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Abstract: The reaction between methyl N-acetyl-a&didehydroalaninate and cyckqemadiene 
in the presence of several chiral Lewis acids is studied and the results obtained are compared 
with those described for the reactions of the same diene with ehiral 
N-acetyl-~,~~dehyd~~inates. In the presence of the titanium complex M methyl 
{lR,ZR,rlR) 2-acetanoi~S-norbomen-2-carboxylate is preferably obtainedThus, the reaction 
between ~~yIN-cell-~~-didehy~laninate and ~y~lo~n~iene is a good method for the 
synods of (lS, 2R, 4R) 2-~nonor~mane-2-e~xylic acid. 

~~i~hatic amino acids with a norbomane skeleton are of interest because they display intemsting biological 

properties as far as the transport of ions through biological membranes is concert&, The patent compounds, 

2-~inonor~~e-Z-c~~xylic acids, can be ob~in~ by Diets-Alder reaction of N-~yl-u,~-didehy~- 

alaninates with cyclopentadiene 2. We have recently reported that the Diels-Alder reaction between 

cyclopentadiene and (-)-me&y1 N-ace@-a$-didehydalaninate Q) is an excellent method for the asymmetic 

synthesis of 2.endo-aminonorbomane-2-exo-carboxylic acids3, whereas the use of the N-acetyl-a#-didehydm 

alaninate of (-)cis.3-hydroxy isobornyl neopentyl ether (&) as adienophile is a better method for the asy~e~~ 

sagas ~2-e~o~mino~~mane-2~ndo-~xylic acid$ (Scheme 1 f. In this paperwe wish to destzik the 
reaction between methyl N-acetylu,@idehydroalaninate and cyclopentadiene catalyzed by chii Lewis acids. 

RESULTS AND D~S~USSI~~ 

2~Acetamid~5~nor~men-2-c~~xyl~c esters can be transformed, with high chemical yield and without 

epimerization, into the coresponding u-amino acids. Therefore, the asymmetric synthesis of these esters is the 

key step in the cynic pupation of 2-~inon~bornan~2~~~xylic acids. Table 1 gathers the results 

obtained in the reactions between chiral N-cell-~~-~~ehy~alaninates and cyclopentadiene3+4. The absolute 

configuration of the cycloadducts (&-I) preferably obtained can be determined by transformation into the 

~o~es~nding a-amino acids (&j-m and comparison of their optical rotations with the values given in the 

literaturelc. ~u~he~~, the cycl~dducts obtained (4-Z) can easily be ~~sfo~d into the bending 

methyl esters @Q-m, whose analysis by ‘H-NMR in the presence of Eu(tfc)3 (L/S molar relationship = 0.85, 

CDC13 as a solvent) allowed us to assign the singlets corresponding to the acetamido and ester methyls to each 

enantiomet4 (Scheme 2). As can be seen from Table 1, in the reactions of & and&with ~l~n~~, ‘l’iCl.4 

is a more efficient catalyst than AlC13. With both dienopbiles, high to excellent ~t~faci~ seleetivities are 

obtained with the same direction of the asymmetric induction. The main difference between both c&l 

die~philes is the exe-preference observed with hand the end~p~f~n~e ob~n~ with &Thus, whereas the 

reaction ~tween J,& and ~yclo~ntadie~ is the key step in the asym~t~c synthesis of (lR,2S,4S~ 

Z-amirronorbom~~2-c~~xylic acid @Jj, the reaction between j.b and eyelopentadiene is an excellent method 

for the asymmetric synthesis of (lS,2S,4R) 2-a~nonorbomane-2”~boxylic acid (lJ. 
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&J&& Diels-Alder reaction between &a and &b with cyclopentadiene. 

