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CARBON-SKELETON REARRANGEMENT OF ALKYL LIGANDS COORDINATED TO
HYDROPHOBIC VITAMIN B12 DERIVATIVES IN MOLECULAR AGGREGATES
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The carbon-skeleton rearrangement of alkyl ligands coordinated
to hydrophobic vitamin B12 derivatives took place in molecular
aggregates formed with CTAB, Triton X-100, or N,N-didodecyl- -N* -[6-
(trimethylammonio)hexanoyl]-L-alaninamide bromide more favorably
than the reaction in methanol or benzene under anaerobic conditions
in the dark.

We have been interested in the catalytic activity of vitamin B12 placed in
hydrophobic microenvironments so as to simulate catalytic functions of the holo-
enzymes concerned. Our previous findings are as fOllOWS'l) (i) incorporation of
a hydrophoblc vitamin B12 derivative into single-compartment ve51c1es of N,N-di-
dodecyl- -N® -[6-(trimethylammonio)hexanoyl]-L-alaninamide bromide (N C A1a2C 2) is
progressively enhanced as the cobalt complex becomes less soluble in the aqueous
bulk phase; (ii) the alkylation of a hydrophobic vitamin B12 with alkyl halides is
much accelerated in molecular aggregates formed with hexadecyltrimethylammonium
bromide (CTAB), o-[4-(1,1,3,3-tetramethylbutyl)phenyl]-w-hydroxypoly(oxyethylene)
(Triton X-100), or N'CiAla2C,,
became necessary to examine the reactivity of alkylated hydrophobic vitamin Blz's

relative to that in methanol. Consequently, it

in various molecular aggregates which provide hydrophobic microenvironments in
aqueous media. We report here on the carbon-skeleton rearrangement reaction of
alkyl ligands coordinated to hydrophobic vitamin B12 derivatives in such reaction
media.
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Heptapropyl cobyrinate perchlorate,
[Cob(II)7C3ester]C104,l) and a capped
hydrophobic vitamin 812 with five butoxy-

carbonyl groups, [Cob(II)(Im:cap)504—
ester]ClO4,
plexes; these are insoluble in water but

were used as model com-

density

solubilized in aqueous buffers through
incorporation into molecular aggregates
formed with N+05Ala2C12, CTAB, and Triton
X-100. Alkylated hydrophobic vitamin B12
derivatives were prepared by the reaction

Optical

of the univalent cobalt complexes with
alkyl halides in a manner as reported
previously:>) [{(CHz0,C),CHCH,}(H,0)Cob- oLt ! 1 !
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(III)7C3ester]Clo4 1), [{(CH302C)2CH-
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CH2}(HZO)Cob(III)(Im:cap)504ester]ClO4

2), [{(C2H5020)2(CH3)CCH2}(HZO)Cob(III)— Fig. 1. Electronic spectra of
7csester]0104 (3), and [{(C2H502C)2(CH3)- hydrophobic vitamin B12 derivatives
CCHz}(H20)Cob(III)(Im:cap)5C4ester]C104 in benzene: A, alkylated complex 3
(4).4) The cobalt—carbon bond involved (3.8 x 1072 mol dm_3); B, 3 being
in the alkylated complexes was gradually allowed to stand in the dark for 48
cleaved in solution by stirring under h at 30 + 2 °C to afford [Cob(II)-
nitrogen atmosphere in the dark, and this 7CBester]Clo4.

thermal decomposition was completed in 48
h as shown in Fig. 1. The final spectra in all media were identical with those
for the bivalent cobalt complexes.

The reaction was carried out as follows: an aqueous buffer (20 mL; phosphate—
borate, pH 9.18) containing N+C5A1a2012 (or CTAB, Triton X-100) (1.0 x 10_3 mol)
was sonicated for 2 min with a probe-type sonicator at 30-W to give a clear solu-
tion. After the solution was deoxygenated with nitrogen gas, ca. 0.2 mL of a meth-
anol solution containing an alkylated complex (2.9 x 10_5 mol) was added to it.

