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Distinct Modes of Si-H Binding to Rh in Complexes of a Phosphine-
Diarylamido-Silane (SiNP) Pincer Ligand

A. Rain Talosig?, Mario N. Cosio?, Benjamin Morse?, Vinh T. Nguyen®, Alex J. Kosanovich®,

www.rsc.org/

Ozerovb*

Christopher J. Pell®, Chun Li?, Nattamai Bhuvanesh®, Jia Zhou*, Anna S. Larsen?*, and Oleg. V.

Syntheses of Rh complexes of the phosphine-amido-silane SiNP ligand are reported. The reaction of the parent (SiNP)H
ligand (4) with 0.5 equiv. [(COE)RhCI], (COE = cis-cyclooctene) in the presence of NaN(SiME;), resulted in the formation of
(SiNP)Rh(COE) (5). Compound 5 was converted to a series of (SINP)Rh(P(OR);) complexes 6-10 (R = Ph, 'Pr, "Bu, Et, or Me)
by treatment with the corresponding phosphite. NMR and XRD structural data, as well as the DFT computational analysis

indicate that compounds 5-10 are divided into two structural types (A and B), differing in the nature of the interaction of

the Si-H bond of the SiNP ligand with Rh.

Introduction.

The fundamental aspects of an interaction between a
silicon-hydrogen bond and a transition metal center have
attracted considerable attention as one of the key examples of
the dichotomy between a classical silyl/hydride structure and a
non-classical Si-H o-complex (Figure 1).13 The interest in these
species is especially strong owing to their relevance to catalytic
hydrosilylation*® and C-H silylation reactions.” Our group has
been interested in the use of an Si-H functionality as a
component of polydentate, pincer-type®® ligands. While the Si-
H containing precursors have been used to construct complexes
of silyl-containing polydentate ligands,%'% the use of a silane
site (Si-H) in polydentate ligand design is not common.

Several years ago, we disclosed that Ir complexes supported
by the SiNN ligands are capable catalysts for dehydrogenative
borylation of terminal alkynes (Figure 1).12 We analysed how
the Si-H side arm in the Ir'3 and Rh!* complexes of the SiNN
ligand (e.g., 1 and 2) can modulate between a c-complex and a
silyl/hydride structure, ostensibly facilitating lower-barrier
reactions at the catalytically active Ir center.’®> We were
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interested in examining an analogous situation where the Si-H
unit would maintain a o-complex structural motif. We selected
the SiNP ligand® and decided to pair it up with monovalent Rh
carrying an additional phosphite ligand (Scheme 1). The SiNP
ligand is derived from the widely studied PNP ligand,'718 such
as in compound 3 (Figure 1),1° via formal replacement of a -P'Pr,
arm with an -SiH'Pr, arm. This combination offered more NMR
spectroscopic information that the previously studied
(SiNN)Ir/Rh systems and we also surmised that a monovalent Rh
center may not completely rupture the Si-H bond.

H H
~
| >m v Sy
R3Si
R3Si
Si-H o-complex Classical silyl/hydride
Pf /Pr
§ |3 P’Prz S:I—-H
L H |
N—MZ N- Rh—TBE N-Rh—|
, ~COE |
N P‘Prz PiPr,
A\
previous work this work
(SINN)M(COE) (PNP)RN(TBE) (SINP)Rh(L)
M=Rh,1;,M=1r, 2 3 L = COE, P(OR)3

TBE = H,C=CH'Bu

Figure 1. Top: the two extremes of a continuum of interactions of an RsSi-H bond with a
transition metal. Bottom: the previously reported complexes of the SiNN and PNP pincer
ligands, along with the SiNP complexes studies in this work.

COE = cyclooctene
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We set out to examine a series of comparable complexes;
however, instead of a single gradual trend in the spectroscopic
properties, we were faced with an apparent bifurcation of the
series into two distinct types. The present report details our
analysis of this situation that suggests two distinct modes of
binding of the Si-H unit in the SiNP pincer complexes.

Results and Discussion.

