A\C\S

ARTICLES

Published on Web 03/01/2006

The Shape of fS-Alanine
M. Eugenia Sanz, Alberto Lesarri, M. Isabel Pefia, Vanesa Vaquero,
Vanessa Cortijo, Juan C. Lopez, and José L. Alonso*

Contribution from the Grupo de Espectroscapviolecular (GEM), Departamento de Quica
Fisica y Qumica Inorganica, Facultad de Ciencias, Umrsidad de Valladolid,
47005 Valladolid, Spain

Received December 2, 2005; E-mail: jlalonso@qf.uva.es

Abstract: The combination of Fourier transform microwave spectroscopy in a pulsed supersonic jet with
laser ablation has made S-alanine amenable to a structural study in the gas phase. Two new conformers
of -alanine have been identified together with the two previously observed by McGlone and Godfrey [J.
Am. Chem. Soc. 1995, 117, 1043]. The comparison between the experimental rotational and N nuclear
guadrupole coupling constants and those calculated ab initio provide a definitive test for molecular structures
and confirm unambiguously the identification of all conformers. For the two most abundant conformers, an
intramolecular hydrogen bond between the amino group and carbonyl oxygen (N—H-:-O=C) is established,
and the COOH adopts a cis-COOH configuration. The next conformer in order of abundance presents an
O—H---N intramolecular hydrogen bond with a trans configuration for the COOH group. The high sensitivity
of the experiment has allowed us to detect for the first time a conformer uniquely stabilized by an n—z*
hyperconjugative interaction between the nucleophile N: of the amino group and the s * orbital at the carbonyl
group. Partial conformational relaxation has been observed in the supersonic expansion.

Introduction nine* could be investigated in gas phase by rotational spectros-
copy using heating methods for vaporization. We have recently
developed an experimental method that combines the benefits
of laser ablation to efficiently vaporize the solids without
substantial decomposition with the high resolution of Fourier
transform microwave spectroscopy in supersonic jets to probe

A great part of the success of natural amino acids as building
blocks of proteins relies on their high torsional flexibility which
results in a large number of low energy conformers in the gas
phase. Investigation of the conformational behavior of amino

acids and the forces that model their shape, free from intermo- . or ) .
the molecules in a collisionless environme@ur laser ablation

lecular interactions, must be accomplished in gas phase. . )
However, most studies of amino acids have been conducted inmolecular beam Fourier transform microwave (LA-MB-FTMW)
spectrometer has been successfully applied to date to the

a condensed medium because it is the natural environment for; ;

biological processes to occur. This approach has the drawbaclénvesng""tIon of proln;é valine, alanlrief‘ 4-hydroxyproline;

of providing a picture in which it is difficult to distinguish N.N-dimethylglycinei® and isoleuciné: )

between the properties that are inherent to amino acids and those /-alanine (NH—CH,—CH,—COOH), the simplest and only

arising from interactions with the medium. In addition, amino natural f-amino acid, has a role in a variety of biological

acids appear as zwitterions in condensed phasesN—CH- processes. It is bel_lev_ed to be a neuro?ransmltter in the cen_tral

(R)—COO"), in contrast to the neutral form they adopt in N€rvous s_ystem, _blndmg to receptor snes_con_wmon to_ glycine

proteins and polypeptidés. and y-amm_obutyrlc acid (C;ABA)_2 and acting in the visual
Microwave spectroscopy is the most powerful technique to systemt3 It is one of the amino acids constituting the naturally

distinguish unambiguously between different conformers and
.g 9 y . . (4) McGlone, S. J.; Godfrey, P. D. Am. Chem. Sod 995 117, 1043.
provide accurate structural information of a molecular system. (s) Lesarri, A.; Mata, S.; Lpez, J. C.; Alonso, J. LRev. Sci. Instrum2003

; i i i _ 74, 4799.
Until recently, amino acids have been elusive to gas-phase (6) Lesarri A Mata, S.: Cocinero, E. J.; Blanco, S.pea, J. C.. Alonso, J.

