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Hgure 1. NMR assigment of C-allylated carboranyl acetic 
ester.

3a
Rgure 2. 13C NMR assignment of C-allylated carboranyl acetic 
ester.

ances (3a, 3b) showed in Figure 1 and Figure 2, respectively.
Acknowledgment. This work was supported by the 

Organic Chemistry Research Center of the Korea Science 
& Engineering Foundation and by the Institute of Basic 
Science Research of the Ministry of Education (BSRI-94- 
3408).

References

1. (a) Grimes, R. N. Caboranes; Academic Press: New York 
& London, 1979; Metal Interaction with Baron clusters; 
1982. (b) Onak, T. Comprehensive Organometallic Chem.; 
ed. by Wilkinson, G, 1982, lf 412.

2. Gomez, F. A.; Hawthorne, M. F. J. Org. Chem. 1992, 57, 
1384.

3. Yamamoto, Y.; Seko, T.; Rong, F. A.; Nemoto, H. Tetrahe
dron Lett. 1989, 30, 7191.

4. (a) Miura, M.; Gabel, D.; Oenbrink, G.; Fairchild, R. G. 
Tetrahedron Lett, 1990, 31, 2247. (b) Ketz, H.; Tjarks, W.; 
Gabel, D. Tetrahedron Lett. 1990, 31, 4003.

5. Shim, S. C.; Shim, J. G.; Chae, S. A.; Lee, S. Y.; Kalinin, 
V. N. J. Organomet. Chem. 1993, 443, C22.

6. Tsuji, J. Pure & Appl. Chem. 1989, 61, 1673.
7. Conard, C. R.; Dolliver, M. A. Org. Synth. 1985, Col. 2, 

167.
8. Tsuji, J.; Sato, K.; Okumoto, H. J. Org. Chem. 1984, 49, 

1341,
9. Utai, T.; Kawazura, H.; Ishii, Y. J Organomet. Chem. 1974, 

65, 253.
10. Yamamoto, T.; Saito, O.; Yamamoto, A./ Am. Chem. Soc. 

1981, 103r 5601.
11. Murahashi, S. L; Imada, Y. Chem. Lett. 1986, 42, 4361.
12. Maitlis, P. M.; Espinet, P.; Russell, M. J. H. Comprehen

sive Organometallic Chem.; ed by Wilkinson, G. 1982, 6, 
260.

13. Tsuji, J. Tetrahedron 1986, 42t 4361.
14. Trost, B. M. Tetrahedron 1977, 33, 2615.

The Synthesis of Bls-(2y2r-bipyridine) [4,4/-di- 
(hexadecyloxycarbonyl)-292r-bipyrtdine] ruthe- 
nium(II) and Its Application for Photolysis of 
Water

Yong-Tae Park and Sang-Gyun Noh

Department of Chemistry, Kyungpook National University, 
Taegu 702-701, Korea

Received July 13, 1994

For the solar energy storage, many studies have been con
cerned with mimicking the plant photosynthetic system. A 
vesicle system of water photolysis has been designed by se
veral groups.1-3 For that purpose a photosensitizer, an elec
tron donor and an electron acceptor are needed and must 
be oriented properly in the vesicle system, just like chloro
phyll, Oz-evolving complex, and ferredoxin in plant mem
brane. However, few authors have made a vesicle system 
which generates hydrogen and oxygen from water by visible 
light.

In this study, we synthesized tris(bipyridine) ruthenium(II) 
with two long hydrocarbon chains, 6 [Ru(bipy)2 (lhcbipy)]2+, 
as a photosensitizer to be inserted into the vesicle system. 
For th으 first time, a vesicle system prepared with photosen
sitizer itself was examined for the water photolysis.

