
EP 0 234 940 B1 5     The present invention relates to novel adducts of
menadione with a derivative of pyridine such as pyridoxine, pyridoxal or
pyridoxamine, which adduct has vitamin [err] activity and vitamin K
activity, and is useful in animal feed premix and compositions. 10
Background to the Invention It has long been known that among the vitamin K
active substances (VKAS) menadione sodium bisulfite (MSB), the adduct of
sodium bisulfite and menadione (2-methyl-1,4-naphthoquinone), provides
better vitamin K (antihemorrhagic) activity on an equal weight basis than
menadione itself. Menadione is one of the 15 first synthetic analogues of
the natural vitamin K's of vegetable or animal origin. This quality has
been partially explained on the basis of the high water solubility of the
adduct (menadione is oil soluble) and the consequently easier and more
effective absorption into the organism receiving this form of VKAS. A
further improvement was the discovery of the compound menadione
dimethylpyrimidinol bisulfite 20  (MPB) which is disclosed and described in
U.S. Patent No. 3,328,169 issued to Heterochemical Corporation, Valley
Stream, New York. MPB is a compound in which the sodium atom of MSB was
substituted by a weak organic base, more precisely a particular pyrimidine
base. This resulting compound possessed a remarkably high vitamin K
activity (P. Griminger, Poultry Science 44,210 (1965); Dua, Day ibid 45,94
(1966)) and a better stability than MSB when mixed with other vitamins,
minerals, etc. in animal feed supplement. 25 Summary of the, Invention This
present invention relates to a family of novel adducts of menadione
bisulfite with a compound 30  exhibiting vitamin activity. In particular,
this family of compounds includes the three novel compounds having the
general formula: [err] wherein 45    x is 2, y is 1 and R is [err] or x is
1, y is 1 and R is -CH2OH or -CHO. This family of new compounds can be
prepared by reacting a compound of the general formula: 50 55 2
EP0234940B1 [err] [err] is [err] and n = 1, or [err] is -CHO and n = 1, or
15    [err] is -CH2NH2 and n = 2, 



with the selected molar amount of menadione sodium bisulfite. Brief
Description of the Drawings 20  Fig. 1  shows  an  infrared  spectrum  for
the  compound  2-methyl-3-hydroxy-4-aminomethyl-5-
hydroxymethylpyridine-bis
(1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthalenesulfonate). Fig. 2
shows an ultraviolet spectrum for the compound,
2-methyl-3-hydroxy-4-aminomethyl-5-
hydroxymethylpyridine-bis(1,2,3,4-tetrahydro-2-methyl-1,
4-dioxo-2-naphthalenesulfonate). 25     The drawings are not to be deemed
limitative of the present invention in any manner. Detailed Description of
Preferred Embodiments 30     The family of new compounds is useful as
follows due to the combined vitamin K and [err] activity. The compounds of
this invention may be utilized alone or in admixture with suitable
carriers. They may be utilized with, for example, acid or alkaline carriers
because of their extreme stability. Numerous carriers are available and one
is normally selected on the basis of cost, inertness to the compound and
tolerance by the particular animal. The following list contains but a few
of the nutritive materials which have been or may 35  be employed as
carriers: corn meal, corn cob meal, milo, soybean oil meal, alfalfa meal,
dried whey, wheat shorts, distillers dried solubles, salt, meat scraps,
calcite, feather meal, poultry by products, wheat middlings, dextrose,
lactose meal, dried kelp, linseed oil meal, oatmeal, dried yeast, wheat
bran, soybean meal and the like. The compounds of this invention may be
provided as premixes, or as concentrated mixtures, which 40  may then be
used to prepare the complete feed mixture. The premix is usually prepared
to contain 4 grams of the compound per pound; however, multiple strength
premixes, e.g. those containing 8, 12, 16, 24, 32 and 64 grams of the
compound per pound can also be prepared and utilized. The premix can then
be combined with other ingredients to form a complete feed, e.g. about one
quarter pound of premix with about one ton of other ingredients will form a
complete chicken feed. Complete feed for other animals can 45  be similarly
formulated. A complete feed composition can also be directly prepared
containing from about 1 gram to about 20 grams of the desired compound per
ton of composition without utilizing the premix composition. The family of
novel compounds according to the present invention has the following
advantages. The family of novel compounds is water soluble, but much less
than MSB or menadione bisulfite 50  complexes (MSBC). One of the advantages
of the family of compounds according to the presently claimed invention is
that they are moderately water soluble. A moderate water solubility is
advantageous in certain uses. (See R.C. Wornick, Variatrion of
Microingredients Assay Values on Feed Products; Causes and Solution; part
11 FEEDSTUFF, May 13, 1985, page 35). In regard to the vitamin K and [err]
activity, the compounds possess both activities. 55     Because VKAS and
vitamin [err] are generally added to poultry feed premixes and feed
compositions in about equal amounts, the new compounds when used in such
feeds, would allow for a saving of the quantity of vitamin [err] to then be
added. Another advantage over the prior art compounds, such as MSB, is a
higher stability at high temperatures, high humidities and high pH's. 3   



EP 0 234 940 B1 The first now compound is the
1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthalene sulfonic acid
(menadione bisulfite) adduct with pyridoxamine in a molar ratio of 2:1.
