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(—)-3-Menthyl-4,7-dimethylindene and (—)-4,7-diisopropyl-3-menthylindene were prepared
in 63 and 48% yield, respectively, through a 1,1'-bis(diphenylphosphino)ferrocene-palladium-
catalyzed cross-coupling reaction of menthylzinc with 3-(4,7-dimethylindenyl) trifluoro-
methanesulfonate or 3-(4,7-diisopropylindenyl) trifluoromethanesulfonate. Several other
methods including addition of menthyl Grignard to 1-indanone, addition of (indenyl)lithium
to menthone, or coupling of 3-bromoindene with menthyl Grignard for preparing 1-(or 3-)-
menthylindene were inferior to direct substitution of menthyl sulfonate esters by (indenyl)-
lithium. (—)-3-Menthyl-4,7-dimethylindene could be deprotonated to form a single diaster-
eomeric lithium salt that was characterized by X-ray crystallography. (—)-4,7-Diisopropyl-
3-menthylindene was deprotonated to form a lithium salt. Formation of the sodium and
potassium salts of (—)-3-menthyl-4,7-dimethylindene was possible, but the products were
not stereochemically characterized. 1-Trialkyltin compounds with (—)-3-menthyl-4,7-di-
methylindene were prepared as nearly 1:1 diastereomeric mixtures from the lithium salt.
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Introduction

The study of indenylmetal complexes bearing a chiral
substituent at the 1-indenyl position has been challeng-
ing not only due to the formation of diastereomeric
metal complexes but also due to limited approaches to
certain substituted ligands.»2 A selection of known
chiral indenes along with the isomer ratios obtained for
zirconocene dichloride complexes of these ligands are
shown in Figure 1. Although these ligands were pre-
pared by the straightforward alkylation of (indenyl)- or
(4,7-dimethyl)-indenyllithium complexes with several
terpene-derived sulfonate esters, the yields were not
always very good.!

While 4,7-dimethyl-3-neomenthylindene had the high-
est metalation stereoselectivity,! the corresponding (—)-
3-menthyl-4,7-dimethylindene ligand l1a was not re-
ported until now. Since its three equatorial substituents
should render the menthyl group conformationally
better defined than the neomenthyl group, we antici-
pated that menthyl-containing 1a would be promising

12:1:4 5:1:11 98:1:1 1a

Figure 1. Chiral indenes and diastereomeric ratios for
their zirconocene dichloride complexes (racem-likel:racem-
like2:meso-like = (pR)(pR):(pS)(pS):(PR)(pS)).

to study. The two most favored conformational isomers
of la as calculated at the Becke3LYP/6-31G level are
shown in Figure 2.3 The increased steric interaction of
the 4-methyl group provides a 27 kJ/mol preference for
the +anticlinal conformation, whereas the energy dif-
ference for the corresponding conformation in 3-men-
thylindene is only 2.1 kJ/mol. Given the large preference
for the +anticlinal conformation of 1a, the isopropyl
group should effectively shield the 1-si face of the
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+anticlinal (Aeye = 0 kJ/mol)

Figure 2. Calculated conformations of 3-menthyl-4,7-
dimethylindene.

indenyl n-face and lead to selective metalation. Our
attempts to form ligand la through alkylation of 4,7-
dimethylindene gave marginally satisfactory results and
prompted us to investigate alternative synthetic meth-
ods for preparing this ligand and the related (—)-3-
menthylindene and (—)-4,7-diisopropyl-3-menthylindene
ligands. As part of our work on the preparation of new
chiral ligands,* these syntheses and the formation of
several main group compounds of 1la are described in
this paper.

Experimental Section

All operations involving organometallic compounds were
carried out under an inert atmosphere of nitrogen or argon
using standard Schlenk techniques in dry, oxygen-free sol-
vents. Melting points were measured in sealed capillaries with
a Buchi 510 melting point determination apparatus and are
uncorrected. Optical rotations were determined on a Schmidt+
Haensch Polartronic-D polarimeter. The NMR spectra were
recorded on a Bruker ARX 200 (*H, 200 MHz; 13C, 50.32 MHz)
or ARX 400 (*H, 400 MHz; C, 100.64 MHz; 1°Sn, 149.21
MHZz) spectrometer at ambient temperatures. Chemical shifts
are reported in ppm relative to the *H and *3C residue of the
deuterated solvents. Chemical shifts for 11°Sn measurements
are given relative to tetramethyltin. The IR spectra were
recorded on a Nicolet Magna System 750 spectrometer. Mass
spectra (El, 70 eV) were obtained using a Varian MAT 311
A/AMD instrument. Only characteristic fragments containing
the isotopes of the highest abundance are listed. Relative
intensities in percent are given in parentheses. Elemental
analyses were performed on a Perkin-Elmer Series 11 CHNS/O
Analyser 2400. (—)-Menthyl chloride,®> (+)-neomenthyl chlo-
ride,® (+)-menthylmagnesium chloride,” (+)-neomenthylmag-
nesium chloride,® (+)-neomenthyl methanesulfonate,® 3-bro-
moindene,!® 3-chloro-1-(2',5'-dimethylphenyl)propanone,* 4,7-
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dimethylindanone,!* indenylmagnesium bromide(THF)s,*? (in-
denyl)lithium,*® (4,7-dimethylindenyl)lithium,? (1-neomen-
thylindenyl)lithium, lithium bis(trimethylsilyl)amide(Et,0),*
and 4,7-dimethylindene®® were prepared according to pub-
lished procedures. 3-Chloropropionyl chloride, trifluoromethane-
sulfonic anhydride, (—)-menthone, dichloro-1,3-bis(diphenylphos-
phino)propanenickel(ll), dichloro-1,1'-bis(diphenylphosphino)-
ferrocenepalladium(11)(CH.Cl,), indanone, sodium amide, po-
tassium hydride, n-butyllithium, trimethyltin chloride, tri-n-
butyltin chloride, boron trifluoride(Et,0), 4-toluenesulfonic
acid(H.0), titanium tetrachloride, cerium trichloride, copper
iodide, and anhydrous aluminum trichloride were used as
purchased. 1,4-Diisopropylbenzene, triethylsilane, and indene
were distilled prior to use.
(—)-3-Menthyl-4,7-dimethylindene (1a) and (—)-1-Men-
thyl-4,7-dimethylindene (1b). A solution of (+)-neomenthyl
methanesulfonate (35.79 g, 152.71 mmol) in THF (30 mL) was
slowly reacted at 0 °C with a solution of (4,7-dimethylindenyl)-
lithium (25.50 g, 169.83 mmol) in THF (200 mL). The purple
solution was stirred 2 h at this temperature and 10 h at room
temperature, before it was hydrolyzed with water (100 mL).
The mixture was acidified with 1 M HCI and extracted three
times with diethyl ether (200 mL). The combined organic
fractions were dried with magnesium sulfate and purified by
column chromatography (SiO,, 10/1 n-hexane/ethyl acetate).
The resulting orange oil was fractionally distilled in a vacuum
(1072 mbar) to yield 1b as a yellow oil (7.79 g, 18%) at a
temperature of 99 °C and the double bond isomer 1a (12.98 g,
30%) as a yellow oil at 116 °C. 1b: bp 99 °C (10-° bar); —158.9
°C (neat). *H NMR (chloroform-d;, 400 MHz): 6 7.00 (m, 1 H,
H®), 6.96 (d, 3J = 1.8 Hz, 1 H, H3), 6.90 (m, 1 H, H5), 6.50 (dd,
8] =5.7 Hz,3J = 1.8 Hz, 1 H, H?), 3.89 (m, 1 H, HY), 2.47 (m,
1 H, H¥), 2.43 (s, 3 H, H), 2.41 (s, 3 H, H9), 2.3-0.75 (m, 9
H, HY245.68) 108 (d, 3J = 6.9 Hz, 3 H, H%Y),1.01 (d, 3J =
6.9 Hz, 3 H, H¥%), 0.69 (d, 3J = 6.5 Hz, 3 H, H”). BC{H}
NMR (chloroform-d;, 100.64 MHz): 6 145.10, 143.73 (C&9),
135.48, 130.17, 127.45, 126.72 (C>356), 130.01, 127.49 (C*7),
51.64, 46.83, 38.85, 32.71, 26.80 (C*¥48), 35.35, 33.93, 24.66
(C?5%),22.48, 21.59, 19.16, 18.21, 15.47 (C7-9-1010.11) ' MS (59
°C): m/z 282 (100) [M]*, 267 (5) [C2oH27]*, 239 (16) [C1sH23]",
158 (62) [Ci2H14]T, 143 (27) [C11H11]T, 128 (17) [CioHs] ™. IR
(Csl): 7 3065, 2952, 2921, 2866, 1493, 1455, 718 cm™L. Anal.
Calcd for Cz1Hgo (282.47 g/mol): C, 89.29; H, 10.70. Found:
C, 88.95; H, 10.41. 1a: bp 116 °C (107 bar); [a]p?® —123.5° (c
5.4, diethyl ether). *H NMR (chloroform-d,, 400 MHz): 6 7.07
(d, %3 =7.6 Hz, 1 H, H5), 7.00 (d, 3 = 7.6 Hz, 1 H, H®), 6.29
(dd, 33 = 2.2 Hz, 33 = 2.2 Hz, 1 H, H?), 3.33 (dd, 2J = 23.5 Hz,
3] = 2.2 Hz, 1 H, H9), 3.24 (dd, 2J = 23.5 Hz,3J = 2.2 Hz, 1
H, H™®), 3.04 (m, 1 H, H%), 2.69 (s, 3 H, H9), 2.42 (s, 3 H, HY),
2.23 (m, 1 H, H®), 2.11 (m, 1 H, H2?), 1.92 (m, 1 H, H®?), 1.87
(m, 1 H, H%), 1.71 (m, 1 H, H¥), 1.58 (m, 1 H, HY), 1.27 (m, 1
H, H), 1.13 (m, 1 H, H®), 1.01 (d, 3J = 7.2 Hz, 3 H, H%/%0),
0.99 (d, 3J = 6.7 Hz, 3 H, H"), 0.96 (m, 1 H, H?"), 0.78 (d, 3J
= 7.2 Hz, 3 H, H¥), 3C{*H} NMR (chloroform-d;, 100.64
MHz): ¢ 150.58 (C®), 144.03 (C8), 142.76 (C®), 130.54 (C7),
129.71 (C5), 128.01 (C*), 126.54 (C?), 125.37 (C"), 45.86 (C?),
45.81 (C*), 40.44 (C?), 36.58 (C1), 35.34 (C¥), 32.96 (C'), 26.65
(C?), 24.61 (C®), 22.54 (C7), 21.62 (C'?), 20.33 (C*), 18.30 (C*),
15.88 (C°). IR (Csl): v 3059, 2953, 2917, 2868, 1493, 1457,
1383, 1368, 980, 802. MS (58 °C): m/z 282 (100) [M]*, 267 (6)
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[CaoH27]", 239 (6) [CigHas]t, 158 (79) [CiHi4]*, 143 (16)
[CllH11]+, 128 (11) [C10H8]+_ Anal. Calcd for Cy1Hsg (28247
g/mol): C, 89.29; H, 10.70. Found: C, 88.82; H, 10.35.

