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Pure methoxycarbonylsulfenyl isocyanate,O€(O)SNCO, is quantitatively prepared by the metathesis
reaction between C}0C(O)SCl and AgNCO. This novel species has been obtained in its pure form and
characterized byH and3C NMR, UV—vis, FTIR, and FT-Raman spectroscopy. The conformational
properties of the gaseous molecule have been studied by vibrational spectroscopy and quantum chemical
calculations (B3LYP and MP2 methods). The compound exhibits a conformational equilibrium at room
temperature having the most stable foBxsymmetry with the &0 double bond synperiplanar with
respect to the SN single bond. A second form was observed in the IR spectrum and corresponds to a
conformer possessing the-G bond antiperiplanar with respect to the=N double bond of the isocyanate
group. The structure of a single crystal of g¢C(O)SNCO was determined by X-ray diffraction analysis

at low temperature using a miniature zone melting procedure. The crystalline solid (tritihia,=
8.292(6) A,b =9.839(7) A,c = 11.865(8) A,a = 67.290(23, B = 71.5570(10), y = 83.4850(10) and

Z = 6) shows the presence of molecules having exclusively a synperiplanar conformation with respect
to the threep(CO—C=0), »(O=C—SN), and¢p(CS—N=C) dihedral angles.

Introduction

Isocyanate species are of great chemical interest because th@nate group attached directly to a divalent sulfur atom is known

first isocyanate molecule of the type RSNCO; with the isocy-

—N=C=0 group is of fundamental importance in the formation Since 1963, when Emale and Haas synthesized $SNCO?
of polyurethane polymers, which offer interesting possibilities A few other species such as XC(O)SNCO ¢XF, CI) were
for a variety of important technological applicationghe very also synthesize®.Very recently, Maofa Ge et dlhave reported

a photoelectron spectroscopy study on the sulfur-containing
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hypothiocyanate anion has been reported to have significant
antimicrobial properties, HSNCO and the related anions have
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been studied by means of ab initio calculations and experimental SCHEME 1.

techniques. These studies revealed the linear [SNG®Jicture
as the most stable isomer in the electronic ground $tate.

JOC Article

Representation of the Monomeric Sulfenyl
Isocyanate Molecule (1), the Cyclic Dimer
(1,3-Sulfenyl-2,4-uretidinedione) (ll.a), the Dimeric Species

The conformational stability of simple isocyanates has been N.N-Bis(sulfenyl)carbamoyl Isocyanate (I1.b) and the

difficult to predict and may also be different in different

Trimeric Tris(sulfenyl) Isocyanurate Specie (l11)

aggregation states. For example, in acetyl isocyanateCcCH o) X
(O)NCO? the main conformation changes from the gas to the 'é //c// ?

liquid phase. Furthermore, the conformational stability of the Oy N O N\ 20
XC(O)NCO (X = FS87 CI,8~11 Br,12 CH,13-15 and CR!) X—S-N=C=0 X—S—N N—S—X ? | C|
molecules in the vapor state depends on the X substituent. Some | \c /N\ NN
controversies have been also reported between the experimental (')' i )S.( S \ﬁ S\X
and the calculated conformational properties of simple isocy- 0

anates challenging the reliability of ab initio calculations. For
instance, while vibrational spect®and gas electron diffraction
studied! are consistent with the preference of the anti form
(isocyanate group anti with respect to the=G double bond)

of CIC(O)NCO in both the gas and liquid phases, most ab initio
calculations predictthe synformas the most stable conforé&r?

The information about the molecular structure and conforma-
tional properties of RSNCO species is still scarce. The gas-
phase molecular structure of FC(O)SNCO has been studied b

