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Synthetic Studies towards Complex Diterpenoids. Part 13.1 Stereo- 
specific Synthesis of intermediates to  the Diterpene Alkaloids and the 
GO-Gibberellins by a Novel Rearrangement of Angularly Fused Cyclo- 
bu tan o nes 
By Usha Ranjan Ghatak," Subrata Ghosh, and Baijayanti Sanyal, Department of Organic Chemistry, Indian 

Association for the Cultivation of Science, Jadavpur, Calcutta-700 032, India 

A new stereospecific rearrangement of the saturated cyclobutanones (1 Oa and b) and (1 1 a and b) to the respective 
bridged cyclopentanones (2a and b) and (5a and b) using triethyloxonium tetrafluoroborate is described. Re- 
arrangement studies of the specific labelled ketone [2H2]-(1 Oa) indicate that the process is intramolecular. 
Sulphuric acid-catalysed rearrangement of (1 Oa) produces the unsaturated methyl ketone (1 3). Transformation of 
the tetracyclic ketones (5a and b) to some angularly functionalised hydrofluorene synthons (14a and b) to the 
C,,-gibberellins has been achieved. 

SEVERAL long term programmes have been initiated in 
these laboratories 2 9 3  aimed specifically a t  the develop- 
ment of stereocontrolled synthetic methods for elabor- 
ation of the crucial ring-A substituent patterns of the 
Garrya and Atisine groups of complex diterpene alka- 
loids and angularly f unctionalised C,-gibberellin~.~ 
One of these approaches culminated in a method for a 
stereospecific synthesis of the tetracyclic ketones (2a 
and b) through a copper-catalysed regioselective intra- 
molecular oxo-carbenoid C-H insertion reaction in the 
respective diazomethyl ketones ( l a  and b). These 
ketones were transformed 2 to the key intermediate 
tetracyclic acylamines (3a and b), some of which had 
already been converted into atisine, veatchine, and 
gibberellin AI5. An attempted oxo-carbenoid insertion 
reaction 2 9 3  of the hydrofluorene diazomethyl ketone 
(4a),6 however, failed to give the desired product (5a) in 
isolable yield. 

We have previously reported' a simple and efficient 
synthetic route to the angularly fused unsaturated 
cyclobutanones (Sa and b) and (9a and b) by intra- 
molecular C-alkylations of the easily accessible fir- 
unsaturated a'-diazomethyl ketones (6a and b) and (7a 
and b) and their stereoselective hydrogenation to the 
saturated cyclobutanones (10a and b) and ( l l a  and b). 
We now describe in detail lb a new rearrangement of these 
saturated cyclobutanones to the respective bridged 
cyclopentanones (2a and b) and (5a and b). We also 
present our results on the mechanism of this novel re- 
arrangement and on the transformations of the tetra- 
cyclic ketones to some key hydrofluorene synthons in 
the synthesis of C,,-gibberellins. 

Rearrangement t of the strained cyclobutanone (10a) 
with an excess of triethyloxonium tetrafluoroborate 
(Meerwein Reagent 9, in methylene chloride at  room 
temperature afforded the known tetracyclic ketone 
(2a) 2y10 in 95'/, yield. The corresponding methoxy- 
analogue (lob) under the same conditions produced 
(2b) in excellent yield. To evaluate the possible 
mechanism of this novel rearrangement of strained 

t For recent examples of rearrangements of cyclobutanes and 
yclobutanones see ref. 8. 

cyclobutanones to cyclopentanones we next studied the 
reaction of [4,4a-2H,]-(10a) (Scheme l ) ,  prepared by 
catalytic reduction of the styrenoid ketone (Sa) with 
deuterium. The labelled ketone indicated >99% I), 
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content ( M +  242) in the mass spectrum. A prominent 
isotopic shift in the mass spectra of the [2H2]- and [",I- 
ketones was exhibited in the base peak at  m/e 200 
( M  - 42) with respect to mle 198. The lH n.m.r. 
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spectral data also supported the structure of the deu- 
teriated ketone. The reaction of [4,4a-,Hz]-( 10a) with 
triethyloxonium tetrafluoroborate was monitored by 
observation of the i.r. spectra a t  cn. 12 h intervals. 
Complete disappeararice of tlie cyclobutanone C=O band 
was indicated after ca. 6 days in comparison to 12-16 h 
for the r2H,]-ketone. The rearranged cyclopentanone 
[2H2]-(2a), isolated in 85:A yield, was shown to be 
identical (mixed 1n.p. and t.1.c.) with the [2Ho]-ketone. 
The i.r. spectra (in CHCl,) of this product and the un- 
labelled ketone showed identical bands except for a 
strong C-D stretch at  2 160 cm-l in that of the former. 
The mass spectrum exhibited the molecular ion as the 
base peak at m/e 242 correspondng to >990/, D,. The 
lH n.m.r. spectrum (in CDCl, a t  60 MHz) of the deu- 
teriated ketone i2H2]-(2a) was identical with that of the 
non-deuteriated ketone except that a partly masked 
broad unresolved triplet at 8 1.96 [a.;signed to tlie C-1Oa 
proton in (2a)j was absent. Moreover, tlie splitting 
pattern of the inultiplets betwt:cn 6 1.16 -2.04, account- 
ing for ca. 9 protons in the unlabelled ketone (%), 

