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The Efficient Synthesisofthe Optically Active p-Hydroxyl-y+butyrolactone
Derivatives
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Theopti cally active[-hydroxyl-1butyrolactoneswere synthesized from nonchiral starting material by
em ploy ing reductive cleav agereaction, sharplessasym met ric epoxidation and dihydroxylation, and Lewis
acid-catalysed cyclization as key steps. This strat egy can be used to pre pare many chiral -hydroxyl--

butyrolactoneanal ogues.
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INTRODUCTION

Chiral tbutyrolactoneshaveat tracted sub stantial in-
ter estin re cent yearsdueto their pres encein many strongly
activenatural productshavingantitumor, fungi cidal, anti-
inflammatory activity, *** and their use asim por tant pre cur-
sorsinnatural productsynthesis.*Presently theasymmetric
synthesisof [-hydroxy-y-butyrolactones have been atar get
foror ganicsynthesisinvariouslaboratories. Inthecourseof
thetotal synthesisof thenat ural product Tuxpanolide® and its
analogues,” wepreparedthevari ousopti cally activef-hydro-
xyl-y-butyrolactonesderiv ativesasneeded key inter medi-
ates, finding apracti cal strat egy for building chiral p-hydro-
xy-1-butyrolactones. In this paper, we present our resultson
the efficient stereocontrolled synthesis of E-hydroxyl--
butyrolactonederiv ativesfrom cheap and nonchiral starting
material.

RESULTSANDDISCUSSION

Thestarting material isobutyal dehyde 1 was sub jected
tothewittigreactionfol lowed by thereductionwith LiAIH,-
AICls in dry ether to give the allylic al cohol 3. Sharpless
asymmetricepoxidation’ of theallyl al co hol 3with (+)-DET,
Ti(i-OPr)s, TBHPledtotheepoxy a cohol (+)-4in 71%yiel d’
and 90%ee as deter mined by *H NMR anal y sisof thecor re-
sponding Moster’ sester.® Coupling reaction of al dehydeob-
tained by swern ox i dation of 4 and triphenyphos phorane af-
forded (+)-5 (41% for two steps). Af ter the syn the sis of four
steps, by sim ply ap ply ing thereductivecleav agereaction of
it, B-unsat uratedester 5 by magnesiuminmethanol ° we luck-
ily ac cessedthesoleprod uct (+)-6 in 72% yield (Schemel).
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(i) PhaP=CHCOOE, CHCls, 0 °C-r.t.; (ii) LiAIH4:AICIs = 3:1,
Et20, -78°C; (iii) Ti(O-i-Pr)s, (+)-DET, TBHP, CHxCl, -20°C;
(iv) (a) (COCI)2 DMSO, EtsN, CH.Cly, -78 °C; (b) PhsP=
CHCOOEL, CH,Cl2, r.t.; (v) Mg, MeOH, -23°C.

Sub sequent treat ment of 6 with t-BuOOH-V O(acac)-
cat alyst systemindry ben zenegavea7.5:1 mix ture (deter-
mined by GL C, 88%de) of the de siredr:.-epoxyal cohol (+)-7
and its P-isomersin 61%yield. Af ter the protection of asec-
ond ary hydroxy of 7, the (+)-8 wasobtainedin 73% yield.
Finally with the treat ment of 8 with camphosulfonic acid
(CSA) catalysed cyclization," we pro ceeded to con struct a
chiral butyrolactone (+)-9in 63% yield, 98%de de ter mined
by GLC, and 95%eein ac cor dancewiththe 'HNMRanal ysis
of thecor responding Moster esters® (Scheme I1). This route
successfully employedthesharplesscat alyticasymmetric
epoxidation reaction, whichal lowed thetwo chiral centersof
theintermediate 3to remain Sinahighly predict able way.
Moreover, theconfigurationsof Cs, C4 in the com pound 7
were deter mined by thefact that the vana dium-catalyzed
epoxidation ex hibited the cis stereosel ectivity.2 It pro vided
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(i) t-BuOOH, VO(acac), benzene, 5 *C-r.t. (ii) Ac20, DMAP,
Py, r.t.; (iii) CSA, CH2Cl2, 0*C-r.t.

theef fi cient stereocontrolled syntheticap proachfor building
the trans B-hydroxy--butyrol actone blocks.

