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Rhodium Phosphinite Pincer Complex

Hiyam Salen, Yehoshoa Ben-DavitlLinda J. W. Shimori,and David Milstein*'

Department of Organic Chemistry and Unit of Chemical Research Support,
The Weizmann Institute of Science, Rettp76100, Israel

Receied January 4, 2006

Exclusive C-C bond activation involving the new bisphosphinite liggr@Hz(CHz)[OP(Pr)]2} (1)
was observed at room temperature, upon reaction with the cationic complex [Rh(TOE})]|BF, (COE
= cyclooctene) in THF, yielding the Rh(lll) complex [[POCOP)Rh(Me)]&B (POCOP= CsH3[OP(Pr)],).
No parallel C-H activation was observed. This preference is assumed to be governed by the better
directed phosphinite-bound metal center toward th&®ond. A single-crystal X-ray diffraction analysis
of complex2 revealed a square pyramidal geometry with theBiBn coordinated to the metal center.
Complex?2 reacted with H at room temperature in THF to yield the Rh(lll)-hydrido compl&and
methane. Deprotonation & with KO'Bu yielded the Rh(l) dinitrogen complex [(POCOP)KRh}N,)
(4), which upon reaction with 1 equiv of CO or ethylene formed (POCOP)Rh(6)r((POCOP)Rh-
(CoHy) (6), respectively. Complex readily underwent oxidative addition of Mel, benzyl chloride, and
benzyl bromide, forming complexés 8, and9, respectively. Halide abstraction from compl@xvith
AgBF, led to the cationic benzyl compleb?, bearing a coordinated BFion as observed by a single-
crystal X-ray diffraction analysis. Finally, we report an apparert elimination from Rh(lll)-Me,
which takes place upon heating of the-C activation produc® at 150°C in the solid state, yielding the

hydride complex3 and ethylene.

Introduction

Insertion of transition metal complexes into—C single
bonds in solution is a topic of considerable current interekt.
C—H activation is normally expected to be thermodynamic-
ally and kinetically favored over €C activation}# although

employed phosphine-type pincer ligands. It was of interest to
us to see the effect of employing the weadetonor phosphinite
(rather than phosphine) ligands on the C and C-H activation
processes.

Here we report a direct metal insertion into a strong@
bond with a newphosphinitepincer-type ligand and a cationic

systems that can providg thgrmodynamic and kinetic driving Rh(l) system, which takes place etom temperature This
forces for C-C bond activation can be designed. We have gysiem gives exclusively the-€&C insertion product, which

demonstrated that PE¥* (i.e., symmetric pincer system with
two phosphine arms), and PéNand PCG@' (asymmetric pincer

systems with one phosphine arm and one amine or methoxy

arm, respectively) undergo very facile activation of strong,

nonstrained € C bonds situated between the two chelating arms

is characterized crystallographically, with no observation of

(2) Recent papers: (a) Albrecht, M.; Gossage, R. A.; Spek, A. L.; van
Koten, G.J. Am. Chem. Socl999 121, 11898. (b) Edelbach, B. L;
Lachicotte, R. J.; Jones, W. DDrganometallics1999 18, 4040. (c)
Edelbach, B. L.; Lachicotte, R. J.; Jones, W.@ganometallicsl999 18,

of the ligand. We reported the first observation of a single-step 4660. (d) zhang, X.; Carpenter, G. B.; Swigart, D. @rganometallics

metal insertion into a €C bond in solution (which takes place
at a temperature as low as70 °C) and have provided the
activation parameters for such a proc&she balance between
the competitive €C and C-H activation processes, which

1999 18, 4887. (e) Jun, C.-H.; Lee, H. Am. ChemSoc.1999 121, 880.
(f) Older, C. M.; Stryker, J. MJ. Am. Chem. So@00Q 122, 2784. (g)
Ohki, Y.; Suzuki, HAngew. Chem., Int. EQ00Q 39, 3463. (h) Murakami,
M.; Tsuruta, T.; Ito, Y. Angew. Chem., Int. EQ00Q 39, 2484. (i) Webster,
C. E.; Hall, M. B. Organometallics2001, 20, 5606. (j) Miller, J. A.

proceed from the same intermediates, is sensitive to the natureletrahedron Let200], 42, 6991. (k) Muller, C.; Iverson, C. N.; Lachicotte,

of the ligand “arms”, as observed experimentailgnd theoreti-
callys Using a PCN-Rh system, we observed a unique
preference for €C activation, the normally competing-G
activation process not being detecfédn these studies we
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Rhodium Phosphinite Pincer Complex
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parallel formation of the €H activation product. Moreover,
we report a rare-H elimination process that takes place upon
heating of the ©C activation product in the solid state.
Reactivity of the new phosphinite POCOP-type rhodium
complexes is also reported.

Results and Discussion

Formation of [(POCOP)Rh(CH3)]BF 4 by C—C Activation.
Ligand1, 1,3-(di-isopropylphosphino)-2-methylresorcinol, was
synthesized in analogy with a reported synthesig@Hs-1,3-
P(COPr,)2},” by diphosphination of 2-methyl resorcinol with di-
isopropylchlorophosphine using 4-(dimethylamino)pyridine as
a base. Reaction of [Rh(CO£)],® (COE = cyclooctene) with
ligand 1 in benzene resulted in a mixture of compounds. On
the other hand, reaction of the cationic complex [Rh(COE)
(THF);]BF4® with ligand 1 at room temperaturded to the
immediate formation of the €C activation complex [[POCOP)-
Rh(CH)]BF4 (2) (Scheme 1) as the main produet{0%). No
Rh—H complex was formed. Comple2 was purified by
crystallization. Phosphinite pincer complexes of Rh are not
known. However, phosphinite pincer complexes &tand Pd*
have been reported recently.

(3) Recent papers on-&C activation from our group: (a) Rybtchinski,
B.; Vigalok, A.; Ben-David, Y.; Milstein, DJ. Am. Chem. S04996 118
12406. (b) Gandelman, M.; Vigalok, A.; Shimon, J. W. L.; Milstein, D.
Organometallics1997 16, 3981. (c) Rybtchinski, B.; Milstein, DJ. Am.
Chem. Soc1999 121, 4528. (d) van der Boom, M. E.; Ben-David, Y.;
Milstein, D.J. Am. Chem. S0d.999 121, 6652. (e) van der Boom, M. E.;
Kraatz, H.-B.; Hassner, L.; Ben-David, Y.; Milstein, Drganometallics
1999 18, 3873. (f) Gandelman, M.; Vigalok, A.; Konstantinovsky, L.;
Milstein, D. J. Am. Chem. So@00Q 122, 9848. (g) Cohen, R.; van der
Boom, M. E.; Shimon, L. J. W.; Rozenberg, H.; Milstein, D.Am. Chem.
So0c.200Q 122 7723. (h) Sundermann, A.; Uzan, O.; Milstein, D.; Martin,
J. M. L. J. Am. Chem. So@00Q 122, 7095. (i) Rybtchinski, B.; Oevers,
S.; Montag, M.; Vigalok, A.; Rozenberg, H.; Martin, J. M. L.; Milstein, D.
J. Am. Chem. So@001, 123 9064. (j) Gauvin, R. M.; Rozenberg, H.;
Shimon, L. J. W.; Milstein, D.Organometallics2001, 20, 1719. (k)
Gandelman, M.; Shimon, L. J. W.; Milstein, @hem. Eur. J2003 9,
4295. (I) van der Boom, M. E.; Liou, S.-Y.; Shimon, L. J. W.; Ben-David,
Y.; Milstein, D. Inorg. Chim. Acta2004 357, 4015. (m) Cohen, R.; Milstein,
D.; Martin, J. M. L. Organometallics2004 23, 2336.

(4) (a) Siegbahn, P. E. M.; Blomberg, M. R. A Am. Chem. So&992
114, 10548. (b) Blomberg, M. R. A.; Siegbahn, P. E. M.; Nagashima, U.;
Wennerberg, JJ. Am. Chem. S0d.991, 113 424.
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Ben-David, Y.; Milstein, D.Nature 1994 370, 42.
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R. E.; Jensen C. Mnorg. Chim. Acta200Q 300—302 958.

(8) Herde, J. L.; Senoff, C. Mnorg. Nucl. Chem. Lett1971, 7, 1029.
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Figure 1. ORTEP plot of compleX at the 50% probability level.
Hydrogen atoms are omitted for clarity.

