Downloaded by PORTUGAL CONSORTIA MASTER on July 10, 2009

[
f|
5
&
=
3
N
o
=
g
5
A=k

[

S

>
g
E_
=

c
o
™
g
N
©
§
o
o
B
@
o)
z

JIAIC[S

COMMUNICATIONS

Published on Web 12/06/2003

Rotational Isomerism in Acetic Acid: The First Experimental Observation of
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Conformational studies of simple carboxylic acids and amines
aid to understand the reactivity of biologically relevant molecular Q
systems, where the conformational properties of these functional 0
groups play an important rofe2 Recently, conformation-selective
photochemistry has been recognized as a new approach to laser trans cis
control of chemical reactiorfsDifferent conformers can exhibit  Figure 1. Cis and trans conformers of acetic acid (CHOH).
quite different photochemistry as it was shown, for example, in

the case of UV photolysis afis- andtransformic acid (HCOOHY. = 5001 calc.
Acetic acid (CHCOOH, AA) is a molecule of considerable g
interest from the point of view of conformation-selective photo- § 250+ cis-AA ‘
chemistry. This molecule can theoretically adopt two stable NN i |
structures (see Figure 1). Both conformers belong to @e s ' trans-AA ‘ X ' T
symmetry group and have the in-plane hydrogen of the methyl ~ -2504
group eclipsed with the carbonyl bond. The lowest energy 0.2
conformer is characterized by the trans arrangement around the xp.
C—0 bond with respect to the relative orientation of thel®and g 01 cis-AA ’
C—C bonds. The other conformer, which is predicted to be 1882.7 8 ol N | B
. . . . g 0.0 [ T
cm~1 higher in energy,exhibits the cis arrangement of these two 8 ransAA ‘ T
bonds around the €0 bond. Despite the reliable theoretical .01 . . .
4000 3000 2000 1000

predictions, no experimental evidence of the existence of the cis
conformer has been found so fat! In this work, we report the

first experimental observation afisAA. We show thatcis-AA Figure 2. Theoretical and experimental vibrational spectraisfandtrans:

. . . ; L acetic acid. The lower trace is the experimental difference spectrum showing
can be prgduced in an Ar matrix by .V|brat|0nal excitation (_)f the the result of vibrational excitation of the trans conformer in the Ar matrix
conformational ground state and that it decays back to trans in dark, at 8 K. In the upper trace, the difference spectrum is simulated based on

even at 8 K, via tunneling. The tunneling mechanism for the—¢is MP2/6-311G++(2d,2p) calculations. The bands of the cis conformer point
trans dark reaction is supported by studies on the;GIBOD upward, while the bands due to the trans conformer point downward.
isotopologue showing a very strong effect of deuteration on the
reaction rate.

In the experiments, acetic acid (Sigma-Aldrich99%) was
mixed with argon (AGA 99.9999%) in a bulb with the ratio AA/
Ar = 1/1000. The samples were deposited on a Csl window held
at 15 K in a cryostat (APD DE 202 A). After deposition, the samples
were cooled to 8 K. The IR pumping was carried out with pulsed
(~5 ns) narrowband IR radiation of an optical parametric oscillator

. . ) . 1
(Sunl}tg with an IR extension, Continuum, F,WHMO'l (r:ﬁm ! product with respect to the trans conformer are very characteristic
repetition rate= 10 Hz, and pulse energy densitp.5 mJ/crd) as for various carboxylic acid&' The vC=0 and the COH angular

described elsewhefé:14 The IR absorption spectra were measured deformations §COH) are the most intense bandsciEAA. These

with a FTIR spectrometer (Nicolet 60 SX) with a resolution of 1 bands are observed at 1807 dntvC=0) and 1272 cmt (JCOH)

) . -
or 0.25 cnr™. The experimental setup was arranged in such a way i, 4604 agreement with the ab initio estimations (1833 and 1310
that IR absorption spectra could be recorded during irradiation. The cmL, respectively). In general, the experimental difference spectrum

Qaussmn 98 program package was used for the ab initio CalCU|a'showing bands of both conformers of AA agrees very well with
tions?!® N ] ) . the spectrum simulated by ab initio calculations with respect to
_ After deposition, the AA monomer is present in the matrix only )54 nositions and relative intensities (see Figure 2), thus giving
in the trans geometry, and our IR absorption spectrum agrees wellgong support to the identification of the product of IR irradiation.