1-(3'-Hydroxymenthyl)indene (4a,b) and 3-(3'-Hydroxy-
menthyl)indene (5). A suspension of cerium trichloride (1.25
g, 5.07 mmol) in THF (15 mL) was stirred for 72 h at room
temperature, before (—)-menthone (0.58 g, 3.76 mmol) and
indenylmagnesium bromide(THF)s (0.41 M solution in THF,
21.50 mL, 8.82 mmol) were added at 0 °C. The solution was
stirred 1 h at this temperature and 3 h at room temperature
then hydrolyzed with water (15 mL), acidified with 1 M HCI,
and extracted three times with diethyl ether (20 mL) to give
a 1.3:1 diastereomeric mixture of 4ab (1.25 g, 91%) as a yellow
oil. Column chromatography (SiO., n-hexane) gave 4a as a
yellow oil (0.17 g, 17%) and 4b as a yellow oil (0.12 g, 12%).
4a: 'H NMR (chloroform-d;, 400 MHz): ¢ 7.71 (d, 3J = 6.9
Hz, 1 H, H*¥"), 7.36 (d, 3J = 7.0 Hz, 1 H, H*7), 7.26 (m, 1 H,
H%%), 7.21 (m, 1 H, H%%), 6.85 (m, 1 H, H?3), 6.35 (m, 1 H, H2?),
4.04 (m, 1 H, HY), 2.58—0.59 (m, 11 H, H'?:3.4.5.6'8 OH), 1.06
(d, 33 =7.0Hz,3H, C%),1.04 (d, ®J = 6.4 Hz, 3H, C"), 0.65
(d, 33 = 6.9 Hz, 3 H, CY19). 4b: 'H NMR (chloroform-d;, 400
MHz): 6 7.39 (m, 1 H, H¥"), 7.35 (m, 1 H, H*7), 7.25 (m, 1 H,
H5%), 7.19 (m, 1 H, H5%), 6.87 (m, 1 H, H?3), 6.68 (m, 1 H, H2?),
3.97 (m, 1 H, HY), 2.45-0.53 (m, 11 H, H'?:34.5.6'8 OH), 1.09
(d, 33 =6.9 Hz, 3 H, C%10),1.05 (d, 3J = 6.6 Hz, 3H, C”), 0.71
(d, 33 =7.0 Hz, 3 H, C®9). MS (25 °C): m/z 253 (1) [C1oH25]",
155 (100) [C19H190] ", 137 (40) [CioH17], 116 (29) [CoHs]™. MS
(FAB, 25 °C): m/z 270 (2) [M]*, 269 (9) [C1sH250]", 253 (22)
[CioH2s]™, 155 (54) [C10H190]", 137 (54) [CioH17]t, 115 (100)
[C9H7]+. Clgngo (27041 g/mol)

A solution of 1-(3'-hydroxymenthyl)indene (0.20 g, 0.74
mmol) as a mixture of the diastereomers 4a and 4b in the ratio
1:1 in n-hexane (5 mL) was reacted with n-butyllithium (1.6
M solution in n-hexane, 1.00 mL, 1.60 mmol) and stirred for
10 h at room temperature. Workup as for 4, column chroma-
tography (SiO2, n-hexane), and evaporation of the solvent in
a vacuum (1072 mbar) gave 5 as a yellow oil (0.16 g, 80%). *H
NMR (chloroform-d;, 400 MHz): 6 7.54 (s br, 1 H, H*7), 7.48
(d, 33 = 7.2 Hz, 1 H, H¥"), 7.28 (m, 1 H, H%6), 7.20 (m, 1 H,
H5%), 6.54 (s br, 1 H, H?), 3.35 (m, 2 H, H?), 2.09—-0.75 (m, 11
H, HY'2.3.4.5.68 OH), 0.93-0.87 (m, 9 H, C"9"19), MS (25 °C):
m/z 270 (8) [M]*, 253 (1) [Ci9H2s]™, 155 (100) [C1oH190]*, 137
(42) [C10H17]+, 116 (21) [C9H3]+. Ci19H260 (27041 g/mol)

