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ABSTRACT

A new synthetic model of arginine  —carboxylate —aromatic triads —common motifs at sites of protein ~ —protein interactions —is reported. Binding
studies in mixed methanol/water solvent systems suggest that the carboxylate-binding ability of mr-stacked guanidinium ions is improved
relative to a non-stacked control.

Arginine side chains are key mediators of a variety of protein sz-stacked salt bridges, the energetic influence of these two
binding events, frequently forming charged hydrogen bonds interactions on each other is not well understood. Does
with phosphate, sulfate, and carboxylate binding partners.z-stacking increase or decrease the hydrogen bonding
Arginine’s guanidinium group also frequently interacts with potential of a guanidinium ion? Studies of guanidinium
nearby aromatic side chains via-stacking—surveys of  hydrogen bonding ang-stacking individually are numerous,
protein structures show that up to 74% of all arginine side but synthetic models for the study of guanidinium ions
chains are in close contact with aromatic residuasd that participating inboth hydrogen bonding and-stacking are
among these contact pairs the paraitedtacked and offset-  few.21% We report herein the creation of a new synthetic
stacked orientations are predominarft. Arginines also  model in which guanidinium ions and aromatic rings are pre-
commonly participate in guanidiniuntarboxylate-aromatic arranged in ar-stacked geometry and studies on its com-
triads in which both of the above modes of interaction operate plexation of carboxylate partners.

simultaneously. These motifs exist within monomeric pro-
teins and also as “hot-spots” of several protgimotein
interactions (Figure 13.8 Despite the importance of these
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Scheme 1. Synthesis of Host8 and4
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The preorganization of two aryl groups into offset-stacked such asl (Figure 2a)t'~**We used molecular modeling of
geometries was previously accomplished using structurescompound2 to examine the effect of replacing one of the

a)

c)

3-glutarate

Figure 2. (a) The appended benzene rings of compofirate

aryl residues with a guanidinium ion (Figure 2b). The
covalent tether preserves the offset-stacked geometry (i) in
gas-phase energy minimizations (HF/6+33*).%4 In a
second set of calculations, structure (i) was soaked in a 30
A diameter droplet of explicit water molecules and the whole
structure was minimized at the MMFFaq level. The offset-
stacked geometry is preserved.

To allow experimental studies of this system, we designed
terphenyl receptoB, which consists of two copies of this
stacked guanidinium—benzene motif on either side of a
central benzene spacer. Modeling ®fin complex with
glutarate shows that both guanidinium ions can adopt the
stacked geometry of interest while each engaging one of the
guest’s carboxylate ions (Figure 2c). Comparing the behavior
of 3 with the binding of similar guests by control receptor
4,'5 which lacksz-stacking elements but is predicted to
bind in a similar geometry, will provide insight into the
beneficial or deleterious effects of-stacking on guani-
dinium—carboxylate interactions.

To synthesize this novel terphenyl-derived recept 2
dimethyl-p-terphenyl5* is first brominated using NBS,
giving bis(bromomethyl) terpheng in 80% yield (Scheme
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text) predict that compounds such 2<an also preorganize an
offset-stacked geometry (i) for a guanidinittbenzene pair. (c)
A model of receptor3 (HF/6-31+G*) showing that each guani-
dinium binding element can simultaneously participate-stacking
and salt bridge formation when binding to glutarate.
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1). Conversion to the bis(azidomethyl) terpher®lby
treatment with Naplis followed by LiAlIH, reduction to give
the diamineB8 (65% for two steps). Treatment with 1,3-bis-
(tert-butoxycarbonyl)-2-methyl-2-thiopseudoure8) (fol-
lowed by deprotection with TFA gives the bis(guanidinium)
terphenyl compoun® as the TFA salt. Finally, the trifluo-
roacetate counterions are exchanged with B} repeated
cycles of treatment with excess HCI (3 M in dioxane) and
evaporation (36% yield, three steps). The non-stacked control
compound4 is similarly synthesized from-xylylenediamine

in three steps with an overall yield of 29%.

