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CH3C(O)SC(O)CH isolated in solid Ar, N, or 5% CO-doped Ar at 15 K and GB(O)SH and CHC(O)-

SCH; isolated in solid Ar at 15 K were irradiated with broad-band tsible light (200< 4 < 800 nm).

On the basis of the IR spectra of the matrixes, hydrogen abstraction from therGtp to give ketene,
H,C=C=0, with the elimination of HX [X= SC(O)CH, SH, or SCH] was identified in each case as the
main channel of photodecomposition within the confines of a solid matrix environment. The presence of a
CH;s ligand attached to the carbonyl function thus introduces a third type of elimination reaction for matrix-
isolated sulfenyl carbonyl compounds of the general type XC(O)SY. Additionally, the conformational properties
of the CHC(0O)SX molecules have been investigated. In the case of thioacetic acid KX, the matrix
experiments indicate that the vapor at ambient temperatures consists of a mixture of the syn and anti forms,
with the syn form predominating (ca. 85%). Broad-band-ti\éible irradiation then results in interconversion

of the conformers prior to decomposition. The identification of the different molecules has been underpinned
by the results of ab initio and density functional theory (DFT) calculations.

Introduction In addition to these conformational features, the photode-
composition brought about by continued broad-band-UV
visible irradiation of the matrix-isolated sulfenyl carbonyl
compound affords a convenient means of generating novel
species, which are generally short-lived under normal conditions.
Thus, one of the common decomposition channels open to a
molecule of the type XC(O)SY under matrix conditions leads
to the formation of XSY and CO, and the sulfur dihalides CISF,
BrSF and BrSCl can be educed in this way. A second channel

The matrix photochemistries of several sulfenyl carbonyl
compounds have been investigdtedto reveal some notable
properties relating not only to conformational preferences and
changes but also to the products of photodecomposition.
Molecules containing the-C(O)S— moiety have two potential
energy minima corresponding to the syn and anti conformers
(eq 1). Although the relative stabilities of the two forms depend

X\ . X\ /Y results in the elimination of OCS with the formation of XY.
c—s c—s ) More recently, the structure and conformational properties
o/ \Y o/ of diacetyl sulfide, CHC(O)SC(O)CH, in the gaseous and solid
phases have been determife®ifferent experimental and
syn anti theoretical methods (gas electron diffraction, single-crystal X-ray

. diffraction, vibrational spectroscopy, and both ab initio and
on the compound, the syn conformer is always favored over gensity functional theory methods) reveal that the molecule

the anti on€:>"" Broad-band UV-visible irradiation of the ~ eyjsts predominantly as a single conformer with a planar heavy-
matrix-isolated compounds has then been shown to result in aziom skeleton adopting an [sp,ap] configuration.

randomization process. For molecules such as FC(O)&al
FC(O)SBE that display a conformational equilibrium at ambient
temperature, the IR bands corresponding to the anti form are
observed to grow at the expense of those due to the syn form
until an approximately equimolar mixture of the two forms
develops. For molecules that exist effectively as a single
conformer at ambient temperatures, for example, CIC(O)SBr
and FC(O)SCH?® photolysis may nevertheless induce the
formation of the anti form.

In this context, the matrix photochemistry of diacetyl sulfide
invites investigation not only to seek possible higher energy
conformations but also to determine the mode of its decomposi-
tion. Here, we report the results of such studies with diacetyl
sulfide isolated in solid Ar, B or CO-doped Ar matrixes at
ca. 15 K. Although broad-band UWisible irradiation gave
no positive sign of other conformers, the compound was found
to have a very rich photochemistry, giving rise to several
products issuing from different decomposition channels. To help

interpret the results, similar studies were also carried out on
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of the gaseous thioacetic acid molecule has been investigatedResults and Discussion

on the basis of its electron-diffraction pattéfnbut only the o : , . .
_ . To facilitate the interpretation, we will describe the results
C=0, C-S, and CC distances and the CCO and CCS angles of experiments involving first the simplest molecule, £CH

could be estimated. So low is the sqatterin_g_ power of hydrog(_an (O)SH (1), then proceeding through GE(O)SCH; (2) to the

that such measurements are quite insensitive to the orientation | .
. S ost complicated molecule, GH(O)SC(O)CH (3).
of the S-H bond and fail therefore to distinguish between syn () CHggEO)SH 1. anforcfna(tio)nal (PZOFI;ir(tit)asThe IR

and anti conformations of the molecule. The structures of the spectrum of the thioacetic acid molecule, £HO)SH ()
relatec_j compounds GE(O.)SH and CEC(O)SCH; have .been. isolated in a solid inert gas at low temperatures has not been
investigated both theore.tlcally and. by gas electron d|ffract.|on described previously. Table 1 presents the wavenumbers and
(GED) methods: Calculations at various levels of theory pr?dlct intensities of the IR absorptions observed for a sample of the
that the syn conformanon_of GE(O)SH is 0.9-2.2 keal mof compound isolated in an Ar matrix at ca. 15 K. Details of the
more stable than the anti one, ar_1d the GED pattern_could be|r spectrum of the vapor, as reported previod&igre included
accounted for perfectly satisfactorily with a model thatinvolves ¢4 comparison. The new results are consistent with the earlier
only the syn form. Likewise with GRE(O)SCH;, itis the syn  gheg while revealing significantly more detall.

conformer that predominates. In fact, several studies of the vibrational spectraldfave
been carried out previously, often with the aim of seeking
Experimental Section evidence of a possible equilibrium between the thiol and thion
) ) ] ) ) tautomers’~24 However, none of them considered a possible
Commercial samples (Aldrich) of thioacetic acid, HO)- equilibrium between the syn and anti conformers of theCH

