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Recent Advance of Transition-Metal-Catalyzed Tandem Carboxyla-
tion Reaction of Unsaturated Hydrocarbons with
Organometallic Reagents and CO,

Yi, Yaping®  Hang, Wei®  Xi, Chanjuan®**
(“ MOE Key Laboratory of Bioorganic Phosphorus Chemistry & Chemical Biology, Department of Chemistry,
Tsinghua University, Beijing 100084)
(® State Key Laboratory of Elemento-organic Chemistry, Nankai University, Tianjin 300071)

Abstract Carbon dioxide (CO,), as a one-carbon synthon, has many advantages such as abundant, non-toxic, clean and so
on. So the reactions using CO, as a one-carbon synthon have been widely concerned in organic chemistry. Transition-metal-
catalyzed reaction of unsaturated hydrocarbons with CO, to produce carboxylic acid is one of the most commonly-used meth-
od to convert CO,, and organometallic reagents can be added to the reaction as reducing agent. This kind of reaction can be
realized by the strategy of tandem reaction. In the reaction, the unsaturated hydrocarbons react with transition-metal catalysts
and organometallic reagents to generate new organometallic reagents in situ first, and then complete carboxylation with CO,.
Common organometallic reagents such as organozinc reagents, Grignard reagents, and organoaluminum reagents can all
achieve this kind of carboxylation reaction. In this review, reactions are divided according to the type of unsaturated hydrocar-
bons, and each type can also be divided into hydrocarboxylation and carbocarboxylation. This review would introduce reaction
according to this classification.

Keywords carbon dioxide; unsaturated hydrocarbons; carboxylation reaction; transition-metal catalysts; organometallic rea-
gent
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Scheme 3 Iron-copper cooperative catalyzed hydrocarboxylation of alkene with CO,
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Scheme 10 Nickel-catalyzed stereoselective synthesis of a-alkylidene-y-butyrolactone from homopropargylic alcohols and CO,
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Scheme 11 Nickel-catalyzed stereoselective synthesis of (£)-3-alkylidene-2-indolinones from 2-alkynylaniline and CO,
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Scheme 12 Nickel-catalyzed stereo- and regio-selective hydrocarboxylation with alkynes and CO,
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Scheme 15 Nickel-catalyzed carbocarboxylation of homopro-
pargylic alcohols with CO, and dimethylzinc
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Scheme 17 Nickel-catalyzed carbocarboxylation of alkynes with arylmagnesium reagents and CO,

L TCER A BRI, LB SIS A 78 3 BH R AT g

ZrPigAe, FohmraouE T A R T R S R
B, EMBREIRDPIETE BRI =T EY) Aas,
RIES EtZn JFF B8 I Bgs, FHEL 7
THAIMEAFEMLEY) Cas, BN EY) Cas KA p-E0H
BrAE R EIIFN Das, ZJGBREWIFN Dgrg 180 138 73
WA B B T AL FR OE AR B R B B
Eqs, IG5 CO, [, G/KifEAREHFRRW ™. 5
— PR RERIE R T N IME T Y) Cas 55 EbZn &8
R WA ED) Fas, RIFWEY Fas 15 CO, R
th, GARBIERBI B AR, SO LA R X0 B A 57
PRSI & R i XU R A A SR A S B, 3
P L T AR SRR, XN TR OP R
AL T AT . FE AR T IREAPRE T AR
Ui R (R e 5 COL IR IR, 12 S [RI R & A B
W = CHEFRAR S 5T, RN AT Rt AR AL
BB IR AT R LR AT

5 REERE

I 24 H, AT e JE M T AL
VRN JEG AR & R ilfl S COy R AR SR IR AL S M

92 http:/sioc-journal.cn/

© 2021 Chinese Chemical Society & SIOC, CAS

D& T KENKRE, W8S MAMMIRRY) KRR,
Horp 33 MBS BN A S NE. A3 5 IR AL
SRS H] CO, fil & RIAVFZ NS, HinBisE— LT
A WL R REE i, B T HEAT AL SOV 2 Ak ik
R AREAT B E SRR, N2 P A7 L v

