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~yc~i~lkyl~t~~~ of Conjugated Dienones with Furam 

Abstract: Fused tricyclic compounds with the salient features of the guaianolidcs and the 
p~~~~d~ wexe pqamd using a fman-based cyc~~l~~ strategy. 

In 1940 Brunson and Kroeger popular&d the term “cyclialkylation” to describe intramolecuhu 

FricdcK!rafts alkylation. * Recently we qorted that Lewis acid-activated conjugated dicnoncs add to 

electron-rich arenes, such as those present in 2-benzyl-dienonc 1, to create tricyclic compounds 

containing a central cycloheptanc ring, as shown below. 2a This cyclialkylation was featured in a concise 

synthesis of the diterpenc barbatx~soL~ 

1 barbatuml 

Like other aromatic compounds, furans undergo electrophilic substitutions. However, low 

reaction tempemtums and mild catalysts am requimd in o&r to mink&e the btruction of die staxting 

fiuans and I or products. disc substitution of fimms- which are mom reactive than axenes, takes 

place predominantly at the 2-position. These prop&es suggest that the 5&xrbocyclic fkamework 

characteristic of the pseudoguaianolides could be formed using the furan-based cycliaJJcylation shown 

below.3 This annulation strategy was attractive since the furan ring in cyclization product 2 can be 

elaborated into an a-methylene lactonc, while the cyclopentenone moiety allow8 the conaol of the C(l), 

C{5) and C(10) asymmetric centers.4 Here we v that Lewis acid-activated conjugated dienones can 

~~o~~y substitute furans to pmduce fused tricyclic compounds with the salient featuzes of the 

guaianoIides and the ~~~~~0~. 
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Previous work has shown that 4-bcnzyl-dienone cyclblkylations ~1c: mc#e facile than those of2- 

bcnzyl-diemncs (cf. 1). 2a This generality also extends to furau-based cyclialky~ations. Far example, 

treatment of 4-fbrylmethyl-dicuonc $ with stiochiomctric amounts of either F&l3 OI BF3-Et20 at room 

temperature pr&uced tricyclic enone 4 in good yield within hours. In contrash the cyclizati4xl of 2- 

fiqbethyl-d.icnone 56 was kss effi&ut and required excess catalyst and long reaction times. 

Fec15 (1 =@a 
lh,25’C(9O%)or 

Several slrhstitutcd 4- and 2-furylmcthyldicnones were prepared iu hopes that functionalizing 

the furan ring would improve the efficacy of these cyclialkylations (Schemes 1 and Scheme 2, 

respectively).7 In the case of silylated dienone 7, which involves ipso-substitution,8 the loss of the silyl 

group was predicted. In contrast, loss of the silyl moiety in the cyclization of substrate 10 and its 

retention in the cyclization of sirylated dienone 8 were unexpected. Ditnones in which the furan ring 

bears either an electin-withdrawing group (cf. ll), M an electron-donating group (i.e., l3), cyclize in 

RI = Si(CH&, Rz = R3 = H 

(* = -78 3 -5 ‘C) 

c7) R2=R3=H (4) 

(s) R2 = Si(CH&, Rs = H (9) 

RI = IQ = H, Rs = Si(CH& (10) R2=R3=H (4) 

R,=R2=H,R3=J3r (11) R2 = H, R3 = Br (X2) 

R1=Q=H,R3=SC$Q (13) Rz = H, R3 = SC& (14) 

FeC&J BF3-E?2O 

89%(5min) 81% (5 min) 

85% (5 min) 87% (50 min) 

96% (10 min) 92% (15 min) 

95% (25min) 97% (4 hrs)’ 

93% (3Omin) 95% (30 mill) 
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high yield under mild reaction conditions. 

Treatment of silylated f&am 15,16, and 27 with FeCl3 or BF3-Et20 at room temperature 

resulted in rapid ptodesilylation of the fiuan ring (Scheme 2). Pmlonged react&n times (>2 days) or 

heating at elevated temperatures were required to amvext dienone 5. which was formed k size. to 

tricycle 6, albeit in low yield (25% c 50%) because of the vigorous conditi~ employed? 

FeClJ BF3-Et20 

RI = Si(CX& R2 = R3 = H (l5) 91% (10 ruin) 95% (10 mill) 

RI = H, R2 = Si(CH&. R3 = H (16) 2u%(6omin&~ 25%(1Omin)and 
55% ummcted 16 

RI = R 2 = H, R3 = Si(CH& (17) 55% (20 min) and 
254bUmacted17 

69% (10 min) 

On the other hand, 2-furylmethyl-dienone 18, which has an electron-rich furaa ring, undergoes 

facile cyclialkylation to produce 19. Indeed, this annularion occurs in 70% yield at 0 ‘C over a ten-hour 

pericd using triethylaluminum, a weak Lewis aci& stronger Lewis acids, such as BF34&0, FeCl3 or 

TK!l4, resulted in polymerization. , sc6Hg w I ’ 
AWW3 , SW5 

(2equiwllen~~ 

0 ‘C, 10 hours w 1 

IS 
(70%) 

19 

To summark, furan-based cyclislkylations can be used to prepare furan-containing 5,7,5-fused 

tricycles. These processes work best when either 4-furylmethyl-dienones or 2-furylxnethyLdienones 

with electron-rich furans are cyclized. Synthetic applications featuring this new methodology are 

forthooming. 
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The four-step synthesis of diegone 5 (shown behwj is qxesenmtive of tbe pxwedm also used 
to prepare substrates IS, 16.17 and lg. Ex a detailed discussion of this proto&, see: a) 
Majetlch, G.; Leigh, A. J.; Condon, S. I% Tctrahcdron~l992,32,605. scc!ahEf.7. 

LiA.lQ reduction of SxomoJ-furoic acid F- J. P.; Amsml, L. D. L&m 1976,41, 
23%& followed by treatment of the resulting alcohol with CBr4/(C&5)3P gave the brotide 
needed far the prep&on of dienone 11.5 The bromide requimd fat 75afld156was 
w by first silyIating 3-fix&c acid at the It-position. fo~~~~ reduction aad 
-on lCBrq((c6H5Wl. The btvmid used for the pqaratk of@ and 166 was 
from B known alcohol &iotat, D.; Saindme, M.; 0a, W. IIkmh&mLtrtl=,24,~7 ,by V 
mt with ~r~(~s~3P. The adds shown below enabled the pnplaation of 
precursors 10.5 13.5 X7.6 and 18.6 

n-&&i / 
J% B-2 

(C!H$$%-Cl or 1) LAH 

Br - 
x - x 

GWO2 
X = Si(C!H& 

2) CBra/ 
~@%w3 

X = Si(CH& 

= SCSHS = SCSHS 

For a discussion of elmmpbilic substitution of silylated arenes via an #m-attack mechansim, 
see: ~C.~~~~5,~#,43. 
Caution considerations make 4-fkuylmeth l-dienones mom reactive than 2-f~~~yl- 
dienones. In the 4-series, steric interactions L twecn the C(3) vinyl group and the furan- 
containing side-chain favor the cisoii dienone conformation which fkilitates cyc * 
i + ii). In the 2-saics. staic interactions between the C(2) and C(3) substituents ( 77 

lation (cf. 
. iii) cause 

the tram&d conformer (iv) to predominate, thereby precluding cyclization. This unfavorable 
equilibrium slows the reaction rate and is overcmne only by using harsh conditions. which 
tmfbmmately promote d ecomposition of both the cyclization jnvcursors and products. 

i ii 

(&c&ed in Uti 23 Nme&r 1993; revised 8 F’ehary 1%; accepted 13 Mq 1994) 


