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Abstract: Optically active cis-, 8a and 8b, and trans-l-aminomethyl-2-phenylcyclohexane-1- 
carboxylic acids, 9a and 9b, were obtained starting from 1,3-butadiene using Diels-Alder cycloadditions 
with chiral (E)-2-cyanocinnamates as key steps and following a protocol of stereocontrolled reactions. 
Subsequent cyclization of these conformationally constrained l]-amino acids led to the corresponding ~ct- 
disubstituted-[3-1actams 10a, 10b, l l a  and l ib  in enantiomerically pure forms. 

Interest in the synthesis of biologically active products containing quaternary carbon atoms has increased 

notably over the last decade 1. The interesting properties of a-  and [~-amino acids with conformational rigidity, in 

particular for ¢t,~-disubstituted series, have recently attracted the attention of numerous research groups 2 since 

the incorporation of these products into peptides can modify drastically their properties. Thus the description of 

new synthetic procedures or new products is a subject of continuous interest, especially when compounds can be 

prepared in an enantiomerically pure form. Whereas numerous papers have been recendy published on a-amino 

acids, there are hardly any references to [3-amino acids. As a consequence, the development of new methods 

providing a direct approach to ~constrained amino acids which can be cyclized to 13-1actams constitutes an area of 

active research. We have previously reported that chiral (E)-2-cyanocinnamates are excellent dienophiles in 

asymmetric Diels-Alder reactions 3, allowing the synthesis of chiral products containing quaternary carbon atoms, 

and that (S)-ethyl lactate and (R)-pantolactone are excellent and complementary chiral auxiliaries. In this paper we 

wish to report that this methodology can be used for the synthesis of a new family of ~t,o~-disubstituted-13-amino 

acids as well as for the synthesis of the corresponding cyclization products. 

The synthesis of stereoisomeric chiral [~-amino acids and 13-1actams is shown in scheme 1 as a 

stereodivergent synthesis from 1,3-butadiene 1 as starting material, using as key steps Diels-Alder cycloadditions 

with the readily available chiral dienophiles3b: (E)-2-cyanocinnamate of (S)-ethyl lactate 2a and (R)-pantolactone 

2b. 
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After a typical purification procedure, the corresponding major cycloadducts 3a and 3b were obtained in 

enantiomerically pure forms. Their absolute configurations were previously determined by X-ray diffraction and 

reported in a recent paper 3a. The alkaline hydrolysis with 10% KOH-ethanol of the cycloadducts 3a,b gave the 

unsaturated cyano carboxylic acids, which were transformed, by the action of diazomethane, to the corresponding 

cyano methyl carboxylate enantiomers 4a and 4b, respectively. 

Unsaturated compounds 4a,b were hydrogenated over palladium-carbon to give saturated methyl 

carboxylates 5a,b. The enantiomeric purity of these compounds was tested by means of IH-NMR, using an 

europium (III) chelate as a chiral shift reagent 3a. From the saturated compounds 5a,b and following a protocol of 

stereocontrolled transformations of the cyano and methoxycarbonyl substituents into aminomethyl and carboxylic 

acid groups, we have synthesised both enantiomers oftrans- 8a,b and cis-l-aminomethyl-2-phenylcyclohexane- 
1-carboxylic acids 9a,b. 

Nitriles can be easily reduced to primary amines with many reducing agents 4, but in the presence of an ester 

group a reducing agent comprising hydrogen and a catalyst 5 is most recommended. Whereas platinum, palladium 

and rhodium are described as good catalysts under mild conditions, in our case, when we attempted to 

hydrogenate the cyano group of the methyl esters 5a,b with palladium-carbon or rhodium on alumine under 

elevated temperatures and pressures between 1 and 5 atmospheres, reaction did not occur. Only employing large 

amounts of palladium-carbon at 75 °C and 55 atmospheres and carrying out the hydrogenation of 5a,b in the 

presence of ammonia, in order to minimize secondary amine formation 6 as a side product, we were able to obtain 

the aminomethyl derivatives 6a,b in high yields. Nickel in the presence of ammonia is often used for this kind of 

hydrogenation with the reaction carded out at elevated temperatures and pressures, nevertheless in our case the 

use of Raney nickel in a solution of 10% ammonia-methanol at atmospheric pressure and room temperature gave 

the corresponding primary amines 6a,b with excellent yields and secondary amine formation was not observed. 

Further hydrolysis of the methyl carboxylate group of aminomethyl derivatives 6a,b, in 6N HC1 under reflux, to 

give the [3-amino acid hydrochlorides was followed by treatment with propylene oxide in ethanol to yield the 

desired optically active trans-~3-amino acids 8a,b. 

