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ABSTRACT: Ni-catalyzed intermolecular allylic dearomatization reaction of S-naphthols with allylic alcohols was achieved. By
utilizing Ni(cod), as a catalyst precursor, DPEphos as a ligand and 4 A molecular sieves as additives, the dearomatization reaction of
P-naphthols with aryl allylic alcohols proceeded smoothly under mild conditions, affording the desired B-naphthalenone products

bearing a quaternary carbon center in moderate to good yields with excellent linear selectivity.

N aphthols are inexpensive and readily available materials,
and their dearomatized motifs are frequently encoun-
tered in numerous biologically active compounds and natural
products." Therefore, many efforts have been devoted to the
transition-metal catalyzed dearomatization of naphthols in the
past decade.” To date, Pd-catalyzed,” Ir-catalyzed,” and Rh-
catalyzed” allylic dearomatization reactions of naphthols have
been well-developed, offering a facile and straightforward
access to naphthalenones (Scheme 1la). Thus, developing
sustainable alternatives to achieve transition-metal-catalyzed
allylic dearomatization reactions remains to be highly desirable.
In this context, nickel catalysis is an attractive choice, because
of the abundance and low cost of nickel and its unique reaction
properties.6

Contrast to the rapid development of Pd-catalyzed allylic
substitution reactions, in which soft nucleophiles are generally
employed,” Ni-catalyzed allylic substitution reactions pro-
gressed much more slowly over the past decades. Most of
pioneering works on Ni-catalyzed reactions generally involved
“hard” nucleophiles, such as Grignard reagents® and other
organometallics.” However, Ni-catalyzed allylic substitution
reactions with “soft” nucleophiles are rather limited, as these
reactions usually require more harsh reaction conditions or
highly activated substrates.'"’ Since the Mortreux group
introduced dimethyl malonate type “soft” nucleophile into
Ni-catalyzed allylic substitution reactions,"" the application of
various activated nucleophiles has been successfully developed.
For instance, allylic substitution reactions involving malo-
nates,'* f-keto esters,"* and diarylmethane14 were investigated
(see Schemes 1b and 1c). Recently, we introduced tryptophols
and tryptamines as nucleophiles in Ni-catalyzed allylic
substitution reaction, affording dearomatized 3-cinnamyl
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Scheme 1. Ni-Catalyzed Allylic Substitution Reactions
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indolines in moderate to good yields (Scheme 1d)." In this
reaction, Ni(cod),/DPEphos, a commercially available cata-
Iytic system, was found to be efficient for the synthesis of
pyrrolidinoindolines and tetrahydrofuranoindolines. The suc-
cessful application of nickel/diphosphine system encouraged
us to further explore other Ni-catalyzed allylic dearomatization
reactions. Herein, we report a Ni-catalyzed intermolecular
allylic dearomatization of B-naphthols with allylic alcohols,
providing f-naphthalenones with a quaternary carbon stereo-
center in moderate to good yields (Scheme le).

Initially, 1,3-dimethyl-2-naphthol (1a) and phenyl vinyl
carbinol (2a) were chosen as the model substrates (Table 1).

Table 1. Optimization of the Reaction Conditions”

/ Ph
Ni(cod), (10 mol %)
Sod

oH ligand (11 mol %) 0
+ )\7 T e——
Ph additive (50 mg)

solvent, 25 °C

1a 2a 3aa
+
(0)
\
4a Ph
L —pph,
PhP PPy pp o\ PPN Fe o
PP ppn,  pen,
DPPM DPPB DPPF DPEphos
3aa/ NMR yield®
entry ligand solvent additive 42° of 3aa (%)
1 PPh, Et,0 3AMS. - N.RA
2 DPPM Et,0 3AMS. - NRA
3 DPPB Et,0 3AMS. >19:1 39
4  DPPF Et,0 3AMS.  >19:1 60
5 DPEphos Et,0 3AMS.  >19:1 82 (79°)
6  DPEphos THF 3AMS. >19:1 20
7  DPEphos 14- 3AMS.  >19:1 27
dioxane
8 DPEphos CH,CN  3AMS. >19:1 25
9  DPEphos CH,Cl, 3AMS. - NR4
10  DPEphos toluene 3AMS. >19:1 83 (82°)
11 DPEphos toluene 4AMS. >19:1 93 (90°)
12 DPEphos toluene SAMS. >19:1 90 (87°)
13 DPEphos toluene 4AMS. >19:1 68
14 DPEphos toluene  4AMS. - N.RA

“Reaction conditions: 1a (0.2 mmol), 2a (0.24 mmol), Ni(cod), (10
mol %), hgand (11 mol %), additive (S0 mg) in solvent (2 mL) at 25
°C for 48 h. "Determined by 'H NMR analysis. “Determined by 'H
NMR of the crude reaction mixture using dibromomethane as an
internal standard. “N.R. = no reaction. °Isolated yield. 75 mol %
Ni(cod),, 5.5 mol% DPEphos. ¥2 mol% Ni(cod), 2.2 mol%
DPEphos.

