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The utility,of pi+xkcon~ acceptqvs, ‘for. fhe detection of 3,4methylenedioxy- 
phenyl ,d&rivadives : : ,’ ’ ,:;, ‘1 : ‘, ; 

I . 
.‘;, ..:‘,: .: :. .‘, .;_‘.,.I. 

A number .“of,, substituted .. methylenedicxybenaenes have been reported to 
function as synergists for classes of pesticides. such:as pyrethrin+-* and carbamate&8, 
as well as inhibitors of the conversion of, &ldrin$o ‘dieldrirP. 

The analysis of MD$-ijhenyl +$k-&i~es ,h’as. been generally achieved by colori- 
metric techniques, 4.g. sulfurjc aci.& ‘and chromotro$ic acidslo-12, and sulfuric and 
gallic acids 13-10, that are based on,tlie lib&ation of formaldehyde from the methylene- 
dioxy group and, hence, do not differentiate ‘betwee,n ,related compounds containing 
this configuration. : ‘. ,” G’ : ,’ , ” .,;. 

A previous report I7 ‘fr’om ‘our. ,laboratory described the utility of a number of , 
reagents (including tetracyanoethylene) for, the’.detection of a variety of MDO-phenyl, 
and MDO-benzyl derivatives on thin-layer chromatograms. 

It was of interest to furt,her,elaborate, the general detection utility of reagents 
belonging to other pi-electron acceptor:’ classes, ,e.g. hslogenated benzoquinones, 
naphthoquinones, benzoquinoneimines and nitrofluorenones ; and concomitantly 
relate various functional groupings on the basic ‘3,4-MDO-phenyl moiety with 
chromogenic behavior. 

Ex$erimestal 
Detecting reagents were: 
(I) DDQ reagent : 2 o/o 2,3-Dichloro-5,6-dicyano-1,4-benzoquinone in benzene. 
(2) Chloranil : I o/o Tetrachloro+benzoquinone in benzene. 
(3) N-2,6-Trichloro+benzoquinoneimine : 2 % solution in benzene. a 

(4) Gibbs reagent : 2 % 2,6-Dibromo-N-chloro-$-benzoquinoneimine in benzene. 
(5) TCNE reagent: 2 v. Tetracyanoothylene in be,nzcne. 
(6) TNF reagent: 2 % 2,4,7-Trinitrofluorenone in benzene. 
(7) 2,4,5,7-Tetranitrofluorenone: 2 y. solution in benzene. 
(8) 9-(Dicyanomethylene)-2,4,7+nitrofluorenone : 2 y. in benzene. 
(9) 2,3-Dichloronaphthoquinone: 2 vo- solution in benzene. 

Compounds I, II, 15, 16 and 2,4,7-trinitrofluorenone were obtained from K&I< 
Laboratories, Inc., Plainview, N.Y ,, ‘,U.S:A.,; c,ompounds 2-6, .12 and 2,3-dichloro- 
5;G-dicyano-I,+benzoquinone from J; ‘T. Baker Corp.; Phillipsburg, N. J., U.S.A. ; 

compounds 7, 8, IO and tetranitrofluorenone from Frinton Laboratories,, Inc., Vine- 
land, N. J., U.S.A.; compounds g, 13, 14, 17 and 20 from Aldrich Chemical Co., New 
York, N.Y., U.S.A:; compound Ig (sesamex) was provided by Dr. M. BEROZA, U.S. 
Dept, of Agriculture, Beltsville, M,d., U.S.A..; tetracyanoethylene; N,2,6:trichloro: 
$-benzoquin.one ; 2,6-dibromo-N-chloro-p_quinoneimine and g-( dicyanomet hylene) - 
2,4,7-trinitrofluorenone were from Distillation Industries, Rochester, N.Y., USA. “: 

. 

Color develo@nertt 
The 3,4-MDO-phenyl derivatives (from 2-5 ~1 containing 20-50 ,ug) were applied ‘12 

in, acetone,,solution ,to both Whatman No. I paper and silica gel DF-5 chromato- 
* MDO-phcnyl=3,4-methyloneclioxypl~enyl. 
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plates (prepared as previously describedl7). After air-drying, the paper and plates were 
sprayed with ‘the specific ‘detecting reagents described above ‘and the initial color 
development as well as subsequent color changes noted. The sprayed papers an+ $tes’ 
were then exposed briefly to ammonia vapors with the results described in Tables 
I and II. 

