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Abstract

Reaction of [CyoH;3RhCI], (C1oH,; = dicyclopen-
tadiene) with KOMe in MeOH—THF at low tempera-
tures or with sodium hydroxide in presence of
CF3;CH,OH--THF medium gives the binuclear alkoxo
bridged complexes, [C;oH;;RE(OR)]; (R =CH; (a)
and CH,CF; (b)). The derivative a upon further treat-
ment with f-diketones gives the mononuclear com-
plexes, [C,oH;;RhL] (L = anions of S-diketones). The
IR, 'H and 3C NMR of these newly synthesized com-
plexes throw light on their structural features.

Introduction

Compared to the alkoxide chemistry of earlier
transition (including inner transition) metals [1], the
chemistry of alkoxo derivatives of later transition
elements does not appear to have received much
attention except for a number of publications from
our laboratories in recent years [2—12]. This may
possibly be due to the insoluble and non-volatile
nature of the alkoxides of later 3d metals [13] and
the unstable nature of the alkoxides of platinum
metals in general [14—17].

During recent years, intensive studies have been
carried out on the applications of platinum metal
complexes into homogeneous catalytic reactions
including homogeneous hydrogenation of the C=C
bonding.

In view of the above, it was thought worthwhile to
synthesize alkoxy derivatives of rhodium containing
dicyclopentadiene (C,oH;,) for the first time and to
investigate their physicochemical characteristics.

Results and Discussion

The reaction of rhodium(I) complex [C;oH;;-
RhCl], with KOMe in 1:2 molar ratio in MeOH—THF
medium, carried out at low temperatures (around
—10 °C) can be represented by the following equa-
tion:
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The complex a is a greenish yellow solid, soluble in
dichloromethane and chloroform.

As compared to the methoxo bridged rhodium
complex (a) the corresponding fluorinated alkoxo
complex (b) appears to be quite stable; it can be
synthesized at room temperature by the reaction of
the chloride complex with two equivalents of sodium
hydroxide in aqueous trifluoroethanol:
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The reactions of complex a with p-diketones (LH)
such as 2,4-pentanedione, benzoylacetone and diben-
zoylmethane in a 1:2 molar ratio in CH,Cl, medium
have yielded the mononuclear g-diketonates of
rhodium(T), [CyoH;2RhL] complexes (L = anions of
B-diketones) (c—e):

+2NuCIl

{o) (c—e)
(Rj=Ry=Me or Ph ; R) =me and Ry=Ph)

In these derivatives, the central metal rhodium is
expected to attain a four coordination environment
as reported earlier [16].

Infrared Spectra

In the IR spectra, the following points appear to
be significant:

(1)In the spectra of the chloride complex,
[C1oH2RAC1],, two strong bands are observed at 247
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and 270 cm™! due to the (Rh—Cl) vibrations. These
bands disappear in the alkoxo derivatives of rhodium-
(M [15].

(2) In the alkoxo complexes, a strong broad band
is observed at ~1060 c¢cm™!, which is a characteristic
absorption band for the ¥(C—0) modes [14].

(3) A strong band at ~540 cm™! may be assigned
to the Rh—O stretching vibrations.

(4) The C====C and C===-0 vibrations appear at
15251555 and 1560—1590 cm™! respectively in the
B-diketonate complexes (c—e). It may, therefore, be
inferred that chelate formation takes place through
the 0,0 -coordination of p-diketone anions [18].

1H NMR Spectra

The *H NMR spectra of rhodium(l) complexes
were recorded in CDCl;. The frequencies of these
derivatives are listed below:
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§6.13, HH,: 64.67, HHqHeHy; 5424,
HyHy; 63.37, HHy 3 §2.90, HyHy 5 62.36, HoH, -
H.He;82.0, HeHy; 81.63, HeHg'-

[CioH12 RR(OCH3)]

8534, HgH,; 8395, HHeHerHyn; 8342,
H,Hy; 63.18, HH,; 6270, HuHp'; 62.50, HeH, -
He He; §2.0, HeHy; 81.62, HaHy'; 82.62, alkoxy
protons.

[CioH1, RR(OCH,CF3)],

8549, H,H,; 84.15, HH.H.H,; 5383,
HpHy'; 83.52, HgHy:; 83.28, HyHy'; 62.86, HH,'-
He'Hevrs §2.0, HeHy'; 61.64, HgHy'; §2 .25, alkoxy
protons.
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It may be inferred from the above data that most
of the signals due to saturated protons appear in
almost the same region in the PMR spectra of the
chloro bridged as well as their corresponding alkoxy
bridged rhodium(1) complexes. The signals due to the
olefinic protons appear to shift slightly towards a
higher region on replacing the chloro by the alkoxo
group, which shows that the n-type interactions are
retained in the alkoxo derivatives, unlike the
platinum analogues which behave differently [14].

