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SUMMARY 

The condensation of hydroquinone and 2,5-substituted hydroquinones with man- 

delic acids, or of 1,4-benzoquinone and 2,5-substituted 1,4-benzoquinones with 

rnandehc acrds or arylacetic acuis grves 3,7-diaryl-2,6-droxo-2,6- 

dlhydrobenzo[1,2-b : 4,5-b’jdifiran derivatives. Analogous beizzodipyrrolidones 

have been obtained from 1,4-phenylenediamine and N.N’-dimethyl- 1,4- 

phenylenediamine. Both series are rlovel chromogens and have applicanon as 

dyesruffs. The red compound obtained from 1,4-benzoquinone and cyanoacetic 
acid &d reported to be a Iin-pentacenerriquinone has been shown to 

bls(4-hydroxyplzenyl)Z,d-droxo-2,6-dihydroberlzolIl.2-b : 4,5-b’]difuran. 

be 3,7- 

1. DISCUSSION 

The reaction of active methylene compounds with quinones has attracted 
attention over many years.’ In its simplest form the reaction with 1,4- 
benzoquinone involves successwe Michael additions and oxidations to give 2,5- 
dlsubstituted- I,4-benzoquinones but, depending upon the nature of the 
methylene activatmg groups, cyclisatlon reactions can occur. Thus benzo- 
qumone reacts’ with ethyl cyanoacetate under basic conditions to give the 
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benzodtfuran (1). Although baszc catalysis is normal for Michael addition 
reactzons, zmc chloride has been used to catalyse the reaction of 1,4- 
benzoquinone with ethyl acetoacetate when both the mono and dibenzfurans 
(3) and (3) are obtazned.3-6 

(3) 

Junek has reported’-’ that the reactton of benzoquinone wzth cyanoacetic 
acid without added catalyst gives the red lztz-pentacenequinone (4) in very low 
yzeld The structure asszgnment depended largely on the zinc dust dzstzllation of 
(4) which gave a compound regarded as bezng octahydropentacene although a 
dtrect comparison with authentic matenalz” was not made; however, the U.V. 
absorptzon spectra of the zmc dust d:stillation product showed some similarity 
to that of 6.13-dthydropentacene ” The observatzon that (4) formed diacyi 
derzvattves (5b) was explained on the basis that (4) can exist as the enol (5a) 
Surprtsingly (4) dzd not react0 wzth ezther cyanoacetzc acid or malononttrile by 

(5n) R= H 

(Sb) R = acyl 

expected Michael addzt:on even under basic conditions, instead (4) and 
cyanoacetzc acid on heating gave a diester with proposed structure (5b) 
R= COCH,CN. This mdzcated to us that the benzoquinone/cyanoacetic acid 
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product was not a 1,4-quinone and consequently structures (4) and (5a) were 
untenabie. 

In our studies of this product, mass spectrography (ms) confirmed the 
empirical formula as &H,,QB. The infrared (i-r.) spectrum showed strong 
bands at 1725 cm-’ typical of an unsaturated lactone carbonyl. and at 
3385 cm-’ typtcal of a hydroxyl group together with a weaker band at 
3080 cm-’ asstgned to -CH=CH--. The ready solubility of the product in 
alkali was consistent with a phenolic _qoup bemg present and the colour 
degradatton noted on prolonged standing in alkahne solution suggested this 
was associated wtth opening of an unsaturated lactone ring. The ‘H nuclear 
magnetic resonance (n.m.r.) spectrum showed a smglet at 6 7.2 (2H, -CH=) 
and paired doublets at 6 6-95 and 7-78 (SH. aromatic). The 13C n.m.r. spec- 
trum notably had a resonance at 167.3 ppm consistent wrth an unsaturated 
lactone carbonyl, smce from the data in Table 1 the unsaturated lactone 
correspondrng to (6) would be expected to have a carbonyl resonance at 
167-6 ppm (174-l - 6-5). Qumone carbonyls typically show resonances in the 
range 183-187 ppm (Table 1). The total data IS consistent with the 
benzoquinone/cyanoacetic acid product being 3,7-bis(4-hydroxypheny1)2,6- 
dioxo-2.6-dihydrobenzo-[1,2-b: 4,5b’]difuran (7a) (Scheme 1). 

The same compound (7a) was also obtained by independent synthesis from 
hydroquinone and 4-hydroxymandehc acid, the intermedtate dihydro com- 
pound (8a) being very readtly oxidised to (7a) and not rsolated. Acetylation of 
(7a) gave the orange coloured diacetyl derivative (7b) whrch on reductton gave 
a colourless drhydro derivative (Sb) and not the tetrahydro derivattve of (5b), 
where R = acetyl, as claimed by Junek.7 The dthydro compound (8b) was very 
readrly reoxidised even in air to (7b). 

