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Methylene Transfer from SnMe Groups Mediated by a Rhodium(I) Pincer

Complex: Sn—C, C—C, and C—H Bond Activation

Christian M. Frech,** Linda J. W. Shimon,™ and David Milstein*'*!

Abstract: The PCP-Rh' complex 1a
based on the [1,3-phenylenebis(methy-
lene)]bis(diisopropylphosphine) ligand
reacts with [diazo-
(phenyl)methyl]trimethylstannane (2)
at room temperature to give novel
pincer-type  phenyl(dimethylstannyl)-
methylene]hydrazinato complex 3a.
The reaction sequence involves a
unique combination of Sn—C bond
cleavage, C—C bond formation, C—H
activation and intramolecular deproto-
nation of a rhodium hydride intermedi-
ate, which results in methylene transfer
from an SnMe group to the pincer

methylene-transfer reaction was also
demonstrated with tetramethyltin as
the methylene source in the presence
of KOC(CHj;); at room temperature.

The resulting unstable “chelate-ex-
panded” Rh' complex [(C,oHs-
(CH,PiPr,),)(CH,)Rh(L)] (L=N,,

THF; 4a) was isolated as its carbonyl
derivative Sa. Heating 4a in benzene
yielded an equimolar amount of tolu-
ene and 1a, which demonstrates the

Keywords: C—C activation - C-H
activation - pincer ligands
rhodium - tin

ability of the Rh' pincer complex to ex-
tract a methylene group from an unac-
tivated alkyl tin substrate and transfer
it, via C-C followed by C—H activa-
tion, to an arene. Use of fluorobenzene
resulted in formation of fluorotoluene.
Catalytic methylene-group transfer
mediated by 1la was not possible, be-
cause of formation of o-xylylene com-
plex 8 under the reaction conditions.
Steric parameters play a decisive role
in the reactivity with tin compounds;
while /PrP derivative 1a underwent
facile reactions, tBuP complex 1b was
inert.

system and PCP-chelate expansion. A

Introduction

We have reported a methylene-transfer reaction!"? involving
C—C activation in “methylene-bridged” pincer-type com-
plexes followed by selective transfer of methylene groups to
organic compounds such as benzene, silanes, and disilanes, '
as well as to HCI™ and H,.'¥ The reverse reaction, in
which a methylene unit is abstracted from an organic sub-
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strate molecule and transferred to the bis-chelating ligand to
regenerate the “methylene bridge” is known for methyl
iodide as methylene source."! A related rare example of
transfer of a benzyl group by using benzyl halides was also
reported by us.?®) We are interested in finding new sources
of methylene groups for transfer to a bis-chelating pincer-
type complex with chelate expansion, towards the develop-
ment of catalytic methylene-transfer reactions based on C—
C activation (Scheme 1).

We report here reactions of a naphthyl-based Rh' pincer
complex with methyltin compounds, which involve an un-
precedented sequence of Sn—C bond cleavage, C—C bond
formation, C—H activation, and transfer of a methylene
group. Thus, a methylene group can be extruded from tetra-
methyltin and transferred to benzene to yield toluene in a
unique transition metal promoted reaction.

Results and Discussion

When a solution of dinitrogen complex [{C,,Hs-
(CH,PiP1,),JRh(n!-N,)]®¥! (1a) in THF was treated with a
slight excess (ca. 1.2 equiv) of [diazo-
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Scheme 1. Hypothetical catalytic cycle for the methylene-transfer reac-
tion. A—CH,R’, B-R"” represent bonds capable of oxidative addition to
Rh".

(phenyl)methyl]trimethylstannane (2) at room temperature,
the novel pincer-type phenyl(dimethylstannyl)methylene]hy-
drazinato complex 3a, which incorporates a five-membered
heterocyclic ligand comprising four different elements (see
X-ray structure of 3a in Figure 1), was formed (Scheme 2).
Complex 3a was isolated as a dark green solid in 75 % yield.
Insertions of transition metals into unstrained and unactivat-
ed Sn—C bonds to yield stable products of oxidative addition
are not common.* Moreover, relatively few examples of
crystallographically characterized rhodium complexes with
Rh—Sn bonds are known.**®! In contrast to the reactivity
of 1a, no reaction was observed when PrBu, analogue!” 1b
was treated with 2.

The *'P{'"H} NMR spectrum of 3a exhibits two resonances
with a dd (AB) pattern centered at 0 =47.95 and 42.44 ppm
(3Jpp=334.1, Jg,p=117.4 Hz). In the "H NMR spectrum the
Sn(CHj3), groups give rise to a doublet with Sn satellites at
6=0.65 ppm (Jpyz=25.6, *Js,z=21.4 Hz), which indicates
formation of a rhodium-tin bond. A broad singlet at 6=
5.69 ppm is assigned to the NH unit of the hydrazinato

N

Ry
P R |
O : O,
Cypw e SO
/ SnMej; \
b /Sn
PR2

1a,b 2
Scheme 2. Reaction of 1a with 2. R=Pr (a), tBu (b).
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ligand. The CH,Rh protons give rise to broad, unresolved
signals centered at d =2.64 and 2.52 ppm. The corresponding
signal in the "C{'H} NMR spectrum appears as a doublet at
0=26.09 ppm ("Jp, c=19.5 Hz). Besides the signals in the ar-
omatic region, a singlet at 0=161.75 ppm and a doublet at
0=26.09 ppm (/=19.5Hz) are assigned to the methylene
and methyl carbon atoms of the hydrazinato ligand. The
identity of 3a was confirmed by X-ray diffraction (Figure 1),

Figure 1. ORTEP diagram of a molecule of 3a (50 % probability). Hydro-
gen atoms (except HN1) are omitted for clarity. Selected bond lengths
and angles are given in Table 1.

which revealed a five-coordinate Rh™ center with a distort-
ed square-pyramidal environment. Selected bond lengths
and angles are listed in Table 1. The dimethyltin unit is lo-

Table 1. Selected bond lengths [A] and angles [°] for 3a.

