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ABSTRACT: The transition metal-catalyzed direct cou-
pling reactions involving electron-rich Fisher carbene
species are largely underdeveloped and remain a big
challenge. Here, we report a direct coupling reaction
of azoles with Fisher copper carbene species bearing
an a-siloxy group, which could be in-situ generated
from acylsilanes catalytically under photoirradiation
and redox-neutral conditions. This reaction features
mild conditions and remarkable heterocycle compati-
bility. Notably, this protocol tolerates a series of azole
derivatives, including benzoxazole, benzothiazole,
benzoimidazole, benzoisoxazole, oxazole, oxadiazole,
triazolo[4,3-a]pyridine, purine, caffeine etc., which is
highly synthetic useful in organic synthesis and phar-
maceutical discovery. Preliminary mechanistic studies
and kinetic analysis implied a bimetallic relay process.

Metal carbenes have emerged as highly versatile intermedi-
ates, involving in many efficient reactions, such as cyclopro-
panation, C-H and C-X bonds insertion reactions, tandem
cyclization etc.* In view of the great success in this context,
metal carbene species with an electron-deficient (carbonyl,
nitro group etc.) and electron-neutral (aryl, alkenyl, alkynyl
group etc.) substituents have been well established due to
the readily accessibility of corresponding stable carbene
precursors including diazo compounds and their analogs
(N-tosylhydrazones).1* In sharp contrast, the investigations
on catalytic reactions involving the metal carbene species
bearing electron-rich heteroatom (O, N, S etc.) substituents
are considerably limited, primarily due to the lack of readily
available and stable metal carbene precursors. The corre-
sponding diazo compounds bearing electron-rich heteroa-
toms are highly unstable and explosive, and the use of stoi-
chiometric isolable Group VI metal (Cr, Mo, or W) carbene
bearing methoxy group®, normally prepared by using
strictly dry anaerobic operation technique, obeys the prin-
ciples of atom-economy and green chemistry. Only a few

catalytic approaches for the access of electron-rich Fisher
carbenes with heteroatom functionalities have been men-
tioned®, including the attack of heteroatomic nucleophiles
to tungsten vinylidene intermediate?, metal-carbene bear-
ing a leaving group?, and in-situ trap of transient siloxycar-
benes with transition metal catalyst®!°. Undoubtedly, to fur-
ther develop novel strategies for the generation of electron-
rich heteroatom metal carbenes catalytically as well as their
novel synthetic applications is still highly desired and re-
mains a big challenge.

Transition metal-catalyzed cross-coupling reactions relied
on metal carbene intermediates have attracted increasing
attention for the efficient construction of carbon-carbon
and carbon-heteroatom bonds (Scheme 1a).# In this area,
our group has proven that the electron-rich a-siloxy Fisher
cupper carbenes, in-situ generated from readily accessible
acylsilanes under photoirradiation in the presence of a suit-
able copper catalyst, could be employed in the coupling re-
action with the soft n-nucleophile (alkyne).1% In principle,
this approach should be compatible with a series of nucleo-
philes, thus rendering this approach potentially broadly ap-
plicable. However, the transformation achieved currently
with soft nucleophile raises a question if hard nucleophiles
could be employed in the transition metal-catalyzed cou-
pling reaction with a-siloxy Fisher carbene species. In com-
parison to the well-studied metal carbene species contain-
ing electron-deficient or electron-neutral groups, the a-si-
loxy Fisher carbene species from acylsilane which contains
the electronically donating a-siloxy group adjacent to elec-
tron-neutral group led to a more “softer” electrophile of the
empty p-orbital (Scheme 1b). As a result, the coupling of a-
siloxy Fisher carbene with a hard nucleophile, such as a car-
banion, is more challenging due to the Hard-Soft acid-base
(HSAB) principle. Here, we demonstrate the Cu-catalyzed
coupling reaction of electron-rich siloxy carbene species
with a hard carbon nucleophile generated from azoles in the
presence of strong base (Scheme 1c). This method offers a
general method for the preparation of various azole-con-
taining alcohols in high efficiency under mild conditions.
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Scheme 1. Photoinduced Copper-Catalyzed Cross-Coupling of Acylsilanes with Azoles
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With the assistance of an electron-rich bipyridine ligand,
this protocol could tolerate a wide range of azoles, including
benzoxazole, benzothiazole, benzoimidazole, benzoisoxa-
zole, oxazole, oxadiazole, triazolo[4,3-a]pyridine, purine,
caffeine etc., which is unusual in Cu-catalyzed carbene-in-
volved coupling reaction!. Given the azole-containing motif
are privileged in a large number of pharmaceutically active
molecules (Scheme 1d)??, this reaction might find wide ap-
plications in pharmaceutical industry and drug discovery.
Preliminary mechanistic studies indicated this reaction
might undergo a bimetallic relay process, thus opening a
new avenue for the development of novel coupling reac-
tions of electron-rich heteroatom Fisher carbenes.

