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Abstract 

Thls brief rewew detads the racemrc and enantloselective syntheses of naturally occurring terrahydrofuran l~gnani 
burseran, dehydroxycubeb~n, brasn~i~gnan,  and several analogs of the narural products. The key bond-formmp 
mateglcs employed ~n these syntheses mcludc D~els-Alder and nltrile-oxide cycloadditions, stereoselective 
aikylation, Michael additions, and radical cyclirations. 

Key words: Terrahydrofuran lignans, tubuiin, spmdle polsons, antitumor agents, platelet-activating facrors, 
burseran, dehydroxycubeb~n. brassllignan, Mlchael addmons, Dlels-Alder reactron, dehydration, butyrolactones, 
nltrlle oxlde cycloaddltioni, and r a d m l  cyclization. 

1. Introduction 

Tetrahydrofuran lignans (9,9'-epoxylignans), a small subclass of lignan natural products, 
are of interest because of their widespread occurrence, varied biological activity, and use 
in folk medicine'. Several natural llgnans and their analogs possess potent anti-tumor 
properties. Several lignans such as colchicine, podophyllotoxin, steganacin', and the 
tetrahydrofuran lignans burseran and dehydroxycubebin function as spindle 
poisons which prevent the normal function of the mitotic spindle. These compounds 
interact with the tubulin-microtubule system, the precursors for spindle formation4.Most 
of these compounds interfere with the tubulin microtubule system by binding with tubulin 
at  d ~ f f e r e n t  regions. The colchicine-binding site recognizes a number of natural and 
unnatural products containing two aromatlc rings connected by a variety of structural 
elements, and it is a potential target site for the rational design of new antitubulin agentsG6. 
Therefore, +general methodology for the preparation of analogs, which have potential for 
binding at the colchicine site, is attractive for a structure-activity study. In addition to their 
anti-tumor activity3", the tetrahydrofuran lignans also exhibit platelet-activating factor 
antagonism6 and diuretic7 properties. 

* For correspondence. 
t Presenr address:DuPont Mercl  Pharmaceuncal company Experimenral Statlon, P.O. Box 80535. Wilmlngton, 
DE 19809. 
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Burseran Steganacin Podophyllotoxin 

2. Review of the synthesis of tetrahydrofuran lignans 

Several racernic and chiral routes for the synthesis of tetrahydrofuran lignan natural and 
unnatural products have been reported In the literature. This review will cover the total 
synthesis of lignan compounds In racemic form and also the enantioseIectlve synthesis (+)- 
3.A-bisibenzy1)-terrahydrofuran l a .  (+)-brassilignan l c ,  (+)-dehydroxycubenin Id. and (+)- 
burseran l e  as well as (-)-3.4-bis(benzy1)-tetrahydrofuran Za, (-)-brassilignan Ic, (-)- 
dehydroxycubenin Id, and (-)-burseran l e  (Fig. 2). A combination of methods (dehydration 
of substituted I .4-diols, alkylation methodologies, Michael additions, Diels-Aldercycloaddition, 
nitrile o x ~ d e  cycloaddition. and radical cyclization) that have previously been used to 
synthesize tetrahydrofuran lignans will also be discussed. 

R1 R1 

W O I  

- - 

l a ,  Za 3.4-Bir(benzy1)-teinhydrofuran Phenyl Pheny! 

lb.  3b 3.4-Bist3-methoxybeniy1)- 3-Methoxyphenyi 3 -Mathoxyphy l  
tetrahydrofuran 

1c. 2c Brassilignan 3.4-D!merhoxyphenyl 3.4-Dimerhoxyphenyl 

Id, 2d Dehydroxycubebm 3.4-Merhylenedioxyphenyl 3.4-Methylenedioxypheny! 

1e. 2e Burserau 3.1-Merhylenedioxyphenyl 3.4.5-Tramethoxyphenyl 



SYNIHESIS  OF TETRAHYDROFURAN LIGNANS 

Several groups have used the methodology shown in Scheme I to convert a lactone l i p a n  
natural product to a tctrehydrofuran lignan compound". The reductmn of lactone to a 1.4- 
butanediol followed by dehydration i \  a convenient  neth hod FOI- conhtructing the letrahydrofurnn 
framework, and this procedure is useful for characterizing the startlng natural product. Two 
differcnt rcductng rcagentu, lithium alummium hydride and horane dimcthylsull~de complex. 
are used in the fir\t step: in the second step. dehydl-arior~ may be carried oul either under 
acidic cond~tions or by Losylation withp-toluenesulfonyl chlonde (TsCI). In thls manner. 
(-)- di~nethylmata~rcsinol 3c is transformed to (-)-braqsilignan 2c. Urassilignan is alco ;I 

natural product wliich is isolable from the leaves of Fii~nii.i.sra hrrrssi". Similarly, 
d c h y d r o x y m h ~ 2 d  was transfomed fiom thenatural product cubebin 3d. 

