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ABSTRACT 

Intermediates tor p-Acetamidocinnamic Acid Synthesis. 

After a review of the various methods found in the 

literature, a series of reactions were selected which 

were reported to have good yields. 

Using p-nitrotoluene as a starting material, a 

simultaneous oxidation and reduction with sodium 

polysulfide was investigated as a means of making 

p-aminobenzaldehyde. Experimental procedures and 

yields were reported, and improved methods of recovery 

were described. 

Using p-aminobenzaldehyde from the first reaction, 

a condensation with malonic acid, in pyridine-

piperidine medium, was investigated as a means of 

preparing p-aminocinnamic acid. 

A recommended procedure was described, and some 

suggestions were made concerning the completion of 

the synthesis of p-acetamidocinnamic esters. 
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PREFACE 

The purpose of this investigation has been an 

attempt to find a suitable eerie' of intermediate steps 

which lead to the synthesis of p-acetamidocinnamic 

esters. 

The development of these intermediate steps has 

particularly been directed toward attainment of maximum 

yields, and elimination of inefficient or difficult 

operations. In the preliminary review of methods from 

the literature, all those with low reported yields 

were automatically eliminated. 

It is hoped that this work may have paved the way 

toward a commercially practical synthesis of these 

interesting compounds. 

William G. Fix 

Newark, N. J. 
June, 1955. 
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INTRODUCTION 

Methods Available from the Literature  

A preliminary search has revealed a number of 

possible intermediate routes through which the esters 

of p-acetamido-cinnamic acid may be synthesised. 

Although toluene is the basic starting material for 

most of the intermediates to be cited, it is a matter 

of convenience*  in the synthesis of a fine chemical 

such as this*  to start with one of the commercially 

available toluene derivatives. A few of these routes 

are outlined below: 

146 Benzaldehyde (I); via Perkin's condensa- 

tion, +7,9,121,13#22,25 to cinnamic acid (II); via 

nitration81124 to o- and p-nitrocinnamic acids (III); 

Via esterification, followed by separation of the 

p- isomer (IV);8,11 Via reduction6 to the p-amino--

ester (V); and acetylation to the p-acetamidocinnamic 

ester (VI). 



Benzaldehyde (I); treated as in Ia,  except 

that p-nitrocinnamic acid (III) is isolated, and re. 

duced4 to p-aminocinnamic acid (VII); via 

esterification by the Fischer-Speier method; vie acetylation to 

the p-acetamido cinnamic ester (VI). 

Ila. and IIb.  Bonsal chloride (VIII); via Caro's 

Method- to cinnamic acid (II); thence in the same man-

ner as in la and lb above. 



lilac and IIIb.  p-Nitrotoluene (IX); via 

oxida-tion,15,16 to p-nitrobonsaldehyde (X); via Perkins 

condensation2 18 to p-nitrooinnamio acid (III); thence 

via acetylation either before (b) or after (a) 

esterifioation. 



IIIc. and IIId.  p-Nitrotoluene (IX); via 

chlorination to p-nitrobenzal chloride (XII); via Caro's 

method3 to p-nitrocinnamic acid (III); thence as in 

Ilia and b. 



 p-Nitrotoluene (IX); via simultaneous oxi- 

dation and reduction1 *10 I1721 * ,6 *27  to n-amino- 

ben7a1dehyde (XIII); acetylation to p-acetamidoben7a1-

delude (XIV); condensation with malonic acid18#19P
3 to 

p-acetemidocinnamic acid (XI); via eeterification to 

n-acetwildocinnamlo eater (VI). 

IIIt.  p-Nitrotoluene (IX); via oxidation and re-

duction as in IIIe; via condennation with malonic acid 

to form p-aminocinnamic acid (VII); via acetylatton 

End subsequent esterification to p-acetamidocinnamic 

egter. 



Preliminary Considerations  

The foregoing possibilities are narrowed down 

somewhat by a closer inspection of the methods used. 

In route Ia, the production of an expensive and useless 

by product, o-nitrocinnamic ester, is not economical. 

In route Ib, thaw separation of a- from p-nitrocinnamic 

acid, before esterification, may be difficult or nearly 

impossible. 

In routes IIa and IIb, the same problems are en-

countered subsequent to the nitration of the cinnamic 

acid. 

The routes under III* and IIIb eliminate these 

separations by the use of p-nitrotoluene am a starting 

material. However, the oxidation methods available are 

difficult to control, and are accompanied by low 

reported yields. 

The steps described in IIIc and IIId involve an 

expensive Reparation of mono- from di-chlorinated 

compounds by vacuum fractionation, since these com-

pounds have corrosive properties and high boiling 

paints. 



