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Aktruct: 4,5-Dlmethylbenxo[l,2-c:3,4-c’&lif~m (7) is a highly reactive b&diem, which 
undergoes Diels-Alder reactions with a wide vatiety of dienophiles, including dime& 1 

1 acetyleuedlcarboxylate and c&l&dichlorobut-2-ene. to give phenauthtene_dekmlv~~~g.l~ 
and 12, respectively, following (hydrogenation and) dehydration of the bmddmta 
reqectively. 9,10-Dimthyl-lP:S,&diepoxy-l,4~,8-~~y~phe~ (5). as a re& 
of theuoal d&composition of either (i) its blsadduct 6 with tetraphenylcyclopentadienone or (ii) 
ita hydrogenated derivative 14, is a very convenient precumm of 7. 

Benxo[c]furaus have been studied extensively 1. They ate valuable precursors far the synthesis of pcly- 
cyclic nattual pmducts and atomatic hydrocarbons, as a result of Diels-Alder reactions they undergo readily 
with various dlenophiles? Recently, a mixtme of syn- aud anti-lP:SS-diepoxy-1,45,8_tetrahydroanthracene 
la/b has been reacted (Scheme! 1)3 with tetraphenylcyclopentadienone (tetraphenylcyclone) to give the linear 
pentacenes &t/b, which, upon thermal decomposition, affotd benxo[ 1,2-c:4,5-c’jdifum 3. Trapping of 3 with 
dienopbiles, e.g. l,4dlchlorobut-2-ene, prokles (Scheme 1) a synthetic entry into linear aceue derivatives. 

As far as the relative co&gurations of the endoxide 
bridges are ccttcum$ a &ers to the sy&muer 
and b to the m&isomer. 

Teuaphenylcyclone Ph Ph 

Ph 

CIH,C 
cis- 1,4-Dichlorobut-2-ene 

CH,Cl 

CIH,C CH,CI 

3 -1 

Although the angular analoguc of 3 - namely benzo[l,2-c:3&Wfuran (7 in Scheme 2 where the Me 
groups ate replaced by H atoms) - has been reportedq, the mactlvities of these compound types as bisdienes 
are uukuowu to the best of our knowledge. Mortover. little detail is available in the litemture regarding their 
preparation. Here, we describe the synthesis, isolation, chamcmisation, and some Diels-Alder reactions 
undergone by 4,5-dimethylbcnzo-[1,2-c:3,dc’ldifuran (7). In the course of our investigatious into the 
synthesis of the cyclacene derivatives. containing llnearly~ and augulady6 fused six-membeml rings by 
means of repetitive Diels-Alder reactions between exocycllc butadlene units (the diene) and endocyclic double 
bonds (the dlenophile) associated with 7-oxauorbomne skeletons, we have syntbealsed gfamquantlties of the 
syn- and (f)-m&9,10-dimethy1-1.4:5$diepoxy-1,4,5,8-tettahydrophenantluenes Se/b. Thus, we decided to 
explore the possibility of using the syuthetic strategy employed successfully with the linear d&wan 3 for the 
preparation of the angular difurau 7. 

4839 



4840 

As far as the relative con@urations of the endoxide bridges are 
concerned, a refers to the ryn-isomer and b to the unfi-isomer. 

