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A General Synthetic Approach to 5-Alkyl-2(5H)furanones
Via 1,3-Dipolar Cycloaddition
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Abstract: [3+2] Cycloaddition methodology provides a general and efficient access to 5-alkyl substituted
2(5H)furanones. The synthetic approach has been exploited towards the synthesis of naturally occurring
butenolides. © 1998 Published by Elsevier Science Ltd. All rights reserved.

Unsaturated five-membered lactones, butenolides, form an important and various group of naturally occur-
ring oxygen heterocycles, encompassing both fatty acid and terpenoidal biosynthetic origins.! Many of such
compounds show interesting and different properties; e.g. butenolide 1 is a component of mushroom flavor;? 2
has fungicidal activity;’ 3 is a metabolite from Streptomices griseus," acarenoic acid 4 is an example of long-

chain butenolides present in lichens;’ paniculides 5 constitute a family of highly oxygenated sesquiterpenes iso-
lated from Andrographis paniculata.®

Moreover, 2(5SH)furanones occur as int

termediates in the synthesis of many products of biological interest:
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the lactone 6 and its substituted congeners are useful precursors in the synthesm of ethisolide, isoavenaciolide

and avenaciolide which exhibi
1d avenaciolide which exhibit potent bi

phidinolide, cytotoxic against L120 murine leukemia;® the a-memylene—y-b utyrrolactone structural unit 8 is pres-

ent in compounds showing significant antiviral and antitumor activities.”
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These features have spurred the continued interest in improving known synthetic methods and exploring
new ones, which resulted in the development of several interesting and novel synthetic routes.'*"'

In connection with our work dealing with the exploitation of five-membered N,O-heterocycles, easily ac-
cessible via 1,3-dipolar cycloaddition, as valuable intermediates for organic synthesis,'>'> we were intrigued by
the possibility of effecting the conversion of 3-alkoxycarbonylisoxazolidines 10, prepared from the correspond-
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ve been picy lGualy' uca\.ubcd,ls in this p paper we picseit further capcuuu:uta} details
for our synthetic efforts in this area, which have resulied in a general syntheiic way towards a series of natural
and biologically important butenolides. The method reported herein provides a fiexibie reaction pathway ieading
to a variety of a,-dialkylbutenolides, according to the substitution pattern present on dipole and dipolarophile.

RESULTS AND DISCUSSION

The synthetic approach to 2(5H)furanones is outlined in scheme 2. Nitrones 12, prepared from methyl py-

mivate and AM_methvul hudrayvlamine ware reacted with alkenec 13 to oive iroxazohdines 14
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As expected, the reaciion of C-disubstituted nitrones 12 resulted in the observaiion of a poor siereoseiec-
tivity, leading to the formation of a nearly equimolar mixture of the epimeric isoxazolidines.
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12 13 14
Product R R’ RrR” Yield %

142 n-Rutvl CO,Et Me 68
idb s-Buiyl COqEL Me 68
14¢ n-Pentyl | CO.Et Me 58
14d n-Hexyl | CO,Et Me 55
14e Me COMe CH,;0H 99
14f Me CO,Et CH,CH,Ph 75
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Conversion of isoxazelidines 14 into butenolides 17" has been performed by a three-step sequence (Scheme 3):
a) treatment with methy! triffuoromethanesulfonate in anhydrous CCl, at 0 °C for 3 h afforded, in a nearly quantitative
yield, the epimeric isoxazolidinium salts 15 as white sticky oils; b) subsequent hydrogenolysis with 10% palladium on
activated carbon in dry methanol at 50 °C for 36 h led to epimeric a-amino-y-lactones 16 in high yields (90-95%), c)
finally, formation of the 3,4-double bond has been accomplished by Cope elimination of the transient N-oxides ob-
tained by treatment of 16 with m-chloroperbenzoic acid in dry CH,Cl; at 0 °C for 4 h.

T80° © 0
14 15 16 17
Product R R’ R” Overall yield %
17a n-Butyl CO,Et Me 68
17b s-Butyl CO.Et Me 72
17¢ n-Pentyl CO;Et Me 70
17d n-Hexyl | COEt Me 69
17e Me CO:Me CH,OH 71
17f Me CO:Et | CH,CH,Ph 77
Scheme 3

Unsaturated lactones 17 have been obtained in 48-89% overall yield starting from nitrones 12.

Structures of the compounds obtained have been assigned on the basis of analytical and spectroscopic data
(see Experimental). In particular, the 3-dimethylaminotetrahydro-2-furanone epimers 16 show the methylene
protons at C4 as doublet of doublets in the range of 1.60-1.72 and 2.50-2.60 ppm respectively, Hs resonate as
multiplets at ~ 4.50 ppm. For compounds 17 diagnostic are the resonances for vinyl hydrogens at C, and Hs hy-
drogen, as multiplets, in the range of ~ 7.05 and of = 5.03 ppm respectively.

Noteworthy, Cope elimination occurred regioselectively to afford exclusively butenolides 17: regioiso-
meric y-methylene lactones were not detected in the crude reaction mixture.

In an alternative route, isoxazolidine 14¢, taken as model compound, was directly cleaved by hydrogenoly-
sis to a-methylaminolactone 18¢; the subsequent treatment with CH;I and Hofmann elimination afforded com-
pound 17¢. However, in this case, yield is poorer than that previously obtained.

Pentyl COoEt Pentyl NHMe Pentyl
Me”” \O Me 0 Me A O Me
l4c 18 17¢

Scheme 4



The generality and the validity of the outlined scheme has been expioited in the synthesis of some charac-
teristic natural butenolides.

The reaction pathway towards y-heptylbutenolide 22, possessing a typical peach flavour,"” is described in
scheme 5.
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Scheme 5

The 1,3 dipolar cycloaddition of nitrone 19 with 1-nonene 20 (1:2 ratio) in toluene at 80 °C for 12 h af-
forded the epimeric mixture of 5-substituted isoxazolidines 21 (90% yield) as exclusive adducts. The cycloaddi-
tion proceeded with good stereoselectively giving the #rans isomer as the major product (4:1 ratio). The relatlve
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. ssignment of ISOX&zo < i
configurational assignment of isoxazolidines 21 was attributed by NOE experiments. In particular, for frans e

<'D

Ty

mer, a positive NOE effct observed for the ethyl group on irradiating the Hs proton is clearly indicative of
cis relationship.

The subsequent treatment of the epimeric mixture with methyl triflate, followed by catalytic hydrogenation
(Ho/Pd) and Cope elimination afforded the y-heptylbutenolide 22 in a 70% overall yield starting from nitrone 19.

The B,y-dialkylsubstituted butenolides 28 (2-methylmuconolactone)'® and 34 (mushroom flavour),” have
been synthesised as reported in scheme 6 and 8 respectively.

Reaction of nitrone 12e with 3-buten-1-ol 23 (1:1.5 ratio) in toluene at 50 °C for 30 h afforded the

epimeric isoxazolidines 24. The subsequent ac etylation followed by treatment with methy! triflate, hydrogenoly-

sis, Cope elimination and CrOs/H,SQO, oxidation furmshed muconolactone 28 in a 60% global yield.
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Scheme 6

The approach to 3,5-dimethyl butenolide 34 showed some severe difficuities.
In a first attempt to obtain the key intermediate 3,5-dimethylisoxazolidine 29, treatment of nitrone 12e
with propene in decaline at various temperatures was performed. However, no useful results have been obtained,

linked to the poor relative reactivity of nitrone and alkene: the reaction mixtures afforded only tarry products or
starting material was recovered unaltered.

