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Tungsten Tris(pyrazolyl)borate Cage Expansion by by deprotonation. In either case, the metedrbon multiple
Formal Insertion of an Alkylidyne Group into a bond would be expected to participate in a bond-forming step.
Tungsten—Nitrogen Bond The execution of this scheme did not result in alkylidyimaido

or —oxo coupling, but rather led to the insertion of an alkylidyne
group into the tungsten tris(pyrazolyl)borate cage. This trans-
formation is not only the first formal insertion of an alkylidyne
group into a metatnitrogen single bond, but also represents
the first case of a metal tris(pyrazolyl)borate cage expansion.
The failure of the imido and oxo ligands to undergo coupling
probably reflects the strength of the-WMl and W—0O multiple
bonds!?

Complexesl were prepared starting from tungsten hexacar-
bonyl via the bis(pyridine)-substituted tungsten alkylidyne
Receied February 12, 1996  complex [W(CPh)Br(CQO)py),].1® After introduction of the

tris(pyrazolyl)borate (Tp) ligand, the complex [W(CPh)(Tp)-
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Alkylidyne ligands undergo coupliigwith carbonyl? iso- (CO))** was treated with bromine (THF;78°C to rt) to afford
cyanide? and thiocarbonylligands. Furthermore, the formal [W(CPh)(Tp)Bg].6¢15.16 Treatment of this complex with pri-
coupling of two alkylidyne ligands has been demonstréatede mary amines in CbCl, or with water/silica in THF gave the
ease of coupling appears to increase as the mbgaind imido complexed.a—c and the oxo complekd as yellow solids
orbitals of the coupling partners decrease in energy and approachn 55-98% yield111” Attempts to deprotonate the complexes
the 7 level of the metatcarbon triple bond:° This trend 1 were not conclusive. Therefore, direct oxidation with bromine
prompted us to explore situations in which the metajand was investigated. Addition of bromine to a cole-{8 °C)

orbitals of potential coupling partners are at lower energies than solution of the oxo compled in CH,Cl, caused an immediate
metat-carbons bonds. This would be the case in alkylidyne disappearance of the brown-red color of bromine, followed by
imido and oxo metal systenisin the known alkylidyne ligand  a darkening of the reaction solution upon warming to room
coupling systems, the metal center features six méigdnd temperature. The imido complex&a—c behaved in a similar
electrons. Since alkylidyne imido or oxo metal systems possessway. In the reactions dfb,c, NEt; was added before warming
two additional electrons in the form of lone pairs located on to room temperature (in order to neutralize liberated HBr). After
the oxo or imido ligands, the establishment of the general
alkylidyne ligand coupling condition would require a two- (>
electron oxidation. In the search for systems stable enough to /

withstand such potentially harsh oxidizing conditions, we H\BINr_‘—N_> - H\T'NE/P“\
considered metal complexes containing tris(pyrazolyl)borate as N N@ Br; /B‘”-Ng
an ancillary ligand ligand. Tris(pyrazolyl)borate metal cages QN_W.L“__X / N\N—W“.."—X
have proven to be robust molecular anvils, supporting ligand Hel / (- HBY) = -
transformations under very demanding conditi®ri8. The tris- /C Br ’
(pyrazolyl)borate-substituted tungsten alkylidene oxo and imido o By B,
complexesl were chosen as the starting point for this stiily. a: X = NCMeg; b: X = N-1-adamantyl; c: X = NCgHaMe,-2,6; d: X = O

The oxidative activation of these complexes could be preceded
by deprotonation of the alkylidene ligand or might be followed removal of the solvent, the producks—d were isolated by
extraction and recrystallizatid. The proton NMR spectra of
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unit and tungsten, although the-¥ coupling constant of 163

Hz for 2b indicates that the interaction is not as strong as in a

typical metat-carbon triple bond. The spectroscopic data thus

suggest that the CPh fragment is connected to another group
i.e. has participated in a bond-forming step.

