
392 ANALYTICA CHIMICA ACTA VOL. 21 (1959) 

SPECTRAL DE-l.EC’L*ION 01; TERMINAL RING QUINONES 

EUGENE SRWXXI, THOMAS W. STANLEY AND THOMAS R. HAUSER 

&iv PoELrrlion Ewginccrin~ RescuvcJr, Robcvf A. Taft Swrifary Evt~incering Cenicv, Public Heallll 
Se&cc, U.S. Lkpavhnent of Ileullk, Educulion and Welfare, Citlcirrwati, Ohio (U.S.A .) 

IN’rRODUCTION 

Specific calorimetric methods for the analysis of all types of quinoncs are in critical 
need. Terminal ring quinones, such as bcnzoquinone and a-naphthocluinone, have 

.becn ,detected with ethyl malonate in alkaline solutionl. KESTING has reported that 
color tests are given by benzoquinonc, a-napthoquinone and P-naphthoquinone in 
alkaline alcoholic solution on reaction with malononitrilc, ethyl bcnzoylacctatc, 
acetylacetone, or benaoylacctone a-4. CRAVENG has obtained brilliant, although un- 
stable, color reactions for benzoquinonc, o-toluquinone, chloranil, thymoquinone, and 
a-naphthoquinonc with ethyl cyanoacetatc in alcoholic ammonia. ~-~aplltlloquinone 
did not react. In clilute alkali, nitromethanc is stated to give a blue color with a-naph- 
thoquinone and a violet color with P-naphthoquinoneo. In our laboratory, many of 
these rcagcnts were tried in alkaline z-methoxyethanol solution. In many cases 
unstable colors and insensitive reactions were obtained. For this reason a group of 
new reagents for the calorimetric analysis of quinones is introduced in this paper. 

I I I 
Quinoncs giving a positive test contain the grouping O=C-C=C-X, whcrc X is 
hydrogen or halogen. The reagents arc azonium hcterocyclic derivatives containing 
an activated methyl group ortho or pnra to the azonium nitrogen. The mechanism 
involves addition of the methyl group to the activated double bond of the quinone 
followccl by air oxidation to a blue or green dye, c.g. with N-mcthylquinaldinium 
iodide and a-napl~tlloquinone the following reaction takes place : 

The dye, I, has been prepared by KIPRIANOV and absorbs at 670 rnp in alcohol. 

EXPERIMIENTAL 
Rangents 

Lcpidinc, quinaldinc, z-mcthylbcnzoxazolc, 2-mctlrylbcnzothineolc, x-ethyl-quinnldinium 
iodide. and I-ethyl-2,G-dimr?tl~ylquitlotinium iodide wcrc obtsincd from Distillation Products; 
dathoxyquinnldine was obtained from the Aldrich Chemical .Co. 
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The azonium methosulfates were prepared by slightly modified procedures of the following 
preparation of r-methyl-quinaldinium methosulfatc : 28 g of quinaldine and 25 g of methyl sulfate 
were mixed thoroughly in an ice bath. The mixture was allowed to stand at room tcmperaturo 
until an cxothcrmic reaction had taken place and the mixture had solidified. The product was 
crystallized from ?r-propyl alcohol. The 6-ethOxy derivative was prepared in a small volume of 
boiling acetone; the lepidinc derivative was prepared at room temperature. Details of these prcpn- 
rations can be found in the literatures. 

Benz [e] acephenanthryicnc-g, I 2-dione, m.p. 248 -24g”, was prepared by literature proccdurce. 

Bquipmml 
A Gary Model II Recording spcctrophotometcr was used for wave-length mcnsurcments. For 

time studies an American Optical Company Rapid Scan Spectrophotometcr was used. 

To an accurately measured s-50 ml of the 2-mcthoxyethanol test solution was 
added r ml of a 2% 2-methoxyethanol solution of the quinolinium reagent. The 
mixture was shaken, and after 8-g min it was diluted to approximately 50 ml with 
z-methoxycthanol. Ten min after the addition of reagent, 2 ml of ~0% aqueous 
tetraetl~ylammonium hydroxide was added, followed by dilution of the mixture to 
IOO ml with z-methoxyethanol. Within ten min the absorption spectrum was deter- 
mined from soo-Soo rnp. The data on the more intcnsc and much more stable long 
wave-length band are reported in Table I. One-tenth the volumes can also bc used 
in the procedure. 

