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Stereoselective Synthesis of Tetrasubstituted Alkenes via a
Cp*Co"-Catalyzed C—H Alkenylation/Directing Group Migration

Sequence
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Shigeki Matsunaga*

Abstract: A highly atom economical and stereoselective
synthesis of tetrasubstituted a,f-unsaturated amides was ach-
ieved by a Cp*Co™-catalyzed C—H alkenylation/directing
group migration sequence. A carbamoyl directing group,
which is typically removed after C—H functionalization,
worked as an internal acylating agent and migrated onto the
alkene moiety of the product. The directing group migration
was realized with the Cp*Co™ catalyst, while a related Cp*Rh™
catalyst did not promote the migration process. The product
was further converted into two types of tricyclic compounds,
one of which had fluorescent properties.

-retrasubstituted alkenes are found in many biologically
active molecules!'! and natural products.”) They are also
important synthetic intermediates for the synthesis of highly
congested vicinal stereogenic carbon centers by various
difunctionalization reactions of tetrasubstituted alkenes.”™
Stereoselective synthesis of all-carbon tetrasubstituted
alkenes, however, remains a great challenge because of their
congested nature and difficulties in controlling stereoselec-
tivity. General strategies for their construction involve
carbometalation of internal alkynes and successive cross-
coupling reactions or addition to electrophiles.”! Although
remarkable advances have been made in these strategies, the
use of stoichiometric organometallic reagents is still inevi-
table.”! On the other hand, transition-metal-catalyzed C—H
bond functionalizations® have emerged as atom-"' and step-
economical'”! methods for synthesizing di- and trisubstituted
alkenes."!! These reactions generally proceed by either
a transition-metal-catalyzed C—H/C—H oxidative coupling
reaction with alkenes or a redox-neutral alkyne insertion at
C—H bonds without stoichiometric amounts of organo-
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Scheme 1. a) Previous work: di- and trisubstituted alkene synthesis by
C—H functionalization b) This work: synthesis of tetrasubstituted
olefins by C—H alkenylation/donating group (DG) migration sequence.

metallic reagents (Scheme 1a). In the latter reactions,
proto-demetalation or reductive elimination to form an
alkenyl—-H bond occurs after alkyne insertion, making the
formation of the fourth C—C bond difficult.

We previously reported the Cp*Co'"-catalyzed!">™! syn-
thesis of pyrroloindolones, in which C—H alkenylation and
successive intramolecular nucleophilic addition to a carba-
moyl directing group of indole proceeded without proto-
demetalation (Scheme 1b, previous work).™™ During the
course of our further studies of this reaction, we found that
the tetrasubstituted alkene was formed as a kinetically
controlled product (Scheme 1b, this work). The obtained
tetrasubstituted alkene, which is difficult to access stereo-
selectively by other methods, is considered to be formed by
directing group migration.""! Herein, we report the optimized
conditions for this atom economical directing group migration
process, in which the carbamoyl group works not only as
a directing group but also as an internal acylating agent.

Optimization studies using N-morpholinocarbamoyl
indole 2a and alkyne 3a under Cp*Co"/KOAC catalysis are
summarized in Table 1. The best reaction conditions for the
synthesis of pyrroloindolone 5 using Cp*Co"™-arene catalyst
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Table 1: Optimization studies and control experiments.?!

R
N

Cp*Co" cat.

2a DG 1 (5 mol %) HN VA N/_\O
(2.0equiv)  KoAc KOAG (10 mol %) — N
+ 1,2-dichloroethane Me Ph 4aa
Me Ph (X M)
3a T°C, 20h % w
DG = )/—N
Entry Cat.”! X [M] T[°q] Yield [%]
4aa 5 6
1 1a 0.10 130 0 82 10
2 1a 0.10 100 37 23 22
3 1a 0.05 100 40 <1 10
4 1b-BF, 0.05 100 50 5 6
5 1b-PF, 0.05 100 50 4 6
6 1b-SbF, 0.05 100 69 7 5
74 1b-SbF; 0.05 100 80 (74) 5 6
8lfl 1b-SbF; 0.05 100 10 0 0
9l 1c (Rh) 0.05 100 0 0 0
108! 1c (Rh) 0.05 100 0 0 3
11 1c (Rh) 0.05 100 0 0 8

[a] Reaction conditions: 2a (0.40 mmol) and 3a (0.20 mmol).

