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The cis-1,2,3,4,~~,9a-Hexahydro-l-methyl-6-methoxy-9-oxofluorene-~-carboxylic acids - 

(I) and (II), potential intermediates in the synthesis of gibberellins have been prepared 

in high yield by a novel photocyclisation. The photolysis (500 watt Hanovia medium 

pressure lamp with Pyrex filter) of the anisoylcyclohexene (III), prepared from the 

Friedel-Crafts reaction between l-methyl-2-cyclohexene-1,2-dicarboxylic anhydride (IV) 
2 

and anisole [82$ yield; colourless crystals (ex EtOAc); m.p. 154-5O; Vmax(KC1 disc), 

1710, 1640, 1600, 1575, 1505, 840, 810 cm-l; h. 
max 

(EtOH), 287 (E 4,600), 280 (E 5,300), 

270 (e 6,100), 246 (E 3,900), 218 (8 1,800) wj gave a mixture of (I) and (II) in 

nearly quantitative yield. The epimer (I) was obtained from the crude mixture by 

crystallisation from ethyl acetate [50$ yield; col~urless crystals; m.p. 222-223.5O; 

V max (KC1 disc), 1700, 1600, 1500, 870, 830 cm-l; X 
max 

(EtOH), 292 (e 4,800), 287 (E 4,800), 

267 (E 7,200), 222 (E 7,700) n+_~; nw of methyl ester (ClXls), ~2.37, 3.15, 3.15 [AA'xsystem, 

H(8), H(5), H(7), respectively], 76.10 (OMe), ~6.22 (OMe), 76.66 [H(4*, double triplet 

s~,~~= 6.4; sa,3(ajk 11.5; %z,3(e)s 5.8 Hz;1 'r6.99 [IN%), doublet, J = 6.4 Hz], 

~7.8 - 8.5 (6H, complex multipleth ~8.53 (l-Me, singlet). Although the second isomer (II) 

could not be obtained in a pure form its only contaminant appeared to be (I) and its nmr 
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spectrum could be inferred from that of the mixture. In this i-r both a(9a) amd 

H(4a) absorb near 76.6 and the C-Me at ~8.37. Apart from these differences, the 

spectra are very similar indicating that (11 and (II) have the same gross structure 

[the mass spectra of (I) and the mixture are virtually identical]. 

In both epimers, the SE-proton undergoes base catalysed exchange in 40 without 

isomerisation proving that both have the thermodynamically more stable stereochemistry 

for the A/S ring junction. lhis is assigned as cis by analogy mith cis-1,2,3,4,4~1,9~- - - 

hexahydrofluorenone (V) for which the stereochemistry has been firmly established and 

vhich also is the more stable isomer. 
3 

We have examined the nmr spectrum of (V) and 

the absorptions of the 4a- and 9a- protons are shown in the Figure. J4a ga is seen to 
-* - 

be 6.8 Hz. lhe assignment of configuration at C(l) rests on less secure evidence. The 

presence of two substituents at C(l) ensures that ring A adopts a quasi-chair conforution. 

Models then indicate that the l-methyl group In (II) lies in the plane of the 9-carbomyl 

group and in close proximity to the oxygen atom. It should. therefore he abmormally 

deshielded. 
4 

Similarly, the axial carbomethoxy group of this epiler mill wst probably adopt 

the conformation in which the St-proton bears a similar relation to the ester carhonyl group 

and will therefore be deshielded with respect to the analogous proton in (Il. lhus 

the stereochemistry of (I) is assigned to the acid, m-p. 222-223.5O, in mhich both the 

. 
l-methyl and 9a-proton absorb at higher fields. - 

Fhotocyclisation of an aryl enone, such ss (III) has not been previousiy reported. 

Chalcones5 and b-benzoylacrylic acid' undergo cis - trans isomerisation and photodimerization, -- .- 

and the latter suffers the addition of methanol when photolysed in that solvent. 7 B-Bemsoyl- 

U-methacrylic acid also undergoes cis - trans isomerisation as me11 as rearranging to the -- 

5,y-isomer. Evidently, the two geminal substituents in (III) inhibit dimerization and, 

possibly orient the aromatic ring such that ring closure by radical attack or, after 

electron demotion, electrophilic attack occurs in preference to completing reactions. 

If electron demotion occurs prior to cyclisation, the ether (VI) or even the la&one (VII) 
8 

might have formed but their presence in the crude reaction mixt.ure*could not he detected. 
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This cyclisation is, of course, formally analogous to the well documented photocycllsations 

of cross conjugated cyclohexadienones. 
9 

Financial support from a Ph.D. scholarship to HCY from the University of Melbourne 

is gratefully acknowledged. 

tTo whom correspondence should be addressed. 

ttAl1 new compounds reported here gave satisfactory analyses. 

1. 

2. 

3. 

4. 

5. 

6. 

This work constitutes a portion of the Ph.D. Thesis of HCY. 

R. P. Linstead and A. F. Millidge, J. Chem. Sot., 478 (1936). 

H. 0. House, V. Paragamian, R. S. Ro and D. J. Wluka, J. Am. Chem. Sot., g, 1457 (1960). 

L. M. Jackman and S. Sternhell, Applications of Nuclear Magnetic Resonance in Organic 

Chemistry, 2nd Ed. Pergamon Oxford, 1969, p.88. 

H. Stobbe and K. Bremer, J. Prakt. Chem., 123, 1 (1929). 

R. E. Rutz, P. S. Bailey, Chi-Kang Dien and J. W. Rinker, J. Am. Chem. Sot., 75, 

5039 (1953). 

D. V. Rao, V. Lamberti and H. M. Gardner, Tetrahedron Letters, 1613 (1968). 

Compound (VII) was obtalned on treatment of (III) with acids, m.p. 144-145O, maxKCl 

disc 1780,1680,1600 cm-l. 

H. E. Zimmerman, Adv. Photochem., 1, 183 (1963); H. E. Zimmerman, Tetrahedron, 

vol. 19 Supl. 2, 393 (1963); D. J. Pate1 and D. I. Schuster, J. Am. Chem. Sot., 90, -I- 

5137, 5145 (1968). 


