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The synthesis of 3-arylphthalides via palladium-catalyzed
arylation of aldehydes with organoboronic acids was
achieved using the thioether-imidazolinium carbene li-
gand in good to excellent yields and was carried out using
1.0 mol % of the catalyst with high substrate tolerance.

Phthalides substituted at C-3 are important heterocycles
possessing interesting biological activities and are found in
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various naturally occurring compounds,' such as alcyopter-
osin E,** cytosporone E,?° fuscinarin,™ rubiginone H.,>* iso-
pestacin,*® and cryphonectric acid.* Especially, 3-arylphthalides
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FIGURE 1. Precursors of N-heterocyclic carbene ligands.

are also known as useful intermediates for the synthesis of
tri- and tetracyclic natural products, such as anthracycline
antibiotics.* Because of their significance, various methods
for the synthesis of 3-arylphthalides have been reported.’
However, not many transition-metal-catalyzed synthetic
reactions for 3-arylphthalides have been developed,®’¢
although catalytic methods could be highly efficient pro-
cesses.’” In particular, there are only a few reports for the
synthesis of 3-arylphthalides using transition-metal-cata-
lyzed 1,2-addition as a key reaction,® and more catalytically
active and practically advantageous processes are desirable.

Since Miyaura reported the rhodium-catalyzed 1,2-addi-
tion in 1998,” transition-metal-catalyzed arylation reactions
of aldehydes with organoboronic acids have attracted much
attention.'® Because of the advantages of organoboronic
acids such as low toxicity and easy manipulation,'' several
types of active catalysts have been reported for this kind of
reaction.'?!* We have already developed thioether-imidazo-
linium chlorides 1'* (Figure 1) as heterobidentate ligand
precursors and found the palladium/thioether-imidazoli-
nium chloride system achieved high catalyst performance
in the 1,2-addition of organoboron reagents to aldehydes.'”
Herein, we would like to describe the efficient synthesis of
3-arylphthalides using the arylation of aldehydes with orga-
noboronic acids catalyzed by the palladium/thioether-
imidazolinium chloride system.

Initially, we examined two applicable synthetic methods
for 3-arylphthalides using the palladium-catalyzed arylation
of aldehydes with thioether-imidazolinium chloride 1b

(13) For other metal catalysts, see the following. Pd catalyst: (a)
Yamamoto, T.; Ohta, T.; Ito, Y. Org. Lett. 2005, 7, 4153-4155. (b) Liu,
G.; Lu, X. J. Am. Chem. Soc. 2006, 128, 16504-16505. (c) Suzuki, K.; Arao,
T.; Ishii, S.; Maeda, Y.; Kondo, K.; Aoyama, T. Tetrahedron Lett. 2006, 47,
5789-5792.(d)He, P.; Lu, Y.; Dong, C.-G.; Hu, Q.-S. Org. Lett. 2007, 9, 343~
346. (e) Qin, C.; Wu, H.; Cheng, J.; Chen, X.; Liu, M.; Zhang, W.; Su, W.;
Ding, J. J. Org. Chem. 2007, 72, 4102-4107. (f) He, P.; Lu, Y.; Hu, Q.-S.
Tetrahedron Lett. 2007, 48, 5283-5288. (g) Novodomska, A.; Dudicova, M.;
Leroux, F. R.; Colobert, F. Tetrahedron: Asymmetry 2007, 18, 1628-1634.
(h) Lin, S; Lu, X. J. Org. Chem. 2007, 72, 9757-9760. (i) Yu, A.; Cheng, B.;
Wu, Y.; Li,J.; Wei, K. Tetrahedron Lett. 2008, 49, 5405-5407. (j) Liu, G.; Lu,
X. Tetrahedron 2008, 64, 7324-7330. (k) Francesco, I. N.; Wagner, A.;
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M.; Takenaka, H.; Ohta, T.; Ito, Y. J. Organomet. Chem. 2009, 694, 1325~
1332. Ni catalyst: (m) Hirano, K.; Yorimitsu, H.; Oshima, K. Org. Lett.
2005, 7, 4689-4691. (n) Takahashi, G.; Shirakawa, E.; Tsuchimoto, T.;
Kawakami, Y.; Ishikawa, T. Chem. Commun. 2005, 1459-1461. (o) Arao,
T.; Kondo, K.; Aoyama, T. Tetrahedron Lett. 2007, 48, 4115-4117.
(p) Yamamoto, K.; Tsurumi, K.; Sakurai, F.; Kondo, K.; Aoyama, T.
Synthesis 2008, 3585-3590. (q) Zhou, L.; Du, X.; He, R.; Ci, Z.; Bao, M.
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2009, /1,4410-4413. Cu catalyst: (s) Tomita, D.; Kanai, M.; Shibasaki, M.
Chem. Asian J. 2006, 1, 161-166. (t) Zheng, H.; Zhang, Q.; Chen, J.; Liu, M.;
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Chem., Int. Ed. 2009, 48, 4414-4416. Ga catalyst: (x) Jia, X.; Fang, L.; Lin,
A.; Pan, Y.; Zhu, C. Synlett 2009, 495-499.
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9393-9400.

