1.1 7 - )

Hu Singh, 1980

(alkylation) 1 ethyl-4-
bromobutyrate ( ) ethyl-5-bromovalerate ( )

(acid hydrolysis) 1 7-(3-carboxypropyl)-1,3-
dimethylxanthine ( ) 7-(4-carboxybutyl)-1,3-dimethylxanthine
( )

273 W 2
(specific absorbance, k) 1
38.72 . IR
3 2 1H-NMR 4 5 (8)
3
. 273 W
6 (specific absorbance,k)y\ 1
30.43
R 7
4 H-NMR 8 9 ()



« 113
Theophylline ethy|-4-bromobutyrate =3
ethyl-5-bromovalerate =4

»

12

= 3 17-(3-cartoxypropyl)-1,3-dimethylxanthine

=4 17-(4-carboxybutyl)-1,3-dimethylxanthine

. T-(3-carboxypropyl)-1,3-dimethylxanthine
. 1-(4-carboxypropyl)-1,3-dimethylxanthine

21



1 - NMR
1 - NMR

IR

213

(-CH2)

22



2 W

33

7-(3-carboxypropyl)-1,3-dimethylxanthine (
/

23



3R 7-(3-carboxypropyl)-1,3-dimethylxanthine (



(Infrared absorption) ~ 7-(3-carboxy

propyl)-1,3-dimethylxanthine ( )
wave numbers (cm 1)
2391-3514 VO-H
1698, 1653 ve=0, acid
1367-1479 00-H

1248-1288 VC-N



4 H-NMR 7-(3-carboxypropyl)-1,3-dimethylxanthine ( ) DMSO-de



8.04 0.02

5 1H-NMR
(

oes
oa=8
aes

—%
— s

7-(3-carboxypropyl)-1,3-dimethyixanthine (
1.96-8.06 ppm)

ff

)

DMSO-de

to
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3 (0)  1H-NMR  7-(3-carboxypropyl)-1,3 -
dimethylxanthine ( )
Position Chemical shift Multiplicity
(ppm)
1.97-2.04 2H, m))
2 2.16-2.20 2H, 12),J = 7.0 Hz
3 321 3H, 3}
4 341 3H,
5 4.23-4.27 2H,t,J=7.0 Hz
8.04 1H,
) = multiplet
2) t =triplet
3) s =singlet

5 1 2



v

33

7-(4-carboxybutyl)-1,3-dimethylxanthine (
i

29



cm-1

7 IR 7-(4-carboxybutyl)-1,3-dimethylxanthine (



31

(Infrared absorption)  7-(4-carboxy
butyl)-1,3-dimethylxanthine ( )

wave numbers (cm 1)

2885-3387 VO-H
1656, 1712 vc=0, acid
1408-1482 00-H

1263-1321 VC-N



8 1H-NMR 7-(4-carboxybutyl)-1,3-dimethylxanthine ( ) DMSO-d6
-V



i

sirvVTr

9.08 8.06 424 422

9 1H-NMR 7-(4-carboxybutyl)-1,3-dimethylxanthine ( ) DMSO-de
( 1.38-8.09 ppm)



0)
dimethylxanthine (

Position

[& 5 B N S6 I A RSN

IH-NMR
)

Chemical shift
(ppm)
1.38-1.45
1.74-1.81
2.20-2.23
3.21
3.40
4.21-4.25
8.07

7-(4-carboxybutyl)-1,3-

Multiplicity

2H, m
2H, m
2H,t, =7.0 Hz
3H,
3H,
2H,t, =7.0 Hz
1H,

34



35

1.2 8  8-(3-carboxypropyl)-1,3-
dimethylxanthine ( ) (Cook et al., 1976)
. 10
4,5-diamino-1,3-dimethylpyrimidine-2,6-dione  glutaric anhydride
A/, Al-dimethylaniline (cyclization) 8-(3-carboxypropyl)-
1,3-dimethylxanthine ( ) 36.40%
232-235°
. 275 )Y
11 (specific absorbance, k)
1 41.12
. IR 12
1H-NMR 13 14 (0)
.

