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Summary — Treatment of [Cp*Rh(CH3CN);][BF )2 1a with PhOH at room temperature in dichloroethane afforded the asym-
metric trimer [{Cp*Rh(n®-PhOH- - -)}2(n*-PhO- - -)RhCp*|[BF4]5 2a in 87% yield, where the 7-phenoxo species is hydrogen-
bonded to the corresponding n-phenolic forms. The analogous iridium complex 2b was obtained from acetone/dichloroethane
mixture in 80% yield. These species 2a and 2b were found to be fluxional in solution, for instance, the variable temperature
1H NMR spectra for the rhodium species 2a show that the 7-Cp* signals coalesce at T = 354 K with AG# = 1820.5 keal/mol.
A mechanism of exchange in accord with the experimental data is proposed. Protonation of 2a by HBF, - Et20 in acetone
gave the unstable phenolic compound [Cp*Rh(n®-PhOH)|[BF4]2 3a in 50% yield. On the other hand, 2a can be deprotonated
by NEt; to give quantitatively the phenoxo derivative [Cp*Rh(n°-PhO - H,0)][BF4] 4a. Compound 4a crystallizes in the
orthorhombic space group Cem2:, @ = 17.469(3) A, b = 28.845(4) A, ¢ = 14.115(2) A, V = 7112(2) A%, Z = 16. The
structure of 4a shows that the -C=0 group of the phenyl ring is bent upward with # = 14°, and different from the structure
of the ruthenium analog. The iridium species 2b behaved similarly when treated with NEt3 to give an off-white compound
[Cp*Ir(n®-PhO - H20)][BF4] 4b. When a yellow solution of [Cp*Rh(S)s][BF4]2 (S = coordinated solvent) was.treated with
17B-estradiol in acetone/THF, a mixture of four products (a,8)-[Cp*Rh(n®-estradiol)][BF4]> 13ab and (o,8)-[Cp*Rh(n®-
estradienonyl)|{BF4] 14ab was obtained with a/g ratio 9:1. In general the phenoxo form was more stable than the phenolic
one for both m-bonded systems (phenol, 173-estradiol). The effect of the counterion (BF4 and/or CF3SOs3) on the stability of
the m-bonded phenolic forms (both systems) as well as the reactivity of the m-bonded phenoxo forms (both systems) towards
electrophiles (Mel, CF3503Me) are compared and discussed.
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Introduction

The w-complexation of arenes by organometallic moi-
eties is a well-documented area [1]; the introduction
of organometallic fragments such as Mn(CO)g.Ll or
Cr(CO)3 enhance the reactivity of the bonded arene to-
wards nucleophilic attack [2]. The use of organometallic
synthons in organic synthesis has proved to be of great
utility, thus allowing specific reactions to occur, which
are not possible via the usual organic procedures [2bc].

Phenols form an interesting class of arenes. They are
unusual because of their enolic structure, since enols
are usually unstable and tautomerize easily into the
corresponding ketones, but this is not true for phenols
due to the aromatic character of the benzene ring.
Hence phenols are attractive for coordination chemistry.
Recently it has been shown that the ‘Cp*Ru*!’ unit,
forms stable adduct with phenol [3], perhaps owing

* Correspondence and reprints

to its electron-releasing nature compared with metallo-
carbonyl fragments. Interestingly, the introduction of
the ruthenium fragment stabilizes the ketonic form of
the bonded arene [3]. Although the complexation of
phenol has been reported, less is known about the
reactivity of the complexed arene.

In light of the previous reports, we examined the
complexation of phenol and S-estradiol by [Cp*M]{X],
(X = BFy, CF3503 M = Rh, Ir) and the reactivity of
the complexed arenes. It is worth mentioning that in
these studies we considered phenol as a model system
for the ‘A’ ring of the 173-estradiol. The introduction
of organometallic moieties to the A-ring of hormones
has already been investigated by us and other groups
[4]. A brief communication on the estradiol A-ring
complexation by “Cp*Rh?*” has been reported [5].

In this paper, we report a detailed investigation
into the synthesis and spectroscopic characterization
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of m-complexed phenol and 173-estradiol. The solution
behavior, the effect of counterion and the reactivity of
the complexed arenes (both systems) towards Mel and
CF3SO3Me are also presented.

Results and discussion

Synthesis and NMR characterization

The coordination of arenes by ‘Cp*M’ (M = Rh, Ir) has
been well investigated [6]. Scheme 1 shows the general
procedure for the preparation of such complexes.

acetone

[CP*M(p-C)Cl}2 + 6S + 4AgPF, > 2|Cp*M(S)|IPFgl, + 4AgCl
S=ucetone

1
arene
acetone
2 |Cp*M(arene)|(PFq |

Scheme 1

We have found that complexation of phenol by
[Cp*Rh(CH3CN);]|[BF4]; 1a in a non-coordinating sol-
vent such as dichloroethane affords reproducibly a
white precipitate in 87% yield. This material was
characterized by spectroscopic methods (!3C and
'H NMR) at low temperature as the asymmetric trimer
[{Cp*Rh(n®-PhOH-: - -)}5(5°-PhO- - -)RhCp*|[BF4]5 2a.
The analogous iridium species 2b was obtained
in 80% yield by refluxing a dichloroethane solu-
tion of [Cp*Ir(CH3CN)3][BF4]2 1b with phenol; this
reaction did not proceed at room temperature.
Another synthetic procedure for 2b involves the treat-
ment of [Cp*Ir(CH3),CO)3][BF4]2 with phenol in ace-
tone/dichloroethane mixture for 1 h at room temper-
ature. It is worth emphasizing that we did not detect
the presence of any uncomplexed hydrogen-bonded phe-
nol ring by 'H NMR. Our results differ from those
reported for the analogous ruthenium system, where
treatment of ‘Cp*Rut!’ by phenol afforded the com-
plex [Cp * Ru(PhO) - 2PhOH] 7 in which two molecules
of phenol are hydrogen bonded to the complexed oxo-
cyclohexadienyl unit (fig 1) [3ab].

The hexafluorophosphate rhodium and iridium
dimers [{Cp*M(PhO)}.H|[PFs)3, M = Rh, Ir, have
been reported and a symmetric structure was proposed
[7]. We note that the 'H NMR data for these complexes
do not correspond to any of our compounds 2a or 2b.

The IR spectrum of 2a recorded in a KBr disc
shows a large band at 3400 cm™! attributed to the
unsymmetrical hydrogen bonds (-OH---O=) between
the n°-phenoxo and 1%-phenol rings [3, 8]. The 'H NMR
spectrum of 2a recorded in (CD3).CO at T = 297 K
exhibits two set of multiplets in the aromatic region
between 6.0 and 7.5 ppm (table I), attributed to the
hydrogen-bonded 7°-phenoxo and 78-phenol rings with
1.1:2 ratio by integration; this was also assigned by
'H-'H COSY experiments. In addition we note the
presence of two singlets at 2.24 and 2.31 ppm assigned
to the 7-bonded Cp* rings. Upon warming the sample
tube to 354 K, these signals coalesce into one, suggesting
a fluxional behavior is taking place (see below).

