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can only be used for hydrocarbons and their halogen deri-
vatives, the Gattermann reaction does not proceed with
heterocyclic compounds (except pyrrole derivatives) and
amines, and the Duff reaction is only applicable to aromatic
amines and phenols. In view of the limitations of the clas-
sical synthetic methods, the new general method for pre-
paring aromatic and heterocyclic aldehydes, using substi-
tuted formamides, is of considerable interest.

The formamide method for introducing aldehyde groups
has a number of advantages over other methods of direct
formylation: it can be used for preparing some dialdehydes,
unsaturated aldehydes, and aromatic aminoaldehydes, and
is applicable to various oxygen-, nitrogen-, sulphur-, and
selenium-containing heterocyclic compounds notwithstanding
their acid sensitive nature. In contrast to the Gattermann
and Gattermann-Koch methods, the formylating agents used
are not toxic, and the catalysts do not have dealkylatingpro-
perties. The accessibility of formylating agents, the mild
reaction conditions, and high yields of aldehydes make this
method even more valuable.

Formylation of organic compounds with substituted
formamides can be represented in its general form by the
following equation:

Riv
R — H + >N—CHO

catalyst
R—CHO-1- >NH.

R/

I. INTRODUCTION

The formylation of organic compounds with substituted
formamides is one of the most widely used methods for the
preparation of aromatic and heterocyclic aldehydes.

An aldehyde group can be introduced into various aro-
matic and heterocyclic rings by one or other of the follow-
ing reactions: Gattermann1"8, Gattermann-Koch3"5,
Karrer 6, Reimer-Tiemann7, Duff8'9, and some others.
Although worked out in detail, they all have a rather narrow
field of application. Thus, the Gattermann-Koch reaction

Formylation is a particular case of the more general
reaction of acylation by means of substituted acid amides:

Ri v

R—Η + }N—C—R 3

R./ II
Ο

catalyst
R—C—R 3 -

Ο

Formylations and other acylations of organic compounds
with substituted carboxylic amides were first described in
the patent literature. In 1924 Fischer and his collabora-
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tors 1 0 found that, on heating JV-methylacetanilide with phos-
phorus oxychloride, a migration occurred of the acetyl
group from the amino group of one ring into another aro-
matic ring, in the ortho -position to an existing substituent.
Vilsmeier and Haack11 continued the study of this reaction,
and, by reacting iV-methylformanilide with methylaniline in
the presence of phosphorus oxychloride, obtained ρ-methyl-
aminobenzaldehyde. In this way they established, in prin-
ciple, the possibility of introducing an aldehyde group into
an aromatic ring by reaction with a substituted formamide.

Further studies showed the formamide method to be con-
venient for introducing aldehyde groups into polynuclear
aromatic hydrocarbons, aromatic amines, phenols, naph-
thols and their ethers, compounds with several functional
groups, arylethylenes, and heterocyclic and some other
compounds.

By this method it was possible to prepare many alde-
hydes otherwise difficult to obtain, for instance, indole-3-
-aldehyde, anthracene-9-aldehyde, picolinic aldehyde, and
the aldehydes in the thiophene, selenophene, and carbazole
series.

Acylation with substituted acid amides is dealt with
mainly in the patent literature, and has not yet been applied
to such a field of organic chemistry as has formylation. It
has, nonetheless, possibilities for the synthesis of aromatic
and heterocyclic ketones, especially those which cannot be
obtained by the Friedel-Crafts reaction.

In this review we have undertaken to bring together the
mass of disconnected information available in the literature
about formylation and acylation of organic compounds by
means of substituted carboxylic amides. The early work in
this field has already been reviewed in the monographs by
Vorozhtsov12, Fieser and Fieser 1 3, and Houben-Weil14, and
also in the short surveys by Ferguson15 and Van Dormael16.

Π. FORMYLATION OF VARIOUS ORGANIC COMPOUNDS

1. Reaction Conditions

Formamide and its iV-alkyl(aryl) derivatives can be used
for introducing an aldehyde group into organic compounds.
The most widely used derivative is iV-methylformanilide, as
it can easily be prepared by boiling methylaniline with for-
mic acid17, and gives high yields of aldehydes. It has,
however, lately been successfully superseded by iV-dimethyl -
formamide, which is a cheap industrial product1 8 '1 9.

Compared with methylformanilide, dimethylformamide
requires harsher reaction conditions and as a rule gives
somewhat lower yields of aldehydes20. On the other hand,
it has a lower molecular weight and, being easily acces-
sible, it can be used in considerable excess; it is also a
good solvent and therefore improves the homogeneity of
the reaction mixture.

The formylating action of diethylformamide is similar
to that of dimethylformamide, while ethylformanilide acts
similarly to methylformanilide21. Diphenylformamide has
also been used in formylations22. Unsubstituted formam-
ide is inactive under ordinary reaction conditions, but it
yields aldehydes if A1C13 is used as a catalyst instead of
phosphorus oxychloride15'16'23'24. It is possible that in this
case a different mechanism underlies the reaction. Formyl
derivatives of piperidine25, indoline26, and tetrahydro-
quinoline27 can also be used to introduce an aldehyde group
into aromatic and heterocyclic nuclei.

By using JV-substituted methylformanilide vinylogues of
the general formula

s—N— ( C H = C H ) n - C H O ,

CH3

( n = l , 2)

polyenal groups can be attached to aromatic compounds28.

Phosphorus oxychloride is the most generally used con-
densing agent for formylations and acylations. PC15,
POBrs, oxalyl chloride, phosgene, and thionyl chloride are
used much less frequently. Their action cannot be attri-
buted to the formation of hydrogen chloride in the reaction
mixture, as is borne out by the failure of dimethylformamide
to f ormylate indole in the presence of hydrogen chloride29.

Formylation is usually carried out by keeping the reac-
tion mixture at 0°-40°, but sometimes heating for a short
time at 100° is required. Formylation of acid sensitive
heterocyclic compounds can be carried out in solution in
toluene, dichloroethane, chlorobenzene, o-dichlorobenzene,
chloroform, tetrahydrofuran, etc.

2. Reaction Mechanism

Vilsmeier and Haack11 attempted to explain the formyla-
tion mechanism in their first paper devoted to the introduc-
tion of an aldehyde group into the nuclei of aromatic amines
by the reaction with methylformanilide and phosphorus oxy-
chloride. They thought that methylformanilide, on standing
at room temperature with phosphorus oxychloride, formed
product (I):

C6H5—N—CHO + POC13 -

CH3

CeH5—N—CH—OPOC12.

CH3C1

(1)

The formation of such an intermediate was confirmed in a
later paper3 0. It was established that by prolonged heating
at 70° this product yielded />-methylaminobenzaldehyde and
Ν,Ν1 -diphenyl-ΛΓ,Ν' -dimethylformamidinium chloride.

In the opinion of the authors the analogous condensation
of methylformanilide with dialkylanilines proceeds in the
following manner:

I I
CH, Cl

C e H 5 - N - C H - f >

CH3C1

ι ι
CH3 Cl

—N( +CeH6—N—CH—OPOC1.2

R II
CH3C1

i~i /CH 3

^OPOClj % — C 6 H 5 Cl-,

CH3

R \ / R

I
\

-f H3PO4+HC1 .

CH CHO

(R=alkyl)

The mechanism of the formylation of phenol and naphthol
ethers is considered to be similar to the one above.
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Lorenz and Wizinger31, as well as Treibs and his col-
laborators32 disputed Vilsmeier's mechanism, and ascribed
a carbonium salt structure (II) and (ΠΙ) to the crystalline
reaction products from phosphorus oxychloride and the
formylating agents:

CH

> S > N — C H
/ I

Cl

PO2Cl,-and
CH3.

CH3

)N—CH
I

Cl

POjCl-r

( I I I )

In their opinion such salts unite with the compound to be
formylated, and form the products which upon decomposi-
tion by alkali yield aldehydes.

Smith29 made a thorough study of the formylations of
indole and pyrrole by means of dimethylformamide in the
presence of POClg and concluded that the reaction proceeds
via the formation of intermediate quaternary ammonium
salts (IV):

Cl Cl

/H ' Cl-P=O

+ ) -J!SL

ΝΉ k NH
/ \

R, R,

-R,

( I V )
= R2=CH3)

The presence of compound (IV) in the reaction mixture was
confirmed spectroscopically. This compound is completely
stable in neutral and hydrochloric acid media, but loses a
proton in the presence of alkali yielding 3-(dimethylamino-
methylene)indolenine, which is subsequently hydrolysed
quantitatively by boiling water to indole-3-aldehyde.

- H +

(IV) — -

--CH—N(CH3)2

NH'

The intermediate formation of salt (IV) in all cases
accords well with the fact that by using only catalytic quan-
tities of POCI3 very small yields of aldehydes are obtained.
For complete formylation, it is necessary to use phosphorus
oxychloride in quantity equivalent to that of the correspond-
ing amide. The structure of (IV) was confirmed by
spectroscopic study of the coloured reaction product from
dimethylaniline, methylformanilide, andPOCl3.2 8 This has
a salt-like structure and can be isolated as a perchlorate.

- C H = N — C 0 H 5 | C l O 4

CH3

(V)

N> = CH—N—C,H a |C

CH3 -I

(VI)

By hydrolysis of the salt with dilute alkali, high yields of
^-dimethylaminobenzaldehyde are obtained.

The formation of intermediate salts of types (IV)-(VI) is
also surmised in formylations of pyrrole3 4, azulene35, and
a series of other compounds. It is emphasised, however,
that the role of the condensing agents lies mainly in in-
creasing the electrophilic properties of the carbonyl carbon
atom in amides.

Certain authors think that the formylation with methyl-
formanilide is a purely ionic reaction involving the elimina-
tion of the formylium cation33.

3. Formylation of Aromatic Hydrocarbons

Monocyclic aromatic hydrocarbons — benzene, toluene,
and their homologues — do not react withiV-alkylformanil-
ides in the presence of the usual catalysts even at high tem-
peratures, and can therefore be used in formylations as
inert solvents.

