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collected at room temperature. The intensities of three intensity
standards showed only minor fluctuations over the period of data
collection, Data were corrected for Lorentz and polarization effects
and empirically for absorption (y-scan method), and a total of
3142 data were used in the structure refinement.

Structure Solution and Refinement. The three osmium
atoms were located by direct methods (SHELXTL PLUS%),
Alternating cycles of least-squares full-matrix refinement followed
by difference Fourier synthesis located all the other non-hydrogen
atoms with a convergence to R = 0.0514 and R, = 0.0512 (see
Table III for weighting scheme). All non-hydrogen atoms were
refined anisotropically and, although the hydrogen atoms were
not located, those of the two ethyl groups were included in
idealized positions (C-H = 0.95 A) and with a common isotropic
temperature factor, U = 0.08 A2, in the final stages of refinement.
The hydrogen positions were finally fixed for the last cycle of
refinement. Atomic scattering factors used were those contained
in the SHELXTL PLUS package.?®

(23) Sheldrick, G. M. SHELXTL PLUS, an integrated system for
refining and displaying crystal structures from diffraction data, Univer-
sity of Géttingen, Gottingen, 19886,

(24) Adams, R. D.; Tanner, J. T. Organometallics 1988, 7, 2241.
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The reaction of stoichiometric amounts of LiPR, (R = Ph and m-tol) with the square-pyramidal complex
Ir(CH,)I[N(SiMe,CH,PPhy),] (1) generates the new terminal phosphide complexes Ir(CHg3)PR,y[N-
(SiMe,CH,PPh,),] (2a, R = Ph; 2b, R = m-tol). On the basis of solution spectroscopic data, the structure
is proposed to be intermediate between trigonal bipyramidal and square pyramidal. Although the geometry
at the phosphide phosphorus is ambiguous (pyramidal versus planar), the $P{!H} NMR chemical shift can
be interpreted as a result of a dynamic equilibrium between the two forms assisted by the lone pair on
the amide nitrogen of the ancillary tridentate ligand. The phosphide is nucleophilic and undergoes
intermolecular methylation with methyl iodide; the stereochemistry of the octahedral methylated material
is shown to be trans-CHs-I-mer-Ir(CH3) I(PPh,Me) [ N(SiMe,CH,PPh,),].

During the last 2 decades, interest in tertiary phosphine
complexes (L,M~PRj) of the transition metals has grown
tremendously, due in part to the observation that many
of these derivatives are catalyst precursors for such in-
dustrially important processes as hydrogenation, hydro-
formylation, and polymerization.! As a result, the number
of phosphine-containing complexes is now legion.?

In addition to the well-studied phosphines, ligands
having other valences of phosphorus are known but less
studied. These include metalated phosphoranes (L,M—
PR,),® phosphides (L,M—PR,),*?® and phosphinidenes

(1) Alyea, E. C.; Meek, D. W. Catalytic Aspects of Metal Phosphine
Complexes; Advances in Chemistry, 196; American Chemical Society:
Washington, DC, 1982.

(2) (a) Stelzer, O. Top. Phosphorus Chem. 1977, 9, 1. (b) McAuliffe,
C. A. In Comprehensive Coordination Chemistry; Wilkinson, G., Guil-
lard, R. D., McCleverty, J. A., Eds.; Pergamon Press: Oxford, 1987; Vol.
2, Chapter 14, p 989.

(3) Ebsworth, E. A. V,; Holloway, J. H.; Pilkington, N. J.; Rankin, D.
W. H. Angew. Chem., Int. Ed. Engl. 1984, 8, 630.

(4) Roddick, D. M.; Santarsiero, B. D.; Bercaw, J. E. J. Am. Chem.
Soc. 1985, 107, 4670.

(5) Buhro, W. E.; Zwick, B. D.; Georgiou, S.; Hutchinson, J. P.; Gla-
dysz, J. A. J. Am. Chem. Soc. 1988, 110, 2427 and references therein.

(6) Fryzuk, M. D.; Bhangu, K. J. Am. Chem. Soc. 1988, 103, 961.
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(L,M=PR).2*% Although mononuclear phosphorane and
phosphinidene complexes are still extremely rare, the

(7) Buhro, W. E,; Chisholm, M. H.; Folting, K.; Huffman, J. C. J. Am.
Chem. Soc. 1987, 109, 905.

