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INTRODUCTION 

A number of feeding and metabolic studies of pesticidal sulfones and sulfoxides 
in ‘our laboratory has prompted the need to investigate various detecting reagents 
and thin-layer chromatography as to their possible utility for subsequent differen- 
tiation, identification and separation of the above moieties. 

Recent literature has focused on the ever expanding ‘utility of dimethyl sulf- 
oxide, specifically, as a radioprotective agentl, preservative for red-blood cells and 
tissues2-4, vehicle for steroid@, protein@, drugs7v8, and agricultural toxicanW. 
Other sulfoxides, as well as sulfones and sulfides exhibit a broad spectrum of appli- 
cations, e.g,, as insecticide@-12, fungicidesl+l”, herbicidesl~-ia, synergistic agents’vv i8, 
and rocket fuelsl0. 

The metabolic oxidation-reduction interrelationships of R,S, R,SO and R2S02 
respectively, have also been well documented20-28. 

Sulfoxides have been detected on paper by Dragendorff’s reagen@‘, molybdo- 
phosphoric acidso, and hydriodic acid30, on thin-layer chromatograms by permanga- 
nate-sulfuric acid31 and separated by column32933 and gas chromatographic teclzni- 
ques”“. They have also been determined classically by prior reduction with hydriodic 
acid36936 and titanous chloride37, as well astitrated directly as bases in acetic anhydride38. 

Sulfones have been separated by column30 and gas chromatography40*41, and 
detected on paper42 and columns43 by Ehrlich’s and N-(I-naphthyl)-ethylene diamine 
reagents, respectively. 

Sulfides have been detected on paper*Q, columns4G and thin-layer chromato- 
gram+ utilizing potassium iodoplatinate, a gold-iodide complex and, Rhodamine 
6G, respectively. Gas chromatographic techniques 47~ 48 have also been employed for 
the separation of sulfides. 

EXPERXMENTAL 

Prefiaratiout of c~womato$dates 
The silicic acid chromatoplates were prepared according to the -method of 

MORLEY AND CI-IIRA~D. Silica gel DF-5” was applied on (8 x 8 in.) glass plates to a 

* Obtained from Camag, Muttcnz, Switzerland. 

J. Chromatog., 22 (1966) 323-pg 



324 L. FISHBEIN, J:FAWI<ES 

thickness of 280 p. After air drying, the plates were activated in an oven at 75” for 
30 min. Acetone solutions (1-2 pl containing 5-10 pg) of test substance were applied 
along a line 2.5 cm from the lower end of the plate and developed by the ascending 
method, till the solvent front was about 13 cm from the starting line. After evapo- 
ration of the solvent, the spots were located on the plate by spraying with one of the 
chromogenic reagents, then exposure of the plates to ammonia vapors, 

The developing solvent systems utilized were : 

(A) 2.5 O/~ acetone in benzene. 
(B) Toluene-ethyl acetate (I : I). 

Detecting reagents were : 
(I) TCNE reagent: 2 y. tetracyanoethylene in benzene. 
(2) DDQ reagent : 2 o/o 2,3-dichloro-5,G-dicyano-x,4-benzoquinone in benzene. 
(3) Chloranil : I y. tetrachloro+benzoquinone in benzene. 
(4) N,2,6-Trichloro+benzoquinoneimine : 2 % solution in ethanol. 
(5) Gibbs reagent : 2 o/o 2,6-dibromo-N-chloro-+benzoquinoneimine in benzene. 

Materials 
Compounds I, 14, 21, 33, 35, 41-43, chloranil and 2,3-dichloro-5,6-dicyano-r,4- 

benzoquinone were obtained from J. T. Baker Chem. Co., Phillipsburg, N. J*, USA; 
compounds ‘2,3,5,7,8,11-13, X5, 16, 19, 20, 22, 23, 28, 32, 39, 40, 45, and 46 were ob- 
tained from I< & I< Laboratories, Inc., Plainview, N.Y., USA; .compounds 4, g, .IO, 
24-27, 30, 31, 34, 36-3s and 44 from Aldrich Chemical Co., Milwaukee, Wise,, USA; 
compound 2g from FMC Corporation, Middleport, N.Y., USA; tetracyanoethylene, 
N,2,6-trichloro-$-benzoquinoneimine, and 2,6-dibromo-N-chloro-p-benzoquinone- 
imine from Eastman-Kodak Laboratories, Rochester, N.Y., USA; compounds 6, 17 
and 18 from Wateree Chemical Co., Lugoff, S.C., USA. 

