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Abstract—Synthesis of the unsaturated acid 3 through H.SO,- catalysed cyclodehydration of the
keto-ester 1 and its conversion to lactone 4 are described. The PPA induced cyclization of the
keto-acid 9, on the other hand resulted in a stereoisomeric mixture of the octahydroanthracene deriva-
tives 10a and 10b. The four possible racemates of the hydrofluorene derivatives 8, 6, 7, and 8 have been
synthesized by chemical and catalytic reduction of 3 and 4. Li-liquid ammonia induced reductive
cleavage of the lactone 4 proceeds with 65% retention and 35% inversion of configuration at the
benzylic C4a asymmetric centre to afford the trans and cis acids 8 and 8 respectively, while catalytic
hydrogenolysis of 4 proceeds with inversion to give the cis acid 8. Li-liquid ammonia reduction of 3
gives trans acid 6 and cis 7 in 23% and 53% yields respectively, whereas catalytic hydrogenation of 3
affords 81% of cis acid 8 and 13% of cis acid 7. Some conformational properties of the methyl esters

17, 18, 19, and 20 have been deduced from chemical and NMR spectral data.

We presented earlier’ the synthesis of a hydro-
fluorene derivative® related to gibberellins; and also
the stereoselective syntheses of several hy-
drophenanthrene derivatives*’ for their ultimate
conversion to gibberellins and related compounds.®
In this paper we describe’ the syntheses of model
hydrofluorene derivatives, such as the lactone 4,
featuring the gem -methylcarboxylic acid y-lactone
function in a trans-hydrofluorene moiety (as pres-
ent in the ring—A of the C,,-gibberellins) and the
epimeric acids 8, 6, 7 and 8 (Scheme 1). We also
studied the conformational configurational relation-
ship of these compounds.

As in the present work we have essentially

*Address enquiries to this author.

tPresent address: Organon (India) Ltd., 38 Chowrin-
ghee Road, Calcutta-16.

iThe unsaturated acid (ii) under similar conditions
gave lactone (iii) in 70% yield (Ref. 4). This difference in
the case of lactonization of the acids (ii) and 3 is probably
due to the strain involved in the latter case.
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followed the general scheme (i—ii—iii—iv) de-
veloped for the syntheses of the similar hyd-
rophenanthrene derivatives; the major differences
in the parallel studies in the hydrofluorene system
relative to the corresponding hydrophenanthrene
systemn will only be the points of discussions here.

Syntheses of intermediates and the lactone 4
Cyclization of the keto-ester 1 with cold concen-
trated H.SQO, in benzene solution afforded, as the
sole product, the unsaturated ester 2 in 43% yield.
Treatment of 1 with PPA under different experi-
mental conditions was found to be unsatisfactory
as it led to complex mixture from which separation
of constituents was found to be difficult. Saponifi-
cation of 2 yielded quantitatively the crystalline un-
saturated acid 3. The assignments of structures to 2
and 3 followed from their ultraviolet spectrum.
When 3 alone or in CHCI; solution, was treated
with cold concentrated H,SO,, the lactone 4 was
obtained in only 20-30% vield;} the unchanged acid

(70-80%) could however, recovered.
Me™ 4 6.1
iii iv (4 Epimers)
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Synthetic studies towards complex diterpenoids—VII

Sterochemical assignment to the lactone 4 is based
on conformational considerations’ and also from
analogy.® This has been confirmed through the di-
rect chemical transformations to be described
below. Attempted lactonization of 3 with
H,SO—HOAc, HCOOH or HBr—HOACc failed to
produce any useful product.

