Creatine pyruvates and a nethod of producing them Specification 5 This

pat ent applwoaBiz8263r el ates to creatine pyruvates and their

prcdmEreTenzi t he

cre- atine pyruvates bei ng-anhydrous or hydrated salts of pyruvic acid and
creatine as well as m xtures of these salts with creatine or pyruvic acid.
It is a well known fact that salts of pyruvic acid, which are referred to
as pyruvates, 10 have val uabl e physi ol ogi cal and therapeutic properties

for the treatnent of various diseases, for exanple obesity and overwei ght,

and can al so be used to prevent the formation of free radicals and to

enhance | on

dlneatin-perivatessne Viegfahrem zundereodiersteliung US 5, 508, 308, US

5,480909, US 5,472,980, US 5,395,822, US 5,312,985, US 5,283, 260, US
5, 256, 697, US 4,548,937 and US 4, 351, 835).
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Beschreibung

Die vorliegende Anmeldung betrifft Kreatin-pyruvate und deren Herstellung,
wobei es sich um wasserfreie oder wasserhaltige Salze der Brenztrauben-
saure mit Kreatin und Mischungen dieser Salze mit Kreatin oder Brenz-

traubenséaure handelt.

Es ist bekannt, dal® Salze der Brenztraubenséure, die als Pyruvate bezeich-
net werden, wertvolle physiologische und therapeutische Eigenschaften fiir
die Behandlung von verschiedenen Krankheiten, wie z.B. Fettsucht und
Ubergewicht, aufweisen und auch zur Verhinderung der Bildung von freien
Radikalen sowie zur Ausdauersteigerung verwendet werden kénnen (vgl.
hierzu US 5,508,308, US 5,480,909, US 5,472,980, US 5,395,822,

US b, 312,985, US 5,283,260, US 5,256,697, US 4,548,937 sowie

US 4,351,835).

Entsprechend dem Stand der Technik sind Akali- und Erdalkali-pyruvate
bekannt, wobei Natrium- und Kalium-pyruvat aufgrund ihres Gehaltes an
Natrium- bzw. Kaliumionen fir therapeutiséhe ‘Anwendungen und als
Nahrungsmittelergénzungszusatze jedoch nicht geeignet sind. Magnesium-
und Calcium-pyruvat sind zwar physiologisch unbedenklich, allerdings
weisen diese Salze den entscheidenden Nachteil auf, daR sie nicht
ausreichend lagerstabil sind, da Magnesium- und Calciumionen die
Zersetzung von Brenztraubensdure und Pyruvationen stark beschleunigen,

wobei u.a. Dimere, Polymere und cyclische Verbindungen gebildet werden.

Der vorliegenden Erfindung lag daher die Aufgabe zugrunde, Formen der
Brenztraubensdure zu entwickeln, die physiologisch unbedenklich sind und

gleichzeitig eine ausreichende Lagerstabilitdt besitzen.



15 Al kali and al kaline-earth pyruvates are known fromthe prior art, sodium’
and po- tas¥PI8RBABuvate bei ng unsuitable, however, for therBpEEF7121
applications or as food supplements on account of -their $odi um and

pot assi umion content respectively. Magnesium and cal ci um pyruvat e,

al t hough safe from a physiol ogi cal point 2f view, 20 have the distinct

di sadvant age of not having a sufficiently long shelf |life, since nmagnesium
and cal ci um Pimse Aufigabglvwurteowifiodangsg emabatoep dis Béreitstallupgron Kreatind and
pyruvate ions to form didrers ol ymers, cyclic conmpounds and so on. The

obj ect of thﬁ’\éfﬂ"ﬁ\?@aﬁ%ﬁg’#ﬁﬂs to devel op forms of pyruvic acid which are
25 physiologically safe and at the sanme tine have a sufficiently |ong
shelf life. This object was established according to the invention by

provi di ng creati né&Knegatinj, (Pyruvat) (H,0), {hi
5
geldst,
wobei x = 1 bis 100
= 1 bis 10 und

O bis 10 bedeuten.

10
In den Verbindungen der Formel (l) kann - entsprechend den stdéchiome-
trischen Erfordernissen - Kreatin in ungeladener Form oder als Kation und

Pyruvat als Brenztraubenséaure oder als Anion vorliegen.

15 Es hat sich namlich (berraschenderweise gezeigt, dafl3 die erfindungs-
gemaRen Kreatin-pyruvate eine gute Lagerstabilitdt aufweisen, obwohl
Brenztraubenséure eine sehr instabile 2-Oxocarbonséure ist und sich die
bekannten Salze des Kreatins leicht unter Bildung von Kreatinin zersetzen.
Da Kreatin als inneres Salz vorliegt und nur eine schwache Base darstellt,

20 konnte nicht damit ge‘rechnet werden, daf? man stabile Kreatinsalze von
Monocarbonsauren herstellen kann. Entsprechend dem Stand der Technik

sind namlich bislang nur Kreatinsalze von starken Di- und Polycarbonséuren
bekannt {vgl. WO 96/04 240).

