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Do lipases also catalyse the ring cleavage of
inactivated cyclic trans-b-lactams?
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Institute of Pharmaceutical Chemistry, University of Szeged, H-6701 Szeged, PO Box 427, Hungary

Received 8 November 2006; accepted 20 November 2006
Available online 12 December 2006
Abstract—Twelve-membered cyclic cis- and trans-b-lactams 1b and 2b and the corresponding cyclic cis- and trans-b-amino acid enantio-
mers, 1a, 1c and 2a, 2c were prepared through the CAL-B-catalysed enantioselective ring cleavage of racemic cis-13-azabicyclo-
[10.2.0]tetradecan-14-one, (±)-1, and trans-13-azabicyclo[10.2.0]tetradecan-14-one, (±)-2. High enantioselectivities (E >200) were
observed for the ring opening of both the cis- and trans-b-lactams when the Lipolase-catalysed reactions were performed with 0.5 equiv
of H2O in i-Pr2O at 70 �C. The resolved b-lactams 1b and 2b (yield P47%) and b-amino acids 1a and 2a (yield P32%) could be easily
separated.
� 2006 Published by Elsevier Ltd.
1. Introduction

Small to medium-sized cyclic b-amino acids have been
intensively investigated, as a consequence of their potential
biological activity (e.g., cispentacin)1 and their utility in
synthetic chemistry.2 They are particularly attractive build-
ing blocks for the synthesis of modified peptides with well-
defined three-dimensional structures (e.g., b-peptides with
possible antibiotic activity) similar to those of natural pep-
tides.3 Cyclic b-amino acids are likewise used in hetero-
cyclic4 and combinatorial5 chemistry. Thus, the relatively
large number of synthetic approaches for both cis- and
trans-b-amino acids are not surprising. While a range of
stereoselective syntheses for enantiopure small (three- or
four-membered)6 and medium (five- to eight-membered)7

-sized cyclic b-amino acids or their derivatives are reported,
including indirect8 and direct9 enzymatic methods, only
one example has been reported for the synthesis of enantio-
pure 12-membered b-amino acid derivatives.8d Those
authors describe the enzymatic kinetic resolutions of model
compounds (±)-1 and (±)-2 through an indirect enzymatic
method: N-hydroxymethyl-(±)-1 was acylated with 2,2,2-
trifluoroethyl butanoate in the presence of lipase PS (lipase
from Pseudomonas cepacia) in acetone (E � 98), while N-
hydroxymethyl-(±)-2 was acylated with vinyl butanoate
in the presence of CAL-B (lipase B from Candida antarc-
0957-4166/$ - see front matter � 2006 Published by Elsevier Ltd.
doi:10.1016/j.tetasy.2006.11.030

* Corresponding author. Tel.: +36 62 545564; fax: +36 62 545705; e-mail:
fulop@pharm.u-szeged.hu
tica) (E � 57). We have developed a very simple and
efficient new enzymatic hydrolysis method for the
enantioselective (E >200) ring opening of medium-sized
inactivated cyclic cis-b-lactams (the synthesis of cispenta-
cin, for instance).9a An advantage of this method is that
the lactam ring does not necessarily need to be activated
and the product b-amino acid and b-lactam can be ob-
tained in good chemical yields (P36%). These results on
the lipase-catalysed enantioselective hydrolysis of cyclic
five- to eight-membered cis-b-lactams suggested the possi-
bility of the enantioselective ring cleavage of racemic
cis-13-azabicyclo[10.2.0]tetradecan-14-one and trans-13-
azabicyclo[10.2.0]tetradecan-14-one. Herein, we report a
lipase-catalysed direct method for the enantioselective ring
cleavage of the larger ring-fused cyclic cis-b-lactam (±)-1,
and also give, an enzymatic method for the enantioselective
ring cleavage of cyclic trans-b-lactam (±)-2.
2. Results and discussion

Racemic b-lactams 1 and 2 were prepared from cyclodode-
cene 3 (a mixture of cis and trans) by 1,2-dipolar cyclo-
addition of chlorosulfonyl isocyanate (CSI) (Scheme 1), as
described earlier.8d The products 1 and 2 (�1:1), obtained
as a mixture, were separated by column chromatography.

