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Abstract: Treatment of trans-epoxides 3 with Co(CQ)g gave the corresponding cobalt complexes,

which were subsequently exposed to a catalytic amount of BF3-OEt; at 78°C to provxde exclusxvely cis-
2-ethynyl-3-hydroxytetrahydropyran derivatives via endo mode cyclization pathway. cis-Congeners, cis-3
afforded the corresponding trans tetrahydropyran derivatives exclusively. This novel cyclization has been
found to proceed with retention of configuration at the propynyl stereogenic center. Requirement for
stereoselectivity in cyclization was discussed. © 1997 Elsevier Science Ltd. All rights reserved.

Tetrahydropyran ring systems! have been frequently found to be the major component of many
biologically important natural products.2 One of the most straightforward process to build up the substituted
tetrahydropyran skeletons like 3-hydroxy-2-substituted-tetrahydropyran derivative 1 would be ring opening of
an epoxide by a terminal hvdroxy group of 4,5-epoxy-5-substituted-pentan-1-ol 2 via endo mode ring closure

(route a). According to Baldwin rules,3 however, endo mode ring closure (route a) is generally regarded as an
unfavorable pathway and competing exo mode ring closure (route b) is oft €
override this disadvantage, several intriguing meihods? (e.g. activation of epoxides by an adjacent vinyi

moiety“2..g or by palladium catalyst4¢) have so far been devised.
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Alkyne-Coy(CO)g complexes, derived from propynyl et
known to liberate easily, on treatment with Lewis acid, the corres
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toward the development of highly stereoselective carbon-carbon bond formation reactions mediated by alkyne-
Co2(CO)g complexes and their application to total syntheses of bioactive compounds, we paid much atiention
to the propynyl cation stabilizing ability of alkyne-Co(CO)g complex for regioselective endo mode ring
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The cation stabilized by the cobalt complex moiety might be immediately captured in an endo mode fashion by
a terminai primary aicohol resuiting in exclusive formation of tetrahydropyran skeleton 4 (Scheme 2). This
paper deals with the details” of a novel method for highly stereocontrolled synthesis of 2-ethynyl-3-
hydroxytetrahydropyran derivatives through endo mode type ring closure of epoxy-alcohol derivatives as a
crucial step.
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Syniheses of irans- and cis-4,5-Epoxy-7-subsiiiuted-hepi-6-yn-i-ois

The starting trans-alkyne-epoxides 3 were prepared as follows (Scheme 3). The aldehyde 58 was treated
with chromium (IT) chloride (CrCl;)° and iodoform in 1,4-dioxane/THF solution to give the iodo-olefin 6 E-
selectively (E : Z = 89 : 11). Palladium catalyzed coupling reaction of (F)-6 with trimethylsilylacetylene,
phenylacetylene, and n-butylacetylene afforded (E)-7b,c,d in high yield. Enynes (E)-7b,c,d were
subsequently exposed to oxidation condition with mCPBA and desilylation to produce trans-3a.c.d in 34 to
439 v:eld Enyne (F'\ 7h was hvdmlv7ed with 1% HC1 in EtOH to furnish the nrlmnrv alcohol in 85% vield,

which was converted into trans-3b in 42% yield under the standard epoxidation condition. In syntheses of
trans-3e.f, the terminal TMS gioup of {E)-7b was firsi removed to prodice {E)-7a. Palladium coupling of
(E)-Ta with p-iodotoluene was followed by oxidation and deprotection as described above to afford rrans-3e,
while trans-3f was prepared through (E)-7f. Treatment of (E)-7a with n-BuLi and benzoy! chloride to give
(E)-7f which was converted into trans-3f under the standard condition. On the other hand, cis-alkyne-
epoxides 3 were obtained from the known (Z)-iodo-olefin 8.10 Lithium enolate of tert-butyl acetate reacted
with 8 to give 9 in 86% yield. Reduction of the ester moiety of 9 provided the corresponding alcohol, which
was then protected with rerr-butyldimethylsilyl (TBDMS) group to furnish (Z)-6 in 84% yield. Palladium

coupling of (7)-6 with alkvnes gave (Z)-7. Transformation of (Z)-7 to cis-3 was undertaken by applying the
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Ring Closure of Epoxides 3

At the outset, trans-3b was first taken to search for what level of regioselectivity as well as
stereoselectivity might be attained in cyclization reaction of cobalt-complexed 3 in the presence of Lewis acid.
Thus, treatment of frans-3b with dicobaltoctacarbonyl in methylene chloride at room temperature to give the
corresponding cobalt-complexed trans-3b, which was subsequently treated with a catalytic amount of TiCly
(0.1 equiv.) at -78°C to afford tetrahydropyran derivative 4b (tfrans : cis = 26 . 74) in 22% yield. Cyclization

proceeded in an endo mode rather than in an exo mode manner (Scheme 1), although chemical yield was fairly
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iCl4 to SnCly, Et2AIC], and EtAICl, [SnCly (58%; trans : cis = 34 : 66); EbAICI (9%; trans :
cis = 50 : 50); EtAICl; (20%; trans : cis = 43 : 57)]. We assumed those low yields would be mainly attributed to
chloride anion liberated from Lewis acid employed as the reaction proceeded. Attack of chloride anion to an
epoxy ring would result in undesired side reactions. Finally, BF3-OEt; was found to be a suitable Lewis acid
for this kind of ring closure reaction. On exposure of cobalt-complexed trans-3b to a catalytic amount of
BF3-OEt; (0.1 equiv.) at -78°C, ring closure occurred cleanly to give 4b in 86% yield. Interestingly retention of
configuration at the propynyl position of cyclized product was observed (trans : cis =9 : 91: Table 1, entry 2).

It should be mentioned that same rcmo‘;e]ectlwtv and stereoselecti Vva were achieved when triflunoroacet
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Tabie i. Ring Ciosure of Cobaii-Compiexed 3

entry  substrate R product 4 (trans : cis)®  yield (%)
1 trans-3a H 4a (trans : cis =4 : 96) 65
2 trans-3b TMS 4b (trans : cis =9 :91) 86
3 trans-3c Bu” 4c (trans : cis=3:97) 97
4 trans-3d CgHs 4d (trans : cis = 1 : 99) 96
5 trans-32  p-CH3-CgHy de (trans:cis=2:98) 98
& trans-3% CeHsCO &f (trans 1 cis =2 :98) 90
7 cis-3a H 4a (trans . cis=99: 1) 92
8 cis-3b TM™MS 4b (trans : cis = 100: 0) 88
9 cis-3¢ Bu”? 4c (trans . cis=99: 1) 92
10 cis-3d CgHs 4d (trans : cis =99 : 1) 93
11 cis-3e p-CH3-CgHy de (trans ; cis =97 : 3) 95
12 cis-3f CgHsCO daf (trans : cis =97 . 3) 89

a Ratio was determined on the basis of isolated amount of each isomer.
b The specific yields are isolated yields of each isomer.

Similar treatment of cis-3b gave trans-4b exclusively in 88% yield as expected (Table 1, entry 8).
Further examples of successful endo mode cyclization of 3 via the corresponding cobalt complexes are listed in
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formation o
stariing epoxides 3. (2Z) Ring formation took piace with retention of configuration at the propynyi position
resulting in a highly stereoselective construction of trans-2-ethynyl-3-hydroxytetrahydropyran skeleton from
cis-epoxides and cis-congeners from trans-epoxides. (3) Irrespective of the electronic property of the terminal
substituent on the triple bond, ring closure always proceeded in an endo mode fashion exclusively and exo

mode products (tetrahydrofuran derivatives) were never found in more than trace quantities.
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Regeneration of the trinle bond of 4 was realized by the conventional means with cerium (IV)
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affording 10 (Scheme 4). Stereochemistry of eado mode products 4 was easily confirmed by their specirai
evidence (see Experimentai Section). For exampie, 1H NMR spectrum of trans-4b showed a larger coupling
constant (8.8Hz) between H and H3 due to axial-axial coupling, while smaller one (broad singlet attributed to
axial-equatorial coupling) was recognized in 'H NMR spectrum of cis-4b. Transformation of 4 into 10
brought about diagnostic down filed shift of H3 (for instance, 1.51 ppm in the case of trans-4b and 1.05 ppm
in the case of cis-4b) strongly indicating that cyclized products 4 have tetrahydropyran skeleton, but not the

corresponding tetrahvdrofunm system (e.g. Scheme 1),

Consideration of Regioselectivily and Siereoselectivity

Exclusive formation of tetrahydropyran derivatives 4 (endo mode product) couid be rationalized in terms
of intermediacy of propynyl cation species resulted from neighboring group participation of alkyne-cobalt
complex moiety.’ Two possible isomerization processes during cyclization reaction, namely (i) epimerization of
trans-4 to cis-4 and vice versa, and (ii) ring transformation of cobalt-complexed tetrahydrofuran derivatives to
trans-4 and/or cis-4, could be completely ruled out by the following several experiments (Scheme 5). When

trans-4b and cis-4b were independently exposed to a catalytic amount of BF2-OFEt; in methylene chloride at

