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A&rut- The re+.ion romolcdcItea 2 (r/u N-acylimiao 
acetates 3 ) with 

of .N-ic+uaino-2-b 
r order mued CuprUes, triaWh ilyl Otb0I Oth4n Md b- 

dicubonyl compo Jze kqd8tqrw#tyofa-aatino A? dorindveq. Their con- 
veoioa into the fr@ kmi8o acida aa k cOtlv0anbatly CUrM OUt by the tuI Of 
I-butyl protoc&a. In an of the N--l Wmpoua& clam of Abe Drotectin8 
group md optical raolutioa aa be achkwed ia one st6p by has renaJ WYkW. 

Electrophilic glyciae equiv8ktll are enjoyinp incre8sin) popu~lity SitH 8en Ishoi’s pionbeling 

investigations . ‘1 In recent yew wvrml of them compounds have ken introduced for the synthesis of a- 
amino acids e.g. N-rcylimioo amlaaatns’~. N-acylimiao ~cdtat&~), a-acetoxylated N-rrylidene 

glycinatese) and chiral heterocyclea ‘4 The discovery that a variety of N-rcylamino acetates 1 an be . 
bromineted smoothly to yield the a-bromo duivativw 2 has nrrde thh -up of 8lyciaa equinlentr easily 
avaikblc’~g~lO). Gn treatmeat of 2 with (crl. unkbq or an excuse of or~urolaatrllic qena, hi@t4y 
rsrtive o-acylimino acotatw 3 I’) are formed in situ which react with a au&or of C-nucleophila to 
yield N-protected o-amino acid es&n. 
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This reaction has been carried out so far with Gri&aard re8grats8*‘l) and e&d”). By virtue of 
its sterically shielded arbonyl group, aad thr ease of d@totOCtiOa after C-C-bond formrtioa. r-butyl 2- 
bromo-2-(r-butoxyarbonylxmino~te 21 is the ~tapooad of choti for the syatbsria of fred uniao 
acid?*“). We now report on recent progrus in the IIBD of N-rcylimibo acetate for a-rmino Icid ryatbstb. 
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In many cases the reaction of N-rcylimino acetates with aliphatk Grimd reagenta occun only in 

modest yield. We therefore tested l vubty of altentative organou~~tUk raagouts, amon which the higher 

order mixed cuprates,. R,Cu(CN)Li,, devebped by Up&&t and coworkers”) gave by far the best results. 

This ix in agreement with the experience of O’Donnell@) and Wi/Iianu‘) with other ebctrophilic llycine 

equivalents. 

Reaction of two equivaknts of oupmte reuent with 006 8qrrinlrrt,.af 2-acyhmino-2-bromoacmte in 

THF at -78’C km& to the formation of the &aired aa~ino acid derivativea in good ykki (Table I). In thh 

way l ikyi, rlkenyl and rryl 8roupr an b transferad to the N-rcylimino acetates 3 . 

_ 
Table 1. 2 4 

Product R’ R’. Rb 
No. 

ykld [Isl 

4a Ph Ye BU” 76 

4b Ma MO 6u” 84 

‘4c UO‘ cut 50 .ph 

4d Ptl Me -t%=M2 50 

4a Ph Yi Ph 63 

M Ph 1-nuphth)( 80 

46 OBut 3 l-nophth$ 75 

4h urn Lk 1-“qhth$ 66 

The high wlectivity of the h*her order mixed cuprates 18 comparison to other ~metrllic reagents 

allows the ufc of a wide rstt8e of protecting group% Even the use of methyl 2-rcetylamino-2-brom- 

acetate 2r , which fails with Grigmrd rergentx, give8 good mlt). TM procedure h $uibbk for %d~-up, 

which was shown by the synthesis of methyl I-acetylamino-2-(l-napbthyl)rcemte 4h in 60% yield O” I 

IO gram title. 

Preliminary experimedo reaction &e chinl N-rcylimioo acetate 3f with Ph,Cu(CN)Li, at -IOO’C 

resulted in a ‘de’ of 4Osb (‘H n.m.r.). The uw of other CM+ ru~ilivisr b under stive invwtigrtion. 

The reaction of the corresponding vinyllithium derivative, (CH,-CH),Cu(CN)Li,, with 2-rcylamino-2- 

bromorcetates shows an interesting temperature dependence. At low tempentures the de&ad vinylulycine 

derivative is formed and can be isolated by quenching the rsrction mixture. 00 warming 10 fOOm 

temperature, however, the vinyl compound undergosr 1 double bond shift to yi@ld the cona,pondina (Z)- 
crotonate S . The ~te’mochemistry at the doubb bond wm rtti(ned accordin to ref.“) by hydrolpk of 

the ester followed by rin8 closure to the 2-oxuolin-5-One 
methyl group in the ‘H n.m.r. rpectrum of 5 comprred to 6 

6 . The observed dirmywtk shift of the 

indicrtes a (Z)-stereochemistry. 

BZNH C02MO 
w2ww~~ 
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Previow work has show&t’) that N-rcylimirto lcdtabl 3 react Wy with ammima toyieldo- 

amino-7-oxo acid derivatives. Because ouoy eaaminoa are diffiicult to prom, or M even unrccessible. 

we extended this method to rilyl end ecben. 

The N-rcylimino acotrm 3 react with trimethylailyl enol athen in the pmbca of equimolar 

amounts of ritnnium tetrrchloridet‘) at -78’C to #iq after acidic work-up, the d&red o-amino-7-oxo 

acid derivatives 7 in load yidds (Table 2). 

T&IO 2. 

2. H20 
2 7 

In this reaction silyl enol ethers of ketone,, b-oxouatan, a-diketonus. rldehydw and arboxylic acid 

esters can be used. Even a-rmino acid derivative with I quarternary b-carbon atom 7b-k are Mible 

in high yields. Independently. the reaction of 28 with the silyl en01 ether derived from methyl vinyl 

ketone has been used by others t’) for the rynthasir of a heterocyclk amino acid. 

