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Synthesis of (E)- and (Z£)-1-Amino-2-aryl(methyl)-
cyclopropanecarboxylic Acids via Spirooxazolones

Inmaculada ArgnAlL, Manuel Bernapi*, Eldiberto FERNANDEZ-
Awvarnz, Soldedad PrNabDEs

Instituto de Quimica Organica General del C.S.1.C., Juan de la
Cierva 3, 28006-Madrid, Spain

We have earlier described the synthesis of (Z)-1-amino-2-
aryleyclopropanecarboxylic acids via spirothiazolones'. Un-
fortunately, this method has up to date not proven suitable
for the preparation of the stercoisomeric (E)-derivatives.
Here we report a syathesis of both (E)- and (Z)-isomers of 2-
substituted 1-aminocyclopropanecarboxylic acids.

The starting (£)- and (Z)-4-methylene-2-phenyl-5 ( H)-
oxazolones (1) were prepared by known procedures®®. Ad-
dition of diazomethane to these compounds was stereoselec-
tive*>* and produced acceptable yields of the corresponding
spiro derivatives 2 (Table 1). However, (Z)-4-cthylidene-2-
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phenyl-5(4 H)-oxazolone (1g) gave an equimolecular mix-
ture of (E)- and (Z)-spiro derivatives (2g) and a third com-
pound 6; these products were separated by column chroma-
tography.

The attempted direct basic hydrolysis 2 -4 led only to the
corresponding  1-benzoylamino-2-aryl(methyl)-cyclopro-
panecarboxylic acids which resisted further basic treat-
ments*, while acidic hydrolysis caused cleavage of the cy-
clopropane ring, giving lactones 5*.

Spiro derivatives 2 were readily converted into the corres-
ponding methyl esters 3 in high yields by treatment with ab-
solute methanol containing catalytic amounts of sodium
methoxide (Table 2). Hydrolysis of esters 3 with hydrochloric
acid/acetic acid furnished the corresponding aminoacid
hydrochlorides 4. (Z)-Esters required refluxing times of
9-24 hours, and in most cases the resultant products (Z)-4
contained varying amounts of the undesired lactones 5,
which lowered the yields. Several recrystallizations were
necessary in order to obtain the pure aminoacid hydro-
chlorides. However, (E)-esters [and also aliphatic (£)-3g]
were hydrolyzed in 2--3 hours, producing very good yields of
the corresponding hydrochlorides 4.

The configuration of all compounds 2, 3, and 4 was estab-
lished by 'H-N.M.R. spectrometry. For splro compounds 2,
we have deduced’ that protons which are syn with respect to
the C==N group give a signal at lower field than that of the
anti protons. Cleavage of the oxazolone ring leads to an up-
field shift of the signals of the syn protons (by 0.5 -0.7 ppm)
so that the situation is reversed (Tables 1 and 2). In the cy-
clopropanecarboxylic esters 3 having an aromatic substitu-
ent R, the signal of the methoxy group shows an upfield shift
when the ester group is syn to the substituent R, probably due
to the anisotropy of the aromatic ring.

Melting points were determined on a Kofler Thermopan Reichert
apparatus and arc uncorrected: 'H-N.M.R. spectra were recorded
on @ Brucker WP-80 spectrometer. Analyses of the spectral data
were performed with a PANIC program.

Compounds 1 are preparcd as described previously?.

HCUH20/ACOH COOH
R"P<NH 2c®

(£)-7-Oxo0-5-phenyl-6-oxa-4-azaspiro] 2.4 hept-d-enes [(£)-2];
General Procedure:

A benzene solution of diazomethane ( ~ 50 mmol; 100 ml) is added
dropwise to a solution of the appropiate (£)-oxazolone 1 (20 mmol)
in benzene (50 ml) at 457C. Rapid evolution of nitrogen takes place.
The solution is then allowed to stand at room temperature for
10-- 12 h; excess diazomethane is destroyed with a few drops of acetic
and the solvent is evaporaled in vacuo to give a yellow syrup. Ether
(10 ml) is added, from which compounds (Z)-2 usually erystallize on
cooling. Recrystallization yields the pure spiro derivative (see Table
1).
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Table 1. Spiro Derivatives 2 prepared

HZ Q
R 90
H3 H N:j\CGH5
Product R Y(ki/cld"' m.p. [°C]® Molecular Formula® 'H-N.M.R. ((,‘NDAE‘i;;’TMSim),
%] or Lit. m.p. ["C] significant paramctérs

o [ppm] J[Hz]