Tig2.C13Z



10

xanthine (

8-(3-carboxypropyl)-1,3-dimethyl

36



11 WV

33

8 - (3 -carboxypropyl)- 1 13 -dimethylxanthine (
|

37






(Infrared absorption) ~ 8-(3-carboxy
propyl)-1,3-dimethylxanthine ( )

wave numbers (cm 1)

2811-3600 VO-H
1643, 1721 vc=0, acid
1395-1440 00-H

1314-1252 VC-N

39



13 1H~NMR 8-(3-carboxypropyl)-1,3-dimethylxanthine ( ) DMSO-de



937.17

¢ okl

1703.

a0
3.42 3.40

14 1H-NMR ' 8-(3-carboxypropyl)-1,3-dimethylxanthine ( ) DMSO-dg
( 1.86-3.43 ppm)



(0)  IH-NMR  8-(3-carboxypropyl)-1,3 -
dimetnylxanthme ( )

Position Chemical shift Multiplicity
(Ppm)
1.85-1.94 2H, m
2.24-2.28 2H, t,J =76 Hz
2.69-2.72 2H,t,J =76 Hz
3.21 3H,
3.40 3H,

IS 2 BN Y SU R NG TN
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1.3 8-{4-carboxybutyl)-1,3-dImethylxanthine

. 15
4.5-diaminopyrimidine-2,6-dione  adipic acid monoethyl ester
EDCI acylation
(Daly et al,1985;Kim et al. 1994) ( trallize)® 0%
HCI 8-(4-carboxybutyl)-1,3-dimethylxanthine( )
: 275 nm w
16 (specific absorbance, k)
I 36.77
IR 17

§  IH-NMR 18 19 (0)

W R S
IH-NMR S (-0 )



44

CHE-N=CNC JNH—(0riK

OH
CoR—NH-C=N— (CH2— M- (CHOR

+

15 8-(4-carboxybutyl)-1,3-dimethyl

xanthine ( )



16 W

33

8-(4-carboxybutyl)-1,3-dimethylxanthine (
/

45






(Infrared absorption) 8-(4-carboxy
butyl)-1,3-dimethylxanthine( )

wave numbers (cm 1)

3000-3400 VO -H
1654, 1702 ve=0, acid
1395-1440 00-H

1266-1348 VC-N



18

H-NMR

8-(4-carboxybutyl)-1,3-dimethylxanthine (

)

DMSO-d6

a»



150 148 146 1.44

19 1H-NMR
(

8-(4-carboxybutyl)-1,3-dimethylxanthine (
1.60-3.42 ppm)

)

DMSO0-d6

to



(0) IH-NMR 8-(4-carboxybutyl)-1,3 -

dimethylxanthine ( )
Position Chemical shift Multiplicity

(ppm)

1 1.43-1.50 2H, m

2 1.61-1.68 2H, m

3 1.98-2.01 2H,t,J = 7.3 Hz

4 2.61-2.65 2H,t,J = 7.3 Hz

5 3.19 3H,
3.38 3H,



51

2
2.1 7-(3-carboxypropyl)-1,3-dimethylxanthine
( )
NHS BSA 20
NHS . 62.15%
215-216 uv 273
) 21 (specific
absorbance, k) 26.44 1 [
IR 22 10 1H-NMR
23 24 (0) 11
NHS . BSA
uv 275 NHS
25
26.06 1
1 BSA NHS 7-(3-carboxypropyl)-1,3-

dimethylxanthine 11



0

R—c-0

52

RINH-C-NHR3

side reaction

Rz= —025

r3= -ch2ch2ch2-nh—(ch3)2
cr

20

R2—NH-C—NHR3
0

urea product

NHS I



21 W
xanthing (NHS

NHS

53

1-(3-carhoxypropyl)- 1,3-dimethyl
) 33 1.



