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[57] ABSTRACT 

Provided is a long chain carboXylic acid irnide ester (I) 
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represented by the following general formula (I) 

(I) 
o 

d 
0 

wherein W is a divalent long chain hydrocarbon group 
Which may optionally be interrupted by one or more groups 

each independently selected from the group consisting of an 
oxygen, atom, a sulfur atom, and a group of —N(R1)— (R1 
being a loWer alkyl group) and X represents a divalent 
hydrocarbon group Which may optionally be substituted, or 
salt thereof. The above long chain carboXylic acid imide 
ester or its salts is useful for modifying enZymes or proteins 
having biological activities to give their derivatives Which 
have, While retaining most of the original biological 
activities, an extremely prolonged plasma half-life as com 
pared With the proteins and have no antigenecities and can 
be administered to animals. 

66 Claims, 6 Drawing Sheets 
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Fig. 3 
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Fig. 5 
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Fig. 7 
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Fig. 9 
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Fig. 11 
Plasma clearance of SOD derivatives 
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LONG CHAIN CARBOXYLIC ACID IMIDE 
ESTER 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

This application is a divisional of application Ser. No. 
07/872,534, ?led Apr. 23, 1992, now US. Pat. No. 5,336, 
782. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to long chain carboxylic 
acid irnide esters or their salts. The long chain carboxylic 
acid irnide esters or their salts are useful for modifying 
enzymes or proteins (hereinafter enzymes and proteins are 
referred to simply as “proteins”) having biological activities, 
to give their derivatives Which have, While retaining most of 
the original biological activities, an extremely prolonged 
plasma half-life as compared With the proteins and no 
antigenecities and can be administered to animals. 

2. Description of the Prior Art 
A number of attempts have been made to improve pro 

teins With various modi?ers. Polyethylene glycol 
(hereinafter referred to as “PEG”) is one of those modi?ers 
Which have been studied most actively in recent years. PEG 
is being used for modifying, for example, anticancer agents 
such as asparaginase, arginase and interleukin-2 (hereinafter 
referred to as “IL-2”), thrombolytic agents such as 
urokinase, streptokinase, tissue plasminogen activator 
(hereinafter referred to as “TPA”), treating agents for 
enZyme de?ciency diseases, such as [3-glucosidase, 
[3-glucuronidase, ot-galactosidase and adenosine deaminase, 
gout treating agents such as uricase, anti-in?ammatory 
agents or anti-ischemic agents such as superoxide dismutase 
(hereinafter sometimes referred to as “SOD”), diabetes 
treating agent of insulin, and hyperbilirubinemia treating 
agent or bilirubin oxidase. In more recent years, an attempt 
Was made to modify granulocyte colony-stimulating factor 
(hereinafter referred to as “G-CSF”), Which is one of 
hematopoietic factors, With PEG to prolong its plasma 
half-life and to use it for treating hematopoietic disorder and 
like purposes [Japanese Patent Application Laid-open No. 
316400/1989 and International Laid-open No. WO90/ 
06952]. There have been studied and used modi?ers other 
than PEG, and there examples are natural polymers, such as 
serum albumin and dextran, and polyaspartic acid, partially 
half-esteri?ed styrene-maleic anhydride copolymer 
(hereinafter referred to as “SMA”) and reactable derivatives 
of long chain fatty acids [“Tanpakushitsu Haiburido” 
(“Protein Hybrids”), Chapters 1, 2, 3 and 6, published by 
Kyoritsu Shuppan Co. on Apr. 1, 1987, “Zoku Tanpakush 
itsu Haiburido” (“Protein Hybrids; a 2nd series”), Chapters 
3, 4 and 6, published by Kyoritsu Shuppan Co. on May 20, 
1988 and “SOD No Shinchiken” (“NeW Findings on SOD”), 
p. 107, published by Nihon Akuseru Shupuringa Co. on Dec. 
20, 1990.] 
SOD modi?ed With serum albumin has antigenicity 

[Agents and Actions, 10, 231 (1980)]. Although the struc 
tures of other modi?ers including dextran, PEG, polyaspar 
tic acid and SMA can be speci?ed from the viewpoint of 
polymer chemistry, they have a certain distribution in their 
molecular Weights. The molecular Weights of proteins modi 
?ed With these polymers are therefore not constant, Which is 
a problem in practical applications in vieW of the current 
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2 
situation in Which the compound to be used as a medicinally 
active ingredient should preferably have a single chemical 
structure. 

Accordingly, an object of the present invention is to 
provide a novel long chain carboxylic acid irnide ester or its 
salts that can modify proteins to obtain protein derivatives 
having signi?cantly prolonged plasma half-life as compared 
With that of unmodi?ed proteins and no antigenicity and can 
be administered to animals. 

This order Was Well as other objects and advantages of the 
present invention Will be apparent to those skilled in the art 
from the folloWing detailed description. 

SUMMARY OF THE INVENTION 

The present invention provides a long chain carboxylic 
acid irnide ester (hereafter referred to as “long chain car 
boxylic acid irnide ester (1)”) represented by the folloWing 
general formula (I) 

(I) 
o 

d 
0 

wherein W is a divalent long chain hydrocarbon group 
Which may optionally be interrupted by one or more groups 
each independently selected from the group consisting of an 
oxygen atom, a sulfur atom and a group of —N(R1)—(R1 
being a loWer alkyl group) and X represents a divalent 
hydrocarbon residue Which may optionally be substituted, or 
salts thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete appreciation of the invention and many 
of the attendant advantages thereof Will be readily obtained 
as the same become better understood by reference to the 
folloWing detailed description When considered in connec 
tion With the accompanying drawings, Wherein: 

FIG. 1 shoWs schematic electrophorograms of the reac 
tion mixtures, Wherein (a) and (b) are that of the SOD used 
in Reference Example 1 and that of SOD derivative-C 
obtained in Reference Example 1, respectively; 

FIG. 2 shoWs an IR-spectrum of the SOD derivative-C 
obtained in Reference Example 1; 

FIG. 3 shoWs schematic electrophorograms of (a) the 
SOD used in Reference Example 2 and (b) the SOD deriva 
tive obtained in Reference Example 2; 

FIG. 4 shoWs an IR-spectrum of the SOD derivative 
obtained in Reference Example 2; 

FIG. 5 shoWs schematic electrophorograms of (a) the 
SOD used in Reference Example 3 and (b) the SOD deriva 
tive obtained in Reference Example 3; 

FIG. 6 shoWs an IR-spectrum of the SOD derivative 
obtained in Reference Example 3; 

FIG. 7 shoWs schematic electrophorograms of (a) the 
NCS used in Reference Example 4 and (b) the NCS deriva 
tive obtained in Reference Example 4; 

FIG. 8 shoWs an IR-spectrum of the NCS derivative 
obtained in Reference Example 4; 

FIG. 9 shoWs schematic electrophorograms of (a) the 
NCS used in Reference Example 5 and (b) the NCS deriva 
tive obtained in Reference Example 5; 
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FIG. 10 shows an IR-spectrum of the NCS derivative 
obtained in Reference Example 5; 

FIG. 11 shows the time courses of the plasma concentra 
tions in Test Example 1, Wherein (1), (2), (3) and (4) are for 
unmodi?ed SOD, the SOD derivatives-A, -B and -C 
obtained in Reference Example 1, respectively. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The divalent hydrocarbon group represented by W in the 
long chain carboxylic acid imide ester (I) of the present 
invention preferably has 8 to 28 principal chain atoms, more 
preferably 10 to 20 atoms, in vieW of the usefulness of the 
long chain carboxylic acid imide ester (I) as chemical 
modi?er for proteins. 

Examples of the loWer alkyl group represented by R1 are 
methyl, ethyl, propyl and isopropyl. 