The 31P{IH} NMR spectrum of2 exhibits a doublet ab
172.78 with alJgrnpof 128.3 Hz, indicative of two chemically
equivalent phosphorus nuclei coordinated to a Rh(lll) center.
The Rh-Me group exhibits a triplet of doublets and a doublet
of triplets inH and3C NMR atd 1.37 and 1.31%0gnp = 2.2
Hz, 3Jpy = 5.2 Hz, Wgnc = 28.8 Hz, 2Jpc = 5.2 Hz),
respectively. These data are characteristic of a methyl group
transto a vacant coordination sif&¢ ¥ NMR of 2 in benzene
exhibits a broad singlet at —163.26, indicative of Bl ion
coordination to the metal center (free BRon exhibits a singlet
ato —151). The broad BFsignal indicates that it is fluxional.
Similar chemical shift and broadening in th% NMR signal
were observed recently with a Rh PCN system involving
coordinated BEF .12

Crystals of comple® suitable for X-ray analysis were grown
from a warm benzene solution. The rhodium atom is centered
in the base of a slightly distorted square pyramid, with the
methyl group at the axial position (Figure 1). The angles €(1)
Rh—P(2)/P(3), C(11}Rh—C(1), and C(1)Rh—F(1) are close
to 9¢° (92.40, 90.77, 89.1F, and 91.64, respectively). The
Rh—CHjz bond length is 2.05 A, while the RCipso bond length
is 1.97 A (Table 1). Analogous PCP and PCO systems having
an apical methyl group are the neutral Rh(§2&8-(CHPBuW,),-
3,5-(CHp)>-CeH} Cl?2and the cationic Rh(CyY 2-(CH:P/Bus,)6-
(CH,OMe)GsH3} BF4,3 where the RR-CHs bonds are 2.16 and
2.02 A, respectively, and the RiCipso bond lengths are 2.02
and 1.95 A, respectively. Thus, the RBHz and RR-Cipso bond
lengths of the cationic complexes are considerably shorter than
in the neutral complex.

The positiontrans to theipso carbon is occupied by BF,
which is coordinated to the rhodium center through one of its

(10) (a) Morales-Morales, D.; RédpR.; Yung, C.; Jensen, C. Nhorg.
Chim. Acta 2004 357, 2953. (b) Gottker-Schnetmann, I.; White, P.;
Brookhart, M.J. Am. Chem. So2004 126, 1804. (c) Gottker-Schnetmann,
I.; White, P. S.; Brookhart, MOrganometallic2004 23, 1766 (d) Zhu,
K.; Achord, P. D.; Zhang, X.; Krogh-Jespersen, K.; Goldman Al.SAm.
Chem. Soc2004 126, 13044.

(11) (a) Miyazaki, F.; Yamaguchi, K.; Shibasaki, WMetrahedron Lett.
1999 40, 7379. (b) Bedford, R. B.; Draper, S. M.; Scully, P. N.; Welch, S.
L. New J. Chem200Q 24, 745. (c) Morales-Morales, D.; RédoR.; Yung,

C.; Jensen, C. MChem. Commur200Q 1619. (d) Grause, C.; Kasaoka,
K.; Redm, R.; Cramer, R. E.; Jensen, C. Morg. Chim. Acta200Q 300—
302 958. (e) Bedford, R. B.; Blake, M. E.; Coles, S. J.; Hursthouse, M. B.;
Noelle Scully, PDalton Trans2003 2805. (f) Morales-Morales, D.; Wang,
Z.; Eberhard, M. R.; Jensen, C. M.; Matsukawa, C. M.; Yamamotal.Y.
Organomet. Chen2003 681, 189. (g) Ogo, S.; Takebe, Y.; Uehara, K;
Yamazaki, T.; Nakai, H.; Watanabe, Y.; Fukuzumi, Grganometallics
2006 25, 331.

(12) Gandelman, M.; Konstantinovski, L.; Rozenberg, H.; Milstein, D.
Chem. Eur. J2003 9, 2595.
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Table 1. Selected Bond Lengths (A) and Angles (deg) for 2

Rh(2)-C(11) 1.973 (3) F(1B(1) 1.449 (4)
Rh(2)-C(1) 2.050 (3) F(2)B(1) 1.384 (4)
Rh(2)-P(2) 2.3130 (10) F(3)B(1) 1.374 (4)
Rh(2)-P(3) 2.3164 (11) F(4)B(1) 1.383 (5)
Rh(2)-F(1) 2.243 (2)
C(11-Rh(2-C(1)  89.11(14) P(JRh(2-P(3)  160.98 (3)
C(1-Rh(2-F(1)  91.64(11) C(IBRh(2-P(2) 80.37(10)
C(1)-Rh(2)-P(2) 92.40 (10) C(1BRh(2)-P(3)  80.94 (10)
C(1)-Rh(2)-P(3) 90.77 (10) F(BRN(2)-P(2) 96.49 (6)
C(11-Rh(2)-F(1)  176.80(10) F(BRh(2)-P(3)  102.16 (6)
Scheme 2
O—R'Pr, O—PPr,
Q—lh FBF Hz (5 atm)
/ T RT, 12hrs Rh—FBFs
H304P"Pr2 “CH, Hép/fpr2
2 3

fluorine atoms, F(1). The length of the RR(1) bond is 2.24
A. The B-F(1) bond (1.45 A) is longer than the otherB
bonds (1.371.38 A), as expected from BF coordination to
the metal center. Coordination of BFis not common. To the
best of our knowledge, only one other crystal structure contain-
ing a Rh—-FBF; was reportedi and three RRFBF; complexes
were characterized in solutight?13

Since no hydride complex was observed in #& NMR
spectrum of the reaction mixture before purification (measured
at 25 and—80 °C), formation of a C-H activation product can
be excluded.

In prior work from our group, we have observed that for a

Salem et al.

be detected by NMR, ultimately forming the thermodynamically
more stable €C activation product. In the PCN system the
shorter amine arm might place the metal center closer to the
Ar—Me bond and consequently results in easier cleavage,
although on the basis of a theoretical study by Martin and co-
workersP of the PCN system, fast reversible-€l activation
should be possible in this system, eventually leading to the
thermodynamically more stable-C activation product.

We believe that in the case of the phosphinite POCOP ligand
the positioning of the metal plays a major role in the selectivity
toward the C-C activation process, while the electronic effect
of the phosphinite ligand is not pronounced. This is supported
by an X-ray crystal structure of the dinitrogen compdx(vide
infra), which exhibits a shorter phosphinite “arm” than that of
the analogous phosphine complex.

Reaction of 2 with Dihydrogen. Formation of [[POCOP)-
Rh(H)]BF4 (3). When complex2 was treated with 5 atm
hydrogen at room temperature, the rhodium hydrido complex
3 was formed (Scheme 2). THéP{IH} NMR spectrum of3
exhibits a doublet ab 185.27 with1Jgnp = 124.7 Hz. The
hydride ligand exhibits a broad doubletéat-24.41 with atJrp 1
= 41.2 Hz in the'H NMR spectrum at room temperature.
Coupling with P is too small to be observed. The IR spectrum
shows a weak band at 2182 tinwhich is assigned to RhH.
19F NMR of 3 in benzene exhibits a broad singletbat165.38,
indicating that the BF ion is coordinated to the metal center
through one of its fluorine atoms, as in the cas&.of

Deprotonation of 3. Formation of Dinitrogen Complexes
4a,b. Complex3 underwent deprotonation upon reaction with
KO'Bu, leading to the dinitrogen complexéaand4b (Scheme
3). Both the dinuclear4p) and mononucleard@) forms exist

cationic PCP rhodium system the reaction can be driven toward in SOlUtion, the dinuclear form being the dominant one, the molar

exclusive C-C or C—H activation at room temperature by
solvent choice, €C activation being observed in THF, while
exclusive C-H activation was observed in acetonitrife.
However, carrying out the reaction of Scheme 2 in acetonitrile
instead of THF resulted in a number of products exhibiting no
hydride ligands in théH NMR spectrum. This outcome may
support the notion that this system is kinetically and thermo-
dynamically selective for €C activation. Additional support
for kinetic preference comes from the observation that rtIC
activation was observed when theallyl [Rh(3;-C3Hs)(PPrs)2]
or z-benzyl [Rhéy-CH,CgHs)(PPr3),] complexes were reacted
with ligand 1; C—H activation, had it taken place, would have
been expected to be followed by facile alkene elimination. In
addition, treatment of compleXwith the base K@u did not
form the expected deprotonation product, hadbeen in
equilibrium with the C-H activation product.

On the basis of a theoretical study performed by Martin and
co-workers2 electron-withdrawing groups attached to phos-

ratio being 9:1. Such dinucleamononuclear equilibria of
pincer-type dinitrogen complexes were reporte@omplexes
4ab were also prepared by treatment of the € activation
product2 with 1 equiv of NaHBE} in THF.

