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The present invention relates to stable and non-hygroscopie doubls
snlts of fumaric ucid ¢hereinbelow “"double fumarates) with =z

"carniting”, wherein by “carniting" either L-carnitine or isovaleryl
L-caxnitine are meant and an amine acid. The imvention also relates io
food supplements, dietary supplements, nutraceuticals and drugs
coniaining said double fumarates.

Fumaric acid [(E)-2-butenedioie acid] exhibits interesting applications
int boih the nuiritional and therapeutical field.

Ti is used as substitute for both tartaric acid which may bring about
unpleasant gastroiniestionl side effects due fo ils laxaiive effects, in
the preparation of beverages and baking powders, and citric acid in
fruit. drinks.

The eardioprotective effect of fumaric avid has been assessed in the
perfused rat heart (La Plante et al. "Effects and metabolism of
fumarate in the perfused rat heart. A 13C mags isotopumer study”, Am.
d. Physipl. 272 B74-E82, 1997} and in the immeature myocardium
(Pearl et al. "Furaarate enriched blood cardioplegia vesults in complete
functional recovery of immature mypeardium" Ann. Thorac. Surg. 57:
1636-41, 1993).

TFurthermore, fumaric acid 1s a "pharmacologically accepiable acid™ its
salts are in fact encompassed in the list of "FDA-approved
commercially marketed salts" published e.g. in the Jowrnal of
Pharmareutical Sciences, Vol. 66, No. 1, (1977) pagss 1-19.

Conversion of drugs to their respective pharmacologically acceptahle
salt forms is 2 widely utilized means for optimizing the administration
forms - ur certain properties of the drugs, such a3 atability,
hygroscopaaty, flowability and the Like.

JP 2004-503521 A 2004.2.5



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(12)

WO 0146281 PCTTIOL0TIS

Both IL-carmitine acid fumavate and isovaleryl acid f{umarate are
known compounds. {Fumaric acid is a dicarboxylic acid: in the
aforesaid acid funaarates enly one of the two carhoxylic groups is
szhified).

L-carnitine acid fomearate, whose preparation and physico-chemical
properties are disclosed eg in US patent 4,602,032, has been
developed in oxder to overcome the complex problems of storage and
processing due ta Tecarmifine inmer salt hygroscopicity. Leoarnitine
acid fumarate is in fact wery stable and, without provoking
gastrointestinal side affects, shows a proble of humidity resistance
even better than that of lrcarnitine tartrate, a further non-hygroscopic
salt which was also dovoloped to svercome Lrcarmiting hygroscopicity.

The tartrate, however, has the advantage that both its carbowylic
groups are salified with L-carnitine and consequently it contains a
higher percentage in L-caritine (68% ve. 58Y%).

Also isovaleryl Le-carnitine acid fumarate, whose preparation is
disclosed 1 the US patent 5,227,518, is a siable compound endowed
with considerable resistance to humidity.

Every endeavour made to salify also the fiee carboxylic group of acid
fumarates wherein the other carboxylic group is salified witk L-
carnitine or isovaleryl L-carnitine has failed fo-date. For instance, the
attempl. of preparing L-carnttine fumarate (i.e. the neutra) salt which
would bave the advantage of a very high porcentage in Lecarnitine,
about 73.5% vs. 68% in the tarlrate and 58% in the acid fumarate)
results in a highly hygroscopic substance which likely consists of a
mixture of L-carpitine acid fumarate and L-carnitine inner salt. It is
this latter which imparts high hygroscopicity ¢o the end product as a
whole.

Similar failures occur if the attempl is made to salify the freo
carboxylic group of acid fumarates with alkanoyl L-carnitines, such as

JP 2004-503521 A 2004.2.5
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aceiyl und propionyl L-carnitioes.

It is an ohject of the present Invenflon to provide stable, non-
hygroscepic duuble fumarates wherein one of the carboxylic groups of
fumaric acid is salificd with either L-carnitine or lsovaleryl L-carnitine
and the other carboxylic group is also salified with a compound
endowed with useful nutritional, dietary or therapeutical properties.

