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Abstract

A combined matrix isolation and molecular orbital study of the vibrational spectra and photochemistry of 4,6-dupyinghe
(DMAP) was undertaken. Two types of photoreactions: ring opening leading to conjugated ketene and valence isomerization to the Dewar
form (1,5-dimethyl-2-oxa-3-oxobicyclo[2.2.0]hex-5-ene; DOOBH), occurred uponU¥ @15 nm) irradiation. The latter reaction was
efficient, whereas aldehyde—ketene was produced only in little amounts. In addition to the IR spectroscopic study of DMAP, the full mid-IR
spectrum of the photoproduced DOOBH is reported and interpreted. Observation of 1,3-dimethyl-cyclobutadiene (DMCB), created by
shorter wavelength UV irradiatiori (> 235 nm) of DOOBH, is reported for the first time. In the matrices, DMCB forms a complex with
COy; the structure and IR absorption features of this cage confined DMCB-€G@plex are also investigated.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction On the other hand, irradiation of a solution @fpyrone
in ether at—10 to —20°C, carried out by Corey and Streith
Important, naturally occurring compounds and synthetic [5], resulted in isomerization of the compound to its Dewar
pesticides, such as coumarins, psoralens and chromones, thaglence isomer 3), 2-oxa-3-oxobicyclo[2.2.0]hex-5-ene
are known to be potent photosensitizers, possess pyrone moi{B-lactone):

eties as their fundamental structural nuclg§ug]. Pyrones 0

are also very useful reagents in organic synthesis, e.g. in the

Diels Alder reaction, and have been shown to exhibit in- hy
teresting photochemical propertify. First reports on the _—

photochemistry ofx-pyrones come from the early work of ether
de Mayo[4] who observed an open-ring ester photoprod- %)

uct generated from 4,6-dimethypyrone () dissolved in

methanol. A conjugated aldehyde—keteRewas presumed In the study of UV irradiated thin solid films layers
to be the primary product of the photoreaction, although this of 4,6-dimethyle-pyrone at—190°C, Guthrie et al.[6]
intermediate species was not directly observed: were able to observe IR bands that could be attributed to

hv 0
—_— ——» CH;3;COCH,C(CH;)=CH-COOCH;
H,0H
Hs CH, H; cn, O
1) 2

* Corresponding author. both photoproducts: Dewar valence isomer and conju-
E-mail address: rfausto@ci.uc.pt (R. Fausto). gated aldehyde—ketene. This result indicated that both
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species could indeed be photoproduced from the reactant CH4 158
molecule. " oy
In the present work, we report a combined matrix isola- 7 N ¥
tion and molecular orbital study of the vibrational spectra a0, S g 2 o
and photochemistry of 4,6-dimethgHpyrone (DMAP). 3 ! 7

Both types of photoreactions, ring opening leading to con-
jugated ketene and valence isomerization to the Dewar
form, were observed, the latter reaction being much more
efficient than the first one. In addition to the photochemi-
cal and spectroscopic study of the IR spectrum of DMAP,
the full mid-IR spectrum of its Dewar valence isomer is
reported and interpreted. Observation of the antiaromatic
1,3-dimethyl-cyclobutadiene, created by shorter wavelength
UV irradiation (. > 235nm) of the DMAP Dewar isomer,

is reported for the first time, and the IR absorption features
of its complex with CQ are analyzed.

Fig. 1. Atom numbering used in the normal mode analysis of 4,6-dimethyl-
a-pyrone.

optimized geometry for 4,6-dimethyl-pyrone converged
to a structure with the planar heavy-atom backbdtig. (1).

The geometry optimizations were followed by IR fre-
guency calculations to verify whether the calculated struc-
tures are local minima on the potential energy surfaces of
the respective systems. For each of the studied species, a
set of internal coordinates was defined and the Cartesian
force constants were transformed to the internal coordinates
space, allowing ordinary normal-coordinate analysis to be
performed as described by Schachtschnejtle}. Internal
2. Experimental coordinate sets defined for DMAP, its Dewar isomer and the

complex between 1,3-dimethyl-cyclobutadiene and @@

DMAP was obtained from Aldrich. A sample of the com-
pound was placed in a glass tube protected against lightTable 1
and connected to the chamber of the cryostat with a needlelnternal coordinates used in the normal mode analysis for DMAP (atom
valve. Before cooling down the cryostat, the compound was humbering as irFig. 1)2

degassed by the standard freeze—pump-thaw procedure andy =ry 1(01-C2)
subsequently, the vapors over the compound in the tube were® =rz3 v(C2-C3)
evacuated several times at room temperature. This approacl = 34 v(C3=C4)

. o o . S =45 1(C4-C5)
enabled removal of possible volatile impurities, allowing an & — foe »(C5=C6)
additional purification of the compound, immediately before g _,, »(C6-01)
each experiment. In order to deposit a matrix, the vapor of 5, =r;, »(C2=07)
DMAP was introduced into the cryostat chamber together S =ree v(C6-C8)
with large excess of the host matrix gas (argon N60, from S = (37"*)(res + 108 + r11s) v(CHg)}
Air Liquide). The gaseous mixture was co-deposited onto a Sto = (67/?)(2r11s — r10s — ros) v(CHa)ks
cold Csl window {’ = 10 K) mounted on the tip of an APD St = (27 %?)(r10s — T9s) v(CHg)ks
Cryogenics DE-202A closed-cycle helium refrigerator. Care Si2 =ri2s v(C5-H12)
was taken to keep the guest-to-host ratio in matrices low Si3 = riz4 1(C4-C13)
enough to avoid association. Si1s = (33 (r1413 + 1513 + r1613) v(CHz)3

The matrices were irradiated through the outer KBr win- Sis = (67?)(2r1613 — 1513 — r413) v(CHa)3s
dow of the cryostat, with filtered or unfiltered light from a Sis = (27¥?)(r1513 — r1413) W(CHg)2
150 W xenon arc lamp (Osram XBO 150 W/CR OFR). Si7 =r173 v(C3-H17)

The infrared spectra were recorded with 0.5¢mesolu- Sis = (6°Y2)(Bo21 — Braz + Boas — Basa s ring 1
tion using a Mattson (AR60) Infinity Series FTIR spectrom- + Baps — Bs.16)
eter equipped with a KBr beamsplitter and a DTGS detector. Sio = 27?)(f7.1.2 — f732) 8(C2=07)

