimethyl-4H -m-dioxino[4,5-¢]pyridine- 5 - aceto-
uitrile (XIX, 0.7 g) was refluxed in 1097 alcoholic KOH (10 ml)
for 3 hr, and the alcohol was evaporated in vacuo. The residue
was dissolved in a small amount of water aud was ueutralized
with diluted HCl to approximately pH 7, when crystallization
begai. After standing in the cold overnight, the acid was filtered.
The yield was 0.35 g, mp 194°. Recrystallization from ethanal
did nat chauge the melting poiut.

Anal. Caled for Ca[:NOy:
C, 60.50; H, 6.23.

«*,3-0-Isopropylidene-coS-pyridoxylmethanol (XXI)—2,2,8-
Trimethyl-4H-m-~dioxiuo[4,5-¢]pyridine-5-acetic acid (XX, 0.23
g) was dissolved in 40 ml of TIIF and slowly added to a stirred
suspenzion of LiAlH, (0.1 g) in 20 mil of THF. The solution
was stirred far 2.5 hr under N.. It was next decomposed with
ethyl acetate, and then water was added. The aqueous solution
was extracted three tinies with chloroform and dried with Drierite.
After evaporation to dryness, the oil was taken up in a small
amanut af ethyl acetate, from which 0.008 g of well-formed
needles was abtained; mp 167-169°.

dnal. Caled far CHNOs: C, 64.55; H, 7.68; N, 6.27.
Famd: C, 64.71; H, 7.78; N, 6.19.

o’-Pyridoxylmethano! Hydrochloride (XXII).—a*3-O-Isopro-
pylidene-a®-pyridoxylmethanol (XXI, 70 mg) was dissolved in
5 mil of 0.1 N HCI and heated on a steani bath for 2 hr. After
evaporation in vacuo, the residue was taken up in water and
again evaporated. Considerable difficulty was encountered in
crystallizing the material.  The oil was finally induced to crystal-
lize by hoiling it with ethyl acetate, in which the conipound is
very poorly soluble. The material thus obtained (65 mg) had
mp 109-111°,

Anal.  Caled for CoHCINOs: C, 49.21; H, 6.42; N, 6.38.
Fauud: C, 49.22; H, 6.46; N, 6.21.

5-Acetyl-2,2,8-trimethyl-4H-m-dioxino[4,5-c]pyridine (XXVII).
Method A.—Diazomethane has been shown to produce methyl
ketones from several heterocyclic aldehydes.? Diazomethane
(0.88 g, 28 mmoles) in 150 ml of ether was added to a solution of
at}-O-isopropylideneisopyridoxal (XXIV, 2.0 g, 8.9 mmoles)
it methanol (100 ml) at 0°.  After standing 30 min at room

C, 60.75; H, 6.37. Found:

{19) R. Bennett, A, Burger, and W, W. Umbreit, J. Med. Pharm. Chem.,
1, 213 (1959).
{20) L. Capnano and T. Jamaizne, Ber,, 96, 877 {1063),
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temperature, the solution was evaporated in vacuo, yielding a
dark oil. The oil was applied to an Al:O3 column (Woeln,
No. 1 activity), and was eluted with hexane. The hexaie eluate
was evaporated, yieldiug an oil, part of which crystallized. The
oily by-product was removed by spreading the mass on a porous
plate. The crystalline residue (225 mg, 12%%) was sublimed at
80-100° using an agpirator vacuunt; mp 107-108°,

Anal. Caled for CHsNO;: C, 65.14; H, 6.83; N, 6.33.
Found: C, 65.09; H, 6.73; N, 6.33.

The acety! compound was also isolated from the initial dark
ail by extraction with ten 10-ml portions of ligroin in the cold.
The pure compound wax quite unstable and turned dark in a few
days. The progress of the reaction was followed by means af
tle (silica gel G; ethyl acetate—chloroform, 80:20). The spotx
were developed by spraying with 1 N HC], heating at ca. 100°
for 15 min, and spraying with Gibbs’ reagent. After 30 niin,
ua starting material could be detected, and the reaction mixture
consisted of the acetyl derivative and an unidentified compound
(R: 0.7 and 0.3, respectively). After 60 min, two additional
compounds had formed (B¢ 0.6 and 0.2). After 66 hr, another
two additional compounds could be detected (R 0.4 and 0.5).

