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We have recently reported the synthesis and characterization of
the first metallabenzyne [OS{CC(SiMe&)=C(CHs)C(SiMey)=CH)
Cl(PPh);] (1).! The compound is interestiAgbecause it is
structurally related to metallabenzefidsand benzyne$§ which
have attracted considerable attention of experimental and theoretical
chemists. Unlike benzyne, which is thermally unstable, complex
can be isolated as a greenish-blue solid and can be conveniently
characterized by NMR spectroscopy and X-ray diffraction. The
X-ray diffraction study ofl shows that the six-membered metal-
lacycle has a planar delocalized structtifdne delocalized structural
feature is similar to that of aromatic ring systems such as benzene
and metallabenzenes. In these regards, it would be interesting to
find out if metallabenzynes could also undergo typical reactions Figure 1. Molecular structure for the complex cation 2f
of aromatic compounds or benzynes.

Selected bond distances [A]
and angles [°]:
0s(1)-C(1) 1.756(5)
0s(1)-C(5) 2.016(5)
C(1)-C(2) 1.378(7)
C(2)-C(3) 1.424(8)
C(3)-C(4) 1.433(8)
C(4)-C(5) 1.388(7)
C(1)-08(1)-C(5) 78.2(2)
C(2)-C(1)-0s(1) 153.8(4)
C(1)-C(2)-C(3) 110.0(5)
C(2)-C(3)-C(4) 123.5(5)
C(5)-C(4)-C(3) 120.3(5)
C(4)-C(5)-0s(1) 132.8(4)

When a mixture ofl and 2 equiv of HBF in wet dichlo- Scheme 1 .
romethane was stirred for 8 h, the cationic osmabenZ/mes PPhy Sivle Tph?’ Sng BFy
produced (Scheme 12 is presumably formed by protonation of CI\(‘)SQM: HBF/H,0 CI\OS//QMS
one of the chloride ligands followed by trapping the intermediate C|/| e sh 'H20/| — SiMes
with water present in the reaction medium. The structur2 lo&s PPhy 1 : .
been confirmed by X-ray diffractiohAs shown in Figure 1, the jHBF NaCl
complex contains an essentially planar six-membered metallacycle N
with a water molecule trans to the formally carbyne carbon. The PPhs
0s—C(1) (1.756(5) A) bond is slightly shorter than that (1.815(4) C0Z N
A) of 1 but is still longer than OsC bonds in complexes such as C,/{ =

OsHCL(E=CCHPh)(P(-Pr)), (1.711(4) A)® OsHCL(=CCH=
CPh)(PCy), (1.715(4) AP and OsCJ=CCH,CMes)(PPh),

PPhs 4 (73%)

(1.728(3) A)1° The Os-C(5) bond (2.016(5) A) is slightly longer TP'” Sitles PPRy
than that ofl (1.939(5) A) and is close to the ©€H bonds in C'\OSQMe excess Bry Br\CLGMe
osmabenzenes Os(C(SMe)CHCHC(X)CH)I(CO)BPEX = NO,, c/ﬂ SiMes Br/’ —<g
2.011(7) A; X= Br, 2.039(9) A)% The Os-C(1)-C(2) angle is PPhy 4 PPhy 5 (50%)

at 153.8(49, which is slightly larger than that of (148.7(3)).

The solid-state structure is fully supported by the solution NMR ppm. In thetH NMR spectrum, the three CH signals were observed

spectroscopic data and elemental analysis. The most relevantat 12.65 (d,J(HH) = 8.2 Hz, Os@®), 6.33 (d,J(HH) = 8.2 Hz

compound to2 is the cationic aquocarbyne osmium complex, OsCH=CH)‘ and 4.26 ppm,(%CéH). The =CCH signal ap’-

[OSCL(=CCsHaNMe,)(H0)(PPR);] ~.1* o peared in relatively high field, presumably because the CH group
When a mixture ofL and 6 equiv of HBE in dichloromethane is adjacent to the carbyne carbon.

was stirred for 20 h, the desilylated cationic osmabenzymeas The structure oft has also been determined by X-ray diffraction

produced. Isolate@ could also be slowly converted ® when (Figure 2)7 The structural features associated with the metallacycle

treated with excess of HBHIf the protonation reaction was carried are very similar to those df. Consistent with the structure, thie

out in the presence of NaCl and the resulting mixture was treated \\r spectrum showed three CH signals at 12.19 (95G.66
with water, the neutral desilylated osmabenzyrean be isolated (OSCH=CH), and 4.03 ppm (OsCd). In the 13C{'H} NMR
in 73%. Treatment of isolated with NaCl also gavel. spectrum, the five carbon signals of the metallacycle were observed

