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summarg 3. A three-step synbesis' of dl-leucine is 

4. A two-step synthesis of phenylalanine is 
1. The usefulness of ethyl acetamidomalonate described. The OVer-dl yield is 69%. 
the synthesis of amino acids is pointed out. 
2. A four-step'synthesis of ahistidine and its described- The yield is 60%. 

dihydrochloride 'is described. The over-all yield wINTBBOp cmmCllL cOmANY, INC. 
based on fructose is 16%. ~ N S S E L A E R ,  N. Y. RECEIVED OCTOBER 25, 1944 

[CONTRIBUTION FROM THE NOYES CHEmclU. L ~ O R A T O R Y ,  UNIVERSITY OF ILLINOIS] 

Synthetic Amino Acids. Syntheses from Acetamidomalonic Ester' 
BY H. R. SNYDER, JO~EPH F. SHEELETON* AND CAMERON D. LEWIS 

One.of the most useful general methods of syn- 
thesis of amino acids is the Sarensen process, in 
which phthalimidomalonic ester is alkylated and 
the condensation product is subjected to hydroly- 
sis and decarboxylation.* The general procedure 
has been improved by Redemann and Dmq4 who 
substituted benzddomalonic ester for the 
phthalimido derivative. A third variation, in- 
volving the alkylation of acetamidomalonic ester, 
has been used for the synthesis of w,w'-bimethio- 
nine,sof tryptophan'.'and of y-hydroxyisoleucinea; 
the alkylating agent in the first instance was a 
chloride, in the second a quaternary ammonium 
salt, and in the third an alkene olude. This 
method is illustrated by the following scheme. 

This process appears to be the most direct 
route to the acetyl derivatives of racemic amino 
acids, and the Beater availability of acetamido- 
malonic ester, as compared to the phthalimido and 
benzamido esters, suggests that its use might con- 
stitute a further improvement in the Sarensen 
method. There now has been occasion to apply 
the process to the synthesis of the acetyl deriva- 
tives of phenylalanine, leucine, norleucine and 
norvaline, from acetamidomalonic ester and benzyl 
chloride, isobutyl bromide, butyl bromide and 
propyl bromide, respectively. Attempts to pre- 
pare derivatives of isoleucine and valine, by 
alkylation with s-butyl bromide and isopropyl 
bromide, respectively, were unsuccessful. Evi- 
dently secondary halides are of little use in any 
of the variations of the Sorensen method. 

(1) This is the eighth of a saiea of commnnlutions on lynthetic 
amino acids and their derivatives; for the seventh, see Trns JOUR- 

(2) Prenent address: General Aniline and Film Capoaation. 
Emton, Pennsylvania. 
(3) Sbrensm. 2. physwl. C h m . ,  44, 448 (1905); Cm#. rmd. 

1rm. tab. Carlrkmx, 6, 1 (1908); 6, 187 (1906); Bull. M E .  chins., [SI 
sa, 1042 (leos); [ai aa, 1052 (ISCIS). 
(4) Redermrnn and Dunn, J .  &I. Chm., 180, 841 (X989); .ee 

(5) Snyder. Hone,  Cannon and Nymon, Tars J O m a L ,  66,2211 

(6) Snyder mnd Smith, Qkl., H, 860 (1944). 
(7) Albwtmn, Archer d Snter. W.. W, WO (1011). 
(0 DakilI, 1. B l d  ckn.. iH 649 (lou). 

NAL, 87, 38 (Ma). 

ob0 Palnter, Tars JOURNAL, 6% 232 (1940). 

(1943). 

The preparation of glutamic acide from ethyl 
phthalimidomalonate and an acrylic ester differs 
from other amino acid syntheses in that the 
malonic ester derivative is used as a component of 
a Michael conden'sation rather than in an alkyla- 
tion. Substitution of acetamidomalonic ester for 
the phthalimido derivative in this preparation 
also leads to the amino acid in excellent yields. 
The reactions are shown in the following scheme. 

NaOGH6 
CHi==CHCaCH: + CHICONHCH(CQQ")~ ___) 

HzO 
C ~ C O " C ( C O 1 G ~ ) r C H a ~ ~ C O 1 C ~  -cO; 

HQCCH( NHJ CH&H:COIH 
None of the intermediates was isolated. 

