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Abstmct The DiebAlder reachon between both geometrx asomers (Z)- or (E)-2-phenyl-4-benzyIrdene-5(4H)- 
oxazokme and cyclopentaduxe IS siuaka! The cycloa&cts are converted mlo the ammo& through sttnple reactwns 

allowmg the synthesis of the four dl-paus of 2-ammo-3-phenylnorbornane-2-carboxylx ac& 

Whereas the synthesis of a-ammoaclds 1s a matter of contmual mterest’, the synthe~s of cycloahphat~ 

ammoaclds, especially those with a norbomane skeleton, which have noticeable blologlcal activlhes2. has 

scarcely been studled The parent compounds, 2-ammonorbomane-2-carboxyhc acids. can be obtmned by the 

Dds-Alder reaction between N-acyl-a,P-dldehydroalamnates and cyclopentadlene3, and usmg this strategy and 

the appropnate choral auxdmry, the asymmetnc synthesis of these compounds has recently been pubhshed’ 

Nevertheless, the Duels-Alder reaction between cyclopentatiene and N-acyl-a, @-dldehydmphenylalanmates does 

not lead to the correspondmg 3-substituted ammoacids. so an alternative and uneqmvocal synthesis of the four 

d,l-paus of 2-ammo-3-phenylnorbomane-2-carboxyhc acids has been pubhshed’ based on the use of the easdy 

avadable methyl (E)-2-cyanocmnamate as a dlenophlle and the subsequent transformahons of the cyan0 and 

methoxycarbonyl groups of the cycloadducts mto ammo and carboxyhc groups through well-estabhshed reactions 

which have controlled stereochemistry but mvolve several steps which decrease the total yield of the synthetic 

route 

In this paper we would hke to report the use of the avadable geometnc (Z)- or (E)-2-phenyl-4-benzyhdene-5(4H)- 

oxazolones as dlenophdes completmg m this way the first results previously reported6 to descrrbe an easy and 

uneqmvocal synthesis of the four d,l-pours of the titled compounds 
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RESULTS AND DISCUSSION 

Although the reacttvlty of 5(4H)-oxazolones 1s very well-known’ and that these compounds have proved to 

be very unportant mtermedlates m the synthesis of a-ammoacld denvahves very httle has been reported about 

their behavlour as Qenophlles To the best of our knowledge, apart from our prelunmary results6 ’ only the 

reaction of 2-phenyl-4-(3,4-methylen~oxybenzyhdene)-5-(4H)-ox~olone with Damshefsky’s &ene and related 

dtenes has been reported’ and it 1s important to pomt out that this reaction took place at high temperatures with 

low yields and stereochemical results were not determmed Both (Z)- and (E)-stereolsomers of 2-phenyl-4- 

benzyhdene5(4H)-oxazolones are easdy avatlable’ . The former 1s obtamed from benzaldehyde and hlppunc acid 

and the latter from the (Z)-isomer through an Isomemtion reachon usmg hydrogen bromde From these starhng 

compounds the desm~I ammoaclds were obtamed usmg the reacttons summarized m Scheme 1 

(Z)-2-Phenyl-4-benzyhdene-5(4H)-oxazolone reacts with cyclopentadlene m the presence of the 

correspondmg amount of Lewis acid to give a mixture of splroxazolones (for example, using a ratio 

cyclopentadlene/&enophllenRwls acid of 3/1/O 5 and working at -25” C, 95% of splroxazolones was obtamed 

after 2 h with a endo/exo ratio of 0 87) that could be hydrolyzed and the corresponding exo- and endo-N- 

benzoyl-a-ammoaclds jig and & were separated through a typical lodolactomzauon procedure 

