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shifts for the diesters 4 and 6 are presented in Table I,
together with related derivatives prepared from 4 and 6
respectively, and these are compared to data for known
substituted tetrahydrofurans.Y'"" Analysis of the 'H
NMR spectra of 4 and 6 was also made using INDOR
techniques16 in CJ)6 solutions. where differences in
chemical shifts were observed in comparison to CDCh
solutions. For the diester 4 (in CDCh), H-2 and H-5Q

resonate at 8 5.38, and for compound 6 H-2 is assigned
the signal at 8 4.98 and H-5 at 8 5.20. The mass spectra
of these diesters 4 and 6 support the proposed structures.
and are in accord with fragmentation pathways reported
for other diaryl substituted tetrahydrofurans."

Hydrolysis of the diester (4) gave diacid (II) which in
reftuxing Ac20 yielded the anhydride (12). Reduction of
12 with NaBH. in isopropanol for 72hr led to the 2,4­
diaryl monoepoxylignanolide (3) (Scheme 3). This con­
stitutes the first reported synthesis of a 2,4-diaryl-3,7­
dioxabicyclo[3.3,0Ioctan-8-one.

From the 'H NMR spectrum.assignmentof the signals
for 3 was made by decoupling all the protons in turn.
Firstly, coupling between H-I and H_2b (J = 5 Hz) sug-

chromatographic separation led to the recovery of un­
reacted starting material, together with a second minor
reduction product 6, being an isomer of 4, formed
through a 1,2-addition reaction (Scheme 2).

It should be noted that hydrogenation, using different
catalysts, of other 2,5-diphenyl furan-3,4-disubstituted
derivatives [such as the diacid (Sa, R = COOH), dialco­
hoi (5b = -eH20H) and the anhydride (Se)1 did not yield
the desired product. Using the reported conditions
(Experimental) the furan ring failed to undergo reduction
(in the case of Sa, decarboxylation occurred), or the
reaction took place at the C-3 substituent.

For the diester (4), 'H and 13C NMR indicated that this
compound is symmetrical; one set of signals for the
protons and carbons of each side of the molecule was
observed. This trans-meso derivative may be compared
to galgraoin (4, R = Me) isolated" from natural sources.
Out of the possible structures 6-10 which can be assig­
ned to the isomer of 4 formed by the 1,2-addition, the r-2,
Jc, 4t, 5t form, structure 6 is proposed on the following
grounds. Firstly, the diester (6) was hydrolysed to a
diacid which failed to give an anhydride, whereas the
diacid (II), formed from the diester (4), did undergo ring
closure to the anhydride (12). It is believed10 that such
ring closures can be formed if the protons H-3. H-4 are
cis to each other, as in compound 4, but not for 6.
Furthermore, two sets of signals for each side of the
molecule 6 were observed (Tables I and 2), eliminating
the possible cis-meso structure 7.". 12 The comparisonof
benzylic proton shifts for 6 with the known compounds
ueraguensin (8, R =Me)9.13 and galgabin (10, R = Me), I.

also ruled out these last two possibilities.
The IH NMR spectral data of the benzylic proton

"For tetrahydrofuran numbering see Table 2. '
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Table I. 'H NMR spectraldata of the benzylic protonshifts for substituted tetrahydrofurans
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Lignans from Aegilops ovala L. 867

dried over CaCI2. Filtration and removal of solvent left a red oil
which upon trituration with MeOH and on standingseveral days
at 0"gave white crystals (30g)of the l,4-dikelone. m.p. 117-119":
'H NMR (COCh) s 1.0 I J = 7 Hz (6. -CH,). 4.0 q J = 7Hz (4.
DCH2-). 5.7 s (2, -CH-). 7.5-8.2br (10. Ar-H); M.S. M' 382
(C22Hll06• 5%). Mt-H20. 364 (CllH200,. 10%). 189 (87%). 144
(100%). 105 (100%).

