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This review focuses on the use of dimethylformamide dimethyl acetal in the preparation of heterocyclic
compounds via formylation of active methylene groups, methyl groups to give enamines, and formylation
of amino groups to give amidines. These compounds are found to be useful intermediates in the formation
and modification of heterocyclic compounds.
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1. INTRODUCTION

N,N-dimethylformamide dimethyl acetal (DMFDMA)

(1) is also called 1,1-dimethoxy-N,N-dimethylmethyl-

amine and 1,1-dimethoxytrimethylamine. The molecular

formula (CH3)2NCH(OCH3)2 and molecular weight

119.16. The Chemical Abstract Number is 4637-24-5.

DMFDMA (1) is a very important reagent in organic

synthesis because of its higher reactivity. The
DMFDMA molecule possesses a carbon atom attached

to three electron withdrawing groups (2MeO and NMe2)

such that the carbon atom carries partial positive charge.

While the nitrogen atom is attached to two methyl
groups, the partially positive carbon atom, and carries a

lone pair of electrons so that it ‘‘looks’’ like methyl

amine. Therefore, DMFDMA carries two sites of reac-
tivity, an electrophilic site and a nucleophilic site,

respectively.
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The main application of DMFDMA has been not only

for functional group transformations but it may also be

regarded as a one-carbon synthon in construction of the

carbon skeletons.

Literatures referenced [1–10] highlight the methods of

preparation and the major classes of reactions in which

formamide acetals have been reported.

It has been found that reactions involving DMFDMA

can be divided into two main categories, namely, methyl-

ation and formylation. DMFDMA acts as methylating

agent [11,12] so that it has been used in the synthesis of

methyl esters from acids, methyl ethers and thioethers

from phenols and aromatic or heterocyclic thiols, and the

methylation of active methines as shown in Scheme 1.

DMFDMA acts as formylating agent, so that it has

been used in the synthesis of enamines from active

methylenes and active methyl groups, and amidines

from amines and amides or thioamide groups [12] as

shown in Scheme 2.

DMFDMA can also be used for cyclization of two

functional groups to give heterocyclic compounds [11].

We will concentrate our review on the use of DMFDMA

(1) for the preparation of heterocyclic compounds.

2. PREPARATION OF HETEROCYCLIC

COMPOUNDS THROUGH THE FORMYLATION

OF THE METHYLENE GROUP USING DMFDMA

2.1. Methylene of ethyl group. 4-Halopropiophenone

(2a–c) condensed with DMFDMA to give the corre-

sponding enamines (3a–c). 2,6-Bis(4-bromophenyl)-5-

methylpyrimidine (4) was obtained by treatment of com-

pound (3a) with p-bromobenzamidine. Compounds (3a–

c) were subsequently treated with (4-sulfamoylphenyl)-

hydrazine hydrochloride to provide pyrazoles (5), as in

Scheme 3 [13,14]. The enamines (3a–c) are easily con-

verted to the chloropropiniminium salt by the reaction

with phosphorous oxychloride in dichloromethane which

in turn is converted to the 2,3,4-trisubstituted pyrrole

(50) by condensation with ethyl N-methylglycinate in the

presence of sodium hydride and DMF [15].

2.2. Active methylene group. DMFDMA was con-

densed with carbonyl compounds (6) yielding the corre-

sponding enaminone (7), which reacted with cyanothioace-

tamide to yield polyfunctionaly substituted pyridines (8)

[16–18]. Also the treatment of enaminone (7) with malono-

nitrile dimer afforded 1,6-naphthyridine derivatives (9)

[19], whereas treatment of the enaminones (7) with thiou-

rea in the presence of sodium ethoxide affoded the corre-

sponding 4,5-disubstituted pyrimidine-2-thiones (10) [20].

Although the treatment of enaminones (7) with

hydrazine hydrate, phenyl, or alkyllhydrazine and

hydroxylamine afforded 3,4-disubstituted azoles (11) as in

Scheme 4 [21,22].

