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Abstract: The first representatives of
phosphino(stibino)methanes R,PCH,Sb-
R% (3-5) with bulky alkyl or cycloalkyl
groups R and R’ were prepared in two
steps from Ph,SnCH,I via the isolated
stannylated phosphanes Ph;SnCH,PR,
(1, 2) as intermediates. X-ray structural
analysis of 5§ (R = C,H,,, R’ = (Bu) re-
veals that the Jone pairs and the sub-
stituents R and R’ at phosphorus and an-
timony and the hydrogen atoms of the
CH, bridge adopt staggered conforma-
tions. Treatment of [{C H,,RhCl},] with
3-5 affords the neutral compounds [Rh-

of which 7 and 8 react with CH,;Mgl to
give the corresponding methylrhodium
derivatives [RhCH,(p*-C¢H,,)(x-P-R,-
PCH,SbR})] (9, 10). Cationic complexes
[Rh(n*-CgH,,)(x2-P,Sb-R ,PCH,SbR)]-
X (X =PF,: 11a, 12a, 13; X = BPh,:
11b, 12b) containing the phosphino(stib-
ino)methanes as chelating ligands were
obtained either from [{C,H,,RhCl},],
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R,PCH,SbR’, and MX, or (for 13) from 8
and AgPF,. Compound 12a (R = iPr,
R’ = ¢Bu) was characterized by X-ray
crystallography. The PF, salts 11a, 12a,
and 13 react with CH,N, by insertion of
CH, into the Rh-Sb bond to yield the
complexes 14—16, the first examples of
transition-metal compounds with Sb
ylides as ligands. Treatment of BPh, salts
11b and 12b with H, gives the half-sand-
wich-type complexes [(#°-C,H,BPh,)-
Rh(x2-P,Sh-R,PCH,SbRS)] (17, 18), in
which the tetraphenylborate is coordinat-
ed like a substituted arene to the metal

Cl(n*-C4H, ,)(x-P-R,PCH,SbR})] (6-8),

Introduction

Recent work in our laboratory has shown that the replacement
of triisopropylphosphane by triisopropylstibane as a ligand
leads to remarkable differences in the reactivity of low-valent
metal complexes of the iron and cobalt triads.!! ~3) While some
of these differences are probably steric in nature, they mainly
reflect the unequal o-donor and m-acceptor capabilities of tri-
alkylphosphane and -stibane ligands. In almost all cases studied
to date, the M - SbiPry bond is more labile than its M—PiPr,
counterpart, and this can be put to advantage for synthetic
purposes ' 3># A disadvantage of the stibane—metal complex-
es, however, is their tendency to decompose under the condi-
tions of subsequent conversions.

In order to combine the favorable aspects of the ligand behav-
ior of bulky trialkylphosphanes on the one hand and of related
trialkylstibanes on the other, we set out to prepare mixed P/Sb
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donor systems. Here we describe the synthesis of peratkylated
phosphino(stibino)methanes, the molecular and crystal struc-
ture of one representative, and the use of the unsymmetrical
ligands to prepare square planar as well as half-sandwich-type
organometallic rhodium complexes.

Results and Discussion

Synthesis of the P/Sb donor ligands: The bulky phosphino(stib-
ino)methanes 3—5 were prepared by a two-step procedure
(Scheme 1). The first step is the metalation of Ph,SnCH,I by
BulLi in toluene/hexane at low temperature, which, in the pres-
ence of TMEDA (tetramethylethylenediamine), probably yields
solvated Ph,SnCH,Li. This in situ generated intermediate re-
acts with R,PCl at —90 to —80°C to give a clear solution from
which, upon warming to room temperature and addition of
water, an oily air-sensitive product is obtained. Chromato-
graphic workup for R = cyclohexyl (Cy) affords white crystals
(1) and for R = {Pr a colorless liquid (2), both in 85-90 % yield.
Following a similar route, Kauffmann and Kriegesmann pre-
pared the stannylated arsanes R,SnCH,AsPh, (R = Me, Ph)
from R ,;SnCH,], BuLi, and Ph,AsCl. Since they did not use any
stabilizing agent such as TMEDA for the lithiated intermediate,
we assume that the yield was rather low (35 %) because of sever-
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Scheme 1. Two-step procedure for the preparation of phosphino(stibino)methanes
3-5.

al side reactions.[>? The only other stannylated alkylphosphane
R,SnCH,PR/, besides 1 and 2 is, to the best of our knowledge,
Et,SnCH,PH,, but this compound was prepared from
Et;SnCH,P(O)(OR)H and LiAlH, and not via Et;SnCH,Li as
an intermediate .t

The new phosphanes 1 and 2 are thermally quite stable and
soluble in most organic solvents. The 1*C NMR spectra of 1 and
2 display two doublets for the diastereotopic carbon atoms
PCHCH, (R = Cy)and PCHCH, (R = iPr), the chemical shifts
and P—-C coupling constants of which are similar to those of the
chiorophosphanes R,PCl. The signal of the bridging CH, car-
bon atom appears at § = 2.0 (for 1) and 6 =1.5 (for 2) and is
also split into a doublet [J(P,C) = 41-42 Hz].

The second step of the synthesis of 3—5 is the transmetalation
of 1 or 2 with PhLi, which proceeds smoothly in ether/cyclohex-
ane at room temperature. Besides SnPh,, the corresponding
lithiated phosphane R,PCH,Li is formed, which reacts with
iPr,SbBr or 1Bu,SbCl in the presence of TMEDA at low tem-
perature to give, after chromatographic workup, 3 and 4 as
colorless liquids and 5 as a white solid in 75-85% yield. The
phosphino(stibino)methanes 3—5 are thermally less stable than
the precursors 1 and 2 and air- as well as light-sensitive. Under
argon at —20°C, they can be stored for weeks without decom-
position. The *H, '*C, and 3*P NMR data are in full agreement
with the proposed structure and deserve no further comment.

The molecular structure of 5 is shown in Figure 1. In analogy
to Ph,PCH,PPh, (dppm)!™ and the corresponding cyclohexyl
derivative Cy,PCH,PCy, " the molecule of 5 has no crystallo-
graphic symmetry. The lone pairs at the phosphorus and the
antimony atoms are on different sides of the plane formed by
these atoms together with the carbon atom of the bridging
methylene unit. The relative orientation of the PCy, and SbsBu,
moieties at the CH, group is such that the lone pairs and the
substituents Cy or tBu and the hydrogen atoms of the methylene
bridge adopt staggered conformations. The most noteworthy
structural detail is the bond angle P-C(1)-Sb of 119.17(8)° which
is almost identical to the bond angle P-C-P of Cy,PCH,PCy,
[120.5(1)°],'® but significantly larger than that of dppm
[106.2(3)°].1! In contrast to this, the bond length P—C(1) of 5
[1.842(2) A}is virtually the same as in dppm [1.848(5) A]"' and
differs only slightly from that in Cy,PCH,PCy, [1.858 A].[8
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Figure 1. Molecular structure of 5. Principal bond lengths [A] and angles [*] with
estimated standard deviations in parentheses: P—C(1) 1.842(2), Sb -C(1) 2.175(2).
P-C(21) 1.864(2), P-C(31) 1.870(2), Sb—-C(11) 2.223(2), Sb--C(15) 2.218(2); P-
C(1)-Sb 119.17(8), C(21)-P-C(31) 101.89(6), C(1)-P-C(21) 104.35(7), C(1)-P-C(31)
98.87(7), C(11)-Sb-C(15) 105.31(6), C(1)-Sb-C(11} 93.74(6). C(1)-Sb-C(15)
98.03(6).

The distance Sb—-C(1) [2.175(2) A] of 5, however, is somewhat
shorter than the distances between Sb and the quarternary car-
bon atoms C(11) and C(15) [2.223(2) and 2.218(2) A], which is
probably due to the steric bulk and the resulting repulsion of the
tert-butyl groups.

Cyclooctadienerhodium(1) complexes with phosphino(stibino)-
methanes as ligands: The reactions of [{CH,,RhCl},] with the
phosphino(stibino)methanes 3—5 in hexane at room tempera-
ture involve a facile cleavage of the chloro bridges by the P-
donor site of the substrate but not the replacement of the cy-
clooctadiene or the chloro ligands. The neutral compounds 6-8
(Scheme 2), which are isolated in nearly quantitative yield, form

] a
[CsH,RACTL, 3-3 “rn
7 PR,
2
6 -8
7,8 CH;Mel “ra” e
7 PSR
R R R,
9 |iPr Bu
10} iPr Cy 9.10

Scheme 2. Reaction of [{CgH,,RhCl},] with phosphino{stibino)methanes 35 in-
volves cleavage of the chloro bridges by the P-donor site to give compounds 6-8.
Treatment of 7 or 8 with CH,Mgl displaces the chloro ligand completely to form
methylrhodium derivatives 9 and 10.

yellow, moderately air-stable solids that decompose between
55°C and 80 °C. The analytical and spectroscopic data leaves no
doubt that they are monomeric in nature and thus structurally
related to complexes of the general composition [RhCl(n*-
CgH,,)(PR,)]."1 The 'H and '*C NMR spectra of 68 display
two sets of signals for the protons and the carbon atoms of the
-CH=CH- double bonds of the cyclooctadiene unit; this is in
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agreement with the different rrans influence of the chloro and
P-donor ligands. A typical feature of the 1*C NMR spectra of
7 and 8 is that only the signal of the =CH, carbon atoms (for
assignment H, and Hy see Experimental Section), which are
adjacent to phosphorus, shows a significant °*Rh-"*C cou-
pling of 14 Hz. Owing to the coordination of the phosphino-
(stibino)methanes, the signal of the bridging PCH,Sb carbon
atom in the spectra of 6—8 exhibits an upfield shift of about
4 ppm compared to 35, while at the same time the *J(P,C)
coupling constant decreases from ca. 37 Hz to 8—10 Hz.

