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ABSTRACT: Old multicomponent reactions are still a source of inspiration for
discovering novel combinations of three or more reactants. A simple idea is to
replace one of the educts of a known multicomponent reaction with another
functional group and still be able to mimic the same reactivity. Following this line
of thought, we report a three-component reaction in which isocyanides are able to
open the epoxide intermediate of the Bargellini reaction affording 3-carboxamido-
isobutyric acids in yields of 47−95%.

3-Carboxamido-isobutyric acids (3-CIAs) are important chem-
ical intermediates for the synthesis of a large array of
pharmaceutically relevant scaffolds. They have been reported,
to cite a few, as intermediates for the synthesis of CCRs
antagonists for the treatment of HIV infection (1),1 γ-secretase
inhibitors (2),2 inverse agonists of ROR-γ receptors (3),3

thrombin inhibitors (4),4 Glp-1 receptor agonists (5),5

bromodomain inhibitors (6),6 isomalyngamide A analogues
(7) with antimigratory activity in human breast cancer cells,7

and plasma stable hydroxamates (8)8 (Figure 1).

Usually, 3-CIAs are synthesized from diethylmalonate
through a base-promoted dimethylation and a sequence of
three synthetic steps, namely, (i) mono ester hydrolysis, (ii)
coupling with an amine, and (iii) saponification.8 More
recently, the use of Meldrum’s acid allowed for an improved
and faster two-step synthesis of these compounds.7

As a continuation of our research interest in the identification
of novel suitable electrophiles as partners of isocyanides,9 we
envisaged the possibility of obtaining 3-carboxamido-isobutyric
acid derivatives 13 in a single chemical operation, through the
in situ formation of Bargellini epoxide 11, (2,2-dichloro-3,3-
dimethyloxirane), and subsequent epoxide ring opening with
isocyanides 12 (Scheme 1).

It should be mentioned that it is known from the literature
that isocyanides are not sufficiently nucleophilic to open
epoxides by themselves, requiring the assistance of a strong
Brønsted or Lewis acid.10,11 Unfortunately, both acids can
activate undesired synthetic pathways: Brønsted acids (e.g.,
tosic acid) trigger a pinacol-type rearrangement with the
formation of a carbonyl compound (Scheme 2a),10 while Lewis
acids (e.g., BF3·Et2O or AlCl3) lead to a rapid cationic
polymerization of the isocyanides and to the formation of 2,3-
diiminofurans 18 in modest yields (25−50%) (Scheme 2b).11

Despite these evident problems with the epoxides, we reasoned
that, because of its carbocationic nature, intermediate 11 might
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Figure 1. Examples of 3-CIAs as key intermediates in the synthesis of
pharmaceutically relevant compounds.

Scheme 1. Synthesis of 3-CIAs via Ring Opening of
Bargellini Epoxide
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be more prone to be intercepted by isocyanides without the
necessity of activators.
The original Bargellini reaction, reported in 1907, involves a

base-mediated ring formation of an epoxide, starting from
acetone, chloroform, and sodium hydroxide, and its opening
with phenols to give α-phenoxyisobutyric acids.12 Despite the
evident potentiality of this transformation, it was neglected for
more than 40 years when Galimberti and co-workers at
Schering (Milan, Italy) resumed the use of this reaction,
demonstrating the successful replacement of the phenol group
with other nucleophiles such as thiophenols,13 ureas and
thioureas,14 semicarbazides and thiosemicarbazides,15 secon-
dary alcohols, benzotriazoles, and guanidine.12a,16,17 Other
authors showed that anilines,18a,b imidazole,18b or bifunction-
alized substrates such as diamines and β-amino alcohols19 and
2-aminobenzamide20 were also valuable replacements for the
phenol group.
Stimulated by these results21,22 and because of the fact that

the basic conditions of Bargellini reaction are compatible with
the survival of the isocyano group, we evaluated the ability of
isocyanides to open epoxide intermediate 11.
In a first attempt, a two-step, one-pot reaction was performed

