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Abstract. N-Vinylformamide (VFA), the simplest member
of the enamide group, is the key compound in the synthesis
of linear cationic polymers with primary amino groups. In
recent decades VFA has been the object of intensive research
activity in industry and in universities with the aim of devel-
oping an economic method of synthesis. The various princi-
ples underlying the synthesis are described and the possibili-
ties for their industrial realisation are discussed. From the large

number of methods two variants have now been established
as industrial production procedures at BASF and Mitsubishi
Kasei Corp. (MKC). VFA is now available in tonne quanti-
ties in high purity. An overview of the versatile reaction pos-
sibilities of this multifunctional monomer and an extensive
list of references are also given. The radical polymerisation
to polyvinylformamides and their further reaction to polyvi-
nylamines are not covered in this review.

I Introduction

N-Vinylformamide (VFA) 1 1)

1) abbreviations used (in alphabetical order): ACA acetaldehyde; AF ammonium formate; AIBN azobisisobutyronitrile;
APC Air Products and Chemicals; BIS ethylidenebisformamide; DIN α,α'-iminodipropionitrile; FA formamide;
FAC formic acid; FAN N-formylalaninenitrile; MKC Mitsubishi Kasei Corporation; LAN lactonitrile
PVAm polyvinylamine; VFA N-vinylformamide
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is the simplest member of the enamide group and is also
the synthetic equivalent of N-vinylamine which does
not exist in the free state. VFA has a molecular weight
of M = 71 g/mol (N-vinylamine equivalent 43 g/mol)
and a high boiling point of 10 mbar 80 °C. It is a clear,
colourless liquid and can be stored without decomposi-
tion for several months under suitable conditions.

VFA is the key compound in the synthesis of linear
cationic polymers with reactive primary amino groups.
For decades efforts were made all over the world to work
out an economically attractive and ecological route to
these polymers, which were expected to display a large
number of interesting technical properties. These include
the following:
· the very high possible charge density of maximum
23 meq/g, because of the low molar mass of vinylamine
of 43 g/mol, more than 50% of which is still retained
even at pH 7 [1],
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· the high availability of H-atoms in the primary amino
groups, which, according to F. Linhart and W. Auhorn[2]
are available for hydrogen bonding to suitable substrates,
and
· favourable environmental aspects because the poly-
mer solutions are completely free of residual monomer
after hydrolysis to polyvinylamines (cf. Section IV 1.2).

Earlier attempts to gain access to such polymers most-
ly failed because of the insufficient purity of the mono-
mer. However, after a commercial process for the pro-
duction of high purity VFA was developed, develop-
ment work on VFA was undertaken all over the world.

High purity VFA can undergo radical polymerisation
very easily and can copolymerise with a large number
of other monomers to form products of various molar
masses. The formyl protecting group can then be com-
pletely or partially cleaved by hydrolysis from the mostly
water-soluble polymers leading to the strongly basic
polyvinylamines (PVAm) [3–4].

Scheme 1 shows the homopolymerisation and hydro-
lysis processes.

Because VFA 1 had the following advantages com-
pared with its higher homologues, interest in 2, 3 and 4
finally decreased in favour of N-vinylformamide itself.

Scheme 1Homopolymerisation of VFA 1 and hydrolysis to
yield PVAm

By the use of suitable comonomers and by varying
the hydrolysis conditions, the basicity (charge density),
hydrophilicity, solubility or reactivity can be controlled
within wide limits during the polymerisation reactions.

The polyelectrolytes thus obtained have outstanding
property profiles as additives in paper manufacture (dry
and wet strength, retention, dewatering, starch modifi-
cation) [5–6] and in domestic sewage sludge process-
ing. There are also interesting possibilities for applica-
tions in other areas, among them dye fixation, ion ex-
changers, UV-curable coatings and oilfield chemicals.

Details of the copolymerisation of VFA and the pos-
sible uses of the copolymers are outside the scope of
this review and will be the subject of a later publica-
tion.

Until well into the 1980s the companies Dynapol,
Showa Denko, Celanese and Hoechst were manufac-
turing the more highly substituted enamides 2, 3 or 4
because they seemed to be more accessible, although it
had been possible to prepare in good yield and charac-
terise the simplest molecule, VFA, since 1965 [7].
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CH2 CH

N Ac

CH3

2 3 4

· After polymerisation the amino protecting groups must
be readily hydrolysable by acids or bases in order to
prevent cleavage of the polymer chains. There are sig-
nificant differences here which favour the use of poly-
vinylformamide (PVFA) [8–11]. Summerville and
Stackman [12] attribute the difficulty of achieving
100% acidic hydrolysis of a polymer based on 2 (e.g.
MW 34 000: 27 h/100 °C) to the density and frequency
of occurrence of the positive charges. In the hydrolysis
of PVFA this obviously plays only an insignificant role
(MW ca. 300 000: 4 h/75 °C).
· The polymerisation and hydrolysis of the monomers
3 and 4 do not give the polymers preferred for technical
applications which have reactive primary amino groups.
The N-methyl-polyvinylamines formed also have a ca.
33% higher molar mass per cationic centre, which leads
to environmental problems on use.
· Only with VFA can molar masses in the million re-
gion, comparable with that of polyacrylamide, be
achieved. This is attributed to the fact that, for exam-
ple, unlike 2 [13], VFA can be obtained in particularly
high purity [14].
· VFA can copolymerise readily with, for example, vi-
nyl acetate, acrylamide, sodium acrylate, acrylic esters
or maleic anhydride [15].
· Protection of resources: the use of VFA allows sim-
ple recycling of the formic acid (FAC) liberated on hy-
drolysis of the polymer as methyl formate. The latter
can be converted into formamide with ammonia and
recycled to the monomer synthesis.

II N-Vinylformamide Syntheses

N-Vinylformamide is a secondary enamide. While ter-
tiary enamides of type 5
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R
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5

are relatively accessible by various routes, e.g. by vi-
nylation of secondary amides with acetylene [16–18]
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or HX-elimination from β-substituted N-ethylamides
[19–20], secondary enamides have not yet been ob-
tained in this way. A base-catalysed direct vinylation of
formamide with acetylene would be problematic, par-
ticularly because of the thermal instability of the start-
ing material and product, the sensitivity of VFA towards
bases, and the presence of two reactive NH-bonded func-
tional groups in the formamide.

