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Abstract: A flexible, pyridine-functionalized diaza-crown
ether was self-assembled into discrete supramolecules of
differing stoichiometries upon combination with various
organoplatinum molecules. They are characterized by elec-
trospray ionization mass spectrometry and 3'P{!H} and H
NMR. In one case, 'TH—'H NOE enhancements of a [1 + 1]
assembled structure demonstrate the puckered shape of the
macrocyclic ring. Despite its inherent flexibility, the dipy-
ridyl-substituted 18-membered diaza-crown ligand prefers
to self-assemble into closed systems when reacted with
platinum-containing acceptors.

Coordination-driven transition-metal-mediated self-
assembly has been used to prepare a wide variety of
two- and three-dimensional discrete supramolecules in
recent years.' 1% The strategy frequently employed for
their preparation involves the combination of rigid start-
ing materials of well-defined shape and bonding direc-
tionality.'*1? This generally allows a reasonably accurate
prediction of the assembled product structure. In con-
trast, the successful use of flexible building blocks in
self-assembling discrete structures is less documented
due to the increased chance of numerous reaction path-
ways and products. When they are used, a template
molecule or ion is often necessary to control the self-
assembly outcome.®~7 One exception is the prepa-
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SCHEME 1. Synthesis of Di-4-pyridyl-Substituted
Diaza-Crown Ether 1
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ration of a discrete metallamacrocycle from a dipyridyl-
substituted nine-membered 1,4-diazacycloalkane ring
and Pd(en)(NOs),.18

Since their discovery®® in 1967, macrocyclic crown ether
compounds and derivatives, as well as their properties
and applications, have been extensively examined.?0-23
More recent studies?*~28 focused on diaza-crown ethers
with functionalized heteroaromatic sidearms. Relative to
conventional crown ethers, these species showed en-
hanced complex stability with, and transport ability of,
numerous alkali, alkaline earth, and transition metal
cations.?”:28

To date, there are no reports of platinum- or palladium-
mediated self-assembly of pyridyl-substituted diaza-
crown ethers into supramolecular species. Herein, we
report the preparation of di-(4-pyridyl)-substituted 18-
membered diaza-crown ether 1 (Scheme 1) and then
describe the nontemplated self-assembly of this flexible
ligand into discrete supramolecules 2—4 upon reaction
with platinum-containing acceptors 5—7 of differing
geometries (Scheme 2). They are characterized by elec-

(17) Fujita, M.; Nagao, S.; Ogura, K. J. Am. Chem. Soc. 1995, 117,
1649.

(18) Schneider, R.; Hosseini, M. W.; Planeix, J.-M.; De Cian, A.;
Fischer, J. Chem. Commun. 1998, 1625.

(19) Pedersen, C. J. J. Am. Chem. Soc. 1967, 89, 2495.

(20) Bradshaw, J. S.; lzatt, R. M.; Bordunov, A. V.; Zhu, C. Y.;
Hathaway, J. K. In Comprehensive Supramolecular Chemistry; Gokel,
G. W., Ed.; Elsevier: Oxford, UK, 1996; Vol. 1, pp 35—95.

(21) Crown Compounds: Toward Future Applications; Cooper, S.
R., Ed.; VCH: New York, 1992.

(22) Hiraoka, M., Ed. Crown Ethers and Analogous Compounds;
Elsevier: Amsterdam, 1992.

(23) Gokel, G. W., Ed. Crown Ethers and Cryptands; The Royal
Society of Chemistry: Cambridge, 1991; Vol. 3.

(24) Hu, J.; Barbour, L. J.; Gokel, G. W. J. Am. Chem. Soc. 2002,
124, 10940.

(25) Prodi, L.; Bargossi, C.; Montalti, M.; Zaccheroni, N.; Su, N.;
Bradshaw, J. S.; lzatt, R. M.; Savage, P. B. 3. Am. Chem. Soc. 2000,
122, 6769.

(26) Prodi, L.; Bolletta, F.; Montalti, M.; Zaccheroni, N.; Savage, P.
B.; Bradshaw, J. S.; lzatt, R. M. Tetrahedron Lett. 1998, 39, 5451.

(27) Bradshaw, J. S.; lzatt, R. M. Acc. Chem. Res. 1997, 30, 338.

(28) Tsukube, H. Coord. Chem. Rev. 1996, 148, 1.

