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reagents to give the correspondinghydroxydiarylacetates.
This is a rare example of rhodium-catalyzed intermolecular
arylation on the carbonyl carbon of estéra-Hydroxyesters

are useful materials as the synthetic intermediates of certain
carbo- and heterocyclic compounds, as well as for other
applications including delivery systems of cosmetic and phar-
maceutical agentsln addition, relatedx-dicarbonyl compounds,
benzoylformate and benzil, have also been found to undergo
monophenylation by the rhodium catalysis.

In an initial attempt, diethyl oxalated §) (1 mmol) was treated
with sodium tetrakis(4-methylphenyl)borat2a] (0.5 mmol)
under conditions similar to those employed for the reaction of
ketones. Thus, in the presence of [RhCl(cogl)p.005 mmol)
and NHCI (1 mmol) as a catalyst and a proton source,
respectively, in refluxingo-xylene at 120°C for 13 h, ethyl
2-hydroxy-2,2-bis(4-methylphenyl)acetatgs) was formed in

carbonyl carbons upon treatment with arylboron reagents in 759 yield (Table 1, entry 1). The addition of phenol in place
the presence of a rhodium catalyst to give the correspondingof NH4Cl completely suppressed the reaction (entry 2). The
o-hydroxydiarylacetates. Under similar conditions, the ary- present arylation was found to proceed effectively without any
lation of benzoylformate and benzil also proceeds efficiently. additives to afford3a in 87% vyield (entry 3). The hydroxy
complex [Rh(OH)(cod}]was as effective as [RhCl(cog)Entry
] N B 4), while the activity of Rh(acac)(cod) was very low (entry 5).
The rhodium-catalyzed nucleophilic addition of organoboron |t yas confirmed that the reaction does not proceed at all without
and -stannane reagents to carbonyl compounds is now recogzny rhodium catalyst. At a lower or higher temperature, the yield
nized to be a highly useful tool for alcohol synthesis (Scheme ot 35 decreased (entries 6 and 7). The reaction proceeded with
1)1 The mild, weakly nucleophilic organometallic reagents are gomewhat reduced efficiency in refluxing toluene (entry 8),
effectively activated under rhodium catalysis to react readily \yhile a polar solvent, 1,4-dioxane, was found to be unsuitable

with aldehydes (Ror R2 = H)2 and structurally or electronically
activated ketones (RR? = —(CHy)3—;® R! or R2 = COR;*
etc.).

Recently, we succeeded in conducting the intermolecular
arylation of relatively less reactive electrophiles such as unac-
tivated ketones as well as imines and nitriles under suitable
conditions® In the course of our study of rhodium-catalyzed
arylation reaction§,it has been found that dialkyl oxalates
undergo diarylation selectively upon treatment with arylboron
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(entry 9).

Dimethyl- (1b) and dif-butyl) oxalate {c) also underwent
the diarylation upon treatment witBa under the optimized
conditions to give the correspondinghydroxyacetates in good
yields (Scheme 2). In contrast, a sterically hindered ester, di-
(tert-butyl) oxalate Ld), did not react with2a at all.

Table 2 summarizes the results for the reactions oflolity!)
oxalate (c) with sodium tetraarylborat2 or 5,5-dimethyl-2-
aryl[1,3,2]dioxaborinanel. Tetraphenylborate and tetrakis(4-
fluorophenyl)borate reacted efficiently to gide and3ein 68
and 137% yields, respectively. In the latter case, the yield
exceeding 100% indicates that more than one aryl groud in
can be utilized. The reactions with arylboronatésalso
proceeded to give the corresponding diarylated products. The
addition of KF was essential for the reaction wittio occur.

A plausible mechanism for the reaction of oxalalewith
arylboron reagent® or 4 is illustrated in Scheme 3. The reaction
may proceed via nucleophilic addition of an arylrhodium

(7) The stepwise diarylation of diethyl oxalate using Grignard reagents
has been reported: Levy, A.; Rakowitz, A.; Mills, N. $. Org. Chem.
2003 68, 3990.

(8) For an intramolecular version, see: Miura, T.; Sasaki, T.; Nakazawa,
H.; Murakami, M.J. Am. Chem. So2005 127, 1390.