Examples of the divalent long chain hydrocarbon group 
represented by W in the long chain carboxylic acid imide 
ester (I) are as folloWs. (CH2)10, (CH2)11, (CH2)12, (CH2)13, 
(CH2)14> (CH2)15> (CH2)16> (CH2)17> (CH2)18> (CH2)19, 
(CH2)20> CH2CH:CH(CH2)7> (CH2)2CH:CH(CH2)7> 
(CH2)3CH:CH(CH2)7> (CH2)4CH:CH(CH2)7> (CH2) 
5CH=CH(CH2)7, (CH2)6CH=CH(CH2)7, (CH2)7CH=CH 
(CH2)7> (CH2)8CH:CH(CH2)7> (CH2)9CH=CH(CH2)7> 
(CH2)10CH=CH(CH2)7> (CH2)11CH=CH(CH2)7> (CH2) 
8CH=CHCH2, (CH2)8CH=CH(CH2)2, (CH2)8CH=CH 
(CH2)3> (CH2)8CH:CH(CH2)4> (CH2)sCH=CH(CH2)5> 
(CH2)8CH:CH(CH2)6> (CH2)8CH:CH(CH2)7> (CH2) 
8CH=CH(CH2)8, (CH2)8CH=CH(CH2)9, (CH2)8CH=CH 
(CH2)1O, CH2CH=CHCH2CH=CH(CH2)7, (CH2) 
2CH=CHCH2CH=CH(CH2)7, (CH2) 
3CH=CHCH2CH=CH(CH2)7, (CH2) 
4CH=CHCH2CH=CH(CH2)7, (CH2) 
5CH=CHCH2CH=CH(CH2)7, (CH2) 
6CH=CHCH2CH=CH(CH2)7, (CH2) 
7CH=CHCH2CH=CH(CH2)7, (CH2) 
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The imide moiety of the long chain carboxylic acid imide 
ester (I) may be of any structure in vieW of the usefulness of 
the long chain carboxylic acid imide ester (I) as chemical 
modi?ers for proteins. The groups represented by X in the 
above general formula (I) therefore does not constitute an 
essential part of the invention and may be any divalent 
hydrocarbon residue Without limitation. 

It is hoWever desirable, in vieW of availability of starting 
materials and easiness of synthesis, to use as the imide part 
of the long chain carboxylic acid imide ester (I) 

an imide part represented by the folloWing general for 
mula (A) (hereinafter referred to as “imide part A”) 

(A) 
0 

R2 

R3 
N_ 

R4 

R5 
0 

Wherein R2, R3, R4 and R5, Which may be the same or 
different, each represents a hydrogen atom, an alkyl group, 
an aryl groups, an aralkyl group, an —SO3H group, a group 
represented by —OR6 Wherein R6 represents a hydrogen 
atom, an alkyl group, an aryl group, an aralkyl group or an 
acyl group, a group represented by —NR7R8 Wherein R7 and 
R8, Which may be the same or different, each represents an 
alkyl group, an aryl group, an aralkyl group or an acyl group 
or a group represented by —CO2R9 Wherein R9 represents 
a hydrogen atom, an alkyl group, an aryl group or an aralkyl 
group, R2, R3, R4 and R5 may, in combination With the 
carbon atoms to Which they bond, form a ring Which may be 
substituted, R2 and R3 and/or R4 and R5, in combination, 
may represent a methylene group Which may be substituted; 
or 

an imide part represented by the folloWing general for 
mula (B) 

(B) 
R10 

R11 0 

R12 
N_ 

R13 

R14 
R15 0 

Wherein R10, R11, R12, R13, R14 and R15, Which may be 
the same or different, each represents a hydrogen atom, 
an alkyl group, an aryl group, an aralkyl group, an 
—SO3H group, a group represented by the formula 
—OR6 Wherein R6 is as de?ned above, a group repre 
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6 
sented by the formula —NR7R8 Wherein R7 and R8 are 
as de?ned above or a group represented by the formula 

—CO2R9 Wherein R9 is as de?ned above; of Which the 
imide part A is more preferred. 

Examples of the alkyl group that may be represented by 
R2, R3, R4, R5, R6, R7, R8, R9, R10, R11, R12, R13, R14 and 
R15 in the above formulas (A) and (B) are methyl, ethyl, 
propyl, isopropyl and octadecyl. Examples of the aryl group 
are phenyl and p-bromophenyl. Examples of the aralkyl 
group are benZyl and p-methoxybenZyl. Examples of the 
acyl group that may be represented by R6, R7 and R8 are 
acetyl and benZoyl. 
Examples of the group represented by the formula —OR6 

are hydroxyl group, alkoxy groups such as methoxy, ethoxy, 
propoxy and isopropoxy, aryloxy groups such as phenoxy 
and p-bromophenoxy and aralkyloxy groups such as ben 
Zyloxy and p-methoxybenZyloxy. Examples of the group 
represented by the formula —NR7R8 are substituted amino 
groups such as dimethylamino and diethylamino and 
N-substituted acylamido groups such as N-methylacetamido 
and N-methylbenZamido. Examples of the group repre 
sented by the formula —CO2R9 are carboxyl group, alkoxy 
carbonyl groups such as methoxycarbonyl, ethoxycarbonyl, 
propoxycarboxyl and isopropoxycarbonyl and aryloxycar 
bonyl groups such as phenoxycarbonyl and 
p-bromophenoxycarbonyl. 

In the above formula (A), Where R2, R3, R4 and R5 form, 
in combination With the carbon atoms to Which they bond, 
a saturated or unsaturated ring Which may be substituted, 
examples of the saturated or unsaturated ring Which may be 
substituted are those having as basic skeleton benZene ring, 
cyclohexane ring and cyclopentane ring, as Well as bicyclo 
[2,2,1]heptane skeleton, bicyclo[2,2,1] hepta-2-en skeleton, 
7-oxabicyclo[2,2,1]heptane skeleton and 7-oxabicyclo[2,2, 
1]-hepta-2-en skeleton. 

Concrete examples of the imide part A having these 
saturated or unsaturated ring are as follows. 

0 0 

H035 

N—, N—, 

o o 

o o 

Ho2c H035 

N—, N—, 

o o 

o 0 

H035 

N—, N—, 

o o 

o o 

Ho2c HO 

N—, N—, 

o o 
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8 
-continued 

Me 
Me O 

0 
Br 

MeO 

N—, 
N—, 

Me 
Me 

O 
O Me 

Me 

Cl 
0 

Me 

N_ 

Me 

0 
Me 

Where R2 and R3 and/or R4 and R5, in combination, each 
form a methylene group Which may be substituted, examples 
of the methylene group Which may be substituted are 
methylene group and isopropylidene group. 

Concrete examples of the imide part A having the meth 
ylene group Which may be substituted are shoWn below. 

0 0 

CH2 CH2 

N—, N—, 

CH2 
0 0 

Me 
O 0 

CH2 
Me \ 

N—, N— 

Me 

O 0 

Examples of the salt of the long chain carboXylic acid 
imide ester (I) are salts With alkali metals, e.g. lithium, 
sodium and potassium and salts With alkali earth metals, e.g. 
magnesium and calcium. The salts are formed at the long 
chain carboXylic acid part and/or imide part of the long chain 
carboXylic acid imide ester 

The long chain carboXylic acid imide ester (I) is produced 
by subjecting a long chain dicarboXylic acid (hereinafter 
referred to as “long chain dicarboXylic acid (11)”) repre 
sented by the general formula (II) 

wherein W is as de?ned above, to dehydration condensation 
With an equimolar amount of an N-hydroXyimide 
(hereinafter referred to as “N-hydroXimide (III)”) repre 
sented by the folloWing general formula (III)). 
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(III) 

0 

wherein X is as de?ned before, in the presence of dicyclo 
hexylcarbodiimide (hereinafter referred to as “DCC”). 

The long chain carboxylic acid imide ester (I) may, except 
for the case Where R2 and R3 and/or R4 and R5, in 
combination, each form a methylene group Which may be 
substituted, also be produced by the following steps. 

(1) A long chain carboxylic acid (II) is subjected to 
dehydration condensation With an equimolar amount of 
benZyl alcohol in the presence of DCC, to yield a long 
chain dicarboxylic acid monobenZyl ester (hereinafter 
referred to as “long chain dicarboxylic acid monoben 
Zyl ester (IV)”) represented by the folloWing general 
formula (IV) 

Wherein W is as de?ned above. 
(2) The long chain dicarboxylic acid monobenZyl ester 

(IV) is reacted With N-hydroximide (III) in the usual 
manner to give a long chain dicarboxylic acid 
monobenZyl monoimide ester (hereinafter referred to 
as “long chain dicarboxylic acid diester (V)”) repre 
sented by the folloWing general formula (V) 

(W) 

(V) 

Wherein W and X are as de?ned above. 

