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One-Pot Synthesis of the Metal-Free AD and BC Fragments of Vitamin B,,

Felix H. Zelder,* Christian Buchwalder, René M. Oetterli, and Roger Alberto'

Cobalamins are essential cofactors for the metabolism in
mammals."? Since fast proliferating cancer cells are strong
consumers of vitamin B,, (1; abbreviated as B;,) the devel-
opment of Bj,-bioconjugates has recently attracted consider-
able attention.’'”) On the other hand, the synthesis of vita-
min B;, analogues with metals other than cobalt (met-bala-
mins) is still an unsolved chemical challenge. Several at-
tempts failed to remove the
cobalt ion directly from
B,,.""1? Although these poten-
tial antivitamins have been ob-
tained from biotechnologically
produced metal-free corrinoids
followed by metal insertion,!
thorough chemical and biologi-
cal investigations of these met-
balamin derivatives are still
lacking.

A metal-templated macrocyc-
lisation of suitable precursors in
the form of the AD and BC
fragments of the natural prod-
uct would offer an attractive
chemical alternative. This strat- OH
egy is closely related to the first 1
total synthesis of B;, achieved
by the combined effort of
Woodward etal. and Eschen-
moser et al.'*'®! During the synthesis of the B,, precursor
cobyric acid, a “western” AD fragment was successfully
joined with an “eastern” BC fragment. The building blocks
had to be synthesised in a linear sequence of 37 steps for
the former and 17 steps for the latter fragment, respective-
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1y.'*11 In our endeavour aimed at the development of met-
balamins for biological studies, we explored an efficient
one-pot strategy for the cleavage and demetallation of B,
into the related AD and BC fragments 2~ and 3 (Scheme 1).

Kréutler etal. and others investigated extensively the
photo-oxidation of corrinoids!®?!! and demonstrated the ef-
ficient removal of the cobalt ion from oxidatively cleaved

29%

Scheme 1. Synthesis of the fragments 2~ and 3 from B,, (1): a) v, O,, methylene blue, KCN, C,H;0,/CD;CN
(1:1), 20°C, 5 d. Followed by b) 80°C, 3 h.

hydrophobic cobyric acid heptamethylester derivatives (ab-
breviated as cobester).” ! In contrast to the cobester, the
synthesis and demetallation of the related natural counter-
part, an oxidised bicyclic B;, derivative, has not yet been
achieved. Considering the strong solvent dependence on the
reactivity of singlet oxygen towards corrinoids,”!! we were
able to efficiently photo-oxidise dicyano-B,, at the C-5 and
C-15 meso-positions to the desired dicyano-tetraoxo-B,, de-
rivative 57 in a 1:1 (v/v) mixture of [D;]MeCN/[D;]MeOD
at room temperature (Scheme 2). After purification by prep-
arative Cl8-reverse-phase HPLC, 5-H was isolated in 46 %
yield.
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Scheme 2. Synthesis of 5~ and 6 from 1-CN™ and 4: a) hv, O,, methylene
blue, CD;OD/CD;CN (1:1), 20°C, 2d.

In the high resolution mass spectrum of 57, an [M]™ ion
was observed at m/z 1444.5491 (m/z.uq 1444.5507) consis-
tent with a molecular formula of CgHgsCoN;5O,4P.

Further structural evidence was received by comparison
of the UV/Vis and "H NMR spectra of 5~ with the bicyclic
cobester derivative 6. Compound 6 was obtained from
cobester 4 under the same reaction conditions as described
for the preparation of 5~ (Scheme 2),*"! suggesting that the
photo-oxidation occurred without further isomerisations at
the periphery of the bicyclic macrocycle. Oxidised cobester
derivatives have been demetallated with ethylenediaminete-
traacetic acid (EDTA) after reduction with H, and Pt/C to
the corresponding cobalt(II) complex.”!! However, this ap-
proach did not lead to success for the demetallation of the
B,, derivative 5.

