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ABSTRACT
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—_—
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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 application
in medicinal chemistryand material scienceEspecially for

the latter applications, tetrasubstituted adamantanes are oute A H
u

valuable scaffolds because they are mechanically rigid and : —
conformationally well defined. These special features of the B Br Br

adamantane core attracted our interest for studies on mul- 3 Br
tivalent ligand/receptor interactions. We have been interested A A
in the synthesis of small molecule cancer specific ligands K® route B COH
for a while® and would like to use adamantane derivatives I — —
as scaffolds for multivalent tumor targeting. HO.C COH

For this purpose we designed tetravalent adamantane HO,C
derivatives such ak(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

Figure 1. Retrosynthetic analysis of adamantane derivatlves

— to reporter molecules. The adamantane core would thus serve
T Universitat Hamburg. .. " R .
* Harvard Medical School. as a rigid building block orienting four arms tetrahedrally
(1) (@) Henkel, J. G.; Hane, J. T.; Gianutsos,JGMed. Chem1982, in space.

fféilgﬁg'rég)oﬁf‘iif ggégeg'ggghe' G.; Brasmus, E.; Malan, Bi6org. For differential attachment of ligands and markers to the
(2) For some recent applications, see: (a) Li, Q.; Jin, C.; Petukhov, P. adamantane core we favor amide linkages and were thus

ﬁée"?lldﬂ'fag'fh}g';%‘g"’} \éj,. é"i'g@é%e In 200.(34'13,23?'1%1%1 'l-gg"glf’?tf)‘))fl‘_vi’Dq'j-v aiming for the introduction of carboxylic acids in residues

Rukavishnikov, A. V.: Petukhov, P. A.; Zaikova, T. O.: Jin, C.. Keana, J. A and an amine function in residue B in compounds of the

F. W. J. Org. Chem.2003, 68, 4862-4869. (c) Radhakrishnan, U.; general structuré (Figure 1).
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compound | is derived from an already differentially attempt to prove our synthetic concept, alkyBewas

substituted adamantane derivative. A suitable precursor isconverted to carboxylic aci@in excellent yield by formation

tribromoadamantane that is readily available by bromination of a lithium acetylide and subsequent quenching with carbon
of adamantane. dioxide (Scheme 2). Hydrogenation of the alkyne functions

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-

Scheme 2
1. MeLi, THF, 0 °C

nificant drawbacks regardless of starting from tetrahaload- 2.C0,,-70°C
amantanes or adamantane tetracarboxylic acid as an inter- __ - T = =
mediate. 1,3,5,7-Tetrahaloadamantanes are easy to synthesize = 9% HOC y COH
from adamantarféout quite difficult to functionalize because 5 Lo 7 s

2

of low solubility and reactivity>. On the other hand 1,3,5,7-
adamantane tetracarboxylic acid is difficult to synthesize in 08 % l 10% Pd / C, 1 atm Hy
the multigram quantities that are needed for our stutllas. THF, 48 h, it
consequence we focused on route A as a suitable approach.

HO,C COH
Scheme 1 HO,C 4
Br
1. AICl;, =/
2h,-35°C . . . L
Bry, Fe, 2. tert-BuOK, gives the trisubstituted adamantane derivatdvealmost
15 h reflux 48 h, rt guantitatively. Again both compound3,and4, are readily
@ 89 % Br%\sr 83% == = purified by crystallization from acetonitrile.
Br VA Introduction of an amine in the remaining free bridgehead
1 2 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-

Adapting a route of Malik and co-workefsye synthesized lations at the adamz_;mtane scaffold but are _sometlmes
triethynyladamantan@ in two steps from adamantane for troublesome for substituted adamantane derivafi¥es.
two reasons. First, compourishould allow introduction Because brominations of adamantane are often performed
of carboxylic acid functionalities for construction of residues under harsh conditiofiga notable exception is the phase
A in Figure 1, and second, it should also allow a variation transfer catalytic concelj, we suspected that bridgehead
in spacer length between the adamantane core and théromination of trisubstituted adamantadecould be ac-
carboxylic acids. Compoungis thus a key intermediate in ~ companied byx-bromination of its carboxylic acids. Initial
our synthetic protocol. attempts to brominatd in pure bromine or with bromine
We have synthesized tribromoadamantarecordingto  and different Lewis acids (AlG) AlBrs, BBr3) all resulted
a method of DelimarsMirather than the procedure of Stetter in either complex reaction mixtures resulting from polybro-
and WulfP or Malik and co-workerssince the latter always ~ mination or no conversion of starting material (for pure
gave a significant amount of 1,3-dibromoadamantane. bromine). Again, iron in bromine and careful control of
Tribromide 1 was then treated with vinyl bromide and reaction conditions (0C for 12 h) was the method of choice.
AICl3, and the resulting bromoalkane (not shown) was As outlined in Scheme 3, tricarboxylic acid was thus
submitted as a crude product to elimination WBuOK to converted to tetrasubstituted adamantania good vyield.
give triethynyladamantarin good yield. Both compounds, ~ Ritter reaction of bromides proceeded smoothly using
1 and 2, can be prepared on a large scale, since they arehitronium tetrafluoroborate following a protocol from Bach
easy to purify by crystallization or distillation, respectively. and co-workers? The tetrasubstituted adamantaBevith
Alkyne 2 is a key intermediate in our synthetic scheme &nN-acetylated amino function in the 1-position was thus
because it can be modified along various routes. In a first Synthesized in fair yield over two steps from precurdor
It turned out later that compour&lican be prepared even

