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Effect of the Bulky Side Chain on the Backbone Structure of the Amino Acid Derivative
Valinamide
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Rotational spectra have been recorded for five isotopic species of valinamide, the amide derivative of the
amino acid valine. The rotational constants for the normal specigs=ar8019.242(1) MHzB = 1473.0587(7)

MHz, and C = 1252.5350(8) MHz. Ab initio calculations at the MP2/6-31G** level identified six
conformational minima with three different orientations of the isopropyl side chain and two different
intramolecular hydrogen bonding interactions. None of the theoretical structures reproduces the fifteen
experimental moments of inertia derived from the rotational constants. Least-squares fits of the theoretical
structure withy; = 300° and an amide-to-amine intramolecular hydrogen bond find that the amino amide
backbone torsional angl¥ increases from-9.3° to +9.7(30¥. The nitrogen atomic coordinates of the least-
squares-fit structure were found to be in agreement with the coordinates calculated using Kraitchman’s equations
for single isotopic substitution, but the nitrogen coordinates of the theoretical structures were significantly
different from the Kraitchman coordinates.

Introduction proton is in the preferred syn configuration. The syn configu-
ration of the acidic proton is sacrificed in the higher energy
conformation to form an intramolecular hydrogen bond to the
amino nitrogen. Evidence of a third conformation of glycine,

in which the hydrogens of the amine form an intramolecular
hydrogen bond with the oxygen of the acid group, has recently
been reported in a matrix IR study®

Weak intermolecular hydrogen bonds are believed to be the
basis of the activities of molecules involved in biochemical
processes. The low binding energies of these hydrogen bonds
typically 10-30 kJ mof?, allow the biomolecules to interact
with their targets before breaking free. Nearly all biochemically
relevant molecules contain intramolecular hydrogen bonding ) . . . .
interactions as well. Biochemical processes therefore involve a . Gchmg and alanine are the amino acids with .the smalles.t
combination of intra- and intermolecular hydrogen bonding side chains, a proton _and a methyl group, respe_ctlvely, S0 their
interactions, the details of which are not always well understood. backbone conf_ormatlons are domm_ated by m_tramole_cular
Gas-phase spectroscopy provides an excellent opportunity tohydrogen bonding interactions. The |sopropyl side clham of
isolate these interactions: the study of monomers of biomol- yallne, however, has greater ste'rlc reqwrgments which may
ecules allows for the examination of the intramolecular hydrogen |nf|u¢nce _the backbone conforma}tlon. From infrared absorption
bonding interaction free from the perturbations of intermolecular Studi€s, litaka proposed thatvaline has an unusual crystal

hydrogen bonds, and the formation of their van der Waals structure, one in which the unit cell is composed of molecules
complexes introciuces intermolecular interactions with two distinct conformation? The difference between the

Amino acids are among the simplest biomolecules that contain conformat_ions lay soIer_ in the orientat_ion of the isopropy! side
intramolecular hydrogen bonds, and they serve as building cr:waln, which ¥v?]s dfsﬁ"be% bgi the dkljhedral ,?»ﬁrgle E%tzv_een
blocks of more complex peptides and proteins. Accurate 1€ protons of the alpha and beta carbon ato ©f

structure determination and the identification of intramolecular H®). litaka’s deductlo_n was proven correct when the cr_ystal
hydrogen bonding motifs in these systems may provide insight structure was determined by X-ray analys_ls, and the unit cell
into the interactions in larger systems as well as to provide was found tolt;e composed of molecules wiit= 180" (trans)
valuable experimental data for testing and refining ab initio andy; = 60°.7 , ,

methods. Spectroscopic studies of amino acids have been Recentab initio calculations on gas-phase vafiré (ge-
hampered, however, by difficulties in obtaining suitable number OMeIry optimizations at HF/6-31G*, energy calculations of the

densities in the gas phase. As a result, structures for only two'€Sulting structures at MP2/6-3G*)** found 26 unique
amino acids, glycine and alanine, have been determined_cqnformatlons, four of which lie within 4 kJ mol of the global

