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Summary: A synthetic route to the four stereo-
isomers of «,8-diaminobutyric acid («,3-Azbu) has
been developed. The L-threo, D-threo, L-erythro and
D-erythro isomers were prepared from the corres-
ponding threonine and allo-threonine isomers. N-
Tosylation under Schotten-Baumann conditions
was followed by esterification with diazomethane
and O-tosylation in pyridine to give N,O-ditosyl-
threonine methyl ester (IV). Successive treatments
with ammonia-saturated methanol and 6N HCl
afforded, after several recrystallizations from water,
N *-tosyl-o,B-diaminobutyric acid (V) of the same
configuration as the starting threonine along with
racemic mixtures. Presumably, the sulfonamide
moiety influenced the steric course of the reaction,
causing a double inversion of the C® asymmetry
center via intermediate aziridine formation. Simul-
taneous «,3-elimination produced the accompany-
ing racemic mixtures via 1-tosylaminocrotonic acid
methyl ester. Removal of the tosyl group by the
action of sodium in liquid ammonia gave «,3-di-
aminobutyric acid (VI). The configurations of the
four isomers were established by NMR and ORD

spectra and by conversion of NZ*-tosyl-L-threo-
«,B-diaminobutyric acid (L-threo-V) to N-tosyl-L-
threonine (L-threo-11) through treatment with
nitrous acid. The threo and erythro isomers of o,3-
Agbu (VI) and N*-tosyl-a,3-Agbu (V) were further
characterized by their elution behavior on ion-
exchange column chromatography (amino acid
analyzer) and by their ninhydrin color constants
(Cyw). The erythro isomers of «,3-Azbu gave higher
color constants (20.6) than the threo isomers (5.6 to
5.8). In the case of N*-tosyl-a,3-Azbu, however, the
threo isomers produced higher ninhydrin color
values (11.3—11.4) than the erythro isomers (1.7 to
1.8). The NMR spectra (in DCI) of N*-tosyl-L-
threo-o,3-Agbu (L-threo-V) exhibited an He-Hp
coupling constant (6.6 Hz) which is identical with
that of the erythro isomers of the free amino acid
(o,8-Agbu). Several derivatives of L-threo-a,B-di-
aminobutyric acid (L-threo-VI) suitable for use in
peptide synthesis were prepared, including N*-Tos-
NB8.Boc-a,3-Asbu, N®-Boc-a,3-Asbu, N*-Z-NE-
Boc-a,B-Agbu, N*-Z-NP-Boc-a,3-Azbu-OMe, and
N*-Z-a,3-Azbu-OMe x HCI.

Synthese der vier Stereoisomeren von .3-Diaminobuttersiure und einiger fiir Peptidsynthesen geeigneter

Derivate

Zusammenfassung: Ein Syntheseweg zur Darstel-
lung der vier stereoisomeren «,3-Diaminobutter-

sduren («,3-Agbu) wurde ausgearbeitet. Die Iso-
meren der Konfiguration L-threo, D-threo, L-erythro,
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und D-erythro wurden von den entsprechenden Iso-
meren des Threonins und allo-Threonins ausgehend
hergestellt. N-Tosylierung nach Schotten-Baumann,
Veresterung mit Diazomethan und O-Tosylierung
in Pyridin lieferte N,O-Ditosylthreonin-methyl-
ester (IV). Stufenweise Behandlung mit geséttigtem
methanolischem Ammoniak und 6N HCI ergab,
neten racemischen Gemischen, nach mehrmaligem
Umkristallisieren aus Wasser, die N*-Tosyl-a,8-
diaminobuttersiure (V) mit derselten Konfigura-
tion wie das Threonin, von dem man ausgegangen
war. Vermutlich wird der sterische Verlauf der
Reaktion von der Sulfonamidgruppe dahingehend
beeinfluBlt, daB eine doppelte Walden-Umkehr des
asymmetrischen {$-Kohlenstoffatoms iiber eine
Aziridin-Zwischenstufe stattfindet. Gleichzeitig bil-
den sich racemische Gemische infolge «,3-Eliminie-
rung und Bildung von intermedidrem o-Tosyl-
amino-crotonsiure-methylester. Die Abspaltung
der Tosylgruppe mit Natrium in fliissigem Ammo-
niak lieferte o.,3-Diaminobuttersdure (V1). Die Kon-
figurationen der vier Stereoisomeren wurden durch
Kernmagnetische Resonanz und Optische Rota-