TABLE 1 
’ 3C N M R RESONANLZS FOR CARESONTL GROUPS 

Compound ppm Reference 

(74 167 3 
methyl acrylate 164-5 
methyl acetate 171 0 A6 5 12 

butyrolactone 178-O 12 

13 

1.4-benzoqulnone 
1.4-naphthaqulnone 
anthraqumone 

187 14 
IS4 7 15 
lS3-2 15 
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0 

0 1 1 + CNCH,COOH 

0 

- 

(7) a, R=OH 
b. R = OCOCH, 

I 

OH 

GOH - p-gy 
(S) cl, R = OH 

Scheme 1 
b, R = OCOCH, 

The for-matron of (7a) from benzoquinone and cyanoacetrc acid is remarka- 
ble_ If the primary reactron is successive Michael additrons and oxrdatrons to 
grve (9) then the nelt steps must mvolve 1.2-additron of the C_ and C, -CH= 
groups to benzoqumone wrth subsequent elimmatrons of the elements of 
HO-CN. reduction and lactonisation (Scheme 2). 

A preferred mechanrsm (Scheme 3) involves a Perkrn type condensation 
between benzoquinone and cyanoacetic acid and reactron of the derived (Y- 
cyano--Lhydroxyphenylacetrc acrd (10) with benzoqumone by two successrve 
Mrchael addrtrons to grve the intermediate 2.5-disubstrtuted hydroquinone (11) 
whtch undergoes lactonisation and loss of hydrogen cyanrde to grve the final 
product. In support, we find hydrogen cyanrde IS evolved in thts reaction 
although &ly to a small extent. 

The benzodlfuranone (7a) shows some relatronship to the fungal pigment 
lylerythrin ( 12)16 which has been synthesised” by the Perkin type condensa- 
tron of 2.5-dihydroxy-3,6-diphenyl- 1.4-benzoquinone wtth 4-hydroxyphenyl- 
acetrc acrd (Scheme 4) The application of thus approach to the synthesis of (7a) 

by the reactron of 25dihydroxy- 1,4-benzoquinone wrth 4-hydroxy- 
phenylacetrc acid failed, the reaction mrxture was complex, by thin layer 
chromatography (t Ix.) (7a) was absent but the presence of an orange coloured 
component suggested that only one unsaturated lactone ring had been formed 
as m (12). 
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0 
CH<N 

-I- CH2--CN - - 

0 CN-YH 0 
COOH 

(9) 

COOH 

Scheme 2 

HOOC 
0 

0 

,C/CN HOOyH,CN 

1 1 +CNCH,COOH - 

0 OH 

(11) 

Scheme 3 
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OH 
COOH 

+ kH2eOH 2::: 

OH 

, PhhOH 

OH 
(12) 

Scheme 4 

Our synthesis of (7a) IS of general applicability and has been applied to the 
synthesis of benzodrfuranones (7) wrth substituents m the 4 and 8 positions and 
in the pendant at-y1 rings by the reactron of hychoquinones optronally substi- 
tuted in the 2.5-positrons with optionally substituted mandelic acids. 1.4 
Benzoquinones can be substituted for the quinol in this reaction and in these 
cases an Intermediate ovidatton step IS not required. In a further variant, 
chloranil was reacted wtth an arylacettc acid or mandehc acrd. These synthetic 
routes (Scheme 5) grve only modest ytelds (up to 35%) of benzodifuranones 
and the underlymg reasons are being studred: one factor is the reported 
thermal instabilrty of mandelic acid(s) Is 

The reaction of 2.S-drchlorohydroquinone wrth mandelrc acid gave (7e) 
together with stgnificant amounts of (7~) and (7) where X= Cl and H. The 
reactron of hydroqurnone with mandelic acid has been reportedlg prevrously to 
give the dranthracene denvatrve (13) but from the meltrng point. colour and 
analytical data grven rt is clearly the benzodrfuranone (7~). 

(13) 

The ‘H n m-r. spectra at ambient temperature of the leuco compounds (Sa), 
(Se) and (Sf) each showed two smglet resonances corresponding to the C, and 
C, protons suggestmg the presence of syrr and anti forms At hrgher tempera- 
tures these resonances merged. probably due to raprd interconversion occur- 
rtng vta the enol forms. 

The benzodtfuranones are highly coloured and have apphcation as dyestuffs 
particularly for synthetrc fibres.‘O A detarled study of the effect on colour of 
substrtutents in the aryl rungs and in the 4 and S positions IS in hand and mill be 
reported later. Table 2 records some representative examples. Electron donat- 
rng substrtutents m the aryl groups effect large bathochromic shifts whereas the 
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OH 
x HOOC 

&-I / \-,- -c / - 
HO 

R/R 
X R 

(8) a H GH 
LH OCOCH, 
eCl I-z 
f Cl OCH, 

o+ 

0 
X a I I + 

X 
0 

~H_~R_R~ 
(7)a E 

,/-/ 

bH OCOCH, 
c H H 
d CH, H 
e Cl H 
f Cl OCH, 

0 
Cl c’ HOOC 

Cl XX 

I I + 

Cl 
0 

R,,kHSJ--R 

R’=H,OH 

Scheme 5 

electron donating methyl substituent in the 4 and 8 positrons gives a hypso- 
chromic shift and reduction in the extinction coefficient consistent with in- 
creased steric Gram. The electron withdrawing chloro substituent in the 4 and 
8 positions effects a bathochromic shtft with only a small reduction in extinc- 
tion coefficient. 