using the classical conditions reported for the Bargellini
reaction.21a Acetone (9), chloroform (10), and sodium
hydroxide were reacted for 30 min at 0 °C to preform the
2,2-dichloro-3,3-dimethyloxirane (11); cyclohexylisocyanide
(19) was then added, and the reaction mixture was stirred
for 20 h at room temperature. To our delight, the desired
compound (20) was obtained in 70% yield (Scheme 3a).
This encouraging result prompted us to investigate the

feasibility of a one-pot procedure. We therefore mixed acetone
(9), chloroform (10), sodium hydroxide, and cyclohexyliso-
cyanide (19) at 0 °C, so that the 2,2-dichloro-3,3-dimethylox-

irane intermediate (11) could be intercepted by the isocyanide
as soon as it has been formed in situ. The desired product (20)
was obtained in 90% yield (Scheme 3b).
A working hypothesis for the formation of 20 is reported in

Scheme 4. In detail, sodium hydroxide abstracts a proton from

chloroform (10), forming a carbanion (21), which is able to
attack acetone (9) to give the unstable carbinol (22). The latter
cyclizes to give the 2,2-dichloro-3,3-dimethyloxirane intermedi-
ate (11), as shown by Weizmann,23 which is then intercepted
by cyclohexylisocyanide (19) in an SN2 reaction with
substantial SN1 character. The resulting nitrilium ion (23) is
intercepted by the hydroxide ion to form the iminol (24),
which then tautomerizes to the more stable amide (20).
Concomitantly, the acyl chloride is hydrolyzed to the
carboxylate ion. Besides the energy released by the epoxide
ring opening, the whole process is thermodynamically favored
by the oxidation of both the isocyanide and chloroform carbon
atoms.
The scope of this novel multicomponent reaction was then

examined using different isocyanides. As shown in Table 1, the
corresponding 3-carboxamido isobutyric acids were always
obtained in excellent yields. In particular, primary (26, 36, and
37), secondary (19, 34, and 38), and tertiary isocyanides (29,
31, and 32) as well as aromatic (27, 28, 33, and 35) and
benzylic isocyanides (30), and even 1,4-diisocyanobutane (37),
were able to open the Bargellini epoxide to give a wide library

Scheme 2. Literature-Reported Epoxide Ring Opening with
Isocyanides

Scheme 3. Test Reactions for the One-Pot Formation of 3-Carboxamido-Isobutyric Acids

Scheme 4. Proposed Reaction Mechanism for the Formation
of 3-Carboxamido-Isobutyric Acids
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of 3-carboxamido-isobutyric acids (20 and 39−51). In the work
with the carbonyl component, it has been demonstrated that
classical Bargellini reaction works well only with acetone, fails
with acetophenones, diethylketone, and diphenylketones, and is
rather capricious with methylethylketone and methylpropylke-
tone.24 To date, to the best of our knowledge, no attempt has
been made to rationalize these puzzling results. Despite in some
literature reports successful examples of Bargellini reaction with
cyclohexanone,25 N-tert-butyloxycarbonyl-4-piperidone18c and
ninhydrin26 have been described; in our case, we obtained
excellent results only with acetone as a carbonyl partner.
In conclusion, in this note we report a new multicomponent

process involving the ring opening of the Bargellini epoxide
with isocyanides, yielding, in good to excellent yields (47−
95%), 3-carboxamido-isobutyric acid derivatives without the
need for protection−deprotection maneuvers or the use of
condensation agents. Albeit a particular case, this is the first
report of a successful nucleophilic addition of isocyanides to
epoxides, and also the first case of a Bargellini reaction

involving a carbon nucleophile. It is noteworthy that, according
to the principle of MCRs, the newly discovered transformation
is characterized by ease of performance and a high bond-
forming efficiency as two new C−C bonds and three new C−O
bonds are formed in the one-pot process. The wide use of 3-
carboxamido isobutyric acids as synthetic intermediates to
obtain pharmaceutically relevant molecules, as supported by the
many patent applications, allows us to hope that a synthetic
procedure employing simple and cheap starting materials such
as acetone, chloroform, and sodium hydroxide will be
welcomed. Finally, we highlight the fact that the successful
identification of a neglected nucleophile for the Bargellini
reaction casts doubt on the use of other ignored nucleophiles.

