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Abstraetz An vh to the total synthds of the ionophe antibiotic tetronasin (1) is rqmrted, in which the key 

step is a novel bttse catalysed cascade cyslisation of a18 activated plyenc (2). This establishes two rings and four 

stmsogenic cm&es in one step. A related polyene (la) hss been cyclised in a similar fashion, illustrating the ~nerdity 

of the procedure. 

In addition to the biosynthetic studies reported in the ptiing se&s of papers, we have been 

shdyiig the total synthesis of the novel ionophore antibiotic tetronasin (ICI N139603) (1). Previously we and 

others have described convergent approaches to (1) and reiated compounds.t~2 Here we report on a new strategy 

towards these interesting molecules. The route is based upon the idea of using a metal-ternplated polyene 

cyclisation (Scheme 1) somewhat similar to the pmposed biosynthetic pathway.1 The synthetic polyene (2) Was 

designed with an electron-deficient dienc system to facilitate pyran ring formation via a conjugate addition, and the 

furan ring intact to enhance chelation. A subseque& ~~1~~~ Michael cyclisation would result in the 

formation of the carbocyclic ring. In this way it would be possible to set up the formation of both six-membered 

rings and control four stereogenic centres in one operation. The success of this general concept is reported 

below. 

steps 
__...m* 

For the synthesis of the C3-C26 polyene &agment (2) we envisaged a convergent approach imolving 

the coupling of the substituted units (3), (4). (5). and (6). Compound (3) is well known~ and compounds (5) 
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and (6) are readily available by chemistry “ported in previous letters in this series. Therefore we only require a 

synthesis of the remaining C5-Cl2 unit (4) prior to investigating coupling studies. 

Compounds (4) and (5) share the same absolute stereochemistry and hence common starting materials 

could he used in their synthesis (Scheme 2). Thus, conversion of the alcohol (7) to its tosylate and subsequent 

Fouquet-Schlosser coupling3 with pent-S-enyl magnesium bromide in the presence of Kochi’s catalyst gave (8) in 

83% yielda. Ozonolysis and Knoevenagel condensation with triethyl ph~pbono~~~, N-~~y~~holine 

and TiCl$ yielded the allylic phusphonate (9). This was transformed to the trausier~tiy protected coupling partucr 

(4) using the standard procedure of sodium in ammonia, followed by trimethylsilyl chloride. Alternatively, the 

reaction of (7) with ZV-bromosuccmimide and triphenylphosphine gave a bromide intermediate which was used to 

quench kinetically the dianion derived from dimethyl (2~x~~py~)ph~p~~~6 at the y-position, to give the 

ketopho~hon~ (5). 

Schema 2 (0 NBS, PPb CH2Ch O’C (87%). (ii) Dimethyl (2-oxop~qyl)phosphonate~ NaH, “BuLi, THF. 

-1 O’C WW. {iii) TAX. Pvidine (88%). (ii} CH~(~H~3~~, l_i$t~Clq, THF, -78°C to RT (8396). (v) 03. 

~~2, -78°C; then phsp (71%). (vi) E~P(O}(OE~, TGL+, NMM, THF, 5°C @Q’S). {vii) Na, Nf-&, -33% 

rn). W) msct, EbN, cH2u2. ooc m%). 

The next series of coupling reactions all proceeded smoothly to afford the desired tetraene (2). 