Synthesis of the related benzodipyrrolidones was based on 1,4- 

phenylenediamine (14) (Scheme 6). Thus (14) reacted with mandelic acid gave 
the dmmide (15) which was cyclised in sulphuric actd to the dipyrrole (15). The 



TABLE 2 
VlSlBLE SPECTRA OF BENZODIFURANONES 

R& 

(7) 

(7) x R #i Ins.% E- Solwnr 

H H 
CH H 

Cl3 
Cl 

OCOCH, OH 
H H 

475 523 38600 39200 DImethyl Acetone foanamlde 
42s 366 37 51000 300 Toluene Chloroform 

457 16 000 Chloroform 
536 42 300 Chloroform 

(19) 

;1 R=CH,CO 
b. R = (CH,)ZCHCO 

Scheme 6 
(181 
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TABLE 3 
VISIBLE SPECIRA OF B-D IPYRROLrDONEs 

Compound 

(17) 
(1% 
(1% 
(19b) 

R h ma- &,, Sohent 

CHH 452 36 000 Dlmethyl formamlde 

CH,dO 
455 31500 Chloroform 
470 12 800 Toluene 

KH,),CHCO 474 3s 900 Toluene 

dipyrrole (16) was very readily oxidised m alkaline solution to the highly 
coloured dipyrrohdone (17). An analogous synthesis based on N,N’-dunethyl- 
1.4-phenylenediamine gave the N,N’-dimethyl dipyrrolidone (18) having simi- 
lar colounmetric propertres. Acylation of (16) was mvariabiy accompanied by 
oxtdatton to give N,N’-diacyldrpyrrolidones (19a, 19b) which show batho- 
chromic shifts over the non-acylated compounds. Table 3 shows the visible 
absorption data in this series. The compounds, hke the benzodifuranones. are 
useful as dyestuffs particularly for synthetic fibres.” Natural colourmg matters 
related to the benzodlpyrrolidone chromophore are not known. 

Work on the benzodlfuranone and benzodipyrrolidone series is continumg 
and ~111 be reported later. 

Infrared spectra were recorded with a Perkin Elmer 177 spectrophotometer 
(NUJO~ mulls). Nuclear magnetic resonance spectra were taken with a Varian 
HA-100, a Perkin Elmer R32 90 MHz, a Bruker WH 90 or a GEOL FX 1OOQ 
spectrophotometer. Mass spectra were taken with an AEI MS9 or Finnegan 
4000 mass spectrometer.‘Visible spectra were determined on a Perkin Elmer 
554 spectrophotometer. Thin-layer chromatography was carried out on East- 
man Chromatogram sheet, 13181 silica gel with fluorescent indicator (6060) 
using a mixture of toluene (go), pyridine (5) and acetic acid (5) as eluant. 

Melting points were determined on an instrument developed by ICI Ltd 
using differential thermal analysis. 

The numbermg system used in the nomenclature for the “C n.m.r. spectra of 
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benzodtfuranones and related compounds IS as follows: 

2 1 3.7-Bls(4-hydro.~pherlpl)‘?.6-droxo-~.6-d;i~ydrober~zo[1,2-b .4.5- 

b’]d&ran. (7~2) 

(a) From l.4-berlzoqulnorze and cymoacem acid: Thus follows Junek’s con- 
drtrons’ wrth modrfied rsolatron A mixture of 1,4-benzoqurnone (4.3 g, 
O-01 mol). cyanoacetrc acrd (6-S g. O-OS mol). acetone (20 ml) and water (30 ml) 
was stirred and heated under refiux for 5 mm. After coolmg to 20°C the 
crystallrne product was Isolated. washed successrvely with aqueous acetone 
(1 _ 1). acetonttnle and dtethyl ether and dried to give 3,7-brs(4-hydroxy- 
phenyi)-2,6-dioxo-2,6-dthydrobenzo[l.Z-b : 4,5-b’Jdifuran (7a) as needle cryst- 
als wrth a black reflex (O-3 g. _ 3%) (further mater-ml of lower punty (1-O g) was 
isolated from the mother liquors by dtlutton wtth water), m p_ >4OO”C, 
A ln3X (acetone) 533 nm. 49 200. 3385 (OH). 3080 
(-CH=CH-) and- 1725 (unsEk:ated lactone czb): ‘H n.m.r. (a DMSO) 
6 6-95 (4H, d. aromatrc). 7.78 (4H. d. aromatic). 7-2 (3H. s. =CH-). 
13C n m r. (d6 DMSO) ppm 97-8 (4. 8). 115-9 (c. e. k. I), 120.3 (a, g), 123.6 
(3a. 7a). 130-Y (b. f. 1. h). 13-I-9 (3. 7). 152.9 (3a. Sa), 159-S (d, I), 167-3 (2,6). 

Found C, 70-6. H, 3-3%. M’ 372. C21H,206 requires C, 70-95, H. 3-25%; 
M 372 

The above reactron was repeated on a ~2 scale In water (140 ml) as solvent 
and the mrxture stirred and heated at 75°C for O-5 h whrle purging the 
atmosphere over the reactron with nrtrcgen and passrng the off gases through 
~/l sodium hydroxide solution. After coolrng, the precipitated product was 
collected. washed wrth water and dried (3-25 g, E,, 12 900 =O-Sl g, S-5% 
yreld at 100% strength). By t.1.c. the filtrates contained no product Analysts of 
the sodium hydroxide solutron for cyanrde showed 61-3 mg HCN had been 
evolved equrvalent to S-35% on product Isolated at 100%. 

