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INFLUENCE OF POLAR GROUPS IN THERMAL AND LEWIS ACID PROMOTED ASYMMETRIC
DIELS-ALDER ADDITIONS: LACTIC ACID DERIVATIVES AS PRACTICAL HIGHLY SELEC-
TIVE AND CONFIGURATIONALLY DICHOTOMIC REAGENTS

Thomas Poll, Giinter Helmchen* and Bernd Bauer
Institut fiir Organische Chemie der Universitdt, Am Hubland, D-8700 Wiirzburg, FRG

Summary: Diels-Alder reactions of the acrylate of (S)-ethyl lactate with cyclopentadiene proceed
with diastereoface-selectivity of up to 85:15 (non-catalyzed) and 93:7 (TiCl, -promoted). Depend-
ing on the Lewis acid, products of inverse configuration are obtained. In conjunction with facile
product analysis by LC, effective means for suppression of polymerization of the diene, and virtu-
ally epimerization-free ester hydrolysis these findings constitute a method for large scale prac-
tical applications of the asymmetric Diels-Alder reactionm.

High levels of stereoselection have been achieved in a variety of asymmetric Diels-Alder reac-
tions!. However, efficacious reagents of which both enantiomers are inexpensive and readily avail-
able have so far been elusive. We wish to report findings which demonstrate that simple deriva-
tives of lactic acid and presumably other hydroxy acids can fill this void. Furthermore, we have
found that a novel type of acrylate enantioface-discrimination is operative with these reagents.

This work developed from earlier studies2 which included, as model reactions, A1Cl,-promoted
additions of anthracene to 3-methoxycarbonyl-acrylates of la-c and 2c. Stereoselection of up to

> 99:1 was achieved. As expected on the basis of previous investigations of acrylates'2, no sig-
nificant diastereoselection was obtained in non-catalyzed reactions of the acrylates of la and
1b. However, acrylates of 1c and 2c were found to be exceptional in that they gave diastereoselec
Tion of up to 80:203, This suggested?@ that the carbamoyl group exerts an electronic (as distinct
from steric) face-differentiating effect on the acrylate moiety.
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Pursuing the lead given by the results mentioned above, acrylates of lactic acid esters (3) were
selected as dienophiles with acrylate-face-differentiating groups, CH, and COOR, of approximately
equivalent steric bulk but distinctly differing electronic type. Furthermore, we hoped that
acrylates 3 would show interesting effects in Lewis acid catalyzed reactions. In contrast to
"classical™ acrylates 5 (example: menthyl acrylate), compounds with apolar groups L and one donor

center (the acrylate oxygen), acrylates 3 provide two donor centers and are thus adapted to for-
mation of chelate complexes with Lewis acids.

In order to test these ideas reactions of the acrylate of (S)-ethyl lactate (§)5 and other simple
lactates with cyclopentadiene were investigated (Scheme 2). As first pleasant surprise it was
found that the four diastereoisomeric reaction products 7a-d are remarkably easily separable by
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Tiquid chromatography (Fig. 1). This allowed convenient product analysis by HPLC and in conse-
quence coverage of a wide variety of reaction variables. Furthermore, preparative isolation of
the products 7a-d® on a gram scale was easily accomplished by MPLC or, in the case of 7d, even by
flash chromatography in conjunction with TLC monitoring. Chromatography was not necessary, how-
ever, for preparation of optically pure endo 5-norbornene-2-carboxylic acid (see below).
Selectivity data obtained for non-catalyzed reactions of 6 with cyclopentadiene are displayed nu-
merically and graphically in Table 1/. Compared to previous results obtained with type 5 acrylates
{cf.a) an extreme degree of diastereoface selectivity (ratios of 7a:7b and 7c:7d) is found which
demonstrates a fundamentally new type of acrylate diastereoface differentiations. As anticipated,
the effect has an electronic (polar) origin. This view is supported by four observations; 1. Dia-
stereoface selectivity is strongly dependent on solvent polarity, expressed by Ep values8. 2. Dia
stereoface selectivity decreases with increasing solvent polarity. This is rationalized by assum-
ing that solvation of both acrylate faces by polar molecules Tevels off the effect of the lactate
COOR group. 3. Results almost identical with those shown in Table 1 have been obtained with acryt
ates of methyl and isopropyl lactate. This indicates that steric effects are not important. 4. No
significant solvent effect was found for the reactggn of cyclopentadiene with menthyl acrylate
(type 5)72:. On the other hand, for this compound”® as well as for acrylate 6 varigtion of endo-

