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In continuation tol our synthetic studies’ in the fit&l of C-aromatic diterpenoid 
resin acids, our interest was directed towards the total synthesis of B-nor diterpene 

Cal* and st~~t~r~ future 

&02H IW 

for its conversion to the gibberellin-A,./‘j a CzO-gib 
structure. While the C-9 carbonyl function in V would in principle allow the intro- 
duction of the carboxylic acid residue at this positioa, 8 OMe group in t-Be aromatic 

(342 

7 would serve for its ~nvers~~~ to a a-~-uu~turat~ ketonic ction via 
tiong and ~~b~~~e~t b~iIdin~ up the D-ring throu wel~~stabl~sbed 

l%e present report describes a stereoselective route to the total synthesis of 
( + )- 1 fi&a-dimethyl-cb- 1,2,3,4&,9a-hexahydrofluorene- 1 a-carboxylic acid (III)? 
and the corresponding ( k))-keto-acid II, 

nary ~nsid~~a~o~ direct& that the s~pl~t ~~ to the ~ydro~uo~e 
system of the type III, possibly would be thruu~ 
of a substituted benzylcyclohexanol, the corresponding 01 
following type. 

In addition to its directness and simplicity, such a scheme appealed from a stereo- 
chemical standpoint (vi& itrJia). Although no definite example of the formation of 
hydrofl~or~e system grout cyclial pie or a substituted benzyi- 

to deserve th~~~u~ investi nY3 St&iies”3 carried out to ~~~ 
pssibility uncovered some new of possible mechanistic importance in 

addition to providing a simple synthetic route to the hydrofluorene e VII 
through cyclialkylatioa of the corresponding open-chain benzylcycl VIII 
with ~lyphospho~c acid (PPA) under ki~e~~~y ~~troll~ process. 

trnns ester (i), through the catalytic reduction of the corresponding aeon-a~tate. 
t Although formulas of only one enanfbw are drawn, all the synthetic compounds 

a racemate, even when the prefix ( f ) is omitted, 
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VII VII I 

The major problem in the projected plan thus clarified, experiments were designed 
for t& synthesis of. the intermediates along the line we successfully exploited for 
podocarpic acid and related ~yntheses!~ 

The alkylation of ethyl+-keto-2-methyl-2cyclohexene carboxylate (IX; Hage- 
mann’s ester)ls with benzyl chloride in the presence of potassium-t-butoxide as the 
base afforded the desired condensation product Xl6 in 86 % yield The same alkylation 
reaction has been reported by Barnes and S~~MC’~ to afford only 55% yiekl of the 
product X, by using sodium ethoxide in ethanol The major, if not the complete 
course of alkylation at the C-3 position in the ambident anion IXA,” derived from 
the Hagemann’s ester IX is now wellcstablished.‘*** ‘** I9 The alkaline hydrolytic 
decarboxylation of X with boiling aq-ethanolic potassium hydroxide solution, 
afforded the ketone XP in 91% yield Conjugate addition14 of hydrogencyanide 
residue to the unsaturated ketone XI with a boiling aqueouscthanolic potassium 
cyanide solution followed by alkaline hydrolysis in situ, afforded 2-benzyl-3-methyl- 
3-carboxy-cyclohexanone (XII) in 85 % yield as a crystalline solid The stereochemistry 
depicted for this acid (XII) followed from its mode of formation and also from the 
analogyzo of the stereochemical results obtained in similar transformation. 

The acid XII was converted to the corresponding methyl ester with methanol- 
sulphuric acid Although the liquid methyl ester (XIII) yielded a single 2,44initro- 

CHART-I 

IXA lx I KOl+fEtOH -H# 

I 
XII xl 

MsOH (He) 

73% 
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CHART- 2 
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phenylhydrazone derivative, it showed two overlapping spots in the TLC, presumably 
due to the epimeric mixture arising from equilibriation at C-2. 

