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Stereoselective Synthesis of 2-(2’-Cycloalkenyl) Glycinates via 
[3,3] Sigmatropic Rearrangement of Chelated Ester-Enolates 

uli Kazmaier 

Organisch-Chemisches Institut der Universitit, Im Neuenheimer Feld 270,69120 Heidelberg, Germany 

Abstracti Ester-enolate Claisen rearrangement of chelated N-prokcted cycloalkenyl 
results in the formation of cyclic y,&unsahua ted amino acids in good yields and 
diastere0selective fashion. 

glyeillates 1 
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INTRODUCTION 

y,&Unsaturated amino acids are of great interest not only as naturally occurring non proteinogenic amino 

acids,’ but also as intermediates for the synthesis of complex amino acids and peptides.* Like most of these 

atypical amino acids, cyclic derivatives show high activity as enxyme inhibitors.3 Therefore, various approaches 

to the synthesis of this class of amino acids have been developed during the last few years. Besides the 

N-suKonyliine ene reaction’ and the nucleophilic allylation of glycine cation equivalents,5 the Ireland-Claisen 

rearrangement is suitable for the diastereoselective construction of y,&unsaturated amino acids. This methodo- 

logy was investigated by Bartlett et al. in 1982.6 They found a strong dependence of the diastereoselectivity on 

the ring size of the cycloalkenyl esters and the N-protecting group used. The best results with respect to yield 

and diastereoselectivity were obtained by the oxaxole rearrangement developed by Steglich ef al.’ 

In a previous communication we described a new variation of the ester-enolate Cl&en rearrangement, 

one that is especially suitable for a-amino acid synthesis.* Deprotonation of N-protected glycine allylesters with 

LDA at -78 “C and subsequent addition of metal salts such as zinc chloride presumably results in the formation 

of a chelated zinc enolate which undergoes Claisen rearrangement upon warming to room temperature 

(Scheme l).’ Due to the fixed enolate geometry, as a result of chelate formation, the rearrangement proceeds 

with a high degree of diastereoselectivity, independent of the substitution pattern and the protecting groups 

used. In contrast to the -riding lithium atolates, the chelated enolates are quite stable and can be 

warmed up to room temperature without decomposition. 
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Scheme 1 

Nevertheless, these chelated enolates show the high reactivity of metal enolates resulting in very mild 

rearraztgement conditions. Therefore, in contrast to the rearrangement via silyl ketene acetals, the 

rearrangement of the chelated enolates proceeds at -2O’C. 

RESULTS AND DISCUSSION 

Because of the good results obtained with acyclic substrates the chelate ester enolate rearrangement was 

also applied to the rearrangement of cycloalkenyl glycinates 1 (Scheme 2). The influence of the ring size as well 

as the metal salt used for chelation of the ester enolate was investigated. The results are listed in Table 1. 
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Scheme 2 

Table 1: Rearrangement of N-Boc protected cycloalkenyl glycinates 1 a-d 

M% ZnClz MgC12 Al(OzPr), SnC12 

Yield Ratio Yield Ratio Yield Ratio Yield Rid0 

1 n WI 213 WI 2 : 3 WI 213 [“A] 2 : 3 

a 1 79 80 : 20 57 79 : 21 47 75 : 25 76 67 : 33 

b 2 83 90 : 10 94 92: 8 91 90: 10 88 71 : 21 

C 3 73 92: 8 79 92: 8 69 89: 11 71 63 : 37 

d 4 57 86 : 14 78 91: 9 42 79 : 21 74 41:59 
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The crude amino acids, obtained by the rearrangement process, are directly converted into the 

corresponding methyl esters 2 and 3 by the use of diazomethane. Best results concerning yield as well as 

stereoselectivity are obtained with cyclohexenyl glycinate lb (n =2).InthiscaseaUmetalsaltsgavethe 

product in excellent yield. The same high degree of diastereoselectivity was obtained in the rearraqement of 

the homologous cycioheptenyl derivative lc (n = 3), while with the smaller ester la (n = 1) and the larger and 

probably more flexible cyclooctenyl ester Id (n = 4) the selectivity decrease s. The results with tin(B) chloride 

are in sharp contrast to the Activities obtained in the presence of the other metal salts. Obviously tin(B) 

chloride is not able to form chelated enolates. Although the diastereomer 2 was formed preferentially in good 

yield, the diastereomeric ratio varied and was even inverted in the case of the cyclooctenyl ester Id. Even 

though this phenomenon is surprising it was also observed in the rearrangement of acyclic substrates8 

