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Abstract. A new method for the preparation of the synthon (+)-2,6,7,7a-tetrahydro-18-
hydroxy-4-formyl-7aB-methylindene (1,a) for the total synthesis of steroids in both ()
and (+) forms, starting from the known B-ketoester, (x)-methyl 18-t-butoxy-5,6,7,7a-
tetrahydro-7aB-methyl-5-keto-4-indancarboxylate (2,a) has been described. An alterna-
tive route to (1,a) has been investigated. Although the compound, (*)-18-hydroxy-
5,6,7,7a-tetrahydro-7aB-methyl-5-keto-4-methoxymethylindan (2,b) could not be pre-
pared, interesting pathways leading to two unexpected products, (+)-5.6,7,7a-tetrahydro-
4,7a-dimethyl-5H-indene-1,5-dione and (%)-2,6-diketo-3-methyltricyclo-(5,2,1,0)decan-
8-ol (3 and 4), were encountered during an attempted annelation reaction of the ketone,
N-diethylamino-5-methoxypentan-3-one (6), with 2-methylcyclopentan-1,3-dione (5).
Trapping of the intermediate, (+)-3a,4,5,6,7,7a-hexahydro-3a-hydroxy-4-methylene-7a-
methylindene-1,5-dione (7), through the formation of the adduct, (*)-3a,4,5,6,7,7a-
hexahydro- 3a-hydroxy-4- (1', 3'-diketo-2'-methylcyclopentanc-2'-methylene) -7a~-methylin-
dene-1,5-dione (8), established the mechanism of the formation of the products (3 and 4).

Keywords. New synthesis; racemic and asymmetric synthesis; steroid synthone.

1. Introduction

The syntheses of (+) and (+)-2,6,7,7a-tetrahydro-1B-hydroxy-4-formyl-7a8-
methylindenes (1,a) were reported earlier by us (Banerjee et al 1976, 1983), the
yield in the last oxidation step being moderate and inconsistent, depending upon
the brand of the reagent used. This prompted us to look for alternative routes.

2. New synthesis of (=) and (+)-2,6,7,7a-tetrahydro-18-hydroxy-4-formyl-7ap-
methylindenes ‘

2.1 Synthesis of ( +)-2,6,7, 7a-tetrahydro-1B-hydroxy-4-formyl-7aB-methylindene

Our starting material of choice for this synthesis was the diketoester (9, b or ¢),
which has been earlier prepared by Collins and Tomkins (1977) and Ellis et al
(1974). With the view to improving upon the yields obtained by the above workers,
we utilized the B-ketoacid (2, c), prepared by Micheli et al (1975) from the
enedione (10) which was prepared earlier by Boyce and Whitehurst (1959) in 70%
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Chart 2.

yield. By adopting a modified one-step procedure of Zoretic et al (1976), we could
obtain the enedione (10) in 90% yield. Following Micheli’s method of selective
reduction of the enedione (10) to the ketol (2, d), and subsequent treatment of the
latter with isobutylenephosphoric acid-borontrifluoride etherate, afforded the
t-butyl ether (2, e) in almost quantitative yield. The compound (2, e) was converted
to the B-ketoacid (2, ¢) by treatment with methylmagnesiumcarbonate (MMC)
(Balasubrahmanyam and Balasubramanian 1973) in 63% yield. Sodium borohy-
dride reduction of the unsaturated ketoacid (2, c) and its ester (2, a) furnished the
saturated hydroxyacid (11, a) and its ester (11, b) by the conjugate hydride addition
followed by the reduction of the keto group in accordance with earlier observations
(Nystron and Brown 1947; Hochstein and Brown 1948; Hochstein 1949; Dorrow
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et al 1950; Bates et al 1954). The configuration assigned to 11, a and b, was proved
by direct comparison with authentic samples prepared by the method of Baggiolini
et al (1982).

Lithium aluminium hydride reduction of the acid (2, c) or its ester (2, a) afforded
the diene alcohol (12). This obviously happened by the preferential reduction of
the ester function, presumably due to the predominant existence of 2, c and a, as
their enolates (13), followed by the reduction of the keto group ‘to give the
unsaturated diol (14) which underwent acid-catalysed allylic dehydration giving the
dienol (12). .

Aluminium hydride, derived from lithium aluminium hydride and aluminium
chloride and known to reduce an unsaturated carbonyl without attacking the
ethylenic linkage under mild conditions, reduced the unsaturated ketoester (2, a) to
the dienol (12) in 95% yield; the probable mechanism, as schematically
represented, appears to be an initial attack of the Lewis acid, aluminium hydride,
on the secondary hydroxyl of 14 to form the oxycarbonium cation (15) and AlH,,
followed by the splitting of a water molecule and proton to yield the dienol (12)
with the regeneration of aluminium hydride. The same mechanism is supposed to
be operative in the case of lithium aluminium hydride reduction.