T’he methyl ester XIII on condensation with MeMgI under controlled conditions 
yielda a y-lactone-hydroxy ester mixture, as revealed from the IR. On fractional 
crystallizations, the y-lactone XIV, mp. 106” (IR band at 1765 cm- ‘) and a hydroxy 
ester XV, mp. 73” (IR band at 1722 and 3550 cm- ‘) were obtained in about 8-10 % 
and 60% yields respectively. The remaining liquid which f&d to crystallize showed 
strong ester and weak y-lactone bands in the IR The yields of the lactone XIV and 
the hydroxy ester XV did not change appreciably when the crude Grignard product 
was distilled with catalytic amount of iodine.?’ On refluxing the crude Grignard 
product with a few crystals of iodine in benzene, the yield of the lactone XIV increased 
to 46% and that of the hydroxy ester XV reduced to about 28 %. Refluxing with 
toluene-p-sulphonic acid in benzene afforded the lactone XIV and the hydroxy ester 
XV in 19% and 50% yields respectively. However, in all experiments, no pure un- 
saturated ester XVI could be isolated, although presence of unsaturated compound 
was revealed in the reactions with bromine and permanganate solutions, with the 
liquid mother liquors obtained from these reactions When the hydroxy ester XV 
or the liquid y-lactone-hydroxy ester mixture, left in the mother liquor after separation 
of XIV and XV, were treated with sulphuric acid in benzene solution at o”, the only 
isolable product was an isomeric y-lactone (XVII), m.p. 80.5“ (IR band at 1765 cm-‘) 
obtained in about 57 % yield. The y-lactone XIV was, however, completely destroyed 
on such treatment. This experiment indicates that the above lactonization in benzene- 
sulphuric acid probably proceeds through a kinetically controlled process and of the 
two isomeric lactones (XVII and XIV) thus produced, only the former survives under 
the reaction conditions.22 

The formation of the lactone XIV in the aforementioned Grignard product from 
XIII, even without acidification or heating, probably arises23 from the isomeric 
hydroxy ester, such as XVIII among the reaction products, originating from the 
addition of MeMgI, through a nonstereospecific24 path. With refluxing toluenelp- 
sulphonic acid or iodine, other epimeric hydroxy ester, e.g., XV are also probably 
converted to the stable lactone XIV through epimerization of the benzyl group. 

The stereochemistry of a lactone may depend on the reaction conditions and the 
nature of the reagents. It has been shown by Corey and SauerszsO and by Lucius25b 
that nor-ambreinolide (XIX) is converted to the isomeric lactone XX, involving 
epimerization at C-8, with H2S04/Ac0, whereas EtOH/HBr effects epimerization 
at C-9, leading to the lactone XXI. 

_EtOH/HBr Ac,o- _ 

HoSO4 

Evidence for the stereochemical assignments of the hydroxy ester XV and the 
lactones XIV and XVII were obtained from the results presented below : 
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On alkaline hydrolysis, hydroxy ester XV yielded the corresponding hydroxy acid 
XXII, m.p. 148”, besides a small quantity of the lactone XVII. This hydroxy acid was 
recovered unchanged on treatment with a few drops of HCl in EtOH/H,O at room 
temperature; however, converted to the lactone XVII on treatment with toluene-p- 
sulphonic acid in boiling benzene. Failure of the hydroxy acid XXII to lactonization 
under mild acid treatment strongly suggests the assigned tram relationship of the 
hydroxyl and the carboxyl groups in this acid and the corresponding ester XV. The 
formation of only the lactone XVII from the hydroxy acid XXII correlates their 
stereochemistry as shown below : 

xv OtP 

Ph 

XVII 
P-TSOH (60’) 

Further, a close similarity was observed in the nature and the stereochemistry of the 
cyclization products from XV and XVII with AU,-HCl, which could be clearly 
explained from their depicted stereochemical assignments. l3 The alkaline hydrolysis 
of the lactone XIV yielded a hydroxy acid XXIII, rap. 9!3-loo” (single carbonyl band 
in IR at 1690 cm- ‘); low carbon percentage in the analytical results showed possible 
inclusion of water. This hydroxy acid transformed to the parent lactone XIV with 
an ethereal HCl solution at room temperature The hydroxy acid XXIV, from the 
hydrolysis of the lactone XVII, however, readily relactonized to the starting lactone 
during its isolation. The observed stabilities of the hydroxy acids XXIII and XXIV 
throw considerable light to their stereochemistry and can be easily explained from 
the conformational analysis on the basis of their assigned stereochemistry (shown 
below). 

