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Abstract-A sfcrcowkc1ne 5yn1hcGs procedure for lignans of 1hc all-tronr oo’diaryl.@B’- 
dimerhyl1c1rahydrofurans is dcwnhcd The hpnans. galbclgin (4) and prandtsin 07) were synlhesizcd by routine 
rcduc1ion of the 1ctrahydrofuran dic.artwxylic cs1er\ (tl and 10. oh1amcd hy mild acid 1rea1ment of the readily 
available dtaryl dllaclorw (2.3 and 33) 

au’-Diaryl-&?‘-dimcIhylIetrahydrofuranv arc now a well 
recognired class of lignans. Of the sin possible 

sIereoisomcrlc forms in which such structures can exist. 

four have been found naturally occurring. These are the 
c-is-meso (I, teIrahydrofuroguaiacin H dimethy+ eIher’). 
the rrans-mcso (2. galgravin’). the r-2. 3~. 41. SC form (3. 

( + )-vcraguensin’) and fhc all-rrc~~r r-2. 31.4~. Sr form (4. 

( - tgalbelgin’) in each ckamplc of which the aryl symbol 
represents the X4-dimelhoxyphenyl moiety. The synth- 

esis of boIh mcso forms was reported by Haworth.’ I by 
caIalyIic hydrogenation of the diveraIryldimeIhy1 furan. 

and 2 by acid-catalyred equilibration of I. More recently 
WC have described a synthesis of ( 2 )-veraguensin (3) by 
an okidalivc phcnolic coupling of a bromo-ferulic acid 

derivative.” In an ektension of these studies. a procedure 
for the synthesis of the remaining all-Irons group (e.g. 4) 
has been devised. 

II has been established’ [hat ferric chloride oxidation of 

I 2 3 4 

R 

CC,R’ 

H-. -n 

--- 

A -.-- Ok0 
5: R.H, iT’.M 

7: 9.~ 

&AC 6: R.OMe, R’.r( ‘\ 1 8: H*OMe 
‘1. 

‘\ 

I 
It : R-H, R’. Me 

14: R.9r 

12: R*OMe, I+M~ 

13: Q.&, R’. H 

l6:R*Br, R’mMe 

9: R.H 

IO! R*Ok(c 

6” 13: R. Br 

9r .- -+ 

9r 

I7 Er I8 Rr 



2% R STEVENSON and J R. WUIAYS 

ferulic acid (5) or sinapic acid (6) yields the corresponding 
dilactone (7 or 8) which rearranges with methanolic 
hydrogen chloride to give the aryldihydronaphthalene 

esters (9 or 10): these esters could also be obtained in one 
step by oxidation of the respective methyl cinnamate 

esters (11 and 12)’ Furthermore, the phenolic coupling of 
5-bromoferulic acid was unexceptional in giving the 
dilactone (14). and the diestcr (IS) was readily obtained hy 

rearrangement of 14 or direct oxidation of methyl 
5-bromoferulatc (16). In contrast. ferric chloride oxidation 

of methyl SBdibromoferulate (17) yielded the tetrahyd- 
rofuran (IS) whose structure was established by convcr- 

sion to ( 2 )verdgucnsin (3). With this background. it was 

anticipated that ferric chloride oxidation of methyl 

6-bromofcrulatc (19) might yield either the aryldihyd- 
ronaphthalenc (20) desired in connection with other 

synthetic work.6 or the tetrahydrofuran (21). In sequel. 
neither was a principal oxidation product.’ leading us to 

examine the behaviour of the dibromodilactonc (U) 
toward the standard acidcatalysed condition of rcar- 

rangemcnt to the aryl dihydronaphthalene in the hope of 

effecting the change 23+20. 

product. involving configurational retention at all chiral 
centers was established by conversion IO ( 4 )galbelgin 

(4). Formation of the tctramethyl ether (26) by 
diaromcthane treatment. followed by reduction with 
lithium aluminium hydride IO reduce the ester functions 

and hydrogcnolyx the bromine atoms gave the diol (27) 
whose di-p-toluenesulphonatc derivative (28) with lithium 

aluminium hydride gave ( f )-galbelgin (4). identified by 
comparison of the published spectromctric data.” ” It 
was unnecessary to isolate or purify any of the 

intermediates (2628). the essential completion of each 
step being ascertained by appropriate spectra dctermina- 

lion. 