(8) Bohle, D. S.; Roper, W. R. Organometallics 1986, 5, 1607.

(9) Bohle, D. S.; Jones, T. C.; Rickard, C. E. F.; Roper, W. R. Or-
ganometallics 1986, 5, 1612,

(10) Ebsworth, E. A. V.,; Gould, R. O.; McManus, N. T.; Pilkington,
N. J.; Rankin, D. W. H. J. Chem. Soc., Dalton Trans. 1984, 2561.

(11) Ebsworth, E. A. V.; McManus, N. T.; Rankin, D. W. H.; Whi-
telock, J. D. Angew. Chem., Int. Ed. Engl. 1981, 20, 801.

(12) Ebsworth, E. A. V.; Mayo, R. Angew. Chem., Int. Ed. Engl. 1985,
24, 68.

(13) Ebsworth, E. A. V.; Gould, R. O.; McManus, N. T.; Pilkington,
N. J.; Rankin, D. W. H. J. Chem. Soc., Chem. Commun. 1983, 484.

(14) Jorg, K.; Malisch, W.; Reich, W.; Meyer, A.; Schubert, U. Angew.
Chem., Int. Ed. Engl. 1986, 25, 92.

(15) Weber, L.; Meine, G.; Boese, R.; Augart, N. Organometallics 1987,
6, 2484,

(16) Malisch, W.; Alsmann, R. Angew. Chem., Int. Ed. Engl. 1976, 15,
769.

(17) Malisch, W.; Maisch, R.; Colquhoun, L. J.; MacFarlane, W. J.
Organomet. Chem. 1981, 220, C1.

(18) Baker, R. T.; Whitney, J. F.; Wreford, S. S. Organometallics 1983,
2, 1049.
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chemistry of transition-metal phosphides has become a
rapidly growing research area. A wide range of metals are
known to bind terminal phosphide ligands, but very few
examples of the group 9 metal iridium have been reported
in the literature.l®13 In this paper, we detail the synthesis
and characterization of the five-coordinate organoiridium-
(II1) diarylphosphide complexes of the formula Ir(CHy)-
PR,[N(SiMe,CH,PPh,),] (R = phenyl, m-tolyl).® Since
these complexes also contain the potentially basic amide
donor,’ it was of interest to compare its relative nucleo-
philicity to that of the phosphide donor.

Experimental Section

General Information. All manipulations were performed
under prepurified nitrogen in a Vacuum Atmospheres HE-553-2
glovebox equipped with a MO-40-2H purification system or in
standard Schlenk-type glassware. Iridium trichloride hydrate was
obtained on loan from Johnson Matthey and used directly in the
synthesis of [Ir(COE)yCl], (COE = cyclooctene).® The complexes
Ir(R)I[N(SiMe,CH,;PPh,),] (R = CHg, Ph, CH,Ph) were prepared
by published procedures.2”? LiPPh, and LiP(m-tol),® were
prepared by dropwise addition of n-butyllithium in hexane (1.6
M, Aldrich) to a hexane solution of HPPh, and HP(m-tol),,
respectively. After several washings with hexanes, the resultant
lemon-yellow powders were used directly in the synthesis of Ir-
(CH3)PPhy[N(SiMe,CH,PPh,),] and Ir(CH;)P(m-tol)y[N-
(siMechzpphz)g].

Toluene and hexanes were dried and deoxygenated by distil-
lation from sodium benzophenone ketyl under argon. Tetra-
hydrofuran (THF) was predried by refluxing over CaH, and then
distilled from sodium benzophenone ketyl under argon. *CH,l
(99.7 atom % 13C) and CD,l (98 atom % D) were obtained from
MSD and used as received. Deuterated benzene (C¢Dg, 99.6 atom
% D), purchased from MSD, was dried over activated 4-A mo-
lecular sieves, vacuum transferred, and degassed by freeze-
pump-thawing several times before being used.

Melting points were determined on a Mel-Temp apparatus in
sealed capillaries under nitrogen and are uncorrected. Carbon,
hydrogen, and nitrogen analyses were performed by Mr. P. Borda
of this department.

