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Abstract

New conformationally restricted glutamate analogues 2-(3-alkyl-2’-carboxycyclopropyl)giycines (1a-¢ and
2a-c) were enantioselectively prepared by the addition-elimination reaction of the chiral lithium bislactim ether

anion of 3 to racemic 4-alkyl-4-bromobut-2-enoates. © 1999 Elsevier Science Ltd. All rights reserved.

1. Introduction

unnatural substrates which
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particular, conformationally restricted analogues of glutamic acid having the cyclopropane
moiety have been shown to be useful pharmacological probes for the investigation of
excitatory amino acids (EAA) glutamate

CoH

H H COH
HN/\ / \ /2 ,L N _OMe
Rwd >

HZN\ “71 ~ Y \\(
H \( ‘CO,H AL o
s H HOC v R MeO” N7
1a-c 2a-c 3
Scheme 1

0040-4020/99/% - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
PII: S0040-4020(99)00333-6



receptors (R=H, Scheme 1).° Thus, the stereochemisiry and substitution pattern of 2-
carboxycyciopropyl giycines (CCGs) each play a key role in activating or deactivating different
4

glutamate receptor subtypes.

2. Results and discussion

The alkylation of lithiated bis-lactim ethers, in particular the (2R)-(-)-2,5-dihydro-2-
isopropyl-3,6-dimethoxypyrazine (3) developed by Schollkonf and collaborators.’ is widelv
isopropyl-3,6-dimethox ypyrazine (3) developed by Schollkopf and collaborators,” is widely
used in the asymmetric synthesis of amino acids. The diastereoselectivity of the reaction is very

high, irrespective of the nature of the electrophile, yielding the product which results from
attack at the less stericaily hindered face (trans to the isopropyi).® Thus, the conjugate addition
of metallated bis-lactim ethers to unsaturated esters,’ ketones® and nitro compounds’ provides a
valuable protocol for preparing non-proteinogenic amino acids with diastereomeric excesses
greater than 98%.
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Alternatively, the addition of racemic N-(diphenylmethylene) glycinate enolates to 4-
bromobut-2-enoate followed by intramoiecular displacement of bromine to yield cyclopropanes

has been described by Joucla.'’

As part of our ongoing effort in the EAA field, we report here, for the first time, the
enantioselective synthesis of 2-(3’-alkyl-2’-carboxycyclopropyl-1’-yl) glycines (1a-¢ and 2a-c,
Scheme 1) by an asymmetric intramolecular ring-closure reaction, which controlled four
stereogenic centres. A combination of two reactions provides the strategy for the synthesis of

irst one involves the anionic Michael addition reaction of the
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displacement of the bromine led to the formation of the cyclopropane (Scheme 2).

The lithiated bislactim ether of 3 was obtained by treatment of 3 with butyllithium at -78°C.
Then, the addition of 4-alkyl-4-bromobut-2-enoates (4a-c) at the same temperature led to a 1:1
mixture of the corresponding diastereoisomers Sa-c and 6a-c.

Pure diastereoisomers were separated by column chromatography. Both diastereoisomers
have the same relative configuration at the three centres of the cyclopropane ring, and have the

same absolute configuration at C-5 (S). The stereochemical determination relied upon nOe

difference experiments and the relative sizes of vicinal coupling constants. For example, in one
e . . e

of the isomers (6b) when H-3’ is irradiated an nOe of 4.7% is observed at H-2’. Similarly, an
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confirming the cis arrangement of these groups. The absolute stereochemistry for both
diastereomers was tentatively assigned based on the biological activity observed for the final
aminoacids 2a-¢ which exhibited activity as metabotropic EAA receptor agonists (the
counterparts 1a-¢ did not have any activity)."” This is only compatible with literature precedent
assuming the 55,1°S,2’S absolute configuration for 2a-¢.**
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The hydrolysis of the adducts Sa-c¢ and 6a-¢ with two equivalents of 0.IN HCI at room
temperature for 24 h afforded the enantiomerically pure amino acid alkyl esters 7a-¢ and 8a-c
7. Q 9

along with methyl L-valine ester which is readily removed in vacuo.™
The enantiomeric purity of diastereoisomers 7a-c¢ and 8a-¢ was established by 'H-NMR
using Eu(hfc), as shift reagent, using the methyl singlets for chiral analysis.