(3) The benZyl ester part of the long chain dicarboxylic 
acid diester (V) is removed by hydrogenolysis in the 
usual manner, to obtain the desired compound. 

The salt of the long chain carboxylic acid imide ester (I) 
is synthesiZed by the usual salt formation process. Where the 
imide part of the long chain carboxylic acid imide ester (I) 
forms the salt, the salt may be synthesiZed by conducting 
similar reactions to the above With a salt of N-hydroximide 
(III) as a starting material. 

The long chain carboxylic acid imide ester (I) or its salts 
of the present invention (hereinafter referred to as “long 
chain carboxylic acid imide ester derivative”) is useful as 
chemical modi?er of proteins. 

The long chain carboxylic acid imide ester derivative is 
reacted With a protein in an aqueous solution at a pH of 6 to 
10 to yield a protein derivative represented by the folloWing 
formula 

0:0 

[protein][Z]n 

15 

25 

35 

45 

55 

65 

10 
Wherein [protein] represents a protein having n amino resi 
dues each derivable from amino group by removal of one of 
its hydrogen atoms, instead of amino groups, [Z] is a residue 
(hereinafter referred to as “long chain carboxylic acid 
residue”) represented by the folloWing general formula 

Wherein W is as de?ned above, and derivable from a long 
chain dicarboxylic acid (II) by removal of a hydroxyl group 
from one of its carboxyl groups, and n represents an average 
of the number of amide bonds betWeen [Z] and [protein], 
Which is in a range of 1 to 8. 

The reaction of the long chain carboxylic acid imide ester 
derivative With a protein is, although details differ more or 
less depending on the type of the protein, generally con 
ducted by dissolving the protein in an aqueous solution of a 
salt such as sodium carbonate, sodium hydrogencarbonate, 
sodium acetate or sodium phosphate, and adding to the 
obtained solution the long chain carboxylic acid imide ester 
derivative in the poWder form or in the form of a solution in 
an organic solvent such as dimethyl sulfoxide. It is necessary 
to maintain the pH of the solution Within a range of 6 to 10 
during the reaction. If the pH is loWer than 6, the solubility 
of the long chain carboxylic acid imide ester derivative Will 
decrease, Whereby the reaction hardly proceeds. If the pH is 
higher than 10, the protein Will be inactivated in most cases 
so that it becomes dif?cult to effectively obtain the protein 
derivatives of the present invention. The reaction tempera 
ture is preferably not more than the denaturation temperature 
of the protein and generally about 3° to 50° C., more 
preferably about 3° to 40° C. The reaction time is, While 
varying depending on the reaction temperature and the Way 
hoW the long chain carboxylic acid imide ester derivative is 
added, generally in a range of about 10 to 30 days. The 
amount used of the long chain carboxylic acid imide ester 
derivative is about 1 to 100 moles based on 1 mole of the 
protein. Where SOD is used as protein, the amount of the 
long chain carboxylic acid imide ester derivative is prefer 
ably about 2 to 50 moles based on 1 mole of SOD. The 
amount used can control the number of molecules of the 
long chain carboxylic acid residue bounded to the protein. 
The reaction mixture thus obtained contains the resulting 

protein derivative, unreacted protein, the long chain car 
boxylic acid imide ester derivative and the like. The reaction 
mixture is ?ltered and the ?ltrate is then subjected to gel 
?ltration. The obtained eluate containing the protein deriva 
tive is as required subjected to hydrophobic 
chromatography, ion-exchange chromatography or the like 
and concentrated by ultra?ltration, and is subjected to 
lyophiliZation, to give the protein derivative in the solid 
form. 

In the above reaction, the amino groups of the protein 
react With the long chain carboxylic acid imide ester 
derivative, to form the protein derivative. 
The protein derivative obtained by the above reaction is a 

mixture of those obtained by reacting the protein With one or 
more molecules of the long chain carboxylic acid imide ester 
derivative, so that the numbers of the long chain carboxylic 
acid residue contained in 1 molecule of the protein deriva 
tive are not the same. In the above general formula repre 
senting a protein derivative, n therefore means an average 
value of the numbers of the long chain carboxylic acid 
residues bonded to 1 molecule of the protein. If hoWever a 
protein derivative in Which the numbers of the long chain 
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carboxylic acid residues bonded to 1 molecule of the protein 
are the same is desired, it can be obtained by subjecting the 
protein derivative obtained by the above process further to 
gel ?ltration, ion-exchange chromatography or like pro 
cesses. In the above reaction and processes after the 
reaction, the carboxyl groups present in the protein deriva 
tive may form alkali metal salts or ammonium salts. The 
protein derivative containing carboxyl groups in salt form 
can also be used as effective ingredient of medicines Without 
any problem. 

The protein derivative contain 1 to 8 long chain carboxy 
lic acid residues bonded to 1 molecule of the protein and has 
a signi?cantly prolonged plasma half-life as compared to the 
unmodi?ed protein. Among protein derivatives, neocarZi 
nostatin (hereinafter referred to as “NCS”) derivative is, in 
vieW of prolongation of plasma half-life and determinability 
of chemical structure, desirably modi?ed With the long chain 
carboxylic acid imide ester derivative at its 1-position ala 
nine and at its 20-position lysine. 

Examples of the protein used as the starting material for 
the above reaction are as folloWs. 

Asparaginase, arginase, interleukin-1, IL-2, interleukin-3, 
interleukin-4, interleukin-5, interleukin-6, interleukin-7, 
interleukin-8, urokinase, prourokinase, streptokinase, TPA, 
[3-glucosidase, [3-glucuronidase, ot-galactosidase, adenosine 
deaminase, uricase, SOD, insulin, bilirubin oxidase, G-CSF, 
granulocyte macrophage colony-stimulating factor, mac 
rophage colony-stimulating factor, NCS, catalase, elastase, 
erythropoietin, interferon-0t, interferon-[3, interferon-y, 
tumor necrosis factor-0t, tumor necrosis factor-[3, nerve 
groWth factor, epidermal groWth factor, ovalbumin, platelet 
derived groWth factor, thrombomodulin, ot1-antitrypsin, 
bone morphogenetic protein, cartilage derived factor, ?bro 
blast groWth factor, groWth hormone, transforming groWth 
factor-[3(TGF-B), blood coagulation factor IX, protein C, 
protein S, insulin-like groWth factor, calcitonin, 
somatostatin, tissue inhibitor of metalloproteinase (TIMP), 
atrial natriuretic hormone, CD-4 protein, cystatin, 
calpastatin, urinastatin and parathyroid hormone. 

The long chain carboxylic acid imide ester derivative of 
the present invention has a fatty acid portion. The protein 
derivative modi?ed by such long chain carboxylic acid 
imide ester therefore is capable of reversibly binding plasma 
protein and biological membrane, Whereby it has prolonged 
plasma half-life and the feature of good delivery to organs. 

It is preferable that, in the long chain carboxylic acid 
imide ester, the long chain hydrocarbon residue represented 
by W have 8 to 28, more preferably 10 to 20 principal chain 
atoms. Where SOD is modi?ed, it is particularly preferred 
that the number of principal chain atoms of the long chain 
hydrocarbon residue represented by W be 10 to 15. If a long 
chain carboxylic acid imide ester With the number of prin 
cipal chain atoms being less than 8 is reacted With protien, 
the resulting protein derivative Will have poor af?nity to 
plasma protein. If the number is larger than 28, the long 
chain carboxylic acid imide ester Will have poor solubility in 
an aqueous solution With a pH of 6 to 10, Whereby it 
becomes dif?cult to bond such long chain carboxylic acid 
imide ester to protein. 