The high diastemowlectivity observed in the zaaction with procbinl enaminsrJ~tO) dw not occur in 

the reaction of 3 with rilyl enol ethen. Thur tba r@actbn of I-(tri~thylsilyloxy)cyclohexene with 3t 

yields a mixture of ~yn- and anti-diutemomsn in aarly equal rm0untz 
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In the reaction of 3c with 2,3-bis(trimetbytailylory)-1,3-butadkoe a derjntive 79 of the ax yet 

unreported 2-amino-4,5-dioxo-heunoic acid t formed. By reaction of 7g with 1.2-diaminobenxane the 

qoinoxrlinc derivative 9 ix obtaioad ia high yield. 

The high reactivity of N-acyliminex towardx CH-ecidic compoundsa~l@*l’) led u to use thix reaction 

for 8 simple prqmmtion of a-amino xc&b containing two rdditioml arbonyl group? (table 3). As 

expected. a great variety of &diketones. jl-oxoesterx nnd malonates rests smoothly with N-rcylimino 

acetates 3 . In the case of unsymmetric 8-diketones. a slipht diutereomerlc excw (&9b) was observed. 

T&kl 3. 

Rl,“<NA Br 0 

H 
[ 1 

R’ 

C02Rx NEtS RSLNfiC02Rx 
-78oC -> r.t. 

2. 
2 3 H20 0 

Product 

No. 
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9J C%lIt cut 60 
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The products may be converted into heterocyclic compounds by red&on with dinu~leophilea. In thin 

manner 9c has been transformed into the pynxol derivatives lOa and 10b in hi& yield. For earlier 

work on si&ar compouade see ref.‘). 

RNH-NH2 
) 

UOH, run. 

10 

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 fuactionai group such u 

multiple bonds or carbonyl groups. 

Roth protecting groups of the r-butyl N-(r-batoxyatbonylamhro)ncotat~ are retpovad easily in one 

step by treatment with trifhroroacetic acid in chloroform. thus lib&Win& the free amino acids I1 

(table 4). 

BbcNHk0$h~~ 

1. cF$o$i / cm3 
2. ton oxchon~ ma&t Aof - w 

TobIe 4. 
11 

Educt 
R 

Product 

No. No. ?z 

49 l-naphthyi 110 87 

7C 
J Ph 

llb 61 

71 
4 or% 

llc 55 

“3C cH3 

Especially attractive is the combination of an N-acetyl protecting group with methyl or r-butyl esters. 

After removal of the ester group, the raaultinp N-acatyl amino acids can be resolved eaxymatially by hog 

renal acybe”). This was demoartratad by the ryotbasia of L-norlsucina and L-2-amino-4-oxo-4-pheayl- 

butanoic acid (table 5). An up&ally economic, rtrai@tforward way to L-amino acids is offered by thr 

route wing methyl 2-acetylamino-2-bromoacetate 2a . This is wily available in large quantities from N- 

acetyl glycine in two steps. This ryntheais comparus favorably to other methoda employing chin1 

auxiliaries. 

i ?X 

1. acytoee 

AcNH C02R’ - ACNH CW 
2 lt~ exchange r& l A * L- H3N CO; 

Table 5. 
12 13 

Educt N-acetyl amino acid Gamin0 acid 
No. 

R R’ 
No. Hd [xl No. tidd WI 

4b BU” Me 120 85 ls0 82 

7d 
Ph 

But l?b 04 13b 85 
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E*perineatrl 

Melting points were dctcrmincd with a B&hi melting-point rpparcttu and arc tmoorrcotcd. Infrared 

spcctn were obtciocd usin a Pcrkin Elmer 1420 apcctromctcr. Tbc proton maBnctic rcaonanca spectra 
wcrc rccordcd with Vcricn EM 390, Brukn WH-90 and AC-200 itutrumcno (solutions in dcutorioohloro- 

form unleu othcrwiac stated, tctrcmcthybilsac u internal mfemace). Optical rotationa wore mcuurcd with 

a Pcrkin Elmer 241 polariwtcr. TLC wparctiau were arricd out on rilia gel TLC plats, Merck 60 F,, 

Flash chromatography wu carried out ccoording to lit.“) on Merck silica 901 (rrtick no. 9385). Grgrnic 
solutions were dried ovor unhydrotu augncaium sulphato and aolvont evaporation was arricd out at 

rcduccd prcasurc using a rotatory ovcpontor. Maat sDectn wcm obtcincd at 70 oV uainp ca AEI MS 50 

spcctromctcr cquippcd with a data ayatwn. Elemental rnclysca wcrc performed at the Institut fur 

Drganiachc Chemic und Biochomio, Univonitit Bonn. 

Mawials. 

Trimerhyldlyl Etwl Ethers: 

1 -Phmyl-I-(lrimrr~ylriloxy)-TV and .l-(Tr~awt4lrfloxy)-c~f~~~ ware pnpud oooording to the 

proccduro of House*) by mfluxj~ t& arbonyl m ritb chlorotrimcthybil and tricthylaminc in 

dimcthylformamidc. In l similar &tuber, 2$-b~s(~rimethylsi~oxy)-I,3-butadiene was pruputd according to 

lit “1 2-Trime/hylsiloxy-I-propene wn obtained wing the ayatom triothytminc / cblorotrimcthylsilanc / . . 
sodium iodide in ccctonitrilc u). 2-Merhyl- I -rrimrthyMoxy- I -propew was aynthcaizcd using trimcthylsilyl 

triflrtc / tricthylunino in cthoraa). I -Wetlroxy-2-mctttyl- I -rrimethylslloxy- I -propme vu proparcd by 

reaction of the oorr@apondinS cstor onoWe ~itb ohlorotrimcthybilaaca4). Merbyi 3-Trimefhylsiloxy-2- 

bwcnoae wu purchatcd u an 86% (E) / IO% (2) mixture from Fluka AG. Bucb (Switzerland). 

Vinyllirhtum was prepared by reaction of tcmvinyltin with n-butyllithium in pcnmno and redissolving the 

precipitate in THF according to lit.“). 

I-Naphrhyllirhium wu synthcsi& by reaction of I-bromo-naphthalone with n-butyllithium in ether and 

rcdisaolving the prccipitrtc in other / bcnacnc cnclogoua to rof.ac). 

The other organolithium oompouadr uacd arc oommoroicBy l vaiIcblo. 

