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Formylation

Microwave-Assisted Formylations of Weakly Basic Anilines with
Methyl Formate Catalyzed by Calcium and Hydrogen Triflimides
Eric Tan,[a] Sosthène Ung,[a] and Matthieu Corbet*[a]

Abstract: Catalytic amounts of calcium and hydrogen triflim-
ides [Ca(NTf2)2, HNTf2] were found to be efficient for the sol-
vent-free formylation of a variety of weakly basic anilines by
using cheap and widely available methyl formate as the form-
ylating agent under microwave irradiation. Initial investigations

Introduction
N-Formylation is a very important and ubiquitous transforma-
tion in organic synthesis.[1] It is traditionally used as an effective
strategy to protect amines,[2] especially in the field of peptide
chemistry, and as the first step toward the rich chemistry of
isocyanides,[3] isocyanates,[4] and amidines.[5] Interestingly, the
resulting formamides have not only been reported to be inter-
mediates in the manufacture of some pharmaceuticals, but
have also been reported to possess biological activities them-
selves.[1] Today, their main uses remain as industrial solvents
and formylating agents.[6]

Historically, toxic reagents such as chloral were routinely em-
ployed, which generated stoichiometric amounts of chloroform
as a byproduct.[7] Later on, alternative N-formylating agents ap-
peared in the literature but were not necessarily deemed
safer.[1] Today, N,N-dimethylformamide (DMF)[6c,6d] and formic
acid are commonly used because of their wide availability and
low cost.[8,9] However, their lack of reactivity usually calls for
harsh reaction conditions together with stoichiometric amounts
of activating agents, especially if amines of low nucleophilicity
(e.g., aromatic) are involved. In addition, the high toxicity of
DMF and the corrosive nature of formic acid can preclude the
development of industrial processes. Recently, tremendous re-
search on the chemical valorization of carbon dioxide has led
to the disclosure of efficient catalytic N-formylation reactions
involving CO2 and a stoichiometric reducing reagent such as
hydrogen, hydrosilanes, or hydroboranes.[10] Even though these
strategies bring the undeniable advantage of using a cheap
and widely available feedstock, they suffer from the necessity
of using expensive catalysts as well as excess amounts of bases
at elevated pressures of CO2 and H2 for extended reaction times
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showed that in the case of calcium triflimide, Brønsted acid
catalysis was most likely operating. Remarkably, the corre-
sponding calcium triflate and triflic acid were significantly less
active.

if formanilides are targeted (weakly basic anilines usually do
not react under these conditions).[10a]

Although formic acid alkyl esters (alkyl formates) are usually
nontoxic and noncorrosive substitutes for DMF and formic acid,
only a few catalytic syntheses of formamides from aromatic
amines have been disclosed. The catalysts reported range from
Brønsted and Lewis acids to organic bases, as well as hetero-
geneous catalysts.[11] For instance, p-toluenesulfonic acid,[11a]

trifluoroacetic acid,[11b] formic acid,[11g] as well as an excess
amount of sodium hexamethyldisilazane have been de-
scribed.[11e] Nevertheless, in most cases, the catalysts are too
costly or corrosive (or both), the yields could still be
improved, and the use of expensive alkyl formates such as
ethyl,[11a,11c,11e–11i] n-propyl,[11d] and n-butyl[11b] is the rule, not
the exception. Given that methyl formate is a more cost-effect-
ive N-formylating agent,[9] the development of eco-efficient
strategies for the synthesis of formanilides with it, especially
substituted with electron-withdrawing groups, is highly desir-
able. In this respect, some recent patents described the use of
methyl formate for the formylation of aniline derivatives, but
examples were limited to substrates bearing electron-donating
groups only.[12] Whereas no catalyst was used in these instan-
ces, extended reaction times along with huge excess amounts
of methyl formate were needed to achieve moderate yields of
the products, except under microwave heating.[12a] Strikingly, in
another example, 4 days at reflux was required to obtain p-
tolylformamide in only 56 % yield.[13a] The addition of catalytic
amounts (5 mol-%) of strong organic bases such as bicyclic
guanidines were shown to give better results at room tempera-
ture in reasonable time spans (8–48 h).[13b] Unfortunately, the
formylation of p-nitroaniline was very difficult (30 % yield), de-
spite the higher temperature and longer reaction time (4 d).
Sodium hydride and sodium methoxide were also shown to
give acceptable yields with electron-rich substrates.[13c,13d] Re-
actions with phosphoric acid as well as zinc and ytterbium salts
were also devised for the N-formylation of aromatic amines un-
der autogenous pressures in good yields, but the use of toxic
N,N-dimethylacetamide as the solvent and the lack of generality
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represented clear drawbacks – only diaminotoluene derivatives
and aniline were reported as examples.[14]