22 R NHS 1-(3-carboxypropyl)-1,3-dimethylxanthine (NHS



10 (Infrared absorption) ~ NHS
(3-carboxypropyl)-1,3-dimethylxanthine(NHS

wave numbers (cm 1)
2947-3114 VC-H
1666-1823 ve=0, ester
1084, 1222 VC-0

55



23 H-NMR

NHS

7-(3-carboxypropyl)- 1,3-dimethyl xanthine (NHS

)

CDCI3



G068.-
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11

(5)  IH-NMR

NHS 7-(3-

carboxypropyl)-1,3-dimethylxanthine (NHS

Position

N OO Ol B W N

Chemical shift
(ppm)
2.34-2.40
2.60-2.63
2.85
3.41
3.60
4.40-4.43
7.67

Multiplicity

2H, m
2H, t,J = 6.7 Hz

4H,

3H,

3H,
2H,t, ) = 6.7 Hz

1H,

58



25 UV
BSA (3)

BSA

3. BSA

0.500 ./
7-(3-carboxypropyl)-1,3-dimethylxanthine-

7-(3-carboxypropyl)-1,3-dimethylxanthine

59



12
Abs. 275 nm
(/)
0.500 1.032
0.500 1.011
0.500 1.034
BSA
2.2
( )
NHS
34.56%
W
26
1 25.37
NHS
27 13 1H-NMR
14
NHS

60

BSA
Abs. 275 nm  Abs. 275 nm

BSA .
BSA

0.312 0.720 11.36
0.320 0.691 10.90
0.329 0.705 11.12

11.13+0.23
. M
BSA IM BSA
= absorbance

specific absorbance (k)

7-(4-carboxybutyl)-1,3-dimethylxanthine

NHS

164-165
273

(specific absorbance, k)

28 29 (0)

: BSA
uv NHS



carboxybutyl)- ,3-dimethylxanthine

1

dimethylxanthine

BSA

10

NHS

61

275 nm 30
25.01
7-(4-carboxybutyl)-1,3-

15



26 UV
xanthine (NHS

NHS

7-(4-carboxybutyl)-1,3-dimethyl
) 33 i

62



27 IR NHS 7-(4-carboxybutyl)-1,3-dimethylxanthine (NHS



13 (Infrared absorption) NHS
(4 -carboxybutyl)-1,3 -dimethylxanthine (NHS

wave numbers (cm 1)
2900-3100 VC-H
1705-1811 ve=0, ester
1079, 1223 VC-0

64



28 H-NMR NHS 7-(4-carboxybutyl)-1,3-dimethyl xanthine (NHS ) CDCI3



oo g
SERE

ppm-

*360 350

29 1H-NMR NHS 7-(4-carboxybutyl)-1,3-dimethyl xanthine (NHS ) CDCI3
( 1.54-7.62 ppm)



4

(8)  HNMR

NHS 7-(4-

carboxybutyl)- 1,3 -dimethylxanthine (NHS

Position

g1 B~ W PO -

Chemical shift
(ppm)
1.75-1.82
2.00-2.07
2.66-2.69
2.83
341
3.59
4.32-4.35
1.59

Multiplicity

2H,
2H, m

2H, t ) =73 Hz
4H,
3H,
3H,

2H, t ) =73 Hz
H

0

67



30 W
BSA (3)
1
BSA
2,
3, BSA

(1), (2)
0286 ./ .
7-(4-carboxybutyl)-1,3-dimethylxanthine-

7-(4-carboxybutyl)-1,3-dimethylxanthine

68



69

15 . BSA

Abs. 275 nm Abs. 275 nm  Abs. 275 nm

(/) . BSA .
* BSA
0.286 0.515 0.141 0.374 10.15
0.286 0.510 0.140 0.370 10.32
0.286 0.514 0.145 0.369 10.29
10.25+0.09
- . M
BSA BSA IMWBSA
= absorbance
specific absorbance (k)
2.3 8-(3-carboxypropyl)-1,3-dimethylxanthine
( )
. 8-(3-carboxypropyl)~
1,3-dimethylxanthine  BSA Mixed anhydride method
W 271
. 31
(specific absorbance, K) 1 40.58 1 BSA
8-(3-carboxypropyl)-1,3-dimethylxanthine 12

16



31 W
BSA (3)

BSA

3. BSA

flaiBseters

(1), (2)
0.500 ./ .
8-(3-carboxypropyl)-1,3-dimethylxanthine-

8-(3-carboxypropyl)-1,3-dimethylxanthine

10



/1

1 . BSA

Abs. 275 nm Abs. 275 Abs. 275 nm

) . BSA .

