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Abstract—Diastereotopically nonequivalent p-facial 1,6-annulated-1,3-cyclohexadienes have been explored as probe molecules
to assess the face-selectivities in cycloadditions. Steric factors have been found to be important in controlling the face-selectivities
with these dienes. Studies with the hitherto unexplored diene 5 were also consistent with the order C–H > C–C for hyperconjugative
stabilization of the transition state.
� 2005 Elsevier Ltd. All rights reserved.
Evaluation of the effects that influence p-facial diastereo-
selection in [4+2] cycloadditions has been the subject of
important discussion in recent years.1,2 Several factors,
both steric as well as electronic, have been suggested to
explain the face selectivity in cycloadditions with dienes
and dienophiles where at least one of the components
contains nonequivalent p-faces. As a means for predict-
ing such face-selectivity, Mehta and Uma gave the fol-
lowing qualitative hierarchy of stereoelectronic effects:
steric > through space electrostatic repulsion or attrac-
tion stabilizing orbital interactions > hyperconjuga-
tion > ground-state orbital distortion.2b Such facial
diastereoselection in [4+2] cycloadditions has been
extensively studied with dissymmetric cyclopentadienes.
Amongst the dissymmetric 1,3-cyclohexadienes, polycy-
clic and 5,6-cage-annulated derivatives with minimum
conformational ambiguities have been studied exten-
sively.2 Amongst the simple dissymmetric cyclohexadi-
enes, primarily masked o-benzoquinones have been
explored for such selectivity.3 We report in this letter,
the cycloaddition reactions of 1,6-annulated 1,3-cyclo-
hexadienes 1 and 5 bearing diastereotopically nonequiv-
0040-4039/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tetlet.2005.09.129

Keywords: Cycloaddition; p-Facial selectivity; Annulated cyclo-
hexadienes.
* Corresponding authors. Tel.: +91 3344734971; fax: +91 3324732805
(S.L.); e-mail: ocsl@iacs.res.in
alent p-faces. The investigation reveals how the steric
effect becomes the primary factor in controlling the
face-selectivity in such reactions.

Earlier, in describing cycloadditions of acetylenic
ketones 2a–e to one of the title dienes namely, (4,4a,
5,6,7,8-hexahydronaphthalene-2-yloxy)-trimethylsilane,
1, we reported exclusive face-selective additions of the
dienophiles yielding the diastereomers 3a–e.4 The other
diastereomers 3 0a–e could not be identified from any
of the reactions (Scheme 1). The topology of diene 1
clearly showed a preferential syn approach by a dieno-
phile to the C–H bond at the C4a asymmetric center
of the diene in view of its concave–convex topology.
This topology shields any approach of the dienophiles
from the concave face favoring an exclusive diastereo-
selective adduct formation. Similar steric factors were
also found to be operative in steroidal dienes.5

The stereochemistry of these adducts at C6 has now
been established from the X-ray data of 4.6 This ketal
was best synthesized (78%) by refluxing 11,12-dibenzoyl-
tricyclo[6.2.2.01,6]dodec-11-en-9-one 3a and ethylene
glycol in toluene using a catalytic amount of DD-cam-
phorsulfonic acid (CSA) for 3 h (Scheme 2).

In order to explore the power of such steric factors in
controlling the p-facial selectivity steric effects in the
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Scheme 1. Adduct formation from 1.

Scheme 2. Ketalization of 3a and ORTEP diagram of 4.
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diene were minimized by using the diene trimethyl-
(2,3,7,7a-tetrahydro-1H-inden-5-yloxy)-silane, 5, with
semiplanar topology (Scheme 3). Although several cyclo-
additions have been reported with the 7a-methyl deriva-
tive of 5,9 additions to the parent molecule have
Scheme 3. The adduct formation from diene 5.
remained unexplored till now. The favored approach
of acetylenic dienophiles 2a,c,e to 5 was found to be anti
to the C–H bond at the C7a asymmetric center of the
diene giving 6 0a,c,e in major proportions. Minor quanti-
ties of the other diastereomers 6a,c,e were also formed
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Figure 2. Hyperconjugative stabilization picture in the transition state
of cycloaddition of 5.
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by the corresponding syn approach of the dienophiles
(Scheme 3). The overall yields from these reactions were
only moderate (�40%) and the mixture of isomers were
separated with difficulty. The structures of the products
were confirmed from their analyses and spectroscopic
data (Table 1 in Supplementary data).10 The structure
of 6 0a was confirmed by its X-ray crystallographic data
(Fig. 1).6

While in facially biased dienes like 1 the steric effect con-
trolled the selectivity in the sterically less biased diene 5
other effects influenced the diastereoselection. This was
further confirmed from the addition of N-phenylmale-
imide (NPM) to dienes 1 and 5 (Scheme 4). While in both
the cases only the endo-adducts were obtained, diaste-
reoselection led to 7 from 1 but 8 from 5. The principle
of hyperconjugative stabilization of a transition state
was applicable in all these diastereoselective dienophile
additions to 5.1d,11 In the transition state, stabilization
of the r�

CC orbital of the newly forming bond by the dif-
ferential hyperconjugative effect of the r orbital of one
of the anti-periplanar allylic bonds (C–H or C–C) led
to diastereoselection where, additions of anti to the
C7a–H bond (Fig. 2B) were found to be always pre-
ferred over C7a–C bond (Fig. 2A). The relative electron
donating ability of a r�

C–H bond vis-a-vis a r�
C–C bond in

such transition state has long been a subject of
debate.1,7,8 Our results are consistent with Cieplak�s
Figure 1. ORTEP diagram of 6 0a.
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Scheme 4. Additions of NPM with 1 and 5.
model of intrinsic C–H > C–C order of hyperconjuga-
tion.1d While with the linear geometry of acetylenic
ketones, additions anti to the C7a–C bond could give
the less preferred adducts 6a,c,e, the trigonal geometry
of an ethylenic dienophile like NPM probably exerted
more steric hindrance forming only 8 by preferred
attack from the anti-side of the C7a–H bond of 5 and
the formation of the other diastereomer was disfavored.
In the case of diene 1, its steric congestion led to adduct
7.
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V = 1094.9(5) Å3, Z = 2. Crystals of 60a are colorless,
of size: 0.45 · 0.30 · 0.10 mm3, monoclinic, space group
P21, a = 6.1243(3) Å, b = 14.4240(8) Å, C = 10.7673(5) Å,
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