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ABSTRACT: A new synthesis method of tripeptide analogs with an aminobitriazole skeleton was proposed. The method involves
assembling three amino acid-derived modules at the amino group site and onto a triisopropylsilyl diynyl benziodoxolone by copper-
catalyzed electrophilic diynylation of amino acid-derived sulfonamides, chemoselective azide—alkyne cycloadditions with amino
acid-derived azides, and deprotection. Various complex aminobitriazoles substituted with pyrene, nucleoside, and N-acetylglucosa-
mine were also synthesized. The produced aminobitriazoles have multiple centers and a C—N axial chirality.

Peptides are important for the development of various func-
tional molecules for different products such as medications and
agrichemicals (Scheme 1A-a). However, native peptides exhibit
poor absorption and low proteolytic stability. To improve these
characteristics, numerous peptidomimetics and other moieties
have been developed to replace peptide bonds (Scheme 1A-b,
c).! Triazole is an essential heterocyclic pharmacophore in the
development of bioactive molecules such as anticancer, antivi-
ral, and antibiotic agents.” The copper-catalyzed azide-alkyne
cycloaddition (CuAAC) is an efficient method for synthesizing
1,4-disubstituted 1,2,3-triazoles.> Other transition metals (Ru,
Rh, Ir, and Ni)-catalyzed AACs have been reported for the syn-
thesis of 1,5-disubstituted-1,2,3-triazoles.* 1,2,3-Triazole-
based peptidomimetics, e.g., triazolamer, have emerged as
promising lead compounds for the development of various bio-
active compounds using AAC (Scheme 1A-d).> Furthermore,
AAC has been used for the assembly of functional molecules
through multiclick reactions to produce complex functionalized
molecules.®

Atropisomeric molecules are an important class of stereo-
genic compounds. In recent years, these compounds have been
attracting considerable attention owing to the atropisomerism
arising from the restricted rotation of a C—N bond in their struc-
ture.”® Recently, asymmetric click reactions of internal alkynes
have been reported for the synthesis of C—N axial chirality
(Scheme 1B).¥ Among the C-N atropisomeric molecules, acy-
clic amide-containing molecules have attracted considerable at-
tention owing to their unique structure, making them useful in

various applications such as synthetic chemistry, materials sci-
ence, as well as medicinal and agricultural activities (Scheme
1C).*'” Numerous synthetic approaches, including kinetic reso-
lution and desymmetrization, electrophilic amination, C-H
functionalization, N-functionalization, and annulation, have
been developed for the synthesis of C—N atropisomeric mole-
cules.”!® However, few Cive membere—Nacyelic axially chiral com-
pounds were reported to date because of the low rotational bar-
rier caused by the high rotational freedom of the C—N axis and
the small size of the five-membered ring. Yu’s group synthe-
sized C—N atropisomer with a carbon-centered chirality through
atroposelective coupling of indoles with amino acid-derived
sulfonamides at the C2 position (Scheme 1D).'™

Recently, alkynyl benziodoxolone attracted significant inter-
est because it can be used for electrophilic alkynylation under
mild conditions.'"""* Owing to the importance of 1,3-butadiyne
in medicinal chemistry and materials science and because of our
interest in developing hypervalent iodine compounds,'*" we
recently reported a diversity-oriented synthetic method for yna-
mides based on copper-catalyzed N-diynylation of sulfonamide
with triisopropylsilyl diynyl benziodoxolone (TIPS-diyne-BX)
to give 1,3-butadiynamides, important C4-building blocks,
deprotection of the TIPS group, and late-stage chemoselective
CuAAC sequence.'**!%18 Based on our previous studies, we hy-
pothesized that copper-catalyzed diynylation of amino acid-de-
rived sulfonamide and transition metal-catalyzed azide—alkyne
cycloaddition with amino acid-derived azides would result in
assembling three amino acid modules onto TIPS-diyne-BX,

https://doi.org/10.26434/chemrxiv-2024-mnvrx ORCID: https://orcid.org/0000-0003-2871-5406 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://doi.org/10.26434/chemrxiv-2024-mnvrx
https://orcid.org/0000-0003-2871-5406
https://creativecommons.org/licenses/by-nc-nd/4.0/

which works as a compact C4 trivalent platform, to produce
unique tri-peptidemimetics bonded at the amino group site
(Scheme 1E).

