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In this study, the infrared spectrum of N-(2-oxo-2H-chromen-3-yl)acetamide (3-acetamidocoumarin;
3AC) isolated in solid argon, at 10 K, was obtained and assigned. In consonance with the relative energies
of the three conformers predicted theoretically, only the most stable form was observed experimentally.
This conformer is stabilized by two intramolecular hydrogen bonds and is similar to the structural unit of
3AC found in crystalline phase. Upon in situ UV (4 > 215 nm) irradiation of the matrix-isolated compound,
the characteristic IR intense band due to the antisymmetric stretching vibration of the ketene (—C=C=0)
group was observed, indicating occurrence of the ring-opening isomerization reaction to the open-ring
ketene isomeric of 3AC. In consonance with the theoretical structural predictions for the most stable iso-
mers of this photoproduct, the experimental data indicates that it is produced in the E arrangement of the
(0=)C—C=C—C(=C=0) fragment. There were also experimental indications pointing to occurrence of a
second photoreaction channel, corresponding to decarbonylation. On the other hand, contrarily to what
is generally observed for a-pyrones derivatives, including unsubstituted coumarin, no photochemical
production of Dewar isomer of 3AC was observed. This last result, follows the trend observed for 2-pyr-
one-3-carboxylate, and seems to be a quite general rule for matrix-isolated o-pyrones bearing relatively
volumous substituents at the position 3, as a consequence of the unfavorable relaxation of the matrix
around the guest molecule that would be required to accommodate the Dewar isomers of these com-
pounds, whose structure deviates strongly from planarity, thus mismatching the primarily occupied
matrix sites.
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1. Introduction

Coumarins are important natural occurring and synthetic com-
pounds which show several relevant applications. In particular,
they exhibit different biological activities, including anticoagu-
lant, spasmolytic, diuretic, anthelmintic and hypoglucemic actions
[1-8].

The properties of coumarins are in large extent determined by
their constituting o-pyrone unit, which has been shown to present
a very rich photochemistry [9-14]. In general, a-pyrones undergo
two main competitive photochemical reactions: ring-opening, lead-
ing to formation of the isomeric open-ring ketenes, and ring-con-
traction to the corresponding Dewar isomers [9-14]. However, the
precise photochemistry and relative importance of these two
photochannels is strongly dependent on the substituents present
in the heterocyclic ring. For example, it has been demonstrated that
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the Dewar isomer formation is much more effective for most of the
substituted derivatives, while the ring-opening photoreaction, lead-
ing to the isomeric ketene, proceeds easier for unsubstituted o-pyr-
one. The ring-opening reaction leading to the ketene* species is
believed [15,16] to originate from excited states with nt character,
whereas the process_ leading to formation of the Dewar isomers
should start from i states. In o-pyrones, the lowest excited sin-
glet state has nnt " character [17]. Hence, the nr -type photochemis-
try is favored for these compounds when they are free of any
substituents. On the other hand, conjugative type substitution W1th
groups such as —OH, —CHj3 or —OCHj, blue shifts the S; «+ Sg (nn )
transition and red-shifts the S, < Sp (TCTC ) transition [17,18], reduc-
ing the gap between the S; and S, states and favoring the process
leading to the Dewar formation. Note that the ring-opening reaction
in S is not a barrierless process [19,20] and some excess of excita-
tion energy is needed to promote the a-bond cleavage. Hence, this
process does not necessarily need to dominate, even though the
lowest of the exc1ted states isof nm’ character. If the energy gap be-
tween the nt_ and T’ states is not too large, the processes typical
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for mm photochemistry can compete with the a-bond cleavage or
even dominate. Isomerizations to the Dewar forms observed as
dominating processes for 4,6-dimethyl-o-pyrone, 4-hydroxy- and
4-methoxy-6-methyl-o-pyrones are good examples of such behav-
ior [9,10].

Very interestingly, for the matrix-isolated compounds, when
the substituent is a volumous group at the position 3 of the a-pyr-
one ring, the ring-contraction reaction becomes less easy and, at
least in some cases, it does not occur at all. This has been recently
observed for matrix-isolated 3-methyl coumalate, where only the
ring-opening reaction was observed [13,14]. On the other hand,
the 5-substituted analogue (5-methyl coumalate) shows the ex-
pected dominance of the Dewar isomerization process over the
ring-opening reaction, as found for the other substituted o.-pyrones
already studied.