On treatment of 7 or 8 with CH,Mgl in ether/pentane
at —25°C, the chloro ligand is readily displaced and the methyl-
rhodium derivatives 9 and 10 are formed in excellent yield. Both
compounds are orange-yellow, relatively low-melting solids,
which were characterized by elemental analysis and spectro-
scopic techniques. The 'H as well as the **C NMR spectra of 9
and 10 display a doublet of doublets at & = 0.3~0.4 (*H) and
5 =4.6-4.8(13C), each of which is assigned to the protons and
the carbon atom of the metal-bonded CH; group.

The reactions of [{CgH,,RhCl},] with 3 or 4 in the presence
of AgPF, or KPF, afford the cationic complexes 11a and 12a
(Scheme 3) in 60—80 % yield. The related compound 13 with the

) PF,
R R é{bz —‘ 6
13,4 ~
11] ipr iPr e Rh” >
12| iPr Bu 2) MPFq ~ p
R;
11a, 12a
(CsHi2RACT  — NaBPh, | (R =R’ = iPr)
R, | BPhe
1) 3,4 Sb,
L Srn”
2) NaBPh, N
Ry
5 11b, 12b
Bu, ~| PFe
AgPF, Sb,
g — FTC L g\khi
- P
Cyz
13

Scheme 3. Reactions of [{C H;,RhC1},] with 3, 4, and 5 in the presence of AgPF,
or KPF, 3 and 4 afford cationic complexes 11a and 12a. If NaBPh, is used for the
reaction instead of a PF sait, compounds 11b and 12b are obtained. The related
compound 13 is obtained from 5 with AgPF, in CH,C1,.

phosphino(stibino)methane 5 as ligand is accessible, in the ab-
sence of light, from 8 and an equimolar amount of AgPF, in
CH,Cl,. If NaBPh, is used as an additional substrate for the
reaction of [{C H,,RhCl},] with 3 or 4 instead of a PF; salt, the
corresponding compounds 11b and 12b are obtained. The casy
formation of 11a,b, 12a,b, and 13 is noteworthy since related
chelate complexes of the general composition [Rh(*-CgH,,)-
(x2-P,P-R,PCH,PR,)IX do not exist. For R = Ph, such a spe-
cics is presumably generated as an intermediate on treatment of
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[{C¢H,,RhCl},] with dppm but it reacts quite rapidly with a
second molecule of bis(diphenylphosphino)methane to give
[Rh(dppm),]C! as the final product.'*”) Compounds 11a, 12a,
and 13 are deep red, 11b and 12b orange-yellow solids that are
almost air-stable and readily soluble in CH,Cl,, CHCl;, and
THF. They slowly decompose in acetone. The most significant
difference between the spectroscopic data of 11-13 and those of
6-8 is the downfield shift of the signals of the protons H; and
PCH,Sb by ca. 1.3—1.4 ppm in the '"HNMR, the shift to lower
fields of the signals of the corresponding carbon atoms =CHg
and PCH,Sb by ca. 20 and 10 ppm in the '*C NMR, and the
highfield shift of the signal of the PR, phosphorus atom by ca.
25 ppm in the *'P NMR spectra. Moreover, the 1°3Rh-3!P
coupling constant of the PR, resonance is reduced from ca.
145 Hz for the neutral compounds 6—8 to ca. 125 Hz for the
chelate complexes 11a,b, 12a,b, and 13.

In order to obtain information about the detailed structural
aspects of a transition-metal complex containing a phosphino-
(stibino)methane as a chelating ligand, an X-ray crystal struc-
tural investigation of 12a was carried out. The SCHAKAL
diagram (Figure 2) reveals that the coordination geometry

C(23)
c@n

P(1) C(20)

C(%)

C(12)

C(13)

c(15) C(14)

Figure 2. Molecular structure of 12a. Principal bond lengths [A] and angles [] with
estimated standard deviations in parentheses: Rh -P(1) 2.317¢1), Rh- Sb
2.5876(5), P(1)-C(9) 1.836(4), Sb--C(9) 2.158(4). Rh~C(1) 2.253(5). Rh-C(2)
2.225(5), Rh- C(5) 2.194(5), Rh--C(6) 2.186(5), C(1)- C(2) 1.327(8). C(5)-C(6)
1.367(8), P(1)-C(18) 1.847(4}, P(1)-C(19) 1.843(4), Sb-C(10) 2.201(4), Sb~
C(11)y 2.198(4); P(1)-Rh-Sb 74.88(3), P(1)-C(9)-Sb 96.6(2). C(9)-P(1)-Rh
102.51 (14), C(9)-Sb-Rh 86.04(11), C(1)-Rh-C(2) 34.5(2), C(5)-Rh-C(6) 36.4(2).
C(10)-Sb-C(11) 109.1(2), C(18)-P(1)-C(19) 103.8(2).

around the rhodium center is square planar with the C(1)-C(2)
double bond of the cyclooctadiene trans to phosphorus and the
C(5)-C(6) double bond trans to antimony. The most notable
features are that 1) the four-membered ring RhPCSD is exactly
planar and 2) the bond angle P-C(9)-Sb [96.6(2)] is significant-
ly smaller than in the uncoordinated molecule 5 [119.17(8)7].
The P(1)-Rh-Sb bite angle [74.88(3)"] is also quite small and
comparable to the P-Rh-P bite angle of neutral rhodium(i) com-
plexes with tBu,PCH,PrBu, as chelating unit.!" The Rh--P(1)
bond length of 12a [2.317(1) 1&] is almost identical to that of
cationic square planar cyclooctadienerhodium(i) complexes
with bidentate phosphanes as ligands."'?! The distances Rh-
C(5) and Rh-C(6) are shorter by ca. 0.04—-0.05 A than the
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distances Rh—C(1) and Rh-C(2), which we attribute to the
stronger trans influence of the PR, compared to the SbR’, moi-
ety. The Rh—Sb bond length of 12a[2.5876(5) Ais virtually the
same as the Rh-Sb distances of rrans-[RhCl(=CPh,)-
(SbiPr,),]!*" and mer-[RhCl,(C H,)(SbPh,),],[** although in
the latter compound the oxidation state of rhodium is +1III and
the ligand is a triaryl- and not a trialkylstibane.

Studies on the reactivity of the chelate complexes 11-13: The
reactions of the compounds 11a, 12a, and 13 with dia-
zomethane led to a surprising result. Since we considered the
phosphino(stibino)methanes as hemilabile chelating systems,
we had expected that on treatment of the cations [Rh(y*-
C,H,,)(x?-P.Sh-R,PCH,SbR})] " with CH,N, a cleavage of
the supposedly labile Rh—Sb bond would take place and a car-
benerhodium complex containing the phosphino(stib-
ino)methane as a monodentate P-bonded ligand would be
formed. The elemental analyses of the products obtained upon
addition of diazomethane to a solution of 11a, 12a, or 13 in
THF/ether at —30°C and subsequent workup were indeed in
agreement with those of 1:1 adducts of the starting materials
with CH,. The NMR spectroscopic data revealed, however,
that the new crystalline, almost air-stable compounds do not
contain a Rh=CH, bond. Instead of a signal for the CH, car-
bon atom at low field (which has been observed at 6 = 315-260
for square planar and half-sandwich-type diphenylcarbene-
rhodium(1) complexes™? '4) the 13C NMR spectra of 14-16
(Scheme 4) display a resonance at 6 = 2.5-2.9, which is split

Scheme 4. The products 14, 15, and 16 obtained from diazomethane and 11a, 12a,
or 13 are cquivalent to 1:1 adducts of the starting materials with CH,.

into a doublet of doublets owing to Rh,C and P,C coupling.
Since the large value of the coupling constant J(Rh,C) = 31 Hz
indicates that the CH, group is linked to rhodium, we assume
that a five-membered RhCSbCP ring is formed by insertion of
the methylene unit into the Rh—Sb bond. In the "H NMR spec-
tra of 14-16, the signals for the protons of the metal-bonded
CH, group appear at =~ 1.0 and thus at somewhat lower field
than for neutral rhodium(r) compounds with CH,PiPr, as lig-
and."' > The chemical shift of the resonances of the protons and
the carbon atoms of the C,H,, ligand and the R,PCH,SbR/,
fragment of 14— 16 are not significantly different to those of the
precursors 11a, 12a, and 13; this backs up the structural pro-
posal shown in Scheme 4.

