4510 Inorg. Chem.2000,39, 4510-4519

Rhodium—Hydrogen—Tin Three-Center Bonds. NMR (tH, 31P, 103Rh, 1195n) Study of
[Rh(CI)(H)(SnPhs)(PPhs)(py)] and Related Compounds

Laurence Carlton

Centre for Molecular Design, Department of Chemistry, University of the Witwatersrand,
Johannesburg, Republic of South Africa

Receied August 31, 1999

The complextrans[Rh(NCBPHR)(H)(SnPh)(PPh),] (1) reacts with pyridine and substituted pyridines (L) in
dichloromethane at 22C to give [Rh(NCBPBH)(H)(SnPh)(PPh)(L)] (2a) and at—25 °C to give trans[Rh-

(NCBPh)(H)(SnPh)(PPh)2(L)] (3a). These complexes and numerous analogues can be prepared (the majority

in solution only) by the reactions of [Rh(X)(PBE (X = NCBPh; (a), N(CN), (b), NCS (), N3 (d), NCO (),
O,CCR; (f), CI (g)) with PhSnH in solutions containing pyridines (4-Rpy; R CO,Me, H, NMe),
1-methylimidazole (1-Meim), and benzonitriles (4-84GCN; R = COMe, H, NMe) (L). NMR data for the
series of complexe® in which ligands X, L, and, for X= Cl, the phosphine P(44ElsR)s (R = F, H, Me) were
varied independently show systematic changes in the parandtéiSn), 6(1°Rh), J(11°Sn—1H), and J(*°3Rh—
1195n), which are related to the electron-donating properties of X, L, and the phosphine. PIG{&3ri—1H)
againsto(11°Sn), 6(1°Rh), andJ(*°Rh—119Sn) are approximately linear and sh@{*°3Rh) andJ(1°3Rh—119Sn)
increasing withJ(*%Sn—H) andd(119Sn) decreasing. Complex8gjive higher values od(*1°Sn—'H) and lower
values ofd(119Sn) than found for the less electron-righwith data for3 continuing the trends id(*1°Sn—1H)
ando(119%Sn) observed foR. Values ofd(19Rh) andJ(1°Rh—119Sn) for 3 do not match the pattern found far
nor do data for an isomeric form &, cis-[Rh(CI)(H)(SnPh)(PRs)2(L)] (L = benzonitriles) 4). The plot of
J(M9SNn—1H)/6(119Sn) for 3 shows discontinuities at high values3§#1°Sn—1H), with the trend ind(*1°Sn) toward

Introduction

Three-center bonded “agostic’interactions, involving a
transition metal, hydrogen, and carbon, have been the focus of,
much research into the activation of-€l bonds and the search
for catalytic systems that can usefully derivatize alkahes.
Although the characterization of such bonds has relied heavily
on diffraction studie$;* a very useful role for NMR spectros-
copy in the identification of three-center bonds was recognized
some years ago by Green and co-worker@n complexation
of a C—H bond to a transition metal to form an agostic bond,

more negative values (as the ligands become more nucleophilic) being transformed into an increase and changes
in J(*19Sn—1H) becoming smaller. These patterns of NMR data are interpreted in terms of the weakening of an
Rh—(H—Sn) three-center interaction and changes in the coordination geometry of tin as the electron density on
rhodium is increased.

a change occurs in the magnitude of the carbloydrogen spin-
coupling constant, which falls to a value significantly lower than
that of the uncomplexed hydrocarbon but substantially higher
than that of the full oxidative addition product in which the
C—H bond is broken. Agostic bonds have since commonly been
reported on the basis of NMR characterization alone.

Many three-center-bonded complexes, particularly those in
which the bond is unsupported, are unstable, reactive, and
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difficult to isolate, and for these compounds, NMR spectroscopy difference between electronic ground and excited states) in
may be the only readily available method by which these bonds determining the value ad.

can be detected. An understanding of how the coupling constant A step in this direction was taken in a previous study in this
is influenced by changes (in ligands and/or coordination area’" in which an activation enthalpy~©6 kJ mot?1) was
geometry) occurring at the metal is likely to be of value in the measured for the dissociation of f8mH from the complex
design of complexes that are effective in activatingiCbonds. [Rh(NCBPH)(H)(SnPh)(PPH)(4-Me;Npy)], for which J(Sn—

The activation of StH® and Sr-H” bonds occurs in a H) = 106 Hz. Complexes with unsubstituted pyridine and
manner apparently similar to that of-® bonds but is, inmany  4-MeQ,Cpy in place of the more nucleophilic 4-Mépy gave
cases, more readily observable (the presence of d orbitalsJ(Sn—H) values of 99 and 95 Hz, respectively. The related
stabilizes the interaction to some extent). The decrea¥(Sin complex [Rh(NCBPE(H)(SnPR)(PPh);] was shown by an
H), on complexation of ESiH to a transition metal, to a value  X-ray study, by observation of its thermal stability, and by its
intermediate between those of fregd and fully complexed tin—hydrogen coupling constani(Sn—H) = 29 Hz) to be much
RsSiH (i.e., RSi—M—H) has been noted by Corfifuand closer to the full oxidative addition limit.

Schuberf! and there is clear evidence that a similar relationship  The E-H coupling constant is only one of a number of NMR
holds in the case of tih.The advantages of working with tin  parameters that are potentially accessible for a three-center-
are the higher stability of its three-center-bonded complexes bonded system. In the present study, chemical shifts and
relative to those of carbon and silicon and the higher natural coupling constants for the nucléi, 3'P, 193Rh, and!'°Sn are
abundance of its NMR-active isotoped’Gn, 119Sn). measured for over 50 compounds in an attempt, within a fairly

An E—H (E = C, Si, Sn) spin-coupling constant (potentially) narrow range of rhodium chemistry, to correlate NMR data with
provides information of a more specific nature than that of chemical properties that might be expected to influence the
simply the presence or absence of a three-center bond: thestrength of a three-center bond.
strength of a three-center bond is undoubtedly reflected in some
way by J[E—H). Here problems immediately arise, since an Experimental Section

