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Abstract: Regto- and stereospecttic nng-opemng of chtral oxrranes has been effected by organotm 

phosphate condensates catalyst. Alcohols attack on the ternary and benzyhc posmons exclusively. 

Desprte seemmgly acnbc character of the catalyst m terms of regtoselechvrty the chrral centers are 

completely mverted The new methodolgy is apphed to syntheses of enantromencally pure hnalool 

and to conversnm of commercially avatlable (R)-stymne ox& into the (S)-counterpart 

INTRODUCTION 

Nucleophilc subsatutron at a ternary carbon proceeds usually by an SNl mechamsm, thus resultmg in 

racemtzatton of the ternary center Despite some excepttons whrch suggest SNZ-bke reacaons? httle 1s known 

about the stereochermstry. The only example, to our konwledge, 1s the study by Doermg and Zerss m whrch 

methanolysts of ophcally actrve hydrogen 1-ethyl-1,3&methylbutyl phthalate gave nse to 54% mverston and 

46% racemrzatton 3 In this relatton. rmg-opemng of oxnanes attracted extenstve attentron4 and provided useful 

n&matron in cases of cychc olefm oxrdes. 5 In parttcular, Rrckbom lent an unambtgous proof for the inversron 

of a ternary center through hydratron of 2.3~drmethyl-2-octalm oxuie having a rrans fused carbocycle whtch 

furnished the fruns dtaxtal 2,3-dtol 5c Intramolecular version of the nng-openmg also has proved to mduce 

complete mversion 6 Unfortunately, however, more general uuermolecular reactton between acychc oletin oxtdes 

and a nucleophtle has been mtssed so far Aryl-subsmuted oxtranes are also ltable to form a carbocahon at the 

benzylic posmon under acidic condmons Nucleophthc attack on these oxides grves nse to &verstty of the 

stereospecrficrty from mversron to retentron depending on reactton cotuhtrons, and thus a vsnety of mechamshc 

explanattons have been implicated 7 As far as the mversron 1s concerned, actd-catalyzed nng-opening by HCI 

was reported to grve nse to at most 83% and 60% selecttvmes wrth styrene and trans-stfbene oxides, 

respecttvely 7c Moreover, methanolysts of the former under acrdlc condntons mduced 89% mverston 7d 

We prevtously reported that organotm phosphate condensates (OPC) catalyzed regro- and stereospectfic 

nng-openmg of oxuanes by alcohol a Namely, alcoholysrs of 2-all#oxiranes occurs at the pnmary carbon whtle 

2-phenyl-, 2,2dtalkyl-, and 2,2.3-malkyloxiranes undergo the alcohol attack at the more hmdered rites.. On the 

other hand, cyclohexene ox& pro&es fruns a-alkoxy cyclohexanol smmospecifically These results have led us 

to expect that even ternary and benzyhc centers are posstbly tnverted We &sclose herem that thts 1s mdeed the 

case Of more Importance 1s that the present reacaon offers pracncal routes for enanttomertcally pure ternary and 
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Table 1 The ee’s of 4s and 5 

4aor5 9bee 

4a form (2S,3S)-1 98 

4a kom (2S,3R)-1 98 

4a from (2R,3R)-1 99 

4a from (2R,3S)-1 99 

5 from (2S,3S)-1 96 

5 from (2S,3R)-1 95 

Scheme 2 

2b 

Me2NCH(OMe)2 

6 

<O 
OH 

Ph 
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7 

Scheme 3 

2a - 

9 derived from b]D 

(2S,3S)-1 13 0 

(2S,3R)-1 -12 8 

(R)-8 
12.3 

(S)-8 -11 9 

The stereochermstry m methanolysls was confirmed with hnalyl methyl ether 9 which was obtamed by the 

sumlar method described above (Scheme 3) Companson with authentic samples IS agam in accord ~th the 

uwerslon at the terkuy carbon 
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One may atmbute the stereospeclficlty to the presence of the hydroxy group in 1 smce the Tl(OR).+- 

promoted rmg-opemng of allyhc alcohol epoxuks at the C(3)-0 bond 1s mmated by replacement of the RO group 

by the substmte allybc alcohoLt4 Inval&y of such mtemctmn m our case was attested by employmg the methyl 

ether 10 (eq 2) The tigh ee was attamed although the absolute cotiguraaon was not dewed. Moreover, 

excluswe C-2 nng-opemng was observed with 12 (eq 3) From (S)-12 (97% ec), the rmg-opemng product 13 