On the other hand, all attempts at usmg the same methodology wltb (E)-2-phenyl-4-benzyhdene-5(4H)- 

oxazolone to obtam the other stereolsomers repeatmg the sequence of reacuons were unsuccessful since m the 

presence of L.e~s acids the par&al somenzatlon of the (E)-5(4H)-oxazolone to the thermodynamically more 

stable (Z)-5(4H)-oxazolone takes place and the mixture of all splroxazolones was always obtamed Moreover, 

urlthout a catalyst the mels-Alder reachon does not occur 

Several authors have reported that the use of water greatly increases the rate of Dds-Alder reacuons’ and, 

together ~th tis effect, an increase m endo/exo selectivity 1s sometimes observed In our case, although the 

n?actlon 1s very slow, (E)-5(4H)-oxazolone reacted with cyclopentadlene m the presence of water and, after six 

days at room temperature, a mixture of the correspondmg splroxazolones &, & (yield 9596, see expenmental 

section) was obtamed together with a 5% of the startmg dlenophde which could not be separated N-benzoyl-a- 

ammoacid h was separated through a typical 1odolactoNzatIon procedure but, in the filtrate, a mixture of !& and 

(E)-benzamldocmnanuc acid, from the opemng of the unreacted (E)-5(4H)-oxazolone, was obtamed. from which 

punfication of the desired product m a large quantity was difficult Alternatively, the mixture of acids was 

quanhtauvely estellfed with dlazomethane and the resultmg methyl esters were chromatographled, thus alloHrlng 

the obtention of compound 2, which was then hydrolyzed to obtam pure .!& 

The hydrolysis of the amide group of the four d,l-pours of 2-benzamldo-3-phenylblcyclo[2 2 llhept-5-ene- 

2-carboxyhc acids (sa, &, h, eb) does not occur m alkaline medium and If the typical acid conditions are used 

rearrangement of the blcychc nng takes place Therefore It 1s necessary fast of all to obtam the corresponding 

saturated compounds through heterogeneous hydrogenation usmg Pd/C as a catalyst. Once this has been done the 

hydrolysis of the benzamldo group occurs without problems m acid medium and the obtention of free a- 

ammoaclds takes place with propylene oxide using a typical procedure 

In conclusion, followmg this synthetic route the four d,l-pairs of 2-ammo-3-phenylnorbomane-2- 

carboxyhc acids were obtamed startmg from the easily avadable stereoisomers of 2-phenyl-4-benzyhdene-5(4H)- 

oxazolones and opening the way to a general procedure for the synthesis of 3-substituted 2-ammonorbomane-2- 

carboxyl1c acids 
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EXPERIMENTAL SECTION 

Solvents were punfied accordmg to standard procedures Analyucal TLC was performed by using &e&gel 60 

Fm plates Column chromatography was performed by usmg Kzselgel60 (230-400 mesh) tH and 1X-NMR 

spectra were recorded on a Vanan Umty-300 m CDC13 or DMSG-d6 with TMS as the mternal standard (the 

chemical shifts are reported m ppm on the 6 scale, couplmg constants m Hz) Meltmg points are uncorrected 

Mcroanalyses wem camed out on a Perkm-Elmer 240-B analyser and were m good ament v&h the calculated 

values figh Performance Llqmd Chromatography (HPLC) was camed out with HP-1090 M eqmpped with 4 6 

x 200mm column Hypersll Cl8 5 pm and monitored using a &ode array detector. Compounds 5, &, and ii& 

have been pre~ously descnbed6 

endo-3-Phenylbicyclo[2.2.l]hept-2-spiro-{4’[2’-phenyl-5’(4’H)oxazolone]}-S-ene (4a) and 

exo-3-Phenylbicyclo[2.2.l]hept-2-spiro-{4’[2’-phenyl-5’(4’H)oxazolone]}-5-ene (4B). 

Freshly distilled cyclopentadlene (1 30 g, 20 mmol) was added to a soluuon ot oxazolone 2 (100 g, 4 mmol) m 

acetone/H20 (3/l) (8Oml) After stimng for 6 days at room temperature, the solution was evaporated under 

reduced pressure and MeOH was added to the murture The residue (polymers of cyclopenta&ene) was filtered off 

and the filtrate was evaporated to @ve the crude products & and & (ratio w& = 80/20) as a slightly yellowish 

sohd which was used m the next-step without punfication, yield 120 g (95%). 

