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Abstract- The reaction of ,N-acyhmmo-%bmmoocoﬁm 2 (via N-scylimino
acetates 3 ) with r order mixed cuprates, trime ”z’hilyl encl ethers and 8-
dicarbonyl compo lsads t9 a variety of a-amino derivatives. Their con-
version into the free &mino acids can bo conveniently carried out by the use of
t-butyl protection. In case of the N-acetyl compounds cleavage of , mo protecting
group and optical moluuon can be achleved in one step by hog renal acylase.

Electrophilic glycine equivalents are enjoying increasing popularity since Ben Ishai's pioneering
investigations". In recent years several of these compounds have been introduced for the synthesis of a-
amino acids e.g. N-acylimino malonates?), N-acylimino acetates®®), a-acetoxylated N-arylidene
glycinates®) and chiral heterocycles’®). The discovery that a variety of N-acylamino acetates 1 can be
brominated smoothly to yield the a-bromo dezivatives 2 has made this group of glycine equivalents easily
available®®19) On treatment of 2 with fers. amioes or an oxcess of osganometallic reagents, highly
reactive a-acylimino acetates 3 1) gre formed in situ which react with a number of C-nucleophiles to
yield N-protected a-amino acid essers.
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This reaction has been carried out 30 far with Grignard reagents®*?) and enamines®!®). By virtue of

its sterically shielded carbonyl groups and the ease of deprotection after C-C-bond formation, ¢-butyl 2-

bromo-2-(¢-butoxycarbonylamino)acetate 2g is the compound of choice for the synthesis of free amino

acids>'2). We now report on recent progress in the use of N-acylimino acetates for a-amino acid synthesis.
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A R . £ N-Acylimi 3 with C R

In many cases the reaction of N-acylimino acetates with aliphatic Grignard reagents occurs only in
modest yield. We therefore tested & variety of alternative organometallic reagents, among which the higher
order mixed cuprates, R,Cu(CN)Li,, developed by Lipshutz and coworkers’?) gave by far the best results.
This is in agreement with the experience of O'Donnell® and Williams® with other electrophilic glycine
equivalents.

Reaction of two equivalents of cuprate reagent with one equivalent.of 2-acylamino-2-bromoacetate in
THF at -78°C leads to the formation of the desired amino acid derivatives in good yield (Table 1). In this
way alkyl, alkenyl and aryl groups can be transfered to the N-acylimino scetates 3 .
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The high selectivity of the higher order mixed cuprates in comparison to other organometallic reagents
allows the uve of s wide range of protecting groups. Even the use of methyl 2-acetylamino-2-bromo-
acetate 2a , which fails with Grignard reagents, gives good results. The procedure is suitable for scale-up,
which was shown by the synthesis of methyl 2-acetylamino-2-(]-naphthyl)acetate #h in 60% yield on a
10 gram scale.

Preliminary experiments reacting the chiral N-scylimino acetate 3If with Ph,Cu(CN)Li, at -100°C
resulted in a ‘de’ of 40% (*H n.m.r.). The use of other chirsl auxiliaries is under active investigation.

The reaction of the corresponding vinyllithium derivative, (CH,-CH),Cu(CN)Li,. with 2-acylamino-2-
bromoacetates shows an interesting temperature dependence. At low temperatures the desired vinylglycine
derivative is formed and can be isolated by quenching the reaction mixture. On warming to room
temperature, however, the vinyl compound undergoes a doubdle bond shift to yisld the corresponding (Z)-
crotonate § . The stéreochemistry at the double bond was assigned according to ref.!¥) by hydrolysis of
the ester followed by ring closure to the 2-oxazolin-S-one 6 . The observed diamagnetic shift of the
methy! group in the 'H n.m.r. spectrum of $ compared to 6 indicates a (Z)-stereochemistry.
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B.R . {N- limi 1. with Siivl Epol Et)

Previous work has shown®!%) that N-acylimino acetatss 3 react smoothly with esamines to yield a-
amino-v-0x0 acid derivatives. Because many enamines are difficult to prepere, or are even unaccessidble,
we extended this method to silyl enol ethers.

The N-acylimino acetates 3 react with trimethylsilyl enol ethers in the presence of equimolar
amounts of titanium tetrachloride’®) at -78°C to give, after acidic work-up, the desired a-amino-7-0x0

acid derivatives 7 in good yields (Table 2). R OTMS
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In this reaction silyl enol ethers of ketones, S-oxoesters, a-diketones, aldehydes and carboxylic acid
esters can be used. Even a-amino acid derivatives with a quarternary f-carbon atom 7h-k are accessible
in high yields. Independently, the reaction of 2g with the silyl enol ether derived from methyl vinyl
ketone has been used by others!?) for the synthesis of a heterocyclic amino acid.

The high diastereoselectivity observed in the zesction with prochiral enamines®!®) does not occur in
the reaction of 3 with silyl enol ethers. Thus the reaction of |-(trimethylsilyloxy)cyclohexene with 3e
yields a mixture of syn- and anti-diastereomers in nearly equal amounts.
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In the reaction of 3e with 2,3-bis(trimethylsilyloxy)-1,3-butadiene a derjvative 7g of the as yet
unreported 2-amino-4,5-dioxo-hexanoic acid is formed. By reaction of 7g with 1,2-diaminobenzene the
quinoxaline derivative § is obtained in high yield.
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The high reactivity of N-acylimines towards CH-acidic compounds®!817) led us to use this reaction
for a simple prepuration of a-amino acids containing two additiona! carbonyl groups {table 3). As
expected, a great variety of A-diketones, A-oxoesters and malonates reacts smoothly with N-acylimino
acetates 3 . In the case of unsymmetric #-diketones, a slight diastereomeric excess (a30%) was observed.
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The products may be converted into heterocyclic compounds by reaction with dinucleophiles. In this
manner 9¢ has been transformed into the pyrazol derivatives 10a and 10b in high yield. For earlier
work on similar compounds see ref.}).
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The utility of the described procedures depends critically on the ease of deprotection of the derived
amino acid derivatives. This is especially important for compounds containing functional groups such as
multiple bonds or carbonyl groups.

