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Abstract: The preparation of a new class of azetidine-based auxiliaries and their selectivity in the BBr,
catalyzed Diels-Alder reaction is described. The results are compared with a similar proline-derived
ligand and a known prolinol auxiliary. Results show that selectivities are highly dependent on the
dienophile and the substituent of the chiral auxiliary. © 1998 Elscvicr Science Ltd. All rights reserved.

INTRODUCTION

The Diels-Alder reaction is a very powerful synthetic methodology, especially for the synthesis of six-
membered ring systems. The methodology has undergone a great improvement by the introduction of newly
developed enantioselective versions using chiral Lewis acidic catalysis.! In many cases, various
oxazaborolidines2-6 or prolinol-derived catalysts are used and, in the latter case, the results reported range
from moderate to excellent.”-9 The high selectivities obtained with prolinol-derived auxiliaries, as opposed to
other amino alcohols, is ascribed to the rigidity of the catalyst complex due to the cyclic backbone of the
ligand. We now present even more rigid amino alcohols, viz. N-alkylazetidine-2-tertiairy alcohols, for
asymimetric b
comparison, two prolinol-derived auxiliaries were investigated as well.
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Optically active N-alkylazetidine-2-tertiairy alcohols were readily prepared in a three-step synthesis, starting

from y-butyrolactone. Standard Hell-Volhard-Zelinsky bromination and ring-closure of 1 with one equivalent
of both (S)-a-methylbenzylamine and K,CO, as a co-base led to a mixture of diastereomeric N-alkylazetidine
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esters (2).10 These esters were conveniently separated by flash chromatogr:

TR |

rresponding carbinols by reaction with a variety of Grignard reagents in good yields (55-92 %). In this

o

manner a series of ligands became available that may provide more insight in the electronic and stereo-

chemical effect of the ligand substituents on the enantioselectivity of the Diels-Alder reaction
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Scheme 1 Synthesis of diastereomeric azetidine ligands

The
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conveniently prepared from d-valerolactone following a strategy analogous to that used for azetidine esters

2a/2b. However, in the case of this 5S-membered ring system, the separation of the diastereomeric products by

flach ¢
o}

ponding diphenylcarbinols. Only the (S,2R)-isomer 11 was obtained in pure form after flash chromatography

(Scheme 2). The stereochemical configuration at C-2 in compound 11 was established by X-ray analysis by
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Scheme 2 Synthesis of proline-derived ligands 11 and 13

As mentioned before, Kobayashi used the N-benzyl substituted proline-derived ligand 13 in the enantioselective

Diels-Alder reaction.? This compound was also used as a reference ligand in the present study. It was prepared

PGS SR R \r .......... 4nacfinnbime wxrith i +1a
Starung 1 from N- ll.Lyl plUluw Uy esterification with diazomethane and SU‘GS”Q'U\.«LAL treatment of

phenylmagnesium bromide as shown in Scheme 2. The molecular geometry of 13 was determined by X-ray

analvmll (Figure 2). All three X-ray analyses show an intramolecular hydrogen bond between the carbinol

Figure 2 PLUTONI2 generated drawings of the X-ray crystal structures of ligands 11 (left) and 13 (right)

The reaction of cyclopentadiene with four dienophiles was investigated as a model reaction for testing the
effectiveness of the respective ligands in the BBr;-catalyzed Diels-Alder cycloaddition. These dienophiles were

acrolein, 2-bromoacrolein, methacrolein and crotonaldehyde (Scheme 3). The results of these reactions are



collected in Table 1 and Table 2. In all cases the chemical vields were over 95 %. The exo/endo rati

determined by capiiiary GC.
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Table 1 Enantioselective Diels-Alder reaction catalyzed by chiral boron catalysts®

