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pro-R C-O bond and nucleophilic attack opposite the cleaved bond proceed preferentially. With TiCl, an
allyltrimetylsilane at —100 °C, the selectivity of acetal fission is 10 : 1 and that of nucleophilic attack is 12 :

This reaction is successfully applied to atotal synthesis of marine antibiotics, (-)-malyngolide. © 1998 Elscvicr
Science Ltd. All rights reserved.

Long-fange asymmetric induction has been a challenging issue in asymmetric synthesis. Generaily,
asymmetric induction to the prochiral centers separated by more than two carbons is considerably inefficient.
Recently, various intriguing strategies have been developed to improve selectivity.! However, there exist
few examples of simultaneous asymmetric induction involving long-range asymnetric induction.? We
previously reported a novel asymmetric desymmetrization of prochiral 1,3-diols via intramolecular

acetalization followed by diastereoselective acetal fission, affording a chiral 3-substituted dihydropyran

derivative (Scheme 1).* This process is 1,6-as ymmetric induction from the sulfinyl chirality to a prochiral
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stereogenic centers would be installed simultaneously, enabling 1,3- and 1,6-as ymmetric induction.* The
selectivity of the C-O bond cleavage (diastereotopic group selectivity) and nucleophilic attack
(diastereofacial selectivity) are required to realize high selectivity. We have already reported that the
nucleophilic acetal cleavage of 1 with TiCl, and E(;SiH (Nu = H) proceeded with high diastereotopic group
selectivity but poor diastereofacial selectivity.® In the course of this research, we investigated the
nucleophilic acetal fission of 1 with carbon nucleophiles, such as allyltrimethylsilane and propargyl-
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trimethylsilane, since the resulting 2,2,5-trisubstituted tetrahydropyran skeleton is considered a useful
chiral synthon for the syntheses of diverse biologically active natural products with 2,2,5-trisubstituted
tetrahydropyran skeletons, i.e. (-)-dactyloxene A® and (-)-malyngolide’. In this paper, we describe the
full details of the asymmetric nucleophilic acetal cleavage reaction of 1 with carbon nucleophiles, which
proceeds with high diastereofacial and diastereotopic group selectivity in contrast to its reaction with
hydride. We also describe its application towards a total synthesis of (—)-malyngolide.
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Results and Discussion

Nucleophilic Acetal Cleavage Reaction of Bicyclic Acetal 1

Bicyclic acetal 1° was prepared according to the previously reported procedure and the enantiomeric
excess was determined as >98% e.e. by 'H-NMR spectroscopy with europium(III) tris[3-(trifluoro-
methylhydroxymethylene)-(+)-camphorato] [Eu(tfc),] as a chiral shift reagent. The nucleophilic acetal
cleavage reaction of 1 was investigated (Scheme 2). The results are summarized in Table 1. A mixture

of bicyclic acetal 1 and allyltrimethylsilane was treated with titanium tetrachloride and stirred at —78°C.
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the pro-R C-O bond (cleavage «¢) and nucleophilic attack opposite the cleaved bond (nucleophilic attack x)
predominated. Selectivity was affected by the reaction temperature. Selectivity increased as the
reaction temperature was lowered (run 3). At the higher temperature (-20°C), selectivity decreased and
(2R,5S)-isomer 2¢ was the main product (run 1). The similar trend in selectivity was obtained when TiCl,
was added prior to allyltrimethylsilane (run 4). A less polar solvent, toluene, afforded a poorer yield and
less selectivity than CH,Cl, (run 5). Etherial solvents [ether and tetrahydrofuran (THF)] did not afford
the above products (runs 6, 7). The amount of reagent slightly affected the results. (run 8-11). The best
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Table 1. Nucleophilic Acetal Cleavage Reaction of the Bicyclic Acetal 1

Run Conditions (cq.)* Yield (%) Ratio
2a:2b:2c:2d

1 TiCl, (5), Me,Si(allyl) (5), CH,C1,,-20°C 91 19:26:48 .7
2 TiCl, (5), Me,Sifallyl) (5), CH,CL,,-78°C 93 67:10:17:6
3 TiCl, (5), Me,Si(allyl) (8), CH,C1,, -100°C 92 79: 6: 9:6
4 TiCl, (5), Me,Si(allyl) (5), CH,C1,,-78°C? 93 25:19:51:5
5 TiCl, (5), Me,Si(allyl) (5), toluene, —=78°C 93 66:10:16:8
6 TiCl, (5), Me,Si(allyD) (5), Et,0,-78°C 0 —

7 TiCl, (5), Me;Si(allyl) (5), THF, -78°C 0 —

8 TiCl, (3), Me,Si(allyl) (5), CH,Cl,,-78°C 87 68: 6:17:9
9 TiCl, (10), Me,Si(allyl) (5), CH,Cl,,-78°C 94 67: 8:20:5
10 TiCl, (5), Me,Si(allyl) (2), CH,C1,,-78°C 89 66: 8:18:8
11 TiCl, (5), Me,Sicallyl) (10), CH,C1,,-78°C 91 76: 5:10:9
12 TiCl, (5), Me Si(allyl) (10), CH,CL,, —100°C Q0 84 ﬁ: 7:3
13 TiCl, (5), Bu;Sn(ally]) (5), CH,C1,,-78°C 65 Ti:13: 9:7

a)All reactions were performed by lhe addluon of Lewus acid 1o amixture of ailyhnmelhylsulane
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Mesylates 4a and 4b gave the
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f methanesulfonic acid, indicating that the absolute configuration of 4b is

(28,5R).  Similarly, 4c and 4d gave the C,-epimer 5b, thereby confirming that they are epimers at the Cs-

position (Scheme 3).
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Scheme 3

To determine the remaining absolute configurations at the C,-position of 4¢ and 4d, the chirality of the
mesylates 4a—4d’s sulfur atom was removed by desulfurization to give each 6a—6d (Scheme 4). The
products 6a and 6b are enantiomeric with 6d and 6c, respectively. Based on the absolute configurations of
4a and 4b, those of 4c and 4d were established as (2R,55) and (2R,5R), respectively.  Thus, the

stereochemistry of all diastereomeric isomers was established.

(25,55)4a oo Sot Lot o) (25,5R)-4b
6a ' 6b '
a MsO” MsO a
4c W “oAN S W\ ad
6¢ (ent-6b) \l 8d (ens-6a) w

a: Raney Ni (W2), E(OH, room temp.
Scheme 4

Nucleophilic acetal cleavage reaction was carried out using propargyltrimethylsilane as a nucleophile

(Scheme 5). After mesylation, the main allenyl product 7 was separated from the minor isomers by

column chromatography in a 57% yield from 1. The stereochemistry of the nucleophilic acetal cleavage

using propargyltrimethylsilane is the same as that with allyltrimethylsilane.’



The reaction mechanism
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and is anti to the bulky 7-methylene group in the intermediate A (Scheme 6).° Then, aliyitrimethyisilane
would attack from the backside of the cleaved C-O bond via concerted substitution (transition state B) or
addition to a tight ion-pair (transition state C) to give the (2S5,55)-isomer 4a as the predominate product."
On the other hand, raised temperature or inverse addition (addition of nucleophile to a mixture of the
substrate 1 and excess TiCl,) afford the opened intermediate D, which underwent stereoelectronically
favorable axial attack to give 4¢ as a main product.”
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(-)-Maiyngolide is the antibiotic isolated from the marine blue-green alga, Lyngbya majuscula
GoMONT.” Most previous synthetic routes lack stereocontrol at the C, methyl group.'** Although a few
methods have overcome this problem, they constructed the two stereogenic centers one by one.'*¢ttav

We applied the newly developed nucleophilic acetal cleavage reaction of 1 to a synthesis of (-)-

malyngolide, in which the two stereogenic centers are constructed simultaneously with high
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stereoselectivity. After reduction of the mesylate 3a with Super Hydride®, the ailyl group was isomerized
to trans-1-propenyl group with a catalytic amount of PAdCL(PhCN), to give 9 in a 60% yield." Ozonolysis
of 9 followed by reduction with NaBH, yielded the alcohol 10 (Scheme 7).
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a: TiCly, allyltrimethylsilane, CH2C17 —100°C; b: MsCl, DMAP, CH,Cl,, 0°C
(65-73% from 1); c: Super Hydride®, THF, room temp. (97%); d: (PhCN),PdCl,,
benzene, 80°C (60%, 90% based on the consumed 8); e: O3, MeOH, —~78°C then
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Scheme 7

Next task was the introduction of the C;-unit into the sulfinylmethyl side-chain to construct the nonyl
substitutent of (-)-malyngolide. After protection as a methoxymethyl (MOM) ether, the p-tolylsulfinyl
group was converted into the aldehyde 14 by a series of transformations featuring Pummerer rearrangement,
reduction with LiBH,, and Dess~Martin oxidation (Scheme 8)."* Then, the aldehyde 14 was treated with
Wittig reagent prepared from n-octyltriphenylphos phonium bromide with potassium hexamethyldisilazide
(KHMDS) to exclusively afford the Z-olefin 15 in high yield. After the hydrogenation of olefin on 10% Pd-

C to give the compound 16, the tetrahydropyran ring of 16 was oxidized to the 8-lactone with RuQ,
LSO e O M AN ]
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15 ~omMoMm OR
17 (R=MOM)
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a: MOMC, i-PryNEt, CH,Cl,, room temp. (77%); b: Ac,0, AcONa, 130°C (90%);¢c: LiBH4, THF, room
temp. (97%); d:Dess—Martin reagent, CH,Cl,, 0°C (88%); e: PhyP(n-CgH,7)Br, KHMDS, THF, 0°C
(94%); f: Hp, Pd-C, MeOH, room temp. (86%); g: RuCl3*3H,0 (cat.), NalO4, CCl4-MeCN-H,0

(1:1:1.5), room temp. (57%, 80% based on the consumed 16); h: TMSBr, CH,Cl,, -30°C (85%).