The simultaneous oxidation and reduction outlined 

in IIIe and IIIf appears to have good possibilities, 

and. possesses none of the disadvantages already men-

tioned in connection with other methods. In view of 

these considerations, further investigation has been 

concentrated on the development of this method. 

p-Aminobenzaldehyde. The simultaneous oxidation 

and reduction of p-nitrotoluene to produce p-amino 

benzaldehyde by the use of alkaline polysulfides was 

discovered quite some years ago, and was patentee by 

Geigy k Co. (German) patent 86874 (1895).28 

Several variations of this preparation are 

described1,10,17,21,23,27 The main difficulties met in 

these preparations were formation of thio- derivatives 

through use of excess sulfur; incomplete oxidation, 

from insufficient sulfur, resulting in by product 

p-toluidlne; and self condensation to form a Schiff's 

base (dieter) or higher polymers, with resultant loss of 

yields. This latter reaction is accelerated by acids, 

especially traces of mineral aoids.21 

The sulfur requirement was thoroughly investigated 

by Beard and Hodgeon,1 who concluded that the sulfur 

must be present in such proportions as to form sodium 

tetrasulfide in the alkaline (*odium hydroxide) medium, 



in order to achieve maximum conversion to the desired 

p-aminobenzaldehyde. They report yields up to 74.6%, 

Huey and Rollschafer17 have patented an 

acetylation procedure which immediately follows the synthesis 

3f p-aminobenzaldehyde, in order to protect it from 

self condensation. 

p-Acetamidocinnamic acid. It is interesting to 

note here that the Perkin condensation, using sodium 

acetate and acetic anhydride, which was used to convert 

benzaldehyde and nitrobenzaldehyde to the corresponding 

cinnamic acid, could not be utilized with p-amino- or 

p-acetamidbenzaldehydes," Due to the influence of 

negative substituents such as NH2- or CH3CONH- in the 

position the Perkin condensation will not take place 

with these latter substituted benzaldehydes. It was 

therefore neoessary to resort to a condensation with 

malonic acid in pyridine solution, in the presence of 

a secondary amine such as piperidine or 

dimethylamine3,18,19,26 as described by Knoevenagel, Doebner, 

and Shoppee. The latter has reported 78% conversion 

by this method. 

n-Acetamidocinnamic ester. The Fischor-Speier 

method of esterification seems quite reliable, and has 

been used with nitrocinnamic acids.811 Amino- 



substituted acids such as p-aminobenzoic acid have also 

been esterified commercially by this method. However, 

the investigation of this method,  to complete the 

synthesis of p-acetamidocinnamic ester, was not 

under-taken in the present work. 



EXPERIMENTAL 

p-Amino-  and p-Acetamidobensaldehyde 

1. Attempted preparation of sod um polysulfide  

 and  Rollischafer).17 Following the method 

described in the patent literature, 55 gm of sulfur 

flowers were stirred into 90 gm of 30% sodium hydroxide 

solution at 80 - 90°C, resulting in incomplete solution. 

Two hundred fifty gm additional of water was added and 

the mixture was again stirred and heated. Some more 

sulfur appeared to dissolve, only to reprecipitate on 

standing since a homogeneous polysulfide mixture was 

not achieved, this method was discarded in flavor of a 

more satisfactory one. 

2. Preparation of p-acetamidobenzaldehyde. The 

method of Huey and Rollschafer17 was followed, but 

with a different sodium polysulfide preparation. On 

the basis of 55 gm of sulfur required for the 

oxidation -and reduction, preparation of sodium tetrasulfide 

was attempted. 

Eighty-three gm sodium sulfide nonahydrate, 257 

ml of water, and 44 gm of sulfur flowers were stirred 

together and heated. All but the minor portion of the 

sulfur dissolved: this plight excess was filtered off. 

The solution was stored one week, with only slight 



additional precipitation of sulfur being noted. 

This solution was added to a solution of 91 gm 

p-nitrotoluene in 300 ml of ethyl alcohol (BD 3A) at 

78 - 80° C over a two hour period. The mixture was 

then refluxed for two hours additional, and alcohol was 

removed by distillation. 

The resulting heavy oily layer was drawn off while 

hot, and heated with 78 ml of acetic anhydride. During 

the above separation, yellow crystals of unreacted 

p-nitro toluene formed in the aqueous layer. After the 

acetylated mixture stood for five days, a deposit of 

red crystals formed. 

The crystalline mass was broken up and mixed with 

251 ml of water and the mixture was adjusted to pH 

6.5 - 6.8 with sodium hydroxide pellets. Sixty gm of 
sodium bisulfite (55 gm sodium metabisulfite) was 

added to the above mixture and stirred. A pasty solid 

formed, which dissolved on heating to 500  C, but 

reformed when cooled to 250 C. After the liquor wis 

removed by filtration, the cake was slurried several 

time, with water. The combined filtrate and washes 

were made alkaline with sodium hydroxide pellets and 

p-acetamide benzaldehyde wan precipitated. The solid 

was filtered, washed, and dried. M.P. 147 - 149° C 



(p-acetamidobenzaldehyde). Barely enough yield was ob-

tained to be able to determine its melting point. 

