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The synthesis and some anomalous reactions of the title compound (4) are discussed. Treatment of 4 with hy-
droxylamine caused oxazoline ring opening to form the amidoxime 5. When the diester 4 was saponified, the O-
benzoyl zwitterion 6 crystallized from solution in excellent yield. The structure of 6 was secured by its rearrange-
ment into DL-threo-N-benzoyl-8-hydroxyaspartic acid (10) and its conversion into DL-threo-3-hydroxyaspartic
acid dimethyl ester. In contrast, the oxazoline ring in monoester 2 (R = H; R’ = CHj) is stable to both hydroxyl-

amine and alkali.

We have been interested in the synthesis of derivatives
and analogs of the antibiotic cycloserine (1, R = H) for
many years. Recently, we have been working toward the
synthesis of a 5-carbamido analog (1, R = CONHy) of cy-
closerine, since this compound might reasonably be expect-
ed to inhibit asparagine synthetase. Since the original syn-
thesis! of cycloserine proceeded through an oxazoline inter-
mediate, 2 (R = H), we decided to investigate a synthetic
scheme using the oxazoline dicarboxylic acid (2, R =
COOH; R’ = H).
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The starting material for this approach was 8-hydroxy-

aspartic acid, the synthesis and stereochemistry of which’

we had investigated previously.? Esterification of the threo
amino acid (3, R = H) followed by conversion of the ester
into the oxazoline (4, R = CHj3) by reaction with ethyl ben-
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zimidate® was uneventful. The oxazoline ester was a crys-
talline compound, which was unstable at ambient tempera-
tures but could be kept indefinitely in a refrigerator.

The difficulties with the oxazoline approach to 1 (R =
CONH;) began when attempts were made to convert the
oxazoline ester into the corresponding dihydroxamic acid
(4, RO = NHOH). The use of the standard methods of hy-
droxamic acid synthesis, i.e., treatment of the diester with
at least 2 equiv of hydroxylamine in basic or neutral solu-
tion,* gave only highly colored products of a polymeric na-
ture. All attempts to crystallize salts of the desired product
from the mixture failed. Treatment of the crude product
with ethanolic cupric acetate followed by isolation of the
precipitated salts and liberation of the organic conjugate
acids with hydrogen sulfide gave only tarry products.
When, however, 4 was treated with 1 equiv of methanolic
hydroxylamine, a white crystalline product, C;3H1N20Os,
was obtained in yields of 35~71%. The empirical formula
indicated that 1 mol of oxazoline had combined with 1 mol
of hydroxylamine. Significantly, the ester functions of the
starting material were still present in this product as shown
by infrared, NMR, and 3C NMR spectroscopy. It gave a
negative FeCl; test, but showed positive Tollens and
Griess® tests indicating the presence of a reducing group,
probably -NHOH or =NOH, in the molecule. Of all the
possible structures considered, only the amidoxime struc-
ture 5 was consistent with all the spectral and chemical
data. Importantly, when. the proton decoupled 13C NMR
spectrum of the ester 4 (R = CHj) was compared with that
of the unknown compound, a signal at 152.2 ppm in the
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spectrum of the latter had to be assigned to the carbon
atom which had appeared at the 2 position in the oxazoline
ring. This chemical shift is too far upfield for a carbonyl or
oxazoline carbon atom, but was very close to the amidox-
ime carbon in benzamidoxime (150.8 ppm). These data,
thus, confirmed the structure 5 for that of the hydroxyl-

Ph

C
oH HN” SNOH

CH,;00CCH—CHCOOCH,
5

amine adduct. The reaction of imino esters with hydroxyl-
amine to form amidoximes has been reported,® but, to our
knowledge, the conversion of an oxazoline (cyclic imino
ester) into an amidoxime has not been reported. This spe-
cific case of amidoxime formation seems to us even more
unexpected in light of the conversion by hydroxylamine of
the oxazoline ester (2, R = H; R’ = CHj) into a hydroxamic
acid in excellent yield.* It is difficult to understand why the
presence of the 5-carbomethoxy group should cause the re-
sults of this reaction to be so completely different.