2-Ac.vlamino-2-bromoelaes 2 : 

t-Bufyl 2-(Acery/amino)aceule lb wu prepared by rcetyhtion of @yciw f-butylcatcr hydroohlorido with 

acetic onhydride / DMAP in pyridine (2 h, 7@C), usual cxtrootivc work up and diatillction. (73%) u 

colorless oil. b.p. 125’C / 0.13 mkr, 6, I.43 (9 H, I), 2.09 (3 H, a). 3.87 (2 H, d. IS.3 Hz), 6.38 (I H. br 
s) , (Found: M* + H. 174.1129. CI)(,,NO, rcquirca M + H, 174.1129. 

Uerhyl 2-Accrylamino-2-bromtate 2r wu prcparcd by cat&&ion of aocturic acid with methanol / 

SGCi, and photobromination of the methylcstor u&q bromine u dc&bcd ia rcf.c). (95%). mp. 87 - 90°C, 

6, 2.08 (3 H. s), 3.83 (3 H. I), 6.42 (1 H. d, / 10 Hz), 7.08 (I H, br). 

I-Butvl 2-Acer,vlamino-2-bromoacetale 2b wu obtained by photobrominatioa of lb win9 NBS rnrkqow 

to 1it.c). (96%) as sliphtly y cllow oil. 6, 1.48 (9 H. I), 2.03 (3 H. s), 6.30 (I H, d, / 10.5 Hz), 6.93 (I H, 

br). 

Methyl 2-Ben:ovlamino-2-bromoacetale 26 and Ethyl I-Benroylamino-2-bromoaeetole 20 worn rcparcd 

by cstcrification of hippuric acid and photobromitmtion of the r01ultin8 aSon u dcacribcd in tef. cY . 

t-Bulyl 2-Bromo-2-(t-b~oxycarbonylamino)acetale 2g w8~ obtained by rccction of Blycino f-butyl cater 

hydrochloride with di-r-butyl diarbonatc and photobromioctioa of the protcotcd dcrivatc wing N% 
according to lit.‘). 

General Protedure for the Reaction o/ 2-Acylamino-2-bromtales with Higher Order. Mixed CuPr41eJ: 

To a suspension of CuCN (S38 rn& 6 mmol. dried aacotropioclly with @idrrsas.(3 ml) it r.t. under rcducsd 

prcssurc) in dry THF (IS ml) under Argon at -78’C b rddcd a aolutidh of UIO orgcnolithium compound 
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(I2 mmol) ia Y?W vlo syrw. TAe mixture b Uowed to wWm to OY u whkh Ddnt it beoomel 
~nou.Aftal-3mln~rt~(&~~tkaLncooledto-~~aidudobOCcbrbroaroener 
2 (3mm~)hdy~P((ml)L~brog~.AT~IL~rt-~~tlweEIhnLrlkrsdto 

werm 0D r.t. end queM ritb -W NH&l &u&m. Extnedve *-up +II et&r, dryia( of the 
oraenic layer over Mm, end ev8pontioa of the solveat uader reduced mre hdr to &e ptw.locts, 
which are further purified by flab chroatatography on dlia 801 (eluene petrobum ether / ethyl ecemte). 

Methyl 2-(Bcnzoylamfmo)hcx~~& 4a (769b);m.p. 73-74+‘C, (Foundz C, 67.3; H, 7.p; N. 5.5. C H NO 
requirer C. 67.4s; H. 7.7; N, 5.6 S). (KBr) 3300, 3060, 29%. w_+ 1750, 1635, 133s. 1215, 720, &?a~-< 
6, 0.70 - 2.10 (9 H, complex), 3.70 (3 H. s). 4.76 (I H, complex), 6.67 (1 H, d, / 7.5 Hx), 7.2 - 7.9 (5 H, 
complex). 

Methyl 2-(AcecrylaMso)htxa~s~ I) (64%). m.p. 76-80°C, (Fouad: C, 57.9; H. 8.9; N, 7.1. CsH 
requires C. S7.7; H. 9.1s; N, 7.5 %), Y 3280. 3080, 2960, 1750, 1650, ISSS. 1220, t I 
cm-‘. 0.73 - 1.90 6, (9 H, complex). 2.00 _(-KEtr): (3 H, 0, 3.70 (3 H, 0, 457 (I H. coa~bx), 6.20 (I H. br). 

Methyl 2-Benroylant~-3,3-dfmeth#Wawmte (0’ (MS), m.p 6pC, (JWad: C, 67.S1; H, 7.P. N. 5.4. 

C,,H,,NO, requirea C. 67.45; H. 7.7; ,N, 5.6 %), Y (RBr): 3320. 2910, #740, t640, 1535, 1370, 1350. 
1215, 755, 700 cm-‘, 6tt I.05 {9 n, a), 3.72 (3 H, B), m (1 H, d, I 9.5 Hr), 6.67 (I H, d, I 9.5 Hz), 7.2 - 

7.9 (5 H. complex). 

Methyl 2-(Benzoylomlrco&tf-3-rrwlr U (& rad LydroIysb U -loooc) (SV%), m.p. 64-d% 
(Foead: C, 65.5; H, 6.05; N, 6.3. CG O8 nquira C, 65.t; H,‘ 6.0; N. 6.4 W), u_(KBr): 3330, 3010. 
2960. 1730, 1635, 1520, 1215, 7400, 64f at-t, 6, 3.73 (3 H, rj, S.53 (3 H. complex), 5.8 - 6.23 (I H. 
complex), 6.93 (I H. br), 7.22 - 7.93 (5 H, complex). 