When the syn-isomer Sa was heated under reflux with two molar equivalents of tetraphenylcyclone in 
benzene’ only one of the numerous possible isomeric bisadducts 6a was isolated (Scheme 2). Although it 
was not possible to assign the relative stereochemistries to the bridging carbonyl groups in the terminal six- 
membered rings, the absence of a sizeable vicinal coupling constant8 in the 1H NMR spe&rum7, between the 
endoxide bridgehead methine protons and the methine protons at the newly-formed ring junctions, indicates 
that these latter hydrogen atoms are oriented endo with respect to the 7-oxsnorbomene ring systems. The 
presence of only one signal for the methyl protons and of only four signals for the ring junction methine 
protons in 6a supports the hypothesis that both cycloadditions take place with the same relative 
stereochemistries at both dienophilic units in Sa, thus maintaining the Cs symmetry of the starting material. 
Reaction of the anti-isomer (zt)-5b with tetraphenylcyclone in benzen@ gave only one racemic compound 
(f)bb. The analysis of its spectroscopic characteristic@ supports the assignments of local relative 
stereochemistries, analogous to those proposed for the syn-isomer 6a. but this time maintaining the C2 
symmetry of the starting material. Since the relative stereochemistry of the endoxide bridges is lost during the 
formation of 7, the pentaphene derivatives th/b were~ subsequently prepared and tested in the form of an 
isomeric mixture, as possible precursors of 7, by heating 6a/b in decalin under reflux in the presence of au 
excess of dimethyl acetylenedicarboxylate @MAD) under an atmosphere of argon. After removal of the 
decalin under reduced pressure, the residue was extracted with hot MeOH. The extract was concentrated and 
the residue subjected to flash column chromatography (SiO2:CH2C!l@k0H from 100/O to O/100) to give an 
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isomeric mixture (1:3) of the syx- and (+r~~&@traesters #b in a combined yield of 37%. To date, no 
attempt has been made to @imise the yield obtained in this reaction. Only the major isomer was isolated 
purelo by fm&onal crysmlhsation from M&O. Although its relative stcaeochemislry has wt been assigned 
so far, we believe that it is probably the anti-isomer (f)sb. Pyrolysis of 6a/b in the presence of cis-1.4 
dichlorobu-2-ene’also gave only one crysalline bisxtduct as the major product in 37% yield. The ve 
of a vicinal coupling constanta of cu. 4 Hz between the endoxide bridgehead and ring juuclion methine 
protons in the 1H NMR gpectrrunll indicates that the latter have the exe configumuon, Le. the e&-Alder 
rule12 is followed. The relative stemoehemisuy of the endoxide bridges has not been assigned yet However, 
we believe that the isolated product11 corresponds to the anti-isomer (it)-llb. Impaction of molecular models 
shows that there is severe steric crowding of the endo oriented chloromethyl substituents at the 3- and 6- 
positions in the symisomer Ma. Thus, it is destabilized relative to the anti-isomer Mb. These results, which 
imply the intermediacy of a benzodifuran, encouraged us to pursue the isolation of 7. Hydrogenation of 5plb 
@l/C! in CHCl3 at armosphric pressure) gavel3 a mixture of the syn- and (f)-anti-9,lo_dimethyl-1,4:5.8- 
diepoxy-1~~,4,5,6,7,8_octehydrophenanthrenes Ma/b. These isomers were sublimed through a Pyrex tube 
(1.3 metres long and 1 cm internal diameter) maintained at 450-500°C at 0.01 mm Hg. Double retm Diels- 
Alder ethylene extrusion affotded 7 as pale yellow crystals. that formed at the cold end of the tube which was 
immemed in a liquid nitrogen bath. Although 7 is stable enough to be characterisedt4 by conventional 
methods, it tends to polymer& both in the solid state and in solution by the action of light and/or heat. The 
tetmesters Wb were hydrogenated (RI/C in CHC13 at atmospheric pressure) to give 9db1s, which was 
aroma&d to 1016 by acid-catalysed dehydrationt7 (p-TsOH/PhMe) of Wb. Acid catalysed dehydration of 
the tetrachlcnides lla/b. employing similar reaction conditions gave 1218 in 87% yield. The terrachlorides 
lldb were also subjected to complete dehydrochlorination (c-BuOm to give (i)-anti-9,lOdimethyl- 
1,4:5,8_dicpoxy-1,45,8-tetrahydro-23,6,7- ktmmethylidenephenanthrcnt (k)-l3b" in 93% yield 

Tberesultsmporledinthis communication demonstrate that 7 is a very reactive bisdiene, capable even of 
reacting with very poor dienophiles. Clearly, it is an attractive precursor for the synthesis of phenanthrene 
derivatives that sre substituted rcgiospecifically at the 2-, 3-, 6-, and/or cl-positions, dependmg on the nature of 
the dienophile. Interestingly, reaction of 7 with one molar equivalent of a dienophile (e.g. DMAD, TCE) 
gives only bisadducts and umeackd 7. Therefare, the second cycloaddition involving 7 is considembly faster 
than that of the first. This observation is consistent with the expected high reactivity on an intermediate 
isobenzofuran moiety~ - formed in this instance, as a result of the tirst cycloaddition to 7. The higher Diels- 
Alder reactWy.of fumn. compared to thiophene, is reflected in the greater reactivity21 of 7 in relation to its 
suifur analogue, without methyl substiments at the 3- and 4-positionG. 

