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Hydrogen Bonding

Hiroshi Iga, Tasuku Isozaki, Tadashi Suzuki,* and Teijiro Ichimura*

Department of Chemistry and Materials Science, Tokyo Institute of Technology, 2-12-1 Ohokayama,
Meguro-ku, Tokyo 152-8551, Japan

Receied: March 15, 2007; In Final Form: May 10, 2007

Laser-induced fluorescence (LIF), dispersed fluorescence (DF), mass-resolved one-color resonance enhanced
two-photon ionization (RE2PI) and UMUV hole-burning spectra of 2-aminoindan (2-Al) were measured in

a supersonic jet. The hole-burning spectra demonstrated that the congested vibronic structures observed in
the LIF excitation spectrum were responsible for three conformers of 2-Al. The origins of the conformers
were observed at 36931, 36934, and 36955'che DF spectra obtained by exciting the band origins of

the three conformers showed quite similar vibrational structures, with the exception of the bands around
600—-900 cmt. The molecular structures of the three conformers were assigned with the aid of ab initio
calculations at the MP2/6-3#iG(d,p) level. An amino hydrogen of the most stable conformer points toward

the benzene ring. The stability of the most stable conformer was attributed to an intramoleetas-A
hydrogen bonding between the hydrogen atom andsattedectron of the benzene ring. The other two
conformers, devoid of intramolecular hydrogen bonding, were also identified for 2-Al. This suggests weak
hydrogen bonding in the most stable conformer. The intramolecutd \Nr hydrogen bonding in 2-Al was
discussed in comparison with other weak hydrogen-bonding systems.

1. Introduction along the axis orthogonal to the benzene plane. The potential
for the inversion coordinate of the puckering vibrational mode
'has been investigated by various technici}e® The substitu-
tion of the five-membered ring of indan gives rise to several
conformers involving different positions (axial or equatorial)
and orientationsanti or gauche of the substituent’3> For
1-aminoindan (1-Al), two amino group rotational isomers were
Bbserved in a supersonic jet expansitbf Barbu-Debus et al.
suggested that the two conformers should be stabilized by
intramolecular N-H---x hydrogen bonding between the amino
group hydrogen atom and the benzenelectrons’* In our
previous study by UWUV hole-burning spectroscopy, two
conformers were clearly identified. The FrardBondon activi-

ties of the two conformers in the low-frequency region are
considerably different due to the Duschinsky rotafidithe
degree of the mode mixing specific for the conformers may be
influenced by the weak NH---z hydrogen bonding. Further
information on the weak hydrogen bonding for diverse systems
should be required.

In this paper, the role of the amino group substitution in the
conformational preference of 2-aminoindan (2-Al) was inves-
tigated by supersonic jet spectroscopy with the aid of ab initio
calculations. Laser-induced fluorescence (LIF) excitation, dis-
persed fluorescence (DF), mass-resolved one-color resonance
enhanced two-photon ionization (RE2PI), and YWV hole-
burning spectra of 2-Al were measured for the first time. The
importance of weak intramolecular hydrogen bonding in 2-Al
will be discussed in comparison with other hydrogen-bonding
systems.

Hydrogen bonding plays a key role for the shapes, properties
and functions of moleculésRecently, the concept of hydrogen
bonding was extended to-H:--X and Y—H---z systems,
where X is an electronegative atom and Y is O, N, and C and
so on. These non-classical “weak” hydrogen bonds have
attracted considerable attention from many researchers becaus
they would govern the chemical and physical properties of
flexible molecule$16 Matsuura et al. demonstrated the weak
intramolecular G-H---O hydrogen bonding in 1-methoxy-2-
(dimethylamino)ethane by matrix-isolated IR spectrum measure-
ments? Snoek et al. investigated the structures of the stable
conformers of phenylalanin€.They concluded that not only
the classical ©H---O and O-H---N hydrogen bonding but also
the weak intramolecular NH---z bonding between the amino
hydrogen atom and the-electron system of the aromatic ring
are important for structure determination. Weak hydrogen
bonding would also have importance even in large molecules,
such as polymérand proteir-DNA complexes. It is difficult
to investigate physicochemical properties in large molecules in
detail. For such systems, it is necessary to obtain information
on weak hydrogen bonding in a model molecule.