NMR spin-coupling constant is a function of a number of Materials. [Rh(CI)(PPh)3],¢ [Rh(CIX P(4-GH4F)s} 3],& [Rhy-

variables not all of which are related to the strength of the bond-
- (CN2(CzHa)a),° [RN(NCBPR)(PPR)3], %2 [Rh(N(CN))(PPh)4],*®
(s) between the coupled nuclei. It would be useful to know how [Rh(N)(PPh)4] (using NaN, in place of LiNg), !t and [Rh(Q-

the value of)J(E—H) responds to changes made (in, for example, S

the nucleophilicity of ligands) to the coordination sphere of the gr(épﬁa)lszg %);] é&%ﬁg‘g& '212312%19 [St: (ﬂéﬁ?@%ﬁ:ﬁ%ﬁﬁ
3] were prepared from y metath-

transition metal and whether the effects of changes in eIeCtron(NCS)(PPb) | df [Rh(CI)(PRY] b h

T e e emier pis Wi KOCN I ethano r KSCN i bezenelethanl it
9., 5
of the bond between the coupled nuclei and the energyalarge excess of PRhand shown by*N NMR spectroscopy

to have the NCX ligand bound to rhodium via nitrog€rfRh-
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Chart 1. Complexes Formed by Reaction dfwith L (P = Scheme 1.Reactions of [RhX(PPjs] with L and PhSnH

PPh) in Dichloromethang
e L T P 7 H
A /th\: /th\s: Ph RN |
Ph;BCN 1 SnPhy  PhBCN” | “SnPh,  PhBCN™ | SnPh, x~ Il ~SnPh,
2a 3a 4a 0 2
extended decoupler range, operating at 400.13 MHY, 161.98
MHz (31P), 12.65 MHz {°3Rh), and 149.21 MHZ{°Sn). Two-
dimensional®Rh—3!P spectra were obtained using the pulse p
sequencer/2(®P)—1/[2)(*%Rh—31P)|—n/2(19Rh)—7r—x(3P)— P P (ii) L | -H
7—a/2(1%Rh)—Acq(P) 14 A spectral width in 2 $1P) of 8 ppm Srh” —> Rh_ |
and an acquisition time of 0.396 s gave a digital resolution of P~ X X~ | "~snPh,
1.26 Hz/point; in f1 {°Rh), a spectral width of 40 ppm
(increased in a few cases, where the signal was poorly resolved, (iii) 3
to 100 or 200 ppm) and a time domain of 256 (reduced, in some
cases, to~100) gave, after zero filling, a digital resolution of
0.49 Hz/point. With a relaxation delayf @ s and 4 scans per P
increment (in some cases increased to 8 or 16), data collection P_ | .H
required 27 min. To eliminate the possibility of a folded signal \Rh' !
in f1, spectra were first recorded with a spectral width of 2000 x| \‘SnPha
ppm. ';

Chemical shifts were referenced to the generally accepted

standards of kPO, Z(1%Rh) = 3.16 MHz}!5> and SnMg, with
negative values indicating shielding. The chemical shifts £f
POy (85%, 300 K) and SnMg(neat liquid, 248 K) with a CB

H

Cl, external lock correspond to frequencies of 161.975 500 and

149.210 995 MHz, respectively, in a field (4.395 T) in which
the protons of TMS (in CECl, at 300 K) resonate at
400.130 020 MHz.

With the exception of complexes containing trifluoroacetate,
which, for reasons of stability, were dissolved in toluene, all

compounds were studied in solution in dichloromethane. To

a(i) Complexes2 at 0 or 22°C: X = NCBPh (a), N(CN), (b),
NCS (), N3 (d), NCO (), O:CCFK; (f), Cl/PPh (), CI/P(GH4F)s (9).
Cl/P(CHaMe); (g"); L = 1-Meim (W), 4-MeQCpy (), py (),
4-Me:Npy (z); P = PPh. (ii) Complexes3at—25°C: X =a, b, ¢, ¢,

,g,9 L=x1Y, 2z yonly for g—-g"), 4-MeCOGH4CN (r),
CsHsCN (), 4-Me;NCeHACN (t). (iii) Complexes4 at 0°C: X = g,
g,g5L=r,st

2a—4a are less stable thah all studies being carried out on
samples prepared in situ at temperatures 8Cand below.
Complexefa—4acan also be prepared from [Rh(NCBfrh

allow a meaningful comparison between the data obtained using(PPh)s] and PRSnH in solutions containing L, again without
the two solvents, a correction was applied to the trifluoroacetate isolation in solid form. This method was used to prepare a series

data based on measurements from [Rh(NCO)(H)(grPh
(PPR)(py)], for which 6(*1%Sn) andd(1°Rh) are—132.4 and
1267 ppm, respectively, in dichloromethane anti30.7 and
1287 ppm, respectively, in toluene (all a5 °C).

The effect on chemical shifts of varying the concentration of
L was measured for [Rh(CI)(H)(SnB(PPh)(py)] (2gy). Upon
an increase in the concentration of pyridine from 10% to 30%,
the changes observed wedé'H) + 0.14, 6(3'P) — 0.09,
0(1%Rh) + 0.6, andd(*1%Sn) — 0.05 ppm. No changes were
detectable on reducing the concentration of pyridine to 5%.

Results and Discussion

Complexes Studied.The complextrans[Rh(NCBPh)(H)-
(SnPh)(PPh);] (1), which can be readily prepared in good
yield,% is a precursor of a number of compounds containing
pyridine and substituted pyridines. In solution in dichlo-
romethane or toluene at room temperatdregacts with L (L:
4-carbomethoxypyridine, 4-MeQpy, x; pyridine, py.y; 4-(di-
methylamino)pyridine, 4-Mg\py, z) to give 2a’" (Chart 1). In
solutions prepared at —50 °C, 3a is formed as the only
product, which, on standing at25 °C, undergoes slow
conversion to4a and other product® In solution, complexes

(14) Bax, A.; Griffey, R. H.; Hawkins, B. LJ. Magn. Reson1983 55,
301.

(15) Kidd, R. G.; Goodfellow, R. J. INMR and the Periodic Tabjélarris,
R. K., Mann, B. E., Eds.; Academic Press: London, 1978; pp-244
249.

of analogues o2 (also of3 and4; see below) in which ligands
X, L, and, for X= ClI, the phosphine were independently varied
(Scheme 1, Figure 1). The low solubility of (dimethyamino)-
pyridine in toluene precluded studies 2fz (X = trifluoro-
acetate). Reactions with methylimidazole (1-Meim give, with

X = N(CN), NCO, and N, a second, unidentified, product in
which group X has been lost. With ¥ Cl and QCCF;, this

is the only major tin-containing product; the desired products,
2fw and2gw, are not formed.

