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Absfract: Acid-mediitcd cycliion of monocyclic, (I$- and (z)-fi-phosphoroxyamate 5d using 98% aq. H2SO4 in toluene at 2’ 
affords, after decarbomahoxylatiot& lrans-2decakme 1 in 19% and 68% yield. fespcuivdy. 

C(2)-oxygen functionalised trans-5.5.9~trimethyldecaBns 1 and 22, and the structurally related tricyclic 

ether 33 represent organoleptically active compounds which am highly appreciated in perfumery, The most dimct 

access to these. compounds isvia acid-mediated cyclisation of suitably functionalised acyclic or monocyclic 
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polyene precursor&? whose stereochemical course is determined by whether or not the cyclisation process is 

slow or rapid compared with conformational equilibration of carbocationic intennediatess. Stereoselective access 
to a direct precursor of 1, j3-keto ester 6a, by treatment of either acyclic or monocyclic B_keto esters, 4 or 5. with 

SnC4 in CH$l2, has also been describede, the reactions presumably proceeding by proton mediited cyclisation 

of in situ formed (Z)-j3-stannyloxyenoates 4a and 5a. More recently7, a variant of this process has been mported, 

involving tire BF3vMeNO2 mediated cyctisation of Q- and Q-fLsilyloxyenoates 4b to 6a and 6t1, respectively. 

This latter report prompts us to present herein a closely related study whose principal goal was the development of 

an efficient route from 5 to 1 which avoids the use of stoichiometric quantities of a Lewis acid. 

A pmJiminary experiment verifii that treatment of 5 with 98% aq. H2SO4 (2 mol-equiv.) in toluene at 2“ 

afforded neither 6a nor 6b, but gave instead a complex mixture from which the two major products, 7 (27% 

yield) and Sa,b (2:l diastereoisomeric mixture, 25% yield)a. both originating from participation of the ketone 

group, were isolated. We thus reasoned that protection of the j3 &to ester moiety of 5 as a fl-oxyenoate. 

prior to cyclisation, might provide a practical solution to this problem. Consequently, we first investigated the 

OH 
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acid-mediated cyclisation of g-silyloxyenoate 5b (E/Z~1:20) and B-acetoxyenoate SC (E/Z 15). both readily 

prepared from 5. in cu. 75% yield, using protic conditions (viz. RCl(l.2 mol-equiv.), Et3N (1.2 mol-equiv.), 

toluene r.t). After treatment with 98% aq. H2SO4 in’toluene. the crude mixtures were directly submitted to 
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decsrbomethoxylation conditions (viz. KOH, BtOH-Hz0 then aq. HCI) in order to convert to 1 any 6a,b formed 

in the fiit step. The results were disappointing (@I entrks 1.2: Table). Not only was the yield of 1 poor, 14% 

and 32% respectively, but GC analysis indicated that hydrolysis of 5b and 5c to 5 is competitive with the desired 

cyclisation process. 

Table. Two-step transformation qf Sb-d to 13 

Entry substrate E/Z b) 1 (Yield%)C) Selectivityd) 

1 5b <I :20 14 27:l 

2 SC 1:5 32 7:l 

3 5d >20: 1 79 38:l 

4 5d <1:20 68 19:l 
k 

cyclisation: substrate (1 g), 98% aq. H2SO4 (2 mol-equiv.), toluene, 2’. followed by extra&e workup (toluene). 

decarbomethoxylation: KOH (1.7 mol-equiv.). EtOH-Hz0 l:l, reflux, 45 min. then aq. HCI (excess), extmctive 

workup f&O) and Kugelrohr distillation. 

E/Z-ratios estimated by GC and NMR analysis; in particular, in their 1H-NMR specua, the Q- and Q-isomers are 

distb@shed by the chamc&isdc hi&r chemical shift of H-C(2) in the former isomu8. 

Yield dewed by GC analysis of distilled prodw.~ identification of products ef&eted by comparison with authentic 

WtlpleS’. 

Selectivity refers to the ratio of 1 to its cir-fused deealm epimer. 