OH 

XIV -.JL tid /Et,0 
T.t 

5 XIV 

t&H h il 

XXIII 
l ” 
C 
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because of the additional 

zaticm of the hydroxy acid XXIV, which partly relieve the non-banded intemctions, 
involving the axial h oxyl and the ~r~xy~ gwqs in t CTUW ChCUk. 

stereochemi assignments crf the lactc~nes XIV and 

2~g rnj.& (log E 3*68), pact 
mixture, arising through the 

genation it aff’brdsd l-methylfluorene (XXVII). 
The acid III was ester%ied with diazomethane to afford the corresponding methyl 
ester VI, m,p. 48”. 

mvn xitvnl KXIX 
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On attempted cyclization with PPA at 67-68” and 8%86”, the lactone XIV was 
recovered completely or partially unchanged mixed with a neutral liquid However, 
with PPA treatment at 120” for 1 hr, this lactone was completely transformed to a 
liquid hydrocarbon mixture (probably XXVIII and XXIX), which again yielded 
I-methylfluorene (XXVII) on dehydrogenation. Cyclization of the isomeric lactone 
XVII also gave practically the same results. It may be mentioned that in parallel 
cases studied14 in this laboratory, PPA cyclization of the lactone-ester mixture 
XXX and XXX1 yielded the corre&nding cyclized acids (XXXII, R’ 
esters (XXXII, R’ = Me) along with a considerable amount of the 
mixture XXXIII. Barltrop and Day” observed complete elimination 
ethoxyl group in the product from the cyclization of the hydroxy 
or the corresponding dehydrated ester. 

= I-I) and the 
hydrocarbon 
of the carbo- 
ester XXXIV 

[R=H and A- P,] 

I 
PPA 

xulv . R=OMa 

These results along with the present series of experiments again confirm the belief 
that the PPA cyclization process is a complex one’* and a slight variation in the 
experimental condition or the structure 29 of the reactants can unpredictably change 
the nature of the fmal products. 

The stereochemical assignment to the acid III was based on the following con- 
siderations. The acid-catalysed cyclialkylation process in producing the compounds 
of the type XXXII have been found to follow a remarkable degree of stereoselectivity 
in generating always the tram C-4, C-10 methyl groups 14*27*29*30* (with both cis 

and/or trans A/B ring junction). Similar stereochemical control in the cyclization of 
XV would be expected to give rise to the desired trans orientation of the C-l, 4a- 
methyl groups as depicted in the structure III. A transition state in the PPA cyclization 

* A detailed stereochemical analysis on the mechanistic course in this type of cyclizations will be reported 
shortly, U. R. Ghatak and N. R. Chatterjee, unpublished results. 
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of XV may be represented by XXXV with the axial sp2-hybridized carbomethoxyl 
group in preference to that of the sp3-methyl group,14 having a higher “A” value3 l 
from a consideration of steric factors only. Further, such disposition of the ester 
function favours its C=O group to participate in the transition state (as depicted in 
XXXV) thereby lowering the activation energy of the transition complex. We are 

- - 

xxxv 

tempted to conclude the cyclialkylation of XV with PPA proceeds through an 
irreversible* process and without epimerization at C-2 Such conclusion further 
supports the suggested transition state XXXV and leads to the complete stero- 
chemical assignment of the cyclized product IIL This assignment has been con- 
clusively established (oi& infiu). 

On oxidation with chromic acid in aqueous acetic acid the methyl ester VI afforded 
the liquid ketoester V; [IR bands at 1709 and 1725 cm-‘, W I, 247 mp (log E 4.15) 
and 292 mu (log E 3*41)] in 30 % yield, besides the recovered starting ester (VI, ca. 15 %) 
and a solid, m.p. 216”, in about 10% yield. The solid compound (mp. 21@) shows 
strong IR bands at 1708 and 1728 cm- ‘, characteristic of the S-membered aromatic 
conjugated ketone groupi and a saturated ester function in addition to a weak 
hydroxyl band at 3610 cm-l. In the W, the compound shows absorption maxima 
at 248 mu (log E 4U) and 293 mp (log E 340) which further confirmed the presence 
of an aromatic conjugated ketone function in it. From its elemental analyses, spectra1 
data and its behaviour in the chromatographic column, the structure XJCNI can be 
assigned to this, originating through over-oxidation’ of the keto-ester V. 