TR na raactinn tnnl nlacae nA the ctartine tranc.dh and ~ic-4dh regnectivelv were recovered intact. On the
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BF3-OEt; under the standard condition described above provided recovery of the starting tetrahydrofuran
derivatives intact again. These isomerization experiments obviously suggested that endo mode products 4 must
be kinetically controlled ones.
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Unexpectedly high stereoselectivity (retention of configuration at the propynyl position) was observed in
the cyclization reaction of 3. In addition, optically active trans-epoxide, (-)-trans-3d (90% e.e.)13.14, prepared
from (E)-7d by Sharpless procedure,!5 furnished the cyclized product (-)-13 (86% e.e.)!14:16 in 89% yield
upon successive treatment with Co(CO)g, BF3-OEt, and CAN (Scheme 5). These observation might be
tentatively interpreted by a stepwise mechanism. Scheme 6 depicts the plausible pathway17 for transformation
of trans-3 into cis-4. The first sten would involve carbon-oxygen bond cleavage of epoxide moiety of cobalt-
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formed in the first step would be immediately captured by an iniernai nucleop‘nue (terminai hydroxy group) with
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inversion of configuration again from the same face on which the cleaved carbon-oxygen bond originally
oriented resulting in exclusive formation of cis-4. Double inversion process, therefore, would end up retention
of configuration at the propynyl position of 4. According to the above consideration on stereoselectivity
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(retention of configuration), an epoxide functionality at the propynyl position seemed not to be man datory to
attain hivh etpmnnrlprhvnv In order to confirm that 14 was onticallv resolved by the method reported
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previously!8 (Scheme 7). A mixture of (+)-14 and (S)-1-phenylethyl isocyanate was heated in the presence of
N, N-dimeihyl-2-aminocihanol io provide ihe corresponding carbamaies 135. Because of difficuity of direct
separation, carbamates 15 were converted to the cobalt-complexed ones, which were easily isolated by column
chromatography and subsequently treated with CAN to give two chiral carbamates 15. Chiral auxiliaries of 15
were then removed by HSiCl319 in benzene to afford (+)- and (-)-16. The diol (+)-16 was converted to the
corresponding cobalt-complexed 16, which was treated with BF3-OEt; (1.0 equiv.) at -78°C to 0°C (due to
somewhat lower reactivity of 16 compared to that of 3) to afford, after decomplexation, the racemic
tetrahydropyran derivative 17.20 The similar result was obtained when (-)-16 was exposed to the same

conditiong to furnish racemic 17, (‘nmn]f-te racemization17,20 dur cvclization of opt ticallx y active 16 indicated
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configuration).

Another question arisen from the above speculation on stereoselectivity was whether intramolecular
version would be essential for retention of configuration. Thus intermolecular capture of the propynyl cation
stabilized by cobalt complex moiety was made (Scheme 7). trans-Epoxide 18, after cobalt complexation, was
treated with a stoichiometric amount of BF3-OEt; in the presence of methanol as an external nucleophile in
methylene chloride at -78°C to provide 19 in 62% yield in an anti-selective manner (anti : syn = 71 : 29).
Interestingly enough, similar anti-selectivity (66%. anti : syn = 80 : 20) was observed in the case of cis-18.
Similar non-selective ring opening of 1,2-epoxy- l-ethynylcyclohexane with methanol was reported by
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in 73% yield. Carbon elongation reaction of anti-Z0 was realized by consecutive hydroxymethylation and
hydrogenation producing anti-21 in 88% yield, ring closure of which was undertaken by activation of the
primary alcohol and base treatment to furnish frans-22. This compound was identical with the one derived from
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trans-4a via demetallation, methylation, hydroxymethylation, silylation, and hydrogenation. The minor
nroduct evn-19 wag chown to have the same sterenchemictrv ac that of cje_da hy cimilar chamical
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transformation.

Similar ratio between anti-19 and syn-19 was recorded from different starting epoxides (trans- and cis-
18). No stereoselectivity (retention of configuration) was recognized in the case of intermolecular version. Acid
treatment of cobalt-complexed 18 would produce the corresponding propynyl cations according to the way as
shown in Scheme 6. In the case of 3 a terminal hydroxy group would instantly and intramolecularly attack the
propynyl cations before their epimerization at the propynyl center occurs. In other words, intramolecular capture
of cation would be much faster than epimerization process. Intermolecular capture of the propynyl cation by
methanol in the case of 18, however, would not be as fast as that of intramolecular one. The plausible propynyl

cation gpecies (intermediates A and B in Scheme 6) would isomeri izel7 in
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and Syf-17 would
refieci ihe siability of these possibie epimerized propynyi cation species. It might be supporied by the faci ihai
anti-19 and syn-19 are both stable under reaction condition. No isomerization was detected when anti-19 and
syn-19 was independently exposed to BF3-OEt; and methanol. Results so far obtained tend to support the idea
that there seem to be two requirements for attainment of this high stereoselectivity (retention of configuration)
observed in cyclization of epoxides 3. The first point is that reaction should be intramolecular and the second
one is an epoxide functionality as a leaving group should be essential, although a full mechanistic understanding
would be premature.

Conciusion

We have developed a novel method for preparation of 2-ethynyi-3-hydroxytetrahydropyran derivatives
from 4,5-epoxyhept-6-yn-1-o0l derivatives by taking advantage of the inherent property of alkyne-cobalt
complex, which enabled us to control regioselectivity (endo mode ring closure) as well as stereoselectivity
(retention of configuration at the propynyl position). Further studies on the detail of mechanism and application
to synthesis of bioactive compounds are now in progress.

Experimental Section
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specira were measured with a Shimazu IR-460 spectrometer in CHCl3, mass specira with a Hitachi M-80 mass
spectrometer, optical rotations with Horiba SEPA-300 high sensitive polarimeter, !H NMR spectra with JEOL
INM-EX270 and INM-GSXS500 spectrometers for samples in CDCl3, using either tetramethylsilane as an
internal standard for compounds that have no silyl group or CHCl3 (7.26 ppm) for compounds possessing the
silyl group, and 13C NMR spectra with JEOL INM-EX270 and JINM-GSX500 spectrometers in CDCl3 with
CDCl3 (77.00 ppm) as an internal reference. CH»Cl; was freshly distilled from P05, and THF from sodium
diphenylkety! prior to use. Silica gel (Silica gel 60, 230-400 mesh, Merck) was used for chromatography.

Organic extracts were dried over anhvdrous Na)SQa. All reactions were carried out under nitrogen atmomhere
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(E)-1-Iodo-5-tert-butyldimethylsilyloxy-pent-1-ene [(E)-6]. To a suspension of CrCls

PG LSS B D PR mend TTLIE 710

Pt ] o( N « oo AF & SO smn o~
{2.00 g, Jl ‘f lll[llUl) lll l,"l"’UlUAd.UC \W uu) auu LI (iv 1l )

feoe o AdAA Aliatd e A NE
WadS aadca & SOiiition o1 5 (02v Iig, 4.U0 uuuuu
and lodotorm (jjq' g, 5.45 mm01) in l,4-(lloxanc (IU ml} ai U hC A [er Delng stirred at ri I()r i0 n the rCaC[lOn

mixture was diluted with Et;O (30 mi), washed with water and brine, dreid, and concentrated to dryness.
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Chromatography of the residue with hexane-CHCl; (5 : 1) gave 6 (859 mg, 65%, E: Z=89: 11) as a pale
wilm,w ail  Selected data for rm MS m/s (%) 311 (M+-Me 2) 269 (100), 75 (55): IR 1610 (C=DY eml: 11

W anrn aAvmne FE IV J o mm \4TE ATAN 'y duw )y auXd s N RUUNSJy £ 0T (I Jy MIN LULU (™) LILL 7y TER
NMR § 6.52 (1H, dt, J = 14.0, 6.8 Hz, olefinic H), 6.00 (1H J =14.0, 1.4 Hz, olefinic H), 3.60 (2H, t,J

