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258. The Absorption Epectra of 2 : 4-Dinitro~~e~ylsemicarbaxones. 
By A. E. GILLAM and D. G. Moss. 

The absorption spectra of new and previously-prepared 2 : 4-dinitrophenylsemicazones 
of various aldehydes and ketones are recorded and shown to be, approximately, summation 
curves of the light absorption due to  the reagent and that of the chromophore 

where n = 0, 1, 2, or 3 and R, R ,  and R” may be either H or iilkyl. The maxima of the 
subtraction curves suffer a steady displacement to longer wave-lengths as the conjugated 
system is lengthened. 

IN earlier papers ( J . ,  1940, 1453; 1941, 815; 1943, 565;  1945, 432) light-absorption data on 
carbon compounds containing specific chromophoric groups such as those of unsaturated ketones 
and their semicarbazones and similar derivatives were collected and classified with the object, 
among others, of using the data in the determination of molecular structure. In the present 
communication the absorption spectra of 2 : 4-dinitrophenylsemicarbazones of various carbonyl 
compounds are recorded and an attempt is made to correlate the location of the absorption 

R-[CR’=CH],,--CR”=N- 

bands with the structure of the compounds 
and especially the length of the conjugated 
system present. 

2 : 4-Dinitrophenylsemicarbazide was 
first prepared by Kniphorst (Rec. Trav. 
chim., 1925,44, 724) who also showed that 
it formed condensation products with 
carbonyl compounds. McVeigh and Rose 
(J., 1945, 713) have more recently shown 
that it can be used as a means of detec- 
tion and characterisation of aldehydes 
and ketones generally, and have recorded 
the melting points of a number of deriv- 
atives of such compounds. 

The molecules of these carbonyl deriv- 
atives contain two main chromophoric 
units, namely 2 : 4-dinitrophenylsemicarb- 
azide itself and the substituted > E N -  
group formed by condensation of the 
carbonyl group with the active -NH, 
group of the semicarbazide. With ap-un- 

FIG. 1. 

A, w. 
A bso@tion s$ectra in alcohol : 

I. cycloHexanone 2 : 4-dinitrophe~ytsemica~~azonc. 
11. 2 : CDinitrophenylsemicarbazide. 

111. Subtracfion cuyve. 
- -  
saturated ketone derivatives the chromophonc groups are those of the substituted semi- 

carbazide itself and the CR,:CH*CR:N- group which is, in effect, the -c=c--c=N- 
chromophore normally met with in simple semicarbazones (cf. Evans and Gillam, J., 1943, 565). 
The work of Ramart-Lucas and her various collaborators (Bull. SOC. chim., 1932, 51, 289) has 
shown that in a compound having two unconjugated chromophores the light absorption 
approximates more nearly to a simple summation the more widely separated are the chromo- 
phores in the molecule. Thus in the 2 : 4-dinitrophenylsemicarbazones of unsaturated carbonyl 
compounds the two compound chromophores are unconjugated but not widely separated so 
that complete independence is not to be expected. 

If we compare the absorption curves of the substituted semicarbazones of simple ketones 
with those of the corresponding derivatives of @-unsaturated ketones and of dienones we would 
further expect to find that the summation curves contain a fixed component (the semicarbazide 
chromophore) and one which varies in the location of its band with the length of the conjugated 
system responsible for it. Thus in any observed absorption curve of a 2 : 4-dinitrophenyl- 
semicarbazone if we subtract the known absorption of the reagent the resulting subtraction 
curve should be that of the R-[CR’=CH],-CH=N- chromophore (where n = 0, 1, 2, 
3, etc., and R and R’ may be either H or alkyl groups). 

The numerical data are given in Table I, whilst Figs. 1,2,  and 3 show the absorption curves 
of only a few of the more typical examples. The occurrence of low-intensity absorption bands 
between 270 and 360mp in some of the subtraction curves is still unexplained, but this does 
not appear to affect the main conclusions. 
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TABLE I. 
Spectrosc@ic Data on 2 : 4-Di.nitro~heny~sernicarbazones. 

Subtraction curve. 
Parent carbonyl compound. Amax., A.  

Simple aldehydes and ketones. 
2285 

Acetaldehyde .............................. 

Methyl ethyl ketone ..................... 
2275 

2280 
Methyl n-propyl ketone ............... { ::&3& 

I2295 
cycloHexanone ........................... 

a/3- Unsaturated aldehydes and ketones. 
Mesityl oxide .............................. { ;% 
3-Methylpent-3-en-2-one ............... 
1-Methylcyclohexen-3-one ............ { %: 

........................... Crotonaldehyde { 23% 
Dienones. 