Consequently a-aryl or a-benzoylacetonitriles (12a–c)

condensed with DMFDMA to afford enaminonitrile

(13a–c). The reaction of enaminonitrile (13a) with 5-

aminopyrazole afforded (14). Ring closure of enamino-

nitriles (13a–c) with hydrazine hydrate, and its deriva-

tives and hydroxylamine in ethanol gave compounds

(15) [23,24]. Although the reaction of enamine (13c)

with hydrazine derivatives in the presence of HCl

afforded 1-substituted-3-cyano-5-arylpyrazoles (16) as in

Scheme 5 [14,25–27].

Also imidazo[1,2-a]pyridine derivative (19) could be

obtained via reaction of (17) with DMFDMA. The reac-

tion proceeds via the intermediate enamine derivative

(18) as in Scheme 6 [28].

a-Phthaloylaminoacetophenone derivatives (21a–c)

were obtained by the reaction of a-bromo- or a-chloroa-
cetophenones (20) with phthalimide potassium salt in

DMF. Reaction of (21) with 1.2 equivalents of DMFDMA

gave the enamines (22), which on treatment with excess

and one equivalent of hydrazine derivatives, produce (23)

and (24), respectively, as in Scheme 7 [29,30].

Scheme 1

Scheme 2
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Refluxing of compound (25) with DMFDMA pro-

vided the enaminones (26), which were directly allowed

to react with binucleophiles such as substituted guani-

dine and amino azoles (3-aminopyrazoles, 3-amino-

1,2,4-triazole) to give the desired compounds (27a,b)

and (28a–d), respectively, as in Scheme 8 [31,32].

Scheme 3

Scheme 4
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Scheme 5

Scheme 6

Scheme 7
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1,3-Diphenylacetone (29a) reacted with an equimolec-

ular amount of DMFDMA to give the enaminone (30)

which condensed with cyanoacetamide and with cyano-

thioacetamide to yield 2-oxo- and 2-thioxo-pyridine-3-

carbonitrile derivatives (31). The 1,3-disubstituted

acetones (29a,b) reacted with two molar equivalents of

DMFDMA to give the dienaminones (32) which in turn

reacted with an acetic acid ammonium acetate mixture

or phosphoric acid to afford 3,5-disubstituted-pyrane-4-

ones (33a,b) [33,34]. A mixture of 1,3-diphenylacetone

and DMFDMA were left under reflux for 24 h to give

the dimethylamide (34) as in Scheme 9 [35].

Abu-Shanab et al. [36–39] reported that, the reaction

of 1,3-dicarbonyl compounds (35a–f) with DMFDMA in

anhydrous DMF afforded the corresponding enaminones

(36a–f) which reacted directly with the following nucleo-

philes using sodium hydride as a base in anhydrous

DMF. Cyanoacetamide afforded 5,6-disubstituted-3-cya-

nopyridine-2(1H)-ones (37a–d,f). Cyanothioacetamide

afforded 5,6-disubstituted-3-cyanopyridine-2(1H)-thiones
(38a–f). Anion of malononitrile dimmer afforded 5,6-dis-

ubstituted-3-cyano-2-(dicyanomethylidene)-1,2-dihydro-

pyridines (39a–f). Malonamide afforded 5,6-disubsti-

tuted-3-carboxamidopyridine-2(1H)-ones (40a–c). On the

Scheme 8

Scheme 9
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other hand, reactions analogous to those reported earlier,

but using ethanol as a solvent and piperidine as a base,

enaminones (36) reacted with the following nucleophiles:

Cyanoacetamide to give 4,5-disubstituted-3-carboxami-

dopyridine-2(1H)-ones (41a–c). Cyanothioacetamide to

give 4,5-disubstituted-3-carboxamidopyridine-2(1H)-thi-
ones (42a–d) as in Scheme 10.

The structure of these compounds has been confirmed by

X-ray crystallography [36,37]. The mechanism for the for-

mation of the above products is as shown in the following.

Scheme 10
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Also the reaction of DMFDMA with acetoacetanilide (43)

gave enamine (44). Treatment of 44 with hydrazine

hydrate and phenylhydrazine afforded pyrazoles (45).

