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[57] ABSTRACT

A sialic acid derivative having an active carbonyl group
represented by the formula [I]:

OR! [1]
COOR?

O(CH»)nCOR?
RO
AcHN

OR!

wherein R! represents hydrogen or acetyl group; R?
represents hydrogen, a metal or a lower alkyl group; R
represents hydrogen, hydroxyl gorup, or a residue re-
moved hydrogen from an alcohol portion of an active
ester; Ac represents acetyl group; and n 1s 1 to 20, re-
spectively. This sialic acid derivative [I] can be utilized
as a starting material for various complex having a sialic
acid in the molecule since it has an active carbonyl
group in the molecules so that it shows high reactivity.

36 Claims, No Drawings
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SIALIC ACID DERIVATIVES HAVING ACTIVE
CARBONYL GROUP

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

BACKGROUND OF THE INVENTION

(1) Field of the Invention

This invention relates to a novel sialic acid derivative,
more specifically to a sialic acid derivative having an
active carbonyl group in the molecule, a biological
half-life elongating agent for a physioligically active
substance using said novel sialic acid derivative, a
binder of coupling gel for affinity chromatography and
a sialic derivative composed of said novel sialic acid
denvative combined with various amino compounds
such as an amino acid and a protein.

(2) Related Art Statement |

It has been known that a neuraminic derivative such
as an N-acetylnueraminic acid, i.e., a sialic acid dertva-
tive has been present in the animal kingdom or on a cell
surface of some bacteria as a sialo-complex (glycopro-
tein, glycolipid, oligosaccharide and polysaccharaide).

In recent years, the above sialic acid derivative is a
compound regarded important in medical and pharma-
ceutical fields such as nervous function, cancer, inflam-
mation, immunity virus infection, differentiation and
hormone receptor, and has attracted attention as a pecu-
lar active molecule located on cell surface.

However, the actual function of the sialic acid deriva-
tive in the aforesaid sialic acid complex, still remains a
matter of conjucture.

Also, the sialic acid derivative has been researched by
many natural organic chemists and various derivatives
having a simple structure have already been synthe-
sized, but there has been not found a derivative which
shows remarkable physiological activity.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
novel sialic acid derivative represented by the formula

[1]

OR

2
216 COOR

O(CH;)nCOR?

RO’

AcHN ORI

wherein R; represents hydrogen or acet‘yl group; R?
represents hydrogen, a metal or a lower alkyl group; R3
represents hydrogen, hydroxyl group, or a residue re-

moved hydrogen from an alcohol portion of an active

ester; Ac represents acetyl group; and n 1s 1 to 20, re-
spectively.
Another object of the present invention is to provide
a biological half-life elongating agent of various physio-
logically active substances utilizing the high reactivity
of an active carbonyl group possessed by a sialic acid
derivative represented by the above formula [I].
- Still another object of the present invention is to
provide a binder of a coupling gel for affinity chroma-
tography utilizing the high reactivity of an active car-
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2

bonyl group possessed by a sialic acid derivative repre-
sented by the above formula [I].
A still further object of the present invention 1s to

provide a novel sialic acid derivative represented by the
formula [II}:

{1]]

COOR?

O(CH;),— CONH X

m

wherein R! represents hydrogen or acetyl group; R?
represents hydrogen, sodium or a lower alkyl group; Ac
represents acetyl group; X represents a residue removed
m amino group (s) from an amino group; m s 1 to 60;
and n is 1 to 20, respectively. |

The above and other objects and novel characteris-
tics of the present invention will become more clear by
the following detailed description and examples.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The stalic acid derivatives represented by the above
formula [I] are more specifically those having the struc-
ture where in place of the COOH group at the C-2posi-
tion of N-acetylneuraminic acid represented by the
following formula {Ia}:

OH

[1a]
OH
HO

COOH

AcHN OH

(Ac = CH3CO—)

OAcC [Ib]

OH
AcO

COOH

AcHN OAc

(Ac = CH3C0O—)

a substituent having an active carbonyl group at termi-
nal such as —O(CH3),COOH, ester of —O(CH3)-
#COOH, or —O(CH3),CHO, is incorporated and fur-

ther those having the structure wherein place of the OH

at the C-2position, —COOH, an ester of —COOH or a
metallic salt of —COOH 1s incorporated.

The sialic acid derivative [I] can be effectively pre-
pared by using alkyl 2-chloro-4,7,8,9-tetra-O-acetyl-5-
N-acetyineuraminate fepresented-by the following for-
mula [Ic]:
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QAc

[Ic]
AcO

AcHN

OAc

wherein R’ represents a lower alkyl group and Ac rep-
resents acetyl group as a starting material.

In one example of preparation the COOH group at
the C-2position of 5-N-acetylneuraminic acid 1s first
esterified in the conventional manner, and after the 4,7,8

and 9 positions are O-acetylated in the conventional
manner, replacing the OH group at the C-2position with
chlorine to obtain alkyl 2-chloro-4,7,8,9-tetra-O-acetyl-
5-N-acetylneuraminate represented by the above for-
mula [Ic]. The alcohol to be used for esterification is
preferably a lower alcohol having no unsaturated bond
in the molecule, more preferably methanol.

Next, chlorine is replaced by using an unsaturated
alcohol having a double bond in the molecule to intro-
duce an unsaturated alkoxy group, RE—=CH—(CH,;.
)n—O— (where R8represents a alkylidene group) to the
C-2position of the above mentioned N-acetylneurami-
nate. Here, n 1s preferably lto 20.

While details of this substitution reaction are de-
scribed in Example 4 below, generally, the compound
represented by the following formula ]Id] can be ob-
tained by reacting, in a polar solvent such as tetrahydro-
furan, the above mentioned N-acetylneuraminate and
an unsaturated alcohol represented by the formula
R3=CH-—(CH;),—OH, where R? represents a alkyli-
dene group In an inert gas atmosphere such as argon.

OAc

(1d}

COOR’
AcO

O(CHj),—CH=R?

AcHN

QAc

wherein R’ represents a lower alkyl group; R8 repre-
sents a alkylidene group and Ac represents acetyl
group.

Next, by oxidation of the unsaturated alkoxy group,
R3—=CH—(CH3),—0—, where R®8 represents a alkyli-
dene group, thus introduced, the compound repre-
sented by the following formula [Ie] can be obtained.

OAc

; [1e]
AcO COOR

O(CH3)p~—CHO

AcO ,
AcHN

OAc

wherein R7 represents a lower alkyl group.

Details of this oxidation reaction are described in
Example 1 below, and generally, the above compound
[Id] 1s dissolved in a polar solvent such as dichlorometh-
ane and then oxidizing the double bond portion of the
unsaturated alkoxyl group by introducing ozonide oxy-
gen under cooling.

After removal of the ozonide oxygen, acetic acid and
zinc powder were added to the reaction mixture to
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react at room temperature to obtain the desired com-
pound.

Also, when the aldehyde group introduced at the
termial of the alkoxy group of the above compound [Ie]
is oxidizing with potassium permanganate, etc., it 1S
easily converted into a carbony! group to give the com-
pound represented by the following formula [If:

OAc

COOR’ i
AcO

O(CH3),—COOH

AcHN OAc

wherein R7 represents a lower alkyl group and Ac rep-
resents acetyl group.

When the above compound [Id] oxidized by using
potassium permanganate, etc., it 1s possible to produce
the compound [If] directly, without the above com-
pound [le], and details of these oxidizing reactions are
described in Example 2 below.

Further, by an esterification reaction of the com-
pound having an OH group and an active carbonyl
group in the molecule such as N-hydroxysuccinimide,
N-hydroxy-5-norbornene-2,3-dicarboximide or N-
hydroxyphthalimide with the above compound [If},
other sialic acid derivatives having an active carbonyl
group can be obtained.

For example, when the above compound [If] and
N-hydroxysuccinimide are esterified in the conven-
tional manner, the compound represented by the fol-
lowing formula {Ig] can be obtained.

OAc O [1g]
o COOR |
O(CH;),,—CDO—N\/—:}
AcO g
AcHN OAc g

wherein R7 represents a lower alkyl group and Ac rep-
resents acetyl group.

Since the sialic acid derivative [I] of the present in-
vention has a carbonyl group such as carboxyl group or
an aldehyde group in the molecule, it shows a high

~reactivity to other compounds having a functional
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group capable of reacting with these groups, such as an
amino compound, and is an extremely useful compound
as a starting material or an intermediate for synthesizing
various sialic acid derivatives.

For example, in the case wherein an amino acid is
administered to animals or the human body as a nutrient
or in the case where insulin, growth hormone, inter-
feron or immunogen is administered as a pharmaceuti-
cal, if they are administered as a complex combined
with the sialic acid derivative [I}, it is expected that the
biological reaction inherent in the physiologically ac-
tive substance is inhibited or delayed by the presence of
this sialic acid derivative {I]. Therefore, the durability
of the above physilogically active substance in the body
is heightened, and the valid effect of a medicine can be
obtained with a small amount of administration.

The sialic acid derivative [I] is an extremely useful
compound as an elongating agent for biological half-life
of the above various physiologically active substances.
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- Further, when the sialic acid derivative [I] and a
matrix of gel support are combined with each other
through a spacer composed of an amino compound, the
coupling gel for affinity chromatography represented
by the following formula [1H] can be obtained.

111}

OR!
10 COOR-
O(CH3),~CO Sp-Mx
RO
AcHN ORI .

wherein R! represents hydrogen or acetyl group; R?
represents hydrogen, a metal or a lower alkyl group; Sp
represents a residue removed k terminal amino group (s)
from the amino compound; Mx represents a gel support;
Ac represents acetyl group; nis 1 to 20 and k= 1.

