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Rearrangements of the Gibbane Skeleton during Dehydrogenations with 
2,3-Dichloro-5,6-dicyanobenzoquinone 

By B. E. CROSS* and R. E. MARKWELL 
(Depaytment of Organic Chemistry, The University of Leeds, Leeds LS2 9 JT) 

Summary Gibbanes in which ring A is aromatic react with 
2,3-dichloro-5,6-dicyanobenzoquinone giving allylic car- 
bonium ions (via A4b-enes) which then undergo Wagner- 
Meerwein rearrangement ; in 7-hydroxy-compounds, the 
7,8-bond migrates to C-6 to give a 7-ketone, whereas in 
*I-deoxy-gibbanes, the 9,9a-bond migrates to position 4b 
to give a 9a,lO-ene. 

TREATMENT of the methyl ester (1) of dihydroallogibberic 
acid1 with an excess of 2,3-dichloro-5,6-dicyanobenzo- 
quinone (ddq) in boiling dioxan gave a 95% yield of a 

R' R2 R3 R 4  
151 a-HJp-C02Me H 2  0 p-H,cr-Me 
(6) a-H,p-C02Me H, 0 cY-H,p-Me 
(7) a-H,p-C02Me H2 a-HJp-OH p-H,cf-Me 

9 
(8) a-DJP-C02Me D2 0 @-H,cc-Me 
(9) p-DJa-C02Me D2 0 p-H,cr-Me 

(10) a-H,p-C02Me 0 0 p-H,d-Me 

(11) a-HJf3-C02Me H2 0 CH2 

COZMe 

R' R 2  
(12) Me 0 
(13) Me H, 

R 
(14) H2 
(15) a-H,p-OEt 
(16) /l-H,a-OEt 

mixture of 8-epimeric keto-esters from which one pure 
epimer was isolated by chromatography. The latter, for 
which structure (5) or (6) was deduced from its u.v., i.r., 
and n.m.r. spectra, was shown to be the a-methyl epimer 
(5) because reduction with sodium borohydride, which took 
place from the less hindered a-face, gave the alcohol (7) in 

whose n.m.r. spectrum the methyl doublet had shifted 
downfield from r 8.93 to 8.63. Structure (5)  for the keto- 
ester was confirmed by (a) treatment with base in deuterium 

C02Me 

oxide which gave the trideuterio-derivatives (8) and (9) 
[m/e 299 (M+) and 255 (M-CD,=C=O); no peak at 
T 5.95, :. 10-D] and (b) oxidation with selenium dioxide to 
the a-diketone (10) followed by heating with Pd-C gave 
methyl 1,7-dimethylfluorene-9-carboxylate. Similarly, re- 
action of methyl all~gibberate~ (2) with ddq gave the re- 
arrangement product (11) in 97% yield. 

As expected, treatment of methyl gibberatel (12) with 
ddq did not give the above type of rearrangement. The 
reaction yielded methyl dehydrogibberate2 (14), and a high 
yield of products resulting from substitution at  C-6 of the 
latter, e.g. the ethyl ethers (15) and (16) derived from traces 
of ethanol present in the dioxan. However a rearrangement 
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product, which was identified as the keto-ester (17) by u.v., 
i.r., and n.m.r. spectroscopy was isolated in low yield. 
Structure (17) was confirmed by hydrogenation to the 
tetrahydro-derivative (19) and by oxidation with selenium 
dioxide in ethanol which gave methyl 1,7-dimethylfluorene- 
9-carboxylate. Analogous rearrangements took place when 
methyl deoxogibberate (c j .  ref. 2) (13) and the ester (3)t 
were treated with ddq, the products (ca. 25%) being the 
esters (18) and (21) respectively. Hydrogenation of the 
former gave the tetrahydro-compound (20). 

Treatment of the 8-hydroxy-ester4 (4) with ddq afforded 
the keto-ester (22). 

These rearrangement products are believed to arise by 
initial formation of the A4b-ester followed by removal of a 

hydride ion by ddq from C-6 to give an allylic carbonium 
ion, e.g. (23), which, unlike the 2-methylene-3-norbornyl 
cation,s undergoes Wagner-Meenvein rearrangement in 
either of two ways. If a 7-hydroxy-group is present the 
lone pair on the oxygen aids [see (23)] migration of the 
7,&bond to C-6 to give products typified by structure (6) 
in high yield ; similarly an 8-hydroxy-group assists rupture 
of the 7,8-bond. However, in the absence of either a 7- or 
an 8-hydroxy-group nucleophilic attack a t  C-6 predom- 
inates and rearrangement follows a more unusual course; 
the 9,9a-bond migrates to C-4b and the product is a 9a,10- 
ene. All new compounds gave satisfactory spectra and 
analytical data. 

(Received, 7th February 1972; Corn. 197.) 

t Derived from gibberellin A, by acid catalysed aromatisation of ring A4 followed by hydrogenation of the ring D double bond. 
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