rotational studies due to their elevated melting points and their L. Angew. Chem., Int. ER002 41, 4673.
thermal unstability. Hence, only glycifeglanine? and s-ala- @ Ef,%ggf;{fgg@erq E. J.lpez, J. C.; Alonso, J. LAngew. Chem., Int
(8) Blanco, S; Ilesarri, A.; Lpez, J. C.; Alonso, J. L1. Am. Chem. So2004

(1) Jarrold, M. FAnnu. Re. Phys. Chem200Q 51, 179. 126, 11675
(2) (a) Brown, R. D.; Godfrey, P. D.; Storey, J. W. V.; Bassez, Ml.R-Chem. (9) Lesarri, A.; Cocinero, E. J.; 1p®z, J. C.; Alonso, J. L. Am. Chem. Soc
Soc., Chem Commut978 547. (b) Suenram, R. D.; Lovas, F.Jl.Mol. 2005 127, 2572.
Spectrosc1978 72, 372. (c) Suenram, R. D.; Lovas, F.J.Am. Chem. (10) Lesarri, A.; Cocinero, E. J.;'lpez, J. C.; Alonso, J. LChem. Phys. Chem.
Soc 198Q 102 7180. (d) Lovas, F. J.; Kawashima, Y.; Grabow, J.-U.; 2005 6, 1559.
Suenram, R. D.; Fraser, G. T.; Hirota, Astrophys. J1995 455 L201. (11) Lesarri A.; Sachez, R.; Cocinero, E. J.; pez, J. C.; Alonso, J. L1. Am.
(e) Godfrey, P. D.; Brown, R. DJ. Am. Chem. Sod 995 117, 2019. (f) Chem. Soc2005 127, 12952.
McGlone, S. J.; Elmes, P. S.; Brown, R. D.; Godfrey, PJDMol. Struct (12) (a) Choquet, D.; Korn, HNeuroscience Let.988 84, 329. (b) Wu, F. S.;
1999 485, 225. Gibbs, T. T.; Farb D. HEur. J. Pharmacol1993 246, 239. (c) Horlkoshl
(3) Godfrey, P. D.; Firth, S.; Hatherley, L. D.; Brown, R. D.; Pierlot, AJP. T, Asanuma A.; Yanagisawa, K.; Anzai, K.; Goto, [8ol. Brain Res.
Am. Chem. Socl993 115 9687. 1988 4, 97.
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Table 1. Calculated Spectroscopic Parameters and Relative Energies for the Lower-energy Conformers of -alanine from MP2/
6-311++G(d,p) Computations

I o I IV/X1I* v VI
A" MHz 7150.5 6968.2 5743.5 9195.4 7172.9 5756.2
B /MHz 2363.7 2313.6 24847 1858.0 2512.2 2418.6
C /MHz 2012.6 2008.4 333.7 1584.9 1993.0 23144
1, /D 0.1 -1.5 -2.3 -0.4 6.4 02
m /D 0.7 1.7 -1.2 0.7 1.3 -0.8
p. /D -0.9 -0.6 -0.8 -1.2 -0.5 -0.8
proraL/D 1.2 2.4 2.7 1.4 6.6 1.1
Y2 /MEHz 1.85 -3.95 -2.69 2.70 -1.30 -3.68
Kb /MHz 0.95 1.69 2.33 0.78 -0.62 1.58
Yee MHz -2.80 2.26 0.36 -3.48 1.92 2.10
AEjp; fom 0 279 398 599 -68 480
ABEpparzpcfom™ 0 258 421 522 143 496
(AEs)’ /em () (259) (627) (468)/(978) (819) (819)
U L
e ©
L% L W e

aA, B, and C are the rotational constants, un, anduc are the electric dipole moment components, angyo, andycc are elements of th&N nuclear
quadrupole coupling tensdtHF/6-31G(d,p) relative energies from ref4The HF/6-31G(d,p) structures of these conformers converged to the same minimum
when calculated at MP2 level.