!H NMR spectra were recorded on a Bruker WH-400 spec-
trometer in C4Dg and were referenced to CgD;H at 7.15 ppm;
nuclear Overhauser effect (nOe) experiments were run on the
WH-400 by using standard pulse sequences on the Aspect 2000
computer. 3P{!H} NMR spectra were run at 121.4 MHz on a
Varian XL-300 spectrometer, and all 3P chemical shifts were
referenced to external P(OMe); set at 141.00 ppm relative to 85%
H;PO,.

Ir(CHy)PR,[N(SiMe,CH,PPh,),]: General Procedure. A
solution of LiPR, (R = phenyl, m-tolyl) in THF (5 mL) was added
dropwise while stirring to Ir(CH3)I[N(SiMe,CH,PPhy),] in toluene
(10 mL). The initially deep green solution immediately turned
dark purple. After being stirred for an hour, the solution was
filtered through Celite in order to remove Lil. The solvent was
removed in vacuo, and the resulting powder was crystallized from
toluene and hexane at ~30 °C which yielded dark purple crystals
of Ir(CH3)PR,[N(SiMe,CH,PPh,),].

Ir(CH;3)PPh,[N(SiMe,CH,PPh,),] (2a): Ir(CH;)I[N-
(SiMe,CH,PPhy),] (0.24 g, 0.28 mmol); LiPPh, (0.05 g, 0.31 mmol).
H NMR (CgDg, 400 MHz, 6): Si(CHj),, —0.13 (s), 0.68 (s); IrCHj,

(20) Rocklage, S. M.; Schrock, R. R.; Churchill, M. R.; Wasserman, H.
J. Organometallics, 1982, 1, 1332.

(21) Hitchcock, P. B.; Lappert, M. F.; Leung, W.-P. J. Chem. Soc.,
Chem. Commun. 1987, 1282.

(22) Cowley, A. H.; Barron, A. R. Acc. Chem. Res. 1988, 21, 81.

(23) Mathey, F. Angew. Chem., Int. Ed. Engl. 1987, 26, 275.

(24) Bohle, D. S.; Roper, W. R. J. Organomet. Chem. 1984, 273, C4.

(25) Huttner, G.; Muller, H. P.; Frank, A.; Lorenz, H. Angew Chem,
Int. Ed. Engl. 1975 14, 706.

(26) Van der Ent, A.; Onderlinden, A. L. Inorg. Synth. 1973, 14, 93.

(27) Fryzuk, M. D.; MacNeil, P. A; Rettig, S. J. Organometallics 1986,
5, 2469.

(28) Fryzuk, M. D.; MacNeil, P. A.; McManus, N. T. Organometallics
1987, 6, 882.

(29) Issleib, K.; Tzschach, A. Chem. Ber. 1959, 92, 1118.
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0.72 (q, ®Jp = 4.0 Hz); SiCH,P, 1.82 (dt, J,,, = 4.6 Hz, 2Jp =
12.0 Hz), 2.36 (dt, J,,, = 4.8 Hz); P(CgHy),, 7.10 (m, para/meta),
7.85 (m, ortho). 31P{‘H} NMR (C¢Dg, 121.421 MHz, §): CH,PPh,,
10.30 (d, %Jp = 34.8 Hz); IrPPh,, 105.65 (t). Anal. Calcd for
IrCgHoP3NSiy: C, 56.07; H, 5.36; N, 1.52. Found: C, 55.80; H,
5.35; N, 1.40.

Ir(CH,)P(m-tol),[N(SiMe,CH,PPh,),] (2b): Ir(CH3)I[N-
(SiMe,CH,PPhy),] (0.22 g, 0.25 mmol); LiP(m-tol), (0.05 g, 0.26
mmol). 'H NMR (C¢Dg, 400 MHz, 8): Si(CHg)s, —0.13 (s), 0.70
(s); IrCH, 0.75 (q, 3Jp = 4.0 Hz); SiCH,P, 1.75 (dt, J,,, = 4.6 Hz,
% em = 13.3 Hz), 2.36 (dt, Jupp, = 4.7 Hz); P(CeH;CH), 2.10 (s);
P(C¢Hj;)y, 7.11 (m, para/meta), 7.90 (m, ortho). 3'P{H} NMR
(CgDg, 109.31 MHz, external reference, P(OMe),, was set at +141.0
ppm, 8): CH,PPh,, 15.48 (d, 2Jp = 34.7 Hz); IrP(m-tol),, 117.84
(t). Anal. Caled for IrCsHs3PsNSiy: C, 56.94; H, 5.63; N, 1.48.
Found: C, 56.70; H, 5.62; N, 1.42.

