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Abstract: The adducts obtained through the Diels-Alder cycloadditions of (Z)-2-phenyl-4-benzyliden-
5(4H)-oxazolone 1 with Danishefsky's diene and of methyl (E)-2-cyanocinnamate 9 with 2-methoxy-
1,3-butadiene, were subsequently transformed allowing the synthesis of both stereoisomers of 2-phenyl-
4-0x0-1-aminocyclohexanecarboxylic acid (8 and 20).

Whereas the synthesis of a-amino acids has been a matter of continual interestl, the synthesis of new
conformationally constrained o-amino acids has only attracted significant attention during the last few years?
when it was recognised that their incorporation into peptides is a powerful approach for generating structurally
defined peptides as conformational probes and bioactive agents3. In this context, and as part of our project on the
synthesis of new non-proteinogenic and unusual conformationally restricted a-amino acids, we have published
the synthesis of new conformationally rigid phenylalanine analogues using the Diels-Alder reaction between
unsaturated 5(4H)-oxazolones and several dienes? such as cyclopentadiene, 1,3-butadiene or 2,3-dimethyi-1,3-
butadiene. We now wish to extend the versatility of the Diels-Alder reaction to Danishefsky’s diene, allowing the
synthesis of 2-phenyl-4-oxo-1-aminocyclohexanecarboxylic acids, which are valuable intermediates in the
synthesis of new 8-substituted conformationally restricted a-amino acids. This significant reaction, a key step
in the synthesis of important natural products3, was attempted some years agoS although the results were quite
poor since the yields were very low, even when working at high temperatures, and the stereochemical results
were not determined.

The direct diene precursor of 2-phenyl-4-oxo-1-aminocyclohexanecarboxylic acids is 2-methoxy-1,3-
butadiene, but the results obtained in the Diels-Alder reaction with (Z)-2-phenyl-4-benzylidene-5(4H)-oxazolone
1 were poor. Consequently, we were obliged to use Danishefsky's diene and in our experiments the
cycloaddition with oxazolone 1 worked with excellent results when the reaction was carried out in toluene at
reflux during 48 h using two equivalents of the diene, allowing the obtention of the mixture of ¢-2-methoxy and
t-2-methoxy-4-trimethylsilyloxy-¢-6-phenylcyclohex-r-1-spiro- {4'[2'-phenyl-5'(4'H)-oxazolone} }-3-ene 2 and
3, corresponding to endo and exo attack respectively. This mixture of products was treated with a 0.005 N
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HCI-THF (1:4) solution to afford a mixture of c-2-methoxy and r-2-methoxy-z-6-phenylcyclohexan-r-1-spiro-
{4'[2'-phenyl-5'(4'H)-oxazolone] }-4-one 4 and 5 in a ratio of 45:557.(Scheme 1).

Me

Scheme 1

The methoxy group of the endo-cycloadduct 4 was easily eliminated to give enone 6 when Et3N in MeOH
was added to the mixture of 4 and 5, while the exo-cycloadduct 5 remained unaltered8. Nevertheless, both
methoxy groups of compounds 4 and § were eliminated by the action of DBU in MeOH at O °C to generate
enone 6 in excellent yield. Typical heterogeneous hydrogenation of the double bond of this enone, using 10%
palladium-carbon as a catalyst, yielded ketone 7 quantitatively, which was hydrolysed in an acid medium and
the free §-oxo-ai-amino acid 8 was obtained with propylene oxide using a typical procedure. (Scheme 2)
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On the other hand, 4ll attempts to use the same methodology with (E)-2-phenyl-4-benzylidene-5(4H)-
oxazolone 10 obtain the other 5-oxo-o-amino acid stereoisomer by repeating the same sequence of reactions were
unsuccessful since, under these reaction conditions, the partial isomerization of (E)-5(4H)-oxazolone to the
thermodynamically more stable (Z)-5(4H)-oxazolone takes place and the mixture of all four spiroxazolones was
always obtained.

Recently, we reported the excellent behaviour of several derivatives of (E)-2-cyanocinnamic acid as
dienophiles in the Diels-Alder reaction with different dienes such as cyclopentadienel9, 2,3-dimethyl-1,3-
butadiene!! and 1,3-butadiene!2, which allowed the synthesis of various cycloaliphatic a-amino acids, even in
enantiomerically pure form when chiral (E)-2-cyanocinnamates were used.

