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Abstract. All four stereoisomeric cyclic 3,5,7-trihydroxyheptanoic acid equivalents of the polyacetate aldol type
(Scheme 1) are obtainable from 8-oxabicyclo[3.2,1]oct-6-en-3-one which functions as a meso-configurated 4-way
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optical switch. Lewis acid assisted nucleophilic ring opening of anomeric [3.3.1] oxabicyclic lactones is a key step.
The utility of the methodology is exemplified by a 6 step synthesis of the C17-C23 fragment of spongistatin

urti i cavier Qrinnra 1 [ R TS |
(altohyrtin) and C-glycoside analogues. © 1999 Elsevier Science Ltd. All rights reserved.
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supported by a 1,2-relationship of alkyl substituent and carbonyl function in the transition state.’ In aldol
reactions of the polyacetate type chiral induction is nccessarily weaker and enantioselectivity drops, often
dramatically. Enantioselective variants of Lewis acid catalyzed additions of enol silanes to aldehydes commonly
known as Mukaiyama aldol reaction are limited to specific substrates, e. g. d> components with phantom
ligands* which are removed eventually or a' components with bulky substituents.’® Chiral boron reagents in
methy! ketone aldol reaction give only moderate levels of enantioselectivity at least for 1,3-induction.® Thus
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chiralitv is often transferred intramolecul rly, as in

ishchenko’ and Saksena-Evans® internal hydride transfer. In contrast 1,3-syn diols have ofien been obtained
via Lewis acid complexation and external hydride donors.” Several skipped polyol chains have been prepared
by two directional synthesis'® via meso compounds and then desymmetrization.

We recently demonstrated high stereocontrol for the construction of polyacetate building blocks starting from
meso 8-oxabicyclo[3.2.1]oct-6-en-3-one (1) as outlined in Figure 1. For example cis and also trans C-
glycosides as in bryostatin ring A'' and the C3-C9 fragment of the phorboxazoles A and B,"? respectively, are
easily accessible via different ring opening strategies of the five membered ring of the bicyclic starting material.
Stereocontrol of all five ring carbon centres is possible as shown for spongistatin ring E. 13 Hioh flexibility and
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rings B, C and D" of the

o T.‘.
igure 1). Functionalized 3,5-

absolute stereocontrol are demonstrated in the synthesis of the tetrahydrop

yran
17
and D (F

15, 16 agment of the vhorboxazoles
and the C33-C37 fragment th rboxazoles A and B
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substituted B-alkoxy-8-valerolactones allow coupling through nucleophilic attack. They also appear as chirai
I 18
unit in the mevinic acids.'*
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We now report functionalization of the anomeric centre to provide C-glycoside precursors. In fact, meso

bicyclic ketone 1 offers access to all four stereoisomers of the corresponding 3,5,7-trihydroxyheptanoic acids

and their cyclic equivalents (Scheme 1). Selective reduction of the carbonyl! function by reagent and substrate

control gives the syn-aldol equivalent 2b and anti-1,3-diol 2a. The meso compounds 2a and 2b were

desymmetrized via asymmetric hydroboration, oxidized and submitted to Baeyer-Villiger rearrangement. Thus

all four enantiopure compounds 3a - 3d have been prepared. Oxablcychc ketone 1 functions as an early meso-
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phosphonium group which allows Wittig olefination,”® ¢. g. in natural product synthesis.”’
op
~=\ 5 steps z pr
desymmetrization via ) A
$O4 ='=,':¥nme..'.c hydroboration & a), b) or c) o Y
EE————
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(-4 P1=CH, carbanion X = SPh
{-+5F1=8n stabilizing SO,Ph
g l groups PPh,BF,
) CN
\J
OopP! OoP1
A a) or b) -
J§ RO
CH0” "0 ™0CH, CHO” "0 X
12P1=CH, 86 % 14-16
Scheme 2. a) HPPh,BF,; b) PhSH, BF;'OFt;; ¢) TMSCN, TMSOTF: d) CH;0H, catal. H,S0,
Table 1. Various carbanion stabilizing groups at the anomeric centre.
Compound R P! X Yield [%] ax:eq
6 H CH; PPh3;BF, >99 1:1
7 H Bn PPh;BF, >99 1:1
8 H CH;, SPh >99 5:1
9 H Bn SPh 93 1:1
10 H Bn CN 98 5:1
11 By Bn CN 53 5:1
14 CH; PPh;BF, >99 1:5
15 Bn PPh;BF, >99 1:1
16 CH; SPh 98 5:1

* small scale esterfication of 10 via Bu'OH, DCC, DMAP

Introduction of a sulfone group for which o-oxyanion stabilization is also known (Scheme 4 below),”!

was
considered. However, attempts to convert simplified glycosidic methyl acetals, e. g. 12, 13 with
benzenesulphinic acid”® into the sulfones and with dipyridyl disulphide and tributylphosphine® into the

corresponding sulfides were not successful. The soft-hard combination of thiophenol and boron trifluoride



etherate was more promising. The reaction proceeded directly and under even milder conditions with anomeric
lactones, 1. e. 2,9-dioxabicyclo[3.3.1]nonan-3-ones (-)-4, (-)-5. Introduction of the phosphonium group was
tolerated by the protecting groups present in the lactones (—)-4, (—)-5 and in the acetals 12 and 13. The high
reactivity of anomeric oxabicyclic lactones is obvious from the reaction of thiophenol with boron trifluoride
etherate. Thus, lactones (-)-4 and (—)-5 were converted without deprotection at 0 °C and even at room
temperature into the corresponding O,S-acetals 8 and 9 (Scheme 2). In contrast monocyclic acetals 12, 13,
containing a terminal ester functionality required longer reaction times at ambient temperature for complete
occurs without ar

B2 0018

corresponding O,S-acetal. 24 ng opening of the 2,9-dioxabicyclo[3.3.1]nonan-3~-ones was extended to other

\I——-b\(:

Lewis acid/nucieophile combinations, such as the opening of lactone (—)-5 with trimethyisilyl cyanide and
trimethylsilyl triflate, giving cyano acid 10. Reaction was almost quantitative although characterization was
easier with the derived t-butyl ester 11.
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Scheme 3. a) HPPh;BF,; b) PhSH, BF;-OEt;; ¢) TMSCN, TMSOTT; d) CH;OH, catal. H,SO,; ¢) BHy DMS, B(OEt); f) NaH,
BnBr, BusNI; g) m-CPBA, NaHCOs.
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For anomeric sulfides 8 the sequence was completed by borane reduction to the corresponding alcohols 17ax
and 17eq which were separated by column chromatography (Scheme 3). Protection to the benzyl ethers 18ax
and 18eq and oxidation to the anomeric sulfones 20 afforded the spongistatin C17-C23 fragment, correctly
functionalized for a-oxyanion coupling. Sulfones 19ax and the epimeric 19eq were obtained by a shorter
sequence via oxidation of anomeric sulfides 16. They are equivalent building blocks and contain an ester
functionality at C17 (Figure 1), ready for C16-C17 coupling by established methodology.”

m RCHO Y
Ko/L\.Sozph ref. 21 ko/iK/R

N ~
RCHO ,
—_— Y B
S0 ™PPhyBF, ref. 19 No R
Scheme 4

In summary all four bicyclic anomeric lactones 3a - 3d and their monocyclic deoxygenated heptopyran-

uronic acids are accessible from meso 8-oxabicyclo[3.2.1]oct-6-en-3-one (1), which is a highly versatile