The protein derivative effectively exhibits the pharmaco 
logical effect inherent to the unmodi?ed protein. For 
example, SOD derivative has, as is apparent from the results 
obtained in Test Examples 2 Which Will be described later 
herein, excellent anti-ulcer activity, and also has pharmaco 
logical activities such as anti-in?ammatory, anti-ischemic 
and cerebral edema-preventing activities. NCS derivative 
has excellent anti-cancer activity. 
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12 
Toxicological studies have shoWn the loW toxicity of the 

protein derivatives. 
The above results shoW that the protein derivatives are 

effective for treating or preventing various diseases corre 
sponding to the pharmacological activities knoWn to be 
inherent to the unmodi?ed protein. 
SOD derivatives are effective for diseases caused by 

active oxygen species, and can be used in particular as 
anti-in?ammatory agents, anti-ulcer agents, anti-ischemic 
agents, cerebral edema-preventing agents, anti-paraquat 
intoxication agents, etc. and are also useful as drugs to 
alleviate various side effects induced by anti-cancer agents, 
as caused by active oxygen species. Further, the SOD 
derivatives are useful as therapeutic agents for treating 
dermal diseases such as burn, trauma and various dermati 
des. The SOD derivatives more effectively retain the phar 
macological activities inherent to unmodi?ed SOD [Saishin 
Igaku, 39, No. 2, 339 (1984); Igaku to Yakugaku, 14, No. 1, 
55 (1985); Jikken Igaku, 4, No. 1 (1986) “Tokushuh: Seit 
ainai Furii Rajikaru to Shikkan” (Special Number: Free 
Radicals and Diseases); Fragrance Journal, 79, 89 (1986)]. 
Moreover, the SOD derivatives have pharmacological 
activities against those diseases caused by active oxygen 
species and those against Which unmodi?ed SOD shoWs no 
pharmacological activities. 
NCS derivatives are useful as anti-cancer agents. 
The dosage of the protein derivative depends on the kind 

of disease, severity of the disease, patient’s tolerance and 
other factors. For example, the usual daily dosage of SOD 
derivative for adult humans is 0.1 to 500 mg and preferably 
0.5 to 100 mg. The dosage of NCS derivative varies depend 
ing on the method of administration, malignancyand type of 
the cancer, patient’s condition of disease and general 
observation, severity of the cancer and the like, but is 
generally 0.1 to 100 mg for adult human and preferably 0.1 
to 10 mg. The dosage is appropriately administered either in 
a single dose or in a feW divided doses. Upon administration 
various dosage forms may be taken suitable for the respec 
tive routes of administration. The NCS derivative can be 
administered directly to local intra-tissue such as originally 
developed part of cancer or the part Where an cancer has 
been enucleated by surgery, or administered 
intracutaneously, subcutaneously, intramascularly, 
intravenously, intraarticularly, orally or the like, or by exter 
nal administration such as external application, spraying, 
suppository or by insertion intourinary bladder. 
The protein derivative can be formulated and prepared by 

the established pharmaceutical procedures into pharmaceu 
tical compositions. Such pharmaceutical compositions can 
be manufactured using pharmaceutically acceptable carriers, 
vehicles and other auxiliary substances Which are commonly 
used in pharmaceutical practice. 
When such pharmaceutical compositions are intended for 

oral administration, they are preferably provided in dosage 
forms suitable for absorption from the gastrointestinal tract. 
Tablets and capsules Which are unit dosage forms for oral 
administration may contain binders such as syrup, gum 
arabic, gelatin, sorbitol, gum tragacanth and polyvinylpyr 
rolidione; excipients such as lactose, corn starch, calcium 
phosphate, sorbitol and glycine; lubricants such as magne 
sium stearate, talc, polyethylene glycol and silica; disinte 
grators such as potato starch; pharmaceutically acceptable 
Wetting agents such as sodium laurylsulfate and so on. The 
tablets may be coated in the Well-knoWn manner. Liquid 
preparation for oral administration may be aqueous or oily 
suspensions, solutions, syrups, elixirs and so on, or may be 
lyophilisates Which are extemporaneously reconstituted With 
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Water or other suitable vehicles before use. Such liquid 
preparations may contain the usual additives inclusive of 
suspending agents such as sorbitol syrup, methylcellulose, 
glucose/sucrose syrup, gelatin, hydroxyethylcellulose, 
carboxymethylcellulose, aluminum stearate gel and hydro 
genated edible oils and fats; emulsi?ers such as lecithin, 
sorbitan monooleate and gum arabic; non-aqueous vehicles 
such as almond oil, fractionated coconut oil, oleaginous 
esters, propylene glycol and ethanol; preservatives such as 
methyl p-hydroxybenzoate, propyl p-hydroxybenzoate and 
sorbic acid; and so forth. 

For preparing injections, the protein derivative is dis 
solved in an suitable solvent such as physiological saline and 
glucose solution for injection; and the SOD derivative 
concentration is adjusted to 2 to 20 mg per 2 to 10 ml of 
solvent in a conventional manner to give injections for 
subcutaneous, intramuscular or intravenous administration. 
In preparing the above injections, pH-adjusting agents, 
buffers, stabilizers, preservatives, solubilizer and so forth 
may be added to the aqueous solution, if necessary. 

The above-mentioned pharmaceutical composition can 
contain the protein derivative in a concentration selected 
according to the form thereof and other factors, generally in 
a concentration of about 0.01 to 50% by Weight, preferably 
about 0.1 to 20% by Weight. 

Other features of the invention Will become apparent in 
the course of the folloWing descriptions of exemplary 
embodiments Which are given for illustration of the inven 
tion and are not intended to be limiting thereof. 

In the Examples that folloW, 1H-NMR Was measured 
using tetramethylsilane as internal standard. IR absorption 
spectrum Was measured by KBr disk method. 

EXAMPLES 

Example 1 

Synthesis of N-(13-carboxytridecanoyloxy) 
succinimide 

In 15 ml of anhydrous tetrahydrofuran 1,14 
tetradecanedioic acid (1.0 g, 3.87 mmoles) Was dissolved. To 
the obtained solution, Were added a solution of 
N-hydroxysuccinimide (445 mg, 3.87 mmoles) in 5 ml of 
anhydrous tetrahydrofuran and N,N-dimethylaminopyridine 
hydrochloride (3.1 mg, 0.02 mmole) and the mixture Was 
stirred for 30 minutes. To the mixture Was added a solution 
of DCC (799 mg, 3.87 mmoles) in 5 ml of anhydrous 
tetrahydrofuran and the resulting mixture Was stirred over 
night. The reaction mixture Was ?ltered and the ?ltrate Was 
concentrated under reduced pressure. The residue Was sepa 
rated and puri?ed by silica gel chromatography [eluent: 
mixture of benzene and chloroform (volume ratio): 1:3], to 
give N-(13-carboxytridecanoyloxy)succinimide (510 mg, 
37%) having the folloWing properties. 

m.p. 116°—118° C. 

1H-NMR (CDCIB, 270 MHZ): 6 1.18—1.47 (m, 16H), 1.63 
(m, 2H) 1.74 (m, 2H), 2.35 (t, 2H), 2.57 (t, 2H), 2.84 (s, 4H), 
7.85—10.50 (br, 1H). 

IR (cm-1): 2920, 2850, 1825, 1790, 1740, 1725, 1710, 
1210, 1070 

Example 2 

Synthesis of N-(15-carboxypentadecanoyloxy) 
succinimide 

In 30 ml of anhydrous tetrahydrofuran 1,16 
hexadecanedioic acid (1.0 g, 3.49 mmoles) Was dissolved. 
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14 
To the obtained solution, Were added a solution of 
N-hydroxysuccinimide (402 mg, 3.49 mmoles) in 10 ml of 
anhydrous tetrahydrofuran and N,N-dimethylaminopyridine 
hydrochloride (2.8 mg, 0.018 mmole) and the mixture Was 
stirred for 30 minutes. To the mixture Was added a solution 
of DCC (720 mg, 3.49 mmoles) in 10 ml of anhydrous 
tetrahydrofuran and the resulting mixture Was stirred over 
night. The reaction mixture Was ?ltered and the ?ltrate Was 
concentrated under reduced pressure. The residue Was sepa 
rated and puri?ed by silica gel chromatography [eluent: 
mixture of benzene and chloroform (volume ratio): 1:3], to 
give N-(15-carboxypentadecanoyloxy)succinimide (429 
mg, 32%) having the folloWing properties. 