Based on our experiences on the Cu-catalyzed coupling re-
action of acylsilanes with alkynes, we commenced our stud-
ies by choosing 1,3-benzoylsilane 1 and benzoxazole 2a as
the model substrates in the presence of a catalytic amount
of Cu(OTf)2 and a strong base ‘BuOLi under the irradiation
of blue light. To our delight, the desired coupling product 3a
was observed in 35% yield with the assistance of a bisoxa-
zoline (Box) ligand L1. The optimization of bases indicates
this novel coupling reaction could only happened in the
presence of strong bases, such as ‘BuOLi, ‘BuONa, and ‘BuOK
(See supporting information for more information), which
could deliver the azole anion or azole cupper species via
deprotonation. Next, systematically ligand effects on this re-
action have been evaluated using CuCl: as the catalyst pre-
cursor (Scheme 2), as CuClz gave a slight better yield than
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Scheme 2. Ligand Evaluation for Copper-Catalyzed Cou-
pling of Acylsilanes with Azoles®?
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aReaction conditions: 1 (0.1 mmol, 1.0 equiv.), 2a (0.1
mmol, 1.0 equiv.), CuCl; (10 mol %), Ligand (12
mol %), ‘BuOLi (0.1 mmol, 1.0 equiv.), THF (1.0 mL),
Blue LEDs (450-470 nm, 24 W), 12 hours. bYield was
determined by 'H NMR using CH2Br; as the internal

standard. c2a (0.2 mmol, 2.0 equiv.) was used.

https://doi.org/10.26434/chemrxiv-2024-6x3q7 ORCID: https://orcid.org/0000-0002-6442-3008 Content not peer-reviewed by ChemRxiv. License: CC BY-NC 4.0


https://doi.org/10.26434/chemrxiv-2024-6x3q7
https://orcid.org/0000-0002-6442-3008
https://creativecommons.org/licenses/by-nc/4.0/

Cu(OTf)2. Unlike our previous reaction with soft nucleophile,
the side-arm modified mono-benzyl ‘Pr-Box L2 could not
enhance the efficiency of this coupling reaction, giving the
coupling product 3a in 33% NMR yield. Despite the use of
bis-benzothiazole ligand (L3), bioxazoline ligand (L4), and
diimine ligand (L5) cannot further increase the reactivity of
this reaction, bipyridine L8 accelerated this reaction in
some extent (46% NMR yield). On this basis, a series of

modified bipyridines (L8-L15) and phenanthroline (L16)
ligands were investigated. We found that the electron-rich
bipyridine ligand (L14) bearing a para-methoxy group gave
the best outcome (50% NMR yield). The yield of 3a could be
further optimized to 85% NMR yield, when the loading of
2a increased to 2.0 equivalent. Control experiments un-
veiled that the use of electron-rich bipyridine ligand is cru-
cial, and inferior result was obtained in the absence of L14.

Scheme 3. Scope of Azoles®?
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aReaction conditions: 1 (0.1 mmol, 1.0 equiv.), 2 (0.2 mmol, 2.0 equiv.), CuClz (10 mol %), L14 (12 mol %), LiO‘Bu
(0.1 mmol, 1.0 equiv.), THF (1.0 mL), Blue LEDs (24 W), 12 hours. ?Isolated yield. 1 (0.12 mmol, 1.2 equiv.), 2 (0.1
mmol, 1.0 equiv.), LiOBu (0.2 mmol, 2.0 equiv.). 9LiO‘Bu (0.08 mmol, 0.8 equiv.) was used. ¢1 (0.12 mmol, 1.2
equiv.), 2 (0.1 mmol, 1.0 equiv.), CuBr (10 mol %), L14 (12 mol %), LiO‘Bu (0.08 mmol, 0.8 equiv.). NaOBu (0.1
mmol, 1.0 equiv.) was used. 9Li0O¢Bu (0.2 mmol, 2.0 equiv.), THF (0.5 mL). "NaOBu (0.2 mmo], 2.0 equiv.) was used.

Li0*Bu (0.2 mmol, 2.0 equiv.) was used./CuClz (20 mol %), L14 (24 mol %), NaO‘Bu (0.2 mmol, 2.0 equiv.).

With the optimal reaction conditions in hand, the generality
of this coupling reaction with various azole derivatives
were evaluated first by employing benzoylsilane (1) as the
model substrate. A wide range of 1,3-benzoxazoles (2a-j)
bearing various functionalities are well tolerated, delivering
the corresponding products in moderate to excellent yields.
In general, the substituents with both electron-rich and
electron-deficient functional groups at various positions (4-,
5-, 6-, 7-position) on the aromatic rings are all suitable for
this reaction, and the electron-rich benzoxazole normally

provided higher yield than the electron-deficient ones. A se-
ries of oxazoles were also evaluated (2k-y). Electron-donat-
ing and electron-withdrawing substituents on the aryl
group of oxazole coupling partners, including methyl (2w),
methoxy (2m, 2q), fluoro (2n), chloro (20, 2x), bromo (2p,
2r, 2t) and trifluoromethyl (2s), are tolerated, furnishing
coupled products in 36-72% yields. We also found that the
diphenyl (2y), naphthyl (2u) and thienyl (2v) substituted
oxazoles are suitable substrates. Notably, the reaction
showed high level of compatibilities with other heterocyclic
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substrates, such as benzothiazole (2b), benzimidazole (2z),
1,2-benzoxazole (2aa), oxadiazole (2ab), triazolo[4,3-
Scheme 4. Scope of Acylsilanes®?