SH (1), and methyl thioacetate, GB(O)SCH (2), were purified  (©ySH molecule. The matrix-isolation technique is especially
by repeated trap-to-trap condensation in vacuo, and the purityye|| syited to the study of such an equilibrium by virtue of the
of each was checked by reference to the IR spectrum of the sharnness of the IR absorptions and the quenching of any
vapor. Diacetyl sulfide, CEC(O)SC(O)CH (3), was prepared  conformational interconversidnindeed, the IR spectrum that

by the reaction of thioacetic acid, GE(O)SH, with CHC(O)- we have measured for the matrix-isolated compound does
Cl, according to the published proceddfd.he compound was  gyggest the presence of more than one conformer, the syn form
isolated by distillation at low pressure and subsequently purified \with the S-H bond cis to the €0 bond being accompanied

by repeated trap-to-trap condensation in vacuo until it appearedby a small proportion of the anti form with the-&i bond trans
colorless. Its purity was checked by reference to its IR, Raman, tg the G=0 bond. Moreover, exposure of the matrix to broad-
and'H and*3C NMR spectrd? The matrix gases, Ar, Nand  pand UV-visible light (200< 4 < 800 nm) resulted in growth

CO (all BOC, research grade), were used as supplied. of the absorptions associated with the second conformer at the
Gas mixtures ofl and2 with Ar and of 3 with Ar, N, and expense of those associated with the syn form (eq 2). For

Ar doped with 5% CO with approximate compositioksnatrix

gas= 1:1000 X = 1, 2, or 3) were prepared by standard HSC\ " HSC\ M

manometric methods. Each such mixture was deposited on a c—s c—s @)

Csl window cooled to ca. 15 K by a Displex closed-cycle % \H %

refrigerator (Air Products, model CS202) using the pulsed

» 1415 : . o _ _
deposition techniqué**The IR spectrum of each matrix sample investigation of the conformational properties of sulfenyl

was recorded at a resolution of 0.5 chand with 256 scans carbonyl compounds, there are few reporters more sensitive to

using a Nicolet Magna-IR 560 FTIR instrument equipped with - o1 mation than the(CO) fundamental.Figure 1 shows the
either an MCTB or a DTGS detector (for the ranges 4000 ¥(CO) region of the IR spectrum df (1700-1750 cm?) at

400 cn* or 600-250 cn1'?, respectively). Following deposition  igterent irradiation times. The most plausible interpretation is
and IR analysis of the resulting matrix, the sample was exposed; o+ the intense band near 1722 éneorresponds to the more
to broad-band UVvisible radiation (200< i_ < 800 nm) from stable syn form, while the weaker band near 1729%mwhich
a Spectral Energy HgXe arc lamp operating at 800 W. The  gaing intensity relative to the former on irradiation, corresponds
output from the lamp was limited by a water filter to absorb {5 the anti conformer.
infrared radiation and so minimize any heating effects. The IR 14 check this interpretation, we performed ab initio (HF and
spectrum of the matrix was then recorded at different times of MP2) and DFT (B3LYP) calculations using a 6-8G* basis
irradiation to scrutinize closely the decay and growth of the go¢ The relative stabilities of the two conformers estimated by
various absorptions. Experiments were also performed with a ihe gitferent theoretical models are presented in Table 2. The
filter cutting out visible light and so confining the photolyzing  cgiculated optimum structures are found in all cases to define
radiation to wavelengths in the range 2800 nm. The only minima over the potential energy surfaces with no imaginary
difference observed was a uniform diminution in the rates of \ayenumbers, and the syn form is invariably more stable than
all of the changes brought about with broad-band-sible the anti one. On the basis of the theoretical thermodynamic
light. functions, the percentages of each conformer have also been
All of the calculations were performed using the Gaussian calculated, with the results included in Table 2. Experimental
98 program systeth under the Linda parallel execution estimates of these percentages could be made by reference to
environment using two coupled personal computers. Different the relative intensities of the corresponding IR absorptions. Thus,
ab initio and density functional theory (DFT) methods were the relative intensities of the(CO) bands in the spectrum of
used, in combination with different basis sets. The geometry the initial deposit imply that approximately 18% of the anti form
optimizations were performed using standard gradient techniquesis present in the vapor at ambient temperature, if itt@0O)
by simultaneous relaxation of all of the geometrical parameters. modes of the two conformers are assumed to have the same
The calculated vibrational properties corresponded in all casesabsorption coefficients. If another pair of absorption bands is
to potential energy minima for which no imaginary frequency chosen, the result is slightly different. For example, the relative
was found. intensities of the two features near 620 ¢nassociated with



Matrix Photochemistry of CEC(O)SX Molecules J. Phys. Chem. A, Vol. 106, No. 31, 2002237

