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Trifluoroacetylsulfenyl Trifluoroacetate, CF3C(0)-S—0—C(O)CFs, a Novel
Compound with a Symmetrically Substituted S—O Bond: Synthesis,
Spectroscopic Characterization, and Quantum Chemical Calculations
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The new compound trifluoroacetylsulfenyl trifluoroacetate, CF;C(O)SOC(O)CFs, which possesses two identical carbonyl
substituents attached to the S—O bond, has been synthesized. The IR and UV spectra of the gas phase as well
as the 3C NMR spectrum of the solution in CDCl; were recorded and assigned. Quantum chemical calculations
were performed with the ab initio methods HF and MP2 and the density functional approach B3LYP. The 6-31G*
basis set was chosen in all calculations. The molecule possesses a skew structure, and according to all computational
methods, the syn—syn structure (C=0 bonds of both C(O)CF; groups synperiplanar to S—O bond) represents the
most stable conformer. In agreement with the quantum chemical calculations, the presence of small amounts
(<5%) of a second conformer (anti—syn) cannot be excluded on the basis of the IR spectrum. The calculated
values for the torsional angle around the S—O bond (6(C—S—0-C)) of the syn—syn form are smaller than 80°
(72—78°). Comparison with theoretical results for the corresponding disulfide CFsC(0)SSC(O)CF; and peroxide
CF3C(0)O0OC(O)CF; indicates that the structural properties of sulfenyl compounds are more similar to those of
disulfides than to those of peroxides.

Introduction dynamical point of view:AG® at pH= 7 amounts to-7.5
. . kcal mol? (1 cal = 4.18 J) for the hydrolysis of acetyl-
Coenzyme A, HSCOA, is one of the most important c,a This implies a high transference potential for acetyl

biological nn;_og!ecules., because it plays a central role in the g, \ns The usual explanation is a more extended double
metabolism. ™ Its active center is the SH group. Coenzyme ,,hq character of the €0 single bond in esters than that
A is bonded to acyl groups through a thioester bond. The ¢ 1ha c—S bond in thioesters.

hydrolysis of a thioester (XC(O)SY) is more favored than

) However, for a true comparison between conformational
that of the corresponding ester (XC(O)QY) from a thermo-

properties of thioesters and esters, a molecule containing both

. groups would be appropriate. Therefore, we became inter-
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sulfenic esters were found to be quite unstable because otorsional angles are vibrationally averaged values. Surpris-

their sensitivity to moisture and disproportionatioEven

more unstable are sulfenyl carboxylates containing the C(O)-

ingly small torsional angles possess the peroxid€,F-
(X—0—0—X) = 88.1(4f,?? and C}O,, 6(X—0—0—X) =

SO group. It was observed that the stability of them correlates 81.03(1)?% as well as peroxides with two Spybridized

with the electron-withdrawing ability of the functional group
attached to the sulfur atofilhus, the only compound with
two acyl groups attached to the-® group known so far is
fluorocarbonylsulfenyl trifluoroacetate, FC(O)SOC(O}CF

substituents, that is, FC(O)OOC(O)F, 83.5¢14)and CRC-
(O)OOC(0)CHE, 86.5(32).%5

Unfortunately, there exist very few gas-phase structural
data for sulfenic esters. The structure of SBH was studied

On the basis of these experimental findings, a good candidatepy microwave spectroscopy(C—S—0—H) = 93.9(1)).2¢
which possesses the necessary features, is the new compoun@as-phase electron diffraction measurements were performed

trifluoroacetylsulfenyl trifluoroacetate, GE(O)SOC(O)CE.

for (CH;0).S and (CHO),S, (6(0—S—0—C) = 84(3¥%" and

In this work, we present the synthesis and the chemical andd(C—0—S—S) = 74(3)%).

spectroscopic characterization (IR, U¥C NMR) of this

molecule. The structure and conformational properties were Experimental Section

determined by quantum chemical calculations at various

levels of theory.

