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Transition-metal complexes containing thiolate (REgands
have been widely studied by inorganic chemists, in large part
because of the ubiquitous occurrence of S-donor ligands in
biologically relevant metal complexes and proteins. The principal

synthetic route to these complexes involves metathesis of a thiolate

salt with a metal halide or pseudohalide derivafigeAddition-
ally, thiol and thiolate displacement of neutral ligands (like CO)
and oxidative addition of SS bonds (of disulfides) and-8C
bonds (of cyclic thioethers) to lower valent metals comprise a

class of viable, but less-generally applicable, synthetic approaches

to M—SR moieties:?
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Solutions of (bpy)Ni(CHCMe,-0-CeH,) (1; bpy = 2,2-
bipyridine react stoichiometrically with elemental sulfur (THF,
23 °C, 40 min) to undergo a color change from green to dark
purple. Treatment of the solution with cold pentane gives a
precipitate which upon recrystallization affords analytically pure

1
dark-purple microcrystals of (bpy)Ni(8-CsHsCMe,CHy) (2) in

We are especially interested in accessing new routes to thiolate43% isolated yield (Scheme 1). Sulfur reacts analogously with

complexes of nickel because such compounds are useful model
for intermediates in Ni-mediated biological processes.or
example, in the pathway of GQixation in anaerobic bacteria,
nickel is believed to play a key role in the synthesis of acetyl-
CoA by the metalloenzyme carbon monoxide dehydrogehase.
EPR data indicate that Ni is involved in the binding of CO, which

1
the trimethylphosphine nickelacycle (PM&Ni(CH,CMe,-0-CgH.)

1
(3)'° to give dimeric [(PMg)Ni(S-0-CeHsCMe,CHy)» (4, 25%
yield, Scheme 1). In this latter reaction=BMe; and the

—
heterocycle 2,3-dihydro-3,3-dimethylbenbdhiophene, So-

—
forms the C-1 carbon of acetyl-CoA, and EXAFS data suggest ciH,CMe,CH, (5), were isolated as byproducts (vide infra).

that the Ni atom is four-coordinate with S- and N- (or O-) donor  pimeric 4 reacts with the chelating ligands bpy and dmpe (dmpe
||gands n the Coord|nat|0n Sphere In the course Of Study|ng = l,2_bis(dimethy|phosphino)ethane) to afford the monomeric

atom- and group-transfer reactions involving the late transition

. .
metals, we have successfully effected oxygen-atom transfer fromcomplexe< and (dmpe)Ni(S-CsH.CMeCHy) (6), respectively,

nitrous oxide to nickel alkyls to give simple nickel alkoxides
(Ni—R + N,O — N, + Ni—OR)$ and have shown that aryl azides
can serve as “NR” sources to transform nickel alkyls into simple
nickel amides (Ni-R + N3R' — N, + Ni—NRR).” Herein we
describe the use of elemental sulfur in the first examples of sulfur-
atom-transfer reactions with late-metal carbyls that result in the
formation of the corresponding thiolates (e.g.; 1/ + Sg— Ni—
SR)8
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in high yields (Scheme 1). Complexes 4, and 6 were
characterized byH and *C NMR spectroscopies, elemental
analyses, and chemical reactivity. The site of S-atom insertion,
at the Ni-aryl bond and not at the Ni-alkyl bokdyas determined

by spectroscopic comparison @f 4, and 6 with the related

o 1 I
oxygenates (bpy)Ni(@-CsHsCMe,CH,),5¢ [(PMes)Ni(O-0-CgHy-

-1 1

CMeCHy)]2,%¢ and (dmpe)Ni(Os-CsH4CMe,CH,),6¢ and by the
reaction of4 with HCI to give 2tert-butylbenzenethiol (88%
yield). In a related S-atom-transfer reaction, the saturated

1
nickelacyclobutane complex (bpy)Ni(GEH,CH,CH,) (7)? re-

acts rapidly with sulfur (23°C, 15 min), but the resulting
thianickelacycle is unstable under the reaction conditions with
respect to reductive elimination and formation of tetrahydro-
thiophene 8, 30%), as determined biH NMR spectroscopy.
Reactions of sulfur with metalcarbon bonds that yield metal
thiolate derivatives are unusual, but have been previously observed
in the transformations of #CsHs).Zr(Me), to (17-CsHs).Zr-
(SMe),*2 and ¢-CsHs)W(NO)(Me), to (7-CsHs)W(NO)(SMe)-

(Me) and ¢-CsHs)W(NO)(SMe). 14
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The thiametallacycles2( 4, 6) are subject to C,S-reductive
elimination reactions under a variety of conditions. As shown
in Scheme 2, heating THF solutions4{70 °C, 24 h) results in
thermallyinduced reductive elimination with formation 6fin
75% isolated yield upon chromatographic workup. Complexes
2 and6 are more thermally robust, but heating solutions for 24
h at 100°C also results in formation db in high yields (82%
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1
and generation of (PM@NIi(S-0-CsH,CMe,CH,) followed by
formation of 5. The lack of influence of added RRon
C,S-reductive elimination fron2 and 6 (which possesswo

and 75%, respectively). As shown in Scheme 2, an excess ofpjdentate ligands) might be a consequence of these relatively rigid

sulfur reacts with THF solutions @fat ambient temperature over

a 30 min period to giv® in 77% yield, along with SSPMe; and

NiS (as a black precipitate). This accounts for the relatively low
isolated yields of4 in the reaction of3 with Sg since sulfur-
induced reductive elimination frord is competitive with its
formation under the reaction conditions (vide supra). In areaction
similar to that observed for the O- and RN- analogte¥,
oxygen reacts rapidly (23C, 10 min) with4 to triggeroxidatively-
induced reductive elimination, giving in 86% vyield (Scheme
2). Complexe and 6 likewise undergo reaction with 23

°C, 30 min) to give5 (88% and 86% yields, respectively). The
formation of5 is noteworthy since reductive-elimination reactions
that form C-S bonds of thioethers are rare; examples of such
reactions with Pd complexes have recently been repéttadg

are implicated in other systems.

