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180. Reactions of Alkylisofor.nzunilicles. Pa$? I .  With Carboxylic Acids, 
Xu lphonic Acids, and Xulphonamicles. 

By EDWARD B. I ~ O T T .  
Alkylisoformanilides react with carboxylic acids in alcoholic solution giving dipke~a.ylfo7nza~nidine salts 

and alkyl orthoformate. Fusion of the reactants a t  160" or above results in the formation of an anilide 
together with an alkyl ester of the acid, ethyl formate, aniline and carbon monoxide. An anilide and carbon 
monoxide result from fusion of the diphenylformamidine salt at high temperature. Arylsulphonic acids react 
in alcoholic or aqueous solution to  give diplaeiz~~lfov~.ttavtzidine avylsulphonates whilst arylsulphonamides give 
hT-a~ylsuZplzonyl-K '-phenylfovnzai~iidiizes. 

THE alkylisoformanilides (alkosymethyleneanilines or Ar-phenylformirninoethers) have received scant attention 
since their preparation by Comstock and Kleeberg ( B e y . ,  1890, 23, 2274 ; Anzer. Chenz. J . ,  1890, 12, 497) and 
by Claisen (AnnaZen, 1895, 287, 362). The ease with which the alkoxy-group is eliminated by interaction with 
primary or secondary amines yielding derivatives of N-phenylformamidine was reported by Comstock et aZ. 
(Zoc. cit.). Monier-Williams (J . ,  1906, 89, 274) condensed them with arylmagnesium bromides to give a d s  
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whilst Wheeler and Walden (Amer. Chewz. J . ,  1897, 19, 130) showed that they reacted with acid chlorides yield- 
ing N-acylformanilides with the elimination of alkyl chloride. It is known (Comstock et al., loc. cit.) that these 
ethers are decomposed s l o ~ l y  by moisture and rapidly by aqueous mineral acids to give diphenylformamidine 
or its salts. It was thought to be of interest to determine the activity of organic acids towards them. 

For the initial experiments, absolute alcohol was used as solvent, and in most cases the reaction took place 
rapicllv on warming the solution. In  the majority of cases the chief reaction products were diphenylformamidine 
salts, the only exceptions being the mono-carboxplic fatty acids from isobutyric acid upwards which did not 
react under these conditions. Hydroxybenzoic 2nd furoic 
acids as well as benzene- and the toluene-sulphonic acids, however, all gave mono-acid salts. Since naphthalene- 
2-sulphonic acid gave a di-acid salt in absolute alcohol and a mono-acid salt in aqueous alcohol the formation 
6f mono-acid salts from benzene- and the toluene-sulphonic acids map be explained on the basis of hydrolysis 
by water, present either as solvent in the case of benzenesulphonic acid or as water of crystallisation in the 
cases of the toluenesulphonic acids. The formation of mono-acid salts from the hydroxybenzoic and furoic 
acids cannot be due to  hydrolysis since no water was present. Moreover, even in aqueous alcohol such acids 
as benzoic or oxalic gave only di-acid salts. Since acids giving di-acid salts such as benzoic, succinic, P-benzoyl- 
propionic or P-phenylpropionic are all much weaker acids than either furoic or salicylic acids, mono-acid salt 
formation does not appear t o  be a function of acid dissociation constants. This is further exemplified by the fact 
that P-hydroxybenzoic acid, which has a strength similar to P-benzoyl- or P-phenyl-propionic acid, gives only the 
mono-acid salt. 

Rq- recrystallisat ion of d~~;phe , iy l fon iza: i i~~i I te  p-tolue~iesi~lphoiiatc from an anhydrous solvent the di-p-toluene- 
sulphommk was obtained. The identity of the salts was checked by their formation from diphenylformamidine 
and the appropriate acid. Those acids which gave di-acid salts in the above reaction gave the s3me salts with 
diphenylformamidine even wheE mised in molar proportions. These salts, apart from those derived irom 
the lower fatty acids, are stable and have well defined m. p.s which may be used in characterising the acid. The 
acetste decomposes on keeping to a brown oil. In  all cases the reaction liquor, on boiling, had a strong odour 
similar to that of ethyl orthoformate. This by-product was isolated in one case in which malonic acid reacted 
with ethylisoformanilide in ethyl alcohol. It was ethyl orthoformate. 

