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Synthesis, structure and solution conformation
of some [(n*-indenyl)(I,_ )(R)(L,)Co™]»~b*
(n =1, 2; R = perfluoroalkyl; L = P-donor) complexes
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Abstract

Reaction of (n3-indenylX(IXRXCO)Co (R = C;F,, C4F;,) with P-donor ligands yields a series of mono- and disubstituted products
[(n*-indenyX1,_ , XRXL,)Col"~Y* (n =1, 2, L = PMe;; n =1, L = PPhMe,, PPh,Me, PPh,(OMe), PPh;). Product distribution
is highly ligand dependent and no disubstituted product forms for bulky P-donor ligands. Solution NMR data (*H, 13C, F) for the
racemic, Co-chiral, monosubstituted derivatives support a slightly distorted n>-indenyl piano stool structure with a preferred
conformation which places the perfluoroalkyl group trans to the indenyl 6-ring. The structure of [(CoH,XC;F,XPMe;),Coll - 0.5
CH,Cl, (5) was determined by siggle crystal X-ray giffraction. Compound 5§ crystal!izes in the monoclinic space group P2,/n with
a=16.760(5) A, b=10.6147) A, c=28.595(5) A, B=96.61(2°, V=5053(3) A>, Z=4 and was refined to R=0.040 and

R,, = 0.036 based on 4097 observations with [ > 3.000(F).

1. Introduction

m-Indenyl complexes have attracted a great deal of
attention in recent years [1-15] since they characteristi-
cally display enhanced reactivity in ligand substitution
and related reactions [16-29] and catalysis [5,30-33]
compared to their isostructural cyclopentadienyl
derivatives. The enhanced reactivity or “indenyl effect”
has been interpreted on the basis of the ability of the
m-indenyl ligand to undergo facile 1° © 53 “ring-slip-
page” [20,23-25,27,34—42]. In the course of our search
for organometallic chiral auxiliaries with efficient chi-
ral induction to coordinated phosphorus, we prepared
a series of (n*-indenylXIXRXL)Co (R = perfluoroalkyl;
L =CO, P-donor) complexes [43,44] which demon-
strated a strong conformational preference. The domi-
nant solution and solid state conformation in these
derivatives places perfluoroalkyl trans to the indenyl
6-ring and L between H,; and H,, trans to the H,
proton of indenyl-ring as shown in Scheme 1. Good
linear correlations between indenyl proton chemical
shifts and electronic parameters of phosphorus ligands
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were demonstrated [44]. Here we report the synthesis,
spectroscopic properties and solution conformation of
an extended series of phosphine substituted analogs
designed to test the generality of these observations.

2. Results and discussion

2.1. Synthesis and characterization of the [(n’-indenyl)-
(I, J(RNL,)Co]™~PV* (n=1, 2) complexes

The title complexes were synthesized by simple sub-
stitution as shown in Scheme 2. The known complexes
1 and 2 were readily prepared [43,44] via oxidative
addition of RI (R=C,;F,, C4F,;) to (n*-indenyl)
(CO),Co [43,45]. Facile, ambient temperature CO sub-
stitution in 1 and 2 in non-polar solvents by a stoichio-
metric amount of phosphine ligand provided rac-[(n>-
indenyXI,_,XRXL,)Co"~D* (n=1, 3, 4, and 6-11)
in excellent (> 80%) yield. Lower conversions were
realized in the case of bulky PPh,, 12. In contrast, the
small, strongly nucleophilic phosphorus donor ligand
PMe, lead to stepwise disubstitution of CO and I~ in
1. Treatment of 1 with 2 equiv. of PMe, gave [(n’-in-
denylXI,_, XRXL,)Co]"~P* (n=2, 5) as a red crys-
talline salt in > 90% isolated yield.

© 1993 - Elsevier Sequoia S.A. All rights reserved
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Scheme 1.

All the indenyl Co™ complexes prepared in this
study are air stable in the solid state but decompose
gradually over a period of days in solution at room
temperature. The new complexes prepared have been
characterized by elemental analysis, multinuclear NMR
spectroscopy, and, in the case of 5, X-ray crystallogra-
phy. Their physical properties are summarized in Table
1. NMR spectra are discussed in more detail below.

2.2. Crystal structure of [(n’-indenyl)(C;F,)(PMe,),
ColI-0.5 CH,CI, (5)

'H and ¥C NMR characterization of the product
obtained by reaction of 1 with 2 equiv. of PMe; (cf.
Tables 4,5) revealed the presence of a symmetry plane
bisecting the indenyl rings consistent with formulation
as [(n’-indenylXC;F,XPMe,),Coll. A single crystal X-
ray study using a deep-red prism grown by slow diffu-
sion of hexane onto a methylene chloride solution
confirmed the structure as [(n°-indenylXC,F,)-
(PMe,),Coll - 0.5 CH,Cl, (5) (¢f. Fig. 1). Details of the
structure solution are provided in the Experimental
section. The solid state structure shows two chemically
identical but crystallographically distinct molecules, 5,
§’, which share a CH,Cl, solvent molecule. Although
we can anticipate unequal population of both rotamers

TABLE 1. Physical properties of n°-indenyl Co'™ complexes

[ L 1
Co ——— Co
R \\co v | >0
| |
R=03F7, 1 3,4
CSF13' 2 6-12
S ’
2 PMe, (
Co I
R =C,F
37 R/ \\PMe
PMe3
5
Scheme 2.

in solution, rapid rotation of Co(PMe,),(C,F;) estab-
lishes the time average symmetry plane required by
NMR data.

The solid state conformations of the pseudooctahe-
dral molecules 5 and 5’ are remarkably distinct, how-
ever they share a common, distorted octahedral, coor-
dination sphere with n°-indenyl occupying three facial
coordination sites. Accordingly, the interligand bond
angles (P(1)-Co(1)-P(2), P(1)-Co(1)-C(8), F(2)-
Co(1)-C(8) for 5 and P(1')-Co(1')-P(2’), P(1')-
Co(1")-C(8"), P(2')-Co(1")-C(8") for 5’) are all close
to 90°. Atomic coordinates and selected bond lengths /
angles for 5 and 5’ are given in Tables 2 and 3,
respectively. Compound 5 (Fig.1(a)) adopts a confor-
mation which places the C;F, group trans to the
indenyl 6-ring, but 5’ (Fig. 1(b)) prefers a conformation