CHART-3 

l e.g. The cyclization of XV under reversible condition (AICl,-HCI) which led to an entirely different 
result has been published in a short communication, Ref. 13. 
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shauld be represent cis A/I’3 ring junction,35*33 
%) of the keto-acid II in ethanol in the presmce 

EXPERIMENTAL* 

labmatory. We exprms our thanks far these semiacs. 
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To a s&n of Xl (100 & in 95% EtOH (940 ml) a soln of KCN { 104 g) in wata (600 ml) was add& 
The mmim mixture awmcd a green whir and was allowed to stand at room temp fur sotly: time 
when it on a ~t~-~~ for 14 hr. on 
coOlin& of ROH (140 g) in wata (I600 
reflux for another 90 he. The cold soln was Ha, 
saturated with NaCl and the organic material extracted with ether. F acidic 
material was isolated by washing with 5% Na1CQ3aq and extraction with ether after aoidiftcation with 
6N HCl, which afforded a s+d cake (105 g; 850/6X on removal of the solvent and trituration with pet 
ether. A motion o sta&ed from A~Et-~~ ether in colourless rosettes, m.p. 153%I54”. 
(Found: C 73-16; tsOa requires: c, 7314; H, f-370/,.} 

2-Benryl-3-methyi-3-carbm9tlroxycy~lof~ (XIII) 
and heat& under 

a yellow ~~~~~o~~~y~~~~~~~ which was crystallized from AcOEt-MeOH, np 230”. (Found: C, 
59-7; H, 4% C,,H2,N,0s requires: C, 60.1; II, Se2 %.) 

YCT a period of 2 hr. Stirring in the c&d was ~n~u~ for additional 
ly allowed to teach the room temp ARer decomposition of the Grignatd-complex with 

ice-cold saturated NH,Claq, the ethereal 
ether. The combined ethereal extract wa8 
dried ovet Na,St&. Removal of the solv 
1768 an-x (s) and 1725 cm-’ @. 

(a) The cold ~~~d-pr~u~ (25 gl 
when a white amorphous solid separated out. solid, m.p. 60-65” was filtered 
pet_ ether. Cm crystallizatiou from pet ether it afforded XIV (2 g; 8 %)I m.p. 106”; v_ 1765 cm-’ (s). 
(Found: C, 7866; H, 8.25. ClbH2002 requi 

The ~1~~ mixed with the pet ether washin were concentrated to a small volume and left for a few 
days in an ice-box when c~y~lli~ cub rated out. On repeated 
pet. ether, XV was obtaind as thi& colour 73” ( 17 g 59-5 xj which on 
the lactone XIV, melted at 45-50”; v, 35 1722 em-’ (s) (Found: G 
Cr ,H2,05 requires : C, 73+88 ; H, 8.75 %) 

The rettraining thick syrup liquid (6 g) faikd to mystallize It showed in tbe IR, a stro 
1722 cm-’ and a weak y-lactone band at 1765 em- r_ 

(b) The Grignard pr (20 g) in dry benzene (250 ml) was beated under refhtx for 4 hr with a few 
crystals of Iz in a gask fit with a constant wata orator. Tbe cold ~~~i~ product was washui with 
2% Na$,O,aq and water. The brown produet OD distil~a~o~ afford t yellow Iiquid (17 g), b-p. 
163-16F (Q-4 mm) which subjected to kacX&nal ~s~~~ti~ from pet ether as above when XIV, 
(8-5 g; 46.2 %), mp. 106” and XV (6.5 g; 28 %), mp. 73” were separatbd T-be remaining r’w (2 g) failed 
to crystalline sod showed a strong ester baud at 1722 cm-’ iu the IR. 

(c) The crude Grignard product (15 g) on distillation with 2 crystals ol I2 afforded a brown liquid 
NazSIO,aq and water. On redistillation, it afforded 
bicb XIV, (2 8; 144%) m-p. 106” and XV, (9 gf 44%) 

ux for 6 br in dry bnzene (75 ml) with 
toluene-p-sulphonic acid (1Ml mg) in a flask fittarl with a constant water separator. The cold product was 
washed with 5 % Na,CO, aq d water. The distilIed product was subjected to fractional crystallization 
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from pet. e&r as described above, when XIV, (06 g; 19%) m.p 106” and XV, (2 g; 5OyJ mp 73”. were 
separated. 