Rh1-N1 2.120(5) N1-N2 1.322(8)
N2-C26 1.304(8) C26-Snl 2.165(7)
Sn1-Rhl 2.545(1) Rh1-CI3 2.112(6)
C13-Rh1-Snl 111.89(17) N1-Rh1-Snl 76.07(16)
C13-Rh1-N1 171.3(2) P1-Rh1-P2 163.09(7)

cated in the apical position. The C13-Rh1-Snl (112.03(17)°)
and N1-Rh1-Snl (76.03(16)°) angles significantly deviate
from the 90° of an ideal square pyramid. The Rh1-N1
(2.120(5) A) and N1-N2 (1.322(8) A) bond lengths indicate
single-bond character, while the N2—C26 distance of
1.304(8) A corresponds to an elongated double bond. The
Rh1—C13 distance (2.112(6) A) compares well to those of
similar pincer systems.'” The Snl1-Rhl bond length
(2.545(1) A) is one of the shortest reported for structurally
characterized rhodium complexes with Rh—Sn bonds."*5¢-]
Although detailed mechanis-
- N tic studies were not performed,
k a possible scenario for the for-
mation of 3a is outlined in
Scheme 3. Following coordina-
tion of 2 to the metal center
through the terminal nitrogen
ﬁ\\ i atom (A)," Sn—C bond acti-
A vation can yield rhodium
methyl stannyl intermediate B.
This reaction step is apparently
suppressed in the case of 1b

3a
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Scheme 3. Proposed mechanism for the transformation of 1a into 3a.

for steric reasons. Migration of the methyl group from the
rhodium center of B to the aromatic unit (C) and subse-
quent C—H bond activation can result in formation of rhodi-
um hydride intermediate D.'¥ Complex 3a is then formed
by intramolecular deprotonation and cyclization.

Following the observation of facile Sn—C bond activation
of 2 by 1a, we were interested whether methylene-transfer

KOC(CH3)3
Sn(CHz)y

e SO
110°C

Ph-CH Ph-H

L = Ny, THF or none
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reactions with Sn(CHs;), as the
methylene source might be
possible. However, on addition
of an excess (ca. 5equiv) of
Sn(CHj;), to THF solutions of
1a or 1b, no noticeable
changes were observed by
P{'"H} NMR spectroscopy.
B Next we examined the possibil-

ity of promoting the reaction
“ by addition of a base. While no

reaction was observed when an
excess of KOC(CH;); was
added to a solution containing
the bulky complex 1b and Sn-
(CH,;),, addition of an excess

- Rh\ (ca. 5 equiv) of KOC(CH,), to
P/ /S;j Ph a solution of 1a and Sn(CHs),
Q\\ - led to exclusive formation
NT of [{C,oHs(CH,PiPr,),-
(CH)JRh(L)] (4a; L=N,

c THF) over a few hours

(Scheme 4). The *P{'H} NMR

spectrum of 4a exhibits two

signals with dd (AX) patterns

centered at 0=79.02 (Jpp=267.7, Urnp=180.6 Hz) and

59.33 ppm (3Jpp=267.5, Jpyp=170.1 Hz), indicative of an

electron-rich Rh' center. Unfortunately, attempts to isolate

4a failed, since decomposition occurred on evaporation of
the solvent.

First indications of the identity of 4a were obtained by

studying its reaction with CO. When an excess (ca. 50 equiv)

PN
Oyl
+
P o

\
i KOC(‘% <:/

D \QC(CHs)s
5a 2. co /:\

KOC(/CHy

1a (10%) + 4a (90%) 6

Scheme 4. Methylene transfer from SnMe, and related reactions.
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of CO was added to a THF solution of 4a, the stable Rh!
complex [{C,(Hs(CH,PiPr,),(CH,)}Rh(CO)] (5a) was exclu-
sively obtained and isolated in high yield (Scheme 4). Fur-
thermore, treatment of [{C,,Hs(CH,PiPr,),JRh(CH,)(I)]*
(6) with an equimolar amount of KOC(CHs;); yielded com-
plexes 4a (ca. 90%) and 1a (ca. 10%). Deprotonation and
methyl-group abstraction were confirmed by mass spectro-
metric detection of HOC(CHj;); and CH;0C(CHj3);, respec-
tively. Treatment of this mixture with an excess (ca.
50 equiv) of CO resulted in formation of 5a (ca. 90 %) and
[{C1oHs(CH,PiPr,),JRh(CO)]®’ (ca. 10%). In addition, 5a
was exclusively formed on treatment of THF solutions of
the cationic C—C agostic complex [{C,,Hs;(CH,PiPr,),-
(CH;)}Rh(CO)|BF,™! (7) with an equimolar amount (or a
slight excess) of KOC(CHj;);. Pincer-type complexes with an
agostic C—C bond were reported.*'+ ¢

The *'P{'H} NMR spectrum of 5a exhibits two signals
with dd (AX) patterns centered at 6 =93.41 (3/pp=246.0,
Upnp=1702Hz) and 71.63ppm ((pp=246.0, Jgnp=
160.9 Hz). The 'H NMR spectrum shows, in addition to sig-
nals due to the aromatic protons and the phosphines, two
resonances with a dd pattern at 0 =2.61 (Jr,g=19.1, *Jpu=
51Hz) and 246 ppm (Jgyu=17.0, Jpg=>5.1 Hz), which
were assigned to the magnetically inequivalent hydrogen
atoms of the rhodium coordinated methylene “bridge”. The
BC{'H} NMR spectrum of 5a exhibits a doublet resonance
assigned to a methylene carbon atom at 0=21.96 ppm
(Jrnc=19.7 Hz), which correlates with the hydrogen atoms
resonating at 6=2.61 and 2.46 ppm. In addition, a signal
due to the carbonyl carbon atom at 0=196.73 ppm (dt,
Jgnc=65.6, 2Jpc=13.4 Hz) was detected.

