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Phosphorus ylides A have been widely used in organic and
organometallic synthesis.! More recently, the synthetic potential
of boron methylidenide ions B has been demonstrated.? Theo-
reticians have been attracted by the unusual phosphorus—carbon?
and boron—carbon bonding# in such compounds. Numerous so-
called stabilized phosphorus ylides have been studied in which the
negative charge is delocalized into an organic,’ organometallic,
or heteroatomic’ framework. Only little attention has been devoted
to C-borylated phosphorus ylides C® although they are of special
interest: they can also be considered as C-phosphonio-substituted
borataalkenes D.
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We have recently reported that the stable [bis(diisopropyl-
amino)phosphanyl](trimethylsilyl)carbene 1 underwent formal
1,2-additions with a variety of electrophiles.” Thus a novel entry
to the intriguing species of type CD was obvious. Indeed, when
a toluene solution of 1 is treated with a stoichiometric amount
of dimesitylfluoroborane (2a)!° and trimethoxyborane (2b), at
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Figure 1. Molecular structure of 3a showing the atom-numbering
scheme. Pertinent bond lengths (pm), bond angles (deg), and dihedral
angles (deg) are as follows: B-C1 152.5 (4), P-C1 169.6 (2), Si—C1
187.2 (3), B-C14 162.9 (3), B-C5 161.5 (4), P-F 158.5 (1), P-N1 166.3
(2), P-N2165.5 (2); P-C1-Si 123.3 (1), P-C1-B 117.9 (2), Si-C1-B
118.8 (2), C1-B—C5 123.4 (2), C5-B—C14 114.6 (2), C1-B—C14 122.0
(2); C14-B-C1-P -147.9, C14-B—C1-Si 32.3, C5-B-C1-P 30.6, C5-
B-C1-Si -149.1, C1-B-C5-Cé6 72.4, C1-B-C5-C10 ~110.0, C1-B~
C14-C19 63.7, C1-B-C14-C15 -122.8.

room temperature, a quantitative reaction occurs leading to the
desired compounds 3a and 3b, respectively.!!
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Derivative 3b is obtained as a viscous, colorless oil, but 3a is
an air-stable solid that can be recrystallized from an aceto-
nitrile/ THF (1/1) solution, affording colorless crystals (mp 168
°C) suitable for an X-ray diffraction study.’* The molecular
structure of 3a is illustrated in Figure 1 along with the atom-
numbering scheme and the pertinent metric parameters. The
B-C1 bond length (152.5 (4) pm) is shorter than a usual bo-
ron—carbon single bond (158-162 pm), longer than a boron—carbon
double bond of, e.g., Mes,B==CH," (144.4 (7) pm, mean value)*
or of ‘BuB=C(SiMe;), (136.1 (5) pm)?* and similar to that
observed for 4 (152.2 (10) pm).2 Consequently, the P-C1 bond
length (169.6 pm) is longer than expected for a nonstabilized
phosphorus ylide with three electronegative substituents at
phosphorus. No structural data are available for phosphorus ylides
of the type (R,N),FP=CR’;, but a P-C,;,,. bond length of
163-164 pm can be estimated from the known structure of the
corresponding carbodiphosphorane. The angular sum at both
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C1 and boron atom is 360°. Despite the bulky substituents at
the B-C1 bond, the dihedral angle between the BC5C14 and the
C1SiP planes is only 31.5°, which is much smaller than that found
for Mes,B (50°)!% but comparable to the value observed for 4
(25.8°).% These results as a whole suggest that, in the solid state,
compound 3a has partial boron—carbon double bond character.
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In solution, a similar picture emerges from NMR spectrosco-
py.!¢ The !B chemical shift for 3a of +63.5 lies between the
shifts observed for MeBMes, (+82.0)!” and H,C=BMes,™ (+-
35.0).% Compared to the !'B NMR data of previously reported
C-borylated phosphorus ylides,® the "B nucleus in 3a is slightly
deshielded, probably due to the presence of bulky substituents at
the PCB skeleton. The '*C NMR signal for the C1 atom is
observed at +54.4, showing a strongly deshielded ylidic carbon
atom compared to those in nonstabilized phosphorus ylides (e.g.,
+7.3 in (iPr,N),PF=C(SiMe,),'¥). In the 'H and 1)C NMR
spectra of 3a, separate signals are observed for the two mesityl
groups. Even at 110 °C, rotation about the B-C1 bond is slow
relative to the NMR time scale, giving a rotation barrier AG* >
90 kJ mol™.1920 For the parent system 5, the planar conformation
has been calculated to be 120 kJ mol™! more stable than the
perpendicular one,?!:22

On the other hand, for 3b, the two methoxy groups at the boron
atom are equivalent even at —80 °C, and therefore, no rotational

(14) Fluck, E.; Neumiiller, B.; Braun, R.; Heckmann, G.; Simon, A,;
Borrmann, H. Z. 4norg. Allg. Chem. 1988, 567, 23. In (Me,N),FP=C=
PF(NMe,);: dpec = 159.8 pm, 160.4 pm. Usually the P==C bond lengths
in carbodiphosplioranes are about 3 pm shorter than in the corresponding
ylides; cf. Me,P==CH,/Me;P=C=PMe;: Ebsworth, E. A. V.; Rankin, D.
W. H.; Fraser, T. E. Chem. Ber. 1977, 110, 3494, Ebsworth, E. A. V.; Fraser,
T. E.; Rankin, D. W. H.; Gasser, O.; Schmidbaur, H. Chem. Ber. 1977, 110,
3508. PhyP=—CH,/Ph;P—=C=PPh;: Bart, J. C. J. J. Chem. Soc. B 1969,
350. Vincent, A. T.; Wheatley, P. J. J. Chem. Soc., Dalton Trans. 1972, 617.