(97% ee) was obtamed m 81% yield, whereas (R)-12 (96% ee) pmvuied l3 (96% ee), the absolute confiwon 

kng not determmed m both cases, Apparently, the nng-opemng at the tertuuy carbon with complete mverslon 

predonunates It IS concluded therefore that the OPC catalyst serves as a Lems pcld which attacks on the oxuane 

oxygen atom vvlthout prep subsmumn by an allybc alcohol. 

MeOH/OPC -0.. 88% +oMB (2) 
OH 

10 

98% ee 
11 

98% ee 

&OMe 

1 

(S)-12 97% 88 
(R)-12 96% 88 

MeOH/OPC 8,% t &OMe (3) 

OMe 

13 

97% ee from (S)-12 
96% ee from (R)-12 

Upon treatment ~rlth benzyl alcohol (15 eqnv) m hexane, (R)-styrene oxide (14) (>98% ee) afforded the 

adduct 15a 11179% yield without contammation by the re&oisomer (Scheme 4). The ee of 1Sa was determmed 

to be 98% on the basis of HPLC analysis of Its benzoate 16a The absolute configuration was assigned by 

conversion to (S)-14 (vlde mfra) The reachon with the (S)-14 gave the smular outcome Methanolysls, on the 

other hand, gave lower ee values of 74-7696 We presumed that these hsfavorable results were ascribed to 

coexistence of strongly ac&c sites on the catalyst which induced carbocatlon formation from the oxuane. Thus, 

the catalyst was stmed ~rlth a small amount of pyndme m methanol at room temperature before subJecaon to the 

reaction As a result, the almost opt~ally pure adducts 15b were obtamed (98% and 96% ee’s as theta benzoates 

16b) The absolute configuration was apparent by comparison w& the literature data 1s 

The methanolysls of (2S,3S)-2,3-epoxy-3-phenylpropanol (17) (98% ee) which 1s rea&ly accessible 

through the Sharpless oxidation of Q-cmnamyl alcohol16 proceeded smoothly to pve the desired adduct 18 m 

67% yield (Scheme 5) The sansfactory ee value was attamed m this case even wthout recourse to the pyndme- 

momfied catalyst The conversion to (R)-15b through oxldatlon followed by reduchon disclosed that 18 

possessed the (2S,3R)-configuranon It follows unambiguously from these results that the benzyllc centers are 

speckally inverted 

Scheme 6 dlustrates new access to (S)-14 starting from the @Q-counterpart that 1s synthetically slgtufkant 

smce rmcmblal methods by which commercial 14 1s produced usually provide the latter isomer only l7 
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ME/ Ph Y 

Ph 
OH __t ‘r 

OCOPh 

OR OR 

14 15a R = PhCHP 16a R = PhCHP 

15b R=CH, 16b R=CH, 

oxirane alcohol yield (%) of 15 %ee of 16 

(R)-14 PhCHPOH 79 96 

I:;:; 4” PhCH20H MeOH 79 64 96 76 
P 96 

(S)-14 MeOH 362 74 
76a 96 

a The pyndlne-modified catalyst was used 

Scheme 5 

Ph&,OH 
CHsOH/OPC 

Ph&OH 
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(2S,3S)-17 16, 95% ee 

K104 t Ph,CHO 
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5Me 

Scheme 6 

PhvoH ?& PhvOT~ 
O,,Ph 
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O_Ph 69% OH 
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- PhyY DBU 

65% 
OH 

93%7 

21 
(S)-14 98% ee 

It seems of mterest to note further the results Wth 12-epoxyoctane (22) for comparison The nactlon of 