Pyrazolo[1,5-a]pyrimidines (47) were isolated when

enamine (44) was reacted with pyrazoles (46). Enamine

(44) reacted with 1,2,4-triazole (48) to produce triazo-

lo[1,5-a]pyrimidine (49). 2-Aminobenzimidazole (50)

reacted with (44) to give the pyrimido[1,2-a]benzimida-

zole (51). The reaction of enamine (44) with compound

(52) afforded (53) and with hippuric acid (54) afforded the

pyridine (55). Also the reaction of (44) with malononi-

trile, cyanoacetamide, and malononitrile dimer afforded

(56), (57), and (58), respectively, as shown in Scheme 11

[40–47].

Further reactions for the preparation of heterocyclic

compounds using DMFDMA are the condensation of

1,3-cyclohexanedione (59a) and 5,5-dimethyl-1,3-

cyclohexanedione (59b) with DMFDMA to give the

corresponding enaminones (60a,b). These compounds

are also potentially valuable for the preparation of

different types of heterocycles (61–67) as outlined in

Scheme 12 [36,37,48–50]. Microwave irradiation of

1,3-cyclohexanedione (59a) with hydrazine hydrate

and its derivatives afforded the corresponding pyraz-

ole derivatives (68) [51]. The structure of these com-

pounds has been confirmed by X-ray crystallography

[36,37].

Diethyl ester (69) when refluxed with DMFDMA

gave enamine (70), which was refluxed in DMF and am-

monium acetate as a source of ammonia, the b-carboline
(71) isolated Scheme 13 [52].

Enamines (73a–c) was obtained from (72a–c) with

DMFDMA and converted directly to quinolinecarboxylic

acid esters (74) by treatment with the requisite amines.

Compounds (75) were prepared by reaction of (73b)

with hydrogen sulfide in ethanol [53–55]. Also com-

pound (73a) reacted with aryl hydrazine provided pyraz-

ole (76) as shown in Scheme 14 [56,57].

Treatment of compounds (77) with excess DMFDMA

gave compounds (78), which was cyclized to pyrrole

ring (79) under various condition, EtOH in the presence

of HCl (method A), AcOH (method B), AcOH and

Ac2O (method C), and (CF3CO)2O (method D) as

shown in Scheme 15 [58–60].

Scheme 11
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Scheme 12

Scheme 13

Scheme 14



Scheme 15

Scheme 16

The reaction of hydrazones (80) with DMFDMA afforded 3-trifluoromethylpyrazole-4-sulfonamides (81) [61].

Condensation of 4-substituted cyclohexanones (82a,b)

with DMFDMA provided enamino ketones (83a,b),

which reacted with guanidine hydrochloride, hydrazine

hydrate, N-methylhdrazine, glycine, and formamidine

hydrochloride afforded heterocyclic compounds (84a,b),

(85a,b), (86), and (87), respectively, as shown in

Scheme 16 [18,62–67].

Also 3-(phenylhydrazono)indan-1-one (88) when

reacted with DMFDMA gave the enaminone (89), which

reacted with hydrazine hydrate to yield the indenopyrazole

derivative (90). Treatment of (89) with pyrazole (91) gave

the indenofluorene derivative (92). The reaction of

compound (89) with malononitrile gave indenopyran deri-

vative (93). When (89) reacts with cyanoacetamide, the
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indenopyridine derivative (94) was formed. Also, com-

pound (89) was reacted with malononitrile dimer to afford

the trinitrile (95). Enaminone (89) reacted with compound

(96) to afford the diazaindenofluorene derivative (97). The

x-cyano compounds (98) when reacted with (89) afforded

compounds (99a,b) as shown in Scheme 17 [68].

Treatment of the available phosphonium salt (100)

with DMFDMA gives 2-vinylbenzimidazole derivatives

(101) which on heating with phenyl or allyl isothiocya-

nate and sodium perchlorate afforded compounds

(102a,b) followed by treatment with sodium hydroxide

resulting thioxopyrimido[3,4-a]benzimidazoles (103a,b)

as shown in Scheme 18 [69–72].

