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The isomeric compounds [Rh(NCBR{PPh)s] (1) (prepared from [RhCI(PR}] and K[NCBPh]) and [Rh-
(CNBPH)(PPh)3] (2) (prepared from [Rh(CN)(PRJ3] and BPh) undergo ligand exchange with pyridine (py) to
give cis-[Rh(NCBPh)(PPh)2(py)] andtrans[Rh(CNBPh)(PPh),(py)] and with L= ethylene (reversibly), carbon
monoxide, and 2,6-xylyl isocyanide (XNC) to gitrans[Rh(X)(PPh)(L)] (X = NCBPh;, CNBPh) and oxidative
addition with hydrogen (reversibly) and triphenyltin hydride to give [Rh(X}RPh)s] and [Rh(X)(H)(SnPh)-
(PPhy)], respectively; triphenylsilane combines with(reversibly) but not witt2. By heatingl to 100°C in an

inert solvent, the rearrangement bto 2 is observed. Compleg in DMSO combines with oxygen to yield a
product formulated as a sulfonium salt, although in,CH it is unreactive toward oxygen unlikewhich forms

an Oy adduct. In a solution of toluene containing pyridine or substituted pyridines in the presence of dkygen,
formscis[Rh(NCBPHR)(O2)(PPh)2(py)] while 2 loses BPhto give [Rh(CN)(Q)(PPh)2(py)]. Hydrogen is bound
reversibly bytrans[Rh(CNBPh)(PPh),(py)] and irreversibly bycis-[Rh(NCBPR)(PPh).(py)]. A comparison

of the properties ol and2 and their derivatives shows the N-bonded isomers to be the more electrophilic and
the N—B bond to be significantly more labile than the-8 bond. Nitrogen-15 NMR data are reported for

complexes enriched to 99% H#iN.

Introduction

Complexes of the trihydrocyanoborate ion were first isolated
approximately 25 years ago in studies of the reaction of

transition metal chloro or perchlorate complexes with Na¢BH
CN)! and of the reaction of transition metal salts with this
reagent in the presence of tertiary phosphtéa.view of the

bonding possibilities offered by these compounds, much sub-

infrared data. Our interest in the triphenylcyanoborate ligand
arises from studies of complexes with N-donor ligands and of
complexes that can activate-H (e.g., E= Si, Sn) bonds. We
report the preparation, some chemistry, and a nitrogen-15 NMR
study of [Rh(NCBPB)(PPh)s] and [Rh(CNBPR)(PPh)].

Experimental Section
[RhCI(PPh)s] was prepared by the method of Wilkinsenal. 2 and

sequent work has focused on elucidation of structure, with the [Rh(CN)(PPh)3] by the method of Favero and Ri§oKCIN (99%

characterization of complexes in which BEN™ is bound in
either a termindlor a bridging mode. The trihydrocyanoborate
ion exists in the two forms [NCBE~ and [CNBH;]~ which
have been prepared as sodium saltwith the triphenylcy-

enriched) and BRjwere purchased from Aldrich. GBI, was distilled

from P,Os and toluene, benzene, and pyridine were dried over,CaH
other solvents and reagents were of the highest available purity and
were used without further treatment. All reactions other than those

anoborate ion, which has more restricted bonding options, theinvolving Hz, CO, G, and GH4 were carried out under an argon

derivatives [Cu(NCBP)(PPh)3],2¢[M(Cp)(CO)(NCBPH)] (M
= Fe, Ru)® and [Rh(GMes)(S:PMe;)(NCBPh)3]7 are known
and have been assigned an N-bonded structure on the basis
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atmosphere. NMR spectra were recorded on Bruker AC 200 and DRX
400 spectrometers; IR spectra were recorded on a Bruker IFS 25

Oﬁpectrometer. Nitrogen-15 NMR spectra were obtained by direct

observation with inverse-gatéti decoupling and a relaxation delay
of 20 s or, for complexes having a hydrogen available for polarization
transfer, by the INEP® method.
Preparation of [Rh(NCBPh3)(PPhg)3](CH2Cly) (1). A mixture of
KCN (0.014 g, 0.21 mmol) and BRI§0.052 g, 0.21 mmol) in EtOH
(3 mL) at room temperature was stirred foh togive a clear solution.
[RhCI(PPh)3] (0.150 g, 0.16 mmol) was added, and the mixture was
stirred for a further 16 h at 80C (taking care not to exceed this
temperature) giving a yellow-orange suspension. The solid was filtered,
washed with benzene (3 mL), and dried to yield an orange powder
(0.165 g, shown by*P NMR to have no phosphorus-containing
impurities), which was recrystallized from GEl/hexane. Yield: 0.107
g (53%). IR (Nujol): »(CN) 2184 (m) cm? (the **N-enriched complex
gave »(C'®N) 2154 cnm?). Anal. Calcd for G4Hs:BCI,NPsRh: C,
71.51; H, 5.03; N, 1.13. Found: C, 70.98; H, 4.89; N, 1.24.
Preparation of [Rh(NCBPh3z)(PPhg)2(CO)](CHCl,). Carbon mon-
oxide was bubbled for 2 min through a solution1{0.045 g, 0.039

(7) Cornock, M. C.; Robertson, D. R.; Stephenson, T. A.; Jones, C. L,;
Milburn, G. H. W.; Sawyer, LJ. OrganometChem 1977, 135, C50.
(8) Osborn, J. A.; Wilkinson, Glnorg. Synth 1967, 10, 67.
(9) Favero, G.; Rigo, PGazz Chim Ital. 1972 102, 597.
(10) Morris, G. A.; Freeman, Rl. Am Chem Soc 1979 101, 760.

S0020-1669(96)00129-2 CCC: $12.00 © 1996 American Chemical Society



5844 Inorganic Chemistry, Vol. 35, No. 20, 1996 Carlton and Weber

mmol) in dichloromethane (2 mL) at room temperature. The solution
was treated with hexane and allowed to stand at room temperature to a
give yellow crystals. Recrystallization from dichloromethane/hexane
yielded 0.031 g (79%). IR (Nujol)»(CN) 2196 (m),»(CO) 2006 (s)

cm* (the*>N-enriched complex gavg/C*N) 2166,(CO) 2006 cm?). WA
Anal. Calcd for G/H4BCILNOP:Rh: C, 67.88; H, 4.70; N, 1.39. , : , : . . ,
Found: C, 68.07; H, 4.73; N, 1.47. ppm -180 -182 -184

Preparation of [Rh(NCBPh3)(PPhg)(XNC)](CH 2Cl;). A solution
of 1 (0.050 g, 0.043 mmol) in dichloromethane (2 mL) at room
temperature was treated with 2,6-xylyl isocyanide (0.006 g, 0.046
mmol). The product was obtained as yellow crystals upon addition of
hexane and recrystallized from the same solvent to yield 0.036 g (75%).
IR (Nujol): »(CN) 2118 (s) cm'. Anal. Calcd for GsHseBCINoP2-

Rh: C, 70.19; H, 5.07; N, 2.52. Found: C, 69.78; H, 4.84; N, 2.57.

