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ABSTRACT

The substrate scope of the copper-free Sonogashira coupling has been successfully extended to cyclopropyl iodides, allowing an efficient access
to a wide variety of functionalized alkynyl cyclopropanes.

Substituted cyclopropanes are encountered in several
natural products, displaying a broad spectrum of biologi-
cal activity and as key structural subunits in crop protec-
tion or therapeutic agents.1,2 Due to their highly versatile
reactivity, cyclopropane-containing compounds have
attracted considerable interest,1,2 and efficient methods
have been developed for their stereoselective preparation.3

Chemoselective reactions that allow the functionalization

of the three-membered ring are also important, and in this
context, palladium-catalyzed cross-coupling reactions lead-
ing to carbon-carbon bond formation and involving
cyclopropyl magnesium,4 zinc,5 boron,6 or tin7 organome-
tallic reagents as well as silanols8 and aryl or alkenyl
halides have emerged as a useful strategy.9 Despite the
well-known sp2 character of cyclopropanes,10 the use of
electrophilic cyclopropane derivatives as partners in cross-
coupling reactions has been much less explored. In 1996,
Charette and Giroux demonstrated that cyclopropyl†ESPCI.
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iodides could participate in Suzuki-Miyaura reactions
with aryl or alkenyl organoboron species.11 Such reactions
have almost remained the only illustration of the utility of
cyclopropyl iodides in cross-couplings5c,12 besides an addi-
tional isolated example of a Negishi reaction with an aryl-
zinc, reported during the chemical development of the non-
nucleoside reverse transcriptase inhibitor MIV-150.13

Alkynylcyclopropanes constitute an interesting class of
substituted cyclopropanes which are found in some biologi-
cally active compounds14 and can be involved in synthe-
tically useful transitionmetal-catalyzed reactions.15 Herein,
we report that a wide variety of functionalized alkynylcy-
clopropanes can be efficiently synthesized by copper-free
Sonogashira cross-coupling between cyclopropyl iodides
and terminal alkynes.

The cis-2-iodocyclopropanemethanol (1)16 was selected
as a substrate in our initial studies. Attempts to achieve a
Sonogashira coupling between compound 1 and phenyl-
acetylene, employing classical palladium and copper cata-
lysts with an amine, were unsuccessful.17,18 Because the
oxidative addition of the palladium(0) complex into the
cyclopropyl carbon-iodine bond may be difficult, the use
of conditions reported by Buchwald and Gelman for less
reactive substrates, such as aryl chlorides or tosylates, was
considered.19-21 We found that treatment of cyclopropyl
iodide 1with phenylacetylene (1.5 equiv) in the presence of
PdCl2(MeCN)2 (3mol%),X-Phos (9mol%) as the ligand,
and Cs2CO3 (2.5 equiv) as the base (MeCN, 80 �C, 1.5 h)
afforded the desired alkynylcyclopropane 2 in 93% yield
(Table 1, entry 1). As other palladium complexes and
ligands gave inferior results,22 only the effect of the base
and the solvent was examined. In acetonitrile, Cs2CO3 and
K3PO4 were almost equally efficient but K2CO3 provided
inferior results (Table 1, entries 2 and 3). Interestingly, the
reaction could be run in solvents of lower polarity than

Table 1. Sonogashira Coupling between Phenylacetylene and
cis-2-Iodocyclopropanemethanol 1

a 0.25-0.50 mmol scale. bDetermined by analysis of the crude
material by 1H NMR spectroscopy. c Isolated yield of analytically pure
material. dNot determined. Alkynylcyclpropane 2 could not be easily
separated from unreacted 1 by flash chromatography eOn a larger scale
(5 mmol), PdCl2(MeCN)2 (1 mol %) and X-Phos (3 mol %) were used.
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MeCN such as THF (Table 1, entries 4 and 6) or toluene
(Table 1, entries 5 or 7) with minor differences in terms of
reaction rates. The highest yields in alkynylcyclopropane 2
were attainedwithCs2CO3, and the useof this latter base in
THF was generally found to provide the best results in all
couplings with cyclopropyl iodide 1 as substrate.
The scope of the copper-free Sonogashira coupling in-

volving cyclopropyl iodide 1 as substrate was next exam-
ined with various terminal alkynes (Table 2).
The reaction is not only compatible with aryl alkynes