Treatment of aminomethyl derivatives 6a,b with methylmagnesium bromide to deprotonate the amino 

group, allowed the formation of the [3-1actam ring 7. In this way, optically active trans-[3-1actams 10a,b were 

achieved in good yields, when the reactions were carried out in ethyl ether at room temperature. 

In order to synthesise the desired cis-isomers of [3-amino acids and [3-1actams, the methoxycarbonyl group 

of cyano esters 5a,b was reduced to the hydroxymethyl group by means of sodium borohydride in THF at 50 

°C, allowing the synthesis of cyano hydroxymethyl derivatives 7a,b with excellent results. Further mesylation of 

the alcohols 7a,b to afford the corresponding mesylate derivatives in near quantitative yield, followed by 

nucleophilic displacement, using sodium azide in DMF-water at 125 °C, gave the azidomethyl derivatives in 83- 

85% yield, which were subsequently hydrogenated with palladium-carbon as a catalyst to obtain quantitatively the 

cyano aminomethyl compounds. When we tried to hydrolyse the cyano group of these compounds in an acid 

medium, under several conditions, no reaction occurred. Hydrolysis was only observed when the reactions were 

performed in 6N HC1 at 160 °C in a sealed-tube. The low reactivity of these nitriles, attached to a quaternary 

carbon, can be explained by the axial position that these groups adopt in the cyclohexane ring. In these conditions 

we obtained the corresponding cis-[3-amino acid hydrochlorides, which were treated with propylene oxide in 

ethanol to yield the cis-[3-amino acids 9a,b in enantiomerically pure forms. These compounds were converted, 
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using diazomethane, into the p-amino methyl esters, which were cyclised to enantiopure cis-~-lactams l l a , b  

according to the procedure previously described for the synthesis of the trans-[~-lactams 10a, b. 

The proton NMR spectra of the final cis and trans-~-lactams showed several differences. For the trans-~- 

lactams 10a,b the benzylic proton (H2a) appeared as a doublet of doublets centred at 3.01 ppm, deshielded in 

comparison with the H2a proton for the cis-~-lactams l l a , b  (doublet of doublets at 2.65 ppm with similar 

coupling constants). The rest of the protons attached to the cyclohexane ring of the trans-~-lactams are 

concentrated in the spectrum from 1.22 to 2.03 ppm, whereas for the cis-~-lactams the protons H3a and H5a 

exhibited chemical shifts at downfields (2.30 and 2.05 ppm, respectively). On the other hand, for both cis- and 

trans-isomers the methylene protons attached to the IMactam ring showed a difference in their chemical shifts, the 

proton H a (see Figure 1) appeared as a doublet, shielded with regard to proton H b, but for the trans-~-lactams the 

protons Ha and Hb displayed a deshielding of the order of 0.2 ppm. 

In order to explain these observations the conformers of lowest energy of both cis and trans-~-lactams were 

calculated by the AM1 semiempirical SCF-MO method 8 with standard parameters using the MOPAC 6.0 

program, since it has been reported that standard AM1 SCF calculations predict quite well the geometry of the 13- 

lactam ring 9. The geometries of the most favorable conformers of 10 and 11 were the chair conformation, where 

the phenyl group adopts an equatorial position. These geometries with their corresponding calculated heats of 

formation are depicted in Figure 1. 

cis-~-lactam 
AHf = -1.8 kcal/mol 

Figure 1 

trans-~-lactam 
AHf = - 1.3 kcal/mol 

From these geometries we have obtained the cartesian coordinates of protons H2a, H3a, H5a, Ha and Hb, 

and have calculated the longe-range shielding effect of these protons due to the carbonyl and phenyl groups 

applying Pople's diagrams 10 and the values obtained are in agreement with those observed in the proton NMR 

spectra. 
In conclusion, both enantiomers of conformationally constrained cis and trans-2-phenylcyclohexane-~- 

amino acids were obtained starting from the Diels-Alder cycloaddition between chiral (E)-2-cyanocinnamates and 

1,3-butadiene, opening the way to a general procedure for the synthesis of 2-substituted cyclohexane-13-amino 

acids. Moreover, further cyclization of these amino acids led to the formation of the corresponding optically active 

13-1actams. 
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EXPERIMENTAL SECTION 

Solvents were purified according to standard procedures. Analytical TLC was performed by using Polychrom SI 

F254 plates. Column chromatography was performed by using Silica gel 60 (230-400 mesh). 1H and 13C-NMR 

spectra were recorded on a Bruker ARX-300. Deuterated chloroform was used as a solvent with tetramethylsilane 

as the internal standard and in deuterated water with tetramethylsilane as the external standard using a coaxial 

microtube (the chemical shifts are reported in ppm on the ~ scale, coupling constants in Hz). The assignment of 

all separate signals in the 1H-NMR spectra was made on the basis of coupling constants, selective proton-proton 

homonuclear decoupling experiments and proton-proton COSY experiments. Melting points were determined on 

a Btichi 530 and are uncorrected. Microanalyses were carried out on a Perkin-Elmer 240-C analyser and were in 

good agreement with the calculated values. 