Final hydrolysis of 7a-¢ and 8a-¢ was accomplished by heating with 6N HCI and yielded the
hydrochioride saits of amino acids 1a-c and 2a-¢ which, after treatment with propyi ne oxide

gave rise to the corresponding zwitterions.
Therefore, we have achieved the enantioselective synthesis of 2-(3’-alkyl-2’-
carboxycyclopropyl) glycines as new conformationally restricted glutamate analogues.

All solvents and reagents were purchased from commercial sources and used as received,
unless otherwise indicated. THF was distilled from sodium benzophenone kety! prior to use. All

reactions were performed under a positive pressure of argon. 'H-NMR and "
recorded on a Bruker AC-200P (200 MHz and 400 MHz). IR spectra were obtained on Nicolet
510 P-FT (film and KBr). Melting points were determined on a Biichi apparatus and are not
corrected. Optical rotations were measured with a Perkin-Elmer 241 polarimeter. Elemental
analyses were performed by the Universidad Complutense Analytical Centre (Facultad de

Farmacia) Madrid.

(2R,55,1’R,2’R,3’R/2R 58,1’ 8,2°S,3°S)-2,5-dihydro-2-isopropyl-5-(2’-ethoxycarbonyl 3’-
aikyicyciopropyl)-3,6-dimethoxypyrazine.

General procedure. A solution of (2R)-(-)-2,5-dihydro-2-isopropyl-3,6-dimethoxypyrazine (1
mmol) in THF (1.5 mL) under a dry nitrogen atmosphere was cooled to -78°C. A 1.6M solution

(1 a e coole
of n- butylllthlum in hexane (1.5 mmol) was injected slowly into the reaction mixture and
stirring was continued at -78°C for 30 min. Then the y-bromo o, y-unsaturated ester (1.5 mmol)
dissolved in THF (1.5 mL) was injected into the solution at -78°C and the mixture maintained at
this temperature for 2-3h and then hydrolysed with water and extracted with dichloromethane
(3x25 mL). The combined organic layers were dried over anhidrous magnesium sulphate and
evaporated under reduced pressure to give an oil which was purified by chromatography
(hex/FtOQAc: 15/1 ) to oive the following compounds:
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(2R,55,1’R,2’R,3’R)-2,5-dihydro-2-isopropyl-5-(2’-ethoxycarbonyl-3’-methyl cyclopropyl)-

3,6-dimethoxypyrazine (5a)

Yield: 19%. Oil. [a],=-23.
1
1
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Hz, H) and 4.16 ppm
1, 18.98, 21.70, 30.16, 31.96,
5 ppm, R(011 v): 1728 and 1695 cmt
,O, requires 310.1892.

S0MHz, CDCL): 11.45, 14.40,
0.19, 60.80, 163.47, 164.76 and
RMS (EI): M* found 310.1899.
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HRMS (EI): M found 310.1889. C 16H26N,O4 requires 310.1892.
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2R,585,1’R,2’R,3’R)-2,5-dihydro-2-isopropyl-5-(2’-ethoxycarbonyl-3’-ethyl  cyclopropyl)-
3,6-dimethoxypyrazine (Sb) o o

Yield: 23%. Oil. [a],= -17.62 (c=0.91, CHCL,); 'H-NMR (20 . ,
6.9 Hz, 3H), 0.86 (1, J 7.3 Hz, 3H), 1.03 (d, J 6.9 Hz, 3H), 1.27 (1, J 7.2 Hz, 3H), 1.
T
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3.56, 1427 16.56, 1889 19.41, 2136 25.
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,SS,i’S,i 5,3 S5)-2,5- dlhydl’O-Z isopropyi-5-(2°-ethoxycarbonyi-3’-ethyl  cyclopropyi)-
pyrazine (6b)

2%. Oil. [a]y= +37.10 (c=1.0, CHCl,); 'H-NMR (200 MHz. CDCL,): 0.68 (d, J
97(t J 6.9 Hz N—D lﬂA(d J 6.9 Hz, ?H\ 1_7i{t J 7.2 Hz, '%H\ 1.53 (m 4H),