The 3C NMR spectrum of 2a recorded at T = 233 K
shows eight peaks (table II), each of which appears as
a doublet (located between 90 and 113 ppm). These
are assigned to the ortho, meta and para carbons of the
two different bonded arenes as well as to the unsat-
urated carbons of the two distinguishable Cp* rings.
Furthermore, we note the presence of two signals at
147 and 150 ppm attributed to the carbons bearing
the oxygen and the hydroxyl function of the bonded
arenes. These results are in accord with an absence
of symmetry in the trimer [{Cp*Rh(n-PhOH- - -)}2(n®-
PhO- - -)RhCp*][BF4]5 2a (see fig 1).
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Fig 1

Fluzional behavior of 2a

The behavior of 2a in solution was monitored by record-
ing its 'H NMR spectrum at various temperatures.
At T = 297 K two singlets are observed at 2.24 and
2.31 ppm attributed to the bonded Cp* rings with
multiplet signals in the aromatic region between 6.0
and 7.5 ppm attributed to the phenolic and the oxo-
cyclohexadienyl forms of the hydrogen-bonded arenes
in 2a. Upon warming the NMR sample tube the two
singlets attributed to the Cp* rings coalesce into one
peak at T' = 354 K centered at 2.27 ppm with AG# =
18 + 0.5 kcal/mol. This behavior was found to be re-
versible and reproducible.

The temperature dependence of the spectra sug-
gests that a fluxional process is occurring. Two pos-
sible mechanisms of exchange are advanced. Firstly, the
two bonded phenyl rings in 2a exchange their forms as
if the hydrogen atom were moving from one oxygen to
the other concomitant with this motion; we assume that
at high temperature the hydrogen bond would break
to give the two monomers [Cp*Rh(78-PhOH)][BF4]>
3a and [Cp*Rh(n®-PhO)][BF4] 4a which would subse-
quently exchange their forms. Thus the energy of ac-
tivation AG# = 18 & 0.5 kcal/mol corresponds: (a) to
the barrier required for the bent form of [Cp*Rh(7°-
PhO)|[BF4] 4a (see below) to presumably exchange
with the flat form of [Cp*Rh(n®-PhOH)]|[BF4]» 3a; and
(b) to the energy required for the hydrogen transfer.

Another exchange scenario would be that the fluxion-
ality arises from vibrations of the hydrogen atom so that
it moves closer to the different oxygen atoms without
splitting the super-structure 2a into monomers. Since
this also requires changes in the shape of the phenoxy
groups (flat < bent) the activation energy for this pro-
cess might be relatively high [9].

At this stage it is worth comparing our results with
those reported for the analogous ruthenium system by
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3¢ NMR spectrum of 4a recorded in acetone-ds. Note that the metal-bonded arene carbons appear as doublets

(Jrh—c = 6 Hz), while the free carbonyl carbon Cp is a singlet.

Chaudret et al, who observed a rapid exchange pro-
cess even at 183 K [3a], between the phenolic species
[Cp*Ru(n®-PhOH)|[CF3S03] and its corresponding
oxocyclohexadienyl derivative [Cp*Ru(PhO)] which
possesses almost a planar structure [3b]. They at-
tributed this result to the ease of deformation of the
phenyl ring in the ruthenium system.

This stark contrast observed between the rhodium
system and that of ruthenium is most likely attributed
to the protonation process, since the deformation of the
phenyl ring should not require a high barrier of acti-
vation. Thus, addition of HBF4 - Et50 to a solution of
2a in acetone afforded the unstable phenol monomer
[Cp*Rh(n®-PhOH)|[BF4]2 3a as a light yellow micro-
crystalline solid in 50% vield. This was found to trans-
form slowly in acetone to give the starting material 2a.

When an acetone solution of 2a was treated with
NEtsg the reaction mixture became yellow; addition
of diethyl ether gave a yellow microcrystalline solid.
This complex was identified by spectroscopic methods
and by elemental and X-ray analysis as [Cp*Rh(n°-
PhO - H,0)|[{BF4] 4a. In a similar way the iridium
species 2b reacts with NEt; in acetone to give quan-
titatively an off-white product identified as [Cp*Ir(n®-
PhO - H,0)][BF4] 4b. The IR spectra recorded sepa-
rately for 4a and 4b in CH,Cl, show strong peaks at
1630 and 1635 cm™!, respectively. These bands are at-
tributed to the v(-C=0) of the bonded arenes; similar
results were obtained for the analogous hexafluorophos-
phate salt derivatives [Cp*M(n°-PhO)][PFs], M = Rh,
Ir, 5ab, which have not been fully characterized [7].
The infrared spectra also show the presence of medium
broad bands at 3300 and 3 400 ¢in~! for the Rh and Ir

complexes, respectively. These bands are attributed to
the hydrogen bonding formed with the HoO molecules.
The 'H NMR spectrum of 4a recorded in acetone-dg
shows the ortho protons at 5.66 ppm at high field com-
pared to the phenolic derivative 3a. This is an indica-
tion of loss of the aromatic form in favor of the oxo-
cyclohexadienyl structure. It is worth mentioning that
the ortho protons of the 7°-phenoxo form in 2a appear
as a doublet at 6.05 ppm and downfield compared to
those in 4a (Aé = 0.4 ppm). This reinforces the hy-
pothesis of a hydrogen bond linkage with 78-phenolic
unit in 2a. Similar results were obtained for the iridium
derivative 4b.

The '3C NMR of 4a shows interesting features.
There are four signals located between 89 and 107 ppm;
each peak appears as a doublet with Jgh_c = 5.6 and
7.8 Hz (Rh, spin = 1/2). These signals are attributed to
the ortho, para and meta carbons of the phenyl ring as
well as the unsaturated carbon of the coordinated -Cp*
ring. It is worth emphasizing that the signal appearing
at 161.95 ppm, assigned to the (C-O) of the m-bonded
phenoxide is a singlet (see fig 2). This precludes a di-
rect interaction between the rhodium and the carbonyl
carbon of the bonded arene. This result has been con-
firmed by an X-ray structural determination of 4a (see
below).

X-ray molecular structure
of [Cp*Rh(n°-PhO - H20)|[BF4] 4a

Recrystallization of [Cp*Rh(n°-PhO - Hy0)][BF4] 4a
from acetone/hexane gave a sample suitable for X-ray
crystallography. Compound 4a crystallizes in the
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Table I. 'H NMR data for complexes 2—4 in (CD3)2CO at
250 MHz.