It is, thevefore, apparent that the utility of the salis of the present
invention is te be found not only n their lack of hygrescopicity and
high stability, bul also inaofar as both their cationic moieties
coptribute to the nutritional, encrgetic andfor therapeutic cfficacy of
the salt as a whole. The aforesaid efficacy of these movel salt is,
thercfore, not to be atiributed exclusively to the "carnitine” muiety of
the sali.

The aforesaid object is achieved by the double fumarates of L-carnitine
or isovaleryl L-carnitine and an amine acid having the formula (I):

LN ]
He _/N.\/-\./Ioj\cm 'Doc/\\’/wo A
H,G |

d

ey

wherein: R is hydrogen or isovaleryl; and
f4*] 15 a positively charged amino acid selected from the graup
consisting of creating, ornithine, lysine, arginine and hystidine.

The following compounds of formula (1) are to he considered
specifically encompassed by the present invention:

L-carnitine and creatine fumarate;
- isavaleryl L-carnitine and creatine fumarate;

L-carnitine and ornithine fumarate;

- isovaleryl L-carnitine and ornithine fumarate;
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o

- L-carnitine and lysine fumarate;

- isovaleryl L-carnitine and lysine fumarate;

- L-garnitine and arginie fumarate;

- isovaleryl L-carnitine apd arginine fumarats;
- L-carnitine and hystidine fumarate; and

- isevaleryl L-carnitine aud hystidine fumarste.

Liysine, arginine and hystidine are amino acids cceurring in prefeins,
Le. they are three out of the twenty amino acids which are obiained via
controlled hydrolysis of naturally oecurring proteins (see, e.g., J. David
Rawn, Biochemistry, Chapter 3 "Amino acids and the primary
structure of proteing”; MeGraw-Hill, 19903,

Whilst an order to illustrate the nutritional and therapeutic efficacy of
the amino acida in general refercrnce is made to the conspicnously vast
literature published to-date on this matter (see, e g, T Fidanza and G.
Liguori, Nutririons umana, Chapter 3: "Le proteine”, Casa Editrice
Lihrarvia Idelson, 1995; and 1. Geldberg (Ed), Functional Foods,

Chapter 12, "Amino acids, peptides and preteins” Chapman & Hall,
Tne. 19894), it is desmed useful to briefly address the fopic of creatine

. and ornithine in view of their peculiay physiclogicsl role.

Creatine is an amino acid present in considerable amonnts in the
skeletal muscle tissue of vertebrates whercin about 2/3 therveof aceurs
as creatine phosphate.

Creatine is biosynthesized mainly in the liver and kidneys from. three
amine acids: glyce which provides the carbon sleleton, arginine
which releases the amidine group and methionine which releases the
methyl group. Creatine is excretad with urine as creatinine. Creatine
can be taken with the diet since it is principally present in meat.
However, in order fu fake 10 grama/day of erzatine, 2.5 ky of meal
should be eaten. The exogenous supply and endagencus biosynthesis
must compensate for the duily turn-ovor of excatine to creatinive which
in a 70-kg male subject can be eatimated at about two grams,

JP 2004-503521 A 2004.2.5
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The physiclogic role of creatine is extremely important: privcipally in
the skelatal muscle, but in the brain, liver and kidneys as well,
creatine - by reversibly taking up ATP's phosphate groups - plays the
role of reservoir of the energy-rich phosphate radicals. This reaction is
critically important since ATE can pot be stoxed in Lissuee in excess of
a very limiled throshold. I€ is creatine phosphate whose content in
tissnes is five times as mueh that of ATP, which provides for
phosphate groups aupply. Following a moderately wearying physical
exertion, the creatine pheosphate present in the skeletal muscle
decrensoes in a far relevant amount than ATP does, thus showing that
creatine  phosphate  rephosphorilates ADP as  ATP  becomes
dephospharilated.