The residue oaks was heated with diluted hydro-

chloric acid, cooled, and filtered. The filtrate was 

neutralized with sodium carbonate, and the resulting 

precipitate, about 3 gm, was filtered, washed, and 

dried. M.P. 1500  C (n-acetyl p-toluidine). 

The solid residua oaks was steam distilled and 

recrystallized from benzene. About 1 gm of large col-

orless crystals formed. M.P. 51° 0 (unreacted 

p-nitrotoluene). 

3. Preparation of p-acetamidobenzaldehyde. Tech. 

nical grade sodium polysulfide flak. was obtained. 

Assuming this to be mainly sodium tetrasulfide, 75 gm 

should contain the required 55 gin of sulfur. There-

fore, 75 gm of the flake sodium polysulfide were dis-

solved in 300 ml of water, and run into a mixture of 

91 gm of p-nitrotoluene in 300 ml of ethanol, at 78 

800  C. The mixture was then refluxed three hours at 

83°  C. The alcohol was distilled oft and the residual 

oily layers separated while hot. During the separa-

tion, an upper aqueous phase, and two non aqueous 

phases resulted. The two non aqueous phases were 

acetylated separately, each with 78 ml of acetic 



anhydride. 

A small portion of the crimson lighter oil was 

dissolved in alcohol, but would not cryetallize. How-

ever the oil gave a phenylhydrazone, M.P. 173° C from 

ethanol, indicating derivation from p-aminobenzaldehyde. 

Both of the above acetylations were quite vigorous, 

and when complete, were cooled over the week end. Each 

was then poured into 250 ml of water and neutrallized 

to pH 6.8 with sodium carbonate. Fifty five gm of 
sodium metabisulfite was added to each portion and 

stirred, The resulting cakes were filtered, and the 

liquors precipitated with sodium hydroxide pellets. 

The filtered and washed precipitates were recrystal-

lized from ethanol, M.P. 153° C. Both proved to be 
p-acetamidobenzaldehyde. The total yield was estimated 

to be about 3 gm. 

The residue cakes (from bisulfite treatment) were 

recrystallized from ethanol. Both produced a yellow 

crystalline material, M.P. 145° C (N-acetyl-p-toluidine, 

by product). The total yield vas estimated to be al-

most 10 gm. 

Some of the p-acetamidobenzaldehyde was converted 

to the phenylhydrazone, H. 209° C, from ethanol. It 

was therefore proved that the products of both the 



non-aqueous phases were identical, although one con-

tained mostly product, and the other, mostly by-product. 

4. Preparation of p-acetamidobenzaldahyde. After 

the method described in Organic Synthesie,23 a rapid 

addition of the polysulfide reagent was tried. Eighty 

gm of flake sodium polysuIfide (a slight excess) were 

dissolved in 300 ml of water, preheated to 70°  0, and 

about halt run at 700  C into a mixture of 91 gm of 

p-nitrotoluene in 30C* ml of ethanol. At this point, a 

vigorous reaction started and addition was stopped 

momentarily. When boiling had stopped, addition was 

resumed at a rate eo as to maintain refluxing at 84° C. 

When the addition was oomplete, external heat was ap. 

plied, and the mixture was refluxed at 84° C for a 

total reaction time of two and one half hours. 

The ethanol was then distilled off until the 

temperature reached 100° C. The oily layer wan next 

separated, while hot, in a preheated separatory tunnel 

and washed once with hot water. The separated oil was 

slowly poured into 78 ml of acetic anhydride and 

refluxed at 95° C for three hours. The acetylated 

mixture was poured into 250 ml of water and 

neutrallized with sodium hydroxide pellets. 

Fifty five gin of sodium metabisulfite was added 



Kith good stirring. At this point, the mixture solidi-

fied into lumps which were very difficult to treat. 

Therefore, Or ml of chloroform were added until all 

solids were in solution, either in the chloroform, or 

in the bisulfite-aqueous phase. After shaking well, 

the aqueous layer was drawn off and precipitated with 

sodium hydroxide pellets. The finely divided 

precipitate was slow in filtration, and was allowed to stand 

over the week end. The filtered and washed precipitate 

was dried at 110° 0, yielding 12 gm of crude material 

(11% of theory). The theoretical yield of p-acetamido-

benzaldehyde is 1n8.2 gm. 

The chloroform layer was evaporated and dried at 

1100  0, yielding 43 gm of crude n-acetyl p-toluidine, 

(43.4%). If no oxidation took place, this reaction 

should produce 99 gm of this compound. 

The foregoing yields account for only 54.4% of 

the total material involved. Therefore, the methods 

of recovery are at fault and improvement is needed. 

5. Preparation of p-aminobenzadehyde.  Since 

most of the difficulty in the foregoing experiments 

arose from the formation of insoluble solids, as a 

result of the acetylations, a similar preparation wan 

made, omitting the acetylation etep. 



