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affords the -ac rotamer of methyl (S)-1-(2'-methyl-1'-indenyl)naphthalene-2-carboxylate 6 in 63% ee. Heating -ac-6

at 89 °C leads to the format‘xon of an 18:1 mixture of -ac:+sc-6 rotamers, with a barrier to atroplsomerisation of
AG*353 = 28.4 kcal mol™! (+sc to -ac). Prototropic rearrangements of the rotamers of 1-(2'-methyl-1'-
indenyl)naphthalenes to 1-(2'-methyl-3'-indenyl)naphthalenes occur with retention of the axial stereogenic element.

© 1998 Elsevier Science Ltd. All rights reserved.

As part of a project examining the asymmetric synthesis of planar chiral cyclopentadienylmetal complexes
through the use of axially chiral chelating cyclopentadienyl ligands,!- 2 we recently described a stereoselective
synthesis of axially chiral 1-(3'-indenyl)naphthalenes via central to axial chirality transfer during prototropic
rearrangements of 1-(1'-indenyl)naphthalenes.3 It was proposed that the sense of chirality transfer in these

rearrangements was dependent on the relative reactivities of interconveriing rotational isomers about the
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through reaction of the (R)-sulfoxide 1 with indeny!hth Y

preferentially through the +sc rotamer, affording the (S)-1-(3'-i enyl)ndphthalene 11 (46% de) whilst
isomerisation during the course of lithium aluminiumhydride (LAH) reduction proceeded through the -ac
rotamer, affording the (R)-1-(3'-indenyl)naphthalene 7 (58% ee). In the former reaction the indene 1-H is
presumably more sterically accessible to the base in the +sc rotamer, while in the latter reaction it was shown
that isomerisation during reduction proceeds through an intramolecular deprotonation reaction, which can only
take place through the -ac rotamer. Since the [-(3'-indenyl)naphthalenes 7 and 11 had only low to moderate
thermal stability with respect to atropisomerisation, it was decided to raise the barriers to rotation further by
introducing a methyl substituent at the indene 2-position. In this Letter we report that the resulting 1- (2 -
methyl-1'-indenyl)naphthalene compounds exhibit the rare phenomenon of atropisomerism owing to hindered
rotation about an sp3—sp2 bond* and that subsequent prototropic rearrangements to the 1-(2'-methyl-3'-

mdenyl)ndphthalencs occurs with retention of the axial stereogenic element.
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NMR analysis). Treatment of 4 with triethy amine (1:1 NEt3y/benzene, reflux, 60 h) afforded the (R)-1-(2'-

methyl-3'-indenyl)naphthalene 8 in 97% yield and 65% de (\H NMR analysis), while treatment of 4 with
excess LAH (ether, 0 °C, 20 min) afforded the (R)-1-(2'-methyl-3'-indenyl)naphthalene 9 in quantitative yield
and 70% ee (HPLC analysis, Pirkle Type 1A, Regis), i.e. the sense of "chirality transfer” was no longer
reversed as previously observed in the case of the 1-(1'- indenyl)naphthalene 3, and the rearrangements under
DOtr’l COﬂCll[lOﬂS dppearea to be [dKlﬂg p!dLC prt:lcremmuy via the -ac rotamer. lﬂ Oraer fo galn an mSlgm mto
the reasons for this change in behaviour, calculations of the barriers to rotation in the 1-(1'-indenyl)naphthalene

systems were made using the simplified methyl esters (Scheme). The calculationsd on the 1 -(1'-
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indenyl)naphthalene 5 [AH%¥¢qc = 15.0 keal mol-! (-ac to +sc¢); AHaic = 12.7 keal mol-! (+sc to -ac)]
supported our previous proposal that interconversion of the rotamers should be rapid relative to the rate of
rearrangement, while the calculated barriers were considerably higher in the case of the 1-(2'-methyl-1'-
indenyl)naphthalene 6 [AH¥.,)c = 24.4 kcal mol-! (-ac to +sc); AH¥ 4 = 18.9 kcal mol-! (+sc to -ac)).
Nevertheiess, contrary to expectatlom from the (,dl(.uldtlorl’s there was no evidence for hindered rotation in thc
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suggest, however, that there may be a significant thermodynamic bias in favour of the -ac rotamer which might
preclude observation of the minor +sc rotamer. Consequently, it was decided to replace the bulky menthyl
ester of compounds 3 and 4 with a methyl ester in which the bias in favour of the -ac rotamer may not be as
pronounced.
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5 R'=CHy; R2=H
6 R'=CHg; R? = CH,

