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1,7- and 1,8-Directed Lithiations of 1-Indanol and
1-Tetralol

Charles A. PANETTA*, Ajit S. DixiT

Department of Chemistry, University of Mississippi, University, Missis-
sippi 38677, U.S.A.

Lithiations at positions « or 8 to heteroatoms have been known
for almost fifty years and a review has been published recently
on the work of the second half of this period'. Among metala-
tions directed by oxygen atoms, those which occur « or 3 to
ethers are very common and those 8 to alcohols are relatively
rare”. Lithiations directed to positions w to a hydroxy moiety are
unknown, as far as the authors can determine, except for a few
examples which involve a neighboring methoxy group® in addi-
tion to the alcohol.

We report here a facile and direct method for the lithiation of 1-
indanol (1) and 1-tetralol (6) at the 7- or 8-positions (sce 4 and
7) in good yield. Since neither product has been reported in the
literature, verification of their structures was necessary. 1-Inda-
nol-7-carboxylic acid (4) was unstable in all but basic media:
readily dehydrating to 1-indene-7-carboxylic acid (5). It was
best to convert it (as the lithium salt, 2) to the known 1-inda-
none-7-carboxylic acid* (3). 1-Tetralol-8-carboxylic acid (7) was
oxidized to the ketocarboxylic acid, 8, which formed a cyclic py-
ridazone derivative, 9, on reaction with phenylhydrazine.
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The Lithiation of 1-Indanol (1):

To a refluxing solution of 1-indanol (1: 12.88 g, 96 mmol) in dry hexane
(300 ml) under a slow stream of argon gas is added dropwise during a 5
min period, a 2.5 molar solution of n-butyllithium in hexane (80.6 ml,
201.6 mmol) which is diluted with dry hexane (120 ml). The reaction
mixture changes to a yellow then a deep red color and, finally, a yellow
precipitate separates. After being heated to the reflux temperature for 90
min, the stirred mixture is cooled to 10 °C and dry carbon dioxide is bub-
bled through for 8 h, during which time the yellow precipitate changes to
white. The reaction mixture is then stored at ambient temperature for
about 16 h, after which it is diluted with water (200 ml) and extracted
with ethyl acetate (3 x 50 ml). The organic extracts are combined and
washed with water (6 x 80 ml or until the ethyl acetate/hexane solution
becomes clear) and all of the aqueous portions (which contain the
lithium salt, 2) are pooled and used for either procedure A or B below.
The ethyl acetate/hexane solution is dried with molecular sieves (4A)
and the solvents removed by distillation under reduced pressure. On
cooling, the oily residue crystallizes to a solid mass of recoved t-indanol
(1); yield: 5.84 g (45%), m.p. 53-54 °C (Ref.*, m.p. 54 °C). This product is
homogeneous on T.L.C. analysis (silica gel 60 plates, 16:3:1 benzene/
ethyl acetate/acetic acid).

Procedure A; 1-Indanone-7-carboxylic Acid (3):

The aqueous solution of the lithium salt of 1-indanol-7-carboxylic acid
(2) from above (assumed, from the amount of unrecovered 1-indanol, to
contain 0.0525 mol of product) is cooled to 5°C and then diluted with a
solution of sodium hydroxide (1.83 g, 0.046 mol) in water (15.2 ml). The
resultant solution is stirred and maintained below 10 °C while a solution
of potassium permanganate (20.74 g, 0.131 mol) in water (387 ml) is
added dropwise during a 30 min period. After further stirring for 3 h in
an ice-water bath, the mixture is filtered through a cake of Celite. The
filtrate is adjusted to pH 2.0 with 6 normal sulfuric acid and a yellow sol-
id which precipitates is collected by filtration. This filtrate is extracted
with ethyl acetate (5 x 70 ml), the organic phase is washed with water,
dried, and the solvent removed by distillation under reduced pressure.
The residual oil crystallizes during storage at room temperature. This
product is combined with that obtained by filtration to give t-indanone-
7-carboxylic acid (3): total yield: 5.76 g (62% from 2); m.p. 159-161°C
(Ref.%, m.p. 159.5-161.5°C).

CmeOx calc. C 68.17 H 4.58

(176.2) found 67.89 4.61

LR. (Nujol): »=2500 (bonded OH); 1700 (ketone); 1640 (carboxyl);
1280; 760 cm ',

'H-N.M.R. (CDCl,): §=3.05 (m, 2H, CH.); 3.3 (m, 2H, CH,--C- O);
7.8 (m, 3H,con); 8.35 ppm (m, 1H, COOH).

"C-N.M.R. (CDCl): §=26.3 (C-3); 36.1 (C-2); 129.7-133.3 (C-4, 5. 6. 9);
136.0 (C-7); 158.4 (C-8); 164.7 (COOH); 212.3 ppm (C-1).