Interesting results were obtained in the attempts
for the direct transformation of the keto-acid 9 to
the lactone 4 using PPA. When the keto-acid 9 was
subjected to the conditions of Mori et al.* a small
amount of a semisolid material was obtained as the
only neutral product. It showed strong bands cen-
tered at 1709 cm™' and 1680 cm™' and indicated ab-
sence of any y-lactone function in the CO region in
the IR. On a second trial at elevated temperature
the same neutral material was obtained in 92%
yield. The product was found to be a mixture of two
components according to TLC. On crystallisation a
solid ‘A’ (m.p. 131°) was obtained in about 30%
yield. The light yellow gum left in the mother liquor
initially indicated (TLC) the presence of ‘A’ as a
minor constituent; but on standing the proportion
of ‘A’ gradually increased. Chromatography of this
mixture over acidic alumina transformed the whole
material into the solid component ‘A’. Several at-
tempts to isolate the second component proved to
be futile. From its spectral properties structure 10a
has been assigned to the stable isomer ‘A’, which
corresponds well with the elemental analyses. The
second component is obviously the less stable
epimer 10b which equilibrates at C-5 through enol-
ization of C4 keto function to the more stable
isomer ‘A’. The trans stereochemistry to the stable
isomer ‘A’ has been assigned from an analogy with
the known stability of the octahydroanthracene de-
rivatives 11'° and 12," (and also the 4- and 6-oxo0
steroids™) this is, however, only tentative at this
point as the presence of angular methyl group and
the keto-group at C-4 may entirely change the order
of thermodynamical stabilities'** of the diketones.
Conformational analyses of 10a and 10b using
Dreiding model show very little difference in
energy between these two epimers, yet almost the

*These authors (Ref 9) reported the conversion of (i)
(R = H) to the lactone (iii) by reaction with PPA.

tFrom the TLC and m.p. behaviour this was erronously
referred to as a pure isomer § in our preliminary com-
munication (Ref 7).

§
Me CO"?‘\ Me
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complete transformation of the less stable to the
stable epimer is surprising.

Syntheses of the epimeric acids 5, 6,7 and 8

Reductive cleavage of the lactone 4 with Li-
liquid NH; afforded a mixturet of the trans acid §
and the cis acid 8 in a ratio of approximately 65:35
(determined from NMR of the crude methyl ester)
involving retention and inversion respectively at
the benzylic asymmetric centre in 4. In contrast, in
the hydrophenanthrene series*’ similar reductive
cleavage proceeded with complete retention lead-
ing only the trans acids. The pure acid § could be
isolated by fracticnal crystallization of the reaction
product. The stereochemistry of this acid was con-
firmed from the resistance of its methyl ester to-
wards hydrolysis*’ (Table 1) and NMR studies
(Table 2 and Table 3). As already mentioned,’ the
mechanistic picture of this cleavage retaining the
stereochemistry at the benzylic centre in the car-
banion 13 is not clear. In any event, this method
constitutes an easy stereoselective synthesis of the
difficultly accessible trans hydrofluorene system §
retaining all the asymmetric centres corresponding
to the ring A of gibberellins.

Table 1. The saponifications of the methyl es-
ters 17, 18, 19 and 20 in 7% KOH in MeOH-H,0
(4:1)attherefluxfor2h

Ester Recovered

Ester  hydrolyzed, %° ester, %°
17 25 72
18 97 ca?2
19 48 48
20 65 34

“Based on the isolated crude products.

Table 2. NMR spectral data for methyl esters 17, 18, 19 '
and 20

Chemical shift® in CDCl,

Compound C-1 Me C-1 COOMe
17 1-29 3-62
18 1-28 3-66
19 1-22 3-68
20 1:36 368

“Determined on a Varian HA-100 instrument and re-
ported as §-units relative to TMS (5 =0).

1n
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Li-liquid NH; reduction” of the unsaturated acid
3 led to a mixture from which the trans acid 6 and
the cis acid 7 were isolated in 23% and 53% vyields
respectively through fractional crystallizations.
The stereochemical assignment to the acids 6 and 7
has been advanced*" from considerations of the in-
termediate stages 14 and 15 in the metal-NH; reduc-
tion of 3, due to the influence of neighbouring car-
boxylic acid group (shown below). This was further
confirmed through the stereoselective synthesis of
the remaining cis epimer 8, saponification studies
of the methyl esters 17-20 (Table 1), NMR studies
of the esters (Table 2) and alcohols 21-24 (Table 3).