Indan and its derivatives, which are components of many
biological molecules, will be suitable for clarifying the properties
of weak hydrogen bondiny~2° Indan is a bicyclo compound
consisting of a benzene ring and a saturated five-membered ring
with the carbon atom at the 2-position located out-of-plane
relative to the benzene plafklndan has some low-frequency
vibrational modes, of which the puckering vibrational mode

includes a displacement of the carbon atom at the 2-position _ )
2. Experimental Section

* To whom correspondence should be addressed. E-mail: suzuki.t.af@ . .
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3-5734-2331. a supersonic jet has been described elsewdtefé A liquid
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Figure 1. (a) LIF excitation spectrum of jet-cooled 2-Al and BV 0 500 1000 1500
UV hole-burning spectra probing the bands at (b) 36931, (c) 36934, Wavenumber / cm’

and (d) 36955 cm. The fluorescence dips corresponding to the rigyre 3. DF spectra obtained by exciting the band origins of (a)
bands observed in the LIF excitation spectrum are indicated by broken conformer | (36931 cm?), (b) conformer Il (36934 crmh), and (c)
lines. The maximum signal depletion is approximately 30% at 36955 onformer IlI (36955 cmll). '

cmt,

- was frequency doubled by a second harmonic generator (Inrad,
v Vitaznen Autotracker Ill). The excitation light was introduced into the
qm ; © chamber, and the sample was irradiated 5 mm downstream

_ s ' from_ the orifice. The fluorescence was detected by a photo-
4V l v L) multiplier tube (Hamamatsu Photonics, 1P28) through a glass
. ; : : filter (Schott, WG295). The signals were introduced to a boxcar

—MWMMWWMWF/; integrator (Stanford, SRS250), digitized by an A-D converter,
41 V. ' L C

and then transferred to a personal computer. The DF spectra
were measured by a 0.25 m monochromator (Nikon, P-250)
equipped with a photomultiplier tube (Hamamatsu Photonics,
L : R928). The spectral resolution was approximately 20%c{full
A/\ A (b width at half-maximum). Laser output wavelengths were
calibrated by optogalvanic signals of a see-through hollow
cathode lamp (Hamamatsu Photonics, L2783-13NE-AL).
Hole-burning spectrum measurements were performed with
two laser systems. The first system serving as a probe laser
utilized a frequency-doubled output of a dye laser (Lambda
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- % ; : (a) Physik, Scanmate Il) pumped by the third harmonic of &Nd
L A"‘T YAG laser (Continuum, Surelite Il). The second system serving
36950 37000 37050 as the pump laser utilized the frequency-doubled output of a
Wavenumber / cm’! dye laser (Lambda Physik, Scanmate Il) pumped by the third

Figure 2. Expanded view of (a) the LIF excitation spectrum, (b) the harmonic of a N&":YAG laser (Continuum, Powerlite 8010).
RE2PI spectrum and UYUV hole-burning spectra probing the bands  The delay between the pump and probe pulses was modulated
at (c) 36931, (d) 36934, and (e) 36955 CniThe fluorescence dipsin by a pulse generator (Stanford, DG535) and set to approximately
the spectra (c), (d), and (e) originate from conformers |, I, and I, 2 us.
respectively. See text for detalls. The experimental setup for the measurements of RE2PI
sample of 2-Al (Tokyo Chemical Industry, purity98.0%) was spectra has been described elsewFf&Tde cations were mass-
used without further purification. The sample was heated up to selected by a WileyMcLaren type time-of-flight mass spec-
330 K and seeded in 1-8.0 atm of Ar or Ne carrier gas. The trometer equipped with a reflectron. A microchannel plate (R.
gas mixture was expandeddna 4 in. crossed chamber through M. Jordan Co., 40 mm Z-Gap MCP) was used for the detection
a pulsed solenoid nozzle (General Valve, Series 9) with a 0.5 of the ions.
or 0.8 mm diameter orifice. The background pressure in the  Quantum chemical calculations were carried out using the
chamber was maintained below F¥0Torr throughout the GAUSSIAN 03 program packad€The geometry optimization
measurements. and the vibrational frequency analysis were performed with
A dye laser (Lambda Physik, Scanmate II) pumped by the second-order Mgller-Plesset (MP2) and density functional theory
third harmonic of a N&":YAG laser (Continuum, Surelite 1)  (DFT) methods. For DFT calculations, Becke's three-parameter
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TABLE 1: Frequencies and Assignments of the Bands Observed in the LIF Excitation Spectrum of 2-Al