(R)-22 under standard condmons described above a&t&d the normal rmg-opemng product 23 and the abnormal 

product 24 (Scheme 7) The ee values were measured v&b 1H NMR spectra and the absolute configuranon was 

assigned based on the [CZ]D value of the COrreSpnbg cllol. 18 Qmte naturally. no decrease m opacal punty was 

detected dunng the normal rmg-opening Moreover, the secondary carbon center was perfectly mverted m the 

abnormal nng-openmg 
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Scheme 7 

n-W13 
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iH 

ROH 

yield (%) of 

23 24 

CH,OH 23a 51 24a 31 >99 (R) >99 (S) 

Ph,CHOH 23b64 24b15 >99 (R) >99 (S) 

n-W43 + r OH 

OR 

24 

I 
n-W-43 r OH 

OH 

%ee (Conflguratlon) 

23 24 

The results whtch have been disclosed m this study demonstrate that OPC enables an alcohol to attack at the 

terttary or benzyhc posmon m preference to pnmary and secondary carbons and the stereochennstry of the 

substttuted carbon ts totally mverted Parttcularly remarkable 1s the capabthty of a ternary center to undergo a 

high degree of mverston under seemmgly acnhc condtttons 19 Furthermore, the present method 1s synthettcally 

promtsmg for provtdmg practtcal mutes for opncally pure ternary and benzyhc alcohols 

EXPERIMENTAL SECTION 

NMR spectra were recorded on Httacht R-24B and JBOL GSX-400 spectrometers Mass spectra were 
obtatned with a JBOL JMS-DX 303~HF mass spectrometer usmg electron tmpact ~omzatton HPLC analysts was 
performed on a Shtmadzu LC-8A machine eqmpped with a Dame1 Chtralcel OD column Column 
chromatography was carned out on Xreselgel 60 (70-230 mesh) (Ii Merck) All the solvents were puntied 
accordtng to the standard methods (R)- and (S)-14 were products of Aldnch Co and E Merck Co, respechvely 
and then optical punty was found to be >98% (R)-18 (>98% ee) was purchased from Nippon Muung Co The 
preparatton of OPC has already been described u, 

Preparation of 12. Sharpless oxtdatton of 2-methylene-1-octanol provrded the correspondmg oxrrane m 
87% yteld (97% and 96% ee’s for the (S)- and (R)-isomers, respectrvely) The oxtrane thus obtatned (319 mg, 
2 02 mmol) and NaH (60% paraffin suspenston, 89 mg, 2 22 mmol) were sttrred m THF (5 mL) at 0 “C for 1 h 
Me1 (430 mg, 3 03 mmol) was added to this suspenston The mtxture was strrred at room temperature for 1 h 
Water was added and the nuxture was extracted wtth ether The orgamc layer was washed wtth water, dned 
(Na#O4), and evaporated Column chromatography of the restdue (10 1 hexane-ethyl acetate) afforded 12 (278 
mg, 80%) 

Reaction of 1, 10, or 12 with methanol (typical procedure) A reaction flask contammg OPC 
(217 mg) was heated at 150 “C m vacua for 1 h, charged with argon, and cooled to room temperatrue In thus 
flask were added methanol (10 mL) and (2S,3S)-1 (170 mg, 1 mmol) The reactton nuxture was heated under 
reflux for 2 h whtle bemg sttned After removal of the catalyst by filtratton, the filtrate was concentrated The 
residue was sttrred m 1 1 acettc anhydrtde-pyndme (each 2 mL) at room temperature for 2 h Workup and 
column chromatography on sthca gel (10 1 hexane-ethyl acetate) afforded (2S,3R)-1,2-dtacetoxy-3,7-drmethyl-3- 
methoxy-6-octene (3a) (206 mg, 72%) 1H NMR (CDCl,) 8 1 17 (s, 3H), 1 42-l 58 (m, 2H), 1 60 (s, 3H), 
168 (s, 3H), 1 97-2 01 (m, 2H), 2 02 (s, 3H). 2 10 (s, 3H),3 23 (s, 3H), 4 08 (dd, lH, J = 9 0 and 12 1 Hz), 
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4 50 (dd. lH, J = 2.2 and 12 1 Hz), 5.06 (t, lH, J = 7 3 Hz), 5 26 (dd, 1H. J = 2 2 and 9.0 Hz); t3C NMR 
(CDC13) 6 17 43, 18 48, 20 66, 20 83. 21 36, 25 53, 34.79, 49.43, 63 25, 73.38, 76.64, 123.74, 13166, 
170 05.170 77, HRMS. m/z calcd for C91-I170 (M+ - CH(OAc)CH2OAc) 141 1279; found 141.1254. 

