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Summary: The reaction of [RugPPhs)s] with methimazole
(Hmt) under basic conditions prades the simple bis(chelate)
complex [Ru¢?-S,N-mt)(PPhg),], while the selenium analogue

Chart 1. (a) Diorganotriselenanes; (b)
Triselenaferrocenophane; (c)
Metalladichalcaferrocenophanes (X='S, Se; M= Pd, Pt; L

Hmt¢provides an intact coordinated diorganotriselenane [Ru- = PPhy)23
{x3-Se,N,N-Se(mt9,} Clx(PPhy)]. Bidentate mtecoordination @ B o ©
is howeer obsered in the complexes [RukSe,N)(CO)- s/e Se : X
(PPhe)o] (R = H, CH=CHCsH.Me-4). >Se e
s X
Diorganotriselenanes, RSeSeSeR, are a well-established class Sg = S
of organoselenium compouddhe coordination chemistry of R

which is however essentially unexplored. The exception involves

triselenometallocenophangshich in reactions with zerovalent

metal-boron dative bondin§We have attributed this phenom-

complexes of platinum and palladium proceed via rupture of €non to the geometric features of methimazolyl-derived chelates

the CSeC spine by analogy with Seyferth’s palladadithiafer-

rocenophane synthesis (Charf Given that even in the absence

A(mt),, which bring the bridgehead group A into close proximity
to the metal center upon coordination, e.g., as illustrated for

of transition metal reagents diorganotriselenanes can be prondhe isoelectronic complexes [Rh(cé@(mt);}] (cod = 1,5-

to redistribution and selenium extrusibthis factor alone may

cyclooctadiene, A= BH,, CH,"), which feature three-center,

have discouraged the study of the organotransition metal tWo-électron B-H—Rh and C-H—Rh interactions. Thus the

chemistry of such species. We have however, inadvertently
encountered a stable example of a complex of an intact
diorganotriselenane, which we describe herein. Of particular note
is the implication that the triselenane was actually constructed

at the metal center.

complex [RuH(CO)(PPH{HB(mt)3}] (1), a precursor to the
archetypal ruthenaboratrane [Ru(CO)(BPB(mt)s} ](Ru—B)8
(2) featuresc®-H,S,Srather than the anticipated-S,S,S’ borate
coordinatiorf?89Given that2 arose from the reaction of [RuCl-
(R)(CO)(PPB)2] (R = aryl, vinyl)®2with Na[HB(mt)s] and that
[Pt(PPR){ B(mt)s}](Pt—B)is obtained similarly from [PtG}

We have for some time explored the unusual proclivity of (pph),] under basic condition,it was of interest to ascertain

Reglinski’s poly(methimazolyl)borate ligand HB(m{HmMt =
methimazole, mt&= methimazolyl}° to enter into B-H activa-

tion processes, which ultimately lead to the formation of
“metallaboratranes”, i.e., cage compounds involving transannular
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Figure 1. Molecular geometry o8 in a crystal (50% displacement
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or its conjugate base have been reported. We find that the
reaction of [RuUH(NCMe)CO)(PPR);]BF, with HmtS¢ under
basic conditions does indeed provide a selenomethimazolyl
complex [RuHg2-N,SemtS9(CO)(PPh);] (4).18 In parallel with

the analogous mt compl&x!® this complex hydrometalates
ethynyl toluene under ambient conditions to provide the
organometallic derivative [Ru(GHCHCsH4Me-4)(3-N,Semt-
S¢(CO)(PPh),] (5) (Scheme 1¥° Surprisingly however, the
reaction of Hm%e with [RuCIl(PPh)3] under basic conditions
does not parallel the formation &. Rather a dark brown
compound was isolated in modest yield and characterized as
the novel diorganotriselenane complex [RBPR){ «3-Se,N,N

ellipsoids, phenyl groups and hydrogen atoms omitted). Selected Se(mE92}] (6).2* The yield of6 could be increased (ca. 63%)

bond distances (A) and angles (deg): RiN211 2.141(3), Rut

N111 2.187(3), RutP1 2.2833(8), RutP2 2.3057(9), RutS111
2.4615(9), Ru+S211 2.4918(8), S1HC111 1.731(3), N11%

