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simple cyclohexane derivative as the starting material for
the total synthesis. Based on these conformational
analyses our synthetic route was planed starting from 6
as shown Scheme 1, which involves complete stereos-
pecific elaboration of the cis-valerolactone system in 1 as
one of the key steps.” The intramolecular Michael ad-
dition reaction of 7 should be stereoelectronically con-
trolled to form axial C-4, C-5 bonding for a direct con-
struction of the cis fused oxadecalin system (8) which is
convertible into a-methylene-§-valerolactone 11, the A-
ring of 1. For further stereospecific functionalization on
the B-ring of the cis-oxadecalin-dione system as 8, the
conformationally flexible cis-system should be fixed into
a rigid cyclopropyl derivative as 9. This fixation also
ensures the opposite enolization on the C-7 CO group
(directing to the C-8 position) to the general enolization-
character of cis-decalone (directing to the C-6 position as
10). Thus the initial synthetic scheme calls for the pre-
paration of compound 8 and its conversion to the cyclo-
propane key intermediate 9. Here we describe the study

directed toward the preparation of this key compound .

for the total synthesis of 1.

RESULTS AND DISCUSSION

Preparation of the cyclohexenone malonate (22). Birch
reported that the aromatic ring of p-anisyl alcohol was
reduced by sodium in liquid ammonia in the presence of
a proton source to give a 4:3 mixture of 2,5-dihy-
droanisyl alcohol (6) and 2,5-dihydroanisidine in 73%
yield.* We found that this Birch reduction, when carried
out in a mixture of liquid ammonia tetra-
hydrofuran(THF)-ethanol [5:1:3], converted p-anisyl
alcohol to these mixture in improved ratio, 4:1 and that
the desired 6 was readily isolable by vacuum distillation
to afford in 61% pure yield. This compound was ketal-
ized either to dimethyl ketal 12a or to ethylene ketal 12b
by treatment with methyl orthoformate and DL-
camphorsulfonic acid (CSA) in methanol or with ethy-
lene glycol and BF,-etherate in THF, respectively. The
ethylene ketal (12b) was oxidized into the corresponding
aldehyde (13) by pyridinium chlorochromate and anhy-
drous sodium acetate in methylene chloride.”

As has been reported previously, the general alkylation
of the ambident dienolate derived from unsaturated car-

bony! compound took place largely at the a-position to
the CO group (deconjugative alkylation).® The lithium
dienolate 14 of the aldehyde 13 was generated by lithium
diisopropylamide in a mixture of THF and hexamethyl-
phosphoramide (HMPA) at —40°. This enolate was
treated with a variety of electrophiles which were likely
to be convertible into the vinyl group. For example,
p-chlorophenyl vinyl sulfoxide,” allyl bromide, acetal-
dehyde, formaldehyde, etc. were tested to show that the
reaction occurred in low yield at the a-position to the
aldehyde carbonyl. Only allyl iodide by treatment for
3hr at 0° with the enolate 14 afforded in high yield the
quaternary product 15, the allyl group of which could be
transformed to the vinyl one in a later stage. Reduction
of the alkylated aldehyde 15 with sodium borohydride

produced quantitatively the ketal alcohol 16.

Another approach via carbene addition for quater-
narization at C-10 position was examined as shown in
Scheme 2. The dimethyl ketal alcohol 12a was esterified
into its malonate 17, which was further treated with tosyl
azide in acetonitrile in the presence of triethylamine® to
give the diazomalonyl ester 18 in 92% yield. Refluxing
toluene solution of 18 with cuprous iodide and trimethyl
phosphite afforded the carbene adduct 19, which was
successively hydrolyzed with 1IN HCI at 50° for 30 min
giving the spiro enone 20 [§ 6.82 and 6.12 each 1H, d,
J=11Hz] in 32% yield. after chromatographic separa-
tion. Clevage of the y-lactone in 20, however, was un-
successful for conversion into any usable product.

The ketal alchol 16 was, then, esterified by ethyl
malonyl chloride and 1.4 eq. of pyridine in ether at 0° to
give the ketal ester 21, which was subsequently treated
with 0.1N HCI affording ester enone 22. Hydrolysis of 16
followed by esterification also afforded 22.