The Sharplessasym met ric dihydroxylation (ADs) of
olefineisanindispensabletool for contemporary or ganic
synthesis. InSchemelll, thekey inter medi ate6 wasal lowed
tore act with tert-butyldimethylchlorosilane (1.2 eq) and
imidazole (3.0 eq) inan hy drousDMF. Af ter 6 hours, 10 was
ob tained in 82% yield. Then ADs of 10 (inaccor dancewith
theliteratureprecedence®™ ) pro vided lactonized dihydro-
xylationproducts1l (ee 73%) and 12 (ee 78%), respectively,
in 45% and 51% yield. Thus, the cis -hydroxyl-y-butyrol-
actones 11 and 12 were suc cessfully ob tained by thiseco-
nomi cal andef fi cientmethod. Remark ably, if6 was pro tected
withan acetyl, the AD reactiondid not hap pen.
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(i) TBDMCI, EtsN, DMAP, DMF, r£; (ii) AD-mix-f5 CH3SO:NH,,
t-BUOH-H;0, r.t.; (iii) AD-mix-ct, CHsSOsNH2, t-BUOH-H:0,
rt.

Herewereport theasym met ric synthesisof theop ti-
cally activep-hydroxyl-1butyrolactone deriviatives 9, 11,
12 WiththeabovelL ewisacid cat alyzed cyclizationand ADs
|actonization, thevar i ouschiral 2-hydroxyl-t-butyrol actones
canbeconstructedgener ally andpracti cally viathekey inter-
medi ate6 anditsderivatives.
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EXPERIMENTAL SECTION

General Methods

IR spectrawererecorded onan FT-170SX spectrome
ter. "H NMR and "*C NMR spec trawere re corded on Bruker
AM-200 or AM-400 MHz in stru ments using tetramethyl
silane (TMS) astheinter nal stan dard. Massspectrawerere-
cord on VG ZAB-HS or VG-7070 (70 ev) spectrameters.
GLC anal y seswerecar ried out on a Shimadzu GC-9AM in
strument. Optical rotations were measured with a Perkin
Elmer 341instrument.

(E)-4-M ethyl-2-pentenoate (2)

Toastirred so lu tion of (ethoxycarbonylmethylene) tri-
phenylphosphorane (20 g, 57.4 mmol) in dry CH>Cl, (50 mL)
was added isobutyal dehyde (4.14 g, 57.5 mmol) un der an Ar
at mo sphere. Thereaction mix turewasstirred for 2h at room
tem per atureandthesol vent wasevap orated. Thecruderesi
duewaspuri fied by col umnchromatography (petroleum) to
furnish2 asacol or lessliquid (6.5 g, 80%). IR (film): » =
2982, 1708, 1651, 1514, 1436, 1314, 1290, 1207, 1150, 981
cm™. *H NMR (200 M, CDCl3): & 1.05 (d, J = 7.0 Hz, 6H),
1,23 (t,J = 7.2 Hz, 3H), 2.38-2.42 (m, 1H), 4.12 (q, J=7.2
Hz, 2H), 5.72 (d,J=15.8 Hz, 1H), 6.90 (dd,J = 15.8, 6.6 Hz,
1H). Thedatamatched thosereportedintheliter ature.™

(E)-4-M ethyl-2-penten-1-al (3)