The above coupling gel for affinity chromatography

can elute, after washing out non-binding substances, an

objective substance selectively maintaining its activity,
since the sialic acid derivatives fixed at the terminals
show a specific binding effect to a specific objective
substance such as, for example, an antigen. Therefore, it
can be utilized for purification of a substance which
recognizes the sialic acid or derivatives thereof, such as
the above antigen, and the like.

As the spacer composed of the above amino com-
pound, there may be exemplified the compounds having
amino group(s) at the terminals such as a HyN—(CH..
)e—NH> and HO—CH;—CH(OH)—CH;—N-
H—(CH2)s—NHo..

Also, as the matrix of the gel support, there may be

exemplified agarose, and the like.

This, the sialic acid derivative [I] is a useful com-

pound for the aforesaid binder of a couphng gel for

affinity chromatography.

-~ As the sialic acid derivative particularly preferable
for the binder, there may be exemplified, among the
above formula [I], those in which the alcohol portion of
the active ester is N-hydroxysuccinimde, N-hydroxy-5-
norbornene -2,3-dicarboximide, N-hydroxyphthalimide,
N-hydroxybenzotrizole, p-nitrophenol, 2,4-dinitro-
phenol, 2,4,5-trichlorophenol and pentachlorophenol.

Next, the sialic acid derivative represented by the
above formula [II] is, more specifically, those in which
the sialic acid derivative [I] and an amino compound are
bonded to each other via an amido bonding.

As the above amino compound, there may be exem-
plified various physiologically active substances includ-
ing a lower molecular weight compound such as a
lower amine, an amino acid, etc. and a higher molecular
weight compound such as a peptide, a protein, or conju-
gated protein with which a protein and a prosthetic
group are combined.

The aforesaid sialic acid derivative [II] can be effec-
tively produced by using the above sialic acid deriva-
tive [I] as the starting material. The preparative meth-
ods in which an amino acid or derivatives thereof 1s
used as the amino compound are described in Examples
8 to 12, 15 and 18 mentioned below, while those In
which a protein is used as the ammo compound are
described in Examples 13 to 14 and 17, mentioned be-
low, respectively.

Further, when the amino compound is a lower amine,
it can be prepared by utilizing the well known conden-
sation reaction. -
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(MW =533.49) Calculated C:48.15, H6.01,

6

It can be expected that the sialic acid derivative {1I]
has, due to the presence of the sialic acid derivative [I].
a function of inhibiting or delaying the biological reac-
tion of the amino compound bonded to the sialic acid
derivative {I]. Accordingly, if one wishes to maintain
the physiological activity of a physiologically active -
substance composed of the amino compound in a body,
this can be effectively accomplished by administering it
in the form of the sialic acid derivative [II].

In the following, preferred embodiments of the pres-
ent invention will be explained by referring to Exam-
ples, but the following Examples are not limitative of

the present invention.

EXAMPLE 1

- Synthesis of methyl(formylmethyl)
5-N-acetyl-3,5-_dideoxy-4,7,8,9-tetra-0-acetyl-a-D-
glycero-D-galacto-2-nonulopyranosid)onate:

Preparation 1:

In 100 ml of dichloromethane was dissolved 1 g

(1.8814 mmole) of methyl((2-propenyl 5-acetamido-

4,7,8,9-tetra-O-acetyl-a-D-glycero-D-galacto-2-

nonulopyranosid)onate, and after ozonide oxygen was
introduced therein for 2.5 hours under cooling at —78°
C., nitrogen was passed through the reaction mixture by
returning to room temperature to remote excess 0Zone.
Next, 60 ml of acetic acid and 1.2 g of zinc powder were
added thereto and the mixture was stirred at room tem-
perature for 43 hours. The reaction suspension was
carried out with suction filtration, and the resulting

filtrate was evaporated under reduced pressure to ob-

tain 2.28 g of residue. The residue was dissolved in a
small amount of chloroform, and applied to a silica gel
chromatography column (Wako gel C-300, 230 g). It
was developed by 50 ml of chloroform and a mixed
solution of chloroform: ethanol=20.1 and ccllected by
fractions. The solvent was distilled off from the frac-
tions containing the desired compound which was ob-
tained by TLC analysis to give 900 mg (yleld 90%) of
white powder.

Preparation 2:

In 300 mol of methanol was dissolved 3 g (5.6442
mmole) of methyl(2-propenyl S-acetamido-4,7,8,9-tetra-
O-acetyl-3,5-dideoxy-a-D-glycero-D-galacto-2-
nonulopyranosid)onate, and after ozonide oxygen was
introduced therein for 3 hours under cooling at —76°
C., of 8 ml of dimethylsulfide was added thereto and the
mixture was stirred at room temperature overnight. The
reaction mixture was distilled and ethyl acetate was
added to the residue. The mixture was washed with
water and then saturated saline solution, dried over
anhydrous sodium sulfate and then the solvent was
distilled off (crude yield=2.903 g).

This product showed silica gel TLLC:RF=0.48 (chlo-
roform:methanol=10:1) and the measured value of
IH-NMR (500 MHz, CDCl;, TMS) agreed with the
substance obtained by the above Preparation 1.

Physical properties of the product:

Elemental C22H31NO14.17/20H,0 = 548.80
N:2.55,

analysis

Found C:48.16, H:5.82, N:2.49,
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Jotructural formula

QCAc

COOCH
AcO 3

OCH;CHO

AcHN

QOAc

[2]p?*7 — 11.23° (C = 0.5, methanol) 10

IR Vo P em—1: 3400 (= NH=—),
1740 (= COQCH;3;, ~CHO),
1660 (—CONH),
1540 (—CONH, amide 11)

YH-NMRZ 2 s, (CDCl3, TMS) 15
1.895 (3H, s, ==NHCOCH3),
2.048; 2.144; 2.148 (12H, all s, —OCOCH;3 X 4),
2.699 (1H, dd, Jagx,3¢q = 12.8Hz, J3e54 = 4.9Hz, H3ep),
3.814 (3H, s, —COOCH,),
4.038 to 4.089 (3H, m, H-5, H-6, H-9"),
4.167 (1H, dd, J = 18.0Hz, J = 0.6Hz, —-<|:H—'CHO), 20

H
4.248 (1H, dd, Jg g = 12.5Hz, Jg ¢ = 2.4Hz, H-9),
4.372 (1H, dd, J = 18.0Hz, J = 0.6Hz, ”?E—CHO),
H
4.949 (1H, ddd, J35x4 = 12.2Hz, J4 5 = 9.8Hz, J3.04 = 25
49Hz, H-4),
3.135 t0 3.132 (1H, m, =—NHCOCH3),
5.307 (1H, dd, J7.3 = 8.9Hz, J¢.7 = 1.5Hz, H-7),
5.351 (1H, ddd, J7 8 = 8.9Hz, Jgo' = 5.5Hz, Jg¢ =

2.4Hz, H-8),
9.630 (1H, 1, ] = 0.6Hz, —CHO) 30

EXAMPLE 2

Synthesis of methyl(carboxymethyl
5-N-acetyl-3,5-dideoxy-4,7,8,9-tetra-O-acetyl-a-D- 35
glycero-D-galacto-2-nonulopyranosid)onate:

Preparation 1:

After 60 mg (0.38 mmole) of potassium permanganate
and 141 mg (0.38 mmole) of dicyclohexyl-18-crown-6 in 40
2 ml of anhydrous benzene solution were stirred for 30
minutes, 100 mg (0.19 mmole) of methyl(2-propenyi-5-
acetamido-4,7,8,9-tetra-O-acetyl-3.5-dideoxy-a-D-
glycero-D-galacto-2-nonulopyranosid)onate was added
thereto and the mixture was stirred at room temperature 45
for 24 hours. To the reaction mixture was added 5 ml of
a saturated sodium hydrogen carbonate aqueous solu-
tion to make it alkaline, and then the mixture was fil-
tered and the filtrate was washed with water. An aque-
ous layer separated from a benzene layer was further
washed with benzene, the resulting aqueous layer was
adjusted to pH 2 with diluted hydrochloric acid, ex-
tracted with ethyl acetate and dnied over magnesium
sulfate. The drier was filtered off and the filtrate was
distilled to remove the solvent under reduced pressure
to give 20 mg of the residue. . 33

The residue was dissolved in a small amount of chlo-
roform and applied to silica gel chromatography col-
umn (Wako gel C-30, 12 g). It was developed by a
mixed solution of chloroform: ethanol=8.1 and col-
lected by fractions. 60

The solvent was distilled off from the fractions con-
taining the desired compound which was obtained by
TLC analysis, and the residue was dried under vacuum
to give 52 mg (yield=350.5%) of white powder.

50

65
Preparation 2:

After 158 mg (1 mmole) of potassium permanganete
and 372.5 mg (1 mmole) of dicyclohexyl-18 -crown-6 in

8

5 ml of anhdyrous benzene solution were stirred at
room temperature for an hour, 267 mg (0.5 mmole) of
methyl)formylmethyl  5-N-acetyl-3,5-dideoxy-4,7,8,9-
tetra-O-acetyl-aD-glycero-D-galacto-2-
nonulopyranosid)onate was added thereto and the mix-
ture was stirred at room temperature for 24 hours. To
the reaction mixture was added an aqueous saturated
sodium hydrogen carbonate solution to make 1t alkaline,
and then the mixture was filtered and the filtrate was
washed with water. An aqueous layer separated from a
benzene layer was further washed with benzene. The
resulting aqueous layer was adjusted to pH 3 with di-
luted hydrochloric acid extracted with ethyl acetate
and dried over magnesium sulfate. The drier was re-
moved by filtration, and the filtrate was distilled from
the solvent under reduced pressure to give 320 mg of
residue.

