Published on 01 January 1999. Downloaded on 21/10/2014 19:07:04.

400 J. CHEM. RESEARCH (S), 1999

Hypervalent lodine in Synthesis Part 39.;

View Article Online / Journal Homepage / Table of Contents for thisissue

J. Chem. Research (S),
1999, 400401+

Palladium-catalyzed Carbonylative Coupling of

lodonium Salts and Potassium

Aryltrifluoroborates by Carbon Monoxidet

Min Xia and Zhenchu Chen*

Department of Chemistry, Hangzhou University, Hangzhou, 310028, P. R. China

Diaryl ketones and chalcones are obtained in good yields by palladium-catalyzed carbonylative coupling of
diaryliodonium salts and (£)-phenylethenyl(phenyl)iodonium tetrafluoroborates with potassium aryltrifluoroborates
in an atmosphere of carbon monoxide under mild conditions.

Cross-coupling reactions of organoboron compounds with
organic halides and triflates catalyzed by palladium, known
as the Suzuki reaction, have been shown to provide a
versatile tool for the selective formation of C—C bonds.!
Among the variety of organoboron compounds, potassium
aryltrifiuoroborates, ArBF;K, are very stable, water resist-
ant and easily isolated. However, there has been little
research on this type of organoboron compounds except
for reports on their reactions with amino acids> and
palladium-catalyzed cross-coupling reactions with
arenediazonium tetrafluoroborates.?

We have recently reported* that palladium-catalyzed
coupling of potassium aryltrifluoroborates with diaryl-
iodonium tetrafluoroborates offered an efficient method
for C-C bond formation on aromatic substrates (Scheme 1).

5 mol% Pd(OAc), 60 °C, 30 min

Recently, the alkoxycarbonylation and carbonylation of
diarylidonium salts in the presence of palladium to yield
esters and ketones has been reported.’ The facts suggested
that diaryliodonium salts could serve as substrates for
carbonylative cross-coupling reaction with potassium
aryltrifiuoroborates. Cross-coupling reactions were thus car-
ried out under an atmosphere of carbon monoxide in the
presence of an added base (Scheme 2).

5 mol% Pd(OAC),, K,CO3 ¢}
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Scheme 2

Results are given in Table 1. Unlike the palladium-
catalyzed cross-coupling reaction of potassium aryltrifluoro-

NES — '
ArBFgK + Arol"BFy 81-99% A=Al borates with diaryliodonium tetrafluoroborates that we have
reported, the palladium-catalyzed carbonylative coupling of
Scheme 1 potassium  aryltrifluoroborates  with  diaryliodonium
Table 1 Palladium-catalyzed carbonylation of iodonium salts and potassium aryltrifluoroborates?
Entry lodonium salt Potassium aryltrifluoroborate Product Yield(%)?
1 PhyI"BF,~ la PhBF3K 2a PhCOPh 3a 92
2 (p—MeCeH4)2I+BF4’ 1b 2a pMeCeH4COPh 3b 90
3 (p-CICgHa),"BF 4~ 1c 2a p-CICgH4COPh 3¢ 84
(o]
I* PhBF4~, [l
4 o — 1d 2a Cph 3d 85
Ph
5 | 1f 2a L9 s 80
S I* PhOTs™ S CPh
6 1b p-MeCgH4BF3K 2b p-MeCgH,COCgH Me-p 3f 83
(pMeOC6H4)2*BF4‘ 19 2b pMeOC6H4COCGH4Me—p 39 87
I
8 1d 2b _C—CeHaMe-p3p 82
Ph
9 la 2b PhCOCgH4Me-p 3j 88
10 1c 2b p-CICH,COCHMe-p 3j 79
11 la 0-MeOCgH4BF3K 2¢ PhCOCgH,OMe-o0 3k 80
12 1b 2c p-MeCgH,COCgH,OMe-0 3l 83

2 Reagents and conditions: 1 mmol iodonium salt, 1.2 mmol potassium

DME at room temperature and 1 atm CO for 2 h. ?Isolated yield.