Method B.—The methyllithium method described by Teguer!?
for the synthesis of methyl ketones was used. A methyllithium
solufion in ether (5.0 mmoles) was added all at once to a suspeu-
sion of «*3-O-isopropylidene-aé-pyridoxic acid (XXVIII, 300
mg) i ice-cooled ether {50 ml). After stivring for 5 miu, the
initial reddish color of the reaction niixtnre disapjieared, and
after stirring far another 10 min in the cald, the mixture was
refluxed for 1.5 hr. After cooling in ice, 25 ml af water was
added, and the mixture was extracted with ether. Evaparatian
af ether extracts and recrystallization from petrolenm ether
vielded 41¢,. af the methyl ketane, identical with that ohtained
bv methad A.

The oxime of the niethyl ketane (XXVII) was abtained by
dissolving the ketoue (220 mg) in alcohol (15 ml) and adding
hvdroxylamine hydrochloride (250 mg), followed by 105 aqueous
NaOAc (5 ml). The mixture was heated ou a steani bath for
2 hr, cooled, and then evaporated to dryness in vacuo. The resi-
dine was dissolved in water (20 ml) and extracted several times
with ethyvl acetate. The ethyl acetate extract was evaporated,
and the residie was recrystallized from ethy! acetate, vielding
180 mg (7V65%) of the oxime, mp 194°.

Adnal, Caled for C]ZH]GN'_‘Og: C, 6100. H. 6%:)), N, 11.86.
Found: C, 60.80; H, 6.82; N, 11.58.

Acid hydrolysis of the isopropylidene group «af the methyl
ketane and its oxime gave mixtures as determined by tle. Claizen
conden=ation of the methyl ester af «43-O-isaprapylidene-i-
pyridoxic acid (prepared according ta Koryvtnyk, ef al.?) with
ethyl acetate under standard conditians gave a ghmmy prodiiet,
which was converted, in 149; vield, to the oxime of 5-acetyl-3-
hydroxy-4-hydroxyniethyl-2-methylpyridine, mp 195-196° dec,
on crystallization from a mixture uf ethyl acetate and ether.

Anal. Caled for CoHaN20s: C, 35.09; H, 6.17; N, 14.28.
Found: C, 54.94; H, 6.24; N, 14.13.

5-(2-Nitrovinyl)-2,2,8-trimethyl-4H-m-dioxino[4,5-c]pyridine
(XXV).—Isopropylideneisopyridoxal (XXIV, 1 g) was dizsolved
in 4 ml of absolute ethanol. Nitromethane (0.7 ml) and methyl-
amine hydrochloride (20 mg) were added, followed by anhydrons
NasCO; (8 mg). The mixture was shaken in a "wrist action'
shaker for 6 days, until yellow, needle-shaped crystals separated
out. After standing in the cold overnight, the mixture was
filtered. The filtrate was concentrated to a small volume nnder
reduced pressure, and additional yellow crystals separated out.
The material was filtered again, and the residie was washed
with cold ether. The combined residue (0.6 g, 300;) was re-
crystallized as needles from ether; mp 172-173°.

Anal.  Caled for C.HuN:04: C, 57.59; H, 5.64; N, 11.20.
Found: C, 57.39; H,5.69; N, 11.21.

5-(2-Nitrovinyl)-4-hydroxymethyl-2-methyl-3-pyridinol.—5-( 2-
Nitrovinyl)-2.2,8-trimethyl-4H-m-dioxino[4,5-c|pyridine (XXV,
50 mg) was placed in 10 ml of 209 aqueous acetic acid and heated
on a steam bath for 1.5 hr, until the nitro compound dissalved.
The solution was evaporated to dryness under reduced pressure,
and the residue was crystallized from methanal-ether; mp 197~
198° dec.

