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Facile and Versatile Room-Temperature
Synthesis of N,N-Disubstituted Cyanoacetamides

from Malonic Ester Chloride

Andrzej Manikowski and Zofia Kolarska
PLIVA Krak�oow Pharmaceutical Company, Krak�oow, Poland

Abstract: A general method for the synthesis of various N,N-disubstituted
cyanoacetamides from readily available methyl malonyl chloride and secondary
amines, including sterically demanding aliphatic and aromatic amines, is
described.

Keywords: Cyanoacetamides, dehydration, malonamides, nitriles

INTRODUCTION

N,N-Disubstituted cyanoacetamides (Scheme 1) have been recognized as
valuable compounds and are widely used in many synthetic operations.
Thanks to different features of chemical groups in their molecular
backbone, cyanoacetamides can serve as building blocks for preparation
of derivatives that are of interest in pharmaceutical,[1] agricultural,[2]

polymer,[3] and chemical[4] industries.
Several methods have been previously reported in the literature for

the preparation of N,N-disubstituted cyanoacetamides. According to
the described procedures, aliphatic analogs are much easier to prepare,
whereas syntheses of aromatic cyanoacetamides seem to be more
problematic.

The most common methods for preparation of cyanoacetamides 4

are reactions of cyanoacetate esters with the appropriate secondary
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amines.[3,5,6] Yields of such reactions depend on the chemical and sterical
characters of amines. The reaction usually proceeds within a few hours
under elevated temperature, most often, however, under reflux condi-
tions. For low-boiling amines, like N,N-diethylamine, a steel pressure
bomb was applied to complete the reaction.[7] In the case of aromatic
amines, such as N-methyl-N-phenylamine, N,N-diphenylamine, and
2-methylindoline, reactions were carried out for several hours at 180�C
under nitrogen.[8] On the other hand, cyanoacetic acid ethyl ester has also
been used in amidation reactions performed in a much lower tempera-
tures.[9] The reactions of cyanoacetate ester with various secondary
lithium amides at �70�C gave cyanoacetamides with good to high yield.
Nevertheless, this procedure worked smoothly and rapidly for aliphatic
amines but failed in the case of aromatic ones.

Another method of N,N-disubstituted cyanoacetamide synthesis is
based on chloroacetic derivatives i.e., chloroacetic chloride and chloroace-
tic esters). Reactions of these compounds with secondary amines provide
chloroacetamides,[10] which after treatment with alkali cyanide gave cya-
noacetamides with satisfactory yields.[11] However, in this case a special
precaution has to be taken because of the high toxicity of cyanides.

In another approach,[12] cyanoacetic chloride, prepared in the reac-
tion of cyanoacetic acid and phosphorus pentachloride,[13] was used for
synthesis of various cyanoacetamides. A few alternative methods for
preparation of N,N-disubstituted cyanoacetamides has been developed,
in which cyanoacetylenes,[14] phenol derivative,[15] or Meldrum’s acid
derivative[16] were used.

The main drawbacks of these approaches in the preparation of cya-
noacetamides are the requirement of either a high or low temperature,
unpredictable yields depending on the chemical character of secondary
amines, usage of inert gas atmosphere, and often introduction of highly
toxic reagents. Moreover, there is little information in the literature
regarding preparation of N,N-disubstituted cyanoacetamides using cya-
noacetic acid and a peptide coupling reagent. Although the process has
been working for N-monosubstituted cyanoacetamides,[17] there is a lack
of description for N,N-disubstituted analog syntheses.

We report herein a facile and high-yielding three-step synthesis of
various N,N-disubstituted cyanoacetamides (Scheme 2). Our approach

Scheme 1. R1, R2¼ alkyl, alkenyl, aryl, etc.
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to cyanoacetamide derivative preparation is complementary to both
high- and low-temperature methods, because it is carried out at room
temperature. This approach can be an alternative for preparation of
aliphatic cyanoacetamides 4, and it has proved to be an excellent method
for preparation of aromatic N,N-disubstituted cyanoacetamides.

We first checked our methodology using various aliphatic
N,N-disubstituted amines 1 and compared physical data of synthesized
cyanoacetamides 4 with those from the literature. Having obtained good
results, we next applied aromatic N,N-disubstituted amines. In both
cases, yields of N,N-substituted cyanoacetamides 4 were very good
(65–90%) (Table 1).