with the literature daté’ To excite thetransAA monomer at The detailed discussion of the spectraistAA exceeds the scope
energies above the internal rotation barrier, we used the OH of this Communication

wavenumber (cm-1)

stretching overtone §OH at 6957.9 cml). Resonant excitation
of this mode induces considerable changes in the IR absorption
spectrum (see Figure 2). According to our assignment (see Table
1), the bands pointing upward in the presented difference spectrum
correspond to previously unreportazis-AA, while the bands
pointing downward correspond to the known trans conformer. The
observed blue shifts of the hydroxyl (59 c#and carbonyl (28
cm™1) stretching modesvQH and vC=0, respectively) in the

I University of Helsinki. In the equilibrium established under resonant IR irradiation, about
University of Coimbra. 0 it : f :

S Present address: Department of Chemistry, University ofskga P. O. _10/o of the |n|_t|al conce_ntratlon of the trans cgnfor_m(_er in the matrix
Box 35, FIN-40014 University of Jy\skyla Finland. is converted into the cis form. Once the IR irradiation is stopped,
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Table 1. Observed Frequencies of cis-AA and trans-AA Isolated IR-induced isomerization of C}£OOD isolated in solid Ar was
{ﬂearl\]/lérz /'\é'f‘;i'i fﬁrSG(KZ (iszsol_’geg{ed with the Predicted Values at also studied. The D mode at 5170 crt was used to excite
this molecule over the isomerization barrier, resulting in the
rans-AA Cis-AA trans— cis conversion. As a result of deuteration, it was found
assignment® obs. calc. obs. calc. that the cis— trans back reaction slows down by a factored x
vOH 3563.8 3793.6 3622.6 3859.5 10* as compared with C}¥OOH [k(CH;COOD) ~ 7.3 x
vHCH; s. 3052 3236.9 3229.7 107 s71]. This value agrees reasonably well with the estimated 7
vHCH; a. 2996 3196.0 3178.0 orders of magnitude lower barrier permeability upon deuteration.
zg:% i%ﬁ.o 31%35"'?’2 1807.4 329893; 6 This is our final proof of the conversion @is-AA to transAA
SHCH; a. 1438.8 1506.3 1448.3 1514.3 via tunneling.
OHCH; s. 1433.6 1501.0 1444.5 1501.2 In conclusion, the cis conformer of acetic acid was produced in
O0CHz 1379.4 1434.5 1368.3 1421.5 solid Ar by exciting the OH (OD) stretching overtone modes of
ve-0 1259.4 1352.7 1;;2249 1218.4 two isotopic forms of the trans conformer (GEDOH, CHCOOD).
g'C)OH 1179.8 1210.4 1271.9 1309.5 The experimental evidence for the preparation of the cis form is
yCHs a. 1047.2 1084.6 1042.4 1078.7 supported by the theoretical vibrational analysis. It is shown that
yCHss. 985.5 1011.7 982.2 1002.9 the cis to trans tunneling reaction occurs in the solid environment
vC—C 871.8 848.6 864.9 even at the lowest temperatures used (8 K). Fog@BOH, the
g%::oo 2%3 %g%é 458.0 ggg? tu_nneling rate_is~2 x 1072 s71, which meang thqt i_n S(_everal
yC=0 534.2 553.1 605.2 minutes the cis conformer produced by IR irradiation is fully
0CC=0 428 427.0 436.0 converted back to trans in dark. Deuteration of the hydroxyl group
7CH;3 80.2 95.2 increases the lifetime of the unstable conformer dramatically
(by ~3 x 10%.

aThe ab initio Cartesian force constants and optimized geometries were
used for the normal coordinate analyﬁualues taken from ref 10. Acknowledgment. The Academy of Finland is thanked for
Symbols: v, stretchingid, bending;y, rocking;, torsion. financial support. E.M.S.M. and R.F. acknowledge the Portuguese
cis-AA decays back to the trans form in a minute time scale. As Foundation for Science and Technology (Ph.D. grant SFRH/BD/
measured in the dark in solid Ar at 8 K, te&s-AA concentration 4863/2001 and project POCTI1/43366/QUI/2001).
follows a one exponential decay with a rate conskg@H;COOH)
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