a]pyridine (2ac), purine (2ad) and caffeine (2ae), which
further demonstrates the broad scope of this reaction.
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aReaction Conditions: 4 (0.1 mmol, 1.0 equiv), 2a (0.2 mmol, 2.0 equiv), CuCl; (10 mol %), L14 (12 mol %), LiO‘Bu
(0.1 mmol, 1.0 equiv), THF (1.0 mL), Blue LEDs (24 W), 12 hours. ?Isolated yield. <CuCl; (20 mol %), L14 (24
mol %), NaO*Bu (0.1 mmol, 1.0 equiv), 24 hours. 4CuCl; (20 mol %), L14 (24 mol %), 24 hours. ¢LiO*Bu (0.06 mmol,
0.6 equiv)./CuCl; (20 mol %), L14 (24 mol %). 9LiOBu (0.08 mmol, 0.8 equiv).

Next, we turned to investigate the substrate scope of
acylsilanes (Scheme 4). Employing 1,3-benzoxazole (2a) as
the model substrate, a wide range of acylsilanes were well
tolerated, providing the corresponding products in moder-
ate to excellent yields. This protocol is compatible with a va-
riety of aryl acylsilanes bearing both electron-rich and elec-
tron-deficient functional groups. As listed in Scheme 4, func-
tional groups such as methoxy (4a, 4i), methyl (4b, 4h),
tert-butyl (4c), phenyl (4d), chloro (4e, 4j), bromo (4f) and
iodo (4g) etc., are all tolerated, providing corresponding
coupling products in 46-80% yields. In addition, polycyclic
aromatic substituted acylsilanes including 1-naphthyl (41)
and 2-naphthyl (4m) are also suitable substrates, delivering
the corresponding products in moderate yields. Notably,
this coupling reaction underwent with high chemoselectiv-
ity when acylsilane substrate 4k containing a terminal al-
kene was employed. The cyclopropanation of terminal al-
kene was not observed with electron-rich siloxy cupper car-
bene species under our conditions. The piperonyl substi-
tuted acylsilane 4n couple with benzoxazole in 53% yield.
The acylsilane bearing thienyl group (40) is also reactive
under our conditions. It is noteworthy that our protocol

could be used in the late-stage installation of azoles in bio-
active molecules. Substrates derived from citronellol (4p),
pitavastatin int P1 (4q) and D-ribofuranoside derivative (4r)
are all reactive, providing corresponding products in 53-61%
yields.

The azole-containing products are synthetically useful,
which could be further derivatized for the preparation of
valuable compounds (Scheme 5a). Using our Cu-catalyzed
coupling product 3a as substrate, the benzo[d]oxazol-2-
yl(phenyl)methanol (6) was obtained in 97% yield with
TBAF as the desilylative reagent, which could be further ox-
idized to corresponding ketone 7 in 83% yield by employing
PCC as the oxidant. Treatment of 6 with isoprene using
Rus(CO0)12 as catalyst under redox neutral conditions, the 1-
(benzo[d]oxazol-2-yl)-4-methyl-1-phenylpent-3-en-1-ol (8)
could be obtained in 51% yield. The corresponding benzyl
chloride 9 could be also readily accessed in 88% yield by the
reaction of 6 with SOCl.. In addition, the condensation reac-
tion of benzo[d]oxazol-2-yl(phenyl)methanone (7) with
(S)-tert-butanesulfinamide gave (S, E)-N-(benzo[d]oxazol-
2-yl(phenyl)methylene)-2-methylpropane-2-sulfinamide

(10) in 69% yield in the presence of Ti(OEt)4. This chiral

4

https://doi.org/10.26434/chemrxiv-2024-6x3q7 ORCID: https://orcid.org/0000-0002-6442-3008 Content not peer-reviewed by ChemRxiv. License: CC BY-NC 4.0


https://doi.org/10.26434/chemrxiv-2024-6x3q7
https://orcid.org/0000-0002-6442-3008
https://creativecommons.org/licenses/by-nc/4.0/

sulfinamide is a potential ligand in transition metal-cata-
lyzed asymmetric reactions. The 2-(1-phenylvi-
nyl)benzo[d]oxazole (11) could be synthesized through
Wittig reaction in 48% yield. To further demonstrate the
synthetic utility of this newly developed methodology, the
efficient synthesis of histamine h4 receptor, an inflamma-
tory mediator,!3 was synthesized using current method as
Scheme 5. Synthetic Applications

