COMMUNICATIONS

1984; c) G. A. Olah, A. Molnar, Hydrocarbon Chemistry, Wiley, New
York, 1995; d) Natural Gas Conversion V (Eds.: A. Parmaliana, D.
Sanfilippo, F. Frusteri, A. Vaccari, F. Arena), Elsevier, Amsterdam,
1998.

[3] a) R. G. Bergman, Science 1984, 223, 902; b) K. Tomishige, Y.
Himeno, O. Yamazaki, Y. Chen, T. Wakatsuki, K. Fujimoto, Kinet.
Catal. 1999, 40, 388; c) K. Tomishige, Y. Chen, K. Fujimoto, J. Catal.
1999, 181, 91; d) A. Bagno, J. Bukala, G. A. Olah, J. Org. Chem. 1990,
55,4284; ¢) R. H. Crabtree, Chem. Rev. 1995, 95, 987; f) G. V. Nizova,
G. Siiss-Fink, G. B. Shul’pin, Tetrahedron 1997, 53, 3603.

[4] T. Nishiguchi, K. Nakata, K. Takaki, Y. Fujiwara, Chem. Lett. 1992,
1141.

[5] M. Asadullah, Y. Taniguchi, T. Kitamura, Y. Fujiwara, Appl. Organo-
met. Chem. 1998, 12, 277.

[6] a) M. Asadullah, T. Kitamura, Y. Fujiwara, Appl. Organomet. Chem.
1999, /3, 539; b) M. Asadullah, T. Kitamura, Y. Fujiwara, Chem. Lett.
1999, 449.

[7] a) A.Bagno,J. Bukala, G. A. Olah, J. Org. Chem. 1990, 55,4284;b) H.
Hogeveen, J. Lukas, C. F. Roobeek, J. Chem. Soc. Chem. Commun.
1969, 920.

[8] M. Lin, A. Sen, Nature 1994, 368, 613.

[9] The volumetric productivity of the present reaction of 6.03 x
107 molem—3s~! is lower than that required for a practical process.
Attempts to increase the volumetric productivity by optimizing the
reaction conditions and the apparatus are underway.

[10] M. Lin, T. Hogan, A. Sen, J. Am. Chem. Soc. 1997, 119, 6048.

[11] a) G. V. Nizova, G. Siiss-Fink, S. Stanislas, G. B. Shul’pin, Chem.
Commun. 1998, 1885; b) K. Nagahara, I. Ryu, N. Kambe, M. Komatsu,
N. Sonoda, J. Org. Chem. 1995, 60, 7384; c) A.P.E. York, J. B.
Claridge, A. J. Brungs, S. C. Tsang, M. L. H. Green, Chem. Commun.
1997, 39; d) J. H. Bitter, K. Seshan, J. A. Lercher, J. Catal. 1997, 171,
279; e) Y. Lu, J. Xue, Y. Liu, S. Shen, Chem. Lett. 1997, 515; f) U.
Olsbye, T. Wurzel, L. Mleczko, Ind. Eng. Chem. Res. 1997, 36, 5180;
g) M. C.J. Bradford, M. A. Vannice, J. Catal. 1998, 173, 157.

BABAR-Phos Rhodium Complexes:
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Three-Membered Ring and Catalytic
Hydroborations**
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The polycyclic phosphiranes 1a and 1b (BABAR-Phos)!*
are not oxidized by O,, sulfur, and strongly alkylating agents,
and they resist aqueous acids and bases. Furthermore they
have electron-withdrawing properties which could make them
interesting ligands for hydrosilylation and hydroboration
catalysts.'® Apart from BABAR-Phos rhodium complexes
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which were synthesized for this use, we describe here—to our
knowledge—the first reversible insertion and deinsertion of a
metal center into a three-membered heterocycle.P!

