
One-Pot Anodic Conversion of Symmetrical Bisamides of Ethylene
Diamine to Unsymmetrical gem-Bisamides of Methylene Diamine
Tatiana Golub,† Gui-yuan Dou,‡ Cheng-chu Zeng,‡ and James Y. Becker*,†

†Department of Chemistry, Ben-Gurion University of the Negev, Beer Sheva 84105, Israel
‡Beijing Key Laboratory of Environmental and Viral Oncology, College of Life Science & Bioengineering, Beijing University of
Technology, Beijing 100124, China

*S Supporting Information

ABSTRACT: Symmetrical bisamides of ethylene diamine of
type ArCONHCH2CH2NHCOAr undergo anodic C−C bond
cleavage in acetonitrile−LiClO4 under controlled-potential
electrolysis. The electrogenerated carbocation intermediates
react with the solvent acetonitrile to afford unsymmetrical
gem-bisamides of type ArCONHCH2NHCOMe in a one-
pot reaction. The yields of the latter products are moderate
(up to 60%). Other minor products involve two symmetrical
gem-bisamides of type ArCONHCH2NHCOAr and MeCONHCH2NHCOMe and fragmentation products (e.g.,
ArCONHCHO, ArCONH2, and ArCN).

The importance of amides and polyamides (from both
carboxylic acid and amine derivatives) is well docu-

mented. They have been involved in many biologically active
and pharmaceutical compounds.1 For example, they have been
used as antimicrobial and anti-inflammatory agents with
antioxidant activities.2 They were applied as ligands in the
Ullmann coupling reactions3 in synthetic chemistry. In
addition, bisamides derived from various diamines and fatty
acids have been widely used as lubricants.4

Preparation of symmetrical bisamides is widely known and
most common via condensation reactions between aldehydes
and primary amides, utilizing different homogeneous and
heterogeneous catalysts,5 from diamines, utilizing the corre-
sponding carboxylic acids (or their chlorides),6 and from
nitriles.7 Recently, it was shown that symmetrical methylene-
bisamides could be prepared quite efficiently from aromatic
nitriles (or amides) by use of DMSO both as methylene source
and as oxidant in the presence of NiCl2 as the catalyst:7b

ArCN DMSO (ArCONH) CH
AcOH, 130 C

NiCl
2 2

2+ ⎯ →⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯
°

However, in contrast, preparation of unsymmetrical bisa-
mides is rare, and only limited examples are available: for
instance, in a complicated stepwise manner, first by preparing
benzamide derivatives (e.g., by reacting 2-phenyloxazoles
precursors with Br2) followed by generating diacylimines in
the presence of Lewis acid, and final addition of nitriles,8 or by
reacting monophenylamide of malonic acid with various
aromatic amines (to yield products of potential HIV-1
integrase inhibitors).9

The present work describes a unique one-pot anodic
transformation of symmetrical bisamides of type Ar-
CONHCH2CH2NHCOAr (derived from ethylenediamine)

(Scheme 1) to unsymmetrical gem-bisamides of type
ArCONHCH2NHCOCH3 (derived from methylene diamine)
by controlled-potential electrolysis in acetonitrile.
Cyclic voltammetry data for the symmetrical bisamides

described in Scheme 1 are shown in Table 1. Most of them
show one irreversible anodic peak in the range of 2.13−2.33 V
(vs Ag/AgCl) indicating a minor effect of the substituent
attached to the aromatic ring. Some substrates (2, 4, and 5)
show an additional irreversible oxidation wave around 2.50 V
that could be attributed to the oxidation of ClO4