Compound Complex Yield 2 Appearance m.p. ° Anal. (C, H%)
(%) °C) Calc. (Found)
3 (CoH,(C,F,XIXPMe,)Co 81 Black rect. plate 128-129 32.99(32.59), 2.95(2.89)
4 (CoH,XCFisXIXPMe5)Co 86 Black rect. plate 153-154 31.06(31.18), 2.32(2.15)
5 [(CoH,XC;F,(PMe;),Coll 94 Deep-red prism 138-140 33.43(33.17), 3.94(3.98)c
6 (C4H,XC,F,XIXPPhMe,)Co 92 Black rect. plate 120-122 39.50(39.48), 2.98(2.99)
7 (CoH, XCyFy3XIXPPhMe,)Co 88 Black rect. plate 135-136 36.44(36.40), 2.3%(2.31)
8 (CoH, XC5F, XIXPPh,Me)Co 94 Black rect. plate 111-112 44.80(45.21), 3.01(3.09)
9 (CoH, XC 4 Fy XIXPPh, Me)Co 95 Black rect. plate 105-106 41.00(41.44), 2.46(2.20)
10 (CyH,XC 3 F, XIXPPh(OMe))Co ) Deep-red powder 106-107 43.76(44.06), 2.94(3.15)
11 (CgH ,XCgF;;XIXPPh,(OMe))XCo 87 Deep-red powder 82- 84 40.22(40.26), 2.41(2.58)
12 (CgH,XC5F, XIXPPh;)Co 23 Brown powder 115-117 49.20049.19), 3.03(2.94)

2 Yield before crystallization. ® Sealed N, capillary. ¢ Analyzed as [(CoH,)Co(C;F,XPMe,), 1l - 0.5 CH,Cl,.



Z. Zhou et al. / [ -indenyl(L,_ ,}(RUL,)Co™ ] =1+ complexes 217

TABLE 2. Atomic coordinates for [(n°-CgH,XC,F,XPMe,),Coll-
0.5CH,Cl, (5 and 5)

Atom x y z B,

K1) 0.38906(4) 0.15836(6) 0.74481(2) 3.713)
12) 0.10274(4) 0.24785(7) 0.47472(3) 5.88(4)
Co(1) 0.68633(7) 0.2084(1) 0.40045(4) 2.73(5)
Co(1) 0.40499(6) 0.2533(1) 0.19398(4) 2.56(5)

CI(1) 0.8305(2) 0.0961(4) 0.8765(1) 9.9(2)

CK2) 0.8587(2) 0.360%4) 0.8935(1) 9.4(2)

P(1) 0.8193(1) 0.2335(2) 0.42483(8) 3.3(D)

P(1") 0.4242(1) 0.0986(2) 0.14141(8) 3.2(1)

P(2) 0.6772(2) 0.0082(2) 0.4208%(9) 3.6(1)

PQ2") 0.3951(1) 0.4143(2) 0.14271(8) 3.2(1)

F(1) 0.6701(3) 0.4094(5) 0.4602(2) 4.3(3)

F(1") 0.2541(3) 0.2040(5) 0.1427(2) 4.0(2)

F(2) 0.7076(3) 0.2395(5) 0.4999%(2) 4.4(3)

F(2’) 0.2749(3) 0.1007(5) 0.2092(2) 4.6(3)

F(3) 0.5488(3) 0.1454(6) 0.473%(2) 6.3(3)

F(3") 0.2431(3) 0.2993(6) 0.258%(2) 6.0(3)

F(4) 0.5195(3) 0.3288(6) 0.4444(2) 5.4(3)

F4') 0.2469%(3) 0.4286(5) 0.2000(2) 5.7(3)

F(5) 0.4800(4) 0.3127(7) 0.5291(2) 8.0(4)

F(5") 0.1005(4) 0.3636(8) 0.2234(2) 9.3(5)

F(6) 0.5827(5) 0.4314(8) 0.5310(3) 10.8(6)

F(6)’ 0.1180(4) 0.1737(8) 0.2048(3) 9.9%(5)

F(D 0.5935(5) 0.241(1) 0.556%(2) 11.7(6)

F(7') 0.118%(4) 0.3190(8) 0.1545(2) 8.9(4)

1) 0.5801(5) 0.2251(9) 0.3547(3) 3.7(5)

(1) 0.4230(5) 0.3442(9) 0.2592(3) 3.44)

x2) 0.6353(6) 0.1465(8) 0.3346(3) 3.5(4)

a2 0.4108(5) 0.214(1) 0.2650(3) 3.5(5)

C(3) 0.7043(5) 0.2151(8) 0.3291(3) 3.34)

Cc(3A) 0.6901(5) 0.3445(9) 0.3411(3) 3.04)

c(3) 0.4728(5) 0.1488(8) 0.2466(3) 3.2(4)

C(3A")  0.5292(5) 0.2401(9) 0.2338(3) 3.14)

Cc4) 0.7346(6) 0.457(1) 0.3366(3) 4.4(5)

c@4’) 0.6074(6) 0.232(1) 0.2202(3) 4.1(5)

(5) 0.7009(7) 0.568(1) 0.3454(4) 5.4(6)

(5" 0.6520(6) 0.338(1) 0.2171(3) 5.5(6)

6) 0.6223(8) 0.575(1) 0.3593(4) 5.2(6)

c(6") 0.6204(8) 0.457(1) 0.2267(4) 5.3(6)

(6 ()] 0.5777(6) 0.471(1) 0.3657(3) 4.3(5)

C(7A) 0.6114(5) 0.3511(8) 0.3561(3) 2.9(4)

7)) 0.5461(7) 0.472(1) 0.2388(3) 4.4(5)

Q7A’)  0.4983(5) 0.3636(9) 0.2424(3) 3.3(59)

a8 0.6583(5) 0.2792(8) 0.4598(3) 3.3(5)

(8" 0.2891(5) 0.2170(8) 0.1896(3) 3.3(4)

(9 0.5721(6) 0.267(1) 0.4750(3) 4.1(5)

c9 0.2314(6) 0.309(1) 0.2114(3) 4.1(5)

C(10) 0.5587(8) 0.315(1) 0.5239(4) 6.4(8)

; Cc(10)  0.1409%(7) 0.290(1) 0.1985(5) 5.97)