The polysulfide solution, as before, was added 

over r. one hour period, followed by three hours of 

refluxing. After distilling off the alcohol, the 

mixture was extracted while warm (50 - 55°  C), with 

two portions of chloroform (500 ml and 100 m1). 

The chloroform extracts were then shaken with 

55 gm Na2S2O5 in 250 ml of water. The resulting 

bisulfite addition compound solidified, and after 

drawing off the chloroform, was extracted repeatedly 

with warm water. The filtered aqueous extracts were 

precipitated with sodium hydroxide pellets. Upon 

filtering, washing, and drying, 26.7 gm (33.2%) of 

crude p-aminobenzaldehyde were obtained. 

The dried solid bisulfite residue was heated with 

1000 ml of alcohol, filtered, and diluted with three 

volumes of water containing a little sodium bisulfite. 

The slight resulting turbidity was removed by filtra-

tion with Niflow filter aid, and the solution made 

alkaline with sodium hydroxide pellets. The recovered 

precipitate, upon drying, yielded an additional 3.5 gm 

p-aminobenzaldehyde, (4.4%); total yield, 37.6%. 

Upon evaporation, the chloroform layer yielded 

(.3 gm of impure p-toluidine, as an oil. No phenyl-

hydrazone could be obtained from this oil, indicating 



the absence of any aldehyde. The total recovery was 

then 8.0 by-product and 46.5% product. 

In addition to difficults all ready mentioned, 

traces of chloroform were carried into the sodium 

hydroxide precipitation. This produced a foul, pungent 

odor due to formation of traces of an isocyanide. 

Acetylation of p-aminobenzaldehyde.  Since the 

previous acetylation was thought to aid self condensa-

tion, 21.2 gm of dried p-aminobenzaldehyde were 

suspended in 100 ml of pyridine, and varied to 500  0. 

Twenty five ml of acetic anhydride was added over a 

10 minute period, with stirring. The mixture was then 

heated to 80° C, and allowed to cool. The mixture was 

chilled with ice and filtered. The resulting Cake was 

dried, slurried in sodium carbonate solution at pH 7.5. 
This vas filtered, washed, and dried, yielding 31.5 gm 

(39.8%) of p-acetomidobenzaldehyde. 

6. Attempted Preparation of 

p-aacetamidobenzaldehyde. Ninety-one gm of p-nitrotoluene was treated as 

before, and after distilling off the alcohol, the re-

sulting oil was separated while hot. In an attempt to 

find a method of acetylation Which would reduce the 

tendency of the p-aminobenzaldehyde to polymerize, a 

low-temperature acetylation described by Fieser29 was 



tried. The oil was run into a mixture of 1500 ml of 

water and 30 ml concentrated hydrochloric acid. This 

was warmed to 50° Cr  and 70 ml of acetic anhydride were 
added, followed immediately by a solution of 90 gm of 

sodium acetate crystals in 300 ml of water. The mix-
ture was cooled in an ice bath, the solids filtered 

off, washed, and dried. The greater portion of this 

material was a dark red gum, insoluble in alcohol. 

The dark red color, and lack of solubility indicated 

that the material was largely a condensation polymer 

of no further value. 

7. Attempted preparation of p-aminobenzaIdehyde. 

In order to determine the effect of inverted addition 

of the reactants, 91 gm of p-nitrotoluene in alcohol 

solution at 60° C was added over a 1-3/4 hour period 

to the solution of flake polysulfide at 70  - 85°  C 
with efficient mechanical agitation. After the first 

half hour, the alcohol was distilled off as the addi-

tion continued. 'Then all the alcohol was distilled, 

the mixture was steam distilled to a clear distillate. 

The residue in the flask, upon separation, weighed 

only 5.2 gin, assumed to be product. On this basis, the 

72 gm of steam distilled solids should have contained 

47,2 gm of p-toluidine by product, and 24.8 gm of 

p-nitrotoluene, unreacted. It was obvious that this 



method was not at all satisfactory. 

8. Prepartion of p-aminobenzaldehyde.  This 

preparation was based on the method described by Beard 

and Hodgson.1 Their work pointed out the necessity 

ethyl alcohol and sodium polysulfide as tetrasulfide in 

this reaction, and eliminated the slow addition, wed 

in )ther methods. 

Fifty gm p-nitrotoluene, 3n gm Na25•9"B[21, 12.5 

sulfur flowers, 22.5 gm sodium hydroxide, 600 ml of 

;later, And 3n0 ml of alcohol were stirred together with 

gond mechanical agitation, and heated to reflux, 84° C. 

After refluxing for 90 minutes, a clear homogenous 

mixture resulted, from which the alcohol was then 

distilled. p-Toluidine was then removed by steam 

distillation, and clear distillate was obtained after 

about 800 ml had passed over. A very small amount of 

oil (about 1 ml) separAted from the distillate, on 

standing. 