SR N H TSR —LE L bdn, 5EKRL
SNEFALE, BRFR A S FH e ) SRR PR K, A
BRI S ML, T S R A S AT A K R e 5
(6], <R A S NI AR Il 5 g, < J k) vl e Ry
BRPEATGAENE, IX SR SN AE A R A R 2 P A7 1 T i
Phile. BLAh, ik — D g E R N R, JCH AR T
TCEAETE Y TR, QAT 5 vy S I R0 R 6 1 th i fE
(EEsEthy

HAT, AR AR DA SN 4 € 14 S 8 7 A
FI CO, SEBUR BB, ] 4 A Fre AR 2 Bk 1 14 <2 s HE AL 771
B 3 POBT AU B AR 3 HL A 2 s AT Y A 2 e
BRERAELK AR SHHLERG L COo, M
HRARA S NN SR AT A — € B, (H 2 3RAT
HAAE BEE W LA IR S S SR T A, DA O 2%
I ALIL, H CO, I ER IR AL S BB Tl Al A
{1 F B — 5 RE S HL.

Chin. J. Org. Chem. 2021, 41, 80~93



Chinese Journal of Organic Chemistry

REVIEW

. R
,—R Ni(cod), (1 mpl%)
X + CO, CsF (2 equiv.) HCl " 2> COoH
\—\\ ZnEt, (3 equiv.)
CH4CN, 60 °C
TsN 7 "COMH /\:E\CO H MeOOC Z > CO,H
MeOOC
T7%(E) 60%(E 73%(Z, without CsF)
R

=~ “ZnEt \
CO " : A
ES’IB% Nl(o)
R
Z ~COyH X
/;f:ZnEt &

NiH As1s
Ds1s ZnEt,
path A
| R R
/_(/LZnEt
A ZnEt Nt
ZnEt, NiEt N
\_/
Ni(0)=<— NiEt, Cs1s Bs1s
path B
R
CO HCI
A 7nEt ——> ——> 7 COH
ZnEt

Fs1s

B 18 B S CO, 1w EEE F M ER L I B
Scheme 18 Nickel-catalyzed high-selective hydrocarboxylation
of enynes with CO,

References

[1] Wuebbles, D. J.; Easterling, D. R.; Hayhoe, K.; Knutson, T.; Kopp,
R. E.; Kossin, J. P.; Kunkel, K. E.; LeGrande, A. N.; Mears, C.;
Sweet, W. V.; Taylor, P. C.; Vose, R. S.; Wehner, M. F. In Climate
Science Special Report. Fourth National Climate Assessment, Vol.
I, 2017, pp. 35~72.

[2] (a) Tortajada, A.; Julid-Hernandez, F.; Borjesson, M.; Moragas, T.;
Martin, R. Angew. Chem, Int. Ed. 2018, 57, 15948.

(b) Wang, S.; Xi, C. Chem. Soc. Rev. 2019, 48, 382.

(c) Wang, Q Sun, J. Chem. Bull. 2018, 81, 312 (in Chinese).
(E5E, fhat, i@ R, 2018, 81,312)

(d) Zhang, Y.; Cen, J.; Xiong, W.; Qi, Z.; Jiang, H. Prog. Chem.
2018, 30, 547 (in Chinese)

kT2, A3E, BRSO, RGATR, Mg, L3k, 2018, 30,
547.)

(e) Zhang, Z.; Gong, L.; Zhou, X.-Y.; Yan, S.-S.; Li, J.; Yu, D.-G.
Acta Chim. Sinica 2019, 77, 783 (in Chinese).

Chin. J. Org. Chem. 2021, 41, 80~93

[3]

[29]
[30]
[31]
(32]
[33]
[34]

[35]
[36]
[37]

© 2021 Chinese Chemical Society & SIOC, CAS

(rkde, R0, R, B
77,783.)

(f) Chen, K.-H.; Li, H.-R.; He, L.-N. Chin. J. Org. Chem. 2020, 40,
2195 (in Chinese).

(RHLE, Z404h, MR, AL, 2020, 40, 2195.)

(g) Zhou, C.; Li, M.; Yu, J.-T.; Sun, S.; Cheng, J. Chin. J. Org.
Chem. 2020, 40, 2221 (in Chinese).

(AEE, 2, T&W, 7ML, BRIT, A HuLs, 2020, 40, 2221.)
(a) Yan, S.-S.; Fu, Q.; Liao, L.-L.; Sun, G-Q.; Ye, J.-H.; Gong, L.;
Bo-Xue, Y.-Z.; Yu, D.-G. Coord. Chem. Rev. 2018, 374, 439.