RESULTS AND DISCUSSION

We started the synthesis from methyl malonyl chloride 1, which can be
readily obtained from dimethylmalonate[18] or from commercial sources.
Compound 1 reacts smoothly and rapidly with secondary amines, both
aliphatic and=or aromatic, giving methyl N,N-disubstituted malonates
2 [methyl 3-(N,N-dialkylamino)-3-oxopropanoate] with good yields
(89–99%). Experimentally, the acylation reactions were performed in
dry dichloromethane using twofold excess of amine and were usually
completed within 0.5–1 h. The reactions are often exothermic and should
be cooled down. Further treatment of reaction mixture with 2% aqueous
HCl solution easily removed excess of amine from the organic layer, leav-
ing appropriate malonamides 2 pure enough to be used directly in the
next step. However, aromatic amines (Table 1, entries f, h, and m) were
extracted together with products and were later purified by flash column

Scheme 2. General procedure for N,N-disubstituted cyanoacetamides synthesis.
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Table 1. Reaction time and yields of compounds 2, 3, and 4

Yield (%)=reaction time (h)

Entry
Secondary

amine (NHR1R2) 2 3 4a
Overall
yield (%)

Lit. yield
for 4 (%)

a 99=0.5 100=2c 91=3d 90 90[9]

b 98=0.5 73a=72c 93=4d 67 94[9]

c 99=0.5 99=5b 87=2.5d 85
—

d 98=1 75a=72c 89=4d 65 —

e 99=1 100=2.5b 91=4d 90 23[3d]

f 89a=1 100=17c 89=0.5e 79 —

g 99=1 100=2.5b 83=0.5e 82 18[3d]

h 94=1 92=60c 81=5d 70 57[11b]

i 90=1 99=1.5b 91=1.5d 81 67[5a]

j 92a=1 99=1b 91=4d 83 55[5b]

k 99=1 100=19c 89=5d 88 —

l 99=1 93=7b 90=5.5d 83 —

m 91a=1 84a=24c 94=0.5e 72 n=a[8]

aIsolated product.
bNH4OH.
cNH4OH=MeOH.
dWith TsCl.
eWith POCl3.
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chromatography. All of synthesized methyl N,N-disubstituted malonates
2 were in the form of oil, except for compound 2h, which was obtained as
crystals. Mixed ester-amide derivatives of type 2 are particularly valuable
organic intermediates because of their use in the synthesis of numerous
biologically active compounds.[18,19]

With access to many different malonamides 2, we examined the
conditions of syntheses of bisamide derivatives 3 [3-(N,N-dialkylamino)-
3-oxopropanamide] to compare the reaction times and yields. Ragan
et al.[20] reported 86% yield for the amidation reaction of methyl malona-
mide 2 (R1¼H, R2¼H) with 2M solution of dimethylamine in methanol
for 3 days room temperature. Based on their results, we treated several
compounds 2 with 2M solution of ammonia in methanol at room tem-
perature. Surprisingly, in all cases, the amidation reaction proceeded very
slowly, and after 7 days only partial conversion was observed. Next, we
turned our attention to concentrated aqueous ammonia solution. In fact,
commercially available cyanoacetamide 4 (R1¼H, R2¼H) is simply pre-
pared from cyanoacetic esters after treatment with ammonia solution.[21]

Using this approach, most of methyl N,N-disubstituted malonates 2 were
easily converted to an appropriate bisamide 3 with high yield at room
temperature in less than 7 h. In the few cases when we used a mixture
of concentrated aqueous ammonia solution and methanol, ester-to-amide
exchange reactions took much longer, from 17 to 72 h.

The preparation of nitriles from their corresponding amides is a
well-known process in organic synthesis.[22,23] The dehydration reaction
affects only unsubstituted amides, leaving disubstituted ones intact.
Monosubstituted amides can be converted to nitriles by treatment with
PCl5 (von Braun reaction). We decided to perform dehydration reactions
of bisamides 3 using either POCl3 or tosyl chloride in pyridine at room
temperature. To our delight, the reactions worked efficiently for all cases
tested, resulting in N,N-disubstituted cyanoacetamides 4 [3-(N,N-
dialkylamino)-3-oxopropanenitrile] with good yields (81–95%). In our
studies, we observed that when using POCl3 reagent, the dehydration
reactions were completed faster (0.5 h) but with slightly lower yields in
comparison to reactions with longer reaction time (1.5–5.5 h) and usually
higher yields for tosyl chloride. Crude cyanoacetamides 4a–c and 4e–f

were obtained as yellow to orange oil and 4d and 4g–m as off-white to
pale orange crystals. The purifications of compounds 4 were achieved
by standard procedures (e.g., flash column chromatography, vacuum
distillation, or crystallization). All new cyanoacetamides 4c–d, f, k–l,
and additional 4m were fully characterized with infrared (IR), 1H
NMR, 3C NMR, elemental analyses, or high-resolution mass spectra
(HRMS).