L=
buildin h!@(_‘_k (Scheme 1). Polyacetate based oxacycles 6 - 10 were obtained enantiopure in only 6 steps and
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chiral auxiliary. Beyond Figure 1 we have extended the utility of title bicyclic compound to building blocks
containing a variety of carbanion stabilizing n-acceptors (Scheme 2, 3). Umpolung of anomeric reactivity was
established by straightforward Lewis acid catalyzed ring opening of 2,9-dioxabicyclo[3.3.1]nonan-3-ones. The
utility of our single-isomer, anomeric [3.3.1] oxabicyclic lactones has also been illustrated by the synthesis of
the spongistatin ring C and E segment.?
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General Infrared spectra were recorded on a Perkin-Elmer 1710 infrared spectrometer. — g NMR and 13C
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NMR spectra were recorded on a Bruker AM 400 spectrometer in deuterated chloroform unless otherwise
stated, with tetramethylsilane as internal standard. — Mass spectra were recorded on a Finnigan MAT 312 (70
eV) or a VG Autospec spectrometer at room temperature unless otherwise stated. — Preparative column
chromatography was performed on J. T. Baker silica gel (particle size 30 - 60 pm). — Analytical TLC was
carried out on aluminium-backed 0.2-mm silica gel 60 I';54 plates (E. Merck). — Diethyl ether (E) and THF were
distilled over sodium and benzophenone before use. CH,Cl, (DCM) was distilled over Call, before use. DMF
was dried over BaO and distilled over CaH, before use. Methyl t-butyl ether (MTBE), ethyl acetate (EA),

nnnnnnnnnnnn ght nate~laiiems DL T AN L0 O axrae Lo on 1100
Lybluuc:&auc \\/I 1} CUJ.U llglll pruuiculi \ri., vp FU-UU L) wil .

(5
8-Oxahicvclof3.2. 1 1oct-6-en-3-one (1\ was prepared from f

8-Oxabicyclo[3.2.1]oct 3-one (1) prepared fror !
nrocedure on a 1 molar scale. Selective reduction to the axial 2a or eauatonal alcohol 2b was nerformed via
L-Selectride at —78 °C or Sml, reduction in refluxing THF, respectively.'* Desymmetrization of the protected
alcohols via asymmetric hydroboration with (=)-(Ipc);BH or (+)-(Ipc),BH afforded the enantiopure alcohols 3a
- 3d."* PCC and Baeyer-Villiger oxidation gave the 2,9-dioxabicyclo[3.3.1]nonan-3-ones, e. g. (—)-4 and (-)-5
which were cleaved as described below, or by acidic methanolysis to give methylacetals 12 and 13.'" '

General procedure for the conversion of lactones and acetals into the corresponding triphenylphosphonium

tetrafluoroborates. The substrate was heated (0.1 M in acetonitrile) with an equimolar amount of
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triphenylphosphonium tetrafluoroborate under reflux for 1 h. The mixture was concentrated in vacuo and
recrystallized from ethyl ether/chloroform (50/1).

Triphenylphosphonium tetrafluoroborate salt 6. According to the general procedure lactone (-)-4 was
converted into 6, white solid (ax/eq = 1/1) in >99% yield. Spectroscopic data was determined from the anomeric

P PPy a_.-.- [ -

mixture. 'H NMR (400 MHz, CDCls, TMS) & 7.85 - 7.62 (m 30 H, PPhs), 5.71 (m, 2 H, H-6/H-6"), 4.64 (m, 1
Ay ‘7‘! (‘I_.l
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n, n-<j, 4.2 {n, 1 i, ri~< ), 2.¥J5 {1, 1 11, ri~4), 3.77 {pQ —a.1 1z, 111, 1i=4 ), 3.04 ( s D s Ubﬂj), 3.L7 (S,
IH OCH). 269¢(dd J= 164H7z J=431H7 1”“,7 "}Rﬁfm 2H H.7h/H 73" 242434 J= 1692 > J
 Lhy NINCLLY Jy b TS Wy U AN R hdry TVl RRkuy R Ay ATy LidT (Mg L 11, XRATTUILIT /A Jy L0 WU, v 1V.L 1214, J
= 8.3 Hz, 1 H, H-7b"), 2.36 (m, 1H, H-3¢,), 2.09 (m, 3H H3eq',H5¢q/H5m'),192 bd, J=15.7 Hz, 1 H, H-

3a), 1.45(ddd, J=11.6 Hz, J=11.6 Hz, J = 107Hz 1 H, H-34"), 1.23 (m, 2 H, H-5,/H-5,"); >*C NMR (100
MHz, CDCl;, TMS) § 173.85 (C, C-8), 135.75/135.72/135.55/135.52 (CH, p-Cpy), 134.36/134.32/134.26/
13422 (CH, o-Cpy), 130.73/130.60/130.57/130.45 (CH, m-Cpy), 116.28/115.90/115.43/115.06 (C, Cpn),
75.48/74.27 (CH, C-2), 71.73/70.81 (CH, C-4), 70.51/65.22 (CH, C-6), 56.36/55.92 (CH;, OCH3), 40.50/37.75
(CHz, C-7), 36.63/31.26 (CH,, C-3), 30.51/29.13 (CHa, C-5); Vmax (CHCl3)/cm™" 3300, 3040, 2932, 1716, 1484,

T A AN 100 A s Rr £ ) T AN TN A E Nt X2} A\ -~ FaYa Ve ™ oA a4~ ow xt P le Ve o - ~ ~
144U, 1588, 1372, 1340, 1.554, 1278, 1155 llDZ. llll 1074, 990, FAB: 435 (M -8/ (BlFy), lUU), 2063 (34),
122 /1KY 141 /17
165 (12}, i1 (1/).

Trivhenvivhosphonium tetrafluoroborate salt 7. According to the egeneral procedure lactone (<)%
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converted into 7, white solid (ax/eq = 1/1) in >99% yield. Spectroscopic data was determined from the anomeric
mixture. Further assignment was possible through CH-COSY (400 MHz, TMS), 'H NMR (400 MHz, CDCl;,
TMS) 6 7.88 - 7.62 (m, 30 H, PPh;), 7.29 - 7.15 (m, 10 H, Bn), 5.71 (m, 1H, H-6%), 5.69 (dd, /= 11.0 Hz, J =
3.7 Hz, 1 H, H-6"), 4.64 (m, 1H, H-2%), 4.58/4.51 (d, J= 11.2 Hz, 1 H, CH,Ph), 4.52/4.44 (d,J=12.1Hz,1H,
CH,Ph), 4.38 (m, 1 H, H-2%), 4.20 (ddd, J = 10.8 Hz, J = 6.1 Hz, J = 4.4 Hz, H-4%), 4.00 (m, 1H, H-4%), 3.32
(dd, J=16.4 Hz, J=9.9 Hz, 1 H, H-7a%), 2.74 (dd, J = 164Hz J=42Hz, 1 H, H-7b"), 2.56 (dd, J = 16.1 Hz,

J= 5()H21H H7a“)248(de lb]HzJ 84Hzl H7b“)235(m 1H, HSax“‘),222(m IH, H-

7YY 1Y Oy 3nxr\m

riz H-3a ); "C NMR
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128.35 (CH, m-Cagy), 127.94/127.69 (CH, O-Cnn) 127.81/127.64 (CH, p-Cayp), 116.20/115. 80/115 36/114 96 (C,
Cen), 75.38/75.24 (CH, C-2), 73.31/73.14 (CH, C-4), 71.08/70.89 (CH, C-6), 40.40/37.90 (CH,, C-7),
37.12/31.85 (CHa, C-3), 31.39/29.48 (CHy, C-5); Vmax (CHCl3)/em ™' 3336, 3012, 2952, 2924, 2872, 2848, 1716,
1652, 1616, 1600, 1588, 1508, 1484, 1440, 1396, 1360, 1112, 1072, 996, 912, 864, 620, 568, 520; MS (200
°C): 565 (M*=33, 3.2), 424 (3.0), 310 (3.2), 277 (3.1), 263 (21.0), 262 (100.0), 261 (15.8), 184 (17.5), 183
(/3 4) 157 (o /), 152 (11.2), 108 (36.8), 107 (16.3), 91 (14.9), 81 (10.1), 79 (14.8), 77 (15.6); FAB: 511 (M'-
87 (BF,), 100), 403 (5), 263 (46), 183 (14), 141 (8).