14: R’=R”=H 15 R’=Br, R’=H
Catalyst  exolendo  e.e endo[% ] exalendo  ee, exo [%]b’° e.e endp [‘?fi]"
3a 9/91 1.9 90/ 10 5.9 (S) <0.1
3b I__I_O_/_Qp__1 34 90/ 10 16.0 (R) 9.5
4 | 15/85 ! 0.7 93/ 7 24.0 (R) 23.6
Sa 11/89 0.5 89/11 2.0(S) 1.8
Sb 11/89 47 89/11 18.0 (R) 115
6a 10/90 0.7 90/ 10 3.3 (R) 1.6
6b 9/91 0.8 90/ 10 0.2 (R) 3.0
7a 8/92 <0.1 2/ 8 5.8(S) 2.9
B 8/52 0.8 51/ 5 1.4(S) <01
ii 9/91 <0.1 89/ 11 0.5 (R) 0.5
13 9/91 0.5 88 /12 1.4 (R) 8

a  Reactions were carried out in dichloromethane at -78 °C using 50 mol% catalyst and 2.5 equivalents of
unsaturated aldehyde with respect to cyclopentadiene.
b  Detcrmined by chiral capillary GC using Alfa DEX 120 column by Supelco.
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These data show that the exo/endo ratio is not very much affected by the structurai nature of the iigands with a

few exceptions, e.g. ligand 4b in the reaction with acrolein and ligand 6a in the reaction with crotonaldehyde.



16: R’=CH,, R"=H 17: R’=H, R”=CH,
Catalyst exo ! endo e.e. exo [%]™° exo / endo e.c. endo [%]
3a 93/ 7 16.6 (R) 8/92 <0.1
3b 92/ 8 7.0(S) 12/88 3.0
4b 93/ 7 30.1(S) 6/94 7.4
5a 93/ 7 7.8 (R) 7/93 4.1
5b 92/ 8 2.0(S) 7/93 0.6
6a 95/ 5 33.4(S) | 26/74 1 32
&b 92/ 8 25(R) 10/90 17.7
7a 93/ 7 20.3 (S) 11/89 42
7b 90/10 1.8 (R) 7793 2.4
8b 90/10 3.7(R) 6/94 6.3
11 90/10 0.7 (R) 9/91 26.9
13 91/ 9 0.7 (S) 10/90 (31/69)° 65 (59)

a  Reactions were carried out in dichloromethane at -78 °C using 50 mol% catalyst and 2.5
equivalents of unsaturated aldehyde with respect to cyclopentadiene.

Determined by chiral capillary GC using Alfa DEX 120 column by Supelco.

Absolute configuration determined by comparison.6
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Values in parentheses determined by Kobayashi et al?
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in the reaction with acrolein, whereas reactions with the other a,p-unsaturated aldehydes showed only

moderate e.e.’s in a few cases. It is important to note that even Kobayashi’s proline-derived auxiliary 13

The reaction of 2-bromoacrolein and cyclopentadiene is best catalyzed with catalysts 3b, 4b and 5b. These

azetidine-based catalysts all bear aliphatic carbinol substituents and have a (S,2R)-configuration. It is of
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uration give much worse results. This may indicate

that the (S,2R)-configuration of the catalysts leads to a matching effect of the two chiral centers of the ligand

as far as the chirality transfer is concerned, whilst the (8,2S)-configuration of the ligand apparently causes a

The best selectivities for the cycloaddition of methacrolein and cyclopentadiene were obtained with azetidine

ligands 4b, 6a and 7a, all giving the same norbornene-enantiomer in excess. The proline-derived ligands
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1yl carbinol derived from N-methyi-proline that
showed very good selectivity. This points at a substantial effect of the N-alkyl substituent on the enantio-

selectivity. The sterically more demanding (a-methyl-)benzyl group apparently hinders the complexation o

of

he dienophile, resulting in a less effective chirality transfer from the ligand/boron complex to the substrate.
The diphenyl carbinols 6a, 6b, 11 and 13 were the ligands of choice in the Diels-Alder reaction of croton-

aldehyde and cyclopentadiene giving moderate to good selectivities. Both ligands with (S,2S)-configuration
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ligands with (S,2R)-configuration were used. Disappointingly, the selectivities with the azetidine based

ligands were somewhat lower than those with the proline derived ligands. The better exo/endo ratio obtained
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overall conclusion is that the catalytic capability of the ligands is governed by subtle structural features and

depends strongly on the substrates studied.