S0 = (27Y9)(Bs.1.6 — Bas6) 5(C6-C8)
S1 = (6"%)(Bo.108 + ﬂ;o.ns + B1198 — Boes 8(CHg)}
. . — P1oes — B1168
3. Computational details S22 = (672)(2B9,208 — Bro118 — Pi19s) 8(CHa)ks
— (2-1/2 _ W

The equilibrium geometries for all studied species were %3 = (2_1/2)(ﬁ10’11'8 Pues) B(CHs)j,s
fully optimized at the DFT level of theory with the standard 2 = (67 N2hr6e — Pross — Aoss) V(CH3)aj
6-311++G(d,p) basis set. The DFT calculations were car- 5 = @ /))(B106s — Boscs) 7(CHa)%s
ried out with the three-parameter density functional (B3LYP) S6 = (2 Y?)(B1265 — 1245) 8(C5-H12)
which includes Becke’s gradient exchange correcfioh So7 = (271?)(B133.4 — P13s5.4) §(C4-C13)
the Lee et al. correlation functiongd] and the Vosko et al. S = (67Y2)(B141513 + 151613 + P161413 8(CHa)2
[9] correlation functional. During optimizations no restric- — Pra413 — P15413 — P16413) )
tion of symmetry was imposed on the initial structure. The S8 = (6 "))(2B141513 — B1s1613 — Br61413) 3(CHy)Zs
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Table 1 Continued) Table 2 Continued)
S0 = (27Y2)(B15.1613 — P16.1413) 8(CHa)3s Ss1 = (67Y2)(2B15.1613 — B1r41513 — B161419) 8(CHg)Z:
Ss1 = (27Y?)(B1743 — B1723) 8(C3-H17) Ss2 = (27Y?)(Bra1513 — B1614.13) 3(CHg)%s
Ss2 = (67Y2)(2B164.13 — B15413 — P144.13) Y(CHa)3s Se3 = (67Y2)(2B144.13 — P15413 — P16.4.13) V(CH3)§§,
S3 = 271/2 154.13 — P14.4.13 (CHs3 gé, S4 = (271/2)(/315,4,13 - ,616,4,13) V(CH?:)%S
B15.4, B1aa4, y(CHz)
Sas = (127Y2)(2B6,21 — Br32 — B243 8 ring 2 S5 = f176.3 8(C3-H17)
4 28354 — Bass — Psi6) S36 = (1/2)(T2,1.63 + 76,321 — 71,632 — 732,16) T ring 1
Ss5 = (1/2)(Br32 — B24as + Bass — Ps.ie) 5 ring 3 S7 = (1/721)/(276,3,4,5 + 74563 — 75634 — 73,4,56) T ring 2
Sis = (62 (t6123 — 1234 + 12345 v ring 1 S = (2_1/2)('[8,6,3,4 + 18,6,3.2) y(C6-C8)
— 73456 + Ta561 — T56.12) S = (2 1/2)(7517,3,6.1 + 717,36,5) y(C3-H17)
Sg7 = (127Y2)(216123 — 11,234 — 72345 y ring 2 S0 = (2,1/2)(r2'3’6‘5 ~ 14361) ¢ butterfly 1
+ 213456 - 74561 — 756,1,2) Su = f )(Tg’sf’l + 1'9,8,(15 + 110'8)’6’1 Twist (CH)
S = (1/2)(r1,234 — 72345 + 74561 — T561,2) y ring 3 10865 T TILE6L T TILE6S .
1/ ' ' . 1 Suz = (672)(141343 + T141345 + 7151343 Twist (CHg)?
S = (67%)(ro861 + 9865 + T10861 Twist (Ch) + 7151345 + 7161343 + 716134,5)
+ T10865 + 711861 + T1186,5) ‘ . Si3 = 7123 y(C2=07)
Sio = (67Y?)(114134.3 + T141345 + T15134.3 Twist (CHz) Sis = V12654 Y(C5-H12)
+ 7151345 + 7161343 + 716134,5) Sis = y135.4.3 y(C4-C13)
S =vy7321 y(C2=07)
S12 = 8165 y(C6-C8) ar;,; is the distance between atords and Aj; B« is the angle
U3 = Y1265.4 7(C5-H12) between vectorgyA; andAA;; 7; ;«, is the dihedral angle between the
Sis = ¥135.4.3 y(C4-C13) plane defined byA;, A;, Ax and the plane defined b¥;, A, A/ atoms;
Si5 = y174.3.2 y(C3-H17) vi,j.k1 1S the angle between the vectégA; and the plane defined by

ar;,; is the distance between atords and Aj; 8« is the angle
between vectorgy A; andAcA;; 7; .« is the dihedral angle between the
plane defined byA;, A;, A; and the plane defined b%;, A, A/ atoms;
Vi j.k1 1S the angle between the vectdgA; and the plane defined by
atomsA;, Ar, Ar.

Table 2
Internal coordinates used in the normal mode analysis for DOOBH (atom
numbering as irFig. 32

S =r12 »(01-C2)
S =r23 v(C2-C3)
S =r34 v(C3-C4)
S =r45 v(C4=C5)
&, =1I56 v(CS—CG)
S =r61 v(C6-01)
S7 =1TI36 v(C3—CG)
S =Tr72 v(C2=07)
S_) =1TIg6 v(CG—CS)
S0 = (3 Y2)(ro.g + rios + rirs) V(CHg)?
Si1 = (67Y?)(2r108 — rog — r118) V(CHa)ks
Si2 = (27Y?)(ro;g — ri1s) v(CHa)k
513 =Tr125 V(C5—H12)
Si4 =Tr134 v(C4-C13)
Sis = (37 Y?)(r14.13 + 1513 + r6.13) v(CHg)?
Si6 = (67Y2)(2r1413 — 1513 — 1613) V(CHa)3
Si7 = (27Y?)(r1513 — r1613) V(CHz)3s
Sts =173 »(C3-H17)
Si9 = (1/2)(B2,6.1 + B2.63 — Br3.2 — BL36) sring 1
S0 = (1/2)(Be.4.3 + Bo.45 — B356 — B35.4) d ring 2
S1 =2 Y)(Br12 — Br.32) 8(C2=07)
S2 = Bs36 5(C6-C8)
S3 = (67Y2)(Bs 108 + Bro118 + P1198 8(CHa)t

— Po6s — Pro6.s — P116.8)
Spa = (67%2)(2B1108 — Pro118 — Pa.108) 8(CHa)ks
S5 = (27Y?)(Br0118 — Ba,108) 8(CHa)ke
Sp6 = (67Y2)(2B106,8 — Boss — P116,8) Y(CHa)ks
S7 = (27Y?)(Bs 68 — P11r6.s) M(CHa)ke
S8 = (27Y2)(B1265 — P1r245) 8(C5-H12)
Spe = (27Y2)(Braz4 — P13s54) 8(C4-C13)
S0 = (67Y2)(Bra1513 + B151613 + P161413 8(CHg)?

