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The facile conversion of a-dehydroamino acid into «-alkoxy-a-amino acid and its cyclic dipeptide is described.
The reaction of t-butyl 2-acetylamino-2-alkenoate or 1-benzyl-3-ethylidene-2,5-piperazinedione with alcohol,
water, or acetic acid in the presence of NBS or NCS, followed by reduction with 10%, Pd-C, gives ¢-butyl 2-alkoxy-,
2-hydroxy-, and 2-acetoxy-2-(acetylamino)alkanoates, and 3-alkoxy-3-ethyl-2,5-piperazinedione respectively.
All the new compounds were characterized by spectroscopic analysis.

Recently, increasing interest has been directed to the
synthesis of ergot alkaloids and cyclic peptide anti-
biotics containing an «-alkoxy- or a-hydroxy-a«-amino
acid moiety as an very important constituent or
precursor.2-5)

So far, several syntheses of a-alkoxy- and «-hydroxy-
a-amino acids from «-amino acid®® and from «-
aminoacrylic acid,!?-13 as well as the semi-synthesis of
6-alkoxypenicillins and 7-alkoxycephalosporins,'¥ have
been reported. However, it seems that no facile and
general synthetic method for a-alkoxy- and a-hydroxy-u-
amino acids and their cyclic dipeptides has yet been
achieved.

Previously, we reported briefly on the addition of
alcohol to a,f-unsaturated a-amino acid (a-dehydro-
amino acid; DHA) in the presence of N-bromosuc-
cinimide (NBS).1» In order to apply and extend the
addition reaction in a more versatile manner, various
reactions of {-butyl 2-acetylamino-2-alkenoate (1) or
1-benzyl-3-ethylidene-2, 5-piperazinedione  (2,5-pipera-

/

R-CH=C-COOBu* —

R-CH=C-COOBu! — R~

zinedione=PDO) (21) with several alcohols, acetic
acid, or water in the presence of NBS or N-chlorosuc-
cinimide (NCS) have here been studied thoroughly. As
a result, the synthetic route for a-alkoxy- and a-hydroxy-
a-amino acids and their cyclic dipeptides was established.

More recently, after the completion of our work,16:17)
Ottenheijm et al. reported a similar addition of methanol
to acylimine intermediates.!8:19)

Results and Discussion

o-Alkoxy-a-amino  Acid. A one-pot reaction of
DHA (1: a; R=CHjy, b; R=C,H;) with an appropriate
alcohol in the presence of NBS or NCS at room tempera-
ture gave directly the desired #-butyl 2-alkoxy-3-halo-2-
(acetylamino)alkanoate (6—13) in an excellent yield.
On the other hand, a similar reaction of ibutyl 2-
acetylamino-2-butenoate (la) with water in DMF
barely proceeded to give t-butyl 2-hydroxy-3-bromo-2-
(acetylamino)butanoate (5a) in a poor yield, whereas
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Scheme 1.
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the reaction of 1 with glacial acetic acid was worked-up
similarly to give é-butyl 2-acetoxy-3-bromo-2-(acetyl-
amino)alkanoate (10) in ca. a 519, yield.

Subsequently, an attempt at the catalytic reduction
of bromine at the 3-position of the 5—8 thus obtained
with 10%, Pd-C and equimolar triethylamine in meth-
anol was successful; the expected #-butyl 2-alkoxy-2-
(acetylamino)alkanoate (16—19) was thus obtained as
colorless crystals in a fairly good yield. A similar
reduction was further applied to t-butyl 3,3-dibromo-2-
alkoxy-2-(acetylamino)alkanoate (15), prepared and
reported previously,!® using 109, Pd-C and two molar
triethylamine to give 16—19 in an almost quantitative
yield.

Moreover, it was found that t-butyl 2-benzyloxy-2-
(acetylamino)alkanoate (19) was hydrogenolyzed with
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109, Pd-C in the absence of triethylamine to give 16
in ca. a 609, yield.