TABLE 1: IR Spectra of CH3C(O)SH, 1

B3LYP/6—31+G*

Ar matrix synCHz;C(O)SH anti-CH;C(O)SH
v[cm™] |be v[cm™] Jed v [cm™Y |ed vapor assignmeit
3444 20(C=0an)
3432 3380 2(C=04yn)
3020.6 0.050 (2) 3163.5 4.8 (1) 3161.9 6.3(2) 3020  v4(CHy)
2986.2 0.025 (1) 3127.2 3.8 (1) 3125.3 3.8 (1) va(CHa)
3059.3 1.3 €1) 3059.1 2.2€1) 2940 v4(CHa)
2606.5 0.134 (4) 2703.9 1.6:0) 2684.2 12.6 (4) 2585 »(S—H)
2049.6 0.004€1) OCS
1749.2 0.711 (23) »(C—C) + »(C—S)
1728.7 0.537 (18) 1796.2 343.6 (100) »(C=0an)
1722.5 3.045 (100) 1794.6 322.1 (100) 1735  »(C=04)
1441.2} 0.163 (5) 1497.9 13.3 (4) 1498.1 15.4 (4) 54(CHs)
1435.5
1426.6 0.022¢1) 1490.0 12.4 (4) 9a(CHsant)
1422.2 0.455 (15) 1487.3 16.8 (5) 1425  84(CHasy)
1355.2 0.372 (12) 1402.0 23.8(7) 1365  04(CHasy)
1353.0 0.035 (1) 1408.3 20.7 (6) 5§(CHs,ant)
1126.6 2.976 (98) 1147.8 153.9 (48) 1151.6 150.7 (44) 1128 1(C—C)
1056.6 0.064 (2) 1042.1 3.5(1) 1042.1 071) 1072 p(CHa)
987.2 0.042 (1) 1010.7 29.2 (8) o(CHa.an)
983.6 0.548 (18) 1016.7 37.4 (10) 1000  p(CHs.sy)
821.8
819.9} 0.340 (11) 851.5 30.1 (9) 853.1 23.9 (7) 830 O(CSH)
814.4,
624.5 0.102 (3) 624.3 69.5 (20) »(C—Sand)
gﬂ?} 1.291 (42) 620.6 81.6 (25) V(C—Syn)
522.7 2.3€1) 531.5 <0.1(<1) 7(CO)
445.4 0.035 (1) 444.3 3.3(1) 5(0SGyn)
427.6 426.5 5.8 (2) 5(0SGCun)
350.7 0.147 (5) 369.5 21.3(7) 336.9 041) 7(HSCO)
322.9 5.8 (2) 316.5 14.6 (4) 5(CCS)
455 0.1 €1) 102.1 0.1€1) T

aReference 172 Intensities in absorbancelntensities in parentheses normalized relative to that of the most intense band set equal to 100.
dIntensities in km molt. €a = antisymmetric, s= symmetric. Visible after irradiation.

the »(CS) fundamentals would suggest a significantly smaller different times ranging from 1 to 240 min, and the IR spectrum
percentage of the anti conformer (ca. 7%). These results arewas measured at each stage. In addition to the conformational
broadly consistent, however, with the ratios of the absorption interconversion mentioned in the preceding section, several new
coefficients calculated by theory to be 1.07:1 for tH€O) IR bands appeared and grew at the expense of these due to
bands [anti¥(CO)/syn+(CO)] and 0.85:1 for the/(CS) bands with progressive photolysis. Attempts to distinguish different
[again anti¥(CS)/syn¥(CS)]. Thus, experiment and theory are products on the basis of the behavior of their IR bands as a
more or less agreed about the relative stabilities of the syn andfunction of irradiation time showed only that all of the new
anti forms, with the latter comprising about 16% of the vapor bands exhibited the same pattern of growth. The most intense
species at room temperature. Moreover, there is also goodof the new bands, occurring close to 2138 émsuggests at
agreement with the experimental results of Rder an acetone-  first the presence of the CO molecule invariably formed, it
ds solution of 1, the temperature dependence of theNMR seems, by photodecay of matrix-isolated sulfenyl carbonyl
spectrum indicating a free energy difference of 1.9 kcalthol compound$:226.27 This feature, attributable to the(*2CO)
between the two conformers at 2C. Although none of the  fundamental, is always accompanied by a satellite near 2092
previously reported vibrational studies bfake account of this ~ cm™! corresponding ta(*3CO) with an intensity reflecting the
conformational equilibrium, inspection of the IR spectra of the natural abundances $C and3C (ca. 100:1%7 In the present
vapor measured by Mecke et'dlat 25, 75, and 106C reveals case, there is indeed a band with an intensity exactly 1% that
the presence and temperature growth of a see¢@®) band of the 2138 cm? band, but it appears near 2082 cinthat is,
to higher wavenumber of the principal band. This too is about 10 cm?to low wavenumber of where thg3CO) mode
completely consistent with the results of our experiments. of free CO would be expected to appear. This finding suggests
The calculated (B3LYP/6-3tG*) wavenumbers and IR  the development of absorptions coincidentally very close to
intensities for the syn and anti conformerslcére included in v(*2C0O) and v(13CO) of free CO but belonging to another
Table 1 together with the experimental data. All of the IR product. Taking into account not only the 2082 ¢rabsorption
absorptions anticipated for the anti form by the theoretical but also other absorptions near 3061, 1375, 579, and 525% cm
calculations can be observed in the spectrum immediately afterthat appeared after irradiation of the matrix, we are led to
deposition of the matrix and were seen to grow on broad-band conclude that a major photostable product is the ketene
UV —visible irradiation. The theoretical wavenumber shifts of molecule, HC=C=O (see Figure 23¢ In addition to the
the bands of the anti form relative to those of the syn form are fundamental vibrational modes, four nonfundamental transitions

also in good agreement with the experimental ones.
Photochemistry The matrix doped withl was exposed to
broad-band UV-visible radiation (200< 4 < 800 nm) for

were also located near 3506, 3249, 3103, and 1945 chhe
identity of the product is confirmed by comparison with the IR
spectrum reported earlier by Bandow and Akini8for a solid
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Figure 1. »(CO) region of the IR spectra of an Ar matrix containing
CHs;C(O)SH at different irradiation times.

