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Abstract

D- andL-α-(2-carboxycycloprop-1-yl)glycines were synthesized fromtrans-1,3-di(2-furyl)propenone. Conver-
sion of the double bond to a cyclopropane is followed by the formation of an oxime ether. Enantioselective
reduction of the oxime ether, separation of diastereomers and oxidation of the furane rings gave enantiomerically
pureD- andL-CCG I and CCG II. The structure of oxime7b was determined by X-ray crystal structure analysis.
The key step is the oxazaborolidine catalyzed enantioselective conversion of oxime ethers to amines. © 1998
Published by Elsevier Science Ltd. All rights reserved.

1. Introduction

L-Glutamic acid functions at many synapses in mammalian central nervous systems as an excitatory
neurotransmitter1 and is implicated in the construction of memory and early learning2 as well as in the
pathogenesis of neuron damage to cause various neuronal diseases.3 Several classes of glutamate analogs
have been used in the past as chemical probes for characterizing excitatory amino acid (EAA) receptors:
among them (carboxycyclopropyl) glycines (CCGs) have represented a valuable source of potent and
selective ligands for the various members of the glutamate receptor family, including ionotropic recep-
tors, metabotropic receptors, and uptake carrier proteins. The introduction of a cyclopropyl moiety on
the glutamate skeleton induces chirality, partially reduces the conformational flexibility (extended and
folded form) thus allowing its selective interaction with a reduced number of recognition sites, and,
most importantly, defines foreseeable orientations of theω-carboxylate group with respect to theα-
amino acid moiety, thus allowing the assessment of the conformational requirements ofL-Glu acting at
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its receptor subtypes.4 Thus, among the eight possible CCG diastereomers, Pellicciary et al. reported
that (2S,1′R,2′S)-(carboxycyclopropyl) glycine (L-CCG IV) 45 is a potent and selective NMDA agonist,
while the corresponding isomers (2S,1′R,2′R)- CCG II 2 and (2S,1′S,2′R)- CCG III 3 have been reported
to beL-Glu uptake inhibitors.6 Shinozaki et al. described the (2S,1′S,2′S)-CCG isomer (CCG I)17 as a
potent mGluRs agonist.

The first reported synthesis of CCG was not enantioselective and usedcisandtrans-cyclopropane-1,2-
dicarboxylic acids as intermediates. Three partially enantioselective syntheses using the diazo addition
method have also been reported.8 L-CCG I was also synthesized by using the Sharpless asymmetric
dihydroxylation reaction and stereochemically controlled cyclopropanation reaction of a substituted
diene.8g In our previous work we reported an enantioselective synthesis ofα-amino acids in which
the key step is the enantioselective reduction ofE- andZ-furyl ketone oxime ethers with chiral boron
complexes. The chirality of the amino acid is fully controlled by the appropriate choice of geometrical
isomer of the oxime ether.9 Application of this method to the 1-(2-furyl) enones, using the double bond
function as a cyclopropane ring precursor, gives new entry to the cyclopropane amino acids as shown in
Scheme 1.9,10

Scheme 1.

Using this simple chirality control we describe in this paper new routes to the stereoselective syntheses
of D- andL-CCG I and CCG II.

2. Results and discussion

As shown in Scheme 2trans-1,3-di(2-furyl)propenone5 was chosen as the starting material for the
synthesis of target molecules. Thetrans-enone5 is synthesized from furfural and acetylfurane in 92%
yield. Treatment of the enone5 with trimethylsulfoxoniumiodide gave cyclopropylketone6 in 94%
yield. Simmons–Smith cyclopropanation gave a very low yield of the desired product. The ketone
6 was converted selectively to theE- and Z-oximes 7a and 7b in good yield using the following
conditions. The reaction of enone with H2NOH·HCl/NaOH gaveE-oxime 7a (mp 97–99°C) and
H2NOH·HCl/NaOAc–EtOH gaveZ-oxime7b (mp 69–71°C). From both methods the opposite isomer is
isolated as a minor product. Additional purification was done by recrystallization. TheE-oxime can also
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be convert to theZ-oxime with HCl gas in ether at 0°C. Determination of oxime geometry was carried out
using1H-NMR spectroscopy and X-ray crystal structure analysis.11 In the1H-NMR spectra we obtained
different shift values for the protons of furane rings (Scheme 2) for theZ-oxime [δ 6.08, 6.29, 6.55, 7.26,
7.43, 7.49) and theE-oxime (δ 6.06 (C-4′ H), 6.25 (C-3′ H), 6.39 (C-4 H), 6.67 (C-3 H), 7.26 (C-5′ H),
7.47 (C-5 H)].9 In theE-isomer three multiplets appear at 6.39, 6.67 and 7.47 ppm from ring A. In the
Z-isomer the signal of C-3 H shows a downfield shift and appears at 7.43 ppm because of the interaction
of the oxime OH with C-3 H. Figure 1 shows the ORTEP drawing of compound7b.