Microwave spectroscopy;¢ electron diffractiorf,® and matrix mlnimL_Jm.15 The most stable conforma_tions possess one of the
isolation spectroscofy*! have identified up to three stable three intramolecular hydrogen bonding networks found for

conformations of glycine and alanine, each stabilized by a 9lycine and alanine: bifurcated amine-to-carbonyl oxygen,

different intramolecular hydrogen bonding network. The lowest Pifurcated amine-to-carboxylic acid oxygen, or carboxylic acid

energy conformation of glycine and alanine is stabilized by a proton-to-nitrogen. Three preferred orientations of the isopropyl,
bifurcated intramolecular hydrogen bond from the amino With %1 = 60°, 18C, or 300, were found for each backbone

hydrogens to the carboxyl oxygen, and the carboxylic-acid conformation. The lowest energy conformation has the bifur-
cated amine-to-carbonyl oxygen intramolecular hydrogen bond

* Current address: Optical Technology Division, National Institute of N€twork and has the isopropyl group oriented wyjth= 292,
Standards and Technology, Gaithersburg, MD 20899-8441. Interestingly, it was found that the energy ordering of the side
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He H, TABLE 1: Center Frequencies of the Rotational Transitions
H, \C/\H of Valinamide from Fitting Nuclear Quadrupole Hyperfine
"o Transitions
H|s\C‘5
W, TCe M o transition obsd/MHz obsd calcd/kHz
X dr // 313212 7832.882 0.0
C.—JC. 30— 202 8090.387 15
NS\ N
H7// 6 H20 ¥ Ns/ H, 321_220 8263.131 —8.8
H, | 313202 9180.490 3.2
H, 404—313 9604.724 4.9
. . . . 2o1— 110 10310.261 54
Figure 1. Molecular structure and atomic labels of valinamide. 290—110 10332198 38
chain conformationsyg) depends on the backbone conformation. iij:gg ﬂg?i’ﬁ‘?‘ :é‘g
The relative energies of the different side chain orientations were Sos—414 12425 722 292
found to be in the order 292< 174 < 64° for the bifurcated 514—404 13810.320 -3.2

amine-to-carbonyl-oxygen backbone conformation,°2942°

< 194 for the carboxylic-acid-to-amine conformation, and 173 complished by a heated nozzle oriented perpendicular to the

< 290 < 64° for the bifurcated amine-to-hydroxyl-oxygen cavity axis. This orientation of the expansion produces line

conformationt® The differences in energy ordering were at- widths of approximately 30 kHz (full width at half-maximum),

tributed to the steric requirements of the isopropyl side chain with line centers accurate th4 kHz.

and the interaction between the backbone and the side chain. L-Valinamide, liberated from the hydrochloride salt with 1

Three low-energy valine conformations with different intramo- M NaOH, was incorporated into a supersonic expansion by

lecular hydrogen bonding networks have been identified by heating to 120°C. The backing pressure of the argon carrier

matrix-isolation infrared spectroscop. gas was typically 1.5 atm. Isotopically labeled species of
The current study involves the determination of the structure valinamide were synthesized by a four-reaction step proce-

of the amide derivative of valine, shown in Figure 1. Because dure"8using!>NH4Cl and valine!>N or valineds (Cambridge

polypeptides are joined together by amide linkages, the in- Isotope Labs). Briefly, these reactions protect the amine group,

tramolecular hydrogen bonding networks in peptides are betteractivate the carbonyl, form the amide, and deprotect the amine.

represented by amino amides than amino acids, and the amindrhe products of intermediate steps were characterized by melting

amide derivatives may be viewed as simple peptide models. points and both FTIR and NMR spectroscopy.

We have previously determined the conformational structures

for alaninamidé&” and prolinamidé® Unlike the amino acids, Results

only one gas phase conformation has been observed for each 1 e three rotational transitions were observed for the most
of these molecules. The backbone structure is stabilized by angp, ;nqant isotopomer of valinamide, and these transitions were
intramolecular hydrogen bond from an amide proton to the split into many (ca. 10) components spanning up to 3 MHz by
amino nitrogen, and this conformation is unchanged in the  jear quadrupole coupling from the tWéN nuclei. The
alaninamide-water van der Waals compiéx. nuclear quadrupole hyperfine structure was assigned for eleven

