
US 20070134163A1 

(19) United States 
(12) Patent Application Publication (10) Pub. N0.: US 2007/0134163 A1 

Zhao (43) Pub. Date: Jun. 14, 2007 

(54) RADIOGRAPHIC CONTRASTING AGENTS (52) US. Cl. ......................................... .. 424/9-451; 560/83 
AND RADIO-OPAQUE POLYMERIC 
MATERIALS FOR MEDICAL DEVICES 

(57) ABSTRACT 
(76) Inventor: Jonathon Z. Zhao, Belle Mead, NJ 

(Us) 
Correspondence Address: The present invention d1scloses a rad1ograph1c contrasting 
PHILIP s_ JOHNSON agent containing multiple aromatic groups, each of Which is 
JOHNSON & JOHNSON substituted With at least three halogen atoms. The radio 
ONE JOHNSON & JOHNSON PLAZA graphic contrasting agent can initiate a polymerization pro 
NEW BRUNSWICK, N J 089334003 (Us) cess. The present invention also discloses a radio-opaque 

polymeric material that comprises a biodegradable polymer 
(21) Appl. No.: 11/301,874 having at least one radiographic contrasting moiety 

covalently attached thereto. The radio-opaque polymeric 
(22) Filed? Dec- 13: 2005 material provides enhanced contrasting intensity in radio 

_ _ _ _ graphic imaging. The radio-opaque polymeric material can 
Pubhcatlon Classl?catlon be applied on at least a portion of one surface of a medical 

(51) Int. Cl. device. The radio-opaque polymeric material can also be 
A61K 49/04 (200601) used to construct a medical device, a component thereof, or 
C07D 229/02 (2006.01) a portion of a component thereof. 



US 2007/0134163 A1 

RADIOGRAPHIC CONTRASTING AGENTS AND 
RADIO-OPAQUE POLYMERIC MATERIALS FOR 

MEDICAL DEVICES 

FIELD OF INVENTION 

[0001] The present invention relates to a radiographic 
contrasting agent that can initiate a polymerization process 
and a radio-opaque polymeric material comprising a biode 
gradable polymer having at least one radiographic contrast 
ing moiety covalently attached thereto. 

BACKGROUND OF INVENTION 

[0002] Biodegradable polymers have been Widely used to 
construct medical devices, particularly implantable medical 
devices. Compared to the conventional metallic material, 
biodegradable polymers offer many advantages. First, bio 
degradable polymers are conformable and ?exible, thereby 
causing less stress to the biological tissues. Second, medical 
implants made from biodegradable polymers do not require 
a second surgical intervention for removal. Third, the bio 
degradable polymers may be used to enhance the therapeutic 
effect of a medical implant. For example, a fractured bone 
that has been ?xated With a rigid metal implant has a 
tendency for refracture upon removal of the metal implant 
because the stress is borne by the rigid metal, so the bone has 
not been able to carry sufficient load during the healing 
process. In contrast, a biodegradable polymer can be tuned 
to degrade at a certain rate so that an implant prepared 
therefrom Will sloWly transfer load to the healing bone. In 
addition, biodegradable polymers are useful in drug delivery 
systems. For example, a therapeutic agent can be admixed 
With a biodegradable polymer to form a polymer matrix. The 
release rate of the therapeutic agent in such a polymer matrix 
can be controlled by adjusting the degradation rate of the 
biodegradable polymer. 
[0003] Biodegradable polymers can be either natural or 
synthetic. In general, synthetic polymers offer greater advan 
tages than natural materials since the synthetic polymers can 
be tailored to give the desirable properties according to their 
intended use. Synthetic polymers also offer better consis 
tency and uniformity than natural polymers do. Furthermore, 
unlike natural materials, synthetic polymers cause little 
immunogenic responses after implantation. Common syn 
thetic biodegradable polymers include polyglycolide, poly 
lactide, poly(lactide-co-glycolide), polydioxanone, polyca 
prolactone, poly(hydroxyl butyrate), poly(trimethylene 
carbonate), polyphosphoester, polyphosphaZene, and other 
poly(esteramide). 
[0004] HoWever, most biodegradable polymers are not 
radio-opaque. Consequently, medical devices made from 
those biodegradable polymers cannot be visualiZed by 
means of radiographic imaging. The ability to see the 
radiographic image of a medical device being used in, or 
implanted Within, the body is very important since radio 
graphic imaging provides a physician the ability to monitor 
and adjust the medical device during operation. For some 
medical implant applications, X-ray visibility is mandatory. 

[0005] To achieve desirable radio-opacity in polymeric 
materials, one conventional method utiliZes inorganic radio 
graphic contrasting agents, such as barium sulfate, Zirco 
nium dioxide, or bismuth halides as additives or ?llers in the 
polymeric material to form a radio-opaque polymeric 
matrix. HoWever, these inorganic agents do not mix Well 
With polymeric materials and may cause phase separation in 
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the radio-opaque polymeric matrix. The phase separation 
problem is further aggravated since high concentrations 
(around 10%, and often times 20-30% by Weight) of these 
inorganic radiographic contrasting agents are routinely used 
to obtain the required radio-opacity. The incompatibility 
betWeen the polymeric and inorganic phases compromises 
the physicomechanical properties of the polymer matrix. 
Another disadvantage of using inorganic radiographic con 
trasting agents is the toxicity to tissues caused by the 
leach-out of these inorganic agents. 

