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Abstract

Uranium tetrachloride, uranyle chloride, fluoride and also nitrate or acetate are very efficient homogeneous catalysts for
the Friedel-Crafts acylation of aromatic compounds. With uranyle salts, the reaction, carried under dry air, is highly specific
and the mono- or bisacylation products are obtained in high yield. Uranyle catalyst can be quantitatively recovered and reused
and the organic products are obtained free of uranium. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction cused our attention on the homologous 5f elements:
the actinides. Among natural actinides, only ura-
In spite of numerous works, obtaining efficient, nium complexes are commercially available or eas-
reusable and cheap catalysts for the Friedel-Craftsily synthesized. Like rare earth, uranium salts are
acylation of aromatic compounds remains a chal- non-hydrolysable and very strong Lewis acids and,
lenge. For this purpose, a great number of metal therefore, appear as reusable catalysts for these reac-
salts have been tested, especially hard Lewis acids,tions.
non-hydrolysable lanthanides derivatives. Soluble ~ We report here on the performances of urarum
lanthanides trifluoromethane-sulfonates [1-7] and and uraniun{' salts as catalysts for Friedel-Crafts
bis(trifluoromethylsulfonyl)amides [8,9] act as ho- acylations reactions.
mogeneous catalysts. In another way, supported
lanthanides halides act as heterogeneous catalysts . .
[10-12] whereas unsupported salts or their ethers 2- Results and discussion
adducts act also as homogeneous catalysts [13]. The

catalytic activity of the salts of 4f elements has fo- It has been clearly established that the ability of

a Lewis acid to catalyse a Friedel-Crafts reaction is

* Corresponding author. Fax:33-3-80-39-60-84. strongly reI.ated to the formatlon of the acylium ion
E-mail addressesbaudryd@u-bourgogne.fr (D. Barbier-Baudry), ar']d essentla”y to the stability of the cpmplex forme_d
adormond@u-bourgogne.fr (A. Dormond). with the reaction product. In a catalytic process, this
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complex must be easily dissociated, obtaining a sta- terial or from the reactors by washing with neutral or
ble complex preventing catalysis [14]. Preliminary ex- acidic water. As they are non-hydrolysable, they can
periments have shown that*Uand U"' complexes  be recovered from aqueous solutions.

gave deep colored (red to deep purple) charge trans-

fer complexes with acid chlorides indicating an easy 3.1. Uranium"

formation of the acylium ion. At the opposite, not any

stable complexes with the ketones obtained in acy- UCI4 is the most common Y salt. It is commer-
lation reactions (benzophenone, benzonaphtone, etc.)cially available, but a high quality product can be
were formed; in solution, no significant change of the rapidly synthesized on a large scale from uranyle ni-
position of the GO band has been observed. Aro- trate or uranium oxide [15]. This compound is ob-
matic ethers (anisole, veratrole, etc.) were also un- tained anhydrous and free of solvent. It forms stable
able to give adducts with these salts. Then, uranium adducts with ethers and is well soluble in these sol-
and uranyle salts must act as good catalysts for the vents. UC} is hygroscopic but not easily oxidised,
Friedel-Crafts acylation. A possible mechanism is re- it can be dissolved without change of oxidation state

ported in Scheme 1. in degassed water. It is stored and handled under dry
nitrogen.
3. Uranium salts 3.2. Uraniunt/
All commercially available uranium salts are ob- ~ Commercially available uranyle salts are: hexahy-

tained from depleted uranium provided by nuclear in- drated nitrate: U(NOg),-6H,0, dihydrated acetate:
dustry. Depleted uranium contains weakly radioactives UO2(CH3CO;)2-2H,0 and uranium oxide §Dsg.
238, ca. 99.8%T1/2 4.51x 10° years) and>*U, ca. Uranyle chloride: UGCI,HCI-2H,0, is very easily
0.2% (T1/2 7.00 x 108 years) and a variable amount, prepared from uranium oxide 3@g. Uranium flu-
10-80 ppm of much more acti¥é*U (T1/2 2.47x 10° oride: UGF,, is the most common salt providing
years). All are essentially emitters (4.2—4.7MeV).  from nuclear industry and has been purchased by
238 is poisonous for kidney and bofd*U and?3°U COGEMA. These two last compounds are very hy-
are poisonous for bones. Of course, the storage andgroscopic and must be kept and handled in a dry box.
the handling of their derivatives require some elemen-

tgry precautions: the glass wall c_Jf the ves_sel is s_uffi- 4. Acylation reactions

cient to stop ther beam and oral intake or inhalation

must be carefully prevented. Schlenk-type vessels are4.1. U’V as catalyst

used for storage and the reactions were performed in

a closed hood. Uranium salts are very soluble in water  The standard test is the benzoylation of anisole with
and can be easily removed from the organic crude ma- benzoyl chloride (Scheme 2):
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Scheme 2.

