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'Method of Preparation of DTPA Crosslmked Hyaluromc Acid Derivatives and Modlﬁcatlon

of Sald Derivatives

Technical Field

This invention relates to a nev&. :.f'm:‘e.'thc)d of modification of hyaluronic acid, fomifing
crcsslinked derivatives of DTPA (diethylene triamine pentaacetic acid), and to reactions oif so
modxﬁed derivatives. The modlﬁcatlon -of hyaluronic amd Is performed by means of a
protomzed DTPA bis anhydnde in a non-basic polar aprotlc solvent in absence of any
external base to form crosslinked products. Linkers of said crosslinked derivatives comprise
three carboxylic groups and three tertiary amines which are capable of complexing vaﬁcus
metals effectively and also enable " further modification of DTPA carboxylic group, .c'_.g.
hydropho’bization of the crosslinkéd{ denvanve by alkylating sgcﬁts.

Backeround Art

Polysaccharides are polymefs compo'sci"i' of simple monosacchéﬁdes (monomer units) linked
by the glylcosidic bond. They are class1ﬁed based on the__rll‘mr'iber of the repeating units to
oligosaccharides (2 to 10 units) and polysaccharides (10 or more units). The importance cf
polysaccharides is very high. Polysacchandes have a: nutntlonal protective, bu11dmg
(cellulose, chitin) or storing (starch) ﬁmctlon Polymers are generally characterised by an
average molecular weight which typically falls within the range between 16.10° g.mol” to
16.10* g.mol™. The number of the rcpea_t-jpg units depends og‘t\‘he. degree of polymerisation.

An important polysaccharide is hyaluromc acid

 COM o

£ o 0
OH o ~
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composed of repeating units p-(1 3) D glucuromc acid and B (1 4)-N-acetyl—D-glucosannne :
it is characterised by a high molecularf'fwclght of 5.10°t0 5. 106 g.mol” which depends on

isolation method and on the initial’ mi ” al. Hyaluronic a<:1d or its salt hyaluronan, is an’
essent1a1 part of the connective tlssue syhov1a1 joint fluid, and plays an important role in a

number of blologlcal processes such” ‘as hydration, proteoglycan organisation, cell

differentiation, proliferation and anglogenc51s This thhly hydrophlhc polysaccharide is

water-soluble in the form of a salt wﬁhm fh? ‘whole pH range.
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Hyaluronic acid is a representative, of the glycosaminoglycans‘ group which further includes

chondroitin sulphate, dermatan sulphate, keratan sulphate and heparan sulphate.

 Acylation of the Hyaluronic Acid

Acylation of hyaluronic acid is the most frequently used method for introd\tcing an alkyl
chain which modifies the characteristics of mostly hydrophiiic compounds to hydrophobic
compounds. Most frequently, the reactlon is performed by means of a reaction with
anhydrides of the respective a01ds chlorides of the a01ds or the acid itself with an addition of

catalysts

 The preparation of acyl-derivatives of hyaluronic acid oligomers is patented by Couchmann et

al. (US 4,761,401; 1988) where the dcylation takes place both on the hydroxyl group and on
the amino group of the deacetylated hyaluronan. O-acylation includes the reaction with an
organic acid with an addition of an acid catalyst (mineral acid, organic acid or Lewis acid)
and an activating agent (N,N ’—dtcyclo hexyl carbodiimide, 2-chloro-1-methyl pyridinium
iodide and N,N’-carbonyl d11m1dazol) or uses acid anhydrides or chlorides in the presence of
a base. Michinori et al. (JP 7309902 1995) prepared an acylated hyaluronic acid by means of
the reaction with carboxylic acid anhydndes or carboxylic acid acylhalogemdes in an aqueous
medium comprising a Water-m1s01ble orgamc solvent in the presence of a catalyst. The

saponification of acyl groups of the hyaluromc acid gave rise to derivatives havmg any

number of acyl groups. Also Perbellini et al. (WO 2004/056877 Al; 2004) used the retinoic

acid chloride and butyric acid aﬁhytitide for the preparation of specific derivatives of
hyaluronic acid. The hyaluronic acid in ‘the form of tetrabutyl ammomum salts was used for

the synthesis in N,N-dimethyl formarmde medlum
Crosslinking of the Hyaluromc Actd .