(b) From hydroqumone and 4-hydroxy~,lnndellc acid: A mixture of hydro- 
quinone (2-2 g, O-02 mol). -I-hydroxymandelic acrd (lo- 1 g, O-06 mol) and o- 
drchlorobenzene (200 ml) was heated under reflux for l-5 h in a slow stream of 
nttrogen and allowmg formed water to dtstil. Nrtrobenzene (10 ml) was then 
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added and heating continued for a Mher O-5 h. After cooling, the precipitate 
was collected, washed with toluene then water and dried (10.2 g, E,, 9700 = 
27% yield at 100% strength)_ Trituration x2 with cold acetonitrile gave pure 
material (1-12 g, 15%) identical (t.1.c , i-r., m-s. and ‘H n.m.r.) to that prepared 
as in (a). 

2.2. Condensation of 2,5-dlhydroxy-1,4-benzoqumone and 4hydroxyphenyl- 

acetlc aced 

A mixture of 2,5-dlhydroxy-1,4-benzoquinone (l-4 g, O-01 mol), 4-hydroxy- 
phenylacetic acid (4-56 g, O-03 mol), sodium acetate (0.6 g, 0.006 mol) and 
acetic anhydride (50 ml) was stirred and heated under reflux for 5 h. After 
cooling, the reaction mixture was poured into water and the oily product 
examined by t.1.c. This showed mamly base-line matenal and weak 
yellow/brown bands. A red band corresponding to (7a) was absent. 

2.3. 3,7- Bis(4- acetoxyphenyZ)2,6-dioxo-2,6-dzhydrobenzo[1.2- b :-%,5-b’]difu- 

ran, (7b) 
The dlhydroxy compound (7a) (0.5 g), acetic anhydride (20 ml) and sulphuric 

acid (O-4 ml) were stirred and heated under reflux for lh during which time the 
product crystallised out (O-5 g) m-p. 316°C. Recrystallisation from nitrobenzene 
gave fine needle crystals (O-4 g, 81% with a violet reflex of 3.7-bls(4- 
acetoxyphenyl)2,6-dioxo-2,6-ciihydrobenzo[l,Z-b : 4,5-b’]difuran (7b) m-p. 
324°C (ref. 7: 324”C), A,, (DMF) 475 nm, E,, 48 600; v,,,, 1780 (unsatu- 
rated lactone C=O), 1740 (ester C=O); ‘H n.m.r. (&, CF,COOH) 6 2-5 
(6H, s, CH3), 7.1 (2H, s, ==CH-), 7-3 (4H, d, aromatic), 7-8 (4H. d, aromatlc): 
13C n.m.r. (&. CF,COOH), ppm 21-6 (CH,) 101-7 (4, 8), 124-3 (c, e, i. k), 
128-6 (a, g or 3a, 7a) 129-O (3a, 7a or a, g), 132.6 (b, f, h, l), 141.1 (3,7), 154.0 
(4a, 8a or d, j), 156-4 (d, j or 4a, 8a), 173-2 (2,6), 177-O (COCH,). 

2.4. 3,7-Bis(4-acetoxyphenyl)2,6-dioxo-2,6,3,7-terrahydrobenzo[l,2-b :4,5-b’]- 

difuran, (8b) 
The diacetoxy derivative (7b) (O-5 g), acetic acid (10 ml) and zinc dust (2-O g) 

were stirred and heated under reflux until the solution became virtually 
colourless (O-5 h). After cooling and screenmg, the product was precipitated 
with water, collected, washed with water and dried to give 3,7-bls(4-acetoxy- 
phenyl)2,6-dloxo-2,6,3,7-tetrahydrobenzo[l,2-b :4,5-b’] difuran (8b) (O-3 g, 
60%) m-p. 275°C (ref: 7: 280°C ex dioxan) which tended to oxidise to (6b) 
on attempted recrystallisation; v,, 1750 (ester <==O), 1810 (lactone 
C=O) ; ‘Hn.m.r. (&DMSO), 8 2-25 (6H,s, CH,), 5-48 and 5-52 (2H.s, 
:CH-CO-, these resonances merge at higher temperatures suggesting syn 

and anti forms involving the aryl groups which are interconverting rapidly via 
the enol at the higher temperature) 7-l-7-45 (10 H, aromatic); 13C n.m.r. 



114 C W GREEbSL4LGH. J I- CAFtEY D F NEW-l-O% 

Id, DMSO). ppm 20.56 (q. CH,), 48.6 (d, 3. 7). 107-4 (d, 4,8). 121-6 (d. b. h 
or c. I). 128-1 (d. c, i or b. h). 131-96 (s. a , g or 3a. 7a). 149-O (s. 4a, Sa or d, j), 
145-G (s. d. J or 4a. Sa), 168.2 (s, -COCH,). 174-1 (s, 2,6). 

Found- C. 67-9; H. 3.9%: M’ 158. CLaHlaOs requires C. 65-l. H, 3-95%: 
M -I58 

2 5. 2.6-Dzoxo-3.6.3.7-tetmhydrobenzo[1.2-b :4.5-b’ldtfuran, (6) 
The literature procedure” gave colourless needles m-p. 288°C 

(ref. 13 288°C). z~,,, 1780 (C=O). ‘H n-m-r. (df. DMSO) 5 3-9 (4H. s. CH?). 
7- 15 (2H_ s. aromatic). 13C n-m-r. (d, DMSO). 33-2 (t. ppm 3. 7). 107-3 
(d. -I. S). 123-9 (s. 3a. 7a). 150-O (s, 4a. Sal. 174-l (s. 2. 6). 