As precursors for the synthesis we used either [Rh(cod),]*-
O,SCF; (2; cod =1,5-cyclooctadiene) containing only a weak-
ly coordinating anion or [Rh,(u,-Cl,)(cod),] (4). Reactions of
2 with 1a in coordinating solvents, such as acetonitrile, or with

FiC

/LN'P FBCD\N/P

/\
A

1a

1b
P'BABAR-Phos ETMPBABAR-Phos

the N-aryl-substituted phosphirane 1b generate brown-red
solutions (A, >500 nm), whose 3P NMR spectra display
signals in the positive (6 =420 to +100) and negative (6 =
—60 to —150) 6 range (versus 85 % H;PO,). The signals are
broadened due to chemical exchange between different
species. However, when 2 is treated with 1a in THF, product
3 is obtained almost quantitatively and independently of the
initial ratio 2:1a as poorly soluble, orange microcrystals
(Scheme 1). The *'P NMR spectrum of complex 3 shows a

S

. 4 1a
[Rh(cod),] O;SCF; ——» /=~ P—Rh-—P 0380F3
-2 cod \ /
2
:PrN

S

! =

3

Scheme 1. Synthesis of complex 3.

doublet at 0(*'P) = —66.9 (/(Rh,P) =170 Hz), and the com-
plex was structurally characterized by X-ray crystal structure
analysis (Figure 1).[! Remarkably, the Rh center, which is
located on a fourfold axis of symmetry, deviates by 0.24 A
from the plane of the square planar arrangement of the four
phosphorus atoms (sum of angles at P within the ligand
framework: 258°). The Rh—P bond lengths in 3 (2.276(1) A)
are slightly shorter than the ones in other known rhodium
phosphirane complexes.t!

Reactions of the chloride-containing rhodium complex 4
with 1a or 1b in weakly coordinating solvents again give
brown-red solutions containing several components (exchange-
broadened 3P signals in the positive or negative o range).
Only the reaction of 4 with 1b in acetonitrile leads to one pure
product 5 (formula CyHg,Cl,F,,NsP,Rh,), which is obtained
as sparingly soluble, deep brown microcrystals (Scheme 2).

Two of the Cl centers in 5§ can be exchanged for poorly
coordinating anions X = O;SCF;~ or PF,~ when it reacts with
the silver salts 6a and 6b, respectively. Deep brown solutions
(Amax =660 nm) are obtained from which the tetranuclear
clusters 7a, b were crystallized. Compound 7b was also

Angew. Chem. Int. Ed. 2000, 39, No. 14
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Figure 1. ORTEP plot of the cation of 3; hydrogen atoms are omitted for
clarity. Selected bond lengths [A] and angles [°]: Rh-P1 2.279(1), P1-N1
1.650(4), P1-C5 1.810(5), P1-C4 1.813(6), P1-C4 1.813(6), C4-C5 1.576(8);
P1'-Rh-P1 89.367(8), P1"-Rh-P1 167.91(8), N1-P1-C5 102.2(2), N1-P1-C4
103.5(2), C5-P1-C4 51.6(2), N1-P1-Rh 124.4(2), C5-P1-Rh 129.8(2), C4-P1-
Rh 122.8(2), C5-C4-P1 64.1(3), C4-C5-P1 64.3(3).

synthesized from 2 and 1b in the presence of chloride ions and
TIPF, (Scheme 2), and the result of a single-crystal X-ray
structure analysis of 7b is shown in Figure 2.1

Each rhodium center has inserted oxidatively into one of
the P—C bonds of the PC, ring of the BABAR-Phos ligand.
The resulting [(RhPC,)L,]" units (RhPC, denotes a Rh-
inserted BABAR-Phos unit; fold angle along the P1-C5
vector 32°; L=MeCN, see Scheme 2) are bridged by the
phosphorus centers and form a planar centrosymmetric

4 1b

2 [Rhy(-Cl)y(cod),]

