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The molecular structure and conformational properties of dimethyl monothiocarbona@COBP)SCH,

have been studied in the gas phase by gas electron diffraction (GED) and vibrational spectroscopy and
in the solid state by X-ray crystallography. The experimental investigations were supplemented by quantum
chemical calculations at the B3LYP/6-3t1G(3df,2p) and MP2/6-3Ht+G(2df,p) levels of approxima-

tion. The gaseous molecule exhibits only one conformation ha@ingymmetry with synperiplanar
orientation of both the €S and the €-O single bonds relative to the=€D double bond. The following
skeletal geometric parameters were derived from the GED analysiga({ues with & uncertainties):

C=0 = 1.203(4) A, C(sPp—0O = 1.335(5) A, C(sp)—0O = 1.437(5) A, C(sp—S = 1.763(5) A, and
C(sp)—S = 1.803(5) A; G=C—0 = 125.9(8}, 0=C—S = 125.7(7}, O—C—S = 108.4(9}, and C-

O—C = 113.4(15). The structure of a single crystal, grown by a miniature zone-melting procedure, was
determined by X-ray diffraction analysis at a low temperature. The crystalline solid [monoélihio,
a=12.6409(9) Apb=4.1678(3) A, andt = 19.940(1) A3 = 98.164(13] exists exclusively as molecules

in the synperiplanar conformation and with geometrical parameters that agree with those of the molecule
in the gas phase. The results are discussed in terms of anomeric and mesomeric effects and in terms of
a natural bond orbital analysis.

Introduction two resonance structures shown in Chart 1. From vibrational
Structural and conformational properties of oxoesters and analyses, it has been concluded that the resonance structure Il

. ; ; lays an important role in oxoesters €XO) but makes only a
thioesters of the t O)XR; can be d dint foPays:e ant role In ox :
loesters of the type R(O)XR, can be discussed in terms o negligible contribution in thioesters (% S)! The different
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Structure and Conformation of GBC(O)SCH
CHART 1. Resonance Structures for RC(O)XR, (X = O
and S for Oxoesters and Thioesters, Respectively)
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CHART 2. Schematic Representation of the Possible
Conformers of CH3;0C(O)SCH;
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the much lower reactivity of oxoesters compared with those of
the thioesters in nucleophilic acyl transfer reactidiiis plays
an important role in enzymatic reactions of coenzyme A and
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FIGURE 1. Potential energy curves for GBC(O)SCH as a function

cysteine proteases. A quantitative rationalization of the different of the oxoesterm) and thioester®) dihedral angles(CX—C=0)

reactivities of methyl acetate and methyl thioacetate with

with X = O and S, respectively] calculated with the B3LYP/6+33*

nucleophiles on the basis of orbital interactions has been given2PProximation.

by Yang and DrueckhamméiOrbital interactions of thegand
n, lone pairs of the bridging X atom with antibondiag and
a* orbitals of the G=0 bond [R(X) — o* (C=0, anomeric
effect) and p(X) — a* (C=0, mesomeric effect or conjuga-

of a mixture of three conformers. Although these data did not
give any definitive guidance on whether ap,sp or sp,ap corre-
sponds to the most stable form, it was concluded that the sp,sp

tion)] can be represented by resonance structure Il in Chart 1,Sonformeris clearly the most unstable forim the liquid phasé.

According to a natural bond orbital (NBO) analysis, such

This early result is open to question, however, since the

interactions are considerably stronger in oxoesters and increas€nformational preference in both oxoester and thioester

the activation energy of acyl transfer reactions compared with
that for thioesters. This would give acetyl coenzyme A the
driving force for acetylation reactions to form oxygen esters or
amides with larger resonance stabilizatiéns.

