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I. INTRODUCTION 

Mdition of carbon disulphide to a strongly nucleophilic anion yields the anion of a dithio- 

carboxylic acid. Dithiocarbamatea (3, an important class of chalating agents, can be prepared 

from secondary aminea, a base and carbon disulphide.' Much of their stability is attributed to the 

strong ground state contribution of the rwitterionic form 2. 

!!4 R! 
The ealts of Kdithiocarboxylic acids of many heteroaranatic azolea (pyrrolea, di- and triaroles 

and their benzo derivatives) are well charactetised compounds. However, the corresponding tree 

aclds are unknown, preamably owing to their inetability. 

This revlev, which covers the literature up to mid-1985, includes 60 references, and covers the 

synthesis and properties of the dithiocarbamates of pyrroles. indoles, carbazolea, imidamlea, 

benrimidazolee, trianoles, benzotriarolea and pyrazoles. 

11. SYNTHESIS OF DITHIOCARBIIlVLTES 

The pyrrole Fithiocarbamate anion in an interesting ligand for several reasons. An early report 

by mffy and coworkers * indicated that avch dithiocarbamates would be ditticult to prepare, partly 
because of the low basicity of tha mine hydrogen. The firit report by Kellner and coworkers of 

the synthesis of the above dithiocarbamate speculated that a rearrangement might occur to yield the 

2-substituted pyrrole anion. Rdditionally, the Wrrole 2-dithiocarbamate ligand does not favour 

the normal resonance structures ascribed to dithiocarbamates in which a positive charge is 

localiaed an the nitrogen atom. Thus, a potentially new set of properties of the metal complexes 

might arise. 

In 1938, Odd0 and i\lberti4 prepared the potassium pyrrole-1-dlthiocarboxylates 2 (R-H or CH3) 

directly from CS2 and the potaasim derivatives of the corresponding pyrrole, using toluene as 

solvent. These salts are extremely hygroscopic and air-sensitive. Recently, an improved ayntheeis 

of the potassium pyrrole 2-dithiocarboxylate 2 (R-HI was carried out by Bereman and ~alewajek~ by 

treating potassium pyrrolide in dry THF with CS2 at -78 0~.4*5 

2a R = H  
2b R = M e .  

El A ' m a  and *ago6 Prepared sodim pyrrole-1-dithiocarboxylate as an approximately 1M aolution by 

reacting Nan in dimethyl sulphoxide with pyrrole and CS 
2' 
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It had been generally accepted that dithiocarbamatss derived from indole, indoline, carbazole and 

imidazole could not be prepared; some have been treated theoretically.' The failure of these 

mines to form dithiocarbamatss has often been ascribed to the inability of the usual synthetic 

routes to activate the m i n e  proton sufficiently.' Hovever.in 1978 Bereman and Nalewajak reported8 

the Preparation of the dithiocarbamates of indole, indoline, carhazole and imidarole J. The 

general method consiats of treating a eolution ef the wrent amine in dry THF with potassium 

metal. After 24 h, the mixture is cooled to -78 OC and cs2 added. m e  dithiocarbamate is then 

precipitated in ae the potaasim salt by the addition of degassed hexane. 

2 R'R2= indole 
3 R'Fi2= carbazole 
3c R'R'= imidazole - - 

Potassium Dithiocarbamates of Indole, Carbarole end hidazole:' 1 
Derivative Yield(%) rn.p.(Ocl sensitivity to ~ i r  I 
Indole 90 58-61 Very hygroscopic, 

extremely air-sensitive 

Indoline 90 24O(decomp) Relatively air-stable 

Cerbazole 80 12o(decompl very hygroaoopic. 

extremely air-eenaitive 

Imidaeola 90 158-161 Relatively air-stable 

Lithium cclrbazole-9-dithiocarboxyl.te 4 was prepared by treating carbaeole vith phenyllithium in 

ether followed by addition of c S ~ . ~ ' ~ ~  ~slarnovs~~ found that the reaction of carbazole vith CS2 

proceeds only in alkaline media and that e metal carbezole x-dithiocerboxylate salt was formed. 

with di-, tetra-, and hexa-hydrocarbaeole, it is reported1' that the reaction occurred iti the 

abaence of alkali to give the hydrogenated carbatole 2-dithiocarboxylate salt and a mole of 

hydrogenated carbarole. 