Both protecting groups of the ¢(-butyl N-{/-butoxycatbonylamino)ecetates are removed easily in one
step by treatrment with trifluorodcetic acid in chloroform, thus liberating the free amino acids 11
(table 4).
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Especially attractive is the combination of an N-acetyl protecting group with methyl or t-butyl esters.
After removal of the ester group, the resulting N-acetyl amino acids can be resolved eazymatically by hog
renal ncyhsc"). This was demonstrated by the synthesis of L-norleucing and L-2-amino-4-0x0-4-phenyl-
butanoic acid (table 5). An especially economic, straightforward way to L-amino acids is offered by the
route using methyl 2-acetylamino-2-bromoacetate 2a . This is easily available in large quantities from N-
scetyl glycine in two steps. This synthesis compares favoradbly to other methods employing chiral
auxiliaries.
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Experimental

Melting points were determined with ¢ BOchi melting-point apperatus and are uncorrected. [nfrared
spectra were obtained using a Perkin Elmer 1420 spectrometer. The proton magnetic resonance spectra
were recorded with Varian EM 390, Bruker WH-90 and AC-200 instruments (solutions in deuteriochloro-
form unless otherwise stated, tetramethyisilsne a3 internal reference). Optical rotations were measured with
2 Perkin Elmer 24! polarimeter. TLC separations were carried out on silica gel TLC plates Merck 60 Fuge
Flash chromatography was carried out according to lit.'®) on Merck silica gel (article no. 9385). Organic
solutions were dried over unhydrous magnesium sulphate and solvent evaporation was carried out at
reduced pressure using a rotatory evaporator. Mass spectra were obtained at 70 eV using an AEI MS 50
spectrometer equipped with a data system. Elemental analyses were performed at the Institut for
Organische Chemie und Biochemie, Universitit Bonn.

Maierials.
Trimethylsilyl Enol Ethers:

I-Phenyl-1-(trimethylsiloxy)-ethene and 1-(Trimetkylsiloxy)-cyclohexene weore prepered sccording to the
procedure of House™ by refluxjng the carbonyl compound with chlorotrimethylsilane and triethylamine in
dimethylformamide. In a similar manner, 2,3-bis( trimethylisiloxy)-1,3-butadiene was prepared according to
1it.30). 2-Trimethylsiloxy-1-propene was obtained using the system triethylamine / chlorotrimethylsilane /
sodium iodide in acetonitrile®?), 2-Methyl-)-trimethylsiloxy-1-propene was synthesized using trimethylsilyl
triflate / triethylamine in ether®), 1-Methoxy-2-methyl-|-trimethylsiloxy-1-propene was prepsred by
reaction of the corresponding ester enolate with chlorotximothybilno"). Methyl 3-Trimethylsiloxy-2-
butenoate was purchased as an 86% (E) / 10% (Z) mixture from Fluka AG, Buchs (Switzerland).

Organolithium Compounds:

Vinyllithium was prapared by reaction of tetravinyltin with n-butyllithium in pentane and redissolving the
precipitate in THF according to 1it.39),

1-Naphthyilithium was synthesized by reaction of 1-bromo-naphthalene with n-butyllithium in ether and
redissolving the precipitate in ether / benzene anslogous to ref %),

The other organolithium compounds used are commercially available.

2-Acylamino-2-bromoacetates 2 .

t-Butyl 2-(Acetylamino)acetate 1b was prepared by acetylation of glycine /-butylester hydrochloride with
scetic anhydride / DMAP in pyridine (2 h, 70°C), ususl extractive work up and distillation. (73%) as
colorless oil, b.p. 125°C / 0.13 mbar, 5y 1.45 (9 H,3),200(3H,19), 3.87 (2 H,d, J55 Hz), 638 (] H, br
s) , (Found: M* + H, 174.1129. C‘H”NO' requires M + H, 174.1129.

Methyl 2-Acetylaming-2-bromoacetate 2a was prepared by esterifitation of sceturic acid with methano! /
SOCI, and photobromination of the methylester using bromine as decrided in ref.%). (95%), m.p. 87 - 90°C,
Sn 208 (3H.3),3.83 (3 H,9),642 (1 H,d, J10 Hz), 7.08 (1 H, br).

1-Butyl 2-Acetvlamino-2-bromoacetate 2b was obtsined by photobromination of 1b using NBS analogous
1o 1it.?). (96%) as slightly yellow oil, 8y 1.48 (9 H, 5), 205 (3 H, ), 6.30 (1 H, 4, J 10.5 Hz), 693 (I H,
br).

Methyl 2-Benzoylamino-2-bromoacetate 1d and Ethyl 2-Benzoylamino-2-bromoacetate 2e wemogrepared
by esterification of hippuric acid and photobromination of the resulting esters as described in ref.”),

t-Butyl 2-Bromo-2-(t-butoxycarbonylamino)acetate 2g was obtained by reaction of glycine t-butyl ester
hydrochloride with di-r-butyl dicarbonate and photobrominstion of the protected derivate using NBS
according to lit.y.

