N
N

N

HAL

open science

Catalytic and metal-free intramolecular
hydroalkoxylation of alkynes

Alexandre Jean, Jacques Rouden, Jacques Maddaluno, Michaél de Paolis,

Jérome Blanchet

» To cite this version:

Alexandre Jean, Jacques Rouden, Jacques Maddaluno, Michaél de Paolis, Jérome Blanchet. Catalytic
and metal-free intramolecular hydroalkoxylation of alkynes. Tetrahedron Letters, 2019, 60 (7), pp.534-

537. 10.1016/j.tetlet.2019.01.020 . hal-02019126

HAL Id: hal-02019126
https://hal.science/hal-02019126v1

Submitted on 21 Oct 2021

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License


https://hal.science/hal-02019126v1
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr

Version of Record: https://www.sciencedirect.com/science/article/pii/S0040403919300310
Manuscript_af15601fd67d319c24ea5d98badb88d1

Graphical Abstract
To create your abstract, type over the instructions in the template box below.
Fonts or abstract dimensions should not be changed or altered.

Catalytic and M etal-Free Cyclizing Leave this area blank for abstract info.
Hydr oalkoxylation of Alkynes

Alexandre Jean, Jacques Rouden, Jacques Maddaluno, Michaél De Paolis,* and Jérbme Blanchet*

/\/\OH triton B (10 mol%) /4@ @ ;\‘1/\
O €]
Ar
Ar ©/ OH

DMF, 55 °C

MW 80 W
2 min 40-98% triton B

© 2019 published by Elsevier. This manuscript is made available under the CC BY NC user license
https://creativecommons.org/licenses/by-nc/4.0/


http://www.elsevier.com/open-access/userlicense/1.0/
https://www.elsevier.com/open-access/userlicense/1.0/
https://www.sciencedirect.com/science/article/pii/S0040403919300310
https://creativecommons.org/licenses/by-nc/4.0/
https://www.sciencedirect.com/science/article/pii/S0040403919300310

Tetrahedron Letters

journal homepage: www.elsevier.com

Catalytic and metal-free intramolecular hydroalkaxpn of alkynes.

Alexandre Jeaf’ Jacques RoudehJacques Maddalufavlichaél De Paolis™and Jérome Blanchét*

& Normandie Université, ENSICAEN, UNICAEN, CNRS, tatioire LCMT (UMR 6507 & FR 3038), 14000 - Caendfce).
> Normandie Université, UNIROUEN, INSA de Rouen, GNIRBoratoire COBRA (UMR 6014 & FR 3038), 76000cuéh (France)

ARTICLE INFO ABSTRACT

Article history

Received

Received in revised form
Accepted

Available online stereoselectivity.

Keywords

hydroalkoxylation

cyclization

alkynes

enol ether
microwave-assisted synthesis

Benzyltrimethylammonium hydroxide act as an effitiemetalfree catalyst for tF
intramolecular hydroalkoxylation of alkynes. Notgkthe use of microwave irradiation allov
reaction to operate in onlgvo minutes. Under optimized reaction conditionisgdr alkyne
bearing aryl and heteroaryl substituents were ssfolly cyclized with good level

2009 Elsevier Ltd. All rights reserved

Introduction

Exocyclic enol ethers are a class of heterocycésegnt in a
range of natural or pharmacology active moleculds (Figure
1). Moreover, they are useful intermediates for thetlsgsis of
important biomolecules subunits such as C-glycasi@a,b] or
spirodiketal [2c].
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Figure 1. Naturally occurring and biologically active exotigeenol
ethers.

Early strategies for their synthesis relied on dhefination of
parent lactones or isomerisation of endocyclic egtblers [3].
Intramolecular hydroalkoxylations of alkynes regmgsa straight
and atom-economical alternative to construct sucygenated

heterocycles, that could be promoted by numeroualméue to
their toxicity, mercury salts [4] have been repthcevith

transition metals such as palladium{& platinum [5€], indium
[5f], copper [59,h], silver [5i], gold [6] or even laatfide and
actinide complexes [7]. In sharp contrast, base iated

cyclisation are much more difficult in absence ofiya
electrophilic activation of the alkyne moiety andnsequently
less investigated. With exception of one reactieported by
Knochel [8a], only conformationally favourable &yations

leading to benzofurans and involving excess ofgaaic bases
are documented (Figure 2) [8b-€].
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Figure 2. Context of base mediated hydroalkoxylation of atg.

In the context of our recent study regarding select
pyrrolidine and pyrrole synthesis [9] we recentlgcdvered that
linear alkynes substituted with an appropriate fa¢omoiety
could be rapidly cyclized through a specific conattion of a
small amount of Triton B (benzyltrimethylammoniumpdnoxide)
and microwave irradiations. The overall processveaiently
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yielded the corresponding 5-membered exocyclic etteérs in  low dielectric constant [10]. More polar solventcBu as

a catalytic and metal-free manner. acetonitrile gave complete conversion with a low@&)-2a
selectivity and dimethyl sulfoxide (DMSO) providegimilar
Results and discussion selectivity as DMF, although inseparable side potsl< 10%)

were detected in the crude reaction mixture (TdblEntries 11
Our investigations started with the attempted aation of and 12).

inactivated alcoholla under moderate microwave irradiations.
Using catalytic amount of cesium or potassium hyii® as base
in highly polar solvents such &methylpyrrolidone (NMP) or
dimethylsulfoxyde (DMSO), no conversion to the dedicyclic
enol ether®a was observed (Table 1, Entry 1 and 2). Switchin
to tetrabutylammonium fluoride in dimethylformamid®MF)

To assess the critical effect of microwave irrédia, control
experiments with one equivalent of Triton B at rommperature
or at 100 °C using a conventional oil bath heatwwgre
performed. After a prolonged period (3-12 hourg) conversion

Yvas observed. However, increasing the temperaturg20 °C

did not promote the reaction. Surprisingly, whemgghe strong durmg .10 hours_flnally gave a lower 84% conversamd no
organic bases tetrabutyl ammonium hydroxide (TBA&i;lean selectivity ¢/E 55:45).