Anal. Caled for C;HoN.O4: C, 51.42; H, 4.80; N, 13.33.
Found: C, 50.86; H, 4.85; N, 12.97.

o’-Pyridoxylmethylamine Dihydrochioride (XXVI).—5-(2-
Nitrovinyl)-2,2,8-trimethyl-4 H-m-dioxino (4,5-c]pyridine (XXV,
1.2 g) in 200 m} of anhydrous ether was added drop, by drop to a
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=nspensin of LIAHT, (0.75 g) In 30 ml of auhydrous ether, with
=tirring, in an atiasphere of dry uitrogen.  The reaciion mixture
wis heated and refluxed, with stirving, far 8 hr. It was then
caaled i ice, and the nnreacted LiAlH, wus decanipased with
cthivl neetate (10 ml), followed by water (5 ) and NaOH sahi-
tian €1 mb).  The ether layer was decanted off, and the residne
wis extracted several times with ether. The comhived ether
extracr wax dried (NCOq) and evaparated (o an aily residne.
Addition of HGI gave a hydrochloride fapparently the o, 3-0-
isoprapyideie derivarive of XXV which was very hygroscopie
and could not he analyzed.  To (0N g1 was dissolved in 1V
HCT (30wl and heated on & steam hath for 2 iee The agneons
laver was evaparated to dryness nuder reduced pressure, aud
the rexidne was erystadlized from methanol-ether; mp 104-201.5°
dee, yvield 0.75 g (413575,

Anal.  Caled for Gol1isCleNoQy: (0, 42.35; 11, (1.27; N, 10.97.
Faund: C, 42.59; H, 6.31; N, 10.82,

Branched-Chain Homologs and Derivatives, «*,3-0O-Isopro-
pylidene-o*-methylpyridoxol (XXIX). Method A.--a*3-O-Txo-
propvlidencizopyridoxal (XXIV, 0,470 g, .74 mmoles) wus
dis=olved br anhydrans ether (23 11l and added to methylithimu
(2.3 nupoles in 2 ml of ether) during 5 min, the reactian mixtire
heing <tirred and coaled in ice.  Water was added, and the 1nix-
fnre wis extracted with ether.  After drving, the =olution was
evaplorated /noracuq, yvielding an oil, which crystallized.  De-
ervstullization from ethanol guve twa crops of crvstals: the first,
PO ng, mp 123-128°; and the second, 161 mg, mp 118-120°.

Anal. Caled far CyllizNQO,: €, 64.51; 11, T.68; N, 6.27.
Ponnd: C,64.66; 1T, 7.92; N, .23,

Method B.-To a salution af XXVIT (101) mg) in 755 alcohol
(1A mdYy, NaBH, (100 mg) was added <lawlyv for Fimin, with stie-
ring.  After addidionnd stirrbug for 30 min, the =olvent was evipn-
rated, and the residie was (aken npin water (10 ml) and ex-
tracted several tiimes witl ether, On evaporaiion, the other ex-
tracts gave 1 =olid residue, whicl was ervsiallized from aomixture
of ether and perralemnn ether, vielding 8O°T of u prodnet identical
with that obtained hy method A.

«*-Methylpyridoxo! Hydrochloride (XXX).--a’,}-0)-Lxoprapyi-
idene-g*methyipyridaxol (0.21 gy in 1.V 11CH 15 mal) was heated
for 30 min.  Evaparation «f the water /n zacuo and crv=talliza-
fion from ethanol-ether gave 0.21 g of veedles, wmp 157-158°,
which recry=tallization raised to 160°,

Anal. Calell for CoILsCINOg: C, 49.21; 11, 642 N, 6.38,
Ponnd: C, 49.07; H, G.47; N, 6.21.