Scheme 1. Modular synthesis of tripeptide analoges with
aminobitriazole skeleton
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First, we investigated the reaction conditions of the electro-
philic diynylation reaction conducted in our previous study us-
ing leucine-derived p-toluenesulfonamide (1c¢) as the substrate.
132 In this case, a moderate yield (59%) of the corresponding
diynamide 3¢ was obtained probably owing to the low acidity
of 1¢ (Scheme 2, L1). Thus, leucine-derived 4-nitrobenzenesul-
fonamide (1a), which has higher acidity of the sulfonamide
moiety, was used as a substrate instead of 1¢, achieving an im-
proved yield (68%) (L1). Next, we further optimized the reac-
tion conditions while using 1a. In this reaction, an alkynyl-
Cu(Ill) intermediate might be formed (Scheme S1, ESIf).!*»!°
Therefore, the effect of electron-rich ligands on stabilizing the
Cu(III) intermediate was examined. As expected, a better yield
was obtained when electron-rich bipyridine ligands were used
(L2-L7), and an even higher yield was obtained when electron
rich 1,10-phenanthrolines was used (L8-L17). Among the ex-
amined ligands, 4,7-di-1-pyrrolidinyl-1,10-phenanthroline
(L15), which is a highly electron-rich ligand, achieved the high-
est yield of 3a.2° The catalyst, base, and solvent were then ex-
amined to determine the optimized reaction conditions to be: 1a
(0.1 mmol), 2 (1.3 equiv.), Cul (0.1 equiv.), L15 (0.1 equiv.),
and K,COs (fine powder: 1.5 equiv.) in EtOH mixed under stir-
ring at 25°C for 1 h. Conducting the reaction under these con-
ditions resulted in a 3a isolated yield of 86% (Table S2, ESIY).
Moreover, 3a was synthesized at the 1 mmol scale and achieved
good yield (74%), demonstrating the scalability of the reaction.

Scheme 2. Study of reaction conditions.
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“Reaction conditions: 1a (0.1 mmol), 2 (1.3 equiv), Cul (0.1
equiv), ligand (0.1 equiv), KoCOs (1.5 equiv), EtOH (5§ mL), 25°C,
1 h, argon. '"H NMR yields. Numbers in parentheses are isolated
yield. ?1¢ was used as substrate. 3¢ (59%) was obtained as product
instead of 3a. “Immol scale.

Based on these optimized reaction conditions, the substrate
was investigated (Scheme 3). First, we investigated sulfonyl
group-containing substrates. Good yields of the corresponding
products were obtained when 4-bromobenzenesulfonamide and
p-toluenesulfonamide were used (3b, 3¢). In contrast, moderate
yields were obtained when the less acidic 4-methoxybenzene-
sulfonamide and methanesulfonamide were used (3d, 3e). Next,
various amino acid derivatives were examined. Glycine, phe-
nylalanine, valine, and tryptophan derivatives achieved moder-
ately high to high yields of the corresponding products (3f-3i).

Scheme 3. Electrophilic diynylation of amino acid-derived
sulfonamides
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“Reaction conditions: 1 (0.1 mmol), 2 (1.3 equiv), Cul (0.1
equiv), ligand (L15) (0.1 equiv), K»CO;s (1.5 equiv), EtOH, 25°C,
1 h, argon. Isolated yields.

