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There are numerous examples in the literature that describe
insertion of CS; into metal hydride bonds to produce metal-co-
ordinated dithioformate ligands.>> These metal hydride insertion
reactions are believed to proceed by a mechanism that involves
a four-centered intermediate that does not require an open co-
ordination site for the reaction to occur, though this may not
necessarily be true for all metal hydride compounds. Metal
complexes that have an open coordination site or access to co-
ordinative unsaturation by way of a rapid ligand dissociative
process should be especially susceptible to nucleophilic attack by
CS,.? Kinetic studies of the reaction of CS, with the reactive metal
hydride trans-[PtH,(P(C4H,,);),] suggest that the mechanism
involves direct coordination of CS, to the metal prior to insertion
into the Pt-H bond.* Early work in this field established, with
careful spectroscopic and X-ray structural studies,’* that sulfur
was bound to the metal after insertion. It was also found that
these ligands can be bound to the metal in either a mono- or
bidentate fashion. The study of CS, insertion into metal hydride
and metal-alkyl bonds is of interest as an extension of the
analogous insertion reactions of CO,% because CS, is much more
reactive toward reduction or insertion than CO,.

Resuits and Discussion

While exploring the reactivity of (7%-CsMeg)Mn(CO),H (1a),’
it was observed that CS, will react with this metal hydride at room
temperature to produce the red complex (5%-C¢Meg)Mn-
(CO),SC(S)H (2a) as the major product (Scheme I). This
reaction proceeds either in CS, or in other aprotic solvents such
as THF or CH,Cl, with CS, added in stoichiometric amounts.
Under carbon monoxide pressure, the reaction does not display
any rate retardation, suggesting that insertion proceeds by a
concerted mechanism rather than a carbonyl dissociative process.
An alternate synthesis of 2a has been achieved by using the
reaction of Me;NO with [(n5-C¢Meg)Mn(CO);] PF; (3a) in THF
to produce (7%-C¢Me)Mn(CO),(THF)* (4a),’# followed by
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9, 164. (b) Bianchini, C.; Masi, D.; Mealli, C.; Meli, A.; Sabat, M.
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Table I. FAB MS Data® for (1°-C¢Meg)Mn(CO),SC(S)H and
[((n%-CsMeg)Mn(CO),),S;CH]PF,

compd

2a° 2a + 54
m/z fragment? (initial) (60 min) 5-PF,
623 [Mny(HMB),(C0),S,CH] 29 72
567 [Mny(HMB),(CO),S;CH] 2
511 [Mny(HMB);S,CH] 14 32
405 [Mny(HMB)(CO),S,CH] 7 16
351 [Mn(HMB)(CO),S,CH + H] 14 17 14
349 [Mny(HMB)S,CH] 32 73
322 [(HMB)Mn(CO)S,CH] 2 2 7
294 [(HMB)MnS,CH] 100 100 64
273 [(HMB)Mn(CO),] 6 16 41
245 [(HMB)Mn(CO)] 12 28 39
217 [(HMB)Mn] 34 75 74

9Numbers in table refer to relative abundances of the fragments.
®HMB refers to hexamethylbenzene. ¢Initial spectrum of (55
CsMeg)Mn(C0),SC(S)H. “Spectrum of (n5-C¢Meg)Mn(CO),SC(S-
)JH after 60 min under continuous FAB (fast atom bombardment)
conditions.

addition of KSC(S)H. The '"H NMR and IR spectral data for
2a can be used as the basis for a postulated structure. The 'H
NMR spectrum reveals a singlet peak for the six equivalent methyl
groups on the arene ring, suggesting the presence of 7%-Cs(CHj)s,
and a single proton peak at § 11.44, a characteristic shift for
dithioformate protons.'” The infrared spectrum of 2a, in the
carbonyl stretching region, is consistent with two carbonyls bound
to the metal, implying that the dithioformate ligand must be

(8) Halpin, W. A,; Williams, J. C,, Jr.; Hanna, T.; Sweigart, D. A. J. 4Am.
Chem. Soc. 1989, 111, 376.

(9) Monodentate versus bidentate coordination of dithioformate ligands
cannot be differentiated by 'H NMR spectroscopy. For a typical range
of dithioformate '"H NMR values, see ref 1.
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monodentate if an 18-electron count on manganese is to be sat-
isfied. In addition, the peaks in the IR (KBr) spectrum at 1245,
1011, and 647 cm™! are consistent with reported assignments for
bending and stretching modes of monodentate dithioformate
ligands in other transition-metal complexes.?

