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Summary: A stereoselective route to &)-me&y1 hornononactate (4b) and (f)-metbyl8_cpi- 

homononactate 0). synthetic precursors to the antibiotic tetranactin. is presented. Key steps 
involve employing the regioselective ring opening of I-(benzyloxy)buG-en oxide (8) with the 
dianion derived from methyl(2metbyl. 3oxo)butanoate (9). and the stereoselective addition of dialkyl 

zinc species to a 8-alkoxyaldehyde precursor (6). Conditions have been developed to enable the 
dietbyl zinc addition to give either isomer with reasonable selectivity. 

The nactins ate a class of macnxe@olitk. antibiotics isolated from a variety of Streptomyces cukures, and 

include nonactin (la), mcoactin (lb), dinactin (1~). trinactin (Id). and tetmnactin (1e)t. Structurally tbe nactins are 

composed of four subunits, the most common being nonactic acid (2a) and homono~~tic acid (2b)2. Intenxtingly, 

both enantiomers of the subunits are found in the tetrarnas. Several synthetic routes to the nactins have been 

reported, all involving the coupling together of the monomer units via lactonisation procedures Approaches to 

nonactin (la) have involved the non-selective coupling of racemic nortactic acid (2#. as well as the stenoselective 

“reverse coupe du roi” coupling of optically-pure nonactic acid (2a) and 8-zpi-nonactic acid (3a) derivative&. 

Tetranactin has also been synthesised stercoselectively via the coupling of optically-pure homononactic acid (2b) 

and 8-cpi-homonons ctic acid Ob) derivatives6. 

a) I?-R%W-W&e 
b) R’-El. Fp.R’-&Me 
c) RWP-Et. RWI’-Me 
d) R’=RW%Et, R’.Ma 
e) R’-ff-RI&‘-Et 

WU%H 

(3) a)R-W 
bj &Et 
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There have been many reported syntheses of nonactic acid derivatives in both optically active and racemic 

fonn4*5~7, however few of these approach have been extended to the preparation of homononac tate deXivatives6. 

Here we report full details of a stercosclective approach that allows preparation of methyl nonacfate (4a). methyl 

homononactate (4b), and their C-8 epimers (5a,b)7q. 

(4) a) R-Me 
b) R-Et 

(6) 

b) R-Et 

In or&r to develop a general approach to monomer units suitable for the construction of the nactins, we 

considered preparation of the aldehyde (6)7f9. With such an aldehyde available, it seemed reasonablethatthe 

stereocontrolled addition of a group R should then allow access to a range of substituted tetiydrofurans of the type. 

incorporated in the macrocyclic nactins. In addition, it should be possible to produce eitha stereoisomer at C-8 

viu this approach. Indeed. while this work was in progress the stereocontrolled addition of a methyl group to 

aldehyde (6) was reported and conditions selective for either isomer found, providing a route to both methyl 

nonactate (4a) and methyl 8-epi-nonactate (5s) (scheme 1)7P. 

(6) 

(4a) (5s) 

TiCb , Me+ , CH2Cl2 24 1 85% 

MqCuLi , Et20 4.5 78% 

Our approach to the key aldehyde (6) centered around the Raction between the dianion (9) and epoxide (8). to 

give after acid cyclisation the tetrahydrofuran (1 l)* (scheme 2). The dianion was readily generated fran methyl(2- 

methyl, 3-oxo)butanoate by sequential treatment with sodium hydride and n-butyl lithium, whilst the epoxide (8) 

was prepared by standard methods from 3-buten-l-al(7). Purification of the in-ate hydroxy pketo es& (10) 

was not attempted since such materials are not very stable. The cyclised product (11) appeared to be. only one olefin 

isomer by high field tH nmr. and this was assumed to be the more stable E-isomer by analogy with similar 

reactions. Debenzylation, followed by slereoselective hydrogenation of the olefinic bond with Rh/A&@ catalyst 

gave the known teuahydrofuran (13) in 49% overall yield. In general the reduction gave cu. 8: 1 selectivity for the 

desired isomer (13) over other possible diastereoisomers, the hydrogen being delivered predominantly to the less 

sterically hindered face of the double bond. however some batches of the rhoduim catalyst would not effadt the. 

