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INTRODUCTION 

1-Amino-l-cycloplopsnecarboxylic acids (ACC) attract special attention, due to their diverse documented 

biological activities.* Several procedures for the prepamdon of this class of amino&is have been described.*-9 

Obviously, due to the strict stereochemical requisites of biological receptors, it is necessary to obtain pure 

enantiow for studying biological interactions. Most of the qunted optically pure enaatio= of cyclopropaue 

amino acids have been produced by resolution of racemic mixnues .to The first asymmetric synthesis of a ACC 

was published by Pimmg et uI’t for (lR, 2S) and (lS, 2R)-2-methyl ACCT. Marco12 pqared (W, 2R)-2cthyl 

ACC (allocoronami c acid) although in low yield and moderate optical purity. Fkungls reported the maration 

of (1R. 2S)- and (IS, 2R)-Zhydroxymethyl ACCT. while Husson et 0114 described the synthesis of (IS, Up) and 

(1s. 2s) diastemoisomers of the sang compound, by two independent procedures. Sch6llkopfls proposed the 

useofachiralbislactimethacarbene,which~dymaybeappliedtothe~~synthesisofthiskind 

of compounds, but has been employed so far to prepare a meso-2.3disubstituted ACC. SaMin et ~116 have 

synthesized (1s. 2.Q2-methyl ACC (norcoronamic acid) by transformation of (S)-methyl 3-hydroxy-2- 

methylpropionate, and Viallefont et alI7 have described the preparation of (1s. 2R) and (lR. 2R)-2-methyl 

ACC, starting Erom alkylidene derivatives of a cyclic glycine-condenaai pinanone, but the monuol of the 

reaction is low and unresolved mixtures of coronami c and allocoronamic acids an produced when the 

propylidene derivative is used as starting mata%. Williams eral have rqortedl* on the synthesis of coronamic 

e Dedicated to Pmf. E. Fern&n&z-Alvmz on occasion of his 65th birthday 
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and norcoronamic acids by using chiral diphenyl-l&oxaxine derivatives. Burgess et d*s synthesixed 

cyclopropane analogs of omitine, arginine and methionine and finally, de Meijere and Meyer&’ the preparation 

of 2-substituted I-aminocyclopropanecarboxylic acids in optically pure form. It seems evident that finding 

inexpensive and general synthetic methods for obtaining enantianuically pure forms of these compounds is still 

convenient. 

We have reported a simple method to obtain racemic (Z)- and (E)-1-amino-2- 

aryl(alkyl)cyclopropanecarboxylic acids, starting from inexpensive 4-arylideneoxaxolones.3 This still appeared a 

convenient approach for asymmetric synthesis, provided pertinent modifications of the starting syntons were 

made in order to introduce in the molecule monochiral groups which might iaduce asymmetric cycl~on, 

the key step in the process.1 

RESULTS AND DISCUSSION 

Cleavage of (Zj-2-phenyl4benxylideneoxaxolone with (R>isopropyl ma&late in the presence of 

p-toluenesulfonic acid or N-methylephedrine with sodium hydride gave good yields of the corresponding 

u-benzamidocmnama tes 1 (Scherrz 1). Diastemoselective cyclopropanation of these compounds was perfotmed 

via 1,3-dipolar cycloaddltion of diaxomethane at 0 OC to give diastemomeric mixtums of the corresponding 

pyraxolines 2 + 3. The diastereomeric ratios (60 : 40 and 65 : 35, respectively) were detennimd on the crude 

mixtures by tH-NMR analysis. Early attempts with lactate derivatives and mandelic esters other than the 

isopropyl compound gave poorer results. 

4 

3 

Scheme 1 

Photolytic decomposition of 2a and 3~. which were isolated by flash chromatography, produced the 

respective cyclopropyl compounds 4a and 5a. Acid hydrolysis of those gave the desired phenylcyclopropyl 

aminoacids (1s. 2$l-6 and (lR, 2.Q-6. Attempts to isolate 2b and 3b led to isomeriration to A* pyrazolines. As 

an alternative, the mixture of At pyraxolines was photolytically converted into a diastereomeric mixture of the 

cyclopropyl derivatives 4b and Sb which were then separated by flash chromatography. Hydrolysis of the major 

compound (4b) led to aminoacid (lg. zr)-6, identical to that obtained from 4a. 
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The absolute configuration of all these compounds wcm deduced on comparison with those ObtailKd 

from compounds lla and l3 (see below). 

Searching for better diastcrcoselcctivity we further studied cyclopropanation of the rigid 

diketopyperazincs 7a,b (Scheme 2). also obtained by cleavage of the cormspondiug oxaxoloncs witb S-proline 

and further cyclization of the msulting c+acylaminocinnamams.21 Addition of diazom&an etothoseproducts 

gave compounds &,b and 9a,b in diasmmomeric ratios > 95 : 5. Photolysis of 8s under the usual conditions 

afforded the spiroderivative 110 (90%). while analogous treatment on 8b produced a mixture of compounds, 

from which llb was isolated in 25% yield. The minor diastcmoisomer 94 was isolated from the mother liquors 

after crystallixation of &, and was also photolyxcd to give 12a. On the other hand, a mixture of compounds 

12b (25%) and 10 (25%) was obtained by rcfluxing 9b in toluene. Although the yield is similar to that 

obtained by photolysis, isolation of the spirocyclopropane was easier, since pyrolysis produced much less 

byproducts than photolysis in this case. 

r.R-MO 
b,R-Ph 

11% b 

Scheme 2 

Acidic hydrolysis of lla gave 75% of amiuoacid (lR, 2R)-6, together with a small amount of stiryl 

glicine.z Dcafzetylation of the maj or sp iroduivative lla under smooth acidic conditions led to 13, which was 

used for x-ray studies (see below). 

