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Abstract

Self-assembled molecular aggregates of fluoroalkyl end-capped N-(1,1-dimethyl-3-oxobutyl)acrylamide oligomer
can solubilize cytochrome ¢ in organic media such as methanol, although the corresponding non-fluorinated polymer
cannot solubilize cytochrome ¢ in organic media. Interestingly, the resulting fluorinated oligomer—cytochrome ¢ ag-
gregate was found to act effectively as a new fluorinated biocatalyst for the oxidation of pinacyanol chloride with
hydrogen peroxide in the non-aqueous methanol. © 2002 Elsevier Science Ltd. All rights reserved.
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Fluoroalkyl end-capped oligomers are attractive
functional materials due to exhibiting various unique
properties such as biological activity and the formation
of self-assembled molecular aggregates with the ag-
gregations of end-capped fluoroalkyl segments which
cannot be achieved by the corresponding randomly
fluoroalkylated polymers, fluoroalkylated block-poly-
mers, and non-fluorinated polymers [1]. For example, it
was demonstrated that fluoroalkyl end-capped tri-
methylvinylsilane—acrylic acid cooligomers can form the
molecular aggregates with the aggregation of terminal
fluoroalkyl segments, and these fluorinated cooligomers
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possess a selective and potent anti-HIV-1 activity in vitro
[2]. Very recently, we have also found that self-
assembled molecular aggregates of fluoroalkyl end-
capped N-(1,1-dimethyl-3-oxobutyl)acrylamide oligomer
can recognize selectively hydrophilic amino and N,N-di-
methylamino compounds such as methylene blue, acri-
flavine hydrochloride and luminol as guest molecules,
although the corresponding non-fluorinated oligomer
cannot recognize these compounds at all [3,4]. There-
fore, it is very interesting to apply these molecular
aggregates to a new fluorinated biocatalyst (a polymer—
enzyme complex) system in organic media from the
viewpoint of the development of novel synthetic or-
ganic chemistry. Especially, the use of organic solvents
as reaction media has recently increased the diversity
of biocatalyses due to the numerous advantages in em-
ploying enzymes in organic media [5]. Recently, there
have been a variety of reports on organic media-soluble
enzymes which were chemically or physically modified
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with polymers and surfactants [6]; however, studies
on the organic media-soluble enzymes modified with
fluorinated polymers have been hitherto very limited.
From this point of view, the development of unique
fluorinated biocatalyst system is deeply desirable. In
this communication, we would like to report on the
solubilization of cytochrome ¢ in organic media with
fluoroalkyl end-capped N-(1,1-dimethyl-3-oxobutyl) acryl-
amide oligomer, and the application to new fluorinated
biocatalyst in organic media.

Fluoroalkyl end-capped N-(1,1-dimethyl-3-oxobutyl)-
acrylamide oligomers (RF—(DOBAA),—Rg§) were pre-
pared according to our previously reported method [3].
We have already reported that Re—(DOBAA),—RF can
form the molecular assemblies with the aggregations of
the end-capped fluoroalkyl segments, and this molecular
aggregate consists of around 10 fluorinated oligomeric
molecules by the static light scattering measurements [3].
Therefore, it is expected that Rp—(DOBAA),—Rpr
should act as a suitable host molecule for various bio-
catalyses. In particular, cytochrome ¢ is well-known to
be a water-soluble heme protein and can catalyze the
oxidation of organosulfides and hydrocarbons in the
aqueous organic solvents [7]. Therefore, the exploration
of fluorinated molecular aggregates-cytochrome ¢ com-
plexes should open a new route for the development
of the fluorinated biocatalyses. In fact, we have tested
the solubility of cytochrome ¢ in methanol with
Rr—(DOBAA),—Rr (M, =7900; Rr = CF(CF;)-
OCF,CF-(CF;)OCsF;). A typical procedure for solubi-
lizing cytochrome c is as follows. Cytochrome ¢ powder
(5 mg) was added in a methanol solution (5 ml) of
Rr—(DOBAA),—Rr  (Rf = CF(CF;)OCF,CF(CF;)-
OC;F7; 2 gdm™), and was stirred for 2 h at room
temperature. After stirring, cytochrome ¢ was found to
be completely soluble in the methanol solution, and this
solution changed from the colorless to the purple-red
solution. UV-vis spectra of cytochrome ¢ in the meth-
anol solution shows an absorption band (Ay.) at 400
nm. In contrast, non-fluorinated DOBAA polymer did
not solubilize cytochrome ¢ in methanol under similar
conditions, and most of cytochrome ¢ powder was re-
covered. This finding suggests that cytochrome ¢ is a
potential guest molecule for self-assembled molecular
aggregates of RrF—(DOBAA),—Rpg with aggregations of
the end-capped fluoroalkyl segments to exhibit a good
solubility in methanol. To study the effect of fluoroalkyl
end-capped oligomers on the solubility of cytochrome ¢
in methanol, we tested several fluoroalkyl end-capped
oligomers under similar conditions. The results were
shown in Table 1.

