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3-Aminopropyisilated silica gel bound hemin, biliverdin, and bilirubin were synthesized by reacting 3-aminopropyl silated sitica
gel with hemin,, biliverdin and bilirubin respectively. The aspects of binding of bilirubin to amino group of 3-aminopropylsilated
silica gel were studied using the above synthetic silica immobilized hemin, biliverdin and bilirubin, and oxodipyrromethene.

1. Introduction

It is known that bilirubin complexed to serum albumin is
transported to the liver, where it is rendered more soluble by
attachment of sugar residues to its propionate side chains. The
conjugates of bilirubin, bilirubin diglucuronide and mon-
oglucuronides are excreted into bile. Knowledge of the exact
nature of the binding between bilirubin and albumin is in-
complete,* although several types have been suggested: covalent
bonding,?? hydrophobic and electostatic bonding,* and salts
linkage® and hydrogen bonding.**

In order to explore aspects of binding to polymer and their
surfaces as models for studies of the properties and reactivities
of bilirubin, biliverdin, and protoporphyrin in biological
systems, we initiated an investigation of 3-aminopropylsilated
silica gel bound hemin, biliverdin, and bilirubin.

2. Results and Discussion

Preparation of 3-Aminopropylsitated Silica Gel. Silica-
immobilized 3-aminopropylsilated silica gel’ was prepared by
reacting 3-aminopropyltriethoxysilane (Petrarch System, Inc.)
with Baker silica gel (40-140 mesh) in benzene. Schematic reac-
tion is written below (see Scheme 1). White solid was extracted
with benzene in soxhlet apparatus for 2 hrs and dried for 2 hrs
at 100,°C/0.05 mmHg.

Ir spectrum of the solid 3-aminopropylsilated silica gel KBr
matrix shows that amino and methylene groups are present. No
uv and visible absorption of the solid sample KBr matrix is
observed. {(a solid KBr disc was made just like an ir disc, see
Table 1).
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Scheme 1.

Association of Hemin, Biliverdin, and Bilirubin to 3-
Aminopropylsilated Silica Gel, As a preminary test for the syn-
thetic work of hemin-biliverdin-, and bilirubin-loaded silica

TABLE 1: 1R and UV dats of Silica Gel Boond Hemin, Biliverdin, and
Bilirubin

Compds 1R uv

3-Aminopropyl
silated silica
gel(APS)

344((SiO;, NH;) No abs in
2940(CH) visible
1630(Si0;)

1 100(SiOH)

800

Hemin 1710(CO0)

940{OH)

3400(5i0,)

3060{CH =)
2500(NH,+ overtone)
2000(NH,+ overtone)
1650(CO;)

1210-1020

800

550(An.)
APS-Hemin 660(sh)
590(sh)
494(sh)
386(R,.)

Biliverdin 3420(NH)
(BY) 1705(CO,
1600(CH +)

3440(NH) 590
2000(NH; + overtone) 350
1700(CO;)
2080

800

662(sh)
378(Anu)

APS-BV

Bilirubin 3420(NH)
(BR) 170(CO,)
1650
1615
940

3440(NH)}

2500(NH; + overtone)
1670(CO;)

1630

* by using solid KBr matrix

470(Anar)

APS-BR 470(sh)
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TABLE 2: Association Percentage of Hemin to 3-Aminopropylsilated
siica Gel against Time Tnterval

No Time(sec) Abs(at 400 nm) % Change
1 0 0.76 0

2 160 0.52 32

3 365 0.40 47

4 580 033 57

5 790 0.28 63

6 997 0.25 67

7 1210 0.25 67

TABLE 3: Association Percentage of BY to 3~Aminopropylsilsted Sica
Gel against Time Interval

No ‘Time(Sec) Abs(at 380 nm) % Change
1 0 0.88 0

2 160 0.60 32

3 377 0.47 47

4 590 0.38 s7

s 799 0.33 63

6 1012 0.30 66

7 1229 0.28 68

TABLE 4: Assoclation Perceatage of BR {0 3-Aminopropyksilated Silica
Gel against Tine Interval

No Time(sec) Abs{at 450) % Change
1 ¢ 0.61 0

2 122 0.47 <3

3 330 0.38 38

4 550 0.32 48

5 757 0.27 56

6 971 0.23 62

7 1182 0.19 69

8 2108 0.11 82

TABLE 5: Association Percentage of Oxodipyrromethene* to
3-Aminopropylsilated Silica Gel agsinst Time Interval