The alternative approach based on the reaction of 12e with allyl bromide 30 to give isoxazolidine 31, fol-
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lowed by reaction with BusSnH, afforded the hydroxylamine 32, according to a reaction pathway, where
Bu;SnH promotes the removal of the bromine atom in 31 with subsequent rearrangement of the resulting radical

occurring with cleavage of the pentatomic ring (Scheme 7).
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results have been obtained following the reaction route showed in scheme 8: butenolide 17¢
\en converted, with NaCNBHj, to 34 in 50% yield.
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The synthesis of methyl isoacarenoate 38 is shown in scheme S. Nitrone 35 was o
methylhydroxylamine and DMAD at room temperature.”® Todomethane treatment o

modynamically more stable compound 38 instead of the methyl acarenoate 39%
MeHN lCHzCOzMe

f lactone 37
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In conciusion, the [3+2] cycioaddition methodoiogy outiined herein provides a generai and efficient access to
a,y-disubstituted 2(5H)furanones, with overall high yields and virtually complete regiochemical control. The synthetic
approach has been exploited as a usefiil reaction route towards the synthesis of some naturally occurring butenolides as
the peach lactone, the mushroom flavour, the 2-methylmuconolactone and the isoacarenoic acid.

EXPERIMENTAL

Mp were measured on a Kofler apparatus and are uncorrected. Elemental analyses were performed with a
Perkin-Elmer elemental analyzer. Infrared spectra were recorded on a Perkin-Elmer 377 instrument. 'H Nmr
spectra were measured on a Bruker WP 80 and 200 SY instrument in CDCl; as solvent. Chemical shifts are in
ppm (8) from TMS as internal standard. NOE difference spectra were obtained by subtracting alternatively right-
off-resonance free induction decays (FIDS) from right-on-resonance-induced FIDS, Merck silica gel 60H was

brr\r‘rmfnamphy Nitranae hava heon nrenarad in accordine to
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Reaction of nitrones iZa-d with propene.

Generai procedure. 1.5 mmoi of nitrone soiution in 30 mi of decaiin was stirred under propene atmosphere
at 150 °C for 60 h. The reaction mixture was subjected to flash-chromatography on silica gel column with cycio-
hexane/ethyl acetate 9:1 as eluent.

Reaction of C-butyl-C-ethoxycarbonyl-N-methylnitrone 12a with propene. First elution gave epimeric
mixture of 3-butyl-3-ethoxycarbonyl-2,5-dimethylisoxazolidine 14a, 68% yield. Colorless oil. IR: vmax (neat)
1730 cm™. 'H NMR: § (CDCl) 0.90 (t, 6H, J = 7.2 Hz), 1.18-1.39 (m, 20H), 1.51 (m, 2H), 1.67 (dd, 1H, J =
7.7 and 12.4 Hz), 1.82-2.02 (m, 2H), 2.19 (dd, 1H, J= 8.7 and 12.4 Hz), 2.56 (dd, 1H, J=5.9 and 12.5 Hz),
2.63 (s, 3H), 2.67 (s, 3H), 2.56 (dd, 1H, J = 7.4 and 12.5 Hz), 4.15-4.32 (m, 6H). "C NMR: 3 (CDCL) 13.82,
1418, 19.00, 21.44  23.02, 27.33, 27.47, 33.68, 34.05, 38.86, 39.47, 42.55, 44.13, 60.90, 72.37, 73.17, 74.78,

1 1ass calculated for Ci2HaNQs: 229 1678, Found: 229.1675. (Found: C, 62.83; H, 10,10
6.00% Cale for C.-H.NQ: C. 62,85 - H 10.11: N. 6.11%)
6.09%. Calc. for C;ip;HxNO;: C 6285 H 1011, N/ 6.11%)
Dorntinn nf T _lopr_hatull_7_othavvoashansl NosmothsIn 12k uif nranones  Hiret ahitinn  ocave
INCuenune UJ A Wy (x)(/l./ Uul:yl,/ N TR IUA YUAET Ullll]l ANTIFOC RIS Y RTEERT T 8 A WYEEIE T TP T, FOF VS 19 Wildiivil 5“'\}
it i IPEPRRNY oI, [ JRUpRI IR L WL, REpRpY T, My 1 M & e ntbelinnce el 0. T AL £00/ cnld MNaladdans ~:1 TD
CpllIlCllG LuIc ot J-(‘ b”UULyl]- I‘CLHUA_‘YWUUUY!'A, =L lyubumu-uuuxuc 19U, VO /0 YIUIU., LUILULITOD ULl MIN
—— “l lvv wra o AT 1 As ~rr ~ o a A ~ArT o~
Vmax (neat) 1730 em™. "H NMR: 6 (CDCl;) 0.84-0.96 {m, 12H), 1.25 (4, 3H, J=7.0 Hz), 1.27 (d, 3H, /= 7.0
Hz), 1.29 (m, i10H), 1.78-1.94 (m, 2H), 2.17 (dd, iH, J = 8.6 and 12.4 Hz), 2.38 (dd, 1H, J = 6.3 and 12.4 Hz),

2.59 (s, 3H), 2.61 (s, 3H), 2.75 (dd, 1H, J=7.7 and 12.3 Hz), 2.83 (dd, 1H, J = 7.6 and 12.3 Hz), 4.11-4.30
(m, 6H). “C NMR: § (CDCly) 12.24, 12.64, 14.24, 15.78, 18.71, 21.65, 21.91, 26.81, 36.76, 37.34, 38.38,
38.99, 39.10, 39.32, 39.76, 60.61, 72.36, 72.39, 171.42, 171.75. Exact mass calculated for C;;HxNO;:
229.1678. Found: 229.1681. (Found: C, 62.80; H, 10.09; N, 6.10%. Calc. for C;;HxNO;: C, 62.85; H, 10.11;
N, 6.11%).

Reaction of C-ethoxycarbonyl-C-pentyl-N-methylnitrone 12c with propene. First elution gave epimeric
mixture of 3-ethoxycarbonyl-2,5-dimethyl-3-pentylisoxazolidine 14¢c, 58% yield. Colorless 0il. IR: Vmax (neat)

1730 cm™. "H NMR: § (CDCl;) 0.88 (t, 6H, J = 6.8 Hz), 1.18-1.34 (m, 24H), 1.51 (m, 2H), 1.70 (dd, 1H, J =
TTand 1AM 1A0 7 2T 210(Ad TH =R 7 and 17AH» 288 fdd 1TH J=80Qand 127 A H>\ 2 /A (e
.7 Qiivu 14 'VJ.AL), 1.7V \lll’ LLL}’ P \uu, LAy & Vo MU Ll T RRLJy dee s MMy ARy o VoS AN L ke T RAEsJy dw Ny
ATIN ™ £L 7. T D OL A4 1T T e T A 6nd 1D ALTN A 107~ DT T="T1 TN A1 fa 2T T ="T71T H=} ANA
II1), £. VU D, I}, .70 \UU, 111, v 7 /.57 AU 14T D14, 1,17 \\, «&4, fo1 BREJ, Tl \Yf, <51, J 1.4 XRLy, T
s AT 13f\ s War) © /YN N 1M ON 1 4 1M 10 NnA M~ O AN NAD MATIE MAANN AL TITT AN NE AN N 27 oOr
(m, ZH). U NMRK! 0 (LDUI3) 13.8U, 14.13, 18.%4, 41.30, L4.4D, L4.10, £494.TV, 4LU. /1, SU.UI, D4.VL, I33.09,
34.23, 38.80, 39.42, 42.48, 44.07, 60.83, 72.30, 73.05, 74.75, 171.53, 171.85. Exaci mass caicuiated for
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C1sHysNO;: 243.1834. Found: 243.1839. (Found: C, 63.98; H, 10.18; N, 5.79%. Caic. for C;3HzsNO;: C, 64.17;
H, 10.35; N, 5.76%).