IL.b L]

amines as catalydt 24 Similarly, FC(O)SNCO also yields a
FC(O)S-substituted uretidinedior®. However, CESNCO
dimerizes toN,N-bis(trifluoromethanesulfenyl)carbamoy! iso-
cyanate, (CES)NC(O)NCO, as confirmed by spectroscopic and
chemical evidencéFurthermore CESNCO trimerizes at 100C

to tris(trifluoromethanesulfenyl) isocyanurat&hus, very rich

y<:hemica| and structural features are anticipated for sulfenyl

using the gas electron diffraction technique complemented with IS0cyanate especies (Scheme 1). Moreover, very recently, CH

guantum chemical calculatioA%A slightly nonplanar structure
with ap(CS—N=C) torsional angle around the-8! single bond
of 17(6f was observed. A vibrational study which included

matrix isolated and gas-phase FTIR spectroscopy supports the

presence of a unigue conformation at room temper&ture.
It is well-known that phenyl isocyanate gives a cyclic dimer
(1,3-diphenyl-2,4-uretidinedione) in the presence of tertiary

(3) (@) Wang, W.; Ge, M.-F.; Yao, L.; Zeng, X.-Q.; Sun, Z.; Wang, D.-
X. ChemPhysCher006 7, 1382-1387. (b) Wang, W.; Yao, L.; Zeng,
X.; Ge, M.; Sun, Z.; Wang, D.; Ding, Yd. Chem. Phy2006 125 234303~
234306.

(4) (a) Wilson, I. R.; Harris, G. MJ. Am. Chem. S0d.96Q 82, 4515.
(b) Pyykka P.; Runeberg, NJ. Chem. Soc., Chem. Comm@f91, 547—
548. (c) Sundholm, DJ. Am. Chem. Sod.995 117, 11523-11528. (d)
Dua, S.; Maclean, M. J.; Fitzgerald, M.; McAnoy, A. M.; Bowie, J. H.
Phys. Chem. 2006 110, 4930-4936.

(5) (@) Durig, J. R.; Guirgis, G. A.; Krutules, K. A.; Sullivan, J. F.
Raman Spectrosd993 24, 259-273. (b) Zeng, X.-Q.; Yao, L.; Ge, M.-
F.; Wang, D.-X.J. Mol. Struct.2006 789, 92—99.

(6) Durig, J. R.; Guirgis, G. A.; Krutules, K. A.; Phan, H. V.; Stidham,
H. D. J. Raman Spectros@994 25, 221—-232.

(7) Mack, H.-G.; Della Veova, C. O.; Willner, HJ. Mol. Struct.1993
291, 197-209.

(8) Sullivan, J. F.; Nandy, J. K.; Lee, M. J.; Durig, J. R. Raman
Spectrosc198], 11, 459-468.

(9) Sullivan, J. F.; Nandy, J. K.; Lee, M. J.; Durig, J. R. Raman
Spectrosc1992 23, 51-60.

(10) Ulic, S. E.; Della Véova, C. O.; Aymonino, P. JJ. Raman
Spectrosc199Q 21, 283-290.

(11) Mack, H.-G.; Oberhammer, H.; Della Weva, C. OJ. Mol. Struct.
1989 200, 277—-288.

(12) Klapstein, D.; Nau, W. MSpectrochim. Actd 994 50A 307—
316.

(13) Durig, J. R.; Guirgis, G. A.; Krutules, K. A.; Sullivan, J.F.Raman
Spectrosc1993 24, 259-273.

(14) Mack, H.-G.; Oberhammer, H.; Della Weva, C. OJ. Mol. Struct.
1992 265, 359-366.

(15) Landsberg, B. M.; Igbal, KI. Chem. Soc., Faraday Trans128Q
76, 1208-1213.

(16) Durig, J. R.; Giurgis, G. A.; Krutules, K. Al. Mol. Struct.1994
328 55-75.

(17) Nguyen, M. T.; Hajnal, M. R.; Vanquickenborne, L. G. Mol.
Struct.(THEOCHEM 1991, 231, 185-193.

(18) Mack, H.-G.; Oberhammer, H. Mol. Struct. (THEOCHEW1992
258 197-198.

(19) Jonas, V.; Frenking, GChem. Phys. Lettl991, 177, 175-183.

(20) Gobbato, K. I.; Ulic, S. E.; Della W@ova, C. O.; Mack, H.-G;
Oberhammer, HChem. Phys. Lettl997, 266, 527—532.

(21) Ulic, S. E.; Hermann, A.; Della \tiova, C. OJ. Mol. Struct.2002
641, 233-242.