Scheme 2.

The oximes are converted to O-benzyloxime ethers using NaH and benzyl bromide in high yields. The
purity of theE- andZ isomers was proven by GLC analysis of the corresponding O-benzyloxime ethers.
The reduction of oxime7awith BH3–SMe2 in THF affordedrac-amine9 in 88% yield. For the synthesis
of the optically active amine, O-benzyloxime ethers are used as starting materials.

For the enantioselective reduction ofE-oxime ether with BH3·THF, a reaction performed in the
presence of oxazaborolidine catalysts prepared from different chiral amino alcohols shown in Table 1,
is used.10,12 After reduction, the crude product was separated using flash column chromatography and
two major products (S,S,S)-amineL-9a and (S,R,R)-amineL-9b were isolated (Rf=0.17 and 0.27). Under
similar conditions the reduction ofZ-oxime ether8b gave (R,R,R)-amineD-9a and (R,S,S)-amineD-9b.
As shown in Table 1 the best enantiomeric excesses are obtained using10, 13and14as catalysts with the
ratio of oxime ether:BH3:catalysts 0.8:2:1. The enantiomeric excess of the isomers is determined after
separation of diastereomers via Mosher amides by19F-NMR and (S)-acetyl-lactylamide of amines by
GLC analysis13 (Table 1). The oxime geometry becomes a dominant factor in the stereoselectivity by the
formation of amines. The same reduction reaction with O-methyloxime ether gave low selectivity. The
use of catalytic amounts of catalysts gave very low selectivity.
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Fig. 1. X-Ray crystallographic structure of7b
Table 1

Reduction of oxime ethers8a and8b with different chiral catalysts

The oxidation of the furane ring carried out with ozone at−78°C and the product amino acids
L-CCG I 1 {from the less polar amine, [α]D

25=+103 (c 0.5, H2O) [lit.8a [α]D
21=102.0 (c 0.50,

H2O)], mp 244–248°C, dec. [lit.8a mp 243–247°C, dec.]} andL-CCG II (2) {from the more polar
amine, [α]D

25=−19.5 (c 0.6, H2O) [lit.8a [α]D
25=−20.2 (c 0.51, H2O)] mp 255–257°C, dec. [lit.8a mp

255–258°C dec.]} are obtained in 41 and 38% yield, respectively. The same procedure gaveD-CCG
I (1) {[α]D

25=−98.3 (c 0.8, H2O) [lit.8a [α]D
25=−97.4 (c 0.5, H2O)] mp 238–240°C, dec. [lit.8a mp

240–242°C]} andD-CCG II (2) {[α]D
25=+20.33 (c 0.5, H2O) [lit.8a [α]D

25=21.6 (c 0.5, H2O)] mp
255–259°C dec. [lit.8a mp 254–258°C, dec.]}.

3. Experimental

All reagents were of commercial quality, and reagent quality solvents were used without further
purification. IR spectra were determined on a Philips model PU9700 spectrometer.1H-NMR spectra were
determined on a Bruker AC 80 MHz FT, AC 200 MHz and Bruker DPX 400 MHz FT spectrometers. GC
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analyses were determined on an HP 5890 gas chromatograph. Optical rotations were measured on a
Perkin–Elmer 241 polarimeter.