The different contributions of these orbital interactions in oxo-

molecules has been well-established in the gas phase: syn-
periplanar orientation around the—© or C—S bonds is
preferrec®19 It is well-known that the conformational prefer-
ence depends on the molecular environment. Hence, the
conformational properties of a given molecule could vary from

and thioesters are also reflected in their ground-state structures®"€ Phase to another. In this context, the conformational

Stronger conjugation and the anomeric effect in methyl acetate
CH3C(O)OCH;, result in an G-C(sp) bond [1.360(6) A] which

is shorter by 0.082(9) A than the-€C(sp) bond [1.442(6) AR

On the other hand, the two—8 bond lengths in methyl
thioacetate, CEC(O)SCH, differ by only 0.024(10) A [S-
C(sp) = 1.781(6) and SC(sp) = 1.805(6) A]® demonstrating

a minor contribution of resonance structure Il. In view of these

different structural properties of methyl acetate and thioacetate,

we were interested in the molecular structure of dimethyl

properties of the related GBC(O)OCH molecule have been
recently reported in the gas and condensed phadsgsth sp,-

sp and sp,ap conformers were identified, with the former being
the most stable form. While the enthalpy difference between
them was determined to be 3.25(21) kcal/mol in the gas phase,
the value decreases to 1.9(1) kcal/mol in the liquid phase (1
kcal/mol = 4.184 kJ/mol).

We have, therefore, studied the structural and conformational
properties of CHOC(O)SCH in the gas phase using FTIR

monothiocarbonate (O,S-dimethyl thiocarbonate or thiocarbonic SPectroscopy and gas electron diffraction (GED) techniques. The

acid O,S-dimethyl ester), G@C(O)SCH, which contains both
the oxoester group—{C(O)OCH;] and the thioester group
[=C(O)SCHy. In principle, depending on the orientation of the
O—Me and S-Me groups relative to the €0 double bond,
which can be synperiplanar (sp) or antiperiplanar (ap), four
conformations are feasible for this compound (see Chart 2).
NMR shifts, dipole moments, and vibrational spectra of
several monothiocarbonates, §¥C(O)SR, including the di-
methyl derivative (R= CHjs), have been interpreted in terms

(2) Castro, E. AChem. Re. 1999 99, 3505-3524.

(3) Yang, W.; Drueckhammer, D. Gl. Am. Chem. So001, 123
11004-110009.

(4) Idoux, J. P.; Hwang, P. T. R.; Hancock, C. K.Org. Chem1973
38, 4239-4243.

(5) Pyckhout, W.; Van Alsenoy, C.; Geise, H.1.Mol. Struct.1986
144, 265-279.

(6) Della Vedova, C. O.; Romano, R. M.; Oberhammer,JHOrg. Chem.
2004 69, 5395-5398.

Raman spectrum of the liquid was measured and X-ray analysis
was carried out on a single crystal grown in situ by the low-
temperature crystallization procedure. Moreover, quantum chemi-
cal calculations have been performed to assist the interpretation
of the experimental data, and NBO population analyses were
applied to rationalize the effect of the electronic interactions
on the structural and conformational properties ofz08(0)-
SCH.

Quantum Chemical Calculations. In a first step, the
potential functions for internal rotation around the-O and
C—S bonds were calculated (B3LYP/6-8G*) by geometry
optimizations at fixed torsional angles (see Figure 1). Both

(7) Oki, M.; Nakanishi, HBull. Chem. Soc. Jpri972 45, 1993-1995.

(8) Romano, R. M.; Della Va&ova, C. O.; Downs, A. 1. Phys. Chem.
A 2002 106, 7235-7244.

(9) Nagy, P. |; Tejada, F. R.; Sarver, J. G.; Messer, W. SJ.Jhys.
Chem. A2004 108 10173-10185.
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TABLE 1. Relative Energies and Free Energies (kcal/mol) anat(C=O) Vibrational Frequencies (cn?) with Intensities (km/mol) for the Four
Possible Conformers of CHOC(O)SCHs