N,N-Disubstituted Cyanoacetamides 3625
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CONCLUSIONS

We report a useful, versatile, three-step original synthetic route to various
N,N-disubstituted cyanoacetamides. The main advantages of this method
are easy implementation, commercially accessible reagents, and very
good yield of final cyanoacetamides. The new process is efficient and
safe. It avoids the need for either elevated or low temperature as well
as an inert gas atmosphere. Considering the literature methods, our
approach gives better results, especially in the case of aromatic
N,N-disubstituted amines, based on yield, reaction time, and the amount
of solvent used. The scope of the procedure is wide and can be applied for
all sorts of secondary amines, including sterically demanding ones.

EXPERIMENTAL

Methyl malonyl chloride, methanolic ammonia solution, and secondary
amines were purchased from Aldrich Chemical Company. Amines,
except dicyclohexyl (DCHA) and diisopropyl (DIPA), as well as methyl
malonyl chloride were used as received. DCHA and DIPA were freshly
distilled. Reaction solvents such as dichloromethane, methanol, and con-
centrated aqueous ammonia solution were obtained from POCH Gliwice
(Poland) and were used as received. Melting points were determined on a
Büchi B-540 melting-point instrument and are uncorrected. 1H (300MHz)
and 13C (75MHz) NMR spectra were recorded on a Varian Mercury VX
spectrometer in CDCl3 as a solvent. Chemical shifts are given in parts per
million (ppm). Splitting patterns are designed as s, singlet; d, doublet; dd,
doublet’s doublet; t, triplet; q, quartet; m, multiplet; and br, broad. IR
was recorded on a Fourier transform (FT)–IR Nicolet 5700 (Thermo
Electron Corporation) instrument in the attenuated total reflection mode
(ATR) using a Smart Performer adapter. Elemental analyses were per-
formed on Perkin-Elmer 2400 analyzer. HRMS were obtained on a
QSTAR XL Applied Biosystems (hybrid quadrupole-TOF LC=MS=MS)
instrument with turbospray electrospray ionization (ESI) source in the
positive ionization mode. Flash-column chromatography (FCC) was per-
formed on Merck Kieselgel 60 (70–230 mesh ASTM), and thin-layer
chromatography (TLC) was done on Merck 60 F254 silica-gel plates
and visualized with UV light (254 nm) and=or iodine.

General Procedure for Preparation of Methyl 3-(N,N-Dialkylamino)-

3-oxopropanoates 2

An appropriate secondary amine (2–2.1 eq) was added dropwise as a
solution in dry dichloromethane (10mL) to a precooled solution of methyl
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malonyl chloride (1.0 g, 7.32mmol, 1 eq) in dry dichloromethane (10mL).
Internal temperature was kept in the range of 10–15�C using an ice-water
bath. After addition, the reaction was continued at room temperature for
0.5–1 h and was quenched with 2% aqueous HCl solution (15mL). After
being stirred for 5min, dichloromethane was separated, and the aqueous
layerwasextractedwithadditionalportionsofdichloromethane(2� 15mL).
The combined organic layers were dried over anhydrous Na2SO4 and
concentrated under vacuum. The product was usually used in the next step
without further purification, but if needed, product was purified on FCC
using a gradient of methanol in dichloromethane (0–2%) as eluent.

Methyl 3-(N,N-Diethylamino)-3-oxopropanoate (2a)

Product as pale yellow oil was used directly in the next step. Yield 99%.
1H NMR: 1.09 (t, 3H), 1.15 (t, 3H), 3.26 (q, 2H), 3.35 (q, 2H), 3.39
(s, 2H), 3.70 (s, 3H).