(28, 48S)-(4-Methoxy-6-phenylsulfanyl-tetrahydro-pyran-2-yl)-acetic acid (8). At 0 °C 72.0 ul (0.7 mmol) of
thiophenol and 88.0 ul (0.7 mmol) of boron trifluoride etherate were added to a solution of 120.7 mg (0.7

mmol) of lactone (—)-4 in 2 mi of abs. DCM. The solution was stirred 2 h at 0 °C and quenched with 0.5 ml of
water, stirred for 1.5 h at rt, dried over Na,SO4 and concentrated in vacuo. Recrystallization of the crude
product (PE/E = 15/1) afforded 8 (197.0 mg, 0.7 mmol, >99%) as an anomeric mixture o/ = 5/1 (determined
by '"H NMR). Spectroscopic data for the predominating a-anomer were determined from the anomeric mixture.
'H NMR (400 MHz, CDCl;, TMS) & 7.51 - 7.41 (m, 2 H, 0-Ph), 7.33 - 7.18 (m, 3 H, m-, p-Ph), 5.68 (bd, J =
5.3 Hz, 1 H, H-6), 4.76 (dd, /= 12.0 Hz, /= 1.8 Hz, 1 H, H-2), 4.70 (dddd, J=11.7Hz, J= 114 Hz, J= 5.5
Hz, /=53 Hz, 1 H, H-4), 3.38 (s, 3 H, OCHa), 2.59 (dd, /=154 Hz, J= 7.5 Hz, 1 H, H-7a), 2.52 (dd, J= 154
Hz, J =74 Hz, 1 H, H-7b), 2.20 (ddd, J = 12.0 Hz, J= 5.3 Hz, J = 1.8 Hz, 1 H, H-3¢g), 2.09 (m, 1H, H-5.,),
1.86 (m, 1H, H-5,,), 1.52 (ddd, J=12.0 Hz, J= 119 Hz,.J= 11.2 Hz, 1 H, H-3,,); "C NMR (100 MHz, CDCl;

£ Qe vaixd, L ARIT,

TMS) & 176.39 (C, C-8), 134.89 (C, Cpn), 131.31 (CH, m-Cpy), 128.90 (CH, 0-Cpy), 127.08 (CH, p-Cpy), 84.79
(CH, C-6), 72.12 (CH, C-2), 65.55 (CH, C-4), 55.55 (CHs, OCHj3), 40.52 (CH,, C-7), 37.34 (CH,, C-5), 36.74
(CHa, C-3); Vmax (CHCL)/em™ 3512, 3064, 3000, 2928, 1712, 1584, 1480, 1440, 1380, 1296, 1264, 1228,
1188, 1152, 1080, 1024, 984, 956, 908; FAB: 282 (M™, 27), 281 (36), 218 (46), 173 (100), 163 (57); HR-MS
caled. for C4H,304S (M) 282.0926, found 282.0928.
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(2S,4S)-(4-Benzyloxy-6-phenylsulfanyl-tetrahydro-pyran-2-yl)-acetic acid (9). At 0 °C 23.0 ul (0.2 mmol) of
thiophenol and 28.0 ul (0.2 mmol) of boron trifluoride etherate were added to a solution of 55.7 mg (0.2 mmol)
of lactone (-)-5 in 1 ml of abs. DCM. The solution was stirred 15 min at 0 °C and 45 min at rt, quenched with
30 pl of water, dried over Na;SO4 and concentrated in vacuo. Recrystallization of the crude product (PE/E =

amn s -~ =

15/1) afforded 9 (74.2 mg, 0.2 mmol, 93%) as an anomeric mixture o/ff = i/1 (determined by 'H NMR).
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7.39 (m, 4 H, 0-SPh), 7.34 - 7.14 (m, 16 H, p-, m- SPh/Bn), 5.68 (d, J= 5.1 Hz, H-6%),4.73 (dd, /= 11.8§ Hz, J
B

=19 Hz, | H, H-6%), 4.68 (m, 1H, H-2), 457 (d,J = 12.0 Hz, 1 H, CH,Ph), 4.53 (d, J = 12.0 Hz, | H, CH,Ph),
455 (d,J=12.5 Hz, 1 H, CH,Ph), 4.52 (d, /= 12.5 Hz, 1 H, C__ 1Ph), 3.90 (m, 1H, H-4%), 3.86 (m, 1H, H-2),

. e Z,
3.62(ddd,J=11.7Hz,J=10.8 Hz, J=4.6 Hz, 1 H, H-4ﬁ) 2.73(dd, J=16.4 Hz, J= 8.5 Hz, 1 H, H-7a) 2.73
(dd,J=154Hz,J=8.1 Hz, 1 H, H-7a), 2.53 (dd, J= 15.4 Hz, J 4.4 Hz, 1 H, H-7b), 2.52 (dd, /= 16.4 Hz, J
=5.0Hz, 1 H, H-7b), 2.45 (ddd, J = 12.9 Hz, J= 4.4 Hz, J= 1.7 Hz, | H, H-5.4%), 2.39 (ddd, J= 129 Hz, J =
46Hz J=19Hz, 1 H, H-Seqs), 2.20(ddd,/=11.8 Hz,J=4.4 Hz, J= 2.2 Hz, 1 H, H-3.y), 2.09 (ddd, J=11.8
Hz,J=44Hz,J=2.2 Hz, 1 H, H-3¢), 1.95 (ddd, J“ 129 Hz, J=11.8 Hz, J= 5.1 Hz, 1 H, H-5,%), 1.62 (ddd,

J=129Hz, J=118Hz,J=11.8 Hz, 1 H, H5u") 1.39(ddd,J=11.8 Hz, J=11.7Hz, J=11.6 Hz, 1 H, H-
34, 1.36 (ddd, J = 11.8 Hz, J = 11.7 Hz, J = 11.4 Hz, 1 H, H-3,); *C NMR (100 MHz, CDCl;, TMS) &

196 61176 SA (0 0.8 12Q 1£/12Q D) (O 114 €97/1242Q (O 132.77/132.44/131.38/130.65/128.96
1/0.017/170.09 (L, L~0 ), 1J0.1U/100.VL ., \.,B") 12%.0//10%9.00 \\./ \/SPh}, 124L.7//104.249/101.30/12U.00/1£0.70
/128 81/128.78/128 51/128.48/128.47/127 96/127.89/127.76/127 .73/127.70/127.64/127.60/127.10/127.00 (CH

V7 (il

Cpn/Cspn), 84.83/82.53 (CH, C-2), 74.40/73.88 (CH, C-4), 72.12/70.92 (CH, C-6), 70.09/69.91 (CH,, CH,Ph),
40.70/40.52 (CH,, C-7), 37.87/37.24/37.16/36.68 (CH,, C-5/C-3); vmax (CHCl3)em™" 3400, 3064, 3028, 2948,
2924, 1712, 1584, 1480, 1440, 1412, 1360, 1296, 1256, 1192, 1152, 1112, 1068, 1024, 984, 960, 932, 908; MS
(130 °C): 250 (M=108, 1.4), 249 (7.7), 218 (3.8), 200 (2.4), 199 (9.9), 155 (2.3), 143 (5.3), 141 (31.3), 118
(8.6), 109 (20.5), 91 (100.0), 81 (10.4), 70 (8.1), 65 (11.2); HR-MS calcd. for C14H,;704 (M —SPh) 249.1126,
found 249.1124.