0, 10.9 Hz, 1H), 2.25 (d sext, J 3.4, 6.8 Hz, 1H), 3.64 (s, 3H), 3.71 (s, 3H), 3.93 (t,
"Hz, 1H), 3.98 (t, J 5.0 Hz, 1H) and 4.11 ppm (g, J 7.2 Hz, 2H); *C-NMR (50MHz,
ly): 13.64, 14.21, 16.49, 18.92, 19.68, 20.77, 26.67, 32.20, 31.66, 52.33, 52.42, 54.22,
0.04, 60.54, 163.10, 164.50 and 172.29 ppm; IR (oil, v): 1726 and 1697 cm' '(C=0 and C=N);
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RMS (EQ): M™ found 324.2052. C|,H,,N,O, requires 324.2049.
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SS,1'R,2°R,3’R)-2,5-dihydro-2-iso
-dimethoxypyrazine (Sc)

Yield: 17%. Oil. [a],= -5.29 (c=1.03, CHCl,); 'H-NMR (20
Hz, 3H), 0.86 (t, J 7.2 Hz, 3H), 1.03 (d, J68Hz 3H), 1.45

1. 7(m lH) 208(dd J4.8,9.1 Hz, lH) 223(dsext J34
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(2R,55,1°’S,2’S,3°S)-2,5-dihydro-2-isopropyl-5-(2’-ethoxycarbonyl-3’-propyl cyclopropyl)-
3,6-dimethoxypyrazine (6c¢)

Yield: 21%. Oil. [a]p= +36.38 (c=1.01, CHCIl,); 'H-NMR (200 MHz. CDCl;): 0.66 (d, J
6.8 Hz, 3H), 0.91 (t, J 7.0 Hz, 3H), 1.06 (d, J 6.8 Hz, 3H), 1.24 (1, J 7.1 Hz, 3H), 1.2-1.7 (m,
6H), 1. 83 (dd, J 4.9, 10.6 Hz, 1H), 2.24 (d sext, J 3.1, 6.8 Hz, 1H), 3.54 (s, 3H), 3.77 (s, 3H),
3.90 (m, 2H) and 4.10 ppm (q J 7.1 Hz, 1H); "C-NMR (50MHz, CDCl,): 13.88, 14.24, 16.36,

16.53, 19.04, 20.83, 22.51, 24.95, 28.37, 30.14, 31.46, 5” 28, 52.48, 57.75, 60.56, 161.32,
164.76 and 172.38 ppm; IR (oil, v) 1728 and 1699 cm’ h(C= =0 and C—N) HRMS (EI) M’
found 338.2200. C,gH;,N,O, requires 338.2205.
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General Procedure: 0.IN HCI (2 mmol, 20 mL) was added to a solution of above

dihydropyrazine (1 mmol) in THF (10 mL) and stirring continued for 24h at room temperature.
The mixture was extracted with ether which was discarded. The water layer was saturated with
sodium chloride, ether was added and the solution brought to pH 8-10 with concentrated
ammonia. The ether layer was separated and the water 1ayer extracted four times with ether. The
,,,,, T e N g | -

combined ether 1ayers were dried over dnnyurout; sodium buxpuau: ana cevaporaiea under
reduced pressure to give the desired compounds.
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(25,1’R,2’R,3’ R)-2-(2’-ethoxycarbonyl-3’-methylcyclopropyl)glycine (7a)
Yield: 62%. Oil. [a],,— +56.6 (c 1.1, CHCl, ) 'H-NMR (200 MHz. CDCl; 3): 1.19 (d J 6.0
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Hz, 3H), 1.26 (t, J 7.0 Hz, 3H), 1.34 (m, 1H), 1.60 (dd, J 5.0, 13.1 Hz, 1H), 1.74 (br s, 2H), 1.83

(dd, J 5.0, 9.0 Hz, 1H), 3.22 (d, J 7.0 Hz, 1H), 3.74 (s, 3H) and 4.11 ppm (q, J 7.1 Hz, 2H); 1C-
NMR {"\ﬂMI-hv ("h("l\ 11.65 1427 IQQA 2329 31.16. 52.14, 53 '2‘2 Rﬂ’l_Ar 171.62 and

xxxxxxxxxx Jo RV, bt S he T g T LA Ty JTheedTy

174. 77 ppm; IR_ (oil, v) 3381, 3323 (NH) and 1732 cml (C=0); HRMS (EI ) * found

215.1150. C“_)H!?N()!requlres 215.1158.

(28,1'S,2°8,3'S)-2- -(2’-ethoxycarbonyl-3’-methylcyclopropyl)glycine (8a)

