Open Access Article. Published on 02 October 2018. Downloaded on 3/6/2026 4:11:57 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

[{ec

Organic &
Biomolecular Chemistry

COMMUNICATION

’ '.) Check for updates ‘

ROYAL SOCIETY
OF CHEMISTRY

View Article Online

View Journal | View Issue

Transition metal-free coupling of terminal alkynes

and hypervalent iodine-based alkyne-transfer

Cite this: Org. Biomol. Chem., 2018,
16, 7561

Received 24th September 2018,
Accepted 1st October 2018

DOI: 10.1039/c80b02375a

rsc.li/obc

A variety of unsymmetrical 1,3-diynes can easily be accessed in
good yields under catalyst- and transition metal-free conditions by
reacting terminal alkynes with hypervalent iodine-based electro-
philic alkyne-transfer reagents.

The 1,3-diyne motif is a frequently found structural element
that either serves as a valuable synthon for further manipula-
tions, or can be found as such in biologically active com-
pounds as well as functional materials." Thus, it comes as no
surprise that the development of efficient synthesis strategies
has attracted considerable interest.” The most classical strategy
to access symmetric 1,3-diynes is the Cu-mediated oxidative
homo-coupling of terminal alkynes, also known as Glaser
coupling, which was first reported almost 150 years ago.” A lot
of efforts have been made since that to introduce different and
complementary strategies to carry out the transition metal-
catalysed homo-coupling of alkynes.* In addition, the synth-
eses of unsymmetrically substituted 1,3-diynes became a very
important topic recently.>*” The groups of Liu’® and Patil”®
independently described very efficient protocols for the gold-
catalysed coupling of terminal alkynes with hypervalent
iodine-based alkyne transfer reagents in 2017. The use of
these electrophilic alkyne transfer reagents for organic synth-
eses in general is well-established,® however their use to access
1,3-diynes has so far received less attention.”” Besides the
aforementioned very recent hetero-coupling relying on gold-
catalysis,” the groups of Lee and Kitamura reported early
examples for the coupling of alkynylcuprates with alkynyliodo-
nium salts in 1997 already.” We have recently reported the
transition metal-free homocoupling of terminal alkynes in the
presence of hypervalent iodine reagents.'® Control experiments
suggested the presence of in situ formed alkynyliodonium
species, which then undergo the C(sp)-C(sp) coupling upon
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reaction with an in situ formed Li-acetylide. Based on the
emerging interest in unsymmetrical 1,3-diynes we now investi-
gated the development of an operationally simple and gener-
ally applicable strategy to access a variety of diynes 3 by react-
ing simple terminal alkynes 1 with preformed hypervalent
iodine reagents 2 under transition metal- and catalyst-free
conditions (Scheme 1).

We started our investigations by optimizing the reaction of
n-hexyne (1a) with the phenylacetylene-based benziodoxolone
2a (Table 1 gives an overview of the most relevant screening
results). All reactions were carried out by deprotonating the
terminal alkyne 1a first, followed by subsequent addition of
the iodine reagent 2a. Dry THF was used as a solvent for all
screening reactions (toluene or CH,Cl, were very low yielding
only), and n-BuLi (1.6 M in hexanes) was the base of choice for
the initial experiments. We immediately realized that both
steps, deprotonation and electrophile addition, are best
carried out at —78 °C (entries 1-3). Furthermore, n-BuLi
should be used only in a very subtle excess, as addition of
1.5 equiv. of n-BuLi lead to lower yields accompanied by the

a) Gold-catalysed coupling by Liu et al.”2 and Patil et al.”?

R2——I——0O
- cat. Au
R— + R———R?
1 2 (X=0, (CFy)) 3
b) Transition metal-free uncatalysed 1,3-diyne synthesis (this work)
o —
RE——1 transition metal-
_ and catalyst-free
R— + = — R
1 2 3

Scheme 1 Previous gold-catalysed reports for the synthesis of dissym-
metric 1,3-diynes 3 (a) and targeted heterocoupling of alkynes 1 and
alkyne-transfer reagents 2 under transition metal-free non-catalysed
conditions.
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Table 1 Identification of the best-suited conditions for the synthesis of 1,3-diyne 3a

Ph——I1—0O
1) Base
\M// CiHo———=——ph o

3 2)2a

1a 3a 2a
Entry” Base (equiv.) Deprotonation (T) 2a (equiv.) Cond. (T, t) Yield? (%)
1 n-BuLi (1 1) —40 °C 1.1 —-78°C-r1.t.,, 2 h 46
2 n-BuLi (1.1) —40°C 1.1 —-78°C-1.t., 5 h 47
3 n-BuLi (1.1) —-78 °C 1.1 —78°C-r1.t.,, 2 h 65
4 n-BuLi (1.5) -78°C 1.1 —78°C-r.t., 3 h 53
5 n-BuLi (1.1) -78°C 1.5 —78°C-r.t, 3 h 87
6 LDA (1.1) —78°C 1.5 —78°C-1.t,,3 h 10
7 NaHMDS (1.1) —-78 °C 1.5 —-78°C-r1.t.,, 3 h 21