Methyl 3-(N,N-Diisopropylamino)-3-oxopropanoate (2b)

Product as pale yellow oil was used directly in the next step. Yield 98%.
1H NMR: 1.18 (d, 6H), 1.37 (d, 6H), 3.42 (s, 2H), 3.43–3.48 (m, 1H), 3.73
(s, 3H), 3.74–3.79 (m, 1H).

Methyl 3-(N,N-Diisobutylamino)-3-oxopropanoate (2c)

Product as pale yellow oil was used directly in the next step. Yield 99%.
1H NMR: 0.87 (d, 6H), 0.90 (m, 6H), 1.91 (m, 1H), 2.03 (m, 1H), 3.05
(d, 2H), 3.19 (d, 2H), 3.46 (s, 2H), 3.73 (s, 3H).

Methyl 3-(N,N-Dicyclohexylamino)-3-oxopropanoate (2d)

Hydrochloric salt of N,N-dicyclohexylamine was filtered off before
extraction.

Product as pale yellow oil was used directly in the next step. Yield
98%. 1H NMR: 1.05–1.34 (m, 6H), 1.44–1.84 (m, 12H), 2.41 (br s, 2H),
2.94 (br s, 1H), 3.28 (m, 1H), 3.42 (s, 2H), 3.73 (s, 3H).

Methyl 3-(N,N-Diallylamino)-3-oxopropanoate (2e)

Product as pale yellow oil was used directly in the next step. Yield 99%.
1H NMR: 3.44 (s, 2H), 3.73 (s, 3H), 3.86 (m, 2H), 3.99 (d, 2H), 5.14–5.25
(m, 4H), 5.68–5.82 (m, 2H).
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Methyl 3-(N-Allyl-N-Phenylamino)-3-oxopropanoate (2f)

Purification by FCC afforded pale yellow oil. Yield 89%. 1H NMR: 3.19
(s, 2H), 3.65 (s, 3H), 4.30 (m, 2H), 5.06–5.13 (m, 2H), 5.79–5.92 (m, 1H),
7.15–7.19 (m, 2H), 7.32–7.43 (m, 3H).

Methyl 3-(N-Methyl-N-phenylamino)-3-oxopropanoate (2g)

Product as yellow oil was used directly in the next step. Yield 99%. 1H
NMR: 3.20 (s, 2H), 3.29 (s, 3H), 3.65 (s, 3H), 7.19–7.23 (m, 2H),
7.32–7.44 (m, 3H).

Methyl 3-(N,N-Diphenylamino)-3-oxopropanoate (2h)

Product as solidified yellowish oil was used directly in the next step. Yield
94%. Crystallization from toluene afforded white crystals; mp 81–83�C.
1H NMR: 3.41 (s, 2H), 3.69 (s, 3H), 7.21–7.32 (m, 10H).

Methyl 3-(Pyrrolidin-1-yl)-3-oxopropanoate (2i)

Product as pale yellow oil was used directly in the next step. Yield 90%.
1H NMR: 1.85 (quintet, 2H), 1.94 (quintet, 2H), 3.38 (s, 2H), 3.39–3.49
(m, 4H), 3.71 (s, 3H).

Methyl 3-(Morpholin-4-yl)-3-oxopropanoate (2j)

Purification by FCC afforded pale yellow oil of product. Yield 92%. 1H
NMR: 3.41–3.45 (m, 4H), 3.62–3.68 (m, 6H), 3.73 (s, 3H).

Methyl 3-(1,4-Dioxa-8-azaspiro[4,5]decan-8-yl)-3-oxopropanoate (2k)

Product as pale yellow oil was used directly in the next step. Yield 99%.
1H NMR: 1.67–1.73 (m, 4H), 3.48–3.52 (m, 4H), 3.69–3.73 (m, 5H), 3.96
(s, 4H).

Methyl 3-(4-Phenylpiperazin-1-yl)-3-oxopropanoate (2l)

Product as pale yellow oil was used directly in the next step. Yield 99%.
1H NMR: 3.16–3.22 (m, 4H), 3.52 (s, 2H), 3.63 (m, 2H), 3.76 (s, 3H), 3.82
(m, 2H), 6.90–6.97 (m, 3H), 7.26–7.32 (m, 2H).
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Methyl 3-(2-methylindolin-1-yl)-3-oxopropanoate (2m)

Purification by FCC afforded pale yellow oil. Yield 91%. 1H NMR
(2 rotamers): 1.27þ 1.32 (d, 3H), 2.54þ 2.67 (d, 1H), 3.32þ 3.44 (dd,
1H), 3.60þ 3.72 (dd, 2H), 3.77 (s, 3H), 4.49þ 4.73 (m, 1H), 7.00þ 8.15
(d, 1H), 7.05 (t, 1H), 7.21 (m, 2H).

