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Chiral Recognition Is Observed in the bimolecular gas-phase reaction. Ghal have observed chiral
Deprotonation Reaction of Cytochromec by (2R)- selectivity in the complexation of a host molecule containing
and (25)-2-Butylamine two stereocenters with a chiral gué&t.Nikolaev et al. have

shown chiral effects in the unimolecular dissociation and ligand
exchange of proton bound dimers of dimethyl tartrdte®€The
chiral selectivity presented in this report is the first involving
proton transfer, and it involves two fairly small organic
Department of Chemistry, Uggrsity of California ~ €nantiomers. , ,
Davis, California 95616 Although '_th_eR isomer is gen_erally more reactive than e
the two exhibit similar trends in reactivity with respect to the
Receied March 4, 1996 three charge states. Rate constants for the proton transfer
) ) reactions are listed in Table31. The rate constants provided
‘The proton transfer reactions off and (2)-2-butylamine  5re often precise to within 10%, although the absolute values
with three charge states of cytochrorg9+, 8+, and ) may be off by a larger amount due to the calibration of the ion
show a systematically strong preference for Bienantiomer  gage3® The deviations (one standard unit) of the rate constants,
over the§ illustrating an appreciable chiral effect in these measured three times over different days, are also provided. The
deprotonation reactions. The rate constants of reactions involv-yate constants for thei9state are 1.5 10~ and 2.5x 10-12
ing the R enantiomer are about 10 times greater than those(y|| units in cnd/(molecules)) for R andS, respectively. Similar
involving S. The multiply charged ions were produced by yate enhancements & over S are observed for the other two
electrospray ionization (ES)* and the proton transfer reactions  charge states. We have looked for chiral selectivity in the
were monitored with Fourier transform mass spectrometry reactions of 2-butylamine with small protonated peptides (di-
(FTMSy-> using methods described in greater detail elsewhére. anq tripeptides of alanine and valine) and have not been
For comparisom-propylamine andert-butylamine were reacted  gyccessful® We attributed this to the relatively simple interac-
with the same three charge states of cytochramié® n- tion and the absence of higher order structures of the protonated
Propylamine reacted with similar rate constants t&)2 species. The reactions presented here have low efficiencies
four amines studied despite its having the greatest gas-phas§eactions and large steric interactions in the transition states.
basicity. B ) _ The decay of the 9 state as a function of time is best
Chiral specific reactions are important and when used to probe represented by a single rate constant, while bothadid 7
multiply protonated proteins may provide information regarding are pest represented each by two rate constants. Of these two
the gas-phase protein surface as well as the environment at thgate constants, the larger values are nearly 10 times greater than
sites of protonation. The use of mass spectrometry to dif- the smaller ones. The relative amount of fast and slow reacting
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ferentiate chirality has received increasing attentio®® How- species are the same for tReand theSisomers. For the 8
ever, there are few examples of chiral recognition in a state the ratio of fast to slow reacting components is nearly 50:
(1) Yamashita, M.; Fenn, J. B. Phys Chem 1984 88, 4451-9. 50, while for the 7 state the ratio is about 25:75. TBésomer

(2) Green, M. K.; Gard, E.; Camara, E.; Penn, S. G.; Lebrilla, C. B. The exhibits decreasing reactivity with decreasing charge state, as
g&d QSMzslcggfelfgegge on Mass Spectrometry and Allied Topics, Atlanta, expected from purely Coulombic considerations. In this regard,
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(3) Gard, E.. Carroll, J.; Green, M. K. Fannin, S. T.; Wu, J.; Camara, DOth n-propylamine andert-butylamine behave in the same

E.; Lebrilla, C. B. The 43rd ASMS Conference on Mass Spectrometry and manner. With theR isomer, the rate constant of the-%nd

Allied T0plcls|, Atlanta, Gﬁ" May 2f26|,| 195:]5- - Gard E- the fast rates of the-8 and the # are approximately equal,
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(6) Wu, J.; Gard, E.; Bregar, J.; Green, M. K.; Lebrilla, C. BAm
Chem Soc 1995 117, 9900-5. (23) Buser, H. R.; Muller, M. DEnviron. Sci Technol 1994 28, 119-
(7) Wu, J.; Lebrilla, C. BJ. Am Soc Mass Spectroml995 6, 91— 28.
101. (24) Buser, H. R.; Muller, M. DEnwiron. Sci Technol 1993 27, 1211~
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B. J. Chromatogr A 1995 707, 233—-44. (30) Hofmeister, G.; Leary, J. AOrg. Mass Spectronl991, 26, 811—
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Table 1. Rate Constant of Deprotonation Reactions Involving Respective Amines and-{h&t9 and A Charge States of Cytochronoe
Produced by Electrospray lonizatfon