EXPERIMENTAL

General remarks

All reactions were carried out in an inert atmosphere of nitrogen or argon unless stated otherwise. Melting
points were determined using a Reichert thermopan microscope and are uncorrected. Optical rotations were
measured with a Perkin Elmer automatic polarimeter, model 241 MC, using concentrations ¢ in g/100 ml at 20
°C in the solvents indicated. 'H- and "C-NMR spectra were recorded with a Bruker AC 100 spectrometer at
100 and 25 MHz, respectively. The chemical shift d is denoted in ppm relative to the internal standard (TMS
for '"H NMR, CDCI, for "C NMR). IR spectra were recorded on a Perkin Elmer 298 spectrophotometer. The
wavenumber & is listed in cm™. For (high resolution) mass spectra a double focusing VG7070E mass spectro-
meter was used. GC-MS were measured using a Varian Saturn II GC-MS by on-column injection (DB-1
column, length 30 m, internal diameter 0.25 mm, film thickness 0.25 pm). Elemental analyses were performed

using a Carlo Erba Instruments CHNS-O EA 1108 element analyzer.

Diethyl ether was pre-dried over calcium chloride, then distilled from calcium hydride and stored over sodium
wire. Hexane was distilled from calcium hydride and stored over molsieves (4A). Ethyl acetate was distilled
from calciumhydride and stored over KOH peliets. Dicyclopentadiene was cracked at 180 °C to obtain cyclo-

pentadiene as a colorless liquid with a boiling point of 41 °C that was stored at -70 °C to prevent dimerization.



unsaturated carbonyl compounds in freshly distilled dichloromethane were prepared in advance and stored at -

70 °C. 1-Benzyl-(2S)-proline was a generous gift of Dr. G.H.L. Nefkens. N-Tosyl-phenylalanine and N-tosyl-

Compound 1 was prepared
Yield: 102.7 g, 85 %. Bp. 53 °C (0.03 m
3H, COOCHL,), 3.55 (t, J = 6.2 Hz, 2H,

TIg). 'l NMR (CDCL,): & 4.54 (t, J = 7.1 Iz, 111, CHBr), 3.81 (s,
H,Br), 2.53 (dt, ] = 6.3 Hz and ] = 9.4 Hz, 2H, CH,). IR (CCL): &

O a

1742 (s, COOCIIL,). GC-MS: m/z 227 (M" - OCH,, isotope pattern of 2 bromines), 199 (M" - COOCH,,
isotope pattern of 2 bromines), 179 (M" - "B, isotope pattern of 1 bromine)

Azetidine esters 2a and 2b were prepared following literature procedure!® using 1 (25.001 g, 96.18 mmol),
potassium carbonate (13.294 g, 96.2 mmol) and (S)-a-methylbenzylamine (12.4 ml, 96.18 mmol) in 85 %

I ]

total yield. The diastereomeric esters were purified and separated by flash chromatography (hexane:ethyl
acetate, 4:1, vv).

viethyl 1-((18)-phenylethyl)azetidine-(25)-carboxylate (2a)

R¢: 0.25. Bp.: 76-77 °C (0.03 mm Hg).[a]% : -124.5° (c=1, CHCL,;). 'H NMR (CDCl,): & 7.30 (m, 5H, Ph),
5 t,J=

(010 BVS~ N . £ ~= 2ATT NI Il AR 3 1
22 {d, J = 0.6 Nz, >r, NCn(LI1;)). U NMR (CUUL):

(s, C(0)0), 142.4 (s, | 7.1 (d, aromatic C), 67.1 and 63.6 (d, NCH and NCH(CH,),
51.8 (q, OCHy), 49.5 (t, NCH,), 20.9 (t, CH,), 20.7 (q, NCH(CH,)). IR (CCL): & 1735 (s, COOCH), 700 s,
monosubstituted phenyl). GC-MS: m/z 220 (M" + 1), 204 (M’ - CH,), 160 (M’ - COOCH,), 105 (Methyl-

tropilium). HR-MS: Calculated for C,;H,,NO, 219.1259, found 219.1260.