a. Derivatization of Silyl Etherification Products
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Preliminary mechanistic studies were conducted to shed
light on the mechanism of this novel Cu-catalyzed photoin-
duced coupling reaction with azoles. Control experiments
indicated the reaction could not happen without photoirra-
diation, thus ruled out the nucleophilic addition pathway to
acylsilanes by azole anion or azole-copper nucleophiles
generated in the presence of strong bases and copper cata-
lyst (Scheme 6a). The UV/VIS analysis of the individual re-
action components and the reaction mixture revealed that
the acylsilane was the only absorbing species in the visible
range, therefore excluded the role of other species as pho-
tocatalyst (Scheme 6b). Moreover, the light on-off experi-
ment was conducted and the desired product 3a formed
only under continuous irradiation, which ruled out the pos-
sibility of a radical chain propagation pathway (Scheme 6c).
The photochemical quantum yield (@ = 0.019) for current
reaction is less than 1.0, which is consistent with a-siloxy
copper carbene-involved coupling mechanism'% (For more
details, see Supporting Information).

To confirm the hydrogen sources in the products, the exper-
iment using deuterium-labelled benzoxazole (D-2a) was
performed. Although only 43% deuteration rate was ob-
served in the target product, it still revealed that the acidic

L
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the key step (Scheme 5b). The coupling of m-tolyl acylsilane
41 with benzothiazole gave the 2-(((tert-butyldimethylsi-
lyl)oxy)(m-tolyl)methyl)benzo[d] thiazole (12) in 51%
yield. The corresponding alcohol 13 could be readily pre-
pared in 92% yield after removal of the silyl protecting
group. The histamine h4 receptor was then obtained in 51%
yield via etherification mediated by stoichiometric p-TSA.
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proton in the benzoxazole could serve as one of the hydro-
gen sources for this reaction. The low deuteration might
originate from the trace amount of water in the solvent or
alcohol in the presence of lithium tert-butoxide, as the deu-
teration rate was reduced to 19% by the addition of a small
amount of tert-butanol (Scheme 6d). The KIE experiments
with deuterium-labelled benzoxazole (D-2a) unveiled that
the C(sp?)-H cleavage of benzoxazole might not be involved
in the rate-determining step (ku/kp = 1.21) (Scheme 6e).

To further understand the reaction mechanism, the reaction
progress kinetic analysis (RPKA) was preformed (For de-
tails, see Supporting Information). The kinetic data indi-
cated the reaction rate is second order to Cu/L14 catalyst,
first order to benzoxazole and acylsilane, which indicated
the acylsilane, benzoxazole and copper catalyst are all in-
volved in rate determining step (Scheme 6f). The second or-
der to Cu/L14 catalyst disclosed a bimetallic relay process
in the catalytic cycle. On the basis of our experimental ob-
servations and previous studies, a possible mechanism was
proposed as depicted in Scheme 6g. As Cu(I) catalysts are
also reactive under our standard conditions, we believe that
our reaction underwent a Cu(I)-catalyzed coupling process,
which could be in-situ generated via the reduction of

https://doi.org/10.26434/chemrxiv-2024-6x3q7 ORCID: https://orcid.org/0000-0002-6442-3008 Content not peer-reviewed by ChemRxiv. License: CC BY-NC 4.0


https://doi.org/10.26434/chemrxiv-2024-6x3q7
https://orcid.org/0000-0002-6442-3008
https://creativecommons.org/licenses/by-nc/4.0/

Scheme 6. Preliminarily Mechanistic Studies
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Cu(II) by carbene species!*. The ligand attached Cu(I)-O‘Bu
species could be generated in the presence of LiO‘Bu and si-
loxyl carbene species. a-siloxy Fisher Cu-carbene species
Int 1 was then formed by trapping the in situ generated a-
siloxy carbene from acylsilane under photoirradiation.
Meanwhile, Cu(I)-O'Bu species was reacted with benzoxa-
zole to reach a copper-azole intermediate Int 2 which was
via the bimetallic relay process, transmetalation process be-
tween two organocopper species (Int 2 and Int 1),

R ~oTBS

via
delivering a key intermediate Int 3. Sequentially migratory
insertion and protonation were followed to give the desired
product. Notably, this bimetallic relay process is the rate-
determining step according to the reaction progress kinetic
analysis.

In summary, we have demonstrated a photoinduced cop-
per-catalyzed coupling reaction of acylsilanes with azoles,
delivering a series of azole-containing secondary alcohols
with broad substrate scopes and remarkable heterocycle
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and functional group compatibility under redox-neutral
conditions. This reaction represents the first example of Cu-
catalyzed coupling reaction of electron-rich Fisher carbene
species with hard nucleophiles. The development of novel
coupling reactions with the in-situ generated electron-rich
Fisher carbenes are ongoing in our laboratory.

ASSOCIATED CONTENT

Experimental procedures, complete characterization data, cop-
ies of 1H and 13C NMR spectra, and 19F NMR spectra. The Sup-
porting Information is available free of charge via the Internet
at http://pubs.acs.org.

