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ABSTRACT: 1,3-Diamine-derived catalysts were designed, synthe-
sized, and used in asymmetric Mannich reactions of ketones. The
reactions catalyzed by one of the 1,3-diamine derivatives in the presence
of acids afforded the Mannich products with high enantioselectivities
under mild conditions. In most cases, bond formation occurred at the
less-substituted α-position of the ketone carbonyl group. Our results
indicate that the primary and the tertiary amines of the 1,3-diamine
derivative cooperatively act for the catalysis.

■ INTRODUCTION
Amine derivatives have been used as catalysts and components
of catalyst systems to accelerate chemical transformations.1,2

For example, compounds that have a primary amine group and
a tertiary amine group in a geminal relationship (or 1,2-
relationship), such as cinchona-derived amines, cyclohexane-
1,2-diamines, and 1,2-diarylethane-1,2-diamines, have been
used as catalysts with or without other molecules (such as
acids) to accelerate bond-forming reactions of enolizable
ketones and aldehydes as nucleophiles.1,3−5 During the
catalysis by these amines, the primary amine often forms an
enamine intermediate, and the tertiary amine group is
protonated and functions as an acid to interact with
electrophiles.3−5 When the tertiary amine group interacts
with acid molecules, it may also act as a group providing steric
bulk and/or shielding function.4 In addition, the primary and
the tertiary amine groups appear to act cooperatively.3−5 While
our understanding of the catalysis by amine derivatives has
significantly advanced in recent years,1,2 the ability to design
catalysts suitable for a given reaction remains challenging. To
advance the development, testing of new catalyst designs and
elucidating the relationships between catalyst structures and
the catalytic features and mechanisms are necessary. Here, we
report the design, synthesis, and use of catalyst 1a and related
molecules in which the primary amine group and the tertiary
amine group have a 1,3-relationship (Scheme 1). While 1,2-
diamine derivatives have been extensively explored as catalysts,
1,3-diamine derivatives have not been popularly examined as
catalysts. We hypothesized that the molecules bearing a
primary amine group and a tertiary amine group in a 1,3-
relationship in certain designs would work as catalysts. To
demonstrate our hypothesis, we evaluated the use of the 1,3-

diamine derivatives in Mannich reactions of ketones (Scheme
1).

■ RESULTS AND DISCUSSION
Design and Synthesis of the 1,3-Diamine-Derived

Catalysts. In the design of 1a, we hypothesized that the use of
a primary amine group in the amino(aryl)methyl group moiety
would lead to the formation of enamine intermediates during
the catalysis. The tertiary amine group and the amino(aryl)-
methyl group moiety were attached in a trans relationship on a
cyclohexane ring to position the amine groups in a 1,3-
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Scheme 1. 1,3-Diamine-Derived Catalyst Developed in This
Work and the Asymmetric Mannich Reactions of Ketones
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relationship. In the resulting structure, the primary amine
group and the tertiary amine group would form a hydrogen
bond depending on the conformation. We reasoned that the
intramolecular hydrogen bonding would tune the functions of
the primary and the tertiary amino groups during the catalysis.
The design with the 1,3-relationship of the amine groups
would provide a space that accepts various ketones to form
enamines during the reaction.
Catalyst 1a and related derivatives 1b−f were synthesized

from compound 2, which was generated by the (S)-β-proline-
catalyzed anti-selective Mannich reaction of cyclohexanone
with an aryl imine derivative in the presence of K2CO3

6

(Scheme 2 and Table 1). For the synthesis of 1a, the route via
3−6 shown in Scheme 2 was employed. Depending on workup
conditions after the deprotection of the Boc group, 1a was
obtained as either the CF3COOH salt form or the free form
(Supporting Information).
Evaluations of the 1,3-Diamine-Derived Catalysts in

Enantioselective γ-Position-Selective Mannich Reac-
tions of β-Ketophosphonates. First, we evaluated the use
of 1 in the presence or absence of acids in catalysis of the
Mannich reaction of β-ketophosphonate 7a with imine 8a to
afford γ-position-selective reaction product 9a (Table 1). β-
Ketophosphonates, including those bearing chiral centers, have
been used in the Horner−Wadsworth−Emmons version of
Wittig reactions to form enone derivatives and in other
reactions.7−9 Previously, only three substrate examples of the