When the rate of ATP's metabolic production exceeds ATD's utilization,
thig results in creatine phosphate formalion. Creatine phosphate is,
therefore, a reservoir of immediately available energy, wuitable fer
counterbalancing energy demands exceeding ATP's synthesis rate in
metabolic phosphorylation processes.

Creatine is mainly taken by athletes and sporisman insofar as it
ineresses the skeletal musculature if -its intake s accompanied by
Iasting physical exertion. Creatine intake results in a lowering of fal
while it enhances skeletal muscle. Recent researches have shown that
the combined intake of creatine and carbohydrates enhances creatine
effects owing to insulive production that is stimulated by simpie
sagars which likely play a role in creatine exportation to muscle cells.

Ornithine, & non-protecgenic amine acid, is a lower hamolog of lysine
and an important intermediate in urea biosymthesis cyele wherein it is
synthesized by arginine transguapidivization. Oraithine can also be
converted to glutamic azid.

The fumarates of formula (I} fully accomplish the object of the present
invention ingofay as they are not only stable, non-hygroscopic
compounds which favourably lend themselves to Che preparation of

JP 2004-503521 A 2004.2.5
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solid presentation foms which are the preferred ones for
nufraceuticals and nutriticnal and dietary supplements, but also
combine in single salts the complementary physiclogical activities of a
"carnitine” and of the aforesaid amino acids.

For instance, those fumarvates which combine creative and a
“carnitine” synergistically in a single compound, stimulate on one hand
the production of energy in the myacytas, particularly in type 1 muscle
fibers, allowing impertant energy-carricrs (the fatty acids) to enter the
mitochondxion, and, on the other band, stimulate the ATP formed via
cellular respiration (oxddative phosphorilaiion) to leave the same
organelle. The ATP provides the mechanical enargy needed for muacle
coniraction.

The following non-limiting examples llustzate the preparation and
physico-chemical properties of some compounds of the present
invention.

Example 1
Lcarnitine and creatine furnarate (BS/231)

H,G—NL A oo Bc00] —Ch,
s oR HN
.

3

Cr15HzeNa03 M.W. 407.35

14.9 g (0.1 moles) of creatine monohydrate and 18.1 g (9.1 moles) of L-
carnitine inner salt were dissolved in 500 mL of water.

To the resulting soluiion, 11.6 g (0.1 moles) of fumaric acid were added
under stirring. Following complate dissolution isobulanol was added

2004-503521 A 2004.2.5
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and the mixtore distilled under vacuum at 40°C. The residue which
was obtained was taken up with acetone and the mixture left undex
stirring for some hours.

The mixture was then filtered under vacuum and the solid thus
obtainod was dried in u thermostatic oven at 30°C overnight. 40.6g of
L-carpitine and creatine fumarate were oblained as s white,
crystalline solid which proved to be non-hygroscopic and of pleasant

taste.,
F1eld S6%.

mp. = 134°C (dec)

KF. = 07%
20

[o] = - 107 {£=1% ()
D

pIl = 55{=1% HX))

Hatin:

Lrgarnitine 40%
Crealine 32% -

Fumaric acid 28%

Llementary analysis C% H% W%

Caleulated 44.22 .67 13.75

Found 44.01 858 13.68
—EH—

NMR:D:08=  66@QHs 7 )k 46440Hm ' %

3.9 (2H, s, N-CH-COOH); 3.4-5.3 (2HL.d, N-CHx-CH);

3.2 {9H.5, (CHs)sIV); 2.9 (3H, 5, N-CHy); 2.5-2.4 (2H, d, CH>-COCL}
HPLC:

Column: Hypersil APS-2 (5 um) 200 x 4.6

Temperature: = 30°C

Mobile phase: CHzONMO0 + 0.05 M EILPOJCIHLON (65-36 wiv)
pE: 4.7 with HaPOu

Flow-rate: 0.7 mL/min

Ri= fumaric acid 12.5; creatine 7.4; L-carmitine 10.8.

