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Abstract: The additions of various organometallic species to 3-oxabiiycIo[3_2.O&ept- 
&en-2-01 are diastereoselective; the results a consisted% with addition to the less 
hindemd face of a met&chelated form of the cormsponding ~hy~xy~~hy~. 

We recently demonstrated that the thermal electrocyc& ring-opening teactions of 4-alkyl-2_cyclobutene- l- 

carbaldehydes 1 pmced steeos~ifically and at sub-ambient temperatam, leading to the formation of only one 

of the two symmetry-allowed diend products, viz the (22,4E’)-isomer 2 (Scheme 1). and we exploited this 

selectivity in the preparation of various a&&al natumlly-occuning polye&s with strictly defined geometries..” 
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It has been our intention to develop this sequence for use in the synthesis of some of the many bidogicaly- 

active polyenes which hear oxygen substituents in dlylic positions, and the mildness of the electrocyclic pm&ss 

suggested that it would be expedient to functional&e the pm-allylic position (*) of the aldehyde 1 prior 20 ring- 

opening. We now report that this can be achieved stereoselectively, using a strategy based on the addition of 

oqanometaIlic reagents to the lactol3,* 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 dwective, the hydroxymethyl group 

beiig well placed to mediate chelation control, and so it proved. Tmatmont of the lactol3. generated in siru 

fmm the lactone 7,3 with various organometallic reagents gave good y&s of the mixed diols 5 and 6, with the 

former predominant Fable 1). In the methyl series the sten?oselectivity improved considerably on changing 

from the lithium to the Grignard agent, and was essentially complete using a methyltitanium nzagene (entry 4). 
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TABLE 1’ REACTIONS OF ORGANOMETALLIC REAGENTS WlTH THE LAOL 3 

It WBS possible to distinguish and assay the dials 5 and 6 via 300 MHz tH-n.m.r. spe~troscopy.~ The dative 

stemocbemiatry of the dials 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 perrutbenate (TPAP)Wmethylmorpholine N- 

oxide (NMO)6 (Scheme 3). The value of the vicinal coupling constant J4,5 in these rigid bicyclic structures is 

consistent with the exe and C&J orientations of the R-substituents, as depicted for 8 and 9 respectively. Tbe 

slrucmres of the dials of series b-d and fare assigned by analogy (@I characteristic ‘I-I-n.m.r. signals4). 

l9P.G 9a,e 

54.3 ca I Hz J4_5 cu. 6.7 Hz 

SCHEME a4 Reagms: i. ‘mu’, NMO, 4A ticws, CH&. 2s l c. 
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The preferential formation of a diol5 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-mcmbemd 

ring, engenders the coordination. The observed variation in the degree of diastereoselection on changing the 

merat~>MgX>Li)orbytheinclusionofaLewislscid(bncbromide)~in~with~hamodel’ 

OH 

‘0-w MAJORPROLXJCT 

10 

-4 

The potential of the above sequence is ilhrstrated by the conversion of the diol Se into the known (2Z.4&+ 

dienal ll* as outlined in Scheme 5. The primary hydroxyl of SC was protected by methoxybenxylation as 12. 

which was benxoylatecl under conventional conditions to obtain 13. Treatment of 13 with 2.3~dichlbro-5,6- 

dicyano1.dbenxoquinone @DQ)9 gave the alcohol 14, which was transformed into the (Z,E_kiienal 11 via 

Swem oxidation. Florisil chromatography was used to isolate 11 with high (>97%)i” isomeric purity. 

+ I_- ii_- 

L 12 13 

J . . . 111 

H I 

11 

SCHEME S’t Reageam: i, NaH. THF, MPM-Br @6%): ii, PbCOCl, pyridine 
(82%); iii, DDQ, CHKb-H20, 20 % (89%); iv, oxalyl chloride, MeJO, 
CH$&, -78 %. I b, then Et& -78 to 20 ‘C. Flotisil column (72%). 

14 

In order to exploit fully the above chemistry in the synthesis of biologically-active pulyencs, it is necessary 

to develop routes to intermediates such as 3.5. and 7 in homochiral form. Experiments with these objectives am 

currently in progress and will be described in due course. 
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K~eugl. H.; &kigtt~bi, S.; Seklta, R.; Udp. H. &U. Chem Sot, J~pn. 1976.49.520. The lactone 7 

can also be ptupared by oxidation of cis-3-cyclobutene-1,2-dimethanol (reference 2). aa shown below. 

