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Abstract

The syntheses and stereochemistry of two new amino acids obtained from the monoterpene ketones (^)-cis-
caran-trans-4-one and (^)-menthone via appropriate lactams are presented. The con®guration of all
stereogenic centers is con®rmed by X-ray crystallography. # 2000 Elsevier Science Ltd. All rights reserved.

1. Introduction

Terpenes are known as useful chiral synthons in syntheses of a variety of optically active
compounds displaying interesting biological properties such as local anesthetics2,3 or anti-
arrythmics and cardiodepressive compounds,4,5 insect growth regulators6,7 or pyrethroids.8,9

In this paper we present the possibility of using terpene substrates as synthons for the prep-
aration of ten-carbon amino acids with predetermined stereogenic centers. These compounds
might be considered as structural analogues of GABA and thus are expected to be of interest as
potential inhibitors of GABA neuroreceptors.
The starting materials used in these syntheses were two naturally occurring terpenes: (+)-3-

careneÐa bicyclic hydrocarbon (a popular component of gum turpentine)Ðand the monocyclic
alcohol (^)-menthol.

2. Results and discussion

(^)-cis-Caran-4-one 1, readily available from (+)-3-carene by a two step pathway (stereo-
selective borohydration±oxidation10 followed by the Brown±Garg oxidation11 of crystalline (^)-cis-
caran-trans-4-ol) was used as starting material. Reaction of 1 with hydroxylamine hydrochloride
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a�orded the known (^)-cis-caran-4-one oxime 2 in good yield (76%, Scheme 1), which was then
subjected to a Beckmann rearrangement in tetrahydrofuran±water solution with tosyl chloride
as the inducing agent, resulting in lactam 3.12 The lactam 3 was then hydrolyzed under basic
conditions at elevated temperatures (100�C) yielding (1R,2S,20R)-(+)-2-(2-amino-1-propyl)-3,3-
dimethylcycloprop-1-ylacetic acid 4.13

The absolute con®guration of the stereogenic center at C-7y was determined from the X-ray
structures of both lactam 3 and amino acid 4 in relation to the known chirality of C-3 and C-5
positions in the starting material (Fig. 1).
Analogously, the reaction outlined in Scheme 2 a�orded lactam 7,15 which upon hydrolysis in

alkaline conditions at 170�C gave (3R,6S)-(^)-6-amino-3,7-dimethyloctanoic acid (amino acid 8).16

The absolute con®guration at the C-6 center of this amino acid 8 was also determined by means
of X-ray crystallographic studies in relation to the known chirality of the C-3 position in the
starting (^)-menthol 5 (Fig. 2).
The structures of amino acids 4 and 8 indicated that the amino acid molecules appear as zwit-

terions. In all the crystals studied a network of medium and weak intermolecular N±H...O
hydrogen bonds occurs. They are listed in Tables 1±3 for compounds 4, 8 and 3, respectively.
Interestingly, in the case of lactam 3 molecular dimers are formed due to the existence of these
hydrogen bonds (Fig. 1). Two molecules (A and B) form the asymmetric unit of the crystal cell
and they di�er slightly from each other in the conformation of seven-membered rings. The
torsion angle C(2)±C(3)±C(5)±C(6) in the molecule A corresponds to the C(12)±C(13)±C(15)±
C(16) angle in the molecule B with values of 4.8� and 0.0�, respectively. Moreover the ring of
molecule B is more ¯attened in comparison with the ring of molecule A, especially within the
C(12)±C(11)±N(2)±C(17)±C(16) fragment.
NMR spectra of both amino acids 4 and 8 showed strong dependence on pH. However, the

examination of coupling constants and application of the Pachler17 approach indicated that this
unusual phenomenon does not result from the change in population of conformers (these
molecules appeared to be conformationally ¯exible independent of pH) but from the change in
chemical character of both amino and carboxylic group versus pH.
The results described above identi®ed cyclic chiral lactams, easily available by three-step

procedure from popular terpene ketones, as useful synthons for the preparation of new amino
acids with six carbon atoms between both functional groups. Moreover, absolute con®gurations
of the stereogenic centers of these amino acids are strictly ®xed by the structure of the substrates