This reaction was performed under nitrogen with Table 2
an excess of anisole (0.05mol) and benzoyl chlo- Comparison between uranium and lanthanide chlorides in anisole
ride (0.01 mol) without additional solvent, the tem- Penzoylation (anisole/PhCOEI 5,154°C)

perature was limited by reflux of anisole: T%2 Catalyst Amount % Time (h) Yield %
At thIS. tempgratpre, ugl was completely dIS-' NdCl; anhydrous 5 5 27
solved in the liquid and the colour turned immedi- Ndcl;, 3THF 5 5 84
ately intense red-orange. At 83, the dissolution GDCIl3 anhydrous 5 5 70
of UCls was much slower and the colour turned UYCla 5 0.2 92

orange-brown. In all cases, the mixture became UCla ! ! 2

homogeneous and no precipitate was obtained af-
ter cooling. The reaction was highly regioselective,
affording ca. 95% of 4-methoxybenzophenofib

A comparison between these results and those ob-

and ca. 5% of 2-methoxybenzophenohe Yields tai_ned_with Iantha_nides salts [17] in anisole be_r!zoy-
lation is reported in Table 2. In the same conditions,

corresponding to the total amount of methoxyben- : S -

zophenone were estimated by gas phase chromato-/ranium tetrachlonde_ is more efficient than .analo—
graphy (GC). The experimental results are given in gous trichlorolanthanide salts. The same regioselec-
Table 1 tivity was observediifla = 95/5) with lanthanides

UCI4 was recovered after removal of the solvents or uranium salts.
under vacuum or after concentration and precipitation
by addition of pentane.

Under dry nitrogen, no significant oxidation oc-
curred, the UV-VIS spectrum of pure and recovered
UCl4 were identical (peaks at 625 and 630 nm* U
salts give a peak at 420 nm [16]).

Good vyields are obtained in a short time, with 1%
of UCl4 as catalyst. Further experiments will be per-
formed with 1% or less of uranium salts.

5. UY! as catalyst
5.1. Standard experiments

Uranyle salts are stronger Lewis acids than par-
tially covalent UC}, then they must be more active
catalysts. Uranyle chloride:U@lIy, fluoride: UG R,
nitrate: UQN, and acetate: U&Ac,, have been
tested for anisole benzoylation (vide supra). All these
salts being very stable, the reactions were performed
under dry air. In all cases, the mixture turned very
rapidly red-orange and became homogeneous. After

Table 1
Benzoylation of anisole, no solvent

UCl; % Time (h) Temperature°C) TR  Yield %

5 1 154 100 92 complete consumption of benzoyl chloride and cool-
31 é 1121 128 ;g ing at room temperature, UQl, and UQF; preci-
01 5 84 5 > pitated and were recovered by filtration whereas more

—— - soluble UQN> and UQACc, remained in solution. In
aThe amount of UG is given in moles of uranium per moles . . 0
of benzoyl chioride all reactions, a mixture of 4-methoxglf) (96%) and
bTR% corresponds to the transformation rate of PhCOCI 2'me‘th0Xyben20phen0ne150 (4%) was obtained.
estimated by GC. Experimental results are summarised in Table 3.
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Table 3
Benzoylation of anisole, uranyle salts as catalysts,’C54

purification, is insufficient to prevent the reaction.

However, additional water decreases significantly

Entry Catalyst Yield % the reaction rate. After addition of 2% of water, no
1h 4h 8h 24h reaction occurred.
4. With U3QOg, the reaction is slow (entry 9). In fact,
1 UCls 1% 72 - - - . )
> UO,Cly 1% 97 _ _ _ the catalyst is UQCI, formed by reaction of the
3 UO,Cl, 0.1% 32 63 71 - oxide with HCI generated in situ. After workup, a
4 UOF, 1% 92 - - - mixture of UsOg and UQCI; is isolated by filtra-
5 UGF, 0.1% 40 59 - - tion. Fig. 1 compares the catalytic activities of ura-
6 UO:N; 1% 77 88 - - ; .
nium and uranyle salts to the best result obtained
7 UO;N; 0.1% 27 30 41 74 . . . ) X
8 UO,AC,1% 52 — B _ in lanthanides series for anisole benzoylation [12]
9 U3Og 1% 29 55 - 95 (1% catalyst, 1 h).

a After 30 min 88%.