= 6.8 Hz, CH0), 2.13 (2H, qd, J = 6.8, 1.4 Hz, ailyiic H), 1.60 (ZH qui t, J

Bu), 0.04 (6H, s, Me); !>C NMR & 146.13, 74.63, 61.94, 32.44, 31.34, 25.9]
Calcd for C11H23108i: C, 40.49; H, 7.10. Found: C, 40.70; H, 7.10.
(E)-7-tert-Butyldimethylsilyloxy-1-trimethylsilyl-3-hepten-1-yne [(E)-7b]. To a solution
of 6 (533 mg, 1.63 mmol, E: Z =89 : 11) and (trimethylsilyl)acetylene (191 mg, 1.95 mmol) in THF (10 ml)
was successively added Pd(PPh3)2Cly (57.0 mg, 0.081 mmol), Cul (31.0 mg, 0.16 mmol), and
diisopropylamine (10 ml) at rt. After being stirred at the same temperatrue for 30 min, the reaction mixture was

filtered and the filtrate was concentrated to dryness. Chromatography of t

\q

7
fAEN o QOK0L K .7 = QQ . 19 Ca
\TUV LkiER, JJ U, PRV SR« 1s B 94 17

2

. {94), 147 (100), 133 (86), 7
dt, J = 16.0, 6.9 Hz, olefinic H), 5.50 (1H, dt, J = 16.0, 1.4 Hz, olefinic H), 3.60 (2H, t, J = 6.9 Hz,
CH0), 2.17 (2H, qd, J = 6.9, 1.4 Hz, allylic H), 1.59 (2H, quint, J = 6.9 Hz, CH3), 0.90 (9H, s, ‘Bu), 0.18
(9H, s, TMS), 0.04 (6H, s, Me); 13C NMR 3 145.71, 109.87, 104.08, 92.60, 62.23, 31.70, 29.45, 25.91,
18.28, -0.03, -5.34. Anal Calcd for C1¢H3208i3: C, 64.80; H, 10.87. Found: C, 64.75; H, 10.85.
(E)-7-tert-Butyldimethylsilyloxy-3-hepten-1-yne [(E)-7a]. A mixture of KoCO3 (0.80 g)
and 7b (206 mg, 0.70 mmol, E : Z = 88 : 12) in MeOH (5 ml) was stirred at rt for 1 h. The reaction mixture
was diluted with Et20 (10 ml), washed with water and brine, dried, and concentrated to dryness.

Chromatography of the residue with he ane-CHgClz (10 : 1) gave 7a (146

molonelann il Qalantad dobn Fow /7 M. TD 22N (M _TIN MNTE (™ 16

[ g
COIULIUDD Udl. JTUICAICU Uala UL \L}‘I- I JILU \L=0T11), &V (WU ), L

15 (
(1H, dt, J = 16.0, 6.9 Hz, olefinic H), 5.47 (iH, dt, J = 16.0, 1.4 Hz, olefinic H), 3.61 (2H, t, J = 6.9 Hz,
CH70), 2.78 (1H, d, J = 1.4 Hz, C=C-H), 2.18 (2ZH, qd, J = 6.9, 1.4 Hz, allylic H), 1.61 (2H, quint, J = 6.9
Hz, CH,), 0.89 (9H, s, /Bu), 0.04 (6H, Me); 13C NMR § 146.33, 108.75, 82.48, 75.65, 62.16, 31.57,
29.36, 25.91, 18.28, -5.34. Anal Calcd for C13H2408Si: C, 69.58; H, 10.77. Found: C, 69.31; H, 10.80.
(E)-1-tert-Butyldimethylsilyloxy-4-undecen-6-yne [(E)-7c]. According to the procedure
described for preparation of (E)-7b, 7¢ (57.9 mg, 96%, E : Z = 89 : 11) was obtained from 6 (70.0 mg, 0.22
mmol F:Z=89-11Yand 1 hmrvne (22.0 mg, 0.26 mmol) as a pale vellow oil. Selected data for (F)-7¢; MS

Sy S e = sy SR 2 =l ZRandiall Sanhal i = huhadiataddadin
m/tz (00 220 (M+ 0.2) 223 (A7), 91 (77), 75 (1 V- TR 2200 (C=CY 1630 (C=C\ cm-1- 1” NMR AAN4 (1H
/7 (o) 280 (MT, 0.2), 223 (47), 21 (/7), 75 (100) 1K 2200 (=0, 1630 =C)ecm™t; ' HNMK oo 04 (15,
. Y T 1L N £ 0 TY TIN 1£ N 1 0 ~baLi Lt WA\ £ AYY . T A 3 T & 5
dt, J/ = 16.06, 6.9 Hz, olefinic H), 5. 46 (1H, dt, / = 16.0, 1.8 Hz, olefinic H), 3.60 (2H, t, J = 6.9 Hz,

3.60 (

CH;0), 2.28 (2H, td, J = 6.9, 1.8 Hz, propynyl H), 2.13 (2H, qd, J = 6.9, 1.8 Hz, allylic H), 1.59 (2H,
quint, J = 6.9 Hz, CHj), 1.49 (2H, J = 6.9 Hz, CHy), 1.41 (2H, sex, J = 6.9 Hz, CHj), 0.91 (3H, t, J = 6.9
Hz, Me), 0.88 (9H, s, ‘Bu), 0.04 (6H, s, Me); 13C NMR § 142.59, 110.19, 88.75, 79.08, 62.28, 31.93,
30.91, 29.27, 25.91, 21.96, 19.01, 18.28, 13.57, -5.34. Anal Calcd for C)7H3,0Si: C, 72.79; H, 11.49.
Found: C, 73.01; H, 11.34.

(E)-7-tert-Butyldimethylsilyloxy-1-phenyl-3-hepten-1-yne [(E)-7d]. Accordin to the
procedure described for preparation of (£)-7b, 7d (96.1 mg, 97%, E : Z =89 : 11) was obtained from 6 (108

et 10 ) LROOLIITACAL 16 Lhedd il 2 UL 14

mg, 0.33 mmol, E : Z= 89 : 11) and phentlacetylene (42.0 mg, 0.41 mmol) as a pale yellow oil. Selected data

far IE'\ "l.l AAC 1na /o (0L NN (NA+ n"n 2472 70N ﬁ"l {OA\ ’Iq Ilﬂﬂ\ IR 2100 (C=C) 1600 (C=C) oy ] )5
[Va avd S Jy LNFI \ ST vy B e 28 8

107 (O Q. VAS FfrL \(70) ( y Videjy TT T Js LUVU (LSS T H

AR ™ AL FEYT o sl ETN £ AT 1LY 2 T _ 1N £0QTTo £ YIN €770 /11T 1o T __1£ 0
1VL’V11\ 0 I 45-7.£L0 \J11, 11, UHlalUs 11y, V.47 (111, Ui, J = 10.v, V.7 1z, VICHIIUUC 11, J./4 1111, UL, J = 10.V,
1.4 Hz, olefinic H), 3.65 (ZH, t, J = 6.9 Hz, CH20), 2.25 (ZH, qd, J = 6.9, 1.4 Hz, allylic H), 1.66 (ZH,
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quint, J = 6.9 Hz, CHy), 0.92 (9H, s, ‘Bu), 0.07 (6H, s, Me); 13C NMR & 144.56, 131.41, 128.23, 127.85,
123.63, 109.83, 88.27. 87.96, 62.25 3184 2058 25 18.30, -5.30. Ana! Calcd for C:oH5:0Si:

2&£3:07;, JVUF.00,;, @247 iRy iy o x0Ty sy .,.; LU saiwy Tared U

7€ Q4- I aQ 10 I:mmA 1€ 74 11 QN4
P Ty KBy 7eD 7, LGULIG. Ny 1d. 17y KBy Tk V.

(E)-7-tert-Butyldimethylsilyloxy-1-p-tolyl-3-hepten-1-yne [(E)-7e]. To a solution of 7a
(140 mg, 0.62 mmoi, E : Z= 88 : 12) and p-iodotoluene (290 mg, 1.33 mmol) in THF (5 ml) was successively
added Pd(PPh3),Cl; (20.0 mg, 0.03 mmol), Cul (10.0 mg, 0.05 mmol), and diisopropylamine (1.0 ml) at rt.
After being stirred for 30 min at the same temperatrue, the reaction mixture was filtered and the filtrate was
concentrated to dryness. Chromatography of the residue with hexane-CH,Cl; (10 : 1) gave 7e (163 mg, 83%,
E . Z=88:12) as a pale yellow oil. Selected data for (E)-7e;: MS m/z (%) 314 (18), 257 (100), 183 (93), 75
(63); IR 2175 (C=C), 1605 (C=C) cm'l; 'H NMR & 7.31 (2H, d, J = 7.8 Hz, aromatic H), 7.10 (2H, d, J =
7.8 Hz, aromatic H), 6.23 (1H, dt, J = 16.0, 6.9 Hz, olefinic H), 5.70 (1H, dt, J = 16.0, 1.4 Hz, olefinic H),

= A0 U r'u-n\ " 'XA /'xu
= U.7 VK

;:
2

120.54, 109.96, 88.11, 87.57, 62.27, 31.88, 29.56, 25.93, 21.42, 18.30, -5.30. Anai Caicd for CgH3p0
C, 76.38; H, 9.61. Found: C, 76.36; H, 9.59.
(E)-1-Benzoyl-7-tert-butyldimethylsilyloxy-3-hepten-1-yne [(E)-7f]. To a solution of 7a
(400 mg, 1.78 mmol, E : Z = 88 : 12) in THF (20 ml) was added dropwise n-BuL.i (1.4 M hexane solution,
1.65 ml, 2.31 mmol) at -78°C. After being stirred for 2 h, a solution of benzoyl chloride (0.41 ml, 3.56 mmol)

in THF (5 ml) was added to the reaction mixture and stirring was continued for 1.5 h at the same temperature.