TA13LE I 

SPECTRAL DISTlfCTION OF TERLIlNAL RXNG QUINONES 

Compound 
7 mm.. (WIS.) . 

_~-_.-~~I---“.-..-------___-_~_~ ~ - . ___...__I 

x,a-Dimeb x-Et-a.rnco x-El-a,hlimcQ r,o-.?xme-6.clO~ r,j-Dimem 

Uenzoquinonc 
2,5-Dichiorob~n~o~i~linonc 
Chlorat~il 

~,a-Naphthoquinonc 
Sodium 1,2-naphthoquinono 

-4-sulfonatc 
1,4-Naphthoquinone 

z-Mct~tyl-r,q-napllt~~o- 
quinonc 

z,3-Dichloronaphtho- 
quinona 

F.%enz[cJ ncephenanthrylcnc 
-g,rz-dione 

650 (0.007) 
655 (0.012) 

655 (0.ot3) 

670 (o.oGo) 

660 (0.045) 
660 (0.023) 

655 (o.oro) 670 (0.006) 
685 (0.025) 6Go (0.025) 
GGO (0.020) GGO (o.ogo) 

G70 (0.060) 660 (0.060) 

670 (0.30) 
GGo (0.023) 

655 (0.045) 
675 (o.019) 

655 (o.ooG) 700 (0.008) 
670 (0.0 I ‘1) 7x5 (o.or4) 
f70 (0.008) 715 (0.023) 

G35 (o.oGo) 720 (0.057) 

640 (0.040) Gg5 (o-044) 
685 (0.013) 700 (0.020) 

635 (0.043) 

675 (0.15) 

7x5 (0.025) 

67s (0.070) 

675 (0.02 7) 

G70 (0.022) 

650 (0.04 I ) 

Ggo (0.02 4) 

735 (0.020) 

665 (0.027) 670 (0.027) 

700 (0.012) 720 (O-Or@ 

750 (o-025) 775 (0.10) 

0 In pmoics per 3 ml giving an Opticsi density of 0.1 in a cull of i-cm path length. 
b Quinolinium methosulfate. 
0 Quinolinium iodide. 

DISCUSSION 

In a previous paper a novel tl~ermocl~romic test for polynuclear inner-ring p-qui- 
nones was describedlo. With this test the presence of large polynuclear [P-quinonic type 
compounds was demonstrated in air particulatcs. In the present tests inner-ring o- and 
$-quinones, such as phenanthraquinone, 5,G-chrysenequinone anthraquinonc, and 
naphthacenequinone gave negative results. Other types of aromatic carbonyl com- 
pounds, such as anthanthrone, benzanthrorre, fluoreuone, benzophenone, aceto- 
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phenonc, benzalacetone, .salicaldchydc, z-hydroxy-I-naphthaldehyde, and p-dimc- 
thylaminobcnzaldchyde also gave negative results. As far as could be determined the 
tests described in this paper arc specific for terminal-ring quinones. 

Many activated methylcne compounds were found to give color reactions with 
terminal ring quinones in alkaline dimcthylformamidc or z-methoxyethanol solution, 
e.g. nitromcthanc, malonitrile, dikctenc, 3-thenoyl-I,I,I-trifluoroacetone, benzoylace- 
tonitrilc, 3-ethylrhodanine , 3-methyl-x-phenyl-5-pyrazolone, ethoxymethylencmalo- 
nonitrilc, and cliethyl cthoxymcthylencmalonate. 