−.
To the best of our knowledge, until our recent publication

on anodic oxidation of α,ω-bisamides (derived from α,ω-
diaminoalkanes)10 under constant-current electrolysis in meth-
anol, nothing has been known about their electrochemical
properties. In that work, we investigated symmetrical bisamides
involving two to four methylene groups as spacers (between
the two amide functionalities). It was found that bisamides
involving three and four methylene groups as spacers afforded
mono- and dimethoxylation products at the α-position to the
N atom. For example:
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Scheme 1. Type of Symmetrical Bisamides Studied
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However, when the spacer contained only two methylenes, the
anodic process led mostly to CH2−CH2 bond cleavage to
afford fragmentation products of type RCONHCH2OCH3 and
RCONHCHO (Scheme 2), depending on the nature of the
supporting electrolyte used, as demonstrated in Scheme 2.
The present work describes the initial outcome from anodic

oxidation of PhCONH(CH2)2NHCOPh (1) as a model of
symmetrical bisamide under controlled-potential electrolysis
(CPE) in acetonitrile. This unique anodic process was
investigated at different anodes and in the presence of various
electrolytes (Table 2). The types of products obtained are
listed in Scheme 3:
It appears that under all experimental conditions studied the

major product (1A) stems from a C−C bond cleavage at the
spacer, yielding a carbocation (PhCONHCH2

+) that under-
goes a Ritter-type reaction with acetonitrile, in addition to
formation of other products (vide infra, Scheme 4). Eventually,
the major products obtained are unsymmetrical bisamides.
Their best yields (∼50%, without any further optimization
attempts) were achieved at a C (rod or felt) anode and in the
presence of LiClO4. In addition, symmetrical gem-bisamides of
type RCONHCH2NHCOR (R = Ph, CH3) were generated as
minor products, among other types of minor products
stemming from C−N bond splitting (in PhCONHCHO and
PhCONH2) and C−C (in PhCOOH). It is noteworthy that
the first synthesis of symmetrical gem-bisamides was achieved
via a condensation reaction between aldehydes and acetamide
in 1933 by Noyes:11

RCHO 2CH CONH (CH CONH) CHR H O3 2 (as catalyst)

AcOH
3 2 2

R  H, alkyl, Ph
+ ⎯ →⎯⎯⎯⎯⎯⎯⎯⎯⎯ +

[ = ]

Following the results obtained for the model bisamide 1, all
other bisamides were oxidized in acetonitrile−0.1 M LiClO4 at
a C rod anode in a divided cell by CPE. The outcome is
described in Table 3 (no attempt has been made to optimize
yields). Again, in most cases the corresponding unsymmetrical

Table 1. Oxidation Potentials of Bisamides of Type
ArCONHCH2CH2NHCOAr and
RCONHCH2CH2NHCORa

substrate Ar (or R) Ep (V)

1 Ph 2.13
2 p-Me 2.16
3 p-CH3O 2.17
4 p-Cl 2.17
5 p-Br 2.12
6 p-NO2 2.26
7 p-CN 2.32
8 m-CN 2.33
9 m-F 2.23
10 PhCH2 2.33
11 cyclobutyl 2.10

aBy cyclic voltammetry, in CH3CN−0.1 M LiClO4. Working
electrode: glassy carbon (1.5 mm diameter disk). Auxiliary electrode:
a Pt wire. Scan rate (V/s) = 0.05. Potentials are quoted versus Ag/
AgCl reference electrode.

Scheme 2. Products Emerged from Bisamides Containing a
CH2CH2 Group as a Spacer under Constant-Current
Electrolysis in Methanol

Scheme 3. Products Obtained from Anodic Oxidation of 1
under CPE

Table 2. Effect of Anode Material and Other Parameters on the Anodic Oxidation of PhCONH(CH2)2NHCOPh (1) as a
Model Substrate by CPE in Acetonitrilea

productsb

1 (mmol) Q (F/mol) electrolyte/anode 1A 1B 1C 1D PhCONH2 + PhCN PhCOOH unreacted substrate

1 2.7 Et4NBF4/C felt 41 16 2 11 5 7 8
1 4 Et4NBF4/C felt 16 3 2 19 8 30 22
1 1.8 LiClO4/C rod 48 13 2 8 5 2 22
1c 2.5 LiClO4/Pt plate 30 5 2 15 5 20 11
1 3 LiClO4/C felt 50 9 19 2 7 5 8
1 2 LiClO4/C felt 40 7 5 10 7 16 15
2 3 LiClO4/C felt 39 5 7 9 14 15 11
2 4 LiClO4/C rod 50 1 13 5 8 2 21