During characterization and reactivity studies, 2a was observed
to display a unique mode of decomposition. Although moderately
stable in THF solution, over a period of days at room temperature
or a period of hours at elevated temperature (40-50 °C), de-
composition of 2a was observed to give other carbonyl-containing
products as monitored by IR spectroscopy. This decomposition
was also observed with solid samples stored for several weeks under
nitrogen in sample vials at =20 °C. A GC mass spectrum of the
gas above 2a in the sample vials revealed the presence of CS,.
The FAB MS of 2a provided evidence for the identity of the
decomposition product.

The FAB mass spectrum of 2a, with 3-nitrobenzyl alcohol as
the matrix solvent, displayed an ion corresponding to the pro-
tonated molecular ion at m/z 351. Several other significant
fragment ions observed in the spectrum (Table I) correspond to
fragmentation of the parent molecule. In addition to the expected
fragmentation peaks arising from 2a, a small peak was observed
at m/z 623. Aged samples were found to contain this peak, with
increased relative intensity dependent on the sample age and
temperature of storage. Repurification of 2a, followed immediately
by FAB MS analysis, resulted in a marked decrease in the intensity
of the ion at m/z 623. As indicated in Table I, its abundance
increased again over time especially if the sample was allowed
to remain in the instrument continuously subjected to FAB con-
ditions. Scheme II presents a proposed mechanism for the for-
mation of 8. This process probably involves dissociation of the
dithioformate ligand from manganese followed by attack of the
uncoordinated sulfur from a second molecule of 2a. These steps
afford the proposed complex [((7-CsMe)Mn(CO),),(u-S,CH)I*
(5, m/z 623), which would be positively charged and detectable
by the mass spectrometer. It is noteworthy to add that the FAB
MS of the dithioformate complex, deuterated on the dithioformate
ligand, produced ions corresponding to m/z 352 and 624, which
is consistent with the deuterated species 2a-d, and 5-d|, re-
spectfully. This indicates that the ion corresponding to the de-
composition product 5 could not have arisen from the formation
of a CS,-bridged species, with the chemical formula ((n°
CsMe)Mn(CO),),(u-CS,), followed by protonation of the
molecule by the matrix solvent under FAB conditions.

A reaction similar to step 2 in Scheme Il was reported by
Astruc,'® in which an iron dithiocarbamate complex, CpFe-
(CO),SC(S)N(Et,), was observed to react with CpFe(CO),-
(THF)* or Cp*Fe(CO),(THF)* to form an isolable cationic
dithiocarbamate-bridged bimetallic species 6. In addition, Lotz!!
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recently reported the formation of the thiophenoxy-bridged bi-
metallic species, [((n5-C4Rs)Mn(CO),),SPh]PF, (7), by the re-
action of [(15-C4R¢)Mn(CO),(THF)]PF, with (n%-C4R¢)Mn-

(10) Catheline, D.; Astruc, D. Organometallics 1984, 3, 1094.
(11) Schindehutte, M.; van Rooyen, P. H.; Lotz, S. Organometallics 1990,
9, 293.
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(CO),SPh. The reaction sequence of Scheme 11 would require
sufficient lability of the dithioformate ligand on 2a to permit
substitution by the uncoordinated sulfur atom of the dithioformate
ligand of a second molecule of 2a to produce .

In an attempt to synthesize § by an independent route, 4a was
reacted with 2a, producing [((7°-C¢Meg)Mn(CO),),(u-S,CH)PF,
(5-PF¢). This compound is assigned the same structure as 5, but
with PF¢™ as the counterion. Unlike compounds 6 and 7, 5-PF,
displays only two infrared CO stretching bands. In addition, the
'H NMR spectrum has equivalent proton resonances for the two
methylated arene rings, indicating that the arenes are hexahapto
and equivalent. These observations suggest that the positive charge
is equally distributed between the two manganese atoms rather
than localized on one. In addition, the CO stretching frequencies
of 8-PF are approximately 6 wavenumbers higher than those in
2a, indicating that the electron-donating ability of the sulfur atoms
is not greatly altered by the presence of the positive charge. The
chemical shift of the bridging dithioformate proton (& 10.75) is
consistent with that of a compound reported by Hawthorne,!2
which contains a cationic dithioformate bridge between boron
atoms of two dicarbollide ligands in a cobalt complex. As an-
ticipated, the FAB MS of 5-PF, (Table I) gives rise to fragments
that are identical with those produced by §.