(15) (a) Kuriyama, M.; Shimazawa, R.; Shirai, R. J. Org. Chem. 2008, 73,
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J. Org. Chem. 2008, 73, 6939—6942.
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SCHEME 1. Synthesis of 3-Phenylphthalide using Palladium-
Catalyzed Arylation with Methyl Benzoates Substituted by
Formyl or Boronic Acid Group at the Ortho Position”

o) o)
OMe 1b % 1b OMe
Pd(ll) Pd(ll)
CHO o B(OH),
2a 5
Ph +

CsF CsF
+ dioxane dioxane
0,
(HO),B—Ph  68% 4aa 0% Ph—CHO
3a 6

“Reaction conditions: ArB(OH), (1.5 equiv based on aldehyde), 1b
(1 mol %), [Pd(allyl)ClI], (0.5 mol %), CsF (2 equiv), dioxane, 80 °C, 1 h.

TABLE 1.  Synthesis of 3-Phenylphthalide using Palladium-Catalyzed
Arylation of Methyl 2-Formylbenzoate with Phenylboronic Acid”

o 0
Ligand/Pd
@\)\OMG + (HO),BPh o 0
CHO (1.5 equiv) Dase (2 equiv)
solvent Ph
2a 3a 80°C,1h 4aa
entry  ligand Pd base solvent yield (%)"
1 la [Pd(allyD)Cl],  CsF dioxane 55
2 1b [Pd(allyD)Cl],  CsF dioxane 68
3 1c [Pd(allyl)Cll,  CsF dioxane 42
4 1b Pd(OAc), CsF dioxane 34
5 1b Pd(acac), CsF dioxane 0
6 1b Pd(dba), CsF dioxane 32
7 1b Pd,(dba)s CsF dioxane 31
8 1b [Pd(ally)Cl],  CsF toluene 78
9 1b [Pd(ally)Cl],  CsF DMA 0
10 1b [Pd(allyD)Cl],  CsF DMF 0
11 1b [Pd(allyD)Cl],  CsF DMSO 0
12 1b [Pd(allyD)Cl},  KF toluene 75
13 1b [Pd(allyD)Cl],  NaF toluene 0
14 1b [Pd(ally)Cl,  Cs,CO5;  toluene 55
15 1b [Pd(ally)Cl],  K3POy4 toluene 63
16¢ 1b [Pd(allyl)Cl],  CsF toluene 97

“Reaction conditions: 2a (0.75 mmol), 3a (1.13 mmol), ligand (1 mol %),
Palladium (1 mol %), base (1.5 mmol), solvent (1.5 mL), 80 °C, 1 h.
"Isolated yield. 2.5 equiv of 3a was used.