More recent work describes a synthesis of VFA start-
ing from ethylidene acetate 6 [21] (1). 6 is readily syn-
thesised from acetic anhydride and acetaldehyde (ACA).

Depending on the nature of the substituent X, very
different synthetic processes have been developed by
some companies on an industrial scale (Table 1).

HC
O

NH2

CH3CH
OAc

OAc

25 °C, base

– 2 AcOH
CH2 CH

HN CHO

+

6 1

(1)

The reaction takes place at room temperature, but re-
quires 2 mol of base per mol of diacetate 6 to bind the
acetic acid liberated. The selectivities (yields based on
diacetate converted) are only 23%.

The work of Ruehl et al. [22] is of greater industrial
interest. The authors describe the vinylation of forma-
mide (FA) with vinyl formate 7 at 60 °C in the presence
of base (2).

HC
O
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NEt3, 60 °C, 5 h
C
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HCH2 C
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HN CHO

CH2+

7 1
(2)

Selectivities of up to 92% are found (yields based on
vinyl formate converted). The use of stoichiometric
quantities of base, however, makes the work-up of the
product mixtures obtained more difficult.

1. Industrial Precursors

All industrially interesting syntheses of N-vinylform-
amide 1 start from α-substituted N-ethylformamides 8.
VFA is always formed in very good yields of over 90%
through the thermal or catalytic elimination of HX (3).

– HX
C
H

HN CHO

CH2
T / cat.

CH3

HN

X

CHO

8 1

(3)

Table 1 Industrial procedures for preparing N-vinylform-
amide according to (3)

Starting X Selectivity a) Reference
material

9 -OR 94 [46]

11 98 [41a]

12 -OAc 89 [41b]

13 -CN 93 [51]

a) Yield in % based on converted starting material

–NHC

O

H

The syntheses of the starting materials for procedures
used according to equation (3) first need to be described.

1.1 N-(α-Alkoxyethyl)formamides

N-(α-Alkoxyethyl)formamides are O,N-acetals of type
9.

a
b
c

Me
Et
 i-C3H7

CH3CH

OR

HN C

O

H

R

9 a - c

There have been numerous publications concerning
their synthesis and purification [23–31]. Various syn-
thetic principles have been followed:
· In the 1970s Mitzlaff[23] described the electroche-
mical methoxylation of N-ethylamides  (4).

MeOH, 86 %

– 2e–
CH3CH

OMe

HN CHO

CH3CH2

HN CHO

9a

(4)

The reaction proceeds particularly well with N-ethyl-
acetamide as the starting material and gives N-vinyl-
acetamide 2 in 92% yield [24].
· Higher selectivities (yields based on acetaldehyde
converted) of at least 95% can be achieved by treat-
ment of the acetaldehyde with formamide under base
catalysis and subsequent reaction with methanol accord-
ing to Scheme 2 [25].

R

a Me
b Et
c i-C3H7
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The process involves the formation of N-(α-hydroxy-
ethyl)formamide 10, a crystalline compound with a
melting point of 53 °C, the isolation of which can, how-
ever, be avoided [26]. Other possible synthesis routes
are shown in Table 2.

formamide under acidic catalysis in yields of 72%
(Scheme 3). Vinyl acetate can also be used as an acet-
aldehyde equivalent [34–35] and gives the bis-form-
amide in 95% and 71% yields on Hg and Pt catalysts
respectively. Another possible starting material is the
hydroxyethylformamide 10 [36]. The etherification of
this compound with methanol to give N-(α-methoxy-
ethyl)formamide 9a has already been discussed. An
overview is shown in Scheme 3.

45°C

K2CO3
MeOH/H

+

20 °C, – H2O
CH3C

O

H

+ HC

O

NH2

CH3 CH

HN

OH

CHO

10

CH3 CH

HN

OMe

CHO

9a

Scheme 2Two step synthesis of α-methoxyethylformamide
9a

Table 2 Syntheses of O,N-acetals 9

Starting materials Catalyst Yield (%) Ref.

Supporting 86 [23–24]
electrolytes

ACA + FA/ROH Bases 95 [25–26]
ACA + FA/ROH Acids 58 a) [27]
11 (BIS) + ROH Acids 60 b) [28]
ACA-acetal + FA Acids 82 c) [29]

– 23 [30]

Vinyl ether + FA Acids 63 [31]

a) Selectivity: 88% (yield based on ACA converted)
b) Selectivity: 92% (yield based on 11 (BIS) converted)
c) Yield based on FA

EtNHC

O

H

+   MeOH

CH3CH

Cl

OCH3

+   FA/NR3

1.2  N-(α-N'-Formamidoethyl)formamide

N-(α-N'-Formamidoethyl)formamide is an ethylidene-
bisformamide BIS with formula 11.

It can be synthesised particularly well by the method
of Dawson and Otteson [32–33] from acetaldehyde and

95 % / 71 %

Hg(OAc)2/PtCl2 (MeCN)2
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+

+
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Scheme 3Three synthetic routes to N-(α-N'-formamido-
ethyl)formamide 11

1.3 N-(α-Acetoxyethyl)formamide

N-(α-Acetoxyethyl)formamide (AEF) 12

CH3CH

HN

OAc

CHO

12

was prepared by Parris and Armor in 82% yield, char-
acterised spectroscopically, and pyrolysed [41b]. The
precise details were not given.

1.4 N-(α-Cyanoethyl)formamide

Formylated alaninenitrile 13 is an outstanding precur-
sor for VFA.

CH3CH

HN

CN
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13

Kurtz and Disselnkötter reported their work in this
area in Liebigs Annalen in 1972 [7]. They first succeeded

CH3CH
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in preparing and characterising VFA as the simplest
member of the enamide group in 84% yield in 1965
[37a–c] (3, X = CN).

N-Formylalaninenitrile 13 (FAN) required for the py-
rolysis to give VFA was synthesised according to Sche-
me 4 [37d–e].