l

The reaction mixture was errﬁdnal!v warmed to rt, auenched by addition of water, and extracted with ErhQ_ The

2 23% A S AL Al TR 2275%s S0 2% e U addition of w Lrvay GaX

avirants were wachad with tnoh:n-' and hrine Ariad and cancantratad ta Atvnace Chramataoranhu af tha racidne
CXWaCts WeIt wWasinead Wil wawlt anG SFLAREy WA, QLU VULILCHILE bl LU ULy 1IVO0. L A\Jlllul.\.lslul.l 1y UL uiv ivdiuun

with hexane-CHCl, (10 : 1) gave 7f (547 mg, 94%, E : Z = 88 : 12) as a yellow oil. Selected data for (E)-7f:
MS m/z (%) 328 (M, 0.2), 271 (92), 105 (100); IR 2180 (C=C), 1635 (TO), 1605 (C=C) cm!; JH NMR &
8.14 (2H, dd, J = 7.3, 1.4 Hz, aromatic H), 7.60 (1H, tt, J = 7.3, 1.4 Hz, aromatic H), 748 (2H, t, /= 7.3
Hz, aromatic H), 6.65 (1H, dt, J = 16.0, 6.9 Hz, olefinic H), 5.76 (1H, dt, J = 16.0, 1.4 Hz, olefinic H),
3.65 2H, t, J = 6.9 Hz, CH;0), 2.32 (2H, qd, J = 6.9, 1.4 Hz, allylic H), 1.68 (2H, quint, J = 6.9 Hz,
CH3>), 0.90 (9H, s, Bu), 0.06 (6H, s, Me); 13C NMR § 178.08, 152.43, 136.96, 133.87, 129.49, 128.50,
107.96, 92.65, 86.11, 62.05, 31.32, 30.10, 25.91, 18.30, -5.34. Anal Calcd for CogH»305Si: C, 73.12; H,
8.59. Found: C, 73.06; H, 8.73.

t-Butul (7 [ 'nﬂn_d_mnfnmnfn IQ\ Ta a enlat
ETRAFR AL i A - 1w 2 JuUiu

¥ YR & JTT EESWARVEARY 7 J 1 T Ly u .4 ARRAy ALLIZINS )
THF (10 wrac addad isovionvicvelohexylamide (0.5 M TIHIF s - Nl 100 mnaY o
v ) was added lithium lbuplupy YCIOnEXY1amiae (v.J Vi 11 § U Z.U oLy au

-78°C and the reaction mixture was stirred for ih at the same temperature. A soiution of (Z)-3-bromo-i-
iodopropene (4.70 g, 19.0 mmol) in HMPA (10 ml) was added to the reaction mixture and stirring was
continued for 30 min. The reaction mixture was quenched by addition of sat. NH4Cl solution at -78°C, then
gradually warmed to rt. The reaction mixture was diluted with water, extracted with Et;O, which was washed
with water several times, dried, and concentrated to dryness. Chromatography of the residue with hexane-
AcOEt (30 : 1) gave 9 (4.60 g, 86%) as a colorless oil; MS m/z (%) 282 (M*, 2), 225 (9), 209 (48); IR 1720
(CO), 1610 (C=C) cm!; 'H NMR & 6.28-6.18 (2H, m, olefinic H), 2.39 (2H, td, J = 6.6, 5.3 Hz, allylic H),
2.35 (2H, t, J = 6.6 Hz, CHy), 1.45 (9H, s, 'Bu). Anal Caled for CgH1s10,: C, 38.32; H, 5.36. Found: C

12), s, Calcd Tor LoHy5l02: L, i = und: €,
38.72; H, 5.48.

{Z)-1-1odo-5-teri-buiyidimethyisilyloxy-pent-i-ene {[{Z)-6]. To a solution of § (2.10 g,
7.45 mmol) in CH,Cl; (36 mi) was added DIBAL-H (1.0 M hexane solution, 16.4 mi, 16.4 mmoi) at -78°C.
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r 15 min, the reaction mixture was guenched by addition of water and the resulting

r a
Co ALY M mAR AL BResiTAVIL a2 VT evwi GaRa

~1.

1

rwscinatatac wars filtarad nff Tha filtrata wae Ariad and rnnrantratad o Asomacs n o~
PrRUVAPILGLLD YYWIL LIIVWERAS UkLl. kLR thdaw Was GIicd anG VAULIVAGILL ALV WU Ulqubb 10 4 SO

aldehyde in MeOH (5.0 ml) was added NaBHj4 untile the starting material was disappeared (monitored by
TLC). MeOH was evaporated off and the residue was taken up in CH,Clj, which was washed with water and
brine, dried, and concentrated to dryness. Chromatography of the residue hexane-AcOEt (2 : 1) afforded (Z)-1-
iodo-5-hydroxy-pent-1-ene [1.29 g, 85%; !H NMR & 6.26-6.17 (2H, m, olefinic H), 3.68 (2H, t, J = 6.6 Hz,
CH»0), 2.25 (2H, q, J = 6.6 Hz, CHj), 1.71 (2H, quint, J = 6.6 Hz, CH3), 1.58 (s, OH). Anal Calcd for
CsHolIO: C, 28.32; H, 4.28. Found: C, 28.14; H, 4.31.]. A mixture of the alcohol derivative (1.29 g, 6.08
mmol) and TBDMSCI (1.01 g, 6.70 mmol), and imidazole (0.91 g, 13.4 mmol) in DMF (2.0 ml) was stirred at
1t for 1 h, diluted with water, and extracted with Etp0. The extract was washed with water and brine, dried, and

Iv\nﬂnnlmhurl to rlﬂn-uaec Chramatn mnlmu af tha racidne with havana_ A
J s EER AR ARA ‘-Ub«‘- WA LA KVOIUU ¥Y LLX. Fa\

-i

~F &
uixuu O1 ulC uuus:

(736 (1.97 ¢ 099G
I & hd

llllll w v i \-l'\.l } Euve \l_;] \ TN }
ac a anlaslase Aill RAQ w/o (0L 1YL (AA+ D) '1(0 mn\ AL &R\ TR 1LIN /ef™ nea=1. 1LT NIMD K £ A" £ 17
QD G VUIVLIUDD Ully IV TTH L \ V] Jad UYL 4 &)y D7 IJy [0 \J2 )y 1IN 1ULVY \\_,—\_,} il 3 1 INAVIIN O Q. LL70U, 17

~ry 20 v ‘x

(2ZH, m, olefinic H), 3.64 (ZH, t, / = 6.3 Hz, CH0), 2.20 (ZH, td, J = 6.3, 5.4 Hz, ailylic H), i.65 (ZH,
quint, J = 6.3 Hz, CHj), 0.90 (9H, s, ‘Bu), 0.06 (6H, s, Me); 13C NMR § 140.96, 82.45, 62.40, 31.37,
31.10, 25.95, 18.30, -5.29. Anal. Calcd for Cy1H3310Si: C, 40.49; H, 7.10. Found: C, 40.46; H, 7.15.
(Z)-7-tert-Butyldimethylsilyloxy-1-trimethylsilyl-3-hepten-1-yne [(Z)-7b]. According to
the procedure described for preparation of (E)-7b, (Z)-7b (971 mg, 100%) was obtained from (Z)-6 (1.07 g,
3.28 mmol) and trimethylsilylacetylene (354 mg, 3.60 mmol) as a colorless oil; MS m/z (%) 296 (Mt, 1.5),
239 (100), 133 (97), 73 (84); IR 2120 (C=C), 1610 (C=C) cm-!; IH NMR & 5.96 (1H, dt, J = 10.8, 7.3 Hz,
olefinic H), 5.49 (1H, dt, J = 10.8, 1.5 Hz, olefinic H), 3.64 (2H, t, J = 6.8 Hz, CH20), 2.37 (2H, qd, J =

T2 1 & LT 1112 ITY 1 £4 (9 mariemd T £ O Th AIT.Y N QN QLY o~ D..Y N 10 QIT . TRAQY N NL (LI
1.9, 1.0 11Z, anyud nj, 1.04 (<0, Giing, v = 0.0 11Z, L), U.7U (711, §, "D, V.17 {710, §, 1ivVld), U.UU (b6,
= na_ . 12/ wTRA @ 1AL NN 1 20 1N1T 0L NQ ON £A M7 A1 NN NLNL A AN 1Q 28 N NN £ AN T¥:_L
3, IVIC), *YL INMIR O 140.UU, 1U»Y.00, 1UL.70, J0.0U, V4.7 7/, O1.7U, 20.70, £3.9%, 10.33, U.UU, ~3.05U. 111gn