tiuction9. It was found that new batches of the catalyst generally gave the best results. ‘Ihe reduction &ctivity 

and variability of the catalyst is consistent with observations, made on very similar system$. Oxidation of the 
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hydroxyl group lead to the required aldehyde (6) in 86% yield’“. 

w (9, (ii) 
e 

OBn 

(8) 

[o&- 1 Oii) - m&ahMB 
(10) 

09 ( 

R=Bn, (11) 57% 

L R=H. (12) lowb 

- 8: 1 selectivity 

1 Scheme 2.1 
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Reagents: (i) NaH; BnBr; (ii) mCPBA; (iii) Oxalic acid; (iv) Hz. latm., Pti; (v) Hz. 7oPri. Rh&O3; 

(vi) Py-SO.+ DMSO, Et3N. 

Because of the variability and expense of the rhodium catalyst, other reductiu~ systems weec investigated and 

it was found that hydrogenation using a Raney nickel catalyst’ t consistently gave reasonable (CCL 4~1) selectivity 

for the required diastereoisomer (13). These conditions had the added advantage that the benyl pt&Ang group was 

twnoved during the reaction, avoiding a separate step’2 (scheme 3). 

-3.1 
- 4: 1 selectivity 

Since the aldehyde (6) had already been converted stereoselectivly into methyl nonactate (4a) and methyl 8- 

ep’-non&ate (5a)7P, we then turned our attention to the problem of preparing the homononactate system. Thii 

required developing conditions for the stereoselective nuclecphilic addition of an ethyl group to aIdehyde (6). By 

analogy with the previous work it was found that the “chelation control” addition could be achieved using die&y1 

zinc as the nucleophile in the presence of titanium tetrachloride (scheme 4). This resulted in a mixture of 

stereoisomers favouring the natural stereochemistry (4b) by about 4~1, contlrming the generality of this eppoech to 

such systems. This reaction presumably proceeds via the chelated inteamediite (14) followed by addition of the 

nucleophile to the less him&d face of the aldehyde. 
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(6) 

(4b) 

Et&. TiCI_,. CHsCls 

Et&n. BFsEtsO, CHsCls 

4 

1 

+ yyyaw 
(Sb) 

1 85% 

: 10 80% 

Stereoselective addition of an ethyl group to aldehyde (6) to give the unnatmal C-8 isomer (5b) was however 

less straightforward. Direct extrapolation of the conditions required for the corresponding methyl addition (ii 

Et&uLi) did not lead to good selectivity. This result is perhaps not surprising since there may well be significant 

differences between the two cuprate species concerned. After investigation of a range of nucleophilic systems it was 

(14) 

found that good selectivity for the isomer (Sb) could be obtained using diethyl zinc and boron trifluoride etherate 

(scheme 4). The stereoselectivity observed in this case is opposite to that normally obtained with simple &alkoxy 

aldehydes under similar conditions. In the latter case addition of the nucleophile to a chelated intermediate (15) is 

proposed to explain the stereoselectivity 13. The precise reasons for a reversal of stereoselectivity with aldehyde (6) 

are not clear, and this will be the subject of future studiest4. 

Nu- 

In conclusion, we have developed a short and efficient route to substituted tetmhydrofurans of the type 

incorporated in the nactins. This approach has resulted in the fit stereoselective route to methyl hotnononactate 

(4b) and its C-8 epimer (Sb). Work is now underway to develop new methods for the construction of the naturally- 

occurring temuneric units of these materials. 

Acknowledgements. We thank the Nuffield Foundation for financial support, SEBC Mass Spectroscopy 
Service, Swansca for spectra, and Prof. U. Schmidt for providing data on authentic samples of methyl 

homononactate and methyl 8-epi-homononactate. 
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1H nnu spectra were obtained at 3OOMHx on a Bruker AC-300 spectrometer and at 60MHz on a Varian EM360 

spectrometer in deuteriochlorofonn solutions, &ahres are quoted relative to Wmtnethylsilane. IB spectra were recorded 

on a Perkin-Elmer 298 spcctrophotometer as liquid films on NaCl plates. Low resolution mass spectra were obtained 

on a VG 12-253 quadrupole instrument and high resolution spectra on a VG ZAB-E instrument, Column 

chromatography was performed on MN-silica gel 60 230-400 mesh, under pressure. Petroleum ether refers to the 

fraction boiling 4BdooC. Solvents were puritled and dried by standard methods. 

