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Abst~Ct-_(~-)3-~~cth~I-;l-alanin~’ was corrclawd through the reaction staga (I Ill) wcth ( )-2- 
m:rhylbuianol. Thhc rcsulq abwlu~e configurarwn is rcprcscnted by the projcxtion formula (V). 

( )-J~-.M~~HYI.-~-ALAsIs~ was isolated from human urine in 1951 .l The excretion of 
this amino acid by individual cancer patients is reported to vary noticeably and to be 

related to the ncoplastic process. * The formation of this compound occurs in the 

metabolism of dihydrothyminc.3.’ a-Methyl-IJ-alaninc has also been identified as an 
end-product of valine metabolism. b*6 Considering the biological importance of this c 
metabolitc it is of interest to establish its absolute configuration. 

The correlation of the configuration of ( )-z-methyl+alanine and (--)-2- 
methylbutanol was outlined in a preliminary communication’ and was effected by 
the conversion of the former compound into optically active 2-mcthyl-l-phthalimi- 
dobutanc, earlier obtained from (- )-2-mcthylbutanol via ( . )-I-bromo-2-methyl- 
butane and its reaction with potassium phthalimide.” 

(-L )-r-Methyl-$-phthalimidopropionic acid (la) obtained from (+)+x-methyl-/I- 
alaninc has now been resolved by fractional crystallisation of the brucinc salt into the 
(.a-) and ( )-z-methyl-/J-phthalimido-propionic acids, showing [z],, -- 23 ’ and [zr,] 

.. -23” rcspcctively. Hydrolysis of the ( )-antipode with hydriodic and glacial acetic 
acids gives ( )-z-mcthyl+alaninc showing [xl,, -14” (in water) and the melting 
point 173-175’. The melting point of ! b)-r-methyl-[Lalanine is 181-182’;e the 
( )-antipode isolated from urine has the melting point 183-184”. but the optical 
rotation values hate not been rcportcd.’ 

( -)a-Methyl-$-phthalimidopropionic acid was converted into z-methyl-/I- 

phthalimidopropionyl chloride and ( ,-)-I-diazo-3-methyl+phthalimidobutan-2-one 
(lb) showing [XI,, 72‘ (in ethyl acetate). This diazokctonc raccmises bcry readily: 
complete racemlsation occurring after short heating in organic solvents or even after 
standing in the solid state at room temperature. Its conversion to the corresponding 
methyl ketone must, thcrcfore. be cf7’ectcd immediately after preparation. The 
resulting ( - )-2-methyl-1-phthalimidobutan-3-one (Ic), showing [r],, i IO” (in 
dichloromcthanc is also very scnsitiiz with regard to raccmisation, and considerable 
experimental work was performed before (II), required for the prcscnt correlation, 
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could bc prepared. ‘This showing [r],, - 14” (in benzene) was desulphurised by 

heating under reflux with Raney nickel catalyst in acctonc solution. The resulting 

( ! )-2-methyl-I-phthalimidobutanc (III) showing [z],, .: 24” has the identical sign of 

optical rotation as the same compound obtained earli& from (, -)-2-methylbutanol. 
It is knownlo that natural ( ,)-2-methylbutanol (“active amyl alcohol”) has the 
configuration (IV). The same confi_euration (IV) can bc assigned. thercforc, to ( - )-2- 
methyl-1-phthalimidobutane (111) and, consequently, ( -)a-methyl-ii-alaninc should 
have the configuration (V). In the earlier proposed terms” ( -)a-methyl-,3-alanine 
would, therefore, bc (R)+mcthyl-/I-alanine. 
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EXI’ERIMEN’I-AL 

( .L)-z-.Merl!,l-~-phrhalin~iJoprc~~ic~nic acid (Ia). A finely powdered mixture of ( ! )-a- 
methyl-fi-alanine (prepared from glycinc,i2 7 g, OG67 mole) and phthalic anhydride (I I 

g, 0.074 mole) was heated at I IO” (tcmpcraturc of the reaction mixture) in an oil bath 
for I hr. The cooled reaction mixture was recrystalliscd from ethanol-water (I : 3). 
Lustrous IcaIlcts of (i)-z-methyl-&phthalimidopropionic acid were obtained (I3 g, 
83”;). The analytical sample was rccrystalliscd from the same solvent mixture and 
dried at 60”/0.01 mm, m.p. 161“. (Found: C, 61.83; H, 4.76. Calc. for C,,H,,O,N: 

C, 61.80; H, 4.76”,,). 
Resolution qf r-meth?~l-~-plrrllali~~ili~~pr~~~i~nic acid. A solution of ( i J-x-methyl& 

phthalimidopropionic acid (la, 23.3 go.1 molt) in 96:,; ethanol (400 cc) was added to 
a solution of brucinc (46.6 g, 0.1 molt) in 96”:, ethanol (250 cc). The ethanol was 
removed under rcduccd pressure, and the yellow brucinc salt of r-mcthyl-$-phthalimi- 
dopropionic acid was obtained, which crystallised on standing, yield 67 g, and showed 
[z];; - 26.6” (c, I.96 in chloroform). 