The residue was dissolved in a small amount of chlo-
roform and applied to silica gel chromatography col-
umn (Wako gel C-30, 0.32 g). It was developed by a
mixed solution of chloroform ethanol=10:1 and col-
lected by fractions.

The solvent was distilled off from the fractions con-
taining the desired compound which was obtained by
TLC analysis, and the residue was dried under vacuum
to give 210 mg (vield =56.4%) of white powder.

This product completely agreed with those obtained
by the above Preparation ! by the results of instrumen-

tal analysis.

Preparation 3:

In 5 mol of acetonitrile was dissolved 2.6 g (5.6442
mmole) of a product obtained in Example 1, an aqueous
solution of 2 ml of water dissolved therein 160 mg of
monosidum phosphate dihydrate and after 0.5 ml of a
35% hydrogen peroxide aqueous solution was added
thereto under cooling at 5° C., 800 mg of sodium chlo-
rite dissolved ion 7 ml of water was added thereto httle
by little (pH=4 to 3). After 3 hours, a small amount of
sodium sulfite was added to the reaction mixture and
the mixture was stirred at room temperature overnight.
After the reaction mixture was adjusted to pH 3 to 2 by
a diluted hydrochloric acid, it was extracted with chlo-
roform, washed with water and then with a saturated
saline solution, dried over anhdyrous magnesium sul-
fate, and then the solvent was distilled off (yield=2.572
g). |

The silica gel TLC: Rf=0.15 (chioroform:me-
thanol=10:1) and measured values by !'H-NMR (500
MHz, CDCl3, TMS) of this product agreed with those
obtained by the above Preparation 1.

Physical properties of the product:

Elemental 'analysis C220H31NO5.1/5H,0=553.09
(MW =549.48) Calculated C:47.78, H:5.72, N:2.53,
Found C:47.74, H:5.91, N:2.05.

_Structural formula
QOAC

COOCH
AcO_ 3

OCH,COOH

AcHN

OAc
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-continued
Structural formula

IR vE8r em—1: 3400 (—NH—),
1740 (—COOCH3, —COOH).
1640 (—CONH),
1550 (—CONH, amide 1I)

PH-NMREET 4s1, (CDCl3, TMS)
1.900 (3H, s, CH3CONH—),
2.033 (1H, dd, J3ax,3eg = 13.1Hz, J35x4 = 11.6Hz, Higy),
2.045; 2.049; 2.145 (12H, all s, —OCOCH3 X 4),
2.714 (1H, dd, J3gx,30¢ = 13.1Hz, J3.54 = 4.THz, H3p),
3.816 (3H, s, = COOCH3),
4.00 to 4.06 (2H, m, H-6, H-5),4.082 (1H, dd, Jg ¢ = 12.1Hz,
Jg’g' = 5.9Hz, H-gr),
4.291 (1H, dd, Jg o' = 12.1Hz, Jg ¢ = 2.6Hz, H-9),
4,258 (1H, d, J = 16.6Hz, —O—CH—COOH),

|
H

4.366 (1H, d, J == 16.6Hz, -o—tl:_g__-c:oom,
H
4.975 (1H, ddd, J3ax4 = 11.6Hz, J4 5 = 10.1Hz, J3¢04 =
4.7Hz, H-4), -
5.302 (1H, dd, J7.3 = 8.6Hz, Jg7 = 1.4Hz, H-7),
5.347 to 5.376 (1H, m, —NHCOCH)}3),
5.385 (1H. ddd, J7 8 = 8.6Hz, Jg¢ = 5.9Hz, Jgo =
2.6Hz, H-8),

EXAMPLE 3

Synthesis of methyl(carboxymethyl
5-N-acetyl-3,5-dideoxy-a-D-glycero-D-galacto-2-
nonulopyranosid)onate

To 10 ml of an anhydrous methanol solution dis-
solved therein 633 mg (1.152 mmole) of methyl(carbox-
ymethyl 5-N-acetyl-3,5-dideoxy-4,7,8,9-tetra-O-acetyl-
a-D-glycero-D-galacto-2-nonulopyranosid)onate  was
added, under ice-cooling, a solution prepared by dis-
- solving 27 mg (1.152 mmole) of metallic sodium in 10 ml
of anhydrous methanol and the mixture was stirred for
3 hours. Thereafter, the mixture was neutralized by
Dowex 50W-X8 (H+ type) and then the resin was
filtered off, the residue was condensed to dryness to
give 417 mg (yield=95%) of amorphous solid.

Physical properties of the product:

Structural formula

OH

COOCH
HO 3

OCH;COOH

AcHN

OH

IR Vo2 cm—1: 3400 (=~OH),
1740 (— COOCH3, —COOH),
1640 (==~ CONH),
1550 (—CONH—)

'H-NMRPP" 40 p1; (DMSO-dg, TMS)
1.847 (3H, s, —NHCOCH3),
3.684 (3H, s, =~COOCH3),
H

T
4.162 (1H, d, J = 16.5Hz, ~O=-CH-—-COOH),

H

_ I
4.218 (14, d, J = 16.5Hz, —O~-CH—COOH),

5
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EXAMPLE 4

Synthesis of methyl(9-octadecenyl
5-N-acetyl-3,5-dideoxy-4,7,8,9-tetra-O-a-D-glycero-D-

galacto-2nonulopyranosid)onate
A suSpensioh comprising 1 g (1.9611 mmole) of
methyl 2-chloro-4,7,8,9-tetra-O-acetyl-8-D-N-acetyl-

neuraminate, 421 mg (1.5689 mmole) of oleyl alcohol
and 1 g of molecular sieves 4A suspended in 20 ml of
tetrahydrofuran was stirred under argon atmosphere at
rom temperature for 30 minutes. Then, 620 mg (2.5306
mmole) of silver salicylate was added thereto and the
mixture was further stirred for 20 hours. The reaction
suspension was filtered through celite and washed with
ethyl acetate. The filtrate and washing solution were
combined and the solvent was distilled under reduced

‘pressure to give 1.75 g of residue.

The residue was dissolved in chloroform and applied
to a silica gel chromatography column (Wako gel C-
300, 200 g). It was developed by a mixed solution of
ether:chloroform:toluene:methanol = 10:5:5:1) and col-
lected by fractions. The solvent was distilled off from
the fractions containing the desired compound which
was obtained by TLC analysis, and the residue was
dried under vacuum to give 1.22 g (yield=83.6%) of
white powder.

Physical properties of the product:

Elemental analysis C3gHgsiNO13.4/5H20=756.33

(MW =741.9) Calculated C:60.35, H:8.61, N:1.85,

Found C:60.28, H:8.20, N:2.03,

Structural formula
OAc

COOCH:3
AcO

O(CHy)sCH=CH—(CH3)7CH3

OAc

IR vABr cm—1: 3420 (—NH=-),
1750 (—COOCH3),
1650 (—CONH~),

'H-NMRZES pmyy, (CDCl3, TMS)
10.882 (3H, t, J=6.8Hz, —CH3),
1.885 (3H, s, CH3CONH—),

2.028; 2.043; 2.138; 2.148 (12H, all s, —OCOCH3 X 4),
2.583 (1H, dd, J3ax.3eg=12.9Hz, J3¢5.4=4.5Hz, Hiep),

3.201 (1H, dt, J=9.1Hz, J=6.4Hz, —OCH—CHj~),

I
H

3.70 (1H, dt, J=9.1Hz, J=6.4Hz, *'.""'D(IZE—CHT"‘),
H

3.792 (3H, s, —COOCHj3),

4.027 to 4.098 (2H, m, H-5, H-6),

4.112 (1H, dd, Jo9'=12.5Hz, Jg ¢'=5.6Hz, H-9"),

4.312 (1H, dd, Jo9'=12.5Hz, J3. 90=2.6Hz, H-9),

4.842 (1H, ddd, J3ox4=12.9Hz, J4 5=9.THz, J3,04=4.5Hz, H-4),

5.148 (1H, m, JNy y=9.3Hz, —NHCOCH3),

5,300 to 5.370 (3H, m, H-7, CH,CH=CHCH,—),
5.397 (1H, ddd, J7 g=8.2Hz, Jg.9'=5.6Hz, J3 9=2.6Hz, H-8),
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EXAMPLE 5

Synthesis of methyl(8-formylocty]
>-N-acetyl-3,5-dideoxy-4,7,8,9-tetra-O-acetyl-a-D-
glycero-D-galacto-2-nonulopyranosid)onate: S

In 100 ml of methylene chloride was dissolved 2.14 g
(2.8344 mmole) of methyl(9-octadeceny! 5-N-acetyl-
3,5-dideoxy-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-a-D-
glycero-D-galacto-2-nonulopyranosid)onate, and after
ozonide oxygen was introduced therein for 3 hours
under cooling at —78° C., nitrogen passed through the
reaction mixture by returning to room temperature to
remove excess ozone. Next, 100 ml of acetic acid, and 2
g of zinc powder were added thereto and the mixture
was stirred at room temperature for 42 hours. The reac-
tion suspension was carried out by suction filtration,
and the resulting filtrate was evaporated under reduced
pressure to obtain 2.71 g of residue. The residue was
developed by a small amount of a mixed solution of 20
chloroform:ethyl acetate:toluene:ethanol=10:5:5:2 and
collected by fractions.

The solvent was distilled off from the fractions con-
taining the desired compound which was obtained by
TLC analysis to give 1.49 g (yield=81.9% ) of white
powder.