,’ 

TABLE I 

SPOT COLORS OF 3,rt-METHYLENEDIOXYPHENYL DERLVATIVES AND RELATED COMPOUNDS ON SILICA 

GEL DF-5 PLATES FOLLOWING APPLICATION OF DETECTOR REAGENTS AND EXPOSURE TO AMMONIA 

Designation of colors dcvelopcd at room temperature : I3 = blue ; Bg = beige; Br = brown ; C I 
crimson ; elk = dark; G = green ; Go = gold ; Gr = grey ; L = lilac ; , 0 = orange ; 01 = olive ; 
P = purple ; Plc = pi$c ; R = rose ; T = tan ; V = violet ; W = white ; wk = weak ; Y = yellow. 

A7 

No. MD0 deri&e Detecting reagents 

I 2 3‘ 4. 5 G 7 8 9 

I 

3 

4 

2 

2 
9 

IO 
II 

12 

I3 
I4 

I.5 

IG 

=7 
18 
IQ 

.20 

Benacnc 
Propylbenaeno 
Allylbcnzenc 
Propcnylbcnzcnc 
Benzslclehyclo 
Phenol 
Bromobenzene 
Nitrobonzene 
Benzylsmine 

‘Acetaniliclc 
hcetopl~enone 
Benzoic acid 
Phenylmethanol 
Cinnzwnic acid 

Phenylacetic acid 

Nihostyrcne 

Y 
P+T B-Gr 0-Bn O-Y 
B-Gr R-C P+ R O-Y 

yu 
V+ B-Gr Y-O P+ Y-l3n O-Y 
B+Bn Bn-C an-0 Y 

V O-C+ Bg Bg Bg O-Y 
G (elk) Bn I3 (dk) B +- 01-G Bn 
O-C R-P+ Bn O-C O+R Gr 
T Y-G Y T Y-O 
G-T Y-G+T Bn T B* 

O-C B 
$w 

T+ R-V Y-O 
Bn-G 0-C+T Y-T Y+T T 
O-En R+V Y-O R->V Bg 
Y L-V->V R R-+-V Bg 
- L (wk) R Gr-Bn - 

-tV 
- L (wk) R Gr-Bn - 

‘-+V 
Y-Bn Y-Gr Go Y-G-> Y-O 

01-G 

- 

Bg 
Bg 
R 
01 
V 
Bn 
Y 
Bn 

R 
Y 
Y-T 
Y-T 
T 

T 

Y 

Bg T-G Bg 
T 
T 
Gr T-G V 
Y ,Bg Y 
Bn T-G V-Bn 
O-C Bg 
Y G (dk) : 
Bn G-Bn Bn 

V T-G R 
T T-G 01 

5- 
Bg T 

T (wk) ??I 
O-T 
R 

T (wlc) T-O R 

Y Y Y-Bn 

Misccllaneoacs 

Piperonyl sulfoxicle T T R-O Y-G Y-G T Gr V T-O 
Piperonyl butoxidc Y T C Bg 
Sesames Y G , ;-Bn :” Gr-Bn Y 151 T v” 

(wlc) 
Piperine Gr B (pale) V Bg RIV* Bn-V Gr Y-G* P-Bn 

* Fluorescence after’spraying. 

Rest&s and disczcssio?z 
,Tables III and IV depict the spot colors of MDO-phenyl derivatives obtained 

with nine detecting reagents on silica gel plates and Whatman No, I paper, respec- 

tively. .’ i 

j A number of salient observations are possible in regard to both the utility of the 
various classes of detecting reagents and the relationship of structure to chromogenic 
activity;', ,,). ’ I.’ , ., :, ‘I, ,,: 

.MDO-phenyl derivatives bearing electron donating (o&directing), substituents 
enhance color (complex) formation. For example, substituents such as -CHsNH,, 
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T+BLE II ‘. 1.. 8. 