\

resolution mass calcd for C1gH320817 296.1980, found 296.1991.
(Z)-7-tert-Butyldimethylsilyloxy-3-hepten-1-yne [(Z)-7a]. According to the procedure
described for preparation of (E)-7a, (Z)-7a (271 mg, 90%) was obtained from (Z)-7b (396 mg, 1.34 mmol)
and K;COj3 (185 mg) as a pale yellow oil; MS m/z (%) 223 (M*-1, 0.8), 167 (8.3), 75 (100); IR 3320 (C=C-
H), 2080 (C=C), 1615 (C=C) cm'!; lH NMR & 6.02 (1H, dtd, J = 10.9, 7.3, 0.7 Hz, olefinic H), 5.45 (1H,
dtd, J = 10.9, 2.3, 1.3 Hz, olefinic H), 3.64 (2H, t, J = 6.6 Hz, CH,0), 3.07 (1H, dd, J = 2.3, 0.7 Hz, C=C-

LT\ 7’%0/'7“ n.rl J =73 1232 Hz allvlic H) 164 (2 anint I =66 Hz CH-) 090 (Q <. 'Ru)Y. 008

a3, 2.0 XRd, RLYRO I3, 09 adn, Uil v (SR B VAR NS § 9 TV IAVIR ) 8 PR PR 0105 PRRV VN
AT RA. n\ 13 NIMDR 8 14867 1NRI22 1 44 QN AN A2 87 21 Q2 2681 275085 121 _8§ 29 Anal (Malrd
\Ux, valy L OAMIVAIR U kTOU4L, AV0LO, 1.7, UULAY, Uhdi, JiiTky L0011, LJuT0, 1001 J.04. Adlal aiva

for C13H2408i: C, 69.58; H, 10.77. Found: C, 69.70; H, 10.87.
(Z)-1-tert-Butyldimethyisilyl)oxy-4-undecen-6-yne [(Z)-7c]. According to the procedure
described for preparation of (E)-7b, (Z)-7c (348 mg, 97%) was obtained from (Z)-6 (452 mg, 1.39 mmol) and
1-hexyne (125 mg, 1.53 mmol) as a pale yellow oil; MS m/z (%) 280 (M, 5.5), 265 (11), 223 (60), 165
(8.0), 147 (41), 91 (80), 75 (100); IR 2200 (C=C), 1615 (C=C) cm-!; TH NMR § 5.82 (1H, dt, J = 10.6, 7.3
Hz, olefinic H), 5.43 (1H, dt, J = 10.6, 1.3 Hz, olefinic H), 3.63 (2H, t, J = 6.6 Hz, CH;0), 2.38-2.30 (4H,
m, CH»), 1.62 (2H, quint, J = 6.6 Hz, CH3), 1.55-1.39 (4H, m, CH»), 0.90 (3H, t, J = 6.9 Hz, Me), 0.90

(9H, s, TBu), 0.05 (6H, s, Me); 13C NMR & 141.89, 109.69, 94.70, 77. .20, 62.79, 32.11, 30.98, 26.56,
A 0% 7100 1071 12122 1261 _&§ 29 Anal Caled far (2 -HA-NC- 0 72 70- T 11 AQ Bannd: 0 79 50
‘1-}-7-}, Ll-?o, 17.‘:1, PR JJ, lJ-Ul, w enfdwe LRLEAL N URIWVNE LIVL \/I/LIJL\JUI. Ny II, ll, A AT 7. 1 UWULINE, MW I dwon? 7
T 114 ="
o, 11.72.

(Z)-7-tert-Butyldimethylsilyl)oxy-1-phenyl-3-hepten-1-yne [(Z)-7d]. According to the
procedure described for preparation of (E)-7b, (Z)-7d (367 mg, 98%) was obtained from (Z)-6 (405 mg, 1.24
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. c 4
aromatic H), 7.36-7.27 (3H, m, aromatic H), 6.00 (1H, dt, J = 10.9, 7.3 Hz, olefinic H), 5.69
10.9 Hz, olefinic H), 3.67 (ZH, t, J = 6.6 Hz, CH20), 2.46 (2H, q, J = 7.3 Hz, allylic H), 1.69 (2H, quint, J
= 6.6 Hz, CHy), 0.90 (9H, s, Bu), 0.06 (6H, s, Me); 13C NMR & 143.70, 131.39, 128. 23, 12796, 123.65,
109.27, 93.69, 86.29, 62.72, 32.06, 26.99, 25.95, 18.33, -5.30. Anal Calcd for C19H,80Si: C, 75.94; H,
9.39. Found: C, 75.79; H, 9.40.

(Z)-7-tert-Butyldimethylsilyloxy-1-p-tolyl-3-hepten-1-yne [(Z)-7e]. According to the
procedure described for preparation of (E)-7e, (Z)-7e (657 mg, 90%) was obtained from (Z)-7a (521 mg,

2.33 mmol) and p-iodotoluene (558 mg, 2.56 mmol) as a pale yellow oil; MS m/z (%) 314 (M, 4.3), 299
(1.2), 257 (79), 183 (100), 75 (91); IR 2160 (C=C), 1605 (C=C) cm’!; TH NMR 8 7.33 (2H, d, J = 8.3

NAokeyy S Jy & LAV -\ ARN AN (N \=3) vi AL LNIVAAN U [T \Addy Uy LAZ,
e et TEY T 1 /ALY T O IX_ a2 . TTN en It] s ¥y T 1N" M7y YT 1L YI\ T L0 /1YY Xa ¥

aromaic ), /.14 (<41, J = 8.3 i, aromauc nj, 5.7/ (in, ai, v = 1U./, /7.5 1z, Olelnic r), 5.08 (1, at, v =
10.7, 1.5 Hz, olefinic H), 3.68 (ZH, t, J = 6.4 Hz, CH20), 2.46 (2H, qd, J = 7.3, 1.5 Hz, allylic H), 2.35

(3H, s, Me) 1.69 (2H, quint, J = 6.4 Hz, CHy), 0.90 (9H, s, ‘Bu), 007 (6H, s, Me); 13C NMR § 143.24,
138.04, 131.27, 129.00, 120.58, 109.39, 93.87, 85.64, 62.74, 32.08, 26.94, 25.95, 21.45, 18.33, -5.29.
Anal Calcd for CogH3008Si: C, 76.38; H, 9.61. Found: C, 76.39; H, 9.60.
(Z)-1-Benzoyl-7-tert-butyldimethylsilyloxy-3-hepten-1-yne [(Z)-7f]. According to the
procedure described for preparation of (E)-7f, (Z)-7f (733 mg, 96%) was obtained from (Z)-7a (521 mg, 2.33
mmol) and hen7v| chloride (0.32 ml, 2.79 mmol) as ale ve"nw oil; MS m/z (%) 328 (M+, 1.8), 313 (4.6),

271 (100), 241 (3.2), 129 (7.3), 105 (99); IR 2160 ( EC) 1640 (CO) 1600 (C=C) cm-!; IH NMR § 8.15

s LIN T L1 TR & T
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.3 Hz, aromati
6.36 (1H, dt, J= 109,76 I
Hz, CH70), 2.54 (2H, qd, J = 7 6, 1.3 Hz, allyhc H), 1.71 (ZH qumt J=6.3 Hz, CHg), 0.88 (9H s, Bu),
0.04 (6H, s, Me); 13C NMR & 177.95, 151.02, 136.96, 133.91, 129.49, 128.54, 107.37, 91.34, 90.08,
62.45, 31.81, 27.91, 25.90, 18.28, -5.34. Anal Calcd for CygH280,8Si: C, 73.12; H, 8.59. Found: C, 72.92;
H, 8.70.

OmDw

d ; i

sat. NapSOj solution and brine, dried, and concnetrated to dryness. The residue was taken up in
to which TBAF (1.0 M THF solution; 4.50 ml, 4.50 mmol) was added at rt. The reaction mixture was stirred
for 1 h, diluted with Et;0, washed with water and brine, dried, and concentrated to dryness. Chromatography
of the residue with hexane-AcOEt (3 :1) gave trans-3a (156 mg, 34%) as a pale yellow oil; IR 3600 (OH), 3300
(C=C-H), 2130 (C=C) cmr'l; 11 NMR 8 3.71 (2H, q, J = 4.3 Hz, CH0), 3.18-3.13 (2H, m, C2H70), 2.32
(1H, d, J = 1.7 Hz, C=C-H), 1.86-1.52 (4H, m, CHy), 1.48 (1H, t, J = 4.3 Hz, OH); 13C NMR § 80.25,
71.92, 62.10, 60.06, 44.98, 28.57, 28.16. Anal Calcd for C7H1903: C, 66.65; H, 7.99. Found: C, 66.45; H

7.98.
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78.73, 73.80, 62.16, 57.56, 44.87, 28.88, 25.81. Anal Calcd for C;H;05: C, 66.65; H, 7.99
66.25: H 801,