10

15

235

Physical properties of the product:

Elemental analysts ‘CyoH45N014.9/10H,O=647.89
(MW =631.67) Calculated C:53.75, H:7.28, N:2.16,
Found C:53.71, H:7.13, N:2.49,

30

Structural formula

QAc

COOCH; 33

AcO
O(CH»)sCHO

AcHN

OAc

IR vﬁg; cm—: 3450 (~—NH—),
2930 (—CHy—),
1740 (—COOCH3, —CHO),
1660 (—CONH~),
1550 (—CONH, amide 1I), -4

'H-NMRZBT a8 (CDCl3, TMS)
1.884 (3H, s, CH3CONH=~),

1.949 (1H, t, J=12.8Hz, Hsyy),
2.025; 2.045; 2.136; 2.148 (12H, all 5, —OCOCH;3 X 4),

2.343 (2H, 1, J="7.3Hz, —CH,CH,CHO),
2.577 (IH, dd, J3m3eq= 123Hz, Jjegd, =46HZ, Hagg),

30

3.219 (1H, dt, J=9.3Hz, J=6.5Hz, “Oﬁ(IZH—C-Hz"'). | . 55
H

3.747 (1H, dt, J=9.3Hz, J=6.5Hz, —o—tlzg—cnz—-),
H

3.792 (3H, s, —COOCH3),

4.28 to 4.14 (2H, m, H-5, H-6),

4.111 (1H, dd, Joy'=12.4Hz, Jg 9-=5.5Hz, H-9'),

4.313 (1H, dd, Jgo=12.4Hz, Jgg=2.6Hz, H-9),

4.839 (1H, ddd, J35x4=12.4Hz, J4 5=9.9Hz, ] 3eq.4=4.6Hz, H-4),
3.169 (1H, d, }J=9.6Hz, —CONH—),

3.329 (1H, dd, J7 8=8.3Hz, Jg.7=1.7Hz, H-7),

5.391 (1H, ddd, J9.8=28.3Hz, Jg 9'=5.5Hz, Jg 9=2.6Hz, H-8),

65
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EXAMPLE 6

Synthesis of methyl(8-carboxyoctyl
5-N-acetyl-3,5-dideoxy-4,7,8,9-tetra-O-acetyl-a-D-
glycero-D-galacto-2-nonulopyranosid)onate:

After 110 mg (0.699 mmole) of potassium permanga-
nate and 196 mg (0.5256 mmole) of dicyclohexyl-18-
crown-6in 5 ml of anhydrous benzene solution were
stirred at room temperature for an hour, 166 mg (0.2628
mmole) of methyl(8-formyloctyl 5-N-acetyl-3,-dideoxy-
4,7,8,9-tetra-O-acetyl -3,5-dideoxy-a-D-glycero-D-
galacto-2nonulopyranosid)-onate added thereto and the
mixture was stirred at room temperature for 20 hours.
To the reaction mixture was added 30 ml of a saturated
sodium hydrogen carbonate aqueous solution to make it
alkaline, and then the mixture was filtered and the fil-
trate was washed with water. An aqueous layer sepa-
rated from a benzene layer was further washed with
benzene, the resulting aqueous layer was adjusted to pH
3 with diluted hydrochloric acid, extracted with ethyl
acetate and dried over magnesium sulfate. After the
drier was filtered off, the filtrate was distilled to remove
the solvent under reduced pressure to give 205 mg of
residue.

The residue was dissolved in chloroform and applied
to a silica gel chromatography column (Wako gel C-30,
21 g). It was developed by a mixed solution of chioro-
form:ethylacetate:toluene:ethanol =10:5:5:2 and col-
lected by fractions.

The solvent was distilled off from the fractions con-
taining the desired compound which was obtained by
TLC analysts, and the residue was dried under vacuum
to give 128 mg (yield=75.3%) of white powder.

Physicai properties of the product:

Elemental analysis CogH4sNOj5=647.67 Calculated
C:53.78, H:7.00, N:2.16, Found C:53.67, H:7.06, N:2.03,

Structura! formula _

OAc

COQOCH
AcQO 3

O(CH»)sCOOH

AcHN

OAc

IR vi27 cm=1: 3400 (—NH—, —COQH),

1750 (=~COOQCH3, = COOH),
1660 (~—CONH—),
1550 (~CONH, amide I}

IH.-.NMRZAT /1, (CDCl3, TMS)
1.883 (3H, s, ~NHCOCH3),

2.025, 2.043, 2.134, 2.146 (12H, all s, —OCOCH; X 4),
1.953 (1H, t, J=12.6Hz, H3gy),

2.340 (2H, t, }=7.4Hz, —CH,COOH),
2.574 (1H, dd, J3ax3eg= 12.8Hz, J3054=4.7Hz, H3,,),

3.211 (1H, dt, }=9.3Hz, J=6.4Hz, ~OCH—CH,—),

|
H

3.744 (1H, dt, J=9.3Hz, J=6.4Hz, —'O(I:y_—cnz-),
H

3.789 (3H, s, —COOCH3),
4.008 to 4.108 (2H, m, H-6, H-5),
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. -continued

4.109 (1H. dd, Jog'=12.5Hz, Jg o=5.5Hz, H-9),

4.312 (1H, dd, Jog'=12.5Hz, Jg9=2.6Hz, H-9),

4.836 (1H, ddd, J34x4=12.6Hz, J4 5=9.THz, J305.4=4.7Hz, H-4),
5.234 (1H. d, Inycy=9.3Hz. —CONH—),

5327 (1H, d, Y7 g=8.2Hz, J¢v=1.7Hz, H-7),

5.388 (1H, ddd, J73y=8.2Hz, Jg 9=35.5Hz, Jg 9=2.6Hz, H-8),

EXAMPLE 7

Synthesis of methyl(8-carboxyocty]
5-N-acetyl-3,5dideoxy-a-D-glycero-D-galacto-2-
nonuiopyranosid)onate:

To 100 (0.145 mmole) of methyl(8-carboxyocty! 5-N-
acetyl-3,5-dideoxy-4,7,8,9-tetra-O-acetyl-a-D-giycero-
D-galacto-2-nonulopyranosidjonate dissolved in 10 of
anhydrous methanol solution was added 4.6 mg (0.2
mmole) of metallic sodium under ice-cooling and the
mixture was stirred at room temperature for 6 hours.
Thereafter, the mixture was neutralized by Dowex
50W-X8 (H+ type), and then the resin was filtered off,
the filtrate was condensed to dryness to give 70 mg
(vield =95%) of residue.

Physical properties of the product:

Structural formula

OH

COOCH
HO CH3

O(CH»)sCOOH
HO'
AcHN

OH

IR vA8r cm—1: 3400 (—OH),
1740 (—COOCH3, =~COOH),
1650 (—CONH), |
1570 (—CONH, amide 1I)

'H-NMRZEZ 1/, (CD30OD, TMS)
1.989 (3H, s, ~NHCOCH3),

2.262 (2H, t, J=7.7Hz, —CH,COOH),
2.668 (1H, dd, J=4.4Hz, 12.8Hz, H3.y),
3.830 (3H, s, —COOCH3),

EXAMPLE 8

Synthesis of N-[(methyl
5-acetamido-4,7,8,9-tetra-O-acetyl-3,5dideoxy-a-D-
glycero-D-galacto-2-nonulopyranosylonate)oxyacetyl]-
L-alanine methyl ester:

Preparation 1:

To 8 ml of dimethylformamide solution dissolved
therein 256-mg (0.4659 mmole) of methyl(carbox-
ymethyl 5-N-acetyl-3,5-dideoxy-4,7,8,9-tetra-O-acetyi-
a-D-glycero-D-galacto-2nonulopyranosid)onate, mg
(0.4659 mmole) of L-alanine methyl ester hydrochlo-
ride, 107 mg (0.5691 mmole) of WSC (1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride) and
83 mg (0.4659 mmole) of HONB (N-hydroxy-3-norbor-
nene-2,3-dicarboximide) was added 47 mg (0.4659
mmole) of N-methylmorpholine and the mixture was
stirred under ice-cooling for an hour and then at room
temperature for 24 hours.
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14
The reaction mixture was sucked off and the resulting
filtrate was distilled to remove the solvent under re-

duced pressure to give 690 mg of oily product.

This oily product was dissolved in a small amount of
methanol, applied to Sephadex LH-20 chromatography
column (2 X40 cm) and developed by methanol to col-

lect fractions. |
The solvent was distilled off from the fractions con-

taining the desired compound which was obtained by

TILC analysis , and the residue was dried under vacuum
to give 215 mg (yield=72.6%) of white powder.

Preparation 2:

In 3 ml of diemthylformamide were dissolved 36 mg
(56 umole) of the product obtained in Example 16 men-
tioned below and 13 mg (73 umole) of L-alanine methyl
ester hydrochloride, 0.5 ml of N-methylmorpholine was
added thereto and the mixture was stirred at room tem-
perature overnight. The reaction mixture was distilied
to remove the solvent and the residue was extracted
with ethyl acetate, washed with water and then with a
saturated saline solution, dried over anhydrous magne-
sium sulfate and then the solvent was removed. The
residue obtained was purified through Sephadex HL-20
(eluted by methanol)
(vield=18.5 mg, yield=51.7%).

This product showed silica gel TLC:Rf=0.96 (ch]o-
roform:methanol=10:1) and the measured values of
IH-NMR (500 MHz, CDCl3;, TMS) agreed with those
of the substance obtained by the above Preparation 1.

Preparation 3:

In pyridine 1 ml/acetic anhydride 1 ml was dissolved
82.0 mg {0.176 mmole) of the product obtained in Ex-
ample 12 mentioned below, and the mixture was stirred
at room temperature overnight. The reaction mixture
was distilled and the residue was purified through silica
gel column chromatography (C-300, 20 g, chloroform-
:methanol = 5:1) (yield=62 mg, yield =56%).