In the presence of 10 mol % N1(c0d)2 and SO mg 3 A
molecular sieves in Et,O at 25 °C,"” the reaction did not work
when PPh; or DPPM was used as the ligand (Table 1, entries 1
and 2). To our delight, utilization of DPPB and DPPF could
give the desired product 3aa in 39% and 60% NMR yields,
respectively (Table 1, entries 3 and 4). DPEphos was found to
be the most efficient ligand, giving 3aa in 82% NMR yield
(Table 1, entry S). Subsequently, the solvent effect was
investigated. Tetrahydrofuran (THF), 1,4-dioxane, and
CH;CN were not effective solvents, and only a small amount

of 3aa was formed (Table 1, entries 6—8, 20%—27% NMR
yields), whereas the reaction in CH,Cl, was completely
inhibited (Table 1, entry 9). Pleasingly, the reaction in toluene
proceeded smoothly, and 3aa was obtained in 82% vyield
(Table 1, entry 10). Among the solvents tested, toluene proved
to be the best one. Different molecular sieves were examined,
and the yield of 3aa was slightly increased to 90% and 87%
(Table 1, entries 11 and 12) by utilizing 4 and S A molecular
sieves, respectively. With 4 A molecular sieves as the additive,
the catalyst loading was then tested. When the catalyst loading
was reduced to S and 2 mol %, 68% NMR yield and a trace
amount of 3aa were obtained, respectively (Table 1, entries 13
and 14). In addition, various chiral monodentate and bidentate
phosphine ligands were systematically tested. Unfortunately,
poor enantioselective control was achieved (for details, see the
Supporting Information). Thus, the optimal reaction con-
ditions were established as follows: Ni(cod), (10 mol %),
DPEphos (11 mol%) and 4 A molecular sieves (50 mg) in
toluene at 25 °C (Table 1, entry 11).

With the optimized conditions in hand, the reactions of
various f-naphthols 1 and phenyl vinyl carbinol 2a were
performed. As shown in Table 2, a variety of 1- and 3-alkyl

Table 2. Scope of the Substituted -Naphthols®

/ Ph
R’ Ni(cod); (10 mol %) R! o
X DPEphos (11 mol % A
Ra@@: )\/ 4 : M.S. (50 mg) - R _ r2
toluene, 25 °C
1 2a 3
entry 1, R, R R3 reaction time, t (h) 3, yield (%)b
1 la, Me, Me, H 36 3aa, 90
2 1b, Et, Me, H 48 3ba, 66
3 1c, Me, Bn, H 60 3ca, 69
4 1d, Me, CL, H 72 N.R°®
S le, Me, H  H 36 3ea, 81
6 1f, Et, H, H 48 3fa, 64
7 1g Ph, H, H 72 3ga, 107
8 1h, Me, H, 6-OMe 36 3ha, 77
9 1i, Me, H, 7-Me 36 3ia, 77
10 1j, Me, Me, 6-Ph 36 3ja, 78
11 1k, Me, Me, 7-OMe 36 3ka, 86
12 11, Me, Me, 7-Ph 72 3la, 56

“Reaction conditions: 1 (0.2 mmol), 2a (0.24 mmol), Ni(cod), (10
mol %), DPEphos (11 mol %), 4 A M.S. (50 mg) in toluene (2 mL)
at 25 °C. PIsolated yield. “N.R. = no reaction. “Determined by 'H
NMR of the crude reaction mixture using dibromomethane as an
internal standard.

substituted S-naphthols afforded their corresponding products
in moderate to good yields (3aa—3ca, 3ea—3fa: 64%—90%).
Unfortunately, the reaction of 3-chloro-f-naphthol 1d failed to
afford the dearomatized product (Table 2, entry 4). In
addition, 1-phenyl S-naphthol 1g only gave 3ga in 10% NMR
yield (Table 2, entry 7). These results indicated that the
electronic and steric factors had a significant impact on the
reactivity. Besides 1- and 3-alkyl substituents, 6-OMe, 6-Ph, 7-
Me, 7-OMe, and 7-Ph groups could be well-tolerated,
demonstrating the wide substrate scope of this reaction
(Table 2, entries 8—12, 3ha—3la: 56%—86% yields).

Next, various substituted allylic alcohols were tested for this
reaction (Table 3). Allylic alcohols with either electron-
withdrawing (F, Cl) or electron-donating (CH; OCHj;)
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Ni(cod), (10 mol %)

J\/ DPEphos (11 mol %)
g —

Table 3. Scope of Allylic Alcohols”
/e
4 AM.S. (50 mg)

C
toluene, 25 °C

1a 2 3

entry 2, R* reaction time, ¢ (h) 3, yieldb (%)
1 2a, Ph 36 3aa, 90
2 2b, 2-Me-C¢H, 36 3ab, 70
3 2¢, 2-OMe-C4H, 36 3ac, 60
4 2d, 2-F-C,H, 72 3ad, 67
S 2e, 2-NHAc-C4H, 72 3ae, 40
6 2f, 3-Me-C;H, 36 3af, 84
7 2g, 3-F-C4H, 48 3ag, 75
8 2h, 4-Me-CH, 36 3ah, 83
9 2i, 4-OMe-C¢H, 36 3ai, 87
10 2j, 4—CL.C(H, 72 3aj, 34
11 2k, 4—F-C¢H, 72 3ak, 67
12 21, 2-furyl 48 3al, 84
13 2m, 2-thienyl 48 3am, 77
14 2n, 2-naphthyl 48 3an, 74
15 20, isobutyl 72 N.R.“
16 2p, cyclohexyl 72 NR

“Reaction conditions: 1a (0.2 mmol) 2 (0.24 mmol), Ni(cod), (10
mol %), DPEphos (11 mol %), 4 A M.S. (50 mg) in toluene (2 mL) at
25 °C. PIsolated yield. “N.R. = no reaction.

groups on the phenyl ring were suitable substrates, the
corresponding dearomatized products 3aa—3an were obtained
in 34%—90% yields. Moreover, 2-furyl, 2-thienyl, and 2-
naphthyl allylic alcohols underwent the allylic dearomatization
reaction smoothly, delivering 3al—3an in good yields (Table 3,
entries 12—14, 74%—84%). However, the reactions of aliphatic
allylic alcohols such as S-methylhex-1-en-3-0l 20 and 1-
cyclohexylprop-2-en-1-ol 2p failed to afford the dearomatized
products (Table 3, entries 15 and 16). Notably, the reactions
for all substrates exclusively afforded the corresponding linear
products as (E)-isomers.