Naphthalene and its homologues do not react, whereas
anthracene, pyrene, acenaphthene, perylene, and other
reactive polynuclear hydrocarbons are easy to formylate
and give good yields of aldehydes. The introduction of an
aldehyde group into anthracene by its reaction with methyl-
formanilide and phosphorus oxychloride was first des-
cribed in patents3 6 '3 7. Wood and Bost38, as well as Fieser
and Hartwell39 tested the patent data, and obtained anthra-
cene-9-aldehyde in 92% yield. A well developed method
for the preparation of this compound was described in a
symposium40. 9-Methylanthracene41 and anthrone2 0 '3 6

react similarly with methylformanilide. 2-Chloroanthrone
and 1,5-dichloroanthracene are formylated in position 9,
and simultaneously undergo chlorination by POC13 in posi-
tion 10.36

Anthracene is more reactive than benzanthracenes. The
reaction of methylformanilide with 1,2-benzanthracene is
more difficult than with anthracene, whereas 1,2,5,6-di-
benzanthracene does not react even after heating for 24 h,
at 155°, in a sealed tube. This is explained by increased
steric hindrance.

The formylation of acenaphthene and 3-methylacenaph-
thene gives good yields of aldehyde mixtures41. Acenaph-
thylene reacts easily with dimethylformamide in toluene
solution at 100° giving 9-formylacenaphthylene, whereas
under the same conditions fluoranthene does not yield an
aldehyde42. Buu-Hol and Lavit42 explain the difference in
the chemical behaviour of these hydrocarbons, on the
basis of Thiele's theory, by the higher free valency of
acenaphthene, and the position of substitution, by the
maximum electron density at that point.

Volman et al. 4 3 described the preparation of pyrene-3-
-aldehyde by the reaction of pyrene with methylformanilide
and phosphorus oxychloride. Under the same conditions
dimethylformamide yields pyrene-1-aldehyde44. The use
of ο -dichlorobenzene as solvent is advantageous, as is
shown in the formylations of benzo-45, dibenzo-46'47, and
naphthopyrenes48, and their homologues46"48.

Buu-Ηοϊ and his collaborators reported the formylations
of perylene49 and naphthacene50 rings. As the aldehyde
group is easily reducible to methyl (for instance by the
Kishner method), this method may be used in the syn-
thesis of the homologues of polynuclear hydrocarbons.

Fieser and Jones4 1 showed that formylations by methyl-
formanilide were considerably less suitable for aromatic
hydrocarbons than was indicated in earlier patents. They
did not succeed in obtaining the aldehydes from α-methyl-
naphthalene, hydrindene, phenanthrene, and chrysene by
carrying out the formylation between 20 and 150°.

Attempts to prepare dialdehydes of aromatic hydrocar-
bons, for instance anthracene, were also unsuccessful,
owing to the strong deactivating effect of the aldehyde group
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already introduced into the nucleus. If, however, the
nucleophilic character of positions 9 and 10 in anthracene
is enhanced by substituting the corresponding hydrogen
atoms with an alkali metal, e.g. lithium, and the resulting
organometallic compound is treated with methylf ormanilide,
9,10-dialdehyde can be obtained in about 50% yield51:

CHO

CHO

The mechanism of the organometallic synthesis is, naturally,
completely different from the one above.

Naphthacene dialdehyde can be prepared in the usual
way; 5-formyl- and 5,11-diformylnaphthacene are formed
simultaneously50.

Azulene and its homologues are highly reactive to
formylation. In the presence of catalysts (POCI3, PC15,
COCI2, SOCLj) they react with dimethylformamide yielding
1-aldehydes and 1,3-dialdehydes34»35»52»53. At an inter-
mediate stage of this reaction salts of type (VII) are
formed; these are hydrolysed in the presence of alkalis
giving azulene aldehydes in 90-95% yield35:

If the position 1 in azulene is substituted, the formyl group
occupies position 3. 3 2

Hafner and Schneider M described the formylation of
2,4-dimethyl(cyclopentadieno-l',5',4!: l,ll,10)heptalene
with dimethylformamide. It is assumed that, as in the
case of azulene, the aldehyde group substitutes the hydro-
gen atom in position 2' or 3' of the five-member ed ring:

A number of workers have studied the introduction of the
formyl group into the ferrocene nucleus5 5"5 8. The highest
yield of ferrocene aldehyde (77.6%) was obtained by adding
ferrocene to double the theoretical amount of a previously
prepared mixture of methylformanilide and phosphorus oxy-
chloride; the reaction mixture was left for three days, and
the aldehyde isolated in the usual manner58:

(C5H5)2Fe
CH.NtCHQCHO

POC1, *
CsH6FeC5H4CHO.

The mild formylation conditions indicate the enhanced
reactivity of ferrocene as compared with that of benzene.

Owing to the deactivation of the aldehyde group already
present in the aromatic nucleus, it was for a long time
impossible to introduce another such group into the ferro-
cene molecule even by using a considerable excess of
formylating agents. Recently, however, a patent59 des-

cribed the preparation of diformylferrocene, isolated as a
brownish-red oil, in small yield. The reaction was carried
out at a high temperature. The acylation of ferrocene was
reviewed in a paper by Nesmeyanov and Perevalova60.

Data on the formylation of aromatic hydrocarbons are
given in Table 1.

4. Formylation of Phenols, Naphthols, and Their
Derivatives

Wood and Bost38 extended the formylation by means of
dimethy If ormanilide to ethers derived from β-naphthol.

According to data published in patents2 3 and journals,
formylation can be applied to ethers derived from phenol63 ' 6 5,
thiophenol63, dihydric phenols 25>2β>66, α-and β-naphthols69»70,
thionaphthol72, hydroxytetralines36'63, and their derivatives.
Of special interest is the preparation of substituted
hydroxyanthracene aldehydes by the formylation of 1,2- and
2,6-dimethoxyanthracenes36.

In the preparation of alkoxyaldehydes the formyl group
primarily enters the position para to the alkoxy group, but
if that position is already occupied (for instance by a methyl
group) the substitution can take place in the ο-position, with
considerably smaller yields of aldehydes.

Ethers derived from phenol (anisole and phenetole36»63),
thymol71, and the cresols6 5 are easily formylated by dif-
ferent formylating agents, even after short heating of the
components on a water bath in the presence of POClg, and
give the corresponding alkoxybenzaldehydes in good yields.

Akabori and Senoh25 described the preparation of veratr-
aldehyde and 2,4-dimethoxybenzaldehyde, in which JV-formyl-
piperidine was used as a formylating agent. These alde-
hydes were later also prepared by means of dimethylform-
amide63, and methylformanilide26.

Brownell and Weston66 synthesised croweacin aldehyde
from 1 -methoxy-2,3 -methylenedioxybenzene:

H 2 C I C.HtN(CH,)CHO H 2 C II

OCH S i c H 3

Ethers from a- and β-naphthols are usually formylated
under milder conditions than phenolic ethers, giving higher
yields of aldehydes. Buu-Hol and his colleagues prepared
a large number of alkoxy-and dialkoxy naphthalene aldehydes
by formylation of the corresponding ethers with dimethyl-
formamide6 9'7 3"7 7. Some of these aldehydes are starting
materials in the synthesis of drugs used for protection
against radiation sickness and for arresting the growth of
sarcoma tumours. The aldehyde group was also intro-
duced into diphenyl ether6 3 and 2-hydrcxynaphthalene-3-
-carboxylic acid36.

All attempts to introduce two aldehyde groups into the
aromatic ring of phenol and naphthol ethers failed. Nega-
tive results were also obtained in formylations of p-ter-
phenyl78, 4-chloro-2-naphthol79, and some alkylanisoles63.

Owing to the mild reaction conditions, formylation by
means of substituted formamides can be used for intro-
ducing the aldehyde group into the nuclei of phenol63,
resorcinol64, β-naphthol23, and di-, tri-, and tetra-
methylphenols35»65. p -Hydroxybenzaldehyde was obtained
in small yield, but in other cases the respective yields of
aldehydes were no worse than in the Gattermann reaction.
Formylation data for phenols, naphthols, the corresponding
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TABLE 1. Formylation of aromatic hydrocarbons

Starting material

CW

Azulene

Ferrocene

*

1 -Methylazulene

C u
Acenaphthylene
Acenaphthene

*

4, 7 -Dimethylazulene
4,8 -Dimethylazulene

3 -Methylacenaphthene
4,6,8 -Trimethylazulene
1,4, 7-Trimethylazulene
2,4,8 -Trimethylazulene

Anthracene

1, 2-Benzazulene
Anthrone
1,5 -Dichloroanthracene
2-Chlorcanthrone

9 -Methylanthracene

Guaiazulene

Isoguaiazulene

•

Vetivazulene

CH3

2, 4-Dimethyl-6-isopropyl-
azulene

Pyrene

2,4 -Dimethylcyclopentadieno -
(1·, 5f ,4':1,11,10)heptalene

Product

Azulene-1-aldehyde

Azulene-1, 3-dialdehyde
Ferrocenealdehyde

Ferrocenealdehyde and
bisformylferrocene

Ferrocenealdehyde

1 -Methylazulene -3 -aldehyde

Acenaphthylene -9 -aldehyde
Acenaphthene -3 -aldehyde

4, 7 -Dimethylazulene -1 -aldehyde
4,8 -Dimethylazulene -1 -aldehyde

A mixture of aldehydes
4, 6, 8-Trimethylazulene-1-aldehyde
1,4, 7-Trimethylazulene-3-aldehyde
2,4,8 -Trimethylazulene -1 -aldehyde

Anthracene-9-aldehyde

1, 2 -Benzazulene -3 -aldehyde
Anthrone -9 -aldehyde
1, 5,10-Trichloroanthracene-9-aldehyde
2,10-Dichloroanthracene-9-aldehyde

9-Methylanthracene-10-aldehyde

Guaiazulene -3-aldehyde

-CI ItCH,),

OHC ( : i 1 '

Isoguaiazulene -1 -aldehyde

Isoguaiazulene-1, 3-dialdehyde
Vetivazulene-1-aldehyde

CH3

0 H C ~ T = l \

o l H C X v
2,4 -Dimethyl -6 -isopropylazulene -1 -

-aldehyde

Pyrene-3-aldehyde

2,4-Dimethyl-2'(or 3')-formylcyclopenta-
dieno-(l · , 5 1 ,4M, 11,10)heptalene

CHO

Formylating

agent

MFA*
DMFA**

MFA

DMFA

DMFA

DMFA
MFA
DMFA

"