In order to synthesize the mom appealing alkylcyclopropanecarboxylic acids, some (Z)_2-phenyl-4- 

alkylidcnc-5(4H)-oxlones were prepared by known methods= and Schmidt’s procalur& was used to 

convert them into the cormsponding diketopipcraxines 14 (Scheme 3). As iu the case of the bcnzylidene 

derivative, addition of diaxomethane gave the corresponding pyraxolines. but problems arose again in the 

photolytic reaction of these compounds, which led to complex mixtures of products. The change of the 

protecting group seemed advisable; so we first obtained cClmpounds 15 by reacting the appropriate derivative 14 

with glycinemethyl ester hydmchloridc and trictbylaminc.21 lbc synthesis of the N-acctyl derivatives (16 R* = 

AC) was first attempted but these compounds were unstable. F&rally. N-(&Mnuoxycarbonyl~s 

(16; R* = Boc) were synthesized in good yiels by treatment of 15 with di-rert-butyl dicarbonate, 4- 

dimethylaminopyridine and uietbylamine. Dikctopipcraxi~ 16 were then reacted with We, followed 
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by photolytic treatment to produce mono&ml sphocyclopropanes 18. Acid hydrolysis of the last gave, after 

removing the starting S-proline through an ion-exchange column24 and recrystallixation from ethanolkliethyl 

ether, the cotresponding (ZR. 2S)-l-arnino-2-allryl~y acids (6). 

R’ - R’ - R’ 

-RI 

14 15 16 17 

R’ = a, f’h; b, Me; c, Et, d, ‘PI 
R* -AC,& 

18 6 

Scheme 3 

We further tried to obtain the peptide 21 (Scheme 4). for which we attempted to selectively split the 

peptidic bond with the secondary nitrogen in 13. Kinetic studies on the hydrolysis of diketopiperaxines have 

shown*s the difficulties of such selective splitting. After unfruitful attempts under both acidic and basic 

conditions we decided to prepare the ethoxy derivative 19, which was easily achieved in 90% yield by tmatment 

of l3 with F4BOEts (Scheme 4). However, acid hydrolysis of 19 led to recovery of dihetopiperaxine 13, while 

mild basic reaction with potassiun carbonate gave unchanged 19. As an alternative, compound l&t was 

carefully hydrolyzed with 1N NaOH to give 90% of the protected dipeptide 20, no epimekation in the proline 

moiety was observed. Attempted acid hydrolysis or thermal elimination of the protecting group in the last 

derivative led only to cyclization to the starting material 13. However, treatment of 20 with tert- 

hutyldimethykilyl iodi$e under neutral conditions gave il in 6096 yield 

/IvI 
II.. N 

Ph HN 
%JJ 

‘. 

Ok 

- Phy* -J+~” 

O’;l 

13 la 20 

I 
p&N? 

2 COOH 
2l 

Scbtmt 4 

The absolute configuration of all compounds was established by comparison with derivatives &, 9a, 

11a, fi, 13. and literature [c#, Vdlld Of the fil'ld ACC. 
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The rH-NMR values for compounds 8 - 12 were optimized with the iterative program PANIC. Relevant 

lH-NMR values (ppm) for 8a. 9a. lla, and 12a arc shown below: 

Assuming that 13dipolar cycloaddition must take place mainly on the less hindered face, the major 

compound should have structure 8a and the minor one the configuration 9a. This assumption is supported by 

the chemical shift values of H-3, strongly deshielded in 9a, as compared with those in 8a, because of the 

proximity of the C = 0 group in the former. In addition, the proton on the chiral center of the proline moiety 

(H-lp) is strongly shielded in compound 8a (AS = -1 ppm as compared with 9a) probably due to the anisotropy 

of the phenyl ring. 

Simiiarly, H-3 in compound lla appears 0.8 ppm upfield as compared with that in compound 1211, 

because of the deshielding effect of the C = 0 group. In this case, this effect can also be detected in protons H-l 

and H-2 (values 2.6 - 2.3 in lla, and 1.5 - 1.6 in 12a). A moderate upfield shift (0.4 ppm) of H-lp is now 

observed in derivative lla, which seems also produced by the anisotropy of the phenyl ring, more distant in this 

case than in compound 8a. 

Figure 1. Molec~Iar strucm27 of compound 13 with the numbering system used in the crystallographic work 
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Those assignations were corroborated by X-ray studies on spimderivative 13. Table 1 gives the main 

geometrical characteristics of the molecule (Fig. 1 and 2). It may be noticed the diffemnt planarity around N3A 

and N6, where the angles around are 358.6(2) and 359.7(2W, respectively. The packing, involving the hvo 

oxygen atoms in hydrogen interactions, seems to elongate the CO bonds, the angles NCC, opposite to the 

double bonds, beiig less than 120”. 

Cl-c? 

