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Metallamacrocycles
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Metal-directed self-assembly reactions have become a power-
ful method used for the construction of supramolecular
architectures including molecular squares, cages, and other
polygons, as well as numerous polymeric and dendrimeric
species.!l In the last decade, scientists have become partic-
ularly intrigued with the effect of incorporating chiral ligands/
groups into metallosupramolecular systems. These materials
have demonstrated potential in numerous enantioselective
processes including asymmetric catalysis,”) chemical sens-
ing,P! and selective guest inclusion.
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. In .most cases, the synthesm of met?l-cgntgm- [PtCL(PRy),] cul PR, RzP/_\PRZ R2||3 ~
ing chiral supramolecules involves derivatization + ———> R—— pt—~R R—=——Pt-PR,
of an enantiopure building block, as in the p_— | ELNH PR,

numerous chiral binaphthyl-based molecules. 2 1 |‘|
Using a typically step-wise process, these chiral R
segments are elaborated with functionality capa- N _ 3 £

ble of binding to a metal or metal ion, such as R:P PR, PhF  PPh,. Ph,®  PPh,, PhF  PPh,

pyridyl and alkynyl moieties.”] These larger dppee (S,9)-chiraphos (8, A)-chiraphos

segments are then assembled into the desired

supramolecule, and this ultimately provides a
chiral metal-containing architecture of predict-

able size, shape, and function.

The most costly component of a chiral framework is
nearly always the optically pure building block. Thus, a '
synthetic sequence that initiates from a chiral building block
will inherently suffer from losses due to subsequent synthetic
and purification steps.™* A more attractive approach would 4a
be a method that introduced chirality after construction of the
desired supramolecular assembly. This approach would not

only circumvent waste of the chiral build-
ing block prior to the ultimate synthetic
step, but would also facilitate the diver-
gent preparation of both enantiomers of a
given target from a common precursor.
Described herein is a simple and general
protocol that provides economical access
to chiral metal-containing molecules by
ligand exchange between trans platinum
acetylide complexes (1) and the chiral
diphosphine ligands (R,R)- and (S.S)-
chiraphos (Scheme 1).

Metal-organic frameworks can be
expediently accessed by the conversion
of terminal acetylenes (2) into trans
platinum acetylide complexes (1) by reac-
tion with [PtCl,(PR;),].”! It has been
established that transformation of trans
complexes 1 into their cis counterparts 3
can be readily accomplished by ligand
exchange with a chelating diphosphine
ligand,) provided the lability of the
exiting phosphine ligand is carefully con-
trolled. In the case of trans acetylides with
PEt; ligands (e.g., 1, R=Et), ligand
exchange to give the cis derivatives 3 is
either extremely slow or completely
retarded in reactions with dppee.” The
trans complexes 1 with pendant PPh;
ligands, on the other hand, are readily
converted to their cis counterparts 3 in
good to excellent yield, when using dppee
to effect ligand exchange.

For the current study, formation of
requisite trans platinum complexes 4a—e
(Schemes 2 and 3) was effected by treat-
ing the appropriate terminal acetylene
with [PtCl(PPh;),] in degassed Et,NH
with a catalytic amount of CuL.®! In the
case of cyclic derivatives such as 4b-e,
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Scheme 1. Construction of achiral and chiral cis platinum acetylide complexes by
ligand exchange.
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Scheme 2. Synthesis of chiral cis acetylide complex 5a.
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Scheme 3. Synthesis of chiral macrocycles 5b—f. a) (S,5)-chiraphos, CH,Cl,, RT; b) (R,R)-
chiraphos, CH,Cl,, RT.
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high dilution was used to facilitate closure of the macrocyclic
skeleton. All trans complexes were readily purified by either
selective precipitation or flash chromatography on silica gel.