IH-RMN (CDC13, 8) 1 80-l 90(m, 2H, H7s h + H7s 48), 2 42(d, lH, J7a_7s=9 0, H7a 4a), 2 86(d, lH, 

J7a_Ts=9 0, H7a&), 3 04(s, lH, Hq&); 3 16(s. lH, Hq4h), 3 28-3 34(m, 2H, HI&+ H3u 4h), 3 42(s, lH, 

Ht 4a), 4 13(d, lH, J3x_4=2_8, H3x 4a>, 6 37-6 45(m, 2H, He & + H6 48). 6 73-6 78(dd, lH, J5_6=5 6, 

J5-4=3 0, Hg 4b). 6 80-6 83(dd, lH, J5_6=5 5, J5_4=3 1, H5 4a), 7 05- 7 65(m, 16H. Arom ), 7 88-8 lO(m, 

2H, o-Ph-C=N 4a), 8 19-8 26(m, 2H, o-Ph-C=N 4b) 

exo-2-Benzamido-exo-S-iodo-exo-3-phenyl-endo-6-hydroxybicyclo[2.2.l]heptane-endo-2- 

carboxylic Acid Lactone (5). 

13C-NMR(CDC13, 8). 29 6(C5), 35 7(Q), 47 7(C3), 50 6(Q), 55 l(Q), 62 O(Q), 86 2(Cg), 126 6, 128 5, 

128 7, 128 8, 129.5, 132 0, 132 7, 134 O(Arom ), 165_9cONH), 175.OcO) 

exo-2-Benzamido-exo-S-iodo-endo-3-phenyl-endo-6-hydroxybicyclo[2.2.l]heptane-endo-2- 

carboxylic Acid Lactone c6). 

TO a soluhon of the crude mixture of m (from 4 mmol of 2> m THF (30 ml) was added 5% aq NaOH (20 ml) 

and the mixture was stirred for 30 mm at room temperature After evapomtton, the nzsldue was taken up m MeOH 

(10 ml) and an aqueous solution of 5% NaHC@ (75 ml) was added It was then treated with an excess of a stock 

solution of 12 [prepared from 12 (5 g) and KI (10 g) m Hz0 (30 ml)] and allowed to stand for 1 h The precipitate 

was collected by filtration, washed with cold MeOH (15 ml) and dned to afford lodolactone 6, yield 0 80 g 

(46% from 2) mp 211-213 “C (MeOH) 
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Found C. 54.82, H 3 88. N. 2 92. I 27 70 

Calc for CzlH1803NI C 54 92. H 3.95, N 3.05, I 27 63 

‘H-RMN (CDCl3.6) 2.55(d, lH, J7s-7a=ll 4, H7& 2 92(d. 1H. J7a_7s=ll 7, H7a). 3 17(s, lH, IQ). 3.64(d. 

lH, J51&=5 1, I-W, 3.97-3 99(m, lH, HI), 4 36(d. lH, J3=.4=2.4, Hg,), 5 18(d. lH, J6x_5n=5 1, H&. 

6 85(br s, lH, NH); 7 23-7.3l(m, 5H, Ph-C3). 7 40-7 46(m, 3H, m,p-Ph-CO), 7 77-7 8O(m, 2H. o-Ph-CO) 

13C-NMWCDC13> 6) 25 l(C5); 36 4(C7), 50 7(C4), 53.O(Cl), 55 4(C3), 63 7(C2), 87 2(C6), 127 0, 127 7, 

127 9,128 8,132 2, 133 5,134 2(Arom), 166 9cONH); 174 7cO) 

Methyl endo-2-Benzamido-exo-3-phenylhicyclo[2.2.l]hept-5-ene-exo-2-carboxylate (2). 

Compound 2 was prepared from the filtrate of the lodolactone 6 The filtrate was acuWied with cone HCl and 

extracted with Et20 (3 x 30 ml) The organic layer was washed successively with 10% Na2S203 solution (2 x 15 

ml), Hz0 (2 x 25 ml) and dned (MgS04) After evaporatmg the solvent, the residue (0 28 g) was dissolved m 

Et20 (40 ml) and estenfied with an excess of dzuomethane m Et20 The excess of dmzomethane was destroyed 

with CaC12. the solution filtered, the solvent ehmmated under reduced pressure and 1 pullfied by column 

chromatography on skagel (n-hexane/AcOEt = 8/2 as eluent) to afford 1 as an ol, yield 140 mg (10% from 2) 