Scheme 1.

y For clarity of presentation the carbon atoms in lactam 3 and amino acid 4 are numbered according to the numbers
used in crystallographic data and do not agree with common IUPAC nomenclature. In the Experimental, the names of
compounds synthesized are given according to the principal IUPAC rules.
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Figure 1. ORTEP-III14 view of molecular structures of lactam 3 and amino acid 4. Thermal ellipsoids are drawn at the

50% probability level. The H atoms are shown as spheres with a ®xed radius

Scheme 2.
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Figure 2. ORTEP-III14 view of molecular structures of amino acid 8. Thermal ellipsoids are drawn at the 50%

probability level. The H atoms are shown as spheres with a ®xed radius

Table 1
Hydrogen-bonds for 4

Table 2
Hydrogen-bonds for 8

Table 3
Hydrogen-bonds for 3
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used with the Beckmann rearrangement occurring without inversion of con®guration at the
adjacent carbon atom.12,15 Preliminary studies on the in¯uence of both acids on behavior of mice
indicated their potential usefulness as nootropic compounds (i.e. those which stimulate brain
functioning).

3. Experimental

The course of all reactions and purities of the products were checked by means of thin-layer
chromatography (TLC) and gas chromatography (GC). TLC was carried out on silica gel DC-
Alufolien Kieselgel 60 F254 (Merck). Chromatograms were developed with mixtures of hexane,
acetone and ethyl acetate applied in various ratios and detected with 20% ethanolic H2SO4 with
an admixture of 0.1% of anisaldehyde. Analytical GC was performed on a Hewlett±Packard 5890
(seria II) using capillary column HP-1, length 25 m, temperature 120±280�C. Melting points
(uncorrected) were determined on a Boetius apparatus. IR spectra were taken for liquid ®lms or
in KBr on a Perkin±Elmer 621 spectrophotometer. 1H and 13C NMR spectra were recorded for
CDCl3 or D2O solutions on a Bruker Avance DRX 300 apparatus, with TMS as the internal
standard. Optical rotation was measured on an Autopol IV automatic polarimeter (Rudolph) in
methanol, concentrations denoted in g/100 ml. Monocrystalline samples of 4 and 8 were grown
from ethanol, and single crystals of 3 were obtained from hexane. The X-ray data were
collected at room temperature, on the Kuma Di�raction di�ractometer (Kuma, Wroc�aw,
Poland) equipped with a CCD camera which was positioned at 46 mm from the crystal. Graphite-
monochromatized MoKa radiation was employed. Numbers of frames were: 888 (3), 740 (4) and
888 (8). The frames were measured at 0.5� (3, 8) or 0.6� (4) ! widths with 15 s (3), 10 s (4) or 20 s
(8) exposure times. The intensities were corrected for Lorentz and polarization e�ects. No
absorption correction was applied. The data reduction was performed with the Kuma KM4CCD
Software. Unit cell parameters were determined by least-squares re®nements using re¯ections in
the 2� ranges: 6.799±44.538�, 6.81±43.774�, 7.563±57.086� for 3, 4 and 8, respectively. The struc-
tures were solved by direct methods using the SHELXS program and re®ned on F2 values by
full-matrix least squares using the SHELXL program from the SHELXL-97 package18 with
anisotropic displacement parameters for non-hydrogen atoms. Positions of hydrogen atoms were
found from �F syntheses or calculated geometrically using the riding model and re®ned
isotropically. Crystallographic data for structures reported in this paper have been deposited with
the Cambridge Crystallographic Data Centre.