To a methanol soIution (5 mL) of the dracetate 3a (206 mg, 0 72 mmol) was added 1 A4 NaOH (2 mL) 
The solution was stured for 5 mm and extracted wrth drchknomethane. The organic layer was washed wtth 
water, dned (Na$O4). and evapomted Column chromatography (1-l heaxane-ethyl acetate) afforded (2S,3R)- 

2a (131 mg, 90%): 1H NMR (CDCl3) 6 1 14 (s, 1 5H). 1 15 (S, 15H), 139-1.46 (m, 2I-I). 1.61 (s, 3H), 167 

(s, 3H), 197-2 00 (m, 2H), 3 21 (s, 3H), 3.59-3 70 (m. 5H), 5 09 (t, lH, J = 7.3 Hz); t3C NMR (CDC13) 6 
17 48, 18 32, 21.60, 25.51, 34.27, 48.92, 63 04, 74.52, 78.28, 124 14, 131.44, HRMS mlz calcd for 
C&itaO2 (M+ - MeOH) 170 1307, found 170.1295. The reactron wrth other dtastereomers of 1 were 
conducted samtlarly. 

The srmrlar reacuon wrth (2S,3S)-10 and (S)- or (R)-12 afforded 11 and 13 in 88 and 81% yields, 
respectrvely 11. *H NMR (CDCld 6 1.11 (s, 3H), 1 20-1.83 (m, W), 1 63 (s, 3H), 1.69 (s, 3H), 1 97-2 00 
(m, W), 2.86 (br s, lH), 3.20 (s, 3H), 3 34-3 89 (m, 3H), 3 39 (s, 3H), 5 11 (br t, lH), MS m/z 216 (I@), 
96% ee based on the chiral HPLC (99 1 hexane-isopropyl alcohol) as the benzoate 13 from (S)-12: *H NMR 
(CDC13) 6 0 89 (t, 3H. J = 6 6 Hz). 123-l 25 (m, 8H). 1 38-l 54 (m, 2H), 2 42 (br s. lH), 3 27 (s, 3H), 3 37 

(s, 3H), 3 46 (ABq, 2H, J = 9.5 Hz, AvAB = 16 5 Hz), 3.61 (ABq, 2H, J = 114 Hz, AvAu = 19 7 Hz), t3C 

NMR (CDC13) 6 14 01, 22.48, 22 57, 29 84, 29 91, 3171, 49 52, 59 42, 64 37, 75 18, 77 83, MS m/z 173 

(M+ - MeO), 97% ee based on 1H NMR wtth Eu(hfc)g. 13 from (R)-12 *H NMR (CDCI3 6 0 87 (t, 3H, J = 
6 6 Hz), 1 22-l 35 (m, 8H), 1 38-l 54 (m, 2H), 2 44 (br s. lH), 3.27 (s, 3H), 3 37 (s, 3H), 3 43 (ABq, 2H, J 

= 9 9 Hz, AvAB = 17 1 Hz), 3 60 (ABq, 2H, J = 114 Hz, AVAB 19 7 Hz), l3C NMR (CDCl3) 6 13 99,22 45, 
22 55.29 82,29 87,31 69,49 49,59 39,64 30.75 lo,77 82, MS mlz 204 (M+); 96% ee based on tH NMR 
wrth Eu(hfc)3 

Reaction of 1 with benzyl alcohol (typical procedure) To a reactton flask contammg OPC (217 
mg) whrch had been dned as described above was added hexane (10 mL), (2S,3S)-1 (170 mg, 1 mmol), and 
benzyl alcohol (162 mg, 15 mmol) The mrxutre was heated at reflux for 3 h whtle being stirred After removal 
of the catalyst by fIltratton. the solvent was evaporated. The remamrng or1 was heated at 100 “c/2 mm to remove 
the benzyl alcohol 
2 h 