Ir(CH;)I(PPh,Me)[N(SiMe,CH,PPh,),] (3). Method 1.
This preparation involved the vacuum transfer of an excess (at
least fivefold) of degassed CH;l at —10 °C to a toluene solution
(10 mL) of Ir(CH,) PPhy[N(SiMe,CH,PPh,),] (0.25 g, 0.27 mmol).
The solution was allowed to warm to room temperature, during
which time the original purple color changed to light yellow. After
the solution was stirred for 0.5 h, the solvent was removed in vacuo.
Recrystallization of the resultant powder from toluene yielded
yellow crystals. Yield: 0.21 g (75%). Anal. Caled for
IrCH;,NP3Si I /,CHg: C, 50.59; H, 5.01; N, 1.29. Found: C,
50.40; H, 5.08; N, 1.20. (The amount of C;Hg in the sample was
determined from its 'H NMR spectrum.) 'H NMR (CgDg, 400
MHez, 8): Si(CHjy)y, 0.52 (s), 0.75 (s); IrCHj,, 0.80 (q, %Jp = 5.3 Hz);
SiCH,P, 2.24 (dt, J,yp = 6.6 Hz, 2Jyy, = 14.7 Hz), 2.50 (dt, J,p,
= 6.3, HZ) PCHaPhg, 1.58 (d 2J]:h 10.6 HZ); P(CGHs)Q, 7.07 (m,
para/meta), 7.38, 8.50 (m, ortho). 3'P{!H} NMR (C¢Ds, 121.421
MHz, 8): CH,PPh,, -17.67 (d, 2Jp = 18.6 Hz); PCHgPh,, -36.60
(t).

Method 2. To a solution of Ir(PPhyMe) [N(SiMe,CH,PPh,),]
(0.05 g, 0.05 mmol) in toluene (5 mL) was vacuum transferred
excess (at least fivefold) degassed CH;l at =10 °C. The solution
was stirred for 0.5 h and the solvent removed in vacuo to give a
yellow oil. The addition of toluene/hexane resulted in yellow
crystals. Yield: 0.04 g (65%).

Ir(CH )I(PPh,Me)[N(SiMe,CH,PPh,),] (4). A toluene
solution (1 mL) of PPhoMe (0.01 g, 0.05 mmol) was added
dropwise to a solution (5 mL) of Ir(CH3)I[N(SiMe,CH,PPhy,),]
(0.04 g, 0.05 mmol) at room temperature. The original deep green
colour changed to light yellow. The solvent was removed in vacuo.
Recrystallization of the resultant powder from toluene yielded
vellow crystals. Yield: 0.04 g (70%). Anal. Calcd for
IrC,H;,NPSi I /,C;Hg: C, 50.59; H, 5.01; N, 1.29. Found: C,
50.68; H, 5.42; N, 1.17. 'H NMR (CGDG, 400 MHz, 5): Si(CHa)z,
0.46 (S) 0.75 (S) II‘CH3, 1.43 (dt JPCH Phy, = 20.0 Hz, JCHgPth
= 6.0 Hz); SiCH,P, 1.58 (dt, J,pp = 6.6 Hz, 2, = 13.3 Hz), 2.03
(dt, Jupp = 6.3 Hz); PCH3Ph,, 1.92 (d, 2Jp 6.7 Hz); P(CgHjy)s,
7.33 (m, para/meta), 7.80, 8.06 (m, ortho).