To further demonstrate the practicality of this method, the
reaction of la with 2a was performed on a S mmol scale
(Scheme 2a). The reaction was completed after S days, giving
3aa (1.41 g) in 98% yield.

Scheme 2. Gram-Scale Reaction and Mechanistic Study

/ Ph
Ni(cod), (10 mol %) o
DPEphos (11 mol %)
DO o
4AMS. (1.25g)
1a 2a toluene, 25 °C, 5d 3aa
5.0 mmol 1.41 g, 98% yield
/ Ph
o Ni(cod), (10 mol %)
OO DPEphos (11 mol %) o ®)
A 4 AM.S. (50 mg)
0
4a Ph toluene, 25 °C 3aa
90% yield
DPEphos (11 mol %
4a ;(;). 3aa (©

4 AM.S. (50 mg)

toluene, 25 °C no reaction

To gain insights into the reaction mechanism, preliminary
experiments were performed. The ether 4a was subjected to
the standard conditions, and a-C allylated dearomatization
product 3aa was obtained in 90% yield (Scheme 2b).
However, this reaction did not work in the absence of
Ni(cod), (Scheme 2c). Notably, a small amount of 4a was
identified by HPLC analysis. In addition, the conversion rate of
4a to 3aa was found to be higher than that of the model
reaction of la with 2a (for details, see the Supporting
Information). Therefore, it is very likely that the etherification
product 4a is a competent intermediate.

On the basis of these experimental results, a plausible
catalytic cycle was proposed (Scheme 3).*'° The direct allylic

Scheme 3. Proposed Reaction Mechanism

Ve OH

Ni 4AMS.
[Ni] N

(0]
I i

alkylation reaction at the @-C of naphthol is a feasible process
(path a); however, an alternative pathway involving O-
allylation and subsequent a-C alkylation cannot be ruled out.
First, in the presence of the acidic molecular sieves, the s-allyl
nickel species is generated by the reaction of allylic alcohol
with Ni(0). Subsequently, nucleophilic attack by the a-C of
naphthol or phenolic hydroxyl group affords C-allylated
product 3aa (path a) or O-allylated product 4a (path b).
The C—O bond of 4a can also be cleaved by Ni(0) to give the
enolate and z-allyl nickel species, which undergo the a-C
alkylation reaction to afford the dearomatization product 3aa.

In conclusion, we have demonstrated an efficient Ni-
catalyzed allylic dearomatization of B-naphthols with various
allylic alcohols. The reaction proceeded well in the presence of
readily available Ni(cod),/DPEphos catalyst under mild
conditions. f-Naphthalenones containing an all-carbon-sub-
stituted quaternary stereocenter could be obtained in moderate
to good yields. Further studies on asymmetric Ni-catalyzed
allylic dearomatization reactions are ongoing in our laboratory.

B ASSOCIATED CONTENT
© Supporting Information

The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acs.orglett.0c01109.

Experimental procedures and compound characteriza-
tion data (PDF)

https://dx.doi.org/10.1021/acs.orglett.0c01109
Org. Lett. XXXX, XXX, XXX—XXX


http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.0c01109/suppl_file/ol0c01109_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.0c01109/suppl_file/ol0c01109_si_001.pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c01109?goto=supporting-info
http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.0c01109/suppl_file/ol0c01109_si_001.pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c01109?fig=tbl3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c01109?fig=tbl3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c01109?fig=sch2&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c01109?fig=sch2&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c01109?fig=sch3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c01109?fig=sch3&ref=pdf
pubs.acs.org/OrgLett?ref=pdf
https://dx.doi.org/10.1021/acs.orglett.0c01109?ref=pdf

Organic Letters

pubs.acs.org/OrgLett

B AUTHOR INFORMATION
Corresponding Author

Shu-Li You — School of Chemistry and Molecular Engineering,
East China University of Science and Technology, Shanghai
200237, China; State Key Laboratory of Organometallic
Chemistry, Shanghai Institute of Organic Chemistry, Chinese
Academy of Sciences, Shanghai 200032, China; © orcid.org/
0000-0003-4586-8359; Email: slyou@sioc.ac.cn

Authors

Hui-Jun Zhang — School of Chemistry and Molecular
Engineering, East China University of Science and Technology,
Shanghai 200237, China

Qing Gu — State Key Laboratory of Organometallic Chemistry,
Shanghai Institute of Organic Chemistry, Chinese Academy of
Sciences, Shanghai 200032, China; © orcid.org/0000-0003-
4963-2271

Complete contact information is available at:
https://pubs.acs.org/10.1021/acs.orglett.0c01109

Notes

The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

We thank the National Key R&D Program of China (No.
2016YFA0202900), NSFC (Nos. 21821002, 91856201,
21961132002), and the CAS (Nos. XDB20000000, QYZDY-
SSW-SLHO012) for generous financial support. S.-L.Y. acknowl-
edges the support from the Tencent Foundation, through the
XPLORER PRIZE.