The syrupy liquid after separation of the lactone and the hydroxy ester was not characterized further. 
L.uctone ~2a-benzyl-l~a-dimethyl-3~hydroxycyclohexane-1~-car~xyl& acid (XVII) To a vigorously 

stirred sob of XV (7 g) in dry benzene (210 ml) at 0”. ice-cold cone HzSO, (210 ml) was added dropwise 
over a period of lf hr and the stirring at the BBM temp was continued for additional 1 hr. The yellow 
reaction mixture was poured in crushed ia and extracted with ether afta saturation with (NHJzSO,. 
The ethereal extract was washed with 5% NazCO,aq, water and dried over NazSO,. Removal of the 
solvent afforded light yellow solid (3.5 g; 56.5%), which was crystallized from Pet. etha in shining 
colourless rose.ttes, m.p. 8@5”; v, 1765 cm-’ (s) On admixture with the lactone XIV (m.p. 106”), it 
melted at 56-62”. (Found: C, 78.52; H, 8.34. CI~H2,,0z requires: C, 78.65; H, 8.25x.) 

The aforementioned uncharacterized syrupy liquid (3 g), left after separation of XIV and XV, 00 treatment 
with umc H,SOI under the identical experimental conditions yielded XVII (1 g), ap. 805”. 

Hydrolysis of the hydroxy-ester XV 
2a-Benzyl-l~3~imethyI-3a-hydroxycyclohexMe-l&carboxylic acid (XXII). A mixture of XV (2 g), 

KOH (3 g), water (2 ml) and ethylene glycol (18 ml) was heated unda rellux for 4 hr (Nz) The cold 
reaction product was diluted with &water and extracted twia with ether to remove any neutral material, 
from which practically nothing could be isolated. The ictcoki aqueous fraction was acidified to pH 2 
carefully with dil HCl and extracted with ether. From the ethererd extract, the neutral and acidic materials 
were separated by washing with 5 y0 NazCO, aq. Tbc neutral fraction after removal d tbe solvent yielded 
XVII (100 mp) m.p. 805”. The basic extract al& careful acidification yielded a solid acid (1.7 g), m.p. 
138-142” which on crystallization from aqueous MeOH in tbe cold, yielded shining colourless cubes of 
XXII, m.p. 148”; v, 1698 cm-’ (8) TIE analytical sample was dried at 26” (002 mm) for 60 hr. (Found : 
C, 72.85; H, 846. C,*Hz203 requires: C, 73.25; H, 8.45x.) 

SUies on the lactonizatiun o/the hydroxy-clcid XXII 
(a) A soln of XXII (200 mg) in aqueous EtOH (2 ml, Soy& was treated with a few drops of cone HCl 

and was left at room temp for 48 hr. After working up, no neutral material coukl be isolated. Tbe acid 
XXII (190 mg) m.p. 148” was recovered unchanged. 

(b) The acid XXII (500 mg) in benzene (25 ml) was refluxed for 5 hr with tolucne-gsulphonic acid 
(50 mg). The cold soln was washed with wate.r, 5 % NazCO, aq followed by wattr and dried over NazSO,. 
Removal of the solvent yielded colourless solid (440 mg) which was crystallii from pet. ether, m.p 8@s”, 
alone or mixed with the lactone XVIL v, 1765 cm-l (s). 

Hydrolysis ofthe lactone XIV 
2fl&nzyl-la,3a-dimethyl-3~-hydroxycyclohexone-1~carboxylic acid (XXIII). The lactone XIV (MO mg) 

was refluxal for ) hr with a soln of KOH (MO mg) in aqueous EtOH (3 mI, 50%). The cold reaction 
mixture was diluted with wata and extracted with ethu to remove any neutral mate.rial. The ice-Id 
aqueous Iayez was acidified with HsPO, (45% w/w) and extracted with ether. The solvent was evaporated 
in oocuo in the cold and the resiudal XXIII (250 mg), was crystallizd from ether-pet. ether in an ice-box, 
as shining stars, m.p. 99-100”; v_ 1690 cm-’ (s). On admixture with the Iactone XIV (ap. lCW), this 
solid melted at 8&85”. The analytical sample was dried at 28” (OG2 mm) for 60 hr. (Found: C, 70.70; 
H, 8.35. C,6H220,. iH,O requires: C, 7@82; H, 854x.) 

Luclonization oJthe hydroxy acid XXIIL The acid XXI11 (50 mg) in ether (10 ml) was mixed with 2 to 3 
drops of coot HCI and left at room temp for 48 hr. The etha laya was washed with water, 5 % Na,CO, aq 
followed by water and dried over Tja,SO, Evaporation d the solvent afforded tbe solid (43 mg) which 
was crystallized from pet. ether in fme colourless needles, m.p. 106”. alone or mixed with the lactone XIV; 
v, 1765 cm-’ (s). 