In the study of sulfenic esters, another interesting point
of view is the comparison with peroxides and disulfides. A
computational study of Gregory and Jefkshowed that the
S—0O bond dissociation energy (64 kcal mblfor CHs-
SOCH) is much closer to that of the-S5 bond in disulfides
(72 kcal mot? in the case of CEBSCH, experimental value)
than to that of the ©0 bond in peroxides (37 kcal mdl
in CH;OOCH;, experimental value). This is attributed to the

reduced lone pair repulsion and to the difference in elec-

Preparation. Trifluoroacetylsulfenyl trifluoroacetate, GE(O)-
SOC(O)CHR, was synthesized by reaction of 2.5 mmol ofCF
(O)SClI and 4.4 mmol of AgOC(O)GFThe reaction was carried
out in a flame sealed glass tube (0.d. 6 mm) as reaction vessel at
—80 °C. After warming up to—5 °C (about 24 h), the volatile
products were separated by fractional condensation in vacuo. The
product, CBEC(O)SOC(O)CE, was purified by repeated trap-to-
trap condensation. The title compound decomposes to give tri-
fluoroacetic anhydride, GE(O)OC(O)CF, and sulfur.

The volatile materials were manipulated in a glass vacuum line
equipped with a capacitance pressure gauge (Setra Systems, INC.,
Acton, MA, model 280E, range-0172 kPa) and valves with PTFE

tronegativity between S and O. Both effects increase the bondstems (Young, London). The product was stored in glass tubes in

enthalpy of S-O relative to G-O.
A prominent structural parameter of interest in these
compounds is the torsional angle around the(5 S-S, or

O—0 bonds. In the gas phase, the geometric structures of

liquid nitrogen. Chemical analyses for C and S were also performed

(Elemental Analyzer Mod. 1106, Carlo Erba). The results were C,

20.3 (theoretical 19.8); S, 12.5 (theoretical 13.2).
Instrumentation. (a) Vibrational Spectroscopy. Gas-phase

noncyclic disulfides are characterized by torsional angles infrared spectra were recorded in the range 460@0 cnt* on

0(X—S—S—X) close to 90, for example, HS,, 90.6(5);**
F.S,, 87.7(47;*2 ClLS,, 85.2(2);1% and (CH),S,, 85.3(37)%
Exceptions are disulfides with very bulky substituents, such
ast-Bu,S,, 6(C—S—S—C) = 128(3¥,%® or (CR),S,, 6(C—
S—-S—-C) = 104.4(40},'® which have torsional angles
considerably larger than 90and FC(O)SSC(O)R(C—S—
S—C) = 82.2(19}," which possesses a torsional angle quite
smaller than 98 In the case of peroxides, the values for
0(X—0—0—X) show larger variations. In the parent com-
pound, HO,, this angle amounts to 120(5) but in most
other peroxides, it becomes larger, for example, ingj&,
123(4Y;*° (CH3)20,, 135(5%;%° or t-Bu,O,, 166(3}.2t These
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Struct. 1989 193 233.
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1992 96 (23), 9215.
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36, 1311.
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253.
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the FTIR Instrument Bruker IFS66 (resolution of 2 ¢y using a
glass cell (10 cm optical path length, Si windows).

(b) UV Spectroscopy.The gas-phase UV spectra of £LKO)-
SOC(0O)CEF, CRC(O)SH, CEC(O)OH, and CEC(O)OC(O)CHh
were obtained in a quartz cell (10 cm optical path length) with the
UV —vis Hewlett-Packard 8454-A diode array spectrometer (2 nm
resolution).

(c) NMR Spectroscopy3C NMR spectra were recorded at room
temperature on a Bruker AC 250 NMR spectrometer using samples
dissolved in CDG and referenced internally to Si(GJ4.