B REFERENCES

(1) (a) Harris, W. M,; Geissman, T. A. Alkaloids of Guatteria
psilopus Mart. Guatterine and Atherospermidine. J. Org. Chem. 1965,
30, 432. (b) Randolph, J. T. Flentge, C. A; Huang, P. P
Hutchinson, D. K,; Klein, L. L.; Lim, H. B.; Mondal, R.; Reisch, T.;
Montgomery, D. A,; Jiang, W. W.; Masse, S. V.; Hernandez, L. E,;
Henry, R. F,; Liy, Y.; Koev, G.; Kati, W. M.; Stewart, K. D.; Beno, D.
W. A; Molla, A;; Kempf, D. ]J. Synthesis and Biological Character-
ization of B-Ring Amino Analogues of Potent Benzothiadiazine
Hepatitis C Virus Polymerase Inhibitors. J. Med. Chem. 2009, 52,
3174. (c) Roche, S. P.; Porco, J. A.,, Jr. Dearomatization Strategies in
the Synthesis of Complex Natural Products. Angew. Chem., Int. Ed.
2011, 50, 4068.

(2) For selected reviews, see: (a) Zhuo, C.-X.; Zheng, C.; You, S.-L.
Transition-Metal-Catalyzed Asymmetric Allylic Dearomatization
Reactions. Acc. Chem. Res. 2014, 47, 2558. (b) Wu, W.-T.; Zhang,
L; You, S.-L. Catalytic Asymmetric Dearomatization (CADA)
Reactions of Phenol and Aniline Derivatives. Chem. Soc. Rev. 2016,
45, 1570. For selected examples, see: (c) Rudolph, A.; Bos, P. H.;
Meetsma, A.; Minnaard, A. J.; Feringa, B. L. Catalytic Asymmetric
Conjugate Addition/Oxidative Dearomatization Towards Multifunc-
tional Spirocyclic Compounds. Angew. Chem., Int. Ed. 2011, 50, 5834.
(d) Oguma, T.; Katsuki, T. Iron-Catalyzed Dioxygen-Driven C-C
Bond Formation: Oxidative Dearomatization of 2-Naphthols with
Construction of a Chiral Quaternary Stereocenter. J. Am. Chem. Soc.
2012, 134, 20017. (e) Nan, J; Liu, J; Zheng, H.; Zuo, Z.; Hou, L;
Hu, H.; Wang, Y.; Luan, X. Direct Asymmetric Dearomatization of 2-
Naphthols by Scandium-Catalyzed Electrophilic Amination. Angew.
Chem., Int. Ed. 2015, 54, 2356. (f) Zheng, J.; Wang, S.-B.; Zheng, C.;
You, S.-L. Asymmetric Dearomatization of Naphthols via a Rh-
Catalyzed C(sp*)-H Functionalization/Annulation Reaction. J. Am.
Chem. Soc. 2015, 137, 4880. (g) Yang, D.; Wang, L.; Han, F.; Li, D.;
Zhao, D.; Wang, R. Intermolecular Enantioselective Dearomatization

Reaction of #-Naphthol Using meso-Aziridine: A Bifunctional In Situ
Generated Magnesium Catalyst. Angew. Chem., Int. Ed. 2015, 54,
2185. (h) Wu, W.-T.; Xu, R.-Q.; Zhang, L.; You, S.-L. Construction of
Spirocarbocycles via Gold-Catalyzed Intramolecular Dearomatization
of Naphthols. Chem. Sci. 2016, 7, 3427. (i) Ding, L; You, S.-L.
Palladium(0)-Catalyzed Intermolecular Cascade Dearomatization
Reaction of f-Naphthol Derivatives with Propargyl Carbonates. Org.
Lett. 2018, 20, 6206. (j) Jin, M.; Ren, W.; Qian, D.-W,; Yang, S.-D.
Direct Allylic C(sp3)-H Alkylation with 2-Naphthols via Cooperative
Palladium and Copper Catalysis: Construction of Cyclohexadienones
with Quaternary Carbon Centers. Org. Lett. 2018, 20, 701S.
(k) Sarkar, D.; Rout, N. Ruthenium(VIII)-Catalyzed ipso-Dearoma-
tive Spiro-Etherification and Spiro-Amidation of Phenols. Org. Lett.
2019, 21, 4132. (1) Yi, J-C; Wu, Z.-J; You, S.-L. Rh-Catalyzed
Aminative Dearomatization of Naphthols with Hydroxylamine-O-
Sulfonic Acid (HOSA). Eur. J. Org. Chem. 2019, 5736.

(3) (a) Zhuo, C.-X;; You, S.-L. Palladium-Catalyzed Intermolecular
Asymmetric Allylic Dearomatization Reaction of Naphthol Deriva-
tives. Angew. Chem., Int. Ed. 2013, 52, 10056. (b) Zhuo, C.-X.; You,
S.-L. Palladium-Catalyzed Intermolecular Allylic Dearomatization
Reaction of a-Substituted B-Naphthol Derivatives: Scope and
Mechanistic Investigation. Adv. Synth. Catal. 2014, 356, 2020.
(c) Fang, X; Zeng, Y, Li, Q; Wu, Z; Yao, H; Lin, A. Redox-
Neutral Atom-Economic Pd(0)-Catalyzed Dearomatization of /-
naphthols with Alkynes toward Naphthalenones. Org. Lett. 2018, 20,
2530.