The silica gel TLC:Rf=0.96 (chloroform:me-
thanol = 10:1) and the measured values of lH-NMR (500
MHz, CDCl3, TMS) agreed with those of the substance
obtained by the above Preparation 1.

Physical properties of the product:

Elemental analysis C¢H3gN2016.1/5SH20=638.19
(MW =634.59) Calculated C:48.93, H:6.06, N:4.39,

Found C:48.88, H:5.99, N:4.21,

Structural formula

OAc

AcO

AcHN

OAc

wherein —R*4 represents —CONH—CH--COOCH;3

:
CH;

IR vEBr cm—1: 3400 (—NH—),
1750 (—COOCH3),
1670 (—CONH—),
1540 (—CONH, amide II),

IH-NMRZEZ v 7. (CDCl3, TMS)
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-continued

™
}.441 (3H, 4, J="7.2Hz, —CH—),

1.898 (3H, s, —NHCOCH3),

2.039, 2.042, 2.120, 2.128 (12H, ali 5, —-QOCOCH x4},
2.050 (1H, dd, J3gx.3eg=13.0Hz, J3.5.4=11.5Hz, H3gx),
2.673 (1H, dd, J3gx.3e=13.0Hz, J3¢9.4=4.8Hz, H3ey),
3.765 (3H, s, COOCH3, alanine),

3.822 (3H, s, 2-COOCH3)

H

-

!
4.001 (1H, d, J=15.2Hz, —OCHCO—),

4.012 to 4.086 (1H, m, H-5),

4.095 (1H, dd, Jg ¢-=12.5Hz, J5.9'=>5.7Hz, H-9,
4.187 (1H, dd, Js ¢=10.8Hz, J¢7=2.0Hz, H-6),
4.268 (1H, dd, Jg.g = 12.5Hz, Jg ¢=2.6Hz, H-9),

H

-
4.286 (1H, d, J=15.2Hz, —OCH—CO-),

4.633 (1H, g, J=7.3Hz, =~CONHCH=—),

i~
CH;

3.007 (1H, ddd, J3ox4=11.5Hz, J4 s=10.5Hz, J3¢54=4.8Hz, H-4),
5.243 (1H, d, J=5.2Hz, —CONH~-),

5.300 (1H, dd, Jgv=8.2Hz, J¢ 7=2.0Hz, H-7),

5.372 (1H, ddd, Jg 7=8.2Hz, Jg 9r=>5.7THz, Jg.9=2.6Hz, H-8),
3,305 (1H, d, J=6.1Hz, —CONH—)

EXAMPLE S

Synthesis of Na-CBZ-Ne-{(methyl
5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-a-D-
glycero-D-galacto-2-nonulopyranosylonate)oxyacetyl]-
L-lysine methyl ester

To 10 of a dimethylformamide solution dissolved
therein 275 mg (0.5 mmole) of methyl)carboxymethyl
5-N-acetyl-3,5-dideoxy-4,7,8,9-tetra-O-acetyl-a-D-
glycero-D-galacto-2-nonulopyranosid)onate, 165.4 mg
(0.5 mmole) of N-a-CBZ-L-lysine methyl ester HCl salt
(CBZ represents benzyloxycarbonyl group, hereinafter
the same meaning), 115 mg (0.6 mmole) of WSC [1-
ethyl-3-(3-dimethylaminopropyl)-carbodiimide HC]
salt] and 89.6 mg (0.5 mmole) of HONB (N-hydroxy-5-
norbornene-2,3-dicarboximide) was added 50.6 mg (0.5
mmole) of N-methylmorpholine and the mixture was
sucked and the resulting filtrate was distilled to remove
the solvent to give 1.2167 g of oily product. This oily
product was dissolved in a small amount of methanol,
applied to Sephadex LLH-20 chromatography column
(2 X40 cm) and developed with methanol and collected
by fractions. The solvent was distilled off from the
fractions containing the desired compound which was
obtained by TLC analysis to give 341 mg
(vield =82.6%) of white powder.

Physical properties of the product:

Elemental analysis C37HsiN1013=2825.82 Calculated
C:53.81, H:6.22, N:5.09, Found C:53.81, H:6.12, N5.06,

Structural formaula
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-continued
OAc
AcO COOCH;
OCHy~R?
AcO
AcHN

OAc

wherein ~R? represents ~=CONH—(CH3)4—CH—COOCH;

;
NH— CBZ
IR vR8" cm—1: 3400 (=~ NH=),
1750 (—COOCH3, ~~NHOCOCH;—),

1670 (—CONH™~),
1540 (=~ CONH, amide II),

TH-NMRZZT As17, (CDCl3, TMS)
1.890 3H, s, ~NHCOCH)3),

2.014 (1H, dd, J3gx.3¢0=12.9Hz, J3ax.4=11.THz, H3px),
2.032; 2.035; 2.115; 2.127 (12H, all s, —OCOCH;x4),

2.630 (1H, dd, J3gx.3¢¢=12.9Hz, J3e9.4=4.8Hz, H3¢),
3.743 (3H, s, ~COOCH;3, lysine),

3.803 (3H, s, 2-COOCH;),

i
3.988 (1H, d, J=15Hz, —O—CH—CONH—),

4.067 (1H, dd, Jo9'=12.3Hz, Jg o=5.THz, H-9'),
4.138 (1H, dd, J5=10.8Hz, J¢7=1.8Hz, H-6),

H

|
4.202 (1H, d, J=15Hz, —O—CH—CONH—),

4.272 (1H, dd, J9.9'=12.3Hz, Jg 9=2.5Hz, H-9),

NH

|
4.363 (1H, m, CH300C—CH=—),

4.956 (1H, ddd, H3ax4=11.7Hz, J4.5=9.8Hz, J3,,4=4.8Hz, H-4),
5.108 (2H, s, —COOCH;-¢),
5.297 (1H, dd, J7 g=8.3Hz, Js7=1.8Hz, H-7),

5.325 (1H, ddd, Jg 9=2.5Hz, Jg ¢'=5.7Hz, J7.3=8.3Hz, H-8),
7.31 to 7.36 (5H, m, phenyl-H)

EXAMPLE 10

Synthesis of N-(9-[(methyl
S-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-a-D-
glycero-D-galacto-2-nonulopyranosylonate)oxy]nonan-

oyl-L-alanine methyl ester: -

To 10 ml of a dimethylformamide solution dissolved
therein 250 mg (0.44 mmole) of methyl(8-carboyoctyl-
5-N-acetyl-3,5-dideoxy-4,7,8,9-tetra-O-acetyl-a-D-
glycero-D-galacto-2-nonulopyranosid)onate, mg(0.466
mmole) of L-alanine methyl ester HCI salt, 107 mg
(0.466 mmole) of WSC and 83 mg (0.466 mmole) of
HONB was added 47 mg (0.466 mmole) of N-methyl-
morpholine and the mixture was stirred at room temper-
ature for a whole day and night. After ethyl acetate was
added to the reaction mixture to extract, the extract was
washed with water and then with a saturated saline
solution. It was dried over anhydrous magnesium sul-
fate, and distilled to remove the solvent, the obtained
residue was purified through silica gel chromatography
column (Wako gel C-300, 50 g, ethyl acetate) to give
249 mg (yi1eld =86.8%) of oily product.
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Physical properties of the product:

Structural formula

QOAc

AcO
“O(CHj)z=—R*

CH;

* |
wherein —R* represents ==CONH~-~CH=—COOCH3

IR vE5r em—1: 3300 (—NH—),
1750 (—COOCH3),
1660 (=~CONH=—),
1540 (—CONH, amide II),

'H-NMREEZ ps1s. (CDCl3, TMS)

|
1.400 (3H, d, J=7.0Hz, —CH~CH3),

1.882, 2.026, 2.043, 2.137, 2.146 (15H, all 5, =~OCOCH; X 5),
1.95 (1H, t, J=12.8Hz, Hiay),

2.58 (1H, dd, J=4.8, 12.8Hz, H3,).

3.75 (3H, s, —COOCH3, alanine),

3.79 (3H, s, 2-COOCH3),

|
4.61 (1H, m, —CH—CH3),

4.84 (1H, ddd. J=4.8, 10.0, 12.8 Hz, H-4)

EXAMPLE 11

Synthesis of Na-CBZ-Ne-(9-[(methy]
S-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-a-D-
glycero-D-galacto-2-nonulopyranosylonate)oxy]-

nonanoyl)-L-lysine methy! ester:

To 2 ml of a dimethylformamide solution dissolved
therein 67 mg (0.1034 mmole) of methyl(8-carboxyoctyl
5-N-acetyl a-D-glycero-D-galacto-2-nonulopyranosi-
d)onate, 34 mg (0.1034 mmole) of N-a-CBZ-L-lysine
methyl ester hydrochloride, 24 mg (0.124]1 mmole) of

WSC and 19 mg (0.1034 mmole) of HONB was added 50 |

10.5 mg (0.1034 mmole) of N-methylmorpholine and
the mixture was stirred at room temperature for 20
hours. The reaction mixture was sucked and the result-
ing filtrate was distilled to remove the solvent under
reduced pressure to obtain 170 mg of oily product.

This oily product was dissolved in a small amount of
methanol, applied to Sephadex LH-20 chromatography
column (2 X40 cm) and developed with methanol and
collected by fractions.

The solvent was distilled off from the fractions con-
taining the desired compound which was obtained by
TLC analysis to give 61 mg (yield =67%) of white
powder.

