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(57) ABSTRACT

A body fluid compatible and biocompatible resin foruse in a
medical treatment involving a contact of said resin with at
least one member selected from the group consisting of a
body fluid and a biological tissue, which comprises at least
one substituted oxyalkylene polymer having a weight average
molecular weight of from 1,000 to 1,000,000 and represented
by the following formula (1):

0]
Ho—é(|:H—(|:H—o->x—<-(|:H—097H

R R2 R?

wherein each of R', R? and R? independently represents a
hydrogen atom or a —CH,R* group, and each R* indepen-
dently represents a hydroxyl group or a —OR® group
(wherein R® represents a group selected from the group con-
sisting of'a C, -C, , aliphatic hydrocarbyl group, aC,-C, , aryl
group, a —R°COOH group and a derivative thereof, and a
—CH,—O—CH,—CH(OH)—CH,—OR” group, wherein
R® represents a C,-C,, aliphatic hydrocarbylene group and
R’ represents a C,-C,,, aliphatic hydrocarbyl group or a
C4-C,, aryl group), provided that all of R', R? and R* are not
simultaneously hydrogen atoms; and 10=x=10,000 and
0=y=10,000.

3 Claims, 65 Drawing Sheets
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BODY FLUID COMPATIBLE AND
BIOCOMPATIBLE RESIN

This application is a Continuation-In-Part of copending
Application No. PCT/JP03/08565 filed on Jul. 4, 2003. This
Nonprovisional application claims priority under 35 U.S.C.
§119(a) on Patent Application No(s). 2002-197308 & 2002-
369933 filed in Japan on Jul. 5, 2002 & Dec. 20, 2002;
respectively, the entire contents of which are hereby incorpo-
rated by reference and for which priority is claimed under 35
U.S.C. §120.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a body fluid compatible
and biocompatible resin. More particularly, the present inven-
tion is concetned with a body fluid compatible and biocom-
patible resin for use in a medical treatment involving a contact
of the resin with at least one member selected from the group
consisting of a body fluid and a biological tissue, which
comprises at least one substituted oxyalkylene polymer hav-
ing a specific structure and having a weight average molecu-
lar weight of from 1,000 to 1,000,000. The body fluid com-
patible and biocompatible resin of the present invention is
advantageous not only in that the adhesion of biological sub-
stances (such as a biological tissue, a cell and a platelet) to the
resin can be suppressed, and the activation of a platelet, a
complement and the like by the resin can also be suppressed,
but also in that the resin of the present invention is highly safe
for living organisms and remains stable in a body fluid for a
long time. Therefore, the body fluid compatible and biocom-
patible resin of the present invention can be advantageously
usedas aningredient, a molding material or a coating material
in the production of various biological and medical products.
Specific examples of biological and medical products include
a membrane for an artificial kidney, a plasma separation
membrane, a membrane for an artificial lung, an artificial
blood vessel, an anti-adhesion membrane, a wound dressing,
an artificial skin, a virus removal membrane and a leukocyte
removal membrane.

Further, the resin of the present invention is amphipathic
and, hence, is soluble not only in water but also in organic
solvents, such as an alcohol, an ether, an ester and an aromatic
hydrocarbon. Therefore, the resin of the present invention can
be used in a wide variety of medical application fields. For
example, the resin of the present invention in the form of a
film can be used for covering external wounds, such as bed-
sore, burnand ulcer, and can also be used for covering wounds
caused by destruction of internal tissues, such as a corium, a
hypoderm, a muscle, a tendon, an articulation and a bone.
Further, by utilizing the hydrophilicity and moisture retention
property of the resin, the resin of the present invention can be
used for producing cosmetics, and can also be used for fiber
treatments. Furthermore, by utilizing the ability of the resin to
prevent adsorption of a protein thereto as well as the hydro-
philicity of the resin, the resin of the present invention can
also be used as a component of a contact lens washing solu-
tion.

As applications other than mentioned above, for example,
the resin of the present invention can be used for various
treatments of a polypeptide and a protein which are derived
from organisms, such as a human, a mammal, a reptile, a
microbe and an insect, wherein the treatments include a sepa-
ration, a purification, a concentration, a filtration, a desalting/
concentration and the like. Further, the resin of the present
invention can also be used for treating a medicine, an active
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pharmaceutical ingredient of a medicine and a raw material
for a medicine, which contain the above-mentioned polypep-
tide or protein, wherein the treatments include a separation, a
purification, a concentration, a filtration, a desalting/concen-
tration and the like. Furthermore, the resin of the present
invention can also be used as an additive for raw materials for
producing an equipment used for the above-mentioned treat-
ments or as a coating material for such an equipment.

When a compound having a pharmaceutical activity is
bonded to the resin of the present invention through an amino
acid or a peptide (i.e., the so-called “linker”) to form a drug
complex, such a drug complex enables the delivery of the
compound having a pharmaceutical activity to a target tissue
without being recognized by a biological tissue when the drug
complex is administered to a living body.

2. Prior Art

Inrecent years, studies have been made on polymeric mate-
rials having body fluid compatibility and/or biocompatibility
(hereinafter, referred to as “body fluid compatible/biocom-
patible materials™), and the development of the application of
body fluid compatible/biocompatible materials in the fields of
various biological and medical products (such as a membrane
for an artificial kidney, a plasma separation membrane, a
catheter, a membrane for an artificial lung, an artificial blood
vessel, an anti-adhesion membrane, a wound dressing and an
artificial skin) is expected. In the fields of the above-exempli-
fied biological and medical products, the body fluid compat-
ible/biocompatible material (e.g., a synthetic polymeric
material), which is foreign to a living body, is contacted with
a biological tissue and/or a body fluid during the use thereof.
Therefore, the body fluid compatible/biocompatible material
is required to possess a satisfactory body fluid compatibility
and/or biocompatibility such that interaction and/or interfer-
ence is not caused between the body fluid compatible/bio-
compatible material and a biological tissue and/or a body
fluid.

The level of body fluid compatibility and/or biocompat-
ibility which is required of a body fluid compatible/biocom-
patible material depends on the use of the material and the
method for using the material. Further, when a body fluid
compatible/biocompatible material is used, for example, as a
material which is contacted with blood, such a body fluid
compatible/biocompatible material is required to have the
abilities to suppress the adsorption of a protein thereto, the
blood coagulation, the adhesion of a platelet thereto, the
activation of a platelet and a complement, and the like.