— P144.13 — P154,13 — P16,4.13)

atomsA;, Ar, Ar.

given in Tables 1-3 The calculated harmonic frequencies
were also used to assist the analysis of the experimental
spectra and to confirm the nature of the stationary points
resulting from the calculations (for all structures discussed
below no imaginary frequencies were obtained, indicating
they correspond to true minima).

All calculations in this work were done using the
Gaussian’98 prograrfil].

4. Results and discussion

The IR spectrum of DMAP isolated in an Ar matrix
is presented inFig. 2 This spectrum is compared with
the results of the theoretical simulations carried out at the
DFT(B3LYP)/6-311+G(d,p) level. The frequencies and
intensities of the observed bands and the corresponding cal-
culated values are collected Table 4

During UV (A > 315nm) irradiation of the matrix,
the initial IR spectrum was systematically decreasing,
whereas the spectrum of the Dewar valence isomer of
DMAP, 1,5-dimethyl-2-oxa-3-oxobicyclo[2.2.0]hex-5-ene
(DOOBH; Fig. 3), appeared and was continuously growing
(Fig. 4. The main spectral indication of the photoproduc-
tion of DOOBH was the strong band at 1837.7¢mAr),
which corresponds to theC=0O vibration of this species.
The high frequency of thisC=0 band is typical for car-
bonyl groups directly attached to a small, four-membered
ring. The general rule, saying that the smaller the ring
the higher is thewvC=0 frequency, is fulfilled in the case
of a-pyrones. Analogously, theC=0 band of the Dewar
isomer of 3-methyl-4(3H)-pyrimidinone was observed at
1784.0cnt! (Ar), whereas thexC=0 band of the normal
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Fig. 2. Comparison of the experimental IR spectrum of DMAP monomers isolated in Ar matrix (10 K) with the spectrum of the compound calculated at
the DFT(B3LYP)/6-31%+G(d,p) level. Theoretical frequencies were scaled using a factor equal to 0.978 (except for the CH stretching region, where
the factor 0.968 was used). Note the change of ordinate scale at 1580 cm

experimental and theoretical data is particularly good in the
frequency range below 1000 crh where the most intense
experimental bands at 827.4, 783.6 and 509.3%rare

14,15, 16 H C”
4 7 very well reproduced by the theoretical calculations, which

2200 2000 1800 1600 1400 1200

CH, !
g3
H, 910,11 0.8
0.0

Fig. 3. Optimized structure and atom numbering of the Dewar valence 0.8 1

isomer (DOOBH). | .
0.4 283 min
isomer of 3-methyl-4(3H)-pyrimidinone was observed at 0.0,

significantly lower frequency 1709.0 crh (Ar) [12].

° .
The progress of the UVA(> 315 nm) induced photoreac- g 087 D

tion is shown irFig. 4 Some amount of the open-ring ketene £ 047 K 163 min

derivative[13] of DMAP was also created, as it can be con- 3 ool

cluded from the appearance of the characteristic ketene IR < |

band at 2128.9 crmt. At the final stage of the observed pho- 1.2

toreaction (after 523 min of irradiation) about 90% of the 0.8

initial material was converted into DOOBH, while the total ] 43 min

amount of the open-ring ketene could be estimated to be ca. 0-4‘_ H

5% of the main photoproduct onty. o.o-—»—MJ

Having the IR spectra recorded at different stages of the 1o

photoreaction it was then possible to unequivocally identify |
the bands due to DOOBH. The experimental and calculated 0.8 omi
spectra for this main photoproduct are compareé#im 5, 04] min
showing a good general agreement. The proposed band as- 1

gag g g prop 00l ,.\ \ J‘ il

signments are given ifable 5 The agreement between the : : : : ‘
2200 2000 1800 1600 1400 1200

_ Wavenumbers / cm™’

1 The relative amounts of DOOBH and open-ring ketene photoproducts
were estimated from the ratio of the observed integral intensities of Fig. 4. Progress of the photoreaction induced by UV x 315nm)
the features around 1850 and 2130¢mrespectively, reduced by the irradiation of DMAP isolated in Ar matrix (10 K). K: open-ring conjugated
corresponding calculated intensities for these species. aldehyde—ketene, D: Dewar valence isomer (DOOBH).
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Table 3
Internal coordinates used in the normal mode analysis for the DMCB stacked da®®n numbering as ifFig. 6)2
S1 = (@2 Y3 (r12 + raa) W(C=C)s
S =@ Y?)(r12 — r3a) W(C=C)as
S8 = (273 (ra3 + r1.4) W(C—C)
St = (27Y?)(ro3 — r14) V(C—Chs
S = (1/2)(as +127) v(C-H)
Ss = (1/2)(as5 — r27) V(C—H)as
St = (U2)(36 + rvs) v(C—CH)s
S = (112)(s6 — rs) V(C—CHb)as
S = (6"Y?)(ro6 + r106 + re + rizs + rizs + rias) V(CHa)s
Si0 = (67Y?)(ro.6 + r106 + r116 — r128 — r1as — r14s) v(CHz)g
Si1 = (127Y2)(2rg6 — r106 — 116 + 2128 — r13s — r1438) V(CHg)as
S12 = (127Y2)(2rg6 — r1g6 — ri16 — 2r128 + r13s + r14s) v(CHz)4s
Si13 = (1/2)(106 — r116 +r138 — r148) V(CH3)zs
Si4 = (12)(106 — r116 — 138 + ri4s) v(CHz)4g
Sis = (12)(B2.41 + B2.43 — B132 — P1r3.4) 8 ring
Si6 = (1/2)(Bs,1.4 — B534 + B1.32 — B7.1.2) 8(C-H)s
Si7 = (12)Be.43 — B6.23 + Ps21 — Psa1) 5(C-Chb)s
Sis = (1/2)(Bs,1.4 — Ps34 — P1.32 + B7.12) 8(C—H)as
Si9 = (1/2)(Be.43 — B6.23 — Ps21 + Ps.a1) 5(C—CHb)as
S0 = (127%2)(Bg,106 + Bro116 + P119.6 — Pose — Proae — Pirae 8(CHz)s

