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A synthesis is described of the optically active a-hydroxy-f,amino acids VII, and of ~-hydroxy-y-amino acids VIII from optically active a-amino acids. 
a-Hydroxy-~-amino acids were prepared from ~-phthalimidoa-oxo acids IV. The preparation of these oxo acids started from 

phthailimido diazoketones obtained from a-amino acids1 which were converted to ' bromoketones, and then converted using Krohnke's 
synthesis through the pyridinium salts. V into substituted nitriles 
VI. Hydrolysis of these nitti·les afforded optically active ~-phthaHmido-a-oxo acids IV, which were converted through cataly~ic 
hydrogenation into ~-phthalimido-a-hydroxy acids, ·aind these 
further, by hydrolysis with hydriodic and aceUc acids, 'into a
hydroxy-~-amino .acids VII. 

~-Hydroxy-y-amino acids VIII were obtained by hydrolysing 
the phthalimido derivatives o.f vinylogbus a-ami.no acids IX4 with 
hyd11iodic and acetic acids. 

Experimental conditions were investigated for the preparation 
of optically active pyridinium salts V under which no racemiza
tion nor Walden inversion occurred, and which was proved by 
the correlation of the configura1ion of a-oxo-~-phthaHmidobutyric acid (!Va) and N-phthaloyl-L-alanine. 

Earlier woi.ik in this laiborntory has shown that optically active amino 
adds can be converted into their homologues I1·2 and vinylogues II3•4• In 
addition we prepared, some years ago, the corresponding a-amino alkyl gly
oxals III5·6, starting with a-amino acids and :using Krohnke's iProcedure.7 It 
was recently shown that the Krohnke synthesis of a-oxo acids8 can also be 
applied to derivatives of .phthalimido adds,** and in this manner optically 
active ~-phthJalimido-·a-oxo acids IV were obtained. Earlier prepared pyridi
nium salts V derived from L-alia:nine,6 DL-valinea and 0-methyl-L-tyrosine,6 

were condensed accordiil!lJg to Krohnke with p-nitrosodimetJhylaniline and 
sodium cyanide to a-(p-dimethylaminophenylimino)-~-oxo-1-phthalimidonitriles 
Vil. Compounds of the type VI were partially hydrolysed to a-oxo-~-phthali
mido acids IV. Catalytic hydrogenation of IV and subsequent elimination of 

* Communication No. 57 from the Chemical Instit~te ; communication No. 56, Amino Acids XXXVI, J. Chem. Soc. 1956 3982. '** XIV-th International Congress of Pure and Applied Chemistry, Zi.irich, 1955, 
Congress Handbook, p . 120 

a D. D v o r n i k, Thesis, Faculty of Science, University of za,greb, 1954. 
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the phthaloyl group gave very good yields of ~-amino-a-hydroxy acids VIL 
The homologous 1-amino-:(3~hydroxy acids VIII can easily be p repared by 
acid hydrolysis of N-phthaloyl derivatives of vinylogous amino acids IX. The 
vinylogues IX were prepared by condensation of a_,phthalimido aldehydes 
with malonic acid.3,4 

RCH (NH2) CH2C02H I 
RCH (NH2) CH : CHC02H II 

,lo 
RCH (NH2) COC III 

"'-H 
CGH4 (C0)2 NCH (R) COC02H IV 
C5H4 (C0)2 NC:H (R) COCH2NC5H5 EB Er 8 V 
C6H4 (C0)2 NCH (R) COCCN 

II VI 
NC5H4N (CH3)2-p 

RCH (NH2) CHOHC02H VII 
RCH (NH2) CHOHCH2C02H VIII 
CaH4 {C0)2 NCH (R) CH : CHC02H IX 

a, R = CH3; b, R = (CH3)2 CH; c, R = (CH3)2 CHCH2, d, R = CH30C6H4CH2-p 

Total synthetic methods for the prepavation of aminohydroxy acids of 
the described type can give only mixtures of dias tereoisom ers. A preparation 
of ~-am.inq-a-ihydroxybutyric acid from crotonic acid has b een described,9 . and 
evidently a mixture of stereoisomers was obtained. The same is the case with! 
the synthesis of 1-amino-,~-hydroxyiv:aleric aci:d. 10 It is therefore preferable to 
start with a natural amino acid. 

