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Summary Treatment of dlhydrocubebm (1) with DDQ in acehc acid gves the 2-aryltetrahydmfuran (3) 
while with DDQ m mfluoroaceac acid it affords the isomenc &benzocycloocMene (5) Treatment of the 
3,4-&benzyltetrahydrofuran (2). obtamed by cychsatlon of (l), with DDQ m aceac acid qves a mixture of 
the acetoxy compound (8) and the aryl tea&n (9), while with DDQ in mfluoroacetic acid it gives the 
dlbenzocyclooctne (10) The structural elucidation of these products 1s described and mechanisms for 
thev formation are presented 

In continuation of our studies of the oxidation 192 3,4 and rearrangement reactions of hgnans we now report the 

reaction of dlhydrocubebm (1) 56 and the denved tetrahydrofuran (2)6 with DDQ (2,3&chloro-5,6-&cyano- 

1 ,Cbenzoqumone) in aceac acid and m mfluoroaceuc acid 

When (-)-dlhydrccubebm (1) was treated with 1 6 equivalents of DDQ 111 acetic acid dehydrogenanon 

occurred to give an alcohol C 
3 

0H2006, which formed a monoacetate on treatment with acetic anhydnde and 

pyndme Examination of the H n m r spectrum of the alcohol mhcated that it contained a pnmary alcohol 

group Since the two protons at 6 3 73 and 3 87 p p m winch formed part of an ABX system were both moved 

downfield to 6 4 15 and 4 31 p p m m the spectrum of the acetate Two further ABX systems were also 

evident suggesting the presence of two further CH2 groups, but these were unaffected by acetylauon 

Furthermore, the low field doublet at 6 4 78 p p m was also unaffected by acetylahon, suggesting that It was 

due to the benzyhc proton of a benzyhc ether ArCHOR These deductions pomted to the 2-aryl 

tetrahydrofuran structure (3) for dus product but gave no m&caaon of the relative stereochemistry However, 
78 

comparison of the ‘H and 13C n m r spectra with those m the hterature ’ confiied that the product was 

dihydrosesamm (3) having the 2,3 tram 3,4 CIS configuraaon (Scheme 1) The dnect oxidative converSion of 

(1) to (3) could be regarded as a possible model for the biosynthesis of such compounds 
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3R=H 
4R=Ac 

SR=H 
6R=Ac 

7 

When (-)aydrocubebm (1) was treated with 2 3 eqtuvalents of DDQ m mfluoroacettc acid 

dehydrogenatron affordeda d101 C 
120 0 6 

H2 0 , m p 272’C. which was tsomertc with (3) and formed a &acetau 

m p 276’C on acetylaaon The H n m r spectrum of the drol mdmated clearly that m thts case the two 

CH20H groups present in the stamng mate& had been mtamed m the product since the stgnals at 6 3 66 atu 

3.25 p p m , which both mtegrated for two protons, were moved to 4 25 and 3 93 p.p.m. m the spectrum of the 

dtacetate The ‘H and 13C n.m r spectra also indicated that the test of the ahphauc system, mcludmg the tw 

benzyhc CH2 groups, was also mtact These assignments were also fully supported by spur decouphng 

expenments However the drol and its dtacetate each gave only two singlets m the aromattc regron of the ’ H 

n m r spectrum, each mtegratmg for two protons Furthermore, the 13C n m r spectra mdtcated that both th 

dtol and its &acetate had a very symmemcal structure since only ten signals were present in the spectrum of 

the dtol and only 12 in that of the dracetate These observatrons suggested that oxtdatrve coupling of the 
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aromatic rings had occurred leadmg to the dknzocyclooctadtene (5). These conclusrons were supported by 

comparison with the work of Chattopadhyay and Rae’ and m parttcular by comparison of the above spectra 

with those of the related compound (7) prevrously reported. 
9,lO 

Both (5) and (6) showed posmve Cotton 

effects at 257 and 309 nm thus indmadng that the brphenyl umt of the dibenzoocycloocuuhene system 

possesses the absolute configuration shown. 
9,11,12 

When the trans 3,4-&benzyltetrahydrofuran (2)6 was tmated wrth 1.5 eqmvalents of DDQ m aceuc actd 

two products were obtained The first had a molecular formula C22H2207 which corresponded to the 

mtmducaon of an acetoxy group. Thrs was contkmed by the I r and n m.r. spectra which m the latter case 