2,5-Diphenyl-furan-3.4-dicarOOxylic aciddielhyl ester. 5. The I.
4-diketone (Sg)wasadded to polyphosphoric acid(JOg) at 60". The
mixture was maintained for I hr at 75·-85· with stirring. cooled
and pouredover crushed ice. The brownsoln slowlygave way to
a white milky suspension,extracted into Et20 washed (2x H20)
and driedover CaCI2. On filtering and removal of solvent. a white
solid(5)crystallised out (4.2g). recrystallised from Et20-hexane.
m.p. 79-80". 'H NMR (COCI) Ii 1.2 t J = 7 Hz (6. -CH). 4.4 q
J = 7 Hz (4. DCH)'). 7.5-8.2 br (10, Ar-H): M.S. mle Mt 364
(C22H200,. 10%). 105 (100%).

2,S-Diphenyl furan-3.4-dicarboxylic acid (51). m.p. 235-237"
(lit, m.p." 235-237"> and 2.S-diphenylfuran-3.4-dicarboxylic acid
anhydride (x). m.p, 259-260" (lit.m.p.l' 254-255") werepreparedas
reported.i'

2,5 - Diphenyl - 3 - hydroxymelhylfuran - 4 - carboxylic acid
(Sd). Compound x (280 mg) in THF (25 mil was added slowly to
a stirred mixture of NaBH. (40mg) in THF (2ml) at 0". then
allowed to warmto room temp.and left stirringfor a further 2hr.
6N HCI (2mil was added, THF distilled off under reduced
pressure and H20 (20ml) added. before extracting the soln into
Et20. The organic layer was extracted with 5% NaHCO, soln
which was then acidified and re-extracted into Et20. the organic
layer washed with H2()(2x) and dried over Na2S0•. On filtering
and removal of solvent. a white solid (Sd) remained (200 mg),
recrystallised from acetone-petroleum ether. m.p. 206-208": IR
(KBr).3500-3000 (D-H), "c-O1730. 1675 cm'": M.S.mle Mt 294
(CIIHI.O.,20%). 105 (100%).

2,S-Diphenyl-3.4-di(hydroxymelhy/)furan 5b. Compound x
added to a stirred suspension of LAH (500 mg) and AICh
(500 mg) in dry THF (SO ml) at 0". The mixture was allowed to
warm to room temp. over 2hr with stirring then refluxed for a
further 24hr. cooled. EtOAc added followed by a saturated soln
of Na2SO. until a white gelatinous mass formed. The mixture
was filtered, the ppt washedwith acetoneand 10% H2SO••and all
the washings added to the filtrate. the organic solvents distilled
off under reduced pressure and extracted into Et20 (2x 100 mI).
The Et20 soln was washed with H2()(2x). dried over NaSO. and
on filtering and removal of solvent a white crystalline solid (5b)
precipitated out (350 mg) m.p. 169-170". IR (KBr). 3400-3300.
1010 cm'": M.S. mle M' 280 (CI8H I60 ,. 20%). 105 (100%).

Hydrogenations of substituted !urons (5. 5b, x)
General procedure. A mixture of the compound to be reduced

(50-100 mg), catalyst usually (20-50 mg) and solvent (SQj.loo ml)
was maintained with shaking under an atmosphere of H2 at the
desired temp. and pressure. After filtration of the spent catalyst.
the filtrate was examined by tic. For isolation of products, the
solvents were removed and the products separated by chroma­
tography. and analysed by tic, IR and IH NMR spectroscopy.

Compound 5b (80mg) in EtOH (SO ml)was hydrogenated over
10% Pd-CaCO, (20mg) at room temp. for Shr at SO atm. Tic
indicated the presence of one reaction product. which chroma­
tographic separation over Alumina (grade III) eluting with ben­
zene gave trans - meso - 2,5 - diphenyllelrahydro!uran - 3 ­
h.vdroxymelhyl - 4 - melhyl (IS mg) as an oil. IH NMR(COCh) Ii
1.25 d J = 5 Hz (3. -CH). 2.80s disappearing upon exchangewith
~O (I-Om. 2.6-3.3 m (2. H-3. -4). 4.75 d J = 4 Hz (2. -CH20).
5.15 m,resolved by decoupling, J = 8 Hz(2.H-2.5).7.4-7.9br (10.
Ar-H): M.S. mle M+ 272 (CIIH2002• 20%).105 (100%).

