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Abstract: A cobalt-catalyzed decarboxylative Negishi cou-
pling reaction of redox-active aliphatic esters with organozinc
reagents was developed. The method enabled efficient alkyl–
aryl, alkyl–alkenyl, and alkyl–alkynyl coupling reactions
under mild reaction conditions with no external ligand or
additive needed. The success of an in situ activation protocol
and the facile synthesis of the drug molecule (�)-preclamol
highlight the synthetic potential of this method. Mechanistic
studies indicated that a radical mechanism is involved.

Transition-metal-catalyzed cross-coupling reactions to forge
C�C bonds are of vital importance in modern organic
synthesis.[1] While organohalides have enjoyed a success as
the electrophilic coupling partners, recent years have wit-
nessed a growing interest in the use of aliphatic carboxylic
acids (or their derivatives) as alkyl halide surrogates in such
reactions.[2] Advantages are apparent not only in the wide
availability of carboxylic acids, but also in that alkyl halides
are typically unstable, challenging to prepare, and undergo
oxidative addition to transition metals with difficulty. By
activating the carboxylic acid to the corresponding redox-
active ester, single-electron-transfer reduction is feasible to
generate an alkyl radical through the extrusion of CO2. This
radical-generation process has been involved in diverse
carbon–carbon and carbon–heteroatom bond forming reac-
tions based on single photocatalytic systems[3] or dual catalytic
systems[4] combining photoredox catalysis with transition-
metal catalysis.[5] Advances by the Baran research group
showed that low-valent first-row transition metals, including
nickel[6] and iron,[6h,g,7] were also effective in a broad range of
decarboxylative cross-coupling reactions without the need for
light irradiation. Very recently, a copper-catalyzed decarbox-
ylative radical silylation of redox-active aliphatic esters was
also developed.[8] Inspired by these elegant studies, we
reasoned that a low-valent cobalt catalyst could also donate
an electron to the redox-active ester,[9] thereby triggering
alkyl radical formation and a follow-up cross-coupling
reaction.

Cobalt, as an earth-abundant and low-toxic first-row
transition metal, has been previously identified as an attrac-

tive catalyst enabling the effective coupling of aryl,[10]

alkenyl,[11] and alkynyl halides[12] (or their pseudohalides)
with organozinc compounds (Figure 1a). Nevertheless, the
use of unactivated alkyl electrophiles[13] in cobalt-catalyzed
Negishi coupling reactions is only recent.[14] In 2015, Knochel

and co-workers reported an elegant cobalt-catalyzed cross-
coupling reaction of (hetero)aryl zinc reagents with primary
and secondary alkyl iodides; alkyl bromides were also
applicable but with lower efficiency.[14a] We report herein
a cobalt-catalyzed decarboxylative Negishi coupling of acti-
vated aliphatic carboxylic acids under mild reaction condi-
tions (Figure 1b). The reaction allowed the synthesis of
a broad range of alkylated arenes, alkenes, and alkynes by
reactions with aryl zinc, alkenyl zinc, and alkynyl zinc
reagents, respectively. In a decarboxylative alkynylation
study reported by Baran and co-workers, Co(acac)2 was
shown to provide the desired product in 30% yield.[6j]

We initiated our study by focusing on the coupling
reaction of piperidine N-hydroxyphthalimide (NHPI) ester
1 with diaryl zinc reagent 2. Systematic examination of
different reaction parameters revealed that with CoBr2

(10 mol %) as the catalyst in DMF at room temperature, the
desired coupling product 3 could be formed in 75% yield
[Eq. (1)].[15] The use of the tetrachloro-substituted NHPI
ester TCNHP was also effective, but resulted in lower yield
(44 %). While the use of ultrapure CoBr2 (99.99% purity)
gave a similar yield, the omission of the catalyst led to no
reaction, thus confirming that the cobalt salt is the active

Figure 1. Cobalt-catalyzed Negishi cross-coupling reactions. Piv = piva-
loyl.
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catalyst. A number of ligands were screened, but no improve-
ment in the yield was observed.[15]