An unusual diglucoside is isolated trom the linseed meal of flaxseed and is converted to 
(+)-brassilignan Ic In three stcps (Schhcrnc 2)1°. In this procedure. the glucoside bonds arc 
broken by suli'uric acid followed by methylation of the aroinatlc alcohoiu. In The last step of 
the synthesis,. the 1.4-bulanedioi is dehydrated to give the tetrahydrofuran lignan. 

Phyllanthin (Scheme 3) was isolated from thc leaveb of Phyila~rthrrs m~-1/17, but could not 
be conlpletely characterizcd until it was converted to (+)-brassillpan lc". The strucrure and 
?bsolute stereocheniistry oi' phyllanlhin could then he determirled by direct comparisou with 

assilignan. 

LAH 
OH HC1, Perchloric acid 

t 2c, 2d 

R,. ...- 
BW3 -S(CH3)? OH KIIS04 or TsCliPy 
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2 2 .  Dehydration of 1.4-hrta~rediols deriwdfrom alk?latiot7 metl~odology 

The dehydration methodology described in the previom section is also useful for 1,4- 
butanediols obtained through synthetic methods. The synthesis of racemic 3,4- 
bis(benzy1Jtetrahydrofuran begins with the dehydration of the tetrol to form a furofuran 
compound. This bicyclic molecule was transformed to the product of interest by catalytic 
hydrogenation over palladium (Scheme 4)". 

HdPd Racemic 3,4-bis(benzyl)- - 
AcOH tetrahydrofuran 

Ph 

Marsuura and Iinuma" synthesized a derivative of brassilignan to aid in their characteri- 
zation of the natural product (-)-divanillyltetrahydrofuran ferulate (Scheme 5). The synthesis 
of racemic 3,1-bis(4-hydroxy-3-methoxybenzyl)tetrahydrofuran was accomplished by two 
Stobbe condensations, two reductions, and a dehydration. 

Hydrocinnamic acid is the starting material for the synthesis of racemic hurseran shown 
in Scheme 6". A two-step sequence was used to transform hydrocinnamic acid into a 
butanedioic acid compound. This dicarboxylic acid was then converted to a methyl ester, 
followed by lithium aluminum hydride reduction and acid dehydration to provide (f)- 
brassilignan. 

Belletire erulls synthesized racemic burseran by a method similar to Scheme 6 (Scheme 
7). Reaction of an iodo-substituted carboxylare with the dianion of hydrocinnamic acid in the 
presence of a copper (I) salt forms the butanedioic acid, which is converted to burseran. 

Tomioka and Kogalh starred with an optically pure 4-substituted-y-butyrolactone 4 for the 
syntheses of optically pure trans and cis burserans (Schemes 8 and 9, respectively). In 
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Scheme 8, the trans stereochemistry was establ~shed in the first step since the alkylation 
occurs from the least-hindered face of the molecule. trans-Burseran is the product after 
application of standard reduction and dehydration methodologies in lactone to tetrahydrofuran 
conversions. To synthesize cis-burseran (Scheme 91, the lactone anion from compound 4 is 
initially quenched with an aldehyde. The product alcohol is then converted to a tosylate to 
facilitate the transformation into an alkene. The cis stereochemistry was established by 
hydrogenation occurring from the least-hindered face of the molecule. If one were to start 
with the enantiomer of butyrolactone 4, both (+)-trans and (-)- cis burserans could then be 
synthesized. 

9-? 

1. TsClI  Base . j -c i s -~urseran  
2 t-BuOK 

H3C0 
0 

2.4. Mzchael additions 

Tomioka and Kogai6~" also employed an optically active y-butyrolactone to synthesize (+)- 
hurseran, but this synthesis began with a 5-substituted lactone (Schemelo). This methodology 
used the chiral center in the starting material to direct the stereochemistry at positions 3 and 
4 for the synthesis of burseran. In the product obtained from the Michael addition, the groups 
in positions 3,4, and 5 are arranged to have the least steric interactions. Later in the synthesis, 
the initial chiral center of the 1,4-butanediol is lost during NaIOd oxidative cleavage to give 
the precursor for (+)-burseran. 