The incidence of «,3-diaminobutyric acid in nature
has only recently been established, in contrast to the
wider distribution of «,y-diaminobutyric acid(1,2],
The amphomycin group of peptide antibiotics was
a source of isolation of o,B-diaminobutyric acid[3].
This basic amino acid possesses two asymmetric
carbon atoms (C* and CP) which give rise to four
stereoisomeric forms. Aspartocin yielded vL-threo-
and p-erythro-a,3-diaminobutyric acid on hydroly-
sisl4], These two forms have also been isolated and
identified from hydrolysates of amphomycin[5] and
other antibioticst3], The configurations were esta-
blished by nuclear magnetic resonance (NMR)
spectroscopy!4]. We were interested in synthesizing
a peptide analog of the antitumor agent actino-

1 Greenstein, J. P. & Winitz, M. (1961) Chemistry of
the Amino Acids, pp. 25, 70, 608 —609, 2547, Wiley,
New York. .

2 Rudinger, J. (1963) in Peptides 1962 (Young, G. T.,
ed.) pp. 133—164, Pergamon Press, Oxford.

3 Bodanszky, M., Chaturvedi, N. C., Scozzie, J. A.,
Griffith, R. K. & Bodanszky, A. (1969) Antimicrob. Ag.
Chemother., 135—138.

4 Hausmann, W. K., Borders, D. B. & Lancaster, J. E.
(1969) J. Antibiot. Ser. A. 22, 207 —210.

5 Bodanszky, A. & Bodanszky, M. (1970) J. Antibiot.
Ser. A 23, 149—154,
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tionsdispersionsspektroskopie ermittelt und dar-
iiber hinaus durch Umwandlung von N*Tosyl-L-
threo-o.8-diaminobuttersdure (L-threo-V) in das
bekannte N-Tosylthreonin mittels salpetriger Sdure.
Die threo- und erythro-Isomeren der «,3-Asbu (VI)
und N*Tosyl-a,B-Asbu (V) wurden weiterhin
durch ihre Retentionszeiten bei der Ionenaustausch-
chromatographie im Aminosdure-Analysator und
durch die Ninhydrin-Konstanten (Cyw) charakteri-
siert. Der erythro-Isomeren der «,3-Azbu besaBen
hohere Farbkonstanten (20,6) als die threo-Isome-
ren (5,6 —5,8). Im Falle der N-Tosyl-«,3-Asbu er-
zeugten jedoch die threo-Isomeren hohere Werte
(11,3—11,4) als die erythro-Isomeren (1,7 — 1,8). Die
Kernmagnetischen Resonanzspektren (in DCI) der
N*Tosyl-L-threo-a,3-Asbu (L-threo-V) zeigten eine
H,-Hg-Kupplungskonstante (6,6 Hz), die mit der-
jenigen der erythro-Isomeren der freien Diamino-
buttersdure identisch ist. Folgende, fiir Peptidsyn-
thesen brauchbare, geschiitzte Derivate wurden
dargestellt: N*Tos-N®-Boc-,3-Asbu, NF®-Boc-
a,8-Agbu, N*Z-NP-Boc-a,B-Asbu, N*Z-NP-Boc-
o,p-Agbu-OMe und N*-Z-a,8-Azbu-OMe x HCI.

mycin DI6:7] in which the L-threonine residues
would be replaced by isosteric L-threo-a,3-diamino-
butyric acid residues. This bis-lactam analog in
which the lactone oxygens of actinomycin D have
been replaced by -NH- groups!(8:91 is part of a series
to be prepared for assessing the contribution which
the peptide moieties make to the antitumor activity
of actinomycin. Since no synthetic route to the
individual optically active isomers of «,3-diamino-
butyric acid has been recorded, we have developed
a scheme of preparation starting from the appro-
priate threonine isomers. We report herein the pre-
paration of all four stereoisomers, describing in
detail that of vL-threo-a,p-diaminobutyric acid (L-
threo-VI)*. Several derivatives of L-threo-a,B3-di-
aminobutyric acid suitable for use in peptide syn-
thesis were prepared, including N*Tos-N®Boc-

* A preliminary communication has been published(10],
6 Farber, S., Toch, R., Sears, E. M. & Pinkel, D. (1956)
Advan. Cancer Res. 4, 47—49.

7 Farber, S. (1966) J. Amer. Med. Assoc. 198, 826 —836.
8 Atherton, E. & Meienhofer, J. (1972) J. Amer.
Chem. Soc. 94, 4759 —4761.