The resuiue was stured m 1 1 aceac anhydnde-pyndme (each 2 mL) at room temperature for 
Workup and column chromatography (10-l hexane-ethyl acetate) afforded (2S,3R)-3-benzyloxy-1,2- 

dracetoxy-3,7-drmethyld-octene (3b) (195 mg, 54%) *H NMR (CDCl3) 6 1 28 (s, 3H). 1 51-l 71 (m, 2H), 
159 (s, 3H), 1 67 (s, 3H). 2 02 (s, 3H), 2 05-2 10 (m, 2H), 2 14 (s, 3H), 4 17 (dd, lH, J = 9.0 and 11 7 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Hz), 7 23-7.33 (m, 5H); 13C NMR (CDC13) 6 17 51, 19.30, 20 81. 20.98,21.57,25 65, 35 58, 63 46, 63 87, 
73 73, 77 32, 123 80, 127 14, 127 27, 128 28, 131 90, 138 83, 170 21, 170.97, HRMS m/z calcd for 
Cl4H22O4 (M+ - PhCH2OH) 254 1518, found 254 1499 

Alkalrne hydrolysis of the dracetate as described above affoded d101(2S,3R)-2b *H NMR (CDCl3) 6 1 30 
(s, 3H), 1 50-l 58 (m, lH), 1 61 (s, 3H), 1 68 (s, 3H), 1 74-l 82 (m, lH), 202-2.09 (m, 2H). 2.84 (br s, 
2H), 3 68-3 78 (m. 3H), 4.45 (s. 2H), 5 11 (t, lH, J = 7 1 Hz), 7 24-7 34 (m, 5H), 13C NMR (CDC13) 6 
1757, 19 IS, 21 86, 2558, 3505, 6307, 6354, 7480. 7906, 12407. 12720, 12730. 128 28, 13164, 
138 82, HRMS m/z calcd for Ct5H2tO (M+ - CH(OH)CHzOH) 217 1592, found 217 1623 The reaction with 
(2S,3R)-1 was conducted smnlarly. 

Preparation of benzoate 4a (typical procedure) A pyndme solution (3 uL) of (2S,3R)-2a (101 
mg, 0 5 mmol) and benzoyl chlonde (281 mg, 2 mmol) was strrrcd at room temperature for 1 h The solutron 
was poured Into water and the mrxture was extracted with ethyl acetate 
water, drred (Na2SO4). and evaporated 

The orgamc layer was washed wrth 
Column chromatography (50.1 hexane-ethyl acetate) afforded (2S,3R)- 

4a (156 mg, 76%) *H NMR (CDC13) 6 1 26 (s, 3H), 146-l 64 (m, 2H), 1 51 (s, 3H), 1 56 (s, 3H), 193- 
2 10 (m, 2H), 3 25 (s. 3H). 4 45 (dd, lH, J = 9 0 and 12 0 Hz). 4 73 (dd, lH, J = 2 4 and 12 0 Hz), 4 99 (t, 
lH, J = 7 0 Hz), 5 63 (dd, lH, J = 2 4 and 9 0 Hz), 7 26-7 98 (m. 1OH) 
of 2a was camed out smxlarly 

Benzoylatron of other drastereomers 

Opucal punty of 4a was measured mth the chu-al HPLC (99 1 hexane-rsopropyl alcohol) 
Preparation of aldehyde 5 A nuxture of 2b (139 mg, 0.5 mmol) and NaIO4 (214 mg, 1 mmol) m 

droxane (4 r&)-water (1 mL) was stured at room temperature for 1 h The mrxture was extracted wtth ether The 
organic layer was washed wrth Na2S203 solutron. NaHC03 solutron, and water Drymg (Na2S04) and 
evaporatron left an oil which was SubJected to column chromatography (5 1 hexane-ethyl acetate) to give 5 (102 
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mg, 80%). lH NMR (CDC13) 6 1.34 (s, 3H), 1.58 (s, 3H), 1.67 (s, 3H), 1.68-1.82 (m, 2H), 2.00-2.10 (m, 

W), 4 49 (ABg W, J = 11.5 Hz, AVAB = 20.0 Hz), 5 09 (t, lH, J = 7.7 Hz), 7.21-7.33 (m, 5H), 9.53 (s, 
1H). The ee was de@mmed on the basis of lH NMR by using a sh& reagent, Eu(hfc)g. 