In solutions prepared at temperatures-af5 °C or below,
product3 is formed (Scheme 1) in some, but not all, cases.
With L = 4-Me,Npy, 3 is formed only with X= NCBPH;,
N(CN),, NCS, and NCO (complexe3az—cz,e). With L =
1-Meim, a product3aw) is formed in good yield only in the
case for X= NCBPH; (starting froml) where precipitation (as
a white microcrystalline powder) prevented the recording of an
1195n spectrum. With L= py, 3ay is isolated as a very pale
yellow powder at—50 °C using hexane3aw and 3ay are
obtained in slightly impure form in 6670% yield and are stable,
in the solid state, at room temperature. The concentratié of
can be increased by the addition of triphenylphosphine; data
for 3bz and3czwere obtained under this condition. With=X
NCS and L= 4-MeO,Cpy (3cx), a thick cream-colored
precipitate is slowly formed.

In spectra o3 recorded at-25 °C, the!H signal (Figure 1a)
shows slight to moderate broadening and'#38n signal severe
broadening (Figure 1d) where % N(CN),, NCO, NCS, and
Cl. At —60°C, the spectral lines are well resolved (Figure 1e).



Rhodium-Hydrogen-Tin Three-Center Bonds Inorganic Chemistry, Vol. 39, No. 20, 200@513

single scale exists by which to quantify the electron-donating/-
withdrawing power of the ligands and functional groups used
in the present study. The specieble, —F, —CO,Me, —COMe,
and —NMe, are included in the Hammett scafeother scales
; dealing more specifically with ligands in metal complexes are
pom -16.5 7.0 based on carbonyl stretching frequenties redox potential$?
To avoid the problems associated with quantification of this
b variable, the data in the present study are presented in graphs
with NMR parameters on both axes. More specificalign—
H) is plotted as a function af(*1°Sn), 6(1°%3Rh), andJ(*®Rh—
1195n). The electron-donating/-withdrawing dimension emerges
' of its own accord from this treatment of the data.

Factors Influencing Chemical Shifts.The rhodium chemical
shift is determined principally by two terms in the Ramsey
equationt®20AE~1, whereAE is the average energy difference

between filled and empty d orbitals, afti 3[J wherer is the

l A average radius of a valence level d orbitsE is influenced by

i : : ; ; weak/strong properties of ligands and increases according to

pen 55 =0 s 0 * the spectrochemical serigss influenced by hard/soft properties
and increases according to the nephelauxetic s&f@sVeak

d hard ligands cause a shift #{(*Rh) to highd, and strong soft
ligands cause a shift to low. For weak soft ligands, where the
two effects oppose each other, and for ligands that occupy a
position toward the middle of each scale, such as pyridine, the

pom {20 0 {40 _150 influence ond(1°Rh) may be difficult to predict. In general,

for weak ligands thed~ 3Oterm is dominant and for strong

ligands theAE~! term is dominant!

Subject to these constraints, a change in the nucleophilicity
of one or more of the ligands (X, L, P) attached to rhodium
would be expected to have an influence &f°Rh) in the
M . . T . absence of any interaction with triphenyltin hydrideThe
ppm -120 -130 -140 -150 . . . . . .

presence of such an interaction, which is itself sensitive to
changes in the electron density on rhodium, would further
f modify the influence (of changes in X, L, and P) 6(t°Rh).

The influences on the tin chemical shift are less numerous
in the systems of the present study. The substituents on tin are
limited to rhodium, hydrogen, and three phenyl groups, the

T 1
opm -16.5 -17.0

T T T T

pom 40 30 20 10 0 rhodium fulfilling the role of a substituent of variable electron
Figure 1. H (@), 'H{*P} (b), 3P{'H) (c), 119Sn{H} (d—f) spectra. density. The effect o@(*1%n) of an increase in the electron
Spectra a-e were recorded for a mixture of [Rh(N(C)NPPH)] (0.03 density on tin has been shown for the series of compounds
M), 4-MeO,Cpy (0.5 M), and PiSnH (0.05 M) in dichloromethane  Me;SnCH-,Cl, (n = 0—3) to be a decrease from85 to 0
(prepared at —25°C) giving [Rh(N(CNY)(H)(SnPh)(PPh)(4-MeO,- ppn? (the authors use the opposite sign convention) and for

Cpy)] (2bx) and trans[Rh(N(CN))(H)(SnPh)(PPh)(4-MeO,Cpy)] _
(3bx); spectra ad were recorded at25 °C, and spectrum e was [Rh(SnCh)>(1,5-cod] P(GH4R)s}] ™ a decrease fromr44.1 to

recorded at-60 °C. Spectrum f was recorded aR5 °C for a mixture +34.8 ppm as R is varied in the order F, CI, H, OfeA

of [Rh(CI){ P(CeH4F)s} 3] (0.03 M), 4-MeNCeH4CN (0.5 M), and Pk change in the tin coordination number from 4 to 5 also causes
SnH (0.05 M) in dichloromethane givingis-[Rh(CI)(H)(SnPh)- a negative shift iny(119Sn)25
{ P(GH4F)s} 2(4-Me:NCeHACN)] (491). Signs of Coupling Constantsin a two-dimensional (XY

correlated) spectrum showing “passive” coupling to a third
nucleus (2), the tilt of the cross-peaks provides information
about the relative signs d{X—2) andJ(Y —2Z). Where nuclei

At —60 °C, tin—hydrogen coupling constants f8rare up to 8
Hz larger than those measured-&25 °C (no further increase
was found on going te-70 °C), indicating that ligand L is quite

labile (tin has a large trans effect), and at the higher temperature,(l6) (@ Jaffe, H. HChem. Re. 1953 53, 191, (b) McDaniel, D. . B
H H a) Jarle, H. em. Re. )y . cDanlel, D. H.; brown,
J(_Sn—H) is a We|ghted average of the values for complexes H.C.J. Org. Chem1958 23 420. (c) Wells, P. RChem. Re. 1963
with and without ligand L. 63, 171.
The reaction of [RhCI(Pgs] with PhsSnH in the presence  (17) Tolman, C. AChem. Re. 1977, 77, 313.