9 Atherton, E., Patel, R. P., Sano, Y. & Meienhofer, I.
(1973) J. Med. Chem. 16, 355 —358.

10 Atherton, E. & Meienhofer, J. (1972) J. Antibiot.
Ser. A. 25, 539 —540.
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o,8-Asbu, NP-Boc-o,B-Agbu, N*Z-NP-Boc-o,B-
Asbu, N*-Z-NPB-Boc-u,3-Asbu-OMe, and N*Z-
«,B-Agbu-OMe x HCL.

Experimental procedures

Melting points were determined on a Fisher-Johns
apparatus and are corrected. Optical rotations were
determined on a Rudolph Model 200 manual spectro-
polarimeter. ORD curves were obtained on a Cary
model 60 spectropolarimeter; NMR spectroscopy
was performed with a Varian A60 instrument.
Amino acid analyses were done on the short column
(5.5 cm high) of a Beckman Model 121 auto-analyzer
containing spherical polystyrene-divinylbenzene-based
strong-sulfonic acid cation-exchange resin, PA 35, and
using 0.35N sodium citrate buffer, pH 5.26, at a flow
rate of 105 mi/h. Elemental analyses were performed
by Werby Laboratories, Inc., Boston, Massachusetts

Threonine (I)

L-Threonine (1-threo-I) and bD-threonine (D-threo-I)
were commericial products (Ajinomoto Company of
New York). L-allo-Threonine (L-erythro-1) and D-allo-
threonine (D-erythro-1) were prepared by the method
of Elliott!11l, y1-erythro-I: m.p. 265—266°C [o]¥:
+8.99 (¢=3.3 in water). Lit.(111: m.p. 273—2740C,
[a}3: +9.30 (¢c=3.3 in water). D-erythro-I: m.p.
265—2689C, [«]®: —9.29 (c=3.9 in water). Lit.(11]
m. p. 272~273°C [«)}: —9.10 (c=3.9 in water).

N-Tosylthreonine (1I)

Prepared by the method of Theodoropoulos and Craig
(12] Table 1.

N-Tosylthreonine methyl ester (I1I)

To a cooled (0°C) stirred solution of II (136.5 g,
0.5 mol) in dioxane (350—400 m/), diazomethane in
ether was added dropwise until the yellow color
persisted. The mixture was stirred for 1.5 h, excess
diazomethane was destroyed by addition of acetic acid,
and the mixture evaporated. The residual oil was dis-
solved in ethyl acetate (800 m/) and washed with Im
NaHCOs3 (three times), saturated NaCl (two times),
dried (MgSOy4), and evaporated. The product crystal-
lized and was generally obtained in over 859, yield and
used in this form for the O-tosylation. Recrystallization
and physical data, see Table 1.

N,O-Ditosylthreonine methyl ester (IV)

To a stirred solution of III (144 g, 0.5 mol) in pyridine
(700 m/) at 09C to —59C, p-toluenesulfonyl chloride
(190.6 g, 1 mol) in pyridine (350 m/) was added drop-
wise. The solution, which darkened slightly, was allowed

11 Elliott, D. F. (1950) J. Chem. Soc. 62— 68.

12 Theodoropoulous, D. & Craig, L. C. (1956) J. Org.
Chem. 21, 1376 —1378.
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to warm to room temperature and was stirred for 13 h.
Evaporation of the pyridine gave an oil which was
partitioned between water (300 m/) and ethyl acetate
(300 m/). The aqueous phase was extracted with ethyl
acetate (3 X 100 m/); the organic phases were combined,
washed with 259 aqueous pyridine (three times),
water (three times), 1IN HCI (several times until the
wash was acidic), saturated NaCl and dried (MgSOy).
On evaporation the product started to crystallize.
Recrystallization solvent and experimental data, see
Table 1.

Direct N,O-ditosylation of threonine methyl ester
affords IV possessing the same physical characteristics,
but in generally lower overall yield.