Lewis acid (e@ 

Tic4 (0.75) 3a 25 3 100 

TiQ (1.1) 3a 0 3 100 

Tic& (0.5) 3a 0 7 76 

TiQ (1.1) 3a -45 6 98 

TX& (1.1) 3b 0 1.5 94 

Tic& (0.5) 3b 0 4 100 

Tic& (0.75) 3b -70 9 6Q 

AlC13 (1.1) 3a 25 22 14 

AlCI3 (0.75) 3a 0 46 98 

AlC13 (1.1) 3b 25 72 34 

AlC13 (i.1) 3b -45 72 20 
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The use of ~umininm* and tit~ium6 chiral Lewis acids has alloyed the obtenti~ of excellent resuhs in 

asymmetric Die&Alder reactions. In order to complete our program a&out the use of N-acetyl-a& 

didehydroahurinates as dienophiles in the asymmetric synthesis of amino acids with a norbornane skeleton, we 

have studied the reaction between methyl N-a~etyl~ff,~-didehydroalaninate tJ) and cy~lo~~diene in the 

presence of chiral Lewis acids (Scheme 3). The intention of the singlets coKes~nd~ng to the a~tamido and 

ester methyls allows the determination of the chemical yield and endofexo selectivityz. In order to determine the 

enantiomeric excess and the absolute configuration of the major enantiomer, the reaction crude was separated 

into its endo and exo components by means of column chromatography on silica gel using AcOEt as an eluent. 

The endo and exo mixtures were analyzed by tH-NMR in the presence of Et&f& 

ZQ US, 2R, 4s) 21 UR, 2% 4R) &2 US, 2s, 4s) 2;2 (1R, 2R, 4R) 

I :N=az3 2.08 ppm (s) t?&& 3.84 ppm (s) 

a+a: NHcc&& 1.97 ppm fs) ~~s=Eg 3.61 ppm {sf 

&a: NHCOQ& 1.92 ppm (5) WLQ& 3.74 ppm (s) 

: 

Ph Ph 

Scheme 3 
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Table 2 gathers the results obtained in the reaction between methyl N-acetyl-a$-didehydroalaninate @ and 

cycIo~n~~ene catalyzed by chiral Lewis acids @a!). 

X&k,& Diels-Alder faction between methyl ~-acetyl-o,~-didehy~oalaninate 0 and Cy~Iopenta~eue 

catalyzed by chid Lewis iit5dsa. 

2&i (0.5) 

2&i w-3 

a!2 0.0) 

& (1.0) 

2&j (l.O)d 

&ki (l.o)d 

2% (l.o)e 

24.d (1.0) e,f 
2.4d (os)ef 

2&J (O.l)@f 

21 0 73 40 

2:1 0 45 80 

61 0 68 92 

61 0 65 56 

6:I 0 71 73 

6:I 25 36 85 

611 0 24 93 

6:1 0 21 80 

6:1 0 21 64 

6:l 0 72 10 

51149 50150 50/50 

54146 50150 50150 

53147 50150 w55 

48152 53147 

79i21 85/U 15185 

78/22 79121 2SB9 

X$.24 72128 21j79 

77123 85/15 15185 

78t22 85/E 15/85 

a. In toluene. b. Det~ned by IH-NOR. c. Dete~n~ by IH-N~~R in the presence of Eu(tfc)~. 

d. With 0.21 g&q of Lewis acid) of 4A molecular sieve. e. With 2.1 &eq of Lewis acid) of 4,& molecular 

sieve. f. In toluene:hexane = I:1 

It has been repot%& that the Diels-Alder reactions of a$-unsaturated carbonyl compounds, cataiyzed by cbiral 

aluminium derivatives, gives rise to high levels of asymmetric induction when a syn-planar disposition of the 

double bond and the carbonyl group is favoured. It has been shown7 that the most stable confo~er of the 

methyl N-~etyl-a,~-di~hy~~laninate presents a syn-planar ~sposition between the double bond and the 

carbonyl of the acetamido group, where the co-ordination of the catalyst must take place. In spite of this, neither 