■ EXPERIMENTAL SECTION
General Information. Commercially available reagents and

solvents were used without further purification. Melting points were
determined in open glass capillaries and are uncorrected. All the
compounds were characterized by IR. 1H and 13C APT NMR spectra

Table 1. Library of Synthesized 3-Carboxamido-Isobutyric Acidsa

aReaction conditions: acetone (5 equiv), chloroform (7.5 equiv), sodium hydroxide (7.5 equiv), isocyanide (1 equiv), stirring at 0 °C for 30 min and
then at rt overnight.27
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were recorded on 400 and 300 MHz instruments. High-resolution ESI-
MS spectra were recorded on a LTQ Orbitrap mass spectrometer. The
spectra were recorded by infusion into the ESI source using MeOH as
the solvent. Chemical shifts (δ) are reported in parts per million
relative to the residual solvent peak. Column chromatography was
performed on silica gel (70−230 mesh ASTM) using the reported
eluents. Thin layer chromatography (TLC) was conducted on 5 cm ×
20 cm plates with a layer thickness of 0.25 mm (Silica gel 60 F254).
They were developed with Bromocresol Green.
Caution: One known disadvantage of Bargellini reaction concerns safety

issues resulting f rom the exothermic nature of the reaction when it is
performed on a large scale.
General Preparation of 3-Substituted 3-Amino-2,2-dimeth-

yl-3-oxopropanoic Acids (20 and 39−51). In a round-bottom
flask, acetone (0.368 mL, 5 mmol), chloroform (0.601 mL, 7.5 mmol),
sodium hydroxide (0.300 g, 7.5 mmol), and the isocyanide (1 mmol)
were mixed and stirred at 0 °C for 30 min and then at room
temperature overnight. The reaction mixture was diluted with water,
washed with EtOAc (three times); the aqueous phase was acidified to
pH 2 with 2 M HCl and extracted with EtOAc (three times). The
organic layers were washed with brine, dried over Na2SO4, and
concentrated under reduced pressure. Compounds 40, 41, 46, and
48−51 were further purified by column chromatography.
3-(Cyclohexylamino)-2,2-dimethyl-3-oxopropanoic Acid (20).

Reddish solid (201 mg, 95% yield): 1H NMR (400 MHz, DMSO-
d6) δ 12.39 (br s, -COOH), 7.26 (br d, -NH), 3.52−3.46 (m, 1H),
1.65−1.52 (m, 6H), 1.24 (s, 6H), 1.20−1.16 (m, 4H); 13C NMR (100
MHz, DMSO-d6) δ 175.7, 171.6, 49.7, 48.4, 32.5, 25.7, 25.3, 23.6; IR
(KBr) νmax 3346, 2983, 2851, 1725, 1550, 1237, 908 cm−1; mp 150−
151 °C; HRMS (ESI) m/z (M + H)+ calcd for C11H20NO3

+ 214.1438,
found 214.1432 [M + H]+.
2,2-Dimethyl-3-oxo-3-(pentylamino)propanoic Acid (39). Yellow-

ish solid (161 mg, 80% yield): 1H NMR (400 MHz, DMSO-d6) δ
12.38 (br s, -COOH), 7.54 (br d, -NH), 3.02−2.98 (m, 2H), 1.38−
1.35 (m, 2H), 1.26−1.18 (m, 10H), 0.84−0.81 (m, 3H); 13C NMR
(100 MHz, DMSO-d6) δ 175.8, 172.5, 50.0, 39.5, 29.3, 29.1, 23.8, 22.5,
14.6; IR (KBr) νmax 3395, 2934, 2857, 1739, 1604, 1467, 1144, 877
cm−1; mp 85−86 °C; HRMS (ESI) m/z (M + H)+ calcd for
C10H20NO3

