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ABSTRACT: The syntheses of thiocarbonyl deriva-
tives of pentacyclo[5.4.0.0%.0°1°.0°¢]-8,10-dione (1)
using bis(trimethylsilyl)sulfide 12 or H,S/HCl as
a thionating agent are reported. The complexation
reactions of monothioketone 3, dimethoxythioke-
tone 5, and thioxoketone 6 with bisphosphine plat-
inum(0) complexes were investigated. The formed
complexes 9a-c¢ and 11 were characterized by 'H,
3Ip NMR, IR spectroscopy, as well as mass spec-
trometry and elemental analysis. X-ray crystal struc-
ture analyses of 5 and complexes 9a and 11 were
performed. The structure analyses show that thio-
carbonyl derivatives are coordinated in the n*-mode.
In each case, only one isomer is formed, with the
platinum complex fragment selectively coordinated in
the exo-position. © 2007 Wiley Periodicals, Inc. Het-
eroatom Chem 18:584-590, 2007; Published online in
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INTRODUCTION

Thioketones form a class of organic compounds with
interesting chemical properties that enable their
application as building blocks for the preparation
of diverse sulfur-containing heterocycles. Especially
important are reactions leading to three-membered
thiiranes [1a] as well as [3+2]-cycloadditions with
1,3-dipoles, resulting in the formation of the di-
verse, five-membered heterocycles containing at
least one sulfur atom [1b]. The superior reactivity
observed in some reactions with dipoles allowed
one to classify thioketones as superdipolarophiles
[2].

Low stability of thioketones limits their
exploration as useful starting materials. While sim-
ple aliphatic thioketones are unstable and odor-
ous compounds, aromatic representatives are more
stable and can be explored for the purpose of
synthetic and coordination chemistry [3]. It is
well known that increasing sterical hindrance in
aliphatic and cycloaliphatic thioketones results
in increased stability. Thus, such compounds as
di(tert-butyl)thioketone [4a], 2,2,4,4-tetramethyl-3-
thioxocyclobutanone [4b], and adamantanethione
[4c] are more stable and can be explored without
special precautions. In recent articles, the synthe-
sis of novel stable and nonodorous thioketones 3
and 5 derived from a “cage” polycyclic diketone 1
has been reported [5,6]. There are known examples
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SCHEME 1  Thiocarbonyl derivatives of dione 1.

of direct thionation of dione 1, but attempts to iso-
late monothio 6 and/or dithio derivatives 7 were not
successful [7].

The complex fragment [(Ph;P),Pt] shows good
ability to form stable adducts with unstable sulfur-
containing species (e.g., dithiirane and thioketone
derivatives [3,8]). The first thioketone complex of
type 9 with the general formula [(Ph;P),Pt(n*-
S=CR,]wasreported in 1967 [9]. This and further ex-
perimental examples show that [(Ph;P)Pt(*-C,H,)]
instantly forms stable complexes, even with steri-
cally hindered thioketones [8]. The thiones are co-
ordinated in the n?>-mode and could be regarded as
platina thiiranes [8c].

In this article, we report on the synthe-
ses of thiocarbonyl derivatives of pentacyclo
[5.4.0.0%¢.0%1°,0>3]-8,10-dione (1) (Scheme 1) and
the complexation reaction of the C=S group contain-
ing compounds 3, 5, and 6 with [(Ph;P),Pt(n*-C,H,)]
(8) (Scheme 2).

PhoR s PhoP, s
S S P p
PhsP R™ R PhsP g
8 3,5,6 9
3/9a X=CHp
5/9b X =(OMe),
6/9%¢ X=0

SCHEME 2 Complexation of thiocarbonyl derivatives with
platinum complex 8.
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RESULTS AND DISCUSSIONS