Methyl 2-&nzo.vlamino-2-~yt-~ei~e 4e (S3Y, m.p. ICW-IW’C, (Found C, 71.1; H. 5.7; N, J.2. 
C,,H,sNO, require C. 71.4; ‘H, S.6; N, 3.2 o)), Y ,(KBr): 3300. 30300, 2920, 17400, 

H, d, “P%Hz), 7.0 - 7.9 (II H, corapkx). 
1615, 1510, 1475, 

I 150, 725. 680 cm-t. 6, 3.70 (3 H, s). S.72.(1 

Methyl 2-Be~rroylwr9no-2-(ne~th-l-yl~~ol~ If (80%). m.p. l64-16S°C, ffOuad: C. 75.1; H, S.4: N, 
4.4. C,H,,NOs requires C. 75.2; H. 5.4; N. 4.4 96). Y 
765, 680 cm-l. 6tt 3.70 (3 H. s), 6.50 

(KBr): 3310. 3030. 2930, 1730, 1620. 1520, 1205. 
(I H. d, J 9.5 HxE.98 (I H, br), 7.3 - 8.0 (I2 complex). H, 

t-Buy/ 2-(t-Bwoxycrvbon.vlamino)-?~~~h-I-yl)oclt~c 41 (75%). m.p. 101-104°C, (Found: C, 70.2; H. 
7.5; N. 3.95. C,,H,NO, requires C. 70.6; H, 7.6 N, 3.9 %), (K&j 3400, 2980. 1730, 1705. 1500, 
1390. 1365. I ISO, 8lV:785 cm-t. 6, I.93 (9 H;s), I.40 (9 H, s). Y_ 5.45 (I H, d, J 9 Hz), 590 (I H. J 9 d. 
Hz). 7.2 - 8.3 (7 H, complex). 

Meth.vl 2-Acct.vlamino-2-(nuphth-I-yl)acetate 4b (68%). m.p. ISO-I=, (Found: C, 70.2; H. 5.85; N. 
5.3. C,,H,sNOs mqtires C, 70.0; H, 2960, 1750, 1645, 1540, 1225. 
1130. 785 cm’, 6, 2.02 (3 H, s), 3.73 

S.P, N, 5.4 %). o_.(K,Br): 3329, 3V70, 
(3 H, I). 6.36 (2 H. br), 7.39 - 7.63 (4 H, compbx), 7.8 - 7.92 (2 H. 

complex), 8.1 - 8.17 (I H, complex). 

Methyl (Z)-2-(Bensoylamino)-2-twoate S (62%), m.p. 70-72’C, (Founti C, 65.8; H. 6.0; N, 6.3. 

C,,H,,NO, requires C, 65.7; H. 6.0; N, 6.4 2950, 1730, 1660, 1645, 1510, 1460.1260. 
690 cm-‘, 6, 1.80 (3 

96). Y_ (KBr): 3280, 
H. d. J 7 Hz), 3.72 (3 H. s). 6.82 (I H, d, J 7 Hz), 7.2 - 8.0 (6 H, complrx). 

General Procedures for the Reaction of 2-Acylamko-2-b emoacetates wl!h Trimethylrllyl End Ethers: 

Method A: To a stirred, cooled (-78°C) solution of the bromoester 2 (5 mmol) io dry dichlorometheae (40 
ml) is rdded tri&ylrmine (0.77 ml, 5.5 maol). Aftst 20 mia l solution of titanium csmcbkrlde (0.60 ml. 
5.5 mmol) in dichloromefheae (5 ml) is added dropwise. whereby ths cokur of the solution cheaaes to 
drrk red. After further 10 mia of stir&g 8 solotioa of tb trimethyLilyl eaol ether (5.5 mmol) in 
dichloromethane (5 ml) is l dded drop&se. The mixture is t&n &mad to wentI to r.1. over I2 h md 
hydrolyzed by addition of dilute aqueous citric acid (40 ml). The organic hyer is washed with rquwus 
NeHCO,, dried with Mm, and mporurd to bryarr. ?tuifk&oa of tb, products is ecbkved by fhrb 
chromatography on silice 801 (etueat petro&um ether/ethyl amtata 2~1). 
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M&od B: To a stirred, cooled (-78%) solution of tba bromoatnr 2 (5 mmol) in dry dkhloromethure (40 
ml) ia rdded succ&&VJly the trim#hylmilyl enol Bther (IO mmd) aad tJm dmnium -lotida (O.ao. ml, 
5.5 mmoJ), both dbrolvod in d!cbloromotJm~~ (S ml). Tkea triahykmine (0.77 mli 5.5 mmol) in dichloro- 
methane (IO ml) ia added dropwine, the mixture in allowed to warm to r.t over I2 II utd worked up u 
described in method A. 

Ethyl 2-Bcnsoylamino-4-oxopetuanoute 7r (58%). ULp. 7%74°C. (Found: C, 63.6; H, 6.8; N. 5.6. 
C,,H,,NO, requires C. 63.R H, 6.5; N, 
1210. 1025, 760, 715 cm-‘, 6, 1.30 (3 H, 

S.3 %h v_(KBr): 3340, 2980, 1725. 1600. 15800,~1530, 1490, 
t, I7.J Hx), 2.13 (3 H, I), 3.17 (2 H, complex), 4.18 (2 H, Q. J 

7.5 Hz). 4.90 (I H, compkx). 7.03 - 7.87 (6 H, annpkx). 

Ethyl 2-Bcnroylamino-4-oxo-4-&tylbufanoafe 7b (80%), m.p. $I-82°C. (Found: C, 70.2; H. 6.1; N, 4.6. 
C,$iH,,NO, requires C, 70.1; H. 5.P, N, 4.3 %), 
1575, 1210. 755, 710. 690 cm-‘. 6tt 1.22 (3 H. t, 

u_(KBr): 3320, M60, 2980, 1745, 1690, 1635, 1600, 
J 7.5 Hz), 3.75 (2 H, canpbx). 422 Q H. q. 17.5 Hz), 

5.13 (I H. compkx), 7.26 - 8.07 (I I H, compkx). 

t-Bury/ 2-(t-Bntoxycarteny/antino)-4-oxo-4-+ty/btuanome 7r (609)). m.v. lO3-lOPC,~ (Found: C, 65.4: 
H, 8.0; N. 4.1. C,,H,,NO‘ xequira C, 65.3; H, 7.8; It(. 4.0 96). u_ (KBr): 3420, 30% 2970, 1740. 1700, 
1680, 1485, 1390. 1365. 11500. 695 cm”, 6tt I.50 (IS H, ,);3.$5 (2 H. complex), 4.55 (I H, complex). S.55 
(1 H. d. / 7.5 Hz), 7.2 - 8.0 (5 H, complex). 

t-Bury1 2-Acccylamino-4-ia+4-pknylbutaaoae 7d (73%) u c&urkn oil., V_(lKat): 3300,3050,2960, 
2920, 1730. 1680, 1520. 1360, 1100, 725, 680 cm-J, (a I.40 (PH. 8). 1.97 (3 H, x). 3.58 (2 H. corn&x). 
4.82 (I H, compkx). 6.62 (I H, d, / 7.5 Hx). 7.3 - 7.7 (3 H. oompkx), 7.85 - 8.1 (2 H, complex), (Found: 
M+ t H 292.1541. C,,H,,NO, requirea M + H, 292.1549). 