Th|s_ study of the_structur_e of v_allnaml(_je represents an oi-tional transitions (4-types, 6b-types, and T-type). The
extension of our previous amino amide studies. Although both \,<it center frequencies of the rotational transitions, given in

glaninamide and valingmidg ha}ve hydrophobic side chains, thetgp|e 1, were obtained by fitting the hyperfine components to
isopropyl group of valinamide is much larger than the methyl yhe quadrupole coupling constants for the amino and amide
group of alaninamide. We have undertaken this study to addressjyogen nuclei. The frequencies of the hyperfine components
the question of how the steric demands of the side chain may .0 tapulated in the Supporting Informationgss — veadms =

affect the conformation of the backbone. 5.9 kHz for the 99 hyperfine components. The rotational and
centrifugal distortion constants derived from fitting the center
frequencies of the rotational transitions to the Watson A-
Rotational spectra were recorded using a Balle-Flygarétype reduction Hamiltoniaf? are given in Table 2;4ps — Vcaidrms
Fourier transform microwave spectrometer described in detail = 4.0 kHz for the fit.
elsewheré! A Fabry—Perot resonant cavity is established by Four isotopically labeled species have also been investi-
two 36 cm diameter aluminum mirrors with spherical radius of gated: valinamidé®N(3), valinamidel>N(6), valinamide-
curvature of 84 cm. One of the mirrors is fixed, and the second 15N(3),15N(6), and valinamidelg,1>N(3) (deuterium substitution
can be moved with a motorized micrometer to tune to the desired occurring at the six protons of the’ @roups and the hydrogen
frequency. The maximum separation of the mirrors is 80 cm. atoms bound to thex and § carbons). Forty-two rotational
Microwave radiation generated by a Hewlett-Packard 83711B transitions were measured for valinamitdsi3),15N(6). Nuclear
synthesized frequency generator is coupled into the cavity quadrupole hyperfine structure was assigned for thirteen rota-
through an L-shaped antenna mounted in the center of one oftional transitions of valinamid&N(6), with (Vops — Vcaidrms =
the mirrors. Molecular emission is detected using the same 3.9 kHz for 46 hyperfine components, and fifteen transitions
antenna and frequency reduced by a heterodyne circuit; theof valinamidel®N(3), with (Vops — Vcaidrms = 4.4 kHz for the
frequency range of the spectrometer is18 GHz. The signal 63 hyperfine components. The rotational transitions of the
is digitized by a Keithley-MetraByte DAS-4101 data acquisition deuterated isotope were broadened up to 500 kHz by overlapping
board in a personal computer. National Instruments PC-TIO- nuclear quadrupole hyperfine components arising from the
10 and PC-LPM-16 counter timer boards generate pulses that¥N(6) and the deuterium nuclei. Because the hyperfine structure
control the pin diode switches, valve driver, and motorized could not be resolved, line centers of the rotational transitions
micrometer. A windows-based graphical user interface written were estimated to be at the center of the broadened band. The
in Borland C++ is used to control the spectrometer and to transition frequencies for the isotopic species are available in
analyze the spectra. Sample injection into the cavity is ac- the Supporting Information. The rotational transitions of each

Experimental Section
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TABLE 2: Spectroscopic Constants of Valinamide Isotopic Species

valinamide valinamidésN(6) valinamide!>N(3) valinamide!>N(3),15N(6) valinamidels,'>N(3)
AMHz 3019.242(1) 2963.661(2) 3012.18(2) 2957.1045(2) 2648.144(8)
B/MHz 1473.0587(7) 1472.9358(8) 1451.024(6) 1450.9112(2) 1279.181(6)
C/MHz 1252.5350(8) 1242.921(1) 1236.070(8) 1226.7409(2) 1125.974(3)
AykHz 0.17(2) 0.15(2) 0.14(2) 0.164(3)
AsxlkHz 0.3(2) 0.4(2) 0.418(10)
Jaa [N(6)]/MHz —3.276(2) —3.318(2)
o0 [N(6)/MHzZ 1.400(3) 1.442(2)
Yea [N(3)]/MHz 1.640(2) 1.638(2)
%o [N(3)/MHz 1.141(3) 1.161(3)
N 11 13 15 42 19
AvimdkHz 4.0 4.6 3.9 2.4 92.5

aNumber of center frequencies included in the fit.

TABLE 3: Ab Initio Conformers (MP2/6-31G**) of

Valinamide
conformer x1/deg rel energy/kJ mot Almdamu A2
AAI 71 0.0 51.2
AAIl 300 1.2 15.0
AAIll 183 34 20.4
BAI 293 4.3 18.2
BAII 177 6.0 17.3
BAIII 59 7.6 55.0

isotopomer were fit to the Watson A-reduction Hamiltonian,
and spectroscopic constants for the isotopically labeled species
are given in Table 2. The uncertainties reported in Table 2
represent one standard deviation uncertainty arising from fitting
the rotational constants to the experimental frequency data.