With regard to the mechanism of formation of the chelate
complexes 14-16 we consider two possibilities as most likely.
Taking the supposed lability of the Rh—Sb linkage into consid-
eration, the attacking diazomethane could replace the SbR’, unit
and generate a four-coordinate intermediate in which either
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CH,N, or CH, would be bonded to rhodium. However, since
the metal center in the compounds 14—16 has a 16-electron
configuration, the alternative could be the formation of a five-
coordinate species, in which CH,N, or CH, would probably
occupy the apical position of a square pyramid. Upon elimina-
tion of N, (if this is not already lost in the initial step) and attack
of the Sb donor at the CH, carbon atom the five-membered ring
RhCH,Sb(R"),CH,PR, containing two unequal methylene
units would be formed. The driving force for this ring expansion
is probably the decrease of strain on going from the four-mem-
bered chelate rings of 11a, 12a, and 13 to the five-membered
rings of 14-16. A similar heterocyclic system RhCH,-
P(Ph),CH,PPh, is part of the rhodium(i1) complex [C;Me.-
Rhl{x*-C,P-CH,P(Ph),CH,PPh, }]I, which has been prepared
from [C Me ,RhCH,I(CO)I] and dppm.t'9!

Attempts to displace the cyclooctadiene ligand of 11b and
12b by H, and to obtain a (presumably catalytically active)
dihydridorhodium(i) cation led to the neutral half-sandwich-
type compounds 17 and 18 (Scheme 5) in 70-80% yield. The

<Z=>—BP
H
11b, 12b — P
R:P SHR
%
R R
17| iPr iPr 17,18
18| iPr Bu

Scheme 5. Neutral half-sandwich-type compounds 17 and 18 obtained from at-
tempts to displace the cyclooctadiene ligand of 1tb or 12b with H,.

postulated dihydridorhodium(mn) species is possibly formed and
responsible for the hydrogenation of cyclooctadiene to give cy-
clooctane. The red, only moderately air-sensitive solids 17 and
18 are readily soluble in acetone, THF and CH,Cl,. but insolu-
ble in ether and hexane. Related complexes of the general com-
position [(#°-C,H,BPh;)RhL,] with L =P(OR),"'""? and
L, = R,PCH,CH,PR, "8 or R,P(CH,),PR,!° have been re-
ported, while those with L, = R,PCH,PR,.R,AsCH,AsR,, or
R,SbCH,SbR, are unknown. The 'H and '*C NMR data of 17
and 18 clearly indicate that one of the phenyl rings of the BPh,
anion is coordinated to rhodium, in analogy to the complexes
mentioned above. Compared with those for 11b and 12b, the
signal of the 3P nuclei in the 3'P NMR spectra of 17 and 18 is
shifted significantly to lower fields, whereas the '°*Rh—3!'P cou-
pling constant increases from ca. 125 to 166—170 Hz. A similar
value is found for the cyclopentadienyl compound [C;HRh-
(x*-P,P-Ph,PCH,PPh,)], which is formed from [C,H;Rh-
(PMe,)(k-P-Ph,PCH,PPh,)] by elimination of PMe,.[*"!

Conclusions

The work presented in this paper has shown that phosphino-
(stibino)methanes R,PCH,SbR, with bulky alkyl or cycloalkyl
groups R and R are accessible in two steps from Ph,SnCH, I via
stannylated phosphanes Ph,SnCH,PR, as intermediates. In
order to avoid side reactions, it is important to work at low
temperatures and to use TMEDA as a supporting reagent both
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for the lithiation of Ph,;SnCH,I and for the transmetalation of
Ph,SnCH,PR, with PhLi. The closest analogy to the synthetic
route which we used is probably that reported by Kauffmann
et al., who prepared (in 20% yield) the tetraphenyl derivative
Ph,PCH,SbPh, from (Ph,Sb),CH,, PhLi, and Ph,PCI via
Ph,SbCH,Li as an intermediate.[?!

The investigations intended to prepare rhodium complexes of
the new phosphino(stibino)methanes reveal that 3—5 behave as
monodentate (P-bonded) as well as bidentate ligands. The most
remarkable feature is that on treatment of the cationic chelate
compounds [Rh(x*-CH, ,)(,*-P,Sh-R,PCH,SbR,)] * with dia-
zomethane an insertion of CH, into the Rh—Sb bond takes
place, supporting thc assumption that in a M(x?-R,P-X—
SbR),) chelate the M—~Sb linkage is more labile than the M—P
counterpart. The cationic species 1416, formed by CH, inser-
tion, are to the best of our knowledge the first transition-metal
complexes containing a methylenestiborane (Sb ylide) as lig-
and.'??! In this context it is worth mentioning that the reaction
of [Cr(CO){k-C-CH,S(O)Me, }] with Ph,PCH,SbPh, leads ex-
clusively to the formation of [Cr(CO),(x?-C,Sh-CH,PPh,-
CH,SbPh,)] but not to that of the C,P-bonded isomer.1** Final-
ly, we note that although a huge number of metal compounds
with methylenephosphoranes (P ylides) are known,!??! there is
only one (a dinuclear platinum complex) which has been pre-
pared by insertion of CH, into a M—PR, bond.[**!

Experimental Section

All experiments were carried out under an atmosphere of argon by Schlenk
techniques. The starting materials Ph,SnCH,L12% R,PCI"2% R,SbX 12" and
[{C4H,,RhCL},]1# were prepared as described in the literature. TMEDA
(tetramethylethylenediamine) was a commercial product from Fluka. It was
dried over CaH, and distilled before use. NMR spectra were recorded at
room temperature on Bruker AC200 and Bruker AMX400 instruments.
Abbreviations used: s, singlet; d, doublet; g, quartet; sept, septet; m, multi-
plet; br. broadened signal. Melting points were measured by DTA. For the
assignment of H, and Hj see procedure for the preparation of compound 6.

Ph,SnCH,PCy, (1): A solution of Ph;SnCH,1 (4.03 g. 8.21 mmol) in 70 mL
of toluene was treated dropwise at —55°C (over ca. 10 min) with a 2.72m
solution of BuLi (3.00 mL, 8.20 mmol) in hexane. The solution was stirred for
20 min and then TMEDA (2.46 mL, 16.42 mmol) was added. After the reac-
tion mixture had been cooled to —9G°C, it was treated with Cy,PCl
(1.79 mL, 8.04 mmol), then warmed to —80°C and stirred for 30 min.
The solution was slowly brought to room temperature and trcated with
20 mL of water. The organic phase was separated, washed twice with 10 mL
portions of water, carefully dried with Na,SO, and then filtered. The filtrate
was brought to dryness in vacuo, the oily residue was dissolved in 10 mL
of pentane, and the solution was chromatographed on Al,O; (basic, act-
ivity grade ITI, column height 5cm). A colorless fraction was eluted with
pentane, and concentrated to ca. SmL in vacuo. Upon storing of the
solution at —35°C for 18 h, white crystals precipitated, which were separated
from the mother liquor, washed twice with 5mL portions of pentane
(~ 40°C) and dried; yield 3.80 g (85%); m.p. 87°C; '"HNMR (200 MHz,
C.Dg): 0 =768 (m, 6H, ortho-H of C;Hy), 7.15 (m, 9H, meta-H and para-
H of CyHy), 1.71-1.30, 1.13 (both brm, 22H. PCH and CH, of C,H,,}.
1.39 [d. J(P.,H) = 0.8 Hz, 2H, PCH,Sn]: *C NMR (50.3 MHz, CiDy):
0=139.7 [d, J(P,C) = 2.0 Hz, ipso-C of C,H]. 137.6 [d. J(P.C) =14,
JO191Y8n,C) = 35.8 Hz, ortho-C of C.Hgl. 129.2 [s. J(*'?178n,C) =
11.3 Hz, mera-C of CHl. 1288 (s, para-C of C.Hg), 36.2 [d,
J(P.C) =169 Hz, PCH], 30.3 [d, J(P,C)=12.7Hz, PCHCH,], 29.9 [d,
J(P.C) =11.6 Hz, PCHCH,], 27.7, 27.5 [both d, J(P,C) = 9.5 Hz, CH, of
C,H, ]. 26.7 (s. CH, of C,H,,). 2.0 [d, J(P.C) = 41.8 Hz, SnCH,P]; *'P
NMR (81.0 MHz, CDCL,): § = — 6.7 [s, J(11°Sn,P) = 94.5, J(*'7Sn,P) =
90.1 Hzl; C3,H;,PSn (561.3): caled C 66.33, H 7.00; found C 66.28, H 7.01.
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Ph,SnCH, PiPr, (2): This was prepared as described for 1, from Ph,SnCH,1
{5.04 g, 10.27 mmol), 3.84 mL of a 2.67uM solution of BuLi (10.27 mmol)
in hexane, TMEDA (3.01 mL, 20.53mmol) and /Pr,PCl (1.63mL,
10.25 mmol). Colorless liquid (p =1.35); yield 4.39¢g (89%); 'HNMR
(200 MHz, CDCl;): 6 =7.90-7.51 (m, 15H, C¢H,), 1.90 [dsept, J(P,H) =
2.0, JH.H) =7.0 Hz, 2H, PCHCH,], 1.66 [brs, J(*!%!!7Sn,H) =34.6 Hz,
2H, PCH,Sn], 1.25 [dd, J(P.H) =12.5, J(H,H) =7.0 Hz, 12H, PCHCH,];
13C NMR (50.3 MHz, C,D,): § =138.9 [d, J(P,C) =1.9 Hz, ipso-C of
CoH,]. 1369 [s, J('*°'''7Sn,C) = 32.4 Hz, ortho-C of CH], 128.7 (s, para-C
of CoHy), 128.3 (s, meta-C of C,Hy). 25.4 [d, J(P.C) =14.8 Hz, PCHCH,].
19.3 and 19.1 [both d, J(P,C) =13.0 Hz, PCHCH,], 1.5 [d, AP.C)=
41.2Hz, SnCH,P: *'P NMR (81.0 MHz, CDCL,): 6= —0.02 [s,
J('1178 P) =110.0 Hz); C,H, , PSn (481.2): caled C 62.40, H 6.49; found
C 62.40, H 6.33.