2 6 3.7-D~pl~er~yl-2.6-dloxo-2.6-dthydrobenzo[ 1.2-b - 4.5-b’ldlftcrart. (7~) 

(a: From hvdroqulr7orte and Inandelrc acrd- A mixture of hydroquinone 
(2.2. g. 0 02 mol). mandellc acid (9 12s. O-06 mol) and o-dichlorobenzene 
(50 ml) was heated under refluv for 1s h In a slow stream of air and formed 
water allowed to dlstll off. Nltrobenzene (5 ml) was then added and the mixture 
heated under reflux for 2 h to ensure that oxidation of the leuco compound was 
complete After cooling to 30°C the preclpltate was collected, washed succes- 
slvely LX Ith o-dlchlorobenzcne. ethanol and petroleum ether (b p SO-100°C) 
and dried to give 3.7-dlpheny1-2.6-dioxo-2,6-d7hydrobenzo[ 1.2-b --F.5- 
b’ldifuran (7~) as plate crystals with a bronze reflex (2 38 g. 35%), m-p. 298°C; 
A m?, (CHCI,) 466 nm. F,, 51 000. v,,, 1760 (unsaturated lactone C=O): ‘H 
n.m r. (CDClq) 6 6-7 (2H. s. =CH-_). 7.3 (6H. d. aromatic). 7-6 
(1H. d. aromatlc). ‘T n m r (CDCI,). ppm 9s 0 (-I. S), 125 9 (3a. 7a). 129 1 
(b. c. d. e. f. h. i. I. k. I). 130-G (a. g). 13s.-I (3. 7). 15-I-3 (4a. Sal Because of low 
solubthty the spectrum was too weak to allocate a resonance corresponding to 
C, and Cc, 

Found C. 77 6. H. 3 1%. M’ 340 C,,H,,O, requires C. 77-65. H. 3-55%. 
M 3-W 

(b) From hertzoquti7one and mandellc acid A mixture of l.-Lbenzoqurnone 
l-F-32 g. 0 O-1 mol) mandelx acid (1s 24 g. 1). 12 mol) and trlchlorobenzene 
(30 ml) \vas heated at ISOT for 7 h while allowng formed water to dlstll off 
After cooling_ the product was collected. washed wth toluene and petroleum 
ether (b-p. SO-100°C) and dried (3-1~. 25%). ldentxal by t l.c. and i-r. to 
material prepared as In (a) 

2 7 ~.S-Drr~~etl~vl-3.7-d~pl~er~vl-2.6-dtoxo-2.6-dthydrobe~~~o~~.2-b :4.5-b’]dl- 

fitran (7d) _ 
2.5-Dlmethylhydroqulnone (2.76 g. 0 02 mol) and mandellc acid (7.6 g, 

Cl-05 mol) were added to sulphuric acrd (9s g. 55%) with sturing at <lO”C. The 
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reaction mixture was stirred at 20°C for 18 h, poured into iced water (500 ml) 
and the product isolated via estraction with ethyl acetate. The crude product 
was stirred with water (100 ml) containing sodium carbonate (50 ml, 2~) 

4,8-dimethyi-3.7-diphenyl-2,6-dioxo-2,6-dihydro- 
benzo[l,2-b: 4.5-b’ldifuran (7d) as orange crystals (l- 1 g, 15%) m-p. 27O”C, 
A max (toluene) 42s nm, E,, 37 300; u,, 1760 (unsaturated lactone -0); ‘H 
n.m.r. (CDCI,) 6 1-98 (6H. s, CH,), 7-2 (10 H, unresolved, aromatic). 

Found: C. 78-l: H. 4-2%; M’ 368. &H1603 requires C, 78-25; H, 4.35%; 
M 368. 

The product was also obtained from the reactlon of 2.5-dlbromo-3.6- 
dlmethyl-1,4-benzoquinone (2-94 g, O-01 mol) with phenylacetic acid 
(4-08 g. O-03 mol) in boiling tnchlorobenzene (50 ml) for 3 h. 

2-S_ 4.8-D~chloro-3.7-drphenyl-2.6-dioxo-2,6-d~~~ydrobe~~~o~l,2-b ~4.5b’]dz- 

furan. (7e) 

(a) From chloratzil and phenylacetrc acid: A mixture of chloranll 
(7-38 g, O-03 mol), phenylacetic acid (12-24 g, 0.09 mol), zinc chlonde (3-O g) 
and trichlorobenzene (SO ml) was stirred and heated at lSO-190°C for 4 h 
while allowing formed water to dlstil off. After cooling, the crude product was 
collected, crystalllsed from toluene (extractlon) and the product (2 g) extracted 
into chloroform. screened from insoluble material and the solution washed 
successively with water. dilute sodium carbonate so!ution and water, dned. 
evaporated to dryness and the residue triturated with ethanol to give 4.S- 
dichloro-3.7-dlphenyl-2.6-dioxo-2,6-dihydrobenzo[l.2-b 4,5-b’jdifuran (7e) 
as orange crystals (2-O g, 16%) m-p. 318°C; &,,_ (CHCI,) 457 nm, E,, 46 000: 
v,,,~~ 1780 (unsaturated lactone C=O). 