The scope of the reaction was explored extensively and
found to be quite broad (Table 1). Diaryl zinc reagents
bearing various functional groups were well tolerated,
providing the expected decarboxylative arylation products
7–21 in good yields. Diheteroaryl zinc compounds were also
applicable (products 22, 23). Besides p-toluenesulfonyl (Ts),
other commonly encountered amino protecting groups, such
as benzoyl (Bz; products 4, 8, 10, 12), carboxybenzyl (Cbz;
products 5, 13), and tert-butoxycarbonyl (Boc; products 6, 26)
were compatible. Other heterocyclic (products 24–27) and
cyclic secondary carboxylic acids (product 28), including
those bearing an a-heteroatom (products 26, 27), were all
viable substrates. Interestingly, N-protected phenylalanine
could also be used to deliver the corresponding product 29.
Primary alkyl carboxylic acids yielded the desired products
30–34 as well. In general, the reactions of primary and
secondary alkyl carboxylic acids showed comparable perfor-
mance to the nickel[6a,h] and iron[6h, 7] protocols developed by
Baran and co-workers. However, in contrast to the protocol
based on iron catalysis, a tertiary carboxylic acid substrate
gave only a trace amount of product 35, thus demonstrating
a limitation of the current protocol. Product 18 is a valuable
intermediate for the synthesis of Q203, a potent clinical
candidate for the treatment of tuberculosis.[16]

The success of the decarboxylative arylation reaction
promoted us to further examine the feasibility of a similar
olefination reaction by treatment with alkenyl zinc reagents
(Table 1).[6f] Under the above standard reaction conditions,
the decarboxylative olefination reaction proceeded smoothly
with exquisite control of olefin geometry to afford products
36–53. Simple mono- (36–40, 51), di- (41–43, 46–49, 52, 53),
and trisubstituted olefins (44, 45, 50) could be accessed
readily, thus offering a simple and valuable retrosynthetic
strategy for olefin synthesis. Once again, an attempt to couple
a tertiary carboxylic acid substrate failed to give the desired
product 54.

Alkynes are fundamentally important in functional mol-
ecules and organic synthesis. Methods for their synthesis
through the transformation of aliphatic carboxylic acids
should find broad application. We found that the use of
dialkynyl zinc reagents as nucleophiles also led to efficient
C(sp3)�C(sp) bond formation (Table 2). Thus, a diverse
arranges of silyl- (products 55–58), aryl- (products 62–73,
75, 76), and alkyl-substituted dialkynyl zinc reagents (prod-
ucts 59–61) were well-suited for the coupling reaction, giving

Table 1: Scope of the cobalt-catalyzed decarboxylative alkyl–aryl and
alkyl–alkenyl cross-coupling reactions.[a]

[a] Reaction conditions: redox-active ester (0.2 mmol), R2Zn
(0.66 mmol), CoBr2 (10 mol%), in DMF (0.4m), room temperature;
yields are for the isolated product. [b] CoBr2 (40 mol%). [c] The alkenyl
zinc reagent was derived from a commercial Grignard reagent that exists
as a mixture of olefin isomers. [d] The zinc reagent was prepared from
the alkenyl bromide with a Z/E ratio of 1:1. Boc= tert-butoxycarbonyl,
Bz = benzoyl, Cbz= carboxybenzyl, DMF= N,N-dimethylformamide,
TBS = tert-butyldimethylsilyl, Ts = p-toluenesulfonyl.
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the corresponding products in moderate to good yields.
Diethynylzinc was also applicable as a reagent, but resulted in
lower yield (product 74). In some cases, the use of alkynyl zinc
pivalates, recently introduced by Knochel and co-work-
ers,[10d,g,14b, 17] gave better yields. Baran and co-workers
recently disclosed an elegant nickel-catalyzed decarboxyla-
tive coupling reaction of redox-active esters with alkynyl zinc
chlorides.[6j] Although ethynylzinc worked efficiently in their
method, other substituted alkynyl zinc reagents showed much
less efficiency. Our cobalt protocol is therefore complemen-
tary to the method developed by Baran and co-workers.

An in situ activation protocol was developed to shorten
the synthetic route. Thus, the free carboxylic acid was first
coupled with N-hydroxyphthalimide in the presence of N,N’-
diisopropylcarbodiimide (DIC) and DMAP in dichlorome-
thane (DCM). After evaporation of the volatile components
of the resulting mixture under vacuum, the residue was
subjected to the cobalt-catalyzed Negishi-type decarboxyla-
tive cross-coupling reaction. The arylated product 3 was
obtained in 62% yield, a yield slightly lower than that
observed for the preactivation protocol [75%, Eq. (1)].