The best yield (> 80%) of the #butoxyaldehyde (1, b) was obtained when the
dienol (12) was oxidized with active manganese dioxide (Attenburrow et al 1952) or
with dimethyl sulphoxide-oxalyl chloride (Swern oxidation) (Mancuso et al 1978).
Acidic removal of the ¢-butoxy group furnished the (+) hydroxy aldehyde (1, a).

2.2 Synthesis of (+)-2,6,7,7a-tetrahydro-1B-hydroxy-4-formyl-7af3-methylindene

For our present synthesis of the (+)-hydroxy aldehyde (1, a), we started with the
(+)-enedione (10), prepared by the recently reported procedure of Hajos and
‘Parrish (1985), which was converted to the (+)-B-ketoacid (2, ¢) by our method for
the preparation of (+)-2, c. The (+)-methyl ester (2, a) was then converted to the
(+)-hydroxy aldehyde (1, a) by the reduction of the former with aluminium
hydride, followed by the allylic oxidation of the resulting (+)-dienol (12).

3. Investigation of another route for the synthesis of (*)-2,6,7,7a-tetrahydro-18-
hydroxy-4-formyl-7ag-methylindene ‘

3.1 Autempted preparation of (+)-5,6,7,7a-tetrahydro-4-methoxymethyl-7af3-
methylindan-1,5-dione

In our alternative new synthesis of the ()-hydroxy aldehyde (1, a) we envisaged
its preparation from the enedione ether (16) by its reduction to the enediol ether
(17), followed by facile allylic dehydration, ether cleavage and oxidation. We
intended to prepare 16 by the annelation of the dione (5) with the amino keto ether
(6). The Mannich base (19), prepared from 2-methoxyethylacetylene (18), on
hydration with mercuric sulphate and sulphuric acid gave a maximum yield of 25%
-of 6. Later, the compound (6) could be prepared in an overall yield of 56% , when
the chloro methoxy ketone (20), prepared in 68% yield from 3-methoxypropionyl
chloride, aluminium chloride and ethylene, was interacted with diethylamine. The
annelation reaction between the amino ketone (6) and the dione (5), carried out
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following Banerjee’s procedure (Banerjee et al 1976), or by refluxing in xylene with
PTS, gave a product which on purification by chromatography furnished a less
polar compdund, proved to be the dienedione (3) from its spectral data, and a more
polar compound which was found to be 2,6-diketo-3-methyl-tricyclo[5,2,1,0]
decan-8-ol (4), earlier reported by Danishefsky and Migdalof (1969) during the
base catalysed cyclization of the vinyl triketone (21). The structure of the
dienedione (3) was confirmed by hydrogenating it to the known enedione (9d). The
compound (4), obtained in our annelation reaction, might have been formed from
the vinyl triketone of Danishefsky and Migdalof during the base catalysed
cyclization of the vinyl triketone (21). The structure of the dienedione (3) was
confirmed by hydrogenating it to the known enedione (9d). The compound (4),
obtained in our annelation reaction, might have been formed from the vinyl
triketone of Danishefsky (1969), resulting by the elimination of methanol from the
initially formed methoxy triketone (23). The compound (23), prepared indepen-
dently, furnished the keto alcohol (4) by treatment with pyridine-benzene.
The cyclization of the methoxy triketone (23), as well as attempted annelations
of the dione (5) with different annelating agents under various conditions failed to
form 22. This led to the conclusion that the base-induced methanol elimination in
the intermediate aldol (24), derived from 23, was more facile than dehydration to
22. The aforementioned methanol elimination formed the unsaturated hydroxy-
enone {7) which by dehydration and isomerization finally gave the dienone (3). We
could prove that this was indeed the pathway followed by trapping the postulated
intermediate (7) by carrying out the well-known (Kuo et af 1965) self-catalysed
annelation reaction of the acidic dione (5), used in excess, with the methoxy
triketone (23) and isolating the expected adduct (8) formed by the addition of
5to0 7. ‘ ‘

4. Exp_erimental

All melting points (hot stage) and boiling points are uncorrected. All recorded
temperatures are on the Celsius scale. Only one enantiomer of a racemic pair has
been displayed in the charts. UV spectra were recorded in 95% ethanol on a
Schimadzu UV-190 double beam spectrophotometer. IR spectra were taken on a
Perkin-Elmer model 781 spectrophotometer. NMR spectra were recorded on a
Varian T60, Varian HA-100, Jeol Fx 900 or Bruker WH-270 NMR spectrophoto-
meter. Chemical shifts were quoted relative to TMS (8 = 0 ppm) as internal
standard. Mass spectra were recorded on a Jeol MS-DX 303 with a built-in direct
inlet system. All organic extracts were dried over anhydrous sodium sulphate.
Analytical and preparative layer chromatography were carried out using silica gel
supplied by BDH (Bombay) or Acme Synthetic Chemicals (Bombay). For column
chromatography Acme Silica gel or BDH neutral alumina was used.