+*,3-O-Isopropylidene-«o?,o®-dimethylpyridoxol (XXXI),--A
<oliution of the methvl exter of w4,5-O-ixapropylidene-a®pyridoxic
acid? (0.3 @) i 10 m) of anhivdrons ether was added aver a periad
of 0.5 hir, with stirring, to 0.0 wml af u 1 37 solution of methyl-
magnesinlin iodide in ether.  The reaction niixture was reflixed
for I hr, cooled, and ponred into a4 mixture af ice (ca. 21 g) and
NILCH (G g).  The resulting solntian was extracted several tinies
with ether. The cawbined ether extract was washed with a
<odinnn thiosudfate salution (107%), followed by water, dried
IMg=t)y1, and evaporated. The residue was erystallized from
other-—-petrolemnn ether, vielding 1.332 ¢ (66.4%) of the alcohol,
11 125--126°.

Anal. Caled for (:13H19.\-();1Z (:‘, “:)S.l
Found: C, 66.03; H, &.13; N, 5.95.

«®,o*<Dimethylpyridoxol Hydrochloride -« 3-0-lxojiropyl-
idene-®, o-dimethylipyridoxol (XXXNT, (00 mg) was dissolved in
0.8 N ICT (10 ) and was heated an o steam hath far 1 hr,
The aecid solution wis then caoled, filtered, uud evaporated in
racno. The residite was  crvstallized  from  methanol -ether,
vielding 92 mg (9267) of the analog, mn 173-174°.

Anal. Calad for CroHigCINOg-0.251,0: C, 4042 H, 6.9%;
N, 4.88. Fomd: C, a0.77; F, G0.93; N, 5.80.

One-Carbon Analogs. 2,2,5,8-Tetramethyl-4H-n-dioxino-
14,5-clpyridine,---i-( Chloromethind )-2,2 8-trimethyl-4 Fl-m-diaxino
1+ A=clpvridine hvdroehloride (XVIIT, 0.7 g) was dissolved in
10 1l of water aud cooled innice.  The salution was made alkaline
with NullCOy, and the resnlting free hiase was extracted with
ethiyl ucetate, The cojtiined ethyl acetate extracts were washed
with water, dried (MgSO), and evaporated in vacno. The
ypsidac wis dissalved i aleahal (40 i) and hvdrogenated with
I at 2.1 kg/em? for 1 hr in the presence of 1077 Pd-C (230 mg)
i Parr hvdragenatian apparatis, The eatalvst was remaved
by filtration, the filtrate wax evaparated ta dryness in eacio, and
the =olnte was crvstallized from an aleahal-ether mixture. The
compoimnd  was abtiuined asx the hydrochloride in 917, yield
(LG8 g, p 215 216°0 The Tree hose was ohlaiped by treat-

1, 8.01; N, A.90.

Nouvryyk, B, Pavr, AL
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ment with agneons NallCOq, ward wis cevstallized Trom petrolemn
other; mp S8=8N0°,

Aot Chaled Tor CallaNQ: G, 6857 L 820 N, T2
Foamnd: ¢ 68516 11, 8.1 N, 748,

2,5-Dimethyl-3-hydroxy-4-hydroxymethylpyridine (5-Deoxy-
pyridoxo!) Hydrochloride.--2 2 5 8- Tetrmnetliyl-411-@-dioxinn-
[4.5-clpyridine hydrochloride {1200 mg) was disolved e 0.1 A
FECY £1 md 1 and was hested o steran lad for T hr. The aeid
sodiniann was coded, ltered, and evaporated (o adeyness under
redneed pressive. The residue wais ervsinllized (o an aleoliol
eiher mixiure caed vielded A e S0 of the desived vonae
prond, mp J40 ] CES