In this case the Diels-Alder reaction between methyl (E)-2-cyanocinnamate 9 and Danishefsky's diene
under the same conditions as described previously occurred with excellent yield, giving a mixture of methyl 1-
cyano-c-2-methoxy-4-trimethylsilyloxy-¢-6-phenyl-3-cyclohexen-r-1-carboxylate 10 and methyl 1-cyano-1-2-
methoxy-4-trimethylsilyloxy-1-6-phenyl-3-cyclohexen-r-1-carboxylate 11 in the ratio 1:1, which was then treated
with 0.005 N HCI-THF (1:4) solution. Under these conditions the axial methoxy group attached to the Cz in the
adduct 10 was eliminated to give enone 12, while the equatorial methoxy group in the adduct 11 could not be
eliminated, affording the corresponding methoxy ketone 13. Several different conditions, including DBU in
MeOH, were employed in order to eliminate the methoxy group in ketone 13, but in all cases unreacted starting
material was recovered. (Scheme 3).
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Consequently, we decided to use 2-methoxy-1,3-butadiene in the Diels-Alder cycloaddition with methyl
(E)-2-cyanocinnamate as precursor of the other 8-oxo-a-amino acid. Although this diene is less reactive than
Danishefsky's diene!3, dienophile 9 did react in acetone-water after two days at reflux to give compound 14 in
65% yield, which was then converted into the cyano amide 15 by addition of ammonia.(Scheme 4)

Selective Hofmann rearrangement of the cyano amide 15 by treatment with Brp in MeONa/MeOH gave
the o.-bromo ketone 16 rather than the corresponding carbamate, so the methyl enol ether 15 was initially
transformed into the ketone 17 which was protected by means of ethane-1,2-diol using TsOH as a catalyst!5 to
afford compound 18. Further Hofmann rearrangement of the protected ketone 18 gave the corresponding
protected cyano carbamate 19, which was hydrolysed in an acid medium at reflux to obtain the required free
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d-oxo-ai-amino acid 20 according to the protocol described for the synthesis of the other 8-oxo-a-amino acid 8.
(Scheme 4)
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In summary, the Diels-Alder cycloadditions of (Z)-2-phenyl-4-benzyliden-5(4H)-oxazolone with
Danishefsky's diene and of methyl (E)-2-cyanocinnamate with 2-methoxy-1,3-butadiene open the way for the
synthesis of both stereoisomers of 2-phenyl-1-aminocyclohexanecarboxylic acid functionalised in the 8-
position6 as a key product to the synthesis of a great variety of new conformationally constrained non-
proteinogenic oi-amino acids.

Acknowledgements: We are indebted to the Direccién General de Investigacion Cientifica y Técnica, project
PB91-0696 for its generous support. J. H. B. thanks the Ministerio de Educacién y Ciencia for a doctoral
fellowship.

EXPERIMENTAL SECTION

Solvents were purified according to standard procedures. Analytical TLC was performed by using Polychrom SI
Fas54 plates. Column chromatography was performed using Silica gel 60 (230-400 mesh). 1H and !13C-NMR
spectra were recorded on a Bruker ARX-300 spectrometer. Deuterated chloroform was used as a solvent with
tetramethylsilane as the internal standard (the chemical shifts are reported in ppm on the § scale, coupling
constants in Hz). Melting points were determined on a Biichi SMP-20 melting point apparatus and are
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uncorrected. Microanalyses were carried out on a Perkin-Elmer 240-C analyser and were in good agreement
with the calculated values.

¢-2-Methoxy and (-2-Methoxy-#-6-phenylcyclohexan-r-1-spiro-{4'[2'-phenyl-5'(4'H)-oxazo-
lonel}-4-one. 4 and §

Danishefsky's diene (488 mg, 4.00 mmol) was added to a solution of (Z)-2-phenyl-4-benzylidene-5(4H)-
oxazolone!7 1 (498 mg, 2.00 mmol) in dry toluene (30 mL). After 2 days stirring at reflux, the solvent was
evaporated in vacuo and a solution of 0.005 N HCI-THF (1:4) (20 mL) was added to the residue. The reaction
mixture was stitrred for 7 h, the solvent was eliminated and the mixture was diluted with CH2Cl> (30 mL). This
solution was washed with brine (2 x 20 mL) and an aqueous solution of 5% NaHCO3 (2 x 20 mL) and dried
over anhydrous MgSO4. Evaporation of the solvent gave a mixture of compounds 4 and § in a ratio of 45:55,
which was used in the next step without purification; yield 647 mg (93%).