Yield: 57%. Oil. [a]p= +26.9 (c=1.0, CHCl;); 'H-NMR (200 MHz. CDCl,): 1.19 (d, J 5.9
Hz, 3H), 1.27 (i, J 7.2 Hz, 3H), 1.40-1.7 (m, 5H), 3.10 (d, J 7.2 Hz, 1H), 3.76 (s, 3H) and 4.13
nnm (~ 7‘7 MY > N BO_NMR (SONME> CTYCL Y- 11 A1 149Q IMLLT 72 A4 21 01 &) A
PPLULI \{4, v 7.4 114, LX1), EINLVIIN \JUIVIINLZ, i), 15D, 157,40, 4VU.00, 0. -v'-r, J1.71, JL.L5,
56.11, 60.43, 171.66 and 174.76 ppm; IR (oil, v): 3383, 3325 (NH), 1724 and 1738 cm™ (C=0);
HRMS (El}): M found 215.1164. C,(H,,NO, requires 215.1158.

(25,1’R,2’R,3’ R)-2-(2’-ethoxycarbonyl-3’-ethylcyclopropyl)glycine (7b)
Yield: 85%. Oil. [a],= +20.27 (c=1.1, CHCI;); 'H-NMR (200 MHz. CDCl,): 0.92 (t, J 7.4
Hz, 3H), 126(t J 7.1 Hz, 3H), 1.53 (dd, J58 72Hz 1H), 1.66 (m, 1H), 1.71 (br s, 2H), 1.86
1

I,-l,l T Q O9 1 LI ’)"’C A T7 A 11~ 1 QP TA A ATIN aen A A 1Y smimann T7 1 115 AL, 13~
{aq, v 5.6, ¥.4 1z, i11), 5.5 \Q,J /.4 11Z, iri), 5./4 (8, ori) and 4.15 ppm (q, v /.1 iz, 2ri); "C-
NMR(50MHz, CnC‘ 5 13.55, 14,14, 19.53, 22.73, 27.28, 30.28, 52.02, 54.91, 60.25, 171.66
and 174.69 ppm; IR (oil, v): 3382, 3321 (NH), 1736 and 1724 cm™ (C=0); HRMS (EI): M*
found 229.1310. C”H,gNO4 requires 229. 1314.
(25,1’S,2°8,3°S)-2- (2’—eth0xycarb0nyl -3 -ethylcyclopropyl)glycme (8b)

Yield: quam Ull [a],,= +40.1 (c=1.0, CHCL,). H-NM‘R (200 MHz. CDCl;): 0.91 (t,J 7.2
Hz, 3H), 1.26 (t, J 7.2 Hz, 3H), 1.3-1.64 (I“I‘l 4H), 1.65 (br s, 2H), 1.75 (dd, J 3. 9 8.8 Hz, iH),
3.04 (d, J 7.1 Hz, 1H), 3.75 (s, 3H) and4 13 ppm (q, J 7.2 Hz, 2H); “C-NMR (50MHz, CDCl,):
13.43, 14.16, 19.53, 23.34, 28.42, 31.32, Sl .98, 56.46, 60.35, 171.63 and 174.68 ppm; IR (oil,
v): 3383 3319 (NH) 1736 and 1724 cm’ '(C= O) HRMS (EI) M found 229.1318. C,,;H,,NO,
requires 229.1314.
(25,1’R,2’R,3’R)-2-(2° -ethoxycarbonyl -3’- propylcyclopropyl)glycme (7¢)

Yield: 61%. Oil. [a],= +18.8 (c=1.0, CHCL,); '"H-NMR (200 MHz. CDCl,): 0.89 (t, J 7.0
He 2INN 1244+ 771 WU, 2-IY 1 9.1 7 (v ATIY 1 QA& (dAd 740 OQO1 HA 1Ll\ 7 Q8 (e ¢ O
11z, Jll}, L.LV \L, J 7.1 114, Jll}’ L.a™1.7 \lll, Ull}’ 1.0U \uu, J .7, 7.0 114, 11 }, O \UX ’ 411},
3.28 (d, J 7.0 Hz, 1H), 3.75 (s, 3H) and 4.15 ppm (q, J 7.1 Hz, 2H); "C-NMR LOM-.Z, CDCl,):
13.68, 14.23, 22.53, 22.94, 25.61, 28.29, 29.97, 52.21, 55.04, 60. 39 171.75 and 174.45 ppm; IR
(oil, v): 3377 (NH), 1738 and 1728 cm’! (C=0); HRMS (EI) M" found 243.1474. C,,H, NO,

requires 243.1470.