General Procedure for the Reaction of 2-Acylamino-2-bromoacetates with Higher Order, Mixed Cuprates.

To a suspension of CuCN (538 mg, 6 mmol, dried azeotropically with toluene (3 ml) st tt .under reduced
pressure) in dry THF (15 ml) under Argon at -78°C is added a solutich of the organolithium compound
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(12 mmol) in THF via syringe. The mixturs is allowed to warm to 0°C at which point it becomes
homogenous. After 1-2 minutes at 0°C the solution is recooled to -78°C and a solution of the bromoester
2 (3 mmol) in dey THF (8 ml) is added dropwise. After | h stirring at -78°C the mixture is allowed to
werm to r.t. and quenched with saturated NH Cl solution. Extractive work-up with sther, drying of the
organic layer over MgSO, and evaporation of the solvent under reduced pressure lsads to the products,
which are further purified by flash chromatography on silica gel (eluent petroleum ether / ethy! scetate).

Methyl 2-(Benzoylamino)hexanoase 4a (76%), m.p. 73-74°C, (Found: C, 67.3; H, 79 N, 55. C H”NO?
requires C, 67.45; H, 7.7, N, 5.6 W), u_"(KBt) 3300, 3060, 2930, 1730, 1635, 1538, 1218, 720, &5 cm”™’,
SB 0.70 - 2.10 (9 H, complex), 3.70 (3 H, ), 4.76 (1 H, complex), 6.67 (1 R, 4, J 7.5 Hz), 7.2 - 7.9 (S H,
complex).

Methyl 2-(Acetylaminohexamoate 4% (64%), m.p. 78-80°C, (Found: C, 51.9; H, 89; N, 7.1. Col:&,NO
requires C, 57.7; H, 9.15; N, 7.5 %), »__ (KBr)y 3280, 3080, 2960, 1750, 1650, 1535, 1220, 1160, 728
em™}, 6, 0.73 - 1.90 (9 H, complex), 2.00 (3 H, ), 3.70 (3 H, 3), 4.57 (1 H, complex), 6.20 (1 H, br).

Methyl 2-Benzoylamino-3,3-dimethytbutanoate 4c' (30%), m.p. 65°C, (Found: C, 67.55; M, 7.9; N, 54.
C, H, NO, requires C, 6745; H, 1.7; N, 5.6 %), v_,_(RBrk 3320, 2960, 1740, 1640, 153, 1370, 1350,
1215, 755, 700 cra™), 65 1.03 (9 M, ), 3.72 (3 H, 1), 468 (1 H, &, J 9.5 Hx), 6.67 (1 H, d, J 9.5 Hz), 7.2 -
7.9 (5 H, complex).

Methyl 2-(Benzoylaminodui-3-emocte 44 (resction snd hydrolysis at -100°C) (50%), m.p. 64-67°C,
(Found: C, 65.5; H, 6.05; N, 6.3. C,, M, ,NO, requirss C, 65.7; H, 6.0; N, 6.4 %), ¥ oax (KBrX 3330, 3010,
2960, 1730, 1635, 1520, 1215, 740, om !, 65 373 B H, 9), 553 (3 H, complex), 5.8 - 6.23 (1 H,
complex), 6.93 (1 H, br), 7.22 - 7.93 (5 H, complex).

Methyl 2-Benzoylamino-2-phenyl-aceiate 4e (83%), m.p. 108-110°C, (Found: C, 7L.1; K, 5.7, N, 52.
C,gH {NO, requires C, 71.4;'H, $.6; N, 5.2 %), »__.(KBr) 3300, 3030, 2920, 1740, 1615, 1510, 1475,
1150, 725, 680 cm™%, & 3.70 (3 H, 3), 5.73.(1 H, d, 7 § Hz), 7.0 - 1.9 (11 H, complex).

Methy! 2-Benzoylamino-2-(naphth-1-yl)acetate 4f (80%), m.p. 164-165°C, (Found: C, 75.1; H, 5.4: N,
44, CwH"Nos requires C, 75.2; H, 54; N, 4.4 %), v___(KBr) 3310, 3030, 2930, 1730, 1620, 1520, 1205,
765, 680 cm™,'5, 3.70 (3 H, 1), 6.50 (1 H, d, J 7.5 Hz), 6.98 (1 H, br), 7.3 - 8.0 (12 H, complex).

t-Buryl 2-(t-Butoxycarbonylamino)-24maphth-1-ylacetate 4g (75%), m.p. 101-104°C, (Found: C, 70.2; H,
7.5; N, 3.95. CnH”NO‘ requires C, 70.6; H, 7.6; N, 3.9 %), VM(K&): 3400, 2980, 1730, 170S, 1500,
1390, 1365, 1150, 810,"785 cm™?, by 133 (9H,s), |40 (9H,9),545(1 H,d, J9H), 590 (1 H, 4,79
Hz), 7.2 - 8.3 (7 H, complex).

Methvl 2-Acetylamino-2-(naphth-1-yl)acetate 4bh (68%), m.p. 150-152°C, (Found: C, 70.2; H, $.85; N,
$.3. C,(H ,(NO, requires C, 70.0; H, S.9; N, 5.4 %), »___ (KBrx 3320, 3070, 2960, 1750, 1645, 1540, 1225,
1130, 785 cm?, §g 202 (3 H, 3), 3.73 (3 H, 3), 6.36 (2 H, br), .39 - 7.63 (4 H, complex), 7.8 - 792 (2 H,
complex), 8.1 - 8.17 (1 H, complex).