Physical properties of the product:

Structural formula.
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-continued

OAc

COQOCH;3;
AcO

O(CHy)s—R?>
| AcO I
AcHN

OAc

wherein ~~R3 represents —CONHF(CH2)4— CH—COQOCH;

|
NH— CBZ

'H-NMREST arps, (CDCl3, TMS)
1.871 (3H, s, —=NHCOCH3),

1.939 (1H, dd, J30x.3e0= 12.7THz, J30x 4= 12.3Hz, Hagy),
2.018, 2.035, 2.127, 2.140 (12H, all 5, =~OCOCH3 X 4),
2.576 (1H, dd, J3ax.3eg=12.7THz, 3¢9 4=4.5Hz, H3.p),
3.738 (3H, s, —COOCH3, lysine),

3.786 (3H, s, 2-COOCH3),
4.311 (1H, dd, Jo9'=12.5Hz, Jg 9=2.5Hz, H-9),

il
4.32 to 4.40 (1H, m, CH3;0CO—CH—CH;~),

4.836 (1H, ddd, J34x4=12.3Hz, J45=9.THz, J3.44=4.5Hz, H-4),
5.106 (2H, s, $-CH,OCO—), ..
5.322 (1H, dd, J78=8.2Hz, Jg9=1.THz, H-7),

5.385 (1H, ddd, J7 §=8.2Hz, Jg 9'=5.6Hz, Jg9=2.5Hz, H-8),
7.31 to 7.36 (5H, m, phenyl-H)

EXAMPLE 12

| Synthesis of N-{(methy]
5-acetamido-3,5dideoxy-a-D-glycero-D-galacto-2-
nonulopyranosylonate)oxyacetyl}-L-alanine methyl
ester:

Preparation 1:

To 10 ml of a dimethylformamide solution dissolved
therein 100 mg (262 umole) of methyl(carboxymethyl
5-N-acetyl-3,5-dideoxy-a-D-glycero-D-galacto-2-
nonulopyranoside)onate, 25.4 mg (262 pmole) of L-ala-
nine methyl ester hydrochloride, 41.8 mg (314 umole)
of WSC and 32.4 mg (262 umole) of HONB was added
18.4 mg (262 umole) of N-methylmorpholine under
water cooling and stirring, and then the mixture was
stirred at room temperature for a whole day and night.

~ After the reaction mixture was distilled, the residue
was purified through silica gel columm chromatogra-
phy (C-300, 20 g, chloroform:methanol=>5:1). Then, it
was purified again through Dowex 50 W-X8 to give 75
mg (vield=61.4%) of oily product.

Silica gel TLC:Rf=0.55 (butanol:ethanol:-

' water=2:1:1)

Preparation 2:

In 0.5 ml of dimethylsulfoxide was dissolved 50 mg
(1.1 mmole) of a product obtained in Preparation 1 of

60 Example 18 mentioned hereinbelow, methyl iodide was

65

added thereto excessively and the mixture was stirred at
room temperature for 1.5 hours. The reaction mixture
was purified as it were through silica gel column chro-
matography (C-300, 10 g, chloroform:methanol=>5:1
and among Rf=0.27/0.17 due to silica gel TLC (chlo-
roform:methanol=5:1), the desired substance was ob-
tained from the fractions of Rf=0.17. The measured
values of TH-NMR (500 MHz, CDCl3;, TMS) were
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accorded with the substance obtained in the above
Preparation 1. '

Physical properties of the product:

5
Structural formula
OH
COOCH
HO 3
OCH,;—R*
10
AcHN OH
wherein —R* represents '-CONH*-(I.",H"-COOCH;;
CH: | 15
IRVAE" cm—1: 3400 (—NH—, —OH),
1740 (—COOCH3),
1660 (~-CONH—),
1540 (—CONH, amide II), 20

'H-.NMREEZ 4,1y, (CD30D, TMS)

1.414 3H, d, J=7.3Hz, —CH)),

1.850 (1H, dd, J=11.3, 12.8Hz, H3gy).

2.008 (3H, s, —NHCOCH3),

2.742 (3H, dd, J=4.7, 12.9Hz, Hi,,), 25
3.731 (3H, s, —COOCH3, alanine),

3.832 (3H, 5, 2-COOCH3),

4.117 (1H, d, J=15.4Hz, —0—(IZE—CONH"-),
H 30
4.286 (1H, d, J=154Hz, ~-O~CH=--CONH—),

|
H

[T

4.448 (1H, q. J="7.3Hz, -—(IL‘_I-}—CHg,). 35

EXAMPLE 13

Synthesis of N-]J(methyl ¥
S-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-a-D-
glycero-D-galacto-2-nonulopyranosylonate)oxyacetyl]-
BSA
Preparation 1: 45

In a 5 ml of solution of water:dioxane=1:1 were
dissolved 259 mg (0.4714 mmole) of methyl(carbox- -
ymethyl 5-N-acetyl-3,5-dideoxy-4,7,8,9-tetra-O-acetyl-
a-D-glycero-D-galacto-2-nonulopyranoside)onate, 108
mg (0.5657 mmole) of WSC and 85 mg (0.4717 mmole) 50
of HONB was added 48 ml of N-methylmorpholine
added thereto, and the mixture was stirred at room
temperature for an hour. Then, at 6° C. cooling, 10 ml of
an aqueous solution dissolved therein 521 mg (7.86
umole) of BSA (Bovine Serum Albumin) was added 55
‘thereto and the mixture ‘was stirred for 24 hours. The
reaction mixture was sucked and the resulting filtrate
was. condensed under reduced pressure, and then di-
luted with 100 ml of water and dialyzed. The residual
solution was freeze-dried to obtain 170 mg of colorless 60
amorphous crystals.

Preparation 2:

In 1 ml of dimethylformamide was dissolved 210 mg
(327 umole) of a product obtained in Example 16 men- 65
tioned hereinbelow, and the solution was added little by

little at 4° C. cooling under stirring to a solution pre-
pared by dissolving 203.8 mg of BSA in 12.9 ml of

20

phosphoric acid buffer (pH=7.5) and the mixture was
stirred at 4° C. cooling overnight. The reaction mixture
was dialyzed and freeze-dried to obtain the same sub-
stance as in the above Preparation 1 (yield =94 mg).

Physical properties of the product:

_Structurai formula

QAc

COOCH;3
AcO

OCH,CO BSA

AcQ I
AcHN

OAc

IRV a2 B cm—1: 1740(=~COOCH3)
IH-.NMRsoo ap2PP™ (D70, TSP)
1.970(s, —NHCOCH3).

2.100, 2.136, 2.208, 2.242(all s, —OCOCH; X 4),
3.919(s, —COOCH3),

EXAMPLE 14

. Synthesis of J(methyl
5-acetamido-3,5-dideoxy-a-D-glycero-D-galacto-2-
- nonulopyranosylonate)oxyacetyl]-BSA:

To 20 ml of a solution (DMF:H;0=1:1) of 130 mg
(0.3431 mmole) of methyl(carboxymethyl 5-N-acetyl-
3,5-dideoxy-a-D-glycero-D-galacto-2-nonulopyranosi-
d)onate, 104 mg (0.543 mmole) of WSC and 81 mg
(0.453 mmole) of HONB, was added 10 ml of an aque-
ous solution dissolved therein 46 mg (0.453 mmole) of
N-methylmorpholine and 470 mg (7.093 umole) of
BSA, and the mixture was stirred at room temperature
for 24 hours. The reaction mixture was filtered and the
resulting filtrate was dialyzed. The residue was freeze-
dried to obtain 580 mg of colorless amorphous crystal.

Physical properties of the product:

Structural formula

OH

COOCH;

HO
OCH2CO BSA

AcHN

OH

EXAMPLE 15

Synthesis of N-[(methyl
- 5-N-acetyl-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-a-D-
glycero-D-galacto-2-nonulopyranosyl
onate)oxyacetyl]-D-alanine methyl ester

In 5 ml of dimethylformamid were dissolved 200 mg
(364 umole) of the product obtained in Example 2, 50.6
mg (364 umole) of L-alanine methyl ester hydrochlo-
ride, 107 mg (466 pmole) of WSC and 83 mg (466
umole) of HONB, 47 mg (466 umole) of N-methylmor-
pholine was added thereto and the mixture was stirred
at room temperature overnight. After distilied the reac-
tion mixture, the residue was purified through silica gel
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chromatography column (C-300, 30 g, chloroform:

methanol=20:1) to obtain 125 mg of a product
(vield=54%).
Silica gel

TLC: RF=0.79 (chloroform: me-
thanol=10:1) |

Physical properties of the product:

_ St_ructur_al formula

OAc

COOCH
AcO_ 3

OCH,—R*

AcHN

OAc

wherein ==R4 represents —CONH—CH=—COQCH3

I
CHj3

'H-NMR 500 Mu:PP™ (CDCl3, TMS) &

1.460(3H, d, ] = 7.3Hz, =—CH~CH3),

1.895(3H, s, —=NHCOCH3),

2.039; 2.041; 2.123, 2.129(12H, all s, ==OCOCH;3 X 4),
2.680(1H, dd, J = 4.8, 12.8Hz, H3,y),

3.760(3H, s, =—COOCH3, alanine},
3.825(3H, s, 2-COOCH3).