In the present work the yields (ca. 60%) of 
acetylphenylalanine, acetylnorvaline and glu- 
tamic acid were approximately the Same as those 
obtained by the use of the other aminomalonic 
ester derivatives. The acetyl derivatives of leu- 
cine and norleucine were obtained in yields of only 
30-5095. The experimental conditions required 
in the hydrolysis of the alkylated acetamido- 
malonic esters are less strenuous than those em- 
ployed on the benzoyl and phthalyl derivatives. 

Experimental 
dbN-Acety lpheayh .  (a) PrsparrtiOn of Diethyl 

laeetauu&mdonate.-A solution of 1.15 g. (0.05 
Z t T  of sodium in 75 ml. of absolute ethanol (dried and 
distilled from magnesium methylate) was prepared in a 
200-ml., 3-necked, round-bottomed flask equipped with 
mechanical stirrer and reflux condenser protected from 
atmospheric moisture by a calcium chloride tube. To this 
was added 10.85 g. (0.06 mole) of acetamidomalonic ester 
and then 6.3 g. (0.06 mole) of benzyl chloride. The yellow 
solution was stirred under reflux for twelve hours. 

The hot reaction mixture was filtered and the precipi- 
tate washed with hot absolute ethanol. .The combined 
filtrates were evaporated under diminished pressure on a 
steam-bath and the residue was cooled and washed onto a 
filter. The solid weighed 12.7 g. (82%) and melted at 
91-94". After two crystallizations from water the melting 
point was 106'. 

A d .  Calcd. fo i  Cid-IsiOsN: C, 62.63; H, 6.89. 
Found: C, 62.73; H. 7.16. 
(b) &N-Acetylphenylahhe.-In a 200-ml., round- 

bottomed flask a mixture of 80 ml. of 10% sodium hy- 
droxide solution and 12.7 g. of the crude condensation prod- 
uct was heated under reflwt for four hours. The cooled 

(9) yunl .od ~todbrd t .  a b  ckn., I, iaa (im. 
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solution was acidified with 50 ml. of 3 N hydrochloric 
acid and then heated under reflux for one hour. The hot 
solution was filtered and the filtrate allowed to  remain in the 
icebox for eighteen hours. The crystalline material was 
collected on a filter and dried. The yield of dl-N-acetyl- 
phenylalanine identified by the method of mixed melting 
points) was 7.1 g. (83%). It melted a t  142.5-145'. 
One crystallization from hot water raised the melting point 
to 145-146' (lit.,1oJ1 142-143' and 151-152'). 

dl-N-Acetylleucine. (a) Preparation of Diethyl Iso- 
buty1acetamidomalonate.-To 1.22 g. (0.053 atom) of 
sodium in 75 ml. of absolute ethanol (dried and distilled 
from magnesium methylate) in a 200-ml., 3-necked, round- 
bottomed flask with mechanical stirrer, r d u x  condenser 
protected by a calcium chloride tube, was added 11.50 g. 
(0.053 mole) of diethyl acetamidomalonate and 7.8 g. 
(0.055 mole) of isobutyl bromide. The clear solution was 
stirred at retlux temperature for fifteen hours. 

The hot reaction mixture was filtered and the solid 
washed with hot absolute ethanol. The filtrate was 
evaporated under reduced pressure on a steam-both and 
the oily residue was caused to  crystallize by the addition 
of 20 ml. of water. The condensation product was col- 
lected on a filter. The yield was 6.7 g. (46%). The crud,' 
diethyl isobutylacetamidomalonate melted at 78-81 ; 
after recrvstallization from water it melted at 82-83". 

Ana2. Calcd. for ClaHpsOsN: C, 57.11; H, 8.48. 
Found: C, 56.90; H, 8.63. 

(b) dZ-N-Acetylleucine.-A mixture of 10.8 g. of crude 
diethyl isobutylacetamidomalonate and 25 ml. of 20% 
sodium hydroxide solution was heated under reflux for 
three hours, allowed to  cool, and then acidified with con- 
centrated hydrochloric acid. This acid solution was then 
allowed to r d u x  for thirty minutes. The hot solution was 
filtered and the filtrate cooled. An oil setmated and ._ _ ~ _  .~ 

soon solidified. The dl-N-acetylleucine showkd a melting 
point of 155-157' (lit.,12 161') and weighed 4.5 g. (64%). 

ddN-Acetylnorvaline. (a) Preparation of Diethyl n- 
Propylacetamidoma1onte.-To 1.23 g. of sodium in 75 
ml. of absolute ethanol (dried and distilled from mag- 
nesium methylate) in a 200-ml., 3-necked, round-bottomed 
flask with mechanical stirrer, reflux condenser protected 
from atmospheric moisture by a calcium chloride tube, and 
cork stopper was added 11.5 g. of diethyl acetamidomalo- 
nate and then 7.0 g. of n-propyl bromide. This solution was 
heated at reflux temperature with stirring for ten hours. 