General Procedure for Preparation of 3-(N,N-Dialkylamino)-3-oxo-

propanamides 3

Concentrated aqueous ammonia solution (10–15mL) and methanol
(0–15mL) were added to methyl 3-(N,N-dialkylamino)-3-oxopropanoate
2 (1.0–2.0 g). Reaction was carried out at room temperature for several
hours, depending on type of amides. After the reaction was completed
(TLC, the mobile phase: dichloromethane–methanol 15:1), solvents were
removed under vacuum to get crude product, which was used directly in
the next step without further purification. However, if needed the
product was purified by maceration or crystallization.

3-(N,N-Diethylamino)-3-oxopropanamide (3a)

Product as solidified pale yellow oil used directly in the next step. Yield
100%. 1H NMR: 1.10 (t, 3H), 1.17 (t, 3H), 3.28 (s, 2H), 3.30–3.40 (m,
4H), 5.97 (br s, 1H), 7.73 (br s, 1H).

3-(N,N-Diisopropylamino)-3-oxopropanamide (3b)

Product as yellowish crystals after maceration in acetone=diisopropyl
ether. Yield 73%. Recrystallization from acetone afforded off-white
crystals; mp 156–160�C. 1H NMR: 1.22 (d, 6H), 1.35 (d, 6H), 3.31
(s, 2H), 3.64 (m, 1H), 4.01 (m, 1H), 5.66 (br s, 1H), 7.53 (br s, 1H).

3-(N,N-Diisobutyl)-3-oxopropanamide (3c)

Product as solidified pale yellow oil was used directly in the next step.
Yield 99%. Crystallization from diisopropyl ether afforded white crystals;
mp: 87–88�C. 1H NMR: 0.86 (d, 6H), 0.90 (d, 6H), 1.91 (m, 1H), 2.00
(m, 1H), 3.13 (d, 2H), 3.22 (d, 2H), 3.33 (s, 2H), 5.71 (br s, 1H), 7.75
(br s, 1H).
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3-(N,N-Dicyclohexylamino)-3-oxopropanamide (3d)

Product as off-white crystals after maceration in acetone=diisopropyl
ether. Yield 75%. Recrystallization from acetone afforded white crystals;
mp: 166–167�C. 1H NMR: 1.03–1.38 (m, 6H), 1.47–1.84 (m, 12H), 2.34
(br s, 2H), 3.03 (br s, 1H), 3.33 (s, 2H), 3.51 (br s, 1H), 5.58 (br s, 1H),
7.71 (br s, 3H).

3-(N,N-Diallylamino)-3-oxopropanamide (3e)

Product as solidified pale yellow oil used directly in the next step. Yield
100%. 1H NMR: 3.32 (s, 2H), 3.93 (m, 2H), 3.97 (d, 2H), 5.11–5.26
(m, 4H), 5.68 (br s, 1H), 5.70–5.83 (m, 2H), 7.67 (br s, 1H).

3-(N-Allyl-N-phenylamino)-3-oxopropanamide (3f)

Product as pale yellow oil was used directly in the next step. Yield 100%.
1H NMR: 3.06 (s, 2H), 4.31 (m, 2H), 5.06–5.19 (m, 2H), 5.78–5.91
(m, 2H), 7.11–7.17 (m, 2H), 7.32–7.44 (m, 3H), 7.75 (br s, 1H).

N-Methyl-N-phenyl malondiamide (3g)

Product as pale yellow oil was used directly in the next step. Yield 100%.
1H NMR: 3.08 (s, 2H), 3.29 (s, 3H), 5.72 (br s, 1H), 7.14–7.20 (m, 2H),
7.33–7.46 (m, 3H), 7.76 (br s, 1H).

3-(N,N-Diphenylamino)-3-oxopropanamide (3h)

Product as off-white crystals was used directly in the next step. Yield
92%. Recrystallization from ethanol afforded white crystals; mp:
141–143�C (lit.[11b] 136.0�C). 1H NMR: 3.30 (s, 2H), 5.67 (br s, 1H),
7.26–7.43 (m, 10H), 7.72 (br s, 1H).