For example, Unexamined Japanese Patent Application
Laid-Open Specification No. Hei 4-152952 describes an
acrylate-type biocompatible material. However, conventional
acrylate-type biocompatible materials pose problems in that
the monomer used as a raw material is toxic, so that the
acrylate-type biocompatible material exhibits toxicity when
the monomer is not completely removed from the material,
and in that the acrylate-type biocompatible material which is
a polymeric material cannot be decomposed at all in a living
body, so that the material remains and is accumulated in a
living body.

Further, a polyalkoxyalkyl (meth)acrylate, which is one of
the above-mentioned acrylate-type biocompatible materials,
is known to have the abilities to suppress the adhesion of a
platelet thereto, and the activation of a platelet and a comple-
ment, thereby exhibiting excellent blood compatibility. How-
ever, when the polyalkoxyalkyl (meth)acrylate is accumu-
lated in an or gan, such as a liver or a spleen, there is a danger
that the organ is damaged by the accumulated polyalkoxy-
alkyl (meth)acrylate. Specifically, there is a danger that the
polyalkoxyalkyl (meth)acrylate is separated from a substrate
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(e.g., by delamination of a polyalkoxyalkyl (meth)acrylate
film from a substrate), so that the separated polyalkoxyalkyl
(meth)acrylate is released into a body fluid and accumulated
in an organ, such as a liver or a spleen. Conventionally, with
respect to the polyalkoxyalkyl (meth)acrylate, only the abili-
ties thereof to suppress the adhesion and activation of a plate-
let and the activation of a complement have been considered
important, and the above-mentioned danger of damage to an
organ has not been considered seriously. In an attempt to
solve this problem, Unexamined Japanese Patent Application
Laid-Open Specification No. 2001-000533 proposes a poly-
alkoxyalkyl (meth)acrylate product containing a specific
amount of a polyalkoxyalkyl (meth)acrylate molecule having
a specific high molecular weight. However, even such a poly-
alkoxyalkyl (meth)acrylate product is not free from the
above-mentioned danger of damage to an organ and, hence, is
not suitable as a biocompatible material.

WO002/22739 proposes to use an alkylene oxide copolymer
in a medical equipment by utilizing the lubricity of an alky-
lene oxide copolymer, wherein the lubricity is exhibited due
to the hydrophilicity and swelling property of the copolymer.
More specifically, in this patent document, a medical equip-
ment, a catheter and an implant are mentioned side-by-side
with shaving devices and the like as examples of the use of an
alkylene oxide copolymer. However, in the working example
of this patent document in which the above-mentioned
copolymer is synthesized, only the lubricity of the copolymer
is evaluated, and there is no teaching or suggestion about the
body fluid compatibility and biocompatibility of the copoly-
mer.

Further, as an example of biodegradable and biocompatible
polyacetal polymers, Japanese Patent Application prior-to-
examination Publication (Tokuhyo) No. Hei 11-503481
describes the production of a polyacetal polymer obtained
from an oxidized polysaccharide. This patent document
describes that the polyacetal polymer has biodegradability
and biocompatibility. However, in this patent document, the
polyacetal polymer is only evaluated with respect to the
degradability thereof using hydrochloric acid, and there is no
teaching or suggestion about the biodegradability, body fluid
compatibility and biocompatibility of the polymer.

On the other hand, an unsubstituted ethylene glycol
homopolymer is a highly safe compound which has conven-
tionally been used in the medical application fields. However,
an unsubstituted ethylene glycol homopolymer is disadvan-
tageous in that a drug can be introduced into this polymer only
at the terminals thereof. That is, an unsubstituted ethylene
glycol homopolymer is disadvantageous in that the maximum
number of a drug compound which can be introduced per
molecular chain of the polymer is as small as 2 (two). There-
fore, when a drug complex is produced using the unsubsti-
tuted ethylene glycol homopolymer, the effective dose of the
drug complex contains too large an amount of the unsubsti-
tuted ethylene glycol homopolymer such that the administra-
tion of the drug complex is practically impossible due to a
heavy load on the patient. Further, an unsubstituted ethylene
glycol homopolymer is generally water-soluble, so that,
when used as a coating material for a shaped article, the
unsubstituted ethylene glycol homopolymer is likely to dis-
solve out from the shaped article. Furthermore, when a mix-
ture of an unsubstituted ethylene glycol homopolymer with a
resin other than an unsubstituted ethylene glycol homopoly-
mer is used to produce a shaped article, problems are likely to
be caused due to the lack of a lipophilic subsituent in the
unsubstituted ethylene glycolhomopolymer, i.e., problems in
that the compatibility of the unsubstituted ethylene glycol
homopolymer and the other resin is poor, and in that, even
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when the unsubstituted ethylene glycol homopolymer and the
other resin are compatibilized, the unsubstituted ethylene
glycol homopolymer is likely to dissolve out from the shaped
article.

With respect to a body fluid compatible/biocompatible
material, not only is it demanded that the material has body
fluid compatibility and biocompatibility which are appropri-
ate for the intended use of the material and the method for
using the material, but also the material is desired to be highly
safe for living organisms. The reason for this is as follows. For
example, when a body fluid compatible/biocompatible mate-
rial is coated on a substrate and the resultant is in contact with
a body fluid over a long period of time, a portion of the body
fluid compatible/biocompatible material may be delaminated
from the substrate and released into the body fluid. Therefore,
even when the material has excellent body fluid compatibility,
there is still a danger that the material is accumulated in an
organ to damage the organ. Therefore, it has been desired to
develop a body fluid compatible/biocompatible material
which not only has the abilities to suppress blood coagulation,
platelet adhesion, platelet activation and complement activa-
tion, but also exhibits high biological safety.