(IS, 6R)-Methyl l-Cyano-6, phenyl-3-cyclohexene-l-carboxylate. 4a. 
A solution of 1 M TIC14 in CH2C12 (10 mL, 10.0 mmol) was added to a solution of (E)-2-cyanocinnamate of 

(S)-ethyl lactate 2a (2.73 g, 10.0 mmol) in dry CH2C12 (90 mL) kept under inert atmosphere. After stirring for 1 

h at 0 ° C, a solution of 1,3-butadiene (5.40 g, 100 mmol) in dry CH2C12 (10 mL), at the same temperature, was 

added dropwise and the mixture was stirred for a further 72 h at 0 ° C. The reaction was quenched by the addition 

of solid Na2CO3" 10H20, the precipitate was filtered and the solution was evaporated in vacuo.  The residue was 

chromatographed on silica gel eluting with hexane-ethyl acetate (7:3) and the major cycloadduct 3a was obtained 

in 85% yield, enantiomerically pure, as a white solid. Cycloadduct 3a (2.77 g, 8.5 mmol) was refluxed with 

10% KOH-EtOH (110 mL) for 15 h after which the solvent was removed. Water (50 mL) was added and the 

organic material extracted with CH2C12 (3 x 20 mL). The aqueous layer was acidified with 12 N HC1 and 

extracted with CH2C12 (3 x 20 mL). The combined organic layers were evaporated in vacuo  to yield 1.84 g 

(96%) of the corresponding carboxylic acid, which was esterified with a slight excess of a solution of 

diazomethane in Et20, at room temperature. After a few minutes, evaporation of the solvent afforded a residue, 

which was purified by silica gel column chromatography eluting with hexane-ethyl acetate (7:3) yielding 

quantitatively the required compound 4a as an oil. Isolated yield, 1.95 g (81% from 2a). 

Found C: 74.79, H: 6.20, N: 5.62 

Anal. Calc. for C15H15NO2 C: 74.65, H: 6.27, N: 5.81 

1H-NMR(CDC13): 8= 2.40(brd, 1H, JSe.Sa=18.3, HSe); 2.63(dd, 1H, J2e.2a=17.5, J2e_3=5.3, H2e); 2.75- 

2.78(m, 1H, H5a); 2.94(ddd, 1H, J2a.2e=17.5, J2a_3=4.4, J2a_4=2.2, H2a); 3.23(dd, 1H, J6a_Sa=ll.9, 

J6a-5e=5.1, H6a); 3.43(s, 3H, COOM____~); 5.71-5.79(m, 1H, H4); 5.90-5.97(m, 1H, H3); 7.23-7.41(m, 5H, 

Arom.). 

13C-NMR(CDC13): 5= 29.8, 35.0(C2, C5); 45.7(C6); 49.4(C1); 53.1(COOM___~; ll8.1(CN); 121.6, 127.3, 

127.9, 128.1, 128.6, 138.8(C3, C4, Arom.); 169.0(COOMe). 

(IR, 6S)-Methyl l-Cyano-6, phenyl-3-cyclohexene- 1-carboxylate. 4b. 
1.98 g of compound 4b (82%) was obtained in a similar way to that described for 4a, starting from (E)-2- 

cyanocinnamate of (R)-pantolactone 2b (2.85 g, 10.0 mmol). 

