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Na[cyclo-(PsBuy)] (1) reacts with [RhCI(PPhs)s] (1:1) to

give the first rhodium(l) complex with a tetra-tert-

butylcyclopentaphosphanide ligand, [Rh{ cyclo-(Ps!Bus)} (PPhs),] (2). 2 was characterized by NMR (H, 3C, 3!P),

MS, IR, and X-ray structure determination.

Introduction

Cyclooligophosphanesyclo-(PR),* which are isolobal to

cycloalkanes, have attracted the interest of chemists for appCh, or BiCls

long time. Even though the first example of this class of
compoundsgyclo{PPh}, was synthesized as early as 1877,
the first cyclooligophosphanide anioogclo-(P.R,-1)~ were
reported only ca. 100 years lafgrand today the number of
readily accessible, pure compounds is still sthidiost alkali
metal compounds, such as d¢tlo-(P:Buy)],® K[cyclo
(PsPhy)],5 and Li[cyclo-(PBu,-1)] (n = 3—5) 87 were only
obtained in inseparable mixtures and characterized'dy
NMR spectroscopy. Only recently, we succeeded in synthe-
sizing NaEyclo-(Ps'Bug)] (1) in high yield and have reported
preliminary results on its use in main grémd coordination
chemistry?~12

Different reactivity patterns are observed in reactions with
1. While thecyclo-(Ps'Buy) ligand stays intact in the reaction

* Author to whom correspondence should be addressed. E-mail: hey@
rz.uni-leipzig.de. Tel.:+49-(0)341-9736151. Fax:49-(0)341-9739319.
T Crystal structure determination.
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of 1 with EtAICI® or [PACL(PPh),],** elimination of'BuCl
with formation of a nickel(0) cyclopentaphosphene complex
is observed in the reaction with [Ni€PE%),].° With SnCh,

a redox reaction occurs with formation of
the two structural isomergcyclo-(Ps'Bus)}, and {cyclo
(P4Bus)PBu}, (besides other cyclic phosphines) and el-
emental metd.In the reaction ofl with [AuCI(PPh)] the
tetranuclear complex [(Aicyclo-(P4s'Bug)PBuU})4]-4THF is
formed, in which a metal{ cyclo-(P,Bus)PBu} group is
present?which, in case of tin, lead, or bismuth, reductively
eliminates{ cyclo-(P,Bus)PBu} .. We have now observed
that1 reacts with [RhCI(PP);] to give the first rhodium(l)
complex with a tetrdert-butylcyclopentaphosphanide ligand,
[Rh{cyclo(Ps'Bus)} (PPh),] (2).

Results and Discussion

Synthesis and Spectroscopic PropertiesNajcyclo-
(Ps'Bug)] (1) reacts with [RhCI(PPJs] in polar or nonpolar
solvents with elimination of NaCl and PPand formation
of [Rh{ cyclo(Ps'Bu,)} (PPh),] (2), which was obtained as
red crystals oR-THF (eq 1). A3P{'H} NMR spectrum of
the reaction mixture showed the formation 2{16%) as
the only Rh-containing compound, PRB6.3%), anctyclo-
(P4'Bug)*® (5.8%),cyclo-(Ps'Bus)'* (9.5%),cyclo-(Ps'BuyH)*®
(12.2%), and{ cyclo-(Ps'Bug)}® (10.3%), as well asyclo
(P4Bus)PBU} -® (6.9%), which were also observed in redox
reactions with main group metal halidés.

tB{I
Na[cyclo-( u RhCI(PPh e u—P Rh
[ 5 4)] [ ( 3)3] - PPh; \ | 7 ~ PPh.

- NaCl
t50
2
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Table 1. 3'P{*H} NMR Parameters o2 (Chemical Shifts in ppm,
Coupling Constants in Hz)

By

\O 2
tB.f’ . / TSP . _PoPhy
B
TN\ b e,
< O
o O

6A =+106.54, m 1~]AC = —537.5 3J(;D =7.0
0 = +88.57, m Lac = —447.0 3Jcg=3.5
Oc=+52.33, m gc=—347.1 SJbr=1.0
6D =+36.17, m 1~]BF = —345.3 3JEF: 2.5
(35 =+38.19,m 1J|:G = —396.4 4JBD =0.0
0p=+25.54, m 2)pg =16.9 4Jge =0.0
0= —73.83, m ZJAD =197.8

