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Synthesis of Aminoalkylglyoxal Derivatives III.
Aminoalkylglyoxal Derivatives of *-Aminobutyric Acid and Valine*
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Stariing from DL-o-aminobutyric acid and DL-valine the cor-
responding aminoalkylglyoxals VIIa and VIIb were prepared by
Krohnke’s method, through the reaction stages II—VII. Further,
a description is given of the preparation of pL-1-acetoxy-3-phthali-
midopentan-2-one, and of the conversion of the glyoxal VIIa into
the 1,1-diethylacetal VIIIa, the hydroxyacetal IXa, and the a-glycol
Xa, which are useful intermediates for the synthesis of compounds
of the type I. The aldehyde group of these glyoxals readily reacts
with N,N-diphenyl-1,2-diaminoethane, affording condensation pro-
ducts XI. Quinoxaline and bisethylenemercaptal derivatives of the
glyoxals VII were also prepared. Improved preparations are
described for DL-a-aminobutyric acid and the corresponding phthali-
mido derivative.

In connection with recent studies from this Laboratory on the stereospeci-
ficity of muscarinic activity! a description is now given of starting materials
for compounds of the type I, this formula being proposed by Ko6gl? as an
alternative one for muscarine,

R -CHCHOHCOH
(CH3)sNT* Cl-
I

Biological testing of similar compounds led several years ago® to the
conclusion that Kogl's formulas for muscarine are not exactly correct, and
this was the reason why the isolation and characterization of natural muscarine
was undertaken in this Laboratory, using present-day techniques?.

The preparation has been earlier given of aminomethylglyoxal derivati-
ves® & from o-amino acids, using Krohnke’s procedure, following the reaction
scheme II—VII.

*) Communication No. 60 from this Laboratory.

**) Abstracted in part from a thesis presented by D. Dvornik to the Faculty
of Science, University of Zagreb, in June 1954, for a Ph. D. degree, and from the
Ph. D. thesis of V. Skari¢ (in preparation).
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C¢H4(CO):NCH(R)COX
II, X=Cl VI, X= CH :NCsH4N(CHj)2-p
{

O
III, X = CHN;
VII, CgHs(CO):NCH(R)COCHO
1V, X = CH:Br
VIII, Cg¢Hi(CO):NCH(R)COCH(OC:Hj5)2
V, X = CHx(Py)Br

IX, CgHi(CO):NCH(R)CHOHCH(OC:Hj):
X, CgH4(CO):NCH(R)CHOHCH,OH
CeH;

I

N—CH,

BN

o

|
XI, CgH4(CO)NCHR)COC ‘&

N——CH,
\
CeHs

a, R = CHgCHQ

b, R = (CHj3):CH

/

The application of this synthesis to DL-az-aminobutyric acid (II—VII,
R = CH;3CH; and DL-valine (II—VII, R = (CH3):CH) is the subject of the present
paper. Further, DL-1-acetoxy-3-phthalimidopentan-2-one was prepared from
IITa, and some new reactions of these glyoxals are also described.

Phthalimidoalkylglyoxals VII afforded, according to Claisen’s procedure’
with ethyl orthoformate, the diethylacetals VIII; catalytic hydrogenation of
VIII with Adams’ catalyst gave hydroxyacetals IX, which were useful inter-
mediates for the preparation of compounds of the type I. a-Glycols X are
also easily obtained by catalytic hydrogenation of glyoxals VII. The aldehyde
group of these glyoxals reacted smoothly with N,N-diphenyl-1,2-diaminoethane®
to the condensation products XI. This reagent was recently used for the
isolation and characterization of N-phthaloyl aldehydes from oily reaction
products!.

The glyoxals VII were further characterized as quinoxaline and bis-
thylenemercaptal derivatives.

~ Further, the improved preparation is given of DL-g-aminobutyric acid,

DL-g-phtalimidobutyric acid, and the corresponding chloride IIa.

EXPERIMENTAL

All melting points are uncorrected unless otherwise stated.