+ 202.1438, found 202.1432 [M + H]+.
3-[(4-Methoxyphenyl)amino]-2,2-dimethyl-3-oxopropanoic Acid

(40). The crude material was purified by column chromatography
using a 7:3 n-hexane/EtOAc eluant to give a brownish solid (112 mg,
47% yield): 1H NMR (400 MHz, CDCl3/CD3OD) δ 8.73 (br d,
-NH), 7.36 (br d, J = 8.1 Hz, 2H), 6.80 (br d, J = 8.1 Hz, 2H), 5.45 (br
s, -COOH), 3.73 (s, 3H), 1.51 (s, 6H); 13C NMR (100 MHz, CDCl3)
δ 178.7, 170.8, 156.9, 130.1, 122.5, 114.1, 55.4, 49.9, 23.9; IR (KBr)
νmax 3351, 2983, 2846, 1720, 1552, 1240, 913 cm−1; mp 123−124 °C;
HRMS (ESI) m/z (M + H)+ calcd for C12H16NO4

+ 238.1074, found
238.1069 [M + H]+.
2,2-Dimethyl-3-(naphthalen-2-ylamino)-3-oxopropanoic Acid

(41). The crude material was purified by column chromatography
using a 7:3 n-hexane/EtOAc eluant to give a brownish solid (147 mg,
57% yield): 1H NMR (400 MHz, DMSO-d6) δ 12.68 (br s, -COOH),
9.67 (br s, -NH), 8.27 (s, 1H), 7.83−7.77 (m, 3H), 7.68−7.66 (m,
2H), 7.46−7.36 (m, 2H), 1.44 (s, 6H); 13C NMR (100 MHz, DMSO-
d6) δ 175.5, 172.6, 140.2, 128.6, 127.2, 127.0, 49.9, 42.7, 23.6; IR
(KBr) νmax 3340, 2978, 2939, 1709, 1657,1240, 806 cm−1; mp 179−
180 °C; HRMS (ESI) m/z (M + H)+ calcd for C15H16NO3

+ 258.1125,
found 258.1122 [M + H]+.
2,2-Dimethyl-3-oxo-3-[(2,4,4-trimethylpentan-2-yl)amino]-

propanoic Acid (42). Yellowish solid (230 mg, 95%): 1H NMR (400
MHz, CDCl3) δ 11.21 (br s, -COOH), 6.22 (br s, -NH), 1.68 (s, 2H),
1.43 (s, 6H), 1.37 (s, 6H), 0.96 (s, 9H); 13C NMR (100 MHz, CDCl3/
CD3OD) δ 177.9, 172.2, 55.8, 51.9, 49.5, 31.5, 31.4, 28.6, 23.9; IR
(KBr) νmax 3302, 2961, 2890, 1607, 1467, 1163, 913 cm−1; mp 103−
104 °C; HRMS (ESI) m/z (M + H)+ calcd for C13H26NO3

+ 244.1908,
found 244.1900 [M + H]+.
3-(Benzylamino)-2,2-dimethyl-3-oxopropanoic Acid (43). Yellow-

ish solid (152 mg, 69% yield): 1H NMR (400 MHz, DMSO-d6) δ
12.51 (br s, -COOH), 8.21 (br t, -NH), 7.31−7.17 (m, 5H), 4.26 (br

d, 2H), 1.31 (s, 6H); 13C NMR (100 MHz, DMSO-d6) δ 175.5, 172.5,
140.2, 128.6, 127.2, 127.0, 49.9, 42.7, 23.6; IR (KBr) νmax 3401, 3032,
2939, 1725, 1541, 1146, 735 cm−1; mp 96−97 °C; HRMS (ESI) m/z
(M + H)+ calcd for C12H16NO3

+ 222.1125, found 222.1122 [M + H]+.
3-(tert-Butylamino)-2,2-dimethyl-3-oxopropanoic Acid (44).