Procedure B; 1-Indanol-7-carboxylic Acid (4) and 1-Indene-7-carboxylic
Acid (5):

The aqueous solution of 2 from the lithiation of 1-indanol (see above) is
assumed, from the amount of unrecovered 1-indanol, to contain 0.0525
mol of 2. It is adjusted to pH 2.0 with 6 normal hydrochloric acid while
being stirred in an ice-water bath. A solid precipitates which is recrystal-
lized from dichloromethane and identified as 1-indene-7-carboxylic acid
(5); yield: 4.32 g (51% from 2); m.p. 156-157°C.

Ci0H;0; calc. C7498 HS5.03

(160.2) found 74.17 5.08

LR. (Nujol): »=2500-3300 (OH and CH); 1690 (C. O); 1250; 760
cm

'H-N.M.R. (CDCL): =3.6 (d, 2H, CH,); 7.0-80 (m, 5H. CH CH and
Huom); 10.3 ppm (br s, 1 H, COOH).

"C-N.M.R. (CDCly): 6=38.5 (CH,); 122.2-146.7 (CH- -CH and C,
169.0 ppm (COOH).

The filtrate left from the isolation of product 5, above, is extracted with
ethyl acetate (3 x20 ml), and the pooled organic solutions are washed
and dried, and the solvent removed by distillation under reduced pres-
sure. The residual viscous oil (1.23 g) is homogeneous by T.L.C. (silica
gel 60 plates, 16:3:1 benzene/ethyl acetate/acetic acid) and crystallizes
during storage of a dichloromethane solution to give 1-indanol-7-carbox-
ylic acid (4); yield: 1.23 g (13% from 2); m.p. 128.0~128.5 °C.
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CioH 1005 calec. C 6740 H5.66

(178.2) found 66.99 5.57

LR. (Nujol): »=3300 (OH); 2600 (OH bonded); 1650 (C 0). 1260, 760
cm” .

'H-NMRL (CDCLY: 8=23 (m, 21, CHy) 3.0 (m, CHy) 56 (4 Y,
CH---OH); 7.3-8.1 (m, 3H,.o): 11.3 ppm (br, 1 H, OH).

BC-N.M.R. (CDCL): $=30.2 (C-3); 324 (C-2); 75.4 (C-1); 125.8-130.5
(C-4, 5, 6,9); 145.4 (C-7); 146.8 (C-8); 171.8 ppm (COOH).

The Lithiation of 1-Tetralol (6); 1-Tetralol-8-carboxylic Acid (7):

A solution of 1-tetralol (6; 1423 g, 96 mmol) in dry hexane (300 ml) s
heated to the reflux temperature while a slow stream of argon gas is
passed through the apparatus. A dropping funnel is charged with te-
tramethylethylenediamine (22.33 g, 192 mmol), dry hexane (30 ml), and
a 2.4 molar solution of #-butyllithium in hexane (80 ml, 192 mmol). The
resultant yellow mixture is added dropwise during a 4 min period to the
refluxing tetralol solution. An orange-red precipitate separates and heat-
ing is continued for 2 h following the addition. The mixture is then stir-
red and cooled in an ice bath while dry carbon dioxide is bubbled
through for 8 h. The reaction mixture is stored at room temperature for
16 h, after which it is diluted with water (200 ml), cooled in an ice bath,
and adjusted to pH 2.0 with 1 normal hydrochloric acid. The aqueous
layer is extracted with ethyl acetate (6 x 100 ml) and the pooled organic
solutions (ethyl acetate and hexane) are extracted with 1 normal sodium
hydrogen carbonate sotution (6 x 80 mi). The organic phase is washed
with water, dried with molecular sieves (4 A), and the solvents removed
by distillation under reduced pressure. The residual oil is homogeneous
by T.L.C. (silica gel 60 plates, benzene) and the R; is identical with that
of 1-tetralol (6); yield: 5.03 g (35% recovery).

The basic aqueous solution from above is stirred in an ice bath and ad-
justed to pH 2.0 with 1 normal hydrochloric acid. A pale vellow solid
precipitates (6.15 g) and is collected by filtration. The filtrate is extracted
with ethyl acetate (4 x 50 ml), the organic extract is washed, dried, and
the solvent removed by distillation in vacuo. The residual oil (3.76 g)
crystallizes on cooling. Both crystalline products are identical and home-
geneous by T.L.C. (silica gel 60 plates, 70:29:1 hexane/ethy! acetate/
acetic acid) and identified as 1-tetralol-8-carboxylic acid (7); total yield:
991 g (83% based on 6 reacted); m.p. 133-134°C.

Cy1H;»03°0.5H,0  calc. C 65.65 H6.51

(402.4) found 65.76 6.50

L.R. (Nujol): »=3420 (free OH); 3200 and 2640 (bonded OH); 1680
(COOH); 1275; 1145: 965 cm ™ .