SCHEME 1 Reagents: i, D,, Pd-C(lO%) EtOH; ii EtsOfRF4- 
CH,Ci, (6 days) 

exhibited a considerable difference and integrated to ca. 7 
protons for the deuteriated compound along with a clear 
separation of the inner lines of the gem-CBCH, protons 
at ca. 6 2.38. The intramolecular nature of this re- 
arrangement is clearly established from this experiment. 
Based on this result, the following mechanism may be 
advanced for this rearrangement. The pronounced 
isotope effect observed in the rearrangement of 12H2]- 
(loa) clearly indicates step I (Scheme 2) as the possible 
rate-determining step in this novel rearrangement. 

The triethyloxonium tetrafluoroborate-catalysed re- 
arrangement of the liydrofluorone ketone (1 la)  required 
a somewhat longer reaction time (ca. 24 h) and afforded 
the bridged-cyclopentanone (5a) in excellent yield. The 
corresponding methoxy-analogue (1 1 b) , under identical 
conditions gave the analogous rearranged ketone (5b) in 
93% yield (Scheme 3). The spectral data of the re- 
arranged ketones are in complete agreement with the 
assigned structures. Further structural proof for (5a 
and b) was obtained by their benzylic oxidation 11 with 
chromium trioxide-acetic acid to the respective crystal- 
line diketones (12a and b). The stereochemistry of 
( l l a  and b) has been assigned from their inode of form- 
ation by analogy with the respective hydrophenanthrene 
derivatives of established stereochemistry. The highly 
efficient stereospecific rearrangement of the angularly 

fused cyclobutanones to the bridged cyclopentanones in 
both the hydrophenanthrene and hydrofluorenc series 
clearly indicates the generality of this reaction. 

During our preliminary studies on the rearrangement 
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of the aforementioned cyclobutanones with a variety of 
acidic reagents, we observed l2 an interesting transform- 
ation of (loa) to the unsaturated methyl ketone (13) l3 
in excellent yield, using sulphuric acid in benzene at low 
temperature. This rearrangement is readily visualised 
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as proceeding through cleavage of the strained protonated 
cyclobutanone (loa) in a concerted (or stepwise) path as 
depicted in Scheme 3. 

With the development of this simple stereospecific 
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syntlictic method for the tetracyclic ketones (5a and b) EXPERIMENTAL 
we next used the sequence of reactions earlier devel- 
oped in the hydrophenanthrene serics, for the intro- 
duction of C-4, C-10 (corresponding hydrofluorene 
numbers Cr-1 and C-4a) functions of some C,,-gibberellins 
in the trans-hydrofluorene skeleton with the alp, st-opriate 
stereochemistry. Thus, the ketone (Sa) was condensed 
with ethyl formate in the presence of a large excess of 
sodium hydride under forcing conditions. The crude 
hydroxymethylene derivative was directly oxidised with 
alkaline hydrogen peroxide to  afford the crystalline cli- 
carboxylic acid (14a) in 70") overall yield. In  an 
identical sequence, the methoxy-ketone (5b) gave the 
dicarboxylic acid (14b) in 730/, yield. The diacids (14a 
and b) were further characterised through their respective 
dimethyl esters (15a and b) arid their anhydrides (16a and 
b) (Scheme 4). 
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SCHEME 4 KrugenZs: i t<t,0tR1?4-, ~ ~ - ~ , ~ l 2  (24 h ) ;  z i ,  (-r03, 
AcOM, H,O; zii, NaH,  HCO,Et. C,H,; ia, aq. NrtOII, 13,0, 
( S O Y o ) ;  v ,  CH,N,, Et,O; ui, MeCOCl 

In conclusion, a novel intramolecular rearrangement 
of some easily accessible angularly fused cyclobutanones 
has been successfully developed and utilised as thc key 
step in the synthesis of appropriately angularly func- 
tionalised hydrophenanthrene and hydrofluorene deriv- 
atives of complex diterpenoicls. Further applications 
of this sequence for the synthesis of C,,-gibberellins will 
be reported in due course. 

