
Tctrahcdnm VoL 49. No 11. pi 2159-2168.1993 
Pnnted u1 Gm Bntam 

oo4o-4020193 s6oo+aa 
Pergamcm Ress Ltd 

Ethyl Alkyayl Ethers: A Convenient Ketene 
Source for Lactone Formation 

Lt Liang. Mahesh Ramaseshan, and Davrd I. MaGee* 

Departmat of Cbeaustry. Umvaty of New Bnmswh 
Fred&cam, New Bnmswick, Caaada E3B 6E2 

(Recerved rn USA 3 December 1992) 

Abdtut: A convenient and general methd for the pqarauoa of bones of varymg sue vta the 
mtramolecalar tmpphg of a ketene has been developed Sample tbermolysu of various ethoxy acetykae 
denvatwea at 1WC for 2 hauls pmduced the destred ccenpounds m y&Is raagmg fraa 30%-75% Tbe addWa 
of tn-o-butyhaune was reqmred to acheve remoaable yields for medmm and large fmgs 

ODUC- 

Lactones constnute a common class of compounds whtch am widely found m nature Interest m these 

natural products expenenced a resurgence m the 1950’s sfter Brockman an d’Henlre1 rsolated the first macrohde 

antibrottc prcromycm 1 from an Achnmycess cultmet Smce then, many lactomc products have been rsolated 

from natural sources, and have attracted constderable attennon due to theu novel and potennally useful 

btologrcal properttes For instance they show antrbtond, antmunor and cytostanc acuon3, anabohc and 

uterotrophrc activlty4, and pheromone actrvny5 

Ptcromycm 1 

Due pmartly to these btologtcal properttes. the syntbettc chenust has devtsed several methods to 

construct these compounds The earliest, and perhaps most dnect route, wss fmt reported by Stoll and Rouv@ 

in which sunple heatmg of a hydroxy acid furmshed the correspondmg lactone. albett somehmes 111 low yteld, 

(equahon 1) Subsequent methods unltzed an achvated carboxyl group to substanhally improve ytelds’-14. 
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(equation 2). Other methods whch do not mvolve carboxyl group acuvafion have also been developed14Y 

but most of these strateges suffer from certam lmutahons. functional group non-compa&hty, harsh nzzachon 

A 
(1) 

condiaons or substrate specfictty. A common theme m most of these methods, however, mvolves generation 

of activated complexes such that the carbonyl carbon becomes more electrophU It occurred to us that an 

alternative strategy would be to produce a reactive mtermedmte from a neutral precursor, by photolmc or 

thermolyhc means, which would subsequently cychze m an intramolecular sense The ketene fimct~onahty 

appeared Ideally smted for this approach. 

There 1s hterature precedence for tlus type of strategy, however, the evidence for a general reactlon is 

rather confhctmg at best=“. Sato’s results, when usmg thermally generated B-acyl ketenes, suggest that 1” 

lactones are formed efficiently. but the method fads for 64actone formaaonz0 Boeckman. on the other hand, 

has reported efflclent formahon of macrocychc lactones when usmg the same &acyl ketene precursox~~~~~ 

Wakefield demonstrated that both *I_ and &lactones can be formed from photochenucally generated keter43. 

but no other examples were shown 

Are&k 27, however, demonstrated that various ethoxy alkynyl ether compounds, when thermohzed, 

suffer a reto-ene reaction to generate a ketene and ethylene, which could be subsequently trapped by an alcohol 

m an mtramolecular reaction to produce ybutyrolactone m good yleldn. (equation 3 , n= 2. R=H) In a later 

report, Funk utiized the same technique to generate a macrccychc lactoneul, @+&on 3, n=12, R=CH,) 

These are the only two reports. to our knowledge to use du.9 techmque for the construchon of lactones Clearly 

thts method shows pronuse, but to date no ngorous investigation as to its general@ has been undertaken 

Herem we present our resul& on the scope of tis potenhally useful reachon 
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n=2,12 
R= H, CH3 

To test the potent& of this approach we synthesized a sunple precursor and mhated our stud~?~ 

(scheme l)a Thermolysis of ho13 in refluxmg toluene for 6 hours produced y-lactone 4 m moderate yield, 

but ~th only 50% conversion Clearly longer reactton runes were needed ~th dus solvent. However, snnply 

changing the solvent to xylenes (150 “C compared to 120 “C) and shortemng reaction times to 2 hours 

produced the same lactone 4 m 72% yield with no traces of starung mater& Extmme care had to be exercised 

to remove all traces of water and ethanol from the solvent, or signdktnt decompositton was observed. 