Thioketone 3 is obtained by thionation of ketone
2 with P,Ss in pyridine solution [5]. Treatment of
the solution of 3 in toluene with the platinum com-
plex 8 at room temperature results in decoloriza-
tion of the reaction mixture within few minutes.
Instantaneous decolorization of the solution indi-
cates a fast complexation reaction. After evapora-
tion of the solvent, the residual solid was analyzed
by 3'P NMR spectroscopy. The presence of only one
AB system (§ =27.0/24.1 with 2J(P,P) = 11.5 Hz)
revealed the selective formation of one isomer of
the 1:1 complex. The coupling constants 'J(P,Pt) =
4454/2858 Hz indicated coordination in the n?>-mode.
Both the molecular peak at n/z = 895 and elemen-
tal analysis confirmed the formula C,;H,,P,PtS. Dif-
fusion of pentane to a solution of complex 9a in
CH,Cl,/methanol allowed the isolation of colorless
crystals that were suitable for the X-ray crystal struc-
ture analysis (Table 1).

The structure showed that as expected the plat-
inum complex fragment is side-on coordinated in
the exo-position (Fig. 1). The C—S bond length
(1.778(4) A) is remarkably longer than the typical
C=S bond (1.544(5) A [10]). The elongation of this
bond indicates a strong interaction of the platinum
complex fragment with the polarizable 7-system of
the C=S bond. The structure fits well with the pre-
viously postulated formation of the platina thiirane
ring [8c] (Table 2).

FIGURE 1 The molecular structure of the thioketone com-
plex 9a, with ellipsoids drawn at 50% probability level. Hydro-
gen atoms have been omitted for clarity.
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TABLE 1 Summary of Data Collection and Refinement for 5, 9a, and 11

Empirical formula
Formula weight (g/mol)
Color

Crystal size (mm®)
Crystal system

Space group

a(A)

b (A)
c(A)
a (%)
B(°)
y (°)
Vv (AS)

V4

F(O 0 0)

Pcalcd.

1 (Mo-Ky) (cm~1)
Temperature (°C)
Reflections collected
Absorption correction
Min/max transmission
Independent reflections (Rint)
h

k

/

® range (°)

Completeness Omax (%)
Reflections with | > 24(/)
No. of parameters, restraints
Ry, wRs [l > 20(1)]

R>, wR» (all data)

GoF

Extrema of final difference Fourier synthesis (e/A%)

0.0388, 0.1016
0.0534, 0.1102
1.041
0.243/—-0.259

0.0319, 0.0838
0.0391, 0.0883
1.051
2.279/-0.902

5 9a 1
C13H1602S C47H42P2PtS - 0.5 CH30H Cy45H4405P5PtS - 0.5 THF
236.32 911.92 941.94
Red Colorless Colorless
0.08 x 0.08 x 0.06 0.04 x 0.04 x 0.03 0.04 x 0.04 x 0.03
Monoclinic Triclinic Monoclinic
P21 /c P1 P21 /c
12.6607(5) 12.3922(3) 12.5748(3)
7.4838(4) 12.4405(3) 16.0328(3)
12.5451(6) 14.1382(4) 22.0765(5)
- 83.613(1) -
104.275(3) 75.245(1) 92.795(1)
- 70.880(1) -
1,151.95(9) 849 2(2) 4,445.53(17)
4 4
504 914 1896
1.363 1.521 1.407
2.63 36.92 33.12
-90 -90 -90
7,444 13,871 29,053
Multiscan Multiscan Multiscan
0.9793/0.9844 0.7202/0.7797 0.7418/0.8446
2597 (0.0293) 9029(0.0213) 10184 (0.0465)
—16/15 -16/16 —16/14
-9/9 —14/16 —-20/20
—-15/16 —18/16 —26/28
3.19 < ® > 27.41 225 < ® > 27.46 224 < ® > 27.48
99.0 99.1 99.7
2,054 8,065 7,742
145,0 470, 1 480, 0

0.0371, 0.0900
0.0597, 0.0999
1.032
1.104/-1.111

TABLE 2 Selected Bond Lengths (A) and Angles (°) for 5, 9a, and 11

Dimethoxy ketone 5

Thioketone complex 9a

Dimethoxy thioketone complex 11

0

—~

—_
V\rvv

0

T

~

—_
oo

2.2559(10)
2.2974(10)
2.2833(11)
2.145(4)
1.778(4)
1.526(6)
1.517(6)
1.590(6)
1.589(6)
1.526(7)
1.508(7)