The enhanced reactivity of 4 at C-2 is reflected also in
the opening of the oxazoline ring in the saponification of 4.
The acid obtained on acidification crystallized as a hy-
drate” which on drying lost 1 mol of water. The spectral
and analytical data and a positive ninhydrin reaction indi-
cated that the acid was not the expected oxazoline 4 (R =
H), but rather DL-threo-O-benzoyl-3-hydroxyaspartic acid
monohydrate (6). This structure was consistent with the
fact that when 6 was treated with thionyl chloride at room
temperature, a hydrochloride (7) rather than an oxazoline
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(") COOH \ COOH
6 7

acid chloride hydrochloride was obtained. Dilute bicarbon-
ate converted 7 back to 6 in excellent yield. The structure
and configuration of 7 was confirmed by its conversion to
the known DL-threo-B-hydroxyaspartic acid dimethyl ester
hydrochloride?8 (9). Direct methanolysis of 7 to 9 failed
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when it was found that 8 was the only product. Surprising-
ly, 8 was stable to refluxing saturated methanolic hydrogen
chloride for 5 days. It was necessary to hydrolyze 8 to the
crude acid and subsequently to convert the acid into the
ester 9. This extreme difficulty of ester methanolysis is
reminiscient of difficulty experienced in the acid hydrolysis
of an a-amino acetal in which the proximity of the positive-
ly charged amino function presumably retarded the reac-
tion.? The fact that the threo ester (9) was finally obtained
shows that no inversion of configuration had occurred in
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the formation of the acid 6 from 4. One of the most inter-
esting aspects of the acid 6 was its slow (72 hr) conversion
in MesSO-dg into DL-threo-N-benzoyl-8-hydroxyaspartic
acid (10). Both 10 and its erythro isomer were synthesized
by benzoylation of the amino acids for spectral comparison
with the rearrangement product. This is an example of a
very slow O — N-acyl migration under very mildly basic
{Me2SO0 solution) conditions. In fact, when 6 was allowed to
stand in aqueous basic solution overnight, 10 was obtained
in excellent yield.

The fact that the oxazoline ring in 4 (R = CHj3) was de-
stroyed under the saponification conditions was not unex-
pected, but the isolation of a highly crystalline water-insol-
uble zwitterion like 6 was very much unexpected. In one
case, the dipotassium salt of the saponification product was
isolated and its TH NMR and 13C NMR spectra were deter-
mined. The C-4 and C-5 protons were present as in the oxa-
zoline, not as they appear in the N-benzoyl derivative, 10,
and the C-2 carbon atom appeared as expected at 167.2
ppm (MeoSO-dg). Apparently the oxazoline ring was intact
until the solution was acidified giving the fortuitously in-
soluble zwitterion, 6. Under similar conditions of saponifi-
cation, the oxazoline monoester 2 (R = H; R’ = CH3) gave
the corresponding oxazoline acid in excellent yield.

The exhanced reactivity of the oxazoline 2 position in 4
(R = CHj) as compared to 2 (R = H; R’ = CHj3) can be ra-
tionalized by invoking the electron-withdrawing inductive
effect of the 5-carbomethoxy group, but it would seem to
be only a partial explanation for the apparent total redirec-
tion of the reaction of 4 with hydroxylamine.

Experimental Section

All melting points were taken on a Nalge-Axelrod hot stage and
are uncorrected. Infrared spectra were recorded on either a Per-
kin-Elmer Infracord Model 257 or.Model 631. The proton NMR
spectra were recorded using either a Varian T-60 or HA-100 spec-
trometer and were calibrated by the side band modulation tech-
nique with either tetramethylsilane (Me4Si) or 3-(trimethylsilyl-
Jpropanestlfonic acid sodium salt as the internal standard. °C
NMR spectra were recorded on a Jeol spectrometer using Me4Si as
a standard and chemical shifts were determined by computer scan.
Radial paper chromatography was carried out on 31-cm Whatman
No. 1 circles having a 1-cm diameter center hole. Compounds were
visualized using ninhydrin (N). Thin layer chromatography was
carried out on Kodak ultraviolet-sensitive silica gel sheets and was
visualized in a uv lamp. box. )

Starting Materials. DL-threo-3-Hydroxyaspartic acid and DL-
erythro-8-hydroxyaspartic acid were prepared by the method of
Jones and Stammer? in 93% yield and benzamidoxime was pre-
pared according to the method of Tiemann.'®