IH-NMR(CDCl3): § = 2.52-2.68(m, 2H); 2.82-2.90(ddd, 1H, J=15.0, J=3.3, J=1.8); 2.98-3.02(m, 2H);
3.10-3.18(dd, 1H, J=13.8, J=3.0); 3.20-3.42(m, 6H); 3.47(s, 3H); 3.74-3.78(m, 1H); 4.00-4.11(m, 2H);
7.10-8.00(m, 20H).

Methyl cis-1-Benzamido-6-phenyl-4-oxo-2-cyclohexen-1-carboxylate. 6

Method A: To a solution of the crude mixture 4, 5 (100 mg, 0.28 mmol) in MeOH (6 mL) was added Et3N (0.1
mL) and the mixture was stirred for 2 days at reflux. After evaporation of the solvent, the residue was
chromatographed on silica gel using hexane-ethyl acetate (7:3) as eluent, to yield 35 mg of compound 6 (36%) as
an oil. Compound 5§ was recovered as a pure oily product (36 mg).

Compound §:
Found C: 72.26, H: 5.55, N: 3.89
Anal. Calc. for C2)H19NO4 C: 72.18, H: 5.48, N: 4.01

IH-NMR(CDCIl3): 8 = 2.56(dd, 1H, Js5e.52=13.8, J5¢.6a=3.0, Hse); 2.98-3.02(m, 2H, H3e + H3y); 3.22-
3.36(m, 4H, Hsa + OMe); 3.42(dd, 1H, Jea-5a=14.4, J6a-5¢=3.0, Hga); 4.01(dd, 1H, J23.33=9.6, J2a.3¢=7.5,
Hja); 7.10-7.20(m, 5H, Arom.); 7.40-7.55(m, 3H, Arom.); 7.90-7.94(m, 2H, Arom.).

13C-NMR(CDCl3): 3 = 43.1, 43.5, 45.4, 57.7(Cy, C3, Cs, Cg); 81.1(C2); 128.1, 128.2, 128.4, 128.5, 128.7,
132.8, 135.4, 135.5 (Arom.); 161.9(C=N); 177.8(COO0); 205.6(CO).

Compound 6:
Found C: 72.30, H: 5.57, N: 3.91
Anal. Calc. for C31H1gNOg C: 72.18, H: 5.48, N: 4.01

IH-NMR(CDCl3): 8 = 2.78(dd, 1H, Js¢.52=16.8, Jse.6a=4.8, Hse); 3.22(dd, 1H, J59.56=16.8, Jsa.6a=10.8,
Hsg); 3.78(s, 3H, COOMe); 4.02(dd, 1H, Jga.52=10.8, Jsa-5¢=4.8, Hga); 6.29(brd, 1H, J2.3=10.2, Hy);
6.57(brs, 1H, NH); 7.10-7.60(m, 11H, H3 + Arom.).

I3C-NMR(CDCl3): 8 = 39.4, 47.5, 53.7, 61.7(Cy, Cs, Cs, COOMe); 126.9, 128.2, 128.6, 128.7, 128.8,
129.3, 129.8, 132.1, 137.1, 137.7 (Arom., Ca, C3); 167.7(CONH); 171.5(COOMe); 197.4(CO).

Method B: To a solution of the crude mixture 4, § (100 mg, 0.28 mmol) in MeOH (6 mL.) was added DBU (42
mg, 0.28 mmol) and the mixture was stirred for 3 days at 0 °C. After evaporation of the solvent, the residue was
chromatographed on silica gel using hexane-ethy! acetate (1:1) as eluent, to yield 75 mg of enone 6 (75%) as an
oil,
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Methyl cis-1-Benzamido-2-phenyl-4-0x0-1-cyclohexanecarboxylate. 7

A solution of compound 6 (91 mg, 0.26 mmol) in dry CH2Cl2 (20 mL) was hydrogenated at atmospheric
pressure for 24 h using 10% palladium-carbon (10 mg) as a catalyst. Removal of the catalyst and the solvent
gave compound 7 quantitatively as an oil.