Synthesis and Spectroscopic Characterization

Treatment of (SiNP)H (1) with NaN(SiMe3s),, followed by a
reaction with 0.5 equiv of [(COE),RhCl], in fluorobenzene led to
the formation of a dark red solution along with the presumed
precipitate of NaCl. (SiNP)Rh(COE) (5) was isolated after
filtration and workup in 50% vyield as a bright-orange solid.
Compound 5 gave rise to Ci;-symmetric 'H and 3C{*H} NMR
spectra, and a lone doublet 31P{*H} NMR resonance. The Jpgn
value in this compound (193 Hz) is considerably higher than in
the analogous 3 (135 and 145 Hz), suggesting that the SiH donor
site trans to P in 5 is exerting weaker trans-influence than a
phosphine donor in 3. The SiH hydride in 5 resonated at § -5.32
ppm as a doublet of doublets with satellites from additional
coupling to 2°Si (Jrh.y = 37 Hz, Zpyy = 19 Hz, Yy = 110 Hz).

Pr /Pr Pr JPr
Si=-H Si==H
1) NaN(SiMe3), | +P(OR)3

/ 1
NH —_—— 2 N—N—COE N—I\i/I—P(OR)3

'Pl'\ /Pr
Simy

2) '/, [(COE),RhCI], | -COE
@’P’sz QP'PQ PiPr,
(SiNP)H,4  COE = cis-cyclooctene  (SiNP)Rh(COE), 5 R=Ph, 6
R="Pr, 7
R="Bu, 8
R=Et9
R = Me, 10

Scheme 1. Synthesis of (SINP)Rh complexes 5-10.

In a series of reactions, NMR tube solutions of 5 in C¢Dg were
treated with various phosphites in a 1:1 ratio. These reactions
resulted in the displacement of free COE and the formation of
phosphite adducts 6-10. They were identified based on the
presence (in each case) of two 3'P{'H} NMR resonances of equal
intensity coupled to each other (and to 193Rh), as a well as a
single hydride resonance displaying the diagnostic ddd
multiplicity from coupling to two different 3!P nuclei and a 1°3Rh
nucleus, with additional satellites from coupling to 2°Si.
Compounds 6-10 proved to be unstable on the timescale of
experimental handling at ambient temperature, generating
new unidentified compounds in solution. However, this
degradation did not generate new hydride resonances.

This journal is © The Royal Society of Chemistry 20xx

Table 1. Summary of selected NMR data for compounds 6-10.
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#, 6, 3P 6, H 6, 2°Si Yenwr Yo Yo, Ysing
Type, NMRP NMRe NMR¢ Hz Hze Hzf Hz
Oa
5(A) 64.0 -5.32 14.7 19 - 37 110
(193, -)
6 (A) 67.7 -4.63 25.1 19 22 36 91
121 (171, 46)
7 (A) 66.0 -4.64 21.2 19 21 35 93
114 | (180, 45)
8 (B) 55.6 702 321 23 23 48 76
110 (152, 46)
9 (B) 54.9 -7.24 32.0 20 26 48 76
109 (159, 42)
10 (B) 54.7 -7.45 33.3 22 26 48 73
107 | (150, 44)

3 Numbers in italic underneath compound numbers are Tolman’s cone angle
values;2° the value for P(OCH,CH,Cl); used for P(OBu")s.? 3P NMR chemical shift for
the SiNP phosphorus, in ppm, and values in Hz for Yz, and 2Jp.p. € 'H NMR chemical
shift for the Si-H, in ppm. 929Sj shifts obtained from [H-2°Si] HSQC NMR analysis.c P’
refers to the phosphorus in P(OR)s. fP refers to the SiNP phosphorus.

Table 1 summarizes the relevant NMR data for 6-10.
Surprisingly, the series of phosphites complexes appears to be
splitinto two groups: Type A (6 and 7) with the hydride chemical
shift around -4.6 ppm and Type B with the hydride chemical
shifts at around -7.0...-7.5 ppm (8-10). On the balance of the
data, 5 fits with the Type A phosphite adducts. The Js.y values
for both types are consistent with substantial residual Si-H
bonding, i.e., an Si-H o-complex, not a silyl/hydride structure.3
The parent ligand 4 possesses a Jsi.y; = 183 Hz.'® The Js;.4 values
are larger for Type A, suggesting greater disruption of the Si-H
bond vs Type B. The Js;.yy value for 5 can be compared with that
for the SiNN analog 1 (51 Hz), based on which it appears that
the Si-H bond in 1 is disrupted to a more significant degree. This
may be related to the lesser trans-influence of N (in 1) vs P (in
5) trans to Si-H permitting a closer Type B interaction. The 3P
and 2°Si NMR chemical shifts also approximately cluster into
two groups for Type A or B.