(—)-3-Menthylindene (3) from 1-Indanone. A suspension
of cerium trichloride (1.44 g, 5.84 mmol) in THF (25 mL) was
stirred 24 h at room temperature and reacted with 1-indanone
(0.52 g, 3.93 mmol). The reaction mixture was stirred 30 min
before (+)-menthylmagnesium chloride (0.71 M solution in
THF, 8.72 mL, 6.19 mmol) was added at 0 °C. The reaction
mixture was stirred 2 h at this temperature and 2 h at room
temperature and was hydrolyzed with water (15 mL), acidified
with 1 M HCI, and extracted three times with diethyl ether
(20 mL). A yellow oil of 1-menthylindan-1-ol was obtained,
which was dissolved in benzene (10 mL) and reacted with
4-toluenesulfonic acid(H,0) (0.04 g, 0.21 mmol). The reaction
mixture was stirred 6 h at room temperature, dried with
magnesium sulfate, and purified by column chromatography
(SiO2, 10:1 n-hexanel/ethyl acetate). Evaporation of the sol-
vent in a vacuum (1072 mbar) gave 3 as a yellow oil (0.09 g,
9%). [a]p®® —61.3° (¢ 5.7, diethyl ether). *H NMR (chloroform-
di, 400 MHz): 6 7.48—7.46 (m, 2 H, H*7), 7.29—7.16 (m, 2 H,
H56), 6.18 (m, 1 H, H2), 3.34 (m, 2 H, HY), 2.63 (m, 1 H, H?),
1.91-0.63 (m, 9 H, HY?#568) 090 (d, 3J = 6.4 Hz, 3 H,
H7/910)0.88 (d, 2J = 6.4 Hz, 3 H, H7"¥19) 0.70 (d, 3J = 6.8
Hz, 3 H, H"®7%) MS (30 °C): m/z 254 (8) [M]", 239 (10)
[CigH23]™, 211 (13) [CieH1o]™, 143 (17) [CiiHii]T, 128 (27)
[CioHs]™, 117 (100) [CoHg] T, 115 (71) [CoH~]". Anal. Calcd for
CioH26 (254.41 g/mol): C, 89.70; H, 10.30. Found: C, 89.36;
H, 9.97.

(—)-3-Menthylindene (3) from 3-Bromoindene/Ni. To a
solution of 3-bromoindene (0.70 g, 3.59 mmol) in diethyl ether
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(10 mL) was added dichloro-1,3-bis(diphenylphosphino)pro-
panenickel (1) (0.16 g, 0.30 mmol) . After cooling to 0 °C (+)-
menthylmagnesium chloride (0.71 M solution in THF, 9.60 mL,
6.82 mmol) was added. The brown suspension was stirred 2 h
at this temperature and heated to 35 °C for 70 h. The reaction
mixture was worked up and purified as before to give 3 as a
yellow oil (0.14 g, 15%).

(—)-3-Menthylindene (3) from 3-Bromoindene/Pd. To
a solution of 3-bromoindene (0.63 g, 3.23 mmol) in THF (20
mL) was added dichloro-1,1'-bis(diphenylphosphino)ferrocene-
palladium(I1)(CH.CI,) (0.20 g, 0.24 mmol). After cooling to O
°C (+)-menthylmagnesium chloride (0.71 M solution in THF,
9.10 mL, 6.46 mmol) was added. The brown suspension was
stirred 2 h at this temperature and 5 h at room temperature.
The reaction mixture was worked up and purified as above to
give 3 (0.03 g, 4%) as a yellow oil.

(—)-3-Menthylindene (3) from 3-Bromoindene/Pd/
ZnCl,. To a suspension of anhydrous zinc dichloride (0.40 g,
2.93 mmol) in THF (10 mL) was added (+)-menthylmagnesium
chloride (0.71 M solution in THF, 4.35 mL, 3.09 mmol) with
cooling. The gray solution was stirred 10 min before a red
suspension of dichloro-1,1'-bis(diphenylphosphino)ferrocene-
palladium(I1)(CHCI,) (0.16 g, 0.20 mmol) and 3-bromoindene
(0.40 g, 2.05 mmol) in THF (10 mL) was added at 0 °C. The
brown reaction mixture was stirred for 1 h at this temperature
and 5 h at room temperature and was worked up and purified
as above to give 3 (0.03 g, 6%) as a yellow oil.

1-Menthylinden-1-ol (8a,b). To a solution of 3-indenyl
trifluoromethanesulfonate (0.53 g, 2.01 mmol) in THF (5 mL)
was added dichloro-1,3-bis(diphenylphosphino)propanenickel-
(I1) (0.02 g, 0.04 mmol). After cooling to —78 °C (+)-menthyl-
magnesium chloride (0.71 M solution in THF, 3.40 mL, 2.41
mmol) was added. The orange suspension was stirred for 1 h
at this temperature, warmed to 25 °C over 8 h, stirred for 10
h at room temperature, and heated for 10 h to 60 °C. The red
solution was hydrolyzed with water (15 mL), acidified with 1
M HCI, and extracted three times with diethyl ether (20 mL).
The combined organic fractions were dried with magnesium-
sulfate and purified by column chromatography (SiO;, n-
hexane) to give 8a (0.14 g, 26%) and 8b (0.21 g, 39%) with
different absolute configuration at the C* atom as yellow oils.
Furthermore (—)-3-menthylindene (3) (0.02 g, 4%) was ob-
tained. 8a: 'H NMR (chloroform-d;, 200 MHz): ¢ 7.60—7.11
(m, 4 H, H4567), 6,57 (d, 3 = 5.6 Hz, 1 H, H2®), 6.33 (d, 3J =
5.6 Hz, 1 H, H??3), 3.80—0.60 (m, 11 H, H¥?:34:56'% OH), 0.86
(d, 33 =6.8 Hz, 3 H, C"?10) 0.73 (d, 3J = 6.6 Hz, 3 H, C7/9/10"),
0.50 (d, 8J = 6.9 Hz, 3 H, C7®"19), 13C{1H} NMR (chloroform-
d1, 50.32 MHz): 0 149.05, 142.66 (C?°), 141.39, 130.95, 128.24,
125.82, 122.81, 121.38 (C?34567) 87.52 (CY), 45.72, 44.24,
37.17, 35.03, 32.78, 26.75, 24.72 (CY2345.6.8) 2287, 21.66,
15.69 (C7919). IR (NaCl, film): v 3743, 3461, 3071, 2955, 2876,
1710, 1459, 758 cm~t. MS (25 °C): m/z 270 (3) [M]*, 227 (1)
[C16H190]", 153 (7) [Ci2Ho]™, 132 (100) [CoHsO]", 115 (27)
[CoH7]". Anal. Calcd for C19H260 (270.41 g/mol): C, 84.39; H,
9.69. Found: C, 84.07; H, 9.54. 8b: 'H NMR (chloroform-d;,
200 MHz): ¢ 7.35—7.14 (m, 4 H, H*%87), 6.63 (d, 2J = 5.9 Hz,
1 H, H??),6.36 (d, 3J = 5.9 Hz, 1 H, H??), 3.05-0.30 (m, 11 H,
HY2.84.568 OH), 0.96 (d, 3J = 6.9 Hz, 3 H, C"/9"19), 0.94 (d,
3J = 6.5 Hz, 3 H, C™%19), 0.63 (d, 3J = 6.8 Hz, 3 H, C"/9710),
BC{*H} NMR (chloroform-d;, 50.32 MHz): ¢ 150.31, 141.58
(C89),139.01, 132.61, 127.96, 126.47, 121.79, 121.41 (C?34567),
89.03 (CY), 48.64, 45.37, 36.81, 35.12, 32.65, 27.68, 25.16
(Cr234568) 2264,21.92, 16.30 (C™91). IR (NaCl, film): »
3541, 3461, 3069, 2956, 2927, 2876, 2859, 1705, 924, 753 cm ™.
MS (25 °C): m/z 270 (12) [M]*, 153 (7) [Ci2Hq]", 145 (9)
[C10HO]™, 132 (100) [CoHgO]", 115 (9) [CoH7]T. Anal. Calcd
for C19H260 (270.41 g/mol): C, 84.39; H, 9.69. Found: C, 83.99;
H, 9.35.