SUMMARY OF THE INVENTION

In this situation, the present inventor has made extensive
and intensive studies with a view toward developing a resin
having excellent body fluid compatibility and biocompatibil-
ity. As a result, it has unexpectedly been found that a resin
which comprises at least one substituted oxyalkylene poly-
mer having a specific structure and having a weight average
molecular weight of from 1,000 to 1,000,000 has excellent
body fluid compatibility and biocompatibility (that is, the
resin is advantageous not only in that the resin is capable of
suppressing the adsorption of a protein thereto, the adhesion
of biological substances (such as a biological tissue, acell and
a platelet) thereto, and the activation of a platelet, a comple-
ment and the like, but also in that the resin exhibits high
biological safety), and that, hence, the resin can be advanta-
geously used in a medical treatment involving a contact of the
resin with at least one member selected from the group con-
sisting of a body fluid and a biological tissue. The present
invention has been completed, based on these novel findings.

Accordingly, it is an object of the present invention to
provide a body fluid compatible and biocompatible resin for
use in a medical treatment involving a contact of said resin
with at least one member selected from the group consisting
of a body fluid and a biological tissue.

It is another object of the present invention to provide a
resin composition comprising the above-mentioned body
fluid compatible and biocompatible resin and a resin other
than the body fluid compatible and biocompatible resin.

It is still another object of the present invention to provide
use of the resin of the present invention in various treatments
of a polypeptide and a protein which are derived from organ-
isms, such as a human, a mammal, a reptile, a microbe and an
insect, wherein the treatments include a separation, a purifi-
cation, a concentration, a filtration, a desalting/concentration
and the like, and to provide use of the resin of the present
invention in treatments of a medicine, an active pharmaceu-
tical ingredient of a medicine and a raw material for a medi-
cine, which contain the above-mentioned polypeptide or pro-
tein, wherein the treatments include a separation, a
purification, a concentration, a filtration, a desalting/concen-
tration and the like.
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The foregoing and other objects, features and advantages
of the present invention will be apparent from the following
description and appended claims taken in connection with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 is a GPC chart which is obtained with respect to
resin (86) of the present invention produced in Example 30,

FIG. 2 isa ‘H-NMR chart which is obtained with respect to
resin (86) of the present invention produced in Example 30
(wherein the "H-NMR analysis is performed using heavy
water as a solvent);

FIG. 3 is a GPC chart which is obtained with respect to
resin (87) of the present invention produced in Example 31;

FIG. 4 is a 'H-NMR chart which is obtained with respect to
resin (87) of the present invention produced in Example 31
(wherein the 'H-NMR analysis is performed using heavy
water as a solvent);

FIG. 5 is a GPC chart which is obtained with respect to
resin (88) of the present invention produced in Example 32;

FIG. 6 is a 'H-NMR chart which is obtained with respect to
resin (88) of the present invention produced in Example 32
(wherein the "H-NMR analysis is performed using heavy
water as a solvent);

FIG. 71is a *C-NMR chart which is obtained with respect
to resin (88) of the present invention produced in Example 32
(wherein the 1*C-NMR analysis is performed using heavy
water as a solvent);

FIG. 8 is an electron photomicrograph of a PET film
obtained in Example 68, which PET film is coated with resin
(15) of the present invention and has been subjected to a test
for evaluating platelet adhesion;

FIG. 9 is an electron photomicrograph of a PET film
obtained in Example 68, which PET film is coated with resin
(33) of the present invention and has been subjected to a test
for evaluating platelet adhesion;

FIG. 10 is an electron photomicrograph of a PET film
obtained in Example 68, which PET film is coated with resin
(34) of the present invention and has been subjected to a test
for evaluating platelet adhesion;

FIG. 11 is an electron photomicrograph of a PET film
obtained in Example 68, which PET film is coated with resin
(37) of the present invention and has been subjected to a test
for evaluating platelet adhesion;

FIG. 12 is an electron photomicrograph of a PET film
obtained in Example 68, which PET film is coated with resin
(48) of the present invention and has been subjected to a test
for evaluating platelet adhesion;

FIG. 13 is an electron photomicrograph showing a non-
coated PET film which is used in Example 68, which PET
film has been subjected to a test for evaluating platelet adhe-
sion;

FI1G. 14 is a graph showing the results of the evaluation of
HEK293 cell (human fetal renal cell) adhesion to various
resins, which evaluation is made in Example 69;

FIG. 15 is a graph showing the results of the evaluation of
HeLa cell (human cervical cancer cell) adhesion to various
resins, which evaluation is made in Example 70;

FIG. 16 is a graph showing the results of the evaluation of
human immunoglobulin adhesion to various resins, which
evaluation is made in Example 71;

FI1G. 17 is a graph showing the results of the evaluation of
human fibronectin adhesion to various resins, which evalua-
tion is made in Example 72;
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FIG. 18 is a graph showing the results of the evaluation of
human fibrinogen adhesion to various resins, which evalua-
tion is made in Example 73;

FIG. 19 is a graph showing the results of the evaluation of
human albumin adhesion to various resins, which evaluation
1s made in Example 74;

FIG. 20 is a graph showing the results of the evaluation of
human immunoglobulin adhesion to PET films coated with
various resins, which evaluation is made in Example 75;

FIG. 21 is a graph showing the results of the evaluation of
toxicity of the resin of the present invention, which evaluation
is made in Example 76;

FIG. 22 is a graph showing the results of the paclitaxel
concentration test performed in Example 77 in which the
paclitaxel concentration is measured with respect to tumor
cells of mice to which resin (82) of the present invention and
paclitaxel had been administered, respectively;

FIG. 23 is a graph showing the results of the paclitaxel
concentration test performed in Example 78 in which the
paclitaxel concentration is measured with respect to tumor
cells of mice to which resin (83) of the present invention, resin
(85) of the present invention and paclitaxel had been admin-
istered, respectively;

FIG. 24 is a graph showing the results of the evaluation of
pharmacokinetics of resin (121) and resin (122), which evalu-
ation is made in Example 82 and Comparative Example 1;

FIG. 25 is an electron photomicrograph of a non-coated
PET film used in Example 83;

FIG. 26 is an electron photomicrograph of a PET film
coated with resin (87) of the present invention, which PET
film is obtained in Example 83;

FIG. 27 is an electron photomicrograph of a PET film
coated with resin (108) of the present invention, which PET
film is obtained in Example 83;

FIG. 28 is an electron photomicrograph of a PET film
coated with resin (112) of the present invention, which PET
film is obtained in Example 83;

