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Picolinamide (PA) and isonicotinamide (INA), two structural isomers of pyridinecarboxamide, have been
investigated by matrix isolation and low-temperature solid-state infrared spectroscopy, combined with UV (

> 235 nm) photoexcitation and density functional theory and ab initio (MP2) theoretical studies. In consonance
with the theoretical data, both PA and INA were found to exist in a single conformation in cryogenic rare gas
matrixes. Comparison between the experimental spectra of the matrix-isolated compounds with those
theoretically predicted allowed for full assignment of the experimental spectra. In sitlt V235 nm)
irradiation of the matrixes showed that only PA reacts, with production of isocyanic acid and pyridine, the
first photoproduct further reacting to yield CONH and cyanic acid. The different photochemical behavior

of the two compounds was explained taking into consideration their different structures. The infrared spectra
of (i) the low-temperature glassy state resulting from fast deposition of vapors of the compounds onto a
substrate cooled to 10 K, (ii) the crystal resulting from the annealed amorphous film of the compound, and
(i) the room-temperature crystalsi{phase) of the studied compounds were also obtained, fully assigned
and correlated with intermolecular interactions present in the condensed phases, in particular H-bond

interactions, showing that these latter are stronger in INA than in PA.

Introduction SCHEME 1: Picolinamide (PA) and Isonicotinamide
Picolinamide (PA; 2-pyridinecarboxamide) and isonicotina- (INA)
mide (INA; 4-pyridinecarboxamide) are pyridine derivatives N
bearing the carboxamide group at tifeand y positions, 0 O o O
respectively (Scheme 1). N
Both compounds show important biological activity. PA NH, NH,

was found to be a strong inhibitor of poly(ADP-ribose)
synthetasé, while INA has been shown to possess strong due to the different location of the ring nitrogen atom in the
antitubercular, antipyretic, fibrinolytic, and antibacterial proper- two compounds relative to the amide group.
ties® Because of their strong pharmacological effects, mixed ~ To the best of our knowledge, the molecular structure of PA
salts of INA find extensive use as drugs in various biological has not been investigated experimentally in the gaseous phase.
and medicinal processés. In solution [in CDC§, CDsCN, and (CR).CQO], PA was studied

In both PA and INA, the pyridyl ring is structurally rigid, oY 'H NMR by Sathyanarayana and co-work&t$who have
but the carboxamide moiety can in principle adopt different suggested, on the basis of the observed chemical shifts of the
rotameric structure®!3 An important aspect of the amide linkage @mide protons, that the molecule should be planar and bear an
is its partial double bond character that results from donation intramolecular hydrogen bond between thidH, amide group
of lone-pair electron density from the amide nitrogen to the @nd the pyridyl nitrogen atom. No evidence of any additional
carbonyl group. This leads to a significantly higher barrier to conformational state was found in those studi€s-urther'H
C—N amide bond rotation than those found in amines and, in NMR analysis of PA, complemented with ab initio and DFT
general, also to planarization of the molecule around the amide Molecular orbital calculations, has been undertaken by Olsen
nitrogen aton#? In the two compounds considered in the present et al-i* who focused their attention particularly to the amide
study, the degree of electron donation within the amide group rotat_|onal barrier in t_hls compoun_d in comparison with nicoti-
can be expected to be affected to some extent by electronicn@mide (NA; 3-pyridinecarboxamide). They concluded that the
effects due to the pyridyl ring. Other direct interactions between @verage amide rotational barrier of PA in nitrobenzene and
the —NH, amide group and the pyridyl moiety shall also take PYridine solutions amounts to ca. 76 kJ mb{AH?),™ which
place, such as electrostatic and steric interactions. All theseis higher than the corresponding barrier in NAH* ~ 54 kJ

interactions can be expected to be different in PA and INA, Mol™* '), mainly due to the presence in PA of the above-
mentioned intramolecular H-bond between the amide group and

- o - the pyridyl nitrogen atom. More recently, Leskowitz etlal.
* Corresponding author. E-mail: rfausto@ci.uc.pt. - . .
t University of Coimbra. performed similar studies on INA and found that the amide
*Universidad de Buenos Aires. rotational barrier in this compound lies between those of PA
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and NA AH* ~ 59 kJ mol119, In their study, Leskowitz et

al. presented an analysis of the relative importance of steric,
electronic, and H-bonding effects in the three regioisomers (PA,

INA, and NA) in relation with the amide internal rotation. The
slightly higher amide rotational barrier in INA, compared to
that of NA, was attributed by Leskowitz et al. to the more
efficient stabilization of the transition states for the amide
internal rotation (which were calculated to have the nitrogen
atom pyramidalize®) in NA, compared to the other two
compounds.

As for PA, the molecular structure of INA has not been

studied experimentally in the gaseous phase. Theoretical studie

on this molecule have been reported by Yurdakul ef al.,
Leskowitz et all? Bakiler et al.l® Filho et all* and Akyuz et
al.’> (PA was also considered in ref 13).

Borba et al.

INA modifications are stable for years under normal pressure
and temperature conditioAs.

From a vibrational point of view, both PA and INA have
been studied previously in the solid state and adsorbed to
surface$:13-1518-20 gyrface enhanced Raman spectroscopy
(SERS) has been propogds a useful tool for quantitative
determination of PA and INA (and also NA) in very low
concentrations (ppm level). The vibrational spectra of the
polycrystalline compounds (noncharacterized crystal modifica-
tions) in KBr pellets at room temperature have been tentatively
interpreted with the help of theoretical calculations performed

n the isolated molecules at different levels of thelgry>18

as-phase IR spectrum of PA is available at the National
Institute of Standards and Technology of the United States
(NIST) vapor-phase IR spectra librdtyand was tentatively
assigned in ref 13.