Primary carboxylic acids were also viable substrates for
coupling (products 78, 79). Likewise, the olefination and
alkynylation reactions could be carried out by following the
same synthetic operations to give 81 and 82, respectively
(Scheme 1a).

To showcase the utility of our method, we attempted the
synthesis of the drug molecule (�)-preclamol. By using the in
situ activation protocol, N-Boc-piperidine-3-carboxylic acid
was first converted into the 3-arylated piperidine 83 in 50%
yield. Thereafter, the removal of the N-Boc protecting group
was followed by a reductive amination reaction by treatment
with propanal in the presence of NaBH3CN. Finally, the
methoxy ether was hydrolyzed under acidic conditions to
deliver the final product in 56% yield over three steps
(Scheme 1b).

Mechanistic studies were conducted to shed light on the
reaction mechanism. The involvement of radical intermedi-
ates in cobalt-catalyzed coupling reactions has been suggested
previously.[10] To verify this possibility, we subjected the
cyclopropyl-substituted substrate 1b to the reaction, and
a ring-opening arylation product 85 was produced (Sche-
me 2a). Furthermore, the reaction of 1c with 98% optical
purity led to complete racemization (Scheme 2b). Radical-
trapping experiments with TEMPO shut down the reactivity,
and a TEMPO adduct was detected by HRMS (Scheme 2c).
All these results were in agreement with a radical reaction
pathway.

On the basis of the above results and literature prece-
dent,[6–9] we propose the reaction mechanism in Scheme 3.

Table 2: Scope of the cobalt-catalyzed decarboxylative alkyl–alkynyl
cross-coupling reaction.[a]

[a] Reaction conditions: redox-active ester (0.2 mmol), R2Zn
(0.66 mmol), CoBr2 (20 mol%), in DMF (0.4m), room temperature,
15 h; yields are for the isolated product. [b] RZnOPiv (3.0 equiv) was
used. [c] RZnOPiv (4.0 equiv) was used. TES = triethylsilyl, TIPS= trii-
sopropylsilyl, TMS= trimethylsilyl.

Scheme 1. In situ activation protocol and synthetic application.
DMAP= 4-(dimethylamino)pyridine, TFA = trifluoroacetic acid.
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Initially, the reduction of CoII with the organozinc reagent
forms the reactive low-valent cobalt catalyst I. This species
then undergoes transmetalation with the organozinc reagent
to generate intermediate II. Single-electron transfer (SET)
from II to the NHPI ester triggers decarboxylative fragmen-
tation to deliver a free radical IV, which then combines with
the oxidized cobalt catalyst III to form a high-valent metal
species V. Upon reductive elimination, the desired decarbox-
ylative coupling product is produced and the reactive catalyst
is regenerated.

In conclusion, we have developed an unprecedented
cobalt-catalyzed decarboxylative cross-coupling reaction of
activated aliphatic acids with organozinc reagents. The
reaction proceeds under mild reaction conditions with no
additive or external ligand necessary, leading to diverse
arylation, olefination, and alkynylation products with good
efficiency. The success of an in situ activation protocol further
enhances the synthetic value of the reaction. Mechanistic
studies pointed to the involvement of radicals in the reaction
pathway.

Acknowledgements

Generous financial support from the Key Project of Chinese
National Programs for Fundamental Research and Develop-
ment (2016YFA0602900), the National Natural Science
Foundation of China (21472250 and 21502242), the National
Science and Technology Major Project of the Ministry of
Science and Technology of China (2018ZX09735010), and the
“1000-Youth Talents Plan” is gratefully acknowledged.

Conflict of interest

The authors declare no conflict of interest.

Keywords: C�C bond formation · cobalt · decarboxylation ·
Negishi coupling · redox-active esters

[1] a) Metal-Catalyzed Cross-Coupling Reactions, Vol. 1 and 2 (Eds.:
A. de Meijere, F. Diederich), Wiley-VCH, Weinheim, 2008 ;
b) K. C. Nicolaou, P. G. Bulger, D. Sarlah, Angew. Chem. Int. Ed.
2005, 44, 4442; Angew. Chem. 2005, 117, 4516; c) R. Jana, T. P.
Pathak, M. S. Sigman, Chem. Rev. 2011, 111, 1417; d) A. H.
Cherney, N. T. Kadunce, S. E. Reisman, Chem. Rev. 2015, 115,
9587; e) Y. Yang, J. Lan, J. You, Chem. Rev. 2017, 117, 8787; f) A.
Biffis, P. Centomo, A. D. Zotto, M. Zecca, Chem. Rev. 2018, 118,
2249.