Preparation of [Rh(NCBPh3)(H)(SnPhs)(PPhs),]. A mixture
containingl (0.070 g, 0.060 mmol) and excesszBhH (0.06 g, 0.16
mmol) in toluene (2 mL) was warmed to 580 °C for 1-2 min to c
produce an orange solution. The product was obtained as orange
crystals upon addition of hexane. Yield: 0.065 g (86%). IR (Nujol):
2196 (m), 2044 (m) cm. Anal. Calcd for GsHe:BNP,RhSNh: C,
70.34; H, 4.93; N, 1.12. Found: C, 69.88; H, 4.86; N, 1.25. :

Preparation of [Rh(CNBPh3)(PPhs)3](0.5CHCls) (2). A mixture ppm -186 ' ~foy
of [Rh(CN)(PPh)z] (0.105 g, 0.115 mmol) and BRI{0.029 g, 0.120
mmol) was dissolved in chloroform (2 mL) at room temperature to
give a red solution. The product was obtained as orange crystals upon d
addition of hexane. Yield: 0.107 g (76%). IR (Nujol): 2144 (s)¢ém
(the 1*N-enriched complex gave(C*N) 2110 cntl). Anal. Calcd
for Cz3HsoBClisNPsRh: C, 72.50; H, 5.01; N, 1.15. Found: C, ISy
73.02; H, 5.07; N, 1.39. .

Preparation of [Rh(CNBPhs)(PPhg)»(CO)](0.5CHCl,). Carbon pom
monoxide was bubbled for 2 min through a solution20£0.050 g, Figure 1. >N{'H} NMR spectra (20.28 MHz). (a) [RHNCBPh)-
0.043 mmol) in dichloromethane (2 mL) at room temperature. The (PPR)s] (0.04 M) in chloroform, 22°C. (b) Signals frontrans[Rh-
solution was treated with hexane and allowed to stand at room (C**NBPH)(PPh)x(py)] (ca 0.01 M) andcis-[Rh(*NCBPH;)(PPh),-
temperature to give yellow crystals. Recrystallization from dichlo- (PY)] (ca 0.03 M) in 10% pyridine/toluenes-25 °C. (c) [Rh(N-
romethane/hexane yielded 0.036 g (75%). IR (NujafCN) 2180 CBPh)(H)A(PPh)q] (0.03 M) in toluene, 22C. (d)ms—_[Rh(leCBPk_g)-

(m), ¥(CO) 2016 (s) cm. Anal. Calcd for GesHeBCINOPRN: C, (Olz)(PPfg_)z(p%)] (0.02 M) stabilized with PP(0.3 M) in 10% pyridine/
70.24; H, 4.80; N, 1.45. Found: C, 70.61; H, 4.86; N, 1.68. toluene, =25 °C.

Preparation of [Rh(CNBPhs)(PPhs)2(XNC)](0.5CH.Cl;). A mix- 15N to 193Rh and tatrans andcis phosphines), it is clear that in
ture of 2 (0.040 g, 0.034 mmol) and 2,6-xylyl isocyanide (0.006 g, 1 the cyanoborate is bonded to rhodiusia nitrogen and not
0.046 mmol) in dichloromethane (2 mL) at room temperature was carbon becausé(*°3Rh—15N) and J(3'P—15Ntrans) (Table 1)
treated with hexane to give yellow crystals. The product was haye values that indicate coupling over one and two bonds,
recrystallized from the same solvent to give 0.024 g (65%). IR respectively! The 31P—15N coupling is also seen in tHéP-

I L )
(Nujol): »(CN) 2113 (s) cm*. _Anal. Calcd for GadHssBCINPRN: {H} NMR spectrum (Figure 2a) superimposed on the doublet

C.72.41; H, 5.18; N, 2.62. Found: C, 72.48; H, 5.13; N, 2.72. i lots and doublet of doubiate found ol
Preparation of [Rh(CNBPhs)(H)(SnPhy)(PPhy);]. A mixture O IPIELS and doublet of Coublets found for nominally square

containingl (0.030 g, 0.026 mmol) and excessz8hH (0.03 g, 0.08 planar tr's(phOSph'ne)Rh(l) complexes. .

mmol) in toluene (1 mL) was warmed to 560 °C for 1—2 min to The C-bonded isomer [Rh(QNBBfPPhS)B] (_2) is prepared
give an orange solution. The product was obtained as orange crystalsTom [Rh(CN)(PPE)3]° and triphenylboron in chloroform,
upon addition of hexane. Yield: 0.017 g (53%). IR (Nujol): 2168 crystallizing readily in good yield. It is also formed by the
(m) cnT. Anal. Calcd for GsHsiBNP,RhSNn: C, 70.34; H, 4.93; N, reaction described above farif the temperature is allowed to

b

N T T T T T T T
ppm -150 -160 -170 -180

T
-190

T T T T T T T
-196 -198 -200 -202

1.12. Found: C, 70.36; H, 4.93; N, 1.14. exceed 8C°C by more than a few degrees, constituting up to
) . 40% of the product. Nitrogen-15 NMR data relating to the
Results and Discussion C-bonded isomer and its derivatives were obtained from these

[Rh(NCBPhs3)(PPhs)s] and [Rh(CNBPhs)(PPhs)s]. The mixtures, .since the method by yvhich [Rh(CN)(B)E;_h is
triphenylcyanoborate ion, formed from CNas the potassium ~ Prepared is very wasteful of cyanide thereby prohibiting, on
salt) and triphenylboron in ethanol, readily replaces the chloride grounds of cost, its use for the preparation offd-enriched
of [RhCI(PPh)4] to give the N-bonded triphenylcyanoborate form. The3!P{*H} NMR spectrum of (Figure 2b) shows the
complex [Rh(NCBPE(PPh)] (1); the two reactions conve- WO phosphorus environments to be very S|mllar, phosphorus
niently are carried out in the same solution to give the product transto carbon having a chemical shift differing by only 1.5
as a yellow-orange microcrystalline powder. Washing with PPM from phosphorusansto phosphorus, with the consequence
benzene gives the spectroscopicafi§P(NMR) pure product that second-order distortions are seen in the intensities of the

(used in most of the subsequent work)ca 80% yield, while lines. A solution ofl in chlorobenzene (chosen as an alternative
recrystallization from dichloromethane affords 53% of the,CH  t0 toluene, in whichl is only sparingly soluble) when heated
Cl, solvate, with the presence of 1 @&, confirmed byH to 90°C gives broadenettP NMR signals. After the solution

NMR. The complex was prepared in both unenriched and 99% i cooled to room temperature, the spectrum shows the presence
15N-enriched forms. From thEN{1H} NMR spectrum (Figure of a small amount o2 (2—3% after 16-15 min at 90°C). After

1a, consisting of a doublet of doublets of triplets: coupling of 10—-15 min at 110°C, the extent of conversion is greatea(
40%) while at 120°C conversion is complete within 15 min;

(11) (a) Carlton, L.: Belciug, M.-PJ. OrganometChem 1989 378, 469. in all cases there is evidence of decomposition, the extent of
(b) Carlton, L.; de Sousa, G2olyhedron1993 12, 1377. which can be reduced by the presence of triphenylphosphine.
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Table 1. 1N NMR Spectral Data

complex signal ob J(*°Rh—15N)° J(3*P—15Ntrans) J(3P—15Ncis)

