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4,8-DIONES
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Abstract: 2,5-Bis(trnimethybailoxy) furan neaclted with a numben o4 substituted
benzaldehydes under activation ¢f titanium tetrachlonide to give 2,6-diaryk-
3,7-dioxabicyclo[3.3.0loctane-4,8-diones.

Natural lignans with the 2,6-diaryl-3,7-dioxabicyclo(3,3.0]loctane structure
are fairly well known. Fused bis-ethers2 of type 1 were found as constituents
in the Chinese drug3 'shin-i' and in a Nigerian bark extract.4 Lactones of type
3 have been shown to be plant germination inhihitors.5 Several bis-lactones of
structure 3 have been isolated from a cultured mushroom, Inonotus sp. K=-1410,
and are reported to show interesting bioclogical activities.6

Biogenetically, they are all derived from the coupling of two Ar-C3 units.
Recently, a number of syntheses of these compounds have been reported.7'8 All
have as the critical step the synthesis of the bis-lactones 3. The only methed
so far available for the synthesis of 3 involves the oxidative coupling of
cinnamic acid derivatives with ferric chloride and oxygen8 or with thallium
trifluorcacetate (TTFA)7. However, even with the TTFA method, the yield of 3
was moderate.
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It seems to us that an alternative approach to 3 is to start from succinic
acid or its equivalents. The ready preparation of 2,5-bis(trimethylsiloxy)furan
(5)1 from succinic anhydride allows us to examine the construction of 3 from the

reaction of 4 with a number of carbonyl compounds.
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We were pleased to find that 4 reacted with acetone under activation of
titanium tetrachloride to give 5 directly in 72% yield.’ Compound 5 has mp 104-
5°; Viax 1770 cm—1 (CH3CN); 1H nmr 6[(CD3)2CO] 1.51 (12 H,s) and 3.63 (2H,s).
Presumably the initial reaction product is §(R1=R2=Me) which then undergoes

lactonization under the reaction conditions to give 5.

A similar product was obtained in the reaction of 4 with i-butanal. The
major product, mp 241-3°, Voax 1774 cm_l (CHC13), was assigned structure 7.
Whilst the stereoch#mistry of 7 has not been rigorously ascertained, it is
assumed to be the ail -cis compound from the small HA HB coupling constant
(1.5 Hz) in the proton nmr. The all-cis structure is likely the thermodynami-
cally most stable.

The reaction of 4 with benzaldehyde proceeds likewise to give compound 8
(70%}, mp 181-3°, ‘ 1780 cm -1 (CHCl ). whose nmr also indicates the all-cis
structure [6 4.03 (EH s,H }, 5.87 (2H,s,H ), 7.38 (10H,s,Ph) in (CD 2CO]. We
were surprised to find however, that if one (rather than 2) mole of TiCl4 was

used to activate theé reaction, only 12% of 8 was formed along with 58% of the

trans-product 9. Compound 9, mp 178-180°, v___ 1782 p—

(CHC13) was easily
differentiated fromig by its proton nmr spectrum, which shows different signals
for all four aliphatic protons and two differentiated phenyl groups: 6[(CD3)2CC
3.94 (lH,dd,i 2.5, 10 H=z, HB), 4.33 (1H,qd, J 8, 10 Hz, HC), 5.80 (1iH,4, J 2.5
H=z, HA), 6.08 (lH,d, J 8 J=z, HD). 7.39 (5H,s,Ph) and 7.44 (5H,s,Ph). There are
two possible explanations for this behaviour: one is that different intermediat
are formed dependinp on the amount of TiCl4 present; alternatively the second
mole of TiCl, might cause isomerization of 9 tc the more stable 8 under the
reaction conditions/¥

We have also treated a number of other arcmatic aldehydes with 4 and two
equivalents of titaﬁium tetrachloride:g the results are presented in the table.
As expected, the rate of reaction decreases with increasing electron donation :

the aldehyde. This' is in contrast to the oxidative routes to }g.7’8
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The ready availability of these aldehydes and bis-siloxyfuran 4 make this
reaction a competitive method for the synthesis of the bis-lactone lignans.
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k
4-Me0CH, 10 52 153.5-154%'° 1775  5.85(s) 3.56(s) - -
u
3,4-Me0),CH 10 57 208.5-209° 1777  5.82(s) 3.63(s) - -
no-
2,5-0e0),C ey 10 14 179180 1778 s.836s) 3.61(s) ~ -
11 26" 1578 1780 5.72@,32) e e 586, J7.5
2,3,4-(%0).,CH, 10 367 138-99K 19740 s5.70(s) 3.70(s) - -
1 2% 1467 177" s61@I2.5 e e  5.83@ 38
3,4,5-(%0) o, 10 P _ ' _
(See note 11) 1l 37  199.5-200 178" 5.72@, 2.5 e e 599, J 8)3

a1it.7 128-130° bsmall amount (<1Q%) present in reaction mixture was not
isolated Clit.8 207-8° dseparated by fractional crystallization from acetone
®obscured by the Me0-51gnals fseparated by column chromatography on silica gel
gllt.7 133-5° hf11m J'1n CH3CN J1n (CD3 Co. kWe have kindly been informed by
Professor E.C. Taylor that in Table I of reference 7 compounds la and 1lb were
inadvertently interchanged, and that their compound le has the same nmr

spectrum as our 10 (Ar = 4- -MeOCH,) .
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