Altempted hydrbysis of the lactose XVII. Hydrolysis and working up of XVII (200 me) was performed 
as described earlier. During the evaporation of the solvent at room temp in uocuo, the acid relactonizui 
to the starting material, m.p. 809, alone OT mixed with XVII. 

Oxidation ofthe lactone XIV 
bctone oj 2~-benzoyl-la,3a-dimethyl-3~hydroxycyclohexune-l~arboxylic acid (XXV). The lactone 

XIV (350 mg) in glacial AcOH (6 ml) was mixed with a soln of CrO, (MO ma) in water (1.5 ml) and 
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glacial AcOH (6 ml) After keeping at room tcmp for 18 hr the mixture was heated in a boiling water-bath 
for 1 hr. The cokl reaction mixture was diluted with water, saturated with Naa and extracted with ether. 
The ethereal extract was washal with water, 3 % NaOH aq until alkaline, followed by watez and dried 
over NazSOI. The solid obtained after removal of the solvent was crystallixed from ether-pet ether in 
long colourlerrs needlm of XXV (140 mg; 35 %), m.p. 132-133”: 1,250 mp (loge 4.1); v_ 1768 cm-’ (s), 
1680 cm-’ (s) and 1595 cm-’ (w) (Found: C, 74.22; II, 713. C,,H,*Ox requires: C, 74.39; II, 7G2%.) 

Oxidation oftk hzcmle XVII 
Locrone of 2a-benzoyl-lc53a-dimethyf-3B-hydroxycycloheMle-lBwboxylic acid (XXVI) TIE lactone 

XVII (350 mg) in glacial AcOH (6 ml) was oxidixed with a S&I of 00, (500 mg) in water (1.5 ml) and 
glacial AcOH (6 ml) under the sag experimental conditions described above After working up, the 
neutral fraction was crystallized from ether-pet. ctha in colourless stars of XXVI (150 mg; 387& m.p. 
142-143”; 1, 250 mu (log e 4W; v, 1770 cm-i (s), 1670 cm-’ (s) and 1595 cm-’ (w) (Found: C, 
74.42; H, 720. C,,H,,O, requires: C, 7439; H, 702 %.) 

Eqdibrintion experiments with kto-l&ones XXV and XXVI with methanol& NaOMe 
The keto-lactone XXV, m.p. 132-133” (50 mg), was added to a sohr of Na (25 mg) in MeOH (10 ml) 

and was relluxed for 4 hr. After removal of the MeOH under reduced press, the product was diluted 
with water and extra&d with ether. The ethereal extract was washed with water and dried over NazSO,. 
After removal of the solvent, the product was crystallized from ether-pet. ether, m.p. 120-122”. In TLC 
with bcnxene MeOH (19:1), it showed four spots. two of theac (minor spots) corresponding to the keto- 
lactones XXV and XXVI. It could not be purified by chromatography over silica gel. 

The keto-lactone XXVI, m.p. 142-143”, was also treated with methanolic NaOMe under the same 
experimental conditions. After working up, the product was crystallized from ether-pet. ether, m.p. 120- 
122”. alone or mixed with the above compound This also showed exactly similar behaviour in TLC, 
like the compound described above. 

PPA cyclization ofhydroxpester XV 
1 ~-rlaa-Dlmethyl-cis-l~3,4,4~9a-kxahydrofluoren-la-carboxylic acid (III) To a well-stirred homo- 