3.1. (E)-1,3-Di(2-furyl)-2-propen-1-one5

To a suspension of 6.6 g (0.08 mol) 2-acetylfurane and 7.68 g (6.6 ml, 0.06 mol) furfural in water was
added 10 ml 0.1% KOH solution. The mixture was stirred for 4 h at r.t., neutralized with 10% H2SO4 and
extracted with ethyl acetate. The organic layer was washed with water and brine, dried over anhydrous
MgSO4. The purification of the crude product by flash column chromatography (silica gel 60, EtOAc:n-
hexane=1:8) afforded 10.3 g (92%) of a product as a yellow solid (mp 85–86°C; lit.14 mp 88–89°C). IR
(KBr): 2990–3020, 1660, 1610 cm−1. 1H-NMR (CDCl3): δ 5.75–6.74 (m, 1H, furane H), 6.61–6.60 (m,
1H, furane H), 6.54–6.53 (m, 1H, furane H), 7.34 (d, 1H, olefinic H, J=16 Hz), 7.32–7.33 (m, 1H, furane
H), 7.551–7.548 (m, 1H, furane H), 7.65 (d, 1H, olefinic H, J=16 Hz), 7.66–7.67 (m, 1H, furane H).

3.2. trans-2-Furyl(2-(2-furyl)cyclopropyl)methanone6

Trimethylsulfoxonium iodide (2.29 g, 10.4 mmol) was added slowly to a suspension of 0.24 g (10
mmol) NaH in dry DMSO under Ar. An exothermic reaction took place with the evolution of H2. After
20 min a clear solution was obtained. To this solution 1.89 g (10 mmol) of5 dissolved in 15 ml dry
DMSO was added in one portion. The color of the solution immediately changed to black. The reaction
was checked by TLC. After 1 h the mixture was poured into ice and extracted with ether. The ether layer
was washed with water and brine, and dried over anhydrous MgSO4. Purification of the crude product by
flash column chromatography (flash silica gel, EtOAc:n-hexane=1:10, Rf: 0.28) afforded 1.89 g (94%)
colorless solid (mp 46–48°C). IR (KBr) 3020, 1660, 1600 cm−1; 1H-NMR (CDCl3): δ 1.57–1.61 (m, 1H,
cyclopropane H), 1.77–1.82 (m, 1H, cyclopropane H), 2.70–2.75 (m, 1H, cyclopropane H), 2.93–2.98 (m,
1H, cyclopropane H), 6.13 (d, 1H, furane H, J=3.12 Hz), 6.32 (dd, 1H, furane H, J=3.22 and 1.92 Hz),
6.57 (dd, 1H, furane H, J=3.62 and 1.69 Hz), 7.26–7.27 (m, 1H, furane H), 7.30 (dd, 1H, furane H, J=1.95
and 0.66 Hz), 7.62–7.63 (m, 1H, furane H).13C-NMR (CDCl3): δ 17.17 (CH), 22.65 (CH), 26.95 (CH),
105.91 (CH), 110.92 (CH), 112.71 (CH), 117.39 (CH), 141.46 (CH), 146.92 (CH), 153.46 (C), 154.02
(C), 187.07 (C). Anal. calcd For C12H10O3 (202.21): C, 71.27; H, 4.98. Found: C, 71.41; H, 5.12.

3.3. (E)-trans-2-Furyl(2-(2-furyl)cyclopropyl)methanone oxime7a

To a 10 ml 2 N NaOH solution was added 2.1 g (30 mmol) of NH2OH·HCl at 5°C then 4.04 g
(20 mmol) of6 was added at 35–40°C and stirred for 4 h. After adding saturated ammonium chloride
solution the product was extracted with ether. The ether layer was washed with water and brine and dried
over anhydrous MgSO4. The purification of the product by flash column chromatography (flash silica
gel, EtOAc/n-hexane=1:10) and additional crystallization in ethanol gave 4.92 g (75.5%) of7a. 0.93 g
(14%) of7b (mp 97–99°C) was also isolated after chromatographic purification.1H-NMR (CDCl3): δ
1.25–1.78 (m, 2H, cyclopropane H), 2.22–2.72 (m, 2H, cyclopropane H), 6.06 (m, 1H, furane H), 6.25
(m, 1H, furane H), 6.39 (m, 1H, furane H), 6.67 (m, 1H, furane H), 7.26 (m, 1H, furane H), 7.47 (m, 1H,
furane H), 9.45 (broad s, 1H, OH).
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3.4. (Z)-trans-2-Furyl(2-(2-furyl)cyclopropyl)methanone oxime7b