Solid-state structural studies have been reported for both PA 14 the best of our knowledge, there is no data on the

and INA1617 According to X-ray crystallographic analysis,
PA crystallizes in two modifications, both belonging to the
monoclinic space group2i/a, with four molecules in the unit
cell. In one modification ¢ phase;a = 16.42,b = 7.11,c =
5.19 A, 5 = 100.2), two PA molecules are joined together by
a pair of NH--O hydrogen bonds to form a dimer, and such
dimers are linked by a second set of N¥D hydrogen bonds

photochemistry of either PA or INA. Nevertheless, it has been
shown that the analogous compound pyrazinamide, which
induces photosensitization in humans causing photohemolysis
in erythrocite2 undergoes photolysis (at= 337 nm) through
o-cleavage between the excited carbonyl of the amide group
and the aromatic ring and formation of the pyrazine radical. In
aqueous or methanolic solution, this primary photoprocess is

to make endless chains that are parallel to each other; in thisfollowed by hydrogen abstraction and dimerization (and also

modification, the ring does not contribute to hydrogen bonding

methanol addition}® A second photolytic pathway was also

and the adjacent chains are held together by van der Waalsproposed involving cleavage of the amide bond, followed by a

forces!® The second crystalline modification of P& phase;
a=20.04,b=11.32,c=5.36 A, = 98.6") exhibits a dimeric
structure similar to that of the first one, but in this case the
lateral linkage of the dimers involves the participation of an
atom of the pyridine ring as H-bond acceptbrin both
crystalline modifications, the carboxamide group was found to

reaction with the solvent to form pyrazine carboxylic a&id®

In the present investigation, we studied the molecular
structure, infrared spectra, and UV-induced ¥ 235 nm)
photochemistry of PA and INA molecules isolated in cryogenic
inert matrixes. The interpretation of the experimental results is
supported by theoretical calculations undertaken at both density

be planar, with the angle between the pyridine and carboxamidefunctional theory (DFT), using the hybrid B3LYP functional,

moieties being equal to 1n the first crystalline modificatiol®
(to the best of our knowledge, no data for this structural

and ab initio second-order MollelPlesset (MP2) levels of
theory. In addition, the IR spectra of the low-temperature{10

parameter in the second crystalline modification has been 280 K) solid phases of the two compounds have also been

reported hitherto).

INA does also exhibit polymorphisfi.Upon recrystallization
from nitrobenzene or nitromethane, one crystalline variety is
obtained ¢, rodlike crystals), while recrystallization from other
solvents, such as ethanol, water, or tetrahydrofuran, produces
second modificationf{, platelike crystals). Both crystalline
varieties are monoclinic, space gro@py/c, with four molecules
per unit cell, the cell parameters beireg<€ 10.176,b = 5.732,

c = 23.008 A, = 98.04; one molecule in the asymmetric
unit) and @ = 15.735,b = 7.998,c = 9.885 A, = 105.59;

two molecules in the asymmetric unit), respectively, for rodlike
and platelike crystals. In the two crystals, the INA molecules
exhibit their amide group slightly twisted out of the plane of
the aromatic ring (305in crystalo. and 25.4 and 2420n crystal
£).A7 In crystala, INA dimers are formed and connected into
an infinite assembly through symmetry-related-NB hydrogen
bonds aligned perpendicularly to the long axis of the dimers.
As for one of the PA crystalline modificatiod8,in this
crystalline variety of INA there are no hydrogen bond interac-
tions involving the pyridine ring, neighboring chains being kept
together by van der Waals forc¥sln crystal3, the head-to-
head dimeric motif is replaced by the NH(amid&)l(pyridine)
head-to-tail interaction and a catameric @ hydrogen bond,
with the direction of the catamer being almost perpendicular to
the chain generated by the amideyridine interaction (each

asymmetric molecule gives rise to an independent assembly but

with identical hydrogen bond connectivity) Both crystalline

investigated.

Experimental and Computational Methods

Picolinamide and isonicotinamide were obtained from Aldrich
purity 98 and 99%, respectively). The matrixes were prepared
y co-deposition of the isolating gas (argon, 99.99990% and

xenon, 99.995%, both obtained from Air Liquide) and the
compound under study onto the cooled (10 K for argon; 20 K
for xenon) Csl substrate of the cryostat (APD Cryogenics close-
cycle helium refrigeration system with a DE-202A expander).
A glass vacuum system and standard manometric procedures
were used to deposit the isolating gas. PA was placed in a
specially designed doubly thermostable Knudsen cell with shut-
off possibility whose main component is a NUPRO (SS
4BMRG) needle valve. The temperature of the cell could be
controlled separately in the valve nozzle and the sample
compartment, enabling a more precise control of the saturated
gas pressure over the liquid compound and a better metering
function of the valve. In all experiments, the valve nozzle
temperature was ca. 323 K. INA was placed in a specially
designed temperature-variable mini-oven assembled inside the
cryostat. The temperature of the mini-oven used to evaporate
INA was, in all experiments, ca. 313 K. The solid films of the
neat compounds were prepared in a way similar to that used to
obtain the matrixes, but in this case only vapors of the
compounds were deposited onto the Csl substrate of the cryostat.
In the annealing experiments, the temperature was controlled
and measured by a diode temperature sensor connected to a
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TABLE 1: Total ( E) and Relative (AE) Energies (Including
Zero-Point Vibrational Contributions) for PA and INA
Relevant Formg

B3LYP/6-31H-+G(d,p) MP2/6-31G(d,p)

molecule/conformer E AE E AE
PA
| —1094842.8 —1091350.0
1] 37.1 35.7
INA —1094816.6 —1091325.5

2 Energies in kJ mott; conformers are depicted in Figure" IMP2
energies were corrected by zero-point energies obtained at the B3LYP/
6-31H-+G(d,p) level of theory.

Scientific Instruments digital temperature controller (model
9659) to within+1 K. The temperature variation during the

annealing was done in steps of 2 K, in the matrix isolation
experiments, and 1820 K, in the studies on the neat solid

compounds.

The IR spectra were collected, with 0.5 thispectral
resolution, on a Mattson (Infinity 60AR Series) Fourier trans-
form infrared spectrometer, equipped with a deuterated triglycine
sulfate (DTGS) detector and a Ge/KBr beam splitter. To
accommodate the cryostat head and allow efficient purging of
the instrument by a stream of dry &b remove water and GO
vapors, necessary modifications of the sample compartment of
the spectrometer were made.

In situ UV (A > 235 nm; 200 W) irradiation of the matrixes
was carried out through the outer KBr window of the cryostat
using a 500 W Hg(Xe) lamp (Newport, Oriel Instruments).

The gquantum chemical calculations were performed with the
Gaussian 98 suite of prograffisit the DFT and MP2 levels of
theory, using the 6-31+G(d,p) and 6-31G(d,p) basis sets,
respectively?’ The DFT calculations were carried out with the
three-parameter hybrid density functional abbreviated as B3LYP,
which includes Becke’s gradient exchange correéfiand the
Lee, Yang, and Paitand Vosko, Wilk, and Nusair correlation
functionals3® Compared with the present DFT calculations, the
previously reportet® DFT/B3LYP study on PA and INA used
the smaller 6-31+G(d,p) smaller basis set. Due to its increased
flexibility in describing the valence shell, the 6-3t3+G(d,p)
basis set appears as a more reliable option, particularly for a
correct description of the vibrational modes. Regarding geom-
etries and energies, both basis sets were found to provide similar
results.

