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Thioacetamides and N-(3-aminothioacryloyl)formamidines can be transformed to trimethinium 
salts by the reaction with formamide chlorides. The same products are formed by a modified 
Vilsmeier-Haack-Arnold reaction of acetamides or acetonitriles. The latter transformations can 
also be performed in two steps by the isolation of intermediate 2-aza-3-chlorpentamethinium 
salts. 

Trimethinium salts III can conveniently be prepared by the reaction of substituted acetic acids I 
with formamide chlorides II (Scheme 1, refs1 - S). In this reaction twofold iminoformylation 
of the CH2 group of compound I takes place while CO2 is formally eliminated by C-C bond 
scission. Our investigations of bisiminoformylation of carboxylic acid derivatives have shown 
that the C-skeleton of unsubstituted thioacetamides IV (X = S) is maintained in the reactions 
with formamide acetals6 • Hence N-(3-aminothioacryloyl)formamidines V are formed. Further 
investigations in the synthesis of compounds V have dealt with the possibility to substitute the 
formamide acetals by formamide chlorides II. The latter compounds were already employed in the 
C- (ref.7) and N-monoiminoformylation (ref. 8 ) of thioamides. 

Our results concerning the reaction of N-unsubstituted thioamides IV (X = S) with 
excess formamide chlorides II show that surprisingly, no azapentamethine compounds 
V are obtained but trimethinium salts III. The same products III appear when 
formamide chlorides II are reacted with N-(3-aminothioacryloyl)formamidines V 
which can be assumed as intermediates in the transformation of thioacetamidt's IV 
(X = s) to trimethinium salts III. 

Further investigations with formamide chlorides II have shown9 that not only 
thioacetamides IV (X = S) but also acetamides IV (X = 0) or acetonitriles VI can 
serve as starting materials in the synthesis of trimethinium salts III (Table I). These 
transformations can be performed either in a direct way (method A, C) or by a two-

* Part xv in the series Formylation Products of Thioamides; Part XlV: J. Prakt.Chem. 327, 
463 (1985). 
•• The author to whom correspondence should be addressed. 
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Formylation Products of Thioamides 763 

-step procedure. In the latter case acetamides IV (X = 0) or acetonitriles VI are 
reacted in the presence of HCI with formamide chlorides II giving rise to the known 
formation I 0 of 2-aza-3-chloropentamethinium salts VII. The isolated salts VII 
arc changed to trimethinium salts III by treatment with formamide chlorides II 
at higher temperatures (method D). 

SCHEME I 

R 
, I , 

R N-CH=C-C-N=CH-NR 
, II ' 

5 

v 

RCH-C-NH + II 
2 II ' 

X 

IV 

VI 

(x:s,OJ .. 

RCH,COOH + 2CH=~R' 
I 2 

CI 

" 
R 
I (.) 

R~N-CH=C-CH=NR~ 
ClO~-) 

III 

;" 
R 

, I (.) , 
R,N-CH=C-C=N-CH=NR, 

I 
CI ClO~-) 

VII 

It is worth mentioning that trimethinium salts possessing different terminal amino 
groups could not be obtained either from N-(3-aminothioacryloyl)formamidines V 
or from 2-aza-3-chloropentamethinium salts VII. The dipyrrolidino-substituted 
thioacryloyl formamidine V (R = C6HS; NRi = pyrrolidino) gives e.g. a 1 : 1 
mixture of the two symmetrically substituted trimethinium salts III (R = C6Hs; 
NR~ = pyrrolidino and R = C6HS; NR~ = morpholino) on treatment with mor
pholinium compound II (NR~ = morpholino). The same result is obtained in the 
reaction of compound VCR = C6HS; NR~ = morpholino) with the chloromethylen
pyrrolidinium salt II (NRJ = pyrrolidino). 

The transformation of azapentamethine system Vor VII to trimethinium salts III 
can be interpreted by an electrophilic attack of formamide chlorides II at the enamine 
C-atom carrying substituent R. A similar attack was observed in the reaction of 
acetonitrile VI (R = H) with formamide chlorides II (ref. I 0). In this reaction, the 
expected bisiminoformylation products VII (R = H) suffer further iminoformylation 

+ 
at position IV and a dication VII (R = CH=NRD is formed while the original 
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764 Liebscher, Knoll, Hartmann, Anders: 

C-skeleton is retained. Azapentamethine compounds V or VII with R :f= H do not 
possess a proton that can be substituted. Hence the stabilisation of the adduct VIII 
formed after the attack of the formamide chloride II at the enamine C-atom can only 
take place by C-C-bond cleavage. Possibly the stabilisation process follows a frag
mentation pattern like is shown in VIII, giving rise to trimethinium salts III while 
formamide chloride II and cyanogen chloride or HSCN are eliminated. One can 
expect that these byproducts are not stable under the conditions employed. Hence, 
attempts to isolate these compounds have failed. 

(.) 

VIII, Y = Cl; SCH=NR~; SH 

Our results show that in principle the known synthesis of trimethinium salts III 
by the Vilsmeier-Haack-Arnold reaction of carboxylic acids can be extended to acid 
derivatives such as thioamides, acetamides or acetonitriles. 

EXPERIMENTAL 

Method A. The solution of formamide chloride II, prepared by dropwise addition of 5·4 g 
(0·035 mol) of POCl3 to 0·05 mol of formamide HCONRi, is combined with 0·01 mol of substi
tuted thioacetamide IV (X = S) or acetamide IV (X = 0). The mixture is heated to 90-100°C 
for 2 hours. The cold reaction mixture is dissolved in a solution of 1 ml of 70% HCl04 in 20 ml 
of glacial acetic acid. After the addition of ether, the product III precipitates. It is filtered by 
suction and recrystallized in the presence of some charcoal. 

Method B. Following the method A, a solution of formamide chloride II is prepared from 
0·02 mol of POCl3 and 0·05 mol of formamide HCONR! and combined with 0·01 mol of N
-(3-aminothioacryloyl)formamidine V. The mixture is kept at room temperature for 1 hour and 
then heated on a boiling water bath for 5 hours. The cold reaction mixture is dissolved in a solu
tion of I ml of 70% HCl04 in 30 ml of methanol. After the addition of some ether, the product 
III is filtered by suction and recrystallized. 

Method C. Under cooling (temperature below 25°C) and stirring 0·022 mol of POCl3 are 
added to a solution of 0·02 mol of nitrile VI in 0·05 mol of formamide HCONR!. The mixture 
is saturated with HCl gas at O°C for I hour and then heated to llO-120°C for 4 hours. The cold 
reaction mixture is dissolved in 30 ml of ethanol. After the addition of 2 ml of 70% HCl04 
(cooling) and of the ether, the product III precipitates. It is filtered by suction and recrystallized. 

Method D. Three drops of POCl 3 are added to a solution of 0·01 mol of 2-aza-3-chloropenta
methinium salt VII in 5 ml of formamide HCONR!. The mixture is heated to 115-120°C 
for 2 hours. After cooling, the reaction mixture is dissolved in 30 ml of ethanol and diluted with 
ether. The product III is filtered by suction and recrystallized. 
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