AUTHOR INFORMATION

Corresponding Author

Email: pengwang@sioc.ac.cn
Author Contributions

Notes

ACKNOWLEDGMENT

We gratefully acknowledge National Key R&D Program of
China (2021YFA1500200), National Natural Science Founda-
tion of China (22371293, 22171277, 22101291), Program of
Shanghai Academic/Technology Research Leader
(23XD1424500), Shanghai Institute of Organic Chemistry
(SIOC), and State Key Laboratory of Organometallic Chemistry
for financial support. We also thank Dr. A. G. Woldegiorgis at
SIOC for verifying the reproducibility of this work.

REFERENCES

(1) (@) Regitz, M.; Maas, G. Eds. Diazo Compounds-Properties and
Synthesis; Academic Press: Orlando, 1986. (b) (b) Doyle, M. P.;
McKervey, M. A; Ye, T. Modern Catalytic Methods for Organic
Synthesis with Diazo Compounds; Wiley-VCH: New York,
1998. (c) Doyle, M. P. Catalytic Methods for Metal Carbene
Transformations. Chem. Rev. 1986, 86, 919-939. (d) Wang, J.
Diazo Compounds: Recent Applications in Synthetic Organic
Chemistry and Beyond. Tetrahedron Lett. 2022, 108, 154135.
(e) Dong, S. X,; Liu, X. H.; Feng, X. M. Asymmetric Catalytic Re-
arrangements with a-Diazocarbonyl Compounds. Acc. Chem.
Res. 2022, 55,415-428.

(2) For selected reviews on metal carbenes involved cyclopropa-
nation and other cyclization, see: (a) Maas, G. Ruthenium-Cat-
alysed Carbenoid Cyclopropanation Reactions with Diazo
Compounds. Chem. Soc. Rev. 2004, 33, 183-190. (b) Zheng, Z.;
Wang, Z.; Wang, Y.; Zhang, L. Au-Catalysed Oxidative Cyclisa-
tion. Chem. Soc. Rev. 2016, 45, 4448-4458. (c) Jiang, Y.; Sun,
R.; Tang, X.-Y.; Shi, M. Recent Advances in the Synthesis of Het-
erocycles and Related Substances Based on a-Imino Rhodium
Carbene Complexes Derived from N-Sulfonyl-1,2,3-Triazoles.
Chem. Eur. J. 2016, 22,17910-17924. (d) Harris, R. ].; Widen-
hoefer, R. A. Gold Carbenes, Gold-Stabilized Carbocations, and
Cationic Intermediates Relevant to Gold-Catalysed Enyne Cy-
cloaddition. Chem. Soc. Rev. 2016, 45, 4533-4551. (e) Ry, G.-
X.; Zhang, T.-T.; Zhang, M; Jiang, X.-L.; Wan, Z.-K; Zhu, X.-H,;
Shen, W.-B.; Gao, G.-Q. Recent Progress Towards the Transi-
tion-Metal-Catalyzed Nazarov Cyclization of Alkynes via Metal
Carbenes. Org. Biomol. Chem. 2021, 19, 5274-5283.

(3) For selected reviews on metal carbenes involved C-H and X-
H insertion reactions, see: (a) Hu, F.; Wang. ]. Aromatic C-H
Bond Functionalization with Carbene Precursors. in Hand
Book of C-H Functionalization (Maiti, D. Ed.); Wiley-VCH,
2022. (b) Davies, H. M. L.; Morton, D. Guiding Principles for
Site Selective and Stereoselective Intermolecular C-H Func-
tionalization by Donor/Acceptor Rhodium Carbenes. Chem.
Soc. Rev. 2011, 40, 1857-1869. (c) Bergstrom, B. D.; Nicker-
son, L. A;; Shaw, ]. T.; Souza, L. W. Transition Metal Catalyzed
Insertion Reactions with Donor/Donor Carbenes. Angew.
Chem. Int. Ed. 2021, 60, 6864-6878. (d) Zhu, S.; Zhou, Q. Tran-
sition-Metal-Catalyzed Enantioselective Heteroatom-Hydro-
gen Bond Insertion Reactions. Acc. Chem. Res. 2012, 45,
1365-1377. (e) Huang, M.-Y.; Zhu, S.-F. Uncommon Carbene
Insertion Reactions. Chem. Sci. 2021, 12,15790-15801. (f) He,
Y.; Huang, Z.; Wu, K;; Ma, J.; Zhou, Y.-G.; Yu, Z. Recent Advances
in Transition-Metal-Catalyzed Carbene Insertion to C-H
Bonds. Chem. Soc. Rev. 2022, 51, 2759-2852.

