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Development of a new method for the carboxylation of carbon Scheme 1

nucleophiles using carbon dioxide as an electrophile is highly transmetalation L Rh()
valuable, and, in particular, development of a catalytic method for ArB(OR), (RO)zBoYAr n

this transformation is of paramount importance not only from a ) ArB(OR),
standpoint of a synthetic methodology but also from that of C1 2_& énsmetalatlon

chemistry? However, CQ is a less-reactive electrophile, and
organometallic reagents with high nucleophilicity such as organo- |LnRh';‘%>—Ar -

T
lithiums and Grignard reagents are usually required for this

transformation. \(
In the 1970s and 1980s, it was reported by Vol'pin, Aresta, and

. . . . insertion
Darensbourg that phenylrhodium species readily reacted with CO
under high pressure (220 atm) to give rhodium benzoate of pidentate ligands gave much better results. Among the ligands
complexeg.However, a stoichiometric amount of rhodium species  examined, dppp was found to be the best ligand for this reaction.
was employed, and no catalytic version of this reaction has beenThys, benzoic acid was obtained in 75% yield using 3 mol % of
reported so far. To perform this reaction catalytically, it is necessary rhodium catalyst and 3 equiv of CsF by heating the reaction mixture

to regenerate the active catalyst from the rhodium carboxylates. 5t 60 °C in the presence of 7 mol % dppp in dioxane under an
Recent reports on rhodium(l)-catalyzed addition reactions of atmospheric pressure of GQeq 1).

arylboronic reagents to various electrophiles such as carbony

L,RhO

compounds,electron-deficient alkenésand so or¥, have prompted S?nz |(°1/ ";‘F;E)(OH)(CO(*)]
us to examine the reaction with GQuith the expectation that the 0 ¥ Mol% dppp, base 2
high oxophilicity of boron compounds would make it possible to @’B\ :>< dioxane, 60 °C COOH U]
regenerate the active rhodium catalyst by promoting the exchangq 1a 12;/
. x=10, y=20, no base %
of rhodium carboxylates to boron carboxylates (Scheme 1). Recen Y3, yo7 3 oquiv. OSF 75%

progress on the facile preparation of various aryl- and alkenyl-
boronic esters containing functional groups through the Pd-catalyzed We next examined the generality of this reaction using several
coupling reaction of the corresponding halides with diboron functionalized arylboronic esters. At this point, it was found that
reagentSor through the Rh or Ir-catalyzed borylation with the direct  the reactive catalytic species were rather air-sensitive, and yield
sp? C—H bond activatiohwould make this reaction highly useful  reproducibility was not always achieved well. Finally, good
for the synthesis of functionalized carboxylic acid derivatives. reproducibility of the reaction has been achieved by carrying out
At first we examined the reaction of several phenylboronic acid the reaction in a closed systéfi3
derivatives with CQusing [Rh(OH)(cod), which is known to be As summarized in Table 1, various arylboronic esters substituted
an efficient catalyst for transmetalation with arylboronic acid with an electron-donating or electron-withdrawing group were
derivatives® and it was found that when 5,5-dimethyl-2-phenyl-  converted into the corresponding arylcarboxylic acids in good to
1,3,2-dioxaborinane (ester of phenylboronic acid with 2,2-dimeth- high yields by carrying out the reaction under the optimized
ylpropan-1,3-diol) was treated with 10 mol % of the rhodium conditions. In some cases, use of 1,3-bigfdi(ethoxyphenyl)-
catalyst under an atmospheric pressure of @Che presence of  phosphino]propane [§MeO)dppp) gave slightly better results
1,3-bis(diphenylphosphino)propane (dppp) in dioxane &@&ahe compared to simple dppp. It should be noted that arylboronic esters
desired benzoic acid was obtained in 12% yield (eq 1). Other containing a carbonyl or a cyano group could be converted to the
phenylboronic esters such as propan-1,3-diolate, ethylene glycolate corresponding carboxylic acids without affecting these function-
pinacolate, and catecholate gave almost no product. alities (entries 69 and 1%-14). Even a Boc-protected NH
We then examined various bases and ligands for the purpose offunctionality could be tolerated in this reaction (entry 10).
accelerating the transmetalation of the rhodium benzoate with the Furthermore p-substituted arylboronic esters (entries 15 and 16)
phenylboronic ester and enhancing the nucleophilicity of the or heteroaromatic derivatives (entries-2Z2) gave the correspond-
phenylrhodium species. While use of several typical bases such asng carboxylic acids in good yield. Some of these substrates could
sodium alkoxide, potassium hydroxide, potassium carbonate, whichbe prepared by the coupling reaction of the aryl halides with bis-
were known to accelerate transmetalation of arylboronic acids or (neopentyl glycolato)diboron, while the corresponding Grignard or
esters to arylrhodium speci@slid not promote the carboxylation  aryllithium reagents are not employable for the reaction with.CO
efficiently, use of cesium bases gave better resfilts.particular, Thus, this protocol is particularly useful for the preparation of
cesium fluoride was found to be the most efficient for this readion.  functionalized arylcarboxylic acids.
Concerning the ligand, use of monodentate phosphine ligands did Reactions of alkenylboronic esters also proceeded under similar
not promote the carboxylation reaction efficiently. However, use conditions in reasonable yields, except that [RhCl(nbdyhs
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CO,
3 mol% [Rh(OH)(cod)],
7 mol% dppp or (p-MeO)dppp