RESULTS AND DZSCUSSION 

Tables I and II depict the spot colors of various classes of sulfur compounds 
on paper and thin-layers utilizing detecting reagents 1-5, followed by exposure of 
the chromatograms to ammonia vapors. 

A number of general observations as to their chromogenic behavior to the 
variety of detecting reagents can be made. 

1. Sulfoxides are more reactive than sulfones toward the detecting reagents 
screened both on paper and thin layers, e.g. sulfoxides yield immediate colors whereas 
the sulfones are detected after several minutes or require development at 80”. The 
greater chemical stability of the sulfone group as compared to the lower oxidized 
state (sulfoxidesj is well recognized sD--ti3. Sulfoxides have been found to form strong 
hydrogen bonds with alcoholssa and phenol@*+0 in addition to forming complexes 
with iodines’, iodine cyanides8 and antimony pentachlorideso. Sulfones, conversely, 
are weaker bases (poorer donors) due to the net decrease in. the electron density on 
the sulfur and oxygensb’. 

2. The substituted fi-benzoquinone type detectors, e.g. DDQ reagent (detector 2) 
and chloranil reagent ‘(detector 3) were more sensitive than the halogenated quinone- 
imine detectors. The Gibbs’ reagent and N-2,6-trichloro-$-benzoq’uinoneimin:e, with 
the DDQ reagent being the detector of choice for the differentiation of sulfoxides, 
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rRl3LE I 

SPOT COLORS OF SULFUR COMPOUNDS ON.WI-IATMAN NO. I PAPER 

Design&on of colors : B = blue : Bn = brown ; C = crimson; G = green ; Gr = groy ; L = lilac: 0 - 
orange ; sl = slow (2-3 min); T = tan; V = viol&; wk = weak; Y = yellow. 

CkZSS Detecting reagents 
of compound 

Before NH, e.q!+w~e After NH, exposure 

1* 2 3 4 5-z 2 3 4 5 

Sulfoxides 
hllryl 
Aryl 
Cyclic 

C-T o-c Y Y Y-O - Y-O B-Gr Y (wk) Bn 
C-T O-C Y Y Y-O - Y-O B-Gr Y (wk) Bn 
C-T O-C Y-G Y-G Y - Y-O L Y (wk) Bn 

Sat Zfones 
Alkyl 
Aryl 
Cyclic 

J*** v** J&*+ - - 

IT*+* v”* J.2: - - 
L 

I* V c* L - - 

Y T 
Y 
Y : 

SarEfZdes 
Rlkyl Y (sl) T Bn T Y (wk) - - - - 0 
Aryl Y (sl) Bn T Y (wk) - - - - 0 
Cyclic Y T Bn Bn Y - - - - Y-O 

&&ones - v (sl) - - - Y B-G -I 
Xhiols (alhyl) - - - - T (wk) - Y-T (wk) - ‘;;: (sl) -rr (wlc) 

* For key detectzing reagents 1-5, see text;. 
** Colors developed after heating at 80’ for one minute. 

TABLE II 

SPOT COLORS OF SULFUR COMPOUNDS ON SILICA GEL DF-5 PLATES 

Designation of colors : B = blue; Blc = black ; Bn = brown ; C = crimson ; cl = deep ; G = green ; L = 
lilac; 0 = orange ; P = purple ; 1?1c = pink; R = rose; sl = slow (2-3 min) ; T = tan : V = violet; 
W = white; wk = wcnk ; Y = yellow. 