monoprotonation

Catalytic hydrogenolysis of the lactone 4 in
EtOH in presence of Pd-C at atmospheric tempera-
ture and pressure yielded the acid 8, in excellent
yield. The same acid was also obtained in 81%
yield, along with the epimeric acid 7 (13%) through
catalytic hydrogenation of the unsaturated acid 3 in
presence of Pd-C. The configurational assignments
of the epimeric acids 7 and 8 were based on the
following considerations. Formation of these acids
through a rapid process of hydrogenation*’ of the
styrenoid bond of the unsaturated acid 3 reasonably
established their depicted cis A/B ring junction. It
has been well-established in our previous studies’
that hydrogenolysis of the lactones of the type 4
involves inversion at the benzylic asymmetric
center, similar to those observed" during hy-

U. R. GHATAK et al.

drogenolysis of asymmetric benzyl alcohol in pres-
ence of Pd-C. Similar inversion at the benzylic
asymmetric center (C-4a) in the lactone should lead
to the acid 8. The firm establishment of the
stereochemistry of the acid 8 automatically leads to
the assignment of stereo-structures to the epimeric
¢is acid 7, which is further confirmed from its for-
mation through lithium-ammonia reduction of the
unsaturated acid 3 (loc cit).

It is noteworthy that the selectivity in the absorp-
tion of hydrogen from the opposite face of the
neighbouring carboxylic acid group in a gem-
methyl-carboxylic acid moeity appears to be a gen-

H
X} — 6
Li® "00C /
Me
14
H
.@0 — 7
Li® "00C
Me
Zs
15
Me co-
16
eral case.*” The formation of the two

stereoisomeric acids § and 8 from the lactone 4
through reductive cleavages at C-4a with retention
and inversion of configuration respectively finally
establishes the stereo-structure assigned to this lac-
tone with unequivocal exclusion of the structure 16.

Saponification rates of the esters 17, 18, 19, and 20

To confirm the assignments of the stereochemis-
try of the acids §, 6, 7, and 8, and to evaluate the
conformation of these compounds with respect to
the corresponding hydrophenanthrene derivatives
previously reported,' a qualitative comparative
study of the relative rates of hydrolysis of the es-
ters 17, 18, 19, and 20 was undertaken. The results
of this study are summarized in Table 1.
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17, R = CO,Me

18, R = CO;Me
21,R = CH,0H

22,R =CH,OH

These data reveal that the saponification rates of
the conformationally rigid trans esters 17 and 18
are quite consistant' with their assigned stereo-
structures 17a and 18a respectively, with axial and
equatorial orientation of the methoxycarbonyl
group. In contrast to the corresponding hydro-
phenanthrene analogous* the flexible cis esters 19
and 20 showed saponification rates comparatively
close to each other and in between the axial trans-
ester 17 and equatorial cis-ester 18. These data are,
however, sufficiently different to predict, at least
qualitatively, by the preference of the “nonsteroid”
forms 19a and 20a over the “steroid” forms 19b and
20b for these esters,*' assuming chair like confor-
mation for ring A. The hydroftuorene esters 17 and
19 (in the conformation 19a), having axial methoxy-
carbonyl group show considerably higher saponifi-
cation rates in comparison with those of the corres-
ponding hydrophenanthrene analogous.* These can
be accounted for due to the distortion™ of the chair
conformation of cyclohexane ring (ring A) from
the fusion with planer cyclopentene ring (ring B} in
the hydrofluorene derivatives, resulting in the rela-
tive displacement of the axial ester group and the
C-4a hydrogen from each other. Examination of
molecular models suggests this possibility.

NMR studies. The significant data of the proton

H

N

H H
Me” H Me" ™, H
R R
19,R = CO,Me 20,R = CO,Me
23, R = CH,CH 24,R = CH,OH

Table 3. NMR spectral data of the alcohols 21, 22, 23, and
24

Chemical shift* in CDCl,

Compound C-1 Me C-1CH,0OH
21 10 3.74"
22 097 3.39°
23 0-98 3.54*
24 1-10 3.41°

“Determined on a Varian HA-100 instrument and re-
ported as § units relative to TMS (8 =0).

