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Pentaphenylcyclopentadiene, mp 250°C (Ref.2 248—250°C);
IH NMR (C¢Dg, 400 MHz), 8: 5.23 (s, 1 H, CH); 7.40—6.85
(m, 25 H, arom.).

1,2,5-Triphenyl-3,4(1,8-naphthylene)cyclopentadiene,
mp 234°C. Mass spectrum, m/z (70 eV, direct inlet): [M]* 418.
IH NMR (C¢Dg, 400 MHz), 8: 5.62 (s, | H, CH); 6.75—7.40
(m, 21 H, arom.).

Found (%): C, 94.65; H, 5.35. Cy3H,,. Calculated (%):
C, 94.70; H, 5.30.
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PdCl,-catalyzed hydrogenolysis of a C—O bond in monoaryl sulfates by
sodium phosphinate in an aqueous alkaline medium
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The hydrogenolysis of the C—O bond in monoary! sulfates by the action of an excess of
NaH,PO, in the presence of catalytic amounts of PdCl, and KOH is studied. The reaction
proceeds chemoselectively with complete ester conversion to the corresponding arenes.
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The removal of OH groups from aromatic com-
pounds is widely employed in synthetic organic chemis-
try for various purposes, including modification of natu-
ral substrates.]—4 According to modern catalytic meth-
ods, phenols are first converted into such derivatives as
esters of perfluorosulfonic acids,5—1® urethanes,11:12
tetrazoles, 13 dialkyl phosphates,14 etc. On the one hand,
the hydrogenolysis of such derivatives necessitates the
use of anhydrous organic solvents and, on the other
hand, a portion of the molecule, whose introduction

required expensive reagents, is lost. It seemed attractive,
therefore, to use derivatives of inorganic acids for the
deoxygenation of phenols and to abandon organic sol-
vents.

The hydrogenolysis of monoaryl sulfates in water in
the presence of a Raney alloy has been described. 15 The
main drawback of this method is the use of large amounts
of the Raney alloy, which produces the problem of
utilizing the wastes containing Ni and Al. A method for
the hydrogenolysis of an Ar—X bond, where X is Br or
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I, by the action of NaBH, in the presence of catalytic
amounts of PdCl, in an aqueous alkaline medium for
water-soluble halogen derivatives of aromatic acids,
phenols, amines, and heterocycles was suggested by
us.16 An increase in the reaction temperature leads to
the rapid decomposition of NaBH,, whereas the activity
of Pd is maintained for 4—6 h. Thus, there is the
possibility of using more stable hydrogen sources. The
aim of the present research was to investigate the
hydrogenolysis of monoaryl sulfates under similar con-
ditions by the action of NaH,PO,, which is more ther-
mally stable in the presence of Pd than NaBH,.

Results and Discussion

Monoaryl sulfates were prepared by a standard method
according to the following schemel5:

ArOH
—

2PhNMe, + HSO,CI PhNMe," SO,

——————
-PhNMe," HCI

_ 1
[PhNHMe,] *[OSO,Ar] %. [Ar0S0,0] K ()
2

The hydrogenolysis reaction was studied without iso-
lation of esters, since the last step in their preparation
was carried out in water. The hydrogenolysis conditions
were optimized with a standard set of phenols by varying
the reaction temperature and the amounts of the catalyst
and the reducing agent. Complete conversion of the
esters prepared could be achieved at 60—70°C with 5
moles of NaH,PO, per mole of the phenol and 5 %
PdCl, after 6 h.

Hydrogenolysis proceeds according to the scheme:

5% PdCl,, KOH, H,0, N,
ArOSO4K + NaHyPO,————————" ArH )
60—70°C

The results obtained are summarized in Table 1. It
can be seen that under the conditions found the monoaryl
sulfates are converted completely into the respective
arenes in preparative yields.

Hence, the method suggested has definite advantages
over conventional procedures with respect to ease of
operation.

Experimental

Phenols, dimethylaniline, and chlorosulfonic acid of chemi-
cally pure grade were purified by known methods. A solution
of PdCl, (1 M) in conc. HCI was used as a catalyst. Analyti-
cally pure NaH,PO, * H,O was used in the studies. The reac-
tion mixtures were analyzed on a Chrom-5 chromatograph
equipped with a flame-ionization detector and nitrogen as a
carrier gas at a flow rate of 60 mLmin™!; a glass column (3 m
x 3 mm) was packed with 4 % OV-17 on Chromosorb W
treated with dimethyldichlorosilane.