Encouraged by thts result, we proceeded with our mvesugatlon. the results of which am presented m Table 129 

2 

Several pomts are worth notmg about Table 1 Fust, pnmary, secondary and teraary alcohols cyclue 

eficrently (compare entnes 1.2 and 3). In each of these three examples, no blactone products were formed. 

and If addition was done carefully, no dmenc or ol~gomenc mater& were observed and lylg SWB of 5.6 and 

7 form with equal ease and m good yields. Ether protectmg groups on the phydroxyl group tolerate the 

reachon cond&ons, but acetate or benzoate groups undergo unwanted rearrangement reacuons It 1s 
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rmemstmg and surpnsmg to note that the bhydroxyl. or ether fmtcuonality appears to offer no advantages or 

dtsadvantages in helping to effect cyclixahon (compare entrles 2 vs. 3 and 4 vs. 51. 

Contrary to the above observations, when medium and large rmg analogues were subjected to our 

normal protocol only dt- and ohgomertc products wem observed. Although not totally unexpected, it was 

surprising to see no prduct formahon Clearly we were faced wtth the problem of the rate of cychxatton bemg 

much slower than the rate of side macuons Protecuon of the /Shydroxyl group led to no Improvement. 

Prace~us has demonstrated that the addmon of alcohols to ketenes can be catalyzed by the addmon of teruary 

ammes~, so we decided to investigate thrs posstbthty Indeed it was found that addmon of 10 equzvulents of 

m-n-butylumine led to the pro&non of the dewed medwn and macrocyclrc kzctones m moderate to good 

yields (entrtes 6-8) These ytelds are comparable, and m some cases superror. to other hterature methodsll* l2 

( our synthesis of the &-lactone, entry 5, gave 65% unopttmtz.ed yreld of the monomertc lactone product, while 

the Corey procedun9 gives 71% yteld along with 7% of the tiertc lactone) It 1s worth noting that for entry 

7, tfextreme care was not taken tn slow addmon of the alcohol, then up to 10% of dimer 21 could be isolated 

This was the only example where we observed thts anomaly, which parallels the results of Deslongchamps in 

cychxauon studies on related systemss’ 

21 

We have demonstrated the fcasabthty of uultz.tng a ketene cychxauon strategy for the constructton of 

small, medmm and large nng lactones. The method appears equally general and effecuve for the cychxahon of 

lo.20 or 30 alcohols. To obtatn acceptable yields for medtum and large rmgs, 10 equivalents of trt-n- 

butylamme were required. Results for thts method am comparable to extstmg ones, but mtldness of formation 

and neutral reactton condthons should offer it as an attractwe altemattve. Further studies to extend thts 

methodology ate m progress 
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Unless indicated otherwrse all reactrons were conducted m flame drred or oven&red (12ooC) glassware 

under a nitrogen atmosphere Temperatures reported refer to external bath temperatures. All commercral 

reagents were purchased from Aldrich Chemicals (Milwaukee) and used w&out further punticauon Xylene 

(mixture of rsomers) was drred accordmg to estabhshed proceduress2. Infrared spectra were recorded usmg 

NaCl cells, and are reported m wave numbers (cm-r) Hrgh Resolutron mass spectra am reported as follows 

m/z (parent ion or fragment, relatrve mtensny). All rH and r3c nuclear magneuc resonance (NMR) spectra 

have chemical shrfts reported m ppm (6) rH NMR data am reported as follows. chemical shrft (mulhphcrty, 

number of protons, coupling constant in Hz) W NMR data are reported as follows chemrcal shrft (number 

of carbons) Analyucal thm layer chromatography (TLC) wss performed usmg Merck srhca gel 60 Fa 

pmcoated glass plates (0.25 mm tluckness). Column ChrONatOgraphy or “S102 chromatography” was 

performed on Merck srlrca gel (230-400 mesh) according to the procedure of Sttlls3 Reagent grade solvents 

were used as eluant for all separauons. 