Scheme 2. Synthesis of 1a

Table 1. Evaluations of Catalysts 1 in the Mannich Reaction of 7a with 8a To Afford 9aa

entry catalyst system (equiv) time (h) yield (%)b erc

1 1a (0.3) 96 <5 82:18
2 1a·CF3COOH (0.3) 72 99 87:13
3 1a·CF3COOH (0.3), CF3COOH (0.3) 48 85 94:6
4 1a·CF3COOH (0.3), (PhCH2O)2POOH (0.3) 48 99 96:4
5 1a (0.3), (PhCH2O)2POOH (0.3) 72 99 92:8
6 1a (0.3), CF3COOH (0.3), (PhCH2O)2POOH (0.3) 48 99 96:4
7 1b·CF3COOH (0.3), (PhCH2O)2POOH (0.3) 72 77 87:13
8 1c·CF3COOH (0.3), (PhCH2O)2POOH (0.3) 48 >99 63:37
9 1d·CF3COOH (0.3), (PhCH2O)2POOH (0.3) 120 48 93:7
10 1e·CF3COOH (0.3), (PhCH2O)2POOH (0.3) 48 89 94:6
11 1f (0.3) 168 11 −
12 1f (0.3), (PhCH2O)2POOH (0.3) 120 0 −
13 1g/CF3COOH (1:0.8) (0.3), (PhCH2O)2POOH (0.3) 96 80 16:84

aConditions: 7a (0.75 mmol, 3.0 equiv), 8a (0.25 mmol, 1.0 equiv), and catalyst system (as indicated, equiv relative to 8a) in toluene (1.65 mL) at
rt (25 °C). bDetermined by 1H NMR analysis before purification. cDetermined by HPLC analysis after purification.
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enantioselective γ-position-selective Mannich reaction of a β-
ketophosphonate were reported, in which a cinchona-derived
amine with an acid was used as a catalyst.9 While the catalyst
system was useful for the corresponding reactions of β-
ketoesters,9 it was less efficient for the reactions of β-
ketophosphonates,9 and further development was required.
Among the catalysts 1 and conditions tested, the reactions in
the presence of 1a·CF3COOH with dibenzyl phosphate or of
1a with CF3COOH and dibenzyl phosphate at room

temperature (25 °C) afforded 9a in high yields with high
enantioselectivities (Table 1, entries 4 and 6). 1,3-Amino
alcohol 1f was not an efficient catalyst (Table 1, entries 11 and
12). Thus, the 1,3-diamine moiety of 1 was necessary for the
catalysis. While the reaction of 7a and 8a affording 9a
catalyzed by a cinchona-derived amine with an acid was
previously reported,9 the reaction catalyzed by 1,3-diamine
derivative 1a with the acids under the optimized conditions
was faster to afford 9a and provided 9a with higher

Table 2. Mannich Reactions of β-Ketophosphates 7 with Imines 8 To Afford 9 Catalyzed by the Catalyst System Containing
1aa

aConditions: 7 (0.75 mmol), 8 (0.25 mmol), 1a·CF3COOH (0.075 mmol), and dibenzyl phosphate (0.075 mmol) in toluene (1.65 mL) at rt (25
°C). Isolated yield and enantiomer ratio (er) after purification are shown. 1H NMR yield before purification is shown in parenthesis. bA 1.0 mmol-
scale reaction. cDetermined after derivatization (see the Supporting Information).

Scheme 3. (a) Time Course Analysis of the Catalyzed Reactions, (b) Evaluation of the Stability of 10a under the Catalytic
Conditions, and (c) Evaluation of the Stability of 9a under the Catalytic Conditions
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enantioselectivity than the previously reported reaction
catalyzed by the cinchona-derived amine with the acid.
Scope and Mechanisms of Enantioselective γ-Posi-

tion-Selective Mannich Reactions of β-Ketophospho-
nates Catalyzed by the Catalyst System Containing 1,3-
Diamine Derivative 1a. Next, using 1a·CF3COOH with
dibenzyl phosphate as the catalyst system, the scope of the γ-
position-selective Mannich reactions of β-ketophosphonates
was evaluated (Table 2). Various δ-amino β-ketophosphonates
9 were obtained mostly with high enantioselectivities. No
formation of the α-position reaction products was detected.
Although the rate of the reaction was affected by the
substituents on the imine, products from the reactions with
hindered imines (such as imines bearing o-substituents relative
to the imine group) and with imines bearing electron-donating

substituents were also obtained (formation of 9f−h). A
tetrasubstituted carbon center was also constructed when a
ketimine derivative was used in the catalyzed reaction
(formation of 9j).
To understand the mechanisms of the catalyzed reactions,

the reactions were analyzed at various time points and the
stabilities of product 9a and its regioisomer 10a under the
catalytic conditions were evaluated. When the reaction of 7a
and 8a to form 9a in the presence of the catalyst system 1a·
CF3COOH and dibenzyl phosphate was analyzed at various
time points, no formation of α-position reaction product 10a
was detected at any time point analyzed, and the enantiopurity
of 9a was essentially unchanged (er 95:5−96:4) from 10 h
(47% conversion) to 54 h (>99% conversion) (Scheme 3a). It
should be noted that the reaction of 7a and 8a in the presence
of pyrrolidine−CH3COOH (1:1) or in the presence of
benzylamine−CH3COOH (1:1) afforded both 10a and 9a
during the consumption of imine 8a (Scheme 3a).
When 10a was treated under the catalytic conditions with