DMFDMA reacts with (104a–d) to give enamines (105a–

d), which on treatment with hydrazine hydrate (106a) and ar-

omatic amines (106b,c) gives pyridopyridazine derivatives

(107a–f). The latter (107a,b) can also be prepared by treat-

ment of (108a,b) with DMFDMA to give the corresponding

enamines (109a,b) followed by coupling with diazonium salt

ofm-nitroaniline in sodium hydroxide to give the correspond-

ing aldehyde derivatives (110a,b) followed by treatment with

hydrazine hydrate and aromatic amines (Scheme 19) [73].

Scheme 17

Scheme 18
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Imidazoquinoxalines (113) are biologically useful

compounds, which can be prepared by the reaction of

(111) with DMFDMA to give (112) followed by reduc-

tive cyclization using powdered Fe in AcOH [74].

Scheme 19

The treatment of compounds (114a,b) with DMFDMA

afforded the corresponding arylsulfonylenamines

(115a,b). Compound 115a reacted with acetamidine to

yield 5-styrylsulfonylpyrimidinone (116) [75]. Also

compound 115b reacted with cyanothioacetamide to give

polysubstituted pyridine-2(1H)-thione in a good yield as

shown in Scheme 20 [76].

Scheme 20
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Enaminone (119) was prepared from the sodium salt

of diethyl 2-oxosuccinate (118) by treatment with

DMFDMA. Acid-catalyzed cyclocondensations of com-

pound (119) were performed with hydrazine derivatives

to give the corresponding 1-substituted diethyl 1H-pyr-
azole-4,5-dicarboxylates (120) [77].

Heating of 6-(a-methylbenzylidenhydrazino)-1-methylur-

acils (121a–d) with an excess of DMFDMA at 100�C for

1 h led to the formation of enamines (122a–d) in good

yields. Treatment of the products with trichloroacetic and

hydrochloric acids (ethanol, room temperature, 15 min)

gave rise to a ring closure with the loss of one mole of

acetophenone and dimethylamine, affording 7-methylpyr-

azolo[3,4-d]pyrimidine-4,6(5H)-dione (123) [78].

Quaternary salts (125a–d), which were prepared from

(124a–d) and methyl bromoacetate, were treated with

DMFDMA to afford fused heterocyclic compounds

(127a–d) [26].

Also when the enamine and carbonyl functions are

separated by a carbon, as in compound (129), which

was prepared from compound (128) with DMFDMA,

the reaction of (129) with a hydrazines gives a

fused pyridazine ring, as cyclopenta[d]pyridazines
(130) [79].
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Treatment of compound (131) with DMFDMA

afforded enaminones (132). A mixture of methanesul-

phonyl (or phenyl methylsulphonyl) chloride and triethyl

amine produces a sulphene, RCH¼¼SO2 (R ¼ H, Ph),

which cyclizes enaminones (132) in situ at low tempera-

ture to an oxathiin ring (133) in high yields [80–85].

Reaction of (134) with DMFDMA afforded 2-keto-enamine (135) which reacts with glycine in alkali medium to form a

pyrrole ring (136) [83].

3. PREPARATION OF HETEROCYCLIC

COMPOUNDS THROUGH THE FORMYLATION

OF THE METHYL GROUP USING DMFDMA

3.1. Ring methyl group. Abu-Shanab et al. reported

the cyclization of the methyl group of azine compounds

with different functional groups to give fused hetero-

cycles using different organic reagents; DMFDMA is

one of them [86].

Microwave irradiation of nitrotolune (137a) with

DMFDMA in the presence of anhydrous CuI gave the

corresponding enamine (138a). Treatment of compounds

(137b–f) with DMFDMA provided enamine (138b–f).

Reductive cyclization of enamines (138a–f) using H2/

Pd-C or Fe/AcOH or zinc in acetic acid or hydrazine

hydrate in the presence of Raney-Ni as a catalyst gave

compounds (139a-f). Also, treatment of enamine (138b)

with silica gel provides sufficient acid catalysis to hy-

drolyze the enamine and cyclises the intermediate enol

to the isocoumarine (140) as shown in Scheme 21

[4,87–101].