exo selectivity, ratio of (7c+7d):(7a+7b), conforms to the pattern found by Berson'Y to be char-
acteristic for reactions of simple achiral acrylates with cyclopentadiene.

Investigation of Lewis acid catalyzed reactions of 6 with cyclopentadiene yielded further excit-
ing results which are summerized in Table 2. Entries la-f pertain to experiments not optimized
with regard to stereoselectivity. The following data were collected for optimisation of the TiCl.
promoted reaction and for a rather detailed evaluation of the systems response to variation of
important reaction variables'!, The following general features are apparent: 1. As was to be ex-
pected on the basis of previous results!, compared to the non-catalyzed reaction all the Lewis
acids cause steep increase in endo-exo selectivity and reaction rate. 2. However, the acrylate 6
is unique in that the configuration of the prevailing adduct'? is a function of the Lewis acid:
in non-catalyzed reactions and with BF,-Et,0, aluminum halides, and ZrC1,(!) 7c is formed in ex-
cess; but with TiCl, and SnCl, mainly 7d is obtained'2. This indicates that at least two types of
acrylate/Lewis acid complexes can be formed. 3. With TiCl,, the ratio of 7d:7c varies considerably
with temperature (entr. 2) and molar ratio of TiCl,:6 (entr. 3). Both functions show a maximum;
therefore, even one and the same Lewis acid probably forms more than one reacting species.

Three problems had to be solved in order to arrive at a preparatively useful and broadly applica-
ble method. 1. As is usually found, polymerization of the diene was a serious impediment for the
Lewis acid promoted reaction, particularly with TiCl, as the catalyst!3. 2. Being extremely reac-
tive cyclopentadiene is not a representative diene. Reaction temperatures considerably higher
than -60° are usually required (f.i. with butadiene). Pronounced decrease of selectivity with in-
creasing temperature is thus an undesirable feature (Table 2, entr. 2). 3. Esters R,CHCOOR*, as
they result from asymmetric Diels-Alder additions, commonly yield partially epimerized or racem-
ized carboxylic acids upon saponification because drastic reaction conditions are required. This
problem can be circumvented by reductive ester cleavage which creates, however, the new problem
of separating two alcohols'4.

The first two problems were solved simultaneously. Considering that polymerization of dienes is
most Tikely induced by free TiCl, rather than associated species, we used CH,Cl,/n-hexane mix-
tures as solvents. Surprisingly, even a content of ca. 50 % (v/v) of n-hexane'> suppresses poly-
merization to a level beyond detection. Furthermore, the reaction is more selective and stereo-
selectivity is less dependent on temperature in this mixture than in CH,C1, (cf. entries 2 and 4
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Fig. 1. Analytical HPLC separations
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of raw mixtures from reactions of 6 A
with cyclopentadiene. n

A Non-catalyzed (n-hexane) (table 1)
B ATETC1,-promoted (table 2, e. 1f)
C TiCl,-promoted (table 2, e. 4a)

Column: 20x0.46 cm, 5psilica Hypersil?
eluent: petroleum ether (1.b.)-t-butyl-
methyl-ether 99:1, flow: 3 ml min~!, de-
tection: UV at 220 nm, ratio of extinc-

tion coefficients at 220 nm: 0 S 0
E73:€ZR:€ZS:€1§ = 1,50:1.06:0.95:0.75.