Found C: 71.62, H: 5.15, N: 3.86

Anal. Calc. for C2)H21NO4 C: 71.76, H: 6.03, N: 3.99

IH-NMR(CDCIl3): 8 = 2.50-2.70(m, 3H, Hse + Hgg + Hge); 2.82(dd, 1H, J3¢.33=15.6, J3¢.22=5.4, H3e);
3.04(dd, 1H, J33-3e=15.6, J34.2a=10.2, H3y); 3.11-3.18(m, 1H, Hsy); 3.68(s, 3H, COOMQ) 3.94(dd, 1H, Jp,.
3a=10.2, J23.3e=5.4, Hpa); 6.24(brs, 1H, NH); 7.14-7.70(m, 10H, Arom.).

13C.NMR(CDCl3): § = 30.2, 36.8, 41.9, 48.2(Cp, C3, Cs, Cs); 52.7(COOMe); 62.2(Cy); 126.7, 121.7,
128.4, 128.6, 129.1, 131.9, 134.1, 137.7 (Arom.); 168.2(CONH); 172.5(COOMe); 208.8(CO).

cis-2-Phenyl-4-oxo0-1-aminocyclohexane-1-carboxylic Acid. 8

Compound 7 was dissolved in 6 N HCI (20 mL) and refluxed for 24 h. The solvent was evaporated, the residue
of aminoacid hydrochloride was dissolved in EtOH (6 mL) and propylene oxide (2 mL) was added. The mixture
was refluxed for 1 h and partially precipitated. After removal of the EtOH, the residue was dissolved in distilled
water (2 mL) and eluted through a Cig reverse-phase Sep-pak cartridge which, after removal of water, gave 45
mg (73%) of a-amino acid 8 as a white solid.

Found C: 66.88, H: 6.37, N: 5.88

Anal. Calc. for C13H1sNO3 C: 66.92, H: 6.49, N: 6.01

IH-NMR(D20/TFA): 8 = 1.82-2.68(m, 4H, H3e + Hse + Hga + Hge); 2.96-3.12(m, 1H, H3y); 3.48-3.64(m,
1H, Hsy); 3.86(dd, 1H, J23.33=15.0, J25.3.=1.2, Hay); 7.05-7.40(m, SH, Arom.).

Methyl trans-1-Cyano-6-phenyl-4-oxo-2-cyclohexen-1-carboxylate. 12 and Methyl 1-
Cyano-¢-2-methoxy-f-6phenyl-4-0xo0-r-1-cyclohexanecarboxylate. 13

Starting from methyl (E)-2-cyanocinnamate!8 9 (187 mg, 1.00 mmol) and following the same procedure as
described above for 4 and §, a mixture of compounds 12 and 13 was obtained. Three fractions were separated
by silica gel column chromatography eluting with hexane-ethyl acetate (3:2), the first fraction yielded 80 mg
(30%) of compound 12 as an oil, the second yielded 75 mg of a mixture of compounds 12 and 13 and the third
yielded 50 mg (18%) of 13 as an oil.

Compound 12

Found C: 70.72, H: 5.25, N: 5.43

Anal. Calc. for C15H13NO3 C: 70.56, H: 5.14, N: 5.49

IH-NMR(CDCIl3): § = 2.80(dd, 1H, Js5¢.55=17.1, Jse.6a=3.4, Hse); 3.23(dd, 1H, Js5-5¢=17.1, Js5.63=14.4,
Hsg); 3.69(s, 3H, COOMe); 3.89(dd, 1H, Jea-5a=14.4, Jga-5¢=3.4, Hga); 6.34(d, 1H, J3.2=9.6, H3z); 6.83(d,
1H, J2.3=9.6, Hy); 7.26-7.31(m, SH, Arom.).