Found: C. 64-2. H. 2-2, Cl, 17-89’0; M’ 408. C,,HllOCl,O, requires C, 
64.55: H. 2.45: Cl, 17.35%: M408. ‘H and 13C n-m-r. spectra could not be 
obtained because of low solubillty. 

(b) From chloranll and rnandehc acrd: A mLxture of chloraml 
(4-9 g, O-02 mol), mandelic acid (12-l g. O-08 mol) and trichlorobenzene (25 ml) 
was stirred and heated at 180-190°C for 18 h. Isolation and purification was as 
in (a) to give the product (O-6 g, 7%) m-p. 318°C. 

(c) From 2,5dtchlorohydroquinone and mandelrc acid: 2,5-Dichlorohydro- 
qumone (3-6 g, O-02 mol) and mandelic acid (6.08 g, O-04 mol) were heated 
together at 230°C for 2 h. After cooling to 125°C toluene (25 ml) was added 
and the mixture screened, evaporated to dryness and the residue triturated 
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with cold methanol. The crude product (O-9 g) was crystallised from methanol 
to gave the product (O-4 g) m-p. 195°C. havmg M’ 408 (malor), 374 and 340 
corresponding to the dichloro compound (7e), the mono chloro compound (7), 
where one X is Cl and the other H, and the 4,Sunsubstituted compound (7~). 

2.9. 4.S-D~chloro-3.7-drphen)~l-2.6-dioxo-2.6.3.7-tetralzydroben~o- 

[1.2-b :4,5-b’]difimm, (Se) 
4,8-Dichloro-3.7-diphenyI-2,6-dloxo-2,6-dihydrobenzo[1,2-b : 4.5 - b’]ddu- 

ran (7e) (O-3 g) was hydrogenated in ethyl acetate (500 ml) usmg a 
palIadtum/charcoaI catalyst. After removal of thts catalyst the solution was 
evaporated In uacuo to give 4,8-dichloro-3.7-diphenyl-2,6-dioxo-2,6,3,7- 
tetrahydrobenzo[ 1.2-b: 4.5-b’ldifuran (8e) as a pale cream solid (O-2 g, 67%): 
m.p 294°C: u,, 1830 (lactone -0): ‘H n.m.r. (& DMSO) 6 S-63 and 5.69 
(3H, s, Cl-l-CO-). 7-4 (10 H, unresolved, aromattc). 

Found: C. 64-2; H. 2-7: Cl. 17-O%. M’ 410 C_,H,,CI,O, requires C, 
64-25, H. 2-9. Cl. 17.25%. M410. 

2 10. 4.S-Dtchloro-3.7-bts(4-rnethoxypherlyl~2,6-d~oxo-2.6-di~~ydrobenzo- 

[1.2-b : -I.%b’]drfuran. (7j-I 
A mtvture of chloranil (24-6 g, O- 1 mol), 4-methoxyphenylacettc actd 

(53-2 g. O-2 mol) and tnchlorobenzene (SO ml) was stirred and heated at 180- 
190°C for 3-5 h. After allowing to cool and stand for 2-t h the product was 
collected, washed successrvely wtth chlorobenzene, ethanol and acetone to 
gave 1.8-dtchloro-3.7-bis (A-methoxyphenyi) 2,6-dtoxo-2,6-dihydrobenzo[l,2- 
b:4.5-b’ldtfuran (7f) (13.1 g, 28%) m-p. 303°C. A,, (CHCl,) 536 nm, E, 
42 300: II,, 1775 (unsaturated Iactone C= 0); ‘H n.m.r. (ds DMSO) 6 3.7 
(6H. s. OCH,). 6-9 (4H. broad d. aromatic). 7-3 (4H, broad d. aromatic); r3C 
n m.r (d, DMSO). ppm 55-l (OCH3), 78-6 (4. S), 113-1 (c. e, i, k), 119-5 (a, g), 
128 0 (3a. ia). 132-2 (b. f. h. 1) 134-2 (3.7). 148.9 (4a, Sa), 160.8 (d, j), 165-3 
(2. 6). 

Found- C. 61-1; H. 3-O: Cl. 15.3%: M’ 468. &,H,,CI,O, requtres C, 61-4, 
H. 3.0. Cl. 15.15%. M36S 

2.11. ~.8-D~chloro-3.7-bis(4-~netl~oxyplte~zyl)2.6-d~oxo-2,6.3,7-tetra~ydro- 

benzo[1,2-b :4,5-b’]d#urun. (Sf) 