Most of the oily layer was separated from the 

reaction mixture while hot, and after chilling, the 

remaining oil wan removed. Thirty gm of Na2S2O5 in 

250 ml of water was added to the oil, and stirred. To 

aid mixing, ether was added, shaken, sad drawn off. 

The ether portion yielded 4 gm (9.6%) of 

p-aminobenzaldehyde. 



The aqueous portion was filtered and adjusted to 

pH with sodium carbonate. The precipitate was fil-

tered, washed with ice water, and dried. Yield, 10.5 

gm (23.7%)  of p-aminobenzaldehyde. Total yield, 33.3%. 

9. Prepatration of p-Aminobenzaldehyde. In view 

of snail portion of by product in the steam 

distitlate, in the previous experiment, a great deal 

more product p-aminobenzaldehyde was produced in the 

reactlon than was recovered. In order to increase this 

reclvery, and at the same time eliminate the emulsions 

encountered when shaking out with ether, (the oil solidi-

fies on cooling) an exhaustive liquid extraction with a 

higher boiling ether was proposed. 

The reaction was run as in the previous experiment, 

and after the steam distillation, the mixture was sent 

out for extraction with isopropyl ether, in a 

liquid-liquid extraction apparatus. After some hours of still 

extraction, the extract was returned and evaporated to 

dryness. Yield, 15 gm of light yellow orange p--amino 

benzaldehyde were obtained, (34%). It was later 

/earned that this extraction was not carried to 

exhaustion, as is done in Soxhlet principle 

extractions, 

Because of the time elapsed between reaction and 



extraction, a lot of the oil had solidified upon cool-

ing, and may have been harder to extract than a liquid 

would have been. 

10. Preparation or p-aminobenzaldehyde. In spite 

of emulsion possibilities, and lack of special 

equipment, a hot extraction of the reaction mixture was 

attempted. 

The reaction was run as before, but before the 

steam stripped mixture had cooled, below $00  Co  it was 

shaken out several times with isopropyl ether. Upon 

further cooling, oil became Very viscous, and aggra-

vated emulsion formation in subsequent extractions. 

The filtered extracts were evaporated and dried 

in vacuo, yielding 20.1 gm p-aminobenzaldehyde,(45.7%), 

The steam distillate was extracted with ether, and 

gave 4 gm of orange colored oil, which gave no phenyl 

hydrazone derivative. It therefore could have con-

tained only p-toluidine and unchanged p-nitrotoluene. 

p-Amino- and p-Acetamidocinnamic Acide  

The next series of experiments were made to check 

the malonic acid condensation described by Shopee,26  

and to investigate the necessity of acetylating p-animo 

benzaldehyde before the condensation was carried out. 



This acetylation is covered by Huey's patent,17 

and has' not been very successful in those methods tried, 

due to the tendency of the amino group to condense with 

the /aldehyde group in preference to becoming acetylated. 

Therefore, if p-aminobenzaldehyde will successfully 

condense with malonic acid to form the cinnamic acid, 

this p-aminocinnamic acid could then be acetylated with 

no further danger of self condensation. 

11. Preparation of p-acetamidocinnamic acid. 

Eleven land one half gm of p-acetamidobenzaldehyde, from 

experiment 5, and 7.48 gm of malonic acid were heated 

on a boiling water bath in 17.5 ml of pyridine and 0.7 

ml of piperidine. 

The pasty mass soon went into solution, and a 

steady evolution of CO2 began. After two hours, the 

evolution of gas ceased, and the mixture was poured 

into 200 ml of ice water containing 17.5 ml of glacial 

acetic acid. 

At this point, some precipitate formed, but most 

of the product separated as a viscous oil which slowly 

solidified upon cooling. ?he aqueous solution was 

filtered off, and the crude product recrystallized 

from boiling ethanol. Yield, 1.7 gm (11.8%), M.P. 

258° C. Pure p-acetamidocinnamic acid melts at 261° C. 



12. Attempted preparation of p-aminocinnamic mad. 

Twenty and one-tenth gm of p-aminobenzaldehyde, from ex-

periment 10, and 17.35 gm of malonic acid were heated 

with 41,4 ml of pyridine and 1.65 ml of piperdine as in 

the previous experiment. Upon pouring this mixture into 

700 ml of ice water and 44).5 ml of acetic acid, a small 

amount of precipitate and a large amount of red oil were 

obtained. 

The precipitate was separated, dissolved in sodium 

hydroxide solution, and reprecipitated with acetic 

acid. Upon drying, this tan precipitate melted at 1660  

C. The melting point of pure p-aminocinnamic acid is 

176° C. There was not enough of this material to weigh. 

