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ABSTRACT

A selective synthesis of new hydrophobic cobalamin derivatives bearing two different spacers has been accomplished via ring-opening reaction
of c-lactone. The reaction of c-lactone with various amines afforded three types of amides (a, b, and c) depending on the reaction conditions.
The structure of lactone b was determined by the X-ray analysis confirming the position of ring closure. It also reveals the presence of a
hydrogen bond between the terminal hydroxy group and one of the axial cyanide ligands.

Independent of its importance as an essential nutrient cofactor
for all mammals, vitamin B12 has received a lot of attention
over the past decade.1 This is mainly due to its use in the
targeted delivery of therapeutic agents.2 Vitamin B12 is a highly
functionalized molecule that can be modified for conjugation
with other compounds. It can be derivatized at the Co metal
center via alkylation3 or through functionalization of the 5′-
hydroxyl group on the ribose moiety.4 Coupling through the
carboxylates sites produced from acidic hydrolysis of the
propionamide side chains is also common.5,6

Hydrophobic cobalamin derivatives have been used as
model compounds and as artificial enzymes in many reac-

tions.7 In particular, heptamethyl cobyrinate perchlorate
[Co(II)7C1ester]ClO4 was found to catalyze dehalogenation
of chlorinated organic compounds.8 The most widely studied
hydrophobic derivatives are compounds having ester groups
in place of the peripheral amide moieties of natural vitamin
B12.

9,10 Hisaeda and co-workers used these compounds to
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prepare organic/inorganic hybrid molecules that act as
artificial enzymes.11

Another important hydrophobic derivative is the hexaester-
c-monoacid. This useful synthetic precursor is often obtained
via selective lactonization, followed by in situ reduction with
zinc.12 It has also been prepared via hydrolysis followed by
esterification; however, a HPLC separation is required.13 This
compound may be coupled readily with amines or alcohols.5,12

While investigating vitamin B12-biotin conjugates Wilbur et
al. carried out the ring-opening reaction of a hydrophilic
c-lactone in melt diaminododecane.6 A similar approach was
described by Alberto et al., using 1,4-diaminobutane as a nucleo-
phile.14 To the best of our knowledge there are no reports on such
ring-opening reactions involving hydrophobic c-lactone 1.

Preliminary results showed that the ring-opening reaction
of c-lactone 1 with amines in dioxane led to a mixture of
mono- and diamides depending on the nucleophile. Since
the selective introduction of functionalities into vitamin B12

and its derivatives has long been a challenge we decided to
study this reaction in depth with the goal of finding specific
reaction conditions for mono- or diamide formation.

Our investigation began by carrying out a series of
experiments involving ethanolamine (Scheme 1). The reac-

tion of c-lactone 1a with 10 equiv of this amine in dioxane
gave exclusively monoamide 2 in 72% yield (Table 1, entry
1). When the reaction was carried out for a longer period of
time or conducted in DCM the yield was reduced and
selectivity was lost (entries 2 and 3). Using 4 equiv of amine

assured selective formation of 2 in dioxane and DCM,
although in the latter case the formation of a new compound
was observed (entry 5, spirolactone). By increasing the
temperature, the reaction could be completed faster; however,
this also promoted the formation of unwanted byproducts
(entries 6 and 7).

Reactions carried out in DCM proved more favorable for
diamide 3 formation; consequently, this solvent was used
for the optimization studies (Table 2). By increasing the

amine concentration, diamide 3 was obtained as a major
product; however, the reaction was not fully selective (entries
1-3). The best result, 75% yield of 3, was obtained when
the reaction was stopped after 6 h (entry 2). When lactone
1b was used as the starting material (entries 4 and 6),15 the
reaction kinetics were improved, but more byproducts were
formed (entry 4).

An unexpected result was found when an amine/solvent
ratio of 1:1 was used. While the yield of the diamide 3
decreased dramatically, neither monoamide 2 nor the starting
material 1 was detected (entries 5 and 6).

All reactions subject to study proved concentration and
solvent dependent; therefore, a series of solvents with
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Scheme 1. Reaction of Lactone 1 with Ethanolamine

Table 1. Ring-Opening of Lactone 1a by Ethanolaminea

entry
amine
[equiv] solvent t [°C] time [h]

amide
2 [%]b

diamide
3 [%]b

1 10 dioxane rt 5 72
2 10 dioxane rt 16 68 20
3 10 DCM rt 5 56 18
4 4 dioxane rt 29 72
5c 4 DCM rt 29 61
6 4 dioxane 50 16 38 37
7 4 DCM 50 6 57
a All reactions were protected from light. b Isolated yields. c Spirolactone

4 was formed in 11% yield.

Table 2. Diamide 3 Formation via the Reaction of c-Lactone 1
with Ethanolaminea

entry lactone
amine/solvent

ratio time [h]
amide
2 [%]b

diamide
3 [%]b

1 1a 10:1 3 10 43
2 1a 10:1 6 19 75
3 1a 10:1 16 trace 57
4 1b 10:1 0.7 48 32
5 1a 1:1 3 37
6 1b 1:1 0.7 29
a Reactions were carried out at room temperature in DCM. b Isolated

yields.
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different polarities were tested. As the polarity of the solvent
decreased, the reaction rate increased (see SI).

Using an optimal set of conditions, a small collection of
amines was examined (Table 3).16 In the case of simple aliphatic

amines (n-butyl amine, isopropylamine, and tert-butylamine),
an effect ascribable to sterics was observed: as the bulk bound
to the amine increased the reactivity decreased. Monoamides
from both n-butyl- and n-octylamine were obtained in high
yield. For propargylamine the low yield was improved by
increasing the amine concentration. Unfortunately, in this
specific case we were not able to obtain diamide.

