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Microwave spectra have been recorded for 1-phenyl-2-propanol, methamphetamine, and 1-phenyl-2-propanone
from 11 to 24 GHz using a Fourier-transform microwave spectrometer. Only one spectrum from a single
conformational isomer was observed for each species. The rotational transitions in the spectrum of 1-phenyl-
2-propanone were split into separate transitions arising from the A- and E-torsional levels of the methyl
rotor. The fit of the E-state transitions to a “high-barrier” internal rotation Hamiltonian determinesV3 )
238(1) cm-1 and rotor-axis angles ofθa ) 87.7(5)°, θb ) 50.0(5)°, andθc ) 40.0(5)°. Ab initio optimizations
(MP2/6-31G*) and single-point calculations (MP2/6-311++G**) were used to model the structures of 1-phenyl-
2-propanol, methamphetamine, and 1-phenyl-2-propanone. The lowest energy conformations of these species
were found to be stabilized by weak OH-π, NH-π, and CH-π hydrogen-bonding interactions. Moments of
inertia, derived from the model structures, were used to assign the spectra to the lowest energy conformation
of each species. A series of MP2/6-31G* partial optimizations along the internal rotation pathway were used
to estimate the barrier to methyl rotation to be 355 cm-1 for 1-phenyl-2-propanone.

Introduction

Methamphetamine is a well-known synthetic stimulant (Fig-
ure 1B); because of the potency of its pharmacological effect,
illegal methamphetamine production has become a serious
criminal justice problem in many areas. Methamphetamine
stimulates the release of dopamine, adrenaline, and serotonin
and blocks their re-uptake by the central nervous system.1,2

Methamphetamine binds to the D1 and D2 receptors,2 which
are part of the 7TM superfamily of receptors.3 While the
structures of 7TM receptor proteins within membrane environ-
ments are not fully known, it is thought that there are seven
R-helical regions which are embedded in the membrane. The
binding of neurotransmitters and other ligands such as meth-
amphetamine is thought to occur through hydrogen bonding to
serine and aspartic acid residues in one of the transmembrane
helices. Some, as yet unknown, change in receptor protein
conformation is stimulated by ligand binding, and this change
initiates the signal transduction into neural cells.3

A thorough understanding of the conformational structures
of methamphetamine and their relative energies may add
additional insight into the nature of its binding to the receptors
as well as the energy changes that drive the binding. Confor-
mational analysis of methamphetamine has previously been
conducted at the HF/3-21G level as part of an investigation of
the molecular origin of the increased biological activity of methamphetamine over that of amphetamine.4 Sull et al.

proposed that the additional methyl group in methamphetamine
stabilizes the configuration best suited for receptor binding.4

Takahashi et al. investigated the conformations of structurally
related compounds 1-phenyl-2-propanol5 (Figure 1A) and
1-phenyl-2-propanone (Figure 1C)6 at the MP2/6-311G(d,p)//
MP2/6-31G(d) level and found that intramolecular OH-π and
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Figure 1. Molecular structures of (A) 1-phenyl-2-propanol, (B)
methamphetamine, and (C) 1-phenyl-2-propanone.
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CH-π hydrogen-bonding interactions contribute to the stability
of the lowest energy conformations.

There have been no experimental investigations of the
conformations of 1-phenyl-2-propanol, methamphetamine, and
1-phenyl-2-propanone (parts A-C, respectively, of Figure 1).
The high spectral resolution of Fourier-transform microwave
spectroscopy can distinguish rotational spectra arising from
different conformational structures of a given species, and the
high sensitivity of the technique has been used to detect spectra
arising from higher energy conformations in addition to the
lowest energy structure.7,8

Finally, tunneling splittings from methyl group internal
rotation can often be resolved,9,10 providing quantitative data
about the barrier height to internal rotation. The torsional barrier,
in turn, may provide a measure of the strength of CH-π
hydrogen bonds in the case of 1-phenyl-2-propanone.