Next, several control experiments were performed to gain a
mechanistic insight into the reaction. In the absence of a catalyst,
base, and ligand, the reaction hardly proceeded (Table 1, Entries
2-4), indicating that these components are necessary for a suc-
cessful reaction. The reaction achieved good yield under dark
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conditions (Entry 5). Furthermore, in the presence of 2,2,6,6-
tetramethylpiperidine 1-oxyl (TEMPO), 2,6-di-tert-butyl-p-cre-
sol, and 1,1-diphenylethylene as radical inhibitors, the reaction
achieved good yields (Entries 6-8). Moreover, the N-diynyla-
tion of 1j proceeded to achieve a 44% yield of 3j with no cy-
clized products (Entry 9).'% These results indicate that the rad-
ical mechanism is not a major path in this reaction. In addition,
using 4 did not improve the product yield. Thus, L15 probably
works as a ligand to stabilize the diyne-Cu(IlI) intermediate and
not as a base (Scheme S1, ESI¥).!13»1

Table 1. Control experiments.
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“Reaction conditions: 1a (0.1 mmol), 2 (1.3 equiv), catalyst (0.1
equiv), ligand (0.1 equiv), base (fine powder: 1.5 equiv) in EtOH
at 25°C for 1 h. "H NMR yields. Number in parentheses is isolated
yield. ?1j was used as substrate instead of 1a. 3j (44%) was ob-
tained as product instead of 3a.

Next, we examined the reaction conditions for chemoselec-
tive AAC conducted at the ynamide moiety site.'® Under Con-
dition A (Cp*RuCl(cod) in MeCN at 25°C), glycine-derived
diynamide 3f reacts with glycine-derived azide Sa to give a high
yield of 6a (Scheme 4, Condition A; Table S3, ESIT).?! When
leucine- and phenylalanine-derived azide were used, they
achieved high yields of the corresponding products with a low
diastereomeric ratio (6b, 6¢). However, using leucine-derived
diynaide 3a did not result in the desired products (6d or 6e) un-
der Condition A. In contrast, [Rh(CO),Cl], achieved good

yields of 6d and 6e at 60°C at moderate to good diastereomeric
ratio (6d, d.r. =92 : 8; 6e, d.r. = 66 : 34)(Scheme 4, Condition
B; Table S4, ESIT).'®® Moreover, the deprotection of the TIPS
group with tetrabutylammonium fluoride proceeded, giving
high yields (Scheme 4; 7a-7e).?? The diastereomeric ratio of 7d
(d.r.=81: 19) was lower than that of 6d (d.r. =92 : 8). Further-
more, the diastereomeric ratio of 7b and 7d changed depending
on the deuterated solvent, indicating that the C—N bond of 7b
and 7d rotates at 25°C (7b: from d.r. = 58 : 42 in THF-ds to 52 :
48 in CD;0D; 7d: from d.r. = 81 : 19 in CDCl; to 76 : 24 in
DMSO-ds) (Table S7 and S9, ESIt). Furthermore, the diastere-
omeric ratio of 7d did not change after heating in DMSO-ds
(Table S8, ESIT). No improvement of the diastereomeric ratio
was observed when (S)-(-)-tol-BINAP was used as a ligand
(Scheme S2, ESI¥).%

To elucidate the solid-state structure of the 5-aminotriazole,
a suitable single crystal of 7d grown from chloroform/hexane at
—30°C was subjected to X-ray crystallographic analysis (CCDC
2342916; Scheme 4; Fig. S1-S3, Table S5-S6, ESIt). The ab-
solute configuration of 7d was determined to be (Sa, S). 7d ex-
hibited a planar geometry around the nitrogen atom of leucine
owing to a root-mean-square deviation of 0.055A (N1, C1, C3,
and S1) calculated based on the least-square plane method and
the sum of the nitrogen-centered bond angles (X°N1 = 357.8°).
The torsion angle (C2, C1, N1, and S1) was —84.7°, indicating
that the plan was orthogonal to the triazole ring. The acetylenic
hydrogen H1...N4’ distance was 2.311 A, which was shorter
than their combined van der Waals radii (2.75 A), and the C5—
H1...N4’ bond exhibited a nearly linear conformation with an
angle of 165.18°, indicating that triazole works as a hydrogen
bonding acceptor (Fig. S2, ESIt). Furthermore, the - -7 inter-
action between the alkyne and benzene ring of the 4-Ns group
probably stabilizes the major isomer (distance = 3.3 A) (Fig. S3,
ESIY).