When argon was briskly bubbled for 45 min throughgbg
solution containing complexeta and4b, the mononucleada
was completely converted #b. The3P{*H} NMR spectrum
of the dinuclear4b exhibits a doublet ad 192.12 &Jrnp =
170.4 Hz), indicating two equivalent phosphorus nuclei coor-
dinated to a Rh(l) center. To identify the “end on” bound
dinitrogen complex4a, dinitrogen was bubbled through a
solution of the two complexes for 1 h, leading to a slight increase
in the concentration ofla. This solution was used to identify
the characteristic stretch in the IR, which showed as a weak
band at 2162 cm.

Since the phosphinite ligantl is more-acidic than alkyl
phosphine-based PCP ligands, less back-bonding to the N
expected and, as a result, a higher frequency band in the IR.

phorus in the PCP systems increase the activation barriers forHowever, the observed frequency of thedtretch of complex

both C—H and C-C activation processes, which proceed via a
common intermediate. Thus, the lower donicity of the phos-

4ais in the range of other RAN, “end on” bound phosphine
pincer-type complexes. Selected IR data of a number of

phinite versus the phosphine ligands in the pincer systems ismononuclear PCP-type dinitrogen complexes are summarized

unlikely to be the reason for a kinetically favored—C
activation.

Exclusive C-C activation was observed before with a
phosphine-based PCN system and a Rh(l) prec@?ddis high
selectivity could be a result of kinetically preferred—C
activation or a fast, reversible-H process, which might not

(13) (a) Beck, W.; Sunkel, KChem. Re. 1988 88, 1405. (b) Rh-FBF3
complex characterized in solution: Sutherland, B. R.; Cowie,IMdrg.
Chem.1984 23, 1290.

(14) Rybtchinski, B.; Milstein, DJ. Am. Chem. Sod.999 121, 4528.

in Table 2.

The pentane-soluble dinitrogen compldb) was crystallized
from a pentane solution. The X-ray structure revealed a dinuclear
complex with a distorted square planar structure around the
metal centers (Figure 2, Table 3). The Kond length is

(15) For example: (a) Gusev, D. G.; Dolgushin, F. M.; Antipin, M. Yu.
Organometallic200Q 19, 3429. (b) Cohen, R.; Rybtchinski, B. Gandelman,
M.; Rozenberg, H.; Martin, J. M. L.; Milstein, OJ. Am. Chem. So2003
125,6532. (c) van der Boom, M. E.; Liou, Sh.-Y.; Ben-David, Y.; Shimon,
L. J. W.; Milstein D.J. Am. Chem. Sod 998 120, 6531.
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Scheme 3
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Table 2. Selected IR Data of Mononuclear Dinitrogen PCP
Complexed5ab.16

PCP (a) v (N,) [em™]
R R M X
R\ PR, ’Bu H Rl.l H 2088
‘ o/ G H  Ru H|2134
M, pr H Rh 2165
| Bu H Rh 2133
R @ PR ‘Bu  CH; Rh 2120
( PR, PCP (b)
N2 R M X
‘ ~x ‘Bu Ru H 2061 (or 2075)
. ‘Bu Rh 2108
(b)

1.122(11) A, which is normal for a bridging-\N bond, and it

is longer than that of a free N1.098 A) (Table 3). The two
square planar POCGHRh units are bridged by the dinitrogen
molecule and are twisted around the RhNNRh axis with a
dihedral angle of 725 The Rh(1)-C(1) bond length of 2.015-
(9) A'is slightly shorter relative to the analogous PCP dinitrogen
complex, where the bond length is 2.039(2) A, indicating a
stronger RA-Cipso bond.

Significantly, the G-P bond length of 1.6581.673 A is
0.17-0.18 A shorter than the corresponding-E bond in the
analogous PCP ligand system (1.838842 A)15> Moreover,
the Gy—0O (1.395-1.398 A) is significantly shorter than the
Ca—C (1.5106-1.517 A). Thus, the shorter phosphinite arm in
the complexed ligand can better direct the metal toward the
C—C bond rather than the-€H bond and make €C activation
more favorable, providing a likely explanation for the exclusive
C—C activation observed with.

Figure 2. ORTEP plot of complexb. Hydrogen atoms are omitted
for clarity. Ellipsoidal probability is 20%.

Table 3. Selected Bond Lengths (A) and Angles (deg) for 4b

Rh(1)-N(2) 1.965 (8) Rh(2)N(1) 1.991 (9)
Rh(1)-C(1) 2.015 (9) Rh(2¥C(19) 1.996 (10)
Rh(1)-P(1) 2.250 (3) Rh(2}P(3) 2.266 (3)
Rh(1)}-P(2) 2.270 (3) Rh(2}P(4) 2.240 (3)
N(1)~N(2) 1.122 (11) P(10(2) 1.673 (6)
P(2)-0(1) 1.658 (7)
C(L)-Rh(1)-N(2) 177.4(4) CA9Rh(2-N(1) 172.4(4)
N@)-Rh(1-P(1) 98.7(2) N(IFRh(2-P(3)  100.7 (3)
N@)-Rh(1)-P(2) 102.7(2) N(I}YRh(2}-P4)  101.8(3)
C(L)-Rh(1)-P(1)  79.2(3) C(19Rh@2P(3)  79.5(3)
C()-Rh(1-P(2)  79.4(3) C(19Rh(2-P(4)  78.5(3)
P(1-Rh(1-P(2) 158.56(9) P(3)Rh(2-P(4)  157.29 (11)

Reaction of Complexes 4a,b with Small Molecules. Reac-
tion with CO. Formation of (POCOP)Rh(CO) (5). When a
solution containing the dinitrogen complexégb was treated
with 1 equiv of CO, an immediate and quantitative formation
of 5was observed (Scheme 4). TH®{'H} NMR spectrum of

Scheme 4
o-— P’Prz o-— PPrz P'Pr2
C2H4
Rh—” Rh—Nz Rh—CO
o— P’Pr o— P’Pr o— P’Prz
6 4a 5

a For simplicity we depict complexeta/b as the monomer ond§)
in all schemes although the dimeric form is the dominant one.

5 exhibits a doublet at 204.9 with'Jgn p= 155.6 Hz, indicating
two equivalent phosphorus nuclei coordinated to a Rh(l) center.
The CO ligand appears in tHéC{*H} NMR spectrum as a
double triplet atd 200.75 withJryc = 58.5 Hz andiJpc =
9.9 Hz, and IR shows a strong band at 1962 &nfror direct
comparison, the exact phosphine analogué wfas prepared.
The IR stretch of thelPr-PCP)Rh(CO) gives rise to a signal at
1941 cnrl. The observed lower frequency of this complex is
in line with phosphine ligands being betterdonors than
phosphinite ligands, resulting in lower back-bonding to the CO
ligand with the latter, although the observed difference of 21
cmtis not large. A similar effect was observed with analogous
Ir complexes® The lower donicity of the phosphinite in
POCOP as compared with phosphine in the analogous PCP
system may be partially compensated dbydonation of the
oxygen atoms to the aryl ring, as previously discuséé@n
the basis of DFT calculations, the higher CO frequency in
(POCOP)IF-CO as compared with (PCPHCO complexes is
attributable to electrostatic effect¥!

Reaction with Ethylene. Formation of (POCOP)Rh(GH4)
(6). Upon treatment of the dinitrogen complexés,b with 1
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Scheme 5 Table 4. Selected Bond Lengths (A) and Angles (deg) for 10
0—PiPr, Rh(1)-C(1) 1.976 (3) B(1¥F(2) 1.438(3)
cHa Rh(1)-C(10) 2.078 (2) B(1)}F(2) 1.387(4)
d Rh~| Rh(1)-F(1) 2.2289(17) B(LYF(3) 1.379(3)
Rh(1-P(2) 2.3194 (8) B(1YF(4) 1.381(4)
0-piPr, HeC™ o —Pipr, Rh(1)-P(3) 2.3283 (8)
M 7 C(1)-Rh(1-C(10)  89.07 (10) P(2Rh(1-C(1) 80.94 (8)
2 C(1-Rh(1)-F(1)  177.36(8)  P(3YRh(1)}-C(1) 79.28 (8)
i P(2)-Rh(1)-P(3) 158.11(2)  C(1GYRh(1)-F(1)  89.31(9)
O—PPr, 0—PiPr, P(2y-Rh(1)-F(1) 101.06 (5)  C(10}Rh(1)-P(2)  87.20(8)
4 P x \ ™ 8 %0 P(3)-Rh(1)-F(1) 99.01(5) C(10yRh(1)-P(3) 101.75(7)
2 Rh— 9: X=Br
O—PPr, Rh(Me) 2,6-(CH,PBuU,)2-3,5-(CHs),-CsH} Cl gives rise to a
signal at 168.8G2 and in the case of Rh(ME2-(CH.PBuy)-
AgBF,, THF 6-(CHN(CzHs)2-3,5-(CHg)>-CeH} Cl it appears at 170.0%®.This
(for X=Br) indicates that the aryl group of compl@is bound to the metal
centertrans to the halide ligand. The strongesans director,

the methyl group, is positionegdansto the vacant coordination

TR o site, as observed in crystallographically determined structures
Rh__ of analogous square pyramidal PCP and PCN-type rhodium(lil)
‘ FBFs and iridium(lll) complexes’
O—PPr, Oxidative Addition of Benzyl Chloride and Bromide to
10 4a,b. Treatment of complexeda,b with 1 equiv of benzyl