Recently, we have described the photochemistry of matrix-iso-
lated coumarin [21]. This compound was shown to react according
to three main reaction channels, two of them corresponding to
those previously observed for matrix-isolated o-pyrones: (a)
decarboxylation to form bicyclo[4.2.0]octa-1,3,5,7-tetraene and
CO,, with the Dewar form of coumarin as intermediate; (b) isom-
erization leading to the conjugated ketene isomer. The third ob-
served reaction pathway, decarbonylation, with production of a
CO/benzofuran complex, follows the dominant UV-induced photo-
chemistry of coumarin in gas phase [22].

In the present study, we focused our attention on N-(2-oxo-2H-
chromen-3-yl)acetamide (3-acetamidocoumarin; 3AC. Scheme 1),
which is a substituted coumarin bearing a relatively volumous sub-
stituent at the position 3 of the a-pyrone ring. As it will be shown, for
this compound isolated in a cryogenic inert matrix the photochem-
ical channel leading to formation of the Dewar isomer is also closed.

2. Materials and methods
2.1. Experimental details

N-(2-0x0-2H-chromen-3-yl)acetamide (3-acetamidocoumarin;
3AC) was purchased from Sigma (purity 99%) and used without
any further purification. The infrared spectra were obtained using
a Mattson (Infinity 60AR Series) Fourier transform infrared spec-
trometer, equipped with a deuterated triglycine sulphate (DTGS)
detector and a KBr beamsplitter, with 0.5 cm™' spectral resolution.
Necessary modifications of the sample compartment of the spec-
trometer were done in order to accommodate the cryostat head
and allow purging of the instrument by a stream of dry nitrogen
to remove water vapors and CO,. A solid sample of 3AC was placed
in a specially designed mini-oven assembled within the cryostat
and sublimated by heating the compound to 125 °C. The vapor of
3AC was then codeposited together with large excess of the host
matrix gas (argon N60, from Air Liquide) onto a cold CsI window

Scheme 1. 3AC with atom numbering scheme adopted in this study.

(T =10 K) mounted on the tip of the cryostat. All experiments were
done on the basis of an APD Cryogenics close-cycle helium refrig-
eration system with a DE-202A expander. The matrices were irra-
diated through the outer quartz window of the cryostat, using a
200 W output power of a 500 W Hg(Xe) lamp (Oriel, Newport). Dif-
ferent cut-off filters were used: 1> 337, 315, 285, 235 nm and, fi-
nally, unfiltered radiation (1> 215 nm).

2.2. Computational methodology

The equilibrium geometries for 3AC and its photoproducts were
fully optimized at the DFT level of theory with the 6-311++G(d,p)
split valence triple-{ basis set. The DFT calculations were carried
out with the three-parameter B3LYP density functional, which in-
cludes Becke’s gradient exchange correction [23] and the Lee, Yang,
Parr correlation functional [24]. All calculations were carried out
using the Gaussian 03 program package [25].

Vibrational spectra were calculated at the same level of theory.
Transformations of the Cartesian force constants to molecule-fixed
symmetry adjusted internal coordinates allowed the ordinary nor-
mal coordinate analysis to be performed as described by Schach-
tschneider [26]. The symmetry internal coordinates used in this
analysis were defined as recommended by Pulay et al. [27] and
are provided as Supplementary data (Table S1). Potential energy
distribution (PED) matrices [28] have been calculated and the
elements of these matrices greater than 10% were used to charac-
terize the different vibrations in terms of the chosen symmetry
coordinates.

3. Results and discussion
3.1. Geometries and energies

Isolated molecule of 3AC has never been studied previously
either experimentally or theoretically. To the best of our knowl-
edge, only two reports appeared previously on this compound.
The first one is a 'H and '3C NMR study, which provides chemical
shifts for 3AC in DMSO-d; solution at room temperature, and sug-
gests that the compound should exist under those experimental
conditions predominantly in a conformation where the two car-
bonyl groups are anti to each other [29]. The second study [30]
considered the room temperature crystalline phase of the com-
pound. The crystals were found to be monoclinic (a=10.0907,
b=4.8785, c=19.096 A), space group P2(1)/c, with 4 molecules
per unit cell. In the crystal, the molecules exhibit a conformation
where the two carbonyl groups are anti to each other and are inter-
acting by strong intermolecular N—H. ..O=C(ring) hydrogen bonds
forming anti-parallel dimers. The dimers are aligned forming twin-
columns through weak m-stacking interactions and weaker
C—H. ..O(ring) hydrogen bonds [30]. The common element to these
previous studies is the found preference for the molecule of 3AC to
assume a conformation where the two carbonyl groups are anti to
each other.