Crosshnklng of the hyaluronic ac;d was described in several methods. The most simple
method is crosslinking by means bf POC13 (US 5,783,691). Balasz et al. crosslinked thé
hyaluronic acid by means of divi@yl sulfone (Us 4,582,865). Other reactive electrophiles
which are suitable for crosslinking 1nclude aldehydes (US 4,713,448). Further agents which
are frequently used and which are; ab"l"éh"tb react with two polymers are epoxides and bis-
epoxides (WO 86/00912, WO 2007/ 129828) wherein the best known representative of these
is epichlorohydrin.

The use of EDC enhances the reacti.Vit'}/:'Sf the carboxylic group of hyaluronic acid which is
then capable of crosslinking reaétiqﬁﬁi-i with polyanionic compounds (US 4,937,270).



10

15

20

25

WO 2010/051783 _ PCT/CZ2009/000131
-3 ‘

Polyhydrazides represent other“nucleophilic reactants (WO 2006/001046). The method of
hyaluronic acid crosslinking ‘byy means of a polyanhydride, poly(alkyloyl chloride),
polyepoxide, and poly carbodiimide was disclosed in WO 00/46252. The reaction of bis
carbodiimide with hyaluronic acid (WO 2005/067994) results in crosslinking by means of a
rective electrophilic agent. Crossllnkmg via redox reactions is disclosed in EP 1683812 Al,
where disulphide bridges between thiol derivatives and hyaluromc acid are formed. Another
specific crosslinking method is a pﬁotochemical reaction. It is well known that the vinylene
group of cinnamic acid or an aryl;stlbstituted analogue thereof is capable of photochemical
cyclization to cyclobutane. This factwas used by the authors of EP 1217008 Al who acylated
the N-deacylated derivative of hyaluronic acid on the nitrogen of the glucosamine moiety of
the polysaccharide with cinnamic acid chloride. The crosslinking itself was effected by
radiation by the light having the wave length of 280 nm. Besides the cinnamic acid, it is
possible to use other photo-reactive gfoups linked to the hyaluronic acid (W 097/ 1'8224, EP
0763754 A2) which give rise toé_ cfossiinked derivatives due to the radiation by the light
having an appropriate weve lenéth; El;he patents aimed at hyaluronic acid acylation and
crosslinking in the presence of a baseorm a basic solvent were published by Yui et al. (US
6,673,919) and Nguyen et al. (US 5, 690 961)

The drawbacks of the above mentloned known methods 1nclude the dlfﬁcult punﬁcatlon of
the crosslinked hyaluronic acid derlvatlves of the toxic low-molecular polar compounds
which are trapped in the denvatlves net the complicacy of the known methods, and so on.

Compared to the known methods the method according to the invention is snnpler and does

not require the presence of extremely tox1c solvents or acylation catalysts.

Disclosure of the Invention

The subject-matter of the invention'i is a ’rrfethod of the preparation hyaluronic acid derivatives
by means of a reaction of the hyaluromc acid with a protonized DTPA bis anhydnde
(diethylene triamine pentaacetic acid b1s anhydrlde) according to the Scheme 1:



10

15

WO 2010/051783 PCT/CZ2009/000131

HA

of ) . /\N/\‘

’ \_\ HA - CH,0H c)
HA-CH,0M + N—\ OOH - HOO )/ 10‘)“

COOH

N=H \\ _
oc > HA—/ \° cooH \\coon
\
0—Co HA—/ ,

Scheme 1: Reaction of the protonized DTPA bis anhydride with hyaluronic acid (HA-CH,-
-OH)

The reaction takes place in a non-basic polar aprotic solvent in absence of an external base,
resulting in forming crosslinked products. The solvent is preferably selected from the group
comprising DMSO, sulpholan, or dialkysulphones. The hyaluronic acid is preferably in the
form of a free acid or a salt and, preferably, has the molecular weight within the range from

1.10* t0 5.10° g.mol™ and the polydispersity index within the range from 1.02 to 5.0.