Figure 2. ORTEP plot of the centrosymmetric cation of 7b; CF; groups
and hydrogen atoms have been omitted for clarity. Selected bond lengths
[A] and angles []: Rh1-P1 2.305(1), Rh1-P1A 2.475(1), Rh1-Cl1 2.514(1),
Rh1-CI1A 2.363(1), Rh1-C5 2.131(5), Rh2-P1 2.258(1), Rh2-P1A 2.296(1),
Rh2-C5A 2.082(5), P1-N1 1.705(4), P1-C4 1.857(5), C4-C5 1.557(7), P1A-
NI1A 1.724(4), P1A-C4A 1.865(5), C4A-C5A 1.528(7); P1-Rhl-P1A
170.61(4), P1-Rh2-P1A 95.68(5), Rh2-P1-Rh1 130.71(6), Rh2-P1A-Rhl
132.44(6), N1-P1-Rh1 110.9(2), C4-P1-Rhl 85.6(2), N1-P1-Rh2 110.1(1),
C4-P1-Rh2 114.2(2), N1-P1-C4 98.0(2), N1A-P1A-Rhl 116.8(2), C4A-
P1A-Rh1 112.0(2), N1A-P1A-Rh2 102.0(2), C4A-P1A-Rh2 86.5(2), N1A-
P1A-C4A 98.5(2).

Rhy(u,-P), ring. A planar rhombic Rh,(u,-Cl), ring is arranged
perpendicular to this ring. The Rh1l centers lie in distorted
octahedral coordination spheres. The Rh2 centers show a
distorted square-pyramidal (5+1) coordination with an addi-
tional long contact to one of the arene carbon atoms
(Rh2—C6A 2.470(5) A). In view
of the similar colors and 3'P
NMR spectra, we assume that §
has a comparable structure to

CH,CN
2 [Rhy(u-Chy(cod);] ———— [(RhPC,)y(urCli(CHCN);] <
4 - cod 5
2 AgX
6a, X = 0,SCF,
6b, X = PFg
8 PPh,

2 TIPF,
1)4 1b, CH,CN

2) 4 [Et,N]'CI

3) 4 TIPFg, CH,CN
42 —mMmM»

7a, X = 0,SCF,, L = MeCN
7b, X = PFq

L R
®) Rh\p-N or ~p-N
[RhPC,] R

Scheme 2. Synthesis and reactions of tetranuclear 2-rhodaphosphetanes 5, 7a, b, and complex 9.
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those of 7a, b in which the four

acetronitrile ligands in the latter

are replaced by two chlorine

centers in 5. These probably

bridge the clusters in an inter-

molecular fashion to give a coor-
N PPh, dination polymer.

9 A simple experiment allowed

the assignment of the '®Rh and

o 3P NMR chemical shifts and

RN~ revealed some aspects of the

3 U reactivity of 7b. In a CH;CN

= . o« e o

10 solution containing 10%

CD;CN, one sharp resonance

signal integrating for 2.7 H is

observed which is assigned to

the single MeCN ligand bonded

CF; to Rhl. This ligand exchanges

slowly with solvent molecules.

g

P—Rh—L PFg
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With this information, we assigned the %*Rh resonance signal
at 0 =3308 to Rh1 by using »Rh-'H HMQC spectroscopy;
the Rh2 resonance signal is observed at 6 =2860. The 3'P
resonance signals were assigned by a sequence of 3'P-'H
COSY and 'H-'H NOESY experiments and are listed in
Table 1. The insertion products § and 7a, b are characterized
by 3P NMR signals in the positive d range; the 'J(1*®Rh,*'P)
coupling constant within a RhPC, unit is generally smaller
than the one between RhPC, rings.