MFA
DMFA

MFA

DMFA

MFA

MFA

MFA or

DMFA

MFA or
DMFA

MFA or
DMFA

MFA or

DMFA

DMFA

Reaction conditions

POC13, 24 h, 20° or 1 h, 70*

POCI3, 5-10 min, in the cold
POCI3, 45 min, 70*

POCI3, 72 h, 20*-25*
POCI3, 3h , 20'

POClj, 15 h, 20·, or
2 h , 50*-55*

POC13, 3 h, 20*

POCI3, 5-10 min, in the cold

POC13, toluene, 10 min, 100*

POCls, 6 d a y s . 20*-25*
POCI3, xylene, 6 h, 100*

POCI3, 5-30 min, in the cold

POClj, 6 days, 20*-25*
POCI3, 5 -30 min, in the cold

POCI3,0 -dichlorobenzene,
20 min, 90*-95*

POC1,, 1-2 h, 100*
POCI3, 5-30 min, in the cold
POC1S> 1-2 h, 100*

POCI3, 45 min, 100'

POC18, 5-30 min, in the cold

POCI3, 5-30 min, in the cold

POCI3, 5-30 min, in the cold

POCI3, 0 -dichlorobenzene,
2-6 h, 100*

POCI3, benzene. 1 h, 20*

Yield %,

85

90-95
43

77.6
66-70

55

23

90-95

11-13

85
85
91
94

68
90-95

96
88

77-92

63
91
-

-

84

90-95

88-98

96

up to 98

90

53

57

Reference

32

32, 35

32
57

55, 56
58

55

32, 35

42
41
44

32
32

41

32, 35
32

32

36-40

20

32
20, 36

36
36

41

32, 35, 52

32, 52

32

32, 52

32

43, 44

54

603



VOL. 29, NO. 11 RUSSIAN CHEMICAL REVIEWS NOVEMBER 1960

TABLE 1 (contd.)

Starting material

2 -Methy lguaiazulene

1 -Methylvetivazulene

3-Methylpyrene

4 -Methylpyrene

2, 3-Cyclopentenoanthracene

1,2 -Benzanthracene

Naphthacene

Perylene

Benzof cd Jpyrene

c»
3-Methylperylene

C 2 3

3,4,9,10-Dibenzopyrene

Naphtho[2, 3-Q]pyrene

Dibenzo[ a,h jpyrene

5-Methyl-dibenzo[ cd,l ]pyrene

6 -Methylnaphtho[ 2,3 - a Jpyrene

7-Methyldibenzo[ a,h ]pyrene

Naphtho[2, Z-a ]naphthacene

Product

l,2,4-Trimethyl-2-isopropylazulene-3-

-aldehyde

1,4,8 -Trimethyl -2 -isopropy lazulene -3 -

-aldehyde

A mixture of aldehydes

4 -Methylpyrene -8 -aldehyde

2, 3-Cyclopenteno-9-anthraldehyde

1, 2-Benzanthracene-10-aldehyde

Naphthacene -5 -aldehyde and

naphthacene-5,11-dialdehyde

Perylene -3 -aldehyde

Benzo[ cd ]pyrene-3-aldehyde

3 -Methylperylene -10 -aldehyde

3,4,9,10-Dibenzopyrene-5-aldehyde

Naphtho[2,3-a Jpyrene-6-aldehyde

Naphtho[2,3-a]pyrene-7-aldehyde

Dibenzo[ a,h Jpyrene-3-aldehyde

5-Methyl-dibenzo[ cd,l Jpyrene-8-aldehyde

6-Methylnaphtho[2, Z-a Jpyrene-7-aldehyde

7-Methyldibenzo[ a,h Jpyrene-14-aldehyde

Naptho[2, 3-σ Jnaphthacene-9-aldehyde

Formylating

agent

DMFA

DMFA

DMFA

MFA

MFA

MFA

MFA

«

MFA

•

MFA

Reaction conditions

POClj, 5-30 min, in the cold

POClj, 6 days, 20*-25*

POClj, ο-dichlorobenzene, 100*

POC13, toluene, 2 h, 100*

POCI3, 0 -dichlorobenzene,

2 h . 96*-100*

POCI3, chlorobenzene, 6 h, 100*

POC1S, 0 -dichlorobenzene,

30 min, 95*-100*

POClj, 0 -dichlorobenzene,

30 min, 95*-100*

POCI3, 0 -dichlorobenzene,

30 min, 95*-100*

POClj, 0 -dichlorobenzene,

4 h , 95*-100*

•

POClj, 0 -dichlorobenzene,

4 h . 95*-100*

POClj, 0-dichlorobenzene,

4 h , 95*-100*

Yield <7o

92

72

73

80

71

64

63

90

54

57

51

81

46

30

77

22

Reference

32

32

41

61

62

39

50

49

45

49

50

48

48

46

49

48

46

50

* Methylformanilide.

** Dimethylformamide.

TABLE 2. Formylation of phenols, naphthols, and their derivatives

Starting material

c«
Phenol

Resorcinol

c 7

Anisole

2-Chloroanisole

Thioanisole

Product

4 -Hydroxybenzaldehyde

2,4-Dihydroxybenzaldehyde

Anisaldehyde

3 -Chloro -4 -methoxy -benzaldehyde

4 -Methyl thiobenzaldehyde

Formylating

agent

DMFA*
m

DMFA

MFA**

DMFA 1

Reaction conditions

POCl,, boiling for 2 h. 20*
Μ

POClj, boiling for 15 h

POCl,. l h , 100*

POClj, boiling for 15 h

POClj, boiling for 24 h

Yield °/o

low

46

70

good

3

low

Reference

63

64

63

36

15

63
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TABLE 2 (contd.)

Starting material

2,5-Dimethylphenol

o-Tolyl methyl ether

m -Tolyl methyl ether

Phenetole

Veratrole

•

1,3-Dimethoxy benzene
a

1,4 -Dimethoxybenzene

1-Methoxy-2,3-methylenedioxy-
benzene

C 9

3,4,5-Trimethylphenol

2,4,5-Trimethylphenol

1 · Methoxy -2,5 -dimethyl benzene

1 -Methoxy -2,3-dimethylbenzene

1,2 -Dimethoxy-4-methylbenzene

4 -Chloro -3,5 -dimethylanisole

Cio
2-Naphthol

2, 3,4, 5-Tetiamethylphenol

2, 7 -Dihydroxynaphthalene

4,8 -Dihydroxynaphthalene

Cn
1 -Methoxynaphthalene

2 -Methoxynaphthalene

6-Methoxytetralin

1 -Methoxytetialin

2-Methoxytetralin

1 -Methyl -3 -methoxy -4 -isopropyl -

benzene

1 -Methyl -2 -methoxy -4-isopropyl -

benzene

2-Hydroxy-3-carboxynaphthalene

2 -Methylthionaphthalene

Phenyl ether

1 -Methoxy -4 -methylnaphthalene

2-Ethoxynaphthalene

6 -Methyl -2 -methoxynapthalene

1 -Methyl -3 -methoxy -4 -t -butyl -

benzene

2, 3-Dimethoxynaphthalene

2,7 -Dimethoxynaphthalene

2, 6-Dimethoxynaphthalene

1, 8-Dimethoxynaphthalene

1,4 -Dimethoxynaphthalene

1,3-Dimethoxy -4-t-butylbenzene

ether

2 -Methoxydiphenyl

2 -Methoxy -6 -ethylnaphthalene

2, 7 -Dimethoxy -1 -methylnaph -

thalene

2, 6 -Dimethoxy -1 -methylnaph -

thalene

1,2 -Dimethoxyanthracene

2,6-Dimethoxyanthracene

Product

4-Hydroxy-2,6-dimethylbenzaldehyde

4 -Methoxy -3-methylbenzaldehyde
4 -Methoxy -2 -methylbenzaldehyde
4 -Ethoxybenzaldehyde
Veratraldehyde

2,4 -Dimethoxybenzaldehyde
a

2,5-Dimethoxybenzaldehyde

Croweacin aldehyde

6 -Hydroxy -2,3,4 -trimethylbenzaldehyde

6 -Hydroxy -2,3,5 -trimethylbenzaldehyde

4-Methoxy-2,5-dimethylbenzaldehyde

4 -Methoxy -2,3-dimethylbenzaldehyde

3,4 -Dimethody-2-methylbenzaldehyde

4-Chloro-3,5-dimethylanisaldehyde

2 -Hydroxy -1 -naphthaldehyde

6-Hydroxy-2,3,4, 5 -tetramethylbenzaldehyde

2, 7-Dihydroxy-1-naphthaldehyde

4,8 -Dihydroxy -1 -naphthaldehyde

4 -Methoxy -1 -naphthaldehyde

2 -Methoxy -1 -naphthaldehyde

6 -Methoxytetralin -7 -aldehyde

1 -Methoxytetralin -4-aldehyde

2-Methoxytetralin -1 -aldehyde

3-Isopropyl -4 -methoxy -6 -methylbenzaldehyde

4 -Methoxy -3 -methyl -6 -isopropylbenzaldehyde

2 -Hydroxy -3 -carboxy -1 -naphthaldehyde

2 -Methyl thio -1 -naphthaldehyde

4-Phenoxybenzaldehyde

1 -Methoxy -4 -methyl -2 -naphthaldehyde

2-Ethoxy-l-naphthaldehyde

2 -Methoxy -6 -methyl -1 -naphthaldehyde

4 -Methoxy -3 -t -bu tyl -6 -methylbenzaldehyde

2, 3-Dimethoxy-1-naphthaldehyde

2,7 -Dimethoxy-1 -naphthaldehyde

2, 6-Dimethoxy-1-naphthaldehyde

4,5 -Dimethoxy -1 -naphthaldehyde

1,4 -Dimethoxy -2 -naphthaldehyde

4, 6 -Dimethoxy -3 -t -butylbenzaldehyde

4 -Methoxy -3 -phenylbenzaldehyde

2 -Methoxy -6 -ethylnaphthaldehyde

2, 7 -Dimethoxy -8 -methylnaphthaldehyde

2,6 -Dimethoxy -5 -methylnaphthalene -1 -

-aldehyde

l,2-Dimethoxy-10-chloroanthracene-9-

-aldehyde

2, 6-Dimethoxy-10-chloroanthracene-9-

-aldehyde

Formylating

agent

MFA

DMFA
«1

*

m

MFA

V-formyl -

piperidine

MFA

DMFA

•

MFA

MFA

DMFA

MFA
It

DMFA

MFA

n

DMFA

MFA

DMFA
ft

*

η

Μ

•

•

DMFA

•

MFA

Reaction conditions

POC1S, l h , 100*

POCI3. 20*-25*

POCI3, boiling for 15 h

POCI3, boiling for 6 h

POCI3, room temperature

POCI3, 100*

POC13, 20*-25*. then 100*

POClj, 20*-25*

•

POCI3, 2 h, 100*

POCI3. 20·-25*

POCI3, boiling

POCI3, 12 h, 105*

POClj. l h , 100*

POCI3, 20* -25*

POCI3, 1 h, 100*
u

POCI3, 3 h , 95*-100*

POC13, boiling

a

POCI3, 4 h, 30*

POCI3, 10 h, boiling

POC1,, 1 h, 100*

POCI3, 6 h, 95-100*

POC1,, boiling for 24 h

POClj, 3 h . 100*

POC1S. 6 h , 95*-100*

POC1S, boiling for 5 h

POCI3, boiling for 7 h

POCI3, 20*-25*

POC13, 30 min, 100*

POClj, 3 h . 95* -100*

POClj, boiling in toluene

POCI3, 6h, 100*

POC1,. 90*-95*

POClj, boiling for 5 h

toluene, 9 h, 95*-100*

toluene. 1 h, 100*

m

Yield °k

.