In the present study, we performed a detailed conformational
search on the B3LYP/6-311++G(d,p) potential energy surface of
the 3AC molecule. From this search, three different conformers
could be identified. These conformers are depicted in Fig. 1. Se-
lected geometrical parameters for these forms are provided as Sup-
plementary data (Table S2) where they are compared with those
obtained by X-ray [29] and also with those calculated at the same
level of theory for the parent compound, coumarin [21].

According to the calculations, the most stable conformer of 3AC
corresponds to the structure observed in the crystalline state [29].
For the isolated molecule, two intramolecular hydrogen bonds char-
acterize this conformer, the first established between the NH group
and the a-pyrone ring carbonyl oxygen atom (with the NH. . .O dis-
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Fig. 1. Conformers of 3AC and their relative energies (with zero-point vibrational
corrections), as calculated at the DFT(B3LYP)/6-311++G(d,p) level of theory.

tance and /N—H...0 angle equal to 2.186 A and 107.8°, respec-
tively), and the second between the C4—H and the amide oxygen
(C4H.. .0, 2.242 A; C4—H...0, 116.8°). These two intramolecular
hydrogen bonds strongly stabilize this conformer, which is pre-
dicted to be more stable than the conformers II and 11l by 27.4 and
37.9 k] mol ™}, respectively (zero-point energy corrected energy dif-
ferences). In conformer II, the NH...O hydrogen bond is kept
(NH...0,2.167 A; zN—H.. .0, 108.1°), but the second H-bond inter-
action is replaced by a repulsive interaction between the methyl
group and the hydrogen atom bound to C4 (see Fig. 1), whereas in
conformer III no intramolecular hydrogen bonds are present.

The presence of the two H-bonds in conformer I is clearly re-
vealed by the relative values of the C=0 bond lengths calculated
for the different conformers (C2=0: 1.210A in I and 1.207 A in II,
where the hydrogen bond are present, and 1.201 A in form III,
where it does not exist; C19=0: 1.219 A in I, vs. 1.216 A in both
Il and III). It is also interesting to note that the presence of the
NH...O bond in conformers I and II of 3AC makes the O1—C2 bond
(o to the carbonyl) becoming much shorter than in unsubstituted
coumarin (1.365A vs. 1.396 A; in conformer III, this bond is
1.386 A, much closer to the value found in coumarin; Table S2),
since it leads to a more electronegative carbonyl carbon atom,
which then favors the electron delocalization from the O1 lone
electron pairs to the 01—C2 bond, increasing its double bond char-
acter. On the other hand, as it could be expected, the 01—C6 bond
length varies in the opposite direction, attaining its maximum va-
lue in 3AC form I (1.374A) and minimum value in coumarin
(1.365 A) (see Table S2).

The calculations predicted all the conformers to belong to the C;
point group, though the deviation of form I from Cs symmetry is
very small, corresponding only to a slight skewing (ca. 4°) of the
methyl group from the alignment with the molecular plane (Table
S2). A similar small geometric distortion in the CH;—C(=0) moiety
from the symmetric C; geometry was recently reported for hydrox-
yacetone [31]. As found for hydroxyacetone [31], the energy differ-
ence between the Cs structure and the two symmetrically
equivalent minima it separates stays below the zero-point vibra-
tional level of these later, which means that in practical terms
the relevant (most probable) structure is the symmetric one. In
conformers II and III, the planes of the coumarin and acetamide
fragments make angles (C4=C3—N12—C19) of 14.5° and 128.2°,

respectively. In conformer II, the deviation of the two fragments
from being in the same plane is essentially determined by the
repulsion between the methyl group and the hydrogen atom
bound to C4, while in form III it results mainly from the sterically
more relevant interaction between the methyl group and the o-
pyrone ring carbonyl group (see Fig. 1).