“All reactions were carried out using 0.2 mmol 1a in dry THF (1 mL) by first adding the base at the indicated temperature and stirring for
1-2 hours, followed by adding 2a at —78 °C and slowly warming the reaction mixture to r.t. over the indicated period.  Isolated yields.

formation of notable quantities of by-products already
(compare entries 3 and 4). It should be noted that we generally - @A n-Buli (1.1 eq.) R———— 2
observed two side-reactions that may potentially occur, -78 °C, THF

depending on the reaction conditions: (a) homocoupling of 2(15eq) 5
n-hexyne 1a and (b) homocoupling of phenylacetylene (which =~ -----mmommmmmm

may be rationalized by cleavage off phenylacetylene from 2a
followed by coupling with a second molecule of 2a). However, // >/ /
3b (81%) 3c (83%)

these side-reactions could be suppressed rather efficiently by
using only 1.1 equivalent of n-BuLi combined with a slight % (87%)
excess of alkyne-transfer reagent 2a, which gave the dissym-

metric diyne 3a in a satisfying and easily reproducible isolated //
yield of 87% (entry 5). Other bases were tested as well (see Z meo
entries 6 and 7 for two examples), but neither of them was A
~
e -, R

found to be satisfying and we thus used the conditions shown

. . . - . 3e (R = Me; 69%) 3h (48%) i (91%)
in entry 5 (Table 1) to investigate the application scope for this 3f (R = F; 59%)
reaction by using different terminal alkynes 1 with a small 39 (R=Br.54%) o,
variety of different hypervalent iodine reagents 2 (Scheme 2). =

Addition of different aliphatic terminal alkynes to the //
henyl lene- 1 hili 2
phenylacetylene-based electrophilic reagent 2a proceeded — — 3" (73%)

rather high yielding (see products 3a-3c), and also aryl-substi- SiR,
tuted alkynes allowed for the synthesis of the diaryl-containing =
1,3-diynes 3d-3j in reasonable yields, although some influence / =
. , Ph
TIPS

of the aryl substituents was observed (i.e. for products 3g and —
: : S 31 (49%) 3m (51%) 3 (SiR, = TIPS; 86%)
3h, in those cases notable amounts of homocoupling side % SlR:; — TBDMS: 41%)
TIPS TIPS

products were observed). By using a tolylacetylene-based
iodine reagent instead, a similar, maybe even slightly higher,
reactivity as for the phenyl-based one could be observed (see
products 3k and 3e’). The use of simple TIPS-acetylene as the Lt

nucleophilic reaction partner was possible as well (giving pro-

ducts 31 and 3m) albeit it was found that the inverse approach

by adding an arylacetylene nucleophile to the TIPS-acetylene- Scheme 2 Application scope (all reactions were carried out by adding

containing iodine reagent allows for a clearly higher yield 11 eq.n-Bulito 0.2 mmol1in dry THF at —78 °C, stirring for 2 hours,

(compare the results for 31 and 3I'). Surprisingly, the TBDMS- followed by adding 1.5 eq. of 2 at —78 °C and slowly warming the reac-
C s . . e g tion mixture to r.t. over 3 h; TIPS = triisopropylsilyl; TBDMS =

acetylene-based iodine reagent gave the diyne 3n in signifi- t-butyldimethylsilyl).

cantly lower yield, and we hereby observed quite a large

amount of the homocoupling of TBDMS-acetylene. Finally,

also the hexyne-based iodine reagent could be successfully

employed as demonstrated in the synthesis of 3a'.

3d (90%)

gz

(75%) (73%) 3a’ (73%)
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Summing up the observations made during the investi-
gations of the scope, it becomes obvious that the nature of the
employed terminal alkyne plays an important role (which
supports the crucial role of the intermediate Li-acetylide). Thus
this reaction works best for more electron-neutral terminal
alkynes, while the presence of more polar groups or silyl groups
unfortunately reduces the reactivity and increasing amounts of
homocoupling products are observed in those cases.

In conclusion, we have found that dissymmetric 1,3-diynes
3 can be synthesized without the need of any (transition
metal) catalysts by reacting terminal alkynes 1 (which are
in situ deprotonated with n-BuLi) with hypervalent iodine-
based electrophilic alkyne-transfer reagents 2. This procedure
works in reasonable yields for different terminal alkynes 1 as
well as iodine reagents 2 and thus may provide a complemen-
tary protocol to the recently developed powerful gold-catalysed
approaches.”

General reaction procedure: 140 pL (0.22 mmol, 1.1 eq.) of a
solution of n-BuLi (1.6 M in hexane) were added to a solution
of the corresponding terminal alkyne 1 (0.20 mmol, 1.0 eq.) in
dry THF (1 mL) at —78 °C. After stirring for 2 h, the corres-
ponding ethynyl-benziodoxolone 2 (0.30 mmol, 1.5 eq.) was
added in one portion. The mixture was allowed to reach room
temperature over 3 h while stirring rapidly. The resulting
suspension was quenched with 2 mL of a saturated solution of
NaHCO; and extracted three times with 5 mL dichloro-
methane. After evaporation of the solvent, the crude product
was purified by column chromatography (silica gel) to afford
the targeted diyne 3 in the reported yield.
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