Experimental Method

Rotational spectra of methamphetamine (N-methyl-1-phenyl-
2-propanamine),15N-methamphetamine, 1-phenyl-2-propanone,
and 1-phenyl-2-propanol were recorded in the 11-24 GHz range
using one of the mini Fourier-transform microwave (FTMW)
spectrometers at NIST.11 Survey scans were recorded by
averaging the free induction decays for 10-50 nozzle pulses
followed by Fourier transformation; the frequency step size for
these scans was 500 kHz. A survey scan of methamphetamine
in the range 12-20 GHz is shown in Figure 2.

The molecular beam was produced by a 1.2 mm diameter
pulsed valve (General Valve series 9)12 fitted with a reservoir
nozzle.13 Samples were individually placed in the heated
reservoir nozzle mounted behind one of the mirrors of the
resonant cavity, which also serves as a vacuum chamber flange.
This arrangement provides for coaxial injection of the molecular
beam and yields typical line widths of 10-20 kHz for the
spectrometer that was used in this work.11 Under these condi-
tions, the type B (coverage factork ) 1 or 1σ) uncertainty on
the frequency measurements is(4 kHz.14 1-Phenyl-2-propanol
was heated to 90°C, methamphetamine was heated to 120°C,
and 1-phenyl-2-propanone was heated to 60°C. Sample vapor
was entrained in a helium/neon carrier gas mixture (20%/80%
by volume) with a backing pressure of 200 kPa for expansion
into the cavity. The rotational temperature in the expansion
under these conditions is typically∼2 K.

1-Phenyl-2-propanol was used as purchased from Aldrich.
1-Phenyl-2-propanone was prepared from 1-phenyl-2-propanol
by oxidation with sodium dichromate in the presence of H2SO4.
Methamphetamine was prepared from 1-phenyl-2-propanol by
reductive amination with sodium cyanoborohydride and an
excess of methylamine hydrochloride in methanol;15N-meth-

amphetamine was prepared using15N-methylamine hydro-
chloride (Cambridge Isotope Laboratories).12

Computational Method

Model structures for 1-phenyl-2-propanol, methamphetamine,
and 1-phenyl-2-propanone were generated from ab initio
calculations using the Gaussian03 suite of programs15 on the
Itanium-2 cluster at the Ohio Supercomputer Center. Optimiza-
tions were conducted at the MP2 level with the 6-31G* basis
set; vibrational frequencies were calculated to distinguish
conformational minima on the potential energy surface from
saddle points, as well as to calculate the zero-point energy
correction. Single-point calculations at the MP2/6-311++G**
level were performed on the optimized geometries to obtain
more precise conformational energies; the single-point energies
were corrected for zero-point energies using the MP2/6-31G*
frequency results.

Gauche and anti configurations of the side chains were used
as starting structures for the optimizations. Nine unique
structures with gauche and/or anti configurations can be formed
by torsions about the C1-C2 and C2-O bonds of 1-phenyl-2-
propanol. Eighteen unique structures are possible for meth-
amphetamine because of torsions about the C1-C2 and C2-N
bonds as well as the exchange of configuration at the amino
nitrogen. Because of the planarity of the carbonyl group in
1-phenyl-2-propanone, only two unique orientations of the
methyl group are possible about the C1-C2 bond.

Results and Discussion

1-Phenyl-2-propanol. Fifty-nine rotational transitions were
measured for 1-phenyl-2-propanol in the 11.5-21.0 GHz
frequency range. All three dipole selection rules were observed
including 25a-, 20 b-, and 14c-type rotational transitions; the
assigned transition frequencies of 1-phenyl-2-propanol are listed
in Supporting Information Table 1. Rotational constants and
quartic centrifugal distortion constants of the Watson asymmetric
rotor Hamiltonian (Ir representation)16 were fit to the transition
frequencies using Pickett’s SPFIT routine17 in the CALPGM
suite of programs,18 and these constants are given in Table 1.
No unassigned transitions that could be assigned to a second
conformation or separate A- and E-torsional states were
observed in the spectrum.