However, we considered the yields of 82% based on
acetaldehyde and 75% based on formamide to be un-
satisfactory for an industrial process. Among the reac-
tion products we found not only N-formylalanineamide
17 anticipated by the authors from hydrolysis of the ni-
trile group, which at higher temperatures and acid con-
centrations became the main product, but also large
quantities of ammonium formate (AF) formed by hy-
drolysis of formamide. Furthermore gases formed by
decomposition of formic acid, essentially CO and CO2,
which removed 2–3 mol% free HCN from the reaction
system, were also formed.

Kinetic measurements on the FAN synthesis and the
determination of by-products showed that an equilibri-
um between lactonitrile (LAN) and ammonium formate
on the one side, and DIN and formic acid on the other is
set up before the actual FAN synthesis (5).

2 CH3CH

OH

CN

2 CH3CH

NH2

CN

CH3CH
NH

CHCH3

CNCN

NH3

– 2 H2O

NH3

2 CH3CH

CN

HN CHO

HCO2Me
14 15

16

13

Scheme 43 step synthesis of N-formylalaninenitrile FAN
13 from LAN 14

Lactonitrile (LAN) 14 is converted almost quantita-
tively with ammonia into α,α' -iminodipropionitrile
(DIN) 15 in 4 h at 70 °C and the water of reaction re-
moved. After drying, the dinitrile is converted with ex-
cess ammonia into alaninenitrile 16. The latter is for-
mylated with a 5 molar excess of methyl formate in the
presence of 15 mol % formic acid (FAC) in 95 % yield.

In 1969 Becke and Pässler [38–39] succeeded in syn-
thesising FAN 13 by a direct route, shown in Scheme 5,
involving lactonitrile 14 and formamide in the presence
of acid, e.g. formic acid.
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Scheme 5Direct synthesis of FAN 13 from LAN 14 and
formamide and equilibria between FA and water
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CH3CH
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OH

+     2  H2O
(5)

The first priority was to make this equilibrium inde-
pendent of the ammonium formate, which was only
formed gradually by hydrolysis of the formamide (FA)
(Scheme 5) by adding AF as a cocatalyst at the begin-
ning.

Figures 1 and 2 show the AF and FAC kinetics with
and without AF cocatalysis.
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Fig. 1 N-Formylalaninenitrile synthesis at 90 °C without am-
monium formate cocatalysis, molar ratio LAN : FA : FAC
= 1: 1,5 : 0,10
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Without AF cocatalysis the AF concentration increas-
es continuously during the reaction to a value of ca.
0.20 mol in a 1 mol reaction mixture; i.e. initially all
the AF produced by FA hydrolysis is consumed in di-
nitrile formation. Formic acid (FAC) is thus formed,
which reaches a maximum concentration after 9 h, as in
the further reaction of DIN to FAN FAC is consumed
again, so that at the end of the reaction after ca. 17 h the
original FAC concentration is reached. The formation
of the dinitrile 15 is analogous to the liberation of FAC
from AF and occurs simultaneously.

If AF is added at the beginning (e.g. 0.26 mol per
mol of LAN) and the reaction allowed to proceed at
90 °C, the reaction time is reduced from 17 to 6 h [40a].

trogen giving 18. FA subsequently effects the cleavage
giving 2 mol of N-formylalaninenitrile 13. At the same
time AF is formed again by the hydrolysis of FA.

In agreement with this is the observation that FAN
can easily be obtained from previously isolated pure
dinitrile, FA and FAC. The reaction takes place at 90 °C
in 4 h and gives FAN in 87% yield [40b], (6).

0

0,05

0,1

0,15

0,2

0,25

0,3

0,35

0 1 2 3 4 5 6
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M
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C
/A

F/
D
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Fig. 2 N-Formylalaninenitrile synthesis at 90 °C with am-
monium formate cocatalysis, molar ratio LAN : FA : FAC :
AF = 1 : 1,5 : 0,14 : 0,26

The FAC and DIN concentrations reach a maximum
after ca. 1.5 h, and at this point the AF concentration
reaches a minimum. The final concentration of AF is
only slightly above the initial concentration; i.e. higher
FA losses are thus avoided. With even higher AF con-
centrations in the reaction mixture, e.g. 0.5 mol per mol
of LAN, the reaction is finished after 3 h and the FA
hydrolysis completely suppressed (Scheme 5). AF is
readily distilled in vacuo and can thus easily be recy-
cled.

Scheme 6 shows the possible reaction path. The α,α'-
iminodipropionitrile 15 is formed initially in an equi-
librium reaction and is then formylated by FAC on ni-

CH
3
CH

N
CHCH

3

CNCN

C
HO

 

HC

O

NH2HCOOHAF14 15

18

13

Scheme 6Proposed reaction mechanism for the direct syn-
thesis of FAN 13
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NH2 / HCOOH

CH3CH
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H

CHCH3
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2 CH3CH

HN

CN

CHO

– H2O

15 13
(6)

18 could not be detected but is known from the liter-
ature [40c].

The AF cocatalysis brings considerable advantages
to the synthesis of N-formylalaninenitrile from LAN and
FA, in particular an increase in yield to 95% based on
ACA and FA, and at the same time a lowering of the
reaction temperature and thus a significant reduction in
waste gas production. The cocatalyst can easily be re-
cycled by distillation and this makes the reaction more
economical.

2. Pyrolysis Procedures

The pyrolysis of the starting materials 9, 11 and 13 (3)
with the α-substituents discussed in Section II. 1 is a
highly endothermic process which takes place optimal-
ly in the gas phase at temperatures of 400–600 °C and
residence times of a few seconds down to around a tenth
of a second. If the gases are passed over a solid bed
catalyst, e.g. CaCO3 or MgO [37c, 49], the pyrolysis
temperatures can often be drastically lowered, e.g. to
275 °C at the beginning of the pyrolysis campaign with
the bis-starting materials [41a]. The vacuum to be ap-
plied depends on the boiling point of the precursor and
is generally between 10 and 150 mbar. If the HX spe-
cies cleaved is a high-boiling compound, such as form-
amide, the partial pressure can be lowered by an inert
stripping gas, such as nitrogen, at normal pressure. How-
ever more energy is thus used.