25 Die erfindungsgemé&fRen Kreatin-pyruvate der allgemeinen Formel (1)

enthalten das physiologisch unbedenkliche Kreatin-Kation der Formel (li)

o T
HaN (N\/COZH

NH,

(1)




\(/2&‘2; Pﬁ\él) [er r%g?pyr L\r/n;.![ Z) E é%r]?)(()H[ err]Oferr] (1) where ){’.Cg‘qu/.gnibo

y=1 to 10 and n = 0 to 10. 35 -2 - Depending on the stoichionetric

requi renents, creati ne is present in the gom
Kreatin ist nicht nur eine kérpereigene Substanz und ein wertvolles
Nahrungsergénzungsmittel, sondern besitzt auch wertvolle therapeutische
Eigenschaften. Kreatin ist seit iber 100 Jahren als Muskelsubstanz bekannt,
wobei es dem Muskel als Energiequelle dient. In einer Reihe von wissen-

5 schaftlichen Arbeiten wurde gezeigt, daR die Einnahme von Kreatin zu einer

Steigerung der Muskelmasse und Muskelleistung fiihren kann. Es gibt auch
wissenschaftliche Erkenntnisse, daR die Bauchspeicheldriise unter dem
EinfluR von Kreatin vermehrt Insulin freisetzt. Insulin férdert die Aufnahme
von Glukose und Aminoséduren in die Muskelzelle und regt die Proteinsyn-

10 these an. AulBerdem vermindert Insulin auch die Proteinabbaurate.

Das Pyruvat-Anion in den erfindungsgeméaBen Kreatin-pyruvaten liegt

normalerweise in einer Struktur gemaR Formel (Il) vor.
O
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20
In den Kristallwasser-haltigen Kreatin-pyruvaten kann das Pyruvat-Anion

auch in der 2,2-Dihydroxy-Form entsprechend der Formel (IV) vorliegen:

HO OH
0° ™
25 H C'/ g/
3

Die erfindungsgemé&Ren Kreatin-pyruvate umfassen Salze, welche das
30 Kreatin-Kation und das Pyruvat-Anion bzw. das 2,2-Dihydroxypropionat-
Anion vorzugsweise im Molverhilitnis 1 : 1 oder anndhernd im Molverhaltnis

1 : 1 enthalten. Gegebenenfalls kénnen die erfindungsgemifRen Ver-



%

ounds of fornula I n uncharged or cationic formand pyruvate as
gSCOI’bI c aclo8ps %§ anl on. 5 Surprisingly, it was found thaPCTHBIHU i ne
pyruvates of the invention have a long shelf life, although pyruvic acid is
a very unstabl e 2-oxocarboxylic acid and the known salts of creatine

deconpose readily to form creatinine. ﬁ’te creatine gc- cglrs ars] ?n -
I nternal sal§.and is onl . Wweak baseg, snot redi ctable that stable
creatine sal @%@Qﬁeﬁeaﬁ?%agpg UPBSBHh SWF eatingadenBresiziiawbeno t he

el ds wer e krme prrereD ¥of %o o6/ 82' Eio?f The. oreati ne pyr avat e of the.
I nvention, having the general fornmula (1), contain the physiologically safe
creatine cat b?ean];st];ﬁ&gg Id%r grf%rzdungsgmeéfsen Kreatin-pyruvate kann durch relativ
5 einfache Umsetzung von Kreatin mit Brenztraubenséiure im Températurbe-
reich von -10 bis 90 °C, vorzugsweise im Temperaturbereich von 10 bis
30 °C, durchgefiihrt werden. Hierbei werden Kreatin und Brenztraubensédure
im Molverhaltnis von 100 : 1 bis 1 : 10 L_md vorzugsweise 5 : 1 bis 1: 2
umgesetzt. Kreatin kann hierbei in wasserfreier Form, als Monohydrat oder
10 als feuchtes Produkt verwendet werden. Die Brenztraubensiure kann als

wasserfreie Sdure oder als waRrige Lésung zum Einsatz gelangen.

Die Umsetzung kann in Abwesenheit oder in Gegenwart eines Lése- oder
Verdiinnungsmittels durchgeflihrt werden, wobei als Loése- oder Ver-
15 dinnungsmittel eine breite Palette von polaren L&semittein geeignet sind.
Bevorzugt werden Alkohole {wie Methanol, Ethanol, Isopropanol, Cycloh-
exanol), Ether (wie Diethylether, Tetrahydrofuran, 1,4-Dioxan, Ethylendime-
thylether), Ketone (wie Aceton, Methylethylketon, Cyclohexanon) oder Ester
(wie Essigsduremethylester, Essigséureethylester, Ameisensaureethylester)
20 oder Gemische davon verwendet. Die Umsetzung kann hierbei in den
bekannten verfahrenstechnischen Apparaten wie in Mischern, Schaufel-

trocknern und Ruhrbehaltern erfolgen.