On the other hand, in order to prepare independently
and to confirm the structure of 16—19, ¢-butyl 2-(N,0-
diacetyl-hydroxyamino)alkanoate (14)%) was subjected
to the elimination of acetic acid and the subsequent
addition of alcohol to the acylimine thus formed as an
intermedjate. ~When a solution in an appropriate
alcohol was treated with sodium alkoxide, the expected
elimination-addition reaction was carried out to give
a-alkoxy derivative, which was found to be completely
identical with 17 and 18. This method, however, was
found to be ineffective for the preparation of an «-
hydroxy- or a-benzyloxy-a-amino acid moiety, e.g.,
t-butyl 2-hydroxy- and 2-benzyloxy-2-(acetylamino)-
alkanoate (16 and 19), which were thought to be very

TABLE 1. ¢-BUTYL 2-SUBSTITUTED 3-BROMO-2-(ACETYLAMINO)ALKANOATES (5—10)
Found (Calcd), 9 MR trum, 67
Coli]'ri)pd R: Yield/%, Mp/°C Formula :un—(,w N spee 8
. c H N NH (OH) 3-Proton
40.77 6.00 4.54 6.66, (5.10 4.30
—_— ) B s
5a H 18 99.5—100  CuHyuNOBr  (40'i6 ¢'13 573 )
42 .4 . . . . .
o an wm sean  cuos B8 IR PR o 0%
ob o1 syrup® 6.4, 6.95 421
7a C,H, 86  85.5—86.5®  C,H,,NOBr (ﬁzg 687 i'gg) 6.42, 6.54, 4.3
b 93 syrup® 6.50, 6.96, 15233
52.92 6.30 3.58 6.42, 7.02, 4.45
8a®  CH,CH, 92 [15—116”  CuHuNOBr  55'36 636 3 63) g
53.79 6.82 3.6 . . .
8b 62 8687 GyHuNOBr (54 655 3.5(2)) 620, 7.0% w4
9%  CH,CH-CH, 80 85—86" C,;H,,NO,Br (ig‘fﬁ 6.54 i'%) 6.45, 6.9, 9
9b 80 syrup® 6.53 6.95
42.68 5.94 4.24 .06 . .
10a COCH, 53 7778 CiHWNOBr 4";. o 2 &3 A 7.06, 7.24 3.0
44.63 6.28 3.98 . . .
10 49 82—83”  CiuHuNOBr (44733 630 3.98) oL
a) Colorless needles from methanol-water. b) Colorless needles from hexane. c) Unstable. d) Colorless needles from
ethanol-water. e) Overlapped with allyl protons. f) Measured in CDCl,. g) Ref. 15.

TaBLE 2. {-BUTYL 2-SUBSTITUTED 3-CHLORO-2-(ACETYLAMINO)ALKANOATES (11—13)
Compd Found (Calcd), % NMR spectrum, 6%
Y R! Yield/% Mp/°C Formula —_—
0. C H N NH 3-Proton
49.53 7.56 5.27 . . .
l1a CH, 89 83—84» CuHpoNOKCL 49779 758 5.%7) 4 6% i
51.56 7.91 5. . . .
11b 94 syrup” CuHpNOKCL 51759 793 g.(])?) °-%% 6% %
51.56 7.96 5.19 . . .
12a C.H, 9  66—697 cuHaNO@GL 3150 7198 30 6.48, 6.94, .37
53.28 8.09 4.6 .54, 6. .
12b 89 syrup?  CuHWNOGI o35 gy 33 0% 0% L
152 CHGH, 8 107—108° CyHNocl 093 TR pf 04 6% 44
13b 68  126—1279  CyHyuNO,Cl (28:% e ';:82) 7.02, 6.2, .17

a) Colorless needles from hexane. b) Colorless amorphous or colorless syrup purified on a silica-gel column using benzene-
p.

ethyl acetate (15 : 1 v/v). c) Colorless needles from ethanol-water. d) Colorless needles from dibutyl ether.

in CDCI,.

e) Measured
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TABLE 3. {-BUTYL 2-ALKOXY- AND 2-HYDROXY-2-(AGETYLAMINO)ALKANOATES (16—19)
Compd  Yield/% . Found (Calcd), % IR spectrum, cm~* ® NMR, 5
No. m p/°C Formula m NH co 3-Proton NH
(OH) (Jua) (OH)
w @ m @ meme omro, GRINCH G 1E @ 0D
w o ew  cmso. JEIBOE 8D W tim ¢
mow o w  wewe cmso. FRIBOE WOy tim oo
mowow o wew cmso, $RINIH W 4E gn oo
oo n e omso, BRIHER S g 1ge o
mowow o wsup oo, BHINIE W0 fym oo
momw  wear oo, @EIZLE W hwoigm e
moww  nane cmso ZRUELE 0 G ign o

a) From 5—8. b) From 15. ¢) From 14. d) From 19.

needles from dibutyl ether. h) Colorless needles from ethyl acetate.

important segments in many of the natural products
mentioned above.