Found C 75.90,H 6OO.N 390 

Calc for C22H2103N C 7606.H 609.N 403 

tH-RMN (CDC13,6) 1 89-l 94(m, lH, H7& 2 76-2 8O(m, 2H. H7a + H3,). 3 03(s, 3H, COOC&), 3.06(m, 

lH, H& 4 OO(s, lH, HI), 6 20(dd, lH, J6_5=5 6, J6_1=3 2, He), 6 57(dd, lH, J5_6=5 6, J5_4=3 0, H5), 

6.68(br S, lH, NH), 7 18-7.29(m, 5H, Ph-C3), 7 38-7 52(m, 3H, m,p-Ph-CO), 7.73-7 77(m, 2H, o-Ph-CO) 

W-NMR(CDC13,6)* 47 1,48.3,49 4(C4, C7, C3), 51 5(C1), 59 8(CmH3). 70 7(C2), 126 9, 127 0, 127 9, 

128 5,128 6, 1316, 134 0, 138 9(Arom ), 137_2(C6), 140 6(C5), 167.3cONH), 171 8cO). 

exo-2-Benzamido-exo-3-phenylbicyclo[2.2.l]hept-S-ene-endo-2-carboxylic Acid csa). 

W-NMR(CDCk6) 45 8(Q), 47 3(C7), 48 2(C3), 52 O(Cl), 68 4(Q), 126 8, 128 2, 128 6, 128 8, 129 6; 

132 6, 133 8, 138 O(Arom ). 1417(C5 + C6). 169.OcONH), 172 5cO). 

endo-2-Benzamido-endo-3-phenylbicyclo[2.2.l]hept-5-ene-exo-2-carboxylic Acid (sh). 

WLNMR(CDC13,6) 46 6(C4), 48 6(C7), 50 9(Q), 54 5(Q), 67 9(Q), 126 9, 128 0, 128 7, 129 2, 129 6, 

132 3,132 5,137 l(Arom ), 135 3(C6), 138 O(C5). 168 9cONH), 175 6aO) 

exo-2-Benzamido-endo-3-phenylbicyclo[2.2.1]hept-S-ene-endo-2-carboxylic Acid (&). 

Zmc dust (6 g) was slowly added to a soluuon of lodolactone 6 (0 80 g, 1 7 mmol) m glacml AcOH (50 ml) The 

mutture was allowed to react at room temperature for 6 h, then filtered and the sohd was washed with Et20 (2 x 

25 ml). The combmed mother hquors and filtrate were evaporated to afford an 04 which was taken up m Et20 

(50 ml) and extracted with 5% NaHC03 solution (2 x 30 ml) After acidifying with cone HCl, the aqueous 

solution was extracted with Et20 (3 x 25 ml), dned (MgS04) and evaporated under vacuum to gve ea. yield 

0 55 g (92 %) mp 175-177 “C (dec) (MeOH) 

Found C. 75 60, H 5 79, N 4 12 

Calc for C21H1903N C 75 66, H. 5 74, N 4 20 

lH-RMN (DMSO-da, 8) 1.23(d, lH, J7s_7a=7 6, H7& 1.56(d, lH, J7a_7s=7 6, H7a). 2 53(m, lH, H4), 

3.29(m. lH, HI), 3 41(d, lH, J3x_4=3_4. Hjx), 5 OO(s. lH, NH). 5 82(dd, lH, J6_5=5 4, J&t=2 9, Hrj). 
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6.34(dd, lH, J5_6=5.4, J5.4=3 4. Hg), 6 78-6 91(m, 5H. Ph-C3); 7 01-7 24tm, 3H, m,p-Ph-CO), 7 48- 

7 51(m, 2H, o-Ph-CO), 8 3O(br s. lH, COOH) 

13C-NMR(DMSO-d6, 6). 47.9,48 2,50.6(C4, C7, C3). 58.1(Q), 73 O(Q), 125 6; 126 7, 127 1, 127 2, 128 4; 

130 6, 133.0, 133.7(Arom.); 137 3(C6); 140 3(Q), 167 4cONH), 171 8cO) 

endo-2-Benzamido-exo-3-phenylbicyclo[2.2.l]hept-5-ene-exo-2-carboxylic Acid (eb). 