N&-Tosyl-a,B-diaminobutyric acid (V)

IV (95 g, 0.22 mol) was treated with ammonia-saturated
methanol (1000 m/) in a sealed round bottom flask for
48 h at room temperature. The methanol was eva-
porated and traces of ammonia removed under high
vacuum. The residual solid was then hydrolyzed in
refluxing 6N HCI (800 m/) for 3 h. After cooling, the
solution was evaporated to dryness and flushed with
water several times. The solid was dissolved in the
minimum amount of boiling water, filtered and
adjusted to pH 7 with ammonium hydroxide. On
cooling, a crude crystalline product formed which was
recrystallized from water. It yielded a mixture which
was washed after filtration with cold ethanol. A third
recrystallization afforded pure material. Data, see
Tables 1 and 2. The mother liquors contained optically
inactive material. Thin-layer chromatography (Silica
gel; sec-butanol/formic acid/water 150:27:23) showed
the presence of V (racemic, Rr=0.55) and of 1-tosyl-
aminocrotonic acid (Rr=0.35).

a,B-Diaminobutyric acid (VI)

To a stirred solution of V (1.5 g, 5.5 mmol) in liquid
ammonia (750 m/) at the boiling point (ca. —33°C)
was added sodium (257 mg) in small portions over
20 min until the blue color of the solution persisted for
30 sec. Ammonium chloride (600 mg) was added and
the ammonia allowed to evaporate; final traces were
removed in vacuo. The residue was suspended in
boiling ethanol and water added until solution, and the
mixture acidified with hydrochloric acid. On filtration
and neutralization with pyridine, crystals of the mono-
hydrochloride monohydrate formed. Data, see Tables
1and 2.

Conversion of N *-tosyl-L-threo-o.3-diaminobutyric acid
(L-threo-V') to N%-tosyl-L-threonine

Compound L-threo-V (0.5 g, 1.8 mmol) was dissolved
in water (10 m/) and sodium nitrite (152 mg) added.
Glacial acetic acid was added to attain pH 3.5 and the
mixture was stirred for 15 h. On acidification to pH 1,
a solid formed which was extracted into ethyl acetate.
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The organic phase was dried (MgSO4) and evaporated
to yield 0.36 g (72%) of an oil. Crystallization from
ether/hexane gave N2-tosyl-L-threonine, m.p. 123 to
1240C; [o]¥: +12.39 (¢=1.26, in methanol).

Action of diethylamine on N,O-ditosyl-L-threonine methyl
ester

A. Formation of L-erythro-N-tosyl-2-methyloxycarbo-
nyl-3-methylaziridine (VII): Compound L-threo-IV
(2.2 g, 5 mmol) was dissolved in tetrahydrofuran (20 m/)
and freshly distilled diethylamine (0.52 m/, 5 mmol)
was added. The solution was kept between 30—40°C
for 6 h and then diluted with ethyl ether. The diethyl-
amine salt of p-toluenesulfonic acid crystallized and
and filtered off. The mother liquor was evaporated and
the residual oil crystallized from ether to give 0.9 g
(67%); m.p. 123—125°C; [«]¥: —83.10 (c=1, in
methanol); IR (KCl)=895 cm™1 (aziridine).

C12H15NO4S (269.3) Caled.: C 53.5 H 5.61
Found: C 53.4 H 6.01

N 5.20
N 5.03

B. Formation of I1-tosylaminocrotonic acid methyl
ester (VIII): Treatment of compound L-threo-V (13.2 g,
30 mmol) in tetrahydrofuran (90 m/) with diethylamine
(3.1 m/, 30 mmol) under the conditions described in A
gave 4.5 g (56%) of VIII; m. p. 118 —120°C; [«]3: 00
(¢c=1, CH30H); NMR (CDCl3) 8 2.0 doublet (J=7.2
Hz) (CH3-CH =); 2.42 singlet (CH3-CsH4-); 3.47 singlet
(-CO2CHgs); 6.0 complex (-SO:-NH-CH=); 7.05
quadruplet (CH3-CH=); 7.5 quadruplet (CH-CgHs-
S02-).

C12H1sNO4S (269.3)  Caled.: C53.5 H5.61 N 520

Found: C 539 HS5.82 NS5.18

N&-Tosyl-NB-tert-butyloxycarbonyl-L-threo-o.,3-diamino-
butyric acid (1X)

N&*-Tosyl-L-threo-a,3-diaminobutyric acid (11.4 g,
42 mmol) was dissolved in INn NaOH (42 m/) and
dioxane (15 m/). rert-Butyloxycarbonyl azide (24 mi,
0.17 mol) was added in dioxane (10 m/) and the mixture
stirred while the pH was kept constant at 9.5 by pH-
stat-controlled addition of 4N NaOH. After stirring at
room temperature for 64 h, the mixture was poured
into water and extracted twice with ethyl acetate. The
aqueous phase was acidified with 1M citric acid. The oil
formed was extracted into ethyl acetate. After washing
the organic phase with saturated NaCl (twice), it was
dried (MgSO4) and evaporated. The residual oil was
crystallized from methanol by the addition of water to
vield 12.3 g of IX (79%); m. p. 153—154°C; [«]}:
+40.39 (c=1, in methanol).