4.1 (%)-7,7a-Dihydro-7af-methyi-1,5 (6H)-indandione (10)

A mixture of 2-chloroethyl methyl ketone (106 g, 1 mol) and the dione (5) (75 g,
0-67 mol) in water (600 ml) was stirred for 4 h and then heated under reflux with
stirring for 16 h. The mixture was extracted with chloroform and the organic layer
washed successively with water, aq. NaHCO;, water and brine. Removal of the
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solvent and distillation of the residue afforded the dione (10) (148 g, 90% ); IR
(neat): vy 1670, 1740 cm™!; 'H NMR (CCl,) §1-28 (s, 3H, CH3), 1-7-3-1 (m,
8H, methylene), 5-78 (bs, 1H, vinylic).

4.2 (£)-7aB-Methyl-7,7a-dihydro-1B-hydroxy-5(6H)-indanone, (2, d)

To a chilled solution (—10°) of the indandione (10) (80 g, 0-24 mol) in ethanol
(400 ml) was added NaBH, (5 g, 0-13 mol) in ethanol at a rate to maintain the
internal temperature between -5 and —10°. The reaction mixture was then
allowed to warm up to +5° and then cooled again to —10° and the pH adjusted
between 5 and 7 by the addition of 2N HCI, the dark brown solution turning
orange. The solvent was removed under vacuum (45°) and the residue was
extracted with ethyl acetate. The residue, after removal of the ethyl acetate and
purification by column chromatography (silica gel, CHCl;), afforded the indanone
(2, d) (78 g, 96%); IR (neat): vpa, 3400, 1660 cm™'.

4.3 (£)-1B-t-Butoxy-7af3-methyl-7,7a-dihydro-5(6H )-indanone, (2, €)

This compound was prepared following the method of Micheli et al (1975). Thus
from the indanone (2, d) (40 g), BF; (C;H;5),0O (10 ml), H3PO, (42 ml, 47%
solution), dichloromethane (400 ml) and liquid isobutylene (200 ml), there was
obtained the z-butyl ether (2, e) (50 g, 95%). The product, on purification by
column chromatography (silica gel, ethyl acetate-hexane, 1:4), melted at 60-61°
(reported 62-65°); IR (neat): v, 1665 cm™'; '"H NMR (CCl,) 81-02 (s, 3H,
CHs), 1-04 [s, 9H, C(CHs)s], 1-8-2-9 (m, 8H, methylene), 3-58 (dd, J = 8 Hz,
1H, CH = 0), 5-56 (¢, J = 2 Hz, 1H, vinylic).

4.4 (=%)-5,6,7,7a-Tetrahydro-1B-t-butoxy-7af3-methyl-5-keto-4-indancarboxylic
acid, (2,¢)

A mixture of #-butyl ether (2,c¢) (50 g, 023 mol) and MMC in dimethylformamide
(335 ml) was heated in a preheated (125°) oil bath with stirring under N, for 2 h,
the internal temperature being maintained at 115°. The solution was cooled and
poured into ice and conc. HCI. The aqueous phase was extracted with benzene and
the organic phase with 15% ag. NayCOs. Acidification of the basic solution,
followed by extraction with benzene and removal of the solvent in the vacuum
(45°), gave a yellowish brown oily compound (35 g) which solidified on standing;
crystallization from chloroform-hexane furnished the carboxylic acid (2,c¢) (265 g,
44%) as yellow crystals, m.p. 105° (reported 103-109°), IR (CHCIl3) v,y 1600,
1620, 1735 em™'; '"H NMR (CDCls), §1-2 [(s, 12H, CH5,C(CH;);], 1-4-2-8 (m,
methylene), 3-62 (dd, J = 8 Hz, 1H, CH-O), 11-9 (bs, 1H, CO,H).

Removal of the solvent from the neutral fraction gave the starting compound
(15 g), the yield based on the recovery being 63%.

4.5 (x)-1B-t-Butoxy-7aB-methyl-3ac,4B, 5,6,7,7a-hexahydro-5B-hydroxy-
4a-indancarboxylic acid, (11, a)

To a cooled and stirred solution of the carboxylic acid (2,¢) (1-2 g, 4-5 mmol) in
ethanol (20 ml) NaBH, (0-5 g, 12 mmol) was added in small portions and the
stirring continued for 12 h. The excess NaBH, was decomposed with water and .
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most of the ethanol was removed. The residue was taken up in chloroform, washed
with water and brine, and dried. The solvent was removed and the residual solid
crystallized from ethanol-hexane to yield the hydroxy acid (11, a) (0-05 g, 78% )
m.p. 115°; IR (nujol) ¥max 3280, 1720 cm™'; "'H.NMR (CDCl; + CF;CO,H)
8 0-87 (s, 3H, CH;), 1-25 [s, 9H, C(CH3)3], 1-4-2-2 (m, 9H, methylene and
angular), 2-57 (bt, J=8Hz, 1H, CH-CO,H) 3-59 [bt, J = 10Hz, 1H,
CH-OC(CHs;);], 4-03 (dt, J = 10 and 8 Hz, 1H, CHOH), MS, m/e (relative
intensity) 214 (36, M-56) 196 (43), 178 (40% ); Found: C 66-28, H 9-66; C,sH2,O4
requires C 66:63, H 9-69%. |