Cooling a sample of 5 in toluene-ds to -65 °C resulted in a
modest change in chemical shift from -5.3 to ca. -5.7 ppm for
the now slightly broadened Si-H resonance. While this could be
owing to a temperature-dependent rapid equilibrium between
type A and B conformers shifting towards a higher Type B
proportion, the magnitude of the change is small and may
simply reflect a temperature dependence of the chemical shift
for Type A. Analysis of solutions of 6-10 by IR spectroscopy did
not prove informative in distinguishing Type A and Type B
forms.

Complexes of P(OPh); (6) and P(O'Pr3) (7) are both of type A,
yet there is more electronic difference between them than
between the trialkylphosphites found in type B (8-10) and
P(OPr3) (7). We tentatively conclude that the difference
between the two types has a steric origin; with only the smallest
tris(n-alkoxy)-substituted phosphites permitting Type B
(Tolman cone angle values?® given in Table 1).

J. Name., 2013, 00, 1-3 | 2
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XRD and DFT structural studies

We were able to obtain single crystals of 6 and 10, whose solid-
state structures were determined by X-ray diffractometry
(Figure 2). Both can be viewed as having a square-planar
geometry about the Rh center, with the same donor sites.
Nonetheless, there is an easily discernible difference between
the orientation of the -SiiPr,H group in the two structures. In
the structure of 6, the hydrogen atom of Si-H is only 0.08(5) A
removed from the plane defined by the Si/Rh/P’ atoms,
whereas in 10, the Si-bound H atom is removed from that plane
by 0.88(4) A. The Si-H vector in 6 is essentially in the same plane
as the N/P/P’/Rh atoms, but in 10 it is nearly perpendicular. In
addition, there is a dramatic difference in the Rh-Si distances
(ca.2.45Ain 10 and ca. 2.79 Ain 6). It could also be noted that
the Rh-P bond in 10 is ca. 0.04 A longer than in 6. This is
consistent with the smaller g, value in 10 and Type B
compounds in general.

PRIRYS Ny
N) 2104(3}@R|-. p'ﬁ

» ﬁ/ 2.1646(9)

¢ :ﬁu @J

P L]

) e

i - si 1550 @
22618(9) \ d(Rh-Si) = 2.7883(10) 2aunsr) & i
& dRh-H)  d(SiH) e
P =1532) =15302) pr 24547(12) .

Figure 2. ORTEP drawings (50% probability ellipsoids) of 6 (left) and 10 (right). Selected
atom labelling is shown (except for C = green and O = red). The hydrogen atoms except
for SiH are omitted for clarity in the top view and only one of the two crystallographically
independent molecules of 10 is shown. The bottom view shows only the immediate
coordination sphere about Rh in 6 and 10.

In order to better understand the structural distinction
between Type A and Type B, we turned to the DFT methods (see
ESI for method description). Optimization of the structures 6
resulted in a structure that qualitatively resembles the XRD
structure in that the SiH unit is “in-plane” and the Si atom is
relatively distant from Rh. Optimization of 5 and 10 also led to
what we view as type A structures: “in-plane” Si-H and a long
Rh-Si distance. This was in contrast to the XRD structure of 10,
which we classify as type B. It is likely that the difference in
energy between Type A and B structures is small and DFT
optimization may not capture this difference correctly. To
obtain a computed type B structure, we performed the
optimization of 10 while restricting the positions of Rh/H/Si to
where they were found in the XRD determination. Not
surprisingly, this resulted in a conformation of the SiNP ligand
that is quite similar to that found in the X-ray structure of 10.
The Rh-P distance in 10-B was not restricted and was calculated
to be longer than in the DFT-optimized structures 6-A and 10-A.
This trend in the DFT-calculated structures qualitatively

This journal is © The Royal Society of Chemistry 20xx
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matches the comparison in the X-ray structures of 6 (type A,
shorter Rh-P) and 10 (type B, longer Rh-P). The hydride *H NMR
chemical shifts in the structures of 5-A, 6-A, 10-A, and 10-B
were calculated (Figure 3). The distinct value for 10-B
corroborates the experimental dichotomy between Type A and
Type B *H NMR chemical shifts for the SiH (Table 1). Notably,
the Rh-Si distance in 10-B is similar, but slightly longer than that
in 1 (ca. 2.38 A), while the calculated Rh-Si distance in 5-A is
much longer.