[ i i (18) Chatt, J.; Kan, C. T.; Leigh, G. J.; Pickett, C. J.; Stanley, DJR.
of benzonitrile gives, noR or 3, but4 (Scheme 1, Figure 1f), Cherm. Soc.. Dalton Trand98q 2032,

formed via what appears to tiens[RhCI(H)(SnPh)(PR)2] (19) Ramsey, N. FPhys. Re. 195Q 78, 699; 1952 86, 243.
(J(Sn—H) ~ 30 Hz). Attempts to prepar2 and 3 with L = (20) Mason, JChem. Re. 1987, 87, 1299.
PMePh, PMe;, and P(OMej from 1 with <1 equiv of L were (21) Mann, B. E. InTransition Metal NMRPregosin, P. S., Ed.; Elsevier:

L . . e Amsterdam, 1991; pp 177215.
unsuccessful, giving mixtures of unidentified products. (22) (a) Elsevier, C. J.: Kowall, B.. Kragten, #horg. Chem 1995 34,

NMR Parameters.A listing of NMR data for the compounds 4836. (b) Carlton, LMagn. Reson. Chem 997, 35, 153.
studied is given in Table 1. The nuclei most informative about (23) Da&/(ijes,hA- G, Harrison,lP. G, Kehnnedy, J. D.; Mitchell, T. N;
i _ i 10! 11! Puddephatt, R. J.; McFarlane, \W. Chem. Soc. @969 1136.
change§ in RHH Sn bqndlng are'®Rh and QSrg), and (24) Kretschmer, M.; Pregosin, P. S.; Garralda, MOrganomet. Chem.
discussion will be restricted to the parametey§Rh), 1983 244, 175.

o(11%n), J(M19%Sn—1H), and J(1°3Rh—119Sn). Unfortunately no  (25) Wrackmeyer, BAnnu. Rep. NMR Spectrost985 16, 73.