3.2. Infrared spectrum of the as-deposited matrix

Taking into consideration the predicted relative energies of the
3 conformers of 3AC, it can be easily estimated that conformer I ac-
counts for more than 99% of the total population in gas phase at
125 °C, the temperature of sublimation of the compound used to
prepare the matrices. Hence, this form can be expected to be the
sole form present in the as-deposited matrix. Fig. 2 shows the
infrared spectrum of the as-deposited 3AC in argon matrix, at
10K, and the B3LYP/6-311++G(d,p) predicted spectrum for con-
former I. The full set of calculated frequencies and infrared intensi-
ties and normal coordinate analysis results for the 3 conformers of
3AC are provided in the Supplementary data (Tables S3-S5). As it
can be seen in Fig. 2, the calculated spectrum of conformer I agrees
very well with the experimentally observed spectrum. The assign-
ment of the observed spectrum is given in Table 1. The following
observations deserve further discussion:

(a) The experimental spectrum reveals existence of multiple
trapping sites of the 3AC molecule in the matrix. This can be ob-
served in all spectral regions, but it is very clearly evidenced, for in-
stance, in the N—H and C=0 stretching regions, around 3400 cm™!
and in the 1750-1700 cm™! range (Fig. 2 A and B). Multiple matrix
trapping sites are commonly observed for heterocyclic compounds
[32,33] and they were found to be particularly numerous for mol-
ecules containing the o-pyrone moiety, including coumarin itself
[21]. Explanation for this fact is certainly out of the scope of this
study, but appears as an interesting question that might eventually
be successfully addressed by using appropriate theoretical ap-
proaches (e.g., molecular dynamics).

(b) According to the theoretical data, one can expected to ob-
serve two intense bands in the 1375-1355cm™! spectral range.
The highest frequency band should correspond to the symmetric
methyl bending mode and have an intensity less than half of that
of the lowest frequency band, which should correspond to a vibra-
tion with the largest contribution located in the § (C4—H) oscillator
(see Table 1). On the other hand, the relative intensities of the ob-
served bands in the same spectral range (ca. 1372 and 1358 cm ™ ')
appear with the opposite relative intensities (Fig. 2). Similar situa-
tions involving vibrations mainly localized in the C4—H bond can
also be noticed in the 1205-1160 cm ™' and 925-910 cm ™! spectral
ranges (see Table 1). As mentioned before, in the experimentally
relevant conformer of 3AC (conformer I) the C4—H bond is in-
volved in an intramolecular H-bond. The observed inconsistencies
can then be correlated with the expected greater sensitivity of the
vibrations associated with the H-bond interacting groups to media
effects. The assignments for these bands proposed in Table 1 were
based on the relative intensities of the bands.

(c) The predicted position for the vN—H stretching band is ca.
3500 cm™! (scaled value). However, the corresponding experimen-
tal band is observed at a considerably lower frequency
(~3400 cm™1). This is an indication that the calculations underesti-
mate in some extent the strength of the NH...O intramolecular
hydrogen bond. Taking this into consideration, one can expect that
the frequency of the YN—H rocking mode is underestimated by the
calculations, since this mode is also well known to be very sensitive
to the H-bond strength, increasing its frequency with the strength of
the hydrogen bond [34-36]. Indeed, the calculations predict the
yN—H rocking mode at 670 cm ™', while the band in the experimen-
tal spectrum ascribable to this vibration is observed at 778 cm™!.
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Fig. 2. Experimental (as-deposited argon matrix; 10 K) and calculated spectrum of 3AC in different spectral regions: (A) 3600-2900 cm™'; (B) 1800-1300 cm™'; (C) 1300-
1100 and 1050-400 cm ™. The calculated frequencies were scaled by 0.987; the spectrum was then simulated by Gaussian functions (with 4 cm~! halfband width) centred at

the calculated scaled frequencies.

Note that the assignment of the 778 cm™! experimental band to the
YN—H rocking mode was also facilitated by the fact that no other
band is predicted by the calculations to occur at this frequency
(see Fig. 2).