As an example of this new preparatiOIIl of amino-hydroxy acids, a descrip
tion is given in this paper o f the preparation of !~-amino-a-hydrnxy- and 
1-amino-.{3-hydro-xy acids derive d from L-alan:ine. 

'Dhe preparation of aminohydroxy acids from several other natural amino 
adds, especially from L-se6ne, is in progress, as well as thie determination of 
their configuration. 

EXPERIMENTAL 

All melting points are uncorrected. 
1-Halo-3-phthalimidoalkan-2- ones were prepared fr.am the corresponding 

di,azoketones. In the ;preparation of pyridinium salts, preferably bromoketones were 
used, but dn our preliminary ,studies on the formation of optically a.ctive pyridinium 
salts chloro- and iodoketones were also used. 

(S)-l-Chloro-3-phthalimidobutan-2-oneb was .prepared in the same manner as 
the corresponding bromo compound,6 using concentrated hydrochloric acid instead 
of 480/o hydrobromic acid. Colourless needles in a 960/o yield were obtained which, recry-
stalliiz.ed from dichloromethane-petroleum ether, showed the m. p. 120° and [a]~ -
-16° ±lo (c, 0.64 in acetone). 

Anal. 9.01 mg. 1subst.: 18.92 mg. C02, 3.38 mg. H20 
C12H1003NC1 (251 .67) calc'd.: C 57.27 ; H 4.010/o 

found : C 57.32; H 4.200/o 

b Specification uf configurnti.on i1s given in the recently propo>ed term311. 
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1-Jodo-3-phthalimidoprropanone 
1-Diazo-3-phthalimidopropanone (4 g.) was treated in the same manner as 

-described in the preparation of methylketones from di:a:wketones,12 but using one 
equivalent Of 470/o hydriodic acid. The .amount of 4,5 g (760/o yield) of colourless 
prLsms of 1-iodo-3-phthaiimidopropanone, was obtained which after repeated recry
stallization from acetone showed the constant m. p. 1350. 

Anal. 14.39 mg. subst., 21.36 mg. C02, 3.17 mg. H 20 
C11Ha03NI (329.10) calc'd.: C 40.14; H 2.45°/o 

found: C 40.51; H 2.47°/o 

( S )-1-Iodo-3-ph thalimido-4-(rp-methoxypheny l )-butan-2-one 
A solution of 1-bromo-3-phthalimido-4-(p-metho·xyphenyl)-butan-2-cne (4.02 g., 

0.01 mole [a]D -200°) and sodium iodide (1.49 .g.) in acetone (16 ml.) was left at 
0° overnight. The sodium ,bromide was fi.itered off, the filtrate evaporated to dryness, 
and the crude (s)-1-iodo-3-phthaiimido-4-(p-methoxyphenyl)-butan-2-one was oib
tarined, yield 4.2 g. (950/o). Recrystallization from ethyl acetate - petroleum ether 
gave colourless prisms, m. p. 118-120°, [a];; -161° ± 1° (c, 1.28 in benzene). 

Anal. 10.19 mg. subst.: 19.10 mg. C02, 3.28 mg. H20 
C19H1604Nl (449.25) calc'd.: C 50.79 ; H 3.59°/o 

found: C 51.15; H 3.71 0/o 

The pyridinium salts V derived from L-alanine (Va), L-leucine (Ve), and 
0-methyl-L-tyrosine (Vd) were prepared according to a modification of the earlier 
described procedure.G Our recent experience has shown that in the preparation of 
optically active pyridinium salts it is important to ca rry out the r ea ction of bromo
ketone with pyridine in acetone soluhon at o0• In this manner optically pure 
compounds V could be prepared, from which keto-acids IV were obtained, showing 
the same configurati-on as the starting amino acids. 