4 - - 5 5 
Dodecahydrocarbaeole 5-dithiocarboxylate 5 was prepared fram dodecahydrocarbazole by reaction vith 
CS2 in an alkaline medium.12 In addition, potassilrm benzotriaeole-1-dlthiocarbarnate 5 was ~ e p a r o d  

by the reaction of benzotriazoie vith KOH and CS2.13 



Trofimenko14 thought it of interset to prepare pyrazale 2-dithiocarhoxylatea, since it appeared 

likely that chelates of structure 5 rather than 1 would be Formed vith divalent transition metal 

ions, owing to the favourable geometry in~olvad.~~'~' Addition of CS2 to a suspension of a 

potassium pyrazolide in benzene or THF results in the exothermic formation of potassivm pyrazole N- 

dithiocarboxylates 9 which ere moderately stable to storage in a sealed vessel.l4 Sodium pyrazole 

N-dithiocarboxylates were prepared analogously, from sodium Wrazolide and CSZ Sodium pyraeole-l- 

dithiocarboxylate is leas stable to storage than the corresponding potaaaium salt.14 

111. PROPERTIES OF DITHIOCARBAMATES 

A. Physical Properties 

The alkali metal N-dithiocarbamates a£ pyrroles, indoles, carbazolea, imidazoles, triazoles, 

benz0trii1~01es and pyrazolea are usually coloured, air-sensitive solids. The dithiocarbamate salts 

of Wrrole, indole and carbarole are highly hygroscopic and extremely air-sensitive, while the 

imidazole-ldithiocarboxylate salts are relatively air-stable.' Potassium ~razole-1- 

dithiocarboxylata is moderately stable to storage in a sealed vessel, in which it develops a 

'pressure of CS2, but sodium pyrarole-1-dithiocarboxylate ia less stable to storage. All of the 

above dithiocarbamate salts are soluble in water and in ethanol, giving alkaline solutions. 

8. Chemical Properties 

i. Action of Acids end Alkalis 

Treatment of a cold aqueous solution of potassium pyrrole-1-dithiocarboxylate 2 (R-H or CH3) vith 
dilute H2SO4 imediately produces a light yellow oil. doubtless the respective free pyrrole-l- 

dithiocarboxylic m i d  (R- H or m3),  which undergoes rapid oxidation to the corresponding 

disulphide 11.4 The pyrrole N-thiocarbonyl disvlphide 11 (R-HI was also obtained from the 

oxidation of pyrrole derivative with 10% ~ ~ 0 ~ . ~  
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Solutions of alkali metal Wrazole-1-dithiooarboxyl.te. are less stable than the solid ~alte, 

particularly when acidified.14 For these compounds, decomposition by acid is even faster than that 

of alkyl dithiocarbamatee because a duect intramolecular route (Schame 1 1  allovs proton transfer 

f r m  sulphur to nitrogen. thereby leading to reformation of pyrazole and CS2. Such a cyclic 

transition state probably operates in moat, if not ell, reactions of these pyrazole derivatives 

which involve bond making or band breaking at the 1-position.14 

PI 
N-N 

fi 
N-N + CS2 

\ H 
/ 

/c=S 
H -S 

Scheme I 
ii.  oma at ion of Esters 

The structure of the dithiocarbamates is supported by the great facility with which they t o m  

esters when treated vith diverse alkyl halides. Such esters are usually formed in good yields and 

£ o m  vell-charrteterised derivatives. 