The oil resisted solution with solvents, acetic 

aside  or sodium hydroxide, but dissolved in concentrated 

hydrochloric acid. After heating with charcoal, and 

filtering, the solution was mad. alkaline to pH 10 with 

sodium hydroxide. The lemon yellow precipitate was 

filtered, washed, and dried. This material melted 

above 280° C. and from its reactions, was assumed to be 

the hydrochloride of p-aminobenzaldehyde, which should 

melt some 2000  C above the melting point of the amine. 20 

It was apparent that since the p-aminobenzaldehyde 

war exposed to the action of the malonlc acid in this 



experiment, before the addition of the pyridine and 

piperidine catalyst, it must have formed a polymer, 

which later broke down to monomer when treated with 

concentrated hydrochloric acid. Therefore this experi-

ment was repeated, taking care to add the malonic acid 

to the mixture last. 

13. Preparation of p-aminocinnamic acid. 

Fourteen and one half gm of p-aminobenzaldehyde, from 

experiment 9, were suspended in a mixture of 29.8 ml 

of pyridine and 1.19 ml of piperdine over a boiling 

water bath. Twelve and one half gm of malonic acid 

were then added, and the mixture heated for two hours. 

The mixture vae then poured into 500 ml of les 

water containing 30 ml of concentrated hydrochloric 

acid. A large volume of orange precipitate was fil-

tered, washed, and dried. Crude yield, 13.4 gm (68.4%). 

A portion of the crude material was recrystallized 

from boiling water, M.P. 168° C. p-Aminocinnamic acid 

melts at 1750  C. A second portion was converted to 

the sodium salt, using sodium carbonate solution. A 

yellow precipitate formed upon neutralization with 

dilute hydrochloric acid, but as pH was lowered to 

decompose excess carbonate, it changed to a light 

orange color. This probably indicated the formation 



of the hydrochloride of p-amino cinnamic acid, first 

precipitated. This theory was borne out when the dried 

material was very difficult to melt (greater than 2800  

C). This hydrochloride is estimated to melt at 375° C, 
no data available. 

The hydrochloric acid was used in the initial 

precipitation, instead of acetic acid as in previous 

experiments, in order to aid solution of any unreacted 

p-amninobenzaldehyde which might tend toward oil forma-

tion with the p-aminocinnamic acid precipitate. 



EXPERIMENTAL SUMMARY 

Oxidation and Reduction of p-Nitrotoluene 

In order to better correlate the various reaction 

and recovery conditions tried in these experimental 

rune, the yields together with the more pertinent fac-

tors are tabulated below. 

Table I 

Yields and Conditions of Treatment 

Run Yield Remarks  
2 -- Reaction incomplete, no excess alkali. 

3 -- Flake polysulfide, products identified. 

4 11.0% Flake polysulfide, 43.4% by product. 

5 37.6% Hot chloroform extraction, Bisulfate 

isolation, no acetylation. 

nu Yield lost in acetylation. 

7 nil Reverse addition, little reaction. 

8 3.3% Sodium tetrasulfide, steam distillation, 

chilled separation, bisulfite isolation. 

9 34.0% Same, except cold continuous extraction. 

10 45.7% Same, except hot hand extraction. 

Discussion. The results tabulated above serve to 

point out the contribution of certain factors toward 

increasing yields in the simultaneous oxidation and 

reduction of p-nitrotoluene with sodium polysulfides. 



First, it is noted that sodium tetrasulfide pro-

vides more product with a minimum of by product than 

those polysulfides of other compositions. This also 

confirm the findings of Beard and Hodgson.1 

The main reason for the low yield in run 7 wee at-

tributed to low alcohol concentration by virtue of the 

reverse addition, and rapid removal of the solvent. 

Beard et al found this to be true, and also proved 

the advantage of ethanol over othsr alcohols. The 

presence of some methanol (Special Denatured alcohol 

#3A vas used in all these experiments), about 10%, may 

account for the fact that the yields reported with 

ethanol were not here realized. However, this last 

possibility has not been confirmed. 

The acetylation methods tried seemed to contri-

bute little toward preventing self condensation, or 

toward facilitating recovery. 

The use of steam distillation as a means of by 

product removal seems unnecessary, when sodium tetra 

sulfide is used, since the small percentage of 

p-toluidine by-product may be eliminated by other 

methods, 

The use of a hot solvent as a means of removing 

p-aminobenzaldehyde, while liquid, from the reaction 



mixture has given good recovery in runs 5 and 10. The 

use of chloroform, however, is not recommended in 

combination with amines and hot alkali, because of the 

formation poisonous and undesireable isocyanides. 

Isopropyl ether has proven satisfactory, and benzene 

might also be used. 

The bisulfite addition compound of 

p-aminobenzaldehyde has formed a pasty mass on every occasion and 

presents a lot of handling difficulties. This step 

might well be eliminated and isolation done by other 

means, possibly in the next step of the synthesis. 

The liquid-liquid extraction used in (9) affords 

the ideal method of recovery from the aqueous alkaline 

reaction Mixture. This special apparatus recycles a 

continuous flow of redistilled solvent through the 

aqueous liquid batch to be extracted. With suitable 

modification to keep the extraction chamber heated to 

Just below the solvent boiling point, the rate of 

solution would be greatly increased. In the case at 

hand, this is still more important since the material 

to be extracted becomes viscous, then solid, at lower 

temperatures. The lack of shaking in thin extractor 

also minimizes the formation of emulsions with the 

alkaline solution. 