White solid (177 mg, 95% yield): 1H NMR (400 MHz, CDCl3/
CD3OD) δ 4.69 (br s, -NH), 1.37 (s, 6H), 1.28 (s, 9H); 13C NMR
(100 MHz, CDCl3) δ 177.0, 172.6, 51.3, 49.6, 28.3, 23.8; IR (KBr)
νmax 3357, 2978, 2598, 1728, 1547, 1390, 1229, 905 cm−1; mp 151−
152 °C; HRMS (ESI) m/z (M + H)+ calcd for C9H18NO3

+ 188.1282,
found 188.1278 [M + H]+.

3-(Adamantan-2-ylamino)-2,2-dimethyl-3-oxopropanoic Acid
(45). White solid (226 mg, 85% yield): 1H NMR (400 MHz,
DMSO-d6) δ 12.45 (br s, -COOH), 6.55 (br s, -NH), 1.98 (s, 3H),
1.90 (s, 6H), 1.59 (s, 6H), 1.25 (s, 6H); 13C NMR (100 MHz, DMSO-
d6) δ 176.0, 171.6, 51.5, 50.4, 41.1, 36.5, 29.3, 23.8; IR (KBr) νmax
3335, 2972, 2851, 1706, 1536, 1308, 1190, 954 cm−1; mp 169−170
°C; HRMS (ESI) m/z (M + H)+ calcd for C15H24NO3

+ 266.1751,
found 266.1743 [M + H]+.

3-[(2,6-Dimethylphenyl)amino]-2,2-dimethyl-3-oxopropanoic
Acid (46). The crude material was purified by column chromatography
using an 8:2 PE/EtOAc eluant to give a white solid (124 mg, 53%
yield): 1H NMR (300 MHz, CDCl3) δ 7.93 (br s, -NH), 7.09−7.00
(m, 3H), 2.15 (br s, 6H) 1.58 (br s, 6H); 13C NMR (75 MHz, CDCl3)
δ 178.3, 172.1, 135.5, 133.4, 128.2, 127.7, 49.6, 24.2, 18.2; IR (KBr)
νmax 3320, 2982, 1720, 1670, 1506, 1470, 1286, 1164, 925 cm−1; mp
140−141 °C; HRMS (ESI) m/z (M + Na)+ calcd for C13H17NNaO3
258.1106, found 258.1110.

3-(Cyclopropylamino)-2,2-dimethyl-3-oxopropanoic Acid (47).
The crude was taken up with cold diethyl ether (0 °C), and the
resulting precipitate was filtered. The solid was dried in vacuo to give a
white solid (137 mg, 80% yield): 1H NMR (300 MHz, DMSO-d6) δ
12.3 (br s, -COOH), 7.57 (br s, -NH), 2.63−2.58 (m, 1H), 1.25 (s,
6H), 0.61−0.55 (m, 2H), 0.45−0.40 (m, 2H); 13C NMR (75 MHz,
DMSO-d6) δ 175.0, 173.3, 49.2, 23.0, 22.9, 5.6; IR (KBr) νmax 3310,
2990, 1740, 1713, 1513, 1475, 1295, 1147, 873 cm−1; mp 144−146
°C; HRMS (ESI) m/z (M + Na)+ calcd for C8H13NNaO3 194.0793,
found 194.0792.