Table 1. NMR Data

S(H)P SCWPY S(*ORhY (119sny

complex 248K 213K 248K 213K 248K 213K 248K 213K J(P—H)" J(Rh—H)' J(Sn—H)'¢ JRh—P)Y JSn—P)Yh JRh—Sn}
[Rh(NCBPhR)(H)(SnPR)(PPh)(1-Meim)] (2aw) —16.25 —16.10 54.47 54.97 1067 1041-119.7 —116.5  23.2 14.4 102 134.9 224 356
[Rh(NCBPh)(H)(SnPh)(PPh)(4-MeO,Cpy)] (2ax) —16.34 —16.17 54.20 54.66 1171 1146-1159 —113.3  22.7 15.0 95 135.3 205 355
[Rh(NCBPH)(H)(SnPh)(PPh)(py)] (2ay) —16.31 —16.16 54.08 54.44 1184 1160-120.4 —117.7 227 15.1 99 134.6 211 361
[Rh(NCBPh)(H)(SnPh)(PPh)(4-Me;Npy)] (2a2) —16.39 —16.27 54.01 5454 1204 1176-128.9 —126.0 22.7 15.5 106 132.6 220 367
[Rh(N(CN))(H)(SnPh)(PPR)(1-Meim)] (2bw) —17.01 55.17 1094 —126.0 23.4 15.7 106 135.6 232 365
[Rh(N(CN),)(H)(SnPh)(PPh)(4-MeQ,Cpy)] (2bx) —17.02 —16.95 5458 5525 1203 1172-120.1 —116.6  23.0 16.2 98 135.6 214 355
[Rh(N(CN))(H)(SnPh)(PPh)(py)] (2by) —17.03 —16.95 54.65 5526 1212 1182-124.3 —120.9  23.3 16.5 101.5 135.1 220 359
[Rh(N(CN),)(H)(SnPh)(PPh)(4-Me:Npy)] (2b2) —17.07 —16.97 54.48 5529 1231 1195-131.6 —127.4  23.3 16.7 107 133.6 229 367
[Rh(NCS)(H)(SnPH(PPh)(1-Meim)] (2cw) —16.92 55.11 1108 —125.7 235 14.9 107 136.0 237 369
[Rh(NCS)(H)(SnPH(PPh)(4-MeO.Cpy)] (2cx) —16.92 —16.88 54.47 5510 1219 1189-120.4 —117.5  23.1 15.2 100 136.0 216 356
[Rh(NCS)(H)(SnPH(PPh)(py)] (2¢cy) —16.94 —16.88 54.61 55.21 1226 1195-1245 —121.0 23.3 15.3 103 135.4 224 363
[Rh(NCS)(H)(SnPH(PPh)(4-Me:Npy)] (2¢c2) —17.02 —16.94 54.48 5538 1243 1207-132.1 —128.0 23.4 15.7 109 133.8 232 370
[Rh(N3)(H)(SnPh)(PPh)(1-Meim)] (2dw) —17.80 55.18 1196 —136.3 23.5 18.4 114 137.9 244 381
[Rh(N3)(H)(SnPR)(PPh)(4-MeO,Cpy)] (2dx) —17.59 55.60 1267 —129.2 ~23 16.9 104.5 137.7 230 367
[Rh(Ng)(H)(SnPR)(PPR)(py)] (2dy) —17.68 55.72 1281 -134.1 23.0 18.8 108 137.8 232 370
[Rh(N3)(H)(SnPh)(PPh)(4-Me:Npy)] (2d2) —-17.91 55.34 1311 —142.6 23.3 19.4 114 136.2 241 381
[Rh(NCO)(H)(SnPB)(PPh)(1-Meim)] (2ew) —17.18 —17.10 55.68 56.35 1162 1130-134.6 —130.4  21.2 14.0 112 137.0 250 379
[Rh(NCO)(H)(SnPE)(PPHR)(4-MeO:Cpy)] (2eX —17.11 —17.08 55.66 56.30 1258 1226-128.2 —125.0 22.3 15.2 105 136.8 229 370
[Rh(NCO)(H)(SnPB)(PPh)(py)] (2ey) —17.15 —17.12 55.71 56.32 1267 1236-132.4 —129.0 225 15.2 108.5 136.5 235 371
[Rh(NCO)(H)(SnPk)(PPh)(4-Me:Npy)] (2e2) —17.26 —17.22 55.38 56.19 1290 1253-141.0 —137.2  22.2 15.1 115.5 135.0 244 382
[Rh(O,CCRs)(H)(SnPh)(PPh)(4-MeO,Cpy)] (2fx) —20.48 54.36 1405 —137.7 22.9 20.4 110 141.2 225 370
[Rh(O,CCRs)(H)(SnPh)(PPh)(py)] (2fy) —20.53 54.84 1411 —143.1 24.8 20.7 114 140.0 230 378
[Rh(CI)(H)(SnPR)(PPh)(4-MeQ,Cpy)] (2g%) —17.21 —17.26 53.79 54.47 1262 1234-137.6 —135.1 222 215 100 137.0 230 370
[Rh(CI)(H)(SnPR)(PPR)(py)] (20Y) —17.35 —17.36 53.76 54.36 1277 1250-142.7 —139.9 223 21.8 105 137.5 237 375
[Rh(CI)(H)(SnPh)(PPh)(4-Me:Npy)] (292 —17.65 —17.65 52.98 53.56 1320 1292-153.5 —150.9 22.6 22.3 113 135.7 244 384
[Rh(CI)(H)(SnPR){ P(CsHa4F)s} (4-MeQ.Cpy)] (2g'x) —17.23 —17.31 51.85 5252 1248 1220-132.6 —130.2 22.1 22.1 97 139.4 226 361
[Rh(Cl)(H)(SnPR){ P(CsH4F)s} (py)] (2dy) —17.37 —17.43 52,02 52.60 1261 1234-137.0 —1343 225 22.0 101 138.5 234 367
[Rh(CI)(H)(SnPR){ P(CsH4F)s} (4-Me:Npy)] (292) —17.69 —17.75 51.64 52.27 1297 12671475 —1446 228 225 109 136.9 242 375
[Rh(CI)(H)(SnPR){ P(GsHsMe)s} (4-MeO,Cpy)] (29'X) —17.35 —17.43 5224 53.01 1277 1249-140.5 —138.4  22.6 21.6 102 136.2 232 376
[Rh(CI)(H)(SnPR){ P(GsHaMe)s} (py)] (2d"y) —17.49 —17.52 5221 5292 1290 1263-145.6 —143.1  22.4 22.0 106 136.2 238 382
[Rh(CI)(H)(SnPR){ P(GsHaMe)s](4-Me:Npy)] (2d'2) —17.79 —17.81 51.54 52.32 1331 1300-155.9 —153.3  22.7 21.7 113 134.8 245 390
trans-[Rh(NCBPhR)(H)(SnPh)(PPh)2(4-MeCOGH.CN)] (3ar) —15.46 40.60 422 -115.9 108 11.9 96 107.6 143 336
trans-[Rh(NCBPh)(H)(SnPh)(PPh)2(CsHsCN)] (3a9 —-15.61 40.43 430 -1159  10.9 11.6 97 107.7 145 337
trans[Rh(NCBPhR)(H)(SnPh)(PPh)(4-Me:NCsH,CN)] (3at) —15.79 40.46 451 -117.9 105 11.6 99 107.8 146 340
trans-[Rh(NCBPh)(H)(SnPh)(PPh)2(1-Meim)] (3aw) —16.30 40.31 454 13.0 10.2 124 105.2 154
trans[Rh(NCBPh)(H)(SnPh)(PPh)2(4-MeQ,Cpy)] (3aX) —16.26 39.18 481 —145.2 122 10.7 121 106.1 152 337
trans[Rh(NCBPhR)(H)(SnPh)(PPh)(py)] (3ay) —16.34 39.67 481 —147.3 123 10.4 124 106.0 153 336
trans-[Rh(NCBPh)(H)(SnPh)(PPh),(4-Me:Npy)] (3a2) -16.31 40.40 488 —1472 119 10.4 126 105.8 157 336
trans-[RN(N(CN),)(H)(SnPh)(PPh),(4-MeQ,Cpy)] (3bx) —16.27 38.99 500 —1425 11.8 11.9 122 106.1 156 342
trans[Rh(N(CN))(H)(SnPh)(PPh)2(py)] (3by) —16.30 39.47 501 —1448 119 11.6 126 106.1 158 340
trans[Rh(N(CN),)(H)(SnPh)(PPh),(4-Me:Npy)] (3b2) —-16.28 40.21 508 —1440 112 12.2 128 105.9 163 341
trans[Rh(NCS)(H)(SnPH(PPh).(4-MeO,Cpy)] (3cX) —-16.21 38.90 512 —1426 117 10.9 124 106.0 161 346
trans[Rh(NCS)(H)(SnPH(PPh)(py)] (3cy) —-16.23 39.41 512 —1445 126 11.5 128 106.1 163 344
trans[Rh(NCS)(H)(SnP§(PPh).(4-Me:Npy)] (3¢2) —16.24 40.19 518 —1435 110 10.9 130 105.8 172 342
trans[Rh(NCO)(H)(SnPE)(PPh)2(4-MeO.Cpy)] (3eX) —16.44 38.62 561 -150.0 117 10.7 130 106.7 168 355
trans[Rh(NCO)(H)(SnPE)(PPh)(py)] (3ey) —16.48 39.13 563 -1521 120 11.0 134 106.7 169 352
trans-[Rh(NCO)(H)(SnPE)(PPh)2(4-Me:Npy)] (3e2 —16.48 39.85 570 -151.7 120 9.8 136 106.6 173 354
trans{RN(CI)(H)(SnPR)(PPh).(4-MeO,Cpy)] (3gX) —16.65 37.83 573 -163.7 126 17.6 128 107.4 172 342
trans{Rh(CI)(H)(SnPh)(PPh)(py)] (3gy) —16.69 38.34 578 -166.3  12.7 17.7 133 107.5 168 351
trans{Rh(CI)(H)(SnPR){ P(CsH4F)a} 2(4-MeQ.Cpy)] (3¢ x) —16.65 35.46 576 -157.3  13.0 18.3 122 108.4 167 347
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=
S
NO ©S < 2 L 2 2 ¢ To 4 = X and Y both have positive gyromagnetic ratig3,(a positive
S@eY 3 ¥ ¥ Y Y Y Eg s tilt (from lower left to upper right, the higld- peaks in the X
% =8 2 dimension correlating with the highpeaks in the Y dimension)
%8 : indicates thatl(X—2) andJ(Y —Z) have the same sign. In the
ara X e 2 © @ 5 S o N - 3 5 § S3 k=2 case yvhereyx and yy have opposite signs, the situatjon is
NN onInASIRIITaAN v @ 0@ complicated by the fact that the precessional frequencies of X
AMNH TH TH TH TH  H ©g &= p y P q
N =0eN and Y also have opposite signs, a difference which is not
S o pp g
S 5E < reflected in the chemical shift scale. In a two-dimensionalyX

< nm ~ o o O SpHso . . . . .
T S MmO 0RO aS ~ N & BT correlated spectrum obtained from nuclei having opposite signs
§ § § Sgggidgiagdgagiag oro of y, a positive tilt of cross-peaks will indicate thagX—2)

