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Absimd-Irradiation of a benzene soh~tion of 6-methoxybeaxofuran-2,3-dioue containing excess 
styrene or gcthoxystyrene gives a yellow crystalline product which has been identitled as 6- 
methoxyiwoauroue by compsriaon with au authentic sampk. 

Considerable interest has recently been aroused by 
the generation of the keto-ketene (la) by irradia- 
tion of variousI~recursors, including benxofuran- 
2,3-dione (28). The keto-ketene has been ob- 
served spectroscopically and has also been trapped 
by nucleophilic reagents. Of particular interest is 
the generation of the keto-ketene from flavanone 
(3)s since a similar fragmentation process is of 

major im~rtance in the mass spectra of 
flavonoids. We have investigated the possibility of 
generating the OMe-substituted keto-ketene (lb), 
by irradiation of 6-methoxybenxofuran-2,3-dione 
(2b), in the hope of trapping it by cycloaddition to 
various alkenes and alkynes. Such a reaction would 
afford a new general route to benxopyrone deriva- 
tives. 

la, R=H 2m, R=H 3 
b. R=OMe b, R=OMe 

Kametani has recently reported a “retro mass 
spectral synthesis” of several quinaxolones which 
may involve cycloaddition to the iminoketene (4, 
R = H or Me),8 and De Mayo has generated the 
same iminoketene by flash themolysis of some an- 
thranilic acid derivatives.’ 

6-Methoxyhenxofuran-2,3-dione (2b) was pre- 
pared by acylation of 1,3+limethoxybenxene by 
ethyl oxalylchloride, followed by hydrolysis of the 
ester, and lactonisation of the glyoxylic acid so 
formed (Scheme 1). Irradiation of a benzene solu- 
tion of 2b containing excess phenol using either a 
125 W or a 500 W medium pressure mercury lamp 
gave phenyl2-hydroxy4methoxybenxoate (5) as a 
major product. This could have been formed by 
nucleophilic addition to the keto-ketene (lb). 
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Irradiation of a benzene solution of 2b contain- 
ing excess &ethoxystyrene for 3 hrs gave a com- 
plex mixture of products from which a yellow crys- 
talline compound (A) was isolated in 20% yield. 
Repeating the same reaction for 30 mins gave a 
lower yield of A, while repeating the reaction for 
6 mins resulted in loss of the initial yellow colour of 
the dione but gave only a very low yield of A. To 
our surprise, A was also obtained in 7% yield when 
styrene was used in place of the Bcthoxystyrene. 
From the latter reaction a white aysmlhne product 
(B) of unknown structure was also isolated in 5% 
yield. 

The compound A, m.p. 113.5-S’, gave a molecu- 
lar ion at m/c 252.0786 (&H&,) and alao gave 
fragment ions at m/c 237 and 209, correqnding 

2539 



14 R-MC 
Is R-Ac 

to loss of Me and CO from the molecular ion. 
However the mass specbum showed no peak at m/c 
150, corresponding to 6, which would be expected 
to be a major fragment if A were a benxopyrone 
derivative.’ Thus A has a molecular weight 46 
(G&O) less than would be expected for an adduct 
of lb with @ethoxystyrene, and 2 (HJ less than 
would be expected for an adduct of lb with 
styrene. 

Compound A had an IR CO stretching frequency 
of 1770 cm-‘, which showed that it could not be 
the flavone (7)” or isoflavone (8)11 (Table 1). The 
IR specuum also excluded the 3- and 4- 
phenylcoumarins (912 and lO),l' and the 6- 
methoxyaurone (ll)," authentic samples of which 
were available for comparison. The possibility of 
the compound being a 3- or 4-phenylisocoumarin 
was ruled out by comparison of the fR spectra 
(Table 1) and “C MU spectra (see below) with 
those of model compounds (12-M). The 3- 
arylisocoumarins (l2- and 13)16 were prepared by 
standard methods from homophthallic acid. The 
Cphenylisocoumarins (14 and 15) were prepared 
by a modification of the method descrii by US- 
gaonkar and Desai” for the preparation of 4- 
methylisocoumarins (Scheme 2). 