aCPE was carried out at rt in a divided cell at a C (rod or felt) anode; stainless steel as the cathode; and Ag wire as reference electrode. The anolyte
contained 1−2 mmol of substrate in 35 mL of acetonitrile−0.1 M electrolyte. bProducts: PhCONHCH2NHCOMe (1A); PhCONHCH2NHCOPh
(1B); MeCONHCH2NHCOMe (1C); and PhCONHCHO (1D). Yields are based on integration of signals in the 1H NMR spectra and compared
with benzoquinone as a standard internal standard in the tube. cIn this experiment, the aldehyde PhCONHCH2CHO was obtained in 12% yield.
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gem-bisamides were formed in moderate yields (up to 60%, for
2). With electron-withdrawing substituents (NO2, CN, and F)
the yields were slightly lower (30−40%). However, when the
amides involved an alkyl group (such as benzyl or cyclobutyl)
instead of an aromatic one, no unsymmetrical bisamides were
generated. Instead, the major products obtained were
RCONH2, RCN, and the symmetrical gem-bisacetamide 1C,
MeCONHCH2NHCOMe, leaving a considerable amount of
unreacted starting material.
Scheme 4 describes suggested mechanisms for the formation

of unsymmetrical and symmetrical gem-bisamides (and other

byproducts) obtained by CPE of symmetrical aromatic
bisamides 1−9. It seems that the bond cleavage at the
CH2−CH2 bond is preferred by aromatic bisamides, resulting
in generation of a stable aroyliminium ion intermediate. The
latter leads to unsymmetrical gem-bisamides primarily. How-
ever, the reason that aliphatic bisamides (10 and 11) do not
afford the corresponding unsymmetrical gem-bisamides is still
unclear, and certainly more work has to be done to clarify this
point. Noticeably, whereas bisamide 10 undergoes NH−CH2
bond cleavage preferentially, substrate 11 undergoes CH2−
CH2 bond cleavage but affords symmetrical gem-bisacetamide
1C as the major product. However, in this case, one cannot
rule out the possibility that the latter symmetrical bisamide is
generated from initial formation of the unsymmetrical bisamide
RCONHCH2NHCOCH3 that undergoes further fast anodic
cleavage at the RCONH−CH2 bond to yield 1C. It is also
noteworthy that the formation of a symmetrical hydrazine
derivative 6E supports our hypothesis of the formation of an
amidyl radical of type ArCONH(•) as the intermediate (line 8
in Scheme 4).
As to the formation of nitriles (ArCN), this type of product

was found previously in the case of electro-generation of
diphenyl acetonitrile.13 It is likely that they could be formed by
dehydration of the corresponding amides. Such a process could
take place at the cathode where Li metal is generated (by
reduction14 of the electrolyte LiClO4), according to Scheme 5:
In conclusion, the present work describes a practical and

simple one-pot transformation of symmetrical aromatic
bisamides of type ArCONHCH2CH2NHCOAr to unsym-
metrical gem-bisamides of type ArCONHCH2NHCOCH3 in
moderate yields by employing controlled-potential oxidation in
acetonitrile.

■ ASSOCIATED CONTENT

*S Supporting Information

The Supporting Information is available free of charge on the
ACS Publications website at DOI: 10.1021/acs.or-
glett.9b02917.

Full experimental procedures, characterization data, and
NMR spectra (PDF)

Table 3. Results of Anodic Oxidation of Symmetrical Bisamides (1−11) in Acetonitrile by CPEa

productsb

substrate applied potentialc (V) F/mol A B 1C ArCONH2 ArCN unreacted substrate

1 1.95 2 46 12 4 8 9 21
2 2.0 3.5 60 3 17 15 5
3 2.0 5 24 4 17 55
4 2.0 3 51 10 19 17 3
5 2.1 4 46 16 32 6
6d 2.1 4 40 20 5 10 15 5
7 2.1 4 31 5 18 3 40 3
8 2.05 4 30 8 4 17 25 16
9 2.15 4 37 6 8 44 2
10 (Ar = PhCH2) 2.25 4 16 27 57
11 (Ar = cyclobutyl) 2.0 4 45 15 13 27

aIn a divided cell containing 1 mmol of substrate in 35 mL of anolyte 0.1 M LiClO4. Cell temperature was maintained at 40 °C by water bath to
allow solubility of all substrates. Oxidation at the peak potential on a C rod anode; SS cathode and Ag wire as reference electrode. bYields are based
on 1H NMR integration compared with benzoquinone as internal standard. cSlightly more positive than the peak potential (vs Ag wire quasi-
reference electrode). dAn additional known12 product, a hydrazine derivative, (p-NO2C6H4CONH)2 (6E), was isolated in 5% yield. Trace amounts
of the corresponding hydrazines were also detected from electrolysis of substrates 4, 8, and 9.