13C-NMR(CDCl3): 8 = 40.3, 47.4, 51.6, 54.1(Cy, Cs, Cs, COOMe); 114.2(CN); 128.0, 129.0, 129.2, 131.8,
136.0, 140.5(Arom., Cy, C3,); 167.0(COOMe); 195.6(CO).

Compound 13

Found C: 66.72, H: 5.85, N: 4.96

Anal. Calc. for C21Hp)NO4 C: 66.87, H: 5.97, N: 4.88
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1H-NMR(CDCl3): § = 2.58(ddd, 1H, Jse.5a=15.0, J5e.6a=3.6, Jse.3¢=1.8, Hse); 2.79(dd, 1H, J35.3c=14.7,
J32.2a=12.0, H3,); 3.05(ddd, 1H, J3e.33=14.7, J3¢.25=4.8, J3e.5¢=1.8, Hze); 3.14(t, 1H, Jsa.5e~Tsa-6a=15.0,
Hsg); 3.32(dd, 1H, Jea-5a=14.7, J6a-5¢=3.6, Hea); 3.36(s, 3H, OMe); 3.53(s, 3H, COOMe); 4.07(dd, 1H,
J22-3a=12.0, J2a 3¢=4.8, Hag); 7.24-7.35(m, SH, Arom.).

13C.NMR(CDCl3): & = 42.9, 43.1, 44.4, 53.4, 57.5, 59.1(C}, C3, Cs, Cs, OMe, COOMze); 80.0(Cy);
115.0(CN); 127.5, 128.7, 128.8, 135.1(Arom.); 167.2(COOMe); 202.9(CO).

Methyl trans-1-Cyano-4-methoxy-6-phenyl-3-cyclohexen-1-carboxylate. 14
2-Methoxy-1,3-butadiene (4.03 g, 48.00 mmol) was added to a solution of dienophile 9 (1.50 g, 8.00 mmol) in
acetone-water (2:1) (120 mL). After 2 days stirring at 80 °C, the solvent was evaporated in vacuo and the residue
was chromatographed on silica gel eluting with toluene-CHCl3 (1:4) to yield 1.41 g (65%) of compound 14 as
an oil.

Found C: 70.72, H: 6.41, N: 5.03

Anal. Calc. for CjgH17NO3 C: 70.83, H: 6.32, N: 5.16

IH-NMR(CDCl3): 8 = 2.41(dd, 1H, Jse.52=16.8, Jse_6a=5.4, Hse); 2.70(dd, 1H, J2¢.23=16.2, J2¢.3=5.7, Hae);
2.88(dd, 1H, J53.5¢=16.8, J5a.6a=12.3, Hsa); 2.98(d, 1H, J24.2¢=16.2, Ha2y); 3.37(dd, 1H, Jga.59=12.3,
J6a-5¢=5.4, Hgg); 3.47(s, 3H, COOMe); 3.60(s, 3H, OMe); 4.66(d, 1H, J3.2¢=5.7, H3); 7.26-7.40(m, 5H,
Arom.).

13C-NMR(CDCl3): § = 31.9, 33.4, 45.7, 50.1, 53.1, 54.5(Cy, C3, Cs, Cs, OMe, COOMe); 88.1(C3);
118.1(CN); 127.9, 128.2, 128.7, 138.1(Arom.), 154.6(C4); 168.9¢(COOMe).

trans-1-Cyano-4-methoxy-6-phenyl-3-cyclohexen-1-carboxamide. 15

Ammonia was bubbled through a methanolic solution (40 mL) of methyl ester 14 (500 mg, 1.83 mmol) until the
solution was saturated. After 2 days stirring at room temperature, the solvent was evaporated and the residue was
chromatographed on silica gel using hexane-ethyl acetate (1:1) as eluent to give 451 mg (96%) of carboxamide
15 as an oil.

Found C: 70.15, H: 6.19, N: 11.01

Anal. Calc. for Cy5H1N202 C: 70.29, H: 6.29, N: 10.93

1H-NMR(CDCl3): 8 = 2.40(dd, 1H, J5¢-5a=17.1, J5e-6a=5.4, Hse); 2.60(dd, 1H, J2¢.24=16.5, J2c.3=5.7, Hae);
2.86(dd, 1H, Jsz.5e=17.1, J54.62=12.6, Hsy); 3.06(d, 1H, J23.2¢=16.5, H2y); 3.40(dd, 1H, Jga.5a=12.6,
J6a-5¢=5.4, Hea); 3.59(s, 3H, OMeg); 4.67(d, 1H, J3.9.=5.7, H3); 5.49(brs, 1H, NH); 5.92(brs, 1H, NH);
7.26-7.42(m, 5H, Arom.).

