
Tetrahedron Letters 54 (2013) 2763–2765
Contents lists available at SciVerse ScienceDi rect 

Tetrahedro n Letters 

journal homepage: www.elsevier .com/ locate/ tet le t
A new facile synthesis of steroid dimers containing 
17,170-dicarboxamide spacers 

Rui M. B. Carrilho a,c, Mariette M. Pereira a,⇑, Maria José S. M. Moreno b, Attila Takács c,d, László Kollár c,d,⇑
a Departamento de Química, Universidade de Coimbra, Rua Larga, 3004-535 Coimbra, Portugal 
b Faculdade de Farmácia, Universidade de Coimbra, Pólo das Ciências da Saúde, 3000-548 Coimbra, Portugal 
c Department of Inorganic Chemistry, University of Pécs and János Szentágothai Science Center, PO Box 266, H-7624 Pécs, Hungary 
d MTA-PTE Research Group for Selective Chemical Syntheses, Hungary 

a r t i c l e i n f o a b s t r a c t
Article history:
Received 28 November 2012 
Revised 4 February 2013 
Accepted 12 February 2013 
Available online 21 March 2013 

Keywords:
Steroid dimers 
Carbonylation
Palladium
Diamine
Carbon monoxide 
0040-4039/$ - see front matter � 2013 Elsevier Ltd. A
http://dx.doi.org/10.1016/j.tetlet.2013.02.108

⇑ Corresponding authors. Tel.: +351 239 854474; fa
E-mail addresses: mmpereira@qui.uc.pt (M.M. P

Kollár).
A set of new steroid dimers linked through ring D–ring D were synthesized via catalytic diaminocarbony- 
lation of 17-iodo-5 a-androst-16-ene, in the presence of palladium–phosphine in situ catalysts and ali- 
phatic or aromatic diamines as N-nucleophiles. The dimeric steroidal comp ounds containing 17,17 0-
dicarboxamide spacers were obtained through highly chemoselective reactions in good isolated yields 
and completely characterized by spectro scopic techniques.

� 2013 Elsevier Ltd. All rights reserved.
Steroids are widely found in both plant and animal kingdoms,
and play crucial roles in biological systems.1,2 Among them, di- 
meric steroids constitute a class of compound s, which have re- 
cently attracted much attention due to their remarkable 
properties as potential cytotoxic, antimalarial, anticancer, and cho- 
lesterol lowering drugs as well as molecular umbrellas in drug 
delivery.3–9 In addition to their pharmacologic al importance, sev- 
eral dimeric and oligomeric steroids display micellar activity,10

they can also act as ligands for proteins and trigger cellular pro- 
cesses or may promote the affinity of ligands to their binding loca- 
tions by providing extra anchoring points to the active site of 
certain domains.11,12 Some of the dimers show liquid-crystal 
behaviour13 and play key roles in rate enhancem ent from hydro- 
phobic binding.14

The synthetic approach es reported so far, have led to the prep- 
aration of cyclic and acyclic steroidal dimers, by connection be- 
tween two cyclopentano-perhydrophe nanthrene skeletons (through
A–A, B–B, C–C, D–D or A–D rings).3–5 The steroidal moieties could 
be directly linked,15–17 linked through spacer groups 18–25 and by 
connection through the steroidal side chains.26–29 Concerning ste- 
roidal D–D ring dimers linked through spacer groups, a number of 
pollutant multi-step and low-yielding synthetic approaches have 
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been frequently used.3 Thus, other environmentall y sustainab le 
alternativ es to promote steroid dimerizatio ns still constitute a
great challenge. It is well established that transition-m etal-cata- 
lyzed reactions are versatile tools to introduce different functional- 
ities into specific positions of the steroidal framework, which can 
render marked changes in their biologica l properties.30 Recently,
our groups have reported several examples on the aminocarbony- 
lation of steroidal alkenyl-iodide s toward carboxamides .31 Never-
theless, to the best of our knowledge, there is only one example 
on the synthesis of dimeric steroids involving Pd-catalyzed car- 
bonylativ e dimerization of alkenyl-iodide intermediates , to form 
17-carbox ylic anhydrides, in the presence of carbon monoxide 
and water.32 It should be also noted that the application of dia- 
mines as N-nucleop hiles in palladium-cata lyzed aminocar bonyla- 
tion toward dicarboxamide s is unprecedented.

Therefore, the iodoalkene-based catalytic synthetic strategy de- 
scribed herein provides a complete ly new, facile, efficient, and 
atom economic methodology for the preparation of steroid dimers.
A set of dimeric androst-16-en es with structurally different dicarb- 
oxamide spacers at C-17 was synthesized via one-pot, one-step 
palladium-cata lyzed aminocar bonylation of 17-iodo-5 a-androst-
16-ene (1), which was obtained by the modified Barton’s proce- 
dure from the correspond ing 17-ketone.33

In a typical experiment,34 17-iodo-5a-androst-16- ene (1) was 
introduce d in the autoclave in the presence of palladium(II) ace- 
tate, 2 M equiv of triphenylph osphine, and 0.5 M equiv of the de- 
sired diamine (1,2-diaminoethane (a), 1,4-diaminobu tane (b),
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1,4-diaminobe nzene (c), and (1S,2S)-(+)-1,2-diaminocyclohexa ne 
(d) as N-nucleophile), Scheme 1.

The carbonylativ e dimeriza tion reaction leading to steroidal 
dicarboxami des (2a–2d) took place under relatively mild condi- 
tions (30 bar CO, 100 �C), with nearly full conversion of the initial 
iodo alkenyl steroid in 5 h. The symmetric androst-16-en e dicarb- 
oxamide dimers 2a, 2b, 2c, and 2d were obtained in 91%, 95%, 48%,
and 81% isolated yields,35 respectively, after work-up and purifica-
tion by column chromatography using silica gel, or by simple 
washing with ethyl acetate. From these results, it was possible to 
conclude that aliphatic diamines (a), (b), and (d) gave significantly
higher yields than that obtained with the aromatic diamine 1,4- 
diaminoben zene (c). It should be noted that the use of optically 
pure (1S,2S)-(+)-diaminocyclohexane (d) produced a single diaste- 
reomeric steroid dimer (2d) in 81% isolated yield. However , when a
racemic mixture of trans-(±)-1,2-diaminocyclohexane was used as 
nucleophile , a 1:1 mixture of two diastereomer ic steroidal dimers 
was obtained, as evidenced by duplicate signals on 1H and 13C NMR 
spectra.

Detailed NMR and MS studies carried out on reaction mixtures 
and raw products (i.e., on isolated products prior to chromatogra- 
phy) revealed that no double carbon monoxide insertion into the 
Pd-alkenyl species occurred. That is, the formatio n of 2-ketocarb- 
oxamide-ty pe derivatives could not be observed . This observation 
is in agreement with previous findings showing that iodoalkene 
substrates undergo double carbon monoxide insertion only under 
special conditions.36

In conclusion, a promising synthetic strategy was developed for 
the preparation of steroid dimers, via optimized palladium-cata -
lyzed diaminocarbon ylation reactions . The versatility of this meth- 
odology is demonstrat ed by the ability to prepare valuable 
functionalized steroid dimers linked through multiple achiral and 
a chiral dicarboxamide spacers.
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