occurring dipeptides anserine and carnodthend it also using a Stark-modulated free-jet absorption spectrometer by
possesses a pharmaceutical interest: derivativggsaénine heating the sample at 23C and entraining it in a stream of
have been proposed for epilepsy treatni€n addition, argon? Guided by HF/6-31G(d,p) ab initio calculations and
pB-alanine is the most abundant among the amino acids foundpatrtially resolved N-quadrupole coupling, two conformers could
in Cl chondrites (a type of carbonaceous meteorites), exceedingbe identified corresponding to the structures | and V of Table
by a factor of 2 the percentage of glycine apd and 1, stabilized by N-H---:O and N--H—O hydrogen bonds,
y-aminobutyric acid, and by a factor of 10 that of alanthe.  respectively. Conformer | was predicted to be the global
Some authors have suggested that the origin of the precursorsnminimum of s-alanine, and conformer V was calculated to be
of meteoritic amino acids, and perhaps the amino acids 9.8 kJ/mol above in energy. Although conformersINV were
themselves, could reside in the interstellar medium (ISM). predicted to have intermediate energies between those of
Recent experimental results indicate thfxalanine can be conformers | and V, no experimental evidence of other
formed in gas phase by ietmolecule reactions of smaller  conformers of3-alanine was found. This was explained in ref
precursors in the ISM and that these reactions preferentially yield 4 by an unreliable prediction of the relative energies of the
B-alanine over alanin® Laboratory experiments demonstrate conformers at the level of calculation employed.
that 3-alanine is formed by UV photolysis of the analogues of It seemed adequate to take advantage of our LA-MB-FTMW
icy interstellar graind? Precise laboratory data on its rotational technique for a reinvestigation gfalanine in gas phase. In
spectrum, comprising the distinctive transition frequencies of addition to the previously mentioned advantages of this tech-
all possible conformers, are required for an unambiguous identi- nique, transition intensity is here proportional to the corre-
fication of g-alanine in space. The gas-phase rotational data of sponding electric dipole moment component (in contrast to a
pB-alanine has certainly a direct application in astrochemistry. Stark-modulated free jet experiment where the transition
The rotational spectrum off-alanine, a solid at room intensity is proportional to the square of the dipole moment),
temperature (mp 202C), was studied for the first time in 1995  which makes LA-MB-FTMW spectroscopy more suitable for
the study of species with modest dipole moments. In this work,
ab initio calculations at a level higher than those reported in

(13) Sanderg, M.; Jacobson,J. Neurochem1981, 37, 1353.
(14) Bonfanti, L.; Peretto, P.; de Marchis, S.; FasoloPogr. Neurobiol.1999

59,333 _ , the literaturé2®have been performed. A detailed inspection of
(15) 1Tfn1'1%. Y. K. Wainman, D.; Weaver, D. Bioorg. Med. Chem2003 the spectra has led to the identification of four conformers

(16) Ehrenfreund, P.; Glavin, D. P.; Botta, O.; Cooper, G.; Bada, Prac.
Natl. Acad. Sci. U.S.A2001, 98, 2138

(17) (a) Engel, M. H.; Macko, S. ANature 1997, 389, 265. (b) Pizzarello, S.;
Cronin, J. R.Geochim. Cosmochim. Ac00Q 64, 329.

(18) Blagojevic, V.; Petrie, S.; Bohme, D. Klon. Not. R. Astron. So2003
339 L7.

through their rotational constants and a fully resolved hyperfine
structure (not achievable in the above-mentioned Stark-
modulated work) due to th&N nuclear quadrupole coupling
effects.

(19) (a) Bernstein, M. P.; Dworkin J. P.; Sandorf, S. A.; Cooper, G. W.;
Allamandola, L. JNature2002 416, 401. (b) Mdoz, G. M.; Meierhenrich,
U. J.; Schutte, W. A.; Barbier, B.; Arcones, A.; Rosenbauer, H.; Thiemann,
W. H.-P.; Brack, A.; Greenberg, J. NNature 2002 416, 403.