FIG. 29 is a graph showing the results of the evaluation of
HEK293 cell (human fetal renal cell) adhesion to various
resins, which evaluation is made in Example 84;

FIG. 30 is a graph showing the results of the evaluation of
human immunoglobulin adhesion to various resins, which
evaluation is made in Example 85;

FIG. 31 is a graph showing the results of the evaluation of
human fibronectin adhesion to various resins, which evalua-
tion is made in Example 86;

FIG. 32 is a graph showing the results of the evaluation of
human fibronogen adhesion to various resins, which evalua-
tion is made in Example 87,

FIG. 33 is a graph showing the results of the evaluation of
human immunoglobulin adhesion to PET films, which evalu-
ation is made in Example 88;

FIG. 34 is a graph showing the results of the evaluation of
toxicity of the resin of the present invention, which evaluation
is made in Example 89;

FIG. 35 is a GPC chart of copolymer (160) obtained in
Example 106;

FIG. 36 is a GPC chart of copolymer (161) obtained in
Example 106;

FIG. 37 is a GPC chart of copolymer (162) obtained in
Example 107,

FIG. 38 is a GPC chart of copolymer (163) obtained in
Example 107;

FIG. 39 is a graph showing the results of the evaluation of
HEL cell (human lung cell) adhesion to various resins, which
evaluation is made in Example 115;
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FIG. 40 is a graph showing the results of the evaluation of
human immunoglobulin adhesion, which evaluation is made
in Example 116;

FIG. 41 is a graph showing the results of the evaluation of
toxicity of copolymer (125) and copolymer (138) of the
present invention, which evaluation is made in Example 119;

FIG. 42 is an SEM photograph of a PET film coated with
copolymer (139), which PET film is obtained in Example
120

FIG. 43 is an SEM photograph of a PET film coated with
copolymer (142), which PET film is obtained in Example
120

FIG. 44 is an SEM photograph of a PET film coated with
copolymer (145), which PET film is obtained in Example
120

FIG. 45 is an SEM photograph of a PET film coated with
copolymer (148), which PET film is obtained in Example
120

FIG. 46 is an SEM photograph of a non-coated PET film
used in Example 120

FIG. 47(a) is a graph showing the results of the evaluation
of HEL cell (human lung cell) adhesion to copolymer (139),
which evaluation is made in Example 121;

FIG. 47(b) is a graph showing the results of the evaluation
of HEL cell (human lung cell) adhesion to copolymer (142),
which evaluation is made in Example 121;

FIG. 47(c) is a graph showing the results of the evaluation
of HEL cell (human lung cell) adhesion to copolymer (145),
which evaluation is made in Example 121;

FIG. 47(d) is a graph showing the results of the evaluation
of HEL cell (human lung cell) adhesion to copolymer (148),
which evaluation is made in Example 121;

FIG. 48 is a graph showing the results of the evaluation of
human immunoglobulin adhesion, which evaluation is made
in Example 122;

FIG. 49 is a graph showing the results of the evaluation of
human fibrinogen adhesion, which evaluation is made in
Example 123;

FIG. 50 is a graph showing the results of the evaluation of
toxicity of copolymers of the present invention, which evalu-
ation is made in Example 124;

FIG. 51 is a graph showing the results of the evaluation of
toxicity of copolymers of the present invention, which evalu-
ation is made in Example 128;

FIG. 52 is a graph showing the change with the lapse of
time in the amount of the drug isolated from each of com-
pound (177), compound (179), compound (181) and com-
pound (183) in a mouse plasma having a temperature of 37°
C., which change is evaluated in Example 146;

FIG. 53 is a graph showing the change with the lapse of
time in the amount of the drug isolated from each of com-
pound (177), compound (179), compound (181} and com-
pound (183) in a human plasma having a temperature of 37°
C., which change is evaluated in Example 146;

FIG. 54 is a graph showing the change with the lapse of
time in the amount of the drug isolated from each of com-
pound (177), compound (185), compound (187) and com-
pound (189) in a mouse plasma having a temperature of 37°
C., which change is evaluated in Example 147;

FIG. 55 is a graph showing the change with the lapse of
time in the amount of the drug isolated from each of com-
pound (177), compound (185), compound (187) and com-
pound (189) in a human plasma having a temperature of 37°
C., which change is evaluated in Example 147;

FIG. 56 is a graph showing the change with the lapse of
time in the amount of the drug isolated from each of com-
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pound (197) and compound (200) in a mouse plasma having
a temperature of 37° C., which change is evaluated in
Example 148;

FIG. 57 is a graph showing the change with the lapse of
time in the amount of the drug isolated from each of com-
pound (197) and compound (200) in a human plasma having
a temperature of 37° C., which change is evaluated in
Example 148;

FIG. 58 is a graph showing the average tumor volume of
each of a non-administered mouse group and test solution-
administered mouse groups, which average tumor volume is
evaluated in Example 149 after 6 days from the administra-
tion of the test solution;

FIG. 59 is a graph showing the change with the lapse of
time in the average tumor volume of each of a non-adminis-
tered mouse group and test solution-administered mouse
groups, which change is evaluated in Example 150,

FIG. 60 is a graph showing the change with the lapse of
time in the average tumor volume of each of a non-adminis-
tered mouse group and test solution-administered mouse
groups, which change is evaluated in Example 151;

FIG. 61 is a graph showing the change with the lapse of
time in the amount of the drug isolated from each of com-
pound (209), compound (212) and compound (215) in a
mouse plasma having a temperature of 37° C., which change
is evaluated in Example 163; and

FIG. 62 is a graph showing the results of the evaluation of
human fibrinogen adhesion, which evaluation is made in
Example 164.