4.6 (%)-Methyl 1B-t-butoxy-5,6,7,7a-tetrahydro-7aB-methyl-5-keto-4-indancar-
boxylate, (2, a)

A solution of diazomethane in ether (76 ml, 0-076 mmol/ml) was added dropwise
with stirring to a suspension of the unsaturated B-ketoacid (2, c) (1, 34 g, 5 mmol)
in ether (50 ml). After stirring for 10 min, the solvent was removed and the residue
crystallized from hekane to obtain the ester (2, a) (1-4 g > 99%); m.p. 76-77°
(reported 76-5-77°); IR (nujol) vy 1670, 1730 em™'; '"H NMR (CCly), 81-1 [s,
12H, CH; and (CCHj3)s], 1-:6-2-72 (m, 8H, methylene), 3-6 (bt, J = 7 Hz, 1H,
CH-0O), 3-7 (s, 3H, CO,CHj).

4.7 (x)-Methyl 1B-t-butoxy-7aB-methyl-3ao, 4B, 5,6,7,7a-hexahydro-5p-hydroxy-
4a-indancarboxylate, (11b)

To a cooled and stirred solution of the ketoester (2, a) (0-7 g, 2-5 mmol) in ethanol
(10 ml) NaBH, (0-23 g, 6 mmol) was added in small portions and the stirring
continued for 12 h. After the usual work-up, the frans hydroxy ester (11, b)
(0-65 g, 91% ) was isolated; IR(CHCIl3) vpax 3600, 1735 ecm™!; '"H NMR (CCly)
8 0-8 (s, 3H, CH3), 1-16 [s, 9H, C(CH;)3], 1-22-2-52 (m, 10H, methylene, angular
and CH-CO,CH;), 3-04 (bs, 1H, D,O exchangeable, CHOH), 3-34 [t, J = 8 Hz,
1H, CH-OC(CHs)3], 3-6 (s, 3H, CO,CH3), 3-62 (m, 1H, CHOH). Found: C
6731, H 9'86, C16H2804 I'CCIUiI'CS C 6757, H 9-93%.

4.8 (%)-IB-t-Butoxy-2,6,7,7a-tetrahydro-4-hydroxymethyl-7aB-methylindene, (12)

(a) A solution of the ketoacid (2, ¢) (2 g, 7-5 mmol) in dry THF (15 ml) was added
dropwise to a stirred suspension of LiAlH, (0-5 g, 13 mmol) in dry ether (10 ml) at
0°, and the stirring continued for 1 h. The mixture was stirred for 4 h more at the
room temperature. The excess LiAIH, was decomposed by the addition of water at
0°, followed by the addition of ice-cold 6N HCI (10 ml) and stirring for 1 h. The
ethereal layer was separated, washed with water, ag. NaHCOs and brine, and
dried. Removal of the solvent and purification of the residue by column
chromatography (silica gel, CHCl;) yielded the diene alcohol (12) (1-32 g, 75% );
IR (neat) vmax 3450, 1640 cm™'; '"H NMR (CDCl;) 6 09 (s, 3H, CH3), 1-18 [s, 9H,
C(CH3)s], 1-4-2-56 (m, 6H, methylene), 3-78 [z, J =7 Hz, 1H, CH-0O-C
(CH;3)s], 4-24, (s, 2H, CH,OH); 5-49 (bt, 1H, vinylic), 5-8 (bt, 1H, vinylic);
13C NMR (CDCl;) 6 15-36 (¢, CHs), 2317 (¢, CH, CCH3), 28-57 [g, C ( CH;)s],
33.64 (1, CH,, CH,CCHj;), 38-13 (t, CH,CH-0), 44-96 (s, CCH;), 62-98
(t, CH, OH), 72-45 [s, C (CHs)3], 81-13 (d, CH-0), 117-24 (d, vinylic CH), 1257
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(d, vinylic CH), 132-99 (s, H; C C-C = CH), 14398 (s, HOCH,-C=CH);
Found: C 76-35, H 10-18; C;5H,40, requires C 76-22, H 10-24%.

(b} To a stirred and cooled (0°) suspension of LiAlH, (0-5 g, 13 mmol) in dry
ether (10 ml) was added a solution of the ketoester (2, a) (2-1 g, 7-5 mmol) in dry
ether (15 ml) and the stirring continued at 0° for 1 h and at the room temperature
for 4 h. After the usual work-up, the diene alcohol (12) (1-5 g, 85% ) was obtained.

{¢) To a stirred and cooled (0°) suspension of LiAlH, (0-09 g, 23-6 mmol) in dry
ether (100 ml) under N, was added a suspension of powdered, freshly sublimed
AICl; (1-17 g, 8-8 mmol) in ether (10 ml) and the mixture stirred for 1 h. A
solution of the ketoester (2, a), (2-2 g, 7-9 mmol) in dry ether (100 ml) was added
over a period of 20 min, the mixture stirred at 0° for 1 h and then at the room
temperature for 30 min. The cooled (0°) mixture was treated with cold 6N HCl and
stirred for 1 h. The product was extracted with ether, washed with brine and dried.
Removal of the solvent afforded the diene alcohol (12) (1-76 g, 95%).