DL- trans-2-Phenyl-4,5-dicarbomethoxy-2-oxazoline  (4).!!
To a solution of 4.9 g (26 mmol) of ethyl benzimidate hydrochlo-
ride in 50 ml of N,N-dimethylformamide (DMF) was added 4 ml
(29 mmol) of triethylamine and the solution was stirred for 10 min.
A solution of 5.4 g (26 mmol) of 3 (R = CHjy) hydrochloride in 30
ml of DMF was added and the reaction mixture was stirred at
room temperature for 24 hr. The resulting orange solution was
concentrated in vacuo and 50 ml of water and 100 ml of ether were
added. The resulting water layer was extracted with three 100-ml
portions of ether and the combined ether layers were extracted
with three 100-ml portions of water. After drying with anhydrous
magnesium sulfate, the ether solution was percolated through a
thin pad of Woelm No. 1 grade neutral alumina to remove the red-
dish-orange color. The resulting colorless solution was concentrat-
ed to yield 3.30 g of 4 which was recrystallized from ether-petrole-
um ether: 3.2 g (54%); mp 59-60°; ir. (Nujol) 1750 (C=0), 1660
cm-?! (C=N); 'H NMR (Me280-ds) 6 4.0 (s, 3 H, OCHa), 4.02 (s, 3
H, OCHy), 5.7 (d, 1 H, CHN, J = 6 Hz), 6.3 (d, 1 H,CHO,J = 6
Hz), 8.0 ppm (m, 5 H, Ph); 13C NMR (off resonance, MeSO-d¢)
169.1 (s, C=0), 168.3 (s, C=0), 163.5 (s, C=N), 131.7-125.4 (m,
phenyl), 77.6 (d, C—5), 71.7 (d, C—4), 52.4 (q, CHj, both esters).

Anal. Caled for C15H13NOs: C, 59.31; H, 4.98; N, 5.32. Found: C,
58.89; H, 5.07; N, 5.48,

DL-threo-N-(1-Hydroxyiminobenzyl)-8-hydroxyaspartic
Acid Dimethyl Ester!? (5). To a solution of 262 mg (3.8 mmol) of
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NH20H-HCl in 15 ml of absolute methanol was added 8.0 ml (3.8
mmol) of 0.48 N sodium methoxide and the solution was stirred
for 10 min. The mixture was filtered and the filtrate was added to
a solution of 1.00 g (3.8 mmol) of 4 (R = CHj) in absolute metha-
nol. The solution was stirred at 25° for 1 hr after which the white
precipitate (239 mg) was collected. A second crop was obtained
(146 mg) after allowing the filtrate to stand at 5° overnight, bring-
ing the total yield to 385 mg of 5 (35%): mp 163-166° dec; ir
(Nujol) 3448 (OH), 3390 (NH), 1754 (C==0, esters), 1645 (C=N,
oxime); 'H NMR (Me2S0-dg) 6 4.1 (s, 3 H, OCHj), 4.13 (s, 3 H,
OCHj), 5.1 {m, 2 H, CHN and CHO), 7.8 ppm (m, 5 H, Ph); 13C
NMR (off resonance, MezSO-dg) 170.4 (s, C=0), 169.6 (s, C=0),
152.2 (s, C=NOH), 131.1-127.1 (m, phenyl), 70.4 (d, MeOC~
CHOH), 58.2 (d, MeO,C~CHNH), 51.7 (g, CHjs esters).

Anal. Caled for Ci13H16N9Og: C, 52.70; H, 5.44; N, 9.45. Found: C,
52.81; H, 5.43; N, 9.27. '