Found C: 74.77, H: 6.18, N: 5.66 

Anal. Calc. for C15HI5NO2 C: 74.65, H: 6.27, N: 5.81 
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(IS, 2R)-Methyl 1-Cyano-2-phenyl.l-cyclohexanecarboxylate. 5a. 
A solution of cycloadduct 4a ( 1.95 g, 8.1 mmol) in CH2C12 (20 mL) was hydrogenated at room temperature for 

16 h with 10% palladium-carbon (150 mg) as a catalyst. Removal of the catalyst and the solvent gave 

quantitatively the compound 5a as a white solid. M.p.: 85-7 °C 

Found C: 74.17, H: 6.91, N: 5.60 

Anal. Calc. for C15HI7NO2 C: 74.04, H: 7.05, N: 5.76 

1H-NMR(CDC13): fi= 1.50('q"t', 1H, J4a.Sa-J4a_4e-J4a_3a=12.6, J4a_5eNJ4a_3e=3.9, H4a); 1.79('q"t', 1H, 

J5a-6a-J5a-5eNJ5a-4a=12.6, J5a-6e-J5a-4e=3.6, HSa); 1.87-1.99(m, 3H, H3a + H4e + H5e); 2.03-2.15(m, 2H, H3e 

+ H6a); 2.20(brd, 1H, J6e.6a=12.0, H6e); 3.08(dd, 1H, J2a_3a=12.6, J2a.3e=3.0, H2a); 3.51(s, 3H, COOMe); 

7.27-7.31(m, 5H, Arom.). 

13C-NMR(CDC13): fi= 21.8, 25.4, 28.7, 34.8(C3, C4, C5, C6); 49.1(C2); 52.9(COOMe); 53.2(C1); 117.9(CN); 

127.8, 127.9, 128.5, 139.8(Arom.); 169.4(COOMe). 

(1R, 2S)-Methyl 1-Cyano-2-phenyl- l-cyclohexanecarboxylate. 5b. 
In a similar way to that described for 5a, compound 5b was quantitatively obtained, starting from methyl ester 

4b (1.98 g, 8.2 retool). 
Found C: 74.13, H: 7.13, N: 5.62 

Anal. Calc. for C15HI7NO2 C: 74.04, H: 7.05, N: 5.76 

(IS, 2R)-Methyl |.Aminomethyl-2.phenyl-l-cyclohexanecarboxylate. 6a. 
Method A: Cycloadduct 5a (486 mg, 2.0 mmol) was dissolved in a solution of 10% NH3/MeOH and 

hydrogenated at 75 °C and 55 atmospheres for 20 h with 10% palladium-carbon (530 mg) as a catalyst. Removal 

of the catalyst and the solvent gave the required compound 6a accompanied by the corresponding secondary 

amine. This mixture of products was dissolved in CH2C12 (30 mL) and extracted with 2 N HCI (3 x 15 mL). The 

aqueous solution was basified with 10% NaOH to pH - 12 and extracted with CH2C12 (3 x 20 mL). The 

combined organic solutions were dried over anhydrous Na2SO4 and evaporated in vacuo  to yield 394 mg (80%) 

of ~-amino ester 6a as a crude oil, which was used in the next step without purification. 

Method B: Cycloadduct 5a (486 mg, 2.0 mmol) was dissolved in a solution of 10% NH3/MeOH and 

hydrogenated at room temperature and atmospheric pressure for 20 h with Raney nickel (2 mL) as a catalyst. 

Removal of the catalyst and the solvent gave the required compound 6a, which was purified in a similar way to 

that described in the previous method. Isolated yield 453 mg (92%). 

1H-NMR(CDC13): 8--- 1.41-2.16(m, 8H, H3a + H3e + H4a + H4e + HSa + Hse + H6a + H6e); 2.96(brs, 4H, 

CH2NH2); 3.19(dd, 1H, J2a_3a=12.3, J2a-3e=3.3, H2a); 3.59(s, 3H, COO~lg,); 7.04-7.26(m, 5H, Arom.). 

I3C-NMR(CDC13): fi= 20.6, 26.0, 26.9, 29.7(C3, C4, C5, C6); 39.0(CH2NH2); 48.8, 51.5(C2, COOMe); 

52.2(C1); 126.7, 127.8, 128.4, 141.8(Arom.); 176.4(COOMe). 

(1R, 2S)-Methyl l-Aminomethyl-2-phenyl- l-cyclohexanecarboxylate. 6b. 
]3-Amino ester 6b was obtained as an oil in a similar way to that described for 6a, starting from cycloadduct 5b 

(483 mg, 2.0 mmol). Isolated yield, 409 mg (83%). 
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(IS, 2R)- l-Hydroxymethyl-2-phenyl-l-cyclohexanecarbonitrile. 7a. 
A sodium borohydride solution (2.26 g, 40.0 mmol) in 9:1 THF-water (10 mL) was added to another solution of 

compound 5a (972 mg, 4.0 mmol) in THF (15 mL). The reaction mixture was then heated at 50 °C for 3 h. 