(9) () Flavin, M. T.; Lu, M. C.; Thompson, E. B.; Bhargava, H. N.
Med. Chem1987, 30, 278. (b) Ohwada, T.; Shudo, K. Am. Chem. Soc.
1988 110 1862. (c) Sydorenko, N.; Hsung, R. P.; Saleh Darwish, O.; Hahn,
J. M,; Liu, J. Org. Chem2004 69, 6732. (d) Ikemoto, K.; Yamada, K.
Jpn. Kokai Tokkyo KohdP2004239986, 2004. (e) Gupta, S. K. U.S. Patent
Appl. 20060110415, 2006.
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TABLE 1. Reaction of Diethyl Oxalate (1a) with Sodium
Tetrakis(4-methylphenyl)borate (2ay

Q Rh-cat. OH
EtO)H(OEt +  NaBAr, 4»0 -~ Ar OEt
o 2a Yy Ar o
1a Ar = 4-MeCgH, 3a
% yield
entry Rh catalyst temgC) time (h) of 3a
1° [RhCl(cod)} 120 13 75 (51)
o [RhCl(cod)b 120 11 0
3 [RhCl(cod)} 120 13 87 (57)
4 [Rh(OH)(cod)} 120 11 81
5 Rh(acac)(cod) 120 8 7
6 [RhCl(cod)} 100 11 45
7 [RhCl(cod)} 140 11 69
8° [RhCl(cod)} 120 12 65
o [RhCl(cod)h 120 6 9

aReaction conditions:1[a]:[ 2a):[Rh catalyst]= 1:0.5:0.005 (in mmol),
in o-xylene (5 mL) under B ? GLC yield based on the amount 2& used.
Value in parentheses indicates yield after purificatiowith NH4Cl (1
mmol). 4 With phenol (1 mmol) & In refluxing toluenef In refluxing 1,4-
dioxane.

SCHEME 22
it [RhCl(cod)], OH
RO)H(OR +  NaBAr, Epewe— ArNOR
o-xylene Ar
(0] 2a (0]

Ar = 4-MeCgHy R % yield?
1b: R =Me 3b Me 90 (48)
1c: R=Bu" 3c Bu” 93(67)

1d: R=Bu! Buf 0

aReaction conditions: 1]:[ 2a]:[[RhCl(cod)];] = 1:0.5:0.005 (in mmol),
in o-xylene (5 mL) under Mat 120°C for 12 h.’GLC yield based on the
amount of2a used. Value in parentheses indicates yield after purification.

intermediateA, which is generated by transmetalation of a Rh-
(DX species with2 or 4, to one of the carbonyl groups @&fto
give an intermediatB. Then, the elimination of alkoxyrhodium
C from B givesa-ketoesteb. The alkoxyrhodiunC undergoes
transmetalation witl2 or 4 to regeneraté. Under the present
reaction conditiongy-ketoeste may also undergo nucleophilic
addition of A on its keto carbonyl group to yiel®,*@ which
releases the borate of the final diarylated prod@ctand
regenerate via transmetalation. Each transmetalation step with
4 may be promoted by added KF10

On the basis of the consideration described above, the
phenylation of ar-ketoester by the present procedure was next
attempted. Thus, ethyl benzoylformatgg) was treated with
2b in the presence of [RhCl(cod)in o-xylene at 12C°C for 9
h (Scheme 4). As expected, a monophenylated product, ethyl
2-hydroxy-2,2-diphenylacetat&)( was formed in 74% vyield.
The yield of 7 was significantly enhanced by the addition of
NH4Cl and PhOH. Particularly, using the latter additiveyas
obtained in 168% yield, which indicates the participation of
more than one phenyl group &b in the reaction. In contrast,
as described above, the reaction of diethyl oxalatelid not
proceed in the presence of PhOH (entry 2 in Table 1). These
results indicate that, in the diarylation of oxalaleshe additive
suppresses the first arylation frdhto 5, although it may possess
high potential to promote the second step fr&no 3. In

(10) Miyaura, N.; Suzuki, AChem. Re. 1995 95, 2457.
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TABLE 2. Reaction of Dibutyl Oxalate (1c) with Tetraarylborates
2 or Arylboronates 42
NaBAr,

