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NEW SYNTHETIC METHOD OF TH工OALDEHYDES FROM β-IMINO-NITRILES AND DITHIOFORMATE
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A series of stable monomeric α-cyano-β-imino-thioaldehydes

were synthesized from β-imino-nitriles and potassium dithioformate.

There have been numerous challenges that aim at the preparation of simple 

thioaldehydes so far. The products obtained, however, were cyclic or linear poly-

mers instead of the expected monomeric thioaldehydes. Exceptionally, a few thio-

aldehydes have been prepared when the thioformyl group is stabilized by conjuga-

tion. Woodward and his co-workers first synthesized the stable monomeric thioalde-

hyde, 5-thioformyldipyrrylmethane derivative, in the course of Woodward's synthesis 

of chlorophy11-a.1) McKenzie and Reid established the first general method of 

preparation of thioaldehydes, which involves a novel application of Vilsmeier 

salt. 2-5) In addition, the following three other preparative methods are now avail-

able; (1) from 1,2-dithiole-3-thiones and acetylenedicarboxylate,6) (2) from 1,2-di-

thiolium and ω , ω' - diamines , 7 , 8) and (3)from phosphorous ylides and ethyl thio-

noformate.9)

The development of an effective method for the synthesis of stable thioalde-

hydes is of particular interest. We wish to report a new synthetic method of the 

thioaldehydes, which involves an application of dithioformate.

Potassium dithioformate , when treated with β - imino - nitriles in an aprotic

solvent such as tetrahydrofuran in the presence of sodium 1,1-dimethylpropanolate, 

gave the expected monomeric thioaldehydes. Polar aprotic solvents were unsuitable

for this reaction . α-Cyano -β- imino - thioaldehydes were prepared as follows : A mix-

ture of freshly prepared β - irnino - butyronitrile or β-aryl-β-imino-propiononitrile

(10.4 mmol), potassium dithioformate (1.20 g, 10.3 mmol), sodium 1,1-dimethylpro-

panolate (2.72 g, 24.7 mmol), and tetrahydrofuran (80 ml) was stirred at room 

temperature for 24 h. After the addition of water (100 ml), the aqueous solution 

was acidified with 2N-hydrochloric acid to pH ca. 2, the resulting red oil which
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separated was dissolved in ether, and the ether solution was dried over magnesium 

sulfate. The ether was removed under diminished pressure to leave red oil, which 

solidified on addition of the mixed solvent of toluene and hexane. The resulting 

solid was collected, washed with hexane, and dried. Recrystallization from aromatic 

hydrocarbon or ethanol-water gave orange or yellow needles. 

All the thioaldehydes synthesized here are exceedingly stable and have defi-

nite melting points. The observed molecular weights (osmometry) revealed that 

these thioaldehydes exist in monomeric state (see Table 1).

Table1.α-Cyano-β-imino-thioaldehydes1-7a

a All the compounds had satisfactory microanalyses . b Mass spectrum 

also had M+ (M+- 1; 100%) in each case. c Acetone used as solvent and 

theoretical molecular weight in parentheses.
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It was strongly supported that compounds1 - 7 are not thioformamides but thio-

aldehydes from their spectral properties.10) The IR, UV, and visible spectra

r esembled closely with those of α-cyano-β- imino - dithiocarboxylic acids.11) It was

confirmed by the NMR spectra that compounds 1 - 7 are of thioaldehydes. For example, 

in the NMR spectrum of 2 in hexadeuterioacetone, there appear two singlet peaks

corresponding to thioformyl proton at δ 10.58 and :10.16 (total 1H) which are well

in agreement with those of thioaldehydes reported.4,6,8) Further, two very broad

singlet peaks at δ13.26 (0.45H) and 8.50 (1.4H) due to the amino protons in the

enamino form of 2 (2b), which disappeared on addition of heavy water, indicate 

that compounds 1 - 7 are to be undoubtedly of thioaldehyde structure. A amall

singlet peak at δ9.39 is attributable to an SH proton of tautomeric thioenol(2c).

The vinylic proton in tautomer (1c) is observed at fairly low field (δ ca.7.3).

N-Methyl-β_imino - β - (p-tolyl) -and N-methyl -β -imino-β-(m-tolyl)-ProPiononitriles

in this reaction likewise gave respective thioaldehydes. NMR spectrum of 7 also

had two very broad peaks at δ14.0 and 8.33 (total 0.8H)due evidently to an

imino proton of the enamino form of 7. 

Synthesis of another type of thioaldehydes by the reaction of dithioformate 

towards other conjugation-stabilized carbanions and the applicability of the thio-

aldehydes mentioned above for organic synthesis are at present under progress.
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