Structure and Discussion

We performed ab initio calculations using Gaussia?® %
identify the likely conformations of valinamide. Geometry
optimizations were performed at the UMP2 level of theory with
a 6-31G** basis set* 26 The calculations identified six con-
formational minima, four of which lie within 5 kJ mot of the
global minimum. Backbone conformations with amide-to-amine
intramolecular hydrogen bonds (conformers AAI, AAll, and
AAIIl) were found to be more stable than structures with
bifurcated amine-to-carbonyl hydrogen bonds (conformers BAI,
BAIl, and BAIIl). Table 3 lists the relative energies, not
corrected for zero-point energies, for the six stable conforma- Figure 2. Two intramolecular hydrogen bonding schemes of valina-
tions, and representative structures of the two baCkbOﬂemlde: (a) amide-to-amine (AAll); (b) bifurcated amine-to-carbonyl
conformations (AA and BA) are shown in Figure 2. Three (
orientations of the isopropyl group (wijh approximately 60, theoretical structures. Moreover, the consistently large values
180, and 300) were found for each backbone conformation, of Al;mssuggest that none of the theoretical structures adequately
as was also found for valine. Newman projections of the three describes the structure of the measured conformer.
isopropyl orientations are shown in Figure 3 for the amide-to-  The ab initio conformers AAI, AAll, AAlll, BAI, and BAII
amine hydrogen bonding scheme. Like the valine conformers, were used as starting structures for least-squares fits of the
the energy ordering of the isopropyl orientations was found to structure to the experimental moments of inertia. In each case,
depend on the backbone conformation of valinamide. For the two internal coordinates describing the backbone structure (the
amide-to-amine backbone conformer, the relative energies ofangle C(4)-C(5)—N(6) andW, the dihedral angle N(3)C(4)—

the isopropyl orientations is in the order°7£ 300° < 183, C(5)—N(6)) and five internal coordinates describing the orienta-
whereas for the amine-to-carbonyl scheme the ordering i% 293 tion of the isopropyl side chain (the angles C{©)(5)—C(10),
< 177 < 59, C(5)—C(10)-C(11), and C(5)yC(10)-C(15) and the dihedral