[2] For selected reviews, see: a) N. Rodr�guez, L. J. Goossen, Chem.
Soc. Rev. 2011, 40, 5030; b) R. Takise, K. Muto, J. Yamaguchi,
Chem. Soc. Rev. 2017, 46, 5864; c) C. Liu, M. Szostak, Chem. Eur.
J. 2017, 23, 7157; d) J. E. Dander, N. K. Garg, ACS Catal. 2017, 7,
1413; e) L. Guo, M. Rueping, Acc. Chem. Res. 2018, 51, 1185;
f) J. Schwarz, B. Kçnig, Green Chem. 2018, 20, 323; g) L. R.
Malins, Pept. Sci. 2018, 110, e24049.

[3] For selected examples, see: a) K. Okada, K. Okamoto, N.
Morita, K. Okubo, M. Oda, J. Am. Chem. Soc. 1991, 113, 9401;
b) M. J. Schnermann, L. E. Overman, J. Am. Chem. Soc. 2011,
133, 16425; c) M. J. Schnermann, L. E. Overman, Angew. Chem.
Int. Ed. 2012, 51, 9576; Angew. Chem. 2012, 124, 9714; d) G.
Pratsch, G. L. Lackner, L. E. Overman, J. Org. Chem. 2015, 80,
6025; e) C. Hu, Y. Chen, Org. Chem. Front. 2015, 2, 1352; f) Y.
Slutskyy, L. E. Overman, Org. Lett. 2016, 18, 2564; g) J. Schwarz,
B. Kçnig, Green Chem. 2016, 18, 4743; h) W. Kong, C. Yu, H. An,
Q. Song, Org. Lett. 2018, 20, 349; i) Y. Zhao, J.-R. Chen, W.-J.
Xiao, Org. Lett. 2018, 20, 224; j) J.-C. Yang, J.-Y. Zhang, J.-J.
Zhang, X.-F. Duan, L.-N. Guo, J. Org. Chem. 2018, 83, 1598.

[4] For selected examples, see: a) D. Wang, Na, Zhu, P. Chen, Z. Lin,
G. Liu, J. Am. Chem. Soc. 2017, 139, 15632; b) A. Tlahuext-Aca,
L. Candish, R. A. Garza-Sanchez, F. Glorius, ACS Catal. 2018, 8,
1715; c) W. Cheng, R. Shang, Y. Fu, ACS Catal. 2017, 7, 907;
d) R. S. J. Proctor, H. J. Davis, R. J. Phipps, Science 2018, 360,
419; e) R. Mao, A. Frey, J. Balon, X. Hu, Nat. Catal. 2018, 1, 120;
f) R. Mao, J. Balon, X. Hu, Angew. Chem. Int. Ed. 2018, 57, 9501;
g) W. Zhao, R. P. Wurz, J. C. Peters, G. C. Fu, J. Am. Chem. Soc.
2017, 139, 12153; h) G.-Z. Wang, R. Shang, Y. Fu, Org. Lett.
2018, 20, 888; i) M. Koy, F. Sandfort, A. Tlahuext-Aca, L. Quach,
C. G. Daniliuc, F. Glorius, Chem. Eur. J. 2018, 24, 4552.

[5] For reviews, see: a) C. K. Prier, D. A. Rankic, D. W. C. MacMil-
lan, Chem. Rev. 2013, 113, 5322; b) J. Xuan, Z.-G. Zhang, W.-J.
Xiao, Angew. Chem. Int. Ed. 2015, 54, 15632; Angew. Chem.
2015, 127, 15854; c) C. R. Jamison, L. E. Overman, Acc. Chem.

Scheme 2. Mechanistic studies. TEMPO= (2,2,6,6-tetramethylpiperi-
din-1-yl)oxyl.

Scheme 3. Proposed mechanism.