Ethyl 2-Benz.oylamlno-2-(2-wocyclakxyf)acei~e 70 (50%). I:1 mixtatm of two diutereom8n. 

(I’R.ZR)/( I’SJS)-(70) isolrted by frrrtional ncryatallixatioa”): rap. Ill-142”C, (FOUL& C, 67.0: H, 7.1; 
N. 4.8. C,,H,,NO, lequirw C, 67.3; H, 7.0; N. 4.6 #); Y (KBr): 3330, 2920, 1730, 1710. 1640, 1530, 
1020, 725. 700 cm-‘. 6, 1.27 (3 H. 1. / 7.5 Hz), 1.50 - 2.%8 H, complex), 8.87 (I H, complex). 4.17 (2 
H, q. I 7.5 Hz), 4.67 (1 H. dd, / 8.5 UKI 4.0 Hz). 7.10 - 7.60 (4 H, compbx), 7.60 - 8.00 (2 H, comokx). 

Ethyl 2-Ben:oylamino-3-rne~hoxycar~yl-4-oxopnfantmfe If (57%). I:1 mixture of two diutereomen. 
one diostereomer isolrted by fractional r8crystaJlisation : m.p. 80-82oC, (Found: C, 60.1; H. 6.0, N, 4.6. 

CTt,H,,NQ, reguircu C, 59.8; H. 6.0; N, 4.4 y, Y, (KBr): 3320, 3060. 2940, 1740. 1730. 1640. 1530, 730. 
695 cm-‘, 6, 1.25 (3 H, t,,/ 7.5 Ht), 2.37 (3 H, a), 3.78 (3 H, s), 4.22 (2 H. q, J 7.5 Hz), 4.42 (I H, d, / 
4.5 Hz). 5.46 (I H. dd, / 9 and.43 Hz), 7.25 (I H, d, I 9 Hz). 7.4 - 7.8 (5 H, compbx). 

Ethyl 2-Ben:oylamino-4,Sdioxohexanoa& 78 .- To hydrolyze the remaining silyl enol ether functionality 

in the side chain, the crude oil WY stinad with THF (30 ml)/lN HCI (I ml) for 1 h, wutnlixud with 
calcium carbonate (2 8). filtered and dried (M@CJ,). Aftu solvent mtion the pmdwt wu purified by 
flrrh chromatography. (25%) U yellow crystalls, m.p. 110-l 12%. (Found: C, 6l.R H, 6.0; N. 4.9. 
C,,H,,NO, requira C. 61.85. H. 5.9, N, 4.8 %), u_. (KBr): 3280, 3050, 2980, 1710. 1630. 1530, 1335. 
1090, 725. 690 cm-‘, 6, 1.29 (3 H, 1, / 7.5 Hz), 2.37 (3 H. s), 3.38 (2 H. complex), 4.25 (2 H. 9. / 7.5 
Hz), 5.05 ( I H. complex). 7.10 (I H. d. / 7 Hz), 7.35 - 7.8 (5 H. complex). 

Ethyl 2-Bcn:oylamino-3,3-dimdhyl-4-oxo&utanosUe 7b (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 %), Y_. (KBr): 3330, 3060. 2960, 1720. 1640. 1600. 
1575, 1540, 1340. 705. 690 cm-‘, 6, I.20 (9 H. coa~pkx), 4.22 (2 H, Q, I 7.5 Hz), 5.17 (1 H, d. / 10 Ht), 

6.83 (I H, d, / IO Hz), 7.3 - 8.0 (5 H, complex), 9.68 (1 H, I). 

Ethyl 2-Beuoylwnino-3-me~haxycartronyl-3-mrrlylbvMwrr 71 (89%). m.p. 45-46OC. (Found: C. 62.4; H. 
6.8; N, 4.5. C,,,H,,NO, requirer C, 62.5, H, 6.9, N, 4.6 %). Y, (KBr): 3350, 3060, 2960, 1730, 1660, 

1600. 1575. 1515, 1480. 1200, 710 cm-‘, Q I.30 (9 H. compkx), 3.70 (3 H. s). 4.18 (2 H. q, I 7.5 HZ). 

5.00 (I H. d, / 9 Hz). 7.0 - 7.6 (4 H, oompkx), 7.7 - 8.0 (2 H, complex). 

t- Bu~yl 2-(t-Buroxyccubaryl~~)-3-nuthoxyeotbonyl-3-~thyl~~e 7) (76%). m.p. 75-76T, 

(Found: C. 57.9; H, 8.5; N. 4.4. C,,H,NO, requirea C, 58.0. H, 8.8, NJ, 4.2 %I. V_(KBr): 3370. 2970, 
1730. 1720. 1700. 1510. 1360, 1150. 1040. 880 Cm-‘, 6, I.10 (3 H, s). 1.25 (3 H, a). I.40 (9 H, s). I.43 (9 

H. s), 3.67 (3 H. s). 4.55 (I H. d. J IO Hz), 5.23 (I H, d. / IO Hz). 
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t-Buy1 2-Anc.~~-3-~Aox~boryl-3-rwl~&~8 7k (60%). a.p. 80-82%. (Found: C, 57.4; 

H, 8.1; N. 5.05. C,H,NO, requira C. 57.1, H. 8.5, N, 5.1 W), (rrBrk 3250, u_ 3060. 2970, 1735, 1645. 
1550. 1220, I Ifs.5, 1135, 865, 840, 790 cm-I* 6, I.13 (3 H, a), I.25 (3 H. a), 1.43 (9 H, t), 2M (3 H. 8). 
3.70 (3 H, I), 4.87 (I H. d, J IO Hz), 610 (I H. d, f IO Hz). 