Nine gauche conformers of (S)-1-phenyl-2-propanol were
optimized at the MP2/6-31G* level. These conformations are
described by approximate values for the torsional anglesτ1 )
Cæ-C1-C2-O andτ2 ) C1-C2-O-H (g, +60°; g′, -60°; a,
180°). These two torsion angles determine the positions of the
hydroxyl and methyl groups as well as the orientation of the
hydroxyl hydrogen. The relative energies of the MP2/6-31G*-
optimized geometries and the corresponding MP2/6-311++G**
single-point results, corrected for zero-point energies, are listed
for each (S)-1-phenyl-2-propanol conformer in Table 2. Cal-

Figure 2. Survey scan of methamphetamine from 12 to 20 GHz.

TABLE 1: Spectroscopic Constants of 1-Phenyl-2-propanol

rotational
parameter value

rotational
parameter value

A/MHz 3185.48214(2)a δJ/kHz -0.0004(1)
B/MHz 752.074283(9) δK/kHz 0.57(3)
C/MHz 687.844758(9) σ/MHz 1.8
∆J/kHz 0.06601(2) no. of transitions

in the fit
59

∆JK/kHz 0.3715(3)
∆K/kHz 0.3973(18)

a The numbers shown in parentheses are type A uncertainties with
k ) 1 coverage or 1σ (ref 14).
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culated principal-axis projections of the molecular dipole
moment and root-mean-square average differences between
predicted and measured moments of inertia are also listed for
each conformer in Table 2.

The gg′ conformer of 1-phenyl-2-propanol (Figure 3A) was
found to be the single lowest energy structure at both the MP2/
6-31G* and MP2/6-311++G** levels, while the remaining
eight conformers were 2.0 kJ mol-1 or more above the gg′
minimum. For comparison with experiment, root-mean-square
averages of the differences between the experimental moments
of inertia and those calculated from the ab initio structures were
calculated and are given as∆Irms, where ∆I ) Ix(exptl) -

Ix(calcd) (x ) a, b, andc). As can be seen from Table 2, the
gg′ structure reproduces the phenylpropanol moments of inertia
best.∆Irms ) 6.6 u Å2 for gg′, but ∆Irms > 9 u Å2 for the other
eight structures. The dipole moment projections predicted for
gg′ are also consistent with the observation of transitions with
all three dipole selection rules.

The ab initio optimizations of 1-phenyl-2-propanol reproduce
the conformer energy ordering observed by Takahashi et al.5

In particular, we observe that the two lowest energy conformers,
gg′ and g′g (Figure 3B), orient the hydroxyl group toward the
π-electrons, forming a weak intramolecular hydrogen bond. The
OH-π hydrogen bond is directed toward the phenyl ring above
the midpoint of the Cæ-Corthobond, and this interatomic distance
has been used to characterize the OH-π intramolecular
hydrogen bond. This hydrogen bond distance is 2.406 Å for
the gg′ conformer and 2.455 Å for the g′g conformer. While
these hydrogen bond distances are somewhat (25%) longer than
those found for strong hydrogen bonds from OH, they fall within
the range of weak hydrogen bonds observed in the crystal
structures of biological molecules.19

Methamphetamine. Thirty-one rotational transitions of the
normal species of methamphetamine were measured in the
10.5-18.5 GHz frequency range shown in Figure 2. Because
of the I ) 1 nitrogen nucleus, nuclear quadrupole hyperfine
interactions split the 10a-type and 21 c-type rotational
transitions into 88 hyperfine components. The assigned transi-
tions of methamphetamine are listed in Supporting Information
Table 2. The nuclear quadrupole coupling constants, rotational
constants, and quartic centrifugal distortion constants of the
Watson asymmetric rotor Hamiltonian (Ir representation)16 were
simultaneously fit to the transition frequencies using SPFIT,17

and these constants are given in Table 3. This fit indicates that
most of the observed transitions can be assigned to a rotational
spectrum arising from a single conformational isomer of
methamphetamine. Up to 10 more transitions were measured
but could not be assigned to separate A- and E-torsional states
or a spectrum of a second conformer. It is believed that these
additional transitions arise from impurities or decomposition
products.