C111 1.325(4), C114N112 1.357(4), S211C211 1.725(3),
N211-C211 1.332(4), C211N212 1.343(4), P*Rul-P2 101.69-
(3), N111-Rul-S111 67.90(7), P2Rul-S111 94.18(3), P2

Rul-S111 103.51(3), N2131Rul-S211 67.57(8), N111Rul—

S211 95.95(7), PARu1-S211 98.56(3), P2Rul-S211 97.80(3),
S11}+Rul-S211 152.36(3), C1HS111+Rul 78.12(10), C111

N111-Rul 97.56(19), N113C111-N112 111.6(3), N111C111~

S111 116.4(2), N112C111-S111 131.9(2), C211S211+Rul

77.21(11), C211N211—Rul 99.3(2), C212N211-Rul 153.2-
(2), N211-C211-N212 111.0(3), N213C211-S211 115.4(2),
N212-C211-S211 133.6(3).

pionate derivative [RuCI(PRJ»{ HB(mt)s}] analogous to the
synthetically versatile complex [RuCI(PRH{ HB(pz)}] (pz =
pyrazolyl)1°In practice, neither occurs, but, rather, fragmenta-
tion of the pro-ligand occurs to provide, inter alia, traces of the
simple bis(chelate) complex [Ru(ratiPPh)2] (3).11:12 Methi-
mazolyl complexes of ruthenium have recently received atten-
tion,1314and 3 provides a simpler analogue of the previously
reported complex [Ru(m#)«?-P,P-MeC(CH,PPh)3}].13 Figure
1 depicts the inner coordination sphere geometr,aivhich
however calls for little comment, with metrical parameters for
the chelates falling within expected norms for bidentate mt
coordinationt?~15

The isolation of3 suggested the possible extension to the
selenium analogue of methimazole (FW6 While the coor-
dination chemistry of saturated cyclic selenoureas is well-
developed, no complexes of the unsaturated heterocycle$amt

(11) 3: This compound was only ever obtained in trace amounts sufficient
for crystallographic characterizatio@rystal Data for3: CssH40NsP.RUS,
My = 851.93 gmot?, monoclinic,P2,/a, a = 18.5682(6) Ab = 10.8947-
(4) A, c=19.3594(8) A = 97.332(1}, V=13883.9 8, 2=4T=
200(2) K, orange prsinD. = 1.457 Mg n13, u(Mo Ka) = 0.632 mn?,
7924 independent absorption-corrected reflectiBris,0.0423 R, = 0.0993
[6022 reflections withl > 20(l), 20 < 52.74], 480 parameters; CCDC
620515.

by carrying out the reaction in the presence of excess elemental
selenium (4 equiv). The molecular geometry of the inner
coordination sphere is depicted in Figure 2 and shows that the
pseudo-octahedral complex has no element of symmetry, with
two distinct mfeenvironments. The respectitrnsinfluences

of the phosphine and CI2 are reflected in the modest lengthening
(8 esd) of the RN bondtransto the former. The features of
note relate to the triselenane linkage and its coordination to
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(Nujol): 1962w (run), 1899Vs {co) cmL. NMR (CDChk, 25°C) *H: oy
7.70-7.22 (m, 30 H, GHs), 5.74, 5.49 (dx 2, 1 Hx 2, NCH=CH, 3Jun
= 1.5), 2.70 (s, 3H, NCh), —12.87 (t, 1 H,2Jpn = 19.2 Hz, RuH)3P-
{1H}: 0p 49.79.
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in toluene (5 mL) were stirred for 18 h and then diluted with methanol (30
mL) to precipitate the product. Recrystallized yield (aceton€Et 29 mg
(47%). Anal. Found: C, 64.04; H, 4.61; N, 3.28. Calcd fept4N,OP;-
RuSe: C, 64.51; H, 4.76; N, 3.01. IR (Nujol): 1905vgd) cm L. NMR
(CDCl;, 25°C) *H: 6y 7.83 (dt, 1 H3Jyy = 17.1,33py not resolved, RUCH),
7.64,7.46, 7.23 (mx 3, 30 H, GHs), 6.82, 6.36 (dx 2, 2 H x 2,334y =

(12) We have on numerous occasions encountered the cleavage of mt7.4, GHa), 6.27, 5.80 (s bix 2, 1 H x 2, NCHCH), 5.85 (d, 1 H3Jyn =
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16.8, RUCH=CH), 2.51 (s, 3 H, NCH), 2.22 (s, 3 H, CCH). 31P{1H}: op
43.02.