The readily available dilactor& (7) on acetylation gave 

the diacetatc (22) which on treatment with thallium 

triacctate followed by bromine gave the dihromodilactone 
(23) with spectrometric data in accordance’ with this 

structure. On treatment with methanolic hydrogen 
chloride at room temperature, the dilactone was con- 

verted to a tetrahydrofuran (24). characterized as the 
diacctate (25). The structure and stereochemistry of this 

The recently reported isolation from Litseo grandis of a 
product named (-)-grandisin and for which the structure 

(37) was proposed” prompted a synthesis of the ( z )-form 
by a similar procedure. The dehydrodisinapic acid 

dilactonc (29). readily obtained’.” by ferric chloride 
oxidation of sinapic acid, gave the hexamcthoxydilactone 
(34) on treatment with diazomcthane. As anticipated. 
however, from earlier work on the synthesis of 

thomasidioic acid.’ treatment of 30 with methanolic 
hydrogen chloride gave the aryl dihydronaphthalene 

dicster (31). II was proposed to overcome this obstacle by 

suitable deactivation of the aryl ring and one simple 
solution follows. 

The dehydrodisinapic acid dilactone diacctate (32) on 

bromination in acetic acid yielded the dibromidc (33). 
which on heating with hydrogen chloride in dioxan- 

methanol yielded the required intermediate tetrahydrofu- 

cw I 22: X-H 

’ 23: X-b 

27: R-CyCW 24: R-H 

28: R-CH_OTs 23: R-Ax 

4: R-M.5 26: R-Me 
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ran (34). Parenthetically. it might be added that the 
dibromide (35) obtained in the same way from the 
dimethyl ether derivative (30) did not undergo a similar 
clean acid-catalyzed rearrangement. king unchanged on 
standing overnight at room temperature, and yielding 
products other than the tetrahydrofuran (36) under reflux 
conditions. The conversion of tetrahydrofuran (34) to 
(? )-grandisin (37) was achieved in the same manner as 
for gakxlgin, by diazomethane treatment to (36) followed 
by successive treatment with LAH. p-tolucncsulphonyl 
chloride and LAH. 

EXPDIIWXTAL 

M.ps were determined with c~rhcr a Galknkamp or Fishcr- 
Johns appararus and arc uncorrected. NMR spccrra were 
determined for CtX’I, colns wtth TMS as mrcrnai reference on a 

Varian A60 spcclromckr. 

r IH . 2c.6c His . (4’ ac-rrory . 3’ mcfhoxgphrnyl) 3.7 . 
dioxobiryc-lo - \3.3.0] ocfanc 4.8 dionr (22) 

Ac,O (20 ml) was added to a soln of 7 (6.0 g) in pyridrne (20 ml). 
warmed at co. 65’ for 30 min. cooled. poured into ice-water and 

filrcrcd. Rccryrtallizarton of IIK pp~ from acetone-MeOH ga\e the 

dlacrfafr (22) as spiked ncedlcs (6 68s. m.p. 22X-23W) rarscd IO 
m.p 231-23!’ on recryslallizafion for analysis (Found: C. 61.15; 
H. 4.80. C,.H,,O,, requires: C. 61.27. H. 4.72%). KMR spectrum. 

6 2.30 I (6. OAc). 3 61 s (2. H.1 and !I. 3.87 s (6. OMe). 5.91 s (2. 
H-2 and 6) and 6.82-? 20 m (6. ArH) 

r. IH .!c.6c flir (4’. ardoxy 2’. bmmo 5’. mr~hoxyphmpl) 
3.7 . dioxobiryclo . 13.3.01 m-rant . 4.X dionr (23) 

Thdlrum triacerare (3.7 g) and 22 (3.7 g) were dissolved in hot 

AcOH (200 ml) and a toln of Br, in AcOH (co. I glml) added until 
the halogen colour pcrslslcd Accronc was then added lo remove 

excess Br,. followed by water until the hot soln clouded. The 

product whrch scparalcd on cooling was dissolved m hd AcOH. 

filtered and recrystallued IO gibe rhe dibmmo dilarfonr dcoctra~r 
(23) as clusters of needks (4.4~ in IWO crops). m.p. 235-236 

(Found: C. 45 78: H. 3.15. CUH,Br,O,O requires: C. 45.88; H. 
3.21%). h’MR spectrum: 6 2.28s (6. OAc). 3.~8s (2. H-l and 5). 