A mixture of 2.12 g (10.5 mmol) of6, 0.95 g (13.59 mmol) of NH2OH·HCl and 1.12 g (13.59 mmol)
of CH3CO2Na were refluxed for 10 h in 20 ml absolute ethanol. The reaction was checked by TLC.
After 10 h the hot solution was filtered and ethanol was evaporated. The remaining solid was dissolved
in water and extracted with diethyl ether. The ether layer was washed with water and brine and dried
over anhydrous MgSO4. Separation of the crude product by flash column chromatography (flash silica,
EtOAc:n-hexane=1:10) gave 1.83 g (81%)7b as a colorless solid (mp 69–71°C) and 0.20 g (9%)7a
is obtained as minor product (colorless solid, mp 97–99°C). IR (KBr): 3340, 2990, cm−1; 1H-NMR
(CDCl3): δ 1.34–1.39 (m, 1H, cyclopropane H), 1.49–1.53 (m, 1H, cyclopropane H), 2.34–2.39 (m, 1H,
cyclopropane H), 2.51–2.56 (m, 1H, cyclopropane H), 6.08 (d, 1H, furane H, J=3.0 Hz), 6.29 (m, 1H,
furane H), 6.55 (d, 1H, furane H, J=3.0 Hz), 7.26 (s, 1H, furane H), 7.43 (d, 1H, furane H, J=3.42 Hz),
7.49 (s, 1H, furane H), 8.70 (broad s, 1H, OH);13C-NMR (CDCl3): 13.81, 18.53, 20.96, 104.90, 110.75,
112.43, 118.30, 141.15, 143.25, 146.16, 147.01, 155.66. Anal. calcd for C12H11NO3 (217.23): C, 66.34;
H, 5.10; N, 6.45. Found: C, 66.33; H, 5.28; N, 6.22.

3.5. Crystal data for7b11

The X-ray data were collected on an Enraf–Nonius CAD-4 automatic diffractometer with graphite-
monochromated MoKα radiation (λ=0.71073 Å) at ambient temperature. The structure was solved by the
Direct method (SIR88) and was refined by a full-matrix least-square technique. C12H11NO3, M=217.23.
Monoclinic-P, a=12.9167(12),b=6.3480(11),c=13.6453(12) Å,α=90.00°,β=105.197(3)°,δ=90.00°,
space group=P21/n (No. 14),V=1079.7(2) Å3, Z=4, Dc=1.336 g/cm3, crystal size=0.3×0.35×0.4 mm,
F(000)=456, a total of 2649 reflections in the range of 3.17°≤θ≤26.93° were measured, the∆ρmax and
∆ρmin are 0.286 and−0.165 e Å−3, goodness of fit=1.24, 1469 independent reflections withI /σ(I )≥2.0,
R=0.05.

3.6. General procedure for the synthesis of O-benzyloxime ethers

To the suspension of 6.5 mmol of NaH (washed from oil with hexane) in 50 ml DMF under argon
atmosphere at 0°C was added 5 mmol of oxime slowly over 15 minutes. To this mixture 5.2 mmol of
benzyl bromide was added and stirred for 6 h at r.t. (the reaction was monitored by TLC). After addition
of 25 ml of water the resulting mixture was extracted with ethyl acetate. The organic layer was washed
with water and brine and dried over MgSO4. The purification of crude product done by flash column
chromatography (flash silica, EtOAc:n-hexane=1:10).

3.7. (E)-trans-2-Furyl(2-(2-furyl)cyclopropyl)methanone O-benzyloxime ether8a

Viscose oil. Yield 1.44 g (92%).1H-NMR (CDCl3): δ 1.17–1.68 (m, 2H, cyclopropane H), 2.21–2.70
(m, 2H, cyclopropane H), 5.18 (s, 2H, CH2), 6.05 (m, 1H, furane H), 6.27 (1H, furane H), 6.37 (m,
1H, furane H), 6.59 (m, 1H, furane H), 7.20–7.50 (m, 7H, 2 furane and 5 phenyl H). Anal. calcd for
C19H17NO3 (307.35): C, 74.25; H, 5.57; N, 4.55. Found: C, 74.51; H, 5.68; N, 4.28.
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3.8. (Z)-trans-2-Furyl(2-(2-furyl)cyclopropyl)methanone O-benzyloxime ether8b

Viscose oil. Yield 1.43 g (94%).1H-NMR (CDCl3): δ 1.15–1.70 (m, 2H, cyclopropane H), 2.20–2.68
(m, 2H, cyclopropane H), 5.24 (s, 2H, CH2), 6.08 (m, 1H, furane H), 6.28 (m, 1H, furane H), 6.53 (m,
1H, furane H), 7.21–7.49 (m, 8H, 3 furane H, 5 phenyl H). Anal. calcd for C19H17NO3 (307.35): C,
74.25; H, 5.57; N, 4.55. Found: C, 74.41; H, 5.63; N, 4.33.

