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 HYDROXAMIC ACIDS FROM ALIPHATIC DICARBOXYLIC ACIDS CHARLES D . HURD
 
 AND
 
 DONALD G . BOTTERON’
 
 Received September 6,1945
 
 Most of the story about hydroxamic acids has been developed from work with derivatives of the monocarboxylic acids, although the first hydroxamic acid discovered was that of a dicarboxylic acid. Lossen (1) obtained oxalohydroxamic acid in 1869 by the interaction of ethyl oxalate and hydroxylamine. Other workers (2) have extended its chemistry, including rearrangement of its benzoyl derivative to hydrazine (3). The terminology of the hydroxamic acids is patterned after that of amides because the former are but hydroxyamides with acid properties. Hence, just as CH2(CONHJ2 is named malonamide (not malonodiamide) so also CH2(CONHOH), is named mslonohydroxamic acid (not -dihydroxamic acid). The name malonobenzoylhydroxamic acid, CHZ(CONHOCOC~H~)~ , follows precedent of substituted amides, e.g. malonomethylamide for CHz(CONHCH& . Half hydroxamic acids are named as derivatives of half amides. An illustration is N-hydroxysuccinamic acid , HONHCOCH2CH2COOH,derived from succinamic acid. Hydroxamic acids related to higher aliphatic dicarboxylic acids were known prior to this study but their rearrangement had not been reported. Malonohydroxamic acid was synthesized both from ethyl malonate (2) and from carbon suboxide (4). Suberohydroxamic acid was made (7) by interaction of suberaldehyde and sodium nitrohydroxamate. Both succinohydroxamic acid and Nhydroxysuccinamic acid (I) were prepared, the former (5) from ethyl succinate and the latter ( 6 ) from either succinic: anhydride or succinyl chloride. Acetic anhydride causes cyclization of I.
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 Structure I11 seems more plausible for the ring structure than I1 because I11 conforms to the pattern of the diacylated hydroxylamines or “dihydroxamic acids”, RCONHOCOR. The product actually isolated by Errera was an acetate of I11 for which he proposed structure IV . Another reasonable structure is V. The same substance was formed also by reaction of acetic anhydride on succinohydroxamic acid. 1
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 Two years after the completion (1942) of the present work announcement was made (8) of the syntheses of adipohydroxamic acid and sebacohydroxamic acid by using the established general method involving reaction of the corresponding esters with hydroxylamine i n the presence of sodium methoxide. Rearrangement to tetramethylene isocyanate and octamethylene isocyanate, respectively, was accomplished by suspending the hydroxamic acids in xylene and treating with phosgene or thionyl chloride. The present work deals with the hydroxamic acids of malonic, succinic, adipic, and sebacic acids. Crystalline sodium salts, usually containing solvent of crystallization, of all these compounds were prepared by interaction of the appropriate ethyl ester with hydroxylamine and an alcoholic solution of sodium ethoxide. The malonic and succinic salts were extremely deliquescent. Cupric salts were prepared by interaction of the sodium salts with aqueous cupric acetate solutions. Cupric malonohydroxamate remained in colloidal suspension but the succinohydroxamate and adipohydroxamate separated readily. Treatment of the last two cupric salts with hydrogen sul6de represented one method of conversion to the free hydroxamic acids. Succinohydroxamic acid was a waxy solid, which is in contrast to the oil reported by Hantzsch and Urbahn ( 5 ) . An insoluble ammonium salt was obtained by adding ammonium hydroxide to an alcoholic solution of the acid. It is characteristic of hydroxamic acids (9) to form insoluble acid ammonium salts. Sebacohydroxamic acid was sufficiently insoluble in water that precipitation of it in good yields occurred when a solution of the sodium salt was acidified. TO obtain adipohydroxamic acid from aqueous solution the latter was evaporated to dryness and the residue extracted with alcohol. To prepare malonohydroxamic acid from the sodium salt an alcohol solution was used. Even with this precaution it was found necessary to concentrate the solution at room temperature to avoid decomposition. Lashrymatory vapors, including formaldehyde, were formed if a boiling temperature was used. This is understandable if rearrangement to methylene isocyanate occurred: CH2(CONHOH)Z --+ CHZ(NC0)Z
 