. . . . . chloride led to the oxidative addition produgguantitatively.
equiv of ethylene, immediate and quantitative formation of the 31p{1H} NMR of 8 exhibits a doublet at 172.20 witlxn p =

ethylene compleX took p!ape (Scheme 4). TH&X lH,} NMR 133.9 Hz. Similarly, benzyl bromide oxidatively added4@,b
spectrum of complef exhibits a doublet ai 206.78 with"Jrnp 14 yiield complexd, which exhibits a doublet at 173.6 wittn p
= 155.85 Hz, indicating two equivalent phosphorus nuclei _ 735 5 2 (Scheme 5). Treatment of comp@with 1 equiv
coordinated to a Rh(]) center. In thid NMR spectrum at room of AgBF, led to bromide abstraction to form the cationic
temperature, the protons of the bound ethylene give rise 10 acqmpiex10 (Scheme 5). In contrast, abstraction of the chloride

broad singlet (an unresolved multiplet, probably as a result of ligand of comples8 with AgBF4 was not possible, leading to a
hindered rotation), whereas when measured at’@p they mixture containing metallic silver.

exhibit a triplet of doublets a 2.78 (about 3 ppm upfield from Crystals of10 suitable for X-ray analysis were grown by
that Ogcr:e‘f ethylene), withlgn = 1.4 Hz andJp = 2.6 Hz. diffusion of pentane into its benzene solution. As in the case of
In the “C{*H} NMR spectrum at room temperature, the carbons ompex2, the crystal structure revealed that the,BBnion is

of the bound ethylene appear @t47.33 as a broad doublet. 44 ginated to the metal center via one of its fluorine atoms

The ethylene ligand is bound quite strongly; compes stable (Figure 3). The length of the RHF(1) bond is 2.23 A, and the
in solution under nitrogen atmosphere, and its conversion back

to the dinitrogen complex was not observed. IfBa—PCP
system ethylene was reported to bind less strongly than N
probably as a result of steric hindrari€e.

Reaction of 4 with Mel. Formation of (POCOP)Rh(Me)(l)
(7). Treatment of complexeta,b with 1 equiv of Mel in GDg
at room temperature led to the immediate and selective
formation of7 (Scheme 5)3P{1H} NMR of 7 shows a doublet
at 6 178.41 with'Jrnp= 122.6 Hz, indicating two equivalent
phosphorus nuclei coordinated to a Rh(lll) center. The structure
of 7 is fully supported by*H and3C NMR. For instance, the
Rh—CHjs group appears ifH NMR at 6 1.59 as a triplet of
doublets with?Jp 4 = 5.5 Hz and?Jgn 4 = 2.6 Hz. In the'3C{ 1H}
NMR spectrum, the methyl group appear)dt.78 with1Jgp ¢
= 26.8 Hz and?Jp c = 5.7 Hz. This complex differs from the
cationic complex?, indicating that the iodide is coordinated to
the metal center. Treatment of compléwith AgBF, led to
formation of complex2. Figure 3. ORTEP plot of compled0. Hydrogen atoms are omitted

Theipsocarbon of7 appears in thé3C{*H} NMR spectrum for clarity. Ellipsoids are at the 50% probability level.
ato 165.99, a value similar to the ones observed foritise-
carbons of analogous, structurally determined aryl pincer B—F(1) bond (1.44 A) is longer than the otherB bonds (1.38

rhodium halide complexes. For instance, ipso carbon of A), as expected for a BF ion bound to a metal center (Table
4). The rhodium atom is centered in the base of a slightly

(16) (a) Vigalok, A.; Ben-David, Y.; Milstein, DOrganometallics1996 distorted square pyramid, with the benzyl group at the axial

15, 1839. (b) van der Boom, M. E.; Liou, S.-Y.; Ben-David, Y.; Gozin, it H _ _

M.; Milstein, D. J. Am. Chem. Sod998 120, 13415. (c) Vigalok, A.; position (Figure 3). The C(HR—P(2)/P(3), C(10yRh—~C(1),
Milstein, D. Organometallic200Q 19, 2061. (d) Gusev, D. G.. Lough, A.  and C(10)-Rh—F(1) are close to 90(80.94, 79.28, 89.07,
J. Organometallic2002 21, 5091. (e) Amoroso, D.; Jabri, A.; Yap, G. P.
A.; Gusev, D. G.; dos Santos, E. N.; Fogg, D.@ganometallics2004 (17) Rybtchinski, B.; Ben-David, Y.; Milstein, BDrganometallicsL997,
23, 40474054 16, 3786.
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Scheme 6
o—P\"Pr2 o—P\"Pr2 7] BFs o—P\’Pr2
) CH,
2 Rh-FBF, — oMy 2 R ﬁ» 2 Rh—FBF
7 [ i
HiC' o—piPr, O—PPr, CHz=CH, HY b—pipr,
not observed
2 3
and 89.31, respectively). The RRC(10) bond length is 2.08 In contrast to early transition metats;H elimination to give
A. The Rh—Cipso bond (1.98 A) is similar to the one observed hydrido-carbene complexes is not common for late transition
for 2 and shorter than that of the Rh(l) complék. metals!® To the best of our knowledge, this is the first example
Apparent a-H Elimination Reaction of [(POCOP)Rh- reported for rhodium.
(CH,)BF4 (2). Surprisingly, when the €C activation product
2 was heated in benzene at 8D for approximately two weeks, Summary

loss of a methylene group took place and the rhodium-hydride
complex3 was obtained as the only product, as shown by NMR.  POCOP-based cationic Rh(lll) and neutral Rh(l) pincer
No conversion of2 to a methylene-bridged €H activation systems were synthesized from a new phosphinite ligand. The
product was observed; the absence of a methylene group wag?OCOP-Rh system demonstrated remarkable selectivity toward
confirmed by a'3C DEPT NMR experiment. C—C activation. No parallel formation of the-€H activation
A possible explanation for the missing methylene group is product was observed. This is probably a result of better
that the complex reacted with the benzene solvent by a orientation of the metal vigvis the C-C bond. The crystal
methylene transfer reaction, via equilibrium with the-& structure of the €C activation produc? revealed coordination
activation product? 18 However, no organic products that can of the BR~ ion to the rhodium center. Compl@ceacted with
result from such a reaction (e.g., toluene, biphenyl, or diphenyl- dihydrogen to give methane and the-RH complex3. Heating
methane) were detected in solution by GC analysis. Heating of of complex2 in the solid state led to the formation 8fand
complex2 under the same conditions in other solvents such as ethylene, via an appareatH elimination process, followed by
triethylbenzene and pentafluorotoluene resulted in the samea binuclear carbene coupling yielding ethylene. Deprotonation
conversion. of complex3 led to the formation of mono- and dinuclear Rh(l)
In an attempt to detect the missing methylene group, the dinitrogen complexeda,b, the latter structurally characterized
labeled analogue of compleX was prepared by oxidatively = complex being the major one. The dinitrogen ligand is readily
adding 1 equiv of®CHsl to complexes4a,b followed by ab- displaced by 1 equiv of ethylene or CO. Only a minor effect of
straction of the iodide with AgBE While the labeled methyl  the phosphinite POCOP pincer ligand (as compared with the
group of complex2 could be followed all along the conversion, corresponding PCP pincer ligand) on the stretching frequencies
labeled products arising from the missing methylene group could of the CO and M ligands was observed.
not be observed in solution. However, analysis of the gas phase
by GC/MS indicated the presence '8€CH,. Thus, the solvent Experimental Section
might be involved in transferring a proton to the methyl group.
One can envision a scenario in which such a reaction would General ProceduresAll experiments with metal complexes and
result in a Rr-Ph complex, which could react with the benzene the phosphinite ligand were carried out under an atmosphere of
solvent again, to yield the observed hydride compeand purified nitrogen in a Vacuum Atmospheres glovebox equipped
biphenyl. However, biphenyl or other possible organic products With & MO 40-2 inert gas purifier, or using standard Schlenk

were not detected. Thus, the nature of the process leading totechniques. All solvents were reagent grade or better. All nondeu-
formation of methane in solution is not clear. terated solvents were refluxed over sodium/benzophenone ketyl and