Ez4 
C4-C5 
c5-N6 
c5-C3’ 

z-% ‘_ ’ 

C2-C1-C7A 
g-;C!c3& 

N3k4kM 
C5-C4-04 
C4-G-C2 
C2’-C5-C3’ 
N6-C5-C2 
C5-N6-H6 
N6-C7-07 
C7A-C!7-07 
Cl-C7A-C7 
c5-c2’-Cl” 
C3’-C2’-Cl” 

Table l.Sc~geometricslpcaameteas (A,‘) 

1.528 (5) CLC7A 
1.528 (5) C!3-N3A 
1.333 (3) N3A-C7A 
1.501 (4) C4-04 
1.433 (3) C5-C2 
1.486 (3) N6-C7 
1.511 (4) C7-07 
1.493 (4) c!z’-Cl” 

1.514 (4) 
1.468 (4) 
1.468 (4) 

120.6 ii) 
117 (3) 

Cl-C2-C3 
C3-N3A-C7A 

%E!gA 
C4-o-c31 
c4-C5-N6 
;;-;c!g 

&N6-H6 
N6-C7-C7A 
N3A-C7A-C7 
E;y2A+&;A 

C5:C3& 

C7A-N3A-C%C!5 
C4-SN6-0 
N&C7-C7A-N3A 
CIA-C!l-C2-C3 
C2-C3-N3A-C!7A 
C&Cl-C7A-H7A 
N3A-C4-B-C2 

113.2 (2) 
109.3 (2) 
103.4 (2) 
58.7 (2) 
62.3 (2) 

11.3 (4) 
%-?3&zE7 
C5-&C7-&A 
g-C!l!lAi;A 

C3:N3A-&A-Cl 
C2-Cl-C7A-C7 
N3A-WCS-C3 
N6-C5-W-Cl” 
C2’-C5-N6-C7 
c l”-c2’-C3’-c5 
C3’-C5-N6-C7 

N6 . . . . . . . . . . . 04i 
N6-H6 
H6 . . . . . . . . . . . 04i 
N&H6 

i = -x, 1/2y, -2 

-32.4 (3) 

c4-c5-W-Cl” 
C5_c2’_Cl”_c2” 
CY-a-c1 “-c2” 
C3’-C5-c2’-Cl” 
H2’-C2’-C3’-C5 

2.868 (3) C3’........... 07ii 
0.79 (4) C3’-H3B’ 
2.08 (4) H3B’......... 07ii 
176 (4) C3’-H3B’....07ii 

ii = -x, -lr.z+y. -2 

-113.2 (3) 

3.299 (4) 

The conformations of the fused 6.5~memM rings are, respectively, a distorted boat, mom puckend 

around C7A, and quite a regular envelope, flapping at Cl. Taking into account the internal conformation of the 

six-membered ring, the 3-membed ring comes out quite ~gularly: the angles between the planes formed by 
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CS, C2’, C3’ and N6, C5, C4 is 84.9(2) and the differences between the substituent torsion, N3A-C4-C5- 

C3’/C2’. CI-N6-C5-C3’/C2 and the corresponding internal ones, N3A-C4-CS-N6, C7-N6-C5-C4. am around 

146”. The phenyl ring conforms such that the torsion C2”-Cl”-C2’-C3’ is near zero (see Table 1). 

The configuration of the molecule has been assesed from the chemical synthesis, which established an S 

character for the C7A atom. Then, C5 and C2’ present an R character, as described by the configurational 

angles, p1 +120° for the R configuration: 

pr(C7A) = z(C2-Cl-C7A-N3A) - z(C2-Cl-C7AH7A) -117” 

pr(C5) = z(Cl”-C2’-C5-N6) - z(Cl”-Cz-C5-C33 +105O 

pr(2’) = r(C5-C3’-C2’-C5) - z(C5-C3’-CL’-l-l23 +looO 

This criterion is equivalent to the rotation sequence, but avoids the reference to any figure.28 

The compound packs in the crystal as chains along the b axis (see Fig. 2). with two hydrogen 

interactions as shown in Table 1. 

Figure 2. The crystal packing27 of compound 13 as viewed down the c axis 

Concluding remark3 

Using N-methylephedrine or mandelic esters as chiral auxilhuies, we have obtained both enantiomers of 

(Z)--2-phenyl ACC. Although the d.e. of the cyclopropanation of the corresponding arylcim~amic esters was 

low, the resulting two diastemoisomers were easily separated by chromatography and/or recrystallimtion 

On the other hand, the high e.e. and yields obtained via diketopiperazines from S-proline and oxazolones 

makes this a good and quite general method to synthesize enantiomerically pure (Zj-2-alkyl(ary1) ACC 

EXPERIMENTAL SECTION 

General methods. Melting points were taken using a Kofler hot-stage apparatus and are uncorrected. Thin- 
layer chromatography (TLC) was performed on alununium sheets precoated with silica gel (Merck, Kieselgel60, 
F 254). Column chromatography separations were effected on silica gel (Merck, Kieselgel60,230-400 mesh) 
under pressure (flash chromatography). lnfmred spectra were measured with a Perk&Elmer 681 spectrometer 
for KBr pellets and are given in cm-r units. ‘H-NMR spectra were recorded in CDCl3 on a Varian XL300 
spectrometer, unless otherwise stated. rsC-NMR spectra were recorded on a Bruker AM-200 (50 MHz). 
Chemical shifts am reported in 6 units downfield from Me& and J values in Hz. Observed rotations at the Na- 
D line were obtained at 20 ‘C using a Perkin-Blmer 141 polarimeter. Photolysis were carried out in a Pyrex-cell 
with an Osram HQL125 W lamp for solutions in dry benzene, under argon atmosphere. 
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(R)-l-Isop~~sy~rbonylkazgl P-benzamidocinnamate (la). A mixtuxe of (R)-’ 
(2.3 g. 12 mmol), (z)-2-phenyl-e~~~enzylidcne-5o-oxazolone (2.5 g, 10 mmol) andp~ti~~i 
mohohydrate (0.2 g, 1 mmol) in tetrahydrofumn (50 ml) was rduxd for 24 h. The solvent was tkn removed 