With optimised processes selectivities (yields based
on the starting materials converted) of up to 98% are
described. However, work-up losses of up to 20% can
occur. The N-vinylformamide obtained is thermally and
chemically labile (cf. sections III and IV) and requires
particularly careful work-up, according to Scheme 7.

In choosing the best procedure, besides the chemical
selectivities, the most economic purification operations,
mostly involving distillation, and the ease of recycling
of the liberated gases are important.
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The procedure shown in (3, X = CN) with FAN as
the starting material is particularly favourable as already
in the quench, i.e. in the first condensation stage after
the pyrolysis reactor, the HCN liberated can be separa-
ted almost quantitatively from the VFA without a sepa-
rate distillation step. At the same time, i.e. still in vacuo
of e.g. 10 mbar, it can be reconverted into lactonitrile
with acetaldehyde. This chemisorption [52] takes place
almost quantitatively using a circulation loop, which is
fed with lactonitrile and formamide at, for example,

10 °C. The lactonitrile thus obtained can be fed back
directly into the FAN synthesis. This results in an eco-
nomically and ecologically attractive procedure.

In [41b] Parris and Armor discuss the various known
pyrolysis procedures and mention N-(α-acetoxyethyl)
formamide (AEF) 12. Enthalpies of reactions of differ-
ent precursors to give VFA are compared with each other
and with those of possible competing reactions. The
authors take the view that these enthalpies represent the
activation energies for the thermal cleavage in the gas
phase (see Table 3).

The authors consider that the reaction shown in (3, X
= CN) is particularly favourable as no by-product for-
mation is possible and the relatively low reaction en-
thalpy of 7.6 kcal/mol allows lower and therefore less
drastic pyrolysis temperatures.

However, we found outstanding selectivities of over
95% on basic catalysts even for the reaction (3, X =
CN). Acrylonitrile was not detected, although the sig-
nificantly lower reaction enthalpy would make its for-
mation likely. Kurtz and Disselnkötter [7] showed as
early as 1972 how strongly the solid bed catalysts and
the chemical structure of the starting material affect the
direction of the reaction.
· On silica gel catalysts FAN is converted into acrylo-
nitrile in 45% yield. This may be the result of a second-
ary reaction: nitrile formation from N-alkylformamides
on silica gel.
· N-Methyl-N-acetylalaninenitrile 19 gives acrylonitrile
(7b) and N-methylacetamide as by-products of thermal
cleavage as well as the expected enamide 4 (7a).
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Scheme 7Industrial syntheses of VFA 1 via precursors 9
(MKC), 11 (APC) and 13 (BASF)

Table 3 Enthalpies of various reactions of  9 b, 11, 12 and 13 to give VFA and possible competing reactions

Pyrolysis reaction Equation ∆HR (kcal/mol)

(3, X = OEt) 16,7

16,0

(3, X = NHCHO)   7,6

(3, X = OAc) – 0,8

10,4

(3, X = CN) 20,9
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Parris and Armor [41b] also discuss a possible reac-
tion mechanism for the pyrolysis of secondary amides.
The authors found that a tertiary amide, e.g. N-methyl-
N-(α-ethoxyethyl)acetamide, does not form any N-me-
thyl-N-vinylacetamide 4 on MgO solid bed catalysts
under standard conditions at 275 °C. This finding sup-
ports the suggestion for the reaction mechanism of the
catalytic pyrolysis of secondary amides of type 8.

The N–H bonds are activated on the MgO surface
and transition complexes 8a and 8b are formed with
subsequent tautomerisation of the formylimine to VFA
according to Scheme 8.

with the partial double bond character between the car-
bonyl-C and N typical of an amide. The 1H- and 13C-
NMR spectra in CD3CN gave an isomer ratio of Z : E of
77:23. Lankes [53] obtained a similar result of 75% Z
conformer in CD3OD. These results were obtained by
comparing the integration of the formyl proton signal
(δ = 8.3/8.28 and 8.01/8.03 ppm) in the respective sol-
vents.

Further investigations of Gehring et al. [54], Ajo et
al. [55] (ab initio and PEM calculations) and Yoder and
Gardner [56] show that the barriers to rotation of the
partial C=N double bond are lowered by the vinyl group
compared with saturated alkyl groups. This indicates
that the vinyl group competes with the electronegative
oxygen for the lone pair on the nitrogen and thus reduc-
es the double bond character of the C=N bond.

C H

N

H

C H

O

X

CH3
Mg O CH3 C H

N

Mg

C H

O

X

O

H 8a

surface

Scheme 8Proposed reaction mechanism for the catalytic py-
rolysis of α-substituted N-Ethyl-formamide 8

III Physical Properties, Storage and Toxicological
Data for N-Vinylformamide

N-Vinylformamide 1 is a multifunctional molecule
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The C=C double bond of the vinyl group is conse-
quently more electron rich than those of simple olefins,
but less than those in simple enamines because of the
neighbouring carbonyl group.

VFA is miscible with water in all proportions and
readily soluble in most organic solvents, though less
than 1% in aliphatic and alicyclic hydrocarbons.
Other important physical data are shown below:
Molecular weight: 71 g/mol
Boiling point at 10 mbar: 80 °C
Melting point: ca. –16 °C
Vapour pressure at 25 °C: 0.27 mbar
Heat of molar polymerisation: 82 kJ/mol
Density at 20 °C: 1.017 g/ml
Surface tension (at 20 °C): 37.1 mN/m
Flashpoint (DIN 71 758): 105 °C
pH (50% in water): 6.0 to 7.0
Molar extinction coefficient ε in MeOH (λmax: 225 nm):
16 000 l/mole × cm
These data roughly correspond to those in the literature
[57–58].