2-(2- Btnroylami~2-e~har~~~ylethy~3-~~~~~in 8 .- A aoJut&a of I ,2-diuniwknmne 

(I I mg, 0.1 mmol) in ethaaof (2 tAJ) ‘M) ukM&to I W&M of 7g (29 mg, 0.1 mmol) io rho t~lw solvent 
(3 ml). After 24 h at r.t. the rolvart was evlponted In *OQ~O md the pro&t wm purified by 
rtcrystallisa~ion from petroleum 0th~ / otbyl m (85%) ti graaisb-brown cryrab. m.p. l3O-132%. 
(Found: C. 69.0; H, 5.95; N. 11.7. C,,H,,N,O requima C, 69.4, H, 5.8. N. Il.6 %I, v_(KBr): 3320. 
3060, 2970. 1740, 1625, 1540, IU5, 765, 705, &O out-‘, 6, 1.08 (3 H, t, J 7.5 Hz), 2.70 (3 H, 8). 3.63 (2 
H. complex), 4.12 (2 H. q. / 7.5 Hz), 5.33 (1 H, axupkx), 7.26 - 8.1 I (10 H, complex). 

General Procedure /or Ihe React&t of 2-Acylamino-2-bromelates with b-Dicwbonyl Compmmds: 

The acyliminoester 3 U generated by ddition of triethyluniw (0.75 ml, 5.5 mmol) to bromter 2 in 
dry THF at -78”c. After 30 raio 1& &dia&oayl capootmd (6 mmol), attirrsd with triethyhmina (6 
mmol) in dry THF l t room temmtwa for 30 mb, b dQd abwly to the miooettu. After vrrmina 
up the mixture is stirred far I2 b 8t rooa tempetltura. Tko wu, 20% citrk roId (5 ml) is ul&td rnd 
the solution is neutnlised witb rqueouc aodium hym arbotmk The prodrrct h oxmeted with ethyl 
acetate (3x) and the dried or8tnic phue is evaporated In vacw. Purifiitioa is possible by recrysallitrtioa 
from ethyl rceute / petroleum ether or by column chrommnpby on rilia 101 (elwnt petroleum ether 
(40 - 60) / ethyl uzetste). 

Ethyl 2-Tri//uorocurrylomino-4-our-3-(I-o~~~~~ 9a (81%). m.p. 9l”c, v_(KBr): 3300, 
2980. 1740. 1725. 1700. 1550, 1365. 1320, 1280, 1180, lOI0ca1-~, Ca 126 (3 H, t. J 4.5 Hx), 2.23 (3 H, s). 
2.33 (3 H. s). 4.2 (2 H. q. 14.5 Hz). 4.5 (I H. d, J 3 Hz), 5.16 (I H, dd. J 9 md 3 Hz), 7.43 (1 H, br d, J 
3 Hz) , (Found: M*. 297.0826. C,,H,,F$JOI require, M, 247.0868). 

t-Bul.vl 2-(I-Bu~oxycu&onylami~o)-4-0x0-3-( I-oxocrhyl)~nrme PI (82%). m.p. 80% (Found: C. 58.1; 

H, 8.1; N, 4.4. C,,H,,NO, requtsr C, 58.3; H, 8.3; N, 4.25 w), W_ (KBr) 3320. 3000, 2985, 2915. 1735. 
1725, 1700, 1615. 1520, 1360. 1310, 1155, I060 cm-l, 6tt 1.44(I) W, 8). 2.27 (3 H, 8). 2.31 (3 H. s), 4.4 (I 
H. d. / 4.6 Hz). 4.48 (I H, dd. J 9 lad 4.6 HI), 5.58 (I H. d, J 9 Hx). 

Ethyl 2-Benzo.viamino-4-oxo-3-( I -oxoethyl)pentanoate 9c (92%). n.9. 1 lm, v_(KBr): 3300. 2980, 
1735, 1720, 1700. 1640. 153O. 1490. 1360. 1330. 1270, 1210, 1170, 1105, 1020, 940, 860, 695 cm-‘. 6, I.21 
(3 H, t, 17.5 Hz). 2.23 (3 H, s). 2.31 (3 H, I), 4.16 (2 H, Q, J 7.5 Hz). 4.58 (1 H. d, J 4.5 Hz), 5.45 (I H, 
dd. f 9 rnd 4.5 Hz). 7.33 - 7.5 (4 ‘H, combbx). 7.66 - 7.83 (2 H, con@ex), (Found: M*, 3O5.1275. 
C,,H,,NO, requires M. 30S.12S8). 

Methyl 2-Acerylamino-4-oxo-3-(ox~ylnush~)~~ 94 (62%). m.p. 8*. (Found: C, 61.85; H, 
5.95; N, 4.9. C,,H,,NOI requirea C, 61.85; H, 5.9; N, 4.8 %). u_ (KBt): 3280, 3O00, 2950, 2920. 175O, 
1710. 1675, 1640. 1520, 1440. 1370. 1280. 1210, 1165, 980. 765 cm“, 6, 2.4 l d 2.43 (3 H, s). 2.68 md 
2.8 (3 H. s. ratio: 2.1 : 3.41, 4.1 clnd 4.13 (3 H, I), 5.3 - 5.53 (2 H, compbx). 7.26 - 7.66 (4 H. complexx). 
7.93 - 8.06 (2 H. complex). 

t-Bufyl 2-(t-B~orrycor&nyt~~)-l-dxo3-(okop pmta+rye 9r (50%) n oil, (Found: C, 
64.J; H. 7.5; N, 3.7. C,,H,NO, W&W C, 64A; I(, 75; N;,3.6 %), u-(~Mu): 3420, 2970, 2920, 1730, 

1715, 1700, 1675, 1490, 1365. 1315, 1240. 1230. 1145, I060 am-l, $ 1.37 (9 H, s), 1.43 (9 H, a). 2.22 (I 
H. s). 2.27 (2 H, I); 4.87 (I H. dd, I9 ud 4,J Ha), 5.23 (‘I I& d. J 4.5 Hz). 5.42 (0.33 H. d, / 9 Hz). 5.70 

(0.67 H, d, / 9 Hz). 7.33 - 7.69 (3 H. complex), 7.83 - 8.07 (2 H. complex). 