101.86(4)
46.22(11)
106.02(11)
104.86(4)

120._5(3)
120.8(3)
101.6(3)

2.2527(12)
2.2815(12)
2.2851(11)
2.159(4)
1.767(4)
1.516(6)
1.520(6)
1.586(6)
1.577(6)
1.518(7)
1.532(6)
1.404(5)
1.440(5)
102.64(4)
46.76(11)
108.18(12)
102.34(4)
108.4(3)
121.0(3)
124.1(3)
101.2(3)
119.2(4)
111.1(4)
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In extension of already discussed thionation
of 1 with H,S/HCI stream in methanolic solution
[5], another method based on the application of
monoacetal 4 was tested. In this case, reaction with
H,S/HCI stream carried out at room temperature
provided the dimethoxy thioketone 5 as the exclusive
product in good yield. After typical workup and col-
umn chromatography, 5 was isolated as an orange-
colored oil that crystallizes at low temperature.

The spectroscopic data confirmed the identity of
this product with the earlier described sample of 5
[5]. In analogy to 3, coordinating reaction of 5 with
8 occurred smoothly in toluene at room tempera-
ture. Again the 3'P NMR data (!J(P,Pt) = 2843/4287
Hz and 2J(P,P) = 11.5 Hz) confirmed the formation
of only one isomer and the binding of the (Ph;P),Pt
fragment in the n*-mode. Both elemental analysis
and the molar peak at m/z = 955 are in good confor-
mity with the structure 9b.

Apparently, the steric hindrance caused by the
presence of two dimethoxy groups does not influ-
ence the attack of the Pt atom on to the C=S bond. In
contrast to the reported reaction of 3 with Ph,CN,
[11], under comparable conditions, the analogous
reaction with thioketone 5 did not occur. (A solution
of Ph,CN, and dimethoxy thioketone 5 in 1:3 ra-
tio in diethyl ether was allowed to stand at room
temperature for 24 h, but no decolorization of the
intense violet color of Ph,CN, was observed. This re-
sult suggests no conversion under applied reaction
conditions.) This result can be plausibly explained
by steric factors that hindered Ph,CN, to approach
the C=S dipolarophile.

To get more information on the structure of
5, its X-ray crystal structure analysis was per-
formed (Fig. 2). While the oxygen atom O(1) is
closely located at the thiocarbonyl carbon atom C(1)
(O(1)—C(1) =2.698 A), the sulfur atom S(1) is not

FIGURE 2 The molecular structure of dimethoxy thioketone
5, with ellipsoids drawn at 50% probability level. Hydrogen
atoms have been omitted for clarity.
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SCHEME 3 Syntheses of thioketone complex 11.

efficiently shielded. The distance between S(1) and
0O(1) was estimated to be 3.451 A.

Similar to the complexation of 5 with 8§,
treatment of 5 with platinum complex [(dpp(o-
xyl)Pt(»*-nb)] 10 (nb =norbornene) in toluene so-
lution yielded analogous 1:1 complex (Scheme 3).
Spectroscopic data proved the expected structure
of 11, which was finally confirmed by X-ray crystal
structure analysis (Fig. 3).

The structure shows that the complexation of
a platinum complex fragment by sulfur atom re-
sults in significant changes in geometry of the cage
fragment. For example, the intramolecular distance
C(1)---0(1) is elongated from 2.698 A to 2.966 A.
On the other hand, the distance O(1)---S(1) in 11
(2.811 A) is shorter than that in the thioketone 5,
by approximately 0.5 A below the sum of the van de
Waals radius [12]. This is slightly shorter than those
reported for intermolecular S-.-O interactions in
oxidized thioethers and disulfides [13].