For the synthesis of (-)-burseran and (-)-dehydroxycubebin, Magnusson and RehnbergI8 
used a Michael addition which involved an optically active 2,4-disuhstituted-2,5-dihydrofuran 
5 to introduce the appropriate substitutent on the tetrahydrofuran ring (Scheme 11). The trans 
stereochemistry at the 3 and 4 positions is established during the Michael addition. One 
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aq. f BuOH 
le  

3. TsCi / Py 

OH 

di%advantage of this methodology is that the stdl-tmg malerial is preparcd in aix steps with 
poor o\e~all yields (15 to 20%). (+)-Burseran was also synthesized using this methodology, 
starting instead with the enantiomer of cornpound 5 (Scheme 11). 

The first synthesis of ratemic and [runs burseran was unique, because it was the only 
route whlch employed a D~els-Alder cycloadd~tion to construct the tetrahydrofuran 
framevmrk (Scheme 11)". Cole el a/"' used this synthetis to conLirrn their assigned structure 
of burserar~, wh:c.h they isolated from the plant Bursera rnrcrophylla (Burseraceae). 
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H + o,no .=, 
0.32 'OJ '.o 

OBz 
5 

__t 
1. Raney-Ni - 2 d o r 2 e  
2. Hz/ Pd 

OBz 0 

P o  

(d) R = Methylenedioxyphenyl 
(e) R = 3,4,5-Trimethoxyphenyl 

2.6. Nihile oxide cycloadditron 

Gaboury and Sibi2' recently reported a convenient route for the total synthesis of both 
enantiomers of several tetrahydrofuran lignans (Scheme 13). The lignans were synthesized 
by a convergent approach, which utilized a nitrile oxide cycloaddition to obtain 2,5- 
dihydrofurans. A lipase-mediated kinetic resolution of the alcohols 5 furnished both 
enantiomers of the lignan precursors in high optical purity (>99% ee). This was followed 
by an S N ~  displacement of the tosylate in 8 and 9 by a-lithiobenzyl-phenylsulfides. Both 
enantiomers of 3,4-bis(benzy1) tetrahydrofuran (la, 2a),3,4-bis(3-methoxy-benzy1)tetrahydrofuran 
( lb,  2b), hrassilignan (lc, 2c), dehydroxycubebin (Id, 2d), and burseran (le, 2e) were 
synthesized in overall yields of 6 to 16%. This methodology allows for flexibility in the 
choice of Ri and R1 by varying either the nitrile oxide or the benzyiphenylsulfide. 

2.7. Radrcal cyclizatron 

Hanessian and LegerZ2 reported another novel approach to burseran and dehydroxycubebin in 
which they synthesized the tetrahydrofuran framework through a radical-mediated carbocyclizahon 
(Scheme 14). This methodology also utilized an aldehyde functionality (from the stannane 
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0 

0CH3 

200-25O0c ___, 
Pd I BaSO, 0 1  mmHg 

oAo HQcoqg -p+ AcoH Racemic cis and trans burseran 

HQCO 

0 

SCHEME 12. 
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~ N ~ o L ~ ~  \ Raney-Ni 

HO 

Vlnyl acetate 
(*) 5 - 

Lipase PS 
HO 

1 a-e 

SPh 
9 2 a-e 

(a) RI  = Rz = Phenyl; (b) RI  = R1 = 3-Methoxyphenyl 
(c) RI = RI = 3,4-D~methoxyphenyl;.(d) RI = R? = 3,4-Methylenedioxyphenyl 
(e) RI = 3,4-Methylenedioxyphenyl, R? = 3,4,5-Trimethoxyphenyl 

precursor) to establish the trans stereochemistry at the 3 and 4 positions. Further reactions 
on this aldehyde furnished racemic burseran and dehydroxycubebin. The epirners of 10e 
were then separated by flash column chromatography. One epimer of 1Oe was esterified with 
(S)-0-methyl-mandelic acid to give the easily separable diastereorners. These esters can be 
individnally cleaved by hydrogenation to yield the optically pure burserans. 