The yields obtained by Beard et all were isolated 

by condensation with phenylhydrazone, a method which Is 

of no value, if p-aminobenzaldehyde in desired as 

product. 

Condensations with Malonic Acid. 

The only method tried in these condensations was 

that described by Shoppee 26  in his preparation of 

p-dimethylaminocinnamic acid. He reported a 78% yield 

in a similar condensation using p-acetamidobenzaldehyde, 

but rave no further details of the method. 

In the first condensation, p-acetamidobenzaldehyde 

was  used, but gave only 11.8% yield, due to enough 

impurities present to prevent proper crystallisation of 

the product. 

The second run (12), was made using 

p-aminobenzaldehyde, but since the reactants were not combined in any 

spacial order, a great deal of self condensation took 

place, and the run had to be repeated. 

Taking care to add the malonioc acid last, and us-

ing hydrochloric acid in the precipitation, produced a 

yield of 68.4% of p-aminocinnamic acid in run 13. This 

latter change -has the advantage over acetic acid as a 

precipitant, since impurities and by products such as 



p-toluidine and unreacted p-aminobenzaldehyde tend to 

remain in solution. This precipitation might well also 

serve as the main separation of by-product carryover 

from the oxidation-reduction reaction. 



CONCLUSIONS AND RECOMMENDATIONS 

Preparation of ,2-Aminobenzaldehyde 

Mechanism of the reaction.  As pointed out by 

heard end Hodgeon,1 the final products of the treatment 

of p-nitrotoluene with sodium polysulfide are deter-

mined by the composition of the polysulfide reagent. 

In order to promote oxidation of the methyl group, 

there must be sufficient loosely bound sulfur present 

to act se an oxidizing agent. This has been found to 

be most efficient when sodium tetrasulfide or an 

equivalent mixture is used. 

In an aqueous, alcoholic, alkaline medium, this 

sulfur attacks the methyl group of p-nitrotoluene (IX), 

and converts it to an aldehyde group, liberating hydrow 

gen sulfide. This hydrogen sulfide reacts with the 

alkali present, to form sodium hydrosulfide. As the 

result of sulfur load, the tetra sulfide becomes 

monosulfide, and then the monosulfide and hydrosulfide 

attack the nitro group, reducing it to amine. 

When monosulfide is present, reduction but no oxida-

tion takes place. 

The overall reaction may be represented by the 

equation: 



2 Na.,84 + 6 (cH3-Ph-N,)2) + 4 NaOH 

6(CHO-Ph.41H2) + 2 NaHB + 2 Na 243 + H23 

where 0.33 mol of sodium tetrasulfide and 0.67 mol of 

sodium hydroxide are required for each mol of p-nitro 

toluene. The oxidation of the methyl group takes place 

according to schematic representation given by Beard 

and Hodgson: 1  

Specific reaction conditions. The best conditions 

for proper direction or reaction procress are given in 

the following example. (One gm mol of p-nitrotoluene 

requires one-third gm mol of sodium tetrasulfide.) To 

600 ml of water are added in order, 22.5 gm of sodium 

hydroxide pellets, 3n gm of sodium sulfide nonohydrate, 

1? gm of sulfur flowers, 50 gm of p-nitro toluene, and 

30r ml of ethanol. If the latter must be denatured, 

Special Denatured formula 28 (benzene) is recommended, 

to avoid possible lowered yields from denaturants such 

as methanol. 

Good mechanical agitation is recommended from the 



start of the addition, through)ut the reaction time. 

Alen the reactants are all added, a reflux condenser is 

attached, and heating commenced. The reaction takes 

place over a 90 minute period at the reflux tempera-

ture, 84 - 85° C, 

Separation and recovery of product.  When the 

above reaction conditions are followed, only about 10% 

of by-products are formed. These have been successfully 

removed by steam distillation, but the high temperature 

involved may have a detrimental effect, such as 

accelerating polymerization of the desired 

p-aminobenzaldehyde. Therefore, a hot solvent extraction is 

recommended for the removal of all organic compound 

from the reaction mixture, and by-product separation 

may be done later. Isopropyl ether ham been quite 

satisfactory for this purpose, and benzene mitcht els* 

be used, The latter had the advantage of drying the 

extracted material as the solvent is distilled off. 

t.;.:aorinated solvents are not reco,imended. 

p-Aminobenzaldehyde crystallized lulte well from 

both imonropyl ether, and benzene, and -lay be re-

crystillized at this Point if desired, rather than be-

law completely recovered by evaporation. It is con-

cluded that in view rAtre followinT sten in t!-e 

pyri4t:esist  the removal of by rroducts may be easier 



after the malonic acid condensation, rather than by use 

of sodium bisulfite at this point. 