We planed to coordinate ds-dichloro-bis(bipyridine) ru- 
thenium(II) with 4,4，-di-(hexadecyloxycarbonyl)-2,2,-bipyri- 
dine (4) to prepare bis-(2,2/-bipyridine) [4(4/-di-(hexadecylo- 
xycarbonyl)-2,2'-bipyridine] ruthenium(II) [Ru(bipy)2 (Ihc- 
bipy)2+t 6]. Thus, 4,4，-di-(hexadecyloxycarbonyl)-2,2/-bipyri- 
dine (4) was first prepared as follows. A key intermediate, 
4,4'-dimethyl-2，2'-bipyridine (1, 10 g, yi이d 6%) was prepared 
by reacting 4-picoline (175 ml) with palladium (10% charcoal, 
9.5 g) as previously described in ref. (4). The oxidation of 
the methyl groups of bipyridine 1 (8 g) with potassium per
manganate (25 g) afforded 4,4,-dicarboxy-2,2,-bipyridine (2), 
(2.7 g, yield 26%), using the reported method.5 The carboxy
lic acid group of the bipyridine 2 was converted to acyl chlo
ride 3 by heating the mixture of 4,4，-dicarboxy-2,2,-bipyridine 
2 (700 mg) and thionyl chloride (7 m/) to reflux. The esterifi
cation of 4,4'-di・(chlorocarb<myD-2,2'・bipyridine (3) (700 mg) 
was performed by heating it with cetyl alcoh이 (L45 g) in 
benzene (25 ml) to reflux for 2 hrs. Adding 40 ml of chloro
form, the mixture was washed with aqueous sodium bicarbo
nate. The organic layer was dried with magnesium sulfate. 
Evaporation of the solvent produced a colorless crystal. The 
recrystallization from acetone/chloroform afforded 4,4'・di・ 
(hexadecyloxycarbonyl)-2,2/-bipyridine (4), as c시orless crys
tal, (950 mg, yield 48%) with mp. 78 °C.

The esterified bipyridine 4 was confirmed by NMR, 
UV, and elemental analysis.6 The ultraviolet absorption (兀心 

300 nm in CHCI3) spectra of this compound were found to 
be very similar to that of 2,2시bipyridine (入* 280 nm in 
MeOH). In the NMR of compound 4, the signal for termi
nal protons appeared as a triplet at 0.89 ppm, middle methy
lene protons as a multiplet at 1.10-1.60 ppm, homomethoxy 
protons as a quintet at 1.80 ppm, and methoxy protons as 
a triplet at 4.40 ppm. Protons (6- and 6'-) on the pyridine
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Figure 1. The XH NMR spectrum of Ru(bipy)2 (lhcbipy)2+ 6.

rin응s appeared as a doublet at 7.90, 5- and S^protons as 
a doublet at 8.90, and 3- and S^protons as a singlet at 9.01 
ppm.6

The complexation of bipyridine 4 (375 mg) and Lcis-dichlo- 
robis(bipyridine)ruthenium(II)], 5 (270 mg), under nitrogen 
in boiling ethanol (50 mZ), followed by treatment of sodium 
perchlorate gave a brown complex 6 (yield 49%, scheme). 
This complex was recrystallized in ethyl alcohol and was 
identified with NMR, UV and elemental analysis.7 The 
maximum absorption (478 nm, in CHC13) appeared at rather 
longer wavelength than tris(2,2r-bipyridine) ruthenium(II) ch

loride (入g=450 nm in CHCI3).
The photosensitizer which absorbs visible light is better 

in the storage system of solar energy because of the visible 
light portion oC the sun spectrum on the earth.

The triplet at 0.85。=7.0 Hz) and multiplet at 1.22 ppm 
in Figure 1 are assigned to two terminal methyl and 52 me
thylene protons. The ratio of the line intensities is 3 :26. 
The triplet at 4.37 (/=6.0 Hz) and quintet at 1.76 (/=6.5 
Hz) ppms are assigned to the methoxy and homomethoxy 
protons. The ratio of the line intensities is 1:1. A singlet 
간 8.87 and two doublets at 7.75 (/=4,8 Hz) and 7.84 (/=4.8 
Hz) are easily assigned to the 3 and S'-protons, 6 and 6'- 
protons, and 5 and S^-protons, respectively, on pyridines with 
two long hydrocarbon chains. Two doublets at 8.39 (/=8.0 
Hz) and 8.06 (J= 8.0 Hz) ppms are assigned to 3,3七 and 
6,6r-protons on bipyfidine rings and two multiplets at 8.01 
and 7.50, 4,4'- and 5,5'・protons on bipyridine rings.7

A vesicle system (System A) was prepared with ruthenium 
complex 6 as photosensitizer and surfactant itself, in addition 
EDTA as electron donor, and methyl viologen as electron 
acceptor.8

