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The photochemIcal ring contractlon of&-benzoqulnone dtazldes IS a well known 

reactjon of conslderable synthetic value, leadlng to cyclopentadlene dertvatlves (the Sus 

reactton). The benzoqulnone dlazlde system may be substituted or even annelated with 

other aromatlc rings. However, very few examples are known where the benzoqul none d laz Ide 

ring forms part of another qulnone system, and In the anthraqulnone series the only 
I 

compound thus far examined (I) did not appear to undergo photochemlcal ring contractlon 

The failure of this reactjon was attributed to the high electrophlllc character of the 

IntermedIate carbene (II), best represented by the resonance structure (Ilb). The sole 

photochemlcal products obtalned from (I) arose by InsertIon of the carbene Into C-H bonds 
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Because of the potential synthetic value of the Sus reactlon for the conversion of 

9,10-anthraqu~none ortho - qulnone dlazldes to cyclopentadlene analogues of anthraqulnone, 

we have re-examined this reactlon and also lnvestlgated the photochemlcal behavlour of 

other posItIonal Isomers of (I). We wish to report that whereas (I) does not undergo 

photochem!cal rearrangement, the 1somerIc quanone dlazldes (Ill) and (IV) give h!gh yields 

of the ring contraction products (V) and (VI) when lrradlated In the presence of water and 

methanol respectively 
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(I I I) (V) R= H, (VI) R= Me (IV) 

683 



684 No. y 

1,2,9,10-Anthradlqulnone-1-dlazlde (lll)2 was prepared by dtazottsatlon of l-amlno- 

2-hydroxyanthraqulnone In aqueous acetonltrile, (I I I) underwent a rapld reactlon when 

exposed to u v or vlslble radlatlon (A < SOOnm) The product, Isolated In 63% yield, was 

shown to be the cyclopentadlene carboxyllc acid derlvatlve (V),3 and was converted to the 

methyl ester (VI) with dlazomethane The same ester was Isolated In 78% yield, m p 145-146’ 

(dec ) by lrradlatlon of (Ill) In methanol The mass spectrum of (VI) showed a strong 

molecular Ion peak at m/e 254, and the n m r spectrum (CDC13) showed aromat IC protons at 7 

1 9-2 5 (4H,m),cyclopentadlene protons atT 2 89 (lH, d, J 3Hz), methoxyl protons at T 6 04 

(3H. s), and a sharp hydroxyl slgnal z -5 49 The last IS lndlcatlve of strong Intra- 

molecular hydrogen bonding, as deplcted In (VI) P substituted derlvatlve of (V) has been 

prepared by a non-photochemIcal route, and showed a slmllar hydroxyl absorption at Y -6 4 
4 

The ester (VI) IS an acldlc compound, dlssolvlng readily In dilute alkali The anlon IS 

sufflclently nucleophlllc to undergo coupling with various dlazonlum tons Thus e-N02-, e-H-, 

e-Cl-, but not e-MeO-, benzenedlazontum chlorides gave red crystalllne azo dyes, which were 

shown to be direct coupling products by elemental analysis 

These dyes exhibIted an lnterestlng tautomerlc behavlour The spectroscopic propertles 

suggest that coupling occurs In the 3-posItIon of (VI), although coupling In the 2-posItIon 

cannot yet be excluded unequivocally If 3-coupling IS assumed, then since the dyes are 

deeply coloured, the arylazo residue must be ConJugated to the chromophore of (VI) This 

leads to the two possible tautomerlc structures (VII) and (VIII) The n m r spectrum 

showed no sharp hydroxyl absorption analogous to (VI), but did show a typlcally broad 

hydrazone N-H slgnal at low fteld (‘t -6 6 for X = Cl, In COC13), exchangeable with D20 The 

low field value agaIn suggests Intramolecular hydrogen bonding, as In (VIII) 