13¢C NMR Spectra
Important signals observed in the *3C NMR spectra
of rhodium(I) complexes in CHCl; are listed below:

[CioH12RACl/,

593.45, CoCyr (J = 16 Hz);579.6,77.0, CoCo'Corr-
Co; (J=15 Hz); §65.0, CpCy (= 18 Hz); 655 8,
CeCe'Ce''Cerrr; 853.0, CyCn'; 841.3, C¢Cy'; 631.3,
CdCd"

[CroH 1, RW(OCHS)]

592.85, CyCar (J=18 Hz); 6§76.0, C,Co'Cer'Cerre
(/=18 Hz); 63.4, alkoxy carbons; 61.3, C,Cy' (J =
18 Hz); 579, CeCqCerCerv; 44.0, CyCyhr; 33.8, CCy';
25 .2, CdCd"

It has been reported that *J(Rhg) for olefinic car-
bon atom is not large (10—~14 Hz) and for cyclopenta-
dienyl group it is zero [14]. 2J(Rh¢) values for olefinic
C atom from the above data are found to be in the
range of 15—18 Hz. These observations are in confor-
mity with those of the PMR spectra and indicate the
presence of w-type interactions in the metal ring
bonding system of the alkoxo derivatives also [19].

Experimental

Methanol, tetrahydrofuran dichloromethane were
dried by the literature methods [9]. Acetylacetone
(BDH) was used after careful fractionation (boiling
point 135—137 °C). 2,2,2-Trifluoroethanol (Aldrich)
was used after distillation.

Infrared spectra were recorded as CsI pellets in
the region 4000—200 cm™! on a Perkin-Elmer 557
spectrophotometer. Far infrared spectra were
recorded on a CSMCRI FT-IR model in the region
500—24 cm™!. The NMR spectra were recorded on a
Perkin-Elmer Model R 32B at 90 MHz using SiMe,
as internal standard. Carbon and hydrogen were
determined by AMDEL (Australian Microanalytical
Service), Victorial, Australia.

Methods of Preparation

Reaction of [CyoH, RhCI], with KOMe in

methanol

KOMe in methanol was added slowly to a solu-
tion of [CyoH;2RhCl], in tetrahydrofuran at low
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TABLE L Reactions of [CyoHj3RhCl], with NaOH/KOR in Tetrahydrofuran—Parent Alcohol

Reactants Molar ratio Products Analysis (%)
(medium) found (calc.)
Carbon Hydrogen

[C]oH lthCl] 2t NaOH 1:2 [C IOH 12Rh(0Me)]2 49.07 5.45
0.41 g (0.06 g) (methanol + THF) greenish solid, soluble (49.61) (5.62)

in CHCl;, CH,Cl,
[C10H12RhCl1], + NaOH 1:2 [C10H12Rh(OCH,CF3)], 4291 395
0.45g) 0.07g) (2,2,2-trifluoroethanol + THF) yellow solid, soluble “43.11) 4.19)

in CHCl3, CH,Cl,
[CioH2RICE], + K 1:2 [C1oH12Rh(OME)], 49.16 5.72
(0.46 g) .07 g) (methanol + THF) greenish solid, soluble 49.61) (5.62)

in CHCl3, CH,Cl,
TABLE II. Reactions of [C1gH;,RhCl], with g-Diketones in Dichloromethane
Reactants Molar ratio Products Analyses (%)

(medium) found (calc.)
Carbon Hydrogen
[C 10H 12Rh(0Me)]2 + acacH 1:2 [Cl()H 12Rh acac] 53.12 598
(0.38 g) (0.14g) (CH,Cl,) dark yellow solid, (53.89) (5.68)
soluble in CHCl3, CH,Cl,
[C1oH zRh(OMe)]; + bzacH 1:2 [Ci6H 12Rh bzac] 60.02 5.45
0.31g) 0.19g) (CH,Cl,) dark yellow solid, (60.61) (5.30)
soluble in CHCl3, CH,Cl,

[C1oH12Rh(OMe)], + dbmH 1:2 [CioH12Rh dbm] 65.31 5.21
0.41g) (0.34 ) (CH,Cl,) dark yellow solid, (65.50) (5.02)

soluble in CHCl3, CH,Cl,

temperatures, around —10 °C. The colour of the solu-
tion is changed from orange to greenish dark yellow.
The solvent was removed under reduced pressure,
followed by addition of dichloromethane, to separate
the soluble product from the insoluble KCl. The
greenish dark yellow filtrate was concentrated and
the product was crystallized (in 70% yield) in
CH,Cl,— MeOH mixture (Table I).

Reaction of [CyoH1, RhCl], with NaOH in

2,2, 2-trifluoroethanol

[C1oH2RhCl], was dissolved in 2,2,2-rifluoro-
ethanol and tetrahydrofuran and a calculated amount
of sodium hydroxide was added with stirring at room
temperature. A clear dark yellow solution is obtained.
After removal of the solvent under reduced pressure,
the complex was extracted with the minimum
amount of dichloromethane. The product was crystal-
lized (in 60% yield) in CH,Cl,—CF3;CH,OH mixture
(Table I).

Reactions of [C1oH1,RNCl], with B-diketones in

dichloromethane

2,4-Pentanedione, benzoylacetone or dibenzoyl-
methane (LH) was added to a clear greenish dark
yellow solution of [C;oHy;,RhCl], in dichloro-
methane. The mixture was stirred for about 24 h.
The solvent was then removed under reduced pressure
and the products were crystallized at low tempera-
tures in n-hexane and dichloromethane mixture
(Table II).
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