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Synthesis of new 4,4’-bis(arylethynyl)benzophenones
and 4,4'-bis(arylglyoxalyl)benzophenones based on chloral
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4,4’ -Diiodobenzophenone was obtained by a three-stage synthesis from chloral and
iodobenzene. 4,4°-Bis(arylethynyl)benzophenones were synthesized by cross-coupling of
4,4’ -diiodobenzophenone with terminal arylethynes in the presence of a complex Pd
catalyst; further oxidation of the products obtained in an iodine/DMSO medium afforded

new bis(arylglyoxalyl)benzophenones.

Key words: chloral, 4,4’ -diiodobenzophenone, cross-coupling reaction, 4,4’ -bis(aryl-

ethynyl)benzophenones, bis(a-diketones).

A search for new fields of application of chloral,
which are not associated with the involvement of chloral
in the food chain, is an important problem. One way of
solving this problem is to use chloral for preparing
tetraketones, whose limited availability blocks develop-
ments in the field of promising polymers like polyphenyl-
quinoxalines, polyphenylenes, and polyphenyltriazines.!.

Therefore, our studies were directed toward the de-
velopment of Scheme |, which involves the synthesis of
2,2-di(4-iodophenyl)-1,1,1-trichloroethane (1) from
iodobenzene and chloral, transformation of 1 to
4,4'-diiodobenzophenone (3) via dichloride (2), con-

densation of 3 with arylethynes (4), and oxidation of the
bis(ethynyl)benzophenones 5Sa—e formed to the corre-
sponding bis(a-diketones) 6a—e.
2,2-Di(4-iodophenyl)-1,1,1-trichloroethane 1 was
synthesized from chloral and iodobenzene in sulfuric
acid at 15 °C. Addition of oleum causes the yield of the
desired product to increase from 50 to 92 %, whereas a
rise in the reaction temperature (=50 °C) decreases the
yield to 45 %, which is, apparently, associated with the
sulfonation of the compounds formed and with cleavage
of the C--C bonds.! Dehydrochlorination of compound
1 with the formation of 2,2-di(4-iodophenyl)-{,1-di-
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Table 1. Selected charactenistics of 4,4 -bis(arylethynyl)benzo-
phenones Sa—e

Com- Yield M.,p. Empirical Found (%) Raman

pound (%) °C formula Calculated spectra,

C H S «C=C)

cm™!

5a 90 234-—235 CH ;3O 89.70 479 — 2214
90.08 474 —

5b 89 235236 C4H,0S, 82,11 4.29 1048 2214
82.24 4.37 10.69

S¢ 91 260—261 CqHyO; 8636 477 — 2217
86.90 462 —

5d 92 309—310 C43HyO3 8137 439 — 2214
8743 439 -~

Se 88 336—337 C4HyO 9201 487 — 2214
92.11 490 —

chloroethylene 2 and subsequent oxidation of 2 to
4,4’ -diiodobenzophenone 3 were carried out according
to the procedure reported in Ref. 3.

New 4.4 -bis(arylethynyl)benzophenones 5a—e were
obtained by cross-coupling of compound 3 with termi-
nal arylethynes 4a—e with the use of the complex Pd
catalyst in DMF in the presence of Et;N.4 It is known
that the mobility of halides in ethynylation reactions
decreases in the order I > Br > Cl > F, and the rate
constants for ethynylation of iodine derivatives are 800
times higher than those for bromine derivatives.5¢ The
presence of bridges in halogen-containing compounds
substantially affect the rate and the direction of cross-
coupling. Electron-withdrawing substituents accelerate
the reaction, whereas electron-releasing substituents
(which impair the solubility of arylhalides) slow down
the reaction and decrease the yield of the desired prod-
ucts resulting in a mixture of mono- and disubstituted
ethynes.” In this aspect, compound 3 exhibits an en-
hanced reactivity and is a suitable monomer for cross-
coupling as a result of which the successive replacement
of iodine with arylethynyl groups occurs. All compounds
4a—e, which we used, were obtained by the known
procedures.3—19 Selected characteristics of 4,4 -bis(aryl-
ethynyl)benzophenones 5a—e are given in Table 1.

