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ABSTRACT: A Ni-catalyzed carboxylation of unactivat-
ed primary alkyl bromides and sulfonates with CO2 at 
atmospheric pressure is described. The method is char-
acterized by its mild conditions and a remarkable wide 
scope without the need for air- or moisture-sensitive 
reagents, thus becoming a user-friendly and operational-
ly simple protocol en route to carboxylic acids. 

The utilization of CO2 as an alternative renewable feed-
stock has recently received a significant attention in the 
scientific community.1 Such interest is primarily associ-
ated to the fact that CO2 is nontoxic, abundant and non-
flammable, hence constituting an opportunity for carbon 
sequestration and allowing the implementation of inno-
vative, yet practical, methodologies counterintuitive at 
first sight.1 Beyond any doubt, the synthesis of carbox-
ylic acids represents an ideal target in CO2 fixation since 
a myriad of molecules such as Atorvastatin, Beraprost, 
Artesunate, Pemetrezed or Pregabalin, among others, 
display a significant biological activity (Scheme 1).2,3  

Scheme 1. Biological Significance of Carboxylic Acids. 
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Encouraged by a seminal work of Osakada and Yama-
moto,4 we5 and others6 launched a program aimed at 
unlocking the potential of CO2 in reductive catalytic 
reactions (Scheme 2, path a).7 Unlike carboxylation 
events based on stoichiometric, well-defined and, in 

some cases, air-sensitive organometallic species (path 
b),8,9 such reductive events offer higher flexibility and 
ease of execution by using simpler building blocks, thus 
representing an added value from a simplicity, reliability 
and step-economical standpoint. Unfortunately, reduc-
tive carboxylation protocols are inherently restricted to 
substrates that rapidly undergo oxidative addition such 
as aryl5,6 or benzyl halides (path a).5a,5b Ideally, this field 
should include the use of unactivated alkyl electrophiles 
possessing β-hydrogens. Indeed, these substrates are the 
most challenging in the cross-coupling arena due to their 
reluctance towards oxidative addition and the proclivity 
of in situ generated alkyl metal species for β-hydride 
elimination, homodimerization or hydrogen abstraction 
pathways, among others. 10 Therefore, at the outset of 
our investigations it was unclear whether a metal-
catalyzed carboxylation event could ever be conducted 
with unactivated alkyl electrophiles.11 If successful, such 
a process would offer an unrecognized opportunity in 
CO2 fixation while opening up new possibilities via un-
conventional bond disconnections. Herein we report a 
mild Ni-catalyzed carboxylation of unactivated primary 
alkyl bromides and sulfonates possessing β-hydrogens 
with CO2 (path c). The protocol represents a convenient 
method to rapidly access carboxylic acids from simple 
precursors without handling air-, moisture-sensitive rea-
gents or cyanide sources and it is characterized by a 
wide scope and an excellent chemoselectivity profile. 

Scheme 2. Reductive Carboxylation Reactions with CO2.  
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We initiated our investigations with 1a as the model 
substrate with CO2 (1 atm) at room temperature (Table 
1). As expected, the conditions previously employed for 
the carboxylation of aryl halides5c,6 or primary benzylic 
halides5a,5b failed to convert 1a into 2a. Initial screening 
of metal complexes identified NiCl2·glyme as a compe-
tent catalyst with cheap Mn as reducing agent.12 While 
nitrogen donors have successfully been employed as 
ligands in cross-coupling reactions of unactivated alkyl 
halides,13 no conversion to 2a was observed with com-
monly employed bipyridines, tert-pyridines or oxa-
zolines (L1-L9).12 In these cases, dimerization, β-
hydride elimination and recovered starting material was 
observed in the crude reaction mixtures. A similar reac-
tivity pattern was found when employing simple phe-
nanthroline-type ligands (L10-L13). We speculated that 
an increase in the steric bulk around the nitrogen-donor 
ligand could lead to more robust Ni complexes with en-
hanced stability and greater activity. In line with this 
notion, we found that L14 delivered 2a in 66% yield. 
Analogously, L16, a bench-stable ligand readily ob-
tained in one-step and in bulk quantities,14 allowed for 
obtaining 2a in a 76% isolated yield. Dimerization and 
traces of β-hydride elimination byproducts account for 
the observed mass balance.15 Importantly, the reaction 
could be scaled up without any erosion in yield. Intri-
guingly, subtle changes in the electronic or steric envi-
ronment of the 1,10-phenanthroline backbones had a 
deleterious effect (L15 and L17).16 Control experiments 
unambiguously revealed that all reaction components 
were necessary to promote the carboxylation of 1a.12,17 

Table 1. Ligand influence on the reaction outcome.a,b 
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a Reaction conditions: 1a (0.15 mmol), NiCl2·glyme (10 
mol%), L (22 mol%), Mn (0.33 mmol), DMA (0.15 M), at 
rt under CO2 (1 atm) for 12 h. b Yields were determined by 
HPLC analysis using naphthalene as internal standard. c 
Isolated yield. d 1a (1.0 mmol). e NiCl2·glyme (5 mol%). 

 

 

 

 

Table 2. Ni-catalyzed Carboxylation of Alkyl Bromides.a,b 
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a Reaction conditions: 1a-u (0.30 mmol), NiCl2·glyme (10 
mol%), L16 (22 mol%), Mn (0.66 mmol), DMA (0.15 M), 
at rt under CO2 (1 atm) for 12 h. b Isolated yields, average 
of at least two independent runs. c Using L14 (22 mol%). 

