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This communication describes the first example of supramo- Table 1. Conditions for the Sol—Gel or Gel—Sol Transition of 1-6
lecular hydrogels that respond to biological ligardceptor

! ) ) ) compound C (mM)? T(°C)y pHe Van¢
|nte_ract|on. As a powerful approach _to generate new materials with 1 Fmoco-Alao-Ala 36 72 3 1
desired properties, supramolecular interactidras/e been used to 2 Fmoct-Ala-L-Ala 3.9 74 3 -
mimic DNA helices or folding of protein3form liquid crystals’ 3 Fmoc-Gly-Gly 11 68 3 1
build macromolecule$, make chemical sensotspr generate ;1 Emoc-g:yﬂ-éla 4562 ‘;43 55 1
8 : moc-Gly+-Ser -
organogelor hydrogels’8 Despite of the report of supramolecular 6 Fmoc-Gly+-Thr . n/a n/a n/a

hydrogels that respond to pH or thermal stinfdi supramolecular
hydrogel displaying phase transitions upon liganeceptor interac- aThe minimum concentrated of the gelator needed for gelafidhe
tion is yet to be designed. In this work, we report a new type of temperature at which the gel becomes solutfofhe pH value for gelation
supramolecular hydrogels, based Nr(fluorenyl-9-methoxycar- dTlh?‘. equivalent oftyan ”eel%f;d for .tth?. complete-gal transition.® No
bonyl)->-Ala-p-Ala (1), which exhibits get-sol transition upon ~ 9e1ation (or a negative resuifjPrecipitation.

binding to its ligand (i.e., vancomycin: Vahjia a ligand-receptor

A)15 B

—1, 3.6 mM, gel

—1, 1.3 uM, sol

. . . . !
interaction that can disturb the delicate balance between hydro- "/ --2,39mM, gel - -1.52mM, gel
phobic interactions and hydrogen bonds and induce a e -+ 3,11 mM gel o 252mi oo

transition. In addition, the hydrogel formed by the enantiometr of
shows no response to Van. We believe that the ability to control
the properties of hydrogels via a biological ligaf@ceptor
interaction or chiral recognition may ultimately lead to a new
disease- or tissue-specific drug delivery system.

During the synthesis of pyrene butynylAla-p-Ala as a short
oligopeptidic hydrogelator, we observed that the intermediate
Fmocob-Ala-p-Ala (1), formed hydrogels with high efficiency (one
molecule of1 can gel~15000 HO molecules). Since Fmoc
protected dipeptides are common intermediates in the synthesis o N
peptides and some Fmoc-amino acids are antiinflammatory aflents, ¢ 1 5042 suggest that the two fluorenes overlap in an antiparallel
we synthesized a series of Fmoc-dipeptides (Scheme 1) for themode%3 The peak at 323 nm and the shoulder at 375 nm of the

hydrogel of3 indicate that a small amount af—x overlap is in
parallel fashior? likely due to less steric hindrance fro@'t

fluorescence (a.u.)

300 350 400 450

wavelength (nm)
Figure 1. (A) The CD and (B) the emission spectiasitation= 266 nm)
of the hydrogels ofl, 2, and3.
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» 304 nm (* transition) indicate the superhelical arrangements
formed by thep-Ala or L-Ala residues and the fluorenyl groups in

the hydrogels, respectively As expected, the hydrogel 8fgives

f o0 CD signal. The peaks of emission at 328 nm in the hydrogels

Scheme 1

[o} H lil [o} [o} ll-l (o} o I'Ii o
%O)kg”\g"]*w O)ngﬁg”\;)LOH OJLE/\OWNJLOH Hydrogels formed by compound, 2, and 3 exhibit similar
1 = 2 . & . responses to thermal and pH changes. The most appropriate pH
o H O [o} H o K . . . .
DN S WS SN G WSS SN value for1, 2, and3 to form gel is 3. The dipeptides precipitate
%o *";\g 18 *"/}r Son "*/\gﬂzon easily at pH lower than 3 and dissolve immediately at sH.