0
oBur. 2 or [RhCl(cod)l, OH
Bu”O)Hf * o = A\ OB
o ArB\ o-xylene Ar
1 0 °©
¢ 4
3
product, % yield?
with 2
OBu” OBu”
3d, 68 (54) F' 3¢, 137 (105)
with 4¢
MeO Me,N
OH OH O
OBu” OBu" OBu”
3d, 45 MeO 3¢ s347)  MeN 34 5535

a Reaction conditions: 1[c]:[2 or 4]:[[RhCl(cod)];] = 1:0.5 or 1:0.005
(in mmol), in o-xylene (5 mL) under Bat 120°C. ? GLC yield based on
the amount of2 or 4 used. Value in parentheses indicates yield after
purification. ¢ For the reaction withl, KF (1 mmol) was added.
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addition,5a was found to react effectively with phenylboronic
acid ) in the presence of KF to givé in 93% vyield within
11

A relatedo-diketone, benzil§), also underwent the pheny-
lation in the present reaction system usily [RhCl(cod)},
and PhOH as the phenylation reagent, catalyst, and promoter,
respectively, to give 2-hydroxy-2,2-diphenylacetophen®e (
in an excellent yield (Scheme % One of the major roles of

(11) Very recently, the palladium-catalyzed version was reported: He,
P.; Lu, Y.; Dong, C.-G.; Hu, Q.-SOrg. Lett.2007, 9, 343.



SCHEME 42
o) NaBPh, OH
Ph)kn/oa . 2 RnCllcod)ly Ph/)\n/OEt
or o-xylene Ph

0 PhB(OH), o

5a 6 7
additive % yield®

2b - 74

2b NH,CI 101
2b PhOH 168 (138)

6° KF 93

aReaction conditions: 5al:[ 2b or 6]:[[RhCl(cod)],]:[additive] = 1:0.5:
0.005:1 (in mmol), ino-xylene (5 mL) under Mat 120°C for 9 h.’GLC
yield based on the amount @b or 6 used. Value in parentheses indicates
yield after purification.cFor 2 h.

SCHEME 52
Q [RhC(cod)l, OH
Ph)S(Ph + NaBPh, —|> PhNPh
5 2b o-xylene Ph 3
8 9
additive % yield?
- 83
NH,CI 92
PhOH 199 (157)

aReaction conditions: §):[ 2b][[RhCl(cod)];]:[additive] = 1:0.5:0.005:1
(in mmol), ino-xylene (5 mL) under Mat 140°C for 6—-12 h.°GLC yield
based on the amount @b used. Value in parentheses indicates yield after
purification.

added PhOH would be the protonolysis of intermediary alkox-
yrhodium species to make an effective bypathHowever, the
detrimental effect in the reaction d@fis not accountable at the
present stage.

In summary, we have shown that dialkyl oxalates undergo
selective diarylation by treatment with arylboron reagents in

JOCNote

the presence of a rhodium catalyst system. This appears to
provide a useful, general synthetic route leading-foydroxy-
diarylacetates. It has also been confirmed that benzoylformate
as well as benzil also undergoes arylation effectively under
similar conditions.

Experimental Section

Ethyl 2-Hydroxy-2,2-bis(4-methylphenyl)acetate (3a)To a 20
mL two-necked flask were added diethyl oxalaie)((1 mmol,
146 mgq), sodium tetrakis(4-methylphenyl)boraa)((0.5 mmol,
199 mg), [RhCl(cod} (0.005 mmol, 2.5 mg), 1-methylnaphthalene
(ca. 60 mg) as internal standard, anglylene (5 mL). The resulting
mixture was stirred underNballoon) at 120C (bath temperature)
for 13 h. After cooling, analysis of the mixture by GC confirmed
formation of compounda (61 mg, 87%). The product (40 mg,
57%) was also isolated by extraction of the mixture with ether,
evaporation of the solvents, and thin-layer chromatography on silica
gel using hexane/ethyl acetate (90:10, v/v). CompogaéF oil;
1H NMR (400 MHz, CDC}) 6 1.27 (t,J = 7.3 Hz, 3H), 2.33 (s,
6H), 4.15 (s, 1H), 4.31 (q] = 7.0 Hz, 2H), 7.14 (dJ) = 8.4 Hz,
4H), 7.31 (d,J = 8.4 Hz, 4H);3C NMR (100 MHz, CDC}) ¢
14.0, 21.1, 62.8, 80.6, 127.3, 128.7, 137.7, 139.3, 174.7 S
284 (M").
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