Table 1. Deoxygenation of phenols

Original phenols Product Yield (%)
4-Phenylphenol Diphenyl 95
4-Phenoxyphenol Diphenyl oxide 94
4-Methoxyphenol Anisole 93
n-Cresol Toluene 73
o~Naphtol Naphthalene 89
B-Naphtol Naphthalene 88
Thymol Cumene 83

Note. Yields were determined by GLC.

The products were identified and the yields were deter-
mined by means of GLC by comparing the retention times of
the products and authentic compounds with the use of an
internal standard.

Catalytic hydrogenolysis. General procedure. In a flask
equipped with a magnetic stirrer was placed potassium monoaryl
sulfate prepared from the phenol (1 mmol) in the presence of
KOH (3 mmol) in water (20 mL), and PdCl, (5 %) was added
under nitrogen. The mixture was heated to 60—70°C and
stirred for 4—6 h, NaH,PO, (5 mmol) being added portionwise
at about [-h intervals to complete cessation of hydrogen
evolution. The reaction mixture was cooled and acidified with
HCI, and the products were extracted with ether. The extract
was dried with sodium sulfate and analyzed following the
addition of a standard. The maximum product yields are
achieved by adding the PdCl, solution to the reaction system
first and in the absence of palladium black from previous
experiments on the vessel and stirrer surfaces (the residual
black must be removed with aqua regia).
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The hydrogenolysis of the Ar—Cl bond in chlorinated benzoic acids, anilines, and
nitrogen-containing heterocycles by the action of NaH,PO, in the presence of catalytic
amounts of PACl, and NaOH in an aqueous medium was studied. Under these conditions
aryl chlorides were quantitatively converted into the corresponding arenes. Chloropyridines,
such as 2-chloropyridine and 3,5-dichloropicolinic acid, did not undergo hydrogenolysis
even in the presence of an equivalent amount of Nal. A distinct ortho effect was observed for

ortho-substituted substrates.

Key words: hydrogenolysis, palladium, catalysis, aryl chlorides.

The hydrogenolysis of a C—X bond, where X = Hal,
particularly in aromatic compounds, is of great impor-
tance in synthetic organic chemistry.! Blocking of a
definite position of an aromatic ring followed by
dehalogenation is widely used in syntheses of carbo- and
heterocycles.2—5 The partial dehalogenation of
polyhalides® and the specific deuteration of an arene’
deserve special studies. The hydrogenolysis of an Ar—Cl
bond presents special difficulties.!

We have shown that water-soluble aryl iodides and
aryl bromides, unlike aryl chlorides, readily undergo
hydrogenolysis by NaBH, in the presence of "ligand-
free” palladium in an aqueous alkaline medium. For aryl
chlorides8 the extent of conversion of the substrates does
not exceed 30 %. The reason for the low reactivity of
aryl chlorides is the low rate of their oxidative addition
to zero-valent palladium. The attempts to carry out the
hydrogenolysis of chloroarenes at high temperatures failed
due to the rapid decomposition of NaBH, under the
conditions employed.

There are a few controversial reports on the
hydrogenolysis of aryl chlorides in alkaline aqueous-
organic media by NaH,PO, in the presence of Pd/C as

a catalyst. For example, it was stated that chiorine
cannot be eliminated from p-chlorocinnamic acid under
the conditions mentioned.? In contrast, this substrate, as
well as chlorobenzene, were reported to be reduced to
the corresponding arenes in preparative yields.10

Since sodium dihydrogen phosphinate is far more
thermally stable in the presence of Pd than NaBH,, the
process can be accelerated without an appreciable drop
in the extent of conversion of certain substrates. The
aim of the present research was a systematic study of the
hydrogenolysis of the Ar—Cl bond in water-sojuble
substrates in the presence of PdCl, with NaH,PO, as a
hydrogen source.

Results and Discussion

p-Chlorobenzoic acid with an electron-acceptor
substituent was chosen as the test compound for optimi-
zation of the hydrogenolysis conditions. The chlorine
atom could easily be eliminated from this molecule by
heating the reaction mixture to 50°C (Table 1). The
reaction of aryl chlorides with strong electron-donor
groups proceeds in a similar way as shown below:
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