3-(Pyrrolidin-1-yl)-3-oxopropanamide (3i)

Product as off-white crystals was used directly in the next step. Yield
99%. Recrystallization from methanol=ethyl acetate afforded white crys-
tals; mp: 114–116.0�C. 1H NMR: 1.81–2.01 (2x quintet, 4H), 3.26 (s, 2H),
3.44–3.48 (m, 4H), 5.86 (br s, 1H), 7.96 (br s, 1H).
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3-(Morpholin-4-yl)-3-oxopropanamide (3j)

Product as solidified yellow oil was used directly in the next step. Yield
99%. Crystallization from 2-propanol afforded off-white crystals; mp
121–123�C. 1H NMR: 3.33 (s, 2H), 3.52–3.68 (m, 8H), 6.10 (br s, 1H),
7.38 (br s, 1H).

3-(1,4-Dioxa-8-azaspiro[4,5]decan-8-yl)-3-oxopropanamide (3k)

Product as white crystals was used directly in the next step. Yield 100%.
Recrystallization from methanol afforded white crystals; mp 181–184�C.
1H NMR: 1.67–1.73 (m, 4H), 3.35 (s, 2H), 3.59 (t, 2H), 3.70 (t, 2H), 3.96
(s, 4H), 5.72 (br s, 1H), 7.47 (br s, 1H).

3-(4-Phenylpiperazin-1-yl)-3-oxopropanamide (3l)

Product as off-white crystals was used directly in the next step. Yield
93%. Recrystallization from methanol afforded white crystals; mp:
183–185�C. 1H NMR: 3.16–3.22 (m, 4H), 3.40 (s, 2H), 3.72 (t, 2H),
3.81 (t, 2H), 5.65 (br s, 1H), 6.90–6.95 (m, 3H), 7.26–7.32 (m, 2H),
7.39 (br s, 1H).

3-(2-Methylindolin-1-yl)-3-oxopropanamide (3m)

White crystals after crystallization from methanol. Yield 85%; mp
169–172�C.

1H NMR (2 rotamers): 1.25þ 1.33 (d, 3H), 2.53þ 2.69 (d, 1H),
3.32þ 3.43 (dd, 1H), 3.50þ 3.65 (dd, 2H), 4.59þ 4.91 (m, 1H), 5.76
(br s, 1H), 7.09 (t, 1H), 7.23 (m, 2H), 7.68 (br s, 1H), 8.14 (d, 1H).

General Procedure for Preparation of 3-(N,N-Dialkylamino)-

3-oxopropanenitriles 4

Phosphorus oxychloride (1.0–1.1 eq) (procedure A) or tosyl chloride (2–3
eq) (procedure B) was dropwise added to a precooled solution of
3-(N,N-dialkylamino)-3-oxopropanamide 3 (0.5–1.5 g) in pyridine
(5–10mL). Internal temperature was kept in the range of 15–20�C using
an ice-water bath. After addition, dehydration was continued at room
temperature untill TLC (the mobile phase: dichloromethane–methanol
15:1) showed complete conversion. The reaction was quenched with
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methanol (5–10mL) at 10–15�C, and solvents were removed under
vacuum to give a residue, which was purified either on FCC using gradi-
ent of methanol in dichloromethane (0–2%) (system A), gradient of ethyl
acetate in dichloromethane (6–8%) (system B), or by vacuum distillation
or crystallization.

3(-N,N-Diethyl)-3-oxopropanenitrile (4a)

Pale yellow oil after FCC (system A). Procedure A: 86%. Procedure B:
91%. Bp 105–114�C=5 mbar. IR: 3499, 2978, 2938, 2331, 2258, 1747,
1461, 1402, 1384, 1323, 1261, 1143, 1100, 1022, 948, 894, 773; 1H
NMR: 1.12 (t, 3H), 1.21 (t, 3H), 3.26 (q, 2H), 3.37 (q, 2H), 3.48 (s, 2H).

3-(N,N-Diisopropyl)-3-oxopropanenitrile (4b)

Product as pale orange solidified oil after FCC (system B). Procedure A:
89%. Procedure B: 93%. Crystallization from diisopropyl ether afforded
off-white crystals; mp: 50–51�C (lit.[9] 45–46�C). IR: 3016, 2973, 2941,
2252, 1640, 1473, 1446, 1374, 1347, 1285, 1207, 1159, 1141, 1125, 1044,
975, 917, 892. 1H NMR: 1.22 (d, 6H), 1.36 (d, 6H), 3.44–3.48 (m, 1H),
3.45 (s, 2H), 3.70–3.79 (m, 1H).