Compound n°-phenol  7°-phenoxo CPphenol  CPphenoxo
2a 7.35m,4H 6.85m, 2H 2.31s, 30H 2.24 s, 15H
7.15m,2H 6,0d, 2H
6.90d,4H 6,70 m, 1H
2b 740 m, 4H 6.80 m, 2H 2.40s, 30H 2.35s, 15H
7.30 m, 2H 6.70 m, 1H
7.05d,4H 5.90 m, 2H
3a 7.35 dd?, 2H 2.30 s, 15H
7.15 t°, 1H
6.91d, 2H
4a 6.70 dd, 2H 2.22 s, 15H
6.55 t, 1H
5.66 d, 2H
4b 6.75t, 1H 2.35 s, 15H
6.60 t, 2H

5.70 d, 2H

@ JHH’ = 8.5 HZ; b JH}{/ = 7.5 Hz.

orthorhombic space group Cem?2;. There are three in-
dependent molecules in the unit cell whereby the asym-
metric unit consists of one complex cation (I) in a gen-
eral position, two half complex cations (II and III)
iny =0 and y = 1/2 (which are totally generated
by crystallographic mirror planes), two BF; anions
and two molecules of HoO undergoing hydrogen bond-
ing with the cation complexes (see fig 3). One of the
water molecules is hydrogen bonded to cation I and
to a fluorine atom of BF4- with O(4)-H---O(I) =
2.69 A and O(4)-H.--F(14) = 2.83 A. The second
water molecule forms weaker hydrogen bonds with the
cations IT and IIT where O(5')-H---O(II) = 2.99 A and
O(5)-H.--O(Ill) = 2.83 A. At this point a brief dis-
cussion on the capacity of these m-coordinated phe-
noxo to form hydrogen bonding is required; in this re-
gard we note that the analogous rhodium and ruthe-
nium complexes [(PPhj),Rh(PhO) - 2PhOH] (3} 6 and
[Cp*Ru(PhO)-2PhOH] (8] 7 have been reported, where
the m-coordinated phenoxo forms hydrogen bonds with
two free phenol molecules. Complex 7 has been identi-
fied by X-ray analysis (see below). This also confirms
the asymmetric structure proposed for [{Cp*Rh(n°-
PhOH- - -)}2(n®-PhO- - -)RhCp*][BF4]5 2a in which the

m-coordinated phenoxo unit acts as a hydrogen accep-
tor while the m-coordinated phenol moiety behaves as a
hydrogen donor.

Figure 4 shows a view of cation [Cp*Rh(n®-PhO)|*;
crystallographic data collection parameters and selected
bond lengths and angles are listed in tables III-VI. The
structure shows that the ‘Cp*Rh’ unit is coordinated
to only five carbons of the phenyl ring with dRh-
Ciz—16 = 2.24, 2.23 and 2.22 A in cations I, II and
I11, while the bond distance dRh-Cy; is 2.48, 2.43 and
2.43 A, respectively; loss of aromaticity in the bonded
phenoxo unit is indicated by the irregularity of the arene
C-C bond lengths. Another important feature of this
structure is described by the short bond distance for
C11-O1 = 1.24, 1.24 and 1.28 A in cations I, IT and
III characteristic of a double bond, which on average
is about 1.25 A. This bond distance is shorter than
that reported for the analogous ruthenium derivative
[Cp*Ru(PhO)-2PhOH] 7 with dC-O = 1.28 A [3b], but
longer than the rhodium-hormone complex [Cp*Rh(7°-
estradienonyl][BF4] 13a with dC-O = 1.20 A [5]. The
dihedral angle # between the plane C12-C11-C16 and
the rest of the ring in 4a is 14°, which is also the case for
the other two cations. This angle € is greater than that
reported for 7 (8 = 4°) but slightly smaller than that of
[Cp*Rh(n’-estradienonyl|[BF,] 13a with (8 = 16°) [5].

Reactivity of [Cp*M(n3-PhO-Hy0)][BF4], M = Rh, Ir,
4ab with electrophiles (Mel, CF3503Me)

Treatment of [Cp*Rh(n°-PhO - Hy0)|[BF,4] 4a with
Mel in CH,Cl; for 2 h failed to give any reaction,
and the starting material 4a was recovered. This re-
action was performed in acetone but using a stronger
methylating agent CF3SO3Me. After 10 min the reac-
tion was stopped and an off-white product was isolated
and identified as [Cp*Rh(5%-PhOH)][BF4)[CF3S03] 8a
and not the expected anisole derivative [Cp*Rh(n®-
PhOMe)}|BF4][CF3S03] (see scheme 2). Methylation of
the analogous ruthenium derivative [Cp*Ru(PhO)] 9
with Mel was reported [10] to give the anisole deriva-
tive [Cp*Ru(n8-PhOMe)|[I] 10. We believe that the de-
activation of the phenoxo derivative 4a towards proto-
nation and methylation could be related to the cationic

Table II. '*C: NMR data for complexes 2—4 in (CD3)2CO at 62 MHz.

Compound 7%-phenol n°-phenoxo CPphenol CPphenoxo
2a 14985, (=0 147.14 s, C=0 111.49 d, -C=C- 110.70 -C=C-
107.04 d, 99.93 d. 106.94 d, 98.24 d, Jrh-c = 8 Hz Jrh—c = 8 Hz
Jrh-c =5 Hz 97.67 d 10.00 s, Me-Cp  9.89 s, Me-Cp
2b not observed C=0 not observed C=0 104.5 s, -C=C- 97.5 s, -C=C-
101.0. 92.00, 85.20 96.0, 86.50, 84.00 10.00 s, Me-Cp  9.89 s, Me-Cp
(Cmeta, para, ortho) (Cmeta, para, ortho)
4a 161.95 s, C=0 106.72 d, -C=C-
105.12 d, 93.39 d, Jrh—c = 7.8 Hz
89.76 d, Jrh-c = 5.6 Hz 9.98 s, Me-Cp
4b not observed -C=0 100.35 s, -C=C-
95.97, 81.80, 84.68, 9.76 s, Me-Cp

(Cmeta, para, ortho)
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Fig 3. Unit cell of 4a showing hydrogen bonding network between cations 1, II and III with water molecule and BF free

anion.

Fig 4. X-ray molecular structure of [Cp*Rh(n*-PhO)] show-
ing the atom numbering.

nature of this species, which is different from the neu-
tral ruthenium complex [Cp*Ru(PhO)] 9 and hence it
impedes the reactions with electrophiles.

The iridium derivative [Cp*Ir(n°-PhO - Hy0)][BF4]
4b behaved similarly to the rhodium complex 4a
with respect to methylation. It is worth mentioning
that the phenolic derivative [Cp*Ir(n®-PhOH)][BF4],
3b is unstable and could not be isolated. In contrast,
the triflate derivative [Cp*Ir(n®-PhOH)][BF4][CF3SO3]
8b was very stable. We believe that the counter
anion CF3S0;- stabilizes these phenolic derivatives
(M = Rh, Ir). The effect of triflate anion to sta-
bilize the phenolic form of 7-bonded arenes has al-
ready been reported. For instance, the estradiol complex

Table III. Crystallographic data for [Cp*Rh(n°-PhO) -

Hz()”BFq] 4a.

Chemical formula

fw

C16H200RhBF4 - H2O
435.9

crystal system orthorhombic
space group Cem?2,

Z 16

a, A 17.469(3)

b, A 28.845(4)

¢, A 14.115(2)

v, A3 7112(2)

p (caled), g cm™3 1.63

i (MoKa) cm™! 9.9

F(000) 3520
diffractometer Nonius CAD4
monochromator graphite
radiation MoK« (0.71070)
temperature °C 20

scan type w/26

scan range ¢, deg 1.2 + 0.34 tan 0
20 range, deg 2 - 50

reflection collected 3318

reflection used (criteria) 2642 (I > 30(I))
R 0.0358

R, 0.0385

absorption correction®*
secondary ext

weighting scheme

rms (shift/esd) (last ref)
Is parameters

min 0.82 max 1.17
41 1076

unit weights

0.37

470

* Ry = [SiWi(FoF)?/SWiFE)Y?