+ B12138 + P13148 + P14128 — PB1218 — P131s — P1418)
S1 = (127Y2)(Bo,106 + Bro116 + P119.6 — Bose — Proze — Pirae 8(CHz);

— B12138 — B13148 — P14128 + P1218 + P1318 + B1418)
S = (127Y2)(289.106 — Pro116 — Pr1e6 + 2P12138 — P13148 — P14128) 8(CHz)as
S = (127Y2)(2B9,106 — Bro116 — Bi1oe — 2B12138 + P13148 + P14128) 8(CH3)js
S = (12)(B1r011.6 — P119.6 + P13148 — P14128) 8(CHa)s
S5 = (1/2)(Bro11.6 — B119.6 — B13148 + P141238) 8(CHa)zs
S6 = (127%2)(2B936 — Proae — Piias + 2P1218 — Prars — BravLs) ¥(CH3)as
S7 = (127Y2)(2B9 36 — Broze — Biize — 2B1218 + Pi3rs + P1418) y(CHa)js
Ss = (1/2)(B1036 — P1136 + P131.8 — P1418) y(CHa) s
S9 = (1/2)(B1036 — B11.36 — 1318 + P141.8) Y(CH3)zs
S0 = (27 (t1234 + 1341,2) 7 ring
Ss1 = (27Y2)(14360 + T21,8,12) 7(C-Chg)
Sg2 = (27Y?) (14369 — T21812) 7(C-CHg)
Sz = (27Y2)(y5.143 + ¥7.321) y(C-H)
Saa = (27Y?)(y5,043 — ¥7.321) y(C—H)as
S5 = (27Y2)(ye 432 + v82.1.4) y(C-CHs)s
S6 = (27Y2)(v6,432 — v8.214) y(C—CHb)as
Sg7 = (27Y2)(r15.16 + r1517) v(COy)s
Sgs = (27Y?)(r1516 — r1517) V(CO2)as
S39 = linl17,16153 3(CO)s
S0 = lin217,16,15,3 8(CO2)as
S = (27Y)(Ba161 + B217.3) CO,-ring twist
Siz = (27Y3)(raa7 — r2.16) CO,-ring wag

Su3 = (27Y3)(ra17 + r16)
Su = (27Y?)(r317 — r116)
Sis =(27Y2)(Ba161 — B217.3)

CO,-ring symmetric stretching
COp-ring asymmetric stretching
CO,-ring parallel shift

ar;,; is the distance between atoms and A;; B j« is the angle between vectorgA; and AA;; 7; k. is the dihedral angle between the plane
defined byA;, A;, A. and the plane defined b;, A, A/ atoms;y; ;. is the angle between the vectdtA; and the plane defined by atoms, A,
Ay, lind; j «; collinear bending;,—A;—A; distorted in the plane odA;A;; lin2; ;;; linear bendingA;—A—A; distorted perpendicular to the pladeA;A .

predict these bands at 828.0, 761.9 and 503 6'cmespec- group linearly conjugated with two double bonds in the
tively. To the best of our knowledge, this is the first positive ring, the lowest excited singlet state has*rcharactef3].
identification of a Dewar form of an-pyrone based on the Hence, the f*-type photochemistry should be favored for
analysis of the whole mid-infrared region of its spectrum. such compounds, especially when they are free of any sub-
Norrish type I, a-cleavage processes leading to the stituents. On the other hand, methyl substituents attached to
open-ring ketene species are beliey&d,15] to originate the ring lead to an effective extension of theslectron sys-
from the excited states withatf character, whereas for- tem of a molecule, by hyperconjugation. As a consequence,
mation of Dewar isomers should proceed starting from the the energy gap between the ground state andrthe ex-
excitedwm™* state. Ina-pyrones, which are six-membered cited state should diminish and the gap between the ground
ring compounds with the double bond of the carbonyl and the ar* state should incread@,16]. For compounds
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Table 4
Observed and calculated vibrational frequencies, intensities and potential energy distributions (PED) for DMAP monomer (freqlienaies |
theoretical intensitiesl in km mol1)

Observed (infrared, Ar Calculated Symmetry PED (%)
matrix, T = 10K) (B3LYP/6-31H-+G(d,p))
v |b Ve |
3100.5 0.2 A V(C3-H17) (91.0)
3074.7 3.0 3098.0 5.1 A w(C5-H12) (90.9)
30125 6.7 3029.0 10.0 ‘A v(CHs)s (96.8)
2991.8 14.9 3019.5 15.3 ‘A w(CHz)3s (95.8)
2989.1 6.3 A v(CHg)ke (100.3)
2967.1 13.9 2976.6 10.3 A v(CHg)2: (100.3)
2935.2 2938.1 11.3 A V(CHz)! (96.8)
2932.0 11.1 2929.6 13.9 ‘A V(CHz)Z (95.7)
1802.4 225
1783.7
1778.6 60.1
1761.3 626.3 1768.8 730.6 ‘A w(O7=C2) (81.2)
1661.5
1657.4 106.6 1647.2 107.5 A v(C6=C5) (38.8)+ 1(C4=C3) (25.4)
1578.3
1574.0 161.2 1559.1 174.6 A v(C4=C3) (38.8)+ 1(C6=C5) (22.4)
1453.9 19.5 1458.8 12.1 ‘A 8(CHz3)3449.1) + 8(CHz)35 (22.6)
1444.2 27.7 1450.1 27.5 ‘A 8(CHg)25(59.4) + 8(CHg)ks (24.5)
1439.4 7.8 1449.0 8.6 ‘A 8(CHg)3s (92.1)
1433.3 11.8 1437.6 9.0 A 8(CHa)ke (91.2)
1401.9 31.3
1399.1 1398.4 18.3 A 8(CH3)2(18.8) + 1(C5-C4(17.6) + §(CH2)3d12.7) +
8(C3-H17(111)
1385.3 7.5 1387.2 5.0 A 8(CHg)! (89.1)
1379.6 1.9
1374.7 16.7 1378.0 17.0 ‘A 8(CHg)2 (72.8)
1331.7 21.5
1329.1 1320.8 26.2 A 8(C5-H12) (23.5)+ v(01-C6) (15.74+ v(C3-C2) (11.2}+
8(C3-H17) (9.8)
1308.8 10.3
1266.7 24.4
1251.0 Weak
1244.3 4.9
1239.1
1231.7 30.2 1226.3 13.3 ‘A 8(C3-H17) (38.9)+ v(C8-C6) (14.0)+ §(C5-H12) (11.3)
1229.6
1179.6 6.0
1170.7 7.3
1151.2 41.3 1144.9 12.3 ‘A 8(C5-H12) (32.1)}+ v(C4-C13) (16.2}4+ §(C3-H17) (15.01+
v(01-C6) (10.7)
1134.7 32.7 1103.8 8.1 ‘A v(C3-C2) (42.1)
1130.8
1103.7 0.8
1097.7 2.2
1039.8 0.04 A Y(CHa)}e(47.5) + Y(CHs)2: (30.5)
1036.3 11.1 1034.2 7.0 A ¥(CHz)35 (45.6) + y(CHs)4s(30.5)
1030.4 41.4 1005.8 23.7 ‘A ¥(CH3)3(36.1) + v(01-CH(19.7) + ring 1(9.6)
1023.1 4.0 1022.2 3.1 A V(CH23)4453.0) + ¥(CHz)Z(14.9)
985.9 42
976.0 2.4
965.5 4.8 958.7 35 A $1ing 1(29.6) + v(C5-C4(29.2) + »(CHg)2(19.2)
958.5 30.0
954.5 943.3 19.9 A v(C8-C6)(22.9)1+ v(C13-C4) (22.6)+ v(O1-C6) (17.8)
899.7 6.7
869.2 0.7
857.9 2.3
848.2 29.3 846.9 18.3 A y(C3-H17) (90.9)+ vy(C2=07) (14.9)
843.6 58.4 803.0 64.5 ‘A »(C2-01) (55.0)+ 6 ring 1 (13.5)