Scheme 8
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generated in situ by a catalytic amount of RuCl,*3H,0 and NalO, in low yield (28%)," and most of 16 was
recovered. The acetonitrile modification developed by Sharpless and co-workers '™ improved conversion to
afford 17 in a 57 % yield (80% based on the consumed 16). Oxidation with RuO,*xH,0 and NalO, was
inefective giving 17 at 17%. Finally, the MOM ether 17 was deprotected with TBSBr” to give (-)-
maiyngoiide without epimerization at the methyl group. The spectroscopic data (‘H-NMR, *C-NMR, IR,

[ P et e

nd MS) was identical to the authentic data and the Specmc rotation ua;o—u 5 (LHLis)j was consistent
wnth the reported value [ [a],—13 (CHCL,)]

In summary, the nucleophilic acetal cleavage reaction of the bicyclic acetal 1 was investigated. On
treatment with allyltrimethylsilane and TiCl,, the acetal cleavage of the pro-R C-O bond and nucleophilic
attack from the backside of the cleaved bond proceeded with high stereoselectivity to give the 2,2,5-
trisubstituted tetrahydropyran derivative diastereoselectively. The reaction was successfully applied to a
total synthesis of (—)-malyngolide.
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Mass spectra were taken with a Shimadzu QP-1000 mass spectrometer and a JEOL IMS-D300 mass
spectrometer. High resolution mass spectra were measured by a JEOL IMS-D300 or a JEOL JMS-600.
Merck Kieselgel 60 was used as an adsorbent for column chromatography. For preparative TLC (PTLC),
Kieselgel 60 F,,, (Merck) was used. Unless stated, all solvents were used after dryness and all extracts
were dried over MgSO,.

(25,58,Rs)-, (25,5R,Rs)-, (2R,58,Rs)-, and (2R,5R,Rs)-2-Allyl-5-hydroxy-2-(p-tolue ne s ulfinylme thyl)-
tetrahydropyran (2a, 2b, 2c¢, and 2d) Titanium tetrachloride (52 p1, 0.47 mmol) was added to a solution of
the bicyclic acetal 1(25.0 mg, 93.9 imol) and allyltrimethylsilane (14.9 pl, 0.939 mmol) in CH,Cl, (2.5 ml)
with stirring at ~100 °C under N,.  After 10 min, the reaction was quenched with saturated NaHCO,, and
the mixture was extracted with ether. The extract was washed with 10% HCl, water, saturated NaHCO,,
and brine, and then dried.  After filtration, the solvent was evaporated and the residue was
chromatographed on silica gél (hexane~AcOEt = 1 : 1) to give 2a and 2b (23.4 mg, 81%), and 2¢ and 2d (2.6
mg, 9%) each as a colorless oil.  Analytical samples of 2a—d were purified by HPLC (for 2a,b: hexanc—

Hnples 111X 16 LA LAV S <13 all

AcOEt =51, for 2¢,d: hexane-AcOEt =3 : 1). 2a:[a],” +26.9 (¢ =0.51, CHCL). 'H-NMR (CDCl,) é:
9
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MS m/z (%): 308 (M*, 1.0), 267 (100). High MS Calcd for C,;H,,0,S: 308.1446. Found: 308.1447. 2b:
[a]p* +100.2 (c=0.13, CHCL). 'H-NMR (CDCl,) §: 1.48-1.60 (m, 3H), 1.74—1.80 (m, 2H), 1.90-1.95 (m,
1H), 2.18-2.24 (m, 1H, CH,CH=CH,), 2.41 (s, 3H, Ar-CH,), 2.66 (1H, dd, J = 14.5, 6.9 Hz, CH,CH=CH,),
2.86 (d, IH, J= 14.1 Hz, CH,S0), 2.97 (d, lH, J = 14.1 Hz, CH,S0), 3.51-3.58 (m, 2H, CH,0H), 3.60 (dd,
1H, J= 10.3, 5.1 Hz, 6-H), 3.97 (dd, 1H, J = 10.3, 3.4 Hz, 6-H), 5.08-5.14 (m, 2H, CH=CH,), 5.65-5.72 (m,
1H, CH=CH,), 7.32 (d, 2H, J = 8.1 Hz, Ar-H), 7.54 (d, 2H, J = 8.1 Hz, Ar-H). IR (KBr): 3396, 2927, 2856,
1495, 1456, 1441, 1084, 1063, 1038 cm'. MS m/z (%): 308 (M*, 1.8), 155 (100). High MS Calcd for
C,;H,,0,5:308.1446. Found: 308.1443. 2c:[a],? +66.8 (c = 0.50, CHCl,). 'H-NMR (CDCL) &: 1.50-
1.88 (m, 6H), 2.41 (s, 3H, Ar-CH,), 2.60 (dd, 1H, J = 14.6, 8.6 Hz, CH,CH=CH,), 2.83 (d, 1H, J = 13.7 Hz,
CH,S0), 2.86 (dd, 1H, J = 14.6, 6.0 Hz, CH,CH=CH,), 3.06 (d, 1H, J = 13.7 Hz, CH,S0), 3.53-3.59 (m, 2H,
CH,0H), 3.57-3.59 (m, 1H, 6-H), 3.82 (dd, 1H,J = 12.0,4.3 Hz, 6-H), 5.18-5.23 (m, 2H, CH=CH,), 5.81-

~RZF/

5.89 (m, 1H, CH=CH,), 7.31 (d, 2H, J = 8.1 Hz, Ar-H), 7.53 (d, 2H, J = 8.1 Hz, Ar-H). IR (KBr): 3392,
2854, 1740, 1639, 1495, 1441, 1396, 1086, 1038, 1014 cm’. MS m/z (%): 308 (M*, 1.2), 267 (100). High
MS Caled for C,,H,,0,S: 308.1446. Found: 308.1448. 2d: [a],”* +24.1 (¢ = 0.20, CHCl,). 'H-NMR
(CDCIY S5- 140205 (m 6HY 242(¢ 3 rCHY 266,274 (m 2H CH CH_CH Y 207 (4 1 T_ 127
\NWirloly ) U LAVRLUD (L, ULLlf, L4 (0, 1k, M7 A13), L UUTL T 1L, L, \,A_x.zk,xl—bllzj, L.OF7 Uy k21, J = 1.7
184 IITCM 214 /A 1T T - 127 > (LT CMY QA (A4 1T T 190 O A I, £ 1IN KN _ 2 KT f oo r
I 1,080 ), J.10 (4, 111, J = 10/ 1, Liiynyy) U (44, 1N,y = 1.V, 7.4 11, 0-11), Je—3.0 4 (i, 20,
3.82-3.8 , 2
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¥y __ "1 7 ¥ A LTV A 71 NYITY 7 7 "1 IT A TTN T 7 L7000\ [o] N nNOC 4 1 0 1 44 14 42 ~nr~
J = 1.7 1L, AI-11), 24 (U, 4, 4 = /./ 0L, AI-11). IK ( ADTI). 33808, LY40, 4LBD4, 38, 1404, 144D, 1203
FWators) N0 -1 (W IY, A ANO su A+ A A t A AN Yy A vy 3 o o~ WY o o PPN ~
155, 1U3s CIn 1> my/zZ (70). SU8 (M, £.2), 147 (1W) High Mo Calcd Tor L ,H,,0;57 3Us.1440
Found: 308.1464.

