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Palladium-Catalyzed Intermolecular Aryliodination of Internal 

Alkynes 

Yong Ho Lee[a,b] and Bill Morandi*[a,b] 

Dedication ((optional)) 

Abstract: A completely atom economical palladium-catalyzed 

addition reaction has been developed to stereoselectively access 

functionalized tetrasubstituted alkenyl iodides. The palladium catalyst 

bearing an electron-poor bidentate ligand rarely employed in catalysis, 

is essential to promote the high yielding and chemoselective 

intermolecular reaction between equimolar amounts of an alkyne and 

an aryl iodide. This new carbohalogenation reaction is an attractive 

alternative to traditional synthetic methods, which rely on multi-step 

synthetic sequences and protecting group manipulations. 

Atom economy is a critical aspect in the development of novel 
organic reactions.[1] Accordingly, hydrofunctionalizations of either 
alkenes or alkynes have been extensively studied both industrially 
and academically (Scheme 1a).[2-4] In contrast, efficient 
difunctionalization reactions to add two distinct functional groups 
across an alkene or alkyne are scarce, despite their great 
synthetic potential (Scheme 1b).[5-13] Most notable examples 
include C–CN,[5] C–SR,[7] and decarbonylative C–COCl[8c] 
addition across alkynes. 

The synthesis of alkenyl halides from easily accessible 
compounds is an important goal,[14] since these compounds are 
ideal substrates in many transition metal catalyzed coupling 
reactions.[15] Tetrasubstituted alkenyl halides, despite their 
synthetic utility, cannot be accessed by simple addition reaction 
between aryl or acyl halides and internal alkynes.[4c-d,8] Instead, 
traditional methods require multi-step synthesis, employ 
stoichiometric amounts of reactive organometallic reagents, and 
have limited functional group tolerance (Scheme 1c).[15c,16] 
Alternatively, multi-component synthetic routes to access 
tetrasubstituted alkenes have been reported using the direct 
coupling of in situ generated alkenyl–M–X (M= Mg or Pd, X= Br 
or I) with corresponding coupling partners such as aryl–Ni(II) 
complexes or aryl boronic acids, respectively.[17] These methods 
are limited in scope and in the diversity of accessible scaffolds. 
Alternative radical strategies suffer from rapid E/Z isomerization 
due to intrinsic instability of alkenyl radical intermediates.[3,10,18] In 
theory, a simple addition between broadly available aryl halides 
and alkynes would be the most versatile route to alkenyl halides 
(Scheme 1d). Lautens and co-workers have pioneered this area 
through the development of several multiple bonds 
carboiodination reactions.[11-13] However, the reactions between 
aryl halides and alkynes have so far been restricted to 
intramolecular cyclization processes using a limited scope of 
alkyne tethers,[11] or to processes that need to be terminated by a 
second addition reaction of the alkenyl–Pd–I intermediates onto a 

neighboring alkene moiety.[12] A notable exception was reported 
during the preparation of this manuscript, where a non-
stereoselective Ni-catalyzed alkyne aryliodination reaction 
involving radical intermediates was disclosed.[19] These features 
highlight the challenges in achieving a simple addition reaction 
that proceeds through direct reductive elimination of a alkenyl 
iodide.[20] Here, we report a Pd-catalyzed intermolecular reaction 
between a broad range of aryl iodides and internal alkynes to 
stereoselectively access alkenyl iodides. Following our recent 
studies on catalytic functional group metathesis,[21-22] we 
envisaged that a Pd catalyst and a suitable ligand would be an 
appropriate platform for the development of an intermolecular 
carboiodination reaction (Scheme 1d). However, the putative Pd–
alkenyl intermediate resulting from the oxidative addition of aryl 
iodide and alkyne insertion could participate in undesired 
oligomerization through subsequent iterative alkyne 
insertion.[17a,23]  

Scheme 1. Context of the Work. 