= E £ 2 - andJ(Y —2) haveoppositesigns. The signs of NMR frequencies
£383 and phases in relation tp have been discussed by LeWt,
oo R B X e g 8 3%% g and the determination of the signs of coupling constants in
9493 & % 55 - transition metal complexes using 2D spectra has been described
g; 2 by Otting et ak’

o > 1 1 < o E - ﬁ The nuclei observed in the 2D spectra shown in Figure 2 are
2228 = 9 3 3 3 9 %8 § — IH and 3P (positive y) and 119Sn and%Rh (negativey).
e 3 2EE ? Accordingly, the positive tilt of the cross-peaks in Figure 2a

=R IN 11%5n1H) indicates thag(*®®Rh—11°Sn) and)(*°®Rh—1H) have
[T N
doodt <200t cYe = 2 ;I_ opposite signs as di(*!°Sn—31P) andJ(3'P—H); the positive
NN A R S . S BN < =% -l tilt in Figure 2b ¢P—H) indicates thatJ(*°*Rh—3P) and
— - — — - - - - - —
v S o L® J(°Rh—1H) have the same sign as dif!%Sn—3P) and
0o < S %5:0 gﬁ"/ J(*°Sn—1H); the negative tilt in Figure 2¢¥*Rh—3P) indicates
383 c3 f% that J(1%Rh—1195n) andJ(}1%Sn—31P) also have the same sign
nin 20 25 as do J(%Rh—1H) and J(3¥P—!H). The signs of both

o o o o s m @ £92 1 = 1J(1°%Rh—1H) andJ(1°3Rh—31P) have been measured as nega-

L C B~ X O O £ %H’ = tive 28 From this and the data above, it is most likely that, for

@ =28 complexes 2 and 3, 1J(!Rh—1H), LJ(!°3Rh—3!P), and
o~ © S5 ? 3 2J(31P—1H.¢) are negative ant)(11°Sn—1Hs), 2J(119Sn—31P),
533 E2om and 1J(19Rh—1195n) are positive

og IO ’

4 N N~ 6w~ BELZ J(*19Sn—1H) as a Function of (*19Sn). For complexes2,

N o® g N ® g o 8 gg’ & changes occur iR(*%Sn—1H) and 6(*%Sn) as ligand X is

%9%5 varied: these changes are shown in Figure 3 for pyridine-
8IR ] %% o) containing derivatives. Data points for complexzslefine a
838 S0 -% s gradient withJ(*1°Sn—1H) increasing and(*°Sn) decreasing,

No9auVNauBa3ngolo T22% the sequence of points from lower left to upper right matching

eSO nY M Bg S8d the order of increasing electron-donating ability of X. Data for

B R RN =P P 2, X = Cl, lie ~ 14 ppm toward lowed(*1%Sn) values than the
RE8 = ‘;E'L L data obtained with X= N-donor. A weak interaction between
9Ny g2 g Cl and Sn could account for this difference. With=L1-Meim
b 358 and varied X, the data points f@rgive a line (not shown; the

3 8 3 8 3 3 8 225:%® Meim data are described briefly elsewH&gof very similar

O 1 WO W W © © ; : : 11

4 o4 o 4 49 a9 a9 £l g gradient, lying~6 ppm toward highed(*1°Sn) values than the

= . .

R 2B line for X = NCBPH; etc. A change of the phosphine X Cl

=~ = 2 HEIg ly) has an effect similar to that of changes in X, as shown

= = 5 5 9Ll only) has . g , 8 ¢

2 2 SIS &% E also in Figure 3, where, with X= CIl, L = py, and varied

= = 5 . = = g £5 g phosphine (complex?), the three data points in order of

2T §7 SR 5 Q 5 £5= increasing phosphine nucleophilicity lie approximately on a line
’3\3 2= = % = I 3 G537 parallel to that for varied X.

) M~ —_— © &= = . . .

e2=0 g & 8 =z 9 ?ﬁ o8 i & When the effects of varying ligand L are superimposed on
Ei@@ E T 2 LI% g = 3 g&é this picture, lines shown in the lower portion of Figure 4b are
Sawy Z S I 3 3 % =56 g obtained. With ligands X= NCBPh, N(CN),, NCS, N;, and
222 2 % g = X X =2 % 2, L0 NCO, these lines are, to a good approximation, straight, having
Izrzs S ¢ L oL L = © L %’ E a gradient very similar, but not identical, to the gradient in Figure
68X X X T T T T =235 3. With X = Cl, the lines show slight curvature but otherwise
gagg &£ &£ £ ¢ & ¢ Sa5¢ resemble the lines obtained with=X NCBPh;, N(CN),, etc. In
55L& & £ & & & 3osf , etc,
SLEFEfEZEEEE Syt
saas T & = T & & &HHLE (26) Levitt, M. H.J. Magn. Resanl997, 126, 164.
ITITZ 2 £ 2 2 2 & S8¥ew (27) Otting, G.; Soler, L. P.; Messerle, B. A. Magn. Resan 999 137,
S556Z £ LT T T I T CevEn 413.
QOO = X = = = X sa55 . (28) (a) Goggin, P. L.; Goodfellow, R. J.; Knight, J. R.; Norton, M. G;
EEEe 2 & 2 8 ¢ 8 5 2oL Taylor, B. F.J. Chem. Soc., Dalton Tran973 220. (b) Hyde, M.
T}TE“WE i i i i E E Satadd E.; Kennedy, J. D.; Shaw, B. L.; McFarlane, W.Chem. Soc., Dalton
SSSH b b b b b b « 20 JH Trans 1977, 1571.
5550 © © © © © © S5 N (29) Carlton, L.Appl. Organomet. Chemin press.
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Figure 2. 9Sn—1H (a), 3*P—!H (b) and **Rh—3'P (c) correlated
spectra fortrans[Rh(NCBPh)(H)(SnPh)(PPh).(4-Me;Npy)] (3a2)

(aand c) at-60°C and for [Rh(NCBP§)(H)(SnPh)(PPh)(py)] (2ay)
(b) at —25 °C, showing passive coupling. The solvent was,CD.

110

J('"Sn-‘H)

100 +

a

T T T

-120 -130 -140 8(""sn)
Figure 3. Plot of J(*°Sn—H) vs (*1°Sn) for the complexes [Rh(X)-
(H)(SnPR)(PPR)(L)] (2) with L = py and with X and phosphine (X
= Cl only) varied: X= NCBPh (a), N(CN), (b), NCS ), N3 (d),
NCO (g), O:,CCFs (f), Cl/PPR (g), CI/P(GH4F)z (9'), CI/P(GHiMe)s
(g'"). Complexes were prepared in situ; the solvent was dichloromethane
except for2f (toluene) where)(Sn) is corrected. Data were recorded
at —25°C.

leads to a steepel(11°Sn—1H)/6(*1°Sn) gradient as compared
to that for2 with the trend toward lowed(*19Sn) values that
accompanies increasing nucleophilicity of L reversed on ex-
change of 4-MgNpy for py. For a given ligand X, the data
points for3 (L = 4-MeO,Cpy) lie on, or close to, the projection
of the gradient for the relevant complex@s The data for
complexes3ar—t (X = NCBPh;, L = benzonitriles) shown in
Figure 4b closely match those f@ax—z (X = NCBPh;, L =
pyridines). However, upon variation of ligand X (work currently
in progress), this apparent accord is lost.