H' H? H? Jip i Jaa
(E)-2a CeHs 50 112° 112 —11?—?” o 38 236 2 ‘
S 5 2 2-113 238 27 3.52 -55 9.6 9.2
(Z)-2a CoHjs 45 141-142° 143-145°% 233 224 320 =53 8.7 9.7
({E)-Zb 4-HJC——(,‘;(,H4 40 138-139° C,4H,sNO, (277.3) 232 2.3 344  -54 98 8.6
(Z)-2b 4-H,C—C H, 60 147-148° C,H,sNO, (277.3) 232 223 317 53 &7 9"7
({:")-Zc 4-H,CO—CH, 50 139--140° C,H (sNO, (292.3) 236 232 34 55 96 9.1
(Z)2c ’4-}'13(20~C,,H,1 55 123-124" C,H{sNO, (291.3) 230 223 317 =53 87 9%
(E)-2d 3-[—!3LQ—C,,H4 30 78-80° C,sH sNO; (2913) 23 234 349 55 94 9.3
(E)-Ze 4-('1—(‘(,H4 50 10-111° C,-H,,CINO, (297.7) 237 228 342 =35 9% 8.6
(%)-Ze 4-C l—C‘GH4 50 139-140° C,,H,CINO, (297.7) 228 225 315 55 85 9.8
(I:‘)-Zf 2-Cl—C H, 50 165-166° C,;H;CINO, (297.7) 242 228 347 =56 93 9.1
({E)-Zg CH;, 25 49-50" C,,H,;;NO, (201.2) 208 162 230 —49 92 8.6
(Z)-2g CH, 25 59-60° C,,H,;NO, (201.2) 1.68 193 211 —-4.7 83 9.3

: Yield of isolated product: not eptimized.
; All prqducts were recrysi.allizefi 1jr0m ethyl acetate, except for (£)-2g and (Z)-2g which were recrystallized from aqueous methanol.
The microanalyses were in satisfactory agreement with the calculated values: C 4 0.25, H +0.19, N £ 0.21.

Table 2. Methyl Cycloproparecarboxylates (3) prepared

HZ
R COOCH;
3
HoH il
0

1 NH—-C—CegHe

TH-N.M.R. (CDCl,/TMS;,),

Product R Yieldt  m.p. [°C]* Molecular Formula®
("] significant parameters
d[ppm] J[Hz]
H' H?* H' OCH; Ji, Jia Jaa
(E)3a  C¢Hs 90 195-196°  C,xH,,NO, (295.3) 171 231 296 334 =56 96 8.6
(Z)-3a CeHs 90 164165 C,xH,5NO; (295.3) 1.86 229 3.05 370 —6.0 80 9.3
(E)-3b 4-H,C—C.H, 9 219-220° CuoH oNO; (309.4) 170 230 291 334 —56 97 8.5
(Z)-3b 4-H,C—CH, 90 1511527 C,oH,sNO; (309.4) 1.80 230 3.00 372 —59 8.0 9.6
(E)-3c 4-H,CO—C,H, 96 188-189° CoHoNO, (325.4) 1.66 226 290 334 —-56 97 85
(Z)-3¢ 4-H,CO—C¢H, 95 174175 C,oH,yNO, (325.4) 1.78 229 298 371 —~59 79 96
(E)-3d 3-H,CO—C¢H, 95 189-190° CoH,,NO, (325.4) 171 230 294 330 —-55 98 85
(E)}3e  4-Cl—C.H, 80 1992007 CeH (CINO, (3208) 170 223 293 337 56 97 86
(Z)3¢  4-Cl—CoH, 85 165 166" C,gH,CINO, (3298) 182 224 303 370 —60 RO 95
(E)-3f  2-Cl—CgH, 90 221-222°  CaHCINO, (329.8) 197 247 283 339 —60 97 &5
(E)3g  CH, 85 154-155"  C,3H,sNO, (233.3) 14 ~1.6 ~1.6%3.75 4
(Z2)-3g  CH, 85 158-159"  C,3H,;sNO, (233.3) 096 181 193 371  —50 7.6 94

a Yield of isolated product; not optimized.

® All products were recrystallized from methanol.

¢ The microanalyses were in satisfactory agreement with the calculated values: C +0.31, H +0.24, N +£0.17.
4 Compound (E)-3g could not be throughly analyzed.