Die Kristallwasser-haltigen Kreatin-pyruvate sind durch Zusatz von Wasser
25 wiahrend oder nach der Umsetzung von Brenztraubensdure mit Kreatin
oder/und durch Verwendung von wiaRrigem Kreatin oder/und walRriger
Brenztraubenséaure erhéitlich. Im Rahmen der vorliegenden Erfindung ist es
auch méglich, bei oder nach der Herstellung noch andere Stoffe wie
pharmazeutische Formulierungshilfsmittel, Vitamine, Mineralstoffe,
30 Spurenelemente, Kohlenhydrate wie Glukose, Dextrose, Maltose oder

Aminosduren wie L-Carnitin oder andere Nahrungserganzungsmittel

Zuzusetzen.



15 | err]l 20 Creatine is not only an endogenous substance and a val uable
food suppl ewexss/2B263 al so has val uabl e t herapeuti c properti es.pdiEfda87iIR€EN
known for over 100 years as 25 a muscul ar substance and serves as a
source of energy for the nuscle. It was shown in a series of scientific
studies that the intake of creatine cand®ad to an in- crease in muscul ar
ti ssue and muscul ar perfornance. There are also scientific findi nggvx/m ch
i ndi cat e t haFin Regeastardser dréadepgming somsitleiushupllesiotogisdn bk rteaglchef
ucose and am no .acids by nuscle

creatine. In ' he ,upt ake of gl
30 cel Ts angespApARRRERoR e RB Rr e PReA R ReBin R nBestans gt of
protein catabgiteren physiologisch vertriglichen Substanz ausgewdhlt aus der Gruppe
umfassend pharmazeutische Hilfs- oder Tragerstoffe, Vitamine, Mineral-
5 stoffe, Kohlenhydrate, Aminosiurenoderandere Nahrungsergénzungsmittel

enthalten.

Aufgrund ihrer optimalen Eigenschaften wie physiologische Unbedenk-
lichkeit, hohe Lagerstabilitdit sowie gute Wasserl6slichkeit und hohe
10 Bioverfiigbarkeit eignen sich die erfindungsgemaRen Kreatin-pyruvate
hervorragend fir therapeutische Anwendungen in der Medizin und als
Nahrungsergénzungsmitteizusatze, wobei diese die wertvollen biologischen
und medizinischen Eigenschaften sowohl von Pyruvaten als auch von
Kreatin besitzen.
15
Uberraschenderweise zeigen die erfindungsgemaRen Kreatin-pyruvate bei
Anwendung in der Medizin und als Nahrungsergdnzungsmittelzusitze
deutliche synergistische Effekte. Sie eignen. sich hierbei in ganz besonderer
Weise zur Behandlung von Sauerstoffmangelzustanden (lschémie) sowie
20 Ubergewicht und Fettsucht, da der Abbau von Muskelmasse wihrend der
Behandlung vermindert wird, wobei der muskelaufbauende Effekt von
Kreatin-pyruvat besonders bej Didtkuren groRe Vorteile mit sich bringt. Sie
verhindern ebenfalls die Bidlung freier Radikale und sind in der Lage, freie
Radikale oder oxidierende Sauerstoffspezies abzufangen. Die synergisti-
25 schen Effekte zeigen sich auch insbesondere bei der Verwendung von

Kreatin-pyruvat im Sportbereich zur Steigerung der Ausdauerleistung.

Die nachfolgenden Beispiele sollen die Erfindung veranschaulichen.

30
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lism The
assunes ths%gf’?%ﬁre of formula (111). 35 -3 - [err] I n RQUERTO7RL i ne
pyruvates which contain water of crystallization the pyruvate an- ion can
al so assune the 2, 2-di hydroxy formaccording to fornula (1V):

Beispiele
5 Beispiel 1

26,4 g (0,3 mol) Brenztraubensdure werden bei Raumtemperatur in 100 m
Ethylacetat geldst. Zu dieser Losung werden 26,2 g (0,2 mol) Kreatin
gegeben und das Gemisch 4 Stunden ger(ihrt. AnschlieRend wird die weile,
10 feinkristalline Masse abfiltriert und der Rickstand zweimal mit 25 ml
Ethylacetat gewaschen. Das Produkt wird 4 Stunden bei 50°C im Vakuum-
trockenschrank getrocknet. Die Ausbeute betragt 95,0%. Das Kreatin-

pyruvat (1:1} schmilzt bei 106 bis 110°C unter Zersetzung {Kapillare).

15 Elementaranalyse C,H,5;N;0;: ber.: C 38,36 %, H 5,94%, N 19,18%; gef.:
C 38,23%, H 6,06%, N 19,28%; IR (KBr) [1/cm]): 620, 829, 880, 9786,
1049, 1110, 1177, 1208, 1269, 1354, 1404, 1605, 1663, 1697, 1734,
1763, 2518, 2593, 3147, 3397; 'H-NMR (D,0, 300 MHz): 6=2,34 (s, 3H,
MeCO), 3,08 (s, 3H, Me-N), 4,06 (s, 2H, CH,); HPLC-Gehalt: Kreatin

20 59,8%, Brenztraubensaurée 40,2%.
Beispiel 2

26,2 g (0,2 mol) Kreatin werden mit 17,6 {0,2 mol) Brenztraubensaure in

25 einer Reibschale vermischt. Das Gemisch wird zunehmend zaher und
erstarrt schlieBlich zu einer weil3en, feinkristallinen Masse. Die Ausbeute ist
quantitativ {>99%). Der Schmelzpunkt des Kreatin-pyruvats (1:1) betrégt
109 bis 114°C unter Zersetzung (Kapillare).

