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SECTION I 

THE RESOLUTION OF FEIST'S ACID 
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INTRODUCTION 

Feist (1) in l893» by the reaction of 3-bromo-5-carboethoxy-4, 

6-dimethyl-2-pyrone with alkali, synthesized a dicarboxylic acid CgHgO^, 

to which he assigned the structure of a substituted cyclopropene (I). 

In 1923, Goss, Ingold and Thorpe (2) revised Feist's structure in favor 

of II. A year later, Feist (3) reported a resolution of the acid, fur¬ 

ther excluding structure I since it has a plane of symmetry and would be 

incapable of optical activity, Structure II was then accepted until 

Ettlinger (4) reformulated the Feist acid as 3-methylenecyclopropane- 

trans-1, 2-dicarboxyl1c acid (III) and Ettlinger and Kennedy (5) con¬ 

clusively showed the correctness of this new formulation. Resolution 

also distinguishes els and trans-III. Feist's acid was the first de¬ 

rivative of methylenecyclopropane to be synthesized. 

For the resolution, Feist employed quinine and brucine. The acid 

salt was prepared in both cases. The (+) acid was preponderant in the 

less soluble quinine salt, the (-) acid, in the less soluble brucine 

salt. The best specific rotations obtained for the free acid, 

m.p,200°, were +265.66° and -156°, the former from the quinine salt 
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and the latter from Its mother liquors. The solvent was not named. 

Following Feist's procedure, Goss, Ingold and Thorpe (6), attempt 

Ing only to confirm the optical activity, partially resolved the acid 

in 1925. The molecular rotations (1.42 £d]0 ) in alcoholic solu¬ 

tion were found to be *116° and -128°. Active ethyl esters were pre¬ 

pared from these acids by digesting their silver salts with ethyl 

iodide. The molecular rotations of the esters in alcoholic solution 

at 19° were+213° and -221°. The active esters melted at 55-56° 

whereas the inactive form melted at 38-39°. 

It was desired to effect the complete resolution of Feist's acid 

in order to determine its physical properties and those of certain de¬ 

rivatives and to study its racemization in base. That the acid was 

not completely resolved by Feist is evidenced by the inequality in 

magnitude of the levo- and dextro-rotations that he obtained. In 

this work, Feist's procedure for resolution has not been followed in 

detail, although brucine and quinine were tried as resolving agents. 

His maximum rotation has not been matched. Yet it seems likely that 

complete resolution has been attained. 
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SECTION I 

THE PREPARATION OP OPTICALLY ACTIVE FEIST1S ACID AND DERIVATIVES 

In addition to the aeld salts of quinine and brucine which Peist 

used, their neutral salts and the acid and neutral salts of strychnine, 

cinchonine and cinehonldine with Peist’s acid were prepared. 

It was proposed to follow the course of the resolution by obser¬ 

vations of the specific rotations of the salts in 0.1 N hydrochloric 

acid and use of the following relationship: 

LO0 of the acid in 0.1 I I-IC1 = 

100( [«d0 of the salt in 0.1 N HC1) 

weight % of acid in salt”'"" 

(weight fj alkaloid in salt)( [o<]p of alkaloid in 0.1 H HC1) 

weight $ of acid in salt 

The calculations proved frequently to be misleading because of impuri¬ 

ties in the alkaloids, because some of the salts were solvated and be¬ 

cause varying concentrations of salt were used. Determination of the 

percentage of alkaloid in a salt by ultraviolet absorption spectropho¬ 

tometry was eventually found to be helpful. 

Before these factors were realized, cinchonine and cinehonldine seemed 

most promising as resolving agents. The brucine, strychnine and quinine salts 

v?er© not fully studied. Acid recovered from the acid brucine salt had 

[M]0-200°. This suggests that resolution could have been accomplished by 

the use of brucine alone, for the molecular rotation calculated for the 

acid in the brucine neutral salt was +232°. Acid recovered from the acid 



4 

quinine salt had [HJQ +223°. All rotations calculated and found by iso¬ 

lation for the acid in the quinine salts were positive. When the use of 

cinchonine was discontinued in favor of einchonidine, the acid extracted 

from the cinchonine neutral salt had [MJ^ -232°. 

Resolution of both levo and dextro forms was finally effected by use 

of einchonidine alone. The neutral salt, [©<]o -105 to -106°, of the dex¬ 

tro acid was less soluble in chloroform. That of the levo acid was less 

soluble in methanol; (c<]fl-l6o°. The observed versus expected values 

for the specific rotations and ultraviolet absorbances for these neutral 

salts, as well as their loss of weight on drying, indicate that the salt 

with the (+) acid crystallized as a solvate, probably ifith one molecule 

of methanol, and the salt with the (-) acid crystallized with two metha¬ 

nol molecules. The forms analyzed, which had been dried and then in con¬ 

tact with the atmosphere, appeared to be dihydrates. The active acids, 

m.p. 203.6-204.5°, from these salts have molecular rotations of ~ 236-237° 

in 0.1 N hydrochloric acid using the sodium light and of ±281°using the 

mercury green line. 