To probe the transformation of the achiral complexes into
chiral supramolecules, the acyclic system 4a was used as a
model system. Treatment of 4a with (S,S)-chiraphos in
CH,Cl, at RT for 14 h cleanly formed the chiral cis complex
5ain 89 % yield (Scheme 2). This protocol was next applied to
a structurally diverse selection of metallamacrocycles 4b—e."”)
Gratifyingly, the reaction of these trans acetylide complexes
with (S,5)-chiraphos under analogous conditions led to the cis
acetylide macrocyclic complexes Sb—e in good to excellent
yields. The reaction of 4e with the ligand (R,R)-chiraphos to
give Sf was equally successful, highlighting the economy of
our methodology which allows for the divergent generation of
both enantiomeric macrocycles, Se and 5, from 4 e by simply
changing the ligand system in the final step of the synthesis.
Thus, this one-step transformation is equally effective for
carbocyclic systems such as Sbh,c and complexes with pyridine
rings containing one (5d) or two metal centers (Se,f). The
successful formation of Sd-f is noteworthy as they are
excellent candidates for use as chiral building blocks in self-
assembly reactions, through coordination through the pyri-
dine unit(s).l"

The formation of Sa—f is easily monitored by 'H and
3P NMR spectroscopy. The alkyl protons of the free ligand,
(S,S)-chiraphos, appear as a multiplet (methine) and quartet
(methyl) at 6 =2.50-2.43 and 1.17 ppm, respectively. Upon
binding to the metal center, these protons are shifted upfield
and appear as broad multiplets centered at 6 =2.49-2.16 and
0.95-0.84 ppm, respectively. Even more diagnostic are the
3P NMR spectra. The free chiraphos ligand gives rise to a
singlet at 0 = —8.7 ppm that diminishes in intensity as ligand
exchange proceeds, while the resonance of uncoordinated
PPh; emerges at 6 = —4.4 ppm. Concurrently, the intensity of
the *'P NMR resonance from the ligated PPh; of the trans
acetylide complex 4, observed at 6 =18-21 ppm, disappears
as the reaction proceeds. It is replaced by a new resonance at
0 =42-47 ppm from the chiraphos ligand bound to platinum
in complex 5. As the coordination geometry about the
platinum center changes from trans to cis, a diagnostic
change in the coupling constant Jpp, is also observed (2600—
2720 Hz for 4a—e, 2190-2250 Hz for 5a-f).

It is well known that five-membered chelate rings can
adopt two puckered, chiral conformations (Figure 1).'!/ In the
presence of stereogenic centers (as is the case with chiraphos),
these two conformations become diastereomeric, and one
conformation is therefore energetically more favorable. For
(8,8)-chiraphos, the most stable conformation is the one in

Me
Ph :Me Ph
~Ph — Ph~
L o
Me' Ph Ph
Me
& conformation A conformation

Figure 1. 6 and A conformations resulting from bonding of (S,S)-chira-
phos to platinum.
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which the substituents of the chelate ring are equatorially
disposed (the ¢ conformation). As a result of this conforma-
tional preference, the phenyl groups on the phosphorus
centers are locked into a chiral arrangement. It is through this
arrangement that the chiraphos ligand can convey chirality to
the entire molecular framework by the steric influence of the
phenyl groups of the phosphine, which is relayed to other
ligands bonded to platinum.

Conclusive structural proof of the chiral structures of Sa
and 5d as a result of the chiraphos ligand has been provided
by single crystal X-ray crystallographic analysis. The ORTEP
drawing of 5a (Figure 2) shows that the complex is in the

Figure 2. ORTEP drawing of 5a (20% probability level; solvent mole-
cules and all but the ipso carbon atoms of the phenyl rings have been
removed).

expected 0 conformation in which the two methyl groups of
the chiraphos ligand are pseudoequatorial.™ The coordina-
tion geometry about the platinum center is square planar with
angles of 86.29(2)° (P1-Pt-P2) and 87.93(9)° (C3-Pt-C5) which
are comparable to other Pt'chiraphos complexes.'”l All
other angles and bond lengths are unremarkable.