Methyl (Z)-2-(Benzoylamino)but-2-encate § (62%), m.p. 70-72°C, (Found: C, 65.8; H, 6.0; N, 6.3.
C,3H,sNO, requires C, 65.7; H, 6.0; N, 6.4 %), Ve (KBr): 3280, 2950, 1730, 1660, 1645, 1510, 1480,1260,
690 cm’?, 6,180 (3 H,d.J7THz),3.72(3 H,3), 682 (1 H,d, J 7 Hz), 7.2 - 8.0 (6 H, complex).

General Procedures for the Reaction of 2-Acylamino-2-bromoacetates with Trimethylsilyl Enol Ethers:

Method A: To a stirred, cooled (-78°C) solution of the bromoester 2 (S mmol) in dry dichloromethane (40
ml) is added triethylamine (0.77 ml, 5.5 mmol). After 20 min a solution of titanium setrachloride (0.60 ml,
5.5 mmol) in dichloromethane (5 ml) is added dropwise, whereby the colour of the solution changes to
dark red. After further 10 mia of stirriag a solution of the trimethylsilyl enol ether (5.5 mmol) in
dichloromethane (5 ml) is added dropwise. The mixture is then sllowed to warni to r.t. over 12 h and
hydrolyzed by addition of dilute aqueous citric acid (40 ml). The organic layer is washed with aqueous
NaHCO,, dried with MgSO, and evaporated to dryness. Purification of the products is achieved by flash
chromatography on silica gel (etuent: petroleum ether/sthyl acetate 2:1).
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Method B: To a stirred, cooled (-78°C) solution of the bromoestsr 2 (5 mmol) in dry dichioromethane (40
ml) is added successively the trimethylsilyl enol sther (10 mmoi) and the titanium tetrachloride (0.60. ml,
5.5 mmol), both dissolved in dichloromethane (5 ml). Then triethylamine (0.77 m!; 5.5 mmol) in dichloro~
methane (10 ml) is added dropwise, the mixture is allowed to warm to r.t. over 12 h and worked up as
described in method A.

Ethyl 2-Benzoylamino-4-oxopentanoate 7a (58%), m.p. 73-74°C, (Found: C, 63.6; H, 6.8; N, 5.6.
C,HsNO, requires C, 63.9; H, 6.5 N, 3.3 %), v max (KBrX 3340, 2980, 1725, 1600, 1580, 1530, 1490,
mo 1025 760, 715 em??, 6g 1303 H, t, 778 Hz). 213 (3 H, s), 3.17 (2 H, complex), 4.18 2 H, q. J
7.5 Hz), 490 (1 H, oomplex). 7.03 - 7.87 (6 H, complex).

Ethyl 2-Benzoylamino-4-oxo-4-phenylbutanoate b (80%), m.p. 81-82°C, (Found: C, 70.2; H, 6.1; N, 4.6.
CoH(NO, requires C, 70.1; H, 5.9, N, 43 %), v__ (KBrx 3320, 3060, 2980, 1743, 1690, 1633, 1600,
1875, 1210 755, 710, 690 em™! .6y 1.22 (3 H, t, J 1.5 Hz), 3.75 (2 H, complex), 422 2 H, q, J 1.5 Hz),
5.13 (1 H, complex), 7.26 - 8.07 {11 H, complex).

t-Butyl 2-(t-Butoxycarbonylamin)-4-oxo-4-phenyldutanoate 1¢ (60%), m.p. 103-104°C, (Found: C, 65.4;
H, 8.0; N, 4.1. C,JHNO, sequires C, 65.3; H, 7.8; N, 4.0 %), » Voo (KBrk 3420, 3050, 2970, 1740, 1200,
1680, 1485, 1390 1365, 1150, 695 cm™?, 6y 1.50 (28 H 8), 3.55 (2 H, complex), 4.55 (1 H, complex), 5.55
(1 H,d, J 7.5 Hz), 7.2 - 8.0 (5 H, complex).

t-Butyl 2-Acetylamino-4-0x0-4-phenylbsutancate 14 (73%) as colouriess ail., V oy (DORL): 3300, 3050, 2960,
2920, 1730, 1680, 1520, 1360, 1100, 725, 680 em™?, by 1.40 (9 H, 9), 1.97 (3 H, 3), 3.58 (2 H, complsx).
4.82 (1 H, complex), 6.62 (} H, d, J 7.5 Hz), 7.3 - 7.7 (3 H, complex), 7.85 - 8.1 (2 H, complex), (Found:
M* + H 292.1541. CMH”NO‘ requires M + H, 292.1549).
Ethyl 2-Benzoylamino-2-(2-oxocyclohexylaceiate Te¢ (50%), 1:1 mixture of two diastereomers,
(I'R,2R)/(1°'S ,25)-(Te) isolated by fractional mmulbuuonm‘ m.p. 141-142°C, (Found: C, 67.0; H, 7.1,
N, 4.8. C,,H  NO, requires C, 67.3; H, 7.0; N, 4.6 %), v (KBrk 3330, 2920, 1730, 1710, 1640, 1530,
lO20 725 700 cm". 6 1.27 (3 H, t, J 7.5 Hz), 1.50 - 2%8 H, complex), 8.87 (1 H, complex), 4.17 (2
H, q. J 7.5 Hz2), 4.67 (l H, dd, J 8.5 and 4.0 Hz), 7.10 - 7.60 (4 H, complex), 7.60 - 8.00 (2 H, complex).