Anals Uated for CihCINOG:
Found: C, 50.61; H, G.GL; N, 745,

Amino Acid Analogs. «%3-O-Isopropylidene-’-pyridoxyl-
acetamidomalonic Acid Diethy! Ester (XXXII).-—Radinm (0.25 )
wis disgolved b1 15 il of abisohite aleohol, and diethyl acetaimido-
nntlomte 126 g) wis added with stivring and allowed (o reae
Yor 0.5 I Fincly powdered S-{ehloromethyD-2,2, 8- (riiverhyl-
A -@=dioxioo405- Jpvrviding . hydeochloride tXVITE EA g
was added, followed Dy dried K1 0.5 @b T reaction biixtore
wits stirred st oo semperntnre For 48 e and then evaporated
comiletely inder redneed pressure. The residine was 1aken np
i wader Sl and extrneted severnd tiimes with ether. The
connhined ether extract wox washed with 1007 <odimn thiosudlite
solntion aud then with water, dried (MgSO4, and compietely
evaporated noder rediced pressure. The residiie wis srysial-
lized Trom o nixtre of ether anil petrolemn ether: mp 17
PIS® (0L 122-120° 0 vield 2.2 g 105,270,

e Caled (o U 1gNLD5 G S8ST; L 601, N, G,
Voo : (5, 50105 11 G.492; N, 687,

2«i w*-Pyridoxyhaminoacetic Acid (XXXIII). oncentrated
HET 0t mby was sodded (o diethyl o8 5=O-sopropylidene-o ™
pyridoxylacetamidomalonate CNXXIL O 100 mgi aud shaken
Tor 2 hire Fhe acid solntion was dilnted with wates (Ul ond
heaed 1o reflnx G 2 hee The reaction mixture wis then eom-
plerely evaporated nnder redneed puessure. The residae wis
dizzalved i witer 5 il eonled inice, and nentralized o o
pll 7 winth NTLOTL The pential sabition wis then evaporated
to drypess under reducod pressure. Aleohol was added to 1he
cexidne, aired the suspensio was heated 1o hotling and filterl.
The =olnd residiie wis dissolved i water and filtered, and (e
Hltrate wis evapornted v small vohnne (e 2 il Aleolad
fHO iy was adided and eveporaced imder rediced pressire, when
ervstadlive nuaterind sepurated o The ervstals were (itered,
witshed witli g cold mixtire of 2wl of water and S il of adeolnd,
and dried. The material was Tnrther ery<taltized from o wates
aleobol mixtnee. The conpound showed one spot (720 0.37) o1
tle with 322 FAQH -1L0O and gave positive Gibbs aud ninhydrin
tests; mp 2H48-2440° dee, vield 34 mg (61577 Ap analytically
pure sainple could nor Fe olitained hocatse of 1t extreme soli-
bility i water: 1t= analyvsis Gl Caled far Gyl NGO,y
C, a3.09; 1L 424 N, 12380 Fannd: ¢ a0.0a8: T 60200 N,
FEDAY indicates that 1 ix eoniwnipated with soine organic
salt. I hs boen Tarther characterized ax its erhy? ester, a-
deseribed below.

Methyl 2-(«*-Pyridoxyl)aminoacetate. -2-i *-1vridoxyvii-
aminoneetic aeid (NNXXITIL, 100 ng) was taken up in dey meth-
anol (21 ml ond cooled 1o =1t 1o = (5% Thiony] eblorble
(O il was added drop Ty dreop, with <tiering, over o period of
15 min. Stirring was contiioied while the veretion mixtore was
gradually allawed to come to oo tenperatnre. Nexl ihe
methanolic solption wax refluxed Tor T hr on o steamn bath, conled,
and completdy evaporated under rddnecd pressives The residne
was erystallized (romn an wleohal-ether mixture, vielding S0 g
(677 af the ester, mn 114--105° dec.

Anal. Caled for CylsClaNay: (5, 42,17
Faund: C, 41.88; H, 4.45; N, S8

Assay of Antimicrobial Potency and Inhibition Analysis,---Thp
uedinm of Atkin, ef o720 modified hy the addition of 20 mg »f
ni-tryptophan and 2.5 1nig of bicotinie acid/l of medimn and
supplemented with buteg il of pyeidoxol was nsed for all growth
assavs invaving S, cailsbergensis (ATCE 0080), The assiys
were carried o by placing T-ml portions of the medinm into
13 5 100 mun Pyrex eddtinre tubes, aud adding 1 ml of waier or
of the solniion coniwdning the test enmponnd, Rterilization wis
carriced ont by entoelaving for 6min ar 116012170 The analogs