Coupling of (5) and (6) using the ale-Roush conditions7 gave the enone (10). This was reduced with 

(S)-BINAL-Hs at -100°C to give (11) with high diastereoselectivity. Compound (1X) was protected as its t- 

butyldimethylsilyl ether (12) and converted to the ahiehyde (13) by removal of the henzyl pmte&ng group with 

sodium in ammonia followed by oxidation with tetra-n-pmpyhunmonium permthenate (TRAP).9 The coupling of 

(13) with the phosphonate ester (4) was achieved using lithium hexamethyldisilaxide as the base, followed by 

treatment with a pH 3 acetate buffer to give (14). The use of other bases was much less satisfactory in giving 

poor yields of the required E,Zgeometry. The alcohol (14) was then oxidised with TRAP, coupM via a Wittig 

reaction with methyl 2-(briphenylpho~ho~y~), and finahy deprotected with Dowex in methanol 

to give (2) in 93% overall yield from (13) (Scheme 3). 
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Schema 3 (i) LiCI, DIPEA, CH$N (71%). (ii) (S)-BINAL-H. THF, -1ooOC (84%; 9~1). (iii) TBSCI, imidazok, 

DMF (98%). (iv) Na, Nl-&. -33°C (QS%). (v) “PrqNRuO4 (TPAP). NMO, 4A Sieves, CH2Cl9 (93%). (vi) 4. 

LHMDS, THF, -78°C (S6%). (vii) MAC, AcOH, MeOH @H 3) (100%). (viii) TPAP, NMO, 4A Sbes, CH&N 

(95%). (ix) Ph+C(Me)co2Me, CHC13, A 1100%). (x) DOWEX-SOW, MeOH (99%). (xi) KHMDS, PhMe, 0°C 

(99%). 

Having synthesised the precursor, the key polyene cyclisation reaction could then be investigated. It was 

found that treatment of (2) with potassium bexamethyldisilazlde, in toluene for 30 minutes at 0°C. gave an 

excellent yield of one main diastereomer (M)to in 67% yield (Scheme 3). From extensive rum experiments and 

comparison with spectra of the natural product and derivatives it was determined that the structnm was that of 

(15) in which the C4 methyl group has the wrong orientation for the natural product. Obviously (15) contains 

useful functionality for further elaboration to the natural product (l), and it should be possible to equilibrate the 

C4centreatalaterstage. 

In an extension of these studies we also examined the double cyclisation of an enone (16) to give (17) 

(Scheme 4) which contains fnnctionality that could potentially be readily modifled to the natural product (1). The 

preparation of the necessary enone (16) utilizes standard precursors and chemistry similar to that used in the 

synthesis of (2) and will not be reported here. Exposure of (2) to potassium h exsmethyldlsllaxide in THF~luene 

at 0°C resulted in the desired double cyclisation, affording (17) in 67% yield. The use of other bases was much 

less satisfactory and gave substantial quantities of a monocyclic product. The structure of (17) was solved by 

performing extensive nmr experiments; although the stereochemistry of the Cl2 methyl group could not be 

definitively assigned the double cychxation reaction gives largely one diastereolsomeric product. Unfortunately, 

in terms of our total synthetic goal, the stereochemistry at C4 is again opposite to that required for tetronasin (1). 
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(ichum 4 (i) KHMDS, PhMe, 0% 67%. 

These examples serve to illustrate that the polyene cyclisation process is a powerful method for the 

construction of multiple ring systems and can potentially be adapted in a more general way to other synthetic 

targets. 

Ackno~kWe thank the SERC and Pfiir Ltd. for financial suppxt and the Ramsay Memorial Fund 

(GJB) for a research fellowship. 

References and Notes: 
1. 

2. 

3. 

4. 

5. 
6. 

7, 

8. 

9. 

10. 

seepreceedingpapcrs. 
Hori, K.; Kazuno, H; Nomum, K;; Yosbii, E. Tefruhedr~n Z& 1993.34.2183-2186. 

(a) Fouquet, G.; Schlosser, M. Angew. Chem.. ink Ed. Eng., 1974,13.82. (b) Scblosscr, M. Angew. 

chenl., rnr. Ed. fig., lM4,13, 701. 

Allncw~gaw:satisfactorymicroanalysisand/ormassspectmldata. 