5-exadig cyclisation of alcoholla was observed in very short With optimized conditions in hand, the scope of tagalytic
reaction time and expected selectivity favourirggier ¢)-2a®  reaction was explored with various alcohols (Tat)le
Moreover, Triton B gave a slightly improved seleityi with a

(2)-2a:(E)-2a ratio of 88:12 (Table 1, Entry 6). Thus, non-

activated alkynda was efficiently cyclized upoa catalytic and Table 2
metal-free process Scope of Triton B-mediated cyclization of arylallgyalcohols.
7 "on triton B (10 mol%) //O
Tablel Ar 1bi DMF, 55 °C Ar ©
Optimization ofla 5-exodig cyclization. £ MW 80 W, 2 min g
P oy 55 Entry Yield %)™ 2):(e)™
M MW 80 W ©/\© . m} o
2 min © 1 = 2 81 88:12
1a (2)-2a (E)-2a o
Entry Conditions Yield (%? =
(2):(E)-2d" 2 ° 2c 40 87:13
1 CsOH (20 mol%), DMF 0 Me N
2 KOH (20 mol%), DMSO/H0 15:1 0 3 Q/\Q 2d 44 75:25
~
3 KOH (20 mol%), DMSO 0 4 Q/\O(> e 598 93:7
4 TBAF (10 mol%), DMF 0 O:N
S
5 TBAH (10 mol%), DMF >05 (85:15) 5 Q/\@ of > 08 87:13
6 Triton B (10 mol%), DMF >95 (88:12) NC y
= . Bl
7 Triton B (5 mol%), DMF >95 (88:12) 6 d@ 2g 88 60:40, 98:%
8 Triton B (1 mol%), DMF 0 7 m 2h 86 63:37, 98:8
9  Triton B (10 mol%), 1,4-dioxaffé 0 =
_ 8 NS 2i 87 88:12, 98:¥
10 Triton B (10 mol%), toluerfd 0 o
11 Triton B (10 mol%), THE! 0
9 NS 2 90 96:4
11 Triton B (10 mol%), CHCN® >95 (65/35) QN(\@ ]
12 Triton B (10 mol%), DMS®! >85 (88/12) Isolated yields; Z/E ratio determined ty NMR of crude mixture;

[a] Over 2 steps after hydrogenation using Pd/€ ifor details;

[a] Isolated as aZ{E) mixture, yield and ratio determined B [b] After treatment with CECO,H, see S for details.

NMR. [b] 60 °C, 3,5 min.

Thus electron-rich arenes connected to alkynyltatowere

The amount of Triton B could be decreased to 5 m@adle  successfully reacted and converted into cycloet@er2d with

1, Entry 7). When 1 mol% Triton B was used, no asion was moderate Z)-selectivity. Those heterocycles displayed poor

observed after 2 minutes. Increased concentratiame ga  Stability and required an additional reduction steg/C, AcOEt,

complex mixture of unidentified products while deasing the H,) to be isolated, providing 2-substituted tetraloydrans in 81-
temperature at 40 °C led to reproducibility probéem 40% yield over 2 steps.

The nature of the solvent has a decisive influencehe result Having a lower LUMO, electron-poor alkynes gave téret
of the reaction: dioxane, toluene or THF gave noveosion, in  results leading to stable cyclic eth@esand2f in excellent yields
line with known ineffective microwave heating inhants with (> 98%). Furthermore, pyridine, pyrazine, quinolirend



pyrimidine substituted alkynes were similarly cyelil in 2h—j
with excellent yields (8690%).
stereoselectivities were enhanced by isomerisaimn work-up
with trifluoroacetic acid in dichloromethan@hi). This was
rationalized in terms of increased stabilization @)-2g-i

through intramolecular hydrogen bonding between dkggen
atom and the protonated heterocycle. The substitutif the
alkyne with electron depleted heterocycles faddita
considerably the cyclization process. Hence, arobakperiment
showed thatlg (Ar = 2-pyridyl) cyclized into2g in 93% yield
(Z/E 66:34) at room temperature, but at a much slowee paer
5 hours. Replacing the ammonium hydroxide with lgtital,8-

diazabicyclo-[5.4.0lundec-7-ene or 1,1,3,3-tetrdlgiuanidine
failed to promote the cyclization @fy at room temperature.

The possibility to obtain cyclic enol ethers suloséd with
Lewis basic nitrogen heterocycles further illusrttie versatility
of this metal-free process. However, some limitaiowere
noted: no cyclization occurred with 4-pentyn-1-oinda
trimethylsilyl-substituted alkyne led only to cleakesilylation.
With more robust triisopropylsilyl group, only degiation
compounds were observed.

Intramolecular hydroalkoxylation of alkyne leaditg a 6-
membered heterocycle is considerably less documehtn 5-
membered counterpart. Therefore cyclization of hiogaus
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