(4) (a) Cheng, Q; Wang, Y.; You, S.-L. Chemo-, Diastereo-, and
Enantioselective Iridium-Catalyzed Allylic Intramolecular Dearomati-
zation Reaction of Naphthol Derivatives. Angew. Chem., Int. Ed. 2016,
S, 3496. (b) Tu, H.-F.; Zheng, C.; Xu, R.-Q.; Liu, X.-J,; You, S.-L.
Iridium-Catalyzed Intermolecular Asymmetric Dearomatization of f-
Naphthols with Allyl Alcohols or Allyl Ethers. Angew. Chem., Int. Ed.
2017, $6, 3237. (c) Shen, D.; Chen, Q.; Yan, P.; Zeng, X;; Zhong, G.
Enantioselective Dearomatization of Naphthol Derivatives with Allylic
Alcohols by Cooperative Iridium and Brensted Acid Catalysis. Angew.
Chem., Int. Ed. 2017, 56, 3242.

(S) Tang, S.-B.; Tu, H.-F.; Zhang, X.; You, S.-L. Rhodium-Catalyzed
Asymmetric Allylic Dearomatization of f-Naphthols: Enantioselective
Control of Prochiral Nucleophiles. Org. Lett. 2019, 21, 6130.

(6) For selected reviews, see: (a) Jana, R; Pathak, T. P.; Sigman, M.
S. Advances in Transition Metal (Pd,NiFe)-Catalyzed Cross-
Coupling Reactions Using Alkyl-organometallics as Reaction Partners.
Chem. Rev. 2011, 111, 1417. (b) Rosen, B. M.; Quasdorf, K. W.;
Wilson, D. A;; Zhang, N.; Resmerita, A.-M.; Garg, N. K; Percec, V.
Nickel-Catalyzed Cross-Couplings Involving Carbon-Oxygen Bonds.
Chem. Rev. 2011, 111, 1346. (c) Han, F.-S. Transition-Metal-
Catalyzed Suzuki-Miyaura Cross-Coupling Reactions: a Remarkable
Advance from Palladium to Nickel Catalysts. Chem. Soc. Rev. 2013,
42, 5270. (d) Zheng, C.; You, S.-L. Recent development of direct
asymmetric functionalization of inert C-H bonds. RSC Adv. 2014, 4,
6173. (e) Cherney, A. H; Kadunce, N. T. Reisman, S. E.
Enantioselective and Enantiospecific Transition-Metal-Catalyzed
Cross-Coupling Reactions of Organometallic Reagents to Construct
C-C Bonds. Chem. Rev. 2018, 115, 9587. (f) Zhang, H.-J.; Gu, Q;
You, S.-L. Recent Advances in Ni-Catalyzed Allylic Substitution
Reactions. Chin. J. Org. Chem. 2019, 39, 15. (g) Irrgang, T.; Kempe,
R. 3d-Metal Catalyzed N- and C-Alkylation Reactions via Borrowing
Hydrogen or Hydrogen Autotransfer. Chem. Rev. 2019, 119, 2524.
(h) Milligan, J. A.; Phelan, J. P.; Badir, S. O.; Molander, G. A. Alkyl
Carbon-Carbon Bond Formation by Nickel/Photoredox Cross-
Coupling. Angew. Chem., Int. Ed. 2019, S8, 6152. (i) Loup, J;
Dhawa, U.; Pesciaioli, F.; Wencel-Delord, J.; Ackermann, L.
Enantioselective C-H Activation with Earth-Abundant 3d Transition
Metals. Angew. Chem., Int. Ed. 2019, S8, 12803.

(7) For selected reviews, see: (a) Trost, B. M. Pd Asymmetric Allylic
Alkylation (AAA). A Powerful Synthetic Tool. Chem. Pharm. Bull.
2002, 50, 1. (b) You, S.-L.; Dai, L.-X. Enantioselective Palladium-
Catalyzed Decarboxylative Allylic Alkylations. Angew. Chem., Int. Ed.
2006, 45, 5246. (c) Mohr, J. T.; Stoltz, B. M. Enantioselective Tsuji