Root-mean square averages of the differences between thengles N(3)-C(4)—C(5)—C(10) and C(4yC(5)—C(10)-C(11))
experimental moments of inertia and those calculated from the were fit using the program STRFIT&.The torsional angle
ab initio structuresAlms WhereAl = ly(exp) — Ix(calcd) and N(3)—C(4)—C(5)—H(20) was adjusted concurrently with N3)
X = @, b, andc for each isotopomer, are also given in Table 3. C(4)—C(5)—C(10), and the torsional angles C{4}(5)—C(10)—
None of the ab initio structures reproduces the experimental C(15) and C(4)-C(5)—C(10)—H(19) were adjusted concurrently
moments of inertia, but conformers AAI (the lowest energy with C(4)—C(5)—C(10)-C(11). The remaining internal coor-
structure) and BAIIl have\lms values greater than 50 ami# A dinates were fixed at the ab initio values because they were not
and are not likely to give rise to the recorded spectra. Becausedetermined by the limited set of experimental moments of
the remaining conformers all havdms ~ 15 amu &, it is not inertia. Structure fits of AAIIl, BAI, and BAII were unable to
possible to assign the rotational spectrum to any of the reproduce the experimental moments of inertia and did not
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o _NH, TABLE 4: Bond Lengths (A) of the ab Initio and Best-Fit
Al c Structures of Valinamide
CH, CH,
E/\ ab initio (AAI) best fit
He o ONH, H(1)-N(3) 1.010 1.010
H H(2)—-N(3) 1.009 1.009
N(3)—C(4) 1.366 1.366
C(4)-0(9) 1.223 1.223
C(4)-C(5) 1.533 1.533
NN C(5)-C(10) 1.543 1.543
P cH C(5)-H(20) 1.104 1.104
? C(5)-N(6) 1.468 1.468
AAL N(6)—H(7) 1.016 1.016
WL, N N(6)—H(8) 1.017 1.017
’ C(10)-C(11) 1.531 1.531
C(11)-H(12) 1.095 1.095
O_ _NH, C(11)-H(13) 1.095 1.095
c C(11)-H(14) 1.096 1.096
AT CH, H C(10)-C(15) 1.531 1.531
C(15)-H(16) 1.098 1.098
e NH, C(15)-H(17) 1.096 1.096
CH, C(15)-H(18) 1.096 1.096
Figure 3. Newman projections of the isopropyl group orientation in C(10)-H(19) 1.099 1.099
the ab initio conformations in the amide-to-amine intramolecular . .
hydrogen bonding scheme. TABLE 5: Bond Angles (deg) of the ab Initio and Best-Fit
Structures of Valinamide
ab initio (AAII) best fit
H(1)-N(3)-H(2) 119.8 119.8
H(2)—-N(3)—C(4) 116.8 116.8
N(3)—C(4)—0(9) 124.4 124.4
N(3)—C(4)-C(5) 114.5 114.5
C(4)—C(5)—H(20) 105.2 105.2
C(4)-C(5)-N(6) 111.3 114.0(30)
C(4)-C(5)-C(10) 108.2 111.5(30)
C(5)-N(6)—H(7) 109.0 109.0
C(5)~N(6)—H(8) 108.7 108.7
C(5)-C(10-C(11) 112.2 108.8(30)
C(5)-C(10-C(15) 111.7 112.1(30)
C(5)—C(10-H(19) 104.8 104.8
(@) (b) C(10)-C(11)-H(12) 1115 1115
Figure 4. Same-perspective comparison of (a) the ab initio structure 888)):881))::82; ﬂgg ﬂgg
of valinamide withy; = 300 and ¥ = —9.3° and (b) the best-fit C(10)-C(15)-H(16) 111.8 111.8
structure of valinamide Wltb!l =298 andW¥ = 9.7°. C(lo)_c(ls)_H(17) 1114 1114
C(10)-C(15)-H(18) 110.4 110.4
converge. The structure fit of conformer AAI converged to a ) N
structure that reproduced the experimental data withs = EABILIEIGS:t Botnd TOV?'?/" IA”Q'QS (deg) of the ab Initio and
0.156 amu A&, but this structure is not plausible because the estrit Structures of valinamide
angles C(4¥C(5)—C(10) and C(5)-C(10)—C(11) increased to ab initio (AAII) best fit
130 and 128, respectively (the ab initio values for these angles  H(1)—~N(3)—~C(4)-C(5) -16.1 -16.1
are 110.4 and 111.9). The best-fit structure of valinamide is H(2)—N(3)—C(4)-C(5) —168.1 —168.1
derived from fitting conformer AAII; the fit structure reproduces g(l_)—’\l'zlg)—c%g)—c?é?) NE) 1694-; ig47-‘(130)
the experimental data withlms = 0.028 amu A Whereas the N(3)-C(4)-C(5)-C(10) 1133 146.2(30)
bond angles remain within £ Df the ab initio values¥ (the C(4)-C(5)—N(6)—H(7) 171.5 1715
N(3)—C(4)—C(5)—N(6) dihedral angle) changes frofrd.3° to C(4)—C(5)—N(6)—H(8) —74.2 —74.2
+9.7(307 and the N(3)Y-C(4)—C(5)—C(10) dihedral angle gg;—gggg—ggg);ggég —1%%79 —fggg()ﬁ'(’g()))
changes from_113._30 140.2(309. The relative orientation (_)f C(4)—C(8)-C(10)-H(19) 530 52--0(30)
the side chain with respect to the backbone is relatively C(5)-C(10)-C(11)-H(12) 533 583
unchanged by the fitting because the G{€)5)—C(10)-C(11) C(5)-C(10)-C(11)}-H(13) —62.2 —62.2
dihedral angle is-65.7(30} after fitting (—64.7 in the ab initio C(5)—C(10-C(11)-H(14) 178.1 178.1
structure);; is 300.T in the ab initio structure and 298.2(30) C(5)—C(10)-C(15)-H(16) 69.2 69.2
in the fit structure. This orientation places one of then@thyl ggiggg);gg?;ngg :1%2 :157’3%
groups above the backbone plane, whereas the secomet@yl e H(L9)- C(10)- C(5)-H(20) 122 2932(30)

group is directed away from the backbone structure; see Figure

4. Structural parameters of the ab initio and least-squares fit honds). AW increases from-9.3° to +9.7(30}, C(11) (above

structures are given in Tables-8. the backbone) moves farther from the amide, as shown in Figure
The parallel increase d¥ and the dihedral angle N(3) 4 and illustrated by an increase in the C(&h3) distance from

