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of an acyl halide.®? Acidification of the initial bicarbonate wash liquor
followed by extraction with dichloromethane showed the presence
of phenylacetic acid (mass spectrum was identical with the literature
spectrum®!®) as well as other organic material.

3,3-Dimethyl-1-butyne. A single product (70%) was formed, which
was identified as 2-fluoro-3,3-dimethylbutanal on the basis of the IR
(aldehyde carbonyl stretching at 1710 cm™!) and 'H NMR spectra
['H NMR (CDCly) 6 1.1 (t-Bu), 3.5 (d, J = 43 Hz, CHF), 10.6 (broad
CHO)] of the reaction mixture. The 1H NMR spectrum is similar to
that of the chloro and bromo analogues,?? and the observed CHF
coupling constant is also indicative of this structure.3* The mass
spectrum of the major product also agreed well with the proposed
structure: mass spectrum, m/e (rel intensity) 118 (1), 98 (35), 83 (10),
69 (70), 55 (98), 41 (100).
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3-Substituted aspartic acids are a class of physiologically
interesting amino acids. For example, 3-hydroxyaspartic acid,2
3-methylaspartic acid,> 3-phenylaspartic acid, 3-ami-
noaspartic acid (2,3-diaminosuccinic acid),* and their deriv-
atives are attractive substances as a possible antagonist of
aspartic acid, and some of these possess antibacterial activity.
Of these, 3-aminoaspartic acid derivatives are also important
intermediates for biotin% and 3-fluoroaspartic acid,® which is
a useful precursor of 5-fluorouracil.” With regard to the syn-
thesis of 3-aminoaspartic acid, two conventional methods are
known: the first method is an amination of dibromosuccinic
acid with benzylamine, followed by debenzylation;8& the
second is a newer method by photodimerization of N-acyl-
glycinate.?

In this regard, we have attempted to exploit the more ver-
satile method for the synthesis of the 3-substituted amino
acids in the course of studies on the synthesis of amino acids
and related compounds. Most recently, we have found that
2-acetoxyamino acid derivatives were useful cationic synthons,
which reacted with various nucleophiles to afford 2-substi-
tuted amino acid derivatives in excellent yields.!® In the
present study, this finding has been extended to the C—C bond
formation by the reaction with carbanion as a nucleophile; this
paper describes that the method has effected a potentially
general synthesis of 3-substituted aspartic acids, especially
3-aminoaspartic acid derivatives as shown in Scheme I.

The reaction of ethyl 2-acetoxyglycinate (1), which was
prepared by the anodic oxidation of ethyl N-acetylamino-
malonate,!! with an anionic source possessing the glycine
skeleton (2) proceeded smoothly in the presence of sodium
hydride. After the reaction mixture was worked up in the usual
manner, the products were purified by column chromatog-
raphy on silica gel. The resulting N-acetyl-3-substituted-
aspartic acid derivatives (3) were identified by IR and NMR
spectroscopies as described in the Experimental Section.
When diethyl N-acetylaminomalonate (2a), diethyl N-
formylaminomalonate (2b), diethyl N-carbobenzoxyamino-
malonate (2¢), and ethyl 2-(N-acetylamino)cyanoacetate (2d)
as the carbanion sources having glycine skeleton were used,
the corresponding coupling products (3a-d) were obtained
in high yields. Of these, the compound 3d was isolated as
crystals in 55% yield, which seemed to be a single isomer; un-
fortunately, the stereochemistry was not determined in this
study. Subsequently, these coupling products were hydrolyzed
with hydrochloric acid to afford the desired 2,3-diaminosuc-
cinic acid (4), which was a diastereomeric mixture of () and
meso forms, in a good yield as shown in the Experimental
Section.

The synthetic method was further applied to the prepara-
tion of other 3-substituted aspartic acid analogues. The re-
action of the acetoxyglycinate (1) with ethyl acetoacetate and
ethyl cyanoacetate afforded diethyl N-acetyl-3-acetylaspar-
tate (5)!2 and diethyl N-acetyl-3-cyanoaspartate (6), re-
spectively, in good yields. Further attempts to prepare the
2-methylaspartic acid derivative were carried out using ethyl
N-acetyl-2-acetoxyalaninate (1’). As a typical example, diethyl
N-acetyl-3-cyano-2-methylaspartate (6’) was synthesized in
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a good yield without formation of elimination product
{dehydroalanine derivative) and Michael adduct to the
dehydro compound. These results suggest that the reaction
would proceed via the acylimine intermediate as postulated
previously.!?

Experimental Section

General, All melting points are uncorrected. Melting points were
measured by the use of a Yamato melting point apparatus. IR spectra
were recorded on a Shimadzu IR-27G infrared spectrophotometer.
NMR spectra were obtained using a Hitachi Perkin-Elmer R-20A
high-resolution NMR spectrometer with Me4Si as internal stan-
dard.

