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Abstract: The conformation of the benzyl group in 3-endo-benzylisobomyl esters depends on
the nature of the ester group, and changes into a position close to coplanar with the ester group as
the carbonyl group of the ester becomes conjugated. The potential use of these alcohols as chiral
auxiliaries in asymmetric synthesis is addressed.

The efforts of synthetic organic chemists over the past two decades have resulted in the discovery of
several highly effective chiral auxiliaries for effecting asymmetric transformations. Noteworthy among these
are the camphor-derived chiral sultams and sulfonamide auxiliaries developed by Oppolzer,12 the camphor-
derived chiral alcohols developed by Helmchen, Ib Corey’s phenmenthol,1¢:d Evans’ chiral oxazolidinones, ¢
and Enders’ chiral hydrazines.1:¢ Qur analysis of the structural elements of these highly successful chiral
auxiliaries led us to conclude that the 3-endo-benzylisoborneols (1), a class of alcohols not yet investigated as
potential chiral auxiliaries, might function as effective chiral adjuvants for Diels-Alder cycloadditions, Michacl
additions, and ester enolate alkylations and additions.

In order for the title compounds to function as chiral auxiliaries, they must meet two major
requirements: they must be able to exist in a conformation in which one face of the prochiral group is shielded
from the approach of the reagent, and they must also be able to adopt a conformation in which the auxiliary can
be removed from the product without compromising the stercochemical integrity of the newly-introduced chiral
center. In order to gauge their potential as chiral auxiliaries, we have undertaken a study of the conformations of
3- endo-benzylisobomyl esters by IH NMR spectroscopy and X-ray crystallography.
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The synthesis of the alcohols was effected by Bouveault-Blanc reduction? of the corresponding enones,
followed by fractional crystallization3 of the p-nitrobenzoates4 and base hydrolysis. Esterification of the
alcohols was accomplished with the appropriate anhydride [anhydride (1 eq.) / anhydrous pyridine (3 mL per
mmol alcohol) / r.t. / 24-72 h] or the appropriate acid chloride [acid chloride (1 eq.) /CH>Cl2/ (10 mL per mmol
alcohol) / pyridine (1 eq)/r.t./24-72 h}.5

In the TH NMR spectrum of the alcohols, the methylene protons of the benzyl carbons are quite distinct
(Table 1); the vicinal coupling constants with the proton at C3 indicate that the conformation about the C3-C1’
bond is such that this bond is nearly eclipsed in all the alcohols.

Table 1. Vicinal Coupling Constants of Benzyl Protons in Benzylisoborneols

Alcohol  Substituent OH-1a Jyic SH-1b Jvic Ou-3
1a H 2.81 14 2.60 8.6 2.37
ib p-OMe 2.78 1.6 2.55 8.6 2.32

During the synthesis of the alcohols, the paitrobenzoate esters are formed. The IH NMR spectra of
these esters show a totally different pattern of vicinal coupling constants of the benzyl protons, as shown in
Table 2. In contrast to this, the ITH NMR spectra of the propionate and a-methylbutyrate esters of the same
alcohols exhibit chemical shifts and coupling constants little different from those of the parent alcohol. That this
effect is the result of the additional conjugation of the ester carbonyl group is borne out by the spectra of the
acrylate esters and the crotonate ester of the p-methoxy derivative of the parent alcohol.

Table 2. Vicinal Coupling Constants of Benzyl Protons in Benzylisobornyl Esters

Ester Substituent Acyl Group OH-1a Jvic dH-1v JFvic -3
2a H pO2N-CeHy4-CO- 2.96 5.6 264 98 2.62
2b pOMe pON-CgHy-CO- 3.00 54 267 9.1 2.55
3a pOMe MeCO 2.86 6.9 257 9.0 241
3b H EtCO- 2.81 7.3 2.54 8.7 2.43
3c pOMe EtCO- 2.81 7.3 255 8.8 2.36
3d H CH»=CH-CO- 2.99 6.0 265 98 2.51
3e pOMe CH,=CH-CO- 2.93 59 259 98 2.48
3f pOMe CH3CH=CH-CO- 2.94 5.8 2.57 9.8 2.4
3g pOMe EtCH(Me)CO- 2.82(281)* 74 258 8.7 2.39

*The spectrum was obtained without separating the diastereoisomers, which appeared as a single spot by t.l.c.

The coupling constants in Table 2 are most consistent with a conformational change about the C3- C1’
bond from nearly eclipsed to staggered induced by the conjugated ester groups such that the aromatic ring,
which is nearly eclipsed by the C3 hydrogen in the alcohol moves into a position antiperiplanarto C4. Asa
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means of confirming the conformation of the C3-C1’ bond, the single-crystal X-ray structure of the

p-nitrobenzoate of the p-methoxy alcohol was determined.$ The result, shown in Figure 1, clearly shows that
the p-methoxybenzyl group in the p-nitrobenzoate ester adopts a conformation so that the C3-C4 and C1'-C1”
bonds are anti. Moreover, the conformation of the p-methoxyphenyl ring is such that it is in a good position to
effect strong shiclding of the Re face of the a carbons of the acrylate and crotonate esters, suggesting that this
alcohol should be a good chiral auxiliary for Diels-Alder reactions, and even allowing the possibility that these
alcohols might be useful auxiliaries for chiral alkylation reactions. Our initial studies of alkylation reactions of
the propionate esters [LDA/THF/-78— 0°C/20 min; R-X/-78— 0°C/18 h] have yielded preliminary 200 MHz
IH NMR evidence that suggests that the d.e.’s to be realized in this reaction are above 95%.7 The preliminary
1H NMR estimates of d.e.’s obtained in the diethylaluminum-catalyzed Diels-Alder reaction between the

acrylate ester of 1a and cyclopentadiene {Et;AICI (1 eq.)JCH2Cl>/-78°C] are in the ranges 83-90%.8
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1a:R=H 2a:R=H 3a: R= H; R’= CHj3
1b: R = p-OCH; 2b: R = p-OCH3 3b: R = H; R'= CH3CH;

3c: R = pOCHg R'= CH3CH,

3d: R = H; R'= CH=CH,

3e: R = pOCHg: R’ = CH=CH,

3f: R = pOCHz R’'= CH=CH-CH,

3g: R = p-OCHj3; R'= CH3CH,CH(CH3)

Figure 1.  The conformation of 3endo-(pmethoxybenzyl)isobornyl p-nitrobenzoate as determined by
single crystal X-ray structure analysis.
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