NCO and its cyclic oligomers (CH#CO), (n = 2, 3, 4) have
been computed. The cyclic trimer, as expected, was found to
be more stable than the dimer and the tetratfer.

Herein the preparation and characterization of a novel
RSNCO compound, methoxycarbonylsulfenyl isocynatez-CH
OC(O)SNCO are presented. In this study we undertake an
experimental investigation of the structure and vibrational
properties of the title compound, which includes the use of
vibrational [IR (gas) and Raman (liquid)] and NMRH and

13C) spectroscopies. The crystal structure of the compound was
also determined at 203 K by X-ray diffraction using an in situ
crystallization method. The experimental data were supple-
mented by using ab initio (HF and MP2) and DFT (B3LYP)
guantum chemical calculations.

Results

Synthesis.Silver isocyanate and carbonylsulfenyl chlorides
XC(0O)SCI (X=F, Cl) are ideal precursors for the preparation
of monomeric XC(O)SNCO (% F, Cl) specie$® Thus, CH-
OC(O)SNCO was synthesized quantitatively by reacting meth-
oxycarbonylsulfenyl chloride, C4#C(O)SCI, with silver iso-
cyanate fo 2 h at room temperature. The final purity was
checked by IR (Figure 1) andH NMR spectroscopy. No
evidence was found for the formation of dimeric or higher
polymeric species.

Quantum Chemical Calculations.Several conformations of
CH30OC(O)SNCO are feasible, depending on the orientation
around the G-C, C—S, and SN single bonds. The molecular
structure and conformational properties for the related@Et+
(O)SCI and FC(O)SNCO species have been studied in both
gaseous and solid phasé€%ccording to these antecedents, a

(22) Raiford, L. C.; Freyermuth, H. Bl. Org. Chem1943 8, 230~
238.

(23) Buckles, R. E.; McGrew, L. Al. Am. Chem. Sod966 88, 3582—
3586.

(24) Brown, C. JJ. Chem. Socl955 2931-2936.

(25) Haas, A.; Reinke, HChem. Ber1969 102, 2718-2727.

(26) Paul, F.; Moulin, S.; Piechaczyk, O.; LeFloch, P.; Osborn, J.A.
Am. Chem. SoQ007, 129, 7294-7304.

(27) Erben, M. F.; Della Veova, C. O.; Romano, R. M.; Boese, R;
Oberhammer, H.; Willner, H.; Sala, Ghorg. Chem2002 41, 1064-1071.

(28) Gombler, W.Spectrochim. Actd 981 37A 57—61.

J. Org. ChemVol. 72, No. 24, 2007 9075



JOC Article

7

1"

80

60

souejwsuel) %

30

n
o
L

Intensity (a. u.)

-
o
L

el

3000 1000

04

T
4000 2000

Wavenumber/cm™!

FIGURE 1. Gas IR at 1.7 mbar (glass cell, 200 mm optical path length,
Si windors, 0.5 mm tick) and liquid Raman spectra for O€(O)-

SNCO.
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FIGURE 2. Calculated (B3LYP/6-31G*) potential function for internal
rotation around the ©C (-), C—S (®-) and S-N (-a-) single bonds
in CH;OC(O)SNCO.

structure for the title compound with whole synperiplanar
orientation around the ©C, C-S, and SN single bonds was
used as the initial form in the calculations. To gain insights in
the conformational preference of the title molecule, the potential
energy functions for internal rotation around théCO—C=

0), ¢(O=C—SN), and ¢(CS—N=C) dihedral angles were
calculated at the B3LYP/6-31G* level, by allowing geometry
optimizations with the respective dihedral angle$ yarying
from 0° (syn position) to 189 (anti position) in steps of 30
The potential energy curves are shown in Figure 2.

(29) Della Velova, C. O.Spectrochim. Actd992 48A 1179-1185.
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FIGURE 3. Molecular models with atom numbering scheme for the
syn—syn—syn syn—syn—anti, and syr-anti—syn conformers of Ckl
OC(O)SNCO.