geneous soln of polyphosphoric acid prepared by heating PzO, (16 g) and H,PO, (12 ml, 85% w/w) for 
about 10 min in a water-bath, the hydroxy-ester XV (5 g) was added. The stirring at 80-81” was continued 
for 1 hr. The deep-bluish green reaction product was cooled and decomposed with crushed ice. The 
organic material was extracted with ether, washed with 5% NazCOzaq followed by water and dried 
over NazSO,. The basic extract ~8s acidified with HCI and extracted with ether. A solid acid III (100 mg; 
2”/ was isolated which WBS crystallixed from AcOEt-pet ether, m.p. 170-171”. The neutrolfracrion 
afforded a clear mobile liquid (4.2 g) b.p. 125-130” (03 mm), v_ 1765 cm-’ (w) and 1729 cm-’ (s) This 
liquid (4 g) was gently refluxed for 3 hr unda N, with a soln of KOH (6 g) in water (3 ml) and ethylene 
glycol(37 ml). The cold reaction product was diluted with water, acidified with dil HCl, and extracted 
with ether. The ethereal extract was washed with 5% NazCOzaq and water. On cooling the alkaline 
washingS the sod&salt of the acid separated out as silky white Sakes, which was acidilied and extracted 
with ether to afford colourless III (2.5 g; 57’4 which was crystallixed from AcOEt in colourle~~ stout 
needlt$ m.p. 170-171” alone or mixed with the aforementioned sample; 1,260 mp (log e 294h 266 mu 
(log E 3.14) and 273 mu (log e 3.14); v, 1700 cm-’ (8). (Found: C, 7846; II, 8.24. C,,H,,Oz requires: 
C 78.62; II, 8.19 %.) In TLC with benzene-MeOH (9: 1) it showed a sharp single spot. 

The acid III, mp. 170-171”(100 mg), was dehydrogenated with Pd/c (loo/, 50 mg) at 320-330” for 30 hr. 
On chromatography over neutral alumina (20 g), the pet ether elute afforded I-methyltluorene (40 mg). 
mp. 84-85” alone or mixed with an authentic sample; 1, 265 mp (log e 437), 289 mp (log z 3.77) and 
300 mu (log E 3.85). 

The neurrolfiacticvt jiom hydrolysed product afforded 1 g of a light brown liquid (Probably the hydro- 
carbons XXVIII and XXIX), d_ 258 mu (log e 368); v, 1765 cm-’ (m) It rapidly decolourized Brz 
in CC& soln. This liquid (100 mgl was dthydrogenated with Pd/c (10%. 50 mg) for 20 hr at 320-33W 
from which I-methyljluorene (XXVII, ca 20 mgk m.p 84-85q atone or mixed with an authentic sampk, 
was obtained after chromatography over alumina. 

Methyl-l~,4aa-dimethyl-cis-1~3,4,~9a-kxahydrofluorenr-1a-cmboxylate (VI) 
The acid III. (06 g) was esteritied with an ethereal soln of CHzNz in the usual way. The light-yellow 



Synthetic studies directal to gibbercllins and related compounds 1591 

liquid VI (CM5 9) solidified after keeping in an ice-box for 2 days On crystallization from pet ether in a 
cold chamber, it afforded shining thick platts, mp. 48”. 1, 259 mp (log e 2.71). 262 w (log e 2.70). 
265 mp (log e 2.73) and 272 mp (log e Z75); v, 1730 cm-’ (sj NMR in (CDCI, soln) at 60 MC; t 8.82 
(6H, C-l Me and C4a Me), 7.17 (2li. C-!Z-Cli,--), 629 (3H, -COO&j ln TLC with benzene-McOH 
(19:lj it showed one sharp spot. (Found: C, 7892; H, 8.47. C,,Hz201 requires: C, 79G3; H, 858x.) 

Studies on PPA cyclizarion qfthe Iactone XIV 
(a) To a well-stirred homogenous soin of PPA, prepared by heating P,O, (4 9) and H,PO, (3 ml) in 

an oil-bath at 120”, XIV, m.p. 106” (09 g) was added when the colour d the reaction mixture changed 
from light-yellow to deep greenish-blue. Stirring at the SBM temp was continued for 1 hr. Tbe cold 
reaction mixture was decomposed with crushed ice, extracted with ether, washed with wattr. 5 % Na,CO, aq 
followed by water and dried over NalSO, The product on distillation afforded a clear mobik liquid 
(@5 g), b.p. 116-120” (0.5 mm), L_ 257 mp (log e 3.7). It rapidly decolourizcd Br, in CCL sola In the 
IR it did not show any band in the carbonyl region. 

On dehydrogenation d this liquid (100 mg) with Pd/C (10%; 50 mg) at 320-330” for 20 hr, it afforded 
XXVII, m.p. 84-85”. alone or mixed with an authentic sample. 

(b) The lactone was recoverrd unchanged on treatment with PPA for j hr at 67-68”. 
(c) Attempted cyclization of the lactone (09 g) with PPA for 1 hr at 85-86” yielded the recovered lactonc 

(@6 g) and a liquid hydrocarbon (02 gj A, 257 mp (log e 3.75). It rapidly decolourixed Br, in Ccl, soln. 