Previously, a number of bis(a-diketones) were ob-
tained by oxidation of bis(ethynyl) compounds with
KMnOy,,!! atmospheric oxygen, or ozone.!? Note that
attempts to oxidize some bis(ethynyl) compounds, in
particular, compounds containing fragments of fused
systems, terphenyls, or quaterphenyls with KMnOj failed
because of insolubility of these compounds in acetone.!!
The efficient method of oxidation of ethynyl compounds
to a-diketones in the iodine/DMSO system, which was
recently proposed,!3 substantially enhances the possibili-
ties of obtaining tetraketones with different structures.
Bis(a-diketones) 6a—e were synthesized by this method;

Table 2. Selected characteristics of bis(a-diketones) 6a-—e

Com- Yield M.p. Empirical Eound (%)
pound (%) °C formula Calculated

C H S

6a 93 130—131 CyH,;30 7811 412 -—

78.01 4.06 —

6b 89 155—157 C4Hy60sS, 7411 4.00 9.94

7430 395 9.67

6¢c 90 171—172 C4HyO; 7297 430 -~

78.08 4.15 —

6d 84 195—196 C43HpO; 7908 395 —

78.89 4.00 —

6e 70 204-205 C4HpOs 8223 436 —

8225 437 —

the characteristics of these compounds are given in
Table 2. Structures of tetraketones were confirmed by
the results of elemental analysis and by spectra.

Experimental

Raman spectra were obtained on a U 1000 spectrometer;
the Ar? laser excitation line of an ILA-2 laser was 5145 A; the
laser power was 100 mW. Solvents, iodobenzene, phenylacety-
lene, and chloral were purified by standard procedures.

1,1,1-Trichloro-2,2-di(4-iodophenyl)ethane (1). A mixture
of sulfuric acid (37.5 mL) and oleum (12.5 mL) was added
dropwise with stirring to a solution of iodobenzene (55.5 mL,
0.5 mol) and chloral (19.5 mL, 0.2 mol) at {5 °C over 30 min,
and the mixture was stirred at this temperature for 2 h. Then
the temperature was raised to 30 °C, and the reaction mass
was stirred for 10 h (claret color), cooled, and poured onto
ice. The precipitate formed was filtered off and washed with
methanol and hexane. Compound 1 was obtained in 92 %
yield, m.p. 172—174 °C (from hexane) (the data in the
literature: m.p. 173 °C).3

1,1-Dichloro-2,2-di(4-iodophenyl)ethylene (2) and 4,4'-
diiodobenzophenone (3) were prepared according to the proce-
dure reported in Ref. 3.

4,4’-Bis(phenylethynyl)benzophenone (5a). A PACl,(PhyP);
complex (0.035 g, 0.05 mmol), PhyP (0.013 g, 0.05 mmol),
Cul (0.019 g, 0.1 mmol), and Et;N (6 ml) were added to a
solution of 4,4’ -diiodobenzophenone (2.17 g, 5 mmol) and
phenylacetylene (1.02 g, 10 mmol) in 40 mL of DMF. The
reaction mass was heated to 90 °C and kept at this tempera-
ture for 8 h; then the mixture was cooled to ~20 °C. The
precipitate formed was filtered off, washed with a 10% HCI
solution (2x50 mL), water (until the reaction mixture became
neutral), and alcohol, and dried in vacuo. Compound 5a was
obtained in 90 % yield, m.p. 234—235 °C (from DMF) (the
data in the literature: 235—235.5 °C).'! Compounds Sb—e
were obtained in a similar manner with the use of other
arylethynes (Table 1).

4,4’-Bis(phenylglyoxalyl)benzophenoue (6a). lodine (2.03 g,
8 mmol) was added to a solution of compound 5a (1.79 g,
4 mmol) in 40 mL of DMSQO; the reaction mass was heated
with stirring, kept at 155 °C for 22 h, cooled to ~20 °C, and

poured to a 10-fold excess of water. The precipitate formed
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was filtered off, washed with a 1% Na,S$,0; (to neutralize
excess |,), with water (until the reaction became neutral), and
with alcohol, and dried in vacuo. Compound 6a was obtained
in 93 % yield, m.p. 130—131 °C (from BuOH) (the data in
the literature: m.p. 130—131 °C).13

Compounds 6b—e were obtained in a similar manner
(Table 2).
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