Improved preparation of a-aminobutyric acid

a-Aminobutyric acid was obtained from DL-u-bromobutyric acid prepared
according to Ahlberg?, yield 95—96%. Freshly distilled DL-o-bromobutyric acid (75 g.,
0.45 mole b.p. 106—108¢ / 12 mm.) was dissolved in 25%¢ aqueous ammonia (1500 ml.)
and allowed to stand at room temperature for 30 hours following the procedure
of Tobie and Ayresto, After evaporating the reaction mixture to dryness the
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ammonium bromide was continuously extracted from the reaction mixture with
absolute methanol. The remaining o-aminobutyric acid (yield 33,5—34,5 g., 72—173,5%0)
had the m. p. 283—285° (decomp.)

Improved preparation of DL-a-phthalimidobutyric acid

Equimolar quantities of DL-a-aminobutyric acid (37,5 g., 0,363 mole) and phthalic
anhydride (54,6 g., 0,37 mole) were thoroughly mixed and heated on an oil bath
(bath temp. 150—160% for one hour. After treating the reaction mixture with
benzene (400 ml), crystallization of DL-ua-phthalimidobutyric acid occurred, yield
83—85 g. (96—99%), m. p. 94—96°. Earlier similar preparations with the same
starting materialsit describe this compound as an oil. Recrystallization from benzene
vielded colourless needles of the pure compound, m. p. 96,5—98°. ‘

Anal. 11,67 mg. subst.: 26,38 mg. COs, 4,91 mg. H.O
C12H11O4N (233,22) cale’d.: C 61.79; H 4.75%
found: C 61.71; H 4.71%

Improved preparation of DL-a«phthalimidobutyryl chloride (IIa)

DL-a-phthalimidobutyric acid (32 g., 0.137 mole) and thionyl chloride (40 ml.)
were refluxed for one hour on an oil bath (bath temp. 90—95%. The excess of thionyl
chloride was removed under reduced pressure and DL-a-phthalimidobutyryl chloride
remained, which distilled at 181—185%/12 mm. as a pale yellow oil; after standing,
crystallization occurred, yield 27—28 g. (78—81%), m. p. 52—530, Several recrystal-
lizations from petroleum ether afforded white prisms, m. p. 63% A sublimate
obtained at 70—75°/0.01 mm. had the same m. p.

Anal. 10.02 mg. subst.: 21.06 mg. COs, 3.49 mg. H.O
C12H10O3NCl (251.67) calc’d.: C 57.27; H 4.01%
found: C 57.35; H 3.90%

This compound has been described earlieri! but without analytical data.

DL-1-Diazc-3-phthalimidopentan-2-one (I1Ila)

Distilled pL-o-phthalimidobutyryl chloride (20 g., 0.08 mole, m. p. 549) was added
in small portions to an ethereal solution of 500 ml. of diazomethane (prepared from
35 g. of nitrosomethylurea). After standing overnight the precipitated yellow crystals
of DL-1-diazo-3-phthalimidopentan-2-one were collected, yield 16 g. (78%), m. p.
115—117° (decomp.). After recrystallization from ethyl acetate yellow needles of the
pure compound were obtained, with the constant m.p. 117—118.50 (decomp.).

Anal. 10.70 mg. subst.: 23.84 mg. CO., 4.16 mg. H.O
Ci13H1103N3 (257.24) calc’d.: C 60.69; H 4.31%
found: C 60.80; H 4.35%

DL-1-Acetoxy-3-phthalimidopentan-2-one

DL-1-Diazo-3-phthalimidopentan-2-one (IIIa, 1.0 g., 0.004 mole) was gradually
added to glacial acetic acid (20 ml.) and the solution heated under reflux for 2 hours.
After evaporating to dryness under reduced pressure DL-I-acetoxy-3-phthalimido-
rentan-2-one remained as a pale green oil in a quantitative yield. Distillation at
1259%0.01 mm. afforded the pure compound as a colourless oil.

Anal. 9.75 mg. subst.: 22.27 mg. COs, 4.56 mg. H20O
Ci5H1505N  (289.28) cale’d.: C 62.27; H 5.23%0
found: C 62.31; H 5.24%

DL-1-Bromo-3-phthalimidopentan-2-one (IVa)

To a suspension of DL-1-diazo-3-phthalimidopentan-2-one (IIla, 16.7 g., 0.065
mole) in glacial acetic acid (60 ml.), 48°/0 hydrobromic acid (18 ml.) was added drop-
wise, with stirring. The reaction mixture was left standing for one hour when
the reaction was complete. Water was added (700 ml.), and after standing overnight,
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the separated colourless crystals of DL’-1-bromo-3-phthalimido’pentan-2—one were
collected. Yield 20 g. (99%), m. p. 114—116°. Several recrystallizations from acetone —
water gave colourless needles, m.p. 118.5°.