[b] 1a=[Cp*Co(CeHq)](PFe)5 1b-X=[Cp*Co(CH,CN);]X,, 1c=[Cp*Rh-
(CH3CN);](SbF),. [c] Determined by "H NMR analysis with an internal
standard. [d] KOAc (5 mol %) was used. [e] Isolated yield of 4aa after

purification by silica gel column chromatography. [f] Reaction without
KOAc. [g] CsOAc (5 mol %) was used instead of KOAc. [h] CsOPiv

(5 mol %) was used instead of KOAc.

la are shown in entryl, in which C—H alkenylation,
successive intramolecular nucleophilic addition to the carba-
moyl directing group, and elimination of an amine, proceed
with high selectivity. When the reaction temperature was
decreased to 100°C, the yield of 5 dropped to 23 % along with
the alkenylation product 6 (22%). After careful analysis of
the reaction mixture, we identified 4aa as a major product
(37% yield, entry2). To decelerate the undesired proto-
demetalation leading to 6, the concentration of 3a was
decreased to 0.05M and the desired alkene 4aa was obtained
in 40% vyield with moderate selectivity. Although further
minor modification of the reaction conditions was unfruitful,
screening of Cp*Co" catalysts led to improvement (entries 4—
6). For our desired reaction, the [Cp*Co™(CH,CN);]X,
catalysts'””! 1b-X had higher reactivity and selectivity than
the Cp*Co"'-arene catalyst 1a, and the best catalyst 1b-SbF
afforded 69% yield (entry 6). We screened the reaction
conditions again using 1b-SbF, and determined that 5 mol %
KOACc was optimal (entry 7) to give 4aa in 80 % yield (74 %
isolated yield). The reactivity dramatically decreased without
a catalytic amount of KOAc (entry 8), indicating that KOAc
had an important role in efficient C—H bond cleavage by
a concerted metalation-deprotonation mechanism.!'®! We also
confirmed that Cp*Rh' catalyst 1¢**2"! did not promote the
desired directing group migration, and only a small amount of
the alkenylated product 6 was obtained, even after screening
of the carboxylate additives (entries 9-11). These results
indicate that high nucleophilicity of the C—Co bond is
essential [1%19]
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The optimal reaction conditions were then applied to
various alkynes, as summarized in Table 2. The C-H
alkenylation/donating group (DG) migration sequence of
indole 2a proceeded well with various aryl/alkyl alkynes that

Table 2: Substrate scope of C—H alkenylation/DG migration with
alkynes.®
A\
N [Cp*Co"(CH3CN)31(SbFg)
1b-SbFg (5 mol %)

2a o N0 Koacman) L 7 O /N
(2.0 eqUiX) 1,2-dichloroethane (0.05 M) — /
Rl 2 100 °C, 20 h R . 2
3

Entry R’ R? 3 4 Yield® [%)]
1 Me Ph 3a 4aa 74
2 Me 4-Me-CgH, 3b 4ab 55
3 Me 4-Cl-CgH, 3¢ 4ac 77
4l Me 4-Br-CgH, 3d 4ad 58
5td Me 4-CO,Et-C¢H, 3e 4ae 74
6 Me 2-naphthyl 3f  4af 71
7 Me 6-MeO-naphth-2-yl 3g 4ag 69
8 Et Ph 3h 4ah 76
9 Pr Ph 3i 4ai 69
104 Ph Ph 3j 43 87
114 4-Me-C4H, 4-Me-C4H, 3k 4ak 85
121 4-Br-CgH, 4-Br-CgH, 31 4al 7
139 4TMS-CH, 4-TMS-CH, 3m 4am 99
14 TBDPSO(CH,);- Ph 3n  4an 76
15 Bu 2-thienyl 30 4ao 70
16 TMS Ph 3p 4ap 54
17 Pr Pr 3q 4aq 0
18 H Ph 3r  Adar 0

[a] Reaction conditions: 1b-SbFg (5 mol %), KOAc (5 mol %), 2a

(0.40 mmol), 3 (0.20 mmol), 1,2-dichloroethane (4.0 mL), Ar atmos-
phere at 100°C, unless otherwise noted. [b] Isolated yields of 4 (single
regioisomer) after purification by silica gel column chromatography.
[c] 1,2-dichloroethane (6.0 mL, 0.033 m) [d] 90°C.