Sp,sp ap,sp Sp,ap ap,ap
B3LYP/6-31+G**
AE 0.0¢¢ 5.14 2.06 14.58
AG° 0.00 5.35 2.26 14.40
v(C=0) [Intensity] 1769 [291] 1795 [403] 1769 [377] 1793 [464]
B3LYP/6-31H+G(3df,2p)
AE 0.0C¢ 4.65 2.09 not a stable conformer
AG° 0.0¢¢ 4.77 2.20
v(C=0) [Intensity] 1764 [270] 1788 [386] 1761 [358]
MP2/6-3H-G**
AE 0.0¢ 5.68 2.09 not a stable conformer
AG® 0.00 5.81 2.38
v(C=0) [Intensity] 1757 [248] 1775 [325] 1755 [320]
MP2/6-31H-+G(2df,p)
AE 0.0 not calculated 2.23 not calculated
AG® 0.00" not calculated 2.33 not calculated
v(C=0) [Intensity] 1762 [237] 1757 [317]

aE = —666.598037 hartre®.G° = —666.539658 hartreé.E = —666.7158243 hartred.G° = —666.657471 hartre€.E = —665.271415 hartreé G°
= —665.210728 hartred.E = —665.588626 hartred.G° = —665.528273 hartree.

curves possess minima for §p[CO—C(O)] = ¢[CS—C(O)] TABLE 2. Experimental and Calculated Geometric Parameters
= 0°} and ap{$[CO—C(0)] = $[CS—C(O)] = 180} orienta- for the sp,sp Conformer of CH;OC(O)SCHs (Angstroms and
tions. The ap orientation of the-GCH;z bond corresponds to a Degrees)

considerably higher energy than the ap orientation of the S GED(n)* X-ray>  MPZ  B3LYP
CHjs bond. Full geometry optimizations and frequency calcula- C=0 1.203(4) pl 1.195(2) 1.208 1.202
tions for the four feasible conformers have been performed using (C—O)mean 1.386(4) p2 1.394(2)  1.390 1.390
the B3LYP method and the MP2 approximation with 6+%3- Ac(gf_(gzz)—OZ) - 0102(6) p3  0113(2)  0.095 0.098
(d,p) basis sets. Additional MP2/6-3t%G(2df,p) and B3LYP/ C1—02 1.335(5) 1.337(1) 1.342 1.341
6-311++G(3df,2p) calculations have been performed for the c2—02 1.437(5) 1.450(2) 1.437 1.439
two low-energy forms. Relative energieAE, free energies, (S5—C)mean 1783(2) p4 L.775() 1783 1795
AG°, and frequencies of the/(C=0) vibration with IR Ascs:fc(f_(:?’)_ 0.040(8) p5 00322) 0041 0.037
intensities are summarized i_n Table 1. 57(01 ) 1.763(5) 1.759(1) 1.763 1.776
The B3LYP method predicts that all four conformers cor- s—c3 1.803(5) 1.791(2)  1.804  1.813
respond to stable structures with planar molecular skeletons, (C—H)mean 1.100(9) p6 0.970 1.087 1.087
except for the ap,ap form. In this conformer, the two methyl O1=C1-02 1259(8) p7  125.4(1) 1253 1253
groups lie, respectively, above and below the molecular plane. gé:ccii_ss iggigg e 11206é33§(1%) 112055598 112()5é98
This form does not correspond to a stable structure according c1—o2>—c2 113.4(15) p9 115.7(1) 114.0 115.8
to the MP2 approximation, and a structure optimization C1—S—C3 99.8(8) pl0 99.73(9) 99.2 98.9
converges toward the sp,ap conformer. All computational (H—=C—H)mean 110.3 109.4 110.3 110.2
methods predict the sp,sp conformer to be lowest in energy, CZ_OZ_Cl_: o1 O'OI 0.3(2) 0.0 0.0
. : , 7 C3-S—Cl=01 0.0 1.6(2) 0.0 0.0
and the predicted geometric parameters are given, together with,_co>_o>—c1 180.0 177.3(1) 1800  180.0
experimental values, in Table 2. The second most stable H—c3—s—c1 180.0 177.8(1) 180.0 180.0
conformer, sp,ap, possesses an antiperiplanar orientation of thetilt (CHs0)® 3.4 0.9 34 34
S—Me group, and its free energy is calculated to be about 2.3 tilt (CHsSf 28 0.2 28 3.1

kcal/mol higher than that of the sp,sp form. The other two  2Error limits are & values. For atom numbering see Figuré® #lean

conformers, ap,sp and ap,ap, are higher in energy by more tharvalue for the two molecules in the unit cell. Uncertainties arealues.