[0006] An alternative approach to introduce radio-opacity 
into polymeric materials is to synthesiZe polymers having 
covalently bound bromine or iodine atoms that may produce 
a radiographic contrasting effect (See US. Pat. No. 6,426, 
145). One radio-opaque composition of the prior art com 
prises a polymer having a non-leachable radio-opaque moi 
ety covalently attached to the polymer (See US. Pat. No. 
6,599,448), Wherein the non-leachable radio-opaque moiety 
includes halogen substituted aromatic groups. The prior art 
has also disclosed a radio-opaque polymeric material com 
prising a diphenol-based monomer unit substituted With at 
least one bromine or iodine atom (See US. Pat. No. 6,852, 
308). HoWever, preparations of these prior art radio-opaque 
polymers require synthesis of radiographic contrasting 
monomer units, Which may increase the technical complex 
ity and production cost. 

[0007] Thus, there remains a need for a non-leachable 
radiographic contrasting agent that can provide enhanced 
contrasting intensity and a radio-opaque polymeric material 
that can be readily prepared from such a non-leachable 
radiographic contrasting agent and common biodegradable 
monomers. 

SUMMARY OF THE INVENTION 

[0008] Accordingly, the present invention provides a 
radiographic contrasting agent comprising a monosaccha 
ride backbone or an aliphatic or alicyclic backbone of 2 to 
12 carbon atoms, a reactive nucleophilic group, and at least 
tWo halogen-substituted aromatic groups, Wherein each of 
the at least tWo halogen-substituted aromatic groups is 
substituted With at least three halogen atoms and is 
covalently attached to the monosaccharide backbone or the 
aliphatic or alicyclic backbone through a linkage group, 
Wherein the linkage group is oxygen, sulfur, iNHi, 
A)(CO)i, i(CO)Oi, iNH(CO)i, 
i(CO)NHi, io(so2)i, i(so2)oi, io(so)i, 
i(so)oi, iNH(SO2)i, i(SO2)NHi, 
iNH(SO)i, i(SO)NHi, or triaZole. 

[0009] Preferably, the radiographic contrasting agent has 
the folloWing structure: 

(I) 

Wherein R is a hydrogen atom, or an alkyl group having 1 
to 4 carbon atoms; 
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i(SO2)NHi, iNH(SO)i, i(SO)NHi, or triaZole; Y is 
an aromatic group substituted With at least three halogen 
atoms; n and m are the same or different, and are indepen 
dently Zero or an integer of l to 4. Preferably, R is hydrogen; 
X is 4O(CO)i, iNH(CO)i, or triaZole; and n and m are 
both Zero. 

[0010] The present invention also provides a radio-opaque 
polymeric material, comprising a biodegradable polymer 
having at least one radiographic contrasting moiety 
covalently attached thereto, Wherein the at least one radio 
graphic contrasting moiety is covalently attached to the 
biodegradable polymer through a functional group derived 
from a nucleophilic reaction, and the at least one radio 
graphic contrasting moiety comprises a monosaccharide 
backbone or an aliphatic or alicyclic backbone of 2 to 12 
carbon atoms, and at least tWo halogen-substituted aromatic 
groups, Wherein each of the at least tWo halogen-substituted 
aromatic groups is substituted With at least three halogen 
atoms and is covalently attached to the monosaccharide 
backbone or the aliphatic or alicyclic backbone through a 
linkage group, Wherein the linkage group is oxygen, sulfur, 
iNHi, A)(CO)i, i(co)oi, iNH(CO)i, 
i(CO)NHi, A)(SO2)i, i(so2)oi, A)(SO)i, 
i(so)oi, iNH(SO2)i, i(SO2)NHi, iNH(SO)i, 
i(SO)NHi, or triaZole. Preferably, R is hydrogen; X is 
iO(CO)i, iNH(CO)i, or triaZole; and n and m are both 
Zero. 

[0011] Preferably, the radiographic contrasting moiety 
covalently attached to the biodegradable polymer has the 
folloWing structure: 

(11) 

Wherein R is a hydrogen atom, or an alkyl group having 1 
to 4 carbon atoms; 

i(SO2)NHi, iNH(SO)i, i(SO)NHi, or triaZole; Y is 
an aromatic group substituted With at least three halogen 
atoms; n and m are the same or different, and are indepen 
dently Zero or an integer of l to 4. 