To avoid solvent participation, compl@was heated in the distilled under argon atmosphere. Deuterated solvents were dried

solid state under argon at 15@ for 2 days. The reaction was over 4 A molecular sieves. Commercially available reagents were

i 1 31 9
complete and GC/MS analysis of the gas phase revealed theUSEd as receivedH, *C, *'P, and'F NMR spectra were recorded

o . . at 400, 100, 162, and 376 MHz, respectively, using a Bruker AMX-
quant_lta_ltlve formation of ethyler_le, as compared_ with a sample 400 NMR spectrometer and at 500, 125, and 202 MHz, respectively,
containing a known concentration of ethylene in argon. This

result suggests the possibility of aaH elimination followed (19) (a) Slugove, C.: Mereiter, K.; Trofimenko, S.. CarmonaABgew

by a binuclear reaction, leading to the formation of ethylene cpem 'int Ed2000 39, 2158. (b) Coalter, J. N.; Huffman, J. C.; Caulton,

gas (Scheme 6). K. G. Chem. Commur2001 1158. (c) Kuznetsov, V. F.; Yap, G. P. A
In addition to ethylene, traces of cyclopropane were detected,Alper, H. Organometallics2001, 20, 1300-1309. (d) Coalter, J. N., III;

S o e - Huffman, J. C.; Caulton, K. GChem. Commur2001, 1158-1159. (e)
indicating the possibility of cyclopropanation of the formed Barrio, P.; Castarlenas, R.; Esteruelas, M. A.; OnateDganometallics

ethylene by an intermediate Rh-hydrido carbene complex. 2001 20, 2635. (f) Kuznetsov, V. F.; Lough, A. J.; Gusev, D. Ghem.
Indeed when complef was heated at 158C under 1 atm of Comm#nzooz 2432. (9) Ferrando-Mig?el, G.; Coalter, J. N., lll; Gerard,
iqnifi i H.; Huffman, J. C.; Eisenstein, O.; Caulton, K. Bew J. Chem2002 26,

ethylene, a significant z_slmount of cyclopropane was obtained 687-700. () Kuznetsov, V. .- Lough. A. J. Gusev, D.Chem. Commuin.
(about a 1/3 of the equivalent amount). 2002 2432-2433. (i) Carmona, E.; Paneque, M.: Poveda, MDialton
Trans.2003 4022. (j) Ho, V. M.; A.Watson, L.; Huffman, J. C.; Caulton,

(18) (a) van der Boom, M. E.; Kraatz, H.-B.; Ben-David, Y.; Milstein, K. G. New J. Chem2003 27, 1446-1450. (k) Clot, E.; Chen, J.; Lee,
D. Chem. Commurl996 2167. (b) van der Boom, M. E.; Kraatz, H.-B.; D.-H.; Sung, S. Y.; Appelhans, L. N.; Faller, J. W.; Crabtree, R. H.;
Hassner, L.; Ben-David, Y.; Milstein, BDrganometallics1999 18, 3873. Eisenstein, OJ. Am. Chem. So@004 126, 8795-8804. (I) Grotjahn, D.
(c) Liou, S.-Y.; van der Boom, M. E.; Milstein, ®Chem. Commurl998 B.; Hoerter, J. M.; Hubbard, J. LJ. Am. Chem. So2004 126, 8866. (m)
687. (d) Cohen, R.; van der Boom, M. E.; Shimon, L. J. W.; Rozenberg, Rankin, M. A.; McDonald, R.; Ferguson, M. J.; Stradiotto, Mngew.
H.; Milstein, D.J. Am. Chem. So2000,122,7723. (e) Cohen, R.; Milstein, Chem., Int. Ed2005 44, 3603. (n) Ingleson, M. J.; Yang, X.; Pink, M.;
D.; Martin, J. M. L. Organometallic2004,23, 2336. Caulton, K. G.J. Am. Chem. So@005 127, 10846.
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for 1H, 13C, and®'P, using a Bruker Avance-500 NMR spectrometer.
All spectra were recorded at 2& unless stated otherwise. NMR
measurements were performed in CPaid GDs. 'H and3C{1H}
NMR chemical shifts are reported in ppm downfield from tetra-
methylsilaneH NMR chemical shifts are referenced to the residual

hydrogen signal of the deuterated solvent (7.15 ppm for benzene,

7.24 ppm for chloroform). IMSC{*H} NMR measurements the

Salem et al.

102.62(3}, f = 100.65(3y, y = 95.03(3}, from 15 degrees of
data,T=120(2) K,V =1132.8(4) B, Z= 2, fw = 546.12,D. =
1.601 Mg/n3, u = 0.941 mnt,

Data Collection and ProcessingNonius KappaCCD diffrac-
tometer, Mo k. (1 = 0.71073 A), graphite monochromator 0
h <9, -15< k < 15,-15 < | < 14, frame scan width= 1.0°,
scan speed 1°0per 20 s, typical peak mosaicity 09110 829

signal of deuterated benzene (128.0 ppm) was used as a referenceeflections collected, 4726 independent reflectioRs & 0.048).

31P NMR chemical shifts are reported in ppm downfield froriPiay,

and referenced to an external 85% solution of phosphoric acid in
D,0. Abbreviations used in the description of NMR data are as
follows: b, broad; s, singlet; d, doublet; t, triplet; g, quartet; m,
multiplet; v, virtual; dist, distorted.

Synthesis of Ligand 1. To a THF solution (60 mL) of
2-methylresorcinol (0.81 g, 6.66 mmol) and 4-(dimethylamino)-
pyridine (1.62 g, 13.20 mmol) was added a THF solution (40 mL)
of CIPPr; (2 g, 13.10 mmol) dropwise, while stirring at’C. The

The data were processed with Denzo-Scalepack.

Solution and Refinement: Structure solved by direct methods
with SHELXS-97. Full matrix least-squares refinement based on
F2 with SHELXL-97; 263 parameters with O restraints, fifal=
0.0404 (based oR?) for data withl >20(l), andR; = 0.0433 on
4101 reflections, goodness-of-fit df¢ = 1.035, largest electron
density peak= 1.282 e A3,

Formation of [([POCOP)Rh(H)]BF 4 (3). A THF solution (2 mL)
of complex2 (40 mg, 0.073 mmol) was treated with an excess of

reaction mixture was allowed to reach room temperature and thendihydrogen (5 atm) in a glass pressure vessel (90 mL) for 12 h,

kept under stirring for an additional 24 h. The solvent was removed
under vacuum, and the ligand was extracted from the resulting white
solid with toluene (2x 40 mL). The combined extracts were filtered

forming complex3 in a 97% (38 mg) yield as a brownish-yellow
solid. Complex3 was used without further purificatiod!P{H}
NMR (CgDg): 185.27 (d,*Jrnp = 124.7 Hz).*H NMR (CgDe):

through a Celite pad, and the toluene was removed under vacuumsg.75 (t,3Jy 4 = 7.8 Hz, Ar), 6.53 (d3Jyn = 7.7 Hz, Ar), 2.67 (m,

The product was further purified by distillation (bp 12830 °C,
0.05 mmHg), giving a colorless oil. Yield: 65% (1.5 §P{*H}
NMR (CgDg): 144.06 (s)H NMR (CgDg): 7.22 (dd,3Jyn=7.9
Hz, 43y n = 3.7 Hz, 2H, Ar), 6.99 (3344 = 7.9 Hz, 1H, Ar), 2.41
(s, Ar—CHs, 3H) 1.75 (m,3Jp 4 = 3.1 Hz,3Jyy = 7.0 Hz, 4H,
P—CH(CHja),), 1.10 (dd,3Jyn = 7.0 Hz3Jpy = 10.6 Hz, 12H,
P_CH(CH3)2), 0.96 (dd,BJH'H =73 HZ,BJP,H = 15.5 Hz, 12H,
P_CH(CH3)2) 13C{ 1H} NMR (CGDG): 158.44 (t,?’\]pyc = 8.7 Hz,
Ar—Cipso), 126.23 (s, Ar), 117.61 (8Jpc = 1.6 Hz, Ar), 110.36
(d,2Jp.c=22.1 Hz, Ar), 28.49 (d?Jp c = 18.7 Hz, P-CH(CHy),),
17.77 (d\Jp c = 20.1 Hz, P-CH(CH3),), 17.11 (d,}Jp c = 8.9 Hz,
P—CH(CHa),), 9.58 (s, Ar-CHy).