70

72

70

30-40

38

40

30

85

16

46

70

66

72

70

35-40

-

68

-

-

90

90

79

-

-

33-35

76

-

35

low

22

74-84

86

90

23.5

82

80

83

42

79

98

70

40.5

-

Reference

36

65

65

63

63

26

25

25

26

26

66

65

65

65

67

63

68

23, 36

65

36

36

69

69,70

63

36

36

11

63

36

72

63

69

36

40,115,73

63

74

69

69

76

75

63

63

77

69

75

36

36

* Dlmethylformamide.

** Methylformanilide.
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ethers, and other derivatives are given in Table 2.

5. Formylation of Aromatic Amines

The formylation of the nucleus in aromatic amines11

was the first example of the synthesis of aldehydes by the
reaction of organic compounds with substituted formamides
described in the literature.

The conditions for the introduction of the aldehyde group
into the nucleus of secondary and tertiary aromatic and
aliphatic-aromatic amines are now well understood and the
reaction is used for formylating iV-alkyl- and iV,^V-dialkyl-
anilines1 1 '2 0 '8 0 '8 1, toluidines11, phenylene diamines81, a-
and β-naphthylamines11'81, as well as diarylamines82, and
triarylamines81 ' 8 3 .

Methylformanilide easily formylates dimethylaniline at
0°-10° giving 50% p -dimethylaminobenzaldehyde u . With
dimethylformamide, the yield is somewhat increased, but
the reaction proceeds only on heating20.

Cases have been described of the introduction of an aldehyde
group into the £-position of secondary aliphatic-aromatic
amines containing highly branched substituents, for instance
diisopropylmethylaniline and isohexylaniline84»85. Anker
and Cook86 similarly obtained 4-(bis-/3-chloroethylamino)-
benzaldehyde and its derivatives:

,CH2CH.,C1

I X C H , C H 2 C 1

XH.,CH2C1

CH,CH2C1

C.H.NiCHOCIlO

CHO

In the nucleus of aromatic amines the for myl group usually
enters the position para to the amino group. Recently,
however, Buu-Hoi, Roger, and Hubert-Habart87 have
synthesised angular benzacridines by reacting appropriate
secondary arylamines with methylformanilide. In such
cases the f ormyl group takes up ο -position with respect to
the amino group. The aldehydes formed are thereafter
easily transformed into acridines88:

Products containing several for myl groups were ob-
tained by heating JV-methyldiphenylamine and triphenyl-
amine with dimethylformamide and POC13 (or SOClj,). This
reaction was described in patents8 1 '8 3:

CHO OHC

and

CHO

CH3

I II II I
Λ/ΧΜ/Χ/'

/v

ί HO

These aldehydes were used in the preparation of new
styryl dyes.

The reaction of dimethylformamide with primary aro-
matic amines yields iV-formanilides89.

Data on the formylation of the aromatic ring in amines
are given in Table 3.

6. Preparation of Unsaturated Aldehydes and
Dialdehydes

The formamide method is the only direct formylation by
which α, β -unsaturated aldehydes can be prepared from sub-
stituted ethylenes91'92. The reaction proceeds easily with-
out heating by mixing the unsaturated compound with
methylformanilide and POClg in solution in carbon tetra-
chloride, according to the equation

R,,

R./
=CHo-f CCH5N(CH3)CHO )C = CHCHO -|- C6H5NHCI1..

where Rx - H, alkyl, arylmethyl, or a heterocyclic radi-
cal; R2 = aryl.

Unsymmetrical diarylacroleins92, which are of interest
as starting materials for the synthesis of polymethine
dyes, were prepared in this way. The formylation of
styrene and its derivatives is carried out by heating with
dimethylformamide in the presence of POCI3.93 Unsatu-
rated aldehydes containing the indole ring can be prepared
similarly.

C S H 5

X=CHCHO

(CH,),NCHO

CH3 CH,

This method is of especial value for the synthesis of
β -substituted cinnamaldehydes, which are not readily
available and whose preparation by other methods is ex-
tremely complicated94'95.

The authors assume that in the reaction dimethylform-
amide and phosphorus oxychloride form a complex salt of
the following structure:

(CH^NCHO + FOCI, (CH3)3N=CH-O—POCI, C!

The cation subsequently reacts with the double bond in the
substituted arylethylene and yields a product which is
hydrolysed in alkaline solution to give unsaturated aldehyde:

A r — C = C H + [(CH.,)2—N-CH—O—POC12J Cl"

Ri R-.

Ar—C—CH—CH—OPOClv.
I I I

Ri R2 N(CH 3 ) 2

ci-
H,O

011-
Ar—C = C—CHO.

Jutz2 8 developed a new method for the preparation of un-
saturated aldehydes by the direct introduction of the polyenal
group into organic compounds. The acylating agents in this
reaction are methylformanilide vinylogues: 3 -{N- methyl -
anilino)acrolein and l-(AT-methylanilino)penta-l,3-diene-
-5-al; the reaction is carried out with cooling in chloro-
form or tetrahydrofuran solution, and POClg is used as
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TABLE 3. Formylation of aromatic amines

Starting material

c 7

/V'Methylaniline

Cg

Λ',Λ' -Dimethylaniline

C 9

Λ,Λ -Dimethyl - η -toluidine

Ν -Methyl -W-(fl-chloroethyl)aniline

C - H ' N < C H : C H ! C I

Λ,,Υ-Diethylaniline
Λ,Λ,Λ',Λ1 -Tetramethyl-m-yhenyl
ene-diamine

A'-Ethyl-Y-(e-chloroethyl) aniline
Υ.Λ -Bis(3 -chloroethyl)aniline

,CH2CH2C1
C,HtN<

XCH2CH2C1

o -Methyl - Λ,Λ -diethylaniline
m -Methyl -Λ,Λ -diethylanUine

N,N -Dimethyl-α-naphthylamine
,Y -IsohexylanUine

C.HtN-CH—C(CH,),

Η CH,

C i ,

Ν -Methyldiphenylamine
Ν -Isoheptylaniline

^ ^ XCH(CH,)2

o -Methyl^-isohexylaniline
CH,

f Y-NH-CH-C-CH,
— ι ι ι, l H j CH, CH,

Λ-Methyl-,Y-benzylaniline

Λ,Λ -Diethyl -1 -naphthylamine
'N,N -Diethyl-2-naphthylamine
Λ,Λ,/Υ' ,Λ" -Tetraethyl-m-phenyl-

enediamine

Cie

Λ-Phenyl -2-naphthylamine
ο -<Diethylamino)diphenyl
Λ,Λ' -Dimethyl- Λ,Λ'-diphenyl-

ethylenediamine

C.HSN -CH,^CH,NC.H t

CH, CH,

Triphenylamine
Λ,Λ1 -Diethyl- Λ,Λ1 -diphenyl-
ethylenediamine

C.^N-CHjCH.N-CH,

C.H, C,H,

2 -Dinaphthylamine

Λ,Λ -Dibenzylaniline

Product

ρ -<Methylamino)benzaldehyde

Ρ -(Dimethylamino)benzaldehyde

2 -Methyl -4 -<dimethylamino)benzaldehyde
Ρ -[ Ν -Methyl • Ν -{β -chloroethylamino) ]

benzaldehyde

P-OHCC,H 4N/ ' '
X C H ,

ρ -(Diethylamino)benzaldehyde
An aldehyde, CHO position not indicated

p-[Ethyl(e-chloroethyl)amino]benzaldehyde

Ρ -[BisKS -chloroethyl)amino]benzaldehyde
,CHjCH2Cl

p - O H C — C . H j N /
XCH2CH2C1

3-Methyl-4-(diethylamino)benzaldehyde
2 -Methyl -4 -(diethylamino)benzaldehyde

4 -(Dimethylamino) -1 -naphthaldehyde

ρ -(Isohexylamino)benzaldehyde

p-OHC-C.H,— N-CH-C(CH,),

Η CH,

Λ-Methylbis(4-foΓmylphenyl)amine

ρ -^"toheptylaminojbenzaldehyde

3 -Methyl -4 -(Λ1 -isohexylamino)benzaldehyde
CH,

0Ηΰ-^~"νΝΗ-εΗ-ΰ-ΰΗ,
— ι ι

CH, C H ' C H >

ρ -(Λ-Methyl-A'-benzylamino)benzaldehyde
4 -( N,N -Diethylamino) -1 -naphthaldehyde
6-( Λ,Λ -Diethylamino)-2-naphthaldehyde
An aldehyde, position of CHO group not

not indicated

2-Phenylamino-l-naphthaldehyde
3 -Phenyl -4 -(diethylamino )benzaldehyde
Λ,Λ' -Dimethyl-Λ,Λ' -di(p-formylphenyl)

ethylenediamine

OHCC.H.N—CHJ-CHJ—N— C.H.CHO

CH, CH,

Tris (p -formylphenyl)amine
Λ,Λ' -Diethyl-Λ,Λ1 -di(p-formylphenyl)-
ethylenediamine