Studies on PPA cyclitation qfthe hone XVII. 
The lactone XVII (@9 g), m.p. 8@5”, was treated with PPA prepared from P,O, (4 g) and H$O, 

(3 ml) for 1 hr at 120”. After working up in the usual way, a hydrocarbon (@7 g) was isolated iu tbc neutral 
fraction. It rapidly decolourizd Br, in Ccl. soln Tbe crude hydrocarbon (200 mg) wan dehydrogenated 
with Pd/c (10%; 100 mg) at 320-330” for 24 hr when XXVII (ca. 40 mg) was obtained, m.p. 84-85”, alone 
or mixed with an authentic sample. The lactone XV& was recovered unchanged on treatment with PPA 
for 1 hr at 82-84”. 

( f )-Methyl-l &4aa-dimethyl-cis-l,~3,4,~~-hexahydrojluoren-9-one-1 a-carboxyiate 0 md hydroxy keto- 
ester (XXXVI) 

A soln of VI (1 g) in glacial AcOH (10 ml) was mixed with a soln of CrO, (1.4 g) in water (6.5 ml) and 
glacial ACOH (25 ml) when the rcacti on mixture became warm. After keeping at room temp for 20 hr. 
the. reaction mixture was heated on a boiling water-bath for 2 hr. The cold reaction mixture was decom- 
posed and neutral material was isolated in the usual way which afforded light yellow liquid (07 g) and was 
purified by chromatography OVCT acid-washed alumina (Mgj The pet. ether elute (45Oml) yielded the 
unchanged VI@15 g; 15%), m.p. 48”. alone or mixed with the authentic sample. 

The pet-ether-benxene (3:l) elute (500 ml) afforded V as a thick wlourkss liquid (031 g; 30%) which 
was evaporatively distilled at a bath temp of b.p. 130” (04mm); L_ 247mp (log e 415) and 292mp 
(loge 3.41); v, 1725 cm-’ (s) and 1709 cm-’ (sj In TLC with benzene-MeOH (9:lj it showed singk spot. 
(Found: C, 74.63; H, 7.52 C,7H2003 requires: C, 7497; H, 740x.) 

The ctha elute yielded a white solid (@l g; lO%j m.p. 216” which was crystallized from AcOEt-pet. 
ether in shining small stars, mp. 216”. & 248 mp (log e 4-07) a& 293 mp (loge 3.4); v, 361Ocm-’ (w). 
1728 cm-’ (s)and 1708 cm-’ (sj ln TLC with benzene-MeOH (9:lj it showeda sharp singk spot. (Found: 
C, 7075; H, 6.62 C1,HzOO1 requires: C, 7081; H, 699x.) 

( f)-1~,4aa-Dimethylcis-l~3,4,~9a-hexahydrofluoren-9-onc-la-corboxylic acid (II) 
To a soln of V (272 mg) in MeOH (10 ml) was added a cold soln d NaOMe, prepared from Na (92 mg) 

and MeOH (15 ml) and the resulting soln was refluxed in a water-bath for 4 hr. The MeOH was removed 
under reduced pose and tbc residue was diluted with water. The neutral material was removed by extraction 
with ether, tbe alkaline layer together with the aqueous washings wen acidified with HCl and tbe acidic 
material was extracted with ether. Evaporation d the solvent yielded II as colourl*is solid (200 mg), mp. 
122-123”. which was crystallized from ether-pet. etha in small stars, m.p. Z&124”, I, 245 mp (log 
E 4.11) and 290 mp (loge 3.38); v, 1725 cm-’ (s) and 1705 cm-’ (sj lo TLC with benzene: MeOH (9:1), 
it showed a sharp singk spot. (Found: C, 7440; H, 718. &H,sO, requires: C, 74.39; H, 702x.) 
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~~~S~ g(&efe?-acid II r-0 III 
115 ml) WaS Byron presence of IV/c (10% 100 ith 

of aeon acid (70 y& It abeorbed two molar eqtiw of H1, On working up, the sol III 
(“ZSO mg), m.fi l&S-168”, was obtained which 00. cryartallization from AcOEt-pet etba afforded oslourless 
needIes mp 168-169” alone or mixed with III, o’~p 170-171”. Tbc identity d thcae two acids were also 
established through TLC, IR arid UV. 
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espy of the manuscript (Ref. 3~); to Professor P. C Dutta for hip kind interest in this work. 
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