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Abat: A mixture. of a hydrophobic vitamin Bl2 covalently bound to a litid species aad NNdihexadecyl-IV%- 
(trimethylammonio)hexanoyl]-L-alankmide bromide at a 1 : 50 molar ratio #%rded stable single4ompartment 
vesicles by sonication, which provided an anaclobic microenvimmmmt in qtuuts media under aembic comiitions. 

Each naturally occurring holoenzyme, such as a vitamin BtZ-dependent enzyme,’ is composed of a 
specific apoprotein and a relevant cofactor. An apoprotein generally provides a biding site for specific 
coenxyme and substrate, which is well separated from a bulk aqueous phase. In this context, we have 
previously constructed an artificial vitamin Bt2 holoenxyme by combining noncovalemly a synthetic bilayer 
membrane with a hydrophobic vitamin Btz. 2 In this work, we developed a novel artificial holoenxyme 
composed of a hydrophobic vitamin Bt2 covalently bound to a lipid species and a bilayer membrane matrix. 

Novel hydrophobic vitamin Bl2 derivatives were prepared by following reaction steps shown in Scheme 
1. All the products were characterized and identified by tH-NMK, IR, and electronic spectroscopy as well as 
by elemental analyses. Complex 1 was prepared by condensation of NJV-dihexadecyl-W-[d(trimethyl- 
ammonio)hexanoyl]-I.-aspartamide (N+CsAsp2Cte), which was synthesized by a method similar to that 
adopted for the pmparation of N~--dihexadecyl-Na-[6_(trimethylammonio)he~oyl]-L-~~~ bromide 
(N+CSAht2Ct6),3 with a hydrophobic vitamin B12 (5). which was prepamd after a method used for pteparation 
of an analogous compoundp as described below. 

A dry dichioromethane solution (5 mL) of N+CsAsp2C16 (498 mg, 0.61 mmol) and N&‘-dicyclohexyl- 
c-de @CC!; 126 mg, 0.61 mmol) was stirred for 0.5 h at 0 ‘C, and 5 (673 mg, 0.61 mmol) was added 
to the solution which was subsequently stirred for 6 h at 0 Y! and then overnight at room temperature. 
PrecipittUes (~,Wdicyclohexylurea; DCmea) were removed by filtration, the ii&rate was evaporated to dryness 
in vacua, and ethyl acetate (80 mL) was added to the residue. After the solution was allowed to stand in a 
refrigerator overnight, the resulting precipitates (DCurea) were removed by filtration. The filtrate was 
evaporated to dryness to afford a purple solid. The crude product was purified by TLC on silica gel (Kksel gel 
60) with chloroform-methanol-water (16 : 6 : 1 by volume). The second purple fraction was evaporated to 
dryness, and the residue was dissolved in dichloromethane. The solution was treated with aqueous potassium 
cyanide and evapomted to dryness to afford a purple solid. All the countetions of the product were convetted to 
the bromide ion by ion-exchange chromatography on a column of Amberlite IRA-401. The product was 
reprecipitated from benzene upon addition of hexane to afford a purple powder: yield 647 mg (54%); 
Xmsx(CH30H) 284,308,318,370,422,514,552, and 592 mn. Found: C, 61.31; H, 8.51; N, 7.11%. Calcd 
for C~Ht62BrCoNtt~Ot7*2H20: C, 61.32; H, 8.42; N, 7.22%. 

Compkx 1 was converted to the corresponding divaknt cobalt complex (3) via formation of complex 2 in 
the same manner as reported pmviously. 5 An alkylated complex (4) was prepared as follows. An aqueous 
phosphate buffer [15 mL+ pH 7,O.Ol mol dm-3, p 0.10 (KCl)] was added to a methanol solution (30 mL) of 3 
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Scheme 1. 

(70 mg, 3.6 x 10-s mol), and the solution was &oxygenated by bubbling nitrogen gas through it for 30 min. 
The following operations were carried out in the dark. Sodium tetrahydmborate (70 mg, 1.85 x 10-3 mol) was 
added to the deoxygenated solution with vigorous stirring under nitrogen atmosphere. When the solution turned 
dark green, 2,2-bis(ethoxycarbonyl)-1-bromopropane6 (103 mg, 3.74 x 10-s mol) was added to it. The 
resulting solution was stir& for 8 min at room temperature. and 60% (w/w) aqueous perchloric acid (3 mL) 
was carefully added to it in order to &compose an excess amount of sodium tetrahydroborate. The resulting 
mixture was extracted with dichloromethane, and the extract was washed with distilled water. After being dried 
over sodium sulfate, the extract was evaporated to dryness in vacua at room temperature. The residue was 
reprecipitated from benzene upon addition of hexane to afford a brown powder: yield 69 mg (89%); 
Imax(CH2C12) 266, 300. 418, and 464 nm. Found: C, 58.66; H, 8.29; N, 5.24%. Calcd for 
Cl~1~9BrClCoN~O~*Hfl~ C, 58.57; H. 8.39: N, 5.15%. 