Ir(PPh,Me)[N(SiMe,CH,PPh,),]. A solution of PCH3Ph,
(0.01 g, 0.05 mmol) in toluene (2 mL) was added dropwise to a
toluene solution (5 mL) of Ir(n%-CgH,,) [N(SiMe,CH,PPh,),] (0.05
g, 0.06 mmol). After the solution was stirred for an hour, the
solvent was removed in vacuo. Yellow crystals were obtained upon
crystallization from hexanes. 'H NMR (CgDg, 400 MHz, §):
Sl(CH3)2, 0.18 (s); SiCH,P, 1.87 (t, Jypp = 5.3 Hz); PCH3Ph,, 1.37
(d, 2Jpy = 6.7 Hz); P(C4Hj),, 6.88 (m, para/meta), 7.65 (m, ortho).
31P{lH} NMR (C¢Dg, 121.421 MHz, §): CH,PPh,, 25.30 (d, 2Jp
= 22.8 Hz); PCH;Ph,, -1.79 (t). Anal. caled. for IrCsH 4P NSiy:
C, 56.07; H, 5.36; N, 1.52. Found: C, 55.80; H, 5.35; N, 1.40. Yield:
0.04 g (76%).

Results and Discussion

Ir(III) Phosphides. The iridium(III) methyl diary!-
phosphide complexes Ir(CH3)PR,[N(SiMe,CH,PPh,),]
(2a, R = phenyl; 2b, R = m-tolyl) were synthesized by
transmetalation of the previously reported?” square-py-
ramidal iridium (III) methyl iodide derivative Ir(CH4)I[N-
(SiMe,CH,PPh,),] (1) with stoichiometric amounts of the
corresponding lithium diarylphosphide. The reaction
proceeds within minutes at room temperature with a
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dramatic color change as the deep green color of the methyl
iodide derivative changes to dark purple of the phosphide
complex (eq 1). The visible spectra of these complexes
show a strong absorption band at 536 nm (e = 3.11 X 103
M em™), presumably due to a d—d transition, which is
characteristic of most five-coordinate d® molecules.?"3%-32

THF

P ol

(-Lil)

IF(CH,)I[N{SIMe,CH,PPh,)l  +  LiPR,

1
Ir(CH4)PR,IN(SiMe,CH,PPh,),] 1]

2a R=Ph
2b R =m-tol

The displacement of the iodide by the phosphide anion
is sensitive to steric crowding both at the iridium center
and at the phosphide itself. For example, bulkier phos-
phides such as LiPPri, or LiP(o-tol); do not react with the
methyl iodide complex 1; only starting materials are re-
covered. If the pheny! iodide Ir(Ph)I[N(SiMe,CH,PPhy),]
or the benzyl iodide Ir(CH,Ph)I[N(SiMe,CH,PPh,),]
complexes are employed with LiPPh,, again only starting
materials are observed even after extended reaction times.
Lithium phenylphosphide, LiPHPh, does react with the
methyl iodide complex 1, but a mixture of products is
obtained in which some of the expected product Ir-
(CH;)PHPh[N(SiMe,CH,PPh,),] can be detected by 3'P-
{'H} NMR spectroscopy; however, it is a minor component,
and we have been unable to isolate anything from this
reaction.

The 'H NMR spectra of the isolated diarylphosphide
complexes 2a and 2b are straightforward. An AB quartet
of virtual triplets® for the PCH,Si protons in the ligand
backbone and wide separation of the ortho and meta/para
protons of the phenyl region® are typical of a trans ori-
entation of the chelating phosphine donors. The Si(CHy),
resonances are observed as two sharp singlets of equal
intensity, indicating inequivalent environments above and
below the metal tridentate plane, exactly in line with
earlier work?” on five-coordinate complexes stabilized by
this ligand system. Again however, the 'H NMR spectral
data do not readily distinguish between the two basic ge-
ometries possible for a five-coordinate molecule: trigonal
bipyramidal (tbp) or square-pyramidal (sqp). For the
latter case, there is also uncertainity as to which ligand is
apical: methyl (sqpl), diarylphosphide (sqp2), or amide
(sqp3).

The 'H NMR spectral data easily rule out the sqp3
geometry, as the methyl ligand would be expected to be
strongly coupled to the trans phosphide and thus resonate
as a doublet of triplets (cis coupled to the two phosphines
of the ligand and a large coupling from the trans phos-
phide); in fact, the methyl ligand appears as an approxi-
mate quartet, indicating coupling to three cis-oriented
phosphorus-31 nuclei. To further distinguish between the
remaining stereoisomers, thp, sqpl, and sqp2, an nOe
difference experiment was conducted. Upon irradiation
of the downfield methylene proton (PCH,Si) resonance,
a small enhancement of the methyl (Ir-CH,) resonance is
observed. However, no enhancement of these methyl
protons occurs when the upfield methylene resonance is

(30) Siedle, A. R.; Newmark, R. A.; Pignolet, L. H. Organometallics
1984, 3, 855.