3.82 s (6. (ISIt( 6.07 s (2. H-2 and 6). 6.85 s (2. H-2’) and 7.32 s (2. 
H-S’) 

r 2.1 5 . BisC bmmo . 4’ . hydmxy - 5’ - mrrhoryphmyl) . 
Irfrahydm/uran - I .3x .1 dicarhoxylic ariddimtfhyl ~IIU (24) 

A win of HCI in MeOH (3%. 50 ml) was added IO a soln of 23 
(2.43 g) in dioxan (35 ml). The mixfurc was allowed to stand al room 

temp. for 48 hr. poured into water (I00 ml). extracted wrth chloro- 

form (3 x 50 ml) and ~hc drted exlrac~ evaporated IO give ~hc crude 
product (2.5 g) which was crystallized from elhcr-hcxanc yicldmg 

the bisphnol (24) as prisms (1.16~). m.p. l79-IR(p (Found: C. 
45.01. h. 3.79. C,,H,,hr,(k require& C. sd.77; H, 3.76%). NMR 
spectrum: d 3.70 s (6. CO,Me). 3.95 s (6.0.M~). 3.59-3.92 m (2. H-3 

and 4). !,77-WOm (2. H.2 and 5). 7.12s and 7.17s WrH). 

r . 2.1 . I, Bis(4 - areroxg . 2’ . bromo - 5’ . mrfhoxyphnyl) - 
rrfrahydm/uran - 1-3.~ .4 dirarborylir acid dimcrhgl CSIU (25) 

Ac,O (5 ml) was added IO a xoln of 24 (I20 mg) in pyridinc (5 ml). 
rhc mrxturc heated at co W for .3Omm. poured on to ice and 
extracted with c&r. The residue from the washed and dried 

extract ws crystallized from !.4eOH_aceronc IO g~vc ~hc dibmmo 
dlactrarr (25) as prtsms (70mp. m p IR!- 183’) raised lo 
IX% 185.5’ for analysis (Found. C. 46.64; !5. 3.95 C,H&,O,, 

requires: C. 46.31; H. 3.89%). NMR spectrum 6 2.29 s (6. OAc) 
3.66 s (6. CO,Me). 3.89 s (6. OMe). H-3 and 4 (indistinct. partly 
hidden). 5X8-5.98 m (2. H-2 and 5). 7.23 s and 7.26 s (ArH). 

r 2.1 . .C Ris . (? . bmmo . 4’.?’ . dimtfhoryphmyl) 
mrahydmfuran - I .3.c .4 dirarboxylrc acid dimrrhyl cslrr (26) 

Excess diacomcthane in ether was added IO a roln of 24 

(400 mg) m THF (S ml) and YeOH (5 ml) al W. rtined overnight ar 

33: R-Ms 
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room temp.. the solvents evaporated and the residue (440 mg) in 
ether filtered through alumina to give Ihe rr~mmahyl tihrr (#I as 
an oil (360 mg) which was not cblained crystalline. The analytical 

sampk was obtained as a glass (softens cu. 55” and liquid at 657 by 
high vacuum sublimation. (Found: C. 46.78: H, 4.17. C,H,.Br,O, 

requires: C. 46.62; H. 4.2453. NMR spectrum: d 3.67s (6, 

CO:Mcl. H-3 and 4 (indistinct. partly hidden). 3.8S s and 3.90s 

(Of& nroupsl.S.73-S.85 m (2. H-2and Sl.6.97~(2. H-2’1and7.13 s 
(2. H-S’). . 

r . ‘$ . S Bit (3’,4’ . dimrrhoxyphnyl) . t -3.c - 4 . 
dimtrhyf-tctmhydmfvrpn 

(i: bGol&&%in (4). Excess LAH was ad&d to a sofn of 26 

(SO0 mg) in THF (co. 30 ml), fftc mixture allowed to stand at room 
temp. for 30 min and worked up by addition of EtOAc and water. 