SPOT COLORS OF 3,4-METWYLENEDIOXYPWliNYL DERIVATIVES AND RELATED COMPOUNDS ON WHATMAN 
NO., I P,Al’ER FOLLOWING #‘PLICATION OB DETECTOR REAGENTS AND IZXPOSURE TO AMMONIA I 

Designation .of colors deve,lo@ed ‘at room t8mpc&ure: B = Blue ; Bg = Beige ; Bk = Brown ; 
C = Crimson ; ‘dk = darlc ; G A Green ; Gr = Grcy ; L = Lilac ; 0 = Orange ; 01 = Olive ; P I 
Purple: Pk = Pink; R = Rose; T - Tan; V = Violet; W = White; wlr = weak: Y = Yellow, 

NO. MB0 derivative Detectoi reagents 

I 2 .3 4 5 6 7 8 9 

TO 
II 
12 

13 
I4 
15 
ZG 

=7 
18 
I9 
20 

Benzene 
Propylbenzene 
Rllylbenzcne 
Propenylbenzene 
Benzaldehyde 
PheIl01 

Bromobcnzene 
Nitrobcnzene 
l3enzyIamine 

Acetanilide 
Acotophenone 
Benzoic acid 
PhcnyPmcthanol 
Cinnamic acid 
Phcnylacctic acid 
Nitrostyrene 

Miscellaneous 

Piperonyl sulfoxide - 
Pipcronyl butoxide Y 
Scsamex T 
Pipcrine R 

- 

3- - 
- 
0-Bn 

‘v 
v (wlc) 
- 

- 
- 
- 
- 
- 

y 

T 

v” 
L 

0-C GGr 
o-c L-Gr 
V V‘ 
Y T 
Bn-V 0 
(W 
v L 
o-c Y 
01-Bn 01-G 

Pk L 
- Gr 

- 
& Gr 
- - 

F F 

Bn 01 
O-C O-T 
Bn 13 
o-c v 

W 
W 

z 
R 
Bn 

L 

G* 

c - 
0 
R 

e-0 

01 
Y-O 
0 
Y’ 

- - 
R L 
0 Plc 

: UG” 
V Gr 

o-c v Y 
Bn-Gr Bn 

(dk) 

UR :” 

0 0 
- - 
- 
u . Y 

_e 

T T 
Y-O T 
Y-O T 
O-C Gr 

- 
B-Gr x 
B-Gr - 
B-Gr - 
0 
T 7 

T 0 (wlc) 
Y v (wlr) 
Bn-Gr Bn 

(dlc) 

: 1 

r .x . 
- - 
- - 
Y Y 

V o-c 
v - 
T T 
Bg* Y 

l Fluorescence after spraying. 

-OH, -NECCOCE13, -CH&I-I&H,, -CH,-CH=CH,, -CH = CH-CH3, as well 
as unsubstituted benzene, and -Br (compounds 9, 6, IO, 2, 3, 4 and 7 respectively) 
are most reactive towards all of the pi-acceptor detectors screened both on silica gel’ 
,and paper. The above substituents yielded colored spots symbolic of displacement 
toward longer wavelengths, e.g. visible blue, blue-green and green. 

Conversely, electron withdrawing groups (meta directing) such as -NO,,’ 
-CHO, -COCH,, -COOH, -CH=CH-COOH, and -CH&OOW (compounds 
8, 5, II, 12, 14, 15) that induce a positive charge on the methylenedioxy moiety, 
as .well as very weak ‘electron donors (- CH,OH, compound 13) are generally un- 
reactive toward the detecting reagents yielding pale yellow to tan colors except with*_ 
the strongest electron acceptors DDQ, chloranil and TCNE reagents. * 

The observed reactivity amongst the reagents treated category-wise is a~ follows : 
(a) halogenated ,benzoquinones : DDQ >. chloranil; 
(b) halogenated benzoquinoneimines: N,2,6-trichloro > 2,6-dibromo-N-chloro I 

(c) nitroffuorenones :, h g;(dicyanomethylene)-2,4,7-trinitro 
2,4,5,7-tetranitro. , 

. 
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ABLE III 

POT COLORS OF 3,4-‘MET”YLENEDIOXYPHEtiYL DERIVATIVES AND RELATED COMPOUNDS 0~ SILJCA GEL DF_5 

LATES 

kSignatiOII Of CObrS deVdOpcd at room temperature: B = blue; Bg = beige; Bn = brown; C = crimson; 
k = dark; G = green; Gr = grey: L = lilac; 0 = orange; P = purple; Pk = pink; R = rose; T = tan; 
= violet; W = white; wk = weak; Y = yellow. 