Fifteen rotational transitions were measured for the15N-
labeled methamphetamine; these transitions are listed in Sup-
porting Information Table 3. Rotational constants and the quartic
centrifugal distortion constants were fit to the transition frequen-
cies using SPFIT,17 and these constants are given in Table 3.
The spectrum of15N-methamphetamine was contaminated by

TABLE 2: Relative Energies and Dipole Moment
Projections of (S)-1-Phenyl-2-propanol Conformers

conformer
∆Ea/

kJ mol-1
∆Eb/

kJ mol-1
µa/
D

µb/
D

µc/
D

∆Irms/
u Å2

gg′ 0.0 0.0 -1.36 1.26 0.25 6.6
g′g 2.0 3.4 1.30 1.40 0.14 90.8
g′a 7.1 5.3 1.22 -1.07 -0.82 82.4
aa 7.6 4.2 0.35 0.34 1.68 9.2
ag′ 7.7 4.2 1.39 -1.07 -0.26 11.3
ga 7.9 7.2 -1.31 -0.85 -1.04 15.6
ag 8.1 5.6 1.10 1.39 -0.30 11.1
g′g′ 9.1 8.1 -0.46 -0.64 -1.51 77.2
gg 10.8 10.9 -0.95 -0.77 1.40 15.9

a Relative to the gg′ conformer; MP2/6-31G*, includes zero-point
energies.b Relative to the gg′ conformer; MP2/6-311++G**, includes
zero-point energies (MP2/6-31G*).

Figure 3. Structures of the (A) gg′ and (B) g′g conformers of 1-phenyl-
2-propanol.

TABLE 3: Spectroscopic Constants of
14N-Methamphetamine and15N-Methamphetamine

rotational
parameter 14N-methamphetamine 15N-methamphetamine

A/MHz 2121.7105(8)a 2113.2138(12)
B/MHz 613.2421(2) 610.7054(3)
C/MHz 575.5215(2) 572.6969(4)
∆J/kHz 0.0707(7) 0.0703(11)
∆JK/kHz 0.096(8) 0.125(14)
∆K/kHz 0.35(5) 0.37(8)
δJ/kHz 0.0022(2) 0.0007(8)
δK/kHz 0.23(4) 0.27(9)
øaa/MHz 1.076(21)
øbb/MHz 2.626(11)
øcc/MHz -3.701(13)
σ/kHz 3.8 1.4
no. of transitions

in the fit
31 15

a The numbers shown in parentheses are type A uncertainties with
k ) 1 coverage or 1σ (ref 14).
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13 unassigned transitions. These unassigned transitions were
often close to the transition frequencies of the dominant
conformer of 15N-methamphetamine, but they could not be
assigned to separate A- and E-torsional states or to a second
methamphetamine conformer. Instead it is likely that the
unassigned transitions in the15N-methamphetamine spectrum
arise from contaminants in the impure sample used for
spectroscopy.

The 18 unique conformers found by optimization of gauche
methamphetamine structures are listed in Table 4. These
structures can be described by approximate values for the
torsional anglesτ1 ) Cæ-C1-C2-N, τ2 ) C1-C2-N-C, and
τ3 ) C1-C2-N-H (g, +60°; g′, - 60°; a, 180°). The relative
energies and calculated projections of the dipole moment onto
the principal inertial axes of the molecule are listed for each
conformer in Table 4; the relative energies are corrected for
zero-point energies. The theoretical-versus-experimental root-
mean-square differences in the moments of inertia for the two
isotopic species are also given in Table 4. Finally, relative
energies from the single-point calculations at the MP2/
6-311++G** level are also given in Table 4.

The gag′ conformer (Figure 4A;τ1 ) 61°, τ2 ) -169°, τ3 )
-51°) was found to have the lowest energy with both the
6-31G* and 6-311++G** basis sets. The structure of this
conformer predicts moments of inertia that agree best with the
experimental moments of inertia of both14N- and 15N-
methamphetamine;∆Irms ) 5.5 u Å2 for the gag′ conformer.
The model structure also correctly predicts the strongc-type
and weakera-type transitions that were experimentally observed.

