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Summary: [Mn3(CO)g(us-S)2]~ has beenisolated from the
reaction between [Mn(CO)s]- and 5-substituted 1,3,4-
oxathiazol-2-one (RCNSCO(O); R = phenyl, methyl, 3,5-
dinitrophenyl) in THF. X-ray analysis revealed a D3,
equilateral triangular cluster with three Mn(CO); units
(Mn-Mn = 2.7680(16)-2.7918(13) A) apically bicapped
by two uz-S ligands. The use of 1,3,4-oxathiazol-2-ones
as a sulfur precursor allows facile nucleophilic attack
from the carbonylmetalate and subsequent elimination
of RCN and CO,,

Substrates commonly used for entry into sulfide clusters
include Sg,' S,2-,2H,S,RSH,*CS,,5 (CH;CH))S,8 and other
sulfur-containing metalloligands.” These substrates gen-
erally suffer from the disadvantages of being nonselective
or/and having a lack of electrophilicity, especially toward
low-valent carbonylmetalates. Reported here is the use
of 5-substituted 1,3,4-oxathiazol-2-one, RCNSCO(0O), which
offers an electrophilic site for low-temperature attack by
a metal carbonyl anion and as a result leads to the facile
elimination of RCN and CO,. 1,3,4-Oxathiazol-2-ones are
established precursors for the in situ generation of the
unstable nitrile sulfide RCNS for various organic syn-
theses.? Its reactivity toward organometallics is largely
unexplored except for a few coordinatively unsaturated
fragments.®
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1,3,4-Oxathiazol-2-ones can be conveniently prepared
by treating a carboxamide, RCONH,, with (chlorocarbo-
nyl)sulfenyl chloride, CICOSCL® Addition of [Mn(CO)s]-
to a THF solution of RCNSCO(0) (R = C¢Hj, CH;, 8,5-
CeH3(NO3)2) at 0 °C immediately gave rise to a brown
solution with rapid liberation of CO; (BaCl; test) and free
nitrile (PhCN, m/z 103.04).1! X-ray analysis of the
principal product,'?2 which is crystallized as the [PPh;-
Me]* salt, revealed a cluster formulated as triangu-
lo-[Mn3(us-S)o(CO)ol-. This, to our knowledge, is the first
X-ray crystallographically established manganese (mono)-
sulfido cluster. The structure consists of three M-M-
bonded {Mn(CO)3} moieties linked axially by two triply
bridging sulfides on either side of the molecular plane.
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(11) Mny(CO)yo (0.195 g, 0.5 mmol) was dissolved in THF (10 mL)
under an argon atmosphere, and the solution was cooled to 0 °C. Sodium
amalgam (3%) (2.13 g) was added, and the mixture was stirred at 0 °C
for 1 h followed by another 1 h at room temperature (25 °C). The almost
colorless solution thus obtained was cooled to 0 °C before being filtered
into a Schlenk tube contdining a THF solution (10 mL) of 5-phenyl-
1,3,4-oxathiazol-2-one (0.180 g, 1.0 mmol) at 0 °C. The solution turned
brown immediately. Stirring was continued for 3 h at 0 °C before the
mixture was warmed slowly to room temperature. Further stirring
overnight gave a dark brown solution, which was evaporated to dryness
and the residue washed with hexane (2 X 10 mL) before being extracted
into MeOH (10 mL). A filtered MeOH solution (5 mL) of [PPh;Me]*Br-
(1.0 g) was added, and the mixture was stirred for 30 min and evaporated
to dryness under vacuum. The dark brown residue was extracted into
THF (2 X 10 mL), and the solution was filtered to remove the excess
[PPh;Me]* and Na* saltsand evaporated to drynessin vacuo. Theresidue
was dissolved in 2-propanol (10 mL), to which was added hexane (15 mL).
Upon slow cooling at ~10 °C, dark brown crystals of [Ph;PMe]{Mn;-
(#3-3)2(00)9] (0.110 g 44% based on Mng(CO)w) of annlytlcal qua.lity
were deposited and collected by filtration; mp 84-86 °C dec. Anal. Caled
for CosH1sMn3OgPSs: C, 44.3; H, 2.4; P, 4.1; Mn, 21.8. Found: C, 44.1;
H, 2.4; P, 4.0; Mn, 21.7. IR (»(C0O)): in CHCl;, 1981 (s), 1938 (m), 1916
(sh) em-1; in CH;OH, 1982 (s), 1941 (m), 1918 (w) cm-!. The preparation
can also be carried out by using methyl- or (3,5-dinitrophenyl)oxathia-
zolone as the substrate. Single crystals suitable for X-ray diffraction
study were grown by slow diffusion of hexane into a sample solution in
2-propanol at -10 °C. :