[Rh(**NCBPh)(PPh)s]¢ ddt —-181.9 18.1 37.8 5.1
cis-[Rh(**NCBPH)(PPh)2(py)]*' ddd —-175.1 17.8 41.6 4.0
cis-[Rh(ISNCBPh)(PPh),(4-MeNpy)]e9 ddd —-173.1 17.2 41.9 4.0
Cis[Rh(**NCBPhy)(PPh),(4-CNpy)F ¢ ddd —175.3 18.4 41.0 3.9
trans[Rh(**NCBPh)(PPh),(CO)Jeh dt —188.6 18.3 5.4
trans[Rh(**NCBPH)(PPh)(XNC)]¢ dt —184.7 17.8 5.2
trans[Rh(**NCBPHy)(PPh)2(CoH4)]9 dt —187.6 21.9 4.4
[Rh(*>NCBPH;)(H)(PPh)3] dg —187.8 11.9 2.7
[Rh(*NCBPh)(H)(PPh)(py)]® dt —174.2 11.5 25
[Rh(SNCBPH)(H)2(PPh)2(4-Me:Npy)]e dt —173.4 11.3 2.4
[Rh(*SNCBPH)(H)o(PPh),(4-CNpy)F dt -174.7 11.7 2.5
cis-[Rh(**NCBPh)(O,)(PPh)x(py)]®' dd —198.5 20.2 41
Cis[Rh(**NCBPH)(O2)(PPh)2(4-Me:Npy)]* dd -197.1 20.0 3.9
Cis-[Rh(**NCBP)(0,)(PPh)2(4-CNpy)F'i dd —199.7 19.9 3.3
[Rh(**NCBPh)(H)(SiPrs)(PPh),] " dt —174.6 14.7 3.0
[Rh(:3NCBPhy)(H)(SnPh)(PPhy);]¢ dt —-175.3 15.3 3.1
[Rh(CI5NBPhs)(PPhy)]¢ dd —147.7 3.9 6.7
trans-[Rh(CISNBPhy)(PPh).(py)]°f d —147.3 5.0

trans-[Rh(C'NBPhs)(PPh)(CO)|¢ d —138.9 4.1

trans-[Rh(CISNBPhs) (PPh)(XNC)]¢ d —143.0 4.2

[Rh(CNBPhs)(H)2(PPhy)3] ! d —149.3 1.5

[Rh(C™*NBPhs)(H)(SnPh)(PPh),]¢ d —142.8 3.2

a Solution in tolueneda. 0.03 M); temperature 27C unless otherwise specifietiChemical shifts in ppm from C#O, (negative values to low
frequency) uncorrected for bulk susceptibility effe¢t€oupling constants (absolute magnitude) in het&olution in chloroforme Solution in
0.3 M pyridine (or substituted pyridine)/toluericRecorded at-25 °C. 9 Signal poorly resolved.J(P—Ncis) measured froni’lP NMR spectrum.
h At 27 °C, the signal § —187.5 ppm) is broadened and-R coupling is poorly resolved.Stabilized with PPh(0.06 M).! Solution containing
PhSiH (0.64 M).

Scheme 1. P = PPh
a
A P P
/ H\th/P -P, +py H\th/py
‘ i ‘ i P/ \NCBPh3 H/Fl’\NCBPh3 H/'L\NCBPhg
T v T T T T T T T T
ppm 47 46 ppm 32 31

. . +Hy
+CaH,

h \ /
P~ “SNCBPh, P*PY “SNCBPh;,

P
o P P T
P/ \NCBPh3
T T T T T T T 1 co
ppm 35 34 33 3?2 3 30 / P
oc_ _P

0 |
P/Rh\NCBPh3 Rh “SNCBPh,
c y
Ph3SnH Ph3SiH
P
r T T T T T T T T T T T ! H\th \ /P
pem > %2 %0 8 “° Phssn/'la “SNCBPh, p \CNBPh3 pms,/ ! \NCBPh3
d giving rise to a doublet of doublets (coupling between the
phosphines and to rhodium) in tB¥{*H} NMR spectrum. The
M M SGFs analogue of this compound is knowh.In the 31P{1H}
T e e T e ¥ NMR spectrum of thé5N-enriched form, these lines are further
ppm k1 30 29 split by coupling to!*N (Figure 2c). With higher concentrations
Figure 2. 31P{1H} NMR spectra (161.98 MHz). (a) [RENCBPhy)- of pyridine, the signals are broadened as a result of increased

(PPh)g] (chloroform, 27°C). (b) [Rn(CNBPh)(PPh)] (toluene, 27 exchange of free and coordinated pyridine and resolution is

°C). (c) cis[Rh(*NCBPH)(PPh)x(py)] (10% pyridine/toluene;-25 restored by lowering the temperature. THN{H} NMR

°C). (d) C'&[R.h(lzNCBF.’h?)(OZ)(PPmZ(py)l (0.02 M) stabilized with  gheotrum (Figure 1b) shows a doublet of doublets of doublets,

PPh (0.3 M) in 5% pyridine/toluene;-25 °C. J(P—15Ntrans) having a magnitude approximately 10 times
Both C- and N-bonded isomers undergo a number of ligand that of J(31P—15Ncis) (Table 1). The second signal shown in

exchange and oxidative addition reactions (Schemes 1 and 2) Figure 1b is from the pyridine-containing complex derived from

Many of the products could not be isolated and were stuiied  [Rh(C!SNBPhs)(PPh)s].

situ. Carbon monoxide and 2,6-xylyl isocyanide (XNC) react with
Ligand Exchange Reactions.With pyridine (0.2 M),1 gives 1 to give the crystalline productsans[Rh(NCBPHR)(PPh),-

cis-[Rh(NCBPHR)(PPh)2(py)], with thecis geometry confirmed

by the nonequivalence of the two phosphines, each phosphing12) Carlton, L.J. Organomet Chem 1992 431, 103.
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Scheme 2. P= PPh

A P H i P H it py
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P “Cats -Ha| | +H2
+CyHy +Ha || -H,
XNC P
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-P, +XNC P P -py, +P
/Rh\ +0;| -BPh;3
o P CNBPh;
P
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P~ SCNBPh, O/;!\CN
y
Ph3SnH 0,
+pyT-P
-BPhg
P
P
H\th o] _P
PhySn”” | SCNBPh '/Rh\
3 p 3 O | SCNBPh,

(L)] (L = CO, XNC). The carbonyl complex obtained from
this reaction contains a trace of free BPkhich causes
broadening of the’lP NMR signal to the point where it is
difficult to detect at room temperature; only at reduced tem-
peratures 50 °C) is a3P{1H} signal (a broadened doublet)
observed while thé®N{H} NMR spectrum recorded at room
temperature consists of a well-resolved doublet (couplinghbf

to 19Rh) with no detectable coupling to phosphorus. To a lesser
extent, the broadening of spectral lines also occurs with the

isocyanide complex. After the product is recrystallized, satis-
factory 15N and 3P NMR spectra are obtained. When [Rh-
(NCBPh)(PPh),(CO)] is allowed to stand in solution at room

Carlton and Weber

MML
T T T T U T T
ppm -9.2 -8.4

T T
-16.6 -16.8

ppm
b

|ppm -9'.2 -9].4 ' ppT' —iEILS -1t’3.8

(o]