For determination of the diastereomeric ratio (2 : 3) the N-Boo-protected amino acid esters were 

converted into the corresponding Mrifhtoroacetyl derivatives and the diastereomers were separated on a chiral 

GC column (Chira-Si-L-U). 

The configuration of the predominant isomer 2 was con6nned by 12.4 Hz 

two independent methods. Rearrangement of N-Boc glycine cyclo- 

hexenylester lb and subsequent iodocyclization gives iodo lactone 4b as 

the sole product. The coupling constants as well as other spectroscopic 

data obtained are in good agreement with the data reported by Bartlett for 

this compound.6 The diastereomeric mixture 2bBb was also converted 

into the corresponding N-acetyl derivatives Sb and 6b. Comparison of the 

spectroscopic data with the data and the X-ray structure published by 
8.4 le 

Trowitzsch et LIZ.“* clearly indicates, that the (&)-I?,S diastereomer 2b is formed prefefentially. 

The product formation as well as the high diastereoselectivity observed in the rearrangement of the six- 

and seven- membered allylic esters can be explained by rearrangement via a boat-like transition state which is 

discussed frequently for cyclic allylic substrates.‘o Steric interactions between the cycloalkenyl ring and the 

probably solvated chelating metal obviously disfavour the chair-like transition state. 

0 

boat chair 

M= Zn,MgAl,Sn 
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CONCLUSION 

The ester enolate Claisen rearrangement of chelated allyhc ester enolates is not limited to acyclic substrates but 

can also be applied to cyclic substrates. Various metal salts can be used for chelation. The rearrangement 

occurs in a highly diastereoselective fashion via a boat-like transition state while the best results are obtained 

with six- and seven-membered cycloalkenyl esters. 

EXPERIMENTAL SECTION 

CeaernJ Procedure. The ailylic ester derivatives used as substrates were synthesized by coupling N-Boc- 

glycine and the corresponding ahylic alcohol using dicyclohexylcarbodiimide and 4-(dimethyhunino)pyridine.11 

All reactions were carried out in oven-dried glassware (1OO’C) under an atmosphere of argon. Ah solvents 

were dried before used. THP was distilled from sodium-benzophenone and diisopropylamine from calcium 

hydride. LDA solutions were prepared ftom freshly distilled diisopropylamine and commerciaJly available 

butyllithium solution (15% in hexane) in THF at -20°C directly before use. The starting materials and the 

products were purified by flash chromatography on silica gel (32 - 63 pm). Mixtures of ethyl acetate and 

hexanes were used as eluants. TLC was performed on commercial precoated silica gel 60 FW plates (Merck). 

Visualiition was accomplished with iodine and potassium permanganate solution. ‘H NTMR and 13C NMR 

spectra were recorded on a Bmker AC-300 spectrometer. Chemical shifts were reported in 6 relative to CHCJ3 

as an internal reference. GC analyses were performed on a Hewlett-Packard 5890 Series II instrument equipped 

with a chiral titsed silica coating Chirasi-L-W column (25m x 0.25 mm, Chrompack). Diastereomeric ratios 

were also determined by NMR spectroscopy. 

General procedure for eater enolate Claisen rearrangement: 2.5 mm01 of a freshly prepared LDA 

solution in 5 ml THP was added to a stirred mixture of 1 mm01 aUyJic ester 1 and 1.1 mm01 of the correspon- 

ding metal salt in dry THF at -78 “C. The mixture was allowed to warm up to room temperature overnight. The 

resulting clear solution was diluted with ether and hydrolyzed with 1 N hydrochloric acid. After separation of 

the aqueous layer the rearrangement product was extracted twice with 1 N sodium hydroxide solution. 