Compound x (80mg) in AcOH-MeOH (I: I. SO ml) was
hydrogenated over 5% Pd-charcoal (20mg) at room temp. for
5 hr at 30atm. Tic indicated the presence of Sd confirmed by
isolation (20mg)and comparison with the reactionproduct of the
anhydride (x) reduction usingNaBH•.

Using 5% Pd-CaCO) (20mg) in EtOH (80ml), 5c (SO mg)gave
also 5d (20mg) as the only reduction productof reaction.

Hydrogenation of 5 (100 mg) over 10% Pd-CaCO) catalyst

(100 mg) in abs. EtOH (200 ml)at 1000 under 100 atm pressurefor
3hr followed by filtration and removal of solvent gave an oil.
Chromatography over Alumina (grade III) eluting firstly with
hexane gave unreacted starting material. Hexane-benzene (30%)
eluted 6 (10mg) and with hexane-benzene (50%). the diester (4)
(60mg) was separated.

trans - Meso - 2,5 - diphenyllelrahydrofuran - 3.4 - dicarbo­
xylicacid dielhyl ester, 4. m.p. 62-63°. 'H NMR (COCh) Ii 0.78 t
J = 7 Hz (6. CH). 3.6-3.8 m (6.CH2+ H-3.-4).5.38d J = 7 Hz (2.
H-2. -5). 7.2-7.8br (10. Ar-H): C.D61i 0.70t J = 7 Hz (6,CH,). 3.4
d. J = 8 Hz (2. H-3.-4).3.7q J = 7 Hz (4-CH 2). 5.15 d. J = 7 Hz (2.
H-2,-5).7.2-7.6 br (10, Ar-H): M.S. mle Mt 368 (C22H2.O,.5%).
299 (5%).262 (36%), 217 (15%).189 (100%). 115 (57%). 105 (28%).

r - 2.3c.41.51 - 2,5 - Diphenyltetrahydro!uran - 3.4 - dicamo­
xylicacid dielhyl ester, 6. oil: 'H NMR (COCh) Ii 0.80t J = 7 Hz
O. -CH,). 1.0 t J = 7 Hz O. ·CH). 3.3-3.8 m (4. -CH2+H-3. -4).
4.0q J = 7 Hz (2, -CH2) . 4.98 d J = 8 Hz (I, H-5). 5.20 d J = 8 Hz
(1. H-2). 7.0-7.5 br (10. Ar-H): ((6D6) s 0.55 t J = 7 Hz (3. -eH,).
0.8 t J = 7 Hz (3. -CH)).3.4 d J = 7 Hz (2. H-3.-4). 3.9q.l = 7 Hz
(2. CH2). 3.95 q J = 7 Hz (2. CH2). 5.1 d J = 8 Hz (I, H-5), 5.2 d
J = 8 Hz (I. H-2). 7.0-7.5 br (10. Ar-H): M.S. ml« Mt 368
(CllH2.O" 5%). 299(7%),262 (36%). 217 (12%). 189 (100%). 115
(60%). 105 (30%).

trans - Meso - 2.5 - diphenyl - 3,4 - dihydroxymelhyl­
lelrahydrofuran. (4. R = CH20H):obtainedbyreductionof 4 using
LAH/THF. as an oil. 'H NMR (COCI,) Ii 2.5 br disappearing
upon exchange with ~O (2. OH). 2.9-3.3m (2. H-3. -4). 3.4­
3.6m (4. -CH20). 5.19 d J = 7 Hz (2. H-2. -5). 7.3-7.9 br (10.
Ar-H): M.S. mle Mt 284 (C"H 200). 30%). 105 (100%).