';;)m —Ql.2 —9‘.4 ' ppm ' -1tl3.6 ‘ —if'S.B

d

ppm —9|.8 -Qr.B -1(])40 -1(1).2 —1(1).4 I
Figure 3. H NMR spectra (400.13 MHz). (a) [Rh(NCBBH)(PPh)3]
(22 °C). (b) [Rh¢NCBPh)(H)(PPh)s] (22 °C). H{3P} NMR
spectra. (c) [RHENCBPh)(H)2(PPh)3] (22 °C). [Rh(CSNBPhs)(H).-

(PPh)s] (—25°C). The solvent is toluene.

doublet, consistent with the presencet@ns[Rh(CNBPH)-
(PPh)2(py)] where the geometry is dictated by the strorams

temperature, another effect becomes noticeable: a slow convereffect of the PEBNC™ ligand (in effect a modified cyanide ion).

sion occurs to the C-bonded isomer [Rh(CNBJpRPh),(CO)],

This formulation is confirmed by the identity of the product

a process which is accelerated at higher temperatures. Agbtained on binding hydrogen. With carbon monoxide, 2,6-

solution of the N-bonded complex in chloroform, upon standing
at room temperature for 4 days, undergoesa.a 0% conversion

to the C-bonded form. In chlorobenzene at°C3 conversion

is ca 10% after 10 min. This rearrangement occurs at
temperatures wherkis considered to be reasonably stable (i.e.
the exchange of a phosphine for a carbonyl in the positims

to NCBPHh favors the isomerization process, presumably by
limiting the electron density available for the formation of the
C—B bond). The CO-stretching frequency for [Rh(CNBJPRh
(PPh)(CO)] (measured both in the solid state and in solution)
is approximately 10 wavenumbers higher than that of the
N-bonded isomer. Although this would seem to imply a lower
electron density on rhodium for the C-bonded form (chemical

xylyl isocyanide, and ethylene&? reacts to givetrans[Rh-
(CNBPH)(PPh)2(L)], the products being crystalline (£ CO,
XNC) and the (reversible) binding of ethylene occurring to an
extent of onlyca 5% at room temperature and atmospheric
pressure.

Reactions with Hydrogen. Hydrogen combines reversibly
with both 1 and2 to form [Rh(NCBPR)(H)»(PPh)] and [Rh-
(CNBPh)(H),(PPh)3], respectively, at room temperature and
atmospheric pressure. THd and3P NMR signals of the latter
are broadened, and tHel NMR spectrum shows significant
detail only at reduced temperatures. Hydrogen is more readily
displaced from the CNBRftomplex by purging a solution in
toluene at room temperature with argon fer2min than from

evidence described below strongly suggests that the oppositethe N-bonded isomer, which releases its hydrogen only upon
is true), it is possible that the vibrational interaction between warming toca 70 °C. In the'H NMR spectra of the!>N-

the carbonyl and cyanoborate ligands is a contributing factor. enriched H adducts (Figure 3), one hydrogen shows spin
A solution of 1 (0.002 M) in toluene when treated with  coupling to!®N: for the NCBPR complex2J(1SN—Htrans) =
ethylene at room temperature and atmospheric pressure showsg .7 Hz and for the CNBRfisomer3J(15N—Htrans) = 6.3 Hz
some 60% conversion teans[Rh(NCBPR)(PPR)(CH,)]; this (an unusually high value for NH coupling over three bonds).
product is reconverted tbby purging the solution with argon.  Coupling between nitrogen and the hydride in tieposition
At higher concentrations df, competition with PPh(liberated is not observed for either complex. THEN{H} NMR
in the reaction) inhibits the binding of ethylene and the spectrum of [RRHENCBPH)(H)(PPh)s] consists of a doublet
conversion percentage drops significant®P NMR data for  of quartets, showing that coupling &N to the phosphines is
the ethylene complex are very similar to those reported for the re|atively insensitive to the differences in the two phosphine
chloro analogué? environments (Figure 1c).
The 31P NMR spectrum obtained from a solution fin The complexesis-[Rh(NCBPR)(PPh)2(L)] (L = pyridine

chloroform or toluene containinga. 5% pyridine shows a

(13) Tolman, C. A.; Meakin, P. Z.; Lindner, D. L.; Jesson, JJPAM
Chem Soc 1974 96, 2762.

(py), 4-(dimethylamino)pyridine (4-M&lpy), and 4-cyanopy-
ridine (4-CNpy)) andrans[Rh(CNBPHR)(PPh)2(py)] (prepared
in situfrom 1 or 2 and an excess of L) also bind hydrogen; the
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Figure 4. 3P{*H} NMR spectra (81.03 MHz). [Rh(NCBR){PPh)3]

(0.02 M) PPh (0.02 M) in DMSO/oxygen at 22C (a) on mixing and
(b) after 24 h. The signal at 26.7 ppm is froms;PB.

rate of binding (monitored b§’P NMR) is much slower than
that of 1 or 2, which bind H rapidly even in the presence of
free PPB. While hydrogen can be displaced from [Rh-
(CNBPH)(H)2(PPh)2(py)] by purging solutions in toluene at
room temperature with argon for-3 min, it remains firmly
bound in [Rh(NCBPE(H)2(PPh)2(py)]. The complex remains
unaffected by heating for 5 min at 10@ with continuous

Inorganic Chemistry, Vol. 35, No. 20, 1996847

and the relative ease with which sulfoxides can be converted
into sulfonium salts (by protonation or by treatment withg\te
(EtO)RCH™, alkyl halides, tosylates, and sulfat¥sy possible
explanation for these findings may be the presence of a salt of
the type shownA).

Phsr
o PPh,
l ~Rh~"

o}

+ -
| S0—SMe, 'NCBPh,

PhsP
A

In the formation of this complex, the high electrophilicity of
Rh (which has @ and NCBPh as ligands) is envisaged as
causing polarization of the-80 bond of a coordinated DMSO
such that a full positive charge resides on sulfur;BRN" is
released, providing the counterion to the newly formed sulfo-
nium ion. Although DMSO has been shown to undergo
oxidation (to dimethyl sulfone) in the presence of dioxygen
complexed? the complex [Co(salen)(DMSg))is known to bind
0O, without oxidation of DMSC?®

Further evidence for the loss of thedBICN~ ligand is found
on repeating the above experimedfRPh/DMSO/0O,) with
analogues ofl containing azide and dicyanamfddigands in
place of cyanoborate3P{1H} NMR spectra are obtained

bubbling of Ar and is also unchanged in the presence of oxygen showing signals indistinguishable from those in Figure 4a. With
at atmospheric pressure and room temperature, decompositiofRhCI(PPh)3] the only product is the complex [RhCI@D

amounting to no more thaca. 20% after 1 week. Reasons for
these differences in stability are likely to be as follows.
Dissociation of as-donor ligand (here the pyridine) has been
shown to be a prerequisite of the reductive elimination gfrH

a number of casé€:1> The NCBPR ligand would appear to
be more effective in inhibiting dissociation (by virtue of its
electron-withdrawing properties) thus preventing the formation
of a five-coordinate species from which loss of ¢an occur.
The six-coordinate dihydro complex is intrinsically more
stable!>16and loss of H from this, without prior dissociation
of a neutral ligand, will require more forcing conditions than