Results

(a) Quantum Chemical Calculations.The calculations
were performed with the Gaussian?®4nd Gaussian 98
program packages applying the ab initio Hartr€®ck (HF)

(20) Haas, A.; Oberhammer, H. Am. Chem. S0d.984 106, 6146.

(21) Kass, D.; Oberhammer, H.; Brandes, D.; Blaschette].Mol. Struct.
1977, 40, 65.

(22) Hedberg, L.; Hedberg, K.; Eller, P. G.; Ryan, R.IRorg. Chem.
1988 27, 232.

(23) Birk, M.; Friedl, R. A.; Cohen, E. A.; Pickett, H. M.; Sander, SJP.
Chem. Phys1989 91, 6588.

(24) Mack, H.-G.; Della Vdova, C. O.; Oberhammer, Angew. Chem.
1991 103 1166;Angew. Chem., Int. Ed. Engl991], 30 (19), 1145.

(25) Kopitzky, R.; Willner, H.; Hermann, A.; Oberhammer,|Horg. Chem.
2001, 40, 2693.

(26) Penn, R. E.; Block, E.; Revelle, L. K. Am. Chem. S0d.978 100,
3622.

(27) Baumeister, E.; Oberhammer, H.; Schmidt, H.; SteudedReroat.
Chem.1991, 2, 633.

(28) Steudel, R.; Schmidt, H.; Baumeister, E.; Oberhammer, H.; Koritsan-
szky, T.J. Phys. Chem1995 99, 8987.
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Chart 1
/lo‘\ CF;
CF; S—O CF; CF; S—O0 (0]
Y Y
syn-syn syn-anti
0 CF3
(o) S—O0 CF; lo) S—O (o)
CF; CF;
anti-syn anti-anti

and MP2 methods as well as the density functional B3LYP
approach, in which Becke's three parameter hybrid func-
tional 3! representing the exchange term, is combined with
the correlation functional of Lee, Yang, and P&riThe
6-31G* basis set was chosen for all calculations.
CRC(0O)SOC(0O)CE can, in principle, exist in four dif-
ferent conformeric forms, in which the two=€D bonds are
syn- or antiperiplanar relative to the-® bond (see Chart
1). To determine the approximate values for the torsional
angled(C—S—0-C), for which the four possible structures
syn—syn, syr-anti, anti-syn, and anttanti correspond to
minima on the energy hypersurface, in a first step the
potential functions for rotation around the-8 single bond
were determined. The geometries were optimized with fixed
values for the torsional angt§{C—S—0—C) in steps of 30
using the HF/6-31G* approximation. The resulting potential
curves for dihedral angles betweerf 2hd 180 are shown
in Figure 1. For smaller torsional angles, strong distortions
of the C(O)Ck groups occur because of steric repulsions

between these two groups. The four curves exhibit global

minima near(C—S—0—C) = 90°. Subsequently, the four

conformations were fully optimized using HF, MP2, and
B3LYP methods, and frequency calculations were performe
with the HF and B3LYP methods. The relative energies of
the four conformers are collected in Table 1. All three

(29) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Gill, P. M. W.; Johnson,
B. G.; Robb, M. A; Cheeseman, J. R.; Keith, T. A.; Petersson, G. A;;
Montgomery, J. A.; Raghavachari, K.; Al-Laham, M. A.; Zakrzewski,
V. G.; Ortiz, J. V.; Foresman, J. B.; Cioslowski, J.; Stevanov, B. B.;
Nanayakkara, A.; Challacombe, M.; Peng, C. Y.; Ayala, P. Y.; Chen,
W.; Wong, M. W.; Andres, J. L.; Replogle, E. S.; Gomperts, R.;
Martin, R. L.; Fox, D. J.; Binkley, J. S.; Defrees, D. J.; Baker, J.;
Stewart, J. P.; Head-Gordon, M.; Gonzalez, C.; Pople, G&ussian

94, revision B.1; Gaussian, Inc.: Pittsburgh, PA, 1995.

Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb,
M. A.; Cheeseman, J. R.; Zakrzewski, V. G.; Montgomery, J. A., Jr.;
Stratman, R. E.; Burant, J. C.; Dapprich, S.; Millam, J. M.; Daniels,
A. D.; Kudin, K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.; Barone,
V.; Cossi, M.; Cammi, R.; Mennucci, B.; Pomelli, C.; Adamo, C.;
Clifford, S.; Ochterski, J.; Petersson, G. A.; Ayala, P. Y.; Cui, Q.;
Morokuma, K.; Malick, D. K.; Rabuck, A. D.; Raghavachari, K.;
Foresman, J. B.; Cioslowski, J.; Ortiz, J. V.; Baboul, A. G.; Stefanov,
B. B.; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi, |.; Gomperts,
R.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A.; Peng, C.
Y.; Nanayakkara, A.; Gonzalez, C.; Challacombe, M.; Gill, P. M. W.;
Johnson, B.; Chen, W.; Wong, M. W.; Andres, J. L.; Gonzalez, C.;
Head-Gordon, M.; Replogle, E. S.; Pople, J. Bgussian 98revision
A.7; Gaussian, Inc.: Pittsburgh, PA, 1998.
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Figure 1. Calculated relative energies (HF/6-31G*) for various dihedral

anglesd(C—S—0—C) for the syr-syn, syr-anti, anti-syn, and ant-anti
conformers.
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Table 1. Calculated Relative EnergiesE (kcal mol1) of the
Conformers of CEC(O)SOC(O)Ck

HF/6-31G* MP2/6-31G* B3LYP/6-31G*
syn—syn 0.00 0.00 0.00
syn—anti 8.78 7.40 6.00
anti—syn 1.73 2.36 2.36
anti—anti 9.83 9.26 7.89

Table 2. Calculated Torsional Angle§d(C—S—0O—C) (deg) around the
S—0 Bond of the Conformers of GE(O)SOC(O)Ck

HF/6-31G* MP2/6-31G* B3LYP/6-31G*
syn—syn 78 72 77
syn—anti 86 80 86
anti—syn 103 96 100
anti—anti 104 98 102

computational methods predict the sysyn rotamer to be
the most stable structure and the ariti conformer to be
the highest in energy.

d The potential functions for the four conformers are very

flat for torsional angles around 180or this dihedral angle,

all three computational methods result for the sggn
conformer in structures without an imaginary frequency.
However, the lowest frequency which corresponds to torsion
around the SO bond is predicted between 8 and 11¢ém
Furthermore, the depth of this minimumat= 180 is on

the order of only 10 cal, that is, lower or on the order of the
zero-point vibrational energy of the torsional modes. Thus,
this structure with trans orientation of the two C(O}CF
groups does not correspond to a stable, observable conformer
at room temperature. In the case of the astin conformer,
only the B3LYP method resulted in a trans structure without
imaginary frequency. This method predicts imaginary fre-
guencies for the synanti and anti-anti conformers ob =
180°.

As is evident from Table 2, the smallest values-(78°)
of the torsional anglé(C—S—0—C) were obtained for the
syn—syn form. The corresponding values for the symti
conformation are larger by-89°. The torsional angles of
the two conformers with anti orientation of the £KO)S
moiety (anti-syn and anti-anti) are nearly equal, and their