) -454 ppm ) .126 ppm S -4ﬂz4 ppm 5 -9.08 ppm
1.538 1.
1/ TS ELSARY H2g, H-.680
PGS 179/ ,,qu,g) 1'7&7 B 1%) 1583/ u‘f’sq
2 22 4
COE—RHh N~ (PhO) 3P—Rh (MeO), 3P Rh—N (MeQ)sP—Rh N

5-A 6-A 10-A 10-B
Figure 3. Key interatomic distances and *H NMR chemical shifts for SiH in the DFT-
calculated structures of 5-A, 6-A, 10-A, and 10-B. The atoms whose positions were
restricted in the optimization of 10-B are shown in red.

All in all, type B can be viewed as a structure that is best
described as an Si-H o-complex, with a relatively close approach
of Si to Rh. In contrast, type A can be viewed as a structure
without a close approach between Rh and Si, where the hydride
bridges these two atoms. The type B interaction between Rh
and SiH appears to be “tighter” as evidenced by the more
negative 'H NMR chemical shift and by the greater trans-
influence on the P donor trans to SiH. Since the Type B
interaction brings Si (and its 'Pr substituents) closer to Rh, it
makes sense that Type B is experimentally disfavoured by
bulkier phosphites.

Conclusions

In conclusion, we have synthesized a series of square-
planar, monovalent complexes (SiNP)Rh-L (5-10) supported by
the SiNP pincer ligand. The Si-H unit in SiNP can interact in two
distinct ways with Rh, ostensibly depending on the steric profile
of the monodentate L (cyclooctene or phosphite) positioned
trans to N. With smaller phosphites P(OR);3 (R = "Bu, Et, or Me;
8-10), the Si atom approaches Rh more closely and the
interaction can be described as an Si-H o-complex. With larger
phosphites (R = Ph or /Pr; 6 or 7) or L = COE (5) the Si atom is
much more distant from Rh and the interaction is best
described as an H bridging between Si and Rh. A more tightly
bound Si-H in Type B possesses stronger trans-influence, and is
paired with a longer Rh-P bond trans to it. Thus,
counterintuitively, binding a larger phosphite (P’) leads to a
shorter Rh-P bond within the SiNP pincer. This observation may
have a bearing on the design of polydentate ligands containing
Si-H moieties and the structural subtleties of their transition
metal complexes.

Experimental.

J. Name., 2013, 00, 1-3 | 3
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General Considerations. Unless otherwise stated, all experiments
were carried out using standard glovebox and Schlenk line
techniques under a dry argon atmosphere. CsDg was dried over Nak,
benzophenone, and 18-crown-6, distilled, and stored over molecular
sieves in an argon glovebox prior to usage. Diethyl ether, pentane,
toluene, and tetrahydrofuran (THF) were dried and deoxygenated
using a column solvent purification system. Fluorobenzene was dried
over CaH, and distilled. All other deuterated solvents were degassed
and stored over molecular sieves in an argon-filled glovebox. (SiNP)H
(4)* and [(COE)RhCI],2* were synthesized using reported literature
procedures. All other chemical reagents were purchased from
commercial suppliers and were used as received. 1D NMR spectra
were recorded on Varian iNova 500 (3!P{*H} NMR, 202.276 MHz;
B3C{*H} NMR, 125.670 MHz; *H NMR, 499.678 MHz), Bruker ARX-400
(31P{H} NMR, 161.976 MHz; 13C{1H} NMR, 100.613 MHz; 'H NMR,
400.130), and JEOL ECX 400 spectrometers in given solvents. [*H, 2°Si]
HSQC NMR spectra were recorded on a Varian VnmrS 500 NMR
spectrometer. Chemical shifts are reported in ppm (8). 3'P{*H} NMR
spectra were referenced externally to an 85% phosphoric acid
standard at 6§ 0 ppm.23C{*H} and *H NMR spectra were internally
referenced to residual solvent resonances. ['H, 2°Si] HSQC NMR
spectra were referenced externally to TMS at 6 O ppm. In reporting
spectral data, the following abbreviations were utilized: s = singlet; d
= doublet; t = triplet; dd = doublet of doublets; m = multiplet; br =
broad. Elemental analyses were performed by CALI, Inc. (Highland
Park, NJ, USA).