From these results, it appears that 6. Scope of the activity of UC} and UOCl3

. For shortreaction times, the best yields are obtained

with UO,Cl», entries 2, 3 and UgF,, entries 4, To establish the limits of activity of the cata-
5. Both uranyle fluoride and chloride show very lysts, benzoylation of various activated or deacti-
similar performances. vated aromatic compounds are investigated. In all

. A total of 1% molar of catalyst gives high yields cases, the reaction temperature was the boiling point

within 1h. When 0.1% of chloride or nitrate are 0f the reagents. Using Ugl(Table 4), fluoro (or
used (entries 3, 5, 7), reaction times are much chloro)benzene or benzene or toluene cannot be acy-

longer. Further reactions will be carried with 1% lated. Good yields were obtained with mesitylene
of catalyst. (1,3,5 trimethylbenzene) and 2-methoxynaphtalene.

. The small amount of crystallisation water contained ~ In the same manner, with UGl as catalyst

in the catalysts or water in anisole, used without (Table 5, Fig. 2), no reaction occurred from fluoro-

100

9%
80
70
60
50
10
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20
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04

Gdds UO2F2 UO2N2 "U3os"

Fig. 1. Catalytic activity of uraniuM, uraniunY' and lanthanidé derivatives.
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Table 4

Benzoylation of aromatic substrates Y%, no solvent, reflux
Substrate Aspect Time (h)  Yield %
Fluorobenzene Heterogeneous 5 0
Benzene Heterogeneous 5 0
Mesitylene Homogeneous 5 87
Anisole Heterogeneous 1 72

2-Methoxy-naphtalene  Heterogeneous P 30 8&

2Three isomers, see below.
b The unit is expressed in minutes.

Table 5

199

Benzoylation of aromatic substrates, 1% 4@y as catalyst, no

solvent, reflux

(or chloro-) benzene or benzene. From toluene, a slow p-Xylene

reaction afforded a mixture ahetg ortho and para

isomeres in the ratio 1/4/6, an excess of benzoyl chlo- Mesitylene
ride was necessary to obtain a good yield. Cumene pesitylend

(isopropylbenzene) deactivated by hyperconjugation,
did not react whereas paraxylene reacted rapidly and,

Substrate Ratio Yield (GC) after
ArH/PhCOCI ih ah 8h 24ah

Fluorobenzene 5/1 0
Fluorobenzene 1/5 0
Benzene 5/1 0
Benzene 1/5 0
Toluene 5/1 12 20 22 22
Toluene 1/5 44 70 83
Cumene 5/1 0 0 0 Traces

5/1 36 44 47 63
p-Xylene 1/5 76 86 93 95 52
Mesitylene 5/1 99

1/5 8+ 92 9%

1/5 17+ 83* 99

with an excess of benzoyl chloride, led to the forma-

tion of a small amount of bisbenzoylation product. _ . _
The more substituted, but more activated mesitylene Of acyl chloride, the bisbenzoylation compoudias

was very reactive. After 1 h, the monoalkylation com- obtained nearly quantitatively (Scheme 3). Similar
pound2 was formed in high yield and, with an excess Yields were obtained with Ug as catalyst.

aBisbhenzoylation products.
bUO,F; as catalyst.

100 -'——T
90

60 4

yield %
()

p

®©

12

time (hours)

—l
[ /./’_’ —e— cumene
80 —a— toluene
—a— p-xylene
70 —- mesitylene
—— durene
//
) [
20 2
10 %
0 o o &- o-
0 4