(25,5R ,Rs)-2-Allyl-5-(p-nitro be nzo ylo xyme thyl)-2-(p-tolue ne s ulfinylme thyl)te trahydropyran (3) p-
Nitrobenzoyl chloride (87.0 mg, 0.282 mmol) was added to a mixture of 2a (77.3 mg, 0.251 mmol) and 4-
N N-dimethylaminopyridine (DMAP) (103 mg, 0.847 mmol) in CH,Cl, (7 ml) with stirring at 0 °C under N,.
After 5 min, the reaction was quenched with water, and the mixture was extracted with ether. The extract
was washed with saturated NH,Cl and brine, and then dried. After filtration, the solvent was evaporated
and the residue was chromatographed on silica gel (hexane-AcOEt = 1 : ) to give 3 (105 mg, 82%) as
colorless needles. mp 80-81 °C (Et,0). [OL]D23 +128.6 (¢ = 0.86, CHCl,). '"H-NMR (CDCl,) 6: 1.66-1.72
(m, 1H), 1.86-1.99 (m, 3H), 2.14-2.18 (m, 1H), 2.42 (s, 3H, Ar-CH,), 2.54 (dd, 111, J = 14.1, 6.4 Hz,
CH,CH=CH,), 2.72 (dd, 1H, J = 14.1, 8.1 Hz, CH,CH=CH,), 2.78 (d, I1H, J= 14.3 Hz, CH,S0O), 3.29 (d, 1H,
J=143Hz, CH,80), 3.83 (dd, 1H, J = 12.0, 8.1 Hz, 6-H), 3.97 (dd, 1H, J = 12.0, 3.8 Hz, 6-H), 4.37 (dd, 1H,
J=11.1,8.1 Hz, CH,OPNB), 4.43 (dd, 1H, J=11.1, 6.0 Hz, CH,OPNB), 5.16 (d, 1H, J= 18.4 Hz, CH=CH,),
5.18 (d, IH, J= 9.8 Hz, CH=CH,), 5.74-5.83 (m, IH, CH=CH,), 7.33 (d, 2H, J = 8.1 Hz, Ar-H), 7.53 (d, 2H,
J=8.1Hz, Ar-H). 13C-NMR (CDCL,) 6:21.3,21.5,30.2,34.1,43.1, 63.6, 64.8, 66.4, 74.2, 119.6, 123.5 (2C),
123.8 (2C), 130.0 (20), 130.1 (2C), 132.5, 1354, 141.3, 142.1, 150.5, 164.4. IR (KBr): 2947, 1724, 1527,

1348, 1275, 1088, 1041, 1014 cm’. MS m/z  (%): 457 (M", 1.8), 139 (100). Anal. Caled for C,,H,,NO,S:
C, 63.00; H, 5.95; N, 3.06; S, 7.01. Found : C, 62.78; H, 5.93; N, 3.07; S, 6.97

YL N1 ALY i3, e e Ny
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lengths and angles, and thermal parameters have been deposited at the Cambridge Crystaliographic Data

Centre (CCDQC).

(2S,5R,Rs)- and (2S,55,Rs)-2-Allyl-5-(me tha ne s ulfonylo xyme thyl)-2-(p-to lue ne s ulfinylme thyl)te tra-
hydropyran (4a and 4b) Methanesulfonyl chloride (10 nl, 0.13 mmol) was added to a mixture of 2a and 2b
(20.0 mg, 0.0649 mmol, 2a : 2b=5: 1) and DMAP (23.8 mg, 0.195 mmol) in CH,Cl, (3 ml) with stirring at O
°Cunder N,. After 5 min, the reaction was quenched with water, and the mixture was extracted with ether.
The extract was washed with saturated NH,Cl and brine, and then dried. After filtration, the solvent was
evaporated and the residue was chromatographed on silica gel (hexane-AcOEt =1 : 5) to give 4a (20.0 mg,
80%) and 4b (4.0 mg, 16%) each as a colorless oil. 4a: [o],” +124.9 (¢ = 098, CHCl,). 'H-NMR
(CDCl,) é: 1.53-1.65 (m, 2H), 1.88-1.94 (m, 1H), 2.08-2.17 (m, 2H), 2.42 (s, 3H, Ar-CH,), 2.38-2.45 (m,
1H, CH,CH=CH,), 2.72 (dd, IH, J = 14.1,7.3 Hz, CH,CH=CH,), 2.77 (d, 1H, J = 13.7 Hz, CH,S0), 3.07 (s,
3H, SO,CH,), 3.08 (d, 1H, J = 13.7 Hz, CH,S0), 3.79 (dd, 1H, J= 12.8, 5.5 Hz, 6-H), 3.89 (dd, 1H, J= 12.8,
3.8 Hz, 6-H), 4.29 (dd, 1H, J=10.3, 6.4 Hz, CH,0S), 441 (dd 1H, J=10.3, 7.7 Hz, CH,08), 5.11-5.18 (m,

2H, CH=CH,), 5.69-5.78 (m, 1H, CH=CH,), 7.32 (d, 2H, J = 8.1 Hz, Ar-H), 7.52 (d, 2H, J = 8.1 Hz, Ar-H).
C-NMR (CDCL) §: 20.8, 21.3,28.9, 337, 36.9, 41.4, 62.4, 65.4, 70.2, 74.2, 119.6, 123.8 (2C), 130.8 (2C),
1322, 1413, 1419, IR (KBr): 2929, 1354, 1174, 1088, 1039 cm'. MS m/z f"’n) 386 (M* 19), 139 (100).
High MS Calcd for C,4H,,0,S,: 386.1222. Found : 386.1217. 4b: [a],?* +74.5 (¢ = 0.28, CHCL,). 'H-NMR
T Y S0t 82 1 A4 (rn THY 1778 1 QA (v THY 2 1A 27206 O2HUY D241 o 2TH Ae ("H Y 220 D AA (e
AL U 1. D01 U (L, 111, 1707107 (1, &i1), & dU™4.a0 (1, 211), £.571 {3, J1 1, ALy ), 4.30—4.59% (i,
TLY MLY MIJF_ MY v\ N £6 7431 1LY Yy 1A 1 77200 ML MNMII_MIrY 702741 10X T __ 14K LT. ML OCMY 2 NAN 7.8
I, UOL,U =i, j, .05 14q, 1n, 4= 14.1, 7.0 NZ, ULp,Un=un, ), £.03 (G, 11, J = 14.0 Nz, Ln,nyj, 3.0V (q,
11y r 14 & YV el 8 BEAY %Y I N L AYY OMN MY N\ lo BV ~4o BV QUS| 117 Y _ 19N O A TY.. £ YTIN 1 NO .11 1Y y__ 1y N
in,J= 140 Nz, Cn,oYU}, 5.U3 (§, o, sU,Ln,), 3.0/ (04, 1n,J =120, 7.4 11z, 6-1nn), >.30 14q, in, s = 12.U,
3.9 Hz, 6-H), 4.13 (dd, 1H, J = 9.8, 7.3 Hz, CH,0S), 4.18 (dd, 1H, J = 9.8, 5.6 Hz, CH,0S), 5.09-5.16 (m,
2H, CH=CH,), 5.65-5.71 (m, 1H, CH=CH,), 7.32 (d, 2H, J= 7.7 Hz, Ar-H), 7.52 (d, 2H, J= 7.7 Hz, Ar-H)
IR (KBr): 2927, 2854, 1354, 1174, 1088, 1039 cm*. MS m/z (%): 386 (M*, 1.2), 233 (100). High MS

85
Caled for C,,H,,0,S,: 386.1222. Found : 386.1236.

(2R,5R,Rs)- and (2R,55,Rs)-2-Allyl-5-(me thane s ulfonyloxyme thyl)-2-(p-tolue ne s ulfinylme thyl)te tra-
hydropyran (4c and4d) By the same procedure for 4a and 4b from 2a and 2b, a mixture of 2¢ and 2d (20.0
mg, 0.0649 mmol, 2¢ : 2d = 5 : 3) was converted into 4¢ (15.0 mg, 60%) and 4d (9.0 mg, 36%) cach as a
colorless oil. dc: [ar],2* +48.2 (¢ = 0.54, CHCL,). '"H-NMR (CDCl,) §: 1.54-1.73 (m, 2H), 1.78-1.89 (m,
2H), 2.05-2.07 (m, 1H), 2.41 (s, 3H, Ar-CH,), 2.61 (dd, 1H, J= 14.5, 8.5 Hz, CH,CH=CH,), 2.83 (d, 1H, J =
13.7 Hz, CH,S0), 2.84 (dd, 1H, J= 14.5, 4.7 Hz, CH,CH=CH,), 3.03 (s, 3H, SO,CH,), 3.07 (d, IH, /= 13.7
Hz, CH,S0), 3.57 (dd, 1H, J = 12.0, 8.6 Hz, 6-H), 3.80 (dd, 1H, J = 12.0, 3.9 Hz, 6-H), 4.154.18 (m, 2H,
CH,08), 5.20-5.24 (m, 2H, CH=CH,), 5.80-5.89 (m, 1H, CH=CH,), 7.32 (d, 2H, J = 8.1 Hz, Ar-H), 7.52 (d,
2H, J = 8.1 Hz, Ar-H). IR (KBr): 2931, 2858, 1354, 1174, 1088, 1043 cm’. MS m/z (%): 386 (M*, 0.3),
233 (100). High MS Calcd for C,H,,O,S,: 386.1222. Found : 386.1227. 4d: [a],>® +61.2 (¢ = 0.44,
CHCL,). 'H-NMR (CDCL) 6: 1.51-1.70 (m, 2H), 1.80-1.84 (m, 1H), 1.95-2.06 (m, 2H), 2.42 (s, 3H, Ar-