3.3. Photochemical experiments

As mentioned in Section 1, the o-pyrone moiety has been
shown to exhibit an interesting photochemistry [9-14], with both

the ring-opening (to isomeric ketene) and ring-contracting (to De-
war isomer) reactions being generally observed and their relative
importance being influenced by the substituents present in the
heterocyclic ring. An interesting point was the observation that
the presence of a volumous group at the position 3 of the o-pyrone
ring strongly reduces the importance of the ring-contraction reac-
tion for the matrix-isolated compounds, in view of the energeti-
cally demanding reorganization of the matrix host atoms that
would be required to accommodate the newly formed strongly
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Table 1

Observed infrared frequencies and intensities of 3AC in argon matrix and B3LYP/6-311++G(d,p) calculated spectrum and potential energy distributions (PED) for conformer 1%

Observed Calculated PED?

Freq. Int.” Freq.© Int.

3417.9 106.9 3492.3 76.3 v(NH)(100)

3408.3

3405.3

3401.6

3154.8 34 v(C4—H)(100)

3133.4 49 V(C7—H)(72) + v(C8—H)(21)

3122.9 11.8 V(C8—H)(57) + v(C4—H)(19) + v(C9—H)(15)
31115 48 V(C8—H)(54) + v(C10—H)(36)

3102.1 0.7 V(C10—H)(49) + v(C9—H)(34) + v(C8—H)(16)
3056.2 113 V(CH3),5(90) + v(CH3)' 5(10)

3046.4 438 V(CHs3Y 25(90) + v(CH3)25(10)

2978.9 5.9 v(CH3)5(100)

1733.8 381.9 1728.7 4815 W(C2=0)(79)

1729.6 }

1719.4 438.4 1703.8 361.9 ¥(C19=0)(76)

1713.9 }

1709.7

1636.7 36.7 1629.1 32.1 ¥(C3=C4)(51)

1607.7 Overlap with H,0 1607.9 35.6 V(C7—C6)(18) + v(C10=C9)(18) + v(C10—C5)(12) + v(C8=C7)(12)

n.o. 1568.0 3.1 V(C5=C6)(18) + v(C9—C8)(18) + v(C8=C7)(14) + 5(C8—H)(10)

1527.2 585.9 1514.6 635.0 S(NH)(50) + (N—C19)(13)

1517.5 T

1514.5

1488.0 98.9 1479.7 91.4 5(C10—H)(16) + (C7T—H)(14) + v(C5=C6)(12) + 5(CO—H)(11)

1463.8 17.4 1456.0 245 5(CHs) a5 (50) + 3(CH3)as(25)

1460.8 30.8 1452.7 255 5(C8—H)(22) + §(C9—H)(17) +1(C10=C9)(11) + v(C7—C6)(11)

1428.8 14.8 1438.7 8.7 3(CH3)as(59) + 8(CH3 Y 25(29)

1376.9 } 130.1 1353.6 175.7 5(C4—H)(24) + v(C4—C5)(14)

1372.1

1358.2 164.2 1371.7 68.4 J(CH3)(86)

1350.4 }

1326.8 7.6 1330.2 49 W(C10=C9)(19) + v(C8=C7)(17) + v(C5=C6)(17) + v(C9—C8)(10)

1296.1 36.1 1285.5 314 5(C7—H)(15) + o (C10—H)(12) + 5(C8—H)(10) + v(C2—C3)(10)

1262.8 29 1248.0 13.1 ¥(C4—C5)(20) + 5(C7—H)(15) + v(C7—C6)(12) + & ring2(11)

1244.7 173.4 12249 198.1 V(N—C19)(26) + (NH)(17)

1236.8 }

1228.4

1177.1 37.8 1204.0 116 V(C6—01)(26) + v(C10—C5)(14) + 5(C4—H)(11)

1203.6 8.8 1163.8 5.4 5 (C4—H)(27) + 8(C10—H)(12) + v(C3—N)(12)

n.o. 1149.0 1.6 5(C9—H)(27) + 5(C8—H)(16)

1148.7 90.5 11289 52.2 ¥(01—C2)(33)

1117.9 26.1 1107.6 35.8 V(C8=C7)(14) + 5(C8—H)(13) + 1(C10=C9)(13) + v(01—C2)(12)

1115.6 }

1036.5 7.0 1030.2 6.8 7(CHs)4s(72) + 7(C19—020)(19)