4.9 (£)-1B-t-Butoxy-2,6,7,7a-tetrahydro-4-formyl-7aB-methylindene, (1, b)

(a) To a solution of the alcohol (12) (3-5 g, 14-8 mmol) in n-hexane (250 ml) was
added active MnO; (35 g) and the mixture stirred. The progress of the oxidation
was monitored by TLC. When all the alcohol had been consumed (6 h), the
mixture was stirred for 5 min after dilution with ether. The crude material, after
concentrating the solution, was chromatographed over neutral alumina (CoH 4
CHCl;) to afford the aldehyde (1, b) (2-8 g, 81% ); IR(CHCl3) vpayx 2750, 1690,
1650, 1610 cm™'; UV(C,HsOH) Amax 222 nin (e 16, 200); 'H NMR (CDCl;)
8 0-88 (s, 3H, CH3), 117 [s, 9H, C(CHj3)3], 1-52-2-47 (m, 6H, methylene), 3-79 [z,
J =7 Hz, 1H, CHOC(CH; )3}, 6-4 (bt, 1H, vinylic), 6-69 (b, 1H, vinylic), 9-52 (s,
CHO); Found: C 77-07, H 9-48; C;5H,,0; requires C 76-88, H 9-46% .

(b) To a stirred and cooled (—78°) solution of oxalyl chloride (3-75 ml,
41 mmol) in dry CH,Cl, (95 ml) was added DMSO (6-38 ml, 82 mmol) and after
stirring for 20 min the alcohol (12) (3-5 g, 14-8 mmol) in CH,Cl, (40 ml) was added
dropwise. ‘After another 20 min, triethylamine (26 ml, 185 mmol) was added and
the mixture warmed to the room temperature, and 10 min later, poured into water.
The aqueous layer was extracted thrice with CH,Cl, and the combined CH,Cl,
layer was washed once with 1% HCl and then with 5% Na,COs, dried,
concentrated and chromatographed [neutral alumina, C¢H,,~CHCl; (2:1)] to give
the aldehyde (1, b) (3 g, 85%).

4.10 (*)-2,6,7, 7a-Tetrahydro-1B-hydroxy-4—formyl—7aB-methylindene, (1, a)

The diene aldehyde (1, b) (0-34 g, 1-5 mmol) was suspended in conc. HCI (6 ml)
and stirred for 24 h under N, at 20°, followed by extraction with ether. The extract
was washed with water and brine and then dried. Removal of the ether and
purification of the residue by PTLC (C4Hy-CHCl3, 3:1) gave the hydroxy
aldehyde (1, a) (0-22 g, 85%), identical with the one prepared by us earlier.

4.11 (+)-Methyl (1S, 7aS)-1-t- butoxy -5,6,7,7a- tetrahydro—7a-methyl—5 keto-4-in-
dancarboxylate, (2, a)

Esterification of the carboxylic acid [(+ )-2, c], prepared by the method of Micheli
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et al (1975) and the starting material [(+)-10] for which was prepared by a recent
method of Ha]os and Parrish (1985), with diazomethane gave [(+)-2, a] in 99%
yield; [@]F +30° (CHCl3, C 1.0).

4.12 (+)-(1S, 7aS)-1-t-Butoxy-2,6,7, 7a-tetrahydro-4-hydroxymethyl-7a-methylin-
dene, (12) '

- Reduction of the ketoester [(+)-2, a] with aluminium hydrlde followed by the

usual work-up gave the diene alcohol [(+)-12] in 96% yleld [a] 5 +59-2° (CHClq,
C 1.0).

4.13  (+)-(18,7aS)-1-t-Butoxy-2,6,7, 7a-tetrahydro-4-formyl-7a-methylindene, {1, b)

The chiral hydroxy compound [(+)-12] was oxidized by active MnO, or DMSO-
(COCI), (Swern oxidation) to furnish the diene aldehyde [(+)-1, b] in. > 80%
yield; [@]B +40-6° (CHCl;, C 1:0).

4.14  (+)-(5,7a8)-2,6,7,7a-tetrahydro-1-hydroxy-4-formyl-7a-methylindene, (1, a)

Removal of the -butoxy group from the ether [(+)-1, b] by treatment with conc.
HCI afforded the hydroxy aldehyde [(+)-1, a] in 85% yield, [a@]% +36° (CHCl;,
C 1-0).