It, then poured into sodium hydrogen carbonate solution. After neutrahzatlon thh ammonium chlonde the
aqueous layer was extracted with DCM, dried over Na;SO,4 and concentrated in vacuo to afford a yellow solid
which was recrystallized from PE/E = 10/1. Yield 41.2 mg (0.15 mmol, 71%) of 10 (ax/eq = 5/1). Spectroscopic
data were determined from the anomeric mixture. 'H NMR (400 MHz, CDCl3, TMS) 8 9.20 (bs, 1 H, OH), 7.38
-7.30 (m, 5 H, Ph), 494 (dd, J=5.5Hz, J=13 Hz, 1 H, H-6), 4.61 (d,J=11.4 Hz, 1 H, CH,Ph), 4.56 (d, J =
11.4 Hz, | H, CH,Ph), 4.25 (m, 1H, H-2),3.93 (dddd, /=114 Hz, /J=11.3Hz,J=4.4 Hz, /=42 Hz, 1 H, H-

'S
AN N £L£ 713 Yy _— 1£ N 1Y T "7 & 1Y 11T 1Y 7.\ N LCL 711 F—-—1£ N 1Y FT— £9717- 11T TY¥ 7L N "NEL r 111 ) g—
4), 2.66 (aq, /= 16z, /= /.5 nz, 1 n, n-/aj), 256 (44, s =10, Nz, /= 5.2 0z, 1 0, 0-/0), 2.25 (aaqg, J =
13.6 Hz,J=42Hz, J=13Hz, | 5.).224(bd. J=12.5Hz 1 H. H-3..). 1.81 (ddd. J=13.6 Hz. J=11.3
s & 1A P - & } ot o etV \U\J’U L e lLL., i ll, 11 Jeq), 1.1 \uuu’ (74 [ RO AN llb,l’ 11.0
Hz,J=5.5Hz, | H, H-5,), 1.40 (ddd, J = 125Hz...1:116H7 J=11.4Hz, 1 H, H-3,); C NMR (100 MHz,

CDCl3, TMS) & 175.60 (C, C-8), 137.70 (C, Cpp), 128.54 (CH, m-Cpy), 127 92 (CH, 0-Cpy), 127.64 (CH, p-Cpyp),
116.93 (C, CN), 70.97/70.44 (CH, C-2/C-6), 63.72 (CH C-4), 40.33 (CH,, C-7), 37.01 (CH,, C-5), 29.65 (CHa,
C-3):; Vmax (CHClz)/cm™ 3040, 2924, 2868 , 2680, 2584, 1716, 1452, 1432, 1364, 1312, 1264, 1228, 1164,
1120, 1076, 1028, 976, 912, 864, 840; MS (50 °C): 279 (M +4, 2.5), 168 (2.8), 167 (4.0), 149 (12.8), 139 (2.3),
111 (3.8), 107 (6.8), 91 (12.7), 87 (12.1), 85 (69.3), 84 (10.6), 83 (100.0), 80 (9.8), 69 (6.6).
(28,4S)-(4-Benzyloxy-6- cyano tetrahydro-pyran-2-yl)-acetic acid tert- ouzyl ester (11). A solution of 30.0 mg

N1 s~ A€ s d 1O VL K ny 1 st Al AFN N’ _Ainunlalhavivlanrshadiimida Q& D maa 11 2 smasmam]) AL+ lvstnnal
(V.1 IMinoi) 01 aCid 1v, £0.J Mg \U 1 MMNO1y O INGIN -um_ymuuczx_ywcuuuuuuuuc, 7U.4 g (1.0 I1iiii01) O1 i-0uliaiion
and a catalytic amount of 4-dimethylaminopyridine in 1 ml of abs. DCM was stirred overnight at rt. The

reaction mixture was poured into sodium hydrogen carbonate solution, extracted with DCM, dried over Na,SOy4
and concentrated in vacuo. Purification by column chromatography (CH/EA = 5/1) yielded 19.2 mg (0.06
mmol, 53%) of ester 11 (ax/eq = 5/1). Spectroscopic data were determined from the anomeric mixture. '"H NMR
(400 MHz, CDCl3, TMS) & 7.36 - 7.32 (m, 5 H, Ph), 493 (dd, .= 5.9 Hz, /= 1.7 Hz, 1 H, H-6), 4.60 (d, J =

11.6 Hz, CH,Ph), 4.56 (d, /= 11.6 Hz, | H, CH,Ph), 4.21 (m, 1H, H-2), 3.90 (dddd, /= 11.2 Hz, J= 8.8 Hz, J
=6.7Hz,J=4.4Hz, 1 H,H-4),2.49 (dd, /=153 Hz, J=7.5Hz, 1 H, H-7a), 2.43 (dd, J=15.3 Hz, /= 5.4 Hz,

nnny 010 020z Q201
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1 H, H-7b), 2.23 (ddd, J = 13.1 Hz, J= 4.4 Hz, J= 1.7 Hz, 1 H, H-5g), 2.21 (m, 1H, H-3,,), 1.79 (ddd, J = 13.1
Hz, J=11.2 Hz, J = 5.9 Hz, 1 H, H-5y), 1.47 (s, 9 H, C(CHs)s), 0.97 (m, 1H, H-3,); “C NMR (100 MHz,
CDCl;, TMS) 8 169.12 (C, C-8), 137.88 (C, Cpy), 128.55 (CH, m-Cpy), 127.90 (CH, p-Cpp), 127.64 (CH, 0-Cpy),

117.15 (C, CN), 81.19 (C, C(CHa)3), 73.77 (CH, C-6), 70.91 (CH, C-2), 70.43 (CH,, CH,Ph), 63. 75 (CH, C-4),
42.06 (CH,, C-7), 37.18 (CH,, C-5), 34.49 (CH,, C-3), 28.07 (CH3, C(CH3)3); vmax (CHCl3)/em™ 3008, 2980,
7077 D242 1774 1404 1457 12109 1148 1217 1240 197 1189 1074 100Q QT4 QAN ANAQ (ON 0. Y7L
L34, LOVO, L4, IXTU, 1FJL, 1ITL, VIVUO, 1J14, 14UV, 1L04, L1104, 1VU/U, 1ULO, 7/0, owu, vVid (oU L} Z4/0
(M55 1.4) 275 (7.4) 274 (18 4). 258 (2 5) 240 (1 8) 184 (1 N 167 (3. 180 3.7, 141 (12.7). 107 (51 .8)
\LY2 [ ..r},c_-.; PV, & VAU L0 (&l gy LV 1.0y, 10T (L0J)y AU \Jed )y 1IVRTd s AFL (1Lt gy LV \J1.U),
105 (6.3), 92 (18.6), 91 (100.0), 80 (3.7), 65 (4.7); HR-MS calcd. for C;sH;¢NO; (M'-Bu) 274.1079, found
274.1076.