Some earlier attempts of thionation of 1 have
already been reported [7]. Bis(trimethylsilyl) sulfide

FIGURE 3 The molecular structure of the dimethoxy thioke-
tone complex 11, with ellipsoids drawn at 50% probability
level. Hydrogen atoms have been omitted for clarity.
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(12) was used to exchange oxygen by sulfur atom
under conditions described by Degl'Innocenti et al.
(CH,Cl,/(Me;Si),S 12/CF;-S0,-0-Si(CH3); 13/room
temperature) [14]. Dione 1 and thionating agent 12
were used in 2.5:1 ratio to form the thioxoketone 6
exclusively. After several minutes, the reaction solu-
tion turned orange/red, and after 1 h of additional
stirring, the reaction was stopped by the addition
of triethylamine. Subsequently, the colored solu-
tion was treated with 8 dissolved in toluene. Flash
chromatography followed by recrystallization led to
the isolation of colorless solid, which was analyzed
spectroscopically.

The 3'P NMR spectrum showed the presence of a
characteristic AB system analogous to that described
for 9a, 9b, and 11 ('J(P,Pt) = 4367/2906 Hz and
2J(P,P) = 6 Hz). In addition, the presence of the
C=0 group was evidenced by a strong absorption in
the IR spectrum (v = 1735 cm™!). The correspond-
ing signal in the 1*C NMR spectrum appeared at § =
219.4. In the same spectrum, the C=S group shows a
resonance at § = 87.6 with 2J(P,C) = 61 Hz. The 1:1
stoichiometry of 9¢ was confirmed by mass spec-
trometry (n/z = 909). In another experiment, the
thionation of 1 was carried out using two-fold ex-
cess of 12 in MeCN solution. In this case, an intense
coloration of the reaction mixture was observed af-
ter the addition of the catalyst. The initial colorless
solution turned to red and then to orange. However,
attempted complexation with 8 did not yield the ex-
pected complex under the described reaction condi-
tions. Instead, decomposition leading to a mixture
of unidentified products was observed.

In conclusion, this study shows that thiocar-
bonyl derivatives of sterically hindered “cage” dione
1 with different substitution patterns easily undergo
complexation with platinum(0) complexes to yield
the 1:1 adducts (Scheme 2). The X-ray studies of
complexes 9a and 11 obtained with 3 and 5, respec-
tively, showed that the platinum complex fragment
approaches the C=S bond exclusively from the exo-
side. In situ formed thioxoketone 6 was trapped by
complexation with 8 (Scheme 4).

(i) 12 / kat.
(i) EtN ()8

D

PhsR, g
Py 7

PhaP

R

1 6 9c

oS

SCHEME 4 Syntheses of thioxoketone complex 9c.

EXPERIMENTAL

All reactions were performed under argon atmo-
sphere. 2, 4 [15], 3 [5], 12 [16], platinum(0) com-
plexes 8 [17], and 10 [18] were prepared as described
in the literature. NMR spectra were recorded on a
Brucker DRX 200 spectrometer. 'H NMR chemical
shifts were referenced to residual protons in deuter-
ated solvents at 200 MHz. *C NMR chemical shifts
were referenced to solvent carbon atoms as internal
standards at 50 MHz. 3'P NMR chemical shifts were
referenced to external H;PO, at 81 MHz. IR spec-
tra were recorded on a Perkin Elmer System 2000
FT-IR spectrometer. Mass spectra were recorded on
a Finnigan MAT SSQ 710 mass spectrometer. Ele-
mental analyses were performed on a Leco CHNS-
932 analyzer.

Synthesis of Dimethoxy Thioketone 5

The monoacetal 4 (1g, 4.5 mmol) was dissolved in
anhydrous MeOH (20 mL), and a stream of H,S/HCI
was passed through the stirred solution for 1 h. The
orange reaction mixture was transferred to a vig-
orously stirred mixture of ice, water, and excess of
KOH. Extraction with diethyl ether (3 x 20 mL) fol-
lowed by removal of the solvent afforded crude prod-
uct, which was purified by column chromatography
(silica gel/CH,Cl,). Dimethoxy thioketone 5 was ob-
tained as a red or an orange solid in 60% yield.