OHCC.H.N-CHjCH^C.H.CHO

C.H. C,H,

2 -Naphthylamino -1 -naphthaldehyde
p-Dibenzylaminobenzaldehyde

Formylating

agent

MFA* or
DMFA**

MFA

DMFA

DMFA

DMFA

MFA

DMFA

MFA

"

DMFA
MFA

MFA

MFA

DMFA
"

m

MFA

DMFA
Β

DMFA

MFA

Reaction conditions

POClj, 70'

POClj, 0"-10°
POCl,. 2 h , 90°-95*

POC1,, 50*
POClj. benzene, 4 h, 30*-35*

POClj, 70*
POClj, 1.5h, 95*

POClj. benzene, 4 . 5 h . 30'-35*
*

POClj. 1. 5 h, 95'

POClj. 50°

POClj. benzene. 15 h, 101-

POClj. 1.5h, 90*-95*
POCl,. benzene, 15 h, 10'

POCl,, benzene, 15 h, 10°

POClj, benzene, 20°
POCl,, 1.5h, 95*-100*

I t

•

POCl,, 100*
POCl,, 1.5 h. 95'-100*

POCl,, 1.5h. 95*-100*
POClj, or SOCI2, in the cold

POClj, 100"
POClj. 40° -50*

Yield %

26

50

71

low

32

-

42

70

-

low

-

-

-

82

-

-

-

4 8 * * *
-

70

-

-

Reference

11

11, 80
20, 81

11

86

11, 81
81

86

86

81

81

11

84, 85

83

84, 85

84,85

11

81

81

81

82

81

81. 90

81, 83
90

82

11

* Methylformanilide.
** Diethylformamide.

*** The yield was calculated from the benzacridine formed on cyclisation.
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condensing agent:

CH, .CH=CH-CHO

#
^

X=CH-CH=CH-CHO

The penta-l,3-dienal radical (-CH=CH-CH = CH-CHO)
can be introduced directly into the p -position of dimethyl-
aniline in the following manner:

Ν (CH 3),
I

C H 3 V .(CH=CH) 2CHO
Ν ( C H 3 ) 2

I

Λ
I
X-i'

(CH = CH)2CHO

NHCH
I

/ \

The introduction of polyenal chains into the aromatic
nucleus can also be applied, as shown recently5 4 '9 6, to
azulenic hydrocarbons. These reactions are a convincing
example of the principle of vinylogy.

The intermediate products in this reaction are deeply
coloured compounds, which can be isolated in the form of
perchlorates:

[( C H 3 ) 2 N — ^ ^ — (CH=CH) n —CH=N—CH 3 1 C1O~

~ ~ CeH5

(CH3)2N=/ \=(CH-CH)n=CH—N—CH31 CIO7"

CaH5 -"

(n=0, 1, 2)

The Jutz method has obviously a wide applicability and
may prove even more useful in the future.

Arnold and Zemlicka97 studied the formylation of the
diethylketals of acetone, acetophenone, propiophenone,
cyclopentanone, and cyclohexanone by means of dimethyl-
formamide in the presence of phosgene solution in dichloro-
ethane. It is assumed that in the course of the reaction an
intermediate quaternary salt (VIII) is formed, whose de-
composition follows a different pattern according to the
nature of the ketone and other reagents.

R,-C=C-CH—N(CH3)J Cl

(VIII)

R|-C=C-CHO

LO R,

"ff.» R,-C=C-CHO

(CH3),N R2

It is also highly probable that the cation of the salt (VIII)
is formed as a result of the elimination of alcohol from the

ketal molecule. The vinyl ether formed is subsequently
formylated according to the mechanism given above.

Using this method, the authors prepared various
/3-ethoxy(dimethylamino)acroleins in good yields. From
diethylketals of cyclopentanone and cyclohexanone, 2-di-
methylaminocyclopenten-1-aldehyde (IX) and 2-ethoxy-
cyclohexan-1-aldehyde (X) are formed, respectively:

H2C

H2C

HaC

CH.

—CHO

N(CH 3) 2

(IX)

C—OC2H5

H 2C C—CHO

CH2

(X)

Arnold and Sorm98* developed a general method for the
preparation of dialdehydes of the type R-CH(CHO)2, by the
formylation of vinyl ethers, acetals, and a-chloro-ethers
with dimethylformamide and a solution of phosgene in di-
chloroethane. It is assumed that in the course of the re-
action an intermediate product (XI) is formed from di-
methylformamide and phosgene, which unites with vinyl
ether to give a complex salt:

+ (CH3)2NCHC1 —

OCOC1

( CHINCH- CH = C Ί C1-+RIOH.

OCOC1 J
(XI) (XII)

The decomposition of the complex by potassium carbon-
ate solution at 0° results in quaternary salts, which, on
further hydrolysis with aqueous alkali, are transformed
into dialdehydes, according to the following scheme:

(CH 3 ) 2 NCH—CH=C
I I

OCOC1 Ri

C1-- (GH 3 ) 2 N—CH=C—CH = N(CH 3 ) 2 Cl"

Ri - J

(XII)

> (CH 3 ) 2 N—CH=C—CHO •

Ri

(XIII)

Ri— C H \
,CHO

CHO

Such a reaction mechanism is confirmed to some extent
by the separation and identification of the intermediate pro-
ducts (XI)-(ΧΠΙ). The reaction of acetals and chloro-
-ethers with dimethylformamide apparently also proceeds
via the formation of vinyl ethers. Dialdehydes of the
general formula R-CH-(CHO)2 were prepared by the
Arnold and Sorm method, where R = H, CH3, C2H5, iso-
-CgH,, C A , C5HU, C6H5, C6H5CH2 (Table 4).

7. Formylation of Heterocyclic Compounds

Formylation by means of dimethylformamide and methyl-
formanilide has lately been used with success for the pre-
paration of a series of heterocyclic aldehydes. The appli-
cation of this method to heterocyclic compounds is of special
interest, as the Gattermann-Koch and Reimer-Tiemann re-
actions often give poor results owing to the acid sensitive
character of certain heterocyclic compounds.

Heterocyclic aldehyde^ can be conveniently obtained by
periodate oxidation of the carbon-carbon sugar derivatives
with heterocyclic aglucones99"102.

Indole-3-aldehyde was the first heterocyclic aldehyde
(not counting those dealt with in patents) to be synthesised
by the formanilide method103. This compound is the starting

* The mechanism given here is not that suggested by Arnold
and Sorm, for details of which see the original paper. (Ed. of
Translation.)
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TABLE 4. Unsaturated aldehydes prepared by the formamide method

Starting material

Acetone diethylketal

CH C(OC,H > CH

c8
Styrene

m

m

1, 3-Dimethoxybenzene
Dimethylaniline

Μ

Diethyl succinate

C9

4 -Methylstyrene

1 -Methyl -1 -phenylethylene
Cyclopentanone diethylketal

II.C CH,
| !

H.C.O 7 X OC,II,

Pinacolone diethylketal

Azulene

1 -Methyl -1 -(p -methylphenyl) -
ethylene

1 -Methyl -2-( p-methoxyphenyl)-
ethylene

1 -Methyl -2 -(methylene -3*, 4' -
dioxyphenyl)ethylene

Cyclohexanone diethylketal
Diethylaniline

c a

1 -Methyl -1 -(p- isopropylphenyl)-
ethylene

Acetophenone diethylketal

Propiophenone diethylketal

1,1 -Bis( p-hydroxyphenyl)ethylene
1,1-Bis(p -chlorophenyl)ethylene

Guaiazulene

l-Phenyl-l-(p -dimethylamino-
phenyl)-ethylene

1, l-Bis-(p-methylaminophenyl)-
ethylene

Product

β -dimethylaminocrotonaldehyde

CHj-C^CH-CHO

N(CH,).

Cinnamaldehyde

2,4- Dimethoxycinnamaldehyde
Ρ -(Dimethylamino)cinnamaldehyde
1 -[ p-(Dimethylamino)phenyl]penta-l, 3-

-dien-5-al
(CH,)ZN— if y ~ (CH=CH),CHO

Diethyl 2-formylsuccinate

p-Methylcinnam aldehyde

t> Phenylcrotonaldehyde
2-Dimethylaminocyclopenten -1 -aldehyde

I

H,C C-CHO

N(CH,).
β -Butyl -β -ethoxyacrolein

l-(Azulenyl-l')prop-l-en-3-al
l-(Azulenyl-l')penta-l, 3-dien-5-al
β - (4* - Methylphenyl)crotonaldehyde

α-Methyl πβ-(4'-methoxyphenyl)acrolein

a -Methyl -β -(methylene -3', 4* -dioxyphenyl)-
acrolein

HC / O ~

,,, ,CH=C-CHO

2-Ethoxycyclohexen-l-aldehyde
4 -Dimethylaminocinnamaldehyde

β - (ρ -Isopropylphenyl)crotonaldehyde

β - Chlorocinnamaldehyde and β-dimethyl-
aminocinnamaldehyde

a- Methyl -β - ethoxy - β -phenylacrolein

β • β -Bis(p -hydroxyphenyl)acrolein
fl.fl*Bis(p' -chlorophenyl)acrolein

l-(Guaiazulenyl-3')prop-l-en-3-al
l-(Guaiazulenyl-3')penta-l,3-dien-5-al

1 -Phenyl -1 -(ρ -dimethylaminophenyl) -
penta-1, 3-dien-5-al

β, β -Bis( ρ -dimethylaminophenyl) acrolein

Formylating
agent

DMFA*

DMFA

MFA**
MAPr***

MAPd****

DMFA·

DMFA

DMFA

MAPr
MAPd
DMFA

DMFA
MAPr

DMFA

-

DMFA

MFA

MAPr
MAPd

MAPd

MFA

Reaction conditions

COClj, dichloroethane, 3 h, 40*

POClj, l h , 75*-80*
POClj, dichloroethane, boiling,

15 min
POC1,. CCI4, 20*-25'
POC1,, CHClg, 1.5 h, 35'

NaH, ethanol

POClj, dichloroethane, 40 min.
5*. or 15 min [ boiling? (Ed. of
Translation)]

POC1,, boiling for 1 h, 75'-80*
COC12, dichloroethane, 3 h, 40'

COC1,. dichlorethane, 3 h. 40°

POClj. 20*-25°

POClj, 1 h, 75*-80·

m

w

COClj., dichloroethane, 3 h. 40*
POClj. CHClj, 1. 5 h, 35"

POClj, dichloroethane, 15 min
boiling

COClj, dichloroethane, 3 h, 40°

COC1Z, dichloroethane, 3 h, 40*

POC1,, CCI4, 20"

POC1,, CHClj, 1.5h, 35*
•

POC1,, CHC1,. 1. 5 h, 35"

POClj, CCI4, room temperature

Yield 1>

46

41
38

-
90
70-80
18-20

-

46

52
47.6

82

good

64

68

27

59
84

34

5. 8 and
25.7

92

-

good
-

94

-

Reference

97

93
93

91
28
28
28

22

93

93
97

97

96
96
93

93

93

97
28

93

97

97

91
91

96
96

28

91
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TABLE 4. (contd.)