[0012] In another aspect, the present invention provides a 
medical device, Wherein at least one portion of the medical 
device is radio-opaque, the at least one radio-opaque portion 
of the medical device comprising a radio-opaque polymeric 
material, Which comprises a biodegradable polymer having 
at least one radiographic contrasting moiety covalently 
attached thereto, Wherein the at least one radiographic 
contrasting moiety is covalently attached to the biodegrad 
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able polymer through a functional group derived from a 
nucleophilic reaction, and the at least one radiographic 
contrasting moiety comprises a monosaccharide backbone 
or an aliphatic or alicyclic backbone of 2 to 12 carbon atoms, 
a reactive nucleophilic group, and at least tWo halogen 
substituted aromatic groups, Wherein each of the at least tWo 
halogen-substituted aromatic groups is substituted With at 
least three halogen atoms and is covalently attached to the 
monosaccharide backbone or the aliphatic or alicyclic back 
bone through a linkage group, Wherein the linkage group is 

i(SO)Oi, iNH(SO2)i, i(SO2)NHi, iNH(SO)i, 
i(SO)NHi, or triaZole. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0013] The present invention provides a radiographic con 
trasting agent comprising a monosaccharide backbone or an 
aliphatic or alicyclic backbone of 2 to 12 carbon atoms, a 
reactive nucleophilic group, and at least tWo halogen-sub 
stituted aromatic groups. By “monosaccharide”, it is meant 
a simple sugar that cannot be hydrolyZed to smaller units. 
Empirical formula for monosaccharide is (CH2O)n, Wherein 
n is an integer of l to 9. As used herein, “an aliphatic 
backbone” denotes an organic moiety consisting of carbon 
atoms linked in open chains, and “an alicyclic backbone” 
denotes an organic moiety consisting of carbon atoms form 
ing one or more rings that are not aromatic. The aliphatic or 

alicyclic backbone of the present invention contains 2 to 12 
carbon atoms. By “a reactive nucleophilic group”, it is 
meant a reactive chemical moiety having an af?nity to 
atomic nuclei. Reactive nucleophilic groups suitable for the 
present invention include, but are not limited to: NRH, OH, 
and SH; Wherein R is a hydrogen atom or an alkyl group 
having 1 to 4 carbon atoms. Each of the at least tWo 
halogen-substituted aromatic groups in the inventive radio 
graphic contrasting agent is substituted With at least three 
halogen atoms and is covalently attached to the monosac 
charide backbone or the aliphatic or alicyclic backbone 
through a linkage group. The linkage group is selected from 

oxygen, sulfur, iNHi, iO(CO)i, i(CO)Oi, 

iNH(CO)i, i(CO)NHi, io(so2)i, i(so2)oi, 
A)(SO)i, i(so)oi, iNH(SO2)i, 
[0014] i(SO2)NHi, iNH(SO)i, i(SO)NHi, and 
triaZole. As used herein, “(CO)” denotes a carbonyl moiety; 
“(SO)” denotes a sul?nyl moiety; and “(SO2)” denotes a 
sulfonyl moiety. The linkage group links the monosaccha 
ride backbone or aliphatic or alicyclic backbone and the at 
least tWo halogen-substituted aromatic groups through cova 
lent bonds. 

[0015] The linkage group expressed as “-linkage-” 
denotes a linkage in the manner as folloWs: (the monosac 

charide backbone or the aliphatic or alicyclic backbone) 
linkage-(one of the at least tWo halogen-substituted aromatic 
groups). For example, “i(CO)Oi” denotes a linkage as 
folloWs: (the monosaccharide backbone or the aliphatic or 

alicyclic backbone)-(CO)O-(one of the at least tWo halogen 
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substituted aromatic groups). Preferably, the linkage group 
of the present invention is iNH(CO)i, 4O(CO)i, or 
triaZole. The term “triaZole” as used herein includes both 

1,2,3-triazole and 1,2,4-triazole. When the linkage group is 
triaZole, the monosaccharide backbone or the aliphatic or 
alicyclic backbone and the at least tWo halogen-substituted 
aromatic group are linked through one of the tWo carbon 

atoms, and the nitrogen atom at the 4 position in the case of 
1,2,4-triazole or the nitrogen atom at the 3 position in the 
case of 1,2,3-triazole. 

[0016] The monosaccharide backbones suitable for the 
present invention include, but are not limited to: monose, 
diose, triose, tetrose, pentose, hexose, heptose, octose, and 
nonose. Preferably, the monosaccharide backbone of the 
present invention contains 3 to 7 carbon atoms. The aliphatic 
backbones suitable for the present invention include, but are 
not limited to: ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, 
n-pentyl, n-hexyl, n-heptyl, n-octyl, and analogs or isomers 
thereof. The alicyclic backbones suitable for the present 
invention include, but are not limited to: cyclobutyl, cyclo 
pentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclobutene, 
cyclopentene, cyclohexene, cycloheptene, cyclooxtanene, 
and analogs or isomers thereof. Preferably, the aliphatic or 
alicyclic backbone is an aliphatic or alicyclic moiety having 
4 to 8 carbon atoms. 

[0017] It is preferable that the radiographic contrasting 
agent of the present invention contains at least three halo 
gen-substituted aromatic groups. By “a halogen-substituted 
aromatic group”, it is meant an aromatic group having at 
least one halogen substituent. By “an aromatic group”, it is 
meant a cyclic organic compound containing multiple con 
jugated double bonds. The halogen-substituted aromatic 
group of the present invention may be halogen-substituted 
carbocyclic, heterocyclic, or polycyclic compounds. Halo 
gen-substituted aromatic groups suitable for the present 
invention include, but are not limited to: halogen-substituted 
benZene, toluene, Xylenes, styrenes, pyridine, furan, naph 
thalene, anthracene, phenanthrene, indole, quinoline, and 
isoquinoline. Preferably, the halogen-substituted aromatic 
group of the present invention is halogen-substituted ben 
Zene. Each of the halogen-substituted aromatic groups of the 
present invention is substituted With at least three halogen 
atoms. Preferably, the at least three halogen atoms are 
bromine, iodine, or combinations thereof. More preferably, 
the halogen-substituted aromatic group of the present inven 
tion is substituted With at least three iodine atoms. In one 
preferred embodiment of the present invention, the halogen 
substituted aromatic group is 2,3,5-triiodobenZene. 

