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A catalytic carboxylation of the allylic C(sp3)-H bond of terminal alkenes
with CO2 was developed with the aid of a cobalt/Xantphos complex. A wide range of allylarenes and 1,

4-dienes were successfully transformed into the linear styrylacetic acid and hexa-3,5-dienoic acid
derivatives in moderate to high yields, with excellent regioselectivity. The carboxylation showed
remarkable functional group tolerability, so that selective addition to CO2 occurred in the presence
of other carbonyl groups such as amide, ester, and ketone. Since styrylacetic acid derivatives can

be readily converted into optically active y -butyrolactones through Sharpless asymmetric
dihydroxylation, this allylic C(sp3)-H carboxylation showcases a facile synthesis of y
-butyrolactones from simple allylarenes via short steps.
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Table 1. Condition Screening
Co(acac), (10 mol%)

H ligand (20 mol%) «
Z AlMe; (3 equiv) COMe 4 ) '
DMA (0.2 M), 60 °C, 12 h
Ph Ph

CO; (1 atm, closed)

1a then CH,N, 2a 3a
entry ligand yield of 2a (%)? yield of 3a (%)>?
1 Xantphos 32 41
2 DPEphos 0 77
3 DPPF 0 91
4 DPPP 0 86
5 2,2-bpy 0 920
6° Xantphos 58 14
7¢d Xantphos 71 20

aYields were determined by 'H NMR analysis using 1,3,5-trimethoxybenzene as an
internal standard. °£/Z mixture. ©1.5 equiv of AlMe; was used in DMA (0.05 M).
91 equiv of CsF was added.
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Table 2. Substrate Scope-1

Co(acac), (10 mol%)
H Xantphos (20 mol%) for 4

x
Fﬂ@N\COzH
= AlMe; (1.5 equiv) HCl aq 4
R CsF (1 equiv) for 2 X
1 DMA (0.05 M), 60 °C, 12 h 1) pH 4 buffer R©N\c02Me
2

CO; (1 atm, closed) 2) CHyN,

Electron-neutral allylarenes

SO O

4a: 71% 4b: 68% 4c: 63% 4d: 41%

Functionalized allylarenes
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4e: 65%7 4f: 55% 49: 78% 4h: 81% 4i: 69%

Carbonyl-substituted allylarenes
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4j: 72%° 4k: 54% 41: 63% 4m: 77%
Heteroarenes
X
ay oy
Z
N N
4n: 84% 20: 63%

2.0 equiv of AlMe; was used.
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Table 3. Substrate Scope-2
Co(acac); (10 mol%)

H Xantphos (20 mol%) for 6 RTN"NcoH
AlMe; (1.5 equiv. HCl aq.
)v/ 3 (1.5 equiv) q 6
R CsF (1 equiv) for 7 .
5 DMA (0.05 M), 60°C, 12h 1)pH4 buffer R~ "“CO,Me

(R = alkenyl) CO; (1 atm, closed) 2) CH,N, 7
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6c: 68% (E/Z = 55:45)
from 5¢ (E/Z = 50:50)
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Scheme 1. Derivatization
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