Structures were optimized using the geometry direct inversion
of the invariant subspace meth#dvibrational frequencies were
then calculated at each level of theory, and the nature of the
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stationary points on the potential energy surface resulting from Figure 1. DFT (_:alculated structures for the different Conforr_ners of
optimization was determined by inspection of the corresponding PA @nd INA, with atom numbering scheme (two perspectives are

calculated Hessian matrix. The optimized structures of all
conformers described in this study were confirmed to correspond
to true minimum energy conformations on the corresponding
PES. The calculated frequencies were scaled down by a single
factor (0.978) to correct them mainly for the effects of basis

set limitations, neglected part of electron correlation, and

anharmonicity effects, and used to assist the analysis of the

Vv

shown). The DFT calculated twisting angle between the aromatic ring
and the carboxamide group is provided, together with the calculated
dipole moments (DFT).

ersion obtained using the synchronous transit-guided quasi-
Newton method?®

Results and Discussion

experimental spectra. Normal coordinate analyses were under- Geometries and EnergiesThe conformationally relevant
taken in the internal coordinates space as described by Schachtinternal rotational axis in both PA and INA is defined by the

schneidef? using the program BALGA and the optimized 0O;5=C;;—C,_N; dihedral angle. Table 1 displays the calculated
geometries and harmonic force constants resulting from therelative energies (including zero-point energy corrections) of
DFT(B3LYP)/6-311+G(d,p) calculations. Potential energy the conformers, obtained at both the B3LYP/6-311G(d,p)
profiles for internal rotation were calculated performing a and MP2/6-31G(d,p) levels of theory. The optimized geometrical
relaxed scan on the PES along the relevant reaction coordinatesparameters for all the structures are provided as Supporting
and the transition-state structures for conformational intercon- Information (SI) Tables S1 and S2.
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(B_3I__YP)/6-311-|-~I—G(d,p) Iev_eI of calculation, tV\_’O different Figure 3. Infrared spectra of PA trapped in argon and xenon matrixes
minimum energy conformations were found (Figure 1). The optained immediately after deposition at 10 and 20 K, respectively,
most stable form (conformer I) was predicted to be planar, and DFT(B3LYP)/6-313+G(d,p) calculated spectrum (scaled by
belonging to theCs point group and having the two nitrogen  0.978) for the most stable conformer (1) of the compound.

atoms in the syn periplanar geometry. This conformer is

stabilized by the presence of two intramolecular hydrogen bond- the highest energy conformer, since even if this form could be
type interactions (NHiz:*N;1 and G;=0;s:-H7;) and was produced in any way it would rapidly convert to the most stable
predicted by the DFT calculations to be more stable than the form. Energy barriers of this size have been shown to be easily

second conformer (conformer Il) by 37.1 kJ mb(35.7 kJ accessible even during deposition of cryogenic matrixes onto
mol~1 at the MP2/6-31G(d,p) level). Conformer Il is symmetry- cold substrates kept at a temperature of less than ¥0¥X.
degenerated (two equivalent forms) and belongs t&thmoint In the case of the INA, the carboxamide substituent is in the

group, with the @=C,;;—C,—N; dihedral angle equal t:44.5 y position of the pyridine ring. For this reason, the pyridinic
(£39.4, at the MP2 level) and the amide nitrogen atom nitrogen is too far from the carboxamide group and there is no
pyramidalized (the HN(—C)—H dihedral angle is calculated  possibility to be involved in any hydrogen bond. On the other
to be 153.1 and 142:8at DFT and MP2 levels of theory, hand, in the planar conformationsdivould be in close contact
respectively). to one of thed-hydrogen atoms of the aromatic ringgbir Ho;

The higher stability of conformer | is mainly due to the Figure 1), thus forcing the molecule to adopt a nonplanar
presence of the intramolecular hydrogen bonds establishedgeometry. In turn, the lack of planarity increases the distance
between N,-Hi3 and N, (H-bond distance: 2.26 pm) and between the carbonyl oxygen and the otfidrydrogen atom
between ¢=0;5 and H (2.51 pm). These two H-bonds (Hg or Hg), reducing the importance of the H-bond-like
stabilize the structure and force it to remain planar. In contrast, interaction between these atoms in comparison to what succeeds
conformer Il is nonplanar mainly due to the repulsion between in PA. Accordingly, the relevant €0:--H distances in INA
the Os and N, lone pairs and between;kland H; (Figure 1). and PA are predicted by the DFT calculations to be 2.55 and

The rotational barrier separating conformer Il from the 2.51 pm, respectively. On the whole, the absence of théiN
conformational ground state was predicted by the DFT calcula- --N intramolecular hydrogen bond, the reduction of strength of
tions as being only 1.2 kJ mdl (Figure 2A). Such a low barrier ~ the G=0-+-H stabilizing interaction, and the presence of the
is an additional factor leading to the practical unimportance of Hjz --H(ring) repulsive interaction in INA, as compared to the
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TABLE 2: Observed Frequencies for PA Monomer (Conformer 1) in Argon and Xenon Matrix?

approximate description calculated frequency intensity observed Ar (10 K) observed Xe (20 K)
v(NH)as 3638.5 90.9 3545.9 (M)/3542.5 (L) 3533.6/3529.6
v(NH2)s 3500.0 459 3415.2 (M)/3414.0 (L) 3403.2/3399.0
v(C—H)'1 3142.6 21 3082.4 3068.2
v(C—H)"1 3124.3 11.7 3073.9 3062.3
v(C—H)"2 3106.0 8.3 3064.9 3054.6
v(C—H)'2 3086.5 14.0 3018.6 3010.5
v(C=0) 1714.8 354.9 1723.7 (L)/1722.2 (M)/1720.1 (M)/ 1714.9/1713.5/1711.2