The suggested method is, compared to-the known methods, simpler and does not require the

presence of highly toxic solvents or acylation catalysts.
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Scheme 2: Reaction of HA-DTPA-HA with metals and alkjlating agents

Bonding of DTPA bis anhydride to HA by an esteric bond takes place at 15 to 70 °C,
preferably at 60 °C, which can be explained by the fact that DTPA bis anhydride is protonized



10

15

WO 2010/051783 PCT/CZ2009/000131
T -5-

by the carboxylic group of hyaluronic acid resulting in the formation of a complex, wherein
the acylation agent is the hyaluronan co-cation itself. The respective acylation takes place
either directly on one of the hydroxy groups, or on the carboxylate group of the glucuronic

moiety and subsequently in an intramolecular way on the hydroxy group - see Scheme 3.

HOOC—
N —CO
__\_ ¢
N o
. +
OH : _ /—N—H —co
CO,H oc¢ >
OH o DTPA bis anhydrid Yo—co
HO
OH N DMSO OH
AN .
CH,CO GO,
\E . O HO o
. o o

_ N
v / : CH,CO
Hooc_\ . TuP . . . l
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/—_/ _\_ /\:c 2 . HOOC—
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| /—-/ N ©

COOH Hooc >
o HO- ‘,’°
\ . 0o OH .
CH, ed £ 0 HO o
o o o
: HO —~
OH NH™

/
CH,CO

Scheme 3: A detailed scheme of the reaction of the protonized DTPA anhydride with-
hyaluronic acid

H

'H NMR spectrum of the mixtuire:‘:”\-oif.fhyaluronic acid and DTPA bis anhydride in the
deuterated DMSO in the time 0,1 hour to 24 hours (see Fig. 1) confirms the extinction of the
original hydrogen signals of ~N-CH,-CH,-N- belonging to DTPA bis anhydride (3.3; 3.4;
3.65; 3.85 ppm) and the presence of a new quality (peaks) within the range from 32 to
3.8 ppm indicating the formation of a protonized DTPA bis anhydride. The table data of pKa
values of anélogue systems (R-COOH - pKa~4, alkylsN — pKa ~ 11) prefer this possibility

as well.
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The method according to the invention comprises dissolving the hyaluronic acid preferably in
DMSO or sulpholan, adding DTPA bis anhydride and mixing the mixture in absence of air
humidity at 15 to 70 °C, preferably at 60 °C, for 1 to 150 hours, preferably for 24 hours.

The linker, i.e. the crosslinked derivative, contains three carboxylic groups and three terciary
amines which are capable of effective complexing various metals and offer the possibility to

hydrophobize the carboxylic groups of DTPA linker by means of mono, bis and tris-

functional alkylating agents — see Scheme 2.

Complexes of crosslinked derivatives of hyaluronic acid and diethylene triamine pentaacetic -
acid with metal atoms are prepared by the reaction of a chloride or acetate of the respective
metal, such as alkaline earth metals - Ca, Mg, or transition metals — Fe, Gd, In, Zn, Eu, Tb, in
water or in a polar aprotic solvent at 15 to 70 °C, preferably at 20 °C, for 1 minute to 24
hours. With regard to the compleiing characteristics of DTPA it is possible to form chelate
complexes of DTPA hyaluronan e.g. with gadohmum for diagnostic purposes or with indium
"3m for the purposes of momtonng the distribution of hyaluronan in a hvmg organism or
with zinc which could, in the complex with DTPA hyaluronan, show a certain activity

applicable in cosmetics.

i

The hydrophobization of croéslinked derivatives of hyaluronic acid and DTPA occufs upon
the reaction with mono, bis or tns-alkylatmg agents in water or in polar aprotic solvent or in a
mlxture thereof with a base at the temperature between 15 to 70 °C, preferably at 60 °C, for 1
to 150 hours.AAlkylatmg agents of" the; general formula R-X include alkyl(aryl) halogenides
wherein R is C;-Csp having a liuear or ;ﬂbranched chain, optionally containing aromatic or
heteroaromatic groups, and X is hfa;log"ei-l or alkyl(aryl) sulphates, wherein R has the above
indicated meaning and X is the group -O- SOz-R The used bases include inorganic
compounds havmg the general formula M_HCO3, M,COs, MF, wherein M is an alkali metal,
or nitrogen organic bases having the general formula R3N, wherein R is C;-C;g having 2 hnear

or a branched chain, optionally contalmng aromatic or heteroaromatic groups.