trans - Meso 2,5 - diphenyl - 3.4 - diacetoxymelhyl­
lelrahydro!uran (4. R= CH20Ac); obtained as an oil by acetyl­
ation of the above diol. ' H NMR (COCh) Ii 1.8 s (6. OAc).
2.8-3.2 m (2. H·3. -4). 3.6-4.1 m (4. -CH20). S.JO d J = 7 Hz (2.
H·2. -5).7.3-7.7br (10.Ar·H): M.S. mle Mt 368 (C22H2.O,. 10%).
284 (100%).

trans - Meso - 2,5 - diphenyllelrahydro!uran - 3.4 - dicar­
boxylic acid. I \. Compound 4 (60mg) was dissolved in EtOH
(I ml),added to 10% aq, (25% alc.) KOH (10ml)and the mixture
refluxed for 2hr. The soln was cooledand poured onto crushed
ice. extracted into Et20 , whichwas dried over Na2S0. and after
filtration and removal of solvent a white solid (II) (48 mg)
remained. recrystallised from CHCh. m.p. 197-199". IH NMR
(COCh) s3.6m (2. H-3.-4).5.20 d J = 5 Hz (2. H-2.-5).7.4-7.8br
(10. Ar·H): M.S. mle Mt 312 (CIIHI60,. 5%). 206 (12%), 188
(20%),164 (100%).146 (15%).115 (45%).105 (75%).

The diester 6 (10mg) was converted into the corresponding
r-2. Jc, 4t. 5t-2,5-diphenyltelrahydro!uran-3.4-dicarboxylic acid.
by the same procedure. m.p. 220-221° (dec.): ,H NMR(COCh) Ii
3.6m (2. H-3. -4). 4.95 d J=8Hz (I. H-5). 5.25 d J=8Hz, (I,
H-2). 7.5-7.9br (10. Ar-H).

trans - Meso - 2,5- diphenyltetrahydro!uran - 3,4- dicarboxylic
acidanhydride. 12. Compound II (90 mg) was dissolved in AC20
(\5 ml)and broughtto reflux for 2hr. the solventwas removed by
distillation under reduced pressure leaving a white solid (80mg)
m.p.225-226°. IR (KBr) IICoO 1860. 1800 cm'": 'H NMR(COCh) S
3.4-3.6 m (2. H-3.1). 5.20d J = 5 Hz (2. H-2. -5). 7.2-7.6br (10.
Ar-H): M.S.mle M· 294(CIIH..O•. 2%). 206 (13%).189(40%).164
(60%). 146 (73%). 115 (90%). 105 (\00%).

2.4 - Diphenyl - 3.7 - dioxabicyclo[3.3.0]oclan - 8 - one, 3.
Compound 12 (60mg) was suspended in iso-propanol (10ml),
NaBH. (\5 mg) added slowly. and the mixture left stirring for
72hr. Water was added. overlayered with Et20 and the aq, layer
brought to pH 6 with 5% HCI with vigorous stirring. The
organic layer was removed. washed with H20 Ox). dried over
Na2SO., filtered and the solvent removed. Chromatography over
silicaeluting with benzene-CfjCl. (9: I) gave 3 (JO mg)recrystal­
lised from CHClrhexane. m.p. 95-96°. UV (MeOH) Am.. 258
(f 600) nm: I.R. (KBr) IICoO 1760 cm": IH NMR (270 MHz)
(COCh) S 3.15 tdd J = 9.5.5 and 2.5 Hz [I, H-5 (lignan number­
ing)). 3.38 dd J = 9 and 5 Hz (I. H-I). 4.40m (2, -CH20). 4.71 d
J = 9 Hz (I. H-4), 5.25 d J = 5 Hz (I. H-2). 7.3-7.6 br (10. Ar-H):
M.S. mle Mt 280 (C'MH,.O). 38%). 235 (4%). 174 (CIIH I002,

38%), 129 (CIOH9• 100%). 117 (C9H9, 75%). 115 (C9H 7• 55%), 105
(C7H.0. 34%). Crystal data: orthorhombic. Pbca: a = 8.377 (I).
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