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ABSTRACT: The reductive conversion of vicinal and geminal dibromoalkenes into the corresponding alkynes with iPrMgCl-LiCl
(Turbo Grignard reagent) is described. This reaction proceeded in the presence of various functional groups such as ethers, esters, or
carbamates under mild conditions in high yields. Due to the selective reactivity, the easily prepared vic-dibromoalkene is considered
to be a protecting group of alkyne toward an electrophile. Although butyl lithium has been widely used for the conversion of gem-
dibromoalkenes into alkynes in the Corey−Fuchs alkyne synthesis, we report here alternative mild and chemoselective reaction
conditions for alkyne synthesis.

The alkyne functional group is often found in natural
products1,2 and pharmaceuticals3−5 as well as synthetic

intermediates or building blocks such as those for the click
reaction.6−12 Due to the high demand for alkynes, many
versatile synthetic methods have been reported. For example,
the syntheses of alkynes from aldehydes are well-known, such
as the Corey−Fuchs13,14 and Seyferth−Gilbert reactions,15−18

and other methods from various substrates have also been
developed to prepare both terminal and internal alkynes.19−26

The resulting alkyne products are labile toward electrophiles
when conversion of an alkene or an aromatic ring in the alkyne
product with an electrophile is required. To avoid such an
undesired reaction pathway, a protection−deprotection
protocol is desired. Only a few examples are known for the
protection of alkynes; a representative is the bis-cobalt
complex. We envisioned a vic-dibromoalkene as a protecting
group of the alkyne because of not only its easy conversion to
the vic-dibromoalkene by well-known procedure but also its
much lower reactivity toward the electrophiles than the
original alkyne due to the electron withdrawing property of
bromides. However, only small examples of conversion to the
original alkyne from vic-dibromoalkene have been demon-
strated by Malanga with nBu3SnH/NidppeCl2

27 and by
Mashima and Tsurugi with prepared reagent 1,1′-bis-
(trimethylsilyl)-1H,1′H-4,4′-bipyridinylidene (A) (Figure
1).28 Due to the powerful reducing ability of A, these reactions
were also applied to a reductive preparation of alkenes from
the corresponding vic-dichloroalkanes, which may induce a

side reaction in the presence of other halides. Additionally,
only a few substrates were examined with respect to alkyne
synthesis in these two reports.

On the contrary, gem-dibromoalkenes are used as
intermediates in the Corey−Fuchs alkyne synthesis. Almost
all previous works employed nBuLi for the bromide−lithium
exchange step, although there have been several reports of
using strong bases such as LDA or TBAF.29,30 Due to the
strong nucleophilicity and basicity of nBuLi and other reagents,
functional groups employed in this step are limited. In
particular, carbonyl groups must be protected as ether or
acetal groups, requiring additional conversion steps. Herein, we
describe reductive preparations of alkynes from vic-dibromoal-
kenes with iPrMgCl-LiCl (Turbo Grignard reagent)31−35 in
the presence of various functional groups. The Turbo Grignard
reagent is also a potential alternative to nBuLi in the Corey−
Fuchs alkyne synthesis in the presence of carbonyl groups,
such as esters and carbamates.

First, the reaction conditions were optimized with E-vic-
bromoalkene 1a as a model substrate (Table 1). Solvents and
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additives were screened using 3.0 equiv of Turbo Grignard
reagent at room temperature. THF, a standard solvent in the
Grignard reaction, showed high activity even with a short
reaction time (10 min, entry 1), although running the reaction
for a longer time (60 min) did not result in complete
consumption of 1a (entry 2). Solvents such as Et2O,
cyclopentylmethyl ether (CPME), and CH2Cl2 were less
active than THF (entries 3−5, respectively). For complete
consumption of 1a, additives were investigated on the basis of
the pioneering works by Knochel.32 Crown ethers (1.0 equiv)
did not improve the reaction efficiency (entries 6 and 7).
When a THF/1,4-dioxane mixed solvent was used, only a trace
of 1a could be detected in the 1H NMR spectrum of the crude
product along with almost pure alkyne 2a (entry 8). According
to the previous report, the generation of a dialkyl magnesium

species in the Schlenk equilibrium becomes dominant through
coordination of 1,4-dioxane to magnesium dichloride to
precipitate (Scheme 1). It has been shown that the dialkyl

magnesium species is an active species for the bromide−
magnesium exchange reaction. According to this pathway, >2
equiv of the Turbo Grignard reagent is expected to be
necessary for higher conversion. However, it is noted that this
reaction with E-vic-dichloroalkene, prepared by our previous
method,36 did not give alkyne, affording only the starting
material.