Ester 2 (70 mg, 0 2 mmol) was refluxed with 10% KOWEtOH (10 ml) for 6 h The solvent was eliminated 

under reduced pressure The residue was diluted with Hz0 (5 ml) extracted with Et20 (3 x 10 ml), the aqueous 

layer acidtied with cone HCl and extracted with Et20 (3 x 10 ml) The organic solution was dned over 

anhydrous Na2SO4 and the solvent evaporated under vacuum to gve acid B as an o& yield 57 mg (85%) 

Found* C 7558,H:569,N:423 

Calc for CZtHtg@N C 75.66, H: 5 74, N 4 20 

lH-RMN (DMSO-da, 6). 2 16-2 24(m, lH, H7& 3 06-3 13(d, lH, J7a_7s=9 0, H7a). 3 29(s, lH, Hg,), 3 35- 

3 37(m, lH, Hq), 4 30-4 31(m, lH, HI), 6 54-6 58(m, lH, Hg). 6 85-6 89(m, lH, Hg), 7 55-7 86(m, 9H, 

Arom + NH), 8 08-8 12(m, 2H, o-Ph-CO) 

13C-NMR(DMSO-de, 8) 47 3,48 0,49 5(C4, C7, C3). 58 5(Ct), 70 6(Q), 127 2, 127 7. 128 1, 128 8, 129 0, 

132 4,134 1, 134 7(Arom ), 137 O(C& 140 2(C5), 167 8cONH), 173 4cO) 

exo-2-Benzamido-exo-3-phenylbicyclo[2.2.l]heptane-endo-2-carboxyljc Acid (ula). 

A solution of compound b (50 mg, 0 16 mmol) in dry CH2C12 (10 ml) was hydrogenated at atmosphetrc 

pressure wltb 10% palladium-carbon (10 mg) as a catalyst Removal of the catalyst and the solvent gave the 

reqmred compound m as a wfute sobd, yield 48 mg (90%) mp 187- 189 “C (dec) 

Found C 7526,H 638,N 421 

Calc for C2lH210.JN C 7520,H 631,N 418 

lH-RMN (CDCl3,6) 1 68-180(m. 5H, 2H5 + 2Hg + H7& 1 99(d, lH, J7a_7s=10 8, H7a). 2 69(s, lH, Hq), 

3 43(m. lH, Hi), 4.17(d, lH, J3n_7s=l 8, Hg”), 5 92(br s, 1H. NH), 7 14-7 19(m, 2H, Arom ), 7.23-7 31(m, 

2H, Arom.), 7 32-7 48(m, 6H, Arom ) 

13C-NMR(CDC13.6) 23 4; 29 8(C5, Q), 38 0, 40 6, 42 O(C4, C7, C3), 53 5(Q), 73 5(C2), 126 8. 128 0, 

128 8, 129 5, 132 0, 132.8, 132 8, 137 S(Arom.); 169 6cONH), 171 8cO) 

endo-2-Benzamido-endo-3-phenylbicyclo[2.2.l]heptane-exo-2-carboxylic Acid (ulh). 

In a snmlar way to compound lQa, acid & (50 mg, 0 16 mmol) was hydrogenated to give compound U&as a 

white sohd, yield: 45 mg (84 8) mp 191-193 ’ C (dec) 

Found C 7529, H 637,N 426 

Calc for C2tH2103N C 7520,H 631,N 418 

lH-RMN (CDC13, 6) 1 30-l 80(m, 5H, 2H5 + 2H6 + H7& 1 97(d, lH, J7a_7s=9 7, H7& 2 81(s. lH, H4). 

3 42(m, lH, HI), 4 13(m, lH, H3,), 6.45(br s, lH, NH), 7 28-7 49(m, lOH, Arom ) 

t3C-NMR(CDC13,6) 21 9, 24 5(C5, C6), 37 8, 38 6, 45 7(C4, C7, C3), 51 9(Ct), 65 9(C2), 126 8, 127 5, 

128 8, 129 1, 129 6, 132 3, 132 5, 135 8(Arom ), 169 5cONH), 175 6cO) 
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exo-2-Benzamido-endo-3-phenylbicyclo[2.2.l]heptane-endo-2-carboxylic Acid (Ila). 