The following optically active derivatives were made from the re¬ 

solved Feist acid: the hydrogenated (+) Feist acid (IV), m.p. 162.2-162.8°, 

which had (M]0 +143° in 0.1 N hydrochloric acid; the dimethyl ester of 

Feist’s acid, m.p. 33.3-33.7° for the (+) ester, which had (MJ0+198° in 

methanol and [k] 4*232° using the mercury green line; and the diethyl 

esters of Feist’s acid, m.p. 56.5-57-5°, which had [MJO +225° and -226°. 

IV 
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Melting point diagrams of the optically active and racemic Feist 

acid, its dimethyl and diethyl esters, and the hydrogenated acid were 

briefly examined. As the literature (3) indicated, active and racemic 

Feist acids melt only 2° apart and mixtures seem to melt no more than 

2° below the racemate. The active and racemic dimethyl esters also 

melt within 3° of each other, but mixtures show distinct depressions 

(8°). The diagram of the diethyl esters shows a narrow minimum for 

the racemate, nearly 20° below the melting point of the active esters. 

Finally, the racemic reduced acid and mixtures containing up to half 

active acid melt at the same temperature, but the pure active form 

melts 15° higher. Each example seems to behave differently. 

It is notable that although the partly resolved Feist acids ob¬ 

tained by Goss, Ingold and Thorpe (6) can hardly have been of more than 

6ofo optical purity, their diethyl esters were substantially identical 

in melting point and rotation with the esters now described. Evidently, 

the optically active diethyl esters could be successfully purified by 

recrystallization and freed from the lower melting racemate. In present 

work, the crystallized (-} ester was hydrolyzed under acidic conditions 

and the Feist acid obtained was shown to possess the same rotation as 

the acid from which the ester had been prepared. The cycle strongly 

indicates that the acid had indeed been completely resolved. Separate 

experiments showed that the rotation of the Feist acid was not affected 

by more vigorous treatment with acid (—’ 2|- N hydrochloric acid, 24 

hours at 100°) than was used to hydrolyze the ester. The optical sta¬ 

bility of the Feist acid in acid contrasts with the racemization by base 

described in Section II. 
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EXPERIMENTAL 

Feists Acid. Feist’s acid was prepared following Kennedy’s procedure (7). 

The over-all yield was approximately one-half Kennedy’s. The vigorous 

reaction which he reports upon the addition of melted ethyl bromoisodehy- 

dracetate to 20$ potassium hydroxide was not observed. 

The Strychnine Salts. The strychnine acid salt seems, in retrospect, to 

have separated the (+) and (-) acids considerably. The highest molecular 

rotations calculated for the acid were+217° and -225°. The rotations 

of the isolated free acids were not determined. Correspondingly, the 

highest calculated rotations for the acid in the neutral salt were +208° 

and - 188°. These salts were generally dissolved in ethanol and treated 

with chloroform. In both cases the salt of the {-) acid deposited prefer¬ 

entially. These salts were not convenient to work with because they 

dissolved very reluctantly and seemed thereafter content to remain in 

solution. 

The Brucine Salts. These salts were readily soluble in alcohol. The 

salt of the (-) acid crystallized first. The highest molecular rotations 

calculated for the acid in the acid salts were-till
0
 and -109°. Instead 

of -109°, the rotation of the acid from the latter salt was-200°. The 

best rotations calculated for the neutral salt were +232 and -169°. 

The Quinine Salts. These salts also were crystallized from alcoholic 

solutions diluted with chloroform. The highest molecular rotation 

(+223°) was found for the free acid extracted from a sample of the 
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acid salt for which the calculated value was +30°. Even bigger discrep¬ 

ances (450°) were observed for the neutral salt. 

The Cinchonine Salts. These salts were dissolved in chloroform plus a 

little methanol, and were not as readily soluble as the cinchonidine 

salts. Little was done with the acid salt, which seemed to crystallize 

poorly and perhaps be replaced by the neutral salt. The largest calcu¬ 

lated molecular rotation for the acid in the neutral salt was -338°. 

Acid having [M]0 -232° was obtained from a salt, [°O0 -173° (13 rag./lO ml. 

of 0.1 K HC1), for which the calculated [M]Q (acid) was -257°. 

The Cinchonidine Salts. The neutral salt was used for the resolution. 

The Feist acid and two molecular equivalents of cinchonidine were dissolved 

in a mixture of methanol and chloroform and boiled on the steam bath, with 

addition of chloroform, until the methanol was largely driven out as evi¬ 

denced by the temperature of the escaping vapor (6o-6l°). The neutral 

salt of the (+) acid precipitated from the cooled solution in clumps of 

radiating fine white needles about £ - long, m.p. 209.0-209.5° when 

vacuum dried. After two fractions of this salt were removed, the mother 

liquors were boiled on the steam bath, with addition of methanol, until 

the chloroform was driven out. Transparent rectangular prisms of the 

salt, m.p. 190.0-191.0° when crushed and dried, of the (-) acid formed. 

Intact prisms of the salt decrepitated between 70° and 100° and melted 

at the same temperature as the dried salt. Each salt was recrystall- 

ized several times. 

The neutral salt with the (+} acid, prepared as described above, 

had [°<Jp-105o to -106° (0.1 M hydrochloric acid). When crystallized 



from methanol-acetone, it had 0=<]o-lO5O. Using the experimentally 

determined specific rotations of the acid and the alkaloid, the cal¬ 

culated specific rotation of the solvent-free neutral salt is -110°. 