0
/ 3 . C F

Ar-B :>< =2 - Ar-COOH el
C1) dioxane, 60 °C 2

Table 1. Carboxylation of Arylboronic Esters

Entry product yield / %
1 R—@COOH R =-+Bu (2b) 89
2 -CH=CMe; (2c) 90
3 -OMe (2d) 95
4 -CF3 (2e) 76
5 -F (2f) 85
6 -OPiv (2g) 682
7 -COOMe (2h) 672
8 -COCHj3 (2i) 742
9 -CH,C=N (2j) 492
10 -NHBoc (2k) 882
1 -(CH)oCOCHjz (21) 78
12 -(CH2)o,COOMe (2m) 78
13 QCOOH R =-COOMe (2n) 68
14 H -CN (20) 632
15 COOH R = -Me (2p) 7530
16 n -OMe (2q) 778

BRI 35MeCHaCOOH (20 76

18 2-naphthylCOOH (2s) 82
19 1-naphthylCOOH (2t) 702b
20 3-thienylCOOH (2u) 64
21 2-benzofuranylCOOH (2v) 592
22 2-(1-methyl)indolylCOOMe (2w)° 54

a (p-MeO)dppp was employed.The reaction was run at 9C. ¢ Isolated
as its methyl ester.

employed instead of [Rh(OH)(cod){eq 3). Importantly, further
1,4-addition of alkenylboronic esters to the producgtunsatur-

ated carboxylic acid derivatives was not observed in these reactions.
As alkenylboronic esters can readily be synthesized via hydrobo-
ration of the corresponding alkynes with catecholborane, followed
by a trans-esterification or coupling reaction with the corresponding

alkenyl halides or triflates with tetra(alkoxo)dibordhsubstrates

containing various functional groups would be applicable to this

carboxylation reaction.

CO,
5 mol% [RhCI(nbd)],

o 10 mol% dppp or (p-MeO)dppp
! 3 eq. CsF ()
R/\/ B. F‘/\/COOH
4

9] dioxane, 60 °C
3
R= Ph(4a)
R=4-MeOCgH,(4b) 94%
* (p-MeO)dppp was employed.  R=n-Hex(4c) 81%*

In summary, we have succeeded in developing a rhodium-
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catalyzed carboxylation reaction of aryl- and alkenylboronic esters (10) de la Herfa, G.; Mba, M.; Murcia, M. C.; Plumet, J.; Cisg A. G. Qrg,

under mild conditions. As organoboronic esters are easily available
without using organolithiums or Grignard reagents, various func-

tional groups are tolerated in this reaction.
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Lett. 2005 7, 1669.

(11) It is not yet clear whether the product in the reaction mixture is Cs
carboxylate or boron carboxylate (or its fluoroborate salt). We are currently
under study to clarify the exact mechanism of the reaction.

(12) After the catalyst, dppp, CsF, and the substrate were mixed in dioxane
under 1 atm of C@using a balloon, the reaction mixture was cut off
from the balloon, kept closed, and heated at € Although the
temperature is below the boiling point, sufficient care should be taken
for high pressure. The reaction was carried out behind a safety shield.

(13) Most reactions could be carried out under 1 atm of @€ing a balloon
without problem.
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