C16H24N206S1 (372.4) Caled: C 51.6 H 6.49 N 7.52
Found: C 51.4 H 6.50 N 7.31

Synthesis of «,8-diaminobutyric acid stereoisomers
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NB-tert-Butyloxycarbonyl-L-threo-o.B-diaminobutyric
acid (X)
A solution of IX (4 g, 67 mmol) in liquid ammonia
(1200 m/) was reduced by addition of sodium as de-
scribed for VI. Sodium consumption was 496 mg. The
mixture was neutralized by the addition of NH4Cl
(1.15 g) and the ammonia evaporated. Last traces of
ammonia were removed in vacuo and the product
crystallized from ethanol/water after adjusting the pH
to 6.5 to provide 1.8 g of X (79%); m. p. 251 —252°C;
[a]d: +19.9° (¢=0.9, in glacial acetic acid).
C9oH18N204 (218.3)  Calcd.: C49.5 H 8.31 N 128
Found: C49.6 H 865 N 128

N<«-Benzyloxycarbonyl-NB-tert-butyloxycarbonyl-L-
threo-o.,3-diaminobutyric acid (XI)
To an ice cold solution of X (1 g, 4.6 mmol) in IN NaOH
(4.6 ml) was added benzyloxycarbonyl chloride (0.78 m/,
5.5 mmol) in ether (10 m/) dropwise over a period of
40 min. The reaction was pH-stat-controlled at pH 10.5
by the addition of 1N NaOH. After 1 h the reaction
was complete and 4.6 m/ of 1IN NaOH had been con-
sumed. The mixture was poured into water and ex-
tracted twice with ether. The aqueous phase was
acidified with 1m citric acid and the oil formed extracted
into ethyl acetate. After washing the ethyl acetate phase
with saturated NaCl (twice), it was dried (MgSO4) and
evaporated. The residual oil was crystallized from
methanol/water giving 1.35 g (83.5%); m.p. 108 to
110°C; [«]}: —36.49 (c=1, in methanol).
C17H24N206 (352.4) Calcd.: C 57.9 H 6.86 N 7.95
Found: C 57.7 H7.02 N 8.02

N&-Benzyloxycarbonyl-NB-tert-butyloxycarbonyl-L-
threo-o,3-diaminobutyric acid methyl ester (XII)

To an ice cold stirred ether solution of XI (0.8 g, 2.3
mmol) diazomethane in ether was added dropwise until
the yellow color persisted. After stirring for approxi-
mately 10 min, the excess diazomethane was destroyed
by the addition of a few drops of glacial acetic acid and
the solution washed with 1M NaHCOs (twice), HoO
(twice), dried (MgSO4) and evaporated. The oil obtained
was crystallized twice from methanol/water, giving
0.6 g (72%); m.p. 80—819C; [«]¥: +400 (c=1, in
methanol).

C18Hg6N20g (366.4) Calcd.: C59.0 H7.15 N 7.64

Found: C 59.0 H7.16 N 757

N&-Benzyloxycarbonyl-L-threo-o.,3-diaminobutyric acid
methyl ester hydrochloride ( XIII)

An ice cold solution of XII (0.86 g, 2.3 mmol) in
freshly distilled trifluoroacetic acid (10 m/) was stirred
for 1 h. The trifluoroacetic acid was removed in vacuo
and the residual oil dissolved in a small volume of ether



694

Excess 1.4N hydrogen chloride in ether was added with
stirring. The product precipitated and was triturated
several times with dry ether before filtering and drying
to yield 0.67 g (94%). Crystallization from methanol/
ether gave 0.45 g fine needles, of m. p. 197—199°C;
[«]B: —14.39 (c=1, in dimethylformamide).
Ci3H19N204Cl (302.8)

Caled.: C51.6 H 633 N9.25 Cl11.7

Found: C51.7 H6.75 N941 CI11.8

Results and Discussion

Treatment of L-threonine with p-toluenesulfonyl
chloridel12]in 1N NaOH gave the N-tosyl derivative
(L-threo-11), which was esterified with diazomethane.
O-Tosylation was attained in pyridine to afford
N,O-ditosyl-L-threonine methyl ester (L-threo-1V).
Ammonolysis for 48 h in ammonia-saturated
methanol followed directly by hydrolysis in re-
fluxing 6N hydrochloric acid gave, after several
recrystallizations from water, pure N“*-tosyl-L-
threo-a.,B-diaminobutyric acid (L-threo-V). Scission
of the N“*-tosyl group was accomplished by the
action of sodium in liquid ammoniall4! to yield
L-threo-u,3-diaminobutyric acid monohydrochloride
monohydrate (L-threo-VI).