With the optimized conditions in hand, various substrates
were subjected to the reductive alkyne synthesis by Turbo
Grignard reagent as shown in Figure 2. Some optimizations for
the amount of Turbo Grignard reagent, reaction time, and
temperature were required for higher yields. vic-Dibromoal-
kenes 1a−c having benzyl or silyl ether groups were converted
into the corresponding terminal alkynes in high yields. To our
delight, the current reaction with vic-dibromoalkenes 1d−g,
including acetal, ester, or carbamate groups, afforded high
yields (73−90%). A lower temperature was required for a
higher yield when substrates having carbonyl groups were
employed; reactions at room temperature resulted in ∼50%
yields along with side products. This reaction could also be
applied to 1h−n for the preparation of internal alkynes in the
presence of various functional groups, revealing the high
efficiency of the reaction. Phenylacetylene derivatives were also
synthesized from dibromides 1o and 1p in high yields.

We next compared the reactivity of alkynes and vic-
dibromoalkenes with electrophiles to reveal the utility of the
vic-dibromoalkene as a protecting group of alkynes. The results
are shown in Figure 3. First, enyne 3, prepared through Wittig
olefination with our previous phosphonium salt for the
danicalipin A synthesis,37 was treated with 1.0 equiv of the
NCS-PPh3 system developed by Yoshimitsu.38 This resulted in
a complex mixture due to the similar reactivities of the alkene
and alkyne toward the electrophile. Diene 4 was next
examined. The dichlorination reaction proceeded with the
disubstituted olefin to furnish 5 in 69% yield. The subsequent
debromination reaction with the Turbo Grignard reagent
afforded vic-dichloroalkyne 6 as the sole product in high yield.
The alkyne could be regenerated by the Turbo Grignard
reagent without loss of the vic-dichloride moiety, which was
reduced in the previous reports mentioned above. The vic-
dibromoalkene moiety in 7 was tolerated in the electrophilic
aromatic substitution reaction to give 8, and the alkyne was
regenerated in a high yield without loss of the aromatic
bromides.

This reaction was next applied to gem-dibromoalkenes as
intermediates in the Corey−Fuchs alkyne synthesis. As
described above, almost all previous works employed nBuLi,
which shows strong basicity and nucleophilicity toward

Figure 1. Previous and current syntheses of alkynes from vic- and gem-
dibromoalkenes.

Table 1. Optimization of the Reaction Conditionsa

entry solvent additive time (min) 1a:2ab ratio

1 THF none 10 12:88
2 THF none 60 4:96
3 Et2O none 10 28:72
4 CPME none 10 80:20
5 CH2Cl2 none 10 34:66
6 THF 15-crown-5c 10 26:74
7 THF 18-crown-6c 10 35:65
8 THF 1,4-dioxaned 10 1:99

aWith 0.200 mmol of 1a. bThe ratio was estimated by 1H NMR.
cWith 1.0 equiv of crown ether. dWith 10 volume % THF.

Scheme 1. Schlenk Equilibrium
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carbonyl groups, limiting the substrates employed in this step.
The Turbo Grignard reagent is a mild and chemoselective
reagent for the bromine−metal exchange reaction. The
reaction with benzyl and silyl ethers 10a and 10b proceeded
to give alkyne 11 in high yields (Scheme 2). To our delight,
Boc-proline with both ester and carbamate groups afforded
alkyne 11c in 92% yield at lower temperatures.

In summary, we achieved conversion of vic-dibromoalkenes
to alkynes through reduction of bromide by the Turbo
Grignard reagent. The reaction efficiency was improved by the
addition of 1,4-dioxane. Due to the mild and chemoselective
reactivity of the Turbo Grignard reagent, various functional
groups were tolerated, even an ester, a labile functionality
toward nucleophiles. Using the current reaction, vic-dibro-
moalkenes, prepared from the corresponding alkynes are
expected to act as protecting groups of alkynes toward
electrophiles. The utility of the Turbo Grignard reagent was
further explored by the transformation of gem-dibromoalkenes,

intermediates for the Corey−Fuchs reaction, to alkynes

without using highly reactive nBuLi. Synthetic studies of

natural products using the current reaction are underway in

this laboratory.

Figure 2. Substrate scope. With 0.100−0.200 mmol of 1. Isolated yields.