DL-threo-N-Benzoyl-g8-hydroxyaspartic Aecid (10). In a
250-ml round-bottom flask equipped with a stirrer and pH elec-
trode, 1.0 g (6.7 mmol) of DL-threo-3 (R = H) was placed in 14 ml
of 1 N LiOH and the mixture was stirred mechanically until the
solid dissolved. After addition of 3 m! of dimethoxyethane (DME)
to the mixture, 940 mg (6.7 mmoles) of benzoyl chloride dissolved
in 3 ml of DME was slowly added. The pH of the mixture was kept
above 10.0 by the slow addition of 7.0 ml of 1.0 N LiOH and after 1
hr the solution was acidified to pH 1.8 with 1.0 N HCL. The acidic
reaction mixture was extracted with three 50-ml portions of ethyl
acetate, and the combined extracts were dried over anhydrous
MgSO,4 and evaporated to dryness in vacuo to a pale yellow oil
which solidified within a few minutes. The white crystals were
washed with ether and dried in vacuo to yield 1.60 g (95%) of crude
benzoyl derivative. The product was recrystallized from water: mp
178-175°; ir (Nujol) 3380 (NH), 1760 (C==0, acid), broad 1740
(C=0, acid), 1650 em~! (C=0, amide); 3C NMR (Me;S0-d¢)
(proton decoupled, Me4Si external standard) 172.4 (C==0, acid),
170.7 (C=0, acid), 166.4 (C=0, amide), 133.6-127.2 (phenyl), 70.7
(8 carbon), 55.6 ppm (& carbon); TH NMR (Me,S0-ds) 5 4.66 [d, 1
H, J = 3 Hz, -CH(OH)-], 501 (q, 1 H, J = 3, 8 Hz,
-CHNHCOPh), 7.70 (m, 5 H, phenyl), 8.16 ppm (d, 1 H, J = 8 Hz,
~NHCOPh).

Anal. Caled for C;;H11NOg: C, 52.18; H, 4.38; N, 5.53. Found: C,
52.25; H, 4.40; N, 5.48.

DL-erythro-N-Benzoyl-8-hydroxyaspartic Acid. This com-
pound was prepared by the same procedure used for 10, DL-
erythro-3 (R = H) (1.12 g) afforded 1.30 g (68%) of the erythro iso-
mer, mp 157. Recrystallization from ethyl acetate-hexane (1:1)
gave an analytical sample: mp 160-161°; ir (Nujol) 3455 (OH),
3390 (NH), 1745 and 1705 (C==0, acid), and 1625 cm~! (CONH);
IH NMR (Me2S0-dg) 6 4.44 [d, 1 H, J = 3 Hz, -CH(OH)], 5.10 (q,
1H,J = 3,8 Hz, -CHNH), 7.73 (m, 5 H, phenyl), 8.33 ppm (d, 1 H,
J = 8 Hz, -CONH-); 13C NMR (MeySO-dg, proton decoupled;
Me4Si external standard) 172.2 (COOH), 170.3 (COOH), 166.2
(~CONH-), 133.7-127.3 (phenyl), 70.9 (8 carbon), 55.8 ppm (« car-
bon).

Anal. Caled for C1;H:1NOg: C, 52.18; H, 4.38; N, 5.53. Found: C,
52.38; H, 4.41; N, 5.61.

DL-threo-O-Benzoyl-8-hydroxyaspartic Acid (6) Monohy-
drate. One gram (3.8 mmol) of 4 (R = CHj3) was placed in 55 ml of
DME to which 304 mg (7.6 mmol) of NaOH pellets previously dis-
solved in 20 m! of water was added. The solution was stirred at
room temperature for 10 min and the resulting clear solution was
acidified with 0.1 N HCl to pH 2.0. A fine white precipitate was fil-
tered and recrystallized from water to give 900 mg (93%) of pure
12: mp 190-191°; ir (Nujol), 3500 (NH), 3240, 3350 (OH), 1720
(C==0, acid); 1670 em~! (NH-H;0); 'H NMR (Me3S0-dg, Me,Si
external standard) § 7.8 (m, 5 H, phenyl), 6.7 (m, 6 H, H;0, NH, 2
COqH, OH), 5.7 (d,1 H, HC-5, J = 8 Hz), 4.3 ppm (d, 1 H, HC4, J
= 8 Hz); 13C NMR (Me2xSO-dg, Me,Si external standard proton
decoupled) 167.8 (C=0, acid), 167.6 (C=0, acid), 164.3
(PhC=0), 133.3-128.2 (phenyl), 70.2 (COC), 52.5 ppm (CNH).

Anal. Caled for C1;H1sNO7: C, 48.71; H, 4.83; N, 5.16. Found: C,
48.78; H, 4.84; N, 5.18.