Anal. 13.12 mg. subst.: 24.33 mg. COs, 4.51 mg. H>O
Ci13H120sNBr (310.15) calc’d.: C 50.34; H 3.90%
found: C 50.62; H 3.84%,

N-[2-Ox0-DL-3-phthalimidopentyl)-(1)]pyridinium bromide (Va)

DL-1-Bromo-3-phthalimidopentan-2-one (IVa, 21 g., 0.068 mole) in dry pyridine
(90 ml) was refluxed for 15 minutes. After cooling, the separated crystals of N-
[2-0x0-DL-3-phthalimidopentyl)-(1)]pyridinium bromide were filtered off, and washed
with petroleum ether, yield 25 g. (94%), m.p. 2200, Recrystallization from absolute
ethanol gave colourless clusters of needles, m. p. 2210,

Anal. 11.24 mg. subst.: 22.87 mg. COs, 4.26 mg H-0
C1sH703N2Br (389.25) calc’d.: C 55.54; H 4.40%
found: C 55.54; H 4,24%

(2-DL-Phthalimidobutyryl)-N-(p-dimethylaminophenyl)nitrone (VIa)

A mixture of a solution of N-[2-ox0-DL-3-phthalimidopentyl-(1)|pyridinium bro-
mide (Va, 16.3 g., 0.042 mole) in water (42 ml) and ethanol (12 ml.), and of p-nitro-
sodimethylaniline (6.30 g., 0.042 mole) in ethanol (200 ml.) was cooled to —50. To
this mixture N sodium hydroxide (21 ml., 0.042 mole) was gradually added, with
stirring, during 15 minutes. The separation of the yellow a-(2-DL-phthalimido-
butyryl-N-(p-dimethylaminophenyl)nitrone was complete after 30 minutes. The
precipitate was collected, and washed with cold aqueous ethanol (2:5), yield 13.2 g.
(88.5%), m. p. 128—129.59, Recrystallization from ethanol gave orange-yellow leaflets,
m. p. 132—133°,

Anal.: 9.68 mg. subst.: 23.62 mg. COs, 4.86 mg. H>0O
C21H104N3 (379.40) calc’d.: C 66.48; H 5.58%
found: C 66.58; H 5.62%,

DL-(a-Phthalimidopropyl)glyoxal (VIIa)

To a suspension of powdered «-(2-DL-phthalimidobutyryl)-N-(p-dimethylamino-
phenyl)-nitrone (VIa, 5.7 g., 0.015 mole) in water (12 ml) in a separatory funnel,
5 N sulphuric ocid (45 ml.) and pure ether (45 ml.) were added. This mixture was
thoroughly shaken until the nitrone dissolved. The aqueous layer was extracted
6 times with ether, and the combined ethereal extracts washed twice with 5 N sul-
phuric acid and then with water. They were filtered and evaporated at 250 under
reduced pressure. DL-(u-Phthalimidopropyl)glyoxal remained as a yellow oil, yield
2.7—3 g (71—83%). The analytical sample distilled at 110°/0.01 mm., and was a
greenish-yellow o0il.

Anal. 8.76 mg. subst.: 20.40 mg. CO», 3.62 mg. H.O
Ci1sH11O4N (245.23) cale’d.: C 63.67; H 4.52%,
found: C 63.53; H 4.62%

DL-(a-Phthalimidopropyl)glyoxai-1,1-diethyl acetal (VIIIa)

A mixture of ethyl orthoformate (1.5 g.) anhydrous ammonium chloride (50 mg.),
DL-(a-phthalimidopropyl)glyoxal (VIIa, 1.2 g.), absolute ethanol (4 ml) was left at
room temperature according to Claisen’s method?. After standing for a week, the
phthalimidoglyoxal dissolved, and the clear liquid was diluted with water (20 ml.),
to which one drop of 25% ammonia had been previously added. The reaction mixture
was extracted with three 20 ml. portions of ether, washed with water, and dried
(NapSOy). After tvaporating the ether 1.1 g. (70%) of oily 1,1-diethyl acetal of
DL-(a-phthalimidopropyl)glyoxral remained. Precipitation from dichloromethane-
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petroleum ether, and chromatography from benzene on alumina (1:10, activity IV
according to Brockmann), and subsequent distillation at 100°%/0.01 mm. gave a pale
yellow oil.