The gag′ conformer of methamphetamine is stabilized by an
NH-π hydrogen bond similar to the OH-π intramolecular
hydrogen bond observed in the gg′ structure of 1-phenyl-2-
propanol. The hydrogen bond distance to the midpoint of the
Cæ-Cortho bond is 2.417 Å in this conformer of methamphet-
amine. The next two lowest energy conformers at the MP/6-
31G* level, g′ag and g′g′g (Figure 4B,C), may also be stabilized
by NH-π hydrogen bonds; the hydrogen bond lengths in these
structures are 2.556 and 2.598 Å, respectively. The g′ag and
g′g′g structures are about 3 kJ mol-1 higher in energy than the
gag′ structure because the C3 methyl group is gauche to the
phenyl ring. The remaining conformer structures are calculated

to be much higher in energy, and all 17 higher energy
conformers have moments of inertia that differ substantially
from the observed values.

The larger basis set (6-311++G**) increases the relative
energy of the g′ag conformer and partially changes the energy
ordering of the higher energy conformers. The energy ordering
of methamphetamine conformers was also found to be somewhat
different from the ordering recently calculated at the HF/3-21G
level. The calculations of Sull et al.4 identify the g-g-a (using
Sull’s notation) conformation of protonated (R)-methamphet-
amine to be the lowest energy conformer; this structure is
comparable to the optimized gag′ structure of (S)-methamphet-
amine. The energy ordering of the higher energy methamphet-
amine conformers in ref 4 differs significantly from that of Table
4 due to the effect of protonation and the small basis set that
was used.

1-Phenyl-2-propanone. The rotational spectrum of 1-phenyl-
2-propanone was measured from 12 to 25 GHz. Unlike the
spectra of 1-phenyl-2-propanol and methamphetamine, the
spectrum of 1-phenyl-2-propanone contained additional split-
tings from the A- and E-torsional levels of the methyl top. The
A-state was assigned using the JB95 spectral fitting program20

and fit to a Watson asymmetric rotor Hamiltonian (Ir representa-

TABLE 4: Relative Energies and Dipole Moment
Projections of Methamphetamine Conformers

conformer
∆Ea/

kJ mol-1
∆Eb/

kJ mol-1
µa/
D

µb/
D

µc/
D

∆Irms/
u Å2

gag′ 0.0 0.0 -0.44 -0.12 -0.95 5.5
g′ag 2.8 5.4 0.23 0.50 -0.84 51.9
g′g′g 3.1 3.4 -0.70 -0.26 0.72 95.4
ag′a 5.1 4.2 0.20 -0.47 0.99 72.0
g′g′a 5.1 5.4 -1.47 0.45 0.10 58.9
aag′ 5.9 5.2 0.07 -1.02 -0.35 118.0
ag′g 6.3 7.1 -0.33 -0.25 -0.92 73.6
aag 6.5 7.4 -0.25 -0.79 0.70 117.3
gg′a 7.6 4.6 0.98 0.05 -0.85 75.9
ggg′ 7.7 7.1 -0.67 0.03 0.79 38.7
gag 8.0 10.8 1.60 -0.24 -0.2 26.9
g′ag′ 8.2 9.3 1.27 -0.43 -0.53 26.4
gg′g 11.1 8.3 -1.13 -0.40 0.4 76.4
agg′ 12.4 12.6 -0.39 -0.03 -0.96 88.6
aga 12.5 12.7 0.29 0.78 0.74 87.7
gga 14.6 15.1 1.58 -0.29 -0.27 38.8
g′ga 18.5 15.8 -0.97 -0.33 -0.67 139.2
g′gg′ 21.7 17.8 1.05 -0.20 0.27 137.7

a Relative to the gag′ conformer; MP2/6-31G*, includes zero-point
energies.b Relative to the gag′ conformer; MP2/6-311++G**, includes
zero-point energies (MP2/6-31G*).