Reaction of C-ethoxycarbonyl-C-hexyl-N-methyinitrone 12d with propene. First elution gave epimeric
mixture of 3-ethoxycarbonyl-3-hexyl-2,5-dimethylisoxazolidine 14d, 55% yield. Colorless oil. IR: v (neat)
1730 cm’. 'H NMR: § (CDCls) 0.88 (t, 6H, J = 6.7 Hz), 1.25-1.37 (m, 28H), 1.42-1.50 (m, 2H), 1.70 (dd, 1H,
J=77and 12.3 Hz), 1.81-1.95 (m, 2H), 2.19 (dd, 1H, /= 8.8 and 12.4 Hz), 2.55 (dd, 1H, J= 6.5 and 124
Hz), 2.63 (s, 3H), 2.66 (s, 3H), 2.96 (dd, 1H, J = 7.4 and 12.3 Hz), 4.22 (q, 4H, J = 7.1 Hz), 4.25 (m, 2H). °C
NMR: 3§ (CDClL) 13.93, 14.15, 18.97, 21.41, 22.42, 25.08, 25.23, 26.80, 29.55, 31.44, 33.92, 34.31, 38.83,
3946, 42.58 4344 44 10 8087, 7233, 73.10, 7479, 171.58, 172.35. Exact mass calculated for C;,H,,NO;:

257.1991 Found: 257.1998. (Found: C. 65.80

A ST & Veaase. v
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; H, 10.49; N, 5.52%. Cale. for C;;H;;NO;: C, 65.34; H, 10.57;
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Reacition of C-methoxycarbonyi-C,N-dimethyinitrone 1Ze wiih allyl aicohoi. A soiution of niirone (i7
mmoi) in 25 mi of aliyi alcohol was heated, at 75 °C for 48 h, in a sealed tube. The reaction mixture was then
evaporated under reduced pressure and the residue subjected to flash-chromatography on silica gel column with
CHCl:/MeOH 98:2 as eluent. First elution gave epimeric mixture of 5-hydroxymethyl-3-methoxycarbonyl-2,3-
dimethylisoxazolidine 14e, 99% yield. Colorless oil. IR: Ve (neat) 1735 cm™. "H NMR: § (CDCls) 1.39 (s, 3H),
1.41 (s, 3H), 1.99 (dd, 1H, /= 6.6 and 12.5 Hz), 2.22 (dd, 1H, J= 9.0 and 12.0 Hz), 2.61 (s, 3H), 2.64 (s, 3H),
2.73 (dd, 1H, J = 5.9 and 12.9 Hz), 2.85 (dd, 1H, J = 8.3 and 12.5 Hz), 3.67 (m, 2H), 3.68 (m, 2H), 3.76 (s,
3H), 3.77 (s, 3H), 4.28 (m, 1H), 431 (m, 1H). BC NMR: & (CDCl;) 19.27, 19.47, 38.43, 38.76, 40.60, 41.16,
51.98, 52.34, 63.47, 64.94, 70.00, 70.49, 76.51, 76.53, 172.41, 173.59. Exact mass calculated for C¢H;sNO4:

189.1001. Found: 189.0998. (Found: C, 50.85; H, 8.03; N, 7.38%. Calc. for CsH,sNO.: C, 50.78; H, 7.99; N,
7.40%).

e wmrnn bhans ¢

4-phi xy'}-l-uuwuc was usatcu, 110 °C for 12 i, ifi & sealed tube. The reaction mixture
was men evaporatea unaer I euucea prebsur [ Rl'l(l me resmuc bUDjeCtﬂd 10 ﬂaSﬂ-Lm omatograpny on blllCd. ge CC

umn with cyciohexane/ethyi acetate 7:3 as eluent. First eiution gave epimeric mixiure of 3-ethoxycarbonyi-Z,3-
dimethyl-5-phenethylisoxazolidine 14f, 75% yield. Colorless oil. Major isomer: IR: Vuax (neat) 1730 cm™. ‘H
NMR: § (CDCl3) 1.29 (t, 3H, J= 7.2 Hz), 1.38 (s, 3H), 1.75-2.03 (m, 2H), 2.17 (dd, 1H, J= 8.5 and 12.4 Hz),
2.58 (dd, 1H, J = 6.3 and 12.4 Hz), 2.64 (s, 3H), 2.67 (m, 2H), 4.18 (m, 1H), 4.22 (g, 2H, J = 7.2 Hz), 7.17-
7.35 (m, SH). ®C NMR: & (CDCl;) 14.20, 19.92, 32.59, 35.79, 38.74, 43.88, 61.16, 70.70, 75.63, 125.78,
128.30, 128.38, 141.64, 173.19. Minor isomer; IR: Vma (neat) 1730 cm™. "H NMR: 8 (CDCl) 1.28 (t, 3H, J =
7.1 Hz), 1.37 (s, 3H), 1.75 (dd, 1H, J= 7.4 and 12.4 Hz), 1.76-2.01 (m, 2H), 2.66 (s, 3H), 2.71 (m, 2H), 2.92
(dd, 1H, /= 7.8 and 12.4 Hz), 4.13 (m, 1H), 4.20 (g, 2H, J = 7.1 Hz), 7.17-7.31 (m, SH). ®C NMR: § (CDCl)

LLLSER RN Y { LRL)

), 2%
14.15, 19.53, 32.60, 37.49, 38.99, 45.94, 61,10, 69.96, 75.61, 125.81, 128 33, 141.63, 177.53. Exact mass cal-
rula ol OF NI 77 1878 Fannd: 277 1486 (Found' (¢ AR R1 ! 13- N ] NRY%. Cale far C..H..NQO).-
Claad IUL N j6r 313w 3 P AVIO. L Uuiia, &/ AVOU. A Vet L, YOO, Ik, VUS, 8 R N LV LU SR UA T B n ) LU e

Reaction of isoxazoiidines 14a-d,f with meibyi trifivoromeihanesuifonate (TTOvie).
General procedure. To a stirred solution of isoxazolidine (Z mmoi) in 10 mi of dry CCls, at 0 °C, was

wh
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added, dropwise, 250 pi (2.2 mmoi) of MeTfO. After3 h the soivent was removed under reduced pressure and
the residue, a white sticky oil, was used without further purification.

Reaction of isoxazolidine 14a with TfOMe. First elution gave epimeric mixture of 3-butyl-3-
ethoxycarbonyl-2,2, 5-trimethylisoxazolidinium trifluoromethanesulfonate 15a, 100% yield. '"H NMR: § (CDCL)
0.98 (t, 3H, J= 7.1 Hz), 0.99 (1, 3H, J = 6.9 Hz), 1.15-1.21 (m, 2H), 1.39-1.59 (m, 18H), 1.87-2.17 (m, 2H),
2.25-2.49 (m, 4H), 3.54 (m, 1H), 3.66 (s, 6H), 3.70 (s, 6H), 4.45 (m, 4H), 4.98 (m, 2H). “*C NMR: § (CDCl;)
13.63, 13.73, 19.09, 19.83, 22.47, 26.71, 27.39, 31.57, 33.30, 37.78, 38.30, 51.55, 51.66, 53.34, 55.21, 64.52,
64.67, 78.16, 79.42, 87.43, 87.94, 163.46, 164.79, 165.39, 165.44.

Reaction of isoxazolidine 14b with TfOMe. First elution gave epimeric mixture of 3-(sec-butyl)-3-

ethoxycarbonyl-2 2 5-trimethylisoxazolidinium trifluoromethanesulfonate 15h, 100% vield. 'H NMR: 5§ (CDCl;)
091-108 (m. 10H). 118124 (m 4H) 1325-149 {(m 10H), 1.53-1.58 (m 4H) 2.18-2.48 (m 2H) 308 (m
. 08 (m, 10H) 118-124 (m 4H) 135-149 (m 10H) 153-158 (m, 4H), 2.18-2.48 (m, 2H), 308 (m,
ALIN 2 &1 {em DI 2 AN (s AT\ 2 KD [ 2 QAR (o LI\ T TN (c 2 A A1 (i A ARA[rm 1T S NA (m
Lll}’ S i 4 \11], Lll}, .Y \D’ Jl.l}, o NS \D’ Jl.l}, o O \ﬂ’ J.I..I.J’ v N AV \a, JA.I.}, ¥R \lll, WJ.J.}’ TFL.aTT \lll, I.J..Ll, XA \ll.l,
1YY\ 13{‘\\1’\1‘1‘\:911‘1‘\(‘]\11 14 11 £1 17 £LH 19 N1 1£ OA 17T N N1 8L AN QY NAE £ NE OA DA 1L A AN
i), U NMRI 0 (CUUI3) 11,14, 11.01, 12,0V, 153.71, 10.04, 1/.VUL, 21.07, 3.0/, £3.0U, 45.04, 54.10, 24.42,
S~ e A A o~ s N ate) ~ o oamy ~3 .~ r~ & ryry mr N s A ™M ~y e ® Al Fah BN Y0 14 770 NND R s Y~
37.11, 38.21, 38.99, 39.39, 50.47, 51.15, 54.77, 57.00, 64.67, 77.63, 51.42, 91.89, 165.53, 160.25.