in vacua and the residue was dissolved in CH,Cl, and neutmlized with aqueous NaHCOs. The organic layer 
was separate& washed with water and dried over sodium sulfate. After evaporation to dryness the residue was 

chromatographed @tOAc-hexane 5: 1) to yield 3.1 g (70%) of Ia , as a solid, m.p. 109-l 11 OC; [all, = -58 (c = 
0.67, CHC13); IR 3240, 1750. 1725, 1650; IH-NMR 1.10 and 1.20 (2 d, J = 6.0.6H), cu 4.5 (m, lH), 6.00 
(s, H-I), cu 7.6 (m, 16H); 13C-NMR 21.4, 21.6, 69.6, 75.7, 123.9, 127.4, 127.5. 128.6, 128.7, 129.1, 
129.6, 129.9, 132.0, 133.5, 133.8. 133.9, 164.6, 165.8, 168.0; MS 249 (13), 107 (48), 105 (100). 79 (22). 
77 (43). 
(I& 2S)-1-Phengl-2-dimetbylaminopropyl 2-beozamidocinnamate (lb). To a solution of (-)-N- 
methylephedrine (626 mg, 3.5 mmol) in dry THP (30 ml) at 10 “C under argon atmosphere, a catalytic amount 
of HNa (60% dispersion in mineral oil) was added. After 10 min at room temperature, (Z)-2- henyl-4- 
benzylidene-5(4H)-oxazolone (884 mg, 3.5 mmol) was added. The mixture was stirred for 2 h, tE e solvent 
removed in vacua and the residue chromatographed (CH&!l,-WOH, 98:2) to yield 1.4 g (91%) of lb as a 

white solid, mp = 64-65 OC, [a]o = +95 (c = 1.1, CHC13); IR 3300,1725,1660.1650; rH-NMR 1.13 (d, 3H, 
J = 6.1). 2.35 (8, 6l-I). cu 2.95 (m, lH), 6.13 (d, lH, J = 4.5). cu 7.6 (m, 15H); 13C-NMR 9.37, 41.17. 
63.69, 77.32, 124.4, 126.2, 127.2, 127.4, 128.1, 128.3, 128.5, 129.3, 129.6, 131.8, 132.5, 133.7, 133.8, 
139.6, 164.32, 165.60. Anal. C&d. for t.&H2sNZ03: C. 75.67; H, 6.59; N, 6.54. Found: C, 75.41; H, 6.65; 
N, 6.91. 
Syuthesis of the pyrazoiines 2a and 3a. To an emereal solution of diazomethane (1.26 g, 30 mmol) at 
0 “C!, compound la (4.43 g, 10 mmol) was added ortionwise. The mixture was kept for 5 days at this 
temperature, being monitored by TLC. Anhydrous Ca El 2 was added. The solution was filtered and evaporated 
to dryness in vacua. The diastereomeric mixture 20 + 3a was chromatographed (benzene-ether, 61) to yield 2a 
(2.3 ,48 %) and 3a (1.6 g, 33%). 
(0f-Isopropoxycarbonytbenzyi (3R,4R)-3-benzamido-4-phenyl-l-pyrazollne-3-carboxylate 
(2a). White solid, mp = 125-126 ‘C; [a]o = -129 (c = 0.8, CHC13); IR 3420, 1770, 1740, 1615; rH-NMR 
(CsDe) 0.88 and O.% (2 d. 6H. J = 6.2). 4.33 (dd, lH, J = 7.8, J = 2.5). 4.87 (dd, lH, J = 18.0, J = 7.8). 
4.94 (m, lH), 5.01 (dd, lH, J = 18.0, J = 2.5). 6.21 (s, HI). cu 7.1 (m, 15H). 
(R)-1-Isopropoxycarbonylbenzyi (3S, 4S)-3-benzamido-4-phenyl-l-pyrazoline-3-carboxylate 
(3a). White crystals, mp = 133-134 “C; [a]o = 0 (c = 0.9, CHC13); IR 3410, 1745, 1650; rH-NMR (CsDs) 
0.86 and 1.01 (2 d, 6H, J = 6.2), 4.46 (dd, lH, J = 4.0, J = 8.1). 4.% (dd, lH, J = 17.9, J = 8.1). cu 5.0 (m, 
HI), 5.21 (dd, 1H. J = 17.9, J = 4.0). 6.20 (s, lH), cu 7.09 (m. 15H). 
General procedure for the synthesis of cyciopropyl compounds 4 and 5. A solution of the proper 
2a, 3a or 2b/3b (cu 1 mmol) in dry benzene (200 ml) was photolyzed under argon atmosphere until 
disappearance of the starting material (ccl 6 h). The solvent was then removed in vacua and the residue purified, 
either by crystallization (4a. Sa) or by column chromato8raphy (2bMb) (3% MeOH : CH,cl;). 
(R)-1-Isopropoxycarbonylbenzyl (W, 2S)-1-benzamido-2.phenylcyciopropanecarboxylate 
(4a). Obtained from 2a (0.48 g, 1 mmol) as above, giving 0.36 g (80%). as a white solid, mp = 199-201 OC; 