This compound possesses vitamin K activity (due to the menadione bisulfite
moiety) as well as vitamin [err] activity (due to the pyridoxamine moiety).
5     The first new  compound  of the  present invention  is
2-methyl-3-hydroxy-4-aminomethyl-5-
hydroxymethylpyridine-bis(1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthale
nesulfonate). It has the follow- ing empirical formula [err] It has a
melting point of [err] is sparingly soluble in water at room temperature
(1.3 g in 100 ml of water), and is poorly soluble in 99% ethyl alcohol, and
in chloroform (less than 0.1 g in 100 ml). IR and UV spectra are shown in
Figs. 1 and 2, respectively. 10    It results from the substitution of the
two atoms of sodium present in two molecules of MSB, with a weak,
bi-functional organic base, namely
2-methyl-3-hydroxy-4-aminomethyl-5-hydroxymethylpyridine hav- ing vitamin
[err] activity. This first compound can be prepared by reacting MSB with
pyridoxamine dihydrochloride in aqueous solution, in a molar ratio of 2:1,
according to the following reaction scheme: 15 CH        OH [err] with
elimination of two molecules of sodium chloride and precipitation of the
compound in the form of white 30 crystals. Utility for the first new
compound is based upon the fact that it contains, on a weight basis, almost
the same amount of combined menadione compared to MSB, and 1.54 times more
than MSBC. It contains 50.8% menadione and 24.8% vitamin [err] The second
new compound is the menadione bisulfite adduct with pyridoxal in a molar
ratio of 1:1. This 35 compound posesses vitamin K activity (due to the
menadione bisulfite moiety) as well as vitamin [err] activity (due to the
pyridoxal moiety). The second new compound of the present invention is
2-methyl-3-hydroxy-4-formyl-5-
hydroxymethylpyridine-1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthalenesu
lfon-ate having the empirical formula [err] It results from the
substitution of the one atom of sodium present in one molecule of 40  MSB,
with a weak, organic base, namely
2-methyl-3-hydroxy-4-formyl-5-hydroxymethylpyridine, having vitamin [err]
activity. This second compound can be prepared by reacting MSB with
pyridoxal hydrochloride in aqueous solution, in a molar ratio of 1:1,
according to the following reaction scheme. [err] 55 with elimination of
one molecule of sodium chloride and precipitation of the compound in the
form of a white material. Utility for the second new compound is based upon
the fact that it contains, on a weight basis, 40.9% 4 



EP0234 940B1 menadione and 39.8% vitamin [err] The third new compound is
the menadione bisulfite adduct with pyridoxine in a molar ratio of 1:1.