$-Ionone .................................... 3075 
Hepta-3 : bdien-2-one .................. 2875 

Aromatic compounds. 
........................... Benzaldehyde { E 
........................... Acetophenone E 

Cinnamaldehyde ........................ 3220 
Benzylideneacetone ..................... 3150 
Citrylidenecrotonaldehyde ............ 3290 

2 : 4-Dinitrophenylsemicarbazide ... { 23:;; 

E .  

19,400 
12,600 
16,500 
20,000 

16,900 
19,200 
11,000 
15,800 
19,300 
10,800 
15,400 

22,600 
17,400 
24,000 
15,800 
29,800 
19,400 
32,200 
19,100 

40,000 
37,700 

23,800 
22,300 
25,000 
20,000 
45,000 
39,700 
41,600 
10,500 
14,900 

i1,aoo 

Anax., A.  

2325 

2300 

2300 

2325 

2600 

2610 

2640 

2640 

3000 
2850 

2790 

2650 

3250 
3100 
3360 

I -  

€. 

8,400 

8,800 

8,000 

8,400 

12,000 

13,600 

19,400 

21,800 

27,500 
30,100 

16,600 

14,800 

30,200 
25,300 
28,200 

No. of ethylene 
links or equivalent. 

2 I 
1 3  

} 24 

j- 34 
4 
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A , w .  

FIG. 2. 
Dinitv~henylsemicarbaeones (ab- 

sorfititm spectra ira alcohol) : 

11. 1-Mefhylcyclohexen-3-om. 
111. 3-Methylfient-3-en-2-one. 
IV. MesityZ oxide. 

I. Crotonaldehyde. 



[1947] 2 4-Dinitrofihen ylsemicarbazones. 1389 
The subtraction-curve data in Table I show the steady displacement of the maxima to 

Ionger wave-lengths as the length of the conjugated system in the non-semicarbazide part 
of the molecule increases. The fact that the i x o  types 
of aromatic carbonyl derivative show displacements which are respectively equivalent to 2 + 
and 34 ethylene linkages supports the suggestion of Kuhn, Hausser, et aE. (2. Physikal. Chew., 
1935, 29, B ,  363) that a benzene nucleus in conjugation with one or more ethylene linkages is 
equivalent to lif of such bonds. 

This is shown more clearly in Fig. 4. 

FIG. 3. 

I 

1 I 
I 

250 300 350 
0 

A,  mp 
Absmption spectra i n  alcohol : 

I .  Cinnamaldehyde 2 : 4-dinitrophenylserni- 
carbazone. 

11. Reagent. 
111. Subtraction curve. 

FIG. 4. 

2 : 4-Di.raitrophenylsemicarbazone subtfaction curves : 
I. Simple ketone (cyclohexanm). 
I I .  a@- Unsaturated ketone (mesityl oxide). 
111. Simfile aromatic aldehyde (benzaldehyde) . 
IV. Dienone (#-ionone), 
V. Unsaturated aromatic aldehyds (cinnamaldehyde) . 

VI . Trienal (citrylidenecrotonaldehyde) . 

The validity of the generalisation that two unconjugated chromophores in a molecule 
produce an approximate summation of the effects due to each can be checked Within this 
particular series, since the observed absorption of the 2 : 4-dinitrophenylsemicarbazones when 

TABLE 11. 
Cm9arison of Direct Absorption Data on Semicarbamnes with Subtraction Cumtes via the 

2 : 4-Din i tq~heny le~~ca~bazones .  

Parent 
carbonyl compound. 

Mesityl oxide ..................... 
l-Methylcyclohexen-3-one. ... 

Benzaldehyde ..................... 

cycloHexanone .................. 
Crotonaldehyde .................. 
$-Ionone ........................... 
Hepta-3 : 5-dien-&one ......... 
Acetophenone .................. 

Direct absorption spectrum 
of semicarbazone. 
A. 

2295 
2600 
2645 
2655 
2995 
2900 
2825 
2715 

E. 

11,200 
12,000 
24,000 
25,700 
45,400 
37,000 
19,900 
17,780 

Subtraction curve via S : kdi- 
ni trophen ylsemicarbazone , 

h m a = B  A. 
2325 
2600 
2640 
2640 
3000 
2850 
2790 
2650 

E. 