Angewandte
ChemieCommunications

4 www.angewandte.org � 2018 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. Int. Ed. 2018, 57, 1 – 6
� �

These are not the final page numbers!

https://doi.org/10.1002/anie.200500368
https://doi.org/10.1002/anie.200500368
https://doi.org/10.1002/ange.200500368
https://doi.org/10.1021/cr100327p
https://doi.org/10.1021/acs.chemrev.5b00162
https://doi.org/10.1021/acs.chemrev.5b00162
https://doi.org/10.1021/acs.chemrev.6b00567
https://doi.org/10.1021/acs.chemrev.7b00443
https://doi.org/10.1021/acs.chemrev.7b00443
https://doi.org/10.1039/c1cs15093f
https://doi.org/10.1039/c1cs15093f
https://doi.org/10.1039/C7CS00182G
https://doi.org/10.1002/chem.201605012
https://doi.org/10.1002/chem.201605012
https://doi.org/10.1021/acscatal.6b03277
https://doi.org/10.1021/acscatal.6b03277
https://doi.org/10.1021/acs.accounts.8b00023
https://doi.org/10.1039/C7GC02949G
https://doi.org/10.1002/pep2.24049
https://doi.org/10.1021/ja00024a074
https://doi.org/10.1021/ja208018s
https://doi.org/10.1021/ja208018s
https://doi.org/10.1002/anie.201204977
https://doi.org/10.1002/anie.201204977
https://doi.org/10.1002/ange.201204977
https://doi.org/10.1021/acs.joc.5b00795
https://doi.org/10.1021/acs.joc.5b00795
https://doi.org/10.1039/C5QO00187K
https://doi.org/10.1021/acs.orglett.6b00895
https://doi.org/10.1039/C6GC01101B
https://doi.org/10.1021/acs.orglett.7b03587
https://doi.org/10.1021/acs.orglett.7b03588
https://doi.org/10.1021/acs.joc.7b02861
https://doi.org/10.1021/jacs.7b09802
https://doi.org/10.1021/acscatal.7b04281
https://doi.org/10.1021/acscatal.7b04281
https://doi.org/10.1021/acscatal.6b03215
https://doi.org/10.1126/science.aar6376
https://doi.org/10.1126/science.aar6376
https://doi.org/10.1038/s41929-017-0023-z
https://doi.org/10.1002/anie.201804873
https://doi.org/10.1021/jacs.7b07546
https://doi.org/10.1021/jacs.7b07546
https://doi.org/10.1021/acs.orglett.8b00023
https://doi.org/10.1021/acs.orglett.8b00023
https://doi.org/10.1002/chem.201800813
https://doi.org/10.1021/cr300503r
https://doi.org/10.1002/anie.201505731
https://doi.org/10.1002/ange.201505731
https://doi.org/10.1002/ange.201505731
https://doi.org/10.1021/acs.accounts.6b00284
http://www.angewandte.org


Res. 2016, 49, 1578; d) S. Murarka, Adv. Synth. Catal. 2018, 360,
1735.

[6] a) J. Cornella, J. T. Edwards, T. Qin, S. Kawamura, J. Wang, C.-
M. Pan, R. Gianatassio, M. Schmidt, M. D. Eastgate, P. S. Baran,
J. Am. Chem. Soc. 2016, 138, 2174; b) K. M. M. Huihui, J. A.
Caputo, Z. Melchor, A. M. Olivares, A. M. Spiewak, K. A.
Johnson, T. A. DiBenedetto, S. Kim, L. K. G. Ackerman, D. J.
Weix, J. Am. Chem. Soc. 2016, 138, 5016; c) T. Qin, J. Cornella,
C. Li, L. R. Malins, J. T. Edwards, S. Kawamura, B. D. Maxwell,
M. D. Eastgate, P. S. Baran, Science 2016, 352, 801; d) J. Wang, T.
Qin, T.-G. Chen, L. Wimmer, J. T. Edwards, J. Cornella, B.
Vokits, S. A. Shaw, P. S. Baran, Angew. Chem. Int. Ed. 2016, 55,
9676; Angew. Chem. 2016, 128, 9828; e) X. Lu, B, Bao, L. Liu, Y.
Fu, Chem. Eur. J. 2016, 22, 11161; f) J. T. Edwards, R. R.
Merchant, K. S. McClymont, K. W. Knouse, T. Qin, L. R.
Malins, B. Vokits, S. A. Shaw, D.-H. Bao, F.-L. We, T. Zhou,
M. D. Eastgate, P. S. Baran, Nature 2017, 545, 213; g) C. Li, J,
Wang, L. M. Barton, S. Yu, M. Tian, D. S. Peters, M. Kumar,
A. W. Yu, K. A. Johnson, A. K. Chatterjee, M. Yan, P. S. Baran,
Science 2017, 356, eaam7355; h) F. Sandfort, M. J. O�Neill, J.
Cornella, L. Wimmer, P. S. Baran, Angew. Chem. Int. Ed. 2017,
56, 3319; Angew. Chem. 2017, 129, 3367; i) T. Qin, L. R. Malins,
J. T. Edwards, R. R. Merchant, A. J. E. Novak, J. Z. Zhong, R. B.
Mills, M. Yan, C. Yuan, M. D. Eastgate, P. S. Baran, Angew.
Chem. Int. Ed. 2017, 56, 260; Angew. Chem. 2017, 129, 266;
j) J. M. Smith, T. Qin, R. R. Merchant, J. T. Edwards, L. R.
Malins, Z. Liu, G. Che, Z. Shen, S. A. Shaw, M. D. Eastgate, P. S.
Baran, Angew. Chem. Int. Ed. 2017, 56, 11906; Angew. Chem.
2017, 129, 12068; k) L. Huang, A. M. Olivares, D. J. Weix,
Angew. Chem. Int. Ed. 2017, 56, 11901; Angew. Chem. 2017, 129,
12063; l) N. Suzuki, J. L. Hofstra, K. E. Poremba, S. E. Reisman,
Org. Lett. 2017, 19, 2150; m) S. S. R. Bernhard, G. M. Locke, S.
Plunkett, A. Meindl, K. J. Flanagan, M. O. Senge, Chem. Eur. J.
2018, 24, 1026.