Anal.: 9.09 mg. subst.: 21.25 mg. COs, 5.37 mg. H.0
C17H2:05N (319.35) calc’d.: C 63.93; H 6,63%0
found: C 63.80; H 6,61%0

2-(a-Phthalimidopropyl)quinoxaline

A mixture of DL(o-phthalimidopropyl)glyoxal (VIIa, 0.45 g.), acetic acid (6 ml.)
and an equimolar amount of o-phenylenediamine was réfluxed during 2 hours, and
then cooled. After addition of water, the crude 2-(o- phthalzmzdopropyl)qumoxalme

(0.31 g., 68%), m.p. 95—97% separated. This was recrystallized from ethanol, m.p.
99—100°,

Anal.: 6.07 mg. subst.: 15.97 mg. COs, 2.51 mg. H,O
Ci19H1502N3 (317.34) calc’d.: C 71.91; H 4.76%
found: C 71.81; H 4.63%

Bisethylenemercaptal of DL—‘(a—phthalimidoprOpyl)glyoxal

DL-(a-Phthalimidopropyl)glyoxal (VIIa, 1.0 g., 0.0041 mole) and ethanedithiol
(1 ml) were dissolved in a 3% solution of anhydrous hydrochloric acid in dioxane
(13.5 ml.). After standing at room temperature for 4 days, the reaction mixture was
evaporated to dryness in vacuo. Bisethylenemercaptal of DL-(o-phthalimidopropyl)
glyoxal was obtained as a yellow oil, which crystallized on addition of benzene;
yield 1.3 g., (80.6%), m.p. 150—154°, The analytical sample was recrystallized from
dichloromethane-petroleum ether, and orange-coloured clusters of needles were
obtained, m.p. 156—157°, :

Anel.: 9,97 mg. subst.: 18.71 mg. COg, 4,31 mg. H.0O
Ci17H1902NS4 (397.57) cale’d.: C 51.35; H 4.82%
found: C 51.20; H 4.84%

DL-1,3-Diphenyl-2-(a-phthalimidobutyroyl)tetrahydroimidazole (XIa)

To a solution of DL-(a-phthalimidopropyl)glyoxal (VIIa, 0.5 g., 0.002 mole) in
methanol (2 ml.) an equimolar amount of 1,2-dianilinoethane solution (prepared from
5.3 g. of 1,2 dianilinoethane in 100 ml. of methanol and 2 ml. of 50% acetic acid)8
was added. The mixture was heated at 600 for five minutes and left at room tempe-
rature overnight. The separated crystals of DL-1,3-diphenyl-2-(a-phthalimidobutyroyl)-
tetrahydroimidazole were collected, yield 0.5 g. (56%0), m. p. 133—135%. In preparations
where solid 1,2-dianilinoethane was used instead of the solution, much higher yields
were obtained. The analytical sample was recrystallized from ethanol, and clusters
of yellow needles were obtained, m. p. 135.5—137°,

Anal. 9.42 mg. subst.: 25.40 mg. CO;, 4.83 mg. H.O
C27H2503N3 (439.49) cale’d.: C 73.78; H 5.73%
found: C 73.58; H 5.74%

DL-3-Phthalimido-2-hydroxypentanal-1,1-diethyl acetal (IXa)

Hydrogenation over previously reduced atmospheric pressure and at 23° with
a solution of DL-(3-phthalimidopropyl)glyoxal-1,1-diethylacetal (310 mg., 0.001 mole)
in ethanol (20 ml.). [The DL-(3-phthalimidopropylglyoxal-1,1-diethyl acetal was pre-
viously purified by filtration through a column of alumina, activity IV.] In eight
hours 24.8 ml. (1 mole) of hydrogen was absorbed. The catalyst was filtered off, and
from the filtrate pL-3-phthalimido-2-hydroxypentanal-1,1-diethylacetal was obtained
by evaporation under reduced pressure in a quantitative yield. The analytical sample
distilled at 105—110°/0.01 mm., as a pale yellow oil.