The reaction of compound (Z)-1g gives a mixture of three spiro  ( E)-’.'-()xo-5-phenyl-6-oxa-4-a7,aspir0[i!.4]hcpt-4-enes [(£)-2]; Gen-

derivatives, namely (Z)-2g. (%)-2g. and athird compound which was
characterized as 1.1 -dimcthyl-7-oxo-5-phenyl-6-oxa-4-azaspirov
[2.4Thept-4-ene (6). Isolation of the individual compounds may be
accomplished by column chromatography on silica gel using 1/7
benzene/hexane as cluent.

eral Procedure:

The (i%)-oxazolone 1 (20 mmol) is added portionwise to an ice-
cooled ethereal diazomethane solution (~ 50 mmol; 100 mi). The
resultant mixture is stirred in the coid for 10 h, excess diazomethane
is then destroyed with a few drops of acetic acid, and the solution is
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Table 3. 1-Aminocyclopropanecarboxylic Acid Hydrochlorides (4) prepared

2

H
R l COOH
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g NHBCR
Product R Yield?* m.p. ['C]* Molecular Formula® 'H-N.M.R. (D,0/DSS;,)"
[%] or Lit. m.p. [*C] signtficant parameters

3 [ppm] JIH7]

H! H? H3 Jis Jis J23
(E)-4a C¢Hs 85 208--209 20878 1.95 2.20 3.18 —-6.9 103 8.5
(Z)-d4a CyHs 60 218220 218220718 1.95 2.09 3.34 ~7.1 8.2 10.1
(E)}4b  4-H,C—CH, 80 198-199°  C,,H,,CINO, (227.7) 193 219 314 70 105 89
(Z)-4b 4-H,C—C.H, 35 191-192" 191 19271 191 205 323 ~7.0 83 100
(Z)4c¢ 4-H,CO—C H, 28 198-199 1981991 190 2.06 322 70 84 100
(E)-4d 3-H,CO—CH, 76 188-190" C,,H,,CINO, (243.7) 1.81 205 302 -70 104 8.8
(E)-de 4-C1—C,H, 82 230-232" C,oH,,CI,NO, (248.1) 196 219  3.15 ~‘Z.l 10.5 88
(Z)-4¢ 4-Cl—-C,H, 50 190-191 190 191! 1.89 2.07 3.25 -0.8 8.3 9.6
(E)-4f 2-Cl—-C H, 88 229-231 CyoH, CILNO, (248.1) 202 219 310 -—7.0 103 8.7
(E)-4g CH, 90 207--208 CsH,,CINO, (151.6) 1.54 1.46 1.76 —-6.1 10.3 8.9
(Z)-4g CH, 84 225 227 1.14 1.71 1.90 —&.5 7.4 94

C.H,,CINO, (151.6)

* Yield of isolated product; not optimized.

* All products were recrystallized from absolute ethanol/ether and decomposed on melting.
¢ The microanalyses were in satisfactory agreement with the calculated values: C +0.26. H +0.17, N +£0.27.

4 DSS = sodium 4,4-dimethyl-4-silapentancsulfonate.

filtered. The solvent is removed in vacuo; compounds (£)-2 usually
crystallize at this stage. Recrystallization affords the pure products
(Table 1).

Methyl  1-Benzoylamino-2-aryl(methyl)-cyclopropanecarboxylates
(3); General Procedure:

A solution of the (E)- or (Z)-spiro compound 2 (10 mmol) in ab-
solute methanol (50 ml) containing a catalytic amount (~ 5%) of
sodium methoxide is stirred until the starting material has disap-
peared (as evidenced by T. L.C.). Compounds 3 usually crystallize on
cooling of the mixture. In some cases, removal of the solvent is vacuo
is necessary to obtain the esters 3.

1-Amino-2-aryl(methyl)-cyclopropanecarboxylic Acids (4); General
Procedure:

A mixture of the appropriate ester 3 (5 mmol), glacial acetic acid
(20 ml), and 12 normal hydrochloric acid (20 ml) is refluxed for
2-24h. Esters (£)-3 and (Z)-3g are hydrolyzed within 3 h, esters
(Z2)-3a-drequire 912 h, and ester (Z)-3f requires 20-- 24 h for com-
plete hydrolysis. The solvent is then removed in vacuo and the result-
ant solid recrystallized from absolute ethanol/ether. From the (Z)-
esters, a mixture of hydrochlorides 4 and lactones 5 is obtained;
several recrystallizations are necessary to obtain the pure products 4.
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