Melting points were determined for samples in open 
capillary tubes in a sulphuric acid bath. 1.r.  spectra were 
recorded on Perkin-Elmer model 21 and Becknian Acculab 4 
instruments for solutions in chloroform. 1J.v. spectra 
were recorded on a Beckrnati DU spectrophotometer for 
solutions in 950/, ethanol. lH N.1n.r. spectra were recorded 
a t  60 BlIiz on a Varian Associates model T-60A spectrometer 
with Me,Si as an internal standard. Column chromato- 
graphy was performed on neutral alumina ' Stsndardised 
for chromatographic analysis acc. t o  Rrockmann ' (M/s. 
Sarabliai M. C'heniicals) (30  g alumina per g of compound). 
T.1.c. was performed using plates coated (0.2 mm thickness) 
with Kieselgel G (type 60) (E .  Merck). Microanalyses were 
performed by lllrs. C. Dutta of this laboratory. 

The procedure involved in the general work-up involved 
extraction of organic matter with a water-immiscible solvent 
( 3  -4 times), washing of the extract with brine, and drying 
with anhydrous Na,SO,. 'The solvent was removed under 
reduced pressure to afford the material. Petroleum anti 
light petroleum refer to fractions boiling in the ranges 
60-80" anti 40-60 "C, respectively. 

Rearrangement o j  Saturated Cyclob?danones ( 1  Oa and b) 
with Meerwein Reagent. ( +) - 1 ~-nllethyZ- 1,2,3,4,4a, 9,10 ,  - 
1 Oap-octahydro- la, 4au-ethanophenantkren- 12-one (2a) .-Tri- 
ethyloxoniurn tetrafluoroborate l4 was prepared froin boron 
trifluoride-ether ( 5  ml, 39.6 mniol) in dry ether (30  nil) and 
epichloroliydrin (2 .5  inl) . Tlie crystalline reagent, frecd 
from ether by passing dry nitrogen, was dissolved in anhy- 
drous dichloroniethane (ti nil) under dry nitrogen, and to 
this a solution of the saturated cyclobutanone (lOa) (200 
mg, 0.83 mmol) in dichlorometliane (8 ml) was added a t  
room temperature (25-35 "C) in one portion with stirring. 
The mixture was allowed to stir for 16 h a t  room tempera- 
ture when the colourless solution slowly turned to amber. 
The mixture was decomposed by adding saturated aqueous 
sodium carbonate un ti1 alkaline. The organic layer was 
separated and the aqueous layer was estractecl with ether. 
l'lie combined extract was washed with water and dried 
(Na2S04).  The light brown semi-solid left after removal of 
the solvent was dissolved in petroleum and filtered through 
a short-packed neutral alumina column (10 g) to afford ( 2 ; ~ )  
as ;I white solid (190  nig, 95%), m.p. 114-116 "C, a portion 
of which was recrystallised from ether to afford an analyti- 
cally pure sample, ni.p. and mixed m.p. 117--118 "C, 
identical (i.r. a n d  n.ni.r. spectra) with an authentic sample.' 

. ( ~- ) -7 -Methoxy -  1 (3-znethyZ- 1,2,3,4,4a-9,10,10ap-octahydvo- 
1 a,4aa-ethanop~~eiznnthren- 1 %one (2b) .--A solution of the 
cyclobutanone ( 1  Ob) (200 nig, 0.74 mmol) in anhydrous di- 
cliloromethane (8 nil) was added to a magnetically stirred 
solution of triethyloxoniuin tetrafl uoroborate [from boron 
trifluoride-ether ( 5  ml), ether (30  ml),  and epichforo- 
hydrin (2.5 nil)] in dicliloronietliane (6 ml) a t  room tempera- 
ture. Stirring was continued for 16 h. Ilecomposition by 
saturated aqueous sodium carbonate and work-up ;IS 

described above afforded the rearranged ketone (2b) as a 
yellow solid (180  rng, 9Oyo). m.p. 122-126 "C, a portion o f  
which was recrystallised from ether t o  afford an analytically 
pure sample, m.p.  and mixed m.p. 130 "C, identical (i r. 
and 1H n.ti1.r. spectra) with an authentic sample.2 