CH,),2.66 (dd, 1H,J = 14.5,8.6 Hz, CH,CH=CH,), 2.75 (dd, IH, J= 145, 6.4 Hz, CH,CH=CH,), 2.83 (d,
1H,J =137 Hz, CH,S0O), 3.03 (s, 3H, SO,CH,),3.14 (4, IH, J= 137 Hz, CH,S0O), 3.39 (dd, IH, J =120,
8.6 Hz, 6-H), 3.83 (dd, 1H, J= 12.0, 3.8 Hz, 6-H), 4.11 (dd, IH, J=10.0, 7.7 Hz, CH,OMs), 4.16 (dd, 1H, J
—INN &> OCH OMY §27%0. 8274 (m 2 CH=CH)Y S84.502 (m IH CH=CH\) 733(d 2H. J =86
- LUV, J.U 114, bllzuLvlo), SLUTILT L, L1L, Nl ), JOTT I F L (S0, 230y MeRATERLA Ry, T My &l J [e PV
Y, A-IIN 7€ 74 NI T QK s Ar LI TR /KR 2077 7854 13854 1174 1088 10473 ~mv! MS />
L, Ar-f1}), .99 (4, 411, J — 0.0 114, Ni-Li}. LN (DD j. LT L1y LOJT, 1097, L2157, AVUS, 1VUTT Vin YA 1l &
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(%): 386 (M", 1.4), 139 (100). High MS Calcd for C, H,,0,S,: 386.1222. Found : 386.1215.

(25 ,Rs)-2-Allyl-5-me thylide ne -2-(p-tolue ne s ulfinylme thyl)te trahydropyran (Sa) From 4a: Sodium boro-
hydride (2.4 mg, 0.062 mmol) was added to a suspension of 2-nitropheny! selenocyanate (14.1 mg, 0.0622
mmol) in EtOH (0.6 ml) with stirring at 0 °C under N,. After 5 min, a solution of 4a (8.0 mg, 0.021 mmol)
in EtOH (0.2 ml) was added to the mixture with stirring at 0 °C. The stirring was continued for 20 h at
room temperature. Then, the mixture was diluted with THF (0.4 ml) and cooled with ice bath. After 30%
H,0, (71 pl, 0.62 mmol) was added to the mixture with stirring at 0 °C, the whole was stirred for 24 h at
room temperature. The mixture was partitioned between hexane and water. The organic layer was
separated and the aqueous layer was extracted with hexane. The combined organic layers were washed
with brine and dried.  After filtration, the solvent was evaporated and the residue was chromatographed on
silica gel (hexane-AcOEt = 1: 2) to give 5a (4.2 mg, 70%) as a colorless oil. [a],” +38.1 (¢ = 0.36,
CHCl,). 'H-NMR (CDCl,) §: 1.82-1.86 (m, 1H), 2.00-2.13 (m, 2H), 2.37-2.43 (m, 1H), 2.41 (s, 3H, Ar-
CH,), 2.53 (dd, 1H, J = 14.3,7.5 Hz, CH,CH=CH,), 2.72 (dd, 1H, J= 14.3, 7.5 Hz, CH,CH=CH,), 2.85 (d,

1H, J = 14.1 Hz, CH,S0), 3.15(d, IH, J= 14.1 Hz, CH,S0), 4.19 (d, IH, J= 13.2 Hz, 6-H),4.24 (d, IH,J =
132Hz 6-H). 481-485(m, 2H. C=CH.). 5.13-5.17(m. 2H. CH=CH.). 573-578 (m. 1 CH=CH.) 731
3.2 Hz, 6-H), 4.81-4.85 (m, 2H, C=CH,), 5.13-5.17 (m, 2H, CH=CH,), 5.73-5.78 (m, 1H, CH=CH,), 7.31
(d,2H,J=8.1 Hz, Ar-H), 7.54 (d,2H, J = 8.1 Hz, Ar—ﬂ). PC-NMR (CDCl,) 8:21.4,27.3,33.4,40.6, 66.3,
66.9, 74.1, 109.5, 119.4, 124.0 (2C), 129.9 (2C), 132.6, 141.2, 142.4, 142.6. IR (KBr): 2926, 2852, 1732,
1462, 1288, 1263, 1176, 1149, 1088, 1065 cm’. MS m/z (%): 290 (M", 35.3), 161 (100). High MS Calcd
ey o) 1 8§ M C. 0N 1720 T 3. ANN 179777

10T L 511,545,000 LYU. 1300, rmounda. £9u.133/7/.

From 4b: By the same procedure, 4b (3.0 mg, 0.0078 mmol) was converted into Sa (1.7 mg, 75%).

(2R,Rs)-2-Allyl-5-me thylide ne -2-(p-to lue ne sulfinylme thyi)te trahydropyran (5b)  From dc: By the same
procedure for Sa from 4a, 4¢ (5.0 mg, 0.013 mmol) was converted into 5b (2.5 mg, 67%) as a colorless oil.
[a],? +20.9 (c = 0.46, CHCL,). 'H-NMR (CDCl,) 6: 1.81-1.95 (m, 2H), 2.30-2.39 (m, 2H), 2.41 (s, 3H,
Ar-CH,), 2.70 (dd, 1H, J = 14.5, 8.6 Hz, CH,CH=CH,), 2.85 (dd, 1H, J= 14.5, 6.0 Hz, CH,CH=CH,), 2.88 (d,
1H, /= 13.7 Hz, CH,SO0), 3.15 (d, 1H, J = 13.7 Hz, CH,S0), 4.03 (d, 1H, J=13.3 Hz, 6-H),4.12(d, IH,J =
13.3 He, 6-H), 4.79-4.81 (m, 2H, C=CH,), 5.22-5.26 (m, 2H, CH=CH,), 5.88-5.94 (m, 1H, CH=CH,), 7.32
(d, 2H, J = 8.6 Hz, Ar-H), 7.54 (d, 2H, J= 8.6 Hz, Ar-H). IR (KBr): 2926, 2854, 1736, 1458, 1379, 1261,
1244, 1151, 1122, 1065 cm’. MS m/z (%): 290 (M*, 2.6), 137 (100). High MS Caldd for C,,H,,0,S:
290.1338. Found: 290.1338.

From 4d: By the same procedure, 4d was (5.0 mg, 0.013 mmol) was converted into 5b (2.7 mg, 72%).
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II'\II‘ Patt

6.0 Hz, CH,
(KBr): 2933, :

72, 1732 , 1356, 1176, 1097, 1()61(: MS m/z (%): 250 (
MS Calcd for C, H,,0,S: 2

6
50.1239. Found: 250.1236.

(2R,55 ,Rs)-5-(Me tha ne s ulfo nylo xyme thyl)-2-me thyl-2-propylte trahydropyran (6b) By the same
procedure for 6a from 4a, 4b (4.0 mg, 0.010 mmol) was converted into 6b (2.5 mg, 96%) as a colorless oil.
[a]p* -5.4 (¢ =0.70, CHCL)). 'H-NMR (CDCl,) &: 0.93 (t, 3H, J = 7.3 Hz, CH,CH,CH,), 1.17 (s, 3H, 5-
CH,), 1.27-1.78 (m, 8H), 1.96-2.02 (m, 1H, 5-H), 3.01 (s, 3H, SO,CH,), 3.44 (dd, IH, /= 12.0, 7.7 Hz, 6-H),
3.77 (dd, 1H, J = 12.0, 3.4 Hz, 6-H), 4.15 (dd, IH, J= 9.4, 6.9 Hz, CH,0OMs), 4.18 (dd, 1H, J =94, 6.0 Hz,
CH,OMs). IR (KBr): 2926, 2854, 1738, 1466, 1358, 1176, 1101, 1074 cm'. MS m/z (%): 250 (M*, 0.8),
207 (100). High MS Calcd for C, H,,0,S: 250.1239. Found : 250.1217.

(25,58 ,Rs)-5-(Me tha ne sulfonyloxyme thyl)-2-me thyl-2-propylte trahydropyran (6c) By the same
procedure for 6a from 4a, 4¢ (3.5 mg, 0.0091 mmol) was converted into 6¢ (2.2 mg, 97%) as a colorless oil.