3. Conclusions 

This review illustrates several novel strategies for the total synthesis of biolog~cally active 
tetrahydrofuran natural and unnatural products. The bond construction tactics utilized for the 
syntheses of these compounds should lay a foundation for the preparation of novel analogs 
for structure-activity studles. 



R R 

I D I B A L  (CH3)+nCI 

C02CH3 2 NaH Ally1 brornlde NaBl 13CN 
AlBN 

CHO 

1 CAN 1 MfOH -\ , 

H3CG 
one diastercomer of 10e 

0CH3 0CH3 

Acknowledgement 

We thank the North Dakota State U n i v e ~ s i i y  and NSF EPSCoR for providing firrancia1 
support for  t i l l  work. Pal-tiai support for  this work was provided by the NSF's 



SYNTHESIS OF TETRAHYDROFURAN LIGNANS 147 

Instrumentation and Laboratory Improvement Program through grant #USE-9152532. We 
thank the Amano Company for the generous gift of lipase PS. 

References 

I. a. AYERS, D. C a m  L O I K ~ ,  J.D. Lignons. Chemical, hrologrcol ond ciinzcal properrres. 1990, 
Ch. 3 & 4 (and references cited therein) Cambridge Univers~ty 
Press. 

b. WARD, R.S. Chem So[ Rev, 1982, 11, 75-125 

c. WARD, R.S. Tetrahedron, 1990,16,5029-5041 and references cired therem. 

2. a. WILSON, L. AND FRIEDKIS, M. Bmchemrsfry, 1967, 6, 31263135, 

b. KELLEHER, J.K. Mo1 Phainiacol , 1977, 13, 232-241. 

c. LOIKE, J. D., BREWER, C. F., Cancer Ras , 1978, 38. 2688. 
STERNLICHT, H., GEKSLER, W. J. 
AND Honwm.  S.B. 

d. BREWER, C.F., LOIKE, J.D.,HoRwITz, J Med. Chem., 1979, 22, 215-221. 
S.B., STERNLICHT, H. mn GENSLER, W. I .  

e. ~AVALA, F., GUENARD, D., J Med Chern.. 1980.23, 546. 
ROBIN, J:P. AND BROWN, E. 

3. a. BIANCHI, E., CALDWELI., M.E. J Phorm Scr., 1968, 57, 696-697. 
A m  COLE, J. R. 

b COLE, J.R., BLAYCHI, E. RND J. Phnim Scr., 1969, 38, 175-176. 
T n u ~ B r n ~ ,  E. R. 

c. Dr  CARVALHO, M.G., YOSHIDA, M , Phytochernistry, 1987, 26, 265-267. 
GOTTLIEB, O.R. AND GOITLIEB, H.E. 

5 GETAHUN, Z., JURD, L., CHD, P.S.. 
LIN, C M. AND HAUEL, E. 

6. BRAQUET, P. &NO GODFROID, J. J. 

7.  PLANTE, G E., PRSVOST, C., CBAINEY, A,, 
B ~ n o u a r ,  P. AKD SIROIE. P. 

8. a. IsHIGuP.0, T. 

b. HAWORTH, K.D. AND WOODCOCK, D. 

c. H~wonrH,  R.D. aXD ~ O O D C O C K ,  D. 

d. H~wonTn,  R.D. AXD WILSON, L. 

e. SCHRECKER, A.W. AND HARTWLLL, J.L 

g. Bnmm, L. H., CAMBIE. R.C., 
AND HOARE, J. L. 

h. AVJANEWLU, A.S R., ATCHUTA 
R A ~ A I A H ,  P., RaMac~arDna Row, L., 
V ~ u x n r ~ s w a ~ ~ u ,  R., PELTER. A AND 

WARD, R.S. 

In M~crotuhuie proteins, (Aviia. I., ed.,) 1990, pp. 89-191, 
CRC Press. 

J. Med Chem,  1992, 35, 1058-1067 and references cited 
therem. 

Trends Phnrm Sn., 1986, 397-399. 

Am. J Pirysiol , 1987, 253, R375SR378. 

J Pharm. Soc Jap, 1936. 56, 441452. 

3 Chrm. Soc , 1939, 1054-1057. 

J Chem Soc , 1939, 1237-1241 

J Chem Soc , 1950, 71-72. 

J Am. Cheni. Soc.. 1955, 77, 132437. 

J A m  Chem. Soc., 1957, 79, 3823-3827. 