In a base-washed 50 ml RRF, equpped wrth a reflux condenser, was put xylenes (15 ml) The flask 

was unmersed m an or1 bath and heated to lWC, at which ame d1013 (100 mg, 0 64 mmol) in xylenes (2 ml) 

was added dropwtse over l/2 hour Followmg complete addmon, the soluuon was refluxed for an addmonal2 

hours After coohng to room temperature, the solvent was removed u1 vacua and the resrdue was puntied by 

srhca gel chromatography ( 2 1 hexane/ethyl acetate) to produce lactone 4 as a colorless oil ( 60 mg. 72%) lH 

NMR (CDCl,) 6 4 48 (9, lH, J=6 7), 2 61 (s, 2H), 137 (s, 3H). 130 (d, 3H, J=6 7); tsC NMR (CDC13) 

6 174 5 (K), 85 4 (lC), 610 (lC), 43 1 (K), 22 2 (K), 16 0 (lC), IR (neat). 3440 (br), 2981 (m), 1766 

(s), 1384 (s), 1200 (s), 1090 (s), 1059 (s), HRMS C6H1t03+ talc 1310708, C,H,,4+ obs 1310708 (m+ 

+ 1, 292) 
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The corresponding diol5 ( 100 mg, 0 58 mmol) was treated as described m the general procedure 

above Chromatography on Si@ (2: 1 to 1.1 hexane/ethyl acetate) gave lactooe 6 as a colorless oil (63 mg, 

76%) ‘H NMR (CDCl,) 6. 4.24 (d, 1H. PI1 2). 3 86 (d, IH. J=ll 3). 3 76 (t. 1H. J=5 7). 2.86 (dd, 

lH, J=5 8, 12 9). 2.53 (dd, lH, J=5.8, 12.9). 1 05 (s. 3H). 1.01 (s, 3H). 13C NMR (CDCl,) 6: 170 6 

(1C). 75 2 UC), 70 8 UC), 36 6 (1034.2 (1C). 22.4 (10. 18 5 (1C). IR (neat) 3435 (br), 2966 (s). 

2879 (m), 1738 (s), 1068 (m), 1050 (m); HRMS- C,H,,O, talc 127 0759. C,HIIOz obs. 127 0757 (m+ - 

OH, 32 7). 

The correspondmg teruary alcohol 7 (168 mg. 0 62 mmol) was treated as described m the general 

procedure above Siica gel chromatography (3’1 hexaneIetby1 acetate) gave lactone 8 as a colorless oil (112 

mg, 74%). 1H NMR (CDCl,) & 4.70 (d, 1H. J=7 0). 4 65 (d. 1H. J=7 1). 4.03 (dd, lH, J=8 5.7.2). 3 39 

(s, 3H). 3 02 (dd, 1H. J=8 6, 18 7). 2.55 (dd, 1H. J18.6, 18 7), 1.70 (m. 8H). 1 37 (s, 6H). 13C NMR 

(CDCl,) 6 170 7 UC), 96 4 (1C). 85 6 (1C). 75 8 (lQ.560 UC). 51 3 (lC), 35 9 (10. 34.3 (1C). 28.0 

(lC), 27 5 (1C). 27.4 (1C). 25 9 (10.24 5 UC), IR (neat) 2954 (s). 2895 (m). 2872 (m), 1733 (s), 1393 

(m), 1277 (s), 1137 (s). 1037 (s), 982 (m), 963 (m). HRMS C12H1904 talc 227.1284, C,,H,,04 obs 

227.1275 (m+ - CH,, 4 3) 

The correspondmg d1019 (250 mg. 158 mmol) was treated accordmg to the general procedure 

described above Purdkahon on SIOz chromatography (2 1 hexandethyl acetate) produced lactone 10 as a 

colorless ofl(125 mg. 61%) 1H NMR (CDC13) @ 4 20 (m. 3H), 2 94 (m, 2H), 191 (m, 4H), W NMR 

(CDC13) 6 173 0 (lC), 69 1 (1C). 64 8 (lC), 42 7 (IC). 36 5 (1C). 24.4 (lC), IR (neat) 3420 (s), 2938 

(s), 1732 (s). 1433 (s). 1396 (s), 1291 (s), 1022(s); HRMS C,H,o03 talc 130 1630. C6H1003 obs 

130 0634 (m+, 6 4) 

The correspondmg diol ll(90 mg, 0 45 mmol) was treated accordmg to the general procedure 

desc&ed above Purrfcauon on sdlca gel chromatography (1 1 hexane/ethyl acetate) produced lactone 12 as a 

colorless 011 (51 mg, 65%) *H NMR (CDCI,) 6 4 70 (d, lH, J=7 0). 4 62 (d, IH, 7 0), 4 22 (m, 2H), 

3 99 (m, lH), 3 36 (s. 3H), 2 99 (dd, 1H. J~8.1. 13.7). 2 82 (dd, IH. J=O 8, 13 7), 2 40-1.55 (m. 4H); 
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13C NMR (CDc13) 6: 171.7 UC), 94.1 (lC), 68.3 UC), 682 (lC), 55.1 (lC), 39.5 (lC), 33.9 (lC), 23.9 

(K); IR (neat): 2975 (8). 2928 (s), 2896 (s), 2830 (m), 1732 (s), 1470 (m), 1390 (m), 1158 (s), 1033 (8). 