Compound3 binds various dicarboxylate guests (tetrabu-
tylammonium glutarate 10), tetrabutylammonium Cbz-
glutamate 11), and tetrabutylammonium glutamat) were
investigated) in mixtures of CJ®D and DO, as evidenced
by NMR titrations (Figure 3). In all cases, we obtain good

X

Table 1. Binding Constants of Dicarboxylate Guests for Hosts
3 and4 in Mixtures of C;OD and BO as Determined byH
NMR Titration

X (M—I)u X (Mfl)a
Guest Host  10% D,O 50% D,O
o) o 3 2680 390
seune XY 4 570 <20
N 0 o 10
NHCbz 3 2780 210
e) O 4 1730 140
NHg* 3 150 <20°
— B — b
Bu,N* O\n/\/\n/o 12 4 170 <20
0 le]

aReceiving solutions and titrants contained host a8ImM. Titrant
solutions additionally contained guest at-30 mM. Shifts of host CH
protons were tracked and fit to a 1:1 binding isotherm in order to determine
values forK. All K values are the result of-23 repetitions with an estimated
error of £10%. See Supporting Information for detallsSmall or nonexist-
ent chemical shifts indicate binding is weaker than the lower limit for
determination by NMR (20 m1).18
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Figure 3. H NMR titration data for the complexation of

(n-BuyN™), glutarate by stacked ho3t(M, host concr= 1.2 mM)

and non-stacked control ho$t(®, host concn= 2.4 mM) in 90:

10 (v/v) CD;OD/D,O at 298 K. The lines represent fitted 1:1
binding isotherms. See the Supporting Information for details.
Inset: a Job plot (90:10 (v/v) GIOD/D,0; [3] + [10] = 5 mM;

T = 298 K) demonstrates the formation of a 1:1 complex. The two
curves in the Job plot track the movement of two different signals
on host3.

fits of titration data to a 1:1 binding isotherm, and analysis

explained by the repulsive electrostatic influence and in-
creased desolvation potential of glutamate’s ammonium
functionality. The stacked guanidinium h@&linds glutarate
(10) and Cbz-protected glutamate (11) 1.6-fold to 4.7-fold
more strongly than does non-stacked hésiThe weaker
association constants observed for glutamag (150 M
for host3 and 170 M* for host4) agree within experimental
error. In the more competitive 50:50 @DD/D,O solvent
system, the stacked host again wins out, this time binding
Cbz-glutamate 1.5-fold more strongly and glutarate 20-fold
more strongly than non-stacked hdst

What can account for the increased affinity 8ffor
carboxylate guests relative 48 The preorganizing influence
of the newly introduced phenyl ring may contribute, but in
our hands, other diguanidinium hosts preorganized by
adjacent methyl groups do not show a significant effect
(unpublished data). Stereoelectronic considerations would
have the acidity of the guanidinium ions decreased by the
nearby electron density of the aromatiecloud, thereby
decreasing their hydrogen bonding abiftf?° this effect,
though possibly a minor contributor in this system, runs
opposite to the trends observed here. The most likely
explanation is rooted in a solvation effect, in which the
nearby aromatic surfale shields the salt bridge from
disruption by competitive solvent. In two prior experimental

by the method of continuous variation (Job plot) shows that
binding between ho& and glutarate occurs in the proposed
1:1 stoichiometry (Figure 3 insel) The resulting equilibrium

(18) The exchangeable guanidinium protons that participate directly in
hydrogen bonding are not observed in the deuterated aqueous mixtures used
here. In these systems, the chemical shifts of the observable neighboring
methylene protons are inherently small even for strong binding events,

constants are shown in Table 1 alongside values for the non-eading us to set a lower limit of 20 M for binding constant determination

stacked control receptar!®
In 90:10 COD/D,0, both hosts have dramatically lower
affinity for glutamate than for glutarate and Cbz-glutamate
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studies of guanidiniumcarboxylat€ and ammonium important motifs, and we are now pursuing variations on
carboxylaté® pairs near aromatic surfaces in mixed organic/ this synthetic model system that will allow us to carry out
agueous solvents, the presence of an aromatic surface hastudies in the medium of life—warm, salty water.
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