(SiNPH)Rh(COE) (5). To a 20 mL scintillation vial equipped with a
magnetic stir bar was added [(COE),Rh(Cl)], (132 mg, 0.18 mmol) and
3 mL fluorobenzene, forming an orange suspension. To this stirring
suspension was added 3 mL of a separately prepared, yellow
fluorobenzene solution of NaN(SiMes), (70 mg, 0.38 mmol) and
(SiNP)H (4) (159 mg, 0.37 mmol) causing an immediate color change
to a dark red solution with notable formation of a precipitate
(presumed to be NaCl). The mixture was allowed to stir for 30 min
and was then filtered through a plug of Celite and silica. The resulting
dark red solution was then dried in vacuo and the reddish-orange
residue was washed with diethyl ether (3 x 2 mL) and dried under
reduced pressure to provide the product as a free-flowing, bright
orange solid. Yield: 118 mg (50 %).'H NMR (500 MHz, CgDg): 6 7.36
(dd 3Jpy = 4.5, 6.5 Hz, 1H, Ar-H), 7.34 (d, 3. = 8 Hz, 1H, Ar-H), 7.07
(d, 3 = 2 Hz, 1H, Ar-H), 6.83 (dd, 3.,y = 8.5, 2 Hz, 1 H, Ar-H), 6.74
(d, 3Jyn = 8.5 Hz 1H, Ar-H), 6.71 (d, 3.y = 8 Hz, 1H, Ar-H), 3.30 (s, 2H,
alkenyl-H), 2.49 (br, 1H), 2.37 (s, 1H), 2.18 (s, 3H, Ar-CH,), 2.12 (s, 3H,
Ar-CHs), 1.98 (pentet, 2H), 1.82 (br, 2H), 1.62 (br, 6H), 1.47 (br, 5H),
1.23 (br, 9H), 1.01 (br, 3H), 0.96 (br, 3H), 0.81 (br, 3H), -5.32 (dd, Zp.
w = 37 Hz, Ygnn = 19 Hz, Ysiy = 110 Hz, 1H, Rh-H(Si)). 3C{tH} NMR
(128 MHz, CD): & 164.9 (d, Jp.c = 22.6 Hz, P-ring C-N), 164.2 (Si-ring
C-N), 135.5, 132.9, 131.7, 130.5, 126.5, 124.1, 123.7 (d, Jp.c = 6.6 Hz,
P-ring C-H), 119.7 (d, Jo.c = 43.4 Hz, P-ring), 118.5, 116.6 (d, Jo.c = 12.4
Hz, P-ring), 62.5 (br), 59.6 (br), 35.8, 34.6, 32.0, 26.9, 22.4, 20.9, 20.6,
19.1 (m), 17.9, 16.6. 31P{*H} NMR (202 MHz, CDg): & 64.0 (d, Ygn.p =
193 Hz). 2Si-'H HSQC NMR (99 MHZ, C¢Dg): & 14.7. Elem. Anal.
Calc(found): C, 63.83(63.65); H, 8.67(8.51).