1H-NMR(CDC13,270 MHZ): 6 1.18—1.45 (m, 20H), 1.62 
(m, 2H) 1.74 (m, 2H), 2.34 (t, 2H), 2.60 (t, 2H), 2.84 (s, 4H). 

IR (cm'l): 2920, 2850, 1825, 1790, 1740, 1725, 1710, 
1210, 1070 

Example 3 

Synthesis of N-(17-carboxyheptadecanoyloxy) 
succinimide 

In 30 ml of anhydrous tetrahydrofuran 1,18 
octadecanedioic acid (1.0 g, 3.18 mmoles) Was dissolved. To 
the obtained solution, Were added a solution of 
N-hydroxysuccinimide (366 mg, 3.18 mmoles) in 10 ml of 
anhydrous tetrahydrofuran and N,N-dimethylaminopyridine 
hydrochloride (2.5 mg, 0.016 mmole) and the mixture Was 
stirred for 30 minutes. To the mixture Was added a solution 
of DCC (656 mg, 3.18 mmoles) in 10 ml of anhydrous 
tetrahydrofuran and the resulting mixture Was stirred over 
night. The reaction mixture Was ?ltered and the ?ltrate Was 
concentrated under reduced pressure. The residue Was sepa 
rated and puri?ed by silica gel chromatography [eluent: 
mixture of benzene and chloroform (volume ratio): 1:35], to 
give N-(17-carboxyheptadecanoyloxy)succinimide (480 
mg, 37%) having the folloWing properties. 

m.p. 120°—122.5° C. 

1H-NMR (CDCI3, 270 MHz): 6 1.13—1.47 (m, 24H), 1.63 
(m, 2H) 1.75 (m, 2H), 2.34 (t, 2H), 2.60 (t, 2H), 2.84 (s, 4H), 
5.0—7.0 (br, 1H). 

IR (cm-1): 2920, 2850, 1825, 1790, 1740, 1725, 1710, 
1210, 1070 

Example 4 

Synthesis of N-(9-carboxynonadecanoyloxy) 
succinimide 

In 50 ml of anhydrous tetrahydrofuran 1,20-eicosanedioic 
acid (1.0 g, 2.92 mmoles) Was dissolved. To the obtained 
solution, Were added a solution of N-hydroxysuccinimide 
(336 mg, 2.92 mmoles) in 10 ml of anhydrous tetrahydro 
furan and N,N-dimethylaminopyridine hydrochloride (2.3 
mg, 0.015 mmole) and the mixture Was stirred for 30 
minutes. To the mixture Was added a solution of DCC (602 
mg, 2.92 mmoles) in 10 ml of anhydrous tetrahydrofuran 
and the resulting mixture Was stirred overnight. The reaction 
mixture Was ?ltered and the ?ltrate Was concentrated under 
reduced pressure. The residue Was separated and puri?ed by 
silica gel chromatography [eluent: mixture of benzene and 
chloroform (volume ratio): 1:35], to give N-(19 
carboxynonadecanoyloxy)succinimide (420 mg, 33%) hav 
ing the folloWing properties. 
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mp. 121.5°_124o c. 

lN-NMR (CDCI3, 270 MHZ): 6 1.14_1.45 (m, 28H), 1.63 
(m, 2H), 1.74 (m, 2H), 2.35 (t, 2H), 2.60 (t, 2H), 2.84 (s, 
4H). 

IR (cm'l): 2920, 2850, 1825, 1790, 1740, 1725, 1710, 
1210, 1070 

Example 5 

Synthesis of N-(21-carboxyheneicosanoyloxy) 
succinimide 

In 70 ml of anhydrous tetrahydrofuran 1,22 
docosanedioic acid (1.0 g, 2.70 mmoles) Was dissolved. To 
the obtained solution, Were added a solution of 
N-hydroxysuccinimide (311 mg, 2.70 mmoles) in 10 ml of 
anhydrous tetrahydorfuran and N,N-dimethylaminopyridine 
hydrochloride (2.1 mg, 0.014 mmole) and the mixture Was 
stirred for 30 minutes. To the mixture Was added a solution 
of DCC (602 mg, 2.70 mmoles) in 10 ml of anhydrous 
tetrahydrofuran and the resulting mixture Was stirred over 
night. The reaction mixture Was ?ltered and the ?ltrate Was 
concentrated under reduced pressure. The residue Was sepa 
rated and puri?ed by silica gel chromatography [eluent: 
mixture of benzene and chloroform (volume ratio): 1:35], to 
give N-(21-carboxyheneicosanoyloxy)succinimide (440 
mg, 35%) having the folloWing properties. 

m.p. 122°_124.5o c. 

lH-NMR (CDCI3, 270 MHZ): 6 1.12_1.43 (m, 16H), 1.63 
(m, 2H), 1.74 (m, 2H), 2.34 (t, 2H), 2.60 (t, 2H), 2.84 (s, 
4H). 

IR (cm'l): 2920, 2850, 1825, 1790, 1740, 1725, 1710, 
1210, 1070 

Example 6 

(a) Synthesis of 1,14-tetradecanedioic acid 
monobenZyl ester 

In 80 ml of anhydrous tetrahydrofuran 1,14 
tetradecanedioic acid (5.0 g, 19.4 mmoles) Was dissolved. To 
the obtained solution, Were added a solution of benZyl 
alcohol (2.1 g, 19.4 mmoles) in 10 ml of tetrahydrofuran and 
N,N-dimethylaminopyridine hydrochloride (15 mg, 0.1 
mmole) and mixture Was stirred fo 30 minutes. To the 
mixture Was added a solution of DCC (4.0 g, 19.4 mmoles) 
in 10 ml of anhydrous tetrahydrofuran and the resulting 
mixture Was stirred at a room temperature for 20 hours. The 
reaction mixture Was ?ltered and the ?ltrate Was concen 
trated under reduced pressure. The residue Was separated 
and puri?ed by silica gel chromatography [eluent: mixture 
of hexane and diethyl ether (volume ratio): 2:1], to give 
1,14-tetradecanedioic acid monobenZyl ester (2.42 g, 38%) 
having the folloWing properties. 

m.p. 73.5°—74° C. 

1H-NMR (CDCI3, 270 MHZ): 6 1.17—1.40 (m, 16H), 
1.50—1.70 (m, 4H), 2.23—2.39 (m, 4H), 5.11 (s, 2H), 7.32 (m, 
5H), 7.40—9.35 (br, 1H). 

(b) Synthesis of N-(13 
benZyloxycarbonyltridecanoyloxy)succinimide 

In 30 ml of tetrahydrofuran 1,14-tetradecanedioic acid 
monobenZyl ester (2.4 g, 6.89 mmoles) Was dissolved. To 
the obtained solution, Were added a solution of 
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N-hydroxysuccinimide (793 mg, 6.89 mmoles) in 15 ml of 
anhydrous tetrahydrofuran and N,N-dimethylaminopyridine 
hydrochloride (3.3 mg, 0.02 mmole) and the mixture Was 
stirred for 30 minutes at a room temperature. To the mixture 
Was added a solution of DCC (1.42 g, 6.89 mmoles) in 15 
ml of tetrahydrofuran and the resulting mixture Was stirred 
at a room temperature for 15 hours. The reaction mixture 
Was ?ltered and the ?ltrate Was concentrated under reduced 
pressure. The residue Was separated and puri?ed by silica 
gel chromatography [eluent: mixture of hexane and ethyl 
acetate (volume ratio): 2:1], to give N-(13 
benZyloxycarbonyltridecanoyloxy)succinimide (2.31 mg, 
75%) having the folloWing properties. 

m.p. 61.5°—62.5° C. 

1H-NMR (CDCI3, 270 MHZ): 6 1.05—1.46 (m, 16H), 1.63 
(m, 2H) 1.72 (m, 2H), 2.33 (t, 2H), 2.58 (t, 2H), 2.79 (s, 4H), 
5.11 (s, 2H), 7.33 (m, 5H). 