Fig. 1. @) Puuro diagram of (' CHXCEXPMen,Cal* B Ca1) 03000 010570) 00810 450

(b) PruTo diagram of [(n3-CyH ,XC3F,XPMe,),Col* (5'). ’ : ' )

c(12) 0.8684(5) 0.134(1) 0.4712(3) 4.6(5)

x12')  0.395%6) —0.0574(8) 0.1594(3) 5.0(59)

in which one PMe, group is trans to the indenyl 6-ring C(13? 0.8861(5) 0.214(1) 0.3794(3) 4.5(5)
while the C,F, group is trans to C(3). o(13)  0.5270(6) 0.072(1) 0.1307(4) 5.6€6)
R . . _ . . (14) 0.695%(6) —0.0387(8) 0.4820(3) 4.2(5)
Consistent with their 18e~ configurations, the in- 14  03126(5) 0.4214(9) 0.0957(3) 4005)
denyl ring is 1]5 bonded in both 5§ and 5’ but shows a c15) 0.7454(6) —0.090%(9) 0:3921(3) 5:0(5)
characteristic displacement of the metal away from the Qs 0.391%6) 0.5740(8) 0.1663(3) 4.9(5)
C,,—C,, ring junction and distortions of the 5-mem- c(6)  0.5813(6) —0.0670(9) 0.4027(4) 5.4(6)
bered ring from planarity as observed in other formally C6)  0.4832(6) 0.4216(9) 0.1100(3) 4.5(5)
can 0.8205(7) 0.220(1) 0.9146(4) 8.99)

n°-indenyl complexes [6,37,38,46,47]. Co displacement
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towards C,-C; (4(M-C) = average of d(M-C,,,C,,) -
average of d(M-C,,C;)) is 0.15 A for § and 0.18 A for
5'. Hinge angles, defined by the intersection of the
planes C,-C,-C; and C,-C;-C;,-C,,, of 6.8° for 5
and 6.6° for 5’ as well as fold angles between the plane
C,-C,~C; and the best plane containing C,,-C,—C,s—
C¢—C,-C,, of 12.4° for 5 and 13.6° for §’ are consis-
tent with a moderate distortion compared to a range of
reported indenyl complexes [37,38,43,44,46,47].

2.3. Spectroscopic characterization of the monosubsti-
tuted complexes (n>-indenyl)(I)(R/(L)Co (3,4,6—12)
The structures of the monosubstituted complexes
(n°-indenyDIXRXL)Co (3,4,6-12) prepared in this
study were established from 3'P, 'H, and *C NMR
data (cf. Tables 4, 5). 3P NMR spectra (Table 4) show
a characteristic singlet corresponding to coordinated
phosphine. The *'P complexation shifts (A(S mpiex —
84..c)) increase with increasing (positive) chemical shift
of the free ligand [48]. Comparison of the isostructural

TABLE 3. Selected bond distances (A) and bond angles (°) for
[(73-CoH,XC;3F;XPMe;),Col* 1~ (5 and §')

5 5

Distances

Co(1)-P(1) 2.273(3) Co(1)-PQ1") 2.274(3)
Co(D)-P(2) 2.214(3) Co(1)-P(2") 2.245(3)
Co(1)-C(1) 2.092(8) Co(1)-C(1") 2.091(8)
Co(1)-C(2) 2.082(8) Co(1)-C(2") 2.065(8)
Co(1)-C(3) 2.09%9) Co(1)-C(3") 2.097(8)
Co(1)-C(3A) 2.235(8) Co(1')-C(3A") 2.25%8)
Co(D)-C(74) 2.261(8) Co(1)-C(7A") 2.288(8)
Co(1)-C(8) 1.961(9) Co(1)-C(8") 1.971(9)
C(DH-C) 1411 Ca)-c@2") 1.41(1)
C(1)-C(7A) 1.44(1) C(AH-C(A) 1.42(1)
C()-C(3) 1.3%1) C(Q)-C@3) 1.40(1)
C(3)-C(3A) 1.44(1) C@3')-CGA) 1.43(1)
CBA)-C(7A) 1.43(1) CQGA)-C(TA) 1.44(1)
Angles

P(1)-Co(1)-P(2) 97.3(1) P(1)-Co(1')-P(2") 97.1(D
P(1)-Co(1)-C(1)  156.3(3) P(1')-Co(1)-C(1")  155.0(3)
P(1)-Co(1)-C2)  126.%3) P(1)-Co(1)-C(2')  120.6(3)
P(1)-Co(1)-C(3) 92.8(3) P(1')-Co(1')-C(3") 89.2(3)
P(D-Co(1)-C(3A) 92.5(2) P(1)-Co(1)-C(A") 95.5(2)

P(D-Co(1)-C(7TA) 123.7(2)  P(1')-Co(1')-C(7A") 129.1(3)

P(1)-Co(1)-C(8) 90.8(3)  P(1")-Co(1)-C(8") 91.8(3)
P(2)-Co(D)-C1) 99.6(3)  P(2')-Co(1)-C(1")  102.9(3)
P(2)-Co(1)-C(2) 84.4(3)  P(2)-Co(1)-C(2") 142.13)
P(2)-Co(D-C(3)  108.13)  P(2')-Co(1')-C(3")  149.93)

P(2")-Co(1')-C(3A’) 111.8(2)
P(2')-Co(1)-C(7A")  90.0(2)

P(2)-Co(1)-C(3A) 146.1Q2)
P(2)-Co(1)-C(7A) 137.8(2)

P(2)-Co(1)-C(8) 96.23)  P(2')-Co(1)-C(8)  96.3(3)
C(D-Co(D-C(8)  103.7(4)  C()-Co(1)-C(8")  100.7(4)
C(2)-Co(1)-C(8)  142.04)  C(2')-Co(1)-C(8')  87.5(4)
C(3)-Co(1)-C(8)  154.7(3)  C(3")-Co(1')-C(8")  113.0(4)

C(8A)-Co(1)-C(8") 149.8(3)
C(7A")-Co(1)-C(8") 137.6(3)

C(3A)-Co(1)-C(8) 116.1(3)
C(7TA)-Co(1)-C(8) 93.23)

pairs 3/4, 6/7, 8/9 and 10/11 shows that the perfluo-
roalkyl ligand has no effect on the 3'P chemical shift.

The presence of a chiral Co centre in (n°-indenyl)
(IXRXL)Co requires that the indenyl ring atoms (1,3;
4,7; 5,6, cf. Scheme 1) be diastereotopic and in general
well resolved resonances were observed in both the
705 T 'H and *C NMR spectra. 'H NMR assign-
ments (cf. Table 4) are based on nuclear Overhauser
effect difference (nOed) spectra shown in Fig. 2 for the
representative case of complex 3 and are supported by
2-D H/BC 'J heterocorrelation spectra. Irradiation
of the proton resonance at & =5.11 ppm (Fig. 2(g))
results in 1.6% enhancement of the peak at § = 5.83
ppm and 1.2% enhancement of the peak at 6 =7.37
ppm, but no enhancement to the peak at 6.67 ppm.
Irradiation of the proton resonance at & = 5.83 ppm
(Fig. 2(f)) shows a 1.8% enhancement at § = 5.11 ppm
and a 2.8% enhancement at § = 6.67 ppm, respectively.
Irradiation of the proton at & = 6.67 ppm (Fig. 2(e))
results in 1.6% enhancement of the proton at § = 5.83
ppm and 2.0% enhancement of the proton at § = 7.67
ppm, respectively. Accordingly the three indenyl sig-
nals in the region of 5.0-7.0 ppm are assigned to H,
(5.11 ppm), H, (5.83 ppm), H, (6.67 ppm), respectively.
The higher field doublet (6 = 7.37 ppm) is assigned to
H, while the lower field doublet (8 = 7.67 ppm) corre-
sponds to H, (cf. Scheme 1 for numbering system).
The assignment of H (7.32 ppm) and H, (7.52 ppm)
follows from Fig. 2(a,b) and is confirmed by 2-D 'H/C
heterocorrelation spectra. 'H NMR spectra for the
remaining complexes were assigned by comparison with
complex 3. Assignments for well resolved phenyl pro-
ton resonances were confirmed by nOed evidence us-
ing the method described by Coville [49-51].