4.15 4-Methoxybut-1-yne, (18)

The title compound (18) was prepared by a modification of the method reported
earlier (McCusker and Kraeger 1937). Acetylene was bubbled through a stirred
suspension of sodamide, prepared from Na(9 g, 0-39 gatom) and dry ammonia
(550 ml). To the resulting slurry of sodium acetylide was added dropwise
2-methoxyethyl bromide (48 g, 0-35 mmol) in 2 h, the bubbling of acetylene and
stirring being continued throughout. The ammonia was allowed to evaporate and a
saturated solution of NH,Cl was carefully added. The mixture was cooled in a bath
of ice-salt mixture and neutralized with 6N HCIl. The product was distilled by
heating the reaction mixture on a water-bath, then dried and redistilled to afford
4-methoxybut-1-yne (18) (20 g, 66% ); b.p. 74-76°% IR (neat) ., 3300, 2850,
2150 ecm™!; 'H NMR (CCl,) 6 1-9 (¢, J = 2 Hz, 1H, C = H). 24 (dt, J = 2 and
7Hz, 2H, CH,C = C), 3-35 (s, 3H, OCH3), 3-45 (¢, J = 7 Hz, 2H, OCH,).

4.16 N-Diethylamino-5-methoxypent-2-yne, (19)

A mixture of 4-methoxybut-1-yne (18) (40 g, 0-48 mol), diethylamine (37 g,
0-5 mol), acetic acid (30 g, 0-5 mol), formalin (60 ml, 35% , 0-7 mol), CuCl (0-8 g,
0-008 mol) and water (40 ml) was stirred under N, for 60 h and then basified (pH
13) with aq. NaOH, saturated with (NH4),SO, and extracted thrice with ethyl
acetate. The extract was washed with brine and dried, and the solvent removed.
The Mannich base (19) (50 g, 63% ) was isolated by distillation; b.p. 135-140°/
60 mm; '"H NMR (CCl,) 81-02 [¢, J = 7 Hz, 6H, N(CH,CHs),], 2-4 [m, 6H,
N(CH,CH3;), and CH,(CH,OCHz),], 3-3 (s, 5SH, OCH; and C = CH;N), 3-35
(m, 2H, CH,0); Found: C 7123, H 11-4, N 8:31; C;yH;oNO requires C 70-96,
H 11-32, N 8-28% .
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4.17a  N-Diethvlamino-S-methoxyvpentan-3-one, {6)

(i) A mixture of the Mannich base (19) (” dp 195 mmol), vone, HASOG (14 mil)
and HgSO, (4-25 g, 0-8 mmol) in water {15 ml} wats stirved under Nofor 1 hat v
then basified (pH 1Y) with ag. NaOH, saturated with (NS¢ M and extracted
with ethyl acetate. The extract was washed with brine ind the solvent removed,
The residue was Lhmm.tmw.t; shed over neutral alumma, Blution with C Hy,-
CHy-COLCoHG (10 1) gave the starting compoumd (19 (102 g0 3% ) and
subsequent elution \i*ith CoHyp CHLCOLCUH O T aftorded the anano ketone {6
(0-44 g, 12% ) as a liquids TR (neat) py, 1705 an O NMR (ODCT O S 1402 1,
J = 7 Hz, 01, M H}( o 2N [ T0HL CHENGCH O H b and CHEOCH L,
3 ..,,{*1 (s, 3H, OCH ), 364 (000 7 He, JHL OCH O MS, mre Grelative mtensty)
187 (27, M 7 ), K6 [1O0% . CHN (CHLC L] Purther clution wathy ethy] acetate
gave polymeric material,

(i) The aforementioned mixture of the Manmch base (190 cone. FLSO),
HgSO, and water was stirred under No ot room temperature tor 1S b After the
usual work-up and puritication, (093 g0 2870} of the amne Retone {6} was
obtained.

4.17b  1-Chlore-S-methoxypentan-3-one (20): Thas compound, required for the
preparation of the amine ketone (63 i an improved vield by the second method,
was prepared by the following two procedures,

(i) To the powdered freshly sublimed AICT {67 g, (0536 moby i CHACL (250 mly
at 09 was added dropwise d-methoxypropronyl chloride (56 g, hdh mui} annd
cthylene was bubbled through the mixture for 4 5 h, the temperature being
maintained between -5 The reaction misture was poured mto crushed we
containing conc. HCT (100 mly and extracted wath CHCE The orgame Taver wis
washed successively with water, ag. NaHCO,, water and brine, and dricd. After
removal of the solvent under diminished pressure, the residue wis chromato-
graphed over neutral alumina, The fisst fraction (CH,, O, 101 pave
di-2-chloroethyl ketone (566 g, 8% ), identificd by its spectral analysis and
comparison with an authentic sample (Baddeley er of 195300 IR (neat) v,
1715 em P UHONMR (CCLY 8292 (4,0 = 7 He, 2HLCHLCON 370 (0 d = 7 Ha,
2H, CHLCH. The %cmmi fraction (U H - CHOL L T:3) vielded, after removad of
the solvent, the unstable -chloro-S-methoxypentan-3one (20) (348 g, o8% ) bop,
131135775 mm IR (neat) rg, 1720 cm 'y THONMR (CCLY 82466 (1, 1 = 7 Ha,
"'H ((")(H»(H ()},Z’,‘H(r. J fs Hx. JH, COCHLOHLCD, 333 (s, 3H, OCH ),

I

‘‘‘‘‘‘

(u ) Ic) a umkd and wwrmxh&y :stzrmd solution of 3-chloropropionic acid (1-08 g,
10 mmol) in dry ether (40 ml) was added dropwise in 30 min an cthereal solution,
prepared from 2-methoxyethyl bromide (2-7K g, 20 mmol) and Li (13 ¢, 0404 g
atom), under N and the faintly turbid solution was stirred at room temperature for
4 h. To this was added dmpwm under stirring ice-cold dil. HCL The ethercal layer
was separated and the aqueous phase was extracted thrice with ether. The
combined extract was washed with aq. Na,CO; and water, and dried. Removal of
the solvent gave the chloromethoxy ketone (20) (0-35 g, 23%).