The structure of compleX@ can be inferred from its NMR at 302.2 (O=C), 212.4 (O€H), 175.9 CCHs), 125.2 (OsCH=
spectroscopy. Th&P{H} NMR spectrum (in CBCl,) showed a CH), and 107.6 ’(O§CCH) ppm’. ’

singlet at 10.5 ppm. Thé&*C{1H} NMR spectrum displayed the
Os=C signal at 309.3 ppm, the @8l signal at 210.3 ppm, the
CH signals at 125.2 and 107.7 ppm, and @@Hjs signal at 176.6

The reactions ol with HBF, to give 3 and4 are similar to the
reactions of GHsSiMe; with acidg? in that the MgSi groups of
the six-membered ring are replaced with hydrogens. Like the

* The Hong Kong University of Science and Technology. reactlons of @-|SS|M@. with acids, re.placement of the Vi groups
#The Hong Kong Polytechnic University. in the metallacycle with hydrogens in the protonation reactions most
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Selected bond distances [A]
and angles [°]:

0s(1)-C(1) 1.805(7)
0s(1)-C(5) 2.008(7)
C(1)-C(2) 1.363(9)
C(2)-C(3) 1.413(9)
C(3)-C(4) 1.405(9)
C(4)-C(5) 1.372(8)
C(1)-08(1-C(5) 79.8(3)
C(2)-C(11-0s(1) 148.3(6)
1)-C(2)-C(3) 114.9(6)
C()-C(2) 121.3(6)
C(4)-C(3) 123.5(6)
C(

(
&
&(
&
C( 5)-Os(1) 132.1(5)

4)-
5)
4)-

Selected bond distances [A]
and angles [°]:

0s(1)-C(1) 1.766(3)
0s(1)-C(5) 2.048(3)
C(1-C(2) 1.368(5)
C(2)-C(3) 1.391(5)
C(3)-C(4) 1.432(5)
C(4)-C(5) 1.352(5)
C(1)-0(1)-C(5) 78.95(14)
C(2)-C(1)-0s(1) 150.8(3)
C(1)-C(2)-C(3) 116.4(3)
C(2)-C(3)-C(4) 116.8(3)
C(5)-C(4)-C(3) 128.1(3)
C(4)-C(5)-0s(1) 128.9(3)

PH,
N | p SiH,
IHOSQMS
o | SiH,
PH,

Figure 4. The contour plots of the highest occupied molecular orbital.

substitution reactions only occurred at these carbons. The HOMO
also contains an Os(d) orbital and prbitals from the chloride
ligands. The observed protonation of one of the chloride ligands,
which leads to the water coordination thand 3, can be also
conveniently related to the electron density of the HOMO. The
protonation at the metal center does not occur, probably due to the
crowded coordination environment. The metaarbyner-bonding
molecular orbitals are located in energy below the chloride p lone
pair orbitals, suggesting the high stability of the metedrbyner
bonds toward the electrophiles.

In summary, we have demonstrated for the first time that
metallabenzynes can also undergo electrophilic substitution reac-
tions. The reactions allowed us to prepare new types of metalla-
benzynes. The reactions reported in the work are unusual, especially
when the reactivities of benzynes are considered. The reactivities
of benzynes are usually associated with thetriple bond.
Electrophilic substitutions reactions of benzynes, to our knowledge,
have not been demonstrated. We are now in the process of extending

the chemistry by using other reagents and metallabenzynes.

Figure 3. Molecular structure ob6.
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metallacycle. In principle, protons could also attack on the carbon
atoms of O€ or OLCH of the metallacycle. To test the possibility,
we have treated with CRSO;D in the presence of NaCl. The
reaction produced partially deuterated osmabendybe?D NMR
of the isolated product suggests that deuteria are only incorporated
at the 3,5-positions. The result indicates that the carbons &f Os
i i (1) Wen, T. B.; Zhou, Z. Y.; Jia, GAngew. Chem., Int. EQ001, 40, 1951.
or O_s(_:H were not attacked by the acid under the protonation (2) Roper, W. RAngew. Chem.. Int, Q001 40, 2440.
condition. (3) Bleeke, J. RChem. Re. 2001, 101, 1205. _
Complex1 readily reacts with bromine. TreatmentDbivith ca. ()] g:l% Rlckallrd, %dE-EF-; Eg%er,syg\)/- 7RE-,;0 \_N%Odgﬁl_te, SGD-F;)V_VEQhL IA?/?/EVIQ _
15 equiv of B rapidly produced the new osmabenzygias the T G ey ) s i open W R
predominant species. Thus, both thesBieand Cl in1 have been (5) For additional examples of recent work on metallabenzenes, see: (a) Wu,
H. P.; Lanza, S.; Weakley, T. J.; Haley, M. drganometallics2002
replac-ed by _Br' When a lesser amou.m of, Bras .use_d' a 21, 2824. (b) Jacob, V.; Weakley, T. J. R.; Haley, M. Ahgew. Chem.,
complicated mixture was produced, as indicated by the in situ NMR, Int. Ed. 2002 41, 3470. (c) Gilbertson, R. D.; Weakley, T. J. R.; Haley,