(—)-3-Menthylindene (3) from 8. A solution of 1-menth-
ylindene-1-ol (0.05 g, 0.18 mmol) in dichloromethane (5 mL)
was cooled to —78 °C and reacted with triethylsilane (0.07 mL,
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0.44 mmol) and boron trifluoride(Et;O) (0.05 mL, 0.39 mmol).
The reaction mixture was stirred 2 h at this temperature and
2 h at room temperature before sodium carbonate and then
water (10 mL) was added. The mixture was extracted three
times with diethyl ether (10 mL), and the combined organic
fractions were dried with magnesium sulfate. After evapora-
tion of the solvent in a vacuum (102 mbar) 0.04 g of what
appeared to be the over-reduction product 1-menthylindane
was obtained.

3-Indenyl Trifluoromethanesulfonate (7). A suspension
of lithium bis(trimethylsilyl)amide(Et,O) (4.80 g, 9.88 mmol)
in diethyl ether (30 mL) was reacted at 0 °C with a suspension
of 1-indanone (2.61 g, 19.75 mmol) in diethyl ether (20 mL).
The orange solution was stirred 1 h at room temperature. After
cooling to 0 °C trifluoromethanesulfonic anhydride (3.30 mL,
19.62 mmol) was added. The reaction mixture was stirred 20
h at this temperature, carefully hydrolyzed with water (20
mL), and extracted three times with diethyl ether (10 mL).
The combined organic fractions were washed twice with a
solution of sodium bicarbonate in water (15 mL) and twice with
water (15 mL). Drying with magnesium sulfate and evapora-
tion of the solvent in a vacuum (1072 mbar) followed by column
chromatography (SiO;, deactivated with 5 vol-% H,O, 10:1
n-hexane/ethyl acetate) gave 7 as an orange oil (3.28 g, 63%).
The product was stored at —28 °C under nitrogen. *H NMR
(chloroform-d;, 200 MHz): 6 7.52—7.33 (m, 4 H, H*567), 6.39
(t,33 =2.4Hz, 1 H, H?), 3.50 (d, 3J = 2.4 Hz, 2 H, HY). MS (25
°C): m/z 264 (34) [M]*, 132 (4) [CsHgO]", 131 (100) [CeH-O],
103 (8) [CgH7]*. Anal. Calcd for CioH7F303S (264.22 g/mol):
C, 45.46; H, 2.67; S, 12.14. Found: C, 45.71; H, 2.98; S, 12.41.

4,7-Dimethyl-3-indenyl Trifluoromethanesulfonate (9).
In analogy with 3-indenyl trifluoromethanesulfonate, lithium
bis(trimethylsilyl)amide(Et,0) (31.75 g, 131.50 mmol) in di-
ethyl ether (200 mL) was reacted at 0 °C with a suspension of
4,7-dimethyl-1-indanone (21.07 g, 131.51 mmol) in diethyl
ether (50 mL). The orange solution was stirred 1 h at room
temperature before trifluoromethanesulfonic anhydride (23.00
mL, 136.71 mmol) was added at 0 °C. After stirring for 20 h
at this temperature, workup, and column chromatography 9
was obtained as an orange oil (25.13 g, 65%). The product was
stored at —28 °C under nitrogen. *H NMR (chloroform-d;, 400
MHz): & 7.04 (m, 2 H, Hf), 6.40 (t, 3J = 2.4 Hz, 1 H, H?),
3.32(d, 33 = 2.4 Hz, 2 H, HY), 2.53 (s, 3 H, H111) 2.32 (s, 3 H,
H011) 18C{1H} NMR (chloroform-d;, 100.64 MHz): § 149.10,
140.25, 133.60 (C389), 130.98, 127.70 (C*7), 129.73, 127.96,
116.82 (C259%), 120.29 (CF3), 33.09 (CY), 17.76, 17.07 (C011),
IR (KBr, film): v 2963, 2960, 2929, 2892, 1426, 1142 cm™.
MS (58 °C): m/z 292 (25) [M]*, 159 (100) [C11H110]", 133 (1)
[CF30,S]*, 131 (25) [CoH-O]*, 91 (25) [C7H]*. Anal. Calcd for
C12H11F305S (292.28 g/mol): C, 49.31; H, 3.79; S, 10.97.
Found: C, 49.72; H, 3.46; S, 10.83.