1718.8 (L)
vring 3 1593.1 131 1594.9 (M)/1589.5 (L) 1593.9/1586.2
vring 1 1575.6 24.2 1574.0 (L)/1572.5 (M) 1574.6/1571.6
O(NH>) 1553.4 220.2 1552.8 (L)/1550.9 (M) 1547.5
o(C—H)'2 1465.2 8.1 1472.9/1469.3/1462.4 1472.8/1469.3/1463.6
O(C—H)"1 1434.1 6.0 1443.6 (M)/1442.4 (L) 1441.4
v(C—N) 1345.4 145.6 1366.0/1365.1 1369.6/1365.2
o(C—H)'1 1288.9 7.7 1292.0 (L)/1291.0 (M) 1293.6/1289.6
vring 2 1266.1 18.0 1249.9 (M)/1248.4 (L) 1256.3/1251.4
vring 5 1149.3 8.7 1157.9 1160.4
O(C—H)"2 1143.8 47 1143.9 1149.7/1142.6
vring 6 1089.2 5.3 1084.0 1084.2
W(NH,) 1067.1 0.7 1054.3 1045.2
vring 4 1038.3 9.5 1042.5 1039.6
y(C—H)'2 1000.7 0.3 not observed 1001.7
oring 1 994.5 7.2 999.1 998.9
y(C—H)"1 966.0 0.8 965.7 964.9
y(C—H)"2 907.7 1.0 930.6 (M)/924.1 (L)/907.1 (L) 933.6/903.6
y(C=0) 820.0 105 820.4/ 814.7/810.6 819.0/817.1
v(C—C) 762.3 0.8 768.4 770.1
y(C—H)'1 747.6 32.3 749.5 (L)/747.4 (M) 753.2/746.2
Tring 1 703.9 24.6 703.1 (L)/702.1 (M) 700.9
oring 2 628.5 1.0 624.4 622.2
7(C—N) 616.3 8.7 615.5 616.5/614.7/612.2
o(C=0) 601.7 24.4 606.1 (L)/604.7 (M)/602.8 (M)/600.8 (L) 607.2/603.9
6(C—C—N) 483.8 2.3 481.2 489.7
Tring 2 440.6 16.2 443.0/439.8 439.5/436.3
7ring 3 405.0 4.6 403.5 ~400
oring 3 370.7 0.5
y(NHp) 316.4 194.6
w(C—C) 215.4 17.7
y(C—-C) 152.3 21
7(C—C) 72.7 3.2

aB3LYP/6-31H+G(d,p) calculated frequencies (scaled by 0.978) and intensities are given for comparison. Frequenciés ¢alcnated

intensities in km mol®. v, bond stretchingd, bending;y, rocking;z, torsion; w, wagging; s, symmetric; as, asymmetric; M, most stable site; L,
less stable site. In the-€H stretching region, the observed spectra show bands of very low intensity, so that the proposed assignments must be
considered tentative.

most stable conformer of PA, make the first molecule to be  Vibrational Spectra. IR Spectra of the As-Deposited Ma-
higher in energy than the latter by 26.2 kJ mbollt is worth trixes. Both PA and INA have 39 fundamental vibrations, all
mentioning that, as expected on the basis of the abovebeing active in the infrared. Table S3 displays the definition of
considerations, DFT calculations undertaken at the same levelsymmetry coordinates of PA used in the normal coordinates
of theory predicted the lowest energy conformer of NA as analysis undertaken in this study. The DFT calculated spectra
having an energy similar to that of INA and considerably higher for the two conformers of PA and potential energy distributions
than that of the most stable form of PAEna-pa) =229k (PED) are given in Tables S4 and S5. Table S6 shows the chosen
mol ™). . } . . symmetry coordinates for INA, and Table S7 presents the

The DFT potential energy profile for internal rotation about  ¢3icyjated spectra and PEDs for this molecule. The proposed
the G,—C, bond of INA is depicted in Figure 2B. Four  panq assignments for the IR spectra of the two studied
equivalent-by-symmetry minima are observed, being separatedyqmh6nds isolated in argon and xenon matrixes are given in
from each other by barriers of 11.3 and 1.3 kJ Moln the Tables 2 and 3.

minimum energy configurations, the planes of the carboxamide . . )
9y g P Figures 3 and 4 depict the as-deposited spectra of PA and

group and pyridine ring make an angle of Z3(DFT value; . . . .
25.1° at the MP2 level), and the aromatic ring is nearly planar INA, respectively, trapped in argon and xenon matrixes obtained

(deviations from planarity of the dihedral angles associated with immediately after deposition at 10 and 20 K and the relevant
the ring are less than®3Table S2), while the amide nitrogen calculated spectra. In the case of PA, only the most stable
atom is predicted to be somewhat pyramidalized (theNf— conformer (I) was taken into consideration because the popula-
C)—H dihedral angle is predicted by the DFT and MP2 tion of the higher energy conformer was predicted by the
calculations to be 157.2 and 148.fespectively). It is interesting  calculations to be negligible<0.0001% at 323 K, the temper-
that the calculated angle between the carboxamide and theature of the valve nozzle during deposition). As seen in Figure
pyridine ring in the isolated molecule of INA is similar to those 3, the calculated spectrum for conformer | fits nicely with the
found in the known crystalline modifications of the compound experimental one, making the assignment of the bands straight-
(30.5 in crystal | and 25.4 and 2420n crystal I1L7). forward. The calculated spectrum for the stable structure of INA
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TABLE 3: Observed Frequencies for the INA Monomer in Argon and Xenon Matrix?

approximate description calculated frequency intensity observed Ar (10 K) observed Xe (20 K)
v(NH)as 3632.1 435 3558.2/3556.4/3552.2/3551.2 3540.2/3534.0
v(NH2)s 3508.7 46.6 3443.3/3438.4/3436.9/3435.2 3427.3/3422.6/3419.0
v(C—H)"1 3135.2 2.3 not observed not observed
v(C—H)"2 3112.3 9.4 3084.5 3073.1
v(C—H)'1 3088.6 135 3056.8 3069.2
v(C—H)'2 3082.7 18.9 3040.8 3055.8
v(C=0) 17141 331.6 1719.8/1718.0/1717.0/1716.2/1715.4 1711.0/1709.3/1707.9
vring 3 1597.1 2.0 1588.6 1585.6
O(NHy) 1583.6 141.4 1580.6 1577.8/1570.8
vring 5 1562.0 38.2 1565.3 1558.6
vring 6 1487.3 1.2 1507.0 not observed
o(C—H)'1 1406.5 22.6 1410.1/1406.9 1407.3
v(C—N) 1331.7 195.5 1355.2 1359.7
O(C—H)"2 1317.7 38.3 1323.3 1320.4
vring 2 1248.8 5.8 1239.4 1227.1
o(C—H)'2 12155 1.4 1207.8 1203.4
oring 1 1123.9 4.4 1133.9 1141.6
vring 4 1088.7 0.8 1097.0 1096.5
o(C—H)"1 1065.8 5.4 1065.8 1068.5
W(NH,) 1058.2 5.3 1063.2 1064.6
vring 1 989.1 3.2 993.7 992.7
y(C—H)"2 984.7 0.9 990.2 not observed
y(C—H)"1 960.6 0.4 not observed not observed
y(C—H)'1 874.9 2.6 873.6 872.1
y(C—H)'2 838.5 14.8 838.5 843.4/839.8
Tring 1 753.9 17.9 750.4 754.0/751.4
r(C—-C) 749.9 3.2 747.9 748.1
y(C=0) 707.9 30.1 703.4 710.7/706.6/702.3
oring 3 666.5 0.9 680.1 651.7
0(C=0) 604.0 34.0 605.4/603.4 606.8
7(C—N) 550.2 7.8 544.8/541.4 532.4
0(C—C—N) 500.6 5.9 502.6/497.6 497.9
7ring 3 404.8 21.9 418.0 416.8
Tring 2 377.1 0.1
oring 2 359.6 6.0
y(NHy) 3335 170.7
w(C—-C) 206.9 10.6
y(C—C) 146.3 4.8
7(C-C) 55.2 7.3