The hot mixture was filtered and the solid extracted 
with hot absoluteethanol. The filtrate was evaporated 
under diminished pressure on a steam cone and the residue 
treated with 20 ml. of water. The condensation product 
was separated by filtration and dried in an evacuated desic- 
cator containing calcium chloride. It weighed 9.8 g. 
(71%) and melted a t  91.0-93.5'. Recrystallization from 
water raised the melting point to  93-93.5'. It was shown 
not to  be diethyl acetamidomalonate by analysis and by 
the method of mixed melting points. 

Anal. Calcd. for C12H2lOsN: C, 55.58; H, 8.16. 
Found: C, 55.60; H, 8.34. 
(b). dl-N-Acetylnorvaline.-A mixture of 7.1 g. of di- 

ethyl n-propylacetamidomalonate and 25 ml. of 20% 
sodium hydroxide solution was heated under reflux for 
two and one-half hours. The cooled saponification mix- 
ture was acidified by the addition of 10 ml. of concentrated 
hydrochloric acid and then heated a t  rdw tempeiature 
for one hour. ,The hot solution was filtered and the fil- 
trate was allowed to  stand in the icebox for twenty-four 
hours. Crystallization was aided by scratching with a 
glass rod. The dl-N-acetylnorvaline was collected on a 
filter and dried. It weighed 3.75 g. (a%), and melted at 
115-117'. After recrystallization from water it melted at 

Anal. Calcd. for G H I ~ O S :  C. 52.85; H, 8.23. 
116-117'. 

Found: C, 52.61; H. 8.23. 
(10) Johnson and Cahill, 1. Bwl. Cbmr., W, 37 (1938). 
(11) Bergmann and Stan, Bw., 88,437 (1980). 
(12) Firha, ibid., 84, 449 (IWl). 

N-Acetylnorleucine. (a) Preparation of Diethyl n- 
Buty1acetamidomalonate.-A dry, 2oo-ml., 3-necked, 
round-bottomed h k ,  equipped With grease-sealed me- 
chanical stirrer and a Hopkins reflux condenser protected 
by a calcium chloride- a lime tube, was swept out with 

absolute ethanol (dried and distilled from magnesium 
ethylate), and 1.20 g. (0.052 atom) of sodium. After 
solution of the sodium was complete, 11.5 g. (0.053 mole) 
of diethyl acetamidomalonate, 0.2 g. potassium iodide and 
8.20 g. (0.06 mole) of n-butyl bromide were introduced. 
Nitrogen was passed through the apparatus'at a slow Tate 
continually, except for the periods of addition of the reac- 
tants. The reaction mixture was heated and stirred under 
r d u x  for twelve h'ours. The hot reaction mixture was 
filtered by suction and the solid washed with hot absolute 
ethanol. The filtrate and washings were evaporated under 
diminished pressure on a steam cone. The residue was 
taken up in water containing a little sodium b i s d t e  and 
the solution was saturated with salt and extracted six 
times with ether. Evaporation of the ether left a viscous 
orange-yellow oil, which solidified in the ice chest but re- 
melted below room temperature. 
(b) dl-N-Acetylnor1eucine.-The oil obtained above 

was refluxed for one hour with 50 ml. of 10% aqueous so- 
dium hydroxide. The cooled solution was acidified with 
10 ml. of concentrated hydrochloric acid and refluxed for 
an hour. The hot solution was treated with Norite and 
filtered. The cooled filtrate on standing twenty-four hours 
yielded 3.6 g. of a yellowish-white crystalline solid. Con- 
centration ahd recooling of the filtrate yielded an additional 
0.9 g. of crystals (total yield 4.5 g., 50% based on sodium). 
It melted at 101-103°. Recrystallization from hot water 
gave white crystals melting at 104.5-106.5'. 

Anal. Calcd. for QHlsOaN: C, 55.49; H, 8.73. 
Found: C, 55.66; H, 8.96. 

Glutamic Acid Monohydrate.-To a solution of 0.075 g. 
of sodium in 10 ml. of absolute ethanol in a 200-ml.. 3- 
necked, round-bottomed h k  equipped with mechanical 
stirrer, reflux condenser and dropping funnel, was added 
10.85 g. (0.05 mole) of diethyl acetamidomalonate. 
This solution was stirred for two hours at room temperature 
while 9.6 g. (0.067 mole) of a 60yasolution of methyl acry- 
late in methanol was added dropwise. Stirring was con- 
tinued a t  reflux temperature for nine hours. 