Thirty-seven milligrams of this salt lost 4.9$ of its weight upon dry¬ 

ing at 8o° in oil-pump vacuum. One methanol molecule would contribute 

4.2$ of the weight, and the calculated [®<]0would then be -105.4°. 

The neutral salt of the (-) acid had [«*]0~158° (calculated for 

dimethanolate -l6o°). After this was crushed and dried in the oven 

at 105° for thirty minutes, the specific rotation was -178° (calculated 

for solvent-free salt -174°). The loss of weight of the crystals when 

dried in vacuum ms 9-5# (3.6 mg./37-9 mg.)(calculated for two mole¬ 

cules of methanol 8.4$). The crystals in 0.1 N hydrochloric acid had 

a specific extinction (1$, 1 cm.) of 186 at 516 mji (absorbance 0.684, 

36.8 mg./liter). Using a molecular extinction coefficient of 7400 for 

cinchonidine, the calculated specific extinction is 202 for solvent-free 

neutral salt, 186 for the dimethanolate. Finally a sample precipitated 

rapidly from methanol after nearly complete removal of chloroform lost 

only 4.6$ of its weight on d'rying and was perhaps a monosolvate. 

Samples of the salts for combustion analyses were dried 24 hours 

at 80° in high vacuum and sent to Denmark. The results indicate that 

the salts were converted to dlhydrates in transit. 

Ami. Calcd. for 

Calcd. for C44>l5006:!lt-2H20: 

Pound: (+acid) 

(-acid) 

C, 72.30; H, 6.90; H, 7.67. 

C, 68.90; H, 7-10; N, 7-31. 

C, 68.60; H, 7.13; N, 7.62. 

C, 68.60; H, 6.97; N, 7.66. Pound: 



9 

Optically Active Feist's Acid. Active acid, m.p. 203.6-204.4°, was 

recovered from the salts by dissolving them in hydrochloric acid and 

extracting with ether. The ethereal solution was dried over anhydrous 

magnesium sulfate and evaporated. The acid deposited was freed of 

grease by treatment with Norite in acetone solution. Pure acid crystall¬ 

ized upon evaporation of the solvent. The molecular rotations were 237° 

and -236° for the free active acids in 0.1 N hydrochloric acid. (See table 

of rotations.) The (+) acid had [M]Q +28l° using the mercury green line. 

The molecular rotations in pH 4 buffer (.4 ml. of 0.1 N sodium hydroxide 

plus 50 ml. of 0.1 H potassium acid phthalate diluted to 100 ml.) and 

in 0.30 N sodium hydroxide solution of the (+) acid were both + 243°. 

Optically Active Hydrogenated Feists Acid. One fourth of a gram of the 

(+) acid was dissolved in 15 ml. of acetic acid and stirred with 10 mg. 

of Adams catalyst in a hydrogen atmosphere until uptake ceased (ca. |r hour). 

The catalyst was filtered and the acetic acid removed in vacuo. Because 

grease was present, attempted crystallization of the residue from chlor¬ 

oform-petroleum ether resulted in the formation of a jelly. The dried 

residue was then dissolved in 0.1 I hydrochloric acid, filtered through 

Celite and extracted with ether. The ethereal solution was dried over 

anhydrous magnesium sulfate. Evaporation of the ether afforded the re¬ 

duced (+) acid, m.p. 162.2-162.8°. The molecular rotation of this acid 

was + 143°(0.1 N hydrochloric acid). (See table.) The infrared spectrum 

of the reduction product (oil mull) was identical to that of a known 

racemic sample from 2.5 to 10 ^u. 
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The Optically Active Dimethyl Esters. The active dimethyl esters were 

prepared by the reaction of diazomethane with the active acids. The 

(-) ester was first prepared using acid having a molecular rotation of 

-228°. This ester had [M]0 -194° in methanol. Unpurified (-) ester 

made from 58 mg- of acid having -236° melted at 30-33.5°. The 

(+) ester was made from 1.83 grams of the acid having [M]D + 237°• The 

ethereal solution of this ester was treated with Norite and filtered. 

After evaporation of the ether under vacuum, the solid white (+) esterj 

m.p. 33.3-33.7°, had (M]0 + 198° in methanol. 

The Optically Active Diethyl Esters. The active diethyl esters were 

prepared by reaction of diazoethane (8) with the active acids. The (+) 

ester, m.p. 56-56.5° after crystallization from petroleum ether, had 

a molecular rotation of 225° in methanol. Both the (+) and the (-) 

esters sublimed, the (+) ester reforming as a thin striated colorless 

layer on the side of the flask and the (-) ester as very long thin 

needles, m.p. 56.5-57.5°, which crisscrossed the top of the flask. 

The molecular rotation of the (-) ester in methanol wa3 -226°. 

Hydrolysis of Diethyl Ester. A 1.5-g. sample of recrystallized (-) 

diethyl ester, m.p. 56.5-57.5°, prepared from acid of [M]0 -228° 

(0.1 N hydrochloric acid), was hydrolyzed in % hydrochloric acid 

during 12 hours at 100°. The Feist acid (lg.), recovered by ether 

extraction, was purified by treatment with Norite in acetone. The 

product melted at 201.5-203.4° with |M] -228° (39-0 mg./lO ml.,-0.625°). 