Preparation of (f)-1-(benzyloxy)but-3-ene oxide (8). 3-Buten-l-01 (7) (lg. 13.9mmol) was added 

dropwise to a suspension of sodium hydride (0.74g of a 50% dispersion in oil. washed twice with dry petroleum ether, 

154mmol) in dry tetrahydrofuran (3Oml) at BC under argon. After stirring at room temperature for lh, benxyl 

bromide (1.8ml. 152mmol) was added dropwise. and the nsulting mixture left overnight. Saturated aqueous sodium 

chloride (15ml) was added. and the mixture extracted with diethyl ether (3x25ml). The organic extracts were dried over 

magnesium sulphate, and the solvent removed under reduced pressure, to give crude I-benzyloxy but-3-ene (2.18g, 

13.5mmol,97%) as a colourless oil, *H nmr (300MHz, CDC13) 8 7.41-7.15(5H. m. Arff), 5.82(18. tdd. J=7.10. 

and 17Hz. Cff=CH2). 5.12-5.00(2H, m, CfI2=CH), 4.52(28. -d, J=l2Hz, CH$h), 3.51(2H, t, J=7Hx, CHzOBn), 

and 2.36(2H. tq, J=3 and 7H2, C!ff& 

Crude benzyl ether (2.18g, co. 13.5mmol) was dissolved in dichloromethane (20ml) and the solution cooled to Ooc. 

Sodium hydrogen carbonate (1.5g) was added, followed by 80% mchloroperoxybenzoii acid (4.4g, 2ltnmo1, added in 

batches). The mixture was stirred at OOC for lh, and then at room temperature overnight. Solid sodium thiosulphatc 

(lg) was added, the mixture stirred for 15min. fillered, and concentrated under tcduced pressure. The resulting solid was 

dissolved in water (15ml) and extracted with diethyl ether (3x25ml). The organic extracts wae dried over magnesium 

sulphate, and the solvent removed under reduced pressure, to give the crude epoxide. Chromatography on silica get 

(20% diethyl ether - 80% petroleum ether), gave (f)-1-(benxyloxy)but-3-ene oxide (8) (2.09g. 1 l.‘lmmol, 95%) as a 

colourless oil, lH nmr (3OOMHz. CDCI,) 6 7.467.18(5H. m. ArH). 4.52(28, s. CH2Ph). 3.68-3.52(2H, m. 

CffZOBn). 3.04 (lH, m, U&H& 2.76(lH, t, J=4.5Hx, CH&H$& 2.5O(lH. dd. J=2.5 and4.5Hx. 

CHQCH,CH& and 1.95-1.70(28, m. CH2); vmax (neat).2870 and 1090cm-1; m/z (NH3, CI) 196(M+WfJ+). 

Found M+NHd+ 196.1335 CllH18N02 requires 1%.1338. 

Preparation of (~)-[2-(benzyloxy)ethyl].5-(E)-[l-(methoxycarbonyl)ethylidene] tetrahydrofuran 

(11). Mcthyl(Zmethyl.3-oxo)butanoate (lg, 7.7mmol) was added dropwise to a stirred suspension of sodium 

hydride (0.4lg of a 50% dispersion in oil, washed twice with dry petroleum ether, 8.5mmol) in dry ~nthydrofuran 

(lOOmI) under argon at Ooc. The mixture was then stirred at room temperature for 3Csnin, usually giving a thick white 

precipitate.. After cooling to -1oOC. n-butyl lithium (6.2ml of a 1.38M solution in hexanea. 85mmol) was added, and 

the mixture stirred for a further 15min giving a clear solution. Epoxide (8) (1.5g, 8.5mmol) in dry tetrahydrofuran 

(3ml) was added and the mixture allowed to warm to room temperature over 3h. After stirring at room temperattuc for 

30h. 1M hydrochloric acid (5Oml) was added cautiously, and the resulting mixture extracted with diethyl ether (3x75ml). 