iPr,PCH,SbiPr, (3): A solution of 2 (3.32 g, 6.90 mmol) in 60 mL of ether
was treated with a 1.72M solution of PhLi (4.00 mL, 6.88 mmol) in cyclo-
hexane/ether (1:1) and stirred for 6 h at room temperature. A white solid
precipitated during the reaction. The reaction mixture was cooled to —70°C,
and then TMEDA (1.05mL, 6.90 mmol) and subsequently a solution of
iPr,SbBr (1.97 g, 6.84 mmol) in 4 mL of hexane were added. After the solu-
tion had been stirred at — 70 °C for 30 min, it was slowly warmed to room
temperature. The solvent was removed, the residue was extracted with 40 mL
of hexane, and the extract was brought to dryness in vacuo. The remaining
oily product was suspended in 3 mL of pentane, and the suspension was
chromatographed on Al,O, (basic, activity grade 1, column height 8 cm). A
colorless fraction was eluted with pentane; upon removal of the solvent a
colorless liquid was obtained from this (p =1.16); yield 1.87 g (81%):
'HNMR (400 MHz, CDCly): §=1.83 [sept. J(HH)=72Hz, 2H.
SbCHCH,], 1.71 [dsept, J(P.H) =20, J(HH) =7.2Hz, 2H, PCHCH,],
1.30, 1.28 {both d, J(H,H) =7.2Hz, 6H each, SbCHCH,], 1.24 (s, 2H,
PCH,Sb), 1.08 [dd, J(P.H) =12.8, J(H.H) =7.2Hz, 6H, PCHCH,], 1.08
[dd. J(P.H) =12.0, JH,H) =7.2 Hz, 6 H, PCHCH,]; 13C NMR (50.3 MHz.
CDCly): 4 =250 [d, J(P,C) =14.3 Hz, PCHCH,], 22.0, 21.6 (both s,
SbCHCH,). 19.8 [d, J(P,C) =14.8 Hz, PCHCH,], 19.1 [d. J(P,C) =10.2 Hz.
PCHCH;). 18.2 [d, J(P,C) = 5.6 Hz, SbCHCH;], 2.5 [d, J(P.C) = 36.5 Hz,
PCH,Sb]; *'P NMR (81.0 MHz, CDCly): 6 =1.5 {s); C,3H;4PSb (339.1):
caled C 46.05, H 8.92; found C 46.48, H 9.15.

iPr,PCH,SbrBu, (4): This was prepared as described for 3, from 2 (6.78 g,
14.08 mmol), a solution of PhLi (1.68M, 8.30 mL, 14.00 mmol) in cyclo-
hexanc/ether (1:1), TMEDA (2.13 mL, 14.10 mmol) and /Bu,SbCl (3.77 g.
13.90 mmol). Colorless liquid (p =1.16); vyield 470 g (85%); 'HNMR
{400 MHz, CDCly): 6 =1.66 [dsept, J(P,H) = 2.0, J(H.H) =7.2 Hz, 2H,
PCHCH;], 1.22 (brs, 2H, PCH,Sb), 1.17 (s, 18H, SbCCH,), 1.03 [dd,
JPH)y=11.6, JHHy=72Hz, 6H, PCHCH,], 1.02 [dd, J(P.H) =132,
J(HH) =7.2 Hz, 6H, PCHCH,]; '*C NMR (50.3 MHz, CDCl,): 6 = 31.0
[d, J(P.C) = 0.9 Hz, SbCCH,], 28.0 [d, J(P.C) = 4.6 Hz, SbCCH,]. 25.1 [d,
J(P.C) =14.9 Hz, PCHCH;], 19.8 [d, J(P,C) =13.7 Hz, PCHCH,). 19.2 [d,
J(P.C) =10.7 Hz, PCHCH,], 4.7 {d, J(P,C) = 37.5 Hz, PCH,Sb]; *'P NMR
(81.0 MHz, CDCl,): 6 =1.55(s); C,sH;,PSb (367.2): caled C 49.06, H 9.33:
found C 49.09, H 9.64.

Cy,PCH,SbrBu, (5): This was prepared as described for 3, from 1 (1.77 g,
3.15 mmolj, PhLi (1.67m, 1.86 mL, 3.11 mmol) in cyclohexanefether (1:1}.
TMEDA (470 uL, 3.11 mmol) and (Bu,SbCl (0.82 g, 3.00 mmol). Recrystal-
lization from ethanol/hexane (4:1) at —25°C gave colorless crystals; yield
0.98 g (73%); m.p. 37°C; "THNMR (200 MHz, C,Dy): § =1.76-1.55 (brm,
10H, CH and CH, of C.H,,), 1.28 (brm. 14H, CH, of C;H,, and PCH,Sb),
1.24 (s, 18H, SbCCH,); *C NMR (50.3 MHz, CDCl,): ¢ =355 [d,
J(P.C) =14.8 Hz, PCH], 31.2 (brs, SbCCH,), 30.2 [d, J(P,C) =12.9 Hz,
PCHCH,], 29.5 [d, J(P.C) =9.2 Hz, PCHCH,], 28.4 [d, J(P,C) = 4.6 Hz,
Sb('CH,]J, 27.5 [d, J(P.C) = 3.7 Hz, CH, of C;H, ], 27.3, 26.6 (both s, CH,
of C,H, ), 4.5 [d, J(P.C) = 36.5 Hz, PCH,Sb]; *'P NMR (81.0 MHz, CD-
Cly): 6= - 58 (s); C, H,,PSb (447.3): caled C 56.39. H 9.46; found C
55.89, H 9.57.

[RhCI(y*-C4H , ,)(k-P-iPr,PCH,SbiPr,)] (6): A suspension of [{C H,,Rh-
Cl},](94 mg, 0.19 mmol) in 3 mL of hexane was

treated with a solution of 3 (130 mg, Ha a
0.38 mmol) in 3 mL of hexane and stirred for [ )
10 min at room temperature. The solvent was TE TN N SbR",
removed, the oily residue was dissolved in Hg R,
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1.5mL of acetone, and the solution was stored at —78°C. Small yellow
crystals precipitated, which were separated from the mother liquor, washed
with 1 mL of acetone (— 40 °C) and dried; yield 195 mg (88%); m.p. 80°C
(decomp.); '"H NMR (400 MHz, C.D,): § = 5.54 (brs, 2H, H,), 3.65 (brs,
2H, Hy), 2.38 (m, 2H, PCHCH,), 2.19 (brm, 4H, CH, of C4H,,), 1.83 (m,
2H, SbCHCH;), 1.75 (m, 4H, CH, of CgH ,), 1.38 [brd, J(P,H) = 6.8 Hz,
2H, PCH,S8b), 1.31 {dd, J(P,H) =14.6, (H,H) =7.0 Hz, 6H, PCHCH,],
1.26, 1.24 [both d, J(H,H)=7.2Hz, 6H each, SbCHCH,], 1.18 [dd,
J(P,H) =13.8, J(H,H) =7.0 Hz, 6H, PCHCH,]; '*C NMR (100.6 MHz,
CeDg): 6 =103.1 (brm, =CH,), 67.8 (brm, =CHy), 33.6, 28.8 (both brs,
CH, of CiH,,), 26.3 [d, J(P.C) = 21.3 Hz, PCHCH,], 22.3, 2.0 (both s,
SbCHCH,;), 20.0 [d, J(P,C) = 2.2 Hz, PCHCHj), 19.5 (s, PCHCH,), 19.t
(brs, SbCHCH,), —0.14 [d, J(P,C)=10.2Hz, PCH,Sb]; *'P NMR
(162.0 MHz, C,Dg): 6 =347 [d, J(Rh,P) =144.2 Hz]; C,,H,,CIPRhSb
(585.6): caled C 43.09, H 7.23; found C 43.03, H 7.25.