1

Reaction of isoxazoiidine id4c with TfOMe. First eiution gave epimeric mixture of 3-ethoxycarbonyi-2,2,5-
trimethyl-3-pentyl-isoxazolidinium trifltuoromethanesulfonate 15¢, 100% yield. 'H NMR: 8 (CDCl3) 0.90 (t, 3H,
J=6.6 Hz), 0.91 (t, 3H, J = 6.6 Hz), 1.29-1.53 (m, 24H), 1.91 (m, 2H), 2.26 (m, 2H), 2.42 (dd, 1H, J = 6.1 and
14.2 Hz), 2.97 (d, 1H, J = 8.0 Hz), 3.52 (m, 1H), 4.42 (q, 2H, J = 7.3 Hz), 4.43 (q, 2H, J = 7.3 Hz), 5.01 (m,
2H). BC NMR: & (CDCl;) 13.78, 13.85, 19.13, 24.60, 25.33, 28.88, 31.28, 31.82, 33.47, 37.71, 38.09, 51.52,
51.55, 53.23, 55.70, 64.44, 64.690, 78.03, 79.45, 87.35, 87.71, 165.78.

Reaction of isoxazolidine 14d with TfOMe. First elution gave epimeric mixture of 3-ethoxycarbonyl-3-
hexyl-2,2,5-trimethylisoxazolidinium trifluoromethanesulfonate 15d, 100% yield. 'H NMR: & (CDCL) 0.90 (t,
3H,J=66Hz), 091 (t, 3H,.J= 6.7 Hz), 1.30-1.55 (m, 28H), 1.93 (m, 2H), 2.27 (m, 2H), 2.41 (dd, 1H, J=6.0

and 14 3 Hz), 297 (d, 1H, J=820Hz), 352 (m, 1H), 442 (q, 2H  J= 7.1 Hz), 443 (q, 2H, J=7.1 Hz), 501
(m 2N B anme & 7 1.) 1778 1780 1008 22172 2464 2521 2202 2122 121 81 R 8§ 27175
\lll) LLL}. oA NAvIAN., W \\IUUI.” AJ Ty LTSy LT UV bkt sod Ty bt T TV bt cod kg da Ve Sty o hodhsbag J 2T Ay JTFFady FTd Sy
A0 N1 £1T £ £1 §A4 £72 77 £€5 £Q LA AL £A LN T7Q 12 7TQO AQ QT A2 Q7 QA 14K KQ
J30.UL, J1.04, 31.949, 53.21, J3.00, UT.90, 7.0V, i0.1J, 17.777, 071,917, O/.0%7, 1UJ. U7,

n - Lo T AL UL X : : .

Reaction of isoxazolidine 14f with TfOMe. First elution g""e epimeric mixture of 3-ethoxycarbonyl- 2,2,3-
trimethyi-5-phenethyiisoxazolidinium trifluoromethanesuifonate 15f, 100% yield. "H NMR: 8 (CDCi;) 1.3

3H, J=7.2Hz), 1.37 (t, 3H, J = 7.1 Hz), 1.85 (s, 3H), 1.87 (s, 3H), 2.10-2.21 (m, 2H), 2.34 (dd, 1H, J = 60
and 14.1 Hz), 2.60-2.74 (m, 3H), 2.81 (dd, 1H, J=7.4 and 14.1 Hz), 3.05 (dd, 1H, J=9.2 and 14.1 Hz), 3.58
(s, 6H), 3.62 (s, 6H), 4.38 (q, 4H, J = 7.2 Hz), 4.79 (m, 2H), 7.16-7.34 (m, 10H). *C NMR: § (CDCl;) 13.50,
20.11, 22.18, 31.49, 35.83, 36.09, 39.81, 40.06, 51.51, 51.79, 52.63, 55.08, 64.49, 80.69, 82.55, 83.14, 83.57,
126.35, 128.29, 128.59, 139.73, 139.87, 165.98, 166.27.

Ring opening of isoxazolidinium salts 15a-d.,f.
General procedure. The solution of isoxazolidine, or isoxazolidinium salt, (1 mmol) in 20 ml of methanol
was stirred under hydrogen atmosphere with 10% Pd on activated carbon for 48 h at 70 °C. After removal of
t

catalyst by celite filtration, the filtrate was evaporated at reduced pressure and the residue subjected to silica gel

ash chromatoeoranhy usine a mixture of cuclohexane/athul ac e 1:1 ag eluent (CHCI. IMpnT-I 9R-2 for 16¢)
ARCAILL \WEALE VJARICE vszux}xl} A a M AAAZIRLLES AR V38 \l WTRNT R AL R B W W YA l \.I- a . a AL v W v _~— e
) & A SRy SN PSP L LI S, ~ld T8 e Ahdian  cova  Antmasts  esmivhaen ~F 2 kil 2
H_yur Uguzut_yam UJ isoxazolidinium salt 15a. First elution gave CpImSiidc NMuXwire Or J-0ulyr-o-
nnns 11 2 11 1 1xv
11 .

dimethyiamino-5-methyiteirahydro-2-furanone i6a, 80% yieid. Colorless oil. IR: vmax (neat) 1770, 1180 cm’
NMR: 5 (CDCl;) 0.89 (t, 3H, J = 7.1 Hz), 0.90 (t, 3H, /= 7.0 Hz), 1.34 (m, 8H), 1.38 (d, 3H, J I .
(d, 3H, I = 6.1 Hz), 1.74 (m, 4H), 2.00 (m, 2H), 2.26 (s, 6H), 2.31 (s, 6H), 2.38 (m, 2H), 4.51 (m, 2H),. '
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NMR: & (CDCl;) 13.88, 21,58, 22.12, 22.77, 22.95, 23.01, 25.18, 26.26, 68.09, 69.17, 73.11, 74.11, 176.80,
177.26. Exact mass calculated for C;;Hx»NO,: 199.1572. Found: 199.1578. (Found: C, 66.51; H, 10.58; N,
6.99%. Calc. for C;;H;NO2: C, 66.30;, H, 10.62; N, 7.03%).

Hydrogenolysis of isoxazolidinium salt 15b. First elution gave epimeric mixture of 3-(sec-butyl)-3-
dimethylamino-5-methyltetrahydro-2-furanone 16b, 82% yield. Colorless oil. IR: vy, (neat) 1765, 1190 cm™. 'H
NMR: § (CDCL3) 0.84-1.01 (m, 12H), 1.11-1.40 (m, 8H), 1.58-1.96 (m, 6H), 2.11-2.22 (m, 2H), 2.28 (s, 6H),
418 (m, 1H), 4.48 (m, 1H). ®C NMR: 5 (CDCk) 12.18, 12.36, 12.60, 12.83, 21 86, 22.22, 22.48, 22.97, 26.06,
33.43, 36.65, 39.39, 39.91, 7181, 72,65, 73.54, 73.70, 7423, 17693 177.18. Exact mass calculated for