Triphenylphosphonium tetrafluoroborate salt 14. According to the general procedure acetal 12 was
converted into 14. Yield 129.0 mg (0.24 mmol, >99%) of white crystals, mp 153 - 156 °C. The product was
obtained as an anomeric mixture (ax : eq =1:5 (‘"H NMR)). Spectroscopic data for the major anomer were
determined from the anomeric mixture. '"H NMR (400 MHz CDCl;, TMS) 8 7.90 - 7.65 (m, 15 H, PPh3), 5.78

— Y LYY 1T XYY YX LN A NO o 11F 1Y Io} 177 TY AN A £ 4 A XY TTY

{(dd, /=123 Hz,J=2.6 Hz, 1 H, H-6), 4.38 (m, 1H, H-2), 3.94 (m, 1H, H-4), 3.54 (s, 3 H, OCH3), 3.34 (s, 3 H,
OCHN 282 .247(m 27 H 'I'-J"Z/ KL Y241(hd T=120T1> 1 U 72) 212 (d JT=12Q 17> 1 LT LT 7L\
NNKLF Jy LTl T LT B, & 00, DRTJeg/ 10T Jeq}, LT (U, v 1&.7 11dy 1 13, 11774), £.10 (U4, v le.7 134, 1 11 13+70),
1.42 (ddd, J=11.4Hz,J=11.0 Hz, /= 10.8 Hz, 1 H, H-3,), 1.21 (ddd, /=129 Hz, J=11.8 Hz, J= 11 8 Hz,

1 H, H-54); “C NMR (100 MHz, C C13, TMS) 8 170.29 (C, C-8), 135.40/135.37 (CH, p-Cpn), 134.37/134.27
(CH, 0-Cpy), 130.52/130.40 (CH, m-Cpy), 116.35/115.51 (C, Cpp), 75.53 (CH, C-2), 74 11 (CH, C4), 70.51
(CH, C-6), 55.97 (CHs, OCHj;), 51.73 (CH3, OCHjy), 40.68 (CH,, C-7), 36.80 (CHy, C-3), 31.21 (CH,, C-5);
vmax (CHCL3)/em™ 3040, 2952, 2932, 1736, 1588, 1440, 1228, 1112, 1076; FAB: 449 (M'—87 (BF,), 80), 263
(100), 183 (70), 155 (47), 133 (50).

Triphenylphosphonium tetrafluoroborate salt 15. According to the general procedure acetal 13 was

memvartad inta 17 Viald 101 £ o NS vl S000/Y of Cbien s Tl Tl memdiint come Ahtaiead ac

converteda mto 1/. Yieid 5U1.6 mg (V.5 mmoi, >%%%) of whit Crystais. 1n€ proauct waS ootainea as an

anomeric mixture (ax - ea = 1 1 ("H NMR)). Spectrosconic data were determined fram the anameric mivtire

CUAVIIAVI A BAZAATWA W (#a - v X\ AKX LNiVARNZ) U}IVUMVOUVVLV v YWwiw WUwilwiilililiwid 10V\JR11 UiANW QUIURIIWE AN RIMAALUILA.,

1

H NMR (400 MHz, CDCl;, TMS) & 7.87 - 7.64 (m, 30 PPh,), 7.38 - 7.21 (m, 10 H, Bn), 5.78 (dd, J =99
) (x )8 bn), D./a (44, J 2.7

\ H,
Hz, J=44Hz 1 H H-2), 562 (m, 1H, H-2), 4.63 (m, 1H, H-4), 4.59/4.53 (d, J = 11.2 Hz, CH,Ph), 4.54/4.45
(d, /= 12.0 Hz, 1 H, CH,Ph), 4.38 (m, 1H, H-4), 4.20 (dd, /= 10.1 Hz,./=4.4 Hz, 1 H, H- 63), 4.04 (dd,J=6.6
Hz,J=3.3 Hz, | H, H-6), 3.59 (s, 3 H, OCH3), 3.53 (s, 3 H, OCH3), 3.25 (dd, J=16.0 Hz, /= 9.9 Hz, 1 H, H-
7a), 2.70 (dd, J = 16.0 Hz, /= 4.4 Hz, 1 H, H-7b), 2.50 (dd, /= 15.5 Hz, J=4.2 Hz, 1 H, H-7a), 2.44 (dd, J =
15.5 Hz, J= 8.1 Hz, 1 H, H-7b), 2.38 (m, 1H, H-5.y), 2.19 (m, 3 H, H-5,"%, H- S5axt/H- -3eq), 1.92 (m, 1H, H-5.y),

1.52 (ddd, J=12.1 Hz, J=12.1 Hz, J= 10.1 Hz, 1 H, H-3,,), 1.32 (ddd, J= 123 Hz, J=11.6 Hz, J= 11.4 Hz,
1 H, H-3,); *C NMR (100 MHz, CDCl3, TMS) 8 171.20/170.34 (C, C-8), 135.72/135.69/135.38/135.35 (CH,
n(5) 134 30/124 25/124 20/124 DK (CH e QY 120 72/120 &7/1N0 K1 120 20 (I #1-Con)
TPl L ITFDZI AT II L ITF I AT daT A1 d, USPhJs LIV I &Ll LIV UL 1OV UL, LIoV.0T \~11, " bph),
128.53/128.35/127.94/127.65 (C, Cpy), 75.57/73.27 (CH, C-2), 71.55/70.58 (CH, C-4), 71.21/70.96 (CH,,
CH,Ph), 68.95/65.76 (CH, C-6), 51.88/51.74 (CH;, OCH3), 40.67/38.05 (CH,, C-7), 37. 32/31 82 (CH;, C-3),

31.44/29.50 (CH,, C-5); vmax (CHCl3)/em™ 3030, 2954, 1736, 1602, 1485, 1439, 1230, 1111, 1062, 998, 909,
522; FAB: 525 (M"—87 (BF4), 100), 417 (15), 263 (27).

(28, 4S)-(4-Methoxy-6-phenylsulfanyi-tetrahydro-pyran-2-yl)-acetic acid methyl ester (16). At 0 °C 47.0 ul
(0.45 mmol) of thiophenol and 58.0 pl (0.45 mmol) of boron trifluoride etherate were added successively to a
solution of 100.0 mg (0.45 mmol) of acetal 12 in 3 ml of abs. DCM. After 5 min. the reaction mixture was

JB I AN | [ Y L. S | SR R
Wd.lUlCU to dlllUlCul LClllpCldLuIC, bl.lllCU. 101 O ll puuu.u lllt\) sat. SUUIUII] nyarog

with n(‘\ﬁ dried over Ng-.Qn and concentrated in vocuo. Column chromatoer, \
Wil wVIIWWiILML LW NE BT AU \/Vlw“ll WwALR l‘l“l\]&l“y‘l]

yielded 133 4 mg (0.45 mmol 98%) of 16 as an anomeric mixture (ax/eq = . Sp
data for the major anomer were determined from the anomeric mixture. 'H N (400 MHZ CDCls,
7.46 (m, 2 H, 0-Ar), 7.25 (m, 3 H, p-/m-Ar), 5.70 (bd, J= 5.5 Hz, 1 H, H-6), 4.68 (dddd, J=11.0 Hz, J=183
Hz, J=5.0Hz, J=2.2 Hz, 1 H, H-2), 3.88 (m, 1H, H-4), 3.56 (s, 3 H, OCH3), 3.37 (s, 3 H, OCH3), 2.57 (dd, J
= 15.0 Hz, J"83 Hz 1 H, H-7a), 2.49 (dd, /= 15.0 Hz, /= 5.0 Hz, 1 H, H-7b), 2.18 (ddd, /=129 Hz, J=4.5

~ O ~ T

Hz,J=2.2Hz, 1 H, H-5.y), 2.08 (ddd, /= 12.0 Hz, /= 4.1 Hz, J=2.2 Hz, 1 H, H-3.y), 1.85 (ddd, /= 12.9 Hz,