BSA

0.500 1.175 0.304 0.871 11.85

0.500 1.158 0.303 0.855 11.65

0.500 1.168 0.302 0.866 11.79
1176+ . 1

- , M
BSA BSA IM  BSA
= ahsorbance

specific absorhance (k)



12

2.4 8-<4-carboxybutyl)-1,3-dimethylxanthine

. 8-(4-carboxybutyl)-
1,3-dimethylxanthine ~ BSA Mixed anhydride method

w 276 nm 32
(specific ahsorbance, k)m 1] 36.62 1 BSA
8-(4-carboxybutyl)-1,3-dimethylxanthine Al
17



32 W
)

BSA
2.
3. BSA

13

ftoeters

(1), .(2)  BSA
0.500 J .
8-(4-carboxybutyl)-1,3-dimethylxanthine-

8-(4-carboxybutyl)-1,3-dimethylxanthine



0.500
0.500
0.500

17

Abs. 275 nm

2.173
2.171
2.165

BSA

Abs. 275
BSA

0.337
0.339
0.330

Abs. 275

1.836
1.832
1.835

BSA

= absorbance
specific absorbance (k)

14

BSA

BSA

21.97
27.91
21.95

27.94i0.03

M
M BSA



18

18

L

1:8,000
1:6,000
1:9,000
1:7,000

1.

75

33



1/100 1/1,000 1/10,000

DI LUT! ON ANTI SERUM

1100 1/1,000 1/10,000

DI'LUT! ON ANTI SERUM

33

1/100,000

1/100,000



4,
4.1
403
19
12-18 1
19
(M)
25 x 10-5
2.5 x 10-5
2.5 x 10'

7

uv
34
14
(Litman et al., 1983; Zuketal, 1985)
aminated HRP
Ahsorbance
354 1

0.756 14.22
0.836 15.72
0.736 13.84

14.59+0.99



34 uv

Naipteters

aminated HRP 3.00

/

18



79

4.2 1-(3-carboxypropyl)-1,3-dImethylxanthine
( )

7-(3-carboxypropyl)- 1,3 -dimethylxanthine

! 35
[ ! 36
NHS 7-(3-carboxypropyl)- 1,3 -dimethylxanthine
HRP 20



H H
HRP C"N—CH2-CH2-OCH2-CH2-NH2

aminated HRP

R-C-NH-CH2-CH2-0-CH-CH2
h a "h

H"OppCy

HRP labeled theophylline

CH3

35
1 HRP

80



36 WV
(1), . (2) '(3)

1=
2= .
3 = aminated HRP

61



82

20 . HRP
Absorbance  Absorbance
(1 ) 273 403 . HRP
3.00 0.701 0.362 8.69
3.00 0.700 0.357 8.78
3.00 0.703 0.360 8.71
8.73+0.04
4.3 7-(4-carboxybutyl)- ,3-dlmethylxanthine
( )

7-(4-carboxybutyi)-1,3-dimethylxanthine

31 NHS 7-(4-carboxybutyl)-1,3 -
dimethylxanthine ! HRP 1 21



83

15

= — L0 O

R o o<t

37 uv

1

2
3

ammated HRP



64

21 . HRP

Absorbance  Absorbance

(.1 ) 273 nm 403 nm . HRP
3.00 1.145 0.736 7.05
3.00 1,143 0.735 1.04
3.00 1,148 0.739 7.08
7.0640.02
4.4 8-(3-carhoxypropyl)-1,3-dimethylxanthine

( )

8-(3-carboxypropyl)-1,3-dimethylxanthine
Mixed anhydride method 38
1 1 HRP 22



38 WV '
(1), - (2)

1=
2 = .
3 = ammated HRP

85



11

86

22 . HRP

Absorbance  Absorhance

(1 ) 215 403 . HRP
3.00 0.733 0.417 6.91
3.00 0.730 0.420 6.81
3.00 0.735 0.415 6.92
6.88£0.06
4.5 8-(4-carboxybutyl)-1,3-dimethylxanthine
( )
I Mixed anhydride method
. 39
8-(4-carboxybutyl)-1,3-dimethylxanthine 11 1 HRP
23
23 . HRP
Absorbance  Absorbance
(. ) 275 nm 403 nm . HRP
3.00 0.383 0.143 11.27
3.00 0.393 0.150 10.91
3.00 0.399 0.152 11.08
11.09+0.18
!
N . 1 HRP 8, 7, 7