This journal is © The Royal Society of Chemistry 20xx

(SiNP)Rh(P(OPh);3) (6). To a J. Young tube was added 5 (20 mg, 0.03
mmol) and C¢Ds, forming a light orange solution. To this solution was
added triphenyl phosphite (7 4L, 0.03 mmol) causing an immediate
color change to a red solution. The J. Young tube was inverted several
times and NMR spectra were collected indicating full conversion to
the desired product. Red, single crystals suitable for X-ray
diffractometry were grown from a saturated solution of pentane and
hexane. 'H NMR (400 MHz, C¢Dg): 8 7.53 (m, 7H, overlapping SiNP-
Ar-CH and P(OCsHs)3), 7.47 (d, 3y = 8.3 Hz, 1H, Ar-H), 7.20 (d, 3y =
2.0 Hz, 1H, Ar-H), 6.93 (m, 6H, P(OCsHs)s), 6.85 (m, 3H), 6.77 (m, 3H),
2.22 (s, 3H, Ar-CH3), 2.17 (s, 3H, Ar-CHs), 2.16 (m, 2H), 1.56 (m, 2H),
1.41 (d, 3Jy.y = 7.2 Hz, 6H, Si-Pr), 1.35 (dd, y.p = 16.6, 3Jyy =7.1 Hz,
6H, P-iPr), 1.23 (d, 3y = 7.2 Hz, 6H, Si-Pr), 1.01 (dd, Yp = 14.6, 3ypp
=6.9 Hz, 6H, P-'Pr), -4.63 (ddd, trans 2Jp; =36 Hz, cis 2p.y = 22 Hz, YUy
w = 19 Hz, Uy = 91 Hz, Rh-H(Si)). 3C{H} NMR (100 MHz, C¢D¢): &
164.3 (P-ring C-N), 164.5 (Si-ring C-N), 152.5 (d, Jp.c = 7.0 Hz), 135.3,
132.9, 131.4, 129.6, 126.2, 123.3 (d, Jp.c = 6.6 Hz), 120.9 (d, Jp.c = 6.3
Hz), 35.9, 30.3 (d, Jp.c = 1.4 Hz), 27.0, 25.8, 20.8 (d, Joc = 30.7 Hz),
19.9,18.9, 18.8, 17.5. 31P{H} NMR (162 MHz, C¢D): 6 128.0 (dd, Urn.p
= 248.6 Hz, 2Jpp =46.0 Hz, P(OPh)3), 67.7 (dd, Yanp = 171.0 Hz, Ypp =
46.0 Hz, SiNP). 2°Si-*H HSQC NMR (99 MHZ, C¢Dg): 6 25.1.

(SiNP)Rh(P(O'Pr);) (7). To a J. Young tube was added 5 (30 mg, 0.05
mmol) and C¢Ds, forming a light orange solution. To this solution was
added triisopropyl phosphite (12 KL, 0.05 mmol) causing an
immediate color change to a red solution. The J. Young tube was
inverted several times and NMR spectra were collected indicating full
conversion to the desired product. *H NMR (400 MHz, C¢Dg): 6 7.62
(dd, J = 8.6, 4.2 Hz, 1H, Ar-H), 7.50 (d, J = 8.3 Hz, 1H, Ar-H), 7.32 (d, J
=1.8 Hz, 1H, Ar-H), 7.09 (dd, /= 7.7, 1.5 Hz, 1H, Ar-H), 6.84 (m, 2H, 2
overlapping Ar-H), 4.73 (m, 3H, P(OCHMe,)s), 2.54 (m, 2H), 2.25 (s,
3H, Ar-CH3), 2.24 (s, 3H, Ar-CHs), 1.76 (m, 2H), 1.47 (d, 3. = 7.4 Hz,
6H, Si-Pr), 1.40 (d, 3.4 = 7.4 Hz, 6H, Si-Pr), 1.39 (dd, Uup = 16.7 Hz,
3Jy.n = 6.9 Hz, 6H, P-'Pr), 1.26 (dd, 2Jy.p = 14.0 Hz, 3J,1.y = 7.0 Hz, 6H, P-
iPr), 1.18 (d, J = 6.1 Hz, 18H, P(OCHMe,)s), -4.64 (ddd, trans 2Jp.y; = 35
Hz, cis 2py = 21 Hz, Ygnn = 19 Hz, Ysiy = 93 Hz, Rh-H(Si)). 3C{1H}
NMR (100 MHz, C¢Dg): 6 164.6 (d, Jp.c = 1.6 Hz, Si-ring C-N), 163.7 (dd,
Jo.c = 20.4, 3.0 Hz, P-ring C-N), 135.0, 132.5 (d, Jp.c = 1.9 Hz), 131.9,
131.3,125.6, 122.4 (d, Jp.c = 6.2 Hz), 121.7 (d, Jp.c = 37.8 Hz), 119.0 (d,
Joc = 2.8 Hz), 116.2 (d, Joc = 11.7 Hz), 68.2 (d, Joc = 2.1 Hz,
P(OCHMe,), 26.1, 24.9 (d, Jp.c = 3.4 Hz), 24.6 (d, Jo.c = 4.1 Hz), 21.0,
20.7, 20.5, 20.3 (d, Jp.c = 5.5 Hz), 20.0, 18.5, 15.2. 31P{*H} NMR (162
MHz, C¢Dg): S 144.5 (dd, Ugn.p= 226.0 Hz, Up.p = 46.0 Hz, P(O'Pr)s), 66.0
(dd, Ygnn = 180.0 Hz, Ypp = 46.0 Hz, SiNP). 29Si-'H HSQC NMR (99
MHZ, C¢Dg): 6 21.2.