The bridging S,CH fragment of 5-PF4 can be displaced from
one of the (75-C;Meg)Mn(CO), fragments by the addition of 1
equiv of KS,CH to a CH,Cl, solution of 5-PF, producing 2 equiv
of 2a after 6 h, as shownineq 1. Likewise, 2a can be displaced

5-PF, + KS,CH — 2(2a) (1)
5-PF, + CH,Li — 2a + (#5-C;Me)Mn(CO),CH, (2)
8

from 5-PF; by the addition of CH;Li (eq 2), producing the methyl
derivative (n°-C¢Me)Mn(CO),CH,™13 (8) and a small amount
of ((n8-C¢Meg)Mn(CO),),' (9). The formation of 9 in the re-
action probably arises from a reaction between a liberated molecule
of 2a with CH;Li, since it has been observed that 2a will react
with CH,;Li in THF to produce 8 and 9. This is similar to the
reaction of (7%-CsMe)Mn(CO),I with CH,Li, which also produces
8 and 9.'* These results suggest that the carbon of the bridging
S,CH, although positively charged, is not very accessible for
nucleophilic addition, and that the preferred mode of attack in-
volves displacement of one end of the bridging S,CH unit from
a (n5-CsMe-)Mn(CO), fragment, producing 2a and (z°-
CsMeg)Mn(CO),L (L = CH, or SC(S)H).

Unlike 1a, (n%-C¢Hg)Mn(CO),H (1b) did not react with CS,
to form the dithioformate insertion product 2b, analogous to 2a.
There is apparently a sufficient reduction of hydridic character
in 1b relative to 1a to prevent insertion of CS,. This decrease
in electron density is confirmed by a 30 wavenumber increase in
the infrared CO stretching frequencies of 1b relative to 1a.!* In
an attempt to synthesize 2b by another route, [(n%-C¢H)Mn-
(CO);]PF¢ (3b) was treated with Me;NO in THF for 30 min at
0 °C, followed by the addition of KSC(S)H. 2b prepared in this
way displayed much lower stability than that of the permethylated
derivative 2a. It did not display the mode of decomposition leading
to a dithioformate-bridged dimanganese species. In solution at
room temperature, 2b shows evidence of decomposition over a
period of hours and is stable in the solid state for only a few days
at =20 °C. The mass spectrum of 2b displays only the expected
fragmentation pattern, and there is no evidence for the formation
of a bimetallic species.

Experimental Section

General Procedures. All reactions and manipulations were performed
under nitrogen or argon by using Schlenk or glovebox techniques. All
solvents were dried and deoxygenated prior to use. Microanalyses were

(12) The 'H chemical shift of the S-CH*-S unit in (1,2-ByC,H ) CoS,CH
is & 11.6: Francis, J. N.; Hawthorne, M. F. Inorg. Chem. 1971, 10, 594,

(13) Munro, G. A. M.; Pauson, P. L. Isr. J. Chem. 1976/1977, I5, 258.

(14) Schlom, P. J. Ph.D. Thesis, University of lowa, 1990.

(15) CO stretching frequencies: (3%-CgHg)Mn(CO),H, 1971 and 1918 em™!
(CS,); (n°-C¢Meg)Mn(CO),H, 1942 and 1888 cm™! (CS,).
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performed by Desert Analytics, Tuscon, AZ. All infrared solution
spectra were obtained on a Mattson Cygnus 25 FTIR spectrometer using
0.1- or 0.5-mm potassium bromide cells. NMR spectra were obtained
on a JEOL FX90Q ('H) or a Bruker WM360 ('H, '*C) spectrometer
and are reported as positive downfield from TMS. Chromatographic
separations were performed by using untreated silica gel (60-200 mesh).

EI mass spectra were recorded on a VG TRIO 1 instrument using the
VG LAB BASE data system operating with a 70-eV electron beam and
a 150-uA trap current. All other spectra including the 2a decomposition
studies were recorded on a VG ZAB-HF in the fast atom bombardment
(FAB) ionization mode. The FAB ion source used was the standard VG
Analytical, Inc., system equipped with a saddle field atom gun. Xenon
was used for the bombarding fast atom beam,; typical operating conditions
were beam energies of 8 keV and neutral beam currents equivalent to 1.5
mA supplied by an ION TECH (Model B 50) current and voltage reg-
ulator/meter.

Materials. 1a,”>¢ 1b,'® 3a,'” and 3b'? were prepared by published
procedures. Me,NO was purchased from Eastman Kodak Co. as the
dihydrate and dried by removing the water as an azeotrope with benzene.