(21)6: [RUCKL(PPh)3] (261 mg, 0.27 mmol), Hn§&(87 mg, 0.55 mmol),
NaCO;s (51 mg, 0.48 mmol), and gray selenium (80 mg, 1.01 g-atom) were
stirred anaerobically in CiCl, (50 mL) for 48 h, filtered through
diatomaceous earth, concentrated to ca. 20 mL, layered with light petroleum,
and cooled to-20 °C overnight to provide black crystals. Yield: 142 mg
(63%). Anal. Found: C, 34.85; H, 2.97; N, 5.72. Calcd fogtsN4PChb-
RuSe-CH,Cl,: C, 35.24; H, 3.18; N, 6.09. NMR (CDg125°C) H: dy
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clinic, P2y/n, a = 11.579(2) A,b =17.835(4) A,c = 17.212(3) A g =
101.30(39, V = 3485.6(12) R, Z = 4, T = 200(2) K, black prismp, =
1.912 Mg n73, u(Mo Ka) = 4.116 mnt?, 6141 independent absorption-
corrected reflections?; = 0.049,wR, = 0.138 [6141 reflections with >
20(l), 26 < 50.71°], 390 parameters; CCDC 620516.
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Scheme 1. Synthesis of Methimazolyl, Selenomethimazolyl, Chart 2
and Triselenane Complexes (L= PPhg)?

\
N N=
Na[HB(mt)s] Se—( ] Se—(, p
Se N Se N
Mo 2 2

PhHN
'E‘ Me\ Se . Me Ll (8)23
S/(LJ <N/| \86/ T‘N Scheme 2. Possible Decomposition Routes for HAft
I .~
T u\N N \ ;Fn‘|u<N / N/-ﬂ\/m N(jN\F\xu
@) '}Ae (6) H H
N -Se _N N
_— [— N\
0 )XL (i) [N>=Se = [N>- [N>—H
Me~\~ n-H Me Me Me
— \—/
X=S, (Hmt) closest point of comparison is provided by the recently reported
X=Se (Hmt%®) bis(4-(phenylamino)quinazolin-2-yl)triselenan8, (see Chart
(iit) 2).23 Assuming that the disparity in imidazolyl and quinazolinyl
L heterocyclic substituents contributes only a modest perturbation,
se_ | _co the primary differences between the free and coordinated@Se
Me\N%\ _Rul_ linkage involve elongations in the S&e bond lengths6(
L N H 2.4311(11), 2.4161(11) A\& 2.324 A) and G-Se-Se bond
@ angles 6: 91.9(2), 93.3(2) vs 8: 102.9), with the angles at
(iv) the unique selenium being comparab& (104.44(4) vs 8:
T 103.54). These variations are most likely simple corollaries of
Me\N4S$Ru/\CO . the constraints of chelation, although retrodonation intasthe
@N | —C=C—p (SeSe) orbital(s) could contribute to the significant lengthening
L H of the Se-Se bonds. This interpretation, i.ez¢o* retrodo-
®) nation, is consistent with the comparative shortening (11 esd)
2(i) RuClLs; (i) RuCl.Ls, N&COs, Se; (iii) [RUHCI(CO)Ls] or of thesz-donor Ru-Cl1 bondtransto Sel, relative to thatans
[RUH(NCMe)(CO)L,]BF4, DBU; (iv) HC=CR (R = CgHsMe-4). to N21.

The origin of the third selenium atom of the triselenane
ligand, in the absence of added selenium, is of note given the
well-established activation of chalcogensihalkylimidazoles*

We might speculate that an equilibrium could operate, unde-
tected, relating Hn¥€to the freeN-heterocyclic carbene (NHC)
and elemental selenium. Were the liberated selenium to be
consumed, the NHC would simply tautomerizeNsanethylimi-
dazole (Scheme 2). The reverse of this reaction could thus
account for the activating effect di-methylimidazole on
elemental selenium. It should be noted that ruthenium has a
long tradition of effecting imidazole/imidazolylidene tautom-
Figure 2. Molecular geometry of in a crystal of6-(CHyClo)s erism2® Under the mild conditions in whicl is formed, the