Dimethoxy thioketone 5. Yield: 60%; mp 62°C
(orange plates) or 44°C (red rhombohedra). Anal.
calcd. for C;3H;60,S: C, 66.07%; H, 6.82%; S, 13.57%.
Found: C, 66.14%; H, 6.85%; S, 13.83%. 'H NMR
(CDCly): 6 = 3.18 (m, 1H), 3.14 (s, 3H, —0—Me),
3.12 (m, 1H), 3.02 (s, 3H, —0O—Me), 2.94 (m, 2H),
2.83 (m, 1H), 2,81 (m, 1H), 2.67 (m, 1H), 2.62 (m,
1H), 1.80 (d, 2J(H,H) = 11 Hz, 1H, CH,H,), 1.46 (d,
2J(H,H) = 11 Hz, 1H, CH, H,); *C NMR (CDCl,): § =
264.6 (C=S), 108.4 (C(O—Me),), 62.5, 53.5, 53.1,
50.7 (—O—Me), 46.4, 45.2, 44.2, 40.8, 39.8, 37.3 ppm
(CH,H,). IR (KBr): 2979, 2864, 1457, 1351, 1320,
1274, 1186, 1153, 1135, 1098, 1065, 1017, 937, 900,
849, 825, 756, 589, 508 cm™'.

Synthesis of Thioketone Complexes 9a, 9b,
and 11

The corresponding thiocarbonyl derivative (0.12
mmol) was dissolved in toluene (5 mL). A solution
of the platinum(0) complex (0.1 mmol) in toluene
(10 mL) was added dropwise. After decolorization,
the solvent was evaporated to dryness. The crude
product was washed with diethyl ether and dissolved

Heteroatom Chemistry DOl 10.1002/hc



Complexation of Cage Thiones With Bisphosphine Platinum(0) Complexes 589

in THF. The solution was filtrated over silica gel.
The thioketone complexes were obtained as crys-
talline material by slow diffusion of pentane into
this solution.

Complex 9a. Yield: 45% of a colorless micro-
crystalline solid; mp 230°C (decomp.). Anal. caled.
for C4;H,P,PtS: C, 63.01%; H, 4.73%; S, 3.58%.
Found: C, 63.05%; H, 5.02%; S, 3.28%. 'H NMR
(CDCLy): § = 7.32-7.10 (m, 30H), 2.37 (m, 1H),
2.29 (m, 2H), 2.10 (m, 4H), 1.65 (s, 1H), 1.19 (d,
2J(H,H) = 11.5 Hz, 1H, CH,H,), 1.00 (m, 1H), 0.59
(d,2J(H,H)=11.5 Hz, 1H, CH, H,), 0.46 (m, 1H); 3'P
NMR (CDCL,): 27.0 (d with %Pt satellites, 2J (P,P) =
11.5 Hz, 'J(P,Pt) = 4454 Hz), 24.1 ppm (d with Pt
satellites, 2J(P,P) = 11.5 Hz, 'J(P,Pt) = 2858 Hz).
MS (FAB in nba): m/z (%) = 895 (1.5) [M*], 719 (16)
[(Ph;P),Pt*], 307 (100, nba). IR (KBr): 3071, 3052,
2948, 2856, 1965, 1898, 1815, 1630, 1479, 1434, 1310,
1302, 1181, 1095, 1068, 948, 742, 694, 540, 520, 511,
498 cm™!.

Complex 9b. Yield: 60% of pale yellow crystals;
mp 218°C (decomp.). Anal. calcd. for C4oH4sO,P,PtS:
C, 61.56%; H, 4.85%; S, 3.03%. Found: C, 61.44%; H,
4.92%; S, 3.35%. '"HNMR (CDCl;): § = 7.34-7.09 (1,
30H), 3.23 (s, 3H, —0—Me), 3.08 (s, 3H, —O—Me),
2.6-2.3 (m, 5H), 2.2-2.0 (m, 2H), 1.14 (d, *J(H,H)
= 10.5 Hz, 1H, CH,H,), 0.55 (d, >J(H,H) = 10.5 Hz,
1H, CH,H,), 0.39 (m, 1H); 3'P NMR (CDCl;): 28.3
(d with '5Pt satellites, 2J (P,P) = 11.5 Hz, 'J(P,Pt) =
4287 Hz), 23.9 ppm (d with %Pt satellites, >J (P,P) =
11.5 Hz, 'J(P,Pt) = 2843 Hz). MS (FAB in nba): n/z
(%) = 955 (8) [M*], 924 (8) [(M—OMe)*], 719 (100)
[(Ph;P),Pt*]. IR (KBr): 3052, 2968, 2858, 2823, 1635,
1479, 1434, 1330, 1183, 1120, 1094, 1052, 1013, 990,
742, 694, 540, 521, 511 cm™".