Treatment of pyridazinones (141a–d) with DMFDMA

in dry DMF afforded (E)-dimethylaminoethylenes

(142a–d) in good yields. Compounds (142a–c) reacted

with aromatic amines in glacial acetic acid to yield the

2,7-diarylpyrido[3,4-c]pyridazinones (143a–g). The 1-

unsubstituted pyrido[3,4-c]pyridazinones (143h–j) were

also formed on treatment of (142a–c) with ammonium

acetate in acetic acid. Compound (142a) also reacted

with 5-methylpyrazol-3-amine (144) and with hydrazine

hydrate to yield pyrido[3,4-c]pyridazinones (143k,l),

respectively. Refluxing (142a–c) in HOAc-HCl afforded

carboxylic acids that may be formulated as (145a–c) as

shown in Scheme 22 [102,103].
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Also the treatment of 3-cyano-4-methylcoumarin

(146) with DMFDMA in dry xylene afforded the

(E)-dimethylaminoethylene derivative (147). Fusion of

enamine (146) with benzotriazol-1-yl-acetic acid hydra-

zide afforded the corresponding [1,2,4]triazolo[1,5-

a]pyrido[30,40-c]coumarin (148). Reaction of enamine

(147) with hydrazine hydrate gave compound (149).

Enamine (147) was also coupled with benzenediazonium

chloride to afford 2-oxo-4-[2-oxo-1-(phenylhydrazono)-

ethyl]-2H-chromene-3-carbonitrile (150). Treatment of

(147) with cyanothioacetamide, 3-aminocrotononitrile,

urea, glycine, and 2-aminopyridine affords fused hetero-

cyclic compounds (151–155), respectively, as shown in

Scheme 23 [104–106].

3.2. Methyl of acetyl group. In the acetyl group, the

presence of the methyl group beside the carbonyl useful

to give heterocyclic compounds using DMFDMA and

different binucleophilic reagents. The general mecha-

nism for this reaction is as shown in the following. The

products of this reaction depend on the conditions under

which the reactions were carried out and the type of the

binucleophile used.

Scheme 21

Scheme 22
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Scheme 23

Reaction of acetyl azines (156a–d) with DMFDMA

gave the corresponding enamines (157a–d). Compound

(157a) reacted with 2-hydroxyacetophenone to afford

2,20-bipyridine (158). When (157a,b,d) is reacted with

hydrazine hydrate in hot methanol in a Schlenk tube,

the pyrazolyl ring (159a–c) is formed. Also compound

(160) is obtained similarly [107,108]. Also the reaction

of (157c) with (156c) using potassium t-butoxide as a

base gives 5,5’-dimethylterpyridine (161) as shown in

Scheme 24 [109–112].

Also the treatment of some heterocyclic acetyl com-

pounds (162a–f) with DMFDMA afforded E-1-hetero-
aryl-3-(N,N-dimethylamino)-2-propen-1-ones (163a–f).

Cycloaddition of some nitrilimines and nitriles oxides

(164) with the enaminone (163a) gave (165). Also the

compound (163a) reacted with 1H-2-benzimidazoleace-

tonitrile (166) gave pyrido[1,2-a]benzimidazole (167).

Also the enaminone (163a) reacted with 5-amino-3-phe-

nylpyrazole (168) to yield pyrazolo[1,5-a]pyrimidine

(169). Reaction of guanidine nitrate with (163a,f)

afforded 2-amino-4-[2-benzothiazolyl]pyrimidine (170,

171), respectively. The reaction of (163b,c) with N-sub-

stituted guanidine carbonate at elevated temperature in

alcoholic alkali afforded 2-[N-phenylamino]-4-[5-(2-sub-

stituted-4-methyl)thiazolyl]pyrimidine 172 and 173,

respectively. The treatment of 163c,d with hydroxyla-

mine or with alkylhydrazine afforded 174 and 175,

respectively, as shown in Scheme 25 [54,113–122].