(4) For selected reviews on transition metal catalyzed coupling
reactions involved metal carbene species, see: (a) Shao, Z;
Zhang, H. N-Tosylhydrazones: Versatile Reagents for Metal-
Catalyzed and Metal-Free Cross-Coupling Reactions. Chem.
Soc. Rev. 2012, 41, 560-572. (b) Xiao, Q.; Zhang, Y.; Wang, ].
Diazo Compounds and N-Tosylhydrazones: Novel Cross-Cou-
pling Partners in Transition-Metal-Catalyzed Reactions. Acc.
Chem. Res. 2013, 46, 236-247. (c) Xia, Y,; Qiu, D.; Wang, ]J.
Transition-Metal-Catalyzed Cross-Couplings through Carbene
Migratory Insertion. Chem. Rev. 2017, 117,13810-13889. (d)
Xia, Y; Wang, ]. Transition-Metal-Catalyzed Cross-Coupling
with Ketones or Aldehydes via N-Tosylhydrazones. J. Am.
Chem. Soc. 2020, 142, 10592-10605. For selected examples
on diazo compounds or their precursors (N-tosylhydrazones)
as carbenes precursor, see: (e) Suarez, A.; Fu, G. C. A Straight-
forward and Mild Synthesis of Functionalized 3-Alkynoates.
Angew. Chem. Int. Ed. 2004, 43, 3580-3582. (f) Barluenga, J;
Moriel, P.; Valdés, C.; Aznar, F. N-Tosylhydrazones as Reagents
for Cross-Coupling Reactions: A Route to Polysubsti-
tutedolefins. Angew. Chem. Int. Ed. 2007, 46, 5587-5590. (g)
Peng, C.; Wang, Y.,; Wang, ]. Palladium-Catalyzed Cross-Cou-
pling of a-Diazocarbonyl Compounds with Arylboronic Acids.
J.Am. Chem. Soc.2008, 130, 1566-1567. (h) Yao, T.; Hirano, K;;
Satoh, T.; Miura, M. Nickel- and Cobalt-Catalyzed Direct Alkyl-
ation of Azoles with N-Tosylhydrazones Bearing Unactivated
Alkyl Groups. Angew. Chem. Int. Ed. 2012, 51, 775-779. (i) Che,
J.; Gopi Krishna Reddy, A.; Niu, L.; Xing, D.; Hu, W. Cu(I)-Cata-
lyzed Three-Component Reaction of a-Diazo Amide with Ter-
minal Alkyne and Isatin Ketimine via Electrophilic Trapping
of Active Alkynoate-Copper Intermediate. Org. Lett. 2019, 21,
4571-4574.

(5) For selected reviews on synthetic applications of Fischer car-
bene complexes, see: (a) Dotz, K. H. Carbene Complexes in Or-
ganic Synthesis. Angew. Chem. Int. Ed. 1984, 23, 587-608. (b)
de Meijere, A.; Schirmer, H.; Duetsch, M. Fischer Carbene Com-
plexes as Chemical Multitalents: The Incredible Range of
Products from Carbenepentacarbonylmetal a, f-Unsaturated
Complexes. Angew. Chem. Int. Ed. 2000, 39, 3964-4002. (c)
Dotz, K. H.; Stendel, ]., Jr Fischer Carbene Complexes in Or-
ganic Synthesis: Metal-Assisted and Metal-Templated Reac-
tions. Chem. Rev. 2009, 109, 3227-3274. (d) Raubenheimer, H.
G. Fischer Carbene Complexes Remain Favourite Targets, and
Vehicles for New Discoveries. Dalton Trans. 2014, 43, 16959~
16973.

(6) (a)Lopez,].; delaCruz, F.N.; Flores-Conde, M. L; Flores-Alamo,
M.; Delgado, F.; Tamariz, ].; Vazquez, M. A. Regioselective Mul-
ticomponent Synthesis of 2,4,6-Trisubstituted Phenols from
Fischer Alkynyl Carbene Complexes. Eur. J. Org. Chem. 2016,
2016,1314-1323. (b) Wang, K.; Wu, F.; Zhang, Y.; Wang, |. Pd-

7

https://doi.org/10.26434/chemrxiv-2024-6x3q7 ORCID: https://orcid.org/0000-0002-6442-3008 Content not peer-reviewed by ChemRxiv. License: CC BY-NC 4.0


http://pubs.acs.org/
mailto:pengwang@sioc.ac.cn
https://doi.org/10.26434/chemrxiv-2024-6x3q7
https://orcid.org/0000-0002-6442-3008
https://creativecommons.org/licenses/by-nc/4.0/

7

(8)

9

Catalyzed Cross-Coupling of Terminal Alkynes with Chro-
mium(0) Fischer Carbene Complexes. Org. Lett. 2017, 19,
2861-2864. (c) Wang, K;; Ping, Y.; Chang, T.; Wang, ]. Palla-
dium-Catalyzed [3 + 3] Annulation of Vinyl Chromium(0) Car-
bene Complexes Through Carbene Migratory Insertion/Tsuji-
Trost Reaction. Angew. Chem. Int. Ed. 2017, 56, 13140-13144.
(d) Feliciano, A.; Padilla, R.; Escalante, C. H.; Herbert-Pucheta,
J. E.; Vazquez, M. A,; Tamariz, ].; Delgado, F. Synthesis of Novel
2,5-Substituted p-Aminophenols and 2,5-Substituted p-Qui-
nones in A One-Pot Reaction Between a-Alkoxyvinyl(ethoxy)-
carbene Complexes, Amines and Alkynes. J. Organomet. Chem.
2020, 923,121360-121379.