(20) (a) Ramek, MJ. Mol. Struct. (THEOCHEM}L99Q 208 301-355. (b)
Ramek, M.; Flock, M.; Kelterer, A. M.; Cheng, V. K. W. Mol. Struct.
(THEOCHEM)1992 276, 61—81.
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Analysis of this hyperfine structure jftalanine has proved  followed by conformers V, II, and Ill (see Table 1). According to these
to be an invaluable tool to discriminate between conformers predicted relative energies and electric dipole moment components,
with similar heavy atom backbones that have rotational constantsseveral conformers should be amenable to experimental observation
much the same. In addition, conformational relaxatbm, in the adiabatic expansion of our experiment.
process known to occur in supersonic expansions and observeghagits and Discussion

in the jet-cooled studies of other amino actdd,has been
considered. 1. The N—H---O=C Conformers. Initial scans were directed

to search for the rotational transitions of conformer | based on
Methods the reported experimental rotational constantssaflanine?
1. Experimental. The rotational spectrum ¢Falanine in gas phase  R-branch rotational transitions pf- anduc-type for conformer
has been observed and characterized using LA-MB-FTMW spectros- | were readily located and measured. The microwave power
copy? In this technique, a solid rod gf-alanine is vaporized using  needed for optimum polarization of the rotational transitions
the green light (532 nm) of a pulsed Nd:YAG laser. The vaporized \yas consistent with the predicted magnitudes of the components
molecules are subsequently seeded in an inert gas and dragged into & the electric dipole moment (see Table 1). In addition to the
vacuum chamber where they expand adiabatically between the mirrorsDoppIer splitting, all the transitions exhibited fully resolvEtl
of a Fabry-Peot resonator. Microwave radiation is then applied to the ' . ) .
nuclear quadrupole coupling hyperfine structure (see graphic

molecules in the supersonic beam to macroscopically polarize them. f lanine 1 in Table 2). th firmina th f
Their decay signals are detected in the time domain and Fourier © f-alanine |'in Table 2), thus confirming the presence of a

transformed to the frequency domain to obtain the rotational spectrum. Single nitrogen atom in the observed species. Rotational
The samples g-alanine (Aldrich, 99%) were used without further ~ Parameters were derived from a final set of six rotational

purification. The target rods were produced by presgialanine transitions (22 hyperfine components) using a Hamiltonian given
(previously ground to obtain homogeneous and fine grains) with small by H = Hg® + Hg where HR® represents the Watson
quantities of a commercial binder (methyl cellulose). These rods are A-reduced semirigid rotor Hamiltonian in therépresentatiott
placed vertically in front of the exit of a solenoid valve in our desorption - andHgq, is the nuclear quadrupole coupling interaction téfm.
nozzle (located in the rear part of one of the FabfyePenirrors), The determined rotational constants and nuclear quadrupole
and they are continuously rotated and translated so that a fresh Surfac%oupling constantsaa yos andyee (Table 2) are in excellent

Is hit by each laser pulse. ) agreement with the predicted ab initio values for conformer |
Gas pulses of typically 0.60 ms of neon or argon at backing PreSSUres; " Table 1. The rotational constants are consistent with those
of 5.5 bar have been used, followed by laser pulses of about 60 mJ/ ’

pulse, slightly delayed with respect to the gas pulses, and microwave previously reported by Godfrey et al. (Table 2 of ref 4).
pulses of 0.3:s. The delay is adjusted to optimize the signal-to-noise ~ During the analysis of the rotational spectrum a set of weaker
ratio of the rotational transitions. Because the molecular beam and theua-type R-branch transitions with a characteristic pattern of a
microwave radiation are parallel in our LA-MB-FTMW spectrometer, nearly prolate asymmetric top was located very close to that of
each line is split into two due to the Doppler effect. The molecular conformer I, leading to the assignment of a new conformer.
frequency is the arithmetic mean of the Doppler components. Frequency The assignment was completed with the measuremenis- of
uncertainty is estimated to be lower than 3 kHz. _ ~ anductype R-branch transitions. All the transitions exhibited
2. Computational. There had been previous computational studies 14N quadrupole hyperfine structure (see figure in Table 2) and