Acidification of the aqueous layer with KHSO4 and m-extraction with ether gave the desired N-protected 

amino acids which was directly converted into the methyl ester 2 by addition of a solution of diazomethane in 

ether. Atter evaporation of the solvent the crude product was purified by flash chromatography (petroleum 

ether / ethyl acetate 75:25). 

(~~,3RP)-N--Butylo~~~onyl-2-(cydopent-2~ayl~cine methyl eater (2r): ‘H NMR (3OOMHz, 

CDC13): 6 5.86 (m, lH), 5.66 (111, U-J), 5.08 (dhr, J = 8.5H2, lH), 4.50 (dd, J = 8.1, 5.2Hx, D-I), 3.73 (s, 3H), 

3.28 (m, lH), 2.35 (m, 2H), 1.98 (m, D-J), 1.67 (m, U-i), 1.43 (s, 9H). 13C NMR (75MHz, CDC13): 6 172.43, 

155.32, 133.84, 130.14, 79.84, 56.52, 52.06,48.51, 32.44,28.31, 24.61. 
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(~~~~--tButylor~r~ny~~~~o~t-~eny~~cine methyl ester (3a): ‘H NMR (3OOMHq 

CDC13) (selected signals): 6 5.96 (dd, J = 5.5, 2.2H2, lH), 5.54 (m, U-I), 4.45 (dd, J = 9.0, 4.OH2, lH), 3.37 

(m, lH), 2.11 (m, 1I-I). 13C NMR (75MHz, CDCl3) (selected signals): 6 172.68, 155.72, 135.96, 129.67, 

56.72,47.57, 32.08,26.26. 

Anal. Cahi for C13H21NO4 (Mixture 2a/3a): C, 61.16; H, 8.29; N, 5.49. Found: C, 61.30; H, 8.36; N, 5.46. 

(2SR~~~-~-Butylo~~yeubonyl-2-(cyclohex-2~nyl~cine methyl ester (Zb): ‘H NMR (3OOMHz,, 

CDC13): 6 5.78 (ddd, J = 10.3, 7.3, 3.OH2, lH), 5.49 (dh, J = 9.6Hz, lH), 5.00 (dh, J = 7.7Hz, lH), 4.32 (dd, 

J = 8.3, 5.7Hz, lH), 3.71 (s, 3H), 2.60 (m, 1X-Q 1.96 (m, 2H), 1.77 (m, lH), 1.45 (m, 3I-Q 1.41 (s, 9I-I). 13C 

NMR (75MH2, CDC13): 6 172.37, 155.49, 130.01, 126.74, 79.77, 56.98, 52.00, 38.73, 28.29, 24.79, 24.27, 

21.34. 

(2~~~~--Butylo~yerrboayl-~~~ohex-~nyl~~cine methyl cater (3b): ‘H NMR (3OOh@Iz, 

CDCl3) (selected signals): 6 5.87 (ddd, J = 10.3, 7.0, 3.OHz, U-l), 5.39 (dt,,, J = 9.2Hz, El), 4.90 (dh, J = 

9.2Hz, lH), 4.24 (dd, J = 9.5, 5.5Hz, 1H). 13C NMR (75MHz, CDC13) (selected signals): 6 131.71, 125.02, 

38.20,26.20,21.47. 

Anal. Calcd for C1.&3ND4 (Mixture 2b/3b): C, 62.43; I-I, 8.61; N, 5.20. Found: C, 62.40; I-I, 8.70; N, 5.12. 

(~R~~~-~-Butyloryerrboayl_2-(eyelobcine methyl ester (2~): ‘H NMR (3OOMHz, 

CM=13) 6 5.83 (m. lH), 5.60 (dd, J = 11.3, 2.7J-4 lH), 5.03 (db, J = 8.9Hz, lH), 4.34 (dd, J = 8.9, 4.6H2, 

1H), 3.70 (s, 3H), 2.70 (m, lH), 2.26 - 1.87 (m, 2I-Q 1.78 - 1.12 (m, 6H), 1.41 (s, 9H). 13C NMR (75MHz, 

CDC13): 6 172.54, 155.43, 133.33, 132.27,79.88, 57.88, 52.06,42.55,30.36,29.05,28.45,28.27,26.35. 

