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175. The Preferential Reduction of Nitro-groups in Polynitro-Compounds. Part I I I .  
An Almost Quantitative Preparation of Picric Acid and 3 : 5-Dinitro-o-cresol. 

Picranzic Acid. 
By HERBERT H. HOEGSON and EDWARD R. WARD. 

Picric acid is reduced in aqueous methyl alcohol at 60" by sodium sulphide and sodium bicarbonate to give 
a 9Syo yield of picramic acid ; the corresponding reduction in aqueous ethyl alcohol does not commence until 
ca. go", and then only with a 55% yield together with traces of sulphide dyes. Corresponding reductions of 
3 : 6-dinitro-o-cresol are describea. 

IN previous work (Hodgson and Birtwell, J . ,  1944, 75) the rapid mono-reduction of 1 : 3-dinitronaphthalene in 
about S5yo yield was effected by sodium sulphide in the presence of sodium bicarbonate with aqueous methanol 
as medium. Owing to the slight solubility of sodium carbonate in the medium the equilibrium, Na,S + 
NaHCO, Na,CO, + NaSH, was designed to produce the optimum concentration of sodium hdyro- 
sulphide which was believed to be the main reducing agent. By-products were diminished to a minimum, 
and methanol was found to be superior to ethanol in every way. It seemed desirable, therefore, to extend the 
work t o  the mono-reduction of picric acid and of 3 : 5-dinitro-o-cresol. 



Hodgson and Wavd: The Preferential Reduction of 

In  his review of previous work on the preparation of picramic acid Clayton ( J .  SOL. Dyers and Col., 1930, 
46, 365) concluded that optimum yields were obtained by the use of aqueous sodium picrate and prepared 
sodium hydrosulphide ; in this respect, the methods des'cribed by Fierz-David (Fundamental Processes of Dye 
Chemistry, Churchill, 1921, p. 78) for the preparation of picramic acid are indirectly processes which involve 
sodium hydrosulphide, and the yields claimed of ca. 85% support the present authors' view that this compound 
is the prime reducing agent. 

In  the present investigation, alkaline solutions of picric acid in water and in aqueous methanol have been 
reduced with sodium hydrosulphide, sodium sulphide, sodium trisulphide and ammonium sulphide, either 
alone or in admixture, and an almost theoretical yield of picramic acid has been obtained in aqueous alcohol 
below GO" by the Hodgson and I3irtwell procedure (Zoc. cit.). It is remarkable that when ethanol is used instead 
of methanol reduction is almost negligible a t  GOo, even when tbe reduction time is extended and twice the 
required amount of reducing agent employed, but a t  80" a 550h yield was obtained in 30 minutes, accompanied, 
however, by traces of sulphide dyes which dyed cotton directly in light brown shades. This production of 
sulphide dyes, which is non-existent in methanol and incipient in ethanol, becomes appreciable in aqueous 
media, particularly when alkali is also present, and i t  can become the main reaction when either picric or 
picramic acid is heated under pressure with strongly alkaline sulphide solutions for 24 hours. It would appear, 
therefore, that  one function of the special mixture is to maintain alkalinity of the medium below that required 
for sulphide dye formation. 

One important feature which emerged from the 7004 yield obtained in aqueous solution (Table 111, Experi- 
ment 5) with sodium sulphide alone, was that  the amount of reducing agent required to produce an  excess of 
sulphide in the reaction mixture was less than the amount required by the equation, 4RN0, + GNa,S + 7H,O = 
4RKH, + 3Na,S,O, + 6XaOH, viz., 1.3 mols. against 1.5 mols. per mol. of picric acid. This fact would 
appear to indicate that the by-products require less sodium sulphide for their production than does picramic 
acid. This is further demonstrated by the fact that  picramic acid when submitted to  the action of aqueous 
sodium sulphide at 55-60' in the presence of sodium hydroxide does not give any sulphide dye. 

Both 3 : 5-dinitro-o-cresol and 2 : 4-dinitrophenol are less readily reduced by Hodgson and Birtwell's 
method (loc. cit.) than is picric acid, while in both cases there is concurrent formation of sulphide dyes favoured 
by increase of temperature and alkalinity. -4s expected (cf. Hodgson and Turner, J . ,  1943, 318; Hodgson, 
J .  SOC. Dyers and Col., 1943, 59, 246) the monoreduction products are 5-nitro-3-amino-o-cresol and 4-nitro-2- 
aminophenol respectively. 

In  all the reductions investigated there appeared to  be an initial induction period after all the sulphide 
mixture had been added which was the prelude t o  a rapid reaction, so that  the first intermediate would appear 
to be only slowly formed. Further, while the addition of sodium bicarbonate to the sodium sulphide in alcohol 
greatly improved the reduction efficiency, this does not occur in water alone (see Table 11, Experimental 6) 
since the water-soluble sodium carbonate formed (insoluble in the methanol medium) probably introduces the 
alkalinity necessary for by-product formation with 20y0 diminution in yield of picramic acid. 