The aggregation behavior of 1 alone and a mixture of 1 and N+C+hQC16 was examined by means of 
differential scanning calorimetry (DSC, MicroCal MC-2) and electron microscopy (JEOL JEM-2OOB). An 
aqueous solution of compound 1 (2 x 10-b mol dm-3) did not show any clear DSC peak, indicating that 
compound 1 alone does not form stable bilayer vesicles. Because of the fact that the solution demonstrated a 
surfactant property by generating foams after shaking, 1 alone seems to form micelle-type aggregates in an 
aqueous medium. On the other hand, a mixture of l(4.0 x IO-6 mol dm-3) and N+GAhQCt6 (2.0 x 10-4 mol 
dm-3) at a 1: 50 molar ratio in the dispersion state showed a clear DSC peak caused by a phase transition from 
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Fig. 1. DSC thermograms for dispersion samples in aqueous phosphate buffer @H 7, p.=O. 10 with KCl): 
A, N%$4la2C~6 (2.0 x lo-4 mol dm-3); B. l(4.0 x 10-G mol dm-3) and NQUa2Ct6 (2.0 x 10-4 mol dm-3). 

the gel to the liquid-crystalline state as shown in Fig. 1. ‘Ihe phase transition parameters evaluated by DSC are 
as follows: temperature at a peak maximum (T&, 25.7 “C, enthalpy change (LVI), 29.6 kI mol-1. As for the 
N+C5Ala2Ct6 vesicle alone (2.0 x 10-4 mol dm-3). the following parameters were obtained: T,,, = 24.9 “C, AH 
= 32.0 kJ mol-t. The DSC thermograms and parameters indicate that the mixtme of 1 and N+C5AlaXt6 at a 1 
: 50 molar ratio forms stable bilayer membranes, even though the molecular packing mode for formation of the 
aggregates is somewhat loose as compared to that for the N+C5Ala2Ct6 vesicle alone. Transmission electron 
microscopy ~8s applied on samples negatively stained with uranyl acetate. An aqueous dispersion composed of 
l(l.0 xl@ mol dm-3) and N+C5Ala2Ct6 (4.9 x 10-3 mol dm-3) involved lamella-type aggregates.3 After the 
dispersion sample was sonicated with a probe-type sonicator at 30 W for 3 min. single-compartment vesicles 
ranging from 300 through 700 A in diameter were &served. 

Complex 4 was prepared for clarification of the reactivity of an alkylated complex having a cobalt+arhon 
bond in the vesicle. Photolysis of complex 4 was carried out in both dichlorome&ane and the vesicle under 
aerobic conditions. The aerobic photolysis reaction is ordinarily expected to proceed as shown in eq. 1. In 
dichloromethane, the electronic spectrum changed as shown in Fig. 2A by the photolysis; absorption maxima at 
350 and 500 nm are characteristic of the Co(M) state. 7 This result indicates that the Co(U) species is 
autoxidized to the Co@) species in dichlonm&ane after homolytic cleavage of the cobak-carbon bond under 
irradiation with visible light. On the other hand; the electronic spectrum underwent a change as shown in Fig. 
2B in the vesicle: absorption maxima at 316 and 470 nm are characteristic of the Co(U) state.7 The latter 
spectral change apparently indicates that the Co(n) species formed by aerobic photolysis is protected from 
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autoxidation that affords the Co(III) species in the vesicle. Therefore, we conclude that the present bialyer 
vesicle provides an efficient anaerobic microenvironment in aqueous media even thou@t the reaction is cat&d 
out under aerobic conditions. 
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Hg. 2. Rlectronic spectra for the aerobic photolysis of an akylated hydrophobic vitamin Bt2 (4) before 
photolysis (solid lines) and after irradiation with a Soo-W tungsten lamp at a distance of 40 cm for 5 min 
(b&en lines): A, 4 (5.0 x 10-S mol dm-3) in dichloromethane; B, N+QAla2Cte (2.5 x 10-3 mol dm-3) and 4 
(5.0 x 10-S mol dm-3) in aqueous phosphate buffer (pH 7). 
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