On the basis of our earlier results on the lipase-catalysed
ring cleavage of cyclic cis-b-lactams,9 preliminary experi-
ments10 on (±)-1 and (±)-2 were started with water
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(0 or 0.5 or 1 equiv.), added in the presence of Lipolase
(50 mg mL�1) in i-Pr2O, initially at 60 �C (Scheme 2).

Since no significant changes in enantioselectivity (E >200)
or reaction rate [conversion 45–46% after 8 h for (±)-1 and
conversion 45–50% after 137 h for (±)-2] were observed, we
concluded that the water present in the reaction medium
(<0.1%) or in the enzyme preparation (<5%) was responsi-
ble for the lactam ring opening. Although the E-values
were high, the long reaction times, in particular for (±)-2
(49% conversion after 137 h with 0.5 equiv of water), sug-
gested to us that we should increase the reaction tempera-
ture. When the reactions were performed at 70 �C, higher
reaction rates were observed [50% conversion after 16 h
for (±)-1 and 50% conversion after 91 h for (±)-2], without
any loss in enantioselectivity.

The preparative-scale resolutions of (±)-1 and (±)-2 were
performed with 0.5 equiv of water in the presence of Lipo-
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Scheme 2. Reagents: (i) Lipolase, H2O, i-Pr2O.

Table 1. Lipolase-catalysed ring cleavage of (±)-111 and (±)-212

Time (h) Conv. (%) E b-Lactam 1b

Yielda (%) Isomer

(±)-1 18 50 >200 47 (1S,12R)
(±)-2 99 50 >200 47 (1R,12R)

a Maximum yield 50%.
b According to GC.10

c Optical rotations were measured with a Perkin–Elmer 341 polarimeter.
d Determined by GC, using n-hexadecane as an internal standard.10

e c 0.5, EtOH.
f c 0.2, H2O.
g c 0.4, EtOH.
lase in i-Pr2O at 70 �C. The products were characterised by
an excellent enantiomeric excess at 50% conversion. The
results are shown in Table 1.

The transformations involving the ring opening of b-lac-
tams 1b and 2b with 18% aqueous HCl13 resulted in the
enantiomers of b-amino acid hydrochlorides 1c and 2c
(Scheme 3). Treatment of amino acids 1a and 2a with
22% HCl/EtOH14 resulted in enantiopure hydrochlorides
1aÆHCl and 2aÆHCl. The physical data of the enantiomers
prepared, are reported in Table 2.

In order to determine the stereoselectivity of the enzyme,
methyl cis-2-aminocyclododecanecarboxylate 1d15 and the
hydroxymethylated 2d8c were also prepared. The absolute
configurations were determined by comparing the [a]
values with the literature data (Table 2, row 5 with row
6, and row 7 with row 8). Accordingly, the absolute configu-
ration for 1b is (1S,12R) and that for 2b is (1R,12R).
+
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eeb (%) ½a�25
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c Yielda (%) Isomer eed (%) ½a�25
D
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>99 �6.9e 32 1R,2S >98 +5f

98 �140e 46 1S,2S >98 +8.3g
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Scheme 3. Reagents and conditions: (ii) 18% HCl, reflux for 2 h; (iii) CH2N2; (iv) CH2O, ultrasound.

Table 2. Physical data of enantiomers prepared

Row Enantiomers ee (%) ½a�25
D

1 (1R,2S)-1aÆHCl >98 +15 (c 0.2, H2O)
2 (1S,2R)-1cÆHCl >98 �15.8 (c 0.4, H2O)
3 (1S,2S)-2aÆHCl >98 +6.2 (c 0.4, H2O)
4 (1R,2R)-2cÆHCl >98 �6 (c 0.2, H2O)
5 (1S,2R)-1dÆHCl >98 �36.1 (c 0.4, MeOH)
6 (1R,2S)-1dÆHCl8d 99 +33.4 (c 1, MeOH)
7 (1R,12R)-2d >98 �150.6 (c 0.4, CHCl3)
8 (1R,12R)-2d8d 91 �146.6 (c 1, CHCl3)
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3. Conclusion