** Difabs: Walker N, Stuart D, Acta Cryst, 1983, A 39, 159.

a-[Cp*Ru(estradiol)][CF3S03] 11 was identified spec-
troscopically and by X-ray analysis [4b]. In particular
the CF3S05- anion forms a hydrogen bond with the
phenolic (-OH) group of the A-ring, and thus stabilizes
this m-bonded phenol form.
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Table IV. Collection parameters for [Cp*Rh(n°-PhO) -
HQOHBFA 4a.

Atom z/a y/b z/c U (eq)
Rh(1)  002773(4)  0.23699(2) 0.7762(2) 0.0373
Rh(2)  0.19000(6)  0.5000 0.9515(2)  0.0364
Rh(3)  0.20733(6)  0.0000 0.9317(2)  0.0396
o(1) 0.1290(6) 0.1505(3)  0.8941(8) 0.0805
0(2) 0.3335(6) 0.5000 0.784(1)  0.0771
0(3) 0.0651(7) 0.0000 0.757(1)  0.0776
0(4) 0.262(1) 0.1551(6)  0.798(1)  0.1971
O(5)  —0.0424(6) 0.0714(4)  0.791(1)  0.1183
c(l)  —0.0368(6) 0.2649(4)  0.6590(7) 0.0425
C(2)  —0.0324(6) 0.2159(4)  0.6552(8) 0.0458
c(3) 0.0481(6) 0.2045(4)  0.6429(8) 0.0448
c(4) 0.0897(6) 0.2462(5)  0.6451(8) 0.0505
a(5) 0.0377(6) 0.2834(4)  0.6579(7) 0.0441
c6)  —0.1107(8) 0.2925(5)  0.668(1)  0.0732
() —0.0983(7) 0.1835(5)  0.6522(9) 0.0685
C(8) 0.0776(9) 0.1560(4)  0.633(1)  0.0722
C(9) 0.1754(7) 0.2508(6)  0.637(1)  0.0795
C(10)  0.059(1) 0.3346(4)  0.661(1)  0.0735
C(11)  0.0871(8) 0.1850(4)  0.8956(9) 0.0582
C(12)  0.1149(7) 0.2325(4)  0.8928(9) 0.0578
C(13)  0.0701(8) 0.2706(4)  0.9075(8) 0.0577
c(14)  —0.0116(7) 0.2660(4)  0.9142(8) 0.0588
C(15)  —0.0415(7) 0.2206(5)  0.9052(9) 0.0588
C(16)  0.0041(8) 0.1840(4)  0.8889(8)  0.0564
c(21)  0.1375(9) 0.5000 1.094(1)"  0.0489
c(22)  0.1872(7) 0.5404(4)  1.0822(7) 0.0409
C(23)  0.2618(6) 0.5248(3)  1.0659(7) 0.0399
C(24)  0.054(1) 0.5000 1.118(2)  0.0838
c(25)  0.161(1) 0.5892(5)  1.092(1)  0.0733
C(26)  0.3324(9) 0.5548(6)  1.050(1)  0.0844
Cc(27)  0.2646(8) 0.5000 0.806(1)  0.0372
c(28)  0.2208(7) 0.4589(5)  0.8246(8)  0.0481
C(29)  0.1431(6) 0.4583(4)  0.8362(8) 0.0471
C(30)  0.1002(9) 0.5000 0.844(1)  0.0543
C(31)  0.2616(9) 0.0000 1.069(1)  0.0438
C(32)  0.2130(7)  —0.0406(4)  1.0621(8) 0.0457
C(33)  0.1370(6)  —0.0242(4)  1.0488(7) 0.0473
C(34)  0.348(1) 0.0000 1.087(1)  0.0672
C(35)  0.2400(8)  -0.0903(4)  1.0603(9) 0.0643
C(36)  0.0663(7)  —0.0541(5)  1.037(1)  0.0656
C(37)  0.1346(8) 0.0000 0.785(1)  0.0485
C(38)  0.1766(8) 0.0408(5)  0.8060(9) 0.0672
C(39)  0.2571(8)  —0.0406(5)  0.817(1)  0.0705
C(40)  0.209(1) 0.0000 0.827(1)  0.0833
B(1) 0.4491(9) 0.1017(6)  0.896(1)  0.0708
B(2) 0.2378(9) 0.1718(6)  0.372(1)  0.0636
F(11)  0.4479(9) 0.0818(7)  0.813(1)  0.1886
F(12)  0.5140(5) 0.1216(3)  0.906(1)  0.1256
F(13)  0.441(1) 0.0667(6)  0.941(2)  0.2161
F(14)  0.3912(5) 0.1301(5)  0.907(1)  0.1627
F(21)  0.1783(5) 0.1432(3)  0.3816(9) 0.1052
F(22)  0.2967(7) 0.1535(4)  0.335(1)  0.1555
F(23)  0.2205(5) 0.2140(3)  0.346(1)  0.1101
F(24)  0.263(1) 0.1775(6)  0.461(1)  0.1977

m-Complexation of (-estradiol by [Cp*Rh(S)s3/[X]2,
X = BFy, CF350;

When a THF solution of f-estradiol was treated with
one equivalent of [Cp*Rh(S)3][BF4]; in acetone at
room temperature for 2 h, the initial yellow solu-
tion decolorized and a white precipitate was formed.

Table V. Selected bond lengths (A) for [Cp*Rh(7°-PhO) -
H:2O|[BF4] 4a.

Cation |
Rh(1)-C(1) 2.16(1) Rh(1)-C(2) 2.09(1)
Rh(1)-C(3) 2.13(1) Rh(1)-C(4) 2.16(1)
Rh(1)-C(5) 2.15(1) Rh(1)-C(11) 2.48(1)
Rh(1)-C(12) 2.25(1) Rh(1)-C(13) 2.22(1)
Rh(1)-C(14) 2.23(1) Rh(1)-C(15) 2.24(1)
Rh(1)-C(16) 2.25(1) 0O(1)-C(11) 1.24(1)
C(1)-C(2) 1.41(2) C(1)-C(5) 1.41(1)
C(1)-C(6) 1.52(2) C(2)-C(3) 1.45(1)
C(2)-C(7) 1.48(2) C(3)-C(4) 1.40(2)
C(3)-C(8) 1.50(1) C(4)-C(5) 1.42(2)
C(4)-C(9) 1.51(2) C(5)-C(10) 1.52(2)
C(11)-C(12) 1.45(2) C(11)-C(16) 1.45(2)
C(12)-C(13) 1.37(2) C(13)-C(14) 1.44(2)
C(14)-C(15) 1.42(2) C(15)-C(16) 1.34(2)
Cation I1
Rh(2)-C(21) 2.21(2) Rh(2)-C(22) 2.18(1)
Rh(2)-C(23) 2.17(1) Rh(2)-C(27) 2.43(1)
Rh(2)-C(28) 2.21(1) Rh(2)-C(29) 2.18(1)
Rh(2)-C(30) 2.18(2) 0O(2)-C(27) 1.24(2)
C(21)-C(22) 1.46(1) C(21)-C(24) 1.49(2)
C(22)-C(23) 1.40(1) C(22)-C(25) 1.49(2)
C(23)-C(23)’ 1.43(2) C(23)-C(26) 1.52(2)
C(27)-C(28) 1.43(1) C(28)-C(29) 1.37(2)
C(29)-C(30) 1.42(1)
Cation III
Rh(3)-C(31) 2.15(2) Rh(3)-C(32) 2.18(1)
Rh(3)-C(33) 2.17(1) Rh(3)-C(37) 2.43(2)
Rh(3)-C(38) 2.20(1) Rh(3)-C(39) 2.18(1)
Rh(3)-C(40) 2.18(2) 0O(3)-C(37) 1.28(2)
C(31)-C(32) 1.45(1) C(31)-C(34) 1.54(2)
C(32)-C(33) 1.42(2) C(32)-C(35) 1.51(2)
C(33)-C(33)’ 1.40(2) C(33)-C(36) 1.52(2)
C(37)-C(38) 1.42(2) C(38)-C(39) 1.42(2)
((39)-C(40) 1.39(2)