The solid-state structure of 5d, by contrast, shows several
unexpected features. Complex 5d crystallizes with two
independent molecules in the unit cell (molecule A is
shown in Figure 3).'1 While much of the macrocyclic core is
nearly planar, the structure pivots dramatically at the
alkylidene carbons C17 and C23 to accommodate the cis
acetylide linkage to platinum. In spite of the inherent strain,
the coordination geometry about the platinum center remains
unchanged with bond angles about the metal of 87.5(6)° (C20-
Pt1-C21) and 86.04(16)° (P1-Pt1-P2). The strain imparted by
the cis conformation is therefore borne almost exclusively by
the enyne core of the macrocycle, as evidenced by the
alkylidene and alkyne bond angles, which have mean values
of 112.2° and 172.3°, respectively.

The most remarkable feature of the solid-state structure
of 5d is that the Chiraphos ligand has adopted a 1
conformation, which places the two methyl groups in
pseudodiaxial positions with a dihedral angle C43-C41-C42-
C44 between the methyl groups of 166.2° (molecule B is
similar, with C43-C41-C42-C44 =167.4°). This is only the
second example of Chiraphos adopting this conformation (in
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Figure 3. ORTEP drawing of molecule A of 5d (20% probability level;
solvent molecules and all but the ipso carbon atoms of the phenyl
rings have been removed).

the solid-state) that could be found in the Cambridge
structural database.™ It is speculated that this unusual
result is directed by steric interactions between the phenyl
groups on the diphosphine ligand and the pendant diphenyl-
alkylidene groups of the macrocycle.

The CD spectra for chiral cis complexes Sa—f are shown in
Figure 4. The CD curve for complex 5b shows the strongest

80

300 400 500
Alnm ——

Figure 4. CD spectra for 5a—f in CH,Cl,.

response and is dominated by two intense Cotton effects that
form a negative couplet centered at A =358 nm, attributable
to the m—g* transition.'®'”! A third, positive Cotton effect is
observed at high energy (A1a260 nm). The CD curves for
complexes Se and 5 f demonstrate several moderately strong
signals, and the two spectra mirror each other in both form
and intensity, consistent with an enantiomeric relationship.
More specifically, these spectra show two bisignate signals,
centered at A~360 and 305 nm. The lower energy couplet
likely arises from the MLCT absorption band, whereas the
high-energy band is associated with an unassigned transition
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in the UV/Vis absorption spectrum at 4 =305 nm. Unlike
complexes 5b and Se.f, the remaining complexes, acyclic 5a
and the more strained macrocycles S¢ and 5d, show only
weaker, high-energy signals in the lower energy region of the
CD spectra.

The solid-state and CD spectroscopic data for Sa—f
unambiguously demonstrate the ability of the chiraphos
ligand to efficiently transfer chirality to the conjugated
molecular framework of platinum acetylide complexes.
There are, however, several important design considerations
that appear to govern this process. As demonstrated by CD
spectroscopy, the chiral influence from chiraphos is strongest
when the acetylenic chromophore attached to the platinum
metal center is large and sufficiently rigid to interact with the
chiral array of phenyl groups on the diphosphine ligand, as
observed for macrocycles Sb and 5Se—f. The macrocycle must
also, however, maintain sufficient conformational mobility to
be biased by this interaction, that is, when the macrocycle is
too strained or rigid, the chiral influence is minimal, as
observed for 5S¢ and 5d. Optimization of this process and the
formation of chiral, conjugated frameworks using ligand-
exchange methodology with other chiral phosphine ligands
are currently underway.

Received: June 30, 2004
Revised: August 12, 2004

Keywords: chirality - macrocycles - P ligands - platinum -
supramolecular chemistry

[1] a) S. Leininger, B. Olenyuk, P.J. Stang, Chem. Rev. 2000, 100,
853-908; b) M. Fujita, Chem. Soc. Rev. 1998, 27, 417-425; c) G.
Fuhrmann, T. Debaerdemaeker, P. Biuerle, Chem. Commun.
2003, 948-949; d) K. Onitsuka, A. Tuchi, M. Fujimoto, S.
Takahashi, Chem. Commun. 2001, 741 -741; e) K. Onitsuka, Y.
Hurada, F. Takei, S. Takahashi, Chem. Commun. 1998, 643 —644.

[2] S.J. Lee, A. Hu, W. Lin, J. Am. Chem. Soc. 2003, 125, 12948 -
12949.

[3] S.J. Lee, W. Lin, J. Am. Chem. Soc. 2002, 124, 4554 —-4555.