The molecular weights of the hyalurouic acid and the derivatives thereof are weight average

molecular weights.

Brief Description of the Drawings

Fig. 1 represents the changes in IH NMR spectrum of the mixture of hyaluronic acid and
DTPA bis anhydride in DMSO in the tlme 0.1 hour to 24 hours.



10

15

20

25

WO 2010/051783 . _ PCT/CZ2009/000131
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Example 1

Modification of the hyaluronic aciid with DTPA bis anhydride

The acid form of the hyaluronic dc‘i'd'HA-COOH (10kDa, 50 mg) was dissolved in an
anhydrous DMSO (5ml) at 60 c "DTPA bis anhydride (95mg) was added to the
polysaccharide solution at 60 °C and the mixture was stirred for 24 hours in absence of air

humidity. After cooling of the mixture by ice water, distilled water and a solution of 150 mg
of Na,COj; in 30 mL of water were added, the mixture was stirred for 30 minutes and then

- was diluted by distilled water to 100 mL and dialysed against distilled water 7 times with 1 L.

The final solution was lyophilized ::_to yield 88 mg of the product.
M, = 2800 kDa, Polydispersity index = 2.563 (measured by SEC-MALL method),

IR 1739 cm’, substitution deg%eé 110 % (calculated from NMR with respect to a
polysaccharide dimer), "H NMR (dalédlz_;ted after the addition of 0.02 mL of 20 % aq NaOD)

'DTPA (52.55 4H, 2.6 4H, 3.10 2H, 3.5 6H), '°C NMR DTPA (5 183.0, 182.8, 61.5, 61.1,

54.5, 54.4 ppm).

Example 2

Modification of the hyaluronic acid with .DT PA bis anhydride

The acid form of the hyaluronica'acid‘ ‘HA-COOH (10kDa, 50 mg) was dissolved in an
anhydrous sulpholan (5ml) at 60 °C. DTPA bis anhydride (95mg) was added to the
polysaccharide solution at 60 °C and the, mixture was stirred for 24 hours in absence of air
humidity. After cooling of the mixture by ice water, distilled water and a solution of 150 mg
of Na,COs in 30 mL of water were added the mixture was stirred for 30 minutes and then

was diluted by distilled water to 100 mL and dialysed against distilled water 7 times with 1 L.
The final solution was lyophilized to yield: 78 mg of the product.

M., = 2600 kDa, Polydispersity inde_x =:.2.951 (measured by SEC-MALL method),

IR 1739 cm’, substitution degrée 98% (calculated from NMR with respect to a
polysaccharide dimer), "H NMR (calculated after the addmon of 0.02 mL of 20 % aq NaOD)
DTPA (82.55 4H, 2.6 4H, 3.10 2H 35 6H) 3C NMR DTPA (5 183.0, 1828 61.5, 61.1,
54.5, 54.4 ppm). '
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Example 3
Modification of the hyaluronic acid thh DTPA bis anhydride

The acid form of the hyaluronic acid HA-COOH (350 kDa, 50 mg) was dissolved in an

~ anhydrous DMSO (5 ml) at 60 °C. DTPA bis anhydnde (95 mg) was added to the

polysaccharide solution at 60 °C and the mixture was stirred for 24 hours in absence of air

~ humidity. After cooling of the mixture by ice water, distilled water and a solution of 150 mg
of Na;CO; in 30 mL of water were added, the mixture was stirred for 30 minutes and then

was diluted by distilled water to 100 mL and dialysed against distilled water 7 times with 1 L.
The final solution was lyophilized to yield 83 mg of the product.