Starting Materials. Ethyl N-acetyl-2-acetoxyglycinate (1) and
ethyl N-acetyl-2-acetoxyalaninate (1’) were prepared by the method
previously reported by us.!!

Synthesis of 3-Aminoaspartic Acid Derivatives (3). General
Procedure. To a stirred suspension of 65% sodium hydride (0.88 g,
0.024 mol) and diethyl N-acylaminomalonate (2) (0.02 mol) in tet-
rahydrofuran (20 mL) was added a solution of 1 (4.06 g, 0.02 mol) in
tetrahydrofuran (10 mL) at 0-5 °C for 15 min. After the mixture was
stirred for 2 h at room temperature, the mixture was evaporated to
drvness in vacuo. The oily residue was extracted with ethyl acetate
and the solution was washed with water and dried over magnesium
sulfate. Then the solution was evaporated to dryness in vacuo and the
resulting product was purified by column chromatography on silica
gel using CHCI; as an eluent.

Diethyl N-acetyl-3-( N-acetylamino)-2-ethoxycarbonylas-
partate (3a): obtained as a syrup; yield 95%; IR (Nujol) vmax 3320,
1750, 1670, 1520 ecm™!; NMR (CCly) 6 1.24 (1, 6 H, 2COOCH:CH3),
1.32 (t, 3 H, COOCHCHjy), 1.93, 2.04 (two s, 6 H, 2COCH3), 4.08, 4.15,
4.28 (three q, 6 H. 3COOCH:CH3), 5.26 (d, 1 H,CH, J = 7.7 Hz), 7.24
(. | H, NH), 769 (d. 1 H, NH, J = 7.7 Hz). Anal. Caled for
("15H240sN 2 CL29.99; H, 6.71; N, 7.77. Found: C, 50.08; H, 6.74; N,
7.86.

Diethyl N-acetyl-3-(N-formylamino)-2-ethoxycarbonylas-
partate (3b): obtained as a syrup; yield 84%; IR (Nujol) vpax 3300,
1750, 1670, 1520 em ™ NMR (CDCly) 6 1.23, 1.25, 1.33 (three t, 9 H,
3CO0CHLCHy), 2.02 (s, 3 H, COCHy), 4.13, 4.25, 4.34 (three q, 6 H,
3CO0OCH,CHy), 5.63 (d, 1 H,CH, J = 8.0 Hz), 7.22 (br, 1 H,NH), 7.77
(d.1H.NH,J =3.0Hz),8.16 (d,1 H, CHO, J = 1.5 Hz). Anal. Calcd
for C14H220sNs: C, 48.55:. H, 6.40; N, 8.09. Found: C, 48.39; H, 6.38;
N. 7.98.

Diethyl N-acetyl-3-[ N-(benzyloxycarbonyl)amino]-2-eth-
oxycarbonylaspartate (3¢): obtained as a syrup; yield 92%; IR
(Nujol) #max 3400, 1750, 1690, 1515 em™1; NMR (CCly) 6 1.20 (t, 6 H,
2C'00CH.CH3), 1.33 (t, 3 H, COOCH,CHa3), 1.95 (s, 3 H. COCHy).
.14, 4.21,4.33 (three q, 6 H, 3COOCH:CH3), 5.15 (s, 2 H, CHy), 5.52
(d.1H,CH,J =8.4Hz),8.39 (s, 1 H,NH), 7.35 (s, 5 H, Ph}, 7.57 (d,
1 H. NH, o = 8.4 Hz). Anal. Calcd for C2;HogOgNo: C, 55.74; H, 6.24;
N. 8.19. Found: (. 55.86; H, 6.24; N, 6.26.

Diethyl N-acetyl-3-(.NV-acetylamino)-3-cyanoaspartate (3d):
obtained as crystals; yield 53%; mp 122-126 °C (ethyl acetate-diiso-

propyl ether); IR (Nujol) pmax 3250, 1760, 1660, 1530 em™~! 13;NMR
(CDCly) 6 1.31, 1.34 (two t, 6 H, 2COOCHCH3y), 2.02, 2.18 {two s, 6
H, 2COCHa), 4.29 (q, 4 H, 2COOCH,CH3), 5.14 (d,1 H,CH, J = 7.8
Hz),7.21(d,1 H,NH, J = 7.8 Hz), 8.06 (s, 1 H, NH). Anal. Calcd for
C13H1906N3; C, 49.83; H, 6.11; N, 13.41. Found: C, 49.82; H, 6.13; N,
13.44.