(Scheme 1). Whereas the synthesis of 3-phenylphthalide
4aa via the cyclization following addition of phenylboronic
acid 3a to methyl 2-formylbenzoate 2a was carried out
leading to 68% yield, the reaction of 2-methoxycarbonyl-
phenylboronic acid 5 with benzaldehyde 6 gave no desired
product, and the crude product after workup contained
almost only benzaldehyde.'®

On the basis of the results in Scheme 1, optimization of
reaction conditions was conducted using methyl 2-formyl-
benzoate 2a and phenylboronic acid 3a (Table 1). The
synthetic reactions for 3-phenylphthalide 4aa using the
arylation catalyzed by 1.0 mol % of the catalysts generated
in situ from thioether-imidazolinium chlorides 1la—c¢ and

(16) There is a possibility that 2-methoxycarbonylphenylboronic acid 5
was decomposed through decarboxylation following transmetalation,
which was similar to mechanisms in the following report: Kim, H. S.;
Gowrisankar, S.; Kim, E. S.; Kim, J. N. Tetrahedron Lett. 2008, 49, 6569—
6572. In 1,2-addition reactions of organoboron reagents catalyzed by
rhodium or nickel, reaction mechanisms including transmetalation as a key
step were proposed; see refs 10b, 13m, and 13r.
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TABLE 2.
R O
R
@OW + (HO),BR'
CHO (2.5 equiv)
2a:R=H 3a-m
2b: R= OMe
entry (HO),BR’ product yield
(%)

(HO),B

—
)
=

o
4ab 99
O Ph
0

o

w
<
o
o}
)
o

2 (HO),B 4ac 99
3c O
Ph Q Ph
o)
3 (HO)ZB~© O 4ad 99
y O
0
(HO), BOOMe Q
4 > O 4ae 99
3e O OMe
R o} R
o)
5 (HO),B @ O 4af 91
. ®
cl % o o
6 (HO),B O O 4ag 99
3g O
0
o o)
0
7 (HO)ng O 4ah 88
3h ‘
Q o
)
OFt ) OEt
8 (HO),B O 4ai 70
3i ‘
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Synthesis of 3-Arylphthalides using Palladium-Catalyzed Arylation of Aldehydes with Organoboronic Acids”

[Pd(aIIyI)CI]2

CsF (2 equiv)
toluene
80°C,1h

o

entry (HO),BR’ product }(13;) 1)‘3
9 (HO)ZBCQ W 4aj 87
10° 4ak 85

4al 99

(0]
(o]
X
\ S
O,
2 V4
4am 99
3m

Q.
oY )
13 (HO)B MeO, 4ba 85
. ®
MeO
Q
Ph o ™
14 (HO)ZB@ MeO O 4bd 75
3d MeO
o
@ Q
15¢ (HO),B— S MeO \\ bl 5
3l S
MeO
No
/ Y
16" (HO)QBAE; MeO]&\e\ 4bm 88
3m MeO

“Reaction conditions: 2a or 2b (0.75 mmol), organoboronic acid (1.88 mmol), 1b (1 mol %), [Pd(allyl)Cl], (0.5 mol %), CsF (1.5 mmol), toluene
(1.5mL), 80 °C, 1 h. “Isolated yield. “Instead of toluene, dioxane was used as a solvent. “The uncyclized adduct was observed in the crude product (4bm/
uncyclized adduct = 5/2), which was dissolved in chloroform and left at rt until the uncyclized adduct was converted into 4bm completely.

[Pd(allyl)Cl], in the presence of cesium fluoride were exam-
ined in dioxane at 80 °C for 1 h. Thioether-imidazolinium
chloride 1b was proven to be a superior heterobidentate
carbene ligand precursor (entries 1—3). A series of palladium
sources were screened, and [Pd(allyl)Cl], gave the highest
catalytic activity (entries 2 and 4—7). The influence of
solvents was investigated, and toluene was most suitable,
leading to 78% yield (entry 8). Highly polar solvents such as
DMA, DMF, and DMSO afforded no desired product
(entries 9—11). The exploration of bases revealed that cesium
fluoride was the reagent of choice (entries 8 and 12—15). The
increase in the equivalent of phenylboronic acid 3a led to
improvement in yield, giving 3-phenylphthalide 4aa in 97%
(entry 16).