1030.0 1.0 1025.7 3.6 V(C9—C8)(43) + v(C8=C7)(14) + 5(C7—H)(13) + v(C10=C9)(12)
997.2 14.0 997.5 15.6 7(CH3)(50) + v(C21—C19)(16)

n.o. 963.3 0.1 P(C9—H)(51) + p(C8—H)(42) + y(C10—H)(20) + y(C7—H)(10)
9453 10.3 940.5 12.7 P(C10—H)(33) + 7(C7—H)(30) + y(C8—H)(23) + y(C4—H)(18)
941.8 14.0 934.7 16.4 V(N—C19)(26) + 7(CHs)s (12) + 6 ring 2(10) + v(C6—C7)(10)
915.2 16.8 919.6 17.8 7(C4—H)(86)

912.7 }

911.5

923.2 4.1 912.2 4.7 d ring 2(35) + 6 ring 1(13)

898.5 2.1 885.8 33 W(C21—C19)(15) + 6 ring 2(13) + W(01—C2)(11)
854.2 1.6 847.6 1.6 P(C7—H)(44) + 7(C10—H)(35) + 7(C9—H)(10)

n.o. 754.9 0.3 7(C2=0)(68) + (C3—N)(21)

756.7 69.2 749.1 87.7 P(C9—H)(29) + P(C8—H)(26) + P(C10—H)(14) + y(C7—H)(12)
753.6 }
752.1

n.o. 742.7 0.9 V(C5=C6)(19) + & ring 2/(13) + v(C21—C19)(11)

n.o. 709.8 0.02 T ring 2(88) + t ring 1(14)

n.o. 706.4 1.0 & ring 1(32) + 6 ring 2"'(15)

778.0 113 669.6 335 P(NH)(79) + p(C19=0)(18)

651.1 Overlap with CO, 632.1 12 J ring 2'(28) + 5(C2=0)(23) + & ring 1(10)

601.6 222 592.5 20.0 5 ring 1/(23) + 8(C19=0)(16) + v(C2—C3)(14) + 5 ring 2/(10)
580.3 ], 32.6 587.5 29.8 7(€19=0)(58) + p(NH)(27) + 7(CH3)(13)

578.1

568.5 55 565.5 6.3 5 ring 2/(25) + 6 ring2’(22) + 8(C2=0)(14)

n.o. 0.0 536.3 0.3 7 ring 2”/(52) + 7 ring 1(26) + 7 ring 2(22)

493.7 242 485.4 274 3(C19=0)(30) + & ring 1”(20) + 5(C21—C19—N)(15) + 5 ring 1/(10)
464.7 1.8 460.1 5.3 T ring 2'(54) + T Butterfly(35)
4497 16 4445 2.6 o ring 1/(26) + 6 ring 17(23) + v(C6—01)(12) + & ring 2/(11)

3 Frequencies in cm™!, calculated intensities in km mol~'. v, bond stretching; 4, bending; y, rocking; t torsion; s, symmetric; as, anti-symmetric; n.o., not observed. See Table
S1 for definition of symmetry coordinates.

b Experimental intensities given were obtained by normalizing the observed relative absorbances in such a way that the total intensity of the observed bands is equal to the
total intensity of the calculated bands having an experimental counterpart.

¢ Theoretical positions of absorption bands were uniformely scaled by 0.978. The full calculated spectrum and results of normal coordinate analysis are presented in the
Supplementary data Table S3.

4 PED's lower than 10% are not included.
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non-planar Dewar species [13,14]. Since 3AC is a molecule bearing
a relatively volumous substituent at the position 3 of the a-pyrone
ring, the photochemical ring-contraction reaction could be ex-
pected not to take place easily for the matrix-isolated compound.
Another interesting a priori question related with the possibility
or not of 3AC also undergo decarbonylation reaction in a similar
way to what was observed for coumarin [21]. Furthermore, there
was also the question of the photochemical stability of the amide
moiety under the present experimental conditions. Lundell et al.
[37] reported the first photolysis experiments of formamide in
both argon and xenon matrices through irradiation with an exci-
mer laser operating at 193 nm (ArF), and observed two major
channels, leading to the formation of CO and HNCO, complexed
with NH3; and H,, respectively. The vacuum UV photolysis
(2>160nm) of acetamide was also studied at low temperature
(in argon matrix) by Duvernay et al. [38], which found HNCO:CH,
and CO:CH3NH, molecular complexes as main products, together
with acetimidic acid.