conformer | (D) conformer Il (C) conformer l1I (A)
obs. excess energy obs. excess energy obs. excess energy
(cm™) (cm™) assignment  (cm?) (cm™) assignment  (cm™) (cm™) assignment
36931 0 0 36934 0 0 36955 0 0
37008 77 57 37013 79 57 37033 78 57
37343 409
37467 533
37505 571
37633 678 45
37710 755 575
37673 742 43 37676 742 43 37730 774 43
37754 820 5743 37806 851 5743
37857 927 34 37858 924 34 37884 929 33
37868 934
37876 942
37880 950 37881 947 37903 948
37921 966
37936 1002 514 37962 1007 583t

hybrid functions and LeeYang—Parr correlation functions  are successfully classified and summarized in Table 1. The
(B3LYP) were adopted. Basis sets of 6-31G(d,p) and cc- conformers corresponding to the band origins at 36931, 36934,

pVTZ were used for the MP2 and DFT calculations, respec- and 36955 cm! are denoted as conformers |, Il, and I,
tively. respectively.

For indan derivatives, an intense band of the puckering
3. Results and Discussion vibrational mode appears in the low-frequency rediii.28.30-35

3.1. LIF Excitation and UV —UV Hole-burning Spectra. The low-frequency bands at 37008 4077), 37013 (0+ 79),
Figure 1a shows the LIF excitation spectrum of 2-Al in the and 37033 (0t 78) cni in Figure 2a should be assigned to
region from 36870 to 38000 crh for the S — S transition. the puc_kerlng V|bra_t|onal_m(_)(_zle for _conformgrs I, I, and I,
The spectrum exhibits sharp and well-resolved vibronic struc- respectively. There is no significant dlfferen_ce in the frequenc_les
tures. The most intense band was observed at 36955.cm among the conformers. These frequencies are substantially
Moderately intense bands were observed red-shifted from theSmaller than that of ind&h (116 cni*) due to the change in
most intense band. The LIF excitation spectrum was measuredreduced mass. For indan, the flapping mode, twisting mode,
under various conditions of stagnation pressure and carrier gas@nd the puckering mode overtone were observed in the low-
Since the intensity of the prominent bands did not depend on frequency regio®> while the corresponding bands were not
the conditions, there should not be a hot band in Figure 1a. observed for 2-Al. The FranekCondon overlap of these

Figure 2a shows the expanded view of the LIF excitation vibrational modes f_o_r 2-Al are dlf_ferent from those for indan.
spectrum in the low-frequency region. The band at 36931'cm For 1-Al, the transition to the twisting level for a conformer
was found to be the lowest frequency. It should be noted that @ only be allowed by the Duschinsky rotatinThus, the
a number of bands were observed in the vicinity of the lowest- characteristics of the 'Iovy-frequency. vibrational mod.es strongly
frequency band. The mass-resolved RE2PI spectrum wigh depend on the substitution of the five-membered ring.

133 (2-Al) was also measured (Figure 2b). With the aid of the ~ 3.2. DF Spectra via Band Origin Excitation.DF spectrum
mass spectra, the asterisked bands at 36938, 36959, and 3698Beasurements are essential for precise assignments of the
cm! were assigned to a dimer, impurity (or isotopomer), and Vibrational bands in both thep@nd § states. Parts a, b, and ¢
2-Al/(H,0); complex, respectively. These bands assigned to the of Figure 3 show the DF spectra via excitation of band origins
complexes could appear at the parent mass due to the resultingit 36931, 36934, and 36955 chrespectively. All spectra show
fragmentation. Therefore, the remaining bands observed in thestrong emission at the resonance position, implying minimal
LIF excitation spectrum originate from bare 2-Al. change in geometry upon S- S excitation. The DF spectra

The bands in the congested LIF excitation spectrum are show quite similar vibrational structures except for the bands
associated with the electronic origins and vibronic bands of near 606-900 cnt™. In this spectral region, three intense bands
conformers. Hole-burning spectroscopy is the ideal method to Were observed at 618, 773, and 860 ¢érfor conformer |, and
discern the bands resulting from different conformers. Parts b, 620, 770, and 859 cm for conformer Il, while two intense
¢, and d of Figure 1 show the UMUV hole-burning spectra  bands were observed at 704 and 796 tfior conformer I1I.
probing the bands at 36931, 36934, and 36955 ¢cmespec- Since the vibrational frequencies associated with normal modes
tively. The expanded view of the hole-burning spectra is also are sensitive to molecular structure, the molecular structures of
shown in parts ¢, d, and e of Figure 2. The fluorescence conformers I and Il should be similar. Table 2 lists the observed
enhancement at 36955 ctis attributed to overlap with the  Vibrational frequencies in the DF spectra. The observed bands
intense fluorescence induced by the pump laser. Note that thesavill be assigned with the aid of quantum chemical calculations
spectra show no fluorescence dip signals at the same positionsin the following section.