39 W

(=
2= .
3 = aminated HRP

8/



88

. (competition)

1,3-dimethylxanthine

1:100, 1:500, 1:800 1:1,000
4 1:1,000, 1:2,000, 1:5,000

o ]

% = (B/Bqg X 100

B = absorbance
BO= absorhance

24
(

1:1,000

1:2,000

. (7-(3-carboxypropyl) -

4
110,000
]
logic plot %
40-43 %
]
] 0
]
)
0.9470



40

| direct plot
Il logic plot

1:100

89



41

10 20

THEO. CGNC. (mg/l)

| direct plot
I logic plot

30

40

1:500

90



10 20

THEQ CCNC. (rrg/l)

| direct plot
I logic plot

30

40

91



43

10 20
THEO. CONC. ( g/l)

| direct plot
Il logic plot

30

40

92

1:1,000



24

1:100

1:500

1:800

1:1,000

1:1,000
1:2,000
1:5,000
1:10,000
1:1,000
1:2,000
1:5,000
1:10,000
1:1,000
1:2,000
1:5,000
1:10,000
1:1,000
1:2,000
1:5,000
1:10,000

r
(correlation

coefficient)

0.0899
0.4661
0.0113
0.0822

0.7102
0.8678
0.8671
0.3396

0.5958
0.8700
0.8464
0.4440

0.9242
0.9470*
0.5619
0.2970

93



,3-dimethylxanthine

1:1,000, 1:5,000, 1:8,000 1:10,000
4 1:2,000, 1:4,000, 1:5,000

% 1 1

25

1:10,000

94

(7-(4-carboxybutyl)-

1:10,000

logic plot %
44-47



44

[ direct plot
II'Togic plot

1:1,000

95
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10

20
THEO.CONC. (mg/l)

| direct plot
Il logic plot

30

40

:,000

96



46

10

20
THEO. CONC. (rrg/l)

[ direct plot
il logic plot

30

40

:,000

97
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10

20
THEQ. CCMC, (rrg/l )

| direct plot
Il Togic plot

30

figTil .

40

1:10,000

98



25

1:1,000

1:5,000

1:8,000

1:10,000

1:2,000
1:4,000
1:5,000
1:10,000
1:2,000
1:4,000
1:5,000
1:10,000
1:2,000
1:4,000
1:5,000
1:10,000
1:2,000
1:4,000
1:5,000
1:10,000

r
(correlation

coefficient)

0.9630
0.9597
0.9388
0.9084

0.7285
0.8963
0.8321
0.8973

0.9498
0.9627
0.9629
0.9962*

0.7292
0.7653
0.8373
0.8251

99



1,3-dimethylxanthine

1:500, 1:800, 1:1,000 1:5,000
4 1:1,000, 1:5,000, 1:8,000
%
% ! log
26
( (r)
1:5,000

1:1,000 ()

100

!

8-(3-carboxypropyl)~

1:10,000

logic plot
48-51

0.9945



48

(N . =1:500

10 20 30
THEO. CONC. (myg/1)

(1) . =1:500

0.5 1 1.5
LOG THEO. CONC.

| direct plot
Il logic plot

40

1:500

101
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0.5 LOG THE% . CONC.

| direct plot
il logic plot

1.5

1:800

102



50

10 20
THEQ CONC. ( g/l)

| direct plot
Il Togic plot

30

40

1:1,000

103
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10 20
THEQ CGNC. (rrg/l )

| direct plot
Il logic plot

30

40

1:5,000

104



26

1:500

1:800

1:1,000

1:5,000

1:1,000
1:5,000
1:8,000
1:10,000
1:1,000
1:5,000
1:8,000
1:10,000
1:1,000
1:5,000
1:8,000
1:10,000
1:1,000
1:5,000
1:8,000
1:10,000

r
(correlation

coefficient)

0.7834
0.8160
0.5333
0.7710

0.9388
0.8983
0.9225
0.8899

0.7847
0.8503
0.8143
0.7909

0.9945%
0.9597
0.8515
0.9342

105



1,3-dimethylxanthine

1:100, 1:500, 1:1,000 1:4,000
4 1:1,000, 1,000, 1:5,000 1:10,000
% !
% ‘ ' log
27
( (r)
1:4,000
1:5,000 (r) 0.9909