3.9. Racemic synthesis oftrans-2-furyl(2-(2-furyl)cyclopropyl)methanaminerac-9

To a solution of7a (0.34 g,1.6 mmol) in 20 ml abs. THF was added BH3–SMe2 (3 mmol) dropwise
over 1 h. Then the mixture was stirred for 34 h at r.t., hydrolyzed with 2 N HCl and extracted with ether.
The water layer was separated, basified with ammonium hydroxide solution and extracted with ether. The
organic layer was separated, washed with water and dried over anhydrous MgSO4. The crude product
was purified by the flash column chromatography (flash silica gel, EtOAc:n-hexane:methanol=1:1:1).
The product was obtained in 88% yield (0.27 g). IR (neat): 3660, 3365 cm−1; 1H-NMR (CD3OD): δ
0.94–1.44 (m, 4H, CH2 of cyclopropane H and NH2), 1.88–2.44 (m, 2H, cyclopropane H), 3.65 (d,
1H, CH, J=8.2 Hz), 6.05–6.60 (m, 3H, furan) 7.22–7.55 (m, 3H, furan).13C-NMR (CDCl3): δ 17.14,
22.21, 25.12, 52.45, 101.24, 102.86, 108.12, 113.26, 139.72, 143.40, 154.25, 155.32. Anal. calcd for
C12H13NO2 (203.24): C, 70.91; H, 6.44. Found: C, 70.72; H, 6.41.

3.10. General procedure for asymmetric reduction

A solution of borane (20 mmol) in THF (20 ml) was added dropwise under argon to a 10 mmol catalyst
dissolved in 10 ml THF at−20°C. The resulting mixture was warmed to−5°C and stirring continued
at this temperature for 16 h before 8 mmol of oxime ether in 10 ml of THF was added dropwise. The
resulting solution was stirred at 30°C for 48 h (monitored by TLC) and was decomposed by slow addition
of 2 M HCl. The mixture was then extracted with ether, treated with ammonium hydroxide, and extracted
again with ether. The ether layer was dried over MgSO4 and evaporated to give a colorless oil. The
diastereomers were separated by flash column chromatography (silica gel, EtOAc).

3.11. trans-2-Furyl(2-(2-furyl)cyclopropyl)methanamineL-9a, L-9b

According to the general procedure 2.4 g (8 mmol) of8agave 1.44 g (89%) of crude oil. The chromato-
graphic separation of diastereomers gave 0.66 g (41%,13 is used as catalyst) ofL-9a ([α]D

20=−176.5
(c 1, CHCl3)) and 0.61 g (38%) ofL-9b ([α]D

20=−117.5 (c 1, CHCl3)) isolated. 2.4 g (8 mmol) of8b
gave 0.58 g (36%)D-9a ([α]D

20=+175.7 (c 1, CHCl3)) and 0.62 g (39%) ofD-9b ([α]D
20=+114.3 (c 1,

CHCl3)). For diastereomers Rf: 0.17 and 0.27 (silica gel, EtOAc).

3.12. General procedure for ozonolysis

2 mmol of amine was dissolved in methanol and the solution was cooled to−78°C. Ozone gas was
passed through the solution. After 30 minutes the reaction was stopped and N2 was passed through
the mixture to remove the excess ozone. Evaporation of solvent gave the product which was purified
by crystallization (water). (2S,3S,4S)-(-(Carboxycyclopropyl)glycine): yield 91% (1H-NMR (CDCl3):
δ 1.22 (m, 1H), 12.9 (m, 1H), 1.68 (m, 1H), 1.77 (m, 1H), 3.21 (d, 1H, J=9.5 Hz). (2S,3R,4R)-
(-(Carboxycyclopropyl)glycine): yield 93%; (2R,3S,4S)-(-(carboxycyclopropyl)glycine): yield 93%;
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(2R,3R,4R)-(-(carboxycyclopropyl)glycine): yield 90%. The1H-NMR data of the products are in agree-
ment with the published data.8
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