In consequence, a convenient synthetic method for
«-alkoxy-a-amino acid in a 759%, overall yield was
established by only two steps from DHA (1).

As is shown in Scheme 1, a formation mechanism of
5 13 was deduced in which, at first, the substitution
of halogen to the nitrogen atom of 1 yielded #butyl
2-(N-haloacetylamino)-2-alkenoate (2 and 3), followed
by the 1,3-shift of the halogen to form ¢-butyl 3-halo-2-
(acetylimino)alkanoate (4) as an unstable intermediate,
to which immediately the present protic solvent was
added. This deduction has already been supported by
the fact that, to the £-butyl 3,3-dibromo-2-(acetylimino)-
alkanoate isolated stably, we added alcohols to give
15.19

In the IR spectral data of 5—13 and 16—19, the
characteristic absorption bands of the NH, ester carbo-
nyl, and secondary amide functions appeared in the
3260—3390, 1730—1760, and 1660—1700 cm~! regions

e) Recorded in KBr. f) Measured in CDCI,.
i) Colorless needles from hexane.

g) Colorless

respectively. Moreover, from the NMR spectral data,
the disappearance of the characteristic olefinic proton
signals in the  6.59—7.13 region of 1 and the appearance
of the C-3 proton signals of 5—13 and 16—19 in the §
4.12—5.56 and § 1.66—2.78 regions respectively,
resonating in a considerably higher magnetic field, are
consistent with the formation of the a-substituted-o-
amino acid structure.

The yields, physical constants, and NMR spectral
data of 5—13 and 16—19 are summarized in Tables 1,
2, and 3.

3-Alkoxy-2,5-piperazinedione. In order to apply
extensively and generalize the protic reagent-addition
utilizing the halogen migration, 3-alkylidene-PDO was
for instance, employed. Exactly, according to the
synthetic method for «-alkoxy-a-amino acid, the
starting 1-benzyl-3-ethylidene-PDO (21), which has
been prepared by the cyclization of ethyl 2-iodoacetyl-
amino-2-butenoate (20)21) with benzylamine in a good
yield, was treated with an appropriate alcohol in the

H 7/ Br \
CH,-CH=C-COOEt  mNccsis GH,-GH, ¢ Ny, ,0 N2 CHB—CH\C’I{I\C 0
NHCOCH,I Lo R-OH o
20 o7 Qs 07 S
CHCH, | CH,CH;
21 l 22
/7 AN
OR N TTOR N Br )
CH-CH-G ©/© P cH CH-& \clvo Ron | CH-CH, ¢ \clzéo
or& Gt AN 0r€ (S
CH,C,H, CH,C,H, N CH,CH,
25 24 23
26;R=H a;R=CH, b; R = GH,, c; R = CH,G,H;