*To receive any correspondence.

1 This is a Short Paper as defined in the Instructions for Authors,
Section 5.0 [see J. Chem. Research (S), 1999, Issue 1]; there is
therefore no corresponding material in J. Chem. Research (M).
i Part 38. Jie Yang and Zhenchu Chen, submitted to Tetrahedron
Lett.

aryltrifluoroborate, 1.5 mmol K;CO3z 5 mmol% Pd(OAc), in 10 ml

tetrafluoroborates did not take place without added base
and biaryls were the major products under such
circumstances. Of added bases used (NaCOj;, NaOAc,
NaHCOj3;, K,CO;3;, KOAc, EtsN, BusN and Et,NH), the
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best was K,CO3; which suppressed the formation of biaryl
byproducts (<10%) under an atmosphere of carbon
monoxide.

Diphenyliodonium tetrafluoroborate 1a reacted with
potassium phenyltrifiuvoroborate 2a in the presence of
5 mol% Pd(OAc), and K,CO;3 in DME at room tempera-
ture to give benzophenone 3a in 92% yield. When
diphenyliodonium chloride and tosylate were used in place
of the tetrafluoroborate the reaction required a longer time
of 6h and gave a lower yield (57%) of product. This
indicates that the tetrafluoroborate counter is superior to
halide and tosylate counter ions in this reaction. This
carbonylative coupling could be successfully applied to
other potassium aryltrifluoroborates. With potassium
p-methylphenyltrifluoroborate 2b and o-methoxyphenyl-
trifluoroborate  2¢,  p-methylbenzophenone 3i  and
o-methoxybenzophenone 3k were obtained in 88 and 80%
yields, respectively. The reaction could also be extended
to other iodonium salts 1b, 1¢ and 1g under the same con-
ditions. As for unsymmetric 2-thienylphenyliodonium
tosylate 1f, it could also undergo facile coupling with
potassium phenytrifluoroborate 2a to give 2-benzoyl-
thiophene 3e as the single coupling product. Similarly,
(E)-phenylethenyl(phenyl)iodonium tetrafluoroborate 1d
also underwent carbonylation with potassium phenyl-
trifluoroborate 2a and potassium
p-methylphenyltrifluoroborate 2b under the same conditions
to produce (E)-chalcone 3d and (E)-p-methylchalcone 3h in
85 and 82% yields, respectively.

It has been reported that hydroxy(tosyloxy)iodobenzene.
PhI(OH)OTs, could be utilized in a coupling reaction with
organoboron compounds in the presence of a palladium
catalyst to give biaryls as products.® However, under the
same conditions of this carbonylation in reaction with
potassium phenyltrilluoroborate 2a was not obtained and
biphenyl was formed in 81% yield.

In summary, potassium aryltrifluoroborates are alterna-
tive organoboron compounds that can be applied to
palladium-catalyzed carbonylative coupling of iodonium
salts to give ketones under mild conditions in good yields.

Experimental

Typical Procedure for the Palladium-catalyzed Carbonylation of

Todonium Salts and Potassium Aryltrifluoroborates.—Under an
atmospheric pressure of carbon monoxide, 1.2 mmol potassium
aryltrifluoroborate in 10 ml DME was injected into a mixture of 1
mmol iodonium salt, 1.5 mmol K,CO; and 5 mmol% Pd(OAc),.
The resulting mixture was stirred at room temperature for 2 h, then
diluted with saturated aqueous NH4Cl and extracted with 2 x 5
ml diethyl ether. The combined organic layer was dried over anhy-
drous MgSOy4 and the solvent removed in vacuo. The residue was
isolated by TLC (silica gel) with EtOAc-n-hexane (1:10) as developer
to give ketone product which was purified by recrystallization from
ethanol or light petroleum (bp 50-60 °C)

Physical and  Spectroscopic Data for the Products.—
Benzophenone 3a. Recrystallized from ethanol, mp 48-50°C (lit.
49-51°C); du (60 MHz, CDCls), 7.47 (s, 4H), 7.60 (m, 2H), 7.80
(m, l4H; IR (KBr) 3050, 1650, 1600, 1450, 1270, 760, 700, 640
cm™.