Analysis of the two phases by 'H NMR showed
by mtegratlon the presence of four complexes (a,5)-
[Cp*Rh(7 -estradlol)][BF4]2 12ab (54%/10%) and
(ax,0)- [Cp*Rh(n -estradienonyl)|[BF4] 13ab (30%/5%)
(estradienonyl is a simple term employed to define
the corresponding dienony! form of estradiol) (see
scheme 3). The symbols & and 3 are used to define the
selective complexation of the two faces of the estradiol
A-ring. These species were identified by spectroscopic
analysis, and the X-ray structure of 13a was reported
in a previous communication [5].

In comparison with w-complexation of PhOH, we
note the absence of dimeric species in the case of estra-
diol, which is the reason for the absence or the weakness
of hydrogen bonding between the 7-phenoxo form and
its corresponding phenolic species. Further the pheno-
lic form of the A-ring appears to be unstable in so-
lution and it transforms slowly in acetone to give the
corresponding dienonylic complex. Such behavior also
seems to occur within the PhOH system (see above).
Once again the role of the counterion seems to be essen-
tial in stabilizing the phenolic form of the A-ring. Thus
when [Cp*Rh(S)3][CF3503]; was treated with estradiol
in acetone solution for 2 h only two compounds were iso-
lated (cv,3)-[Cp*Rh(n-estradiol)][CF3S03]2 14ab with



Table VI. Selected angles (deg) for [Cp*Rh(n°-PhO) -
H,O[BF.) 4a.

Cation |

C(5)-C(1)}-C(2)  109.1(9) C(3)-C(2)-C(1)  106.5(10)
C(7)-C(2)-C(1) 126.0(10) C(7)-C(2)-C(3) 127.2(11)
C(4)-C(3)-C(2)  107.7(9) C(8)-C(3)-C(2)  123.7(11)
C(8)-C(3)-C(4)  128.6(11) C(5)-C(4)-C(3)  108.6(9)

C(9)-C(4)-C(3) 125.9(12) C(9)-C(4)-C(5) 125.5(12)
C(4)-C(5)-C(1) 107.9(9) C(10)-C(5)-C(1)  126.2(11)
C(10)-C(5)-C(4)  125.7(11) C(12)-C(11)-O(1) 124.2(12)

C(16)-C(11)-O(1) 124.9(12) C(16)-C(11)-C(12) 110.5(11)
C(13)-C(12)-C(11) 124.3(12) C(14)-C(13)-C(12) 120.3(11)
C(15)-C(14)-C(13) 116.5(11) C(16)-C(15)-C(14) 121.7(12)
C(15)-C(16)-C(11) 124.3(12)
Cation I1
C(22)-C(21)-C(22)’ 105.8(13) C(24)-C(21)-C(22) 127.1(6)
C(23)-C(22)-C(21) 108.3(10) C(25)-C(22)-C(21) 124.1(12)
C(25)-C(22)-C(23) 127.5(12) C(23)"-C(23)-C(22) 108.8(6)
C(26)-C(23)-C(22) 126.7(11) C(26)-C(23)-C(23)" 124.5(8)
C(28)-C(27)-0(2) 124.1(7) C(28)-C(27)-C(28)" 111.5(13)
C(29)-C(28)-C(27) 124.1(12) C(30)-C(29)-C(28) 121.6(12)
C(29)-C(30)-C(29)' 115.5(14)
Cation 111

C(32)-C(31)-C(32)' 107.8(14) C(34)-C(31)-C(32) 126.0(7)
C(33)-C(32)-C(31) 106.6(10) C(35)-C(32)-C(31) 125.3(11)
C(35)-C(32)-C(33) 128.1(11) C(33)"-C(33)-C(32) 109.5(7)
C(36)-C(33)-C(32) 125.8(11) C(36)-C(33)-C(33)' 124.7(7)
C(38)-C(37)-0O(3) 123.8(8) C(38)-C(37)-C(38)' 112.2(15)
C(39)-C(38)-C(37) 122.2(13) C(40)-C(39)-C(38) 122.8(15)
C(39)-C(40)-C(39)" 114.4(20)

0
d . Mel @OMe
1V I VES
4ab acetone CF}SO}MC
©—OH
[M] = Cp*Rh, Cp*Ir (2 BFe CFsS0y

Scheme 2. Reactivity of 4ab with Mel and MeCF3S503.

(/B 9:1). This result suggests that the triflate ions
helps in stabilizing the phenolic form as observed in
the m-complexation of phenol.

The reactivity of a-[Cp*Rh(n®-estradienonyl)]{BF4]
13a with electrophiles (Mel and MeCF3S03) was
found to be similar to those observed for [Cp*M(n°-
PhO) - HyO|[BF4] 4ab M = Rh, Ir. Thus when an
acetone solution a-[Cp*Rh(n®-estradienonyl)]{BF4] 13a
was treated with Mel at room temperature for 2 h
or under reflux, the initial compound was recovered.
Methyl alkylation of a-[Cp*Rh(n’-estradienonyl)][BF 4]
by MeCF3S0O;3 in acetone solution was not observed
either, but a new compound was obtained and was
identified by spectroscopic methods as a-[Cp*Rh(nS-
estradiol)][CF3SO;3](BF4] 15a. These results confirm
the passive nature of these phenoxide complexes to-
wards methyl alkylation. We can therefore exclude any
assumption that consider the presence of one equivalent
of HyO in the derivatives 4ab as an obstacle for these
reactions to occur.
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Scheme 3. Synthetic route to (a,3)-[Cp*Rh(n®-estradiol)]**
12ab and (o,3)-[Cp*Rh(r®-estradienonyl)] ¥ 13ab.

Concluding remarks

This paper deals with the w-complexation of phenol
and B-estradiol by [Cp*M]?*, M = Rh, Ir. The tri-
meric species [{Cp*M(n®-PhOH-: - ) }2(n°-PhO- - - )MCp*|
[BF4]5; 2ab were obtained in which the m-coordinated
phenoxo unit is hydrogen-bonded to the m-coordinated
phenol moiety, while only monomer species (a,ﬁg-
[Cp*Rh(n’-estradiol)|[BF4)2 and/or (a,3)-[Cp*Rh(5°-
estradienonyl)|[BF 4] were formed, suggesting that the
formation of hydrogen bonds between a phenoxo and
phenol form of the estradiol A-ring is difficult, per-
haps due to steric factors. The effect of the triflate
anion to stabilize the phenolic form seems to operate
in both systems (PhOH, -estradiol). The reactivities
of a-[Cp*Rh(n’-estradienonyl)|[BF4] and [Cp*M(n®-
PhO - H,0)][BF4] 4ab with Mel and MeCF3503 were
found to be similar; no methylation occurred, in con-
trast to what was reported for the ruthenium analog
[Cp*Ru(PhO))].