[4] E. Barea, J. A. R. Navarro, J. M. Salas, M. Quirés, M. Willer-
mann, B. Leppert, Chem. Eur. J. 2003, 9, 4414 -4421.

[5] a) S. G. Telfer, R. Kuroda, Coord. Chem. Rev. 2003, 242, 33 -46;
b) O. Mamula, A. von Zelewsky, Coord. Chem. Rev. 2003, 242,
87-95.

[6] K. Sonogashira, K. Ohga, S. Takahashi, N. Hagihara, J. Organo-
met. Chem. 1980, 188, 237 -243.

[7] K. Campbell, R. McDonald, M. J. Ferguson, R. R. Tykwinski, J.
Organomet. Chem. 2003, 683, 379 -387.

[8] For a general synthetic procedure for the synthesis of cyclic and
acyclic trans platinum acetylide complexes, please see ref. [7].

[9] Full experimental details are provided in the Supporting
Information.

[10] a) K. Campbell, R. McDonald, R. R. Tykwinski, J. Org. Chem.
2002, 67, 1133-1140; b) K. Campbell, C. J. Kuehl, M. J. Fergu-
son, P.J. Stang, R. R. Tykwinski, J. Am. Chem. Soc. 2002, 124,
7266-7267.

[11] a) M. D. Fryzuk, B. Bosnich, J. Am. Chem. Soc. 1977, 99, 6262 -
6267; b) N. M. Brunkan, P.S. White, M. R. Gagné, Angew.
Chem. 1998, 110, 1615-1618; Angew. Chem. Int. Ed. 1998, 37,
1579-1582.

[12] Crystallographic data for S5a: CsH,P,PtSi,-CH,Cl,, M,=
1069.20, orthorhombic, space group P2,2,2, (No. 19); a=

Angew. Chem. 2004, 116, 6093 -6097


http://www.angewandte.de

(13]

(14]

(15]

(16]

(17]

Angew. Chem. 2004, 116, 6093 -6097

14.1414(6), b =14.6660(6), c =25.5887(11) A; V=5307.0(4) A’;
Z=4; Peuea=1.338 gem3; u(Moy,) =2.881 mm™'; T=—80°C;
R,(F)=0.0208 (10217 reflections F2>20(F2)) and wRy(F*)=
0.0457 for all 10797 unique data.

M. H. Johansson, T. Malmstrom, O. F. West, Inorg. Chim. Acta
2001, 316, 149-152.

Crystallographic data for 5d: C,,H;NP,Pt-1.75 C,H,Cl,-H,O,
M, =1746.80, triclinic, space group P1 (No. 1); a=10.2491(6),
b=15.5943(10), c¢=27.6134(17) A; a=77.4626(12), B=
84.5413(13), vy =79.1701(11)°; V=4224.6(4) A>; Z=2; poyea=
1373 gem™®;  u(Mog,) =1.860mm™'; T=-80°C; R,(F)=
0.0622 (20815 reflections F2>20(F2)) and wR,(F?)=0.1389
for all 28700 unique data. CCDC-243208 (5d) and CCDC-
243209 (5a) contain the supplementary crystallographic data for
this paper. These data can be obtained free of charge via
www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cam-
bridge Crystallographic Data Centre, 12, Union Road, Cam-
bridge CB21EZ, UK; fax: (+444)1223-336-033; or deposit@
ccde.cam.ac.uk).

D. K. Wicht, M. A. Zhuravel, R. V. Gregush, D. S. Glueck, I. A.
Guzei, L. M. Liable-Sands, A. L. Rheingold, Organometallics
1998, 17, 1412-1419.

The MLCT band for 5b is likely combined or masked with the
n—m* transition. UV/Vis spectra and a brief discussion are
provided as Supporting Information.

a) V. W.-W. Yam, Acc. Chem. Res. 2002, 35, 555-563; b) R.
Faust, F. Diederich, V. Gramlich, P. Seiler, Chem. Eur. J. 1995, 1,
111-117.

www.angewandte.de

Angewandte

© 2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Chemie

6097


http://www.angewandte.de