 

 

 

 
 

Table 1. Ligand Screening and Optimization.[a]  
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entry ligand x (mol%) yield (%)[b] Z/E selectivity 

1 L01 5 7 65 / 35[c] 

2 L01 10 64 59 / 41[c] 

3 L01 15 84 (79) 46 / 54[d] 

4 L02 5 10 >99 / 1[d] 

5 L02 10 73 >99 / 1[d] 

6 L02 15 82 (78) >99 / 1[d] 

7 L03-L05 15 < 1 - 

8 L06-L09 30 < 1 - 

 

[a] 1 (0.25 mmol), 2 (1 equiv.), Pd2(dba)3 (2.5 mol%), toluene, 125 °C, 12 h. [b] 

GC yields; isolated yields given in parentheses. Selectivities determined by GC 

analysis[c] and by 1H NMR.[d] 

 

We initially explored the possibility of transforming a simple 
internal alkyne into the corresponding alkenyl iodide using 
Xantphos (L01) as a ligand (Table 1). The catalytic Pd system 
resulted in low but unambiguous conversion to the desired 
products as a mixture of stereoisomers. This result is likely 
attributed to the high stability of the Pd(II) intermediates generated 
from oxidative addition, which prevents the regeneration of the 
active Pd(0) species. Inspired by Hartwig’s seminal work which 
has shown that the rate of reductive elimination has a linear 
dependence on the concentration of a phosphine ligand,[24] we 
could increase the yield to 84% when additional ligand was 
employed. Various other ligands including Xantphos analogues 
resulted in low conversion. In contrast, dArFpe (L02), which is 
rarely employed in Pd-catalysis,[25] led to a very active and 
selective catalyst for the desired transformation (82% yield, Z/E 
>99/1). We surmise that the use of an excess of a ligand that is 
both electron deficient and bidentate is key to favor the reductive 
elimination step. The configuration of alkenyl iodides was 
determined by NOESY NMR analysis and X-ray crystallography. 
No excess of either of the reaction partners is required for this 
transformation. While the potential of electron withdrawing ligands 
to facilitate reductive elimination has been noted in the 
literature,[24b,26] the vast majority of successful examples of C–I 
bond reductive elimination have described the use of electron-
rich, sterically hindered ligands.[20]  A rare exception to this is the 
result reported by Arndtsen and co-workers, in which they 
proposed that the presence of CO as a ligand on the Pd(II) center 

is crucial to the reductive elimination of extremely reactive aroyl 
triflate products.[27]  

We next explored the scope of aryl iodides in this 
transformation using dArFpe as a ligand and Pd2(dba)3 and  
[(allyl)PdCl]2 as Pd sources (Table 2). A large range of substituted 
aryl iodides worked well under these conditions when either 
electron-rich or -deficient functional groups were present. A wide 
range of sterically encumbered ortho-substituted aryl iodides (4–
7, 23–29) were also tolerated in this process. Using this catalytic 
reaction, several electron-rich functional groups, such as mono 
(24, 30, 35), di (8), and trialkoxy (9), thiomethoxy (36), tertiary 
amine (12, 37) and alkyl (4, 26, 38) substituents gave the 
corresponding products in high yields. Electron-poor aryl iodides 
also afforded excellent stereoselectivities and yields in this 
transformation, as illustrated by the tolerance of nitro (42), cyano 
(43), bis(trifluoromethyl) (11), fluoro (5, 6, 10, 27), esters (33, 44), 
ketone (45) and even aldehyde (46), and azo (15) groups. The 
reaction could also be used to react the more electrophilic iodide 
site exclusively, with other less reactive (pseudo)halogens, such 
as chlorides (20, 28, 39), bromides (19, 31, 32, 40) and triflate 
(41) remaining intact. Even an aryl boronic acid (52) that can 
engage in Suzuki-type couplings survived the conditions. A range 
of electron-rich and electron-poor heterocycles (13, 14, 17–23) 
can serve as good substrates in the transformation. However, the 
use of heterocycles without any proximal substituent to hinder the 
plausible coordination of heteroatom to a metal center resulted in 
low conversions. Protic functionalities such as an alcohol (47), a 
carboxylic acid (48), an indole (13) and amides (49, 50) were 
tolerated to give moderate yields. This result is noteworthy in light 
of the limitation of traditional methods which require protection of 
such functionalities. This high functional group tolerance can be 
rationalized by the high chemoselectivity of Pd-catalyzed 
reactions under mild and neutral reaction conditions, particularly 
in the absence of a strong base or anionic organometallic 
species.[15] Alkyl, alkenyl, alkynyl and allylic iodides were mostly 
unreactive under the present reaction conditions, a result that 
further highlights the high chemoselectivity of this catalytic system 
(see SI, Figure S3). Various symmetrical internal alkynes were 
reacted smoothly with aryl iodides (Table 3). We successfully 
performed a late-stage functionalization of three structurally 
different compounds derived from a chiral catalyst precursor 
(58),[28] a natural product (estrone, 59) and a pharmaceutical 
intermediate (60) (Table 3). 