No Time(Sec) Abs(at 390 nm) % Change
1 0 1.01 0

2 153 0.96 4.9

3 37N 0.95 5.9

4 590 0.94 6.9

5 800 0.93 8.0

6 1028 0.93 3.0

gel, and reactivity properties of bilirubin, biliverdin, and hemin.
for 3-aminopropylsilated silica gel, the following experiments
were carried out. A solution of appropriate concentration of
hemin (Bilirubin or Biliverdin, Abs =0.9) in McOH/CHCl, (1:1,
3mf) {CHCL, only or CHCl,/MeOH (8:2) for bilirubin, CHCI,
only for dipyrroles] was added to a uv cuvette containing a small
magnetic bar. To the solution was added 3-aminopropylsilated
silica gel and the mixture was stirred and the concentration of
pigment in the supernatant monitored every 30 sec by uv ab-
sorbance. The solid took on the color of the solution during
the reaction. The results are shown in Tables 2, 3, 4, and 5.
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These experiments show that hemin, biliverdin, and bilirubin
with carboxylic groups can be picked up easily by amino groups
of 3-aminopropylsilatéd silica gel. Reates of the titration of
hemin and biliverdin to amino group of 3-aminopropylsilated
silica gel are same, comparing the case of 600 sec (57 % change
for both). But the rate of bilirubin are a little slow (48 %) for
600 sec). Probably it is due to intramolecular hydrogen bond
of bilirubin.

The pyrromethenone without a carboxylic group can not be
picked up easily by 3-aminopropylsilated silica gel, although
the concentration of the dipyrrloe in the supernatant changed
slowly. Probably this is due to hydrogen bonding association,
not to the ionic bonding, or to the adsorption of dipyrrole on
silica gel itself.

Syntheses of 3-Aminopropylsilated Silica Gel Bound Hemin,
Biliverdin, and Bilirubin, 3-Aminopropylsilated silica gel bound
hemin (APS-Hemin) was synthesized by reacting
3-aminopropylsilated silica gel with hemin in DMF. After 20
min stirring, the solid was filtered and rinsed (see Scheme 2).
The ir and UV spectral dgta of the product were given in Table
1. 3-Aminopropylsilated silica gel bound biliverdin (APS-BV)
was also prepared by same method in CHCl,/MeOH (1:1) (see
Scheme 3). 3-Aminopropylsilated silica gel bound bilirubin
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TABLE 6: Dissociation of Hemin Loaded Silica Gel in DMF

1 0 0 0.24
2 10 0.01 0.43
3 20 0.02 0.49
4 30 0.03 0.55
5 60 0.05 0.70
6 + N(E0),

0.05m/ 0.07 0.56

{APS-BR) was prepared in CHCI, or DMSO (see Scheme 4).
Ir data show that the bonding type is ionic (salt linkage).

Dissociation of Silica Gel Bound Hemin, Biliverdin, and
Bilirubin. When hemin loaded silica gel (10 mg) was stirred in
DMF (3 m)) in uv cuvette by using magnetic bar, hemin was
dissociated from the jonic bound hemin silica gel (see Table 6).
When a little amount of triethylamine (0.05 m/} was added in-
to the reaction cuvette after 60 min mixing, hemin concentra-
tion of the supernatant was deceased. Probably the hemin would
be destroyed by adding triethylamine. Distortion of the absorp-
tion spectra of the supernatant solution after the addition of
triethylamine supports that this is.

Dissociation of BV and BR from silica gel bound BV and
BR were shown in Table 7 and 8. Addition of triethylamine to
the dissociated mixture increases the dissociation of BR and BY,
probably because of proton iransfer to triethylamine from the
ionic salts.

3. Experimental

General. Hemin and bilirubin were purchased from Eastman
Organic Chemicals and Matheson respectively. Biliverdin was
prepared by the reported method.® Oxodipyrromethene was also
prepared by known method.? Silica gel (40-140 mesh) was pur-
chased from Baker and 3-aminopropyltriethoxysilane was pur-
chased from Petrarch Systemn Inc. Solvents were reagents grade.

Uv spectra were run in solid sample KBr matrix on a Cary
219 spectrophotometer. Solid KBr disc was prepared by mix-
ing solid sample {ca 10 mg) and dried KBr (20 mg) and then
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TABLE 7: Dissociation of Biliverdin loaded Silica Gel in DMF

No Time(min) Abs(at 650 nm}
1 0 0.10
2 40 0.34
3 50 0.44
4 60 0.58
s +N(E),
0.05 m/{ 0.64

TABLE 8: Dissociation of Biirubin from Bilirubin Loaded Silica Gel
in DMF

No Time{min} Abs(at 450 nm)
1 0 0.15
2 10 0.46
3 20 0.63
4 30 0.73
5 + N(Et),
0.05m{ >2.0

pressing just like ir KBr disc. IR spectra were run is KBr disc
on a Perkin-Elmer 599 spectrometer.

Preparation of 3-Aminopropysilated Silica Gel. To 5.100g
of silica gel (40-140 mesh) was added 30 m{ of a 10 % benzene
solution of 3-aminopropyltriethoxysilane. The slurry was stir-
red for 30 min. The slurry was filtered with a soxhlet apparatus
for 2 hrs, and dried for 2 hrs at 100 °C/0.05 mmHg using a
drying pistol. White solid (5.6623g, 551.4 mg was loaded) was
obtained.