4,7-Diisopropyl-3-indenyl Trifluoromethanesulfonate
(10). In analogy with 3-indenyl trifluoromethanesulfonate,
lithium bis(trimethylsilyl)amide(Et,0O) (6.70 g, 27.75 mmol) in
diethyl ether (50 mL) was reacted at 0 °C with a suspension
of 4,7-diisopropyl-1-indanone (5.30 g, 24.50 mmol) in diethyl
ether (40 mL). The orange solution was stirred 1 h at room
temperature before trifluoromethanesulfonic anhydride (5.00
mL, 29.72 mmol) was added at 0 °C. After stirring for 20 h at
this temperature, workup, and column chromatography 10 was
obtained as a yellow oil (5.17 g, 61%). The product was stored
at —28 °C under nitrogen. *H NMR (chloroform-d;, 200 MHz):
0 7.37 (M, 2 H, H%%), 6.53 (t, 3J = 2.4 Hz, 1 H, H?), 3.83 (sept,
33 = 6.8 Hz, 1 H, H13) 3,56 (d, 3J = 2.4 Hz, 2 H, HY), 3.15
(sept, 3J = 6.9 Hz, 1 H, H1913),1.53—-1.44 (m, 12 H, H112.14.15),
13C{*H} NMR (chloroform-d;, 50.32 MHz): 6 148.85, 148.27,
142.30, 141.76, 130.43 (C34789), 122.50, 120.08, 116.18 (C259),
121.82 (CFs), 34.30, 28.01 (C13), 34.00 (CY), 24.08, 24.07,
23.86, 23.85 (C1:121415) IR (KBr, film): v 2963, 2930, 1426,
1216, 1142, 514 cm™L. MS (36 °C): m/z 348 (17) [M]*, 333 (2)
[C1sH16F303S] ™, 215 (100) [C15H190]™, 200 (4) [C14H160]", 133
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(1) [CF30,S]*. Anal. Calcd for Ci16H19F303S (348.38 g/mol): C,
55.16; H, 5.50; S, 9.20. Found: C, 55.43; H, 5.71; S, 9.37.
(—)-3-Menthyl-4,7-dimethylindene (1a) from 9. A sus-
pension of anhydrous zinc dichloride (6.47 g, 47.47 mmol) in
THF (150 mL) was reacted with (+)-menthylmagnesium
chloride (0.71 M solution in THF, 84.50 mL, 60.00 mmol) with
cooling. The gray solution was stirred 10 min before a red
suspension of dichloro-1,1'-bis(diphenylphosphino)ferrocene-
palladium(11)(CH.CI,) (1.63 g, 2.00 mmol) and 3-(4,7-dimeth-
ylindenyl) trifluoromethanesulfonate (11.70 g, 40.03 mmol) in
THF (50 mL) was added at 0 °C. The brown reaction mixture
was stirred for 1 h at this temperature, heated to 60 °C for 10
h, and worked up and purified as above for 3 to give 1la as a
yellow oil (7.13 g, 63%).
(—)-4,7-Diisopropyl-3-menthylindene (11). A suspension
of anhydrous zinc dichloride (2.10 g, 15.41 mmol) in THF (30
mL) was reacted with (+)-menthylmagnesium chloride (0.71
M solution in THF, 21.55 mL, 15.30 mmol) with cooling. The
gray solution was stirred 10 min before a red suspension of
dichloro-1,1'-bis(diphenylphosphino)ferrocenepalladium(ll)-
(CH.Cly) (0.07 g, 0.09 mmol) and 4,7-diisopropylindenyl tri-
fluoromethanesulfonate (2.50 g, 7.18 mmol) in THF (30 mL)
was added at 0 °C. The red reaction mixture was stirred 48 h
at room temperature and worked up and purified analogously
to (—)-3-menthyl-4,7-dimethylindene to give 11 as an orange
oil (1.16 g, 48%): [a]p?® —40.0° (c 1.2, diethyl ether). 'H NMR
(chloroform-d;, 200 MHz): ¢ 7.23 (m, 1 H, H%6), 7.17 (m, 1 H,
H56), 6.19 (m, 1 H, H?), 3.70 (sept, 3J = 6.9 Hz, 1 H, H13),
3.31(m, 2 H, HY), 2.99 (sept, 3J = 6.9 Hz, 1 H, H913) 2.89 (m,
1 H, H®), 2.80—1.03 (m, 9 H, H¥'24568) 1.43—1.34 (m, 12 H,
H11.12.141%) 10,96 (d, 3J = 6.7 Hz, 3 H, H""¥/1%) 0.93 (d, 3] = 6.1
Hz, 3 H, H"®9), 0.74 (d, 3J = 6.9 Hz, 3 H, H"/®1) 13C{'H}
NMR (chloroform-d;, 50.32 MHz): ¢ 149.76, 145.98, 145.10,
142.11, 139.11 (C34789), 126.73, 121.64, 119.57 (C?5%), 45.91,
41.44, 34.05, 33.03, 28.35, 26.62 (C*348.1013) 45 85, 37.39,
35.38, 24.75 (C125'8), 25.75, 23.56, 22.74, 22.57, 21.85, 16.18,
14.15 (C79.10111.121418) IR (Csl): v 2957, 2924, 2869, 1457, 1382,
1363 cm~. MS (69 °C): m/z 338 (89) [M]*, 295 (14) [Cz2Ha1]",
214 (100) [C16H22]+, 199 (27) [C15H19]+. Anal. Calcd for C25H33
(338.58 g/mol): C, 88.69; H, 11.31. Found: C, 88.83; H, 11.02.
(—)-(@°%-1-Menthyl-4,7-dimethylindenyl)lithium (12). A
solution of (—)-3-menthyl-4,7-dimethylindene (17.17 g, 60.79
mmol) in diethyl ether (160 mL) was cooled to —78 °C, and
n-butyllithium (1.6 M solution in n-hexane, 42.00 mL, 67.20
mmol) was added. The yellow solution was stirred for 1 h at
this temperature, warmed to 25 °C over 8 h, and stirred for
10 h at room temperature. After evaporation of the solvent in
a vacuum (1072 mbar) the residue was suspended in n-hexane
(50 mL), stirred for 10 h, and filtered with a d4-frit. The
residue was washed twice with n-hexane (40 mL), and the
solvent was removed in a vacuum (102 mbar) to give 12 as a
white solid (15.98 g, 91%): mp >240 °C; [a]p®® —81.3° (c 6.3,
THF). *H NMR (pyridine-ds, 400 MHz): ¢ 6.82 (m, 1 H, H3),
6.36 (m, 1 H, H?), 6.28 (m, 2 H, H%6), 3.31 (m, 1 H, H¥), 2.70
(s, 3H, HY), 2.46 (m, 1 H, H?), 2.39 (s, 3 H, H9), 1.99 (m, 1 H,
H?2¥),1.66 (m, 1 H, H*), 1.52 (m, 1 H, H®), 1.51 (m, 1 H, H5%),
1.26 (m, 1 H, HY), 1.07 (m, 1 H, H?»), 0.96 (m, 1 H, H%"), 0.76
(m, 1 H, H®), 0.56 (d, 3J = 7.1 Hz, 3 H, H%19), 0.49 (d, 3J =
6.4 Hz, 3 H, H"), 0.42 (d, 3J = 6.8 Hz, 3 H, H%1?), 13C{H}
NMR (pyridine-ds, 100.64 MHz): 6 130.25 (C?%), 126.11 (C7),
124.44 (C8), 123.90 (C°), 114.82 (C1), 114.06 (C?), 114.01 (CH),
111.30 (C5), 91.20 (C?), 51.51 (C?), 48.28 (C*), 41.49 (C?), 36.07
(C%), 33.40 (C%), 26.70 (C?), 25.59 (C®), 23.31 (C'Y), 22.97 (C7),
22.06 (C919), 20.24 (C*0), 15.98 (C°"19). MS (254 °C): m/z 288
(1) [M]*, 282 (100) [Cz1H30]", 158 (90) [Ci2H14]", 143 (16)
[C11H11]". Anal. Calcd for CaiHooli (288.40 g/mol): C, 87.46;
H, 10.13. Found: C, 86.99; H, 9.65. Cryoscopically determined
molecular weight in benzene: 271 g/mol.
(+)-(4,7-Diisopropyl-1-menthylindenyl)lithium (13). In
analogy with the synthesis of (—)-(°-1-menthyl-4,7-di-
methylindenyl)lithium a solution of (—)-4,7-diisopropyl-3-men-
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(—)-1-Menthyl-4,7-dimethylindene