The ‘H NMR specuum of A indicated the pres- 
ence of a OMe group and also nine aromatic or 
olethric protons. Spin decoupling experiments 
suggested that one aromatic ring was hisubstituted, 

as in the parent benxofurandione (2h), whilst the 
other aromatic ring (derived from the styrene) was 
probably monosubstituted. 

The compound A was inert to queous acid but 
soluble in alcoholic or aqueous base, which 
suggested the presence of an ester group. However 
treatment with aqueous base followed by methyla- 
tion with diaxomethane gave a complex mtxture 
from which no pure products could be isolated. 
Shnilarly reduction with LA?I gave a mixture of 
products. 

Finally, 6-methoxyisoaurone (16) was considered 
as a possible structure for A. An authentic sample 
of the isoaurone was prepared by condensing 2- 
hydroxy4methoxyphenylacetic acid (17) with ben- 
xaldehyde followed by lactonisation.‘* The required 

Table 1. Comparison of m.p.. fR and W data 

Compound m.p. vc-0 

: 
110-111” 1658 251,306 

156’ 1665 249,297 

1: 
125.5-70 1713 240,340 
111-113° 1736 233,327 

11 1470 1694 230,282,337 

ii 
90-91* 1720 233.2%. 310,337 

169-171e 1727 228,297,320,350 
14 123-4’ 1714 233,285,350 
15 165-1670 1737 229,270,330 

unknown (A) 114-115” 1770 216,239,260,370 



phenylacetic acid (17) could be prepared either by 
wolfsKishner lwduction’9 of the aXTesponding 
glyoxylic acid, or by oxidative rearrangement of 2- 
benxyloxy4methoxyacetophenone using thalhum 
(III) nitrate=’ (Scheme 3). The IR and NMR spectra 
ofthe isoaurone (16)weresupcrimposabkonthosc 
of the unknown A and its identity was conllnned by 
mixed mp determination. 

Comparison of the “C NMR spectra of the vari- 
ous compounds involved in this study was also 
useful in arriving at the correct structure for A. Full 
details of the "C spectra are published elrewhere.21 
However one aspect of the spectra which was par- 
ticularly useful was the observation that the chemi- 
cal shifts of the central three C atom8 are very 
characteristic of the type of compound present 
clrabk 2). ‘Ihus the CO carbon comes at 160 ppm 
in the coumarins and isocoumarins, 175-7ppm in 
the flavone and isoflavone, 183 ppm in the aurone, 
and 170ppm in the isoaurone. 

rearrangement of an i&ally formed adduct of the 
keto-ketene (lb). However it seems more likely 
that it arises by cycloaddition of the styrene onto 
the 3-CO group of the benxofurandione to give an 
oxetane (18, R = H or OEt) which then undergoes 

It is possible that the formation of the isoaurone 
(16) in the photochemical reactions of 2b with 
styrene and &etltoxys@rene could involve the 

elimination of cH;O or HCaEt to give the 
isoaurone (Scheme4). In support of this scheme, 
Friedrkksen has recently shown that photolysis of 
4,6-dimethylbenxofuran-2,3-dione in the presence 

‘multipli&y in off-resonance spccua abc indicated; 
chemical shifts given as p.p.m. downfkld of TMS. 

Table 2. “C NMR shifts of central three carbon unit. 

Flavone 

of various alkenes gives spirooxetanes similar to 

7 

18.= 

162.6 s 107.2 d 177.4 s 

(C-2) (C-3) 
IaQflavone 8 125.1s 152.4 d %F! 

I 

(C-3) (C-2) 
9 124.7s 139.8 d !l%$! 

CoumariM (C-3) (C-4) 
10 155.8s 111.7d !i%! 

(C-4) (C-3) 
AUKME 11 147.7s 111.6d !%z 

(G2) 
I.2 153.4s !x !I%?! 