[a], = -86 (c = 0.5, CHC13); IR 3350, 1760, 1740, 1655; iH-NMR 1.15 and 1.28 (2 d, 6H, J = 6.2). 1.97 
(dd, IH, J = 6.2, J = 8.2). 2.45 (dd, lH, J = 9.4, J =6.2), 3.12 (dd, lH, J = 9.4, J = 8.2), 5.06 (m, H-l), 5.96 
(s, 1H). 6.08 (s, broad, HI). cu 7.3 (m, 15l-I); i3C-NMR 21.1, 21.4, 21.7, 33.1, 39.1. 69.6, 75.3, 126.9, 
127.4. 127.7, 128.5, 128.6, 128.7, 128.8, 129.1, 131.7, 133.7, 134.1, 134.2, 168.1, 168.4, 170.9; MS 280 
(19). 105 (100). 77 (28). 
(R)-1-Isopropoxycarbonylbenzyl (lR, 2R)-1-benzamido2-phenylcyclopropanecarboxylate 
(Sa). From compound 3a (0.48 g, 1 mmol) we obtained 0.36 g. (80%) of a white solid, mp = 143-146 ‘C; 

]a]D = -13 (c = 0.5, CHCl,) IR 3340, 1735, 1650; rH-NMR 1.14 and 1.27 (2 d, 6H, J = 6.3). 1.95 (dd. lH, 
J = 6.4, J = 8.1), 2.43 (dd, 1H. J = 9.6, J = 6.4). 3.34 (da, lH, J = 9.6, J = 8.1). 5.05 (m, H-I), 5.94 (s, HI), 
6.04 (s, broad, II-I). cu 7.4 (m, 15H); MS 280 (20). 136 (8). 105 (lOO), 77 (23). 