Benzyl linalyl ether (7) 
was added N,Ndunethylformami 

To a d~chloromethane solution (20 mL) of (2+3R>2b (980 m 
de dimethylacetal(4.23 g, 35.3 mmol) and the nnxtme was h d 

,3&s: 

for 12 h. After evaporaaon of the solvent, the rcs&e was combined with acet~ anhydnde (10 mL). The mixtum 
was heated under reflux for 1 h. Ether was added to this mixture and the ether layer was washed with water. 
Drymg (NazSO4) and evaporation left an oil Column chromatography (50~1 hexane-ethyl acetate) afforded 7 

(490 mg, 57%). (R)-7: 1H NMR (CDCl3) 6 1.16 (s, 3H). 1.46 (s, 3H), 1.47-1.52 (m, W), 1 53 (s, 3H), 
1 93-1 95 (m, W), 4.21 (s, 2H), 4 93-5.01 (m. 2H), 5.04 (dd lH, J = 1.5 and 8.0 Hz), 5 66 (dd Hi, J = 11.0 
and 18 0 Hz), 7 01-7.17 (m, 5H); l3C NMR (CDCl3) 6 17.37, 22.04, 22.24, 25.49, 39 92, 64.09, 77.20, 
114 29, 124.50, 126.67, 126.76, 127 88. 130.70, 139.61, 143 01; HRMS m/z calcd for C10H16 (M+ - 

PhCHZOH) 136 1252, found 136.120% [U]D -2 78 (c 2 80, EtOH). (S)-7*lH NMR (CDCl3) 6 124 (s, 3H), 
1 51 (s, 3H), 1 53-l 62 (m, 2H), 1 59 (s, 3H),.1.98-2.01 (m, W), 4.29 (s, 2H), 5.04 (t, lH, J = 7 0 Hz), 
5 09-5.13 (m, 2H), 5.78 (dd, lH, J = 11.0 and 18 Hz), 7.19-7.25 (m, 5H); l3C NMR (CDCl3) S 17.58,22.25, 
22 39, 25 65, 39.89, 64 33, 77 55, 114.63, 124.50, 126.95, 127 08, 128 16. 131 25, 139.75, 143.11; MS 
m/z 244 (M+), [a]D 2.84 (c 2.39, EtOH) 

Linalool (8) Sodmm metal (132 mg) was added to hq. NH3 (10 mL) at -78 ‘C To thus solunon was 
added an ether solution (0.5 mL) of 7 (466 mg, 1.9 mmol) and the slouaon was stmed at thus tempemture for 30 
mm NH&l (1.0 g) was added to thus nuxture, which then was warmed to room temperatme. Extracuon with 
ether and evapoamon left an od column chromatography (30: 1 hexane-ethyl acetate) afforded 8 (257 mg, 88%) 
which was ldenhfied by comparison with an authentic specnnerr [U]D of 8 derived from (2S,3S)-l-17.24 (c 

7.31, CHC13). [a]D of 8 derived from (2S,3R)-1 16.51 (c 7 43, CHCl3). 
Linalyl methyl ether (9). A &chloromethane solution (20 mL) of 2a (713 mg, 3.5 mmol) and N,N- 

dnnethylfo~de dnnethylacetal(4.23 g, 35.3 mmol) was heated under reflux for 12 h. The &chlommethane 
was d~salled off and Ac20 (10 mL) was added to the residue. The nurture was heated under nflux for 1 h and 
then extracted with ether water The organic layer was washed v&h water and column chromatography (50~1 

hexane-ethyl acetate) of the residue gave 9 (388 mg, 66%). lH NMR (CDC13) 6 1.16 (s, 3H), 1.44-151 (m, 
2H). 1 52 (s, 3H). 1.60 (s, 3H), 1.90 (duistereotoplc dt, 2H, J = 8 Hz), 3 08 (s, 3H), 5.02 (t. lH, J = 7Hz). 
5 03-5 11 (m, 2H), 5 65-5 71 (m, 1H); l3C NMR (CDCl3) 6 17 57,2152,22.32,25.64,39.27,49.94,77 14, 