1 1  pyrrole N-~ithiooarboxylate Esters 

Potassium mrr~le-1-dithio~arbo~ylate reacts readily vith exceae ethyl iodide in absolute 

ethanol to yield ethyl Wrrole-1-dithiocerboxylaut 134 with phenyldiazonium chloride to give 

(among other products) the corresponding phenyl pyrrole-1-dithiocarboxylate x4 (R- H or C H ~  

prepared), and vith benzyl chloride to yield benryl pyrrole-1-dithiocarboxylate fi.18' l9 

21 Carbarole N-Dithiocarboxylate Esters 

These eaters have been prepared by direct alkylation of metal dithiocarboxylates of carbazole. 

ThYS, the diethylaminoethyl eater of carhzole-9-dithiocarboxylic acid, which ia useful as a 

SPamolytic, vas prepared by heating lithium carberole-9-dithiocarbooylate 4 under reflux vith 

diethylaminoethyl chloride in e xylene.' The hydrochloride end methiodide salts of carbazole 2 
have a160 been prepared.', l o  



3) ="dole N-Dithiocarboxylate Esters 

~ ~ t h y l  indole-1-dithiocarboxylate derivatives jg have been synthesised by the reaction of NaH and 

cs2 with indoles, folloved by treatment vith dimethyl s~lphate.~' Substitution of the methylthio 

grOup has been carried out vith various mines, thereby affording the thioemide derivatives 12." 
midation of the dithiocarhate 1[( with potaesivn ferricyanide yielded the dieulphide 9.21 

Dithiophosphoric eetern 2 of substituted dithiocarbamates were prepared by reacting 2,g-diethyl-2- 
chloramethyldithiophosphate vith an ammonim ~ l t  of dlthiocarbamic acid.22 They have been w e d  

effectively LIB insecticides and acaricides against dmeatica. Sitophilue granariue, ilarneatra 

braeeicae, Aphis fabae and Tetranychus a.22 

41 Midazole N-Dithiocarborylate Esters 

Imidarole- and benzimidazole-thioestt~s have also been obtained by substitution or cyclisetion 

methods. Heating imidaaole with heterocyclic methyl trithiocarbamatea 2 IR-benzimidazol-2-yl or 
benzthiazol-2-yll in the presence of Uisthylamine afforded methyl imidazole-1-dithiocarboxylate 

~ 2 . ~ ~  - 
1n this reaction the heterocyclic thiols were displaced in preference to methanethiol an account of 

the low pK of the former thiols; hence the formation of ester 22 rather than the formation of the 
doobly heterocyclic ester. 

0-TolYlene diisocyanate 3 undervent cyclieation when treated with pchlorothiophenol to give the - 
thioeater 4.24 
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mrster and menz5 fovnd that a cyclic thiolthioncarbonate could not be obtained by the reaction of 

3-(alpha-mercaptol-=-decalin-2-bete-ol 26 vith N,~-thiocarbonyldi-imidaED1e.23 The only 

identified product was the imidazolyl derivative 1 . 1 5  In contrast, reaction of 1 , l ' -  

thiocarbonyldi-imidazole 2 vith the thiol 8 afforded l - [ Z - ~ 4 ~ e t h o x y b e n ~ 1 0 ~ ~ ~ a ~ b 0 ~ y l a m i n 0 l -  

ethanethiocarbonyll imidazole E.26 

After treatment of ester 2 with triethyloxonium tetrafluoroborate, the adduct was condensed with 

the 3,za,6~,3~~-tetrakis-~-(4-methoxybenzyloxyc~rb0nyl)sisomicin 30 to give the protected 

thiocarbonyl eiamicin derivative 2 in 73% yield. atprotection of heterocycle 2 with 
trifluoroacetic acid afforded 1 - ~ : 3 - ~ - t h i o c a r b o n y l ~ i ~ o r n i ~ i i ~  as the only ieolable product. 