DETAILED DESCRIPTION OF THE INVENTION

According to the present invention, there is provided a
body fluid compatible and biocompatible resin for use in a
medical treatment involving a contact of the resin with at least
one member selected from the group consisting of a body
fluid and a biological tissue, which comprises at least one
substituted oxyalkylene polymer represented by the follow-
ing formula (1):

HO—G?H—?H—O-)X—(-TH—O#H

R R? R}
wherein:
each of R', R? and R? independently represents a hydro-
gen atom or a —CH,R* group,
wherein each R* independently represents a hydroxyl
group or a —OR® group, wherein R® represents a
group selected from the group consisting of a C,-C,
aliphatic hydrocarbyl group, a C,-C,, aryl group, a
—RSCOOH group and a derivative thereof, and a
—CH,—O—CH,—CH(OH)—CH,—OR’  group,
wherein R® represents a C, -C, , aliphatic hydrocarby-
lene group and R” represents a group selected from
the group consisting of a C,-C,, aliphatic hydrocar-
byl group and a C4-C, aryl group,
provided thatall of R', R?, and R? are not simultaneously
hydrogen atoms; and
x and y represent integers which satisfy the following
requirements:
10=x=10,000 and
0=y=10,000,
the at least one substituted oxyalkylene polymer having a
weight average molecular weight of from 1,000 to
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1,000,000 as measured by gel permeation chromatogra-
phy (GPC) using a calibration curve obtained with
respect to standard polyethylene glycol (PEG) samples,
each having a narrow molecular weight distribution.

For easy understanding of the present invention, the essen-
tial features and various preferred embodiments of the present
invention are enumerated below.

1. A body fluid compatible and biocompatible resin foruse
in a medical treatment involving a contact of the resin with at
least one member selected from the group consisting of a
body fluid and a biological tissue, which comprises at least
one substituted oxyalkylene polymer represented by the fol-
lowing formula (1):

€3]
HO—GCH—CH—O%X—é(liH—o%y—H

R R R}
wherein:

eachofR', R* and R® independently represents a hydro-
gen atom or a —CH,R* group,

wherein each R* independently represents a hydroxyl
group or a —OR® group, wherein R® represents a
group selected from the group consisting of a C;-C
aliphatic hydrocarbyl group, a C4-C,, aryl group, a
—R°COOH group and a derivative thereof, and a
—CH,—O—CH,—CH(OH)—CH,—OR”  group,
wherein R® represents a C,-C,, aliphatic hydrocarby-
lene group and R7 represents a group selected from
the group consisting of a C,-C,, aliphatic hydrocar-
byl group and a C4-C |, aryl group,

provided thatall of R, R?, and R* are not simultaneously
hydrogen atoms; and

x and y represent integers which satisfy the following
requirements:

10=x=10,000 and

0=y=10,000,

the at least one substituted oxyalkylene polymer having a

weight average molecular weight of from 1,000 to

1,000,000 as measured by gel permeation chromatogra-

phy (GPC) using a calibration curve obtained with

respect to standard polyethylene glycol (PEG) samples,

each having a narrow molecular weight distribution.

2. The body fluid compatible and biocompatible resin
according to item 1 above, wherein x and y in the formula (1)
satisfy the following requirements:

XY,

10=x=10,000 and

10=y=10,000, and

wherein the amount of the —CH,R* group as any of R', R?
and R? is from 0.01 to 2.5 mole, per mole of the total of
—CHR'—CHR*—0-nit and 4CHR'—CHR*—O-unit
of the at least one substituted oxyalkylene polymer.

3. The body fluid compatible and biocompatible resin
according to item 1 above, wherein the at least one substituted
oxyalkylene polymer is a homopolymer.

4. The body fluid compatible and biocompatible resin
according to item 1 above, wherein the at least one substituted
oxyalkylene polymer is a copolymer.

5. The body fluid compatible and biocompatible resin
according to item 2 above, wherein the at least one substituted
oxyalkylene polymer is a copolymer comprised mainly of
recurring units represented by formula (2) and formula (3);

10

15

20

25

30

35

40

45

50

55

60

65

10
3]
+CH2—(|2H—O—TH—O—)p— » and
R? R?
03)
—(—CH—CH—O—CH—O—);
R' R? R?
wherein:

R? and R? are as defined for formula (1),
wherein R' represents a —CH,R* group, and

p and q are integers which satisfy the following require-
ments:

10=p=10,000 and
10=9=10,000,

wherein the molar ratio of recurring unit of formula (2) to
recurring unit of formula (3) is 0.5.

6. The body fluid compatible and biocompatible resin
according to item 1 above, wherein the at least one substituted
oxyalkylene polymer is obtained by polymerizing an ethyl-
ene oxide derivative or by polymerizing an ethylene oxide
derivative, followed by treatment with an acid.

7. The body fluid compatible and biocompatible resin
according to item 1 above, wherein the at least one substituted
oxyalkylene polymer is crosslinked by a crosslinking agent.

8. The body fluid compatible and biocompatible resin
according to item 7 above, wherein the crosslinking agent is
at least one compound selected form the group consisting of
ethylene glycol diglycidyl ether and butanediol diglycidyl
ether.

9. The body fluid compatible and biocompatible resin
according to item 7 above, wherein the crosslinking agent is
at least one compound selected form the group consisting of
epichlorohydrin and epibromohydrin.

10. The body fluid compatible and biocompatible resin
according to item 7 above, wherein the crosslinking agent is
used in an amount of from 10 to 120% by weight, based on the
weight of the at least one substituted oxyalkylene polymer.

11. The body fluid compatible and biocompatible resin
according to item 1 above, wherein the at least one substituted
oxyalkylene polymer is produced from a polysaccharide.

12. The body fluid compatible and biocompatible resin
according to item 11 above, wherein the polysaccharide is a
dextran or pullulan.

13. The body fluid compatible and biocompatible resin
according to item 1 above, which is in the form of a film for
preventing adhesion of a biological tissue or covering a
wound.

14. The body fluid compatible and biocompatible resin
according to any one of items 1, 3, 4 and 6 above, wherein y
is 0, each R! is a hydrogen atom and each R? independently
represents a —CH,R® group,

wherein each R® independently represents a hydroxyl

group, a—O—CH,COOH group,a—O—CH,COONa
group or a—O—CH,COOR"" group, wherein R rep-
resents a group comprising an amino acid or peptide
having bonded thereto a compound having a pharma-
ceutical activity.