Figure 4. Structures of the (A) gag′, (B) g′ag, and (C) g′g′g′ conformers
of methamphetamine.
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tion).16 The active selection rules for the A-state were predomi-
nately b-type, with weaker a-type transitions also being
observed. The 50 transitions used in the fit are listed in
Supporting Information Table 4, and the resulting rotational
parameters are given in Table 5.

The A-state transitions were accompanied by a second set of
lines that were typically within 1 MHz of their positions and
therefore were identified as belonging to the E-torsional state
of the methyl rotor. It was straightforward to assign the E-state
spectrum since the displacements from the corresponding A-state
lines were not so large as to obscure the overall patterns. As
described elsewhere,9 the E-state parameters of the “high-
barrier” Hamiltonian were fit to 58 transitions in the principal-
axis frame. The three (linear operator) termsDa, Db, and Dc

plus two (higher order) cubic terms in the torsion-rotation
coupling were necessary to obtain spectral predictions com-
mensurate with the quality of the A-state fit. In addition to
transitions obeyinga- andb-type selection rules, a fewc-type
transitions were located as a result of quantum-state mixing
caused by these additional operators.

The E-state transition frequencies are listed in Supporting
Information Table 5, and the rotational parameters from the fit
are given in Table 5. Notice that, of the three linear terms, the
Da term is the smallest in magnitude, indicating the methyl rotor
axis is nearly perpendicular to thea-inertial axis. Using a
separate program,9 the torsional barrier and rotor axis angles
relative to the principal-axis frame were obtained from the A-
and E-state parameters and are given in Table 5. Indeed, the
angles place the rotor axis within 3° of the b,c-inertial plane.
Furthermore, it is interesting that the torsional barrier of 238(1)
cm-1 is roughly 3-fold larger than barriers reported for methyl
rotors attached to the C-terminus of peptide bonds.9,21,22Even
more surprising is the complete absence of resolvable splittings

from the amide methyl (N-terminus) rotor of methamphetamine.
Perhaps the reason for these differences can be understood in
terms of the nonplanarity of these fragments relative to those
of the peptide bond.

To explore these structural issues, ab initio calculations were
performed on the two unique conformers of 1-phenyl-2-
propanone. These structures can be described as gauche (g;
Figure 5A) or anti (a; Figure 5B) with respect to the torsional
angleτ1 ) Cæ-C1-C2-C3. The relative energies of the two
conformers are given in Table 6: the gauche structure was found
to be 4.5 kJ mol-1 more stable than the anti configuration at
the MP2/6-31G* level, and the MP2/6-311++G** single-point
calculation indicates that g is more stable than a by 6.1 kJ mol-1.
The gauche structure is consistent with the three experimental
moments of inertia,∆Irms ) 9.9 u Å,2 and the dipole moment
projections (see Table 6), while the anti structure is inconsistent
with the experimental data (∆Irms ) 44.3 u Å2).

The torsional angleτ1 changed from 60° to 81° upon
optimization of the gauche structure. The methyl rotor makes

TABLE 5: Rotational Parameters for the A- and E-States of
1-Phenyl-2-propanone

rotational
parameter A-state E-statec

A/MHz 2855.4487(5)b 2855.3093(4)
B/MHz 832.9527(3) 832.9159(3)
C/MHz 748.9478(2) 748.8596(2)
∆J/kHz 0.161(2) 0.160(1)
∆JK/kHz 1.268(7) 1.245(7)
∆K/kHz 1.17(2) 1.23(2)
δJ/kHz 0.0313(6) 0.0320(6)
δK/kHz 0.85(7) 0.82(7)
Da/MHz -2.341(1)
Db/MHz 11.26(2)
Dc/MHz 12.006(4)
Gaaa

