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Synthetic Methods and Reactions. 17.1 Uranium
Hexafluoride, a Convenient New Oxidizing Agent for
Organic Synthesis

Sir:

Uranium hexafluoride, depleted of fissionable 235U, is
abundantly available.? In spite of its availability and remark-
able properties, the study of the reactions of UF¢ with organic
compounds remained virtually unexplored. The highly covalent
nature of UFg makes it particularly suitable for reaction in
nonaqueous solvents. Stable solutions of UF¢ in chlorofluo-
rocarbons (Freons) or chlorchydrocarbons (methylene chloride
or chloroform), can be used conveniently as they do not attack
glass and are generally easy to handle. We wish to report our
observation of the facile and selective oxidation of several
classes of organic compounds with UFg, which promises to
make it a useful oxidizing agent in organic synthesis.

Ethers undergo oxidative cleavage to form carbonyl com-
pounds and alcohols. Furthermore, the direction of cleavage
is predictable, thus the utility of ethers (such as benzy! or
benzhydryl ethers) as protecting groups for alcohols is
broadened. The oxidation of methyl ethers is regiospecific.
Trapping experiments with phenyllithium suggest the inter-
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Table I. Oxidative Cleavage of Alkyl (Cycloalkyl) Methyl Ethers

Alkyl (cycloalkyl)

methyl ether Carbonyl product Yield, %
Cyclohexyl Cyclohexanone 86
Cycloheptyl Cycloheptanone 83
Benzyl Benzaldehyde 78
p-Tolyl 4-Tolualdehyde 73
4-Bromobenzyl 4-Bromobenzoaldehyde 67
Benzhydryl Benzophenone 57
4-Nitrobenzyl 4-Nitrobenzaldehyde 77
4-Cyanobenzyl 4-Cyanobenzaldehyde 71
a-Phenethyl Acetophenone 75

Table II. Oxidative Cleavage of Benzyl and Benzhydryl Ethers
Ether Alcohol product Yield, %
n-Hexyl benzyl n-Hexanol 44
Cyclohexyl benzyl Cyclohexanol 66
Cycloheptyl benzyl Cycloheptanol 56
n-Octyl benzhydryl n-Octanol 63
Cyclohexyl benzhydryl Cyclohexanol 61
2-Octyl benzhydryl 2-Octanol 69
2-0-Nitrophenethyl 2-o-Nitrophenethyl 64
benzhydryl alcohol

mediacy of methoxycarbenium ions in the reaction. Results
of the oxidation of alkyl (cycloalkyl) methy! ethers are sum-
marized in Table L.

+
RR’CHOMe + UFs — RR’CHOMe F~

UFs

-UF, + H,0
e RR'C=0Me — RR'C==0
Benzyl and benzhydryl ethers are cleaved to the corre-
sponding alcohols and benzaldehyde or benzophenone, re-
spectively. The usefulness of the present method is further
demonstrated by the cleavage of 2-o-nitrophenethyl benzhy-
dryl ether to benzophenone and the parent alcohol by UFs.
Hydrogenolytic procedures would be untenable due to the
presence of an easily reducible nitro group. No attempt has
been made to optimize yields of the products summarized in
Table II, which clearly can be improved.

1. UF
ROCHR’Ph —> ROH + PhR'CO
2. H,O

R = alkyl, cycloalkyl
R’=H or Ph

In a typical procedure for the oxidative cleavage of ethers,
an ice-cooled magnetically stirred solution of 3.52 g (0.01 mol)
of UFg in 100 ml of 1,1,2-trichlorotriflucroethane (Freon 113)
was reacted with 1.28 g (0.01 mol) of cycloheptyl methyl ether,
added dropwise in 10 ml of the same solvent. The reaction was
allowed to proceed for 1 h and was quenched with 25 ml of
water and the resulting uranyl salts were filtered. The filtrate
was worked up in the usual manner to give 0.93 g (83% yield)
of pure cycloheptanone, characterized as the 2,4-dinitro-
phenylhydrazone (mp 145 °C).

Benzylic alcohols are readjly oxidized to the corresponding

+
PhCHROH + UF; — PhCHROH F~
UF;

- + -H
:%» PhCR=—OH F~ —=> PhCR==0
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Table III.  Oxidation and Oxidative Fluorination of Alcohols and

Aldehydes

Alcohol or aldehyde  Products Yield, %

Benzyl Benzaldehyde (benzoyl 40

fluoride)
4-Methylbenzyl p-Tolualdehyde ( p-toluoyl 38
fluoride)