Encouraged by these findings, we set out to explore the 
preparative scope of our reaction. As shown in Table 2, 
a host of unactivated primary alkyl bromides possessing 
β-hydrogens could be equally accommodated in good 
yields.18,19 Particularly illustrative is the chemoselectivi-
ty profile of our protocol as esters (2f, 2i-l, 2r, 2t, 2w 
and 2y), nitriles (2g), heterocycles (2k and 2l), acetals 
(2e), amides (2o), ketones (2j and 2n) and even alde-
hydes (2q) were tolerated. Notably, unprotected aliphat-
ic alcohols (2h), phenols (2s) or carbonyl compounds 
containing relatively acidic α-protons (2g, 2i, 2j, 2n, 2o 
and 2w) did not compete with the efficacy of the car-
boxylation event. At the current level of development, 
unactivated secondary alkyl bromides cannot be em-
ployed as coupling partners.19 Surprisingly, the reaction 
could also be conducted in the presence of aryltin rea-
gents (2p) with L14, thus providing ample opportunities 
for subsequent manipulation. Interestingly, no macrocy-
cle resulting from an intramolecular addition of the ar-

yltin into the C(sp3)–Br bond or a carboxylation event 
on the C–Sn bond were detected in the crude material.19 
While conformational restrictions might account for the 
former, the latter is particularly interesting since organ-
otin reagents have been reported to efficiently undergo 
carboxylation events.20 Similarly, L14 provided better 
results for 2s. Site-selectivity could be accomplished in 
the presence of electrophilic sites amenable for Ni-
catalyzed cross-coupling reactions such as aryl pivalates 
(2t),21 acetates (2y),21 carbamates (2v)21 or aryl fluorides 
(2r).22 While aryl chlorides,6a tosylates6a or pivalates5a 
have been used in reductive carboxylation reactions, we 
found exclusive CO2 insertion into the C(sp3)–Br bond 
(2t, 2u-2x). The synthetic value of this transformation is 
illustrated by a concise synthesis of compounds that ex-
hibit potent biological activities such as MCPB (2x) and 
α-CEHC (2y) from available precursors.12 

Table 3. Ni-catalyzed Carboxylation of Alkyl Sulfonates.a,b 
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a 3a-f (0.30 mmol), NiBr2·glyme (10 mol%), L14 (26 
mol%), Mn (2.4 equiv), DMF (0.15M) at 50 ºC for 12 h. 
b Isolated yields, average of at least two independent 
runs. c 60 ºC. d 100 ºC. e 7.5 mol% NiBr2·glyme. f 70 ºC. 

In light of these results we wondered whether we could 
extend our Ni-catalyzed reductive carboxylation event to 
unactivated alkyl sulfonates. While the reaction of 3b 
under the optimized conditions for alkyl bromides (Ta-
ble 2) resulted in lower conversions to products, the 
combination of NiBr2·glyme, L14 and DMF as the sol-
vent at 50 ºC under 1 atm CO2 was optimal, furnishing 
the corresponding carboxylic acid in 76% yield.12,14 In-
terestingly, alkyl mesylates (3c) or trifluoroacetates (3d) 
could also be employed, albeit in lower yields. Notably, 
the presence of other C-O electrophiles such as alkyl 
pivalates did not interfere, resulting in the selective car-
boxylation of the alkyl sulfonate backbone (3f). Overall, 
we believe the results in Tables 2 and 3 shows the ro-
bustness and the prospective impact of our Ni-catalyzed 
carboxylative protocol when employing unactivated 
alkyl bromides or alkyl sulfonates.23 

Although an in depth mechanistic study should await 
further investigations, we wondered whether the reaction 
was initiated by β-hydride elimination followed by a 
hydrocarboxylation event.24 To such end, we subjected 
5-phenyl pentene (5) under our optimized conditions. 



 

Under the limits of detection, we did not detect any car-
boxylation reaction.12 A similar result was obtained 
when exposing n-butylMnBr (6) to our Ni/L16 system in 
the presence or absence of Mn, thus leaving some doubt 
about the intermediacy of organomanganese species.12 
In order to shed light into the mechanism, we decided to 
study the carboxylation reaction of 7a and 7b (Scheme 
3).12 A diastereomerically pure 8 was anticipated for a 
mechanism consisting of a “classical” oxidative addi-
tion;25 on the contrary, a statistical mixture of diastereoi-
somers in 8 would account for a free-radical mechanism 
via single electron transfer (SET). As shown in Scheme 
3, 1H-NMR spectroscopical analysis of the crude mix-
ture revealed the loss of stereochemical integrity at C1.26 
A similar behavior was found for 7c and 7d, an observa-
tion that might indicate a scenario consisting of SET 
processes via Ni(I) species. 27-31 In line with this notion, 
we observed that radical clocks such as (bromome-
thyl)cyclopropane and 1-bromo-5-hexene resulted in 
ring-opened dimerization products. 

Scheme 3. Mechanistic experiments. 
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In summary, we have reported a new catalytic carboxy-
lation of unactivated primary alkyl bromides and sul-
fonates possessing β−hydrogens with CO2 that gives 
access to valuable carboxylic acids. This method is 
characterized by its exquisite functional group compati-
bility, mild conditions, readily availability of the starting 
materials and ease of execution without the need for air- 
or moisture-sensitive materials. Further investigations 
into the mechanism and the extension to more challeng-
ing substrate combinations are currently underway. 
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