Elaboration of &8-valerolactone via intramolecular
Michael addition. The enone malonate 22 was made into
its Na salt by sodium hydride at (° in THF, and the
solution was stirred for 3 hr at room temp. to produce
quantitatively a single lactone 23 [m.p. 83-84° crystal
yield 89%; m/e 280 (M+)]. NMR data of 23 suggested its
conformation as 23a since the methine proton at the C-4
position coupled with the juncture C-5-H in 9.5Hz.
Stereochemistry of this valerolactone 23 was chemically
proven by a further conversion to cyclopropane deriva-
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(105°0.15 mmHg) afforded 5225 (95.9%) of 12
8 546 (1H, m), 3.50 (63, s), 2.7 (1K, brs), 2.10 (4H. m), 1.75 CH,
m); OMR(CDCly) 8 137.2, 194, L], 662, 6430C), 353, W7,
48; » 3420, 2050, 1113, 1036, 990, §57 c™'; m/e 170.0924 (req.
170.0943 for CoH 400
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aflord 23 (32.2g, T9.4% trom 36): PMR(CDCY,) 8648 (IH, d,
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meric mixture of 20 (0.24 g, 32%): PMR(CDCl;) é 6.82 (1H, d,
I=11), 6.12 (1H, d, J = 11), 4.3 (4H, m), 3.59 (1H, s), 2.58 (2H,
m), 2.24 QH, m), 132 GH, t, J=17).

Preparation of 23 by internal Michael addition of 22. The
enone 22 (225 mg, 0.804 mmole) in THF (3ml) was added to
sodium hydride slurry (60% in mineral oil, 35 mg, 0.875 mmole,
washed with pet. ether) in THF (5 ml) at 0° under N». After the
evolution of H, ceased, the cooling bath was removed and the
mixture was stirred for 2.5hr at room temp. The mixture was
poured into cold 0.1 N HCI and then extracted with CH,Cl,. The
extracts were washed (NaHCOs, H;0), dried (Na;SO,) and
evaporated to give a homogeneous product 23 (crude crystal
229 mg, 100%), which was recrystallized from ether to give 197 mg
of pure 23 (m.p. 83-84°, 87.6% yield: PMR(CDCl)
§6.10-5.08 (3H, m), 4.30 (2H, q, J=7), 4.12 (2H, ABq, I=12),
3.28 (1H, d, J=9.5), 2.70-2.20 (TH, m), 1.85 2H, t, J=6), 1.30
(BH, t, I =7); CMR & 209.2(s), 168.2(s), 131.4(d), 120.6(t), 71.8(t),
62.0(t), 51.0(d), 41.5(t), 40.7(t), 38.2(d), 35.6(s), 34.6(t), 25.7(),
14.0(q); v (KBr) 1740(sh), 1728, 1720, 1640 cm™"; m/e 280; Found;
C, 64.38; H, 7.18. Calc. for C;sHx0s: C, 64.27; H, 7.19.

Cyclopropanation  of  23. N-Bromosuccinimide (8.9g,
50 mmole) was added to a soln of 23 (14g, 50 mmole) in THF
(100 ml) at 0° with stirring. After 15 min, the mixture was diluted
with isopropyl alcohol (100 ml). To this mixture diazabicy-
cloundecene (15.2g, 100 mmole in 30 ml of isopropyl alcohol)
was added dropwise over 15min at 0°. After stirring for ad-
ditional 1 hr at room temp., the mixture was poured into cold dil
HCl and then extracted with ether. The extract was washed with
NaHCOsaq, water and brine, dried over Na,SOs and then
evaporated. The residual oil was crystallized from ether to afford
6.31g of 29 (m.p. 66.5-67.0°). The mother liquor was concen-
trated and then chromatographed on silica gel column (ether-
hexane 3:1) to give 2.87g of crystalline 29 and 3.0g of the
recovered crystalline 23. The combined yield 29 based on the
consumed ketone 23 was 85.0%. 29: PMR(CDClL) 8 6.08-5.10
(3H, m), 4.12 (2H, ABq), 4.15 2H, q, ] =7), 2.84 (1H, d, J=8),
2.60-2.20 (SH, m), 2.04 (2H, m), 1.30 3H, t, J =7); CMR 6 201.8,
167.1, 163.9, 131.1, 121.0, 79.3, 63.0, 43.3, 37.1, 36.8, 35.6, 35.1,
32.6, 30.7, 14.0; v (KBr) 1742, 1735, 1698, 1640cm™'; m/e 278
(M*); Found: C, 64.67; H, 6.48. Calc. for C;sHis0s: C, 64.74; H,
6.52.