4a R = SnCls 
4b R = Si(tBu)Me, 

5a R= SnCls 
Sb R = Si(tBu)Mq 
5c R=C(O)Me 
5d R = P(0) (OEth 

6a X=C02Me,Y=H 
6b X=H,Y=C02Me 

Realising that a more hydrolytically stable B-oxyenoate was required, we selected B-diethoxy- 

phosphoroxyenoate 5d as a cyclisation substrate. Accordingly, both @)-and (Z)-5d were stereoselectively 

prepared from 5. using respectively protic conditions (i.e. as for 5b,c plus the catalytic presence of DMAP (0.03 

mol-equiv.)? 80% yield) and aprotic conditions (viz. (EtO)2P(O)Cl(1.2 mol-equiv.), NaH (1 mol-equiv.), THF 

r.t.9: 84% yield). Gratifyingly, submission of these two substrates to the foregoing 

cyclisation/decarbomethoxylation procedure afforded 1 in satisfactory yields of 79% and 68%, respectively (6 

entries 3,4 )l”. 

For all four cyclisations the remarkably high trans-selectivity with respect to the ring junction 

stereochemistry is striking, the ratio of 1 to its cis-fused decahn epimer varying from 7:l to 38:l (c$ Table). 
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Mechanistically, this nsult indicam that the major zeaction pathway involves a non umcutedprocess,inwhich 

C-C bond formation is slow compared to confamaMnal equillbratio~. 

Finally, the a&l-me&ted cyclisation of another derivative of 5 was examined (#. S&me). It was hoped 

that isoxazolone 9a (mp. 57-W) would cyclise. via tautomer 9b, to isoxazolone 10, which could provide access 

Scheme 

q . NaOH, 5’ 

5 
N&GH.HU 

* 
65% 

11(62‘S) 12 (10%) 10 (12%) 

Hfi04 (2 mol. equiv.) 

to 1 after N-O hydrogenolysis and decarboxylative hydrolysis 11. In fats cyclisation of 9a afforded 10 (m.p. lll- 

113’) in only 12% yield; the major product being isoxaxolone 11 (m.p. 102-103°: 62% yield) accompanied by its 

cis-fused epime!z 12 (m.p. 108-109’$10% yield)lZ This unexpected preference for ring closure via formation of a 

C-N bond is of synthetic interest, as access to nitrogen heterocycles via acid-mediated cyclisation is generally 

precluded by preferential protonation of the amino grouti. It is also noteworthy that C-N bond formation is less 

stereoselective than C-C bond formation with respect to the ring junction stereochemistry, a result which indicates 

a lower energy difference bet&en the respective transition states leading to 11 and 12. 
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8a: 

lH-NMI& 0.98 Cs. 3H); 1.00 (s, 3H); 1.45 (m. w)E 1.50-2.10 (9m 2.21 (m, lm 2.50 (2BQ 3.73 (s. 3H). l3C-NMR: 

173.2 (s). 134.0 Q. 124.6 0.69.2 (8). 51.6 6). 43.7 (0.43.5 (1). 39.6 (I), 34.3 (I), 33.6 (s). 31.3 0.27.9 (q), 27.8 (4). 

22.0 0.19.3 (I). MS: 252 (0, MC.). 234 (12). 219 (39). 145 (94). 121 (33). 105 (34). 91 (51). 74 (100). 

‘H-NMR: 0.80 (d. I = 7.3H); 0.80 (s. 3H); 0.95 (s. 3H); 1.20-2.25 (9H); 2.95-3.30 (PI); 3.65 (s. 3H): 5.25 (m. 1H). 

13C-NMR: 179.0 (s), 169.7 (s), %.8 (s). 86.7 (4, 50.4 (4). 39.2 (5). 36.8 (d). 36.5 (I), 32.4 (r). 30.9 (f). 27.1 (I). 24.7 

(4). 23.1 (q), 15.7 (9). MS: 252 (8, M+*). 181 (17). 137 (22), 123 (54). 82 (100). 

8b: IH-NMR: 0.76 (d, J = 7,3H); 0.82 (& 3H); 1.07 6, 3H); 1.20-2.25 (9H); 2.95-3.30 (2H); 3.65 (F. 3H); 5.24 (m, 1H). 

13C-NMRz 178.4 (s). 169.6 (s), 98.0 (s). 86.7 (4. 50.4 (91, 39.2 (5). 38.3 (f), 35.3 (d), 32.6 (r). 32.4 (I), 25.0 22.6 (9). 

(1). 21.3 (9). 21.1 (I). 15.0 (9). MS: 252 (8. hf+.). 181 (15). 137 (50). 123 (76), 82 (100). 

9a: IH-NMR: 1.01 (& 6H); 1.44 (m. 2H); 1.58 (m. 2H); 1.62 (5. 3H); 1.93 (t,J = 7. 2H); 2.32 (4H); 3.42 (s, 2H). l3C- 

NMR: 175.2 (s), 166.8 (s). 135.3 (s). 1293 (s), 39.7 (r), 35.9 (r). 35.0 (s), 32.8 (I), 29.9 (I). 28.5 (2q). 24.7 (I), 19.9 (9). 