Synthesis of KS,CH.'® To a solution of KB(O'Pr);H'® (50 mmol) in
THF (30 mL) was added CS, (4.0 g, 53 mmol) via syringe. The solution
turned from clear to orange initially, and yellow-orange solids eventually
precipitated from the solution. The solution was stirred for 1 h, after
which it was concentrated and the solids were filtered from the solution.
Recrystallization of the solids from ethanol produced 2.4 g (41% yield)
of yellow crystals of KS,CH. KS,CD was prepared similarly by using
KB(OPr),D.

Synthesis of 2a. 1a (0.5 g, 1.8 mmol) and CS, (1 mL) in CH,Cl, (30
mL) were stirred at room temperature for 30 min, during which the
solution turned from yellow to red. The solution was then filtered, the
solvent was removed by vacuum, and the product was recrystallized from
acetone/hexane, producing 0.48 g (75% yield) of rust red crystals. 'H
NMR ((CD,),CO): & 2.25 (s, 18 H, CH,), 11.44 (s, 1 H, SC(S)H).
BC{'H} NMR ((CD,),CO0, 210 K): §224.1 (s, CO), 108.2 (s, CsMey),
16.5 (s, CH,). IR (THF): »(CO) 1969, 1921 cm™; »(CS) 1245, 1011,
and 647 cm”!. See Table I for mass spectral data. Anal. Caled for
CysH 90,8, Mn: C, 51.42; H, 5.47. Found: C, 50.95; H, 5.23.

Alternate Method. To a mixture of 3a (0.5 g, 1.12 mmol) and Me;NO
(0.13 g, 1.73 mmol) was added THF (50 mL) with stirring for 30 min
at 0 °C, turning the solution from yellow to purple. To this was added
a 10-mL THF solution of KSC(S)H (0.17 g, 1.46 mmol). The resultant
solution was stirred for an additional 30 min at room temperature, fol-
lowed by filtration and elution from a column of silica with acetone/
hexane. Recrystallization from acetone/hexane produced 0.28 g (70%
yield) of rust red crystals. (n5-C¢Meg)Mn(CO),SC(S)D was prepared
in a similar manner by using KSC(S)D.

Synthesis of 2b. To 3b (0.362 g, 1.0 mmol) and Me;NO (0.075 g, 1.0
mmol) was added 50 mL of THF at 0 °C, resulting in a purple solution.
After 30 min of stirring, a 10-mL THF solution of KSC(S)H (0.116 g,
1.0 mmol) was added, followed by an additional 1 h of stirring at 0 °C.
Upon concentration of the solvent followed by addition of hexane and
cooling to —20 °C, 0.16 g (60% yield) of red crystals were obtained after
filtration, '"H NMR ((CD,;),CO): 6 6.19 (s, 6 H, C¢Hg), 11.68 (s, 1 H,
SC(S)H). IR (THF): »(CO) 1995, 1948 cm™'; »(CS) 1240, 992, and
625 cm™'. Mass spectral data (FAB MS): parent ion at m/z 267, (M
+ H)*. Instability of the product precluded elemental analysis.

Reaction of 2a and 4a. A solution of 4a was prepared by the addition
of M¢;NO (0.075 g, 1.0 mmol) to 3a (0.446 g, 1.0 mmol) in 20 mL of
THF at 0 °C followed by 30 min of stirring. To this purple solution was
then added a 20-mL solution of 2a (0.350 g, 1.0 mmol), followed by an
additional 30 min of stirring at room temperature. The resulting red
solution was evaporated to dryness under reduced pressure to give a red
solid, which was redissolved in a minimal amount of CH,Cl, and re-
crystallized with the addition of hexane and cooling to —20 °C, producing
0.65 g (85% yield) of 5-PF,. 'H NMR ((CD;),CO): §2.17 (s, 36 H,
CHj), 10.75 (s, 1 H, u-SC(S)H). IR (THF): u(CO) 1975, 1928 cm™*,
The mass spectral data are presented in Table I.

Reaction of 5-PF¢ and KS,CH. To a CH,Cl, (20 mL) solution of
5-PF¢ (0.011 g, 0.014 mmol) was added an equal molar amount KS,CH

(16) Rush, P. K.; Noh, S. K.; Brookhart, M. Organometallics 1986, 5, 1745.

(17) Preparation of (arene)manganese carbonyl cations: (a) Winkhaus, G.;
Pratt, L.; Wilkinson, G. J. Chem. Soc. 1961, 3807. (b) Pauson, P. L,;
Segal, J. A. J. Chem. Soc., Dalton Trans. 1975, 1677. (c) Winkhaus,
G.; Singer, H. Z. Naturforsch., B: Anorg. Chem., Org. Chem. 1963,
188, 418.