Methyl 1-((1S)-phenylethyl)azetidine-(2R)-carboxylate (2b)

R;: 0.20. Bp.: 79 °C (0.02 mm Hg). {a]} : +35° (¢=1, CHCL,). '"H NMR (CDCl,): 8 7.26 (m, 5H, Ph), 3.67-
3.50 (m, 2H, NCH and NCH(CHy)), 3.36 (m, 1H, NCH,), 3.33 (s, 3H, COOCH,), 3.13-2.89 (m, 1H, NCH,),
2.39-2.08 (m, 2H, CH,), 1.29 (d, ] = 6.5 Hz, 3H, NCH(CH,). *C NMR (CDCL,): & 172.8 (s, C(0)0), 141.8 (s,
aromatic C), 128.1, 128.0, 127.6 (d, aromatic C), 66.3 and 64.6 (d, NCH and NCH(CHs,), 51.6 (g, OCH,), 50.7
(t, NCI1,), 20.9 (t, CH,), 19.8 (g, NCH(CH,)). IR (CCL): o 1745 (s, COOCH;), 700 (s, monosubstituted
phenyl). GC-MS: m/z 220 (M" + 1), 204 (M" - CH,), 160 (M" - COOCH,), 105 (Methyltropilium). HR-MS:
Calculated for C;H;NO, 219.1259, found 219.1258



The glassware was oven-dried and assembled under argon. To a suspension of magnesium turnings (1.11 g,

-
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mmol) in diethyl ether (10 ml) 1 ml of a solution of 5 equivalents of alkyl- or arylhalide in diethyl ether

(10 ml) was added to start the reaction. If the reaction started sluggishly, a spoontip of iodine or some drops of

gradually added and the solution was refluxed for an additional 30 min. Then, a solution of 2a or 2b (2.00 g,
1) w

9.13 mmol) in diethyl ether (5 ml) was added dropwise and the reaction mixture was stirred for 2 h. After

extracted with diethyl ether. The combined organic layers were dried (MgSO,), filtered and concentrated in
S wer

vacuo. The crude carbinols purified by flash chromatography (hexane:ethyl acetate, 10:1 - 5:1, v/v) to

2-(1-((1S)-phenylethyl)azetidin-(2S)-yl)-propan-2-ol (3a)

Yield: 1.4 g, 72 %. [a]2: -64.0° (c=1, CHCL,). 'H NMR (CDCl,): & 7.45-7.14 (m, 5H, Ph), 3.78 (q, J = 6.9

Hz, 1H, NCH(CH,)), 3.59 (s, 1H, OH), 3.18-2.76 (m, 3H, NCH, and NCH), 2.17-1.54 (m, 2H, CH,), 1.31 (d, J
=69 Hz. 3H. NCH(CHM. 124 (5. 3H. CH.-C-OH). 1.01 (s. 3H. CH.-C- ﬂU\ 13(" NMR (CDC1Y:- § 1400 1g
V.7 11dy J11, INNCALA\Nd 23] ], LT A0, INE, NAI3TUSNIIL), LU (0, JX1, LI uUsuwUd INIVAIN (Wasiay ). U a5 U.T (9,

3, 128.2, 127.2 (d, aromatic C), 69.6 (s, carbinol C), 69.2 and 62.3 (d, NCH(CH,) and NCH),

-

NN (¢ mnonnathetititted nhoanv) v(‘,h‘q m/z 220 (N 4 1Y 204 (NAT - 1480 (NAT - CCH YN 108
JUV S, HULUSUOSUIUWG privilyij. IO miVaS. 7 d L4 \1Vi T 1 j, LUS \1V1 r13)y, 11UV vl ARy HsaL g, 1V
(Methyltropilium). HR-MS: Calculated for C,,;H,,NO 219.1623, found 219.16236

VYA (1R nhonviethvNazetidin_ IR L.vNunranan-2.al ()

T AT AR JTPAICALY IVUALY R JRLA VA LA T WA Y AR VP RAT AU T

Yield: 1.10 g, 55 %. [a]™: -9.3° (c=1, CHCL). 'H NMR (CDCL): & 7.38-7.23 (m, 5H, Ph), 3.78 (q, J = 6.6
Hz, 1H, NCH(CIL)), 3.29-2.88 (m, 3H, NCH, and NCH), 231 (broad s, 1H, OH), 2.11-1.77 (m, 2i, CIL),
1.29 (d, J = 6.6 Hz, 3H, NCH(CH,)), 0.96 (s, 3H, CH,-C-OH), 0.64 (s, 3H, CH,-C-OH). “C NMR (CDCl,): &
144.4 (s, aromatic C), 126.5, 127.7, 127.4 (d, aromatic C), 73.1 and 65.1 (d, NCH and NCH(CH,)), 69.6 (s,
carbinol C), 46.8 (t, NCH,), 26.6, 23.9, 17.9 (q, CH,CCH, and NCH(CH,)), 18.0 (1, CH,). IR (CCl,): 5 3550