The stability of VFA to storage at room temperature
depends mainly on its purity [59]. Acidic or basic im-
purities are not critical provided that the pH of a 50%
aqueous VFA solution is in the range of 6– 7. On either

CH3CH

N

CN

Ac
Me ∆Τ

+

CH

N

Ac

Me

CH2

HCN

CH2 CH

CN

+

H

N

Ac

Me

T 4

19

(7a)

(7b)

⊕CH2 CH
N

H

CH2 CH
N

C
H

O

H

C H

O

 

tautomerisation

-HX

CH3 C

N C

O
H

H

Mg O

H
X

1

CH

HN CHO

CH2

8

8a

8b



J. Prakt. Chem. 2000, 342, No. 2 123

N-Vinylformamide – Syntheses and Chemistry of a Multifunctional Monomer_______________________________________________________________________________REVIEW

side of these limits an exothermic cationically or anion-
ically initiated polymerisation can occur. In order to
avoid this, storage at ≤ 10 °C is recommended, particu-
larly when the material is required for high molecular
weight polymers.

The addition of, for example, di-tert-butyl-p-phe-
nylenediamine 20 is recommended for preventing radi-
cal-initiated slow polymerisation on storage.

Kurtz and Disselnkötter [7] through the action of sec-
ondary amines on N-vinylacetamide 2 (8).

t-C4H9HN NHt-C4H9

Stabilisers based on, for example, hydroquinone [60],
fullerene [61a] or N-oxyl compounds [61b] have also
been described. A further means of stabilisation is
achieved by diluting the pure VFA with a comonomer
planned for copolymerisation, e.g. vinyl acetate [62].
When handling VFA its toxicological properties should
be taken into account:
Acute oral toxicity (rat): LD50 1150 mg/kg
Acute dermal toxicity (rabbit): LD50 > 2000 mg/kg
Skin irritation: nonirritant
Mucus membrane irritation: danger of severe da-

mage to the eyes
Gene toxicity:
Ames test negative
HPRT test *) negative
Micronucleus test *) negative

*) These mutagenicity tests were sponsored by APC and per-
formed by Microbiological Associates, Inc.

Subchronic inhalation toxicity (rat 90 days, 6 h/d):
350 mg/m3 (= 86 ppm) toxic to the kidneys and liver but no
neurotoxic effects, at <= 50 mg/m3 (= 17 ppm) no substance-
related effects observed **).

**) This test was sponsored by APC, MKC and BASF. It
was performed at the toxicology labs of BASF Aktienge-
sellschaft, Luwigshafen.

Deviations from already published data can be at-
tributed to various impurities in the tenth of a percent
region [15, 57].

IV Chemical properties of N-Vinylformamide

1. General

VFA is a multifunctional molecule: on the one hand the
C=C double bond is available for addition and poly-
merisation reactions, and on the other hand there is the
weakly acidic proton on the nitrogen flanked by the
formyl and vinyl groups, so that with base catalysis VFA
can react as a nucleophile.

1.1 Addition of N-Nucleophiles

The first C=C addition compounds were obtained by

CH

NHAc

CH2 CH3CH

NHAc

Nu

+     NuH

2 21

21 a b

Nu N O-N(CH3)2

(8)

CH

HN

CH2

CHO

+     NuH CH3CH

HN CHO

Nu

1 22

(9)

Table 4 Addition of N-nucleophiles to VFA (mol per mol
VFA)

-Nu Catalyst/ Aminal Reaction Yield
mol % conditions (%)

(T/t)

–NHCH3 – 23 40 °C/8 h 93 a)

NMe3/7 25 25 °C/42 h 93 b)

HCl/25 28a 25 °C/20 d 65 c)

– 28b 25 °C/34 d 62 c)

– 28c 25 °C/34 d 63 c)

–N

CHO

HC CH2

NH

CH2

CN

NH

CH

CN

CH3

NH

CH

CN

Et

a) spectroscopic determination;b) isolated by multistep thin film
distillation; c) isolated by column chromatography

20

With dimethylamine at 50 °C in 12 h the aminal 21a
and with morpholine at 20 °C in 14 d the aminal 21b
are formed by attack of the nucleophile at the α-C-atom.

During our attempts to react VFA with N-nucleophiles
we carried out the reactions (9) with the starting materi-
als shown in Table 4. Because of the polarisation of the
double bond analogous to that found in enamines, in
our examples also only the Markovnikov adducts 22
were formed.

21 a                         b
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When stoichiometric quantities of methylamine are
allowed to react with VFA without a solvent in an auto-
clave at 40 °C the aminal 23 was obtained, which was
identified spectroscopically (10).

C=N double bond character corresponding to different
conformer combinations [63].

Aminonitriles of type 27a–c only react slowly with
VFA at room temperature. They also add at the α-posi-
tion and give the homologous CN-substituted aminals
28a–c (12).

CH

HN

CH2

CHO

CH3CH

NHCH3

HN CHO

+     CH3NH2

1 23
(10)

During distillative work-up in vacuo at a maximum
of 80 °C oligomeric aminals were formed, which could
be fractionated by GPC.

VFA itself can act as a nucleophile. In the presence
of bases, e.g. alkali alcoholates or tertiary amines, the
resonance-stabilised anion 24 is formed in an equilibri-
um reaction.

N

C HC

H

H

H

O

N

C HC

H

H

H

O

–

–

24

N

C HC

H

H

H

O

 

–

In the absence of protic solvents it adds to VFA and
forms N-(α-N'-vinyl-N'-formamidoethyl)formamide 25
(dimeric VFA) (Table 4). Particularly at temperatures
above room temperature this reacts further giving oli-
go-N-formylaminals 26 (11):

CH3CH

HN

N CHO

CHCH2

CHO

Base
O

H

NCH

CH3

 n

25 26

(11)

The dimer is cleaved thermally but can be obtained in
99% purity by distillative work-up in a thin film evapo-
rator (single pass) (b.p. ρ0.2 mbar = 127 °C, m.p. 34–
36 °C). The 1H- and 13C-NMR spectra indicate that there
are three isomers in the ratio 61:11:28. Their presence
is attributed to the existence of two amide groups with

NH CHR

CN

HN

CH3CH

CHO

+     RCH

NH2

CN

CH

HN

CH2

CHO

1 27 a - c 28 a - c

a
b
c

  H
  Me
  Et

R

(12)

While 28a is formed as a crystalline racemate (m.p.
69–70 °C), 28b and 28c are always isolated as a mix-
ture of diastereoisomers because of the presence of two
asymmetric centres in the molecule. These can be sepa-
rated by column chromatography to give two pairs of
enantiomers.