(2RS,3RS)-AWButylosycarbonyl-2-(cyclohept-2-enyl)glycine methyl ester (3~): ‘H NMR (3OOMHz+ 

CDCl3) (selected signals): 6 5.47 (dd, J = 11.1, 3.OH2, 1H). 13C NMR (75MHz, CDC13) (selected signals): 6 

134.12, 130.51,42.75, 30.83, 29.83. 

Anal. Calcd for C15H2sNO4 (Mixture 2e/3c): C, 63.58; I-I, 8.89; N, 4.94. Found: C, 63.49; H, 8.80; N, 4.90. 

(2SR,3RS)-IV-tButyloxycarbonyl-2-(cyclooct-2-enyl)glycine methyl ester (2d): ‘H NMR (3OOMH2, 

CDCl3) 6 5.75 (m, H-I), 5.40 (dd, J = 10.3, 9.2Hz, lH), 5.04, (db, J = 8.4Hz, lH), 4.29 (dd, J = 8.4, 6.3Hz, 

lH), 3.73 (s, 3H), 2.92 (m, 1I-Q 2.19 (m, 1I-Q 2.07 (m, H-I), 1.74-1.18 (m, 8H), 1.44 (s, 9H). 13C NMR 

(75MHz, CDCl3): 6 172.71, 155.52, 131.88, 128.57, 79.87, 57.25, 51.94, 39.23, 31.71, 29.22, 28.31, 26.48, 

26.41,25.37. 

(2RS,3RS)-N-t-Butyloxycarbonyl-2+yclooct-2-enyl)glycine methyl ester (3d): ‘H NMR (3OOMHz, 

CDC13) (selected signals): 6 5.28 (dd, J = 10.7,9.2I-h, lH), 1.43 (s, 9H). 13C NMR (75MHz, CDCl3) (selected 

signals): 6 132.24, 127.69, 128.13, 52.05, 39.35,32.59,29.67,26.70, 26.62. 

Anal. Calcd for C1&7No4 (Mixture 2dI3d): C, 64.62; H, 9.15; N, 4.71. Found: C, 64.54; H, 9.22; N, 4.67. 
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(WR, 3aSR, 7RS, 71RS)-Hexrbydro-7-i~do-Y(tbrrtylo~~~nyl)am~o)~m~n-2(3~ne (4b):6b 

200 mg (0.78 mmol) (2SR,3f?5’)-N-t-Butyloxycarbonyl-2-(cyclohex-2-enyl)gJycine was dissolved in 2 ml ether 

and was added to a solution of 200 mg (1.2 mmol) potassium iodide, 253 mg (1 mmol) iodine, 250 mg (1 

mmol) CUSO~‘SH~O and 70 mg (0.85 mmol) NaHC03 in 2 ml of water. The heterogeneous mixture was stirred 

vigorously overnight. The reaction mixture was diluted with water and ether. The organic layer was washed 

with IN KHSO4 and saturated Na&Os solution. Drying over Na2SO4 and evaporation of the solvent gave the 

crude iodo lactone. Purification by flash chromatography (petroleum ether / ethyl acetate 85 : 15) gave 4 (200 

mg, 0.52 mmol, 67%) as a colorless foam. ‘H NhIR (3OOIvSHz, CDC13) 6 5.07 (d, J = 8.4Hz, D-I), 4.76 (dd, J = 

9.9, 7.4H2, IH), 4.52 (dd, J = 12.4, 8.4Hz, D-J), 3.94 (ddd, J = 12.4, 9.8, 4.OH2, lH), 2.53 (m, lH), 2.41 (m, 

lH), 1.46-2.08 (m, 5H), 1.42 (s, 9H). 13C Nh4R (75MH2, CDCl3): 6 174.01, 155.78, 83.35, 80.64, 50.41, 

43.44, 36.63, 28.19,26.97,23.32, 22.44 

(~R~~~-Acetyl-2-(eyelobu-2-enyl)glcine methyl ester (Sb): 5 ml of a saturated solution of HCI in 

dioxane was added to 135 mg (0.5 mmol) of AWButyloxycarbonyl-2-(cyclohex-2-enyl)glycine methyl ester 

(2b/3b) in 1 ml ether at O’C. The mixture was stirred for lh at room temperature, before the solvent was 

removed in vucuo. The residue was dissolved in 5 ml methylene chloride and 0.5 ml pyridine. 0.1 ml Acetic 

anhydride was added slowly at O°C and the mixture was allowed to warm up to room temperature overnight. 