thylindene (0.97 g, 2.86 mmol) in diethyl ether (20 mL) was
cooled to —78 °C, and n-butyllithium (1.6 M solution in
n-hexane, 2.00 mL, 3.20 mmol) was added. After the reaction
and workup 13 was isolated as a yellow powder (0.76 g, 77%):
mp 153 °C (dec); [a]p?® 34.3° (c 0.5, diethyl ether). 'H NMR
(pyridine-ds, 400 MHz): ¢ 7.54 (d, 3J = 1.5 Hz, 1 H, H%6), 7.21
(d, 33 =3.2 Hz, 1 H, H23), 6.83 (d, 3J = 1.5 Hz, 1 H, H%6), 6.72
(d, 33 =3.2Hz, 1 H, H%?), 4.23 (sept, 3J = 6.8 Hz, 1 H, H1%13),
4.08 (m, 1 H, H®), 3.17 (sept, 3J = 6.8 Hz, 1 H, H13) 3.52—
0.78 (m, 9 H, H¥24.5.6'8) 1,62 (d, 3J = 6.8 Hz, 3 H, H1Y/12/14/15),
1.58 (d, 3J = 6.8 Hz, 3 H, H¥12/141%) 11 49 (d, 3J = 6.8 Hz, 3 H,
H11/12/14/15), 1.48 (d, BJ = 6.8 HZ, 3 H, H11/12/14/15), 0.95 (d, 3J p—
7.0 Hz, 3 H, H77®"19),0.86 (d, 3J = 6.4 Hz, 3 H, H77910) 0.81
(d, 33 =6.8 Hz, 3 H, H7/9"19)_ 13C{1H} NMR (pyridine-ds, 100.64
MHz): 6 138.53, 131.46, 130.73, 124.28 (C+789), 115.39, 114.05,
107.66 (C>%6), 112.67 (C%), 91.93 (C®), 51.65, 36.44, 29.90
(C?56),48.94, 42.48, 35.29, 33.95, 30.11, 27.09 (Ct'34.8.10.13),
25.94, 25.89, 25.73, 24.73, 23.25, 22.65, 16.74 (C7+9:10:11.12,14.15)
MS (61 °C): m/z 344 (2) [M]*, 338 (88) [CasHass]™, 286 (1)
[021H27Li]+, 205 (4) [ClsngLi]+, 83 (100) [C6H11]+. Anal. Calcd
for CasHaszLi (344.51 g/mol): C, 87.16; H, 10.82. Found: C,
86.84; H, 10.41.
(1-Menthyl-4,7-dimethylindenyl)sodium(THF) (14). A
solution of (—)-3-menthyl-4,7-dimethylindene (0.70 g, 2.48
mmol) in THF (20 mL) was cooled to —78 °C, and sodium
amide (0.10 g, 2.56 mmol) was added. The orange suspension
was stirred for 3 h at this temperature, warmed to 25 °C over
8 h, and stirred for 10 h at room temperature. The mixture
was filtered with a d4-frit, and the residue was extracted with
diethyl ether (10 mL) before the solvent of the filtrate was
removed in a vacuum (102 mbar). The orange residue was
suspended in n-hexane (10 mL), stirred for 10 h, and filtered
with a d4-frit. The residue was washed twice with n-hexane
(5 mL), and the solvent was removed in a vacuum (102 mbar)
to give 14 as a white powder (0.63 g, 67%): mp 137 °C (dec).
IH NMR (pyridine-ds, 200 MHz): 6 6.73 (m, 2 H, H%%), 6.71
(m, 2 H, H?3), 3.64 (m, 4 H, THF), 3.59 (m, 1 H, H%), 2.97 (s,
3 H, H11) 2 61 (s, 3 H, HY1Y) 2.55-0.90 (m, 9 H, HY2:45.68),
1.60 (m, 4 H, THF), 0.88 (d, 2J = 7.1 Hz, 3 H, H%"1?), 0.78 (d,
3J = 6.4 Hz, 3 H, H”), 0.74 (d, 3J = 6.9 Hz, 3 H, H%10). 3C-
{*H} NMR (pyridine-ds, 50.32 MHz): ¢ 129.00, 125.00, 124.96,
124.55 (C*789),114.92 (CY), 114.93, 113.55, 112.22 (C?59), 90.46
(C3), 67.45 (THF), 51.09, 35.91, 25.40 (C25¢), 48.37, 41.17,
33.32, 26.76 (CY¥'#8), 25.42 (THF), 23.03, 22.81, 21.95, 19.89,
15.93 (C791010'11)  Anal. Calcd for CasH3zNaO (376.56 g/mol):
C, 79.74; H, 9.90. Found: C, 79.37; H, 9.43.
(—)-(1-Menthyl-4,7-dimethylindenyl)potassium (15). In
analogy with the synthesis of (1-menthyl-4,7-dimethylindenyl)-
sodium(THF) a solution of (—)-3-menthyl-4,7-dimethylindene
(22.00 g, 77.88 mmol) in THF (200 mL) was cooled to —78 °C,
and potassium hydride (3.45 g, 86.01 mmol) was added. The
orange suspension was stirred 3 h at this temperature,
warmed to 25 °C over 8 h, and stirred 10 h at room temper-
ature. After the reaction and workup 15 was obtained as a
green powder (24.47 g, 98%): mp 116 °C; [a]p?® —35.2° (¢ 0.6,
THF). Evidence for two sets of NMR signals was seen: 1.
signal set: *"H NMR (pyridine-ds, 400 MHz): ¢ 7.06 (d, 3J =
3.2 Hz, 1 H, H?), 6.68 (m, 2 H, H%%), 6.59 (d, 3J = 3.2 Hz, 1 H,
H3), 3.56 (m, 1 H, H%), 2.93 (s, 3 H, H1), 2.18 (m, 1 H, H®),
2.67 (s, 3 H, HY1Y 1,99 (m, 1 H, H?), 1.95 (m, 1 H, H*), 1.75
(m, 1 H, H8), 1.66 (m, 1 H, H5), 1.33 (m, 1 H, HY), 1.07 (m,
1 H, H?®),1.02 (m, 1 H, H%'), 0.86 (m, 1 H, H®"), 0.96 (d, 3J =
6.9 Hz, 3 H, H77¥"19), 0.93 (d, 3J = 6.4 Hz, 3 H, H77910), 0.78
(d, 33 =6.9 Hz, 3 H, H7/910)_ 13C{1H} NMR (pyridine-ds, 100.64
MHz): 6 129.29, 124.89, 124.71, 124.26 (C*"89), 114.93 (CY),
114.27 (C?), 114.90, 112.19 (C5¥), 91.84 (C3), 50.66 (C?), 48.03
(C*), 41.06 (C?®), 35.31 (C¥), 32.92 (CY), 26.38 (C?), 24.55 (C®),
22.87 (Cto1), 21,78, 21.52, 15.14 (C79+19), 19.78 (C011), 2,
signal set: *H NMR (pyridine-ds, 400 MHz): ¢ 6.78 (m, 1 H,
H2), 6.69 (m, 2 H, H¢), 6.70 (m, 1 H, H®), 2.57 (m, 1 H, H?),
4.39 (s, 3 H, H1) 2,65 (s, 3 H, H%), 2.19 (m, 1 H, H2),
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1.88 (m, 1 H, H%), 1.78 (m, 1 H, H¥), 1.69 (m, 1 H, H%), 1.42
(m, 1 H, H¥), 1.28 (m, 1 H, HY), 1.18 (m, 1 H, H®), 1.06 (m, 1
H, H®), 1.00 (d, 3J = 6.8 Hz, 3 H, H7"%19), 0.96 (m, 1 H, H5),
0.95 (d, 3J = 6.4 Hz, 3 H, H™%?) 0.78 (d, 3J = 6.9 Hz, 3 H,
H7/910) 13C{1H} NMR (pyridine-ds, 100.64 MHz): & 129.53,
128.75, 128.69, 123.60 (C*789), 117.19 (C'), 114.89, 112.18
(C®8), 113.46 (C?), 93.35 (C3), 45.05 (C*), 40.70 (C?), 35.80 (C*),
33.62 (CY), 26.99 (C?), 26.80 (C'1Y), 26.70 (C?®), 25.06 (CY),
22.90, 22.69, 15.62 (C79'10), 19.86 (C'911). MS (278 °C): m/z
320 (1) [M]*, 282 (37) [CzaH30]", 181 (6) [C11H10K]*, 158 (54)
[C12H14]+, 143 (100) [C11H11]+. Anal. Calcd for C21H29K (32056
g/mol): C, 78.68; H, 9.12. Found: C, 78.40; H, 9.20. Cryoscopi-
cally determined molecular weight in benzene: 891 g/mol.
(7*-1-(3-Menthyl-4,7-dimethylindenyl))trimethylstan-
nane (16a,b). A solution of (—)-(3°-1-menthyl-4,7-dimethyl-
indenyl)lithium (0.35 g, 1.21 mmol) in n-hexane (10 mL) was
cooled to —78 °C and was reacted with trimethyltin chloride
(2 M solution in diethyl ether, 0.68 mL, 1.36 mmol). The
suspension was stirred for 3 h at this temperature, warmed
to 25 °C over 8 h, and stirred for 10 h at room temperature.
The solvent was removed in a vacuum (102 mbar), and the
residue was suspended in n-hexane (15 mL). The mixture was
filtered with a d4-frit, and the residue was extracted twice with
n-hexane (5 mL) before the solvent of the filtrate was removed
in a vacuum (102 mbar), giving 0.34 g (63%) orange oil of the
diastereomers 16a,b in the ratio 1.2:1. 16a: 'H NMR (pyridine-
ds, 400 MHz): 6 7.00 (m, 2 H, H%%), 6.51 (m, 1 H, H?), 4.07 (m,
1 H, HY), 3.13 (m, 1 H, H?%), 2.69 (s, 3 H, H1) 2.35 (s, 3 H,
H1Y 2.25-0.70 (m, 9 H, HY:2:#5.6'8) 0.95 (d, 3J = 6.9 Hz, 3
H, H7/919) 0.88 (d, 3J = 6.4 Hz, 3 H, H"#®"19),0.77 (d, 3] = 6.9
Hz, 3 H, H"®70), 0.05 (s, 9 H, Sn(CHs)s). ¥C{*H} NMR
(pyridine-ds, 50.32 MHz): 6 147.12, 144.24, 140.01, 130.23,
128.34 (C34789), 129.55, 126.53, 123.84 (C?56), 45.13, 43.47,
37.84, 33.70, 29.78 (C11:348), 40.77, 35.39, 25.71 (C?%5'F),
22.96,22.77,22.02, 21.85, 15.23 (C7+9:1010.11) —7.98 (Sn(CHs)3).
19S5n{*H} NMR (pyridine-ds, 149.21 MHz): 6 —127.04. 16b:
H NMR (pyridine-ds, 400 MHz): 6 7.01 (m, 2 H, H5), 6.59
(m, 1 H, H?), 4.12 (m, 1 H, HY), 3.18 (m, 1 H, H?®), 2.73 (s, 3 H,
HW1Y 233 (s, 3 H, H%), 2.25-0.70 (m, 9 H, HY?4.5.68)
0.93 (d, 3J = 6.8 Hz, 3 H, H7/9/%%), 0.86 (d, 3J = 6.4 Hz, 3 H,
H77°110),0.78 (d, ®J = 6.8 Hz, 3 H, H7"9*?)  0.06 (s, 9 H, Sn-
(CHa)3). *C{*H} NMR (pyridine-ds, 50.32 MHz): ¢ 143.55,
143.28, 142.89, 130.57, 127.81 (C347:89), 129.89, 127.07, 125.49
(C?5%), 48.51, 47.35, 34.72, 32.87, 27.07 (C11'348), 44.06, 34.59,
25.24 (C?°5¥%), 23.10, 22.93, 22.43, 21.59, 15.69 (C79:10.10'11),
—7.91 (Sn(CH3)3). *°Sn{*H} NMR (pyridine-ds, 149.21 MHz):
0 —124.36. 16a:16b in the ratio 1.2:1: [o]p?® —84.4° (c 1.8,
diethyl ether). Anal. Calcd for CysHssSn (445.27 g/mol): C,
64.74; H, 8.60. Found: C, 65.13; H, 9.03.
Tri-n-butyl(*-1-(3-menthyl-4,7-dimethylindenyl))stan-
nane (17a,b). In analogy with the synthesis of (y%-1-(3-
menthyl-4,7-dimethylindenyl))trimethylstannane a solution of
(—)-(7°-1-menthyl-4,7-dimethylindenyl)lithium (0.68 g, 2.36
mmol) in diethyl ether (30 mL) was cooled to —78 °C and
reacted with tri-n-butyltin chloride (0.65 mL, 2.40 mmol). After
the reaction and workup red oily 17a,b was obtained as a 1:1
mixture of diastereomers (0.74 g, 55%). 17a: *H NMR (pyri-
dine-ds, 200 MHz): 6 7.01 (m, 2 H, H®®), 6.70 (d, 3J = 2.0 Hz,
1H, H?),4.16 (d, 3J = 2.0 Hz, 1 H, HY), 3.23 (m, 1 H, H?), 2.77
(s, 3 H, H¥1) 2.63—-0.70 (m, 9 H, H¥2:4.568) 242 (s, 3 H,
H01)1.60—-0.86 (M, 27 H, Sn((CH2)3CH3)3), 1.08 (d, 3J = 6.9
Hz, 3 H, H77?"10),0.87 (d, J = 6.5 Hz, 3 H, H77®"19),0.71 (d, 3J
= 6.8 Hz, 3 H, H7/"1%). 3C{1H} NMR (pyridine-ds, 100.64
MHz): ¢ 147.34, 143.66, 140.55, 128.33, 128.01 (C34789),
129.44,127.31, 124.17 (C?56), 47.30, 35.65, 24.74 (C?®'5), 46.35,
42.57,41.00, 33.11, 27.03 (C11'34#), 29.09, 28.69, 28.49, 27.50,
27.36, 27.17, 20.59, 16.62, 11.76 (Sn((CH2)sCHz3)s), 22.73, 21.68,
21.07, 19.16, 15.78 (C79:1010.11) 1387, 13.81, 13.80 (Sn-
((CH2)3CH3)3). 19Sn{*H} NMR (pyridine-ds, 149.21 MHz): ¢
5.08. 17b: H NMR (pyridine-ds, 200 MHz): 6 7.03 (m, 2 H,
H5$), 6.61 (d, 3J = 2.0 Hz, 1 H, H?), 4.21 (s br, 1 H, HY), 3.12
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Table 1. Crystallographic Data for 12