Photolytic products of the crude mixture of pyrazoiines 2b + 3b as above were chromatographed (3% 
MeOH-CH&) to give 4b + Sb. 
(U?, 2S)-1-Phenyl-2-dimethylaminopropyl US, 2S)-1.beozamido-2-phenylcyclopropane 
carboxylate (4b). Yield: 197 mg (38%). White solid, mp = 119-122 (dec); [a], = -12.5 (c = 4.3, CHCl3); 
IR 3320, 1720. 16W; ‘H-NMR 0.98 (d, 3H, J = 6.7). 1.89 (dd, IH, J = 6.0, J = 8.1). 2.30 (dd, lH, J = 6.0, 
J = 7.6), 2.32 (s, 6H), 2.83 (dq. lH, J = 6.7, J = 4.2). 3.08 (da, lH, J = 8.1, J = 7.6). 6.00 (d, lH, J = 4.2). 
cu 7.3 (m, 1OH); Anal. Calcd. for C2sH3&03: C, 75.99; H. 6.83; N, 6.33. Found: C, 75.80; H, 7.10; N, 
6.36. 
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Anal. C&d. far C!&I2&2O4: C. 59.98; H, 7.19; N, 9.99. Found: C, 60.05; H, 7.43; N, 9.79. 
6-tart-Butoxycarboayl-(Z)-5-propylidene-(7aS)-3a,6-diazaperhydroindane-4,7-dione (16~). 
Yield: 2.25 g (75%). White solid, mp = 93-94 Oc, [a]D = -6 (c = 1.53, CHCl3). lH-NMR 6.23 (dd, 1H. J = 
6.9, J = 8.1). 4.01 (t, 1H. J = 8.1). 3.53 (m, 2H). 2.35 (m, 2I-i). 2.1-1.8 (m, 4Ii). 1.45 (s, 9H), 1.01 (t. 3H, 
J = 7.5). 13C!-NMR (C6D6) 166.7. 161.6, 151.1, 131.8, 130.9. 84.9, 59.7, 45.5 , 28.3, 28.3, 23.2, 22.1, 
13.3. IR 1780, 1750, 1680, 1650. Anal. Calcd. for C15H22N204 : C, 61.21 H, 7.53; N, 9.52. Found: C. 
60.99; H. 7.60; N, 8.99. 
6-tsrt-Butoxycarbonyl-(Z)-5-isobutylideoe-(7aS)-3a,6-diazaperbydroindaae-4,7-dione (16d). 
Yield: 1.8 g (57%). White solid, mp = 123-125 “C; [a]D = -3 (c = 2.4, CHCl3). lH-NMR 6.09 (d, lH, J = 
11.0). 4.02 (t, lH, J = 7.9), 3.54 (m, 2H), 2.4-1.8 (m, 5H), 1.53 (s, 9I-l). 1.05 (d, 3H, J = 6.5). 0.98 (t, 3H, 
J = 6.5). 13C-NMR 166.4, 161.7, 149.9, 137.3, 127.8, 85.0. 59.5, 44.9, 27.6, 27.1, 23.0, 22.6, 20.0. IR 
1760, 1750. 1740, 1715. Anal. C&d. for C16H24N204 : C, 62.31; H, 7.85; N, 9.09. Found: C, 62.18; H, 
7.88; N, 9.26. 
Synthesis of pyrazolines 17. General procedure. A benzene solution of diazomethzne was. added 
dmpwise to a stirred solution of N-rert-butoxicarbonyl derivatives 16 (4.2 mmol) in benzene. The solutton wzs 
stirral for 7 days at r.f and treated with znhydrous calcium chloride to destroy excess of dizzomethzne. After 
removal of the solvent, a few ml of etha were added. Compounds 17, which deposited on cooling, were 
collcctedbyfillrztionand 
6-tert-Butoxycarbonyl-( pe-4,7-dione-g-spiro-3’-[(3’S, =T * 4’S)-4’- 
methyl-I’-pyrazoline] (17b). Yield: 1.2 g (86 %). White solid, mp = 115-118 “C, [a]D = 0 (c = 1.15, 
CHC13). 1H-NMR 4.82 (dd, 1H. J = 8.7, J = 18.2). 4.45 (dd, lH, J = 4.9, J = 18.2), 4.10 (dd, lH, J = 6.8, J 
= 9.5). 3.6-3.4 (m, 2H), 2.5-1.8 (m, 5H), 1.42 (s, 9I-I). 1.08 (d, 3H, J = 7.2). 13C-NMR 166.7, 162.4, 
149.6, 104.6, 85.8, 85.6, 58.6, 33.3, 29.0, 27.5, 22.4, 14.5. IR 1780, 1755, 1710. 1675. Anal. C&d. for 
C1sH22N40.,: C, 55.88; H, 6.88; N, 17.38. Found: C. 55.77; H, 6.84; N, 17.31. 
6-fert-Butoxycarbonyl-(7aS)-3a,6-diazaperhydroindane-4,7-dione-5-spiro-3’-[(3’S, 4’S)-4’- 
ethyl-1’.pyrazoline] (17~). Yield: 1.3 g (95%). White solid, mp = 138 “C; [a]D = -7 (c = 0.76, CHC13). 
‘H-NMR 4.78 (ckl, lH, J = 8.6, J = 18.2). 4.50 (dd, lH, J = 5.1, J = 18.2). 4.12 (da, lH, J = 6.6, J = 9.1). 
3.61 and 3.51 (2m, W), 2.5-1.8 (m. 5H), 1.44 (m. 2H), 1.40 (s, 9H), 0.88 (t. 3H, J = 7.3). 13C-NMR 
(CaDa) 167.0, 162.2, 151.5, 105.0. 85.0, 84.0, 58.6, 45.4, 41.3, 29.6, 29.1, 22.8, 21.9, 13.1. IR 1780, 
1750, 1720,168O. Anal. Calcd. for C1&4N404: C, 57.08; H. 7.19; N, 16.71. Found: C, 57.07; H, 7.10; N, 
16.50. 
6-lurt-Butoxycarbonyl-(7aS)-3a,6-diazaperhydroindane-~,7-dione-5-spiro-3’-[(3’S, 4’S)-4’- 
ko-propyl-1’.pyrazoline] (17d). Yield: 0.9 g (64%). White soh& mp = 135-138 OC, [a]D = +19O (c = 
1.1, CHC13). ‘H-NMR 4.84 (dd, lH, J = 8.9, J = 18.3). 4.52 (dd, lH, J = 7.2, J = 18.3). 4.15 (dd, lH, J = 
6.1, J = 9.8). 3.9-3.5 (m, 2H), 2.48, 2.11 and 1.89 (3m, 6H), 1.40 (s, 9H), 0.91 (d, 3H, J = 6.4). 0.60 (t, 
3H, J = 6.6).13C-NMR 169.3, 160.5, 152.1, 103.4, 85.7, 83.1, 59.1, 46.6, 41.6, 29.1, 27.4, 26.3, 23.5, 
22.3, 21.9. IR 1760, 1705, 1680. Anal. Calcd. for c!~7H~6N&: C, 58.28; H, 7.48; N, 15.99. Found: C. 
57.98; H. 7.46, N, 15.78. 
General procedure for the synthesis of spirocyclopropancs 18. A solution of the corresponding 
pyrazoline 17 (3 mmol) in dry benme (300 ml) was irradiated under argon using an &ram HQL125W lamp 
for 6-8 h. The solvent wzs evaporated and the residue recrystallized fmm ethyl acetate&xane. 
6-tert-ButoxycarbonyI-(7aS)-3a,6-diazaperhydroindane-4,7-dione-S-spiro-l’-[(l’R, 2’R)-2’- 
phenylcyclopropane (18a). Yield: 1.02 g, (95%). White solid, mp =167-169 OC! (dec) (EtOAc); [a]~ = -160 
(c = 1.0, CHC13); IR 1740, 1735. 1695; lH-NMR (C&) ca 1.1 (m. 2I-I). 1.33 (s, 9H), ca 1.5 (m, H-I), ca 1.9 
(m, lH), 2.24 (dd, lH, J = 7.6, J = 7.3), 2.37 (dd, lH, J = 9.8, J = 7.6), 2.77 (dcl, lH, J = 9.8, J = 7.3), ca 
3.0 (III, lH), ca 3.15 (m, U-I), 3.74 (t, lH, J = 7.8). ca 7.0 (m, 5H); 13C-NMR 15.6. 23.5, 27.1, 27.8, 32.7, 
45.0, 47.6, 60.2, 84.2, 127.5, 127.7, 128.6, 134.0, 150.6, 166.3, 169.5; Anal. Calcd. for C2~HUN204: C, 
67.42; H. 6.74; N. 7.86. Found: C. 67.3; H, 6.61; N, 7.98. 
6-fert-ButoxycarbonyI-(7aS)-3a,6-diazaperhydroindane-4,7-dione-S-spiro-l’-[(l’S, 2’S)-2’- 
methylcyelopropane] (18b). Yield: 0.75 g (82%). Colourless syrup. lH-NMR 4.12 (t. lH, J = 7.8). 3.48 
(m, 2H), 2.29 (m. 2I-I). 2.10 (dd, lH, J = 7.0, J = 9.3). 1.93 (m, 3H). 1.49 (s, 9H). 1.28 (m, HI), 1.12 (d, 
;y3J y3tO), 1.06 (t, 1H. J = 7.0). 13C-NMR 170.3. 166.8, 150.5, 84.5, 60.0, 44.9, 27.8, 27.0, 23.5, 21.8. 