have electron-donating and electron-withdrawing substitu-
ents on the aromatic rings, and products were obtained in 55—
77% yield (entries 1-7). The indicated products were
obtained as single regioisomers in all cases. Good reactivities
and high selectivities were also observed with other alkyl
substituents, such as ethyl or propyl on alkynes (entries 8, 9).
Diaryl-substituted alkynes were also compatible to give the
desired products in 71-99% yield (entries 10-13). A func-
tionalized alkyne 3n bearing a silyl ether unit also gave 4an in
76 % yield without deprotection (entry 14). An alkyne 30
with a thiophene ring gave tetrasubstituted alkene 4ao,
containing two different heteroaromatic rings, in 70 % yield
(entry 15). While alkyne 3p protected with trimethylsilyl
(TMS) group resulted in 4ap in a moderate yield (entry 16);
dialkylalkyne 3q afforded the alkenylation product 6aq
exclusively (entry 17). No reaction proceeded with a terminal
alkyne 4r (entry 18).

The scope of indoles is summarized in Table 3. Both
electron-donating and electron-withdrawing substituents
were compatible, and various 4- or S-substituted indoles
resulted in 60-96% yield (4bm—4hm). Indoles with other
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Table 3: Substrate scope of C—H alkenylation/DG migration with indoles
and pyrroles.”!

[Cp*Co!(CHsCN)5I(SbFe), £\
1b-SbFg (5 mol %) ..

2 g o) KOAc (5 mol %) Nt Q N/ \O
(2.0 equiv) 1,2-dichloroethane (0.05 M) — _/
°C, 20 h
Rl 90 °C, 20 R14R2
3
X\ X = 4-Me, 4bm, 96%
I S 5-Me, 4cm, 96%
= o 5-MeO, 4dm, 86% / 0
un—Y N o 5-BnO, dem, 82% HN X
— \__/ 5-Cl, 4fm, 89%I"! —
Ar Ar

5-Br, 4gm, 65%°]
5-CO,Me, 4hm, 60%°!

Ar Ar =
Ar = 4-TMS-CgH- Ar = 4-TMS-CgH4-

X = NMe, 4im, 31%°

= 1= 2 =
le) R" = Me, R* = 2-naphthyl .
Y N \odmf, 585 NEt, 4jm, 47%
_ R = R2 2 4. TMS.C.H N(CHy),, 4km, 17%[°
R" R? 4mm, 55%I o N(CHo)s, 4Im, 76%

[a] Reaction conditions: 1b-SbF, (5 mol %), KOAc (5 mol %), 2

(0.40 mmol), 3 (0.20 mmol), 1,2-dichloroethane (4.0 mL), Ar atmos-
phere at 90°C, unless otherwise noted. Isolated yields of 4 (single
regioisomer) after purification by silica gel column chromatography are
listed. [b] Reaction conditions: 80°C, 12 h. [c] 100°C [d] Reaction
conditions: KOAc (10 mol %), 1,2-dichloroethane (2.0 mL), 100°C.

carbamoyl directing groups also gave the corresponding
tetrasubstituted alkenes 4im—4lm although the reactivity
was significantly affected by the structure of the directing
group. Moreover, N-carbamoyl pyrrole 4m also underwent
the desired alkenylation/DG migration reaction to give
pyrrole-substituted tetrasubstituted alkenes 4mf and 4mm.
The DG migration during the first C—H functionalization
inhibits the second functionalization of another C—H bond of
the pyrrole ring.

The product 4aj was further converted to two different
tricyclic compounds, 8 and 9 (Scheme 2). After N-methylation
(7), treatment with trifluoromethanesulfonic anhydride
(Tf,0) and 4-dimethylaminopyridine (DMAP)!Y promoted
electrophilic cyclization at the C3 position to afford 8. On the
other hand, the spirocyclic compound 9 was obtained by
oxidation using pyridinium chlorochromate (PCC)?? or
3-chloroperbenzoic acid (mCPBA)/Co(Cl0,),.”! Spirocycle
9 exhibited green fluorescence with a maximum emission

(3

0o
o b) Tf,0, DMAP O ' Ph
—_—
\__A~pn PhCF 60 °C N
N 7% ' Bh
R Ph Me
a) NaH, Mel
4aj:R=H THF
7 :R= Me 9%
c) PCC, DCE
60 °c 65%
d) mCPBA Aabs = 273, 421 nm

Co(ClO4),-6H,0

Aem =501 nm
CHaCN, RT, 53% e

Scheme 2. Transformation of 4aj into tricyclic compounds.
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wavelength of 501 nm. Our synthetic method is expected to
provide easy access to various substituted analogues of this
fluorescent molecule.