Tenuhedron. 1959, 7. 262-269. 



143 JANET A. GABGURY &NO MUKUND P SIB1 

22. HAWSSIAN, S. AND LECER, R. Synlerr, 1992, 402404. 

I .  CIMBIE. R.C.. C L ~ R K .  G.R., CRAW.P.A., 
JONES, T.C., RLTLEDGE, f'.S AND 

WOODGATE. P.D. 

j. DE CARVALHO, M.G., YOSHIDA, M., 
G o r m m ,  O.R. a m  Ga'mr~n, H.E 

k. BUCKLEION, J.S., CAMBIE,R.C., 
CLARK, G.R.,CR.+,W, P.A.. 
Rmano ,  C.E F., Rur i aoo~ ,  P.S. 
AND WOODOATE, P.D 

I. H l n a ~ o ,  T., OKA. K., NAITOR, T.. 
H a s a ~ ~ ,  K., AND MLISUHAEIII, H. 

m. BROWN, E. AND DaUcaN, A 

9. NIMG~RAWATH, S.. RLTCHIE, E. 
am TAYLOR, W.C. 

10. BAKE J.E. AND KLOSTERMAN, H. I. 

11. a. Row, L.R., Smiv*saLu, C., SMITH. M. 
A ~ D  SUBBA RAO, G.S.R. 

b. Row, L.R., Sa iy~smau iw , ,  P. 
AYD RAO, G3.R.S 

12. GaLs ruK~ov~ ,  N.B. AND SHCHUXIYA, M.N. 

13. MATSULRA. S. AND IIWUUA, M. 

14. OK*, K., HIRANO, T., NAITO, T. 
A ~ D  HOSAKA, K 

IS. BELLETIR~,  J.L., FRY, D F. i\ND R E M ~ T ,  S.L 

16. a. TOUIOKA, K., ISHIOURG, T., 
M m m ~ c ~ i ,  H. a m  K o o ~ .  K. 

b. TOMIOKA. K. AND KOGA, K. 

c. TOMIOKA, K., Isiiiouno, T. AND KOOA, K. 

17. a. TOMIOXR, K.. BHIOURO, T. AND KOOA. K. 

18. a. REHNBERO, N. A ~ D  MAONUSSON, G. 

b. M a o u ~ s s o ~ ,  G. AND REHNBERG, N. 

C. REHNBERO, N. AND MAONUSSOU, G. 

19. TRUMBULL, E. R, AND COLE, J.R. 

20. COLE, 1 R., BIANCHL, E. AND TRUMBLILL, E.R. 

21. a. SIBI,M.P. a m  Gmounu, J. A. 

b. OABOLRY, J. .4. AND Sm,  M.P. 

Ausr J Chem , 1985, 38, 1631-1645. 

Phytochemirtq, 1987, 26, 265-267 

Ausr J Chem . 1988, 41, 305-324. 

Res Commun. Chem. Pathol Phormacol , 1989, 61, 227-240. 

Tetrahedron, 1989, 45, 141-154. 

Ausr .I Chem , 1977, 30, 451453 

North Dakota Acad Scr , 1956, 10. 18-22. 

Tetmhedron, 1966, 22, 2899-2908. 

Zhur Obshchei Khim , 1957, 27, 1857-1865. 

Phyrochemrsr.y 1985, 24, 626628. 

J q .  Kokai Tok$o Koho JP 01,228,928, Chem Abstr , 1990. 
112, 216455f. 

J Nor. Prod,  1992, 55, 185-193. 

Koen Yoshirhu-Tennen Yuki Kopobutsu Toronkoi, 1979, 22, 
315-322, Chem Abstr, 1980. 93, 7 9 1 3  

Hezarocycles, 1979, 12. 1523-1528. 

Chem Phorm Buii.. 1985, 33, 43334337 

J .  Chem Soc. Chm.  Commun , 1979, 652-653. 

Tetrahedron Lett., 1988, 29, 1599-3602. 

PCT Int. Appl WO 89 00, 160 ; Chem. Ah,<tr. 1990, 112, 
1784851. 

J. Org Ciiem., 1990, 55, 434011349. 

J Pkorm Sc! . 1969, 58, 17b.178. 

J. Pharm S C I ,  1969, 58, 175-176. 

Synlen, 1992, 83-84. 

J .  Org. Chem, 1993, 58, 2173-2180. 