Treatment of the silver aalt 33 vith bia(trimethylsilyl)ac~tamide in methylene chloride gave the 

trimethyl~ilylether,~' which without isolation waa treated with tvo equivalents of thiocarbonyldi- 

imidaeole, thereby affording the dithiocarbamate 4. 
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5 )  aiaeole and Beneotriarole A-Dithiocarboxylate Esters 

~eters of benz0triazo1e-l-dithioca~barnate~ were prepared by the usual method of reacting 

benzotriazole-1-dithiocarbamate salta vith the appropriate alkyl or dialkyl halides. Thus, the 

reaction of potassium benrotriazole-1-drthioco.rboxyl.re 2 vith ethyl iodide gave the corresponding 
thioester 3 in 26% yield." Reaction of the benzotriazole derivative 3 vith dichloromethane and 
with dichloroethane gave the respective bis~benzotria~olyldithioccrbammte8) 2 and 31 .I3 

3_5 3_6 ?I 
Reaction of potassium benzotriazole-1-dithiocarbamate 5 vith propane- or butane-aultones 2 in 
refluxing ethanol gave the corresponding esters 2.29 

39 
According to Rueaian workera30 aryl beta-(tria~ole-l-dithi0~arb0~ylatelethane8u1~hont can be 

prepared by the reaction of triazole-1-dithiocarboxylic acid vith eryl ethanesulphonatee. 1.2.4- 

Triarole-1-dithiosaxboxylate estere 42 were obtained by the cyclisation of the hydraaine 



6) Pyraeols N-Dithiocarboxylate Eetere 

Pymrole N-dithiocarboxyl eatara have been prepared by both cyclieation and alkyletion methods: 

a) cycliaation. cyclisation of the thioacetal J with the hydrarine derivative 40 gave various 
~tazo le - ld i th iocarboxy lr t f e  eetsrs g.32 Reaction of the hydrazine derivative 40 with the 

unsaturated esters 45 yielded the Wrazole-1-d~thiocarboxylate estere 46, vhich readily react with 
vatioue primary amines to give the thioemides z.33 ?he reaction of hydraeine esters 40 with 
sthoxyacrylonitriles 48 gave the corresponding pyrazole-1-dithiocarboxylate esters qg.34 

50 - 51 - 52 - 53 - 
Treatment of pyrarole-1-dithiocarboxylate esters with primary or secondary mines hae been shorn to 

give thiaamidea such as 51.35 Wrazoline-1-dithiocarboxylafe esters +3 were prepared by the 

condensation of the hydrazine derivatives 40 with unsaturated nitriles euch as 52.36,37 Treatment 
of methyl 3-imino-5-phenyl~raeoline-1-dithiocarbamates with primary mines gave the corresponding 

thioamides =.l8 The reaction of the iminopyeazolines 54 with R ~ N C S  or H2NCN yielded the 

pyrazolotriarinethiones +6.19 

b) Alkylation. 

Alkylation of pyraaole-1-dithiocarboxylate salts with diveree alkyl halides gave the corresponding 

thiaeetere 51.14 

iii. mrmetion or Metal Complexes 

D~thiocarbamate anionic ligands can easily be chelated with metal ions to give complexes: 
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57 o R = M e  - - 58 
b R=CH2CH=CH2 
c R=n-BU R'= R% R3= R4; H 

R';&R3=H, R4;Me 

R'=R3zH, R2= R4=Me 

R'=R~=co,E~, R 2 = R 4 = ~ e  
1 )  Pyrrole N-Dithiocarboxylate Cnmplaxes 

Copper complexes of ~rrole-1-dithiocarboxylatee  18 vere prepared by disaolvlng the appropriate 

pyrrole in dioxane followed by the addition of CS2 and NaOH; to this mixture a saturated aqueous 

solution of copper(l1) acetate vas added, to form the desired ~ o m p l a x e a . ~ ~  

SinOe the first reports by Cambi and co-workers over 40 years ago41s42 of the unusual properties of 

iron dithiocarbamate complexes, these ligmda have generated much interset.1p43-45 Of particular 

interest are the resonance strvctvrea of the dianion of cyclopentadienedithiocarboxylic acid in 

relation to the electronic structure of coordinated rnetal~.~~'~' These studies show thst the 

driving force towards forming an aromatic five-membered ring creates a dcminant pi-accepting 

Character at the svlphur atom and producee some unuaual properties at the coordinated metal centre. 