The general trend id(11°Sn) for complexe® and3 (Figure
3) is reversed fo# (not shown), which gives signals wiih
values ~150 ppm higher than those fa2 or 3. As the
nucleophilicity of L (benzonitrile) is increased, balfi1°Sn—
1H) andd(*19Sn) increase. The effects of varying the phosphine
are less clear. The similarities between the data2fend 3
clearly do not extend td.

J(*19Sn—1H) as a Function of 8(*%3Rh). A plot of J(}19Sn—
IH) vs 6(1%3Rh) is shown in Figure 5a for complexwith L =
py and X varied. With L= Meim and X varied, a line (not
shown) of similar gradient, lying~150 ppm toward lowep

The main signal (center section) of spectrum c is shown at a much values, is obtained. The data point for the chloro compe)

higher contour level than the Sn satellites. 1D spectra are external

projections.

lies close to the line defined by the other X variants, in contrast
to the findings shown in Figure 3 fei(11°Sn) data. Data fo8

every case, the sequence in which the data points are orderedL = py, X varied; Figure 5b) give a line approximately parallel
(from lower to upper) is from the least to the most nucleophilic to that found for2 (Figure 5a), indicating very similar responses

pyridine.

When data J(*19Sn—1H)/6(*°Sn)) from the six-coordinate
bis(phosphine) complexe3 are included, lines in the upper
portion of Figure 4b are obtained. Complexggive higher
J(*°Sn—1H) and lower (i.e., more negativé}1°Sn) values than
2. Variation of ligand X and phosphine (> Cl) causes a greater
dispersion of data points in th&*°Sn) dimension foi3 (as
compared t®), and there is no clear relationship betwggn®
Sn—1H)/6(11°Sn) and the electron-donating properties of X, in
contrast to what is found fd2. Variation of ligand L (pyridine)

to changes in X for the two series of compounds.

The rhodium chemical shifts fa2 are shown in Figure 5¢
(where thed(1%%Rh) scale has been expanded relative to that in
Figure 5a) for each ligand X, grouped according to the variation
in pyridine. The gradiend(*1°Sn—1H)/6(1°%Rh) associated with
changes in pyridine is much steeper (i.e., a smaller change in
0(1%%Rh) relative toJ(*1°Sn—1H)) than that associated with
changes in X, in contrast to th&9%Sn—1H)/5(11%Sn) data
(Figure 3), where the effects of changing X and changing
pyridine are very similar. The differing effects of X and L on
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Figure 4. (a) Plot of J(*°Sn—1H) vs 3(*1°Sn) for the complexes [Rh(X)(H)(SnBPPh)(L)] (2) andtrans[Rh(X)(H)(SnPh)(PPh).(L)] (3) with
X, phosphine (X= Cl only), and L varied: X= NCBPh (a), N(CN), (b), NCS €), NCO (), CI/PPh (g), CI/P(GH4F)3 (g'), CP/P(GH4Me)s (g");
L = 4-MeO.LCpy (X), py (), 4-Me:Npy (2), 4-MeCOGH4CN (r), CsHsCN (s), 4-MexNCsH4CN (t). Complexes were prepared in situ; the solvent
was dichloromethane. Data were recorded-&0 °C. (b, Inset) Plot ofJ(*'%Sn—1H) vs 6(*1°Sn) for complexefa and 3a (dichloromethane;-60

°C).
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Figure 5. (a) Plot ofJ(*'°Sn—H) vs 6(*%Rh) for the complexes [Rh-
(X)(H)(SnPh)(PPh)(L)] (2) with L = py and X= NCBPH; (a), N(CN)
(b), NCS ), N3 (d), NCO (), O,.CCF; (f). Data were recorded at
—25°C. (b) Plot of J(*°*Sn—H) vs 6(**Rh) for the complexefans
[Rh(X)(H)(SnPh)(PPh)2(L)] (3) with L = py and X varied. Data were
recorded at-60 °C. (c) Plot ofJ(***Sn—H) vs d(*°3Rh) for 2 with X,
phosphine (X= Cl only), and L varied: L= 4-MeQ,Cpy ), py (y),
4-MeNpy (z). Data were recorded at60 °C. The solvent was
dichloromethane except f@f (toluene) where&(Rh) is corrected. All
complexes were prepared in situ.

O0(19Rh) are likely to reflect differing influences oAE and
3[4 (see above). Changes #(1%Rh) for 3 on varying L

(pyridines) are very small, amounting to no more thar2@pm
on replacing 4-Me@Cpy by py (X= NCBPh, N(CN),, NCS,
NCO) and 6-7 ppm on replacing py by 4-Mblpy (Figure 6a).
Much larger changes in(*Rh) are found for3ar—t
(X = NCBPh;, L = benzonitriles) on varying L (Figure 6b).

J(M9Sn—1H) as a Function of J(1°Rh—119Sn). A graph
showing variations id(*1°Sn—1H) andJ(*°*Rh—11°Sn) recorded
for 2 and 3 in response to changes in ligand X €& py; X
varied) is given in Figure 7. The linear relationship holds also
for 2 with L = 1-Meim and X varied but is rather less clear for
L = MeO,Cpy and MeNpy. Plots (not shown) a¥(*1°Sn—1H)
vs J(103Rh—1195n) for 2 with L varied show gradients similar
to those found with X varied. F@, the effects due to variations
in L form no clear pattern.

NMR Data and Rh—H—Sn Bonding. Three features of the
data from plots ofJ(119Sn—1H) vs 6(*1%Sn) andd(*°Rh) are
particularly relevant to an interpretation of the RH—Sn
bonding.

(1) The response af(*1°Sn) to changes in complex@sand
3: A near-linear decrease #(1%Sn) (Figure 4a) as the electron
density on2 is increased leads, for the more electron-8¢ho
a reversal of the direction of change &f1°Sn).