[7] F. Toriyama, J. Cornella, L. Wimmer, T.-G. Chen, D. D. Dixon,
G. Creech, P. S. Baran, J. Am. Chem. Soc. 2016, 138, 11132.

[8] W. Xue, M. Oestreich, Angew. Chem. Int. Ed. 2017, 56, 11649;
Angew. Chem. 2017, 129, 11808.

[9] For selected examples, see: a) K. Wakabayashi, H. Yorimitsu, K.
Oshima, J. Am. Chem. Soc. 2001, 123, 5374; b) T. Tsuji, H.
Yorimitsu, K. Oshima, Angew. Chem. Int. Ed. 2002, 41, 4137;
Angew. Chem. 2002, 114, 4311; c) H. Ohmiya, T. Tsuji, H.
Yorimitsu, K. Oshima, Chem. Eur. J. 2004, 10, 5640; d) W. Affo,
H. Ohmiya, T. Fujioka, Y. Ikeda, T. Nakamura, H. Yorimitsu, K.
Oshima, Y. Imamura, T. Mizuta, K. Miyoshi, J. Am. Chem. Soc.
2006, 128, 8068; e) X. Qian, A. Auffrant, A. Felouat, C. Gosmini,
Angew. Chem. Int. Ed. 2011, 50, 10402; Angew. Chem. 2011, 123,
10586; f) B. Barr�, L. Gonnard, R. Campagne, S. Reymond, J.
Marin, P. Ciapetti, M. Brellier, A. Guerinot, J. Cossy, Org. Lett.
2014, 16, 6160; g) L. Gonnard, A. Guerinot, J. Cossy, Chem. Eur.
J. 2015, 21, 12797; h) J.-C. Hsieh, Y.-H. Chu, K. Muralirajan, C.-
H. Cheng, Chem. Commun. 2017, 53, 11584; i) M. R. Friedfeld,

H. zhong, R. T. Ruck, M. Shevlin, P. J. Chirik, Science 2018, 360,
888.

[10] a) J.-M. B�gouin, C. Gosmini, J. Org. Chem. 2009, 74, 3221; b) J.-
M. Begouin, M. Rivard, C. Gosmini, Chem. Commun. 2010, 46,
5972; c) A. D. Benischke, I. Knoll, A. Rerat, C. Gosmini, P.
Knochel, Chem. Commun. 2016, 52, 3171; d) J. M. Hammann, L.
Thomas, Y.-H. Chen, D. Haas, P. Knochel, Org. Lett. 2017, 19,
3847; e) R. Greiner, D. S. Ziegler, D. Cibu, A. C. Jakowetz, F.
Auras, T. Bein, P. Knochel, Org. Lett. 2017, 19, 6384; f) D. Haas,
J. M. Hammann, F. H. Lutter, P Knochel, Angew. Chem. Int. Ed.
2016, 55, 3809; Angew. Chem. 2016, 128, 3873; g) J. M. Ham-
mann, F. H. Lutter, D. Haas, P. Knochel, Angew. Chem. Int. Ed.
2017, 56, 1082; Angew. Chem. 2017, 129, 1102.

