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Gas phase molecular recognition of aromatic amino acid and aromatic
carboxylic acid guests with a supramolecular
[(h5-pentamethylcyclopentadienyl)rhodium(2A-deoxyadenosine)]3

3+ cyclic trimer
host via non-covalent p–p interactions utilizing electrospray ionization mass
spectroscopy†
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A novel, gas phase, host–guest molecular recognition
process, detected by electrospray ionization mass spectrome-
try, using guests that encompass aromatic amino acids and
aromatic and aliphatic carboxylic acids with a supramo-
lecular, bioorganometallic host, [Cp*Rh(2A-deoxyadenosi-
ne)]3[OTf]3 (Cp* = h5-C5Me5), is found to occur predom-
inately via non-covalent p–p interactions; non-covalent
hydrophobic forces apparently being weak or non-existent.

Molecular recognition is the cornerstone of many important
biological processes; for example, drug and protein interactions
with selective DNA sequences.1–3 Recently, we reported on the
molecular recognition of aromatic and aliphatic amino acids, as
well as aromatic and aliphatic carboxylic acid guests with
supramolecular, bioorganometallic (h5-pentamethylcyclo-
pentadienyl)rhodium (Cp*Rh)–nucleobase/nucleoside/nucleo-
tide cyclic trimer hosts in aqueous solution at pH 7.2.4 More
importantly, in that study, the non-covalent hydrophobic
interactions were found to be fully operational in aqueous
solution by solvophobic forces that enhanced host–guest
complexation, along with the equally important non-covalent
p–p interactions.

It was intriguing to extend these above-mentioned aqueous
molecular recognition studies to the gas phase, to compare and
to better understand the role of water and its effect on the
important p–p, hydrophobic, and hydrogen-bonding parame-
ters, including steric, electronic, and conformational effects,
that we found controls the host–guest process; to our knowl-
edge, this is the first reported gas phase, host–guest molecular
recognition study using a bioorganometallic host. Moreover, it
has been clearly demonstrated that the soft electrospray
ionization mass spectroscopy (ESIMS) technique was ideally
suited for detecting such gas phase host–guest complexes in the
absence of solvent.5–11

We started our gas phase molecular recognition ESIMS
studies with a perusal of the various triangular, bowl-shaped
Cp*Rh–nucleobase/nucleoside/nucleotide cyclic trimer mole-
cular receptors we had studied in water, using l-tryptophan
(L-Trp) as the guest in all cases.4 To our surprise, we found that
the best host in water, [Cp*Rh(2A-deoxyadenosine)]3(OTf)3 1,
was also the best host in the gas phase. Thus, when we mixed
equimolar amounts of host 1 with guest l-Trp in an aqueous 10
mm NH4OAc solution at pH 7.0, ions for 1 and the host–guest
complex (1·l-Trp) were observed at m/z 488 (100%) and m/z
556 (35%), respectively (Fig. 1). As well, by further increasing
the orifice potential from 45 to 80 V, we are able to follow the
dissociation of the m/z 556 ion for the 1·l-Trp host–guest
complex in the gas phase. From these latter results, we had our
first indication of favorable non-covalent p–p interactions in
the gas phase between host 1 and l-Trp, as in aqueous solution
[association constant, Ka = 607 dm3 mol21; free energy of

complexation, DG0 = 23.8 kcal mol21 (1 cal = 4.184 J) in
H2O].4

We also conducted additional gas phase, ESIMS host–guest
experiments with l-Phe and G1–G5 (see Guest structures) in the
presence of host 1. Table 1 contains the results, and what was
very interesting, was the fact that G4, which had an association
constant, Ka = 760 dm3 mol21, and a free energy of
complexation, DG0 = 23.9 kcal mol21, with 1 in water,
provided no detectable host–guest complex in the gas phase.
Thus, initial indications clearly show that non-covalent hydro-
phobic interactions between G4 and 1 appear to be weak in the
gas phase, and opposite to what occurred in water.4,9,10

Fig. 1 ESIMS of host 1 (m/z = 488) and host–guest, 1·lTrp (m/z = 556)
(experimental conditions, Table 1 footnotes)
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Additionally, guest l-Phe, an aromatic amino acid that had a
Ka value of 456 dm3 mol21 (DG0 = 22.8 kcal mol21) with 1
in aqueous solution, provided no corresponding detectable gas
phase host–guest complex. Therefore, in water, l-Phe is in the
prevalent zwitterion form at pH 7, and is more soluble in water
and has a favorable Hansch partition coefficient, log Poctanol, in
comparison to l-Trp; these factors appear to further demon-
strate the solvophobic effect of water on the ability of l-Phe to
form a strong host–guest complex in the aqueous phase.4
Interestingly, in the gas phase, the water desolvated zwitterion
form of l-Phe must inhibit host–guest complexation, apparently
for reasons associated with its pronounced hydrophilicity.