exo/endo nor diastereofacial selectivity is obtained with the aluminium catalyst used @a. If the results 

obtained with &l,& are compared with those described for the reaction between cyclopentadiene and 

methacrolein5a catalyzed by the same Lewis acids, it can be concluded that the presence of an extra bond 

between the double bond and the co-ordinating carbonyl group prevents the achievement of high levels of 

en~tiosel~tivi~. ~bably the co~o~tional ~u~iib~urn between B and C is shifted towards C because of a 

steric ~ateraction of the catalyst with the m~thylenic hydrogens and the chiral auxiliary is far away from the 

double bond (Figure l), 



CH3 

Figure 1 

Neve~heless, when &&I is used as a catalyst, high exofendo ratios and diast~~ofa~i~ sele&ities are obtained. 

It has been reported that the use of 4w molecular sieves hb-dand toluene:hexane = I:1 as solvened modifies the 

results of Diels-Alder reactions catalyzed by dial-TiQ compounds. In our case, the best results ate obtained by 

using a great excess of molecular sieves and tolu~ne:bexane as solvent, In the titanium catalyzed reactions, 2 is 

the major cycloadducs given that this compound can easily be converted into flS,ZR,4Rf 2-~~0~2~ 

carboxylic acid cLp>, this method complements the use of (-)-menthyl N-ace@-a$-didehydroalaninate as 

dienophile in the asymmetric synthesis of 2-endo-aminonorbornane-2-exo-carboxylic acids Q, 19). 

Further work in order to explain and to improve the results obtained with chiral tit~u~ catalyst is in progress. 

To sum up, Scheme 4 shows how each of the four stereoisomers of the 2-aminonor~ma~e-2-~~~xylic acid 

can be obtained starting from the easily available methyl N-ace~l-~~-didehy~a~inate c1). 
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EXPERIMENTAL SECTION 

* Methyl Z-exo-acetamidobicyclo[2.2.l]hept-S.ene-2-endo-carboxytate (n+2L, and methyl 

2-endo-acetamidobicyclo[2.2.l]hept-S-ene-2-exo-carboxylate (a+.&& 

General Drocedure for Diels-Alder reactions catalvzed by 24a and 24b: To a solution of the chiral alcohol 

(2 mmol) in anhydrous toluene (15 ml) at -78’C under argon atmosphere, 1 ml of a solution 1M of @AlEt in 

hexane is added. After 30 minutes stirring at room temperature under argon stream, the mixture is cooled to 0°C 

and a solution of methyl N-acetyl-a$-didehydroalaninate (lJ (1 mmol, 143 mg) in anhydrous toluene (7 ml) is 

added. The stirring is maintained for 20 minutes and then a solution of freshly distilled cyclopentadiene in 

anhydrous toluene (6 mmol in 3 ml or 2 mmol in 1 ml) is added and the reaction is stirred for the time reported in 

Table 2. The mixture is treated with NazC03.10H20 (400 mg), the solution is filtered and the solvent 

evaporated under vacuum to give a mixture, the composition of which was analyzed by ‘H-NMR. 

General Drocedure for Diels-Alder reactions catalvzed bv 24~: To a solution of the chiral diol(1 mmol) in 

anhydrous toluene (15 ml) at -78°C under argon atmosphere, 1 ml of a solution 1M of CLAlEt2 in hexane is 

added. After 30 minutes stirring at room temperature under argon stream, the mixture is cooled at 0°C and the 

above procedure is followed. 