M, = 2600 kDa, Polydispersity mdex = 2.951 (measured by SEC-MALL method),

IR 1739 cm™, substitution degree . 90 % (calculated from NMR with respect to a
polysaccharide d1mer) 'H NMR (calculated after the addition of 0.02 mL of 20 % aq NaOD)
DTPA (8 2.55 4H, 2.6 4H, 3.10 2H,-3.5 6H), °C NMR DTPA (6 183.0, 182.8, 61.5, 61.1,
54.5, 54.4 ppm). .

Example 4

Modification of the hydlurom'c acid with DTPA bis anhydride

The acid form of the hyaluronic acid HA-COOH (350 kDa, 50 mg) was dissolved in an
anhydrous sulpholan (5ml) at 60 °C. DTPA bis anhydride (25mg) was added to the

" polysaccharide solution at 60 °C and the mixture was stirred for 24 hours in absence of air

humidity. After cooling of the mixture by ice water, distilled water and a solution of 150 mg

of Na;COs; in 30 mL of water were add'ed, the mixture was stirred for 30 minutes and then

“was diluted by distilled water to 100 mL and dialysed against distilled water "7 times with 1 L.

The final solution was lyophilized to yield 61 mg of the product.
M,, = 2600 kDa, Polydispersity index =2.951 (measured by SEC-MALL rhethod),

IR 1739 cm’, substitution deg%ee 30 % (calculated from NMR with respect to a
bolysaccharide dimer), 'H NMR (calcdla_ted after the addition of 0.02 mL of 20 % aq NaOD)
DTPA (62.55 4H, 2.6 4H, 3.10 2H, 3.5 6H), "*C NMR DTPA (5 183.0, 182.8, 61.5, 61.1,
54.5, 54.4 ppm). o
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Example 5
Modification of the hyaluronic acid with DTPA bis anhydride

The acid form of the hyaluronic acid HA-COOH (350 kDa, 50 mg) was dissolved in an
anhydrous DMSO (5ml) at 60 °C. DTPA bis anhydrideb (10 mg) was added to the
polysaccharide solution at 60 °C and the mixture was stirred for 24 hours in absence of air

humidity. After cooling of the mixture by ice water, distilled water and a solution of 150 mg

‘of Na,CO; in 30 mL of water were added, the mixture was stirred for 30 minutes and then

was diluted by distilled water to 100 mL and dialysed against distilled water 7 times with 1 L.

The final solution was lyophilized to yield 53 mg of the product.
M,, = 2600 kDa, Polycﬁspersity index =2.951 (measured by SEC-MALL method),

IR 1739 cm™, substitution degree 6 % (calculated from NMR with respect to a polysacchaﬁde
dimer), "H NMR (calculated after the addition of 0.02 mL of 20 % aq NaOD) DTPA (5 2.55
4H, 2.6 4H, 3.10 2H, 3.5 6H), 1*C ‘NMRV.DTPA (6 183.0, 182.8, 61.5, 61.1, 54.5, 54.4 ppm).

Example 6
Modification of ih_e hyaluronic acid with DTPA bis anhydride

The acid form of the hyaluronic;iacid'HA-COOH (2000 kDa, 50 mg) was dissolved in an
anhydrous DMSO (10.ml) at 60°C. DTPA bis anhydride (95 mg) was added to the
polysaccharide solution at 60 °C and thé mixture was stirred for 24 hours in absence of air
humidity. After cooling of the mixture by ice water, distilled water and a solution of 150 mg
of Na;CO; in 30 mL of water were added, the mixture was stirred for 30 minutes and then
was diluted by distilled water to 100 mL and dialysed against distilled water 7 times with 1 L.
The final solution was lyophilized to yield 68 mg 6f the product. |

My, = 2600 kDa, Polydispersity index = 2.95 1 (measured by SEC-MALL method),

IR 1739 cm’, substitution deg[r_ee‘ 76 % (calculated from NMR with réspect to a
polysaccharide dimer), 'H NMR (cialc:.ula_te(-i after the addition of 0.02 mL of 20 % aq NaOD)
DTPA (62.55 4H, 2.6 4H, 3.10 2H 3.5-6H), 13C NMR DTPA (5 183.0, 182.8, 61.5, 61.1,
54.5, 54.4 ppm). -
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Example 7