C(4)—C(5)—C(10) upon fitting may be described as arising from 3.474 A in the ab initio structure to 3.864(46) A in the fit

a counterclockwise rotation of amide group about the €(4) structure. The larger C(1£N(3) distance suggests that long-

C(5) bond (with respect to the C(GN(6) and C(5)-C(10) range repulsive interactions between the amide and one of the



Backbone Structure of Valinamide J. Phys. Chem. A, Vol. 106, No. 35, 2008017
TABLE 7: Principal-Axis-System Coordinates (A) of the
Nitrogen Atoms from Kraitchman Analysis, ab Initio
Calculations (AAll), and the Best-Fit Structure

but this value is likely to be greatly inflated by energy
contributions from the small and uncertain changes in the angles
C(4y-C(5)N(6), C(4y-C(5-C(10), C(5-C(10y-C(112), C(5r

ab initio best fit Kraitchman C(10)-C(15), and the dihedral angles C{43(5)—C(10)>
NG@3) C(11), C(4)-C(5)-C(10)-C(15), and C(4}C(5)-C(10)-
a —2.022 —2.259 +2.271(1) H(19). A geometry optimization (MP2/6-31G**) of the best-
b 0.600 0.575 +0.508(3) fit structure moves away from the fit geometry and converges
¢ 0.626 0.350 +0.289(5) on the AAIIl structure. There are several possible reasons why
N(6) the fit structure differs from the ab initio structure. Despite an
g i’%g 2-%28 ig-%g‘?‘(il) optimization beginning from the fit structure, we cannot
c 0223 0163 i0:130i() eliminate the possibility that our optimizations missed a

conformational minimum or plateau near the fit structure.
Alternatively, it may be that the potential energy surface for
the W torsion of the backbone is too steep with this basis set
and that the amino amide backbone is more flexible than the
ab initio model. A recent high-resolution spectroscopic structure
of ethyl sulfide also had significant differences with the ab initio
values for the torsional angles that define conformatfofihe
agreement between the fit structure and the Kraitchman
coordinates for valinamide makes it unlikely that the differences
with the theoretical structure arise predominantly from zero-
point averaging along a large-amplitude vibrational coordinate.
In any case, if the increase in potential energy alongthe
coordinate is on the order of 10 kJ mglzero-point vibrational
averaging is expected to be minimal. No internal rotor state
transitions were observed in long-range spectral scans, so methyl
internal rotation tunneling is also quenched by a high bakfit.

side-chain methyl groups may be responsible for the increase
in W. The increase ifP also increases the-\NN separation to
2.708(27) A, from 2.643 A in the ab initio structure, and the
N—N distance in the fit structure of valinamide is longer than
the comparable heavy-atom separation in the experimental
structure of alaninamide (2.678 A)although the uncertainty
in the fit value for valinamide makes the significance of this
increase questionable.

The changes in the dihedral angles N¢&)4)—C(5)—N(6)
(W) and N(3)-C(4)—C(5)—C(10) are experimentally distin-
guishable because the ab initio and best-fit values differ by much
more than the uncertainty, which we estimate to bé& also
estimate the uncertainty to Be3° for the fitted angles because
of the large number of constrained parameters). Also, the fit
structure reproduces the experimental moments of inertia within The effect of the isopropyl side chain on the backbone structure

expgnmental uncertainty wherea§ the Fheoretlcal structure AAI of valinamide warrants additional theoretical studies to better
predicts spectra that are substantially different from the measured

- . h ) characterize the potential energy surface and explore basis set
spectra. Additional evidence supporting the fit structure comes
from analyzing the coordinates of the two nitrogen atoms.
Because spectra of two singly labeled nitrogen isotopomers were
measured, Kraitchman’s equations for single isotopic substitu-
tion?8:29were used to independently calculate the absolute values
of the atomic coordinates for the nitrogen atoms in the principal
axis system of the parent isotopic species. The Kraitchman
coordinates are given in Table 7 and compared to the nitrogen
atomic coordinates of the ab initio and least-squares-fit models.
The imaginary value for the Kraitchmascoordinate of the
amino nitrogen is not unusual and arises from zero-point
vibrational averaging of a small coordinate value. Although there
are large differences between the ab initio and Kraitchman
nitrogen coordinates, the least-squares-fit coordinates fall within
0.07 A of the Kraitchman coordinates. The modest differences
between the least-squares-fit and Kraitchman coordinates ar
primarily attributed to the fit structure and arise because of the
large number of structural parameters that are constrained to
ab initio values in the fit. Some of the differences between the
least-squares-fit and Kraitchman coordinates may also arise from
different treatments of zero-point vibrational averaging in the
two methods of analysis.