When 7b reacts with eight equivalents of PPh; in presence
of TIPF,, the mononuclear BABAR-Phos complex 9 is

Table 1. Selected physical data for 3, 5, 7a and 9. J in Hz.

complex red-brown reaction solutions mentioned above show
that here also equilibria exist between compounds containing
ring-opened and intact BABAR-Phos ligands. To this end we
find that rhodium centers may reversibly insert into BABAR-
Phos ligands 1a and 1b, the latter giving the more stable
insertion products. The presence of “hard” donor ligands also
leads to insertion products since these ligands stabilize the
rhodium center in the formally +3 oxidation state.
Complexes 3, 5, and 7a were tested as catalyst precursors in
hydroborations.”! A solution of catechol borane (HBcat) in
THF was added to a mixture of an olefin (1-hexene or

5('"*Rh) 5('P) 5('H) PCHCH 8(*C) PCHCH s M.p.
[nm] [°Cl]
3 —66.9 (d, J(Rh,P) = 170) 3.05 233 382(sh) > 230 (decomp)
44.0 (m, J(Rh1,P1) =61, 'J(Rh2,P1) = 206, > 185 (decomp)
Jwans(P1AP1) =452, Py),
7.7 (m, J(Rh2,P1A) =55, 'J(Rh1,P1A) =
84,27, .s(P1P1A) =452, P1A)
7a,b 3308 (Rh1), 27.6 (m, J(Rh1,P1)=53, J(Rh2,P1)=153, 3.75 (m, ¥(PL,H5)=21, 18.1 (m, C5A), 660 > 176 (decomp)
2860 (Rh2) 2T, (P1AP1) =443, P1), (P1AHS5) =56, HS), 539 (m, C4A),
6.6 (m, J(Rh2,P1A) =80, /(Rh1,P1A)= 598 (d, J(P1,H4)=9, 242 (m, C5), 58.9
83, 2T ,us(P1,P1A) =443, P1A) H4), 3.98 (m, (d,\7(P1,C4) =83,
2J(P1H5A) =12, H5A), C4)
7.03 (m, H4A)
9 — 1433 (sept., J(PF)=706), —60.8 (dt,  2.68 (d, 2/(PH)=4) 263 (d, J(P.C)=5) 418 > 133 (decomp)

1J(Rh,P) =235, 2/, ,(P,P) = 62), 30.2 (dd,
*J.(PP) =62)

obtained quantitatively (Scheme 2). Probably, in the first
reaction step each [RhPC,] unit in 7b is transformed into a
[(Rh™PGC,)(PPh;),]* complex.®®! By subsequent reductive
P—C bond coupling the intact BABAR-Phos ligand is
reconstituted (6(°'P) of 1b in 9: —60.8, J(Rh,P) =235 Hz).
On the other hand, when 4 is added to a solution of 9 in
acetonitrile (Scheme 2), the tetranuclear cluster 5 is reformed
and precipitates. Also when 7b is treated with an eightfold
excess of N-isopropyl-substituted BABAR-Phos 1a in pres-
ence of AgO;SCF;, ring closure regenerates 1b, which is
replaced by 1a under formation of 3 (Scheme 2). Note that
when 7b is treated with 1b under comparable conditions, the
analogous [Rh(1b),]J* complex does not form. In their
pioneering work, Marinetti, Mathey, Nixon, and co-workers
have shown that metal centers insert irreversibly into three-
membered PC, heterocycles.’! However, a reversible reaction
as described here has not been observed yet to our knowledge.
Comparison of the data of the isolated complexes 3, 7a, b, and
9 with the 3'P NMR and UV/Vis data obtained for the more

H

Yo

o
Z R+ HE
o

10a,b HBcat 11a,b 12a,b
catalyst precursor:

3, 50r7a

Scheme 3. Hydroborations with 3, 5, or 7b as catalyst precursors.
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styrene) and 1-0.01 mol% catalyst in THF as solvent
(Scheme 3).

All catalysts show activity comparable to other rhodium
complexes (turnover frequency (TOF) with 0.1 mol% 3:
>30000 h!). In reactions with styrene, the ratio of 2-phenyl-
ethanol (13a) (35-20%) to 1-phenylethanol (14a) (65-
80 %) is comparable to results obtained with [RhCI(PPh;);]
as catalyst. However, when a second catalytic run is started
using [RhCl(PPh;);] by re-addition of 10a and HBcat to the
reaction mixture (which turned dark), almost no catalytic
activity is observed. On the other hand, the BABAR-Phos
complexes 3, 5§, and 7a showed no drop of catalytic activity
even after five catalytic cycles. The reaction mixtures did not
change color and the intact BABAR complexes were
identified by ¥P NMR spectroscopy.!®!