15. The body fluid compatible and biocompatible resin
according to any one of items 1, 3, 4 and 6 above, wherein a
copolymer is represented by the following formula (4):
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)
HO—CH,CH03—+ CH,CHO—H

CH,0R"?

wherein:

each R'? independently represents a hydrogen atom, a
—CH,COOH group, a —CH,COONa group or a
—CH,COOR"? group, wherein each R'* represents a
group comprising an amino acid or peptide having
bonded thereto a compound having a pharmaceutical
activity; and

m and n are integers which satisfy the following require-
ments:

10=m=10,000 and

10=n=10,000.

16. The body fluid compatible and biocompatible resin
according to item 14 above, wherein the compound having a
pharmaceutical activity is a compound having an anticancer
activity.

17. The body fluid compatible and biocompatible resin
according to item 15 above, wherein the compound having a
pharmaceutical activity is a compound having an anticancer
activity.

18. The body fluid compatible and biocompatible resin
according to item 14 above, wherein the compound having a
pharmaceutical activity is an adrenocortical hormone, a
vasodilator or an enzyme inhibitor.

19. The body fluid compatible and biocompatible resin
according to item 15 above, wherein the compound having a
pharmaceutical activity is an adrenocortical hormone, a
vasodilator or an enzyme inhibitor.

20. The body fluid compatible and biocompatible resin
according to item 4 above, wherein the at least one substituted
oxyalkylene polymer is a copolymer having different R?
groups, wherein each y is 0, each R* is a hydrogen atom and
each R? independently represents a —CH,OH group, a
—CH,0CH, group, a —CH,0OCH,CH,CH,CH, group or a
—CH,OC¢H; group.

21. The body fluid compatible and biocompatible resin
according to item 1 above, wherein each y is 0, each R' is a
hydrogen atom and each R? represents a —CH,OH group,
wherein the —OH group in R? is formed by hydrolysis of a
group selected from the group consisting of a tertiary butyl
group, a trimethylsilyl group, a 1-ethoxyethyl group, a tet-
rahydropyranyl group and an acetyl group.

22. The body fluid compatible and biocompatible resin
according to item 1 above, wherein the at least one substituted
oxyalkylene polymer is a homopolymer obtained by subject-
ing an alkyl glycidyl ether or an aryl glycidyl ether to ring
opening polymerization.

23. The body fluid compatible and biocompatible resin
according to item 4 or 5 above, wherein the at least one
substituted oxyalkylene polymer is a copolymer obtained by
subjecting at least two different glycidyl ethers selected from
the group consisting of an alkyl glycidyl ether and an aryl
glycidyl ether to ring opening copolymerization.

24. The body fluid compatible and biocompatible resin
according to item 1 above, which is for use as a coating
material for a shaped article of a resin other than the body
fluid compatible and biocompatible resin.

25. The body fluid compatible and biocompatible resin
according to item 24 above, wherein the coating material is
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used in an amount of from 0.01 to 20% by weight, based on
the weight of the resin other than the body fluid compatible
and biocompatible resin.

26. The body fluid compatible and biocompatible resin
according to item 24 or 25 above, wherein the resin other than
the body fluid compatible and biocompatible resin is selected
from the group consisting of a polyeste, a polyamide, a
polyimide, a polyether sulfone and a polysulfone.

27. A resin composition comprising the body fluid com-
patible and biocompatible resin of item 1 above, and a resin
other than the body fluid compatible and biocompatible resin.

28. The resin composition according to item 27 above,
wherein the resin other than the body fluid compatible and
biocompatible resin is selected from the group consisting of a
polyester, a polyamide, a polyimide a polyether sulfone and a
polysulfone.

29. A body fluid compatible and biocompatible resin for
use in a medical treatment involving a contact of the resin
with at least one member selected from the group consisting
of a body fluid and a biological tissue, which comprises at
least one substituted oxyalkylene polymer represented by the
following formula (5):

)
R20—CH,CH,09— CH,CHO ¥R "

I
CH,OR "

wherein:
each R** independently represents a hydrogen atom,
a-CH,COOH group, a-CH,COONa group or a
—CH,COOR" group, wherein each R'“ represents a
group comprising an amino acid or peptide having
bonded thereto a compound having a pharmaceutical
activity; and
m and n are integers which satisfy the following require-
ments:
10=m=10,000 and
10=n=10,000,
the at least one substituted oxyalkylene polymer having a
weight average molecular weight of from 1,000 to
1,000,000 as measured by gel permeation chromatogra-
phy (GPC) using a calibration curve obtained with
respect to standard polyethylene glycol (PEG) samples,
each having a narrow molecular weight distribution.

30. The body fluid compatible and biocompatible resin
according to item 29 above, wherein the at least one substi-
tuted oxyalkylene polymer is obtained by polymerizing an
ethylene oxide derivative or by polymerizing an ethylene
oxide derivative, followed by treatment with an acid.

31. The body fluid compatible and biocompatible resin
according to item 29 or 30 above, wherein the compound
having a pharmaceutical activity is a compound having an
anticancer activity.

32. The body fluid compatible and biocompatible resin
according to item 29 or 30 above, wherein the compound
having a pharmaceutical activity is an adrenocortical hor-
mone, a vasodilator or an enzyme inhibitor.

33. A resin composition comprising the body fluid com-
patible and biocompatible resin of item 29 above, and a resin
other than the body fluid compatible and biocompatible resin.

34. The resin composition according to item 33 above,
wherein the resin other than the body fluid compatible and
biocompatible resin is selected from the group consisting of a
polyester, a polyamide, a polyimide a polyether sulfone and a
polysulfone.
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Hereinbelow, the present invention is described in detail.

The body fluid compatible and biocompatible resin of the
present invention is a resin which comprises at least one
substituted oxyalkylene polymer represented by the follow-
ing formula (1):

@
HO—(-?H—?H—OHTH—O%’J}—H

R R R}
wherein:

eachofR', R?and R? independently represents a hydro-
gen atom or a —CH,R* group,

wherein each R* independently represents a hydroxyl
group or a —OR® group, wherein R® represents a
group selected from the group consisting of a C,-C,
aliphatic hydrocarbyl group, a C4-C,, aryl group, a
—RSCOOH group and a derivative thereof, and a
—CH,—0O—CH,—CH(OH)—CH,—OR’  group,
wherein R? represents a C,-C,, aliphatic hydrocarby-
lene group and R” represents a group selected from
the group consisting of a C,-C,, aliphatic hydrocar-
byl group and a C,-C |, aryl group,

provided thatall of R', R?, and R? are not simultaneously
hydrogen atoms; and

x and y represent integers which satisfy the following
requirements:

10=x=10,000 and

0=y=10,000,

the at least one substituted oxyalkylene polymer having a

weight average molecular weight of from 1,000 to

1,000,000 as measured by gel permeation chromatogra-

phy (GPC) using a calibration curve obtained with

respect to standard polyethylene glycol (PEG) samples,

each having a narrow molecular weight distribution.