(S)-N-[2-0xo-3-phthalimidobutyl-(1)]-pyrridinium brromide (Va) 
A solution of (S)-1-bromo-3-phthalimidobutan-2-one6 (0.3 g.) in acetone (3 ml.) 

was treated with freshly distilled pyridine (1.2 ml.) at 0°. After standing for 2 hours 
the crystals of (S)-N-[2 -oxo-3- pht haLimido-butyL-(l)]pyridinium bromide w er e 
collected, yield 0.4 g. (940/o), m . p . 85°, [a] g -10° ± 0.50 (c, 1.08 in ethanol) . (The 
earl1ier preparation gave [a]D --8° for the pyridinium salt obtained by refluxing the 
bromoketone with pyridine.) 

(S)-N-[5-MethyL-2-oxo-3-phthaiimidohexyL-(l)]-pyri dini um bromide (Ve) and 
(S)-N-[4-(p-methoxy'phenyL) -2-oxo-3-phthaLimidobutyL-(l )] -pyridinium bromide (Vd) 
were prepared in the same manner as· the pyridinium salt Va and ~howed [a]~ -2-0° ± 
± 20 (c, 0.30 in ethanol) and [a] iJ -1300 (c, 0.14 in ethanol) respectively. [The earlier 
preparation gave, :for the compound Ve and Vd [a]D -2° (unpublished) and 
[a]D -830 6 respectively.] 

(S)-o:-{p-Dimethylaminophenylimi no)-~- oxo-;-phthalimido-v,aleronitrile (Vla). 
A solution of the pyridinium salt Va (1 g, [a]D -10°) in 500/o aqueous ethanol 

(4 .ml.) was treated at room temperature with a solution of p-nitrosodimethyl
anHine (0.43 g.) in ethanol {8 ml.), and a solution of sodium cyanide (0.27 g) in water · 
(1 ml.), accorddng .to Krohnkes. On addition of the sodium cyanide separation of the 
dark red (S)-a-(p-dimethyLaminophenyUmino)-~-oxo-y-phthaUmidovaieronitrHe oc
curred. Water (50 ml.), ethanol (10 ml.) and ether (10 ml.) were added, and the 
mixture left for a sho·rt time at o0• The reaction product was filtered off, yield 
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-0.85 g. (860/o), m. p . 180°. Recrystallization from glacial acetic acid gave red needles 
with the m. p. 189oc. 

Anal. 9.89 mg. subst.: 24.33 mg. C02, 4.30 mg. H20 
C21H1sOaN 4 (374.39) calc'd.: C 67.37; H 4.850/o 

found: C 67.12; H 4.860/o 

a-(p-Dimethylaminophenylimino)-{3-oxo-1-phthalimido-o-methyl
capronitrile i(Vlb) 

To a suspension of the py11idiniu.m salt Vib derived from DL-valinea (3.65 g. , 
0.009 mole) in 500/o aqueous ethanol (7 ml.) was added at room temperature a 
soiution of p-nirt11osodimethylaniline (1.3 g., 0.011 mole) in 500/o ethanol (22 ml.). On 
additioh of a solution of sodi= cyanide (0.88 g., 0.018 mole) in water (3 ml.) a, dark 
red precipitate of a-(p-dimethylaminophenyl-imino)-~-oxo-y-phthalimido-b-methyl
capronitrile separated. The reaction mixture was left at ·oo for a short time, and 
the precLpitate collected. Yield 2.9 g. (800/o). Recrystallization from dioxane gave red 
prisms, m. p. 1910. 