Stability of Feist Acid in Acid. A 0.2-g. sample of (+) acid, ]MJ +218°, 

was heated 24 hours at 100° in 9$ hydrochloric acid. The recovered Feist 

acid had [M] + 220°. 
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The {-) acid, [M]p -235°* was unaffected by 9$ hydrochloric acid 

during 7^ hours at 100°. When it was heated 43f hours at 100° in 12$ 

hydrochloric acid, the solution became yellow and the crude material 

extracted by ether, which may have contained decomposition products, 

had only [rfQ0 -127° {77$ of original). 

Determination of Rotations. Readings of rotations were usually taken 

at 24-28° using the sodium D line, a half-angle of li° and a one deci¬ 

meter tube. The solutions xvere prepared by dissolving 20-40 mg. of 

sample in 0.1 M hydrochloric acid or other solvent in a 10 ml. volu¬ 

metric flask. The following is a specimen reading which may be taken 

as typical: 

Blank 355.500 +.130 .130 .132 .133 .128 Average 355-631 

Sample* 355-000 +.146 .147 .142 .142 .144 .143 Average 355-1^ 

* 29.3 mg. of (-) Feist acid 

The Alkaloids. Values for the rotations of the alkaloids were deter¬ 

mined in order to check the alkaloid’s purity by comparison with lit¬ 

erature values. The values found were used as the bases for calcula¬ 

tion of the Feist acid’s rotation in the salts. The solvent was 0.1 

M hydrochloric acid. 

Brucine(9*10) -29.0° (.1278 gm./lOOral.,= -.037°) 

a -0.487° 

Cinchonine(12) 

Strychnine(9*10) 

Quinine(11) 

Cinchonidine(12) 

-31.7° (.6338 gm./l00ml., *= -.201°) 

-32.4° (.6136 gm./lOOml., <£ = -.199°) 

-285° (.7179 gm./l00ml., -2.046°) 

257° (.7450 gm./l00ml., 1.918°) 

-176° (.7108 gm./lOOml., <A = -1.252°) 
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Unless consistent care is taken to maintain the same conditions of 

pH and concentration, calculated values for the Feist acid's rotation 

can he considerably variant. Determination of the ultraviolet extinc¬ 

tion of cinchonidine in 0.1 N hydrochloric acid gave values of 73**0 

(12.4 mg. weighed, 24.8 mg/liter, absorbance 0.6l8 at 3l6 my), 7^20 

(31.0 mg. weighed, 15*5 mg./liter, absorbance 0.391 at 316 my), 7400 

(39*2 mg., weighed, 31.36 mg./liter, absorbance 0,789 at 315*5 ®y and 

0,788 at 316 my). 
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TABLE I 

ROTATIONS USING THE SODIUM D LINE 

Compound Concentration Solvent KJ 

(+) Feist acid 0.0761 gm. 
per 25 ml. 

0.1 N HC1 .50?° 167° 

(-) Feist acid 0.0486 gm. 
per 10 ml. 

0.1 N HC1 -.807 -166 

(+} Feist acid 0.0342 gm. 
per 10 ml. 

methanol .526 154 

(+) Reduced Feist acid 0.0339 gm. 
per 10 ml. 

0.11 HC1 .335 99.5 

(+) Feist Dimethyl ester 0.0504 gm. 
per 10 ml. 

methanol .585 116 

(-) Feist Dimethyl ester 0.1102 gm. 
per 10 ml. 

methanol -1.254 -113.8 

(+) Feist Diethyl ester 0.0326 gm. 
per 10 ml. 

methanol .370 113.5 

(-) Feist Diethyl ester 0.0602 gm. 
per 10 ml. 

methanol -.687 -114 

(+) Feist acid 0.0129 gm. 
per 10 ml. 

pH 4 buffer .221 171 

(+) Feist acid 0.3602 gm. 
per 100 ml. 

0.30 N NaOH .617 171 
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TABLE II 

ROTATIONS USING THE MERCURY GREEN LB® 

Compound Concentration Solvent 04 

1 
i 

{+•) Feisfc add .0761 gm. 
per 25 ml. 

0.1 N HC1 .602° 198° 

(+) Feist Dimethyl ester .0504 gm. 
per 10 ml. 

methanol .689° 137° 
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TABLE III 

MIXED MELTING POINTS 

Mixtures of (-) and (+) Peist acid 

(-) acid 203.6-204.4° 

24$ (+) acid 200.0-200.8° 

47$ (+) acid 199.8-200.8° 

82$ (+) acid 196.6-201.0° 

{+) acid 203.8-204.5° 

Mixtures of (-) and racemic Peist acid 

Racemic acid 201.5-202.4° 

20$ (-) acid 201.0-201.8° 

39$ {-) acid 200.6-201.6° 

82$ (-) acid 201.8-203.2° 

(-) acid 203.6-204.4° 

Mixtures of ( ) and racemic reduced Feist's acid 

Racemic acid 148.7-149.6° 

18$ (+) acid 147.2-148.6° 

48$ (+) acid 148.0-149.0° 

87$ (+) acid 158.8-159.5 

(+) acid 162.2-162.8° 



TABLE HI (continued) 

MIXED MELTING POINTS 

Mixtures of (+) and racemic Feist dimethyl esters 

Racemic ester 30.2-30.8° 

l6% (+) ester 27-30° 

51$ (+) ester 21-24° 

35$ [+) ester 28-31° 

(+) ester 33.3-33.7° 

Mixtures of (-) and racemic Feist diethyl esters 

Racemic ester 37.0-37.6° 

l6$ (-) ester 37^-37.8° 

34$ (-) ester 470 

52t(-) ester 48.3-49.0° 

65$ (-) ester 49-51° 

90$ (-) ester 51.8-52.8° 

(-) ester 56.2-56.8° (56.5-57.50) 