J=11.5 Hz, I=55H z, 1 H, H-5,), 1.50 (ddd, J = 12.0 Hz, J = 12.0 Hz, J = 11.0 Hz, 1 H, H-34); 13C NMR
100 M CTYCL, TNMAOY K 171722 C8Y 125 20(C C .\ 121 0K (CH s.C. ) 1IR70(CH A.C. Y 176 QN0
LUV IVIINLZ, a3, 1VES ) O 171,24\ Wm0, 130, LV (L, VAT, 131.U0 (Ui, M=_Ar), 126,77 (o1, O=UAr), 12050
(CH, p-Ca,), 84.46 (CH, C-6), 72.59 (CH, C-2), 65.92 (CH, C-4), 55.57 (CH,, OCH,), 51.74 (CHs, OCH3),



40.92 (CHa, C-7), 37.49 (CHa, C-5), 36.73 (CHa, C-3); Vamax (CHCl3)em™ 3060, 3000, 2952, 2928, 2856, 2828,
1736, 1584, 1480, 1440, 1380, 1328, 1296, 1260, 1228, 1148, 1112, 1080, 1224, 988, 956; MS (70 °C): 296
(M, 0.9), 233 (2.5), 219 (38.7), 210 (8. 5) 199 (24.1), 187 (19.1), 155 (98.0), 143 (22.3), 124 (28.2), 109 (17.2),
106 (12.2), 105 (14.6), 101 (23.9), 95 (6.6), 87 (31.6), 85 (13.6), 81 (100.0), 77 (9.4), 65 (8.5); HR-MS caled.

AN TNONY £ “~O

for Cy5H004S (M ) 296.1082, found 476 1078.

/D AQ KD\ D _FA_Adnth s A _pliosen] St ] ¢ 1UArn_ruan thainnl (1 Tawl A+t N OMN

(£ B\, 70O, Ul\/"&"["‘IVIC‘I‘UJ&)’"U'[J’ICI 'y Ju )/l ICC’ unyul U'}I)’I un-a-ytj-cuturuu \l IaAJ. A v 4
mmol) of the borane dimethyl sulphide complex (10 M) were added to a solution of 197.0 mg (0.7 mmol) of
acid 8 and 237.0 ul (1.4 mmol) of triethyl borate in 1 ml of abs. THF. The solution was stirred for 1 h at 0 °C
and overnight at rt. For work-up 1 ml of methanol was added and the mixture was concentrated in vacuo. This
procedure was repeated twice. The anomers could be separated by column chromatography (CH/EA = 2/1) to
afford (136.7 mg, 0.5 mmol, 73% overall) of alcohol 17ax/17eq = 5/1. 17ax, [a]p>> = + 209.8 (¢ = 1, CHCly);

'H NMR (400 MHz, CDCl3, TMS) & 7.49 (m, 2 H, 0-Ar), 7.33 (m, 3 H, m-Ar u. p-Ar),580(d,J=55Hz, 1 H,

H-6), 4.42 (dddd, /= 12.5 Hz, /= 8.7 Hz, /= 3.9 Hz, /= 2.2 Hz, 1 H, H-2), 3.71 (dddd, /= 11.4 Hz, J= 11.2
Y T7T— &7 11, I_A‘)U..1UL!A\ PLYAAL T—11 ALY, T—&£121T, T — 1 &1T, DIY IT O\ 2 A1 7. 2 LT
Né,J = 0.7 1L, v KL 114, 1 11, I1-%), 5.UL (GUG, v 118 1L, J = 2.0 L, J ™ 1.0 114, &4 I, I1-0), D.41 {5, 2 I1,
OCH;), 241 (ddd, J = 132Hz J 7Hz J Hz, 1 H H-5.),212(ddd, J=125Hz, J=42Hz, J=22

= § =172 -
Hz, 1 H, H-3¢g), 1.89 (ddd, J= 132 Hz, J= 11.4 Hz, J= 5.5 Hz, 1 H, H-34), 1.77 m (m, 2 H, H-7), 1.32 (ddd
J=125Hz, J=125 Hz, J = 11.2 Hz, 1 H, H-3); C NMR (100 MHz, CDCl;, TMS) & 134.71 (C, Ca,),
131.25 (CH, m-Ca,), 129.06 (CH, 0-Ca,), 127.26 (CH, p-Ca,), 84.10 (CH, C-6), 72.71 (CH, C-2), 67.80 (CH, C-
4), 60.28 (CH,, C-8), 55.49 (CH3, OCHs), 37.98 (CHa, C-7), 36.55 (CHa, C-5), 26.91 (CHz, C-3); Vi
(CHClg)/cm‘l 3624, 3532, 2988, 2948, 2928, 2884, 1480, 1440, 1372, 1296, 1236, 1156, 1132, 1084, 1000,

N sam ™o s N A L ] TEYrs w &y

8.7, iuy (32.1), 101 (78.5), 91 UJ 7), 87 (iy 8), 75 (40 1); HK-Mb

>
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2R, 4S, 6S)-2-(4-Methoxy-6-phenylsulfanyl-tetrahydro-pyran-2-yl)-ethanol (17eq). [a]p® = —38.2° (¢ = 1,
CHCl3); "H NMR (400 MHz, CDCl3, TMS) 6 7.49 - 747 (m, 2 H, 0-Ar), 7.31 - 7.26 (m, 3 H, m-Ar/p-Ar), 4.73

TIn232 22 (EANE Y A1R4; LA 23i; £ 1k, .3 2%

(dd, J= 12.0 Hz, J = 2.0 Hz, 1 H, H-6), 3.72 (ddd, J = 14.3 Hz, J = 4.6 Hz, J = 2.4 Hz, 2 H, H-8), 3.59 (dddd, J
=12.0Hz, J=9.0 Hz, J=5.7 Hz, J= 1.8 Hz, | H, H-2), 3.40 (dddd, J= 12.0 Hz, J= 11.3 Hz, J= 4.2 Hz, J =
2.0 Hz, 1 H, H-4), 3.35 (s, 3 H, OCH3), 2.36 (ddd, J = 12.0 Hz, J= 42 Hz, J=2.0 Hz, 1 H, H-5.g), 1.98 (ddd, J
=120 Hz,J=42Hz,J= 1.8 Hz, 1 H, H-3), 1.86 (m, 1H, H7a) 173(m 1 H, H-7b), 1.47 (ddd, J = 12.0 Hz,

~ T ~ oy Ty

12.0 Hz,J=12.0 Hz, I H, H-
A E T ’?

J”ll.ﬂHZ lH Hjax) “LNMR

N ~

(
\

37. 01 36. 3 (CHZ,C 3/C-5); Vinax (CHCI3)/cm 3624 3532 988,
1236, 1156, 1132, 1084, 1000, 976, 948, 908; MS (120 °C): 268 (M™, 1.1), 237 (1 &), 219('3 0), 179 (10. 7) 163
(14.1), 159 (32.6), 149 (16.1), 135 (22.4), 127 (100.0), 115 (15.6), 110 (28.7), 109 (32.1), 101 (78.5), 91 (13.7),
87 (19.8), 75 (40.1); HR-MS calcd. for C14H003S (M) 268.1133, found 268.1131.