As expected for the methoxycarbonyl §6C(O)— moiety27:30-34
a syn orientation of th¢(CO—C=0) dihedral angle is preferred,
being the anti form higher in energy. Likewise, two structures
correspond to minima in the potential energy curve around the
¢(O=C—SN) dihedral angle. The most stable one shows syn
orientation of the &0 and S-N bonds while the anti form is
located higher in energy by ca. 1.9 kcal mblSimilarly, the
resulting potential energy curve for the rotation of hES—
N=C) dihedral angle possesses minima for two planar forms;
the syn form is ca. 1.8 kcal mol more stable than the anti
conformer.

Moreover, full geometry optimizations and frequency calcula-
tions were performed for each of the most stable structures at
higher levels of theoretical approximations which include HF
and B3LYP methods with the 6-31G* and the more extended
6-311++G** basis sets. RelativAE°® energy values (corrected
by zero-point energy) are listed in Table S1 (Supporting
Information). All computational methods predict a structure with
syn orientation around the three dihedral angles, {sym—
syn form in Figure 3) to be the most stable conformer o;CH
OC(O)SNCO. The second stable form, higher in energy by 1.10
kcal mol! (B3LYP/6-31H+G**) corresponds to a conformer
with anti orientation of thes(CS—N=C) dihedral angle (syn

(30) Bernardi, F.; Epiotis, N. D.; Yates, R. L.; Schlegel, H.BB.Am.
Chem. Soc1976 98, 2385-2390.

(31) (a) Jones, G. I. L.; Lister, D. G.; Owen, N. L.; Gerry, M. C. L,;
Palmieri, P.J. Mol. Spectrosc1976 60, 348-360. (b) Bouma, W. J.;
Radom, L.J. Mol. Struct.1978 43, 267-271.

(32) (a) Belova, N. V.; Oberhammer, H.; Girichev, G.J/ Phys. Chem.
A 2004 108 3593-3597. (b) Bohets, H.; van der Veken, VRhys. Chem.
Chem. Phys1999 1, 1817-1826.

(33) (a) Wennerstrom, H.; Forsen, S.; Roos,JBPhys. Chem1972
76, 2430-2436. (b) Blom, C. E.; Guthard, H.Chem. Phys. Lettl981,
84, 267-271.

(34) Muller, C.; Schafer, A.; Schweig, A.; Thon, N.; Vermeer JHAm.
Chem. Soc1976 98, 5440-5443.
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TABLE 1. Selected Experimental and Calculated Geometric
Parameters for the Syn-Syn—Syn Conformer of CH3OC(O)SNCO
and Experimental Values? for the Gas-Phase Structure of
FC(O)SNCO

B3LYP MP2

parametes  X-ray?  6-31L++G** 6-31G*  FC(O)SNCE
S—N 1.665 (2) 1.683 1.686 1.669 (3)
s—c2 1.771 (2) 1.803 1.783 1.748 (5)
N=C 1.195 (3) 1.214 1.232  1.208 (8)
02=C2 1.196 (2) 1.200 1.215 1.187 (5)
C3=03 1.165 (2) 1.166 1.184 1.167 (5)
C2-S—N 100.5 (9) 101.0 100.4 101.6 (20)
S—N=C 132.50 (15) 136.9 1329 127.8(14)
02=C2-S  124.15 (15) 124.7 125.3 129.5(8)
N=C=0 171.1 (2) 171.2 169.5 165.9 (32)
#(CS-N=C) —2.4(2) 0.0 0.0 17 (6)
#(C=0-SN)  1.6(2) 0.0 0.0  0.0(not refined)
#(SN—C=0) 180.00 (10) 180.0 180.0

aFor atom numbering see Figure BAverage values from the three
nonequivalent form of the molecule in the cystal.

syn—anti form in Figure 3). A third conformer named syn
anti—syn in Figure 3, with anti orientation of the=€D and
S—N bonds results to be minima in the potential hypersurface
as well, located at 1.33 kcal mdlabove the global minimum.
Not surprisingly, HF method predicts the anti form around to
the SN single bond as a transition state, with one imaginary
frequency of vibration. A similar result was reported for the
FSNCO molecule at these levels of calculatiéh®ther forms
(see Table S1) were found to be stable conformers ofQIH
(O)SNCO, with calculated energies higher than 2 kcal thol
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FIGURE 4. C=O0 vibrational stretching region in the IR spectrum of
gaseous CEDC(O)SNCO at 2 mbar. Principal moments of inerta (
andb) for the syn-syn—syn conformer of CHOC(O)SNCO.

at 1350 cm? is very intense in the Raman spectrum, in
agreement with the reported feature in the vibrational spectra
of the related isocyanate spec#®s86 The C-S stretch can be
assigned with confidence to a moderately intense Raman feature
at 511 cmt (513 cmit in the IR).