SN &y --, fed

(3R*,4R*)-3,4-Epoxy-7-hydroxy-1-trimethysilylhept-1-yne (trans-3b). Enyne (E)-7b
{108 mg, $.36 mmoi) was dissoived in 1% HCi soiution of EtOH (3.0 mi). The reaction mixture was stirred at
rt for 1 h, diluted with Et20, which was washed with water and brine, dried, and concentrated to dryness. The
residue was passed through a short pad of silica gel with hexane-AcOEt (3 : 1) to afford the corresponding
alcohol (56.8 mg, 85%). To a suspension of the alcohol (56.8 g, 0.32 mmol) and NapHPO4 (520 mg, 3.66
mmol) in CH;Cl; (5.0 ml) was added mCPBA (80% purity, 2.40 mg, 1.11 mmol). After being sitrred at rt for
18 h, the reaction mixture was filtered and the filtrate was washed with sat. Na;SOz solution and brine, dried,

and concnetrated to dryness. Chromatography of the residue with hexane-AcOEt (3 :1) gave trans-3b (26.0 mg,
42%) as a pale vellow oil; MS m/z (%) 197 (M*+-1,0.9), 183 (4.0), 128 (100), 125 (27); IR 2620, 3450 (OH),

ound: C
ound: L,

Z' ) ag Yz ) L 128 (100), 12 0, 3430 (O
21 onrr"mr* Fit) 1 1HNMDX‘ZKR{‘)I-I t IT=8AHr CH(N 214212 MO m C-HH.O 1991 40 (5
4.1 oA WSS g wase AE ANIVEAN W& ofs iRy vy v VT Ay XA NS Jy T AT TS R \LXRy MLy NNJIATNI ]y L.OLTLTT \JIL,

ML AL N o TRACY. 13 WInAD & 1N1 20 Q01T £1 Q0 £N AZ AZ £1 A0 &1 A0 17 N A1
ini, Lnj, urij, u. 16 \711, S, 1IVID); U INVIR U 1U1.J0, 07.J3/, U1.0¥, DU.40, 40,00, 20.0D, £0.12, ~U.41.
Anal Calcd for C9H1303Si: C, 60.56; H, 9.14. Found: C, 60.79; H, 8.95.

(3R*,45*)-3,4-Epoxy-7-hydroxy-1-trimethysilylhept-1-yne (cis-3b). According to the
procedure described for preparation of trans-3b, cis-3b (379 mg, 38%) was obtained from (Z)-7¢ (1.51 g,
5.09 mmol) as a colorless oil; MS m/z (%) 198 (M*, 5.3), 181 (11), 139 (100), 125 (3.9); IR 3600, 3450
(OH), 2150 (C=C) cm'!; IH NMR § 3.70 (2H, t, J = 5.9 Hz, CH,0), 3.43 (1H, d, J = 4.4 Hz, C3-H), 3.05
(1H, q, J = 4.4 Hz, C4-H), 1.71-1.83 (5H, m, CHa, OH), 0.16 (9H, s, TMS); 13C NMR § 100.26, 91.47,
62.12 57.03, 4540, 28 89 2571, -0.36. High resolution mass calcd Si 198.1067, found

10 -
e a iy ~2 N Aepyns AEIVINRAL a “10~ 2 LRVALF IS A

198.1076.

{4R*,5KR*)-4,5-Epoxy-i-hydroxy-6-undec y ie (frans-3¢). According io the procedure
described for preparation of trans-3a, trans-3¢ (203mg, 43%) was obtained from (E)-7¢ (769 mg, 2.74 mmoi)
as a pale yellow oil; MS mv/z (%) 182 (M*, 0.1), 79 (61), /1 (100); IR 3600, 3440 (OH), 2225 (C=C) cmi; iH
NMR 8 3.70 (2H, t, J = 6.4 Hz, CH;0), 3.13 (1H, q, J = 1.8 Hz, Cs-H), 3.07 (1H, ddd, J = 6.4, 4.1, 1.8
Hz, C4-H), 2.20 (2H, td, J = 7.3 Hz, 1.8 Hz, Cg-H), 1.82-1.71 (3H, m, CH3), 1.64 (1H, s, OH), 1.57-1.36
(5H, m, CHy), 0.90 (3H, t, J = 7.3 Hz, Me); !3C NMR & 84.92, 76.48, 62.09, 60.31, 45.90, 30.37, 28.65,

28.23, 21.85, 18.35, 13.50. Anal Calcd for C11H1309: C, 72.49; H, 9.95. Found: C, 72.18; H, 9.93.
(4R* 58%)-4, s- anvv-l hydrnxv-ﬁ- ndeevne (cis-3c). Accordin

L,

Asorrilvad Far mranaratinn nf tranc_ T ~1e_e (AY) mo A100) wwac nhtainad fram (A Teo (1 &0 o 8 8 mmnl) s
LI/OViIIUWVAL UL P Pma“u‘l L T BT ‘.", A5 2T e \vv‘d 11‘6, LE /ul D WULGRLLAVAG RAVLLL \LJ} IS \ -~ 6, w/an/w/ AARALL AT K Lo
PR, W 7\ 107 /ALLs 12 OY 170 FATTN 17D /N L\ TTO /710N 711 720N, TD 2AL£AN YAZN (NITN YN
a coloriess oil; MS mi/z (%) 182 (M™, 3.8), 139 (47), 123 (2.6), 79 (19), 71 (69); IR 3630, 3450 (OH), 2220
(C=C) cml; lH NMR 8 3.71 (2H, broad s, CH20), 3.45 (1H, dt, J = 3.9, 2.0 Hz, Cs5-H), 3.04 (1H, td, J =

5.9, 3.9 Hz, C4-H), 2.23 (2H, td, J = 6.8 Hz, 2.0 Hz, Cg-H), 2.00 (1H, s, OH), 1.82-1.76 (4H, m, CHj),
1.50 (2H, quint, J = 7.3 Hz, CHy), 1.41 (2H, sex, J = 7.3 Hz, CHy), 0.91 (3H, t, J = 7.3 Hz, Me); 13C
NMR § 86.80, 74.78, 62.16, 57.70, 45.67, 30.40, 28.95, 25.75, 21.80, 18.35, 13.45. Anal Calcd for
C11H1802: C, 72.49; H, 9.95. Found: C, 72.38; H, 9.95.
(3R*,4R*)-3,4-Epoxy-7-hydroxy-1-phenylhept-1-yne (frans-3d). According to the
procedure described for preparation of trans-3a, trans-3d (233 mg, 42%) was obtained from (£)-7d (838 mg,

____________________ S L

27.9 mmol) as a pale yellow oil; MS m/z (%) 202 (M*, 1.0), 114 (100), 71 (84); IR 3600, 3450 (OH), 2225

(=" ~m-1. 117 NIMD R 7.44 (’7“ dd J=781 3 Hz aromatic I—T) 7.35-7.29 {’U-I m, aromatic ”\ 373

\\/—\/) Lill T, TERL INIVREN LAy MU, U Uy ke Liiy CEAVJLIALCALL

AT A 1 4 ~ oYY Pl 5 e S ~ sy 1T | T -~ A TT__ o~ TTN "\ "\ /F1TY 111 T © N A A N A TTY_ ~ Trn
(.411 , J = 2.9 Az, LHyV), 5.0/ Url a, J = 4.4 Nz, U3-r1), 5.£5 (in, 4aad, v = 0.9, 4.4, 2.4 Nz, L4-11),
= e reww o~ 4 e 4 A SATT I~ N o~ Trr T IER &1 FaS B o 172 ATa AT © 11 N
1.85 (iH, m, CHpy), 1.79-1.74 (2H, m, CHj), 1.62 (iH, m, CHy), 1.52 (iH, s, Oi); **C NMR o 131.79,

835
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128.70, 128.25, 121.89, 85.54, 83.60, 62.00, 60.63, 45.88, 28.59, 28 23, Anal Calcd
77.20: H, 6.97. Found: C, 77.13; H, 7.00.

(3R*,48*%)-3,4-Epoxy-7-hydroxy-1-phenylhept-1-yne (cis-3d). According to the procedure
described for picpamuou of irans-3a, cis-3d (63.0 mg, 619%) was obitained from (Z)-7d (153 mg, .15 mmol)
as a paie yeilow oil; MS mv/z (%) 202 (M*, 29), 143 (2.4), 71 (54); IR 3420 (OH), 2210 (C=C) cm-i; IH NMR
8 7.47-7.28 (5H, m, aromatic H), 3.74 (ZH, t, J = 5.9 Hz, CH;0), 3.67 (1H, d, J = 3.9 Hz, C3-H), 3.17
(1H, td, J = 5.9, 3.9 Hz, C4-H), 1.93-1.79 (4H, m, CHy), 1.75 (1H, s, OH); 13C NMR § 131.86, 128.79,
128.31, 121.94, 85.46, 83.98, 62.25, 58.25, 45.74, 29.02, 26.04. Anal Calcd for C;3H405: C, 77.20; H,
6.97. Found: C, 76.90; H, 6.98.

