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Summary: The 16-electron complex TcCl(dppe)s reacts
with terminal alkynes to form neutral vinylidene com-
plexes of the type Te(=C=CHR)Cl(dppe); (R = Ph, Me,
t-Bu). Treatment of these vinylidene complexes with
acid (HBF 4 for R = Ph, HNMe3BPh, for R = t-Bu) yields
therespective terminal carbyne complexes Tc(=CCH3R)-
Cl(dppe)s* (R = Ph,t-Bu). Thesevinylideneand carbyne
compounds represent the first examples of technetium
carbenes or carbynes. X-ray structures of Tc(=C=
CHPh)Cl(dppe)z and Tc(=CCH,-t-Bu)Cl(dppe)s* were
determined, and the Tc—C bond lengths obtained were
1.861(9) and 1.724(7) A, respectively.

Transition-metal carbene! and carbyne? complexes can
be prepared by a number of routes, and as a result well-
characterized carbene and carbyne complexes are known
for almost all of the transition metals. A notable exception
to this is technetium. Until this report, no complexes
containing technetium—carbon multiple bonds had been
reported.l» Herein we report the synthesis and structures
of the first vinylidene and carbyne complexes of techne-
tium.

Recently we isolated and characterized a stable 16-
electron complex of Te(I), TcCl(dppe): (dppe = 1,2-bis-
(diphenylphosphino)ethane).? This compound is proving
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to have a rich chemistry, undergoing facile reactions with
a variety of small molecules. Reactions of TcCl(dppe);
with terminal alkynes proceed rapidly at room temper-
ature. For example, the addition of a 1 equiv of phenyl-
acetylene to a THF solution of T¢Cl(dppe); results in a
complete change in color of the solution, from green to
orange. The orange is due to the formation of the neutral
vinylidene complex Te(=C=CHPh)Cl(dppe)s.* The re-
action of TcCl(dppe); with terminal alkynes appears to be
quite general, in that both aryl and alkyl (methyl,’ tert-
butyl®) substituted alkynes react with TcCl(dppe)z togive
terminal vinylidene complexes in high yield (Scheme 1).
Also, the same products are obtained if an excess of the

(4) Te(=C==CHPh)Cl(dppe).: Phenylacetylene (5 mg, 0.05 mmol) was
added to a solution of TcCl(dppe); (50 mg, 0.05 mmol) in THF (5 mL).
The solution changed from green to orange within a few minutes. Addition
of hexane precipitated the product as an orange solid (54 mg, 98%). The
product can be further purified by recrystallization from THF/hexane.
IR (Nujol mull, em-!): 1572, 15640 (vomc). 'H NMR (CeDsCD3, 295 K):
6 6.0-7.8 (m, C¢Hjp, 45 H), 2.80 (m, CHPh, 1 H), 2.64 (m, PCH,, 4 H), 2.44
(m, PCH,, 4 H). 13C NMR (THF-ds, 295 K): § 281 (b, Te=C), 138.6-
120.6 (m, Ph (dppe + vinylidene)) 109.2 (s, C=CHPh), 30.0 (m, PCH,).
Anal. Caled for CeoHsCIPTc: C, 69.8; H, 5.27. Found: C, 70.01; H,
5.42.

(6) Te(=C=CHMe)Cl(dppe),: Propyne was bubbled through a so-
lution of Tc¢Cl(dppe), (50 mg, 0.05 mmol) in THF (5 mL) for 30 s, and
then the flask was sealed. The solution changed from green to orange-
yellow within a few minutes. Addition of hexane precipitated the product
as a yellow solid (43 mg, 83%). The product can be further purified by
recrystallization from THF/hexane. IR (Nujol mull, cm-!): 1582 (vomg).
tH NMR (C;sD5CDs, 295 K): § 7.4~7.0 (m, CeHj, 40 H), 2.63 (m, PCH,,
4 H), 2.60 (m, PCH,, 4 H), 1.82 (m, CH, 1 H), 0.48 (d, CHj, 3H, 3Jyy =
7.5 Hz). Anal. Caled for CssH;CIP, Te: C, 68.08; H, 5.4. Found: C,
68.37; H, 5.61.