3-(N,N-Diisobutyl)-3-oxopropanenitrile (4c)

Product as orange oil after FCC (system B). Procedure A: 84%. Proce-
dure B: 87%. IR: 2962, 2874, 2258, 1652, 1470, 1449, 1389, 1241, 1147,
1103, 944, 924, 819. 1H NMR: 0.87 (d, 6H), 0.92 (d, 6H), 1.92 (m, 1H),
2.01 (m, 1H), 3.05 (d, 2H), 3.20 (d, 2H), 3.50 (s, 2H). 13C NMR: 19.95,
20.04, 25.20, 26.35, 27.67, 53.45, 56.08, 114.22, 161.83. HRMS calculated
for C11H21N2O (MþHþ): 197.1648; found: 197.1654.

3-(N,N-Dicyclohexyl)-3-oxopropanenitrile (4d)

Off-white crystals after FCC (system B). Procedure A: 82%. Procedure B:
89%.Recrystallization from ethyl acetate afforded analytical sample as white
crystals; mp: 165–168�C. IR: 2929, 2857, 2257, 1636, 1471, 1440, 1378, 1240,
1181, 1125, 996, 896, 700. 1HNMR: 1.07–1.87 (m, 18H), 2.36 (br s, 2H), 2.99
(br s, 1H), 3.24 (m, 1H), 3.45 (s, 2H). 13C NMR: 25.00, 25.16, 26.41, 27.18,
29.58, 31.04, 56.86, 59.48, 114.40, 160.14. Elemental analysis calculated for
C15H24N2O: C, 72.54; H, 9.74; N, 11.28. Found: C, 72.61; H, 9.90; N, 11.26.
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3-(N,N-Diallyl)-3-oxopropanenitrile (4e)

Pale yellow oil after FCC (system B). Procedure A: 85%. Procedure B:
91%. IR: 3085, 2922, 2258, 1662, 1470, 1445, 1419, 1316, 1227, 1191,
994, 929, 819. 1H NMR: 3.50 (s, 2H), 3.86 (m, 2H), 3.99 (d, 2H),
5.13–5.29 (m, 4H), 5.67–5.84 (m, 2H).

3-(N-Allyl-N-phenyl)-3-oxopropanenitrile (4f)

Pale yellow oil after FCC (system B). Procedure A: 89%. Procedure B:
84%. IR: 3065, 2961, 2924, 2258, 1674, 1596, 1496, 1405, 1317, 1255,
1226, 1138, 991, 928, 777, 704. 1H NMR: 3.20 (s, 2H), 4.28 (t, 1H),
4.31 (t, 1H), 5.05–5.16 (m, 2H), 5.76–5.90 (m, 1H), 7.15–7.2 (m, 2H),
7.37–7.48 (m, 3H). 13C NMR: 25.71, 52.85, 114.06, 119.23, 128.07,
129.16, 130.28, 131.74, 140.74. HRMS calculated for C12H13N2O
(MþHþ): 201.1022; found: 201.1014.

3-(N-Methyl-N-phenyl)-3-oxopropanenitrile (4g)

Solidified pale orange oil after FCC (system A). Procedure A: 83%. Pro-
cedure B: 83%. Crystallization from ethyl acetate=diisopropyl ether
afforded off-white crystals; mp: 76–78�C (lit.[3d] 78�C). IR: 3056, 2931,
2257, 1663, 1594, 1493, 1421, 1387, 1270, 1121, 922, 772, 670. 1H
NMR: 3.22 (s, 2H), 3.30 (s, 3H), 7.20–7.24 (m, 2H), 7.39–7.51 (m, 3H).

3-(N,N-Diphenyl)-3-oxopropanenitrile (4h)

Pale orange crystals after FCC (system B). Procedure A: 80%. Procedure
B: 81%. Recrystallization from methanol afforded off-white crystals; mp:
151–153�C (lit.[11b] 151–152�C). IR: 3088, 2957, 2926, 2264, 1675, 1591,
1491, 1392, 1365, 1270, 1176, 1002, 920, 868, 764, 751, 706, 695. 1H
NMR: 3.42 (s, 2H), 7.26–7.46 (m, 10H).