810.9 333 804.8 29.3 " ¥(C5-H12) (100.1)
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Table 4 Continued)

Observed (infrared, Ar Calculated Symmetry PED (%)
matrix, 7 = 10K) (B3LYP/6-311-+G(d,p))
v b Ve |
783.4 0.8
757.9 0.5
730.2 14 719.8 21 A y(C2=07) (60.9)+ y ring 1 (43.8)
638.2 6.2
617.8 5.0 611.5 2.9 A y ring 1 (24.7)+ y(C4—C13) (18.0H4 y ring 3 (17.6)
+ ¥(C6-C8) (17.0}+ p(C2=07) (15.9)
580.8 2.1 594.1 0.3 A s ring 1 (17.9)+ v(C2-01) (13.4)+ § ring 3 (13.0)
+ 1(C13-C4) (11.5)
554.1 7.0 543.8 5.0 A §(C2=07) (32.1)+ 6 ring 3 (21.3)+ v(C8-C6) (9.8)
534.4 1.8
516.7 2.7 509.6 2.3 A 8 ring 3 (44.0)+ §(C2=07) (18.8)
508.0 34 509.1 2.9 A 7(C6-C8) (35.1)+ y(C4—C13) (34.6}+ y ring 2 (20.8)
472.1 25 464.7 0.9 A 8 ring 2 (76.2)
3175 11 A 8(C4-C13) (33.5)+ 5(C6-C8) (23.1)+ §(C2=07) (20.0)
266.4 0.6 A 5(C6-C8) (43.2H §(C4-C13) (37.8)
201.6 2.4 A y ring 2 (76.2)+ twist (CHs)? (10.6)
179.8 0.8 A Twist (CHg)! (39.7) + y ring 3 (35.0)+ y(C4—C13) (16.2)
150.0 0.1 A y ring 1 (45.7)+ y ring 2 (23.8)+ y(C6-C8) (13.8)+ twist
(CHg)? (9.8)+ y ring 3 (9.5)
130.6 1.2 A Twist (CHs)! (47.94 y ring 3 (27.6)+ Twist (CHs)? (16.6)
115.7 0.2 A Twist (CHg)? (63.1)+ y ring 3 (23.4)

aPED’s lower than 10% are not included. Definition of symmetry coordinates is givdahte 1 SeeFig. 1 for atom numbering.
b Relative integrated intensities.
¢ Theoretical positions of absorption bands above 2900'cmere scaled down by a factor of 0.968 and below 2000%imy a factor 0.978.

substituted with methyl groups, this effect should promote 235 nm), evolution of C@was observed and 1,3-dimethyl-
photoreactions originating from ther* state, whereas the cyclobutadiene (DMCB) was created. The £@roduced
reactions typical for the* states (prevailing for unsubsti- from DOOBH fragmentation could be easily identified spec-
tuted species) should be hindered. Strong domination of thetroscopically by observation of the very intense characteris-
Dewar form creation over the-bond cleavage, observed in tic IR absorption region around 2337.5th

the current work for 4,6-dimethyd-pyrone, illustrates well After photolysis, the photoproduced ¢@nd DMCB
the influence of methyl substitution on relative effectiveness must be confined in the same matrix cavity and they form
of the ww* and nr* photochemical channels. a complex. The DFT(B3LYP)/6-311+G(d,p) calculations
When the UV { > 315 nm) irradiated matrix was subse- predict that the C@-DMCB complex has a stacking (paral-
guently subjected to shorter wavelength UV radiatidn=( lel) geometry Fig. 6). Fig. 7 represents two potential scans
0.8
0.2
8 0861
3
é 0.44 0.1
< 02/ \
040-“J x x , : , . . 0.0
600+ 80
=
27 400/ 0
g8 40
3 i
3 £ 200/
: i
1 |||I || |.‘||I| ] 1 1 |0

1800 1600 1400 1200 . 1000 800 600
Wavenumbers / cm”

Fig. 5. Comparison of the experimental IR spectrum of the Dewar valence isomer (DOOBH), photogenerated upon BINs oim) irradiation of DMAP
isolated in Ar matrix (10K), with the spectrum of DOOBH theoretically predicted at the DFT(B3LYP)/6-34(d,p) level. Theoretical frequencies
were scaled using a factor equal to 0.978. Note the change of ordinate scale at 1%00cm
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Table 5
Observed and calculated vibrational frequencies, intensities and potential energy distributions (PED) for DOOBH monomer (frequémciws®(
theoretical intensitiesl) in km mol1)