(broad, OH), 700 (monosubstituted phenyl). GC-MS: m/z 220 (M™ + 1), 204 (M" - CH,), 160 (M" -
C(CH,),0H), 105 (Methyltropilium). HR-MS: Calculated for C,;H,NO 219.1623, found 219.16235.

8-(1-((1S)-phenylethyl)azetidin-(2R)-yl)-pentadecan-8-ol (4b)
Yield: 3.26 g, 92 %. [a]2 : +32.2° (c=1, CHCL,). '"H NMR (CDCl,): & 7.34-7.26 (m, 5H, Ph), 3.64 (q, J = 6.6
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30.2, 29.3, 29.3, 23.6, 23.2, 22.7 (t, alkyl CH,), 17.1, 16.7, 14.2 (g, NCH(CH,) and alkyl CH,). IR (CCl,): o
3300 (broad, OH). GC-MS: m/z 388 (M" + 1), 288 (M" - C,H,), 105 (Methyltropilium). HR-MS: Calculated
for C,gH,,NC 387.3501, found 387.3483.

Yield: 2.89 g, 89 %. Mp.: 66-67 °C (diethyl ether). [a]3 : +42.6° (c=1, CHCL,). 'H NMR (CDCl,):
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72 (M" - cyclohexyl), 160 (M* - C(C(H,,),OH), 105 (Methyltropilium). Elemental analysis: Calculated
for C,,H;,NO %C 81.07, %H 10.49, %N 3.94. Found %C 81.06, %H 10.56, %N 4.02.

Dicyclohexyl-(1-((1S)-phenylethyl)azetidin-(2R)-yl)-methanol (5b)

Yield: 2.14 g, 66 %. Mp.: 107-108 °C (diethyl ether). [o]2: -94.2° (c=1, CHCL). 'H NMR (CDCL,): & 7.35-

TN T T/ NTT NN ATT AT T

7.15 (m, 5H, Ph), 4.03-3.71 (m, 2H, NCH and NCH(CH,)), 3.31-3.09 (m, 2H, OH and NCH,), 2.87 (dt, J = 7.8
m, 27H, CH,, NCH(CH,) and cyclohexyl). °C NMR (CDCl,): & 144.0
aromatic (‘) 75.4 (s, carbinol C), 65.1 and 59.8 (d, NCH and
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18.5 (g, NCH(CH,)), 13.3 (1, CH,). IR (CC14) o 3390 (broad, OH), 700 (m
m/z 356 (M' + 1), 340 (M' - CH,), 272 (M" - cyclohexyl)
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Elementai anaiysis: Calculated for C,,H;;NO %C 81.07

%N 3.99.

Diphenyl-(1-((1S)-phenylethyl)azetidin-(2S)-yl)-methanol (6a)!!
Crystals of 6a suitable for X-ray diffraction studies were obtained by crystallization from hexane.

e
U {iii,

N
Ch
Ch
00

1, NCI, and NCH(CT,)),
: & 148.1, 145.3, 140.6 (s,

o0
N g
3

,,u

AU | ~N

i ral 10N 1170 1 177 1 1YL O 1YL £ 170N
aromatic C), 128.2, 128.2, 128.1, 127.1, 126.8, 126.5, 126.0,