An alkylated complex incorporated into the single-compartment vesicle or the micel-
le in such a manner was allowed to undergo reaction in the dark under nitrogen at-
mosphere at 30 + 2 °C. After the alkylated complex was completely decomposed as
confirmed by electronic spectroscopy (in 24—48 h), the products were extracted
with dichloromethane and analyzed by GLC. As for the reaction in organic solvents,
a reaction mixture was evaporated to dryness in vacuo before the extraction treat-
ment with hexane. We identified the following products: 1,1-bis(methoxycarbonyl)-
ethane (A), bis(methoxycarbonyl)methane (B), and 1,2-bis(methoxycarbonyl)ethane (C)
from complexes 1 and 2 (refer to Eq. 1); 2,2-bis(ethoxycarbonyl)propane (D) and
1,2-bis(ethoxycarbonyl)propane (E) from complexes 3 and 4 (refer to Eq. 2). The
product analyses for the reactions in various media are summarized in Tables 1 and
2. These analytical results indicate that the carbon-skeleton rearrangement to
afford C and E takes place more favorably in the molecular aggregates than in homo-
geneous solutions, and the axial base placed intramolecularly in a hydrophobic
vitamin B12 did not affect the product composition. However, cleavage of the
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Table 1. Product analyses for the decomposition of complexes 1 and 2 in
various media in the dark at 30 = 2 °Ca)
Complexb) Mediumc) Yield/%
A B C
CHSOH 81 - 91 1.3 - 2.1 0
1 C6H6 82 - 90 1.0 - 2.0 0.8 - 1.3
N+C5A1a2012 vesicle 56 - 66 11 - 15 4.2 - 6.2
CH3OH 81 - 93 1.3 - 2.2 0
2 C6H6 81 - 93 1.0 - 2.0 0.9 - 1.5
N+C5A1a2C12 vesicle 54 - 64 8 - 14 4.6 - 6.6
a) Reaction period, 48 h. b) 1.45 x 107> mol dm™>. c) N'C,Ala2C , (5.0 x 1072
mol dm_3) in phosphate (5.0 x 1073 mo1 dm_s)——borate (4.75 x 1072 mo1l dm_3) buffer;
pH 9.18.
/COOCZHS
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Table 2. Product analyses for the decomposition of complexes 3 and 4 in
various media in the dark at 30 + 2 °C%)
Complex o) Mediumc) Yield/%
D E
CH30H 82 - 94 0
C6H6 81 - 91 0.9 - 1.5
3 < CTAB micelle 71 - 81 5 -9
Triton X-100 micelle 73 - 83 4 - 8
N'C, Ala2C,, vesicle 70 - 80 7 - 11
CH30H 79 - 93 0
C6H6 81 - 93 1.3 - 1.9
4 < CTAB micelle 72 - 80 6 - 10
Triton X-100 micelle 70 - 80 6 - 10
N+05A1a2012 vesicle 69 - 81 7 - 13
a) Reaction period, 48 h. b) 1.45 x 1075 mol dm 3. c¢) Amphiphiles (5.0 x 1072
mol dm_3) in phosphate (5.0 x 1073 mol dm_3)——borate (4.75 x 1072 mo1 dm_s) buffer;

pH 9.18.
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cobalt—-carbon bond in the dark was accelerated by intramolecular coordination of
the axial base as reflected on the first-order rate constants in the N+CsAlaZC12
vesicle:?’ 3, 2.2 x 107° s—l; 4, 5.0 x 107% ™1, The extent of such rate enhance-
ment originated from the intramolecular coordination of the imidazolyl moiety is
comparable to that observed for the aerobic photolysis.6)

The thermal cleavage of the cobalt—carbon bond involved in the alkylated
hydrophobic vitamin Blz's was examined by the spin-trapping technique with a-phe-
nyl-N-(t-butyl)nitrone (PBN). ESR signals attributable to the PBN spin adducts
were clearly observed in benzene and methanol. This apparently indicates that the
radical species are generated by the cobalt-—carbon cleavage in the dark. Although
such ESR signals were not detected at room temperature in the presence of single-
compartment vesicles, typical signals attributable to the bivalent cobalt species
were observed during the reaction by ESR measurements of sample solutions at 77 K.
Since a limited amount of PBN can be incorporated into the vesicles in aqueous
media, the spin-adduct formation seems to be hardly detected by ESR. In the light
of the above results, the alkylated hydrophobic vitamin B12 must undergo homolytic
cleavage of the cobalt—carbon bond in all the reaction media to afford the corre-
sponding bivalent cobalt complex and alkyl radical species in the dark.

In conclusion, the carbon-skeleton rearrangement takes place in molecular
aggregates much more readily than the reaction in homogeneous organic solutions.
This effect must come from an extended lifetime of the alkyl radical species gener-
ated by the cobalt—carbon cleavage, since a radical pair formed by the homolytic
cleavage is generally stabilized in molecular aggregates7) due to its slow dif-
fusion from such cages. Although the axial base placed intramolecularly in the
hydrophobic vitamin B12 does not affect the product composition, such coordination
results in rate enhancement of the cobalt—carbon cleavage.
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