3.1. Substrates

(+)-3-Carene (Institute of Chemical Industry, Warsaw), b.p. 79�C/28 mmHg, n20D=1.4732,

���20D=+14.7, was transformed, via crystalline (^)-cis-caran-trans-4-ol [m.p. 32�C, b.p. 76±79/

2 mmHg, ���20D=^63.0 (c=10.0, EtOH); lit.10 b.p. 78�C/2 mmHg, ���20D=^69.5 (c=3.3, EtOH)], to

the (^)-cis-caran-4-one 1 (b.p. 74±76/4.5 mmHg, n20D=1.4680, ���20D=^135.8; lit.19 b.p. 98±99�C/19
mmHg, n20D=1.4703, ���20D=^133.2) according to the known procedure.10,11

(^)-Menthol (commercially available, Merck), m.p. +43�C, ���20D=^50þ1 (c=10.0, EtOH),

n20D=1.4600, b.p. 215�C, was oxidized11 yielding (^)-menthone 5 [b.p. 207±209�C, n20D=1.4500,

���20D=^23.0, lit.20 b.p. 83±84�C/11 mmHg, n20D=1.4501, ���20D=^23.0 (c=8.7, MeOH)].

S. LochynÂski et al. / Tetrahedron: Asymmetry 11 (2000) 1295±1302 1299



3.2. General procedure for the preparation of oximes

A mixture of appropriate ketone (0.05 mol), sodium hydrogen carbonate (6.00 g, 0.07 mol) and
hydroxylamine hydrochloride (4.48 g, 0.07 mol) in 40 ml methanol and 5 ml distilled water
was heated to 65�C for 3 h. After completion of the reaction (as detected by TLC) the mixture
was diluted with 50 ml distilled water and then extracted three times with hexane. The extract was
washed successively with 5% NaHCO3 and saturated NaCl solutions and dried over MgSO4.
After evaporation of solvent the crude product was distilled under reduced pressure. Distillation
in vacuo gave 0.04 mol (76%) of appropriate oxime.

3.2.1. (^)-cis-Caran-4-one oxime 2
M.p. 42�C, b.p. 95±102�C/4 mmHg, ���20D=^45.1 (c=1.8, MeOH); lit.12 m.p. 40±43�C,

[�]D
20=^6.8 (neat); 13C NMR (�): 14.57 (q, C-9), 16.03 (q, C-8), 18.25 (s, C-7), 19.14 (d, C-1),

20.05 (t, C-2), 20.33 (d, C-6), 27.95 (q, C-10), 29.23 (t, C-5), 34.32 (d, C-3), 163.09 (s, C-4).

3.2.2. (^)-Menthone oxime 6
M.p. 54±56.5�C, ���20D=^57.0 (c=10.0, MeOH); lit.15 m.p. 57�C, ���20D=^52.8 (c=5.7, MeOH).

3.3. Beckmann rearangementÐgeneral procedure

Oxime (0.02 mol) was added to 2.40 g (0.06 mol) NaOH in 15 ml distilled water and 15 ml THF
solution. A mixture was stirred for 8 h with cooling under 10�C. Then 6.50 g of tosyl chloride
(0.04 mol) in 5 ml of THF mixture was added dropwise. Reaction mixture was additionally
stirred with cooling for 4 h and then for 2 h at 50�C. After evaporation of solvent the mixture was
diluted with distilled water and extracted with diethyl ether. Extract was washed with 5%
NaHCO3 solution and then with saturated NaCl. Removal of solvent gave crude product which
was recrystallized from hexane.

3.3.1. (1S,3R,7R)-(^)-3,8,8-Trimethyl-4-azabicyclo[5.1.0]octan-5-one 3
M.p. 136±140�C, ���20D=^110 (c=10.0, MeOH); lit.12 m.p. 130±131�C, ���20D=^114.7 (c=5.0,