The X-ray molecular structure of [Cp*Rh(n°-PhO -
H;0)][BF4] 4a in the solid state seems to be very sim-
ilar to that of the estradiol A-ring of a-[Cp*Rh(n°-
estradienonyl)|[BF4], where the arene is only coordi-
nated by five carbons to the Cp*Rh unit; the ke-
tonic carbonyls in these complexes are bent upward by
f = 14° and 6 = 16°, respectively. This differs com-
pletely from what was observed in the solid state for the
analogous ruthenium derivative [Cp*Ru(PhO)-2PhOH]
7. in which the arene ring is almost flat (the bending
angle § = 4°). Furthermore their behavior (Rh and Ru
systems) in solution appear to be completely different.
For example, the exchange phenomenon in the ruthe-
nium derivatives is rapid even at 183 K while the same
process in the rhodium series requires 18 kcal/mol.
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As an aside we note that Harman et al have re-
cently reported an elegant synthetic procedure of Al-
testosterones from B-estradiol via n?-coordination of the
A-ring with Os(NH3)§+. This n°-m-coordination par-
tially dearomatizes the A-ring and activates it towards
electrophilic addition, eg, methylvinylketone (MVK)
[11] (scheme 4). This example represents our future ob-
jective; we are currently studying the possibility of car-
rying out such a transformation using the [Cp*M][BF4],
moieties.

Experimental section

General procedures

All manipulations were carried out under argon atmosphere
using Schlenk techniques. Solvents were purified and dried
prior to use by conventional distillation techniques. All
reagents obtained from commercial sources were used with-
out further purification. 'H and *C NMR were recorded on
Bruker AM 250 MHz instrument. *H NMR chemical shifts
are reported in parts per million referenced to residual sol-
vent proton resonance. Infrared spectra were obtained on a
Bruker IFS548 infrared FT instrument and all absorptions
are expressed in wave numbers (cm™!). Elemental analyses
were performed by the Microanalytical Laboratory of Uni-
versité Paris VI.

Synthesis of [Cp*Rh(CH3CN)3][BF4/, 1a

This compound was prepared in a similar fashion
to that of the analagous hexafluorophosphate salt
[Cp*Rh(CH3CN)3|[PF¢)2 reported by Maitlis et al. A so-
lution of AgBF4 (630 mg, 3.23 mmol) in 5 mL THF was
added to a solution of [Cp*RhClz]2 (550 mg, 0.81 mmol)
in 50 mL CH3CN, to provoke rapid precipitation of AgCl,
the mixture was stirred for 10 min and then filtered. The
yellow solution was stirred for further 2 h and then con-
centrated under vacuum, addition of diethyl ether gave an
yellow oil-like product, which upon cooling solidified. The
yellow microcrystalline product was separated and dried un-
der vacuum (yield 830 mg, 96%). Compound la should be
kept under argon, it hydrolyzes rapidly in air.

'H NMR (250 MHz, (CD3CN)) 6 1.75 (s, 15H, Cp-Me), 2.00
(s, 9H, bonded-CH3;CN).
Synthesis of [Cp*Ir(CH3CN)3][BF,]> 1b

This compound was prepared in a similar way to that of 1a
and isolated as a white microcrystalline solid (yield 80%).

'H NMR (250 MHz, (CD3CN)) 6 1.75 (s, 15H, Cp-Me), 2.00
(s, 9H, bonded-CH3CN).

Synthesis of
[ Cp*Rh(n°-PhOH: - - )}2 (11°-PhO- - - ) RhCp*|[BF4]s 2a

A solution of phenol (141 mg, 1.5 mmol) in 10 mL CoH4Cl;

was added to a yellow solution of [Cp*Rh(CH3CN);3][BF4]2

(267 mg, 0.5 mmol) in 10 mL C2H4Cl2 and the mixture was

stirred for 12 h. The reaction mixture became light yellow

and a white precipitate was formed. The product was filtered
and washed twice with CH2Cly then dried under vacuum.

Recrystallized from acetone/ether (yield 220 mg, 87%).

'H NMR (250 MHz, (CD3)2CO) T = 297 K §, 7.35 (m, 4H,
phenol Hs), 7.15 (m, 2H, phenol Hs), 6.90 (m, 4H, phenol
Hs), 6.85 (m, 2H, phenoxo Hs), 6.70 (m, 1H, phenoxo H),
6.00 (d, 2H, phenoxo Hs), 2.31 (s, 30H, Cp-Me), 2.24 (s,
15H, Cp-Me).

13C NMR (62.86 MHz, (CD3)2CO) T = 240 K §, 149.08 (s,
-CO-phenyl), 147.14 (s, -CO-phenyl), 111.49 (C=C,
-Cp*, d, Jrn-c¢ = 8 Hz), 110.71 (C=C, -Cp*, d,
Jrh-c = 8 Hz), 107.04, 99.93, 95.13 (Cmeta; Cpara
and Coriho-phenyl, each d, Jan—-c = 5 Hz), 106.94,
98.29, 94.67 (Cmeta, Cpara and Corino-phenyl, each d,
Jrn-c = 5 Hz), 10.00 (s, Me-Cp), 9.89 (s, Me-Cp).

IR ( KBr disk) v(O- - -H-0-), 3426, »(C=0- - -H), 1 469.

Anal calc for CysHe203BsF2oRhs-2CH2Cly: C, 37.50;
H, 4.12. Found: C, 37.51; H, 4.12.

Synthesis of
[ Cp*Ir(n8-PhOH- - - )}2 (n®-PhO- - - )IrCp*][BF4]s 2b

The complex 2b was prepared in two ways. Method A: the

reaction mixture of [Cp*Ir(CHsCN)s][BF4]2 1b and phenol

was refluxed in CoH4Cly for 12 h to give an off-white
precipitate. The compound was filtered and washed with

C2H4Cl; then dried under vacuum (yield 80%). Method B: to

a solution of [Cp*Ir(CH3)2CO)s](BF4|2 prepared in situ was

added 3 equiv of PhOH in dichloroethane and the mixture

was stirred for 1 h. The reaction mixture was reduced under
vacuum then diethyl ether was added to give an off-white
precipitate. This material was separated and washed with
diethylether then dried under vacuum. Recrystallized from

acetone/ether (yield 80%).

'H NMR (250 MHz, (CD3)2CO) T = 297 K §, 7.40 (m, 4H,
phenol Hs), 7.30 (m, 2H, phenol Hs), 7.05 (m, 4H, phenol
Hs), 6.80 (m, 2H, phenoxo Hs), 6.70 (m, 1H, phenoxo H),
5.90 (m, 2H, phenoxo Hs), 2.40 (s, 30H, Cp-Me), 2.35 (s,
15H, Cp-Me).