The reaction mixture was evaporated under reduced 
pressure on a steam-bath and the residue was heated to  
r d u x  with 18 ml. of 6 N hydrochloric acid. Eighteen 
cubic centimeters of concentrated hydrochloric acid was 
added in seven portions at regular intervals during the 
iirst seventy minutes of the hydrolysis, and heating was 
continued for six hours. 

The cooled hydrolysis mixture was filtered and the fil- 
trate treated with Norite. The light yellow fitrate was 
evaporated on a steam-bath under reduced pressure. The 
sirupy residue was dissolved in 7 ml. of hot water and 3 ml. 
of concentrated ammonium hydroxide was added. The 
solution was cooled by tap water and was seeded with 
dl-glutamic acid monohydrate. Another 3 ml. of concen- 
trated ammonium hydroxide was added with further 
cooling by tap water. The solution was then cooled in 
ice. After five minutes the white solid was collected on a 
filter. The yield of dl-glutamic acid monohydrate after 
crystallization from fifty per cent. ethanol was 4.6 g. 
(56%). Concentration of the mother liquor yielded an 
additional 0.7 g. (total yield, 64y0). 

dry nitrogen. Into cipd e flask were introduced 75 ml. of 

Anal. Calcd. for CJ-LOSrT: N, 8.48; Found: (Van 
Slyke) N. 8.38, 8.45, 8.45. 

summary 
A useful modification of the Siirensen method of 

synthesis of amino acids is described. Diethyl 
acetamidomalonate is alkylated with benzyl 
chloride, butyl bromide, isobutyl bromide and 
propyl bromide and the products are converted 
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to the acetyl derivatives of &phenylalanine, dl- were unsuccessful. dl-Glutamic acid is prepared 
norleucine, dl-leucine and dl-norvaline. At- from diethyl acetamidomalonate and methyl 
tempts to use the secondary halides, s-butyl bro- acrylate. 
mide and isopropyl bromide, in similar alkylations URBANA, ILL. RECEIVED NOVEMBER 20, 1944 

[CONTRIBUTION FROM THE RESEARCH LABORATORIES OF GEORGE A. BREON & COMPANY] 

3,12-Dihydroxy-7-ketocholanic Acid' 
BY WILLARD M. HOE" AND JACOB LINSK 

Various investigators2 have studied the partial 
oxidation of cholic acid. The results published 
to date have indicated varying degrees of success. 
This paper presents two methods which have been 
found to give-good yields and which may be read- 
ily applied to large quantities, for the isolation 
of pure 3,12-dihydroxy-7-ketocholanic acid. In- 
formation is presented also to explain the melting 
points assigned to this acid by the investigators. 

In an effort to ascertain the purity of the ethyl 
3,12-dihydroxy-'i-ketocholanate, a mixture was 
prepared with ethyl cholate. The melting point 
was observed to be higher than that for either 
compound. Crystallization of a mixture of 
various quantities of these esters from methanol 
gave a complex which contained one molecule of 
each compound. The melting point of the com- 
plex was approximately 10' higher than that of 
the ethyl 3,12-dihydroxy-7-ketocholanate. -4mong 
the derivatives prepared were ethyl 3-benzoxy- 
7-keto-12-hydroxycho1anate1 3,12-difornoxy-7- 
ketocholanic acid3 and a monobromo derivative 
of ethyl 3,12-diacetoxy-7-ketocholanate. The 
bromo derivative was recovered after treatment 
with dry pyridine or collidine at reflux tempera- 
tures. Further work is being carried out with 
this bromo compound which is tentatively con- 
sidered to have the bromine at Ca. 

The Oxidation of non-crystalline ethyl 3-hy- 
droxy-7-keto- 12-acetoxycholanate produces a crys- 
talline ethvl 3,7-diketo-12-acetoxycholanate (m. 
p. 164-165'; ["Iz5D f 38' (dioxane)). Hydroly- 
sis of this estcr gave the corresponding acid (m. 
p. 168-169'; [ ( Y ] ~ ~ D  - 13' (dioxane)). The 
structure of the compound was confirmed by re- 
ducing. it to the known 12-hydroxycholanic 

(1) Reported in part at the April, 1944, meeting of the American 
Chemical Society at Cleveland, Ohio. 

