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Serendipitous Synthesis of Diaxial 2,4-Diphenyl-3,7-dioxabicyclo[3.3.0]octane 
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Absaact Reduction of cis-3,4_dibenzoyltethydrofuran with BMS, very surprisingly yields diaxial 
2.4~diphenyl-3,7-dioxabicyclo[3.3.Oloctane in a reaction that contrasts sharply with processes involving 
equilibrating benzylic carbocations which yield the diequatorial isomer, 

2,6-Diaryl-3,7-dioxabicyclo[3.3.O]octane hgnans exist as diequatorial (1). equatorial-axial (2) 

and diaxial isomers (3)‘~’ Equilibration, under acid conditions, via benzylic-carbccations, produces 

mixtures of (l), (2) and (3) containing less than 1% of the hindered diaxial isomers (3) 

Nevertheless, diaxial compounds do occur as natural prcdu~ts.*~ 

(1) (2) (3) 

The chemistry of compounds of the 2.4~diary1 series is much less well documented. We have 

previously3*4 reported the reactions shown in equation (l), in which the cyclisation of diols (4) leads to 

the diequatorial isomer (5) as the only isolable product. Hence, as expected. this must be the 

thermodynamically favoured product of a process involving benzylic cations. 
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Wt now report a second route (Schtmc 1) leading tither to (5) or tk dia&l fsomer (9). 

Compound (6) was readily obtained by the photochemical cycloaddition of diphenyltthyne 10 

maleic anhydride, followed by hydrolysis. Reduction to the diol, m.p. 145°C was followed I y 

cyclisation to yield (7), m.p. 60°C. Oxidative cleavage by OsOdNa’o, or ozone then gave ti!e 

c&diketone (8), m.p. WT, as a single isomer. 

Reduction of (8) with sodium borohydride gave a mixture of diastereoisomeric dials, whir h 

with methanolic HCl gave (5). This coniirms that (5) is the thermodynamically favonmd product. 

In order to avoid basic conditions and possible epimerisations o- to the carbonyl groups, t1.e 

dikttone (8) was reduced with EMS in THP, followed by addition of methanol to destroy excess 

borane. This produced directly a sole product, m.p. 154T (75% isolated yield) (m/z 266). Thouf h 

clearty different from (5)‘ its spectra (Table 1) indicated that it belonged to the cyclised seril s 

and that it was a symmetrical isomer of (5). The 13C shifts indicated that the phenyl groups we.e 

axial.’ The x-ray stnlcture6 confvmed that the product was indeed tht diaxifi 

2,4diphenyl-3,7-dioxabicyclo[3.3.Oloctane (9) (Figure). No trace of (5) was evidenced. 
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Figure 

Table 1. ‘II aad % nmr apecaa of (5) and (9)* 

(5) 63 

H - l/5 2.87m ( 3.28m(4H) c - l/S 

H-6/8 ( 3SOdd(8,5) ( 3.45m(2H) d - 6/S 
( 3.98d(8) c - 2J4 

H - 2/4 4.54d(8) 5.14d(4) Arom 

Arom. 7.2 - 7.5(m) 7.2 - 7.5(m) 

* 
CDq solutions. 

(5) 

55.44 49.91 

71.53 70.28 
87.15 82.04 

141.20 138.86 

128.58 128.33 
127.87 127.30 
126.17 126.09 

This reaction was surprising in two ways: (i) a cyclised product was obtained directly and 

(ii) only one product, the one least favoured by carbocation equilibration messes, was isolated in 

excellent yield. A possible explanation for these unprecedented findings is presented below. 

Models indicate that one favourcd conformation of diketone (8) is (10). in which at least one 

carbonyl group is almost perpendicular to the five-membered ring. Addition of horane from the side 

away fimn the ring then gives (11) (Scheme 2). 

it is know&’ that benzylic carbonyl groups can be directly reduced by borane to benzyl 

groups, via hydride addition to benzylic carbocations produced as in equkon (2). 

ArCOR -D ArCH(OBHJR + Ax&R H -> -R (2) 
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In the case of (ll), the “OBq leaving group can be displaced in an S&Z type reaction by the 

adjacent carbonyl group to give cyclised ion (12), which then accepts hydride from its least hindered 

side to yield (9) (Scheme 3). 

(11) (12) ‘I 
pi.igz _ H:Q;,,H 

0 R k 
Scheme 3 (9) 

The ramifications of this mss are being explored. Clearly it offers a simple. entrance to 

dif&ultIy accessible diaxial Iignans of the 2,4-diary1 series, and possibly to other compounds. 
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