Catalytic Reduction of the Unmtzwated C-yclobutanone (8a) 
ioztiz D,. (~)-l~-MethyZ-[4,4ap-ZH,J-1,2,3,4,4a~,9,10.10a~- 
octnlaydvo-lu, l0aa-ethanophenanthven- 12-one I2H2]-( 1Oa) (per- 
formed by C .  li. ENZELL and I. WAHLBEIIG).--TI-I~ ketone 
(8a) (300 nig) in ethanol (10 ml) was stirred under D, in the 
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presence of palladium-charcoal (10 mg, 10%) for 7 h to  give 
the crude product (300 mg), which was crystallised twice 
from light petroleum to afford the labelled ketone [,H2]- 
(loa), 260 mg ( 8 5 % ) ,  m.p. and mixed m.p. with the [,H0]- 
ketone 102 "C; 6 (CDCl,) 1.10 (s, 3 H ,  fCCH,), 1.48-3.18 
(complex m, 11 H)  {n.m.r. spectrum of [,H,]ketone 6 1.10 
(s, 3 H ,  SC-CH,), 1.20-2.40 (ni, 8 H, methylenes), 2.50- 
3.25 (complex m, 5 H, ArCH and ArCH,), and 7.10 (m, 4 H, 
ArH)); m/e 242 ( M i ,  SO,;), 214 ( 5 ) ,  200 (loo), and 185 (95). 

Comparative Rearrangement Studies of [,H,]-( 10a) and 
(lOa,) to the Respective Bridged Cyclopentanones [2H2]-( 2a) and 
(2a) .-Triethyloxonium tetrafluoroborate [prepared from 
boron trifluoride-ether (10 ml), ether (60 ml), and epichloro- 
hydrin (5  ml)] was dissolved in anhydrous dichloromethane 
(12 ml). One third of this solution (ca. 5 ml) was rapidly 
transferred by a pipette to a dry flask already under a 
nitrogen atmosphere. The solution of deuteriated cyclo- 
butanone [2H,]-( 10a) (120 mg, 0.49 niniol) in dichloro- 
methane (7 ml) was added to the flask and the mixture was 
stirred magnetically. To the remaining reagent solution 
was added a solution of tlie cylobutanone (lOa) (250 mg, 
1.04 mmol) in dichloromethane (12 nil). Stirring at room 
temperature was continued for both reactions for 1 2  11. 

Aliquot portions were withdrawn from each of the sets, 
decomposed with aqueous sodium carbonate, and worked 
up  in the usual way. The i.r. spectrum of the dcuteriated 
compound indicated that only a small part (en. 10%) of 
[2H2]-( 1 Oa) had rearranged to the respective cyclopentanone 
while ( 10a) had undergone practically complete rearrange- 
ment within the same tinie. The latter conipound was 
deconiposed ancl worked up in the usual way to afford (2a). 
Stirring of the reaction mixture containing [,H2]-( 1Oa) was 
continued (ca. 6 days) until the i.r. band a t  1765-1 770 
cm-1 completely disappeared. The reaction mixture, after 
the usual work-up, afforded [2H,]-(2a) as a light yellow solid 
(102 mg, 85%), m.p. 114-116 "C. A small portion of i t  was 
recrystallised from light petroleum to afford a pure sample, 
m.p. and mixed m.p. with the [,H,]-ketone 118 "C; v , , , ~ ~ .  
1 735, 2 160, and 2 930 cm-'; 6 (CDC1,) 1.03 (s, 3 H, CH,). 
1.26-2.08 (m, 7 H), 2.38br (d, 2 H, COCH,), and 2.71-2.95 
(m, 2 H, ArCH,) [n.m.r. of (2a): 6 1.03 (s, 1 H, $CCH,), 
1.16-1.81 (m, 8 H, niethylenes), 1.98 br (t, J 3 Hz, 1 H ,  
methine), 2.35 br ( s ,  2 H ,  COCH,), and 2.71-2.01 (m, 2 H,  
ArCH,)]; m/e 242 (M', 100%) 199 (M' - CH,CO,22), 197 
(M+ -CC,H,D,,34), and 185 (M+ - C,H,O, 34). 