61.2 (d, NCH and NCH(CH,)), 45.0 (t, NCH,), 19.8 (g, NCH(CH,)), 19.6 (t, CH,). IR (CCL): &
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4.08. Found %C 83.61, %H 7.28, %N 4.19
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,2H, CH,), 1.16 (d, ] = 6.9 Hz, 3H, NCH(CH,)). *C NMR (CDCL,): 5 1
0 6 75.5
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Di-(4-methylphenyl)-(1-((1S)-phenylethyl)azetidin-(2S)-yl)-methanol (7a)
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Yield: 2.41 g, 71 %. [aJD : -41.7° (e=1, CHClL,). *
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NCH). 376 (a. J=70Hz 1H NCH(CH.). 3.74-33 (m, 2H, NCH.), 2.58 (s, 6H, 4-CH.-phenv]). 2.4-2.0 (m
eV ) s ¥ FoV AL, REAy ANLAR A3 S Ay Ll dy SNRARIG)y Lo d O Sy VA NTLaAgTpaaval AR
2H, CH,), 1.51 (d, J = 7.0 Hz, 3H, NCH(CH,)) PC NMR (CDCl,): 8 145.4, 142.6, 140.8, 136.0, 1359 (s,
aromatic C), 128.9, 128.4, 128.2, 127.3, 125.9, 125.6 (d, aromatic C), 75.6 (s, carbinol C), 69.6, 61.2 7 45.0 (t,
NCH.). 21.1. 199 (a. 4-CH.-phenv]l and NCH(CH. ). 19.6. (t CH.). IR (CCL): ¢ 3300 (broad. OH). GC-MS:
PNy L1030, 7.7, TTLALTpROEYE Qlif NIRRT 270 R Ry A0 Ry © 2OV RTRDRG, L) L mVIS.

m/z 372 (M"+ 1), 160 (M" - C(4-CH;-C4H,),0H), 105 (Methyitropilium). HR-MS: Calculated for C,,H,,NO
371.2249, found 371.2248.

Di-(4-methyiphenyl)-(1-((15)-phenylethyl)azetidin-(2R)-yi)-methanol (7b)

Yield: 2.31 g, 68 %. [a]2: +45.3° (c=1, CHCL). "H NMR (CDCL,): 8 7.58 (d, T, = 8.2 Hz, 2H, tolyl), 7.35-

-v T/ ATAIYT N

6.8 (m, 11H, Ph and tolyl), 4.23 (1, J -2.8 (m, 3H, NCH(CH;) and NCH,), 2.28 and
2.25 (s, 6H, 4-CH,-phenyl), 2.0-1.7 (m, 2H, CH,), 0.91 (d, J = 6.9 Hz, 3H, NCH(CH,)). "C NMR (CDCl,): &
145.2, 143.3, 142.6, 136.0, 135.8 (s, aromatic C), 129.1, 128.5, 127.4, 127.0, 125.8 (d, aromatic C), 75.6 (s,

<

rarlaiia sl Y frON ZOAN b N Yy = A NT FOTTANY AN 1 ra el A1 A N1 Y . A L
carpinol ), 63.9, 53.3 (a, NCn ana NCH(Ur13)), 45.1 (I, NUH,), 21.4, 21.5 ((, 4-Cn;-pnd

13.3 (q, NCH(CH,)). IR (CCL): o 3300 (broad, OH). GC-MS: m/z 372 (M' + 1), 160 (M* - C(4-CH,-
C,H,),0H), 105 (Methyltropilium). HR-MS: Calculated for C,3H,,NO 371.2249, found 371.2248.
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Di-(2-naphthyl)-(1-((1S)-phenylethyl)azetidin-(2R)-yl)-methanol (8b)
i o " iathyul athery [~120. - 1
ield £, 68 % PV'IP. 141 °C (dlcth_yl Uthox) {LL}D :-51.2° (C—l, CHCL;) H NMR (CDC.‘IJ) 58.1-73 (I"i,

144.5, 142.8, 142.1, 133.1, 132.2 (s, aromatic
125.8, 125.6, 124.5, 124.3, 124.0, 123.7 (d, aromatic C), 75.9 (s, carbinol C), 68.6, 59.1 (d, NCH and
NCH(CH,)), 43.6 (t, NCH,), 19.3 (t, CH,), 14.1 (g, NCH(CH,)). IR (CCL): & 3300 (broad, OH). Mass (EI):

Compound 9 was prepared from §-valerolactone (5.00 g, 49.9 mmol), following the same procedure as was
used for the synthesis of 1. The product was purified by distillation in vacuo.

