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ABSTRACT
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A palladium-catalyzed coupling reaction of phenyliodonium zwitterions with aryl boronic acids has been developed. The unique characteristics
of the mild reaction conditions and convenient synthetic accessibility of phenyliodonium zwitterions make this method a valuable tool for
generating diversified 3-aryl-4-hydroxycoumarins.

In recent years, we have witnessed a rapid growth in the ||| N R NNEGQNE

field of organic hypervalent iodine chemistry, mainly due Scheme 1
to its versatility in chemical transformations, lower-toxicity, o -

: . : o o
and ease of preparatidnAs an important branch of this Ry PhI(OAc), " _ N Ry 4
family, zwitterionic iodonium compound (ZIC, or ylide) NGO, —Ph —> ~ph
represents a molecule with a positive charge at iodine RN R Y% RN,
compensated by an internal negative charge that is localized 1 2 3

formally at ano-carbon or nitrogen atom (1,2-dipo® R1.R, =Anyl, Alkyl, OR, or NHR

Scheme 1) or, in some instances, delocalized to a neighboring

oxygen or nitrogen (1,4-zwitterionic structeScheme 13. ] ) ] )
The widely used ZIC can be simply prepared from 1,3- @S @ Synthetic equivalent of the corresponding diazo com-
dicarbonyl compound. with DIB in aqueous or alcoholic pound as a precursor of carbene generated by photochemical

alkali in high yield (Scheme BZIC has been recognized ©F Rh, Cu salt-catalyzed decomposition.
The prototypical transformations are cyclopropanatioh,

carbon-hydrogeri¢ or heteroatomhydrogeri® bond inser-
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tion, cycloadditiorf®™9 and miscellaneous reactioffs.To ing 4-hydroxycoumarin derivativésf However, methods for
our surprise, transition-metal-catalyzed cross-coupling usingthe synthesis of 3-substituted coumarins from coumarin
ZIC as an electrophile has not been reported, although 1,4-scaffolds are limited to a few examples, such as ligand
zwitterionic structure3 has a structural similarity to the coupling reactiof and transition-metal-catalyzed cross-
iodonium salt (iodonium cation is compensated by an coupling reaction of 3-bromocoumarins with some organo-
external anion), which has been widely used in cross- metallics? Neverheless, the above-mentioned methods are

coupling in recent years.
As a privileged scaffold, coumarin is a ubiquitous subunit

either less efficient or associated with toxic reagéhts.
Although compound4 was prepared more than twenty

in many natural products with remarkable biological activities years ago, its synthetic application was limited to a few

and unique physical propertiésMethodology toward its

examples of diversified coumarin scaffoldSince the vinyl

synthesis has attracted considerable interest during the pasbr diaryl iodonium salts are remarkable substituents for vinyl
decadé. We report herein the utilization of coumarin-based or aryl halides or triflates in the transition-metal-catalyzed

zwitterionic iodonium compounds as effective electrophiles
in the palladium-catalyzed Suzuki-type coupling with various
aryl boronic acids to generate 3-substituted coumarins.
Strategically, we would like to generate our coumarin
library by introducing diversities at C-3 and C-4 positions-
(Figure 1), which would be more efficient than the construc-
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Figure 1. Retrosynthetic analysis of coumarin library.

tion of the diversified lactone moiety by condensation of the
preassembled acyclic precursérs.

We have previously developed the chemistry for diversi-
fication of coumarin at the C-4 position from its correspond-
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cross-coupling, we anticipated that the coumarin-based
phenyl iodonium zwitteriod (Scheme 2) may have a similar

Scheme 2
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property. Considering its pronounced thermoinstabifitye
preferred to select the palladium-catalyzed Suzuki-type
coupling reaction to test our hypothesis, since this reaction
can be carried out at room temperature.

Initially, we evaluated the Suzuki reaction by coupling of
compound4 with 4-methoxyphenylboronic acid using 10 mol
% of Pd(PPH)4 as a catalyst (Scheme 2ratifyingly, this
reaction indeed proceeded to give compodhalbeit in a
low yield (10%), concurrent with the starting material
recovered.

We then focused on improving the reaction yield. Pro-
longing the reaction time gave no improvement of the yield
at all. Increasing the loading level of Pd(RRlresulted in
an even poorer yield of desired compoumd®n the contrary,
increased concentration of Pd(RRhled to a significant
amount of a side product, which was finally identified as
the phosphonium ylidé (Scheme 2), derived from transyli-
dation of triphenylphosphine from catalysts Pd(B)Ptvith
iodonium ylide4.:
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Table 1. Palladium-Catalyzed Cross-Coupling of
Phenyl-iodonium Zwitteriort with Aryl Boronic Acids?

o Pd(OAc),, P(t-Bu)s OH Z

+ ——R
mkph LiOH, DME/H,O (4/1) SN
7
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N
4 “—'Q/

Entry Boronic acid Product Yield (%)
OH O OMe
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7b  OH O
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aConditions: phenyliodonium zwitterioh(0.55 mol), boronic acid (1.21
mmol), Pd(OAc) (6.2 mg, 0.06 mmol), R{Bu)z (27 uL, 0.24 mmol), and
LiOH (69.0 mg, 2.9 mmol) in DME (10 mL) and # (2.5 mL) at 25°C
for 20 h under Ar.