The I r spectrum of the sol Id dye (VII or VI I I, X = Cl), (KBr) showed two carbonyl 

bands at 1730 and 1710 cm 
-1 -1 , and a qulnone band at 1660 cm , suggesting a mixture of the 

saturated and unsaturated esters (VII) and (VII I) Dlfferentlal thermal analysts showed two 

sharp endotherms at ca 215’ and 226’, and rapld cooling and reheating gave only one endo- 

therm at 226’ The I r 
-1 

spectrum of the product showed a single peak at 1730 cm , presumably 
-1 

due to (VI I) The other pure tautomer, Ymax(KBr) 1710 cm , was obtalned by careful 

recrystal 1 Isatlon from 1 Igroin Both were InterconvertIble In solution Work IS In progress 

to conform the posItIon of coupling In (VI) 

(VI I) 
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lrradlatlon of (l)5 In methanol gave no trace of any compounds analogous to (VI) and 

2-hydroxyanthraqulnone was the only Isolable product from the very slow photochemlcal 

react Ion. Thus behavlour contrasted so markedly with (Ill) that the posItIona Isomer 

(IV) was also Investigated. Thts compound5 was prepared by dlazotlsatlon of I-chloro-2- 

amlnoanthraqulnone with nltrosylsulphurlc acid, followed by hydrolysis In botllng water. 

lrradlatlon of (IV) In methanol resulted In Its rapld conversion to the cyclopentadlene 

(VI) In 65% yield. 

The photochemlcal rearrangement of (Ill) and (IV) proceded equally efflclently with 

light sufflclent to excite the first absorption bands only ( r 400-500 nm) or wtth 

radlatlon of shorter wavelengths. Benzophenone retarded the latter reactlons, suggesting 

that trlplet sensltlsatlon had little effect, and that benzophenone was merely acting as an 

internal filter Thermolysls of (Ill) and (IV) In various solvents contalnlng water or 

methanol gave no trace of (V) or (VI), and It seems likely that the photochemlcal 

rearrangement proceeds from the ftrst exctted slnglet state of the qulnone dlazldes 

The generality of the rearrangement reactlon was demonstrated by the photochemIcal 

converslon of 1,2,5,6,9,10-anthratrlqulnone-1,5-bls-dlazlde (IX)6 to the s-lndacene 

derlvattve (X), a reactton lnvolvlng the contractlon of two stx-membered rings wtthln the 

same molecule 

(IX) (X) R= H 

(XI) R = C02Me 

The product (X) was Isolated as a deep purple solId In 12% yield, and Its propertles 

were In accord with the assigned structure.3 The n m.r. spectrum (CDC13) showed a highly 

symnetrlcal structure, with cyclopentadlene protons at ‘t 3.56 (2H,d, J 3.5Hz). 3 70 

(2H,d, J 3.5Hz), methoxyl protons at ‘P 6.15 (~H,s) and chelated hydroxyl protons at It 

-4.12 (2H,s) _ The electronic spectrum of (X) was very slmllar to that of the closely 

related s-lndacene dertvatlve (XI), prepared by a non-photochemlcal route.7 Photolysls 

of the bts-dlazlde for short Intervals gave no detectable traces of Intermediates contalnlng 

one cyclopentadlene ring. 

As the anthraqulnone qulnone dlazldes are readily accessible compounds, the described 

photochemtcal ring contraction reaction = appear to have synthetic value for the preparatton 



of lh-benzrf] rndene and s-rndacene derlvatrves. The anomalous behavtour of the carbene 

(II) cannot be Interpreted In terms of the domrnatrng resonance form (Ilb), srnce those 

factors that might favour (Ilb) (e.g. retention of the anthraqurnone II system) also 

apply to the carbenes derrved from (Ill) and (IV). In addrtlon, there IS no srgnlflcant 

varratron In the 1.r. drazo stretching frequencies (ca. 2150 cm-l) of the compounds - 

studred, lndrcatrng that there are no maJor ground state drfferences among these compounds 

The anthraqurnone ortho-qurnone dlazrde system appears to be unique In showing such a 

pronounced photochemlcal dependence on posItIonal Isomerism. Thus problem, and the 

thermolytrc reactlons of the drazrdes ~111 be the SubJect of another paper. 
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