(C-3) 
Isocoumarilu 13 150.6 s 

W% ‘go! 
99.0 d 

(G3) (C-4) 
15 118.7s 140.3 d !% 

(C-4) (C-3) 
Iaoanrone 16 122.3s 137.8 d !% 

(C-3) (==CW (=h 

IR ad W spectra were recorded IIS@ Perkbdbner 
257 and 402 qxctropbotometen mqech@. Mur 
Ipcchr wem obtahcd uainf an AEl MS9 double- 
foalming BpcctmWter, and H and “C NMR qexm 
were obtained using Varh HA-100 and XL-100 i&m- 
merits, the latter beia# ampled to a 62OLlOO a~mp~ter. 
Bcnzcnc, used aa lWknt ill the pboto&a&al experi- 
mellt&w8adricdbycfiuhth fmQl#odimnorLAEL 
MauinckrodtstMdard~~~wrrIwdfor 
uhmn duomatopap&y. 

2-HYdmq+ utharlrpkcnYW=Y~ odd Powdered 
AK& (27g) wu rddad at 0” to a mixture of 1,3- 
dimethoqben7ane (13.8g) and ethyloxaly1 chloride 
(13.6g) in 1,2- than0 (150 ml). Ibs mixture was 
mhxodforlhr,cuoled,utdponmdhtoacidihdia- 
w8tM.lIIcoqMicla~rwu8epamted$drkd,andcvapo. 
rcltOdllh?rsdocadprernne.TbeIUddliCWU-Cd 
~itb 8% NaOH (SO&) for 3Omia, cooled, &ditkd and 
axWctedwith~Q.TheorgaldcextnctwMdrkd, 
evqmm~oadsrrahlad lKcmlm.andtbtrlskh.m- 
fxydlkd from water to give- the glyxylic &I 
o.O& 36%). m.p. 121’ (lit.= 12&2q. 
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6-M&oxybenwfunau-2,3-dknre @b). The above glyox- 
ylicdd(0.30)in~0(1ml)anr~~under~for 
5 min. The sofn was conccntmtcd and cooled to (P when 
yellow crystab separated and were v from 
bcnxene-petroleum ether to &ve the hcnxofurandione 
(0.2g, 73%), m.p. 135’ (lit. 135-6’). vc 1810, 
1730 cm-‘. The bcnxofurandione could also be prepared 
by rctbuing the glyoxylic acid (0.4 g, in benxcae (is ml) 
with P-0. (3.2 a). The hot soln was filtered, concentrated 
under -r&d pressure, and the b&xofurandio~ 
(0.15 g, 55%) precipiitcd by addition of petroleum ether. 