O, 1502, 1.7, 1308

C1;Hy;NO,: 199.1572, Found: 1991574, (Found: C, 66.43; H, 10.60; N, 7.01%. Cale. for C;;Hz;NO;: C, 66.30;
T 10 A2 N 7 0N2WLN
lL, IV.U‘-’ L‘, 1. v /U}

j &2

s PR Y SR

et TEn Tiens b6l -
rirst €iulion BGVC cpuucuu nalul

uywugenut_y.)m ({[ lWJUAUI’IL’C’I’uul” S 10
methyi-3-pentyltetrahydro-2-furanone i6c, 83% yieid. Coioriess oil. IR: Ve (neat) 1770, 1180 cm™. 'H NMR: 3
(CDCi;) 0.80 (t, 6H, J = 6.6 Hz), 1.14-1.43 (m, 18H), 1.54-1.83 (m, 6H), 1.88 (dd, 1H, /= 7.5 and 12.3 Hz),
2.17 (dd, 1H, J = 6.2 and 12.3 Hz), 2.26 (s, 6H), 2.29 (s, 6H), 4.24 (m, 4H), 4.56 (m, 2H). *C NMR: 5(CDCl)
13.77, 21.30, 21.50, 22.26, 22.57, 22.76, 23.13, 29.71, 29.85, 31.78, 35.17, 36.44, 38.02, 39.10, 39.37, 40.14,
65.04, 72.85, 73.70, 177.86, 178.76. Exact mass calculated for C;;H;NO,: 213.1729. Found: 213.1731.
(Found: C, 66.99; H, 10.86; N, 6.55%. Calc. for C,2Hx»NO,: C, 67.57;, H, 10.87; N, 6.57%).

Hydrogenolysis of isoxazolidinium salt 15d. First elution gave epimeric mixture of 3-dimethylamino-3-
hexyl-5-methyltetrahydro-2-furanone 16d, 81% yield. Colorless oil. IR: V. (neat) 1770, 1170 cm®. 'THNMR: &
(CDC;) 0.88 (t, 6H, J = 6.1 Hz), 1.22-1.31 (m, 20H), 1.39 (d, 3H, J = 6.2 Hz), 1.42 (d, 3H, J= 6.1 Hz), 1.73
(m, 2H), 2.00 (m, 2H), 228 (s, 6H), 2.32 (s, 6H), 4.53 (m, 2H). *C NMR: 3(CDCL) 14.03, 21.64, 22.19,

22.58,23.04, 24.12, 29.58, 31.59, 33.77, 34.41, 36.00, 37.76, 39.32, 39.60, 68.16, 69.22, 73.15, 74.15, 177.08,
177.35. Exact mass calculated for C;;HpNO,: 227.1885. Found: 227.1884. (Found: C, 68.59; H, 11.10; N,
A 0/ Cale far C.H_ NN ¢ AR AR 11 08- N £ 16804L)
£.15%. Cale. for CI3NAZANN T oy, U000, X1, 11.V0, 1N, ULaU/G)
I s danenzecdercie nd torevmw i isndesane cadt TEE Tieot nlivdine anera ael —n s bl
ll_yuluscllULya D Uy 4 AURLULILALIIUINE SWULL LJy. 1

ITSt Ciuilil gave cpxuwuv mixture of 3-dimetl 'y'{"'i“:'iO-B-
methyi-5-phenethyitetrahydro-2-furanone i6f, 50% yieid. Coloriess oil. IR: vmax (neat) 3060, 3040, 1770, 1170
m*. *H NMR: & (CDCl3) 1.32 (s, 3H), 1.41 (s, 3H), 1.64 (dd, 1H, J = 8.0 and 14.0 Hz), 1.91-2.04 (m, 5H),
2.30 (m, 1H), 2.33 (s, 6H), 2.53 (dd, 1H, J = 6.8 and 13.8 Hz), 2.66-2.88 (m, 2H), 4.48 (m, 1H), 4.53 (m, 1H),
7.18-7.30 (m, 10H). Exact mass calculated for C;sH;NO,: 247.1572. Found: 247.1575. (Found: C, 72.89; H,
8.56; N, 5.67%. Calc. for C;sHxNO,: C, 72.84; H, 8.56; N, 5.66%).

Reaction of furanones 16e and 16f with m-chleroperbenzoic acid (MCPBA).

General procedure. To an ice-cooled solution containing 0.2 mmol of furanone in 2 mL of CH;Cl; was
added a solution containing 0.29 mmol of MCPBA in 5 mL of CHyCl,. After the addition was complete, the
mixture was stirred for 3 h at 25 °C, then extracted with 10% Na,CO solution, and dried over anhydrous

N2a,S0,. The solvent was removed under reduced pressure to leave behind a light yellow oil which was subjected
to silica gel chromatography ( CH,Cl,/MeOH 95:5 for 17e and cvclnhpxanelethvl acetate 1:1 for 17f),

Cope elimination of furanone 16¢ " First elution gave S-hydroxymethyl-3-methyl-2 5-dihvdro-2-furancne
17, 070/ Ald MNAlawlana ¢hinly cermaee TD . o fimantl 2ALN 1778N 117N nm-l Iy amAD. S MOTYI N 1 Q€ 7AA 20T
1€, 0270 yl AU, UUIOLITHD LIV ay up LI\, ¥Vmax \ It L) IV, 11OV, 117V il . A1 INIVHIN, \ \4!3} 1.7J \uu, Jik,
r ra Sy ] 1 2 0o TT ~ mA 11 177 ¥ A N 1 2t 4 TY_ N\ A AN F11 aTTY r ~ 41 1A 4 TT N\ AN 7318 4TYY r
J=04and 1.8 Hz), 3.73 (ad, 1H, J = 4.9 and 12.4 Hz), 3.98 (a4, 1H, v = 3.7 ana 12.4 Hz), 5.03 (dddq, iH, J

L e a = e e mm N = e o= am— = e & . o e ) | P — R P —
=04, 1.6, 3.7 and 4.9 Hz), 7.06 (dq, 1H, J = 1.6 and 1.8 Hz). “C NMR: & (CDCl;) 10.74, 67.85, 77.51,

s 1
131.50, 143.70, 172.90. Exact mass calculated for C¢HsOs: 128.0473. Found: 128.0471. (Found: C, 56.20; H,

6.28%. Calc. for CsHgO3: C, 56.25; H, 6.29%).

@
rry
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L,(pe eummanon ()] jﬂw 19y. rust euuon EIVB J-mmy1—3~pnenetny1—4 D—mnyuro-z-mranone lll
85% vield. Coloriess oii. IR: Ve (n€at) 1730, 1160 cm™. *H NMR: 8 (CDCi3) 1.90 (m, 3H), 1.97 (m, 2H), 2.78
(m, 2H), 4.87 (m, 1H), 6.98 (m, 1H), 7.17-7.29 (m, 5H). ®C NMR: § (CDCl) 10.56, 31.30, 35.12, 80.07,
126.19, 128.42, 128 48, 129.87, 140.44, 148 58, 174.18. Exact mass calculated for C3H,40;: 202.0994. Found:

202.0995. (Found: C, 77.25; H, 6.99%. Calc. for C;3H,1402: C, 77.20; H, 6.98%)).

Alternative synthesis of 17c.

Hydrogenolysis of isoxazolidine 14c. First elution gave epimeric mixture of 3-methylamino-5-methyl-3-
pentyltetrahydro-2-furanone 18, 68% vyield. Colorless oil. IR: vmsx (neat) 3150, 1770, 1180 cm™. '"H NMR: §
(CDCl) 0.80 (t, 6H, J = 6.6 Hz), 1.15-1.41 (m, 18H), 1.55-1.82 (m, 6H), 1.89 (dd, 1H, /= 7.5 and 12.4 Hz),
2.17(dd, 1H, J=6.2 and 124 Hz), 2.28 (s, 3H), 2.32 (s, 3H), 3.27 (bs, 2H), 422(m 4H), 4.55 (m, 2H). Be

NMR: S ((‘ 3) A , 21 ;7’ 22 07’ 22 SR 22 ﬁq, 7? 67 29 7;) 29 R'I, 11 ﬁQ 11 73 34 !0
O NIy 1200 1500 L2, L1024, LA V4, 2208, 22,02 i, 2a.07, 21.7/2 5 v OV
24 1 AT /R 42 Q1 AA D 24 T QT7 71N 17RO 171781 KRwvart mace ralrnlatad e O LT NOL-
SSRGS, 53.88, 83,51, US43, ORLS, /L0, J2N3 1ialV, drala, SXA0 MASS CAllLailh IOl UiiraziiNvzl
100 1877 Tanind: 100 18TA Brnnd Y £464 28 1T 1N KO- N 7 NA0.L Caln e O NN M ££720Q. LT 1N £9.
177.0J76, YOUG, 1770077 \ KOOl L, UJ.55, 11, 1V.J7, iV, 7. vT/6. vaiC. 101 ClIli21uNw2. o, UU.L7, 11, 1V.VL,
AT 7 [s 74N

N, 1.U5°

ireaimeni of furanone 18 wiih iodomeinane. A solution of furanone (2 mmol) in 5 mi of iodomethane was
heated, at 50 °C for 12 h, in a seaied tube. The reaction mixture was then evaporated under reduced pressure
and the residue subjected to flash-chromatography on silica gei column with cyclohexane/ethyl acetate 85:15 as
eluent. First elution gave 5-methyl-3-pentyl-2,5-dihydro-2-furanone 17¢, 53% yield.”