(b) Zhang, L.; Hou, Z. Curr. Opin. Green Sust. Chem. 2017, 3, 17.
Lapidus, A. L.; Pirozhkov, S. D.; Koryakin, A. A. Russ. Chem. Bull.
1978, 27, 2513.

Cohen, S. A.; Bercaw, J. E. Organometallics 1985, 4, 1006.

Alt, H. G; Denner, C. E. J. Organomet. Chem. 1990, 390, 53.
Hoberg, H.; Schaefer, D. J. Organomet. Chem. 1982, 236, C28.
Hoberg, H.; Schaefer, D. J. Organomet. Chem. 1983, 251, C51.
Williams, C. M.; Johnson, J. B.; Rovis, T. J. Am. Chem. Soc. 2008,
130, 14936.

Shirakawa, E.; Ikeda, D.; Masui, S.; Yoshida, M.; Hayashi, T. J.
Am. Chem. Soc. 2012, 134, 272.

Greenhalgh, M. D.; Thomas, S. P. J. Am. Chem. Soc. 2012, 134,
11900.

Shao, P.; Wang, S.; Chen, C.; Xi, C. Org. Lett. 2016, 18, 2050.
Finkbeiner, H. L.; Cooper, G. D. J. Org. Chem. 1962, 27, 3395.
Sato, F. J. Organomet. Chem. 1985, 285, 53.

Shao, P.; Wang, S.; Chen, C.; Xi, C. Chem. Commun. 2015, 51,
6640.

Hoveyda, A. H.; Xu, Z. J. Am. Chem. Soc. 1991, 113, 5079.
Takahashi, T.; Seki, T.; Nitto, Y.; Saburi, M.; Rousset, C. J.;
Negishi, E. J. Am. Chem. Soc. 1991, 113, 6266.

(a) Takaya, J.; Iwasawa, N. J. Am. Chem. Soc. 2008, 130, 15254.
(b) Tayaka, J.; Sasano, K.; Iwasawa, N. Org. Lett. 2011, 13, 1698.
Li, S.; Miao, B.; Yuan, W.; Ma, S. Org. Lett. 2013, 15, 977.

Gholap, S. S.; Takimoto, M.; Hou, Z. Chem.-Eur. J. 2016, 22, 8547.
Nii, S.; Terao, J.; Kambe, N. J. Org. Chem. 2000, 65, 5291.

Nii, S.; Terao, J.; Kambe, N. J. Org. Chem. 2004, 69, 573.

Hang, W.; Zou, S.; Xi, C. ChemCatChem 2019, 11, 3814.

Li, S.; Yuan, W.; Ma, S. Angew. Chem., Int. Ed. 2011, 50, 2578.

Li, S.; Ma, S. Chem. Asian J. 2012, 7, 2411.

Miao, B.; Zheng, Y.; Wu, P,; Li, S.; Ma, S. Adv. Synth. Catal. 2017,
359, 1691.

Cao, T.; Ma, S. Org. Lett. 2016, 18, 1510.

Santhoshkumar, R.; Hong, Y.-C.; Luo, C.-Z.; Wu, Y.-C.; Hung,
C.-H.; Hwang, K.-Y.; Tu, A.-P.; Cheng, C-H. ChemCatChem 2016,
8,2210.

Shao, P.; Wang, S.; Du, G; Xi, C. RSC Adv. 2017, 7, 3534.

Li, S.; Ma, S. Org. Lett. 2011, 13, 6046.

Takimoto, M.; Hou, Z. Chem.-Eur. J. 2013, 19, 11439.

Wang, S.; Xi, C. Org. Lett. 2018, 20, 4131.

Xue, F.; Zhao, J.; Hor, T. S. Chem. Commun. 2013, 49, 10121.

Xue, F.; Zhao, J.; Hor, T. S.; Hayashi, T. J. Am. Chem. Soc. 2015,
137,3189.

Wu, B.; Chopra, R.; Yoshikai, N. Org. Lett. 2015, 17, 5666.

Cao, T.; Yang, Z.; Ma, S. ACS Catal. 2017, 7, 4504.

Diccianni, J. B.; Heitmann, T.; Diao, T. J. Org. Chem. 2017, 82,
6895.

I, 28, IR, L 524R, 2019,

(Cheng, F.)

http://sioc-journal.cn/ 93



