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Complete transligation of (AcO)4Rh, applied onto v-AlL,O
4-ethyl-2,6,7-trioxa-1-phosphabicyclo[2.2.2]octane

A. T. Teleshev,® V. V. Morozova,** E. E. Nifant'ev,” and A. V. Kucherov®

2Department of Chemistry, Moscow Pedagogical State University,
3 per. Nesvizhskii, 117021 Moscow, Russian Federation.
Fax: +7 (095) 246 7766
bN. D. Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences,
47 Leninsky prosp., 117913 Moscow, Russian Federarion.
Fax: +7 (095) 135 5328

Complete transligation of (AcQO)4Rh; with 4-ethyl-2,6,7-trioxa- L -phosphabicyclof2.2.2joc-
tane was conducted in the solid phase on y-Al,03. The reduction of Rh!! to Rh! on v-Al,0,
at 130 °C under the action of the above-mentioned bicyclic phosphite is accompanied by the
oxidation of the acetate anion to the acetoxyl radical. The oxidation products were detected
by IR and ESR spectroscopy. 2,6-Di-tert-butyl-4-methylphenol was used as a "spin trap” to
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identify stable secondary radical cations.
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Bicyclic phosphite, 4-ethyl-2,6,7-trioxa-1-phosphabi-
cyclo[2.2.2}octane (P(OCH,);CEt) (1), which, unlike
PPh; u P(OPh);, is characterized by a low steric param-
eter and the high electron-withdrawing properties, ! can
bring about profound transligation of dirhodium tetra-
acetate(11) (AcO)4Rh; in organic solvents at clevated
temperature to give a cationic rhodium(r) complex
Rh[P(OCH,);CEt}s* (see Ref 3). It is assumed that
the cleavage of the metal-—metal bond and the reduction
of Rh! to Rh! under the action of P(OCH,),CEt is
accompanied by the oxidation of the acetate anion to
the acetoxyl radical. However, the experimental data
confirming this assumption are missing.3

To clarify the peculiarities of complete transligation
of (AcO)4Rh, with bicyclic phosphite 1, we carried out a
heterophase reaction between these reagents in the ab-
sence of any background organic solvent that would
prevent such a study.

Resuits and Discussion

Heating of bicyclic phosphite 1 and (AcO)4Rh; (ra-
tio P : Rh 2 5), applied onto y-Al,03, at 130 °C results
in complete replacement of the acyl ligands in the
rhodium complex. This process is accompanied by the
cleavage of the metal—metal bond and the reduction of
Rh!l to Rh!, as in the case for the reaction of
P(OCH;);CEt with (AcO)4Rh, in toluene? at 100 °C,
which yielded a homoligand pentasubstituted complex
[Rh(P{OCH,);CEt)5]JAcO (2). The product of the
heterophase reaction can be easily eluted from the sup-
port with dichloromethane, and its physicochemical con-

stants are virtually identical with those of pentasubstituted
rhodium(t) complex 2 obtained earlier.3

Complete transligation of (AcO)4Rh; with bicyclic
phosphite 1 can be represented by the following scheme:

(ACO)4Rhy + 10 P(OCH;)qCEt —a
— 2 Rh[P(OCH,)3CEtJsACO + 2 CO, + CoHg,

[Rhpj** + 28 —s 2 RAY,

2Ac0"-28@& —» 2Ac0° —= 2CO, + CoHg.

This assumption? was based only on the identifica-
tion of the rhodium(i) complex, the only phosphorus-
containing reaction product, using mostly low-tempera-
ture 3'P NMR spectroscopy.

Here, ESR was used to check whether two different
types of species, namely, paramagnetic rhodium ions
and radical hydrocarbon fragments, can be generated in
the (AcO)4Rh,—P(OCH,);CEt—v-Al, 05 system and can
undergo further transformations.

The ESR spectra of specimens prior to (I) and after
(I1) heating exhibited no signals for the paramagnetic
Rh?* ions (the RhO atoms are also paramagnetic, whereas
the Rh* and Rh3* ions do not contain unpaired elec-
trons). Thus, the initial specimen I contains only binuclear
Rhy%* complexes with paired electrons, which do not ap-
pear in the ESR spectra, and subsequent high-tempera-
ture transformations of specimen ! do not yield appre-
ciable amounts of isolated Rh?* cations and Rh? atoms.