Table 1. Non-catalyzed asymmetric Diels-Alder additions of
acrylate 6 to cyclopentadiene; conditions: 0° C, 186 h,
c(cyclopentadiene) = 1.0 M, c(6) = 0.05 M, c(hydroquinone)
= 0.005 M.

Graphical representation:
Ar=7a:7b, B r =7c:7d, C r = (7c+7d):(7a+7b)

product ratio of

solvent  Eq 7a:7b  7c:7d  (7c+7d):(7a+7b)
n-hexane  30.9 85:15 80:20 1.68
1, 32.5 82:18 77:23 1.78
toluene 33.9 80:20 73:27 1.94
CH,CT, 41.1 68:32 58:42 3.22

1

Table 2. Lewis acid promoted Diels-Alder reactions of acrylate 6 with cyclopentadiene;

concentrations: as given in Table 1.

equiv. of temp.

ratio of endo-exo ratio of

entry  Lewis acid | .o, iy rec solvent 7d:7c (7c+7d):(7a+7b)
1a TiCl, 7.1 -45 CH,C1, 85:15 16:1
1b SnC1, 1.1 -45 CH,C1, 84:16 18:1
1c rCl, 1.1 -45 CH,CT, 48:52 17:1
1d BF,-Et,0 1.1 -45 CH,C1, 34:66 12:1
1e A1C1, 1.1 -45 CH,C1, 36:64 13:1
1f ATEtC1, 1.1 -63.5 CH,Cl, 33:67 16:1
2a TiCl, 1.1 =75 CH,C1, 90:10 21:1
2b TiCl, 1.1 -63.5 CH.Cl1, 90:10 22:1
2c=1a TiCl, 1.1 -45 CH,C1, 85:15 16:1
2d TiCl, 1.1 0 CH,C1, 78:22 71
3a TiCly 0.3 -63.5 CH,C1, 91: 9 31:1
3b TiCl, 0.5 -63.5 CH.C1, 92: 8 28:1
3c TiCl, 0.75 -63.5 CH,C1, 93: 7 32:1
3d=2b  TiCl, 1.1 -63.5 CH,CT1, 90:10 22:1
4a TiCl, 0.75 -63.5 CH,Cl1,/n-hexane |a 93: 7 39:1
4b TiCly 0.75 -45 CH,C1,/n-hexane |a 92: 8 29:1
4c TiCl, 0.75 -24 CH,C1,/n-hexane |a 90:10 17:1
4d TiCl, 0.75 0 CH.C1,/n-hexane |a 87:13 12:1

[a] ratio of 4.5:5.5 (v/v), c(6) = 0.046 M.
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of Table 2)'6. Thus, replacing n-hexane by petroleum ether (1.b.) and otherwise using conditions
as stated by entry 4a of Table 2, preparative experiments showed complete consumption of 6 (6 h)
with only 1.25 eq of cyclopentadiene. On a 10 g scale, pure 7d was obtained in 88 or ca. 50 %
yield after product purification by MPLC or flash chromatography, respectively.

Finally, saponification of adducts 7a-d without epimerization was found to be possible with LiOH
in THF/water at room temperature’7. This finding enabled the preparation of optically pure (+)-
(1R,2R)-5-norbornene-2-carboxylic acid according to Scheme 3. Avoiding chromatography, this method
combines the procedures described above with a purification protocol based on iodolactonization/
elimination developed by Sauer and Kredel® (enantiomeric purity of 8: 991 %9¢),

Scheme 3 0
0
LiOH 1. I,/KI PR [e]ife -240° (c=2.6, CeHe)
6 7a-d (raw product /@ .
S = : 20 _02g° (e
Ticl, mixture) 2. 2 cryst. I [0]336 -239° (c=2.0, CH,)

8 (71 Z, from 6)

The work reported here opens a possibility to obtain many important Diels-Alder adducts enantio-
merically pure or highly enriched at a very low price. We are currently exploring scope and mech-
anistic aspects in conjunction with obvious structural variations of the chiral auxiliary.
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