13C NMR (62.86 MHz, (CD3)2CO) 6, not observed (-CO-
phenyl), not observed (s, -CO-phenyl), 104.50 (C=C,
-Cp*), 97.50 (C=C, -Cp*), 101.0, 92.00, 85.50 (Cmeta,
Cpara and Corino-phenyl), 96.0, 86.50, 84.0 (Cmetas Cpara
and Cortno-phenyl), 10.00 (s, Me-Cp), 9.89 (s, Me-Cp).

IR (KBr disk) v»(O- - -H-0-), 3426, v(C=0---H), 1469.

Anal calc for C4gHg203BsF20lrs. C, 33.88; H, 3.64. Found:
C, 34.72; H, 3.70.

Synthesis of [Cp*Rh(n®-PhOH)][BF]> 3a

HBF, - Et20 (100 L) in diethylether solution was added
to a colorless solution of 2a (50 mg). The mixture was
stirred for 30 min then the solution was concentrated under
vacuum. Addition of diethyl ether gave a yellow unstable
microcrystalline solid, which was separated, washed once
and rapidly with ether and dried under vacuum. It is worth
mentioning that upon washing for longer period of time, this
compound transforms into the starting material 2a (yield
28 mg, 50%).



IH NMR (250 MHz, (CD3)2CO) &, 7.35 (dd, 2H, Hmeta),
7.15 (t, 1H, Hpara), 6.91 (d, 2H, Horeno Ju-ti = 7.5 Haz,
Ju-u = 8.5 Hz), 2.30 (s, 15H, Cp-Me).

Synthesis of [Cp*Rh(n®-PhO - HyO )][BF4] 4a

NEt3 (50 uL) was added to a solution of dimer 2a (42 mg)

in 10 mL acetone. The reaction mixture was stirred for 4 h

then the solution was concentrated under vacuum. Addition

of diethyl ether gave a yellow microcrystalline solid. The
product was separated washed with diethylether then dried

under vacuum (yield 40 mg, 87%).

'H NMR (250 MHz, (CD3)2CO) &, 6.70 (dd, 2H, Humeta),
6.55 (t, 1H, Hpara), 5.66 (d, 2H, Hortho, Ju—u = 7.5 Hz,
Ju-u = 8.5 Hz), 2.22 (s, 15H, Me-Cp).

13C NMR. (62.86 MHz, (CD3)2CO) 6, 161.95 (s, phenyl
-C=0), 106.72 (d, -C=C-, -Cp*, Jrh-c¢ = 7.8 Hz),
105.12, 93.39, 89.76 (phenyl Cmeta, Corthos Cpara, €ach
d, JRh—C = 5.6 HZ), 9.94 (S, Cp—Me).

IR (CH2Clz) »(C=0) 1637, »(C=C) 1625, »(B-F) 1010.

Anal calc for C16H220,BF4Rh: C, 44.03; H, 5.04. Found:
C, 43.87; H, 5.00.

Synthesis of [Cp*Ir(n®-PhO - H20)][BF4] 4b

This compound was prepared in a similar fashion to that of
4a. Complex 4b was obtained quantitatively as an off-white
precipitate (yield 80%).

'H NMR (250 MHz), (CD3)2CO) 8, 6.75 (t, 1H, Hpara),
6.60 (t, 2H, Hymeta), 5.70 (d, 2H, Hortho. Ju—u = 7.5 Hz,
Ju-u = 8.5 Hz), 2.35 (s, 15H, Me-Cp).

13C NMR (62.86 MHz, (CD3)2CO) &, not observed (phenyl
-C=0), 100.35 (s, -C=C-, -Cp*), 95.97, 81.30, 84.68
(Phenyl Cmeta, Cortho, Cpara, each S)’ 9.76 (S, Cp-Me).

IR (CHzCly) v{(C=0) 1652, »(C=C) 1630, v(B-F) 1046.

Anal calc for Ci16H2202BF4Ir: C, 36.50; H, 4.18. Found:
C, 37.40; H, 4.20.

Synthesis of [Cp*Rh(n®-PhOH)][BF4][CF3505] 8a

This compound was prepared by adding 30 uL of MeCF3S03
to a solution of [Cp*Rh(n*-PhO) - H2O][BF4] 4a (30 mg,
0.07 mmol) in 10 mL acetone and the mixture was stirred for
only 10 min. The solvent was concentrated under vacuum.

Addition of 20 mL of diethyl ether afforded a white precip-

itate. This unstable compound was separated then washed

with diethyl ether and dried under vacuum.

'H NMR (250 MHz), (CD3)2CO) 6, 7.50 (t. 2H, Hmeta)
7.27 (t, 1H, Hpara) 7.13 (d, 2H, Hortho, Ju-u = 7.5 Hz,
Ju—u = 8.5 Hz), 2,35 (s, 15H, Me-Cp), presence of free
phenol.

IR(KBr disc) 1250cm™, 1224cm™', free CF3SO;3-. This
compound was unstable, and analyses were not obtained.

Synthesis of [Cp*Ir(n®-PhOH)|[BF4]/CF3S0s] 8b

This compound was prepared in a similar way to that of 8a

and isolated as a white microcrystalline solid (yield 80%).

'H-NMR (250 MHz), (CD3)2CO) 6, 7.25 {m, 3H, Hpmeta and
Hpara), 6.92 (d, 1H, Hortno), 2,45 (s, 15H, Me-Cp).

13C NMR (62.86 MHz, (CDs3)2CO) 4 149.80 (s, phenol -C-
OH), 104 (s, -C=C-, -Cp*), 97.10, 92.40, 85.30 (phenol
Cmetas Cparas Cortho, €ach s), 10.10 (s, Cp-Me).

IR (KBr disc) 1256 cm™!, 1222 cm™! free CF3S0;- .

Anal calc for C17H2104BF,SIr: C, 31.00; H, 3.19. Found:
C, 30.10; H, 3.10.
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Synthesis of (a,3)-[Cp*Rh(n®-estradiol)][BFyJ. 12ab
and (o.8)-[{Cp*Rh(n°-estradienonyl)]/[BF4] 13ab

A solution of AgBF4 (195 mg, 1 mmol) in 5 mL THF was
added to a red solution of [Cp*RhCl2]2 (155 mg, 0.25 mmol)
in 10 mL acetone, to give rapidly a white precipitate (AgCl);
the mixture was stirred for 15 min. The orange-yellow so-
lution ([Cp*Rh(S);][BF4)2) was then filtered into a dry
Schlenk tube. To the latter was added a solution of estra-
diol (136 mg, 0.5 mmol) in 10 mL THF and the mix-
ture was stirred at room temperature for 2 h. The initial
yellow-orange solution decolorized and a white precipitate
was formed identified as a-[Cp*Rh(n%-estradiol)][BF4]2 12a
and a-[Cp*Rh(n°-estradienonyl)][BF4] 13a, while the super-
natant phase gave the g-isomers 12b and 13b. Separation of
the a- and (-isomers of the different forms was achieved by
fractional crystallization using an acetone/THF /ether mix-
ture; due to solubility and stability factors the dienonylic
forms were much easier to obtain.

e Spectroscopic data for 12a

'H NMR (250 MHz, (CDsCN)) 6, 6.90 (d, 1H, H-1,
Je1-nz = 7.5 Hz), 6.57 (dd, 1H, H-2, Ju1_n2 = 7.5 Hz,
Juz—na = 2.5 Hz), 6.47 (d, 1H, H-4, Juo_ns = 2.5 Hz),
2.03 (s, 15H, -Cp*), 0.72 (s, 3H, -CigHs).