[0018] Preferably, the radiographic contrasting agent of 
the present invention has the folloWing structure: 

(I) 

Wherein R is a hydrogen atom, or an alkyl group having 1 
to 4 carbon atoms; 
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X is oxygen, sulfur, iNH, iO(CO)i, i(CO)Oi, 
iNH(CO)i, i(CO)NHi, AXSOQi, 

i(SO2)Oi, A)(SO)i, i(SO)Oi, iNH(SO2)i, 
i(SO2)NHi, iNH(SO)i, i(SO)NHi, or triaZole; Y is 
an aromatic group substituted With at least three halogen 
atoms; n and m are the same or different, and are indepen 
dently Zero or an integer of l to 4. The alkyl groups suitable 
for the present invention include, but are not limited to: 
methyl, ethyl, n-propyl and n-butyl. Preferably, R is a 
hydrogen atom. More preferably, R is a hydrogen atom and 
X is 4O(CO)i, iNH(CO)i, or triaZole. Most preferably, 
R is a hydrogen atom; X is iO(CO)i, iNH(CO)i, or 
triaZole; and m and n are both Zero. It is preferable that the 
aromatic group substituted With at least three halogen atoms 
is a benZene group substituted With at least three halogen 
atoms. It is also preferable that the at least three halogen 
atoms are bromine, iodine, or combinations thereof. It is 
more preferable that the aromatic group substituted With at 
least three halogen atoms is an aromatic group substituted 
With at least three iodine atoms. In one preferred embodi 
ment of the present invention, the aromatic group aromatic 
group substituted With at least tWo halogen atoms is 2,3,5 
triiodobenZene. 

[0019] In one embodiment of the present invention, the 
radiographic contrasting agent of formula (I) has the fol 
loWing structure: 

1 1 

1 
1 

o o 

H2N—CH2 o 
1. 

o o 1 

1 
o 

1 

1 

[0020] In another embodiment of the present invention, 
the inventive radiographic contrasting agent has one of the 
folloWing structures: 

(III) 

(IV) 
R2 
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-continued 

V 
R2 0 O ( ) 

\\ \O _.\\ \Rl 
., R1, Wherein 

(I) "010/ 
1 O 

R \R1 

I N 
/ \ 

R1: R2 I N / NmRs 

I 

R3 : N'HR, OH, or SH; 
R I hydrogen or C1434 alkyl; and 

q I an integer of 1A. 

[0021] The radiographic contrasting agent of the present 
invention can be prepared through reactions between an 

organic compound containing polyhydric alcohol or 
polyamine and an aromatic compound substituted With 
multiple halogen atoms. 

[0022] 
radiographic contrasting agent of the present invention is 

In one embodiment of the present invention, the 

?rst synthesized in its protected form through an esteri?ca 
tion of a polyhydric alcohol and 2,3,5-triiodobenZoic acid 
chloride, as shoWn in Scheme 1. The protection group may 
be any protection groups that are suitable for protecting 
amines and compatible With the esteri?cation process. Pref 
erably, the protection group is a base-liable protection group, 
such as N-9-?uorenylmethyloxycarbonyl (Fmoc). The term 
“DMAP” as used herein denotes 4-(dimethylamino) pyri 
dine or a hydrochloride salt thereof. 

Schernel: 

OH 

HN OH + 3 

PG 
OH 

O l 

I DMAP 
C1 —> 

Base 
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-continued 

I 

HN 

PG 
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l 

O O 1 

)U I l 

1 

PG I protection group 

[0023] Then the protection group is removed by a depro 
tection process providing the inventive radiographic con 
trasting agent, as shoWn in Scheme 2. The reaction condition 

of the deprotection process is determined by the nature of the 
protection group. For a base-liable protection group, the 
deprotection is typically conducted in the presence of a 
strong base. 

S cheme 2: 

l l 

l 
l 

O O 

deprotection 

HN O 
1 

PG 
0 O l 

l 
O 

l 

l 
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-continued 
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I 

(III) 
PG I protection group 

[0024] In another embodiment of the present invention, 
the inventive radiographic contrasting agent is prepared 
from a monosaccharide through a Huisgen [3+2] cycload 
dition under mild conditions, as illustrated in Scheme 3. 
Since the monosaccharide is non-synthetic, natural molecule 
containing polyhydric alcohol, the inventive radiographic 
contrasting agent derived therefrom has enhanced biocom 
patibility. As used herein, the term “TEA” denotes triethy 
lamine. 