5 and 14 kcal/mol, respectively, and are not expected to be ;Gi\‘z’llﬂtfgdf'm ba}s'cs Set%s“ﬁtﬁ(sggzm %’”‘_S'Ssse‘?é'.‘ a”tg'e

detectable in our experiments. These calculated relative stabili- a\?vayefrgm the %i'é %On:}} ?\,rgtu feﬁr?ed. esme one drection.

ties are in contrast with the conclusions drawn from NMR and

vibrational data (see Introduction), according to which the ap,- ) o )

sp and sp,ap conformers are more stable than the sp,sp form.C(O)] dihedral angle that is slightly larger than°q@igure 1).
The calculated maxima for near-perpendicular orientations The ful]y optimized rotatlor)al TS structure is located at 9.3 kcal/

are similar in both cases, being characterized as torsionalMol, with ag[CO—C(O)] dihedral angle of 102°0B3LYP/6-

transition states (TSSNimag = 1). For the sp,sp— sp,ap  3S1IH+G(3df.2p)].

transition, the B3LYP/6-31t+G(3df,2p) level of approxima- Vibrational Spectra. In an effort to provide an unambiguous

tion predicts a barrier height of 10.0 kcal/mol (corrected for basis in support of a methyl thiocarbonate-like structure for

zero-point energies), a value in agreement with reported paederoside, a natural sulfur-containing iridoid glucoside of

theoretical estimates for thioestétsThe corresponding TS  Paederia scandenSuzuki et af3 have studied the IR spectrum

connecting the sp,sp and the ap,sp conformers hi{€a@— of liquid CH3OC(O)SCH. These analyses concentrated on the

(10) Jones, G. I. L.; Lister, D. G.; Owen, N. L.; Gerry, M. C. L.; Palmieri, (12) Deerfield, D. W., Il; Pedersen, L. GHEOCHEM1995 358 99—
P.J. Mol. Spectrosc1976 60, 348—-360. 106.

(11) Bohets, H.; van der Veken, V. Bhys. Chem. Chem. Phyk999 (13) Suzuki, S.; Hisamichi, K.; Endo, Kdeterocyclesl993 35, 895—
1, 1817-1826. 900.
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carbonyl-stretching region, where a band appearing at 1717 1.004
cm~! was assigned to thg(C=0) stretching mode. This is in

agreement with the value of 1719 cireported for the

compound dissolved in C¢#+15To the best of our knowledge, 0.754
no reports of the IR spectrum of GBC(O)SCH vapor exist

in the literature. Quantum chemical calculations predict a
contribution of about 1.9%AG°® = 2.33 kcal/mol, MP2/6-
311++G(2df,p)] for the second stable sp,ap form at ambient
temperature. Hence, both sp,sp and sp,ap conformers gf CH
OC(O)SCH could, in principle, be detected in the gas phase
by vibrational spectroscopy. As the conformational behavior of
CH3OC(O)SCH can be determined only when the vibrational 0.00
data have been correctly assigned, we have expanded the
previously known data by investigating the vapor IR and liquid- |
phase Raman spectra. Furthermore, frequency calculations at Wavenumbers (cm”)

the MP2/6-311+G** and B3LYP/6-311+G(3df,2p) levels FIGURE 2. C=O0 stretching region in the IR spectrum of gaseous
have been performed to support the experimental results. CH;OC(O)SCH at 5.0 mbar (glass cell, 200-mm optical path length;

The IR (gas) and Raman (liquid) spectra are given as sjwindows, 0.5-mm thick). Molecular model and main axes of inertia
Supporting Information (Figure SM1). GBC(O)SCH has 30 for the sp,sp conformer of GGAC(O)SCH (the C axis is perpendicular
normal modes of vibration and for ti@& sp,sp conformer, their  to the molecular plane).
symmetries are 21'A+ 9 A", with all fundamentals being IR
and Raman active. A tentative assignment of the observed bands
was performed by comparison with the calculated spectrum.
The approximate description of the modes is based on the
calculated displacement vectors for the fundamentals, as well
as on comparison with the spectra of related molecules,
especially CHOC(O)OCH!! and CHSC(O)H Experimental
and calculated frequencies with their tentative assignments are
given as Supporting Information (Table SM1).