The irradiation experiments performed in the present study
used a similar approach to that used in our previous study of cou-
marin [21]. In particular, different cut-off filters were used: 1 > 337,
315, 285, 235 nm and, finally, unfiltered radiation (2 > 215 nm). No
changes in the spectra were observed upon irradiation with the fil-
tered light. On the other hand, unfiltered irradiation led to appear-
ance of new bands growing in the 2150-2125 cm™! region. Fig. 3
shows the 2200-1650 cm™! range of the spectra of the as-depos-
ited and irradiated (/4 > 215 nm; 215 min.) matrix of 3AC, showing
the appearance of the bands due to photoproducts and consump-
tion of the bands of the reactant. This figure also presents data
we previously obtained for unsubstituted coumarin subjected to
identical irradiation experiments, for comparison.

The first conclusion that can be extracted from this figure is
that, as found for coumarin, upon photolysis with 2> 215 nm ma-
trix-isolated 3AC undergoes a ring-opening Norrish type I a-cleav-
age to its isomeric ketene. Indeed, the band observed in the spectra
of the irradiated matrix at 2138 cm™! can be assigned to the
vC=C=0 anti-symmetric stretching mode of the ketene in a geom-
etry with the (0=)C—C=C—C(=C=0) fragment in the E conforma-
tion. This is exactly the frequency for the same vibration observed
in the spectra of the irradiated matrix of coumarin, whose assign-
ment has been discussed in detail in Ref. [21]. Very interestingly,
the band at 2120 cm™' observed in the spectra of the irradiated
matrix of coumarin (see Fig. 3) and assigned to the Z isomers of
the ketene [21], has no equivalent in the case of 3AC, as it could
be expected taking into account that all the low energy
(AE<49kJmol~!) conformers of the 3AC ketene have an E
arrangement of the (0=)C—C=C—C(=C=0) fragment, because in
the Z forms a strong steric repulsion between the acetamido-ke-
tene substituent and the carbonyl group of the ketene ring exists
(see Fig. 4, where the geometries and relative energies of the most
stable forms of the 3AC ketene isomer are shown).

The second observation is that CO is also produced in the
photolysis of 3AC. In fact, like for coumarin, we can expect decarb-
onylation reaction to take place in 3AC, to give rise to the corre-
sponding substituted benzofuran. In addition, once produced the
benzofuran shall form a complex with the extruded CO in the
matrix cage initially occupied by the reactant molecule. In this
complex, the relative orientation of the CO molecule with respect
to benzofuran may be different and the shoulders observed at
2146 and 2142 cm™! (Fig. 3) are with all probability due to these
species. Indeed, these shoulders appear at the same positions of
the small bands previously [21] assigned to the benzofuran/CO
complexes obtained from photolysis of matrix-isolated coumarin
(see Fig. 3). Very unfortunately, the benzofuran moiety does not
give rise to any strong or medium intensity characteristic infrared
band that can be clearly visible in the spectra of the irradiated
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Fig. 3. 2200-1650 cm™' spectral region of the spectra of 3AC (bottom) and
coumarin (C; top) before (thin lines) and after (bold lines) UV irradiation
(#>215nm). For 3AC total time of irradiation was 215 min.; for coumarin,
90 min. The band marked with asterisk in the spectra of 3AC is due to an unknown
trace impurity. Kz and Kg) indicate bands due to ketene forms with the
(0=)C—C=C—C(=C=0) fragment in the Z and E conformation, respectively.
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Fig. 4. Lowest energy conformers of the isomeric ketene of 3AC, calculated at the
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(0=)C—C=C—C(=C=0) fragment in the E conformation, while conformer V
corresponds to the lowest energy conformer of the ketene possessing the Z
arrangement of the (0=)C—C=C—C(=C=0) fragment.
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matrix at the level of concentration resulting from the photoin-
duced reaction. Such observation would certainly strenghtened
the conclusion regarding occurrence of the decarbonylation photo-
process. Note that, on the other hand, the band centered at
2138 cm™! cannot be attributed to CO, even if a minor contribution
of this species to the total intensity of the band cannot be excluded,
since the carbon monoxide absorption is weak in infrared and, if all
area below the absorption band at 2138 cm~! would originate in
CO, this would require the amount of photoproduced CO molecules
to be more than three times the amount of consumed 3AC. On the
other hand, the ketene moiety gives rise to an extremely strong
infrared absorption (above 1000 km mol~!) in this region.