To a stirred ice-cold solution of diethylamine (1-46 g. 20 mmol) in benzene
(15 ml) was added dropwise the chloromethoxy ketone (207 (1-5 g, 10 mmol) and
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the mixture left for 4 h at 0°. It was basified (pH > 13) with dil. NaOH and
extracted with ethyl acetate. After removal of the solvent and purification of the
residue by chromatography the amino ketone (6) (1-5 g, 81% ) was obtained.

4.18 (£)-5,6,7,7a-Tetrahydro-4,7a-dimethyl-5H-indene-1,5-dione (3) and
(x)-2,6-diketo-3-methyltricyclo(5,2,1,0)decan-8-ol, (4).

(a) A mixture of the aminoketone (6) (1-25 g, 6-5 mmol), the dione (5) (0-85 g,
7-6 mmol), pyridine (1-75 g, 22 mmol) and xylene (10 ml) was heated under reflux
for 20 h. The mixture was diluted with CHCIl; and washed successively with dil.
HCI, water, aq. NaHCO3, water and brine. After removal of the CHCl;, PTS
(1-25 g, 7 mmol) was added and the mixture was heated under reflux with a
Decan-Stark attachment for 4 h, cooled, thoroughly washed with water, concen-
trated under vacuum and chromatographed over silica gel. Elution with CHCl,
initially gave 5,6,7,7a-tetrahydro-4,7a-dimethyl-5H-indene-1,5-dione(3) (0-71 g,
59% ) which was further purified by short-path distillation, bath temp. 136-140°
(2 mm); UV (C,Hs~OH) Apax 290 (€ 9,300), 300 nm (e 11,000); IR (neat) vpay
1710, 1670 ecm™*; 'H NMR (CCl,) 1-28 (s, 3H, CHs), 1-88 (s, 3H, olefinic CH;)
1:6-2-82 (m, 4H, methylene), 6-32 (d, J = 3 Hz, 1H, olefinic «-H), 7-06 (d,
J = 3 Hz, 1H, olefinic 8-H); MS m/e (relative intensity) 176 (10, M *), 161 (8), 133
(100% ); Found: C 74-91, H 6-9; C;;H;,0, requires C 74-97, H 6-86% .

Subsequent elution with CHCIl; furnished the white crystalline compound (4)
(0-12 g, 12%), which was recrystallized from CgH;,~C¢Hg; m.p. 170-171°
(reported 172-174°), IR (nujol) vmax 3360, 1735, 1690 cm™'; 'H NMR (CDCl3)
81-13 (s, 3H, CH3), 1-62-2-66 (m, 10H, methylene and methine protons), 4-9 (s,
1H, OH exchangeable with D,0); MS m/e (relative intensity) 194 (30, M ™). 69
(100% ).

(b) A mixture of the amino ketone (6) (0-6 g, 3-1 mmol), the dione-(5) (0-42 g,
3-8 mmol), PTS (0-85 g, 11 mmol) and xylene (50 ml) was heated under reflux for
20 h. After the usual work-up and purification the dienedione (3) (0-3 g, 49% ) and
the tricyclic keto alcohol (4) (0-017 g, 14% ) were obtained.

4.19 Catalytic hydrogenation of (%)-5,6,7,7a-tetrahydro-4,7a-dimethyl-5 H-indene-
1,5-dione (3)

An ethanolic solution of dienedione (3) (0-26 g, 1-5 mmol) was hydrogenated over
5% Pd-C catalyst (0-03 g) for 4 h, when a little more than 1 equivalent of H, was
absorbed. The catalyst was filtered off and the ethanol removed under vacuum and
the residue chromatographed over silica gel. (C¢H;4-CH3CO,, C;Hs, 1:1) to give
the known monoenone (9,d) (0-25 g, > 99% ). The structure was confirmed by a
direct comparison of the spectral data and TLC with those of an authentic
specimen.