A mixture of 4.S-dlchloro-3,7-bts(4-methoxyphenyl)2,6-dioxo-2,6-dihydro- 
benzo[l.2-b - -LS-b’ldifuran (7f) (0.5 g). zmc dust (2-O g) and acettc acid 
(200 ml) was heated under reflux for 2 h during which time the solution became 
straw coloured. After cooling and screenmg, the filtrate was diluted with water 
and the precipitate collected. washed with water and dned in uacuo to give 
3,~-dichloro-3.7-bis(4-methoxyphenyl)2,6-dioxo-2,6,3,7-tetr~y~obenzo[ 1,2- 
b. 4,5-b’ldtfuran (Sf) as a pale pink solid (O-25 g. 50%) m-p. 272°C; Y,, 1830 
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(lacrone C=O); ‘H n.m.r. (d,DMSQ) 6 S-55 and 5-59 (2H, s, 
CH--Ch), 6-9 (4H, d. aromatic), 7-2 and 7.3 (4H, d, aromatic). When the 
spectrum is run at 70°C the resonances at 6 S-55 and 5-59 merge as do those at 
6 7.2 and 7-3 suggesting that syn and anti forms present at ambient tempera- 
tures are interconverting at the higher temperature_ 

Found: C, 61-2; H, 3-5; Cl, 15.0%: M’ 470. C_,H,,O,CI, requires C, 
61-15; H, 3-4 and Cl, 15.05%; M470. 

2.12. 1,4-Brs(cY-hydroxyphenyk.zceiyZamino)benzene, (15) 

A mixture of 1.4-phenylenediamine (S-4 g, O-05 mol) and manciehc acid 
(22-S g, 0.15 mol) in chlorobenzene (100 ml) was stnred and heated at 120- 
125°C for 18 h in a slow stream of nitrogen while allowing the formed water to 
disul off. After cooling, the precipitate was filtered off, washed with methanol, 
dried and recrystalhsed from nitrobenzene to give 1,4-bis(cw-hydroxyphenyl- 
acetylamino)benzene (15) as colourless crystals (15.2 g, 81%), m-p. 264- 
267°C; v,.,,~ 3440 (OH), 3260 (amide NH) and 1630 (amide C=O). 

Found: C, 70-2; H, 5-3, N, 7-5%; M’. 376. G_,H-.ON,O, requires C, 70-2; 
H, 5-3; N. 7.45%; M, 376. 

2.13. 3,7-Drphenyl-2,6-droxo-l ,2,3,5,6.7-hex-ahydrobetzzo[l,2-b : 4,5-b’]dz- 

PYUO~ (16) 
1,4-Bis(cu-hydroxyphenylacetylammo)benzene (15) (5 g, O-013 mol) was 

added to sulphuric acid (50 ml, 98%), with stimng, and the solution obtained 
stirred at 20°C for 18 h. The reaction mixture was poured into iced water 
(500 ml) and the precipitate filtered off, washed with water and dried 
to give 3,7-diphenyl-2,6-dloxo-1,2,3,5,6,7-hexahydrobenzo[1,2-b. 4,5-b’ldi- 
pyrrole (16) as a cream sohd (4-l g, 91%) m-p. gradual decomposition >15O”C, 
V ,,_ 3200 (amide NH) and 1690 (an-ride -0). 

Found: C, 77-3; H, 4-5; N, 7-g%; M’ 340, 338, the latter probably being 
formed m the spectrometer. &H,6H102 requires C, 77.65; H, 4-7; N, 8.25%; 
M 340. 

2.14. 3,7-Diplzenyl-2,6-dzoxo-1,2,5,6-tetrahydrobenzo[1,2-b :4,5-b’ldrpyrrole, 

(17) 
So&urn hydroxide solution (4ml, 2~) was added dropwise to a stnred 

suspension of (16) (1 g) m ethanol (25 ml) at 20°C and a solution obtained. 
Hydrogen peroxide (5 ml, 100 vol) was then added and the mixture stirred at 
20°C for 1 h during which tune the product separated out. The product was 
collected, washed with ethanol and recrystallised from nitrobenzene to 
give 3.7-diphenyl-2,6-dioxo-1,2,5,6-tetrahydrobenzo[l,2-b :4,5-b’] dipyrrole 
(O-35 g, 35%) as brown crystals m-p. 365°C; A,,,, (DMF) 452 nm, E,, 36 000: 
vmax 3130 (anudeNH) and 1680 (amideti0). ‘H n.m.r. (d,DMSO) 6 6-4 
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(2H, S. NH-), 7-5 (10 H, m. unresolved aromatrc). M’ 338 (major), 340. 
C,,H,,N,O, requrres M 338. 

2.15 N.N’-D~ace~l-3.7-d~p~le,zyl-3.6-dlox-o-1.3.5.6-tetrahydrobenzo- 
[1.2-b z-I.5b’]dlpprrolc (i9a? 

A mixture of 3,7-dtphenyl-2,6-dloxo- 1 .2,3.5.6.7-hexahydrobenzo[l.2- 
b 4,5-b’]drpyrrole (16) (1-O g. O-012 rnol), acetic anhydride (50 ml) and sul- 
phunc acrd (1-O ml. 9S%) was stu-red and heated under reflux for 2 h durrng 
which ttme the product separated out. After cooling. the product was col!ected, 
washed successively wtth acetic acid and dtethyl ether and dried to give N.N’- 
d~acetyl-3,7-diphenyl-2.6-dioxo-1.2.5.6-tetrahydrobenzo[1.2-b -4,5-b’ldipyr- 
role (19a) as orange-brown crystals (2-S g. 56%). m p_ 303°C. X,, (toluene) 
470 nm. E,, 42 800: 2~~~ 1740, 1715 (amrdr C=O): ‘H n m-r. (CDCI,) 6 2-7 
(6H. s. CHX). 7-5 (6H, aromatrc). 7-7 (4H. aromatrc), S- 1 (2H. s. -CH=) 