The third conclusion that can be extracted from Fig. 3 is related
with the relative facility of the two compounds (3AC and couma-
rin) to react under the experimental conditions used. For coumarin,
it was observed a decrease in the band intensities indicating that
38% of the initially present compound has already been consumed,
while only 21% of 3AC was transformed after 215 min. irradiation.
There are two main justifications for the smaller ability of 3AC to
react: (i) Firstly, the number of opened reaction photochannels is
different in 3AC and coumarin. In coumarin, besides the ring-open-
ing reaction to the ketene form and the decarbonylation reaction,
isomerization to the Dewar form was also observed, which after
decarboxylation led to the final observed product, a bicy-
clo[4.2.0]octa-1,3,5,7-tetraene/CO, complex [21]. On the other
hand, there are no indications in the spectra of the irradiated ma-
trix of 3AC of production of these species, a result that is also in
agreement with the fact that when the a-pyrone moiety has a vol-
umous substituent at the position 3, the ring-contraction photore-
action leading to the Dewar form is strongly unfavoured in low
temperature matrix [13,14]. (ii) Secondly, the ring-opening reac-
tion process can also be expected to be intrinsically less favored
in 3AC than in coumarin, due to the presence in the first molecule
of the amido substituent. As stated in Section 1 conjugative type
substitution in the o-pyrone ring, blue-shi*fts the S; «— So (nm )
transition and red-shifts the S, «+ Sq (mm ) transition [17,18],
reducing the gap between the S; and S, states and disfavoring
the process leading to the ketene formation relatively to that lead-
ing to isomerization to the Dewar form. So, in 3AC the ketene for-
mation channel can be expected to be less efficient, whereas by the
reasons already pointed out the channel leading to the Dewar form
is not active for the matrix-isolated reactant. In addition, there has
been noticed that the transition states for decarbonylation and ke-
tene formation for coumarin [21] are located very closely on the
potential energy surface which may imply the existence of an effi-
cient “cross-road” between the isomerization and decarbonylation
photochannels. It can be expected that a similar situation occurs
for 3AC, which could then also be a factor contributing to the smal-
ler reactivity found for 3AC when compared to coumarin.

4. Conclusions

In this study, the infrared spectrum of 3AC isolated in solid ar-
gon was recorded and assigned. Theoretical calculations predicted
the existence of three different conformers of 3AC. However, in
consonance with the theoretically estimated relative energies of
the conformers, only the most stable form was observed experi-
mentally. This conformer is stabilized by two intramolecular H-
bonds and similar to the structural unit found in crystalline 3AC
[30]. UV (4> 215 nm) irradiation of the matrix-isolated compound
was found to lead to isomerization of the compound to its open-
ring isomeric ketene. In consonance with the theoretical structural
predictions for the most stable isomers of this photoproduct, the
experimental data indicated that it is produced in the E arrange-
ment of the (0=)C—C=C—C(=C=0) fragment. There were also

experimental indications pointing to occurrence of photochemical
decarbonylation of 3AC, leading to formation of a benzofuran/CO
complex. On the other hand, no photochemical production of De-
war isomer of 3AC was observed, contrarily to what is generally
observed for o-pyrones derivatives, including unsubstituted cou-
marin. This later result, came in the line of the results obtained
for the methyl coumalates [13,14], and reinforced the idea that
the isomerization of matrix-isolated a-pyrones bearing relatively
volumous substituents at the position 3 to the corresponding De-
war form is a disfavored process. This can be interpreted as being
a consequence of the unfavorable relaxation of the matrix around
the guest molecule that in these cases isomerization to the Dewar
form implies, in view of the strong deviation from the planarity of
these later species that then strongly mismatch the primarily occu-
pied matrix sites. The relative ability of 3AC and coumarin were
also compared and an explanation proposed for the smaller reac-
tivity found for 3AC under the used experimental conditions.
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