The solution was diluted with methylene chloride and was washed with water, sat. NaHCO3 solution as well as 

1N KHSO4 solution. A&r drying over Na2SO4 the solvent was removed in vucm. The residue was 

crystallized from methylene chloride / petroleum ether giving 76 mg (0.36 mmol, 72%) colorless needles, mp 

106 - 107 “C. ‘H NMR (3OOMH2, CDC13) 6 6.03 (dt,r, J = 7.3H2, lH), 5.79 (ddd, J = 9.9, 6.1, 2.9Hz, U-I), 

5.49 (ddd, J = 9.9, 1.8, l.lHz, lH), 4.68 (dd, J = 8.5, 5.5Hz, D-I), 3.72 (s, 3H), 2.64 (m, lH), 2.00 (s, 3H), 

1.97 (m, 2H), 1.76 (m, D-J), 1.60 (m, lH), 1.52 (m, lH), 1.36 (m, 1H). 13C NMR (75MH2, CDCl3): 8 172.19, 

169.86, 130.15, 126.58, 55.43, 52.12, 38.70, 24.78, 24.40, 23.15, 21.33. Anal. Cakd for CllH17NOs: C, 

62.54;H, 8.11;N,6.33.Found:C,62.62;H,8.04;N,6.39. 

(2R.5’,3R5’)-N-Acetyl3-(cyclohes-2-enyl)glycine methyl ester (6b): ‘H NMR (3OOMHz, CDCl3) (selected 

signals): S 5.87 (ddd, J = 10.3, 6.3, 3.OHz, lH), 5.42 (dd, J= 10.3, 1.6Hz, D-l), 4.59 (dd, J = 8.8, 4.4Hz, lH), 

3.71 (s, 3H), 2.69 (m, D-J), 2.01 (s, 3H). 13C NMR (75MHz, CDCl3) (selected signals): 8 172.32, 131.81, 

125.01, 55.52, 38.18, 26.18,21.44. 

(2SR,3RS)-N-Acetyl-2-(cyclohex-2-enyl)glycine (7b):3d To a solution of 53 mg (0.25 mmol) iV-Acetyl-2- 

(cyclohex-2-enyl)glycine methyl ester (5b/6b) in 3 ml 50% methanol was added dropwise 0.3 ml of a 1N 

NaOH solution. The mixture was stirred overnight and the solvent was removed in vucuo. The residue was 

dissolved in water and the resulting clear solution was washed twice with ether. Acidification of the aqueous 

layer with KHSO4 and extraction with ethyl acetate gave 41 mg (0.21 mmol, 83%) of the amino acid. ‘H NMR 

(3OOMHz, CD30D) 6 5.79 (ddd, J = 10.3, 6.6, 2.5, U-I), 5.54 (dd, J = 10.3, 2.OH2, lH), 4.90 (sh, 2H), 4.48 

(d, J = 6.3Hz, lH), 3.30 (m, IH), 2.68 (m, 2H), 1.98 (s, 3H), 1.85-1.40 (m, 4H). 13C NMR (75MH2, CD3OD): 

6 174.51, 173.43, 130.75, 128.27, 57.31,39.31, 25.88,25.43, 22.52,22.35. 
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(~~~~-Aeetyl-2(~~obex-2-eayl)dycine (Sb): ‘H NMR (3OOMHz, CDsOD) (selected signals): 

6 5.83 (m, H-I), 4.38 (d, J = 5.9Hz, HI), 2.00 (s, 3I-I). ). “C NMR (75MHz, CD3OD) (selected signals): 

6 131.43, 127.08, 57.66, 39.86,27.34,25.94, 22.65. 
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