(a) McDonald, F. E.; Reddy, K. S.; Diaz, Y. Stereoselective Gly-
cosylations of a Family of 6-Deoxy-1,2-Glycals Generated by
Catalytic Alkynol Cycloisomerization. J. Am. Chem. Soc. 2000,
122,4304-4309. (b) McDonald, F. E.; SubbaReddy, K. Conver-
gent Synthesis of Digitoxin: Stereoselective Synthesis and Gly-
cosylation of the Digoxin TrisaccharideGlycal. Angew. Chem.
Int. Ed. 2001, 40, 3653-3655. (c) Wipf, P.; Graham, T. H. Pho-
toactivated Tungsten Hexacarbonyl-Catalyzed Conversion of
Alkynols to Glycals. J. Org. Chem. 2003, 68, 8798-8807. (d)
Barluenga, |.; Diéguez, A.; Rodriguez, F.; Fafianas, F. ]. Tandem
[W(CO)s]-Catalyzed  Cycloisomerization-Cyclopropanation
Reactions Directed toward the Synthesis of Eight-Membered
Carbocycles. Angew. Chem. Int. Ed. 2005, 44, 126-128.

(a) Li, X;; Golz, C.; Alcarazo, M. a-Diazo Sulfonium Triflates:
Synthesis, Structure, and Application to the Synthesis of 1-(Di-
alkylamino)-1,2,3-triazoles. Angew. Chem. Int. Ed. 2021, 60,
6943-6948. (b) Palomo, E.; Sharma, A. K.; Wang, Z.; Jiang, L.;
Maseras, F.; Suero, M. G. . Am. Chem. Soc. 2023, 145, 4975-
4981. (c) Li, L; Mi, C. G.; Huang, G. W.; Huang, M. R.; Zhu,R. Y,;
Ni, S. F.; Wang, Z. F.; Huang, Y. A Carbene Relay Strategy for
Cascade Insertion Reactions. Angew. Chem. Int. Ed. 2023, 62,
€202312793.(d) Qian, Y.; Tang, ].; Zhou, X.Y.; Luo, J.; Yang, X.Y;
Ke, Z.F.; Hu, W. Enantioselective Multifunctionalization with
Rh Carbynoids. J. Am. Chem. Soc. 2023, 145, 26403-26411.
For selected reviews on the formation of siloxy carbene from
acylsilanes: (a) Zhang, H.-].; Priebbenow, D. L., Bolm, C.
Acylsilanes: Valuable Organosilicon Reagents in Organic Syn-
thesis. Chem. Soc. Rev.2013,42,8540-8571. (b) Zhou, G.; Guo,
Z.; Shen, X. Electron-Rich Oxycarbenes: New Synthetic and
Catalytic Applications beyond Group 6 Fischer Carbene Com-
plexes. Angew. Chem. Int. Ed. 2023, 62,e202217189. (c) Hong,
W. P,; Lim, H. N.; Shin, L. Recent Progress and Perspectives in
Photo-Induced Organic Reactions of Acylsilanes. Org. Chem.
Front. 2023, 10, 819-836. For selected examples on siloxy
carbene involved reactions, see: (d) Brook, A. G.; Duff, ]. M. The
Photochemistry of Silyl Ketones in Alcohol. J. Am. Chem. Soc.
1967, 89, 454-455. (e) Becker, P.; Priebbenow, D. L.; Pir-
werdjan, R.; Bolm, C. Acylsilanes in Rhodium(III)-Catalyzed
Directed Aromatic C-H Alkenylations and Siloxycarbene Re-
actions with C-C Double Bonds. Angew. Chem. Int. Ed. 2014,
53,269-271. (f) Ye, ].-H.; Quach, L.; Paulisch, T.; Glorius, F. Vis-
ible-Light-Induced, Metal-Free Carbene Insertion into B-H
Bonds Between Acylsilanes and PinacolBorane. J. Am. Chem.
Soc. 2019, 141, 16227-16231. (g) Stuckhardt, C.; Wissing, M.;
Studer, A. Photo Click Reaction of Acylsilanes with Indoles. An-
gew. Chem. Int. Ed. 2021, 60, 18605-18611. (h) Zhang, Y.;
Zhou, G.; Gong, X.; Guo, Z; Qi, X,; Shen, X. Diastereoselective

Transfer of Tri(di)fluoroacetylsilanes-Derived Carbenes to
Alkenes. Angew. Chem. Int. Ed. 2022, 61, e202202175.