Zinc reduction of 29. The ketone 29 (12 mg, 0.043 mmole) was
treated with Zn powder (50 mg) in AcOH (0.2 ml) at 80° for 2 hr.
After cooling, the inorganic material was removed by filtration
and the filtrate was extracted with CH:Cl,. The extract was
washed (H,0), dried (Na,SOs) and evaporated to give 23 (12 mg,
999%) which was identical with authentic sample by comparison
of PMR, IR and tlc.

Socium borohydride reduction of 29. The cyclopropane 29
(24 mg, 0.086 mmole) was treated with NaBH, (5 mg, 0.13 mmole)
in MeOH (1 ml) at 0° for 30 min. The mixture was poured into
cold 0.I1NHCI and extracted with CH,Cl,. The extract was
washed with NaHCO; and water, dried and then evaporated to
produce 31 (24 mg, 99% yield): PMR(CDCI;) § 6.16-5.04 3H, m),
495 (1H, m), 4.16 (2H, q, J=7), 3.55 (2H, brs), 3.00 (1H, dd,
J=6.5 & 8),240 2H, d, J=7), 2.22 (1H, d, J=8), 2.1-1.5 (4H,
m), 1.32 3H, t, J="7); » (CHCl;) 3500, 1772, 1725 cm™"; m/e (FI)
281 (M* +1). 31 (12mg) was acetylated with 0.3ml Ac,0 and
pyridine (0.3 ml) at room temp. for 3 hr. The mixture was dried in
vacuo to obtain 31b (13.8 mg, 100%): PMR(CDCl;) § 6.10-5.05
(3H, m), 490 (1H, m), 4.28 (2H, d, J=7), 4.03 (2H, ABg), 2.98
(1H, dd, J=6.5 & 8),2.35 (1H, d, J=7), 2.16 (1H, d, J = 8), 2.11
(3H, s), 2.0-1.4 (4H, m), 1.31 3H, t, J=7); v (neat) 1775, 1737,
1725cm™"; mfe 322 (M™).

Preparation of the enol ethyl ether 33. The ketone 29 (100 mg,
0.36 mmole) was dissolved in EtOH (5ml) and ethyl orthofor-
mate (1ml) and then stirred with DL-10-camphorsulfonic acid
(30 mg, 0.18 mmole) for 6hr at room temp. The mixture was
poured into cold NaHCOsaq and then extracted with CHxCl,.
The extracts were washed with water, dried over Na,SO,4 and
evaporated to give 125 mg of 29. This ketal (125 mg) was heated
at 200° in o-dichlorobenzene, large amount of which was distilled
off while the conversion completed. After cooling, the residual
solvent was removed in vacuo to give an oil. The oil was

dissolved in ether and passed through AlLO; (2g, ether) to give
102 mg (92.7%) of 33: PMR(CDCls) 6 6.1-5.1 (3H, m), 4.75 (1H,
dd,J=2 & 7), 428 QH, q, J=7), 4.10 2H, ABgq), 3.73 2H, q,
J=7),263(1H,d,J=9), 2.56 (1H, dd, J=2 & 18), 2.31 (2H, d,
J=T7),224 (1H, d, J=9), 2.02 (IH dd,J=7 & 18), 1.32 (3H, t,
J=7,128(3H,t,1=7).

Introduction of hydroxyl group at the C-8 position. A soln of
33 (80 mg, 0.26 mmole) in CHCl; (4 ml) and EtOH (0.4 ml) was
treated with m-chloroperbenzoic acid (85%, 80 mg, 0.39 mmole)
for 20 min at room temp. To this mixture was added a soln of
pL-10-camphorsulfonic acid (20 mg, 0.09 mmole) in triethyl
orthoformate (0.4 ml) and stirred for additional 20 min. The mix-
ture was poured into a mixed soln of Na,SO; (0.5%, 10 ml), and
extracted with CH,Cl.. The extract was washed with water, dried
Na,S0Q4) and then evaporated to give crude product (96 mg),
which was chromatographed on SiO, to afford 64 mg (66%) of C:
PMR(CDCL) 6 6.1-5.1 (3H, m), 4.14 (2H, q, J=7), 4.04 (2H,
ABg), 3.96 (1H, dd, J=5and 7), 3.73 2H, q, }=7), 3.59 (2H, q,
I=7), 3.05 (1H, brs, D,O exchangeable), 2.57 (1H, d, J=9.5),
236 2H,d, J=7), 1.92 (1H, d, ] =9.5), 1.76 (2H, m), 1.28 3H, t,
J=7,124 GH,t,J=7), .13 3H, t, I =7); m/e 368 (M").