Reaction of [Rh(COE)(THF);|BF, with Ligand 1. Formation
of [[POCOP)Rh(CH3)|BF4 (2). Two equivalents of AgBF(108.7
mg, 0.56 mmol) in THF (4 mL) were added to a red-orange THF
solution (20 mL) of [Rh(COEXI], (200 mg, 0.28 mmol), leading
to massive formation of a white precipitate of AgCl and a color
change to a light orange. The precipitate was removed by filtration
through a cotton pad and Celite. Ligahd198.7 mg, 0.56 mmol)
in THF (4 mL) was added immediately to the filtrate, resulting in
a color change from orange to brown and the formation of a brown
solid. The solution was kept for 15 min at room temperature until
the solid settled down. The solid was separated by filtration through
a cotton pad, and the solvent was removed from the filtrate under
vacuum, resulting in a dark red-orange solidkofComplex2 was
further purified by crystallization from a hot benzene solution,
resulting in 37% (114 mg) yiel®P{*H} NMR (Cg¢D¢): 172.78
(d, 1JRh,p: 128.3 HZ).lH NMR (CGDG): 6.77 (t,BJH'H = 8.0 Hz,
1H, Ar), 6.59 (d,334 4 = 8.0 Hz, 2H, Ar), 2.56 (m3Jy = 7.1 Hz,
2H, P-CH(CHjy),), 2.21 (m,3Jyn = 8.0 Hz, 2H, P-CH(CHa)y),
1.37 (td,2rn = 2.2 Hz,3Jp 4 = 5.2 Hz, 3H, Rh-CHj), 1.18 (dd,
8Jun = 7.3 Hz,3Jpy = 17.3 Hz, 6H, P-CH(CH3),), 1.11 (2
overlapping dist. dd3Jyny = 7.3 Hz, 3Jpy = 15.3 Hz, 12H,
P—CH(CHg),), 0.99 (dd,3Jyn = 6.9 Hz,3Jpy = 14.2 Hz, 6H,
P—CH(CHg),). B¥C{*H} NMR (C¢Dg): 168.41 (t,2Jpc = 6.4 Hz,
Cipso Rh—Ar), 129.75 (s, Ar), 127.50 (s, Ar), 108.42 @Jpc =
5.8 Hz, Ar), 31.90 (tJpc = 10.2 Hz, P-CH(CHs),), 28.47 (t,
1Jpc= 11.9 Hz, P-CH(CHj3),), 18.92 (s, P-CH(CH3),), 18.58 (s,
P—CH(CHg),), 17.59 (s, P-CH(CH3),), 16.62 (s, P-CH(CHs)y),
1.31 (dt,"Jgnc = 28.8 Hz,2Jpc = 5.2 Hz, Rh-CH3). 1%F NMR
(CsDg): —163.26 (br s). Anal. Calcd for {gH3,BF,O.P,Rh: C,
41.78; H, 6.28. Found: C, 41.75; H, 6.36.

X-ray Structural Analysis of 2. Crystal Data: C;oH340,P,-
BF4Rh, orange prisms, 0.% 0.1 x 0.05 mn3, triclinic, P1 (No.
2), a = 8.011(2) A,b = 12.127(2) A,c = 12.268(3) A,a. =

BJH,H = 6.9 Hz, P‘CH(CH?,)Z), 2.00 (m, BJH,H = 5.3 Hz,
P—CH(CHg),), 1.28 (dist. dd2Jyn = 7.8 Hz,%Jpy = 16.1 Hz,
P—CH(CHa),), 1.25 (dist. dd3Jyn = 6.6 Hz,3Jpy = 13.5 Hz
P_CH(CHg)z), 1.97 (diSt. dd,3JH,H =76 HZ,3JPYH = 15.7 Hz
P—CH(CHa),), —24.41 (br d,\Jrnn = 41.2 Hz, RR-H). 13C{H}
NMR (C¢Dg): 166.29 (dist. t, Gso Rh—Ar), 128.53 (s, Ar),
127.22 (s, Ar), 106.53 (s, Ar), 29.04 (dtlrnc = 114.9 Hz,%Jp ¢
14.1 Hz, P-CH(CHs)y), 27.18 (s, P-CH(CHs)z), 25.7 (s,
P—CH(CHg),), 17.7 (s, P-CH(CHa)y), 16.7 (s, P-CH(CH3),), 16.22
(s, P-CH(CHs),). 1% NMR (CsDg): —165.38 (br s). IR: 2182 cr,
VRh—H- Anal. Calcd for QgHggBF40zP2Rh‘C4HSO: C, 4373, H,
6.67. Found: C, 44.76; H, 6.60.

Formation of [[POCOP)Rh],(N2-g) (4). To a THF solution (1
mL) of complex3 (20 mg, 0.038 mmol) was added 1 equiv of
KO®Bu (4.2 mg, 0.038 mmol) in a THF solution (1 mL). The
reaction mixture was stirred at room temperature for 5 min, resulting
in the formation of the dinitrogen complexda and4b in a ratio
4a4b = 1:9. The reaction mixture was dried under vacuum, and
the residue was extracted with benzene (3 mL). The extracts were
combined and filtered through a cotton pad and Celite in order to
remove inorganic particles, resulting in a pure product in 94% (16.7
mg) yield. 3'P{*H} NMR (C¢Dg): 192.12 (d,*Jrnp = 170.4 Hz).

H NMR (CgDg): 6.91 (t,33yn = 7.7 Hz, 1H, Ar), 6.81 (d3Jyn
= 7.0 Hz, 2H, Ar), 2.15 (m3Jyy = 6.8 Hz, 4H, P-CH(CHa)y),
1.24 (m, 24H, P-CH(CHa),). 13C{*H} NMR (CgDg): 168.73 (t,
2Jp.c= 9.3 Hz, Gyso, Rh—Ar), 139.5 (dt,3Jrnc= 33.2 Hz,Jpc =
9.71 Hz, Ar), 126.51 (s, Ar), 108.42 @Jpc = 6.8 Hz, Ar), 30.69
(td, ¥rnc= 2.0 Hz,3Jp c = 10.8 Hz, P-CH(CHa),), 18.68 (t,2Jp c
= 5.1 Hz, P-CH(CH3)y), 17.78 (s, P-CH(CH3)). IR: 2162 cn1?,
VN2- Anal. Calcd for G6H62N204P4ha: C, 47.17; H, 6.82. Found:
C, 47.66; H, 6.77.

X-ray Structural Analysis of 4b. Crystal Data: CzgH72N2Os-
P4Rh,, yellow prisms, 0.1x 0.1 x 0.1 mn?, monoclinic,P2(1)/c,
a=13.925(3) Ab=17.773(4) Ac=36.020(7) A5 = 94.03(3}
from 15 degrees of datd, = 120(2) K,V = 8892(3) &, Z = 4,
fw = 916.55,D, = 1.369 Mg/n¥, u = 0.921 mnt?.

Data Collection and ProcessingNonius KappaCCD diffrac-
tometer, Mo Kt (A = 0.71073 A), graphite monochromater15
<h=150=< k=19, 0= =< 40, frame scan widtk 0.8, scan
speed 1.0 per 180 s, typical peak mosaicity 04361 792
reflections collected, 21 117 independent reflectidtig € 0.065).
The data were processed with Denzo-Scalepack.

Solution and Refinement: Structure solved by direct methods
with SHELXS-97. Full matrix least-squares refinement based on
F2 with SHELXL-97; 866 parameters with 449 restraints on
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temperature factors and on ring planarity, fiRal= 0.0792 (based
on F?) for data with| > 20(l) and, Ry = 0.0969 on 12 734
reflections, goodness-of-fit df? = 1.044, largest electron density

Organometallics, Vol. 25, No. 9, 22269

(CGDG)Z 172.20 (d,lJRh,p: 133.9 HZ).lH NMR (CGDG): 7.35 (d,
2Jun = 7.0 Hz, 2H, Ar), 6.95 (m, 2H, Ar), 6.85 )y = 8.4 Hz,
2H, Ar), 6.81 (d3Jy 4 = 8.4 Hz, 2H, Ar), 3.90 (dd¥Jp = 4.2 Hz,

peak= 3.265 e A3 Some disorder was seen on one-half of the 8Jyrnh = 7.0 Hz, (H,—Ar) 2.33 (m, 2Jpyy = 7.0 Hz, 4H,

second dimer, and some atoms have been modeled in two alternaté®—CH(CHz),), 1.32 (dd,3Jyn

positions.