MeOH). IR (KBr, cm^1): 3212 (m), 3076 (w), 2924 (m), 1652 (v s), 1458 (m), 1375 (m), 1328 (s),
844 (m). 1H NMR (CDCl3), �: 0.74±0.95 (m, 2H at C-3 and C-5); 1.03 and 1.08 (2s, 6H, gem-Me);
1.17 (d, J=6.50 Hz, 3H at C-8); 1.36±1.57 (m, 1H at C-6); 1.87±1.98 (m, 1H at C-6); 2.36 (d/d,
J=15.80/9.82 Hz, 1H at C-2); 2.64 (d/d/d, J=15.80/5.76/1.30 Hz, 1H at C-2); 3.57 (m, 1H at C-
7); 6.04 (s, 1H from -NH); 13C NMR (�): 12.25 (q, C-10), 16.66 (s, C-4), 19.09 (d, C-5), 21.50 (d,
C-3), 21.86 (q, C-9), 25.76 (q, C-8), 27.85 (t, C-6), 30.45 (t, C-2), 48.13 (d, C-7), 172.58 (s, C-1).
Elemental analysis: calculated for C10H17NO (167.25): 8.37% N, 71.81% C, 10.24% H. Found:
8.30% N, 71.73% C, 10.31% H. Crystal data: C10H17NO, Mw=167.25, T=298K, monoclinic,
space group P21, a=6.769(1) AÊ , b=8.246(2) AÊ , c=17.591(4) AÊ , �=90.43(3)�, V=981.9(4) AÊ 3,
Z=4, Dc=1.131 Mg/m3, �=0.072 mm^1, F(000)=368, crystal size 0.89�0.38�0.18 mm,
di�ractometer Kuma KM4CCD, 2� �63.8, 8724 re¯. measured, 6032 unique re¯., 5112 re¯. with
I>2s(I), 226 parameters.

3.3.2. (2S,5R)-(^)-2-Isopropyl-5-methyl-1-azacycloheptan-7-one 7
M.p. 121±122�C, ���20D=^57.0 (c=10.0, MeOH); lit.15 m.p. 118±120�C, ���20D=^56.7 (c=5.5,

MeOH); IR (KBr, cm^1): 3232 (m), 3084 (w), 2952 (s), 2924 (s), 1666 (v s), 1636 (s), 1456 (m),

1300 S. LochynÂski et al. / Tetrahedron: Asymmetry 11 (2000) 1295±1302



1374 (m), 774 (m); 1H NMR (CDCl3), �: 0.95 (2d, J=6.72 Hz, 6H at C-9 and C-10); 1.01 (d,
J=6.64 Hz, 3H at C-11); 1.16±1.47 (m, 2H at C-5 and C-8); 1.67±2.01 (m, 4H at C-3 and C-4);
2.22±2.50 (m, 2H at C-6); 3.12±3.22 (m, 1H at C-2); 5.95 (s, 1H from -NH); 13C NMR (�): 15.28
(q, C-8), 15.88 (q, C-9), 21.80 (q, C-10), 27.43 (t, C-4), 29.51 (d, C-3), 29.96 (d, C-7), 36.29 (t, C-
5), 41.98 (t, C-2), 56.23 (d, C-6), 174.15 (s, C-1). Elemental analysis: calculated for C10H19NO
(169.27): 8.28% N, 70.96% C, 11.31% H. Found: 8.21% N, 70.88% C, 11.39% H.

3.4. General procedure for alkaline hydrolysis of lactams

A mixture of 0.02 mol of lactam, 1.71 g (0.04 mol) NaOH, 10 ml distilled water and 25 ml
ethanol was heated for 5±10 h. After acidi®cation to neutral pH, solution was ®ltered o� and
solvents was evaporated under reduced pressure. The crude product was recrystallized from ethanol.