1a·CF3COOH and dibenzyl phosphate that were used for the
formation of 9, no decomposition of 10a and no formation of
9a, were detected (Scheme 3b). Treatment of (±)-9a or (S)-
9a with 1a·CF3COOH and dibenzyl phosphate also did not
alter 9a, and the enantiopurity of 9a was unchanged in either
case (Scheme 3c). These results indicated that product 9a was
formed kinetically under the conditions in the presence of 1a·
CF3COOH and dibenzyl phosphate. These results also
indicated that the use of the catalyst system with 1a resulted
in the bond formation at only the γ-position of the β-
ketophosphonate. Because the bond formation at the α-
position of the β-ketophosphonate occurred in the presence of
pyrrolidine-acid or benzylamine-acid, the functions of 1a were
distinct from those of pyrrolidine and benzylamine.
Extended Scope and Mechanisms of the Mannich

Reactions Catalyzed by the Catalyst System Containing
1,3-Diamine Derivative 1a. To further understand the
features of the catalysis by 1a, catalyst 1a was used in reactions
of various ketones with imine 8a under the conditions used for
the formation of 9 (Table 3). Mannich products 11 were
obtained with high enantioselectivities, although the reaction
rate varied depending on the ketone. Except for the reaction to
form 11c, in which the regioisomer was also formed, the bond
formation enantioselectively occurred at the less-substituted α-
position of the ketone carbonyl group (or at the methyl group)
in the reactions to form 9 or 11 in the presence of 1a and the
acids. These results indicate that catalyst 1a provides a space to
accept ketones bearing bulky moieties (such as diethyl
phosphonate and diethylamide) and functions to selectively
form a bond at the less-substituted methyl group of the ketone
when more than one enolizable position is present.
For compound 1a to function as the catalyst, acids were

required. In 1H NMR analyses, chemical shifts of 1a were
shifted downfield upon the addition of the acids (Supporting
Information). The changes of the chemical shifts were
observed not only for the protons on the carbons that are
attached to the nitrogen of the tertiary amine group but also
for other protons including protons on the carbon bearing the
primary amine group. In contrast, the addition of acetic acid to
benzylamine did not alter the chemical shifts. Thus, the
changes in the chemical shifts of 1a upon the addition of the
acid indicate that 1a directly interacts with the acids and that
the tertiary amine and the primary amine groups of 1a
cooperatively function.

Table 3. Mannich Reactions of Ketones in the Presence of
the Catalyst System Containing 1aa

aSee the Supporting Information. In parenthesis, 1H NMR yield
before purification is shown. bDetermined after derivatization.

Scheme 4. Transformations of 9a
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Utility of 1a and the 1a-Catalyzed Reactions. To
demonstrate the utility of 1a and the catalyzed reactions,
Mannich reaction product 9a was transformed to 12 and 13
(Scheme 4). Compounds 12 and 13 were obtained in highly
enantiomerically enriched forms.