Also, treatment of acetophenone and its derivatives

(176a–j) with DMFDMA afforded 3-N,N-dimethyla-

mino-1-aryl-prop-2-en-1-one (177a–j) in very good yield

[123]. The reaction of enaminones (177a–j) with differ-

ent nucleophiles afforded different heterocycles. Reac-

tion of enaminone (177a) with 2-methoxyacetophenone
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Scheme 24

Scheme 25



(176a) in the presence of potassium t-butoxide afforded

pyridine derivative (178) [124]. The treatment of the

dimethylaminopropenone (177b) with cyanoacetamide

afforded pyridine-2(1H)-one (179) [125]. Formation of

the pyrimidine ring (180) was achieved by the base-pro-

moted condensation between 4-bromobenzamidine and

3-dimethylamino-1-(4-bromo-2-methoxyphenyl)-prop-2-

en-1-one (177c) [126–128]. Enaminoketone (177d) was

reacted with phenylhydrazine derivatives affording dia-

rylpyrazoles (182a,b) [66,129]. Treatment of enaminone

(177e) with hydrochloric acid under reflux gave 4H-ben-
zopyran-4-one (183) [130,131]. The reaction of ethyl-

enediamine with enaminones (177f–h) afforded the dia-

zepenes (184a–c). Refluxing of enaminones (177f–h) in

acetic acid gave (185a–c). The reaction of (177f–h)

with 3-aminocrotononitrile afforded the pyridine deriva-

tives (186a–c) [132]. 2-Amino-4-[4(N-acetyl-N-ethyl)a-
minophenyl]pyrimidine (187) was obtained by condensa-

tion of enaminone (177i) with guanidine hydrochloride.

Enaminone (177i) reacted with 3-amino-1,2,4-triazole to

give 1,2,4-triazolo[1,5-a]pyrimidine (188) [32,133] as

shown in Scheme 26.

1-N,N-Dimethylaminobut-1-en-3-one (190a) and its

derivatives (190b) were obtained by the reaction of ace-

tone and its derivative (189a,b) with DMFDMA. The

reaction of (190a) with either malononitrile or ethyl cya-

noacetate afforded (191a,b) which was then refluxed in

an acetic acid hydrochloric acid mixture to afford 3-sub-

stituted 4-methylpyridine-2(1H)-one (192a,b) in a good

yield [134,135]. Treatment of phenethyl enaminone

Scheme 26
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(190b) with 2-nitroethene-1,1-diamine (193) gave pyri-

dine (194) as shown in Scheme 27 [136].

Consequently arylhydrazones (195a–h) were con-

densed with DMFDMA to yield the pyrazolylpyridazine

(196a–h) in good yields [137–139].

DMFDMA was found to react with a-chloroaceta-
nildes (197a–e) to give the unexpected products 1,6-dia-

rylpyrazine-2,5-diones (199a–e). Scheme 28 shows a

possible alternative pathway, in which DMFDMA acts

as a nucleophile which attacks the carbon carrying the

chlorine in a-chloroacetamides (197a–e) to afford the

salt (198a–e); dimerization with elimination of

DMFDMA salt then gives 1,4-diarylpiperazine-2,5-dio-

nes (199a–e) [140].

4. PREPARATION OF HETEROCYCLIC

COMPOUNDS THROUGH THE FORMYLATION

OF THE AMINO GROUP USING DMFDMA TO

GIVE AMIDINES

The reaction of the amino group with DMFDMA is

easier and faster than the methyl and methylene groups

because the amino group contains free lone pair of elec-

trons, which make it a very good nucleophile. So that the

reaction is nucleophilic substitution followed by elimina-

tion of methanol molecule to give the corresponding

N,N-dimethylaminoamidine by the effect of NMe2 group

as shown in the following reaction mechanism.

Scheme 27

Scheme 28
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4.1. Amino of selenoamide group. Condensation of

N,N-disubstituted selenourea (200a–e) with DMFDMA

(1.5 equiv) at room temperature for 6 h afforded sele-

noazadienes (201a–e) in high yields. The presence of

the selenium atom facilitates the cycloaddition reactions

as a result of the presence of the vacant d-orbital which

make it act as a Lewis acid. Interestingly, the reaction

did not give the expected Diels-Alder adduct but a mix-

ture of E/Z isomers of (202) was obtained. The reaction

was carried out as shown in Scheme 29 [141]. The reac-

tivity of the N-selenoacylamidine (201e) as 4p hetero-

dienic system in [4 þ 2] cycloaddition reactions with

electrophilic dienophiles was investigated. Thus (201e)

was quenched with an excess of methyl acrylate

Scheme 29
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affording 5,6-dihydro-4H-1,3-selenazine (203). The

addition of dimethyl acetylenedicarboxylate (DMAD)

afforded the 4H-selenopyran (204). Treatment of the tri-

methylsulfoxonium iodide with the N-selenoacylamidine

(201e) gave the selenazol-2-ines (205) as shown in

Scheme 29 [142].