19.4 (I). MS: 235 (1. M+*). 220 (5). 176 (24). 162 (45). 121 (100). 93 (60), 81 (60). 

lo: IR: 1778. lH-NMR: 0.88 0. 3H); 0.94 (s. 3H); 0.98 (s. 3H); 1.20-1.65 (7H); 2.03 (m. 1H); 2.29 (m. Hi); 2.36 (m. 1H); 

2.80 (m. 1H); 2.84 (s, 1H). 13C-NMK: 176.4 (s). 167.7 (s), 57.7 (d), 52.7 (4.41.9 (r). 41.6 (s), 38.5 (I), 33.7 (9). 33.7 

(s). 26.6 (I). 22.3 (t). 21.7 (9). 18.3 (I), 15.0 (9). MS: 235 (7, M+.), 220 (17). 164 (22). 152 (24). 138 (22). 69 (100). 

11: IR: 1720. ‘H-W 0.87 GF. 3H); 1.00 (s, 3H); 1.09 (s. 3H); 1.31 (m, H-I); 1.40-1.80 (6H); 1.88 (m. H-l): 2.23 (m. Hi); 

259 (m. IH); 2.82 (m. H-I); 5.00 (d, I = 1.5,H.D. 13C-NMR: 171.9 (s). 166.3 (s). 89.5 (d). 66.1 (s), 50.7 (d), 41.0 (I), 

37.0 (I), 33.3 (s). 32.9 (9). 24.4 (t), 21.1 (9). 18.5 (I). 18.0 (I). 15.5 (9). MS: 235 (51. M+*). 220 (69). 192 (36). 164 

(53). 152 (54). 138 (69). 69 (100). 

12: IR: 1724. lH-NMR: 1.04 (s. 3H); 1.11 0, 3H); 1.17 (s, 3H); 1.24-1.40 (2H); 1.47 (2H); 1.58 (m, 1H); 1.73 (m. 1H); 

2.02 (2H); 2.44 @r. 4J = 14.5, H-D; 2.73 (m. 1H): 2.89 (m. H-l); 5.02 (s. 1H). l3C-m 171.6 (s), 167.4 (s), 89.2 

(4. 64.8 0). 49.9 (d). 42.2 (r). 35.7 (t), 34.6 (s), 32.5 (4), 25.0 (9). 24.7 (9). 23.0 (l). 18.1 0). 17.4 (r). MS: 235 (27. 

M+*), 220 (100). 192 (20). 164 (38). 152 (28). 138 (39). 69 (52). 

9. Asao. K.; Iio. H.; Tokoroyama, T. Synthesis 1990. 382-386. 

10. ln contrast to the staeospecific Lewis acid mediated cyclisations of (I+ and Q-4b7. the cyclisation~ of Q- and (Z)-Sd afford 

1.9~1 and 2.8:1 6a.b mixtures respe*ively. This is almost certainly due to epimerisation of 6a,b; indeed, independent 

treatment of 6a and 6b with 98% a& HzSO4 in toluene established that a 19: 16a,b mixture corresponds to thermodynamic 

equilibrium. 

11. Shaw, 0. J. Chem. Sot. 1950. 720-723. 

12. Strwtwal cmfiiti~r~ of 11 was obtained by catalytic hydrogenation (PtO2]. AcOH-AcOEt 3~1.20”) to perhydroquinolii 13 

(17% yield). This multistep transformation is beliewed to proceed via intermediates i-iii in a reaction squtxce involving 

hydrogenolysis of the N-O bond, tawmerism, decarboxylation, and stereoselective hydrogau+tioo from the pface. 

L 
i ii iii 

J 
13 

Dora 613: lH-NMRz 0.77 (s. 3H); 0.81 (s, 3H); 1.00 (d,/ = 7, 3H): 0.95-1.70 (11H); 1.16 (s. 3H); 1.79 (m. 1H); 2.95 (m. 

1H). 13C-NMR: 54.6 (4.53.4 (s). 45.6 (d). 42.3 (I). 42.2 (I), 37.0 (I), 33.1 (s), 32.6 (9). 23.4 (9). 20.9 (9). 20.8 (9). 20.6 (9). 

19.7 (I). MS: 195 (7. M+-), 180 (100). 152 (58). 124 (13). 110 (15). 96 (14). 
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