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The ring flip of a carbohydrate is employed for the tongs-like movable component of a metal ion sensor. A pair of separated pyrene groups

attached to the carbohydrate component are placed side by side when it recognizes metal ions, affording excimer fluorescence. This novel
molecular sensor is selective for Zn>* and Cd?*.

The functions of a number of supramolecules, molecular the reporter side are forced to unstack with the arms
devices, and molecular machines rely on their conformational rearranged into diequatorial orientation in a clothespin
changed.Some of these conformational changes are basedmanner, which in turn extinguishes the excimer fluorescence.
on the ring flip of cyclohexane, which has been empléyed This clothespin-like motion is considered easier to ac-
for the movable component of pyrene-based excimer fluo- complish with cyclohexane than a tongs-like motion that
rescence sensotsThese sensors have the recognition and requires highly constrained four axial arms in its closed form.
reporter components, respectively, on each side of theln this paper, we present a tongs-like excimer fluorescence
cyclohexane plane, mimicking the fundamental design of sensor based on the ring flip of a xylopyranosidehich
signal transducers at the interface across a cell membranegenerates eximer fluorescence when ligand is bound, that
When these sensors catch ligands on the recognition sides, a response opposite to the clothespin-like sensors. In the
by rearranging their diequatorial arms into diaxial orientation, closed form of the tongs-like sensor, the pivot xylopyranoside
the stacked pyrene groups attached to the diaxial arms onassumes #C, conformation with four axial substituents. This
sterically demanding structure is facilitated by the peculiar

(1) (2) Balzani, V.; Venturi, M.; Credi, AMolecular Desices and properties of carbohydrates, i.e., the anomeric effect and the
Machines; VCH: Weinheim, 2003. (b) Balzani, V.; Credi, A.; Raymo, F. .
M.; Stoddart, J. FAngew. Chem., Int. E@00Q 39, 3348-3391. (c) Steed, ~ @bsence of hydrogen atoms on the ring oxygen.

J. W.; Atwood, J. L.Supramolecular Chemistry; John Wiley & Sons: Methyl 2,4-disubstitute@-p-xylopyranosides are known

Chichester, 2000. 1 2 . .
(2) (a) Monahan, C.: Bien, J. T.: Smith, B. Ghem. Commuri998, to favorC, over *C, C(_)nformatlongm nonpolar solvents,
431-432. (b) Weinig, H.-G.; Krauss, R.; Seydack, M.; Bendig, J.; Koert, presumably due to the intramolecular hydrogen bond between
U. Chem. Eur. J2001,7, 2075—2088.
(3) (a) de Silva, A. P.; Gunaratne, H. Q. N.; Gunnlaugsson, T.; Huxley, (4) (a) Yuasa, H.; Hashimoto,H. Am. Chem. S0d.999,121, 5089~

A. J. M.; McCoy, C. P.; Rademacher, J. T.; Rice, TGhem. Rev1997, 5090. (b) Izumi, T.; Hashimoto, H.; Yuasa, Bhem. Commur2004, 94-
97, 1515—1566. (b) Prodi, L.; Bolletta, F.; Montalti, M.; Zaccheroni, N. ~ 95.
Coord. Chem. Re2000,205, 59-83. (c) Rurack, KSpectrochim. Acta, (5) (a) Conformational Behavior of Six-Membered Ringsaristi, E.,

Part A2001, 2161—2195. (d) Valeur, Blolecular Fluorescence; Wiley- Ed.; VCH Publishers: New York, 1995. (b) Rao, V. S. R.; Qasba, P. K;
VCH: Weinheim, 2002. (e) Martinez-Maz, R.; Sancehg F.Chem. Rev Balaji, P. V.; Chandrasekaran, RConformation of Carbohydarates;
2003,103, 4419—4476. Harwood Academic Publishers: Amsterdam, 1998.

10.1021/0l049628v CCC: $27.50  © 2004 American Chemical Society
Published on Web 03/25/2004



Scheme 1 Scheme 2
HO O 1-pyrene-
Ao N OMe N o meheno
OH Ny o} _Zi 3 gLy Nj e}
AcO _ -
1 Acom Ny CMOSII?Ane AcomN “oR