The pH response of the gel is completely reversiblgpon heating,
purpose of developing a new class of low-molecular weight the matrix formed by the gelators collapses into a precipitate, and
hydrogelators that is readily available and may serve as new water molecules are expelled. While cooling back to room
biomaterials. temperature, the shrunken gel swells to form gel aéfagimilar

Starting from commercially available Fmoc-amino acids, we to the hydrogels reported by Hamachi e al.
obtained final products with overall yields of 6G0%! The The most remarkable feature of the hydrogels is their response
conditions for the dipeptides to form the hydrogels are listed in to a specific biological liganelreceptor interaction. Since the
Table 1.1 and 2 show excellent ability to gel water at pH& 3, dipeptides bind to Van with different affinities, the hydrogels formed
forming hydrogels with the gelator concentration 4 mM. by them show different responses when Van is added. The hydrogel
Substituting the two alanines ihwith glycines affords3, which of 1 is quite sensitive to Van; even the addition of 0.01 equiv (vs
exhibits behavior of gelation similar to those band?2 except at 1) of Van solid to the hydrogel results iv40% of water being
higher concentration 8 =11 mM). 4 and 5 form hydrogels at expelled from the hydrogel, the increase of the amount of Van to
higher gelator concentrations and different Hails to gel water 0.1 equiv turns the hydrogel into a milky suspension, and the
in similar conditions probably due to the relatively large side chain addition of 1 equiv of Van gives clear solutions (Figure 2;B).
at the a-position of threonine. Fron3—6, the increase of steric  The hydrogel of3 shows similar sensitivity to that of the hydrogel
hindrance apparently reduces their ability to form hydrogels. Further of 1. Upon the addition of 1 equiv of Van, the hydrogel 4f

study on structuregelation relationship is underway.
Circular dichorism (CD) oflL and 2 are nearly mirror images
(Figure 1). The Cotton effects at 219athtransition) and 246
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becomes a suspension. The hydrogeRdfardly has any change
even after adding 1 equiv of Van, which agrees with the fact that
L-Ala-L-Ala essentially does not bind to Vah.Since 2 is the

10.1021/ja036817k CCC: $25.00 © 2003 American Chemical Society
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Figure 2. (A) Hydrogel of1 ([1] = 3.6 mM in H,0). The phase transitions
of the hydrogel ofl induced by the addition of (B) 0.01, (C) 0.1, and (D)
1.0 equiv of Van solid into the hydrogel.
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Figure 3. Cryo-SEM image¥ of the nanofibers in the hydrogels of (A)
1, (B) 2, and (C)3, and the SEM images of the mixtures after 1 equiv of
Van solid was added to the hydrogelslaD), 2 (E, inset: arrow indicated
the precipitate of Van), 08 (F).

enantiomer ofl, this result also represents the first example that a
ligand destroys the hydrogel of its receptor only based on
stereochemistry.

To elucidate the distribution of the Van in the hydrogels, we
performed the morphological study of the hydrogels before and
after adding Van. As shown in Figure 3, scanning electron
micrographs (SEM) indicate that the nanofiber$0 nm wide) of
the dipeptides constitute the matrices of the corresponding hydro-
gels, which agree with the transmission electron micrographs
(TEM) of the hydrogels. The morphology of the nanofibers formed
by 3 differs from that of the nanofibers formed Byand?2 in terms
of persistent length, which is consistent with their stacking modes
and chirality. After adding 1 equiv of Van solid, SEM images show
that the network in the hydrogel & remains unaffected, while
the matrices in the hydrogels @fand3 are completely destroyed
by the ligand-receptor binding between Van aridor 3.14 The
(almost) uniform distribution of the aggregates of Van on the surface
of the nanofibers o2 indicates that Van dissolves homogeneously
in the water phase of the hydrogel &f These results agree with
the fact thatp-Ala-p-Ala has strong ligandreceptor interaction
with Van, whileL-Ala-L-Ala has no obvious bindiny.On the basis
of CD and emission spectra, we suggest the following plausible
mechanism for the response: Van binds to thAla-p-Ala via
four to five hydrogen bonds (Figure 4), and the biphenyl moiety
on the Van blocks the— interactions between fluorenyl groups,
thus preventing the formation of the supramolecular polymers
needed for gelation. In addition, one equivalent of teicoplanin olid,
an analogue of Van, converts the hydrogels1of3, or 4 to
suspensions but exerts no influence on the hydrogel® af 5,

which further supports the proposed mechanism. In conclusion, we

have shown a new kind of small molecular hydrogelators based on
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Figure 4. Possible liganereceptor interactions that induce the gsbl
phase transition.
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dipeptides whose hydrogels respond to a ligareteptor interaction
and exhibit chiral recognition. The vast pool of ligangceptor
pairs should offer many useful candidates for the design of
supramolecular hydrogels that respond to specific interactions.
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