(PPhy)3],22 suggesting that the dissociation of the anionic ligand
may be related to the opportunities for charge delocalization.
Changes occur in the2P{H} NMR spectrum of the mixture

1/PPh/DMSO/O, over a period of hours: the initial signals
(Figure 4a) diminish and new signals (again a doublet of triplets
and doublet of doublets, Figure 4b) appear which closely match
those obtained from a solution (in CDLtontaining [Rh(CN)-
(PPh)4], PPh, and Q {i.e, the dioxygen complex [Rh(CN)-
(02)(PPh)3], 31 NMR ¢ 31.20 (dt, 1P, J(Rh—P) = 133.5 Hz,
J(P—P) = 21.0 Hz) 20.91 (dd, 2R)(Rh—P) = 96.2 Hz,J(P—

P) = 21.0 Hz}. The conversion of BBCN~ into CN~ can

those used here. Evidence supporting this interpretation is foundbe accounted for by the following equilibrium

by treating solutions of [Rh(NCBRJ{H)2(PPh).(py)] and [Rh-

(CNBPR)(H)2(PPH)2(py)] with triphenylphosphine: only with

the latter is there conversion to the tris(phosphine) complex.
Reactions with Oxygen. The low solubility of1 in toluene

led to the use of chloroform for the study of several reactions,

but with O, there is extensive decomposition in this solvent
and further studies were performed in DMSO. Althodgilso
has low solubility in DMSO, after @is bubbled for 5 min
through a mixture ol and a 10-fold excess of PPfthe stability

in solution of dioxygen complexes [RhX{IPPh)s] (e.g., X

= Cl) is greatly enhanced by the presence of free gPih
DMSO at room temperature, a brown solution is formed which
gives a’P{*H} NMR spectrum{é 29.10 (dt, 1P, J(Rh—P) =
152.2 Hz J(P—P) = 25.7 Hz), 14.59 (dd, 2R(Rh—P) = 99.3
Hz, J(P—P)= 25.7 Hz} (Figure 4a) similar to that which might
be expected for a tris(triphenylphosphine)(dioxygen)rhodium
triphenylcyanoborate complex. However, tHdl{H} NMR
spectrum consists of a single sharp line ¢ 113 ppm),
indicating that nitrogen is no longer directly bound to rhodium.
In view of the ready formation of transition metal complexes
of DMSOY (those in which binding igia oxygen, showing a
substantial decrease in the-8 bond order from 2.0 toa. 1.5)

(14) Wink, D. A;; Ford, P. CJ. Am Chem Soc 1986 108 4838.
(15) Carlton, L.; Bulbulia, ZJ. OrganometChem 199Q 389, 139.
(16) Carlton, L.; Belciug, M.-P.; Pattrick, Golyhedron1992 11, 1501.

Ph,BCN™ + PPh = Ph,BPPh + CN"

in which small amounts of BBPPR?® and CN- are formed
from PRBCN™ in the presence of the large excess of PiRh
solution. The strongly coordinating CNon can then displace
DMSO from complexA to give the cyano complex. Complex

(17) (a) Vicente, J.; Arcas, A.; Borrachero, M. V.; Molins, E.; Miravitlles,
C.J. OrganometChem 1989 359, 127. (b) Annibale, G.; Cattalini,
L.; Bertolasi, V.; Ferretti, V.; Gilli, G.; Tobe, M. LJ. Chem Soc,
Dalton Trans 1989 1265. (c) Johnson, T. W.; Tetrick, S. M;
Fanwick, P. E.; Walton, R. Alnorg. Chem 1991, 30, 4146. (d)
Alessio, E.; Balducci, G.; Calligaris, M.; Costa, G.; Attia, W. Morg.
Chem 1991 30, 609. (e) Khan, M. M. T.; Khan, N. H.; Kureshy, R.
I.; Venkatasubramanian, lRolyhedron1992 11, 431. (f) Kukushkin,
V. Y.; Aleksandrova, E. A.; Leovac, V. M.; lvegeE. Z.; Belsky, V.
K.; Konovalov, V. E.Polyhedron1991 11, 2691. (g) Evans, D. F.;
Slawin, A. M. Z.; Williams, D. J.; Wong, C. Y.; Woollins, J. D.
Polyhedron1993 12, 1103. (h) Berardini, M.; Emge, T. J.; Brennan,
J. G.Inorg. Chem 1993 32, 2724. (i) Alessio, E.; Faleschini, P.;
Sessanta o Santi, A.; Mestroni, G.; Calligaris, Ikbrg. Chem 1993
32, 5756.
Oae, S.; Numata, T.; Yoshimura, T. Mhe Chemistry of the
Sulphonium Grougstirling, C. J. M., Patai, S., Eds.; John Wiley:
Chichester, U.K., 1981; Chapter 15 and references therein.
(19) Ghiron, A. F.; Thompson, R. @norg. Chem 1989 28, 3647.
(20) (a) Ochiai, E.-1J. Inorg. Nucl. Chem 1973 35, 1727. (b) Cameron,
J. H.; Turner, S. CJ. Chem Soc, Dalton Trans 1992 3285.
(21) Carlton, L.; Weber, R. To be published.
(22) Bennett, M. J.; Donaldson, P. Biorg. Chem 1977, 16, 158.
(23) Gee, W.; Shaw, R. A.; Smith, B. @. Chem Soc 1964 4180.

(18)
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Table 2. 3P NMR Spectral Data

complexX signaP o¢ J(*3Rh—31p)y J(3P—-31P)
[Rh(NCBPh)(PPh)s]® dt 47.13 176.6 40.9
dd 31.60 139.1 40.9
cis-[Rh(NCBPH)(PPR)x(py)]f dop 55.36 185.7 48.2
dd 46.71 160.3 48.2
cis-[Rh(NCBPh)(PPh)x(4-Me:Npy)]' dae 55.99 186.6 47.6
dd 47.09 157.7 47.6
cis-[Rh(NCBPh)(PPh)2(4-CNpy)f dae 54.48 183.8 49.1
dd 45.91 161.8 49.1
trans[Rh(NCBPh)(PPh)(CO)J® d 29.32 122.8
trans[Rh(NCBPh)(PPh)(XNC)]® d 30.46 131.3
trans[Rh(NCBPh)(PPh)2(CoHa)] d 35.45 124.1
[Rh(NCBPhR)(H)2(PPh)] dd 33.74 112.3 18.7
dt 23.91 92.6 18.7
[Rh(NCBPh)(H)(PPh)(py)]f d 47.20 115.7
[Rh(NCBPHh)(H)2(PPh)2(4-Me:Npy)]* d 46.84 116.2
[Rh(NCBPh)(H)(PPh)x(4-CNpy)f d 47.11 115.0
cis-[Rh(NCBPh)(O2)(PPh)(py)]™ dd 30.77 142.6 215
dd 29.49 116.3 215
cis-[Rh(NCBPh)(O2)(PPh)x(4-MeNpy)]" dd 31.77 143.6 21.0
dd 28.65 114.3 21.0
cis-[Rh(NCBPHh)(O)(PPh)2(4-CNpy)['i dd 29.94 118.2 22.2
dd 29.51 140.8 22.2
[Rh(NCBPHh)(H)(SiPh)(PPh),]° d 33.95 121.9
[Rh(NCBPHh)(H)(SnPh)(PPh);]® d« 36.72 111.8
[Rh(CNBPh)(PPh)3]° dt 33.08 146.3 38.4
dd 31.53 137.1 38.4
trans[Rh(CNBPh)(PPh)(py)] d 34.68 146.1
trans[Rh(CNBPh)(PPh)(CO)J® d 30.42 121.0
trans[Rh(CNBPh)(PPh),(XNC)]® d 32.56 128.3
trans[Rh(CNBPh)(PPh)s(CoHa)]® d 36.51 123.2
[Rh(CNBPh)(H)(PPh)3]® dd 41.24 108.1 18.5
dt 28.74 91.5 18.5
[Rh(CNBPR)(O2)(PPh)3] dd 31.63 90.1 19.2
dt 28.26 130.1 19.2
[Rh(CNBPh)(H)(PPh)x(py)] d 50.62 110.3
[Rh(CNBPh)(H)(SnPh)(PPh)]® d 40.37 107.5