Transmission electron microscope (TEM) of a system con
taining Ru(bipy)2 (lhebipy)2* 6 in water shows that a ball
shaped vesicle system is formed and the diameter of the 
vesicle is around 1000 A. After being deaerated with argon 
gas, the irradiation of the vesicle system with 500 W Xe-lamp 
produced reduced methyl viologen [入*=396 nm (£=42,100 
± 800),入g=606 nm (£=13,700土 300)] which is able to pro
duce hydrogen from water. Upon irradiation for every 2 min, 
the concentration changes of the reduced methyl viologen 
are 5.2, 7.2, 8.7, 5.8 and 2.9X10-6 M, respectively (Figure 
2). Upon 4 min irradiation, the concentration changes of the 
reduced methyl viologen of systems A, B and C are 1.26, 
1.07 and 0.58 X10-5 M, respectively. This system is superior 
to the aqueous system containing Ru(bipy)32+, EDTA, and 
methyl viologen (System B) or a vesicle system of DODAB
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Figure 2. The change of ultravi시et absorption spectra of the 
vesicle system which contained Ru(bipy)2 (lhebipy严 6, EDTA, 
and methyl viologen upon irradiation.

bipyridine rings), 8.06 (d,/=5.8 Hz, 4H, 6t6'-protons on 
bipyridine rings), 8.39 (d, J=8.0 Hz, 3,3'・protons on bipyri
dine rings), 8.87 (s, 2H, 3,3'・protons on bipyridine with 
two substituents). Anal. Calcd for C^HggNGCMCLRii: C, 
58.88; H, 6.79; N, 6.43. Found.: C, 59.05; H, 7.09; N. 6.28.

8. System A
An aqueous solution (I.OXIO^4 M, 4 m/) of Ru(bipy)2 (Ihc- 
bipy)2+ 6 was placed in test tube and sonicated at 70 
t for 20 min to prepare a vesicle solution. The vesicle 
solution (4 I미) was placed into UV cuvette (1 cm path, 
4 m/). To the above solution, 20 p/ of MW+ (1.0X10-2 
M) and 10 p/ of EDTA (5.0 X10_ 2 M) were added and 
then deaerated with argon for 20 min.

A mixture of Ru(bipy)2 (lhcbipy)2+ (1.0 X IO-4 M, 4 ml)
and DODAB (5X10-5 M) was sonicated at 70 QC for 20
min. To above solution, 20 p/ of MV2+ (1.0X10-2 M) and
10 p/ of EDTA (5.0 X10_ 2 M) were added and then deaera
ted with argon for 20 min.

9. Park, Y.-T.; Noh, S.-G. Int J, Hydrogen Energy 1994 to
be published.

System B
An aqueous solution of Ru(bipy)32+ (1.0X10-4 M, 4 mZ) 
was placed into UV cuvette (1 cm path, 4 m/). To the 
above solution, 20 pZ of MV" (1.0X10-2 M) and 10 p/ 
of EDTA (5.0 X10_2 M) were added and then deaerated 
with argon for 20 min.
System C

(Dioctadecyl dimethyl ammonium bromide) containing Ru 
(bipy》(lhebipy严，EDTA, and methyl viologen (System C).9 10 * 
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N-Oxoammonium salts (22,6,6-tetramethyl-l-oxopiperidinium 
salts) have been utilized as very reactive and selective oxi
dizing agents for alcohols,1-6 diols,7 hydroxide ion,8 phosphi
nes,9 phenols,9 amines,3,8-11 enolizable ketones,3,9 and ind
oles.12 N-Oxoammonium salts have been used as oxidants 
in three different modes. First, they have been applied as 
pure compounds.1-12 Second, N-oxoammonium salts have 
been used as mediators. They have been reproduced from 
piperidine-l-oxyl radicals or their amines by a second oxi
dant in situ}3~19 The third mode is connected with the for
mation of oxoammonium salts from acid catalyzed dispropor
tionation of piperidine-l-oxyl radicals.20 However, it has been 
only known that N-oxoammonium salts oxidatively cleave 
benzyl ethers to benzaldehydes and the corresponding alkyl 
halides.21 Thus, we promptly decided to study on the oxida
tion of benzyl ethers with continuous generation of oxoam
monium salt in the presence of catalytic amounts of 4-me- 
thoxy-2,2,6t6-tetramethylpiperidime-l-oxyl(4-MeO-TEMPO,