An X-ray diffraction study of 5a (Figure 2) revealed a dis-
torted square-planar geometry around the Rh' center (P2-
Rh1-P3 158.83(3), C1-Rh1-C2 177.84(12)°). Selected bond
lengths and angles are listed in Table2. The Rh1—Cl
(1.837(3) A) and C1-01 (1.161(3) A) distances indicate con-
siderable backbonding to the carbonyl ligand and high elec-
tron density at the metal center. The Rh—CH, distance
(Rh1—C2 2.156(3) A) is longer than the corresponding bond
of 3a (Rh1—C13 2.112(6) A). This elongation can be attrib-
uted to the stronger trans influence of the carbonyl as com-
pared with the hydrazinato ligand.

A possible mechanism for methylene-group transfer from
tetramethyltin to 1a is outlined in Scheme 5. Formation of

Sn(CHa)4
THF, RT

1a

Scheme 5. Proposed mechanism for the transformation of 1a into 4a.
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Figure 2. ORTEP diagram of a molecule of 5a (50 % probability). Hydro-
gen atoms are omitted for clarity. Selected bond lengths and angles are
given in Table 2.

Table 2. Selected bond lengths [A] and angles [°] for 5a.

Rh1-P2 2301(1) Rh1-P3 2.309(1)
Rh1-Cl1 1.837(3) Rh1-C2 2.156(3)
C1-01 1.161(3) 2-C3 1.463(4)
P2-Rh1-P3 158.83(3) C1-Rh1-C2 177.84(12)
P2-Rh1-C2 81.11(8) P2-Rh1-C1 98.43(9)
P3-Rh1-C1 97.46(9) P3-Rh1-C2 82.49(8)
C1-Rh1-C3 143.85(11) C2-Rh1-C3 34.01(9)
P2-Rh1-C3 80.19(7) P3-Rh1-C3 78.72(7)

4a may be initiated by Sn—Me oxidative addition of tetra-
methyltin to 1a (A), followed by methyl migration to the
ipso carbon atom to form 1 C—C agostic intermediate B,
which could undergo C—H activation to give intermediate C.
Reductive elimination of trimethylstannane would yield Rh'
complex 4a. The driving force of this reaction sequence
could be nucleophilic attack of the butoxide on the oxophil-
ic tin atom of trimethylstannane, which would lead to tert-
butoxytrimethylstannane and potassium hydride. The impor-
tance of the nucleophilic nature of the butoxide base in this
transformation was indicated by the observed lack of reac-
tivity of an excess (ca. 5 equiv) of the non-nucleophilic bases
K;PO,, K,CO; and 2,6-di-tert-butylpyridine. No spectro-
scopic evidence for the formation of 4a was obtained in
these cases after stirring overnight.

P/:\
|/

/Rh—SnMe3 T’ 4a

P\:K.

- HSH(CH3)3

KOC(CH3)3

o]

Sn(CH3)30C(CH3z)3 + KH
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Treatment of solutions of 4a in THF with benzene or flu-
orobenzene led to formation of “methylene-depleted” com-
plex 1a, as indicated by *'P{'H} NMR spectroscopy, accom-
panied by a corresponding amount of toluene (detected by
GC/MS) and 2-fluorotoluene (detected by GC/MS and
“F{'H} NMR spectroscopy), respectively, over 36h at
110°C. Similar reactivity was observed with the analogous
complex [{(C{H(CH,),)(CH,PiPr,),(CH,)\Rh(PPh;)].["
Overall, a methylene group was transferred from a methyl
group of Me,Sn and inserted into the C—H bond of benzene
and into the ortho C—H bond of fluorobenzene. This is an
extremely rare example of a “methylene-transfer” pro-
cess,*? in which a transition metal mediates extrusion of a
methylene group from an alkyl group and its insertion into a
bond of another molecule. The only other example involves
methyl iodide as methylene source.!"

Catalytic production of toluene or 2-fluorotoluene, re-
spectively, would require reaction of regenerated la with
Me,Sn and a base to give “methylene-bridged” Rh' complex
4a under the reaction conditions."”? However, in contrast to
the formation of 4a on treatment of 1a with Me,Sn in the
presence of KOC(CHj;); at room temperature described
above, heating at 110°C overnight resulted in exclusive for-
mation of the o-xylylene rhodium(i) methyl complex
[{CioHs(CHP:Pr,)(CH,PiPr,)(CH,)}Rh(CHj;)] (8; Scheme 6).

Complex 8 is a rare example of a thermally stable o-xyly-
lene complex in which a metal center is coordinated in an n'
fashion to only one of the exocyclic double bonds." Free p-
and o-xylylenes are highly reactive species which undergo
spontaneous polymerization even at very low tempera-
tures."® Transition metal complexes of o-xylylenes in which
the metal center is coordinated to both exocyclic double
bonds were reported.!”! Stabilization of the o-xylylene unit
in 8 can be attributed to the effect of phosphine chelation
and distortion of the xylylene moiety from planarity. The
3'P{'H} NMR spectrum of 8 exhibits two doublets (AB) cen-
tered at 6 =42.89 and 42.77 ppm with coupling constants of
Urnp=1458 and 'Jp,p=1442Hz, respectively. The
"H NMR spectrum exhibits broad singlets at 6 =5.95 and at
6.11 ppm corresponding to the only proton on the double
bond of the “side arm” and the olefinic proton in the pincer
core. The hydrogen atoms of the coordinated double bond
give rise to a signal at 0=3.21 ppm with a dt pattern
(Vrnu=39.1, 2/py=3.2Hz). A doublet of triplets at o=
0.84 ppm (Jrpu=6.3, Jpu=2.1 Hz) was assigned to the

~

[

S
KOC(CHa)s / Fi 74
Sn(CHa)y / . MeLi /
1a —— --Rh—CHs
110°C
P\:K.
8 10

Scheme 6. Syntheses of xylylene complex 8.
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methyl ligand. The “C{'H} NMR spectrum exhibits a signal
with a dd pattern at 6=110.85ppm (Ypc=24.1, Jppc=
7.8 Hz) due to the “side-arm” olefinic carbon atom, and res-
onances at 0=56.43 (dt, *Jgyc=11.7, *Jpc=2.6 Hz) and
83.72 ppm (dt, Jg,c=22.8 Hz, Jg,="7.8 Hz) assigned to the
carbon atoms of the coordinated exocyclic methylene group.
The methyl ligand gives rise to a doublet of triplets at
—8.34 ppm (gnu=25.4, *Jpu=11.1 Hz).