Yield: 12.284 g, 90 %. Bp.: 91-93 °C (0.12 mmHg). 'H NMR (CDCl,): § 4.28 (dd, J = 6.0 Hz and J = 7.7 Hz,
1H, CHBr), 3.80 (s, 3H, COOCH,), 3.43 (t, J = 6.1 Hz, 2H, CH,Br), 2.35-1.91 (m, 4H, CH,CH,). IR (CCl,): &
1745 (s, COOCH,). GC-MS: m/z 279 (M’, isotope pattern of 2 bromines), 212 (M" - COOCH,, isotope pattern

of 2 bromines).

Methyl 1-((1S)-phenylethyl)pyrrolidine-2-carboxylate (10)

To a refluxing solution of 9 (1.00 g, 3.65 mmol) and potassium carbonate (1.009 g, 7.3 mmol) in acetonitrile
(10 ml) and distilled water (1 ml) a solution of (S)-a-methylbenzylamine (491 mg, 4.05 mmol) in acetonitrile
(5 ml) was added dropwise. When no more 9 was present as was determined by GC, the reaction was stopped
by concentrating the mixture in vacuo and taking-up the residue in 1N HCI solution. The aqueous solution was
extracted once with ethyl acetate, brought to pH > 8 by adding 1N NaOH solution and extracted with dichloro-
methane. The latter extract was dried (MgSO,), filtered and concentrated in vacuo. The diastereomers were
purified, but not separated, by flash chromatography (hexane:ethyl acetate, 7:1, v/v) to give 10 in 72 % total

yield. The mixture of esters 10 was used as such in the Grignard reaction.

(oW

Auxiliary 11 was obtained by standard Grignard reaction of the mixture of diastereomeric esters 10 and

subsequent separation of the resulting carbinols by flash chromatography (toluene:diethyl ether, 7:1, vA).

Yield: 28 % starting from §-valerolactone. Mp.: 115.5 °C (hexane). [a]]) : +0.5° (c=1, CHCL,). 'H NMR
(CDCL,): & 7.76-7.01 (m, 15H, Ph), 5.0 (broad s, 1H, OH), 43 (t, J = 6.2 Hz, NCH), 3.10-2.57 (m, 3H,
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NCH(CH;) and NCH,), 1.75-1.25 (m, 4H, CH,CH,), 1.18 (d, J = 7.1 Hz, 3H, NCH(CH,)). *C NMR (CDCl,)
5 148.9, 146.7, 140.3 (s, aromatic C), 128.8, 128.3, 128.1, 127.2, 126.5, 126.3, 126.1, 125.8 (d, aromatic C),

78.1 (s, carbinol C), 67.9, 57.7 (d, NCH and NCH(CH,)), 47.5 (t, NCH,), 30.1, 24.5 (t, CH,CH,), 20.6 (q,
NCH(CHj;)). IR (CCl,): o 3450 (broad, OH), 710, 700 (s, monosubstituted phenyl). Mass (EI): m/z 358 (M" +

N

+ +
(M* - C ), 174 (M" - C(C(H,),0H), 105

An excess of a 0.3 M solution of diazomethane in diethyl ether was added to a suspension of 1-benzyl-(28)-

proline in THF. After the initial gas evolution had stopped the yellow solution was stirred for 30 min., after

),

CHCI,)!6. '"H NMR (CDCL,): & 7.4-7.3 (m, 5H, Ph), 3.73 (AB quartet, J] = 12.7 Hz and J = 33.2 Hz, 2H,
NCH,Ph), 3.65 (s, 3H, COOCH,), 3.32-2.95 (m, 2H, NCH,), 2.43 (t, ] = 7.9 Hz, 1H, NCH), 2.28-1.7 (m, 4H,

__________ A - J N P DY PR PR P Ay

Auxiliary 13 was obtained by standard Grignard reaction using 5 equivalents of phenylmagnesium bromide
with respect to ester 12. Crystals of 13 suitable for X-ray diffraction studies were obtained by crystallization
from diethyl ether.