EXPERIMENTAL. 
General Reduction Proceduve.-Picric acid (10 g.) is dissolved in water or methanol a t  55" and the appropriate amount 

of alkali (sodium hydroxide or ammonia), usually sufficient to neutralise the picric acid, then added. The reducing 
agent (see below) is stirred in gradually over 10-15 mins. at 65-60" until in excess (detected by ferrous sulphate paper). 
The mixture is cooled to 30" for the aqueous solutions and to 10' for those containing methanol to which water (150 c.c.) 
is also added, filtered, and the precipitate of sodium picramate washed with water or sodium chloride solution or saturated 
aqueous sodium picramate. The yield is determined by titration of the sodium picramate, suspended in hydro- 
chloric acid (40 c.c., d 1.18) and water (1 1.) with a solution of sodium nitrite (35 9.) in water (1 I .) .  

The Sodium Hydvosztlphide Solutions.-(A) Crystallised sodium sulphide (24 g., 0-1 g.-mol.), sodium bicarbonate 
(8.4 g.) dissolved in water (40 c.c.) a t  40-50" containing sodium hydrosulphide (5.6 g., 0.1 g.-mol.) (Hodgson and Birt- 
well, Zoc. cit.). (B) Sodium hydroxide (4 g., 0.1 g.-mol.) dissolved in water (40 c.c.) and treated a t  0" with hydrogen 
sulphide gas until the increase in weight corresponds with the complete formation of sodium hydrosulphide; vol. of 
this solution, ca. 50 C.C. (Clayton, loc. czt.). (C) Sodium carbonate (10 g.) added to (B), but i t  is impossible to effect 
complete dissolution without loss of hydrogen sulphide. (D) Crystallised sodium sulphide (27.6 g.) in water (21.8 g.) 
treated at 0" with hydrochloric acid (10.5 c.c., d 1-16) ; loss of hydrogen sulphide is diminished by using a tall cylinder, 
and running in the acid through a thistle tube to the bottom of the solution (Lapworth, J. ,  1921, 119, 367). 

TABLE I .  

Redtictiom of picric acid (10  g.) in aqueous Ynethanols (100 c.c.) containing sodium hydroxide (1.75 g.).  

Expt. Reducing agent. 
A 
C 
B 
A 
A 

Na2S,9H20 (12 g.)  in water (50 c.c.) 
B (with 2 g. Na2C0,) 

(1) 
( 2 )  
(3) 
(4) 
(5) 
(6) 
(7) 

Reaction 
mixture variation. 

None 
None 
None 
200 C.C. MeOH 
0.9 g. NaOH 
None 
None 

G.-mol. reducing agent/ Yield of picramic acid. 
g.-mol. picric acid. G. %- 

2-3  8-37 96 
2.3 7.94 91 
2.3 7.50 86 
1.5 6.7 73 
2.3 4.35 50 
2-3  Unsatisfactory 
'7.3 7.67 88 

In the mother liquors from experiment (1) about 2% of dissolved picramic acid was estimated by titration and also 
by isolation, making the total yield 98% ; no sulphide dyes were detected. 
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TABLE 11. 
Reductions of picric acid (10 g.) by  sodium hydrosulphide in water containing sodium hydroxide OY ammonia  (d 0.SS). 

Reduci$zg agent added in one batch. 
G.-mol. reducing agent/ Yield of picramic acid. 

0' Expt. Reducing agent. I'aOH, g. KH,, C . C .  H,O, C.C. g.-mol. picric acid. G. /O'  

B 2 - 250 2.3 6.98 80 
B - 3 60 2-3  7.24 83 

B - 1 100 2.3  6.0 70 
D - 1 60 < 2.3 5.65 6 5 

2 - 250 < 2.3 5.38 6.' n 
A 1.75 - 100 2.2 5.18 58 

- 100 2.3 6.98 80 

(1) 
( 2 )  
(3) 
(4) 
(5) 
(6) 
(7) B (with 2 g. Xa,CO,) 1-75 

TABLE 111. 
Reductions of P i c k  acid (10  g.) by crystallised sodium sulphide in zuatev (60 c.c.) 

containing awzmonia (1 c.c., d 0.88). 

Reducing agent, 

5.4 
6.3 
9-0 

11.25 
13.5 

8.4 g. in 25 C.C. B 

Expt. g. Na2S,9H,0. 
(1) 
( 2 )  
(3) 
(4) 
( 5 )  
(6) 

G.-mol. reducing agent/ Yield of picramic acid. 
T'ol.," C.C. g.-mol. picric acid. G. %* 

12 0.52 1.31 15 
14 0.60 1.64 19 
20 0.87 2.66 30 
25 1.0s 5.0 56 
30 1.29 6.0 70 
40 - 6-8 78 

* Solution of sodium sulphide containing 4.5 g. cryst. sodium sulphide per 100 C.C. 

TABLE IV. 
Reductions of picric acid (10 g.) by crystallised sodium s d p h i d e  ( 1 3 3  g. ; 1 . 3  g.-mols. reduciglg agent/g.-mol. picric 

acid) in water (90 c.c.) with additions to reduce alkalinity.  
Tield of picramic acid. 

0 1  Espt .  Additions to  reaction mixture. G. / O .  