Dark red single crystals were obtained by slow evapora-
tion of a concentrated diethyl ether solution of 8 at —30°C.
An X-ray diffraction study confirmed the identity of 8
(Figure 3). Selected bond lengths and angles are presented
in Table 3. The carbon-carbon distances of the pseudo-aro-
matic ring system in 8 are significantly different to those in
complex Sa, as expected for an o-xylylene structure.

c7)

C8

Figure 3. ORTEP diagram of a molecule of 8 (30% probability). The hy-
drogen atoms (except those of the xylylene moiety and RhMe) are omit-
ted for clarity. Selected bond lengths and angles are given in Table 3.

Xylylene complex 8 was independently prepared as fol-
lows (Scheme 6). Hydride abstraction from complex 6 with
trityl cation resulted in methylene arenium complex 9.
Pincer-type methylene arenium complexes are known.[®>2]
Treatment of 9 with KOC(CHs;); resulted in immediate de-
protonation of a benzylic proton to quantitatively form o-xy-

P/;‘\'

| e
(b, OC(CHks O A
Rh =l =~ EF, --Rh—1 ~— 6
o ™ e
P\:/u P\:/
9
www.chemeurj.org 7505
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Table 3. Selected bond lengths [A] and angles [] for 8.

Rh1-P1 2.2815(9) Rh1-P2 2.2885(9)
Rh1-C1 2.114(4) Rh1-C5 2.109(3)
C4-C5 1.440(5) C4-C6 1.473(5)
Cc6-C7 1.521(5) C6-C8 1.351(5)
C8-C9 1.444(5) C9-C10 1.422(5)
C10-C3 1.481(5) -2 1.350(5)
C3-C4 1.492(5) C10-C11 1.404(5)
C11-C12 1.381(6) C12-C13 1.395(6)
C13-Cl4 1.379(6) C14-C9 1.406(5)
P1-Rh1-P2 163.95(4) C1-Rh1-C4 163.36(15)
C1-Rh1-C5 157.61(14) C4-Rh1-C5 39.03(13)

lylene complex [{C,,Hs(CHPiPr,)(CH,PiPr,)(CH,)}Rh(I)]
(10). Reaction of this complex with an equimolar amount of
methyllithium gave complex 8, as indicated by *P{'H} NMR
spectroscopy.

Although detailed mechanistic studies were not per-
formed, a mechanism that might account for formation of 8
is presented in Scheme 7. Oxidative addition of tetramethyl-
tin to 1a to yield intermediate A is expected to initiate the
reaction sequence. Thermally induced dissociation of the
sterically demanding trimethylstannyl group may lead to a
cationic intermediate of type B. Subsequent migration of the
methyl group to the ipso-carbon atom may yield o-arenium
intermediate C, which could undergo (-H elimination to
give intermediate D. The involvement of intermediates of
type C seems plausible, since g-arenium complexes have al-
ready been proposed as intermediates in the formation of
methylene arenium complexes.”! Moreover, carbonyl deriv-
atives of o-arenium complexes are stable and were isolat-
ed.”"”! However, in contrast to the reaction of dinitrogen
complex la with KOC(CHj,); and tetramethyltin at room
temperature, in which C—H activation and formation of neu-

tral “methylene-bridged” complex 4a were observed, 3-H
elimination may be favored at 110°C to give a methylene
arenium intermediate of type D. Formation of intermediate
D is likely,'® since methylene arenium complexes easily un-
dergo deprotonation of the “side arm” on treatment with
bases to give o-xylylene complexes of type E.'®*?" Indeed,
deprotonation of 9 resulted in quantitative formation of o-
xylylene complex 10, as described above (Scheme 6). Depro-
tonation of the hydride ligand of E by KOC(CHj;); and sub-
sequent oxidative addition of tetramethyltin (F) followed by
elimination of KSn(CH;); might give neutral o-xylylene
complex 8. On the other hand, C—H activation and forma-
tion of 4a as an intermediate in this reaction sequence
cannot be excluded, since thermal treatment of mixtures of
4a, tetramethyltin, and KOC(CHj;); overnight also led to ex-
clusive conversion to complex 8. Deprotonation of the “side
arm” of 4a could yield an anionic o-xylylene complex,
which subsequently could undergo oxidative addition of tet-
ramethyltin (F) followed by elimination of KSn(CHs)s.
Further evidence for the involvement of rhodium methyl
and o-arenium intermediates of types B and C, respectively,
was obtained by treatment of a dichloromethane solution of
methyl iodide adduct 6 with one equivalent of CPh;BF, at
room temperature, which almost quantitatively yielded
methylene arenium complex [{C,,Hs(CH,PiPr,),-
(CH,)}Rh(I)][BF,]"™ (9; see Scheme 6).

Conclusion
We have demonstrated the ability of a Rh' pincer complex

to extract methylene groups from nonactivated methyltin
substrates, with chelate expansion from five- to six-mem-

P/’:\” CH PC'\"'
Sn(CHs)4 O \/CH3 KOC( CH3)3 ° O CH3\
1a — O Rh—SnMe; Rh L — @ Rh—L
110°C — KSN(CHa)s ]
g NG
A B c ’
B Helim.‘
e | =
P/c? KOC(CHs)s J R Fi/\
. \ SHs Sn(CHs)s O R /\ i
—KSn(CHs)s /Rh_snM% ~HOC(CHa)s Q "/Rh_H — HOC(CHy) ?h
[\ Nl Il

L =THF or N,

Scheme 7. Proposed mechanism for the transformation of 1a into 8.
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bered, and then transfer the methylene group to another
substrate via C—H activation. Thus, reaction of Rh' complex
1a with [diazo(phenyl)methyl]trimethylstannane (2) formed
[phenyl(dimethylstannyl)methylene|hydrazinato complex 3a
in high yield. The reaction sequence involves a unique com-
bination of a Sn—C bond cleavage, C—C bond formation,
C—H activation, and intramolecular deprotonation of a rho-
dium hydride intermediate. Based on these observations,
methylene transfer from tetramethyltin as methylene source
to benzene and to fluorobenzene to yield equimolar
amounts of toluene and 2-fluorotoluene, respectively, medi-
ated by a rhodium(I) pincer complex in the presence of
KOC(CH;);, was discovered. The unstable “methylene-
bridged” Rh' complex [{C,,Hs(CH,PiPr,),(CH,)}Rh(L)]
(L=N,, THF; 4a) reacted with CO to give stable carbonyl
derivative 5a in high yield. Catalytic methylene transfer was
not possible, because of formation of a rare example of a
thermally stable o-xylylene complex, namely, 8, in which the
metal center is coordinated to only one of the double bonds.
Steric parameters play a decisive role in the reactivity of the
tin compounds; while /PrP derivative 1a underwent facile
reactions, analogous tBuP complex 1b was inert. A plausible
mechanism is proposed.