The configuration of the isomer was established by
NMR spectroscopy in 2N deuterium chloridel4],

Hq-Hg [Hz] 3.6 6.6 6.6

®
y o, N,
® ®

BN ] BN H Tos-HN H

® @

Kt A, H N, ¥ ch,
coH oo coH
threo erythro threo

(GV) ®) ©

Fig. 1. Newman projections of L-threo-o,B-diamino-
butyric acid (A); L-erythro-o,3-diaminobutyric acid (B);
and N%-tosyl-L-threo-o,3-diaminobutyric acid (C) in
acidic solution (2N DCI).

In the free amino acid (VI) isomers the charged amino
groups are frans to each other (A, B) and, therefore,
the o and B protons are gauche in the threo form (A)
(He-Hg coupling constant of 3.6 Hz) and #rans in the
erythro form (B) (H«-Hpg coupling constant of 6.6 Hz).
The Hq-Hp coupling constant of 6.6 Hz for the N*-
tosyl derivative of L-threo-oB-diaminobutyric acid
indicates that the charged B-amino group is located
closest to the sulfonamide group (C).

14 Du Vigneaud, V. & Behrens, O. K. (1937) J. Biol.
Chem. 117, 27— 36.

E. Atherton and J. Meienhofer
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Table 2. In this solvent the charged amino groups
are trans to each other, and therefore, the « and 3
protons are gauche in the threo from and trans in
the erythro form (Fig. 1A,B). Consequently, the
threo isomer is characterized by a smaller H,-Hj
coupling constant (3.6 Hz) than that (6.6 Hz) of
the erythro isomerl33). The synthetic diamino-
butyric acid has an H,-Hg coupling constant of
3.6 Hz, and a positive Cotton effect was observed
in optical rotatory dispersion studies(4:16] thus
confirming the L-threo configuration of compounds
Vand VI

It is somewhat surprising that the ammonolysis
reaction did not proceed by a normal SN2 type
mechanism, which was expected, to give the
erythro derivative from N,O-ditosyl-L-threonine
methyl ester. The ammonolysis reaction afforded,
however, N*-tosyl-L-threo-a,2-diaminobutyric acid
as the sole optically active product, in recoveries
ranging form 17 % to 33 %. The remaining material
was optically inactive. Thin-layer chromatography
(Silica gel, sec-butanol/formic acid/water 150:27:23)
showed that it contained N%-tosyl-«,3-diamino-
butyric acid (Rp=0.55), presumably racemic mix-
tures such as L,D-threo or L,D-erythro forms and
some 1-tosylaminocrotonic acid (Rp=0.35). In the
absence of kinetic data, discussions of possible
mechanisms remain entirely hypothetical. Since
no L-erythro-diastereoisomer could be detected in
the ammonolysis reaction mixture by amino acid
analyzer tests, an SN1 mechanism might be some-
what unlikely. An explanation of the observed
phenomena is that two processes are operative
during the reaction, i. e. (a) double inversion via
aziridine formation and (b) «,-elimination leading
to racemic mixtures.

The sulfonamide moiety might exert a neighboring
group influence* (a) on the stereochemical course,

15 Karplus, M. (1963) J. Amer. Chem. Soc. 85, 2870 —
2871.

16 Craig, J. C. & Roy, S. K. (1965) Tetrahedron 21,
391 -394,

* A neighboring group influence of the sulfonamide
moiety on this type of reaction was observed when
N#-tosylamino-L-erythro-B-chlorobutyric acid m. p. 169
to 170°C; [«]}: +28.49 (c=1, in methanol); correct
elemental analysis (CH, N) for C;1H14NO4SCI (291.7)]
reacted with conc. ammonia to give N%-tosyl-o,(3-
diaminobutyric acid, among other products, while N#-
benzyloxycarbonylamino-L-erythro-3-chlorobutyric acid
[m. p. 114—116°C; [«]¥: +3.5° (c=1, in methanol);
correct elemental analysis (CH, N) for C12H1aNO4Cl
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Table 2: NMR spectroscopic, ORD, and ninhydrin color values and positions in amino acid analysis of «,8-diaminobutyric acid (VI) stereoisomers and

their N*-tosyl derivatives (V).