7 R2=H; R®= CH,OH 11 R' = (1R)-menthyl; R2 = H ant-9
B R2 = CHg; R® = CO4(1R)-menthyl ent-10 R' = CHg; R? = CH,

9 R? = CHy; R® = CH,0H

10 R? = CHy; R3 = CO,CHy
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tolylsulfinyl)naphthalene6 with methy! chloroformate in THF solution at -78 °C during 5 h. Reaction of 2
]

0
(Scheme) with indenyllithium (1.0 equiv.) in THF solution during 5 min at 0 °C furmshed the (S)-1-(1'-
indenyl)naphthalene 5 in 36% yield together with the corresponding 1-(3'-indenyl)naphthalene in 6% yield
(longer reaction times eventually leads to complete isomerisation of 5). The enantiomeric excess of 5 was
unable to be determined directly, however, on reduction with excess LAH (ether, 0 °C, 20 min) the (R)-1-(3'-
indenylynaphthaiene 7 was isolated in quantitative yield and 21% ee (HPLC analysis, Pirkle Type 1A, Regis).
Given that LAH reduction of the menthyl ester 3 proceeds with essentially complete retention of stereochemical
purity, it follows that the enantiomeric excess of 5 is also 21% [because of the low barrier to rotation
anticipated3 for the 1-(3'-indenyl)naphthalene isomer of 5, no attempt was made to determine its ee]. The 'H
NMR (CDCl3) spectrum of 5 now revealed the presence of two rotameric forms in a ratio of 9:1. The minor

rotamer was assigned as +sc since the signal for the methyl group (84 3. 08) was si gmflcant]y shielded wnh
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Reactlon of 2 (Schemc) w1lh 2 -methylindenyllithium (1.2 equiv.) in THF solution during 5 min at 0 °C
furnished the (§)-1-(2"-methyl-1'-indenyl)naphthalene 6 in 47% yield and 63% ee [HPLC analysis, Chiralpak
OT(+), Daicel] together with the (R)-1-(2'-methyl-3'-indenyl)naphthalene 10 in 3% yield (again, longer



reaction times eventually leads to complete isomerisation of 6 to 10). The enantiomeric excess 10 was unable
to be determined dlrectly, however, redu(,tlon with excess LAH (ether, 0 °C, 20 min) furnished the (R)-1-(2'-
methyl-1'-indenyl)naphthalene 9 in quantitative yield and 63% ee. The 'H NMR spectrum of 6 indicated the
presence of only a single rotamer, however, on heating 6 for 2 days in benzene solution under reflux the 1H
NMR (CDCl3) spectrum revealed that a second minor rotamer had been formed in a ratio of 18:1 (hcatmg for
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nger periods does not alter this ratio). As in the case of 5, the minor rotamer was assigned as +sc since the
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4.03), while in the -ac rotamer the naphthalene 8-H (8y 7.06) was significantly shielded with respect to that of
the +sc rotamer (8 8.53). This assignment was confirmed by single-crystal X-ray diffraction analysis of -ac-
6.8

The rotamers of 6 were chromatographically separable and the rate of conversion of +sc-6 back to an
equilibrium mixture in refluxing benzene solution was determined (HPLC analysis), providing a barrier to
rotation AG#¥353 = 28.4 kcal mol-! (+sc to -ac). Treatment of -ac-6 (63% ee) with triethylamine (1:1