(2R)-2-butylamine

percent

(29)-2-butylamine

percent

n-propylamine

tert-butylamine

charge state GBd=211.7 contributiorf GBY=211.7 contributiorf GB?=210.1 GBY=213.0
9t—8*b 1.5x 10711 (+0.3) 2.5x 10712(+0.2) 2.2x 10712 6.1x 10713
gr—7+¢ 2.3x 10712 (+0.5) 4.6x 10713 (£1.1) 2.9x 1013 3.8x 104
8t—7+tb.FAST 1.0x 1071 (+0.3) 45 1.9x 10712 (+0.4) 46 3.1x 10718 3.7x 10718
8r—7+b-SLOW  1.4x 10712(+£0.1) 55 3.7x 10°13(+1.0) 54
7t—6tc 2.3x 10713 (+0.1) 8.4x 1071 (+3.6) 7.2x 1074
7t—6* -FAST 1.1x 107 (40.1) 21 1.4x 10712 (£0.3) 30 1.4x 10713 51x 107
7T—6tD-SLOW  1.3x 10713(+1.1) 79 1.4x 10713 (+£1.9) 70

aUnits for rate constants are étfmolecules). Rate constants involving the two isomers of 2-butylamine were determined from three separate
experiments performed on different daj$ligher charge state is isolated directly from ESI source with reaction proceeding toward the low charge

state.¢ Further reaction of the product ion bto a lower charge staté€ Values obtained from ref 44.Contribution of each rate constant to overall

rate constants when two or more are observed.

with published studies of gas-phase cytochrantleat suggest

It further allows an estimate, in energy terms, of the effect

different conformers for some charge states. At least three associated with chiral differentiation. With theé-Zharge state,

conformers for the # charge state of cytochromeand two
for the 8t state have been proposed by Clemmaeéral. to
explain observations in ion mobility experimefftsThey further

n-propylamine is as reactive as tBasomer, suggesting a rise
in the reaction barrier for th8isomer equivalent to a 1.6 kcal/
mol increase in the endothermicity of the reaction due to its

suggest that the relative abundances depend strongly on thesteric effect. TheRisomer of 2-butylamine, on the other hand,

ionization conditions. Suckaet al. propose two reacting s about seven times as reactive as propylamine, roughly what
species for 8 and one for # on the basis of gas-phase- would be expected from its higher gas-phase basicity. The
exchangé!*? Evidence of multiple reacting species has also foregoing suggests that the reactive protonated site discriminates

been presented by Cassaghyl. for ubiquitin®® The different against the 2-butylamine of the unfavorable configuration by
reacting species are not readily observed in the reactions of theyhe equivalent of 1.6 kcal/mdF.

achiral bases-propylamine andert-butylamine.

In deprotonation reactions that are rapid, the removal of a
second proton is sometimes observed. The rate constants fo
these reactions were determined and compared to the proton
transfer reactions in which the reactant is initially isolated. The
rate constant of the 8 produced by deprotonation of+9
reacting with (R)-2-butylamine (2.3x 10719 is similar to that
of the slowly reacting & isolated directly from the source (1.4
x 1071?). Similarly, the rate constant of47, produced by
deprotonation of &, reacting with (R)-2-butylamine (2.3x

The most basic of the four amines is also the least reactive,
pndoubtedly because of its steric bulk. The rate constant
associated with the reactions wfit-butylamine is an order of
magnitude less than that afpropylamine for & and A but
is nearly the same for8. The reactivity of both amines follows
the order of &+ > 8+ > 7+.

Deprotonation reactions of multiply charged gas-phase pro-
teins by neutral amine bases likely involve intermediates with
highly specific structures in which steric effects can play a strong
10719 is closer to that of the slowly reacting species af 7 influential role. In this regard, chiral probes of gas-phase
isolated from the ionization source (1.3 107%). This is structure may provide an important and sensitive probe for the
consistent with the notion of a common highly reactive site for conformations of gas-phase proteins. Intermediates of defined
the three charge states. Charges statesaiid 8+ produced structures are also consistent with observations in hydregen
by deprotonation would be missing this site, while some fraction deuterium exchange involving gas-phase protonated pefficés.
of the corresponding isolated states would contain the reactive This notion is further supported by the presence of adducted
sites, as observed. Similar behavior is observed withShe  gpecies in the reaction of cytochromwith three of the amines,
Isomer. ) _ o the two isomers of 2-butylamine amdpropylamine, while no

For comparisonp-propylamine, which is 1.6 kcal/mol less  aqducted species were observed with the more basic but less
basic than (R)- and (5)-2-butylamineg?was reacted with the reactivetert-butylamine. Rate constants for adduct formation
same three charge states of cytochrameThis compound i yere estimated to be at least2 orders of magnitude faster

less hindered than the 2-butylamines, while its lower basicity than those for proton transfer. The rapid formation of the
should render it less reactive in the absence of “steric effects”. adducted species precluded calculation of reliable rates.
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