1.2 Addition of O-Nucleophiles

The addition of O-nucleophiles, unlike that of N-nuc-
leophiles, takes place only under acid or base catalysis.
We investigated the systems shown in Table 5 corre-
sponding to (13).

CH

HN

CH2

CHO

CH3CH

OR

HN CHO

+     ROH

1 9

(13)

Table 5 Addition of OH–acidic compounds to VFA

–OR Molar Catalyst/ O,N- Reaction Yield
equiv. mol% Acetal conditions (%)
ROH

– OH 1 HCOOH/50 10 25 °C/8 h 81

1 – 31 25 °C/1 h 95

– OMe 7.4 NaOMe/5 9a 25 °C/18 h 93

–O–i–C3H7 3.4 HCl/2 9c   0 °C/2 h 92

1.5 BF3/0,5 32   0 °C/18 h 91

O CH

O

OCH

CN

CH3

24

R

a H
b Me
c Et
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Addition of water can be effected using, for exam-
ple, 50 mol% formic acid (14) and gives N-(α-hydroxy-
ethyl)formamide 10:

The 1H-and 13C-NMR spectra confirmed the identity
of 31. The latter was also treated with NaOCH3 (17).

CH

HN

CH2

CHO

+     H2O 81 %

H
+

CH3CH

HN CHO

OH

1 10

(14)

The careful addition of water to N-vinylpyrrolidone
29 at 0 °C proceeds similarly. Senogles and Thomas
[64] obtained N-(α-hydroxyethyl)pyrrolidone 30 anal-
ogous to 10 (15).

+     H2O 0 °C

H
+

N

CH3CH

OH

O

N

CH

O

CH2

29 30

(15)

The hydrolysis proceeds further in aqueous mineral
acid. In the VFA hydrolysis with 2N HCl at room tem-
perature Kurtz and Disselnkötter [7] were only able to
isolate 57% acetaldehyde and 63% formamide.

The hydrolysis of N-vinylacetamide 2 in aqueous sul-
furic acid at 25 °C was investigated by Csizmadia et al.
[65]. The kinetic data show that the protonation of the
β-C-atom can be considered to be the rate determining
step. As expected only acetamide and acetaldehyde are
obtained as hydrolysis products (Scheme 9).

CH

NHAc

CH2 CH3CH

OH2

NHAc

2
CH
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CH3  

CH

NHAc
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H2SO4/RT OH2

– H

⊕

⊕

⊕

⊕

+CH3C
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O

CH3C

O

H

slow

Scheme 9Hydrolysis of N-vinylacetamide 2 to give acet-
amide and acetaldehyde

In an anhydrous medium formic acid itself adds to
VFA. This takes place at 0 °C within 10 h and at room
temperature within an hour (16) and gives N-(α-form-
oxyethyl)formamide 31.

HN

CHCH2

CHO

CH3CH

HN CHO

O CHO

+     HCOOH
0 °C/10 h

95 %

1 31 (16)

+     CH3ONaCH3CH

HN CHO

O CHO

RT

– HCOONa
CH3CH

HN

OCH3

CHO

31 9 a (17)

We thus obtained N-(α-methoxyethyl)formamide 9a
in 48% yield and sodium formate in 93% yield.

Alcohols also add directly to VFA under acid or base
catalysis and give N-(α-alkoxyethyl)formamides 9 (18).

CH3CH

OR

HN CHO

CH

HN

CH2

CHO
H   or⊕

–
+ ROH

RO

1 9a
b
c

Me
Et
i-C3H7

R

(18)

The cyanohydrin, lactonitrile 14 adds to VFA like a
simple aliphatic alcohol and gives N-[α-(α'-cyano-
ethoxy)ethyl]formamide 32 (19).

CH3CH

O

HN CHO

CH

CN

CH3CH

HN

CH2

CHO
BF3

0 °C/18 h
+     CH3CH

CN

OH

1 14 32
(19)

Because of the tendency of VFA to undergo anionic
polymerisation and because of the cleavage of cyano-
hydrins in alkaline solution, the addition is best carried
out with BF3 as a catalyst and with an excess of lactoni-
trile, which suppresses cationic polymerisation. In this
way yields of over 90% of the addition product are ob-
tained. Because of the two asymmetric centres in the
molecule, two fractions consisting of the two pairs of
enantiomers are obtained when the product is worked
up by column chromatography.

The addition of peroxides to tertiary enamides de-
scribed in 1972, which is analogous to the addition of
alcohols, is interesting [66]. Under acid catalysis the
peroxide 33 is obtained by addition at the α-position
(20).

30

R

a Me
b Et
c i-C3H7

2
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1.3 Addition of S-Nucleophiles

As a supplement to the addition of OH-acidic com-
pounds to the C=C double bond of VFA, we also inves-
tigated the sulfur analogues. We were particularly in-
terested in the radical addition of H2S to VFA in the β-
position. There had already been a patent application
by Sugita et al. [67] for the synthesis of N-(β-mercap-
toethyl)acetamide 34 in which N-vinylacetamide 2 was
treated with excess H2S in butyl acetate at 70 °C in the
presence of azobisisobutyronitrile (AIBN). The selec-
tivity (yield based on 2 converted) is 93%. Subsequent
hydrolysis with HCl gives cysteamine hydrochloride 35
in high yields (Scheme 10).

CH3CH

OOR

N Ac

CH3

CH

N Ac

CH3

CH2

H   , ROOH

– 40 °C, 43 %

⊕

4 33

(20)

CH

NHAc

CH2 AcOBu, 70 °C/2 h

HCl, 100 °C

4 h, – AcOH

H2S/AIBN
CH2

NHAc

CH2

HS

β

2 34

CH2

NH3Cl

CH2

HS

35

Scheme 10Addition reaction of H2S to N-Vinylacetamide 2

adducts 36 and 37 tend to react further with VFA. Bis-
α,α′-(N-formamidoethyl)sulfide 38 and also the α,β-
isomer 39 are formed preferentially.