Starting material Product
Formylating

agent Reaction conditions Yield "jk Reference

l-Phenyl-1-(1*-methyl-21-
phenylindol-3-yl)ethylene

1 -4 ρ -Chloropheny 1) -1 -(1' -methyl
-2' -phenylindol-3'-yl)ethylene

C , H 1 N ^

0 -Phenyl -0 -(1 -methy lphenylindolyl - 3') -

acrolein

β -(ρ -Chlorophenyl)-fl -(1* -methyl -21 -
-phenylindol-3' -yl)acrolein

Ν Ce'

CH.,

MFA

POC13, CCI4, room temperature

POCI3, CCI4, room temperature

91

U
1,1 -Bis(4· -ethoxynaphth-1' -yl)-

ethylene

8,β -Bis(4-ethoxynaphth-l-yl)acroleln 91

1,1-Bis(l' -methyl-2' -phenyl-
-indolyl-3') ethylene

CH,

2, 2-Bis(l· -methyl-2' -phenylindolyl-3") -
acrolein C H j

Ν

MFA POCI3, CC14, room temperature 91

* Dimethylformamide.

** Methylformanilide.

*** 2-Phenylmethylaminoacrolein.

**** 5-Phenylmethylaminopenta-l, 3-dien-5-al.

material in the synthesis of racemic tryptophan. It can be
prepared by direct formylation of indole or its potas-
sium salt in 53-72% yield103'104, or by formylation of
2-ethoxycarbonyl indole; in the latter case the aldehyde
separates in quantitative yield after saponification and de-
carboxylation103. In some later work dimethylformamide
is given preference over methylformanilide, as it can serve
at the same time as a solvent29»105. This last method,
which gives quantitative yields, is considered the best for
the preparation of indole-3-aldehyde.

Pyrrole reacts with dimethylformamide even in the cold,
forming 83% of pyrrole-2-aldehyde29. Other aldehydes of
the pyrrole series are obtained in the like manner1 0 6.

Holland and Nayler107 established that the formylation of
2-methylpyrrocoline by this method yields a product with
two aldehyde groups in the nucleus:

Buu-Hoi and Hoan108 extended the formylation by methyl-
formanilide to carbazoles, and described the preparation of a
series of tf-alkylcarbazole-3 -aldehydes. Kucherova et al.109

found that the formylation of Ν-substituted 1,2,3,4-tetra-

hydrocarbazoles, in contrast to that of iV-alkylcarbazoles,
yields 7-aldehydes.

Of special interest is the first direct formylation of the
pyridine ring by methylformanilide110, in which an α-alde-
hyde, but not the /3-isome.r, was obtained. Quinoline does
not react at all, whereas iV-methyl-l,2,3,4-tetrahydro-
quinoline is formylated yielding 46% of the 6-aldehyde111.
Attempts to formylate pyrazole and JV-benzoylpyrazole were
not successful112»113, but nevertheless Finar and Lord re-
cently carried out the formylation of 1-methyl-, 1-phenyl-,
and 1-w-nitrophenylpyrazoles, and some other derivatives,
with dimethylformamide, and obtained 4-aldehydes114.

The formylartion of oxygen-containing acid sensitive
heterocycles by means of dimethylformamide has recently
been reported to be successful. The formylation of furan
and its homologues with dimethylformamide in the presence
of POC13 is worthy of mention115. Yields of α-aldehydes
are 50 — 70%. Harsher reaction conditions are required
for the introduction of an aldehyde group into a benzofuran
ring, and the yields are lower than in the case of furan and
its derivatives116'117. A 7-methoxy substituent has a
beneficial effect, whereas a chlorine atom in position 5 in-
hibits the formylation116. 2-Methoxydibenzofuran118,
5-ethylnaphtho[2,l-5]furan116, and phenanthro[3,2-a]di-
benzofuran119 have also been formylated. The formylation
of certain hydroxycoumarins120 and 1,4-dioxane121 has
been studied.
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The formylation of thiophene and its derivatives has
been studied in detail by a number of workers. King and
N o r d 122,123 f o u n d t h a t a t go0-100° the aldehyde group
enters the a -position. If both a -positions are occupied,
the formyl group is attached in the β -position, so that even
2,3,5-trimethylthiophene forms an aldehyde in satisfactory
yield. The formylation of thiophene with dimethylformam-
ide can also be carried out at higher temperatures2 0»1 2 4 '1 2 5,
but Weston and Michaelis21 found that on increasing the
reaction time to 16-18 h, the reaction is eompleted even
at room temperature. As expected, attempts at further
formylation of thiophene aldehyde to obtain dialdehydes,
proved unsuccessful.

The formylation of alkyl-20»21'122"128 and aryl-1 2 9 thio-
phenes has been the most thoroughly studied synthesis of
heterocyclic aldehydes by means of substituted formamides.
In the formylation of 5-bromothiophene an exchange of
halogen atoms takes place between that compound and
POCI3, giving rise to 5-chlorothiophene-2-aldehyde.
5-Bromothiophene-2-aldehyde is obtained if POBr3 is used
in the reaction instead of POClg.123

Gol'dfarb and his colleagues described the preparation
of new aldehydes derived from thiophene and bis(2-thienyl)-
methane, which were subsequently used for the synthesis of
aliphatic alcohols128»130"132. Esters of thiophene-2-car-

boxylic acids are formylated in a similar manner 1 3 3 ' 1 3 4:

—(CH2)nCOOR
C.H.N(CH.)CHO

POC1, OHC

(η=3,4)

Weston and Michaelis21 also described the introduction
of an aldehyde group into thionaphthene ring. Their re-
sults in the preparation of thionaphthene-3-aldehyde were
recently confirmed by Gnaisas1 3 5. In contrast to thionaph-
thene, 4,5,6,7-tetrahydrothionaphthene yields a 2-alde-
hyde136.

The first report on the formylation of the selenophene
ring in 3,5-diarylselenophenes was published in 1954 1 2 9.
Yur'ev and his associates obtained high yields of seleno-
phene-2-aldehyde and its homologues by this method1 3 7"1 3 9.

Cauquil and Casadevall140 developed a method for the
preparation of phenothiazine aldehydes. On formylating
unsubstituted phenothiazine or iV-acylphenothiazine, the
Ν -formyl derivatives are formed, whereas iV-alkyl-
phenothiazines yield phenothiazine-3-aldehydes. If the
positions 3 and 4 are occupied, no formylation takes place.

Data available in the literature on the formylation of
heterocyclic compounds with substituted formamides are
collected in Table 5.

TABLE 5. Formylation of heterocyclic compounds

Starting material

c4

Furan
1,4-Dioxane

c 5

2-Methylfuran

c»
2-Ethylfuran
2, 5-Dimethylfuran

c,
Benzofuran

C9

2-Methyl benzofuran

C «
2-Ethylbenzofuran
2-Ethy 1 -5 -chlorobenzofuran
5 -Hydroxy -4 -methylcoumarin

OH C I.,

2, 7-Dihydroxy-4-methylcoumarin

2-Ethyl -7 -methoxybenzofuran
4, 7 -Dimethyl -5 -hydroxycoumarin

Product
Formylating

agent
Reaction conditions

1. Oxygen-containing heterocycles

Furfural
1.4 -Dioxane -2-aldehyde

5 -Methylfurfural

5-Ethylfurfural
No aldehyde is formed

Benzofuran -2 -aldehyde

2-Methylbenzofuran-3-aldehyde

2-Ethylbenzofuran-3-aldehyde
2 -Ethyl -5 -chlorobenzofuran -3-aldehyde
5 -Hydroxy -4 -methylcoumarin -6-aldehyde

OH CH,

1 1

ο

7, 9-Dihydroxy-4-methylcoumarin-8-aldehyde

2 -Ethyl - 7 -methoxybenzofuran -3 -aldehyde

4, 7-Dimethyl-5-hydroxycoumarin-8-
-aldehyde and 4,7-dimethyl-5-hydroxy-
coumarin - 6 -aldehyde

DMFA*
MFA**

DMFA

DMFA
**

DMFA

DMFA

DMFA

MFA

MFA

DMFA
MFA

POClj, 30 min, 100*
POC1S, heat

POC1S, 30 min, 100°

POC18. 30 min, 100"
II

POC1,, boiling for 6-7 h

POC13, boiling for 11 h

POC1,, boiling for 11 h

POClj, boiling for 11 h

POC1,. boiling for 11 h

Yield %

64

37

76

50

-

37.7

75

66

6

low

good

76
-
-

Reference

115

121

115

115

115

116

116

116

116

120

121

116

120

120
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TABLE 5. (contd.)