The mechanism of this reaction has not been examined, but in the presence of ethyl alcohol the gross reaction 
appears t o  follow equation (I) : 

In a n  attempt to isolate intermediate reaction products, benzoic acid and ethylisoformanilide were heated in 
achydrous benzene but, apart from a little diphenylformamidine salt, much of the isoformanilide was recovered 
together with a little phenyl isocyanide. 

Although the majority of fatty acids did not react in alcohol, on fusion with methylisoformanilide a t  160" 
there was a x-igorous evolution of volatile substances leaving a residue which solidified in most cases. This 
consisted chiefly of the anilide. By this method anilides of all normal fatty acids from acetic to lauric acids 
and of isobutyric, isovaleric, and isocaproic acids were prepared. In  a similar way, the anilidcs of phenylacetic 
and P-phenylpropionic acid were produced at 160". The conversion of benzoic acid to its anilide required a 
temperature of over 200". This reaction was studied more carefully employing phenylacetic acid and ethyl- 
zsoformanilide ; all the products of decomposition were fractionated and found to consist of carboii monoxide 
and ethyl formate in the primary distillate and aniline, ethyl phenylacetate and phenylacetanilide in the 
secondary distillate. The latter two products were formed in roughly equivalent amounts accounting for nearly 
all the phenylacetic acid employed. 

From the nature of the reaction products, anilide formation was not a simple decomposition of the diphenyl- 
formamidine salts. The acetate gave pure diphenyl- 
formamidine whilst other salts remained unchanged. On fusion at 200", hoivever, the di-phenylacetate and 
di-9-phenylpropionate readily lost carbon monoxide and gave high yields of anilides. Similarly, the dibenzoate 
gave benzanilide at 250". 

hrylsulphonic acids reacted more vigorously than analogous carbosj-lic acids, and in alcohol or water no 
application of heat was necessary. Fusion of p-toluenesulphonic acid and methylisoformanilide a t  250" gave 
an insoluble powder which was not investigated further. 

In  view of the reactivity of amines towards alkylisoformanilides, the condensation of the reactive sulphon- 
amides seemed to be of interest. Toluene-p-sulphonamide reacted readily in boiling alcohol, and as in the case 
of condensation with aniline, elimination of alcohol occurred giving N-toZ.uene-p-suZphonyl-N'-phenylfovnz- 
aznidine (IV; R = Me). Acetylsulphanilamide did not react under these conditions; fusion of the reactants 
a t  140" caused rzpid evolution of alcohol with the formation of N-ace tyZsuZpha i z iZyZ-~ ' -~~e~zy~o~~zaP~z id~ne  
(IV ; R = *KHA4c) in high yield : 

R C ) S O , N H ,  + MeO-CHXPh --+ R/-\SO,.NHCH(OMe).NHPh --+ RC)SO,-N:CH.NHPh + MeOH 

For the most part di-acid salts were obtained. 

2PhN:CHOEt + 2R.C02H + EtOH --+ PhN:CH*NHPh,2R.CO2H + CH(OEt),  (I.) 

The gross reaction is thus represented by (11) : 
2PhXCHOEt  f ZR*CO,H --+ PhNH-CO-R + R.CO,Et + H*CO,Et + PhSH, + CO (11.) 

This was also indicated by fusion of the pure salts a t  160". 

In this case anilide formation may be represented by (111) : 
Ph?;:CH*;?;HPh,2R*CO2H + 2PhXH.CO.R + CO + H,O (111.) 

P.) u 
This condensation proceeds presumably through the addition compound shown. Hydrolysis of (IV ; r\ = 
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NHAc) with alkali  under mild conditions gave only acetylsulphanilamide whilst acid hydrolysis yielded 
sulphanilamide. The method of Kwartler and Lucas ( J .  Amer. Chem. SOC., 1943, 65, 355) for t h e  hydrolysis 
of analogous sulphanilylamidines was applied b u t  only sulphanilamide could be isolated. Sulphanilamide also 
condensed wi th  t h e  reagent b u t  t h e  product consisted chiefly of N-p-sz~ZphonamidophenyZ-N'-phenyZfomz- 
anzidine : 

PhNH*CH:NC)SO,SH, (V.) 

The formation of (IV ; R = NH,) from p-nitrobenzenesulphonamide a n d  an alkylisoformanilide followed by 
catalytic reduction has n o t  been attempted. 