aB3LYP/6-31H-+G(d,p) calculated frequencies (scaled by 0.978) and intensities are given for comparison. Frequenciés dalcaated
intensities in km mol®. v, bond stretchingd, bending;y, rocking; z, torsion; w, wagging; s, symmetric; as, asymmetric; M, most stable site; L,
less stable site. In the-€H stretching region, the observed spectra show bands of very low intensity, so that the proposed assignments must be
considered tentative.

shows also a very good agreement with the experimental stability of the different sites seems to be similabith argon
spectrum (Figure 4). and xenon matrixes, at least taking into consideration the results
The experimental data revealed that the PA molecule occupiesof the annealing experiments, which did not reveal any
two main distinct matrix sites in argon matrix, one of them being dependence of aggregation with the initially occupied site.
considerably more stable than the other. This could be clearly It is interesting that the observed vibrational spectra for PA
seen during the performed annealing experiments, in which and INA provide clear information on the main structural
aggregation was observed to proceed differently depending ondifference between these two compounds, as mentioned before,
the specific matrix site initially occupied by the PA monomers. the NH,---N(ring) interaction, which is only present in PA. In
Indeed, upon annealing of the argon matrix the IR bands fact, as expected, theNH, vibrations (both symmetric and
associated with the most stable matrix site practically did not antisymmetric modes) were observed at lower frequencies in
decrease in intensity until a temperature of ca. 40 K was reached pA, while thevyC—N, wNH,, andzC—N modes absorb at higher
while those corresponding to the less stable site started to losefrequencies in this molecule, comparatively to INA. All these
intensity at a temperature as low as 24 K (Figure 5). At 36 K, trends are in agreement with the electronic charge migration
the bands related to the less stable site have almost disappearegiom the N12—H13) bond to the intramolecular H-bond in PA
whereas those related to the most stable site have kept theifthus the frequencies of the\H, vibrations decrease), which
intensity practically unchanged. is partially compensated by the increase in the electronic density
In the xenon matrix, PA also occupies two main sites (Table of the Gi11y~N(12)bond ¢C—N frequency increases), and with
2), but these seem to have very similar energies, since uponthe increase in the rigidity of the molecule toward deformation
annealing of this matrix the observed aggregation was found to of the H13—N@2—C1—C)—N() intramolecularly H-bonded
be independent of the site initially occupied by the PA five-membered ring (then, wNHandzC—N modes increase in
monomers. frequency). The calculated relative frequencies for{t-C)
Some of the bands observed in the spectra of INA also exhibit vibration (not accessible experimentally under the present
splitting that, with all probability, is also due to the existence experimental conditions) in the two molecules are also in
of different occupancy sites. However, for this molecule the agreement with an increased rigidity of th@ 4N 12)—Cp1)—
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glassy state resulting from fast deposition of the vapor of the
C—Nq) fragment in PA §(C—C): 72.7 cn1] compared to substance onto the cold substrate of the cryostat kept at 10 K
INA [7(C—C): 55.2 cn1l], as are the barriers to amide rotational during deposition and the crystal obtained upon annealing of
barriers obtained previously for the two compounds by NMR the glass were characterized spectroscopically. The obtained
(AH = 76.6 and 59.0 kJ mol, for Pa and INA, respec-  spectra are shown in Figures 6 and 7, and the assignments are
tively1-13, Regarding these trends, only the relative frequencies given in Tables 4 and 5. The interpretation of the IR spectra of
of the dNH,; mode in PA and INA appear to be opposite of the the solid-state phases took advantage of the spectroscopic data
expectations, with that of PA appearing at a lower value than now obtained for the matrix-isolated compounds and from our
that of INA (Tables 2 and 3). This apparent discrepancy, accumulated experience regarding the main changes in the
however, shall result from the fact that in PA the Ngtoup is spectra associated with the change from the matrix environment
planar, while in INA it is, as mentioned before, somewhat to the neat solid phases, in particular those determined by
pyramidalized [it is well known, for instance, th&H, occurs H-bond interactions in the latté#. 48
at higher frequencies in primary amines (ca. 160850 cn1?) In Tables 4 and 5, the frequency shifts in going from the
than in amides (ca. 15441600)]. spectra of matrix-isolated PA and INA to the spectra of the
Neat Solid-State Vibrational Spectra of PA and INXs compounds in the crystalline phase at low temperature are
mentioned in the Introduction, the IR spectra of PA and INA presented. It is clear from these results that the frequencies of
have been studied previously in the neat solid state (nonchar-the modes localized in the aromatic ring practically do not
acterized crystal modifications in KBr pellets at room temper- change (absolute shifts less than 207 shifts less than
ature, in some cases supported by theoretical calculations 0f2%). On the other hand, those associated with the amide group
the spectra of the single molectie!>19. In the present study,  change considerably, reflecting the involvement of this group
in addition to the IR spectra of the phaseof each com- in H-bond interactions in the crystal. Accordingly, the bands
pound®17 Jow-temperature neat solid-state IR spectra of PA due to the NHand G=0 stretching modes show the usual shift
and INA were investigated. For the two compounds, both the to lower frequencies (accompanied by extensive broadening and
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Figure 6. Infrared spectra of PA in the glassy state resulting from Figure 7. Infrared spectra of INA in the glassy state resulting from
fast deposition of the vapor of the compound onto the cryostat's cold fast deposition of the vapor of the compound onto the cryostat's cold
substrate at 10 K (bottom), in the crystalline state resulting from substrate at 10 K (bottom), in the crystalline state resulting from

annealing of the glassy film up 6= 280 K (mid), and in the room-  annealing of the glassy film to 280 K and recooling it to 10 K (mid),
temperature crystalline phase in KBr pellet (top). and in the room-temperature crystalline phase in KBr pellet (top).