The body fluid compatible and biocompatible resin of the
present invention has features that the resin has a specific
molecular weight and that the resin comprises at least one
substituted oxyalkylene polymer mentioned above, which
has a specific substituent. By virtue of such features, the resin
of the present invention exhibits excellent body fluid compat-
ibility and excellent biocompatibility. Therefore, the resin of
the present invention can be advantageously used for a medi-
cal treatment involving a contact of the resin with at least one
member selected from the group consisting of a body fluid
and a biological tissue. Specific examples of body fluids
include a blood, a lymph, a lacrimal fluid, an articulation fluid
and a cerebrospinal fluid. Examples of biological tissues
include various tissues other than an epidermis tissue. More
specific examples of biological tissues include tissues of
internal organs (such as a liver, a pancreas, a kidney and a
spleen), an epithelial tissue, a connective tissue, a blood cell
tissue, a myeloid tissue, a muscular tissue, a bone, a cartilage,
a blood vessel, an eyeball, an adipose tissue, an alimentary
tract, an alimentary tract mucosa and a nervous tissue.

The substituted oxyalkylene polymer contained in the resin
of the present invention has a weight average molecular
weight of from 1,000 to 1,000,000 as measured by GPC using
a calibration curve obtained with respect to standard polyeth-
ylene glycol samples, each having a narrow molecular weight
distribution (hereinafter, the thus measured weight average
molecular weight is frequently referred to as a “weight aver-
age molecular weight determined by GPC using a PEG cali-
bration curve”). When the weight average molecular weight
ofthe polymeris less than 1,000, the solubility of the polymer
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in water becomes too high, thereby causing a disadvantage
that, when the resin containing such a low molecular weight
polymer is used for coating a shaped article produced from a
hydrophobic resin other than the resin of the present inven-
tion, such a low molecular weight polymer is likely to get
dissolved into a body fluid or the like. On the other hand,
when the weight average molecular weight of the polymer is
more than 1,000,000, the solubility of the polymer in water
becomes too low, thereby causing a disadvantage that the
body fluid compatibility and biocompatibility of a resin con-
taining such a high molecular weight polymer is lowered.
From the viewpoint of the coatability of the resin of the
present invention to a substrate (such as the above-mentioned
shaped article produced from a resin other than the resin of the
present invertion) and the miscibility of a resin other than the
resin of the present invention (which is used to form a resin
composition containing the resin of the present invention)
with the resin of the present invention, it is preferred that the
weight average molecular weight of the polymer contained in
the resin of the present invention is in the range of from 1,000
to 500,000. Further, when the weight average molecular
weight of the polymer contained in the resin of the present
invention is measured by GPC using a calibration curve
obtained with respect to standard pullulan samples, it is pre-
ferred that the weight average molecular weight is in the same
range as in the case of the above-mentioned weight average
molecular weight determined by GPC using a PEG calibra-
tion curve.

As mentioned above, from the viewpoint of the coatability
of the resin of the present invention to a substrate and the
miscibility of aresin other than the resin of the present inven-
tion with the resin of the present invention, it is preferred that
the weight average molecular weight of the substituted oxy-
alkylene polymer contained in the resin of the present inven-
tion is in the range of from 1,000 to 500,000, as determined by
GPC using a PEG calibration curve. The weight average
molecular weight of the polymer is more preferably in the
range of from 1,000 to 150,000, still more preferably from
1,000 to 100,000. From the viewpoint of the miscibility of the
resin of the present invention with a resin other than the resin
of the present invention, and the safety of the resin of the
present invention for living organisms in the case where the
resin of the present invention gets dissolved out from the
substrate, it is preferred that the weight average molecular
weight of the polymer is in the range of from 1,000 to 100,
000, more advantageously from 1,000 to 65,000, as deter-
mined by GPC using a PEG calibration curve.

The above-mentioned preferred range of the weight aver-
age molecular weight influences the “biocompatibility” of the
resin of the present invention, and is especially advantageous
for achieving the high safety of the resin of the present inven-
tion. That is, in the present invention, the “biocompatible”
resin means that the resin not only has less interaction and
interference with living organisms, but also has a specific
molecular weight which enables the rapid excretion of the
resin from the kidney, so that the accumulation of the resin in
organs and the like can be suppressed and the resin exhibits
high safety. The reason for the high safety of the resin of the
present invention is as follows. For example, when the resin of
the present invention is released into a body fluid, a polymer
having a weight average molecular weight which is lower
than the molecular weight (about 67,000) of a blood plasma
albumin present in a living organism can be rapidly excreted
from the living organism. For this reason, the above-men-
tioned preferred range of the weight average molecular
weight is especially advantageous for the renal excretion.



US 7,863,408 B2

15

As examples of the method for controlling the weight
average molecular weight of the polymer (determined by
GPCusing a PEG calibration curve) to be in the range of from
1,000 to 1,000,000, there can be mentioned a method in which
raw materials are purified, and a method in which a high
molecular weight fraction and/or a low molecular weight
fraction is removed after the polymerization reaction for pro-
ducing the resin of the present invention. With respect to the
reaction conditions for producing the resin of the present
invention, the type and amount of a polymerization initiator,
the type and amount of a reaction solvent (if any), the reaction
temperature, the reaction time, the concentrations of the raw
materials, the polymerization initiator concentration, the
reaction atmosphere, the reaction pressure, the manner of
stirring, the stirring rate and the like can be appropriately
selected so as to obtain a polymer having a desired weight
average molecular weight. With respect to the above-men-
tioned method in which a high molecular weight fraction
and/or a low molecular weight fraction is removed after the
polymerization reaction, the fractionation of the polymer can
be performed by various methods. Examples of methods for
fractionation of the polymer include a chromatography, such
as size exclusion chromatography (SEC); ultrafiltration with
a UF module or the like; ultracentrifuge; a precipitation frac-
tionation using a solvent or the like.