The C spectra of these complexes (cf. Table 5)
were unambiguously assigned on the basis of 2-D
YH/BC 'J heterocorrelation spectra. In the case of
complex 3, the correlations *C (96.47 ppm) with H,
(6 =5.83 ppm), *C (81.08 ppm) with H, (8 =6.67
ppm) and “C (65.36 ppm) with H, (8§ =5.11 ppm)
assign the indenyl carbon atoms as C, (8 = 65.36 ppm),
C, (6§ =96.47 ppm) and C; (5 = 81.08 ppm), respec-
tively. Correlations of H,~H, with C,—C, were also
clearly observed so that the assignments of the remain-
ing indenyl carbons presented in Table 5 are unam-
biguous. Assignments for the remaining complexes in
the series were made analogously. Characteristic chem-
ical shift patterns were observed for the phenyl ring
carbons, hence assignments are based on a combina-
tion of 2-D 'H/*3C heterocorrelations and comparison
of their C'*{'H} spectra.

The '®F chemical shifts and coupling constants for
the complexes investigated in this study are reported in
Table 6. As found previously [44], all complexes showed
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well separated C,—C, and C,-C, resonances for the
perfluoropropyl and perfluorohexyl groups. The pres-
ence of the chiral Co centre and typically small vicinal
couplings (*J(FF) = 5-10 Hz) allows approximation of
the diastereotopic (CF,), groups as a series of isolated
AB spin systems. Table 7 collects the coupling con-
stants ZJ(Fan) and diastereotopic chemical shift differ-
ences A8(F,-F,) for F,~C;~F, for the (n’-indenylXI)
(RXL)Co complexes prepared in this study and re-
ported previously [43,44]. Geminal coupling 2J(F,F,)
shows a marked increase on passing from C, to Cg but
remains relatively constant further along the perfluo-
roalkyl chain (¢f. Fig. 3) consistent with a weakening of
the C_—F bond [52]. The diastereotopic chemical shift
difference A8(F,-F,) for those complexes with strongly
anisotropic substituents (L = CO or PPh,R,_,, n=1,
2, 3, entries A-K) shows a maximum at C, (Fig. 4(a))
except for the case with L = PPh,(OMe) (11, entry H),
however the trimethylphosphite or trimethylphosphine
derivatives show a monatomic decrease for A8(F, — F,)
(Fig. 4b) with increasing distance from the chiral cobalt
centre.

TABLE 4. 'H and >'P NMR for n°-indenyl Co™ complexes 2~°

2.4. Solution conformation of the monosubstituted com-
plexes (n>-indenyl)(I)(R)(L)Co (3,4,6-12)

The solution conformation of the monosubstituted
derivatives 3, 4, 6-12 was studied using 'H nuclear
Overhauser effect difference spectroscopy (nOed). The
nOed spectra of complexes 3 and 7 (c¢f. Figs. 2 and 5)
are representative. The data of Fig. 2 unambiguously
show that the PMe; ligand bisects the indenyl H; and
H, protons. Irradiation of the Me groups results in a
strong enhancement to H, (1.7%) and H, (3.0%), and
a very weak enhancement to H, (0.5%), H, (0.4%) and
H, (0.3%) (cf. Fig. 2(h)). The nOed spectra of complex
7 (cf. Fig. 5) are also in accord with the conformational
arguments presented above. Irradiation of the ortho-
proton resonances of the PPhMe, ligand results in
strong enhancements for H, (2.6%), H, (3.7%), and
the diastereotopic PMe, groups (2.0% and 2.3%) (cf.
Fig. 5(a)). Irradiation of H, results in enhancement of
the ortho-protons (1.8%), H; (4.9%), and the di-
astereotopic Me groups (0.9% and 1.2%), respectively
(cf. Fig. 5(f)). The diastereotopic PMe, groups could
not be saturated with complete selectivity, however,

Compound H, H, H, H, H; H, H, CeH Me Ap ABpp — 8p)
3 5.11 583  6.67 7.67 732 7.52 7.37 1.38 835 68.89
4,84 (85 (78  (d,89 d,12.2)
4 5.12 583 6.67 7.67 7.32 7.52 7.37 139 839 68.93
d,849 (83 (1,76) (d,9.0) (d, 10.8)
54 6.34 6.09 634 790(m) 7.77(m) 7.77(m) 7.90 (m) 1.7 1250 73.04
: d,27° d,27° (t, 5.6)
6 457 561 6.5 750 f 7.22 7.06 6.35 750(m) & 1.81 1233 57.27
83 (82 (4,84 775(m" (d,9.7)
173
, 9.9
7 4.58 560 6.56 7.50 f 7.21 7.06 6.33 750(m) ¢ 1.83 1221 5715
t,76) (78 (d,83) 7.76(m)" (d,10.7)
175
(d, 10.6)
8 4.94 570 6.68 7.40 f 7.26 6.96 6.30 i 2.02 2371 5007
(t,7.5) (t,7.6) (d, 8.4) (d, 10.1)
9 4.96 569 6.67 740 f 7.26 6.95 6.29 i 2.03 23.84  50.20
(t, 7.6) (t, 7.6) (d, 8.5) (, 10.2)
10 4.74 567 647 f d f 6.85(m) 7.06-7.52 329 14198  24.60
(m) (d, 10.8)
11 485 575 6.5 f £ f 694(m) 7.14-7.60 337 141.74 2436
(m) (d, 9.9)
12 4.40 602 6.75 7.82 £ f 6.22 7.10-7.53 3473 39.66
(d, 82) d,83) (m