S0.66; 1L G.3N N T

I 5.75; NS4

W21y L Nk VN Seivveia, WO L W Lo, nod O N ey Tl (e
Choe s Lol Fe 16, 65 71911y
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InniBimioN 0F Growrd oF S. carlshergensis BY VrramiN By ANatoust

e m— s e— N bare of R——ee - e e
Type Strucldre
Two-carbon CH.CH. Ol
CH.COOH
CH=CHNO,
COCT,

C(CII:I)ZN()]{
(CH»),0H
(CT.),Cl
GHLCHLCH,
CIHLCHLCOON
CH.CHCONTTL
CH.CILCOOCH,
ClHL.CH.,COOC,1L;

Three-carbon

Fonr-carlion (CI),OH
(CH,);,COON

Branched CH(CH;)OH
C(CH;).0H

- Conen, A, for 50%, growtli inhily tcompd no,)———-——

[

CH,
CH,0H S\ O~ CH,
HO R CHu/ \0 7 ] R
on” N HC SN
50X 1078 (XXIT) T X 1077 (XXT)
Not tested (XXIII) 4 X 107+ (XX)
I X 10~* 5 X 1078 (XX
Not available 1 X 1073 (XNVII)
12X 107 4 X 107+
1 X 1078 (1) 1 X 1077 dII)
Nat available 1 X 1077 (IV)
1077 (V1) 2% 1078 (\)

[0=* (II) >1078 (VI

XX X

AL M
=

1074 (X)) 4 X 1074 (X))
. availalile 5 OX 1074 (VI
X 107 (X1) Nat availuble
8 X 1078 (XV) 1 X 1078 (XIV)
5 X 1078 (XVI) 4 X 1074 (XIII)
6 3 1077 (XXX) 8 X 1078 (XXIX)
3 X 104 3 X 1078 (XXXI)

« Cauditions af testing are described in the text; under the conditions used, 4-deoxypyridoxol inhibited growth of the test organizm

by 500, at 5 X 10=7 M.

were <terilized Dby filtration :d were then added ta the anto-
claved medinm, - The inoenla were prepared from enltures of the
{ex( arganism which were grown in 1 ml of the mediumn far 20 hr
at 30°, Fallowing ceutrifugation and washing twice with isa-
tanie saline, the cells were resxuspiended in enongh saline to yield
an optical denzity af 0.30 at 470 mg as measured in a Beckman
Model B spectraphotometer. A 1-ml portion of this suspension
was dilated tenfold with saline, and 1 drop of this final dilution
wax placed in each assay tube. Inecubation proceeded for 20 hr
at 30°. Al assays were carried out by shaking the cultnres
during inenbation.  The extent of growth was deterniined
Iy nieaus of a Klet(-Suninierson photoelectric colorinieter nsiug
a red filter (640-700 mu). Ta determine their putency as in-
hibitors of growth, the analags were added ta the medinu at
coneent rations ranging from 1073 ta 107 37,

The inhibitory activity of these compannds is snmnnarized in
Tahle TI. Ta evaluate their antimetabolite nature and ta deter-
wine the inhibition indices, cancentrations of the analogs varviug
fram 1073 to 10-¢ M were added to the medinm containing con-
centrations of the pyridoxol, pyridoxal, or pyridoxamine rangiug
from 10~¢ta 1010 31,

Discussion

Chemieal modifieation of the H poxition of pyridoxol
fornished a seriex of analogs eapable of mhibiting the
growth of S. carlsbergensis. but the extent of inhibition
depended npon changes in the length, bulk, and polarity
of the side chain (Table II).

The inhibitory activity of most of the parent com-
pounds (Table II, column 3) was compared with that of
a*,3-O-isopropylidene derivatives (Table II, colnmn 4).
In most cazes the mtroduction of an isopropylidene
group into the niolecule decreazed the inhibitory po-
teney 2- to 20-fold, but in one case (XXV) a 20-fold in-
crease in potency was noted.  Cheniical hydrolysis of
the isopropylidene group is not expected under the
conditions of testing, but the possibility of enzymatic
hydroly=is hax not becn ruled out as yet.