(c) Synthesis of N-(13-carboxytridecanoyloxy) 
succinimide 

In 15 ml of tetrahydrofuran N-(13 
benZyloxycarbonyltridecanoyloxy)succinimide (2.28 g, 
5.12 mmoles) Was dissolved. To the obtained solution, Were 
added 228 mg of 10% palladium carbon and the mixture Was 
stirred for 15 hours under an atmosphere of hydrogen. The 
reaction mixture Was ?ltered and the ?ltrate Was concen 
trated under reduced pressure. The residue Was recrystal 
liZed from ethanol, to give N-(13-carboxytridecanoyloxy) 
succinimide (1.71 mg, 94%) having the folloWing 
properties. 

m.p. 116°—118° C. 

1H-NMR (CDCI3, 270 MHZ): 6 1.18—1.47 (m, 16H), 1.63 
(m, 2H), 1.74 (m, 2H), 2.35 (t, 2H), 2.57 (t, 2H), 2.84 (s, 
4H), 7.85—10.50 (br, 1H). 

IR (cm-1): 2920, 2850, 1825, 1790, 1740, 1725, 1710, 
1210, 1070 

Example 7 

Synthesis of N-(15-carboxypentadecanoyloxy) 
phthalimide 

In 15 ml of anhydrous tetrahydrofuran 1,16 
hexadecanedioic acid (500 mg, 1.75 mmoles) Was dissolved. 
To the obtained solution, Were added a solution of 
N-hydroxyphthalimide (285 mg, 1.75 mmoles) in 10 ml of 
anhydrous tetrahydrofuran and N,N-dimethylaminopyridine 
hydrochloride (1.4 mg) and the mixture Was stirred for 30 
minutes. To the mixture Was added a solution of DCC (361 
mg, 1.75 mmoles) in 3 ml of anhydrous tetrahydrofuran and 
the resulting mixture Was stirred overnight. The reaction 
mixture Was ?ltered and the ?ltrate Was concentrated under 
reduced pressure. The residue Was separated and puri?ed by 
silica gel chromatography, to give N-(15 
carboxypentadecanoyloxy)phthalimide (310 mg, 41%) hav 
ing the folloWing properties. 

m.p. 109°—110.5° C. 

1H-NMR (CDCI3, 270 MHZ): 6 1.14—1.50 (m, 20H), 1.63 
(m, 2H), 1.78 (m, 2H), 2.34 (t, 2H), 2.66 (t, 2H), 7.72—7.94 
(m, 4H). 

Example 8 

Synthesis of N-(15-carboxypentadecanoyloxy) 
tetramethylphthalimide 

In 3 ml of anhydrous tetrahydrofuran 1,16 
hexadecanedioic acid (100 mg, 0.35 mmoles) Was dissolved. 
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To the obtained solution, Were added a solution of 
N-hydroxytetramethylphthalimide (77 mg, 0.35 mmoles) in 
2 ml of anhydrous tetrahydrofuran and N,N 
dimethylaminopyridine hydrochloride (0.3 mg) and the mix 
ture Was stirred for 30 minutes. To the mixture Was added a 

solution of DCC (72 mg, 0.35 mmoles) in 0.5 ml of 
anhydrous tetrahydrofuran and the resulting mixture Was 
stirred overnight. The reaction mixture Was ?ltered and the 
?ltrate Was concentrated under reduced pressure. The resi 
due Was separated and puri?ed by silica gel chromatography, 
to give N-(15-carboxypentadecanoyloxy) 
tetramethylphthalimide (58 mg, 34%) having the folloWing 
properties. 

1H-NMR (CDCIB, 270 MHZ): 6 1.14—1.49 (m, 20H), 1.61 
(m, 2H) 1.78 (m, 2H), 2.29 (s, 6H), 2.34 (t, 2H), 2.66 (t, s, 
8H). 

Example 9 

Synthesis of N-(15-carboxypentadecanoyloxy)-5 
norbornene-2,3-dicarboximide 

Example 7 Was repeated except for using, instead of 
N-hydroxyphthalimide (285 mg, 1.75 mmoles), N-hydroxy 
5-norbornene-2,3-dicarboximide (313 mg, 11.75 mmoles) to 
obtain N-(15-carboxypentadecanoyloxy)-5-norbornene-2,3 
dicarboximide (340 mg, 44%) having the folloWing prop 
erties. 

m.p. 103°—104.5° C. 

1H-NMR (CDCI3, 270 MHZ): 6 1.14—1.43 (m, 20H), 
1.48—1.82 (m, 6H), 2.34 (t, 2H), 2.52 (t, 2H) 3.32 (s, 2H), 
3.44 (s, 2H) 6.19 (s, 2H). 

Example 10 

(a) Synthesis of N-(15 
benZyloxycarbonylpentadecanoyloxy)-tartrimide 

In 1.5 ml of tetrahydrofuran N-hydroxytartrimide (59 mg, 
0.40 mmole) Was dissolved. To the obtained solution, Were 
added a solution of 1,16-hexadecanedioic acid monobenZyl 
ester (150 mg, 0.40 mmole) and a solution of DCC (83 mg, 
0.40 mmole) in 0.5 ml of tetrahydrofuran and the resulting 
mixture Was stirred overnight at 4° C. The reaction mixture 
Was ?ltered and the ?ltrate Was concentrated under reduced 
pressure. The residue Was separated and puri?ed by silica 
gel chromatography, to give N-(15 
benZyloxycarbonylpentadecanoyloxy)tartrimide (7 mg, 4%) 
having the folloWing properties. 
1H-NMR (CDCI3, 270 MHZ): 6 1.14—1.45 (m, 20H), 

1.51—1.80 (m, 4H), 2.34 (t, 2H), 2.59 (t, 2H), 3.28 (br, 2H), 
4.73 (s, 2H), 5.11 (s, 2H), 7.33 (s, 5H). 

(b) Synthesis of N-(15-carboxypentadecanoyloxy) 
tartrimide 

In 1 ml of tetrahydrofuran N-(15 
benZyloxycarbonylpentadecanoyloxy)tartrimide (7 mg, 
0.0014 mmole) Was dissolved. To the obtained solution, Was 
added 1 mg of 10% palladium carbon and the mixture Was 
stirred for 1 hour under an atmosphere of hydrogen. The 
reaction mixture Was ?ltered and the ?ltrate Was concen 

trated under reduced pressure, to give N-(15 
carboxypentadecanoyloxy)tartrimide (5 mg, 87%) having 
the folloWing properties. 
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lH-NMR (DMSO-d6, 270 MHZ); 6 1.05_1.40 (m, 20H), 

1.48 (m, 2H), 1.62 (m, 2H), 2.18 (t, 2H), 2.51 (t, 2H), 4.51 
(br, 2H), 6.10—7.50 (br, 1H). 

Example 11 

(a) Synthesis of N-(13 
benZyloxycarbonyltridecanoyloxy)sulfosuccinimide 

sodium salt 

In 0.4 ml of anhydrous dimethyl formamide Was dis 
solved 1,14-tetradecanedioic acid monobenZyl ester (100 
mg, 0.29 mmole). To the obtained solution Were added 
sodium N-hydroxysulfosuccinimide (63 mg, 0.29 mmole) 
and a solution of DCC (65 mg, 0.29 mmole) in 0.4 ml of 
anhydrous dimethylformamide and the resulting mixture 
Was stirred for 14 hours at a room temperature. The reaction 
mixture Was ?ltered and the ?ltrate Was stirred for 2 hours 
at a temperature under ice cooling. The solid that formed 
Was collected by ?ltration and dried under reduced pressure 
to give N-(13-benZyloxycarbonyltridecanoyloxy) 
sulfosuccinimide sodium salt (66 mg, 42%) having the 
folloWing properties. 
1H-NMR (DMSO-d6, 270 MHZ): 6 1.13—1.42 (m, 16H), 

1.47—1.68 (m, 4H), 2.33 (t, 2H), 2.63 (t, 2H), 2.87 (d, 1H) 
3.14 (m, 1H), 3.94 (m, 1H) 5.08 (s, 2H), 7.34 (s, 5H). 