Scheme 4. AAC with diynamides and deprotection
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“Reaction conditions: Condition A: 3 (0.25-1.0 mmol), 5 (1.0
equiv), Cp*RuCl(cod) (2 mol%), MeCN (2 mL), 25°C, 18 h, argon.
Condition B: 3 (1.0 mmol), 5§ (1.0 equiv), [Rh(CO),Cl], (2 mol%),
EtOH (2 mL), 60°C, 18 h, argon. Deprotection: 6 (0.25—1.0 mmol),
TBAF (2.0 equiv), AcOH (3.0 equiv), THF, rt, 10 min. Isolated
yields. Diastereomeric ratio was determined by '"H NMR of isolated
products.
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Next, we conducted the CuAAC with terminal alkyne
(Scheme 5).** CuAAC of 7a with glycin-, phenylalanine-, and
leucine-derived azide achieved high yields of the corresponding
aminobitriazole (8a—c, respectively) with moderate diastereo-
meric ratio (d.r. = 67 : 33 for 8b and 8c¢). High yields of 8d and
8e were obtained with higher diastereomeric ratios (8d: d.r. =
66 : 34; 8e: d.r. =77 : 23) when 7b (d.r. = 55 : 45) was used.
Furthermore, aminobitriazoles synthesized from leucine-de-
rived sulfonamide (7d, 7e) exhibited high diastereomeric ratios
(81-8i: d.r. = =94 : 6). In addition, various complex molecules-
derived aminobitriazoles were synthesized with high yields
through the reaction of 7a and various azides with pyrene, nu-
cleoside, and N-acetylglucosamine (8j—81). Moreover, 8k and
81 exhibited low diastereomeric ratios (8k: d.r. =51 : 49; 8I: d.r.
=66 :34).

Scheme 5. CuAAC with terminal alkynes
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“Reaction conditions: 7 (1.1 equiv), 5 (0.1 mmol), Cul (0.5
equiv.), DIPEA (1.1 equiv.), DCM (2 mL), 25°C, 18 h, argon, Iso-
lated yields. Diastereomeric ratio was determined by 'H NMR of
isolated products. ?Diastereomeric ratio was determined by '3C
NMR of isolated products.

Finally, the 4-nitrobenzenesulfonyl group of 8b was depro-
tected with thiophenol to obtain a high yield of amine 9, which
has no diastereomer (Scheme 6).

Scheme 6. Deprotection of 4-Ns group
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“Reaction conditions: 8b (0.1 mmol), PhSH (3.0 equiv), K»,CO;
3.0 equiv), MeCN (2 mL), 25°C, 18 h, argon. Isolated yield.

In conclusion, a synthetic method of a new class of tripeptide
analogs with an aminobitriazole skeleton was developed.
Aminobitriazoles, which have multiple centers and C-N axial
chirality, were constructed by assembling three amino acid-de-
rived modules at the amino group site and onto a TIPS-diyne-
BX through (1) copper-catalyzed electrophilic diynylation of
amino acid-derived sulfonamides, (2) chemoselective azide—al-
kyne cycloaddition with amino acid-derived azide, and (3)
deprotection. Triisopropylsilyl diynyl benziodoxolone acts as a
trivalent platform for the assembly of the functional modules to
produce various aminobitriazoles with amino acid, pyrene, nu-
cleoside, and N-acetylglucosamine substituents.

ASSOCIATED CONTENT

Supporting Information

The Supporting Information is available free of charge on the ACS
Publications website.