Ethyl 2-Benzoylamino-3-methoxycarbonyl-4-oxopentanoate 1 (5T%), 1:] mixture of two disstersomers,
one diastereomer isolated by fractionsl recrystallisation : m.p. 80-82°C, (Found: C, 60.1; H, 6.0; N, 4.6.
C,yeH gNO, requires C, 59.8; H, 6.0; N, 4.4 %), v___ (KBr) 3320, 3060, 2940, 1740, 1730, 1640, 1530, 730,
695 cm - 6 1.2 (3 H, t,/7 1.5 Hr), 2.37 (3 H, s), 378 (3H,s), 422 (2H,q,/J7.5Hz), 442 (1 H, 4,/
4.5 Ha), 5 46 (1 H, dd, J 9 and 4.5 Hz), 7.25 (1 H, d, J 9 Hz), 7.4 - 7.8 (5 H, complex).

Ethyl 2-Benzoviamino-4,5-dioxohexanoate 7g .- To hydrolyze the remaining silyl enol ether functionality
in the side chain, the crude oil was stirred with THF (30 ml)/IN HCl (I ml) for | h, neutralized with
calcium carbonate (2 g), filtered and dried (MgSO,). After solvent evaporation the product was purified by
flash chromatography. (25%) as yellow cry:ulls m.p. }10-112°C, (Found: C, 61.9; H, 6.0; N, 4.9.
C,(H,,NO, requires C, 61.85, H, 59, N, 4.8 %), ¥, (KBrk 3280, 3050, 2980, 1710, 1630, 1530, 1335,
1090, 725, 690 cm’}, 5y 1.29 3 H, t, J 1.5 Hz), 2.37 (3 H, 3), 3.38 (2 H, complex), 425 (2 H,q. J 1.5

Hz), 5.05 (1 H, complex), 7.10 (1 H, d, J 7 Hz), 7.35 - 7.8 (5 H, complex).

Ethyl 2-Benzoylamino-3,3-dimethyl-4-oxobutanoate Th (63%), m.p. 79-80°C, (Found: C, 65.1; H, 6.9; N,
5.1. C,(H,/NO_ requires C, 65.0, H, 6.9, N, 5.05 %), v __ (KBr) 3330, 3060, 2960, 1720, 1640, 1600,
1575, 1540. 1340 705, 690 cm'l. 6 1.20 (9 H, complex), 422 (2H,q,/J 7.5 Hz), $.17 (1 H, 4, J 10 Ha),
6.83 (1 H,d, J 10 Hz), 7.3 - 80(5 H, complex), 9.68 (1 H, s).

Ethyl 2-Benzoylamino-3-methoxycarbonyl-3-methylbutanoate 71 (89%), m.p. 45-46°C, (Found: C, 62.4; H
6.8; N, 45. C, H, NO, requires C, 62.5, H, 69, N, 4.6 %), v__ (KBr) 3350, 3060, 2960, 1730, 1660,
1600, 1575, 1515, 1480, 1200, 710 cm’?, 6 1.30 (9 H, complex), 3.70 (3 H, s), 4.18 (2 H, q, J 1.5 Ha),
$.00 (1 H, d, J 9 Hz), 7.0 - 7.6 (4 H, complex), 7.7 - 8.0 (2 H, complex). .

t-Butyl 2-(t-Butoxycarbonylamino)-3-methoxycarbonyl-3-methylbutanoate 7} (76%), m.p. 75- 76°C,
(Found: C, 57.9; H, 8.5; N, 4.4. C H NO requires C, 58.0, H, 8.8, N, 42 %), » (KBr)‘ 3370, 2970,
1730, 1720, 1700, 1510, 1360, ll$0 1040 880 cm?, 5y 1.10 (3 H,3), 1.25 (3 H, ), 140 (9 H,3), 1439
H.s), 3.67 (3 H, ), 4.55 (1 H, d, J 10 Hz), 5.23 (1 H, d J 10 Hz).
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t-Butyl 2-Acetylamino-3-methoxycarbonyl-3-methylbutanoate 7k (60%), m.p. 80-82°C, (Found: C, 57.4;
H, 8.8; N, 5.05. C H NO requires C, 57.1, H, 85, N, 5.1 %), v (KBrkJ!SO 3060, 2970, 1735, 1645,
1550, 1220, 1155, “35. “5 840, 790 cm’}, 8 113 (3 H, 9), 1.25 (3H s) 1.43 (9 H,3), 206 (3 H, 3),
370 (3 H,s), 487 (1 H,d,J 10 Hz), 6.20 (I H 4, J 10 Hz).

2-(2-Benzoylamino-2-ethoxycarbonylethyl)-3-methylquinoxaline 8 .- A sotution of 1,2-diaminobenzene
(11 mg, 0.1 mmol) in ethanol (2 ohl) was addéd-to a sofetion of 7g (29 mg, 0.] mmo}) in the same solvent
(3 ml). After 24 h at r.t. the solvent was evaporated in vacuo and the product wss purified by
recrystallisation from petroleum ether / ethyl acetxte. (85%) as greenish-brown crystals, m.p. 130-132°C,
(Found: C, 69.0; H, 595; N, 11.7. C H”N O, requires C, 694, H, 58, N, 11.6 %), v m(KBr): 3320,
3060, 2970, 1740, 1625, 1540, 1485, 765 708, om?, by 1.08 3 H, ¢, J 7.5 Hz), 270 3 H, 3), 3.63 (2
H, complex), 4.12 (2 H, q, J 7.5 H2), 5.33 (1 H, complex), 7.26 - 8.11 (10 H, complex).