Table 2. Palladium-Catalyzed Cross-Coupling of Zwitteridhs
with 4-Methoxyphenyl Boronic Acitl

o B(OH), Pd(OAc) OH OMe
1 P(t-Bu),
LiOH, _
R/ Z oS0 DME/H,0 R/ oo
8 OMe  (41) 9
Entry Substituted coumarin  Product Yield (%)

o ;' OH O OMe
N
I s wIice ol
MeO 0”70 MeO 070
8a 9a oM
o | OH @ e
: "COL O w
o0~o 0o
8b 9b
o + OH O OMe
\ F pn F O A\ o
O ™0 o0
8c 9c
o - oH [ OMe
cl ~,, CI
4 Y Ph O = 64
0o 0™0
8d od
cl -
5 N Ph = 47
00 (O]
Ccl| 8e Cl 9e

a Conditions: phenyliodonium zwitterion (0.55 mol), boronic acid (1.21
mmol), Pd(OAc) (6.2 mg, 0.06 mmol), R{Bu)s (27 uL, 0.24 mmol), and
LiOH (69.0 mg, 2.9 mmol) in DME (10 mL) and #0 (2.5 mL) at 25°C
for 20 h under Ar.

20% of HO and LiOH as ideal solvents and base. An
excellent result was eventually obtained (See entry 1, Table
1).

The above results indicate that the present reaction is rather
general and high yielding for the aromatic-based boronic
acids (entries £10), while the benzyl-based borane (entry
11) provides a rather low yield (Table 1). It is noteworthy
that all the bicyclic-based boronic acids (entries1D)
generate their corresponding produ@ts-j in high yields,
including the thianaphthene-2-boronic acid (entry 10), which
results in a satisfactory yield.

To evaluate the substitution effect on the aromatic ring of
the coumarin-based phenyliodonium zwitterions, five dif-

This rather intriguing observation eventually led us to use ferent substituted coumarin phenyl-iodonium zwitterions

P(@-Bu)s'* as a ligand by taking advantage of its bulkiness

(8a—e) were synthesized accordindgtyand coupled with

to prevent the observed transylidation. Accordingly, we set 4-methoxyphenyl boronic acid,under the identical condi-

up the reaction by using Pd(OA@nd P{-Bu); as a catalyst,
and the coupling yield was indeed improved dramatically.
We next optimized the reaction conditions by a survey of
solvents (CHCl,, DMF, THF, CHCN, and DME) and bases
(Et:N, K3sPOy, KoHPO,, Ba(OH), CsHCQ, CsOAc, LIOH,
KF, NaOAc, and NaHCg), which established DME with

(14) Littke, A. F.; Schwarz, L.; Fu, G. d. Am. Chem. So2002 124,
6343.

Org. Lett., Vol. 4, No. 19, 2002

tions described in Table 1. The results are shown in Table

(15) Detailed procedure for the synthesis of compoufdsd 8a—e:
lodobenzene diacetate (10 mmol) was suspended in a solution,Giya
(10 mmol) in water (100 mL) and stirred for 30 min at room temperature.
To this solution was added a mixture of 4-hydroxycoumarin (10 mmol)
and NaCOs; (10 mmol) in water (100 mL). After the mixture was stirred
at room temperature for 2 h, the precipitate was collected by filtration,
washed with water (20 mlx 5), and dried under vacuum. The resulting
white solid was used without further purification. Detailed spectra data for
these compounds are provided in the Supporting Information.
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2. These monosubstituted coumarin zwitteri8as-d afford 3-aryl-4-hydroxy-coumarins. Together with the well-estab-

their corresponding product8a—d in acceptable yields, lished methods for diversifying the C-4 position of coumarin,
except the dichlorocoumarin zwitteridde, which provides  the present method will benefit 3,4-disubstituted coumarin
9ein only 47% yield (entry 5, Table 2). library construction. Further studies to address this reaction

In summary, we have developed a successful palladium-mechanism and to expand the scope of both iodonium
catalyzed Suzuki-type reaction using phenyliodonium zwit- zwitterions and the type of transition-metal-mediated cross-
terions as effective electrophiles to generate 3-arylcoumarinscoupling reactions are underway in our laboratories.
that would not be otherwise easily synthesized via alternative
methods. The mild reaction conditions and the commercial ) )
availability of both 4-hydroxycoumarins and boronic acids ~ Acknowledgment. We thank Professor David Ho for his -
make this method a valuable tool for generating diversified €ncouragements during the course of this research. Financial
support from VivoQuest, Inc., is gratefully acknowledged.

(16) General procedure for the cross-coupling: A degassed solution of
boronic acid (1.209 mmol, 2.2 equiv) andtBu)s (27 uL) in DME and . ) . )
water (4:1|,)12.5 mL) wias added to a mi>)<turedof (ijced?&%xﬁm ylide (ZOOImg, Supporting Information Available: Experimental pro-
0.55 mmol), LiIOHH,0 (69 mg, 3.0 equiv), and Pd(O .2 mg, 5 mo _ ; il i
%) under argon at room temperature. After being stirred overnight (14 h), Ced.ures and NMR and _LC MS spectra. This material is
silica gel (3-5 g) was added to the reaction mixture. The mixture was available free of charge via the Internet at http://pubs.acs.org.
dried completely under vacuum, and the residue was then purified by flash
silica gel chromatography. 0OL020159B
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