Water (15 mL) was added and the excess of sodium borohydride was destroyed by the dropwise addition of 10% 

HC1 solution. Tetrahydrofuran was eliminated under reduced pressure and the aqueous solution was extracted 

with CH2C12 (3 x 20 mL). The combined organic layers were dried over MgSO4, filtered and evaporated to give 

822 mg (95%) of compound 7a as a crude oil, which was used in the next step without purification. 

1H-NMR(CDC13): 8= 1.40('q"t', 1H, J4a_Sa-J4a_4e-J4a.3a=12.6, J4a_Se-J4a_3e--4.2, 1-14a); 1.55-1.68(m, 2H, H6a 

+ OH); 1.73-1.96(m, 4H, H3e + I-I4e + HSa + HSe); 2.08('q'd, 1H, J3a-4a~J3a.3e-J3a_2a=12.9, J3a.4e=3.6, H3a); 

2.21(brd, 1H, J6e_6a=12.9, H6e); 2.61(dd, 1H, J2a.3a=12.9, J2a_3e=3.3, H2a); 3.40(dd, 1H, Ja_b=10.8, 

Ja-OH=7.2, Cl:taHbOH); 3.52(dd, 1H, Jb.a=10.8, Jb.oH=5.1, CHaI:[bOH); 7.27-7.37(m, 5H, Arom.). 

13C-NMR(CDC13): 8= 22.8, 25.9, 30.2, 33.5(C3, C4, C5, C6); 46.8(C1); 47.8(C2); 66.8(CH2OH); 121.3(CN); 

127.6, 128.0, 128.7, 140.6(Arom.). 

(IR, 2S)- 1-Hydroxymethyl-2-phenyl-l-cyclohexanecarbonitrile. 7b. 
Compound 7b was obtained as an oil in a similar way to that described for 7a, starting from cycloadduct 5b (975 

mg, 4.0 mmol). Isolated yield, 805 mg (93%). 

(IS, 2R)-l-Aminomethyl-2-phenyl-l-cyclohexanecarboxylic Acid. 8a. 
Compound 6a (124 mg, 0.5 mmol) was hydrolysed by refluxing for 16 h with 6 N HC1 aqueous solution (15 

mL). After filtration and extraction with CH2C12 (3 x 10 mL), the aqueous layer was evaporated in vacuo and 

EtOH (6 mL) and propylene oxide (2 mL) were added. The reaction mixture was refluxed for 2 h and the EtOH 

was removed in vacuo. The residue was suspended in CH2C12 (5 mL) and the white solid was filtered and dried 

to give 55 mg (46%) of [~-amino acid 8a as a white solid. [CC]25D(C = 1.6, 0.1 M TFA in H20) = +8.6 . 

Found C: 72.23, H: 8.21, N: 6.17 

Anal. Calc. for C14H19NO2 C: 72.10, H: 8.15, N: 6.00 

1H-NMR(D20-TFA): 8= 1.43-2.12(m, 8H, H3a + H3e + H4a + H4e + Hsa+ HSe + H6a + H6e); 3.08(d, 1H, 

Ja-b=12.0, C]~[aHbNH2); 3.29(dd, 1H, J2a_3a=12.0, J2a.3e=3.0, H2a); 3.57(d, 1H, Jb.a=12.0, CHaIAbNH2); 

7.22-7.38(m, 5H, Arom.). 

13C-NMR(D20-TFA): 8= 19.8, 25.4, 26.0, 29.1(C3, C4, C5, C6); 37.5, 48.3, 49.7(C1, Cz, CH2NH2); 127.5, 

128.4, 128.6, 140.5(Arom.); 178.2(COOH). 

(1R, 2S)-l-Aminomethyl-2-phenyl-l-cyclohexanecarboxylic Acid. 8b. 
[~-Amino acid 8b was obtained as a white solid in a similar way to that described for 8a, starting from 13-Amino 

ester 6b (126 mg, 0.5 mmol). Isolated yield, 51 mg (43%). [CC]25D(C = 2.0, 0.1 M TFA in H20) = -9.0 

Found C: 72.21, H: 8.23, N: 6.13 

Anal. Calc. for C14H19NO2 C: 72.10, H: 8.15, N: 6.00 

(IR, 2R)-l-Aminomethyi-2-phenyl-l-cyclohexanecarboxylic Acid. 9a. 
Triethylamine (366 mg, 3.6 mmol) was added to a solution of the alcohol 7a (649 mg, 3.0 mmol) in CH2C12 (25 

mL) cooled in ice. Methanesulphonyl chloride (413 rag, 3.6 retool) was added dropwise and the solution stirred 
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at 0 °C for 30 rain. Water (20 mL) was added and the phases were separated. The aqueous layer was extracted 

with CH2C12 (3 x 20 mL) and the combined organic layers were dried over anhydrous Na2SO4 and evaporated in 

vacuo to give 851 mg (96%) of the corresponding mesylate as a white solid. M.p.: 74-6 °C 