TABLE 2: Relative Stabilities of the syn and anti Forms of
CH3C(O)SH, 1, Calculated with Different Theoretical
Models

AE
theoretical Esyn Eanti [kcal % %
model [hartree] [hartree] mol~Y syn anti
HF/6-314-G* —550.444 071 112-550.441 141667 1.84 79 21
B3LYP/6-314+G* —552.044 930 163 -552.041963714 1.86 80 20
MP2/6-3H1G* —551.006 9792 —551.003 191 2 238 85 15

Ar matrix doped with ketene. The previous study also demon-

Romano et al.
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Figure 2. IR spectra of an Ar matrix containing GB(O)SH: (i)
following deposition and (i) after 240 min of broad-band YVisible
photolysis.
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Figure 3. v(SH) region of the IR spectrum of an Ar matrix initially

containing CHC(O)SH after 240 min of broad-band UWisible
irradiation.

the wavenumbers and relative intensities of the antisymmetric
and symmetrio’/(SH;) modes exhibit large variations with the
switches from the gas to the matrix phase or indeed from one
matrix to anothe?® Hence, it appears that the;sl molecule is
highly sensitive to its environment. There is a further potential
complication from aggregation to give:&l multimers, [HS],.3%-32

strated the photostability of ketene under these conditions, atMoreover, earlier photolysis studies concluded that matrix-bound

least with respect to near-UV light (31® 4 < 410 nm).

The formation of ketene suggests thatHs eliminated from
1 under the action of broad-band WVisible light in accordance
with eq 3. Figure 3 reproduces the IR spectrum of the matrix

H, /H
H=rc) H
he " c=c=o0 AN
-3 == +
// \H H/ H H
0

in the region 25762650 cnT?! characteristic of(SH) modes
after 4 hirradiation. In addition to the 2606.5 cfband arising
from the v(SH) fundamental o6ynCH3;C(O)SH, at least four

H,S decomposes to give HS radicals and S at&hslight of
these factors, the most likely explanation of the new bands
shown in Figure 3 is that they arise from théSH,) funda-
mentals of HS in different matrix cages, at least some of which
also host the ketene molecule.

In addition to the bands attributable to the formation of ketene
and HS, photolysis resulted in the development of other weak
absorptions, as listed in Table 3. We identify these bands with
the formation of CHSH, OCS, and Cldon the basis of the IR
spectra reported elsewhé&fé 35 for authentic samples of each
of these molecules in the matrix-isolated state. Hence, it is
apparent that p8-elimination, as in eq 3, is not the only channel
open to the photodecomposition of matrix-isolated he two

new absorptions appeared at 2630.9, 2620.9, 2617.6, and 2574.pathways represented by eqs 4 and 5 are likely to account for
cmL. There have been several previous studies & idolated the presence of these compounds (as well as CO, the absorption
in different matrix environment¥.3! These have shown that of which was overlaid presumably by that of ketene); all build
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TABLE 3: Wavenumbers, Intensities, and Assignments of
the IR Absorptions Appearing after 240 min of Broad-Band
Photolysis of CHC(O)SH Isolated in an Ar Matrix
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TABLE 4: Relative Stabilities of the syn and anti Forms of
CH3C(O)SCHj3, 2, Calculated with Different Theoretical
Models

: wavenumber AE
IR assignment reported theoretical Esyn Eanti [keal
v [em™] | molecule vibrational mode previously model [hartree] [hartree] mol~1]
3506.3 0.029 HC=C=0 v(C=0)+d(CH;) 3513 HF/6-31+G* —589.481 899 916 —589.474 148 213 4.86
3248.9 0.022 HC=C=0 1(C=0)+1(C—C) 3255 B3LYP/6-31+G* —591.364 323 625 —591.357 009 192  4.59
3155.9 0.064 BHC=C=0 v(CH,) 3155 MP2/6-34-G*  —590.1798661 —590.1716283  5.17
3103.3 0.017 BC=C=0 v(C=0)+ p(CH,)
in-plane TABLE 5: IR Spectra of CH 3C(O)SCHg, 2
gggﬁ} 0.284 HC=C=0 1{CH,) 3062 _ BALYP63HG*
3046.1 0.009 Chi v4(CHa) 3037.0 Ar matrix syn-CHC(O)SCH - rixe
—1 b, —1 d —1 i
3008.2} 0.006 CHSH va(CHa) 3011.9] © v[em™ |be v[cm™ Ie v [cm™] assignmerft
8002.8 3006. 3389.9 0.068¢1 2/(C=0
2947.0 2948.4) © ' 068¢1) v(C=0)
} 0.046 CHSH  v{CHy) 31718 2.7€1)
2935.9 2935, 31608 33 (1)
2630.9 0.016 KS? ' '
26209  0.002 bB? 30134
: : : 3004.9¢ 0.350(4) 31495 8.2(3) 2988 v.CH:—(C))
2617.6 0.009 KS? 5093 1
%g‘;i-g <0.002 CHSH  »(S-H) 2604.2 31200 31(1) 2975 (CHs—(S))
: } 0.010 HS? 2938.1 0.445(5) 3078.7 152(5) 2921 v{CHs—(C))
2572.9
P 3059.8  2.7¢€1)
2134:6} 4476 HC=C=0 »(C=0) 2142 ggf'g} 8.474(100) 1764.6 278.5(100) 1703 »(C=0)
2081.8 0.042 HC=C=0 1(**C=0) 2085 ' 14969 13.4 (5)
2049.6 0.059 OCS »(C=0) 2049.3 14325 14040 00(z) 1430 0dCH—(C)
1945.3 0.022 HC=C=0 2p(CH,)in-plane 1947 1 428'3} L313(15) o50 98
1375.0 0.151 KC=C=0 o(CH,) 138F : 14846 94(3 1425 OdCHi~(S)
1326.3 0.008 CkSBH  04CHs) 1326.5 : : 1357
1304.5 0.009 CH 0«(CHs) 1307.7 1355.9 0.470(6) 14107 18.7(7) 1352} 5{CHs—(C))
1068.5 0.014 CkSBH  p(CHs) 1068.2 1308
974.0 0.057 HC=C=0 p(CHy) in-plane 974 13092  0118(1) 13816 230) j30,1 O4CH—(S)
957.0 0.010 CHBH  p(CHy) 954.3 B
2003 0003 CeBH  h(CSh) 200.0 11315  3.773 (45) . é§3%4 135%(71()55) 11261(C—C)
703.8 0.004 CHBH  »(C-S) 704.3 : - B
5792 0133 HC=C=0 p(CH,) out-of-plane 591 10968 1.722(20) 10206 309(l1) 1090p(CH;~(S)
525.3 0.656 HC=C=0O ¢(CO) out-of-plane 525 086 5
427.6 0032 HC=C=0 6(CCO) 438 979.0) 1.769(21) 9914  2.541) ggg} o(CH—(C))
aReference 282 Reference 35¢ Reference 339 Reference 34. 974.8
962.9
H 946.8 948
o, s 939.2} 0514(6)  969.6 39.5(14) .t p(CH(S))
hv -
NASE oo .+ on @ 7256 0.088(1) 7180 28(1) 724 »(S—CHy)
VO 627.9
o H 623.6f 1.948(23) 619.5 59.9(22) 614 »(C(O)-9)
618.1
H
S, S gggé} 0063 (1) 5378 1.4€1) 5(0SC)
Cors ”V =0 s+ /5N ® 4741 0.006€1) 4862 0.7€1l) ~430 y(C=O)
/9 N, chy M 360.6 0.111(1) 3537 3.8(1) 3(ccs)
o 2070 7.6 (3) 3(CSC)
o _ 1326 5.4 (2) T
up at the same rate as ketene and Halbeit in smaller yield. 77.0 <0.1(<1) T
Both find clear precedents, for example, in the matrix photo- 142 201 T