intensification), while thedNH,, WNH,, yNH,, yC=0, 6C= compound relative to the different phases (glass, low-temper-
0, andzC—N deformational modes shift to higher frequencies, ature crystal, and room-temperature crystal), the following
as expected taking into consideration the increase in the rigidity conclusions can be drawn:

of the molecule toward deformation due to the H-bonding. The (&) The intermolecular H-bonds in INA are stronger than those
observed increase in the-®l stretching frequency (Tables 4 N PA (frequency shifts in theNH, region are-110 and—190

and 5) could also be anticipated since the involvement of the CM * for PA and—254 and—388 cn1* for INA; in the 7C—N
amide group in intermolecular H-bonding in the neat solid state, @1dYNHz region, 171 and 271 cm for PA and 286 and 316

Y . . )
and the associated decrease in the electronic density in-tfé N cf:n flor_INA, Tla_bles 4 andf 5)h' This result agr((eiis \r/]vell W.'th
bonds it implies, induces a compensatory increase in theié_ﬁ%ié ;ne gg\g p%'nfscéoé fe: t\l/v’\(l)Acl:ompoun phases:
electronic density of the amide-€@N bond, thus leading to or an or ).

; . . (b) For both PA and INA, the most sensitive bands to
the observed shift to a higher frequency of th@-N vibra H-bonding are considerably broader in the glassy than those in

tion. ) . the crystalline states (this is particularly noticeable #6—N
Among the observed frequency shifts and band .proflle and yNH,, but it is also clearly evident in theNH, region;
changes, the most pronounced occur for the twa Biketching  Figures 6 and 7). This result agrees with the greater short-range
modes and for theC—N andyNH vibrations (Figures 6 and  heterogeneity of the glassy phase compared with the ordering
7 and Tables 4 and 5). The influence of the H-bonding of the crystalline phases. It is noteworthy that the bands due to
interactions in these two types of vibrations has in fact been the zC—N andyNH, modes are well visible in the spectra of
extensively studied in the past and is well known to be extremely the crystalline phases, whereas in the glassy state they give rise
important, the observed magnitude of the frequency shifts to the broad unstructured band observed in the spectra of both
reflecting the strength of the H-bongfs40.4244.4648 By compar- compounds that extend from ca. 900 to below 500%(Rigures
ing the results obtained for the two compounds and for each 6 and 7).
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TABLE 4: Observed Frequencies for the Neat PA Solid in the Glassy State Resulting from Fast Deposition of the Vapor of the
Compound onto the Cryostat’'s Cold Substrate at 10 K, in the Crystalline State Resulting from Annealing of the Glassy FilmT(
= 280 K), and in the Room-Temperature Crystalline Phase (in KBr Pellet)

approximate crystal glass crystal frequency shift
descriptiof (KBr pellet, room temp) (film, 10 K) (film, 280 K) (crystalline film at 280 K, Ar matrixd
v(NHz)as 3417/3385 3448/3392 3450/3435/3430/3420 —110
v(NHy)s 3271/3185 3304/3256/3188 3343/3276/3218/3171/3114 —190
»(C—H)'1 3079 not observed not observed —3d
v(C—H)"1 3061 3068 3060 —14
v(C—H)"2 3042 -5
»(C—H)'2 3016 3013 not observed —3d
v(C=0) 1662 1686 1679/1666 —49
vring 3 1587 1591 1591/1589 -2
vring 1 1568 1571 1570 -3
O(NHp) 1603~1583 ~1583 16121582 45
o(C—H)'2 1468 1471 1469 1
o(C—H)"1 1443 1446 1447/1442 2
v(C—N) 1406/1390 1397/1386 1415/1401/1395 38
o(C—H)'1 1284 1293 1293/1286 -2
vring 2 1253 1254 1257/1250 4
vring 5 1165 1165 1168/1163 8
o(C—H)"2 1143 1147 1153 9
vring 6 1096/1084 1097 1098/1091 11
W(NH) 1225 1224 1228/1222 171
vring 4 1043 1043 1049/1046 5
y(C—H)'2 not observed not observed not observed

oring 1 996 998 997 -2
y(C—H)"1 986 974 985 19
y(C—H)"2 909 911 907 -14
y(C=0) 826 824 827 12
v(C—-C) 770 not observed 764 —4
y(C—H)'1 756 752 756/753 6
Tring 1 694 685 696 -7
dring 2 649 644 644 20
7(C—N) 796 ~779 796/777 171
6(C=0) 610 615 617 13
6(C—C—N) 522 512 513 32
Tring 2

7ring 3

oring 3

y(NHp) 630 ~570 614/561 271
w(C—-C)

7(C-C)

7(C-C)

a Frequencies in cnt; calculated intensities in km mdi. v, bond stretchingy, bending;y, rocking;z, torsion; w, wagging; s, symmetric; as,
asymmetric® The order of the modes in this table was chosen to be the same as that in Table 2, for better comparison of the results obtained in
the neat solid phases and for the matrix isolated molecule (and also with the calculated frequeft@&equency shifts were calculated using
the average values of all bands assigned to a given mode, for features observed in both the crystalline state and in the matrix isolated compound.
4 Frequency for the crystalline state taken from the spectrum of the room-temperature crystal.

(c) Also for both compounds, the spectrum of the low- [B3LYP/6-311G++G(d,p)] frequencies for the photoproducts
temperature crystal clearly reveals the smaller mobility of the as well as with those previously reported for these compounds
molecules when compared with that of the room-temperature isolated in an argon matri®-52 Since the experiments carried
crystal. This reflects in the considerably smaller width of the out for PA in argon and xenon matrixes yielded essentially the
bands in the spectra obtained at low temperature. In turn, thissame results, the following discussion will focus on the results
leads to a higher intrinsic spectral resolution, allowing for obtained in argon.
observation of fine details of the spectra of the low-temperature  Observation in the spectra of the irradiated PA matrixes of
crystal, such as extensive band splitting, which correlates with the intense, broad, and structured new band at22000 cnt?
the complexity of the crystalline networks in the two mol- is a clear indication of the photoproduction of isocyanic acid

ecules!617 (HNCO) 950 which also gives rise to the bands observed at
UV-Induced Photochemistry for the Compounds in Matrixes. 3530/3527/3525, 3514, 3496, 777, and 569 &nBands at
Upon broad-band UV irradiationi(> 235 nm) of matrix- similar frequencies have been observed previously for HNCO