30

ruvate anion in the creatine pyruvates of the invention usually’

w



1
10 {err] 15 The creatine pyruvates according to the invention conpri se
sal ts whi chworasf28zéabl y contain the creatine cation and the pycatogeaa; on
or the 2,2-di hydroxypropi onate anion in a nolar ratio of 1.: 1 or a nolar
ratio of approximately 1 : 1. The com pounds of the invention may al so be
m xtures of these salts with creatine or pyruvic acid. 20 The creati ne
pyruvates of the_ invention can be produced by way of the relatively sinple
reaction of Bes®iglnd with pyruvic acid in the tenperature range from-10 to
90[err]C, preferably in the tenperature range from 10 to 30[err]C. The
creatine and pyru-

29,8 g (0,2 mol) Kreatin-Monohydrat werden mit 35,2 g (0,4 mol)
Brenztraubenséure in einem Becherglas innig vermischt. Das Gemisch wird

5 sich selbst iberlassen, wobei es schlieRlich zu einer weiRen, feinkristallinen
Masse erstarrt. Das Produkt wird in einer Reibschale zerkleinert und 4
Stunden bei 50°C im Vakuumtrockenschrank getrocknet. Die Ausbeutes ist
quantitativ (>99%). Das so erhaltene Kreatin-pyruvat (1:2) schmilzt bei 90
bis 95°C unter Zersetzung (Kapillare).

10

Beispiel 4

29,8 g (0,2 mol) Kreatin-Monohydrat werden mit 8,8 g (0,1 mol) Brenz-
traubensdure unter Zusatz von 20 ml Tetrahydrofuran in einer Reibschale
15 vermischt. Das Gemisch wird zunehmend z&her und erstarrt schlieRlich zu
einer weillen, feinkristallinen Masse. Das Produkt wird 4 Stunden bei 50°C
im Vakuumtrockenschrank getrocknet. Die Ausbeute ist quantitativ (99%).

Das Kreatin-pyruvat {2:1) schmilzt bei 118 bis 120°C unter Zersetzung
(Kapillare).

20



vic acid are reacted here in a nolar ratio of 100: 1 to 1: 10, preferably
5. 1 to 1; YB92826, this reaction creatine can be used in Fﬁﬁ&ﬁﬁmhus
form as nonohydrate or as wet product. The pyruvic acid may be used as
anhydrous acid or in the formof an aqueqys solution. The reaction nmay be
carried out in the presence or absence 0f°a solvent or diluting 30 agent.
A broad range of polar solvents is suitable as solvent or diluting agent.
Preference is given to al cohols (such as nethanol, ethanol, isopropanol or
cyclo- hexanol), ethers (such as di et jgkpgicdher. tetrahydrofuran,

1, 4-di oxane or ethylene dinmethyl ether), ketones (such as acetone, nethyl
et hyl ketone or cycl ohexanone), esters (such as nethyl acetate, ethyl

ate or et hyl rmate) or m xtures thereaof.
acet t1.y k?eatm-p)yruvate der angeQOenogormel (h
5

(Kreatin),(Pyruvat) (H,0}, (N

wobei x = 1 bis 100
y = 1 bis 10 und
10 n = O bis 10 bedeuten.

2. Kreatin-pyruvate nach Anspruch 1,
dadurch gekennzeichnet,
daB x = 1 bis 5, y = 1 bis 2 und n = O bis 2 bedeuten.
15
3. Kreatin-pyruvate nach einem der Anspriiche 1 und 2,
dadurch gekennzeichnet,

dal’ das Pyruvat-Anion als 2,2-Dihydroxypropionat-Anion vorliegt.

20 4. Verfahren zur Herstellung der Kreatin-pyruvate nach einem der
Anspriiche 1 bis 3,
dadurch gekennzeichnet, _
dal® man Brenztraubensdure und Kreatin im Molverhéltnis Kreatin zu
Brenztraubens&dure von 100 : 1 bis 1 : 10 bei Temperaturen von -10

25 bis 90 °C umsetzt.

5. Verfahren nach Anspruch 4,
dadurch gekennzeichnet,

daRR das Molverhéltnis von Kreatin zu Brenztraubensiure 5 : 1 bis 1

30 : 2 betragt.

I



-4--The reaction can be carried out using customary technical apparatus
such as m xwoasmsg2d3l ade driers and agitating vessels. The Cr @etyE¥97/07121
pyruvates with water of crystallization are obtained by adding water 5
during or after the reaction of pyruvic acid with creatine and/or by using
aqueous creatine and/or aqueous pyruvic-&kd. The scope of this invention
also allows for the addition - during or after production of the creatine
pyruvates - 6f ot MNerfahubn mdcineiment der Asisphiielse ghanddgeut i cal fornul ati on
addi tives, vitam m ner suh- stances, trace el enents, carbohydrates

S, I )
such as gl ucose, g@ﬁ'i‘f’%@@,"ﬁﬁmﬁ%{f’b%‘é and

daR die Umsetzung bei Temperaturen zwischen 10 und 30°C erfolgt.