In conclusion, b-lactam and b-amino acid enantiomers
(ee P98%) were prepared through the Lipolase (C. antarc-
tica lipase B)-catalysed enantioselective ring cleavage of
racemic cis-13-azabicyclo[10.2.0]tetradecan-14-one, (±)-1
and trans-13-azabicyclo[10.2.0]tetradecan-14-one, (±)-2.
The ring cleavage reaction of the trans-b-lactam proved
to be a very efficient and facile new route to enantiopure
trans-b-amino acids. The products could be easily sepa-
rated. Transformations by ring opening of the b-lactams
1b and 2b with 18% aqueous HCl resulted in enantiomers
of the b-amino acid hydrochlorides 1cÆHCl and 2cÆHCl
(ee >98%).
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1. (a) Fülöp, F. Chem. Rev. 2001, 101, 2181–2204; (b) Kuhl, A.;
Hahn, M. G.; Dumic, M.; Mittendorf, J. Amino Acids 2005,
29, 89–100.

2. (a) Kiss, L.; Forró, E.; Bernáth, G.; Fülöp, F. Synthesis 2005,
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Tetrahedron: Asymmetry 1996, 7, 1789–1796; (b) Kámán, J.;
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(50 mg mL�1). Water (0, 0.5 or 1 equiv) was added. The
mixture was shaken at either 60 or 70 �C. The progress of the
reaction was followed by taking samples from the reaction
mixture at intervals and analysing them by gas chromato-
graphy. The ee values for the unreacted b-lactam enantiomers
were determined by gas chromatography on a Chromopak
Chiralsil-Dex CB column (25 m) at 190 �C and 140 kPa
[retention times (min): compound 1b: 30.98 (antipode: 30.53);
100 �C for 5 min! 150 �C for 45 min! 180 �C (temperature
rise 5 �C min�1), 140 kPa, retention times (min): compound
2b: 95.45 (antipode: 96.13)]. The ee values for the ring-opened
amino acids produced (during preliminary experiments) were
calculated by using n-hexadecane [CP-Chirasil-Dex CB
column, 120 �C for 4 min arrow 190 �C (temperature rise
10 �C min�1; 140 kPa) retention time 7.22 min] as an internal
standard.9a

11. Racemic 18d (500 mg, 2.38 mmol) was dissolved in i-Pr2O
(20 mL). Lipolase (1 g, 50 mg mL�1) and water (36 lL,
1.19 mmol) were added and the mixture was shaken in an
incubator shaker at 70 �C for 18 h. The reaction was stopped
by filtering off the enzyme at 50% conversion. The solvent was
evaporated off and the residue of (1S,12R)-1b crystallised
[235 mg, 47%; ½a�25

D ¼ �6:9 (c 0.5, EtOH); mp 167–171 �C
(recrystallised from i-Pr2O); ee >99%]. The filtered enzyme
was washed with H2O (3 · 15 mL), and the water was
evaporated off, yielding the crystalline b-amino acid
(1R,2S)-1a {211 mg, 39%; ½a�25

D ¼ þ5 (c 0.2, H2O); mp 240–
243 �C (recrystallised from H2O and Me2CO); ee >98% [after
derivatisation with Marfey’s reagent (Nova-Pak C18 column,
eluent TFA–MeCN = 60:40, retention times (min): compound
2a: 28.21 (antipode: 32.89)]}.
1H NMR (400 MHz, D2O): d (ppm) for 1a: 1.35–1.91 (20H,
m, 10 · CH2), 2.84–2.86 (1H, m, CHCOOH), 3.58–3.59 (1H,
m, CHNH2). Anal. Calcd. for C13H25NO2: C, 68.68; H,
11.08; N, 6.16. Found: C, 68.46; H, 11.25; N, 6.16.
1H NMR (400 MHz, CDCl3): d (ppm) for 1b: 1.21–1.78 (20H,
m, 10 · CH2), 3.11–3.14 (1H, m, CHCO), 3.64–3.69 (1H, m,
CHNH), 5.90 (1H, br s, NH). Anal. Calcd. for C13H23NO:
C, 74.59; H, 11.07; N, 6.69. Found: C, 74.50; H, 10.99; N,
6.52.