24

Fig. 2. Benzoylation rate of substituted benzenes (ratio ArH/ArCOGE) 1, reflux, 1% UQCI, as catalyst.
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In the same conditions, sterically hindered Table 6
durene (1,2,4,5-tetramethylbenzene) reacted slowly Benzoylation of durene, no solverit, = 198'C*
(Scheme 4) in the presence of a stoichiometric amount Ratio of TR (GC) and rate¥/5 after
of benzoyl chloride. The monobenzoylation com- ArH/ArCOCI oh an an ah
pound 4 was obtained after 8h nearby ca. 10% of
the bisbenzoylation compoursl With an excess of /1 60 (100/0) 90 (88/12) 93 (85/15)
benzoylchloride, a Iarge' amount 8fwas obtained. 12 13% ((21//22) 9 ((‘;;//232’)) 100 ((22//77;)) (13/87)
Nevertheless, the reaction was not complete, even
after 24 h heating (Table 6, Fig. 2). 8The values in the parenthesis denote the ratd/sf

Activated aromatic ethers reacted rapidly whatever
the catalyst (Table 7). From anisole or phenetole tane after cooling afforded directly greenish-white
(ethoxybenzene), thearaisomersla and6 were ob- crystals in high yield (85%).
tained in 95-96% yield. From thioanisole, the reaction  Veratrole (1,2-dimethoxybenzene) gave exclusively
was significantly slower giving and a small amount 8 (Scheme 5). 2-methoxynaphtalene reacted very
(ca. 3%) of disubstituted products. Addition of pen- rapidly with benzoyl chloride. After 10 min, benzoyl

Table 7
Acylation of aromatic ethers, 1% catalyst
Substrate Reagent Ratio Catalyst Time (h) T (°C) TR% Yield% (GC)
Anisole PhCOCI 1.1/1 uecCl, 1 154 100 90
Anisole (PhC0O)20 11 uecl, 5 154 25 Traces
Anisole MeCOCI 1/10 UQ@Cl; 5 52 20 0
Thioanisole PhCOCI 11 Ul 4 154 100 85
Phenetole PhCOCI 1.1/1 Ual, 1 154 100 74
Phenetole 4-CIPhCOCI 1.1/1 Ual, 1 169 100 74
Veratrole 4-CIPhCOCI 1.1/1 ULl 1 206 100 67
2-MeONp PhCOCI 11 UeCl, 10° 198 100 92
2-MeONp PhCOCI 1/1 UekF, 15° 198 100 90
2-MeONp MeCOCI 1/10 ual 1 52 100 84
2-MeONp MeCOCI 1/10 U@AcC, 1 52 100 90

2 ArOR/RCOCI.

bsolated crude crystals.
CUnits are expressed in minutes.
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XR XR Table 8

Acylation of aromatic ethers, ArOR/RCOCE 1.1/1, 0.25%
+ PhCOCI —_— U02C|2
6,7 :96% Substrate  Reagent Time (h) T (°C) TR/ArCOCI
AN Anisol hcocl )
X = _ X = - fo} Ph nisole PhCOC 3 154 98
6:X=0,R=CHy7:X=5 R =Me Phenetole  PhCOCI 1 154 90
Phenetole  4-CIPhCOCI 1 169 100

OMe Veratrole 4-CIPhCOCI 1 206 100

OMe
Me Me
2Unit is expressed in minutes.
+ PhCOCl —m 8:100%

crude product was a mixture containing ca. 25% of the
monoacylation productl1 and ca. 75% of the bisacy-
lation compoundl2 nearby unreacted acid chloride.

With 2 equivalents of mesitylene, only2 was ob-
tained within 1 h. After cooling, dissolution of the
chloride was completely consumed to give a mixture crude solid in toluene and usual workup, analytically
of three isomers. The major isomer (80%) was iden- pure 12 was isolated in 66% yield as a white crys-
tified by NMR as 2-methoxy,1-benzonaphtora)( talline powder.

The same reaction performed with W) as catalyst The same reaction has been performed from durene
afforded exclusively@a (Scheme 6). (Scheme 8). The reaction was very slow at Z6&nd

Acetylation of 2-methoxynaphtalene has been only the monosubstituted produ&B was obtained.
carried with a large excess of acetyl chloride Sublimation of durene cannot be avoided and was an
at 50C. The crude product was isolated (84% obstacle to the achievement of the reaction.
yield) and recrystallised to give 55% of pure
2-methoxy,1l-acetonaphton&Qg@). In the same con-
ditions, no reaction occurred from naphthalene, even 7. Recovery and reuse of the catalyst
after 24 h.