Currently, we are exploring the synthesis of clngulur benxofkans having subs&nents other than methyl 
groups at the 3- and 4-positions since we believe that these novel reactive bisdienes can potentially find a 
wide range of applications in organic synthesis. Also, as readily-available chiial building blocks, 
enantiomerically-pure samples of Sb and 13b could provide a means of synthesising optically-active helical 
polymers~ as a result of regioselective and stereoselective Diels-Alder oligomerisations.~ 
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~of~~(25m&o.lomsod)and~~(82mg,o31mmd)weaLecledrmQn&l*in~Q 
ml)far24h. lllewhitopecipwewastl8escdoffand~ ru~(60ms,O.%mmol,569b);~~l~~H~ 
(300 m. -3): 8 246 (6H, s,). 3.19 (4H. s). 5.83 (w. s). 6.01 (2H. a), 6.91-7.02 (12H. m) rmd 732-7.46 (28H, m): 1~ 
~(300~.C6D6):61.99~6H.8).3.01(W.dAprtOfAB~.J~%ZEc).3.~(2W.d3prtdAB~, 
JAB=8 =I. 5.96 (W. 8). 5.98 (W, &6.80-6.95 (1% m). 7.10-7.26 (I@ m) and 7.65-7.71 (lOI& m); l3c NMR (75.46 
bf& -3): g 16&46.6,46.7.63.8,6+.6,79.9.80.4,126.3-145.0 (mmatic md ok&tic) tmd 1%.6; BlMs m/z (r&n~: 
382(100). 18608). 78(10). 
Mahsirn, C.: campt. P.-k; wh, J.-P.: My, 11; Vogel, P. Ii&. Chk. Acta I%& 63,1149-lls7: Kimzle, F. Helv. 
CMm. Acta l9’% 58.1180-1183; Nckcm, W. L; Auen. D. R I. Hetwocyclk Chart. l972,9, S61468. 
~d(~~:(*~CjOOms.nu,mmd)and~~~(l~g.4.12~)mnheattdPldardlu*ia 
*GOmQfar20b. ~wbitcpre@itqwufikaeddfandcbnmctcxisatas(f>cb:(l.900g, 1.89mmo1.909~);m.p. 
2lsoc;1HNMR(300~CDC13):12.48(6H,s),3.06(2H,dApratoEABsysl#n,J~~),3.l9(2IE.dBpadAB 
@Cm. JAB-~ k). 5.86 (2H. sh5.91 (w, s3,‘6.91-7.05 (22H. m) and 7.27-7.48 (18H. m); (3$-6b Is amshrably less 
edobleianaoeta~aolventsthaaitsiaolmrCa.tbusat3CNMR~wacroot~ ElMgml~(ml.int.): 
382000). 18608). 28(S). 
Tberaamic~(*~bcouldbeseparatsdhomtheandepoduetcooEliningalsothemimisoma&byfractioorl . . 
w Mm Ircebone: rap. 224% ‘If NMR (300 MHz, CDCl3): Q 2.26 (6H. s), 3.81(6H, s), 3.83 (6H. s), 6.01(2H, d 
Apsa~~sygan.J~~l~)end6.02(W,dBpsrtofAB~J~=l~z).~~~~~~7~.~~~z,~3):b15.4. 
524,52.5,83.5.83% 129.2.135.5.141.4.149.7,150.4,162d and 162.7; EMS m/z (rckie): 47qrul+, 20). 410(80), 350(40), 
328(50)~267(~00). 186w. 171(10). 
Wllb: m.p. 280°C. @kc.) from CHCl3; lH NMR (300 MHz. CDCl3): Ii 233 (6H, s). 2.58-2.69 (4l-I. m). 3.00-3.08 (4H.. m). 
5.59 (w, d J=4 Hz) snd 5.74 (w, d J=4 Hz); ‘k NMR (75.46 MHz, CDCl3): 6 16.3,41.9,42.6,44,4,45.5,81.3,81.7, 
130.0. 133.0 od 140.8; EA@S m/l @Lint): 436@‘f+, 10). 399(38). 310(40), 275(25). 239(5). 186(100), 128(5). No otba 
isomMcpumxkblcteouldbeisdated~tbeau&reactionmix~. 
AU& Jk Stein. G.; BcLardt. W.; v. Buddcnbrodr, R; 8cbeider. S. Justus Uebigs Ann. Chum. 1933.504.21&251, 
Woodwmd, R. B.; Katz, T. J. Tetrahedron 1959,s. 70-89; Tocnae. J.-M.; Vogel, P.; Pikeeon, A. k, 8chwaw.u1 bech, D. 
He@. C&a. Acta l98S, 68.2195-2215. 