It is evident from Table 7 that the-coordinate of N(6)
changes sign during the fitting process, frer.223 to+0.163
A, presumably as a result of fittingf. Thea-coordinate of N(3)
also changes from-2.022 to—2.259 A, so the least-squares
fitting was not limited to adjustments of small and uncertain
atomic coordinate values. Large changes were also observe
for the values of thé- andc-coordinates of the carbons and

e

effects.

The ab initio calculations predict that there is a second stable
structure 1.15 kJ mol lower in energy than the observed
conformation (Table 3). If the barrier to interconversion to the
lower energy conformer is greater than the available thermal
energy, then the relative populations of these conformers in the
expansion will reflect their populations in the heated sample
chamber! The intensities of rotational transitions observed by
Fourier transform microwave spectroscopy are directly propor-
tional to both the conformer population and the magnitude of
the dipole moment projections onto the principal inertial &es.
Dipole moment projections were estimated from the ab initio
calculations to ber, = 0.1 D,u, = 3.7 D, anduc = 0.1 D for
AAl and s = 1.7 D,up = 3.1 D, anduc = 1.1 D for AAIIl; the
calculated dipole moment projections for AAIl (the theoretical
structure most similar to the fit structure) agree well with the
observation of a strong-type spectrum with weakea- and
c-type transitions. The population and dipole moment analysis,
however, suggests that thetype spectrum of AAI should be
70% stronger than the observbdype spectrum of AAII. No
additional transitions were recorded that could be assigned to a
second valinamide conformation; moreover, no new valinamide
transitions could be identified from additional spectral searches
in the 13-22 GHz range using the Fourier transform microwave
spectrometers at NIS®F.Our spectroscopic results, then, suggest
that the fitted structure may be the lowest energy conformation

nd that the remaining conformers are more than 3 kJ ol
igher in energy (assuming that we would have assigned
transitions with 40% of the intensity of the observed spectrum).

hydrogens, and we expect these coordinates to be well deter-

mined from fitting to the moments of inertia of valinamide-
ds,’®N(3). Thus the fit structure is reliable and it reproduces the
experimental data better than the theoretical structure.

An MP2/6-31G** single point calculation finds that the best-
fit structure is 17 kJ mott higher in energy than structure AAl,

Conclusions

Rotational spectra have been recorded for five isotopic species
of the amino acid derivative valinamide. Internal coordinates
describing the structure of the backbone and the orientation of
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the isopropyl side chain were fit to moments of inertia derived 573 lijima, K.; Tanal|<a, K; Onunlwa, Sl. Mol. Struct 1991, 246, 257.

i _ ; i ; 8) lijima, K.; Beagley, B.J. Mol. Struct 1991, 248 133.
from flttmg_the spectra_ to Watson A reduction I_—|am|Iton|ans. (9) Reva, I. D.: Plokhotnichenko, A. M.: Stepanian, S. G.: lvanov, A,
The best-fit structure is ch_aracterlzed py an mtram.olecula.r Y.: Radchenko, E. D.; Sheina, G. G.; Blagoi, Y.Ghem. Phys. Let1995
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atoms, as calculated from Kraitchman’s equations for single 16’2&%41.' - T S Fausto, R.; Adamowicz, 0. Phys. Chem. A998
isotopic substitution, support the best-fit structure. This structure  (11) Stepanian, S. G.; Reva, I. D.; Radchenko, E. D.; AdamowicZ, L.

differs from the lowest energy theoretical models because of Phys. Chem. A998 102, 4623.

an increase in the value d¥, the torsional angle of the 32%%)5T5“b°i' M.. Takenishi, T.. litaka, YBull. Chem. Soc. Jpri959
backbone. (13) Torii, K.; litaka, Y. Acta Crystallogr 197Q B26, 1317.

. - Lo (14) Schier, L.; Kulp-Newton, S. Q.; Siam, K.; Klimkowski, V. J.; Van
Note Added in Proof. Ab initio optimizations of the structure  aisenoy. C.J. Mol. Struct (THEOCHEN) 1990 209, 373.
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Attila G. Csa’sza’r and Ms. Eszter Czinki while this manuscript 107. _ _
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_ _ 107, 2227.
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