(6) Te(=C=CH-t-Bu)Cl(dppe):: 3,3-Dimethylbutyne (4 mg, 0.05
mmol) was added to a solution of TcCl(dppe); (50 mg, 0.05 mmol) in THF
(5 mL). The solution changed from green to orange-red within a few
minutes. Addition of hexane precipitated the product as an orange solid
(51 mg, 94%). The product can be further purified by recrystallization
from THF/hexane. IR (Nujol mull, cm-1); 1576 (vomc). 'H NMR (CgDs-
CDs, 295 K): 67.5-6.9 (m, CeHj5, 40 H), 8.22 (m, CH, 1 H), 2.71 (m, PCH,,
4 H), 2.56 (m, PCH;, 4 H), 0.48 (s, t-Bu, 9H). 12)C NMR (THF-ds, 295
K): 6 223.6 (b, Te=C), 140.8 (m, Ph), 138.5 (m, Ph), 129.5 (s, C=CH-
t-Bu), 128.8 (m, Ph), 127.6 (m, Ph), 33.1 (s, CMejy), 31.0 (s, CCHy), 30.5
(m, PCHj). Anal. Caled for CsgHssCIPTc: C, 68.81; H, 5.77. Found:
C, 69.00; H, 5.87.
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Figure 1. ORTEP representation with 50% probability
ellipsoids (isotropically refined atoms are represented by
shaded (carbon) or open (hydrogen) circles) of Te-
(=C=CHPh)Cl{dppe):. Selected bond lengths (&) and
angles (deg) are as follows: Tc—C(5) = 1.861(9), C(5)-C(6) =
1.265(13), Te—-Cl = 2.573(8), Te—P(1) = 2.427(3), Tc-P(2) =
2.397(2), Te-P(3) = 2.423(3), Te-P(4) = 2.434(2); Cl-Tec-
C5) = 177.7(3), Te-C(5)-C(6) = 173.0(8), P(1)~Tc-C(5) =
92.4(3), P(2)-Te-C(5) = 82.0(2), P(3)-Te~C(5) = 20.7(2), P(4)-
Te-C(5) = 98.6(2).

alkyne is used in the reaction. No other products, such
as the n2-alkyne or hydride—acetylide complexes, could be
detected.

The spectroscopic data for the new complexes are
consistent with the presence of terminal vinylidene ligand.
The vo=c stretch is evident in the IR spectra in the region
1540-1582 ecm!. The most indicative piece of spectro-
scopic evidence is obtained using 13C NMR spectroscopy.
The a-carbon signals for Te(=C=CHPh)Cl(dppe); and
Te(=C=CH-t-Bu)Cl(dppe); are present as broad signals
at 281.0 and 223.6 ppm, respectively.

The vinylidene compounds described above represent
the first reported examples of technetium—carbene com-
plexes, and therefore, a single-crystal diffraction study of
Te(=C=CHPh)Cl(dppe), was undertaken.” The complex
Te(=C=CHPh)Cl(dppe); crystallizes from benzene/hex-
ane solutions as orange plates. The structure (shown in
Figure 1) is a distorted octahedron. The T¢-C(5) bond
length at 1.861(9) A is consistent with the assignment of
a Te=C double bond. The bond length between the a-
and S-carbon atoms (C(5)~C(8)) of the terminal vinylidene
ligand, at 1.265(13) A, is in agreement with a C==C double
bond, being within the range previously reported for such
unsaturated carbene ligands.!*® The analogous rhenium
complex Re(=C=CHPh)Cl(dppe); has also been char-