To astirred and precooled (-78=C) solutionof LiAlH4
(294 mg, 7.75 mmol) and AICl; (344 mg, 2.58 mmol) in dry
ether (25 mL) was added dropwise com pound 2 (366 mg,
2.58 mmol). Thereactionwas stirred for 1.5 hat -78 =C and
then H,O was added slowly to quench the unreacted LiAIH,.
Themix turewasfil tered and the ether so lu tion waswashed
by water and brine. Theethereal layer wasdried over MgSQOs.
Removal of sol ventby rotary evaporationyieldedacol orless
liquid 3 (237 mg, 92%). IR (film): v = 3350, 2934, 2889,
1117, 1465, 1382, 1205, 980 cm™. *H NMR (200 M, CDCls):
8 0.94 (d,J = 6.6 Hz, 6H),2.22-2.27 (m, 1H), 2.43 (brs, OH),
4.01 (d,J=5.6 Hz, 2H), 5.48-5.55 (m, 1H), 5.6 (dd, J=15.7
Hz, 6.0 Hz, 1H). EIMS: m/e 101, 81, 55, 43. The data were
consistentwiththosereportedintheliterature.™®

(+)-(4S,55)-6-M ethyl-4,5-epoxy-2-heptenoate (5)
Toastirred so lution of oxalyl chloride (0.23mL, 2.6
mmol) in CH,Cl, (10 mL) at -78 =C was added dropwise
DMSO (0.37mL,5.2mmol). Uponcom pletead di tion, 4 (150
mg, 1.3 mmol) dissolved in CH,CI, (0.5 mL) was added
dropwise. The initially clear solution became white and
cloudy af ter stir ring for 1.5 h. Triethylamine (657 mg, 6.5
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mmol) was then added dropwise at -78°C. Thenthereaction
mix ture was warmed slowly to -10=C for 2 h and quenched
by ad di tion of water (0.3 mL). Theor ganic layer wassep a
rated and washed with water and brine; the com bined aque-
ous washes were ex tracted with CHzCl.. The or ganic phases
were com bined and dried over MgSO,. Af ter theremoval of
sol vent, buff oil (100 mg) wasobtained. Toastirredsolution
of (ethoxycarbonylmethylene) triphenylphosphorane (306
mg, 0.89 mmol) in dry CH,Cl, (10 mL) was added to the buff
oil (100 mg) under an Ar at mo sphere. Thereaction mix ture
wasstirred for 2 h at room tem per ature and the sol vent was
evaporated. Thecruderesi duewaspuri fied by col umnchro-
matog raphy (petroleum:EtOAc, 32:1) tofur nish5 as a buff
oil (110 mg, two steps 41%). [] 7 10.6% (c 1.4 CH,CL,). IR
(film): + =2962, 1725, 1661, 1593, 1439, 1307, 1275, 1192,
978, 857 cm™. '"H NMR (200 M , CDCl,): § 0.96 (d, J=7.1
Hz, 3H), 1.01 (d, J = 6.8 Hz, 3H), 1.27 (t, J= 7.0 Hz, 3H),
1.56-1.64 (m, 1H), 2.67 (dd, J = 1.8, 6.6 Hz, 1H), 3.25 (dd, J
=6.8,1.9Hz, 1H), 4.22 (9, =7.0Hz, 2H), 6.11 (d, J = 15.6
Hz, 1H), 6.69 (dd, J = 15.6, 6.7 Hz, 1H).**C NMR (50 M,
CDCl3): & 14.07, 18.04, 18.74, 30.41, 55.09, 60.38, 66.50,
123.26, 144.79, 165.55. EIMS: m/e 185, 139, 111, 98, 83, 56,
45, 43, 41.

(H)-(59)-6-M ethyl-5-hydr oxy-3-heptenoate (6)