[a],2* +2.9 (¢ = 0.22, CHCL). 'H-NMR (CDCL,) &: 0.93 (t, 3H, J = 7.3 Hz, CH,CH,CH,), 1.17 (s, 3H, 2-
CH.). 1.28-178 (m. 8H). 1.97-2.02 (m. 1H. S-H). 3.01 (s. 3H. SO.CH.). 344 (dd. 1H. J= 12.0. 7.7 Hz. 6-H)
370 O \s22y VA2, < dwaNSdw \AERy RARy S TALJy eI Uy (] 37 ~ \Wrey aaiy v A duro Sy P oRAREy STARSSy
3.77(dd, 1H, J = 12.0, 3.4 Hz, 6-H), 4.15 (dd, 1H, J= 9.4, 69 Hz, CHZOH.S), 4.18 (dd, 1H, J =9.4, 6.0 Hz,
CH,OMs). IR (KBr): 2926, 2854, 1734, 1458, 1356, 1176, 1099, 1074 cm’. MS m/z (%): 250 (M*, 2.1),
NI28 ( \NA+_MLY 12 £\ N7 11000 Hiach MQ alnd fAar ™ LT N Q ANAY LI Yo D1 1NN DA 228 1NN
LI iVl ‘—‘./113, 1J.U), &U/ \AUU} .lllé.ll AV allu 1ui \"10“19\"4" L vl —'\.—113} LI 1UVUL rounu LJJ.IUU.I.
O 2N . AL . A 7 L R PR | s L S, TIPS R tw. | SR . £ I\ .. P Ty P ——
(& ,Dﬁ,ﬁb)‘D'UVle uunebuuunywxy yl)- lt.tnyl—z.-prupy traiflyaropyran Lo} DYy I S4aIr

mg 3%) as a colorless oil.

[ap™ -0.9 (¢ =0.23, CHClL,). 'H-NMR (CDCl,) 6: 0.92 (t,3H,J=7. H,CH,CH,), 1.15 (s, 3H, 2-
CH,), 1.29-1.60 (m, 8H), 1.98-2.00 (m, 1H, 5-H), 3.01 (s, 3H, SO,CHj,), 3.46 (dd 1H, J=12.0,9.4 Hz, 6-H),
3.76 (ddd, 1H, J = 12.0, 4.3, 1.7 Hz, 6-H), 4.10 (dd, 1H, J= 9.4, 6.9 Hz, CH,OMs), 4.15 (dd, 1H, J=94, 6.0
Hz, CH,OMs). IR (KBr): 2926, 2854, 1734, 1466, 1356, 1176, 1097, 1063 cm’. MS m/z (%): 250 (M*,
1.0), 235 (M*-CH,, 18.2), 207 (100). High MS Calcd for C,(H,0,S (M*-CH,): 235.1001. Found:

235.1000.

-2-m
procedure for 6a from 4a, 4d (2.5 mg, 0.0065 mmol) was converted into 6d ( 1.
3

(28 ,5R Rs)-5-(Methanesulfonyloxymethyl)-2-(1,2-propadienyl)-2-(p-tolyisulfinylmethyl)tetrahydropyran
(7) Titanium tetrachloride (0.560 ml, 3.76 mmol) was added to a mixture of 1 (100 mg, 0.376 mmol) and
propargyltrimethylsilane (0.206 mi, 1.88 mmol) in CH,Cl, (10 ml) with stirring at —100 °C for 10 min under
N,. After 10 min, the reaction was quenched with saturated NaHCO, aqueous solution, and the mixture
was extracted with ether. The extract was washed with 10% HCI, water, saturated NaHCO, aqueous
solution, and brine, and then dried. After filtration, the solvent was evaporated and the residue was
passed through silica gel (hexane—~AcOEt = 3 : 1) to give the crude alcohol (87.0 mg). Methanesulfonyl

chloride (44 ul, 0.57 mmol) was added to a mixture of the crude alcohol (87.0 mg) and DMAP (104 mg,
0853 mmel m CH.CL (5mD with stirrine at 0 °C under N, The whole was stirred at 0 °C for 5§ min The
. mn,Chiom)wit tming at U "L under v, Ine whole was stured at U " 1or o mun. 1l
reaction was auenched with water. and the mixture was extracted with ether The extract wag washed
Ivactivil wad uuluiCu wWilil watlvld, allud iy HMUALWIL W do VALLaVITW VYA wliav. LIAv wAMLIAQLE FTYRD VYGRS AKv
with saturated NH,Cl aqueous solution and brine, and then dried. After filtration, the solvent was
P B RPN TR . | me oAb s L] e o il anl Sl AAMDe N 2 2Y 4~ ieza M 702 N s
evaporateda and tfnie résigué was cniomatograpned on SiliCda gel {NeXanc—ACULL = £ . J) LU BIVe 7 {00.V 1ilg,
-y -~ ~ r..1 26 ANN Q 7, N O LT N 1YY NTRAD 7T S 1IN 1 MIE £ e
Ji7010 £ SIEPS) as a coloriess o LU, +aUYB (€= U0/, Ll N-NMIR (CDCLG) O LL7u—1.70 (104,
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ZH), 1.94-2.05 (m, 2H), 2.37-2.44 (m, iH),
T¥

.39 (s, 3H, Ar-CH,), 2.86 (d, iH, J = 13.7 Hz, CH,S0), 2.98 (d,
.1 Hz, CH,S0), 3.10 (s, 3H, SO,CH,), 3.92 (m, 2H, CH,OMs), 441 (dd, iH, J = 10.2, 7.2 Hz, 6-
H), 4.62 (t, 1H, J = 10.2 Hz, 6-H), 4.89 (dd, 1H, J= 12.0, 6.9 Hz, C=CH,), 4.93 (dd, IH, J = 12.0, 6.9 Hz,
C=CH,), 5.13 (t, 1H, J = 6.9 Hz, CH=C), 7.31 (d, 2H, J = 8.6 Hz, Ar-H), 7.53 (d, 2H, J = 8.6 Hz, Ar-H).
"C-NMR (CDCl,) §: 20.6, 21.4, 26.5, 32.8, 36.8, 62.8, 69.9, 69.9, 74.8, 78.5, 94.4, 123.9 (2C), 130.0 (20),
141.3, 141.9, 207.8. IR (KBr): 2935, 2927, 2872, 1954, 1493, 1454, 1352, 1211, 1174, 1086, 1057, 1036 cm.

MS m/z (%): 384 (M*, 23.6), 137 (100). High MS Calcd for C,H,,0,S,: 384.1065. Found: 384.1069.

)M

(25 ,5R,Rs)-2-Allyl-5-me thyl-2-(p-tolyls ulfinylme thyl)te trahydropyran (8) Super Hydride® (1.0 M THF
solution) (1.04 ml, 1.04 mmol) was added to a solution of 4a (100 mg, 0.259 mmol) in THF (5 ml) with
stirring at room temperature under N,. The stirring was continued at room temperature for 1 h. Water
was added to the solution. The mixture was extracted with ether, and the extract was washed with brine,
and then dried.  After filtration, the solvent was evaporated and the residue was chromatographed on silica
gel (hexane—AcOEt = 3 : 1) to give 8 (74.0 mg, 98%) as a colorless oil. [a],* +123.6 (¢ = 1.05, CHCL,).
'H- NMR (CDCL) 0:0.89(d, 3H, J

J =137, 6.4 Hz, CH,CH=CH,

(&3

T to
o
4

,.
Y]
o>
=

e

(S

(28 ,5R,Rs)-5-Me thyl-2-[(E)-1-pro pe nyl]-2-(p-tolyls ulfinylme thyl)te trahydropyran (9) A mixture of
(PhCN),PdCl, (7.1 mg, 0.019 mmol) and 8 (27.0 mg, 0.0924 mmol) in benzene (2 ml) was heated to 80 °C
for 54 h under N,. After cooling, the reaction was quenched with saturated NaHCO, aqueous solution.
The mixture was extracted with ether, and the extract was washed with water and brine, and then dried.
After filtration, the solvent was evaporated and the residue was chromatographed on silica gel (hexane—
AcOEt=5: 1) to give 9 (16.3 mg, 60%) as a colorless oil along with 8 (8.0 mg, 30%). [a],” +111.2 (¢ =
1.73,CHCl,). 'H-NMR (CDCl,) §: 1.02 (d, 3H, J = 6.8 Hz, 5-CH,), 1.62-1.77 (m, 4H), 1.72 (dd, 3H, J =
6.8, 1.7 Hz, CH=CHCH,), 2.05 (m, 1H), 2.40 (s, 3H, Ar-CH,), 2.83 (d, 1H,J = 13.7 Hz, CH,SO), 3.28 (d,
1H, J=13.7 Hz, CH,S0), 3.51 (dd, 1H, J = 12.0, 6.4 Hz, 6-H), 3.81 (dd, 1H, /= 12.0, 3.4 Hz, 6-H), 5.43 (dd,
1H, J=16.2, 1.7 Hz, CH=CHCH,), 5.73 (qd, 1H, J = 16.2, 6.8 Hz, CH=CHCH,), 7.30 (d, 2H, J = 8.1 Hz, Ar-
H),7.53(d, 2H,J =8.1 Hz, Ar-H). "C-NMR (CDCl,) é: 16.9, 17.9,21.3, 26.8, 29.1,30.7, 68.1, 68.8, 74.2,
124.0 (2C), 126.6, 129.8 (2C), 134.6, 141.0, 142.7. IR (KBr): 2926, 2858, 1493, 1452, 1385, 1086, 1041 cm™.
MS m/z (%): 292 (M*, 1.3), 153 (100). High MS Calcd for C,,H,,0,S: 292.1497. Found: 292.1485.

