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Recently, C-H---O hydrogen bonding has attracted attention of

a large number of researchers in chemistry and biochemistry because

of its potential capacity for stabilizing particular structures of
molecules and molecular assembfesC—H---O hydrogen bonds
have in fact been recognized as important determinants of the
stability and specificity of biological systems’ Although this type

of hydrogen bonding was found in organic crystals more than 40
years agd,it was only in the last half of the 1990s when this

interaction was accepted widespread as a result, in particular, of

theoretical efforts. An intramolecular-&H---O interaction was first
suggested for 1,2-dimethoxyethane in the gas presed was later
confirmed by matrix-isolation infrared spectroscdpy theoretical
study of this molecule has demonstrated the importance of this
interaction in the conformational stabilizatibhconsistent with the
experimental observatioi$%12 Quantum chemical calculations
have shown that the formation of the—€l---O hydrogen bond
shortens the €H bond in some molecular systeris!® The
contraction of the €&H bond leads to a blue-shift of the stretching
vibrational frequency (wavenumber) of this bond. The unusual blue-
shifting hydrogen bonding has received much attention from
theoreticians who proposed a number of explanations for this
peculiar phenomendt#17-22 The infrared and Raman spectroscopic
observations of blue-shifting-€H---O hydrogen bond have been
reported in late yeaS: 27 It is noted that the published experimental
observations were all for intermolecular-&---O hydrogen bonds,
for example, between the-H bond of fluoroform and the oxygen
atom of dimethyl ethe®> To our knowledge, no experimental
evidence has been reported of intramolecular blue-shiftingl €-
O hydrogen bonding that determines molecular conformation,
although this interaction has been shown to be an important factor
of conformational stabilizatio#»12:13.16.282Qur previous study on
1-methoxy-2-(methythio)ethane predicted a blue-shift of 25%m
for the C-H stretching vibration of the trans-gauche-gatiche
conformer, but infrared observation of the blue-shifted band was
not successful because of its inherent weak inteA8ltythis work,
we have succeeded in observing a blue-shifted infrared band for
the TG(T|G') conformef® of 1-methoxy-2-(dimethylamino)ethane
(MDAE) isolated in an argon matrix.

MDAE was prepared by reacting 1-chloro-2-(dimethylamino)-
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Figure 1. Optimized structure (B3LYP/6-3#1G** level) of the TG(T|G')
conformer of MDAE. C-H---O hydrogen bonding is indicated by a dotted
line.

TT(GIT) with its energy higher than TG(G') by 0.54 kJ mot™.
Other conformers are less stable than these two by more than 4 kJ
mol~1. The most stable conformer TG@) can form an intra-
molecular (N)C-H---O hydrogen bond, while TT(3) cannot. The

high stability of the former is explained by the formation of this
hydrogen bond. An examination of the infrared spectra of MDAE
in an argon matrix in the 7661400 cn1? region revealed that the
observed spectra consist of the bands arising from two confoffers.
To identify them, the observed spectra were critically compared
with the theoretically calculated spectra of all possible conformers.
The comparison shows that the observed bands coincide exclusively
with the wavenumbers for TG(G') and TT(GQT). The existence

of these conformers in an argon matrix agrees with the expectation
from the calculated energies. When the sample was annealed at 37
K, the bands of TT(@T') decreased in intensity relative to the bands
of TG(T|G'). As the annealing process induces a transformation of
less stable conformers trapped in a matrix into the most stable
conformer, TG(TG') is the most stable in an argon matrix, in
agreement with the theoretical prediction.

Having identified the conformers of MDAE present in the matrix,
we now examine the matrix-isolation infrared spectra in theHC
stretching region. The observed spectra of the sample before and
after annealing and the calculated spectra of TIG()Tand TT-
(G|T) are shown in Figure 2. On annealing, bands A, D, and E
persist, while bands B and C disappear substantially from the
spectra. In consideration of the spectral behavior in the lower-
wavenumber region, the former three bands are assigned to the most
stable conformer TG(G'), and the latter two are assigned to the
second most stable conformer TT{Q. A comparison of the

ethane with sodium methoxide. Matrix-isolation infrared spectra observed spectra with the calculated spectra (Figure 2) ensures these
of MDAE were measured by spraying a premixed gas of argon/ assignments. The calculations indicate that band D is actually
MDAE = 1000 onto a cesium iodide plate cooled to 126K he assigned to both TG(G') and TT(GQT). Several weaker bands
effect of annealing was examined by warming the deposited sampleobserved in this region are convincingly assigned to combination
to several set temperatures up to 41 K. Energies, structuraltones and overtones of vibrations.

parameters, and vibrational wavenumbers for 14 possible conform- The wavenumber 3016.5 crhof band E is unusually higher

ers of MDAE were calculated at the B3LYP/6-3tG** level of than the wavenumbers of-@H stretching vibrations for this type
density functional theory using the Gaussian 98 progtaithe of molecules. An examination of the calculated results for all
calculations showed that the most stable conformer of MDAE is conformers of MDAE shows that the wavenumbers ofHC
TG(T|G'), as depicted in Figure 1, and the second most stable is stretching vibrations higher than 3000 chare found only for TG-
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Figure 2. Observed and calculated infrared spectra of MDAE in the 2970
3040 cnrlregion: (a) matrix-isolation spectrum at 12 K before annealing,
(b) matrix-isolation spectrum after annealing at 37 K, and (c) calculated
spectra of TG(TG') (blue) and TT(GT) (red). In the observed spectrum a,
the blue-shifted €H stretching band is marked with a blue arrow. The

calculated wavenumbers have been scaled by a factor of 0.962.

(T|G') and GG(TG'), both of which involve G-H---O hydrogen

bonding as evidenced by their (CYHO distances, 2.38 and 2.41

lengths and stretching wavenumbers of the (NfCbonds. Infrared
spectra in the 7081400 cn1t region (PDF). This material is available
free of charge via the Internet at http://pubs.acs.org.
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by 0.3 A. The GG(TG') conformer is much less stable because of

the unfavorable gauche conformation around th®@-€C,C. bond.
According to the calculated results, band E for T@&) arises
from the stretching vibration of the £H®@ bond® which

participates in the formation of the----O hydrogen bond. To
confirm the shortening of this bond, we have examined théHC

bond lengths of the (N)CHgroups for TG(TG') as well as for

TG(GIT). The latter is a reference conformer to the former in that
its molecular conformation is identical to that of the former except
for the opposite direction of the gauche rotation around one of the
C,C.—NCHj; bonds, giving rise in consequence to no formation of

the C—H---O hydrogen bond. The length of the-€H®@) bond for

TG(T|G') is 1.087 A, which is 0.004 A shorter than the corre-

sponding bond length for the reference conforffek.comparison
of the C—H stretching wavenumbers of the (N)ggroups for the
two conformers indicates that the wavenumber of thek?) bond
for TG(T|G') is blue-shifted by at least 35 crthdue to C-H:--O

hydrogen bonding. It may also be important to note the lengthening

(0.006 A) of the N-C bond next to the shortened-El bond. The

present infrared spectroscopic experiments, in combination with
density functional calculations, have evidenced a blue-shifteti C
stretching band at 3016.5 ctfor MDAE. As far as the authors
are aware, this is the first experimental observation of intramolecular

blue-shifting hydrogen bonding.
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