The vibrational spectra of gaseous §H(0O)SCH can be
interpreted on the basis of the presence of only the sp,sp
conformer. The calculations predict very small differences
between the fundamental modes of the sp,sp and sp,ap conform-

0.50

Absorbance

0.254

T T T 1
2000 1900 1800 1700 1600

AN AN /I\ ! | !
ers, in particular for the/(C=0) stretching mode, which has R2BEL2222828 822 8
been shown to be the most sensitive to the conformational R~ “QRY ©2-Q S 8
properties of carbonyl compoun#s1® From the directions of
the bond dipole moments of €0 and C-S in various ' . : - y : .
conformations of CHOC(O)SCH, Oki and NakanisHihave 1 2 3 4 5 6
suggested that the wavenumber of the carbonyl absorption of R/A
the sp,sp form is the lowest among the conformations. This is
contradicted by our calculations which predi¢C=0) in the FIGURE 3._ ‘Experimental radial distribution function and difference
sp,sp conformer to be higher by 3 (B3LYP) or 5 th{MP2) curve. Positions of important distances are shown by vertical bars.

thanv(C=0) in the sp,ap form (Table 1). In the IR spectrum

of gaseous CEOC(O)SCH, only one band possessing a small amounts (less than 5%) of any other conformer cannot
symmetrical B-type contour is observed in the-Q stretching ~ P€ excluded on the basis of these spectra alone.

region (Figure 2), as is expected for the sp,sp conformer, in  Structure Analysis. Gas-Phase Molecular StructureThe
which the orientation of the dipole derivative vector is almost €xperimental radial distribution function, derived by Fourier
parallel to the principal axis of inerti®. On the other hand, a  transformation of the molecular scattering intensities in the GED
hybrid AB-type contour is anticipated for the carbonyl stretching €xperiment, is shown in Figure 3.

mode of theCs sp,ap conformer. Any gauche arrangement can  This curve can be reproduced reasonably well only by a
be excluded, moreover, because of the lack for a C-type contourmodel with the sp,sp conformation. The following assumptions,
of they(C=0) band that would be expected for nonplanar forms. which are based on the quantum chemical calculations, were
Therefore, the well-defined rotational contour observed in the applied in the least-squares fitting of the molecular intensities.
IR spectrum allows an unambiguous assignment of this band (1) Planar molecular skeleton wits symmetry. (2) Locals,

to the more stable sp,sp conformer. However, the presence ofsymmetry of the two methyl groups with possible tilt angles
between theC; axis and the 6-C and S-C bond directions.

19%34) Baker, A. W.; Harris, G. HJ. Am. Chem. Sod.96Q 82, 1923~ The C—H bond lengths and HC—H bond angles were set to
(15) Barany, G.; Schroll, A. L.; Mott, A. W.; Halsrud, D. Al. Org. b_e the same in both mthyl groups. The CE_"ICU|ated (MPZ)
Chem.1983 48, 4750-4761. distances and angles deviate from the experimental value by
(16) Klapstein, D.; Nau, W. MJ. Mol. Struct.1993 299, 29-41. only 0.002 A and 0.5 respectively. (3) Vibrational amplitudes

(17) Romano, R. M.; Della \ova, C. O.; Downs, A. J.; Oberhammer, - i i
H.. Parsons. SJ. Am. Ghem. So@001 123 1262312631 that were collected in groups according to their calculated values

(18) Erben, M. F.; Della Veova, C. O.. Boese, R.. Willner, H., and amplitudes, which caused either high correlation between
Oberhammer, HJ. Phys. Chem. 2004 108 699-706. geometric parameters or bad determinations in the GED analysis,