a-Methylene-5-valerolactone 26 via Mannich reaction. The
ethylene ketal of 23 (780 mg, 2.40 mmole) was dissolved in EtOH
(15ml) and 1 NNaOH (15ml), and the mixture was stirred at
room temp. for Shr. Acidification of this mixture to pH2 by
I NHCl followed by extraction with EtOAc afforded crude
hydrolysate (685mg), which was successively treated with
diethylamine (1.35ml) and aqueous formalin (35%, 2.55ml) at
room temp. for 1hr. To this mixture was added water (10 ml),
and extracted with ether. The extracts were dried (Na,SOs),
evaporated and then crystallized to give 25 (312 mg; m.p. 87-91°).
25 (340 mg, 1.29 mmole) was mixed with aqueous trifluoroacetic
acid 2ml, TFA:H,O = 1:5) at room temp. After 30 min, the
mixture was neutralized with 5% NaHCOsaq and then extracted
with ether. The extracts were dried (Na,SO,) filtered through
SiO; and then evaporated to give crude oil of 26 (290 mg), which
was crystallized from ether-hexane and afforded 26: [200 mg,
m.p. 74-77°1: PMR(CDCl:) 6.48 (1H, s), 5.62 (1H, s), 6.0-5.3 (1H,
m), 5.3-4.8 (2H, m), 4.29 (2H, AB, J =12 Hz), 3.0-2.0 (7H, m),
2.0-1.4 2H, m); m/e 220.1122 (req. 220.1100). Found: C, 71.00; H,
7.31. Calc. for C13H,603: C, 70.89; H, 7.32.

Transformation of the allyl group into the vinyl group [from 29
to 9). The ketone 29 (9.26 g, 33.3 mmole) was dissolved in ben-
zene (100 ml) and ethylene glycol (5.5g, 99.6 mmole) and was
heated to reflux for 30 min in the presence of CSA (1.0g,
4.3 mmole) with Dean Stark water separator. After cooling, the
mixture was poured into cold NaHCOsaq and extracted with
ether. The extract was washed (H;O, brine) dried (Na,SQO,) and
evaporated to give 10.8 g (crude yield 100%) of 38 [PMR 3§ 6.1-
5.1 (3H, m), 4.26 (2H, q, J=7), 4.08 (6H, m), 2.36 (1H, d, J=9),
223 (2H,d, J=7),2.02 (1H, d,J=9), 1.75 4H, m), 1.27 3H, t,
J=7); v (CHCl;) 1742, 1640 cm"; mfe 322.1443 (req. 322.1416 for
C17H204)], which was used for the following reaction without
further purification.

To a soln of 38 (10.8 g, 33.5 mmole) in CH,Cl; (400 ml), O; was
passed at —78° until the soln turned light purple. After purging
nitrogen, the mixture was treated with triethylamine (30 ml in
20ml of CH,Cl,) for 3hr at —78°. Filtration and subsequent
evaporation of the filtrate afforded 39 [partial purification gave
PMR(CDClL:) 6 9.82 (1H, brs), 4.28 2H, ABq, ] =11),4.21 (2H, q,
J=17), 402 (4H, m), 2.64 (2H, brs), 2.40 (1H, d, J =9.5), 2.13 (iH,
d, 7=9.5), 1.84 (4H, m), 1.30 (3H, t, J=7); » (CHCL;) 1746,
1726 cm™"; mje (ED) 295, 266, 250, 233, 222, (FD) 324 (M), 295].

Compound 39 was dissolved in EtOH (200 ml) and reduced
with NaBH, (1.5 g, 39.6 mmole) in ice bath. After neutralization
with AcOH, the mixture was extracted with CH.Cl,. The extract
was washed with water, dried and evaporated to give 10.6g
(96.8% crude yield) of 40 [partial purification gave PMR(CDCl;)
5 4.40-3.70 (10H, m), 2.47 (brs, OH), 2.38 (1H, d, J=9.9), 2.10
(1H, d, J=9.5), 1.76 (6H, m), 1.28 (3H, t, J=7; » (CHCL) 3470,
1740 cm™"; m/e 326.1374 (req. 326.1365 for CisHxO4)l.