Merhyl 2-Bcn:o.vlomino-3-er~x~~~yl~4-~~~e 9I (CT%), m.p. 103oC. (Foumk C. 60.1; H, 6.0; 
N. 4.35. Cl,H,,NO, requirsr C. 59.8; H. 6.0; N, 4.4 (b), u_ (KBrk 3320, 2970, 1735, 1710, 1635, 1535. 
13366. 1280, 4260. 1180, 1030, 69O cm-‘, Jtt (400 Mix) 1.23 rad 1.28 (3 H, t, I7 Hx). 2.35 rod 2.36 (3 H, 
s), 3.74 end 3.76 (3 H. I). 4.18 and 4.25 (2 H. q, / 7 Hz), 4.40 rad 4.41 (I H, d, / 4 Ih). 5.10 rdd 5.15 (1 

H. dd. / 9 and 4 Hz), 7.34 rnd 7.36 (I H, d, J 9 Hz), 7.42 - 732 (3 H, cempk~). 7.76 - 7.95 (2 H. 
complex). 
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t-BW (t-BYox~~~~~r)-~~x~~y~44~~~e h (48%) u oil. (Found: C. 56.4% 
H, 7.8; N, 3.0. C&&NO, requira C, 56.r; H. 0.1; N, 3.9 (b), Y_ @at): 344% 3380,29% 294O,l72% 
Iu)o, 1160, 1390, 1370. 1250, IIJS. 1055 an-‘, &,t 127 (3 H. t, / 6.5 Hz). 1.43 (I8 H. a), 2.27 (3 H, a), 
4.1 (1 H, complex), 4.10 (2 H, q, / 6.5 Hz), 4.8 (1 H, oompbx), S.5 (1 H, cornpkx). 

I-Me&vi 4rahyl 2-Ecnroyloml~3-(et~x~~~~i~e 9I (52%). m.p. m, (FOUnd: C. 58.45; 

H. 5.9; N, 4.0. C&tNO, required C, 58.1; H..Sn, N. 4.0 W), (KBrk 3260, 2900. 1750. 1650, 1540. 
1310, 1260, ll50, uuo, 700 cm-t, 6, 12 (3 

V~ 
H, 1, I 7J Hx), 1.3 (3 ii, 1, I 7.S Hx), 3.73 (3 H, s), 4.03 - 

4.4 (5 H, complex), 5.5 (I Y dd, / 9 UMJ 4.5 Hz), 7.23 - 7.9 (6 H, complex). 

Mefhyl 2-Bcntoytomino-2-(4-hydroxy-6-~~hyl-2-axo-~-p~~-3-y~ei~ 91 (66%). rap. 170 - 
172% (Found: C. 60.3; H, 4.R N. 4.0. C eHuNO, teq~iria C. 60.6; H. 4-A N, 4.4 %), Y (KBr): 3400. 
3050 - 2800, 1750, 1690, 1640, 1600. I%& ISIS, 1400, 1340, 1210, 990, 030, 710 cm-‘, 63.16 (3 H, s). 
3.76 (3 H, s), 5.6 (I H, d, J 9 Hz), 5.93 (1, I H), 7.33 - 7.56 (3 H. complex), 7.73 - 7.86 (‘2 Y eomglex), 
0.0 (1 H, br d. / 9 Hz). 0.76 (I H, br). 

t-Butyl 2-(t-Buroxycor~y~i~)-2-tl-hydroxy~,~-di~yl-3-~~~e~n-2-yl 91 (60%). 
tD.p. 143’C. (FOUfMk C. 61.6; H, 83; N, 33. C,,H,,NO, m&ras C. 6l.(; H, 8.); N. 3.8 *). Y,_WB~): 
2990. 2700, 1740, 1725, 1570, 1490, 1390, 1370. 13300, 1260, 1160, 1060 cm-‘. Stt 1.09 (6 H. S), 1.43 (18 H, 
s), 2.20 (4 H. s), 4.07 (I H, 6, 16.6 Hx), 6.11 (I H, 6. / 6.6 Hx). 7.44 (I H, br). 

General Procedure for rhc Cyclirarion of 9 : 

9c (5 mmol) k dissolved in ethanol (50 ml) and ifter ddition of bydnrine bydnte (100%) or 
phenylhydruinc (for compooob, 10e or 10) nrgectivsly) (5 aunol) the solution k refloied for 2 hours 
Aher sflpontion to dryness the product mry be purlfii by recrysUi8ation froka ethyl mtate / 
petroleum ether (40-60) 101 or by flab-chrometognphy on silke H (dorot ethyl WW~ / petroleum 
ether I:]) 10b . 

Ethyl 2-Benroyinmirro-2-(3,~-d~h~!py*otol-4-yl~~~ 10~ (96%). m.p. 164v, (Found: C, 63.0; H. 
6.6; N, 13.3. C,,H,,N,O, mqoir~ C, 63.); H, 6.3% N. 13.9 96). Y,_ (KBv): 32S0, 2980, 1745, 1635. 1600. 
1~75. 1520. 1405, 1335. 1220. 1190. 1150, 1090. 1020,690 m-t, S, 1.23 (3 H, t, J 7.5 Hz), 2.26 (6 H, s), 
4.16 (2 H, dq. I7.5 end 3 Hz). 5.63 (1 H, d. J 6 Hz), 7.10 (1 H. br d, I6 Hz), 7.26 - 7.5 (3 H. complex), 
7.66 - 7.86 (2 H, complex). 9.66 (I H, br I). 

Ethyl 2-Bcnroylamlno-2_C3$-dl~~h~-N-~nylp~~~-4-y~e~~e 101 @9%), m.p. t 15°C. (Found: C, 
69.8; H, 6.4; N. 11.0. C,,sN,O, requirs~ C. 70.0; H, 6.1; N, 11.1 %I, v_(KBr): 330% 3060, 2980. 2946, 
1740, 1660, 159s. 1~20. 1500. 1400, 136s. 1345, 1320, 1215. 1200. 1135. 10800, 10200, 775, 75% 700, 690 

Clll“, 6, 1.26 (3 H, t, I 7.5 Hz). 2.36 (3 H, s), 2.4 (3 H. 8). 423 (2 H, q. J 7.5 Hz). 5.7 (l H, d. J 7 Hx). 
7.16 (1 H, br d. J 7 HZ). 7.26 - 7.5 (8 H, compbx). 7.76 (2 H. compkx). 