‘0. MD0 derivative Detecting reagents 

U.V. I 2 3 4 s 6 7 8 g 

Benzene - 

Propylbenzene - 

Allylbenzene - 
Propenylbenzene - 

Benzaldehyde - 

Phenol Be 

Bromobenzene - 

Nitrobenzene - 
Benzylamine - 

Acetanilide - 
Acetophcnone - 
Benzoic acid Be 

Phenylmethanol - 

Cinnamic acid Be 

Phenylacctic acid Be 

Nitrostyrcne - 

Miscrlla~teolts 

Piperonyl sulfoxidcn B” 

B V 

B-Gr P 

Gr+T-6 O-C P-C 
B+G B 0-Bn 

R o-c Y-O 

P (pale) P 

B-G Ii-P 

Y Y 
Y-Bn Y-G 

B-G B-Gr 
B-G-•V O-C 
Pk R 

L-P L-V 

Gr-G+ L 
Gr 
Gr-G L 
-+ Gr 
Y-G T 

Gr 

0 

o-c 

B 

o-c 

Y 
Bn 

P 
Y 
Y-O 

I< 

R 

R 

Ti-0 

T+ f< 

L B-+ Y-+ T-O Gr-0 0 
Bn Y-O 

Pk-PB+ 0 T o-c o-c 
Gr 

Bn B+GO T o-c o-c 
V G-tYO-C V+ B-Gr V 

(pale) T-Gr 
Bn-0 Y Y 

gale) (pale) 
Y-O Y 

B P O-C Bn-t P-Gr V 
T-Gr 

O-C B+ O-Y O-C R R 
B-G 

Y Y Y Y Y Y 
Bn Be Bn-V B-Bn B-Ge 0-t 0-Bn 
(wk) 
V B-G O-C Gr Gr V+R 
O-T T+V Y Y Y Y 
O-Y G Y Y Y-T Y-T 

(wk) 
O-T Gr-B O-Y T R G-T 

+B 
Pk Gr T (wk) T (wk) L-+T O-T 

Pk Gr T (wk) T (wk) L+T T 

Y-O 01-G Y-O T Y-O Y-Bn 

O-T I’-Gr T T T T-O 
Pipcronyl butositlc” Be Hc V E--+!?-C \. B 0-C T V Ii 
Scsamcxc I, --+ I’ V v- I3 \ R-(;I- O-tT T-V V o-c 
Piperine” Be G B-Gr V V-B B-Ge Bn T V-B P-B 

+Ge +Gr 

I-Methyl-z-(3,4-methylencdioxyphenyl) ethyl octyl sulfoxide. 
x-[z-(z-Butoxyethoxy)-ethoxy~-4,5-(m~thylencdioxy)-z-prop~l-tolucne. 
[z-(~-Ethoxycthoxy)-ethyl~-~,4-methylcnedioxypl~enyl acetal of acetaldehyde. 
I-Piperoylpiperidine. 
Fluorescence after spraying. 

Overall, in ordc; of decreasing utility: DDQ, TCNE > chloranil > N,z,6-tri- 

chlorobenzoquinoneimine > o-(dicyanomethylene)-z,4,7-trinitrofluorenone > Gibbs 
> TNF >,. 2,3-dichloronaphthoquinone > 2,4,5,7tetranitrofluorenone. 

It has been possible to distinguish the isomeric pair safrole and isosafrole 

(compounds 3 and 4) as well as the related dihydrosafrole (compound 2) from one 

another by utilizing any of the reagents 1-5 on silica gel, and by reagents I, 2 and 5 

on Mhatman 2aper. 

J. Chtwnaiog., 22 (1966) 480-485 



484 NOTES 

TABLE IV’ t I : 

SPOT C+ORS OP 3,4-METHYLgNEDIOXYPHPNYL DERIVATIVES AND RELATED COMPOUNDS ON WHATMAN NO., I 

PAPER -*hi 

Designation of colors dovclopccl at room temperature : l3 = blue ; Bg = beige ; Br = brown ; C ==: crimsori$ 
dlc = dark ; G. = green; Gr = grey ; L = lilac : 0 = orange ; 01 = olive ; I? = purple; Plc = pink ; R = rose,; 
T & tan ; V -’ violet f W = white ; wli = weak’; Y = yel,low. 