Rearrangement of ( 1 Oa) with Concentrated SulfiJcuric Acid. 
l-AcetyZ-l-methyE-1,2,3,4,9, lO-kexa~~ydrophennnt~zreize (13) .- 
Tce-cold concentrated H,SO, (1.2 nil) was added dropwise to 
a stirred and coolecl (ca. - 10 "C) solution of (loa) (100 mg, 
0.417 mmol) in dry benzene (1.2 ml). Stirring a t  this 
temperature was continued for 1 11. The yellow reaction 
mixture was poured onto crushed ice and worked up with 
ether to afford a gummy solid (92 mg), v,,,. 1 700 and 1 600 
cm-1, which was dissolved in petroleum and filtered through 
a short column of neutral alumina to afford the ketone ( 1  3) 
(($0 mg, 600/,) as a white solid, m.p. and mixed n1.p. 84- 
86 "C, identical (i.r. and n.ni.r.) with an authentic sample.13 

( &) - 1 @-Methyl- 1,2,3,4,4a, Sa@-hexahydro- 1 or,4a~-ethano- 
juoren-1 l-one (5a) .-A solution of the cyclobutanone ( 1  l a )  
(1.4 g,  6 mmol) in anhydrous dichloromethane (40 ml) was 
treated with a magnetically stirred solution of triethyl- 
oxoniuni tetrafl uoroborate [prepared from boron trifluoride- 
ether (10 nil), ether (60 ml), and epichlorohydrin (4.7 ml)] in 
dichloromethane (30 nil) for 24 h under the conditions 
described for (2a). Decomposition of the dark brown reac- 

tion mixture with saturated aqueous sodium carbonate 
followed by usual work-up furnished a dark brown liquid 
which on distillation a t  135-140 "C at 0.4 mmHg (bath 
temperature) afforded the ketone (5a) (1.28 g, 91%) (Found: 
C, 85.0; H ,  8.0. C1,H1,O requires C, 84.91; H, 8.02%); 
v,,,~. 1 730 cm-l; 6 (CC1,) 0.70 (s, 3 H, >CCH,), 1.2-3.5 
(complex m, 11 H, methylenes and methine), and 7.06 (s, 4, 
ArH); wz/e 226 (M+,  looyo), 198 (32), 183 (71), 169 (45), 
ancl 155 (38). 

The ketone (5a) in ethanol on warming (en. 5 min) with a 
saturated aqueous solution of an  equimolecular mixture of 
seniicarbazide hydrochloride and sodium acetate (4 mol. 
excess) and cooling to  room temperature afforded the senii- 
carhazone. Recrystallisation from methanol afforded an 
analytical sample, n1.p. 235-238 "C (decomp.) (Found: C, 
71.0;  H, 7.4. C1,H,,N30 requires C, 72.05; H, 7.47%). 

( +)-7-Metlroxy-l P-methyl- 1,2,3,4,4a, Sap-Jzexnhydro- 
1~,4a~-~thanofluoren- 1 l-one (5b) .-A solution of tlie ketone 
(1lb) (1.2 g ,  4.6 nimol) in anhydrous dichloromethane (40 
ml) was treated similarly with a magnetically stirred 
solution of triethyloxonium tetrafluoroborate [from boron 
trifluoride-ether (10 inl), ether (60 nil), and epichlorohydrin 
(4.7 ml)] in dichloromethane (30 nil) for 24 h .  Decomposi- 
tion of the dark brown mixture by saturated aqueous sodium 
carbonate followed by usual work-up afforded a dark brown 
liquid which on distillation a t  120--125 "C and 0.1 mmHg 
(bath temperature) afforded the ketone (5b) as a colourless 
mobile liquid (1.12 g, 93%) (Found: C, 79.7; H, 8 .1 .  
C1,H,,O, requires C, 79.65; H, 7.86%) ; vnldx. 1 730 cm-l; 6 
(CC1,) 0.75 ( s ,  1 H, $CH,), 1.25-3.3 (complex m, 11 H,  
methylenes and methine), 3.71 (s, 3 H ,  OCH,), and 6.57- 
7.03 (m, 3 H, ArH); m/e 256 (&I+, loo%), 241 (lo), 228 (68), 
213 (34), 199 (19), and 185 (37). 

The semicarbazone of (5b), recrystallised from methanol, 
had m.p. 216-217 "C (decomp.) (Found: C, 69.2; H, 7.55. 
Cl,H2,N,0, requires C, 68.98; H, 7.4004). 