In the reaction of lactone 1a with 10 equiv of ethanolamine
in DCM, the formation of a new compound 4 was observed.
Single crystals suitable for X-ray diffraction analysis were
obtained by difusion of Et2O into an ethanol solution of 4
(Figure 1). The resulting structure revealed that the spiro-
lactone ring is formed at the corrin B-ring. The terminal
hydroxy group at the neighboring position forms an intramo-
lecular hydrogen bond with the cyanide anion. We assume
that the formation of a hydrogen bond between -OH and
-CN stabilizes the amides of this report based on the fact
that 1H NMR spectra are simpler than those obtained for
compounds without a terminal hydroxy group. In these

instances, almost all signals are split with the second set of
signals being atributed to the species devoid of one cyanide
ligand, as proposed by Alberto.14 The general features of
corrin geometry are similar to those seen earlier.17

The coordination sphere around the central Co atom is a
distorted octahedron formed by four N atoms coming from
the corrin ring and two axial C atoms from cyanide anions.
The distances to N atoms from rings A and D are slightly
shorter than those to N atoms from C and rings (Co-N
1.867(4) Å, Co-N 1.905(4) Å, Co-N 1.919(4) Å, Co-N
1.870(4) Å). The arrangement of the corrin ring around the
Co center is tetrahedrally distorted with a folding angle of
10.8° (angle between the plane passing through the A and
B rings and the plane passing through the C and D rings).
The folding angle is slightly smaller than typically observed
for cobalamines. This can be attributed to the presence of
less bulky axial ligand (cyanide vs substituted imidazole).

We found that spirolactone 4 is an intermediate formed
during the synthesis of the diamide 3 and is sometimes a
byproduct in the synthesis of the monoamide 2. It is known
that cyanides are efficient and mild catalysts in the aminolysis
of esters18 and this ligand is always present in the reaction
mixtures as the result of starting with a cobalamine deriva-
tive. Furthermore, it has been briefly mentioned by Gossauer
that d-lactonization can occur as a result of a cyanide group
being present.19 Therefore, we assumed that the monoamide
2 forms first, followed by d-lactonization to give 4. A
subsequent ring-opening with a second molecule of amine
then gives 3 (Table 4). It was thus thought that increasing
the concentration of cyanide ions would abet the formation
of spirolactone 4.
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Table 3. Scope and Limitations Studies

entry amine monoamide [%]a diamide [%]b

1 ethanolamine 72 75
2 diglycolamine 71 70
3 n-butylamine 65 53
4 n-octylamine 67 40
5 isopropylamine 25 58
6 tert-butylamine 0 0
7 benzylamine 0 0
8 propargylamine 10
9 propargylamine 68c

a Conditions: lactone 0.14 mM in dioxane with 10 equiv of amine.
b Conditions: lactone 0.14 mM in DCM/amine mixture (10:1), rt. c Conditions:
lactone 0.14 mM in dioxane/amine (10:1), rt.

Figure 1. X-ray structure of spirolactone 4.
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A catalytic amount of KCN was added to the reaction
mixture and only the yield of monoamide 2 decreased (Table
4, entry 1). The use of a large excess of the KCN led to
selective formation of spirolactone 4, albeit only in 45% yield
(entry 3). The low yields could reflect the fact that KCN
affects the formation of amide 2, which once formed has
been shown to give 4 under these conditions. In fact, by
isolating 2 first, and then treating with cyanide, the spiro-
lactone 4 could be isolated in 83% yield (entry 6). Unfor-
tunately, reaction times of ca. 48 h were required. These long
reaction times could reflect the low solubility of KCN in
dioxane.20 Therefore, TBACN was investigated as an
alternative cyanide source. In this case, excelent yields were
obtained and in a shorter period of time; however, a minor
byproduct is formed, which renders purifcation more difficult
(entry 7).

Spirolactone 4 provides a new reaction site that allows
the formation of diamides with two different substituents

starting with primary amines that possess terminal groups,
such as NH2, N3, and alkyne. As shown in Scheme 2,
derivatives 5a-c could be obtained in this way.

In summary, we have developed a selective ring-opening
of vitamin B12 derived c-lactone 1 that produces c-mono-2
or c,d-diamides, such as 3 and 5. The optimal conditions
for the production of monoamide 2 involved using 10 equiv
of an amine in dioxane at room temperature. In contrast, the
use of a 10:1 ratio in DCM at room temperature gave diamide
3. The aminolysis of 2 in the presence of KCN provided
d-spirolactone 4 in good yield. Subsequent ring-opening gave
c,d-diamides 3. This operationally simple method provides
access to cobalamin-derived diamides of general structure 5
that possess various substituents at the c- and d-positions.
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Table 4. Spirolactone 4 Formationa

entry KCN [amount] time [h]
amide
2 [%]b

spirolactone
4 [%]b

1c catalytic 48 59 trace
2c stiochiometric 48 29
3c excess 48 45
4d catalytic 48
5d stiochiometric 48 37
6d excess 48 83
7e excess 24 81
a All reactions were carried out with 4 equiv of ethanolamine in dioxane

at rt. b Isolated yields. c Lactone 1 was used as substrate (one step procedure).
d Amide 2 was used as a substrate.

Scheme 2. Selective Ring-Opening of Spirolactone 4

Lactone 4 was treated with 10 equiv of appropriate amine in dioxane.
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