We sought to develop an eco-efficient N-formylation method
for anilines of reduced nucleophilicity by using a catalyst based
on an inexpensive, nontoxic, and abundant metal. The high af-
finity of calcium for oxygen coupled with the increasing popu-
larity of related catalysts led us to select calcium triflimide
[Ca(NTf2)2] as a Lewis acid candidate with high potential.[15] In
fact, it was only recently that the catalytic ability of calcium-
based catalysts was assessed and recognized in a wide range
of transformations: they include, but are not limited to, Friedel–
Crafts reactions, Luche-type reductions, multicomponent reac-
tions, cyclopropanations, cycloadditions, hydroaminations, and
even enantioselective reactions.[15,16] To the best of our knowl-
edge, N-formylation reactions with the use of calcium triflimide
have not yet been reported, despite the tremendous work of
Niggemann and co-workers in the field.[15]

Results and Discussion
We initiated our investigations with aniline (1a) as the model
substrate (Table 1).

Table 1. Initial screening with aniline (1a).[a]

Entry Ca(NTf2)2 HCO2Me T t Conversion
[mol-%] [equiv.] [°C] [h] [%][b]

1 10 10 115 1 >99
2 10 5 115 1 >99 (49)
3 5 10 115 1 >99
4 3 5 90 2 >99[c] (46)
5 2 10 115 1 93
6 1 10 115 1 79

[a] Reaction conditions: a 0.5–2 mL microwave vial was charged successively
with Ca(NTf2)2 (1–10 mol-%), 1a (2 mmol), methyl formate (n equiv.), and a
magnetic stir bar. The vial was then sealed, placed in a microwave reactor,
and heated at the set temperature for the noted time. [b] Conversion was
determined by 1H NMR spectroscopy. Conversion of control experiments
without catalyst is given in parentheses. [c] Conditions reported in ref.[14]

We found that 1a (pKaH = 4.6)[17] could be efficiently con-
verted into desired formanilide 2a with calcium triflimide (5–
10 mol-%) as the catalyst and methyl formate (5–10 equiv.) as
the formyl source without additional solvent (Table 1, entries 1–
4). Surprisingly, the presence of the catalyst was not mandatory
to reach about half conversion after 2 h at 90 °C by using micro-
wave heating following the published conditions (Table 1, en-
try 4).[14,18] Hence, we changed our model substrate to less ba-
sic 1b (pKaH = 3.5) (Table 2). As expected, the absence of cal-
cium triflimide did not allow the reaction to proceed at reasona-
ble rates (Table 2, entries 1–4; numbers in parentheses), but
high conversions into 3-bromoanilide (2b) were observed if dif-
ferent catalyst loadings and amounts of methyl formate were
used (Table 2, entries 1–6).[19] At a lower temperature (e.g.
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90 °C), the reaction became rather sluggish (Table 2, entry 7),
whereas no product was obtained at 50 °C, even in the pres-
ence of the catalyst (Table 2, entry 8). Notably, the amounts of
calcium triflimide and methyl formate could be decreased to
5 mol-% and 5 equiv., respectively, without affecting the con-
version (Table 2, entry 9). Control experiments with thermal
heating (Table 2, entry 10) or the addition of Bu4NPF6 (Table 2,
entry 11) under otherwise identical reaction conditions did not
lead to any improvements,[20] and substituting calcium triflate
for calcium triflimide gave poorer results (Table 2, entries 12
and 13).[21] We thus selected the conditions from entry 9
(Table 2) to study the scope and limitations of the reaction.