(Table 2, entry 1) but also with triisopropylsilylacetylene
(Table 2, entry 2) as well as with alkynes substituted by
aliphatic groups (Table 2, entry 3), possibly bearing an
acetal moiety or a free alcohol (Table 2, entries 4 and 5).
The corresponding alkynylcyclopropanes 3-7 were iso-
lated in high yields (81-97%). Longer reaction times were
required when the substituent on the triple bond was
bulky, which is in agreement with the fact that coordina-
tionof the terminal alkyne to the cyclopropylpalladium(II)
iodide species, generated by oxidative addition, has to
occur prior to deprotonation.23 When the tertiary alcohol
2-methylbut-3-yn-2-ol was used as a coupling partner, the
desired alkynylcyclopropane 8 was isolated in rather low
yield (49%) if the reaction was carried out at 60 �C,
presumably because the coupling product 8 underwent
elimination of acetone under those conditions. Decreasing
the temperature to 40 �Cslowed the coupling but raised the
yield in the alkynylcyclopropane8 to 93%(Table 2, entry 6).
The behavior of the readily available 1,1,2- and 1,2,3-

trisubstituted 2-iodocyclopropanemethanols 9 and 10,24

respectively, was next investigated in copper-free Sonogashira

couplings with various terminal alkynes. Except for com-

pound 14, generated by the coupling of iodocyclopropane

9 with triisopropylsilylacetylene (44%), the other desired

alkynylcyclopropanes 13, 15-19 were isolated in good to

excellent yields (77-97%) (Scheme 1). As the iodocyclo-

propanes investigated so far as substrates invariably possess

a hydroxymethyl group cis to the iodine atom, it was

necessary to ascertain whether the latter functional group

was required for the success of the Sonogashira coupling.

The epimeric trans-2-iodocyclopropanemethanol (11)

(trans/cis= 95:5) was synthesized, and this latter com-

pound underwent efficient Sonogashira coupling with

several representative terminal alkynes, leading to the

trans-2-alkynylcyclopropylcarbinols 20-22 (72-86%).

Iodocyclopropane 12, devoided of the free hydroxyl group

and prepared by protection of cis-2-iodocyclopropane-

methanol (1) as a para-methoxybenzyl ether, was also a

suitable partner in copper-free Sonogashira coupling as

illustrated by the formation of the alkynylcyclopropanes

23-25 in high yields (79-95%) (Scheme 1).

Table 2. Copper-Free Sonogashira Coupling between Cyclo-
propyl Iodide 1 and Various Terminal Alkynes

aThe reaction was carried out at 40 �C.

Scheme 1. Copper-Free Sonogashira Coupling between Cyclo-
propyl Iodides 9-12 and Various Terminal Alkynes

aCompound 25 was synthesized from but-3-yn-1-ol [R = (CH2)2OH],
and the hydroxyl group was subsequently acetylated.

(23) For mechanistic investigations on the so-called copper-free
Sonogashira coupling, see: (a) Tougerti, A.; Negri, S.; Jutand, A.
Chem.-Eur. J. 2007, 13, 666–676. (b) Ljungdahl, T.; Bennur, T.; Dallas,
A.; Emten€as, H.; Martensson, J. Organometallics 2008, 27, 2490–2498.