Observed (infrared, Ar Calculated PED? (%)
matrix, T = 10K) (B3LYP/6-311++G(d,p))
v b Ve |
3062.5 15 3091.8 8.3 v(C5-H12) (99.1)
3005.7 3016.5 11.2 v(C3-H17) (99.4)
2997.7 35.7 3011.1 13.0 V(CHa)ks (97.4)
2990.1 3005.9 14.1 v(CHa)3s (97.7)
2984.4 2998.6 12.0 v(CHa)ks (97.1)
2958.8 8.3 2971.3 8.7 »(CHz)2s (100.2)
2940.8 8.2 2936.4 13.9 V(CH3)! (99.3)
2937.5
2923.8 4.7 2924.2 14.6 V(CHz)2 (97.6)
1854.1 22.3
1837.7 444.8 1841.6 543.7 »(C2=07) (88.1)
1631.5 41.0 1644.7 28.9 v(C5=C4) (76.1)+ v(C4-C13) (12.9)
1623.8
1462.2 2.8 1458.7 35 8(CHa)ye (84.2)
1452.8 4.8 1449.5 8.0 5(CHa)ks (80.5)
1439.9 425 1447.9 12.2 5(CHa)Z; (84.3)
1441.9 11.4 5(CHg)2e (89.8)
1389.6 29.7 1388.4 18.5 8(CH3)? (83.9) + v(C6-C8) (10.7)
1379.2
1376.7 9.7 1379.6 41 8(CH3)? (93.9)
1328.0 41.8
1324.5 1316.0 44.8 »(C6-C8) (22.6)+ v(C5-CB) (18.3)+ v(C3-CB) (14.6)+ 8(CHa)! (12.3)
+ 3(C5-H12) (11.1)
1266.3
1255.9 50.9 1247.0 19.1 v(C3-C4) (21.1)4 Y(CH3)3s (11.3)
1187.7 42.4 1177.4 14.1 y(C3-H17) (55.7)
1177.3 37.1 1165.5 59.7 v(C2-01) (20.8)+ 8(C5-H12) (11.5)+ 5(C3-H17) (10.7)+ »(CHa)hs (9.7)
1154.4 28.3
1143.9 1148.5 8.8 Y(CHa)hs (16.3) + y(CHa)hs (15.9) 4 §(C5-H12) (19.1)
1132.0 34.4 1122.1 32.0 8(C5-H12) (17.4)+ v(C4—C13) (17.14 y(C3-H17) (15.8)+ §(C3-H17) (10.3)
1077.3 3.3 1072.0 2.8 8(C3-H17) (30.0)+ 1(C6-C8) (13.5)
1046.0 5.1 1031.1 0.9 y(CHg)3s (69.5) 4 (C4-C13) (10.8)
1040.0
1022.3 48.2 1011.8 42.0 (CHa)he (29.7) 4+ v(C2-01) (21.0)+ (CHa)ks (15.1)
986.0 973.6 3.4 Y(CH3)3s (21.3) + §(C3-H17) (19.8)+ § ring 2 (11.3)+ v(C4-C13) (10.5)
981.9 12.0
976.0
957.8 17.3 948.0 11.1 ¥(CHz3)%s (25.9) + 1(C2-C3) (12.7)+ & ring 1 (11.1)
928.9 5.4 920.8 4.6 V(C4-C3) (17.0)+ v(C5-C6) (16.7)+ v(C2-C3) (13.6)+ & ring 2 (12.1)
900.0 9.8 892.9 6.7 y(CHa)ks (20.5) + 1(C5-C6) (11.6)+ 1(C3-C6) (10.3)
827.4 71.3 828.0 61.6 y(C5-H12) (76.2)
804.8 3.2 799.0 3.1 y(C2=07)(23.4) + v(C3-CB6) (17.5)
783.6 74.9 761.9 70.7 1(01-C6) (53.8)+ v(C2-01) (22.8)
778.4
715.1 2.9 705.2 3.8 y(C2=07) (15.4)+ 8(C2=07) (13.0)+ 7 ring 2 (11.1)
638.1 4.1 646.4 2.7 5 ring 1 (21.4)+ v(C4-C13) (14.3}+ v(C3-C4) (11.8)
588.9 45 577.9 4.0 v(C6-C8) (25.2)+ & ring 2 (20.0)+ v(C4-C13) (13.4)
509.3 10.3 503.6 11.0 y(C2=07) (20.4)+ 1 ring 2 (18.8)+ 8(C2=07) (18.6)
4433 8.0 438.7 6.7 y(C4-C13) (34.1}+ 7 butterfly (32.1)
428.2 2.9 421.4 21 8(C2=07) (23.7)+ t butterfly (12.7)+ v(O1-C6) (9.8)+  ring 2 (9.8)
346.5 3.6 8(C4-C13) (30.8}+ 8(C6-C8) (18.1)+ t butterfly (11.4)
316.8 1.9 ¥(C6-C8) (42.2)
228.0 0.2 5(C6-C8) (46.8)+ 8(C4—-C13) (31.3)
213.6 0.05 Twist (CH)! (92.9)
162.6 0.06 Twist (CH)? (84.7)
133.1 1.1 7 ring 1 (29.0)+ y(C6-C8) (21.7)+ 7 ring 2 (18.0)+ Twist (CHs)? (13.2)
125.7 3.3 y(C4-C13) (25.3)+ 7 butterfly (20.7)+ 7 ring 1 (14.9)+ y(C2=07) (13.6)+ t
ring 2 (11.2)

2PED’s lower than 10% are not included. Definition of symmetry coordinates is givaabte 2 SeeFig. 3 for atom numbering.
b Relative integrated intensities.
¢ Theoretical positions of absorption bands above 2900‘cwere scaled down by a factor of 0.968 and below 2000%iy a factor 0.978.
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Fig. 6. Dimethylcyclobutadiene complex with GQA) Stacking (parallel) dimer, corresponding to the unique theoretically predicted minimum on the PES
of this system. (B) Axial configuration of the dimer (not a minimum; see text). (C) Atom numbering used in the normal mode analysis of the complex.

for the CQ-DMCB complex assuming two different ori- The main geometric parameters for both DOOBH and
entations within the €symmetry framework: one with the  CO,—~DMCB complex are listed iffables 6 and .7Cal-
axial orientation and the other with the parallel orientation culations performed at the DFT(B3LYP)/6-3:3G(d,p)

to the DMCB plane (see aldéig. 6). The first scan (axial)  level of theory do not predict any other minima for the
reveals a repulsive potential of interaction between,CO CO,—DMCB system.

and DMCB. On the other hand, the second one (parallel) Fig. 8 clearly demonstrates the formation of the £0
shows a binding profile with an equilibrium minimum en- DMCB complex from DOOBH. DOOBH was produced
ergy distance between the two molecules of ca. 3.44 A andfirst by irradiation of the matrix with UV light{ > 315 nm)

a stabilization energy of the complex equal to 4.7 kJmhol and dominated in the sample at this stage of the experiment