9212 J. Org. Chem. Vol. 74, No. 23, 2009

Investigation of organoboronic acids in the synthesis of
3-subsituted phthalides using the arylation of methyl 2-for-
mylbenzoate 2a with 1.0 mol % of the catalyst was conducted
(Table 2, entries 1—12). The sterically hindered 2-biphenyl-
boronic acid 3d as well as 4- and 3-biphenylboronic acids (3b
and 3c) reacted with the aldehyde 2a efficiently to afford the
cyclized products 4ab—4ad in 99% yield (entries 1—3). Both
the electron-rich and -poor arylboronic acids (3e and 3f) led
to excellent yields of the lactone products (entries 4 and 5).
The reaction using 3-chlorophenylboronic acid 3g proceeded
smoothly without the generation of the uncyclized Suzu-
ki—Miyaura coupling or dehalogenation products (entry 6).
The ketone and ester groups in arylboronic acids were
tolerated under the reaction conditions, giving the desired
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products with 88% and 70% yields, respectively (entries 7
and 8). Then, heteroarylboronic acids bearing nitrogen,
oxygen, and sulfur atoms were examined. The boronic acids
3j—1 proved to be good substrates, leading to high yields
of the lactone products (entries 9—11). The synthesis of
3-alkenylphthalide using 1,2-dimethyl-1-propenylboronic
acid 3m was also achieved in excellent yield (entry 12).

Furthermore, the influence of the electron-rich aldehyde,
methyl 6-formyl-2,3-dimethoxybenzoate 2b, was investi-
gated (Table 2, entries 13—16). No significant decrease in
yield for the reaction of the aldehyde 2b and phenylboronic
acid 3a was observed, affording the product 4ba with 85%
yield (entry 13). Although the reaction of sterically hindered
2-biphenylboronic acid 3d proceeded with a good yield
(entry 14), the reaction using 3-thiopheneboronic acid 31
afforded the desired lactone product in moderate yield (entry
15). In the case of 3-alkenylphthalide 4bm, the cyclization
following addition was relatively slow. The crude product
contained the uncyclized adduct, which was then dissolved in
chloroform and converted to the cyclized product 4bm in
88% yield (entry 16).

In summary, the synthesis of 3-arylphthalides via the
arylation of aldehydes with organoboronic acids proceeded
smoothly using 1.0 mol % of the catalyst generated from
palladium and thioether-imidazolinium chloride. This pro-
cess tolerated a diverse range of substrates, giving a variety of
3-substituted phthalides in good to excellent yields. Further
efforts will be focused on the development of asymmetric
versions in our research group.

Experimental Section

Typical Procedure for Synthesis of 3-Arylphthalides using
Palladium-Catalyzed Arylation of Aldehydes with Organoboro-
nic Acids. Under argon atmosphere, a reaction tube was charged
with [Pd(ally)CI], (1.37 mg, 3.75 x 10~ mmol), imidazolinium

]OCNote

chloride 1b (3.38 mg, 7.5 x 10~? mmol), and cesium fluoride
(228 mg, 1.5 mmol). To this mixture was added dioxane
(1.5 mL). The mixture was stirred for 15 min at 80 °C and
cooled to room temperature. Then, methyl 2-formylbenzoate 2a
(123 mg, 0.75 mmol) and 3-thiopheneboronic acid 31 (240 mg,
1.88 mmol) were added, and the reaction mixture was stirred at
80 °C for 1 h. The mixture was cooled to room temperature and
stirred for 12 h. Water and saturated NH,Cl were added, and the
resulting mixture was extracted with CH,Cl,. The combined
organic layers were washed with brine and then dried over
MgSO,. Concentration and purification through silica gel
column chromatography (hexane/AcOEt = 5:1) gave 161 mg
(0.74 mmol, 99% yield) of the product 4al.

3-(3-Thienyl)-3H-isobenzofuran-1-one (4al) (Table 2, entry
11). Colorless solid of mp 86—87 °C. 'H NMR (CDCl;): 6
6.51 (1H,s), 6.95 (1H, dd, J = 2.0,4.4 Hz), 7.33—7.35 (2H, m),
7.43 (1H,d,J = 7.3 Hz), 7.58 (1H, t,J = 7.3 Hz), 7.67 (1H, m),
7.97 (1H, d, J = 7.3 Hz). >*C NMR (CDCl5): 6 78.4, 122.8,
124.4, 125.7, 125.8, 125.9, 127.2, 129.4, 134.2, 137.2, 149.0,
170.1. IR (neat): 1780 cm~'. HRMS (EI): m/z caled for
C,HgO,S (M) 216.0245, found 216.0231.
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