Anal. 8.38 mg. subst.: 19.58 mg. COs, 5.22 mg. H20
C17H2305N (321.36) calc’d.: C 63.53; H 7.21%,
found: C 63.78; H 6.97%
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stallized from absolute ethanol-petroleum ether. Orange-coloured prisms with the
m. p. 145—153° (decomp.) (corr.) were obtained.

Anal. 9.21 mg. subst.: 22.80 mg. CO2, 4.91 mg. H»0O
CsoH304N3 (393.42) cale’d.: C 67.17; H 5.89%0
found: C 67.54; H 5.9%

DL-(¢-Phthalimido--methylpropyl) glyoxal (VIIb)

A mixture of a-(phthalimido-DL—valinoyl)-N-(p—dimethylaminophenyl) nitrone
(VIb, 1.5 g., 0.039 mole), water (3.5 ml) and 25% sulphuric acid (15 ml) was shaken
in a separating funnel until clear. The aqueous layer was extracted with ether
(6 X 15 ml), dried (anhydrous NapSOs) and evaporated in wvacuo to dryness.
The remaining light yellow oil of crude DL-(a-phthalimido-B-methylpropyl) glyoxal
(0.90 g., 88.6%0) was dissolved in benzene (25 ml) and passed through a column of
alumina (3 g, activity IV according to Brockmann). The column was washed with
benzene (25 ml), and the combined benzene filtrates evaporated to dryness in
wvacuo. The pure glyoxal remained as a clear light yellow oil, which distilled at
150—170°/0.04 mm. ,

Anal. 15.78 mg. subst.: 37.58 mg. CO,, 7.3¢ mg. HsO
"C14H 304N (259.25) calc’d.: C 64.86; H 5.05%
found: C 65.01; H 5.21%

2-(a-Phthalimido-8-methylpropyl) quinoxaline

A mixture of DL-(s-phthalimido-f-methylpropyl) glyoxal (VIIb, 0.19 g, 0.73
mole), glacial acetic acid (2 ml), and an equimolar amount of o-phenylenediamine
was heated under reflux for 1.5 hours. After addition of water (20 ml) a sticky
brown precipitate separated. From the aqueous layer a further amount of preci-
pitate was obtained by addition of water and standing overnight. Both precipitates
were combined and dissolved in acetone (10 ml.), treated with charcoal and the
acetone removed by evaporation. The residual oil (0.18 g, 74.1%/0) was dissolved in
absolute ethanol, and evaporation of the solvent left crystals of 2-(a-phthalimido-p-
methylpropyl) quinoxaline, with the m.p. 85—87% (corr.). The analytical sample
was sublimed at 150—1700/0.04 mm. and was a glassy pale green substance.

Anal. 4.43 mg. subst.: 0.51 ml. Np (23° 746 mm.)
CaoH170:N3 (331.36) calc’d.: N 12.69%
found: N 12.77%
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I1ZVOD

Aminoalkilglioksali III.
Aminoalkilglioksalni derivati g-aminomaslaéne kiseline i valina

K. Balenovié, V. Skari¢ i D. Dvornik

Polaze¢i od pL-a-aminomaslaéne kiseline i DL-valina priredeni su Kréhnkeovom:
metodom, putem meduprodukata II—VII, odgovaraju¢i aminoalkilglioksali VIIa
i VIIb. Opisana je osim toga priprava DL-1-acetoksi-3-ftalimidopentan-2-ona, te
transformacije glioksala VIIa u 1,1-dietilacetal VIIIa, hidroksiacetal IXa, i a-glikol
Xa, koji su korisni meduprodukti za sintezu spojeva tipa I. Aldehidna grupa tih
glioksala lagano reagira s N,N-difenil-1,2-diaminoetanom stvarajuéi kondenzacione
produkte XI. Priredeni su kinoksalinski i bisetilenmerkaptalski derivati istih gli-
oksala. PoboljSana je preparacija DL-e-aminomaslatne kiseline i odgovarajuteg:
ftalimido derivata,
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