JP 2004-503521

A 2004.2.5
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Example 2
Lsovalery] L-carnitine and creatine fumarate (BS/242)

i ooy e
Gy o
o .
WO g z/
H o NL / oo N~ OH,
i oH ood =<

H

3 -

NH,

CaoHasN4Owo M.W. 491

14.9 ¢ (0.1 meles) of creatine monchydrate and 24.5 g (0.1 meles) of
isovaleryl L-carnitine ipner salt were dissolved 1n 500 mL of water.

Ta the resulting sclution 11.6 g {¢.1 molss) of fumaric acid were added
under sthrving. Following complete dissclution, isobutanel was added
and the mixtwre distilled under vacuum at 40°C. The residue thus
obtained was taken up with acetonc and the resulting mixfure left
under siirring for some hours. N

The mixtore wos then fltered under vacuum and the solid thus
obtained dried in a thermostatic oven ar 30°C overnight. 47.2 g of
isovaleryl L-carnitine and creatine fumaxade were obtained s a white,
crystalline solid which proved to be non-hygroscopic and could be
crystallized from 95% ethancl.

Yield: 97%
aLp. = 125-127°C {dec.)
K.F. = 0.5%
20
fee] = -8ic=1% H:0)
D

JP

2004-503521 A 2004.2.5
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pH = B8 (c=1% H:0)
Elementary analysis C% H% N%
Caleulated 48.9 7.13 134
Found 48.7 711 10.98
—CH—
NMR:D:05=  66@Ls ™ h4644 (1w, = %

3.9 (24, 5, N-CH>COOH}; 8.4-3.3 (21,4, N-CH,-CH);
3.2 (§H,s, (CHa)a-N); 2.8 (3H, &, N-CHs);

-
CH.
2.6-2.4 H, 4, CHe-COO0H), 2.4-22 (9H,4, CH>- ™ );

eHl cn:m
2.21.9¢1H m, % 308 (6H,d, )
HPLC
Column: Hypersil APS-2 (5 um} 200 x 4.8

Temperature: = 30°C
Muohile phase: CHaON/H-O + 0.05 M KH;PO4/CH;CMN (86-35 viv}

pH: 4.7 with HzP04

Flow-rate: 0.7 mL/min

e 205 .

R.= fumaric acid 12.5; creatine 7.4; wovaleryl L-carnitine
6.3,

Ratio:

Isovaleryl L-carnitine 50%
Creatine 27%
Fumaric aeid 25%.

Example 3
roiti nd I-ornithina rat
HyC. oH A
fPa

u;\N‘ : c/%,‘cﬂo B A
HyE OH o HyN

o OH

M.W. 409

JP 2004-503521 A 2004.2.5
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8 ¢ {0.05 moles) of L-carnitine inner salt, 5.8 g (0.06 moles) of fumaric
acid and 6.6 g of L-ornithine were dissolved in 7.5 ml of water at 60°C
and the resulting thick, clear mass was slowly poured into a solution of
acgtone (800 ml) under vigorous mechanical stirring. A sclid
precipitated which. was filtered off and dried. 17 g of the title
compound as a white non-hygroscopic solid were obiained.

Yield: 92%
m.p. = 185-187°C (dev.)
F. = 0.8%
20
fa] = -71.51{c= 1% H.0)
D
pH = 47

NMR: D20 = 6.6 (2H, 5, CH=CH); 4.6-4.2 {1H, m,-CH-);

3.8-3.6 (1H, t, -CII-NH>); 3.4-3.3 (2H,d, N-CHp); 8.2 (9H, s, (UHy)s);
3-2.9 (2H, t, CH>-NHg); 2.6-2.5 (2H, d, -CHs-COOH);

2-1.8 (2H, m, CHe-CHy- NITyy 1.8-1.6 (2B, g, CBz-CHz- CH).
HPLC:

Column: Hypersil APS-2 (5 nm) 200 x 4.6

Temperature: = 30°C

Mobile phase: CH3CINAHzO + 0.056 M EKIPOJCHICN (B5-35 viv)

pH: 4.7 with HzPQs

Flow-rate: 0.7 ml/min

Re= fumaric acid 12.5; L-carnitine 10.8; L-ornithine 9.
Ratio:

Fumaric acid 28.3%
L-earnifine 39.4%
L-ornithine 32.3%.
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Example 4
L-carnitine and lysine fumaratefsovaleryl Lcarnitine fumarate
(B5/239, BR240)

Foliowing the procedures of Examples 1 and 2 and subsiluting 0.1
moles of lysine for .1 moles of creatine monshydrate, L-carnitine and
fysing fumarats and, respectively, isovaleryl Lrcarmiiine and Iysine
fumarate oceurring as white non-hygroscopic compounds were
prepared.

In the following Table 1 the weight increase (%) and the appearance of
some compounds of the pragent invention are shown in comparison
with Lecarnitine and isovaleryl Lrcarmiline inner salts and anhydrous
creatine after exposure of the compounds to a relative humidity of
GOL5% at 25%, for 24 haurs,

Reference: Pharmaeuropa, November 1996,

able }

Compound - Weight increase % Appearange
Lcarnizine inner salt 13 deliyuescent
Tsavaleryl Looaraitine inper salt 20 deliguescant
Anhydrous creatine 3 flowabls
Compound of Ex. 1 B8/231) 018 no variation
Compound of Bx, 2 (B5/232) 09 na variation
Compaund of Bx. 3 (BS/238) 0.18 no varinton

The preparation of compositions containing at least one of the double
fumarates of formula (I} shall he readily appavent to any expert b
pharmaceutical tachnology or pharmacy.

The compositions may further contain other ingrodients such as
antioxidants, coenzymes and mincral substances and may occur in the

foria of tablets, chewable tablats, pills, troches, lozengus, capsules,

JP 2004-503521 A 2004.2.5



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(22) JP

WU 0146281 POTTI0L/00199
12

granulates or powders.
In unit dosage form, they may contajn an amount of a fumarate of

formula {I) providing 50-2000, preferably 100-1000, mg of L-carnitine
or isovaleryl I-carnitine ags inner salt.

2004-503521 A 2004.2.5
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Claimsg
1. A fumarate of formula (1):

H,c\ OR !'
* ; H = u
HC—N oH oo e00 a
HC
{)

wherein R is hydrogen or isovalaxyl and [A"] is A positively charged
amine acid selected from the group consisiing of creatine,
ornithine, lysine, arginine, and hystidine.

2.

3.

The fumarate of claim 1, selecied frem the group consisting of:
T-carniting and creatine fumarate;

isovaleryl L-carnitine and creatine fumarate;
L-carniting and ornithine fumarate;
isovaleryl L-carnitine and ormithine fumarate;
L-carnitine and Iysine fumarste;

isovaleryl L-carnifine and lysine fumarate;
L-carnifine and arginine fumarate;

isovaleryl rearnitine and avginine fumasrate;
L-carnitine and hyatidine fumarate; and
isuvaleryl L-carnitine and hysiidine fumarate;

A compesiticn comprising a fumarate of geveral formula {I) as

cluimed in claims 1-2 as active prineiple and a pharmacologically

acceptahle excipient.

4.

The composition of claim 3, further compnsing one or more other

ingredients selected from antioxidants, eoenzymes and minerals.

JP 2004-503521 A 2004.2.5
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5. The composition of claims 3 or 4, in the form of tablets, chewable
tablets, pills, troches, lozenges, capsules, granulates or powders.

8. The composition of claims 3-5, in unit dosage form, eomprising
ags active ingredient a fumarate of formuda (I} containing 50-2000,
preferably 100-1000, mg of Le-carnitine ov isovalery} L-carnitine as
inner salt.

7. The composition of claims 2-6, for human usec as food
suppiement, dietary supplement or drug.

8. The composition of claims 3-5, for veterinary use as supplement
for fodders.
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