ZJAE =31.3
prn= —93.9 2Jar = 16.6
1JDRh =—187.0 ZJBG =42
1\]ERh: —-179.0 2~]CF: 10.5
1-]GRh =—-67.0 ZJCG =18.8
2Jern=50.1 2Jpe = 35.0
ZJFRh = 7.5 ZJDG = 16.0
S\JBRh =19 ZJEG =77

In the one-dimensionatP{*H} NMR spectrum of2 (in
CeDe), six multiplets are observed for the higher order
ABCDEFGX spin system at ca = 107, 89, 52, 37, 26,
and —74 ppm (ratio 1:1:1:2:1:1). The spectrum appears to
be first-order, with the signal at = 37 ppm exhibiting an
unsymmetrical coupling pattern. The P nuclei D and E fulfill
the requirementvp, — vel/Joe < 10, which results in a higher
order spectrum. Thus, no coupling constants could be
deduced from this multiplet.

The connectivities of the P atoms were obtained from a
two-dimensionaP'P*P COSY45 NMR spectrum, and the
chemical shifts and coupling constants were calculated using
the simulation program SPINWORKS(Table 1)} The
observed and calculated coupling patterns are in very good
agreement.

The anionic phosphorus atong B the most shielded and
thus is observed at high field. The fragmept#Ps—Pa—Pc
has the largest absolute values for thig coupling constants
(—396.4 to—537.5 Hz), and these are indicative of multiple-
bond character between these P atoms, whjesiows
smaller'Jpp coupling constantsiysc = —347.1 Hz,'Jgr =
—345.3 Hz), as would be expected fot-P single bond$®
This indicates that g deviates from the plane formed by
the R—Ps—Pa—Pc fragment and should therefore form the
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Figure 1. Molecular structure o2 showing the steric interaction between
the PPh ligand (C17C22) and thetert-butyl group at P2 (C:C4)
(ORTEP, 30% probability, SHELXTL PLUS; XP* hydrogen atoms and
THF omitted for clarity).

tip of the envelope conformation (see molecular structure).
In the solid state, a shortHP bond is observed only between
P, and R.

The'Jprncoupling constants are negative and range from
—67 to —187 Hz. The trans effect is also observed Hére:
LJprn, Which is trans to the anionic P atong,Rs of larger
magnitude 187 Hz) than'Jegrn (—179.0), which is trans
to Pa.

The mass spectrum @f (FAB MS) shows the molecular
ion peak (Wz= 1010.2, 4.6%) and characteristic fragments
such as [M — 2PPh] and R'Bu,4™. Interestingly, observation
of the organyl-free fragment [RBP indicates that complex
2 could be a suitable precursor for the formation of binary
rhodium phosphides.

Molecular Structure of 2. In 2, the rhodium atom is
surrounded in a strongly distorted square-planar fashion by
two PPh ligands (P6, P7) and two P atoms (P1, P2) of the
chiral nonplanacyclo-PsBu, ligand (Figure 1). The P atom
P6 deviates strongly from the best plane formed by P1, P2,
P7, and Rh (P6,-118.5(3) pm; deviation from best plane,
P1—3.42(3), P2+7.78(6), P7+6.4(5), Rh—10.76(9) pm)
(Figure 2). The dihedral angle between the planesP2-

Rh and P6P7—Rh is 28.35(6). This deviation from
planarity is probably due to the steric demands of thesPPh
ligands and thetert-butyl group of P2 (Figure 1). The
differences in the PRh—P bond angles are also due to steric
effects. Thus, the PBRh—P2 bond angle is larger (109.56{6)
than the P+Rh—P7 bond angle (99.31(§) and the
P2--P6 distance (374.3 pm) is longer than the--FA7
distance (357.2 pm) due to interaction of the phenyl group
at P6 with theert-butyl group at P2. The RAP(PPh) bond
lengths are identical (229.4 pm); the RR1 bond is slightly
longer (238.5(2) pm; Table 2).

(19) Berger, S.; Braun, S.; Kalinowski, H.-ONMR Spectroscopy of
Nonmetals1st ed.; Georg Thieme Verlag: Stuttgart, Germany, 1993;
pp 70, 123, 165.