The crude brucinc salt (67 g) was dissolved in warm ethyl acetate (1600 cc), 
filtered, petroleum ether added (b.p. 40 60”. 260 cc) and the solution left at 0“ ovcr- 
night. Yellow crystals separated (51 g) showing [x]iy- 28.4” (c, I.5 in chloroform). 
Repeated rccry tallisation of this salt from ethyl acetate-pctrolcum cthcr afforded the 

la J. A. ht~lls and W. Klync. Prqrrcr to Srrrrorhrmrsfrv (Ed~~cd hy W. Klync) p. 188. Hutwworths. Iandon 
(IYU): I.. C’romhtc and S. II. Harper. 1. (‘hem. Sdc. 26X5 (19%)). 

I’ It. S. (‘ahn. C‘. K. lngold and V. Prclog. f&wtmrro II, 81 (1956). 
I* K. Balcnow~. I. Jambrdk and I. Ranogqcc. C’roac. Chrm. Acra 29. 87 (1957). 
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brucine salt of low solubility. [I],, .44*2” (Found: C, 66.68; H. 6.03. Calc. for 
CSSH,,O,N,: C. 66.97; H, 5.949,). 

A more soluble diastcreomcr could b: isolated from the filtrates by fractional 
crystallisation. 

( - )-z-;Merh~,f-~-phrhalinri~lopropionic acid. To 3 suspension of the brucinc salt 

(IT.4 g. [& -44”) in water (500 cc) 4 N HCI (250 cc) was added and complete 
solution occurred; after standing for I hr at room temperature, crystals of (- )-z- 
methyl+phthalimidopropionic acid were filtered off, thoroughly washed with water, 

and dried, yield 3.5 g (83 p,,), [z];: -- 11.3” (c, 1.85 in chloroform). The filtrate was 
extracted with benzene (3 :< 100 cc) and after removing the solvent under reduced 
pressure 0.46 g of (-- )-a-methyl-$-phthalimidopropionic acid was obtained (total 

yield 92 T,,), [z]:: -24”. 
Fractional crystallisation of the acid (3.5 g, [z],, - 11”) from aqueous ethanol (I : 1) 

was carried out; 0.9 g of raccmic acid was isolated. The optically pure (~--)-z-methyl-p- 
phthalimidopropionic acid was obtained from the filtrates (0.9 g). A small sample 
showing [a]:: -20-l” was sublimed for analysis at I l&1 15°/0+101 mm and showed 
[z]i; -24.4” (c. 0.98 in chloroform) and the m.p. 145-146” (Found: C, 62.02; H, 
499. Calc. for C,,H,,O,N: C, 61.80; H. 4.76?,,. 

( - )a-Melhl,l-;~-olunine. A solution of (. )a-methyl-/I-phthalimidopropionic acid 
(0.93 g, OGO4 mole) in glacial acetic acid (16 cc) and 47% HI (4 cc) was refluxed 8 
hr; the glacial acetic and hydriodic acids were removed under reduced pressure. 
Water was added to the residue, the separated phthalic acid filtered off, washed with 
water, and the filtrate extracted with cthcr. The aqueous layer was evaporated to 
dryness. Addition of water and evaporation was repeated till no trace of free hydriodic 
acid remained. 

The pale yellow ( -)a-methyl-$-alaninc hydriodide was dissolved in water (400 cc) 
and passed through a column containing IR-4B Amberlitc ion-exchange resin (IO g, 

21 cc). The filtrate (1000 cc) was evaporated to dryness under reduced pressure, 
dissolved in water, and filtered (with a small quantity of charcoal). After evaporating 
the water, crystals of (. -)a-methyl+alaninc were obtained (0*4g, 99 p,), m.p. 169-I 74” 
the [z];! 9.4’ (c, 1.37 in water). Sublimation at 1 lO”/O~OOl mm gave the pure acid 
with the m.p. 173-175” and [z];~ --14+2° (c, 0.42 in water) (Found: C, 46.63; 

H, 8.44. Calc. for C,H,O,N: C, 46.59; H, 8.8OP/:,). 
( -)-l-Dia,-o-3-melh~~4~h~~~i~Ii~o~~~~~-2-~~e (lb). ( -)-cl-Methyl-#I-phthalimi- 

dopropionic acid (Ia, 1.09 g, O+lO46 mole, [x]n - 18’) and thionyl chloride (8.5 cc) 
were refluxed for 1.5 hr (oil bath, 70”). The excess of thionyl chloride was evaporated 
under reduced prcssurc, and last traces removed by dissolving the residue in benzene, 
and evaporating to dryness, leaving crystalline a-methyl-/I-phthalimidopropionyl 
chloride (1% g, 96 7:). 