The organic extracts were dried, and the solvent removed under reduced pressum to give the crude adQlct as a pale yellow 

oil. This material was immediately dissolved in diihlaomethane (~&II), and solid oxalii acid (3g) added. The mixture 

was stirred at reflux under argon for 2-3h, cooled to room temperature, and filtered thtough a pad of silica Evaporation 

of the dichloromethane gave the crude product which was purifd by chromatography on silica gel (20% diethyl etha - 

80% petroleum ether) to give, (~)-[2-(bcnzyloxy)yl]-5-(E)-[l-@ethoxyc~b~myl)ethyli&~] tetrahydrofuran (11) 
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(1.3g, 4.5mmol. 57%) as a colourless oil. *H nmr (3OOMHz. CDCl,) 6 7.357.22(5H. m. ArH), 4.56-4.46(3H, m, 

C&Ph and WOW, 3.72-353(2H, m, CIf2OBn). 3.66(3H. s, OCff& 3.2O(lH, m, CH,H+C), 2.89(lH, qtd, 

J=1.5,9. and 18.5Hz. CH,H$=C), 2.21-2.11(1H, m). 1.96-1.61(3H. m). and 1.77(3H, t, J=l.SHz, c-_CCH3); 

vmax (neat) 1695 and 1650 cm-t; m/z (EI) 29O(M+). 259, and 91. Found M+ 290.1514 C17HZ04 requires 

290.1519. 

Preparation of (+)-(2-hydroxyethyl)-S-(E)-[l-(methoxycarbonyl)ethylidene] tetrahydrofaran (12). 

(~)-~2-(Benzyloxy)echyll-5-(E)-[1-(me(h tetrahydrofuran (11) (500mg, 1.7mmol) was 

dissolved in methanol (20ml) containing 10% palladium-oncarbon (5Omg), the mixture was degas&, then placed under 

an atmosphere of hydrogen (ca 1 atm.) maintained vin a hydrogen-filled balloon. After stirring for 2_6h, the mixture. 

was filtered through a pad of celite. and the solvent removed under reduced pressum to give crude (~)-@hydroxy&yl)-S_ 

(E)-]l-(methoxycarbonyl)ethylidene] tetrahydrofuran (12) (342mg, l.‘lmmol, 100%) as a colourless oil, *H nmr 

(3OOMHz. CDCl$ S 4.48(lH, quintet, J=6.5Hz, CfiOR), 3.77(28. I. J=6Hz, CYf2OH). 3.63(3H, s, m$, 

3.19(1H. m. CH,HhC=C). 2.87(lH. qtd, J=1.5,9, and 18Hz. CH,H&=C), 2.24-2.12(18. m). 2.06(1H, br.s. OH). 

1.88-1.60(3H. m), and 1.73(3H, t, J=l.SHz. CH3); vmax (neat) 3450, 1710, and 163Ocm-t; m/z @I) ux)(M+), 

168.115.98.83, and 71. Found M+ 200.1033 CtuHteO4 requires 200.1050. This material was sufficiently pure 

for use in subsequent reactions. 

Preparation of (f)-2(R)-[1(R)-(methoxycarbonyI)ethyl]-5(S)-(2-hydroxyethyl)tetrahydrofuran 

(13). Crude 2-(S)-(2-hydroxyetby1>5-Q-[1-(melhoxycarbonyl)ethy~ideuel wahydrofuran (12) (342mg, 

co. 1.7mmol) was dissolved in methanol (25ml). the solution placed in a glass bomb, and the mixture &gassed. Fresh 

5% rhodium-on-alumina (0.4g) was added to the solution, and the system placed under an atmosphere of hydrogen 

pressurised at 70psi. This mixture was then ultrasonicated for 20min in a cleaning bath. then stirred at room 

temperature for 9Uh. The pressure was released and the mixture filtered through a pad of silica to remove the catalyst. 