This compound possesses vitamin K activity (due to the menadione bisulfite
moiety) as well as vitamin [err] activity (due to the pyridoxine moiety). 5
The third new compound of the invention is
2-methyl-3-hydroxy-4,5-dihydroxymethylpyridine-1,2,3,4-
tetrahydro-2-methyl-1,4-dioxo-2-naphthalenesulfonate having the empirical
formula [err]. It results from the substitution of the one atom of sodium
present in one molecule of MSB, with a weak, organic base, namely
2-methyl-3-hydroxy-4,5-dihydroxy-methylpyridine, having vitamin [err]
activity. This third compound can be prepared by reacting MSB with
pyridoxine hydrochloride in aqueous 10 solution, in a molar ratio of 1:1,
according to the following reaction scheme: OH [err]
2 with elimination of one molecule of sodium chloride and precipitation of
the compound in the form of a light 25  yellow material. A utility for the
third new compound is based upon the fact that it contains, on a weight
basis, 40.7% menadione and 40.06% vitamin [err] The invention is
illustrated by the following specific examples, which, however, are not to
be considered a limitation upon the present invention. 30 Example 1
(Preparation of Adduct of Menadione Bisulfite with Pyridoxamine) A solution
containing 2.0 grams of pyridoxamine dihydrochloride, purity 98%, (0.00813
moles), in 10 ml 35  of water, at room temperature, was added dropwise
during 5 minutes, to a stirred solution of 5.2 grams of menadione sodium
bisulfite, purity 95%, (0.01496 moles), in 13 ml of water. After a few
minutes of stirring at a temperature of 25 C, a white crystalline
precipitate formed. The product was filtered, washed with a few milliliters
of ice cold water, then dried in vacuum at [err]until constant weight was
achieved. The recovered dry product was a white crystalline powder weighing
5.05 grams. The assay gave a combined 40  menadione content equal to 48.5%,
with a yield (based on MSB) equal to 95% and a purity of 95.3%. The so
obtained compound melted, with decomposition, at 171-173 C. The product was
moderately soluble in water (1.3 g/100 ml of water). 45  Example 2
(Recrystallization) 0.5 grams of the product prepared in Example 1 were
dissolved in 15 ml of distilled water at 40-50 C, and filtered through
filter paper. The solution was chilled, while stirring, and the resulting
crystals obtained were filfered and washed with a few milliliters of 96%
ethanol, then dried in vacuum at 40 C. 50     The dry, white crystalline
powder obtained was analyzed and had a combined menadione content of 50.8%;
the pyridoxamine content was 24.8% (expressed as free base). The elemental
analysis gave the following results in percent by weight: 



55 5    EP 0 234 940 B1 Actual                           Theoretical C =
53.13%                       C = 53.24% H =   4.78%                      H
-   4.77% N =   4.12%                      N =   4.14% 0 = 28.31%
0 = 28.37% S =   9.44%                      S =   9.44% 10 The
recrystallized product corresponded to the empirical formula [err] It had a
melting point of [err], was sparingly soluble in water at room temperature
(1.3 g in 100 ml of water) and was poorly soluble in 99% ethyl alcohol and
in chloroform (less than 0.1 g in 100 ml). IR and UV spectra are shown in
Figs. 1 and 2, respectively. 15     The first new compound was
2-methyl-3-hydroxy-4-aminomethyl-5-hydroxymethylpyridine-bis(1,2,3,4-
tetrahydro-2-methyl-1,4-dioxo-2-naphthalenesulfonate). It had the empirical
formula [err] and had the molecular weight of 676.69. Its structural
formula was: 20 [err] 30     The first new compound is water soluble, but
much less so than MSB or MSBC (1.3 g in 100 ml H20 versus 40-50 g in 100
ml). Water solubility is necessary for an easier and more effective
absorption, but a too high water solubility for a microingredient, which is
dosed in a final feed at levels of few ppm and which shows some degree of
unstability, will cause faster loss in potency. A moderate water solubility
is an advantage. 35     The vitamin activity, K and [err] has been
discussed above, and the new compounds of the invention, when used in
poultry feed, allow a saving in the quantity of vitamin [err] to then be
added thereto. Example 3 (Preparation of Adduct of Menadione Bisulfite with
Pyridoxal) 3.0 grams of menadione sodium bisulfite, purity 95%, (0.00862
moles), were dissolved in 10 ml of water and the resulting solution
filtered. 1.85 grams of pyridoxal hydrochloride, purity 98% (0.00866
moles), were dissolved in 10 ml of water and the resulting solution
filtered. 45     The two solutions were combined and brought to dryness in
a rotary evaporator. The residue was extracted with three 30 ml portions of
a hot (40-50 C) ethanol/acetone (50/50) solution. The extracts were
combined and brought to dryness in the rotary evaporator, and the residue
was dried in vacuum at 40 C. 3.0 grams of a white amorphous mass, were
obtained (yield 81%). The dry material obtained was pulverized and assayed
for combined menadione content. Found 40.89%, theoretical 40.95%. 