6-ia;t-B;ioxycarbonyI-(7aS)-3a,6-diazaperhydroindane-4,7-dione-5-spiro-l~-[(l~S, 2’S)-2’- 
ethylcyclopropane] (l&). Yield: 0.93 g (99%). White solid, mp = 138 ‘C, [a]D = -7 (c = 0.6, CHCl3). lH- 
NMR 4.12 (t, lH, J = 7.9). 3.46 (m, 2H), 2.25 (m, 2H), 2.1-1.8 (m, 3H), 1.45 (s, 9I-I). 1.40 and 1.21 (2m, 
2I-0, 1.18 (m, lI-0, 1.04 (t, lH, J = 6.8). 0.95 (t, 3H, J = 7.2). WXJMR (C6D6) 170.0, 166.1, 151.7, 83.9, 
59.8, 45.0, 29.2, 28.4, 27.7, 27.4, 23.2, 21.6, 15.8, 13.5. IR 1740, 1680, 1670. Anal. Czlcd. for 
C16HaN204 : c, 62.32; H. 7.85; N, 9.08. Found: C, 62.54; H, 7.80; N, 9.14. 
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6-fsrt-Butoxycarbonyl-(7aS)-3a,6-diazaperbydroindane-4,7-dione-5-s ire-I’-[(I’S, 2’S)-2’- 
iso-propylcyclopro@el (l&l). Yield: 0.82 g (90%). White solid, mp = 148-l sg Oc; [aID = +1 (c = 1.21, 
CHCIJ). tH-NMR 4.32 (t, lH, J = 7.8). 3.50 (m, W). 2.31 (m, 2H). 2.1 -1.9 (m. 3m.1.52 (s. 9H). 1.47 
(m. 1I-Q 1.15 (d, 3H. J = 6.5), 1.13 (dd, lH, J = 4.5, J = 10.3). 0.98 (d, 3H, J = 6.8). 0.88 (dd, lH, J = 
4.5, J = 8.5). 13C-NMR 171.6. 167.0, 151.4, 84.6, 60.3, 46.5, 44.8, 30.2, 27.7, 26.9, 26.2, 23.5,22.7, 
23.6, 19.0. IR 1750, 1735, 1680. Anal. Calcd. for C,,Hz6N20,: C, 63.33; H, 8.13; N. 8.69. Pound: C. 
62.98; H, 8.28; N, 8.56. 
Synthesis of cyciopropane amino acids 6b-d. General procedure. A solution of the proper 
spirocyclopropane-der~vative 18 (1.8 mmol) in 12 ml of concentrated hydrochloric acid/ acetic acid (3~1) was 
mflmed for 24 h. The reaction mixture was washed with dichlomme&ane. 7llCagueousphasewa9tnatedwith 
charcoal. filtered, evaporated in vucuo and loaded on an ion-cxchan e colum (Amherlite CG-120, Na+ form). 
Amino acids 6b-d amI S-prolinc were eluted from the column with 1 .2M ammonium formate at different PH. 
The ninhydrin-positive fracdons of each amino acid wen combined and lyophiked. 
(IS, ZR)-I-Amino-2-methyl-I-cyclopropanecarboxylic acid (6b). S-Proline was eluted with 0.2M 
ammonium formate at pH = 2.9 and 6b at pH = 4.3. Yield: 138 mg (69%). mp = 217-219 ‘C (dec); [a]~ = +70 
(c = 0.7, H20) [lit.% +73.5 (c = 0.4, HzO)]. 1H-NMR @20) 1.79 (m, Hi), 1.60 (dd, lH, J = 6.2, J = 9.9), 
1.15 (d, 3H, J = 6.5), 1.03 (dd, 1H. J = 6.2, J = 8.0). 13C-NMR (D20) 147.6, 39.4, 21.6, 21.4, 12.4. IR 
3600-2800.1730. 
(IS, 2R)-I-Amino3-ethyl-I-cyclopropanecarboxylic acid (6~) S-Proline was eluted with 0.2M 
ammonium formate at pH = 3.4 and amino acid 6c at pH = 4.5. Yield: 210 mg (76%). mp = 182-183 ‘C (lit.26 
183 “C); [a],, = +64 (C = 1.1. HzO) [likX +65 (C = 1.83, HzO)]. 1sNMR @O) 1.83 (m, lH), 1.69 (dd, 1H. 
J = 6.1, J = 9.9). 1.60 (m. lH), 1.44 (m, lH), 1.15 (dd, lH, J = 6.1, J = 8.0), 1.06 (t, 3H, J = 7.3). 13C- 
NMR @20) 174.5.28.8, 21.5, 20.3, 13.8. IR 3570-2500, 1730. 
(IS, 2R)-l-Amino-2-i~o-propyl-l-cyclopropanecarboxylic acid (ad). With 0.2M ammonium 
fonnate at pH = 3.2 was eluted S-proline and at pH = 4.1 compound 6d. Yield: 180 mg (55%). mp = 221-224 
(de+ [c& = +36 (c = 0.59, H20). lH-NMR @20) 1.47 (m. 2H), 1.15 (m, lH), 0.96 (m, 1H). 0.90 (d, 3H, 
J = 6.5). 0.83 (d, 3H. J = 6.5). 13C-NMR (D20) 174.3, 35.0, 28.8, 22.8, 22.5, 19.9. IR 3550-2700, 1730. 
(7aS)-3a,6-Diaza-7-ethoxy-3a,4,5,7a-tetrahydroindane-4-one-5-spiro-l’-[(1*~, 2’R)-2’- 
phenylcyclopropane (19). To a suspension of compound 13 (2.56 g, 10 mmol) in CH2C12 (25 ml), 
F4BOEt3 (3.8 g, 20 mmol) was added. The mixture was stirred for 24 h under argon atmosphen and poured on 
a cold (0 “C) phosphate buffer 2.2 M solution (pH = 7). The aqueous phase was extracted with CH2C12 (3 x 20 
ml). the organic extracts we= dried (Na$O4) and the solvent was removed in vacua to give a syrup which was 
chromatographed (EtOAc : Hexane 1: 1). Compound 19 (2.56 g, 90%) was obtained as a solid, mp = 98 ‘C 
(EtOAc). IR 1680, 1640; IH-NMR 1.05 (t, 3H, J = 7.1). 1.58 (dd, lH, J = 7.8, J = 4.6)~~ 1.9 (m, 3 H), cu 
2.2 (m, lH), 2.29 (dd, lH, J = 9.6, J = 4.6). 2.76 (dd, lH, J = 9.6, J =7.8), CCI 3.4 (m, HI), co 3.8 (m, H-I), 
3.86 snd 3.94 (Zm, 2H), 3.98 (dd, lH, J = 14.2, J = 7.1). Anal. Calcd. for C17H2&4: C.71.83; H, 7.04; 
N. 9.86. Found: C, 72.10; H. 7.30; N, 9.85. 
N-[(ZR, 2R)-l-furt-Butoxycarbonylamino-2-phenylcyciopropyl-l-carbonyll-(S)-proiine (20). 
To a solution of compound 180 (3.6 