A plausible catalytic cycle involving the Cp*Co™ complex
in the presence of KOAc is shown in Figure 1. As the initial
step, three acetonitrile ligands dissociate from [Cp*Co™-
(CH;CN);](SbFy),, and ligand exchange with acetate

[Cp*Co"™(CH3CN)3](SbFg),

(130 °c) HN AG

N
)‘NR2

4 R1 2
[Co"'](OAc)

7 )

\_ R m
N N [Co'”](OAc)
2 /
V. RN c hic h = praall )Qo
O[Co™T  [co'f = Cp*Co
\ /LAwH
% (co'}
[COIII] #O/
2
R'——R?

Figure 1. Plausible catalytic cycle of C—H alkenylation/DG migration
sequence with indole and alkyne.

generates a catalytically active monocationic species I. After
coordination of the carbamoyl group of indole 2 (II),
regioselective C—H metalation at the C2 position occurs by
a concerted metalation-deprotonation (CMD) mechanism!*®!
to afford the indolyl-Co species IIL. The result without KOAc
(Table 1, entry 8) indicates that an electrophilic aromatic
substitution (SgAr) pathway and/or a CMD pathway with
external base other than acetate competes, but an acetate-
assisted CMD pathway is dominant under the optimal
conditions. Insertion of alkyne 3 into the C—Co bond
generates the key alkenyl-Co intermediate (IV). Nucleo-
philic addition of the C—Co bond to the carbamoyl directing
group proceeds to afford the intermediate V. A low concen-
tration was essential to avoid undesired proto-demetalation
of IV, leading to 6. Elimination of the indole results in DG
migration, giving tetrasubstituted alkene 4. Our previous
report revealed that pyrroloindolone 5 is a major product at
130°C,'™ and we confirmed the formation of 5 from 4 at
130°C in the presence of 1a/KOAc or KOAc (see Supporting
Information). These data suggest that 4 is a kinetically
favored primary product that undergoes cyclization, leading
to a thermodynamically favored product §; although direct
formation of § from V at 130°C is also possible to some
extent.

In conclusion, the Cp*Co"-catalyzed directing group
migration reaction of carbamoyl-protected indoles/pyrrole
and alkynes afforded tetrasubstituted alkenes 4 in 17-99 %
yield with complete stereoselectivity and high atom economy
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under carefully optimized reaction conditions. The product
was easily converted to tricyclic compound 8 and a fluorescent
spirocycle 9.

Acknowledgements

This work was supported in part by JST ACT-C Grant
Number JPMIJCRI12Z6, Japan, JSPS KAKENHI Grant
Number JP15H05802 in Precisely Designed Catalysts with
Customized Scaffolding, JSPS KAKENHI Grant Number
JP15HO05993, Toray Science Foundation, and the Naito
Foundation (SM.). H.I. thanks JSPS for fellowships. We
acknowlege Professors Masako Kato and Masaki Yoshida in
Hokkaido University for fluorescence spectroscopy.

Conflict of interest
The authors declare no conflict of interest.

Keywords: C—H activation - cobalt - first row transition metals -
homogeneous catalysis - indoles

[1] a) A.S. Levenson, V. C. Jordan, Eur. J. Cancer 1999, 35, 1628;
b) P. Prasit, Z. Wang, C. Brideau, C.-C. Chan, S. Charleson, W.
Cromlish, D. Ethier, J. F. Evans, A. W. Ford-Hutchinson, J. Y.
Gauthier, R. Gordon, J. Guay, M. Gresser, S. Kargman, B.
Kennedy, Y. Leblanc, S. Léger, J. Mancini, G. P. O’Neill, M.
Ouellet, M. D. Percival, H. Perrier, D. Riendeau, 1. Rodger, P.
Tagari, M. Thérien, P. Vickers, E. Wong, L.-J. Xu, R. N. Young,
R. Zamboni, S. Boyce, N. Rupniak, M. Forrest, D. Visco, D.
Patrick, Bioorg. Med. Chem. Lett. 1999, 9, 1773.

