Intramolecular C-H---O hydrogen bonding reduces cation complexation

strength in a fluorescent crown ether
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Complexes of the fluorescent crown ether, N,N-bis(9-
anthrylmethyl)-4,13-diaza-18-crown-6, with Nal; and
KSCN reveal the presence of intramolecular C-H:--O
hydrogen bonds that appear to control conformation and
lead to reduced cation binding affinity.

For more than a decade, the fluorescent properties of macro-
cycles have proved fascinating® A hope has been that
fluorescent residues appended to macrocycles would afford
lariat ethers? that could function as cation sensors.3 Indeed, de
Silva and de Silva demonstrated ‘fluorescent signaling’ in N-
(9-anthrylmethyl)aza-15-crown-5 and -18-crown-6 nearly 15
years ago.4 Anthracene has proved particularly popular as the
fluorescent element. It has, for example, been incorporated into
crowns and cryptands used as probes of phospholipid mem-
brane fluidity.5 It has been attached to one crown, to two
crowns, and via the 9- and 10-positions of a single molecule to
a macrocycle to afford proton sensors.® Two anthracenes
incorporated into a macrocycle? and two anthracenes attached
to a crown afforded a crown—cryptand photoswitch.8 Anthra-
cene has aso been incorporated as the fluorescent element for
sensing Cu2* ions® and p-glucosamine.10 Very recently, Kubo,
Ishige and Sakurai have prepared and studied N,N’-bis(9-
anthrylmethyl)-4,13-diaza-18-crown-6 1 for use as a fluores-
cent cation sensor. In the latter case, some cation binding
selectivity and cation-induced fluorescence change were ob-
served, but the results were generally modest. Thisis surprising
for such awidely used and strongly fluorescent residue. We now
report the first solid state structures of 1 bound by either Na* or
K+*. Intimate C—H---O hydrogen bonding between the sidearm
and macrorings clearly decrease the ability of 1 to form stable
cation complexes and, in turn, diminish their utility as
SENnsors.

Compound 1 was prepared by heating commercial 9-chlor-
omethylanthracene, 4,13-diaza-18-crown-6,11 and Na,COj3 in
MeCN for 72 h. Crystallization from toluene afforded 1 as
yellow needles (68%, mp 195-196 °C).12 Kubo and co-workers
report 1 in 90% yield as yellow needles (from CHCI3) having
mp 189-190 °C. The Nalz complex of 1 was isolated from a
mixture of 1 and Nal (1:1) in THF that was not protected from

the air. The rhombohedral crystals obtained (dark yellow to
brown) had the stoichiometry 1-Nals-(THF), and decomposed
on melting, presumably with loss of THF, at ca. 215 °C. A
projection of the complex is shown in Fig. 1.

There are several notable features about this complex. First,
the macroring is in the D3y conformation, as expected. The
average Na—O distance is 2.46 A and the Na*—N distances are
3.03and 2.92 A. These values are typical for diaza-18-crown-6
Na* complexes. The sidearms are in the anti conformation, one
being above, and the other below, the mean plane of the
macroring heteroatoms. The anti orientation of the anthryl
sidearms effectively excludes the anion from the cation’s
solvation sphere. It is especiadly interesting that the two
(disordered) THF molecules (normally excellent donors) found
in the crystal lattice do not coordinate the cation. Since the
macroring is essentialy planar, it is reasonable to expect the
apical position(s) to be occupied by donor groups. Either |3~ or
THF or a combination of the two could fill the void above and
below the macrocycle but neither does. Instead, the space is
filled by anthracene.

There are two especialy close contacts between C—H bonds
and electronegative elements. The first involves the hydrogen
atoms on anthracene’s 1-position («-position). The C.--O
distancesare3.54 (6 = 152.7°) and 3.58 A (6 = 156.7°). If the
aromatic C-H bonds are 0.95 A long, this makes the average H-
bond distance ~ 2.7 A from the nearest macroring oxygen atom.
The second type of close contastisaC---1 interaction observed
between one (but not the other) of the anthracene 2-positions (3-
positions) and the proximal terminus of 15— (3.79 A) and has a
C—H-l bond angle of ca. 140°. In contrast, the shortest distance
between Na+ and any iodine atom or either THF oxygen is =6
A. There are also anthracene—crown C---N contacts apparent in
both structures (3.17-3.39 A range) but the contact angles
(113-117°) make their overall importance unclear.