Anal calc for CzsH3902B2FgRh: C, 49.12; H, 5.70. Found:
C, 49.70; H, 5.69.

o Spectroscopic data for 12b

'H NMR (250 MHz, (CDsCN)) 6, 6.86 (d, 1H, H-1,
Jui—H2 = 7.5 Hz), 6.45 (dd, 1H, H-2, Ja1_n2 = 7.5 Hz,
Juz-na = 2.5 Hz), 6.53 (d, 1H, H-4, Juo—us = 2.5 Hz),
2.08 (S, 15H, —Cp*), 0.73 (S, 3H, -C13H3).

® Spectroscopic data for 13a

'H NMR (250 MHz, (CDsCN)) 6, 6.42 (d, 1H, H-1,
Jui-n2 = 7.5 Hz), 547 (dd, 1H, H-2, Jui-n2 = 7.5 Hz,
Jua—na = 2.5 Hz), 5.35 (d, 1H, H-4, Juz_na = 2.5 Hz),
2.09 (s, 15H, -Cp*), 0.75 (s, 3H, -C1sHs).

IR (KBr disc) »(C=0) 1596 cm™*, v(B-F) 1010 em™".

Anal calc for C2sH3sO2BF4Rh: C, 56.37; H, 6.37; B, 1.8;
F, 12.75. Found: C, 56.62; H, 6.35; B, 1.78; F, 12.46.

e Spectroscopic data for 13b

'H NMR (250 MHz, (CDsCN)) &, 6.35 (d, 1H, H-1,
Jui—uz = 7.5 Hz), 5.10 (dd, 1H, H2, Jyi-n2 = 7.5 Hz,
Juz-na = 2.5 Hz), 5.26 (d, 1H, H4, Juz—p4 = 2.5 Hz),
1.97 (s, 15H, -Cp*), 0.71 (s, 3H, -C1sHs).

Synthesis of
(a,3)-[Cp*Rh(nb-estradiol)][CF3503], 14ab

The preparation of the triflate salt [Cp*Rh(S)3]{CF3S03]2
is similar to that described for [Cp*Rh(S)s][BF4]; in the
previous section. A solution of 178-estradiol (137 mg,
0.5 mmol) in 10 mL THF was added to a yellow solution of
[Cp*Rh(S)3][CF3503]2 (0.5 mmol) in 10 mL acetone. The
reaction mixture was stirred for 3 h and then the pale yellow
solution was concentrated under vacuum followed by addi-
tion of diethyl ether to give an oil-like product. This com-
pound was separated and washed several times with ether
and dried under vacuum to give a pale yellow powder identi-
fied as 14a. The mother liquor was collected and solvent was
removed under vacuum to afford the S-isomer 14b. Overall
vield (320 mg, 79%) («/@ ratio 87:13).

e Spectroscopic data for 14a
'H NMR (250 MHz, (CDsOD)) 6, 7.03 (d, 1H, H-1,
JHIvHZ = 7.5 HZ), 6.32 (dd, lH7 H-Q, J[-n_}{z =175 HZ,
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Juz-na = 2.5 Hz), 6.27 (d, 1H, H-4, Jy2-n4 = 2.5 Hz),
2.09 (s, 15H, -Cp*), 0.80 (s, 3H, -C1sH3).

IR (KBr disc) 1254 cm ™', 1222 cm™? free CF3S0; .

Anal calc for C30H3908FsS2Rh: C, 44.55; H, 4.82. Found:
C, 43.83; H, 5.24.

e Spectroscopic data for 14b

'H NMR (250 MHz, (CD;OD)) 6, 6.92 (d, 1H, H-1,
Jui-H2 = 7.5 Hz), 6.00 (dd, 1H, H-2, Jy1_n2 = 7.5 Hz,
Juz—na = 2.5 Hz), 6.13 (d, 1H, H-4, Juz-ns = 2.5 Hz),
2.12 (s, 15H, -Cp*), 0.89 (s, 3H, -C;sH3).

IR (KBr disc) 1254 cm™', 1222 cm™" free CF3S0;.

Synthesis of
(a,8)-[Cp*Rh(nS-estradiol}][CF3803][BF,] 15ab

MeCF3803 (60 pL) was added to a suspension of (a,3)-
[Cp*Rh(n’-estradienonyl)] [BF4] 13ab (50 mg, 0.084 mmol)
in 10 mL of acetone and the reaction mixture was stirred
for 15 min. During this time the precipitate dissolved com-
pletely to give a yellow-orange solution. The solvent was
concentrated under vacuum then diethylether was added to
afford an orange precipitate. The compound was separated
then washed with diethyl ether and dried under vacuum.

e Spectroscopic data for 15a

'H NMR (250 MHz, (CD;)2CO) 6, 7.40 (d, 1H, H-1,
Jui-nz = 7.5 Hz), 6.85 (dd, 1H, H-2, Ju1_u2 = 7.5 Hz,
Juz—ua = 2.5 Hz), 6.80 (d, 1H, H-4, Jyp_ns = 2.5 Haz),
2.25 (s, 15H, -Cp*), 0.80 (s, 3H, -C15Hs).

IR (KBr disc) 1250 em™!, 1220 cm™! free CF3S0; .

e Spectroscopic data for 15b

'H NMR (250 MHz, (CD3).CO) 6§, 7.25 (d, 1H, H-1,
JHl—H2 =175 HZ), 6.65 (d, 1H, H—47 JHZ-H4 =25 HZ)7
6.55 (dd, lH, H—?, J[-n-ﬂz =75 HZ, Jaz_}“ =25 HZ),
2.30 (s, 15H, -Cp*), 0.90 (s, 3H, -C15Hs).

X-ray crystallography

Suitable crystals of [Cp*Rh(7°-PhO - H0)][BF4] 4a, were
obtained by recrystallization from acetone/hexane solution.
Crystallographic data are collected in table III. Accurate
cell dimensions and orientation matrices were obtained by
least-squares refinement of 25 accurately centered reflections
on a Nonius CAD4 diffractometer equipped with graphite-
monochromated MoK a radiation. No significant variations
were observed in the two check reflections during data col-
lection. The data were corrected for Lorentz and polariza-
tion effects; an empirical absorption correction (DIFABS)
[12] was applied. Computations were performed by using
CRYSTALS [13] modified locally for a Microvax II com-
puter. Scattering factors and corrections for anomalous ab-
sorption were taken from reference [14]. The structure was
solved by direct methods (SHELXS) [15] and refined by full-
matrix least-squares with anisotropic thermal parameters
for all non-hydrogen atoms. All hydrogen atoms were then
located on a difference Fourier map and their coordinates
refined with an isotropic thermal parameter. The structure
was refined to R = 0.0358 and R., = 0.0385 with use of 2 642
reflections for 470 least-squares parameters. Final atomic co-
ordinates and selected bond distances and angles are listed
in tables IV, V and VL
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