Experimental procedures, characterization data, and NMR spectra
(PDF)

AUTHOR INFORMATION

Corresponding Authors

Norihiro Tada — Gifu Pharmaceutical University, 1-25-4
Daigaku- nishi, Gifu 501-1196, Japan; orcid.org/ 0000-0003-
2871-5406; Email: ntada@gifu-pu.ac.jp

Akichika Itoh — Gifu Pharmaceutical University, 1-25-4
Daigaku- nishi, Gifu 501-1196, Japan; orcid.org/ 0000-0002-
0072-2981; Email: itoha@gifu-pu.ac.jp

Authors

Takashi Kano — Gifu Pharmaceutical University, 1-25-4
Daigaku- nishi, Gifu 501-1196, Japan

Ryusei Uozumi — Gifu Pharmaceutical University, 1-25-4
Daigaku- nishi, Gifu 501-1196, Japan

Toshifumi Maruyama — Gifu University, Yanagido 1-1, Gifu
501-1193, Japan

Notes
Any additional relevant notes should be placed here.

ACKNOWLEDGMENT

This work was supported by JSPS KAKENHI Grant Numbers
19K06977; 22K06530 and Grants for Research from SIS (The So-
ciety of lodine Science), OGAWA Science and Technology Foun-
dation, Takeda Science Foundation, and COMIT Collaborative Re-
search 2023. The authors would like to thank Enago
(www.enago.jp) for the English language review.

REFERENCES

https://doi.org/10.26434/chemrxiv-2024-mnvrx ORCID: https://orcid.org/0000-0003-2871-5406 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://doi.org/10.26434/chemrxiv-2024-mnvrx
https://orcid.org/0000-0003-2871-5406
https://creativecommons.org/licenses/by-nc-nd/4.0/

(1) For a recent review, see: Lenci, E.; Trabocchi, A. Pep-
tidomimetic toolbox for drug discovery. Chem. Soc. Rev. 2020, 49,
3262-3277.

(2) For a recent review, see: Pal, A.; Banik, B. K. Click chemistry
toward the synthesis of anticancer agents. Heterocycles, 2022, 104,
229-266.

(3) For a recent review, see: Haldon, E.; Nicasio, M. C.; Pérez, P. J.
Copper-catalysed azide—alkyne cycloadditions (CuAAC): an update.
Org. Biomol. Chem. 2015, 13, 9528-9550.

(4) For selected recent examples, see: (a) Zhang, X.; Li, S.; Yu, W.;
Xie, Y.; Tung, C.; Xu, Z. Asymmetric Azide—Alkyne Cycloaddition
with Ir(I)/Squaramide Cooperative Catalysis: Atroposelective Synthe-
sis of Axially Chiral Aryltriazoles. J. Am. Chem. Soc. 2022, 144, 6200—
6207. (b) Guo, W.; Zhu, B.; Chen, Y.; Yang, J.; Qian, P.; Deng, C.; Ye,
L.; Li, L. Enantioselective Rh-Catalyzed Azide-Internal-Alkyne Cy-
cloaddition for the Construction of Axially Chiral 1,2,3-Triazoles. J.
Am. Chem. Soc. 2022, 144, 6981-6991. (c) Zeng, L.; Li, J.; Cui, S.
Rhodium-Catalyzed Atroposelective Click Cycloaddition of Azides
and Alkynes. Angew. Chem., Int. Ed. 2022, 61, €202205037.

(5) For arecent review, see: Agouram, N.; Hadrami, E. M. E.; Ben-
tama, A. 1,2,3-Triazoles as Biomimetics in Peptide Science. Molecules
2021, 26, 2937.