(1) 

( 2 )  Ammonia (1 c.c., d 0.88), NH,Cl, or cryst. MgSO, (5 g.). 5.27 57 

Ammonia (1 c.c., d 0.88). Then 1 g. XaHSO,, 1 g. KaHSO, or 1 g. A1 acetate, after 6.0 70 
adding two-thirds of reducing agent. 

Miscellaneous Reductions.-A solution of sodium trisulphide made up of crystallised sodium sulphide (12 g.) and 
sulphur (3 g.) in water (30 c.c.) when added to  one of picric acid (10 g.) in water (250 c.c.) containing 9 a O H  ( 2  g.) and 
maintained at 55-60" gave a 70% yield of picramic acid; a similar reduction of picric acid (10 g.) In water (60 c.c.) and 
ammonia (1 c.c., d 0.88) with a mixture of crystallised sodium sulphide (7.2 g.) in water (18 c.c.) and conc. ammonium 
sulphide (10 c.c.) gave only a 49% yield. 

Examina t ion  of filtrate aftev removal of picranzic acid by filtvation at 30c, fvom a z  aqueous reduction with sodium sztlphide. 
Sodium sulphide solution (150 C.C. containing 67-5 g. Na,S,9H20) was stirred gradually into a solution of picric acid 
(50 g.) in water (300 c.c.) containing ammonia (5 c.c., d 0.88) at 55," .\fter the reaction was complete, the mixture was 
cooled to  30" and filtered, the filtrate just acidified with concentrated hydrochloric acid a t  50" and heated to 100" (H,S 
and SO, evolved) to coagulate the precipitate. The filtrate from the mixture, cooled to  15", was evaporated to dryness 
and the residue extracted successivelv with benzene (100 c.c.), ethanol (200 c.c.) and hot water. The benzene estract 
galre picramic acid (0.7 g.), the alcohol extract a sulphur dye (11.12 g.), the water extract sodium chloride, and the final 
residue was a mixture of sulphur and tar  (0.8 g.). The precipitate above contained picramic acid (1.8 g.) and siilphur 
dye (3 .8  g.). 

3 : 5-Dinitro-o-cresol (10 g.), dissolved in methanol (200 c.c.) a t  
60" with addition of sodium hydroxide (2 6.) t o  gix,e a neutral solution, was treated with mixture -4 (in amount, 2.4 g.- 
mol. l;aSH/g.-mol. dinitrocresol). Reduction was negligible at 60" but  became appreciable at TO', and the mixture was 
maintained just above this temperature for 2 hrs., cooled to  lo", filtered, the alcohol removed, filtered again, and the 
filtrate steam distilled when about 15% of the unchanged 3 : 5-dinitro-o-cresol~ was recovered. The abol-e residues of 
crude sodium derivative were combined, treated with HCI in excess, steam distilled to remove unchanged dinitrocresol 
and the insoluble residues mixed with calcium carbonate extracted repeatedly with boiling toluene. The pure 6-nitro-3- 
amino-o-cresol (7 g., 80% yield) was crystallised from toluene or boiling water, m. p. 176" (Cazeneuve, nzd. sot. chim., 
1897, 17, 206 gives m. p. 165") ; diazotisation and Sandmeyer treatment gax-e 3-chloro-6-nitro-o-cresol which crystal- 
lised from SO% acetic acid in flesh coloured plates, m. p. 122" (Kehrmann, Ber., 1915, 48, 2024, gives m. p. 122") (Found : 
N, 7 . 7 .  Calc. for C,H,O,N, : K, 7.5%) ; the intermediate ~-~z i t yo -2 -ox~~-3 -d iaso toZz~e~ze  crystalllsed from hot water i n  
light yellow crystals, m. p.  123" (decomp.) (Found : X,-23.6 ; C,H,O,N, requires N, 23.4%) ; in this reduction no sulphur 
dye was detected. 

3 : 5-Dinitro-o-cresol (13 g.) ,  dissolved in water (100 c.c.) containing sodium hydroxide (3  g.) ,  was 
treated a t  80" with mixture B (96 c.c., 2.3 g.-mols./g.-mol. dinitrocresol) and maintained a t  85" for 2 hrs. To the mixture 
cooled to  O,", hydrochloric acid (20 c.c., d 1.18) was slowly added until a brown precipitate was formed (further addition 
precipitated a violet compound) ; the precipitate was separated, washed with water, mixed with excess calcium carbonate, 
extracted with toluene as in (A) above giving 5-nitro-3-amino-o-cresol (10.5 g., 80%). The residue (6  g.), insoluble in 
toluene, contained sulphur dyes which dyed cotton directly to  intense black shades. 

The authors are indebted to  the Charles Brotherton Trust for a research scholarship (E. K. IT.) and to  James Robin- 
son R- Co., Ltd., and Imperial Chemical Industries I,td., Dyestuffs Division, for gifts of chemicals. 

The total yield of dissolved picramic acid was 56%. 
Reduction of3 : 5-Diizitvo-o-cvesol.-(A) In iqzethanol. 

(B) I n  watev. 
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