(b) Synthesis of N-(13-carboxytridecanoyloxy) 
sulfosuccinimide sodium salt 

In 1 ml of dimethylformamide Was dissolved N-(13 
benZyloxycarbonyltridecanoyloxy)sulfosuccinimide sodium 
salt (50 mg, 0.11 mmole). To the obtained solution, Was 
added 5 mg of 10% palladium carbon and the mixture Was 
stirred for 20 hours under an atmosphere of hydrogen. The 
reaction mixture Was ?ltered and to the ?ltrate 30 ml of ethyl 
acetate Was added. The mixture Was stirred for 30 minutes 
and the solid that formed Was collected by ?ltration and 
dried under reduced pressure to give N-(13 
carboxytridecanoyloxy)sulfosuccinimide sodium salt (22 
mg, 63%) having the folloWing properties. 
FAB-MS (m/Z): 480, 458, 435, 413 
1H-NMR (DMSO-d?, 270 MHZ): 6 1.15—1.39 (m, 16H), 

1.47 (m, 2H), 1.60 (m, 2H), 2.17 (t, 2H), 2.63 (t, 2H), 2.87 
(d, 1H), 3.14 (m, 1H), 3.94 (m, 1H). 

Example 12 

Synthesis of N-(15-carboxypentadecanoyloxy)-3 
isopropylsuccinimide 

Example 8 Was repeated except for using, instead of 
N-hydroxytetramethylphthalimide (77 mg, 0.35 mmoles), 
N-hydroxy-3-isopropylsuccinimide (55 mg, 0.35 mmoles) 
to obtain N-(15-carboxypentadecanoyloxy)-3 
isopropylsuccinimide (42 mg, 28%) having the folloWing 
properties. 

1H-NMR (CDCI3, 270 MHZ): 6 0.80 (d, 3H), 1.00 (d, 3H) 
1.18—1.45 (m, 20H), 1.62 (m, 2H), 1.74 (m, 2H) 2.34 (m, 
3H), 2.55 (dd, 1H) 2.60 (t, 2H), 2.79 (dd, 1H) 2.91 (m, 1H). 

Example 13 

Synthesis of N-(15-carboxypentadecanoyloxy) 
tetramethylsuccinimide 

Example 8 Was repeated except for using, instead of 
N-hydroxytetramethylphthalimide (77 mg, 0.35 mmoles), 
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N-hydroxytetramethylsuccinimide (60 mg, 0.35 mmoles) to 
obtain N-(15-carboxypentadecanoyloxy) 
tetramethylsuccinimide (40 mg, 26%) having the following 
properties. 

1H-NMR (CDCl3, 270 MHZ): 6 1.18—1.46 (m, 32H), 1.62 
(m, 2H), 1.74 (m, 2H) 2.34 (t, 2H), 2.60 (t, 2H) 

Example 14 

Synthesis of N-(15-carboxypentadecanoyloxy)-3 
benZylsuccinimide 

Example 8 Was repeated except for using, instead of 
N-hydroxytetramethylphthalimide (77 mg, 0.35 mmoles), 
N-hydroxy-3-benZylsuccinimide (72 mg, 0.35 mmoles) to 
obtain N-(15-carboxypentadecanoyloxy)-3 
benZylsuccinimide (45 mg, 27%) having the following prop 
erties. 

FD-MS (III/Z)Z [M+H]+ 474 
1H-NMR(CDC13,270 MHZ); 6 1.18—1.45 (m, 20H), 1.62 

(m, 2H), 1.74 (m, 2H) 2.30_2.92 (m, 9H), 7.06 (s, 5H). 

Example 15 

Synthesis of N-(15-carboxypentadecanoyloxy) 
itaconimide 

Example 8 Was repeated except for using, instead of 
N-hydroxytetramethylphthalimide (77 mg, 0.35 mmoles), 
N-hydroxyitaconimide (44 mg, 0.35 mmoles) to obtain 
N-(15-carboxypentadecanoyloxy)itaconimide (49 mg, 31%) 
having the folloWing properties. 

1H-NMR (CDCl3, 270 MHZ): 6 1.19—1.44 (m, 20H), 1.62 
(m, 2H), 1.74 (m, 2H) 2.34 (t, 2H), 2.60 (t, 2H) 3.70 (t, 2H) 
6.00—6.59 (m, 2H). 

Example 16 

Synthesis of N-(15-carboxypentadecanoyloxy) 
glutarimide 

Example 8 Was repeated except for using, instead of 
N-hydroxytetramethylphthalimide (77 mg, 0.35 mmoles), 
N-hydroxyglutarimide (45 mg, 0.35 mmoles) to obtain 
N-(15-carboxypentadecanoyloxy)glutarimide (40 mg, 29%) 
having the folloWing properties. 

1H-NMR (CDCI3, 270 MHZ): 6 1.18—1.47 (m, 20H), 1.63 
(m, 2H), 1.74 (m, 2H) 2.02 (m, 2H), 2.35 (t, 2H) 2.50—2.70 
(m 4H), 7.85—10.50 (br, 1H). 

Reference Example 1 

Synthesis of an SOD derivative by the reaction of 
N-(13-carboxytridecanoyloxy)succinimide With 

SOD 

To 1.4 ml of an aqueous solution human erythrocyte-type 
SOD (71.2 mg/ml) Was added 2.6 ml of 0.5M aqueous 
sodium hydrogencarbonate solution (pH 8.0). To the mixture 
Was gradually added With stirring a solution of 10.1 mg of 
the N-(13-carboxytridecanoyloxy)succinimide obtained in 
Example 6 in 0.2 ml of dimethyl sulfoxide, and the resulting 
mixture Was stirred overnight at a room temperature. The 
reaction mixture Was ?ltered and the ?ltrate Was subjected to 
gel ?ltration using a column packed With Sephadex G-25 
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(trademark; Pharmacia Fine Chemicals) (eluent: 10 mM 
aqueous ammonium hydrogencarbonate solution) and the 
high-molecular-Weight fractions Were collected. The 
obtained fractions as such Were subjected to ion-exchange 
chromatography using DEAE-Sepharose Fast How 
(trademark; Pharmacia Fine Chemicals) Where elution Was 
successively conducted With an eluent of a mixture of 10 
mM Tris-hydrochloric acid butter (pH 8) and 0.15M aque 
ous sodium chloride solution, that of a mixture of 10 mM 
Tris-hydrochloric acid butter (pH 8) and 0.20M aqueous 
sodium chloride solution, and ?nally that of a mixture of 10 
mM Tris-hydrochloric acid butter (pH 8) and 0.25M aque 
ous sodium chloride solution, to collect the corresponding 
fractions (hereinafter these fractions are referred to as 
fraction-A, fraction-B and fraction-C, respectively). These 
fractions Were each subjected to gel ?ltration by using a 
column packed With Sephadex G-25 (eluent: 10 mM aque 
ous ammonium hydrogencarbonate solution), desaliniZed 
and the high-molecular-Weight fractions Were combined and 
lyophiliZed to give 33 mg of an SOD derivative (hereinafter 
referred to as SOD derivative-A), 18 mg of an SOD deriva 
tive (hereinafter referred to as SOD derivative-B), and 15 
mg of an SOD derivative (hereinafter referred to as SOD 
derivative-C, from fraction-A, fraction-B and fraction-C, 
respectively. Quantitative determination of the amino groups 
of each of the SOD derivatives-A, -B and -C, revealed that 
3.6 groups, 4.4 groups and 5.4 groups of the total amino 
groups in the starting material SOD had been modi?ed, in 
the SOD derivatives-A, -B and -C, respectively. 
The schematic electrophorograms of the SOD used and 

the SOD derivative-C obtained are shoWn in FIG. 1(a) and 
(b). FIG. 2 shoWs an IR spectrum of the SOD derivative-C. 