[11] H. Avedissian, L. Berillon, G. Cahiez, P. Knochel, Tetrahedron
Lett. 1998, 39, 6163.

[12] M. Corpet, X.-Z. Bai, C. Gosmini, Adv. Synth. Catal. 2014, 356,
2937.

[13] a) C. K. Reddy, P. Knochel, Angew. Chem. Int. Ed. Engl. 1996,
35, 1700; Angew. Chem. 1996, 108, 1812; b) G. Dunet, P.
Knochel, Synlett 2007, 9, 1383; c) K. Araki, M. Inoue, Tetrahe-
dron 2013, 69, 3913.

[14] a) J. M. Hammann, D. Haas, P. Knochel, Angew. Chem. Int. Ed.
2015, 54, 4478; Angew. Chem. 2015, 127, 4560; b) L. Thomas,
F. H. Lutter, M. S. Hofmayer, K. Karaghiosoff, P. Knochel, Org.
Lett. 2018, 20, 2441.

[15] See the Supporting Information for details.
[16] a) K. Pethe, P. Bifani, J. Jang, S. Kang, S. Park, S. Ahn, J, Jiricek,

J, Yung, H. K. Jeon, J. Cechetto, T. Christophe, H. Lee, M.
Kempf, M. Jackson, A. J. Lenaerts, H. Pham, V. Jones, M. J. Seo,
Y. M. Kim, M. Seo, J. J. Seo, D. Park, Y. Ko, I. Choi, R. Kim, S. Y.
Kim, S. Lim, S.-A. Yim, J. Nam, H. Kang, H, Kwon, C.-T. Oh, Y.
Cho, Y. Jang, J. Kim, A. Chua, B. H. Tan, M. B. Nanjundappa,
S. P. S. Rao, W. S. Baranes, R. Wintjens, J. R. Walker, S. Alonso,
S. Lee, J. Kim, S. Oh, T, Oh, U. Nehrbass, S.-J. Han, Z. No, J.
Lee, P. Brodin, S.-N. Cho, K. Nam, J. Kim, Nat. Med. 2013, 19,
1157; b) S. Kang, R. Y. Kim, M. J. Seo, S. Lee, Y. M. Kim, M. Seo,
J. J. Seo, Y. Ko, I. Choi, J. Jang, J. Nam, S. Park, H. Kang, H. J.
Kim, J. Kim, S. Ahn, K. Pethe, K. Nam, Z. No, J. Kim, J. Med.
Chem. 2014, 57, 5293.

[17] a) M. Ellwart, P. Knochel, Angew. Chem. Int. Ed. 2015, 54,
10662; Angew. Chem. 2015, 127, 10808; b) T. J. Greshock, K. P.
Moore, R. T. McClain, A. Bellomo, C. K. Chung, S. D. Dreher,
P. S. Kutchukian, Z. Peng, I. W. Davies, P. Vachal, M. Ellwart,
S. M. Manolikakes, P. Knochel, P. G. Nantermet, Angew. Chem.
Int. Ed. 2016, 55, 13714; Angew. Chem. 2016, 128, 13918; c) Y.-H.
Chen, S. Graßl, P. Knochel, Angew. Chem. Int. Ed. 2018, 57,
1108; Angew. Chem. 2018, 130, 1120.

Manuscript received: June 12, 2018
Version of record online: && &&, &&&&

Angewandte
ChemieCommunications

5Angew. Chem. Int. Ed. 2018, 57, 1 – 6 � 2018 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.org