Structural changes should affect specific force constants for

with respect to the minimum and are not expected to be clearly each conformer, making possible its identification in the

detected under the conditions used in our experiments.

vibrational spectra. In particular, it is well-known that the

Selected geometric parameters calculated for the most stablgC=0) normal mode of carbonyl compounds is very sensitive

conformer (B3LYP/6-31%++G**) are listed in Table 1. To
include explicitly the electronic correlation in the geometry
optimization, MP2/6-31G* calculations were carried out for the
most stablesyn—syn-synform; these results are also shown in
Table 1.

Vibrational Analysis. The IR (gas) and Raman (liquid)
spectra of CHOC(O)SNCO are shown in Figure 1. Experi-
mental and calculated [B3LYP/6-311#G**] frequencies and
intensities are given as Supporting Information (Table S2). A

to conformational propertie<:3” For XC(O)NCO (X= F, Cl,
CH30, CH;CH,O and CHS) isocyanates, two bands were
observed in the carbonyl stretching region, with clearly defined
rotational contour$? The carbonyl stretching region of the
infrared spectrum of CHDC(O)SNCO in the vapor phase is
shown in detail in Figure 4, where two absorptions becomes
evident at 1750 and 1784 crth The well-defined rotational
contour of the former band allows assigning this band to the
syn—syn—syn form in a straightforward manner. In effect,

tentative assignment of the observed bands was carried out bybecause of the almost parallel orientation of the carbonyl

comparison with spectra of related molecules, specially XC-
(O)SNCO (X= Cl, F)2?1CH3;OC(0O)NCO?? and CHOC(O)-
SCI27 Moreover, the potential energy distribution (P.E.D.)

oscillator with respect to the principal axis of inertia B, a B-type
band is expected for the(C=0) normal mode of the syn
syn—syn form (see Figure 4). A comparison with the calculated

associated with each normal vibrational mode under the frequencies allows the assignment of the weak absorption at
harmonic assumption was also calculated. The symmetry of the1784 cnt! to the G=0 stretching of the second stable syn

titte molecule isCs for any of its possible planar forms. Thus,
the AN — 6 = 27 normal modes of vibration correspond to an
irreducible representation 18A 9A" for the in-plane and out-
of-plane modes, respectively. All vibrations are both infrared
and Raman active modes.

The general features of the vibrational spectra of;G8-
(O)SNCO is dominated by the more stable sgyn—syn
conformer. In view of the rich conformational behavior envis-

aged by the quantum chemical calculations, a quite detailed

syn—anti conformer of CHOC(O)SNCO. The calculated wave-
number difference (B3LYP/6-3H#+G**) for this mode be-
tween the two conformers is-38 cntl, a value in good
agreement with the experimentally observed value in the gas-
phase spectrum of 34 cntl. For the syr-anti-syn form, a
value of 1783 cm?! (B3LYP/6-31H+G**) can be computed

for this vibration according to our calculations.

(35) Alvarez, R. M. S.; Cun, E. H.; Mack, H.-G.; Della Vdova, C. O.

analysis of the vibrational spectra has been carried out to assesd.- Mol. Struct.1994 323 29-38.

the presence of more than one conformer o08(0O)SNCO

(36) Balfour, W. J.; Fougere, S. G.; Klapstein, D.; Nau, W.G&n. J.
Chem.1993 71, 1627-1631.

in the gaseous phase. Thus, the most intense gas-phase IR band (37) (a) Campbell, N. L.; Giliis, C. J.; Klapstein, D.; Nau, W. M.; Balfour,

at 2248 cm! was assigned to the =XC=0 antisymmetric
stretching mode, which appears as a weak signal in the Rama

spectrum. On the other hand, the corresponding symmetric

W. J.; Fougee, S. G.Spectrochim. Actd995 51A 787-798. (b) Erben,
. F.; Della Valova, C. O.; Boese, R.; Willner, H.; Oberhammer, H.
hys. Chem. 2004 108 699-706. (c) Erben, M. F.; Della \@ova, C.