50     The  second  new  compound  was
2-methyl-3-hydroxy-4-formyl-5-hydroxymethylpyridine-1,2,3,4-
tetrahydro-2-methyl-1,4-dioxo-2-naphthalenesulfonate, having the empirical
formula [err] containing 40.95% combined menadione [err]  and 39.8% of
pyridoxal. It had the following structural formula: 55 6    EP 0 234 940 B1
CH3   OH CH 3 [err] Example 4 (Preparation of Adduct of Menadione Bisulfite
with Pyridoxine) 3.0 grams of menadione sodium bisuffite, purity 95%,
(0.00862 moles), were dissolved in 10 ml of water and the resulting
solution filtered. 1.84 grams of pyridoxine hydrochloride, purity 99%,
(0.00885 moles), were dissolved in 10 ml of water and the resulting
solution filtered. The two solutions were combined and brought to dryness
in a rotary evaporator. The residue was extracted with three 30 ml portions
of a hot ethanol/acetone (50/50) solution. The extracts were combined and
brought to dryness in the rotary evaporator, and the residue dried in
vacuum at 40 C. 2.92 grams of a light yellow material were obtained (yield
78%). The dry material obtained was 25  pulverized and assayed for combined
menadione content. Found 40.68%, theoretical 40.77%. The third new compound
was 2-methyl-3-hydroxy-4,5-dihydroxymethylpyridine-1,2,3,4-tetrahydro-2-
methyl-1,4-dioxo-2-naphthalenesulfonate, having the empirical formula [err]
containing 40.77% combined menadione [err]  and 40.06% pyridoxine. it had
the following structural formula: [err] Example 5 To compare VKAS
stability, an accelerated test was conducted between menadione sodium
bisulfite 45 (Comparative) and the first new compound of the invention.
Each test was carried out by mixing the VKAS with calcium carbonate at a
level of 0.5% of combined menadione. Then the mixture was steamed in a
laboratory sterilizer at 7.5 psig for 2 to 4 minutes. After 4 minutes of
steaming, the first new compound according to the invention showed a
recovery  of combined menadione equal to 40% of the original amount;
whereas MSB gave only a 16% recovery. These stressed 50 conditions are a
simulation of the pelleting processes used to produce pellets containing a
vitamin K substance. Based upon these tests, it can be seen that all three
of the new compounds of the present invention would be more stable than
MSB, during pelleting. Thus the compounds of the invention have a higher
stability at high temperatures, high humidities and high pH's than do the
VKAS prior art compounds. 55   It will of course be understood that the
present invention has been described above purely by way of 



example, and modifications of detail can be made within the scope of the
invention. 7    EP 0 234 940 B1 Claims 1. A compound of the general formula
[err] 5 wherein x is 2, y is 1 and R is [err] or x is 1, y is 1 and R is
[err] or [err] 20  A compound according to claim 1, wherein x is 1, y is 1
and R is [err] 3. A compound according to claim 1, wherein x is 1, y is 1
and R is -CHO. 4. A compound according to claim 1, wherein x is 2, y is 1
and R is [err] 5. An animal feed premix containing a carrier and from about
4 to about 64 grams per pound of total premix of a compound according to
any of claims 1 to 4. 6. An animal feed composition containing from about 1
gram per ton to about 20 grams per ton of total composition of a compound
according to any of claims 1 to 4. 7. A process for the production of an
adduct of 1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthalene sulfonic acid
with pyridoxine (1:1), with pyridoxal (1:1) or with pyridoxamine (2:1), in
which a compound of the general formula 35 C H 40 [err] wherein [err] is
e[rr] and n = 1, or 50        [err] is -CHO and n = 1, or [err] is -CH2NH2
and n =2, is reacted with menadione sodium bisulfite. 8. The use of a
compound according to any one of claims 1 to 4, or an adduct produced by
the process of claim 7, as an additive in an animal feed premix or an
animal feed composition. 55 9. A method of preparing an animal feed premix
or an animal feed, in which a compound according to any one of claims 1 to
4, or an adduct produced by the process of claim 7, is mixed with one or
more carrier materials suitable for ingestion by an animal.    



EP 0 234 940 B1 Revendications 1. Compose de formule gen~rale 5 0 '   CH3
~~~~O3 ~CH3   OH CF3~~~~ 0t 3 4 l ' ~~30 3 R 10 dans laquelle x vaut 2, y
vaut 1 et R est -CH2N  -H3 ou x vaut 1, y vaut 1 et R est -CH20H ou -CHO.