isolated monomeric PA, the spectrum of the compound rapidly isolated in argord?5° According to Teles et af® the bands at
lost intensity, while new bands due to photoproducts developed.3514 and 3496 cmi correspond to a Fermi doublet involving
The most prominent features of the photoproducts were observedcoupling of thevN—H stretching mode and the combination
in the 2300-2100 cnt?! spectral range, though other features vNCO as+ 0HNC + dNCO, while the triplet at slightly higher
could also been observed in both the low- and high-frequency frequencies correspondsitbl—H of rotating HNCO molecules
spectral regions, as shown in Figure 8. The proposed set of(fundamental vibrational transition coupled with the<1 0
photoinduced processes is depicted in Figure 9. The assignmentsotational transition). On the other hand, the 777 and 568'cm
of the new bands in the spectra of the irradiated matrixes are bands are due to thtHNC anddNCO modes, respectively. It
given in Table 6, where they are compared with the calculated is important to notice that the frequencies now observed for
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TABLE 5: Observed Frequencies for the Neat INA Solid in the Glassy State Resulting from Fast Deposition of the Vapor of
the Compound onto the Cryostat's Cold Substrate at 10 K, in the Crystalline State Resulting from Annealing of the Glassy
Film to 280 K and Recooling It to 10 K, and in the Room-Temperature Crystalline Phase (in KBr Pellet)

approximate crystal glass crystal frequency shift
descriptiofl (KBr pellet, room temp) (film, 10 K) (film, 10 K)°© (crystalline film at 10 K, Ar matrixj
v(NHp)as 3371/3300 3333 3330/3295/3275 —254
v(NH2)s 3189 3191 3070/3030 —388
v(C—H)"1 not observed not observed not observed

v(C—H)"2 not observed not observed not observed

v(C—H)'1 3078 3074 3077 20
v(C—H)'2 3065 3074 3065 24
v(C=0) 1667 1682 1687/1648 —50
vring 3 1594 1602 1603 14
O(NHy) 1625 1630 1620 39
vring 5 1551/1530 1556 1557/1552 -11
vring 6 1510/1498 1497 1495 —12
o(C—H)'1 1411 1415 1416/1414 6
v(C—N) 1395 1400 1408 53
o(C—H)"2 1325 1324 1326/1317 -2
vring 2 1215 1221 1229 —10
o(C—H)'2 not observed not observed not observed

oring 1 1121 1121 1130 —4
vring 4 1085 not observed 1089 -8
o(C—H)"1 1063 1065 1064 -2
W(NHy) 1148 1149 1151 88
vring 1 993 1002 1004 10
y(C—H)"2 not observed not observed 989 -1
y(C—H)"1 957 965 974/968 F0
y(C—H)'1 not observed not observed not observed

y(C—H)'2 853 853 856/853/851 15
Tring 1 756 757 763/761 12
v(C-C) not observed not observed 753 5
y(C=0) 706 722 723/711 14
oring 3 672 686 672/664 —12
0(C=0) 628 623 632/629 26
7(C—N) 798/778 ~790 829 286
6(C—C—N) 540/520 ~500(?) ~500(?) 0(?)
Tring 3

Tring 2

dring 2

y(NHp) 655 ~650 650 3186
w(C—-C)

7(C-C)

7(C-C)

a Frequencies in cnt; calculated intensities in km mdi. v, bond stretchingy, bending;y, rocking;z, torsion; w, wagging; s, symmetric; as,
asymmetric® The order of the modes in this table was chosen to be the same as that in Table 3, for better comparison of the results obtained in
the neat solid phases and for the matrix isolated molecule (and also with the calculated frequeficef)m with the glassy compound was first
annealed to 280 K and then recooled to 10°Khe frequency shifts were calculated using the average values of all bands assigned to a given
mode, for features observed in both the crystalline state and in the matrix isolated comfpOalwlilated (scaled) frequency was used as reference
value, in the absence of experimental data for the compound isolated in matrix.

the vibrations of HNCO are slightly different from those for cm™! (Figure 8)23 indicating that further processes took place
the well-isolated compound (Table 6), clearly indicating that upon irradiation of the matrix. In principle, there were two
the large majority of the HNCO molecules resulting from the possible sources for the observed CO: (a) direct decarbonylation
photolysis of PA cannot escape from the matrix cage where from PA, with simultaneous formation of 2-aminopyridine and
they are produced and are interacting with pyridine, which is (b) elimination of CO from isocyanic acid, leading also to the
formed together with HNCO (Figure 9). The extensive structure production of HN. Since no bands could be found in the spectra
observed in the band ascribed to #&CO vibrational mode of the irradiated matrix that could be assigned to 2-aminopy-
in the 2306-2200 cn1! region, otherwise a single broad bafid,  ridine (the IR spectrum of 2-aminopyridine was calculated at
is also in agreement with the involvement of HNCO in the B3LYP/G-31%+G(d,p) level of theory and used to check
associates with pyridine. for the presence of this compound in the irradiated matrix), the
Almost all bands expected for pyridine could be observed in direct decarbonylation of PA could be doubtlessly discarded as
the spectra of the PA-irradiated argon matrixes (Figure 8 and source of the observed CO. Hence, CO must result from
Table 6), confirming that this compound is produced together subsequent photoreactions of the initially formed isocyanic acid.
with HNCO in the photochemical reaction. Compared to that Also in agreement with this interpretation the growing of the
of the spectrum of the sole pyridine in argon mabfix? the bands assigned to isocyanic acid practically stops upon pro-
frequencies of the bands now observed in the photolyzed PAlonged irradiation of the matrix, indicating that this molecule
matrix spectra also appear slightly shifted due to the involvement should be involved in a secondary reaction.
of pyridine in associates with other photoproducts. The reactivity of isocyanic acid in low-temperature inert
Very interestingly, the spectra of the photolyzed matrix also matrixes upon UV photolysis has been studied in detail since
exhibit the characteristic band of carbon monoxide at ca. 2138 long ago3®545° and two main primary reaction channels have
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among the three isomers only the 2-substituted one undergoes
UV photolysis, yielding COt+ pyridine and reaction products.
Figure 10 shows the UV-visible spectra of PA and INA in
water solution at room temperature. As shown, the spectra of
the two compounds do not differ very much, in both cases
indicating that in the irradiation experiments undertaken in this
study for the matrix-isolated compounds excitation to the S
0.01+ co (w,7*) state has been carried out. Hence, only taking into

| consideration strict electronic characteristics of the two mol-
J J ecules it is difficult to explain its observed different reactivity
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> [ [ NH, amide group in PA (or, in the case of the pyridinecarbox-
3600 2400 2000 1600 1200 800 400 aldehydes, close to the aldehyde hydrogen atom in the most
stable conformer of 2-pyridinecarboxaldeh§Rjés essential to
Figure 8. (Bottom) Infrared difference spectrum [(irradiated matrix aCFlvate the molecul_e to photolytic transformations. In turn, this
by UV light; 2 > 235 nm; 2 min) minus (as-deposited matrix spectrum)] POINts to @ mechanism where the cleavage of theChond

of PA in an argon matrix. Assignments for the bands due to OCCUIS SlmU'taneou5|y with the H-atom transfer from the
photoproducts (pointing up) are given in Table 4. The intensity of the substituent to the nitrogen ring, followed by fast 1,2-hydrogen
spectrum of PA (pointing down) was reduced by a factor of 76%. (Top) shift from the nitrogen to thertho carbon atom, most probably
Simulation of the infrared difference spectrum shown in the bottom it pyridin-1-ium-2-ide as intermediate.