(6) For selected examples, see: (a) Kovalova, A.; Pohl, R.; Vrabel,
M. Stepwise triple-click functionalization of synthetic peptides. Org.
Biomol. Chem. 2018, 16, 5960-5964. (b) Zheng, Z.; Wang, D.; Xu, Z.;
Xu, L. Synthesis of bi- and bis-1,2,3-triazoles by copper-catalyzed
Huisgen cycloaddition: A family of valuable products by click chemis-
try. Beilstein J. Org. Chem. 2015, 11, 2557-2576.

(7) For a recent review, see: Xiao, X.; Chen, B.; Yao, Y.; Zhou, H.;
Wang, X.; Wang, N.; Chen, F. Construction of Non-Biaryl Atropiso-
meric Amide Scaffolds Bearing a C—N Axis via Enantioselective Ca-
talysis. Molecules 2022, 27, 6583.

(8) For selected recent examples, see: (a) Zhou, L.; Li, Y.; Li, S.; Shi,
Z.; Zhang, X.; Tung, C.; Xu, Z. Asymmetric rhodium-catalyzed click
cycloaddition to access C—N axially chiral N-triazolyl indoles. Chem.
Sci. 2023, 14,5182-5187. (b) Mi, R.; Ding, Z.; Yu, S.; Crabtree, R. H.;
Li, X. O-Allylhydroxyamine: A Bifunctional Olefin for Construction
of Axially and Centrally Chiral Amino Alcohols via Asymmetric Car-
boamidation. J. Am. Chem. Soc. 2023, 145, 8150-8162.

(9) For a recent review, see: Campbell, A. D. G.; Armstrong, R. J.
Synthetic Strategies to Control C-N Atropisomerism in Acyclic
Amines and Amides. Synthesis 2023, 55, 2427-2438.

(10) For selected recent examples, see: (a) Wang, Y.; Yan, J.; Jiang,
Y.; Wei, Z.; Tu, Z.; Dong, C.; Lu, T.; Chen, Y.; Feng, J. Atroposelec-
tive Amination of Indoles via Chiral Center Induced Chiral Axis For-
mation. Molecules 2022, 27, 9008. (b) Gao, Z.; Yan, C.; Qian, J.; Yang,
H.; Zhou, P.; Zhang, J.; Jiang, G. Enantioselective Synthesis of Axially
Chiral Sulfonamides via Atroposelective Hydroamination of Allenes.
ACS Catal. 2021, 11, 6931-6938. (c) Li, Z.; Tang, M.; Hu, C.; Yu, S.
Atroposelective Haloamidation of Indoles with Amino Acid Deriva-
tives and Hypohalides. Org. Lett. 2019, 21, 8819-8823. (d) Li, Z;
Zhang, H.; Yu, S. NaClO-Promoted Atroposelective Couplings of 3-
Substituted Indoles with Amino Acid Derivatives. Org. Lett. 2019, 21,
4754-4758.

(11) For selected recent reviews on hypervalent iodine compounds,
see: (a) Olofsson, B.; Marek, I.; Rappoport, Z. The Chemistry of Hy-
pervalent Halogen Compounds. Patai’s Chemistry of Functional
Groups; John Wiley & Sons, Ltd., 2018. (b) Wirth, T. Hypervalent lo-
dine Chemistry; Springer: Berlin, 2016. (c) Yoshimura, A.; Zhdankin,
V. V. Advances in Synthetic Applications of Hypervalent lodine Com-
pounds. Chem. Rev. 2016, 116, 3328—3435.

(12) For selected recent reviews on alkynyl benziodoxolones, see:
(a) Mironova, 1. A.; Noskov, D. M.; Yoshimura, A.; Yusubov, M. S.;
Zhdankin, V. V. Aryl-, Akynyl-, and Alkenylbenziodoxoles: Synthesis
and Synthetic Applications. Molecules 2023, 28, 2136. (b) Hari, D. P.;
Caramenti, P.; Waser, J. Cyclic Hypervalent lodine Reagents: Enabling
Tools for Bond Disconnection via Reactivity Umpolung. Acc. Chem.
Res. 2018, 51, 3212-3225. (c) Hari, D. P.; Nicolai, S.; Waser, J. Al-
kynylations and Vinylations. Patai’s Chemistry of Functional Groups;
John Wiley & Sons, Ltd.: 2018.