Found: C. 73-2, H, 3-3. N. 6.4%: M’ 422. C&H,,NzO, requires C, 73-95. 
H. -I 25. N. 6 65%. M 422 

[1.2-b .4.5-b’ldlpyrrole (19b) 
rso-Butyryl chlorrde (S g. O-075 mol) was added slowly to a solution of 3.7- 

diphenyl-2.6-dloxo-l,2.3,5.6.7-he~ahydrobenzo[l.2-b -I,5b’ldrpyrrole (5.Og, 
O-0148 mol) tn pyrtdrne (50 ml) keeprn g the temperature ~20°C. The solutton 
was heated under reflux for 2 h. cooled and poured into iced dilute hydroch- 
loric actd. the product colIected, washed with ethanoI and dried (4-3 g)_ 
Recrystallisatron from acetic acid gave N-N’-dt-lso-butyryl-3,7-dlphenyl-2,6- 
droxo[1.2.5.6-tetrahydrobenzo[ 1 ,2-b : 4,5-b’]drpyrrole (19b) as orange-brown 
crystals (l-5 g. 21%) m.p 370-271°C. A,, (toluene) 47-F nm. E,,, 35 900, vrnax 
17-10 (amide C=O). 

Found. C. 75-5. H. 5-2. N. 5-J%. M’178 C,,,H,,N,O, requires C. 75-30. 
N. 5.45%. M 47s 

2 17 l.I-B~s(cu-acetouy-N-~~~ethplpl~enylacetylar~~~~~o)ber~~erze 
A mrkture of N.N’-drmethyl-p-phenylene drarnine (2.72 g, 0.02 mol), acetyl- 

mandelyl chloride (12-7 g. 0 06 mol), anhydrous sodium acetate 
(J-9 g. O-06 mol) and chlorobenzene (100 ml) was strrred and heated under 
reflux for 1 h. After coolmg and screening. the solutron was evaporated in 
uacuo and the residual oil tnturated with drethyl ether when It solidrfied and 
was filtered off, washed wrth diethyl ether and dried to grve 1.4-bis(cu-acetoxy- 
N-methylphenylacetylammo)benzene as colourless crystals (3.5 g, 36%), m-p. 
ls3-zs5”c. 

Found. C, 68.7. H, 5-9; N. S-6%, M’ 488. &H,,N,O, requires C, 48-85, 
H. 5-75; N. 5.75%; MqSS 
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2.18. N,N’-LAmethyl-3,7-diphenyl-2.6-dioxo-1 .2.3,5,6,7-hexahydroberlzo 

[1,2-b :4.5-b’jdipyrroie 

A mixture of 1,4-bis(a-acetoxy-N-methylphenylacetylam~no)benzene (l-8 g, 
O-0037 mol) and polyphosphonc acid (10 g) was stirred and heated at 140°C 
for 8 h gtvmg a weak red solution. The reaction mi\?ure was poured into water 
and the precrpitated N.N’-dimethyl-3,7-diphenyl-2,6-dioxo-1,2,3.5,6.7- 
hexahydrobenzo[ 1.2-b : 4,5-b’ldipyrrole filtered off, washed wrth water and 
drred to give a fawn powder (1.4 g, 100%) m-p. lSO-183°C. The product was 
used In the next step without further purificatton. 

2.19. N.N’-dlrnefl~yl-3.7-d~p~~et~yl-2,6-dloxo-1.2.5,6-tetral~~drobe~lzo[1,2- 

b : 3.5-b’ldlpymole. (1s) 
A solutton of potassium persulphate (3-O g) in water (10 ml) was added to a 

stn-red suspensron of N,N’-d~methyl-3,7-diphenyl-2,6-dioxo-1,2,3,5.6,7- 
hexahydrobenzo[ 1.2-b : 3.5-b’]dtpyrrole (1 .-I g. O-0037 mol) m ethanol (10 ml) 
contarnrng sodrum hydroxrde (l-5 ml. 5~) and the mixture sttrred and heated 
under reflux for 2 h. After cooling the reactron mL\ture was isolated via dilute 
hydrochloric acid and the crude product crystallrsed from ethanol (e\tractron) 

to give N.N’-dnnethyi-3.7-diphenyl-2,6-dloxo- 1,2,5.6-tetrahydrobenzo[ 1,3- 
b : 4.5b’ldtpyrrole (18) as orange-brown crystals (O-15 g, 11%) m p 295°C; 
A mz~ (CHCI,) 455 nm. E,, 31 500. 1~~~~ 1685 (amide C=O) ‘H n.m.r. (CDCI,) 
6 3- 17 (6 H, S. CH,), 6.34 (2 H, s, -CH=) and 7-2-7-7 (10 H, aromatic) 

Found C. 7S-4. H, 4.8; N. 7--f%. M’ 366. C_,H,,N,O, requrres C, 78-70: 
H, 4-90. N. 7.65%. M 366 

Matenal (O-7 g) isolated from the mother liquor trtturated with acetonrtnle 
gave further product (O-5 g, total yteld 48%) 
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