N3 OAc 3

ol
3 4.(73%) fCHCl 5 (76%, a/B=1)
i. pyrenecarboxylic chloride
Pyr (63%) i NaOMe/MeOH-CH,Cl, H,, PA(C)
ii. PACl,, MeOH, 40 °C ii. Na Na 0 TEATHF  H,N 0
(72%) H. iii. 1-(bromomethyl)- RMOR - RO’mNH/OR
| “OMe pyrene, Buy,NITHF N3 2
o 6 (81% from 5) 7 (75%)
o) e 0
O@ XL ome 3
@ oL o Q 9
&) 0 o] 0
® Se¢
OO 199
2(cy) 2('cy) to decrease the excimer fluorescence, probably because the

hydrogen-bonding is interrupted in these solvents (Figure
1A).22 Thus, the hydrogen bonding is the most plausible
3-OH and 1-0. Thus, we first examined whether the 2,4- driving force for the closing-tongs-like motion of compound
di-O-pyrenecarbonyl-substituted derivati®also preferdC, 2, giving the excimer complex. The lower limit of the
conformation and forms an excimer complex in nonpolar concentration of to observe the excimer fluorescence was
solvents and yet assumi; conformation in polar solvents 10 nM in CHCE,
such as DMSO by interfering with the hydrogen bonding.  Since as small a force as a single hydrogen bonding is
This facile conformation change of pyranoside even with enough to switch the excimer fluorescence with compound
the large substituents is prerequisite for sensitive molecular2, the xylopyranose-based excimer fluorosensors will find a
sensors. Compouriwas prepared by pyrenecarbonylation number of applications. We designed 2,4-diaminoxylopyra-
of methyl 3-0-allyl-3-p-xylopyranosidel® and subsequent noside 7 as a common reporter component for various
deallylation (Scheme 1). From thkvalues’ compound2 molecular sensors. The amino group/afan be a universal
existed in equilibrium betweefC; and!C, conformations connector for various recognition components, and the amino
in each solvent and the percentages@f conformation of group as itself can be a recognition site for metal ions.
2 were estimateld to be 93% in CDG, 64% in CQxOD, Compound? was synthesized from 2,4-diazido-xylopyranose
and 22% in DMSQds. These data demonstrate that the 3¢ (Scheme 2). Compound@ was converted to glycosyl
gained stability of théC, structure in CDG compared with chloride4 with TiCl4, which was then subjected to a typical
that in DMSOds is approximately 2.3 kcal/mol, being in  glycosidation conditions for 2-azido-2-deoxy-glycosyl chlo-
the range of a single OH...O hydrogen bdhdJoreover, rides to give pyrenylmethyl xylosidb. Deacetylation and
IR spectra oR in CCl, indicates an absorption band at 3530 O-alkylation at the 3-position of compousdjave compound
cm1, which is attributed to the intramolecular hydrogen bond 6, which was subjected to the reduction of the azido groups
that constructs the six-membered ring, as depicted in structureto give the desired compouriti
2(*C,).” In line with the above results, the excimer fluores-  NMR measurements revealed that compodrassumed
cence at about 500 nm was observed With the less polar ~ “C; conformation in all solvents tested (CQCacetone-gl
solvent, CHC4, probably because the two pyrene groups DMF-d;, and DMSO€).1® However, the addition of Zngl
were placed in close proximity with the&C, conformation. (5 equiv) to the acetonds solution immediately changed
Moreover, the polar solvents, e.g., MeOH and DMSO, tend the conformation of7 into C, as indicated by their small
3J-valued* (Scheme 3, Figure 2). The predominant formation
(G,)VDE Bruyn, A.; Anteunis, M.; van Rijsbergen, R.; Claeyssens, M.; of 1C4 was unexpected, because our previous stéflies
Kovec, P.J. Carbohydr. Gheml982,1, 301309, demonstrated that the addition of Znto the aqueous
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using SYBYL force field. The calculatedtvalues were derived from the
calculated dihedral angles by the generalized Karplus equation (Haasnoot, LN o
C.A. G,; De Leeuw, F. A. A. M.; Altona, CTetrahedronl 980,36, 2783— 2 M+2
2792.). The least-squares fitting of the calculaleghlues to the observed O%e SB?H’O OQOQ _— NH
values was performed by multiple-regression analysis using Sigma Plot 2000 2 2 2
software (SPSS, Inc.) to give tH€, abundance. The populations of the M*2
skew and boat conformations were negligible.
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Figure 1. (A) Solvent-dependent excimer fluorescencedfl uM) with the excitation at 355 nm. Intensity scales are 5-fold for CHCI
solution and 2-fold for MeOH solution. (B) Fluorescence spectral changgbtM in acetone; exitation at 347 nm) with the addition of
ZnCl, (0,05, 1, 2, 3, 4, 5, 10, 20, 30, 40, 50, 100, 300, 500, 1000 equiv). (C) Fluorescence spectral cliaigevbfn acetone; exitation

at 347 nm) with the addition of Cdg€4H,0O (0, 0.5, 1, 2, 3, 4, 5, 10, 20, 30, 40, 50, 100 equiv). (D) Time course for the fluorescence
spectral change df (1 uM in DMSO; exitation at 347 nm) after the addition of[RtCl,] (1 equiv). The reaction was monitored at 0, 30,
60, 120, 240, 360, 480, 600, 720, 960, 1200 and 1440 min.