All -pounda are ra~emic. Yielda mfer to isolated, chromatogmphically homogeneous materials whose 
dyticd data (including 300 MHz ‘H n.m.r. and high resolution mass spectra) are consistent with the 
proposed structures. ‘Ether’ refers to diethyl ether. 

Typical Procedure (Table I): A solution of the lactone 7 in tetrahydrofuran (THE) at -78 “C under Na was 

treated with a solution of DIEtAH in hexanes (1.0 equiv.). After 1, h the mixture was treated with the 

addisk (if any), and &e.n the ~g~ome~i~ magent (3-4 equiv.) in ether or .p#F (e.n&ies 2 and 3, toluene 

- ether, 3:1), stirred for 1 h at -78 -Cc, allowed to reach room temperature, and then stirred for a further 1 h, 

The mixtum was then cooled to 0 .C, quenched with 1 M hydrochloric acid, saturated with NaCl, and the 

mixed dials !I and 6 extracted into ether. The extract was washed with saturated aq. NaCl. dried. and 

evaporated, and the residue analysed by 300 MHz ‘H-n.m.r. spectroscopy to determine the composition of 
the 5 + 6 mixture. The major product S was then isolated by flash chromatography over silica gel (the 

isolated yields of 5 are indicated in Table 1). ‘H-N.m.r. data: 5%. 8 (300 MHz) 1.20 (3 H. d. .I 6 Hz, 

Me), 2.85 (1 H, dd, J1’.c 4, J1,1s 10 Hz, I’-H), 3.17 (1 H, ddd, J 1’,4’ 4. J4’,1- 4 and 11.5 Hz, 4’-H), 

3.66 (1 H, apparent f .I 11.5 Hz, I”-H), 3.80 (1 H, dd, f 4, 11.5 Hz, I”-H). 3.8-4.0 (3 H, m, 1-H and 

2 x OH), and 5.99 (2 H, s, 2-H and 3’-H); Rt (EtOAc-CHaCla 1: 1) 0.32; 6a, 6 (300 MHz) 1.26 (3 H, d, 

J 6.5 Hz, Me), 1.9-2.5 (2 H. br s, 2 x OH), 3.01 (1 H, dd, J t,r. 3, J1’,4’ 4 Hz. l’-H). 3.13 (1 H, dt, 

31’,4’ 4, J4’,l. 4 and 4 Hz, 4’“H), 3.87 (2 H, d. J 4 Hz, l”-Hz), 4.07 (1 H, dq, Jl,rq 3, Jr,2 6.5 Hz, l- 

H), and 6.19 (2 H, s, 2’-H and 3’-H); Rr (EtOAc-CH2C12 1: 1) 0.20. 
In each series except 5f+ 6f. the ‘H-n.m.r signals due to l’-H and 4’-H in the minor diols 6 appeared 

between those due to 1’“H and 4-H in the major diols 5. The ratio 5:6 was determined by comparing the 
integrals of the mspective signals due to 2-H and T-H. which were clearly resolved in each series. 
Data for lactones: Sa, vmax 1756 cm-‘; S (300 MHz) 1.28 (3 H, d, .I 6.5 Hz, Me), 3.15 (1 H. dd, 34,s 
ca. 1, J1,5 3.4 Hz, 5-H). 3.65 (1 H, d, J 1.5 3.4 Hz, I-H), 4.51 (1 H. br q, Jca. 1, 6.5 Hz, 4-H). 

6.27 (1 H, d, J 2.8 Hz, 6-H). and 6.31 (1 H, d, J 2.8 Hz, 7-H); 9a, vmax 1757 cm-“; 6 (300 MHz) 1.37 

(3 H, d. J 6.4 Hz, Me), 3.56 (1 H, dd, J4.5 6.8, Jl,5 3.5 Hz, S-H), 3.64 (1 H, d, J1.5 3.5 Hz, l-H), 

4.57 (1 H. dq, J6.4.6.8 Hz, 4-H). 6.28 (1 H, d, J 2.6 Hz, 6-H). and 6.32 (1 H. d, J 2.6 Hz, 7-H). 

Claus, K. JUSWS Lie& Ann. Chem 1968.7Zl. 19. The reagent was prepared in THF/hexane. 

Bloch, R.; Brillet, C. Synrctt 1991,829. 

For a review and leacimg references, see Huryn, D.M. In ~~~~e~~iv@ Organic Sy~~es~; Trost, B.M., 
Ed.; Pergamon: Oxford, 1991; Vol. 1. p 49. For a close analogy, see Bloch, R.; Gilbert, L. Tetrahedron 
Lett. 1987.28.423. 
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