*Centre of AB quartet.

< Singlet.

chemical shifts of the epimeric esters 17-20 are
given in Table 2.

The differences in the chemical shifts of the C-1
Me group in these compounds, although not signifi-
cant, are in order with those of the corresponding
hydrophenanthrene derivatives analyzed in details
in our previous paper.* It can be assumed that the
hydroftuorene derivatives 17-20 have the same
relative conformations, as have been established
for the hydrophenanthrene analogous. These con-
formational deductions have been further sup-

5 %ﬂO

A{B-trans

17a, R, = Me; R, = CO,Me
18a,R, = CO,Me; R, = Me

R’Q ; Z :;
eqlax
H H

R,
“Nonsteroidal”
A|B-cis

193, R, = CO,Me; R; = Me
20a, R, = Me; R, = CO,Me

pa——
—_—

R, i H

*“Steroidal”

19b
20b
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ported by the NMR spectra of the alcohols 21-24,
given in Table 3.

Examination of the NMR data of alcohols 21 and
22 clearly indicates* that the hydroxymethyl func-
tion in the former epimer is axially disposed as the
methylene protons resonate at 0-35ppm lower
field” with respect to the CH.OH group of 22,
which must be equatorially oriented. Evidence for
the “‘nonsteroid” conformations of the flexible cis
isomers 23 and 24 is also apparent’ from the differ-
ence of the chemical shfts of 0-13 ppm between the
CH;-OH group of these epimeric alcohols. The
NMR data supports the chemical evidence that the
cis esters 19 and 20 have the conformational pre-
ferences of “non-steroid’” forms 19a and 20a over
the corresponding “steroid” forms 19b and 20b.

EXPERIMENTAL*

1-Carbomethoxy-1-methyl-1, 2, 3, 4-tetrahydrofluorene
(2). In a 3-necked flask fitted with a stirrer and a dropping
funnel was placed 20 g of 1° in 400 ml dry thiophene-free
benzene. The mixture was cooled in an ice-salt bath (— 5°)
and pre-cooled conc H,SO, (300 ml) was added dropwise
to the vigorously stirred mixture over a period of 1 h. It
was stirred in the cold (— 5° to 0°) for additional 30 min,
and poured on to crushed ice. The aqueous layer was ex-
tracted with ether and the combined organic layer was
washed with 5% Na,CO,aq and dried (Na,SO.). The sol-
vent was evaporated and distillation of the residual yellow
oil afforded 8:1g (43%) of the ester 2, b.p. 138-140°
(0-3 mm); A.... 260 nm (e 10,700); ..., 1710 cm™'. (Found:
C,78-95; H, 6-96. C,;H,s0, requires: C, 79-31; H, 7-49%).

1- Carboxy - 1 - methyl - 1, 2, 3, 4 - tetrahydrofluorene
(3). The ester 2 (8-5 g, 35 m mole) was heated to reflux for
1h in a soln of KOH (5g, 89 m mole) water (5 ml) and
ethylene glycol (50 ml) under N,. The cooled mixture was
diluted with water and the unhydrolysed ester was ex-
tracted with ether. Acidification of the cooled aqueous
layer with 6 N HCI and subsequent working up afforded
the crude acid 3 as a light yellow solid, which was crystal-
lised from ether-light petroleum to colorless cubes (7-5 g;
94%), m.p. 146-147°; A... 260 nm (e 15,800). (Found: C,
78-74; H, 7-18. C,;H,,0, requires: C, 78-92;: H, 7-06%).