Synthesis of 3-Aminoaspartic Acid (4). A mixture of 3a (3.6 g,
(.01 mol) and 6 N hydrochloric acid (60 mL) was heated at 90-100 °C
for 4 h. The solution was evaporated to dryness in vacuo and the
residue was dissolved in water (10 mL). Then the solution was treated
with ion exchange resin, Amberlite IR 120 (H* form). After the resin
was washed with water, the amino acid was eluted with 5% ammonia.
The eluate was evaporated to dryness in vacuo and the resulting
crystals were washed with methanol to afford diaminosuccinic acid
|3-aminoaspartic acid (4)]: yield 1.33 g; 90%; mp 260-285 °C dec;??
IR (Nujol) vmax 3470, 2100, 1630 cm™~1. Anal. Caled for C4HgO4N3: C,
32,43 H, 5.44; N, 18.91. Found: C, 32.15; H, 5.49; N, 18.60. By the same
treatment, the compounds 3b, 3¢, and 3d were converted into 4 in
85-90% vields.

Synthesis of Diethyl N-Acetyl-3-acetylaspartate (5). According
to the general procedure for preparation of 3-aminoaspartic acid
derivatives, the reaction of ethyl acetoacetate with 1 was carried out
to give 5 in 80% yield: 86-88 °C (ethyl acetate-diisopropyl ether); IR
(Nujol) #max 3340, 1725, 1715, 1650, 1545 em~1; NMR (CDCl3) 6 1.23,
1.27 (two t, 6 H, 2COOCH,CH3), 2.01 (s, 3 H, COCH3y), 2.32 (s, 3 H,
(4-COCHy), 4.18, 4.22 {two q, 4 H, 2COOCH,CH3), 4.28 (d, 1 H, C3-H.
J=45Hz),525(dd, 1 H,Cy-H,J =4.5,87Hz),6.66 (d,1 H NH,J
= 87 Hz). Anal. Caled for C9H1906N: C, 52.74; H, 7.01: N, 5.13.
Found: C, 52.68; H, 7.05, N, 5.11.

Synthesis of Diethyl N-Acetyl-3-cyanoaspartate (6). Ethyl
cyanoacetate reacted with 1 as described above to afford 6 in 65%
vield: mp 82-85 °C (ethyl acetate-diisopropyl ether); IR (Nujol) vax
3260, 2320, 1750, 1665, 1550 em™1; NMR (CDCly) 6 1.31, 1.33 (two t.
6 H, 2COOCH.CH3), 2.14 (s, 3 H, COCHj3), 4.30, 4.33 (two q, 4 H,
2CO0CH.CH3), 4.38(d, 1 H,C3-H,J = 3.75 Hz), 5.33 (dd, 1 H, Co-H.
J =375, 7.5 Hz), 692 (d, 1 H, NH, J = 7.5 Hz). Anal. Caled for
C11H1505N21 C, 51.96: H, 5.55; N, 11.02. Found: C, 51.72; H.5.41. N,
10.87.

Synthesis of Diethyl N-Acetyl-3-cyano-2-methylaspartate
(67). This compound (6’) was prepared by the reaction of 1’ and ethyl
cvanoacetate in 80% yield: mp 79-82 °C (ethyl acetate-diisopropyl
ether); IR (Nujol) vmax 3270, 2260, 1740, 1650, 1550 cm~!; NMR
(CDCl3) 6 1.30 (t, 6 H, 2COOCH,CH3y), 1.79 (s, 3 H, CH4), 1.98 (s, 3
H, COCHy), 4.25 (q, 4 H, 2COOCH2CHa3), 4.76 (s. 1 H, CH), 6.65 (s.
1 H, NH). Anal. Caled for Cy,H 305Ny C, 53.32; H. 6.71; N. 10.37.
Found: C, 53.23; H, 6.69; N, 10.35.
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One of the commercial syntheses of vitamin A involves the
preparation of 4-acetoxy-2-methyl-2-butenal (6) [also known
as B-formylcrotyl acetate and v-acetoxytiglicaldehyde] as a
key intermediate.2 Recently, Wehrli and Schaer have re-
ported? an extremely simple route to this aldehyde (6) starting
from isoprene (1). This present note discusses a similarly facile
method that we have developed for converting isoprene to
aldehyde 6 (Scheme I).

It is well known* that certain primary alkyl halides can be
oxidized to aldehydes using dimethyl sulfoxide (MesSO) in
the presence of a weak nonnucleophilic base. The required
precursor to y-acetoxytiglicaldehyde (6) using this oxidation
step would be 4-bromo-3-methyl-2-buten-1-ol acetate (5) or
the corresponding chloride (4).5 As a model system for the
desired transformation (i.e., 5 — 6), 1-bromo-3,7-dimethyl-
2,6-octadiene (geranyl bromide) was treated with 1 equiv of
sodium bicarbonate in MesSO at room temperature for 15 h.
Instead of obtaining the expected aldehyde (citral), NMR and
IR analysis indicated the product to be a mixture of trienes

Scheme [
CH,
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(CH,~CCH==CH,
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Notes

derived from a competing elimination reaction. Similar results
were obtained when either 1-bromo-3-propyl-2-hexene® or
1-bromo-2-octene’ was treated under the same conditions.