The alcohol 40 was further treated at 0° in CH>Cl, (200 ml)
with methanesulfony! chloride (7.4g, 64.6 mmole) and triethyl-
amine (7.0 g, 69.3 mmole). After stirring for 2 hr, the mixture was
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washed with NaHCO;aq and water. Organic layer was dried and
evaporated to afford the mesylate of 40 (12.4 g, 94% crude yield)
[partial purification gave PMR(CDCl;) § 4.50-3.80 (10H, m), 3.04
(H, s), 2.36 (1H, d, J=9.5), 2.03 (IH, d, J=9.5), 1.96 (2H, ¢,
J=6.5), 1.77 (4H, m), 1.28 (3H, t. J=7); » (CHC;) 1745,
1730(Sh) cm"; m/e 404.1117 (req. 404.1141 for C17H2409S|)].

To a soln of the mesylate (12.4 g, 31.3 mmole) in THF (200 mi),
a soln of Na salt of phenyl selenide [prepared from diphenyl
diselenide (5.2 g, 16.7 mmole) in EtOH (200 ml) and NaBH, (1.3 g,
34.3 mmole)] was added dropwise over 1hr and stirred for ad-
ditional 15hr at room temp. under argon. The mixture was
poured into cold NaHCOsaq and extracted with CH;Cl.. The
extract was washed with water, dried and evaporated to afford
the crude 41 (5.9g, 98% crude yield) [partial purification gave
PMR(CDCls) 6 7.60-7.20 (5H, m), 3.80-4.35 (8H, m), 3.90 (2H,
m), 2.35 (1H, d, 1=9.5), 1.93 (1H, d, ] =9.5), 1.70 (6H, m), 1.26
(3H, t, J="T); v (CHCl3) 1746, 1730(sh), 1580 cm™’; m.p. 87-88°;
mfe 466.0921 (req. 466.0895); Found: C, 56.61; H, 5.65. Calc. for
szHzaOsSC\Z C, 5678, H, 563]

The crude selenide (5.9 g) in CHCl; (200 mi) was treated with
Os at —20° until the yellow soln became colorless. After purging
excess O3 with N, for 30 min, the soln was heated at 50° for 3 hr.
Evaporation of the solvent left a yellow oil, which was chroma-
tographed on SiO; (120 g, ether-hexane 2:1) to give 7.87 g of 42:
PMR(CDCls) 6 5.98 (1H, dd, J=11 & 17.5), 5.24 (1H, d, J = 11),
5.09 (1H, d, ] = 17.5), 3.90-4.20 (8H, m), 2.41 (1H, d, J =9.5), 2.20
(1H, d, J =9.5), 1.84 (4H, m), 1.29 (3H, t, J=7); » (CHCl3) 1745,
1730(sh), 1640 cm™"; m.p. 77-78°; m/e 308.1247 (req. 308.1260);
Found: C, 61.87; H, 6.45. Calc. for C;sHz006: C, 62.33; H, 6.54.
The overall yield of 42 was 76.7% from 29.

The vinyl ketal (7.87g, 25.6 mmol) in CH,Cl, (60ml) was
treated with 10 m] of aq. trifluroacetic acid (TFA:H,0=5:1) at
room temp. for Shr. The mixture was neutralized with
NaHCOsaq and extracted with CH,Cl,. The extract was washed
with water, dried and evaporated to produce 6.61g (98% cryst.
yield) of 9, overall yield of which from 29 was 75%. 9:
PMR(CDCl;) 6 592 (1H, dd, J =11 & 17.5), 534 (1H, d, J=11),
5.25 (1H, d, J=17.5), 4.34 (2H, ABq, J = 12), 425 (2H, q, J =7),
2.85 (1H, d, I =8.5), 2.61 (1H, d, J = 8.5), 2.40 (2H, m), 2.10 (2H,
m), 133 GH, t, J=7); m.p. 65.566.0°; m/e264.0994 (req.
264.0998); Found: C, 63.37; H, 6.22. Calc. for C,4H,60s: C, 63.63;
H, 6.10.
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