Like the uncomplexed ligands, BABAR-Phos complexes
are stable under an atmosphere of pure O,, and even at 50°C
no destruction of 3 was observed. In contrast, [RhCI(PPhs;);]
rapidly decomposes under formation of Ph;P=O. This re-

0,/H,0 )oi
—— HO. +
\/\R R
13a: R=Ph 14a
35 - 20% 65 — 80%
13b: R =C,H, 14b
> 98% <2%
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markable resistance to oxgen should stimulate investigations
into methods to recycle BABAR-Phos complexes (e.g. by
immobilization or making them water soluble).)

Experimental Section

3: Compound la (477 mg, 1.7 mmol) was added to a solution of
[Rh(cod),]*O;SCF;~ (200 mg, 0.42 mmol) in THF (3 mL). The product
precipitated as a light yellow microcrystalline powder which was washed
with Et,0 (2 x 1 mL) and dried in vacuum (yield 472 mg, 82 %). Crystals
suitable for an X-ray analysis were grown from a CH,Cl, solution layered
with n-hexane. Elemental analysis (%) caled for C,;H;,F;N,O5P,RhS: C
64.03, H 5.30, N 4.09; found: C 64.12, H 5.27, N 4.18.

5: Compound 4 (200 mg, 0.41 mmol) and 1b (365 mg, 0.82 mmol) were
combined in MeCN (3 mL). After about 1 h without stirring, the product
precipitated in the form of deep brown-red crystals, which were collected
by filtration and washed with MeCN (2 x 1 mL). After drying under
vacuum 5 was obtained in 91 % yield (458 mg). Elemental analysis (%)
caled for CyHgCLF,,NoP,Rh,: C 47.39, H 2.57, Cl 5.83, P 5.09, N 3.45;
found: C 47.39, H 2.83, C15.95, P 5.10, N 3.60.

7a, b: A suspension of 5 (200 mg, 0.08 mmol) in MeCN (2 mL) was treated
with AgPF¢ (38mg, 0.15mmol) or AgSO;CF; (40 mg, 0.15 mmol),
respectively. After filtration from precipitated AgCl, the solution was
reduced to about about a tenth of its volume. At —25°C, the products
crystallized as brown-red rhombs; yields: 7a: 171 mg (79%); 7b: 178 mg
(76 %). Elemental analysis (%) calcd for C,,,H;,CLF;N;(P¢Rh, (7a): C
44.36, H 2.65, N 4.97; found: C 44.31, H 2.59, N 5.01.
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Midland, Tetrahedron 1987, 43, 4059) or by the high oxidizing power of
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Halogen — Magnesium Exchange via
Trialkylmagnesates for the Preparation of Aryl-
and Alkenylmagnesium Reagents**

Kazuya Kitagawa, Atsushi Inoue, Hiroshi Shinokubo,
and Koichiro Oshima*

The utility of organometallic ate complexes such as R,CulLi,
R;ZnLi, and R4AlLi in organic synthesis is well known, and
numerous studies have been devoted to the development of
new methods which make use of these reagents. Several
synthetic methods which utilize R;MnLi have also been
reported recently.l'! These organometallic ate complexes are
known to induce halogen —metal exchange reactions in some
cases.?

Recently, Knochel et al. have shown that polyfunctional
arylmagnesium and alkenylmagnesium reagents can be pre-
pared by an iodine—magnesium exchange reaction using
RMgX.>4 It then occurred to us that a magnesium-ate
complex (R;MgLi)®} would be more effective than an
alkylmagnesium halide (RMgX) for the halogen—magnesi-
um exchange reaction. Indeed, we have found that treatment
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