Next, we focused on the scope of unsymmetrical internal 
alkynes (Table 4). A steric variation of the alkynes gave a mixture 
of regioisomers with small but non-negligible differences in 
regioselectivity. The observed selectivity apparently arises from 
preferential aryl insertion at the distal position relative to the bulky 
group. This is consistent with literature examples of 
unsymmetrical alkyne hydrofunctionalization, where the 
regiochemistry is often controlled by steric effects in the absence 
of strong differences in electronics.[4d,5,23a,29] However, in our case, 
the small difference in size between the aryl moiety and the Pd 
center does not seem to be significant enough to obtain high 
regioselectivities. In line with this hypothesis, two sterically 
hindered aryl iodides (68, 69) resulted in improved 
regioselectivities. An aryl iodide bearing a tethered alkyne group 
in its ortho position gave a selective intramolecular 6-exo-dig 
cyclic addition product (70). Terminal alkynes, such as 1-octyne 
and phenylacetylene, failed to give the desired products due to 
the formation of either oligomers or Sonogashira-type coupling 
side products.  

 

 

Table 2. Scope of Aryl Iodides.[a] 
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[a] Isolated yields (%). Aryl iodide (0.25 mmol), alkyne (1.5 equiv.), Pd2(dba)3 (2.5 mol%), dArFpe (15 mol%), toluene, 125 °C, 12 h. [b] 2 (1 equiv.). [c] 2 (1.2 

equiv.). [d] 2 (3 equiv.). [e] o-xylene, 150 °C. [f] 100 °C. [g] Pd2(dba)3 (5 mol%), dArFpe (25 mol%). [h] 24 h. [i] [(allyl)PdCl]2 (5 mol%), dArFpe (25 mol%). 

Table 3. Scope of Symmetrical Internal Alkynes and Late-Stage Functionalization.[a] 

 

[a] Isolated yields (%). For conditions see Table 2. 
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Table 4. Scope of Unsymmetrical Internal Alkynes.[a] 

 

[a] Isolated yields (%). For conditions see Table 2. [b] Pd2(dba)3 (5 mol%), 
dArFpe (25 mol%). [c] [(allyl)PdCl]2 (2.5 mol%). [d] Isolated as an 
inseparable mixture of regioisomers.  

 

 

 

Table 5. Scope of Silyl Alkynes.[a] 

[a] Isolated yields (%). For conditions see Table 2. [b] alkyne (3 equiv.). [c] 

Pd2(dba)3 (5 mol%), dArFpe (25 mol%). [d] Isolated as an inseparable mixture of 

stereoisomers.  

While a number of alkyl and aryl silyl alkynes undergo efficient 
coupling with aryl iodides with complete regioselectivity, the 
reaction led to a mixture of E/Z isomers (Table 5). The stereo- and 
regioselectivity is consistent with the intrinsic configurational 
instability of Si-substituted alkenes and regioselective 
preferences during other previously reported 
carbometallations.[16d,30] Employing sterically crowded aryl iodides 
(73−75), the reactions result in exclusive syn addition and 

regiospecific product formation. Alkenyl silanes can easily be 
transformed through subsequent desilylation, oxidation and ipso-
substitution of the silyl group.[31] 

In conclusion, we have reported the first intermolecular Pd-
catalyzed carboiodination reaction of alkynes involving the 
reductive elimination of a C(sp2)−iodine bond to give synthetically 
versatile alkenyl iodides. The use of an excess of dArFpe ligand 
relative to Pd was critical to promote the addition reaction, a 
strategy that proved effective in addressing this longstanding 
challenge in carbohalogenation chemistry. An unusually broad 
palette of diverse functional groups was tolerated and the 
resulting alkenyl iodides were stereoselectively obtained in good 
to excellent yields. 
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A completely atom economical palladium-catalyzed addition reaction has been 
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Yong Ho Lee and Bill Morandi* 

Page No. – Page No. 

Palladium-Catalyzed Intermolecular 

Aryliodination of Internal Alkynes 

 

 

 

 

 