Scheme 2.
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TasLE 4. 1-BENZYL-3-ETHYLIDENE- AND 1-BENZYL-3-ALKOXY-3-ETHYL-PDO (21, 24, 25, AND 26)
G ) Found (Calcd), % IR spectrum, cm-1®  NMR spectrum, 67
ompd Yield Mo/°C F 1 , ~
No. ~ 9 P/ ormu’a o~ NH \
o ¢ H N gp CONH GG -CH- -CH- NH
(-CH,-) (OH)
67.84 6.39 12.24 80 1675 1635 6. .
21 62 134136V CuHNO, (@751 g1 1%_%7) 31 635  6.29 9.60
49.36 5.09 8.38 3170 169 . .
242 88 129—130"  CyHyN,OBr (49.33 5.02 8.21) 0 e — — 478
50.72 5.45 7.72 3180 1680 . .
24b 82 133—134» CyH,N,OBr (50.73 g 7.3&23) s &7 BI6
. 57.61 5.12 6.78 3200 169 . .
24c 61 1161177 CooHuN:OsBr (57756 5707 6.71) 200 T — — e
64.06 6.88 10.60 3210 1690 . .
252 92 8990 Gy HiN:Os (64710 6.92 10.68) 20 les — — &0 8%
64.79 7.24 10.08 169 . .
25b 90 138—-139%  GCyHuN.Os (g5 19 730 10.14) 0 e — — @ 7R
70.89 6.50 8. 180 1680 . .
25¢ 89 137—138° CuHuNiOs (70708 6,35 8‘%) 3 — _ (2.08) 7.98
62.66 6.47 11.09 3210 1680 (1.96) 7.86
26 9  145—146Y CyHuN:Os (6989 6.50 11.28) (3260) 1635 - (4.8—5.6)

a) Colorless prisms from ethyl acetate-diethyl ether.
benzene—hexane. d) Colorless needles from benzene.

presence of NBS to give l-benzyl-3-(l-bromoethyl)-3-
alkoxy-PDO (24) as colorless crystals in ca. an 80%
yield. The subsequent catalytic reduction of 24 with
Pd-C and triethylamine was also carried out to give
the desired 1-benzyl-3-alkoxy-3-ethyl-PDO (25) in a
909, yield.

Furthermore, the catalytic hydrogenolysis of 25 with
109, Pd-C was performed smoothly to give 1-benzyl-3-
ethyl-3-hydroxy-PDO (26) in ca. a 909, yield.

From the above results, the yield of the each step
from 21 to 26 was found to be excellent; the overall yield
reached to ca. 509%,.

As was illustrated in Scheme 2, the formation
mechanism of 24 was also supposed that the initial
substitution of bromine to the 4-position of 21 (22),
followed by the immediate migration to the 2-position
of exocyclic carbon, gave acylimine (23); finally, the
addition reaction of alcohol to 23 occurred to give 24.

Judging from the IR and NMR spectral data of 21
and 24—26, the appearance of the carbon-carbon double
bond at 1635 cm—! and the olefinic proton signal at
8 6.29 in 21, and the appearance of exocyclic 1-methine
proton signals resonating at comparatively higher
magnetic fields (at § 4.72—4.78 in 24 and in the ¢
1.96—2.08 region in 25 and 26), indicate unambiguously
the formation of 3-alkoxy- and 3-hydroxy-PDO
structures.

All the new compounds thus obtained gave satisfactory
results in their elemental analyses as well as in the
spectroscopy.

The yields, physical constants, and NMR spectral
data of 21, 24, 25, and 26 are summarized in Table 4.

It is noteworthy that the addition reaction of protic

OR
H L | H
~CH, o, N\g/O __, -CH({,N\g,0
1 1 1

!

Fig. 1.

b) Colorless needles from benzene-hexane.
¢) Recorded in KBr. f) Measured in CDCl;.

¢) Colorless prisms from

reagent via the substitution and the subsequent migra-
tion in one pot is also applicable to linear and cyclic
acylenamines, as is shown below (Fig. 1).

Experimental

All the melting points are uncorrected. The IR spectra
were recorded with a Hitachi EPI-G3 Spectrometer. The
NMR spectra were measured with a JNM-PS-100 Spectrom-
eter (Japan Electron Optics Laboratory Co., Ltd.), using
tetramethylsilane as the internal standard.

Preparation of 5a. Into a solution of la (10.0 mmol)
in water-DMF (15 ml, 1 : 9 v/v) we stirred NBS (11.0 mmol),
portion by portion, at room temperature for 3 h. The re-
action solution was poured into saturated aqueous NaCl (30
ml), and then the crystals deposited were collected by filtration.
The recrystallization of the crystals from methanol-water gave
colorless needles identified as t-butyl 3-bromo-2-hydroxy-2-
(acetylamino)butanoate (5a).