NMR (in 2~ DCI) (8 values)

Elution® ORD: Molar rotation,
color Cyw [min before Cotton effect,
(1 pmol)

Ninhydrin

Diastereo-
isomer

Compound

Max 224 nm

NH3s]

6.6 Hz) (CH3-CH-); complex 4.1 (CH3-CH-CH-);
3.6 Hz) (CH3-CH-CH-)

doublet 1.5(J=

)
i
}
|

a Determined on a Beckman Amino Acid Analyzer, Model 121 ; short column (5.5 cm), PA 35 resin, 0.35N sodiumcitrate buffer, pH 5.26, flow rate 105 m//h.

+18410
—18510

+10210

5.8
5.6
0.6
0.6

a,B-Diaminobutyric L-threo

doublet 4.6 (J

D-threo

acid VI

6.7 Hz) (CH3-CH); complex 4.2 (CH3-CH-CH-);
6.2 Hz) (CHs-CH-CH-)

doublet 1.5 (J:

2
2

L-erythro
D-erythro

doublet 4.5 (J

—11120

Synthesis of «,3-diaminobutyric acid stereoisomers 695

6.6 Hz) (CH3-CH-); singlet 2.4 (CH3-CgHy-);

doublet 1.4 (J

23

11.3

L-threo

N&-Tosyl-a,p-

6.6 Hz)

(CH3-CH-CH-); quadruplet 7.3—7.9 (CH3-CgHa-)

doublet 1.24 (J

complex 3.7 (CH3-CH-CH); doublet 4.2 (J

23

1.4

1

D-threo

diaminobutyric

acid V

6.7 Hz) (CH3-CH-); singlet 2.4 (CHs-CgHas-);

24
24

=

L-erythro
D-erythro

3.6 Hz)

complex 3.9 (CH3-CH-CH-); doublet 4.45 (J
(CH3-CH-CH-); quadruplet 7.3—7.9 (CH3-CgHy-)

*x
-

presumably through intermediate aziridine forma-
tion** which is accompanied by inversion at the
B carbon atom. Ammonolysis of the aziridine
proceeds via a second inversion resulting in a
product with the same (L-threo) configuration as
the starting material. Attempts to isolate the
aziridine from N,O-ditosyl-L-threonine methyl
ester (L-threo-1V) by the action of diethylamine!1?]
gave ambigous results. In some experiments the
aziridine, N-tosyl-2-methyloxycarbonyl-3-methyl-
aziridine (VII), could be isolated and in others
1-tosylaminocrotonic acid methyl ester (VIII),
resulting from o,3-elimination, was the sole product.
a,B-Elimination (b) also takes place during the
ammonolysis reaction, since varying amounts of
racemic mixtures were isolated besides L-threo-V.

The NMR spectra of N*-tosyl-L-threo-«,3-diamino-
butyric acid, in 2N deuterium chloride revealed an
H,-Hg coupling constant of 6.6 Hz (see Table 2),
which is consistent with that of the erythro form
of the free diaminobutyric acid. This is probably
due to the conformation adopted by the N*-tosyl
derivative in acidic media. The NMR spectrum
indicates that the conformation is as shown in
Fig. 1C, in which the charged B-amino group is
closest to the sulfonamide group. In the fthreo-
isomer this renders the « and  protons trans to
each other and gives rise to the larger coupling
constant observed. The configuration of L-threo-V
was confirmed by conversion to N-tosyl-L-threonine

(271.7)] remained unchanged even after prolonged
treatment with conc. ammonia.

These observations were part of Dr. R. P. Patel’s
unpublished work on preparation of L-a,3-diamino-
butyric acid stereoisomers in a series of reactions
starting from L-threonine methyl ester, via L-erythro
a-amino-B-chlorobutyric acid methyl ester [m.p. 185
to 1879C; [«)3: —17.20 (c=1, in water)], N*-tosyl-
amino-L-erythro-3-chlorobutyric acid methyl ester
[m. p. 92-93°C; [a]}: +11.2° (c=1, CH30H)), the
corresponding acid (see above), and N%*-tosyl-a,B-
diaminobutyric acid (mixture of isomers), followed by
detosylation with sodium in liquid ammonia. This route
was abandoned since the ensuing mixtures of isomers
were difficult to separate.