Experimental Section

General procedures: All synthetic operations were carried out in oven-
dried glassware under an atmosphere of purified nitrogen in a Vacuum
Atmospheres glove box equipped with an MO 40-2 inert-gas purifier.
Solvents were of reagent grade or better, dried, distilled, and degassed
before introduction into the glove box, where they were stored over acti-
vated 4 A molecular sieves. Deuterated solvents were purchased from
Aldrich or Armar and were degassed and stored over activated 4 A mo-
lecular sieves in the glove box. Commercial chemicals were used as re-
ceived.

Analysis: 'H, BC{'H}, *P{'H}, and “FNMR data were recorded at
500.13, 125.76, 202.46, and 235.40 MHz, respectively, on Bruker AMX-
500 and DPX-250 spectrometers. The 'H and “C{'H} NMR chemical
shifts are relative to tetramethylsilane; peaks of the residual protons of
the solvents were used as internal standards for 'H (6=7.15 (benzene);
5.32 (CH,Cl,); 3.58 and 1.73 (THF)) and all-D solvent peaks for *C (0=
128.0 (benzene); 53.8 (CH,Cl,); 68.00 and 25.77 ppm (THF)). *'P{'H}
NMR chemical shifts are reported downfield relative to external 85%
H;PO, in D,O at 6=0.0 ppm. All measurements were carried out at
298 K. IR spectra were measured with a Nicolet-510 FT-IR spectrometer.
Elemental analyses were performed by H. Kolbe, Mikroanalytisches Lab-
oratorium, Germany and at the Inorganic Chemistry Department at the
University of Zurich.

Preparation of [{C,Hs(CH,PiPr,),JRh{NHN=C(Ph)SnMe,}] (3a): A
slight excess (1.1 equiv) of N,C(Ph)SnMe; was added to a THF solution
(5mL) of [{CyHs(CH,PiPr,),JRh(n'-N,)], (40 mg, 0.039 mmol) and the
solution was stirred for 5 min, whereby the color changed from brown to
green. The solvent was removed under reduced pressure and the residue
extracted with pentane. The pentane extract was discarded, and the resi-
due was vaccum-dried to give 47.0 mg (0.061 mmol, 77 % yield) of 3a as
a green solid

'"HNMR (CD,CL,): 6=7.86 (d, J=8.5Hz, 1H, Ar), 7.66 (d, J=7.9 Hz,
1H, Ar), 743 (t, J=79Hz, 1H, Ar), 7.35 (m, 2H, Ar), 7.25 (d, J=
7.9 Hz, 2H, Ar), 7.15 (t, J=7.9 Hz, 2H, Ar), 6.89 (t, J=6.7 Hz, 1 H, Ar),
5.69 (s, 1H, RbNHN=C), 3.51 (m, 1H, CH,P), 3.28 (m, 1H, CH,P), 3.19
(m, 1H, CH,P), 2.64 (m, 2H, CH,P and ArCH,), 2.52 (m, 1H, ArCH,),
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2.25 (m, 2H, PCH(CH,),), 217 (m, 2H, PCH(CHs),), 1.43 (m, 6 H, PCH-
(CHs),), 1.32 (m, 6H, PCH(CHS),), 1.26 (m, 6H, PCH(CHS),), 0.99 (m,
6H, PCH(CHS,),), 0.65 ppm (d, J=25.6 Hz, 6H, RhSn(CH,),); “C{'H}
NMR (CD,CL): 6=161.75 (s, Sn(CH,),C(Ph)=N), 143.70 (s, Ar), 136.85
(brd, J=3.8 Hz, C,,). 13478 (s. Ar), 130.54 (s, Ar), 130.41 (d, J=5.1 Hz,
Ar), 129.84 (s, Ar), 12830 (s, Ar), 12781 (s, Ar), 125.84 (s, Ar), 124.83
(d, J=8.4 Hz, Ar), 123.63 (s, Ar), 123.54 (s, Ar), 122.39 (s, Ar), 12128 (s,
Ar), 2738 (dd, J=16.1, 5.7 Hz, CH,P), 27.57 (dt, J—12.6, 3.4 Hz, PCH-
(CHa),), 26.92 (dd, J=16.1, 4.6 Hz, CH,P), 2617 (dt, J=13.8, 3.4 Hz,
PCH(CH,),), 26.09 (d, J—19.5 Hz, ArCH,), 19.51 (s, PCH(CHj),), 19.03
(s, PCH(CHj),), 19.01 (s, PCH(CHj),), 1845 (s, PCH(CHa),), 17.03 (s,
PCH(CH,),), 17.02 (s, PCH(CH,),), 17.00 (s, PCH(CHs),), 16.66 (s, PCH-
(CHs),), 2.68 ppm (ddd, J—=40.0, 7.9, 3.4 Hz, Sn(CH,),); *P{'H} NMR
(CD,CL): 0=47.95 (dd (AB), *Jpp=334.1, Jgyp=117.4 Hz), 42.44 ppm
(dd (AB), Tpp=334.1, Vg, p=117.4 Hz); elemental analysis calcd (%) for
Cy,HsN,P,SnRh: C 52.94, H 6.66: found: C 53.06, H 6.61.