1H-NMR(CDC13): 8= 1.43('q"t', 1H, J4a.Sa-J4a_4e-J4a_3a=12.6, J4a_Se-J4a_3e=3.9, H4a); 1.63('t'd, 1H, 

J6a-6e-J6a-5a=12.6, J6a-5e=3.6, H6a); 1.74-1.98(m, 4H, H3e + H4e +H5a + HSe); 2.11('q'd, 1H, J3a-4a- 

J3a-3e-J3a-2a=12.6, J3a-4e=3.3, H3a); 2.28(brd, 1H, J6e.6a=12.6, H6e); 2.62(dd, 1H, J2a_3a=12.6, J2a_3e=3.0, 

H2a); 2.96(s, 3H, MeSO2); 3.97(s, 2H, CH20); 7.31-7.35(m, 5H, Arom.). 

13C-NMR(CDC13): 8= 22.4, 25.6, 30.2, 33.8(C3, C4, C5, C6); 37.5(MESO2); 44.7(C0; 48.1(C2); 

71.4(CH20); 119.4(CN); 128.1, 128.2, 128.9, 139.3(Arom.). 

This compound (851 mg, 2.9 mmol) was dissolved in 16:1 DMF-water (8 mL) and sodium azide (377 mg, 5.8 

mmol) was added with stirring. After 24 h at 125 °C, DMF was evaporated in vacuo, Et20 (25 mL) was added to 

the crude product, and the solution was filtered through a short silica gel column using Et20 as eluent. After 

evaporation of the solvent, 686 mg of an oil was obtained, which was chromatographed on a silica gel column 

eluting with hexane-ethyl acetate (8:2) to afford 594 mg (85%) of the corresponding azidomethyl derivative. 

M.p.: 57-9 °C. 
1H-NMR(CDC13): 5= 1.42('q"t', 1H, J4a_5aNJ4a.4e-J4a_3a=12.9, J4a_5e-J4a.3e=3.9, H4a); 1.61('t'd, 1H, 

J6a-6e~J6a-5a=12.9, J6a-5e=3.9, H6a); 1.78-1.97(m, 4H, H3e + H4e + H5a + H5e); 2.07('q'd, 1H, J3a-4a- 

J3a-3e-J3a-2a=12.6, J3a-4e=3.6, H3a); 2.17(brd, 1H, J6e_6a=12.9, H6e); 2.62(dd, IH, J2a_3a=12.6, J2a_3e=3.0, 

H2a); 3.18(d, 1H, Ja_b=12.3, CJz[aHbN3); 3.33(d, 1H, Jb_a=12.3, CHa_H_bN3); 7.32-7.37(m, 5H, Arom.). 
13C-NMR(CDC13): 5= 22.8, 25.8, 30.2, 34.2(C3, C4, C5, C6); 45.2(C1); 48.3(C2); 56.6(CH2N3); 120.4(CN); 

127.8, 128.2, 128.7, 139.8(Arom.). 

This azide (594 rag, 2.5 mmol) was dissolved in MeOH (25 mL) and hydrogenated at 35 °C for 4 h with 10% 

palladium-carbon (102 mg) as a catalyst. Removal of the catalyst and the solvent gave 513 mg (97%) of the 

required compound (1R,2S )- 1-aminomethyl-2-phenyl- 1-cyclohexanecarbonitrile as a white solid. M.p.: 64-6 °C. 

1H-NMR(CDCI3): 5= 1.07(brs, 2H, NH2); 1.33-1.48(m, 2H, H4a + H6a); 1.73-1.96(m, 4H, H3e + H4e + H5a 

+ H5e); 2.06('q'd, 1H, J3a.4a-J3a_3e-J3a_2a=12.6, J3a_4e=3.3, H3a); 2.19(brd, 1H, J6e_6a=12.9, H6e); 2.52(dd, 

1H, J2a_3a=12.6, J2a-3e=3.0, H2a); 2.54(d, 1H, Ja_b=13.5, CH__aHbNH2); 2.73(d, 1H, Jb_a=13.5, CHa.~bNH2); 

7.27-7.37(m, 5H, Arom.). 
13C-NMR(CDC13): 8= 23.1, 26.0, 30.8, 34.3(C3, C4, C5, C6); 47.4(C1); 49.2, 49.6(C2, CH2NH2); 