General Procedure /or the Synthesis of ti LX-Amino Adds: 

The N-Boc-amino acid r-butyl ester (0.5 mmol) is refluxed for I5 min with trifluoroecetic 

rcid/chloroform I:1 (20 ml). The solvent L.snpwrtd, the ddw diuoired ia O.lN HCI (IO ml) UJ~ 
extncted with etbyl acctmta (5. ml). The WWOP, phrre b rpotied to at bn exchange column 
(DowEx. SO-w-XI. so-too nbd, pyridiaium form+ .25 ml of rsrin bed). The column is eluted with 
water followed by 10% rqww pyridiae Md the qwoua pyridine frrtion b evrponted in WI@. 

DL-2-Amino-2-(naphrh-l-yl)ace~~e 11a (07%). m.p. 19%ZOl”C, v_(KBr): 3400, 2930. 165% 16m, 
1575, ISI5. 1370, WO. 775 cm-l. 6&F&D) 6.42 (.I H, t), 7.57 - 0.33 (7 H, complex). 

DL-2-Anise-4-oxo-4-phcnylbukvwk acid IIb (61%). m.p. 19&200% (6c.). (Found: C, 61.R H, 6.1; N. 
7.1. C,,H,,NO, reqoim C. 62.2; H, 5.7; N. 2.25 %), u_ (KBr): 3320, 3150, 3060, 2910, 2530, 2000, 1690, 

1640. 1590. 1330. 755, 690 an-‘. brt(D,O) 3.79 (2 H, complex), 422 (I H, comph9, 7.4 - 7.8 0 H, 

complex), 0.0 - 8.2 (2 H. complex). 
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DL-2-Amino-3-mrfhox~~~yl-3-~hyl~~ic acid llc (55%). sup. >2500c (bsc.), (Found: C. 47.7; 
H, 7.5; N. 7.9. C&NO, rsquiras C, 48.0; H, 7.5; N. 6.0 %), (KBr): 3400, Y_ 3000, 2960, 2610, 1735. 
1670, 1620, 1580, 1520, 1400, 1155, 820. 780 cm-‘, 6,&O) 1.29 (3 H, a). 1.37 (3 H, a). 3.79 (3 H. s), 4.04 
(t H. s). 

General Procedures for Ihe Synlhesir o/ the L-Amino Acids: 

a) Acrdtc cleavage o/ Ihe t-byyl cslerz 

The IV-acetylamino rcid f-butyt ostor (1 mmol) is rofluxal for 15.utiu with trifluoraoeti~ acid / chloro- 
form I: I (20 ml). The solrsor I, svnpornted and the crude Netyl-DL-amino Ad k puriDed by 
recrystollisation from petroleum ether/ ethyl ncototb. 

b) Basic cleavage of Ihe methyl us~crsz 

The H-acetyl amino acid methyl ester (I mmol) is refluxod for 1 b with a mixture of ethrnol (20 ml) rod 
IN KOH (1.5 ml). Then the solvent is enpontod under reduced proasuro, the residue diuolvd in water 
(20 ml), acidified with IN HCI (2 ml) and extracted with ethyl ucotnto (3x20 ml). The organic layer is 

dried with Mg!SO, and evaporated to dryness. The crude acid b pur*W by rvcryrtilisation from 
petroleum ether/ethyl acetate. 

c) En:ymarrc cleavage o/ rhe N-acetyl amino acids: 

The V-acetyl amino acid 12 (I mmol) is dissolved in water (50 ml) by rbjuat.inS tb9 pH to 7.2 with IN 
LiOH. immobilixed hog renal a@osa (500 mg, about 60 un@/g) is &led and the mixture is atirrod at 
37’C for 16 h. Then the pH is adjusted to l-2 with IN HCI, the enzyme b filtered off and the filtrate is 
extracted with ethyl acetate. The frae L-amino acid 13 is isolated from the aqueous phase using the ion 

exchange technique described above. 

2-(Acn)~lamino)hcxanoic wid 12a (85%). m.p. IM-1030C, Y _(KBr): 3320, 2940, 1705. 1580, 1530, 
1200. 990. 780, 700,600 cm-‘. 6, 0.73 - 1.90 (9 H, complex), 2.00 (3 H, s), 4.50 (I H, complex), 6.40 (I 
H. d, I 8 Hz). 8.75 (I H. br). 

2-Acelylatnino-4-oxo-I-phenylbuwwic acid 12b (94%). m.p. 16El66”C (&c.), (Found: C, 60.9; H, 5.7; 
N, 5.6. CI,HI,NO, requires C. 61.3; H, 5.6; N. 595 %), Y_ (KBr): 34M, 3310. 2300-3200, 1740, 1710. 
1655. 1525. I 190, 750, 690 cm“, S,(c&-DMSO) 1.79 (3 H, I), 3.42 (2 H, complex). 4.71 (I H, complex), 
7.3 - 8.1 (5 H. complex), a.2 (I H. d, / 8 Hz), 12.1 - 13.2 (I H, br). 

L-2-Aminohexanoic acid 13. (12%). m.p. > 300°C, [a&,)O +22.5” (c I in 6N HCl). V_(KBr): 2960, 1580, 
1405, 1350. 1320, 6650 cm-‘, du(D,O) 0.87 - 2.13 (9 H. complex), 3.80 (I H. 1, / 6 Hz) ppm. 

L-2-Amino-4-oxo-4-phenylbufanoic acid 13b (85%). m.p. l55-16O’C (dot.), [ahso +42.9’ (C 0.105 in 6N 
HCI), +3.6’ (c 0.385 in H,O), Y (KBr): 3050, 2910, 1680, 1590, 1485, 1400, 1210, 745. 680 CIII~‘. 

6,(D,O) 3.79 (2 H. complex), 4.2ut H, complex), 7.4 - 7.8 (3 H, complex), 8.0 - 8.2 (2 H. complex) 
ppm. 
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