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Summary : A nar four step asmetric synthesis oj a-methyl and a-ethyl l-amino 

cyclopropane carboxylic acids resulted jrom the cycloaddition of diazomethane to the 

corresponding chiratty derivatized dehydro-aminoacid. 

For some years l-amino cyclopropanecarboxylic acid (ACC) and derivatives have 

attracted interest due to their biological activityI, particularly in the hope of 

controlling enzymatic processes of plant growth and fruit ripening. We wanted to obtain 

coronamic acid E, a constituent of coronatin which is a vivotoxin inducing chlorosis of 

the leaves of italian rye-grass2. and the isomeric allo-coronamic acid 7b which is - 

converted into l-butene by plant tissues 3. This paper reports a simple approach to the 

asymmetric synthesis of 2-methyl and 2-ethyl ACC derivatives. 

Most of the optically pure diastereoisomers of ACC derivatives result from the 

resolution of racemic mixtures 3-9. The first asymmetric synthesis was achieved by 

Pirrung et a19 applying Schollkopf's procedurelO-'l to two optically active 1,2- 

dibromopropanes and ethyl isocyanoacetate; (lR.2S) and (lS,ZR)-2-methyl ACC are thus 

obtained with respectively 91 and 82 eeX. (lR.2S) and (lS.2R) 2-hydroxymethyl ACC are 

prepared in optically pure form respectively by Pirrung et ali2 from optically active 

epichlorhydrin and dimethyl malonate end Husson et al lbp13 from the (-) N-cyanomethyl-4- 

phenyl-oxazolidine synthon; according to the same procedure, Marco'" reported the 

synthesis of (-) (lS,2R) allo-corona&c acid E, but the enantiomeric excess (about 20%) 

and the overall yield (1%) ware poor. Lastly Bernabe et ali5 reported the preparation of 

(+) and (-) 2-phenyl ACC by reaction of diazomethane on chirally derivatized 4- 

benzylidene-oxazolones. 

A simpler method For preparing chiral cyclopropanic aminoacids should result 

from the cycloaddition of diazoalkanes to a chirally derivatized dehydro aminoacid. 
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The starting material 1 has already been prepared in our laboratoryi by - 

esterification of Boc-glycine with (lR,2R,5R)-2-hydroxy 3-pinanone, deprotection of the 

amine function followed by a spontaneous cyclisation. 1,2-Addition of the corresponding 

enolate to acetaldehyde and propionaldehyde in the usual conditions16 (THF, t-BuOK, 

-780~) afforded in 85% yield respectively compounds 3a (mp = 68OC) and 3b (oil) - 

resulting from the spontaneous dehydration of the intermediate aldols. On the contrary, 

reaction with acetone under the same conditions, gave the tertiary alcohol 2 (oil), but _ 

the yield was less than 10%. NMR spectra (recorded in CDC13) of 2 and b showed that 

only the Z configuration was present; this is ascertained from the comparison of the 

chemical shifts of the ethylenic methyl group in 3a (2.02ppm). 3c (2.04 and 2.33ppm) and - - 

3d (2.23ppm) and also of the ethylenic proton in 2 (6.72ppm) and & (6.55ppm). 

During reaction of compound 3a with a solution of diazomethane at O°C, we 

observed the formation of a precipitate, difficult to isolate due to its instability. 

but the NMR spectrum showed that only one pyrazoline derivative was formed. The 

cycloaddition reaction was therefore at the same time regioselective (as already 

observed in similar cases 5-15-21) and stereoselective. Cis addition on the starting Z 

ethylenic compound will afford either the 3R.4R or the 3S.4S configuration for the 

pyrazoline moiety of &: assignment of a 3R,4R configuration resulted from the 

configuration assignment of the derived amino cyclopropanic carboxylic acids 7a and 8%. - 

The precipitate rapidly dissolved in the reaction medium and after evaporation of the 

solvent, we obtained an oil containing a mixture of four products separable by column 

chromatography on silica gel** (solvent : ether/hexane l/l) respectively the starting 

material 3a (17%). the ethylenic compound & (30%) and the two cyclopropane derivatives 

s (34.5%, mp = loloc, [a]~ -272 c = 5 CHZC~Z) and & (8.5%. mp = 1320c. [alo -192 c = 

5 CHzClz). 

Each compound 5a and 6a was then hydrolysed by a HCl water-TBF solution to - - 

afford with a 30% yield respectively 7a and &; (-)(lS,ZR) and (-)(lR.ZR) structures - 

resulted from comparing their specific rotations, respectively -75 and -45 , with those 

reported by Baldwin8 (respectively -69 and -42 ) and Pirrungg (-67 .4 with 82% ee) and 

measured in the same conditions. 

Treatment of 3b with an excess of an etheral solution of diazomethane at 0°C - 

afforded in 46% yield the pyrazoline derivative s (mp = 1240c). the homogeneity of 

which was checked by NMR. We also recovered the starting product 3b (36%) and the - 

ethylenic compound 3d (oil, yield = IS%), which NMR spectrum showed the same Z - 

configuration as 3b. Heating a solution of 4b in toluene for 3hr afforded an oil 

containing the ethyznic compound 3d (30%) 

- 

which was isolated by chromatography on 

silica gel, and a mixture (70%) of two compounds that we were not able to separate. 