Inorganic Chemistry, Vol. 41, No. 22, 2002 5701
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100F Table 3. Experimental and Calculated Vibrational Wavenumbers of
CFsC(O)SOC(O)CRP
sol IR (gas) B3LYP/6-31G*
plem™ 1© $lemy assignment
S x« 1882 w
5 eof vy 1838 m 1900  205.3%(C2=02)
£ * 1817  sh
c v, 1761 m 1843  201.7%(C1=01)
= a0l vy 1319w 1322 50.5(C2—C4)v{CA4R)/0{C4Fy)
2 ve 1290 w 1297  105.3v(C1-C3)h(C3R)/0{C3Fy)
vs 1248 s 1271 302.9v,{C4F)
20l Ve 1250 222.2 v,dC3Fy)
v; 1201 vs 1227  266.7v,{C4F)
vg 1213 178.9 v.{C3FR)
. vg 1070 vs 1097  503.3¥(0—C2)i{C4Fs;)
2000 1800 1600 1400 1200 1000 800 600 400 * 183% ZE
Wavenumbers (cm™) 974 w
, vig 947 m 947  252.6 v(C3R)/O(CRC1(O))I(S—C1)
Figure 2. IR spectrum of gaseous @E(O)SOC(O)CE, 2 mbar at 10 cm 900 sh
optical path length and room temperature £ CFRC(O)OC(O)CE, % 876 vw
impurity). vy 839w 852  12.3 »(O—C2)g(C4Ry)/p(CFsC2(0))
795 sh
values are about ¥87° larger than those of the correspond- v. 783 w 769  47.51(S-0)
ing syn counterparts (syrsyn and syr-anti). . 00 60p(CC2(0)0)
In all conformations, the Gf~group of the CEC(O)O vie 742w 735 79.7 0{C3R)/vs(C3Ry)
moiety adopts an eclipsed orientation with respect to the v ;gg sh ggg f-8355(C4232?1(%—g)/Vs(C4E)
C=0 double bond. However, the position of thes@foup ~ .°  g57 v 8 00p(CCLO)S)
in the CRC(O)S moiety depends on the orientation of the »; 634 ww 607 3.3 p(CRC1(0))b«C3R;)/6(0—~S—C1)
carbonyl bond relative to the-80 single bond: Inthe anti  * 899 ¥
conformers (anttsyn and antianti), the CEk group is in vig 557  ww 564 2.3 9.{C4Ry)
eclipsed orientation, whereas, in the syn structures—{syn * 523w 503 26 5{CIRSCL
syn and syn-anti), the position of the £ffoup is staggered. 22 512 8.0 5:((@3 " )
The barriers to internal rotation of the two &ffoups around ~ va 459  ww 495 5.2 3.{C3Fy)
. . . * 420 ww
the C C b_onds _dlffer appreciably. The_B3LYP method s 411 13 0.{CAR)IO(CFC2(0))
predicts this barrier to be 0.54 kcal/mol in the LLFO)O Vo3 397 1.7 6(CFsC2(0))B.{C3Fs)
moiety and 1.58 kcal/mol in the GE(O)S moiety. The ¥z gig g-g ”ﬁ(%i‘éj‘gjfécéﬁ’(’;})‘c“%’

. . . Vv . P — U
optimized parameters for the four forms are available from > 301 1.9 py(C3R)/(0—S—C1)lpadC4Rs)
the authors upon request. Va7 272 11.9 §(S—O—C2)p4(C3Ry)/

(b) Vibrational Spectroscopy.Figure 2 presents the gas- 21 84 pa 5(’3%(,;:5"5)/”64035)
phase infrared spectrum of gEO)SOC(O)CE. In Table Vag 191 1.2 pad C4R)I6(0—S—C1)/oop(CC2(0)O)
3, all vibrational data observed in the gas phase are collected’® 170 08 ngggg(Fg;g@ggEgg;g/ (C3R)
together with the theoretically predicted wavenumbers v, 142 0.8 p(CFsC1(0))ps(C3Rs)/
(B3LYP/6-31G*) for the syr-syn conformer and the cor- o os T(S,i(g?cz(o»/a(cam(o»

. . . . . 32 .

responding assignment. The vibrational modes were assigned,, 51 0.0 7(C1-9)
by comparison with the theoretical wavenumbers and va g; 8-31 T(ggci) -
intensities and by comparison with relevant reported data. ;> o oo ;gmg,ﬁ(ﬁg

The assignments in Table 3 are based on the potential energy 2% = CRC(0)OC(O)CR (impurity). ® For atom numbering, see Figure
distribution, which was derived from the calculated Cartesian 3 ey vs, very strong: s, st,fjong;yrﬁ, medium: w, weak: 3\;\,’ very a,eak;
force field (B3LYP/6-31G*) with the program ASYM48. ww, very very weak; sh, shouldetCalculated IR intensities in km ma.