(2S SR Rc).2-Hvudroxvme t vI.‘i-mpthvl-?..{n-tnlvl ulfinvlime thvDte trahvdroovran (10) From 9: A stream
(& GRS Jes-RYAroXyme tyl-0-me tvi-L-p-lofyismiinyime tayleiraliyaropyran (214
°

of ozone was bubbled through a solution of 9 (95.0 mg, 0.291 mmol) in dry MeOH (4 ml) at ~78 °C until a
mnla hhia anlar davralanad (8 min) Nitragan wace hithhlad thronioh the caliition ta remave exycepce N7zone
paic viuT LuUivL ucveiu U\ ouuiyy AVILUURCIL Wdd VUUUILY LIUUUER LV DUVIUMLIVIL LV VIR YE VAV 9O VLV
QAadiiee Lol dlde FEEN e 1 AL smneanl) ssiao addad tha ranstinm mivinra ag allauwrad ta warm tA ranm
2 0dium DOroNydriac (Jo.v g, .49 LHUNUL) was dauutd, e ICattivii DHATUIL Wadd aunuwiu 1u wailiil tu 1uuii

as X aL . el i amsadiezziad £aw 1 L h § 927 aAdaAd tn bl mmttriea Tl '3 e PN ng
temperature na ine sturing was Coninucd 101 1 1 VW dlCl Wdd aQuCd LU UHIC JIALUL 111C Wi wWas
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was evaporated and the residue was chromatographed on silica gel (hexane—AcOEt = 1 : 2) to give 10 (85.0
mg, 93%) as a colorless powder. mp 92-94 °C (E,0). [a],** +65.8 (¢ = 0.63, CHCL). 'H-NMR
(CDCl,) 6: 0.83 (d, 3H, J = 6.0 Hz, 5-CH,), 1.20-1.24 (m, 1H), 1.60-1.96 (m, 4H), 2.43 (s, 3H, Ar-CH,),
3.03(d, IH, J = 13.7 Hz, CH,S0), 3.17 (d, 1H, J = 12.4 Hz, CH,OH), 3.22 (d, 1H, J = 12.4 Hz, CH,0H),
3.26 (d, 1H, /= 13.7 Hz, CH,S0), 3.64 (dd, IH, /= 12.0, 7.7 Hz, 6-H), 3.65-3.70 (m, 1H, OH), 3.78 (dd, IH,
J=12.0,6.9 Hz, 6-H), 7.36 (d, 2H, J = 8.1 Hz, Ar-H), 7.57 (d, 2H, /= 8.1 Hz, Ar-H). '*C-NMR (CDCl,) é:
17.0, 21.4, 27.3, 28.8, 30.3, 61.0, 68.2, 69.5, 744, 123.9 (2C), 130.1 (2C), 141.0, 141.8. IR (KBr): 3359,
2927, 2872, 1495, 1456, 1383, 1244, 1171, 1088, 1012 cm”. MS m/z (%): 282 (M*, 0.5), 140 (100). Anal.

Calcd for C,;H,,0,S: C, 63.80; H, 7.85; S, 11.35. Found: C, 63.59; H, 7.68; S, 11.24.

(25,5R,Rs)-2-Hydroxyme thyl-5-me thyl-2-(p-tolyls ulfinylme thyl)te trahydropyran (10) From 7: Super
Hydride® (1.0 M THF solution) (0.117 ml, 0.117 mmol) was added to a solution of 7 (9.0 mg, 0.023 mmol) in
THF (0.8 ml) with stirring at room temperature under N,. The stirring was continued at room temperature
for 6 h. Water was added to the mixture. The mixture was extracted with ether and the organic layer was
washed with brine, and then dried. Afier

Itration, the solvent was evaporated and the residue was
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A stream of ozone was bubbled through a solution of the above product (75.0 mg, 0.259 mmol) in dry
MeOH (3 ml) at —78 °C until a pale blue color developed (5 min). Nitrogen was bubbled through the
solution to remove excess ozone. Sodium borohydride (48.9 mg, 1.29 mmol) was added, the reaction
mixture was allowed to warm to room temperature, and the stirring was continued for 1 h. Water was
added to the mixture. The whole was extracted with AcOEt, washed with brine, and then dried. After
filtration, the solvent was evaporated and the residue was chromatographed on silica gel (hexane—AcOEt =
1:1) to give 10 (67.0 mg, 92%).

(25,5R,Rs)-2-(Methoxymethoxymethyl)-5-methyl-2-(p-tolylsulfinylmethyl)tetrahydropyran (11)

Methoxymethyl chloride (52 pl, 0.68 mmol) was added to a mixture of 10 (64.0 mg, 0.227 mmol) and
diis opropylethylamine (0.198 ml, 1.13 mmol) in CH,Cl, (2.5 ml) with stirring at room temperature under N,.
The stirring was continued at room temperature for 21 h. Saturated NaHCO, aqueous solution was added
ixture. The mixture was extracted with ether,

After filtration

j$iwg § ] iva. Eg o tiest

was chromatographed on silica gel (hexane—-AcOEt = 2:1) t

a1 21 QO 1 7 — 1 14 OLIM N HINMR /(CDCIY 5 0R07d A3H FT=—67H> S.CHY 160-_186(m SH)
LY%ip TOO.1 (¢ = 1.1%7, lily ). LATINAVAIN \NlA ) U V.07 (W, JRE, v Vol 13y JTNARY ), L.UUTEUV LI, Jik),
MAT fo LT A-_OLITY 200 (A 1T 7T - 142 U T QMY 227 (e 2 NCH Y 242 (A 1TH F =~ 1472 HA
&L S, O, £ ‘\,_l:l_;}, L. 77 \U, L0, J = 190 1L, WTL)A\Tj, J.07 (3, Jil, Wl ilyf, J.54 (U, 11X, v — 170 (14,
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CH,S0), 348 (dd, iH, J = 12.2, 10.1 Hz, 6H), 3.57 (d, IH, J = i0.1 Hz, CH,0OMOM), 3.74 (ddd, 1H, J =
12.2,4.3, 1.8 Hz, 6-H), 3.79 (d, 1H, J = 10.1 Hz, CH,0MOM), 4.67 (s, 2H, OCH,0), 7.32 (d, 2H, J = 8.3 Hz,
Ar-H), .55 (d, 2H, J = 8.3 Hz, ArH). "“C-NMR (CDCl,) &: 17.1, 21.3, 27.2, 30.2, 304, 55.5, 61.7, 68.3,
713.3,73.6, 96.9, 124.0 (2C), 129.9 (2C), 141.1, 142.5. IR (KBr): 2929, 2857, 1495, 1456, 1151, 1113, 1088,
1043 e’ MS m/z (%): 326 (M°, 13), 111 (100). High MS Caled for C,yHy,0,S: 326.1552. Found:
326.1556.