Scheme 4. Plausible Mechanisms for the Formation of
Symmetrical and Unsymmetrical gem-Bisamides (and Other
Products As Outlined in Tables 2 and 3)

Scheme 5. Electrochemical Formation of Aromatic Nitriles
at the Cathode

Organic Letters Letter

DOI: 10.1021/acs.orglett.9b02917
Org. Lett. XXXX, XXX, XXX−XXX

C

http://pubs.acs.org
http://pubs.acs.org/doi/abs/10.1021/acs.orglett.9b02917
http://pubs.acs.org/doi/abs/10.1021/acs.orglett.9b02917
http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.9b02917/suppl_file/ol9b02917_si_001.pdf
http://dx.doi.org/10.1021/acs.orglett.9b02917


■ AUTHOR INFORMATION
Corresponding Author

*E-mail: becker@bgu.ac.il.
ORCID

Cheng-chu Zeng: 0000-0002-5659-291X
James Y. Becker: 0000-0002-2618-769X
Notes

The authors declare no competing financial interest.

■ ACKNOWLEDGMENTS
The authors are grateful to Dr. Mark Karpasas for HRMS and
MS measurements.

■ REFERENCES
(1) Goodman, M.; Shao, H. Peptidomimetic building blocks for drug
discovery: an overview. Pure Appl. Chem. 1996, 68, 1303−1306.
(2) Rayavarapu, S.; Kadiri, S. K.; Gajula, M. B.; B, M.; Nakka, M.;
Tadikonda, R.; Yarla, N. S.; Vidavalur, S. Synthesis of putrescine
bisamides as antimicrobial and anti-inflammatory agents. Med. Chem.
2014, 4, 367−372.
(3) Wan, J. P.; Chai, Y. F.; Wu, J. M.; Pan, Y. J. N,N’-(phenyl
methylene) diacetamide analogues as economical and efficient ligands
in copper-catalyzed arylation of aromatic nitrogen-containing hetero-
cycles. Synlett 2008, 3068−3072.
(4) Williams, J. B.; Geick, K. S.; Falter, J. A. Structure/Performance
Characteristics of Bisamide Lubricants in ABS. J. Vinyl Addit. Technol.
1997, 3, 216−219.
(5) (a) Maleki, B.; Zonoz, F. M.; Akhlaghi, H. A. An efficient
synthesis of symmetrical N,N′-alkylidene bisamides catalyzed by a
heteropoly acid. Org. Prep. Proced. Int. 2015, 47, 361−367.
(b) Yamamoto, H.; Ishihara, K. Acid Catalysis in Modern Organic
Synthesis; Wiley-VCH: Weinheim, 2008;. (c) Zhang, Y.; Zhong, Z.;
Han, Y.; Han, R.; Cheng, X. A convenient synthesis of bisamides with
BF3 etherate as catalyst. Tetrahedron 2013, 69, 11080−11083.
(d) Mehrabi, H.; Kanani, E. Efficient synthesis of symmetrical
N,N’-alkylidene bisamides catalyzed by acetyl chloride. J. Chem. Res.
2013, 37, 751−753. (e) Ebel, T. A.; Harwood, A. A.; Burkman, A. M.
Synthesis and preliminary pharmacological evaluation of a series of
N,N’-arylidenebis(acid amides). J. Med. Chem. 1967, 10, 946−949.
(f) Vanier, C.; Wagner, A.; Mioskowski, C. Preparation of resin-
bound N-(α-methoxy alkyl) amides: an advantageous use of solid-
phase chemistry for the handling of unstable precursors of the
versatile N-acyliminium ions. Chem. - Eur. J. 2001, 7, 2318−2323.
(g) Bayer, A.; Maier, M. E. Synthesis of enamides from aldehydes and
amides. Tetrahedron 2004, 60, 6665−6677. (h) Wang, Q.; Sun, L.;
Jiang, Y.; Li, C. Synthesis of methylenebisamides using CC- or
DCMT-activated DMSO. Beilstein J. Org. Chem. 2008, 4, 51.
(i) Anary-Abbasinejad, M.; Mosslemin, M. H.; Hassanabadi, A.;
Safa, S. T. p-Toluene Sulfonic Acid-Catalyzed, Solvent-Free Synthesis
of Symmetrical Bisamides by Reaction Between Aldehydes and
Amides. Synth. Commun. 2010, 40, 2209−2214. (j) Mohammad
Shafiee, M. R. Silica-supported barium chloride (SiO2-BaCl2) -
Efficient and heterogeneous catalyst for the environmentally friendly
preparation of N,N’-alkylidene bisamides under solvent-free con-
ditions. Can. J. Chem. 2011, 89 (5), 555−561. (k) Tamaddon, F.;
Shooroki-Kargar, H.; Jafari, A. A. Molybdate and silica sulfuric acids as
heterogeneous alternatives for synthesis of gem-bisamides and
bisurides from aldehydes and amides, carbamates, nitriles or urea. J.
Mol. Catal. A: Chem. 2013, 368, 66−71.
(6) Pryce-Jones, R. H.; Eccleston, G. M.; Abu-Bakar, B. B.; Grant, K.
M. N,N′-ethylenediyl-bis-alkanamides: Differential scanning calorim-
etry studies. J. Am. Oil Chem. Soc. 1996, 73 (3), 311−319.
(7) (a) Magat, E. E.; Faris, B. F.; Reith, J. E.; Salisbury, L. F. Acid-
catalyzed reactions of nitriles. IV. Condensation of cyclohexane with
nitriles. J. Am. Chem. Soc. 1951, 73, 1028−1031. (b) Moghaddam, F.
M.; Tavakoli, G.; Saeednia, B. Ni-Catalyzed Synthesis of Methyl-