further m&cated that substmmon had taken place at one of the benzyhc positrons. Thus the ABX systems of 

the tetrahydrofuran rmg were largely unchanged (although no longer eqmvalent), whrle one of the benzyhc 

protons had been moved downfield to 5.41 p.p.m. due to the mtmduction of the acetoxy subsutuent. This 

effect was also seen m the 13C n.m.r spectrum m which one of the benzyhc carbon atoms of the startmg 

matenal had been moved downfield by -40 p.p m , the rest of the spectrum bemg vutually unchanged. This 

mformaaon therefore lead to structum (8) for this product (Scheme 2) and m vrew of the large couphng 

constant (9 7 Hz) associated wrth the benzylic proton it was assigned the erythro con&urauon. 
13,14 

The second product Tom the reaction of (2) wrth DDQ m aceuc acid had a molecular formula CzoH1805 

cormspondmg to dehydrogenauon Analysrs of the n m r spectra of thts compound and comparison wrth data 

m the hterature 
15.16 

lead to the conclusron that rt was an aryltetrahn In parucular, the loss of one benzyhc 

proton and one aromauc proton leavmg a doublet at S 3.70 (H-l) and two smglets at 6.29 and 6.60 p p m (H-5 

and H-8) suggested the formaaon of a 6.7~&oxygenated I-aryltetralm (9) Furthermore, the large couphng 

constant (lO.OHz) between H-l and H-2 mdmated the tratzs configurauon shown, as 111 phylterrahn (11)15 and 

lmtetralm (12). l6 The aryltetmhn (9) was also the maJor product obtamed when (2) was treated wrth DDQ m 

aceuc anhydride. 

When (2) was tmated with 2.3 eqmvalents of DDQ m mfhtoroaceac acid a single product, m p 280°C, 

isomenc with (9). was obtamed As m the case of the drol(5) it was evident from the ‘H and 
13 

Cn.mr 

spectra that the aliphaac part of the molecule had been retamed mtact m thtsproduct but that the aromauc 

regron had been greatly stmplifkd, showing only two smglets at5 6 64 and 6 67 p.p.m. The 
13 

C n.m r 

spectrum also suggested that the product had a verysymmemcal structure and lead to the conclusron that 

oxrdattve couplmg had taken place leadmg to the drbenzccycloocttiene (10). 'Ihs conclusron was fully 

supported by spm decouphng expenments on the ‘H n m r. spectrum and by comparison of the spectral data 

wrth those of compounds (5) and (6) prepared earher and compound (7) obtamed from austrobarhgnan under 
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HOAc 

11 Ar = veratryl 
12 Ar = piperonyl 

slmllar reaction con&&ons 
9 

Compound (10) showed poslnve Cotton effects at 252 and 297 mu, confirmmg 

the configuration of the blaryl system 
9,11,12 

17,18 
The ablhty of DDQ to brmg about benzyhc and allyhc oxidation 1s well documented and its use 

leadmg to tetrahydrofuran formatlon has also been reported 
19,20 

Possible mechamsms for the various 

reactions reported here are shown m Scheme 3 It is clear that the &vergent reaction paths m acetx as 

opposed to mfluoroacetx acid must be associated wtth the use of a more acuix, less nucleophlhc reaction 

medmm m the latter case. It 1s possible that the isolation of the acetoxy compound (8) in the reaction of 

(2) ~th DDQ 111 acetic acid may, at least in this case, offer a clue to the &fferent mechamsms operatmg 

Thus, m the presence of the more nucleophk solvent It 1s hkely that the lmtially formed carbocanon 1s 

trapped or at least preferentially solvated m such a way that buuyl coupling 1s precluded By analogy It 

would be temptmg to suggest that a slmllar mternxxhate (13) might be mvolved m the production of (3) 

fmm (11 
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Experimental: 
1 
H and 13C n.m r. spectra were recorded on Vanan HA-100 and XL-100 mstruments, wrth high field 

1 
H n.m.r. spectra bemg mcorded on Bruker 250 and 360~MHx mstruments. Mass spectra were mcorded on 

a VG 12-253 quadropole instrument and on a double focussmg VG ZAB-E mstrument. S&a gel-G was 

used for column chromatography and for tic. Meltmg pomts are uncorrected CD spectra were obtamed 

on a Jobm Yvon Dichrographe III and U.V. spectra on a Perkin Elmer Lambda 5 specnophotometer 

Reaction of dihydrocubebin (1) with DDQ in acetic acid: Isolation of dihydrmamin (3). 