solution of a simple hinge sugar derivative resulted {€a- was recovered by the addition of 4 equiv of triethylenetet-
1C4 equilibrium with a'C, proportion of at most 40%. ramine to7—Zr?" complex. The addition of {PtCl,] to
Perhaps the stacking force between two pyrene groupsthe DMF-¢ solution of 7 converted it to!C,4 conformation
assisted the predominalt, formation. The*C; structure after 15 h, as expected from our similar stuéfiegith a hinge
sugar derivative. The complé&{M=Pt) with C, conforma-
tion was isolablé?

As with 2,4-dipyrenyl compoun@, 'C, conformation
forces the two pyrenyl groups @&finto 1,3-diaxial orienta-
tion, which would facilitate formation of the excimer
complex. In practice, addition of Znglto the acetone
solution of7 caused the eximer fluorescence at around 480
nm (Figure 1B), as expected from the formation af,
conformation in the NMR experiments. The minimum

B H-1 o2 concentration of Z#" required to observe the excimer
H-3
H-5a H-4 H-5b (12) With methyl 2,4-diamino-2,4-dideoxy-2,4-di-N-pyrenecarbonyl-(3-
i p-xylopyranoside, excimer fluorescence was not observed in any solvents
tested for compound.
(13) NMR measurements were restricted by the limited combination of
compound? and metal ions in solubility to the solvents and by paramagnetic

properties of metal ions.

TTT T T I T T T T I TTIT T ITTITT] (14)8(M=2n): H NMR (400 MHz, acetonels) 6 8.28-7.60 (m, 18H,
55 50 4.5 4.0 35 ArH), 5.49 (d, 1H,J = 11.3 Hz, CHAr), 5.48 (d, 1H,J = 11.9 Hz, CH-
Ar),5.40 (d, 1H,J = 11.6 Hz, G4,Ar), 5.32 (d, 1H,J = 11.9 Hz, G1,Ar),
4.96 (s, 1H, H-1), 4.60 (dd, 1Hl50= 2.3, Jsasp= 12.2 Hz, H-5a), 4.30
(s, 1H, H-2), 4.19 (s, 1H, H-3), 4.10 (s, 1H, H-4), 3.65 (d, 1H, H-5h).

S/ ppm ———————————

Figure 2. (A) *H NMR spectrum of7 in acetone-¢l (B) *H NMR (15)8(M=Pf): 1H NMR (400 MHz, DMFy,) 6 8.51—7.72 (m, 18H,
spectrum of7 with 5 equiv of ZnC} in acetone-g Assignments Ar), 5.55, 5.39, 5.33, 5.27 (& 4, 1H x 4, J = 11.7, 12.2, ®,Ar), 5.36
were based on COSY, HMQC, and HMBC. (s, 1H, H-1), 4.44 (d, 1HJsa, sp= 12.5 Hz, H-5a), 3.96 (s, 1H, H-2), 3.90

(d, 1H, H-5b), 3.20(s, 1H, H-3), 2.92 (m, 1H H-4).
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fluorescence was 50 nM with 100 nM of][ comparable to  solution of7 in DMSO induced the excimer fluorescence at
most metal ion sensoté.CdCh also caused the excimer around 480 nm, which increased over 18 h to reach a plateau
fluorescence as shown in Figure 1C. Interestingly, the other (Figure 1D). Unfortunately? was insoluble in water, limiting

metal ions (L, Na, CP#*, Fet, Fet, Co*™, Ni?t, CwT, the convenience of this sensor.
Zr?t, Agt, B&T, Lat, PIt) did not exhibit significant In conclusion, we demonstrate here the application of the
excimer fluorescence, while HgCMnNCl,, and Mg(ClQ), hinge sugar in an excimer fluorescence sensor selective for

showed slight excimer fluorescence. Thus, the sefissr Zn?* and Cd*. To the best of our knowledge, this is the
selective for Z&" and Cd* as with the other fluorescence first report of a carbohydrate-based movable device. Since
sensord®®17These sensors show a fluorescence enhancementhe amino functional group used for the recognition of metal
only when the nonguenching diamagnetic ions?Zand ions can be modified with a variety of ligands recognized
CcPt, are bound. On the other hand,’Zmraused no excimer by metal ions, receptor proteins, and DNA, compovll
fluorescence in DMSO. Furthermore, a small amount of be the basic sensor component.

DMSO (0.1% v/v) was sufficient to completely extinguish
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