Preparation of [{C,)Hs;(CH,PiPr,),(CH,)}Rh(CO)] (5a): An excess (ca.
5 equiv) of Sn(CHj;), and KOC(CHj;); (ca. S equiv) was added to a THF
solution (5mL) of [{CyHs(CH,PiPr,),JRh(n'-N,)] (40 mg, 0.039 mmol).
The reaction mixture was stirred at room temperature for about 4 h.
After completion of the reaction (monitored by *'P{'H} NMR spectrosco-
py), an excess (ca. 50 equiv) of CO gas was added and the solution was
stirred for 1 min. The solvent was removed under reduced pressure and
5a extracted with pentane, filtered through a cotton pad, and dried under
vacuum. 36.6 mg (0.034 mmol, 86 % yield) of 5a was obtained as a yellow
solid.

'"H NMR (C,Dy): 6=7.90 (d, J=8.0 Hz, 1H, Ar), 7.80 (d, J=8.1 Hz, 1H,
Ar), 749 (t, 1H, J=8.0 Hz, Ar), 7.35 (s, 1H, Ar), 7.30 (t, 1H, /J=8.0 Hz,
Ar), 3.60 (vt, 1H, J=12.5Hz, CH,P), 327 (dd, 1H, J=14.0, 7.5 Hz,
CH,P), 2.96 (dd, 1H, /=14.0, 5.1 Hz, CH,P), 3.60 (vt, 1H, J=12.5Hz,
CH,P), 2.61 (dd, 1H, J=19.1, 5.1 Hz, ArCH,), 2.46 (dd, 1H, J=17.0,
5.1 Hz, ArCH,), 2.05 (m, 4H, PCH(CHj;),), 1.38 (dist q, J=7.0 Hz, 3H,
PCH(CH;),), 1.27 (m, 9H, PCH(CH;),), 1.24 (dist q, J=7.1 Hz, 3H,
PCH(CHs;),), 0.89 (m, 6H, PCH(CHs;),), 0.86 ppm (dist q, /J=7.2 Hz, 3H,
PCH(CHs,),); C{'H} NMR (C¢Dy): 6 =196.73 (dt, J=65.6, 13.4 Hz, CO),
140.33 (dd, /=6.7, 42 Hz, C,,,), 134.14 (brs, Ar), 131.60 (d, J=3.7 Hz,
Ar), 129.05 (s, Ar), 128.64 (s, Ar), 126.67 (s, Ar), 125.29 (s, Ar), 124.05
(d, /=63 Hz, Ar), 121.14 (s, Ar), 120.61 (s, Ar), 28.63 (d, J=20.1 Hz,
CH,P), 27.85 (d, J=20.1 Hz, PCH(CH,),), 27.67 (d, J=20.3 Hz, CH,P),
2713 (d, J=19.5 Hz, PCH(CH,),), 21.96 (d, J=19.7 Hz, ArCH,), 18.92
(d, J=5.0 Hz, PCH(CH,),), 18.81 (d, /=5.0 Hz, PCH(CH,),), 18.75 (s,
PCH(CHs;),), 18.67 (d, /J=4.9 Hz, PCH(CH,),), 18.63 (s, PCH(CH,),),
18.52 (d, J=3.8 Hz, PCH(CHs;),), 1821 (s, PCH(CH,),), 17.92 ppm (s,
PCH(CHs),); 'P{'H} NMR (C,D): 6=93.41 (dd, left part of an AX
system (AX), 2pp=246.0, Jp,p=170.2 Hz), 71.63 ppm (dd, right part of
an AX system (AX), “Jpp=246.0, Jg,p=160.9 Hz); IR (film): 7=
1929 cm™' (C=0); elemental analysis caled (%) for C,H;OP,Rh: C
58.65, H 7.38; found: C 58.73, H 7.32.

Preparation of [{C,H;(CH,PiPr,),}(CH;)Rh(CO)]BF, (7): An equimolar
amount of AgBF, (4.3 mg, 0.022 mmol) was added to a methylene chlo-
ride solution (5mL) of [{C,Hs(CH,PiPr,),]Rh(CH;)(CO)(D]®¥ (15 mg,
0.022 mmol). On stirring the reaction mixture for 30 min, precipitation of
Agl took place, accompanied by a color change from yellow brown to
orange. The precipitate was removed by filtration over a cotton pad, fol-
lowed by solvent removal under reduced pressure. The product was
washed with pentane (2x10mL) and vacuum-dried to yield 12.7 mg
(0.020 mmol; 93 %) of pure 7.

'HNMR (CD,CL): 6=8.14 (d, Jy;;=8.1Hz, 1H, Ar), 7.83 (d, Jyu=
6.8 Hz, 1H, Ar), 7.66 (t, Juyy=6.7 Hz, 1H, Ar), 7.62 (t, Jyy=6.8 Hz, 1H,
Ar), 7.53 (s, 1H, Ar), 425 (dt, J=13.5, 42 Hz, 1H, CH,P), 3.69 (dd, /=
14.8, 9.5 Hz, 1H, CH,P), 3.60 (dd, J=14.8, 9.5 Hz, 1H, CH,P), 3.36 (dt,
J=148, 42 Hz, 1H, CH,P), 240 (s, 3H, ArCH;), 2.28 (m, 2H, PCH-
(CHs),), 2.16 (m, 2H, PCH(CH,),), 1.39 (m, 6H, PCH(CH,),), 1.30 (m,
6H, PCH(CH;),), 1.04ppm (m, 12H, PCH(CH,),); “C{'H} NMR
(CD,CL,): 6=187.08 (dvt, J=97.7, 12.5 Hz, CO), 140.3 (s, Ar), 137.28 (s,
Ar), 134.83 (s, Ar), 129.50 (d, J=6.7 Hz, Ar), 128.89 (s, Ar), 128.31 (s,
Ar), 12724 (d, J=9.4 Hz, Ar), 126.47 (s, Ar), 124.90 (s, Ar), 103.48 (s,
ArCH;), 26.12 (d, Jpc=18.7 Hz, CH,P), 25.84 (d, Jpc=22.7 Hz, PCH-