NEt./hanzana 285 °C 10 Adave) furnichad ‘1 fp\ 1 ' methul _1'_ ;nﬂ‘annl\r\unhﬂ'\q‘nr\n M0 in 0‘07 viald which
INCAJ/OCIZCHIC, &0 \_4, 1V Gays) urnisned ull Wik j- -2 -Hiclly -5 -1naChny napnulaicne av il 07 yiCia Winicn,
following L.AH reduction, quantitatively afforded the (R)-1-(2'-methyl-3'-indenyl)naphthalene 9 in 63% ee.
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Treatment of -ac-6 with excess LAH (ether, 0 °C, 20 mm) also afforded the (R)-1-(2'-methyl-3'-
indenyl)naphthalene 9 in quantitative yield and in 63% ee. Treatment of +sc-6 (presumably also of 63% ee; the
ee could not be determined directly) with triethylamine (1:1 NEts/benzene, 25 °C, 24 h) afforded the (5)-1-(2'-
methyl- 3'«indenyl)naphthalene ent-10 in 96% yieid which, following LAH reduction, quantitativeiy afforded

the (D) i (A II]C[ﬂ}’l 3 1naeny1)ndpmndltm eni-9 in 03% ee. When +5c-6 was treated with excess LAH
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indenyl)naphthalene +sc-12 was obtained in 98% yield. The enantiomeric excess of +sc-12 was unable to be
determined directly, however, on treatment with triethylamine (1:1 NEt3/benzene, 25 °C, 3 days) the (S)-1-(2'-
methyl-3'-indenyl)naphthalene ent-9 was isolated in quantitative yield and 63% ee. The formation of +sc-12
verifies our previous proposal3 that isomerisation during reduction proceeds through an intramolecular
deprotonation reaction, generating a chelated (indenyl)aluminate intermediate, and this can only take place
through the -ac rotamer.

Tha diffaranrac in behaviour noted above for the rearrancement reactions of 2 and 4 can now be
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accounted for. Thus, while existing almost exclusivelv as the -ac rotamer (as evident from the |H NMR
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chemical shifts for the menthyl 1-H and naphthalene 8-H), facile rotation about the naphthalene-indene bond in
3 allows access to the more reactive +sc rotamer during the triethylamine catalysed rearrangement. However,
in the triethylamine catalysed rearrangement of 4 (which is synthesised exclusively as the -ac rotamer),
rotation about the naphthalene-indene bond does not occur, or is at least considerably slower than the rate of
rearrangement of the -ac rotamer, ieading to the substantiai retention of the axiai stereogenic element. The
stereochemical outcome of the rearrangements of the rotamers of 1-(2-methyl-1'-indenyDunaphthalenes is
analogous to the retention of the axial stereogenic element in fluorenyl carbanions derived from the rotamers of
asymmetrically substituted 9-(1'-naphthyl)fluorenes which we have recently reported.!. 2

As expected, the 1-(2'-methyl-3'-indenyl)naphthalenes have considerably higher thermal stability with
respect to atropisomerisation than the 1-(3-indenyl)naphthalenes described previously.3 Although we have yet
to determine the barriers to rotation, heating of the 1-(2'-methyl-3'-indenyl)naphthalene 4 in toluene solution
under reflux for 24 h did not result in any detectable epimerisation. The absolute configurations of the 2-
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spectrum of (S)-1-(3'-indenyl)-2-naphthalenemethanol ent-7 (the absolute configuration having been

previously dctcrmmed*) Wlth that of 1-(2'-methyl-3'-indenyl)-2-naphthalenemethanol 9 (Figure 1), indicates
that 9 has the R absolute configuration, both compounds displaying Cotton effects at similar wavelengths (ca.
200, 230, 240 and 270 nm) but with opposite signs. The CD spectra of the rotamers -ac-6 and +sc-6 (Figure
2) also show Cotton effects at similar wavelengths (ca. 205, 230 and 255 nm) but with opposite signs, i.e. the
CD spectra largely refiect the axial rather than the central stereogenic eiement of the compounds. Comparison
of the signs of the Cotton effects of the rotamer -ac-6 with those of the three lowest wavelength Cotton effects
of 9 suggests an absolute configuration which is entirely consistent with the assignment of configuration based
on the intramolecular deprotonation mechanism for rearrangement accompanying LAH reduction. Having

established that 1-(2'-methyl-3'-indenyl)naphthalenes display high configurational stability, we are currently



exploring the preparation of a range of chelating ligands based on this system and examining their application to
the asymmetric synthesis of planar chiral cyclopentadienylmetal complexes.
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Fig. 1 CD spectra (acetonitrile) corrected to cnantiomeric ~ Fig. 2 CD spectra (acetonitrile) corrected to enantiomeric

purity of ent-7 (—)and 9 (- -) purity of -ac-6 (—) and +sc-6 (- -)
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