 + 2H20
 
 because it should hydrolyze readily to formaldehyde. Simple benzoylation occurred when suspensions or solutions of the sodium salts of malono-, adipo-, or sebaco-hydroxamic acids were treated with benzoyl chloride. The derivatives formed were malonobenzoylhydroxamic acid, CH2-
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 (CONHOCOCeHJ2 , adipobenzoylhydroxamic acid, and sebacobenzoylhydroxamic acid. To make the first of these three derivatives it was necessary to use anhydrous conditions. If an aqueous solution of sodium malonohydroxamate was taken, dibenzohydroxamic acid was formed instead, a process evidently involving preliminary hydrolysis to hydroxylamine (10) and benzoylation of the latter. Sodium succinohydroxamate underwent cyclization into benzoylsuccinylhydroxylamine (VI or VII) when treated with benzoyl chloride. The hydroxylamine which was detached in this process reacted with benzoyl chloride to form dibenzohydroxamic acid. No carbanilide was CHz
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 able to putrescine this suggests that rearrangement occurred a t both ends of the molecule. To visualize this,, one may consider detachment of sodium benzoate t o form the hypothetical intermediate (VIII)which rearranges to tetramethylene isocyanate (IX), partial hytlrolysis of which should give rise to 4-aminobutyl isocyanate (X). This should polymerize to a urea containing the recurring unit (XI). CON
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 Such a urea, however, would contain 24.56y0 nitrogen, in contrast to the 15.08 actually found. It is fruitless to speculate now concerning the composition of this polymer but work is going forward towards its characterization. It is of interest to note that Cupery (8) obtained an impure sample of I X by interaction of phosgene with adipohydroxamic acid, suspended in xylene. An important difference in our conditions was the presence of water which would react with IX. Similar observations were found for the rearrangement of sodium sebacobenaoylhydroxamate. The insoluble precipitate, formed by boiling the aqueous solution, possessed a nitrogen content of 12.4% as contrasted t o 16.5% for a polymer containing the -NH(CH&NHCOnucleus. The product was inhomogeneous, since hot alcohol was capable of extracting part of it. The material broke down on drastic hydrolysis into l,€Loctanediamine and a small amount of benzoic acid. Work on the characterization of the polymer is being continued. EXPERIMENTAL PART
 
 Preparation of the sodium hyclroxamates. The general method of preparation was to mix one mole of ester, two or more moles of hydroxylamine, and two moles of sodium ethoxide with absolute alcohol as solvent. The hydroxylamine solution was prepared by adding the calculated quantity of sodium ethoxide in absolute alcohol to an alcoholic solution (or suspension) of hydroxylammonium chloride. Phenolphthalein indicator was used for the end point. Sodium chloride was atered off and the solution of hydroxylamine was poured directly into the ester. Precipitstion of the desired sodium salt began soon after the sodium ethoxide solution was added but the mixture was usually left several hours to ensure complete reaction. Ethanol was favored as solvent over methanol because of the greater solubility of the salt in methanol. If 95% alcohol was used with the malonate or succinate only gummy or sirupy products resulted. These two salts were extremely deliquescent. Details of some representative runs are presented in Table I. , Except for the adipic derivative, analysis revealed solvent of crystallization in all these salts. Preparation of the hydroxamic acids. To prepare malonohydroxamic acid 17 g. of the sodium salt was added to an equivalent amount of hydrogen chloride in ethanol (50 ml. of 2.8 N ) . After two hours, during which the mixture was shaken occasionally, it was filtered to remove sodium chloride, and evaporated a t 20 mm. pressure and 25'. The crude residue Pure malonohydroxamic acid (4) is known t o melt a t 155". Cupric melted a t 144-147'. succinohydroxamate precipitated when aqueous solutions of cupric acetate and sodium
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 succinohydroxamate were mixed. This was separated, washed with water and methanol, suspended in methanol, and the latter was saturated with hydrogen sulfide. On filtration and evaporation a syrupy residue was left, which changed to a low-melting waxy solid on desiccation over sulfuric acid. When 0.2 g. of this succinohydroxamic acid was treated with 2ml. of conc'd ammonium hydroxide an ammonium salt separated which melted a t 1&181°. Adipohydroxamic acid was prepared in like manner from the cupric salt, but i t was more convenient to prepare it by acidification of an aqueous solution of the sodium salt with two equivalents of glacial acetic acid or with the calculated quantity of dil. hydrochloric acid. The mixture was evaporated to dryness a t 100' and the residue extracted with hot alcohol. Several crystallizations from alcohol were required to bring the m.p. to 165165.5'; yield, 75435%. Analytical values obtained on this compound were satisfactory for adipohydroxamic acid monohydrate. That both nitrogens in this material were of hydroxamic acid character was demonstrated by the fact that it reacted only very slowly with
 
 TABLE I SYNTHESIS
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 P
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 Malonate. ..... . . . . 80 0.501.0 loo0 25 1.1 500 78 Succinate. . ..... .. . 79. .461.0 850 23 1.0 450 99 .431.2 1050 20 0.87450 123 Adipate ... .. . .... . 88 .461.8 1000a 21 .92450" 91 Adipate ... .. . . . . .. 93 .230.55 500 11 .48250 49.5 Sebacate.. . . . . .. . . 59
 
 drying
 
 Found
 
 wacuo19.6,20.1 vacuo19.0 air wacuo20.4 wacuo15.5
 
 % > a , 4 2 2 S J G --25.820.5 24.0 19.3 20.9 16.6 14.3 15.6
 
 Methanol solvent. This was concentrated to 400 ml. before collecting sodium salt. Anhydrous salt. c Salt lCzHaOHof crystallization. d Salt lHzO of crystallization.
 