SECTION II 

THE RACEMIZATION OP FEIST’S ACID 
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INTRODUCTION 

The reaction of Feist’s acid with base was not studied in the 

early literature, except for the observation (13A) that practical 

fusion with alkali leads to acetic and succinic acids. In 1956, 

Bottini and Roberts (15) discovered that the <<-hydrogens of Feist’s 

acid were exchangeable for deuterium in alkaline solution. Subsequent, 

more careful work by Ettlinger and Kennedy (14) established the follow¬ 

ing facts, here supplemented by data on ionic strengths. 

(1) The Feist acid can be recovered in high yield even after 

protracted (36 hours) treatment with boiling 2,5 N hydroxide. 

(2) The exchange of <x.-hydrogen atoms requires free alkali, and 

is approximately half completed after two hours in £ N excess deuterox- 

ide (0.3 M Feist salt,ju 1.2) at 100°. 

(3) Exchange of the y-hydrogen atoms also occurs but is much 

slower, being half completed after six hours at 110° in 2.5 N deuter- 

oxide. The mechanism and kinetics of this reaction, which was not 

appreciable under conditions of present work, have been discussed by 

Kennedy (7). 

(4) The cls-isomer of Feist's acid (0.09 M) was very swiftly 

isomerlzed to trans in base, being approximately half converted after 

15 minutes in boiling 0.025 N free alkali (71 0.3). 

(5) The trans-acid obtained from cis (0.3 M) in 0.25 N deuter- 

oxide 1.2} contained, after correction for slight exchange subsequent 
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to formation, approximately 1.25 atoms of deuterium. 

From the last result, in particular, one can deduce that the Feist 

acid should racemize in base, and estimate the velocity. The present 

work has confirmed our knowledge. 

The Feist dimethyl ester has long been known (2) to add methanol 

under catalysis by methoxide to furnish a crystalline dimethyl 3-methoxy- 

3-methylcyclopropane-1,2-dicarboxylute, suspected but not proved to be 

trans. However, the mechanism (5) has remained ambiguous. Kagan (15) 

has found that the cis-Feist ester can be isomerized to trans by me¬ 

thoxide decidedly faster than the addition. The question remained 

whether racemlzation of optically active Feist ester would outrun 

addition of methanol. 
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MECHANISM AND KINETICS OP RACEMIZATION 

Both Feist«s acid and its dimethyl ester were found to racemize 

in hot aqueous hydroxide or methanolic methoxide respectively. The 

process with the ester was not studied in detail, but it was determined 

that the loss of activity was apparently complete under conditions so 

mild (0.13 N methoxide boiled 5 minutes) that very little methoxy ester 

formed. The methoxy ester could hence not be obtained optically active 

from active Feist ester, and no decision on the stereochemistry of the 

adduct or mechanism of production was possible. However, the raceraiza- 

tion implies speedy removal of <* -hydrogens and renders it more likely 

that the methanol may actually add to the unstable -unsaturated 

ester, the methylcyclopropene-dlcarboxylate. 

The kinetics of racemization of the Feist acid (0.025 M) in aqueous 

base was follo^jed at 100° and constant ionic strength (0.325) in presence 

of 0.048, 0.1 or 0.25 N excess hydroxide. Each reaction (figs. 1-4) was 

pseudo-first order as expected, since alkali was. not consumed, with half- 

life of 24, 10.5, or 4.2 hours respectively. The ratios of hydroxide 

concentrations are 1: 2.1: 5.2 and of corresponding rate constants 

(reciprocals of half-lives) 1: 2.3: 5-7, showing v?lth sufficient accur¬ 

acy that the rate Is proportional to free hydroxide ion concentration. 

A reasonable scheme of racemization is as follows, projecting the 

formulas parallel to the plane of the ring. 

H coo 
k, 

H 

coo~ H coo~ 
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Steps 1 and 4 require hydroxide ion, so that k^ and k^ are proportional 

to [or], whereas steps 2 and 3 are reactions with water. The intermed¬ 

iate enolate, stabilized by resonance, is present only in very small con¬ 

centration. 

The kinetic expressions are: 

Rate constant of racemization = 

Rate constant of isomerization (trans 

Rate constant of isomerization (els— 

k-r 
—*cis) = ki   .4— 
  1 k2 + k5 

^“2 ♦team) = k4 

Equilibrium constant (trans/cis) = 

Rate (cis *-trans)/Rate of racemization = 
^2^4 

IqkJ 

The first step is dictated by the base dependence of the deuterium 

exchange of the trans-acid. Racemization of the enolate mighs occur by 

an intramolecular proton shift, which would not be related to deuteration, 

proceeding at a rate 

f - - ¥ 
I COO- - * -000—  1 

COO- COO- 

at least of the order of magnitude of k2. Such a process cannot be ex¬ 

cluded, but it is not required. The extreme hypothesis would be that 

the enolate is symmetrical. No such exceptional structure is needed to 

account for ionization of the *>C-hydrogen of Feist’s acid, for vinylace¬ 

tate (16) is even more reactive. 
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Another possibility for the symmetrization of Feist’s acid would 

be removal of the second «*• -hydrogen from the enolate, which would also 

be a path for double deuteration of the cis-aeld (Introduction, premise (5)) 

However, such a process is rendered unlikely by the necessity that the 

rate constant be much greater than k]_ and independent of hydroxide Ion 

concentration. (The data In premise (5) and the kinetics of racemiza- 

tion show in effect that kyfcg + kj) is a moderately small, constant 

fraction.) 