thCl(n“-CsHI2)(x-P-iPr2PCH2Sstu2)] (7): This was prepared as described
for 6, from [{C4H, ,RhCl},] (148 mg, 0.30 mmol) and 4 (220 mg, 0.60 mmol).
Yellow microcrystalline solid; yield 312 mg (86%); m.p. 55°C (decomp.);
"HNMR (400 MHz, C;Dy): 8 = 5.64 (brs, 2H, H,), 3.68 (brs, 2 H, H,),2.58
(m, 2H, PCHCH,), 2.30 (brm, 4H, CH, of C¢H ,), 1.73 (brm, 4H, CH, of
CgH,,), 1.44 [dd, J(P,H) =14.8, J(H,H) =7.2 Hz, 6 H, PCHCH,], 1.39 [d,
J(P,H) =7.2 Hz, 2H, PCH,Sb], 1.31 [dd, J(P,H) =144, J(H,H) = 6.8 Hz,
6H, PCHCH,], 1.19 (s, 18H, ShCCH;); '*C NMR (50.3 MHz, C,D,):
3 =103.1 (brm, =CH,), 67.7 [d, J(Rh,C) =14.1 Hz, =CH,J, 33.6 (brs, CH,
of CgH,,). 31.4 (s, SbCCH,), 29.6 [d, J(P.C) = 2.3 Hz, SbCCH,], 28.7 (brs,
CH, of CgH,,), 27.0 [d, J(P,C) = 21.7 Hz, PCHCH,], 20.4 (s, PCHCH,),
19.8 [d, J(P,C) = 2.8 Hz, PCHCH,], 0.7 [d, J(P,C) = 8.0 Hz, PCH,Sb]; *>'P
NMR (162.0 MHz, C(Dy): ¢ =36.0 [d, J(Rh,P)=1453 Hz]; C,,H,,-
CIPRASb (613.7): caled C 45.061, H 7.55; found C 44.68, H 7.76.

[RhCI(*-CsH,,)(x-P-Cy,PCH,SbtBu, )] (8): This was prepared as described
for 6, from [{C4H,,RhCI},] (49 mg, 0.10 mmol) and § (90 mg, 0.20 mmol).
Yellow microcrystalline solid; yield 113 mg (81%); m.p. 64°C (decomp.);
"HNMR (200 MHz, C,D,): & = 5.61 (ors, 2H, H,), 3.68 (brs, 2H, H,),
2.54-1.52 (brm, 18 H, C4H,, and CH, of CgH,,). 1.39 [d, J(P,H) =7.0 Hz,
2H, PCH,Sb}, 1.21 (s, 18H, SbCCH,), 1.35-1.01 (brm, 12H, CH, of
C.H, ) "*C NMR (50.3 MHz, C,D,): § =102.8 (brm, =CH,), 67.8 [d,
J(Rh,C) =14.1 Hz, =CH,], 37.2[d, J(P,C) = 21.7 Hz, PCHCH,], 33.6 (brm,
CH, of C4H,,), 31.5 (s, SbCCHy), 30.0 (s, SbCCH;), 30.9,29.7, 28.8 (all brs,
CH, of CgH,, and CH, of C,H,,), 27.6 {d, J(P,C) =11.8 Hz, PCHCH,],
27.2 [d, J(P.C) = 9.9 Hz, PCHCH,), 26.6 (s, CH, of C,H,,), 0.5 [brd,
J(P.C) = 84 Hz, PCH,Sb]; *'P NMR (81.0 MHz, C,D,): ¢ =294 {d,
J(Rh,P) =143.9 Hz}; C,,H,,CIPRhSb (693.8): caled C 50.20, H 7.85; found
C 49.85, H 7.77.

[RhCH,(*-CyH,,)(k-P-iPr,PCH,SbtBu,)| (9): A solution of 7 (107 mg,
0.17 mmol) in 6 mL of ether/pentane (1:1) was treated at —25°C with a
2.52M solution of CH;Mgl (76 pL, 0.19 mmol) in ether. After the reaction
mixture had been stirred for 15 min, it was warmed to room temperature. The
solvent was removed, the residue was extracted with 15 mL of pentane, and
the extract dried in vacuo. The residue was dissolved in 2 mL of acetone, and
the solution was stored at —78°C. After 18 h an orange-yellow solid was
obtained, which was separated from the mother liquor, washed twice with
0.5 mL portions of acetone (— 40 °C} and dried; yield 76 mg (75%); m.p.
46 °C (decomp ); '"HNMR (200 MHz, C,Dy): § = 4.84 (m, 2H. H,), 4.22
(brs, 2H, Hy), 2.24 (brm, 6 H, PCHCH; and CH, of CgH,,), 2.02 (m, 4H,
CH, of C4H ;). 1.54 [dd, J(Rh,H) = 0.9, AP.H) = 6.7 Hz, 2H, PCH,Sb},
1.27 [dd, J(P.H)=13.7, JHH)=70Hz, 6H, PCHCH,], 1.22 [dd,
J(P.H) =13.7, JH,H) =7.2 Hz, 6H, PCHCH,], 1.22 (s, 18H, SbCCH,),
031 [dd, J(RhH)=1.6, J(P.H)=48Hz, 3H, Rh CH,; "*C NMR
(50.3 MHz, C;Dy): 6 = 92.1 [dd, J(Rh,C) =12.0, J(P,C) = 9.2 Hz, =CH,].
78.2 [d, JRLh,C) =7.6Hz, =CHy], 322 [d, J(RhC)=2.1Hz, CH, of
CgH,,1, 31.6 (s, SbCCH,;), 31.0 (brs, CH, of CgH,,), 29.2 [d, J(P.C) =
2.6 Hz, SbCCH, ], 26.9 [dd, J(Rh,C) = 1.6, J(P,C) =18.0 Hz, PCHCH,], 20.6
[d, J(P.C) = 2.1 Hz, PCHCHj,]. 19.7 [d, J(P.C) = 3.5 Hz, PCHCH,], 4.8 [dd,
J(Rh,C) =251, J(P,C)=11.7Hz, Rh-CH;], 3.7 [d, J(P.C)=3.0Hz,
PCH,Sb]; *'P NMR (81.0 MHz, C,Dy): § = 34.5 [d, J(Rh,P) =170.8 Hy);
C,.H,oPRhSb (593.3): caled C 48.59, H 8.33; found C 48.28, H 8.49.

[RRCH,(#*-C4H , ,}(x-P-Cy, PCH,SbtBu,)] (10): This was prepared as de-
scribed for 9, from 8 (80 mg, 0.12 mmol) and a solution of CH, Mgl (2.52M,
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50 pL, 0.13 mmol) in cther. Orange-yellow microcrystalline solid ; yield 64 mg
(82%); m.p. 58°C (decomp.); *HNMR (200 MHz, CgDg): 0 =4.88 (brm,
2H, H,), 4.25 (brs, 2H, Hy), 2.35-2.07 (brm, 18H, C,;H,, and CH, of
CgH,,), 1.85-1.55 (brm, 6H, PCH,Sb and CH, of CgH,,). 1.25 (s, 18H,
SbCCH,), 1.25 (brm, 12H, CH, of C.H,,), 0.40 [dd, JRhH) =17,
J(P.H) =4.7Hz, 3H, Rh-CH,]; "*C NMR (50.3 MHz, C,D): 6 =91.9
[dd, J(Rh,C) =12.1, J(P,C) = 9.4 Hz, =CH,], 78.2 [d, J(Rh.C) =7.6 Hz,
=CHy], 37.3 [brd, J(P,C) =16.6 Hz, PCHCH,], 32.3 [d. J(Rh.C) =1.9 Hz,
CH,, of C4H 5], 31.7 (s, SbBCCH,), 31.0, 30.0 (both m, CH, of CyH,, and
CH; of CH ), 294 [d, J(P.C) =23 Hz, SbCCH,], 27.8 {d, J(P.C) =
11.1 Hz, PCHCH,], 27.4 [d, J(P.C) =10.6 Hz, PCHCH,]. 26.8 (s. CH, of
CeHyy). 4.6 [dd, J(Rh,C) =259, JP.C)=114Hz, Rh-CH,), 3.3 [d,
J(P,C) = 3.7 Hz, PCH,Sb]; *'P NMR (81.0 MHz, C,D,): d =273 [,
J(Rh,P) =168.6 Hz]; C3,H,,PRhSb (673.4): caled. C 53.51, H 8.53; found C
53.44, H 8.78.