a/kHz -5.3(37)d

Gaac
a/kHz -8.7(13)d

Gcca
a/kHz -3.1(2)d

V3/cm-1 238.(1)
F (fixed) 5.301
θa/deg 87.7(5)e

θb/deg 50.0(5)e

θc/deg 40.0(5)e

σ/kHz 3 2
no. of transitions

in the fit
50 58

a The operators which these parameters multiply areGaaaPa
3,

Gaab(Pa
2Pb + PaPbPa + PbPa

2), etc.b The numbers shown in parentheses
are type A uncertainties withk ) 1 coverage or 1σ (ref 14). c The
rotational parameters for the E-state are given in the principal-axis
frame.d These cubic terms are only marginally determined, but by
including them in the fit, the observed- calculated values are all within
the expected type B (σ ) 2) experimental uncertainty of(8 kHz (ref
14). e Angle of the methyl top with respect to the corresponding
(subscripted) principal axis.

Figure 5. Structures of the (A) gauche and (B) anti conformers of
1-phenyl-2-propanone.

TABLE 6: Relative Energies and Dipole Moment
Projections of 1-Phenyl-2-propanone Conformers

conformer
∆Ea/

kJ mol-1
∆Eb/

kJ mol-1
µa/
D

µb/
D

µc/
D

∆Irms/
u Å2

gauche 0.0 0.0 1.62 -2.71 0 9.9
anti 4.5 6.1 0.88 2.31 1.72 44.3

a Relative to the g conformer; MP2/6-31G*, includes zero-point
energies.b Relative to the g conformer; MP2/6-311++G**; includes
zero-point energies (MP2/6-31G*).
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an angle of 80° with thea-inertial axis in the optimized structure;
the rotor axis intersects both theb- andc-inertial axes with a
46° angle. The corresponding rotor-axis angles for the anti
structure areθa ) 22°, θb ) 68°, andθc ) 90°. The rotor angles
confirm the identity of the gauche conformational form of
1-phenyl-2-propanone.

Takahashi et al. previously identified the gauche conformer
of 1-phenyl-2-propanone to be the most stable structure.6 The
authors attribute the stability of the gauche structure to weak
CH-π hydrogen bonds from one methyl hydrogen to the
aromaticπ electrons as well as from the ortho hydrogen to the
carbonylπ electrons. These weak hydrogen bonds were inferred
from short intramolecular distances (CH-Cæ ) 2.925 Å,
CorthoH-O ) 2.796 Å, and CorthoH-C2 ) 2.929 Å).

The CH-π hydrogen bond is broken and re-formed during
internal rotation of the methyl group, so the barrier to internal
rotation provides a measure of the strength of the hydrogen
bond. We calculated the barrier to internal rotation of the methyl
group by performing partial optimizations of the gauche
conformer of 1-phenyl-2-propanone at the MP2/6-31G* level.
The C1-C2-C3-H torsional angle was fixed in 3° increments,
while the rest of the structural coordinates were allowed to
optimize. A plot of the relative energy as a function of torsional
angle in the range 0-120° is shown in Figure 6. The barrier to
internal rotation of the methyl group was found to be 355 cm-1

(4.2 kJ mol-1), about 50% larger than the spectroscopic value
for the barrierV3. Nonetheless, the 4.2 kJ mol-1 barrier is
comparable to the energy difference between the gauche and
anti conformers (4.5 kJ mol-1 at this level of theory), strength-
ening the suggestion that the CH-π hydrogen-bonding interac-
tion is responsible for stabilizing the gauche conformer over
the anti configuration.

Conclusions

Rotational spectra have been recorded for one conforma-
tional isomer of 1-phenyl-2-propanol, methamphetamine, and
1-phenyl-2-propanone. Optimized ab initio models identify these
as the lowest energy conformations for each species. The
optimized structures also reveal weak OH-π, NH-π, and
CH-π intramolecular hydrogen-bonding interactions that sta-
bilize the lowest energy structures. The strength of this
hydrogen-bonding interaction was quantified for 1-phenyl-2-
propanone by fitting the experimental E-state transition frequen-
cies to aV3 internal rotation barrier (238 cm-1) and by a series

of ab initio partial optimizations along the internal rotation
pathway (V3 ) 355 cm-1).
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