enebisamides: Dual Role of DMSO Both as Methylene Source and
Oxidant. Chem. Select. 2017, 2, 1316−1322.
(8) Fischer, B.; Hassner, A. The photochemistry of pyran-4-ones:
intramolecular trapping of the zwitterionic intermediate with pendant
hydroxyl groups. J. Org. Chem. 1990, 55, 5225−5229.
(9) Sechi, M.; Azzena, U.; Delussu, M. P.; Dallocchio, R. Design and
synthesis of bis-amide and hydrazide-containing derivatives of
malonic acid as potential HIV-1 integrase inhibitors. Molecules
2008, 13 (10), 2442−2461.
(10) Golub, T.; Becker, J. Y. Anodic oxidation of bisamides from
diaminoalkanes by constant current electrolysis. Beilstein J. Org. Chem.
2018, 14, 861−868.
(11) Noyes, W. A.; Forman, D. B. Aldehyde-amide condensation. I.
Reactions between aldehydes and acetamide. J. Am. Chem. Soc. 1933,
55, 3493−3494.
(12) Bose, P.; Dutta, R.; Ravikumar, J.; Ghosh, P. J. Chem. Sci.
(Bangalore, India) 2011, 123 (6), 869−874.
(13) Golub, T.; Becker, J. Y. Electrochemical oxidation of amides of
type Ph2CHCONHAr. Org. Biomol. Chem. 2012, 10, 3906−3912.
(14) When the solvent acetonitrile is very dry and the electrolyte is
LiClO4, the stainless steel cathode gets coated with a brown color (Li
metal) during electrolysis. Taking it out of the cell and adding drops
of water slowly to the surface of the coated cathode results in a
vigorous reaction accompanied by a white smoke and complete
disappearance of the brown coating.

Organic Letters Letter

DOI: 10.1021/acs.orglett.9b02917
Org. Lett. XXXX, XXX, XXX−XXX

D

mailto:becker@bgu.ac.il
http://orcid.org/0000-0002-5659-291X
http://orcid.org/0000-0002-2618-769X
http://dx.doi.org/10.1021/acs.orglett.9b02917