Communications

Angewandte

intemationaldition’y) Chemie

Chem. Soc. 2015, 137,3189; b) W. You, Y. Li, M. K. Brown, Org.
Lert. 2013, 15, 1610; ¢) V. Kotek, H. Dvotakova, T. Tobrman,
Org. Lett. 2015, 17, 608.

For general reviews on C—H bond functionalization, see: a) L.

McMurray, F. O’Hara, M. J. Gaunt, Chem. Soc. Rev. 2011, 40,

1885; b) W. R. Gutekunst, P. S. Baran, Chem. Soc. Rev. 2011, 40,

1976; c) K. M. Engle, T.-S. Mei, M. Wasa, J.-Q. Yu, Acc. Chem.

Res. 2012, 45, 788; d) S. R. Neufeldt, M. S. Sanford, Acc. Chem.

Res. 2012, 45, 936; e) J. Yamaguchi, A. D. Yamaguchi, K. Itami,

Angew. Chem. Int. Ed. 2012, 51, 8960; Angew. Chem. 2012, 124,

9092; f) Z. Chen, B. Wang, J. Zhang, W. Yu, Z. Liu, Y. Zhang,

Org. Chem. Front. 2015, 2, 1107; g) L. Ackermann, Org. Process

Res. Dev. 2015, 19, 260; h) T. Gensch, M. N. Hopkinson, F.

Glorius, J. Wencel-Delord, Chem. Soc. Rev. 2016, 45, 2900; i) Y.

Park, Y. Kim, S. Chang, Chem. Rev. 2017, https://doi.org/10.1002/

acs.chemrev.6b00644; j)J.R. Hummel, J. A. Boerth, J. A.

Ellman, Chem. Rev. 2017, https://doi.org/10.1002/acs.chemrev.

6b00661.

[9] B. M. Trost, Science 1991, 254, 1471.

[10] P. A. Wender, B. L. Miller, Nature 2009, 460, 197.

[11] For selected reviews on C—H alkenylation, see: a) C. Jia, T.
Kitamura, Y. Fujiwara, Acc. Chem. Res. 2001, 34, 633; b) V.
Ritleng, C. Sirlin, M. Preffer, Chem. Rev. 2002, 102, 1731,
c) E. M. Beccalli, G. Broggini, M. Martinelli, S. Sottocornola,
Chem. Rev. 2007, 107, 5318; d) X. Chen, K. M. Engle, D.-H.
Wang, J.-Q. Yu, Angew. Chem. Int. Ed. 2009, 48, 5094; Angew.
Chem. 2009, 121, 5196; e) B. Karimi, H. Behzadnia, D. Elhami-
far, P. F. Akhavan, F. K. Esfahani, A. Zamani, Synthesis 2010,
1399; f) K. M. Engle, J.-Q. Yu, J. Org. Chem. 2013, 78, 8927,
g) V. P. Boyarskiy, D. S. Ryabukhin, N. A. Bokach, A. V. Vasi-
lyev, Chem. Rev. 2016, 116, 5894.

[12] For reviews on cobalt-catalyzed C—H functionalization including
Cp*Co™ catalysis, see: a) T. Yoshino, S. Matsunaga, Adv. Synth.
Catal. 2017, 359, 1245; b) S. Wang, S.-Y. Chen, X.-Q. Yu, Chem.
Commun. 2017, 53, 3165; ¢) M. Usman, Z.-H. Ren, Y.-Y. Wang,
Z.-H. Guan, Synthesis 2017, 1419; d) M. Moselage, J. Li, L.
Ackermann, ACS Catal. 2016, 6, 498.

[13] For reviews on low-valent cobalt-catalyzed C—H functionaliza-
tion, see: a) K. Gao, N. Yoshikai, Acc. Chem. Res. 2014, 47, 1208;

8

=

[2] a) M. Rychlet Elliot, A.-L. Dhimane, M. Malacrig,]. Am. Chz?rrf. b) L. Ackermann, J. Org. Chem. 2014, 79, 8948.