3.4.1. (1R,2S,20R)-(+)-2-(2-Amino-1-propyl)-3,3-dimethylcycloprop-1-ylacetic acid 4
M.p. 225�C, ���20D=+15.0 (c=10.0, MeOH); IR (KBr cm^1): 3041 (m), 2949 (s) and 2929 (s),

2163 (w), 1623 (m), 1558 (v s), 1458 (m), 1386 (s), 707 (m); 1H NMR (D2O), �: 0.5 (d/d/d, J=6.88/
5.10/6.92 Hz, 1H at C-5); 0.83 (d/d/d, J=7.30/5.10/8.32 Hz, 1H at C-3); 0.88 and 1.02 (2s, 6H
gem-Me); 1.27 (d, J=6.64 Hz, 3H at C-8); 1.44±1.63 (m, 2H at C-6); 2.04 (d/d, J=16.08/8.34 Hz,
1H at C-2); 2.17 (d/d, J=16.07/7.00 Hz, 1H at C-2); 3.26±3.38 (m, 1H at C-7); 13C NMR (�):
14.25 (q, C-10), 16.63 (s, C-4), 17.62 (q, C-9), 22.02 (d, C-5), 22.56 (d, C-3), 27.80 (q, C-8), 29.08
(t, C-6), 32.46 (t, C-2), 48.61 (d, C-7), 183.03 (s, C-1). Elemental analysis: calculated for
C10H19NO2 (185.26): 7.56% N, 64.83% C, 10.34% H. Found: 7.50% N, 64.76% C, 10.41% H.
Crystal data: C10H19NO2, Mw=185.26, T=298K, monoclinic, space group P21, a=6.295(1) AÊ ,
b=6.713(1) AÊ , c=12.836(3) AÊ , �=100.20(3)�, V=533.86(17) AÊ 3, Z=2, Dc=1.153 Mg/m3,
�=0.079 mm^1, F(000)=204, crystal size 0.90�0.67�0.18 mm, di�ractometer Kuma KM4CCD,
2� �63.18, 4585 re¯. measured, 3238 unique re¯., 3087 re¯. with I>2�(I), 131 parameters.

3.4.2. (3R,6S)-(^)-6^amino-3,7-dimethyloctanoic acid 8
M.p. 211.5�C, ���20D=^36.0 (c=10.0, MeOH); IR (KBr, cm^1): 3006 (m), 2943 (s), 2890 (s), 2147

(w), 1623 (s), 1525 (v s), 1418 (m), 1396 (s), 1261 (m), 917 (m), 676 (m); 1H NMR (D2O), �: 0.81
(d, J=6.63 Hz, 3H at C-10); 0.85 and 0.86 (2d, J=6.93 Hz, 6H at C-8 and C-9); 1.04±1.19 (m, 1H
at C-4); 1.21±1.35 (m, 1H at C-4); 1.35±1.52 (m, 1H at C-5); 1.55±1.70 (m, 1H at C-5); 1.67±1.80
(m, 1H at C-3); 1.80±1.93 (m, 1H at C-7); 1.89 (d/d, J=13.53/7.83 Hz, 1H at C-2); 2.07 (d/d,
J=13.50/6.81 Hz, 1H at C-2); 2.98 (t/d, J=9.03/7.92 Hz, 1H at C-6); 13C NMR (�): 17.00 (q, C-
8), 17.71 (q, C-9), 19. 43 (q, C-10), 27.01 (t, C-4), 29.77 (d, C-3), 31.14 (d, C-7), 32.14 (t, C-5),
45.53 (t, C-2), 57.96 (d, C-6), 183.30 (s, C-1). Elemental analysis: calculated for C10H21NO2

(187.28): 7.48% N, 64.13% C, 11.30% H. Found: 7.42% N, 64.06% C, 11.40% H. Crystal data:
C10H21NO2, Mw=187.28, T=298 K, orthorhombic, space group P212121, a=5.719(1) AÊ ,
b=10.923(2) AÊ , c=17.389(3) AÊ , V=1086.3(3) AÊ 3, Z=4, Dc=1.145 Mg/m3, �=0.078 mm^1,
F(000)=416, crystal size 0.59�0.13�0.15 mm, di�ractometer Kuma KM4CCD, 2� �63.73, 9332
re¯. measured, 4365 unique re¯., 3182 re¯. with I>2�(I), 132 parameters.