Usually, it is difficult to obtain direct experimental
evidence in favor of the radical mechanism of transfor-
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Fig. 1. ESR spectra of Rh systems applied onto y-Al,O; after
heating at 130 °C in a flow of Ny (I) (AcO)4Rhy—
P(OCH,);CEt (specimen 1I), T = 20 °C; (2) (AcO)4Rhy—
P(OCH,);CEt—ionol (specimen III), T, = 20 °C; (J) speci-
men HI, T = —196 °C.

mations, because the current concentration of radicals is
so low that they cannot be detected by ESR. In our case
too, no significant ESR signal was observed at g = 2.002
upon heating of the (AcO)4Rh,—P(OCH,);CEt—y-Al,04
system (Fig. |, spectrum I). A well-known experimental
procedure, where a "spin trap” is introduced into a
system, favors accumulation of stable secondary radical
cations® and considerable enhancement of the sensitivity
of the method. We used 2,6-di-fert-butyl-4-methylphenol
(ionol) as a "spin trap.” Heating of the (AcO)4Rh,—
P(OCH,);CEt—ionol—y~Al,O5 system in an atmosphere
of nitrogen (specimen III) yields a characteristic violet

color, and the ESR spectra of the specimen exhibit =

intense signals (see Fig. 1, spectra 2 and 3). When the
sample was frozen to —196 °C, the signals of an eight-
component ESR spectrum became more intense with
splitting 8—11 Oe and g = 2.004 (see Fig. 1, spectrum
2), but the shape of the spectrum changes only slightly,
e.g., moderate broadening of the components is observed
(see Fig. 1, spectrum 2). The signals observed are char-
acteristic of organic radical cations devoid of rotational
freedoms, which is typical of ionol molecules firmly
chemisorbed onto alumina surface.

When Al,O; is used as a support, it should be taken
into account that Lewis centers may occur on its sur-
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Fig. 2. ESR spectra of system applied onto y-Al;O5 after
heating at 130 °C in a flow of Ny (/) (AcO)4Rh;—
P(OCH,);CEt (specimen {I), T = 20 °C; (2) ionol (speci-
men V), T, = 20 °C; (3) P(OCH,;);CEt—ionol (specimen
V), T,.c = 20 °C.

face, whose concentration depends on the conditions of
preliminary calcination. These centers can generate radi-
cal cations from molecules with a low ionization poten-
tial, such as ionol. For comparison, the y-Al,0;—ionol
(specimen V) and P(OCH,);CEt—ionol—y-Al,05 (speci-
men [V) systems heated in an atmosphere of nitrogen
under the conditions of treatment of specimen I were
studied. In contrast to specimen III, the latter two
specimens remain white colored upon heating. At
—196 °C, specimen V exhibits an ESR signal (see Fig. 2,
spectrum 2), which is, however, one order of magnitude
less intense than that for specimen I[II (see Fig. 2,
spectrum ). Therefore, the formation of ionol radicals
on the Lewis centers of y-Al;O; makes a minor contri-
bution. Moreover, the presence on the surface of phos-
phite, which blocks effectively the Lewis centers, de-
creases this contribution by an additional order of mag-
nitude (see Fig. 2, spectrum J3), making it negligible
compared to the main route of radical accumulation
according to the scheme

ButzMeCGHon -8 —_H:. Bu‘zMeCstO' ,

AcO" +& ML acoH.

Acetic acid resulting from the reaction of ionol with
the acetoxyl radical was detected in the gaseous phase by
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IR spectroscopy (v(CO)/cm™!: {735, 1785) and can be
isolated preparatively. It should also be noted that the
formation of CO,, a possible product of decomposition
of the intermediate acetoxyl radical, was detected in the
synthesis of specimen Il in the absence of ionol (IR,
v/em™!: 2300 (C=Q)).5

Thus, the data obtained can be considered as evi-
dence in favor of the radical mechanism of high-tem-
perature reaction of extensive transligation in the
(AcO)4Rh,—P(OCH,);CEt system.