( *)- lP-  
Methyl- 1,2,3,4,4a,9ap-hexahydro- 1~,4aa-ethano~uoren-9,11- 
dione ( I  2a) .-To a magnetically stirred solution of the ketone 
(5a) (700 mg, 3.09 mmol) in glacial acetic acid (0.6 ml) was 
added a solution of chromium trioxide (1.4 g, 14 mmol) in 
glacial acetic acid (6.4 ml) and water (4 ml) when the mixture 
became hot. It was stirred for 48 li a t  room temperature 
and warmed to 60 "C for 2 h. After diluting the mixture 
with water (ca. 70 nil), the organic material was extracted 
into ether. The extract was washed with 2% aqueous 
sodium hydroxide and water and dried (Na,SO,). Removal 
of the ether afforded a pale yellow liquid (550 " 8 ) ;  vllldX. 
1730, 1 710, and 1600 cm-l. T.1.c. in benzene-ethyl 
acetate (4 : 1 v/v) showed the presence of two conipoiients 
(I?, ca. 0.6 and 0.6) .  The product was subjected to column 
chromatography 011 neutral alumina which led to the isol- 
ation of two fractions. Fraction 1, a pale yellow liquid 
(310 mg) eluted with light petroleum, was identical with the 
starting ketone (5a) (t.1.c. and i.r.). Fraction 2, a white 
crystalline solid, (160 nig, 38% based on recovered ketone), 
m.p. 85-86 "C, was eluted with benzene-light petroleum 
(1 : 3 v/v) . liecrystallisation from ether-light petroleum 
afforded the pure diketone (12a), m.p. 94 "C [t.l.c. in benzene- 
ethyl acetate (4 :  1 v/v) showed a single spot, (ca. 0.5)] 
(Found: C, 79.85; H, 6.55. C1,H1602 requires C, 79.97; H,  
6.71%);  vmax. 1 730, 1 710, and 1 BOO ern-'; 248 and 
205 nm (log E 3.9 and 3.3); 8 (CDCl,) 0 . 7 1  (s, fCCH,), 
1.70-2.33 (m, 6 H, methylenes), 2.79 (HA) and 2.87 (HB) 
(AB q, J 5 Hz, -COCH,- overlapped with the singlet a t  2.81 

Oxidation of the Bridged Ketones (5a) and (5b). 
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for COCHC); vn/e 240 (Mf, loo%), 225 (41), 212 (27), 197 
(42), and 183 (23). 

la,4aa-ethanojluorene-9,1 l-dione (1  2b) .-To a magnetically 
stirred solution of the ketone (5b) (300 nig, 1.17 mmol) in 
glacial acetic acid (3.6 nil) was adcictl a solution of chromium 
trioxide (360 nig, 3.6 niniol) in glacial acetic acitl (2 .4  nil) and 
water (1.5 nil). The mixture became hot. I t  was stirred 
for 48 h a t  room temperature and then warnled to 60 "C for 
30 min. Work-up as described above for the preparation of 
(1%) followed by removal of the ether afforded a pale 
yellow liquid (255 mg), v,,~:,~, 1 740, 1 715, and 1 615 c ~ i i - ~ .  
T.1.c. in benzene-ethyl acetate (4 : 1 v/v) showtd two spots 
(RF ca. 0.5 and ca. 0.6). Careful c1irc)matograpliy of the 
product on neutral alumina gave two fractions. Fraction 1, 
a pale yellow liquid eluted with benzene-light petroleum 
(1  : 3 v/v) was identical with the starting ketone (5b) (t.1.c. 
and i.r.).  Fraction 2, a white crystalline solid (64 mg, 36% 
based on recovered ketone) was eluted with benzene-light 
petroleum (1 : 1 v/v). Recrystallisation from ether-light 
petroleum afforded the pure dzketone (12b), m.p. 83-84 "C; 
t.1.c. in benzene-ethyl acetate (4 :  1 v/v) showed a single 
spot (HF ca. 0.5) (Found: C,  76.45; H, 6.95. C1,H1803 
requires C, 75.53; H, 6.71%); v , , ~ ,  1740, 1715, and 1615 
cm-l; Amax. 222, 252, and 325 nm (log E 4.2, 3.7, and 3.2); 
6 (CDC1,) 0.75 ( s ,  3 H, \,CCH,), 1.51--2.35 (m, 6 H, methyl- 
enes), 2.77 (HA) and 2.89 (H,) [AB q, J 5 Hz,  COCH,, over- 
lapped with a singlet a t  6 2.81 (COCH<)], and 3.88 ( s ,  3 €€, 
OCH,); m/e 270 (,W+, loo), 242 (29), ancl 227 (88). 