4.2. Amino of amide group. N0-Acyl-N,N-dimethyla-

midines (208a–e) were prepared in excellent yields by

heating amides (207a–e) with DMFDMA. N0-Acyl-N,N-
dimethylamidines (208a–e) were condensed with ami-

dines or guanidines (209a–e) in aprotic solvent to give s-

triazines (210a–e). Also 2-(2-nitrophenyl)-1,3,4-triazoles

(211) and (212) were synthesized from treatment of (208e)

with hydrazine derivatives Scheme 30 [143–146].

4.3. Amino of thioamide group. Treatment of thioa-

mide (213a–f) with DMFDMA gave 2,4-diamino-1-

thia-3-azabutadienes (214a–f). Thioxopyrimidinones

(215a–e) and thiazinones (216a–e) were obtained from

treatment of (214a–e) with ketene by [4 þ 2] cyclo-

addition reaction [147]. 5-Phenyl-1,2,4-thiadiazole

(217) was also synthesized from reaction of [dimethyl

(amino)methylene]thiobenzamide (214f) with hydroxyl-

amine-O-sulfonic acid at room temperature as shown

in Scheme 31 [148].

The reaction of thiourea with excess of DMFDMA in

boiling dichloromethane afforded polyheteropolyene

(218). The [4 þ 2] cycloaddition reaction with methyl

vinyl ketone (219), the thiazine (220), and pyrimido[2,1-

b][1,3]thiazine (221) were formed. The alkylation of

thiazine (220) by p-bromophenacyl bromide affected the

endocyclic nitrogen atom providing the N-alkylated uni-

solated salt (222). Subsequent treatment with triethyl-

amine afforded imidazo[2,1-b][1,3]thiazine (223). The

reaction between polyheteropolyene (218) and p-bromo-

phenacyl bromide afforded the corresponding S-alkyl

bromide salt. This intermediate was deprotonated in situ
by addition of triethylamine. Annulation proceeded

spontaneously followed by loss of dimethylamine to

provide thiazole derivative (224). The [4 þ 2] cycload-

dition reaction between thiazole (224) and methyl vinyl

ketone (219) gave 5H-thiazolo[3,2-a]pyrimidine (225) as

shown in Scheme 32 [149].

4.4. Amino group attached to the ring. Treatment

of 2-aminoheterocyclic compounds (226a–c) with

DMFDMA gave the corresponding amidines (227a–c).

The treatment of (227a–c) with (R,S) isomer of N-tri-
fluoroacetyl-5-bromo-4-oxonorvaline methyl ester (228)

gave (230a,b) via the intermediate (229) as shown in

Scheme 30

Scheme 31
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Scheme 33 [150]. Also the reaction of (227a–c) with 4-

(2-bromo-1-dimethylaminoethylidene)-2-phenyl-5(4H)-
oxazolone (231) in acetonitrile or DMF, the quaternary

salt (232) was formed, which was cyclized into (233a–c)

[151]. The reaction of (227a–c) with either huppuric acid

(234) or oxazolones (236) afforded 2-substituted-4-

Scheme 32

Scheme 33
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heteroarylaminomethylene-5(4H)-oxazolones (235a–c)

and (237), respectively [152]. Triazolo[1,5-c]pyrimidine

(239) was prepared by treatment of (227b) with hydrox-

ylamine to give compound (238) followed by treatment

with polyphosphric acid as is also shown in Scheme 33

[153,154].