8,400 
12,000 
21,800 
19,400 
27,600 
30,100 
15,600 
14,800 
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corrected for the separate absorption of the reagent itself should yield a subtraction curve 
comparable with the known and directly observed absorption spectra of the simple semi- 
carbazones. The available data are given in Table 11, and, considering the number of variables 
concerned in obtaining the data, the general agreement is good, being better in terms of location 
of the band than where intensities are concerned. The values for $-ionone are noticeably 
discrepant in this latter respect. 

EXPERIMEKTAL. 
l-Methylcyclohexen-3-one was prepared by condensation of formaldehyde and acetoacetic ester 

followed by ring-closure of the methylenediacetoacetic ester (Knoevenagel, Annulen, 1894, 281, 94) ; 
b. p. 200". 

3-Methylpent-3-en-2-one was prepared by condensation of acetaldehyde and methyl ethyl ketone 
(Hinkel, J. ,  1931, 817). The ketone was crystallised from benzene to constant m. p., but the N content 
was low (Found : N, 19.6. Calc. : N, 21.8%). This might have been due to retention of solvent as 
the spectroscopic data were quite normal. *4ttempted purification by chromatography gave slight 
evidence of lack of homogeneity, but no increase in purity was in fact achieved. 

+Ionone was prepared by condensation of acetone and citral (Stiehl, J .  pr .  Chew., 1898, 58, 79) and 
crystallised successively from chloroform and chlorobenzene. 

We are indebted to Dr. E. R. H. Jones for a sample of citrylidenecrotonaldehyde which was isolated 
from the products of the condensation of citral with crotonaldehyde (cf. Batty et al., J., 1937, 756 ; 1939, 
1559). The specimen used had Amax. 3140 A.  ; e = 14,500. 

2 : 4-DinitrophenyZsemicurbazo~zes.-These were prepared by dissolving 2 : 4-dinitrophenylsemi- 
carbazide (0.5 g.) in alcohol (80 ml.) and adding to  the boiling solution slightly less than the theoretical 
amount of the carbonyl compound dissolved in the minimum of alcohol. After addition of concen- 
trated hydrochloric acid (2  drops) the solution was boiled for ten minutes after which the precipitated 
derivative was filtered off, being usually only very sparingly soluble in alcohol even at the boiling point. 
For recrystallisation chloroform was found to be the most useful solvent and derivatives were 
recrystallised to  constant melting point, two or three crystallisations being usually sufficient. All the 
2 : 4-dinitro~henyZsemicurbuzo~es in Table I11 are new except that of methyl ethyl ketone (cf. McVeigh 
and Rose, Zoc. cit.). 

TABLE 111. 
2 : 4-Dinitrophenylsemica~b~zo?zes. 

Nitrogen, yo. 
Calc. or Recrystal- 

-4ldehyde or ketone. 1vI. p. of deriv. Formula. required. Found. lised from : 
Methyl ethyl ketone ......... 235" (decomp.) C,1H13O,N, 23.7 23.7 Chloroform 
Mesityl oxide .................. 207 . , Cl3H,,O5NS 21.8 21.4 Chloroform 
3-Methylpent-3-en-Z-one ... 236.5 , , Cl,H150,N5 21.8 19.6 Benzene 

+-Ionone .............. -. ......... 227 ,, C,,H,,O,N, 16.9 16.1 Chlorobenzene 
Hepta-3 : 5-dien-2-one ...... 240 ,, C14H150,NS 21.0 20.4 Alcohol 

l-Methylcyclohexen-3-one 227-5 , , C14H150sNs 21.0 20.7 Chloroform 

Citrylidenecrotonaldehyde 207 (no decomp.) C,lH,,05Ns 16.4 16.1 Alcohol 
Absorption spectra were determined by standard methods using a Hilger E3  quartz spectrograph 

and a Spekker photometer. Purified alcohol was used as solvent throughout, although the very low 
solubility of the 2 : 4-dinitrophenylsemicarbazones made this difficult at times. The high intensity of 
absorption in some cases made it possible to use very dilute solutions for the determination, and the 
concentrations usually ranged between 0.03 and 0 - 0 0 3 ~ 0  only. The solutions were made by dissolving 
2-3 mg. of the compound in hot alcohol, cooling, and making up t o  suitable volume, e.g., 100 ml, 
All determinations were made in duplicate, the A,,,. and values being taken from the mean 
curves. 

Our thanks are due to Miss McVeigh and Dr. F. L. Rose for specimens of a number of the compounds 
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examined. 
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