https://dx.doi.org/10.1021/acs.orglett.0c01109
Org. Lett. XXXX, XXX, XXX—XXX


https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Shu-Li+You"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
http://orcid.org/0000-0003-4586-8359
http://orcid.org/0000-0003-4586-8359
mailto:slyou@sioc.ac.cn
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Hui-Jun+Zhang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Qing+Gu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
http://orcid.org/0000-0003-4963-2271
http://orcid.org/0000-0003-4963-2271
https://pubs.acs.org/doi/10.1021/acs.orglett.0c01109?ref=pdf
https://dx.doi.org/10.1021/jo01013a032
https://dx.doi.org/10.1021/jo01013a032
https://dx.doi.org/10.1021/jm801485z
https://dx.doi.org/10.1021/jm801485z
https://dx.doi.org/10.1021/jm801485z
https://dx.doi.org/10.1002/anie.201006017
https://dx.doi.org/10.1002/anie.201006017
https://dx.doi.org/10.1021/ar500167f
https://dx.doi.org/10.1021/ar500167f
https://dx.doi.org/10.1039/C5CS00356C
https://dx.doi.org/10.1039/C5CS00356C
https://dx.doi.org/10.1002/anie.201102069
https://dx.doi.org/10.1002/anie.201102069
https://dx.doi.org/10.1002/anie.201102069
https://dx.doi.org/10.1021/ja310203c
https://dx.doi.org/10.1021/ja310203c
https://dx.doi.org/10.1021/ja310203c
https://dx.doi.org/10.1002/anie.201409565
https://dx.doi.org/10.1002/anie.201409565
https://dx.doi.org/10.1021/jacs.5b01707
https://dx.doi.org/10.1021/jacs.5b01707
https://dx.doi.org/10.1002/anie.201410257
https://dx.doi.org/10.1002/anie.201410257
https://dx.doi.org/10.1002/anie.201410257
https://dx.doi.org/10.1039/C5SC04130A
https://dx.doi.org/10.1039/C5SC04130A
https://dx.doi.org/10.1039/C5SC04130A
https://dx.doi.org/10.1021/acs.orglett.8b02681
https://dx.doi.org/10.1021/acs.orglett.8b02681
https://dx.doi.org/10.1021/acs.orglett.8b02910
https://dx.doi.org/10.1021/acs.orglett.8b02910
https://dx.doi.org/10.1021/acs.orglett.8b02910
https://dx.doi.org/10.1021/acs.orglett.9b01322
https://dx.doi.org/10.1021/acs.orglett.9b01322
https://dx.doi.org/10.1002/ejoc.201900917
https://dx.doi.org/10.1002/ejoc.201900917
https://dx.doi.org/10.1002/ejoc.201900917
https://dx.doi.org/10.1002/anie.201304591
https://dx.doi.org/10.1002/anie.201304591
https://dx.doi.org/10.1002/anie.201304591
https://dx.doi.org/10.1002/adsc.201400154
https://dx.doi.org/10.1002/adsc.201400154
https://dx.doi.org/10.1002/adsc.201400154
https://dx.doi.org/10.1021/acs.orglett.8b00662
https://dx.doi.org/10.1021/acs.orglett.8b00662
https://dx.doi.org/10.1021/acs.orglett.8b00662
https://dx.doi.org/10.1002/anie.201511519
https://dx.doi.org/10.1002/anie.201511519
https://dx.doi.org/10.1002/anie.201511519
https://dx.doi.org/10.1002/anie.201609654
https://dx.doi.org/10.1002/anie.201609654
https://dx.doi.org/10.1002/anie.201609693
https://dx.doi.org/10.1002/anie.201609693
https://dx.doi.org/10.1021/acs.orglett.9b02285
https://dx.doi.org/10.1021/acs.orglett.9b02285
https://dx.doi.org/10.1021/acs.orglett.9b02285
https://dx.doi.org/10.1021/cr100327p
https://dx.doi.org/10.1021/cr100327p
https://dx.doi.org/10.1021/cr100259t
https://dx.doi.org/10.1039/c3cs35521g
https://dx.doi.org/10.1039/c3cs35521g
https://dx.doi.org/10.1039/c3cs35521g
https://dx.doi.org/10.1039/c3ra46996d
https://dx.doi.org/10.1039/c3ra46996d
https://dx.doi.org/10.1021/acs.chemrev.5b00162
https://dx.doi.org/10.1021/acs.chemrev.5b00162
https://dx.doi.org/10.1021/acs.chemrev.5b00162
https://dx.doi.org/10.6023/cjoc201809037
https://dx.doi.org/10.6023/cjoc201809037
https://dx.doi.org/10.1021/acs.chemrev.8b00306
https://dx.doi.org/10.1021/acs.chemrev.8b00306
https://dx.doi.org/10.1002/anie.201809431
https://dx.doi.org/10.1002/anie.201809431
https://dx.doi.org/10.1002/anie.201809431
https://dx.doi.org/10.1002/anie.201904214
https://dx.doi.org/10.1002/anie.201904214
https://dx.doi.org/10.1248/cpb.50.1
https://dx.doi.org/10.1248/cpb.50.1
https://dx.doi.org/10.1002/anie.200601889
https://dx.doi.org/10.1002/anie.200601889
https://dx.doi.org/10.1002/asia.200700183
pubs.acs.org/OrgLett?ref=pdf
https://dx.doi.org/10.1021/acs.orglett.0c01109?ref=pdf

Organic Letters

pubs.acs.org/OrgLett

Allylations. Chem. - Asian J. 2007, 2, 1476. (d) Lu, Z.; Ma, S. Metal-
Catalyzed Enantioselective Allylation in Asymmetric Synthesis. Angew.
Chem., Int. Ed. 2008, 47, 258. (e) Trost, B. M.; Zhang, T.; Sieber, J. D.
Catalytic Asymmetric Allylic Alkylation Employing Heteroatom
Nucleophiles: A Powerful Method for C-X Bond Formation. Chem.
Sci. 2010, 1, 427. (f) Trost, B. M. Pd- and Mo-Catalyzed Asymmetric
Allylic Alkylation. Org. Process Res. Dev. 2012, 16, 185.

(8) (a) Chuit, C.; Felkin, H.; Frajerman, C.; Roussi, G.;
Swierczewski, G. Carbon-Carbon Bond Formation in the Dichlorobis-
(triphenylphosphine )nickel-Catalysed Reaction between Grignard
Reagents and Allylic Alcohols. Chem. Commun. 1968, 1604.
(b) Consiglio, G.; Morandini, F.; Piccolo, O. Nickel-catalyzed
Asymmetric Alkylation of Some Chiral and Achiral Allylic Alcohols.
Helv. Chim. Acta 1980, 63, 987. (c) Nomura, N.; RajanBabu, T. V.
Nickel-Catalyzed Asymmetric Allylation of Alkyl Grignard Reagents.
Effect of Ligands, Leaving Groups and a Kinetic Resolution with a
Hard Nucleophile. Tetrahedron Lett. 1997, 38, 1713. (d) Gomez-
Bengoa, E.; Heron, N. M.; Didiuk, M. T.; Luchaco, C. A.; Hoveyda, A.
H. Ni-Catalyzed Asymmetric Addition of Grignard Reagents to
Unsaturated Cyclic Acetals. The Influence of Added Phosphine on
Enantioselectivity. J. Am. Chem. Soc. 1998, 120, 7649. (e) Chung, K.-
G.; Miyake, Y.; Uemura, S. Nickel(0)-Catalysed Asymmetric Cross-
Coupling Reactions of Allylic Compounds with Grignard Reagents
Using Optically Active Oxazolinylferrocenylphosphines as ligands. J.
Chem. Soc., Perkin Trans. 1 2000, 2728S.