In a snmlar way, acid h (50 mg, 0.16 mmol) was hydrogenated to give compound U as a wh& sohd, peld 

52 mg (97 96) mp 198-200 “C (dec) 

Found* C 7515,H 627.N 411 

Calc for QtH2103N C* 75 20, H. 6 31, N* 4.18 

IH-RMN (CDC13,6) 1 26-l 42(m, 2H), 1 60-l 82(m, 3H, 2H5 + 2% + HT~), 2 lO(d, lH, J7a_7& 9, H7a), 

2 47(d, lH, J4_5x=3 9, IQ), 2 79(d, lH, J1_hx=4 5, HI). 3 54(d, lH, J3x_4=4 8, H3x), 6 87(br s, lH, NH), 

7 17-7 21(m, 2H, Arom.). 7 22-7 39(m. 3H. Arom ), 7 44-7.56(m, 2H, Arom ), 7 58-7 63(m. lH, Arom ), 

7 79-7.84(m, 2H, Arom ). 

13C-NMR(CDCl3.8) 22 1, 22 8(C5, Cc). 37 9, 44 1, 47 5(C4. C7. C3). 57 8(Q), 70 9(C2). 126 8. 127 5, 

128 1,128.9, 129 2, 132 6,132 9, 138 l(Arom ), 170 lcONH), 170 8cO) 

endo-2-Benzamido-exo-3-phenylbicyclo[2.2.l]heptane-exo-2-carboxylic Acid (m. 

In a similar way, acid !& (50 mg, 0 16 mmol) was hydrogenated to give compound m as an oil, yield 46 mg 

(86 %) 
Found C 75 17, H 6 21, N 4 15 

Calc for QtH2103N C 75 20, H 6 31, N 4 18 

lH-RMN (CDC13,S) 1 38-1.85(m, 5H, 2H5 + 2H6 + H7& 2 47(d, lH, ~4.5~~3 0, ~q), 2 70(d, lo, 

J7a-7~=10 8. H7a), 2 78(d, lH, J311_7s=2 1, Hgu). 3 26(d. lH, J1_hx=3 0, Hi), 6 78(br s, lH, NH), 7 16- 

7 31(m, 5H, Ph-C3). 7 42-7 58(m. 3H, m,p-Ph-CO), 7 75-7 81(m, 2H, o-Ph-CO) 

13C-NMR(CDCl3.6) 23 3, 30 9(C5, C& 39 2, 42 9. 44 6(C4, C7, C3), 62 7(Q). 72 9(C2), 127 2, 128 3, 

128 4,128.8,132 3,133 4, 140 3, 153 9(Arom ), 169 3cONH), 172 3aO) 

exo-2-Amino-exo-3-phenylbicyclo[2.2.l]heptane-endo-2-carboxylic Acid (m. 

Compound & (40 mg, 0 12 mmol) was dissolved m HCl6N (10 ml) and refluxed for 72 h The solvent was 

removed under reduced pressure The residue of smmoacld hydrochlonde was dissolved m EtOH (6 ml) and 

propylene oxide (2 ml) was added The mixture was refluxed for 30 mm and the solvent evaporated to give 

ammoacid a , yield 22 mg (81 %) 

endo-2-Amino-endo-3-phenylbicyclo[2.2.1]heptane-exo-Zcarboxylic Acid (128). 

In a slmllar way, ammoacld 12h was prepared from acid ulb (40 mg, 0 12 mmol), yield. 24 mg (88 %) 

exo-2-Amino-endo-3-phenylbicyclo[2.2.l]heptane-endo-2-carboxylic Acid (l&). 

In a slmllar way, ammoacld m was prepared from acid Ua (40 mg, 0 12 mmol), yield 26 mg (96 %) 

endo-2-Amino-exo-3-phenylbicyclo[2.2.l]heptane-exo-2-carboxylic Acid (m. 

In a similar way, ammoacld X& was prepared from acid l.& (40 mg, 0 12 mmol), yield 18 mg (66 %) 
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