Reaction of 4a,b with CO. Formation of (POCOP)Rh(CO)
(5). To a GDsg solution (0.5 mL) ofda,b (10 mg, 0.021 mmol) in

= 8.4 Hz,3py = 16.7 Hz, 6H,
P—CH(CHa),), 1.18 (dd,3Jy = 8.4 Hz,3Jpy = 16.6 Hz, 6H,
P—CH(CHa),), 1.14 (dd,3Jyy = 7.0 Hz,3Jpy = 12.5 Hz, 6H,
P—CH(CH3),), 0.94 (dd, 3y = 7.0 Hz,3Jp = 13.9 Hz, 6H,

a septum-capped NMR tube was added 1 equiv of CO (0.021 mmol, P~CH(CHz)z). 3C{*H} NMR (C¢De): 166.73 (t,2Jcp = 6.7 Hz,
0.47 mL), leading to a color change to yellow and the immediate Cipso RR—AT), 148.60 (td2Jrn,c= 2.5 Hz3Jp c= 5.2 Hz, quaternary
formation of6. The solvent was removed under vacuum, resulting C, benzyl ring), 137.62 (d&Jrnc = 32.6 Hz,3Jp c= 6.0 Hz, Ar of

in a yellow solid in 96% (9.6 mg) yield®®'P{*H} NMR (CgDs):

204.9 (d,lJRh’p: 155.6 HZ)]‘H NMR (CeDG) 6.95 (t!s\]H,H =74
Hz, 1H, Ar), 6.82 (d3Jyn = 7.9 Hz, 2H, Ar), 2.05 (m3Jy = 7.0
Hz, 4H, P-CH(CHjy),), 1.13 (m, 24H, P-CH(CH3), ). 13C{'H}

NMR (CgDg): 200.75 (dt,XJrpc = 58.5 Hz,2Jpc = 9.9 Hz, Rh-

CO), 169.83 (t2Jp,c = 8.9 Hz, Gpso, RN—ATr), 146.42 (dtXJgnc=

25.2 Hz,2Jpc = 9.9 Hz, Ar), 130.52 (s, Ar), 105.93 (@pc= 7.0
Hz, Ar), 31.84 (td2Jgnc= 2.2 Hz,1Jp c = 12.2 Hz, P-CH(CHa)y),

19.69 (t2Jpc = 4.6 Hz, P-CH(CHj3),), 18.83 (s, P-CH(CHy),).

IR: 1962 cn1?, vco. Anal. Calcd for GgH3:0sP.Rh: C, 48.32; H,
6.62. Found: C, 48.45; H, 6.56.

Reaction of 4a,b with Ethylene. Formation of (POCOP)Rh-
(CoHy) (6). To a GDsg solution (0.5 mL) of4a,b (10 mg, 0.021

benzyl ring), 131.41 (s, Ar of benzyl ring), 129.24 (s, Ar of benzyl
ring), 126.92 (s, Ar), 126.53 (s, Ar), 106.63%dp c= 5.9 Hz, Ar),
29.25 (t,2Jp= 8.4 Hz, P-CH(CHjy),), 27.85 (td,2Jgnc = 0.96
Hz, 1Jpc = 12.1 Hz, P-CH(CHg),), 23.81 (dfJrnc = 25.9 Hz,
2Jpc = 3.8 Hz, CH,—Ar, the assignment of this carbon was
determined by3C DEPT NMR), 19.54 () c = 5.0 Hz, P-CH-
(CHa),), 19.38 (s, P-CH(CHs3),), 16.87 (t,2Jp.c = 4.4 Hz, P-CH-
(CHg)z), 15.52 (S, P‘CH(CHg)z) Anal. Calcd for QnggBl’Ong-
Rh: C, 52.59; H, 6.71. Found: C, 52.33; H, 6.65.

Reaction of 4a,b with Benzyl Bromide. Formation of
(POCOP)Rh(CH,Ph)(Br) (9). To a benzene solution (1 mL) of
complexesta,b (20 mg, 0.042 mmol) was added 1 equiv of benzyl
bromide (7.2 mg, 0.042 mmol), leading to an immediate color

mmol) in a septum-capped NMR tube was added 1 equiv (0.021 change to deep red. The solvent was removed under vacuum,
mmol, 0.47 mL) of ethylene, resulting in a slight change of color resulting in a deep red solid in 98% (25.5 mg) yietP{'H} NMR

from dark yellow to brownish-yellow. The solvent was removed
under vacuum, resulting in a brownish-yellow oil in 98% (9.8 mg)
yle'd 3:I‘P{:LH}' NMR (CeDG): 206.78 (d,l\]Rhyp: 155.9 HZ).lH
NMR (CgDg, 60°C): 6.96 (t,3Jyn = 7.1 Hz, 1H, Ar), 6.9 (d3Jy

= 7.8 Hz, 2H, Ar), 2.78 (td2Jgnny = 1.4 Hz,3Jp 4y = 2.6 Hz, 4H,
bound GH,), 2.20 (m,3Jyy = 7.1 Hz, 4H, P-CH(CHg),), 1.13
(dd, 334y = 6.8 Hz,3Jp 4y = 13.5 Hz, 12H, P-CH(CH3),), 1.03
(dd, 3\]H,H =17.8 HzanP,H = 16.2 Hz, 12H, P‘CH(CHg)z) 13C-
{*H} NMR (CgDg): 167.73 (t,2Jpc = 10.2 Hz, Gpso, Rh—Ar),
145.58 (d, Ar), 126.50 (s, Ar), 105.65 tflp c = 7.4 Hz, Ar), 47.33
(br d, 1\JRh,C = 5.6 Hz, bOUn(szH4), 31.99 (t,l\Jp’c = 11.9 Hz,
P—CH(CHzy),), 19.64 (t,2Jpc = 3.1 Hz, P-CH(CHy),), 18.65 (s,
P_CH(CHg)z) Anal. Calcd for Q()H3502P2Rh: C,50.86; H, 7.47.
Found: C, 51.06; H, 7.41.

Reaction of 4a,b with Mel. Formation of (POCOP)Rh(Me)-
() (7). To a benzene solution (1 mL) of complexés,b (20 mg,
0.042 mmol) was added 1 equiv of Mel (6 mg, 0.042 mmol),

(CeDe): 173.6 (d,3Jrnp = 132.5 Hz)..H NMR (CeDg): 7.35 (d,
2Jyn= 7.5 Hz, 2H, Ar), 6.97 (m, 2H, Ar), 6.84 (B = 7.5 Hz,
2H, Ar), 6.82 (d,3J4n = 8.5 Hz, 2H, Ar), 3.95 (dd3Jpy = 3.1

Hz, 3gny = 6.1 Hz, G,—Ar) 2.36 (M, 2Jpy = 7.0 Hz, 4H,
P—CH(CHa),), 1.38 (dd,3Jy = 8.5 Hz,3Jpy = 16.7 Hz, 6H,
P—CH(CHa),), 1.19 (dd,3Jy = 8.5 Hz,3Jpy = 17.4 Hz, 6H,
P—CH(CH3),), 1.06 (dd,3Jyy = 6.5 Hz,3Jpy = 13.0 Hz, 6H,
P—CH(CH3),), 0.93 (dd,3Jy = 6.8 Hz,3Jpy = 14.0 Hz, 6H,

P—CH(CHa),). 3C{*H} NMR (C¢Dg): 166.50 (t,2Jpc = 6.6 Hz,
Cipso Rh—Ar), 148.52 (td,2Jrnc = 2.4 Hz, %Jpc = 5.4 Hz,
quaternary carbon of benzyl ring), 139.14 (znc = 33.4 Hz,
3Jpc = 5.4 Hz, Ar of benzyl ring), 131.50 (s, Ar of benzyl ring),
129.30 (s, Ar of benzyl ring), 127.01 (s, Ar), 126.51 (s, Ar), 106.70
(t, 2pc = 6.2 Hz, Ar), 29.61 (t2Jpc = 8.6 Hz P-CH(CHy)y),
28.30 (td,2Jrnc = 0.96 Hz,1Jp c = 12.4 Hz, P-CH(CHjy),), 23.93
(dt2Jrnc = 25.4 Hz,2Jp c = 3.8 Hz,CH,—Ar, the assignment of
this carbon was determined B§C DEPT NMR), 19.70 (8Jpc =

resulting in an immediate color change to deep red. The solvent 4.8 Hz, P-CH(CH3),), 19.30 (s, P-CH(CHa),), 17.53 (t,2Jpc =
was removed under vacuum, resulting in a red solid in 70% (14 4.2 Hz, P-CH(CHs),), 15.70 (s, P-CH(CHa),). Anal. Calcd for

mg) yield. 31P{1H} NMR (CeDg): 178.41 (d,Mrnp= 122.6 Hz).
IH NMR (CsDg): 6.93 (t,3J4 = 7.9 Hz, 1H, Ar), 6.77 (d3Jyp
= 7.9 Hz, 2H, Ar), 2.50 (MZJp 4 = 7.0 Hz, 2H, P-CH(CHy)y),
2.37 (M, 2H, P-CH(CHa),), 1.59 (td,3Jp 1 = 5.5 Hz,2Jrnp = 2.6
Hz, 3H, Rh-CH3), 1.36 (dd3Ju = 7.8 Hz,3Jp,= 16.4 Hz, 6H,