[Rh{cyclo(Ps'Bua)} (PPhg)2]

Figure 2. Section of the molecular structure afshowing (a) the deviation of P6 from the PB2—P7—Rh plane and (b) the distorted square-planar
arrangement of the four P atoms P1, P2, P6, and P7 around Rh (ORTEP, 30% probability, SHELXTL PLBS5; XP).

Table 2. Selected Bond Lengths (A) and Angles (deg) Zor

P1-P2 212.9(2) P2P1-P5 99.6(1)
P1-P5 220.6(2) P1P2-P3 113.3(1)
P2-P3 223.8(2) P4P3-P2 104.2(1)
P3-P4 220.8(2) P3P4-P5 101.33(9)
P4—P5 224.1(3) P1P5-P4 109.34(9)
Rh1-P6 226.9(2) P6Rh1-P7 98.05(6)
Rh1-P7 230.1(2) P&Rh1-P2 109.56(6)
Rhi-P2 231.3(2) P2Rh1-P1 53.87(6)
Rhi-P1 238.5(2) P#Rh1-P1 99.31(6)
P2-P1-Rh1 61.33(6)
Rhi-P2-P1 64.80(7)

The dihedral angle between the planes-R&—P7 and
P1-P2-P3-P5 is 43.89(4). The tert-butyl groups of the
cycloPsBu, ligand have an all-trans arrangement, and the
Ps ring has an envelope conformation in which P4 deviates
from the P1-P2—P3—-P5 plane by 69.1(3) pm (deviation
from best plane: P#13.9(1), P2—14.5(1), P3+8.97(7),

P5 —8.42(6) pm), and the dihedral angle between the two
planes P3-P4—P5 and P+ P2-P3-P5 is 29.4(1). As was
observed in the starting materidl the shorter P1P2
distance (213.2(1) ith, 212.9(2) pm ir2) indicates multiple-
bond charactet? while the other P-P bonds are in the range
of P—P single bonds (220.6(2224.1(3) pmY! Theoretical
studies on the aniorcyclo-(PsBug)]~ in 1 and [N{ cyclo-
(Ps'Bus)} (PES),] confirmed the presence of a shorter P
bond with multiple-bond character which can be explained
by delocalization of the lone pair at P1 into lower unoccupied
orbitals (witho*- and d-orbital contributions) at P2

Experimental Section

General Remarks. All experiments were carried out under
purified dry argon. Solvents were dried and freshly distilled under

HSQ (FAB, 3-nitrobenzyl alcohol matrix). [RhCI(PRk 22 and1°
were prepared according to literature procedures.
[Rh{cyclo-(Ps'Bug)} (PPhs)2] (2). A solution of 1 (1.46 g, 3.6
mmol) in 20 mL of THF was added slowly to a solution of [RhCI-
(PPh)4] (3.32 g, 3,6 mmol) in 20 mL of THF and stirred at rt (room
temperature) for 5 h. £P{1H} NMR spectrum of the reaction
mixture showed the formation of [Rbyclo(Ps!Bus)}(PPh)s]
(16%),cyclo-(P4Bug)®2 (5.8%),cyclo-(PsBug)'* (9.5%),cyclo-(Ps!-
BuyH)™ (12.2%){ cyclo(Ps'Buy)} ,® (10.3%),cyclo-(P4Bus)PBu} ;8
(6.9%), and PPh(36.3%). The solution was concentrated, and 10
mL of pentane was added. The brown-yellow mixture was filtered
and the volume of the filtrate reduced to 8 mL. Cooling-t&7 °C
gave red rods o2-THF. 2 is readily soluble in toluene and THF
but only slightly soluble in pentane. Yield: 0.57 g (16%). Mp:
132.7-133.7°C. *H NMR (6/ppm; GDe): 1.32 (d,3Jpy = 15.2
Hz, 9H, Bu), 1.36 (d,2Jpy = 13.2 Hz, 9H,'Bu), 1.41 (d,3Jpn =
11.6 Hz, 9H/!Bu), 1.44 (d3Jpy = 12.7 Hz, 9H/Bu), 6.90 (M, 6H,
p-H in Ph), 6.99 (m, 12Hp-H in Ph), 7.64 (m, 6HmM-H in Ph),
7.72 (m, 6HmM-H in Ph).13C{H} NMR (6/ppm): 30.65 (m, Ch),
31.31 (m,C(CHgy)s), 32.07 (m, CH), 32.39 (m,C(CHs)3), 32.67
(m, CHg), 37.07 (m,C(CHjy)3), 39.58 (m,C(CHz)3), 132.09 (d,4\]cp
=9.5Hz, 4-Cin Ph), 133.8 (br, 3,5-C in Ph and 4-C in Ph), 134.57
(d,2Jcp= 11.8 Hz, 2,6-C in Ph), 134.95 (&8Jcp = 13.2 Hz, 2,6-C
in Ph), 135.21 (br, 3,5-C in Ph), 138.20 fdcp = 32.7 Hz, 1-C in
Ph), 139.89 (dXJcp = 29.9 Hz, 1-C in Ph)3'P{1H} NMR: see
Table 1. IR: 3435 w, 3054 w, 2973 s, 2932 s, 2885 s, 2853 s,
2352 w, 2316 w, 1955 w, 1883 w, 1808w, 1651 w, 1584 s, 1571
s, 1504 w, 1467 s, 1434 s, 1383 s, 1371 s, 13565, 1332 w, 1306 w,
1262 w, 1237 s, 1165 s, 1136 s, 1118 s, 1089 s, 1054 s, 1028w,
1011 w, 999 w, 934 w, 899 w, 844 w, 809 m, 764 m, 750m, 739
m, 618 w, 573 w, 528 s, 518 s, 510 s tmFAB MS: found,m/z
1011.1 (4.2%, M + H), 1010.2 (4.6%, M), 953.1 (31.7%, M —
'Bu), 896.2 (9.1%, M — 2'Bu), 857.2 (64.8%, M — 2Ph), 839.2
(16.9%, M" — 3Bu), 782.7 (9.3%, M — 4'Bu), 547.9 (12.2%,