911 (m); HRMS: C7Hlr03 talc 143.0708, C7H1103 obs. 143 0706 (m+-OCH,, 13.4) 

In a 50 ml base-washed RBF, fitted with a condenser, was put xylenes (30 ml) and m-a-butylamme 

(1.14 ml, 4.8 mmol). The flask and contents were immersed in an od bath and heated to 150°C at which tune 

alcohol 13 ( 115 mg. 0.48 mmol). 111 xyleaes (2 ml) was added dropw~se over 2 hours After complete 

addition. the solution was refluxed for an addmonal2 hours, cooled, and washed w~tb 10% HCl(2 x 25 ml), 

aqueous NaHC& (1 x 25 ml), and brme (1 x 25 ml). Followmg dtymg (MgSO& evaporation of solvent m 

VUCIW, and pu@icaUoa by sdza gel chromatography (1.1 hexaneIethy1 acetate), lactone 14 was obtamed as a 

colorless oil (30 mg, 30%). 1H NMR (CDC13) 6: 5 75 (m, 2H), 4.87 (dd. lH, k2.8, 13.0), 4 65 (s, 2H), 

4 60 (dd, lH, J=3.7, 10.21, 4.05 (m, lH), 3 37 (s, 3H), 2.85 (dd, lH, J=4 6, 13.2). 2.40 (dd, 1H. J=9.5, 

13.2). 2.25 (m, 2H), 2.05 (m. 2H). 13C NMR (CDC13) 6 172.3 (1C). 134 5 (10, 126.7 (lC), 95 1 (10 

75 0 UC), 61.5 (10.55.5 (1C). 413 (10 34 0 UC), 24 7 (lC), IR (neat). 2992 (m). 2889 (m), 1741 (s). 

1640 (w), 1226 (s), 1150 (s), 1101 (s), 1046 (s); HRMS C+H1303+ talc. 169.0865, C&I,,03+ obs 

169.0869 (m+ - 0CH3, 4 6) 

The correspondmg alcohol 15 (100 mg, 0.56 mmol) was mated accordmg to the general procedure for 

medmm rmg formatton Ptmfkahoa by silica gel chromatography (9 1 hexane/ethyl acetate) produced lactone 

16 as a pale yellow oil (42 mg, 50%) ‘H NMR (CDCl,) 6 4.65 (t, 2H. F2.1). 2.39 (t. 2H. J=6 4). 2.26 

(m, 2H), 1.69 (p, ZH, J=6.7). 1 53 (m. 4H). 13C NMR (CDC13) & 173.0 (1C). 86. 9 (10.76 1 UC), 52.5 

UC), 34.0 (lC), 27 4 (10.27 2 (1C). 24 2 UC), 18.4 (1C); IR (neat) 2934 (s). 2236 (w). 1738 (s). 1430 

(m), 1350 (s). 1125 (s), HRMS G,H1202 talc 152 0837, CgH120, obs. 152 0840 (m+, 19.9) 

The correspondmg alcohol 17 ( 100 mg, 0 26 mmol) was treated accordmg to the general procedure for 

macrocycbc rmg form&on. FuriticaUon on St02 chromatography (10.1 hexanelethyl acetate) gave lactone 18 

as a colorless oil (45 mg, 49%) 1H NMR (CDCl,) 6 5 48 (m, 1H). 5.29 (m. lH), 4 15 (m. 2H), 4 05 (m, 

1H). 2.52 (m. 2H). 2 37-l 19 (m, 16H), 0 89 (s, 9H). 0 08 (s, 6H), 13C NMR (CJX!l,) 6 171.5 UC), 
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131 4 (lC), 128 6 (1C). 68 9 (lC), 63 3 (10. 43 5 (1C). 36 9 (lC), 29.7 (lC), 28 6 (1C). 27 7 (lC), 26 8 

(10.26 1 (IQ, 25 8 (3C). 23 5 (lC), 22.7 (10. 18 0 (IC), 4 7 (2C); IR (neat) 2927 (s). 2856 (s), 1735 

(s), 1462 (m), 1256 (m), 836 (s), 775 (s). HRMS Ct6Hz903Si+ talc 297 1887, C,&I~O&+ obs 

297 1891 (m+ - C,H,. 55 1) 
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