P—CH(CHa),), 1.27 (dd,3Jupn = 7.2 Hz, 3oy = 14.5 Hz, 6H,
P_CH(CH3)2), 1.18 (dd,sJH'H =76 HZ,SJPYH = 16.7 Hz, 6H,
P—CH(CHg),), 0.95 (dd,3Jyy = 7.0 Hz,3Jpy = 14.1 Hz, 6H,

P—CH(CHa),). 13C{H} NMR (C¢Dg): 165.99 (t,2Jpc = 6.7 Hz,
Cipso Rh—Ar), 128.29 (s, Ar), 126.86 (s, Ar), 106.68 @Jpc =
6.1 Hz, Ar), 30.91 (t2Jpc = 10.8 Hz, P-CH(CHa),), 28.37 (td,
2Jrhc= 2.1 Hz,Jp c = 11.9 Hz, P-CH(CHjy),), 18.33 (dfJpc=
2.6 Hz,2Jrpc = 29.3 Hz, P-CH(CHjy),), 17.75 (s, P-CH(CHj3)y),
16.76 (S, P‘CH(CH3)2), 1.78 (dt,lJRh,C = 26.8 HZ,ZJPVC =57
Hz, Rh—CHa). Anal. Calcd for GoH34O-P;Rh: C, 38.93; H, 5.85.
Found: C, 39.12; H, 5.93.

Reaction of 4a,b with Benzyl Chloride. Formation of
(POCOP)Rh(CH,Ph)(CI) (8). To a benzene solution (1 mL) of
complexesta,b (20 mg, 0.042 mmol) was added 1 equiv of benzyl

CusH3gBrO,P,Rh: C, 48.80; H, 6.22. Found: C, 48.89; H, 6.29.

Reaction of 9 with AgBF,. Formation of [(POCOP)Rh-
(CH,Ph)][BF4] (10). To a benzene solution (1 mL) of compl&x
(25.5 mg, 0.041 mmol) was added 1 equiv of Agg&.2 mg, 0.041
mmol) in THF (2 mL), resulting in formation of a white-gray
precipitate of AgBr and a color change to red. The precipitate was
removed by filtration through a Celite pad, and the solvent was
removed from the filtrate under vacuum, resulting in a red solid in
98% (25 mg) yield3P{*H} NMR (C¢Dg): 173.4 (d,}Jrnp= 138.3
Hz). *H NMR (C¢Dg): 7.25 (d,2Jyn = 7.7 Hz, 2H, Ar), 7.05 (m,
2H, Ar), 6.90 (t,%Jyn = 7.7 Hz, 2H, Ar), 6.70 (d3J4 4 = 8.1 Hz,
2H, Ar), 4.0 (dd,3Jp = 2.9 Hz,3Jgnn = 5.9 Hz, GH,—Ar) 2.50
(m, 2y = 7.0 Hz, 4H, P-CH(CHy),), 1.22 (m, 12H, 2x
P—CH(CHa),), 1.06 (dd,334n = 7.0 Hz,3Jp 4 = 13.5 Hz, 6H,
P—CH(CHa),), 0.96 (dd,334n = 7.0 Hz,3Jp 4 = 13.5 Hz, 6H,
P—CH(CHa),). B3C{*H} NMR (CgDg): 167.20 (t,2Jpc = 6.2 Hz,
Cipso Rh—Ar), 147.50 (td,2Jrnc = 2.5 Hz, %Jpc = 5.3 Hz,
quaternary of carbon of benzyl ring), 134.03 (s, Ar), 132.12 (s,
Ar), 129.70 (s, Ar of benzyl ring), 128.92 (s, Ar of benzyl ring),

chloride (5.4 mg, 0.042 mmol), leading to an immediate color 127.50 (s, Ar), 107.30 (€Jpc = 5.8 Hz, Ar), 30.2 (t2Jpc= 8.7
change to deep red. The solvent was removed under vacuumHz P—CH(CHg),), 27.2 (t,'Jpc = 13.1 Hz, P-CH(CHjy),), 26.32

resulting in a deep red solid in 98% (23.7 mg) yiékP{*H} NMR

(dt2Jrpc = 27.6 Hz,2Jp c = 3.2 Hz,CH,—Ar, the assignment of
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this carbon was determined BSC DEPT NMR), 19.51 (8Jpc = mmol, 2.4 mL) of CO, resulting in a slight color change to
4.6 Hz, P-CH(CHj3),), 18.60 (s, P-CH(CH3)y), 16.20 (t,2Jpc = yellowish-brown. The solvent was removed under vacuum, resulting
4.6 Hz, P-CH(CH3),), 15.30 (s, P-CH(CHj3),). 1% NMR (CsDe): in a brown solid in 68% (34 mg) yield*P{*H} NMR (CgDg): 74.73
—169.15 (br s). (d, Wrnp = 144.3 Hz).*H NMR (CgD¢): 7.20 (d3Jyn = 7.5 Hz,
X-ray Structural Analysis of 10. Crystal Data: CasHzgBF4O2- 2H, Ar), 7.1 (t,3Jyn = 7.2 Hz, 1H, Ar), 3.2 (vt, 4HJ = 4.1 Hz,
P.Rh, orange plate, 0.4 0.2 x 0.1 mn#, triclinic, P1 (No. 2),a Ar—CH,—P), 1.87 (m, 4H, P-CH(CHa)y), 1.18 (dist fJyn = 7.2
=8.106(2) A,b = 12.576(3) A.c = 14.082(3) A, = 81.42(3y, Hz3Jp 1 = 16.0 Hz, 12H, P-CH(CH3), ), 0.94 (dist 3y = 7.2

B = 80.96(3, y = 73.63(3} from 20 degrees of datd,= 120(2) Hz3Jp = 14.0 Hz, 12H, P-CH(CHs); ).13C{H} NMR (CeDe):
K,V =1351.9(5) &, Z = 4, fw = 622.21,D. = 1.529 Mg/, u 200 (dt, Jgnc = 55.0 Hz,2Jpc = 12.0 Hz, RR-CO), 178.9 (dlt,

= 0.799 mm™. lJRh’c: 29.8 HZ,ZJP,C = 6.9 Hz, sto, Rh—Ar), 152.87 (td,JRh’C

Data Collection and ProcessingNonius KappaCCD diffrac- = 12.3 HzJpc= 3.0 Hz, Ar), 125.5 (s, Ar), 121.0 (BJpc= 9.8
tometer, Mo Kx (1 = 0.71073 A), graphite monochromator,<0 Hz, Ar), 38.15 (vtd,2Jghc = 2.8 Hz,%Jcp = 12.0 Hz, Ar-CH,—
h=<10,-15<k =< 16,—17 < | < 18, frame scan widtk= 2.0°, P), 26.2 (tXJcp= 11.3 Hz, P-CH(CHg),), 19.78 (vt,2Jpc = 3.0

scan speed 1°0per 30 s, typical peak mosaicity 05130 164 Hz, P-CH(CHj3),), 18.84 (s, P-CH(CHj3)y).

reflections collected, 6202 independent reflectidRg & 0.069).

The data were processed with Denzo-Scalepack. Acknowledgment. This research was supported by the
Solution and Refinement: Structure solved by direct methods ~German Federal Ministry of Education and Research (BMBF)

with SHELXS-97. Full matrix least-squares refinement based on Within the framework of the German-Israeli cooperation (DIP).

F2 with SHELXL-97; 324 parameters with O restraints, fifal= D.M. is the holder of the Israel Matz Professorial Chair of

0.0379 (based oR?) for data withl > 20(1) and,R; = 0.0428 on  Organic Chemistry.

6200 reflections, goodness-of-fit dff = 1.017, largest electron . ¢ . ilable: fil -
density peak= 0.600 e A3, Supporting Information Available: CIF files containing X-ray

Preparation of (Pr-PCP)Rh(CO). To a G:Ds solution (0.5 mL) crys_tallographic data for c_omplexés4b, and10. This material is
of the reported phosphine compléRItPCP)RhM32(50 mg, 0.107 available free of charge via the Internet at http://pubs.acs.org.
mmol) in a septum-capped NMR tube was added 1 equiv (0.107 OM060005Q