éoc\.] 1(199]7)’ 1 9’7’ 3;42}71;;) A'l ggng?e’]sg'SErambllla’ G. Nasini, [14] For selected examples of Cp*Co'-catalyzed C—H functionali-
. V. de Pava, Tetrahedron , 51, . . . . :

[3] For recent reports on hydrogenation of tetrasubstituted alkenes, ﬁ.tlg; gziczzgzjegh:r)nThzoﬁn;bg ;1;612112?;70’ ’ jhﬁisgiiﬁj
see:a) D. H. Woodmanse.e, A. Pfaltz, Chem. Commun. 2011, 47, 2013, 125, 2263; b) D.-G. Yu, T. Gensch, F. de Azambuja, S.
7912; b) Y Zou, J. G. Millar, Tetrahedron Lett. 2011, 52, 4224, Visquez-Céspedes, F. Glorius, J. Am. Chem. Soc. 2014, 136,
¢) S. Cardinal, N. Voyer, Tetrahedron Lett. 2013, 54, 5178; for 17722; ¢) J. Li, L. Ackermann, An, Chem. Int. Ed. 2015. 54

. . ;) ) Li, L. , Angew. Chem. Int. Ed. , 54,
a report on asymmetric hydrogenation, see: d) W. Tang, S. Wu, 3635; Angew. Chem. 2015, 127, 3706; d) J. R. Hummel, J. A.
X. Zhang, . Am. Chem. Soc. 2003, 125, 9570. Ellman, J. Am. Chem. Soc. 2015, 137, 490; ) I. Park, S. Chang

[4] For reports on epoxidation of tetrasubstituted alkenes, see: N ’ ) ) ’ i i ’ T ’
a) B. D. Brandes, E. N. Jacobsen, Tetrahedron Lett. 1995, 36, Angew. Chem. Int. Ed. 2015, 5_4’ 14103;.Angew. Chem. 2015, 127,
5123: b) T. Poon, B. P. Mundy, F. G. Favaloro, C. A. Goudreau, 14309; for related hydroarylation reactions of alkynes, see: f) M.
A. Greenberg, R. Sullivan, Synthesis 1998, 832; for a review on Sen, B. Emayavaramban, N. Barsu, J.R. Premkumar, B.
asymmetric epoxidation, see: ¢) Q.-H. Xia, H.-Q. Ge, C.-P. Ye, Sundararaju, ACS Catal. 2016, 6, 2792; g) S. Wang, J.-T. Hou,
Z.-M. Liu, K.-X. Su, Chem. Rev. 2005, 105, 1603. M.-L. Feng, X.-Z. Zhang, S.-Y. Chen, X.-Q. Yu, Chem. Commun.

[5] For reports on asymmetric dihydroxylation of tetrasubstituted 2016, 52,2709; h) R. Tanaka, H. Ikemoto, M. Kz.mai, T. Yoshino,
alkenes, see: a) K. Morikawa, J. Park, P. G. Andersson, T. S. Matsunaga, Org. Lett. 2016, 18, 5732; 1)S.S. Bera, S.
Hashiyama, K. B. Sharpless, J. Am. Chem. Soc. 1993, 115, 8463; Debbarma, A. K. Ghosh, S. Chand, M. S. Maji, J. Org. Chem.
b) C. Dobler, G. M. Mehltretter, U. Sundermeier, M. Beller, J. 2017, 82, 420. For other examples, see reference [12].

Am. Chem. Soc. 2000, 122, 10289; for a review on asymmetric [15] H. Ikemoto, T. Yoshino, K. Sakata, S. Matsunaga, M. Kanai, J.
dihydroxylation, see: ¢) H. C. Kolb, M. S. VanNieuwenhze, K. B. Am. Chem. Soc. 2014, 136, 5424.
Sharpless, Chem. Rev. 1994, 94, 2483. [16] For Cp*Co"-catalyzed directing group migration, see: A.

[6] For reviews on the synthesis of tetrasubstituted alkenes, see: Lerchen, T. Knecht, C. G. Daniliuc, F. Glorius, Angew. Chem.
a) A. B. Flynn, W. W. Ogilvie, Chem. Rev. 2007, 107, 4698; b) E. Int. Ed. 2016, 55, 15166; Angew. Chem. 2016, 128, 15391.
Negishi, Z. Hunag, G. Wang, S. Mohan, C. Wang, H. Hattori,  [17] G. Fairhurst, C. White, J. Chem. Soc. Dalton Trans. 1979, 1524.
Acc. Chem. Res. 2008, 41, 1474. This type of catalyst precursor was first used as a catalyst for C—

[7] For recent reports on the synthesis of all-carbon tetrasubstituted H functionalization by Glorius and co-workers in referen-
alkenes, see: a) F. Xue, J. Zhao, T. S. A. Hor, T. Hayashi, J. Am. ce [14b].