O.; Willner, H.; Trautner, F.; Oberhammer, H.; Boese,lRorg. Chem.

motion leads to a rather weak IR absorption but its counterpart 2005 44, 7070-7077.
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role in forming the layer; the averaged nonbonded distance
between the oxygen and carbon atoms in NCO groups is 3.119
A. Two different distances separate the planes; G -CHs
intermolecular interaction separates the layers by an amount of
2.696 A, while the @=C::-:O=C=N interaction results in a
nonbonded distance of 3.217 A, close to the sum of van der
Waals distance for oxygen and carbon atom (3.22 A). How these
nonbonded interactions alternate the molecular layers of crystal-
line CH;OC(O)SNCO is illustrated in Figure 7.

Table 1 includes the main geometric parameters derived from
the structure refinement. The carbonylsulfenyl isocyanate moiety
(—C(O)SNCO) exhibits the following structural parameters:
C—S, SN, and N=C bond lengths are 1.771(2), 1.665(2), and
1.195(3) A, respectively. The=€0 double bond lengths in the

€22 093 sulfenylcarbonyl and the isocyanate groups amount to 1.196-
& (2) and 1.165(2) A, respectively. Thes®—S, C-S—N, and
~022 023 S—N=C bond angles are 124.15(25100.5(9}, and 132.50-

(15)°, respectively. In Table 1 these parameters are compared
FIGURE 5. Stereoscopic illustration of the three crystallographically With structural data derived from the gas electron diffraction
nonequivalent molecules of GABC(O)SNCO at 203 K. study for the related FC(O)SNCO spect@sDespite the
differences in temperature and technique used in these inves-
The conformational equilibrium is also evidenced in the NCO tigations, the geometrical parameters in #@(O)SNCO moiety
deformation regiond(NCO), Table S2 in Supporting Informa-  compare fairly well for both species and main deviations are
tion]. From quantum chemical calculations, other fundamental observed in the &C—S and N=C=O bond angle values.
modes in syrsyn—syn and syr-syn—anti conformers differ Calculated geometrical parameters (Table 1) reproduce satis-
by less than 2 cmt and are not expected to be split in either factorily the general molecular dimensions of the crystalline
IR (gas) of Raman (liquid) spectra. solid. Even with quite large basis sets (6-3HG**) the
Crystal Structure. To the best of our knowledge, no reports  B3LYP method predicts the-SC bond to be too long by 0.032
on crystal structures of molecules containing #®NCO moiety A, while the S-N=C bond angle is calculated 2.figher than
exist in the literature. This lack of structural data could be related the experimentally determined value. These parameters are better
to the fact that simple covalent isocyanate species are liquidsdescribed by the MP2 method, with differences of only 0.012
or gases at room temperatures and are frequently labile. By using‘& and 0.4, respectively.
the in-situ crystallization techniqi#,an appropriate single
crystal of CHOC(O)SNCO was grown at 203 K with a Discussion
miniature zone melting procedure using focused infrared laser ) . ) )
radiation. Methoxycarbonylsulfenyl isocyanate crystallizes in ~ According to the X-ray diffraction analysis the sysyn—
the triclinic P1 spatial group, with six CEDC(O)SNCO syn planar structure is present in a smgl_e crystal okQE-
molecules in the unit cella(= 8.292(6),b = 9.839(7) A,c = (O)SNCO at 203_ K. T_he planarity of this molecule can be
11.865(8) Ao = 67.290(23, B = 71.5570(10), y = 83.4850- explained .by conjugation between the=O.and N=C=0 &
(10); for whole crystallographic data and refinement informa- SYStéms via the p-shaped sulfur lone pairs. However, as has
tion, see Tables S3, S4 and S5 given as Supporting Information).?€€n pointed out for the similar FC(O)SNCO moleciflét
Three crystallographically nonequivalent molecules 0tO8- yvould pe expected that this structure is destablllzed_ by steric
(O)SNCO form the unit cell. This cyclic trimeric unit can be iNtéractions between the=kC=0 and G=0O groups, with an
seen in Figure 5. Only the most stable syn—syn conformer 02---03 interatomic contact of 2.59 A, shorter than the