aSolution in toluene da. 0.02 M); temperature 27C unless otherwise specifietiSignal from unenriched complexesl(3'P—°N) given in
Table 1.¢ Chemical shifts in ppm from 85% 4RQy. @ Coupling constants (absolute magnitude) in hetr&olution in chloroform! Solution in
<0.3 M pyridine (or substituted pyridine)/toluerfeSignal from phosphinérans to cyanoborate'. Stabilized with PP (0.06 M).] Recorded at
—25°C. ¥ J(119Sn—31P) ~ J(11'Sn — 31P) = 102 Hz.! J(19Sn—31P) ~ J(1’Sn—31P) = 95 Hz.

2 reacts with Qin DMSO in the presence of PRto give only indicating the presence of the,@omplexcis-[Rh(NCBPh)-
[Rh(CN)(Q,)(PPhy)3]. (O2)(PPh)2(py)] (not isolated) which is stable for several hours
When oxygen is bubbled through a solution&nd PPk at —25 °C. The3P{*H} NMR spectrum (Figure 2d) of the
(0.06 M) in toluene at room temperatuf@® NMR signals are 15N-enriched complex contains two signals, each from a single
observed that are consistent with the formation of [Rh(CNgPh  phosphine, which show coupling between the phosphines and
(Ox)(PPh)3]. With 1 there is no evidence for the formation of to the Rh. This indicates eis geometry, with only one signal
such a product, sincé is stable for +2 days in dichlo- showing further coupling to nitrogen; th&N{H} NMR
romethane in the presence of oxygen and triphenylphosphine.spectrum consists of a doublet of doublets (coupling to Rh and
In the absence of PRldecomposition occurs over a period of one of the phosphines). The phospherogrogen coupling has
hours. The reason for this surprising lack of reactivity toward a magnitude of 4.1 Hz (Table 1); therefore, both phosphines
O, must lie in the electronic properties of thesBIEN~ ligand, must also be positionedis to cyanoborate since a coupling
giving rise to a lower electron density at the metal than in the JGP—5Ntrans) of ca. 40 Hz would otherwise be expectéd.
case of PEBNC™, since steric properties are considered to be Only one coordination geometrB) is consistent with these
virtually identical to those of PBNC~. Such inertness is  data.
shown by many Rh(l) complexes with strongly electron-

withdrawingzr-acid ligands €.g., trans[RhCI(PPh)(CO)]). The oph3r .
lack of affinity for O, is unlikely to be related to the inhibition :Rh: :

of dissociation by a phosphine (loss of BPlas been shown to 07 | TNCBPh,
be a prerequisite of the binding ofkb [RhCI(PPh)g]2%), since @

the H, complex is formed even in the presence of 0.2 M £Ph B

When the electron density of Rh is increased by the exchange

of a phosphine for pyridine, an dduct is readily formed. The 3!P{*H} NMR spectrum of the unenriched complex is
A solution of cis[Rh(NCBPH)(PPh)2(py)], prepared from very similar to that obtained from a solution of [RhCH©

1 and an excess of both pyridine (0.3 M) and PFh1 M) in (PPhy)] following treatment with pyridine. Analogous products

toluene, when treated with Qbubbled through the solution — are formed using 4-(dimethylamino)pyridine and 4-cyanopyri-

for 2 min at room temperature) givé4% and'>N NMR spectra dine (Tables 1 and 2). The latter complex displays very similar

31P NMR chemical shifts for its phosphines, giving a second-

(24) Halpern, J.; Wong, C. S. Chem Soc, Chem Commun 1973 629. order3lP NMR spectrum at room temperature and no detectable
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Table 3. 'H NMR Spectral Data for the Hydride Complexes.
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complex signaP o° JARh—1H)Y  J(P—-1Htrang J(P—1Hcis) J(H-H) J(**N—IHtrange

[Rh(NCBPh)(H)(PPh)s] dddt -9.31 9.5 147.1 13.5 9.3

dddt —16.65 10.4 13.6 9.3 20.7
[Rh(NCBPhR)(H)(PPh).(py)]' ddt —16.62 15.1 13.8 10.8

ddt —16.86 15.7 14.7 10.8 21.7
[Rh(NCBPh)(H)(PPh)2(4-Me:Npy)l”  ddt —16.41 14.3 14.3 10.7

ddt —16.80 15.6 15.0 10.7 21.7
[Rh(NCBPHR)(H)2(PPh)2(4-CNpy)I ddt —16.74 15.8 12.6 10.8

ddt —16.99 15.8 14.5 10.8 21.7
[Rh(NCBPHh)(H)(SiPhs)(PPh);]9" dt —14.29 15.5 15.2 15.7
[Rh(NCBPh)(H)(SnPh)(PPh),]¢ dt —15.55 9.9 15.9 16.0
[Rh(CNBPh)(H)(PPh)s]o dddt —9.62 ~8.0 143.1 12.0 ~8.0

dddt —10.33 ~8.0 14.3 ~8.0 6.3
[Rh(CNBPHR)(H)2(PPh)2(py)]* ddt —10.16 ~9.5 9.8 ~9.5

ddt —16.53 14.9 12.6 ~9.5
[Rh(CNBPhR)(H)(SnPh)(PPh),]9 dt —9.14 7.0 15.9 5.2

a Solution in tolueneda. 0.02 M); temperature 27C unless otherwise specifietlSignal from unenriched complexesChemical shift in ppm
from TMS. ¢ Coupling constants (absolute magnitude) in heftdeasured from spectra of 99%N-enriched compound$Solution in 0.3 M
pyridine (substituted pyridine)/toluengSolution in CDC}. " Solution containing Pi8iH (0.1 M).' Satellites not observedJ(*1%Sn—1H) ~ J(*'Sn—

H) = 29 Hz.kRecorded at-25 °C.

I5N signal. At—25 °C, satisfactory?’P and'>N NMR spectra
are obtained.

