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ABSTRACT

An efficient route to novel 1,3,5,7-tetrasubstituted derivatives of adamantane is described. This route starts from adamantane and gives the
tetrafunctionalized derivative 9 in eight steps with an overall yield of 23%. These tetrahedrally shaped molecules possess three identical arms
terminated by an activated carboxylic acid derivative and a protected amino function in the 1-position. We propose these tetravalent cage
compounds such as 9 as scaffolds for the assembly of ligand/marker conjugates for studies of multivalent ligand receptor interactions.

Derivatives of adamantane have found numerous applications
in medicinal chemistry1 and material science.2 Especially for
the latter applications, tetrasubstituted adamantanes are
valuable scaffolds because they are mechanically rigid and
conformationally well defined. These special features of the
adamantane core attracted our interest for studies on mul-
tivalent ligand/receptor interactions. We have been interested
in the synthesis of small molecule cancer specific ligands
for a while3 and would like to use adamantane derivatives
as scaffolds for multivalent tumor targeting.

For this purpose we designed tetravalent adamantane
derivatives such asI (Figure 1) with three identical arms A
for attachment of linker moieties in the 3,5,7-positions and
a fourth functional group B in the 1-position for conjugation

to reporter molecules. The adamantane core would thus serve
as a rigid building block orienting four arms tetrahedrally
in space.

For differential attachment of ligands and markers to the
adamantane core we favor amide linkages and were thus
aiming for the introduction of carboxylic acids in residues
A and an amine function in residue B in compounds of the
general structureI (Figure 1).

The most obvious two retrosynthetic routes A and B are
shown in Figure 1. In route A the substitution pattern in target
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Figure 1. Retrosynthetic analysis of adamantane derivativesI.
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compound I is derived from an already differentially
substituted adamantane derivative. A suitable precursor is
tribromoadamantane that is readily available by bromination
of adamantane.

Central intermediate of route B is a symmetrically tetra-
substituted adamantane derivative that would have to be
desymmetrized for example by monoesterification of ada-
mantane tetracarboxylic acid. Route B, however, has sig-
nificant drawbacks regardless of starting from tetrahaload-
amantanes or adamantane tetracarboxylic acid as an inter-
mediate. 1,3,5,7-Tetrahaloadamantanes are easy to synthesize
from adamantane4 but quite difficult to functionalize because
of low solubility and reactivity.5 On the other hand 1,3,5,7-
adamantane tetracarboxylic acid is difficult to synthesize in
the multigram quantities that are needed for our studies.6 In
consequence we focused on route A as a suitable approach.

Adapting a route of Malik and co-workers,7 we synthesized
triethynyladamantane2 in two steps from adamantane for
two reasons. First, compound2 should allow introduction
of carboxylic acid functionalities for construction of residues
A in Figure 1, and second, it should also allow a variation
in spacer length between the adamantane core and the
carboxylic acids. Compound2 is thus a key intermediate in
our synthetic protocol.

We have synthesized tribromoadamantane1 according to
a method of Delimarskii8 rather than the procedure of Stetter
and Wulff9 or Malik and co-workers7 since the latter always
gave a significant amount of 1,3-dibromoadamantane.

Tribromide 1 was then treated with vinyl bromide and
AlCl3, and the resulting bromoalkane (not shown) was
submitted as a crude product to elimination withtBuOK to
give triethynyladamantane2 in good yield. Both compounds,
1 and 2, can be prepared on a large scale, since they are
easy to purify by crystallization or distillation, respectively.

Alkyne 2 is a key intermediate in our synthetic scheme
because it can be modified along various routes. In a first

attempt to prove our synthetic concept, alkyne2 was
converted to carboxylic acid3 in excellent yield by formation
of a lithium acetylide and subsequent quenching with carbon
dioxide (Scheme 2). Hydrogenation of the alkyne functions

gives the trisubstituted adamantane derivative4 almost
quantitatively. Again both compounds,3 and4, are readily
purified by crystallization from acetonitrile.

Introduction of an amine in the remaining free bridgehead
position in 4 was planned via a two-step procedure of
bromination and a subsequent Ritter reaction with acetoni-
trile. Both reactions are well-known for bridgehead manipu-
lations at the adamantane scaffold but are sometimes
troublesome for substituted adamantane derivatives.10

Because brominations of adamantane are often performed
under harsh conditions9 (a notable exception is the phase
transfer catalytic concept11), we suspected that bridgehead
bromination of trisubstituted adamantane4 could be ac-
companied byR-bromination of its carboxylic acids. Initial
attempts to brominate4 in pure bromine or with bromine
and different Lewis acids (AlCl3, AlBr3, BBr3) all resulted
in either complex reaction mixtures resulting from polybro-
mination or no conversion of starting material (for pure
bromine). Again, iron in bromine and careful control of
reaction conditions (0°C for 12 h) was the method of choice.
As outlined in Scheme 3, tricarboxylic acid4 was thus
converted to tetrasubstituted adamantane5 in good yield.
Ritter reaction of bromide5 proceeded smoothly using
nitronium tetrafluoroborate following a protocol from Bach
and co-workers.12 The tetrasubstituted adamantane6 with
an N-acetylated amino function in the 1-position was thus
synthesized in fair yield over two steps from precursor4.
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and co-workers.13 Following this protocol, compound4 was
heated for 24 h in a mixture of bromine, water, and
acetonitrile. Bridgehead bromination and Ritter reaction with
acetonitrile occurred in one pot and gave tetrasubstituted
adamantane6 in good yield along with bromide5 as the
only defined byproduct (9%) of this reaction.

A second protocol for a one-step conversion of adamantane
derivatives toN-acetamides via a bromine free amidation15

failed to give tetrafunctionalized adamantane6, and only a
complex mixture of reaction products was isolated.

TheN-acetyl group in amide6 can be removed by acidic
hydrolysis of the acetamide in refluxing aqueous HCl14 to
give the free amine7 as its hydrochloride salt. Loss of the
amine function under acidic conditions and substitution with
chlorine has been reported for alkyl-substituted amino-
adamantanes in the literature.15 However, for the conversion
of amide 6 to amine 7 we were not able to detect any
substitution of the amine function by chlorine during acidic
hydrolysis. Amino acid7 is well soluble in water at acidic
pH, and all impurifications were thus removed by washing
the acidic aqueous reaction mixture with ethyl acetate.

Using a standard protocol,16 amino acid 7 was Boc-
protected with Boc2O in alkaline aqueous solution to give
N-terminally protected8 in moderate yield. In a last step
the carboxylic acids of8 were converted to NHS-esters under

standard conditions17 with N-hydroxy succinimide and DCC
to give tetravalent adamantane9 in good yield after purifica-
tion by crystallization from 2-propanol. We prefer NHS-ester
for activation of carboxylic acids in9 because they should
permit coupling of the adamantane scaffold to ligands in
aqueous media.18

In summary, we have realized the synthesis of a tetravalent
adamantane derivative9 in eight steps with 23% overall
yield. Compound9 has three NHS-esters for coupling to
ligands and a protected amine for conjugation to a reporter
group. A key intermediate in our sequence is triethynyl
adamantane2. Starting from this versatile intermediate, it
should be possible to synthesize a number of analogues to9
with different spacers between the adamantane core and the
carboxylic acids. We will use these scaffolds for studies of
multivalent receptor/ligand interactions.
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