General Drocedure for Diels-Alder reactions catalvzed bv 24cj: To a solution of Ti(O’Pr)J (142 mg, 

OSmmol) and Tic4 (OS ml of a solution 1M in hexane, 0.5 mmol) in anhydrous toluene (2 ml), a solution of 

the chiral diol(l.05 mmol) in dry toluene (5 ml) is added. After 1 hour stirring at room temperature the solution 

is added to a suspensi6n of 4A molecular sieves(0.21 or 2.1 gr) in 2 ml of dry toluene kept under argon. The 

mixture is placed at the reaction temperature (Table 2), a solution of methyl N-acetyl-a&didehydroalaninate c1) 

(1 mmol, 143 mg) in anhydrous toluene (5 ml) is added and the stirring is maintained for 20 minutes. Then, a 

solution of freshly distilled cyclopentadiene (6 mmol, 396 mg) in anhydrous toluene or hexane (15 ml) is added 

and the reaction is stirred for the time reported in Table 2. The mixture is treated with Na?_C03.10H20 (400 mg), 

the solution is filtered, the solid is repeatedly washed with toluene and AcOEt and the solvent evaporated under 

vacuum to give a mixture, the composition of which was analyzed by IH-NMR. 

Determination of the absolute configuration. 

* Separation of the reaction mixture into its endo and exo components. 

Endo and exo cycloadducts as well as the chiral auxiliary are separated by column chromatography on 

silica gel,using AcOEt as an eluent. The chiral diols are purified by column chromatography on silica gel using 

Et20: hexane = 218 as an eluent. In this way, the chiral auxiliary is recovered without loss of optical purity. 
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methyl 2-exo-acetamidobicyclo[2,2,llhept-5-ene-2-endo-carboxylate f&+m 

rH-NMR (CDCl3) : 6 (ppm) = 6.32 (dd, J=3.3 J’=5.7 6.03 Hz, Hz, IH), (bs, lH), 5.85-5.81 (m, lH), 

3.61 (s, 3H), 2.93 (bs, 2H), 2.30 (dd, J=3.0 Hz, J’=12.6Hz, lH), 1.97 (s, 3H), 1.77- 

1.70 (m, 2H), 1.60-1.58 (m, 1H). 

IR (nujol) : v (cm-l) = 3270 (N-H), 1755 (O-C=O), 1650 (N-C=O). 

Found: C 63.39%) H 7.~% ,N 6.50%. Calc. for CitHl5NO3: C 63.14%, H 7.23%, N 6.69% 

Methyl 2-endo-acetamidobicyclo[2.2,llhept-5-ene-2~exo~carboxylate m+2;tt 

tH-NMR (CDC13) : 6 (ppm) = 6.44 (dd, J=3.0 Hz, J’=5.4 Hz, lH), 6.10 (dd, J=3.0 Hz, J’=5.4 Hz, lH), 

6.40 (bs, IH), 3.74 (s, 3H), 3.33 (bs, IH), 2.94 (bs, lH), 2.69 (dd, J=3.9 Hz, 

S=12.8 Hz, lH), 1.92 (s, 3H), 1.78 (d, J=9.3 Hz, lH), 1.55-1.52 (m, lH), 1.17 (dd, 

J=3.3 Hz, J’=I2.8 Hz, 1H). 

IR (nujol) : v (cm-l) = 3290 (N-H), 1740 (0X=0}, 1650 (N-C=@. 

Found: C 63.124,H 7.09% ,N 6.90%. Calc. forCltHlsN03: C 63.14%, H 7.23% ,N 6.69% 

* determination of the enantiomerie excess and absolute con~~uration. 

The mixture of 211 and Lk was analyzed by tH-NMR in CD@ in the presence of Eu(tfc)g (LS molar 

rclations~p = 0.85) 

2a WJR,4S) : NHCO~ (5.50 ppm) ; CO&& (4.93 ppm). 

21 (lR@,QR) : NHCOG3 (5.29 ppm) ; qg& (5.07 ppm). 

The mixture of 22 and 23 was analyzed by lH-NMR in CDC13 in the presence of Eu(tfc)s (L:S molar 

relationship = 0.85) 

22 US,ZS,4S) : NHCOU3 (5.05 ppm) ; CO&& (4.75 ppm). 

2 (lR,ZR,4R) : NHCOG& (5.30 ppm) ; C@m3 (4.80 ppm). 
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