We also investigated the addition of NaHSO3 to VFA.
In a patent application Sugita et al. [68] describe the
addition of KHSO3 to N-vinylacetamide 2 (21). They
obtained potassium 2-(N-acetamido)ethanesulfonate
which could be hydrolysed to taurine.
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Scheme 11Simple and multiple addition reactions of H2S
to 1

CH

NHAc

CH2 CH2

NHAc

CH2

KO3S
pH 6,5 – 7,0

KHSO3

2 41

(21)

Table 6 Addition of H2S to N–vinylformamide

VFA conc. Solvent Initiator/ Molar Reaction Conversion Selectivities
mol/l mol% equiv. conditions VFA
solvent H2S °C/h/bar a) [%] 36 37 38 39

2 THF NaSH/5 1,2 50/6/3 91 – – 78 –
2 Toluene V65/1 b) 1,1 60/6/5 96 – – 91 –
2 Acetonitrile V60/3 c) 2,4 80/5/10 86 4 2 46 45
2 THF V60/3 5,4 75/8/11 96 32 16 22 23

a) Self-generated pressure;b) ® V65 (Wako Chemicals USA) = 2,2'–Azobis(2,4–dimethylvaleronitrile)
c) ® V60 (Wako Chemicals USA) = 2,2'–Azobisisobutyronitrile (AIBN)

The possible products of a reaction of VFA with H2S
are shown in Scheme 11. In our own investigations we
isolated the products 36–39, but not the bis-β,β′-(N-
formamidoethyl)sulfide 40.

The exact reaction conditions and product ratios can
be found in Table 6.

As expected, with a large excess of H2S the primary
addition products N-(α-mercaptoethyl)formamide 36
and N-(β-mercaptoethyl)formamide 37 are increasing-
ly formed. Radical-initiated additions did not lead to
the desired β-selectivity. As nucleophiles, the primary

By addition of NaHSO3 to N-vinylformamide 1 and
catalysis with 2,2'-azobis(2-methylpropionamidine) di-
hydrochloride (5 mol%) we obtained after distillative
work-up N-formyltaurine 42 and the α-addition prod-
uct sodium 1-(N-formamido)ethanesulfonate 43 in a
ratio of ca. 1:1 in 95% yield (22).

1.4 Addition of Carbanions

Unlike the additions of NH-, OH- or SH-compounds to
the C=C double bonds in VFA, the addition of carban-
ions should involve a C–C bond-forming reaction.
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From 1977–1982 Hedegus et al. [69–71] published
their work on the addition reactions of resonance-stabi-
lised carbanions to N-vinylacetamide 2 in the presence
of PdCl2-complexes (23).

Attempts to homo-oligomerise VFA in the presence
of [CpRh(C2H4)2-π−H]BF4 and to telomerise it with
butadiene on Pd(dba)2/PPh3 (dba = dibenzylideneace-
tone) only gave mixtures of nonuniform, branched prod-
ucts.

1.5 Cationic Polymerisation

While VFA is in equilibrium with the resonance-stabi-
lised anion 24 in the presence of base undergoes anion-
ic polymerisation in the absence of a protic solvent or
other reaction partners, the presence of catalytic quan-
tities of protic acids leads to formation of the resonance-
stabilised cations 49a/49b. With Lewis acids the corre-
sponding addition product is formed.

CH

HN

CH2

CHO

pH 5 – 6

50 °C, 22 h, N2

+ NaHSO3

1

CH2

NaO3S

CH2
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+
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(22)
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CH2 CH3CH

NHAc

CR
1
R

2
R

3

+    R
1
R

2
R

3
C   M

PdCl2(MeCN)2⊕–

2 44 (23)

Reactions with benzyl-Grignard, or the sodium and
lithium enolates of (methyl)malonic ester  were de-
scribed. Nucleophilic attack always takes place at the
α-C-atom of the VFA. The yields of the addition prod-
ucts 44 were between 52 and 88%.

In 1980 Stille et al. [72] reported the hydroformyla-
tion of N-vinylacetamide 2 in the presence of optically
active rhodium catalyst systems. They obtained a 1:1
mixture of the α- and β-substituted aldehydes 45 and
46 in 75% yield (24).
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CH2 +
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H
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CH HCH3

O

N C

H

CH3CH H
 

⊕

⊕

49a 49b

As a result cationic oligomerisation of the VFA oc-
curs. Pinschmidt et al. [15, 73] describe the cationic
oligomerisation of the neat material, as a two-phase sys-
tem with pentane or in solution with initiators, such as
SnCl4 or BF3

.Et2O. The oligomers obtained show broad
MW peaks in GPC analysis in water at 975– 2500. NMR
analysis indicated that C–C bond formation had taken
place. The authors formulate chain termination as shown
in Scheme 12.

Building on these results, Lankes [53] then investi-
gated complex formation between VFA and rhodium
compounds. VFA reacted smoothly with [RhCl(C2H4)2]2
47 to give the complex [RhCl(VFA)]2 48 (25).
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Scheme 12Cationic oligomerisation of 1 and possible chain
termination reactions
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The terminal groups of molecules of the type 50 and
51 are enamides and cyclic amidals respectively, which
can be regarded as aldehyde equivalents. Correspond-
ingly, alkaline hydrolysis in methanol (5 h reflux) leads
to crosslinking and coloration.

Our own work (1991/92) on cationic oligomerisation
of VFA with Lewis acids, such as BF3, FeCl3 or CuBr2,
in aprotic solvents gave similar results. However, we
drew other conclusions from the results of the hydroly-
sis of the oligomers obtained. With the neat material or
as a two-phase system in aliphatic or alicyclic solvents
we obtained oligomers in the molecular weight range
of 1000–2000 (GPC in DMF against a poly(ethylene
glycol) standard). In other solvents, e.g. CH2Cl2, DMF,
THF or MeCN, oligomerisation always begins in ho-
mogeneous solution. In the course of the reaction the
oligomer separates as an oily, sticky mass or is dissolved
in both phases. After distillative work-up, hygroscopic,
brittle oligomers remain which can be ground up with-
out further purification to give colourless powders. The-
se types of solution oligomers usually have MW values
of < 500, i.e. degrees of oligomerisation of 3–6. We
hydrolysed the oligomers thus obtained with molar quan-
tities of HCl in aqueous solution (50 °C/5 h). Besides
the oligo-amine hydrochlorides and formic acid, NH4Cl
was formed in yields of between 23 mol% (MW 1000–
2000) and 45 mol% (MW < 500). From this it must be
concluded that during oligomerisation not only C–C
bond formation takes place, but also bonding at the ni-
trogen, which leads to oligomers with N-formylaminal
structures comparable to the anionically initiated oli-
gomers. For oligomers of type 50 or 51 with, for exam-
ple, n = 8 a maximum of 10 mol% NH4Cl should be
formed on hydrolysis.

