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Abstract A quantitative assay for disulfiram was developed 
based on color formation during the interaction of disulfiram, 
ethanol, and cyanide. A linear curve is obtained over a wide range of 
disulfiram concentrations. Metabolites of disulfiram do not inter- 
fere in this assay. The color reaction is suitable for identification of 
small aliphatic alcohols and ketones. 
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During a study of the metabolic effects of disulfiram 
[bis(diethylthiocarbamoyl) disulfide, I], attention was 
directed to a color reaction, quoted in the manual of 
drug identification of Clarke (I ) .  This reaction is found 
in older manuals and its original discoverer is not 
known'. The color produced by mixing an alcoholic 
disulfiram solution with aqueous cyanide was listed as 
a colorimetric spot test for disulfirarn. Further investi- 
gation showed that this assay could be suitably adapted 
to  a sensitive quantitative method for disulfiram de- 
termination. The mechanism and specificity of this 
reaction were examined further, since the strong blue 
color, produced rapidly at room temperature, was very 
puzzling. An examination of a large list of organic com- 
pounds proved that the reaction with cyanide and di- 
sulfiram could be used as a sensitive class reaction for 
aliphatic alcohols and ketones and that it may serve 
as a tool for identification of unknown compounds. 
Some of the present results were presented as a prelimi- 
nary communication (2). 
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EXPERIMENTAL 

Color was developed by mixing a freshly prepared solution of 
disulfiram (50 mg./5 ml.) in ethanol or other solvents with 1 ml. of 
1 M NaCN at room temperature. For quantitative determinations, 
the reaction mixture was let stand for 30 min. at room temperature. 
TLC was carried out on silica gel GF3 (3). Disultiram showed R, 
0.67 in chloroform and R, 0.24 in benzene, and it could be identified 
by quenching UV light and by a yellow spot when sprayed with 
ethanol and cyanide. 

Absorption and IR spectra were obtained in spectrophotometers4. 
G C  was carried out6 using stainless steel columns, 1.8 m. X 1.3 cm. 
(6 ft. X 0.5 in.), with Chromosorb W (100-120 mesh) and 0.5% 
SE-30 as the liquid phase between 70 and 190". The reaction mixture 
with ethanol was investigated further and was tested for diethyl 
dithiocarbamate (11) and carbon disulfide by colorimetric methods 
(4, 5) .  Sulfur was identified as barium sulfate after wet-ashing with 

1 Antabuse. 

3 Merck. ' Beckman DB and IR-8 spectrophotometers, respectively. 
E. G .  C. Clarke, pcrsonal communication. 

In a Beckman GC 2A. 

concentrated nitric acid, and thiocyanate was identified by reaction 
with ferric chloride (6) .  

RESULTS AND DISCUSSION 

An ethanolic solution of disulfiram treated with 1 M sodium 
cyanide rapidly forms an intense yellow color, which quickly passes 
to green and blue, with a broad maximum between 520 and 580 nm. 
and a minimum at 450-460 nm. (Fig. 1). The blue color fades on 
standing, reverting to  yellow; neither the intensity of colors nor the 
rate of color formation is affected by the order of addition. The blue 
color can be extracted into ether but does not pass into petroleum 
ether. 

When the graded levels of disulfiram are used for color develop- 
ment, a straight line is obtained over a wide concentration range. 
This can be used as a convenient colorimetric assay for disulfiram 
(Fig. 2). Eventual interference by other colored compounds, as 
found in urine, can be eliminated by extracting the blue color into 
ether and determining the color of the organic phase. Diethyl di- 
thiocarbamate (11) and carbon disulfide, important metabolites of 
disulfiram (7-1 l ) ,  do  not give a color reaction with cyanide, nor are 
they formed in the reaction of disulfiram with cyanide. The present 
method is, therefore, suitable for studies of metabolic transforma- 
tions of disulfiram. 