(SiNP)Rh(P(OBu)3) (8). To a J. Young tube was added 5 (30 mg, 0.05
mmol) and C¢Dg, forming a light orange solution. To this solution was
added tributyl phosphite (13 4L, 0.05 mmol) causing an immediate
color change to a red solution. The J. Young tube was inverted several
times and NMR spectra were collected indicating full conversion to
the desired product. *H NMR (400 MHz, C¢D¢): 6 7.73 (dd, J = 8.5, 4.3
Hz, 1H, Ar-H), 7.63 (d, J = 8.3 Hz, 1H, Ar-H), 7.32 (br, 1H, Ar-H), 7.00
(d, J=7.9 Hz, 1H, Ar-H), 6.85 (dd, J = 16.8, 8.4 Hz, 1H, Ar-H), 3.95(dt,

J. Name., 2013, 00, 1-3 | 4
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354 = 6.0 Hz, 3y = 6.0 Hz, 6H, (P(OCH,CH,CH,CHs)3), 2.52 (m, 2H),
2.31 (s, 3H, Ar-CH3), 2.23 (s, 3H, Ar-CHs), 1.79 (m, 2H), 1.49 (m, 12H,
overlapping P-Pr (6H) and P(OBu); (6H) resonances), 1.42 (d, J=7.0
Hz, 6H, Si-Pr), 1.36 (d, J = 7.1 Hz, 6H, Si-Pr), 1.28 (br q, J = 7.4 Hz, 6H,
P(OCH;CH;CH,CH3)s), 1.21 (dd, J = 13.9, 6.8 Hz, 6H, P-iPr), 0.82 (t, J =
7.4 Hz, 9H, (P(OCH,CH,CH,CH3)3), -7.02 (ddd, trans 2 = 48 Hz, cis
2J, =23 Hz, Yany = 23 Hz, Uiy = 76 Hz, 1H, Rh-H(Si)). 3C{IH} NMR
(100 MHz, C¢De): & 164.8 (br, P-ring C-N), 164.6 (br, Si-ring C-N),
135.0, 132.8, 132.3, 130.4, 130.0, 126.8, 122.3 (d, Jp.c = 4.9 Hz, P-
ring), 119.8, 118.9 (d, Jp.c = 37.2 Hz, P-ring), 114.9 (d, Jp.c = 13.6 Hz,
P-ring), 64.0 (P(OCH,CH,CH,CHs)), 32.9, 25.4 (d, J = 23.9 Hz), 21.1,
20.6, 20.2, 19.8 (d, J = 5.6 Hz), 19.7, 19.6, 18.2, 16.1, 14.0. 3'P{'H}
NMR (162 MHz, CDs): 8 145.0 (dd, Urnp = 220.8 Hz, Up.» = 46 Hz, Rh-
P(0Bus)), 55.6 (dd, Upn.p = 151.9 Hz, Up.p = 46 Hz, P'SiNP). 29Si-1H HSQC
NMR (99 MHZ, C¢Dg): &6 32.1.