of -alanine}?° but these calculations were carried out using the HF : . L .
method with the small 6-31G(d;jand 4-31&° basis sets. We therefore \é\/:r:?o::gzglusmg the same Hamiltonian described above for

sought to carry out higher-level ab initio calculations to improve the o ) . .
quantitative predictions of relative conformational energies and mo- At first inspection, the determined spectroscopic constants
lecular properties, such as rotational constants & nuclear collected in the second column of Table 2 are in good agreement

quadrupole coupling parameters, relevant to identify the conformers with those predicted ab initio (see Table 1) for conformers |
present in the supersonic expansion of our experiment. Ab initio and Il, which have similar rotational constants. However, the
computations have been conducted on the 20 structur@satdnine predicted differences in th&N nuclear quadrupole coupling
reported in refs 4 and 20 using the second-order Mgldesset constantsyaa ybh and yec provide a conclusive argument to

perturbation theory (MP2) with the 6-333G(d,p) basis set in the  jqentify unambiguously the new conformer in our supersonic
frozen core approximation as implemented in the Gausian03 pagkage. o ansion as conformer II. Conformer Il is structurally similar

This level of theory behaved satisfactorily in our previous studies of to conformer I: the main difference between them is the

amino acid% ! with a remarkable agreement between the experimental . . f h . ith h boxVli
and the predicted spectroscopic constants, which supported the as,signerentatlon of the amino group with respect to the carboxylic

ments of the detected conformers. group (compare structures in Table 2), which dramatically

All 20 conformers are local minima in the potential energy surface affects the values of their quadrupole coupling constants. The
at this level of theory, since there were no negative eigenvalues in their 1N nuclear quadrupole coupling constants depend on the
Hessian matrices. The calculation of relative stabilities was improved electronic environment around the amino nitrogen atom and are
including the zero-point vibrational contributions within the harmonic  extremely sensitive to the amino group orientation. As a
approximation. The results are displayed in Table 1 for the lower-energy consequence, what appears to be a slight structural difference
labeled following the same nomenclature used in ref 4. Molecular rotational constantshas a huge effect on the values of their
properties for the high-energy conformers are available as Supporting 14N nuclear quadrupole coupling constants (see Table 2). It can
Information (Table 1). Conformer | is predicted as the global minimum

be concluded that conformers | and Il could not have been

(21) Ruoff, R. S.; Klots, T. D.; Emilsson, T.; Gutowsky, H. 5.Chem. Phys.

199Q 93, 3142. (24) Watson, J. K. G. IVibrational Spectrum and StructurBurig, J. R., Ed.;
(22) Godfrey, P. D.; Brown, R. D.; Rodgers, F. M. Mol. Struct 1996 376, Elsevier: Amsterdam, 1977; Vol. 6, pp-89.

65. (25) Gordy, W.; Cook, R. LMicrowave Molecular SpectraWiley: New York,
(23) Frisch, M. J.; et alGaussian O3Revision B.04; see Supporting Information. 1984; Chapter 9.
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Table 2. Spectroscopic Constants for Conformers | and Il of 5-Alanine, along with Their Respective 49 4—31 3 Rotational Transitions?

Conformer I Conformer I1
F=5+4
AP/ MHz 7267.8292(18)° F=5=4 7160.50092(64)
- F=4=3
B/ MHz 2335.1700(63) 40’4- 31’3 2298.73029(15) |—| 40'(— 31’3
C/MHz 1986.77894(69) Fo3- 1 1974.35380(22)
Ay / kHz 0.893(31) 0.8973(61)
A/ KHz -1.83(39) 2.074(81) . .
129724 oo 129728 128176 oo 128180
Yaa ! MHz 1.7295(34) -3.5076(15)
Ww / MHz 0.8860(45) 1.5942(20)
Yeo | MHz 2.6155(45) 1.9134(20)
o/ kHz 3.1 1.9
N? 22 54

aThe hyperfine structure of the rotational transition reflects the different orientation effttté; group in both conformers. THéN nuclear quadrupole
coupling hyperfine components'tFF'") are labeled by the quantum numbeérs- | + J. Each component appears as a doubtet) because of the Doppler
effect.? A, B, and C are the rotational constantg,and Ak are the quartic centrifugal distortion constants, arglyb, andycc are elements of th&'N
nuclear quadrupole coupling tensérms deviation of the fitd Number of fitted hyperfine componen&Standard error in parentheses in units of the last
digit.