J. Org. ChemVol. 71, No. 2, 2006 619
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and sulfur atoms with oppositg orbitals (the anomeric effect)

or zt* orbitals (conjugation) could affect both the conformational
and the structural properti€32! According to a NBO analysis

of the B3LYP/6-31#+G(3df,2p) wave function, the sp ori-
entation of the G-CHz and S—-CHs bonds is stabilized by

(O) — ¢*(C=0) (8.4 kcal/mol) and ¥(S) — o*(C=0) (5.7
kcal/mol) donor— acceptor interactions, respectively (anomeric
FIGURE 4. Molecular model of the sp,sp conformer of §BC(O)- effect_s). This makes the sp,sp conformer th_e most stable form.
SCHs with atom numbering. Rotation of the G-CHs bond from sp to ap orientation leads to

a major loss of both anomeric and mesomeric interactions and,

were not refined. With these assumptions, 10 geometric consequently, to a much higher energy of the ap,sp conformer.
parametersgl—10) and six vibrational amplitudekl(-6) were ~ On the other hand, rotation of the-€H; bond from sp to ap
refined simultaneously. The following correlation coefficient Orientation causes a minor loss of anomeric interaction and a
had an absolute value larger than 0j67/p8 = —0.84. The further reduction of conjugation. Thus.(&§) — 7*(C=0)
final geometrical parameters determined in this way are listed decreases from 33.1 kcal/mol in the sp,sp form to 32.3 keal/
in Table 2. Vibrational amplitudes are gathered in Supporting Mol in the sp,ap form. This implies that the sp,ap conformer is
Information (Table SM2). Least squares analyses for mixtures the second most stable form of @BIC(O)SCH.
of sp,sp and sp,ap conformers did not improve the fit to the  The difference between the two—D single bond lengths
experimental intensities; the agreement fa®dncreased for ~ {ACO = [C(sp)—O] — [C(sp)—O] = 0.102(6) A is consider-
contributions of the sp,ap form of more than 10%. ably larger than the difference between the tweCSsingle
Crystal Phase Molecular Structure. CH;OC(O)SCH, crys- bond length§ ASC = [S—C(sp)] — [S—C(sp)] = 0.040(8)
tallizes in the monoclinic crystal systerRZu/n space group) A}. These values are very similar in the gaseous and solid state
with unit cell dimensions o = 12.6409(9) Ab = 4.1678(3)  Phases [0.102(6) vs 0.113(2) A and 0.040(8) vs 0.032 (2) A,
A, andc = 19.940(1) A8 = 98.164(1}, andZ = 8 (for more see T.able 2] and are reproduced satisfactorily by the quantum
complete information, see Table SM3 in Supporting Informa- chemical calculations. Furthermore, the reported gas-phase

tion). The molecules are packed as pairs, that is, two nonequiva—sm‘cmrezzOf the O,0- and S,ZSS-dimeth_yI carbonates;@E
lent molecules are present in the unit cell. Both molecules have (Q)OCH* and CHSC(O)SCH,* show similar values foACO

similar geometric parameters, the differences being mainly @dACS (see Table 3). This trend can be rationalized by the
between the €0 and C-O bonds [0.0040(15) and 0.0066- NBO analysis. The CHDC(O)SCH donor— acceptor interac-
(18) A, respectively] and between the=<@—S and G-C—S tion energies of 33.1 and 49.0 kcal/mol were calculated for the
bond angles [0.74(15) and 0.65(12)espectively]. Only the ~ N=(S) — 7*(C=0) and »(O) — 7*(C=0) resonance interac-
most stable (sp,sp; Figure 4) conformer is observed in a single1oNs: respectively. Similarly, the anomeric effect amounts to
crystal at 203 K. The crystal packing, as viewed alongabe ~ &:4 and 5.7 kcal/mol for the,(0) — 0*(C=0) and n(S) ~
plane, is shown in Figure 5. This seems to be determined by ¢ (C=0) interactions, res_pect|vely. S|m|!ar_values_were_ cal-
the intermolecular interactions between three molecules, involy- culated for the mesomeric and anomeric interactions in the
ing two methyl groups from different molecules and the@ related O,0- and S,S-dimethyl carbonates. Thus, both effects

bond of a third one. The shortest nonbonded contacts feature2'® /€SS important when the donor lone pair orbital is formally
C=0---H—C distances of 2.640 and 2.680 A (see Figure 6). located at the sulfur (thioester) rather than at the oxygen atom
(oxoester). These differences reflect the greater importance of

structure 1l (Chart 1) for the oxoester compared with that for
the thioester group.