empirical formula CogHysLiO:

fw 432.61

cryst syst orthorhombic
space group P21212; (No. 19)
a(A), a (deg) 8.6505(2), 90

b (A), B (deg) 15.3157(4), 90

¢ (A), y (deg) 20.4145(5), 90

volume (A3) 2704.69(12)

z 4

D(calc) (g/cm3) 1.062

u(Mo Ka) (mm~1) 0.063

F(000) 952

cryst size (mm3) 0.54 x 0.18 x 0.16

0 min, 0 max (deg) 1.66, 27.50

index ranges -l1<h=s11
-19=<k=19
—12<1=<26

no. of reflns collected 20 377

no. of ind refins 6183 [Rint = 0.1091]
GOF on F? 1.003

R indices [I>20(1)] R1 = 0.0813
wR2 =0.1650

R indices (all data) R1=0.1768
WR2 = 0.2050

abs structure param. 7(2)

residual electron density (e/A3) max. 0.403
min. —0.492

(m, 1 H, H®), 273 (s, 3 H, HY1Y) 2,63-0.70 (m, 9 H,
HY24568) 244 (s, 3 H, HO) 1.60—0.90 (m, 27 H, Sn-
((CH2)sCH3)3), 1.19 (d, 33 = 7.0 Hz, 3 H, H7#®"19),0.97 (d, 3J =
6.5 Hz, 3 H, H7/91%), 0.86 (d, ®J = 6.8 Hz, 3 H, H7/®/10), 13C-
{*H} NMR (pyridine-ds, 100.64 MHz): ¢ 147.41, 143.01,
140.36, 128.28, 128.08 (C34789), 129.67, 127.37, 124.17 (C?59),
47.58, 35.47, 24.91 (C?5'%), 46.30, 41.87, 40.59, 33.19, 27.00
(Ctr348),29.52, 29.15, 28.69, 27.62, 27.55, 27.16, 20.58, 11.80,
8.92 (Sn((CH2)sCHs)s), 22.83, 21.85, 21.08, 19.22, 15.86
(C79,1010111) 13,88, 13.75, 13.71 (Sn((CH2)3CHa)s). *°Sn{*H}
NMR (pyridine-ds, 149.21 MHz): 6 2.99. 17a:17b in the
ratio 1:1: [a]p?® —31.9° (c 1.3, diethyl ether). Anal. Calcd for
CssHseSn (571.52 g/mol): C, 69.35; H, 9.88. Found: C, 69.01;
H, 9.69.

X-ray Structure Determination of 12. Colorless crystals
of 12 suitable for single-crystal X-ray diffraction analysis were
obtained by recrystallization from a mixture of 5/1 n-hexane/
THF at —78 °C. The crystal data and details of data collection
are given in Table 1. Data were collected on a Siemens SMART
CCD diffractometer (graphite-monochromated Mo Ko radia-
tion, A = 0.71073 A) with area-detector by use of w scans at
173 K for 12. The structures were solved by direct methods
using SHELXS-97%¢ and refined on F? using all reflections with
SHELXL-97.%” All non-hydrogen atoms were refined anisotro-
pically. The hydrogen atoms were placed in calculated posi-
tions and assigned to an isotropic displacement parameter of
0.08 A2 The idealized methyl groups were allowed to rotate
about their C—C bond. SADABS!® was used to perform area-
detector scaling and absorption corrections. The resulting
crystallographic data are summarized in Table 1. The geo-
metrical aspects of the structures were analyzed by using the
PLATON program.*®

Results and Discussion

Synthesis of 1-(or 3-)Menthylindenes. Although
sulfonate esters of menthol can be displaced in good

(16) Sheldrick, G. M. SHELXS-97 Program for the Solution of
Crystal Structures; Universitat Gottingen, 1997.

(17) Sheldrick, G. M. SHELXL-97 Program for the Refinement of
Crystal Structures; Universitat Gottingen, 1997.

(18) Sheldrick, G. M. SADABS Program for Empirical Absorption
Correction of Area Detector Data; Universitat Gottingen, 1996.