4aa-Hydroxy-18-methyl-1, 2, 3, 4, 4a, 9a-hexahydro-
fluoren-1a-carboxylic acid 1->4a lactone (4). Powdered
unsaturated acid 3 (1g) was added in portions to well-
stirred conc H,S0, (30 ml) cooled in an ice-NaCl bath (ca

*The compounds described here are all racemates and
the terms a,8- have only relative significance. M.ps (taken
in open capillary in H,SO.-bath) and b.ps are uncorrected.
Unless mentioned otherwise, the homogeneity of each
compound was checked through TLC plates coated with
silica gel G (E. Merck, 200 mesh) of thickness of ca
0-2 mm using mixed solvent systems of light petroleum-
benzene and EtOAc—CHC,, and I, vapour as develop-
ing agent. Pet. ether refers to the fraction b.p. 60-80°, light
petroleum to the fraction b.p. 40-60°. UV were deter-
mined in 95% EtOH, in a Beckman DU-
spectrophotometer by Mr. A. Ghosal, and the IR were de-
termined in CHCI, solution, on a PE model-21 double
beam recording spectrophotometer. Microanalyses were
performed by Mrs Chhabi Dutta. We express our thanks
for these services.

—10°) during 20 min; [alternatively, the acid 3 was dissol-
ved in dry CHCI, (30 ml) and added dropwise). Stirring in
the cold was continued for 30 min. The red mixture was
poured on to crushed ice and extracted with ether. The
extract was wahsed with 5% Na,COsaq, water and dried
(Na,SO,). After evaporation of solvent 250 mg (25%) of
lactone 4, m.p. 150-152° was obtained. Recrystallisation
from ether afforded flakes, m.p. 154°; Ama. 260 nm (e
1,050), 266nm (e 1,170) and 273nm (e 1,100); Vuna
1762 cm™'. (Found: C, 78-84; H, 6:78. C,;H,.0, requires:
C, 78-92; H, 7-06); 700 mg (70%) of acid 3, m.p. and m.m.p.
146-147° was recovered from the alkaline washings on
acidification with HCI and extraction with ether.

10-Methyl-4, 9-dioxo-1, 2, 3, 4, 5, 6, 9, 10-trans(?)-
octahydroanthracene (10a). Compound 9* (1-0g) was
added to well-stirred PPA (prepared from 4 g of P.O, and
3 ml H,PO.) at 82-84°. The stirring was continued for 1 h
at the same temp when the color turned from yellow to
brown. On cooling the mixture was decomposed with
crushed ice and extracted repeatedly with ether. The
ethereal extract was washed with 5% Na,CO, aq, water
and dried (Na,SO,). Evaporation of solvent gave a light
yellow gum (850 mg, 929) which showed two sharp spots
in TLC; IR spectrum: 1709 and 1682 cm™'. The ethereal
soln of this was left in the ice-box when a solid separated
which, on crystallization from ether, afforded 300 mg
(32%) of 10a as shining colorless cubes, m.p. 131° A...
250 nm (e 13,490), 290 nm (e 1,740); v,... 1708 (s), 1682 (s)
and 1600 cm™' (m). NMR (CDCI, at 60 MHz with TMS in-
ternal standard), § 1-05 (s, 3, C—10—CH.), 2:09 (m, 4,
C—1 and C—2—CH,—), 2-4(m, C—5-—methine and
C—3—CH,—), 2-8 (broad d, J =2~ 3 Hz, 2, C—6 ben-
zylic), 7-2-8-15 (m, 4 aromatic protons). (Found: C, 78-54;
H, 6:96. C,;H,c0, requires: C, 78-92; H, 7-06%).

The concentrated mother liquor (400 mg) on attempted
crystallisation from EtOAc-light petroleum or on pro-
longed standing produced more of the diketone indicated
by gradual appearance of the spot corresponding at 10a
and disappearance of the other one in TLC. It was finally
chromatographed through acidic alurmina. Elution with
petroleum ether-benzene (1:2) afforded 380 mg more of
10a.