** Attempts to obtain aziridine formation by ammono-
lysis of N*-benzyloxycarbonyl-O-tosyl-L-threonine
methyl ester in NH3 saturated methanol for 48 h at
room temperature repeatedly failed.

17 Okawa, K., Kinutani, T. & Sakai, K. (1968) Bull.
Chem. Soc. Jap. 41, 1353 —1355.
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696 Synthesis of «,38-diaminobutyric acid stereoisomers
Boc Boc
Tos-a,B-Asbu-OH —2M s Toso 8 Asbu-OH —2Halit , 1y ) 8 Asbu.OH —=<»
L-threo-V X X
Boc Boc (a) CF,CO,H
(b) HCl-ether

Zea,pohobu-OH ~SN s 7.0 8 Asbu-OM

X1 XII :

> Z-a,3-A2bu-OMe x HCI
X

Fig. 2. Preparation of derivatives of L-threo-x,3-diaminobutyric acid suitable for use in peptide synthesis.

through the action of nitrous acid, which is known
to proceed with retention of configuration(18],

The three other isomers were prepared by the
same route starting from bD-threonine, L-allo-
threonine (L-erythro-1) and p-allothreonine (D-
erythro-1)11) giving D-threo-, L-erythro- and D-
erythro-o,3-diaminobutyric acid, respectively. In
each instance, the NMR spectra of the N*-tosyl
derivatives (V) revealed the same phenomena
discussed above, i. e. the H,-Hg coupling constant
in the erythro series exhibited a value corresponding
to the free threo-aB-diaminobutyric acid, see
Table 2. The ORD patterns of the free acids (VI)
were as expected for the respective isomers, i. e.
a negative Cotton effect for the p-threo and D-
erythro compounds and a positive Cotton effect
for the L-erythro compound.

The threo and erythro isomers were further charac-
terized by their behavior on ion-exchange chro-
matography. The positions of elution from the
short column of the Beckman model 121 auto-
matic amino acid analyzer were recorded and the
color constants for the ninhydrin reaction deter-
mined for each isomer(19:20), As previously observ-
ed[45), the erythro compounds gave higher color
constants than the threo compounds (threo, 5.8;
erythro, 20.6), see Table 2. The N<*-tosyl com-
pounds (V) were also analyzed on the short column
and in this series of derivatives the threo com-
pounds gave higher ninhydrin values than the
erythro isomers (N*-tosyl threo, 11.4; N°-tosyl
erythro, 1.7)*. Indeed, N*-tosyl-L-threo-o.B-
diaminobutyric acid gave a higher color constant

* This cross-correlation appears to be consistent with
that observed with NMR spectra of free and N*-tosyl
derivatives of the respective threo and erythro isomers,
discussed above.

18 Schneider, F. (1937) Justus Liebigs Ann. Chem. 529,
1-10.

19 Spackman, D. H., Stein, W. H. & Moore, S. (1958)
Anal. Chem. 30, 1190 —1206.

20 Spackman, D. H. (1967) Methods Enzymol. 11,
3-15.

than the unprotected diamino acid L-threo-VI)
see Table 2.

Several derivatives of vL-threo-o,3-diaminobutyric
acid suitable for use in peptide synthesis were also
prepared as illustrated in Fig. 2. Treatment of
Ne-tosyl-L-threo-a,B-diaminobutyric acid with rers-
butyloxycarbonyl azide(21-231 under controlled pH
conditions(24] gave the N#-rert-butyloxycarbonyl
derivative IX. Removal of the N*-tosyl group by
the action of sodium in liquid ammoniall4] gave
NB-tert-butyloxycarbonyl -L- threo-diaminobutyric
acid (X). Reaction of X with benzyloxycarbonyl
chloride(25] under controlled pH conditions gave
N=benzyloxycarbonyl-N*-tert-butyloxycarbonyl-L-
threo-diaminobutyric acid (XI) which, upon
esterification with diazomethane, yielded the methyl
ester (XII). Acidolytic cleavage of the NP-tert-
butyloxycarbonyl group was achieved by the
action of trifluoroacetic acid!26], The product was
converted to the hydrochloride (XIII) by the
action of hydrogen chloride in ether. All reactions
proceeded in good yield and crystalline products
were obtained at each stage.
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