(28,1°5,2°8,3°S)-2-(2’-ethoxycarbonyi-3’-propyicyclopropyl)glycine (8c)
Yield: 84%. Oil. [a]y= +29.19 (c=1.4, CHCl,); 'H-NMR (200 MIiz. CDCI;): 0.90 (t, J 7.2
Hz, 3H), 1.26 (t, J 7.1 Hz, 3H), 1.3-2.0 (m, 9H), 3.05 (d, J 7.8 Hz, 1H), 3.75 (s, 3H) and 4.12
m (q, J 7.1 Hz, 2H); "C-NMR (50MHz, CDCL,): 13.67, 14.19, 2.32, 23.32. 26.56, 28.22

ppm (q, .| 6 22,
31.25, 52.03, 56.45, 60.39, 171.71 and 174.69 ppm; IR (oil, v): 3379, 3323 (NH), 1740 and
1728 em™ (C=0); HRMS (EI): M" found 243.1464. C,H, NO, requires 243.1470.

£ /M0 497 AT AITRI/ANC 190 AYO I A /A ] -9 o | [, R |
bymnes:s O (20,1 Iyo KO IK/2D,1°D,24 D,J D )-a={ & -€CArpoxy=-3°-alkyl cyciopropypgiycine
nmaral mennadizmns Tlr\r\ N\ _ry nm'n sl diogtar (1 mmnl\ Ao rn"'1||var" n AN L]PI &S T\ fasr
WllICI 41 pl Ukcuulc 111C \L)] O-Aiminoacia Gicsier \l 111 Ul} wad ICIIUACU 11} Ul‘ 1IN 1 \J lllL} 1U1

5 mL). To this

2h. The solvent was evaporated and the residue dissolved in absolute ethan
for 15 min., and then

solution, methyloxirane (2 mL) was added, the mixture was refluxed
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cooled to 0°C. The precnpltated product was 1solated by suction (In some cases it was found
necessary to wash with ether in order to recover solid).

(28,1’R,2’R 3’ R)-2-(2’-carboxy-3’-methylcycloprop y!)glyc.-.e (1a)
Yield: 73% mo>150°C (dec.) [o 15‘ 26.7 (c=0.42, H,0); 'H-NMR (200 MHz. D,0):
0.93 (d, J 5.5 Hz, 3H) 1.37 (m, 7H) 1.79 (dd, J 5.5 90Hz lH)andBlSppm(d J 9.0 Hz,
H); *C-NMR (50MHz, D,0): 11.15, 21.67, 25.41 , 27 86, 57 01, 172.79 and 175.43 ppm; IR
(KBr v): 3600-2200 (COZH) 3431 (NH) 1697 and 1630 cm H(C= O) Anal. caled for C;H,,NO;:
C, 48.55; H, 6.40; N, 8.09. Found: C, 48.85; H, 6.65; N, 8.39.

nvhealveineg (22a)

(2S,1’S,2’S,3’S}=2=(2’=carbexy=3’=met!*y!cyc!epre pyl)glycine (2a)

Yield: 68%. m.p.>151°C (dec.); [a]p= +31.5 (¢=0.25, H,0); '"H-NMR (200 MHz. D,0):
0.93 (d, J 5.8 Hz, 3H), 1.39 (m, 2H), 1.66 (dd, J 4.7, 9.5 IIz 1H) and 3.03 ppm (d, J 9.5 Hz,
1H); *C-NMR (50MHz, D,0): 11.16, 22.10, 25.32, 28. 12 57.66, 172.40 and 176.09 ppm; IR
(KBr, v): 3600-2700 (CO,H), 3437 (NH) and 1630 cm’ (C -0). Anal. caled for C.H,\NO,: C,

3
48.55 H, 6.40; N, 8.09. Found: C, 48.80; H, 6.70; N, 8.39.