Anal. 9.76 mg. subst.: 24.48 mg. C02, 4.76 mg. H2o 
C2aH220aN4 (402.44) calc'd.: C 68.64; H 5.51 0/o 

found : C 68.46; H 5.450/o 

(S)-a'-{p-D;methylaminophenylimino)-p-oxo-1-phthalim i do-
1c:-methylenanthonitrile {Vic) 

The pyridin·ium salt Ve (6.25 g., [a]D -20°) was treated in the same manner 
as described in the preparation of the compound Vlb. (S)-a-(p-Dimethylamino
phenyl-imino)-~-oxo-y-phthalimido-E-methylenanthonitriie was obtained, yield 3 g. 
(480/o), m . p. 145--146°. Recrystalliza.Uon from dichloromethane - petroleum ether 
gave thin purple needles, m. p . 151-152°. 

Anal. 8.76 mg. subst.: 22.27 mg. C02, 4.54 mg. H20 
C24H240aN4 (416.42) calc'd.: C 69.21 ; H 5.81 O/o 

found: C 69.37; H 5.80°/o 

(S)-a-(p-D imethylaminophenylim ino)-p-oxo-y-phthalimi do-c-(p-methor yphenyl) 
valeronitrile (Vld) 

The py1.1i.dinium salt Vd (1.44 g., 0.03 mole, [a]D -130°) w as treated in the same 
manner as described in the preparation of the compound Vlb. (S)-u.-(p-Dimethyl 
aminophenylimino)-~-oxo-y-phthalimido-b-(p-methoxyphenyl) valeronitrile was ob
tained, yield 0.8 g. (560/o), m. p. 130°. After recrystallization from ethyl acetate -
petrnleum ether, purple crystals were obtained, wi,th the m. p. 141°. 

Anal. 9.79 mg. subst.: 25.00 mg. C02, 4.48 m g. H20 
C28H240~N4 (480.51) calc'd. : C 69.99; H 5.030/o 

found: C 69.76; H 5.130/o 

L-a-Oxo-p-phthalimidobutyri c acid (!Va) 
To a suspension of (S)-a-(p-dimethylamino-phenylimino)-~-oxo-y-phthalimido

valeronitrile (Via, 1 g.) in gladaJ acetic acid (35 ml.) , 4N hydrochloric acid was 
added (100 ml.) .and the reacUon mixture stirred for one hour at room temperature. 
The resulting clear solution was. evaporated to dryness in vacua (at a temperature 
not .above 40°). The oily residue was treated wHh water (10 ml.) and extracted 
in the usua l m anner with ether. After evaporation of the ether, the oily L-a-oxo
(3-phthalimidobutyric acid remained (0.66 g., 520/o) which crystallized on sta nding. 

c Preparation of the same compound (m. p. 184-1850) from DL-alanine was recently 
described 13. 
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Recrystallization from ether - petroleum ether gave colourless needles, 
m. p. 1780, [aJb9 -18.50 ± 0.50 (c, 1.76 in ethanol). For analysis the compound was 
sublimed at 1400/0.014 mm. 

Anal. 10.60 mg. subst.: 22.72 mg. 002, 3.51 mg. H:iO 
C12H90 5N (267 .20) calc'd.: C 58.30·; H 3.670/o 

found : C 58.51; H 3.710/o 

Proof of Configuration of L-a-Oxo-~-phthalimido-butyric Acid. 
A solution of L-a-oxo-~-phthal1imidobutyric acid (!Va, 0.3 g., [a]D -140) in ace

tone (3 ml.) was treated at room temperature with Jones' chromic acid reagent 
(SN based on active oxygen, 0.16 iml.)14. After shaking the reaction mixture at room 
temperature for one hour, it was diluted with water and extracted with ether. The 
ethereal extracts were dried (sodium sulphate}· and evaporated in vacuo. The re
sulting N-phthaloyl-L-alanine (0.16 g. ·57.30/o) showing [a]D -120 was recrystallized 
from ethyl acetate - petrole~ ether to the constant m . p. 159-1600. Colourless 
prisms showing [aJi5 - 200 ± 0.90 {c, 1.05 in ethanol) were oibtained. (Fischer1s 
reported m . p. 150-1520 and [a]~· - 17.50.) 