Hydroxyinethylation followed by Oxidation of the Bridged 
Ketones (5a) and (5b). (f)-l~-Met/zyl-1,2,3,4,4.a,Sap-hexa- 
Izydro~f7uorene-la,4aa-dicarboxylic Acid ( 14a). -A magnetic- 
ally stirred suspension of sodium hydride (3.6 g, 0.15 mmol) 
in dry benzene (5 ml) was cooled in an ice-bath under 
nitrogen. A small portion (ca. 0.2 ml) of a solution of the 
ketone (5a) (1.07 g, 4.7 mmol) in dry benzene (8 ml) was 
added followed by addition of a drop of dry methanol. The 
remainder of the solution was then added dropwise a t  an 
even rate. After complete addition, the reaction mixture 
was stirred for an additional 30 min in the cold. Ethyl 
formate (4 ml,  48.8 mmol) was then added dropwise to the 
stirred mixture and stirring was continued for a further 2 11 
ancl then left overnight. The excess of sodium hydride was 
decomposed by dropwise addition of methanol to the 
cooled reaction mixture followed by water (200 ml). The 
neutral material was extracted with ether to afford a small 
amount of a brown gum which was not characterised. 

The basic aqueous part and the washings wcre chilled 
together and acidified with ~N-HCI .  The organic material 
was extracted with ether to afford the hydroxymethylene 
ketone (1.0 g, 83%) as a brown gum, vlnax. 1 710, 1 660, and 
1 600 cm-l, which responded to the ferric chloride colour 
reaction. This product, withoiit further purification, was 
dissolved in aqueous sodium hydroxide (70 in1 ; loo/,) and 
maintained a t  10-15 "C (bath temperature). To i t  was 
added dropwise with stirring aqueous hydrogen peroxide 
(35 ml; 30%) over 20-25 min. A vigorous reaction 
started immediately after addition of a few drops of the 
hydrogen peroxide solution. Stirring was continued for an 
additional 2 h. A second aliquot of aqueous sodium 
hydroxide (35 m I ;  10%) was added in one portion followed 
by dropwise addition of hydrogen peroxide solution (25 ml; 
80%). The mixture was stirred for 3 h and then allowed to 
sit overnight after which time the initial pink colour of the 
solution had disappeared completely. The mixture was 
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diluted with water and the neutral material was extracted 
with ether. The negligible residue left after evaporation of 
the ether was rejected. 

'l'he combined basic aqueous part and the washings were 
cliilled together and acidified with ice-cold ~N-HCI .  The 
separ,i,ted white solid acitl was filtered off and repeatedly 
washed with colt1 water. The filtrate was extracted with 
ethyl acetate to afford an additional amount of the acid. 
The combined product was crystallised from ethanol- 
acetone to afford ilie acid (14a) (900 mg, 707(,), ni.p. 206-  
207 "C, (deconip.) (from tetrahydrofuran-light petroleum) 
(Found: C, 69.85; H ,  6.6. CleH1804 requires C, 70.05; H, 
6.61yo) ; vllln,. (Nujol) 1 700 cn- l .  

( +)-L)imetliyl 1p-Alet/Lyl-l ,2,3,4,4a,YaP-/iexa~~ydro~~orene- 
la,4acc-dicarbo,~ylate ( 15a) .--The dicarboxylic acid ( 14a) 
(250 mg) was esterified with an excess of diazomethane in 
ice-cold ether. The pale yellow liquid ester was purified by 
filtration (in petroleum) through a short-packed column of 
neutral alumina to afford the diester (l5a) (250 mg; 93%) 
as a liquid. An analytical sample was prepared by evapor- 
ative distillation, b.p. 123-127 "C a t  0.05 mmHg (bath 
temperature) ; Rpica. 0.69 [benzene-ethyl acetate (4 : 1 v/v)] 
(Found: C, 71.65; H, 7.65. C1,HZzO4 requires C, 71.50; 
H, 7.33%); v,,,. 1 725 cm-l; 6 (CCI,) 0.90 (s, 3 H, >CCH,), 
1.95br ( s ,  6 H), 2.95 and 3.28 (partially resolved quartet of 
ABX system, JAB 13, J A X  3, J ~ x  3 Hz,  ArCIl, atid signal 
for 1 H masked under these peaks), 3.55 ( s ,  3 H, CO,CH,), 
3.60 (s, 3 H, -CO,CH,), and 7.08 (s, 4 H, ArH). 