Figure 3. Reactivity of vic-dibromoalkenes toward electrophiles and regeneration of the alkyne.

Scheme 2. Reaction of the Turbo Grignard Reagent with
gem-Dibromoalkenes

Organic Letters pubs.acs.org/OrgLett Letter

https://doi.org/10.1021/acs.orglett.4c03483
Org. Lett. 2024, 26, 9817−9821

9819

https://pubs.acs.org/doi/10.1021/acs.orglett.4c03483?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.4c03483?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.4c03483?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.4c03483?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.4c03483?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.4c03483?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.4c03483?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.4c03483?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.4c03483?fig=sch2&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.4c03483?fig=sch2&ref=pdf
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.4c03483?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


■ ASSOCIATED CONTENT
Data Availability Statement
The data underlying this study are available in the published
article and its Supporting Information.
*sı Supporting Information
The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acs.orglett.4c03483.

Procedures for the preparation of all new compounds
and their structural characterization data and copies of
their NMR spectra (PDF)

■ AUTHOR INFORMATION
Corresponding Author

Taiki Umezawa − Graduate School of Environmental Science
and Section of Environmental Material Science, Faculty of
Environmental Earth Science, Hokkaido University, Sapporo
060-0810, Japan; orcid.org/0000-0003-4280-6574;
Email: umezawa@ees.hokudai.ac.jp

Authors
Hyuga Okumura − Graduate School of Environmental

Science, Hokkaido University, Sapporo 060-0810, Japan
Nurcahyo Iman Prakoso − Graduate School of

Environmental Science, Hokkaido University, Sapporo 060-
0810, Japan; Department of Chemistry, Universitas Islam
Indonesia, Yogyakarta 55584, Indonesia; orcid.org/0000-
0003-3971-6105

Tatsuya Morozumi − Section of Chemistry, Faculty of Science,
Hokkaido University, Sapporo 060-0810, Japan

Complete contact information is available at:
https://pubs.acs.org/10.1021/acs.orglett.4c03483

Author Contributions
H.O.: conceptualization and data curation. N.I.P.: conceptu-
alization and review and editing. T.M.: review and editing.
T.U.: conceptualization, funding acquisition, supervision, and
writing of the original draft.
Notes
The authors declare no competing financial interest.

■ ACKNOWLEDGMENTS
This work was funded by a Grant-in-Aid for Young Scientists
(B) (23710245) and a Grant-in-Aid for Scientific Research
(C) (16K01908) from the Japan Society for the Promotion of
Science (JSPS). The authors thank FORTE Science
Communications (https://www.forte-science.co.jp/) for Eng-
lish language editing.

■ REFERENCES
(1) Li, X.; Lv, J.-M.; Hu, D.; Abe, I. Biosynthesis of alkyne-

containing natural products. RSC Chem. Biol. 2021, 2, 166−180.
(2) Back, D.; Shaffer, B. T.; Loper, J. E.; Philmus, B. J. Untargeted

identification of alkyne containing natural products using ruthenium
catalyzed azide alkyne cycloaddition reactions coupled to LC-MS/
MS. Nat. Prod. 2022, 85, 105−114.

(3) Bianchetti, A.; Lavezzo, A.; Carminati, P. J. The non-steroidal
anti-inflammatory agent parsalmide prevents aspirin-induced H+ back
diffusion from the gastric lumen of the rat. J. Pharm. Pharmacol. 1982,
34, 51−53.

(4) Corbett, J. W.; Ko, S. S.; Rodgers, J. D.; Gearhart, L. A.; Magnus,
N. A.; Bacheler, L. T.; Diamond, S.; Jeffrey, S.; Klabe, R. M.; Cordova,

B. C.; Garber, S.; Logue, K.; Trainor, G.; Anderson, P. S.; Erickson-
Viitanen, S. K. Inhibition of clinically relevant mutant variants of HIV-
1 by quinazolinone non-nucleoside reverse transcriptase inhibitors. J.
Med. Chem. 2000, 43, 2019−2030.

(5) Fisar, Z.; Hroudová, J.; Raboch, J. Inhibition of monoamine
oxidase activity by antidepressants and mood stabilizers. Neuro-
endocrinol. Lett. 2010, 31, 645−656.

(6) Le Vaillant, F.; Waser, J. Alkynylation of radicals: spotlight on
the “Third Way” to transfer triple bonds. Chem. Sci. 2019, 10, 8909−
8923.