On treatment of a solution containing a mixture of [Rh-
(CNBPH)(02)(PPh)3], PPh, and unreacted with pyridine or
of a solution oftrans[Rh(CNBPh)(PPh),(py)], excess pyri-
dine, and PPhwith oxygen, the®’P NMR signals of these

another paper. Thid NMR spectrum of the NCBRftomplex
contains a signal ab —15.55 ppm; this, together with the
magnitude ofJ(*3N—H) (16.0 Hz), indicates that N and H are
positioned mutuallyrans!! The CNBPh complex gives aH
NMR signal withd = —9.14 ppm (consistent with kansto
carbon) andfJ(*®N—1Htrans) = 5.2 Hz. In each case, tHél

complexes disappear and are replaced by signals from [Rh(CN)-spin-coupling pattern (doublet of triplets for the unenriched

(O2)(PPhy)] and cis-[Rh(CN)(Q,)(PPR)(py)] {3P NMR ¢
34.35 (dd, 1PJ(Rh—P)= 120.2 Hz J(P—P) = 18.8 Hz) 33.83
(dd, 1P, J(Rh—P)= 128.0 Hz,J(P—P) = 18.8 Hz}, formed in
a process involving breaking of the-NB bond. It would appear

that in both of these complexes the electron density on rhodium,

and hencesia bonds to carbon, on nitrogen, is sufficiently low
that the CN-BPhg interaction (which is perhaps best viewed

complexes) and th&#P{H} NMR spectrum (doublet) show the
phosphines to be equivalentH NMR spectral data are given
in Table 3.

Comparison of Properties of the PRBCN~ and PhgBNC~
Ligands. A comparison of the reactions undergonelbgnd2
(Schemes 1 and 2) shows that although the properties of the
two are broadly similarl is the more electrophilici ., the

as an equilibrium between free and bound forms) is discouragedN-bonded cyanoborate ligand is more strongly electron-

to the point where the formation of a Bftpyridine adduct
becomes a viable alternative.

Reactions with PhSiH and PhsSnH. Triphenylsilane
combines reversibly withl in deuteriochloroform at room
temperature to give [Rh(NCBRBKH)(SiPh)(PPh)]: in the
presence of 0.064 M RB8iH, the conversion of (0.007 M) is
12% (measured from theP{'H} NMR spectrum), while with
0.64 M PRSIiH this increases to 23%. Dilution of the latter
solution by a factor of 2 (using 0.007 B results in a decrease
in the concentration of the triphenylsilane adduct to 19% of
the total. Spectroscopic data are consistent with a five-
coordinate geometry of the type reported for [Rh(CI)(H)(S}Cl
(PPh),]:25 the phosphine environments are equivalent, shown
by a doublet in thé!P{*H} NMR spectrum, and the hydride
signal ¢ —14.29 ppm) recorded from th€N-enriched com-
pound hasJ(**>N—'H) = 15.7 Hz indicating that N and H are
positioned mutuallyrans Complex2 shows no evidence of a
reaction with PESiH in deuteriochloroform at room temperature
after 1 h, but after several hours, compis slowly converted
into [Rh(CNBPHR)(H)(PPhy)], the hydrides presumably orig-
inating from PRSIH. Under the same conditions, a mixture of
1 and PRSiH produces [Rh(NCBRJ(H),(PPh)3] as the major
product after 16 h.

Triphenyltin hydride combines witlh and 2 in toluene at
room temperature to form the stable crystalline products [Rh-
(NCBPh)(H)(SnPH)(PPh),] and [Rh(CNBPB)(H)(SnPh)-
(PPh);]. The structure of the former and an NMR study
(focusing on the nature of the bonding between rhodium,
hydrogen, and tin) of a series of derivatives will be reported in

(25) Muir, K. W.; Ibers, J. Alnorg. Chem 197Q 9, 440.

withdrawing than the C-bonded form). This is seen in the
chemistry ofl and its derivatives in the ability df to combine
with PhsSiH, the lack of reactivity (ofl) toward oxygen, and
the apparent inability of pyridine to dissociate from the complex
[Rh(NCBPhR)(H)2(PPh)2(py)]. The N-B bond of the CNBPH
ligand is significantly more labile than the B bond of
NCBPh, the N—-B bond in2 being labilized in the presence of
O, and pyridine at room temperature to the point where loss of
BPhs and complete conversion (8j to a mixture of [Rh(CN)-
(O,)(PPh)s] and cis-[Rh(CN)(Q)(PPh)2(py)] is observed. In
the case of, the only product formed in significant quantity is
cis[Rh(NCBPHh)(O2)(PPh)2(py)] and the cyano complex cannot
be detected. Dissociation (presumably heterolytic) of thdBC
bond of1 is favored only at elevated temperatures (£QQ0
°C), since under these conditions rearrangemetages place.
The complextrans[Rh(NCBPh)(PPh)2(CO)], with a lower
electron density on the metal thanundergoes slow rearrange-
ment to the C-bonded isomer in solution at room temperature.
Trends in 15N Chemical Shifts. The replacement of a
phosphine ofl by ligands (L= pyridine, carbon monoxide,
2,6-xylyl isocyanide, and ethylene) causes changes in the
chemical shift of the cyanoborate nitrogen that are related to
the o-donor andr-acceptor properties of L. A scale devised
by Chatt, Leigh, Pickett, and co-workeéfsbased on electro-
chemical measurements on a series of complexes [Cg(T.0)
guantifieso-donor andr-acceptor effects, ordering a series of
approximately 20 ligands with respect to a parameter (the change
in oxidation potential) that correlates with the energy of the