Experimental

3Ip NMR spectra were recorded on a Bruker WP-80 spec-
trometer (32.4 MHz) at 30 °C with 85% H;PO, as the external
standard. [R spectra were recorded on a Specord 75 IR instru-
ment using a [00-mL gas cell or for a solution in CH,Cl, (KBr).
ESR spectra were obtained with a reflector-type spectrometer in
the X range (A = 3.2 cm) at 20 and —196 °C. Samples
(~40 mg) were placed in an ESR cell ~4 mm in diameter and
seajed. ESR spectra were recorded in the magnetic field strength
range 0—4500 and 32003500 Oe for more precise measure-
ments of narrow signals for radical species. UHF power was
varied to check the absence of saturation effect. ESR spectra
were characterized by the hyperfine structure (HFS) constant
and g factor values determined with respect to diphenyi-
picrylhydrazine (DPPH) as the standard.

Peatakis(4-ethyl-2,6,7-trioxa-1-phosphabicyclo[2.2.2}oc-
tane)rhodium(r) acetate pentahydrate. A solution of bicyclic
phosphite 1 (Ref. 4, 0.18 g, 1.1 mmol) in 10 mL of
dichloromethane was added to (AcO)4Rh; (Ref. 2) (0.05 g,
0.11 mmol). The initial complex gradually dissolved, and the
solution turned orange. Calcined y-Al;0; (1.5 g; neutral,
particle size 150 mesh, porc width 58 A, Brockmann activity
I) was added to the resulting solution. Alumina was prepared
by calcination at 400—450 °C with complete loss of water.
[ts activity was judged from R; of p-aminobenzene. The sol-
vent was removed on a rotary evaporator. The dry residue was
kept at 30 °C for 0.5 h in vacuo (I Torr) (specimen I) and
placed in a flow-type reactor. The sample was heated to
130 °C in a flow of dry oxygen-free nitrogen (gas consumption
4 mL min~!) and kept under these conditions for | h. The
course of the reaction was monitored by [R spectroscopy of
gaseous reaction products. The reactor was then cooled, and
the reaction mixture was washed on a filter with 10 mL of
dichloromethane. A portion (~30 mg) of the reaction mixture
was taken out before washing to study the paramagnetic prop-

erties (specimen lI). The filtrate was concentrated, and the
solid, white rhodium(1) complex was washed on a filter with
hexane. Yield 0.048 g (40%), m.p. >185 °C (decomp.). Found
(%): C, 36.15; H, 6.40; P, 14.59. C3;Hg05,PRh. Calculated
(%): C, 36.39; H, 6.23; P, 14.23. IR (CH,C}y), v/em™!: 930,
1015 (POC); 1710 (COQ); 3300, 3600 (OH). 3'P NMR
(CH,Cl,, 30 °C), 5: 121.6, 'Jp gy, = 182.5 Hz. The complex
is diamagnetic (¢f Ref. 3: 5P 121.0, Up g, = 182.5 Hz; Freon
122 : CDzClz, 3: 1).

2,6-Di-terr-butyl-4-methylphenol (spin trap) was added to
the following specimens.

Specimen (III). A solution of bicyclic phosphite 1 (0.18 g,
1.1 mmol) in 10 mL of dichloromethane was added to
(AcO)4Rh; (0.05 g, 0.11 mmol). Di-zert-buty!-4-methylphenol
(0.15 g, 0.68 mmol) in 10 mL of CH,Cl, and calcined y-Al,04
(1.5 g) were added to the reaction mixture. The solvent was
removed on a rotary evaporator, and the residue was processed
as described above. The reactor was cooled to give violet
specimen (II1).

Specimen (IV). Di-fert-butyl-4-methyiphenol (0.15 g,
0.68 mmol) in 10 mL of CH,Cl, and calcined y-AL,O; (1.5 g)
were added to a solution of bicyclic phosphite 1 (0.18 g,
1.1 mmol) in 10 mL of CH,Cl;. The solvent was removed on a
rotary evaporator, and the residue was worked up as described
above. The reactor was cooled to give white specimen (IV).

Specimen (V). Calcined y-Al,O3 (1.5 g) was added to a
solution of 2,6-di-terr-butyl-4-methylphenol (0.15 g,
0.68 mmol) in 10 mL of CH;,Cl,. The solvent was removed on
a rotary evaporator, and the residue was worked up as de-
scribed above. The reactor was cooled to give specimen V.
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