106

8-(4 -carboxybutyl) -

!
logic plot
52-55



52

10 20
THEO.CONC. (

| direct plot
Il logic plot

)

30

40

1:100

107
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THEO . COMG, (mg/1)

| direct plot
Il logic plot

1:500

108
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10 20
THEO . CONC . (mg/l)

| direct plot
I logic plot

30

40

1:1,000

109
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| direct plot
il logic plot

Hi

1:4,000

110



21

1:100

1:500

1:1,000

1:4,000

1:1,000
1:2,000
1:5,000
1:10,000
1:1,000
1:2,000
1:5,000
1:10,000
1:1,000
1:2,000
1:5,000
1:10,000
1:1,000
1:2,000
1:5,000
1:10,000

[

(correlation

coefficient)
0.1427
0.6465
0.4436
0.9286
0.9070
0.9656
0.3770
0.9555
0.8772
0.9551
0.9115
0.9559
0.9082
0.9885
0.9909*
0.9833

111



28

()

56

30.844

1:2,000

1:10,000

1:1,000
1:5,000

0.9994

29

1:1,000
1:8,000
1:5,000
1:4,000

112



(1) HOMOLOGOUS COMBI NATION

0 10 20 30
THEO . CONC. (rrg/l )

(1) HOMOLOGOUS COMBI NATI ON

0 0.5 1 1.5
LOG THEO. CONC.

56
| direct plot
I logic plot

40

13



29

1:1,000
1:8,000
1:5,000
1:4,000

(r)
34.182

r

(correlation
coefficient)
1:2,000 0.9236
1:10,000 0.9469
1:2,000 0.9545
1:5,000 0.9994
1 1
57 30
0.9734

114

8.0309
29.355
24.506
30.844*



57

(1) BRI DGE HETEROLOGOUS

10 20 30
THEO . CONC. (rrg/l )

| direct plot
Il logic plot

40

115



30

1:1,000
1:8,000
1:5,000

1:4,000

58

n 09807
20,035

31

1:2,000
1:10,000
1:2,000
1:10,000
1:2,000
1:10,000
1:1,000
1:5,000

0.9638
0.7371
0.9360
0.8708
0.9235
0.9474
0.9734
0.9538

116

30.358
24.956
18.662
28.983
32.144
21.377
34.182*
20.241



58

| direct plot
Il logic plot

117



31

0.2191 1:1,000 . 1:1,000
1:2,000

1:8,000 . 1:5,000

1:10,000

1:5,000 . 1:1,000

1:2,000

1:4,000 . 1:5,000

1:10,000

59 32
! &
N 08551
15.837

0.4918
0.2191
0.7029
0.0706
0.6640
0.5414
0.9807
0.6434

118

13.5930
1.3842
3.6757
2.4750
7.0790
6.2877

20.0350*
1.0605



59

(') BRIDGE AND SI TE HETEROLOGOUS

10 20 30
LOG THEO. CONC.

| direct plot
li- logic plot

40

119



32

1:1,000
1:8,000
1:5,000

1:4,000

dimethylxanthine ~ (
dimethylxanthine (

33

33

1:2,000 0.3845
1:5,000 0.0294
1:1,000 0.8551
1:10,000 0.3469
1:2,000 0.7740
1:5,000 0.0500
1:2,000 0.0114
1:5,000 0.1191
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6.6201
2.2594
15.8370*
4.8823
1.4530
1.2521
0.2715
0.8813

60
8- (4 -carboxybutyl) 1,3 -
- 8-(3-carboxypropyl)l ,3-
(r) 0.9734
34,182
1 [
0.9994 30.844
0.9734 34.182*
0.9807 20.035
0.8551 15.837
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(1) COMBI NATI ONS

10 20
THEO. CONC. (mg/l )

| direct plot
Il logic plot

30

40

121



Cross reaction

dimethylxanthine
dimethylxanthine

34 %Cross reactivity

34

20.5
18.5
10.8

122

%

8- (4 -carboxybutyl)-1,3-
8-(3-carboxypropyl)-1,3-

%Cross
(mgh)
reactivity
(=2)
375.0 5.47
00 0

350.0 3.09
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Hosoda et al., 1980; 1981: 1985;
1986 Van Weemen and Schuurs, 1976
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