2 14 (300.1 MHz) NMR chemical shifts in ppm relative to TMS; 3!P (121.5 MHz) NMR chemical shifts in ppm relative to external 85% H;PO,;
31P NMR of free ligands in CDCl;: PMes, —60.54; PPhMe,, —44.94; PPh,Me, —26.36; PPh,, —4.93; PPh,(OMe), 117.38. Solvent = CDCl,; m,
muitiplet; d, doublet; t, triplet; J values in Hz given in brackets. ® Coupling constants of indenyl protons (H,-H,) are *J{HH); Coupling
constants for Me are J(PH). © All indenyl proton peaks show further small, unresolved coupling (0.3-1.5 Hz). ¢ solvent = acetone-dq. € J(PH).

f Overlapped with phenyl resonances. £ H,,,,,,, H para- B H,, 4o | Two phenyl signals appear as two multiplets at 7.36-7.51 and 7.54~7.64 ppm,
respectively.
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Fig. 5(i, j) shows that irradiation of the higher and
lower field diastereotopic resonances (¢f. Fig. 5@, j))
led to strong enhancements to H, (2.7%, 3.4%) and H,
(3.4%, 2.4%) but weaker enhancement to H, (1.5%,
1,3%) and H, (0.7%, 0.4%). Successive irradiation of
H,, H,, H; revealed the proximal protons (Fig. 5(h, g,
D).

Two bond phosphorus/carbon coupling constant
data support the same conformational preference. The
C; resonances which are trans to P (¢f. Table 5) for all
complexes with the formula (n°-indenylXIXRXL)Co (3,
4 and 6-12) are doublets with 2J(PC) equal to 8.5 + 1.5
Hz. No coupling was observed for C,; which is cis to
the phosphorus atom. In some cases, coupling of C, to
phosphorus was also detected.

2.5. Indenyl distortions of the monosubstituted complexes
(n>-indenyl)(I)(R)/(L)Co (3, 4, 6-12)

Literature evidence suggests that NMR chemical
shift parameters are reliable distortion indicators for
transition metal organometallic m-indenyl complexes
[2,6,36,39,43,44,49,53,54]. The parameter ASI3C33,7a

(481C,, 5, = 81°C,, 5, (indenyl) — §°C,, ;,(Na*indenyl 7))

is diagnostic of indene hapticity [2,6,46,47,55] with val-

TABLE 5. 13C NMR for 7°-indenyl Co™ complexes

ues in the range —10 to —40 ppm and +5 to +30
indicating #° and 7* bonding, respectively [6]. The
calculated 46"C,,,, parameters, determined as the
value for the diastereotopic ring junction carbons of all
the chiral complexes 3, 4 and 6-12 along with litera-
ture values of previously reported complexes [43,44]
(cf. Table 8), are in the range of —23 to —15 ppm
consistent with their description as slightly distorted 1>
complexes [6,46].

Both electronic [38,56] and steric [49-51,54] factors
of the ancillary ligands appear to influence the extent
of nm°-indenyl ring distortion as well as the preferred
conformation of the ligands relative to indenyl ring in
solution. Tables 4 and 5 show that 'H and *C chemical
shifts of n>-indenyl are relatively insensitive to the
perfluoroalkyl ligand for the complexes prepared in
this study since the electronic and steric requirements
of C;F, and C,F,; are similar. The observed di-
astereotopic chemical shifts for the n>-indenyl H,/H;
and C,/C, resonances in complexes 3, 4, 6-12, how-
ever, are a function of the stereoelectronic parameters
(6 (°) and y (cm™1)) [57,58] of the phosphorus ligand.
Comparative data tabulating 46(H;-H,) and 48(C;-
C,)) for the (n°-indenvIXIXRXL)Co (L = P-donor)

Compound C, C, C, Ciy,/Cq, C, Cs Cs C, CsHj CH,
3 65.36  96.47 81.08 111.32, 130.04 13170 129.81 12343 16.99 (d, 32.4)
(d,62) (d,7.6) 110.89

4 65.46  96.47 81.10 111.35, 130.06  131.70
(d,83) (4,77 11081

5° 76.80  99.64 76.80 112.40 127.19  133.50

6 70.50  93.65 77.65 113.30, 127.65 131.00
d,64) (d,92) 108.20

7 70.69  93.73 71.54 113.63, 127.69  131.10
d,75) (d,9.6) 10832

8 70.85 93.21 79.09 113.23, 130.24  131.20
(d,8.4) 11004

9 7095 93.16 78.98 113.26, 13024 131.24
(d,6.9 109.90

10 71.36  95.07 80.37 113.97, 13092 131.37
(d,94) 11184

11 7136 95.12 80.25 113.93, 130.86  131.32
(d,10.2) 111.79

12 72.84 95.76 78.37 114.96, 128.05  132.03
d,94) (d,95) 11224

129.82 123.43 - 17.01 (d, 32.2)

13350 127.19
130.19  124.08

18.61 (t, 16.3)
17.95 (d, 34.8)
16.97 (d, 27.9)
18.16 (d, 35.2)
17.03 (d, 29.9)
18.91(d, 33.1)

136.10 ©, 130.58 9, 130.48 ¢
130.19 ¢, 128.53 f 128.41 f
136.10 , 130.65 ¢, 130.55 ¢
130.21 ¢, 128.60 f, 128.49 £
133.37 ©, 133.30 ©, 132.98 ¢
132.85 9, 132.80 9, 132.67 ¢
13043 °,128.29 £, 128.14 f
134.03 ©, 133.47 ©, 132,93 ¢
132.80 9, 132.68 9, 130.41 ©
128.16 £, 128.04 f

134.70 ©, 134.16 ©, 133.20 ¢
133.06 ¢, 132.80 ¢, 132.66 ¢
131.11°%,127.80 §, 127.64 ¢
12750 f

134.65 ©,134.20 ©, 13320 ¢ 56.54
133.07 ¢,132.70 4,13256 ¢ (d,5.2)
131.03 ¢,127.73 £, 12757 ¢

127.43 f

134.90 <, 133.05, 132.90

131.50, 130.31, 129.15

127.65, 127.53

130.21 12418

130.98  124.21
130.96  124.27 19.00 (d, 33.1)

131.11 12527 56.61 (d, 10.5)

131.03  125.27

131.27 124.44

2 13C (75.47 MHz) NMR chemical shifts in ppm relative to solvent CDCl; = 77.0; d, doublet; J values in Hz given in brackets, J(PC);
perfluoroalkyl carbons distributed in the chemical shift range of 105-140 ppm with very weak intensity. ® Solvent = acetone-d (29.8, 206.0 ppm).

€ Cjpso (d, JJ(PC) = 4552 H2). ¢ C,p00- © Cpara- © Conerar
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TABLE 6. F NMR for n°-indenyl Co™ complexes ?