To a solutton of dlhydmcubebm (1) (O.l7g, 0.47 mmoles) in glacial aceuc acid (6 ml) was added DDQ (O.l7g, 

0.74 mmoles, 1.6 eqmvalents) and the rmxture stured for 4h. The reactton mature was poured onto crushed 

ice (5Og) and extracted wrth ether (3 x 2Oml). The orgamc layer was washed with aq. NaHS03 (3 x ZOml), 

H20 (3 x 20 ml), aq. NaHCG3 (3 x 20 ml), bnne (3 x 20ml) and dned (MgS04). After removal of the solvent 

a pale brown gum (0 19g) was obtained, which showed four new spots on tic (eluent CH2C12-EtGAc 4.1) 

Column chromatography of the residue on S&a gel (eluent CH2 l2 C -EtGAc 95.5) yrelded tiacaon -1 (3Omg). 

fracaon-2 (8Omg) and fraction-3 (unreacted dthydrocubebm (l), 6omg). Further chromatography of fractron- 

2 (eluent CH2C12-EtGAc 95:5) yielded dihydrosesamm (3) as a colourless gum (6Omg, 35%). m/z 356 (60% 

M+), 217 (lo%), 192 (12%), 178 (14%). 149 (34%), 135 (RIO%), 77 (34%) ‘H n.m.r. 8(CDC13) 4 78d 

(J6.2,H-2), 2.33m (H-3), 2.67m (H-4). 3.71dd (J6 3,8 5&I-5a), 4.03dd (J6.5,8.5&5b), 3 73dd (J6.6,10.8, 

H-6a), 3 87dd (J6.9,lO 7,H-6b), 2.52dd (J10.3,13 l,H-7a), 2.86dd (J4.9,13.1,H-7b) 172br (OH), 6.6-6 8m 

(arom ),5.92s and 5.93s (OCH20). 13C n.m r. 8(CDCl,) 82.99 (C-2), 52.73 (C-3), 42.47 (C-4). 73.02 (C-5). 

60.97 (C-6), 33 38 (C-7), 134.31, 137 22 (C-l’, C-l”), 106.43, 108 19, 108 42, 109 08 (C-2, C-2”. C-5’, 

C-5”), 146.07, 147.01, 147 91, 147.98 (C-3’, C-3”, C-4, C-4”). 119 18, 121 55 (C-6, C-6”), 10101, 101 11 

(GCH2G) 

Preparation of dihydrosesamin acetate (4). 

Drhydrosesamm (3) (4Omg) m dry pyndme (lml) was treated with aceuc anhydnde (lml) at 0°C and allowed 

to stand at room temperature for 0.5h. The reactron mrxture was poured onto crushed Ice (5Og) and extracted 

wrth chloroform (3 x 1Oml). The orgamc layer was washed wrth 1% HCl(3 x lOml), brute (3 x 1Oml) and 

dned (MgS04). After removal of the orgamc solvent a pale brown gum (40mg) was obtamed, wmch was 

punfed by column chromatography on s&a gel (eluent CH2C12) to yreld drhydrosesamm acetate (4) (30mg) 
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(MgSO4). After removal of the solvent a brown residue (8mg) was obtamed whzh showed a smgle spot on 

tic (cH2C12 - EtOAc 9:l). See below for spectral data 

Acetylation of ethyl acetate soluble fraction: Isolation of dibenzocyclooctadiene diacetate (6) 

To the ethyl acetate soluble fraction from the above expernnent (7Omg) dssolved m pyndme (3ml) was added 

acehc anhydnde (3ml) and the mixture left at room temperature overmght The reaction mature was poured 

onto crushed tee (50g) and extracted with CHC13 (3 x 20ml). The orgamc layer was washed with 1% HCI 

(3 x 2Oml), brme (3 x 2Oml) and dned (MgS04) After removal of the solvent, a reddish brown residue 

(80mg) was obtamed, which was &mcal on tic (CH2C12 - EtOAc 9.1) wtth the &acetate (6) prepared above 