(10) For the reactions involved siloxy Fisher carbene species, see:

(a) Takeuchi, T.; Aoyama, T.; Orihara, K.; Ishida, K.; Kusama, H.
Visible-Light-Induced in Situ Generation of Fischer-Type Cop-
per Carbene Complexes from Acylsilanes and Its Application
to Catalytic [4 + 1] Cycloaddition with Siloxydienes. Org. Lett.
2021, 23,9490-9494. (b) Sakurai, S.; Inagaki, T.; Kodama, T.;
Yamanaka, M.; Tobisu, M. Palladium-Catalyzed Siloxycyclo-
propanation of Alkenes Using Acylsilanes. J. Am. Chem. Soc.
2022, 144, 3, 1099-1105. (c) Ueda, Y.; Masuda, Y.; Iwai, T.;
Imaeda, K.; Takeuchi, H.; Ueno, K; Gao, M.; Hasegawa, J;
Sawamura, M. Photoinduced Copper-Catalyzed Asymmetric
Acylation of Allylic Phosphates with Acylsilanes. J. Am. Chem.
Soc. 2022, 144, 2218-2224. d) Zheng, L.; Guo, X;; Li, Y.-C.; Wu,
Y.; Xue, X.-S.;; Wang, P. Cu/SaBox-Catalyzed Photoinduced
Coupling of Acylsilanes with Alkynes. Angew. Chem. Int. Ed.
2023, 62,e202216373.

(11) (a) Zhao, X.; Wu, G.; Zhang, Y.; Wang, J. Copper-Catalyzed Di-

rect Benzylation or Allylation of 1,3-Azoles with N-Tosylhy-
drazones. J. Am. Chem. Soc. 2011, 133, 3296-3299. (b) Wang,
S.; Xu, S.; Yang, C.; Sun, H. L.; Wang, ]. Formal Carbene C-H
Bond Insertion in the Cu(I)-Catalyzed Reaction of Bis(trime-
thylsilyl)diazomethane with Benzoxazoles and Oxazoles. Org.
Lett. 2019, 21, 1809-1812.

(12) (a) Carey, J. S.; Laffan, D.; Thomson, C.; Williams, M. T. Org. Bi-

omol. Chem. 2006, 4, 2337-2347. (b) Zhang, Z.; Guo, Z.; Xu, X;
Cao, D; Yang, H.; Li, Y,; Shi, Q.; Du, Z,; Guo, X.; Wang, X.; Chen,
D.; Zhang, Y.; Chen, L.; Zhou, K;; Li, ].; Geng, M.; Huang, X.; Xiong,
B. Structure-Based Discovery of Potent CARM1 Inhibitors for
Solid Tumor and Cancer Immunology Therapy. J. Med. Chem.
2021, 64, 16650-16674. (c) Brunst, S.; Kramer, ].S.; Kilu, W;
Heering, ].; Pollinger, ].; Hiesinger, K.; George, S.; Steinhilber,
D.; Merk, D.; Proschak, E.; Systematic Assessment of Fragment
Identification for Multitarget Drug Design, ChemMedChem.
2021, 16,1088-1092. (d) Saini, A,; Patel, R.; Gaba, S; Singh, G.;
Gupta, G. D.; Monga, V. Adenosine Receptor Antagonists: Re-
cent Advances and Therapeutic Perspective. Eur. J. Med. Chem.
2022, 227, 113907-11336. (e) Yin, F. M,; Meng, S.; Zhao, X,;
Wang, H. N; Ning, Y. K;; Li, Y. D. L.; Chen, Z. X. Development
and in Vitro and in Vivo Evaluations of A Microemulsion For-
mulation for The Oral Delivery of Oxaprozin. Curr. Drug Deliv-
ery 2022, 19, 347-356.

(13) Benzazole derivatives as histamine H4 receptor ligands, Euro-

pean Pant EP2447263 A1, Feb 5, 2012.

(14) (@) Iwasaki, F.; Yasui, M.; Yoshida, S.; Nishiyama, H.

Shimamoto, S.; Matsumura, N. Crystal and Molecular Struc-
tures of Novel Metal-Carbene Complexes III. Rh-Carbene
Complexes and Cu Complex. Bull. Chem. Soc. Jpn. 1996, 69,
2759-2770. (b) Ye, F.; Shi, Y,; Zhou, L.; Xiao, Q.; Zhang, Y,;
Wang, J. Expeditious Synthesis of Phenanthrenes via CuBr»-
Catalyzed Coupling of Terminal Alkynes and N-Tosylhydra-
zones Derived from O-Formyl Biphenyls. Org. Lett. 2011, 13,
5020-5023.

https://doi.org/10.26434/chemrxiv-2024-6x3q7 ORCID: https://orcid.org/0000-0002-6442-3008 Content not peer-reviewed by ChemRxiv. License: CC BY-NC 4.0


https://doi.org/10.26434/chemrxiv-2024-6x3q7
https://orcid.org/0000-0002-6442-3008
https://creativecommons.org/licenses/by-nc/4.0/

[Cul/Ligand osi

BuoLi, THF R
Blue LEDs
R = Aryl, Heteroaryl etc.; X=0O, N, S

+ Ligand Accelerated + Hard Nucleophiles
+ Broad Scope 4 Heterocycle Tolerance siloxy Cu-carbene

https://doi.org/10.26434/chemrxiv-2024-6x3q7 ORCID: https://orcid.org/0000-0002-6442-3008 Content not peer-reviewed by ChemRxiv. License: CC BY-NC 4.0


https://doi.org/10.26434/chemrxiv-2024-6x3q7
https://orcid.org/0000-0002-6442-3008
https://creativecommons.org/licenses/by-nc/4.0/