Pkachemicaf nracrfons of 6-mcthoxyhenx&uu-2,3- 

;$q* phenof. 6-Mcthoxybcnxofuran-2&dione (O.lg) 
and phenol (0.153 were dissolved in b~nxene (108 ml) 
and, with Ns continuously passing through, the soln was 
hradiated with a 125 W medium pressure lamp for 24 hr. 
The solvent was evaporated under reduced pressure and 
the residue chron~atographcd~ on silica to yield 5 
(0.05 g, 36%), m-p. 52-V, identical with an authentic 
sample. ‘I& same product was also formed when the 
reactants were irradiated with a 500 W lamp for 2 hr. 
(b) Wflh @?thaxyrtyrM a-Mcthoxybenx.ofuran-22- 
dionc (89 mg) and flcthoxystyrene’” (148 me) were dis- 
solved in benzene (38Oml) and, with Nx continuously 
passing through, the soln was hradiatcd with a SOOW 
medium pressure lamp for 3hr. The solvent was evapo- 
rated under reduced premure and the residue subjected to 
chromatography on silicic acid elnting inithdly with 
CM&Is petroleum ether (1: 2). The 8rst fraction was 
found to contain phenyl acetaJdehyde, produced by hyd- 
rolysis of 8athoxystyrcne. The second fraction atfowkd 
the 6-methoxyhtoaurone (compound A) as yellow crystals 
(25 mg, 20%). m.p. 113.5-115”. v= 1770 an-l AmoH 
216(3.81), 239(3.79), 26q3.82) and 370(3.85)?kt. 
T(CDC&) 2.3-2.7m (7H). 3.35d (ZH, J-2). 3.4-3.6dd 
(1H. J=2 and 8). 6.23s (3H). (Pound: C, 75.71%; H, 
4.92%. C.3I.,O, rcouireaz C. 76.18%: H. 4.79%) 
MY52.078;. -C;,H&, requires 252.0786). m/i 
252(100), 237(6), 21qlO). 209(55), 152(17). Aawrate 
mass measurements: m/c 237.0552 (CQLxOs), 209.0603 
(C,,HQOs). other fra&ms from the cohnnn were shown 
bytktobccompfexmixtmwtofpmducts,butthe8naJ 
fraction, elutcd with ethyl aatate, gave 2-hydroxy4 
methoxvbuuoic acid (lOm& 12%). identical with an 
authentk sample. 
(c) wah stvnnc. 6-M&hoxvbenxofuran-Z3dione (1 n) 
and styrene -(ll ml) were dikvcd in banxene (389 ndj 
and the soln irradiated with a SOOW medium prcssura 
mercury lamp for 75 min. The sotvent was evaporated 
under reduced pressure and the residue chromatographed 
on silicic acid. This atforded three products, the 8rst being 
compound A (103 mg, 7%). m.p. 114-F. identical to the 
product of reaction (b). The other two products were 
obtained from later fractfons and were separated by 
treatment with NaHCOsaq. They were 2-hydroxy4 
methoxybenxoic acid (150 mg, 16%) and a white, crystag- 
ine, biaubonate-insoluble, product (compo~J B) 
(8Omg 5%). m.p. 1824’. which was 0 from 
tolucnc-petroleum ether. V~ 3260 and 1723cm-‘. 
AZ 221,268 and 330 (sh) run. Ap+-Ofl 230 and 
272 nm. A=+- 217,271 and 330 (sh) run. T(CDC&) 
1.7br (lH,D,Oexch.), 2.98d (lH,J-9). 3.46d (lH, Jw 
2). 3.57dd (1H. J-2 and 9), 2.71s (SH), 4.81s (w), 
6.26s (3H). m/e 282(100), 281(13), 251(S), 238(7), 
237f28). 225f22). 205(S). 197(22). 177(17). 165(18). 
i6$14j; 152(i2j,- lsl(iij, 149(12j, los(l2). 104(11). 
(Pound M+ 282.0891. C&,0, rcqufres: 2820891). 
Accurate mass measurements: m/c 251.0708 (CmHH,,Os), 
237.0915 (C&HUOs), 225.0916 (CrsH1,02), 197.0965 
(&HrsD), 177.0552 (C,&q). 149.0603 (C$f&~, 

105.0340 (GIisO). 13C NMB (CD&+ 1 drop DM80). 
55.10 (q), 70.58 (t), 102.13 (d), 105.62 (d), 110.24 (I), 
123.21 (s), 126.92 (d), 128.47(d), 130.20 (d), 131.14 (I). 
131.14 (d), 156.07 (s), 161.07 (s), 174.21 (s). 
3-Pheu~f&ocoumnrfn (l2). A mixture of homonhthaUic 
anhydride (6s). bcnx&~ (80 ml) and powdered AICI, 
(7 g) was nguxcd for 3 hr. The soln was then cooled and 
poured into acidified ice-water. The organic layer was 
separated and extra&d with NaHC03aq. ‘DIC bicarbo- 
nate extract was acidi5ad and the white ppt 8ltcrcd off 
and dried to yield 2-carboxy~xybenxoin (5.gg). ‘fhe 
deoxybanx.oin (2g) was dissolved in 85% H.$O, (2Oml) 
and left to stand for 3 hr. The soln was then poured into 
ice-water, when a white ppt was obtained which was 
washed repeatedly with NaHC03aq and dried to give 
3-phenylisocoumarin (0.6g), m.p. 9&l” (Lit.“‘90”). 
u,,,172Ocm-‘. A= 233, 2%, 310 and 337nm. 