This failure to oxidize a primary allylic bromide to the
corresponding «,(3-unsaturated aldehyde using Me,SO is
consistent with results of similar experiments by Ganem and
Boeckman.? In view of these negative results, it was much to
our surprise that allylic bromide 5 was oxidized to the corre-
sponding aldehyde (6) in 80% yield using Me>SO in the pres-
ence of sodium bicarbonate at room temperature.

Since bromide 5 was difficult® to obtain in good yield and
to purify, we decided to develop an efficient synthesis of the
corresponding chloride (4). Addition of vinylmagnesium
bromide to chloroacetone (2) afforded?® an excellent yield of
isoprene chlorohydrin (3).1° Subsequent treatment of the
latter compound with glacial acetic acid containing 1 equiv
of acetic anhydride and a strong acid catalyst!! went quite
smoothly to give the corresponding rearranged primary allylic
acetate (4) as the sole isolated product in 80% yield.

Treatment of primary allylic chloride 4 with dimethyl
sulfoxide and 1 equiv of sodium bicarbonate proved to be a
sluggish reaction, even at a temperature of 80 °C. However,
in the presence of a catalytic amount (5-10%) of sodium bro-
mide, chloride 4 could be oxidized to the corresponding al-
dehyde (6) using dimethyl sulfoxide and 1 equiv of a suitable
base at 80 °C. The reaction conditions chosen for this oxida-
tion are quite critical insofar as the yield of aldehyde 6 is
concerned. The best yield of aldehyde 6 was obtained when
potassium phosphate dibasic (K;HPO4) was employed as the
nonnucleophilic base!2 for this high-temperature oxidation.
A further improvement in yield was achieved by the addition
of a small amount of potassium phosphate monobasic
(KH5PO,) as a buffer.

An added feature to the oxidation of allylic chloride 4 at 80
°C was the discovery that under the reaction conditions
(Z)-4-acetoxy-2-methyl-2-butenal slowly, but quantitatively,
isomerized to the more stable E stereocisomer, which could be
isolated in >80% yield after purification of the reaction
product. If the oxidation reaction was stopped after 5 h, iso-
lation of the product indicated the presence of unreacted
starting material (4) as well as aldehyde 6 as a 6:1 mixture of
E/Z stereoisomers. However, after 18 h using identical con-
ditions, none of the Z stereoisomer could be detected by NMR
analysis. In view of the stereoselectivity of this oxidation step
and the ease of preparing 1,4-haloacetate derivatives of iso-
prene, the method reported in this note is an attractive one
for synthesis of (E)-4-acetoxy-2-methyl-2-butenal (6).

Experimental Section

General. Reactions were carried out under a nitrogen atmosphere.
The isolation of reaction products was accomplished by extracting
with the specified solvent. The combined extracts were washed
thoroughly with saturated brine and then dried over anhydrous
magnesium sulfate. The solvent was removed from the dried extracts
by using a rotary evaporator under reduced pressure. Evaporative
distillation refers to bulb-to-bulb {Kugelrohr) short-path distillation.
The NMR spectra were recorded with a Varian EM-360 spectrometer
and infrared spectra were obtained using a Beckman Acculab 1
spectrophotometer.

4-Chloro-3-methyl-2-buten-1-o0l Acetate (4). A solution of 127
mg (0.67 mmol) of p-toluenesulfonic acid monohydrate in 3.0 mL of
glacial acetic acid was added dropwise to a chilled (~15 °C, bath
temperature) mixture of 767 mg (6.37 mmol) of 1-chloro-2-methyl-
3-buten-2-ol (3)13 and 1.0 mL (10.6 mmol) of acetic anhydride in 3.0
mL of glacial acetic acid. This solution was then heated at 55 °C4
(bath temperature) for 18 h. After cooling the reaction mixture to
room temperautre, it was poured cautiously into 80 mL of 10%
aqueous sodium hydroxide solution mixed with 40 g of cracked ice.
Extraction of the product with ether, followed by evaporative distil-
lation, afforded 827 mg (80%) of allylic chloride 4 as a 6:1 mixture!®
of E/Z stereoisomers: bp 35-45 °C (bath temperature, 0.1 mm) [lit.1®
bp 91-93 °C (10 mm)]; IR vmayx (film) 1740 (C==0), 1235. 1025, 960,
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