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Complete transligation of (AeO)4Rh z applied onto y-Al203 with 
4-ethyl-2,6,7-trioxa- 1-phosphabicyclo [2.2.2] octane 
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Complete transligation of (AcO)4Rh 2 with 4-ethyl-2,6,7-tdoxa-l-phosphabicyclo[2.2.2Joc- 
tane was conducted in the solid phase on ),-A1203. The reduction of Rh II to Rh I on y-AI203 
at 130 ~ 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-metbylphenol was used as a "spin trap" to 
identify stable secondary radical cations. 
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Bicyclic phosphite, 4-ethyl-2,6,7-trioxa- l -phosphabi-  
cyclo[2.2.2]octane (P(OCH2)3CEt) (1), which, unlike 
PPh 3 H P(OPh)3, is characterized by a low steric param- 
eter and the high electron-withdrawing properties, ! can 
bring about profound transligation of  dirhodium tetra- 
acetate(t0 z (AcO)4Rh 2 in organic solvents at elevated 
temperature to give a cationic rhodium(0 complex 
Rh[P(OCH2)3CEt]5 + (see Ref. 3). It is assumed that 
the cleavage of  the meta l - -meta l  bond and the reduction 
o f  Rh II to Rh I under the action of  P(OCH2)3CEt is 
accompanied by the oxidation of  the acetate anion to 
the acetoxy[ radical. However, the experimental data 
confirming this assumption are missing. 3 

To clarify the peculiarities of  complete transligation 
of  (AcO)4Rh 2 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. 

Results and Discussion 

Heating of  bicyclic phosphite 1 and (AcO)4Rh 2 (ra- 
tio P : Rh >_ 5), applied onto ~-A1203, at 130 ~ results 
in complete replacement o f  the acyl ligands in the 
rhodium complex.  This process is accompanied by the 
cleavage of  the meta l - -meta l  bond and the reduction of  
Rh I! to Rh i, as in the case for the react ion of  
P(OCH2)3CEt with (AcO)4Rh 2 in toluene 3 at 100 ~ 
which yielded a homoligand pentasubstituted complex 
[Rh(P(OCH2)3CEt)s IAcO (2). The product  of  the 
heterophase reaction can be easily eluted from the sup- 
port with dichloromethane,  and its physicochemicaI con- 

slants are virtually identical with those of  pentasubstituted 
rhodium(0 complex 2 obtained earlier. 3 

Complete transligation o f  (AcO)4Rh 2 with bicyclic 
phosphite I can be represented by  the following scheme: 

(AcO)4Rh 2 + 10 P(OCH2)3CEt ., 

2 Rh[P(OCH2)3CEt]sAcO + 2 CO 2 + C2H6, 

[Rh2] 4+ 4 -2  e ~ 2 Rh +, 

2 A c O - - 2 ~  - - , -  2 A c O "  ~ 2 C O 2 + C 2 H  6. 

This assumption 3 was based only on the identifica- 
t ion of  the rhodium(0 complex,  the only phosphorus- 
containing reaction product,  using mostly low-tempera-  
ture 31p N M R  spectroscopy. 

Here, ESR was used to check  whether two different 
types of  species, namely, paramagnet ic  rhodium ions 
and radical hydrocarbon fragments, can be generated in 
the (AcO)4Rh2--P(OCH2)3CEt--y-AI20 3 system and can 
undergo further transformations. 

The ESR spectra of  specimens prior to (I) and aRer 
(II) heating exhibited no signals for the paramagnetic 
Rh 2+ ions (the Rh 0 atoms are also paramagnetic, whereas 
the Rh + and Rh 3+ ions do not  contain unpaired elec- 
trons). Thus, the initial specimen I contains only binuclear 
Rh24+ complexes with paired electrons, which do not ap- 
pear in the ESR spectra, and subsequent high-tempera- 
ture transformations of  specimen I do not yield appre- 
ciable amounts of isolated Rh 2§ cations and Rh 0 atoms. 

Usually, it is difficult to obta in  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-Al203 aRer 
heating at 130 ~ in a flow of N2: (1) (AcO)4Rh2-- 
P(OCH2)3CEt (specimen 11), Tr~ = 20 ~ (2) (AcO)4Rh 2 -  
P(OCH2):;CEt--ionol (specimen llI), Tr~ = 20 ~ (3) speci- 
men lIl,  Tr~ = - 1 9 6  ~ 

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)4Rh2--P(OCH2)3CEt--~t-AI203 
system (Fig. 1, spectrum /). A well-known experimental 
procedure, where a "spin trap" is introduced into a 
system, favors accumulation of  stable secondary radical 
cations 6 and considerable enhancement of  the sensitivity 
of the method. We used 2,6-di-tert-butyl-4-methylphenol 
(ionol) as a "spin trap." Heating of the (AcO)4Rh2-- 
P(OCH2)3CEt--ionoI--,t-AI203 system in an atmosphere 
of nitrogen (specimen I l l )  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  ~ the signals of  an eight- 
component ESR spectrum became more intense with 
splitting 8--1 l 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 A120 3 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-Al203 after 
heating at 130 ~ in a flow of N2: (1) (AeO)4Rh 2 -  
P(OCH2)3CEt (specimen II), Tr~ = 20 ~ (2) ionol (speci- 
men V), Tfer = 20 ~ (3) P(OCH2)3CEt--ionol (specimen 
IV), rfec = 20 pc. 