'H-N.M.R. (CD;COCD:): $=2.0 (m, 4H, CH,CH,); 2.85 (m, 2H, CH.);
505 (m, 1H, CH—OH); 5.7 (br, 1 H, OH); 7.2-7.9 ppm (m. 3 Huwow)-
BC-N.M.R. (CD,80CD;): 8=17.5 (C-3); 29.7 (C-4); 31.6 (C-2); 62.7 (C-
1); 126.7, 1274, 132.3 (C-5, 6, 7); 133.1, 137.8, 138.7 (C-8, 9, 10); 170.6
ppm (COOH).

1-Tetralone-8-carboxylic Acid (8):

A solution of 1-tetralol-8-carboxylic acid (7; 1.0 g, 5.2 mmol) in glacial
acetic acid (10 ml) is obtained by heating the stirred mixture to 35°C. A
second solution of chromic acid anhydride (0.52 g, 5.2 mmol), water (5
ml), and glacial acetic acid (20 ml), is added dropwise to the first during
a 10 min period while the temperature is maintained below 50°C. The
resultant mixture is stirred for 3.5 h at 45 °C after which most of the wa-
ter and acetic acid are removed by distillation in vacuo. The concentrate
is then diluted with water (50 ml) and extracted with ethyl acetate (4 x 50
ml). The organic phase is washed, dried, and the solvent removed by rec-
tification under reduced pressure. The residual oil (0.7 g) crystallizes
during storage at room temperature and is recrystallized from dichloro-
methane to give 8 homogeneous by T.L.C. (silica gel 60 plates, 16:3:1
benzene/ethyl acetate/acetic acid); vield: 0.57 g (58%). m.p. 168
170°C.

CuHy0s cale. C6946 HL30

(190.2) found 69.00 5.23

LR. (Nujol): »=2560 and 2650 (OH); 1680 (carboxyl C--0); 1700 (ke-

TH-N.M.R. (CDCJ;): §=2.1 (m, 2H. CHp); 2.7 (m, 2H, CHz); 3.0(t, 2H,
CH2-~'—C O), 7.4 (n]7 3 Humm); 112 ppm (bl’, 1 H’ COOH)

SYNTHESIS

BC-N.M.R. (CDCly): $=22.8 (C-3); 29.9 (C-4); 39.0 (C-2); 126.4, 130.6,
132.8 (C-5, 6, 7); 130.0, 134.0, 145.3 (C-8, 9, 10); 175.0 (COOH): 197.8
ppm (C O).

If the oxidation of 7 is attempted under alkaline conditions (4.0 mmol so-
dium hydroxide in 15 ml water) using 11.2 mmol of potasstam perman-
ganate (4-20°C reaction temperaturs; 45 min reaction period), it pro-
ceeds further than with chromium trioxide and produces a product
whose structure is assumed to be that of 2-hydroxy-1-tetralone-8-carbox-
ylic acid; yield: 39%; m.p. 183-185 °C (from ethyl acetate).

CiiH 1004 calc. C64.07 H4.39

(206.2) found 63.90 5.12

LR. (Nujol): »=3500 (OH); 2620, 2685 (bonded OH); 1700 (ketone
C-. 0); 1680 (carboxyl C--0); 1580, 1260 cm ™.

'H-N.M.R. (CD;SOCD;): §=2.1-3.1 (br m, 4H, CH,CH,); 5.5 (¢, 1H,
CH ~OH); 7.4-8.1 ppm (m, 3 Hurom).

BC-N.M.R. (CD;SOCD;): §=30.0, 33.0 (C-3, 4); 61.8 (C-2); 127.9, 129.1,
134.6 (C-5, 6, 7); 132.1, 132.7, 144.7 (C-8, 9, 10); 169.0 (COOH); 197.2
ppm (C O).

3-Oxo-2-phenyl-2,3,8,9-tetrahydro-7H-benzold,e]cinnoline (9):

The procedure described here is that used for the preparation of the pyri-
dazone of xanthone-1-carboxylic acid®. A mixture of 8 (0.1 g, 0.52
mmol), phenylhydrazine (1.0 ml), and pyridine (5.0 ml) is heated to the
reflux temperature for 15 min. The reaction mixture is then poured into
water (50 ml) and stirred for 15 min. A yellow precipitate separates and
is collected by filtration: yield: 0.13 g (94%). It is recrystallized from 1:1
ethanol/petroleum ether (b.p. 30-60°C); m.p. 138-139°C.

C»H (N0 calc. C77.84 H>5.38 N 10.68

(262.3y found 77.38 530 10.71

LR. (Nujol): »= 1660 (C-—O0); 1610 (C - N); 1310; 760 cm ",
'H-N.M.R. (CDCL): $=2.1, 2.9 (m, 6H, CH,CH,CH,); 7.6 ppm (m.
8 H.iom)-

BC-N.M.R. (CDCLy): §=23.0 (C-8); 29.2, 30.5 (C-7, 9). 125.1-171.6 (at

The authors acknowledge the generous assistance of Dr. N. E. Heimer, who
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tude is also extended to the Analytical Depariment of Bristol Laboratories,
Syracuse, N. Y. for all of the microanalyses.
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