Hitherto, the intereating properties of A-dithiocaebamate complexes have been ascribed to a major 

~ontribution of B resonance structure & in which a poaitive charge is localised on the nitrogen 
atom, with an effectively dianionic electronic structure.43 By careful choice of the A- 
aubatituent, a dithiocarbamate ligand can be constructed in which canonical form = doee not 

contribute to the overall electronic structure of the ligand system, eo that potentially new and 

interesting metal complexes might reeult. 

M=Cr,Fe,Co. 

Cu,Zn.Cd. W. 
Pt and PtCI,; 
n = 2 o r 3  

Bereman and ~ a l e v a j e k ~  investigated this possibility by fomally substituting a nitra~en atam in 

dianion 2, resulting in the pyrrole-1-dithiocarboxylate anion &, the structure carrying a 

positive charge localieed on nitrogen is anti-aranatic, and hence not a relevant canonical form. 

Accordingly, the above authors5 studied the complexes 60 prepared by the reaction of potassium 

pyrrole A-dithiocarboxylate & with different metal salts. 



phe tris(l,l-diorgano dithiooarbamateo)iron(lIl) complexes, [Fe(S2C-NR2131, have been studied 

extensively52-57 because of the considerable interest in the electronic properties of complexes 

derived from sulphur ligenda. Tha spectral and magnetic properties of a large number of these 

are very dependent on the nitrqen substituent of the dithio~arbamate~~~' and on 

temperature. 57158 These properties have been attribmted on the one hand to the R-N-R band angle,5' 

and on the other to the inductive effects of the R s~bstituent.~ One of the main problems lies in 

ascertaining the degree of the inductive effect which a substitutent exerts. m s t  investigators 

have employed the basicity of the parent amine as a criterion of electron donation towards the CS2 

group. El Aomma and ~rago' report the Preparation of iron(II1) dithiocarbamate 60 with unusual 
redm properties, derived fran the wrrole 2-dlthiocarbamate ligand 2. The preparation of the 

analogous complexes 60 of Cr( 111) and Zn( 11) have also been reported.' 

2) Indola, Carbarole and Midazole N-Dithiocarboxylate Complexes 

~ndole, carbazole and imidazole, like Wrrole, yielded the desired metal complexea when their 

potassium or sodium dithiocarbamates were reacted vith the appropriate metal salts. Accordingly. 

complexes of indole and carbazole dithiocarbamates =were prepared by adding the appropriate metal 

bromide to a solution of the corresponding dithiocarbamate in dry acetonitrile.' Complexes of 

imidazole-1-dithiocarboxyl.te 62 were prepared by adding an alcoholic solution of potassium 

imidazole-l-dithiocarbooylare to en aqueous solution of the appropriate metal chloride.' 

M=Fe, Ni,Cu.Znand Cd; M=Ni,Cu,ZnondCd M=Fe.Co,Ni,Cu and Zn 
n = 2 o r 3  

R= N-ind0lyl or N-carbazolyl (R'=R$H; &M~,R~=H;R'=H, 
R$CI,B~; R'= ~ e , F f = B r )  

31 Pyrazole N-Dithiocarboxylate Complexes 

P/razoIe-l-dithiocerboxylate complexea 63 have been preparedf4 by miring en aqueova solution of the 
appropriate metal salt vith an aqueous solution of a potassium pyrazole-l-dithiocarboxylate. 

IV. USES OF DITHIOCIU(BAPULTES 

a Pmificatlon of NaN03. Very pure NaN03, suitable for optical fibre fabrications9 has been 

obtained by using dithiocarbamata ligands to remove impurities by com~lexation. Mpuritiea such as 

Fe, m and Co ions form insoluble stabla complexes with ammonium ~rryldithiacarbamata and can be 
readily separated from NaNOJ by extraction vith methyl isobutyl ketone.59 

bl Radiometric Titration. The successive radiometric titration of a mixture of metal cations such 

a6 T I ~ + - I ~ ~ + ,   TI^+-m2+ , and cd2+-zn2+ wae possible by using sodium 3eethyl-5-phenyiwrazo~e-1- 

dithiocarbo~ylate?~ 'O 
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