 a
 
 + +
 
 a 2% potassium permanganate solution. If one of them had been a hydroxylammonium salt (as -C02NHsOH) i t would have reacted quickly (11). . H 14.43. ~ O : Found (Dumas) : N, 14.04, 14.03. Anal. Calc'd for C ~ H I ~ N ~ O ~ N, Sebacohydroxamic acid monohydrate was prepared similarly in 7.9 g. yield (crude) from 10 g . of the sodium salt in 90 ml. of water treated with 4 g. of glacial acetic acid. Two recrystallizations from 95% alcohol yielded 4.4 g. (52%) of the hydrate, m.p. 134136". The m.p. of the anhydrous acid (8) is listed as 164". N , 11.19. Found, (Dumas, micro): Anal. (by T. S. Ma) Calc'd for CIOH%ON~O~"ZO: N, 10.94. Benzoyl derivatives. Benzoyl derivatives of malono- and succino-hydroxamic acids were prepared by adding 2.5 molar parts of benzoyl chloride to a suspension of the sodium salt in an %fold quantity of ether. After the initial exothermic reaction subsided, the mixture was refluxed (4 hrs., malonic; 0.5 hr., succinic). The solid which separated was collected on a filter, washed with water to remove sodium chloride, dried, and crystallized from alcohol. Details of representative runs are listed in Table 11. Benzoylsuccinylhydroxylamine was also prepared in 98% yield by refluxing for two hours a mixture of succinohydroxamic acid (4.2 g.), pyridine (5.9 g,), benzoyl chloride (6.7 g,), and benzene (120 ml.). The pyridine hydrochloride was separated, the solvent removed, and the residue was crystallized from ethanol; m.p. 134-135".
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 The adipic and sebacic derivatives were prepared by shaking benzoyl chloride with aqueous solutions of the sodium salts for about fifteen minutes. The insoluble benzoyl derivative was filtered off and cry&llized from alcohol. See Table I1 for data on specific runs. Sodium salts of the malonic, adipic, and suberic benzoyl derivatives were prepared by suspending about 1-2 g. of the acid in question in 25-50 ml of absolute alcohol and adding 2 molar parts of sodium ethoxide in 5 3 0 ml. of absolute alcohol. This caused the benzoyl derivative to dissolve, but 75-98% separations of the sodium salts appeared after a day a t 0". Analyses of benzoyl derivatives. Malonobenzoylhydroxamic acid. Calc'd for C I ~ H I ~ N ~ O ~ : N,8.18;mol. wt., 342;neutr. equiv. 171. Found: N, 7.80 by Dr. T. S. Ma; mol. wt. (cryoscopic in dioxane), 336;neutr. equiv., 169.6,by titration to phenolphthalein end point. The cryoscopic constant of dioxane was found to be 4.62using dibenzohydroxamic acid as solute. Sodium salt. Calc'd for CIVHIZN:!N~ZOS: Na, 11.9. Found: Na, 11.4. BenzoylsuccinylhydroxyZamine. Calc'd for C llHsNO4: N, 6.40; mol. wt., 219. Found: N, 6.39,6.27;mol. wt. (dioxane, sol.vent),226. Adipobenzoylhydroxamic acid. Calc'd for CZOHZONZOS: N, 7.29; neutr. equiv., 192. Found: N, 7.04, 7.44; neutr. equiv., 192.2 (ave. of five determinations). Sodium salt. Calc'd for CzoHlsNzNazOs:Na, 10.75. I ound: Na, 10.41. TABLE I1 DERIVATIVES
 
 13ENZOYL
 
 Name
 
 I
 
 g.
 
 -
 
 g.
 
 B.
 
 %
 
 m.p., 'C
 
 58 16 5.7 16.8
 
 47 8 4.2 13.7
 
 66 88 70 66
 
 177-179 135-136 187 162-163
 
 M, malonohydroxamate SUC.,succinohydroxamate
 
 A, adipohydroxamate Seb., sebacohydroxamate
 
 Sebacobenzoylhydroxamic acid. Calc'd for CZ&~NZO(: N, 6.36;neutr. equiv. 220. Found :
 
