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While it is well known that zwitterions and salt bridges

commonly occur in solution, the effect of solvent on and the
chemistry of these ionic forms of organic molecules in the gas

phase are much less established. Whereas glycine is a zwitterion

in solution within a range of pH, the neutral form of this amino
acid is ~18 kcal/mol more stable in the absence of water.
Evidence for the existence of the zwitterionic form of gas-phase

arginine in the presence of a charge has been recently repgorted,
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Figure 1. Kinetic method plots for the dissociation of (BMAB + H)*
measured by BIRD at a vacuum chamber temperature of 45®)arid

as has the role of salt bridges in the structure and dissociationby SORI-CAD with a maximum center of mass collision energy of 1.4

pathways of larger gas-phase biomolecdl@he electric field

produced by a nearby charge can dramatically affect the proton-

(O) and 4.2 eV Q). Effective temperatures obtained from the slope of
these data for each of the conditions are indicated. The reference bases

ation energy of a carboxylate group in the gas phase. This effectused and their GB values are 7-methyl-1,5,7-triazabicyclo[4.4.0]dec-5-
was independently measured both by Cooks and Beauchamp an@n€ (GB= 246.2 kcal/mol), 1,5,7-triazabicyclo[4.4.0]dec-5-ene (6B

their co-workers, who reported the gas-phase basicity (GB) of
the zwitterion betaine, (CHNTCH,CO, . The GB of betaine is
239.2 kcal/moP. The gas-phase acidity (GA) of glycine (which
corresponds to the GB of NCH,CO,") is 334.7 kcal/mof. The
difference in protonation energy of the carboxylate group in
betaine vs glycine (95.5 kcal/mol) is primarily due to the nearby
positively charged quaternary nitrogen in betaine. The effect of
charge on the energetics of zwitterion or ion-pair formation is
reported elsewhereHere, we show how the distance between
the fixed positive charge and the carboxylate group in positional
isomers of trimethylammoniobenzoic acid affects the GB of these
zwitterionic molecules.

Experiments were performed using a 2.7-T Fourier transform
mass spectrometer with an external electrospray ionization sburce.
Trimethylammoniobenzoic acid (TMAB) was synthesized using
the method of Hojo and co-worketgxcept that the end product
was not recrystallized. lons were formed by electrospray using
aluminosilicate capillaries pulled to &5 um o.d. and 50:50
CH3zOH:H,O solutions that were~10* M in TMAB and
reference base. The GB @-TMAB was measured with the
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244.3 kcal/mol), 1,8-diazabicyclo[5.4.0Jundec-7-ene (6R42.7 kcal/

mol), 1,5-diazabicyclo[4.3.0]non-5-ene (GB 240.4 kcal/mol), and
N,N,N',N'-tetramethylguanidine (GB- 238.4 kcal/mol). Arrows indicate
upper limits to the measured ratio.

kinetic method of Cooks et al®,using several reference bases of
similar and known GB. Kinetic plots for proton-bound dimers of
o-TMAB and reference base, B, were obtained using both
blackbody infrared radiative dissociation (BIRD) and sustained
off-resonance irradiation collisional activated dissociation (SORI-
CAD). With BIRD, ions are activated by absorption of blackbody
photons generated by the heated vacuum chamber Wallth
SORI-CAD, ions are activated via multiple low-energy collisions
with nitrogen gas introduced into the vacuum chamber by a pulsed
valve P[N;] = 2 x 107% Torr). The internal energy deposited
into an ion with SORI-CAD can be readily varied and can be
much higher than that deposited by BIRD.

Dissociation of proton-bound dimers consisting of a reference
base an@-TMAB results in formation of BH (reactionk;) and/
or o-TMABH " (reactionky).

+ s +e +
BH" + TMAB — (B-TMAB + H)" —TMABH " + B (1)