[Rh(y*-C4H, ,)(x?-P,Sb-iPr,PCH,SbiPr,))PF, (11a): A solution of [{CeH, 5-
RhCl},] (54 mg, 0.11 mmol) in 4 mL of CH,Cl, was treated with a solution
of 3 (76 mg, 0.22 mmol) in 3 mL of CH,Cl, and stirred for 10 min at room
temperature. A gradual change of color from yellow to orange-yellow oc-
curred. A solution of AgPF, (55 mg, 0.22 mmol) in 4 mL of CH,Cl, was then
added dropwise, and the reaction mixture was stirred for 2 h under exclusion
of light. An almost colorless solid (AgCl) precipitated. The solution was
filtered and the filtrate was brought to dryness in vacuo. The oily residue was
dissolved in 1.5 mL of methanol (50 °C), and the solution was stored for 12 h
at —25°C. Red needle-like crystals were obtained, which were washed twice
with 5 mL portions of pentane and dried; yield 90 mg (60%): m.p. 107°C
(decomp.); 'HNMR (200 MHz, CD,Cl,): 8 = 5.63 (brs. 2H, H,), 5.08 (brs,
2H, Hy), 2.70 [dd, J(Rh,H) = 0.9, J(P.H) =10.0 Hz, 2H. PCH,Sb], 2.65 (m,
2H, SbCHCH;), 2.32 (brm, 8H, CH, of C4H,,), 2.11 (m, 2H, PC/ICH,).
1.49 [d, J(H.,H) =7.4Hz, 6H, SbCHCH,], 1.48 [d, J(H.H) =72 Hz, 6H,
SbCHCH;], 1.32 [dd, J(P,H) =16.8, J(H,H) =7.2 Hz, 6H. PCHCH,], 1.27
[dd, J(P,H) =15.3, JH,H) =7.0 Hz, 6 H, PCHCH,}; "3C NMR (50.3 MHz,
CD,CL,): 8 =99.1 [dd, ARh,C) = 9.2, JP,H) = 6.5 Hz, =CH,], $8.0 [d,
J(R1,C) = 9.9 Hz, =CHg], 31.0, 30.2 (both brs, CH, of C,H,,), 27.3 [d,
J(P,C) =17.1 Hz, PCHCH,], 22.6 (brs, SbCHCH,), 22.5. 22.0 (both s,
SbCHCH,), 19.0{d, /(P.C) = 2.0 Hz, PCHCH,), 17.6 (s, PCHCH,), 13.1 [d,
J(P.C) =14.1 Hz, PCH,Sb]; *'P NMR (81.0 MHz, CD,Cl,): 6 =11.2 [d,
J(Rh,P) =125.0 Hz, iPr,P], —144.0 [sept, J(F,P) =710.6 Hz, PF}: C, H,,-
F,P,RhSb (695.2): caled C 36.28, H 6.09, Rh 14.80; found C 36.26, H 5.96,
Rh 15.05.

Rh(y*-CgH, ,)(5?-P,Sb-iPr,PCH,SbiPr,)IBPh, (11b): a) A solution of 6
(56 mg, 0.10 mmol) in 3 mL of methanol was treated with a solution of
NaBPh, (65 mg, 0.20 mmol) in 4 mL of methanol and stirred for 15 min at
room temperature. An orange-yellow solid precipitated, which was separated
from the mother liquor, washed with 3 mL of water, 4 mL of methanol, then
twice with 5 mL portions of pentane, and dried; yield 37 mg (45%). b) A
solution of 11a (86 mg, 0.10 mmol) in 8 mL of methanol was treated with
a solution of NaBPh,, (67 mg, 0.20 mmol) in 5 mL of methanol and stirred for
15min al room temperature. An orange-yellow precipitate was formed,
which was separated from the mother liquor, washed with 2 mL of methanol.
then twice with 5 mL portions of pentane, and dried; yield 64 mg (81 %): m.p.
96°C (decomp.); '"HNMR (200 MHz, CD,Cl,): § =7.36-6.89 (m, 20H,
C¢H;), 5.63 (brs, 2H, H,), 5.10 (brs, 2H, H,), 2.66 {d, J(P.H) =10.1 Hz.
2H, PCH,Sb], 2.58 (m, 2H, SbCHCH ), 2.29 (brm, 8H, CH, of CgH,,).
2.11 (m, 2H, PCHCH,), 1.50 [d, J(H,H) =7.2 Hz, 6H, SbCHCH,], 1.48 [d,
J(H,H) =7.3 Hz, 6H, SoCHCH,), 1.33 [dd, J(P.H) =16.8. J(H.H) =7.1 Hz.
6H, PCHCH,], 1.27 {dd, J(P,H) =153, J(H,H) = 6.9 Hz, 6 H, PCHCH,];
13C NMR (50.3 MHz, CD,Cl,): 6 =164.3 [q, J(B.C) = 49.3 Hz, ipso-C of
CoHyl. 136.1 (s, meta-C of CHy), 1258 (brs, ortho-C of C H), 1219 (s,
para-C of C¢Hy), 99.05 [dd, /(Rh,C) = 9.4, J(P.H) = 6.4 Hz, =CH,], 88.3
[d, /(Rh,C) = 9.7 Hz, =CH,;], 31.0, 30.2 (both brs, CH, of C,H,,), 27.3[d,
J(P.C) =17.3 Hz, PCHCH,], 22.6 (brs, SbCHCH, and SbCHCH,), 22.1 (s.
SbCHCH,), 19.0 [d, J(P.C) = 3.0 Hz, PCHCHy), 17.6 (s, PCHCH,), 13.2
[d, J(P.C) =139 Hz, PCH,Sb]; *'P NMR (81.0 MHz, CD,Cl,): § =114
[d, J(Rh.,P) =125.0 Hz]; C,H,,BPRhSb (869.4): caled C 62.17, H 7.19;
found C 61.80, H 6.95.

[Rh(r]"-CsHI2)(1cZ~P,Sb-iPrZPCststuz)lPF6 (12a): a) A solution of

H{CyH,,RhCI},] (70 mg, 0.14 mmol) in 5 mL of CH,Cl, was treated with a
solution of 4 (105 mg, 0.28 mmol) in 3 mL of CH,Cl, and stirred for 10 min
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at room temperature. A gradual change of color from yellow to orange-yel-
low occurred. To this solution, a solution of KPF, (53 mg, 0.28 mmol) in
4 mL of methanol was added. After the reaction mixture had been stirred for
2 h. the solvent was removed, the residue was cxtracted with 10 mL of
CH,Cl,. and the extract was brought to dryness in vacuo. Recrystallization
of the crude product from methanol (60°C to —25C) gave red needle-like
crystals, which were filtered, washed twice with 5 mL portions of pentane and
dried: yield 170 mg (82%). b) A solution of [{C,H,,RhCl},] (141 mg,
0.29 mmol) in 7mL of CH,Cl, was treated with a solution of 4 (210 mg,
0.58 mmol) in 5 mL of CH,Cl, and stirred for 20 min at room temperature.
A solution of AgPF, (144 mg, 0.57 mmol) in 4 mL of CH,Cl, was then added
dropwise, and the resulting reaction mixture was stirred for 1.5h under
exclusion of light. An almost colorless solid (AgCl) was precipitated, which
was filtered off, and the filtrate was dried in vacuo. Recrystallization of the
residue from methanol as described for a) gave red crystals; yield 326 mg
(80%): m.p. 120°C (decomp.); "H NMR (200 MHz, CD,Cl,): & = 5.63 (brs,
2H.H,), 5.11 (brs. 2H. Hg), 2.80 [dd. J(Rh,H) = 0.8. J(P,H) =10.0 Hz, 2H,
PCH,Sb]. 2.32 (brm, 8 H, CH, of CgH ), 2.19 (m, 2H, PCHCH,), 1.52 (s,
18H, SbCCH}), 1.35 [dd, J(P.H) =16.5, J(H,H) =7.2 Hz, 6H, PCHCH,,},
130 [dd, J(P.H) =153, J(H,H)=69Hz, 6H, PCHCH,]; '*C NMR
(50.3 MHz, CD,Cl,): § = 98.4[dd. J(Rh,C) = 9.4, J(P,H) = 6.4 Hz, =CH,],
87.9 [d, J(Rh,C} = 9.7 Hz, =CH,J, 38.8 [brd, ARh.C) =1.4 Hz, SbCCH,},
31.9 (s. SbCCH,). 30.9 [d, J(Rh,C) = 2.1 Hz, CH, of CgH,]. 30.3 (s, CH,
of CyHy,), 27.8 [d. J(P.C) =16.6 Hz, PCHCH,), 19.5 [d, J(P,C) = 2.1 Hz,
PCHCH,], 18.2 (s, PCHCH,;), 16.3 [d, J(P,C) =12.5 Hz, PCH,Sb]; *'P
NMR (81.0 MHz, CD,Cl,): 4 = 8.7 [d, J(Rh,P) =126.4 Hz, iPr,P], —144.0
[sept, J(F.P) =710.6 Hz, PF1; C,;H, FcP,RASbH (723.2): caled C 38.20, H
6.41, Rh 14.23; found C 37.97, H 6.36, Rh 14.31.