Consequently, the bands at 36931, 36934, and 36955 cm 3.3. Quantum Chemical Calculations and Assignments of
originate from different conformers and were assigned to the Conformers. To obtain information on the molecular structures,
band origins of each conformer. Conformer discrimination was quantum chemical calculations were performed with the MP2
also achieved for the complicated vibronic structures in the high- and DFT methods. Both calculations predicted four possible
frequency region shown in Figure 1a. The hole-burning spectra conformers. The overall structure of each conformer was
enable the vibronic bands to be clearly assigned to eachindependent of the calculation method. Figure 4 shows the fully
conformer. The observed bands in the LIF excitation spectrum optimized structures of the four conformers calculated at the
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TABLE 2: Observed and Calculated Band Frequencies in the §State of Conformers |, 1, and Il and Their Assignments?
conformer | (D) conformer 1l (C) conformer l1I (A)
obs. calc? obs. calch obs. calch
(cm™) (cm™) assignment (cm™) (cm™) assignment (cm™) (cm™) assignment
90 92 57 920 91 57 89 93 57
174 185 5% 176 183 5% 174 187 5%
242 237 5%
473 468 48
531 525 47
618 610 45 620 611 4% 704 697 4%
708 703 5745, 710 703 5745,
737 714 44
773 770 43 770 768 43 796 794 43, 57,45,
817 815 832
860 859 38, 57143, 859 859 38, 57143, 852 860 38
942 885 887 543,
1020 1011 34 1020 1013 34 1021 1015 33
1110 1103 5734, 1109 1104 5734, 1109 1108 533
1207 1210 25 1205 1208 26 1202 1207 26
1241 1222 45
1295 1300 5726, 1289 1300 5726,
1310 1313
1400 1380 4813, 1395 1379 433
1411 1393 45
1480 1481 1477
1508 1491 4543
1548 1535 43
1590 1605
1642 1621 484, 1642 1624 484, 1729 1712 483,
1794 1781 484 1795 1781 48B4 1822 1809 48B3,
1829 1820 45, 1830 1820 436, 1910 1903 426,
1882 1872 574334
1983 1980 425 1981 1976 426, 2004 2000 426,

2 The harmonic values obtained by adding the appropriate MP2 fundamentals are given for overtone and combinatfo@détdited vibrational
frequencies were scaled by a factor of 0.973.

b
5 b
a
=
. #
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conformer A (III) conformer B

4

conformer C (II) conformer D (I)
Figure 4. Fully optimized structures of the four conformers calculated at the MP2/ 8-G1d,p) level.

MP2/6-311G(d,p) level. The amino group was located in the TABLE 3: Relative Energies to the Most Stable Conformer
axial (conformers A and B) or the equatorial (conformers C Calculated at the MP2/ 6-311%+G(d,p) and B3LYP/cc-pVTZ

and D) position. For each of the axial or the equatorial Levels'

configurations, the amino group can have different orientations AE (cm™)

in space. Conformer energies relative to the most stable MP2/6-311G(d,p) B3LYP/cc-pVTZ
conformer with and without zero-point energy (ZPE) corrections

are summarized in Table 3. The global energy minimum ggmg:m::g(”') 3304(?2)97) 526(%%4)
conformer predicted by the MP2/6-3t6G(d,p) calculation was conformer C (1) 268 (261) 0 (0)
conformer A, while it was conformer C by the B3LYP/cc-pVTZ conformer D (I) 284 (285) 57 (58)

calculation. The vibrational frequency analysis was also per-
formed for the optimized structures. The assignments of the
conformers were carried out based on the MP2/643&(d,p) frequencies. The calculated vibrational frequencies and assign-
calculation, which could well reproduce the experimental ments of the normal modes for the conformers are summarized
results in regard to both relative energies and vibrational in Table 4.

aThe values with ZPE corrections are given in the parentheses.