The GB ofo-TMAB is obtained from thex-intercept of a plot of
the natural log of the branching ratio, kik,), vs GB of the
reference base (Figure 1). The GB @TMAB obtained from
the BIRD data at 459 K is 245.6 kcal/m&lValues of 243.7 and
243.2 kcal/mol are obtained for the SORI-CAD data obtained
with maximum center-of-mass collision energies of 1.4 and 4.2
eV, respectively® An “effective” temperature can be obtained
from the slope of these dat&The effective temperature obtained
from the BIRD data is 430 K. This value is slightly lower than
the actual temperature of the vacuum chamber walls, consistent
with the high-energy tail of the ion internal energy distribution
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Table 1. Gas-Phase Basicities (in kcal/mol) of, m-, and 280 ]
p-Trimethylammoniobenzoate and Betaine
B3LYP ]
LMP2 270
(6-31H+G™)  (cepvTZ(-H++) ] A £
. 1 *+N(CH3). +
. exptl 460K 298K 298 K 5 20 o s NG
betaine 2392 237.0 240.0 242.7 =
0-(CHs):NTPhCOO 2456 2455 2484 250.7 £ 250 ]
m-(CHz)sNtPhCOO 264.1 266.4 g ] coo 00"
p-(CHs)sNTPhCOO 267.5 269.9 210 ] R
aFrom ref 5. j (CHg)3N*CHoCOO"
being somewhat depleted relative to that of a true Boltzntann. 2301
For SORI-CAD low and high collision energy data, the effective ]
temperature is 548 and 643 K, respectively. The branching ratio L B SRR LR SRR S
3.0 3.5 4.0 4.5 5.0 55 6.0 6.5

for the protonated dimer a-TMAB and one of the bases (1,5,7- distance N+-COO- (A)
triazabicyclo[4.4.0]dec-5-ene) inverts with ion internal energy.
This indicates that the dissociation entropies for the two reaction
channels differ. Using a modified version of the kinetic metfod,

a difference in transition-state entropy for formation of Bt
TMABH* of roughly 6 cal mot' K~ is obtained; i.e., dissociation
via the ion—zwitterion channel occurs via a “looser” transition
state, as was reported earlier for dissociation of protonated dimers
of betaine and reference ba&sBue to its lower temperature, the

Figure 2. Plot of experimental®), B3LYP (+), and local MP2 £) GB

of MesN*-X-COO~ (X= CH; or phenyl) versus the distance between
the N and the midpoint of the two oxygens in COO'he solid line is
obtained by subtracting a point-charge Coulomb interaction at the distance
indicated from the GB of benzoate.

Itis clear that the proximity_ c_)f the charged (gkN™ group to

GB of 0-TMAB measured by BIRD should be closer to the true }ggm%(rjsoi egr?#g prr]gtso r?at?(;?']ngrg:g;:rgf/céf?r?et?aerb%Eylgi;g%ﬁp
B at 298 K than th | tai RI-CAD. - ’

GB at 298 an the values obtained by SORI-C As a reference, the GB of benzoate is 333.0 kcafifeomeasure

GB values ofo-, m-, andp-TMAB were calculated using both fth on f f A
hybrid density functional and local MP2 theory at both 298 and © the protonation free energy or GB of an aromatic CQftbup

460 K (Table 1)i5 The calculated GB o6-TMAB at 460 K is in in the absence of a positive charge). To estimate the effect of the

excellent agreement with the experimentally measured values. Thecoulomb interaction, a point-charge Coulomb energy was cal-

GB values ofm- andp-TMAB are much higher and are outside culated from the coordinates of the quaternary nitrogen=
the range that we are able to measure experimentally due to a' ) @nd the midpoint of the two carboxylate oxygen atoms (

lack of readily ionizable reference bases. The excellent agreementl._ - These. values, subtracted from the GB of benzoate (solid
between experiment and theory T MAB, however, suggests  1n€), along with the calculated and measured GB values for the
that the calculated values for the meta and para isomers should"¢€ TMAB isomers and betaine are shown in Figure 2. This

be reasonably accurate. Dissociation of protonated dimers of €xtremely simplistic model provides a rough estimate of the GB

p-TMAB and 7-methyl-1,5, 7-triazabicyclo[4.4.0]dec-5-ene results ©f these zwitterions but overpredicts the effects of the Coulomb
in formation of only protonateg-TMAB, consistent with its much interaction as a funqt|on of d|stan_ce._Th|s could be_due, in part,
higher GB. It should be noted that the most basic organic molecule {0 inductive effects in the aromatic ring not taken into account
listed in the NIST database is 7-isopropyl-1,5,7-triazabicyclo- With this model. _ o .
[4.4.0]dec-5-ene (ITBD), with a GB of 248.4 kcal/nfoThe GB These results are particularly S|gn|f|cant.|n thqt they demop-
values of bothm- andp-TMAB are significantly greater than that ~ Strate that the GB of a molecule can be easily varied by changing
of ITBD. Thus, both of these zwitterionic organic molecules are the distance between a fixed charge group gnd_the_: protonation
more basic than the current organic “super bases” used asSite. These. resu!ts suggest that the GB of zwitterionic molecules
reference compounds. can be easily adjusted between 248.4 and 284.1 kcal/mol, a range
within which there are no organic reference bases currently
(14) (@) Cheng, X.; Wu, Z.; Fenselau, €. Am. Chem. Sod993 115 available. This could provide a strategy to bridge the gap between
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