Scheme 3: 

O \\\\OH 
% O ' ‘ + 

HO "”OH 

OH 
O 

TENDMAP 
C1 —> 

., R1 + 

(I) "1110/ 
R1 0 

\R1 
/\ O “O \ \ 

¢ 0 N3 R3 
R1 0 / M 

| CuSO4, 
R1 0 sodium ascorbate 

\ R1 
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-continued 
2 

R \O O ““\\OH 
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R1 o 

\ R1 
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R2 0 o \ 

\O \‘ \ R1 

R1 
(I) ‘1110/ 
R1 o 

\ R1 

(V) 

o 

I ‘kt/ I 

R3 : N'HR, OH, or SH; 
R I hydrogen or Cl£4 alkyl; and 

q I an integer of 1A. 

[0025] The reactive nucleophilic group in the inventive 
radiographic contrasting agent may react With an electro 
philic group (e.g., a carbonyl group) in a biodegradable 
monomer initiating a polymerization process. Thus, the 
inventive radiographic contrasting agent may be an initiator 
for the polymerization of a biodegradable monomer produc 

ing a biodegradable polymer having the initiator, i.e., the 
inventive radiographic contrasting agent, covalently 
attached thereto. By “biodegradable polymer”, it is meant a 
polymer that can be degraded or decomposed by natural 
biological processes, as by the action of bacteria, plants, or 
animals. Biodegradable polymers are also knoWn as bioab 

sorbable polymers or biodissolvable polymers. Biodegrad 
able polymers suitable for the present invention include, but 
are not limited to: polyglycolide, polylactide, polydioxane, 
polycaprolactone, poly(lactide-co-glycolide), polyhydroxy 
butyrate, poly(trimethylene carbonate), other poly esters, 
and a mixture thereof. 

[0026] 
inventive radiographic contrasting agent of formula (I) ini 

In one embodiment of the present invention, the 

tiates the ring-opening polymerization of lactide producing 
a polylactide having the radiographic contrasting agent 
attached thereto, as shoWn in Scheme 4. The term “Sn(Oc)2” 
as used herein denotes stannous octoate. X, Y, n and m are 

the same as de?ned hereinbefore. 
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Scheme 4: 

O 

0 

R4 

g 0 pOH 

(V1) 

nX my 

X Y' i ' , p i an integer of2 to 5000. 

n M 
X Y 

n M 

R4 : —CH; 

[0027] The present invention also provides a radio-opaque 
polymeric material comprising a biodegradable polymer 
having at least one radiographic contrasting moiety 
covalently attached thereto. The at least one radiographic 
contrasting moiety is covalently attached to the biodegrad 
able polymer through a functional group derived from a 

nucleophilic reaction. The at least one radiographic contrast 

ing moiety comprises a monosaccharide backbone or an 

aliphatic or alicyclic backbone of 2 to 12 carbon atoms and 

at least tWo halogen-substituted aromatic groups. Each of 

the at least tWo halogen-substituted aromatic groups is 

substituted With at least three halogen atoms and is 

covalently attached to the monosaccharide backbone or the 

aliphatic or alicyclic backbone through a linkage group, 
Wherein the linkage group is selected from oxygen, sulfur, 

iNHi, A)(CO)i, i(co)oi, iNH(CO)i, 
i(CO)NHi, io(so2)i, i(so2)oi, io(so)i, 
i(so)oi, iNH(SO2)i, i(SO2)NHi, iNH(SO)i, 
i(SO)NHi, and triazole. The term “a nucleophilic reac 
tion” as used herein denotes a chemical reaction betWeen a 

reactive nucleophilic group and a carbonyl group. The term 

“a functional group derived from a nucleophilic reaction” as 

used herein denotes a functional group formed through a 

nucleophilic reaction betWeen a reactive nucleophilic group 
and a carbonyl group. By “a reactive nucleophilic group”, it 
is meant a reactive chemical moiety having an af?nity to 

atomic nuclei. Reactive nucleophilic groups suitable for the 

present invention include, but are not limited to: NRH, OH, 
and SH; Wherein R is a hydrogen atom or an alkyl group 

having 1 to 4 carbon atoms. 

[0028] Preferably, the radiographic contrasting moiety in 
the inventive radio-opaque polymeric material has the fol 
loWing structure: 
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(H) 

Wherein R is a hydrogen atom, or an alkyl group having 1 
to 4 carbon atoms; 

X is oxygen, sulfur, iNH, iO(CO)i, i(CO)Oi, 
iNH(CO)i, i(CO)NHi, A)(SO2)i, 

i(SO2)Oi, A)(SO)i, i(SO)Oi, iNH(SO2)i, 
i(SO2)NHi, iNH(SO)i, i(SO)NHi, or triazole; Y is 
an aromatic group substituted With at least three halogen 
atoms; n and m are the same or different, and are indepen 
dently zero or an integer of l to 4. Preferably, R is a 

hydrogen atom; and X is iO(CO)i, iNH(CO)i, or 
triazole. More preferably, R is a hydrogen atom; X is 
4O(CO)i, iNH(CO)i, or triazole; and n and m are both 
zero. It is preferable that the aromatic group substituted With 
at least three halogen atoms is a benzene group substituted 
With at least three halogen atoms. It is also preferable that the 
at least three halogen atoms are bromine, iodine, or combi 
nations thereof. It is more preferable that the aromatic group 
substituted With at least three halogen atoms is an aromatic 
group substituted With at least three iodine atoms. In one 
preferred embodiment of the present invention, the aromatic 
group aromatic group substituted With at least tWo halogen 
atoms is 2,3,5-triiodobenzene. 