5 7. Verfahren nach einem der Anspriiche 4 bis 6,
dadurch gekennzeichnet,
dal} die Umsetzung in Gegenwart eines polaren L&sungsmittels

durchgefiihrt wird.

10 8. Verfahren nach Anspruch 7,
dadurch gekennzeichnet,
dal3 man als Losemittel Alkohole, Ether, Ketone, Ester oder Gemische

davon verwendet.

15 9. PhysiologischvertréglicheZusammensetzungen, dieKreatin-pyruvate
. nach einem der Anspriiche 1 bis 3 zusammen mit mindestens einer
weiteren physiologisch vertréglichen Substanz ausgewahlt aus der

Gruppe umfassend pharmazeutische Hilfs- oder Tragerstoffe,

Vitamine, Mineralstoffe, Kohlenhydrate, Aminosduren oder andere

20 Nahrungsergdnzungsmittel enthalten.

10.  Verwendung von Kreatin-pyruvaten nach einem der Anspriiche 1 bis

3 zur Steigerung der Ausdauer und Kraft im Sportbereich, zur

Gewichts- und Kérperfettreduzierung im Gesundheitsbereich, bei der

25 Behandlung von Sauerstoffmangelzusténden (Ischamie), Fettsucht
und Ubergewicht als Nahrungsmittelergénzungszusatz und als

Radikalfanger.

30
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10 am.no acids such as L-carnitine or other food supplenents. The subject
matter of the invention thus al sqQ conprd $es physiol ogically conpatible
conpositions which contain creatine pyruvates and at | east one additional,
physio- logically conpatible substance selected fromthe group conprising
phar maceutical 15 dateatine pyravates andcmethod of produting themubst ances,
car bohydrates, am no acids or other food supplenents. By virtue of their
optimum properties, such as that of being physiologically safe, having a

| ong shelf life, bei ng highly sol ubkpekfficktigiy and havi ng good
bi oavailabil- 20 ity, the creatine gyruvat es of the invention are

excel | ent I y suited for therapeutic appl i cations in medicine and as food

PP O s R AATRAGS BB GoBhiRd Biuvatdd aRl haP Blciflcuh R &°s
atme pyruvates being anhydrous or hydrated salts of pyruvic acid and creatine as
well as mixtures of these salts with creatine or pyruvic acid.

It is a well known fact that salts of pyruvic acid, which are referred to as pyruvates,

10  have valuable physiological and therapeutic properties for the treatment of various
diseases, for example obesity and overweight, and can also be used to prevent the
formation of free radicals and to enhance long-term performance (cf. in this con-
text: US 5,508,308, US 5,480809, US 5,472,980, US 5,395,822, US 5,312,985, US
5,283,260, US 5,256,697, US 4,548,937 and US 4,351,835).

15
Alkali and alkaline-earth pyruvates are known from the prior art, sodium and po-
tassium pyruvate being unsuitable, however, for therapeutic applications or as food
supplements on account of their sodium and potassium ion content respectively.
Magnesium and calcium pyruvate, although safe from a physiological point of view,

20 have the distinct disadvantage of not having a sufficiently long shelf life, since
magnesium and calcium ions strongly accelerate the decomposition of pyruvic acid
and pyruvate ions to form dimers, polymers, cyclic compounds and so on.

The object of this invention is thus to develop forms of pyruvic acid which are
25 physiologically safe and at the same time have a sufficiently long shelf life.

This object was established according to the invention by providing creatine pyru-
vates having the formula (1)

30 (creatine)x(pyruvate),(H20), ()

where x=110100
y=11to 10 and
n=0to 10.
35



Surprisingly, when used in nedicine and as food suppl enents, the creatine
25 pyruvates of the invention exhibit ?ar ked synergistic effects. They
are especially suitable in this context for treating oxygen-deficiency
conditions (ischem a), overweight and obesity, since the breakdown of

muscul ar s ri-AQ e- g

ef fect of (‘:ﬂé@at ?ﬁg g!.irtllr}\%a %@é&ﬁ%ﬁ:l cu}ugrbﬁ'ehgir‘rpu%rsgtm% ffgﬂd}? %Atcase o? BHP

di etary cupesnds héi@rnnﬁ@at)umemplyangedtmscalbm 86m andepymaiatenas tisconkid acidof
free radicals, and act as a scavenger for free radicals and oxidizing

speci es of °5§§€é‘r’9n'The synergistic effects are also especially evident when
creatine pyruvate is used in the field of sport to enhance |ong-term

performance, 35 The fol |l ow ng exanpl es serve to explain the invention in
nore de®ai |Surpr|smgly, it was found that the creatine pyruvates of the invention have a long

shelf life, although pyruvic acid is a very unstable 2-oxocarboxylic acid and the
known salts of creatine decompose readily to form creatinine. Since creatine oc-
curs as an internal salt and is only a weak base, it was not predictable that stable
creatine salts can be prepared from monocarboxylic acids. According to the prior