These are not the final page numbers! � �

https://doi.org/10.1021/acs.accounts.6b00284
https://doi.org/10.1002/adsc.201701615
https://doi.org/10.1002/adsc.201701615
https://doi.org/10.1021/jacs.6b00250
https://doi.org/10.1021/jacs.6b01533
https://doi.org/10.1126/science.aaf6123
https://doi.org/10.1002/anie.201605463
https://doi.org/10.1002/anie.201605463
https://doi.org/10.1002/ange.201605463
https://doi.org/10.1002/chem.201602486
https://doi.org/10.1038/nature22307
https://doi.org/10.1126/science.aam7355
https://doi.org/10.1002/anie.201612314
https://doi.org/10.1002/anie.201612314
https://doi.org/10.1002/ange.201612314
https://doi.org/10.1002/anie.201609662
https://doi.org/10.1002/anie.201609662
https://doi.org/10.1002/ange.201609662
https://doi.org/10.1002/anie.201705107
https://doi.org/10.1002/ange.201705107
https://doi.org/10.1002/ange.201705107
https://doi.org/10.1002/anie.201706781
https://doi.org/10.1002/ange.201706781
https://doi.org/10.1002/ange.201706781
https://doi.org/10.1021/acs.orglett.7b00793
https://doi.org/10.1002/chem.201704344
https://doi.org/10.1002/chem.201704344
https://doi.org/10.1021/jacs.6b07172
https://doi.org/10.1002/anie.201706611
https://doi.org/10.1002/ange.201706611
https://doi.org/10.1021/ja0100423
https://doi.org/10.1002/1521-3773(20021104)41:21%3C4137::AID-ANIE4137%3E3.0.CO;2-0
https://doi.org/10.1002/1521-3757(20021104)114:21%3C4311::AID-ANGE4311%3E3.0.CO;2-7
https://doi.org/10.1002/chem.200400545
https://doi.org/10.1021/ja061417t
https://doi.org/10.1021/ja061417t
https://doi.org/10.1002/anie.201104390
https://doi.org/10.1002/ange.201104390
https://doi.org/10.1002/ange.201104390
https://doi.org/10.1021/ol503043r
https://doi.org/10.1021/ol503043r
https://doi.org/10.1002/chem.201501543
https://doi.org/10.1002/chem.201501543
https://doi.org/10.1039/C7CC06881F
https://doi.org/10.1126/science.aar6117
https://doi.org/10.1126/science.aar6117
https://doi.org/10.1039/c0cc01055c
https://doi.org/10.1039/c0cc01055c
https://doi.org/10.1039/C5CC10272C
https://doi.org/10.1021/acs.orglett.7b01722
https://doi.org/10.1021/acs.orglett.7b01722
https://doi.org/10.1021/acs.orglett.7b03242
https://doi.org/10.1002/anie.201510665
https://doi.org/10.1002/anie.201510665
https://doi.org/10.1002/ange.201510665
https://doi.org/10.1002/anie.201610324
https://doi.org/10.1002/anie.201610324
https://doi.org/10.1002/ange.201610324
https://doi.org/10.1016/S0040-4039(98)01267-2
https://doi.org/10.1016/S0040-4039(98)01267-2
https://doi.org/10.1002/adsc.201400369
https://doi.org/10.1002/adsc.201400369
https://doi.org/10.1002/anie.199617001
https://doi.org/10.1002/anie.199617001
https://doi.org/10.1002/ange.19961081523
https://doi.org/10.1016/j.tet.2013.03.041
https://doi.org/10.1016/j.tet.2013.03.041
https://doi.org/10.1002/anie.201411960
https://doi.org/10.1002/anie.201411960
https://doi.org/10.1002/ange.201411960
https://doi.org/10.1021/acs.orglett.8b00784
https://doi.org/10.1021/acs.orglett.8b00784
https://doi.org/10.1038/nm.3262
https://doi.org/10.1038/nm.3262
https://doi.org/10.1021/jm5003606
https://doi.org/10.1021/jm5003606
https://doi.org/10.1002/anie.201504354
https://doi.org/10.1002/anie.201504354
https://doi.org/10.1002/ange.201504354
https://doi.org/10.1002/anie.201604652
https://doi.org/10.1002/anie.201604652
https://doi.org/10.1002/ange.201604652
https://doi.org/10.1002/anie.201710931
https://doi.org/10.1002/anie.201710931
https://doi.org/10.1002/ange.201710931
http://www.angewandte.org


Communications

C�C Coupling

X.-G. Liu, C.-J. Zhou, E. Lin, X.-L. Han,
S.-S. Zhang, Q. Li,
H. Wang* &&&&—&&&&

Decarboxylative Negishi Coupling of
Redox-Active Aliphatic Esters by Cobalt
Catalysis

Keen to couple : A cobalt-catalyzed
decarboxylative Negishi coupling reac-
tion of N-hydroxyphthalimide (NHPI)
esters with organozinc reagents enabled
efficient alkyl–aryl, alkyl–alkenyl, and
alkyl–alkynyl coupling under mild condi-

tions without an external ligand or addi-
tive (see scheme). The success of an in
situ activation protocol and the facile
synthesis of the drug molecule (�)-pre-
clamol highlight the potential of this
method.
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