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The Addition of Organometallic Reagents to 3-Oxabicyclo[3.2.0]hept-6-en-2-ol:
A Stereoselective Route to 6-Oxygenated (2Z AE)-Alkadienals
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Abstract: The additions of various organometallic species to 3-oxabicyclof3.2.0]hept-
6-en-2-ol are diastereoselective; the results are consistent with addition to the less
hindered face of a metal-chelated form of the corresponding y-hydroxyaldehyde.

We recently demonstrated that the thermal electrocyclic ring-opening reactions of 4-alkyl-2-cyclobutene-1-
carbaldehydes 1 proceed stereospecifically and at sub-ambient temperature, leading to the formation of only one
of the two symmetry-allowed dienal products, viz. the (2Z,4E)-isomer 2 (Scheme 1), and we exploited this
selectivity in the preparation of various achiral naturally-occurring polyenes with strictly defined geometries, !

*

IEC;. oxidation E(\a ~781020°C CHO
=
OH -18°C cHO PAF

R

1 2
isomeric purity >97%
SCHEME 1

It has been our intention to develop this sequence for use in the synthesis of some of the many biologically-
active polyenes which bear oxygen substituents in allylic positions, and the mildness of the electrocyclic process
suggested that it would be expedient to functionalise the pro-allylic position (*) of the aldehyde 1 priorto ring-
opening. We now report that this can be achieved stereoselectively, using a strategy based on the addition of
organometallic reagents to the lactol 3,2 which exists in equilibrium with the aldehyde 4 (Scheme 2).
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We anticipated that the addition of nucleophiles to 4 would be diastereoselective, the hydroxymethyl group
being well placed to mediate chelation control, and so it proved. Treatment of the lactol 3, generated in situ
from the lactone 7,3 with various organometallic reagents gave good yields of the mixed diols 5 and 6, with the
former predominant (Table 1). In the methyl series the stereoselectivity improved considerably on changing
from the lithium to the Grignard reagent, and was essentially complete using a methyltitanium reagent® (entry 4).
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ENTRY R M ADDITIVE  ppopyct VIELD(%)  5:6

1 CHg u - 5a 65 4:1

2 CHj MoBr - 5a 74 14:1

3 CH, MgBr ZnBr, Sa 72 16:1

4 CHy THOPr); - Sa 86 >99:1

5 CHCHy MgBr - &b 70 9:1

6 {CHZ)CHy MgCl - 5¢ 69 6:1

7 (CHZ)sCHy MgCl - 5d 69 7:1

8 (CHg)sCHy MgBr - Se 66 6:1
,CHa

8 —c MgBr - st 70 7:1
CH,
,CHs

10 —c MgBr ZnBrp 5t 76 13;1
CHy

TABLE 1 REACTIONS OF ORGANOMETALLIC REAGENTS WITH THE LACTOL 3

It was possible to distinguish and assay the diols § and 6 via 300 MHz 'H-n.m.r. spectroscopy.* The relative
stereochemistry of the diols in two series (a and e) was established by oxidation of the isolated diols 5§ and 6 to
the corresponding lactones 8 and 9 with tetrapropylammonium perruthenate (TPAP)/4-methylmorpholine N-
oxide (NMO)® (Scheme 3). The value of the vicinal coupling constant Jg s in these rigid bicyclic structures is
consistent with the exo and endo orientations of the R-substituents, as depicted for 8 and 9 respectively. The
structures of the diols of series b—d and f are assigned by analogy (¢f. characteristic !H-n.m.r. signals®).
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SCHEME 3* Reagents: i, TPAP, NMO, 4A sieves, CH:Cl, 25 °C.



The preferential formation of a diol § via nucleophilic addition to 4 is consistent with the approach of the
nucleophile to the less hindered face of a chelated intermediate 10 (Scheme 4). The proximity of the aldehyde
and hydroxymethyl groups, inevitable by virtue of their cis disposition and the rigidity of the four-membered
ring, engenders the coordination. The observed variation in the degree of diastereoselection on changing the
metal (Ti > MgX > Li) or by the inclusion of a Lewis acid (zinc bromide) are in accord with such a model.”
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MAJOR PRODUCT

SCHEME 4

The potential of the above sequence is illustrated by the conversion of the diol Se into the known (2Z.4E)-
dienal 118 as outlined in Scheme 5. The primary hydroxyl of Se was protected by methoxybenzylation as 12,
which was benzoylated under conventional conditions to obtain 13. Treatment of 13 with 2,3-dichloro-5,6-
dicyano-1,4-benzoquinone (DDQ)? gave the alcohol 14, which was transformed into the (Z.E)-dienal 11 via
Swem oxidation. Florisil chromatography was used to isolate 11 with high (>97%)'° isomeric purity.
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SCHEME 5% Reageats: i, NaH, THF, MPM-Br (86%); ii, PhCOCI, pyridine
(82%); iii, DDQ, CH:Cl>-H20, 20 "C (89%); iv, oxalyl chloride, Me2SO,
CH2Clz, -78 °C, 1 h, then EtaN, -78 to 20 °C, Florisil column (72%).

MPM = 4-MeOCeHCHa

In order to exploit fully the above chemistry in the synthesis of biologically-active polyenes, it is necessary
to develop routes to intermediates such as 3, 5, and 7 in homochiral form. Experiments with these objectives are
currently in progress and will be described in due course.
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