1-(4-Fluorophenyl)eth- 4-Fluoroacetophenone 64
anol

Benzhydryl Benzophenone 45

Benzaldehyde Benzoyl fluoride 40

Heptanal Heptanoyl fluoride 47

Pentanal Pentanoyl fluoride 29

2-Bromobenzaldehyde 2-Bromobenzoyl fluoride 35

Table IV, Oxidative Cleavage of Hydrazones

Carbonyl product Yield, %

N,N-Dimethylhydrazone
Propiophenone 49
Cyclohexanone 46
4-tert-Butylcyclohexanone 50
2-Heptanone 56
2-Methylcyclohexanone 69
Benzaldehyde 4]

Tosylhydrazone
Acetophenone 96
Isobutyrophenone 95
Cycloheptanone 95
Cyclooctanone 76
2-Norbornanone 56
4-Heptanone 66

carbony! compounds. In the case of aldehydes transformation
into aroyl fluorides can also take

RCHO + UF — RCHO*—UFs F~ —> RCOF
—-UF4

place with excess UF¢. Oxidative fluorination of aliphatic and
aromatic aldehydes with UFg to the corresponding acyl fluo-
rides indeed can be carried out as a general reaction. The re-
sults of the reaction of benzylic alcohols and aliphatic, as well
as aromatic aldehydes are summarized in Table I11.

Oxidative cleavage of protected carbonyl compounds, such
as tosylhydrazones and V,N-dimethylhydrazones, also takes
place with ease upon aqueous quenching of the initially formed
UF¢ adducts.

1. UF
RR,C=NN(CH;); —> RR,C=0
2. H,O

Data of the studied hydrazones are summarized in Table
Iv.

The oxidation of carboxylic acid hydrazides with UFg ap-
pears to be more complex, as the corresponding acids were
isolated in only fair yield (benzoic acid 30%, m-nitrobenzoic
acid 25%, phenylacetic acid 34%, and cyclohexanecarboxylic
acid 55%).

N,N-Dimethylalkyl(cycloalkyl)amines are also oxidized
by UFg, yielding on aqueous quench the corresponding car-
bony! compounds in fair yield. We are presently extending our

/CH3

CcH
RR'CHN ar
CH3

—HF +
+ UFs —> RR'C=N{_ — RR'CO
T CH
—_ 3
F
investigation of the utility of UFg in oxidizing such varied or-
ganic systems as benzoins, hydroquinones, aromatic hydro-
carbons, epoxides, alkenes, sulfur compounds, and the like.
Our studies have shown that UF¢ is a new, convenient oxi-

dizing agent for organic synthesis. The surprisingly limited
fluorinating ability of UF¢ in solution does not interfere with
most reactions. In addition, many organic functional groups
are unaffected under our reaction conditions. These include,
inter alia, ketone, ester, amide, nitrile, and nitro groups.
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Mercury in Organic Chemistry. 9. A Novel Synthesis
of w-Allylpalladium Compounds
Sir:

w-Allylpalladium compounds have been known since 1957.1
They have recently found increasing utility in organic synthesis
due to the ease with which they undergo stereocontrolled
carbon-carbon bond formation.2 Today the most widely em-
ployed methods of preparing these compounds involve either
the direct allylic hydrogen substitution of alkenes®# or palla-
dium insertion into allylic halides.?6 We wish to report a novel
new route to w-allylpalladium compounds which has a number
of advantages over previous methods.

During studies directed towards the development of new
synthetic methods employing organomercurials, we chose to
examine the reaction of vinylmercuric chlorides, palladium
salts, and simple alkenes. It was anticipated that conjugated
1,3-dienes would be obtained in a fashion similar to that pre-
viously reported.” To our surprise we obtained excellent yields
of -allylpalladium compounds instead (eq 1). An examination

R H
Se=c + CH=CHR' + LiPdc,
' HgCl

H

|
— R—C’('f%\‘C—CHQR’ 1
H d H

of Table I indicates the full scope of this reaction. Excellent
yields are obtained from vinylmercurials derived from both
internal and terminal acetylenes.®? Especially rewarding is the
ability of the reaction to accommodate not only simple olefins
such as ethylene and 1-hexene, but a wide variety of func-
tionally substituted olefins including «,8-unsaturated esters,
nitriles, and ketones. Internal olefins also undergo reaction,
although the yield decreases with increasing substitution.

The following procedure for the preparation of di-u-chlo-
rodi(1-carboethoxy-5,5-dimethylhex-2-enyl)dipalladium(II)
(entry 3) is representative. Anhydrous lithium chloride (20
mmol) and palladium chloride (10 mmol) were added to a
well-dried round-bottom flask containing a nitrogen inlet tube
and septum inlet. After flushing with nitrogen, 100 ml of tet-
rahydrofuran (THF) and 10 g of ethyl acrylate (100 mmol)
were added by syringe. After cooling to 0 °C, 3.19 g of trans-
3,3-dimethyl- 1-butenylmercuric chloride (10 mmol) was added
while backflushing with nitrogen. The well-stirred reaction
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