Color formation only takes place with oxygenated compounds 
that act not only as solvents but also participate in the reaction 
(Table 1). Best results are obtained with small primary aliphatic 
alcohols, of which butanol forms an intense blue color at  the inter- 
phase. The blue color is most stable and intense when methoxy- 
ethanol or tert-butanol is used as a reactant. Acetaldehyde could 
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Figure 1-Absorption spectrum of' rcwction product of the cyanide- 
disulfiram ethanol cotidenxition. Key:  - - -, ufier 5 miti. at 2s": and 

, ufter 30 tnin. Thirty niilligrurns ojdisiilfiruni in  5 ml. of etiiunol 
was used. 
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Figure 2-Standard curce for disulfiram, with graded lecels of disul- 
firam in 5 nil. oj‘solcent, and 1.0 ml. of I M NaCN added. Absorbance 
was readafter30min. ~ 1 2 5 ” .  

not be tested, because acetaldehyde and cyanide alone (in absence of 
disulfiram) form an intense brown color in a strongly exothermic 
reaction. An intense yellow color is formed by acetone, dioxane, di- 
methyl sulfoxide, and methylcellulose. Contrary to the reaction with 
alcohols, this color is stable and does not pass to blue nor fade on 
standing. 

Acetone also serves as a suitable reagent for quantitative deter- 
mination of disulfiram (Fig. 2). Dimethyl sulfoxide gives an exo- 
thermic reaction in which gas and precipitate formation are ob- 
served. When the reaction is carried out in this reagent, the yellow 
color is not converted to blue on addition of ethanol. 

To identify the products of this reaction, a large batch was pre- 
pared with ethanol using the same proportions of reagents as for the 
routine color development. Several compounds were isolated, and 
the presence of others was detected by TLC. The new reaction 
products were found not to be disulfiram or its known derivatives 
by using TLC, GC, and UV and IR spectrophotometry. In view of 
the rapid formation and great intensity ofcolor, a clarification of the 
reaction mechanism would be of considerable theoretical interest. 

A proposed mechanism (12, 13) may be pertinent, in which a 
disulfide bridge is split by cyanide, with the formation of a thio- 
ether and free thiocyanate. However, no color formation has been 
reported (13). Thiocyanate could not be detected in the present 
study by reaction with ferric chloride; the reasons for these dis- 
crepancies are not clear. Similar interactions of cyanide with di- 
sulfide bridges occur not only with simple organic compounds but 
also with biological compounds. Cyanide causes cleavage of protein 
chains at the cystine bridges (14, 15) with the liberation of thio- 
cyanate (16). Xanthine oxidase is irreversibly inactivated by cyanide, 
which forms a covalent bond with the enzyme (17, IS), and thio- 
cyanate is liberated from the persulfide group, which is essential for 
enzyme activity (19). 

The present procedure was used to determine disulfiram in urine 
of chronic alcoholics receiving disulfiram therapy. The drug could 
not be identified in urine or urine extracts, which is in agreement 
with previous reports (4, 20, 21). 

SUMMARY 

The interaction of disulliram, cyanide, and organic solvents was 
studied. A simple colorimetric assay of disulfiram was developed, 

Table I-Color  Reaction of Disulfiram with Organic Reagentsa 

Reagent Color Reaction Rat9 

Methanol 
Ethanol 
Isopropanol 
1-Butanol 
Methoxyethanol 
2-Butanol 
rert-Bu tanol 
Acetaldehydec 
I-Octanol 
Isoamyl alcohol 
Acetone 
Dioxane 
Formamide 
Dimethylformamide 
Dimethyl sulfoxidec 

Blue 
Blue 
Green 
Blue 
Blue 
Light green 
Blue 
(Brown) 
Light orange 
Yellow 
Lemon yellow 
Brown 
Yellow 
Yellow 
Yellow 

Fast 
Fast 
Fast 
Fast 
Fast 
Slow 
Fast 
(Fast) 
Very slow 
Slow 
Fast 
Fast 
Slow 
Slow 
Fast 

0 Fifty milli rams of disulfiram was dissolved in 5.0 ml. of solvent, 
and 1.0 ml. o f  1 M NaCN was added. 6 Negative reactions were ob- 
tained with cyclohexanol. benzyl alcohol, phenol. acetic acid, ethyl 
acetate, butyraldehyde, hexane, benzene, ether, chloroform, carbon 
tetrachloride, and carbon disulfide. c See text. 

which gives a linear response over at least a 20-fold range. The re- 
action can be used as a type reaction for alcohols. 
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