(2R, 4S, 6R)-2-(2-Benzyloxy-ethyl)-4-methoxy-6-phenylsulfanyl-tetrahydro-pyran (18eq). A suspension of
59.0 mg (0.2 mmol) of 17eq and 18.0 mg (0.5 mmol) of sodium hydride (60%) in 1 ml of abs. THF was

N o =

refluxed for 15 min. At 0 °C a catalytic amount of tetra-n-butylammonium iodide and 56.0 pl (0.5 mmol) of
benzy! bromide were added. The mixture was heated under reflux for 10 h, poured into sat. sodium hydrogen
carbonate solution, extracted with MTBE, dried over MgSO4 and concentrated in vacuo. Column
chromatography (CH/EA = 5/1) afforded 60.6 mg (0.17 mmol, 77%) of 18eq, [a]p®’ =—14.2 (¢ =1, CHCL); 'H
NMR (400 MHz, CDCl3, TMS) é 7.47 (m, 2 H, 0-SPh), 7.36 - 7.20 (m, 8 H, m~, p-SPh/Ph), 4.74 (dd, J= 11,9
Hz,/=19Hz, 1 H, H-6),4.46 (d,/=11.8 Hz, 1 H, CH,Ph), 4.41 (d, /= 11.8 Hz, 1 H, CH,Ph), 3.65 - 3.53 (m,
3 H, H-8/H-2), 3.41 (dddd, /= 11.3 Hz, J= 109 Hz, /= 4.2 Hz, J= 4.0 Hz, 1 H, H-4), 3.34 (s, 3 H, OCHs),
3.41 (s, 3 H, OCH3), 2.36 (ddd, J=12.3 Hz,J=4.0 Hz, /= 1.9 Hz, 1 H, HSeq) 2.00(ddd,/J=12.5Hz,J=42

t\)
(e o]
\O

Hz,J=2.2 Hz, 1 H, H-3¢), 1.84 (m, 2 H, H-7), 1.51 (ddd, J = 12.3 Hz, J = 11.9 Hz, J = 10.9 Hz, 1 H, H-54),
1 A" £ 11T 1§ " AL lJf ANTRATY 71NN MATT.. M TRACN € 170 AL 7 M N 1A ££ (M M N 19N 0OA 7YY M N\
1.22 (m, 1H, H-3;); "U NMRK (100 MKz, CDUl3, 1M} 0 156.45 (LU, Upy), 134.00 (L, Ugpp), 15U.94 (LN, Ua),
12876 (CH. C,). 12840 (CH. C.:). 127 50 (C C.Y 12706 (CH C.Y 233 (CH C.6) 76 44 (CH O )N
1LO0.7 0 \Lfll \./Ar]’ 1 4&Q.7 T \\_zll’ \/ ’7 L dw i b 7/ \\4 1’ \/Ar]’ Liw f I \\./L‘., \./A_rl, Wiwrnd o/ \\/Ll’ N \I’, FTWV.T T \\./L.l’ A h},
73.13 (CH;, CH,Ph), 72.88 (CH, C-4), 66.48 (CH,, C-8), 55.54 (CH3, OCH3), 37.52 (CH,, C-7), 37.07 (CHa,

924, 2860, 1584, 1480, 1452, 1360, 1296, 1260,

=
[
®
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C-5), 36.09 (CHj, C-3); Vyax (CHCL3)em™ 3064, 300



unlsl O A4 D I ie AP SIgy N cec s N
i, . IIUJJIIlu/lIl/ letruneurun JI(LFTF)] OIOI—O

~
w
=
~

1228, 1164, 1136, 1096, 1024, 948; MS (120 °C): 268 (M'-90, 1.1), 237 (1.8), 219 (3.0), 179 (10.7), 163
(14.1), 159 (32.6), 149 (16.1), 135 (22.4), 127 (100.0), 115 (15.6), 110 (28.7), 109 (32.1), 101 (78.5), 91 (13.7),
87 (19.8), 75 (40.1); HR-MS calcd. for C14H203S (M'-90) 268.1133, found 268.1129.

(2R, 45, 6S)-2-(2-Benzyloxy-ethyl)-4-methoxy-6-phenylsulfanyl-tetrahydro-pyran  ( 18ax) Following the
proceuurc described for weq alcohol 17ax was converted into 18ax in 76% vyield, [a]p?’ = +182.3 (c =1,

AETA N LT WIRAD sANN NATLT TAACY & 77 &1 E’7[ Fon | T— & € YY1 1 8 VY A '\.r/|
e |3), 1 INIVIRN (4UVU VIng, \J‘J\Jl3’ 1ivin )} O 7.0U - I I‘J' \[Il lU r] [‘\r) .10 [U J=I2.011Z,1 n, rl-O), {Cl

J=11.8 Hz, 1 H, CH,Ph), 4.34 (m, 1H, H-2), 432 (d, /= 11.8 Hz, 1 H, CH,Ph), 3.65 (dddd, J"116H J=
H6Hz J=46Hz J=44Hz | H H-4),3.44 (m, 2 H, H-8), 3.36 (s, 3 H, OCH3), 2.36 (ddd, /= 13.1 Hz, J =
44 Hz,J=1.1Hz, 1 H, H-5¢), 2.10 (ddd, /= 12.0 Hz, J=4.6 Hz, J= 2.2 Hz, 1 H, H-3;), 1.89 - 1.81 (m, 2 H,
H-7), 1.84(ddd, J=13.1 Hz,J=11.6 Hz, J= 5.5 Hz, 1 H, H-5,), 1.23 (ddd, /=12.0 Hz, /= 11.6 Hz,J=11.6

Hz 1 H, H3,x), B¢ NMR(IOO MHz, CDCl,, TMS) 5 138.46 (c CPh) 135.56 (C, Csph) 130.74 (CH CA,)

1 1
10.7), 163 (14.1), 159 (32.6), 149 (16.1), 135 (22.4), 127 (1000), 115
), 91 (13.7), 87 (19.8), 75 (40.1); HR-MS calcd. for C14H00:S

S22V SN

(M'=90, 1.1), 237 (1.8), 19(30) 1
(15.6), 110 (28.7), 109 (32.1), 101 (7
(M"-90) 268.1133, found 268.1129.
(28,48, 6R)-(6-Benzenesulfonyl-4-methoxy-tetrahydropyran-2-yl)-acetic acid methyl ester (19ax). At 0 °C
150.0 mg (0.6 mmol) of m-chloroperoxybenzoic acid (ca. 70%) was added to a suspension of 60.0 mg (0.2
mmol) of 16 and 120.2 mg (1.4 mmol) of sodium hydrogen carbonate in 6 ml of DCM. After 1 h the reaction
mixture was poured into sat. sodium hydrogen carbonate solution, washed with 2 N sodium hydroxide

rbenntad vt TUTRA Arind ~vras- nd A Tha b anraw

EXiraciea wu.u LC v, uucu uvel 1‘“20\14 ana \..»UUL«CUU.GLCU H'l VAcuo. 110¢ andoimers \.«UUIU v bcpmﬁlcu Uy LUiulllﬂ

chromatography (19ax/19eq = 1.4/1). Overall yield 59.0 mg (0.2 mmol, 89%). 19ax [o]p*® = +5.0° (¢ = 0.3,
CHCI); '"H NMR (400 MHz, CDCl3, TMS) 8 7.93 (m, 2 H, 0-Ar), 7.66 (m, 1H, p-Ar), 7.57 (m, 2 H, m-Ar),
4.96 (dddd, /= 10.8 Hz, J=7.7Hz,J=5.0Hz,J=2.6 Hz, 1 H,H2)_485(dd,J 7OHZ,J 2.0Hz, 1 H, H-
6), 4.08 (dddd, /= 11.0 Hz, /=72 Hz, J=4.4 Hz, J = 4.2 Hz, 1 H, H-4), 3.60 (s, 3 H, OCH3), 3.42 (s, 3 H,
OCH3), 2.95 (ddd, /=142 Hz, J=4.2 Hz, J=2.6 Hz, | H, H-3¢), 2.45 (dd, J= 11.0 Hz, J= 7.7 Hz, | H, H-
7a),2.44 (dd,J=11.0Hz, J=5.0Hz, | H, H-7b),2.18 (ddd, /J=12.6 Hz, J=44 Hz, J= 20Hz 1 H, H 5¢q),
1.75 (ddd, J = 14.2 Hz, J= 10.8 Hz, J= 7.2 Hz, 1 H, H-34), 1.27 (ddd, /= 12.6 Hz, J = |