EXPERIMENTAL. 
(Microanalyses are by Drs. Weiler and Strauss, Oxford. 

Methylisoformanilide was prepared by the method of Lander ( J . ,  1903, 83, 417). It can also be prepared according to 
Comstock and KIeeberg (Zoc. c i t .  ; cf. Monier-Williams, Zoc. cit.). Ethyli'soformanilide which can be used instead of the 
methyl ether is best prepared by the method of Claisen (AnnuZen, 1895, 287, 362). 

Condensation Reactions.-(a) I n  alcohol : Molar quantities of the reagents in a minimum of ethanol were refluxed 
for 30 minutes. Arylcarboxylic acids and sulphonic acids usually gave a precipitate during the refluxing SO that  i t  was 
advisable to  dissolve the acid in the alcohol before adding the methylisoformanilide. When crystallisation did not occur 
on cooling a little ligroin was added. (b) Fusion : For these experiments the reactants were immersed in the oil bath 
a t  140-160" with a piece of porous porcelain, the cessation of bubble formation indicating the end of the reaction. 
This usually occurred within 30 minutes. 

TJze Fusion of Phenylacetic Acid and Ethylisofovmanilide (11) .-Ethylisoformanilide (29.8 g. ; 0.2 mol.) and phenyl- 
acetic acid (27 .2  g. ; 0-2 mot) were fused a t  160" for 60 minutes, provision being made to collect the distillate. Ethyl 
formate, b. p. 54" (5 g.; 68%), was collected (Found : C, 48.5;  H, 8.0. Calc. for C3H602 : C, 48-68; H, 8.1%). 
The residue was distilled until the vapour temperature was 230". The distillate, consisting of a mixture of ethyl phenyl- 
acetate and aniline, was shaken with dilute hydrochloric acid, the insoluble oil taken up in ether, dried and distilled 
giving ethyl phenylacetate, b. p. 227-228' (15.1 g., 92%) (Found : C, 73.6; H, 7.~2. Calc. for C,0H1,02 : C, 73-15; 
H, 7.3%). Aniline, b. p. 184-188" (6.4 g. ; 69%) 
(Found: N, 15.1. Calc. for C6H,N: N, 15.05%), was obtained. The residue from the secondary distillation was 
recrystallised from alcohol giving phenylacetanilide, m. p. 117" (19.3 g., 91.5%). Mixed m. p. with authentic specimen, 
117" (Found : N, 6.85. 

N-ToZuene-p-suZphonyZ-N'-phenyZfo~~a~z~di~~.-Tol~~ene-p-sulphonamide (1.71 g. ; 0.01 mol.) and methylisoform- 
anilide (1.35 g. ; 0.01 rnol.) in ethanol ( 2  c.c.) were refluxed for 15 minutes. During this time the liquor set to a mass of 
white crystals. They were collected and crystallised from alcohol forming fine white needles, m. p. 202-207" (1.7 g., 
62%). The amidine is insoluble in cold aqueous sodium hydroxide but dissolves on warming (Found: N, 10.25. 
C,,H1,02N2S requires N, 9.95%). 

~-A~etyZs~~Z~h~niZyZ-N'-phenyZfornza.wlidi~e.-Acetylsulphanilamide (6.49 g. ; 0-03 mol.) was finely ground and covered 
by methylisoformanilide (4.05 g. ; 0-03 mol.) in a wide-necked flask. The mixture was immersed in an oil bath at 140" and 
stirred. The continued stirring 
allowed the formation of grains instead of a solid mass. The flask was cooled, the solid washed with ether and collected 
(8.7 g., 92%). It crystallised slowly from alcohol in tiny rosettes of needles, m. p. 248--249", fluorescing blue in ultra- 
violet light and insoluble in coId aqueous sodium hydroxide (Found: N, 13-0; s, 9.95. C,,Hl,03N3S requires K, 
13.25; S, 10.1%). 

HydvoZysis.-(a) Sodium hydroxide : On dissolving the above in 2; mols. warm 10% sodium hydroxide and neutralis- 
ing the cooled solution acetylsulphanilamid e was recovered. (b) Hydro- 
Chkmc acid : On refluxing for 30 minutes with 2~ hydrochloric acid followed by neutralisation, sulphanilamide separated- 
A shorter reaction time and lower temperatures gave only sulphanilamide or acetylsulphanilamide. Shaking for 24 hours 
in 20 yo alcoholic hydrochloric acid a t  room temperature gave sulphanilamide. 