(31) Hoffman, P. R.; Caulton, K. G. J. Am. Chem. Soc. 1975, 97, 4221.

(32) Wasserman, H. J.; Kubas, G. J.; Ryan, R. R. J. Am. Chem. Soc.
1986, 108, 2294.

(33) Brooks, P. R.; Shaw, B. L.; J. Chem. Soc. A 1967, 1079.

(34) Moore, D. 8.; Robinson, S. D. Inorg. Chim. Acta 1981, 53, L171.
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irradiated. Therefore, the sqp2 stereochemistry in which
the methyl group is trans to the amide is eliminated since
no enhancement should be observed for this stereoisomer
regardless of which methylene resonance is irradiated.

Previous nOe difference type experiments?” for the
sqpl-type iridium(ITI) methyl bromide complex Ir(CHj)-
Br[N(SiMe,CH,PPh,),] show a fairly large enhancement
of the apical methyl protons (approximately 3 times that
observed for the methyl protons of 2a) when the appro-
priate methylene protons are irradiated; in comparison,®
the tbp-type iridium(III) dimethyl complex Ir(CHj),[N-
(SiMe,CH,PPh,),] displays no enhancement of the methyl
resonance on irradiating methylene protons. Thus, the
extent of enhancement® observed for the methyl protons
of the diarylphosphide complexes reported here suggests
these species possess a stereochemistry intermediate be-
tween the tbp and sqpl forms; for the purpose of this work
sqpl form is assumed (vide infra).

One further aspect of the stereochemistry must be ad-
dressed. As shown below, the geometry of the terminal
phosphide ligand itself in these complexes can either be
pyramidal (A) or planar (B). If the phosphide phosphorus

R

R

Ph, Ph,

P cH P cH,
Me,Si, | - . Me.Si_ |,

Ne=— |t —— P~ N=|r=—=Ps+

Me,S] I * Me,Si l

P P

Ph, Phy

A R B R

pyramidal planar

were pyramidal, as in A, it would have to be freely rotating
or locked in a symmetric conformation with respect to the
rest of the molecule to account for the observed symmetry
in solution. At low temperatures, no loss of symmetry is
observed by NMR spectroscopy. In the pyramidal geom-
etry, the iridium center is coordinatively unsaturated
(assuming no w-donation from the amido donor of the
tridentate ligand) and thus there exists the possibility that
a suitable empty orbital on the iridium can overlap with

(35) Fryzuk, M. D.; MacNeil, P. A,; Ball, R. G. J. Am. Chem. Soc.
1986, 108, 6414.

(36) (a) As a reviewer points out, the reduced nOe enhancement may
be a result of the lone pair on phosphorus affecting the dipole-dipole,
through-space relaxation of the methylene protons. However, the effect
of neighboring functional groups such as OMe, OH, or NMe,, all having
lone pairs of electrons, is apparently negligible.*® (b) Saunders, K. K;
Easton, J. W. In Determination of Organic Structures by Physical
Methods; Nachod, F. C., Zuckerman, J. J., Randall, E. W., Eds.; Academic
Press: New York, 1976; Vol. 6, p 271.
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the filled orbital on phosphorus to generate a planar,
multiply bonded phosphenium ligand as in B. This planar
geometry is also consistent with the solution spectroscopic
data. To distinguish these two geometries by 3'P{H} NMR
spectroscopy is not possible since the observed chemical
shifts of the phosphides 2a and 2b are in the range 105-120
ppm and is similar to that found®® for the zirconocene and
hafnocene diphenylphosphide complexes (n®-C;Hs;)M-
(PPhy), (M = Zr, Hf) which are proposed to be in dynamic
equilibrium between the two possible geometries (eq 2).

Ph
|, .
) /P— Ph fast TP
CpM /Ph = cpM ph [2]
\.‘P -==Ph lp'*'—- Ph
M = Zr, Hf Ph

An interesting possibility, suggested only by the similar
chemical shifts mentioned above, is that both the pyram-
idal and planar geometries are in dynamic equilibrium
assisted by the amide function as shown below (eq 3).