TY TY & B3~ wham 7100 » 41T TR T\I

H, - Dax); U NMK (1UU VMINZ, LULI:;

(MY _ Y 120 0) (U o QO AL ("
[ 539 N i3 \.,Af) LA VL (o1, u*'\.,m—} 0F7.UJ (11,

51.75 (CHs, OCHa3), 41.17 (CHa, H-7), 36.25 (CH C-5), 27.67 (CH;, C 3); Vmax (CHC13)/cm‘I 3040, 29 52,
2936, 1736, 1600, 1448, 1392, 1352, 1308, 1232, 1148, 1084, 1044, 1000, 944; FAB: 351 (M'+23 (Na), 27)
297 (18), 176 (27), 165 (34), 155 (79), 133 (100).
(2S,4S,6S)-(6-Benzenesulfonyl-4-methoxy-tetrahydro-pyran-2-yl)-acetic acid methyl ester (19eq). [a]p™ =
+5.0° (¢ = 0.3, CHCl3); '"H NMR (200 MHz, CDCls, TMS) § 7.90 (m, 2 H, 0-Ar), 7.59 (m, 3 H, p- u. m-Ar),
436 (dd,/=12.0Hz, J=22 Hz, 1 H, H-6), 3.78 (m, 1H, H-2), 3.54 (s, 3 H, OCHj3), 3.46 (dddd, J=11.1 Hz, J
=11.0Hz,J=6.5Hz,J=4.6 Hz, 1 H, H-4), 3.38 (s, 3 H, ULH;),Zbl (dd J=155Hz,J=7.7 Hz, 1H -7a),
2
1

mf\
QJ

M

HI :'

N AV A T— 18 £ 1T 7T —& 717 1 IT 1T 7L\ D NO /nm 1 T FAAT T 1NN IT, T AL XY
.93 U4, — 1o.0 ML, J — 0.0 114, 1 N, ri=~/b), £.U7 (11, n ri- )cq),z\n\uuu J T ILL T, J — 4.0 117,

L.
Hz, 1 H, H-5.), 1.51 (ddd, J = 12.2 Hz, J = 12.0 Hz, J = 11.0 Hz, 1 H, H-54), 1.24 (ddd, /=123 Hz, J= 11.
Hz, J=98Hz 1| H, H-3,), Via (CHCLYem™ : 3068, 3012, 2952, 2932, 2856, 2832, 1736, 1448, 1372, 1328

124, Vi, {dy A_/uv,

1260, 1232, 1180, 1148, 1048, 992, 968, 908, 868, 808; MS (70 °C): 156 (M'-172, 2.2), 155 (2.9), 120 (3.8),
118 (4.8), 115 (4.1), 97 (3.9), 87 (12.2), 85 (72.0), 83 (100.0), 82 (4.5), 71 (3.7); FAB: 351 (M*+ 23 (Na), 36),
209 (17), 187 (33), 155 (100), 135 (35), 123 (43), 109 (47); HR-MS calcd. for CgH;203 (M'—~CH30S0,Ph)
156.0786, found 156.0782.

(2R, 4S)-2-Benzenesulfonyl-6-(2-benzyloxy-ethyl)-4- methoxy—tetrahydro -pyran (20). At 0 °C 315.0 mg (1.3

I s

mmol) of m-cnloroperoxybenzmc acid (ca. /U‘Vo) were added to a suspensmn of 252.0 mg (3.0 mmol) of sodium

~rvo PR, S AA 7O e ¥ 1 ) T L SN

nyurogc‘n CArDoIn4aic dllU. l l"l' U lllg \U J llull()l) Ul 104‘\ m an lJ\_,LVl {0 .I.I.l.l} ALLCL 1 ll L.HC 1CaLiivnil mixu.uc was
poured into sat. sodium hydrogen carbonate solution. The organic layer was washed with 2 N sodium hydroxide
solution, the combined aqueous layers were extracted with DCM, dried over Na,SO,4 and concentrated in vacuo.



Column chromatography afforded 123.2 mg (0.3 mmol, 99%, white solid) of sulfone 20 as an anomeric mixture
(ax/eq = 2.5/1 ("H NMR)). Spectroscopic data for the axial anomer was determined from the anomeric mixture.
'H NMR (400 MHz, CDCl;, TMS) 8 7.92 (im, 2 H, o- SPh) 7.65 (m, 1H, p-SPh), 7.52 (m, 2 H, m-SPh), 7.35 -

7.19 (m, 5 H, Ph), 433 (dd, J=11.8 Hz, J=2.0 Hz, 1 H, H-6), 4.27 (d, /= 12.0 Hz, 1 H, CH,Ph), 4.22 (d, J =
12.0 Hz, 1 H, CHyPh), 3.52 (m, 1H, H-4), 3.41 (m, 2 H, H-8), 3.36 (s, 3 H, OCHa), 3.31 (dddd, /= 9.2 Hz, J =
86Hz. J=53Hz J=5.1Hz, 1 H H.263(dddd. J=12.0Hz J=33Hz. J=31Hz J=20Hz; 11 I
O.U 1, v JoJ Khby v Jol K4y 1 11, 114§, &.UJ (UG, 14V 114, J.J 11l v J.1 1Ly J 4.V 14, 1 I1, I1-
Seq)s 1.96 (dddd, J = 12.7 Hz, J = 3.2 Hz, J = 3.1 Hz, J = 1.8 Hz, H-3,), 1.78 (m, 2 H, H-7), 1.50 (ddd, J = 12.0

Hz,J=11.8 Hz J=11.0 Hz, 1 H, H-54), 1.25 (m, 1H, H-3,); *C NMR (100 MHz, CDCl,, TMS) 6 138.19
(C. Cspn), 136.27 (C, Cpn), 133.95 (CH, p-Cspn), 129.65/128.83/128.41 (CH, 0-, m-Cpn/0-Cspn), 127.67 (CH, p-
Cpn), 127.56 (CH, m-Cspp), 89.73 (CH, C-6), 75.43 (CH, C-2), 74.28 (CH, C-4), 73.03 (CH,, CH,Ph), 65.99
(CHz, C-8), 55.75 (CH3, OCH3), 37.17 (CH,, C-7), 35.62 (CHz, C-5), 29.38 (CHa, C-3); Vimax (CHCl3)/cm™

3068, 3000, 2940, 2928, 2860, 1600, 1448 1368, 1320, 1264, 1228, 1148, 1084, 1028, 984, 932, 888, 816, 600;

MS (150 °C): 264 (M'-126, 1.4), 250 (1.4), 248 (8.4), 231 (1.0), 217 (13.4), 173 (4 3), 159 (33.0), 146 (7.4),
1Y& 777 O 111 78 O TNE 7™M O FA1AN N O7T 713 0O 7177 71N AN, TTD AAQ 1.1 /gt YT

125 {(7.8), 111 (5.8), 1G5 (5.7), 91 (1G0.0), 87 (13.9), 77 (10.4); HR-MS caled. for Ci5H;003 (Vi —HDUZI’D)
248.1413, found 248.1413
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