Conversion of the hydroxymethyl gronp in the 5-
position into a straight-chain w-hydroxyalkyl gave rise
to the most potent analogs (I, XV, XXII), and the o’
(w-hydroxyalkyDpyridoxols  containing  two-, three-,

and four-carbon chains all produced 509 growth inlibi-
tion at concentrations between H and 8 X 10—#1/. Re-
placement of the terminal hydroxyl group with hy-
drogen (VI) or chlorine (IV) did not markedly change
the biological activity of the three-carbon homolog I,
indicating that phosphorylation may 1ot be a preveq-
uisite for the inhibitory effect of this and probably
the other alcohols.

The corresponding acids, however, showed a con-
siderable drop in activity. This suggests that cither
the lipid solubility of thix type of compound or their
charge or both may be important i determining their
activity., Such annmphcation 1s strengthenced by the fact
that esterification of the carboxyl group (XI) restores
the activity to some extent. The nature of the side
chain may markedly affect the permeability of these
analogs and thus their capacity to interfere with the
uptake, activation, or cofactor function of the vita-
min. 72223

Branching of the side chain (XXIX, XXXI) also re-
sults in decreased activity, the secondary alcohol being
iuliibitory at 6 X 10774/ and the tertiary aleoliol at 3
X 1041/, Thisdecrease indicatex that the complexity
of the side chain also contributes to the extent of the
biological activity of the analogs. Thus, in addition
to their lipid solubility, the geometry of the analogs
appears to be an inmiportant contributing factor in deter-
mining their antagouistic potency.

The observation that the analogs containming un-
branched alky!l groups demonstrate pronounced bio-
logical activity, coupled with the fact that branching
of the side chain decreases their effectiveness, suggests
that there niay exist a hydrophobic region on the re-
ceptor site at which the side chain can be bound. In-
troduction of a carboxyl group or a carbonyl group
(such as in compound XXVIT) may decrease the bind-

(22) J. M. Beiler and G. J. Martin, J. Biol. Chen., 169, 345 (1947).
(23) W, W, Uwbreit and J. G. Waddell, I'roc. Soc. Kzpl, Biol, Mo, 70,
203 (1049).
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g of these nmalogs to =uch o region resulting i lower
biological activity.,  Siee changes in the o side chain
cencrally are too far removed to influenee the electronie
configuration of the pyridine ring to any significant ¢x-
tent, cleetronic off cet=*24 e not expected to he of great
importance i thiz =cries of compounds.  Thix as-
sumption iz supported by the similarity af the positians
of the Cg and a*proton resonance peaks m most
of the homologs (e.g.. Table T: XVII, TH, and
XXIX). Exeeptions are those compounds v which
sterie and anisotropie cffects of the 5 =ubstituent arve
expected to rerult in different valnes (eg., Table Lt
XXXI).

The effect of the vitain on the potency of wnumber
of the unbranched hontologs wis examined by means of
an inhibition aunalysix®  The growth inhibition ex-
erted by these analogs was competitively prevented by
the three forms of the vitamin (pyridoxol, pyridoxal.
and pyridoxamine), demonstrating the antimetabohte
nature of these compounds.  The cffectiveness of -
hibition of the straight-chain homologs and =onre of
their dertvatives as measured by their inhibition
indices compares well with those of two other potent
vitamin By analogs, 4-dcoxypyridoxol and w-methyl-
pyridoxol, previonsly studied by Rabinowitz aud
Snetl®  Ax determined with pyridoxol. the fonr-car-
bon homolog XV has an inhibition index of 2 (ratio of
the concentration of the inhibitor to that of the sub-
strafe required for 509G growth inlnbition). wherens
the pyridoxine mralog with the n-propyl side chain VI
has an index of 7. Analysis of the inhibition of varions
pyridoxol analogs, including those deseribed i this
paper, will be diseussed g snbsequent publication.
The relatively low vahies of these indices reflect the
ability of the unbranched homologs to compete favor-
ably with the vitamin and apparently account for their
considerably poteney.