The weight average molecular weight determined by GPC
using a PEG calibration curve means a molecular weight as
measured by GPC using a calibration curve obtained with
respect to standard polyethylene glycol (PEG) samples, each
having a narrow molecular weight distribution. PEG 1s
soluble not only in water but also in organic solvents and,
hence, PEG is generally used as a standard substance for
measuring a molecular weight of a hydrophobic polymer.

It is preferred that the substituted oxyalkylene polymer
contained in the resin of the present invention has a molecular
weight distribution of from 1.2 to 2.5 in terms of the Mw/Mn
ratio, wherein Mw represents the weight average molecular
weight (determined by GPC using a PEG calibration curve) of
the polymer and Mn represents the number average molecular
weight (determined by GPC using a PEG calibration curve) of
the polymer. For surely achieving the desired excellent prop-
erties of the resin of the present invention, it is more preferred
that the molecular weight distribution is in the range of from
1.2 to 2.2, still more advantageously from 1.2 to 2.0, most
advantageously from 1.0 to 1.8. When the molecular weight
distribution of the polymer is more than 2.5, such a polymer
becomes a collection of high molecular polymer chains hav-
ing widely varied molecular weights which range from a low
molecular weight to a high molecular weight, so that it
becomes difficult to surely obtain a resin having a satisfactory
biocompatibility. On the other hand, with respect to the lower
limit (1.0) of the molecular weight distribution, the produc-
tion of a polyether having such a low molecular weight dis-
tribution is technically difficult.

Examples of raw material monomers used for producing
the resin of the present invention which comprises the sub-
stituted oxyalkylene polymer represented by formula (1)
include epoxy group-containing C,-C, ,, compounds, such as
ethylene oxide, an aliphatic hydrocarbon glycidyl ether (e.g.,
a C,-C,, alkyl glycidyl ether) and an aromatic hydrocarbon
glycidyl ether (e.g., a C4-C,, aryl glycidyl ether). Specific
examples of alkyl glycidyl ethers include methyl glydidyl
ether, ethyl glycidyl ether, n-propyl glycidyl ether, i-propyl
glycidyl ether, n-butyl glycidyl ether, i-butyl glycidyl ether,
t-butyl glycidyl ether, allyl glycidyl ether, 2-ethylhexyl gly-
cidyl ether, 2-methyloctyl glycidyl ether, ethylene glycol dig-
lycidyl ether, butanediol diglycidyl ether, glycerol triglycidyl
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ether, acetyl glycidol (which is a reaction product of glycidol
and acetyl chloride) and glycidyl methacrylate. These gly-
cidyl ethers may be used individually or in combination.
Specific examples of aryl glycidyl ethers include phenyl gly-
cidyl ether and benzyl glycidyl ether. Further examples of raw
material monomers include an alkylene oxide (such as pro-
pylene oxide), epichlorohydrin and epibromohydrin. For
example, when epichlorohydrin is used as the raw material
monomer, the resin of the present invention can be produced
as follows. Epichlorohydrin is polymerized to produce a
polyepichlorohydrin. The produced polyepichlorohydrin is
dissolved in a solvent, such as diethylene glycol methyl ether
and, then, potassium acetate is added to the resultant solution,
followed by heating at 100 to 150° C., thereby converting
chloromethyl groups of the polyepichlorohydrin to acetyloxy
groups. Subsequently, the resultant is hydrolyzed with an
aqueous sodium hydroxide solution at room temperature to
convert the acetyloxy groups to hydroxyl groups, thereby
producing a resin comprising the substituted oxyalkylene
polymer represented by formula (1). Further, the resin com-
prising the substituted oxyalkylene polymer having alkyloxy
groups introduced thereto can be produced in substantially
the same manner as mentioned above, except that a potassium
alkoxide or a sodium alkoxide is used instead of potassium
acetate.

As examples of structures of the substituted oxyalkylene
polymer represented by formula (1), there can be mentioned
(1) a homopolymer, (ii) a copolymer comprised of the differ-
ent recurring units which are, respectively, represented by
formula (1), and (iii) a copolymer containing the recurring
units of formula (1) and a monomer unit other than the recur-
ring unit of formula (1). When the substituted oxyalkylene
polymer represented by formula (1) is a copolymer of item
(iil) above, the molar fraction of the monomer unit other than
the recurring units of formula (1) present in the copolymer is
preferably 80% or less, more preferably 60% or less, still
more preferably 40% or less, based on the total molar amount
of the recurring units of formula (1) and the monomer unit
other than the recurring units of formula (1). As specific
examples of monomer units other than the recurring units of
formula (1), there can be mentioned monomer units which
are, respectively, derived from an acrylic ester, a methacrylic
ester, glycidyl methacrylate and vinyl ether. The copolymer
of item (iii) above can be produced as follows. For example,
the substituted oxyalkylene polymer represented by formula
(1), wherein y is 0, and R, and R, are a hydrogen atom and a
—CH,OCH,CHCH, group, respectively, is prepared. Then,
the resultant polymer is subjected to radical polymerization
with an acrylic acid, in which a double bond in the aryl group
contained in R, is reacted with a double bond in the acrylic
acid, thereby obtaining a copolymer of item (iii) above.

‘When the at least one substituted oxyalkylene polymer is a
copolymer, the ratio of different monomer units constituting
the copolymer can be controlled by appropriately adjusting
the types and amounts of raw materials, the type and amount
of a polymerization initiator, the type and amount of a reac-
tion solvent (if any), the reaction temperature, the reaction
time, the concentrations of raw materials, the polymerization
initiator concentration, the reaction atmosphere, the reaction
pressure, the manner of stirring, the stirring rate and the like.

When an ethylene oxide derivative is used to obtain the
resin of the present invention, the production of the resin may
be performed by any of the following methods: a method in
which an ethylene oxide derivative is polymerized; and a
method in which a polymer obtained by polymerization of an
ethylene oxide derivative is treated in an organic solvent (such
as dioxane) with hydrogen chloride or an acidic aqueous
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