A solution of the foregoing chloride (1.06 g, 0.0042 mole) in benzene (6 cc) was 
added to an ethereal solution of diazomethane (prepared from I7 g of nitrosomethyl- 
urea) at 0”. After standing for 6 hr at 0” the ethereal solution was filtered and evapo- 
rated to dryness under reduced pressure. The yield of crude (- )- 1 diazo-3-methyl4 
phthalimidobutan-2-one was 1.1 g, (100x), crystallised in yellow needles m.p. 113- 

I 14” and [a]:: ~ 70” (c, 2-345 in ethyl acetate). The analytical sample was recrystal- 
lised from ethyl acetate-petroleum ether, m.p. 119” (decomp.) (Found: C, 60.96; 
H, 4.49. Calc. for Cr,H,,O,N,: C, 60-69; H, 4.31 Pi). 
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After heating this diazokctone in organic solvents or after prolonged standing at 

room temperature racemisation occurred. 
( i )-2-.Wer/f+l -yhrha(ir,ti~~~,hutan-3-one (Ic). To a solution of I-diazo-3-methyl-4- 

phthalimidobutan-2-one (lb, 0.32 g, 0.0012 mole) in chloroform (3.5 cc) at 0’, 47”,, 
HI (I.5 cc) was added with stirring. After standing for 15 min at - 5” the reaction 
mixture was diluted with cold water (5 cc) and cold chloroform (3 cc). To the scpa- 
rated chloroform layer cold water (IO cc) and mercury (I cc) wcrc added, and the 
mixture shaken until the chloroform layer became colourlcss. The chloroform solu- 
tion was treated with a small quantity of charcoal, filtered, and evaporated to dryness 
under rcduccd pressure. The crystalline residue of ( : )-2-methyl-l-phthalimidobutan- 

3-one (0.28 g, 100”:) showed [z]i, : 7.6”; the analytical sample was rccrystallised 
from dichloromethane and sublimed at 70”/0+01 mm. The pure compound crystal- 
liscd in colourless ncedlcs, m.p. 82”. [z]i: .i 9.8”. (c, 0.61 in dichloromcthane). (Found: 
C, 67.34; H, 5.49. Calc. for C,,H,,O,N: C, 67.52; H, 5*67”,,& 

( . )-2-,M~~rh,~l-l-~hrholi~ni~~~hu~un-3-one erh~hve nrercupml (II). 2-Methyl-l- 
phthalimidobutan-3-one (Ic, 0.92 g. 0.004 mole) was dissolved at -20” in a mixture of 
cthanedithiol (I4 cc) and ether (I4 cc), and a solution of boron trifluoridc ether 

complex (4 cc) in ether (20 cc) added, at 20’:. The mixture was kept at - 20” for I 
hr and then for 4 days at room temperature. Afterwards the ethercal solution was 
washed with waterand evaporated to dryness. The traces ofethanedithiol were removed 
by drying at 0.01 mm at room temperature. The crystalline residue of ( i )-2- 
methyl-I-phthalimidobutan-3-one ethylene mercaptol (I.25 g, IOO:,) showed 

Mn - 7”. Recrystallisation from bcnzcne-petroleum ether and sublimation at 
12O”iO.Ol mm gave colourlcss needles, m.p. 126-l 28”. [XI;:’ :- 14’ (c, 0.93 in benzene). 
(Found: C, 58.69; H, 5.58. Calc. for C,,H,,O,NS,: C, 5860; H, 5+57:,,,). 

( - )-2-Mefh~~l-l-~hrhu/imi~~hutanc (III). A solution of the foregoing mercaptol 
(II, 0.5 g) in acetone (80 cc) was heated under reflux with Rancy nickel catalyst (7 g, 
W-l activity) with stirring for 7 hr. and cooled. The catalyst was filtered off and 
washed with acetone, and the combined acetone filtrates evaporated under reduced 
pressui c. A pale yellow oil remained (0.32 g, 93 O:‘,, [z]*, - .2.5’) which after two 
distillations at 6OO”~O+Ol mm became colourless and consisted of pure ( - )-2-mcthyl-l- 
phthalimidobutanc, with [z]g t 24“ (c, O-56 in benzene). The [I]*) t 7.5” was reported 
for the same compound obtained from natural, not quite pure ( )-2-mcthylbutanol.* 

(Found: C, 72.03; H, 6.80. Calc. for C,,H,,O,N: C, 71.86; H, 6+96:;.) 