[0029] In the present invention, the biodegradable poly 
mer having at least one radiographic contrasting moiety 
covalently attached thereto may be synthesized by initiating 
the polymerization of a biodegradable monomer With the 
inventive radiographic contrasting agent. The reactive 
nucleophilic group in the inventive radiographic contrasting 
agent can react With a carbonyl group in the biodegradable 
monomer forming a functional group and further initiating a 
polymerization process. The biodegradable polymer having 
at least one radiographic contrasting moiety covalently 
attached thereto comprises monomer units that include, but 
are not limited to: glycolide, lactide, dioxane, caprolactone, 
trimethylene carbonate, hydroxybutyrate, and combinations 
thereof. Therefore, the inventive biodegradable polymer can 
be readily prepared from common biodegradable monomers, 
such as lactide, glycolide, caprolactone, dioxane, trimethyl 
ene carbonate, hydroxybutyrate, or combinations thereof. In 
one embodiment of the present invention, the biodegradable 
polymer having at least one radiographic contrasting moiety 
is prepared through the synthetic route shoWn in Scheme 4. 
Preferably, the inventive biodegradable polymer having at 
least one radiographic contrasting moiety contains at least 
tWo radiographic contrasting moieties, thereby having 
enhanced radiographic contrasting effect. The inventive bio 
degradable polymer having at least tWo radiographic con 
trasting moieties can be synthesized by end-capping an 
inventive biodegradable polymer having one radiographic 
contrasting moiety With a derivative of the radiographic 
contrasting agent of formula (I), (IV), or (V). 
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[0030] In one embodiment of the present invention, the 
inventive radio graphic contrasting agent is transformed to an 
acid derivative thereof, as shoWn in Scheme 5. X, Y, n, and 
m are the same as de?ned hereinbefore. 

Scheme 5: 

p I an integer of2 to 5000. 4: _ X 

R CH2 . M 

[0031] Next, the inventive biodegradable polymer of for 
mula (VI) is end-capped With the acid derivative of the 
inventive radiographic contrasting agent providing an inven 
tive biodegradable polymer having at least tWo radiographic 
contrasting moieties, as shoWn in Scheme 6. The term 
“DMAP” as used herein denotes 4-(dimethylamino) pyri 
dine or a hydrochloride salt thereof. X, Y, n, and m are the 
same as de?ned hereinbefore. 

Scheme 6: 

nX my 

R4 I —CH2 X Y; p I an integer of2 to 5000. 
n M 

DMAP 

[0032] The inventive biodegradable polymer not only pos 
sesses the desirable biocompatibility and physicomechanical 
properties (e.g., strength, fatigue, and smoothness), but also 
has radio-opacity for visualization in radiographic imaging. 
The mechanical strength and the degradation time of the 
inventive biodegradable polymer can be tuned by adjusting 
the molecular Weight or composition thereof. The radio 
graphic contrast intensity of the inventive biodegradable 
polymer can be adjusted by varying the ratio of the at least 
one radiographic contrasting moiety in the inventive biode 
gradable polymer or modifying the structure of the at least 
one radiographic contrasting moiety. The inventive biode 
gradable polymer is soluble in organic solvents and miscible 
With the bulk polymeric materials used to construct a 
medical device. The inventive biodegradable polymer is not 
soluble in Water and do not leach out during the manufacture 
process or initial implantation period. Therefore, the inven 
tive radio-opaque biodegradable polymer is suitable for the 
fabrication and use of medical devices interfacing With 
biological tissues, particularly implantable medical devices. 
Using similar reaction schemes as shoWn in Schemes 4 to 6, 
monosaccharide-based radiographic contrasting agents can 
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be employed as polymeriZation initiators to prepare the 
inventive biodegradable polymers. 

[0033] In another aspect, the present invention provides a 
medical device, Wherein at least one portion of the medical 
device is radio-opaque. The at least one radio-opaque por 
tion of the medical device comprises a radio-opaque poly 
meric material, Which comprises a biodegradable polymer 
having at least one radiographic contrasting moiety 
covalently attached thereto. The at least one radiographic 
contrasting moiety is covalently attached to the biodegrad 
able polymer through a functional group derived from a 
nucleophilic reaction. The at least one radiographic contrast 
ing moiety comprises a monosaccharide backbone or an 
aliphatic or alicyclic backbone of 2 to 12 carbon atoms and 
at least tWo halogen-substituted aromatic groups. Each of 
the at least tWo halogen-substituted aromatic groups is 
substituted With at least three halogen atoms and is 
covalently attached to the monosaccharide backbone or the 
aliphatic or alicyclic backbone through a linkage group, 
Wherein the linkage group is selected from oxygen, sulfur, 
INHI, IO(CO)I, I(CO)OI, INH(CO)I, 
I(CO)NHI, AXSOQI, I(SO2)OI, 
A)(SO)I, I(SO)OI, INH(SO2)I, I(SO2)NHI, 
INH(SO)I, I(SO)NHI, and triaZole. 