(24) Charette, A. B.; Gagnon, A.; Fournier, J.-F. J. Am. Chem. Soc.
2002, 124, 386–387.
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It isworth pointing out that the copper-free Sonogashira
reaction involving 2-iodocyclopropanemethanols pro-
ceeded stereoselectively and with retention of configura-
tion,25 as previously observed for the Suzuki-Miyaura
coupling involving such substrates.10,11

The scope of the copper-free Sonogashira coupling was
then investigated with derivatives of 2-iodocyclopropane-
carboxylic acid (Table 3). Under the previously used
conditions (THF, 60 �C), the coupling between phenyl-
acetylene and 2-iodocyclopropanecarboxamide 26 (Table 3,
entry 1) did not reach completion even after prolonged
heating. The presence of the amide group seemed to slow
the cross-coupling whereas phenylacetylene was found to

be consumed by competitive oligomerization.26 The cou-
pling was therefore carried out at a higher temperature
(100 �C) in toluene since we previously showed that this
nonpolar solvent was suitable. Furthermore, the alkyne
partner was slowly added (portionwise over 2 h) to avoid
its too rapid consumption and, under these conditions, the
desired coupling product 32 could be isolated in 96%yield.
The cis-2-iodocyclopropanecarboxamides 26 and 27 un-
derwent successful Sonogashira coupling with different
alkynes under these optimized conditions to afford the
corresponding 2-alkynylcyclopropanecarboxamides 33-37

in high yields (78-98%) (Table 3, entries 1 and 2). Not
surprisingly, the Sonogashira coupling with trans-2-iodo-
cyclopropanecarboxamide 28 proceeded also successfully
and provided the functionalized alkynylcyclopropanes 38
(92%) and 39 (76%) (Table 3, entry 3). The fact that
compounds 32 and 33 were the epimers of 38 and 39,
respectively, confirmed that the copper-free Sonogashira
coupling with 2-iodocyclopropanecarboxamides proceeded
with complete stereoselectivity and retention of configura-
tion. Additionally, no competitive β-elimination that would
have generated a cyclopropenecarboxamide intermediate
took place under these conditions.
The scope of the coupling reaction with 2-iodocyclopro-

panecarboxylic acid derivatives was successfully extended
to the tertiary amide 29 and also to theWeinreb amide 30,
as illustrated using phenylacetylene as a partner, to deliver
the corresponding 2-alkynylcyclopropanecarboxamides
40 (94%) and 41 (89%), respectively (Table 3, entries 4
and 5). As illustrated with compound 31, a methyl ester
was also tolerated on the cyclopropane ring and the resul-
ting coupling product 42 was obtained in excellent yield
(98%) (Table 3, entry 6). Slow addition of phenylacetylene
was not required in the case of substrates 29 and 31, but the
coupling reactions still proceededmore rapidly and cleanly
in toluene at 100 �Cthan inTHFat 60 �C (Table 3, entries 4
and 6).
In conclusion, we have shown that the substrate scope

of the copper-free Sonogashira cross-coupling can be
extended to diversely substituted cyclopropyl iodides as
substrates to afford highly functionalized alkynyl cyclo-
propanes in high yields. Since iodocyclopropanes are easily
accessible by different strategies, also in an enantiomeri-
cally enriched form,27 this method should find useful
applications for the stereoselective preparation of a variety
of substituted cyclopropanes.
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Table 3. Copper-Free Sonogashira Coupling with 2-Iodocyclo-
propanecarboxylic Acid Derivatives

a Slow addition of the alkyne not required. bToluene, 100 �C, 2.5 h.
cTHF, 60 �C, 14 h. dToluene, 100 �C, 1 h. eTHF, 60 �C, 2 h.

(25) The relative configuration of the coupling products could be
assigned by 1HNMRspectroscopy inmost cases by determination of the
3J coupling constants between the cyclopropyl protons; see the Support-
ing Information for details. Comparison of the spectra of the cis-
cyclopropanemethanols 2, 4, 5 and their corresponding trans diaster-
eomers 20, 21, 22, respectively, also confirmed the results unambigu-
ously.

(26) Competitive consumption of aryl alkynes in slow copper-free
Sonogashira coupling has already been observed as a side reaction under
similar conditions; see ref 19.

(27) Beaulieu, L.-P.; Zimmer, L. E.; Charette, A. B. Chem.-Eur. J.
2009, 15, 11829–11832.