~z~orene-la,4aol-dic~rbo~yZic Acid (14b) .-Following the pro- 
cedure described for (5a) the ketone (5b) (1.1 g, 4.2 inmol) 
was converted into its hydroxymethylene derivative by 
reaction in benzene (12 ml) with sodium hydride (4 g, 0.16 
rnol) in benzene (10 ml) followed by addition of ethyl 
formate (8 1111, 07.6 mmol). The hydroxymethylene ketone 
(1.15 g, 94%, vmdx. 1 710, 1 660, and 1 600 cm-l was obtained 
as a pink gummy mass which gave a positive ferric chloride 
colour reaction. This crude product (1.15 g ) ,  dissolved in 
aqueous sudium hydroxide (92 i d ;  l O o / b ) ,  was oxidised by 
addition of aqueous hydrogen peroxide (46 ml; 30%) 
followed by addition of a second portion of aqueous sodium 
hydroxide (46 ml; loo/,) and hydrogen peroxide (30 ml; 
30%) after 2 h. The mixture was stirred a t  room tempera- 
ture for an additional 3 h ancl then left overnight I t  was 
diluted with water and worked lip with ether. The small 
amount of residue left after evaporation of the ether was 
rejected. 

The combined basic aqueous part and the washings were 
chilled and acidified with 6hr-HCl. The precipitated solid 
was filtered off and washed with cold water. The filtrate was 
extracted with ethyl acetate to afford further acid. The 
conihiiied solid was crystallised from ethanol-acetone to 
afford the acid (14h) (950 mg, 73%), m.p. 212-213 "C 
(decomp.) (from tetrahydr~furan--light petroleum) ( F ~ i ~ n c l  : 
C, 66.9; H,  6.6.  C,,H,,O, requires C, 67.09; H, 6.6276); 
v,,,,. (Nujol) I 705 and 1 605 cni-l. 

7-hfethoxy- 1 (3-nzetJtyl- 1,2,3,4,4a, Sap-kexa- 
hytlrojiuorene- la,4aa-dicarboxylate ( I 5b) .--The dicarboxylic 
acicl (14b) (400 mg) was esterified with an excess of ice-cold 
ethereal diazomethane. The pale yellow liquid, on filtration 
through ;;t short-packed neutral alumina column in pet- 
roleum, afforded the diestev (15b) (400 nig, 920/6), m.p. 83 "C 
(from petroieum) (Found: C,, 68.45; H, 7.3. Cl,Hz4O, 
requires C, 68.65; H, 7.28%); v,,,. 1720 and 1605  cm-l; 
R p  ca. 0.6 [benzene-ethyl acetate (4 : 1 v/v)]; 6 (CC1,) 0.90 

( &)-7-Methoxy- 1 P-metlzyZ-l,2,3,4,4a, Sap-hexahydro- 
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(s, 3 H ,  >CCtl,), 1.88br (s, ti kl), 2.84 and 3.36 (partially 
resolved q, JhB 13, Jax 2, J13x 2 Hz, ArCH,, and a signal for 
1 H masked under this pattern), 3.50 (s, 3 H, CO,CH,), 
3.56 (s, 3 H, CO,CH,), 3.68 ( s ,  3 H, OCH,), 6.46-6.61 
(mixed dd, 2 H, J6,5  9, J g , 8  2 Hz, 6-H), and 6.90 (d, 1 H, 
J 5 , 6  9 Hz, 5-H); m/e 332 (M+, 79%), 300 (loo), 272 (48), 
244 (30), 213 (58 ) ,  and 185 (26). 

( &)- 1 P-Methyl-] ,2,3,4,4a, Sa~-hexahydro~?uorene- la,4aor- 
dicarboxylic Anhydride ( 1  6a) .-The dicarboxylic acid (14a) 
(150 mg) was refluxed with acetyl cliloride (4.8 ml) for 2 11 
when the solid gradually went into solution. The excess of 
acetyl chloride was distilled out in uucuo to afford the 
crystalline anlzydvide (1Ga) (115 mg, 80%), n1.p. 105 “C 
(from tetrahydrofuran-light petroleum) (Found : C, 74.7 ; 
H, 6.3.  C16Hl,0, requires C, 74.98; H, 6.20%); v ~ , , : ~ ~ .  1 800 
and 1 750 cm-l. 

( &) -7-Methoxy- 1 P-methyl-l,2,3,4,4a, 9a~-?iexnl~ydrofluor- 
ene- 1 cc,4aor-dicarboxyZic Anhydride ( 16b) .--The dicarboxylic 
acid (14b) (200 mg) was refluxed with acetyl chloride (6 1111) 
for 2 11. The excess of acetyl chloride was distilled out in 
vacuo to afford the crystalline anhydride (16b) (170 mg, 
05%), m.p. 123 “C (from tetrahydrofuran-light petroleum) 
(Found: C, 71.4; H ,  6.2.  Cl,H1804 requires C, 71.31; 
H, 6.3476); v,,,, 1 800, 1 750, and 1605 cm-l. 
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