(9) (a) Kobayashi, Y.; Ikeda, E. Nickel-Catalysed Substitution
Reactions of Allylic Carbonates with Aryl- and Alkenyl-Borates. J.
Chem. Soc,, Chem. Commun. 1994, 1789. (b) Trost, B. M.; Spagnol,
M. D. Nickel Catalysed Coupling of Allylamines and Boronic Acids. J.
Chem. Soc., Perkin Trans. 1 1995, 2083. (c) Son, S.; Fu, G. C. Nickel-
Catalyzed Asymmetric Negishi Cross-Couplings of Secondary Allylic
Chlorides with Alkylzincs. J. Am. Chem. Soc. 2008, 130, 2756.
(d) Jiménez-Aquino, A.; Flegeau, E. F.; Schneider, U.; Kobayashi, S.
Catalytic Intermolecular Allyl-Allyl Cross-Couplings Between Alco-
hols and Boronates. Chem. Commun. 2011, 47, 9456. (e) Chau, S. T.;
Lutz, J. P.; Wu, K;; Doyle, A. G. Nickel-Catalyzed Enantioselective
Arylation of Pyridinium Ions: Harnessing an Iminium Ion Activation
Mode. Angew. Chem., Int. Ed. 2013, 52, 9153. (f) Shields, J. D;
Ahneman, D. T.; Graham, T. J. A,; Doyle, A. G. Enantioselective,
Nickel-Catalyzed Suzuki Cross-Coupling of Quinolinium Ions. Org.
Lett. 2014, 16, 142. (g) Srinivas, H. D.; Zhou, Q; Watson, M. P.
Enantiospecific, Nickel-Catalyzed Cross-Couplings of Allylic Pivalates
and Arylboroxines. Org. Lett. 2014, 16, 3596. (h) Tao, J.-L.; Yang, B.;
Wang, Z.-X. Pincer-Nickel-Catalyzed Allyl-Aryl Coupling between
Allyl Methyl Ethers and Arylzinc Chlorides. J. Org. Chem. 2015, 80,
12627. (i) Nazari, S. H.,; Bourdeau, J. E.; Talley, M. R; Valdivia-
Berroeta, G. A.; Smith, S. J.; Michaelis, D. J. Nickel-Catalyzed Suzuki
Cross Couplings with Unprotected Allylic Alcohols Enabled by
Bidentate N-Heterocyclic Carbene (NHC)/Phosphine Ligands. ACS
Catal. 2018, 8, 86.

(10) (a) Bernhard, Y.; Thomson, B.; Ferey, V.; Sauthier, M. Nickel-
Catalyzed a-Allylation of Aldehydes and Tandem Aldol Condensa-
tion/Allylation Reaction with Allylic Alcohols. Angew. Chem., Int. Ed.
2017, 56, 7460. (b) Wang, J.; Wang, P.; Wang, L.; Li, D.; Wang, K;
Wang, Y.; Zhu, H.; Yang, D.; Wang, R. Nickel-Mediated Asymmetric
Allylic Alkylation between Nitroallylic Acetates and Acyl Imidazoles.
Org. Lett. 2017, 19, 4826. (c) Ngamnithiporn, A.; Jette, C. L;
Bachman, S.; Virgil, S. C.; Stoltz, B. M. Nickel-Catalyzed
Enantioselective Allylic Alkylation of Lactones and Lactams with
Unactivated Allylic Alcohols. Chem. Sci. 2018, 9, 2547.

(11) Bricout, H.; Carpentier, J.-F.; Mortreux, A. Nickel-Catalysed
Substitution Reactions of Allylic Compounds with Soft Nucleophiles:
an Efficient Alternative to Palladium Catalysis. J. Chem. Soc, Chem.
Commun. 19985, 1863.

(12) (a) Bricout, H,; Carpentier, J.-F.; Mortreux, A. Bis-
(aminophosphine)-Nickel Complexes as Efficient Catalysts for
Alkylation of Allylic Acetates with Stabilized Nucleophiles. Tetrahe-
dron Lett. 1996, 37, 6105. (b) Bricout, H.; Carpentier, J.-F.; Mortreux,
A. Further Developments in Metal-Catalysed C-C Bond Cleavage in

Allylic Dimethyl Malonate Derivatives. Tetrahedron Lett. 1997, 38,
10S3.