Synthesis of S-heptyl-2,5-dihydro-2-furanone 22.

Reaction of C-ethoxycarbonyl-N-methylnitrone 19 with l-nonene 20. A solution of nitrone (5 mmol) and
1-nonene (10 mmol) in 20 ml of dry toluene was heated, at 80 °C for 12 h, in a sealed tube. The reaction mixture
was then evaporated under reduced pressure and the residue, an epimeric mixture (trans/cis 4:1), was subjected
to flash-chromatography on silica gel column with cyclohexane/ethyl acetate 7:3 as eluent. First elution gave the
major isomer 3-ethoxycarbonyl-5-heptyl-2-methylisoxazolidine 21, 72% vield. Colorless oil. TR: v, (neat) 1735

em’! T NMR- § (CTDICLY 0 R0 (t 3H J=66Hz) 1.15-1.17 (m, 15H), 213 (ddd, 1H, J=78 89 and 125
cr HNMR: 5 (CDCLY 080 (t, 3H, J =66 Hz) 1.15-1.17 (m, 15H), 2.13 (ddd, 1H 8,89 and 125
T P8R (AAAd 1T T=62 AQand 1728 H2) 222 (c 2HY 2290/Ad TH JT=AFand RAOHN A10{(m 1TH)
J.l-b}’ L A \UU‘J’ LLJ., L7 V.J’ .S BAANLE L./ A,u.qI, et o NP Kt \u’ J.I.Ll) Ry - rd \u\., L.lL’ (>4 Weod WBLANE V. Al‘.ll, B \All’ J“lll,
ANE fn LT T =77 1T\ Tvart masae ralralatad fae O I NN 287 1001 Eramd: 287 1007 MGannd- £ A8 A1-
.4 \Ll, Lll, v I IJL}. ALNAQWL LIIAOD VAIVIALVAL LWL U JQRAZTINIZ, Ll 1. 1773 VUL, &aJ .0 7717 \1 vuiig \/, UJ.U.I,
TT 1N EO.NT & A0/ MNata Lac ™ LTI NN N LEN2ACLT 1N KE77.NT & AAG/N
I, 1U.07, 1IN, J.4J70. U 10T U 4E27iNU3. U, U0 0%, 1L, 1U.O 7, iN, J.949/0).
EaY o~ ~ Lra? YW S e N

Reaction of isoxazolidine 21 wiih TjfOMe. First elution gave 3-ethoxycarbonyl-5-heptyi-2,2-
dimethylisoxazolidinium trifluoromethanesuifonate, 100% yield. ‘H NMR: & (CDCls) 0.90 (t, 3H, J = 6.6 Hz),
1.29 (m, 12H), 1.41 (t, 3H, J = 7.5 Hz), 2.92 (m, 1H), 3.15 (m, 1H), 3.71 (s, 3H), 4.01 (s, 3H), 4.41 (q, 2H, J =
7.5 Hz), 4.88 (m, 1H), 6.04 (dd, 1H, J = 9.0 and 9.3 Hz).

Hydrogenolysis of 3-ethoxycarbonyl-5-heptyl-2,2-dimethylisoxazolidinium trifluoromethanesulfonate.
First elution gave 3-dimethylamino-5-heptyltetrahydro-2-furanone, 87% yield. Colorless oil. IR: v (neat)
1770, 1170 cm™. "H NMR: 3 (CDCl,) 0.85 (t, 6H, J = 6.2 Hz), 1.22-1.43 (m, 10H), 1.47-1.63 (m, 2H), 1.75 (m,
1H), 2.29 (m, 1H), 2.37 (s, 6H), 3.61 (dd, 1H, J = 9.0 and 12.0 Hz), 4.27 (m, 1H). ®C NMR: 8(CDCl) 13.97,

251, 2493, 29.00, 29.18, 29.93, 31.61, 3537, 41.48, 41.60, 64.31, 77.08, 171.88. Exact mass calculated for
C;;HysNOQ,: 227 1885, Found: 227 1887 (Found: C, 68.76; H, 11.11; N, 6,14%. Calc. for C;;H,:NO,: C, 68.68;
LI

(s olisnizstine f 2 _Aiseantlol iz iy V_farrmnns Wiretr ahitinn oowva S_hanéol ) £
LUpe CLUHTHTEELIUT, J] U )/lul’llllu’-""lﬁl}l)’llﬁll uu)/w L] WIEUTIC . 100 Sianion QY JTHOPLYLITL,

~n 22 anns 1 1men 11£n ~-] IiTAamam. 2 s\ 0o
alnyaro-,i-ruranone Ll oY 70 yIEIu LOlUrleSb 011 iR: Vinax [IlC ) 170V, 110V QI INIVLIN, O (LIJUI3 ) U.00 (1,
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3H, J= 6.8 Hz), 1.27 (m, 10H), .69 (m, 2H), 5.03 (dddd, iH, /= 1.6, 1.8, 5.4 and 7.0 Hz), 6.11 (dd, iH, /=
1.8 and 5.8 Hz), 7.46 (dd, 1H, J = 1.6 and 5.3 Hz). BC NMR: § (CDCls) 14.02, 22.56, 29.00, 29.22, 29.67,
31.64, 33.14, 83.47, 121.48, 156.33, 173.26. Exact mass calculated for C;;H;50,: 182.1307. Found: 182.1308.

(Found: C, 72.51; H, 9.95%. Calc. for Ci;HisOx: C, 72.49; H, 9.95%).

Synthesis of 2-methylmuconolactone 28.

Reaction of C-ethoxycarbonyl-C,N-dimethylnitrone 12e with 3-buten-1-ol 23. A solution of nitrone (17
mmol) in 30 ml of 3-buten-1-0l was heated, at 75 °C for 48 h, in a sealed tube. The reaction mixture was then
evaporated under reduced pressure and the residue subjected to flash-chromatography on silica gel column with
CHCI:/MeOH 98:2 as eluent. First elution gave epimeric mixture of 3-ethoxycarbonyl-5-(2-hydroxyethyl)-2,3-
dimethylisoxazolidine 24, 97% vield, Colorless oil. TR: v, (neat) 3450-3350, 1735 cm™. '"H NMR: § (CDCl,)