(3R‘ 4R*) 3,4- Epoxy -7- hydroxy-l-p -tolylhept-1-yne (trans- 3e) According to the
(E)-Te (220 mg,

~_~
C
I~
o

T
b
b
b
L

-

H), 3.71 2H,t, J = 64Hz, CHZ0), 3.35 (IH d, J = 2.3 Hz, C3-H), 3.23 (1H, ddd, J = 6.4, 4.1, 2.3 Hz,
C4-H), 2.34 (3H, s, Me), 1.86-1.73 (4H, m, CH,, OH), 1.61 (IH, m, LHQ), i3C NMR 8 138.93, 131.76,
129.04, 118.87, 84.87, 83.83, 62.11, 60.64, 46.01, 28.66, 28.29, 21.45. Anal Calcd for Cj4Hc02: C,
71.75; H, 7.45. Found: C, 77.37; H, 7.44.

(3R*,45%)-3,4-Epoxy-7-hydroxy-1-p-tolylhept-1-yne (cis-3e). According to the procedure
described for preparation of trans-3a, cis-3e (46.0mg, 61%) was obtained from (Z)-7e (121 mg, 0.39 mmol)
as a pale vellow oil; MS m/z (%) 216 (M*, 24), 157 (9.0), 145 (26), 128 (100); IR 3630, 3450 (OH), 2230

(C=0) cm‘1 IH NMR & 7.34 (2H, d, J = 7.9 Hz, aromatic H), 7.12 (2H, d, J = 7.9 Hz, aromatic H), 3.75

Vie ) & 3 a. ¥ £ N YT Y _MNN\ 3 L7 1% ¥y _ A NTY. M AY ”1"’ I B & P | T _ & DO AN TY. M TN\ A 2 1Y
{2H, 1, J = 5.9 Hz, CH0), 3.67 (iH, d, / = 4.0 Hz, C3-H), 3.17 (1H, id, /= 5.9, 4.0 Hz, C4-H), 2.35 (3H,
s, Me), 1.94-1.76 (4H, m, CHj), 1.62 (iH, broad s, OH); !3C NMR § 139.05, 131.79, 129.08, 118.85,
85.68, 83.25, 62.30, 58.26, 45.86, 29.04, 26.02, 21.48. Anal Calcd for C14H602: C, 77.75; H, 7.45.

Found: C, 77.54; H, 7.49.

(3R*,4R*)-1-Benzoyl-3,4-Epoxy-7-hydroxyhept-1-yne (trans-3f). According to the
procedure described for preparation of trans-3a, trans-3f (73.0 mg, 26%) was obtained from (E)-7f ( 401 mg,
1.20 mmol) as a pale yellow oil; MS m/z (%) 230 (M+, 0.3), 160 (91), 71 (100); IR 3575, 3400 (OH), 2210
(C=C), 1650 (CO) cm-1; TH NMR & 8.11 (2H, d, J = 7.3 Hz, aromatic H), 7.63 (1H, t, J = 7.3 Hz, aromatic

H 740 /MU A I =712 H=> nmgtu-“\ 373(2H, t =64 Hz CH,O) 341 (1IH 4 J =18 Hz C:-H)
LhJy 177 \dehly Wby o = 7.7 KRy pH H A (O v \dwily Ly U v s ~daPNs)y D (axi, Uy, Y 1.0 Fx&y, 37 %,
228 /1LY AAAd T AN AL 1Q W (M. 1oN_1 72 /A0 CH. NN 1 AR (1 m O 130 NIMR §
JeJdJ 13y UG, J = V.V, TV, 1.0 214, \.«4 111, L.7VTL. 1 \TTL, ux, Nhijy \JRLJy LU (LL1y 111y NodL)/ )y N LNIVAIIN WS

177.12, 136.18, 134.44, 129.62, 128.64, 90.13, 80.68, 61.94, 60.74, 44.67, 28.48, 28.26. Anal Calcd for
Ci14H1403: C, 73.03; H, 6.13. Found: C, 72.81; H, 6.12.
(3R*,45*)-1-Benzoyl-3,4-Epoxy-7-hydroxyhept-1-yne (cis-3f). According to the
procedure described for preparation of trans-3a, cis-3f (42.0 mg, 27%) was obtained from (Z)-7f (313 mg,
0.96 mmol) as a pale yellow oil; MS m/z (%) 230 (M*, 2.6), 160 (70), 71 (100); IR 3630, 3450 (OH), 2200
(C=C), 1645 (CO) cm-!; IH NMR § 8.11 (2H, dd, J = 7.3, 1.5 Hz, aromatic H), 7.63 (1H, tt, J = 7.3, 1.5
Hz, aromatic H), 7.49 (2H, t, J = 7.3 Hz, aromatic H), 3.74 (2H, td, J = 6.3, 2.0 Hz, CH,0), 3.70 (1H, d, J

= 3.9 Hz, C3-H), 3.29 (1H, td, J = 6.3, 3.9 Hz, C4-H), 2.07 (broad s, OH), 1.94-1.87 (2H, m, CH»), 1.85-
1.80 24 m. CH,): 13C NMR § 177.08, 136.14, 13449, 12955, 128.66, 88.83, 82.30, 61.98, 58.71,

SOV \ &K1y LIk \./.ILL N ANIVEEN T TTy 2 LT.00, 1LGUU , SO.82 y S22V
a

o . |

, 28.83, 26.40. Anal Cal H
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General Procedure for Ring Closure of Epoxides 3. To a solution of 3 (1.0 mmol) in
Cf’l‘)Cl‘) (30 ml) was added Cm(("ﬂ\o (1.1 mmol) at rt. After being stirred for 30~60 min (consumntiocn of the
ARAIWA U Alige ULiLiWAe AVL STV KR u.u \vullouluyuw Vi Wi

starting material was monitored by TLC), the reaction mixture was cooled down to -78°C and held at the same
temperature for 30 min. A solution of BF3-OEtz in CHClp (0.1 M solution; 0.1 mmoi) was added to the
reaction mixiure, which was further stirred at -78°C for 10 min. The reaction mixture was quenched by addition
of water and gradually warmed to rt. The CH,Cl, layer was separated, washed with brine, dried, and
concentrated to dryness. Chromatography of the residue with hexane-Et;0 (3 : 1) to give 4. Chemical yields
and ratio between trans and cis isomers are summarized in Table 1.
Hexacarbonyl-p-[n4-(2R*,3R*)-2-ethynyl-3-hydroxytetrahydropyran]dicobalt(Co-Co)

(trans-4a) : a reddish brown oil; MS m/z (%) 384 (M*-CO, 34), 356 (85), 328 (85), 300 (100), 272 (81); IR

2100, 2050, 2030 (CO) cm!; 'H NMR 8 6.08 (1H, s, C=C-H), 4.09 (1H, d, J = 8.6 Hz, C5-H), 4.01 (1H,
hraad d T— 11TQHz» - Y 181 IH m C-HY 270 /(IH m 2.1 212 /1H m LY 1291 AQ (NI

A KRl RR&sy D TREJy oS R \(RR2y Rhky WD ARy Jedws \(LR1y HMly N 3TELJy Lo d O \L1L, LI, AL S, 1.ULTLWVUT (Ll
w T 1 A8 (1T A T o A A I, OIN C& /11T o MIIN. 137 NMD S 100790 Q2 79 €9 24 717 NN
ALy, ARF Jy k.UJ \UKEs My I = TWU KRLg IRLJ, LeJo (K11, kM1, 117 ), o ANUVAEIN U 177,001V, FIO T L, OL.IF, TLUL,

!
71.80, 67.67, 32.55, 25.30. Anal Calcd for C13H9Co0205: C, 37.89; H, 2.46. Found: C, 37.93; H, 2.45.
Hexacarbonyl-p-[n*-(2K#,38%)-2-ethynyi-3-hydroxytetrahydropyran]dicobalt(Co-Co)
(cis-4a) : a reddish brown oil; MS m/z (%) 384 (M+-CO, 14), 356 (62), 328 (64), 300 (100), 272 (84), 244
(62); IR 2100, 2050, 2020 (CO) cm!; 'H NMR § 6.13 (1H, s, C=C-H), 4.51 (1H, broad s, Co-H), 4.07
(1H, m, Cg-H), 3.80 (1H, m, C3-H), 3.63 (1H, m, Cg-H), 2.10 (1H, d, J = 8.9 Hz, OH), 2.03-1.85 (2H, m,
CH>), 1.80 (1H, m, CH3), 1.46 (1H, m, CHp); !3C NMR & 199.53, 91.00, 81.49, 72.96, 69.26, 68.12,

30.82, 20.04. Anal Calcd for Cy2H10C020g: C, 37.89; H, 2.46. Found C, 38.28; H, 2.55.