Table 2. Optimization of the reaction conditions with 3-bromoaniline (1b).[a]

Entry Catalyst HCO2Me T t Conversion
[mol-%] [equiv.] [°C] [h] [%][b]

1 10 10 115 0.5 71 (9)
2 10 10 115 1 >99 (10)
3 10 5 115 1 89 (9)
4 5 10 115 1 87
5 2 10 115 1 44
6 1 10 115 1 33
7 10 10 90 1 33 (9)
8 10 10 50 1 0 (0)
9 5 5 115 1 >99 (9)
10 5 5 115 1 84[c]

11 5 5 115 1 97[d]

12 10 10 115 1 66[e] (10)
13 5 10 115 1 56[e] (10)

[a] Reaction conditions: a 0.5–2 mL microwave vial was charged successively
with the catalyst (1–10 mol-%), 1b (2 mmol), methyl formate (n equiv.), and
a magnetic stir bar. The vial was then sealed, placed in a microwave reactor,
and heated at the set temperature for the noted time. [b] Conversion was
determined by 1H NMR spectroscopy. Conversion of control experiments
without catalyst is given in parentheses. [c] Oil bath heating. [d] With Bu4NPF6

(5 mol-%). [e] With Ca(OTf)2 as catalyst.

Different substituted anilines were chosen to assess the ac-
tivity of the calcium salt in this transformation further (Table 3).
Anilines endowed with electron-donating groups such as
ethoxy and ethyl reacted smoothly (quantitative conversions)
to give the desired formanilides in excellent yields (Table 3,
entries 1 and 2). Substrates with pKaH values falling between
4.6 and 3.5 were also fully converted into the corresponding
products, and excellent yields were obtained (Table 3, entries 4–
7). Even secondary aniline 1e reacted rather efficiently (Table 3,
entry 3). Importantly, the reaction of 1b with methyl formate
could be easily scaled up (3 g of starting material) without af-
fecting the reaction rate or yield (Table 3, entry 6). Upon em-
ploying weakly basic anilines (pKaH < 3.5), moderate to very
good yields were still obtained under identical conditions
(Table 3, entries 8–15). The rather low yield obtained for com-
pound 2o (48 %; Table 3, entry 15) could be explained by the
low reactivity of its precursor (i.e., compound 1o), which is the
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Table 3. Scope of the reaction with substituted anilines.[a]

[a] Reaction conditions: a 0.5–2 mL microwave vial was charged successively
with Ca(NTf2)2 (5 mol-%), 1a–p (2 mmol), methyl formate (5 equiv.), and a
magnetic stir bar. The vial was then sealed, placed in a microwave reactor,
and heated at 115 °C for 1 h. [b] Values from ref.[17c] and reduced by one
decimal place. [c] Yield of isolated product after purification by flash chroma-
tography. [d] Value from ref.[17d] [e] Simulated value by using MarvinSketch
Software. [f ] Result on a 14 mmol scale. [g] Value from ref.[17b] [h] 40 % con-
version.

Eur. J. Org. Chem. 2016, 1836–1840 www.eurjoc.org © 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim1838

result of both the steric hindrance exerted by the trifluoro-
methyl group at the ortho position and the low nucleophilicity
of the nitrogen atom induced by the presence of two electron-
withdrawing groups on the aromatic ring. Finally, despite 40 %
conversion of 1p, the low solubility of p-nitroformanilide (2p)
during chromatography only allowed its isolation in 15 % yield
(Table 3, entry 16). Overall, the reactivity of anilines 1a–p
roughly followed their respective pKaH values: the more basic
the aniline, the higher the conversion.

Other N-nucleophiles were also examined (Scheme 1). As an-
ticipated, aliphatic morpholine (3) reacted efficiently, even in
the absence of a catalyst. However, no reaction was observed
with carbamates 5 and 6.

Scheme 1. Reaction with other N-nucleophiles.