The K+ complex of 1 was isolated from a mixture of 1 and
KSCN (1:1), dissolved in CHClz—EtOH (1:1 v/v). The
colorless, rhombohedral crystals had the stoichiometry
1-KSCN-(EtOH),. Interactions analogous to those observed in
the Nat complex of 1 are apparent here. The average K-O
distance for the macroring contactsis2.73 A and the average K—

Fig. 1 Solid state structures of 1 complexed by (a) Nal; and (b) KSCN. In each case, one of two disordered solvent molecules has been deleted for clarity.
Dotted lines indicate C—H---O contacts. Thermal ellipsoids are shown at 50% probability.
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N distanceis 3.20 A. We al so note acontact between the oxygen
of one EtOH molecule and K+ (K-O) that is 2.71 A, essentially
identical to the macroring K—O interactions. The anthracene C—
H to macroring oxygen contacts (C---O, similar to those
observed for 1-Na*) are 3.58 (0 = 177.5°) and 3.63 A (155.5°).
Carbon-3 of one anthracene is 4.12 A from the sulfur atoms of
SCN-— and the C-H---Sangleis 151.3°.

Other data are worthy of note. The transannular N<N
separation in 1-Nal; is 5.93 A and in 1-KSCN is 6.11 A. The
latter value is similar to those reported for other K+ complexes
of diaza-18-crown-6 derivatives.13 In contrast, the transannular
span for the Na* complex is considerably larger than the value
of 5.10 A reported for N,N’-bis(2-hydroxyethyl)-4,13-diaza-
18-crown-6.13

Kubo et al.14 have titrated 1 with either Na* or K+ and used
fluorescence changes to determine complexation constants.
They have found that in MeOH-CHCl; (9:1 v/v), log K (Na*)
for 1is 2.70 and log Ks (K*) is 3.29. They do not report values
in the more commonly used solvent: anhydrous MeOH. The
poor solubility of 1in MeOH prevented us from measuring log
Ksin this solvent.

Several observations clearly indicate that unusua inter-
actionsoccur intheNat and K+ complexesof 1. One of the most
obviousisthe low cation binding constant. In anhydrous MeOH
solution, N,N’-dibenzyl-4,13-diaza-18-crown-6 (2) was found
to have the following cation complexation constants: log Ks
(Na") = 2.72 and log Ks (K*) = 3.38. It is well known that
cation complexation constants diminish with increasing polarity
of the solvent.1s It is expected, therefore, that complexation
constants determined in a CHCI:—MeOH mixture would be
greater than in more polar MeOH. In fact, the binding constants
are lower by asmall factor (1.2- to 1.4-fold). This suggests that
in MeOH, log Ks would be significantly lower for 1 than for
2.

In previous studies, we found a clear correlation between the
complexed cation’s coordination number and the metal—
heteroatom donor group distances.l3 As the coordination
number increased, the M+—O distance increased. Indeed, our
data correlated well with the values published by Shannon.16
Thus, metal-ion-to-oxygen distances for six-coordinated Na*
and K+ should be, respectively, 2.42 and 2.78 A. (Considering
the EtOH interaction in 1-KSCN, the latter value could be 2.86
A). In fact, the average distances observed are, respectively,
2.47 and 2.73 A. The predicted M+*—N distances are 2.52 and
2.62 A for Na+ and K+. The observed average distances are 2.97
and 3.20 A. The M+—O distances are approximately as expected
for six-coordinated Na* and K+, but the M+-N lengths are
remarkably long. This suggeststhat the cation’ sinteraction with
macroring nitrogen is weaker than expected and may be
compensated by other, less obvious interactions.