Complex 11. Yield: 55% of colorless crystals;
mp 198°C (decomp.). Anal. calcd. for C4;sH,40,P,PtS -
THF: C, 60.17%; H, 5.36%; S, 3.28%. Found: C,
59.91%; H, 5.47%; S, 3.03%. '"H NMR (CDCl;): § =
7.94 (m, 2H), 7.80 (m, 2H), 7.60 (m, 2H), 7.36 (m,
14H), 6.88 (m, 2H), 6.42 (d, J = 7.5 Hz, 1H), 6.23 (d,
J =7 Hz, 1H), 3.87 (m, 3H), 3.69 (m, 1H), 3.20 (s,
3H, —0—Me), 3.04 (s, 3H, —O—Me), 2.44 (t, J] = 6 Hz,
1H), 2.30 (m, 2H), 2.18 (m, 1H), 2.03 (m, 2H), 1.92
(m, 1H), 1.05 (d, 2J(H,H) = 10.5 Hz, 1H, CH,H,),
0.51 (d, 2J(H,H) = 10.5 Hz, 1H, CH,H,); *C NMR
(CDCl;): 6 = 136.3 (), 135.5 (m), 135.2 (m), 134.9
(m), 134.0 (m), 133.7, 133.2, 131.6 (), 131.3, 130.8,
130.6, 129.6 (m), 128.1 (m), 127.7 (m), 126.2 (m),
108.7, 78.3 (d, 2J(C,P) = 57 Hz, C=S), 57.0, 51.4,
49.7, 49.3, 479 (d, J(C,P) = 9 Hz), 46.5, 45.1, 42.3,
419 (d, J(C,P) = 12 Hz), 41.5 (d, J(C,P) = 28 Hz),

Heteroatom Chemistry DOl 10.1002/hc

39.2, 37.1 (d, J(C,P) = 19 Hz); 3P NMR (CDCl,):
10.6 (s with '°°Pt satellites, 'J(P,Pt) = 4617 Hz), 6.9
ppm (s with °Pt satellites, 'J(P,Pt) = 2744 Hz). MS
(DEI): mi/z (%) = 906 (9) [M*], 875 (7) [(M-OMe)"],
759 (12) [(M-OMe,)*1, 701 (100) [((dpp(o-xyl)PtS)*]
(Scheme 3).

Synthesis of Thioketone Complexes 9¢

Dione 1 (200 mg, 1.14 mmol) and ((CH;);Si),S 12
(80 mg, 0.45 mmol) were dissolved in CH,Cl, (10
mL). After the addition of three drops of timethylsilyl
triflate 13 (CF;—S0,—0—Si(CH;);), the reaction mix-
ture slowly turned red. After 1 h of additional stir-
ring, thionation was stopped by adding 10 drops of
triethylamine followed by dropwise addition of plat-
inum complex 8, dissolved in toluene (10 mL). Af-
ter 30 min, solvents were evaporated to dryness and
preliminary flash chromatography (silica gel with
THF/hexane 1:1) yielded the crude product. This ma-
terial was washed with diethyl ether and recrystal-
lized from THF/pentane to yield complex 9¢ as white
microcrystalline solid (Scheme 4).