NO. MD0 deiivalives ‘Deteclin~~ rtitigenls 

u.y. I .2 3 4 5 G 7 8 9 

B-G o-c O-L - Benzene - V 
(fades) i 

g-G 0 
G R+V 

I 

2 Propylbenzcnd - 

3 hllylbenzene - 

4 Propenylbenzene - 

1313~;o\dchyde 

Bromobenzene 
Nitrobenzene 
Benzylamine 
Acetanilide 
Acetophenone 
Benzoic acid 
Phenyl methanol 

- 

- 
- 
- 
- 
- 
- 

I4 Cinnamic acid 
=5 Phenylacetic acicl 
16 Nitrostyrene 

B* 
B* 

=7 
18 

19 
20 

Miscellaneous 

Piperonyl sulfoxide B* 
Piperonyl butoxide B* 
Scsamex 
Piperine 2 

- - - 

B-G , L-&l o-c o-c 
B ‘(Palo) V (elk), O-C O-C 
G B B V 

o-c v 
o-c v : 
Gr-Bn B c 

(pale) 

: 
0 Y 
Gr-T I? 
o-c Y-O 

; Y Y (wk) 
I?-Bn Gr-Bn B 
L (wk) Gr Bg 
T (wk) 0 - 

75--C 
Y (wlc) - 
o-c o-c 

BLR 
Y 
01-G 
L 
R’ 

B-V 

L 

U-G 

O-R 
B 

Y 
P v” 
Pk 
Y G 
Bn-V 01-G 
v v 
Y Y-T 

W 
0-c o-c 

0-Bn Y 
V Bn 
B (pale) Y 
Y (wk) Y 
01-G Bn 
L Bg 
R 

& 
B-V 0 

, WC 
Y 

. 01-G 
.L 

_- 
L 

(wk) 
L gg (wlc) T (wk) T (wk) - 
- - - - 

- L (wk) 

y ;;;_ Y u Y Y Y 

01-G T 0-Bn T 
B 0 : V (wk) O-C 
G Y-O 0-Bn V R 
G-Bn O-C T-Gr o-3311 O-C 

L 0 01-G 
B it: o-c 0-Bn 
B+OC 0-Bn R V-l3n 
L+T -’ L O-C V 

* Fluorescence after spraying. 

It is interesting to note the similarity of colors elicited by DDQ and TCNE ’ 

reagents towards the majority of MDO-phenyl derivatives tested both on paper. and ,’ 
thin layer. ANDERSEN 18 has noted’ the chromogenic similarities of the above :pair of “, 
reagents toward aromatic hydrocarbons. 

The observed chromogenic similarity of DDQ andTCNE reagents noted in this 
study can possibly be ascribed to., the basic similarity of the fsmctioutal pi-bonding 
aspects of their structures. TCNE..(I) is considered to be ethylene substituted by four 
cyano groups. In the case of DDQ (II), two cyano and two chloro groups are bonded to : ‘, 

two ethylene molecules affixed to. two common carbonyl groupings, viz., 

J. Ckro~zalog., 2~ (Ig6G) 480-485 
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MERRIPIELD AND PHILLIPS~~ have suggested (in comparing quinone with TCNE) that 
.the highly electronegative substituents (CN) are effective in withdrawing charge from 
the ethylenic groups. This charge withdrawal can thus be expected to enhance the 
electron affinity of the ethylenic groups and thus its pi-acid strength. 

Tables I and II reveal the spot colors of MDO-phenyl derivatives obtained on 
silica gel plates and Whatman paper respectively, after spraying with the chromogenic 
reagents followed by exposure to ammonia vapors. 

Obliteration or conversion of many of the original colors to yellow or orange- 
yellow is most pronounced in cases where DD,Q and TCNE were the detecting reagents 
(both on filter paper and thin layer). Other instances of alteration of the original spot 
color is observed by the nitrofluorenone type detectors. This effect has been previously 
reported by GORDON AND IJCWRAUX 20 for TNF-aromatic hydrocarbon complexes. 

The rapid development of colors at room temperature utilizing non-corrosive 
reagents, such as DDQ andTCNE, suggests obvious utility of the pi-acceptor reagents 
for the detection of a variety of MDO-phenyl derivatives on both paper and thin 
lay em, ’ 
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