panel of the figure, based on the B3LYP/6-31ttG(d,p) calculated
spectra (wavenumbers scaled by 0.978) for PA (conformer I; bands
pointing down) and for its photoproducts (pyridine, HNCO, and
HOCN). The intensities of the individual spectra were multiplied by
different factors to obtain a better simulation of the experimental
difference spectra.

Wavenumbers/ cm’

Conclusions

Picolinamide was shown to possess two different energy
minima, but with only the most stable form presenting relevance
in practical terms due to the considerably large energy difference
been proposed: (i) HNC®> HN + CO and (ii) HNCO— H between the two conformers 85 kJ mot?). Isonicotinamide
+ NCO. Both channels allow for subsequent reactions to form was predicted to possess only one stable conformation. In
cyanic acid (HOCN). In consonance with these results, a detailedconsonance with the theoretical predictions, both PA and INA
examination of the spectra of the irradiated argon matrix of PA were found to exist in a single conformation in cryogenic rare
also revealed the presence of HOCN (Figure 8). This compoundgas matrixes. In argon matrix, PA was found to occupy two
gives rise to the bands observed at 3573, 2280 (high frequencydistinct matrix sites, which possess considerably different
shoulder of the most intense band ascribed totNEO as stabilities.
stretching of isocyanic acid), 1228, 1072, 504, and 464gm Full assignment of the spectra (in the 46@MO0 cn1?! spectral
which are in good agreement with both the theoretically obtained range) of the matrix-isolated compounds was undertaken,
frequencies and previously reported vibrational data for HOCN supported by the results of the theoretical [B3LYP/6-8315-
isolated in argon matrfR (Table 6). (d,p)] calculations. UVA > 235 nm) irradiation of the matrixes

Irradiation experiments undertaken using the same experi- showed that while INA is nonreactive, PA undergoes easy
mental procedures as those for PA were also carried out for photocleavage of the &—C1), with production of isocyanic
INA. However, for this compound, even after prolonged acid and pyridine, the first photoproduct further reacting to yield
irradiation (200 min) of the matrixes (both argon and xenon), CO + NH and cyanic acid. The different photochemical
no photoreactions could be observed. It is quite interesting to behavior of the two compounds was explained considering that
note that an identical behavior was previously found for the in PA the ring nitrogen atom in the ortho position to the amide
analogous pyridinecarboxaldehydes. Indeed, very recently, Ohnosubstituent facilitates the photochemical cleavage of th€C
et al® investigated the UV photolysis of matrix-isolated 2-, bond by accepting the amide H-atom that is expelled from the
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TABLE 6: Assignment of the Bands of the Photoproducts Resulting from UV £ > 235 nm) Irradiation of PA in an Argon

Matrix 2
calculated observed
approximate description frequency intensity sole isolated species photolyzed matrix (this study)
HNCO refs 49 and 50
3538 3530
v(N—H) 10 3534 3527
3530 3525
3517 3514
v(N—H) 0—0 3609 170 { 3506 3496
2266
2261
2250
v(NCO) as. 2288 783 2259 2245
2235
2230
2213
S(HNC) 747 199 770 777
o(NCO) 555 97 574 569
HOCN refs 49 and 50
v(O—H) 3690 160 3570 3573
(C—N) 2325 143 2286 2280
O6(COH) 1206 91 1228 1228
»(C-0) 1075 77 1081 1072
6(OCN) 501 3 n. obs. 504(?)
y(OCN) 443 15 n. obs. 464
pyridine refs 51 and 52
vring 1588 24 1584 1593
vring 1582 10 1580 1587
S(CH)[++0——]° 1477 2 1484 1476
OCH) [+ ———+]° 1438 27 1441 1452, 1447
O(CH) [+ ++++]° 1353 <1 n. obs. 1331(?)
O(CH)[+ -0+ —]b 1214 5 1219 1221
O(CH) [0+ — +0° 1144 2 1148 1128
»(C—N) as. 1064 5 1073 1058
o ring 1023 6 1032 1034
T ring 998 5 992 1004
y(CH)[+0—0+]° 934 <1 n. obs. 947(?)
Tring 741 12 744 736
y(CH) [+ + + + +]° 699 67 701 701
»(C—N) s. 603 4 602 616

a Frequencies in crit, calculated intensities in km n1dl v, bond stretchingy, bending,y, rocking,z, torsion, s, symmetric, as, asymmetric, n.
obs., not observed. Calculated data were obtained at the B3LYP/-8&1d,p) and scaled by 0.978Description of the vibration is given using

“+” and “—" signs as indication of the direction of the movement of the H atoms; a “0” means that the atom does not move; the sequence of

symbols starts in the H atom on carbon 2 and follows the usual atom numbering.

1.0+ PA (H,0O solution; 1.9x1 0* M)

'/£= 4210 M" cm

4 nm

265

0.8 1

0.6 4

Absorbance

E INA (H,0 solution; 1.4x10™ M)
N
047 B e=2142M" cm’”
N
\ /’"‘
024 “~--7
0.0

T T T T 1
320 340 360 380 400

A (nm)
Figure 10. UV —visible spectra of PA and INA in water solutions.

T T T T
240 260 280 300

amide group (to form isocyanic acid). Subsequent 1,2-migration
of this hydrogen atom leads to formation of the observed final
photoproduct: pyridine. The observed photochemical deami-

dation of PA, now described for the first time, might have
significance from the point of view of biological uses of the
compound.

The infrared spectra of both the low-temperature glassy state
and crystalline phase (resulting from the annealed glass) as well
as those of the room-temperature crystaphase) of the studied
compounds were also investigated, and the relevant spectral
parameters were correlated with intermolecular interactions
present in the condensed phases, in particular H-bond interac-
tions. These were found to be stronger in INA than those in
PA.
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