3-[(1,1′-Biphenyl)-3-ylamino]-2,2-dimethyl-3-oxopropanoic Acid
(48). The crude material was purified by column chromatography
using an 8:2 PE/EtOAc eluant to give an off-white solid (158 mg, 56%
yield): 1H NMR (300 MHz, CDCl3) δ 8.36 (br s, -NH), 7.78 (s, 1H),
7.60−7.57 (m, 2H), 7.49−7.32 (m, 6H), 1.64 (s, 6H); 13C NMR (75
MHz, CDCl3) δ 179.2, 170.8, 142.2, 140.5, 137.7, 129.4, 128.8, 127.6,
127.2, 123.8, 119.5 (2-C), 50.3, 23.9; IR (KBr) νmax 3340, 3031, 2978,
2937, 1718, 1667, 1560, 1481, 1171, 758 cm−1; mp 138−140 °C;
HRMS (ESI) m/z (M + Na)+ calcd for C17H17NNaO3 306.1106,
found 306.1112.

3-(Dodecylamino)-2,2-dimethyl-3-oxopropanoic Acid (49). The
crude material was purified by column chromatography using an 8:2
PE/EtOAc eluant to give a white solid (233 mg, 78% yield): 1H NMR
(300 MHz, CDCl3) δ 6.19 (br s, -NH), 3.26−3.22 (m, 2H), 1.61−1.52
(m, 8H), 1.30−1.25 (m, 18H), 0.87 (br t, 3H); 13C NMR (75 MHz,
CDCl3) δ 177.2, 174.4, 48.8, 40.3, 32.0, 29.8 (2-C), 29.7, 29.6, 29.4,
29.3 (2-C), 26.9, 24.3, 22.8, 14.2; IR (KBr) νmax 3378, 2920, 2850,
1746, 1605, 1549, 1473, 1138, 884 cm−1; mp 74−76 °C; HRMS (ESI)
m/z (M + Na)+ calcd for C17H33NNaO3 322.2358, found 322.2368.

3,3′-[Butane-1,4-diylbis(azanediyl)]bis(2,2-dimethyl-3-oxopropa-
noic acid) (50). The reaction was conducted with acetone (10 mmol),
chloroform (15 mmol), sodium hydroxide (15 mmol), and the
isocyanide (1 mmol). The crude material was purified by column
chromatography using an EtOAc eluant to give a white solid (164 mg,
52% yield): 1H NMR (300 MHz, DMSO-d6) δ 7.60 (br s, -2NH), 3.02
(br s, 4H), 1.43−1.26 (16H); 13C NMR (75 MHz, DMSO-d6) δ
175.1, 172.0, 49.3, 38.7, 26.3, 23.2; IR (KBr) νmax 3364, 2979, 2939,
1725, 1616, 1556, 1458, 1265, 1187, 878 cm−1; mp 156−158 °C;
HRMS (ESI) m/z (M + Na)+ calcd for C14H24N2NaO6 339.1532,
found 339.1531.

3-{[(1S,2S,5R)-2-Isopropyl-5-methylcyclohexyl]amino}-2,2-di-
methyl-3-oxopropanoic Acid (51). The crude material was purified by
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column chromatography using an 8:2 PE/EtOAc eluant to give a white
solid (202 mg, 75% yield): 1H NMR (300 MHz, CDCl3) δ 10.0 (br s,
-COOH), 6.73 (br d, -NH), 4.33−4.26 (m, 1H), 1.89−1.70 (m, 3H),
1.49 (s, 1H), 1.44−1.42 (m, 1H), 1.29−1.19 (m, 1H), 1.09−1.02 (m,
1H), 0.88−0.83; 13C NMR (75 MHz, CDCl3) δ 178.0, 172.8, 49.2,
46.9, 46.3, 39.8, 34.7, 29.9, 27.1, 25.7, 24.2, 22.3, 21.1, 20.6; IR (KBr)
νmax 3402, 2943, 2919, 1739, 1618, 1549, 1459, 1163, 1138 cm−1; mp
113−115 °C; HRMS (ESI) m/z (M + H)+ calcd for C15H28NO3
270.2069, found 270.2073; [α]D

20 + 35 (c 1.0, CHCl3).
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