Preparation of HA-DTPA-Gd complexes -
' ' /\COOR

\(L \\coo
DTPA )/ l
o

' _ GdClgH0 {kcoo/ d

cooRr'
o HO T COOR'
O H,0 O HO
\E % \

CH3CO
CH3CO

R =Na, H, HA
5 R!'=NaH

Séheme 4

1% solution of GdCl3.6H,0 (40 mg édél3.6H20, 0.04 eq in water) was added to the solution
of HA-DTPA (modified hyalurohic acid of Example 5) (substitution degree 6 %mol,
calculated with respect to a dimer of hyaluronic acid, 1 g) in water (100 mL) and the mixture

10 was stirred for 1 hour at the room temperature. Then the final solution was dialysed against
1 L of distilled water, wherein no gadohmum was detected in the lyophilized solution after
the evaporation of the solvent, using the chelating dye xylenol orange in acetate buffer. This
fact, as well as the fact that the ‘Grd concentration of 107 mg/ml is detectable in this way,
implies that more than 95 % of the added gadolinium was bound in HA-DTPA.

15 Example 8

‘Preparation of HA-DTPA-Fe compflexes.

(\N/\COOR
\\ .

‘ /(N ' coo
DTPA
o " 'FeCly : Q(\ \_ '
COOR1 —_——— COO -
£ /w o ~NaCl COOR'
o 0 O ‘H,0 0 HO o)
~ A2
A0 Ton NH- \Eomo N
/ ' OH “NH
- CH,CO : /
CH5CO
R=Na, H, HA
R'=Na, H

20 ' Scheme 5
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1% solution of FeCl; (20 mg FeCl3,:d.O4 eq in water) was added to the solution of HA-DTPA
(modiﬁed hyaluronic acid of Example 5) (subsﬁtution degree 6 %mol, calculated with respect
to a dimer of hyaluronic acid, 1 g) in water (100 mL) and the mixture was stirred for 1 hour at
the room temperature. Then the final solutiqn was dialysed against 1 L of distilled water,
wherein no iron was_detécted in the lyophilized solution after the evaporation of the solvent,
using the chelating dye xylenol o:range in acetate buffer. This fact, as well as the fact that the
Fe concentration of 10 mg/ml is d‘étec’table in this way, implies that more than 97 % of the
added iron was bound in HA-DTPA.

Example 9

Preparation of HA-DTPA-In compleyées -

R =Na, H, HA
R'=Na, H

- Scheme 6

1% solution of InCl; (17 mg InC13,: 0.04 éq in water) was added to the solution of HA-DTPA
(modified hyaluronic acid of Exam‘plel-"S.) (substitution degree 6 %mol, calculated with respect
to a dimer of hyaluronic acid, 1 g) in water (100 mL) and the mixtﬁre was stirred for 1 hour at
the room temperature. Then the final s&)lution was dialysed against 1 L of distilled water,
wherein no indium was detected in the lyophilized solution after the evaporation of the
solvent, using the chelating dye xylenoi orange in acetate buffer. This fact, as well as the fact
that the In concentration of 10™ mg/ml is detectable in this way, implies that more than 97 %
of the added indium was bound in HA-DTPA.
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Example 10

Preparation of HA-DTPA-Eu complexes
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Scheme 7

1% solution of EuCl; (40 ’mg EuC13,004 eq in water) was added to the solution of HA-DTPA
(modified hyaluronic acid of Examplé 5) (substitution degree 6 %mol, calculated with respect
to a dimer of hyaluronic acid, 1 g) in Water (100 mL) and the mixture was stirred for 1 hour at

10 the room temperature. Then the final solution was dialysed against 1 L of distilled water,
wherein no europium was detected in the lyophilized solution after the evaporation of the
solvent, using the chelating dye xyleﬁc;l orange in acetate buffer. Thié fact, as well as the fact
that the Eu concentration of 107 nﬁg/ml 1s detectable in this wéy, implies that more than 95 %
of the added europium was bound in HA-DTPA.