The most remarkable feature of these two structures is the
short C—H---O contacts observed between the anthracene o-
hydrogen and a proximate macroring oxygen. Desirgu has
recently discussed the occurrence of such interactions.1” The
four close contacts observed for the interaction noted above are
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intherange (designated D) of 3.54-3.62 A and exhibit C-H---O
angles from 152.7-177.5°. Desirgju has noted that ‘D values
span the range 3.00-4.00 A’ and has further stated that ‘linear
bonds (150 < 6 < 180°) are structurally significant.” Clearly,
al of these putative contacts fall within the ‘significant’ range
by both criteria. Moreover, the molecules that possess these
remarkable contacts are unusually poor cation binders. The
excellent fluorescent potential of the anthryl residue should thus
be weighed against its potential to interfere with complexation
when considered as the sensor element in fluorescent signaling
cation complexers.

Wethank the NIH (GM-36262) and the NSF (CHE-9805840)
for grants that supported this work. We are also grateful for an
American Chemical Society fellowship, funded by Procter and
Gamble, to E. S. M. We appreciate helpful discussions with
Professors Nigam Rath and Jonathan Steed.

Notes and references

1 H.-G. Lohr and F. Vogtle, Acc. Chem. Res., 1985, 18, 65.

2 G. W. Gokel and J. E. Trafton, Cation Binding by Lariat Ethers, in
Cation Binding by Macrocycles, ed. Y. Inoue and G. Gokel, Marcel
Dekker, New Y ork, 1990, pp. 253-310; G. W. Gokel, Chem. Soc. Rev.,
1992, 21, 39; G. W. Gokel and O. F. Schdll, Lariat Ethers, in
Comprehensive Supramolecular Chemistry, ed. G. Gokel, Pergamon,
Oxford, 1996, val. 1, pp. 97-152.

3 Fluorescent Chemosensorsfor lon and Molecule Recognition, ed. A. W.
Czarnik, ACS Symp. Ser. ACS, Washington, DC, 1993, vol. 538.

4 A.P.deSilvaand S. A. de Silva, J. Chem. Soc., Chem. Commun., 1986,
1709.

5 U. Herrmann, B. Tummler, G. Maas, P. K. T. Mew and F. Vogtle,
Biochemistry, 1984, 23, 4059; B. Tummler, U. Herrmann, G. Maas and
H. Eibl, Biochemistry, 1984, 23, 4068.

6 R.A.Bissell, E. Calle A. P.deSilva, S. A. deSilva, H. Q. N. Gunaratne,
J.-L. Habib-Jiwan, S. L. A. Peiris, R. A. D. D. Rupasinghe, T. K. S. D.
Samarasinge, K. R. A. S. Sandanayake and J.-P. Soumillon, J. Chem.
Soc., Perkin Trans. 2, 1992, 1559.

7 D. Marquis, J.-P. Desvergne and H. Bouas-Laurent, J. Org. Chem.,,
1995, 60, 7984.

8 J. H. R. Tucker, H. Bouas-Laurent, P. Marsau, S. W. Riley and J.-P.
Desvergne, Chem. Commun., 1997, 1165.

9 G. DeSantis, L. Fabbrizzi, M. Licchelli, C. Mangano, D. Sacchi and N.
Sardone, Inorg. Chim. Acta, 1997, 257, 69.

10 C. R. Cooper and T. D. James, Chem. Commun., 1997, 1419.

11 V. J. Gatto, S. R. Miller and G. W. Gokel, Org. Synth., 1989, 68,
227.

12 Combustion analysis: Calc. for C4HseN2O4: C, 78.47; H, 7.21; N,
4.36%. Found: C, 78.44; H, 7.34; N, 4.28%.

13 R. D. Gandour, F. R. Fronczek, V. J. Gatto, C. Minganti, R. A. Schultz,
B. D. White, K. A. Arnold, D. Mazzocchi, S. R. Miller and G. W. Gokel,
J. Am. Chem. Soc., 1986, 108, 4078.

14 K. Kubo, R. Ishige and T. Sakuri, Heterocycles, 1998, 48, 347.

15 D. M. Dishong and G. W. Gokel, J. Org. Chem., 1982, 47, 147.

16 R. D. Shannon, Acta Crystallogr., Sect. A, 1976, 32, 751.

17 G. R. Desirgju, Acc. Chem. Res., 1996, 29, 441.

Communication 9/02676B