chemistry of CIC(O)SBE.
(i) CH3C(O)SCHs, 2. Conformational Properties.The

aReference 36" Intensities in absorbancelntensities in parentheses
normalized relative to that of the most intense band set equal to 100.

structure and conformational properties of methyl thioacetate, ¢ Intensities in km mol. ¢a = antisymmetric, s= symmetric.
CH3C(O)SCH (2), have not been determined experimentally.
To investigate the existence and relative stabilities of different affording no sign of the anti form. However, a new band
conformers as an aid to the interpretation of the IR spectrum of appearing near 1704 crhafter broad-band UVvisible pho-
the matrix-isolated molecule and of the effects of subsequenttolysis of the matrix suggests the formation of the anti conformer
broad-band UV-visible photolysis, a theoretical study becomes under these conditions. The theoretical wavenumber shift of
a necessary requirement. Fhmwe also found two minima over ~ approximately 4 cm? in thev(CO) mode with the change from
the potential energy surface, namely, the syn and anti forms,the syn to the anti form is in good agreement with the 3&m
but the energy difference between the two conformers is now shift observed for the new band with respect to #{€0)
found to be ca. 5 kcal mot (see Table 4), a value too highto absorption of the syn conformer. Unfortunately, the close
admit the detection of a significant fraction of the less stable similarity between the calculated IR spectra of the two conform-
(anti) conformer in the vapor at ambient temperatures. ers must then be presumed to preclude the observation of any
The IR spectrum of isolated in a solid Ar matrix detailed  other distinct absorptions attributable to the anti form, but in
in Table 5 is entirely consistent with these theoretical results, the circumstances, we cannot rule out the possibility that the
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TABLE 6: Wavenumbers, Intensities, and Assignments of recognizable by the wavenumbers and relative intensities of a
the IR Absorptions Appearing after 60 min of Broad-Band family of absorptions near 3155, 3061, 2138, 1375, 973, 567,
Photolysis of CHC(O)SCH; Isolated in an Ar Matrix 520, and 425 cmt attributable to vibrational fundamentals, as
IR assignment wavenumber well as weaker features near 3505, 3101, and 1944lcm
- — reported originating in combinations or overtones of the fundamerifals.
viem™d | molecule _ vibrational mode _ previously We can also distinguish, in addition to the IR signals associated
3505.0 0.022 KC=C=0 »(C=0)+ 4(CH;) 3513 with ketene but with lower intensities, three other families of
31548 0.066 BHC=C=O v4(CH,) 3158 signals. One of these, characterized by absorptions near 3010,

31015 0018 KHC=C=O v(C=0)+ p(CHy) 2940, 1326, 1068, 957, 799, and 704 dis easily attributable