www.chemeurj.org

— 7507


www.chemeurj.org

CHEMISTRY—

C. M. Frech, D. Milstein, and L. J. W. Shimon

A EUROPEAN JOURNAL

(CHa),), 25.59 (d, J=24.1 Hz, PCH(CH,),), 24.51 (d, J=18.7 Hz, PCH-
(CH;),), 23.90 (d, J=18.7Hz, PCH(CH;),), 2029 (d, Jpc=20.1Hz,
CH,P), 19.28 (s, PCH(CH;),), 19.02 (s, PCH(CH,),), 18.74 (s, PCH-
(CH,),), 18.63 (s, PCH(CH,),), 18.60 (s, PCH(CH;),), 18.58 (s, PCH-
(CHs;),), 1852 (s, PCH(CH;),), 18.13 (s, PCH(CH;),), 5.98 ppm (s,
ArCH;); 'P{'H} NMR (C,D¢): 6=23.72 (dd left part of an AX system,
2Jpp=261.7, Yp,p=101.2Hz), —4.97 ppm (dd, right part of an AX
system, pp=261.7, 'Jg,p=1012Hz); "“FNMR (CD,CL): &=
—152.60 ppm (s, BF,); IR (film): #=1974 cm™' (C=0); elemental analysis
caled (%) for C,H,BF,OP,Rh: C 50.35, H 6.50; found: C 50.13, H 6.42.
Preparation of [{C,)H;(CHPiPr,)(CH,PiPr,)(CH,)}Rh(CH;)] (8): A sus-
pension containing la (40mg, 0.039 mmol), KOC(CH;); (22.4 mg;
0.20 mmol), and Sn(CHs),; (35.8 mg; 0.20 mmol) in THF (5mL) was
stirred at 110°C overnight. The color of the reaction mixture turned from
brown to dark red. The solvent was removed under reduced pressure and
complex 8 was extracted from the residue with pentane and crystallized
at —30°C from pentane. 28.0 mg (0.027 mmol, 68 % yield) of 8 was ob-
tained as a dark red crystalline solid.

"H NMR ([Ds]THF): 6=7.53 (d, J=7.8 Hz, 1H, Ar), 7.31 (d, J=7.6 Hz,
1H, Ar), 7.06 (m, 2H, Ar), 6.11 (brs, 1H, Ar), 5.96 (brs, C=CHP), 3.21
(dt, Yppu=39.1, Jpy=3.2 Hz, ArC=CH,), 2.49 (dd, Jp=13.6, Jgou=
6.4 Hz, 1H, CH,P), 2.16 (m, 2H, CH,P and PCH(CHs;),), 2.11 (m, 2H,
PCH(CH,),), 1.78 (m, 1H, PCH(CH,),), 1.28 (m, 9H, PCH(CHS,),), 1.13
(m, 9H, PCH(CH,),), 0.96 (m, 6H, PCH(CH,),), 0.84 ppm (dt, /g, =
6.3, YJpu=2.1 Hz, 3H, Rh(CH;)); "C{'H} NMR ([Di]THF): 6=168.20
(dd, J=13.7, J=8.9Hz, C=CHP), 146.95 (dd, J=4.6, J=2.6Hz, C=
CCH,P), 135.81 (s, Ar), 129.42 (s, Ar), 128.81 (s, Ar), 127.82 (s, Ar),
126.68 (s, Ar), 123.97 (s, Ar), 116.94 (dd, /=8.5, 2.6 Hz, C=CH), 110.85
(Upe=24.1, Yy c=7.8 Hz, C=CHP), 83.72 (dt, Jpc=22.8, Jpnc=7.8 Hz,
C=CH,), 56.43 (dt, *Jg,=11.7 Hz, *Jpc=2.6 Hz, C=CH,), 27.02 (dd, /=
12.4, 3.9 Hz, CH,P), 26.05 (2 overlapping dd, PCH(CH,),), 24.25 (dd, J=
9.8, 5.9 Hz, PCH(CH,),), 23.85 (dd, J=17.0, 6.5 Hz, PCH(CH,),), 21.00
(s, PCH(CH;),), 20.63 (s, PCH(CH;),), 19.76 (s, PCH(CHjs),), 19.42 (s,
PCH(CH,),), 18.84 (s, PCH(CH,),), 18.34 (s, PCH(CHs),), 18.01 (s, PCH-
(CHs),), 17.69 (s, PCH(CHs),), 8.34 ppm (dt, YUy y=25.4, ¥py=11.1 Hz,
RhCH,); *P{'H} NMR (C¢Dy): 6=42.89 (d (AB), Ug,»=145.8 Hz),
42.77 ppm (d (AB), Jg,p=144.2 Hz); elemental analysis caled (%) for
CyH, P,Rh: C 60.23, H 7.97; found: C 60.55, H 8.33.