(7) Peng, L.; Hu, Z.; Wang, H.; Wu, L.; Jiao, Y.; Tang, Z.; Xu, X.
Direct cyanation, hydrocyanation, dicyanation and cyanofunctional-
ization of alkynes. RSC Adv. 2020, 10, 10232−10244.

(8) Zheng, L.; Hua, R. Recent Advances in Construction of
Polycyclic Natural Product Scaffolds via One-Pot Reactions Involving
Alkyne Annulation. Front. Chem. 2020, 8, 580355.

(9) Ramani, A.; Desai, B.; Patel, M.; Naveen, T. Recent Advances in
the Functionalization of Terminal and Internal Alkynes. Asian J. Org.
Chem. 2022, 11, No. e2022000.

(10) Zhang, Q.; Chen, C.; Liu, B.; Liu, Y.; Gao, Y.; Chen, Q.; Huo,
Y.; Li, X. Construction of Rings via Metal-Catalyzed C−H Annulation
with Unsymmetrical Internal Alkynes: Selectivity and Applications.
ChemCatChem 2023, 15, No. e202300891.

(11) Dong, B.; Shen, J.; Xie, L. G. Recent developments on 1,2-
difunctionalization and hydrofunctionalization of unactivated alkenes
and alkynes involving C−S bond formation. Org. Chem. Front. 2023,
10, 1322−1345.

(12) Liu, L.; Du, L.; Li, B. Recent advances in 8π electrocyclization
reactions. Chem. Commun. 2023, 59, 670−687.

(13) Corey, E. J.; Fuchs, P. L. A synthetic method for formyle⃗thynyl
conversion (RCHO⃗RC≡CH or RC≡CR). Tetrahedron Lett. 1972, 13,
3769−3772.

(14) Habrant, D.; Rauhala, V.; Koskinen, A. M. P. Conversion of
carbonyl compounds to alkynes: general overview and recent
developments. Chem. Soc. Rev. 2010, 39, 2007−2017.

(15) Seyferth, D.; Hilbert, P.; Marmor, R. S. Novel diazo alkanes and
the first carbene containing the dimethyl phosphite group. J. Am.
Chem. Soc. 1967, 89, 4811−4812.

(16) Seyferth, D.; Marmor, R. S.; Hilbert, P. Reactions of
dimethylphosphono-substituted diazoalkanes. (MeO)2P(O)CR trans-
fer to olefins and 1,3-dipolar additions of (MeO)2P(O)C(N2)R. J.
Org. Chem. 1971, 36, 1379−1386.

(17) Gilbert, J. C.; Weerasooriya, U. Diazoethenes: their attempted
synthesis from aldehydes and aromatic ketones by way of the Horner-
Emmons modification of the Wittig reaction. A facile synthesis of
alkynes. J. Org. Chem. 1982, 47, 1837−1845.

(18) Müller, S.; Liepold, B.; Roth, G. J.; Bestmann, H. J. An
Improved One-pot Procedure for the Synthesis of Alkynes from
Aldehydes. Synlett 1996, 1996, 521−522.

(19) Wang, Z.; Campagna, S.; Yang, K.; Xu, G.; Pierce, M. E.;
Fortunak, J. M.; Confalone, P. N. A Practical Preparation of Terminal
Alkynes from Aldehydes. J. Org. Chem. 2000, 65, 1889−1891.

(20) Kuang, C.; Yang, Q.; Senboku, H.; Tokuda, M. Synthesis of
(Z)-1-bromo-1-alkenes and terminal alkynes from anti-2,3-dibromoal-
kanoic acids by microwave-induced reaction. Tetrahedron. 2005, 61,
4043−4052.

(21) Okutani, M.; Mori, Y. Conversion of Bromoalkenes into
Alkynes by Wet Tetra-n-butylammonium Fluoride. J. Org. Chem.
2009, 74, 442−444.

(22) Choe, Y.; Lee, P. H. Stereoselective DABCO-Catalyzed
Synthesis of (E)-α-Ethynyl-α,β-Unsaturated Esters from Allenyl
Acetates. Org. Lett. 2009, 11, 1445−1448.

(23) Mao, S.; Gao, Y. R.; Zhu, X. Q.; Guo, D. D.; Wang, Y. Q.
Copper-Catalyzed Radical Reaction of N-Tosylhydrazones: Stereo-
selective Synthesis of (E)-Vinyl Sulfones. Org. Lett. 2015, 17, 1692−
1695.

(24) Zhang, M.; Jia, T.; Wang, C. Y.; Walsh, P. J. Organocatalytic
Synthesis of Alkynes. J. Am. Chem. Soc. 2015, 137, 10346−10350.