3062.9 in-plane to CHsSH3334 A second with absorptions near 2998, 2971,
3061.6} 0.288 HC=C=0 v{CHb,) 3062 2925, 2888, 2868, 2859, 2839, and 1310 tan be recognized
3059.2 as belonging to (CH),S, as confirmed by comparison with the
3012.2 ) spectrum of an Ar matrix doped with an authentic sample of
28823 CHsSH vo(CHs) ggéé'g} the compound?® The third, consisting of just a single weak
3004.9 : multiplet centered near 2091 ciy we identify with ther(13CO)
2097.9  0.055 CHSCHy  va(CHy) 2998.2 fundamental of CG’ the more intense/(*2CO) counterpgrt
2972.8 being masked by the intense absorption of ketene at 2138.cm
2970.7} 0250 CHSCH,  vd(CH) 2973.9 On the evidence of these results, the main decomposition
2947.6 2048.4] b channel under matrix conditions appears to involve elimination
gggg:; 0.076 CHSH v(CHy) gggg.g} of CH3SH (eq 6) in a reaction analogous to that disposing chiefly
2929.1 b
2924,8} 0.437 CHSCH;  v4(CHy) gg;g:g M., o
2923.1 2918.8 : C\)fl - N s
2888.2 0.017 CBBCH;  v¢(CHy) 2887.0 c—s C=C=0 + J/ N\ (6
2872.6 2 e OHa A
2871.8] b 0 CHs
2868.2} 0.037 CHSCH;  v¢CHs) 2867 6}
2867.2 '
2860.4 of 1 (eq 3). The presence of (GHS and CO molecules may
2858.5} 0.016 CHSCH,  20(CHs) 2858.¢ be explained by there being access to an alternative photodis-
2839.4  0.015 CkSCHs  204(CHj) 2839.4 sociation pathway (eq 7) that appears to be common to sulfenyl
gigg:g} 4.358 HC=C=0 1(C=0) 2142 )
2093.6 M., /
2091.0} 0.009 CO »(13C=0) 2092 N . s
2090.0, Ce—s c=0 + /N M
2080.4  0.044 HC=C=0 »(}3C=0) 2085 o//d \CH3 CHy  CHy
2049.6 0.004 OCS »(C=0) 2049.3
1944.2 0.021 KC=C=0 2p(CHj,)in-plane 1947
1375.3 0.172 HC=C=0 O(CHy) 138 carbonyl compounds:® By contrast with the behavior df,
1326.3 0.017 CkBH 0s(CHz) 1326.% however, there is no sign to suggest the formation of OCS and
13104  0.065 CESCH;  O4CHs) 1310.8 CHs (cf. eq 4).
18?2;2 8:222 ggi";o 5%%:3 in-plane 1%67%2 (i) QH SC_(O)SC(O)C_:Hg, 3. The structures of gaseous and
9570 e CHsSH o(CHa) 954.% crystalline diacetyl sulfide, C¥C(O)SC(O)CH (3), have been
799.3 0.003 ChkBH O(CSH) 800.0 determined recentlyHence, it is found that the molecule has
703.8 0.015 CHBH v(C—S) 704.3 a planar heavy-atom skeleton with the [sp,ap] conformation in
567.5 0333 HC=C=O p(CH,)out-of-plane 591 both the gas and solid phases. The IR spectrum of the molecule
4513?13 0442 HC=C=0 0(CO)out-of-plane 525 isolated in an Ar matrix has also been sh8wmbe consistent
423:6} 0.032 HC=C=0O J(CCO) 438 with the [sp,ap] conformation, with the results wholly in keeping

with the predictions of theoretical calculations. Here, we describe
. czsledfﬂgtngg nﬁg;?f::ée;‘;zn?%gﬁ;erence 27 Reference 34 the outcome of further experiments designed to explore the
: photochemistry o8 isolated in an Ar, a ) or a CO-doped Ar
band near 1704 cm is due to the syn form o2 occupying a matrix. Inspection of the spectra of the irradiated matrixes
different matrix site. showed that the photoproducts and the rates of their formation
Otherwise, the IR spectrum that we have recorded is generallywere almost the same in the three different matrix environments,
in keeping with the results of an earlier stuthalthough there with only minor exceptions to be discussed later. There were
are some differences of detail affecting, for example, the no signals in the IR spectra of the different matrixes that could
wavenumbers of certain features. It is anticipated satisfactorily be attributed to the formation of another conformeBafnder
with regard to wavenumber and intensity by DFT calculations the action of broad-band UWisible light. Instead, a host of
(see Table 5), the results of which afford a plausible basis for new bands appeared on photolysis, with the wavenumbers and
the individual vibrational assignments given. intensities listed in Table 7. To assign the various bands, and
PhotochemistrySeveral new IR bands appeared in the IR so identify their carriers, we have taken into account (i) their
spectrum when the matrix containi2gvas exposed to broad-  distinctive behaviors as a function of irradiation time, and (ii)
band U\V~visible light (200< A < 800 nm), while the bands the locations and relative intensities of all of the bands associated
due to2 were seen to decay. Table 6 lists the wavenumbers of with a particular compound. Figures-8, 8, and 9 depict plots
the bands formed after photolysis for 1 h, together with the of the integrated intensities of the more prominent bands
proposed assignments of the absorptions. As Yithe principal displayed by an Ar matrix; these are given as a function of
photochemical process results in the formation of ketene, irradiation times ranging from 1 to 240 min. Figure 4 illustrates
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TABLE 7: Wavenumbers, Intensities, and Assignments of the IR Absorptions Appearing after 120 min of Broad-Band
Photolysis of CH;C(O)SC(O)CHjs Isolated in an Ar, N,, or CO-Doped Ar Matrix