221

Compound C.F CsF, C,F, CsF, C.F, CF,;
Fa’ Fb Fa’ Fb Fa’ Fb Fa’ Fb Fa! Fb
3 —55.76, —65.68 —-112.95, —115.24 s—79.31
(d, 233.8) (d, 280.9) (t,12.4)
4 —54.42, —65.57 —-107.74, —111.87 —120.63, —122.01 —122.48, —123.60 —126.09, —127.04 —81.32
(d, 234.2) (d, 288.0) (d, 299.32) (d, 306.5) (d, 293.3) (t,9.5)
5b -71.09 ~112.84 —178.16
(t, 12.32)
6 —58.94, —58.94 -108.29, —113.82 —-79.59
d, 277.9) (1,10.5)
7 —57.77, —58.58 -103.56, —110.23 ~120.90, —122.06 -122.89, —122.89 —126.53, —126.53 —-81.27
(d, 227.9) (d, 284.5) (d, 292.9) (1,10.8)
8 —57.35, —58.16 —109.18, —112.86 —79.76
, 227.7 (d, 276.87) (t,10.8)
9 —-56.67, —57.21 —104.80, —108.97 -121.62, —121.62 -122.95, —122.95 —126.60, —126.60 —81.30
(d, 229.2) (d, 283.5) (t, 9.9
10 —55.71, —57.33 —109.81, —111.65 -79.88
(d, 228.4) (d, 278.0)
11 —54.22, —56.99 —-106.71, —106.71 —-121.13, -122.40 —122.57, —123.34 —-126.22, —127.01 - 81.30
(d, 222.5) (d, 295.0) (d, 290.1) (d, 293.6)
12 —54.05, —54.73 —108.47, —111.62 —80.02
(d, 224.9) (d, 274.5)

2282.4 MHz, chemical shifts in ppm relative to CFCly; solvent = CDClj; 2J(F,F,), and-3J(FF) in the case of CF;, in Hz given in brackets; all CF,
peaks show further unresolved coupling of ca. 5-10 Hz (37 and ). ®Solvent = acetone — dg,

complexes reported in this work and several examples
taken from the literature [43,44] are given in Table 8
and Fig. 6.

Faller and Crabtree [38,56] have convincingly argued
that preferential weakening of the Co—C,, and Co-C,,
bonds will facilitate more significant stabilization via
aromatization hence strong trans-influence ligands will

prefer a site trans to the indenyl 6-ring regardless of
steric consequences. This rationale predicts that strong
trans-influence perfluoroalkyl ligands in complexes 3,
4, 6-12 will select a conformation placing L between
H, and H,, trans to H, of the indenyl ring as shown in
Scheme 1. As a consequence, the chemical shifts of
H,/C, are relatively insensitive to P-donor stereoelec-

TABLE 7. Correlation of °F NMR parameters with ligand properties for (n>-indenyl{RXIXL)Co complexes

L R CEF, CgF,Fy C,FF, C,FE,F, C.EF, b Ref.
AS(F,-F,) 2J(F,F,) A8(F,-F,) 2J(F,F,) A&(F,-F,) %(F,F,) A8(F,-F,) %J(F,F,) 45(F,~F,) 2J(F,F,)
Cco C,F, 356 2081  3.76 278.0 A ¢
Cco C¢Fi5 216 2106  6.07 2866 175 2988  1.07 3009 111 2945 B ¢
PPh(OMe), C;F, 0.56 2299 295 279.1 C ¢
PNH ¢ C;F; 040 2476 433 2713 D °
PPh,Me C;F, 081 2277  3.68 276.9 E °
PPh,Me  C.F;; 054 2292 417 2835 0 - 0 - 0 - F ©
PPh,(OMe) C,F, 162 2284 184 278.0 G *
PPh,(OMe) C(F;; 2.77 2225 0 - 1.27 2950 0.7 290.1 079 2936 H °©
PPhMe, CF, 0 - 4.91 277.9 |
PPhMe, C4F;; 081 2278 667 2845 116 2929 0 - 0 - I e
PPh, C,F, 0.70 2249 315 2745 K °©
P(OMe); C,F; 7.08 2283 165 281.2 M ©
P(OMe); C4F;; 828 2306  3.55 2840 122 2953  1.01 3078 1.00 2946 N ©
PMe;, C,F, 992 2338 229 280.9 o °
PMe, C¢Fy; 1115 2342 413 2880  1.38 2993 112 3065 095 2933 P ¢

® AS(F,~F,) = 65— 8p, in ppm; 2J(F,F,) in Hz. ® Legend used in Figs. 3 and 4. © Data from reference [44]. 4 PNH = (§)-PPh,NHC *H(Me)Ph.

¢ This work.
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H,; () Hy; (g) Hy; (h) Me.

tronic parameters while the chemical shifts of H,/C,
and H,/C,, which are cis and trans to L, respectively,
correlate with P-donor stereoelectronic parameters as

320 T T T T T

260 N

b

240 |- T

2
Jpp (H2)

220 B

200 L L L

Carbon #

Fig. 3. Dependence of the ’F coupling constants on position for
(n’-indenylXRYXIXL)Co complexes (cf. Table 7 for legend).

86(F,—F,) (ppm)

Q r's
12 T T T T T
P
10 Q b N

AG(F,—F_) (ppm)

Carbon #

Fig. 4. Dependence of diastereotopic '*F chemical shift difference
AS8(F, -F,) on position for (n3-indenyl{RXIXL)Co Complexes (cf.
Table 7 for legend).

observed in this study (cf. Fig. 6) and demonstrate that
a preferred rotamer is adopted by these chiral com-
plexes in solution.

The preferred conformation of the high trans-in-
fluence perfluoroalkyl ligands in this series of n°-in-
denyl complexes results in weakening of the cobalt-ring
junction carbon bond. The latter causes distortion of
n’-indenyl ring and the former renders the di-
astereotopic chemical shifts for indenyl 'H and *C
sensitive to the ligands. Accordingly, the diastereotopic
chemical shift differences A8(H;~H,) and 48(C5;-C,)
may provide an internal measurement of indenyl dis-
tortion in chiral complexes. Figure 7 correlates the pa-
rameters A8(H;-H,) and 48(C;-C,) with 48C, 5,
and suggests that diastereotopic chemical shift differ-
ences are an alternative indicator of indenyl ring dis-
tortion.