Complex 9¢. Yield: 43%; mp 215°C (decomp.)
(colorless solid). Anal. calcd. for C4;H, OP,PtS: C,
62.04%; H, 4.43%; S, 3.39%. Found: C, 61.40%; H,
4.43%; S, 3.52%. '"HNMR (CDCl;): § = 7.30-7.11 (1,
30H), 2.99 (I, 1H), 2.59 (m, 2H), 2.45 (m, 2H), 2.26
(m, 1H), 1.90 (m, 1H), 1.43 (d, 2J(H,H) = 11 Hz,
1H, CH,H,), 0.93 (d, 2J (H,H) = 11 Hz, 1H, CH, H,);
13C NMR (CDCl;): § =219.4 (C=0), 134.3 (m), 129.4
(m), 127.8 (m), 87.6 (d, 2J(C,P) = 61 Hz, 63.8, 57.8
(d, J(C,P) = 10 Hz), 52.5, 50.0 (d, J(C,P) = 11 Hz),
49.0, 43.8, 43.5, 37.6, 35.0; 3P NMR (CDCl;): 26.2 (d
with %3Pt satellites, ' J (P,Pt) = 4367 Hz), 24.3 ppm (d
with Pt satellites, ! J(P,Pt) = 2906 Hz); MS (FAB in
nba): n/z (%) = 909 (9) [M*], 719 (100) [(Ph;P),Pt*].
IR (KBr): 3053, 2974, 2861, 1969, 1902, 1815, 1735
(C=0), 1629, 1479, 1434, 1310, 1182, 1158, 1137,
1095, 1027, 998, 965, 742, 694, 541, 520, 511 cm™".

X-Ray Data

X-ray Structure Determination of 5, 9a, and 11
[19]. The intensity data were collected on a No-
nius Kappa CCD diffractometer using graphite-
monochromated Mo-K, radiation. Data were
corrected for Lorentz polarization and for absorp-
tion effects [20-22]. Crystallographic data as well as
structure solution and refinement details are sum-
marized in Table 1.

The structure was solved by direct methods
(SHELXS [23]) and refined by full-matrix least-
squares techniques against |F,|?> (SHELXL-97 [24]).
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The hydrogen atoms were included at calculated
positions with fixed thermal parameters. All non-
hydrogen atoms except for the solvent molecules
were refined anisotropically [24]. XP (Siemens Ana-
lytical X-ray Instruments, Inc.) and Ortep-3 for Win-
dows [25] were used for structure representations.

REFERENCES

[1] (a) Mloston, G.; Heimgartner, H. In Targets in
Heterocyclic Systems—Chemistry and Properties;
Attanasi, O. A.; Spinelli, D. (Eds.); Italian Society
of Chemistry: Rome, 2005; Vol. 9, pp. 141-157;
(b) Mloston, G.; Heimgartner, H. In Synthetic Ap-
plications of 1,3-Dipolar Cycloaddition Chemistry
Toward Heterocycles and Natural Products; Padwa,
A.; Pearson, W. H. (Eds.); Wiley: New York, 2002;
p. 315.

[2] Huisgen, R.; Langhals, E. Heteroatom Chem 2006,
17, 433.

[3] Weigand, W.; Brautigam, S.; Mloston, G.; Coord
Chem Rev 2003, 245, 167-175.

[4] (a) Barton, D. H. R.; Frank, S. G.; Shahak,I.;J. C. S.
Perkin Trans I 1974, 1794-1799; (b) Heimgartner,
H.; Mloston, G. Electronic Encyclop of Reagents
for Org Synth; Wiley: New York, 2004; Article No.
00430; (c) Heimgartner, H.; Mloston, G.; Romanski,
J. Elektronic Encyclop of Reagents for Org Synth;
Wiley: New York, 2004; Article No. 00504.

[5] Romanski, J.; Mloston, G. Synthesis 2002, 1355-
1358.

[6] (a)Dekker, T. G.; Oliver, D. W. S. S Afr J Chem 1979,
32, 45-48; (b) Romanski, J.; Mloston, G.; Linden,
A.; Heimgartner, H. Polish J Chem 2005, 79, 973-
979.

[7] (a) Lerman, B. M.; Galin, F. Z.; Umansakya, L. L;
Tolstikov, G. A. Zh Org Khim 1978, 14, 2536-2541;
Chem Abstr 1979, 90, 137330; (b) Steliou, K; Mrani,
M. J Am Chem Soc 1982, 104, 3104-3106.