(13) For some selected examples of N-alkynylation with EBX rea-
gents: (a) Kawakami, R.; Usui, S.; Tada, N.; Itoh, A. Late-stage diver-
sification strategy for synthesizing ynamides through copper-catalyzed
diynylation and azide—alkyne cycloaddition. Chem. Commun. 2023, 59,
450-453. (b) Takai, R.; Shimbo, D.; Tada, N.; Itoh, A. Ligand-Enabled
Copper-Catalyzed N-Alkynylation of Sulfonamide with Alkynyl Ben-
ziodoxolone: Synthesis of Amino Acid-Derived Ynamide. J. Org.
Chem. 2021, 86,4699—-4713. (c) Yudasaka, M.; Shimbo, D.; Maruyama,
T.; Tada, N.; Itoh, A. Synthesis, Characterization, and Reactivity of an
Ethynyl Benziodoxolone (EBX)— Acetonitrile Complex. Org. Lett.
2019, 21, 1098-1102. (d) Tokimizu, Y.; Oishi, S.; Fujii, N.; Ohno, H.
Gold-Catalyzed Cascade Cyclization of (Azido)ynamides: An Efficient
Strategy for the Construction of Indoloquinolines. Org. Lett. 2014, 16,
3138-3141. (e) Aubineau, T.; Cossy, J. Chemoselective alkynylation
of N-sulfonylamides versusamides and carbamates — Synthesis of tet-
rahydropyrazines. Chem. Commun. 2013, 49, 3303—3305.

(14) For some reviews on 1,3-butadiyne, see: (a) Li, Y.; Wang, Z.;
Mu, X.; Ma, A.; Guo, S. Raman tags: novel optical probes for intracel-
lular sensing and imaging. Biotechnol. Adv. 2017, 35, 168-177. (b)
Shun, A. L. K. S.; Tykwinski, R. R. Synthesis of naturally occurring
polyynes. Angew. Chem. Int. Ed. 2006, 45, 1034—1057. (c) Gholami,
M.; Tykwinski, R. R. Oligomeric and Polymeric Systems with a Cross-
conjugated n-Framework. Chem. Rev. 2006, 106, 4997-5027.

(15) (a) Shimizu, A.; Shibata, A.; Kano, T.; Kumai, Y.; Kawakami,
R.; Esaki, H.; Fukushima, K.; Tada, N.; Itoh, A. Synthesis of 4-Imid-
azolidinones from Diamides and Ethynyl Benziodoxolones via Double
Michael-Type Addition: Ethynyl Benziodoxolones as Electrophilic
Ynol Synthons. Org. Lett. 2022, 24, 8859—8863 (b) Shimbo, D.;
Maruyama, T.; Tada, N.; Itoh, A. N-Alkenylation of hydroxamic acid
derivatives with ethynyl benziodoxolone to synthesize cis-enamides
through vinyl benziodoxolones. Org. Biomol. Chem. 2021, 19, 2442—
2447. (c) Ura, T.; Shimbo, D.; Yudasaka, M.; Tada, N.; Itoh, A. Syn-
thesis of Phenol-Derived cis-Vinyl Ethers Using Ethynyl Benziodoxo-
lone. Chem. — Asian J. 2020, 15, 4000-4004. (d) Shimbo, D.; Shibata,
A.; Yudasaka, M.; Maruyama, T.; Tada, N.; Uno, B.; Itoh, A. Synthesis
of cis-p-Amidevinyl Benziodoxolones from the Ethynyl Benziodoxo-
lone—Chloroform Complex and Sulfonamides. Org. Lett. 2019, 21,
9769-9773.