decantation and evaporation of rhc dried organic extract to give 

the crude dml(Z7.400 mgl. A soln of p-tolucncsulphonyl chloride 
(I .3 8) in pyridinc (7 ml) was added to Ihc dial in Ibc same solvenl 
(7 mll at - I?“. the mixlure stored at Ihts Iemp. ovemigh1. poured 
into waler. worked up via ether in the usual way IO yield the 

residual t8 (XH3 mgl which withou1 purihcalion was re-trcatcd wiIh 
LAH as above. The product (24Omgl was dissolved in bcnrenc 
andfilIered 1hroughacolumn(7.! x 1 cmlof ahtminafLaportc.type 

H. dcacIivatcdl. Evaporation of rhc cluate (IWml) gave ( z b 
gaabclgin (in 30% overall yield from 26) as jagged prisms. m.p. 
I24-127 (Iii.” m.p. 124-128”) on cryrIalliz.ation from &OH. and 
with concordan NMR spectrum.’ ” 

r . IH _ ?cL - Bir - (3’.(‘,5’ _ r~mcr~xyphe~yl~ * 3.7 - 
dioxu6i~ycfo - [3.X0) - ut~ne - 4.8 - dionc (301 

To a soln of 29’ (I .S 8) in THF (200 ml) and MeOH (SO0 ml) was 
added excess ethereal diaromcthanc. and the mIxIure rutred 

overnighl a1 room temp. Removal of the solvcnl and cryslallira- 
tion of (he residue from aqueous MeOH gave the hcxomcthoxy- 

difoc-tonc (38) in 9498 yield as clusters of needles, m.p. 202-203”. 
r(KBr) 5.61~. (Found: C. 60.60; H, 5.65. C,H&, requites: C, 
60.7S. H, S.SM) NMR spectrum: 6 3.62 s (2. H-l and 5). 3.78 s (6. 

J’-Ohfcl. 3.8S s (12. 3’ and SO&). S 8S s (2, H-2 and 6) and 6.50 s 

(4. ArH) 
Trtatmmr o/ diloctonc (30) virh hydrogen chloride in 

mefhonol. HCI was bubbled Ihrough a suspenston of Ihc 

hcxamethoxydilactonc (IO0 mg) in McOH (21 ml) until toln was 
complete (cu. 2Omin). the mixlure rcfluxcd for l.S hr. concert. 

tratcd IO 10 ml. then poured into ice-water. The ppt (60 mgf had an 
NMR spectrum identical to thar reported’ for 31. 

r. IH .!c.6c. ftir - (2’. bromo Y.4’5’ - frimtfhoxyphtnyl) 3.7. 
dioxobicyclo [3.3.0) - octonr-4.8 . dionc (35). 

To a soln of M (SO0 mg) in AcOH (5 ml) was added a soln of 
Br: (375 mgl in the same solvent (0.35 ml). When the colour faded, 
water was added and Ihc ppl crysIallized from CH,CI,-MeOH to 
give rhc d~~mide (3s) as needks (6lOmg). m.p. 261-263’. 

1(KBrl!.S9p. (Found: C. 4S.38; H, 3.86. C,.H,Br,O,, requires: 
C. 4S.9; H. 3.83). NHR spectrum: 6 3.53s (2. H.1 and 5). 3.8S s 

and 3.90 s (18. ArOMcl. 6.08 s (2. H-2 and 6l and 6.62 s (2. ArHl. 
A soln of Ihc dilaclone (50 mg) was suspended in MeOH (20 ml) 

and HCI bubbled through until soln wat complete. Aqueous 
dilubon yielded a ppl shown IO bc unchanged starting makrial 
by SMR spectntm examination. The iactonc was also recovered 
unchanged after being allowed to stand overnigh at room tcmp in 
3% mcthanolic HCI. When heated under r&x for 18 hr wtth 
saturated mcthanolic HCI. neuhcr starring malcrial. nor THF 
producl was prescnl in the producl mtxture 

r . IH . 2c.6~ Bir . (4’ . ocmxy - 2’ . bmmo - 3’S’ . 
dimethoxyph~nyll - 1.7 . dioxabicyclo _ [3.3.0] . ocranr * 4.8 . 
dionc (33) 

To a soln of 32‘ (3 4 gf and NaOAc (I .? 8) in A&H (70 mll at 
room temp. was added a sobs of Br, (2.14 g) m the same solvent 
l?.Omll. Aqueous dilutmn precipitated a solid which was 
recrysIallizcd from CHICI,-!&OH as clusrers of needles (3.2S 8). 
m.p. ,Xx4-206’ An analysis sample of the diaceratr dibromidr (33) 
had m.p. 2Olt-m. A(KBr) SS8 (lac~oncl and 5.63~ (erler). 