‘The nonketonic methylene reagents (e.g. malononitrile, nitromethane, etc.) gave 
unstable colors under the conditions of the procedure, while the kctonic methylenc 
rcagcnts apparently reacted with thcmsclves slowly in alkaline solution to give 
colored dyes. This self-condensation is indicated by a study of the stability of the 
color obtained in the reaction of 3-ethylrhodanine with chloranil. Visually the color 
of the solution changed drastically with time while spectrally the 650 m/A band 
changed but slightly over a period of one-half hour, Fig. I. The color change from 
green to dirty brown is due to the reaction of 3-ethylrhodanine, probably with itself, 
to give a dye absorbing at 530 rnp. This byproduct interferes with the color test but 
not with the spectral test. 

60 

%T 
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Fig. 1. Eflcct of time on visible absorption spcctrn. 10-4 M chloranil rcclctcd with a 2% solution 
of 3-cthylrhodnninc in z-mcthoxyothanol by stantlnrd proccduro. Blrrnlc solutions (minus chlora- 
nil) (- - -) ; Test solutions (- ) : 1. three min; 2. six min; 3. sixteen min; 4. thirty min, after 
ndclition of nllcdi. All solutions ran against z-metl~oxycthnnol containing 2% of a 10% aqueous 

solution of tctr~ctliy1rrnimonium hydroxide. 

3-Ethylrhodaninc appcarcd to bc the best of the activated mcthylcnc compounds, 

e.g., in climethylformamide solution by the standard procedure - with +benzoqui- 
none, A ,nDx 635 m(cc, scns. 0.007 ; chloranil, A,,,,, 650 rnkb, sens. 0.04; 2,3-clichlorobenzo- 
quinone, A mRX 660 rnp, sens. 0.01; x,4-naphthoquinone, A tllRX 715 m/,6, sens. 0.025 ; 
2-methyl-I:,q-naphthoquinone, A mox 720 ml.&, sens. 0.05; 2,3-dichloro-r,4-naphthoqui- 
none, A,,,, 705 rnp, sens. 0.05, and benz[e]acephenanthrylene-9,12-dione, A,,,,, > 
800 rnp. 1,2-Naphthoquinone and its 4-sodium sulfonate derivative gave green colors 
which faded rapidly. 2-Hydroxy-1,4-naphthoquinone gave negative results with all 
the reagents. 
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Of all the compounds tried as reagents, the quinaldinium derivatives gave the most 
sensitive and stable colors (green in all instances) (Table I). The wave-length maxima 
for the dyes formed in the test ranged from 635-775 mp. In most cases the benzo- 
quinone derivatives gave the most sensitive reaction while the two I,z-napht-ho- 
quinone derivatives gave the least sensitive reaction. If the quinones are analyzed 
within IO min after they are reacted with a quinolinium derivative, there is very little 
change in the color or intensity of the long wave-length band. Over a period of I-I/Z h, 
new bands arise near 560 m,u and gradually increase in intensity, eventually inter- 
fering with the analysis in the long wave-length region (Fig. 2). 

400 600 600 700 

Pig. 2. Effect of time on visible absorption spectra. 2 - IO- 6 M chloranil reacted with a 2% solution 
of x-ethyl-z,G-dimcthykluinolinium iodide in a-methoxyethanol by standard procedure. Blank 
solution (minus chloranil) (- - -); Test solutions ( -) ; 1. thrco ruin; 2. eighty min, after 
addition of alkali. All solutions ran against z-methoxyethanol containing 2% of a x00/~ aqueous 

solution of tctracthylammonium hydroxide. 

SUMMARY 

Terminal ring quinoncs can be dctcctcd specifically by a simple spectroscopic method involving 
reaction of the quinonc with quinaldinium or lepidinium salts in alkaline solution. Other types of 
quinones and carbonyl derivatives have given ncgativc results. 3-Ethylrhodanine can also be used 
as a reagent, especially for terminal ring fi-quinoncs. All of these colorimctric proccdurcs arc 
amcnablc to quantitation. 

RI%UMI? 

Un groupc de nouveaux rbactifs cst propos& pour l’analysc colorim&riquc dc quinoncs. 

ZUSAMMENBASSUNG 

Chinone lasscn sich colorimctrisch mit Hilfe von Chinaldin-odcr Lcpidin-salzen in alkalischcm 
Medium nachweisen. 
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