Preparation of [{C,Hs(CH,PiPr,),(CH,)]RhI]BF, (9): One equivalent of
Ph;CBF, was added to a diethyl ether/dichloromethane (1/1) solution
(10 mL) of [{C,Hs(CH,PiPr,),}Rh(CH,)(1)] (25 mg, 0.045 mmol) and the
solution was stirred for 1h. The solvent was removed under reduced
pressure and the residue was washed with pentane (3x10mL) and
vacuum-dried to give complex 9 (36.7 mg; 93%) as a light brown solid.
"HNMR (CD,CL): =839 (d, J=85Hz, 1H, Ar), 8.19 (t, J=8.5Hz,
1H, Ar), 7.58 (d, J=8.4 Hz, 1H, Ar), 7.56 (t, /=8.4 Hz, 1H, Ar), 7.38 (s,
1H, Ar), 4.52 (dd, /=10.0, 4.0Hz, 1H, Ar=CH,), 4.18 (dd, /=10.1,
4.0 Hz, 1H, Ar=CH,), 3.63 (ddd, /=192, 12.2, 3.4 Hz, 1H, CH,P), 3.50
(dd, /=153, 82 Hz, 1H, CH,P), 2.93 (ddd, /=192, 12.2, 3.3 Hz, 1H,
CH,P), 2.79 (m, 1H, PCH(CH,;),), 2.63 (dd, J=15.3, 8.3 Hz, 1H, CH,P),
2.74 (m, 3H, PCH(CH,),), 1.64 (dd, /=24.5, 12.2 Hz, 3H, PCH(CH,),),
1.55 (dd, J=24.5, 12.1 Hz, 3H, PCH(CH,),), 1.36 (dd, J=42.9, 12.1 Hz,
3H, PCH(CH,),), 1.33 (dd, /=42.8, 12.1 Hz, 3H, PCH(CH,),), 1.29 (dd,
J=42.7,12.0 Hz, 3H, PCH(CH,),), 1.23 (dd, J=42.9, 12.0 Hz, 3H, PCH-
(CHs;),), 0.96 (dd, J=42.8, 12.1 Hz, 3H, PCH(CH,),), 0.88 ppm (dd, J=
42.8, 12.1 Hz, 3H, PCH(CH,),); “C{'H} NMR (CD,CL): 6=154.69 (s,
Ar), 14021 (s, Ar), 139.08 (s, Ar), 131.98 (d, J=6.2 Hz, Ar), 130.28 (s,
Ar), 129.80 (s, Ar), 125.77 (s, Ar), 124.45 (s, Ar), 123.48 (s, Ar), 95.50 (d,
J=4.1Hz, ArC=CH,), 28.73 (d, J=22.5Hz, ArC=CH,), 26.87 (d, J=
20.0 Hz, PCH(CHs;),), 24.54 (d, J=17.5 Hz, CH,P), 23.78 (d, J=17.6 Hz,
PCH(CH,),), 20.49 (d, J=17.5 Hz, CH,P), 19.14 (s, PCH(CH,),), 18.78 (s,
PCH(CH,),), 18.43 (s, PCH(CH;),), 18.32 (s, PCH(CHj;),), 16.44 (brs,
PCH(CHs;),), 16.42 ppm (broad s, PCH(CHj;),). The assignment of the
BC{'H} NMR signals was confirmed by *C DEPT, HMQC, HSQC, and
COSY experiments. *'P{'H} NMR ([Dg]THF): 6=21.76 (dd, left part of
an AX system, 2pp=412.1, Jg,p=96.1 Hz), —13.96 ppm (dd, right part
of an AX system, *Jpp=499.5, 'Jg,p=110.8 Hz); elemental analysis calcd
(%) for C,sH;BF,IP,Rh: C 41.81, H 5.47; found: C 41.93, H 5.58.
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Preparation of [{C,)Hs;(CHPiPr,)(CH,PiPr,)(CH,)}RhI] (10): An equi-
molar amount of KOC(CHj;); (4.7 mg; 0.042 mmol) was added to a THF
solution (8 mL) of 9 (30 mg, 0.042 mmol) and the solution was stirred for
15 min. The sparingly soluble complex 9 dissolved immediately after ad-
dition of the base. The solvent was removed under reduced pressure and
complex 10 was extracted with benzene. 25.2 mg (0.040 mmol, 95%
yield) of 10 was obtained as a yellow-brown crystalline solid.

'HNMR (C;Dy): 6=7.46 (d, J=7.7 Hz, 1H, Ar), 7.11 (m, 2H, Ar), 7.06
(d, J=7.7Hz, 1H, Ar), 6.09 (brs, 1H, Ar), 5.99 (brs, C=CHP), 3.11 (dt,
Jgpnn =602, 2py=4.1 Hz, ArC=CH,), 2.62 (m, 1H, PCH(CH,),), 2.53
(m, 1H, PCH(CH,),), 2.28 (brd, 1H, */p;;=16.5 Hz, CH,P), 2.03 (m, 1 H,
PCH(CHs;),), 1.98 (brd, 1H, %Jpy=16.6 Hz, CH,P), 1.43 (m, 3H, PCH-
(CHs),), 1.41 (m, 3H, PCH(CH,),), 1.29 (m, 3H, PCH(CH,),), 1.21 (m,
6H, PCH(CH;),), 1.02 (m, 3H, PCH(CH,),)), 0.94 ppm (m, 6H, PCH-
(CH,),)); BC{'H} NMR (C¢Dy): 6=167.76 (dd, J=9.3, J=8.0Hz, C=
CHP), 145.80 (dd, J=4.2, J=2.3 Hz, C=CCH,P), 135.12 (s, Ar), 131.60 (s,
Ar), 128.86 (s, Ar), 127.00 (s, Ar), 126.75 (s, Ar), 124.35 (s, Ar), 116.94
(dd, J=6.5, 5.7 Hz, C=CH), 110.68 (}Jpc=20.6, /g, c=12.6 Hz, C=CHP),
79.76 (dt, Jgnc=13.2, Jgc=5.6 Hz, C=CH,), 50.14 (dt, *Jg,=16.1 Hz,
Jpe=2.2 Hz, C=CH,), 27.10 (2 overlapping dd, PCH(CH,),), 26.34 (dd,
J=10.3, 3.2 Hz, CH,P), 25.21 (dd, /=104, 6.6 Hz, PCH(CH,),), 24.38
(vt, J=9.6 Hz, PCH(CH,),), 20.80 (s, PCH(CHs),), 20.13 (s, PCH(CHs),),
19.65 (s, PCH(CH,),), 19.33 (s, PCH(CH;),), 17.96 (s, PCH(CHs;),), 17.93
(s, PCH(CHs;),), 17.60 ppm (s, PCH(CHj;),). The assignment of the
3C{'H} NMR signals was confirmed by *C DEPT, HMQC, HSQC, and
COSY experiments. *'P{'H} NMR (C¢D¢): 6=40.91 (d (AB), Ypyp=
118.2 Hz), 40.78 ppm (d (AB), 'Jg,p=116.5 Hz); elemental analysis calcd
(%) for CsHysIP,Rh: C 47.64, H 6.08; found: C 47.86, H 6.23.

CCDC-637691, CCDC-637692, and CCDC-637693 contain the supple-
mentary crystallographic data for this paper. These data can be obtained
free of charge from the Cambridge Crystallographic Data Centre via
www.ccde.cam.ac.uk/data request/cif.
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