(7) Crystal data for Te(=C=HPh)Cl(dppe):1.5CsHg: orange plate;
M, = 1150.4; space group P1;a = 10.175(3) A; b = 12.807(3) A; ¢ = 22.735-
©) A, a = 96.09(3)°, 8 = 92.17(3)°, v = 107.80(2)°; V = 2797(1) A}, Z =
2; deate = 1.365 g/cm3; Siemens R3m/V diffractometer; 203 K; Mo Ka
radiation (A = 0.710 73 A); scan method 26-9; data collection range 4.0~
45.0°; total number of data measured 7844; number of independent
reflections 7319 (R = 11.37%); number of observed reflections 4522 (F
> 4.0c(F)). The structure was solved by direct methods and refined by
a full-matrix least-squares procedure to give final residuals of R = 0.0555
and R, = 0.0691; GOF = 1,10. From final difference Fourier maps, residual
electron densities of 0.91 and —0.45 ¢/A® were present.
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acterized by single-crystal diffraction,® and the Tc=C-
(carbene) bond is significantly shorter than the Re=C-
(carbene) bond (2.046(8) A). The Tc~C(5)-C(6) angle
(173.0(8)°) is also much more linear than the Re-C(5)-
C(6) (166(1)°) angle in Re(=C=CHPh)Cl(dppe)2.2

Treatment of a THF solution containing either of the
terminal vinylidene complexes Tc(=C=CHR)Cl(dppe);
(R = Ph,? t-Bu?9) with 1 equiv of acid (HBF for R = Ph,
HNMegBPhy for R = ¢-Bu) results in an instant loss of
color and the formation of the respective cationic carbyne
complex T'e(=CCH;R)Cl(dppe):* (R =Ph, t-Bu) (Scheme
2). The accompanying spectroscopic changes confirm the
presence of a terminal carbyne ligand. For example, the
ve=c band in the IR is no longer present. The 8-carbon
signals in the 13C NMR have shifted to higher field (Ph,
14.31 ppm; ¢-Bu, 29.0 ppm), consistent with their con-
version to CH; groups. The a-carbon for [Tc(=CCH,t-
Bu)Cl(dppe)2]BPh, has shifted to lower field (240.9 ppm).
Unfortunately, the a-carbon in the complex {Tc(=CCH5,-
Ph)Cl(dppe);]1BF4 could not be identified.!!

The compounds Te(=CCH;R)Cl(dppe)e* (R = Ph,
t-Bu) are the first examples of technetium—carbyne

(8) Pombeiro, A. J. L.; Almeida, S. S. P. R,; Silva, F. C. G.; Jeffrey, J.
C.; Richards, R. L. J. Chem. Soc., Dalton Trans. 1989, 2381-2387,

(9 [Te(=CCH,Ph)Cl(dppe)e] BF: Tc(=C==CHPh)Cl(dppe); (50mg,
0.048 mmol) was dissolved in THF (56 mL). HBF¢Et;O (0.048 mmol,
30% solution in Et20) was added to this solution dropwise. The solution
instantly changed from orange to colorless. Addition of hexane precip-
itated the product as a white solid (48 mg, 89%). The product can be
further purified by recrystallization from dichloromethane/hexane at ~40
°C. !H NMR (THF, 295 K): & 6.0-7.8 (m, CeH;, 45 H), 2.92 (m, PCH,,
4 H), 2.76 (m, PCH,, 4 H), 2.55 (m, CH3Ph, 2 H). 13C NMR (THF-d,,
295 K): 6 135-129 (m, Ph (dppe + vinylidene)), 30.5 (m, PCHy), 14.31
(8, C—CH,Ph). Anal. Caled for CeHgBCIF, P, Tc:CH,Cly: C, 60.79; H,
4.77. Found: C, 60.58; H, 4.41.

(10) [Te(=CCHy-t-Bu)Cl(dppe);]BPhy Tc(=C==CH-t-Bu)Cl(dppe);
(50 mg, 0.048 mmol) was dissolved in THF (5 mL), and a solution of THF
containing HNMegBPh, (18 mg, 0.048 mmol) was added. The solution
changed from orange-red to colorless. Addition of hexane precipitated
the product as a white solid (54 mg, 82%). The product can be further
purified by recrystallization from dichloromethane/hexane at -40 °C. 'H
NMR (CD,Cl,, 295 K): & 7.5-6.6 (m, CeHs, 60 H), 2.96 (m, PCH;, 4 H),
2.70 (m, PCH,, 4 H), 0.90 (m, CHa-¢-Bu, 2 H), ~0.02 (s, t-Bu, 9H). 13C
NMR (CD,Cl;, 285 K): § 240.9 (b, Tc==C), 164.8-162.0 (m, Ph), 136.3-
122.0 (m, Ph), 33.5 (s, CCHy), 20.4 (s, CCHj), 29.2 (m, CHy), 29.0 (s,
gH;(l;% zlx_lnal. Caled for CegHeBCIP, Te-CH4Cly: C,70.32;H,5.76.Found