Preparation of p-Aminocinnamic  acid, 

Mechanism of Mechanism of condensation. When an 

aromatic aldehyde (XIII) is heated in a basic medium 

such an pyridine, with traces of a secondary base,  

piperidine, as a catalysts  the beta carbon of malonic 

acid (KY' condenses with the aldehyde group,  eliminat-

ing a molecule of water. Thin condensation produces an 

unsaturated beta diacid (XVI). The diacid is then 

partially decarboxyleted by lose of one molecule of 

carbon dioxide, and the unsaturated monoacid (VII) 

is produced. 

In the case at hand, it has been noted that one 

additional precaution is necessary, with p-amino 

benzaldehyde. In order to prevent self condensation by direct 

action of a strong (malonic) acid, it was found 



necessary to first combine the amino -aldehyde with the 

catalyst and basic medium, and add the condensing agent, 

malonic acid, last. 

Specific reaction conditions. The recommended 

procedure for the malonic acid condensation is set 

forth in the following example. To a solution of 1.19 

ml of piperidine in 29.8 ml of pyridine, is added 14..5 

gm of p-aminobenzaldehyde, and the mixture is heated 

to 1TO C. An equimolar quantity, 12.5 gm of malonic 

acid is then added, and the mixture stireed under re-

flux at this temperature for two hours. The evolution 

of carbon dioxide should have ceased, otherwise heating 

is continued until this occurs. 

Separation and recovery of product. The reaction 

mixture, Above, is poured with goad stirring, into 500 

ml of lee water containing about 3n ml of concentrated 

hydrochloric acid. At this Point, any p-toluidine by 

product from the previous reaction, and any unreacted 

p-aminobenzaldehyde present should dissolve as their 

hydrochlorides, leaving the p-aminocinnamic acid to be 

precipitated out. 

If this precipitation is to be combined with the 

aforementioned separation, it is recommended that the 

precipitated acid be redissolved In sodium hydroxide, 



filtered to remove additional amino-aldehyde , and 

renreci:oitated with hydrochloric acid. This laqt 

newtrnlisation should be carried only to ra sirvIt 6.5 

in orner to avoid hydrochloride formation at low pH. 

Cootnetpn  of theSynthettip 

following. recoryiendations are not nupported by 

er,crimental findino.s, since the preparations lie be-

sone. the scope of thin paper. 

ireoaratiop of p-ace-kando0.nnamio ac3d,  T,Ats 

Areparation poeseals no ap-arent difficulty in the 

form if side reactions, axe that no aldehyde grou: la 

present. Therefore it op ,ears thl.t a tltright -iorward 

aschtylRtin with acetic anhydride could be easily done, 

?relmratio off' p7acetamidocinnanic peters, The 

only 'method found in the literature6 for such an ester-

ific...Aon was accolilhe by the Fiseler-Speler rlethrld, 

usiai; a solution of the substituted cinnamic acid in 

the prover alcohol, catAlyted by a strewn of Ory 

hydroren chloride. 



SUMMARY 

A number of variations of the simultaneous oxida-

tion and reduction of p-nitrotoluene were Poland In the 

liter,  tore. The variations of Feard and Hodgson,' 

Campaigne, e v a1,16 ?Noy and Rollschafer i l? inri 

Li.,ber-ran and Oonnsr21 were tried exnerimentally. 

The retion conditions of Befasd v 4,4eson' 

found to 'r'duee the bent yield 5. 

Lu view or a more convenient separation of by 

proaucte after conversion of p-aminobenteldehyde to 

p-asanocin4amic acid, it was found that steam stri7ring 

of by 7roducts, imnedintely following the for-latin f 

los.nmiaribenzaidohyde t  could be omitted. 

'.Cher Inconvenient isolation of p-aminoben7a1e,ehyde 

through its sodium binulfite addition comound was aleo 

found t) be unnecesery for the reasons junt given. 

A Oot solvent extraction -f renction riixture 

was flund to be the most efficient method for recovery 

*f ..-aminobenzaldehyde o  regardless of reaction condi- 

Through the use of A solvent eytrpctiln, tta crude 

p-aminobenzaldehyde was obtp,ined in a form suitable for 

use in the rnslonio acid condensation. These ,)-amino- 



beraidehyde orystals were sufficiently stable over 

sn:)rt -leriods that the nr,Atd for acetylation at this 

Point was found to be unnecessq.r7. 

'.he melonic acid oondensation methnd described by 

waa found to b. quite satisfactory*  :.1.ovided 

tilat tire maloais aeld was added to the resotton mixturP 

The nresipitatim or 2-aminocinnamic I,c1C , re 

dissolutlin of entr-ined p-toluielne s  Icar flund to be 

ruceest.ful when hydrlehloric acid W4B subAtitutec:1 for 

th! neetic acid used by 3hopree.76 
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