To evaluate the performance of this catalytic system in N-
acylation reactions, methyl formate was replaced with ethyl
acetate. Unfortunately, only the starting material was recovered
under the same conditions [Equation (1)].[22]

(1)

Given that it is now well established that some metal triflates
and triflimides can be readily hydrolyzed to release triflic acid
(HOTf ) and triflimidic acid (HNTf2), respectively,[21] we decided
to investigate this eventuality under our reaction conditions.
Hence, we repeated some experiments with 2 mol-% of
triflimidic acid and compared the conversions of anilines 1a–o
into corresponding products 2a–o with those obtained previ-
ously (Table 4).

We found that the conversions obtained with HNTf2 were in
the same range as those reached with calcium triflimide as the
catalyst. Furthermore, thermogravimetric analysis of a sample
of Ca(NTf2)2 showed that it was in the form of a tetrahydrate
[Ca(NTf2)2·4H2O, see the Supporting Information], which is con-
sistent with the structure reported by DesMarteau and co-work-
ers.[23] In light of these results, we cannot exclude the involve-
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Table 4. Comparison of the activities of Ca(NTf2)2 (5 mol-%) and HNTf2 (2 mol-
%).[a]

Entry Aniline Conversion with Conversion with
Ca(NTf2)2 [%][b] HNTf2 [%][b]

1 1a >99 96
2 1b >99 >99
3 1b >99 80[c] (55)[d]

4 1c >99 >99
5 1d >99 95
6 1e 63 43
7 1f >99 97
8 1g >99 89
9 1h 90 90
10 1i 90 85
11 1j 67 57
12 1k 70 68
13 1l 85 80
14 1m 65 65
15 1n 70 70
16 1o 50 45

[a] Reaction conditions: methyl formate (5 equiv.) was added to a 2 mL micro-
wave vial equipped with a magnetic stir bar and a mixture of 1a–o (2 mmol)
and Ca(NTf2)2 (5 mol-%) or HNTf2 (2 mol-%). The vial was then capped, placed
in a microwave reactor, and heated at 115 °C for 1 h. [b] Conversion was
determined by 1H NMR spectroscopy. [c] HNTf2 (1 mol-%). [d] HOTf (1 mol-
%).

ment of Brønsted acid catalysis in this reaction if Ca(NTf2)2 is
used alone. Worthy of note, the use of triflic acid (1 mol-%) as
the catalyst (Table 4, entry 3; number in parentheses) was less
effective than the use of an identical loading of HNTf2, which
is reminiscent of the differences in activity observed between
calcium triflate and calcium triflimide (Table 2, entries 2 and
12).

Conclusions

In summary, we uncovered that calcium triflimide was an effi-
cient catalyst for the solvent-free microwave-assisted N-formyl-
ation of different weakly basic anilines by using a noncorrosive
and cheap formylating agent. On the other hand, calcium tri-
flate showed lower performance under the same reaction con-
ditions. This was attributed to the superior Lewis acidity of
metal triflimides relative to that of their triflates counterparts.[21]

Additional control experiments showed that formylations of
weakly basic anilines could also be achieved with HNTf2. How-
ever, in practice the use of Ca(NTf2)2 as the catalyst was pre-
ferred, as its handling was much easier: no special precautions
to exclude air or moisture were required. Although an excess
amount of the formylating agent was used in this transforma-
tion, no additional (toxic) solvents were required and unreacted
methyl formate should be easily recovered together with the
methanol formed. The recycling of calcium triflimide is currently
the object of further investigations.

Experimental Section
General Procedure for the Synthesis of Formanilides: A 0.5–2 mL
microwave vial was charged successively with Ca(NTf2)2 (60 mg,
0.1 mmol, 5 mol-%), aniline 1a–p (2 mmol), methyl formate (0.6 mL,
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10 mmol, 5 equiv.), and a magnetic stir bar. The vial was then
sealed, placed in a microwave reactor, and heated at 115 °C for 1 h
in high absorption mode. The volatiles were then removed under
reduced pressure, and the crude residue was purified by automated
flash chromatography on silica gel to give 2a–p.

Keywords: Synthetic methods · Microwave chemistry ·
Formylation · Anilines · Brønsted acids
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