13C-NMR(CDCl3): § = 31.8, 33.2, 44.9, 50.1, 54.4(C;, C3, Cs, Cg, OMe); 88.5(C3); 120.3(CN); 128.1,
128.2, 128.7, 138.3(Arom.), 154.3(Cy); 168.8(CONH>).

1-Cyano-c-3-bromo-¢-6-phenyl-4-o0xo-r-1-cyclohexanecarboxamide. 16

Sodium methoxide (21.6 mg, 0.90 mmol) was added to a methanolic solution (15 mL) of carboxamide 15 (50
mg, 0.20 mmol). The solution was cooled to -45 °C and bromine (16 mg, 0.20 mmol) was added. The reaction
mixture was warmed to -15 °C and after a few minutes was heated to 55 °C for 15 minutes. After evaporation of
the solvent, water (20 mL) was added and this mixture was extracted with diethyl ether (2 x 20 mL). The organic
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layer was washed with brine, dried over anhydrous MgSOa, filtered and evaporated to give 47 mg (73%) of
carboxamide 16 as an oil.

Found C: 52.41, H: 4.13, N: 8.64, Br: 24.79

Anal. Calc. for C)4H3N2O2Br  C: 52.36, H: 4.08, N: 8.72, Br: 24.88

TH-NMR(CD3COCD3): 8 = 2.76(dd, 1H, Jse.55=14.4, Jse.6a=3.6, Hse); 2.88(t, 1H, J2a-2¢~J2a-3a=13.5, Hpy):
3.07(dd, 1H, J2e-29=13.5, J2¢-39=6.0, Hae); 3.46('t', 1H, J5q.5¢~J50.6a=14.4, Hsp); 3.84(dd, 1H, Jga-54=14.4,
Jea-5¢=3.6, Hea); 5.28(dd, 1H, J35-24=13.5, J33.2¢=6.0, H3,); 6.90-7.00(m, 1H, NH3); 7.30-7.45(m, SH,
Arom.).

13C-NMR(CD3COCD3): § = 41.6, 43.0, 46.8, 50.3, 52.8(C;, C3, C3, Cs, Cg); 116.7(CN); 126.9, 127.2,
127.4, 136.0(Arom.); 164.9(CONH3); 195.1(CO).

trans-1.Cyano-2-phenyl-4-0xo0-1-cyclohexanecarboxamide. 17

2N HCI solution (10 mL) was added to a solution of compound 15 (400 mg, 1.56 mmol) in THF (50 mL).
After 12 h stirring at room temperature the THF was eliminated in vacuo and the aqueous solution was extracted
with CH2Cl2 (2 x 20 mL). The organic layer was dried, filtered and the solvent eliminated to give 375 mg (99%)
of compound 17 as a white solid. Mp: 177-9 °C.

Found C: 69.37, H: 595, N: 11.45

Anal. Calc. for C14H14N202 C: 69.41, H: 5.82, N: 11.56

TH-NMR(CDCl3): 8 = 2.44(ddd, 1H, Jse.55=13.8, Jsc6a=6.3, Jse-6¢=2.4, Hse); 2.50-2.71(m, 3H, H3e + Hgg +
Hee); 2.80('td, 1H, J6a-5a~J6a-6e=13.8, Jea-5¢=6.3, Hea); 3.11(t, 1H, J34.3e~J39.2a=14.7, H3p); 3.60(dd, 1H,
J2a-3a=14.7, J2a.3¢=3.6, H2,); 5.36(brs, 1H, NH); 5.88(brs, 1H, NH); 7.31-7.39(m, 5H, Arom.).
I3C-NMR(CDCl3): 8 = 33.3, 37.3, 43.6, 48.2, 51.9(Cy, C3, C3, Cs, C¢); 118.9(CN); 127.8, 128.7, 128.9,
136.8(Arom.); 167.5(CONHy); 205.5(CO).