[8] (a)Ishii, A.; Murata, M.; Oshida, H.; Matsumoto, H;
Nakayama J. Eur J Inorg Chem 2003, 3716-3721;
(b) Ishii, A.; Saito, M.; Murata, M.; Nakayama, J.
Eur J Org Chem 2002, 979-982; (c) Petzold, H,;
Brautigam, S.; Goerls, H.; Weigand, W.; Celeda,
M.; Mloston, G. Chem Eur J 2006, 8090-8095; (d)
Shigetomi, S.; Soejima, H.; Nibu, Y.; Shioji, K;
Okuma, K.; Yokomori, Y. Chem Eur J 2006, 7742—
7748; (e) Shigetomi, T.; Shioji, K.; Okuma, K
Yokomori, Y. Bull. Chem. Soc. Jpn 2007, 80, 395-
399.

[9] Baird, M. C.; Hartwell, G., Jr.; Mason, R.; Rae, A.
I. M.; Wilkinson, G. G. Chem Commun (London)
1967, 2, 92-94.

[10] Shirrell, C. D.; Williams, D. E. Acta Crystallogr Sect
B 1974, 30, 1974-1978.

[11] Romanski, J.; Mloston, G.; Szynkiewicz, S. Synthe-
sis 2003, 2259-2264.

[12] Holleman, A. F.; Wiberg, E.; Wiberg, N. Lehrbuch
der Anorganischen Chemie; de Gruyter: New York,
1995; ISBN 3-11-012641-9.

[13] (a) Aucott, S. M.; Milton, H. L.; Robertson, S. D.;
Slawin, A. M. Z.; Woollins, J. D.; Heteroatom Chem
2004, 15, 530-542; (b) Petzold, H.; Briutigam, S.;
Gorls, H.; Weigand, W.; Uhlemann, U.; GeRner, R.;
Kiefer, W.; Popp, J.; Majchrzak, A.; Mloston, G.
Inorg Chim Acta 2004 357, 1897-1908.

[14] Degl'Innocenti, A.; Capperucci, A.; Mordini, A.;
Reginato, G.; Ricci, A.; Cerreta, F. Tetrahedron Lett
1993, 34, 873-876.

[15] Dekker, T. G.; Oliver, D. W. S Afr J Chem 1979, 32,
45-48.

[16] Jeung-Ho, S.; Boudjouk, P. Synthesis 1989, 306-
307.

[17] Nagel, U.; Chem Ber 1982, 115, 1998-1999.

[18] (a) Petzold, H. Dissertation; Friedrich-Schiller-
Universitit: Jena, Germany, 2006, Beitrage Lur Sta-
bilisierung von Thiocarbonyl und Thiocarbonyl-S-
Sulfid-Derivaten an Platin(0) komplexfragmenten;
(b) Petzold, H.; Goerls, H.,; Weigand, W. J
Organomet Chem 2007, doi:10.1016/j.jorganchem.
2006.11.051

[19] CCDC-626630 (5), CCDC-626631 (9a), and CCDC-
626632 (11) contain the supplementary crystallo-
graphic data excluding structure factors. These data
can be obtained free of charge via www.ccdc.cam.
ac.uk/conts/retrieving.html (or from the Cambridge
Crystallographic Data Centre, 12, Union Road,
Cambridge CB2 1EZ, UK; fax: (+44) 1223-336-033;
or deposit@ccdc.cam.ac.uk).

[20] COLLECT, Data Collection Software; Nonius, BV:
Netherlands, 1998.

[21] Otwinowski, Z.; Minor, W. In Methods in Enzy-
mology, Vol. 276, Macromolecular Crystallography;
Carter, C. W.; Sweet, R. M. (Eds.); Academic Press:
New York, 1997; Part A, pp. 307-326.

[22] SORTAYV, Blessing, R. H. Acta Crystallogr 1995, A
51, 33-38.

[23] Sheldrick, G. M. Acta Crystallogr A 1990, 46, 467-
473.

[24] Sheldrick, G. M. SHELXL-97 (Release 97-2);
University of Gottingen: Germany, 1997.

[25] Farrugia, L. J. J Appl Cryst 1997, 30, 565.

Heteroatom Chemistry DOl 10.1002/hc