10 art, namely, only creatine saits of strong di- and polycarboxylic acids were known
hitherto (cf. WO 96/04 240) -

The creatine pyruvates of the invention, having the genei‘al formula (1), contain the
physiologically safe creatine cation of formula (Ii).
15
CHs "
® ! (11
Ho N\ rN\/COZH
NH,
20 - .
" Creatine is not only an endogenous substance and a valuable food supplement but

also has valuable therapeutic properties. It has been known for over 100 years as

25 a muscular substance and serves as a source of energy for the muscle. It was
shown in a series of scientific studies that the intake of creatine can lead to an in-
crease in muscular tissue and muscular performance. There are also scientific
findings which indicate that the pancreas releases more insulin under the influence
of creatine. insulin promotes the uptake of glucose and amino acids by muscie

30 cells and stimulates proteinsynthesis. Insulin also lowers the rate of protein catabo-
lism.

The pyruvate anion in the creatine pyruvates of the invention usually assumes the
structure of formula (li1).
35



Exanpl es Exanple 1 5 26.4 g (0.3 nol) pyruvic acid are dissolved at room
tenperature in 100 M of ethyl acetate. 2@.2 g (0.2 nol) creatine are added
to this solution and the m xture agi- tated for 4 hours. Then the white,
finely crystalline product is separated out by filtering and washed twi ce
with 25 m of ethyl acetate It is dried for 4 hours at 50[err]C 10 in a
vacuum dryi ng chanber. The eld is 95.0% The creatine pyruvate (1:1)

nmelts

N, —0° (It
H,C “
5 0
In those creatine pyruvates which contain water of crystallization the pyruvate an-
ion can also assume the 2,2-dihydroxy form according to formula (IV):
10 HO OH

15 The creatine pyruvates according to the invention comprise salts which preferably
contain the creatine cation and the pyruvate anion or the 2,2-dihydroxypropionate
anion in a molar ratio of 1 : 1 or a molar ratio of approximately 1 : 1. The com-
pounds of the invention may also be mixtures of these salts with creatine or pyruvic
acid.

20 o
The creatine pyruvates of the invention can be produced by way of the relatively
simple reaction of creatine with pyruvic acid in the temperature range from -10 to
90°C, preferably in the temperature range from 10 to 30°C. The creatine and pyru-
vic acid are reacted here in a molar ratio of 100 : 1 to 1 : 10, preferably 5: 1t0 1 :

25 2. For this reaction creatine can be used in the anhydrous form, as monohydrate or
as wet product. The pyruvic acid may be used as anhydrous acid or in the form of
an aqueous solution.

The reaction may be carried out in the presence or absence of a solvent or diluting
30 agent. A broad range of polar solvents is suitable as solvent or diluting agent.
Preference is given to alcohols (such as methanol, ethanol, isopropanol or cyclo-
hexanol), ethers (such as diethyl ether, tetrahydrofuran, 1,4-dioxane or ethylene
dimethyl ether), ketones (such as acetone, methyl ethyl ketone or cyclohexanone),
esters (such as methyl acetate, ethyl acetate or ethyl formate) or mixtures thereof.



at 106 to 110[err] C and deconposes (capillary). Elenental analysis
CJerr]Herr]Nerr]Qerr]: calculated:- G£88.36 % H 5.94 % N 19.18% found:
C 38.23% H6.06 % N 19.28 % IR (KBr) [1/cn]: 620, 829, 880, 976, 1049,
1110, 15 1177, 1209, 1269, 1354, 1404, 1605, 1663, 1697, 1734, 1763, 2518,
2593, 3147Thespgctiopnsan be spredmpurusing castomery jechnial pppamatasisye) asix-

50.6 b pyisuPRaRdrisisahY agitatifa e 1058 5 L (0 2 mol) oreatine are.
mxed with 17.6 g (0.2 mol) pyruvic acid in a nortar. The m xture becones
e e 1o KR b it vetalicgion Srbotflaied v pdib et
pyruvaise (during or after the reaction of pyruvic acid with creatine and/or by using aqueous
creatine and/or aqueous pyruvic acid. The scope of this invention also allows for
the addition - during or after production of the creatine pyruvates - of other sub-
stances too, such as pharmaceutical formulation additives, vitamins, mineral sub-
stances, trace elements, carbohydrates such as giucose, dextrose, or maltose and
10 amino acids such as L-carnitine or other food supplements.

The subject matter of the invention thus also comprises physiologically compatible
compositions which contain creatine pyruvates and at least one additional, physio-
logically compatible substance selected from the group comprising pharmaceutical

15 adjuvants or carriers, vitamins, mineral substances, carbohydrates, amino acids or
other food supplements.

By virtue of their optimum properties, such as that of being physiologically safe,
having a long shelf life, being highly soluble in water and having good bicavailabit-

20 ity, the creatine pyruvates of the invention are excellently suited for therapeutic
applications in medicine and as food supplements, exhibiting the valuable biologi-
cal and medical properties both of pyruvates and of creatine.