15 Example 11

Preparation of HA-DTPA-Tb cémplexes
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20 Scheme 8
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1% solution of TbCl; (40 mg Tb':'Cl3,JO‘ 04 eq in water) was added to the solution of HA-DTPA

(modified hyaluronic acid of Example 5) (substitution degree 6 %mol, calculated with respect

- to a dimer of hyaluromc acid, 1’ g) in water (100 mL) and the mixture was stirred for 1 hour at-

the room temperature. Then the final solution was dialysed against 1 L of distilled water,
wherein no therbium was detected in the lyophilized solution after the evaporation of the
solvent, using the chelating dye xylenol orange in acetate buffer. This fact, as well as the fact
that the Tb concentration of 10 ‘mg/ml is detectable in this Way, implies that more than 95 %
of the added therbium was bound in HA-DTPA.

Example 12

Preparation of HA-DTPA-Tb complexes

(\ /\COOR
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DTPA: J/ 00
: chlz {\\
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o % o

CH3C0
CH3CO

R =Na, H, HA
R!=Na H

Scheme 9
A solution of ZnCl; (0.04 eq) m water was added to the solution of HA-DTPA (modified
hyaluromc acid of Example 5) (substltutlon degree 6 %mol, calculated with respect to a dimer

of hyaluromc acid, 1 g) in water (100 mL) and the mixture was stirred for 1 hour at the room

-temperature. Then the final solution was dialysed against 1 L of distilled water, wherein no

zinc was detected in the 1yoph111zeq solutlon after the evaporation of the solvent, using the
chelating dye xylenol orange in aeetate buffer. This fact, as well as the fact that the Zn
concentration of 10™ mg/ml is detectable in this way, implies that more than 97 % of the
added zinc was bound in HA-DTPA

Example 13

Preparation of HA-DTPA-Ca complexes
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Scheme 10

5 A solution of CaCl; (0.3 eq) in water (2 ml) was added to the solution of HA-DTPA (0.1 g
substitution degree 30 %mol, calculated with respect to a dimer of hyaluronic acid; derivative
of Example 4) in water (10 mL) and the mixture was stirred for 1 hour at the room
temperature. Then the reaction mixture was diluted to 300 mL and diélysed 7 times against
1 L of distilled water. The final solutlon was lyophilized to yield 110 mg of the product

10 IR 1739cm™ IH NMR (measured- after the addition of 0.02 ml 20% aq NaOD) DTPA (6 2.4
4H, 2.7 4H, 3.15 2H, 3.30 6H) 13c_ NMR DTPA (6 64.4, 62.6, 58.5, 57.9 ppm).

ICP 3.1% Ca.
Example 14

Preparation of HA-DTPA-Mg complexes
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Scheme 11
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A solution of MgCl; (0.3 eq) in ;vater :(2 ml) was added to the solution of HA-DTPA (0.1 g;
substitution degree 30 %mol, calculated with respect to a dimer of hyaluronic acid; derivative
of Example 4) in water (10 mL) and the mixture was stirred for 1 hour at the room
temperature. Then the reaction mixture_'was diluted to 300 mL and dialysed 7 times against
1 L of distilled water. The final solution waé lyophilized to yield 110 mg of the product.

IR 1739cm™, '"H NMR (measured after the addition of 0.02 ml 20% aq NaOD) DTPA (5 2.4
4H, 2.7 4H, 3.15 2H, 3.30 6H ) '°C NMR DTPA (5 64.4, 62.6, 58.5, 57.9 ppm).

ICP 2.3% Mg.
Example 15
Alkylation of HA-DTPA-HA with alkylhalogenides

The crosslinked form of hyaluroriic acid HA-DTPA (100 mg, derivative of Example 1') was
dissolved in water to form a 1% solution and DMSO was gradually added until the formation
of a fine turbidity at the room temperature. A saturated aqueous solution of NaHCO; (2 eq)
and hexylbromide (2 eq) were added to the mixture and the solution was heated to 60 °C for
48 hours. After cooling of the solu}ion with ice water, a saturated aqueous solution of Na,CO;
(5 eq) was added, the mixture was sti:_féd for 30 minutes and then diluted with distilled water
to 150 mL, and dialysed against 5A‘ L c’if distilled water (repeated 7 times). The final solution
was lyophilized to yield 90 mg of the product.