Assume the suggested scheme and rate expression, k^ ' kj/kg + kj). 

The remaining discussion shows how, with approximations, the rate con¬ 

stant of racemization can be calculated independently from the data in 

the Introduction, the first factor from premise (2), the second from 

premise (5). 

The scheme of deuteration of the cls-acid (premise (5)) is as follows, 

where the rate constants are apostrophized to show that the solvent is 

deuterium oxide. Exchange of the trans-acid under the mild conditions 

is neglected. 

H /f 

C bb~ Cob 

-t— COO' 
COO ~ 

COO' 

C00J D 

K K, 

0 
L* \ Kf) 

DOC- 

COO" CO O' C00' 

-f>0C 

COO- 
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The average number of deuterium atoms in the product therefore is 

k,6 
-4- 

— * 1.25 experimentally. 

k«. 

1 + 
k* 

k*2 ■+■ k’j k*. 

k«5 +k»6 

The isotope effect for removal of < -deuterium is assumed to be 4, a 

bit less than the theoretical maximum (c£(17)). (Ives (16) has calcu¬ 

lated a faotor slightly greater than 3 for ionization of vinylacetate by 

an Indirect and doubtless approximate method.) Then, neglecting secon¬ 

dary effects, k*^ « , and solution of the preceding equation gives 

k'2/k«5 - 12/5. 

The last scheme needed is the deuteration of trans-acid (premise (2)). 

H coo* 
H \ c 

1 K,/ 5 — _ f< 
J f /S A   

COCT ' H 
COO" . 

• COO -<— 

f 
^ c locr 1 D 

A K; 

N 

B 
K, 

0 
M 

K* 
coo 

OOC- 

C-00' 

COO- CO0‘ D COO" D 

If all concentrations are expressed as fractions of initial [A], then 

n k'l* 
[Aj = e“ , and 

xJEL 
dt 

- K ,, v> [A] k, [8. 
K'+Jus*. 1 

K;K; 

k: -^hr [8], 
K> K; K: 

K;+K; 
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k'. *.'7 
In the last term, k’D r and the second factor Is £ as previously 

o 4 

expressed, so the last term Is only l/l6 of the second term, and will 

be dropped to simplify calculation. The second factor in the coefficient 

of (A] is 3/4, and, neglecting secondary isotope effects, k* = 

statistically, so 

k' 
1 

a 3/4 k * j W “ ^k'i [B] S 3/4 k'j e 

The equation differs by the factor 3/4 from the result for the simple 

pattern of two consecutive exchanges, In which the over-all exchange would 

follow a first-order law with constant k'^/2. Integrating, 

k^t ■ k.xt 
The average number ofc<-protons remaining per molecule is 

_k'it -k^t 
2 [A] 4- [B] » £e + | e "7 . 

k'jt 

Let X = e ; when exchange is half completed, 2 [A] 4- |B] =1, 

X2 + 3X = 2, X = 2(1/17 -% an excess of 12$ over the first-order 

result (|). 

The rate of racemization can now be calculated with two approxi¬ 

mations. The first is kg/k^ = k'g/k'j, that the effects of changing iso¬ 

tope and solvent are nearly the same on rates of protonation of the eno- 

late from either side. The second Is k^* k^, that the effect on rate 

of enolate formation of changing base (hydroxide and deuteroxlde) and 

solvent is small. Maron and La Mer (18) found that nitroethane and 
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2-nitropropane are converted to anions 40$ faster in deuterium oxide 

than in ordinary viater. However, the rate of deuteroxide-catalyzed 

proton exchange of acetone in deuterium oxide (19) was identical with¬ 

in experimental error to the rate of hydroxide-catalyzed iodination 

(ionization) of acetone in water (20). 

Dropping apostrophes, the rate constant for racemization of Feist 

aola 13 ki = If kl • 

Let Tr be the half-time of racemization, and Ts the time of half 

deuterium exchange of the Feist acid in the same solvent. Then 

- ^1 
~ 17 ■ o 

17 In 2 
Tr = 5k! 

e 
- Sp * * ( ]l7 -3), Tx » f- [ln2-ln(Vl7 -3)] ; 

Tr _ 17 1 
“ 10 * 1 - iog(i/17 

log 2 

» 2.04 . 

For 0.25 N alkali, Tx = 2 hours, so Tr is calculated to be 4.1 hours 

(ji 1.2). The agreement with the value found, 4.2 hours at the same hy¬ 

droxide ion concentration but much lower cyclopropane concentration and 

ionic strength (0.3), is unexpectedly close. The experimental measure¬ 

ment of the speed of racemization is probably more accurate than any of 

the rate data in the Introduction. 