Table 3. Spectroscopic Constants for Conformer V and Ill of -Alanine along with Their Respective 3; 21,1 Rotational Transitions?

Conformer V Conformer II1

A/ MHz 7177.0630(10)° 5841.28(44)

B/ MHz 2499.71943(34) 2430.29713(37)

C/MHz 1982.45703(31) 2307.85654(37)

A/ kHz 0.352(12) 2.087(19)

A/ kHz - WI9ST e 141961 - 14395.6 o M 14396.0
%aa ! MHz -1.2153(21) -2.4048(20)

%b / MHz -0.5740(30) 1.9870(71)

Yoo ! MHz 1.7893(30) 04178(71)

o/ kHz 26 21

N 39 23

aThe 1N nuclear quadrupole coupling hyperfine components<F") are labeled by the quantum numbé&rs= | 4+ J. Each component appears as a
doublet (++) because of the Doppler effeétA, B, and C are the rotational constantg,and Ay are the quartic centrifugal distortion constants, agg
2ok @Ndycc are elements of th&N nuclear quadrupole coupling tensérms deviation of the fitd Number of fitted hyperfine componen&Standard error
in parentheses in units of the last digit.
distinguished without the use of quadrupole hyperfine structure, components in Table 1 strongs-type R-branch transitions
which constitutes a unique identifier for conformers. showing totally resolved“N nuclear quadrupole hyperfine
Conformers | and Il are stabilized by an intramolecular amine- structure (see structure in Table 3) were first located and
to-carbonyl N-H---O=C hydrogen bond interaction (predicted measured. The experimental measurements were completed with
intramolecular distances for the hydrogen bonetHi:-O=C up-type R-branch transitions. Na-type transitions were
of 2.403 and 2.513 A, respectively) andia COOH functional detected, which is consistent with the very low calculated value
group interaction as observed in theamino acids glycing of this dipole moment component for conformer V (see Table
alanine®8valine/ and isoleuciné! except for the non bifurcated ~ 1). The 10 measured transitions (39 hyperfine components) were
character of the NH---O=C hydrogen bond. analyzed with the same Hamiltonian used for conformers | and
2. The O—H---N Conformer. Once the analysis of conform- 1l, and the corresponding rotational parameters are given in
ers | and Il was completed, a number of strong unassigned Table 3. The comparison with the predicted rotational and
transitions still remained in the spectrum. These belonged to quadrupole coupling constantg.4 xun andycc) of Table 1 is
the conformer V previously observed by Godfrey et &h a definitive argument to identify this conformer in the supersonic
agreement with the predicted values of the dipole moment expansion.

J. AM. CHEM. SOC. = VOL. 128, NO. 11, 2006 3815
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In accordance with the orientation of the amino group associated with the height of the interconversion barrier between
(structure of Table 3), conformer V is stabilized by an conformers. For systems involving only one degree of freedom,
intramolecular hydrogen bond between the hydrogen atom of such as torsional isomerigkor axial/equatorial equilibrium in
the hydroxyl group and the electron lone pair at the nitrogen hydrogen bond complex&8parriers less than about 400 thn
atom (O-H---N interaction, with an ab initio predicted distance have been proposed to allow relaxation. In multiconformational
of 1.784 A). This imposes @ansarrangement for the carboxylic ~ systems, where several degrees of freedom can channel the
group, which implies the loss of a stabilizing energy contribu- relaxation, it has been suggested that barrier heights of 1000
tion. cm~1 or higher would impede conformational relaxat®§The