IR 1738 cm™', "H NMR hexyl (3 0.85 3H, 1.3 4H, 1.35 2H, 1.70 2H, 4.25 2H)
Example 16 Lo
Alkylation of HA-DTPA-HA with alkyliosylates

The crosslinked form of hyaluroni;c ac1d HA-DTPA (100 mg, derivative of Example 1) was
dissolved in DMSO to form a 0.5% sélption. A saturated aqueous solution of NaHCO; (2 eq)
and hexyltosylate (2 eq) were added tq‘ the mixture and the solution was heated to 60 °C for
48 hours. After cooling of the solutgion, with ice water, a saturated aqueous solution of Na,COs
(5 eq) was added, the mixture was ':stir're;d for 30 minutes and then diluted with distilled water
to 150 mL, and dialysed against 5 L of distilled water (repeated 7 times). The final solution
was lyophilized to yield 90 mg of the pfo.duct.

IR 1737 cm™, "H NMR hexyl (6 0.86 3H, 1.3 4H, 1.35 2H, 1.70 2H, 4.27 2H)
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.CLAIMS

. A method of preparation of hyaluronic acid derivatives characterised by that the

hyaluronic acid reacts with the protonized diethylene triamine pentaacetic acid bis

“anhydride in a non-basic polar aprotic solvent in absence of an external base.

. The method according to claim -l,'characterised by that the hyaluronic acid is in the

form of a free acid or a salt. '-

. The method according to claim \1_, characterised by that the hyaluronic acid has the

molecular weight within the rangé from 1.10* to 5.10° g.mol™ and the polydispersity index
within the range from 1.02 to 5.0. |

. The method according to cléim 1, characterised by that the non-basic polar apfotic

solvent is selected from the group comprising DMSO, sulpholan, or dialkysulphones.

.- The method according to claim 1; characterised by that the reaction of the hyaluronic

acid with the protonized diethylene triamine pentaacetic acid bis anhydride takes place at

15 to 70 °C for 1 to 150 hours in a non-basic polar aprotic solvent.

. A usé of the derivative obtained b3; the method according to claim 1 for the preparation of

a complex of the derivative of the hyaluronic acid with diethylene triamine pentaacetic
acid linked thereto, with metal atoms, wherein the derivative reacts with a metal

halogenide or metal acetate in water and/or polar aprotic solvent.

. The use according to claim 6, wﬁerein the metal atoms are alkaline earth metals Ca, Mg, -

or transition metals Fe, Gd, In, Zn, Eu, Tb, and the solvent is selected from the group
comprising DMSO, sulpholan or dialkylsulphones.

. A use of the derivative obtained by the method according to claim 1 for the

hydrophobization of the derivative’of the hyaluronic acid with diethylene triamine
pentaacetic acid linked thereto, b'y_',r'neans of alkylating agents, wherein the derivative
reacts with mono, bis or his—funptignal alkylating agents in water and/or polar aprotic

solvent and a base at the temperature of 15 °C to 70 °C for 1 to 150 hours.

. The use according to claim 8, wh'er"ein the alkylating agent has the general formula R-X

comprising one to three groups X‘1Wherein R is a C;-Csp-alkyl linear or branched chain,
optionally containing aromatic or heteroaromatic groups, and wherein X is a halogenvor
the group —O-SO,-R.
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10. The use according to claim 8, yvhérein the base is selected from the group comprising
inorganic compounds of the éenéral formula MHCO3;, M,CO;, MF, wherein M is an alkali
metal, or nitrogen organic co;m;'iouur"luds of the general formula R3;N wherein R is a C;-Csg
alkyl linear or branched chain, oi)ti;).nally containing aromatic or hetéroaromatic groups,
and the solvent is selected from the group comprising DMSO, sulpholan or
dialkylsulphones. o
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