Hydrogenolysis of lactone 4 with Li-NH,(])
Preparation of la-carboxy-18-methyl-trans-1,2,3,4,
4aa, 9a-hexahydrofluorene (5). A soln of 4 (lg;
4-38 m mole) in 25 ml dry THF was added to about 250 ml
anhyd liquid NH, distilled directly from the cylinder in a
3-necked flask fitted with a stirrer and a drying tube
(KOH). Small pieces of Li wire (300 mg, 43 m mole) were
added to the well-stirred mixture over ca 5-10 min
period. Stirring was continued for further 5 min. NH,Cl
was added to discharge the blue color and ammonia was
allowed to evaporate at room temp. The residue was taken
up in water, acidified with cold 6N HCI and extracted with
ether. The extract was washed with sat Na,CO,aq. The
combined alakaline washing was acidified and extracted
with ether after saturation with NaCl. The ether layer was
washed with water, dried (Na,SO,) and solvent evapo-
rated to give 930 mg, (93%) of white solid, m.p. 195-198°.
TLC of this product showed a single spot in several sol-
vent systems. A small portion of this product was es-
terified with ethereal CH:N, and NMR of this ester mix-
ture in CDCl, at 100 MHz showed two C-Me signals (ca 8
1-29 and 1-36). From the integrations as well as from the
NMR comparison with the pure esters 17 and 20, the ratio
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of 17 and 20 were determined to be approximately 65:35.
Repeated fractional crystallization of the acid mixture
from ether-light petroleum afforded a pure sample of 5 as
colorless cubes m.p. 202°; no pure sample of 8 could be
separated from the mother liquor; An.. 260nm (e 810),
266 nm (e 1,150) and 273 nm (¢ 1,070). (Found: C, 78-36;
H, 7-67. C.sH,40; requires: C, 78:23; H, 7-88%).

la - Carbomethoxy - 18 - methyl - trans - 1, 2, 3, 4, 4aa,
9a-hexahydrofiuorene (17). Acid § (100 mg) was esterified
with ethereal CH,N, and the crude ester was purified by a
short path distillation at 140° (bath temp; 0-3 mm) to afford
93 mg of 17, A 261 nm (e 1,000), 267 nm (e 1,070) and
274 nm (e 1,020). (Found: C, 78-42; H, 8:32. C,H»O, re-
quires: C, 78-65; H, 8:25%).

Li-NH,(!) Reduction of the unsaturated acid 3

Preparation of 18-carboxy-la-methyl-trans-1, 2, 3, 4,
4aax, 9a-hexahydrofluorene (6) and 1B-carboxy-la-
methyl-cis-1,2,3,4. 4a8, 9a-hexahydrofluorene (7). A soln
of 3 (1g; 4-33m mole) in 25 ml dry THF was added to
about 250 ml anhyd liquid NH,. The mixture was well-
stirred and 450 mg (65 m mole) of Li, cut into small pieces
was added over about 6 min. After addition of Li was
complete, the blue soln was stirred for an additional 7 min
and decomposed with solid ammonium chloride. The
NH,(I) was allowed to evaporate, the residue was dissol-
ved in water and the mixture was acidified with 6 N HCI.
The product was extracted with ether, washed into 2%
NaOH aq and re-extracted with ether after saturation with
NaCl. Work-up in the usual manner yielded 950 mg of
white solid. Fractional crystallization from EtQAc-ether
yielded the acid 7, m.p. 187-88°, as the major product
(530 mg, 53%); Amax 261 nm (¢ 1,000), 266 nm (€ 1,120) and
273 nm (e 1,120). (Found: C, 77-95; H, 8:11. C,;H 4O, re-
quires: C, 78-23; H, 7-88%).

The mother liquor afforded a higher melting acid which
was crystallized from EtOAc to afford 230 mg (23%) of
the pure epimeric acid 6, m.p. 202-203°, depressed consid-
erably on admixture with acid 8, m.p. 202°; A ... 260 nm (e
890), 266 nm (e 1,170) and 273 nm (e 1,120). (Found: C,
78-54; H, 7-78. C\sH,s0. requires: C, 78-23; H, 7-88%).

18-Carbomethoxy-1a-methyl-trans-1, 2, 3, 4, 4ac, 9a-
hexahydrofluorene (18). The acid 6 (100 mg) was es-
terified with ethereal CH,N.. The crude ester was purified
through evaporative distillation at 140° (bath temp;
0-3mm) to afford 96 mg of 18; A... 261 nm (e 1,000),
266 nm (e 1,070) and 274 nm (e 1,020). (Found: C, 78-29;
H, 8:07. C\:H.,0. requires: C, 78-65; H, 8:25%).