We envisaged different strategies to synthesise the metal-
free AD (27) and BC (3) fragments from 5~ and assumed
that the key step in the decomplexation would still be the
reduction of the robust cobalt(III) centre to the more labile
cobalt(IT) ion. To facilitate reduction, we intended to
remove one cyanide with H* as well as Ag* ions, but ob-
served only complex mixtures of 5~ with partially hydro-
lyzed amide side chains after running the reactions at elevat-
ed temperatures. These observations are contrary to the
facile abstraction of cyanide from intact dicyano-corri-
noids,>?! and could be ex-
plained by a stabilisation of the
cobalt(IIT)-CN bonds due to a
distortion of the octahedral co-
ordination sphere. This assump o VI)Q

tion is supported by a semi-em- "N (l;N/N \ cho
pirical quantum mechanical cal- L >§0\ } ~— 8502 ;h
culation (PM3, Spartan 06) car- /=N CN TNTY '

‘ H,NOC

ried out on a simplified model
of 5. These calculations sug- o 0
gest a helical distortion of the
bicyclic macrocycle (Figure 1).
The two keto-functionalities
of 5~ were critical towards re-

7-

6156 ——

www.chemeurj.org

© 2010 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Figure 1. Energy minimised structure (Spartan 06, PM3 semi-empirical
calculation) of a simplified model of 5~ (the hydrogen atoms have been
removed for viewing clarity).

duction since they are susceptible to reduction to the corre-
sponding alcohols. Therefore, we wanted to protect them as
acetals prior to the decomplexation of the corresponding co-
balt(II) or cobalt(I) ion. However, instead of acetal forma-
tion of 5™ to yield 7°, we observed removal of the cobalt ion
and therefore, had developed a remarkable novel decom-
plexation method (Scheme 3). Stirring of crude 5 in ethyl-
ene glycol at 80°C for 3 h led to the formation of the de-
sired fragments 2~ and 3.

This suggests that the relative high effective concentration
of the small bidentate ligand, ethylene glycol, favoured the
decomplexation of cobalt from the sterically overcrowded
macrocycle. Based on this observation, we developed a con-
venient one-pot synthesis of the desired metal-free frag-
ments 2° and 3 from 1. The photo-oxidation of dicyano-B,,
in a mixture of [D;]MeCN/ethylene glycol followed by sub-
sequent heating yielded 2-H and 3 in 29 and 23 % isolated
yields, respectively (Scheme 1).

The HRMS of 2° and 3 showed an [M]™ and [M+Na]*
ion at m/z.y, 915.4016 (m/z e 915.4023) and mi/z.,, 442.2059
(m/zeeq 442.2061) indicating the molecular formula to be
C,HgNgO3P for the former and C,H,)NsNaOs for the
latter fragment.

Scheme 3. Attempted acetal formation (left) and observed decomplexation of 5~ in ethylene glycol (right).
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Fragment 2~ (Figure 2) and the slowly decomposing 3
showed absorption characteristics, chemical shifts and spin—
spin splittings of their 'H NMR spectra signals comparable

H,NOC
HNOC : CHj
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in the absorption spectra between 250 and 300 nm of these
two compounds suggest that the protonation site is the same
for 2°.

In summary, a one-pot syn-
thesis of the AD and BC frag-
ments of B, that combines
photo-oxidative scission with an

| unprecedented subsequent de-
| metallation, is described. The
fragments obtained are reminis-

| cent of the western and eastern
° fragments described in the first
total synthesis of B;, by Es-

chenmoser and Woodward. The

I readily  accessible  building

| blocks are important starting
il materials for the development
of B, derivatives with metals
other than cobalt. Further in-
vestigations, as well as addition-
al chemical transformations will
be necessary on the way to-
wards this challenging goal. Ex-
periments towards a better un-
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Figure 2. '"H NMR spectra (500 MHz, D,0, 300 K) of 27; some characteristic signals are indicated.

to their hydrophobic bicyclic counterparts.?!*! The acid-
base properties of 2” and 3 were studied by UV/Vis pH ti-
tration and pK, values of 5.5 and 6.2 were determined for 2-
H (Figure 3) and 3-H*, respectively. The pK, value of the
former fragment is comparable to that of a-ribazole with a
protonation at N-3 of the dimethylbenzimidazole base
(pK,=5.6)," and similarities between the major changes
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Figure 3. UV/Vis pH titration of a solution of 2~ (278 nm). Inset: corre-
sponding absorption spectra between 250 and 300 nm.
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derstanding of the underlying
demetallation reaction and an
improvement of the isolated
yields are currently under way.

Experimental Section

Syntheses of 27, 3, 57, 6: The syntheses were performed by using a modi-
fied literature procedure!” and the products were analyzed with UV/Vis,
"H NMR spectroscopy, ESI-MS and ESI-HRMS (see the Supporting In-
formation for details).
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