122.0(CN); 127.5, 128.2, 128.6, 141.0(Arom.). 
A solution of 6 N HCI (10 mL) and [~-aminonitrile (513 mg, 2.4 mmol) was placed in a sealed-tube and the 

reaction was heated at 160 °C for 20 h. After filtration and extraction with Et20 (3 x 10 mL), the aqueous layer 

was evaporated in vacuo and EtOH (9 mL) and propylene oxide (3 mL) were added. The reaction mixture was 
refluxed for 1 h and the precipitate was filtered and dried to give 389 mg (68%) of 13-amino acid 9a as a white 

solid. (54% from 7a). [0q2519(c = 2.3, 0.1 M TFA in H20) = -41.7 . 

Found C: 72.25, H: 8.23, N: 6.19 

Anal. Calc. for CI4HI9NO2 C: 72.10, H: 8.15, N: 6.00 
1H-NMR(D20-TFA): 8= 1.46-2.37(m, 8H, H3a + H3e + H4a + H4e + HSa + HSe + H6a + H6e); 2.76(dd, 1H, 

J2a-3a=12.0, J2a-3e=3.0, H2a); 3.01(d, 1H, Ja_b=12.0, CH__aHbNH2); 3.24(d, 1H, Jb_a=12.0, CHaI:tbNH2); 7.26- 

7.46(m, 5H, Arom.). 
13C-NMR(D20-TFA): 8= 21.2, 25.1, 28.3, 31.5(C3, C4, C5, C6); 47.6, 47.8, 50.2(C1, C2, CH2NH2); 127.6, 

128.7, 128.8, 141.3(Arom.); 176.6(COOH). 
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(1S, 2S)-l-Aminomethyl-2-phenyl-l-cyclohexanecarboxylic Acid. 9b. 
[~-Amino acid 9b was obtained as a white solid in a similar way to that described for 9a, starting from alcohol 7b 
(645 mg, 3.0 mmol). Isolated yield, 391 mg (56%). [~]25D(C = 2.6, 0.1 M TFA in H20) = +42.2 

Found C: 72.22, H: 8.26, N: 6.14 

Anal. Calc. for CI4H19NO2 C: 72.10, H: 8.15, N: 6.00 

(1S, 2R)-2-Phenylcyclohexanespiro-3'-(2'-azetidinone). 10a. 
To a stirred solution of methylmagnesium bromide (0.5 mL of 3.0 M solution in Et20, 1.5 mmol) in Et20 (20 

mL) was added dropwise compound 6a (122 mg, 0.5 mmol) in Et20 (5 mL) and the mixture was stirred for 2 h 

at room temperature, in an inert atmosphere. When the reaction was finished an aqueous solution of 10% NH4C1 

(25 mL) was added and the mixture was stirred until the two layers became clear. The aqueous layer was 

separated and extracted with Et20 (2 x 10 mL). The combined Et20 solutions were dried over anhydrous 

Na2SO4, filtered and concentrated in vacuo  to yield the corresponding I]-lactam 10a as a crude oil, which was 

chromatographed on a silica gel column eluting with hexane-ethyl acetate (6:4) to afford 95 mg (90%) of 

enantiomerically pure 13-1actam 10a as a white solid. [et]25D(C = 1.8, CHC13) = +45.0 . M.p.: 145-7 °C 

Found C: 78.22, H: 7.81, N: 6.63 

Anal. Calc. for C14H17NO C: 78.14, H: 7.90, N: 6.51 

1H-NMR(CDC13): 8= 1.23-1.50(m, 2H, H4a + H6a); 1.66('q'd, 1H, J3a.4a~J3a_3e-J3a_2a=12.6, J3a_4e=3.3, 

H3a); 1.82-2.03(m, 5H, H3e + H4e + H5a + HSe + H6e); 2.95(d, 1H, Ja_b=5.7, CH__aHbNH); 3.01(dd, 1H, 

J2a_3a=12.6, J2a_3e=3.0, H2a); 3.11(d, 1H, Jb_a=5.7, CHa.H_.bNH); 5.36(brs, 1H, NH); 7.18-7.39(m, 5H, 

Atom.). 

13C-NMR(CDC13): 8= 23.4, 25.8, 28.3, 32.6(C3, C4, C5, C6); 43.9(CH2NH); 44.2(C2); 63.2(C1); 126.6, 

128.1, 128.6, 141.1(Arom.); 173.7(_QONH). 