10.1021/jo049883t CCC: $27.50 © 2004 American Chemical Society
Published on Web 03/18/2004



SCHEME 2.

PEts

F;t—NC/>7N//>O§
PEts o]] 5
o>o

PEts —
Fit*N/\\:/}N\\)
2PFg
2

&
(9
W

JOCNote

Self-Assembly of 1 with Organoplatinum Reagents 5—7 into Discrete Assemblies 2—4
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trospray ionization mass spectrometry (ESIMS) and
31P{H} and 'H NMR.

The synthesis of 1 (Scheme 1) was achieved by
palladium-mediated coupling of commercially available
1,4,10,13-tetraoxa-7,16-diazacyclooctadecane with an ex-
cess of 4-bromopyridine hydrochloride using the reported
conditions.?® A modest yield (53%) was obtained. The self-
assembly of supramolecules 2—4 was performed in the
same general manner. An acetone-d¢/D,O solution of 1
and a particular organoplatinum acceptor 5—7 was
heated at 60 °C for up to 16 h. Anion exchange with KPF;
facilitated straightforward isolation of the assemblies as
hexafluorophosphate salts in high yield.

Unexpectedly, the 3'P{*H} NMR spectrum of the
[1 + 1] assembly 2 displayed two singlets of approxi-
mately equal intensity near 9.40 ppm (assigned to
PCH,CHj5) with concomitant °°Pt satellites (Figure S1,
Supporting Information). Their upfield shift relative to
5 (15.33 ppm) is consistent with back-donation from the
platinum atoms upon pyridine coordination. When the
sample was heated to 80 °C, coalescence of these signals
was observed. Changes were also observed in the 'H
spectrum (Figure S2, Supporting Information). At room
temperature, there was a single, well-defined set of
anthracene/pyridyl hydrogens, while complex signals for
the ethyl phosphine and methylene groups of the diaza-
crown ring were observed. At 80 °C, the ethyl signals
simplified dramatically, the methylenes became sharper
and more resolved, while the pyridine hydrogens broad-
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ened significantly. The spectra returned to their original
appearance when the sample was cooled back to room
temperature. We believe the nonequivalent phosphine
groups in 2 are distorted from their ideal position
perpendicular to the anthracene plane at room temper-
ature. At 80 °C, increased rotation makes them indis-
tinguishable by NMR. Partial rotation of the pyridine
rings also occurs at elevated temperature, as the two
distinct sets of o- and -hydrogens at room-temperature
broaden upon heating. In the mass spectrum (Figure S3,
Supporting Information), peaks assignable to [2 — PF¢ "
(m/z = 1600) and [2 — 2PF¢]>" (m/z = 727) added support
for the structure of 2. The former was isotopically
resolved and is in excellent agreement with the theoreti-
cal distribution. No evidence for any larger assemblies
was found.

The 3P{*H} NMR spectrum of the [2 + 2] product 3
exhibited a single peak at 15.97 ppm (PCH,CHy3), which
was flanked by minor impurities (Figure S4, Supporting
Information). A septet for the PFg~ counterions was
centered at —143.1 ppm. The restricted rotation of the
pyridine rings was evident in the *H spectrum by two
sets of a-hydrogens (Figure S5, Supporting Information).
An unidentified byproduct was also present (7.01 ppm).
In contrast to 2 (and 4), the appearance of the diaza-
crown ring methylene signals in 3 resembled those of 1.
Clearly, the conformation of the 18-membered ring in 3
is more similar to that of 1 rather than in assemblies 2
and 4. This has marked effects on the 'H line shape. The
structure was confirmed using ESIMS (Figure S6, Sup-
porting Information). Peaks corresponding to the succes-
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sive loss of PF¢~ ions were observed: [3 — PFg ]t (m/z =
3344), [3 — 2PF¢]?" (m/z = 1600) and [3 — 3PFs ]** (m/z
= 1018). The theoretical and experimental isotope dis-
tributions of [3 — PFs~]" correlate well.