(15) Blount, J. F.; Finochario, P.; Gust, D.; Mislow, K. J. Am. Chem. Soc.
Soc. 1973, 95, 7019.

(16) NMR data in C¢D at 25 °C, with chemical shifts ¢ relative to
external TMS ('H, 3C, #Si), BF;-OEt, (1'B), 85% phosphorus acid (*'P),
*J(*'PX) in parentheses and "J('*FX) in braces, in hertz, are as follows. 3a:
'H NMR (200 MHz) 6.76 (s), 6.70 (s) (each 2 H, aryl H), 4.04 (9.4) (d sept)
(4 H, NCH), 2.50 (s), 2.47 (5) (each 6 H, o-CH,), 2.17 (s) (6 H, p-CH)),
1.16 (d), 1.00 (d) (each 12 H, NC(CH3),), 0.23 (s) (9 H, Si(CH,),); ''B
NMR (96.3 MHz, C,Dy, 75 °C) 63.5 (v, = 410 Hz); '*C NMR (50.3 MHz)
147.3 (<4) (br), 146.1 (27.1) (br) (ipso C), 141.0, 139.8, (<1) (0-C), 136.0,
135.4 (p-C), 128.7, 128.3 (m-C), 54.4 (127.7) {<3} (br) (PC), 48.4 (5.5) {1.8}
(NC), 25.0, 24.7 (0-CH,), 24.7 (4.0) {1.4}, 24.5 (4.8) {1.1} (NCC), 21.2, 21.1
(f?-CH;), 4.8 (3.6) {1.8} (SiCH3;); ¥Si NMR (39.7 MHz) -10.9 (20.0) {0.7};
3P NMR (32.4 MHz) 72.9 {1006.9}. 3b: 'H NMR (200 MHz) 4.03 (12.3)
(d sept) (4 H, NCH), 3.63 (s) (6 H, B(OCH;),), 3.53 (11.9) (d) (3 H,
POCH;), 1.20 (d), 1.18 (d) (each 12 H, NC(CH3;),), 0.31 (0.3) (9 H, Si-
(CH;,);); "B NMR (25.7 MHz) 30.6 (v, = 290 Hz); “C NMR (50.3 MHz)
52.4 (48) (POC), 52.0 (BOC), 47.5 (6.8) (NC), 249 (.13, 24.2 (4.1) (NCC),
4.3 (4.7) (SiCHj,), BC not observed; 2Si NMR (15.9 MHz) ~12.4 (6.6); *'P
NMR (32.4 MHz) 69.2.

(17) Brown, N. M. D,; Davidson, F.; Wilson, J. W. J. Organomet. Chem.
1980, 185, 277.

(18) (a) lIgau, A.; Baceiredo, A.; Grittzmacher, H.; Pritzkow, H.; Bertrand,
G. J. Am. Chem. Soc. 1989, 111, 6853, See also: (b) Svara, J.; Fluck, E.
Phosphorus Sulfur 1988, 25, 129. See also ref 8c.

(19) Sandstrom, J. Dynamic NMR Spectroscopy; Academic Press: New
York, 1982,

(20) For AG* values of Mes,BCHR" and Mes,BNHR, see also Pelter, A ;
Singaram, B.; Williams, L.; Wilson, J. W. Tetrahedron Lett. 1983, 24, 623
and references within.

(21) Bestmann, H. J.; Kos, A. J.; Witzgall, K.; Schleyer, P. v. R. Chem.
Ber. 1986, 119, 1331.

(22) For the H,B=CH," anion, rotational barriers of 239 and 225 kJ mol"!
(refs 4 and 19, respectively) have been calculated.

barrier could be determined. At low temperature, the molecule
probably adopts a conformation with a perpendicular orientation
of the bonding planes of the boron and carbon atoms, meaning
that B-C w-interactions are negligible. In addition, the !B
chemical shift of +30.6 is almost identical with that of MeB-
(OMe),2* Obviously, the dimethoxyboron group cannot compete
with the o* orbital of the phosphorus moiety for the electron
density at the ylidic carbon atom.
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The C-H oxidative addition is one of the important processes
in catalytic reactions of transition-metal complexes.>* The Si-H
oxidative addition is also expected to be important in reactions
of various Si compounds with transition-metal complexes.*® In
this regard, knowledge of the factors determining the Si-H ox-
idative addition is fundamental to understanding reactions of Si
compounds with transition-metal complexes. However, a theo-
retical study of Si—H oxidative addition to transition metals has
not been reported, to our knowledge, while coordination of SiH,
and HSiCl; with CpMn(CO),® and «-H abstraction in Cp,Ti-
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