It is appreciated that C,C-reductive elimination from square-
planarcis-dialkyl Ni(ll) complexes is accelerated by coordination
of a fifth ligand (“ligand-induced reductive elimination'y. In
this light, we have observed that addition of phosphines @Me
PPh, PCy) or triethyl phosphite to solutions ¢f at ambient
temperature results in significantly accelerated reductive elimina-
tion and production ob in high yields (see Scheme 2). When
PMe; (2 equiv) is added to solutions of, an intermediate
immediately forms for which NMR data are consistent with a

1
four-coordinate monomer, (PMeNi(S-0-CsH,CMe,CHy); at
tempts to isolate the monomer resulted in loss of Plded
recovery ofd. Additional trimethylphosphine gives rise foIn
the presence of a 10-fold excess of RMi&e rate of reductive
elimination exhibits a pseudo-first-order dependence on the
concentration of the intermediatk,s = 9.0 x 1074 s7%; typ ~
13 min; 23°C). Similar intermediates were also observed in the
presence of PRhPCy;, and P(OE®Y, with correspondingit,’'s
of 300, 30, and 6 min, respectively. Since the four-coordinate
monomers2 and 6 are stable at room temperature and undergo
C,S-reductive elimination only at-100 °C, an associative
mechanism involving a five-coordinate intermediate seems likely
for this ligand-induced elimination. Addition of BiRgands does
not show a significant accelerating effect for C,S-elimination from
2 or6. Infact, 6 is quite stable at room temperature even in the
presence of a large excess of PMé&lowever, addition of excess
PMe; to a solution of2 results in the displacement of bipyridine
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structures being unable to undergo a requisite pseudorotation (to
a TBP structure), as suggested for ligand-induced C,C-reductive
elimination fromcis-(PRs),NiR,.1°

Reaction of the thiametallacycl@&sor 6 with CO (1 atm, 23
°C) results in the formation of 4,4-dimethylthiochroman-2-one,

1

CH,CMey-0-C¢H,4SC(O) @), (quantitatively by*H NMR), which
was isolated in high yields (88%) upon chromatographic workup
(Scheme 3). Interestingly, dimerdcalso reacts with CO to give

9 (75% yield), but a significant amount &f(13%) was obtained

in addition to the carbonylation product, a result of CO-induced
C,S-reductive elimination similar to that observed in reactions
with PR;. These results serve to further confirm that the formation
of thioesters by reductive elimination of thiolate and acyl groups
from nickel centers is gener#?a.5¢

Finally, we have observed that elemental selenium and tel-
lurium undergo reactions witB to afford excellent yields of the

1
seleno- and telluroheterocyclesoECsH,CMe,CH, (10a E = Se,

77%; 10b, E = Te, 74%), but the organometallic selenate and
tellurate intermediates were not observed (Scheme 4). Presum-
ably, these reactions proceed by a similar insertion/elimination
mechanism as osberved for sulfur (Scheme 1). Such atom-
insertion reactions for the heavier chalcogenides have substantial
literature precedent in organotransition-metal systems as well as
in main-group organometallic systedts® We are currently
exploring the synthetic scope of these S, Se, and Te transfer
reactions toward other organonickel(ll) complexes.

Acknowledgment. Dedicated to Prof. Warren Roper in celebration
of his 60th birthday. We are grateful to the National Science Foundation
(CHE-9505692) for financial support of this research.

Supporting Information Available: Experimental, spectroscopic, and
analytical details (6 pages, print/PDF). See any current masthead page
for ordering information and Web access instructions.

JA981266X

(19) Tatsumi, K.; Nakamura, A.; Komiya, S.; Yamamoto, A.; Yamamoto,
T. J. Am Chem Soc 1984 106, 8181.

(20) (a) Arnold, JProg. Inorg. Chem 1995 43, 353. (b) Gysling, H. J. in
The Chemistry of Organic Selenium and Tellurium CompouRddai, S.,
Rappoport, Z., Eds.; Wiley: New York, 1986; Vol. 1; p 679. (c) Henriksen,
L. in The Chemistry of Organic Selenium and Tellurium CompouRdsai,

S., Ed.; Wiley: New York, 1987; Vol. 2; p 393. (d) Bonasia, P. J;
Gindelberger, D. E.; Dabbousi, B. O.; Arnold, J.Am Chem Soc 1992
114, 5209. (e) Piers, W. E.; Macgillivray, L. R.; Zaworotko, Mdrgano-
metallics 1993 12, 4723. (f) Gautheron, B.; Tainturier, G.; Meunier, P.
OrganometChem 1981, 209, C49.