Evaporation of the solvent under reduced pressure, followed by chromatography of the residue on silica gel (die&y1 

ether) gave 2(R)-[ 1(R)-(methoxycarbonyl)ethyl]-5(S)-(2-hydroxyethyl)tetrabydrofuran (13) (32Omg, l.bnmol, 93%) as 

a colourless oil. This material appeared to be cu. 8:l mixture of diastereoisomers by 1H nmr. (Major d&temo- 

isomer); lH nmr (3OOMHz. CDC13) 6 4.05-3.88(2H, m, CYfOCH), 3.69(28. br.t, J=5.5Hz, CYfzOH), 3.64(38. 

s, CO2CH3). 2.81(1H. br.s, OH), 2.48(1H. qd, J=7 and 8Hz. CH(Me)C%Me). 2.02-1.89(2H, m), 1.77-lA8(4H. 

m). and l.O7(3H, d. J=7Hz, CHCYIj), vmax (neat) 3400 and 173Ocm-l; m/z (El) 203(M+ H+), 115.97.73, 

end 71. (CI. NH3) 22O(M+NHd+) and 203(M+If+). Found M+If+ 203.1272 CtoHt904 requires 203.1284. 

Reduction of (f)-(2-benzyloxyethyI)-5-(E)-[l-(methoxycarbonyl)ethylidenel tetrahydrofuran (11) 

with Raney nickel. A slurry of W2 Raney nickel* (ca. O.lg) in methanol was added to a solution of (f)-[2- 

(Benzyloxy)ethyll-5-(E>[1-(methoxycarbonyl)cthylidenel tetrahydrofuran (11) (500mg. 1.7mmol) in methanol (2Oml) 

in a steel bomb. The mixture was dcgassed. placed under an atmosphere of hydrogen pressurised at 8Oatm. and shaken 

at 7ooC for 50h. After cooling (0 rcom tcmpcrature the pressure was released. and the mixture filtered through a pad of 

silica to remove the catalyst. The solvent was removed under reduced pressure and the residue purifrr by 

chromatography on silica gel @ethyl ether) gave ($?(R)-[l(R)-(methoxycarbonyl)etbyll-5(S)-(2- 

hydroxyethyl)tctrahydrofuran (13) (263mg, 1.3mmol,76%) as a colourless oil. This material appeared to be ca. 4:l 

mixture of diastereoisomers by 1~ nmr, the major product being identical to the material obtained above. 

l Supplied by Aldrich Chemical Co. as a slurry in water, washed with methanol until neutral. 
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Preparation of (f)-2(R)-[1(R)-(methoxycarbonyl)ethyl]-5(S)-(formylme~hyl)~e~rabydrof~ran (6). 

A solution of (i>2(R)-[l(R)-(me~oxycarbonyl)ethyl]-5(S)-(2-hy~xy~yl)~~y~f~ (W) (25Omg. 1.2mmol) 

in dry dimethylsulphoxide (3ml) was added dmpwise to a vigorously stirred solution of pyridine-sulphur trloxide (I .25g, 

7.8mmol) and trietbylamine (l.lml, 7.8mmol) in dry dimethylsulphoxide (4ml) at room temperature under argon. Tbe 

resulting mixcure was stirred at room temperature for 3h. water (uknl) added, and the mixture extracted with die&y1 

ethe.r (3x4Oml). The ether exuacts were. dried over magnesium sulphate and the solvent remand under reduced pressure. 

Chromatography of the residue on silica gel gave (f)-2(R)-[l(R)-(methoxycarbonyl)e(hyl]-5(S)- 

(formylmetbyl)tetrahydrofuran (6) (213mg. I.lmmol, 86%) as a colourless oil lH nmr (3OOMHz. CM=13 6 

9.7O(lH. t, J=2Hz, CHO), 4.26(1H, m, CHOR). 3.99(18, q, J=7Ht, CHOR). 3.62(3H. s. CO#f3), 2.62(18. 

ddd. J=2.7. and 16Hz. C&H&HO). 2.54-2.42(2H. m), 2.14-1.89(28. m). l.65-1.44(28, m). and l.OS(3H. d. 