It was of great interest to try to reduce the amount  |n all reported reactions, the catalyst is recoverable
of catalyst. Table 8 reports the results obtained with after workup, it can be reused. To verify this point,
only 0.25% of UQCI,. Consumption of the reagents  the following experiments have been performed from
needed 1h or less, then 0.25% of catalyst allows ob- mesitylene and terephtaloyl chloride (see Scheme 7).
taining of acylated ethers, with high yields in a short ~ Mesitylene, terephtaloyl chloride (2/1) and bCl,
time. 1% were refluxed. After 45 min, the consumption of

Bisbenzoylation compounds are possible precursorsthe acid chloride was complete. After cooling, the
to synthesise polyketones. Such complexes of generalbisbenzoylation compound2 was extracted with
formula ArCOAfCOAr are available using a diacid toluene, the remaining insoluble YOI, was used
chloride. Terephtaloyl chloride reacted readily with for a second run; after 1h, the consumption of the
one equivalent of mesitylene (Scheme 7). After 1 h the chloride was complete, the solution contained 93.5%

OMe
«.R
O‘C R
OMe OMe ¢
OMe
9a,10a R

9a,b,c:R=Ph;10a,b, c:R=CH, E
(o)

9¢,10c

0% ~ph

Scheme 5.

Scheme 6.
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Scheme 8.
of 12 and 6.5% of monoacylation compourdd. A the organic compounds during the toluene extraction.

third reaction was performed with the recovered cat- The decreasing of the rate catalyst/reagents explains
alyst. Consumption of the chloride needed 1.5h and the progressive decreasing of activity. A more efficient
the solution contained 66.5% @P and 33.5% ofL1. recovering needed water treatment of the crude mate-
In fact, after each synthesis, the catalyst is not quanti- rial to extract UQCI, (see Section 9). Experimental
tatively recovered, a part of UZlI; is entrained with results are reported in Fig. 3.

100 »
—o—cycle1 / -
90 —a—cycle 2 e
~&—cycle3 / /
80 <y
. / /

N
N

N
ol L

0 10 20 30 40 50 60 70 80 20 100
time (min.)

Fig. 3. Recycling of UQCI, for benzoylation of mesitylene.
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8. Puirification of the organic product

203

All the salts are very hygroscopic and are stored
in Schlenk vessels and handled in a Jacomex glove

The organic product must be obtained pure and free box. Oxides are stored in glass flasks and handled in

of catalyst. In an attempt to evaluate the amount of
catalyst contained in the organic product, the benzoy-
lation of anisole was carried out with 1% of YOIy,
the crude mixture was diluted with toluene and treated
in the following two waysA andB.

Way A. After removal of toluene, a crystallisation
in hexane affordeda (sampleA) in 74% yield.

Way B. The toluene solution was washed one time

with water, the solution was dried and treated as prece-

dently describedla (sampleB) was obtained in 72%
yield. The amount of residual uranium in both sam-
plesA andB was measured (ICP AES) at the labora-
tory of analytical chemistry of Valduc (CEA DAM).
SampleA, contained 35 ppm of uranium. Samie
contained 3 ppm of uranium.

Then, it appears that after only one washing with
water the amount of uranium is drastically decreased,
the complete removal of this element from the acyla-
tion products would be easily performed.

9. Experimental

9.1. Materials

Commercial organic reagents and solvents (analyt-
ical grade) are used without further purification.

Uranium tetrachloride is synthesized on a 100g
scale from uranyle nitrate following the described
procedure [14] (oxidation with yD, to obtain UQ,
which is heated at 40C to give orange U@and chlo-
rination of UG with refluxing hexachloropropene.
This reaction is very exothermic and must not be
moderated to obtain a good yield. Then, the volume
of the flask must be adapted to preclude overflowing).

Uranyle fluoride: UQF,, is purchased by CO-
GEMA (Pierrelatte). Uranyle chloride: U@I,HCI-
2H,0, is synthesized from uranium oxide3Os.
The oxide: 8.42¢g (10 mmol) is stirred at room tem-
perature with 100ml of 12M aqueous HCI and
H20, is added until complete dissolution. The yel-
low solution is evaporated to dryness and the solid
is dried under vacuum. A yellow crystalline powder
is obtained (11.55¢g, 93% yield). Uranyle nitrate:
UO2(NO3)2-6H,0, acetate: UQ(CH3CO»)2-2H,0
and uranium oxide &g are purchased by Prolabo.

a glove bag.