nitrogen and kept over a potassium mirror. The NMR spectra were M™ — 6Ph= RhR'Buy), 519.8 (7.8%, M — PPh —4'Bu), 491.0

recorded in @Dg with an AVANCE DRX 400 spectrometer
(Bruker).1H (400.13 MHz) and3C NMR spectra (100.63 MHz)
were run with tetramethylsilane as external standéhd. NMR

spectra (161.97 MHz) were run with 85%g3PD, as external

(2.9%, M — 6Ph— 'Bu), 486.0 (9.1%, M — 2PPh = RhR'Bu,),
442.8 (21.4%, M — P — 4Ph— 4'Bu), 434.0 (3.9%, M — 6Ph
— 2'Bu), 383.3 (8.5%, PBu,*)*, 377.0 (5.8%, M — 6Ph— 3Bu),
326.1 (14.3%, BBus*)*, 319.9 (7.9%, M — 6Ph— 4'Bu = RhP),

standard. The theoretical spectra (coupling constants and signs) wer@68.9 (9.9%, PBu,"), 257.8 (8.3%, M — 2PPh — 4'Bu = RhR),

calculated with the program SPINWORHKSthe sign oflJpp was

and fragmentation products thereof; asterisk indicates the calculated

always assumed to be negative. The IR spectrum was recorded withisotopic pattern is in agreement with the observed pattefB (i)
a Perkin-Elmer Spektrum 2000 FT-IR spectrometer between 4000 theorm/z 383.2; R'Bus, theorm/z 326.1.

and 400 cm? (as KBr disk). The melting point (Gallenkamp) is

uncorrected. The mass spectrum was recorded with a VG ZAB-

(20) Caliman, V.; Hitchcock, P. B.; Nixon, J. Ehem. Communl997,
1739. (b) Jones, P. G.; Sheldrick, G. M.; Muir, J. A.; Muir, M. M;
Pulgar, L. B.J. Chem. Soc., Dalton Tran£982,2123

(21) Corbridge, D. E. C.The Structural Chemistry of Phosphorus
Elsevier: Amsterdam, 1974.

Data Collection and Structure Determination of 2THF.
Crystal data: GH74OP/Rh, M, = 1082.85;T = 208(2) K; triclinic
space grouPl; a= 10.1770(9)b = 14.1912(13)¢c = 19.3855(17)
A; a=80.772(2)8 = 82.706(2),y = 88.231(2}; V = 2.7410(4)

(22) Osborn, J. A.; Jardine, F. H.; Young, J. F.; Wilkinson,JGChem.
Soc. A1966 1711.
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parameters. An empirical absorption correction was performed with material
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PLUS¥). H atoms were located by difference maps and refined |co48844X
isotropically.
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