(12) X-ray diffraction data were collected using a Nonius diffractometer,
with graphite-monochromatized Mo K« radiation (A = 0.7093 A). Data
for [PPhaMe] [Mna(ﬂ.a's)z](co)s, CstthsOgPSg! MW = 758.34, tri-
clinic; space group P1; a = 14.160(6) A, b = 10.277(4) A, ¢ = 11.002(3) 4,
o =95.67(4)°, 8 = 87.21(4)°, vy =.100.39(3)°; V = 1566.3(9) A% Z = 2; daree
=1.608 g cm-3; u = 1.37 mm-1; no, of reflections 3455 (20 < 49.8°,1> 2¢(])
(unique reflections 5484)); R(L|F,} - |[FJ/ZIF.) = 0.034; R, Qw(F,| -
IFD/ ZwlF )12 = 0.087; goodness of fit ((Zw(F,| - [F)2/(Nobserms =
Nparams)11/2) 1.38; maximum residue electron density 0.300 e/A?, deepest
hole —0.270 e/A3. The structure was solved by the heavy-atom method
and refined by a block-diagonal least-squares method. A more detailed
summary of data collection and structure refinement (Table S1) is given
in the supplementary material.
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Figurel. ORTEP drawing of [Mnj(u3-S)o(CO)g]-. Selected
bond distances (A): Mn(1)-Mn(2) = 2.7840(15), Mn(1)-Mn-
(3) = 2.7680(16), Mn(2)-Mn(8) = 2.7918(13), Mn(1)-S(1) =
2.2365(14), Mn(2)-S(1) = 2.2210(16), Mn(3)-S(1) = 2.2259-
(16), Mn(1)-S(2) = 2.2633(16), Mn(2)-S(2) = 2.2671(16), Mn-
(3)-S(2) = 2.2594(15), Mn(1)~C(1) = 1.803(5), Mn(1)-C(2) =
1.802(5), Mn(1)-C(3) = 1.780(5), Mn(2)~-C(4) = 1.775(5), Mn-
(2)-C(5) = 1.815(6), Mn(2)-C(6) = 1.802(6), Mn(3)-C(7) =
1.796(5), Mn(3)-C(8) = 1.785(6), Mn(3)-C(9) = 1.788(6).
Selected bond angles (deg): Mn(2)-Mn(1)-Mn(3) = 60.42-
(4), Mn(1)-Mn(2)-Mn(3) = 59.57(4), Mn(1)-Mn(3)-Mn(2)
= 60.01(4), S(1)-Mn(1)-S(2) = 88.52(6), S(1)-Mn(2)-S(2) =
88.80(6), S(1)-Mn(8)-S(2) = 88.88(6), mean Mn-S(1)-Mn =
77.21(6), mean Mn-S(2)-Mn = 75.78(5).

Clusters with {M3Ss} as the molecular core are well-
cited because of their characteristic bonding and electronic
properties and their role in cluster synthesis.!* Among
the better known examples are M3S:(CO)y (M = Fe,!4
Ru,62.15 Q1) (50 e), [Co3S:Cpsl® (n = 0, +1) (50/49 e),!7
and NigS:Cp; (53 e).18 The title 48-electron cluster is
considered electron-precise for metal triangles in which
allthe metal electrons are bonding in nature. Surprisingly
perhaps, we are unable to identify other 48-electron {M3So}
carbonyl clusters with an equilateral metal triangle in the
literature. The closest relative is found in the isoelectronic
[Co3S:(MeCp)sl2+, which has been recently described.!?

(13) (a) Zanello, P. Coord. Chem. Rev. 1988, 83, 199. (b) Adams, R.
D. Polyhedron 1985, 4, 2003. (c) Lockemeyer, J. R.; Rauchfuss, T. B.;
Rheingold, A. L. J. Am. Chem. Soc. 1989, 111, 5733. (d) Adams, R. D.;
Horvéth,I. T. J. Am. Chem. Soc. 1984, 106, 1869. (e) Chesky, P. T.; Hall,
M. B. Inorg. Chem. 1983, 22, 2998. (f) Griewe, G. L.; Hall, M. B. Inorg.
Chem. 1988, 27, 2250.