General Procedure for the Reaction of 2-Acylamino-2-bromoacetates with 8-Dicarbony! Compounds:

The acyliminoester 3 is generated by addition of triethylamine (0.7 ml, 5.5 mmol) to bromoester 2 in
dry THF at -78°C. After 30 min the A-dicarbony! compound (6 mmol), -stirred with triethylamine (6
mmol) in dry THF at room temperature for 30 min, is added slowly to the scyliminoester. After warming
up the mixture is stirred for 12 h at room temperature. Then aqueous 20% citric acid (5 ml) is added and
the solution is neutralised with aqueous sodium hydrogen carbonaw. The product is extracted with ethyl
acetate (3x) and the dried organic phase is evaporated in vacuo. Purification is possible by recrystallisation
from ethyl acetate / petroleum ether or by column chromatography on silica gel (eluent petroleum ether
(40 - 60) / ethyl acetate).

Ethyl 2-Trifluoroacetylamino-4-oxo-3-{1-oxoethyl)pentanoate 9z (81%), m.p. 91°C, v.u_(KBr): 3300,
2980, 1740, 1728, 1700, 1550, 1363, 1320, 1280, 1180, 1020 an", ‘B 126 3 H,t, J 45 Hz), 223 (3 H, 3),
233 (3H,3),42(2H,q, J4S5H2),45(1H,d,J3H2),5.16(1 H,dd, J9and I Hz), 743 (1 H, br d, J
3 Hz) , (Found: M*, 297.0826. C,,H, F,NO, requires M, 297.0868).

t-Buty! 2-(t- Butoxycarbonylamino)-4-oxo-3-(1-oxoethyl)pentanoate 9% (82%), m.p. 80°C, (Found: C, 58.1;
H, 82 N, 44, C“H"NO. requires C, 58.3; H, 8.3; N, 4.25 %), v.‘_(nl): 3320, 3000, 2985, 2918, 1738,
1725, 1700, 168S, 1520, 1360, 1310, 1155, 1060 em}, by 144 (18 R, 3), 227 (3 H, 5), 231 (3 H, 3), 4.4 (]
H,d,J 4.6 Hz), 448 (1 H, dd, 7 9 and 4.6 Hz), 558 (1 H, d, 7 9 H2).

Ethyl 2-Benzoylamino-4-oxo-3-(1-oxoethyl)penianoate 9¢ (92%), m.p. 117°C, v (KBr) 3300, 2980,
1735, 1720, 1700, 1640, 1530, 1490, 1360, 1330, 1270, 1210, 1170, 1105, 1020, 940, 860, 695 cm™?, 68 1.21
(3H,t,J75H2),223(3H,s),231 (3H,5), 416 (2 H,q,J 7.5 Hz), 4.58 (1 H,d,J 4.5 Hz), 545 (1 H,
dd, J 9 and 4.5 Hz), 7.33 - 7.5 (4 H, complex), 7.66 - 7.83 (2 H, complex), (Found: M*, 305.1278.
CeH oNO; requires M, 305.1258).

Methyl 2-Acetylamino-4-0x0-3-(oxophemylmethyl)pentanoate 9d (62%), m.p. 87°C, (Found: C, 61.85; H,
5.95. N, 49. C  H,NO, requires C, 61.85; H, 5.9; N, 4.3 %), v (KBr): 3280, 3000, 2950, 2920, 1750,
1710, 1675, 1640, 1520, 1440, 1370, 1280, 1210, 1165, 980, 765 cm™? 53 2.4 and 243 (3 H, 3), 2.68 and
2.8 (3 H, s, ratio: 2.1 : 3.4), 4.1 and 4.13 (3 H,s), 5.3 - 553 2 H, complex). 7.26 - 7.66 (4 H, complex),
7.93 - 8.06 (2 H, complex).

t-Butyl 2-(t-Butoxycarbonylamino)-4-oxe-3-(oxophenylmethyl)pentansate 9¢ (50%) as oil, (Found: C,
644, H, 7.5/ N, 3.7. C; H_NO, requires C, 64.4; H, 1.5, N;-3.6 %), v___(neatx 3420, 2970, 2920, 1730,
1715, 1700, 1675, 1490 |365 UIS 1240, 1230, 1148, 1060 cn". $§g 137 (9H,9), 143 (9H,3), 2220
H,s), 227 (2 H, 3), 487 (1 H, dd, J 9 and 4.5 H3), 5.23 (1 H, d, J 4.3 Hz), 542 (0.33 H, d, J 9 Hz), 5.70
(0.67 H, d, J 9 Hz), 7.33 - 7.69 (3 H, complex), 7.83 - 8.07 (2 H, complex).