Discussion

According to the GED experiment, the sp,sp form is definitely _ )
the prevailing conformer of C#C(O)SCH. This result Experimental Section

contradicts the earlier interpretation_of data from NMR, dipole (A) Synthesis CH;0C(0)SCH was synthesized by the method
moment, and IR measurements, which concluded that the sp,Spsuggested by Baker and Hartisinvolving the reaction of methyl
form is the least stable conformer in the liquid phase, which is chlorothioformate with dried methanol, according to the following
believed to consist of a mixture of ap,sp and sp,ap conformers. equation:

Neither of these forms has been observed, however, in the gas

phase. The GED conclusions about the conformational properties CH;SC(O)Cl+ CH;0H — CH;0C(O)SCH + HCI

are consistent with the IR (gas) spectrum and are wholly in

accord with the quantum chemical calculations. In the solid state, ~Conventional vacuum techniques were used to condense nearly
moreover, only the sp,sp conformer is present. equimolar quantities (typically 7 mmol) of GBC(O)Cl and Ch+

Various effects that stabilize the synperiplanar relative to the OH (a slight excess of methanol was used) into a 0.2 L glass

L . ampule. This vessel was placed in a®Dglycerin bath for about
antiperiplanar conformer of oxoesters and thioesters have beerh2 h. After this time, the products were separated by “trap-to-trap”

discussed® Dipole—dipole interactions destabilize the sp,ap acuum fractionation through traps maintained-&0, —60, and
form of gaseous CHDC(O)SCH. According to B3LYP cal-

culations, the dipole moments of the two formgsp,sp)= 0.3 (20) Hermann, A.; Trautner, F.; Gholivand, K.; von Ahsen, S.; Varetti,
D andu(sp,ap)= 3.7 D] differ markedly. Furthermore, orbital  E. L.; Della Vaova, C. O.; Willner, H.; Oberhammer, Hhorg. Chem.

interactions between,rand the n lone pair orbitals of oxygen 2001 40, 3979-3985. )
(21) Erben, M. F.; Della Véova, C. O.; Romano, R. M.; Boese, R.;

Oberhammer, H.; Willner, H.; Sala, Ghorg. Chem2002 41, 1064-1071.

(19) Pawar, D. M.; Khalil, A. A.; Hooks, D. R.; Collins, K.; Elliott, T.; (22) Mijlhoff, F. C. J. Mol. Struct.1977, 36, 334-335.
Stafford, J.; Smith, L.; Noe, E. AJ. Am. Chem. S0d.998 120, 2108- (23) Auberg, E.; Samdal, S.; Seip, H. Nl. Mol. Struct.1979 57, 95—
2112. 104.
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FIGURE 5. Stereoscopic illustration of the crystal packing of {LC(O)SCH at 203 K.

FIGURE 6. Dimeric arrangement of a G®C(O)SCH single crystal
and the shortest nonbonded distances.

—196°C. After several cycles of condensation and distillation, pure
CH;0C(0O)SCH was retained as a colorless liquid in th&€0 °C
trap. After the reaction finished, as evidenced by the lack of-CH

amount was withdrawn for a given experiment, and then the ampule
was flame-sealed agath.

X-ray Diffraction at Low Temperature. An appropriate crystal
of CH;0OC(O)SCH about 0.3 mm in diameter was obtained on the
diffractometer at a temperature of 203 K with a miniature zone-
melting procedure using focused infrared-laser radiciohhe
diffraction intensities were measured at low temperature on a
Nicolet R3m/V four-circle diffractometer, with intensities being
collected with graphite-monochromatized Ma Kadiation using
the w-scan technique. The structure was solved by Patterson
syntheses and refined by full-matrix least-squares on F with the
SHELXTL-Plus progran?® Absorption correction details are given
elsewhere. All but hydrogen atoms were assigned anisotropic
thermal parameters. Atomic coordinates and equivalent isotropic
displacement coefficients for heavy and hydrogen atoms are given
in Tables SM4 and SM5, respectively, and anisotropic displacement
parameters (Ax 10%) for CH;OC(O)SCH are given in Table SM6
(Supporting Information).