trans-1-Cyano-2-phenyl-4-spiro-{2'[1',3'-dioxolane]}-1-cyclohexanecarboxamide. 18
Ethane-1,2-diol (100 mg, 1.55 mmol), compound 17 (340 mg, 1.40 mmol), toluene-p-sulphonic acid and dry
toluene (50 mL) were placed in a round-bottomed flask fitted with a Dean-Stark water separator and a reflux
condenser. The reaction mixture was heated at reflux for 24 h (until no more water was collected). After
evaporation of the solvent, the residue was dissolved in CH2Clz (30 mL). This solution was dried over
anhydrous MgSOsa, filtered and evaporated to afford 386 mg (96%) of compound 18 as a white solid. Mp: 170-
2°C.

Found C: 66.98, H: 6.46, N: 9.81

Anal. Calc. for CjgH1gN203 C: 67.10, H: 6.34, N: 9.79

IH-NMR(CDCIl3): 8 = 1.90-2.57(m, 6H, H3, + H3e + Hsy + Hse + Hga + Hee); 3.53(dd, 1H, J2a.32=12.0,
J2a-3¢=3.0, Hza); 3.94-4.05(m, 4H, 2 OCHy); 5.59(brs, 1H, NH); 5.85(brs, 1H, NH); 7.23-7.35(m, 5H,
Arom.).

13C-NMR(CDCl3): 8 = 31.4, 32.1, 37.4, 45.8, 52.5(C1, C3, C3, Cs, Cs); 64.6, 64.7(2 OCHy); 107.1(Cy);
119.4(CN); 128.1, 128.2, 128.6, 138.2(Arom.); 169.1(CONH3).
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trans-1-Methoxycarbonylamino-2-phenyl-4-spiro-{2'[1',3'-dioxolane]}-1-cyclohexane-
nitrile. 19

To a solution of compound 18 (350 mg, 1.22 mmol) and Hg(OAc)2 (468 mg, 1.47 mmol) in dry DMF (10 mL)
were added MeOH (1.17 g, 36.60 mmol) and a solution of NBS (285 mg, 1.60 mmol) in dry DMF (3 mL) at
room temperature. The reaction was stirred for 14 h and the solvent was evaporated in vacuo. The solid residue
was diluted with diethyl ether (20 mL), washed with brine, dried over anhydrous MgSO4 and filtered. The
solvent was removed and the residue purified by silica gel column chromatography eluting with hexane-ethyl
acetate (1:1) to afford 234 mg (61%) of carbamate 19 as a white solid. Mp: 125-7 °C.

Found C: 69.57, H: 6.49, N: 8.70

Anal. Calc. for C17H2oN204 C: 64.53, H: 6.38, N: 8.86

1H-NMR(CDCl3): 8 = 1.86-1.99(m, 3H); 2.10-2.19(m, 1H); 2.43(’t, 1H, J=13.8); 3.00-3.16(m, 2H); 3.61(s,
3H, COOMe);3.90-4.08(m, 4H, 2 OCHy); 4.88(brs, 1H, NH); 7.35-7.46(m, SH, Arom.).
13C-NMR(CDCl3): & = 31.46, 38.4, 48.5, 52.4, 53.4, 56.2(C;, C2, C3, Cs, C¢, COOMe); 64.5, 64.8(2
OCH3»); 106.9(C4); 117.9(CN); 128.4, 128.8, 129.5, 136.9(Arom.); 154.9(COOMe).

trans-2-phenyl-4-oxo-1-aminocyclohexanecarboxylic acid. 20

In a similar way to that described for 8, starting from carbamate 19 (200 mg, 0.63 mmotl), §-oxo-a-amino acid
20 was obtained as a white solid in 66% yield.

Found C: 66.82, H: 6.55, N: 5.97

Anal. Calc. for C13H5NO3 C: 66.92, H: 6.49, N: 6.01

IH-NMR(D720O/TFA): 8 = 1.90-2.53(m, 4H); 2.60-2.80(m, 1H); 2.81-3.00(m, 1H); 3.01-3.16(m, 1H); 7.25-
7.48(m, 5H, Arom.).
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