[Rh(y*-CH ;) («?-P Sb-iPr,PCH,SbrBu,)]BPh, (12b): A suspension of
[{C4H,,RhCl},] (82 mg, 0.17 mmol) in 5 mL of methanol was treated with a
solution of 4 (123 mg, 0.34 mmol) in 3 mL of methanol. The reaction mixturc
was stirred at room temperature until a clear orange-red solution was formed.
To this solution a solution of NaBPh, (220 mg, 0.68 mmol) in 4 mL of
methanol was added. After the resulting reaction mixture had been stirred for
30 min, an orange-yellow solid precipitated. It was separated from the mother
fiquor, washed with 5 mL of water, 5 mL of mcthanol, then twice with 7 mL
portions of pentane, and dried; yield 203 mg (68 %): m.p. 117°C (decomp.);
'"HNMR (200 MHz, CD,Cl,): ¢ =7.40-6.89 (m, 20H, C,H), 5.64 (brs,
2H. H,). 5.1 (brs, 2H. Hy), 2.76 [d, J(P,H) = 9.9 Hz, 2H, PCH,Sb], 2.29
(brm.8H, CH, of CgH,;), 2.17 (m, 2H, PCHCH,), 1.54 (s, 18 H. SbCCH,),
1.36 [dd. J(P.H) =164, JHH)=73Hz, 6H, PCHCH,], 1.31 [dd,
J(P.H) =153, JH.H) =7.0Hz. 6H, PCHCH,]; '3C NMR (50.3 MHz,
CD,Cly): 6 =164.3 [q. J(B.C) = 49.2 Hz, ipso-C of C H,l, 136.1 (s, meta-C
of C,H;). 125.8 [q. J(B,C) = 2.8 Hz, ortho-C of C¢Hy), 121.9 (s, para-C of
CyHj). 98.5 (brm, =CH,), 88.0 [d, J(Rh,C) = 8.4 Hz, =CHy], 38.9 (s,
SbCCH;,), 31.9 (. SbCCH,). 30.9 {d, J(Rh,C) =1.4 Hz, CH, of CyH,,], 30.3
(s, CH, of CyH,), 27.8 [d, AP.C)=17.1Hz, PCHCH,], 19.6 [d,
J(P.C) = 2.1 Hz, PCHCH,), 18.3 (s, PCHCH,), 16.1 [d, J(P.C) =13.4 Hz,
PCH,Sb]; >'P NMR (81.0 MHz. CD,Cl,): § = 8.8 [d, J(Rh,P) = 126.4 Hz];
C,-H,BPRhSb (897.5): caled C 62.90, H 7.41; found C 63.11, H 7.67.

[Rh(5*-CcH, ,)(x*-P,Sh-Cy,PCH,SbrBu,)]PF, (13): A solution of 8 (626 mg,
0.90 mmol) in 5 mL of CH,Cl, was treated with a solution of AgPF, (223 mg,
0.89 mmol) in4 mL of CH,Cl, and stirred for 3 h at room temperature under
exclusion of light. A change of color from yellow to red occurred and an
almost colorless solid (AgCl) precipitated. The solution was filtered and the
filtrate was brought to dryness in vacuo. Recrystallization of the oily residuc
from methanol as described for 12a gave dark red crystals: yield 542 mg
(75%); m.p. 138 °C (decomp.); "H NMR (200 MHz. CD,C1,): § = 5.58 (brs,
2H. H,), 5.09 (brs, 2H, Hyg), 2.83 {d, /(P,H) =10.0 Hz, 211. PCH,Sb],
2.35-2.19 (brm, 30H, C,H,, and CH, of C,H,,), 1.51 (5. [$ H. SbCCII,):
?C NMR (50.3 MHz, CD,Cl,): § = 97.8 {dd, (Rh.C) =93, JPH)=
6.5 Hz, =CH,]. 87.8 [d, J(Rh.C) = 9.7 Hz, =CHg], 38.7 [brd, J(Rh,C) =
1.6 Hz, SbCCH;), 37.5 [d, J(P.C) =16.0 Hz, PCHCH,], 31.8 (s. SbCCH,),
30.8, 30.2 (both s, CH, of CH ,), 29.5, 28.7 (both s, CH, of C(H,,), 27.1
[d, J(P.C) =12.0 Hz, PCHCH,). 26.7 [d, J(P.C) =10.6 H7. PCHCH,]. 26.0
(s. CH, of C{H,,), 168 [d, J(P,C) =134 Hz, PCH,Sb]; 3'P NMR
(81.0 MHz. CD,Cl,): 6 = —1.0[d, J(Rh,P) =124.3 Hz, Cy,P], — 144.0 [sept,
JF.P) =711.4 Hz, PF,]; C,yH ,F,P,RhSb (803.4): calcd C 43.36, H 6.77;
found C 43.45. H 6.51.
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|Rh(;1"-C8l~ll2){tcz-C,P-CHzSh(iPr)zCHZPiPrz}IPF6 (14): A solution of 11a
(76 mg. 0.11 mmol)in 6 mL of THF was treated at —30°C with a solution of
CH,N, (ca. 0.25m, 1.20 mL, ca. 0.30 mmol) in ether, which led immediately
io evolution of N,. Under slightly reduced pressure, the solution was slowly
warmed to room temperature and stirred for 45 min. The resulting yellow-
brown solution was concentrated to 3 mL in vacuo, and then 1 mL of hexane
was added. The reaction mixture was stirred at 40 °C until 4 clear solution was
obtained. This solution was layered with 20 mL of hexane and after standing
for 18 h at room temperature, yellow needle-like crystals precipitated. They
were filtered, washed twice with 5 mL portions of pentane and dried: yield
57 mg (74 %): m.p. 74 °C (decomp.); "HNMR (200 MHz, CD,CL,): 6 = 4.99
(brs,2H, H,). 4.28 (brs, 2H, Hy), 2.86 (m, 2H, SbCHCH,), 2.24 (brm, 8 H,
CH, of C4H ,), 2.13-1.99 (m, 4H, PCH,Sb and PCHCH,), 1.59, 1.53 [both
d, J(H.H) =7.3 Hz, 12H, SbCHCH,], 1.25 [dd, J(P.H) =16.1, JHH) =
7.0Hz, 6H, PCHCH,], 1.21 [dd. J(P,H) =14.1, JH.H)=69Hz, 6H.
PCHCH,], 1.05 (brm, 2H, RhCH,): "*C NMR (50.3 MHz, CD,Cl,):
4 =98.0 [dd, J(Rh,C) =11.1, J(P.H) =7.7 Hz, =CH,], 82.9 [d, /(Rh,C) =
8.6 Hz. =CHyl, 31.8 [d, J(Rh,C) = 1.9 Hz, CH, of C4H ,], 30.0 (s, CH, of
CgH,5), 271 |d, J(P.C) =17.8 Hz, PCHCH,], 26.1 [d, J(P,C) = 4.5 Hz,
SbCHCH,], 20.9, 20.5 (both s, SbCHCH,), 19.4 [d. JP.C)= 3.8 Hz,
PCHCH;), 17.9 (s, PCHCH,). 6.6 (brm, PCH,Sb), 2.9 [dd, J(Rh.C) = 30.7,
J(P.C) =72 Hz, RhCH,];: *'P NMR (81.0 MHz, CD,Cl,): § =529 [d.
J(Rh.P) =162.0 Hz, iPr,P}, —1440 [sept, J(FP)=7114Hz, PF |
C,,H , F P,RhSbH (709.2): caled € 37.26, H 6.25; found C 37.16. H 5.96.

[Rh(y*-C4H, ,){x2-C,P-CH,Sb(tBu),CH,PiPr,}|PF, (15): This was prepared
as described for 14, from 12a (74 mg, 0.10 mmol) and a solution of CH,N,
(ca. 0.5M, 600 pL, ca. 0.30 mmol) in ether. Yellow microcrystalline solid ; yield
62 mg (84%); m.p. 70 °C (decomp.); "H NMR (200 MHz, CD,ClL,): 6 = 4.95
(brs,2H, H,). 4.31 (brs, 2H, Hy), 2.22 (brm, 8 H, CH, of CgH, ), 2.13-2.04
(brm. 4H, PCH,Sb and PCHCH,}, 1.61 (s, 18H, SbCCH,), 1.25 [dd,
J(P.H) =14.0, J(H,H) = 6.9 Hz, 6H, PCHCH,], 1.25 [dd. J(P.H) =16.0.
J(H.H)=71Hz, 6H, PCHCH,), 1.05 (brm, 2H, RhCH,); '*C NMR
(503 MHz, CD,CL): =972 [dd, J(Rh,C)=11.1, J(P,H)=8.0 Hz.
=CH,], 82.3 [d, J(Rh,C) = 8.6 Hz, =CH,], 42.9 [brd, J(P.C) = 4.1 Hz,
SbCCH,), 31.9 (s, CH, of CgH,,), 30.4 (s, SbCCH,), 29.9 (s, CH, of
CgHy,), 27.7 [d. J(P.C) =172 Hz, PCHCH,], 19.5 [d, J(P.C) = 2.9 Hz,
PCHCH,;], 18.4 (s, PCHCH;), 7.8 (brm, PCH,Sb), 2.6 [dd, J(Rh.C} = 31.0.
J(P,C) =7.2Hz, RhCH,]; *'P NMR (81.0 MHz, CD,Cl,): § = 54.6 [d.
J(RL.P)=162.0 Hz, Pr,P], 1440 [sept, J(FP)=710.6 Hz, PF,];
C,,H,FsP,RhSb (737.2): caled 39.10, H 6.56; found C 38.74, H 6.88.