(19) Spek, A. L. Acta Crystallogr. 1990, A46, C-34.
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yield by (4,7-dimethylindenyl)lithium,! the analogous
substitution using the less available and more expensive
neomenthyl mesylate (2) was less satisfactory (Scheme
1). The reactivity of neomenthyl derivative 2 is lower
than the menthyl derivative, and prolonged reaction
times were required to obtain a mixture of (—)-1- and
(—)-3-menthyl-4,7-dimethylindene. Elimination was a
major competing reaction pathway,?° and we desired to
find a more efficient preparation of this ligand.

We initiated our search for better methods of attach-
ing a menthyl group to indenes by examining the
formation of the parent (—)-3-menthylindene (3). Once
established, we could then extend the more promising
methods to the preparation of 4,7-substituted indenyl
derivatives. Several attempted syntheses of 3 are shown
in Scheme 2. To provide a more reactive electrophilic
site for the indenyl anion, additions to the carbonyl in
menthone were investigated; reduction of the resulting
tertiary allylic alcohol 5 would then provide menthyl-
indene 3. Addition of indenylmagnesium bromide with
or without added ZnCl, gave only recovered menthone,
presumably through a precedented deprotonation of the
ketone followed by protonation of the resulting enolate
upon aqueous workup. Only in the case of using CeCl3
as an additive in the Grignard addition was the tertiary
allylic alcohol 4a,b obtained as a mixture of epimers.
Isomerization provided allylic alcohol 5, but all attempts
to reduce this compound with Et3;SiH/BF; failed to give
the desired ligand 3. The polarity of the bond formation
could be reversed by adding known (+)-menthylmag-
nesium chloride (6)7 either to 1-indanone or 3-bromoin-
dene.10 Addition of this Grignard reagent to 1-indanone
in the presence of CeCl; gave an intermediate indanol,
which was dehydrated by 4-toluenesulfonic acid(H,0),
to the desired ligand 3, albeit in poor yield. The major
side reactions were enolization of the indanone and
Grignard reduction of the indanone. The metal-cata-
lyzed cross-coupling reaction of Grignard 6 with 3-bro-
moindene gave low yields of 3 under all conditions
studied, while the analogous reaction with 1-bromoin-
dene gave no product. The reaction of 3-indenyl tri-
flate (7) with Grignard 6 led cleanly to the novel
diastereomeric 1-menthyl-1-indenols 8. This reaction
evidently proceeded through an initial elimination to
give indenone, to which the excess Grignard 6 added.
Attempts at reducing 8 with Et3SiH/BF; failed to give
indene 3.

A satisfactory and general approach to (—)-3-menth-
ylindene ligands was developed using a palladium-
catalyzed cross-coupling reaction between 3-indenyl
triflates and an in situ-generated menthylzinc complex.
Known (—)-3-menthylindene 3 could be isolated in 3%
yield. Previously unreported 4,7-substituted indenes 1la
and 11 were prepared in 63% and 48% yield, respec-
tively, by coupling 6 with 4,7-dimethyl-3-indenyl triflate
(9) and 4,7-diisopropyl-3-indenyl triflate (10) (Scheme
3). The triflates were prepared from the available
substituted 1-indanones in good yields. With multigram
guantities of (—)-3-menthyl-4,7-dimethylindene now
conveniently available, we studied the formation of its
main group metal compounds as a preamble to looking
at its transition metal complexes.?!

(20) Halterman, R. L.; Vollhardt, K. P. C. Organometallics 1988, 7,
883.
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Formation of Metal Compounds with 1. Depro-
tonation of (—)-3-menthyl-4,7-dimethylindene (1a) by
n-butyllithium in diethyl ether gave a 91% isolated yield
of the (indenyl)lithium salt 12 as colorless crystals. One
set of signals was evident in the 'H and 13C NMR
spectra in pyridine, indicating either that only one
diastereomeric form of the lithium salt was present or

MgCl  ZnCly/PdCly(dppf)
(4-15%)

NiClz(dppp)

@ SO
7~ “MgCl - TfOMgCI
PN

(65%)

8ab

that the lithium was uncoordinated or rapidly exchang-
ing coordination to both z-faces. Cryoscopic measure-
ments in benzene gave a molecular weight of 271 g/mol,
reasonably close to the expected monomeric complex
molecular weight of 288 g/mol. Crystals of lithium salt
12 suitable for X-ray diffraction were obtained by
recrystallization from THF/n-hexane. The X-ray acqui-
sition and refinement parameters for 12 are listed in
Table 1, and an ORTEP plot of this complex is shown
in Figure 3. The lithium atom adopts a trigonal planar
coordination with the indenyl ligand and two tetrahy-
drofuran molecules. The 5%-bonding is slightly slipped
toward the two unsubstituted carbons (2.26 and 2.29
A) away from the C(1) and ring fusion carbons (2.35,

(21) (a) Schumann, H.; Stenzel, O.; Dechert, S.; Girgsdies, F.;
Halterman, R. L. Organometallics, in press. (b) Schumann, H.; Stenzel,
O.; Dechert, S.; Halterman, R. L. Organometallics, in press.
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Figure 3. ORTEP drawing for 12.

2.37, and 2.42 A). Noteworthy is that the lithium atom
is diastereoselectively coordinated to the sz-face opposite
the isopropyl group of the menthyl moiety in the
+anticlinal conformation predicted by calculations (see
Figure 2 above). Deprotonation of the analogous (—)-
4,7-diisopropyl-3-menthylindene ligand 11 with n-bu-
tyllithium gave lithium salt 13. The NMR spectra of this
(diisopropylindenyl)lithium derivative 13 were similar
to that of the (dimethylindenyl)lithium compound 12
(Scheme 4).

Deprotonation of (—)-3-menthyl-4,7-dimethylindene
(1a) by NaNH; or KH in THF led to the formation of
the sodium and potassium salts 14 and 15. The sodium
complex 14 gave a single set of signals in the NMR
spectra, indicating behavior similar to the lithium
complex. The potassium complex 15, however, gave rise
to a complex set of NMR signals. Cryoscopic molecular
mass determination results in approximately a trimer
of the potassium complex, which along with preliminary
unrefinable X-ray data on this substance indicate the
formation of an oligomeric structure. While we have
strong evidence for selective coordination of the lithium
atom to the expected n-face in complex 12, we cannot
specify any s-facial selectivity for the sodium or potas-
sium complexes 14 or 15.

The (—)-(1-menthyl-4,7-dimethylindenyl)lithium com-
plex 12 could be readily converted by treatment with
chlorostanannes to the 1-trimethylstannyl or 1-(tri-n-
butylstannyl) compounds 16 and 17 (Scheme 5). The
trimethylstannane derivative 16 was isolated as a 1.2:1
mixture of diastereomers, while the tri-n-butylstannane
compound 17 was isolated as a 1:1 mixture of diaster-
eomers. The essentially equal formation of the epimers
at C(1) of the indenyl group indicates the lack of a
controlling influence of the menthyl group at the 3-in-
denyl position. This result may indicate that the dis-
tance between the o-bonded stannyl group at C(1) is too
remote from the stereodirecting influence of the menthyl
group. In the case of the lithium complex above, the 7°-
bonding would bring the metal into closer contact with
the chiral substituent at C(3) and lead to the observed
stereoselectivity in that case.
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Scheme 4
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Conclusion

We have developed an efficient palladium-catalyzed
cross-coupling reaction between 3-indenyl triflates and
a menthylzinc complex to give (—)-3-menthylindene, (—)-
3-menthyl-4,7-dimethylinden, and (—)-4,7-diisopropyl-
3-menthylindene. The benzylic methyl groups in (—)-3-
menthyl-4,7-dimethylindene were expected to provide
an +anticlinal conformational preference to the menthyl
group and selectivity in the formation of its metal
compounds. This selectivity was demonstrated for the
n®-bonded lithium salt, but was completely absent for
the o-bonded tin compounds.
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