Reference Example 2 

Synthesis of an SOD derivative by the reaction of 
N-(17-carboxyneptadecanoyloxy)succinimide With 

SOD 

To 1.12 ml of an aqueous solution of human erythrocyte 
type SOD (71.2 mg/ml) Were added 1.88 ml of Water and 0.8 
ml of 0.5M aqueous sodium hydrogencarbonate solution 
(pH 8.0). To the mixture Was gradually added With stirring 
a solution of 3.9 mg of the N-(17 
carboxyheptadecanoyloxy)succinimide obtained in 
Example 3 in 0.2 ml of dimethyl sulfoxide, and the resulting 
mixture Was stirred overnight at a room temperature. The 
reaction mixture Was ?ltered and the ?ltrate Was subjected to 
gel ?ltration using a column packed With Sephadex G-25 
(trademark; Pharmacia Fine Chemicals) (eluent: 10 mM 
aqueous ammonium hydrogencarbonate solution) and the 
high-molecular-Weight fractions Were collected. The 
obtained fractions as such Were subjected to ion-exchange 
chromatography using DEAE-Sepharose Fast How 
(trademark; Pharmacia Fine Chemicals) [eluent: a mixture 
of 10 mM Tris-hydrochloric acid butter (pH 8) and 0.20M 
aqueous sodium chloride solution] and the fractions con 
taining the resulting SOD derivative Were collected. The 
obtained fractions Were subjected to gel ?ltration by using a 
column packed With Sephadex G-25 (eluent: 10 mM aque 
ous ammonium hydrocarbonate solution), desaliniZed and 
the high-molecular-Weight fractions Were combined and 
lyophiliZed to give 18 mg of the SOD derivative. Quantita 
tive determination by TNBS method of the amino groups in 
the obtained SOD derivative revealed that 2.0 pieces of the 
total amino groups contained in the starting material SOD 
had been modi?ed. 
The schematic electrophorograms of the SOD used and 

the SOD derivative obtained are shoWn in FIG. 3(a) and FIG. 4 shoWs an IR spectrum of the SOD derivative. 
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Reference Example 3 

Synthesis of an SOD Derivative by the Reaction of 
N-(19-carboxynonadecanoyloxy)succinimide With 

SOD 

Reference Example 2 Was repeated except for using, 
instead of 3.9 mg of N-(17-carboxyheptadecanoyoxy) 
succinimide, 4.1 mg of the N-(19-carboxynonadecanoyloxy) 
succinimide obtained in Example 4, to obtain 14 mg of an 
SOD derivative. Quantitative determination by TNBS 
method of the amino groups in the obtained SOD derivative 
revealed that 2.0 pieces of the total amino groups contained 
in the starting material SOD had been modi?ed. 

The schematic electrophorograms of the SOD used and 
the SOD derivative obtained are shoWn in FIG. 5(a) and 
FIG. 6 shoWs an IR spectrum of the SOD derivative. 

Reference Example 4 

Synthesis of an NCS Derivative by the Reaction of 
NCS With N-(15-carboxypentadecanoyloxy) 

succinimide 

In 18 ml of a 0.5M aqueous sodium hydrogencarbonate 
solution Was dissolved 50 mg of NCS. To the solution 
obtained, a solution prepared by dissolving 79.8 mg of the 
N-(15-carboxypentadecanoyloxy)succinimide obtained in 
Example 2 in 2 ml of dimethyl sulfoxide Was gradually 
added With stirring. The mixture Was stirred at 4° C. in a 
light-shielded placed for 2 Weeks. The reaction mixture Was 
?ltered, and the ?ltrate Was subjected to gel ?ltration using 
a column packed With Sephadex G-25 (eluent: 10 mM 
aqueous ammonium hydrogencarbonate solution) and the 
high-molecular-Weight fractions Were collected. The 
obtained fractions as such Were subjected to ion-exchange 
chromatography using DEAE-Sepharose Fast How (eluent: 
a mixture of 10 mM Tris-hydrochloric acid butter (pH 8) and 
0.20M aqueous sodium chloride solution), and the fractions 
containing the resulting NCS derivative Were collected. The 
obtained fractions Were subjected to gel ?ltration by using a 
column packed With Sephadex G-25 (eluent: 10 mM aque 
ous ammonium hydrogencarbonate solution), desaliniZed 
and the high-molecular-Weight fractions Were combined and 
lyophiliZed to give 7 mg of the NCS derivative. From the 
obtained NCS derivative no free amino group Was detected 
by quantitative determination by TNBS method. 

The schematic electrophorograms of the NCS used and 

the NCS derivative obtained are shoWn in FIG. 7(a) and FIG. 8 shoWs an IR spectrum of the NCS derivative. 

Reference Example 5 

Synthesis of an NCS Derivative by the Reaction of 
N-(17-carboxyheptadecanoyloxy)succinimide With 

NCS 

Reference Example 4 Was repeated except for using, 
instead of 79.8 mg of N-(15-carboxypentadecanoyloxy) 
succinimide, 85.6 mg of the N-(17 
carboxyheptadecanoyloxy)succinimide obtained in 
Example 3, to obtain 5 mg of an NCS derivative. Quanti 
tative determination by TNBS method of the amino groups 
in the obtained NCS derivative revealed that it contained no 
free amino groups. 

The schematic electrophorograms of the NCS used and 
the NCS derivative obtained are shoWn in FIG. 9 (a) and 
FIG. 10 shoWs an IR spectrum of the NCS derivative. 

Test Example 1 

Plasma Clearance of SOD Derivatives 

Under pentobarbital anesthsia, rats (Wistar strain, male, 7 
Weeks of age, body Weight about 200 g) Were cannulated 
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22 
into the femoral vein and Were hepariniZed intravenously 
(1000 U/ml, 0.2 ml/rat). Then, a specimen solution of SOD 
or SOD derivative in saline (10 mg/ml) Was injected into the 
femoral vein of each rat in an amount of 0.2 ml/rat. At timed 
intervals, 0.2 ml blood samples Were collected from the 
femoral vein and the time courses of plasma SOD concen 
trations Were determined by measuring the SOD activities in 
plasma. The time courses of the plasma concentrations of the 
SOD and the SOD derivatives are shoWn in FIG. 11. 

Test Example 2 

Effect of SOD derivative on acute gastric mucosal 
lesion (gastric ulcer) 

Male SD rats (body Weight: about 200 g) Were fasted 
overnight and Were placed in restraint cages in groups of 
each 3 rats. The cages Were vertically immersed upto the 
level of xyphoid process in Water at 22° C. After 6 hours of 
stress loading, the cages Were taken out from the Water and 
the rats Were exsanguinated. Their stomachs Were ?xed by 
1% formalin. After this ?xation, the lengths of linear ulcers 
Were totaled and the sum Was expressed as the ulcer index. 

Rats in the control group received 0.5 ml each of saline, 
While rats in the test group received 0.2 ml each of a solution 
of the SOD derivative obtained in Reference Example 1 and 
Weighing 2 mg/rat, all by intravenous route 5 minutes before 
restraint Water-immersion. 
The obtained results are shoWn in Table 1. 

TABLE 1 

Ulcer index 

Control 31.3 r 8.1 (30.1, 23.9, 39.9) 
Test 14.8 r 6.7 (16.3, 7.5, 20.6) 

As is apparent from Table 1, the SOD derivative exhibited 
an excellent anti-ulcer activity in the test group. 

Obviously, numerous modi?cations and variations of the 
present invention are possible in light of the bore teachings. 
It is therefore to be understood that Within the scope of the 
appended claims, the invention may be practiced otherWise 
than as speci?cally described herein. 
What is claimed is: 
1. A compound of the formula 

or a salt thereof, Wherein W is a divalent long chain 
hydrocarbon radical having from 8 to 28 principal chain 
atoms; and Wherein R2, R3, R4 and R5, in combination With 
the carbon atoms to Which they bond, form a benzene, 
cyclohexane, cyclopentane, bicyclo[2.2.1]heptane, bicyclo 
[2.2.1]hepta-2-ene, 7-oxabicyclo[2.2.1]heptane or 
7-oxabicyclo[2.2.1]hepta-2-ene ring system Which is option 
ally substituted by —SO3H, —COZH, —OH, F, Cl, Br, I, 
—CH3 or —OCH3. 

2. The compound according to claim 1, Wherein the 
divalent hydrocarbon radical W has from 10 to 20 principal 
chain atoms. 

3. The compound according to claim 2, Wherein W is a 
divalent radical of the formula (CH2)10, (CH2)11, (CH2)12, 




