R R
Ph, Ph,
s S /e £Hs
MGZSE\ _I R4 L MeZSi\ l R4
*'/N=Ir P\—. ~— IN= |r ==P+ (3]
R 4
Me,S; | . Me,Si |
P P
Ph, Ph,
R R
2 (R =H, Me)

Although we have no direct structural or spectroscopic
evidence to support such an equilibrium, interconversion
between the two possible geometries should be facile given
the precedent!® of the metallocene derivatives above and
the coordinatively unsaturated nature?®’ of the iridium
center. As will be discussed in the next section, the
phosphide unit displays nucleophilic character which is
typical® of the pyramidal form but not inconsistent with
the proposed equilibrium.

Reaction of Ir(CH;)PPh,[N(SiMe,CH,PPh,),] (2a)
with Methyl Iodide. The complex Ir(CHg)PPhy[N-
(SiMe,CH,PPh,),] (2a) reacts instantaneously with methyl
iodide at room temperature as evidenced by the immediate
discharge of the intense purple of the phosphide complex
to produce a yellow solution. Workup affords an octahe-
dral iridium(III) methyldiphenylphosphine complex of the
formula Ir(CH3)I(PPh,Me)[N(SiMe,CH,PPh,),] (3) in
good isolated yield with no evidence of any other side
products (eq 4).

CHyl
IF(CHg)PPho[N(SiMe,CHPPh,)yl e
toluene
2a

_ ICHy)I(PPh,Me)[N(SiMe,CH,PPh,)] (4]
3
The 'H and 3'P{!H} NMR spectra of 3 show that it is

stereoisomerically pure. Once again, the presence of virtual
coupling for the methylene protons in the 'H NMR
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spectrum is consistent with trans phosphine donors of the
tridentate ligand, thereby establishing that the ligand is
bound in a meridional fashion in the octahedral geometry.
Thus, there are only three possible stereoisomers for the
structure of this complex in solution: ol, 02, and 03. The

Ph,
_ P Gy
Me.Si, | P
N=— | r— PPh,Me
4
Moz |
p
Ph,
o1
Phy Ph,
/TSP penave P PPhMe
Me,Si l e Me,Si I S
N ’, A .
N=— |1'=—CH, N— [r—
Me,Si | Me,Si |
P 5 _»p
Ph, Phy
02 03

1H NMR spectral data rule out the isomer 03, since the
methy! ligand would be expected to resonate as a doublet
of triplets for this stereochemistry because of a large trans
coupling to the PPhyMe ligand and a cis coupling to the
two phosphine donors of the tridentate ligand; in fact, it
is observed to be a four-line pattern. Interestingly, the
isomer 03 was unambiguously prepared by the straight-
forward addition of PPh,Me to the coordinatively unsat-
urated methyl iodide complex 1 (eq 5). The product is
isomerically pure and, as mentioned above, has the ex-
pected doublet of triplets for the methyl resonance
CJppnmen = 20.0 Hz, *Jcy,ppn,n = 6.0 Hz).

Ph,

Ph
/\ P s PPh Me
MegSi_ | MeSi_ |
N— |t==1 + PPhMe = Ne— [r— [5)
MGZSi/ / Me, Si/ /
Ph, Flzhz
1 03

A distinction between the isomers ol and 02 was ac-
complished via an independent experiment. Given that
the oxidative addition of alkyl halides proceeds kinetically
to generate trans adducts,’ the reaction between square-
planar complex Ir(PPh,Me)[N(SiMe,CH,PPh,),] should
result in the formation of isomer ol (eq 6). The 'H NMR
spectrum of the product obtained from this reaction was
identical with that of 3, which allowed assignment of
structure ol to 3.