■ CONCLUSIONS
We designed and synthesized 1,3-diamine-derived catalyst 1a
and related diamine derivatives. The use of 1a with acids as a
catalyst system resulted in highly regio- and enantioselective
Mannich reactions of various ketones, including enantiose-
lective γ-position-selective Mannich reactions of β-ketophosph-
onates, under mild conditions. Analyses indicated that the
primary and the tertiary amine groups of 1a, which are in a 1,3-
relationship, function cooperatively during the catalysis. The
results and the information described here will be useful for the
development of new catalysts and for the understanding of the
relationships between catalyst structures and the catalytic
features and mechanisms.
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M.; Weil, M.; Stanetty, C.; Schnürch, M.; Bica-Schröder, K. Sterically
Demanding Flexible Phosphoric Acids for Constructing Efficient and
Multi-Purpose Asymmetric Organocatalysts. Angew. Chem., Int. Ed.
2022, 61, No. e202202189. (f) Huang, M.; Zhang, L.; Pan, T.; Luo, S.
Deracemization through Photochemical E/Z Isomerization of
Enamines. Science 2022, 375, 869−874. (g) Rezayee, N. M.;
Enemærke, V. J.; Linde, S. T.; Lamhauge, J. N.; Reyes-Rodríguez,
G. J.; Jørgensen, K. A.; Lu, C.; Houk, K. N. An Asymmetric SN2
Dynamic Kinetic Resolution. J. Am. Chem. Soc. 2021, 143, 7509−
7520.
(6) Garg, Y.; Tanaka, F. Enantioselective Direct anti-Selective
Mannich-Type Reactions Catalyzed by 3-Pyrrolidinecarboxylic Acid
in the Presence of Potassium Carbonate: Addition of Potassium
Carbonate Improves Enantioselectivities. Org. Lett. 2020, 22, 4542−
4546.
(7) (a) Nicolau, K. C.; Pan, S.; Shelke, Y.; Das, D.; Ye, Q.; Lu, Y.;
Sau, S.; Bao, R.; Rigol, S. A Reverse Approach to the Total Synthesis
of Halichondrin B. J. Am. Chem. Soc. 2021, 143, 9267−9276.
(b) Lowell, A. N.; DeMars, M. D., II; Slocum, S. T.; Yu, F.; Anand, K.;
Chemler, J. A.; Korakavi, N.; Priessnitz, J. K.; Park, S. R.; Koch, A. A.;
Schultz, P. J.; Sherman, D. H. Chemoenzymatic Total Synthesis and
Structural Diversification of Tylactone-based Macrolide Antibiotics
through Late-Stage Polyketide Assembly, Tailoring, and C-H
Functionalization. J. Am. Chem. Soc. 2017, 139, 7913−7920.
(c) Zhu, W.; Jiménez, M.; Jung, W.-H.; Camarco, D. P.;
Balachandran, R.; Vogt, A.; Day, B. W.; Curran, D. P. Streamlined
Syntheses of (−)-Dictyostatin, 16-Desmethyl-25,26-dihydrodictyosta-
tin, and 6-epi-16-Desmethyl-25,26-dihydrodictyostatin. J. Am. Chem.
Soc. 2010, 132, 9175−9187. (d) Evans, D. A.; Adams, D. J. Total
Synthesis of (+)-Galbulimima Alkaloid 13 and (+)-Himagaline. J. Am.
Chem. Soc. 2007, 129, 1048−1049. (e) Gaul, C.; Njardarson, J. T.;
Danishefsky, S. J. The Total Synthesis of (+)-Migrastatin. J. Am.
Chem. Soc. 2003, 125, 6042−6043. (f) Trost, B. M.; Zhang, L.; Lam,
T. M. Synthesis of the Aminocyclitol Core of Jogyamycin via an
Enantioselective Pd-Catalyzed Trimethylenemethane (TMM) Cyclo-
addition. Org. Lett. 2018, 20, 3938−3942. (g) Umezawa, T.; Seino,
T.; Matsuda, F. Novel One-pot Three-component Coupling Reaction
with Trimethylsilylmethyl-phosphonate, Acyl Fluoride, and Aldehyde
through the Horner-Wadsworth-Emmons Reaction. Org. Lett. 2012,
14, 4206−4209.
(8) (a) Davis, F. A.; Wu, Y.; Xu, H.; Zhang, J. Asymmetric Synthesis
of cis-5-Substituted Pyrrolidine 2-Phosphonates Using Metal
Carbenoid NH Insertion and δ-Amino β-Ketophosphonates. Org.
Lett. 2004, 6, 4523−4525. (b) Davis, F. A.; Xu, H.; Zhang, J.
Asymmetric Synthesis of Ring Functionalized trans-2,5-Disubstituted
Piperidines from N-Sulfinyl δ-Amino β-Keto Phosphonates. J. Org.
Chem. 2007, 72, 2046−2052.
(9) Bethi, V.; Tanaka, F. Organocatalytic Enantioselective-Position-
Selective Mannich Reactions of β-Ketocarbonyl Derivatives. Org. Lett.
2022, 24, 6711−6715.