Ar matrix . Ar+ 50/.° co assignment wavenumber
N2 matrix matrix reported
v [cm™Y | v[cm™] v [cm™] molecule vibrational mode previously
gggg"?‘} 0.049 3512.0 3504.5 8=C=0 »(C=0) + 6(CH) 3513
32555 0.122 3255.7 32575 LE=C=0 »(C=0) + »(C—C) 3255
gigz:g} 0.274 3161.3 3155.1 8=C=0 va(CHy) 3155
3102.8 0.053 3108.9 3101.0 LE=C=0 ¥(C=0) + p(CH,) in-plane
3067.3
3061.6 3063.7
3058.6 3062.0
3055.6 0.554 So0a s 3060.9 HC=C=0 {(CH) 3062
8049.8 3058.0
30453 :
3040.6
2970.7 0.052 2970.2 2970.9
2947.2 0.023 2945.9 2946.3 GSH Va(CHy) 2948.4
2685.6 0.040
2624.9 0.007 gg%?} o691 W(SH)
2605.4 2598.5 2604.5
2590.8} 0.018 2594.;} 2587 v(SH)
2570.2 2582.8
2567.8} 0.125 2578-& 2567.2 »(SH)
ggggf‘} 0.002 2561.0 W(SH)
2547.8 0.008 2552.1 (SH)
2532.9 0.034 2545,
2543.4 2532.2 CHC(O)SH V(SH)
2540.4
21458
2144.2 21435
2140.3 2140.
2139.9 12.852 2139, H,C—C—0 »(C=0) 2142
2137.8 2138.
2137.8 2136.
2135.1
2082.5 0.129 2084.0 2082.3 LE=C=0 »(BC=0) 2085
2049.6 0.227 2053.2 2049.7 ocs »(C=0) 2049.3
1944.2 0.071 19523 1944.2 LE=C=0 2p(CHy) in-plane 1947
iggig} HCo »(C=0) 1863
1718.3 0.275 17175 1719.0 CH:C(O)SH »(C=0) 17225
1709.3
1701.6
1697.5 0.016 1697.3 1698.9 GE(0)SCH »(C=0) 1695.2) ©
1683.5
1665.5
1527.2 1525.9 1524.5
1512.2} 0.107 1514.5} 1514,
14463 0.018 1447.9 1446.6
1385.9
13785 1381.3 1377.4
e 0.317 1379.4 o 4} H,C—C—0 8(CHy) 138F
: 1378.4, :
1375.3
1355.3 0.03 CHC(O)SH 04(CH) 1355.2
1327.6 0.007 1329.7 1327.2 GEH 4(CH) 1326.5
1304.6 0.038 1305.3 1304.1 GH 64(CH) 1307.7
1282.9
1276.1} 0.010 g?gg}
1272.9 :
1129.7 g 1132.5 1130.9 LC=C=0 p(CH,) out-of-plane+ 1126
0(CO) out-of-plane
1121.0 g H,C=C=0 »(C-C) 1118
1079.2
1069.7 0013  1076.0 1069.0 CHSH p(CHy) 1068.3
1070.1
992.6 0.094 992.9 992.7
973.4 0.086 977.3 9735 A=C=0 p(CH) in-plane 974
gfgg} 0.736 523.2 522.1 }£—C—0 5(CO) out-of-plane 525

2 Reference 28° Reference 33% Reference 349 Reference 382 This work. Reference 359 Could not be measured meaningfully.
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104
—a— 1725.0 cmr!

—e— 13533 emr!
—a— 1101.8 cm!
—v— 951.9 cnr!
—e— 614.1 cmy!

Absorbance

4 et

:\g\}&

< 3 1
04 $
0 ® 180 240
t / min Figure 7. B3LYP/6-314-G* geometry of the CHC(O)SH+-H,CCO
Figure 4. Plot of the intensities of the bands assigned to;C()- adduct.
SC(O)CH in the IR spectrum of an Ar matrix initially containing .
diacetyl sulfide vs irradiation time. On the other hand, the band near 1697 tfollows a different
pattern so must come from another source (which see).
084 The absorptions at ca. 1718 and 1355 éwwan be assigned,
/\o 522.9 cnv! respectively, to the(CO) andd(CHs) fundamentals of CkC-
064 (O)SH, 1, in keeping with the results described earlier (see Table
5 * 30616 el 1). The presence of this photoproduct can be readily explained
%‘ 044 by the following decomposition reaction (eq 8, cf. eqs 3 and
b — 1378.5 cnr! 6).
< N * 31578 !
024 T
A A 2082.5 cor! H CH;
] Okc/s\f;/c\ﬁ il \c:(::o + c—s (8)
00 | I H 4 \H
; & B O °

t / min
Figure 5. Plot of the intensities of the bands assigned to,€68=0

in the IR spectrum of an Ar matrix initially containing diacetyl sulfide
vs irradiation time.

The transition at ca. 2533 crh must then be supposed to
represent the(SH) fundamental of but perturbed with respect
to the free molecule. Attempts to find other bands of;CH

(O)SH in the IR spectrum of the irradiated matrix failed,

. e 2532.9 cmr'! presumably because they were masked by the absorptions of
—e— 1718.3 cm! the parent compound (e.g., those near 1143 and 613)amn
0.10 /_ . X0l —a— 1697.5 cmr! were too weak to be detected under the conditions of these
s Z \/ v 13553 c! experiments.
5 The v(SH) wavenumber ofl, allied to the complicated
E o—* multiplet patterns displayed by some of the ketene bands (e.g.,
2 0051 those at ca. 3056, 2139, and 1378 ¢éjngives us reason to
< e believe that the decomposition described by eq 8 leads to a loose
j—A complex between the two products, which are necessarily
confined at the site of their formation by the rigidity of the Ar
0.0 matrix. The shift of approximately 70 crh and the marked
o P 0 150 20 intensification of thev(SH) absorption with respect to the
t/ min isolated moleculé certainly support this view. Moreover, DFT
Figure 6. Plot of the intensities of the bands assigned ta;C®)SH CaICl_J!atlons predICt. for tth‘ system @B(O)S.H"HZCCO a
(2532.9, 1718.3, and 1355.3 cHrand CHC(O)SCH (1697.5 cn) stabilized structure interacting through two different hydrogen
in the IR spectrum of an Ar matrix initially containing diacetyl sulfide ~bonds, one between the H of the-B group of 1 and the
vs irradiation time. carbonyl O of the ketene and the other between the carbonyl O

of 1 and one of the H atoms of the ketene (see Figur& 7).
the decay with time of the most intense absorptions associated The IR band occurring near 1697 chmay be attributed to
with 3, which occur near 1725, 1353, 1102, 952, and 614%cm  thev(CO) fundamental of CEC(O)SCH;, 2. As in the case of
The intensities of the absorptions that develop near 3158, 3062,1, however, the other absorptions#re obscured by stronger
2082, 1378, and 523 cmh (see Figure 5) grow continuously — absorptions due to either the diacetyl sulfide precursor or ketene
on photolysis, tending asymptotically to limiting values. These (see ref 9 and Tables 5 and 7). With the identificatior2 afs
features clearly arise from the photostable ketene mol@8ule, @ product comes the presumption that it results from the
the most intense IR band of which, occurring near 2138%cm  elimination of CO fromBin accordance with eq 9. No IR feature
also follows the same pattern of growth. Figure 6 shows the

corresponding behavior of a set of bands centered near 2533, o _s. o v L
1718, 1697, and 1355 crhthat first grow and then decay on T ﬁ AN MR O
continued photolysis. Three of therthose at 2533, 1718, and cHy, o o o