Anal. 6.92 mg. subst.: 15.27 mg. C02, 2.69 mg. H20 
C11H904N (219.19) calc'd.: C 60.27; H 4.140/o 

found: C 60.21; H 4.340/o 

The compound gave no depressfon of melting point with an authentic specimen 
of N-phthaloyl-L-alanine. 

L-a-Oxo-~-phthalimidobutyric acid ethylene thioketal 
A mixture of L-a-oX!o-~-phthalimidotbutyric acid (0.3 g.), ethanedi·thiol (1.2 ml.) 

and boron fluoride etherate as catalyst (1.2 ml.)16,d was left at room temperature 
for 5 minutes. Ether (5 ml.) was theu added, and the reaction mixture evaporated 
to dryness below 500. A red oHy res1idue of L-a-oxo-~-phthalimidobutyric acid 
ethylene thioketal was fHtered through a column of alumina (1:5), and a colourless 
oil was obtained by evaporation of the filtrate. Yield 0.34 g. (770/o) of colourless 
prisms, which after recrystallization from dichloromethane showed the m . p. 149-
1500 and [aJ:] + 250 ± 30 (c, 0.69 in dichloromethane). 

Anal. 10.32 mg. subst.: 19.·58 mg. C02, 3.87 mg. H20 
C14H1304NS2 (323.37) calc'd.: C 51.99; H 4.140/o 

found: C 51.78; H 4.200/o 

cx-Oxo-~-phthalimido--y-methylvaleric acid (IV b) 
A mixture of a-(p-dimethylaminophenylimino)-~-oxo-y-phthalimido-ll-methyl

capronitrile (Vlb, 1 g.), glacial acetic acid (40 ml.), and hydrochloric acid (4N, 50 ml.) 
was heated in a wa.ter-bath for 1 hour. From the reaction mixture the crude a-oxo
-~-phthalimido-y-methylvaleric acid was i1solated in the same manner as described 
for !Va. Y1eld 0.4 g. (590/o) of colouriess needles, which after several recrystallizations 
from dichloromethane-petroleum ether showed the m. p. 129-1310. 

Anal. 8.03 mg. suibst.: 17.99 mg. C02, 3.54 mg. H20 
C14H130sN (275.25) calc'd.: C 61.09; H 0.760/o 

found : C 61.14; H . 4.930/o 

L-a-Hydroxy-~-phthalimidobutyric acid 
A solution of crude L-a-ox·o-~-phthalimidobutyric acid (IVa) in acetone was 

filtered prior to hydrogenation through a column of alumina (1 :5) . After evaporating 
the s-0lvent to dryness the purid'ied compound !Va was obtained. Hydrogenation of 

d Usual techniques for the preparation of thioketals failed in this case. 
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!Va (1.1 g.) was carried out over Adams' Pt02 catalyst (100 m .. ) in ethanol (25 ml.} 
at atmospherk pressure .and 180. In 7 hours· 1.1 mole of hydrogen was absorbed. 
The catalyst was filtered off, the filtmte evaporated to dryness and an oily residue 
of L-a-hydroxy-~-phthalimidobutyric acide o btained, yield 1.1 g., w hich showed 
[aJb° + 310 ± 10 (c, 0.8 in ethanol}. For analysis the compound was distilled at 
400/0.02 mm. The colourless oil had the [a]D unchanged. 

Anai. 7.35 mg. sUJbst.: 15.48 mg. C02, 2.94 mg. H 20 
C12H1105N (249.22) calc'd.: C 57.83; H 4.450/o 

found: C 57.44; H 4.470/o 

L-~-Amino-~-hydroxybutyric acid (VII a) 
To a solutiilll of L-a-hydroxy-~-phthalimidobutyric acid (1 g., [a]D + 310) in 

glactal acetic aicid (30 ml.) hydriodic acid was a dded (5.5 ml. , 400/o) and the resulting 
mixture refluxed for 8 hours. After cooling crystals of phthalic acid separated. The 
filtrate was evaporated to dryness under reduced pressure, the residue dissolved in 
water, and extracted with ether. The aqueous layer was .again evaporated to dryness, 
the residue dissolved in di·stHled water (400 ml .} and pas•sed through a column of 
Amberlilte IR-4B (25 g .} at a flow rate of 400 ml./hr. Evaporation of the filtrates gave 
needles of crude L-~-amino-a-hydroxybutyric acide, yield 0.40 g. (870/o), showing 
[a] b° + 5.oo ± 0.10 (c, 4.77 ·in water) . Crystamzation from methanol gave colourless 
needles with the m. p. 2440 (decomp.), [a]D unchanged. 