In carbonyl compounds, the=€0 vibrational frequency ] . ) . .
is known to be very sensitive to conformational properties. Putylsulfenic acid, which possesses infrared absorptions
In the spectral region of the =60 stretching mode, we  Petween 880 and 765 crh depending on the solvefit.
observed only two bands at 183§Q—C2=02)) and 1761 (c) UV Spectroscopy.In Figure 4, the UV spectrum of
cm ! (¥(S—C1=01)), respectively (for atom numbering, see CFRC(0O)SOC(0)CE (a) is shown together with the spectra
Figure 3). The weak, but characteristic, band at 783%cm ©f CRC(O)OH (b), CEC(O)OC(O)CE (c), and CRC(O)-
was assigned to the-% stretching mode, which allows the SH (d). _The UV spectrum of the sulfenic ester exhibits two
identification of this new compound. This assignment, which absorptions at 212 and 236 nm, as well as a weak, broad
agrees with the result of the quantum chemical calculations, ?and at 284 nm. Itis reasonable, in comparison with@F
is confirmed by the experimental values for the parent (O)OH (210 nm), to assign the band at 212 nm tohe-
compound HSOH (IR(gas): 769 c®)* and for tert- * transition as originated by the C(O)O chromophore. The
band at 236 nm is attributed to the— z* transition in the

(33) Hedberg, L.; Mills, I. M.J. Mol. Spectrosc1993 160, 117.
(34) Behnke, M. Dissertation, University zu ko 2001.

(35) Shelton, J. R.; Davis, K. E.. Am. Chem. Sod.967, 89, 718.
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Figure 3. Molecular model of the synsyn conformer of CEC(O)SOC-
(O)CF; with atom numbering.

0.8

Absorbance

200

350
Wavelength (nm)

Figure 4. Gas-phase UV spectra of gE{O)SOC(O)CE, <1 mbar (a),
CRC(O)OH (b), CEC(0)OC(O)CE (c), and CEC(O)SH (d).

Table 4. NMR Data for CEC(O)SOC(0O)CE and Related Compounds

CRC(0)SO-  CRC(0)00-  CRC(0)O-
SlppmorJ/Hz ~ C(O)CR2b C(O)CRd C(O)CFRsd
5C(CF3)(S) 115.1
d¢(CFs)(0) 113.9 114.4 1138
5¢(CO)(S) 180.8
5¢(CO)(0) 154.3 153.8 150.4
13oK(S) 290.7
NS (O)) 286.1 286.2 284.0
2JcK(S) 429
2JcHO0) 46.3 465 48.4

aMeasured in solution of CD&IP At room temperature: At —30 °C.
d Reference 25.

and Table 3). The quantum chemical calculations predict the
syn—syn conformer to be 1.7 (HF) to 2.4 (MP2, B3LYP)
kcal mol' more stable than the antsyn form (this
corresponds to the presence of aboub% of the anti-syn
conformer at room temperature). These calculated energy
differences indicate that the two IR bands at 1838 and 1761
cm?® arise from the two carbonyl stretching vibrations of
the synr-syn rotamer. The difference between the two
experimental wavenumbers\ (= 77 cnt?) is somewhat
larger than the calculated difference in the sggn form
(1900 and 1843 cnt, A = 57 cmY). It agrees exactly with
the calculated difference in the an8yn conformer (1902
and 1824 cm?, A = 78 cn1'?), but this agreement seems to
be accidental.