(4) Sollott, G. P.; Gilbert, E. EJ. Org. Chem1980, 45, 5405—5408. more efficiently in one step using a procedure of Khil’chevskii

(5) An exception is arylation by a FriedeCrafts-type reaction (Newman,
H. Synthesid 972, 692-693) and cyanation by a photochemical conversion
(Lee, G. S.; Bashara, J. N.; Sabih, G.; Oganesyan, A.; Godjoian, G.; Duong, (10) (a) Fort, R. C.; v. Schleyer, P. Rhem. Rev1964,64, 277—300.

H. M.; Marinez, E. R.; Gutierrez, C. GJrg. Lett.2004,6, 1705—1707). (b) Moiseey, I. K.; Makarova, N. V.; Zemtsova, M. lRuss. Chem. Re
(6) Bashir-Hashemi, A.; Li, J.; Gelber, Nletrahedron Lett1995, 36, 1999,68, 1001—-1020.
1233-1236. (11) Schreiner, P. R.; Fokin, A. A.; Lauenstein, O.; Okamoto, Y.; Wakita,
(7) Malik, A. A.; Archibald, T. G.; Baum, K.; Unroe, M. R]. Polym. T.; Rinderspacher, C.; Robinson, G. H.; Vohs, J. K.; Campana, Q. F.
Sci., Part A: Polym. Cheni992,30, 1747—1754. Am. Chem. So2002,124, 13348—13349.
(8) Delimarskii, R. E.; Rodionov, V. N.; Yurchenko, A. ®kr. Khim. (12) (a) Bach, R. D.; Holubka, J. W.; Taaffee, T.JA.Org. Chem1979
Zh.1988,54, 437—438. 44, 1739—1740. (b) Olah, G. A.; Gupta, B. G.; Balaram, B. G.; Narang, S.
(9) Stetter, H.; Wulff, CChem. Ber1960,93, 1366—1371. C. Synthesis979, 274-276.
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Scheme 3
NHAG
HO,C COLH HO,C CO,H
Bry, MeCN,
H,0, reflux, 24 h
—_—

HOLC 4 88 % HO,C 6
Brp, Fe, NO,BF,, MeCN,
0°C,12h 2% b it

72% ’ 79 %
Br
HO,C CO.H
HO.C 5

and co-workers? Following this protocol, compoundlwas
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

adamantan& in good yield along with bromid& 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 amidatfon
failed to give tetrafunctionalized adamantafheand only a
complex mixture of reaction products was isolated.

The N-acetyl group in amidé can be removed by acidic
hydrolysis of the acetamide in refluxing aqueous M@
give the free amind 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 literatufeHowever, for the conversion
of amide 6 to amine7 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 protoc#l,amino acid7 was Boc-
protected with BogO in alkaline aqueous solution to give
N-terminally protected in moderate yield. In a last step
the carboxylic acids d were converted to NHS-esters under

(13) Khil'chevskii, A. N.; Baklan, V. F.; Kukhar, V. PZh. Org. Khim.
1996,32, 1022—1024.

(14) Stepanov, F. N.; Srebrodol’skii, Y.J. Org. Chem. USSR966,2,
1612—-1615.

(15) Novikov, S. S.; Khardin, A. P.; Butenko, L. N.; Kulev, I. A;
Novakov, I. A.; Radchenko, S. S.; Burdenko, S.ZB. Org. Khim.1980,
16, 1433—1435.

(16) Gee, K. R.; Nin, L.; Schaper, K.; Hess, G.JPOrg. Chem1995,
60, 4260—4263.
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standard conditiotéwith N-hydroxy succinimide and DCC
to give tetravalent adamantafién good yield after purifica-
tion by crystallization from 2-propanol. We prefer NHS-ester
for activation of carboxylic acids i® because they should
permit coupling of the adamantane scaffold to ligands in
aqueous medi&

Scheme 4
NHAC NHsCI
HO,C CO,H HO,C CO,H
HCI, H,0,
reflux, 24 h
—_—
0,
HO.C 6 8% HO.C 7
NaHCOj3, H,0,
56 % dioxane, BocyO,
t, 72 h
NHBoc NHBoc
NHSOC conHs HOC COzH
DCC, N-hydroxy succinimide
THF, 12 h, 0 °C
NHSOC 8 83 % HOC 8

In summary, we have realized the synthesis of a tetravalent
adamantane derivativ@ in eight steps with 23% overall
yield. Compoundd 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
adamantan. Starting from this versatile intermediate, it
should be possible to synthesize a number of analogu@s to
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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