3-(Pyrrolidin-1-yl)-3-oxopropanenitrile (4i)

Solidified pale yellow oil after FCC (system A). Procedure A: 89%.
Procedure B: 91%. Crystallization from ethyl acetate afforded off-white
crystals; mp: 70–72�C (lit.[5a] 71�C). IR: 2984, 2944, 2888, 2256, 1645,
1632, 1450, 1402, 1341, 1285, 1168, 953, 912, 797, 707. 1H NMR: 1.89
(quintet, 2H), 2.00 (quintet, 2H), 3.42 (s, 2H), 3.44–3.51 (m, 4H).
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3-(Morpholin-1-yl)-3-oxopropanenitrile (4j)

Solidified pale yellow oil after FCC (system A). Procedure A: 83%.
Procedure B: 91%. Crystallization from ethyl acetate=diisopropyl ether
afforded white crystals, mp 85–87�C (lit.[5b] 87�C). IR: 2972, 2929,
2873, 2265, 1652, 1467, 1452, 1390, 1319, 1279, 1243, 1107, 1068, 1034,
977, 929, 842. 1H NMR: 3.43 (t, 2H), 3.51 (s, 2H), 3.59 (m, 2H),
3.66–3.72 (m, 4H).

3-(1,4-Dioxa-8-azaspiro[4,5]decan-8-yl)-3-oxopropanenitrile (4k)

Off-white crystals after FCC (system A). Procedure A: 82%. Procedure B:
89%. Recrystallization from acetone=diisopropyl ether afforded white
crystals; mp 119–120�C. IR: 2947, 2889, 2259, 1651, 1637, 1437, 1361,
1226, 1146, 1102, 1034, 945, 919, 792. 1H NMR: 1.69 (t, 2H), 1.75 (t,
2H), 3.50 (m, 4H), 3.69 (t, 2H), 3.96 (s, 4H). 13C NMR: 24.99, 34.47,
35.16, 40.70, 44.52, 64.53, 106.27, 114.06, 159.92. Elemental analysis
calculated for C10H14N2O3: C, 57.13; H, 6.71; N, 13.33. Found: C,
57.18; H, 6.76; N, 13.15.

3-(4-Phenylpiperazin-1-yl)-3-oxopropanenitrile (4l)

Off-white crystals after FCC (system A). Procedure A: 88%. Procedure B:
90%. Recrystallization from ethyl acetate afforded white crystals; mp
132–134�C. IR: 2917, 2813, 2261, 1648, 1595, 1495, 1446, 1334, 1276,
1223, 1154, 982, 900, 768, 699. 1H NMR: 3.19 (t, 2H), 3.25 (t, 2H),
3.54 (s, 2H), 3.63 (t, 2H), 3.80 (t, 2H), 6.91–6.96 (m, 3H), 7.27–7.33
(m, 2H). 13C NMR: 24.97, 42.40, 46.29, 49.17, 49.42, 114.08, 116.81,
120.88, 129.32, 150.58, 160.21. Elemental analysis calculated for
C13H15N3O: C, 68.10; H, 6.59; N, 18.33. Found: C, 68.17; H, 6.65; N,
18.28.

3-(2-Methylindolin-1-yl)-3-oxopropanenitrile (4m)

Off-white crystals after FCC (system A). Procedure A: 94%. Procedure B:
91%. Recrystallization from diisopropyl ether afforded white crystals; mp
154–156�C. IR: 2981, 2963, 2923, 2256, 1659, 1598, 1478, 1416, 1375,
1271, 1112, 998, 919, 752, 710. 1H NMR (2 rotamers): 1.26þ 1.33 (d,
3H), 2.57þ 2.70 (d, 1H), 3.34þ 3.47 (dd, 1H), 3.67þ 3.80 (dd, 2H),
4.43þ 4.92 (m, 1H), 6.93þ 8.09 (d, 1H), 7.09 (t, 1H), 7.21 (m, 2H). 13C
NMR (2 rotamers): 19.91þ 21.81, 26.45þ 27.08, 35.11þ 36.52,
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56.39þ 57.09, 113.96þ 114.60, 118.08, 125.06þ 126.76, 125.17þ 126.79,
127.71, 130.26, 140.65, 158.86. Elemental analysis calculated for
C12H12N2O: C, 71.98; H, 6.04; N, 13.99; found: C, 71.95; H, 6.06; N,
13.95.
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