12. With the procedure described above, the reaction of racemic
28d (500 mg, 2.38 mmol) in the presence of Lipolase
(1 g, 50 mg mL�1) and water (36 lL, 1.19 mmol) for 99 h
afforded the b-lactam (1R,12R)-2b [235 mg, 47%; ½a�25

D ¼
�140:1 (c 0.5; EtOH); mp 143–145 �C (recrystallised from
i-Pr2O); ee = 98%] and b-amino acid (1S,2S)-2a {221 mg,
41%; ½a�25

D ¼ þ8:3 [c 0.4; EtOH (the amino acid is poorly
soluble in water)], mp 230–239 �C; ee >98% [after double
derivatisation (i) CH2N2. (Caution! The derivatisation with
CH2N2 should be performed under a well-ventilated hood);
(ii) Ac2O in the presence of 4-dimethylaminopyridine and
pyridine (Chirasil LL-Val column, 120 �C for 15 min! 170 �C
(temperature rise 10 �C min�1, 100 kPa, retention times
(min): 2a: 22.89 (antipode: 22.34)]}.
1H NMR (400 MHz, D2O): d (ppm) for 2a: 1.37–1.75 (20H,
m, 10 · CH2), 2.61–2.63 (1H, m, CHCOOH), 3.48–3.50 (1H,
m,CHNH2). Anal. Calcd. for C13H25NO2: C, 68.68; H, 11.08;
N, 6.16. Found: C, 68.46; H, 11.25; N, 6.16.
1H NMR (400 MHz, CDCl3): d (ppm) for 2b: 1.21–1.93 (20H,
m, 10 · CH2), 2.83–2.87 (1H, m, CHCO), 3.42–3.45 (1H, m,
CHNH), .5.87 (1H, br s, NH). Anal. Calcd. for C13H23NO:
C, 74.59; H, 11.07; N, 6.69. Found: C, 70.50; H, 11.18; N,
6.62.

13. Compound (1S,12R)-1b (100 mg, 0.77 mmol) and (1R,12R)-
2b (0.1 g, 0.77 mmol) were dissolved separately in 18% HCl
(5 mL) and refluxed for 3 h. The solvent was evaporated off,
and the product was recrystallised from EtOH–Et2O, which
afforded white crystals of (1S,2R)-1cÆHCl [113 mg, 89%,
½a�25

D ¼ �15:8 (c 0.4, H2O); mp 226–231 �C; ee >99%] and
(1R,2R)-2cÆHCl [100 mg, 79%; ½a�25

D ¼ �6 (c 0.2, H2O); mp
229–230 �C; ee >98%]. 1H NMR (400 MHz, D2O): d (ppm)
for 1cÆHCl: 1.28–1.80 (20H, m, 10 · CH2), 2.80 (1H, m,
CHCOOH), 3.59 (1H, m, CHNH2). Anal. Calcd. for
C13H25NO2ÆHCl: C, 59.19; H, 9.93; N, 5.31. Found: C,
59.01; H, 9.97; N, 5.20.
1H NMR (400 MHz, D2O): d (ppm) for 2cÆHCl: 1.35–1.91
(20H, m, 10 · CH2), 2.84–2.89 (1H, m, CHCOOH), 3.56–3.62
(1H, m, CHNH2). Anal. found: C, 59.14; H, 10.02; N, 5.31.

14. When 1a and 2a (100 mg) was treated with 22% HCl/EtOH
(3 mL), (1R,2S)-1aÆHCl [112 mg, 87%; ½a�25

D ¼ þ15 (c 0.2,
H2O); mp 228–232 �C (recrystallised from EtOH), ee >98%]
and (1S,2S)–2aÆHCl [118 mg, 92%; ½a�25

D ¼ þ6:2 (c 0.4; H2O);
mp 226–228 �C (recrystallised from EtOH), ee >98%] were
formed.
1H NMR (400 MHz, D2O): d (ppm) data for (1R,2S)-1aÆHCl
and (1S,2S)-2aÆHCl are similar to those for (1S,2R)-1cÆHCl
and (1R,2R)-2aÆHCl. Anal. found for (1R,2S)-1aÆHCl: C,
59.05; H, 9.90; N, 5.30. Anal. found for (1S,2S)-2aÆHCl: C,
59.11; H, 9.78; N, 5.22.

15. Compound (1S,2R)-1cÆHCl (50 mg, 0.19 mmol) was dissolved
in MeOH and a solution of CH2N2/Et2O was added, until the
yellowish colour persisted. The solvent was then evaporated
off, resulting in (1S,2R)-1dÆHCl [50 mg, 96%, ½a�25

D ¼ �36:1 (c
0.4, MeOH); ee >98%].
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