12
111 e DMCBD + CO2 dimer, CO2 orientation:

10.] —O0— axial (along C, axis)

9] —e— stack (parallel to DMCBD plane)
g
7]
6
5]
4]
3]
2]
1]
0]

Relative Energy / kJ mol ™

2IA'LI(ISIéI1IOI1'2I1'4I1'6I1|8I2|0
Distance [Angstroms] along C, axis
from DMCBD plane to C atom of CO,

Fig. 7. Energy of the dimethylcyclobutadiene complex with,C43 a function of the distance between the two molecules. Energies were calculated at
the DFT(B3LYP)/6-31%+G(d,p) level for the structures obtained by fixing the distance between DMCBD anda@®optimizing all other geometry
parameters. Two relative orientations of the two molecules (parallel and axialFige€) have been considered, Gymmetry axis was conserved in

all the calculations. Zero-level of energy corresponds-#22.039897 hartrees.
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Fig. 8. Experimental evidence of photogeneration of the DMCBz@€60mplex upon UV { > 235nm) irradiation of DOOBH isolated in Ar matrix

(10K). The experimental spectrum presented (in upper panel) with dashed line is dominated by the bands due to Dewar valence isomer (DOOBH),
produced by preceding UVA(> 315 nm) irradiation. The spectrum presented with solid line was recorded after 360 min of subsequent 285nm)

irradiation. The growing bands correspond to the DMCB-Qiiner and are indicated with arrows. Asterisks indicate bands assigned to overtones or
combination tones. The spectra theoretically predicted at the DFT(B3LYP)/4-8E1d,p) level are presented (in lower panel) in the stick spectrum

form. In all the regions dashed sticks correspond to the spectrum of DOOBH and solid sticks to the spectrum of the D &RBeki@y complex.
Theoretical frequencies were scaled using a factor equal to 0.978 (except for the CH stretching region, where the factor 0.968 was used).
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Table 6
Bond distances, bond angles in four-membered rings, and total electronic
energy (ERB + HF — LYP) = —4220621471, in hartrees) at the geom-
etry optimized at the B3LYP/6-311+G(d,p) level for DOOBH (atom
numbering as irFig. 3
Bond distances (A)
01-C2 1.3695 C8-H9 1.0928
C2-C3 1.5313 C8-H10 1.0937
C3-C4 1.5352 C8-H11 1.0920
C4=C5 1.3435 C5-H12 1.0833 8
C5-C6 1.5151 C4-C13 1.4858 c
C6-01 1.5078 C13-H14 1.0919 8
C6-C3 1.5523 C13-H15 1.0951 8
C2=07 1.1926 C13-H16 1.0951 2
C6-C8 1.5001 C3-H17 1.0892 < 1
Bond angles (°) 0.4
C6-01-C2 91.77 C6-C5-C4 93.90
C6-C3-C2 84.23 C6-C3-C4 85.32 1
01-C6-C3 88.89 C5-C4-C3 93.94 0.2 -
01-C2-C3 95.09 C5-C6-C3 86.83 ’

2A-B-C is the angle between bonds A—C and B-C. 1

0.0 1 - . r - :
2350 2340 , 2330

(dashed line ifFig. 8). Further irradiation with shorter wave- Wavenumbers / cm
lengths led to decrease of the bands originated in DOOBH Fig. 9. Upper panel: Increase of the IR band due to, @@tisymmetric
and appearance of new bands due to the-d@CB com- vibration during the progress & 0, 15, 60, 180 and 360 min) of UV

plex (the solid line inFig. 8 corresponds to the spectrum (x> 235nm) irradiation of DOOBH isolated in Ar matrix (10K); lower
obtained after 360 min of irradiation with > 235nm). A panel; the same region of_ ‘IR spectrum of a matrix obtained (in a separate
close inspection of the observed profile of the characteristic ®Pe"ment) by co-deposition of Gand argon.

CO;, feature at 2341.7-2337.7 crh due to the C@ asym-

metric stretching vibration is presentedrig. 9, and clearly o o .

reveals that C@must be associated. Indeed, this feature is UPON irradiation of the matrix with UVX(> 235nm) light.
observed as a broad complex band, which is red-shifted rel- Table 8 summarizes the proposed band assignments for
atively to the doublet observed for the free £@onomer thls species. The most intense IR bands due. to the bend.lng
isolated in argon. The later has components at 2345.0 andViPrations of the methyl groups were found in the experi-
2339.1cnt?, with full width at half maximum equal to mental spectrum at 1439.9, 1433.2 and 1371.2%and the
only 0.2cnt? [17]. As shown inFig. 8 the IR spectrum ~ C-H asymmetric in-plane bending mode at 1198.3tm
calculated for the stacked GEDMCB complex fits nicely N good agreement with the theoretical predictions (1444.1,

the experimental spectrum of the photoproduct(s) generatedl432.1, 1372.4 and 1193.6 ¢t respectively), while the
bands predicted at 1064.0, 1016.4 and 661.3%mave

their experimental counterparts at 1075.6, 1012.3 and
Table 7 667.0cntl. The C-H out-of-plane bending vibration of
Bond distances, bond angles in four-membered ring, and total electronic the CYCIObUtadlene ring hydrogen atoms was predicted to
energy (ERB + HF — LYP) — —42203989725 Energy of the DMCB—  giVe rise to a strong band at 707.1chand was observed
CO, complex in hartrees) at the geometry optimized at the B3LYP/6- in the experimental spectrum at 696.9tmOn the other
311++G(d,p) level for 1,3-dimethyl-cyclobutadiene in the DMCB—O hand, the two CQ@ bending vibrations, which in the GO

complex (atom numbering as iig. 6) monomer are degenerated by symmetry, were predicted by
Bond distances (A) the calculations to appear in the g€DMCB at 649.2 and
85223 11%?;8726 Ccla_i% 11-‘(1);2‘(‘3 644.1cnr! and, accordingly, were observed at 662.6/659.8
gy 13382 C6H10 10967 and 652.1 cm'l. The band due to the four-membered ring
Ca—C1 15776 C6-H11 10972 Puckering ¢ ring; calculated frequency: 568.3 crf) was
C4—H5 1.0818 C8—H12 10926 Observed at 549.3/544.3 crth This band is a direct ana-
C3-C6 1.4794 C8-H13 1.0967  logue of the ring puckering band observed for unsubstituted
C2-H7 1.0818 C8-H14 1.0972  cyclobutadiene at 573cnt [18]. In the high frequency
Bond angled (°) spectral region, the three intense methyl stretching bands
C1-C2-C3 89.67 C3-C4-C1 89.67 were observed at 2973.7, 2931.2 and 2907.6'cwhile the
C2-C3-C4 90.33 C4-C1-C2 90.33 Cring—H asymmetric stretching was found at 3072.4¢m

aA-B-C is the angle between bonds A-C and B-C. also in good agreement with the theoretical predictions (see
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Table 8
Observed and calculated vibrational frequencies, intensities and potential energy distributions (PED) for DMCB stackgdntn@®er (frequencies
(v) in cm™1, theoretical intensitiesl) in km mol1)