;hz Phy
) X P ,CHa
Me,Si, l CH,l Me,Si l K
/N —— | r = PPh,Me —p- N=— | t—— PPhMe [6]
Me,Si | toluene MezS\/ |
P l P
Phy Ph,
3 = o1

In order to discover the source of the methyl group in
the methyldiphenylphosphine ligand for complex 3, the
analogous reaction with CD3l was carried out. The 'H
NMR spectrum for the product 3-d; did not show the
doublet at 1.58 ppm (in 3 2Jpy; = 10.6 Hz) as observed for
the PPh,Me ligand in the analogous reaction with CH,l;

(37) A related pyramidal to planar interconversion has been proposed®
to occur via Cl™ loss, again emphasizing the important relationship be-
tween coordinative unsaturation and the planar form.

(38) Collman, J. P.; Hegedus, L. S.; Norton, J. R.; Finke, R. G. Prin-
ciples and Applications of Organotransition Metal Chemistry; Univer-
sity Science Books: Mill Valley, CA, 1987, p 280.
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Scheme I
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furthermore, a broad peak centered at the same chemical
shift was detected in the ZH{!H} NMR spectrum, which is
obviously assigned to the coordinated PPh,CD; moiety.
This labeling experiment (Scheme I) shows that the re-
action of the phosphide complex 2a with CH,l or CD;l
involves intermolecular nucleophilic attack of the phos-
phide ligand with the electrophile and not prior reductive
elimination of the methyl and phosphide ligands followed
by oxidative addition.

One further aspect of this intermolecular methylation
of the phosphide ligand is the relationship between the
stereochemistry of the starting material 2a and the ob-

served, isomerically pure product 3. By assuming that the
stereochemistry of 2a is square pyramidal with the methyl
group apical (sqpl), then approach of the electrophile
CH;l to the open face (trans to the methyl) gives the
correct product stereochemistry as ol. This stereoselec-
tivity is by no means absolute proof of the stereochemistry
for 2a, but the simplicity of the mechanism and the lack
of other octahedral isomers for 3 make such a proposal
appealing.

Conclusions

The complexes Ir(CH3) PR,y[N(SiMe,CH,PPh,),] (R =
Ph and m-tol) contain two potentially basic ligands: the
disilylamide donor and the terminal diarylphosphide lig-
and. However, only the phosphide is nucleophilic toward
methyl iodide to stereoselectively generate an octahedral
complex, the structure of which can be related to the
proposed stereochemistry of the starting phosphide de-
rivative. Although the nucleophilicity of the phosphide
ligand is usually associated with a pyramidal geometry at
phosphorus, it is possible that the planar and pyramidal
geometries are in dynamic equilibrium assisted by the lone
pair® on the amide nitrogen.
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[(1R)-1-Acetamido-3-(methylthio)propyl]boronic acid (6), the boronic acid analogue of N-acetyl-L-
methionine, has been synthesized starting from (s)-pinanediol vinylboronate (1), and the structure of its
ethylene glycol ester (7) (a 1,3,2-dioxaborolane) has been determined by X-ray diffraction. Reaction of
1 with (dichloromethyl)lithium yielded the (chloroallyl)boronate 2, which was converted by lithiohexa-
methyldisilazane to the silylated amino derivative 3. Desilylation and acylation of 3 to (acetamido-
allyl)boronate 4 was followed by radical addition of methanethiol to form crystalline (s)-pinanediol
[(1R)-1-acetamido-3-(methylthio)propyl]boronate (5), which was unsatisfactory for an X-ray structure.
Cleavage with boron trichloride yielded the free boronic acid 6, which formed a crystalline ethylene glycol
ester 7. The X-ray structure shows that the oxygen atom of the acetamido group is coordinated to the
weakly acidic boron atom. The five-membered 1,3,2-dioxaborolane ring is nonplanar, in accord with the
chiral induction properties of 4,5-disubstituted 2-alkyl-1,3,2-dioxaborolanes in their reactions with (di-

halomethyl)lithiums.

a-Amino boronic acids have proved to be surprisingly
unstable, though they survive long enough to permit the
efficient synthesis of their stable N-acyl derivatives.!™
Some of these compounds have shown interesting prop-
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erties as serine protease inhibitors.125¢ As part of our
program of synthesizing boron analogues of common
acylated amino acids, we have prepared the N-acetyl-L-
methionine analogue 6. The ethylene glycol ester 7 has
provided a satisfactory crystal for an X-ray structure de-

(5) (a) Kettner, C. A.; Shenvi, A. B. J. Biol. Chem. 1984, 259, 15106-
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