4.20a (k)-2-(5'-Methoxy-3'-ketopentyl)-2-methylcyclopentan-1,3-dione (23) A
solution of the amino ketone (6) (1-9 g, 10 mmol) and the dione (5) (1-1 g,
10 mmol) in dry C4Hg and pyridine (2-3 g, 30 mmol) was stirred at room
temperature for 24 h and then cooled, diluted with C¢Hy, washed successively with
dil. HCl, water, aq. HaHCO; and water, and dried. The solvent was removed
under vacuum and the residue on short-path distillation gave the cyclopentandione
(23) (1-54 g, 66% ); bath temp. 176~183° (1 mm); IR (neat) 1ymax 1750, 1710, 1705,
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110 em™ ‘HNMR (CDCL) 8101 (v 3HL CHL)L 19 o0 J - 7 Hy, 2H,
CH.-CHy), 25 (z Jo= 7 He, 2H, CLLOHLCCH L 263 (0 - 6 Bz, XH, OCH,
CH,), 2-81 (s, 2, ring methylene), 283 (50 2H, ning methylene), 3230 (s, 3H,
OCH,). 362 (4, 7 = 6 Hz, 28, OCH )0 DO NMR (CDCL Y 6 IR60 (g, CHL),
27-77 (¢, CHLCCH Y, 34273 (1, ning methyleney, 3707 ¢ CHAOHLCCH G, 42272
(t, OCHLCHL), 5508 (s, CCHL ), 38 (sh(q, OCH O, 073 0, (0L, MR Imh
acyclic CO)Y, 21577 5, ring CO); MS, mie (relative intepsityy 230 (10, M7y 1)
(20), 125 (100% ); Found: ¢ 63 SECH SO0 OO regquires U637, H Mim '

4-20b  {(F)-2-(3-ketopent-4-enylh-2-methyvlovelopentan -1, 3 ez’zmn {20t A sole
tion of di-2-chloroethyl ketone (5 g, 33 mmol) in monoghvie Q0 mly was added
with stirring at room temperature under Notossuspension of the w;imm salt of the
dione (3), prepared from Na dust (09 g, O3 ¢ atomg und the dione (50 (445 g
40 mmol) in monoglyme (10 mi) at 0257 The mixture was sorred for 12 bat room
temperature and then cooled, acidified with dil. HOL saturated with NGl and
extracted with ether, The extract wis washed with wmy. Nabi¢ m mui witter, and
dried. Removal of the solvent gave the vinvi iniketone {2 I) S e, 0 H IR heat)
Ve 1700, 1725, 1685, 1620 e ' PHENMR (CDCT) 6114 (8, m < T, 1S g

J o= 7 Hz, 2HL CHLCCH ), 262 (0,0 - 7 Hy, JHJ‘U( Flo, O CH ) 20 bad o,

4H, ring methylene), 586 (dd, J W and 2 Heo THL vinvhie), 600 & _3‘} {m, JH,
vinylic).

(i)  Base-catalvsed addition o the viavl triketone (211 Tooa solution of sodiom
methoxide (0-5 g, 10 mmol) in methanol (30 mby was added at 0 m Hoaun g
solution of the vinyl triketone (21 in methanal (10 mly, The solaton wis then
allowed to attain the reom temperature and stirred for 5 b The methinol was
removed under vacuum and the residue, after aenbificaton with 200 HOL was
extracted with ether. The extract was died, the solvent removed and the residue
chromatographed over silica gel (CoH o CHLZOCOCHL 20 o obtun the
methoxy triketone (23 (31 g, 60% ).

421 ()-3a,4.5.0,7, 7a-Hexahvdro-3adhvdroxy - 1) 3 diketo- 2 methvlovelo
pentana-2'-methylene)-7a-methvlindene-1,5-dione {8)

A mixture of the triketone (23) (0-57 g, 2 mmol), the dione (33 (1028 ¢, 25 mmol),
pyridine (0-6 g, 7-8 mmol} and dry benszene (10 ml) was stirred w1t room
temperature for 12 h and then dilute I with benzene and wished successively with
dil. HCL, aq. NaHCO, and water, and dried. After removal of the solvent, the solid
residue was crystallized to yield the hydroxy tetraketone (8) (061 g, 74% ), m.p.
192-194°: IR (nujol) .y 3405, 1740, 1730, 1710 cm ' 'HENMR (DMSO-d,)
80 ")4{8,3}{ C"()("(C!h}(“li()ii} rm{ ”ﬁH HW, Hd(ﬂi i "‘&:" ;?”?\Hm 15H,
(DMSQ de) 11 84 g, ((/lei;g)( {JH} "’f) 68 lq M?(\{,ﬁ, ih}{ UL 23 m w,
CHoC HCCHG), 2572 (1, CCHLY, 29492 (1, HOC), 3264 (1, CHLCHLOCH,),
34-54 (1, HOCCH, sCHa), 36415 (1, COCH,C HLCOy, 30-68 (1, COCHLC HLC0),
48-26 (d, COCH), 52-12 (s, HOCH.CO), 5354 (s, ,,‘{}{(h&,m}({?i, 8602 (s,
COH), 207 f[s, COC(CH:)CO], 2778 (s, CH,COCH), 2181 s,
COC(CH;3)OCH]: MS m/f’ (re ative intensity ) 306 (27, M ") 288 (12}, 260 (8), 195
(25), 177 (20), 125 (85). 113 (1009 ) Found: € 66:7, H 7221 Cy-Ho Oy regquires
C 66-65. H 7-24% .
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