Vibrational Spectroscopy. Gas-phase infrared spectra were
recorded with a resolution of 1 crhin the range 4000400 cnt?,
Raman spectra of the liquid contained in a 4-mm glass capillary
were excited with 500 mW of a 1064-nm Nd:YAG laser.

Gas Electron Diffraction. The electron diffraction intensities
were recorded with a Gasdiffraktograph KD4G2t 25- and 50-
cm nozzle-to-plate distances and with an accelerating voltage of
about 60 kV. The sample was kept at A5, and the inlet system
and gas nozzle were kept at room temperature. The photographic

SC(O)Cl bands in the IR spectrum, an oily residue remained in the pjates were analyzed with a scanner, and the total scattering
reaction vessel. Nonetheless, apart from the HCI generated in thejntensities were obtained with the program SCANRAveraged

reaction, only small amounts of OCS and O@ere observed as
byproducts in the-196 °C trap.

(B) Instrumentation. General Procedure. Volatile materials

experimental molecular intensities in the ranges2—18 and 8-35

(24) Gombler, W.; Willner, HJ. Phys. E: Sci. Instruni987, 20, 1286~

were manipulated in a glass vacuum line equipped with two 1288.

capacitance pressure gauges, three U-traps, and valves with PTFI%r

(25) Boese, R.; Nussbaumer, M. In situ crystallisation techniques. In
ganic Crystal ChemistryJones, D. W., Ed.; Oxford University Press:

stems. The vacuum line was connected to an IR cell (optical path oford. 1994: vol. 7 pp 2637.

length, 200 mm; Si windows, 0.5 mm thick) contained in the sample

(26) SHELTX-Plus Version SGI IRIS Indigo; A Complex Software

compartment of an FTIR instrument. This allowed us to observe Package for Solving, Refining and Displaying Crystal Structures; Si-

the purification process and to follow the course of the reaction.
The pure compound was stored in flame-sealed glass ampules unde(:h
liquid nitrogen in a long-term Dewar vessel. Such an ampule was

emens: Germany, 1991.

(27) Oberhammer, HMolecular Structure by Diffraction Method$he
emical Society: London, 1976; Vol. 4, p 24.

(28) Atavin, E. G.; Vilkov, L. V.Instrum. Exp. Tech2002 45, 27 (in

opened with an ampule key on the vacuum line, an appropriate Russian).
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TABLE 3. Mean and Difference between €-O and C—S Single Bond Distances (in A) and Donor—~ Acceptor Energy Interactions (kcal/mol)

for CH3XC(O)YCH3 (X, Y = O and S) Compounds

mesomeric anomeric
compound (€&-O)mean ACO (C—Sknean ACS stabilizatiot stabilizatio®
X, Y =0 1.383(30) 0.080(42) 99.8 17.8
X,Y =8 1.790(4) 0.025(5) 66.5 11.6
X=0,Y=S 1.386(4) 0.102(6) 1.783(2) 0.024(10) 82.1 14.1

any(X1Y) — a*(C=0). P ny(X/Y) — o*(C=0) or Ipa(X/Y) — o*[C(sp?) — Y/X] for sp and ap conformations, respectively.

A-1in steps ofAs = 0.2 A1 [s = (4n/A) sin 6/2, wherel is the
electron wavelength and is the scattering angle] are shown in
Figure SM2 (Supporting Information).

Theoretical Calculations. All quantum chemical calculations
were performed using the GAUSSIAN 03 program%éilP2 and
B3LYP methods employing standard basis sets up to 6-31G-
(3df,2p) and gradient techniques were used for the geometry
optimizations and calculations of the vibrational properties. TSs
were optimized by the synchronous transit-guided quasi-Newton
method implemented by Schlegel et #l.and torsional barrier
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