Melhvl 2-Benzoylamino-3-ethoxycarbonyl-4-oxopentanoate 91 (87%), m.p. 103°C, (Found: C, 60.1; H, 6.0;

, 4.35. C H NO requires C, 59.8; H, 6.0; N, 4.4 %), v w(KBr): 3320, 2970, 1735, 1710, 1635, 1538,
I330 1280 4260 HOO 1030, 690 cm" ‘ (400 MHz) 1.23 and 1.28 (3 H, t, J 7 Hx), 2.35 and 2.36 (3 H,
s), 3.74 end 3.7T6 (3 H, 3), 4.18 lnd425(2l'l Q, /7 Hz), 4.40 and 441 (1 H, d, J 4 Hz), 5.10 and 5.15 (1
H,dd. J 9 and 4 Hz), 7.34 and 736 (1 H, 4, J 9 Hz), 7.42 - 1.52 (3 H, complex), 2.76 - 795 (2 H,
complex).



t=Buly| (\-Bwoxycarborylaming )-Jwihoxycarbonyl-4-oxe-pinianoaie g (48%W) & oil, (Found: C, 56.45;

» 1.8 N, 3.8. C,H NO, roquires C, 56.8; H, 8.1 N, 3.9 %), v__ (meat): 3440, 3380, 2990, 2940, 1725,
1500, 1460, 1390, 1370, 1250, 1135, 1035 cm !, §g 127 (3 H, t, J 6.5 H1), 1.43 (18 H, 3), 227 3 H, 3),
4.1 {1 H, complex), 4.18 (2 H, q, J 6.5 Hz), 4.8 {i H, compiex), 5.5 (i H, compiex).

|-Methyl 4-ethy! 2-Benzoylamino-3-(ethoxycarbomyl}butandioate 9% (52%), m.p. 80°C, (Found: C, $8.4S;
H, 5.9; N, 4.0. C ,H,,NO, requires C, 58.1; H,.60; N, 4.0 %), v__, (KBrk 3260, 2980, 1750, 1650, 1540,
1310, 1260, 1150, 1430, 700 cm". 68 12QH, ¢, J7S5Hz), 1.3 H t,J 75 H), 373 (3 H, s), 4.03 -
4.4 (5 H, complex), 5.5 (1 H, dd, J 9 and 4.5 Hz), 7.23 - 7.9 (6 H, complex).

Methyl 2-Benzoylamino-2-(4-hydroxy-6-methyl-2-0x0-2H-pyran-3-yllaceiate 91 (66%), m.p. 170 -
172°C, (Found: C, 60.3; H, 4.9; N, 48, C, H,NO, requires C, 60.6; H, 4.8; N, 4.4 %), v__ (KBrk 3400,
3050 - 2800, 1750, 1690, 1640, 1600, 1560, lSlS 1480 1340, 1210, 990, 830, 710 cm ™, §g 216 3 H, 9),
376 3 H, s), 5.6 (1 H, d, J9 Hz), 593 (s, | H), 7.33 - 7.56 (3 H, complex), 7.73 - 786(2H,eomviex),
8.0 (1 H, brd, 9 Hz), 8.76 (1 H, br).

t-Butyl 2-(t-Butoxycarbonylaming)-2-€1-Aydroxy-5.5-dimethyl-3-axocyclohexen-2-yl)acetate 9} (60%),
m.p. 143°C, (Found: C, 61.6; H, 8.5; N, 3.9. C,;oHy NO, requires C, 61.3; H, 8.5, N, 3.8 %), »___ (KBr)
2990, 2700, 1740, 1725, 1570, 1490, 1390, 1370, 1330 1260 1160, 1060 c:n".tll 1.09 (6 H, 3), 1.43 (18 H,
), 228 ¢4 H, s), 4.87 (1 H, d, J 6.6 Hx), 6.11 (1 H, d, J 6.6 Hz), 7.44 (1 H, br).

General Procedure for the Cyclisation of 9 .

9¢ (5 mmol) is dissolved in ethanol (50 ml) and after addition of hydrazine hydrate (100%) or
phenylthydrazine (for compounds 10a or 18bd respectively) (S mmol) the solution is refluxed for 2 howrs.

After svaporstion 16 dryness the product may bs purifisd by recrystallisstion from sthy! scstate /

petroleum ether (40-60) 10a or by flash-chromatography on silica gel (eluent ethyl acetats / petroleum
ether 1:1) 10b .

Ethyl 2-Benzoylamino-2-(3,5- dimah,ylpyrwl- -yl)acelale 10a (96%), m.p. 164°C, (Found: C, 63.8; H,
6.6; N, 13.3. C, H 10! ,O requires C, 63.3; H, 6.35; N, 13.9 %).lvm(xh'): 3250, 2980, 1743, 1633, 1600,
1575, 1520, 1485, 1335, 1220, 1190, 1150, 1050, 1020, wv'“ cm ', 6, 1.33{(3 H, &, J 7.5 Hz), 2.26 (§ H, 3},
4.16 (2 H,dq, 7 7.5 and 3 Hz), .63 (1 H, d, J 6 Hz), 7.18 (1 H, br d, J 6§ H2), 7.26 - 7.5 (3 H, complex),
7.66 - 7.86 (2 H, complex), 9.66 (1 H, br 3).

Ethyl 2-Benzoylamino~2-(3,5-dimethyl-N-phenylpyrazol-4-yl)acetate 100 (93%), m.p. 115°C, (Found: C,
69.8; H, 6.4. N, 11.0. C, H, N,O, requires C, 70.0; H, 6.1; N, 11.1 %), v, (KBrk 3300, 3060, 2980, 2940,
1740, 1660, 1595, 1520, 1500, 1480, 1365, 1345, 1320, 1215, 1200, 1135. 1080, 1020, 775, 755, 700, 690
em™, 6y 126 (3 H,t,J 75 Hz), 236 3 H,3),24 (3 H,),423(2H,q, 773 Hz), 5.7 () H, d, J 7 H2),

7.16 (1 H, dbr d, J 7 Hz), 7.26 - 7.5 (8 H, complex), 7.76 (2 H, complex).