3. The n—x* Interaction Conformer. Additional frequency carrier gas used also influences the extent of relaxation: heavier
surveys were carried out in the hope of observing more low- carrier gases are more effective relaxants, and their use may
energy conformers. After discarding the lines corresponding to even prevent the observation of the higher-energy forms of
the assigned conformers 1, I, and V, very weak transitions of isomers or conformers.

a fourth conformer were identified that showed the characteristic ~ Assuming that the intensities of lines for a conformerre
nuclear quadrupole coupling hyperfine structure (see figure in proportional toui-N;, wherey; is the corresponding electric
Table 3) due to a singl¥N nucleus. Measurements pftype dipole moment component and is the number density of
R-branch transitions and subsequent fits with the same Hamil- species in the jet, the relative population ratio obtained with
tonian described above led to the rotational parameters listedNe as a carrier gas shows that conformer | is the global minimun
in Table 3. The agreement between the experimental rotationaland is much more populated than other conformers. Conformer
and quadrupole coupling constants with those predicted in Tablell seems to be slighly more populated than conformer V, while
1 for conformer Il provides evidence of its presence in the conformer Il is the least populated.

supersonic expansion. It was observed that the intensity ratio I/l increases signifi-

No intramolecular hydrogen bond is apparent in conformer cantly in going from the heavier (Ar) to the lighter (Ne or He)
II; the amino group hydrogens adopt an arrangement pointing carrier gas. This is indicative of partial relaxation from
away from the carboxylic moiety (see figure in Table 3). conformer Il to conformer I in our molecular beam fdralanine,
Therefore, we must admit that its stabilization should be interconversion between conformers | and Il can occur through
originated by a factor different from intramolecular hydrogen the rotation of the amino group around the-8 bond with a
bonding. Some crystal structure regularities in compounds barrier of about 1000 crt predicted at the MP2/6-34#14-G-
containing nucleophilic groups N: and electrophilic centers have (d,p) level. To our knowledge, this is the first case in which
been interpreted in terms of ar-m* interaction, which arises  incomplete relaxation is observed between conformers separated
from the hyperconjugative delocalization of the nonbonding by a barrier of 1000 crt. This result makes it difficult to relate
electron pair from the nitrogen to th& orbital at the carbonyl the post-expansion populations to the preexpansion equilibrium
group of the —COOH, reminiscent of the Bgi—Dunitz populations. However, the H> | relaxation does not change
trajectory?® The observed distances in crystals between N: and the qualitative energy picture of the conformers. No relaxation
the carbonyl carbon range from about 1.5 to 3 A, while the effects have been observed for conformers Il and V when
typical ONCO angles are between 10&nd 114. For the MP2 changing Ar to Ne.

ab initio structure of conformer Il g8-alanine r(N~C) = 2.85 The postexpansion abundances qualitatively agree with the
A and ONCO = 112—optimal for such interaction to occur.  predicted gas-phase relative energy ordering from Table 1,
We have performed an NBO analy%isat the B3LYP/6- except for the fact that conformer V is predicted to be more

311++G(d,p) level that further supports the existence of this stable than conformer Il. The use of the MP2 method and large
interaction, which is the only one established between non- basis sets considerably improves the agreement between the
vicinal parts of conformer Ill of3-alanine, and is calculated to  predictions and the experimental results. Conformer V in

provide a stabilizing energy of 580 crh particular reflects the effect of using higher-level calculations:
All measured transition frequencies for the observed con- it was calculated at the HF/6-31G(d,p) level to be at 820%tm
formers are provided as Supporting Information (TablesR above conformer 1,while the MP2 calculations here predicted