face, whose concentrat ion 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 ~,-Al203--ionol 
(specimen V) and P(OCH2)3CEt--ionol--,t-A1203 (speci- 
men IV) systems heated in an atmosphere of nitrogen 
under the conditions of t reatment of specimen III were 
studied. In contrast to specimen I lI ,  the latter two 
specimens remain white colored upon heating. At 
- 196 ~ specimen V exhibits an ESR signal (see Fig. 2, 
spectrum 2), which is, however, one order of  magnitude 
less intense than that for specimen III (see Fig. 2, 
spectrum F). Therefore, the formation of  ionol radicals 
on the Lewis centers of-t-A1203 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 3), making it negligible 
compared to the main route of  radical accumulation 
according to the scheme 

But2MeC6H2OH-~ ~ But2MeC6H2 O, 

+H ~- 
A c O "  + ~ - A c O H ,  

Acetic acid resulting from the reaction of  ionol with 
the acetoxyl radical was detected in the gaseous phase by 
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IR spec t roscopy  ( v ( C O ) / c m - l :  1735, 1785) and  can  be 
isola ted prepara t ively .  It shou ld  also be n o t e d  tha t  the  
f o r m a t i o n  o f  C O  2, a possible  p roduc t  o f  d e c o m p o s i t i o n  
o f  the  i n t e r m e d i a t e  acetoxyl  radical ,  was de t ec t ed  in the  
synthes i s  o f  s p e c i m e n  II in the  absence  o f  ionoi  ( IR,  
v / c m - l :  2300 ( C = O ) ) .  5 

Thus ,  the  da ta  ob t a ined  can  be c o n s i d e r e d  as evi- 
d e n c e  in favor  o f  the  radical  m e c h a n i s m  o f  h i g h - t e m -  
p e r a t u r e  r e a c t i o n  o f  e x t e n s i v e  t r a n s l i g a t i o n  in the  
( A c O ) 4 R h 2 - - P ( O C  H2)3C Et system. 

Experimental 

31p NMR spectra were recorded on a Bruker WP-80 spec- 
trometer (32.4 MHz) at 30 ~ with 85% H3PO 4 as the external 
standard. IR spectra were recorded on a Specord 75 IR instru- 
ment using a 100-mL gas cell or for a solution in CH2CI 2 (KBr). 
ESR spectra were obtained with a reflector-type spectrometer in 
the X range (~. = 3.2 cm) at 20 and -196  ~ Samples 
(--40 nag) were placed in an ESR cell --4 mm in diameter and 
sealed. ESR spectra were recorded in the magnetic field strength 
range 0--4500 and 3200--3500 Oe for more precise measure- 
ments of narrow signals for radical species. U H F 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 diphenyl- 
picrylhydrazine (DPPH) as the standard. 

Pentakis(4-ethyt-2,6,7-trioxa- l-phosphabicyclo[2.2.2]oc- 
tane)rhodium0) acetate peutahydrate. A solution of bicyelic 
phosphi te  1 (Ref. 4, 0.18 g, 1.1 mmol)  in I0 mL of  
dichloromethane was added to (AcO)4Rh 2 (Ref. 2) (0.05 g, 
0.11 retool). The initial complex gradually dissolved, and the 
solution turned orange. Calcined y-Al203 (1.5 g; neutral, 
particle size 150 mesh, pore width 58 A, Brockmann activity 
I) was added to the resulting solution. Alumina was prepared 
by calcination at 400--450 ~ with complete loss of water. 
Its activity was judged from Rf 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 (1 Ton-) (specimen !) and 
placed in a flow-type reactor. The sample was heated to 
130 ~ in a flow of  dry oxygen-free nitrogen (gas consumption 
4 mL min - I )  and kept under these conditions for I h. The 
course of the reaction was monitored by IR 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 nag) of the reaction mixture 
was taken out before washing to study the paramagnetic prop- 

erties (specimen 11). The filtrate was concentrated, and the 
solid, white rhodium0) 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. C32H6~O22PRh. Calculated 
(%): C, 36.39; H, 6.23; P, 14.23. IR  (CH2C12), v / cm-I :  930, 
1015 (POC); 1710 (COO); 3300, 3600 (OH). 3tp N M R  
(CH2C12, 30 *C), 8: 121.6, lJP.Rh = 182.5 Hz. The complex 
is diamagnetic (cf  Ref. 3: 8P 121.0, IJp, Rh = 182.5 Hz; Freon 
122 : CD2C12, 3 : !). 

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

Specimen (III) .  A solution of bicyclic phosphite 1 (0.18 g, 
1.1 retool) in 10 mL of d ich loromethane  was added to 
(AcO)4Rh 2 (0.05 g, 0.11 mmol). Di-tert-butyl-4-methylphenol 
(0.15 g, 0.68 rru'nol) in 10 mL ofCH2CI  2 and calcined -f-AI203 
(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 (III). 

Specimen (IV). Di- ter t -butyl -4-methylphenol  (0.15 g, 
0.68 retool) in 10 mL of CH2CI 2 and calcined r-Al203 (1.5 g) 
were added to a solution of bicyclic phosphite 1 (0.18 g, 
1.1 mmol) in 10 mL of CH2CI 2. 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 OO. Calcined -t-AI20 3 (1.5 g) was added to a 
solut ion of  2 ,6 -d i - t e r t - bu ty l -4 -me thy lpheno l  (0.15 g, 
0.68 retool) in 10 mL of CH2C12. 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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