Thesubstrate5 (160 mg, 0.87 mmol) indry methanol (5
mL) was cooled at -23 “C beforemagnesiumpow der (63mg,
2.61 mmol) wasadded. Thereaction mix turewasstirredfor 2
hunder Ar at mo sphere. Tothegray solutionwasadded an
equal vol umeof di ethyl ether, thewholemix turewasfil tered
throughasil icagel pad and con centratedinvacuo, and crude
productwaspuri fied by flashchromatography (SiOQ,) (petro-
leum:EtOAC, 8:1) toobtainacol or lessoil 6 (11 mg, 72%).
[]% +12.1% (c 1.8 CHCl,). IR (film): » = 3410, 2922, 1733,
1626, 1405, 1381, 1158, 1072, 1023 cm™. "H NMR (200 M,
CDCls): 50.87(d, J=2.4 Hz, 3H), 0.90 (d, J = 2.4 Hz, 3H),
1.22 (t,J = 7.2 Hz, 3H), 1.63-1.70 (m, 1H), 3.05 (brd, 2H),
3.88(t, J=6.4Hz, 1H), 4.13 (g, J= 7.2 Hz, 2H), 5.55 (dd, J=
7.2,15.4 Hz, 1H), 5.73 (dt, J= 7.5, 15.4 Hz, 1H). "*C NMR
(50 M, CDCl;): 514.11, 17.88, 18.10, 33.64, 37.69, 60.63,
72.33, 123.80, 135.30, 171.65. EIMS: m/e 143, 130, 97, 73,
43. HRMS (M+NH,) calced for C1oH2,OsN 204.1594, found
204.1597.

(+)-(BR4S,55)-6-M ethyl-5-hydr oxy-3,4-epoxy-heptanoate
O

Toastirred solution of 6 (136 mg, 0.73 mmal) in an hy-
droushben zene (5 mL at 5*Cunder Ar at mo sphere, wasadded
VO(acac). 10 mg (0.04 mmol). Af ter thereaction mix ture
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was stirred for 10 min utes at 5 =C, tert-butylhydroperoxide
0.5mL (1.46 mmol) was added dropwise and the re sult ing
mix turewas stirred for 12 h at theroom tem per ature. The
gquenching was made by adding a saturated solution of
NaHCO;, fol lowed by ex trac tion with ben zene. Then the or-
ganiclayer waswashed with sat urated solution of Na,S,0s,
water and then brine, and dried over MgSO.. Af terevapora
tion of thesol vent, theresi duewassub jectedtosil icagel cok
umnchromatography (petroleum:EtOAc, 4:1) togivea7.5:1
mix ture of ii-epoxide 7 (79 mg, 54%, 88%de) and [>-epoxides
(11 mg, 7%, 12%de) asacol or lessoil. Com pound 7: [x]2°
+8.0° (¢ 2.0 CH:Cl»). IR (film): w = 414, 2971, 1733, 1467,
1373, 1235, 1026 cm™. *H NMR (200 M, CDCls): & 0.96 (d, J
=2.4Hz, 3H),1.01 (d,J =2.4Hz, 3H), 1.31 (t, J=7.6 Hz,
3H), 1.60-1.71 (m, 1H), 2.52 (dd, J = 5.6, 10.3 Hz, 1H), 2.63
(dd, J=5.8, 10.4 Hz, 1H), 2.89 (dd,J = 2.2, 5.0 Hz, 1H), 3.30
(ddd,J=2.2,6.0,11.0Hz, 1H), 3.74 (dd,J = 5.0, 6.6 Hz, 1H),
4.20 (g, J=7.6 Hz, 2H). ®C NMR (50 M, CDCly): & 14.14,
18.28, 19.55, 29.91, 32.37, 37.04, 52.18, 60.47, 71.23,
169.53. EIMS: m/e 159, 131, 117, 85, 71, 43. HRM S (M+NHa)
calcdfor C10H204N 220.1543, found 220.1539.