From the assumed scheme, the trans/cis equilibrium constant may also 

be computed. It is simply the ratio of measured half-lives of racemiza¬ 

tion in 0.1 11 alkali and of isomerization in 0.025 H alkali at the same 
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ionic strength (premise (4)), times the ratio of hydroxide concentrations: 

Ka s 4 • - 770, corresponding to 0,6$ cis-salt at equilibrium, 
v —— 

The constant pertains to the dianions. According to Kagan (15)» the 

dissociation constants of the cis- and trans-acids are given respectively 

by plC^ - 2.9, pK2 
= 6.5. and p% : 5.2, pKg r 4.6. For equilibrium of 

the mono-anions (trans/cis): 

K" « K3 
K?(cis) 
. . -K j.rwemm... 

Kg(trans) 
3.4. 

For the dlaclds (trans/cis): 

K° = K~ • I3..M&.L- = 6.8. 
K1 Cleans) 

The equilibrium constants for the acids and acid salts are notably low. 



The dotted line indicates half-racemization. 

Racemization of (—) Feist Acid in 0.250 N Free Base 

Figure 1 



The dotted line indicates half-racemization. 

Racemization of (+) Feist .Acid in 0.249 N Free Base 

Figure 2 
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The dotted line indicates half-racemization. 

Racemization of (—) Feist Acid in 0.10 N Free Base 

Figure 3 
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The dotted line indicates half-raceraization. 

Points enclosed by squares are for the first solution. 

Points enclosed by circles are for the second solution. 

Racemization of (—) Feist Acid in 0.05 N Free Base 

Figure 4 



EXPERIMENTAL 

Preparation of Base Solutions. The contents of an ampoule of standard 

sodium hydroxide (British Drug Houses) were diluted to 500 ml, at 20° 

with freshly boiled deionized water to give a 1.000 N solution. Solu¬ 

tions that were 0.25 N and 0.30 N were prepared by diluting 125 ml. 

and 150 ml. of the 1.000 N sodium hydroxide in a 500 ml. volumetric 

flask with freshly boiled deionized water. 

Racemlzatlon of Feist*3 Acid. In a 100 ml. flask, 0.35^7 g< (5 millie- 

quivalents) of (-) Feist acid were dissolved in 0.30 N sodium hydroxide 

at 20°. The calculated normality of excess base is 0.25. Ten-milliliter 

portions of this solution were pipetted into glass ampoules. After being 

sealed with a flame, the ampoules were put in a steam bath. It was found 

that the water temperature in the steam bath was only 95° so the ampoules 

were transferred to a boiling water (101-102°) bath forty-five minutes 

after first heating. A separate sample of (-) Feist acid (36.7 mg./lO ml, 

-O.6380) dissolved in 0.30 N sodium hydroxide and not heated had 

-1740. At various times* samples were taken from the water bath, cooled 

and their rotations determined. Samples heated longer than ten hours 

were centrifuged to facilitate the reading of the rotation. The graph 

(Fig. 1) shows that the acid was half-racemized in 250 minutes. 

For the second run, 0.3602 g. of (+) Feist acid were dissolved in 

0.30 N sodium hydroxide in a 100 ml. volumetric flask at 20°. The cal¬ 

culated normality of excess base Is 0.25. Nine ampoules containing this 
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solution were put In a boiling water (101-102°) bath. The tenth am¬ 

poule was maintained at room temperature (ca. 27°) for 139 hours. The 

specific rotation ( 4171°) determined for it then Indicated no racemlza- 

tion. The specific rotation of another sample (35*5 mg./lO ml.,4o.602°), 

taken immediately after solution, was also+171°. The graph (Fig. 2) 

shows that the acid was half-racemized in 250 minutes. 

The base solution for the third run was prepared by weighing 2.2100 g 

of sodium chloride In a 250 ml, volumetric flask, pipetting three 50-ml. 

portions of a 0.25 H sodium hydroxide into the flask and diluting the 

mixture at 20° with freshly boiled deionized water. This solution was 

used to dissolve 0.3519 g• of (-) Feist acid in a 100 ml. volumetric 

flask. This last solution is then 0.151 H in chloride and 0.10 N in 

free hydroxide, Ampoules containing this solution were heated in a water 

bath (101-102°). The graph (Fig. 3) indicates half-racemlzation in 630 

minutes. 

The base solution for the fourth run was prepared by weighing 

2.9284 g. of sodium chloride in a 250 ml. volumetric flask, pipetting 

into this 100 ml. of 0.25 N sodium hydroxide and diluting at 20° with 

freshly boiled deionized water. The solution was calculated to be 

0.20 II in chloride and 0.10 II in hydroxide. However, titration indi¬ 

cated that it was only 0.09^-0.097 M in hydroxide. This solution was 

used to dissolve 0.3553 g. of (-) Feist acid in a 100 ml. volumetric 

flask. Ampoules of this solution were heated in a boiling water bath. 

However, the following morning the temperature of the bath was only 95°. 
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Twelve hours had elapBed since the ampoules were put in the bath. 

The water was heated to boiling and an hour later the first sample 

was taken out. In order todetermine the slope of the line for the 

first twelve hours, a second solution of 0.1777 8* of (-) Feist acid 

in a 50 ml. volumetric flask was prepared in analogous fashion. The 

normality of free hydroxide was 0.046-0.05 in both solutions. The 

lines were combined by placing the point for the log of the specific 

rotation of the first sample of the former solution on the line de¬ 

termined by the data for the latter solution and locating the remain¬ 

ing points normally by the log of the specific rotation and the in¬ 

crement of minutes to the positioned point. The best line determined 

by these points indicated half-racemizatlon in 1440 minutes. Using 

the best line determined by the points taken over the first seventeen 

hours, a half-racemizatlon time of 1355 minutes was Indicated. 