4-Methylbenzophenone 3b. Recrystallized from light petroleum,
mp 56-57°C (lit® 59.5°C); 6y (60 MHz, CDCl3) 2.39 (s, 3H),
7.22 (m, 2H), 7.32-7.84 (m, 7H); IR (KBr) 3050, 1650, 1600, 1280,
730, 700 cm~!.

4-Chlorobenzophenone 3c. Recrystallized from ethanol, mp
74-76°C (lit.° 75-77°C); 6y (60 MHz, CDCl;) 7.33 (m, 2H,
7.30-7.70 (m, 5H), 7.66 (m, 2H); IR (KBr) v 3030, 1650, 1590,
1280, 1090, 840, 790, 730, 700 cm~'.

E-Chalcone 3d. Recrystallized from light petroleum, mp 53-54°C
(lit.' 55-57°C) dy (60 MHz, CDCl3) 7.22-7.80 (m, 10H), 8.00 (m,
ZH);IIR (KBr) v 3040, 1660, 1600, 1450, 1330, 1210, 1010, 750, 690
cm™ !

View Article Online

J. CHEM. RESEARCH (S), 1999 401

2-Benzoylthiophene 3e. Recrystallized from light petroleum mp
56-57°C (lit.!! 56-58°C); 6y (60 MHz, CDCl;) 7.12 (m, 1H),
7.28-8.03 (m, 7H); IR (KBr) v 1620, 1590, 1400, 1280, 830, 700,
640 cm™'.

4,4'-Dimethylbenzophenone 3f. Recrystallized from ethanol, mp
92-93°C (lit."> 95°C); oy (60 MHz, CDCl3) 2.36 (s, 6H) 7.20
and17.64 (AB q, 8H); IR (KBr) v 1640, 1600, 1280, 1180, 750
cm™!.

4-Methyl-4' -methoxybenzophenone  3g. Recrystallized from
ethanol, mp 102-103°C (lit."* 105-107°C); dy (60 MHz, CDCls)
2.40 (s, 3H), 3.86 (s, 3H), 6.90 (m, 2H), 7.21(m, 2H), 7.64 (m, 2H),
7.74 (m, 2H); IR (KBr) v 2980, 1650, 1600, 1450, 1260, 1020, 850,
760, 690 cm™!

E-4-Methylchalcone 3h. Recrystallized from light petroleum mp
56-57°C (lit."* 59-60°C) dy (60MHz, CDCl3) 2.36 (s, 3H),
7.15-7.75 (m, 9H), 7.98 (m, 2H); IR (KBr) v 1665, 1610, 1340,
1210, 820, 760, 700 cm~!.

4-Chloro-4'-methylbenzophenone 3j. Recrystallized from light
petroleum, mp 125-127 °C (lit."> 129-130°C); oy (60 MHz, CDCl3)
2.38 (s, 3H), 7.36 and 7.49 (AB q, 8H) IR (KBr) v 3050, 1640,
1600, 1280, 840, 750, 700 cm~'.

2-Methoxybenzophenone 3k. Recrystallized from ethanol, mp
36-37°C (lit.!® 40°C); oy (60 MHz, CDCl3) 3.90 (s, 3H), 6.90
(m, 2H), 7.67 (m, SH), 8.20 (m, 2H); IR (KBr) v 3050, 2960, 1680,
1590, 1250, 1170, 1020, 840, 790, 740, 700 cm~'.

2-Methoxy-4'-methylbenzophenone  3l.  Recrystallized from
ethanol, mp 61-62°C (lit.!” 64-65°C); oy (60 MHz, CDCl3) 2.43
(s, 3H), 3.93 (s, 3H), 6.80-7.20 (m, 2H), 7.20-7.60 (m, 4H),
7.90-8.20 (m, 2H), IR (KBr) v 3050, 2985, 1660, 1260, 1030, 825,
740, 690 cm~!.
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