CEass Detecting reagents 
0-f compoaraad 

Bcfove NH, exposure After NH, exposawe 

2, 2 3 4 5 z 2 3 4 5 

Swtfoxides 
Alkyl 
Aryl 
Cyclic 

: 
o-c Y Y Y-O o-c Y 

; o-c 
Y Y 

o-c Y Y Y Y Y 
Y o-c Y Y Y W O-C 5 Y Y 

Satlfon.es 
Alkyl 
Aryl 
Cyclic 

Pk (sl) L (sl) r1c** V (wk) V** Y (cl) Y-G V W 
Pk (sl) L (sl) I%* l v (wk) v* * 

v (wk) v** 
Y(d) Y-G W 

Pk (sl) L (sl) I+** Y(d) Y-G : W T 

Saclfides 
Alkyl 
Aryl 
Cyclic 

O-C P-B Y 
O-C P-B Bn 
O-C P-B Y 

Y-Bn Y-Bn - 0 P-O B-Bk 
Y-Bn Y-Bn - 0 P-O ;:: B-Bk 
Y-Bn Y-Bn - 0 P-O T-G B-Bk 

Suztones L (wlr) T-O - - Y(d) V - - -” 
11: Xhiols (alhyb) R (sl) W - - u - Y-T (sl) - Y (wk) Y 

* For key to detecting rengcnts 1-5 see text. 

** Colors dcvcloped after hating at; 80~ for one minute, 
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TABJ,E III 

& VALUES OF SULFOXIDES, SULFONIZS AND SULFIDES ON SILICA GEL DF-5 CEIROMATOPLATIX3 

NO. Covnfiotcnd 2.5 % Toluem- 
acetone- ethyl acetate 
benzene @:I) 

I 

2 

3 

4 
G 

; 
9 

10 
II 

I2 

13 
14 
*5 
IG 

17 
18 

I9 
20 
21 
22 

23 
24 
25 
26 

27 
28 
29 

30 

s: 

Sulfoxide 
Dimcthyl 
Di-n-propyl 
Di-n-butyl 
Di-iso-butyl 
Di-n-amyl 
Dihexyl 
Diphcnyl 
Dibenzyl 
Bis- (p-tolyl) 
Bis-(jxhlorophenyl) 
Tetramethylenc 

0.04 0.15 
0.09 0.23 
0.12 0.27 
0.10 0.23 
0.15 0.32 
0.18 o-35 
0.19 o-37 
0.22 0.41 
0.25 o-44 
0.39 0.5G 
0.10 0.25 

Sulfone 
Dimethyl 
Diethyl 
Di-n-propyl 
Di-iso-propyl 
Di-n-butyl 
Di-iso-butyl 
Di-set,-butyl 
Di-n-amyl 
Di-iso-amyl 
Divinyl 
Diphenyl 
Bis- (p-tolyl) 
Bis-(#-chlorophcnyl) 
Bis-(p-fluorophenyl) 
Bis-(p-aminophenyl) 
Bis-(nz-aminophenyl) 
P-Chlorophenyl-methyl 
p-Chlorophenyl-2,4,5- 

trichlorophenyl 
p-Chlorophenyl-phcnyl 
$-Fluoro-u)z-nitrophenyl 
Tetramethylene 

0.08 
0.11 
0.15 

0.12 
0.19 
0.15 
0.16 
0.24 
0.20 
0.12 
0.28 
0.32 
0.47 
0.42 
0.05 
0.09 
0.49 

0.29 

0.34 
0.38 
0.33 
0.43 
0.40 
0.40 
0.48 
o-43 
0.36 
o-54 
0.60 
o-73 
0.69 
0.30 
0.35 
0.70 

0.47 
0.41 
o-45 
o-35 

o*77 
0.69 

0.73 
o-49 

Sulfide 
Di-w-propyl 
Di-iso-propyl 
Di-n-butyl 
Di-iso-butyl 
Di-sec.-butyl 
Di-led-butyl 
Di-n-amyl 
Di-iso-smyl 
Di-n-hexyl 
Diphenyl 
Dibeneyl 
Bis-(p-chlorophenyl) 
Bis- (p-aminophenyl) 
Tetramethylene 