(IR, 2S)-2-Phenylcyclohexanespiro-3'-(2'-azetidinone). 10b. 
In a similar way to that described for 10a, starting from [~-amino ester 6b (123 mg, 0.5 mmol), enantiomerically 

pure [~-lactam 10b was obtained as a white solid in 92% yield. [c¢]25D(c = 1.9, CHC13) = -46.3 

Found C: 78.20, H: 8.01, N: 6.60 

Anal. Calc. for C14HI7NO C: 78.14, H: 7.90, N: 6.51 

(IR, 2R)-2-Phenylcyclohexanespiro-3'-(2'-azetidinone). l la.  
Solid [~-amino acid 9a (233 mg, 1.0 mmol) was dissolved in 4:1 THF-2N HCI (5 mL) and the reaction mixture 

was evaporated in vacuo to obtain the amino acid hydrochloride, which was dissolved in MeOH (10 mL) and a 

solution of diazomethane in Et20 was added, at 0 °C. After a few minutes, evaporation of the solvent afforded a 

residue of methyl ester hydrochloride, which was dissolved in 1 N HC1 (10 mL), basified with an aqueous 2N 

NaOH solution and extracted with CH2C12 (3 x 15 mL). The combined organic layers were dried over anhydrous 

Na2SO4 and evaporated in vacuo to give 238 mg (96%) of the corresponding (1R, 2R)-methyl 1-aminomethyl-2- 

phenyl-1-cyclohexanecarboxylate as an oil. 

1H-NMR(CDCI3): 8= 1.31-1.98(m, 8H, NH 2 + H3e + H4a + I-I4e + HSa + Hse + H6a); 2.15-2.27(m, 2H, H3a + 

H6e); 2.56(dd, 1H, J2a.3a=12.3, J2a.3e=3.3, H2a); 2.58(d, 1H, Ja_b=13.2, Ct:[aHbNH2); 2.99(d, 1H, Jb_a=13.2, 

CHaI:[bNH2); 3.59(s, 3H, COO]~¢,); 7.17-7.28(m, 5H, Arom.). 

13C-NMR(CDC13): 8= 22.6, 26.1, 29.3, 33.1(C3, C4, C5, C6); 50.5, 50.8, 51.0(C2, CH2NH2, COOMe); 

52.3(C0; 126.8, 128.3, 128.7, 142.2(Arom.); 173.9(COOMe). 
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In a similar way to that described for I0a, starting from this [3-amino ester (238 mg, 0.9 mmol), enantiomerically 

pure 13-1actam l l a  was obtained as a white solid in 92% (88% from 9a) yield. [a]25D(C = 1.0, CHC13) = 

-131.1 . M.p.: 144-6 °C 

Found C: 78.20, H: 7.85, N: 6.62 

Anal. Calc. for C14HI7NO C: 78.14, H: 7.90, N: 6.51 

1H-NMR(CDCI3): 8= 1.36('q"t', 1H, J4a_5a-J4a.4e-J4a_3a=12.9, J4a_5eNJ4a_3e=3.6, H4a); 1.71-1.815(m, 3H, 

H3e + H5e + H6a); 1.93(brd, 1H, J4e_4a=12.9, H4e); 2.05('q"t', 1H, J5a.6aNJ5a.5e-J5a_4a=12.9, J5a-6e- 

J5a-4e=3.6, HSa); 2.20(brd, 1H, J6e_6a=14.2, H6e); 2.30('q'd, 1H, J3a_4a-J3a.3e-J3a_2a=12.9, J3a_4e=3.6, H3a); 

2.65(dd, 1H, J2a_3a=12.9, J2a.3e=3.3, H2a); 2.74(d, IH, Ja.b=5.4, CH__aHbNH); 2.89(d, 1H, Jb_a=5.4, 

CHa_H_HbNH); 5.39(brs, 1H, NH); 7.23-7.34(m, 5H, Arom.). 

I3C-NMR(CDCI3): 5= 23.1, 26.5, 30.2, 34.6(C3, C4, C5, C6); 46.1(CH2NH); 49.3(C2); 61.5(Cl); 126.8, 

128.3, 128.7, 142.2(Arom.); 173.9CCONH). 

(IS, 2S) -2 -Pheny lcyc lohexanesp i ro -3 ' - (2 ' - aze t id inone) .  l i b .  

In a similar way to that described for l l a ,  starting from p-amino acid 9b (232 mg, 1.0 mmol), enantiomerically 

pure 13-1actam l i b  was obtained as a white solid in 84% yield. [0~]25D(C = 1.4, CHCI3) = +132.7 . 

Found C: 78.24, H: 8.03, N: 6.65 

Anal. Calc. for C14H17NO C: 78.14, H: 7.90, N: 6.51 
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