[0034] In one embodiment of the present invention, the at 
least one radiographic contrasting moiety has the folloWing 
structure: 

(11) 

Wherein R is a hydrogen atom, or an alkyl group having 1 
to 4 carbon atoms; 

X is oxygen, sulfur, INH, IO(CO)I, I(CO)OI, 
INH(CO)I, I(CO)NHI, AXSOQI, 
I(SO2)OI, AXSCDI, I(SO)OI, INH(SO2)I, 
I(SO2)NHI, INH(SO)I, I(SO)NHI, or triaZole; Y is 
an aromatic group substituted With at least three halogen 
atoms; n and m are the same or different, and are indepen 
dently Zero or an integer of l to 4. Preferably, R is a 
hydrogen atom; and X is IO(CO)I, INH(CO)I, or 
triaZole. More preferably, R is a hydrogen atom; X is 
4O(CO)I, INH(CO)I, or triaZole; and n and m are both 
Zero. Preferably, the inventive biodegradable polymer hav 
ing at least one radiographic contrasting moiety covalently 
attached thereto contains at least tWo radiographic contrast 
ing moieties, thereby having enhanced radiographic con 
trasting effect. Biodegradable polymers suitable for the 
present invention comprise monomer units that include, but 
are not limited to: glycolide, lactide, dioxane, caprolactone, 
trimethylene carbonate, hydroxybutyrate, and combinations 
thereof. 

[0035] In the present invention, the radio-opaque portion 
of the medical device may be at least a portion of one surface 
of the medical device, a component of the medical device, 
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or a portion of a component of the medical device. The 
radio-opaque portion of the medical device may be in any 
shape or siZe depending upon the intended use and the 
fabrication method of the medical device. When all surfaces 
of the medical device are covered With the inventive radio 
opaque biodegradable polymeric material or the Whole 
medical device is prepared from the inventive radio-opaque 
biodegradable polymeric material, the Whole medical device 
is radio-opaque. Preferably, the medical device of the 
present invention is implantable. Examples of the medical 
devices suitable for the present invention include, but are not 
limited to: Wound closure devices, such as, sutures, staples, 
and mesh; orthopedic ?xation devices, such as, bone fracture 
?xation implants and bone augmentation implants; intestinal 
devices, such as, anastomosis rings and ligating clips; car 
diovascular devices, such as, vascular grafts and drug elu 
tion stents; dental implants; nerve groWth conduits; and 
other implantable medical devices. The inventive radio 
opaque biodegradable polymeric material may be applied on 
at least a portion of one surface of a medical device using 
cast, spray, spin, dipping, or other methods knoWn to one 
skilled in the art. The medical device or a component thereof 
can be constructed from the inventive radio-opaque biode 
gradable polymeric material using injection molding, com 
pression molding, extrusion, or other methods knoW to one 
skilled in the art to construct polymeric medical devices. 

[0036] While the present invention has been particularly 
shoWn and described With respect to preferred embodiments 
thereof, it Will be understood by those skilled in the art that 
the foregoing and other changes in forms and details may be 
made Without departing from the spirit and scope of the 
invention. It is therefore intended that the present invention 
not be limited to the exact forms and details described and 
illustrated but fall Within the scope of the appended claims. 

Having thus described in our invention in detail, What I 
claim as neW and desire to secure by the Letters Patent is: 
1. A radiographic contrasting agent comprising a 

monosaccharide backbone or an aliphatic or alicyclic back 
bone of 2 to 12 carbon atoms, a reactive nucleophilic group, 
and at least tWo halogen-substituted aromatic groups, 
Wherein each of the at least tWo halogen-substituted aro 
matic groups is substituted With at least three halogen atoms 
and is covalently attached to the monosaccharide backbone 
or the aliphatic or alicyclic backbone through a linkage 
group, Wherein the linkage group is oxygen, sulfur, iNHi, 

A)(CO)i, i(co)oi, iNH(CO)i, i(CO)NHi, 
AXSOQi, i(so2)oi, A)(SO)i, i(So)Oi, 

iNH(SO2)i, i(SO2)NHi, iNH(SO)i, 
i(SO)NHi, or triaZole. 

2. The radiographic contrasting agent of claim 1, having 
the folloWing structure: 

(I) 
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Wherein R is a hydrogen atom, or an alkyl group having 
1 to 4 carbon atoms; 

X is oxygen, sulfur, iNH, iO(CO)i, i(CO)Oi, 
iNH(CO)i, i(CO)NHi, AXSOQi, 

ole; Y is an aromatic group substituted With at least 
three halogen atoms; n and m are the same or different, 
and are independently Zero or an integer of l to 4. 

3. The radiographic contrasting agent of claim 2, Wherein 
R is a hydrogen atom. 

4. The radiographic contrasting agent of claim 3, Wherein 
X is 4O(CO)i, iNH(CO)i, or triaZole. 

5. The radiographic contrasting agent of claim 4, Wherein 
n and m are both Zero. 

6. The radiographic contrasting agent of claim 1, Wherein 
the at least three halogen atoms are bromine, iodine, or 
combinations thereof. 

7. The radiographic contrasting agent of claim 1, having 
the folloWing structure: 

I l 

l 
l 

O O 

H2N_CH2 O 
l. 