Conformations of 2-Al in a Supersonic Jet

J. Phys. Chem. A, Vol. 111, No. 27, 2005985

TABLE 4: Calculated Vibrational Frequencies below 1000 cni! at the MP2/6-31H-G(d,p) Level and Their Assignments

conformer A (Ill)

conformer B

conformer C (Il)

conformer D (1)

freq2 assignment freq. assignment freq. assignment fred. assignment
vsz 93  ring puckering 90 ring puckering 91 ring puckering 92 ring puckering
vse 147 skeletal twist 145 skeletal twist 172  skeletal twist 173  skeletal twist
vss 237 ring flapping 233 ring flapping 244 ring flap/CN bend 213 Nbfsion
vsa 270 NH; torsion 252 NHtorsion 251 ring flap/CN bend 245  ring flapping
vs3 346 ring bend (5-mem.) 343 ring bend (5-mem.) 279 Nbision 292 NHtorsion
vs; 365 benz. angle bend (0.p.) 362 benz. angle bend (0.p.) 367 benz. angle bend (0.p.) 374 benz. angle bend (0.p.)
vs; 375 benz. angle bend (0.p.) 366 benz. angle bend (0.p.) 377 benz. angle bend (0.p.) 378 benz. angle bend (0.p.)
vso 388 benz. angle bend (0.p.) 387 benz. angle bend (0.p.) 420 CN bend 423  ring bend (5-mem.)
va9 426 CN bend 415 CN bend 423  ring bend (5-mem.) 426 CN bend
vsg 468 benz. angle bend (0.p.) 459 benz. angle bend (0.p.) 468 CN bend 472 CN bend
va7 525 benz. angle bend (i.p.) 527 benz. angle bend (i.p.) 479 benz. angle bend (0.p.) 484 benz. angle bend (0.p.)
vse 581 ring bend (5-mem.) 579 ring bend (5-mem.) 575 benz. angle bend (i.p.) 577 benz. Angle bend (i.p.)
ves 697 CCC angle bend (5-mem.) 696 CCC angle bend (5-mem.) 611 CCC angle bend (5-mem.) 610 CCC angle bend (5-mem.)
vas 715 CHwag (0.p.) 711 CHwag (0.p.) 715 CHwag (0.p.) 715 CHwag (0.p.)
vaz 794 CC str. (5-mem.) 783 CC str. (5-mem.) 768 CC str. (5-mem.) 770 CCstr. (5-mem.)
vsz 817 benz. angle bend (i.p.) 815 CHwag (0.p.) 820 CHwag (0.p.) 820 CHwag (0.p.)
va1 822 CHwag (0.p.) 822 benz. angle bend (i.p.) 832 benz. angle bend (i.p.) 835 benz. angle bend (i.p.)
vao 828 NH inversion 835 NHinversion 840 NHinversion 848 NHinversion
ve 859 CHwag (0.p.) 853 CHwag (0.p.) 857 CHwag (0.p.) 859 CHwag (0.p.)
vs 860 CHwag (0.p.) 857 CHwag (0.p.) 859 CHwag (0.p.) 859 CHwag (0.p.)
vzr 882 CHrock 869 CHrock 868 NH inversion 884 NHinversion
vse 906 NH inversion 898 CHrock 888 CHrock 889 CHrock
vs 929 CCstr. (5-mem.) 978 CHock 978 CHrock 996 CC str. (5-mem.)

a Calculated vibrational frequencies were scaled by a factor of 0.973.

The most stable conformer of 2-Al was predicted to be

TABLE 5: Calculated N—H Bond Lengths of 2-Al

conformer A based on the MP2/6-3tG(d,p) calculation. Conformers*

Therefore, conformer A should correspond to conformer lll, conformer  conformer  conformer  conformer

because conformer IIl shows the most intense band origin at A1) B cm D

36955 cnTt. With the aid of the MP2/6-31tG(d,p) calculation, R(N—Hy) 1.0189 1.0165 1.0171 1.0173
R(N—Hy) 1.0172 1.0165 1.0164 1.0173

the observed bands in Figure 3c were assigned. The calculated

vibrational frequencies were in good agreement with the

aIn the unit of angstroms.

observed ones. The prominent bands were assigned to the ring

puckering ¢s7), C—C—C angle bendis), C—C stretching €43),
and benzene €C stretching %33 andv,e) modes. The remaining

bonding as described below. In such a case, the DFT calculations
would not treat the weak interactions correctly.

bands can be assigned to the overtone and the combination bands 3 4. Intramolecular Hydrogen Bonding in 2-Aminoindan.
of these modes. The assignments are summarized in Table 20n the basis of the assignments of the conformers in the