2. Compose selon la revendication 1, dans lequel x vaut 1, y vaut 1 et R
est -CH20H. 3. Compos6 selon la revendication 1, dans lequel x vaut 1, y
vaut 1 et R est -CHO. 20 4. Compose selon la revendication 1, dans lequel x
vaut 2, y vaut 1 et R est -CH2N -Ha. 5. Pr~m6lange d'aliments pour animaux
, contenant un support et d'environ 4 a environ 64 g par livre (9 a 25
141 g par kg) du pr6m6lange total d'un compose selon l'une quelconque des
revendicacions 1 a 4. 6. Composition pour alimentation animale contenant
d'environ 1 a environ 20 g par tonne de la composition totale d'un composd
selon l'une quelconque des revendications 1   4. 7. Procede de production
d'un produit d'addition d'acide 1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2- 30
naphtalbne-sulfonique avec la pyridoxine (1:1), avec le pyridoxal (1:1) ou
avec la pyridoxamine (2:1), oO on fait reagir avec du bisulfite de
menadione sodique un compose de formule generale Cxa c2:, 35~~~~~~~ <240
\ ( 45     dans laquelle RI est -CH20H et n = 1, ou R1 est -CHO et n   1,
ou R' est -CH2NH2 et n = 2. 8. Utilisation d'un compose selon lune
quelconque des revendications 1 a 4 ou d'un produit d'addition obtenu par
le procdd4 de la revendication 7, en tant qu'additif dans un pr6m6lange ou
une composition d'alifnents pour animaux. 50 9. Procede de preparation d'un
premix ou d'une composition d'aliments pour animaux, dans lequel un compose
selon l'une quelconque des revendications 1 a 4 ou un produit d'addition
obtenu par le proced6 selon la revendication 7 est m6lang6 a un ou
plusieurs supports pouvant etre ing6r6s par un animal. 55 Anspriiche 9
1111111111111111111111MII 1111 ik s .-S... L
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EP0234940B1 1. Verbindung der aligemeinen Formel CH
CH3   OH S03                +, I                      ~~~~~~~~H.:N    R 0
x                  CH20H in welcher x x far 2, y far 1 und R far -CH2NH3
oder x far 1, y flr 1 und R fur -CH20H oder -CHO steht. 2. Verbindung nach
Anspruch 1, in welcher x far 1, y fOr 1 und R far -CH2-OH steht. 20  3
Verbindung nach Anspruch 1, in welcher x fUr 1, y fOr 1 und R fOr -CHO
steht. 4. Verbindung nach Anspruch 1, in welcher x fir 2, y far 1 und R fOr
-CH2NH3 steht. 5. Tierfuttermittelvormischung, die einen Trager und etwa 4
bis etwa 64 Gramm einer Verbindung nach 25     einem der AnsprUche 1 bis 4
pro Pfund Gesamtvormischung enthalt. 6. Tierfuttermittelzusammensetzung,
die etwa 1 Gramm bis etwa 20 Gramm einer Verbindung nach einem der
AnsprUche 1 bis 4 pro Tonne Gesamtzusammensetzung enthalt. 30  7. Verfahren
zur Herstellung eines Addukts der
1,2,3,4-Tetrahydro-2-methyl-1,4-dioxo-2-naphthalinsulfo- nsaure mit
Pyridoxin (1:), mit Pyridoxal (1:) oder mit Pyridoxamin (2:1), bei welchem
Verfahren eine Verbindung der aligemeinen Formel 35 N p l ~~~~~~1..i   ^YC
* I  - ty  40 in welcher R' far -CH2OH und n flr I oder R' far -CHO und n
far 1 oder R1 fOr -CH2NH2 und n fOr 2 steht, mit Menadionbisulfit-Natrium
zur Reaktion gebracht wird. 50  8. Verwendung einer Verbindung nach einem
der AnsprUche 1 bis 4 oder eines nach dem Verfahren von Anspruch 7
hergestellten Addukts als Additiv in einer Tierfuttermittelvormischung oder
einer Tierfutter- mittelzusammensetzung. 9. Verfahren zur Herstellung einer
Tierfuttermittelvormischung oder eines Tierfuttermittels, bei welchem eine
Verbindung nach einem der AnsprUche 1 bis 4 oder ein nach dem Verfahren von
Anspruch 7 hergestelltes Addukt mit einem oder mehreren Tragermaterialien
gemischt wird, die zur Einnahme durch ein Tier geeignet sind. .I D
II O    