M. p.s uncorrected.) 

The acid extract was basified, extracted with ether and distilled. 

Calc. for CI4Hl,ON : N, 6.65%). 

After a short while there was a vigorous evolution of methanol, and the whole solidified. 

A strong smell of phenylisocyanide was noted. 

Acid. 
Acetic-Lauric 
Oxalic 
Malonic 
Succinic 
Glu taric 
Phen ylacetic 
fi-Phen ylpropionic 

8- Benzoylpropionic 

Cinnamic 
Renzoic 

Salicylic 
p-H ydroxybenzoic 
Furoic 

Benzenesulphonic 11 
o-Toluenesulphonic 
p-Toluenesulphonic 
2-Naphthalene- 

sulphonic 

31. p. of 
Reaction temperature. diphenyl- 
/ formamidine 

78". 140-160". salt. 
- Anilide - 

Di-acid salt ? 166" 
170 

,, 160 
135 

I ,  I, 79 

, I  ? 139 

3 ,  Aniiide 99-100 

,, Di-acid salt 119 

Mono-acid salt ? 164 
,, 195 
,, 144 

I ,  166-167 
I > 9  194 

I ,  3 ,  215 
Di-acid salt 267 

178-170 
(LAni&'e a t  2500) 

Analyses (% N). 

Crystal form. Formula. Found. Required, 
- - 

I - 
10.15 9.8 Cubes Q C 1,Hl,O,NZ 
9.0 9.35 

Needles Q CL6H1604N2 Cl 7H 18°,N2 8-8 8.95 
8.45 8.65 

Irregular § 
Needles 9 1 8H200,N2 - - Lustrous needles t - 
Needles t C31H3204N2 5.75 5.65 

( 5-06 5.1 
Glistening plates C3,H,,0,S, J C, 71.75 71.8 

needles 4 [I€,  5.85 5.8 
5.8 5.7 
6-45 6.25 Prisms Q C31H2804NZ 

Needles 8 C 2 7 H 2 4 0 4 ~ 2  

Needles 4 C!20H1803S2 8.6 8.4 
8.75 8.4 
9.25 9.1 

Xeedles Q C20H 18°3N2 
Cream needles $ C18H1603N2 

(alcohol cryst.) 
Needles 1 C1,H,,O3X2S S, 8-95 9.0 
Plates j: CzoHzo03N2S S, 9-0 8.7 
Needles $ CzoH2003N,S S, 9.05 8.7 

4.6 
Pearly plates 3 c,,H,,o,N~s~ {-I 10.45 

* Heller, KUhn (Bev.,  1904, 3'9, 3116) gave m. p. 177-178". 4 From ethyl alcohol. 
t From isopropyl ether. 1 From methyl alcohol. 

/ /  A 30% aqueous solution of benzenesulphonlc acid was used. 
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Sulphanilanzide and Methy1isoformanilzde.--Sulphanilamide (1.72 g. ; 0.01 mol.) and methylisoformanilide (1.35 g. ; 

0.01 mol.) were fused at 130" for 5 minutes by which time the whole had solidified. It was washed-out with ether, 
dissolved in hot spirit, filtered and hot water added until the filtrate was opalescent. On cooling, microscopic needles 
separated in clusters, m. p.  192-195". Only a small amount of the substance was obtained; i t  did not contain a free 
amino-group and was, probably, N-p-suZphcizarnidophenyZ-N'-phenylforrnaruzidine (Found : S, 11.41. C 13H,,02N,S 
requires S, 11.66%). 

Diphe.lzyZfornzamidine 2-naphthalenesulphonate, obtained by mixing molar amounts of base and acid in alcohol, or by 
C,,H,,O,N,S 

DiPheizylforrnanzidine di-p-toluenesulphonate obtained from the base and acid formed colourless needles from alcohol- 
C,,H,,0,N2S, requires s, 11.85%). It is also obtained on recrystallizing the 

A summary of the general results is given in the foregoing table. 

allowing the acid and alkylisoformanilide to  react in aqueous alcohol, had m. p. 205' (Found : S, 7.8. 
requires S, 7.95%). 

ether, m. p. 240' (Found : s, 11.95. 
mono-acid salt from absolute alcohol-ether. 
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