(50% displacement ellipsoids, phenyl groups and hydrogen atomscomb'nat'on of elemental selenium W",[h either Hfr (mts%
omitted). Selected bond distances (A) and angles (deg)—Ri2l does not appear to lead to the fprmanon of the_free trl_selenane
2.062(6), Ru+N11 2.112(5), RutSel 2.2998(10), RuiP1 (excess selenium is present during the synthesis offime.,
2.3333(18), RuCl1 2.4241(18), RutCl2 2.4439(17), SetSe21  the metal plays a pivotal role in either the templating or the
2.4161(11), Se1Sell 2.4311(11), SetL11 1.879(7), Se21 trapping of the triselenane. An alternative interpretation is that
C211.876(8), N2+ Rul-N11 83.7(2), N2+ Rul—-Sel 91.14(16), the metal plays a more intimate role in the activation of the
N11-Rul-Sel 88.71(17), N22Rul-P1 92.00(16), SeitRul- C=Se bond of Hnfe given that the reverse reaction, i.e.,

P194.82(5), N2+Ru1-CI1 91.23(17), N1¥Ru1l-CI1 90.15(17),  addition of elemental selenium to a carbene complex has
P1-Rul—-CI1 86.51(6), SetRul—-CI2 86.86(5), P+Rul-CI2

95.49(6), Clt-Rul-CI2 90.61(6), RutSel-Se2l 102.73(4), (23) Atanassov, P. K.; Linden, A.; Heimgartner, Helo. Chim. Acta
Rul-Sel-Sell 101.82(4), Se2iSel-Sell 104.44(4), CH 2004 87, 187.
Selt-Sel 91.9(2), C21Se21-Sel 93.3(2). (24) (a) Rauchfuss, T. Bnorg. Chem2004 43, 14. (b) Rauchfuss, T.

B.; Dev, S.; Wilson, S. Rlnorg. Chem1992 31, 154. (c) Dev, S.; Ramli,

. . S E.; Rauchfuss, T. B.; Wilson, S. Rorg. Chem1991, 30, 2514. (d) Ramli,
ruthenium. The RuSel_ separation of 2.2998(10) A is S|gn|f|_- E.. Rauchfuss, T. B.; Stern, C. . Am. Chem. S0d.99Q 112, 4043. ()
cantly shorter than typical values for selenoether coordination Dev, S.; Ramli, E.; Rauchfuss, T. B.; Stern, CJLAm. Chem. Sod99Q

to octahedral ruthenium(ll) (2.42.50 A, mean 2.46 A¥2 11%22)3?5)'3 dberg, R. J.: Shepherd. R. E.: TaubelWm. Chem. S
wom a) Sundberg, R. J.; Shepherd, R. E.; Taubel. Am. Chem. Soc.
Although the free molecule Se(®k “7" is unknown, the 1972 94, 6558. (b) Sundberg, R. J.: Gupta, Bioinorg. Chem1973 3,
39. (c) Sundberg, R. J.; Bryan, R. F.; Taylor, I. F., Jr.; Taube).HAm.
(22) Cambridge Crystallographic Data Centre, Conquest, May 2006 Chem. Soc1974 96, 381. (d) Tweedle, M. F.; Taube, Hnorg. Chem.
release. 1982 21, 3361.
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precedent® as does the metal-mediated transfer of selenium  To conclude, the first complex of an intact neutral diorga-
between isoselenocyanates and carbemecarbyné® ligands. notriselenane Se(¥f), has been isolated from a reaction that
Furthermore, the spontaneous extrusion of tellurium from a appears to involve metal-mediated triselenane assembly. The
SCTe complex has been not€dFinally, thioureas have been  mechanism of formation remains obscure; however the metal
shown to serve as carbene precursors in low-valent rutheniumcenter is necessary. Furthermore, the first complexes of the

chemistry via G=S bond cleavag®. conjugate base fthave been isolated, allowing a demonstra-
tion that the bidentate coordination mode is hemilabile, allowing
(26) (a) Hill, A. F.; Roper, W. R.; Waters, J. M.; Wright, A. B. Am. alkyne hydrometalation to occur with an otherwise coordina-
Chem. Soc1983 105 5939. (b) Fischer, H.; Stumpf, R.; Roth, Gdv. tive|y saturated Comp|exl
Organomet. Chenml998 43, 125.
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