O O l 

l 
O 

l 

l 

8. The radiographic contrasting agent of claim 1, having 
one of the folloWing structures: 

(III) 

(IV) 
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-continued 

R3 : N'HR, OH, or SH; 
R I hydrogen or C1434 alkyl; and 

q I an integer of 1A. 

8. A radio-opaque polymeric material comprising a bio 
degradable polymer having at least one radiographic con 
trasting moiety covalently attached thereto, Wherein the at 
least one radiographic contrasting moiety is covalently 
attached to the biodegradable polymer through a functional 
group derived from a nucleophilic reaction, and the at least 
one radiographic contrasting moiety comprises a monosac 
charide backbone or an aliphatic or alicyclic backbone of 
2-12 carbon atoms, and at least tWo halogen-substituted 
aromatic groups, Wherein each of the at least tWo halogen 
substituted aromatic groups is substituted With at least three 
halogen atoms and is covalently attached to the monosac 
charide backbone or the aliphatic or alicyclic backbone 
through a linkage group, Wherein the linkage group is 

i(so)oi, iNH(SO2)i, i(SO2)NHi, 
iNH(SO)i, i(SO)NHi, or triaZole. 
9. The radio-opaque polymeric material of claim 8, 

Wherein the at least one radiographic contrasting moiety has 
the following structure: 

(11) 

Wherein R is a hydrogen atom, or an alkyl group having 
1 to 4 carbon atoms; 

X is oxygen, sulfur, iNH, 4O(CO)i, i(CO)Oi, 
iNH(CO)i, i(CO)NHi, AXSOQi, 

*(SO2)O*, %3(SO)*, *(SO)*, *NH(SO2)*, 
i(SO2)NHi, iNH(SO)i, or i(SO)NHi; Y is an 
aromatic group substituted With at least three halogen 
atoms; n and m are the same or dilferent, and are 
independently Zero or an integer of 1 to 4. 

10. The radio-opaque polymeric material of claim 9, 
Wherein R is a hydrogen atom; and X is iO(CO)i, 
iNH(CO)i, or triaZole. 

11. The radio-opaque polymeric material of claim 10, 
Wherein n and m are both Zero. 

12. The radio-opaque polymeric material of claim 9, 
Wherein the at least three halogen atoms are bromine, iodine, 
or combinations thereof. 
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13. The radio-opaque polymeric material of claim 9, 
Wherein the biodegradable polymer having at least one 
radiographic contrasting moiety covalently attached thereto 
comprises monomer units selected from the group consisting 
of glycolide, lactide, dioxane, caprolactone, trimethylene 
carbonate, hydroxybutyrate, and combinations thereof. 

14. A medical device, Wherein at least one portion of the 

medical device is radio-opaque, the at least one radio 

opaque portion of the medical device comprising a radio 

opaque polymeric material, Which comprises a biodegrad 
able polymer having at least one radiographic contrasting 
moiety covalently attached thereto, Wherein the at least one 
radiographic contrasting moiety is covalently attached to the 
biodegradable polymer through a functional group derived 
from a nucleophilic reaction, and the at least one radio 

graphic contrasting moiety comprises a monosaccharide 
backbone or an aliphatic or alicyclic backbone of 2 to 12 

carbon atoms, and at least tWo halogen-substituted aromatic 

groups, Wherein each of the at least tWo halogen-substituted 

aromatic groups is substituted With at least three halogen 

atoms and is covalently attached to the monosaccharide 

backbone or the aliphatic or alicyclic backbone through a 

linkage group, Wherein the linkage group is oxygen, sulfur, 

iNHi, A)(CO)i, i(CO)Oi, iNH(CO)i, 

i(CO)NHi, AXSOQi, i(so,)oi, io(so)i, 
i(so)oi, iNH(SO2)i, i(SO2)NHi, 

iNH(SO)i, i(SO)NHi, or triaZole. 
15. The medical device of claim 14, Wherein the at least 

one radiographic contrasting moiety has the following struc 
ture: 

(H) 

Kin/om 

Wherein R is a hydrogen atom, or an alkyl group having 
1 to 4 carbon atoms; 

X is oxygen, sulfur, NH, O(CO) , (CO)O , 
iNH(CO)i, i(CO)NHi, AXSOQi, 

ole; Y is an aromatic group substituted With at least 
three halogen atoms; n and m are the same or different, 
and are independently Zero or an integer of 1 to 4. 

16. The medical device of claim 15, Wherein R is a 
hydrogen atom; and X is 

iO(CO)i, iNH(CO)i, or triaZole. 
17. The medical device of claim 16, Wherein n and m are 

both Zero. 
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18. The medical device of claim 15, wherein the at least 20. The medical device of claim 15, Wherein the radio 
three halogen atoms are bromine, iodine, or Combinations opaque portion of the medical device is at least a portion of 
thereof one surface of the medical device, a component of the 

19' The medical deYiCe of Claim 15’ Wherein_the biode' medical device, or a portion of a component of the medical 
gradable polymer having at least one rad1ograph1c contrast- device~ 
ing moiety covalently attached thereto comprises monomer _ _ _ _ _ 

units selected from the group consisting of glycolide, lac- 21' The medlcal devlce of Clalm 15 1S lmplamable' 

tide, dioxane, caprolactone, trimethylene carbonate, 
hydroxybutyrate, and combinations thereof. * * * * * 


