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Derivatives of Isoindenone 
By J. M. HOLLAND and D. W. JONES* 

(Department of Organic Chemistry, The University, Leeds, LS2 9 JT) 

Szcmmary 1,3-Diphenylisoindenone has been generated 
as an unstable intermediate in three ways and its dimerisa- 
tion and cycloaddition reactions have been investigated. 

ISOIN~ENE and its derivatives have been implicated as 
intermediates in several reactions,1 and a stable derivative2 
and metal complex3 have been reported. The related 
isoindenones (I) offer attractive possibilities of mesomerism 
(11) and valence isomerism (111), and have potential in the 
synthssis of benzonorbornenone* and benzocyclobutadiene 
derivatives. The properties of 1,3-diphenylisoindenone 
(I; R = Ph) are of interest in connection with the recently 
reported 1 , 3-diphenylbenzo [GI thiophen 2,2-dio~ide.~ 

Dehydration of the acyloin (IV) in boiling acetic 
anhydrides?' in the presence of certain dienophiles leads to 
adducts of the intermediate 1,3-diphenylisoindenone (I ; 
R = Ph). Thus with N-phenylmaleimide as trap the 
adduct (V), m.p. 223-224", is obtained. The assigned 
endo-configuration of the adduct follows from its n.m.r. 
spectrum where, as a result of shielding by the imide 
r n ~ i e t y , ~ , ~  two aromatic protons (H,) appear a t  T 3.5-3.8. 
Although (V) could conceivably arise by more than one 
route its formation from singlet 1,3-diphenylisoindenone 
(I; R = Ph) is indicated by the stereospecific additions 
observed in trapping experiments with dimethyl maleate 
and dimethyl fumarate.? 

t Although n.m.r. experiments indicated that 0.8% of the cis-adduct could be detected easily, no trace of this compound was seen 
in crude reaction mixtures from dimethyl fumarate addition. 

admin
estimated standard deviations for the I n 4 1 and In-Pbonds are f0.005 A The three I n 4 1 bonds average2.383 ~i and none of the bonds deviates significantly fromthe mean value. The two In-P bond lengths also do notdiffer from the mean value of 2.712 A. The P-In-P angle "'R2-701 11FIGURS. The co-ordination about the indium atom in bistriphenyl-phosphinei7zdium(III) trichloride. The phenyl groups have beenomitted f o r the sake of clarity.is 173-0 & 0.1'. The three C1-In41 angles of 119.3, 116.8,and 123.8" (all f 0 ~ 2 ~ ) are significantly different although thevalues are not far from the idealized value of 120.0". Themolecule can therefore be viewed as a slightly distortedtrigonal bipyramid.The average In-Cl distance of 2.383 A is midway betweenthe value of 2.415 3: 0.012 A found in InC1,2- and the valueof 2.33 A found in InCl,-.ZJ The I n 4 1 distance of 2-29 Awas calculated from the In-C distance reported by Ammaand Rundle for InMe,.4 Consequently, the In-C1 bond in(Ph,P) ,InCl, is approximately a single bond. However,the In-P distance of 2.712 A is much longer than the I n 4distance. A comparison of M-Cl and M-P distances inRuC12(PPh3), (difference of 0.00 and in HPtCl(PPh,Et),(difference of 0-17 A)6 suggests that the difference is not dueentirely to the difference in the C1 verszds the P single bondradius. The difference in P-C versus C1-C bonds of 0.11 Asupports this view. Therefore, the In-P bond is approxi-mately 0.2 A longer than might be expected for an In-Psingle bond.The only other known example where a similar effect hasbeen observed is in tris (phenyldiethylphosphine) nonachloro-rhenium(m), where the Re41 distances are 2.314 and2.383 A versus 2.700 A for the Re-P bond length.' Therationale for the long distance was steric pressure operatingon a relatively weak bond. Since the distances in RuC1,-(PPh,Et), and HPtCl(PPh,Et), are normal, the stericarguments are not entirely valid. Furthermore, a weakbond is expected to be longer than normal. Hence, thequestion of whether the distances are longer because thebonds are weak or because of steric pressures on weakbonds is unanswerable.(Received, April 16th, 1969; Corn. 522.)A. J. Carty and D. G. Tuck, J . Chem. Soc. ( A ) , 1966, 1081.J. Trotter, F. W. B. Einstein, and D. G. Tuck, personal communication quoted in ref. 2.2 D. S. Brown, F. W. B. Einstein, and D. G. Tuck, Inorg. Chem., 1969,8, 14.4 E. L. Amma and R. E. Rundle, J . Amer. Chem. SOC., 1958, 80, 4141.6 S. J. LaPlaca and J. A. Ibers, Inorg. Chem., 1965, 4, 778.6 R. Eisenberg and J. A. Ibers, Inorg. Chem., 1966, 4, 773.7 F. A. Cotton and J. T. Mague, Inorg. Chem., 1964,3, 1094.
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When the acyloin (IV) is dehydrated in the absence of 
dienophiles, the dimer (VI) of 1,3-diphenylisoindenone is 
formed. Its mass spectrum shows M - CO and M - 2CO 
fragments as well as a pronounced M / 2  peak. Thermal 
dissociation of (VI) provides a most convenient source of 
1,3-diphenylisoindenone. Thus reaction of (VI) with 
dimethyl acetylenedicarboxylate in boiling xylene gives 
2,3-bismethoxycarbonyl-l,4-diphenylnaphthalene in 85% 
yield. Under the same conditions, reaction of (VI) with 
N-phenylmaleimide gives the adduct (V) in 75% yield. 