Conformers | and Il can be assigned to conformers B, C, or

previous section, conformational preferences of 2-Al can be

D. As described in the previous section, the DF spectra resulting discussed. Among the three conformers identified, only con-

from band origin excitation of conformers | and Il (parts a and
b of Figure 3) show quite similar vibrational structures. The
calculated vibrational frequencies near 6@D0 cnt! for

former 1l (A) has an amino hydrogen pointing toward the
benzene ring. This suggests that the intramolecular hydrogen
bonding between the hydrogen atom andthelectron of the

conformer B could not reproduce the observed ones. Therefore,benzene ring would contribute to the conformational stability.
conformers | and Il can be assigned to conformers C or D, where Conformers | (D) and Il (C), which have no amino hydrogen

the calculated vibrational frequencies near 6000 cnt? for

pointing toward the benzene ring, would not have such an

conformers C and D resemble each other. Since the relativeinteraction. Table 5 shows the N4 bond lengths of the
energy between conformers C and D was estimated to be quiteconformers of 2-Al calculated at the MP2/ 6-34G(d,p) level.

small (16 cnt! without ZPE corrections), it is difficult to assign

The N—H bond length of conformer 111 (1.0189 A) is the longest

the conformers by comparing the band intensities for conformers among the conformers, strongly indicating the existence of the

I and Il. Thus, the molecular symmetry should be taken into
consideration. Note that conformer D hasrgplane. Theo
operation to conformer C results in another energy minimum:
a symmetric potential is produced along with the orientation of
the amino group. The population of conformer C would be
effectively twice as large as that of conformer D. The population
ratio of conformers C and D can well reproduce the intensity
ratio of the bands at 36934 and 36931 ér(2:1). Consequently,
conformers | and Il were assigned to conformers D and C,

intramolecular N-H---r hydrogen bonding in conformer Ill.
The difference in 0.001 A is comparable with that of the
benzene/ammonia intermolecular-N-+-7 systent'=44 The
change of the NH bond length upon complexation is estimated
to be 0.001 A for the benzene/ammonia compfkeRas et al.
reported the study for 2-indanol by supersonic jet spectroscopy
and quantum chemical calculatio#fsThey suggested that the
intramolecular G-H---7 hydrogen bonding between the hy-
droxyl hydrogen and the benzeneslectron would stabilize the

respectively. The vibrational frequencies observed in parts a most stable conformer. The-€H bond length of the most stable

and b of Figure 3 are listed in Table 2 with their assignments.
The analysis based on the B3LYP/cc-pVTZ calculation was

also performed. The calculated vibrational frequencies, however,

conformer (0.965 A) is longer than that of the other conformer
(0.962 A). For 1-Al, the amino hydrogen of two conformers
identified also points toward the benzene g These results

deviated from the observed ones. The conformational stabilities suggest that the weak intramolecular hydrogen bonding has great

of 2-Al are sensitive to the weak intramolecular hydrogen

importance for conformational stability.
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The only conformer among the three conformers of 2-Al is N—H--- hydrogen bonding between the amino hydrogen and
stabilized by the intramolecularN\H--- hydrogen bonding. the w-electron of the benzene ring. The stabilization energy of
It is noted that conformers devoid of intramolecular hydrogen the N—H---z hydrogen bonding in 2-Al (250350 cn?) is
bonding also exist for 2-Al. For 1-Al, six possible conformers weaker than those of 1-Al (450700 cnt!) and the benzene/
were predicted by quantum chemical calculatiéf®$However, ammonia complex (644 cm). The contribution of the
only two conformers, which should be stabilized by the N—H---7 hydrogen bonding for the conformational stability
intramolecular N-H---r hydrogen bonding, were identified. The strongly depends on the distance from the hydrogen atom to
energy gap between the conformers with and without the the acceptor. The other two conformers (conformers | and II),
hydrogen bonding was estimated to be 4300 cn?! for which should not have the intramolecular hydrogen bonding,
1-Al35 while it was 256-350 cnt for 2-Al. The considerable  were also identified. These results strongly suggest the existence
stabilization would allow only the conformers having the of quite weak intramolecular hydrogen bonding in 2-Al.
hydrogen bonding to exist for 1-Al. In contrast, for 2-Al, the
conformers not having the hydrogen bonding can exist due to  Acknowledgment. We are grateful to Associate Professor
the small energy gap. Therefore, the intramoleculaiHN-- Wade N. Sisk (Department of Chemistry, The University of
hydrogen bonding in 2-Al would be weaker than that in 1-Al.  North Carolina Charlotte) for his valuable comments and critical
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