(2) The response @f(1°3Rh) to changes in complekX When
ligand L has low nucleophilicity (benzonitrile), variations in
electron-donating ability cause fairly large changes(i°Rh);
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Figure 6. (a) Plot ofJ(*'%Sn—1H) vs 6(**®Rh) for the complexesans
[Rh(X)(H)(SnPh)(PPh)(L)] (3) with X and L varied: X= NCBPh

(), N(CN)z (b), NCS (), NCO (); L = 4-MeOLpy (), py (y), 4-Mer-

Npy (2). The complexes were prepared in situ; the solvent was
dichloromethane. Data were recorded-&0 °C. Dotted line: X varied.
Solid line: L varied. (b, Inset) Plot af(*'°Sn—H) vs 6(1°°Rh) for 3a:

L = 4-MeCOGH.CN (r), CsHsCN (s), 4-MesNCgH4CN (t). The solvent
was dichloromethane, and data were recorded@ °C.
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Figure 7. Plot of J(*'%Sn—H) vs J(**Rh-+1°Sn) for the complexes
[Rh(X)(H)(SnPR)(PPR)(L)] (2) andtrans[Rh(X)(H)(SnPh)(PPh),-
(L)] (3) with L = py and X varied: X= NCBPH; (a), N(CN), (b),
NCS (), N3 (d), NCO (g), O.CCF; (f). The complexes were prepared
in situ; the solvent was dichloromethane (toluene florData for 2
were recorded at-25 °C; data for3, at —60 °C.

when L has higher nucleophilicity (pyridine), similar variations
cause much smaller changesd@®Rh) (Figure 6).

(3) The response af(*1%Sn—1H) to changes in complexes
and 3: When py is replaced by 4-MBpy in complex2 the
average increase i{*1°Sn—1H) is ~7 Hz; when py is replaced
by 4-MeNpy in complex3, the average increase I¢°Sn—
1H) is only 2 Hz. The corresponding increases){it®Sn—1H)
on exchanging 4-Meg&py for py are 3-4 Hz for both2 and
3.

A three-center bond can be visualized as lying on a trajec-
tory3° leading from the individual starting compounds, herg-Ph
SnH and a rhodium complex, to an oxidative addition product

Carlton

in which the bond between tin and hydrogen no longer exists.
The direction of movement along the trajectory defines a process
as being one of oxidative addition or reductive elimination. In

a finely balanced system, the three-center bond will be stable.

On moving along the trajectory, the tin atom, in a complex
containing Rh, H, and Sn, will undergo a change in geometry
from four-coordinate (in the full oxidative addition product) to
five-coordinate as the interaction between Sn and H becomes
stronger and, as the Rtsn and Rh-H bonds become weaker,
will then return to four-coordinate geometry (freegRH). The
results described in (1), above, agree with this. The tin chemical
shift is sensitive to Sn geometry, becoming more negative as
the coordination number is changed from 4 té& However,
the facts that the reversal of the direction of changé(®Sn)
is observed only i with L = Me;Npy and that this change
occurs at values aJ(*1°Sn—1H) that differ by as much as 10
Hz (Figure 4a) might suggest that the 4-Mpy ligand itself,
rather than the increased electron density that it conveys to the
rhodium, is in some way responsible for the effect. Evidence
against such an interpretation is found in the results Zor
(Figures 3 and 4a), which show no anomalies for complexes of
4-Me;Npy. Studies involving a wider range of pyridines might
help to clarify the situation.

The results described in (2) and (3), above, can be rationalized
in terms of a transfer of electron density from rhodium to tin
and hydrogen. As the electron density on rhodium is increased,
a progressively larger fraction is transferred to Sn and H, which
together act as an acceptor of electron density that is not readily
taken up elsewhere. When the source of the increased electron
density is the ligand positioned trans to tin (as in com@@ex
this transfer should be particularly efficient. If a buildup of
electron density on rhodium is avoided in this way, the fact
should be reflected in the rhodium chemical shift, which, as is
observed, should then be relatively insensitive to such changes.
With lower overall electron density on rhodium, any increase
should become more evenly distributed and the influence on
0(1%%Rh) should be proportionately stronger (as observed).

Electron density transferred to tin can strengthen thet$n
interaction and increase the contributiontaf1°sn—1H) to the
observed coupling constartl(*1°Sn—H) has a negative sign
and2J(11°Sn—1H) has a positive sign; thus any increase in the
1J component will subtract from changes #J, causing
2J(119Sn—1H) to appear smaller than might otherwise be
expected. An effect matching this is observed for the most
electron-rich complexes, with L = 4-Me,Npy.

Interpretation of J(*1%Sn—H). The value ofJ(**%Sn—1H)
correlates with the electron density on rhodium. With increasing
J(*1%Sn—1H), ligands X appear in the order NCBRIN(CN);,
NCS, Cl, Ns. NCO, GQCCEF;, ligands L in the order 4-Me®
Cpy, py, 4-MeNpy, and phosphine ligands in the order P(4-
CeH4F)3, PPh, P(4-GHsMe)s, i.e., according to their electron
donating abilities.

As 3 is made increasingly electron-rich, so it becomes more
difficult to prepare (in situ), the yield diminishing until, with
highly electron-donating combinations of ligands, no product
3is formed. For3, the highest observed value #ft°Sn—1H)
is 136 Hz Bc2); this appears to represent a limiting region
beyond which the complexes (at60 °C) are unstable.

Conclusion

The parameters that are most informative regarding potential
influences on the three-center bond in complegeand 3,

(30) Crabtree, R. H.; Holt, E. M.; Lavin, M.; Morehouse, S. Morg.
Chem 1985 24, 1986.



Rhodium-Hydrogen-Tin Three-Center Bonds Inorganic Chemistry, Vol. 39, No. 20, 2008519

J(M9Sn—1H), 6(*19%n) andd(1°3Rh), are insensitive to a variety  reversal of the direction of change 6{1°Sn) for complexes

of changes in ligands, suggesting that, within limits, these having the most nucleophilic pyridine is a predictable conse-
changes do not significantly alter either the electronic balance quence of a transition from five- to four-coordination for tin.
of the bond {(Sn—H), 6(Sn)) or the electronic environment of  For 3, the diminishing responses &f(11%n—1H) to variations

rhodium @(Rh)). This can be seen for complex2sith X an in L are likely to reflect increased contributions from
N-donor ligand ad L a pyridine, where the responsesJf'®- 13(19Sn—1H) as the SAH bond becomes stronger.

Sn—1H) and 6(*1°Sn) to variations in X and L are largely
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