Starting material

5, 7-Dimethoxy-4-methylcoumarin

2-Me

5,6,7
cour

hoxyben

V\/\;'
Ο

-Trimetr
nann

2-Phenylbe
5-Ethyl-(21

zofuran

— O C l l ,

oxy-4-methyl -

lzofuran
l ' :2, 3)napthofuran

j

2-Benzylbenzofuran
3-Benzylbenzofuran

c»
2,5-Diphenylfuran
3 -Benzyl -6 -methoxybenzofuran

3-(3', 41 -Dimethoxybenzyl)-6-

-methoxybenzofuran

Product

5, 7-DimethoKy-4-methylcoumarin-6-aldehyde
and 5,7-dimethoxy-4-methylcoumarin-8-

- aldehyde

2 -Methoxybenzofuran -3-aldehyde

5,6,7-Trimethoxy-4-methylcoumarin-8-
-aldehyde

2 -Phenylbenzofuran -3 -aldehyde
5-EthyH2' , l ' :2 . 3Jnaphthofuran-4-

-aldehyde

II 1 CHO

2-Benzylfuran-3-aldehyde
3 -Benzylbenzof uran -2 -aldehyde

2,5-Diphenylfuran-3-aldehyde
3-Benzyl-6-methoxybenzofuran-2-aldehyde

S-iS'^'-DimethoxybenzylJ-e-methoxy-
-benzofuran - 2-aldehyde

Formylating
agent

MFA

DMFA

MFA

DMFA

DMFA

DMFA

DMFA

Reaction conditions

POCl,. boiling for 11 h

POCl,, 6 h . 95*-100°

POCl,, 6 h , 95"-100"

POCl,. 8 h
POCl,, toluene, boiling for 11 h

POC1S, 8 h

POCl,. 3 h . 100"
POCl,. 8 h

POCl,. 8 h

Yield %

low

25

low

good
49.5

good

40
good

good

Reference

121
121

118

120

117
116

117
117

115
117

117

C4
Thiophene
Thiophene
2 -Chloro thiophene

2-Bromothiophene

3-Bromothiophene
Selenophene

c 5

2-M e thy 1 thiophene

3-Methyl thiophene

3 -Methylselenophene

c.
2-Ethylthiophene
2, 3-Dimethylthiophene
2,5-Dimethylthiophene
2-Acetamidothiophene
2, 3-Dimethylselenophene
3,4 -Dimethylselenophene

c 7

2,3,5-Trimethylthiophene
2 -P ropy 1 thiophene
2, 3,4-Trimethylselenophene

Ct
2-n -Butylthiophene
2-t-Butylthiophene

2. Sulphur- and selenium

Thiophene -2 -aldehyde
Thiophene-2-aldehyde
5 -Chlorothiophene -2-aldehyde

5 -Bromothiophene -2 -aldehyde

3 -B romothiophene -2-aldehyde
Selenophene -2-aldehyde

5 -Methylthiophene -2-aldehyde

3 -Methylthiophene -2-aldehyde

3-Methylselenophene -2-aldehyde

5 -Ethylthiophene -2-aldehyde

4,5-Dimethylthiophene-2-aldehyde
2,5-Dimethylthiophene-3-aldehyde
5-Acetarnidothiophene-2-aldehyde
2, 3 -Dimethylselenophene -5 -aldehyde
3,4 -Dimethylselenophene -2 -aldehyde

2, 3,5-Trimethylthiophene-4-aldehyde
5 -Propylthiophene - 2 -aldehyde
2,3,4 -Trimethylselenophene -5 -aldehyde

5 -n -Butylthiophene -2-aldehyde
5-t-Butylthiophene-2-aldehyde

-containing heterocycles ·

MFA

DMFA
MFA or

DMFA
"

DMFA
MFA

MFA or

DMFA

DMFA

MFA

DMFA

MFA

DMFA

MFA

•

POCl,. 20*-25"
POCl,, 1-2 h. 90*-95°
POCl,. 90°-95J

POCl,, 0 -dichlorobenzene,
18 h. 20"

POCl,, boiling. 4.5 h
POCl,, 65°

POC1,,° heat

POCl, or SOC1Z. heat
POCl,. 1 h. 50"-70*

POCl,, 100°

POCl,, 15 h, 95°
POCl,, 65°

ft

POCl,. 100°
«

POCl,, 65°

POCl,, 3 h , 25°-35'

75-77
77

43-59

up to 70

69

70

66-81

68-83

72

75-80
84.5
20

43

66

94

38

77-85
77

80

76-99

122,141,142
20,124,125
20,21,122

21, 123

143

137

20.122.124

20,122.126

138

122

12S

21,144
20,144,145
139

139

123

122,127
139

128

20,21.128

R 1 9
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TABLE 5. (contd.)

Starting material

Thionaphthene

4, 5, 6, 7-Tetrahydrothionaphthene

5-(β - acetoxyethyl)thiophene

C 9

2-Methyl-5-t-butylthiophene

Bis(2-thienyl)methane

2-Phenylthiophene
2-.'.". -Chlorophenylthiophene
G -Ethoxythionaphthene
2-( - -uthoxycarbonylpropyljthio-

ohene
2~(,> -Methoxycarbonylbutyl)thio-

pkeie
d~Methvl-2-(then-2-yl)thiophene

2- r s Toiylthiophene
2-(> -Eihoxycarbonylbutyl)thio-

pheiie
2 ••( y -Viethy 1 - δ -methoxycarbonyl -

butyl /thiophene

/ " " * , - - CH.,CH,CH< - l y O O C . i l ,

2, 5-Di-i-butylthiophene

2, 2-Bis(2' -thienyl)batane

CM.

2,4 -Diphenylthiophene
2,4 -Diphenylselenophene

2,4 -Di -p -tolyl thiophene
?., 4-Di-p-tolylselenophene
2,4-Di -p-amsylselenophene

Product

Thionaphthene-3-aldehyde
4, 5,6, 7-Tetrahydrothionaphthene-2-

-aldehyde
5 -(β - acetoxyethyl)thiophene -2-aldehyde

2-Methyl-5-t-butylthiophene-3-(or 4)-
aldehyde

1 -(2' -Thenyl)thiophene -5 -aldehyde

5-Phenylthiophene-2-aldehyde
5 - m -Chlorophenylthiophene -2 -aldehyde
6-Ethoxythionaphthene-3-aldehyde
5-(y-Ethoxycarbonylpropyl)t.hiophene-2-

-aldehyde

5 -(5 -Methoxybutyl)thiophene -2 -
-aldehyde

5 -{51 -methyl-then-2' -yl)thiophene-2-
-aldehyde

5- m -Toiylthiophene -2 -aldehyde
5 -(i' -Ethoxycarbonylbutyl)thiophene -2-
- aldehyde
5-(y-Methyl-o-methoxycarbonylbutyl)-

thiophene-2-aldehyde

OHC-f y— CIljC.UjCH-CHs-CUOCiL

2, 5-Di-t-butylthiophene-3-aldehyde
2-(2'-Thienyl)-2-(51-formylthien-2'-
-yl)butane

cn.

3, 5-Diphenylthiophene-2-aldehyde
3, 5-Diphenylselenophene-2-aldehyde

Formylating
agent

MFA

MFA

MFA

MFA

MFA

MFA

3,5-Di-p-tolylthiophene-2-aldehyde ] MFA
3, 5-Di-p-tolylselenophene-2-aldehyde j "
3,5-Di-p-anisylselenophene-2-aldehyde 1 "

Reaction conditions

POC13, 16 h, 25*-35*
POC1S, heat

POCI3, 3 h , 55"-65"

POClg, 25"-35'

POCI3, toluene, 5 h

POCI3, heating at 100*
POCI3, 20°-25a

POCI3, 3 h , 55u-60"

POCI3, toluene, 5 h, 10C°
POC13, 25°-35*

POCI3, 3 h , 55"-60·
POC13> 25'-35°

POCI3, toluene. 100°
POCI3, toluene, 5 h, 100°

POCI3, 100', toluene

Yie ld <jfc

9

30.5

48

80
70

83

94

44

77
75-83

84

36
64

83.5

82
83
69

Reference

21,135

136

21,130

128

131

129

129

36

133,134

134

128

129

1 34

128

132

129

129

129

129

129

Pyrrole

1 -Methylpyrazole

t'yradme

Λ -Methylpyrrole

Cg

Indole

Potassium indole

3. Nitrogen -containir

Pyrrole -2-aldehyde

1 -Methylpyrazole -4 -aldehyde

Picolinic aldehyde
ZV-Methylpyrrole -2 -aldehyde

Indole - 3 -aldehyde

•1 heterocycles

DMFA

it

MFA

DMFA

DMFA
MFA

Λ'-Formyl-
indoline

DMFA

POCI3, dichloroethane, 30 min,
30°-40*

POClj, 1. 5 h , 95'-100°

POClj, 100*
POClj, dichloroethane, 30*-40*

POCI3, DMFA, 30*-35°
POCI3, dichloroethane, 100°
POC1S, trichloroethane, boiling,

3D min
POC1S, 30"-35p, DMFA

39-89

33

low

79-90

95.5
53.5
25

72

29,34,146

112

310

34

29

105

26

104
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TABLE 5.(contd.)

Starting material

2 -Methylpyrrocoline

C H

l v j r C H '
2,4 -Dimethyl-5 -ethoxycarbonyl-

pyrrole
1 -Phenylpyrazole
l-(m -Nitiophenyl)pyrazole

A'-Methyl-l, 2, 3,4-tetrahydro-
quinoline

2 -Ethoxy carbonylindole

5 -Btomo -2-ethoxycarbonyl -
indole

C12

1,2,3,4-Tetrahydrocarbazole
1, 3,3-Trimethyl-2-methylene-

indoline

Cis
Ν «Methylcarbazole

Ν -Methyl -1,2, 3,4-tetrahydro-
carbazole

Λ7 -Methyl -6 -nitrocarbazole

/V-Methyl -6 -bromocarbazole

Λ'-Ethylcarbazole

2 -Methyl -4 -phenyl -5 -ethoxy -
carbonyl pyrrole

c15
5 -Benzyloxyindole

Ν -Butylcarbazole
4,5-Benzo-l,3, 3-trimethyl-
N -2 -methyleneindoline

II
-CH,

-CH,

CH,

1,4 -Diphenylpiperazine
/V --Butyl -6-nitrocarbazole

A7 -Butyl -6 -bromocarbazole

Cl7

Λ7 -Isopentylcarbazole

Ν -Butyl -6 -methylcarbazole
-Isopentyl -6-nitrocarbazole

/V-Benzyl-1, 2, 3,4-tetrahydro-
carbazole

Product

l.,3-Diformyl-2-methylpyrrocoline

CHO

1

^ / XCHO

2,4 -Dimethyl -3 -formyl -5 -ethoxycarbonyl -
pyrrole

1 -Phenylpyrazole -4 -aldehyde
l-{m-Nitrophenyl)pyrazole-4-aldehyde

A'-Methyl-l, 2, 3,4-tetrahydroquinoline-6-
-aldehyde

2-Ethoxycarbonylindole-3-aldehyde

5 -Bromo -2-ethoxycarbonylindole -3-
-aldehyde

Ν -Formyl -1, 2, 3,4-tetrahydrocarbazole
1, 3,3-Trimethyl-2-methyleneindoline-6-

-aldehyde

Ν -Methylcarbazole -3 -aldehyde

-Methyl-1, 2, 3,4-tetrahydrocarbazole-
A'-7-aldehyde
Ν -Methyl -6 -nitrocarbazole - 3 -aldehyde