Synthesis of 3~Aminopropylisilated Silica Gel Bound Hemin.
To 3-aminopropylsilated silica gel (250 mg, 0.2 mmole of NH,
group) in 2 m/ of DMF, was added dropwise a solution of
hemin in DMF (hemin 163 mg, DMF 3 m/). The mixture was
stirred for 20 min and then filtered through a sintered funnel.
Rinsed with DMF twice. Dried at 100 °C/0.05 mmHg for 2 hrs.
Product (black) (0.2685 g, 18mg loaded) was obtained.

Synthesis of 3-Aminopropyisilated Siltica Gel Bound Biliver-
din. To 3-aminopropylsilated silica gel (200 mg, 0.16 mmole
of NH; goup) in 5 m/ of CHCl,/MeOH (1:1) was added drop-
wise a solution of biliverdin (48 mg, 0.16 mmole) in 10 m{ of
CHCl;/MeOH(1:1). The mixwure was stirred for 10 min. The
solid took on the blue color of the solution. The mixture was
centrifuged and washed with CHCl,/MeOH(1:1) twice. The blue
black solid was dried (210 mg).

Synthesis of 3-Aminoprpyisilated Silica Gel Bound Bilirubin.
To a slurry of 3-aminopropylsilated silica get (269 mg) in DMSO
(2 m)) was added a solution of bilirubin (143 mg) in DMSO
(15 mJ) . The mixture was stirred for 20 min and then centrifug-
ed. The solid was washed twice with DMSO and dried at
100 °C/0.05 mmHg for 4 hrs. An orange solid (2600 mg) was
obtained. The same results were obtained when chloroform was
used for the solvent.
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The oxidation of hydrazobenzene by oxygen in methanol solution is catalysed by Co(3MeQsalen) which is a synthetic oxygen
carrier. The products are frans-azobenzene and water. The rate of the reaction has been studied spectrophotometrically and
the rate law established. A mechanism involving a ternary complex of catalyst, hydrazobenzene and oxygen has been proposed.

1. Introduction

It bas been known since the observations of Pfeiffer and his
co-workers in 1933! that cobalt(II} Schiff’s base complexes e.g.
Co(salen), Figure 1, form reversible complexes with oxygen.
There has been considerable recent interest in these compounds
because of their relationship to the natural iron-containing ox-
ygen carriers hemoglobin and myoglobin.? Hemoglobin and
myoglobin consist of an iron-porphyrin complex, the haem
group, embedded in the protein which provides one axial ligand,
an imidazole group, to the iron. On oxygenation the sixth coor-
dination site of the iron accepts the dioxygen ligand. Thus the
ligand field about the iron in oxyhemoglobin is approximately
octahedral.?

Cobalt{II) Schiff’s base complexes are square planar with a
low spin d’ electron configuration. The binding of an axial, fifth
ligand leads to a ground state with the unpaired electron in the
& orbital. This electron configuration is a necessary prerequisite
for the binding of dioxygen.* Drago and Corden®, in their spin-
pairing model for the binding of dioxygen, presented evidence

NS
Co
R

R

Figure 1. Structure of Schiff-base complexes. R=H, Colsalen);
R=CH,0, Coi3MeOsalen).

that the odd electron in the oxygenated complex is in the diox-
ygen n* orbital, but that the extent of electron transfer from
cobalt to oxygen is dependent on the nature of the equatorial
and axial ligands. In the extreme case of complete electron
transfer the complex could be formulated as cobalt(IlI)-
superoxide. The change in the electronic structure of oxygen
from the relatively unreactive triplet ground state to a doublet
coordinated species, with a weakened 0-0 bond bearing frac-
tional negative charge, could be expected to enhance the reac-
tivity of oxygen in radical or nucleophilic reactions.

Cobalt(IT) Schiff’s base complexes with added axial ligands
have been shown to catalyse the oxidation by oxygen of secon-
dary alcohols® to ketones, and of phenols’ to quinones. The
structurally refated bis(dimethylglyoximato} cobalt(II) has been
reported to catalyse the oxidation of hydrazobenzene to
azobenzene in the presence of triphenylphosphine.® Kinetic
studies®? have shown that in the oxidation of alcohols and
phenols the transition state is a ternary complex of dioxygen,
cobalt catalyst {including axial base) and substrate, Thus the
reactions resemble an enzyme-catalysed process in which the
two substrates, dioxygen and the organic molecule, are brought
together by the catalyst. In this paper we show that the oxida-
tion of hydrazobenzene catalysed by Co(3IMeOsalen}, Figure
1, follows a similar kinetic scheme, providing evidence of satura-
tion of the catalyst by the substrate as an enzyme catalysed
reaction.

Autoxidation of hydrazobenzene was first described in 1901
by Manchot and Herzog.® This, and later work'®"' has shown