J=7Hz. CHCH3); vmax (neat) 174Ocm-l; m/z (NH3, Cl) 218(M+NHd+). Found M+NHd+ 218.1393 

Ct&I2@O4 requires 218.1394. This material was stored at -10°C under argon. 

Preaparation of (*)-methyl homononactate (4b). (i)-2(R)-[l(R)-(Methoxycarbonyl)ethyll_S(S)- 

(formylmetbyl) tetrahydmfuran (6) (7Omg. 0.35mmol) was dissolved in dry dichloromethane (Khnl) and the solution 

cooled to -78°C under argon. Titanium tetmchloride (7Q.tl, 0.35mmol) was added dropwise. the mixture stirred for 

lOmin, then diethyl zinc (1.59ml. l.lM solution in toluene, 1.75mmol) added. The reaction was stirred a1 -78oc for 

1 h, saturated aqueous sodium bicarbonate (1Oml) added, and the mixture allowed to warm to mom temperahrre. 

Extraction with diethyl ether (3x20ml) followed by drying of the organic extracts over magnesium sulphate and removal 

of the solvent under reduced pressure gave the crude product. Chromatography on silica gel (50% die&y1 ether - 50% 

petroleum ether) gave (*)-methyl I-epi homononactate (Sb) (13mg. 0.056mmol. 16%) as a colourless oil ‘H nmr 

(3OOMHz, CDC13) 6 4.05-3.94(28, m), 3.69-3.64(18, m), 3.66(38, s, qCH3). 3.56(1H. hr.4 Off). 2.51(1H, dq. 

J=7 and 8Hz. CHCH3), 2.04-1X(28, m). 1.69-1.32(68, m), l.O9(3H. d, J=7Hz, CHUf3). and 0.89(38. f 

J=7.5Hz, CH$H3); vmax (neat) 3540 and 174Ocm-l; m/z (NH3. CI) 248(M+NH3+) and 231 (M+H+). 

Found M+NH3+ 248.1859, Ct2H2#04 requires 248.1863. and (*)-methyl homononactate. (4b) (56mg, 0.23mmol. 

69%) as a colourless oil, lH nmr (3OOMHz. CDCl3) 6 4.15-4.06(lH. m), 3.98-3.91(18. m). 3.74-3.66(18. m). 

3.66(3H, S, CO$H3), 2.79(18. br.s, OH), 2.51(1H. dq, J=7 and 8Hz. CHCH& 2.04-1.90(2H. m), 1.78-l-36(623. 

m), l.O9(3H. d, J=7Hz, CHCH$, and 0.90(3H, t. J=7.5Hz. CH2CH3); vmax (neat) 3540 and 174Ocm-‘; m/z 

(NH3, CI) 248(M+NH3+) and 231 (M+If+). Found M+NHJ + 248.1856. Cl2H2flO4 requires 248.1863. 

Preaparation of (Q-methyl (I-epi-homononactate (Sb). (i)-2(R)-[l(R)-(Methoxycarbonyl)e&yl]-5(S)- 

(formylmethyl)tetrahydrofuran (6) (68mg, 0.34mmol) was dissolved in dry dichloromethane. (1Chnl) and the solution 

cooled to -7PC under argon. Boron trifluoride etherate (84pl, 0.72mmol) was added, and the mixture stirred at -78OC 

for IOmin, then diethyl zinc (1.54ml, 1 .l M solution in toluene. 1.7mmol) was added dropwise. The resulting mixture 

was s&d at -78% for 6h. quenched with saturated aqueous sodium bicarbonate (5ml) and warmed to room 

tempemture. Extraction with diethyl ether (3x2Oml) followed by drying of the organic extracts over magnesium 

sulphate and removal of the solvent under reduced pressure gave the crude producL Chromatography on silica gel (50% 

diethyl ether - 50% petroleum ether) gave @)-methyl 8-epi homoncmactate (Sb) (59mg, 0.26mmol. 75%) as a 

colourless oil and (It)-methyl homononactate (4b) (4mg. O.Ol’lmmol. 5%) as a colourless oil, both p&ucts being 

identical to the previously prepared samples. 
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