3. Experimental section

3.1. Reagents and methods

All manipulations were performed under a dry, oxy-
gen-free nitrogen atmosphere using standard Schlenk
techniques. Nitrogen gas was purified by passing
through a series of columns containing DEOX (Alpha)
catalyst heatgd to 120°C, granular P,O,,, and finally
activated 3 A molecular sieves. Benzene and hexane
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solvents were distilled under nitrogen from blue solu-
tions of sodium benzophenone ketyl. Methylene chlo-
ride was distilled under nitrogen from P,O,, and ace-
tone from 4 A molecular sieves (4—8 mesh). PMe,,
PPhMe,, PPh,Me, PPh,(OMe) and PPh, were pur-
chased from Strem and used as received. Thin layer
chromatographic (TLC) analyses were performed on
pre-coated analytical TLC plates (silica gel F-254,
Merck). Chromatographic separations were carried out
using a Chromatotron (Harrison Associates) with 4 mm
thick silica gelg,PF,s, (Merck) adsorbent. Elemental
analyses were performed by Canadian Microanalytical
Service Ltd. (Delta, B.C.). Melting points were deter-
mined in nitrogen sealed capillaries and are uncor-
rected. NMR spectra were recorded on a GE 300-NB
Fourier transform spectrometer operating at a proton

frequency of 300.12 MHz. Complexes 1 and 2 were
prepared as described previously [43,44].

Proton nOed spectra were determined under steady
state conditions on the GE 300-NB instrument. Data
were collected at 25.0°C using interleaved experiments
of 16 or 32 transients cycled 12-16 times through the
list of decoupling frequencies. In each experiment, the
decoupler was gated in continuous wave (CW) mode
for 2s with sufficient attenuation to give an approxi-
mate 70-90% reduction in intensity of the irradiated
peak. A 30 s delay preceded each frequency change. A
set of four dummy scans was employed to equilibrate
the spins prior to data acquisition. No relaxation delay
was applied between successive scans of a given decou-
pling frequency. Difference spectra were obtained on
16K or zero-filled 32K data tables which had been

TABLE 8. Distortion, electronic and stereochemical parameters for the (5°-indenylXIXRXL)Co complexes 2

L R AS(H,-H)® AS(C4-C) © A5(Cj,7,) ¢ o) © x (em™1) ¢
(ave.)

PMe, C,F, 1.56 15.72 —19.38, —19.81 118 8.55
(—19.60)

PMe, CeFis 1.55 15.64 -19.35, —19.89 118 8.55
(-1962)

PPhMe, C,F, 1.98 715 —17.40, —22.50 122 10.60

' (—19.95)

PPhMe, C¢Fi3 1.98 6.85 —17.07, —22.38 122 10.60
(~19.73)

PPh,Me C,F; 1.74 8.24 —17.47, —20.66 136 12.10
(-19.07)

PPh,Me CeFi3 171 8.03 -17.44,-2080 . 136 12.10
(-19.12) :

PPh,(OMe) C,F, 1.73 9.01 -16.73, —18.86 132 16.30
(—17.80)

PPh,(OMe) C¢Fi3 1.70 8.89 -16.77, —18.91 132 16.30
(-17.84) .

PPh, C,F,; 2.35 5.53 —15.74, —18.46 145 13.25
(-17.10)

co C,F, 1.04 16.09 -19.05, —21.24 - -
(-20.14)

Cco CeFi5 1.05 16.01 -19.07, —21.25 - -
(-20.16)

PPh(OMe), C,F, 1.59 9.10 —17.00, —20.78 120 19.45
(—18.89)

PPh(OMe), CFi3 1.55 8.84 —-17.05, —20.77 120 19.45
(-18.91)

P(OMe), C;F, 111 13.11 ~18.36, —20.51 107 24.10
(~19.44) .

P(OMe), C¢Fi3 1.09 12.85 ~18.42, —20.48 107 24.10
(-1945)

PNH { C,F, 213 6.01 —18.17, — 18.99 140 10.50
(—18.58) .

PNH ¢ C¢Fi3 2.11 5.64 -17.92, —19.43 140 10.50
(- 18.68) .

? Data in the lower part of this table, see references [43,44]). ® A8(H,-H,;)=5(H,) — 5(H,) (ppm). 945(C;=C,)=5(C,) —8(C,) (ppm).
¢ 48(C 3, 7,) = 8[C3, 7,(indenyl) — 8[C3, 7,Na*indenyl 7)), 5[Cj, ,,(Na*indenyl~)] = 130.70 ppm [6,46]. ¢ Parameters obtained from [57,58).

f PNH = S-PPh,NHCH(Me)Ph.
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Fig. 5. 'H nOed spectra for (n°-indenylXIXC¢F,;XPPhMe,)Co (7).
(k) Reference spectrum; (a—j) difference spectra (32X ) for irradia-
tion at the indicated (*) frequency; (a) H,,,,; (b) H,, H,,,.,, and
H, .. (€} Hy; (d) Hg; (e) Hy; () Hy; (@ Hy; (W) Hy; G, §) Me.

digitally filtered with a 0.1 Hz exponential or Gaussian
line broadening function. Quantitative data were ob-
tained by integration.

3.2. Crystal structure determination of [(n*-C,H,)Co-
(C,F;)(PMe,),]I- 0.5 CH,CI, (5)

Crystal data were collected at ambient temperature
on a Rigaku AFC6S diffractometer with grgphite
monochromated Mo Ka radiation, A = 0.71069 A, and
a 2 kW sealed tube generator using the o scan tech-
nique to a maximum 26 value of 45.0°. Cell constants
and an orientation matrix for data collection were
determined from least squares refinement using the
setting angles of the 18 carefully centred reflections in
the range 29.25 < 28 < 34.76° and are given in Table 9.
The space group P2,/n (no. 14) was assigned on the
basis of systematic absences (h0l, h + 1+ 2n and 0k0,
k + 2n) and on the successful solution and refinement
of the structure. Omega scans of several intense reflec-
tions, made prior to data collection, had an average
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£ 6 |- L] - 6 [ —
= [ [ H
& —g—r— e~ 2
3 Ha L )
3 L © ] (4 _
g ° /g°/ﬁ/‘/9 5 c
© °
T [} a b o M
H1
4 1 1 1 4 1 1
100 T - T 100 r T
— hd [ ° L/ [
£ 5 - ¢ A . % e’ ¢,
& 90 21 g0t -
= c
3 3
Y, L W— 8o | V\va\v,_w .
3 v %
E [} c
I 1 C
g 70 M‘ 70 - M 14
e o c 4 ©
BO 1 1 1 BO i i
5 10 15 20 25 100 120 140 160
-1
X (em™) e ()

Fig. 6. Correlation of indenyl !H and *C chemical shifts with
stereoelecironic parameters for (n>-indenyiIXRXIXL)Co compiexes
(cf. Tables 4, 5, 8 and ref. [44]).

width at half-height of 0.44° with a take-off angle of
6.0°. Scans of (1.13 + 0.30 tan 8)° were made at a speed
of 8.0°/min (in omega). Weak reflections (I <
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Fig. 7. Correlation between the indenyl distortion parameters for
(n-indeny(RXIXL) complexes (cf. Table 8).