0.54 0.70 
0.50 0.66 
0.59 0.75 
o-54 0.71 

0.53 0.71 
0.4G o.c2 

0.64 0.80 
o.Go 0.76 
0.68 0.84 
0.68 0.83 
0.72 0.86 
o.s2 0.91 
0.42 0.50 
0.56 0.74 
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sulfones and sulfides both on paper and thin layers, DDQ has been shown to be a 
strong electron acceptor readily forming complexes with suitable electron donors~0~~1. 
The oxidative potential of DDQ is about I.OV compared with 0.71 V for chloranil(Jztas 
suggesting the more active role of the former reagent towards complex formation. 
ANDERSEN~* has indicated the utility of DDQ for the detection of aromatic amines, 
hydrocarbons and phenols on paper chromatograms, with the resultant color reaction 
being attributed to the formation of n-complexes. The hypothesis is advanced that in 
the case of Sulfoxides (although sulfur as well as oxygen possesses a lone pair of 
electrons)b7( 68 complexing with DDQ may occur via oxygen, as in the previously 
noted complexes of sulfoxides with iodine and phenol@. 

3. The halogenated quinoneimine reagents studied in this work (detectors 4 and 
5) as well as the TCNE reagent also exhibit usefulness for the differentiation of sulfox- 
ides, sulfones and sulfides on silica gel chromatoplates, both before and following 
ammonia-vapor exposure. SEARLEOG and MCALLISTRR~~ have indicated the ability of 
quinoneimine reagents to form complexes with glyoxaline-z-thiols and z-alkylthio- 
glyoxalines, respectively. The TCNE reagent has been previously shown to form 
colored complexes with a variety of aromatic hydrocarbonsfi’va*. 

4. Sultones and alkyl thiols also tested, were shown not to interfere in the differ- 
entiation of sulfoxides, sulfones, and sulficles, by the detection reagents utilized in 
this study. 

5, The exposure of both paper and thin-layer chromatograms to ammonia 
vapors (after the application of the detector reagents) generally resulted in the accen- 
tuation of spots. GRAHAM 00 had previously noted the utility of ammonia exposure 
after the utilization of N-(~-dimetl~ylaminophenyl)-~,4-naphtl~oquinoneimine for the 
detection of halogenated aromatic hydrocarbons on paper chromatograms. 

Table III illustrates the XF values of sulfoxides, sulfones and sulfides as deter- 
mined in the two solvent systems on silica gel DE-5 chromatoplates. For both the 
2.5 o/o acetone-benzene and toluene-ethyl acetate (I : I) systems the & relationships 
of the above moieties is as follows: 

(a) sulfides > sulfones > sulfoxides; (b) for the substituted aryl sulfones; p- 
chlorophenyl > p-fluorophenyl > fi-aminophenyl; (c) for the isomeric aminophenyl 
sulfones ; m-aminophenyl > p-aminophenyl. 

For the alkyl sulfoxides, sulfones and sulfides studied, utilizing both solvent 
systems, there is essentially a linear relationship when the Z?JY values are plotted 
V~YS~IS the number of substituent carbon atoms, with the RF values increasing with 
increasing chain length. 

Although the separation of gz-, iso-, and tert.-butyl sulfides can be affected by 
both solvent systems, neither system could resolve iso- and sec.-butyl sulfides or 
iso- and sec.-butyl sulfones, 

I,._... 
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SUMMARY 

The chromatogenic and chromogenic behavior of II sulfoxides, 20 sulfones and 
14 sulfides is described. Useful differentiation of these compounds can best be accom- 
plished using 2,3-dichloro-5,6-dicyano-r,4-benzoquinone or tetracyanoethylene 
detecting reagents. Separation has been accomplished on thin-layer chromatograms 
utilizing a toluene ethyl acetate (I : I) or 2.5 o/o acetone-benzene solvent system. 
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