1355 cntl—present the same pattern, suggesting either that they
are associated with a single product or that they arise from could be positively ascribed in fact to free CO, but this we
different products formed in a common photochemical channel. believe to be due either to masking by the inten¢€O)
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Figure 8. Plot of the intensities of the bands assigned to;&Hl in
the IR spectrum of an Ar matrix initially containing diacetyl sulfide vs
irradiation time.
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Figure 9. Plot of thev(SH) region in the IR spectrum of an Ar matrix
initially containing diacetyl sulfide vs irradiation time.

multiplet of ketene (which see) or to having insufficient intensity
(in the case of thé3CO satellite expected near 2091 T

Figure 8 shows the behavior of a set of bands near 2947,

1446, 1328, and 1070 criy which appear after 20 min of broad-
band U\~visible photolysis. There can be no doubt that these
bands signal the formation of GBH, a conclusion endorsed
by comparison with the IR spectrum of an authentic sample of
the compound isolated in an Ar matf%3*However, the region

of the spectrum corresponding t¢SH) modes (25062700
cm 1) presents a rather complicated pattern. At least six
absorptions appear in this region with intensities that differ as
a function of irradiation time, as illustrated in Figure 9. In
addition to the loose C}C(O)SH--H,CCO adduct already
described, CESH must be responsible for at least some of these,
whether in the form of the free molecule or a loose adduct, for
example, CHSH---H,CCO. At the same time, the presence of
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Conclusions

The matrix photochemistries of each of the three methyl
sulfenyl carbonyl compounds, GB(O)SH (), CH;C(O)SCH
(2), and CHC(O)SC(O)CH (3), are characterized by the
formation of ketene as a major product, together with the
appropriate thiol RSH (where R= H, CHs, and CHCO,
respectively). These results contrast with the preferred modes
of photodecomposition of matrix-isolated sulfenyl carbonyl
compounds, XC(O)SY where X i®ta methyl group, namely,
elimination of CO and OCS as in egs 10 and!13.

v

\c—s CO + XsY (10)
Va AN
o Y
x\ N

c—s 0CS + XY an
V4 AN
o Y

The difference between these two processes and the one
leading to the formation of ketene must have its origin in the
photolability of the acetyl group. If the methyl is replaced by a
perfluoromethyl group, as in the case of {LFO)SH, photo-
chemical decomposition reverts to the pathway described by
eq 10%

Although the detachment of a hydrogen atom from a methyl
group is the dominant process brought about by photolysis of
the matrix-isolated CBC(O)SX compounds, it is not the
exclusive pathway, with photodecomposition proceeding ad-
ditionally and simultaneously by reactions of the types repre-
sented by egs 10 and 11. Some of the products of the various
reactions are themselves photolabile. Such is the case, for
example, with CHC(O)SH and CHC(O)SCH, which feature
as intermediates contributing to the unusually rich matrix
photochemistry of diacetyl sulfide.

Use of the B3LYP/6-3+G* method to estimate the reaction
energiesAE, for the three possible decomposition routes open
to an acetyl sulfenyl compound GE(O)SY (eq 12) gives the

H,C=C=0 + HSY
HsC
AN hv ii 12
c—s CH8Y + CO (12)
% N
o Y iii
CHY + 0OCS

following results (listed in kcal mott in the order Y= H, CHs,
and C(O)SCH): (i) formation of ketenet HSY, +31.6,+35.1,
and+26.9; (ii) formation of CO+ CH3SY, +16.6,+18.3, and
+8.4; (iii) formation of OCS+ CH3Y, —10.8,—6.1, and—8.0.

H,S cannot be excluded. On the other hand, signals correspondHence, only the third reaction, which plays a relatively minor

ing to OCS (near 2050 cmd) and to CH (near 1305 cm?)
could be discerned in the spectrum of the irradiated matrix. All
of these species, that is, GsH, OCS, and CH] are consistent
with the photodecay of the two primary produdteind?2 (see

role, appears to be exothermic. More significant, however, is

the finding that no one reaction has an overwhelming thermo-

dynamic advantage over the others, although we cannot judge
the magnitudes of the kinetic barriers.

egs 8 and 9) via channels such as those represented, for example, The formation of ketene from an acetyl derivative is by no

by egs 4 and 6.

There is a band occurring at 1862 chhwhich appears only
on photolysis of the CO-doped Ar matrix. This we assign to
the HCO radical on the basis of earlier studies carried out by
Milligan and Jacoxg which found that Ar matrixes containing
this species are characterized by strong absorption at 1868 cm
The formation of HCO is significant in its implication that-Gi
or S—H bonds are being ruptured to release hydrogen abms

means new. A reaction similar to that in eq 12i is well-known
as a secondary channel (eq 13i) competing with the primary

H,0=C=0 + CH,

CH4C(O)CHg

(13)

2CHs + CO

channel (eq 13ii) on UV photolysis of acetone vaffoalbeit a

in one among the various events that are induced by photolysischannel that can be exploited for the preparation of keténe.

of an Ar matrix doped witl8.

Electron bombardment of acetone followed by matrix isolation
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