H

|
3.995(2H, d. J = 15.4Hz, =-OCH~—~CONH-—),

H

| |
4.177(2H, d, J = 15.4Hz), —OCH—CONH),

4.641(1H, m, —CH~),

4.946(1H, m, 4H),
5.378(1H, m, 8H)

EXAMPLE 16

| - Synthesis of
methyl{(N-succinimidyloxycarbonyl)methyl 5-N-acetyl
3,5-dideoxy-4,7,8,9-tetra-O-acetyl-a-D-glycero-D-
galacto-2-nonulopvranosidjonate

In 15 ml of acetonitrile were dissolved 101.4 mg (185
umole) of the product obtained in Example 2 and 232
mg (896 umole) of N,N’-disuccinimido carbonate
(DSC), then 320 ml of anhydrous pyridine was added
thereto and the mixture was stirred at room temperature
overnight. The reaction mixture was distilled and then
added ethyl acetate. The ethyl acetate layer was washed
with water and then with a saturated saline solution,
dried with anhydrous magnesium sulfate, and the sol-
vent was distilled off to obtain 210 mg of a product.

Silica gel TLC: RF=0.477 (chloroform:me-

thanol=10:1)
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Physical properties of the product:

Structural formula

‘OQAC O
COOCHj |
AcO
OCH>»—COO~—N
AcO \
AcHN O

OAc

ITH-NMRspo arg22™ (CDCl3, TMS) §
1.885; 2.035; 2.049, 2.147, 2.162
(15H, all s, =-OCOCH;3 X 35),
2.708(1H, dd, J = 4.6, 13.0Hz, H3.p),

2.824 10 2.869(4H, m, —CO—CH;—CH;—CO—),

3.816(3H, s, —COCH3),
4.993(1H, m, 4H),

H

-

|
4.605(1H, d, J = 17.2Hz, —-OCHCOO~),

H

| |
4.708(1H, d, J =17.2Hz, ~OCH~—CO0—),

EXAMPLE 17

Synthesis of [(sodium
5-N-acetyl-3,5-dideoxy-a-D-glycero-D-galacto-2-
nonulopyranosylonate)]oxyacetyl]-BSA.:

In 1 ml of water was dissolved 25 mg of the product
obtained in Preparation 2 of Example 13, 192 ul of a
0.769N aqueous NaOH solution and the mixture was
stirred at room temperature overnight. After the reac-
tion mixture was dialyzed and freeze-dried to obtain 11
mg of a product.

_Structural formula

OH

COONa

HO

OCH;,CO BSA

AcHN

OH

m = 6 (average value)

Determination of the sialic acid by HPLC:

To 5 mg of the above product was added 1 ml of
0.IM H,SO4 and the mixture was stirred under heating
at 80° C. for an hour. The reaction mixture was centri-
fuged and a supernatant was analyzed by injecting 20
|| 1 into HPLC. As a result, binded numbers of the sialic
acid residues were 6 in average (m=©6) per one mole-
cule of BSA.

HPL.C column condition

column HPX-87H, 300 mm X 7.8 mm (available from
Biorad Co.) . |

Flow rate 0.9 ml/min

Column temperature 42° C.

Eluent 0.01N H2504

Detector UV 206 nm
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2. The sialic acid derivative having an active car-

EXAMPLE 18 bonyl group according to claim 1, wherein said com-
| Synthesis of N-[(sodium pound is represented by the formula [Ia]:
>-N-acetyl-3,5-dideoxy-a-D-glycero-D-galacto-2- |
nonulopyranoslonate)]loxyacetyl]-L alanine-sodium 3 . OH [1a)

. COOCH
salt: . HO 3

Preparation 1: OCH,;COOH

In 7 ml of a solution comprising tetrahydrofuran:me-
‘thanol=5:2 was dissolved 150 mg (204 pmole) of the !¢ AcHN
product obtained in Example 8, 1.23 ml (1.23 mmole) of
a 1N aqueous NaOH solution was added thereto and the
mixture was stirred at room temperature overnight.

The reaction mixture was neutralized by Dowex
JOW-X80 and the solvent was distilled to obtain 101 mg
of residue.

This product was obtained as 1:1 mixture of
RF =0.056 and 0.042 (objective compound) due to silica - OH COOCH th]
gel TLC (chloroform:methanol:acetic acid=35:3:0.5) 39 HO S

OH

wherein Ac represents acetyl group.
3. The sialic acid derivative having an active car-
15 bonyl group according to claim 1, wherein said com-
pound is represented by the formula [Ih]:

Preparation 2: O(CH;)sCOOH

In 5 ml of tetrahydrofuran was dissolved 200 mg of
the product obtained in Example 8, 1.4 ml of a IN aque-
ous NaOH solution and the mixture was stirred at room 25
temperature for an hour. Thereafter, 2 ml of water was =~ wherein Ac represents acetyl group.
added thereto and the mixture was further stirred for 30 = 4. The sialic acid derivative having an active car-
minutes. The reaction mixture wa purified through  bonyl group according to claim 1, wherein said com-
Sephadex HL-20 (methanol elute) to obtain 261 mg of a pound is represented by the formula [li}:

AcHN

OH

product. 30
This product was obtained as 1:10 mixture of OAc [1i]
RF =0.056 and 0.042 (objective substance) due to silica AcO COOCH3
gel TLC (chlorofonn:methanol_:acetate acid=—35:3:0.5). OCH,CHO
35 ,
Structural formula AcO
OH AcHN OAc

COON
HO .

wherein Ac represents acetyl group
40 5. The sialic acid derivative having an active car-
bonyl group according to claim 1, wherein said com-

O(CH;)—R®

AcHN—"_1, pound is represented by the formula [Ij]:
wherein —R9® represents OAc [13]
45 COOCH3
AcO
-'-CONH—(I'.‘H—COONa OCH,;COOH
CH; . AcO
AcHN

. : : 50 OAc
What is claimed 1is:

1. A sialic acid derivative having an active carbonyl wherein Ac represents acetyl group.

group represented by the formula [I}: 6. The sialic acid derivative having an active car-
bony! group according to claim 1, wherein said com-
OR! [1] 55 pound is represented by the formula [Ik]:
=16 COOR? :

OAc [Ik]

3
O(CH2nCOR . COOCH,
R!O
| 60 O{CH;)sCHO
AcHN—%
AcO
wherein R! represents hydrogen or acetyl group; R?2 AcHN=—"" 4\ ¢

represents hydrogen, a metal or a lower alkyl group; R’

represents hydrogen, hydroxyl group, or a residue re- ¢5 wherein Ac represents acetyl group.

moved hydrogen from an alcohol portion of an active 7. The sialic acid derivative having an active car-
ester; Ac represents acetyl group; and nis 1 to 20, re- bonyl group according to claim 1, wherein said com-
spectively. pound is represented by the formula [II]:
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25
QAc | (1]
AcO COOCH;
O(CH3)sCOOH
AcO
AcHN

QAc

wherein Ac represents acety! group.

8. The sialic acid derivative having an active car-
bonyl group according to claim 1, wherein an alcohol
portion of an active ester is one selected from the group
consisting of N-hydroxysuccinimide, N-hydroxy-5-nor-
bornene-2,3-dicarboximide,
N-hydroxybenzotriazole, p-nitrophenol, 2,4-dinitro-
phenol, 2,4,5-trichlorophenol and pentachlorophenol.

9. A biological half-life elongating agent of a physio-
logically active substance comprising a sialic acid deriv-
ative having an active carbonyl group represented by
the formula [I]:

(1]
RO

RIO
AcHN

wherein R represents hydrogen or acetyl group; R?
represents hydrogen, a metal or a lower alky! group; R3
represents hydrogen, hydroxyl group, or a residue re-
moved hydrogen from an alcohol portion of a active
ester; Ac represents acetyl group; and n 1s 1 to 20, re-
spectively and suitable physiologically active substance.

10. The biological half-life elongating agent of a
physiologically active substance according to claim 9,
wherein said compound is represented by the formula

[Ih]:
OH [Ih]
COOCH
HO_ - 3
OCHCOOH
AcHN OH
wherein Ac represents acetyl group.

11. The biological half-life elongating agent of a
physiologically active substance according to claim 9,

‘wherein said compound is represented by the formula

[1i]:

OH

[1i]
COOCH
HO. 3

O(CH:)gCQOH

AcHN

OH

wherein Ac represents acetyl group.

12. The biological half-life elongating agent of a
physiologically active substance according to claim 9,
wherein said compound is represented by the formula

3]

N-hydroxyphthalimide,
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N-hydroxyphthalimide,

26

OAc

[15]
COOCH;
AcO |

OCH>CHO

AcO |
AcHN

OAc

wherein Ac represents acetyl group.

13. The biological half-life elongating agent of a
physiologically active substance according to claim 9,
wherein said compound is represented by the formula

[1k]:

OAc

[1k]

COOCH:
AcO

OCH,COOH

AcHN OAC

wherein Ac represents acetyl group.

~ 14. The biological half-life elongating agent of a
physiologically active substance according to claim 9,
wherein said compound is represented by the formula

[11]:

1]

OAc

COOCH;
AcO

O(CH,)sCHO

AcHN

OAc

wherein Ac represents acetyl group.

15. The biological half-life elongating agent of a
physiologically active substance according to claim 9,
wherein said compound is represented by the formula
[Im]: |

OAc

[Im]

COOCH
AcO 3

O(CH3)sCOOH

AcHN

OAc

wherein Ac represents acetyl group.

16. The biological half-life elongating agent of a
physiologically active substance according to claim 9,
wherein an alcohol portion of an active ester is one
selected from the group consisting of N-hydroxysuc-
cinimide,  N-hydroxy-5-norbornene-2,3-dicarboximide,
N-hydroxybenzotriazole, p-
nitrophenol, 2,4-dinitrophenol, 2,4,5-trichlorophenol
and pentachlorophenol. |

17. A binder of a coupling gel for affinity chromatog-
raphy comprising a sialic acid derivative having an

active carbonyl group represented by the formula [I]:
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{1]

OR!

COOR?