General Procedure for the Synthesis of the DL-Amino Acids:

The N-Boc-amino acid (-butyl ester (0.5 mmol) is refluxed for 1S min with trifluoroacetic
acid/chloroform 1:1 (20 ml). The solvent is.evaporated, the residue dissolved in 0.IN HCI (10 ml) and
extracted with ethyl acetate (5. mi). The aqueous phase is applied to sn jon exchange column
(DOWEX® 50-W-X4, 50-100 mesh, pyridinium form, .25 ml of resin bed). The column is eluted with
water followed by 10% aqueous pyridine and the squeous pyridine fraction is evaporated in vacuo.

DL-2-Amino-2-(naphth-1-yl)acetate 11a (87%), m.p. 199- 201°C, v_“_(KBr) 3400, 2930, 1655, 1630,
1575, 1515, 1370, 800, 775 cm”}, §4(CF,CO,D) 6.42 (1 H, ), 7.57 - 8.33 (7 H, complex).

DL-2-Amino-4-0xo0-4-phenylbutanoic acid 11% (61%), m.p. 190-200°C (dec.), (Found: C, 61.9; H, 6.1; N,
1.0 M ,NO requires C, 62.2; H, 5.7; N, 125 %), v___ (KBry 3320, 3150, 3060, 2910, 2530, 2080, 1690,

Teae Nogn?s “~y O2.24, 8, 2.7 D ALY U, WOV

1640, 1590 1530 755, 650 cm™, CK(D 0) 3.79 (2 H, complex), 422 (1 H, compln9 74 - 7.8 (3 H,
complex), 8.0 - 8.2 (2 H, complex).
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DL-2-Amino-3-methoxycarbonyl-3-methylbuwanoic acid 11c (55%), m.p. »250°C (dec.), (Found: C, 47.7;
H, 7.5 N, 7.9. C,H ,NO, requires C, 48.0; H, 7.5 N, 8.0 %), v__ (KBr): 3400, 3000, 2960, 2610, 1735,

1670, 1620, 1580, 1520, 1400, 1158, 820, 780 cm’l. SH(D’O) 129(3H,3), 137(3H, 3), .79 (3 H, 3), 4.04
(1 H, ).

General Procedures for the Synthesis of the L-Amino Acids:
a) Acidic cleavage of the t-butyl esters:

The N-acetylamino acid ¢-buty! ester (1 mmol) is refluxed for 15 min with trifluoroacetic acid / chloro-
form 1:1 (20 ml). The solvent is evaporated and the crude Nsscetyl-DL-amino acid is purified by
recrystailisation from petroleum ether/ othyl acetate.

b) Basic cleavage of the methyl esters.

The N-acetyl amino acid methyl ester (1 mmol) is refluxed for 1 h with s mixture of ethanol (20 ml) and
IN KOH (1.5 ml). Then the solvent is evaporated under reduced pressure, the residue dissolved in water
(20 ml), acidified with IN HCl (2 ml) and extracted with ethy! acetate (3x20 ml). The organic layer is
dried with MgSO, and evaporated to dryness. The crude acid is purified by recrystallisation from
petroleum ether/ethyl acetate.

¢) Enzymatic cleavage of the N-acetyl amino acids:

The N-acetyl amino acid 12 (] mmol) is dissolved in water (50 ml) by adjusting the pH to 7.2 with IN
LiOH, immobilized hog renal acylase (500 mg, about 60 units/g) is added and the mixture is stirred at
37°C for 16 h. Then the pH is adjusted to 1-2 with IN HCI, the enzyme is filtered off and the filtrate is
extracted with ethyl acetate. The free L-amino acid 13 is isolated from the aqueous phase using the ion
exchange technique described above.

2-(Acetylamino)hexanoic acid 12a (85%), m.p. 102-103°C, vu(KBr): 3320, 2940, 1705, 1580, 1530,
1200, 990, 780, 700,600 cm!, 6,073 - 1.90 9 H, complex), 2.00 (3 H, 3), 4.50 (1 H, complex), 6.40 (}
H, d, J 8 Hz), .75 (1 H, br).

2-Acetylamino-4-o0xo-4-phenylbutanoic acid 12b (94%), m.p. 165-166°C (dec.), (Found: C, 60.9; H, 5.7;
N, 5.6. C,H \NO_ requires C, 61.3; H, 5.6, N, 5.95 %), v___ (KBrk 3400, 3310, 2300-3200, 1740, 1710,
1655, 1525, 1190, 750, 690 cm™?, 5l(q.-DMSO) 1.79 (3 H, 3), 3.42 (2 H, complex), 4.71 (1 H, complex),
7.3 - 8.1 (5 H, complex), 8.2 (1 H,d, J 8 Hz), 12.1 - 13.2 (I H, br).
L-2-Aminohexanoic acid 13a (82%), m.p. > 300°C, [n]D” +22.5° (¢ 1 in 6N HQC1), vw(KBr): 2960, 1580,
1405, 1350, 1320, 6650 cm™}, d,(D,0) 0.87 - 2.13 (9 H, complex), 3.80 (! H, t, J 6 Hz) ppm.

L-2-Amino-4-oxo-4-phenylbutanoic acid 13b (85%), m.p. 155-160°C (dec.), [l]D” +42.9° (c 0.105 in 6N
HCl), +3.6° (c 0.385 in H,0), »__ (KBr) 3050, 2910, 1680, 1590, 1485, 1400, 1210, 745, 680 cm™,
6(D,0) 3.79 (2 H, complex), 4.22 (I H, complex), 7.4 - 7.8 (3 H, complex), 8.0 - 8.2 (2 H, complex)
ppm.
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