mixed with polyphosphotic acid (100 s) and the mixture 
heated on a water-bath at loo” with stirring for 10 min. 
The brown soln was then poured into cold water and the 
solid which separated filtcrcd off and recrystallkcd from 
gJacialArOHtoykldl3asawhitccrystallincsolid(7.0g) 
m.p. 169-17F (J&l6 1719. Y 1727 an-‘. A- 228, 
297, 320 and 350 run. x(Dh&q 1.8-3.4 m (83 6.11 s 
(3H), 6.19 s (3H). 
5,7-DfmeMxy4pheny~ (14). 3.5~Dimeth- 
oxybenxoic acid (9.18) was dissolved in water (75 ml) and 
the pH adjusted to 6.5 by addition of 5% NaOHaq. 
Phenacyl bromide (10 9) in EtOH (75 ml) was added and 
the mixture reflrucd for 1 hr. The soln was then cooled 
and filtered, the ppt washed with BtOH and rccrystahfsed 
fromEtOH,toyieIdwhkmyst&(l2.7g)ofthepba1acyl 
ester. This ester (la) was dissolved in 85% Hs80b (14 ml) 
and left at room temp for 2 hr. The sofn was then poured 
into ice-water to give the 4-phenyl-fsocoumarin as white 

123-4” (Pound: C, 72.78%; 
~%!O~I~I,~~rcquires: C, 72.33%; H, 5.00%) 
T 
4 

- 2.57 d (lH, J=2), 2.72m (5H), 3.05 s (1H) 
3 Od (lH,J=2). 6.12s (3H), 660s (3H). vc,o 
1714cm-‘. AZ 233,285 and 35Onm. 

- - 

5.7-Dkeroxv4nhenv8.tocouma&t (1gL 3.5~Dihvdroxy- 
bkxoic acid. (7.7 g) &d pbenacyl &c&i& (10 g) w&e 
dissolved in EtOH (12OmJ). Triethylamine (7 ml) was 
added and the mixture left stirring at room tcmp for 
24hr. The mixture was then flltcred, washed with 
NaHC03aq,drkd,andthesolvent~uodcrre- 
duced pressure to give a crystalline solid (5 g). This pro- 
duct (2 g) was dissolved in 85% H$O, (40 ml) at V and 
kftatroomtcmpfor24hr.Thcsofnwasth8n~ 
onto ia and the ppt filtered off and recrystahiscd from 
EtOH water to give S.7-dihydroxy4phar~ 
(0.2 9). Acctyfation with AGO and pyrklim gave l!t m.p. 
166-P. v,, 1737~11~‘. AZ 229, 270 and 330am. 
(Pound; C, 67.00; H, 3.72%. t&&O6 rcquircw C, 
67.45; H, 4.17.) T( ,1.93 d (lH, J = 2). 2.5-2.8 m 
;SI& 2.81 d (lH, J=a.98 a (lH), 7.72 s (3H), 8.70s 

6-v (la). 2-Hy&oxy4methoxyphenyl- 
alvoxvlic acid (2x) was dissolved in EtOH (2Oml) and 
&I&ne bydraG (3g, 95%) added. This soht was then 
added to a soJn of Na (3s) in BtOH (3Oml) and the 
mixture heated slowly under N, on an oil-bath until the 
bath temp reached 200” at which temp it was maintained 
for 15min. The mixture was then cooled, dissolved in 
50% HQ (6Oml). and extrs&cd with ether. ‘DUE ether 
layer was dried and evaporated under reduced prassurc to 
yield a tan solid (1.3 a). This solid (1 g). bcnxaldehyde 
(O.SSg), 60 (28)). amf tkthylaminc (0.58) = 
heated together for 1 hr at g(P. This mixture was poured 
into ice-water, and the ppt 8ltered off and subjected to 
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