Column chromatography of the residue on &ca gel (eluent CH2C12 - EtOAc 9 1) yielded an amorphous 

powder (6Omg), whch crystal&d from CHC13-MeOH to gave &benzocyclooct acetate (6) (50mg) 

m p. 276’C m/z 440 (100% M+), 381(12%), 320 (22%), 267 (32%), 237 (14%). 209 (16%), 151(20%) 

kmax(CH3CN) 290 (e = 12,430), 258sh (e = 11,054) and 236sh (e = 13,634)nm. CD data(CH3CN) 

257.6nm (Ae = 11.78) and 300.6nm (Ae = 6.06) ‘H n.m.r. G(CDC13) 2.6Od (J13 7,H-5a,H-8a), 2.2Odd 

(J9.5,13.7&5b,H-8b), 1.73m(H-6,H-7), 4.25d(J9.6) and 3 93dd (J5 9,9.6,C%OAc), 2 09s (OAc), 5.98s 

(OCH20), 6 72s and 6.73s (arom.) l3 C n m-r. s(CDC1,) 147.36,146 06 (C-2,C-3,C-lO,C-ll), 133 74, 

133 59 (C-la,CXa,C-8a,C-12a), 109 13,108 68 (C-l,C-4,C-9&Z-12), 41.35 (C-6,G7), 35 43 (C-5$-8), 

68.01 Q-120Ac), 101.18 (OCH20), 2105,17129 (OAc) 

Reaction of bwns 3&li(3&nethylenedioxybenzyl)tetrahydrofuran (2) with DDQ in acetic acid: 
Isolation of compounds (8) and (9) 

To a mixture of the wns 3,4-&benzyltetrahydrofuran (2) (0 14g, 0.41 mmoles) and DDQ (0 14g, 0 62 

mmoles, 1.5 equivalents) was added acetic acid (6ml) and the mixture stmed at room temperature for 2h 

The reaction mixture was poured onto crushed ice (50g) and extracted with ether (3 x 2Oml) The organic 

layer was washed with aq. NaHS03 (3 x 2Oml), H20 (3 x 2Oml), aq NaHC03 (3 x 2Oml), brme (3 x 20ml) 

and dried (MgS04) After removal of the solvent, a pale yellow residue (0.12g) was obtamed, which 

showed 6 close runmng spots on tic (hexane-EtOAc 7 3) Column chromatography of the residue on 

s&cage1 (eluent hexane-EtOAc 7:3) gave 4 fractions Chromatography of fracuon-4 (eluent hexane- 

EtOAc 9.1) ylelded compound (8) (5Omg, 34%) m/z 398 (14% M+) 338 (20%), 151 (80%) and 135 

(100%). ‘H n.m.r s(CDC1,) 3 48dd (J5 3.8 9) and 3 72dd (J5.2,9 3 H-2a,H-5a), 3 83dd(J7 0,8 9) and 

3.97dd(J7.2,9 2,H-2b and H-5b), 2.3lm and 2.04m (H-3 and H-4), 5.41d (J9 7, H-6) and 2 31m (H-7), 

5 89d(J14), 5 91d(Jl 4), 5.93d(J1.4) and 5.95d(Jl 4,0CH20), 6.3-6 7m (arom ), 2 01s (OAc) 

13C n m r S(CDC1,) 70 69,73 25 (C-2,C-5). 43 65,49 77 (C-3,C-4), 77 37(C-6). 39 38 (C-7), 133.01, 

133 56 (C-l’, C-l”), 145 86, 147.39, 147.53, 147.77 (C-3’,C-3”,C-4’,C-4”), 107 13, 107 98(x 2), 108 86 
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(C-2’,C-2”,C-5’,C-5”), 121.01,121.45 (C-6’,C-a”), 100.81,101.16 (QCJ-J20), 21.22,169.94 (OAc). 

Chromatography of ikactton-2 on srhca gel (eluent hexane-EtQAc 9: 1) yrelded compound (9) ( lOmg, 8%). 

m/z 338 (42% M+), 135 (14%). 84 (50%) and49 (10%). ‘H n.m.r. W!DC!13) 3.7Ckl (JlO.O,H-l), 2.21m 

(H-2,H-3), 2.71dd (J9.6,15.0&4a), 2.96dd (J4.0,15.6&4b), 6.29s and 6.60s (H-5,H-8). 4.19t (J7.3) 3.81t 

(J7.4) and 3.5Om (4H,CH20), 6.55d (J1.5). 6.66dd (J1.7,g.O) and 6.74d (J7.9,arom ), 5 87s and 5.95s 

(QCH2Q). 13C n.m.r.G(CDC13) 50.88 (C-l), 42.23 (C-2), 49.99 (C-3), 32.83 (C-4), 129 50 (@Ia), 108 63 

(C-5), 148 00 (C-6) 109.30 (C-8). 138.58 (C-8a), 72.22.73.09 (CH20), 133.06 (C-l’), 108.28 (C-2’). 