O(CH,)nCOR3
RIO
AcHN

OR!

wherein R! represents hydrogen or acetyl group; R?
represents hydrogen, a metal or a lower alkyl group; R3
represents hydrogen, hydroxyl group, or a residue re-
moved hydrogen from an alcohol portion of an active
ester; Ac represents acetyl group; and n 1s 1 to 20, re-
spectively and a suitable gel support matrix.

18. The binder of a coupling el for affinity chroma-
tography according to claim 17, wherein said com-
pound is represented by the formula [Ih]:

OH

COOCH
HO 3

OCH>,COOH

HO'
AcHN

OH

wherein Ac represents acetyl group. |

19. The binder of a coupling gel for affinity chroma-
tography according to claim 17, wherein said com-
pound is represented by the formula {Ii]:

OH

[11]
COOCH
 HO :

O(CH3)sCOOH

AcHN

OH

wherein Ac represents acetyl group.

20. The binder of a coupling gel for affinity chroma-
tography according to claim 17, wherein said com-
pound is represented by the formula {lj]:

OAc

COOCH ]
AcO 3

- OCHCHO

AcHN

OAc

wherein Ac represents acetyl group.

21. The binder of a coupling gel for affinity chroma-
tography according to claim 17, wherein said com-
pound is represented by the formula [Ik]:

OAc

COOCH K
AcO 3

OCH;COOH

AcHN OAc

wherein Ac represents acetyl group.

[Th]

28

- 22. The binder of a coupling gel for affinity chroma-
tography according to claim 17, wherein said com-
pound is represented by the formula [I1]:

OAc

(11]
COOCH ‘
AcO 3

O(CH37)sCHO

!

AcO
AcHN

10

OAc

wherein Ac represents acetyl group.

23. The binder of a coupling gel for affinity chroma-
tography according to claim 17, wherein said com-
pound is represented by the formula [Im)]:

15

QAc {Im]
20 AcO COOCH;
| O(CHQ)BCOO- H
AcO
AcHN:
QAc
25 |

wherein Ac represents acetyl group.

24. The binder of a coupling gel for affinity chroma-
tography according to claim 17, wherein an alcohol
portion of an active ester is one selected from the group
consisting of N-hydroxysuccinimide, N-hydroxy-5-nor-
bornene-2,3-dicarboximide, N-hydroxyphthalimide,
N-hydroxybenzotriazole, p-nitrophencl, 2,4-dinitro-
phenol, 2,4,5-trichlorophenol and pentachlorophenol.

25. A sialic acid derivative represented by the for-
mula [III]:

30

35

| [11}
40 elo OR COOR?
, O(CHy),~CONH—~—X
RIO’
45 AcHN—"5R1 _

wherein R! represents hydrogen or acetyl group; R2
represents hydrogen, sodium or a lower alkyl group; Ac
represents acetyl group; X represents a residue removed
m amino group(s) from an amino compound; m is 1 to
60 and n is 1 to 20, respectively.

26. The sialic acid derivative according to claim 25,
wherein X is a residue removed one amino group from
an amino acid, or derivative thereof.

27. The sialic acid derivative according to claim 26,

wherein said compound is represented by the formula
[11a]:

50

55

60

OAc

[11a]
AcO

65 |
AcHN

OAc

wherein —R*4 represents
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29 - 30
—CONH=CH=COOCH; | OH [Iie]
| HO COOCH;
CH;
5 OCH;—R*
and Ac represents acetyl group, respectively.
28. The sialic acid derivative according to claim 26, AcHN
wherein said compound is represented by the formula OH
Ibj: .
L110] 10 wherein —R4 represents
OAc . [11b]
COOCH; | = CONH~CH~COOCHj3;
AcO :
OCH;—RS5 CH;
15
AcO and Ac represents acetyl group, respectively.
ACHN=—""’ . 32. The sialic acid derivative according to claim 26,
- wherein said compound is represented by the formula -
wherein —R? represents . [HIf]:
OH [11f]

—CONH—(CH;;):;'-E?H“COOCH 3
NH—CBZ

HO COONa
OCH>—R®
and Ac represents acetyl group, respectively; also, CBZ 25
represents a benzyloxycarbonyl group. ACHN

29. The sialic acid derivative according to claim 26,
wherein said compound is represented by the formula

OH

wherein —R5 represents

30 _
OAc [1lc]
COOCH3; —CONH—CH=—COONa;
AcO | |
O(CHy)s—R* s
AcO’ 35 -
| and Ac represents acetyl group, respectively.
ACHN="x | 33. The sialic acid derivative according to claim 26,
wherein X is a residue removed 1 to 60 amino group
wherein —R4 represents from peptide or protein, or conjugated protein with
| ap Which the above and a prosthetic group are combined.
CH: 34. The sialic acid derivative according to claim 33,
I - wherein said compound is represented by the formula
-~ CONH~~CH--COOCH3; ' [Ilg]
and Ac represents acetyl group, respectively. 45 g
30. The sialic acid derivative according to claim 26, OAc 5
wherein said compound is represented by the formula I- AcO COOCH;3

[X1d]: |
OCH,CO BSA

OAc [11d] S0 AcO
COOCH; AcHN

OAc

AcO

m

O(CH3)3~R?>

wherein Ac represents acetyl group; and BSA repre-

AcO _
ACHN 55 sents Bovine Albumin, respectively.
- OAc ~ 35. The sialic acid derivative according to claim 33,
) | wherein said compound is represented by the formula
wherein —R> represents [1Ih]:
—CGNH—(CH2)4—(|3H-CDOCH3; 60 - (1Ih]
_ OH .
NH—CBZ COOCH3;

and Ac represents acetyl group, respectively; CBZ OCH;CO—~4+—BSA

represents a benzyloxycarbonyl group. 65
31. The sialic acid derivative according to claim 26, |
wherein said compound is represented by the formula m

[Ile]:
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wherein Ac represents acetyl group; and BSA repre- - (113}

COONa

. : : 5
sents Bovine Serum Albumin, respectively. OCH,CO~+—BSA

36. The sialic acid derivative according to claim 33,

m

. : . 10
wherein saild compound 1s represented by the formula wherein Ac represents acetyl group; and BSA repre-

- sents Bovine Serum Albumin, respectively.
[I1i]: * X X % %
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it is certified that error appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below:

At Column 6
Line 67

At Column 7
Line 43

At Column 7
LLine 55

At Column 7
Line 59

At Column 8
Line 22

At Column 8
Line 33

At Column 8
Line 36

At Column 8
Line 39

At Column 10

Line 4

At Column 10

Line 12

change "H6.01"
to --H:6.01~-~-

change "“3.,5%

to ==3,5=-
change "20"
to --120--

change %"8.1"
to --8:1--

after "chlorofornm"
insert ==:--

change "mol"
to --mnl--

change '"monosidum"
to --monosodium--

change "ion"
to --in--

after "-QO-"
insert =-- acetyl- --

change "rom"
to --room--




UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : Re. 34,091
DATED
INVENTOR(S) :

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below:

Page 4 of 7

October 6, 1992
Yoshimura et al

At Column 10 change "741.9)"
Line 32 to =-=-741.91) -~

At Column 10 change "3.70

Line 57 to --3.750-~-

At Column 11 change "C:53.75" |
Line 30 to --C:53.76=-

At Column 12 change "é61in"

Line 8 to --6 in--

At Column 12 change "-3,-"
Line 11 to == =-3,5= ==

At Column 12 change "2non"
Line 13 to =-- 2-non --

At Column 12 insert --was-- (before "added").
Line 13

At Column 13 after "100"

Line 14 insert --mg--

At Column 13 after "10"

Line 16 insert --ml--

At Column 13 change "“54%

Line 51 to --5-4--




k ' UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

\ PATENT NO. Re. 34,091 Page 5 of 7
DATED : December 7, 1992 '
INVENTOR(S) : Yoshimura et al
It is certified that error appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below:
At Column 13 change "2n"
Line 60 to --2-n--
At Column 13 before "mg"
Line 60 insert --65--
At Column 14 change "diemthylformamide"
Line 14 to --dimethylformamide--
At Column 15 after “16“
Line 39 insert --ml--
At Column 16 before "mg"
Line 56 insert --65--
At Column 19 change "“"N-] (methyl"
Line 41 to -- N-[ (methyl --
At Column 20 change "] (methyl"
Line 27 to -- [ (methyl --
At Column 21 change "“RF"
Line 67 to —--Rf--
At Column 22 change "20 |1 into"
Line 58 to --20 ul into--
At Column 23 change "“"RF"

Line 19 | to --Rf--




UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION
PATENT NO. : Re. 34,091 Page 6 of 7
DATED {  October 6, 1992
INVENTOR(S) : Yoshimura et al

!

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below:

At Column 23 change "wa'

Line 28 to --was--

At Column 23 change "“RF"

Line 32 to --Rf--

At Column 23 change "acetate"
Line 33 to --acetic--

At Column 27 change Yel®

Line 16 to --gel--
(Claim 18

Line 1)

At Column 28 change "[III]:"
Line 36 to ==-[II]:--
(Claim 25

Line 2)

At Column 29 after "formula®
Line 29 insert --[{IIc}--
(Claim 29

Line 2)

—

|
f




UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

PATENT NO. :Re. 34,091 Page 7 of 7
DATED . October 6,1992 -
INVENTOR(S) :Yoshimura, et al.

It is certified that error appears in the above-indentified patent and that said Letters Patent is hereby
corrected as shown below:

Column 30, after "Bovine", insert --Serum--.

Signed and Sealed this
Ninth Day of November, 1993

BRUCE LEHMAN

Attesting Officer Commissioner of Patents and Trademarks
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