4 www.angewandte.org © 2017 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. Int. Ed. 2017, 56, 1-6

&&These are not the final page numbers!


https://doi.org/10.1016/S0959-8049(99)00183-5
https://doi.org/10.1016/S0960-894X(99)00288-7
https://doi.org/10.1016/0040-4020(95)00848-3
https://doi.org/10.1039/c1cc11430a
https://doi.org/10.1039/c1cc11430a
https://doi.org/10.1016/j.tetlet.2011.06.030
https://doi.org/10.1016/j.tetlet.2013.07.048
https://doi.org/10.1021/ja035777h
https://doi.org/10.1016/00404-0399(50)0965F-
https://doi.org/10.1016/00404-0399(50)0965F-
https://doi.org/10.1055/s-1998-2089
https://doi.org/10.1021/cr0406458
https://doi.org/10.1021/ja00071a072
https://doi.org/10.1021/ja000802u
https://doi.org/10.1021/ja000802u
https://doi.org/10.1021/cr00032a009
https://doi.org/10.1021/cr050051k
https://doi.org/10.1021/ar800038e
https://doi.org/10.1021/ja513166w
https://doi.org/10.1021/ja513166w
https://doi.org/10.1021/ol400392r
https://doi.org/10.1021/ol400392r
https://doi.org/10.1021/ol503624v
https://doi.org/10.1039/c1cs15013h
https://doi.org/10.1039/c1cs15013h
https://doi.org/10.1039/c0cs00182a
https://doi.org/10.1039/c0cs00182a
https://doi.org/10.1021/ar200185g
https://doi.org/10.1021/ar200185g
https://doi.org/10.1021/ar300014f
https://doi.org/10.1021/ar300014f
https://doi.org/10.1002/anie.201201666
https://doi.org/10.1002/ange.201201666
https://doi.org/10.1002/ange.201201666
https://doi.org/10.1039/C5QO00004A
https://doi.org/10.1021/op500330g
https://doi.org/10.1021/op500330g
https://doi.org/10.1039/C6CS00075D
https://doi.org/10.1002/acs.chemrev.6b00644
https://doi.org/10.1002/acs.chemrev.6b00644
https://doi.org/10.1002/acs.chemrev.6b00661
https://doi.org/10.1002/acs.chemrev.6b00661
https://doi.org/10.1126/science.1962206
https://doi.org/10.1038/460197a
https://doi.org/10.1021/ar000209h
https://doi.org/10.1021/cr0104330
https://doi.org/10.1021/cr068006f
https://doi.org/10.1002/anie.200806273
https://doi.org/10.1002/ange.200806273
https://doi.org/10.1002/ange.200806273
https://doi.org/10.1055/s-0029-1218748
https://doi.org/10.1055/s-0029-1218748
https://doi.org/10.1021/jo400159y
https://doi.org/10.1021/acs.chemrev.5b00514
https://doi.org/10.1002/adsc.201700042
https://doi.org/10.1002/adsc.201700042
https://doi.org/10.1039/C6CC09651D
https://doi.org/10.1039/C6CC09651D
https://doi.org/10.1021/acscatal.5b02344
https://doi.org/10.1021/ar400270x
https://doi.org/10.1021/jo501361k
https://doi.org/10.1002/anie.201209226
https://doi.org/10.1002/ange.201209226
https://doi.org/10.1002/ange.201209226
https://doi.org/10.1021/ja511011m
https://doi.org/10.1021/ja511011m
https://doi.org/10.1002/anie.201409247
https://doi.org/10.1002/anie.201409247
https://doi.org/10.1002/ange.201409247
https://doi.org/10.1021/ja5116452
https://doi.org/10.1002/anie.201505820
https://doi.org/10.1002/ange.201505820
https://doi.org/10.1002/ange.201505820
https://doi.org/10.1021/acscatal.6b00612
https://doi.org/10.1039/C5CC09707J
https://doi.org/10.1039/C5CC09707J
https://doi.org/10.1021/acs.orglett.6b02997
https://doi.org/10.1021/acs.joc.6b02516
https://doi.org/10.1021/acs.joc.6b02516
https://doi.org/10.1021/ja5008432
https://doi.org/10.1021/ja5008432
https://doi.org/10.1002/anie.201608729
https://doi.org/10.1002/anie.201608729
https://doi.org/10.1002/ange.201608729
https://doi.org/10.1039/dt9790001524
http://www.angewandte.org

GDCh
~~—

(18]

(19]

(20]

Angew. Chem. Int. Ed. 2017, 56, 1-6

For reviews on the carboxylate-assisted concerted metalation—
deprotonation mechanism in C—H activation, see: a)D.
Lapointe, K. Fagnou, Chem. Lett. 2010, 39, 1118; b) L. Acker-
mann, Chem. Rev. 2011, 111, 1315, and references therein.