Sinee S, caclsbergensis reguires only 1 ompug/ml of
pyridoxol for approximately half-maxinm growtli. i
proved to be a vely =ensitive test system for detecting
trace contamination of the analogs with the starting
materials (e.g., pyridoxol).  Surh materials were some-
times curried forward through several steps In o =yn-
thesis, and their presence could not be deteceted even
by =ensitive chemical methods.  lor example, the in-
feraction  of izepropylidencpyridoxal (XXIV) with
methylithimn gave the sccondary aleohol XXIX, which
was pure by all nsual chemieal standards but =ufficiently
contaminated with a growth-promoting ~ubstance to
mask the marked inhibitory activity of the secondary
aleohol. When prepared by redneing the methyl
ketone XXVIT with NaBH, however, the secondary
aleohol XXTIX was found to be a good growth inhi-
bitor, free of the growth-prontoting contaminant.

The present investigntion establishes and extends

2t 1o L. Greeae wad Jo N NMomgoaerey, S, Wow, Chene,, 8, 204 1015

125) W Sldve, App. N Y. Aead, Sei, 52, 1212 011930,

a2y L L Rabinowicz wed 120 Y0 Snell, 1wk Binchen. Biophys., 48, 108
QW
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methods Tor modilving pyridoxol i the 5 positian.
The =opropylidene gronp appenrs 1a be ideal Tor nse in
such methads beeanse of its =tahility a~ o blacking
eronp. Hs removal with aeld generally yields o pore
prodiuct,  The methy] ketoms XXV however, = on
exception.  On hvdrolysis 1t gave aomixtore, and this
anowmaly < nnder <tdy.,

The amino acid analog A-(e -pyridoxyl)aminoncetic
actd (NXXTIT) ix the fivst analog of its type having the
stuble C-C' linkage between the pyridoxel and the
amino neid moteties. Previonsly, o mnmber of (- N-
linked pyridoxyl amino avids ave been =ynthesized®
which were metabolically activated, presimably thrangh
oxidation to n hydrolvtically nnstable Schift hase

Modification of the active homologs by conversion
ol then d-hydroxymethyl gronp (o the aldehyde form
may euliance their biologieal aetivity, since =neh con-
pounds woukl more closcly resemble the cofactor. pyr-
idoxal phosphatr.  Relatively few analogs of thix type
Itave been stindied o far. 3-Deoxypyridoxal was found
to he mneh more effective than A-deoxypyridoxol i in-
hihiting growth of lactie acid bacteria.”  Sihmilarly,
i Swiszs mice, a-deoxvpyridoxal is more toxic than 5-
deoxypyridoxol.?  Tomita qnd  Metzler® have con-
verted the 4-hyvdroxymethy] group of the acid IT 1o the
aldehyde form,

With the exception of we-mmethylpyridoxol and 4-de-
oxypyvridoxol % compounds modified m the 2 and 4
positions were generally found to be weak mitagonists,
IPor exaumple, the three-carbon homolog mud the sceond-
ary aleohol obtained by modification of the 4 position™
were poor nhibitors of the growth of 8. cavlsbergensis.
Modification of the 2 position by replacement of the
methyl group with a hydrogen atom resulted i only
weak biologieal aetivity 3632

The marked potencey ol the homologs reported in this
paper makes it desirable to determine their mode of ne-
tion. Such o =tudy must take into account the possible
interference of the analogs with the uptake of the vita-
nin, their poxsible inhibition of pyridoxal kinuse ae-
tivity, and their competition with pyridoxal phosphate
for varions cnzyimes for which the vitamin serves ax o
cofartor. However, the lack of =ich information does
not affert the potential usefulness of the maalogs, und
their marked poteney i the microbial sy=tem eharae-
terizes them ns ngents of conziderable interest m chemo-
theragy.
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