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 THE PREPARATION AND PROPERTIES OF SEVERAL ISOMERIC UNSYMMETRICAL ANHYDRIDES OF THE SATURATED ALIPHATIC MONOCARBOXYLIC ACIDS A. W. RALSTON
 
 AND
 
 R. A. RECK
 
 Received M a y 22, 1946
 
 Several years ago Wallace and Copenhaver (1) determined the melting points of the symmetrical anhydrides of the saturated aliphatic acids from enanthic to stearic acid inclusive and compared these melting points with those of the parent acids. The melting points of the acids, within this range of chain length, show a decided alternation, that of an odd-carbon-membered acid being lower than those of the two adjacent even acids. The melting points of the anhydrides, on the other hand, shorn a much weaker alternation which differs from that of the acids in that the anhydride of an odd acid melts slightly higher than the mean of the two adjacent even members. It is significant that, for the compounds investigated, only a small difference exists between the melting point of an anhydride and that of its parent acid. This indicates that the melting points of the anhydrides are more greatly influenced by the length of the longest chain than by the total number of carbon atoms in the molecule. Consequently, we have synthesized several mixed anhydrides, all of which contain eighteen carbon atoms, in which the length of the longest chain varies from ten to sixteen carbon atoms and have compared their physical properties with those of the symmetrical anhydrides and of the parent acids. These mixed anhydrides were prepared by the reaction of the higher acid chlorides with the anhydrous sodium soaps, which method was first employed by Gerhardt (2) and later by Villier (3) and by Krafft and Rosiny (4) for the synthesis of a number of symmetrical aliphatic anhydrides. The melting points of the mixed anhydiides, the higher parent acids and their corresponding symmetrical anhydiides are shown in Table I. The values recorded in Table I show that the melting points of the four isomeric mixed anhydrides differ over a wide range, the values decreasing progressively with decrease in the chain length of the longest chain. It is noteworthy that there is only a small difference between the melting point of a mixed anhydride containing a C 12, C14,or CISchain and that of the corresponding long chain acid or the symmetiical anhydride of this acid. This correlation, however, disappears with the mixed Cs-Clo anhydiide and the Clo---Clo anhydride both of which melt considerably lower than capric acid. The unsymmetrical anhydiides are soluble in both polar and non-polar organic solvents. In the polar organic solvents such as acetone.or acetonitrile, solution is attended by a disproportionation reaction. This tendency is especially marked where the difference in chain length is appreciable, such as with aceticpalmitic anhydride. Such anhydrides cannot, therefore, be satisfactorily crystallized from polar organic solvents. The mixed anhydrides may be crystal624
 
 625
 
 UNSYMMETRICAL ANHYDRIDES OF ALIPHATIC ACIDS
 
 lized from non-polar solvents, such as petroleum ether, although prolonged heating of acetic-palmitic anhydride in this solvent results in the formation of some acetic anhydride and palmitic anhydride. The mixed anhydrides are apparently rapidly hydrolyzed by water, the rate of hydrolysis increasing with greater differences in the chain lengths. Since the actual rates of hydrolysis have nlot been determined the above conclusions are speculative. EXPERIMENTAL
 
 Preparation of the acid chlorides. Capryl, lauroyl, myristoyl, and palmitoyl chlorides were prepared by a method similar to that previously described by Ralston and Selby (6) which includes refluxing the acids with a three molar ratio of thionyl chloride for 3 hours, removing the excess of thionyl chloride, and fractionally distilling the products. The acid chloridein had the following boiling points: capryl, 120-122'20 mm. ; lauroyl, 140-141'1~mm. ; myristoyl, 171-172'18 m m . ; palmitoyl, 187-188'14 mm. Preparation of acetic-palmitic anhydride. Palmitoyl chloride (27.4 g., 0.1 mole) was weighed into a three-necked, 200-cc. flask, equipped with a mechanical stirrer and thermometer. Anhydrous sodium acetate (8.5 g., 0.103 mole) was added over a period of 5 minutes. The mixture was heated in an oil-bath with stirring for thirty minutes. It was then allowed to' cool and the solid mass which formed was extracted with petroleum ether. The
 
 TABLE I THERMAL CONSTANTS O F MIXEDANHYDRIDES, ACIDSAND SYMMETRICAL ANHYDRIDES MIXED ANEYDBIDES
 
 M.P.,
 
 P.P.,
 
 "c. ACID
 
 C1e-Cz Cl4-c4 c1*-c0 c10-c 8
 
 62.5 52.7 42.4 16.0
 
 Cl0 c 1 4
 
 C12 ClO
 
 I
 
 "c. ( 5 ) 62.41 53.78 43.86 30.92
 
 cls-Cl0
 
 cll-cl4 ClPC12 c10-c 10
 
 63.9 53.5 42.1 24.7
 
 product was then recrystallized three times from petroleum ether (b.p. 65-67') after which i t melted at 62.5" (yield 700/0). The neutralization equivalents employing aqueous sodium hydroxide and also alcoholic sodium methoxide were determined by the method of Smith and Bryant (7) (found: with NaOH, 152; with NaOCHa, 298; calc'd: 149, 298). Preparation of but yric-myristic anhydride, caproic-lauric anhydride, and caprylic-capric anhydride. Anhydrous potassium butyrate, potassium caproate, and potassium caprylate were prepared by dissolving the respective acids in 95% ethanol and neutralizing t o phenolphthalein with alcoholic potassium hydroxide. The soaps were obtained by evaporating the solutions to dryness under a vacuum. They were then treated with the respective acid chloride13according to the procedure described above with the exception that longer reaction times and higher temperatures were employed (2 hrs. at 90'). The products were recrystallized from petroleum ether and possessed the following physical and chemical constants: butyric-myristic anhydride, m.p. 52.7") neutral. equivs. 148.1, 297.8, yield 81%; caproic-lauric anhydride, m.p. 42.4", neutral. equivs. 149.7, 298.9, yield 85%; capryliccapric anhydride, m.p. 16.0', neutral. equivs. 146.8, 296.7, yield 85%. CHICAGO, ILL. SUMMARY
 
 The isomeric anhydrides : acetic-palmitic anhydride, butyric-myristic anhydride, caproic-lauric anhydride, and caprylic-capric anhydride have been
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 prepared and their melting points compared with those of the acids and the symmetrical anhydrides. For the unsymmetrical anhydrides prepared the melting points are more dependent upon the length of the longest hydrocarbon chain than upon the total number of carbon atoms in the compound. REFERENCES WALLACE. ~ X DCOPESHAVER, J . Am. Chern. Soc., 63, 699 (1941). GERHARDT, Ann., 87, 57, 149 (1853). VILLIER,B e y . , 9, 1932 (1876). KRAFFT AND ROSINY, Ber., 33, 3576 (1900). (5) RALSTON . ~ N DHOERR, J . Org. Chem., 7, 546 (1942). AND SELBY, J. Am. Chem. Soc., 61, 1019 (1939). (6) RALSTOX (7) SMITH AND BRYAKT, J . Am. Chem. S O C . , 58, 2452 (1936). (1) (2) (3) (4)
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