(H)-(3RAS,59)-6-M ethyl-5-acetoxy-3,4-epoxy-heptanoate
)

Toasolutionof 7 (83 mg, 0.41 mmol) in pyridine (1
mL) was added acid anhydride (63 mg, 0.62 mmol) and
DMAP (3 mg, 0.02 mmol); there ac tion mix ture was stirred
for 12hat roomtemper ature. Themix turewasex tractedwith
EtOAc and then the or ganic layer was washed with aque ous
10% NaOH, 5% HCI, H.O and brine, re spectively, then dried
over MgSO,. Af ter removal of the sol vent, theresi duewas
subjectedtosil icagel col umnchromatography (petrolum:
EtOAc, 8:1) tofinish 8 (74 mg, 73%) as a buff oil. []%
+11.2* (c 1.1 CHxCly). IR (film):w = 2971, 2925, 1739, 1467,
1373, 1235, 1183, 1026 cm™.*H NMR (400 M, CDCly): &
0.96 (d,J=4.7 Hz, 3H), 0.98 (d, J= 4.7 Hz, 3H), 1.25 (t,J =
7.4Hz, 3H), 1.96-2.02 (m, 1H), 2.09 (s, 3H), 2.52 (dd,J = 5.3,
10.3 Hz, 1H), 2.63 (dd, J=5.8, 11.0 Hz, 1H), 2.94 (dd, J =
1.8,6.5Hz, 1H),3.21(ddd, J=1.8, 6.0, 11.0 Hz, 1H), 4.17 (q,
J=7.4Hz 2H), 453 (t, J=6.6 Hz, 1H). *C NMR (100 M,
CDCl3): & 14.06, 18.25, 18.60, 20.80, 28.96, 37.08, 52.53,
57.83, 60.88, 75.95, 169.73, 170.22. EIMS: m/e 201, 159,
131,117, 85, 71, 43.

(H)-(BRAR59)-4-(1-acetoxy-isopropyl)-3-Hydr oxy-
butyrolactone(9)

Toastirred solutionof 8 (109 mg, 0.45 mmal) in an hy-
drous CH,Cl, (3 mL) at 0°Cunder Ar at mo sphere, wasadded
camphosulfic acid (11 mg, 0.045 mmol). There ac tion mix-
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turewasstirred for 24 h at roomtem per ature. Thequenching
wasmade by add ing asat u rated so lu tion of NaHCOs, fol-
lowed by ex tractionwith CH,Cl,, dried over MgSO, and cor-
centratedto givethe crudeprod uct puri fied by sil icagel col-
umnchromatography (petroleum:EtOAc, 4:1), yieldedacol-
orless gum 9 (56 mg, 63%, 99%de). [m] % +5.6% (c 0.7
CH.Cly). IR (film): w = 3414, 2964, 1783, 1743, 1378, 1235,
1178, 1073 cm™. *H NMR (400 M, CDCl5) : 97 (d,J=6.9
Hz, 3H), 1.03 (d,J = 6.8 Hz, 3H), 1.70-1.95 (m, 1H), 2.11 (s,
3H), 2.49 (dd, J = 1.6, 18.6 Hz, 1H), 3.07 (dd, J= 7.2, 185
Hz, 1H), 3.51 (dd, J = 3.7, 8.0 Hz, 1H), 4.58 (dd, J= 1.7, 3.7
Hz, 1H), 5.45 (dd, J= 1.6, 7.2 Hz).*C NMR (100 M, CDCl 3):
& 18.16, 18.87, 29.92, 35.92, 70.34, 85.84, 170.19,175.17.
EIMS: m/e 173, 155, 143, 84, 43. HRMS (M+NH,) calcd for
Ci10H20sN 234.1336, found 234.1336.

(+H)-(59)-6-M ethyl-5-tert-butyldimethyl-siloxy-3-
heptenoate (10)