Yield: 76 %. Mp.: 116 °C (diethyl ether). [a]f)o : -94.5° (c=1, CHCL,). 'H NMR (CDCl,): & 7.8-6.9 (m, 15 H,
Ph), 4.87 (broad s, 1H, OH), 3.97 (dd, J = 8.7 Hz and J = 4.8 Hz, 1H, NCH), 3.11 (AB quartet, J = 12.5 Hz
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) H, N and 2.49- (m, 4H, CH,CH,). ®C NMR
(CDCL): & 148.2, 146.8, 139.8 (s, aromatic C), 128.7, 128.3, 128.2, 128.2, 126.9, 126.5, 126.3, 125.7, 125.7
(d, aromatic C), 76.0 (s, carbinol C), 70.8 (d, NCH), 60.7, 55.6 (t, NCH,Ph and NCH,), 29.9, 24.3 (1,
Qo | Y IR O 3450 {ase. d Ny AT C Nyl T 141 Atat 4

All reactions were carried out under an inert atmosphere of argon, using standard Schlenk techniques. First,

racemic mixtures of both endo

8

d exo adducts were obtained by carrying out the BBr;-catalyzed Diels-Alder
iliarv. Endo/exo ratios were determined by r\anﬂ]qrv GC and 'TH NMR

W Uy vapiiias SO Garle L3 ANLIVRAN

Enantiomeric excesses (e.e.’s) of the Diels Alder products were determined by GC using chiral columns:
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Supelco, Beta-DEX™ 120 fused silica column (length 60 m, internal diameter 0.25 mm, film thickness 0.25
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In a dry 10 ml Schlenktube 0.16 mmol chiral ligand was dissolved in dichloromethane (1 ml) containing 0.16
mmol BBr;. After 1 h. the solvent and any non-coordinated BBr, were removed in high vacuum. The residue

was then dicenlver
SSOIVE

VS vaiiwal wa

compound and cooled to -78 °C. Finalily, a solution o

)
<
R

3 mmol (2 equivalents) cyclopentadiene in dichloro-

methane (5 ml) was added and the reaction mixture was stored at -70 °C for 19 h. The reaction was quenched

at 70 °C with catura
1t satura

organic layers were extracted with I N HCI solution to separate the chiral ligand and dried with MgSO,,
filtered and concentrated in vacuo after which the endo/exo ratios and the e.e.’s were determined. All yields

were aver 95 ¢, The chiral licand v
W ] al llgand

SiT UVE: i Siiiave VY e

ag recovered hv addine 1 N NaQOH solution to the acidic a

adding JaOH solution to the ac queou

and extraction of the alkaline soiution with dichioromethane. Typical recovery yieid: 80 %.

Ru‘volnl') 2. llhpnf-ﬁ- e-2-car hgxa!ﬂ_ghyr_le (14)
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The enantioseiectivity of the endo adduct was determined by chiral capiilary GC using the Aifa D

column.

-aw

Z-Bromobicycio[2.2.1jhepi-5-ene-2-carboxaidenyde (i5)

The enantioselectivity of both the endo and exo adduct was determined by chiral capillary GC using the Alfa

um L iellily). 11k C Gl A= R S

DEX 120 column (100 °C isotherm). The absolute configuration of the exo adduct was determined by
comparison fo the known compound (iR,2R,4R)-15 obtained from the N-tosyi-L-phenylalanine-derived

oxazaborolidine catalyzed reaction.6

[N
=)
S’

Z-Methylbicycio{2.2.1]hept-5-ene-Z-carboxaldehyde (
The enantioselectivity of the exo adduct was determined by chiral capillary GC using the Alfa DEX 120
f

colu

n (85 °C isotherm
known compound (1R,2ZR,45)-16 obtained from the N-tosyi-L-iso-leucine-derived oxazaborolidine cataiyzed

reaction.®

R
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thylbicyclo[2.2.1]hept-5-ene-2-carboxaldehyde (17)

T T-?A ‘TFLTD- lichor
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1993; pp. 413-440. (c) Deloux, L.; Srebnik, M. Chem. Rev. 1993, 93, 763-784. (d) Lohray, B.B.;
Bhushan, V. Angew. Chem. 1992, 104, 740-741. (e) Mikami, K.; Terada, M.; Narisawa, S.; Nakai, T.

Synlett, 1992, 255-265.
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