TABLE 9. Summary of crystallographic data for §

Formula Cy,Hs,Co,F, 1,P,Cl,
F.W.(g/mol) 1329.27

Crystal habit Deep-red prism
Crystal size (mm) 0.35%0.25%0.15
Crystal system Monoclinic

No. reflections used for unit
cell determination (26 range)

18 (29.3-34.8°)

Omega scan peak width at half-height  0.44
Lattice parameters
a(A) 16.760(5)
b(A) 10.614(7)
c(A) 28.595(5)
B 96.61(2)
V(A% 5053(3)
Space group P2, /n(No. 14)
VA 4
D yieq (8em™3) 1.747
Fooo 2616
p(Mo Ke) (cm ™) 21.73
Scan width (°) 1.13+0.30 tan 0
20,00, ) 45.0
No. reflections measured
Total 7295
Unique 7015
R, 0.029
Corrections ? Lorentz-polarization
absorption
trans factors 0.87-1.00
Secondary extinction coefficient 0.27596 %107
Function minimized Iw(|F,|— | F,])?
Least-squares weights 4F2 /aX(F2)
p-factor 0.01

Anomalous dispersion
No. observations (! > 3.00a(1))

All non-hydrogen atoms
4097

No. variables 551
Reflection /parameter ratio 7.44
R® 0.040
R, ¢ 0.036
Goodness of fit indicator ¢ 1.56
Max shift /error in final cycle 0.00
Maximum peak

in final diff. Map (¢ A=3) 1.09
Minimum peak

in final diff. Map (¢ A=) —0.66

a¢f. Ref. [60]. ®R=X||F,|-|E|/EIF,]. R, =UEwm|F,|-
| F, )2 /EwWFDI/2. @ GOF =(X(|F,| - | F.1)/o)/(n~m)) where
n=no. of reflections, m =no. of variables and o2 = variance of
UF, 1= FD.

10.00(I)) were rescanned (max 2) and the counts accu-
mulated to assure good counting statistics. The intensi-
ties of three representative reflections were measured
after every 150 reflections remained constant through-
out the data collection hence no decay corrections
were applied. The linear absorption coefficient for Mo
Ka is 21.7 cm~!. An empirical absorption correction,
based on azimuthal scans of several reflections, was
applied resulting in transmission factors ranging from
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0.87 to 1.00. The data were corrected for Lorentz and
polarization effects. A correction for secondary extinc-
tion (coefficient = 0.27596 X 10~7) was applied. The
structure was solved by direct methods [59] using the
Molecular Structure Corporation TEXSAN software.
Non-hydrogen atoms were refined anisotropically. 1de-
alized hydrogen atoms were included at the calculated
positions and were not refined. Further details are
given in Table 9.

3.3. Synthesis of (n’-CoH,)(R)(I)PMe;)Co (R = C;F,,
3, C,Fp;, 4)

These two complexes were synthesized using the
procedure described below. A 10-ml benzene solution
of PMe; (0.03190 g, 0.4193 mmol) was added dropwise
with stirring via a pressure balanced dropping funnel
to a black solution of 2 (0.2503 g, 0.3862 mmol) in 20
ml of benzene at ambient temperature. After stirring
for 20 min, the solution was placed in an ice bath for a
further 20 min. Removal of volatiles from the deep-red
solution under oil pump vacuum left a deep-red pow-
der. The crude product was dissolved in ca. 4 ml of
acetone and chromatographed on 4 mm silica gel plates.
Acetone elution moved a high R; deep-red zone which
was collected. Removal of volatiles with an aspirator
and then an oil pump vacuum left a deep-red powder
(0.2305 g, 86%). Black rectangular plates were ob-
tained by slow diffusion of hexane onto an acetone
solution of 4 at —20°C. A low R; yellow band was
shown ({H NMR) to be a bis-substituted complex with
a structure similar to 5.

3.4. Synthesis of [(n>-CyH,)(C;F,)(PMe;),Co] 1~ (5)

Excess PMe, (0.08885 g, 1.168 mmol) was added
slowly via syringe with stirring to a black solution of 1
(0.2483 g, 0.4985 mmol) in 20 ml of benzene at room
temperature. The reaction mixture was stirred for 30
min resulting in a red solution containing some precipi-
tate and then placed on an ice bath for ca. 10 min.
Removal of volatiles by use of oil pump vacuum left a
red powder. The crude product was dissolved in ca. 4
ml of acetone and chromatographed on a 4 mm silica
gel plate. Acetone elution moved a yellow-red zone
which was collected. Removal of solvent by use of a
water aspirator and then an oil pump vacuum left a red
crystalline powder (0.2915 g, 94%). Deep-red prisms
were obtained by slow diffusion of hexane onto the
CH,(Cl, solution of § at —20°C.

3.5. Synthesis of (n’>-CoH,)(R)(I)(L)Co (6-11)
Complexes 6-11 were prepared following the proce-
dure described for 6. In some cases (6,7,8,9), the crude
product required no further purification. Complexes 10
and 11 were purified by preparative radial TLC (ben-
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zene eluent). Reaction yields are reported in Table 1.
A slight excess of PPhMe, (0.05820 g, 0.4213 mmol)
was added slowly via syringe with stirring to a biack
solution of 1 (0.1901 g, 0.3817 mmol) in 10 ml of
benzene at room temperature. After stirring for 30 min
the resulting deep-red solution was cooled in an ice
bath for ca. 10 min. Removal of volatiles by use of oil
pump vacuum gave the crude product as a deep-red
powder (0.2130 g, 92%). Black rectangular plates were
obtained by slow diffusion of hexane onto a CH,(Cl,

solution of 6 at —20°C.

3.6. Synthesis of (n°-CyH,)(C;F,)(I)(PPh;)Co (12)

A 10 ml benzene solution of PPh; (0.2070 g, 0.7892
mmol) was added dropwise at room temperature with
stirring via a pressure equalized dropping funnel to a
black solution of 1 (0.3215 g, 0.6456 mmol) in 20 ml of
benzene. Stirring was continued for 20 min then the
brown-red solution containing some uncharacterized
green precipitate was filtered through a glass frit and
placed in an ice bath for ca. 10. min. Removal of
volatiles by use of oil pump vacuum left a brown
powder which was dissolved in 4 ml of benzene and
chromatographed. Benzene/ hexane (2:1) elution
moved a brown zone which was collected. Removal of
volatiles by use of aspirator followed by an oil pump
vacuum afforded the product as a brown powder
(0.1098 g, 23%).
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