|Rh(r1“-C8Hl2){nz-C,P-CHsz(tBu)ZCHzPCyz}]PF6 (16): A solution of 13
(54 mg, 0.07 mmol) in THF (3 mL) was treated at — 30 °C with a solution of
CH,N, (ca. 0.30m, 100 pL, ca. 0.30 mmol) in ether, which led immediately to
an cvolution of gas (N,). Under slightly reduced pressure, the solution was
slowly warmed to room temperature and stirred for 30 min. The resulting
yellow solution was brought to dryness in vacuo. The oily residuc was washed
twice with 10 mL portions of ether, then twice with 5 mL portions of pentanc,
and dried. Yellow solid; yield 49 mg (86 %); m.p. 52 °C (decomp.); 'H NMR
(200 MHz, CD,Cl,): 0 = 4.91 (brs, 2H, H,). 4.28 (brs, 2H, Hy), 2.21 (brm,
8H, CH, of CgH,,), 2.12 [dd, J(Rh,H)=1.1, J(P.H)=76Hz, 2H,
PCH,Sb]. 2.00-1.32 (m, 22H. C4H,,), 1.60 (s, 18H, SbCCH,), 1.02 (brm,
2H. RhCH,); '*C NMR (50.3 MHz, CD,Cl,): § = 96.8 [dd, J(Rh,C) =11.1,
JP.C) =8.0Hz, =CH,]. 82.1 [d. J(Rh,C)=8.5Hz. =CHg}, 42.7 [d.
J(P,C) = 4.1 Hz, SbCCH,], 37.7 [d, J(P.C) =16.2 Hz, PCHCH,]. 31.8 (brs,
CH, of C4H,,). 30.3 (s, SbCCHy), 30.0 (brs, CH, of CH, ). 28.9 (s. CH,
of CgH,,), 27.3 [d, J(P,C) = 5.7 Hz, PCHCH,), 27.1 [d, J(P.C) = 4.1 Hz,
PCHCH,], 26.3 (s, CH, of C¢H,,). 8.1 [d, /(P.C) = 3.2 Hz, PCH,Sb], 2.5
[dd. J(Rh.C)=30.8, J(P.C) = 6.7 Hz, RhCH,]; *'P NMR (81.0 MHz.
CD,Cl): 6=445 [d, J(RhP)=160.6 Hz, Cy,P], —143.9 [sepr,
J(EP) =711.4 Hz, PF[]; Cy,H;oF,P,RhSb (817.4): caled C 44.08, H 6.91.
Rh 12.59; found C 44.31; H 6.49, Rh 12.27.

1(n®-C H BPh;)Rh(x?-P,Sb-iPr,PCH,SbiPr,)] (17): A slow stream of H,
was passed through a solution of 11b (100 mg, 0.11 mmol)in S mL of CH,Ci,
for 30s. After the solution had been stirred under H, for 1.5h at room
temperature, it was concentrated to ca. 2 mL in vacuo and then layered with
15 mL of hexane. Upon storing for 15 h at 20°C, red crystals precipitated.
which were separated from the mother liquor, washed twice with S mL por-
tions of pentane, and dried; yield 64 mg (73%); m.p. 108 'C (decomp.):
"HNMR (400 MHz, CD,Cl,): 6 =7.41-6.98 (all m. 15H, C,H,), 6.48
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[brd, J(H.H) = 6.0 Hz, 2H, ortho-H of n5-C,H], 6.12 (m, 1H, para-H of
nﬁ-CEHS), 6.08 (m, 2H., meta-H of r,(’-C(,HS), 2.38 2.30 (m, 41, PCH,Sb
and SbCHCH,), 1.74 (m, 2H, PCHCH,;), 1.27, 1.25 [both d, J(H,H) =
7.8 Hz, 12H. SbCHCH,], 1.12 [dd, J(P.H) =154, JLHH) = 6.8 Hz, 6H,
PCHCH,], 1.08 [dd, J(P.H) =17.0, J(HH) = 6.8 Hz, 6H, PCHCH,); 1°C
NMR (100.6 MHz, CD,Cl,): ¢ =16t.1 [gq, J(B,C) = 50.3 Hz, ipso-C of
C,H,l, 1359, 126.2, 123.1 (all s, C,Hs). 103.0, 92.7, 91.8 (all s, #5-C,H,),
28.31d, J(P,C) = 20.3 Hz, PCHCH,], 21.9, 21.2 (both s, SbCHCH;), 21.2 [d,
J(P,C) =3.8 Hz, PCHCH,], 18.8 [d, J(P.C) = 3.5 Hz, PCHCH,], 17.9 (s,
SbCHCH ), 16.2 [dd, J(Rh,C) =1.4, J(P,C) =14.9 Hz, PCH,Sb], the signal
of the ipso-C of #°-C H, was not exactly located; *'P NMR (162.0 MHz,
CD,Cl,): 6 = 32.8(d, J(Rh,P) =166.2 Hz]; C;,;H ,BPRhSb (761.2): calcd C
58.38. H 6.62; found C 58.62, H 7.02.

[(4°-C4H BPh;)Rh(x?-P,Sb-iPr,PCH,SbtBu,)| (18): This was prepared as
described for 17, from 12b (192 mg, 0.21 mmol) and H, . Red microcrystalline
solid; yicld 132 mg (78%); *HNMR (200 MHz, CD,Cl,): § =7.44-6.96
(brm, 15H, C4H;), 6.44 [d. J(H,H) = 6.2 Hz, 2H, ortho-H of n°-C H,], 5.95
(m, 3H, meta-H and para-H of #®-C,Hy), 2.46 [brd, J(P,H) = 9.9 Hz, 2H,
PCH,Sb], 1.74 (m. 2H, PCHCH,), 1.38 (s, 18H, SbCCH,), 1.14 [dd,
J(P,H) =157, J(HH) =7.0 Hz, 6H, PCHCH,], 1.08 [dd, J(P,H) =16.5,
JHH)=70Hz, 6H, PCHCH,}; '*C NMR (100.6 MHz, CD,Cl,):
§ =161.1 (brm, ipso-C of C,Hy), 146.9 (brm. ipso-C of n-C.H,), 135.9.
126.2, 123.0 (all s, C,Hy), 100.8, 95.6, 91.5 (all s, #5-C,H,), 36.2 [d,
J(Rh,C) = 3.2 Hz, SbCCH,], 31.2 (s, SbCCH,), 29.1 [d, J(P,C) =19.9 Hz,
PCHCH,], 20.0 [brd, J(P,C) =14.1 Hz, PCH,Sb], 19.1 [d, J(P,C) =1.7 Hz,
PCHCH,], 18.6 (s, PCHCH,); 3P NMR (81.0 MHz, CD,Cl,): § =28.7 [d,
J(Rh,P) =169.3 Hz}; C,,H,,BPRhSb (789.3): caled C 59.35, H 6.90, Rh
13.04; found C 58.99, H 6.95, Rh 12.97.

X-ray structure determination of compounds 5 and 12a:/2%) Single crystals of
5 were grown by cooling a solution in ethanol/hexane (4:1) (from 50°C
to —25°C) and those of 12a by cooling a solution in methanol (from 60°C
to —25°C). Crystal data for the two structures are presented in Table 1. The

Table 1. Crystal structure data for 5 and 12a.

Compound 5 12a

formula C,,H,,P8b C,,H,,F,P,RhSb
M, 447.27 723.20

TIK) 193(2) 293(2)

cryst. size [mm} 0.40 % 0.35x0.35 0.88 % 0.75x 0.30
space group P1 (no.2) Pbea (no. 16)
a [pm] 1050.6(1) 1489.2(3)

b [pm) 1165.2(1) 1366.5(3)

¢ [pm} 1192.7¢1) 2970.6(6)

2 [7] 61.34(1) 90

[ 68.91(1) 90

3 [ 66.68(1) 90

¥ [nm?] 1.1500(2) 6.046(2)

z 2 8

p. [Mgm 3] 1.292 1.589

u [mm™ " 1.269 1.593

F(000) 468 2912

26 range [] 4- 60 5-44

no. meas. reflns 18554 4182

no. unique reflns 6051 3707

no. reflns used 6051 3688

refined parameters 214 338

R [I>20(1)] [a] 0.020 0.024

wR2 [all data] [b] 0.050 0.111

g1 g2 (c] 0.023; 0.307 0.030: 8.646
resid. elec. p [107¢epm ™3] +0.94/—0.45 +0.45/—0.30

[al R1=TZIF] — |EI/SIF]. [b] wR2 = {T[w(F; — F2)P)/ZIw(F2)°]} 12,
Ic] w=1[c*(F?) +(g1 x P)* +g2x P]: P = (F? +2F2)}3.

data for 5 were collected at low temperature from an oil-coated shock-cooled
crystal®% on a Huber—Stoe—Siemens diffractometer (itted with a Siemens
CCD detector. The data for 12a were collected at room temperature on a
Enraf-Nonius CAD4 instrument using monochromated Moy, radiation
(2 =0.71073 A). Semiempirical absorption correction was applied.*!1 The
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structures were solved by Patterson or direct methods with SHELXS-86.1421
All structures were refined by full-matrix least-squares procedures on F2,
using SHELXL-96.13% All non-hydrogen atoms were refined anisotropically.
and a riding model was employed in the refincment of the hydrogen atom
positions.
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