In contrast, o-aminobenzoic acid (Ka = 810 dm3 mol21;
DG0 = 24.0 kcal mol 21, in H2O with 1), G1, provides a
detectable host–guest complex with 1 in the gas phase, since the
free NH2 group, in this instance, provides electron-donation to
the aromatic ring thereby increasing p-electron density, and
further facilitating non-covalent p–p interactions in the absence
of solvent. Moreover, a positional isomer of G1, G5, which was
found in the aqueous phase to sterically inhibit p–p interactions
with host 1, also did not provide a detectable host–guest
complex in the gas phase, thus verifying a similar inhibition
with the desolvated guest. Furthermore, aromatic carboxylic
acids, G2 and G3, also readily provide detectable host–guest
complexes in the gas phase with 1, and again, dramatizes the

dominance of the aromatic p electron effect in the gas phase
molecular recognition process with the electron deficient host
1.

The ESIMS literature with organic hosts and various guests
has reported few comparisons of aqueous solution and gas
phase molecular recognition chemistry.5–11 However, the
limited reported studies also demonstrate that the aqueous
solvent is an important parameter especially for hydrophobic
effects.4,9,10 Thus, in the absence of water; i.e. under ESIMS
conditions, this solvophobic force is missing, and therefore,
non-covalent hydrophobic effects are greatly weakened in the
gas phase, as is corroborated in this ESIMS study.

Future ESIMS molecular recognition studies will focus on
the gas phase host–guest complexes of substituted aromatic
carboxylic acid guests with 1 for a further understanding of
steric and electronic effects involving non-covalent p–p
interactions. As well, we will also focus on the molecular
recognition of peptides containing terminal Trp or Phe groups
with host 1, and a comparison of the gas phase results with
similar peptide–host 1 non-covalent p–p interactions in water,
as analyzed by 1H NMR spectroscopy. In a preliminary
experiment in both the gas phase (ESIMS) and in water (1H
NMR spectroscopy), it was found that the Trp–Met–Asp–Phe
tetrapeptide with host 1 formed a host–guest complex in water
that is detected in the gas phase; 1H NMR shows p–p
interactions with the both terminal Trp or Phe groups.12 Thus,
complex 1 can be thought of as a simplified model DNA host
which selectively binds peptides with terminal Trp or Phe
groups via non-covalent p–p interactions in aqueous solution
that are detected in the gas phase.

The studies at LBNL were generously supported by the
Department of Energy under Contract No. DE AC03-
76SF00098. R. B. wishes to acknowledge Merck Research
Laboratories for the use of the ESIMS equipment and
facilities.
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Table 1 Host–guest complexes in the gas phase with host 1a

Guest Host ion, m/z (%) Host–guest ion, m/z (%)

l-Trp 488 (100) 556 (35)
l-Phe 488 (100) NDb

G1 488 (100) 534 (25)
G2 488 (100) 528 (36)
G3 488 (100) 533 (40)
G4 488 (100) ND
G5 488 (100) ND

a An API III plus triple quadrapole spectrometer (PE-Sciex), equipped with
an ion spray interface, was used for these ESIMS experiments. Host 1 and
the guests in equimolar concentrations were dissolved in an 10 mm
ammonium acetate solution at pH 7.0 and then delivered at 2.5 ml min21 to
the ion-spray tip via a 50 mm id fused silica capillary. The ion-spray tip was
held at a potential of 4.8 kV and compressed air (45 psi) was employed to
assist liquid nebulization. Interface temperature (55 °C); orifice potential
(45 V); positive ion detection mode; 5–10 scans summed for each host–
guest experiment (±5–10%), which were performed three times. b Not
detected.
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