The solid state structuteof 2b (see Figure 1) revealed that
the net result of the reaction was the insertion of the CPh group
into one of the W-N bonds of the tungsten tris(pyrazolyl)-
borate cage. The strained nature of the tris(pyrazolyl)borate-
substituted alkylidene ligand gives rise to some unusual
geometric features. On the basis of electronic considerations,
the preferred orientation of the alkylidene ligand would be
parallel to the axis of the metahitrogen bond® However,
because the pyrazolyl group is firmly anchored to the boron
atom, this orientation cannot be attained. The dihedral angle
N(1)—W—-C(20)-C(21) of 15.3(6) may serve as a measure
for the enforced misalignment of the alkylidene ligand. The
pyrazolyl group is also prevented from connecting to the
alkylidene carbon atom in a regular trigonal fashion. The
W-—C(20)-N(7) angle is 135 15 larger than normait
Interestingly, this distortion is not accompanied by any adjust-

(17)1a H NMR (CD.Cl,) 6 10.46 (s, CHPh, 1H), 8.18, 8.06, 8.02 (d,
1H each, pz-B), 7.74, 7.72, 7.62 (d, 1H each, pAH7.36 (m, 2H, Ph-
H39), 7.21 (d, 2H, Ph-R9), 6.98 (t, 1H, Ph-H), 6.35, 6.29, 6.17 (m, 1H
each, pz-H), 4.5-3.5 (br, 1H, BH), 1.57 (s, C(Chk, 9H). Anal. Calcd
for WCxH2sBrN7B: C, 37.65; H, 3.95; Br, 12.52. Found: C, 37.43; H,
4.05; Br, 12.39.1b: 'H NMR (CDCls) 6 10.39 (s, 1H, CPh), 8.266.97
(pz, Ph), 4.5-3.5 (br, 1H, BH), 2.14 (s, 3H, adamantyl), 2.11 (s, 6H,
adamantyl), 1.63 (s, 6H, adamantyi¥C NMR (CDCk) 6 287.2 (CHPh).
Anal. Calcd for GeH3:BBrN/,W: 43.61; H, 4.61; H, 4.63; Br, 11.16.
Found: C, 43.46; H, 4.17; Br, 11.0lc. 'H NMR (CD,Clp) 6 11.33 (s,
1H, CHPh), 8.63-6.16 (pz, Ph, gH,Mes), 4.5-3.5 (br, 1H, BH), 2.37 (s,
3H, p-CHs), 2.01 (s, 6Hp-CHg); 13C NMR (CD.Cl,) 6 281.3 Qwc = 143.7
Hz, CHPh). Anal. Calcd for &H>BBrN;W: C, 42.89; H, 3.89; Br, 11.41.
Found: C, 42.63; H, 4.06; Br, 11.171d: *H NMR (CD.Cly) 6 11.04 (s,
1H, CHPh), 8.36, 8.35 (d, 1H each, pAH7.86 (d, 2H, pz-A%), 7.80,
7.72 (d, 1H each, pz-#®, 7.60 (m, 2H, Ph-B9), 7.49 (d, 2H, Ph-R9),
6.97 (m, 1H, Ph-¥), 6.42, 6.32, 6.28 (m, 1H each, pAH3C NMR (CD,-
Cly) 0 294.0 Qwc = 150.5 Hz, CHPh). Anal. Calcd for WeH16
BrONgB: C, 32.97; H, 2.77; Br, 13.71. Found: C, 32.99; H, 2.93; Br,
13.61.