Acknowledgements

We wish to express our thanks to the Polish State Committee for Scienti®c Research (grant 3
T09B 013 14), Wroc�aw University of Technology (research project no. 341763) for supporting

S. LochynÂski et al. / Tetrahedron: Asymmetry 11 (2000) 1295±1302 1301



this work and Dr Tadeusz Librowski from Collegium Medicum of Jagiellonian University of
Krakow for preliminary pharmacological tests.

References

1. For Part 1, see: Tetrahedron: Asymmetry 1999, 10, 1033±1039
2. Siemieniuk, A.; Sza�kowska-PcÎcagowska, H.; LochynÂ ski, S.; PicÎcatkowski, K.; Filipek, B.; KrupinÂ ska, J.; Czarnecki,

R.; Librowski, T.; SzymanÂ ska, I. Pol. J. Pharmacol. Pharm. 1992, 44, 187±200.

3. Czarnecki, R.; CzerwinÂ ska, K.; Grochowska, K.; Grochowski, J.; Librowski, T.; Serda, P. Arzneim.-Forsch./Drug
Res. 1992, 42, 1279±1283.

4. Siemieniuk, A.; Sza�kowska-PcÎcagowska, H.; LochynÂ ski, S.; PicÎcatkowski, K.; Filipek, B.; KrupinÂ ska, J.; Czarnecki,

R.; Librowski, T.; Bia�as, S. Pol. J. Pharmacol. Pharm. 1992, 44, 575±593.
5. Siemieniuk, A.; Sza�kowska-PcÎcagowska, H.; LochynÂ ski, S.; PicÎcatkowski, K.; Filipek, B.; KrupinÂ ska, J.; Czarnecki,

R.; Librowski, T.; ZcÎcebala, K. Pol. J. Pharmacol. Pharm. 1992, 44, 407±420.
6. WawrzenÂ czyk, C.; LochynÂ ski, S. J. Prakt. Chem. 1988, 330, 261±270.

7. Koz�owska, M.; SoboÂ tka, W. Polish J. Chem. 1979, 53, 957±962.
8. Muljiani, Z.; Deshmukh, A. R. A. S.; Gadre, S. R.; Joshi, V. S. Synth. Commun. 1987, 17, 25±32.
9. LochynÂ ski, S.; Jarosz, B.; Walkowicz, M.; PicÎcatkowski, K. J. Prakt. Chem. 1988, 330, 284±288.

10. Uzarewicz, I.; Uzarewicz, A. Roczniki Chemii 1975, 49, 1113±1118.
11. Brown, H. C.; Garg, C. P. J. Am. Chem. Soc. 1961, 83, 2952±2953.
12. Zabz

.
a, A.; WawrzenÂ czyk, C.; KuczynÂ ski, H. Bull. Acad. Polon. Sci., Ser. Sci. Chim. 1972, 20, 521±529.

13. LochynÂ ski, S.; Ku�do, J.; Librowski, T.; Czarnecki, R.; Mendyk, A. Polish Patent Application P 336175 (1999).
14. Johnson, C. K.; Burnett, M. N. ORTEP-III, University of Glasgow, UK, 1998.
15. Zabz

.
a, A.; WawrzenÂ czyk, C.; KuczynÂ ski, H. Bull. Acad. Polon. Sci., Ser. Sci. Chim. 1972, 20, 631±639.

16. LochynÂ ski, S.; Ku�do, J.; Librowski, T.; Czarnecki R.; Mendyk A. Polish Patent Application P 336056 (1999).

17. Pachler, K. G. R. Spectrochim. Acta 1964, 20, 581±587.
18. Sheldrick, G. M. SHELX-97, Program for Crystal Structure Solution and Re®nement. University of GoÈ ttingen,

Germany, 1997.

19. KuczynÂ ski, H.; ChabudzinÂ ski, Z. Roczniki Chemii 1955, 29, 437±449.
20. DerdzinÂ ski, K.; Zabz

.
a, A. Bull. Acad. Polon. Sci., Ser. Sci. Chim. 1977, 25, 529±540.

1302 S. LochynÂski et al. / Tetrahedron: Asymmetry 11 (2000) 1295±1302