Our results of preparative HPLC in DMF agree with
this. The higher molecular weight oligomers can be sep-
arated from the lower molecular weight ones and ana-
lysed spectroscopically by NMR.

More recent and more extensive work by Spange et
al. [74] involved the investigation of cationic polymeri-
sation of VFA with other initiators, e.g. iodine, triphe-
nylmethyl chloride/silica gel, trimethylsilyl triflate and

oligomers. The polymers purified by precipitation are
well characterised C–C chain oligomers with narrow
molecular weight ranges.

The yields of the purified oligomers are at maximum
50%.

The authors differentiate between soft (I2, Br2) and
hard (trimethylsilyl triflate) electrophilic attack on the
VFA molecule (Scheme 13).

At low temperatures the 1:1 adducts 1,2-dibro-
moethylformamide 52

NH C

H

O

CHCH2

(I2, Br2)

(CF3SO3Si(CH3)3

hard electrophilic attack at VFA

soft electrophilic attack

Scheme 13Preferential attack of hard and soft electrophiles
on VFA

and the immonium salt 53 can be characterised by
1H NMR.

BrH2C
CHBr

NH

O

H

52

The case of tertiary enamides appears to be simpler,
e.g. that of N-methyl-N-vinylacetamide 4. Here Lynn
and Ash [75] isolated N,N′-diacetyl-N,N′-dimethyl-1,3-
diaminobut-1-ene 54  during distillative work-up of the
acetic acid solution produced in the synthesis of 4 (26).

CH2 CH
NH CH

OSi(CH3)3

 
⊕ -

CF3SO3

53

Ac

CH3

CH

N

2  H2C

CH3CH

HC CH

N Ac

CH3

N Ac

CH3

AcOH, 63 °C

4 54

(26)

Compound 54 is thought to be the primary product
of a cationic polymerisation with subsequent deproto-
nation.

N-Vinylpyrrolidone 29 also undergoes cationic di-
merisation. Breitenbach et al. [76] describe the forma-
tion of 1,3-bis(N-pyrrolidonyl)but-1-ene 55 in the reac-
tion of dry HCl with the monomer (27).

The electrophilic addition of trifluoroacetic anhydride
to N-vinylpyrrolidone 29 proceeds similarly [77]. De-
protonation follows the electrophilic addition of a trif-
luoroacetyl cation even under the reaction conditions at

54
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Scheme 14Addition reactions of 1 to activated double bonds

Table 7 Metalation of N-vinylformamide

R-Met Temp. (°C) Yield (%)

Bu–Li –40 to RT 70
15 % in n–hexane
tert–BuO-K –20 to RT 95
13% in THF

room temperature, whereby regiospecific trans-β-sub-
stitution takes place with formation of N-(β-trifluoro-
acetylvinyl)pyrrolidone 56 (28).

2. N-Vinylformamide as a Nucleophile

The nucleophilic properties of VFA have already been
referred to when discussing its dimerisation to N-(α-
N'-vinyl-N'-formamidoethyl)formamide 25 (29) (cf.
Table 4).

In the same way VFA adds to activated C=C, C=O or
C=N double bonds with retention of the vinyl group.
Base-catalysed reactions with acrylonitrile and alkyl/
aryl isocyanates [7], formaldehyde [78] and (meth)
acrylic acid esters [79, 80] have been described. These
lead to the compounds 57–60, as shown in Scheme 14.

Because of the acidic character of the NH-proton in
VFA, Li and K salts can be formed which can be isolat-
ed as powders under nitrogen (Table 7).

It has not yet been possible to determine the precise
structure of these metals salts. It is only known for cer-

tain that on subsequent methylation using methyl io-
dide N-methyl-N-vinylformamide 3 is formed in 89%
yield through substitution at the nitrogen. The alkyla-
tion of VFA with methyl iodide to give 3 in the pres-
ence of 50% NaOH at room temperature in 59% yield
has already been described [24] (30).

CH

NH

CH2

CHO
20 °C, 3 h, NaOH 50%

59 %
+    CH3I

1

3

CH

N

CH
2

CHO

CH3

+      Na    I+ -OO

(30)

CH

NHAc

CH2

CH2Br2

RT, 3 h, 54 %
2

2

CH

N CH2

Ac

N

HC

Ac

CH2 CH2

61

(31)

Our investigations showed that using tert-BuOK as a
base in dimethylsulfoxide at 15 °C increases the yield
to 96%.

In a Japanese patent application Sugita et al. [81] de-
scribe the twofold nucleophilic substitution of dibro-
momethane by N-vinylacetamide 2 (31).

N,N'-Methylenebis(N-vinylacetamide) 61 is formed,
which can be used as a polymerisation crosslinking
agent.
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3. Cycloadditions

We also attempted to use VFA with its moderately elec-
tron rich C=C double bond as a partner in the inverse
electron demand Diels-Alder reaction. We have not yet
been successful. However, Kadaba [82] has reported the
1,3-dipolar cycloaddition of, for example, aryl azides
to tertiary enamides, such as N-methyl-N-vinylacet-
amide 4. Like the cycloaddition of enamines to azides,
the rate determining step is the electrophilic attack of
the terminal nitrogen of the azide group on the nucleo-
philic β-C-atom of the vinyl group. On leaving for sev-
eral days at room temperature 1-aryl-5-(N-methyl-N-
acetamido)-1,2,3-tiazoline 62 is formed in yields of up
to 91% (32).
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