(14) (a) Rives, A. B.; You, X.-Z.; Fenske, R. F. Inorg. Chem. 1982, 21,
2286. (b) Wei, C. H.; Dahl, L. F. Inorg. Chem. 1965, 4, 493. (c) Adams,
R. D.; Babin, J. E. Inorg. Chem. 1986, 25, 3418.

(16) Adams, R. D.; Babin, J. E. Inorg. Chem. 1986, 25, 4010.

(16) (a) Adams, R. D.; Horvéth, L. T.; Segmiiller, B. E.; Yang, L. W.
Organometallics 1983,2,144. (b) Adams, R.D.; Horvath,I. T.; Segmiuiller,
B.E.; Yang, L. W. Organometallws 1983, 2, 1301.

(17) (a) Sorai, M., Kosaki, A.; Suga, H.; Sekl, S.; Yoshida, T.; Otsuka,
S. Bull. Chem. Soc. Jpn 1971, 44 2364. (b) chh P.D; Dahl L.F.J.
Am. Chem. Soc. 1972, 94, 5082. (c) Schilling, B. E.R.; Hoffma.nn,R J.
Am.Chem. Soc. 1979, 1 01 ,3456. (d) Madach, T.; Vahrenkamp, H.Chem.
Ber. 1981, 114, 505.

(18) Vahrenkamp, H.; Uchtman, V. A.; Dahl, L. F. J. Am. Chem. Soc.
1968, 90, 3272.

(19) Pulliam, C. R.; Thoden, J. B.; Stacy, A. M.; Spencer, B.; Englert,
M. H,; Dahl, L. F. J. Am. Chem. Soc. 1991, 113, 7398.

Communications

A structural feature is the near-idealized Dg; trigonal-
bipyramidal frame with three Mn-Mn bonds of very
similar lengths (2.7680(15)-2.7918(13) A) and the near-
perfect internal Z Mn-Mn-Mn (59.57(4)-60.42(4)°). The
Mn-Mn bond length is shorter than those in Mny(CQO)y
(2.977(11) A)20 and the 48-electron hydrido-bridged cluster
Mns(u-H)3(CO)13 (mean 3.111(2) A)?! but is unexceptional
compared to other Mn(I)-Mn(I)-bonded complexes (mean
2.766 A).22 The Mn-S lengths (mean 2.2455(15) A) are
slightly shorter than those in the disulfido polynuclear
aggregate complex Mny(S3)2(CO)15 (2.34-2.38 A)23 but is
comparable to that in (CO)gFes(u-CO)2(u3-S)Mn(MeCp)
(48 e) (2.206(2) A).2¢ The high symmetry of the bicapped
metal plane and the strong M-M interaction is also
reflected in the S(1)-Mn-S(2) angles, which are essentially
constant and close to 90°.

The present ring-opening reaction can be depicted by
the equation

0
C//
o\, - Mn(CO);
3 l s _3IMn(CO)T ©C)Mn- N
/C\N/ S‘)Mn(CO);;

+ 3RCN +3CO, +6CO + §*

R = Colls, CH3, 3,5-CoH3(NO2);

The exact mechanism of the cluster formation is presently
unclear, although the first step is almost certainly nu-
cleophilic attack by the metal anion on the carboxyl carbon,
which leads to the rupture of the C-S bond. Such
electrophilicity of the oxathiazolones has been reported
in some of their organic reactions with Grignard reagents
and other substrates.®? Free nitrile sulfide (alkyl thio-
cyanate), though known to desulfurate easily,2¢ is unlikely
to be the active substrate, as its extrusion from the five-
membered heterocycles usually requires forcing conditions
such as photolysis or thermal trapping with a dipolaro-
phile.?” The present reaction is also in contrast with the
oxidative additions of oxathiazolones to Pd(0) and Pt(0)
phosphine complexes, which give N-thiohydroximato (RC-
(O)NS) complexes through CO extrusion from the het-
erocycle.?

The ready synthesis of the heterocycle, its good shelf
life and yet high reactivity towards the carbonylmetalates,
its selective release of a monosulfur atom, and the facile
elimination of inert nitrile and CO; make it an attractive
reagent for sulfido-cluster synthesis. So far, we have not
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succeeded in preparing the title cluster from other common
sulfur sources. The possibility for the involvement of a
thiocyanate (or isothiocyanate?®) complex as an interme-
diate is being looked into. The cluster shows no reactivity
toward electrophiles such as CH;l and TINO;.
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