w280 LI IR0 (et =te Ly \ 2 il

3H. J=7.1Hz) 131t 3H J=7.1Hz) 138 (s 3H). 139 (s. 3H) 1.83-101 (m 4H 224(dd 1H J
,3H, J=71Hz) 131t 3H, J Hz), 138 (s, 3H), 1.39 (s, 3H), 1.83-1,91 (m, 4H) 224 (dd 1H, J
=R and 170 H>Y 27/A2 (e THY 2 fe THY 2688277 (m DA D QA (AA 1T JT=AR and 170 H>\ 274 {+
A hr CRAAND Rl 7 l,lLll’ et « N T \ﬂ’ J‘L}’ et o T \U’ J‘ll’ kNS dmrs T P \l‘l’ J-l&.ll’ et o« AT \\;lu’ l‘l’ (v oW CALANS R, S ‘l‘d}, . IT \“,
AT T ALY 2770 LT T—£7T 2\ A AT T=T 12\ A2 f~ AT T=T1 ) A 272 frn AIN 134
Jl.l, ivg v,/ IJ.L’, J.d 7 ‘l., S T .7 IJL}, .S \q’ el Ly oS F. 1 LJL}, T.k& 1 \\-‘, ‘r.l.l, v 7.1 & l’ “T.J2 !\ ll, Lll} A%
MTR AT, © 773wy Y 177 AL ~ne AN MmN 10 AT MO FlaNalel Ay D freo e B | £y 1 &£ e VO 4a ) 1777 1 b RN IR [ |
NMR: 0 (COCliz) 17.35, 25.42, 26.18, 41.78, 42.23, 42.95, 62.51, 63.15, 76.67, 177.13. Exaci mass caiculaiea
for CioH1oNO4: 217.1314. Found: 217.1311. (Found: C, 55.36; H, 8.83; N, 6.44%. Caic. for C1eHgNOs: C,
55.28; H, 8.81; N, 6.45%).

Reaction of isoxazolidine 24 with acetyl chloride. To a solution of acetyl chloride (22 mmol) and dry pyri-
dine (22 mmol) in 20 mL anhydrous carbon tetrachloride was added a carbon tetrachloride solution of isoxa-
zolidine 24 (20 mmol). The reaction mixture was stirred for 4 h; the precipitate was filtered off, the solvent was
evaporated under reduced pressure and residue was purified by silica gel chromatography (cyclohexane/ethyl
acetate 85:15). First elution gave epimeric mixture of 5-[2-(acetyloxy)ethyl]-3-ethoxycarbonyl-2,3-
dimethylisoxazolidine 25, 87% yield. Colorless oil. IR: vy, (neat) 1740, 1735 cm™. "H NMR: § (CDCl) 1.28 (t,
3H, J=72 Hz), 1.30 (t, 3H, J= 7.2 Hz), 1.34 (s, 3H), 1.35 (s, 3H), 1.80-1.95 (m, 4H), 2.01 (s, 3H), 2.02 (s,
3H), 2.21 (dd, 1H, .J = 8.6 and 12.3 Hz), 2.54-2.72 (m, 2H), 2.59 (s, 3H), 2.60 (s, 3H), 2.93 (dd, 1H, /=79

and 123 Hz), 4.17 (m, 10H). *C NMR: § (CDCL) 14.79, 14.90, 21,50, 21.63, 33.28, 35.38, 36.70, 39.33,
3043 3056 4671, 61.76, 6178, 61 .83 6239, 70.56, 73.70, 73.99, 171.59, 173 65. Exact mass calculated for

. . 5 . . . . L2 DARUL HIGSS Laalaalie U0
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Reaction of isoxazolidine 25 wiin TfOMe. First elution gave epimeric mixture of 5- L;—\acetyloxy yeihyi}-3-

ethoxycarbonyi-2,2 5-tnmemyusoxazouammm trifiuoromethanesuifonate, 100% yieid. Coloriess oil. ‘H NMR: &
(CDCL) 1.39 (t, 3H, J=7.1 Hz), 1.41 (t, 3H, J= 7.1 Hz), 1.91 (s, 3H), 1.97 (s, 3H), 2.07 (s, 3H), 2.08 (s, 3H),
2.13 (m, 4H), 3.21 (m, 2H), 3.51 (m, 2H), 3.68 (s, 6H), 3.69 (s, 6H), 4.03-4.21 (m, 4H), 4.42 (m, 4H), 4.93-
5.05 (m, 2H).

Cope elimination of furanone 26. First elution gave 5-(2-hydroxyethyl)-3-methyl-2,5-dihydro-2-furanone
27, 83% vyield. Colorless oil. IR: Vs (neat) 3450-3350, 1755, 1150 cm™. '"H NMR: & (CDCl) 1.68-1.79 (m,
1H), 1.94 (s, 3H), 2.01-2.18 (m, 1H), 3.75-3.82 (m, 2H), 3.89-3.93 (m, 1H), 5.03 (m, 1H), 7.07 (m, 1H),. *C
NMR: § (CDCl) 15.07, 33.98, 61.73, 78.02, 131.45, 149.15, 172.00. Exact mass calculated for CsHc0;:
142.0630. Found: 142.0629. (Found: C, 59.10; H, 7.08%. Calc. for C:H,40s: C, 59.15; H, 7.09%).

Oxidation of butenolide 27. A solution of butenolide 27 (3.72
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dropwise to destroy excess Jones reagent, as indicated by the reappearance of a deep green color. The reaction
mixture was then extracted twice with ether, and the combined ether extracts were washed (water and brine),
dried over anhydrous magnesium sulfate. The solvent was then evaporated under reduced pressure and the resi-

due subjected to silica gel flash-chromatography with chloroform/methanol 7:3 as eluent. First elution gave 2-
methylmuconolactone 28, 77% yield.'*

Synthesis of hydrexylamine derivative 32.

Reaction of C-ethoxycarbonyl-C,N-dimethylnitrone 12e with allyl bromide 30. A solution of nitrone (15
mmol) in 20 ml of allyl bromide was heated, at 70 °C for 24 h, in a sealed tube. The reaction mixture was then
evaporated under reduced pressure and the residue subjected to flash-chromatography on silica gel column with
chloroform as eluent. First elution gave epimeric mixture of 5-bromomethyl-3-ethoxycarbonyl-2,3-
dimethylisoxazolidine 31, 33% yield. Light yellow oil. IR: vy (neat) 1735 cm™. "H NMR: 8 (CDCl) 1.30 (t,
3H,./=7.0Hz), 1.31 (t, 3H, J= 7.0 Hz), 1.39 (s, 6H), 1.94 (dd, 1H, /= 6.7 and 12.7 Hz), 2.32 (dd, 1H, J =

== ATy ST L Sathas Bildes

8.7 and 13.0 Hz), 2.64 (s, 3H), 2.65 (s, 3H), 2.73 (dd, 1H, J= 5.3 and 13.0 Hz), 3.00 (dd, 3H, J= 7.9 and 12.7

7). 335(dd. 3H. J=74and 99 Hz). 352 (m. 2 3.54 (dd. 3 J=57and 9 99Hz),422 (g, 2H, J=170
Az}, 220 Qg >34, J 4 and 7.7 7)), 204 M), 2), 2,04 (GG, 552, J 2.4 9.9 2L (G, 2L J
W2y A2 27H T=T70H A22(dddd 1 =87 £7 7A4Aand70H>»\ A2 {(m 2N BAnNMR- & (CTYCL)
ALL), . o0 \\.l, Lilhy 7.\ AIL], TLI2 WU, d3A, WV Sofg I Fy, 1T MM 7.7 11‘:}, T.ITT \l.ll, &LJ} v LNAVARN. U \\.}U\.&lﬂ}
1A1Q2 1084 22 N2 24 Q2 2€ 7N 2R Q1 A2 £8 AA QL AL K7 A1 NT &1 24 70720 71 12 7877 7402 171 £2
14,10, 17.50, 33.UG, 3%4.03, J06./V, 38.71, 43,00, 44.75, 40,5/, U1.VU/, O1.0%, /U.3L, /1,10, 13,11, 1OV, 17/1.0),
172.38. Exact mass calculated for CoHBrNO;: 265.0313. Found: 265.0317. (Found: C, 41.13; H, 6.04; N,
& NOQ /s AT ~ £ IY N NT NLON
J.4070, L,alc IOT ngrllle—lVU:; o, OL In, 0.Vo, iN, 3 £070).