The~pmduct~6mntbe~~ofSsmwPeJllrscteriaedastbemixhlrel~oa(hebarisofiLs1H 
NMR SpeEtnrm (300 MHz. CDCl3): I 1.21-1.48 (48 m), 1.97-2.10 (4H, m). 2.19 (3I-I, II). 2.21 (3H. s). 5.38-5.48 (4H, m). 
The hydmgamtioo of a pure sample of (*Mb gave (*)-Mb: m.p. 177oc &UIII CHCl3; tH NMR (300 MHz, CDCl3): ti 1.28- 
1.46 (4H. m). 1.97~2.10 (4H. m). 2.21 (6X-L $1. 5.41 @I, d, J=4 Hz) and 5.46 @I-I. a. J4 HZ): t3C NMR (75.46 MHZ. 
CDCl3): 8 15.3.2&2.?6& 77.7,77.9,125.4,133.Oand 143.1; EIMS mll@Liat.): 2A2 (M+. lS), 214(4S), l&6(100). 
‘I: m.p. 15tPC.; l&i NMR (300 MHz, CDCl3): 8 2.1 (6H. s). 7.63 (2H. d J~1.5 HZ) aa6 7.82 (2H. d. J=lJ Hz): ‘3C NMR 
(75.46 MHz, CDC13): 8 14.5.113.4.120.7.125.S, 135.7.135.9; EIbfg mlz(rel.int): 186@l+, Ml), 171(58). 157(a). 
Thecndeproducto~thehydrogarstianof~wa9chsradai&da9memixtrPe~ontbebasisditglHNMR 
qectrom (300 MHz. CDC13): i 2.22 (6H. s), Ix28 @I, s), 3.45 (3H. s), 3.49 (3H. 6). 3.52 (3H, I), 3.53 (3H, 3s). 3.65-3.74 
(4li. m) aad 5.53-5.62 (4H. m). Tiw hydroearetion ofapum sample of @8b gave (*j-w m.p. 21% 1~ NMR (300 MHZ. 
CDCl3): 8 2.22 (6H, s), 3.49 (6H, s), 3.53 (6H. 8). 3.66 (2H, A part of 2 x ABhfX systems, I~&05 Hz, Id.5 Hz, 
JM.0 HZ), 3.67 @Ii, B pmt of 2 x ABMX systems. Jm=lO.S Hz. Jgd.5 Hz, J~fl.0 Hz), 5.59 (4H. M plllt of 2 x 
ABMX systems, JBd.5 Hz, Iti.0 Hz, Jw(mO.0 Hz) and 5.62 (4I-I. X part of 2 x ABMX systems, J&.S Hz, 
JBX=O.O Hz. JMX==O.O Hz): 13C NMR (75.46 MHz, CDU3): 6 15.8,47.7,47.8,51.6. 51.7.79.9.80.1. 128.7, 133.2.140.9. 
169.9 and 17011; BIMS m/r (rcLinQ: 474@l+, 1). 443(6). 330(43), 18@100). 171(6). 113(13). 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Wang, H.N.C. Act. Cltem. Res. l989,22,14S-152 and rcfkxcmxs tbmein. 
12 lap. 22&222Y! fium axtow tH NMR (300 MHz, CDCl3): 6 273 (6H, s). 5.01 (4H. s). 5.05 (4H. s). 8.13 @I, s) and 
8.67 (2H, s); 13C NMk 8 16.1.44.0.44.1,125.6, 127_4,129.0, 130.5, 132.8,133.3 and 134.6; HIMS m/l @l&Q: 398(M+. 
75), 363@). 32800). 2930. 
(k)-ua: m.p. 255“C (dec.) t&m benzene: tH NMR (300 MHz, ClXI3): 8 2.25 (6H, s), 5.16 (2H. s). 5.23 (w, s). 5.26 (2H. 
s). 5.30 (w, s). 5.59 @I, s) and 5.62 (2H. s); lti NMR (-7S.46 MHz, CDU3): 5 15.5,82.4,827,102.6.1032.127.6.1326. 
1424.144.0 and 144.2: BIMS m/z (rel.int.): 290&f’+, 100). 261(40). 233(40), 20!&4S). 
F~adiscusPiononthe~ilarbehaviarrofbcnzothiqphenes~:HarSR;Sasaoka.M.J.Am.C~Soc.1918.IIED.4326 
4327. Wilson Un. L.-T.: Hart. H. J. Org. Chm. lM4,49.1@27-1030. aml rdaeacsg tbae in. 
Bc1r&l,k3,4-c~ e.g. the sulfur analogw of 7 witbout the mctbyl substimcnts. does not react with DEAD. 
(gee ret 20) 
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sot. 1993,115,3128-3198. 
A&ton. P.R; Matbias, J.P.; Stoddmt, JR Synthesis, 1993.221224 aadnfamcg &win. 

(Received in UK 30 March 1994; revised 29 April 1994, accepted 6 May 1994) 