The [1 + 1] assembly 4 was formed with little or no
byproducts. In the 3P{*H} NMR spectrum, the phos-
phines gave rise to a single peak at 2.75 ppm (Figure
S7, Supporting Information). The chemical shifts of the
pyridyl hydrogen nuclei (Hq-py 7.92 ppm, Hg-py 6.76 ppm)
were almost unchanged relative to 1 (in CD3NO,: He-py
8.07 ppm, Hg-py 6.64 ppm). This is in contrast to the
downfield shift these hydrogens normally exhibit in
pyridine—Pt-based assemblies.®*3! Electron donation from
the nitrogen atoms of the diaza-ring must offset the loss
of electron density that occurs upon coordination. We
have observed similar behavior in a model study with
4-(dimethylamino)pyridine and cis-(PMej3),Pt(OTf),. The
appearance of the diaza-crown methylene signals re-
sembles that of 2 and is characteristic of the highly folded
conformation the macrocycle adopts in 4. An interesting
feature is the chemical shifts of the hydrogens in the
N—CH, group. These inequivalent nuclei give rise to
peaks at 3.93 and 3.31 ppm and lie on either side of the
large multiplet assigned to —CH,OCH,CH,OCH,— (3.65
ppm). When the Hg_py signal (6.76 ppm) was irradiated,
positive NOE enhancements were observed at 7.92
(Ha—py), 3.93 (-N—CHH-) and 3.65 ppm (—CHHOCH,-
CH,OCH,—) (Figure S9, Supporting Information). These
enhancements illustrate the close proximity of these
nuclei. Isotopically resolved ESIMS peaks [4 — PFg]*
(m/z =993) and [4 — 2PF¢]?>" (m/z = 424) reinforced the
structure of 4 (Figure S10, Supporting Information).
Evidence for higher assemblies was not found.

The formation of the [1 + 1] products 2 and 4 is
entropically favorable over larger supramolecules. This
is apparently the dominant factor in their formation
despite the introduced ring strain of these two as-
semblies. In the reaction of 1 and platinum acceptor 6, a
[1 + 1] product is geometrically impossible, thus the
formation of the [2 + 2] species 3.

In conclusion, the coordination-driven self-assembly of
supramolecules 2—4 from a dipyridyl-substituted diaza-
crown ring 1 and varying platinum acceptors 5—7 has
been described. This work shows for the first time that
a conformationally flexible, dipyridyl-substituted 18-
membered diaza-crown ring can be incorporated effect-
ively into discrete species of varying size and shape.

Experimental Section

Methods and Materials. Organoplatinum compounds 5,32
6,33 and 734 were prepared as reported.

Preparation of 7,16-(Di-4-pyridyl)-1,4,10,13-tetraoxa-
7,16-diazacyclooctadecane 1.2° 1,4,10,13-Tetraoxa-7,16-di-
azacyclooctadecane (131 mg, 0.50 mmol), 4-bromopyridine hy-
drochloride (311 mg, 1.6 mmol), tris(dibenzylideneacetone)-
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dipalladium (13.7 mg, 0.015 mmol), 2-dicyclohexylphosphino-
2'-(N,N-dimethylamino)biphenyl (35.4 mg, 0.09 mmol), and
sodium tert-butoxide (259 mg, 2.70 mmol) were placed in an
oven-dried Schlenk flask. The flask was evacuated and backfilled
with Na. Freshly distilled toluene (2 mL) was added, and the
mixture was heated in an oil bath at 100 °C for 36 h. The
reaction was diluted with CH.CI, (50 mL) and filtered through
Celite. The filtrate was evaporated, and the residue chromato-
graphed on SiO; using 1% triethylamine/20% CH3;OH/CH.Cl,
as an eluent. Further purification was achieved by precipitation
from a CHCl; solution using hexane. Yield 53%. Mp = 220—
222 °C. 'H NMR (CD30D, 300 MHz) ¢ 8.12 (d, 3J = 7.5 Hz, 4H,
Ho-py), 7.05 (d, 33 = 7.5 Hz, 4H, Hp-py), 3.80 (M, 16H, —CH-
OCH,CH,0CH,—), 3.68 (s, 8H, —NCH;—). 13C NMR (CD30D,
75 MHz) 6 158.3 (C,—py), 141.8 (Cu-py), 108.9 (Cp_py), 72.1
(—NCH2CH20— or —CHzocHchzo—), 69.5 (—CHzoCHchzo—
or —NCHchzo_), 53.0 (—NCHZ—). HRMS C,,H3:N404 requires
M+ 416.2424; found, Mt 416.2401.