(16) For some examples on diyne-BX reagent, see: (a) Wu, J.; Deng,
X.; Hirao, H.; Yoshikai, N. Pd-Catalyzed Conversion of Alkynyl-A3-
iodanes to Alkenyl-A3-iodanes via Stereoselective 1,2-Iodine(IIT)
Shift/1,1-Hydrocarboxylation. J. Am. Chem. Soc. 2016, 138, 9105—
9108. (b) Wu, J.; Xu, K.; Hirao, H.; Yoshikai, N. Pd-Catalyzed, Lig-
and-Enabled Stereoselective 1,2-lodine(11I) Shift/1,1-Carboxyalkynyl-
ation of Alkynylbenziodoxoles. Chem. — Eur. J. 2017, 23, 1521-1525.
(c) Shen, K.; Wang, Q. Copper-catalyzed aminoalkynylation of alkenes
with hypervalent iodine reagents. Chem. Sci. 2017, 8, 8265-8270.

(17) For a review on 1,3-butadiynamide, see: Lenko, I.; Alayrac, C.;
Bozek, 1.; Witulski, B. 1,3-Butadiynamides the Ethynylogous Yna-
mides: Synthesis, Properties and Applications in Heterocyclic Chemis-
try. Molecules 2023, 28, 4564.

(18) For some selected examples on 1,3-butadiynamide, see: Liu, J.;
Chakraborty, P.; Zhang, H.; Zhong, L.; Wang, Z.; Huang, X. Gold-Cat-
alyzed Atom-Economic Synthesis of Sulfone-Containing Pyrrolo[2,1-
aJisoquinolines from Diynamides: Evidence for Consecutive Sulfonyl
Migration. ACS Catal. 2019, 9,2610-2617. (b) Liao, Y.; Lu, Q.; Chen,
G.; Yu, Y.; Li, C.; Huang, X. Rhodium-Catalyzed Azide-Alkyne Cy-
cloaddition of Internal Ynamides: Regioselective Assembly of 5-
Amino-Triazoles under Mild Conditions. ACS Catal. 2017, 7, 7529—
7534.

(19) Borrel, J.; Pisella, G.; Waser, J. Copper-Catalyzed Oxyalkynyl-
ation of C—S Bonds in Thiiranes and Thiethanes with Hypervalent lo-
dine Reagents. Org. Lett. 2020, 22, 422-427.

(20) Lu, Y.; Liu, Z.; Zhang, Y.; Zhang, C.; Wei, J.; Bin, Z.; Wang,
X.; Zhang, D.; Duan, L. Suppressing Competitive Coordination Reac-
tion for Ohmic Cathode Contact Using Amino-Substituted Organic
Ligands and Air-Stable Metals. CCS Chem. 2021, 3, 367-376.

(21) For a example on RuAAC with ynamide, see: Oppilliart, S.;
Mousseau, G.; Zhang, L.; Jia, G.; Thuery, P.; Rousseau, B.; Cintrat, J.
1-Protected 5-Amido 1,2,3-Triazoles via Ruthenium-Catalyzed [3+2]

https://doi.org/10.26434/chemrxiv-2024-mnvrx ORCID: https://orcid.org/0000-0003-2871-5406 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://doi.org/10.26434/chemrxiv-2024-mnvrx
https://orcid.org/0000-0003-2871-5406
https://creativecommons.org/licenses/by-nc-nd/4.0/

Cycloaddition of Azides and Ynamides. Tetrahedron 2007, 63, 8094— (22) Frei, R.; Waser, J. A Highly Chemoselective and Practical Al-
8098. kynylation of Thiols. J. Am. Chem. Soc. 2013, 135, 9620-9623.

https://doi.org/10.26434/chemrxiv-2024-mnvrx ORCID: https://orcid.org/0000-0003-2871-5406 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://doi.org/10.26434/chemrxiv-2024-mnvrx
https://orcid.org/0000-0003-2871-5406
https://creativecommons.org/licenses/by-nc-nd/4.0/