(SiNP)Rh(P(OEt)3) (9). To a J. Young tube was added 5 (29 mg, 0.05
mmol) and C¢Dg, forming a light orange solution. To this solution was
added triethyl phosphite (8 UL, 0.05 mmol) causing an immediate
color change to a red solution. The J. Young tube was inverted several
times and NMR spectra were collected indicating full conversion to
the desired product. *H NMR (400 MHz, C¢D¢): § 7.73 (dd, /= 8.6, 4.4
Hz, 1H), 7.64 (d, J = 8.3 Hz, 1H), 7.31 (s, 3H), 6.99 (d, J = 7.7 Hz, 1H),
6.88 (dd, J=8.3, 1.5 Hz, 1H), 6.82 (d, J = 8.7 Hz, 1H), 3.86 (dq, J = 6.9,
6.9 Hz, P(OCH,CHs)3), 2.45 (m, 2H), 2.31 (s, 3H, Ar-CHs), 2.23 (s, 3H,
Ar-CHs), 1.73 (m, 2H), 1.45 (d, J = 7.3 Hz, 6H, Si-Pr), 1.37 (dd, J = 16.6,
7.1 Hz, 6H, P-iPr), 1.33 (d, J = 7.3 Hz, 6H, Si-Pr), 1.17 (dd, J = 14.0, 6.9
Hz, 6H, P-iPr), 1.03 (t, J = 6.9 Hz, 9H, P(OCH,CH3)s), -7.24 (ddd, trans
2Jo.y =48 Hz, cis 2Jp.y = 26 Hz, Yppy = 20 Hz, Ysiy = 76 Hz, 1H, Rh-H(Si)).
13C{1H} NMR (100 MHz, C¢D¢): & 164.8 (d, Jo.c = 1.8 Hz, P-ring C-N),
164.6 (Si-ring C-N), 135.0, 132.8, 132.2, 130.3, 130.0, 126.8, 122.2 (d
Jp.c= 6.0 Hz), 119.6, 119.0 (d, Jp.c = 38.0 Hz), 114.9 (d, Jp.c = 12.1 Hz),
59.9 (P(OCH,CHs)s), 25.3 (d, Jp.c = 24.0 Hz), 20.8, 20.6, 20.1, 19.8 (d,
Jp.c = 6.0 Hz), 19.6, 18.2, 16.2, 16.1. 3'P{*H} NMR (162 MHz, C¢D¢): 8
145.4 (dd, Ugpp = 221.2 Hz, 2Jp.p = 42.0 Hz, P(OEt)5), 54.9 (dd, YUgnp =
158.6, Up.p = 42.0 Hz, SiNP). 29Si-1H HSQC NMR (99 MHZ, C4D¢): 6 32.0.

(SiNP)Rh(P(OMe);) (10). To a J. Young tube was added
(SiNP)Rh(COE) (25 mg, 0.04 mmol) and C¢Dg, forming a light orange
solution. To this solution was added trimethyl phosphite (5 &L, 0.04
mmol) causing an immediate color change to a red solution. The J.
Young tube was inverted several times and NMR spectra were
collected indicating full conversion to the desired product. Single
crystals suitable for X-ray diffraction were grown through vapor
transfer of hexamethyldisiloxane into an isooctane solution of 10. H
NMR (500 MHz, C¢D¢): 6 7.72 (dd, J = 8.7, 4.5 Hz, 1H), 7.63 (d, J = 8.3
Hz, 1H), 7.30(d, J = 1.9 Hz, 1H), 6.94 (dd, J = 8.1, 1.4 Hz, 1H), 6.88 (dd,
J=8.3,1.7 Hz, 1H), 6.82 (d, J = 8.7, Hz, 1H), 3.28 (d, J = 11.9 Hz, 9 H,
P(OMe)s), 2.37 (m, 2H), 2.31 (s, 3H, Ar-CHs), 2.21 (s, 3H, Ar-CH;), 1.72
(m, 2H), 1.40 (d, J = 7.3 Hz, 6H, Si-Pr), 1.33 (dd, J = 16.5, 7.0 Hz, 6H,
P-iPr), 1.30 (d, J = 7.2 Hz, 6H, Si-Pr), 1.11 (dd, J = 14.1, 7.0 Hz, 6H, P-
iPr), -7.45 (ddd, trans 2Jp_ = 48 Hz, cis 2Jpy = 26 Hz, Ygn.y = 22 Hz, YUs;.
w = 73 Hz, 1H, Rh-H(Si)). 3C{'H} NMR (128 MHz, C¢Dg): & 164.8 (d, Jp.
¢ =23.6 Hz, P-ring C-N), 164.5 (Si-ring C-N), 135.0, 132.9, 132.2, 130.4,
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129.9, 127.0, 122.3, 119.6, 118.6 (d, Jo.c = 40.2 Hz, P-ring), 114.9 (d,
Jo.c = 11.2 Hz, P-ring), 50.5 (P(OMe);), 25.1 (d, Jp.c = 22.6 Hz), 21.0,
20.8, 20.6, 19.9, 19.6, 18.1, 16.0. 3'P{IH} NMR (202 MHz, C¢D): &
151.9 (dd, Ugnp = 221.6 Hz, Up.p = 44.0 Hz, Rh-P(OMe3)), 54.7 (dd, Ugy.
p = 149.6, 2Jpp = 44.0 Hz, PrSiNP). 2°Si-'H HSQC NMR (99 MHZ, C¢Dg):
633.3.
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