9.2. Analytical techniques

Composition and vyields of the organic reaction
products are determined with a GC 8000 Series gas
chromatograph equipped with a flame ionisation de-
tector, a data jet integrator (Thermo Separation Prod-
uct) and a 25nmx 0.32mm OV 1 capillary column.

IH NMR spectra are recorded on a Bruker AC 200
in CDCls.

The amount of remaining uranium in organic
products is measured with a inductive coupling
plasma-atomic emission spectroscopy (ICP-AES) ap-
paratus at the CEA-DAM Research Center of Valduc.

UV-VIS and IR spectra are recorded on a Varian
CARY 1 E and a Bruker IFS 28, respectively.

9.3. Acylation reaction with UG]| typical experiment

In the glove box, 38 mg (0.1 mmol) of uranium tetra-
chloride are weighed in a 100 ml vessel. The vessel
is transferred on a vacuum line and filled with argon.
Benzoyl chloride: 1.40g (0.01 mol) and anisole: 5.49g
(0.05mol) are added with a syringe and the mixture
is vigorously stirred and heated until reflux of anisole
(154C). Green U(C] is dissolved and the mixture
turned immediately red orange. After 1 h refluxing,
the mixture is cooled and analyzed by gas chromato-
graphy. Transformation rate of benzoylchloride:
TR = 100%, yield 72% (2-methoxybenzophenone
(1a): 3%, 4 methoxybenzophenonth): 69%).

9.4. Acylation reaction with uranyle salts and
recovering of the catalyst, typical experiment

In the glove box, 413 mg (1 mmol) of uranyle chlo-
ride are weighed in a 100 ml vessel. The vessel is
equipped with a condenser and a drying tube. Ben-
zoyl chloride: 14.7g (0.105mol) and anisole 10.8g
(0.1 mol) are added and the orange mixture is vigor-
ously refluxed for 1 h then cooled at®. After 2h
warm toluene (50 ml, 5@C) is added and the solu-
tion filtered, leaving a greenish-yellow precipitate. The
precipitate is washed with ¥ 5ml toluene which
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are collected and added to the toluenic solution, then obtained with the strongest Lewis acids: uranyle salts.
dried for further use. Toluene is removed under re- Those are stable towards oxidation and hydrolysis, the
duced pressure and the creamy crude product con-reaction can be carried out under dry air. After re-
taining 96% ofpara 1b and 4% ofortho 1a isomers action, these salts can be recovered by filtration and
(18.59, 87% yield) is extracted with:2 100 ml hex- reused without loss of activity. Uranyle salts are highly
ane. The solution is concentrated until the beginning soluble in water; after usual workup, solvent extrac-
of the crystallisation and stored for one night-a6°. tion and washing of the organic solution with water
After filtration and drying 15.7 g (74% yield) of white  until neutral, organic products can be obtained free of
crystals oflb containing traces ofa are isolated. uranium.

Another reaction is conducted as described above,

but the toluene solution is washed once with 50 ml

of water, dried over magnesium sulfate and treated as Acknowledgements

precedently, affording 15.3g (72% vyield) &b. The
precipitate is dried to remove toluene and dissolved
in the water used for washing. After filtration, eva-

We thank Dr. D. Hartmann, COGEMA, Pierrelate

for purchasing uranyle fluoride and helpful discus-

poration of water and drying under reduced pressure, sions and Dr. P. Marty, CEA-DAM, Valduc for ura-

400 mg (96.5%) of pure UELI, are recovered.

9.5. Recycling of the catalyst

In the glove box, 413 mg (1 mmol) of uranyle chlo-
ride are weighed in a 100ml vessel. The vessel is
equipped with a condenser and a drying tube. Mesity-
lene: 129 (0.1 mol) and terephtaloyl chloride 10.159g
(0.05 mol) are added and the mixture is refluxed under
dry air. After 45 min, the consumption of the acid chlo-
ride is complete. The mixture is cooled, the organic
solid is extracted with 50 ml toluene, at 4080 the
solution is filtered, the solid is washed once with 10 ml

toluene and dried under vacuum before the next use.

The toluene solutions contained only the bisbenzoyla-
tion productl12.

A second synthesis is performed in the same con-
ditions with the recovered catalyst. After 1h, con-
sumption of the acid chloride is complete. The crude
solution contained 93.5% df2 and 6.5% of monoa-
cylation compoundll The catalyst is recovered
and used for a third synthesis. Consumption of the

nium analyses.
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