. J

Reduction Oj lsoxazoname 31 with zrl-n-omynm n_yar lae A SOIUUOH OI lsoxazouame 3i (lU mmox ), m—n—
butyitin hydride (12 mmol) and azoisobutyronitrile (AIBN; 0.2 mmol) in 5 mL of dry benzene are heated to 80
°C, under nitrogen, for 2 h. The reaction mixture was then evaporated under reduced pressure and the residue
subjected to flash-chromatography on silica gel column with chloroform as eluent. First elution gave £/Z mixture
of ethyl 2-[hydroxy(methyl)amino]-2-methyl-3-pentenoate 32, 51% yield. Light yiellow oil. IR: vmax (neat) 3450-
3350, 1735, 1610 cm™. 'H NMR: 8 (CDCl) 0.92 (t, 3H, J = 7.2 Hz), 1.31 (dd, 3H, J = 1.8 and 6.7 Hz), 2.48
(bs, 1H), 2.68 (s, 3H), 4.22 (g, 2H, J = 7.2 Hz), 5.09 (dq, 1H, J = 1.8 and 13.5 Hz), 5.74 (dq, 1H, J=6.7 and
13.5 Hz) . Exact mass calculated for CoH;7NO;: 187.1208. Found: 187.1210. (Found: C, 56.99; H, 9.18; N,
7.49%. Calc. for CoH7NO;: C, 57.73; H, 9.15; N, 7.48%).

Synthesis of 3,5-dimethyl-2,5-dihydro-2-furanone 34 (mushroom flavour).
Reaction of isoxazolidine 17e with tosyl chloride. Tosyl chloride (6.0 mmol) was added in 30 m to a
cooled (0 °C) and stirred mixture of isoxazolidine 17e (5.6 mmol) and triethylamine (8.4 mmol) in di-

chloromethane ( 0 mL). Qt_lmp_a was continued for 6 h. The reaction mixture was washed rene@,tedlv with i1ce-

water and dried over sodium sulfate. The solvent was then evanorated under reduced pressure and the residue

vater and dried over sodsum suifate. 1he solvent was then evaporated undaer reguced pressure and the residue

erthiont tn flach_chraomatnaoranhv an cilica aal calimn with chlarafnrm ac ehiant Firet eliitinn oave (A-methvul.
A |AWENST/NIY Y \Jlll\lll‘“lv&l IIJ Wil wiava bvl WAASAVBIALIL VYV ALAL WILAAJAVANLALL VW A W LEVJL ~ ¥

N 1 -] 1'!’ ATRATD. € /AT Y 1 01 74 1LY F e 1 ™ IT_\N M AL 7. 2TIIM A 10 fowa ATIN £ N fona 1
Vmax (€aL) 1//0 cm ™. 1 INMR: 0 {(LDUL3) L.Y1 (G, L1, J = 1.2 11Z), 240 (8, >11), 4.16 (N, Z1), 5.5 I, 10},
- . 1117 TIN 227 73 AIT ¥ — O O IT ATT T — 0N ITy 134 AmxaAD v~
6.99 (dq, 1H, /=12 and 1.2 Hz), 737 (d, 2H, /=8 ) (d, 2H, /= 8.0 Hz). °C 6 (CDCl)

10.73, 21.63, 67.86, 77.52, 127.89, 130.00, 132.0 5 , 143.72, 145.43, 172.90. Exact mass calcu-
lated for C13H14SOs: 282.0562. Found: 282.0558. (Found: C, 55.19; H, 5.01; S, 11.33%. Calc. for C;3H;4SOs:
C, 5531, H, 5.00; S, 11.36%).

Reduction of furanone 33 with sodium cyanoborohydride. A solution of furanone 33 (2 mmol) and sodium
cyanoborohydride (5 mmol) in hexamethylphosphoramide (HMPA; 5 mL) was heated, at 110 °C for 12 h,in a



sealed tube. At the end of this time the mixture was poured in ice-water and extracted with dichloromethane.
The solvent was then evaporated under reduced pressure and the residue subjected to flash-chromatography on

silica gel column with cyclohexane/ethyl acetate 7.3 as eluent. First elution gave 3,5-dimethyl-2,5-dihydro-2-
furanone 34, 49% yield 2

Synthesis of methyl (E)-2-(2-oxo-S-undecyltetrahydro-3-furanyliden)acetate 38 (methyl isoacarenoate).

Reaction of C-methoxycarbonyl-C-(2-methoxy-2-oxoethyl)-N-methylnitrone" 35 with I-tridecene. A so-
lution of nitrone (5 mmol) and 1-tridecene (10 mmol) in 20 ml of dry toluene was heated, at 80 °C for 12 h, in a
sealed tube. The reaction mixture was then evaporated under reduced pressure and the residue subjected to
flash-chromatography on silica gel column with cyclohexane/ethyl acetate 7:3 as eluent. First elution gave 3-(2-
methoxy-2-oxoethyl)-3-ethoxycarbonyl-2-methyl-5-undecylisoxazolidine 36, 84% vyield. Colorless oil. IR: v,

(neat) 1730 cm™. '"H NMR: 3 (CDCl3) 0.88 (, 3H, J= 6.5 Hz), 1.11-1.42 (m, 20H), 1.82 (m, 1H), 2.35 (m, 1}1),
2.59 (s, 3H), 4.01 (m, 1H), 4.18 (m, 1H). ®C NMR: § (CDCL;) 14.13, 22 68, 26.23, 29.34, 29.55, 31.90, 33.45
2.59 (s, 3H), 4.01 (m, 1H), 4.18 (m, 1H). "C NMR: § (CDCl;) 14.13, 22.68, 26.23, 29.34, 29.55, 31.90, 33.45,
35.64, 38.91, 39.64, 44.13, 44.60, 51.86, 52.34, 71.16, 76.83, 171.20, 171.32, Exact mass calculated for
OO NN - 271 2679 Tannd: 271 2676 (Bannd- 0 A 18- 10NN 27804 Colen for O T NN - 0 £4 £4-
L20E1374NUJS. 7 14074 PUULIU. J /7 1L.LU7TV. (TUUIU. o, UJ.1J, 11, 1V.VO, 1IN, J./2/0. all, 1UL U20L137INUS. U, U VL,
IT 1A NA-NT 2 "1"10/ )

I, 1U.V4, IN, 3.7/ /).

Hydrogenolysis of isoxazolidine 36. First elution gave methyl 2-[3-(methylamino)-2—oxo—5-
undecyltetrahydro-3-furanyljacetate 37, 71% yield. Colorless oil. IR: vuay (neat) 3250, 1770, 1170 ecm™. 'H
NMR: § (CDCl;) 0.92 (t, 3H, J = 6.7 Hz), 1.30 (m, 18H), 1.44-1.85 (m, 2H), 2.03 (bs, 1H), 2.05 (dd, 1H, J =
8.8 and 13.7 Hz), 2.39 (s, 3H), 2.52 (dd, 1H, J = 6.8 and 13.7 Hz), 2.73 (s, 2H), 3.74 (s, 3H), 4.46 (m, 1H). *C
NMR: §(CDCl;) 14.06, 22.63, 25.19, 29.28, 29.45, 29.56, 29.82, 31.86, 35.88, 36.02, 40.17, 52.01, 62.92,
170.16, 177.37. Exact mass calculated for C;oH3sNO4: 341.2566. Found: 341.2567. (Found: C, 66.86; H, 10.34;
N, 4.09%. Calc. for C1sH3sNOy: C, 66.83; H, 10.33; N, 4.10%).

Treatment of furanone 37 with iodomethane. A solution of furanone (2 mmol) in 5 ml of iodomethane was
heated, at 50 °C for 12 h, in a sealed tube. The reaction mixture was then evaporated under reduced pressure
and the residue subjected to flash-chromatography on silica gel column with cyclohexane/ethyl acetate 85:15 as
eluent. First elution gave methyl (E)-2-(2-oxo-5-undecyltetrahydro-3-furanyliden)acetate 38, 50% yield. Color-
less oil. IR: v (neat) 1740, 1725, 1130 cm" 'H NMR: § (CDCl;) 0.88 (t 3H, J = 6.7 Hz), 1.26 (m, 18H),
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