, 70.16; H, 5.14,

(11) Identifying these resonances in the complexes described here
proved somewhat difficult. The a-carbon should appear as a quintet,
due to coupling to the four phosphorus atoms. This type of splitting
makes identification of the signal from the base line noise problematic.
The difficulty in obtaining a signal for the carbene carbon is further
complicated with these particular complexes by the ®/; spin of ¥Tc.




Communications

Figure 2. ORTEP representation with 50% probability
ellipsoids (isotropically refined atoms are represented by
shaded (carbon) or open (hydrogen) circles [BPh,]-has heen
omitted for clarity) of [Tc(=CCH,-t-Bu)Cl(dppe).]*. Se-
lected bond lengths (A) and angles (deg) are as follows: Tc-
C(5) = 1.724(7), C(5)-C(6) = 1.486(10), Tc-Cl(1) = 2.523(3),
Tc-P(1) = 2.538(3), Tc-P(2) = 2.487(3), Tc-P(3) = 2.453(3),
Tc-P(4) = 2.491(3); CI-Tc~C(5) = 175.9(3), Tc—C(5)-C(6) =
172.3(6), P(1)-Tc-C(5) = 94.9(8), P(2)-Tc-C(5) = 88.3(3),
P(3)-Tc~C(5) = 94.3(3), P(4)-Tc-C(5) = 94.5(8).

complexes, and therefore, a single-crystal diffraction study
of [Te(=CCHyt-Bu)Cl(dppe)2] BPhy was carried out.'2The
carbyne complex [Tc(=CCHg-¢-Bu)Cl(dppe);]BPhy crys-
tallizes as colorless cubes from a dichloromethane/hexane
solution at —40 °C. The structure is that of a distorted
octahedron. The Tc-C(5) distance of 1.724(7) A is
significantly shorter than the corresponding Te¢=C-
(carbene) bond in Tc(=C=CHPh)Cl(dppe); and is con-
sistent with the assignment of T'c-C(5) as a triple bond.
A closely related rhenium complex has also been reported
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({Re(=CCHs-t-Bu)F(dppe):]BF).12 A comparison of the
two structures reveals a significantly shorter T=C-
(carbyne) distance, with the Re==C(carbyne) bond length
being 1.772(7) A. However, this variance could be due to
the relative trans effects of the differing halide ligands.
However, the technetium-carbon bond lengths (T'¢=C-
(carbene) 1.861(9) A and T'c=C(carbyne) 1.724(7) &), do
not deviate significantly from the range of distances
observed for other transition metals.12

The formation of vinylidene complexes by the reaction
of terminal alkynes with TcCl(dppe): is much more facile
than the corresponding reactions with ReN,Cl(dppe),.8
This is probably a result of the availability of a vacant
coordination site on TcCl(dppe)s. The 16-electron com-
plex TcCl(dppe). is currently being examined with respect
to its reactivity toward other small molecules.
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(12) Crystal data for [Tc(=CCH,-t-Bu)Cl(dppe);1BPhCh,Cl;: col-
orless prism; M, = 1416.4; space group P2,/c; a = 18,853(14) A; b = 16.151-
(10) A; ¢ = 23.22(2) A, § = 99.38(6)°, V = 6977(8) A% Z = 4; dey = 1.348
g/cm3; Siemens R3m/V diffractometer; 203 K; Mo Ka radiation (A =
0.710 73 A); scan method 26~6; data collection range 4.0-40.0°; total
number of data measured 17 098; number of independent reflections 9176
(Rint = 8.156%); number of observed reflections 4887 (F > 6.0¢(F)). The
structure wassolved by direct methods and refined by a full-matrix least-
squares procedure to give final residuals of R = 0.0512 and R, = 0.0591;
GOF = 1.20. From final difference Fourier maps, residual electron
densities of 0.83 and —1.01 e/A3 were present.
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