Surprisingly, when used in medicine and as food supplements, the creatine
25 pyruvates of the invention exhibit marked synergistic effects. They are especially
suitable in this context for treating oxygen-deficiency conditions (ischemia),
overweight and obesity, since the breakdown of muscular substance during the
treatment is reduced; the muscle-enhancing effect of creatine pyruvate is
particularly important in the case of dietary cures. These creatine pyruvates also
30 prevent the formation of free radicals, and act as a scavenger for free radicals and
oxidizing species of oxygen. The synergistic effects are also especially evident
when creatine pyruvate is used in the field of sport to enhance long-term

performance.

35 The following examples serve to explain the invention in more detail.



melts at 109 to 114[err] C and deconposes (capillary). 25 Exanple 3 29.8 ¢
(0.2 nol ) creatine nonohydrate are nmixeddintimately with 35.2 g (0.4 nol)
pyruvic acid in a glass beaker. The m xture is left to stand, ultimately
solidifying to 30 a white, finely crystalline product. It is ground in a
nortar and dried for 4 hours at 50C in a vacuumdrying chanber. The yield
S quantig%ﬁémé%g 99% . The creatine pyruvate obtained in this way (1:2)
nmelts at - err] C and deconposes (capillary).

Example 1

26.4 g (0.3 mol) pyruvic acid are dissolved at room temperature in 100 mi of ethyl
acetate. 26.2 g (0.2 mol) creatine are added to this solution and the mixture agi-
tated for 4 hours. Then the white, finely crystalline product is separated out by
filtering and washed twice with 25 ml of ethyl acetate. It is dried for 4 hours at 50°C

10  in a vacuum-drying chamber. The yield is 95.0%. The creatine pyruvate (1:1) melts
at 106 to 110°C and decomposes (capillary).

Elemental analysis C7H13N30s: calculated: C 38.36 %, H 5.94 %, N 19.18%; found:
C 38.23%, H 6.06 %, N 19.28 %; IR (KBr) [1/cm]: 620, 829, 880, 976, 1049, 1110,

15 1177, 1209, 1269, 1354, 1404, 1605, 1663, 1697, 1734, 1763, 2518, 2593, 3147,
3397; 'H-NMR (D20, 300 MHz): 5 = 2.34 (s, 3H, MeCO), 3.08 (s, 3H, Me-N), 4.06
(s, 2H, CHy); HPLC content: creatine 59.8 %, pyruvic acid 40.2 %.

Example 2
20

26.2 g (0.2 mol) creatine are mixed with 17.6 g (0.2 mol) pyruvic acid in a mortar.
The mixture becomes increasingly viscous and ultimately solidifies to a white, finely
crystalline product. The vield is quantitative (> 99%). The creatine pyruvate (1:1)
melts at 109 to 114°C and decomposes (capillary).

25

Example 3

29.8 g (0.2 mol) creatine monohydrate are mixed intimately with 35.2 g (0.4 mol)
pyruvic acid in a glass beaker. The mixture is left to stand, ultimately solidifying fo
30 a white, finely crystalline product. it is ground in a mortar and dried for 4 hours at
50°C in a vacuum-drying chamber. The yield is quantitative (> 99%). The creatine
pyruvate obtained in this way (1:2) melts at 90 - 95°C and decomposes (capiltary).



-6 - Exanple 4°'5 29.8 g (0.2 nol) creatine nonohydrate are mxed in a
mortar with 8.8 g (0.1 nol) pyruvic aci-Band 20 ml of tetrahydrofuran
added. The m xture becones increas- ingly viscous and ultinmately solidifies
to a white, finely crystalline product which is dried for 4 hours at
50[err]C in a vacuumdrying chanber. The yield is quantitative (99% . The
creatine pyruvate (2:1) nelts at 118 to 120[err] C and deconposes 10
(capillary).

Example 4

5 29.8 g (0.2 mol) creatine monohydrate are mixed in a mortar with 8.8 g (0.1 mol)
pyruvic acid and 20 ml of tetrahydrofuran added. The mixture becomes increas-
ingly viscous and ultimately solidifies to a white, finely crystalline product which is
dried for 4 hours at 50°C in a vacuum-drying chamber. The yield is quantitative
(99%). The creatine pyruvate (2:1) melts at 118 to 120°C and decomposes

10 (capillary).

Nt



-7 -.Clainms 1. Creatine pyruvates with the general fornmula (1) 5
(creatine)[err](pyruvate)[err] (H.err]O{®Brr] (1) where x = 1 to 100
y=11to 10 and n = 0 to 10 10 2. Creatine pyruvates as clained in claiml,
wherein x =1 to5 y=1to2andn=0to 2.

. Claims

1. Creatine pyruvates with the general formula (1)
5 (creatine)(pyruvate),(H20), ()]

where x=11to 100
y=1to 10 and
n=0to 10
10
2. Creatine pyruvates as claimed in claim 1,
wherein
x=1t05,y=1t02andn=0t0 2.