Ν -Methyl -6 -bromocarbazole -3-aldehyde

Λ'-Ethylcarbazole -3-aldehyde
2 -Methyl -4 -phenyl -5 -ethoxycarbonyl -

pyrrole - 3 -aldehyde

5 -Benzyloxyindole - 3 -aldehyde

-Butylcarbazole -3-aldehyde
4, 5-Benzo-l, 3, 3-trimethyl-2-methylene-

indoline -6 -aldehyde

Π =*
^ M i — | C H s

OHC-I j ) x j-CH,

1
CH,

1,4-Bis(4' -formylphenyl)piperazine
Ν -Butyl -6 -nitrocarbazole -3 -aldehyde

Ν -Butyl -6 -bromocarbazole -3-aldehyde

-Isopentylcarbazole -3-aldehyde

A'-Butyl -6 -methylcarbazole -3-aldehyde
Ν -Isopentyl - 6 -nitrocarbazole -3-aldehyde

A'-Benzyl -1,2,3,4 -tetrahydrocarbazole -
ft -7 -aldehyde

Formylating
agent

DMFA

DMFA

m

MFA

MFA

DMFA

DMFA
MFA

MFA

DMFA

MFA

MFA
DMFA

DMFA

MFA

DMFA
MFA

MFA

DMFA

Reaction conditions

POC1S, 15min, 50*-60*

POCl,. boiling, 2 h

POClj, DMFA, 4 h, 95°-100*

POCl,. benzene, 10-12 h, 20*

POClj, dichloroethane, boiling.
l h

•

POCl,. 8 h, 95*-100*
POClj, benzene, 5*-15*

POClj, ο -dichlorobenzene, 6 h,
100*

POClj, 8 h, 95"-100*

POCl,, υ -dichlorobenzene, 6 h,
100°

POCl,, 100°
POClj, boiling, 2 h

POCl,, 45 min, 35°

POClj, ο-dichlorobenzene, boiling
POClj, benzene, 5"-15°

POClj, 1.5h, 95°-100*
POClj, ο-dichlorobenzene, 6 h.

100*

POCl,, ο-dichlorobenzene, 6 h.
100*

*

POCl,. 8 h, 95*

Yield %

28

96

76
9

46

99.5

42

65
80

61

34

80

85

97

75

81
-

-

85

90

85

85
85

36

Reference

107

106

112
114

111

103

105

109
142

27

109

108

108

36
106

147

108
148

81
108

108

108

108
108

109

R14
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TABLE 5.(contd.)

Starting Material

1, 3,1' -Triphenyl-5,4' -bipyrazole

CH.

II 11 \ N /
Ν / Ί
N N / C.H.

C.H,

Product

1, 3, l'-Triphenyl-5,4'-bipyrazole-4-

-aldehyde

|

Formylating

agent

DMFA

Reaction conditions

POC1,, DMFA, 4 h , 95*-100*

Yields

83

Reference

114

4. Heterocycles with more than one hetero-atom

c«
4 -Phenylmorpholine

Ci,
10-Methylphenothiazine

c M

10-Ethylphenothiazine

3,10-Dime thy lphenothiazine

3-Methyl-10-ethylpheno-

thiazine

10-Phenylphenothiazine

pK4-Morpholinyl)benzaldehyde

10 -Methylphenothiazine -3 -aldehyde

10-Ethylphenothiazine -3-aldehyde

3,10-Dimethylphenothiazine-7 -aldehyde

3-Methyl-10-ethylphenothiazine-7-

-aldehyde

10-Phenylphenothiazine-3-aldehyde

DMFA

MFA

MFA

MFA

POClj, 1-2 h, 95°-100·

POC1S, 4 h, 100°

POC13, 4 h, 100°
•

POClj, 4 h, 100°

•

2

88

82.5

42

72

63

81

140

140

140

140

108

* Dimethylformamide.

** Methylformanilide.

ΙΠ. ACYLATION OF ORGANIC COMPOUNDS

Although discovered before formylation, other acyla-
tions of the various types of organic compounds with sub-
stituted carboxylic amides has been studied much less
thoroughly than their formylation.

In 1896 Friedel1 4 9 studied the reaction between JV-methyl-
acetanilide and POCI3, which ensued upon heating the re-
actants at 120°. He continued the heating as long as HC1
was evolved, and then, by treating the melt with soda solu-
tion, he obtained a dye, to which, upon analysis, he
ascribed the formula C22H2ON2Cl2. The structure of that
dye remained unknown until Fischer and his colleagues10

established that in the Friedel reaction, under the action of
POClg, the acetyl group of one molecule of methylacetanil-
ide was split off and attached to the nucleus of another such
molecule, in the ο-position with respect to the .N-acetyl -
amino group. The o-acetamidoacetophenone, which was
thereby formed, was subsequently transformed into a
cyanine dye.

Methylaniline formed in this reaction condenses easily
in the presence of POC13 with unreacted methvlacetanilide
yielding Ν,Ν1 -diphenyl-JV,N' -dimethylacetamidinium chlor-
ide. This accords with the usual scheme for the formation

of amidines from arylamides and secondary aliphatic-
-aromatic amines under the action of phosphorus halides1 5 0:

CHs-C—N-C,H6 + CeH6NHCH3 + POC13 ̂  HOPOC18 + C H 3 - q

Ο CH, •i—C0H5 C l -

CH,

The amidine formed is presumed u to be even more
capable of acylating the aromatic ring than the initial
methylacetanilide.

Fischer's work proved the migration of the acetyl group
from one molecule of aryl-iV-alkylacetamide into the aro-
matic ring of another, and provided an explanation for the
mechanism of a series of similar transformations, des-
cribed in the patent literature15* ~156.

By heating benzanilide with dimethylaniline and
at 120°, 4-dimethylaminobenzophenone anil is formed150.
Diethylaniline behaves similarly in this reaction.

Noelting152»153 patented the reaction for the introduction
of the p -dimethylaminobenzyl group into the nucleus £>f
JV-methyl-a-naphthylamine, iV-ethyl-a-naphthylamine, and
iV-phenyl-a-naphthylamine, bv means of N-methyl-p-di-

fii F;
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methylaminobenzanilide in dimethylaniline solution. Here
the reaction products are dyes similar in their properties
to auramine:

NHR

./v

\ / \
/CH3

Cl-

where R = CH3, C2H5, C6H5.

The uses of benzoyl-m-xylidine148, iV-methylbenzanil-
ide154>155, m-methoxybenzanilide155, and a-naphthanilide156

as acylating agents have been reported in patents. Acetanilide
in the presence of AICI3 is also capable of acylating the
benzene ring in toluene and chlorobenzene157»158.

•NH-C-CH3

C 6 H 5 NH 2

This reaction proceeds via the intermediate formation
of acetyl chloride, followed by a Friedel-Crafts ketone
synthesis, i.e. as in the case of the molecular rearrange-
ment of anilides159. The more reactive aromatic hydro-
carbons react with substituted amides even under ordinary
conditions. Hafner and Bernhard1 6 0 developed a very
elegant method for the preparation of azulenic ketones by
acylation of azulene with different N,N-dimethylcarbox-
amides. The reaction is carried out in the presence of
POCI3, by boiling for 4 h in tetrahydrofuran solution.

1=1 \ + R _ C -N(CHJ l ~2ij = |

c=o

A
1-Acetylazulene, 1-benzoylazulene, 1-lauroylazulene,

and ω -ethoxycarbonylhexyl(l -azulyl)ketone were prepared
by this method.
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change colour very markedly on passing from one com-
pletely neutral solvent to another. This has received the
name "solvatochromism".

A classic example of solvatochromism is that exhibited
by tetramethyldiaminofuchsone (I), prepared by Schlenk in
1909 *:

N(CH 3) 2

I

(I)
(CH 3 ) 2 N-< >°

This dyestuff is yellow in benzene solution and red-violet
in alcohol. Schlenk considered the change of colour as due
to a change of molecular weight; the fuchsone giving a true
solution in alcohol, but polymers being formed in benzene
and the dyestuff dissolving as a colloid. This explanation
of the solvatochromic effeet in tetramethyldiaminofuchsone,
as in other dyes, has since been shown to be false2; they
dissolve, in organic solvents at least, to form monomolecu-
lar solutions.

Up to the 1940's, the solvatochromic effect was explained
on the basis of the old views of the dyestuff molecule as one
containing a stable system of valency bonds. Of various
theories of this type by various workers we shall con-
sider only one - that of the formation of characteristically
coloured complexes of the molecules with solvent molecules2,
since this type of theory is met even in later publications 5 ' 6 .

The attempt to explain solvatochromism in dyes by the
formation of simple complexes with the solvent must be
discarded mainly on the evidence of the study of the absorp-
tion spectra of such dyes in mixed solvents.

Kiprianov and Timoshenko 7 obtained the absorption
curves of the dyestuff (II):

CH—S
II I

C H 3 - C C = C H — C H = <

\ N /

C2HS

(II)

which shows a clear solvatochromic effect. These curves
are shown in Fig. 1 (A in pyridine, Β in water, and C in a
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Fig.l.

INFLUENCE OF THE SOLVENT ON THE
COLOUR OF DYES (SOLVATOCHROMISM)

A. I. K i p r i a n o v

The colour of organic dyes always depends to a certain
extent on the solvent. Acid and alkaline solvents change
the colour of dyes by forming salts with them, but in most
cases neutral solvents have little influence on the absorp-
tion of light by the dyestuff. There exists, however, a cer-
tain number of dyestuffs (or coloured substances) which

ΊΟΟιχημ

Fig. 2.
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