Toasolutionof 6 (350 mg, 1.88 mmol) in an hy drous
DMF (3 mL) at r.t. under Ar at mo sphere, were added EtsN
(1.44 mL), TBDMCI (340 mg, 2.26 mmol) and DMAP (12
mg, 0.094 mmol). The mix ture was stirred 6 hours at r.t.,
guenchedwithasat uratedsolutionof NH4Cl (1.5 mL) and di-
luted with Et,O. The or ganic layer was washed with H,O and
brine, dried over MgSO4 and con cen trated to givethe crude
productpurifiedby silicagel col umnchromatography (petro-
leum:EtOAC, 16:1), yielded acol or lessoil10 (463 mg, 82%).
[t]%’ +9.67 (¢ 1.7 CH2Clp). IR (film): v = 2922, 1733, 1626,
1405, 1381, 1158, 1072, 1023 cm™.*H NMR (200 M, CDCl 3):
§0.04 (s, 3H), 0.08 (s, 3H), 0.83 (brs, 3H), 0.86 (brs, 3H), 090
(s, 12H), 1.22 (t, J = 7.2 Hz, 3H), 1.63-1.70 (m, 1H),
3.04-3.09 (m, 2H), 3.80 (t, J=6.4 Hz, 1H), 4.16 (9, J=7.2
Hz, 2H), 5.54-5.62 (m, 2H). EIMS: m/e 243, 213, 185, 143,
130, 117,97, 73, 43.

(H)-(3S4R,59)-4-(1tert-butyldimethylsiloxy-isopr opyl)-3-
hydr oxy-butyrolactone(11)

To com pound 10 (208 mg, 0.68 mmol) was added a
mix ture of t-BuOH (3.5mL), H.O (3.5 mL), AD-mix [} (966
mg, 0.69 mmol), and methanesulfonyl am ide (66 mg, 0.69
mmol). The so lution was stirred for 72 hoursat 0 °C. Af ter
theaddi tionof sat uratedNa, SO; (1.0 g, 0.69 mmol), the mix-
turewas stirred for 40 min utesand di luted with EtOAc. The
or ganic layer was washed with H,0 and brine, dried over
MgSO, and con centratedto givethecrude prod uct puri fied
by sil icagel col umnchromatography (petroleum:EtOAc,
4:1),yieldedacol or lessfissilecrystal 11 (82 mg, 45%). [&:]%
+7.0° (c 1.9 CHxCl). IR (film): » = 3467, 2956, 2930, 2856,
1770, 1754, 1469, 1389, 1252, 1128, 1065, 841 cm™. ‘H
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NMR (400 M, CDCl;): & 0.14 (s, 3H), 0.20 (s, 3H), 0.91(s,
12H), 1.04 (d, J = 4.2 Hz, 3H), 1.06 (d, J = 4.2 Hz, 3H),
2.03-2.08 (m, 1H), 2.59 (brd, 1H), 2.69 (dd, J=4.8, 17.4 Hz,
1H), 4.07 (dd, J= 1.9, 7.0 Hz, 1H), 4.33-4.35 (m, 1H), 4.71
(dd, J=1.8, 7.7 Hz, 1H), 4.97 (d,J = 3.2 Hz, OH). ®*CNMR
(100 M, CDCl): & 18.10, 19.02, 19.19, 25.82, 31.48, 40.48,
69.99, 81.31, 175.33. EIMS: m/e 287, 245, 231, 201, 187,
171, 159, 147, 129, 117, 113, 101, 25, 43. HRMS (M+NH,)
calcd for C1,H3,0,NSi 306.2095, found 306.2099.

(-)-(B3RAS5S)-4-(1-tert-butyldimethylsiloxy-isopr opyl)-3-
hydr oxy-butyrolactone (12)

Com pound12 was pre pared in the same method as 11,
obtainedacol or lessfissilecrystal inyield 51%. [] 2’ -14.0%
(c1.0CH,Cl,). "HNMR (200 M, CDCl3): §0.13 (s, 3H), 0.19
(s,3H),0.90 (s, 12H), 1.04 (d,J=4.2Hz, 3H), 1.06 (d,J= 4.2
Hz, 3H), 1.99-2.10 (m, 1H), 2.61-2.69 (m, 2H), 4.07 (dd, J=
3.0, 7.0 Hz, 1H), 4.31-4.35 (m, 1H), 4.69-4.71 (m, 1H), 4.96
(d, J=3.2 Hz, OH).*C NMR (50 M, CDCl3): & 18.10, 19.02,
19.22, 25.82, 31.49, 40.48, 70.01, 81.29, 175.33. IR, EIMS
and HRM S were same as com pound 11.
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