(Found: C. 4S.26; H. 3 46 C,.Hs(,Br,O,, requires: C. 45.37: H. 

3.Sl9E). NMR spectrum: 6 2.33 s (6. OAcl. 3.S7 s (2. H-l and Sl. 
3.82 s and 3.8S s (12. A&Me). 6.10 s (2. H-2 and 6). and 6.67 s (2. 
ArH) 

r * 2.l- S - Bis * I? - bromo .4’ - hydmxy . Y.5’. dimerhnxyphenyf) 
- tetmhyd~~u~ . t . 3.c .4 _ dicn~oxyiic aciddim~hyi arer (34) 

A saturated soln of HCI in MeOH (40 ml) was added to a soin of 
33 (880 mgl in dioxan (8 ml). the mtxture warmed to the b.p.. then 

allowed to sland overnight a1 room Icmp. Dilution with water. 
extnction wiIh ether and evaporalton of the washed and dried 
ex~racl yielded a residue (727mgl which crysrallirzd from 

ether-hexanc (3. I) IU give the fcrrahydmjumn (31) as clusters of 
needks (250 mg). m.p 92-94’(decl. The NMR spectrum indicated 

the presence of ether as solvent of crystallization. and drying of 
(he rampte in cucuo at 7$ for 3 hr and room femp. overnight, 

converted the crystalline form IO an amorphous glass. (Found: C. 
43.93; H. 4.05. Ca.HkBr,O,, requires: C, 44.13: H. 4.03%). NMR 

spcIrum: 6 co. 36Om (2. H-3 and 4. partly hidden). 3.67s (6, 
CO&fcl. 3.90 s and 3.95 s (I!. A&Me), 5.92 m (2. H-2 and Sl and 
7.03 s (2. ArH) 

r . ?,I _ 5 - Ris . (2’ - hmmo - 3’,4’.S . i~me~hoxyp~y~) . 
tetmhydmfuran . I . 3.c - 4 - dicorboxyiic arti dimethylesttr (Jo 

Treatment of 51 in THF wiIh ethereal diaromctham and 

crystallization of the producr from eIhcr-hexane gave the 
ftimhydm~umn hcxamcrhyl ether (361 (in 289f overall yield from 
33) as elongated prisms, mp. 122-123”. (Found: C. 46.21; H. 4.38 

CnH.,Br,O,, requires: C. 46.04; H, 4.4696). NMR spectrum: 6 

ci. 3.58 m (2. H-j and 4. partly hidden), 3.63 s (6. CO,Me). 3.85 s 
(I?. ArOMe. 3.Rxs (6, A&Mel. S.%m (2. H-2 and 5) and 6.98 s 
(2 ArHl 

r - !.I . 5 . Bit . (3’.4’.5’ rrimcthoxyphcnyl) . t 3.c . 4 - 

dimnhylttimhvdm~uran 
(z ~Grondi& (57). Excesr I.AH was added to a soln of 3( 

(?.bS g) in THF (230 ml) and (he mixture stirred at room lcmp for 
3Omin. Work up in the usual way gave Ihc dcbromiMtcd diol 

(l.tXlgl which was dissolved in pyridtnc (IS ml) and added to a 
soln of p-tolucncsulphonyl chloride (68) in the same solvent 
(IS ml) at - I?‘. The mtxlurc was maIntained a1 (his temp. 
overnight, diluIed wiIh water. extracrcd wtIh chloroform, and (he 
washed and dried extrac1 evaporarcd IO give the crude dirosylate 

(2.5 g) which was dissolved in THF, stirted with LAH for 30 min 
at room temp. and worked up in the usual way IO give crude 
( + l-grandisin t I.3 gl. it was purified by TLC (stlica gel HF-2S4. 

I 75 mm layer, using bcnrtne-ether (S. I)) Ihe zone R, OS7 was 
cluted wIIh acetone. and a solution of the extract in ether filtered 
(hrough a short column of alumina RccrystallizaIton of the 

evaporated fil~ratc from ether-hcxanc gave ( + lgrandisin (37) as 

acedles (24Omg), m.p 128-IWP. (lit.” m.p. 128-124) with 
concordan NMR spectrum.” 
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