DL-threo-0O-Benzoyl-8-hydroxyaspartic Acid (6). Drying
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383.7 mg (1.42 mmol) of 6 monohydrate in an Abderhalden appa-
ratus for 3 days at 82° and 0.025 Torr gave 359 mg (100%) of 6: mp
185-187°; ir (Nujol) 3190 (NH), 3090 (OH), and 1715 ¢m™!
(COOH); 'H NMR (MeSO-dg) 6 4.24 (d, 1 H, J = 8 Hz, HC-4),
5.44 (d, 1 H, J = 0 Hz, HC-5), 7.7 ppm (m, 6 H, phenyl, NH).

Anal. Caled for C;;H11NOg: C, 52.18; H, 4.38; N, 5.53. Found: C,
52.33; H, 4.42; N, 5.48.

DL-threo-0O-Benzoyl-8-hydroxyaspartic Acid Hydrochlo-
ride (7). A suspension of 2.21 g (8.16 mmol) of 6 monohydrate in
13 ml of thionyl chloride was stirred magnetically for 16 hr. The
suspended white solid was filtered and dried in vacuo, giving 2.24 g
(94%) of 7: mp 138-140°; ir (Nujol) 3190-3060 (broad NH;*), 1695
cm~! (COOH); 'H NMR (MesSO-d¢) 6 4.62 (d, 1 H, J = 3 Hz,
~CH-), 580 (d, 1 H, J = 3 Hz, -CH-), 7.90 (m, 5 H, phenyl), 10.56
ppm (broad s, 4 H, COOH, NH;3*); 13C NMR (Me2SO-dg) (proton
decoupled; MesSi external standard) 167.1 (COOH), 166.7
(COOH), 164.3 (PhCOO-) 134.0-128.0 (phenyl), 70.1 (8 carbon),
52.7 (a carbon). .

Anal. Caled for C1;H1206NCl: C, 45.61; H, 4.18; N, 4.84. Found:
C, 45.57; H, 4.17; N, 4.85.

DL-threo-O-Benzoyl-g-hydroxyaspartic Acid Dimethyl
Ester Hydrochloride (8). To a solution of 15 ml of acetyl chloride
in 50 ml of methanol was added 1.0 g (3.47 mmol) of 7. The solu-
tion was refluxed for 16 hr and the solvent was evaporated in
vacuo, giving 0.97 g of an amorphous solid. Crystallization from
isopropyl alcohol-ether gave 0.85 g (77%) of an analytical sample
of 8: mp 142-145°; ir (Nujol) 1750, sh 1740 em~! (COOCHz3); 'H
NMR (MegSO0-dg) 64,18 (d, 1 H,J = 4 Hz, -CH-), 586 (4,1 H, J
= 4 Hz, ~CH-), 7.95 (m, 5-H, phenyl); 13C NMR (MesS0-dg, pro-
ton decoupled, Me,Si external standard) 166.1 {(PhCOQ-), 185.7
(COOCH3), 164.2 (COOCH3), 134.1-127.5 (phenyl), 69.9 (8 car-
bon), 53.4 (both CO2CHj3) 52.6 ppm (a carbon).

Anal. Caled for Ci3sHsNOgCL C, 49.20; H, 5.04; N, 4.41. Found:
C, 49.15; H, 4.92; N, 4.55.

DL-threo-g-Hydroxyaspartic Acid Dimethyl Ester (9) from
8. A solution of 579 mg (1.8 mmol) of 16 and 25 ml of concentrated
HCl was refluxed for 16 hr and the solvent was evaporated in
vacuo. The oily product was dissolved in methanol saturated with
dry HCl and after 38 hr the solvent was evaporated in vacuo and the
oily residue was redissolved in methanol and evaporated in dryness
in vacuo. Crystallization of the crude residue from methanol-ether
gave 166 mg (43%) of 9, mp 133-135° (lit.1° 134-136°).

Registry No.—DL-threo-3 (R = CHg), 13515-98-5; DL-threo-3
(R = H), 4294-45-5; DL-erythro-3 (R = H), 6532-76-9; 4 (R =
CHyjy), 56454-02-5; 5, 56454-03-6; 6, 56454-04-7; 7, 56454-05-8; 8,
56454-06-9; 10, 56454-07-0; 10 erythro isomer, 56454-08-1; ethyl
benzimidate hydrochloride, 5333-86-8; NHoOH-HCI, 5470-11-1;
benzoyl chloride, 98-88-4; methanol, 67-56-1.
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