(18)2a: Extraction and recrystallization with ether, yellow crystals, 18%.
IH NMR (CDCls) ¢ 8.81, 8.07, 7.92 (d, 1H each, pA)}{7.86, 7.62, 6.70
(d, 1H each, pz-f, 6.45, 6.39, 6.38 (m, 1H each, pAH7.35 (m, 2H,
Ph-H-3,5), 7.14 (m, 3H, Ph44.9, 4.5-3.5 (br, 1H, BH), 1.16 (s, 9H,
C(CH)3); 13C NMR (CDCk) 6 252.5 (WC). Anal. Calcd for WegH4-
BroN7B: C, 33.51; H, 3.37; Br, 22.29. Found: C, 33.60; H, 3.27; Br, 23.54.
2b: Extraction and recrystallization with ether, yellow crystals, 64%.
NMR (CD.Cl,) 6 8.57, 7.98, 7.87 (d, 1H each, pA}i7.80, 7.59, 6.60 (d,
1H each, pz-8), 6.37, 6.30, 6.18 (m, 1H each, pAH7.26 (m, 2H, Ph-
H39), 7.04 (m, 3H, Ph-A*9, 5.0-4.0 (br, 1H, BH), 1.88 (m, 9H,
adamantyl), 1.40 (s, 6H, adamantjC NMR (CD,Cl,) 6 253.5 Qwc =
162.8, WC). 2c. THF solution, extraction and recrystallization with &H
Cl,, yellow crystals, low isolated yield*H NMR (CD.Cl,) ¢ 8.68, 8.03,
7.99, 7.64, 7.06, 7.03, 6.88, 6.86, 6.83, 6.81, 6.80, 6.53, 6.35, 6.24 (pz, Ph,
CgHy), 5.0-4.0 (br, 1H, BH), 3.10, 2.30, 1.11 (3H each, §HC NMR
(CD4Cly, 300 MHz)¢ 259.5 (WC). Anal. Calcd for WegH6BroN7B: C,
38.55; H, 3.36; Br, 20.51. Found: C, 38.44; H, 3.18; Br, 20.38!:
Extraction and recrystallization with ether/acetone, red crystals, 35%6.
NMR (acetoneds) 6 8.45, 8.35, 8.31 (d, 1H each, pA}8.24, 7.86, 7.31
(d, 1H each, pz-f, 6.82, 6.64, 6.26 (m, 1H each, pAH7.41 (m, 2H,
Ph-H9), 7.06 (m, 3H, Ph-”A*9, 4.5-3.5 (br, 1H, BH). Anal. Calcd for
WCi6H1sBro,ONgB: C, 29.04; H, 2.59; Br, 24.15. Found: C, 30.46; H,
3.00; Br, 23.91.

(19) Crystals of the compositia®b-CH3CN were grown from acetoni-
trile. The acetonitrile of crystallization is not shown in Figure 1aeH3oN7-
BBraW-CH3CN, FW = 836.09 Py(sar, @ = 13.077(7) Ab = 13.342(4) A,
¢ = 10.221(6) A o = 112.45(2}, f = 108.77(3), y = 84.72(3), V =
1881.0(4) &, Z = 2, (Mo Ko) = 63 500 cnt?, 5924 unique reflections,
0° < 26 < 56°, R=0.048,R, = 0.056. All intensity measurements were
made at room temperature, using graphite-monochromated dviadiation
(A = 0.71069 A) and a variable-ratey;—26 scan technique. Empirical
absorption corrections were applied. The structures were solved by
conventional heavy-atom methods and refined by full-matrix least squares.
All calculations were performed using the TEXRAY programs.
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Figure 1. Molecular structure o2b. Selected bond distances (A) and
bond angles (deg): WBr(1) 2.713(1), W-Br(2) 2.539(2), W-C(20)
2.067(8), W-N(1) 1.700(7), W-N(2) 2.266(6), W-N(4) 2.094(6),
C(1)—N(1) 1.455(9), C(20yC(21) 1.48(1), C(26yN(7) 1.450(9); Br-
(1)-W—C(20) 170.1(2), Br(LlyW—N(1) 82.5(2), Br(2}W—C(20)
98.4(2), Br(2-W—N(1) 95.7(2), Br(2x>W—N(4) 164.1(2), C(20y
W-—N(1) 98.0(3), C(20-W—N(2) 90.0(3), C(20)W—N(4) 88.0(3),
N(1)-W-N(2) 171.9(3), N(1)W—N(4) 97.8(3), W-C(20)-C(21)
120.3(5), W-C(20)—N(7) 135.2(5), W-N(1)—C(1) 172.1(6), C(2Ly
C(20)-N(7) 104.2(6).

ment of the W-C(20)-C(21) angle (129). The N(7)-C(20)
C(21) angle is squeezed to a mere L0 his is in marked
contrast to the distortions of alkylidene ligands induced by
agostic interaction® In those cases, the<€R group of a CHR
ligand “follows” the C—H group, leaving the HC—R angle

at about 120,

In conclusion, attempts to achieve alkylidyrienido or —oxo
coupling resulted in the formal insertion of an alkylidyne group
into one of the W-N single bonds of a tungsten tris(pyrazolyl)-
borate cage. It can be expected that similar insertion reactions
of alkylidyne ligands will occur with othes-bonded ligand$3
This work also shows that tris(pyrazolyl)borate ligands may not
be quite as innocent as is generally assumed. Under the proper
conditions, especially in high oxidation state systems, the
pyrazolyl-metal bonds appear to be able to participate easily
in chemical transformations.
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