Organic Letters pubs.acs.org/OrgLett Letter

https://doi.org/10.1021/acs.orglett.4c03483
Org. Lett. 2024, 26, 9817−9821

9820

https://pubs.acs.org/doi/suppl/10.1021/acs.orglett.4c03483/suppl_file/ol4c03483_si_001.pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.4c03483?goto=supporting-info
https://pubs.acs.org/doi/suppl/10.1021/acs.orglett.4c03483/suppl_file/ol4c03483_si_001.pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Taiki+Umezawa"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0003-4280-6574
mailto:umezawa@ees.hokudai.ac.jp
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Hyuga+Okumura"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Nurcahyo+Iman+Prakoso"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0003-3971-6105
https://orcid.org/0000-0003-3971-6105
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Tatsuya+Morozumi"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.4c03483?ref=pdf
https://www.forte-science.co.jp/
https://doi.org/10.1039/D0CB00190B
https://doi.org/10.1039/D0CB00190B
https://doi.org/10.1021/acs.jnatprod.1c00798?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jnatprod.1c00798?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jnatprod.1c00798?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jnatprod.1c00798?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1111/j.2042-7158.1982.tb04679.x
https://doi.org/10.1111/j.2042-7158.1982.tb04679.x
https://doi.org/10.1111/j.2042-7158.1982.tb04679.x
https://doi.org/10.1021/jm990580e?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm990580e?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/C9SC03033F
https://doi.org/10.1039/C9SC03033F
https://doi.org/10.1039/D0RA01286F
https://doi.org/10.1039/D0RA01286F
https://doi.org/10.3389/fchem.2020.580355
https://doi.org/10.3389/fchem.2020.580355
https://doi.org/10.3389/fchem.2020.580355
https://doi.org/10.1002/ajoc.202200047
https://doi.org/10.1002/ajoc.202200047
https://doi.org/10.1002/cctc.202300891
https://doi.org/10.1002/cctc.202300891
https://doi.org/10.1039/D2QO01699K
https://doi.org/10.1039/D2QO01699K
https://doi.org/10.1039/D2QO01699K
https://doi.org/10.1039/D2CC04805A
https://doi.org/10.1039/D2CC04805A
https://doi.org/10.1016/S0040-4039(01)94157-7
https://doi.org/10.1016/S0040-4039(01)94157-7
https://doi.org/10.1039/b915418c
https://doi.org/10.1039/b915418c
https://doi.org/10.1039/b915418c
https://doi.org/10.1021/ja00994a055?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00994a055?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo00809a014?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo00809a014?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo00809a014?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo00349a007?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo00349a007?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo00349a007?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo00349a007?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1055/s-1996-5474
https://doi.org/10.1055/s-1996-5474
https://doi.org/10.1055/s-1996-5474
https://doi.org/10.1021/jo9916582?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo9916582?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.tet.2005.02.043
https://doi.org/10.1016/j.tet.2005.02.043
https://doi.org/10.1016/j.tet.2005.02.043
https://doi.org/10.1021/jo802101a?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo802101a?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol9001703?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol9001703?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol9001703?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.5b00461?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.5b00461?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.5b06137?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.5b06137?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.4c03483?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


(25) Yoneyama, H.; Numata, M.; Uemura, K.; Usami, Y.; Harusawa,
S. Transformation of Carbonyl Compounds into Homologous
Alkynes under Neutral Conditions: Fragmentation of Tetrazoles
Derived from Cyanophosphates. J. Org. Chem. 2017, 82, 5538−5556.

(26) Zha, G. F.; Fang, W. Y.; Li, Y. G.; Leng, J.; Chen, X.; Qin, H. L.
SO2F2-Mediated Oxidative Dehydrogenation and Dehydration of
Alcohols to Alkynes. J. Am. Chem. Soc. 2018, 140, 17666−17673.

(27) Malanga, C.; Mannucci, S.; Lardicci, L. Carbon-halogen bond
activation by nickel catalyst: Synthesis of alkenes, from 1,2-dihalides.
Tetrahedron 1998, 54, 1021−1028.

(28) Rej, S.; Pramanik, S.; Tsurugi, H.; Mashima, K. Dehalogenation
of vicinal dihalo compounds by 1,1′-bis(trimethylsilyl)-1H,1′H-4,4′-
bipyridinylidene for giving alkenes and alkynes in a salt-free manner.
Chem. Commun. 2017, 53, 13157−13160.