NC1'D YD VDN VY () _oavhavy 2 _athuloavalanenny Naluarina {1h)
\1.0,1 ‘\,A l\,.’ l\} et \b val UUAJ < Clll.yl\.y\lelJl UPJ l’ lJtlllC \IU}
Yield: 54%. m.p.>1 <2°C (d p) al,= +24.4 (c=0.31 Hzg)- 'H-NMR (200 MHz. D,0):

o
=N
~

i (d (c=0.31
(m, 3H), 1.31 (m, 4H), 1.76 (m, lH) and 3. 14 ppm (d, J 8.9 Hz, 1H); BCNMR (50MHz,
D,O) 12.83, 19.89, 24.92, 26.89, 29.16, 56 95, 172. 74 and 175. 75 ppm; IR (KBr, v): 3600-2700
(CO,H), 3429 (NH), 1697 and 1628 cm™ (C= O) Anal. caled for CgH;NO,: C, 51.33; H, 7.00;
N, 7.48. Found: C, 51.63; H, 6.75; N, 7.49.

(25,1°S5,2°8,3"5)-2-(2’-carboxy-3’-ethylcyclopropyl)glycine (2b)

Yield: 90%. m.p.>194°C (dec.); [a]p= +37.98 (¢=0.30, H,0); '"H-NMR (200 MHz. D,0):
0.67 (t,J 7.0 Hz, 3H), 1.35 (m, 4H), 1 69(dd J 7.0, 13.8 Hz, 1H)and300nm(d J9.1 Hz, 1H);
3C-NMR (SOMHZ D ,0): 12. 72, 19. 82, 24.57,27.66, 29. 79, 57 54, 172.83 and 175.83 pPp m IR
(KBr, v): 3700-2700 (CO,H), 3433 (NH) 1678 and 1616 cm™ (C=0). Anal. caled for CgH,;NO,:

C,51.33; H, 7.00; N, 7.48. Found: C, 51.63; H, 6.80; N, 7.78.

/O 19 »3IDY Y 1 RPN IR, 3 S | S PR My lernl 1\
(25,1 ' 1,2  R,5' Rj-2-(&"-carpoxy-3 -propyicyciopropyijgiyciie (ic)

Yield: 63%. m.p.>138°C (dec.); [o(]p= +28.39 (c=0.28, .H o), 'H-NMR (200 MHz. D,0):
0.63 (t, J 6.2 Hz, 3H), 1.0-1.5 (m, 6H,174(dd J35.1, 8.8 1H) and 3.16 ppm (d, J 8.8 Hz,

1.99, 25.05, 26.73, 2742 28.51, 5691 172.99 and
,H), 3433 (NH), 1684 and 1630 cm™' (C=0). Anal.
.96. Found: C, 53.73; H, 7.75; N, 7.20.

)
1H); *C- NMR (50MHz, D,0): 13.2
176.15 ppm; IR (KBr, v): 3600-2300 (
caled for C,H, s NO,: C, 53.72; H, 7.51; N,

O’\ON

(25,1°S,2°S. 3’S) -(2’ arboxy-3’-propylcyclopropyl)glycme (2¢)

Viald. 7Q0 o \ nnor‘ {AAA Ve Tyl = 441 04 (=026 H .- Iy NMR {200 NALT
I 1T, 10/0. Hi.p.~ [Xip— -11 US \L= V.20, I1H)U ), L1ITINIVIN (&LVUV Iy

L] O
68 (m, 3H), 1.29 (m, F\H\ 1 57 'm, 1H) and 2.99 ppm (d, J 9.6 Hz, 1H); "C-NMR (50MHz,

1lg A B Jg L oders AL J, 27 ~ AA“

)5
27, 21.87,25.12, 27.43, "’/77 28.44, 57. 85 173.28 and 176 65 ppm IR (KBr, ).
0-2300 (CO,H), 3441 (NH), 1670 and 1628 cm™ (C=0). Anal. calcd for C4H,sNO,: C,
7.51; N, 6.96. Found: C, 53.83; H, 7.81; N, 7.20.
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