In the carbonyl region, there is no sign for the presence
of a second conformer, but this may be due to the fact that

C(O)S chromophore, taking into account the observed bandsthe bands are not resolved, as indicated by the calculations,

for CRC(O)SH (226 nm) and GE(O)SCI (236 nm¥8 The
feature at 284 nm can be assigned to theOSgroup. This

which predict quite similar &0 stretching wavenumbers
for the syn-syn and antisyn structures (see previous

is in agreement with other compounds, which possess onlydiscussion). However, a small shoulder (974 ¢at the

UV absorptions due to the-80 group (-BuSOGHs, 266
nm3” CCLSO4-Bu, 277 nm3 CCLSOGHs, 275 nm?¥ CFs-
SOGHs, 262 nni9).

(d) NMR Spectroscopy.In the*C NMR spectrum of the
sample at room temperature, four quartets at 115.1 {C3F
113.9 (C4Rk), 180.8 (C(0)S), and 154.3 (C(O)O) ppm
relative to TMS are observed. The coupling constadgs
and?Jcr are determined to be 290.7 and 286.1 or 42.9 and
46.3 Hz, respectively. In Table 4, all NMR data are compared
to those of some similar compounds containing the@F
(O) group. The quartet at 180.8 ppm was assigned in
comparison with CHC(O)SOCH (192.3 ppm [C(O)]Y°

Besides the signals of the-® compound, in thé’C NMR

spectra, signals due to impurities that arise at room temper-

high-wavenumber side of the band at 947 émay reveal
the presence of a small amount of the aistyn structure
(calculated wavenumbers: sysyn, 947 cm?; anti—syn,
967 cnt?).

Finally, we conclude that, on the basis of experimental
and theoretical wavenumbers, it is not possible to decide
unambiguously whether the sysyn or the antisyn
conformer is the prevailing structure at room temperature.
Only a few normal modes of the two forms differ signifi-
cantly in their theoretical values. These differences fall into
a 20 cm?! range, that is, in the same range as many
differences between calculated and theoretical values (Table
3). Because of the large calculated energy differences
between the synsyn and anti-syn conformer and because

ature and in the course of days were obtained. One of them,of the experimental and theoretical results of other molecules

as expected, was GE(O)OC(O)CE.
Discussion

The gas-phase infrared spectrum shows two strong band
in the carbonyl region at 1838 and 1761 ¢nsee Figure 2

(36) Rochat, W. V.; Gard, G. LJ. Org. Chem1969 34, 4173.

(37) Barltrop, J. A.; Hayes, P. M.; Calvin, M. J. Am. Chem. S0d.954
76, 4348.

(38) Irwin, R. S.; Kharasch, NJ. Am. Chem. S0d.96Q 82, 2502.

(39) Andreades, SChem. Abstr1963 59, 5024b.

(40) Htbner, J.; Taraz, K.; Budzikiewicz, H?hosphorus, Sulfur Silicon
Relat. Elem199Q 47, 367.

of the type CEC(O)SX (X = Cl, H, CHz)** or CRC(O)OY
(Y = H,”2 OC(O)CR,?® ONO*3), which all possess planar
syn structures, the conclusion is justified: the-sggn form

Srepresents the main conformer. According to the IR spectrum

and the quantum chemical calculations, the presence of a
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small amount of a second conformation (argyn) could S single bond. The opposite trend, however, is obtained by
not be excluded. The two other possible conformations{syn analyzing the rotational energy barriers around theSGnd

anti and anti-anti) were not considered, because of the very C—O single bonds, respectively. Values of 13.19 and 10.56
large theoretical energy differences (see Table 1). kcal mol* were calculated for the height of the barrier

No experimental values for the torsional angle around the around the €S and C-O single bonds, respectively, with
S—0 bond and other geometric parameters are available forthe B3LYP/6-31G* approximation. These apparently con-
comparison with theoretical values, because the moleculetradictory results and the small differences found in these
was not stable enough to perform a structure determinationcalculations do not allow a definite conclusion to be drawn
with gas-phase electron diffraction. Nevertheless, we canabout the extension of double bond character in esters and
draw some conclusions about the torsional ange—S— thioesters.