For Cp*Rh"'-catalyzed alkenylation of carbamoyl-protected
indoles, see: D. J. Schipper, M. Hutchinson, K. Fagnou, J. Am.
Chem. Soc. 2010, 132, 6910. For more detailed discussion of the
difference between Cp*Co™ and Cp*Rh'" catalysis, see refer-
ence [15].

For reviews on Cp*Rh"-catalyzed C—H functionalization, see:
a) T. Satoh, M. Miura, Chem. Eur. J. 2010, 16, 11212; b) F. W.
Patureau, J. Wencel-Delord, F. Glorius, Aldrichimica Acta 2012,
45,31;¢) G. Song, F. Wang, X. Li, Chem. Soc. Rev. 2012, 41,3651;
d) S. Chiba, Chem. Lett. 2012, 41, 1554; e) N. Kuhl, N. Schroder,

Communications

F. Glorius, Adv. Synth. Catal. 2014, 356, 1443; f) G. Song, X. Li,
Acc. Chem. Res. 2015, 48, 1007; g) B. Ye, N. Cramer, Acc. Chem.
Res. 2015, 48, 1308.

[21] G. Bélanger, R. Larouche-Gauthier, F. Ménard, M. Nantel, F.
Barabé, J. Org. Chem. 2006, 71, 704.

[22] C.N.S.S. P.Kumar, C. L. Devi, V. J. Rao, S. Palaniappan, Synlett
2008, 2023.

[23] M. Y. Hyun, S. H. Kim, Y. J. Song, H. G. Lee, Y. D. Jo, J. H. Kim,
I. H. Hwang, J. Y. Noh, J. Kang, C. Kim, J. Org. Chem. 2012, 77,
7307.

Manuscript received: March 28, 2017
Final Article published: HEl HE, HEEENE

© 2017 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.org

These are not the final page numbers

Angewandte

intemationalEdition’y Chemie

(AR

5


https://doi.org/10.1246/cl.2010.1118
https://doi.org/10.1021/cr100412j
https://doi.org/10.1021/ja103080d
https://doi.org/10.1021/ja103080d
https://doi.org/10.1002/chem.201001363
https://doi.org/10.1039/c2cs15281a
https://doi.org/10.1246/cl.2012.1554
https://doi.org/10.1002/adsc.201400197
https://doi.org/10.1021/acs.accounts.5b00077
https://doi.org/10.1021/acs.accounts.5b00092
https://doi.org/10.1021/acs.accounts.5b00092
https://doi.org/10.1021/jo052141v
https://doi.org/10.1021/jo3009963
https://doi.org/10.1021/jo3009963
http://www.angewandte.org

GDCh
~—~

Communications

Communications

@ -. x
C—H Bond Activation e Ay,

6
R

H. lkemoto, R. Tanaka, K. Sakata,
M. Kanai, T. Yoshino,*
S. Matsunaga* -
Stereoselective Synthesis of
Tetrasubstituted Alkenes via a Cp*Co
Catalyzed C—H Alkenylation/Directing
Group Migration Sequence

www.angewandte.org

&These are not the final page numbers!

x£ T 3

+ N 3 cp*Colll l Q R®
)‘N'R cpCo' hN // it
. — R3
© R Do N\, R
" migration R R
RI-—R2 29 examples

17-99% vyields

O
'
e
PhPh
Ae

m =501 nm

© 2017 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Angewandte

intemationaldition’y) Chemie

Tetrasubstituted alkenes were stereo-
selectively synthesized by a Cp*Co"-cat-
alyzed C—H alkenylation/directing group
migration sequence, within which a car-
bamoyl functional group operates as

a directing group and an internal acylat-
ing agent. A fluorescent spirocyclic mol-
ecule was generated from the resulting
alkene.
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