(25,5R,Rs)-2-[1-Acetoxy-1-(p-tolylthio)methyl]-2-(methoxymethoxymethyl)-S-methyltetrahydropyran

(12) Sodium acetate (69.2 mg, 0.844 mmol) was added to a mixture of 11 (55.0 mg, 0.169 mmol) in acetic
anhydride (1 ml) with stirring at room temperature under N,. The mixture was heated at 130 °C for 2.5 h.
After cooling, acetic anhydride was evaporated and the residue was chromatographed on silica gel (hexane—
AcOEt = 6 : 1) to give 12 (56.0 mg, 90%, 67 : 33 diastereomeric mixture) as a colorless oil. 'H-NMR
(CDCl,) 8: 0.85 (d, 3x67/100H, J = 6.0 Hz, 5-CH,), 0.91 (d, 3x33/100H, J = 7.0 Hz, 5-CH,), 1.60-2.17 (m,
5H), 1.98 (s, 3x33/100H, COCH,), 2.02 (s, 3x67/100H, COCH,), 2.33 (s, 3H, Ar-CH,), 3.34-3.38 (m, 1H, 6-
H), 3.39 (s, 3x33/100H, OCH,), 3.40 (s, 3x67/100H, OCH,), 3.62-3.64 (m, 67/100H, 6-H), 3.63 (d, 67/100H,
J=10.0 Hz, CH,OMOM), 3.67 (d, 3/100H, J = 10.5 Hz, CH,OMOM), 3.76-3.78 (m, 33/100H, 6-H), 3.77 (d,

67/100H, J = 10.0 Hz, CH,OMOM), 3.81 (d, 33/100H, J = 10.5 Hz, CH,OMOM), 4.68 (d, 2x33/100H, J= 1.0

5 ( QCH, 67/

Hz, OCH,Q), 4.69 (s, 2x67/100H, QCH,Q0), , 6 . , OOH, , .11 (4,
2%33/100H. 7= 7.8 Hz. Ar-H). 7.12 (d. 2x67/1 7=83Hz Ar-H), 7.40 (d. 2x67/1 J=83 Hz Ar-H)

00H, J 8 Hz, Ar-H), 7.12 (d, 2x67/100H, J = 8.3 Hz, Ar-H), 7.40 (d, 2x67/100H, J = 8.3 Hz, Ar-H),
TAY (4 I¥AUVIONHT 7T - 72 Hs Ar HN IR (KRA- 2051 2881 17851 1497 145 136G 1221 1140 1111
38 \ Uy LASSIIVVURL, J = 7.0 X114, £217K1). LN \NNOKJ. L7011y 4001y L 1Jd1,y 1770, 17IU, 1IUT, lakik, L1797, 1117,
1086, 1049 cm'. MS m/z (%): 368 (M*, 5.9), 173 (100). High MS Calcd for C,H,,0,S: 368.1657
..... A, RLO VLA
round. J206.10234

o~ s> r4 AN

(2R ,5R)-2-(Hydroxyme thyi)-2-(me tho xyme tho xyme thyi)-5-me thyite trahydropyran (13) Lithium boro-
hydride (66.3 mg, 3.04 mmol) was added to a solution of 12 (56.0 mg, 0.152 mmol) in THF (2 ml) with
stirring at room temperature under N,. The stirring was continued for 70 h. Water was added to the
mixture. The mixture was extracted with ether, and the extract was washed with brine, and dried. After
filtration, the solvent was evaporated and the residue was chromatographed on silica gel (hexane—AcOEt =
2: 1) to give 13 (30.0 mg, 97%) as a colorless oil. [a],'® —29.9 (c = 0.64, CHCL,). 'H-NMR (CDCl,) §:
0.85 (d, 3H, J= 6.0 Hz, 5-CH,), 1.45-1.55 (m, 2H), 1.57-1.63 (m, 2H), 1.63-1.73 (m, 1H), 2.24-2.26 (m, 1H,
OH), 3.24 (dd, IH, J=11.5,9.8 Hz, 6-H), 3.38 (s, 3H, OCH,), 3.49 (d, 1H, J= 9.8 Hz, CH,OMOM), 3.56 (d,
1H, J = 9.8 Hz, CH,OMOM), 3.55-3.59 (m, 1H, CH,OH), 3.69 (ddd, 1H, /= 11.5, 4.5, 2.3 Hz, 6-H), 3.93 (dd,
1H, J = 11.5, 4.5 Hz, CH,0H), 4.65 (s, 2H, OCH,0). "*C-NMR (CDCl,) é: 17.1, 27.1, 27.4, 30.1, 55.4, 60.8,
68.0, 73.0, 73.8, 96.9. IR (KBr): 3448, 2951, 2927, 1458, 1146, 1113, 1086, 1049 cm’. MS m/z (%): 204
(M*, 1.4), 129 (100). High MS Calcd for C, H,,0,: 204.1361. Found: 204.1358.

T

(2R,5R)-2-Formyl-2-(me tho xyme tho xyme thyl)-5-me thylte trahydropyran (14) Dess—Martin reagent
0.220 mmaol) was added to a tion of 13 (15.0 mg, 0.0735 mmol) in CH,Cl, (1 ml) with stiring

(93.5 mo, nmo s added to a jigp!
ANy ~ 2 ] =7
at 0 °C under N,. The stirring was ¢ ontmued for 30 min. The mixturc was diluted with ether. Saturated
aHCO. agueous solution and saturated Na.S. Q. agueous solution were added to the mixture with stirring
A‘“ll\.’\l3 “\iuu\lu\’ AT ASRUAL L (23 LA I dAavaL AL JVMZUIVJ u-.luvvuu A RSALAL AR TR EN e -a. TRENS TV ARAL U RALIAAiE
at N O Tha ctirring ae cantinnad for 20 min The mivtura wacg extracted with ether and the extract
alL v . Fysivy Blululs YY Ao LVULILMIUGLC U IUL UV IR, A lIvw MlUMALULW VW AY vALLGAWwiWwy YT ALLL W Wiy RIS AW WwaaLniiawi
ne wachad ith helna and Adriad Aflar Gltratinn tha cnlvant wae avannrated and the recidne wace
wWdd WadliCu willl Ulliv, dlua ulivu, MLV LILLAUIVIL, LUV SUIVLIIL WaA) W YAPpUIdivua diu v 1voiuue wao
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.0 mg, 88%) as a colorless oil. [a]’
Hz, 5-CH,), 1.01-1.05 (m, 1H), 1.35-

. 1.6 Hz, 6-H), 3.31 (s, 3H, OCH,), 3.55
(d, IH, J = 9.8 Hz, CH,OMOM), 3.59 (d, 1H, J= 9.8 Hz, CHZOMOM), 3.93 (ddd, 1H, /= 11.6, 3.7, 1.8 Hz,
6-H), 4.57 (d, 1H, J = 6.7 Hz, OCHZO),4.59 (d, 1H, J = 6.7 Hz, OCH,0), 9.83 (d, 1H, J = 1.8 Hz, CHO).
SC-NMR (CDCl,) 8:16.9, 26.8, 28.4, 30.0, 55.3, 71.5,72.4, 81.3, 96.6, 206.5. IR (KBr): 2954, 2877, 1736,
1460, 1149, 1113, 1088, 1047 cm’. MS m/z (%): 202 (M*, 19.8), 173 (M*-CHO, 42.9), 111 (100). High
MS Calcd for C,H,,0, (M'~CHO): 173.1178. Found: 173.1192.

(2R,5R)-2-(Me thoxyme thoxyme thyl)-5-me thyl-2-[(Z)-1-none nyl]te trahydropyran (15) Potassium hexa-
methyldisilazide (0.5 M toluene solution) (1.73 ml, 0.866 mmol) was added to a solution of n-octyl-
triphenyiphos phonium bromide (394 mg, 0.866 mmol) in THF (10 ml) with stirring at 0 °C under N,. After
5 min, a solution of 14 (70.0 mg, 0.346 mmol) in THF (2 ml) was added with stirring at 0 °C. The whole
was stirred at room temperature for 30 min. Water was added to the mixture. The mixture was extracted
with ether, and the extract was washed with brine, and dried. After filtration, the solvent was evaporated
silica gel (hexane—-AcOEt =20 : 1) to give 15 (97.0 mg, 94%) as a

=== Dl - A4

and the residue was chromatographed on s

S1ii1

colorless oil. [a] 2 -15.1 (¢ =0.59, CHCL). 'H-NMR (CDCl,) §:0.77 (d, 3H, J= 6.1 Hz, 5-CH,), 0.88 (t,
3H,J = 6.7 Hz, CH,CH,), 1.19-1.32 (m, 11H), 1.57-1.82 (m, 4H) 2.19-2.35 (m, 2H, CH=CHCH,), 3.20 (t,
IH =11 H7z 6.HY 138(¢ 3 QCHN)Y 345(d I\H /=101 Hz C MOMY 24Q (4 1 T— 101 H=

9 o 1 2.\ Ald.y WV ll]’ S end oS \O’ ARy \_l\.—l.lgl, TS \u, Ai1iy v AV. 4 RAL,y \/_L__L_ZVA'AVI'[J, [ g \u, Lll,h’ AV, 4 L34,
CH ORNRAY 2 EQ (AAA 1T T 11N AT 1QUM, AT ARS ¢ 2T NOCIT N S170td 1TH JT- 114 1 Q s
L sivisvE g, J. 7 GGG, I, v F 11V, 4.0, 1.0 114, UKL, OO, AX, WLTI)U ), Joia (W, i,V = 110, 1.0 11,
CHU_MUIMLI Y S £1 7ed 11T Yy — 118 77 U OU_CLICLT ) ]3{"_Y\TR)ID ICMNCTIY 8 141 179 24 270
La=unlri, g, J.061 (W4, 1, v = 11.0, /.0 0L, Ln=unin, ). LNV Ay O 1%, 114, 229, 21.7,
28.5,29.2,29.5,29.7, 30.7,31.8, 32.7, 55.2, 68.8, 73.8, 77.1, 96.8, 128.6, 136.5. IR (KBr): 2924, 2854, 1458,
11 AL 1117 1 NoO TN -,-A-! A0 I FOIN. ML IR A Yl & § N ON s 1 lo BV ¥avh )Y TI: L RAO Y _ Y 3 £ Yy
1140, 1115, 1U0O, 1Us1 CM . MO M/Z (70). 20/ (VM1 — UL, U.3), £20 ( 1WJ) nign vio LalCa 1or © ., y,
(M'- OCH,): 267.2324. Found : 267.2334