Racemlzation of Dimethyl Ester During Methoxide Addition. The first 

experiment was performed under conditions found by Kagan (Is*) to pro¬ 

duce only partial addition. To 30 ml. of dry methanol, 0.1825 g. 

(0.00794 mole) of sodium were added. Twenty milliliters of this solu¬ 

tion were added to 0.4425 g. (0.00260 mole) of the Feist dimethyl ester 

( |M] + 198° in methanol). This solution was promptly refluxed for 

ten minutes, cooled in ice water and neutralized with 4 ml. of glacial 

acetic acid. (The refluxing solution was light yellowj upon addition 

of acetic acid, it became colorless.) After concentration under vacuum, 

the residue was dissolved In chloroform, washed with saturated sodium 
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bicarbonate solution, dried over magnesium sulfate, concentrated and put 

onto a chromatographic column of 7.5 g. of silicic acid. The eluting 

solvents were carbon tetrachloride mixed with Increasing amounts of 

chloroform, chloroform which removed most of the material, and chloro¬ 

form with ether. Only 0.2564 g. of material was recovered. One frac¬ 

tion of 42 mg. (chloroform-eluted) was predominantly solid material. 

When this was washed twiee with petroleum ether, the solid remaining 

melted at 87°, corresponding to the melting point of racemic methoxy 

dimethyl ester (15). The infrared spectrum (oil mull) was identical 

to that of known racemic methoxy dimethyl ester. Neither this solid 

(5.2 mg./lO ml., 0.000° in methanol) nor any of the other fractions 

showed any optical activity (determined for fractions larger than 13 mg.). 

A second experiment under milder conditions was performed. To a 

refluxing solution of 0.4335 g, (0.00255 mole) of the Feist dimethyl 

ester ( [M]0 -198° in methanol) in 20 ml. of dry methanol was added 

20 ml. of a solution containing 0.1195 g. (0.00520 mole) of sodium. 

This mixture was refluxed for five minutes, cooled quickly and neu¬ 

tralized with 2\ ml. of acetic acid. After the methanol was driven 

off under vacuum, the residue was dissolved in chloroform, washed 

with 15 ml. of saturated sodium bicarbonate solution, dried over 

magnesium sulfate, concentrated under vacuum and put onto a column 

of silicic acid, of 0.3900 g. of material, 0.3600 were recovered. 

However, about 40 mg. of this was grease. The largest fraction (74 mg.), 

eluted by 1;1 chloroform-carbon tetrachloride, solidified below 30° and 

was identified as racemic Feist dimethyl ester by infrared spectrum 
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(carbon disulfide) and absence of detectable rotation (32.2 mg./ 10 ml. 

methanol, «c ^ 0.01°; |l]o ^ 5°). Nor did any fraction have optical 

activity. 
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Table IV 

First Racemization Experiment 
(-) Feist acid in 0* 25 N excess NaOH 

Minutes in water bath Observed rotation Specific rotation 

65 -0.530° -149° 

144 -0.413° -116° 

186 -0.358° 

o *
-4

 

o
 1 

248 -0.304° -80. 6° 

300 -0.267° -75.2° 

360 -0.226° -63.7° 

412 -0.201° -56.6° 

780 -0.074° -20. 8° 

1,244 -0.012° -3.2° 
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Table V 

Second Racemization Experiment 
(+) Feist acid in 0.25 N excess NaOH 

Minutes in water bath Observed rotation Specific rotation 

0 40.617° +171° 

67 +0.519° + 144° 

106 40.456° + 127° 

138 40.416° + 115° 

205 40.348° +96. 6° 

242 40.316° +87.7° 

290 +0.267° +74.0° 

342 +0.235° +65.2° 

398 +0.212° +58.8° 

637 +0.152° +42 • 4 
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Table VI 

Third Racemization Experiment 
{-) Feist acid in 0.10 N excess NaOH 

Minutes in water bath Observed rotation Specific rotation 

0 583° -167° 

99 -.526° -150° 

240 443° -126° 

313 -.410° -116° 

425 -.363° -103° 

575 -.316° -89.8° 

680 -.280° -79.6° 

865 -.243° -69.1° 

1,260 >.160° -45. 5° 

1,655 i H
 

*-*
 

u>
 o -32.1° 



Table VII 

Fourth Racemization Experiment 
(-} Feist acid in 0. 05 N excess NaOH 

A. First solution 

Description 

Unheated sample 

First sample (785 minutes 
at 95 - 100°) 

Increment to number of minutes 
first sample heated 

300 

545 

772 

1, 420 

1, 705 

1. 897 

2,195 

B. Second Solution 

Minutes in bath 

0 

156 

375 

633 

ex' M» 

-0.598° -168° 

- .458° -129° 

K 

-0.398° -112° 

- .353° - 99,5° 

- 320° - 90 2° 

- .258° - 72 6° 

- .204° - 57 5° 

- .196° - 55.2° 

- .173° - 48.7° 

M0 

-0.575° -162° 

- .532° -150° 

- .472° -133° 

- .418° -118° 

- .360° -101° 995 
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