: ; : M. M. J. Am. Chem. S0d.999 121,2597. (d) Englert, U.; Podewils, F.;
probably due to partial displacements of thesBieand CI groups. Schiffers, I.; Salzer, AAngew Chem. Int. EA998 37, 2134. (e) Bleeke,
Reactions of ArSiMgwith bromine are known to give ArBr.13 J. R.; Behm, RJ. Am. Chem. Sod997 119 8503. (f) Bleeke, J. R.;

i i i Behm, R.; Xie, Y. F.; Chiang, M. Y.; Robinson, K. D.; Beatty, A. M.
Therefqre r_netallabenzynl? and A.rS|MQ_have sw_mlar chemlcal__ Organometallics1997 16, 606 and references therein,
properties in terms of their reactions with bromine. Electrophilic  (6) For recent work on benzynes in organic/organometallic synthesis, see for
tuti i example: (a) Retbgll, M.; Edwards, A. J.; Rae, A. D.; Willis, A. C,;
substitution areactlons of a metallabenzene have been reported by Bonnett. M A Wenger EJ. Am. Chem. Sow002 124 8348, (b)
Roper et aft Barluenga, J.; Famias, F. J.; Sanz, R.; Fefndez, Y.Chem Eur. J2002
Complex5 has been characterized by MS, NMR spectroscopy, 8, 2034. (c) Kraft, B. M.; Lachicotte, R. J.; Jones, W.@rganometallics
and elemental analysis. In particular, the FAB-MS displayed the
expected molecular ion peak @z = 1109.9; the’'P{'H} NMR
spectrum (in CBCl,) showed a singlet at4.0 ppm. The3C{'H}
NMR spectrum displayed the €€ signal at 288.7 ppm, the G$1 Chem. Soc1993 115 4683.
signal at 199.4 ppm, th€Br signals at 109.6 and 107.3 ppm, and \1"5‘53‘%%1”‘ Jung, S.; Webernder, B.; Wolf, J.Eur. J. Inorg. Chem.
the CCH; signal at 167.3 ppm. The structure has also been (10) wen, T. B.; Yang, S. Y.; Zhou, Z. Y.; Lin, Z.; Lau, C. P.; Jia, G.
o s (14) In the B3LYP calculations, Lan2dz was used for Os, P, and ClI, while
oselectivity can be related to the electron density of the HOMO. 6-31G was used for all other atoms. Polarization functions were added
As shown in Figure 4, the HOMO has significant contribution from for Cl (¢ = 0.514), P { = 0.34), and Si{ = 0.262).
the p, orbitals at these two positions. Thus, it is not surprising that JA029110R

Supporting Information Available: Experimental procedures and
characterization data (PDF). X-ray crystallographic files (CIF). This
material is available free of charge via the Internet at http:/pubs.acs.org.

References

~

2002 21, 727. (d) Johnson, W. T. G.; Cramer, C.JJAm. Chem. Soc.
2001 123 923. (e) Okuma, K.; Okada, A.; Koga, Y. Yokomori, ¥.
Am. Chem. So@001, 123, 7166.
(7) See Supporting Information for the details.
(8) Espuelas, J.; Esteruelas, M. A.; Lahoz, F. J.; Oro, L. A.; Ruiz].Mm.
confirmed by X-ray diffraction (Figure 3). (11) cc)Tginocr;n eéa_niégzrgggdlsg,’\? 737-' Pauptit, R. A.: Roper, W. R.; Waters, J
In both the protonation and bromination reactions, only the C3 M.; Wright, A. H. J. Orgnaomet. Chgnigg'a 244, 857’. o T
and C5 carbon atoms of the metallacyle were attacked by electro- (12) Eaborn, C.; Walton, D. R. M.; Young, D. J. Chem. Soc. (B)969 15.
philes. A preliminary computational stutlyshows that the regi- (13) Eaborn, CJ. Organomet. Chem 975 10Q 43.

J. AM. CHEM. SOC. = VOL. 125, NO. 4, 2003 885