(13) () Kita, Y.; Kavthe, R. D.; Oda, H.; Mashima, K. Asymmetric
Allylic Alkylation of f-Ketoesters with Allylic Alcohols by a Nickel/
Diphosphine Catalyst. Angew. Chem., Int. Ed. 2016, 55, 1098.
(b) Blieck, R; Azizi, M. S.; Mifleur, A,; Roger, M.; Persyn, C;
Sauthier, M.; Bonin, H. Nickel-Catalysed Bis-Allylation of Activated
Nucleophiles with Allyl Alcohol. Eur. J. Org. Chem. 2016, 1194.
(c) Sweeney, J. B,; Ball, A. K; Smith, L. J. Catalytic C-C Bond
Formation Using a Simple Nickel Precatalyst System: Base- and
Activator-Free Direct C-Allylation by Alcohols and Amines. Chem. -
Eur. J. 2018, 24, 7354

(14) Sha, S.-C.; Jiang, H.; Mao, J.; Bellomo, A.; Jeong, S. A.; Walsh,
P. J. Nickel-Catalyzed Allylic Alkylation with Diarylmethane
Pronucleophiles: Reaction Development and Mechanistic Insights.
Angew. Chem., Int. Ed. 2016, 5SS, 1070.

(15) Zhang, H.-J;; Gu, Q; You, S.-L. Ni-Catalyzed Intermolecular
Allylic Dearomatization Reaction of Tryptophols and Tryptamines.
Org. Lett. 2019, 21, 9420.

(16) Goux, C.; Massacret, M.; Lhoste, P.; Sinou, D. Stereo- and
Regioselectivity in Palladium-Catalyzed Allylic Etherification. Organo-
metallics 1995, 14, 4585.

https://dx.doi.org/10.1021/acs.orglett.0c01109
Org. Lett. XXXX, XXX, XXX—XXX


https://dx.doi.org/10.1002/asia.200700183
https://dx.doi.org/10.1002/anie.200605113
https://dx.doi.org/10.1002/anie.200605113
https://dx.doi.org/10.1039/c0sc00234h
https://dx.doi.org/10.1039/c0sc00234h
https://dx.doi.org/10.1021/op200294r
https://dx.doi.org/10.1021/op200294r
https://dx.doi.org/10.1039/C19680001604
https://dx.doi.org/10.1039/C19680001604
https://dx.doi.org/10.1039/C19680001604
https://dx.doi.org/10.1002/hlca.19800630427
https://dx.doi.org/10.1002/hlca.19800630427
https://dx.doi.org/10.1016/S0040-4039(97)00178-0
https://dx.doi.org/10.1016/S0040-4039(97)00178-0
https://dx.doi.org/10.1016/S0040-4039(97)00178-0
https://dx.doi.org/10.1021/ja980499l
https://dx.doi.org/10.1021/ja980499l
https://dx.doi.org/10.1021/ja980499l
https://dx.doi.org/10.1039/b002547j
https://dx.doi.org/10.1039/b002547j
https://dx.doi.org/10.1039/b002547j
https://dx.doi.org/10.1039/c39940001789
https://dx.doi.org/10.1039/c39940001789
https://dx.doi.org/10.1039/p19950002083
https://dx.doi.org/10.1021/ja800103z
https://dx.doi.org/10.1021/ja800103z
https://dx.doi.org/10.1021/ja800103z
https://dx.doi.org/10.1039/c1cc13348a
https://dx.doi.org/10.1039/c1cc13348a
https://dx.doi.org/10.1002/anie.201303994
https://dx.doi.org/10.1002/anie.201303994
https://dx.doi.org/10.1002/anie.201303994
https://dx.doi.org/10.1021/ol4031364
https://dx.doi.org/10.1021/ol4031364
https://dx.doi.org/10.1021/ol5016724
https://dx.doi.org/10.1021/ol5016724
https://dx.doi.org/10.1021/acs.joc.5b02151
https://dx.doi.org/10.1021/acs.joc.5b02151
https://dx.doi.org/10.1021/acscatal.7b03079
https://dx.doi.org/10.1021/acscatal.7b03079
https://dx.doi.org/10.1021/acscatal.7b03079
https://dx.doi.org/10.1002/anie.201703486
https://dx.doi.org/10.1002/anie.201703486
https://dx.doi.org/10.1002/anie.201703486
https://dx.doi.org/10.1021/acs.orglett.7b02264
https://dx.doi.org/10.1021/acs.orglett.7b02264
https://dx.doi.org/10.1039/C7SC05216B
https://dx.doi.org/10.1039/C7SC05216B
https://dx.doi.org/10.1039/C7SC05216B
https://dx.doi.org/10.1039/c39950001863
https://dx.doi.org/10.1039/c39950001863
https://dx.doi.org/10.1039/c39950001863
https://dx.doi.org/10.1016/0040-4039(96)01302-0
https://dx.doi.org/10.1016/0040-4039(96)01302-0
https://dx.doi.org/10.1016/0040-4039(96)01302-0
https://dx.doi.org/10.1016/S0040-4039(96)02510-5
https://dx.doi.org/10.1016/S0040-4039(96)02510-5
https://dx.doi.org/10.1002/anie.201508757
https://dx.doi.org/10.1002/anie.201508757
https://dx.doi.org/10.1002/anie.201508757
https://dx.doi.org/10.1002/ejoc.201501556
https://dx.doi.org/10.1002/ejoc.201501556
https://dx.doi.org/10.1002/chem.201801241
https://dx.doi.org/10.1002/chem.201801241
https://dx.doi.org/10.1002/chem.201801241
https://dx.doi.org/10.1002/anie.201507494
https://dx.doi.org/10.1002/anie.201507494
https://dx.doi.org/10.1021/acs.orglett.9b03633
https://dx.doi.org/10.1021/acs.orglett.9b03633
https://dx.doi.org/10.1021/om00010a024
https://dx.doi.org/10.1021/om00010a024
pubs.acs.org/OrgLett?ref=pdf
https://dx.doi.org/10.1021/acs.orglett.0c01109?ref=pdf