146.12 (C-3’). 146.38 (C-4’). 108.16 (C-5’), 121.63 (C-al), 109.85,100.95 (OtX20). Chromatography of 

frachon-1 on silica gel (eluent, hexane-EtOAc 9:l) ytelded the unreacted fruns 3,4&benzyl tetrahydtofuran 

(2) (15mg) 

Reaction of trans 3,4-di(3,4-methylenedioxybenzyl)tetrahydrofuran (2) with DDQ in TFA: Isolation of 
the dibenzocyclooctadiene (10) 

To a mixture of the fruns 3,4-&benzyltetrahydrofuran (2) (0 lg 0 3 mmoles) and DDQ (O.l3g), 0.6 mmoles, 

2 eqmvalents) was added freshly d~strlled TRA (4ml) and the mixture stnred at room temperature for 2h. 

The reactron mrxture was poured onto crushed ice (50g) and extracted with benzene (3 x 2Oml). The organic 

layer was washed wrth aq. NaHS03 (3 x 2Oml), H20 (3 x 2Oml). aq. NaOH (3 x 2Oml), brme (3 x 2Oml) and 

drred (MgS04) After removal of the solvent, a reddrsh brown residue (8Omg) was obtamed, which resrsted 

crystalhsanon from benzene, chloroform and methanol. Cohunn chromatography of the residue on srlrca gel 

(eluent hexane-EtOAc 4 1) yrelded a colourless sohd (40mg) whrch on crystalhsatton from chloroform- 

methanol gave colourless crystals of the drbenzocyclooctadiene tetrahydrofuran (10) (2Omg, 20%), m p 

28O’C. m/z 338 (100% M+), 267 (12%), 209 (10%) and 152 (12%). hmax(C!H3CN) 287 (a = 10,485). 253sh 

= 7,813) and 230 (e = 11,385)~~ CD data (CH3CN) 252 6nm (A& = 26.91) and 297.6nm (AE = 1132). 

n m r WDC13) 2 54d (J13.W5a,H-8a), 2.23dd (J9.2.13.W5b,H-Sb), 1.81m (I-L6,H-7), 4.03t (J7 5) and 

3 40dd (J7 5,11.0,CH20), 5 97d (J1.0) and 5.98d (J1.0, 0CH20), 6.64s and 6.67s (arom ) 13Cnmr , 

G(CDC13) 147.33,145 74 (C-2.C3.C-lO,C-ll), 134 18,133 30 (C-la,C-4a,C-8a.C12a). 110 54,108.89 

(C-l,C-4,C-9,C-12), 49.08 (C-6&Z-7), 32 73 (C-5$-8), 72 78 (CH20), 101.07 (QCH,O) 

Reaction of trans 3pdibenzyl tetrahydrofuran (2) with DDQ in acetic anhydride: Isolation of the aryl 
tetralin (9). 

To a mixture of the trans 3,4-drbenzyltetrahydrofuran (2) (0 12g, 0 35 mmoles) and DDQ (0 12g 0.53 mmoles, 

15 eqtnvalents) was added aceuc anhydrrde (6ml) and the mrxture sthred at rcom temperature for 2h The 

reacuon mrxture was poured onto crushed ice (5Og) and extracted wrth ether (3 x 20ml) The orgamc layer 

was washed successtvely with aq NaHS03 (3 x 2Oml). H20 (3 x 2Oml). aq. NaHC03 (3 x 2Oml). brme 
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(3 x 201111) and dried (MgSG4). After removal of the solvent a pale brown residue (14Omg) was obtanx 

Crystallisatlon of the residue from CHC13 followed by recrystallisanon from methanol yielded a colourl 

crystallme sohd (30mg) m.p. 182’C, which was identied as 2,3~chlaro_S,~dl,~y~xybe 

&acetate. Evaporation of the mother hquor followed by column chromatography of the lesldue (9Omg) 

s&a gel (eluent, hexane-EtGAc 4:l) yielded arylteualin (9) (4Omg) and compound (8) (5mg). 
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