O—C) by comparison with theoretical and experimental data

for the corresponding peroxides and disulfides. The experi- Conclusion

mental torsional anglé(C—0O—0—C) in CRC(0O)O0C(0)-

CFR: (87(3))%is reproduced very well by the B3LYP/6-31G* Trifluoroacetylsulfenyl trifluoroacetate, GE(O)SOC(O)-
method (88). The corresponding value fo{C—S—0—C) CFs, was successfully obtained by the reaction o§C©)-

in the syn-syn conformer of CEC(O)SOC(O)CE (77°) is SCI with AgOC(O)CFE and characterized by IR, UV, and
about 10 smaller. The MP2/6-31G* values show the same '3C NMR spectroscopy and chemical analyses. This new
difference §(C—0O—0—C) = 81.0 andé(C—S—0O—-C) = compound represents the first sulfenic ester with two identical
72°). For further comparison, we also performed calculations acylic substituents attached to the-G bond. As reported
for the corresponding disulfide, @E(O)SSC(O)CE; which for other sulfenyl carboxylates, it is quite unstable and
exhibits smaller values fa¥(C—S—S—C) in the case of the = decomposes fast to trifluoroacetic anhydride ;Cf©)OC-
syn—syn rotamer (B3LYP/6-31G*, 74MP2/6-31G*, 70). (O)CF;, and sulfur. From the gas-phase IR spectrum, it can
Similarly, the calculated (B3LYP) torsional angle in the be concluded that GE(O)SOC(O)CE exists as one pre-
disulfide FC(O)SSC(O)F is slightly smaller (82han that dominant conformeric form at room temperature. Small
in the corresponding peroxide (86 hese predicted values amounts £5%) of a second conformer (antsyn), however,
are in good agreement with the experimental values of could not be excluded. This is in accordance with the
82(2f17 and 84(2j,%* considering the experimental uncer- quantum chemical calculations (HF/6-31G*, MP2/6-31G*,
tainties. From these results, we conclude that quantumand B3LYP/6-31G*), which predict the syisyn conformer
chemical methods (B3LYP and MP2 with 6-31G* basis sets) to be 1.7-2.4 kcal mof! more stable than the antsyn
reproduce experimental torsional angles in peroxides andstructure. Because of the instability of {LHO)SOC(O)CE;,
disulfides very well. Comparison of calculated values for it was not possible to obtain experimental structural data.
the sulfenyl compound with those for peroxides and disul- The most striking feature which could be observed from the
fides reveals that the conformational properties around thetheoretical structural parameters is the torsional angle around
S—0O bond are more similar to those around theSSbond the S-O bond,§(C—S—0—C). In the syn-syn conformer,
than to those around the-@D bond. this angle adopts values betweerf @2d 78. These values

According to B3LYP calculations, the trans structure of lie in the same range as those §§C—S—S—C) in the syr-
the syn-syn CRC(0)S-OC(O)CFR is higher in energy by  syn conformer of the corresponding disulfidesCEO)SSC-
1.86 kcal/mol relative to the ground-state structure. This trans (O)CF; and are about TOsmaller than experimental and
barrier to internal roation around the-® bond is intermedi-  calculated angle§(C—O—0—C) of the peroxide C¥(O)-
ate between the barriers around the-@ bond in the OOC(O)CER. Concerning the extension of the double bond
analogous peroxide, GE(O)O—OC(O)CF, (1.54 cal/mol) character in esters and thioesters, no significant differences
and around the SS bond in the disulfide GJE(O)S-SC- were found in the C#(0)SOC(O)CE molecule.

(O)CF; (3.04 kcal/mol).
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