is observed in a single crystal at 203 K. Each molecule interacts €0rresponding van der Waals distance of 3-2_21'%“5’ the
with the other molecules in the trimer unit via the oxygen atom Steric interaction between the=® and the N=C=0 group in

of the methoxy moiety and the sulfur atom with a nonbonded the Syn-syn—syn conformation of CEDC(O)SNCO should
O---S distance of 3.287 A (average). lead to an increase in the-G—N bond angle [100.5 (9)(X-

ray), 101.0 (B3LYP/6-31H+G**)]. This increment becomes
evident when the value of this bond angle is compared with
those calculated (B3LYP/6-3%#H-G**) for the syn—syn—anti

The crystal packing of the molecule consists of alternating
layers composed by the planar molecules oriented quasi-paralle

to thebc crystallographic plane (Figure 6). Arranges of trimeric h - .
units form the layers, each molecule interacting with another c_ongOger for which no such steric repulsion occurs-@&-N

three molecules in the same plane through short contact™ i L
interactions between the methyl group and the oxygen atoms '€ analysis of the vibrational spectra [IR (gas) and Raman
(liquid)] of monomeric CHOC(O)SNCO agrees with the

of both the N=C=0 and G=0 groups. Intermolecular electro-
static interactions between NCO groups also play a stabilizing Presence of the syrsyn—syn conformer as the preferred form
at room temperature. The contribution of a second form is

(38) Boese, R.; Nussbaumer, M. In situ Crystallization Techniques. In evidenced in the gaseous infrared spectrum, where two bands

Organic Crystal ChemistryJones, D. W., Ed.; Oxford University Press: ~ are clearly identified in the Carbp”)" Str?tChing (egion. The weak
Oxford, 1994; Vol. 7; pp 20. band at 1784 cmt can be assigned with confidence to syn
(39) Mack, H.-G.; Oberhammer, H.; Della’ ®leva, C. OJ. Phys. Chem. ; i i i
1091 05, 42364241, syn—anti conformer, while the presence of a third syamti
(40) Gobbato, K. I.; Della Véova, C. O.; Mack, H.-G.; Oberhammer,
H. Inorg. Chem.1996 35, 6152-6157. (41) Bondi, A.J. Phys. Chem1964 68, 441-451.
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FIGURE 6. View of the alternate layers that conform the crystal packing o§@E{O)SNCO.

two singlets at 131.1 and 170.6 ppm, corresponding to the carbon
atoms in the NCO and CO groups, respectively. These values are
in agreement with reported NMR data for related compo@fids.

The UV—vis spectrum of the CHDC(O)SNCO vapor shows two
bands, one band @t = 210 NM Gmax = 1.34 x 10721 cnP) is
assigned to ar — x* transition of the G=O and N=C=0
chromophore$? A second, less intense band observed.ak =

268 NM @max = 2.26 x 10722 cn¥), is assigned to the — x*
electronic transition related to the-@(O)S chromophore. Ad-
ditional evidence for identifying the title compound comes from
the analysis of its IR (gas) and Raman (liquid) spectra (Figure 1)
and Table S2 (Supporting Information).

General Procedure and ReagentsVolatile materials were
manipulated in a glass vacuum-line equipped with valves with PTFE
stems and a capacitance pressure gauge for the control of the
pressure. The pure compound was stored in a flame-sealed glass
tubes (6 mm of external diameter) under liquid nitrogen in a long-
term Dewar vesséf CH;OC(O)SCI was purified by fractional trap-
to-trap condensation. Finely powdered AgNCO was dried in a
vacuum fo 4 h at 60°C before use.

Instrumentation. (A) X-ray Diffraction at Low Temperature.