Reaction of amino compounds (2380a–c) with

DMFDMA yields the corresponding formamidine com-

pounds (2390a–c). Treatment of compound (2390a) with
indene-1,3(2H)-dione in boiling ethanol leads to the for-

mation of acyclic structure (240), which is converted

into cyclic compound (241) when boiled in glacial

acetic acid [155]. Reaction of (239b) with ethyl cyano-

acetate gave (242) as a mixture of isomers, which on

thermal cyclization gave the 4-hydroxyquinoline (243).

Hydroxyquinoline (244) was accomplished by treating

(2390c) with the lithium anion of CH3CN in THF at –

78�C followed by quenching with AcOH, and warming

to room temperature as shown in Scheme 34 [156].

Also condensation of compounds (246a–e), which

were prepared by reaction of (245a–e) with DMFDMA

and indene-1,3-dione in boiling acetic acid leads to the

formation of compounds (247a–e) as shown in Scheme

35 [155].

Treatment of 2-amino-4,6,6-trimethyl-6H-1,3-thiazine
(248a) 2-aminothiazoline (248b) with DMFDMA

Scheme 34

Scheme 35
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afforded (249a,b). Alkylation of compound (249a,b)

with arylacyl bromides affected the intracyclic N-alkyl
amidinium bromides (250). These salts transformed into

7H-imidazo[2,1-b][1,3]thiazines (251) imidazo[2,1-

b]thiazoles (252), respectively, by addition of Et3N.

2H,6H-Pyrimido[2,1-b][1,3]thiazin-6-ones (253) and

(254) can be prepared from compounds (249a,b) with

acid chlorides. 2H,6H-Pyrimido[2,1-b][1,3]thiazine deriv-
atives (255) and thiazolo[3,2-a]pyrimidines (256) were

obtained by the reaction of amidines (249a,b) with acrylic

dienophiles in CHCl3. Cycloaddition of amidine (249b)

with ketene gave 6-unsubstituted thiazolo[3,2-a]pyrimi-

din-5-ones (257) as shown in Scheme 36 [157,158].

Treatment of quinoline derivatives (258a,b) with

DMFDMA gave the corresponding amidines (259a,b).

Subsequent addition of 2,4-dichloro-5-methoxyaniline in

acetic acid provided the desired tricyclic derivatives

(260a,b) as shown in the following [159].

Scheme 36

Also the treatment of 6-amino-3,5-dicyano-6-methyl-

N-substitutedpyridine-2(1H)-thione (261) with DMF

DMA in dry dioxane afforded the corresponding ami-

dine (262) which on boiling with ammonium acetate in
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acetic acid and hydrochloric acid in acetic acid afforded

pyrido[2,3-d]pyrimidine derivatives (263) and (264),

respectively, as shown in Scheme 37 [160].

4.5. Cyclization of two amino groups by

DMFDMA. Hydrazides (265a–e) were converted to 3-

aminopyrimido[5,4-c]cinnolines (266a–e) by refluxing

with DMFDMA in diethylene glycol dimethyl ether

[161,162].

Scheme 37

4-Chloro-2-[3-[4-(trifluoromethyl)phenyl]-4H-dihydro-
1,2,4-triazol-4-yl]phenyl-phenol (268) was obtained by

cyclization of compound (267) with DMFDMA to give

triazole ring followed by hydrolysis [163].

Thieno[2,3-b]pyridine derivatives (269a–c) on treat-

ment with DMFDMA afforded a product that is formu-

lated as pyrido[2,3-b]thieno[3,2-d]pyrimidin-4(3H)-one
(270a–c) [38,39,164].

Also, treatment of thieno[2,3-b]pyridine (271) when

treated with DMFDMA afforded the tricyclic compound

(272) [165].
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Imidazolines (273a–e) were prepared from the treat-

ment of diamines (274a–e) with DMFDMA [166].

5. CONCLUSIONS

The reactions considered in this review clearly dem-

onstrate the high synthetic potential of DMFDMA.

Many biologically active heterocyclic compounds have

been obtained based on this reagent. This suggests that

DMFDMA can be particularly used in the synthesis of

functionalized carbo- and heterocyclic compounds used

in the design of novel highly effective pharmaceuticals

with a broad spectrum of bioresponses. The great inter-

est of chemists in such reagent is confirmed by the facts

that many articles cited in this review are recently

obtained, along with a multitude of patents.
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