 N, 6.20; neutr. equiv., 226. Sodium salt. Calc'd for C Z ~ H ~ & ~ NNa, ~ Z 9.49. O ~ : Found: Na, 9.29. Rearrangement of benzoyl derivatives. Sodium malonobenzoylhydroxamate. The salt was made by dissolving 0.05 mole of the acid (17.1 g.) with 0.10mole of sodium hydroxide solution in 202 ml. of water. This clear solution was heated to boiling till the precipitate of sym-diphenylures which appeared had coagulated. When cool it was filtered off. The yield was 1.28 g. or 24%; m.p. 23'7-238". When an excess of alkali was taken (0.01mole of the acid, 0.04 mole sodium hydroxide in 73 ml. of water) and the solution. kept for ten hours a t room temperature there was hydrolysis of the benzoyl groups and not rearrangement. Acidification with acetic acid (0.05 mole) caused the separation of 1.3 g. (0.01mole) of benzoic acid. One gram of sodium acetate was added to the filtrate, the solution was then concentrated a t 100" and, when cool, 3 ml. of strong ammonium hydroxide was added. The ammonium hydrogen malonohydroxamate which separated was crystallized from a mixture of ethyl acetate and ethanol; m.p. and mixed m.p. 142-143". The value reported by Lossen (lb) was 141". Our salt depressed the m.p. of the ammonium salt of dibenzohydroxamic acid from 146-147" to 128135". Sodium adipobenzoylhydroxamate. The sodium salt from 18.1 g. of adipobenzoylhydroxamic acid was dissolved in 190 ml. of water. Boiling the solution rapidly caused pre-
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 cipitation of 4.63 g. (dry weight) of white eolid. Concentration of the filtrate gave rise t o 13.6 g. of impure sodium benzoate. The white solid was high-melting (above 310") but melted on platinum foil. It was insoluble in alcohol, acetone, dioxane, camphor, 5% hydrochloric acid, and 5% sodium hydroxide solution. It was partially soluble in boiling acetic acid, and was moderately soluble in phenol. Kjeldahl analysis revealed 15.08% nitrogen. Two grams of the substance and 25 ml. of conc'd hydrochloric acid was heated in a sealed tube at 150" for nineteen hours. Much gae escaped when the cooled tube was opened and 0.05 g. of benzoic acid (m.p. 121-122') was suspended in the solution. Evaporation of the filtrate yielded 2.32 g. of crude putrescine hydrochloride. This was dissolved in water, made alkaline, and benzoyl chloride was added. Recrystallization of the precipitate from a 3:1 mixture of ethyl acetate and ethanol yielded 2.94 g. of benzoylputrescine, m.p. 176177", the N-content of which is 0.279 g. Based on the E-analysis, the 2.00 g. of substance taken contained 0.300 g. of nitrogen. Hence, 93y0 of the nitrogen present in the sample appeared as putrescine. Sodium sebacobenzoylhydroxamate. The sodium salt from 5.0 g. of sebacobenzoylhydroxamic acid, dissolved in 45 ml. of water, produced 2.90 g. (dry) of precipitate on bojling the solution. Its melting range was 165-220'. No ash was left on ignition. This material was a light, white powder, insoluble in dilute acids or alkalies. It was partially soluble in conc'd hydrochloric acid or hot alcohol, and it dissolved in phenol. Analysis (by T. S. Ma) by the Dumas method showed 12.449; N. Hydrolysis of 2.12 g. of the product by 25 ml. of conc'd hydrochloric acid heated t o 150' for twenty-one hours gave rise to 0.24 g. of benzoic acid and 2.10 g. of what was presumably impure 1,8-octanediammonium chloride. Sodium hydroxide solution liberated an oil which was acetylated by acetic anhydride t o an acetyl derivative melting at 127-128' after crystallization from water. Naegeli and Landorff (12) mention the m.p. of this acetyl derivative as 121-122'. They precipitated their compound from alcohol by addition of ether. We also obtained a benzoyl derivative, using benzoyl chloride and aqueous sodium hydroxide, and purified it by crystallization from ethanol. This substance melted if dipped in a bath a t 155' but it solidified an instani; later t o remelt a t 171". Muller and Kindlmann (13) report 173"as the m.p. of the benzoyl lderivative of 1,8-octanediamine. SIJMMARY
 
 Consideration is given to the preprtration and properties of hydroxamic acids related to malonic, succinic, adipic, and sebacic acids. Benzoylation of succinohydroxamic acid yields the cyclic compound benzoylsuccinylhydroxylamine, whereas benzoylation of the other three hydroxamic acids gives rise to openchain benzoyl derivatives of the general structure: CaH6COONH-CO-(CH2),--CO-NHOCOCaHs. The study included rearrangement of the sodium salts of these derivatives by boiling their :tqueous solutions. The malonic derivative gave rise to sym-diphenylurea. The adipic and sebacic derivatives changed into substances with the properties of high polymeric amides capable of hydrolysis into putrescine and 1,8-octanediamine, respectively. EVANSTON, ILL. REFERENCES
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