(25 ,5R)-2-(Me tho xyme thoxyme thyl)-5-me thyl-2-nonylte trahydropyran (16) A solution of 15 (97.0 mg,
0.325 mmol) in MeOH (5 ml) was hydrogenated on 10% Pd-C (19.4 mg) with stirring at room temperature.
The stirring was continued for 2 h. After filtration, the filtrate was concentrated under reduced pressure.
The residue was chromatographed on silica gel (hexane—AcOEt = 20 : 1) to give 16 (84.0 mg, 86%) as a
colorless oil. [a],*?~15.6 (¢ =0.77, CHCL). 'H-NMR (CDCl,) 3:0.82 (d, 3H, J= 6.7 Hz, 5-CH,), 0.88 (t,
3H, J= 6.7 Hz, CH,CH,), 1.19-1.34 (mn, 14H), 1.49-1.78 (m, 7TH), 3.20 (t, 1H, J = 11.3 Hz, 6-H), 3.36 (s, 3H,
OCH,), 3.38 (d, 1H, /= 9.8 Hz, CH,OMOM), 3.41 (d, IH, J= 9.8 Hz, CH,OMOM), 3.61 (ddd, 1H, J= 11.3,
4.3, 1.8 Hz, 6-H), 4.64 (s, 2H, OCH,0). "C-NMR (CDC),) &: 14.1, 17.3, 22.6, 23.1, 274, 29.3, 29.6 (2C),
29.6, 29.9, 30.3, 30.5, 31.9,55.2,67.5, 73.1,74.3,96.8. IR (KBr): 2947, 2924, 2854, 1458, 1149, 1115, 1088,
1049 cm'. MS m/z (%): 269 (M'= OCH,, 0.7), 225 (100). High MS Calcd for C,;H,,0, (M*~ OCH,):
269.2480. Found: 269.2481.

(2R 58 )-5-(Me thoxyme thoxyme thyl)-2-me thyl-5-tetradecanolide (17) With RuCl;*3H,0-NalO, in
CCl,~Me CN-wate r: Sodium periodate (71.2 mg, 0.333 mmol) and RuCl;*3H,0 (2.2 mg, 0.0083 mmol) were
success:vel added to a solution of 16 (25.0 mg, 0.0833 mmol) in CC],-MeCN-water (1 : 1 : 1.5) (3.5 ml)

e af rAnMm tamnaratnre Tha whanale wae vianrcncly ctirrad at roanam tamnarature for 75 h The
wllll Dlululs at LUVl u.auxy\,l.au.uu A LIV YWIIUIC YW A0 Vlé\}l\}uoly DLMIWAW AL LVl t\dlllll\ll“\bll\( AL 1 e/ Lds ALl
............ Bltawad theanagh alita avirantad with athar and tha avirant wae wachad th catnratad
lulAlulC Was nncica u OUEIL LLIe, CTALIALILU willl LUV, dilu v CALlldLl wdd  wdalivd witd sdatuiawcu

ot
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evaporated and the residue was

chromaicgrapnea on silica gel (hexane-AcOEt =4 : 1) to glvc 17 (15.0 mg, 57”') as a coloriess oii along

with 16 (5.8 mg, 23%). [a],? ~10.7 (¢ = 0.64, CHCL). 'H-NMR (CDCi,) &: 0.88 (t, 3H, J = 6.7 Hz,
CH,CH,), 1.25-1.39 (m, 14H), 1.28 (d, 3H, J = 6.7 Hz, 2-CH,), 1.53-2.04 (m, 6H) 2.43-2.49 (m, 1H, 2-H),
3.36 (s, 3H, OCH,), 3.48 (d, 1H, J = 8.6 Hz, CH,0OMOM), 3.55(d, 1H, J = 8.6 Hz, CH,OMOM), 4.63 (s, 2H,
OCH,0). BC-NMR (CDCl) 8. 14.1, 17.2, 22.6, 23.2, 25.4, 27.2, 29.2, 29.36, 29.44, 30.0, 31.8, 35.3, 37.7,
554, 72.4, 84.8, 96.7, 175.0. IR (KBr): 2924, 2854, 1736, 1464, 1377, 1331, 1254, 1205, 1149, 1115, 1049

cm'.  MS m/z (%): 314 (M, 1.8), 239 (100). High MS Calcd for C, H,,0,: 314.2457. Found: 314.2461.

With RuCl,*3H,0- NalO, in CCl,~water: Sodium periodate (14.2 mg, 0.0666 mmol) and RuCl,*3H,0 (0.4
mg, 0.0002 mmol) were successively added to a solution of 16 (5.0 mg, 0.017 mmol) in CCl,—~water (1 : 1)
(1.2 ml) with stirring at room temperature. The whole was vigorously stirred at room temperature for 22 h.
After work-up and purification, 17 (1.5 mg, 28%) was obtained along with 16 (2.0 mg, 40%).

With NalO,~RuO,*xH,0 in CCl,-Me CN-water: Sodium periodate (28.5 mg, 0.133 mmol) and RuCl,*xH,0

(0.4 mg) were successively added to a solution of 16 (10.0 mg, 0.0333 mmol) in CCl,-MeCN-water (1: 1 :
1.5) (2.1 ml) with anr_,ng at room temperature. The whole was viggrgx_sly stirred at room temperature for
17h.  After work-up and purification, 17 (1.8 mg, 17%) was obtained along with 16 (6.3 mg, 63%).

{ V_Ma lvnan lida Trimsathucilul hramida (19 11l 0 14 mmol) wacec addad ty a cnlutinn AF 1T (11 O mo ) DASN
AN J LVlﬂlJl%‘Jm llllll\llll]Oll."L Uiviiuuay \ P g P:l, V.17 llull\Jl} YWQRY AUULU LY A DWIMLIWVEL UL R 7T\ 1 1.V 155, V.VJOJV
mmall in CIH 1 (1 § Y with ctirring ot _IN 26 vindar N Tha gtirring wae cantinnad far AN min Tha
LIMIATL] kR ‘-‘112\/.2 \l.J llu} v itil DLulllls atl - \J o UlIUL “2 |y iw Dllllllls YWAad VAAILLIIULAL U VU 1aail. FRtivg
iU IIea wEraS  sEbEoersse ith cntnieatad NaLIfYY ansiansiic cnlistinm amd avéera~tad il athae MThoa ~wteont
it 1T Wao qucu\.ucu Wilil 3aiufraica 1“111\‘\13 aqucuua SUIULIVULL, allu TALlAaLlTU WLl LG 11l CAllaut

was washed with brine, and dried. After filtration, the solvent was evaporated and the residue was
chromatographed on silica gel (hexane—AcOEt = 3 : i) to give (—)-malyngolide (8.0 mg, 85%) as a coloriess
oil. The synthesized (—)-maiyngoiide was shown to be identical with an authentic data by comparison of
the spectroscopic property (IR, ‘H-NMR, MS). [a],” -12.5 (c = 0.80, CHCl,). Iit’ [a],** -13 (¢ = 2,
CHCl,). 'H-NMR (CDCl,) &: 0.88 (t, 3H, J= 6.7 Hz, CH,CH,), 1.26-1.29 (m, 14H), 1.28 (d, 3H, J = 6.7
Hz, 2-CH,), 1.47-2.13 (m, 7H, OH, CH,), 2.43 (m, 1H, 2-H), 3.49 (d, 1H, /= 12.2 Hz, CH,OH), 3.66 (d, 1H,
J =122 Hz, CH,OH). "C-NMR (CDCl,) §: 14.1, 17.1, 22.6, 23.7, 25.2, 26.3, 29.3, 29.4, 29.5, 30.0, 31.8,
35.6, 36.5, 67.7, 86.9, 175.0. IR (KBr): 3398, 2926, 2854, 1732, 1462, 1377, 1252, 1207, 1126, 1101, 1070
cm’'. MS m/z (%): 270 (M*, 3.6), 239 (100), 223 (11), 211 (51), 155 (32), 143 (39), 115 (10), 109 (10), 95
(12), 81 (16), 71 (27). High MS Calcd for C, H,,0, (M*~CH,OH): 239.2011. Found: 239.2009.
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