Preparation of 6. Similarly, 1 and methanol (20 ml),
in the presence of NBS, were worked-up for 2 h. The reaction
solution was concentrated under reduced pressure to give a
residue, which was subsequently dissolved in diethyl ether
(30 ml). The resulting solution was washed twice with
water and then dried over anhydrous Na,SO,. The evapo-
ration of the ether gave colorless crystals or a syrup identified
as t-butyl 3-bromo-2-methoxy-2-(acetylamino)alkanoate (6).

Preparation of 7. Similarly, a solution of 1 and NBS in
ethanol (20 ml) was worked-up to give colorless crystals or a
syrup identified as ¢-butyl 3-bromo-2-ethoxy-2-(acetylamino)-
alkanoate (7).

Preparation of 8. A solution of 1la in benzyl alcohol (6 ml)
in the presence of NBS was similarly worked-up for 40 min
to yield colorless crystals, which were then collected and
washed with 509, ethanol. The crystals were identified as
t-butyl 2-benzyloxy-3-bromo-2-(acetylamino)butanoate (8a).

Similarly, a solution of 1b and NBS in benzyl alcohol was
worked-up. The reaction solution was poured into water
(250 ml), and then the aqueous solution was extracted three
times with petroleum ether (180 ml). The combined extracts
were washed three times with water, dried over anhydrous
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Na,SO,, and then concentrated under reduced pressure to give
colorless crystals identified as ¢-butyl 2-benzyloxy-3-bromo-
2-(acetylamino)pentanoate (8b).

Preparation of 9. A solution of 1 in allyl alcohol (6 ml)
in the presence of NBS was similarly worked-up for 10 h; to
the reaction mixture we then added cyclohexane (60 ml).
The resulting solution was washed twice with water and dried
over anhydrous Na,SO,. The evaporation of the cyclohexane
under reduced pressure gave colorless crystals or a syrup
identified as t-butyl 2-allyloxy-3-bromo-2-(acetylamino)-
alkanoate (9).

Preparation of 10. Into a solution of 1 (10.0 mmol) in
acetic acid (5 ml) we stirred NBS (11.0 mmol), portion by
portion, at room temperature for 3h. To the reaction
solution thus obtained we added hexane (100 ml). After the
resulting solution had been washed twice with water, the
crystals which separated out were collected by filtration. The
filtrate was further washed twice with water and then dried
over anhydrous MgSO,. The removal of the hexane gave
more of the crystals obtained above. The combined crystals
were recrystallized from hexane to give colorless needles
identified as ¢-butyl 3-bromo-2-acetoxy-2-(acetylamino)alkano-
ate (10).

Preparation of 11. A solution of 1a in methanol (40 ml)
in the presence of NCS (11.0 mmol) was similarly worked-up
for 5 h to give colorless crystals identified as ¢-butyl 3-chloro-
2-methoxy-2-(acetylamino)butanoate (11a).

In a similar manner, the reaction of 1b with methanol and
NCS for 24 h gave a syrupy residue, which was then purified
on a silica gel column, using a mixture of benzene-ethyl
acetate (15 : 1 v/v) as the eluent. The fraction thus obtained
was concentrated under reduced pressure to give a colorless
syrup identified as ¢-butyl 3-chloro-2-methoxy-2-(acetyl-
amino)pentanoate (11b).

Preparation of 12. Similarly, a solution of 1 in ethanol
(20 ml) in the presence of NCS was worked-up for 20 h to
give a residual syrup. The crude syrup was purified on a
silica gel column, using a mixture of benzene—ethyl acetate
(I5:1 v/v) as the eluent, to give a colorless amorphous
substance or a syrup identified as ¢-butyl 3-chloro-2-ethoxy-2-
(acetylamino)alkanoate (12).

Preparation of 13. Similarly, a solution of 1la and NCS
in benzyl alcohol (30 ml) was worked-up for 3h to give
colorless crystals identified as ¢-butyl 3-chloro-2-benzyloxy-2-
(acetylamino)butanoate (13a).

In a similar manner, the treatment of 1b with benzyl alcohol
(10 ml) in the presence of NCS for 24 h gave a reaction solution
which was then poured into water (400 ml). The resulting
aqueous solution was extracted three times with petroleum
ether (150 ml). The combined extracts were washed three
times with water and then dried over anhydrous Na,SO,.
The removal of the ether under reduced pressure gave colorless
crystals identified as ¢-butyl 3-chloro-2-benzyloxy-2-(acetyl-
amino)pentanoate (13b).