FIGURE 7. Packing of molecules in crystalline GEC(O)SNCO at An appropriate crystal of ca. 0.3 mm diameter was obtained on
203 K along thebc plane. the diffractometer at a temperature of 203(2) K with a miniature

zone melting procedure using focused-infrared-laser radiétibhe
syn conformer at ambient temperature cannot be excluded ondiffraction intensities were measured at low temperatures on a four
the basis of the vibrational spectra. circle diffractometer. Intensities were collected with graphite-
monocromatized Mo K radiation using thev-scan technique. The
structure was solved by Patterson syntheses and refined by full-
matrix least-squares method df?, with the SHELXTL-Plus

Hazards. Even if the toxicological activities of C¥DC(O)SNCO progrant? (for further details see the Supporting Information
compound have not been investigated, it is known that the high S€ction).
reactivity of isocyanates make them harmful to living tissue. They  (B) Vibrational Spectroscopy.Gas-phase infrared spectra were
are toxic and are known to cause asthma in humans, both throughrecorded with a resolution of 1 crhin the range 4008400 cnt™.
inhalation exposure and dermal contact. Exposure to isocyanates=T-Raman spectra of the liquid substance were run with a resolution
and their vapors should be avoided. of 2 cn%; the samplen a 3 mmglass capillary was excited with
Physical Properties and Spectroscopic CharacterizatiorThe 500 mW of a 1064 nm Nd:YAG laser.
titte compound is a colorless liquid, with the characteristic (C) NMR Spectroscopy.For the!H and*3C NMR measurement,
overpowering sulfenylcarbonyl odor. In the liquid or gaseous state, neat samples were flame-sealed in thin-walled 3 mm o.d. capillaries
CH3;OC(O)SNCO is stable for several hours at ambient temperature. and placed into 5 mm NMR tubes, using CRG@s an external
The white solid sample melts at57(2) °C. The vapor pressure is
1.7 mbar at 2C°C. The!H NMR spectrum only shows a singlet (42) Gombler, W.: Willner, HJ. Phys. E1987, 20, 1286-1288.
located at 3'4,8 ppm that correspond to the;OHgroup of the (43) SHELTX-Plusa Complex Software Package for 8ab, Refining
molecule. Besides, tiéC NMR spectrum shows a quartet signal  and Displaying Crystal Structuresersion SGI IRIS Indigo; Siemens:
at 55.7 ppm JJ(C,H) = 149.9 Hz] assigned to the Glgroup, and Munich, Germany, 1991.

Experimental Section
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reference. The spectra were recorded with the spectrometer operatacknowledged. The Argentinean authors thank the ANPCYT-

ing at 282.41 MHz.

(D) UV —Visible Spectroscopy UV —visible spectra in the 260
600 nm range of gaseous sample was recorded using a glass ce
equipped with quartz windows.

(E) Melting Point Determination. The melting point was
determined for a small, tensimetrically pure sample contained in a
6 mm o.d. glass tube, itself immersed in cold ethanol bath; the
temperature was measured with a thermometer attached to th
tube.

(F) Theoretical Calculations.All quantum chemical calculations
were performed with a commercial program pack&geor the
normal coordinate analysis, transformation of the ab initio Cartesian
harmonic force constants to the molecule-fixed internal coordinates
system were performed, as implemented in the ASYM40 program.
The internal and symmetry coordinates used to perform the normal
coordinate analysis are defined in Figure S1 and Table S6,
respectively, provided as Supporting Information.
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Supporting Information Available: Calculated relative energies
(corrected by zero-point energy) and vibrational data are given in
Tables S1 and S2, respectively. Crystallographic details data and
listing of atomic coordinates and equivalent isotropic displacement
coefficients and anisotropic displacement parameters foyOTH
(O)SNCO are given in Tables S¥5. Definitions for symmetry
and internal coordinates are listed in Table S6 and Figure S1,
respectively. Electronic energies (E), zero point energies (ZPE),
and number of imaginary frequencies obtained from HF and DFT
calculations are given in Table S7. Cartesian coordinates of the
optimized structures by the HF and DFT methods (Tables S8
S29).1H and*C NMR spectra and X-ray crystallographic data in
CIF format are also given. This material is available free of charge
via the Internet at http:/pubs.acs.org.

JO701543G