As shown in Table 1, fluorinated oligomers such as
fluoroalkyl end-capped acryloylmorpholine oligomer
(RF—(ACMO),—RpF) and fluoroalkyl end-capped N-
isopropylacrylamide oligomer (Rrk—(NIPAM),—Rf) had

Table 1
Solubility of cytochrome ¢* in methanol with fluoroalkyl end-
capped oligomers®

Oligomer M, Solubility (%)
Rg—(DOBAA),—Rg¢ 7900 100
—(DOBAA),— 29,000 1
Rr—(AMCO),—R§® 4730 79
—(ACMO),— 3750 =
Rr—(NIPAM),—Rg 1210 85
—(NIPAM),— 15,500 1

4 Cytochrome ¢: 5 mg in oligomer methanol solution.

® Concentration of oligomer: 2 gdm=3 in MeOH.

¢ Solubility (%) of cytochrome ¢ is based on the absorbance
(Zmax: 400 nm) of cytochrome ¢ in methanol solution of
RF_(DOBAA),,_RF (RF = CF(CF;)OCcmF(CFx)OC3F7)

9Ry = CF(CF;)OCF,CF(CF;)0C;F;.

¢ RF_(ACMO)”_RF:

Rg-(CH,-CH),-R

F( 2I Dn F
0=C—N (o]
\—

(Rr = CF(CF;)OCF,CF(CF;)0GC;F5).
' —(ACMO),— was insoluble in methanol.

a solubility for cytochrome c¢. However, these fluo-
rinated oligomers were found to be less effective
than Ri—(DOBAA),—Rg. Additionally, non-fluorinated
NIPAM oligomer (—(NIPAM),—) had no solubility for
cytochrome ¢, and most of cytochrome ¢ powder was
recovered. Among these fluoroalkyl end-capped oilgo-
mers, Re—(DOBAA),—Ry was most effective. This re-
sult is not clarified at present; however, it is suggested
that Rp—(DOBBA),—Rf oligomer could specifically
bind cytochrome c. It is well-known that cytochrome ¢
has 19 lysine residues and other ionic moieties on
the surface [8]. These moieties should selectively func-
tion as effective binding sites of DOBAA segments in
Rr—(DOBAA),—Rf to exhibit a good solubility in
methanol. In fact, we have already reported that
Rr—(DOBAA),—R¢ oligomers can recognize selectively
hydrophilic amino and N,N-dimethylamino compounds,
and the DOBAA segments in oligomers could provide a
suitable recognition site for these compounds [3].

To clarify the solubility of cytochrome ¢ in methanol
with Re—(DOBAA),—RE, experiments were conducted
with varying concentrations of cytochrome ¢, and the
result was shown in Fig. 1.

As shown in Fig. 1, solubility of cytochrome c¢ in
methanol was found to increase with increasing the
concentrations of Rp—(DOBAA),—Rg, and the solu-
bility became almost constant above 2 gdm™ of oligo-
mer concentration. This finding would indicate that
Rr—(DOBAA),—Rf could form the molecular aggre-
gate above the concentration of 2 gdm™ in organic
media [3]. In addition, it was clarified that as the con-
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Fig. 1. Relationship between the solubility of cytochrome ¢ and
the concentration of Rpr—(DOBAA),—Rf (R = CF(CF;)OCF,-
CF(CF;)OC;F;) oligomer. Concentration of cytochrome c¢: 5
mg in Re—(DOBAA),—Ry methanol solution (5 ml).

centration of cytochrome c¢ increases (from 1 to 6 mg),
the solubility of cytochrome c¢ also increases at the 2
gdm™3 of oligomer concentration. In particular, when
the concentration of cytochrome ¢ is 6 mgdm™, the
solubility increased slightly compared with the case of 5
mgdm~3. However, in this case, cytochrome ¢ powder
was in part recovered. Therefore, the preferable condi-
tions for the solubilization of cytochrome ¢ in methanol
are as follows; concentrations of Rpk—(DOBAA),—Rg
(R = CF(CF;)OCF,CF(CF;)OC;F;) and cytochrome
care 2 gdm> and 5 mgdm™3, respectively.

Hitherto, pinacyanol chloride (Ayax: 602 nm) is well
known to be a convenient substrate to spectroscopically
determine the activities of model catalysts in organic
media [9]. Thus, we tried to investigate the potential for
Rr—(DOBAA),—Rg-cytochrome ¢ aggregate as a new
fluorinated biocatalyst for the oxidation of pinacyanol
chloride with hydrogen peroxide in the non-aqueous
methanol. The result was shown in Fig. 2.

As shown in Fig. 2, UV-vis spectroscopy showed that
Rr—(DOBAA),—Rg—cytochrome ¢ aggregate afforded
an excellent catalytic activity for the oxidation of pina-
cyanol chloride with H,O,, although no catalytic activ-
ity was observed in the case of the absence of hydrogen
peroxide or the absence of RrF—(DOBAA),—Rk.

In this way, it is strongly expected that our present
Rr—(DOBAA),—Rg—cytochrome ¢ aggregate is appli-
cable to novel fluorinated biocatalyst for variety of or-
ganic synthetic reactions. Further studies are actively in
progress.
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Fig. 2. Time course of catalytic oxidation of pinacyanol chloride
by cytochrome-c-Rr—(DOBAA),—R{ in methanol. Rg— (DO-
BAA),—R; (Rr = CF(CF;)OCF,CF(CF;)OC;F;) 2 gdm~ in
methanol: 5 ml; cytochrome ¢: 5 mg in methanol; pinacyanol
chloride: 185 mmoldm™ in methanol (1 ml); H,O,: 71
mmol dm~? in phosphate buffer (pH 7.0): 1 ml.
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