Chemical evidence for the structure (VI) was obtained by 
controlled photochemical decarbonylation to the ketone 
(VII), m.p. 269-270'. In  deuteriochloroform the phenyl 
protons resonate at T 24-2.8 and the phenylene protons at 
3*0---3-4, indicating the syn-configuration for (VII) . On 
brief heating at  its m.p. (VII) is converted into the cyclo- 
octatetraene (VIII), m.p. 236236". Oxidation of (VIII) 
with chromium trioxide in acetic acid gives o-dibenzoyl- 
benzene in quantitative yield. The dimer (VI) probably 
has the anti-configuration as the aromatic protons appear 
as one signal a t  T 2-7. 

The dimer (VI) is formed a t  room temperature by 
reduction of the dibromide (IX; R = Ph) with either 
sodium amalgam or copper powder. In  neither of these 
experiments was the intermediate 1,3-diphenylisoindenone 
detected by the appearance of colour. 

The easy dimerisation of 1,3-diphenylisoindenone and 
related o-quinonoid C O ~ ~ O U ~ ~ S * ~ ~  is surprising for both 4n- 
electron components must be used suprafacially.1O To test 
the role of structure (11), a %-electron system,u in the 
dimerisation of (I ; R = Ph) , 1,3-diphenylisoindenone was 
generated by iodide reduction of the dibromide (IX; 
R = Ph) and trapped with cyclopentadiene. In  addition 
to dimer (VI) only the exo- and endo-adducts: corresponding 
to structure (X; R = Ph) were obtained. 2,5-Dimethyl- 
3,4-diphenylcyclopentadienone reacted only as dienophile 
with 1,3-diphenylisoindenone generated by acetic anhydride 
dehydration of the acyloin (IV). The adduct (58% yield) 
had m.p. 230-232'. When generated by iodide reduction 
(I; R = Ph) fails to react with 1,3-diphenylisobenzofuran. 
Thus dimerisation is the only easy (4 + 4) cycloaddition of 
1,3-diphenylisoindenone, 

1,3-Dibromoisoindenone (I;  R = Br) may be generated 
by iodide reduction of the tetrabromide (IX; R = Br) and 
trapped as the adduct (X; R = Br) with cyclopentadiene. 

Iodide reduction of the dibromide (IX; R = H) in the 
presence of cyclopentadiene gives a poor yield of the iso- 
indenone adduct (X; R = H). The main product of this 
reaction is the adduct (X; R = I, R = H) derived from 
l-iodoisoindenone. 
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All new compounds have been characterised by analysis 
or mass spectroscopic accurate mass measurement, and 
have appropriate ix., u.v., n.m.r., and mass spectra. 

We thank S.R.C. for a research studentship to J.M.H. 

(Received, February 20th, 1969; Corn. 290.) 

$ The n.m.r. spectra of the adducts are closely similar to  the spectra of the corresponding adducts obtained from 1,3-diphenyliso- 
benzofuran and cyclopentadiene. 
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