(29) Mouriño, A.; Torneiro, M.; Vitale, C.; Fernández, S.; Pérez-
Sestelo, J.; Anné, S.; Gregorio, C. Efficient and versatile synthesis of a-
ring precursors of 1α,25-dihydroxy-vitamin D3 and analogues.
Application to the synthesis of Lythgoe-Roche phosphine oxide.
Tetrahedron Lett. 1997, 38, 4713−4716.

(30) Liu, S.; Chen, X.; Hu, Y.; Yuan, L.; Chen, S.; Wu, P.; Wang, W.;
Zhang, S.; Zhang, W. An Efficient Method for the Production of
Terminal Alkynes from 1,1-Dibromo-1-alkenes and its Application in
the Total Synthesis of Natural Product Dihydroxerulin. Adv. Synth.
Catal. 2015, 357, 553−560.

(31) Krasovskiy, A.; Knochel, P. A LiCl-mediated Br/Mg exchange
reaction for the preparation of functionalized aryl-and heteroar-
ylmagnesium compounds from organic bromides. Angew. Chem., Int.
Ed. 2004, 43, 3333−3336.

(32) Krasovskiy, A.; Straub, B. F.; Knochel, P. Highly efficient
reagents for Br/Mg exchange. Angew. Chem., Int. Ed. 2006, 45, 159−
162.

(33) Bao, R. L. Y.; Zhao, R.; Shi, L. Progress and developments in
the turbo Grignard reagent i-PrMgCl·LiCl: a ten-year journey. Chem.
Commun. 2015, 51, 6884−6900.

(34) Ziegler, D. S.; Wei, B.; Knochel, P. Improving the Halogen−
Magnesium Exchange by using New Turbo-Grignard Reagents. Chem.
- Eur. J. 2019, 25, 2695−2703.

(35) Kremsmair, A.; Harenberg, J. H.; Schwärzer, K.; Hess, A.;
Knochel, P. Preparation and reactions of polyfunctional magnesium
and zinc organometallics in organic synthesis. Chem. Sci. 2021, 12,
6011−6019.

(36) Yuan, J.; Prakoso, N. I.; Morozumi, T.; Umezawa, T. Mild
Metal-Free 1,2-Dichlorination of Alkynes by NCS-PPh3-H2O System.
Synthesis 2024, 56, 771−776.

(37) Umezawa, T.; Shibata, M.; Kaneko, K.; Okino, T.; Matsuda, F.
Asymmetric Total Synthesis of Danicalipin A and Evaluation of
Biological Activity. Org. Lett. 2011, 13, 904−907.

(38) Kamada, Y.; Kitamura, Y.; Tanaka, T.; Yoshimitsu, T.
Dichlorination of olefins with NCS/Ph3P. Org. Biomol. Chem. 2013,
11, 1598−1601.

Organic Letters pubs.acs.org/OrgLett Letter

https://doi.org/10.1021/acs.orglett.4c03483
Org. Lett. 2024, 26, 9817−9821

9821

https://doi.org/10.1021/acs.joc.7b00346?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.7b00346?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.7b00346?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.8b10069?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.8b10069?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/S0040-4020(97)10203-4
https://doi.org/10.1016/S0040-4020(97)10203-4
https://doi.org/10.1039/C7CC07377A
https://doi.org/10.1039/C7CC07377A
https://doi.org/10.1039/C7CC07377A
https://doi.org/10.1016/S0040-4039(97)01005-8
https://doi.org/10.1016/S0040-4039(97)01005-8
https://doi.org/10.1016/S0040-4039(97)01005-8
https://doi.org/10.1002/adsc.201400782
https://doi.org/10.1002/adsc.201400782
https://doi.org/10.1002/adsc.201400782
https://doi.org/10.1002/anie.200454084
https://doi.org/10.1002/anie.200454084
https://doi.org/10.1002/anie.200454084
https://doi.org/10.1002/anie.200502220
https://doi.org/10.1002/anie.200502220
https://doi.org/10.1039/C4CC10194D
https://doi.org/10.1039/C4CC10194D
https://doi.org/10.1002/chem.201803904
https://doi.org/10.1002/chem.201803904
https://doi.org/10.1039/D1SC00685A
https://doi.org/10.1039/D1SC00685A
https://doi.org/10.1055/a-2218-7443
https://doi.org/10.1055/a-2218-7443
https://doi.org/10.1021/ol102882a?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol102882a?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/c3ob27345h
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.4c03483?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as