L&next, W. Tetrahedron, 1974,30,301 

(a) Grieco, P.A.; Pogonowski, C.S. J. Am. Chem. SW., 1973.95, 3071. (b) Grieco, P.A.; Finkclhor, 
R.S. 3. Org. Chem.. 1973,38, 2909. 
Blanchette,M.A.; Choy, W.; Davis, LT.; Esscnfield, A.P.; Masamune, S.; Roush, W.R.; Sakai, T. 

Tetmkedran Leti., 1984,25,2183-2186. 

(a) Noyori. R.; Tomiro, I.; Tanimotu, Y.; Nislkawa, M. J, Anr Ckn. SOC., 1984,1W,6709. (b) 

Noyori, R.; Tomiro, I.; Yamada, M.; Nishizawa M. f. Am Chen& Sot., l!XB#,IOtS, 6719. 

(a) Griffith, W.P.; l&y. S.V.; Whitcombe, G.P.; White, A.D. J. Chenz. Sot., Chenz. Common,, 198’7, 

1625-1627. (b) Griffith, W.P.; Ley, S.V. Akirichimica Acta, 1990.23, 13-19. 

b]D = -22.5 (c = 0.92, CHC13). tH-nmr (500 MHz, CDC13): 0.74 (3H, d, J = 6.6 Hz, 1%Me); 0.75 d, J 

= 7.5 Hz, 4-Me); 0.92 (3H, d, J = 6.9 Hz, 20-Me); 0.93 (3H, d, J = 6.8 Hz, 18-Me); 1.07 (3H d, J = 6.9 

Hz, ~-MC); 1.08 (3H, d, J = 6.3 Hz, 23 Me); 1.00 - 1.38 (6H, m, 4-H. 5-HB, ~-HP. 7-H@. 13-HP, 14-H@; 

1.29 (3H, t, J = 7.1 Hz, C@CH$X$; 1.50 - 1.83 (SH, rn, 3-H, 4-I& 6-I&, 7-l&, 12-H, 13-I&, 14- 

I&. 21-H@; 1.96 (lH, ddd, J = 12.4, 8.6,6.8 Hz, 21-H,& 2.23 (2H, m, 18-H, 20-H); 2.51 (lH, m, 2- 

H); 2.83 (lH, dtd, J = 10.9, 11.0, 3.5 Hz, 8-H): 3.34 (lH, dq, J = 6.3, 5.0 Hz, 23-H); 3.38 (3H. s, 

OMe); 3.50 (lH, dd, J = 9.5,4-l Hz, 19-H); 3.66 (3H, s, U&Me); 3.77 (lH, d, J = 9.8 Hz., 11-H); 3.82 

(1H. m, 15-H); 3.95 (IH, ddd, J = 8.6, 7.0,4.9 Hz, 22-H); 4.20 (2H, q, J = 7.1 Hz, CozcIf2cH3); 5.55 

(IH, dd, J = 15.9, 5.7 Hz, 16-H); 5.76 (la, dd, J = 15.9, 6.3 Hz, 17-H); 5.89 (lH, d, J = 10.5 Hz, P 

H). 13C-nmr (CRC13, 126 MHz): 8.97 (Z-Me); 13.51 (1% or 20-Me); 14.27 (CG$ZH&H3); 15.94 (23- 

Me); 16.44 (18- or 20-Me); 17.65 (12~Me); 19.78 (4-Me); 25.49 (0% 32.44 (C5): 32.74 (C4); 32.94 

(C13); 33.22 (C7); 35.23 (Cl8 or C20); 35.29 (C21); 35.82 (C14); 36.09 (C12); 36.60 (Cl8 or C20); 

40.36 (C2); 40.79 (C8); 49.85 (C3); 5 1.49 (CC)&&); 57.42 (23-OMe); 60.13 (CO&H$H3); 78.40 

(C15); 79.54 (C23); 80.23 (C22); 83.72 (Cll); 85.91 (C19); 130.13 (C16); 133.62 (CIO); 134.07 (C17); 

145.41 (C9); 167.59 ~O$te); 177.59 &Q&t). 
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