114.59, 124 44, 131.35, 142 81, HRMS m/z calcd for CllHmO (M+) 168.1514, found 168.1471 [a]D of9 

derived from (2S,3S)-1: 13 00 (c 2 26, EtOH) [a]D of an authentic sample prepared from (R)-hnalool 12 25 (c 

2.05, EtOH). [a]Jj of 9 derived from (2S,3R)-1: -12 81 (c 2 30, EtOH). [a]D of an authennc sample prepared 
from (S)-hnalool. -1192 (c 2.39, EtOH) 

Reaction of 14 with benzyl alcohol A hexane soluaon (5 mL) of (R)-14 (120 mg, 1.0 mmol) and 
benzyl alcohol (162 mg, 15 mmol) in the presence of OPC (217 mg) was heated under reflux for 5 h The 
workup as described above followed by column chromatography (5-l hexane-ethyl acetate) afforded (S)-15a 
(180 mg, 79%): 1H NMR (CDC13) 6 2.93 (br s, lH), 3.55 (dd, lH, J = 3 7 and 11.7 Hz), 3.68 (dd, lH, J = 

84and117Hz),438(ABq,2H,J=73Hz,AvAB= 12.6 Hz), 4 46 (dd, lH, J = 3 7 and 8.1 Hz), 7.27-7 34 

(m, 1OH). 13C! NMR (CDC13) 6 67.00, 70 40, 82 10, 126 80. 127 50, 127 60, 127.90, 128.20, 128 30, 

137 80,138 40, m/z 228 (M+), [a]D 86 78 (c 2 58, EtOH) The correspondmg benzoate 16a was proved to be 
98% ee based on the clural HPLC analysis (99 1 hexane-isopropyl alcohol) The reaction of (S)-14 was 
conducti analogously. 

Reaction of 14 with methanol To a suspension of OPC (217 mg) m methanol (5 mL) was added 
pyndme (8 mg, 0 11 mmol) and the rmxture was stmed for 30 mm at mom temperature. Then, (R)-14 (120 mg, 
10 mmol) was added to this nuxture. The nuxture was heated under reflux for 2 h. The workup and column 
chromatography (5 1 hexane-ethyl acetate) provided (S)-15b (116 mg, 76%) [a]D 116.87 (c 2 70, EtOH); 
lit 17127 00 (c 6.40, EtOH) The correspondmg benzoate 16b was SubJeCted to the churl HPLC analysis to 
show 98 %ee (991 hexane-isopropyl alcohol) The reaction of (S)-14 was conducted analogously. Without 
premlxmg of OPC with pyndme, the ee’s of 16b were found to be 76 or 74% 

Reaction of (2S,3S)-17 with methanol To a methanol suspension (5 mL) containing OPC (217 
mg) was added (2S,3S)-17 (98 %ee) (150 mg, 10 mmol). The mixture was heated under reflux for 3 h and then 
filtered The filtrate was concentrated and the residue was stirred m Ac20 (2 ml)-pyndme (3 mL) at room 





J OTERA~~ al 

Eu(hfc)s 24b lH NMR (CDC13) 6 0 90 (br t, 3H), 103-I 60 (m, lOH), 2 88 (br s, lH), 3 07-3 47 

4.35 (s, 2H), 7.08 (s, 5H); [a]D -18.35 (c 2 64, EtOH)), >99 %ee based on tH NMR with Eu(hfc)j 
Hydrogen was bubbled mto an ethanol solution (5 mL) of 23b (300 mg, 127 mmol) m the preset 

C (5%) (30 mg) at room temperature for 8 h Fdtratlon of the reaction nuxture and concentration of th 
layer provided (R)-octane-1,2_dlol ([a]D 16 72. c 2 42, EtOH) The sumlar reacnon converted 24b t 

Isomer ([a]D 14 49, c 2 21, EtOH) 
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