Preparation of 16—19. a) From 5—8: A solution of
5—8 (5.0 mmol) and triethylamine (5.5 mmol) in methanol
(70 ml) was reduced in the presence of 10%, Pd-C (500 mg).
After 15 min, the catalyst was filtered off, and the reaction
solution was concentrated under reduced pressure to give a
residue, which was subsequently dissolved in chloroform (50
ml). The resulting solution was washed three times with
water and then dried over anhydrous MgSO,. The evapo-
ration of the chloroform gave colorless crystals identified as
t-butyl 2-alkoxy- and 2-hydroxy-2-(acetylamino)alkanoate
(16—19).

b) From 15: A similar treatment of 15 (5.0 mmol) with
triethylamine (10.5 mmol) in the presence of 109, Pd-C (500
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mg) was worked-up to give the expected 16—19.

¢) From 14: Into a solution of 14 (10.0 mmol) in an
appropriate alcohol (10 ml) we stirred sodium alkoxide (12.0
mmol) in alcohol (5 ml), drop by drop, below 10 °C. After
the solution had been stirred for 2 h, the reaction solution was
concentrated under reduced pressure to give a residue which
was subsequently dissolved in chloroform (30 ml). The
resulting solution was washed twice with water and then dried
over anhydrous MgSO,. The removal of the chloroform gave
17 and 18.

Preparation of 16 from 19. A solution of 8 (3.8 mmol)
in methanol (30 ml) was hydrogenolyzed in the presence of
109, Pd-C (100 mg) at room temperature for 1 h. After the
removal of the catalyst, the resultant solution was concen-
trated to give a residual pale yellow syrup. The crude syrup
was purified on a silica-gel column, using a mixture of benzene—
ethyl acetate (5:2 v/v) as the eluent. The fraction was
concentrated under reduced pressure to give colorless crystals,
in agreement with the 16 prepared above.

Preparation of 21. Into a solution of 20 (6.73 mmol) in
ethanol (20 ml) we stirred benzylamine (16.84 mmol), drop
by drop, at room temperature. After the mixture had been
stirred for 3 h, the reaction solution was concentrated under
reduced pressure to give a residue, which was subsequently
dissolved in 1 M HCl (50 ml). The aqueous solution was
extracted three times with benzene (60 ml). The combined
extracts were washed twice with saturated aqueous NaCl and
then dried over anhydrous Na,SO,. The removal of the
benzene under reduced pressure gave colorless crystals
identified as 1-benzyl-3-ethylidene-PDO (21).

Preparation of 24. Into a solution of 21 (2.17 mmol)
in an appropriate alcohol (5 ml) we stirred NBS (2.17 mmol),
portion by portion, at room temperature. After the mixture
had been stirred for 10 min, the reaction solution was con-
centrated under reduced pressure to give a residue, which was
then dissolved in chloroform (20 ml). The resulting solution
was washed twice with water and then dried over anhydrous
Na,SO,. The removal of the chloroform gave colorless
crystals identified as 1-benzyl-3-alkoxy-3-(1-bromoethyl)-
PDO (24).

Preparation of 25. A solution of 24 (1.69 mmol) and
triethylamine (2.03 mmol) in methanol (30 ml) was reduced
in the presence of 109, Pd-C (170 mg) at room temperature
for 1 h. After the removal of the catalyst, the reaction solution
was concentrated under reduced pressure to give a residue,
which was then dissolved in dichloromethane (20 ml). The
resulting solution was washed twice with water and then dried
over anhydrous Na,SO,. The evaporation of the dichlorome
thane gave colorless crystals identified as 1-benzyl-3-alkoxy-
3-ethyl-PDO (25).

Preparation of 26. A solution of 1-benzyl-3-benzyloxy-
3-ethyl-PDO (25¢; 2.07 mmol) in methanol (40 ml) was
hydrogenolyzed in the presence of 10%, Pd-C (500 mg) at
room temperature for 24 h. After the removal of the catalyst,
the resultant solution was concentrated under reduced pressure
to give colorless crystals identified as 1-benzyl-3-ethyl-3-
hydroxy-PDO (26).
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