The Journal of Organic Chemistry pubs.acs.org/joc Article

https://doi.org/10.1021/acs.joc.3c01051
J. Org. Chem. 2023, 88, 11096−11101

11101

 Recommended by ACS

Catalytic Desymmetrizing Baeyer–Villiger Oxidation of
Quaternary Carbon-Containing Cyclobutane-1,3-diones
Chao Liu, Xing-Ping Zeng, et al.
JULY 28, 2023
ORGANIC LETTERS READ 

Synthesis of Chiral Iodoaniline-Lactate Based Catalysts for
the α-Functionalization of Ketones
Rawiyah Alkahtani and Thomas Wirth
MAY 09, 2023
ACS ORGANIC & INORGANIC AU READ 

Organocatalytic Enantioselective 1,8-Addition for the
Synthesis of Chiral Tetraarylmethanes from 2-
Naphthol/Naphthalen-2-amine-Based Tertiary Alcohols
Meiwen Liu, Pengfei Li, et al.
JUNE 21, 2023
JOURNAL OF THE AMERICAN CHEMICAL SOCIETY READ 

Chiral Metal Salts as Ligands for Catalytic Asymmetric
Mannich Reactions with Simple Amides
Yasuhiro Yamashita, Shu̅ Kobayashi, et al.
APRIL 06, 2021
JOURNAL OF THE AMERICAN CHEMICAL SOCIETY READ 

Get More Suggestions >

https://doi.org/10.1021/ja404784t?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja404784t?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.202202189
https://doi.org/10.1002/anie.202202189
https://doi.org/10.1002/anie.202202189
https://doi.org/10.1126/science.abl4922
https://doi.org/10.1126/science.abl4922
https://doi.org/10.1021/jacs.1c02193?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.1c02193?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.0c01561?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.0c01561?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.0c01561?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.0c01561?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.1c05270?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.1c05270?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.7b02875?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.7b02875?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.7b02875?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.7b02875?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja103537u?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja103537u?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja103537u?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja0684996?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja0684996?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja0349103?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.8b01518?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.8b01518?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.8b01518?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol301879a?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol301879a?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol301879a?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol048157+?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol048157+?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol048157+?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo062365t?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo062365t?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.2c02433?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.2c02433?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
pubs.acs.org/joc?ref=pdf
https://doi.org/10.1021/acs.joc.3c01051?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
http://pubs.acs.org/doi/10.1021/acs.orglett.3c01852?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acs.orglett.3c01852?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acs.orglett.3c01852?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acs.orglett.3c01852?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acs.orglett.3c01852?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acs.orglett.3c01852?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acs.orglett.3c01852?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acs.orglett.3c01852?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acs.orglett.3c01852?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acs.orglett.3c01852?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acs.orglett.3c01852?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acs.orglett.3c01852?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acs.orglett.3c01852?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acs.orglett.3c01852?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acs.orglett.3c01852?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acs.orglett.3c01852?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acs.orglett.3c01852?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acs.orglett.3c01852?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acs.orglett.3c01852?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acs.orglett.3c01852?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acs.orglett.3c01852?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acs.orglett.3c01852?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acs.orglett.3c01852?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acs.orglett.3c01852?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acs.orglett.3c01852?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acs.orglett.3c01852?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acsorginorgau.3c00012?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acsorginorgau.3c00012?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acsorginorgau.3c00012?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acsorginorgau.3c00012?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acsorginorgau.3c00012?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acsorginorgau.3c00012?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acsorginorgau.3c00012?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acsorginorgau.3c00012?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acsorginorgau.3c00012?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acsorginorgau.3c00012?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acsorginorgau.3c00012?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acsorginorgau.3c00012?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acsorginorgau.3c00012?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acsorginorgau.3c00012?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acsorginorgau.3c00012?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acsorginorgau.3c00012?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acsorginorgau.3c00012?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acsorginorgau.3c00012?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acsorginorgau.3c00012?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acsorginorgau.3c00012?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acsorginorgau.3c00012?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acsorginorgau.3c00012?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acsorginorgau.3c00012?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acsorginorgau.3c00012?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acsorginorgau.3c00012?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/acsorginorgau.3c00012?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.3c05107?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.0c13317?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.0c13317?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.0c13317?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.0c13317?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.0c13317?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.0c13317?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.0c13317?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.0c13317?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.0c13317?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.0c13317?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.0c13317?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.0c13317?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.0c13317?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.0c13317?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.0c13317?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.0c13317?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.0c13317?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.0c13317?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.0c13317?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.0c13317?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.0c13317?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.0c13317?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.0c13317?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.0c13317?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.0c13317?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
http://pubs.acs.org/doi/10.1021/jacs.0c13317?utm_campaign=RRCC_joceah&utm_source=RRCC&utm_medium=pdf_stamp&originated=1695216364&referrer_DOI=10.1021%2Facs.joc.3c01051
https://preferences.acs.org/ai_alert?follow=1