(2) For instance: (a) Kaziro and Shimado, 2. physiol. Chcm.. 940, 
220 (1937); (h) Charonnat and Horeau, U. S. Patent 2,244,328, 
June 3, 1941: (c) Hsslewood, Biochcm. J . ,  100, 107 (1943); (d) 
Gallagher and Long, 1. Yiol. Chem., 147, 133 (1943): (e) Hoehn. 
Schmidt and Hughes, ibid., 166, 59 (1944). (I )  An article by 
Haslewood (Biochem. J . ,  38, 108 (1944)) has been brought to our 
attention since this paper was submitted. Haslewood described the 
3,12-dihydroxy-7-ketocholanic acid (m. p. 196-1Y7°), the 3,7-diketo- 
12-hydroxycholauic acid (m, p. 165-166'l). the ethyl 3-benzoxy-12- 
hydroxy-7-ketocholanate (m. p. 138-139O) aud ethyl 3-henaoxy-7,1?- 
diketocholanate (rn. p. lf3-l(iOo). 

(3) The authors are grateful to  Dr. R. B. Moffett for the preyara- 
tion of this compound: cf. "Preparation of Phenyl Ketones from Bile 
Acids," Mo5ett and Hoehn jiresented s t  Org. Div. A. C. S. April, 
1904. 

acid.' Oxidation gave the 12-ketocholanic acid 
which was directly compared with a sample pre- 
pared from desoxycholic acid. Methyl 12-hy- 
droxycholanate prepared from the corresponding 
hydroxy acid was also compared with an authentic 
sample. 

The authors wish to express their gratitude for 
technical assistance given by Jane Stickley and 
Mary R. Flint. 

Experimental6 
Ethyl 3,12-Dihydroxp-7-ketcholanate: (a) Bromine 

Oxidation of Cholic Acid.-In a three-necked flask 500 g. 
of cholic acid was dissolved in 3.0 liters of water containing 
70 g. of sodium hydroxide and to this solution was added 
275 g. of sodium bicarbouate. The solution (approxi- 
mately 3.5 liters) was maintained at a temperature of 
-5 to  -2' by means of an ice-salt-bath and with vigorous 
stirring a solution of 200 g. of technical bromine in 50 CC. 
of chloroform was added over a period of two hours. 
Stirring was continued for two hours longer and the mix- 
ture allowed to stand two days, when it was diluted to 6 
liters with water and acidified to  congo red with hydro- 
chloric acid. The material which precipitated in a lump 
was washed free of mineral acid by kneading under a 
stream of cold tap water. The oxidized material was 
spread evenly on a glass tray and dried to constant weight. 
The solid was dissolved in 1.3 liters of standard deriatured 
2B alcohol to which 50 g. of sulfuric acid had been added. 
The solution was allowed to stand a t  room temperature 
overnight and filtered, The esterification mixture was 
taken into benzene and washed with water, dilute sodium 
bicarbonate solution and finally with water. The benzene 
solution was dried by distillation of the benzene and the 
solvent completely removed at 20 to 25 mm. pressure while 
the resinous m a s  was heated in a bath of boiling water. 
The residue was dissolved iu 1 liter of methanol and on 
standing overnight the crystalline ester which formed was 
filtered by suction and washed with 50 cc. of methanol. 
The ethyl ester (m. p. 152-157'), after air drying, weighed 
287 g. Recrystallization from 600 cc. of methanol gave 
216 g. of ethyl 3,12-diydroxy:7-ketocholanate (2c) (m. p. 
15&160°; [a]% + 2 * 2 O  (dioxane)). A second crop of 
ethyl ester was obtained on concentration of the mother 
liquor. 

(b) Chromic Acid Oxidation of Ethyl Cholate.-To a 
solution of 88 g. of ethyl cholate in 500 cc. of 7070 acetic 
acid solution, cooled to -5", was added 85 cc. of N chromic 
acid solution over a period of one and a half hours. The 
mixture was stirred during the addition of the oxidant and 
after another half hour of stirring the reaction mixture 
was poured into water and extracted with benzene. The 
benzene layer was washed with water, dilute hydrochloric 
acid and again with water. The benzene was removed, 

(4) (a) Wieland and Schlichting, Z .  physiol. Chcm., 160, 270 
(1925), (b) Wieland and Kapltel, rbid., 212, 276 (1932); (c) Barnett 
and Reichstein, X c h .  chim. acta, P i ,  926 (1938). 

( 5 )  AIS specific rotations observed by J. Stickley; neutral and 
japonification equivalents determind by J. Stickley. 