Observed (infrared, Ar Calculated Symmetry  PED (%)
matrix, T = 10K) (B3LYP/6-31H-+G(d,p))
v b Ve |
3072.4 13.2 3106.6 13.1 B v(C—H)as (99.1)
3106.4 0.03 A v(C—H) (99.1)
2994.7 0.007 A V(CH3)as (94.6)
2988.1
2973.6 39.2 2994.3 39.1 B V(CH3)ys (94.5)
2962.0
2931.2 31.0 2943.2 32.6 A V(CH3)ps (99.6)
2943.0 0.1 B v(CH3)7% (99.6)
2905.2 11 A v(CH3)s (94.8)
2907.6 323 2903.8 59.7 B v(CH3); (94.7)
2869.4 9.1 Overtones(CHz) ;.
2848.6 11.7 Overtoned(CHs)ag)
23375 571.0 2340.7 511.1 B v(COy)as (100.0)
1663.6 325 B V(C=C)as (74.4) + v(C—CHg)as (12.3)
1650.5 0.2 A v(C=C)s (77.7) + v(C—CHp)s (15.4)
1445.5 0.4 A 8(CH3)js (568.7) 4+ 3(CHa)as (31.2)
1439.9 36.9 14441 27.3 B 8(CH3)75 (57.2) 4+ 8(CHa)j (32.9)
1433.3 0.7 B 8(CH3)js (568.2) 4+ §(CHa)j5 (33.0)
1433.2 19.9 1432.1 15.0 A 8(CHa)as (60.2) + 8(CHa)js (31.4)
1371.2 8.3 1372.4 7.5 B 8(CHz); (95.4)
1371.0 0.03 A 3(CHz)s (95.1)
1342.6 0.1 A v(CO)s (100.0)
1209.1 0.003 A v(C—C) (33.0) + v(C—CHg)s (29.1) + §(C—H)s (10.4)
1198.3 8.7 1193.6 19.0 B 8(C—H)as (41.0) + y(CHa3)}s (21.4) + v(C—Cs (16.6)
+ 8(C-Chg)as (10.6)
1120.4 0.004 A 8(C—H)s (65.9) + y(CHza)as (19.6)
1075.6 8.5 1064.0 105 B 8(C—H)as (43.9) + v(C—CHg)as (30.1) + y(CHa)js (19.0)
1025.1 0.09 B Y(CHz)45 (80.9) + y(C—Chg)as (10.3)
1012.3 2.6 1016.4 3.7 A y(CHa)js (78.9) + y(C—CHg)s (10.2)
997.3 0.007 A y(CH3)as (34.8) + § ring (28.6) + v(C—CHg)s (11.6)
921.9 4.3 B Y(CH3)} (40.3) + v(C—CHg)as (35.1) + v(C=C)as (14.4)
892.7 0.01 A v(C-C) (45.7) + § ring (17.9)+ y(CHa)as (20.8) + 8(C—H)s (13.7)
696.9 37.6 707.1 58.2 A y(C—H)s (86.0) + y(C-ChHg)s (11.1)
670.3 0.1 B y(C—H)as (76.7)
667.0 4.6 661.3 9.5 B V(C—Chs (55.1) + v(C—-CHb)as (13.4)
662.6 40.8 649.2 21.2 B 3(COy)as (88.5)
659.8
652.1 41.8 644.1 59.9 A 3(COy)s (96.8)
644.5 35
640.7 8.5
555.1 3.8
549.3 18.2 568.3 27.3 A 7 ring (76.7)+ y(C-H) (11.2)
544.3
547.3 0.03 A 3 ring (40.6)+ v(C—CH)s (37.6) + v(C-C) (11.4)
363.9 0.01 A 3(C-CHg)s (81.6)
323.3 0.1 B y(C—CH)as (92.5)
224.3 2.2 B 8(C—CHp)as (79.4) + v(C—Chs (13.1)
209.7 0.01 B 7(C—-CHg)' (105.4)
193.6 0.003 A 7(C-CHg) (95.3)
137.9 9.5 A y(C—CHg)s (66.6) + 7 ring (27.2)
65.3 0.4 B CQ-ring wag (104.8)
42.0 0.005 A C@-ring symmetric stretching (98.6)
38.7 0.003 B C@-ring asymmetric stretching (84.0) CO,-ring wag (18.9)
29.4 0.005 A C@-ring twist (99.3)
20.2 0.0008 B C@-ring parallel shift (109.24+ CO,-ring asymmetric stretching (15.4)

2PED's lower than 10% are not included. Definition of symmetry coordinates is giv8able 3 SeeFig. 6 for atom numbering.
b Relative integrated intensities.
¢ Theoretical positions of absorption bands above 2900'cmere scaled down by a factor of 0.968 and below 2000%imy a factor 0.978.
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Table 8andFig. 8). Finally, the band due to the antisymmet-
ric stretching vibrations of the two=¥C bonds is predicted
to occur around 1660 cni, but its assignment is uncertain

since this spectral region does also exhibit relatively intense
bands due to traces of matrix isolated water that could not

be removed from the set up.

5. Conclusions

Several new results on photochemistry of DMAP were
obtained by combined usage of matrix isolation technique,

FTIR spectroscopy and theoretical simulations of IR spectra.

Photochemical valence isomerization of DMAP to its Dewar
isomer DOOBH strongly dominated for this molecule when
compared with the ring opening, Norrish type | photopro-

cess leading to the conjugated ketene. In the present study,

the photoproduced DOOBH was positively identified by
comparison of its experimental and theoretically calculated
IR spectrum. In turn, when irradiated using higher energy
radiation ¢ > 235nm) DOOBH is photolysed to DMCB
plus CQ. In the matrix, these two photoproducts form
a stacked (parallel) complex, that can be unequivocally
identified by comparison of its experimentally observed
IR spectrum with the spectrum simulated using the DFT
method.
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