# 
, 0.01 mol), in THF (100 ml), 1N NaOH (30 ml, 0.03 mol) was added. 

The mixture was stirred for 1 h, acid ed (10% HCl), and extracted with CH2C12 (3 x 50 ml). The solution was 
dried with Na2S0., and the solvent removed in vacua, and the residue (3.4 g, 90 46) recrystallked (EtOAc- 

hexane) to give 20 as a white solid, mp = 180-183 ‘C, [U]D = -10 (c = 0.4, CHC13); IR 3540-3160, 1730, 
1650; 1H-NMR (CT&, 70 “C) 1.24 (s. 9H). cu 1.6 (m, 4H). co 3.6 (m, 2H). 4.57 (s, lH), cu 7.1 (m, 5H). 
N-[(ZR, 2R)-l-Amino-2-phenylcyclopropyi-l-carbonyl]-(~)-p~line (21). A mixture of 20 (0.75 
g, 2.0 mmol), MeCN (20 ml). +BuMe$iCl(O.60 g, 4.0 mmol), and Nal(O.90 g, 6.0 mmol) was sdrred, under 
argon abnosphcrc, for 20 h. The mixture was then poured on a mixture of C!HC!l&O. The aqueous phase was 
washed with CHC13 and the solvent was runovcd in vacua. The residue was disolvcd in the minimum amount 
of water and the solution adjusted tu pH = 6 with Na$!O3. The solid produced (compound 21) collected by 
filtration and dried over PzOs. Yield: 0.33 g (60%). mp = 253-254 ‘C (dec); [U]D = +74 (c = 0.4, EtOH); IR 
3600-2850. 1690, 1570; 1H-NMR (D20) cu 1.7 (m, lH), 1.83 (dd, 1H. J = 6.4, J = 8.4). cu 1.85 (m, 2H), 
2.01 (dd, lH, J = 9.7, J = 6.4). cu 2.1 (m, lH), 3.14 (dd, lH, J = 9.7, J = 8.4), cu 3.2 (m, 2H), 4.03 (dd, 
lH, J = 8.4, J = 6.9), cu 7.2 (m, 5H); 13C-NMR (D20) 21.1, 24.9, 30.7, 34.0, 40.5, 47.7, 60.8, 128.9. 
129.2, 129.5, 129.6, 129.9 135.3, 172.0, 176.1. 

X-Ray Crystallography. The crystallography analysis is summarized in Table 2. The final atomic 
coo~G~tes, lists of the structure factors, thermal components and hydrogen pammeters have been deposited at 
the Csmtidge Crystallographic Data Center. 
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Table 2. Crystal analysis pammemmatroomtemperature 

ayslal data 

Formula 
Crystalhabit 
Crystal &r (mm) 

?I~Q~tion 

Unit cell dimensions 

Packing: v (As), z 
DC @m3). M, F(OO0) 

cr (cm-‘) 

Eqemmuttal data 

Technique 

Totalmeasurements 

Speed 
Number of nflections: 

zbz 

Standard reflections: 

Solution and refinement 

Solution 
Refinement 
parameters: 

Number of variables 

zu~fzrn 
H atoms 
Final shift/error 
Weighting scheme 

Max. thermal value 

FinalAFpeaks 
FmalRandR, 
Computer and programs 
scattering factors 

Least-squares tit from 75 
teflections (e < 450) 
9.5322 (4), 10.4779 (4). 6.6234 (2) A 

6.80 

Fourcimlediffmcmmda 
Ri=ctmggeomeoy 
Graphiteorieutedmonochmm%torzC& 

o / 28 scans, scan width: 1.6’ 
Detectorapertums 1.0 x 1.00 
Upto65’inO 
1 min. I mflec. 

1164 
1095 [30 (I) criterion] 
2 mtlections every 90 minutes 
No variation 

Dilectmethods 
L.S. on Fobs, full matrix 

235 

:!Y 
~lemnce synthesis 

Empirical as to give no trends in aA%+ 

vs. <IF,,& or <Sin 8 / ti 
u33 [WI = 0.133 (4) A2 
0.12 e.A-3 
0.034, 0.038 
VAX 1 l/750 XRAY76 Systems, Multan8030 
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