(18) Other methods of preparation: (a) Binder, H.; Diamantikos, W. Z.
Naturforsch., B: Anorg. Chem., Org. Chem. 1983, 38B, 203. (b)
Engler, V. R.; Gattow, G.; Driger, M. Z. Anorg. Allg. Chem. 1972, 390,
64.

(19) Brown, H. C.; Nazer, B.; Sikorski, J. A. Organometallics 1983, 2, 634.

at room temperature. A gradual loss in the concentration of 5-PF; and
the formation of 2a was observed spectroscopically (IR and 'H NMR
spectroscopy) over time, and the reaction was complete after 6 h of
stirring at room temperature.

Reaction of 5-PF, and CH,Li. To a stirred solution of §-PF, (0.012
g, 0.016 mmol) in THF (20 mL) was added an equal molar amount of
CHjLi via syringe. There was an immediate color change from red to
orange, and IR data indicated the formation of 2a, (75-C¢Mes)Mn-
(CO),CH, (8), and ((n5-CsMeg)Mn(CO),), (9).
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Introduction

It is well-known that oxo anions such as PO,*", SO,*, and
Se0,?" form intimate ion pairs in solution with tris(diamine)metal
complex cations with a le/; conformation.'"* This is because a
set of three N—H groups on the triangular face of the /e/; complex
are disposed almost parallel to the C; axis so as to form triple linear
hydrogen bonds to a set of three oxygen atoms of the oxo anions
along the Cj axis. Actually, such association modes have been
found in the crystal structures of lel;-[Co(en);],[HPO,];-9H,0*
and /Jel;-[Co(en);][AsO,]-3H,0° (en = 1,2-diaminoethane). In
contrast, these oxo anions show a much weaker affinity for the
ob; complexes'510 with a set of three N—H groups oblique to the
C; axis, because the hydrogen bonds formed are inevitably bent
and are thus weak.

In the course of our X-ray crystallographic study on ion-as-
sociation modes of the d-(R,R)-tartrate dianion (abbreviated as
the d-tart ion hereafter) with the Je/s-tris(diamine)cobalt(III)
complex cations,''™'? a common face-to-face contact mode has
been found. In this contact mode, the three oxygen atoms, two
alcoholic and one carboxylic, of the d-tart ion are nicely disposed
among the three parallel N-H groups on the triangular face of
the le/; complex to form three bifurcated hydrogen bonds to

(1) lel, refers to a conformation in which each C-C bond in the three
five-membered chelates lies parallel to the C; axis, while ob; refers to
the one in which it lies oblique to this axis.

(2) Mason, S. F.; Norman, B. J. Proc. Chem. Soc., London 1964, 339.
Mason, S. F.; Norman, B. J. J. Chem. Soc. A 1966, 307.

(3) Smith, H. L.; Douglas, B. E. Inorg. Chem. 1966, 5, 784.

(4) Duesler, E. N.; Raymond, K. N. /norg. Chem. 1971, 10, 1486.

(5) Rius, J.; Gali, S. Cryst. Struct. Commun. 1982, /1, 829.

(6) Ogino, K. Bull. Chem. Soc. Jpn. 1969, 42, 447.

(7) Harnung, S. E.; Kallesoe, S.; Sargeson, A. M.; Schaffer, C. E. Acta
Chem. Scand., A 1974, 28, 385. Bond, A. M.; Hambley, T. W.; Mann,
D. R.; Snow, M. R. Inorg. Chem. 1987, 26, 2257.

(8) Yoshikawa, Y.; Yamasaki, K. Coord. Chem Rev. 1975, 28, 205. Sa-
kakibara, K.; Yoshikawa, Y.; Yamatera, H. Bull. Chem. Soc. Jpn. 1979,
52, 2725.

(9) Harnung, S. E.; Sorensen, B. S.; Creaser, |.; Maegaard, H.; Pfenninger,
U.; Schaffer, C. E. Inorg. Chem. 1976, 15, 2123.

(10) Kciima, M.; Fujita, J. Bull. Chem. Soc. Jpn. 1981, 54, 2691.

(11) Kushi, Y.; Kuramoto, M.; Yoneda, H. Chem. Lett. 1976, 135.

(12) Mizuta, T.; Tada, T.; Kushi, Y.; Yoneda, H. Inorg. Chem. 1988, 27,
3836.
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