4. Conformer Abundances. The relative post-expansion it to be 140 cm above conformer | after inclusion of the zero-
abundances of the observed conformerg@flanine can be point correction (see Table 1). The relative energies of the
studied from comparing the intensity measurements of different conformers seem to be reasonably well predicted now.
rotational transitions, which in turn can be taken as indicative  No transitions attributable to other conformers remained
of the conformer stability trend. The “effective population” of unassigned in the spectrum. Conformer VI which exhibits an
the observed conformers in the supersonic jet is a consequencéntramolecular hydrogen bond between the amine group and
of population owing to their relative energies plus the possible the oxygen atom of the hydroxyl group {NH:--O—H) has not
contributions from relaxation of other conformers. Collisions been observed in the supersonic expansion. This conformer is
at the onset of the supersonic expansion between the seedegredicted ab initio to lie close in energy to conformer Il and
molecules g-alanine in this case) and the carrier gas may corresponds to a conformer similar to conformer I, but with
produce the relaxation of high-energy conformers to lower-

energy ones. The extension to which relaxation occurs is usually (28) (&) Antolnez, S.; Lpez, J. C.; Alonso, J. lAngew. Chem., Int. EA999
38, 1772. (b) Sanz, M. E.; Limez, J. C.; Alonso, J. L.Chem. Eur. J1999

5, 3293. (c) Sanz, M. E.; Lesarri, A.;'lpez, J. C.; Alonso, J. LAngew.

(26) (a) Bugi, H. B.; Dunitz, J. D.; Shefter, El. Am. Chem. Sod973 95, 15, Chem., Int. Ed2001, 40, 935. (d) Antolnez, S.; Lgpez, J. C.; Alonso, J.
5065. (b) Bugi, H. B.; Dunitz, J. D.; Lehn, J. M.; Wipff, GTetrahedron L. ChemPhysChera001, 2, 114.
1974 30, 1563. (c) Bugi, H. B.; Dunitz, J. D.Acc. Chem. Re4.983 16, (29) (a) Godfrey, P. D.; Brown, R. 0J. Am. Chem. S0d.998 120, 10724. (b)
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the carboxylic group rotated by ca. I'8%ee Table 1). As in acid 4-hydroxyproline has a similar interaction been observed
the case of aliphatic-amino acid3®7.811an interconversion  between the nonbonding electron of the hydroxyl oxygen and
barrier VI < 1l below 400 cnt?! can be expected, which may thex* at the carboxylic carbof An increase of the number of
allow relaxation of this conformer. carbon atoms between the amino group and the carboxylic group
confers a higher flexibility to the heavy atom backbone. This
gives rise to the appearance of a larger number of low-energy
The four lowest-energy conformers ffalanine have been  conformers and changes the balance of intramolecular forces,
observed and characterized by LA-MB-FTMW spectroscopy, since the stabilizing contributions and the steric constraints are
which combines the benefits of laser ablation and molecular modified. Thus, the prevalence of-NH---O and G-H-::N
beams with the sensitivity and resolution of FTMW spectros- hydrogen bonds as main stabilizing contributionsi@mino
copy. Unequivocal identification of these conformers was acids might diminish as the length of the carbon chain between
achieved by comparing the experimental values of the rotational the —NH, and —COOH groups increases. In this context, the
and nuclear quadrupole coupling constants with those predictedstudy of 8-alanine (NH—CH,—CH,—COOH) can be seen as
ab initio. The contribution of the hyperfine constants is of intermediate between those of glycine (NHCH,—COOH) and
particular significance because it allows discrimination between y-aminobutyric acid (Nk#—CH,—CH,—CH,—COOH, the next
structures with similar rotational constants. The nuclear hyper- member of the series, traditionally known as GABA), for which
fine coupling constants provide incomparable structural infor- a conformer with the same-x* interaction has been already
mation on the amino group. characterized in our laboratory by LA-MB-FTMW spectros-
The intramolecular hydrogen bonding exhibited by conformer copy2° Comparison between different amino acids will shed
V (O—H:---N, with atrans disposition of the COOH group) is  more light on the intramolecular forces that influence their
similar to that observed im-amino acids such as glycifje preferred configurations and determine their implication in
a-alanine3®valine/ or isoleucin€'! The nature of the hydrogen  polypeptides or proteins.
bonding in conformers | and Il is considerably different from
the bifurcated arrangement afamino acids which gives rise

Conclusions
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between them.
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