Anal. 8.86 mg. subst.: 13.18 mg~ C02. 6.08 mg. H20 
2.18 mg. subst.: 0.227 ml. N 2 (18.70, 747 mm.) 

C4H90 3N (119.12) calc'd.: C 40.33; H 7.62; N 11.760/o 
found: C 40 .. 61; H 7.68; N N.980/o 

The optically inactive compound was prepared earlier by Neuberg9 from crntoni·c 
acid. 

L-y-Amino-~-hydroxyvaleric acid (VIII a) 
(+)-4-Phthalimido-2-pentenoic acid (IXa, 4 g.) prepared earlier4 was treated 

with <:oncentra ted hydrochlo·ric acid (40 ml.) in the same manner as d escribed for 
the preparation of y-amino-B-hydroxybUJtyric acids. Subsequent evaporation in vacuo, 
and treatment with Amberlite IR-4B .afforded L-,:-amino-B-hydroxyvaieric acid, 
yield 0.7 g. (410/o), wirth the m . p . 1770 and showing [a] g' + 4.70 ± 0.10 (c, 0.84 in 
water). Crystallization from water-ethanol gave colourless prisms with the m . p. 
1820, and showing [a]~ + 5.70 ± 0.60 (c, 1.57 in water) . 

Anai. 10.02 mg. subst.: 16.58 mg. C02, 7.34 mg. H20 
C3H1103N (133.15) caJc'd.: C 45.lO; H 8,330/o 

found : C 45.13; H 8.200/o 

The opti<cally inactive compound was prepared earHer by Osterbergto from laevulinic 
acid. 
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IZVOD 

Sinteza amino-oksi kiselina iz a-amino kiselina. 
Amino kiseline XXXVII 

K. Balenovic, D. Cerar i N. Bregant 

Opisano je priredivanje opUcki aktivnih a-oksi-~-aminokisel.ina VII, kao i 
'f~ -oksi-y-aminokiselina VIII iz optioki aktivnih a-amirnoki,selina. 

a-Oksi-~-aminokiseline priTedene su iz ~-ftalimido-a-oksokiselina IV. Kod pri
redtvanja tih ketokiselina polazilo se od ftalimido diazoketona dobivenih iz a-amino
ki.selina1, koji su pretvoreni: u bromketone, te dalje Krohnkeovom sintezoms, putem 
piridinijskih soli V, u s:upsti.tuirane nitrile VI. Hidroliz-Om ,Uh nitrila. dobivaju se 
optiiCki aktivne ~-ftalimido-a-oksokiseline IV; kataHtickim hidriranjem one prelaze 
u ~-ftali:mido-a-oksikiseline, koje dalje prelaze, hidrolizom s jodovodicnom i octenom 
kiselinom, u a-oksi-~-aminokiseline VIL . 

Da se dobije ~-oksi~y-aa:ninokiselina VIII, podvrgnuti su ftalimido derivaii vini
lognih a-amino-kiseline IX4 hidrolizi s jodovodi:enom i octenom kiselinom. 

Za pripravljanje opticki aktivnih piridinijskih soli V razradeni su eksperimen
talni uvjeH, koji ne uwokuju racemizadju ni eventualni Waldenov premjestaj, sto 
je utvrdeno koreladjom konfigtiradja a-okso-~-ftalimidoma1slaene ki:seUne (!Va) i 
N-'ftaloil-L-alanina. 
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