General Procedure for the Preparation of Assemblies
2—4. Diaza-crown 1 (4 umol) and platinum acceptor 5—7 (4 umol)
were placed in a 1 dram vial. Acetone-ds (0.7 mL) and D,O (0.4
mL) were added. The vial was sealed with Teflon tape, and the
reaction stirred and heated in an oil bath at 60 °C for 4 h (4) or
16 h (2, 3). Excess KPFg was added to precipitate the product,
which was collected and washed with water and then dried in
vacuo.

2: Yellow solid. Yield 92%. Mp = 186—191 °C dec. *H NMR
(CD3NO2, 300 MHz) 6 9.88 (s, 1H, Hg), 8.51 (d, 3J = 6.6 Hz,
2H, Hy-py), 8.41 (s, 1H, Hig), 8.30 (d, 33 = 6.7 Hz, 2H, Hy-py),
7.77 (d, 33 = 8.5 Hz, 2H, H,7 or Hag), 7.66 (d, 3J = 6.8 Hz, 2H,
Has or Hz7), 7.20 (dd, 83 = 8.1 Hz, 3J = 6.9 Hz, 2H, Hsg), 7.08
(dd, 3J = 6.6 Hz, 4J = 2.8 Hz, 2H, Hgpy), 6.63 (dd, 3J = 6.9 Hz,
4J = 3.0 Hz, 2H, Hg_py), 3.85—3.56 (m, 24H, —NCH,CH,0-),
1.87-1.52 (m, 24H, PCH,), 1.32—-0.80 (m, 36H, PCH,CH3).
31P{1H} NMR (CD3NO;, 121 MHz) 6 9.43 (195Pt satellites, 1Jpt—p
= 2688 Hz, PCH,CHy3), 9.40 (%Pt satellites, 1Jpt—p = 2688 Hz,
PCH,CHg), —143.1 (septet, *Jp_¢ = 707 Hz, PF¢™). Anal. Calcd
for CsoH100F12N4O4PsPty: C, 41.29; H, 5.77; N, 3.21. Found: C,
41.44; H, 5.87; N, 3.01.

3: Off-white solid. Yield 95%. Mp = 216—220 °C dec. *H NMR
(CD3NOy, 300 MHz) 6 8.70 (s, 4H, Hai10), 8.30 (d, 3J = 6.6 Hz,
4H, Hq-py), 8.26 (d, 33 = 6.6 Hz, 4H, Hy—py), 7.76 (d, 3J = 8.2
Hz, 4H, Hgvg), 7.58 (m, 8H, H4,7 and H5,6)y 6.92 (m, 8H, H/f—py),
3.82—3.70 (m, 48H, —NCH,CH-0—), 1.45 (m, 48H, PCH>), 1.19
(m, 72H, PCH,CH3). 3*P{*H} NMR (CD3NO,, 121 MHz) § 15.97
(195Pt satellites, *Jp—p = 2694 Hz, PCH,CHg3), —143.1 (septet,
1Jp7|: = 707 Hz, PFef). Anal. Calcd for C120H200F24NgOgP12P14:
C, 41.29; H, 5.77; N, 3.21. Found: C, 41.40; H, 5.87; N, 2.86.

4: Off-white solid. Yield 92%. Mp = 249—251 °C dec. 'H NMR
(CD3sNO2, 300 MHz) ¢ 7.92 (d, 3J = 7.1 Hz, 4H, Hq-py), 6.76 (d,
33 = 7.1 Hz, 4H, Hp_py), 3.93 (dt, 23 = 15.5 Hz, 2 x 3J = 5.5 Hz,
4H, —N—CHH—), 3.65 (m, 16H, —cHzoCHchzoCHz—), 3.31
(dt, 23 = 15.4 Hz, 2 x 33 = 5.6 Hz, 4H, —N—-CHH-), 2.02 (m,
12H, PCHy), 1.32 (m, 18H, PCH,CH3). 3'P{*H} NMR (CD3NOg,
121 MHz) 6 2.75 (%Pt satellites, *Jpi—p = 3062 Hz, PCH,CH3),
—143.1 (septet, Jp_r = 707 Hz, PFs). Anal. Calcd for
CasHes2F12N4O4P4Pt: C, 35.89; H, 5.49; N, 4.92. Found: C, 36.23;
H, 5.46; N, 4.74.
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