(26) Chatt, J.; Kan, C. T.; Leigh, G. J.; Pickett, C. J.; Stanley, DJ.R.
Chem Soc, Dalton Trans 198Q 2032.
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highest occupied molecular orbital and reflects the extent to of Karplus and Poplé? and is considered to be the major
which electron density is transferred from the ligand to the metal. contributor to changes in the chemical shift. A full account of
On this scale, in increasing order@fionor ability, the sequence  theory related to nitrogen NMR is given by Mas®n.
CO < PPh, CNPh < pyridine is found, which correlates with Spin Coupling to 15N. The 19Rh—15N coupling constants
a decreasdn 1°N shielding for the corresponding complexes show no correlation with the formal oxidation state of rhodium
[Rh(**NCBPH;)(PPh)2(L)] in Table 1. Similarly, on replacing  or the electron density on the metal as seen di[Rh-
a phosphine of [REENCBPh)(H)2(PPh)s] by pyridine, the (SNCBPh)(PPh)a(py)] (17.8 Hz), [Rh{ENCBPH)(H)(PPh)2-
cyanoborate nitrogen is deshielded to an extent of 13.6 ppm; (py)] (11.5 Hz), and [RRENCBPH)(O,)(PPh).(py)] (20.2 Hz).
with O, in place of the hydridegto give [Rh{5NCBPh)- These findings do little to confirm the apparent trend emerging
(O2)(PPh)2(py)]}, an increase in shielding of 24.3 ppm is from earlier studie$'J(1°3Rh—15N)/Hz in parentheséof [Rh-
observed. By varying the substituent in the 4-position (in order (H)x(picolinate)(PPk,] (9.7).112 [Rh(H)(SGsFs)(PPh)2(py)]
to minimize steric effects), the nucleophilicity of the pyridine, (8.4)11f [Rh(en}]Clz (14.6)342 [Rh(CI)(PPrs)2(CsHsNSO)]
and hence the electron density on the metal, can be varied while(15.5)34* trans[Rh(CI)(N2) (PCy),] (30) 24 trans[Rh(CI)(CO)-
other factors remain constant. The groups,Meand CN (NO)(PPr3)7][ClO4] (4.5)3%d [Rh(NH3)g][ClO4]s (14.2)34
occupy positions at opposite ends of the Hammett 3tale [{ (PMePh)(CI).RH} ,CN][CIO4] (9),3% [Rh(CI)(N.Ph)(PMePh)3]-
electron-withdrawing and -releasing properties, providing close [PFg] (15),3%9 cis-[Rh(Cl)(py)(PPh);] (15), andcis-[Rh(py)-
to the maximum range that can be achieved by replacement of(PPh),]Cl (28) 24" namely that the highest values'df'%Rh—
a single substituent. THEN chemical shifts for the three series  15N) are observed for Rh(l) complexes with electron-donating
of the complexes cis-[Rh(*>NCBPh;)(PPh)2(L)], [Rh- ligands and the lowest for Rh(lll) complexes with electron-
(13NCBPH)(H)2(PPh)2(L)], and [RhENCBPh)(O2)(PPR)(L)] withdrawing ligands. Clearly, the electronic properties of the
(L = py, 4-MeNpy, 4-CNpy) show a decrease in shielding as individual ligands and the nature of their interaction with the
the nucleophilicity of the pyridine is increased. The accuracy metal are of greater significance in determining the magnitude
of the chemical shifts is estimated to be within 0.2 ppm (based of 1J(193Rh—15N) than the more generalized parameters such
on a few repeated measurements), while the changé®\in as electron density on the metal. Factors influencing coupling
chemical shift are larger than this by factorsoaf 2—10. constants and the processes underlying nuclear—syiim
These findings are in accordance with those obtained from coupling have been analyzed in some déefail.
complexes of the triply bonded, linearly bound ligands CO, The values measured f8d(31P—15N) show trans coupling
CN-, and N,, where the!3C and/or!®N shielding decreases as in the range of 37.841.9 Hz andcis coupling to be smaller
the electron density on the metal is increased. Numerous studieghan this by approximately 1 order of magnitude. Unfke—
have shown moderate to excellent correlations to exist between3!P cis coupling, which in complexes of rhodium is a useful
13C and/or*N shieldings and other parameters as follows: for indicator of oxidation state](3'P—'5Ncis) conveys little infor-
CO complexes, the €0 stretching frequené§and the metat mation. For the dihydro complexe&])(*5N—1Htrang) lies in
carbon bond leng®#® (a decrease in shielding is associated with the range of 20.721.7 Hz, while thecis coupling is too small
a decrease inco and in M—C bond length); for CN complexes to be detected. The-fN and N—H coupling constants closely
of Co and Fe, the energy of the first-d transitio® and the resemble those found in similar compounds where the nitrogen
Mdéssbauer isomer shif (a decrease in shielding accompanies is present in the form of a pyridine derivatifeéand appear to
a decrease in the energy of the-ditransition and a decrease be largely uninfluenced by the difference in electronic config-
in ligand field strength at Fe); for Ncomplexes the NN uration of N. 2J(*>N—1Htrans), used to optimize delay times
stretching frequency and the oxidation poterfi¢gh decrease in the INEPT polarization transfer pulse sequence, is readily
in shielding accompanies a decreasenny and an increase in ~ obtained by comparison of th#P-decoupled proton NMR
negative E;;,°¥). Chatt et al. have further correlated their  spectra of enriched (Figure 3c) and unenriched compounds.
electrochemical scale of ligand properties with.o andvy—n
for complexes [Mo(L)(dppefX)] (L = CO, Np)3! (an increase
in o-donor ability is related to a decreaseig-o andvy-n).
An increase in the electron density on the metal leads to an1C9601293
increase in metal to ligand (here CO, CNN,) &t back donation,
which is responsible for a decrease in the separation betweerggg éa)fmgzbn'\/'-?ﬁocpr'% nJ{s%]c' Clzf;g“dzhﬁlﬁir?gg f§%$37033-1464 ®)
the_ electronic Qround Sta_te ?‘nd the lOWF_"St lying eXCItgd S:%&tGS. Mason, JAd. .Inorg. Chem Radiocr):emlgm 22, 199. (c) Méson,
This energy difference is identified withE, the excitation J. Chem Rev. 1981, 81, 205.

energy in the paramagnetic shielding tesp)(in the treatment ~ (34) (a) Bose, K. S.; Abbott, E. Hnorg. Chem 1977 16, 3190. (b) Meij,
R.; Stufkens, D. J.; Vrieze, K.; van Gerresheim, W.; Stam, CJ.H.

Acknowledgment. We thank the University of the Witwa-
tersrand and the FRD for financial support.

(27) (a) Jaffe H. H. Chem Rev. 1953 53, 191. (b) Wells, P. RChem Organomet Chem 1979 164, 353. (c) Dilworth, J. R.; Donovan-
Rev. 1963 63, 171. Mtunzi, S.; Kan, C. T.; Richards, R. L.; Mason,ldorg. Chim Acta
(28) (a) Braterman, P. S.; Milne, D. W.; Randall, E. W.; Rosenberd, E. 1981 53, L161. (d) Bell, L. K.; Mingos, D. M. P.; Tew, D. G;
Chem Soc, Dalton Trans 1973 1027. (b) Bodner, G. M.; Todd, L. Larkworthy, L. F.; Sandell, B.; Povey, D. C.; Mason,JJChem Soc,
J. Inorg. Chem 1974 13, 1335. (c) Bodner, G. M.; May, M. P.; Chem Commun1983 125. (e) Appleton, T. G.; Hall, J. R.; Ralph,
McKinney, L. E.Inorg. Chem 198Q 19 1951. S. F.Inorg. Chem 1988 27, 4435. (f) Deeming, A. J.; Proud, G. P.;
(29) (a) Fujihara, T.; Kaizaki, S.. Chem Soc, Dalton Trans 1993 1275. Dawes, H. M.; Hursthouse, M. B. Chem Soc, Dalton Trans 1988
(b) Toma, H. E.; Vanin, J. A;; Malin, J. Mnorg. Chim Acta1979 2475. (g) Haymore, B.; Hughes, M.; Mason, J.; Richards, RJ.L.
33, L157. Chem Soc, Dalton Trans 1988 2935. (h) Heaton, B. T.; Iggo, J.
(30) Donovan-Mtunzi, S.; Richards, R. L.; MasonJ.JChem Soc, Dalton A.; Jacob, C.; Nadarajah, J.; Fontaine, M. A.; Messere, R.; Noels, A.
Trans 1984 2429, 2729. F. J. Chem Soc, Dalton Trans 1994 2875.

(31) Chatt, J.; Leigh, G. J.; Neukomm, H.; Pickett, C. J.; Stanley, D.R.  (35) For example, see: Maciel, G. E.; Mclver J. W.; Ostlund, N. S.; Pople,
Chem Soc, Dalton Trans 198Q 121. J. A.J. Am Chem Soc 197Q 92, 1, 11.