15 3. Creatine pyruvates according to one of claims 1 and 2,
wherein
the pyruvate anion is present as 2,2-dihydroxpropionate anion.

4. A method of producing creatine pyruvates according to one of claims 1 to 3,
20 wherein
pyruvic acid and creatine are reacted in a molar ratio of 100 : 1to 1 : 10 cre-
atine to pyruvic acid at temperatures of -10 to 80°C.

5. A method according to claim 4,
25 wherein
the molar ratio of creatine to pyruvic acidis 5: 1to 1: 2.

6. A method according to one of claims 4 and 5,
wherein
30 the reaction is carried out at temperatures between 10 and 30°C.

7. A method according to one of claims 4 to 6,
wherein
the reaction is carried out in the presence of a polar solvent.

g

35



15 3. Creatine pyruvates according to one of clains 1 and 2, wherein the
pyruvate anion is present as 2, 2-di hydragpropi onate_ani on. 4. A net hod of
produci ng creatine pyruvates accor di ng to one of cl |ﬁ;ﬁ ZO
wherein pyruvic acid and creatine are reacted in a ‘?'; bfAé;fB
1:10 cre- &ti Aemethodyaacording¢o dlairh A, enper at ur es of

nmet hod accor di tp claim4, 25 wherein the nolar ratio of cremne to
pyruvic acid Y to 1: 2. 6. A nethod according to one of clainms 4 and

35, alcohols, ethers, ketones, esters or mixtures thereof are used as solvent.

ltO

5 9. Physiologically compatible compositions which contain the creatine pyruvates
according to one of claims 1 to 3 and at least one additional physiologically
compatible substance selected from the group comprising pharmaceutical
adjuvants or carriers, vitamins, mineral substances, carbohydrates, amino
acids or other food supplements.

10
10. The use of creatine pyruvates according to one of claims 1 to 3 for enhancing
long-term performance and strength in the field of sport, for reducing weight
and body fat in the field of health, in the treatment of oxygen-deficiency
conditions (ischemia), body fat and overweight, as a food supplement and as
15 a scavenger for free radicals.

This Sheet Has Been Replacec

* [ L M § *



wherein 30 - the reaction is carried out, at tenperatures between 10 and
30[err]C. 7. A method according to one-@-clainms 4 to 6, wherein the
reaction is carried out in the presence of a polar solvent. 35 -8- 8. A
met hod according to claim?7,

Abstract

Creatine pyruvates are described which have the general formula (1)

5 (creatine)x(pyruvate)y(H20), ()]
where x =110 100
y=1t010 and
n=0t 10
10

These creatine pyruvates, which are produced by way of the relatively simple re-

action of creatine with pyruvic acid, can be used to enhance long-term perform-

ance and strength in the field of sport, to reduce weight and body fat in the field of

health, to treat oxygen-deficiency conditions (ischemia), obesity and overweight, as
15 afood supplement and as a scavenger for free radicals. .

KRKkRRTTRRERREIhRKIERRITEIRTKTkkRkiedk

20

In my capacity of public transiator for the English language, duly commissioned
and swormn in by the President of the Regional Court of Ingolstadt, Bavaria, | hereby
25 certify that:
N the transiation hereinbefore of the German-language copy submitted to me is exact
and complete.

30
Steinkirchen, 21st October, 1998

35




wherei n al cohols, ethers, ketones, esters or i xt ur es, SHEsT

solvent. 5 9. Physiologically:conpatible conpositi T Pe’r‘r cbh al n the
creatine pyruvates according to one of-&Fains 1 to 3 and at | east one
addi ti onal physiologically corrpati bl e substance selected fromthe group

conpri si pgg ceuti cal uvant S or carriers, vitamns, mneral
subst ances, M?%ﬁoég‘ C’?(bmam ds or other food suppl enents. 10 10.
The use of ch@wddeig Pyruvates according to one of clainms 1 to 3 for the

manuf acture of an agent for enhancing | ong-term performance and strength in
the field of aignhois, etinnrsrleetonesmgastensgcbnmmmebaﬂe'rebabre osédas solvent.

5 9. Physiologically compatible compositions which contain the creatine pyruvates
according to one of claims 1 to 3 and at least one additional physiologically
compatible substance selected from the group comprising pharmaceutical

adjuvants or carriers, vitamins, mineral substances, carbohydrates, amino
acids or other food supplements.

10
10. The use of creatine pyruvates according to one of claims 1 to 3 f_or the
manufacture of an a'genx for enhancing long-term performance and
strength in the field of sport, for reducing weight and body fat in the
field of health, in the treatment of oxygen-deficiency conditions

15

(ischemia), body fat and overweight, and for scavenging of free radicals

and as a food supplement.
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(57) Abstract

The invention relates to creatine pyruvates of the general formula (I) (creatine)(pyruvate)y(H20)g, in which x = 1-100, y = 1-10 and
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Es werden Kreatin—pyruvate der allgemeinen Formel (I) (Kreatin)x(Pyruvat)y(H,0), beschrieben, wobei x = 1 bis 100, y = 1 bis 10
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