Examination of this last mixture by maas spectrometry and NMR showed the presence of the 

two diastereoisomers 5b and 6b. Indeed nitrogen extrusion from the diastereoisomerically 

pure pyrazoline 4b could proceed, as above, with partial inversion of the configuration - 

of the Spiro asymmetric carbon. 

Hydrolysis of the mixture with a 2N HCl water-THF solution at room temperature 
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for 3 days afforded in an only 25% yield a mixture (mp = 2O5OC) of two aminoacids : 

coronamic acid 8b and allo-coronamic acid 7b (other products could not be identified). - 

The specific rotation value (-52 , < = 1.83, HzO) proved that the major compound 

was the (-)(lS,2R) allo-coronamic acid ([o]D -68~4~. c = 1.67, HzO); the [o]o of (-) 

coronamic acid is much smaller7 (-14-2, c = 1.67. HzO). This result allowed us to assign 

the (-)(lR,2R) configuration to the minor coronamic acid*3. Indeed in the two 

aminoacids, the asymmetric carbon located in position 2 must have the same absolute 

configuration; thus we could determine the composition of the aminoacid mixture : 70% of 

(-)(lS,2R) allo-coronamic acid 7b and 30% of (-)(lR,2R) coronsmic acid 8b. - - 

When the same reactions were carried out from (lS,2S,5S) 2-hydroxy 3-pinanone in 

place of the (lR,2R,5R) diastereoisomer, we obtained (+)(lR,2S) and (+)(lS,2S) 

cyclopropsnic aminoacid derivatives. 

In summary this four step sequence from an easily available starting chiral 

auxiliary is a very simple method to afford enantiomerically pure 2-methyl ACC. 

*)C.Stammer '. Tetrahedron, 1990.46.2231-2254; b)D.Aitken. J.Royer and H-P.Husson, J. 

OW. Chem. lggC,SS5.2814-2820: C)J.Salaun. J.Marguerite and B.Karkour, 
1990,55.427&4281; *)N.De Kimpe. 

ibid.. 
P.Sulmon and P.Brunet, ibid., 1990.55.5777-55784; 

and references therein. 
A.Ichihara. K.Shiraishi. H.Sato. S.Sakamura. K.Nishiyama, R.Sakai. A.Furusaki and 
T.Matsumoto, J. Am. Chem. Sot.. 1977,99,636-637 
N.Hoffman, S.Fa Yang, A.Ichihara and S.Sakamura. Plant. Physiot.. 1982.70.195-199 
T.Hiyama and M.Kai, Tetrahedron Lett., 1982,23,2103-2104 
M.Suziki, E.Gooch and C.Stammer.Tetrahedron Lett.. 1983.24.3839-3840 
K.Shiraishi, A.Ichihara and S.Sakamura. Agric. BZoZ. Chem., 1977,41,2497-2498 
A.Ichihara. K.Shiraishi and S.Sakamura, Tetrahedron Lett., 1977.269-272 
J.Baldwin, R.Adlington, B.Rawlings and R.Jones, Tetrahedron Lett.. 1985,26,485-488 
M.Pirrung and G.McGeehan, J. Org. Chem., 1986.51.2103-2106 
U.Schrillkopf, R.Harms and D.Hoppe, Liebigs Ann. Chem., 1973.611-618 
U.Schollkopf, B.Hupfeld and R.Gull. Angew. Cham. Int. Ed. Engt., 1986.25.192-193 
M.Pirrung, S.Dunlap and IJ.Trinks, Helv. Chfm. Acta. 1989.72,1301-1310 
D.Aitken, J.Royer and H-P.Husson. Tetrahedron Lett., 1988.29.3315-3318 
J.Marco, Heterocyctes. 1987,26.2579-2581 
D.Fernandez, P.De Frutos. J.Marco. E.Fernandez-Alvarez and M.BernabB. Tetrahedron 
Lett.. lq8g,30,3101-3104 
A.El Achqar, M.Boumzebra. M-L.Roumestant and Ph.Viallefont. Tetrahedron, 
1988,44,5319-5332 and references therein. 
Tiyama and M.Kai, Tetrahedron Lett., 1982.23.2103-2104 
H.Horikawa, T.Nishitani. T.Iwasaki and I.Inoue, Tetrahedron Lett.. 1983,24,2193-2194 
C.Cativiela, M.Diaz de Villegas and E.Melendez, Tetrahedron, 1986.42.583-589 
L.Elrod, E.Holt, C.Mapelli and C.Stammer. J. Chem. Sot. Chem. Commun.. 1988.252-253 
W.Nagai and Y.Hirata, J. Org. Chem.. 1989.54.635-640 
All products gave correct elemental analysis. 
A.Ichihara, K.Shiraishi and S.Sakamura, Tetrahedron Lett., 1979.365-368 

- REFERENCES - 


