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Rbm5ium(ii) acetate-catalysed cyclisation of a-diazoketones derived from 3-arylpropionic acids produces 
tsicyclo[5.3.0]decatrienones or 2-tetralones depending on the substitution pattern of the aryl ring; the former 
products are transformed into the latter by catalytic amounts of trifluoroacetic acid. 

Recent work indicates that a number of catalysed reactions of 
a-diazocarbonyl compounds which traditionally have been 
brought about by copper salts can be improved on substan- 
tially through the use of rhodium(I1) carboxylates,' a case in 
point being the discovery2 that Rh2(0COCF3)4 is a very 
efficient catalyst for producing regiospecific cycloheptatriene 
carboxylates from benzene and diazoesters in contrast to the 
classical Buchner procedures3 which yield complex mixtures 
of regioisomers. In seeking to develop a general synthetic 
entry into the bicycio[S.3.0]decane series with functionality 
in both rings for eventual total synthesis of perhydroazulene 
sesquiterpenes we have investigated catalytic reactions of 
a-diazoketones derived from 3-arylpropionic acids.? 1-Diazo- 
4-phenylbutan-2-one (I) ,  the parent member of the series, had 
been found already to cyclise to bicyclo[5.3 .O]decatrienone (9) 
in 40-S0°/0 yield when exposed to copper(1) chloride in hot 
bromobenzene.4 We now find that (a) the transformation of 
(1) into (9) can be brought about essentially quantitatively in 
minutes by catalytic amounts of rhodium(I1) acetate in 
dichloromethane, (b) substituents on the benzene ring in (1) 
exert significant directive effects on the course of the reaction, 
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i. The diazoketones were obtained in high yield from the appropriate 
acyl chloride and diazomethane. 

and (c) the reaction provides the basis of a new efficient 
catalytic synthesis of 2-tetralones. 

Dropwise addition (ca. 20 min) of a dichloromethane 
solution of (1) to a solution of rhodium(r1) acetate [ca. I m g  
per 100 mg of (l)]  in dichloromethane under reflux produced 
trienone (9) (99%), which was chromatographically (t.1.c.) 
and spectroscopically (n.m.r.) homogeneous. While brief 
exposure of (9) to triethylamine caused the expected shift of 
one olefinic bond to afford the isomeric trienone (ll),4a an 
unexpected rearrangement to 2-tetralone (20) was discovered 
when (9) was left in prolonged contact with silica gel. The 
latter change could be brought about more efficiently by 
treating (9) with a drop of trifluoroacetic acid (TFA). This 
two-step synthesis of 2-tetralone was easily executed as a 
one-pot procedure by sequential treatment of diazoketone (1) 
with catalytic amounts of rhodium(r1) acetate and TFA 
whereupon (20) was obtained in 95% yield (87% after 
distillation). 
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Application of the catalytic sequence to a series of related 
diazoketones with substituents on the aromatic ring produced 
the following observations. The 4-methyl, 4-methoxy, and 
4-acetoxy derivatives, (2), (3), and (4), on exposure to 
rhodium(I1) acetate quantitatively furnished the respective 
trienones (13),4a (14), (Is),?$ which could be further trans- 
formed in situ into 7-methyl-2-tetralones (21) (84%), 
7-methoxy-2-tetralone6 (22) (88%), and 7-acetoxy-2-tetralone 
(23) (90%), respectively, on brief exposure to TFA. The 
2-methyl and 2-methoxy derivatives ( 5 )  and (6) exhibited 
contrasting behaviour. Whereas the former afforded trienone 
(10) (99%)§ and, following TFA treatment, 5-methyl-2- 
tetralone5 (24) (86%), indicating that cyclisation had occurred 
on the side of the benzene ring away from the substituent, the 
2-methoxy derivative (6) cyclised towards the substituent to 
produce trienone (16) (98%), which was transformed into the 
isomeric trienone (17) (70%) by triethylamine and into 
8-methoxy-2-tetralone7 (25) (84%) by TFA. The repulsive 
effect of an ortho-methyl group on the direction of cyclisation 
may be steric in origin, whereas an ortho-methoxy group, 
through co-ordination, may attract the putative complexed 
carbenoid intermediate. 

The directive effect of a rneta-methoxy substituent was 
rather more striking for the product isolated from diazoketone 
(7) and rhodium(I1) acetate was 6-methoxy-2-tetralone8 (26) 
(86%), and not the ring expanded trienone (18). This pattern 
was repeated in three other cases in which the diazoketone 
precursor possessed at least one alkoxy substituent rnetu to the 
reacting side chain. Thus, the 3,4-dimethoxy derivative (28) 
cyclised to afford an 80 : 20 mixture of tetralones (29)9 and (30) 
(96%), the 3,4-methylenedioxy derivative (31) similarly pro- 
duced tetralone (32)lO predominantly (97%), and the 3,4,5- 
trimet hoxy derivative (33) gave 6,7,8-trime thoxy-2- te tralone 
(34) in excellent yield (89%). However, the system reverted to 
the earlier pattern of producing ring expanded trienones when 
the rneta-substituent was acetoxy as in diazoketones (S), (35), 
and (36), which on exposure to rhodium(I1) acetate gave 
trienones (19), (37), and (38), respectively, in >90% yield; 

$ All new compounds gave satisfactory analytical and/or mass 
spectrometric data. Structures are supported by i.r. and ' H  and I3C 
n.m.r. spectra. 

§ This was confirmed by n.m.r. analysis of the corresponding 
conjugated trienone (12) produced by treatment of (10) with Et3N. 

addition of TFA completed the synthesis of tetralones (27) 
(77%), (39) (65%), and (40) (95%), from these trienones. 

The foregoing observations demonstrate the efficacy of 
rhodium(r1) catalysis in intramolecular Buchner procedures 
for the production of bicyclo[5.3.0]decane derivatives. Fur- 
thermore, the process can now be extended to include an 
efficient catalytic synthesis of 2-tetralones of value as synthetic 
intermediates. It seems reasonable to suppose that the 
cyclisation mechanism involves formation of an unstable 
norcaradienone intermediate whose fate is determined by 
substituent effects: in the absence of an electron donating 
group at the rneta-position electrocyclic ring opening produces 
the kinetically favoured trienones; a rneta-methoxy group, on 
the other hand, promotes the alternative bond breaking 
terminating in tetralones. Conversion of the kinetic trienones 
into tetralones by TFA implies the existence of an equilibrium 
between trienones and norcaradienones with acid-promoted 
leakage of the latter to tetralones. 
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