18-Carbomethoxy-1a-methyl-cis-1,2,3,4,4a8, 9a-hexa-
hydrofluorene (19). The acid 7 (100 mg) was esterified
with diazomethane. The crude ester was purified by a
short path distillation at 140° (bath temp; 0-3 mm) to afford
95 mg of 19; An.. 261 nm (e 1,000), 266 nm (e 1,120) and
273 nm (¢ 1,120). (Found: C, 78-35; H, 8-22. C,sH0: re-
quires: C, 78-65; H, 8-25%).

Hydrogenolysis of lactone 4 with Pd-C

Preparation of 1a - carboxy - 18 - methyl - cis-1,2,3,4,
4aB, 9a-hexahydrofiuorene (8). The lactone 4 (44 mg) in
10 ml abs EtOH was hydrogenated in the presence of
10 mg 10% Pd-C catalyst at room temp and pressure. The
uptake of H, was very rapid and absorption essentially
ceased within 5 min. The catalyst was filtered off; evap-
oration of solvent gave 38 mg (94%) of a white solid, m.p.
180°, which after recrystallization from ether-light pet-
roleum afforded 35 mg of 8, m.p. 181-182°, A.... 261 nm (e
1,020), 266 nm (e 1,120) and 273 nm (e, 1,050). (Found: C,
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78-11; H, 7-87. C,;H,,0: requires: C, 78-23; H, 7-88%).

la-Carbomethoxy-18-methyl-cis-1,2,3,4,4a8, 9a-hexa-
hydrofiuorene (20). The acid 8 (100 mg was esterified with
ethereal CH:N,. The crude ester on evaporative distilla-
tion at 140° (bath temp; 0-3 mm) afforded 95 mg (95%) of
the ester 20; Am.. 261 nm (e 1,020), 267 nm (e 1,070) and
274 nm (¢, 1,020). (Found: C, 78-43; H, 8-34, C,H»0: re-
quires: C, 78:65; H, 8:25%).

Catalytic reduction of the unsaturated acid 3

Preparation of the acids 7 and 8. The unsaturated acid
3 (800 mg) in 25 ml of abs EtOH (or HOAc) was hydro-
genated in presence of 10% Pd-C catalyst (100 mg) at
room temp and pressure. The uptake of H, was quite
rapid. The catalyst was filtered off and the solvent was
removed to afford 800 mg of crude product which was
subjected to fractional crystallization from ether-light pet-
roleum. The major product (650 mg, 8195) was found to be
identical with the acid 8, m.p. and m.m.p. 181-82°. The
combined mother liquor was allowed to evaporate slowly
at room temp whereupon a colorless solid, m.p. 183-86°,
separated. Recrystallisation from ether yielded 105 mg
(13%) of the other epimeric cis acid 7, m.p. and m.m.p.
187-88°,

Saponifications of esters 17, 18, 19, and 20. Each of the
esters 150 mg in 5 ml of 7% KOH soln in 4: 1 MeOH : H,O
was refluxed under N, for 2 h. The unsaponified ester was
repeatedly extracted with ether after dilution with sat
NaClaq (25 ml). After acidification of the aq layer with 6
N HC], the corresponding acid was isolated by repeated
extraction with ether. The products were characterised by
m.m.p. or IR. The results are given in Table 1.

Preparation of alcohols 21, 22, 23 and 24. Each of the
acids §, 6, 7, and 8 (30 mg) in 25 ml of dry THF was treated
with a large excess of LAH. After heating at reflux for 6 h,
the excess hydride was decomposed with EtOAc and sat
Na,S0.aq. The organic layer was washed with 10%
NaOHagq and water and dried over Na,SO.. Evaporation
of solvent gave essentially quantitative yield of the al-
cohols which were purified through evaporative distilla-
tion at 140-45° (bath temp, 0-2 mm). (Found: Mol. Wts.
(mass spectrometry) 216. C,sH»O requires: Mol. Wt. 216).
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