) =

I

SN, T S T . ALY . oo Tomezran ~t1. AAQ f0IN ANG ¢ 1A ANND 717 2
PyT lljﬂltullall\l.,ll"b i3-90) . al 1 OIOWIl Oll, VIO /2 {70 ] 420 (V1" -2U\J, 14), 4UU (L7}, O
Fa L AW W B L I BN s I MY E NN T AN ANZLZNA ANAN 7y 1. Ty atTaan € 4 no 1YY a T O O YI_ M
(£3);, D944 (D01), 210 (11), /I3 (1UVU), 1IN L1UU, ZUOU, LU4U (LU) CIID ¢, * 11 NIVIK O 4.U% (111, U, J = 0.0 IZ, L)~
H), 4.01 (1H, ddd, 1.7, 8.8, 4.4 Hz, Ce-H), 3.49 (1H, dt, J = 11.7, 3.4 Hz Cg-H), 3.31 (1H, m, Cs-

H), 2.18 (1H, m, CHQ), 1.78-1.73 (2H, m, CH»), 1.58 (1H, m, CH»), 1.52 (1H, d, J = 4.4 Hz, OH), 0.31
(9H, s, TMS); 13C NMR § 200.45, 109.18, 82.41, 78.62, 72.34, 67.77, 33.00, 25.52, 0.71. Anal Calcd for
Ci6H18C02048Si: C, 39.68; H, 3.75. Found: C, 39.87; H, 3.73.
Hexacarbonyl-pu-[n4-(2R*,38*)-3-hydroxy-2-(2-trimethylsilyl)ethynyltetrahydro-
pyranldicobalt(Co-Co) (cis-4b) : reddish brown neeldes, mp 57-58°C (MeOH); MS m/z (%) 428 (M*-
2C0, 10), 400 (15), 372 (21), 344 27, 316 (16), 75 (100); IR 2120, 2080, 2050 (CO) (‘m‘l IH NMR 8 4.49

LANTy A, VN \Aaw

(1H, broad s, C3-H), 4.09 (1H, m, Cg-H), 3.84 (1H, m, C3-H), 3.63 (1H, m, C¢-H), 2.07 (1H, d, J = 9.2

T¥_ AMNITY AN 1 1 TO (1LY o OET_ N 1 A7 /11T CU-Y 0.31 (9H 5. TMS): 13~ mInAD 8
s, ), £.9Uo-1. ?J \Lr.l, 1, \,DZ), 10 (in, I, Luny2j, 1.4/ (111, iil, Lr12), V.01 {Fr1, §, 1IVIDJ] U OINIVIN O
200.18, 106.45, 82.19, 79.10, 69.36, 68.36, 31.04, 20.02, 0.76. Anal Calicd for C;¢H18C0038Si: C, 39.68;

H, 3.75. Found: C, 39.77; H, 3.70.
Hexacarbonyl-p-[n4-(2R*,3R*)-2-(1-hexynyl)-3-hydroxytetrahydropyran]dicobalt(Co-
Co) (trans-4c) : a reddish brown oil; MS m/z (%) 440 (M*-CO, 11), 412 (49), 356 (100), 328 (65); IR
2110, 2070, 2050 (CO) cm'1; 1H NMR 8 4.08 (1H, d, J = 8.3 Hz, C-H), 4.00 (1H, broad d, J = 11.7 Hz,
Ce-H), 3.48 (1H, dt, J = 11.7, 3.4 Hz, C¢-H), 3.36 (1H, m, C3-H), 2.84 (2H, t, J = 7.8 Hz, propynyl H),
2.18-2.16 (1H, m, CHp), 1.81-1.41 (8H, m, CHp OH), 0.97 (3H, t, J = 7.3 Hz, Me); 13C NMR § 200.25,

1NN NG 0K A1 29 N1 72307 6773 33 R0 32 46, 23,43 25,57, 2270 13.87. Anal Calcd for
LUV.UZ, JU.TTL, U&L.Ul, [J:VIl,y, Uil Jdy JIO.0U; JITUy JJe Ty bl iy &deidy 1J.040. 3G Givu avi
ral 18 4 rea PV aN AN L1 I 2 077 Tasaads 0 A2 72, 1Y A NN
C171118L020UR. LU, 43.U1, 11, 2.0/. 'UUNU. L, FI3./9, 11, 4.UU
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Hexacarbonyl-j-[n4-(2R*,38%)-2-(1-hexyny!)-3-hydroxytetrahydropyranldicobalt(Co-
Co) (cis-4c) : a reddish brown oil; MS m/z (%) 440 (M*-CO, 1.0), 412 (19), 384 (21), 356 (41), 328 (26);
IR 2100, 2050, 2020 (CO) cm}; 1H NMR 8 4.47 (iH, broad s, C-H), 4.08 (1H, m, C¢-H), 3.86 (1H, m,

C3-H), 3.63 (1H, m, C¢-H), 2.84 (2H, t, J = 6.9 Hz, propynyl H), 2.12 (1H, d, J = 9.9 Hz, OH), 2.07-1.72
(4H, m, CHy), 1.67-1.41 (4H, m, CHyp), 0.97 (3H, t, J = 6.9 Hz, Me); 13C NMR & 200.02, 100.52, 92.98,
77.49, 69.31, 68.56, 33.87, 33.30, 30.98, 22.66, 20.07, 13.89 . Anal Calcd for Cy7H;3C0,0g: C, 43.61; H,
3.87. Found: C, 43.53; H, 4.07.

Hexacarbonyl-pu-[n4-(2R*,3R*)-3-hydroxy-2-(2-phenylethynyl)tetrahydropyran]-
dicobalt(Co-Co) (trans-4d) . a reddish brown oil; MS m/z (%) 488 (m+, 0.2), 432 (26), 348 (65), 131
(69); IR 2100, 2060, 2040 (CO) cm-1; TH NMR & 7.67-7.59 (2H, m, aromatic H), 7.38-7.24 (3H, m,
armoatic H), 4.36 (1H, 4, J = 8.6 Hz, C2-H), 4.07 (1H, m, C6 H), 3.56 (1H, m, C¢-H), 3.46 (1H, m, C3-
H), 2.19 (iH, m, CHy), 1.87-1.54 (3H, m, CHj), 1.56 (iH, d, J = 4.3 Hz, OH); !3C NMR & 199.50,
137.84, 129.83, 128.73, 127.76, 96.19, 90.73, 81.87, 73.14, 67.91, 32.92, 25.59. Anal Calcd for

C19H14C020s3: C, 46.75; H, 2.89. Found: C, 46.77; H, 2.97.
Hexacarbonyl-pu-[n4-(2R*,38#%)-3-hydroxy-2-(2-phenylethynyl)tetrahydropyran]-
dicobalt(Co-Co) (cis-4d) : a reddish brown oil; MS m/z (%) 460 (M*-CO, 1.0), 432 (29), 404 (23), 376
(30), 348 (71), 131 (100); IR 2100, 2060, 2040 (CO) cm'!; 'H NMR § 7.61 (2H, d, J = 6.9 Hz, aromatic H),
7.47-7.26 (3H, m, armoatic H), 4.67 (1H, broad s, C;-H), 4.18 (1H, m, Ce-H), 3.97 (1H, broad d, J = 7.8

M. M. LIN 2772 F1LY e . EIN N 1N D NL /AL ML NI 1 04 711 NI 1 &ns/13 -\ 13
nz, CUs-nj, 5./5 (1n, i, Cg-nj, «.1U-2.U0 (On, 01, Lz, unj, 1.04 (1, M, Lnjgj, 1.0u (i, m, wigj, -

I~ ~y ~ T2 110 1 1T £7 0O N L N1 oL 01 €O £LO AN L£0 A1 21 NN AN NA Aanl
NMR 6 199.28, 138.02, 129.70, 128.81, 127.67, 92.96, 91.86, 81.58, 69.40, 68.41, 31.02, 26.04. Anal

> N .0 .

Calcd for C19H14C070g3: C, 46.75; H, 2.89. Found: C, 46.75; H, 3.17.
Hexacarbanyl-u-[ﬂ4-(2R*,3R"‘)-3-hydroxy-2-(2-p-tolylethynyl)tetrahydropyran]-

dicobalt(Co-Co) (trans-4e) : a reddish brown oil; MS m/z (%) 502 (M*, 0.1), 474 (0.2), 279 (11), 149

(58), 71 (26); IR 2100, 2060, 2030 (CO) cm-l; 1H NMR § 7.52 (2H, d, J = 7.9 Hz, aromatic H), 7.14 (2H, d,

J = 7.9 Hz, armoatic H), 4.36 (1H, d, J = 8.6 Hz, C3-H), 4.07 (1H, m, Cs-H), 3.55 (1H, m, Cg-H), 3.45

(1H, m, C3-H), 2.34 (3H, s, Me), 2.19 (1H, m, CH3), 1.86-1.50 (3H, m, CHy), 1.58 (1H, d, J = 4.0 Hz,

==

); 13C NMR § 199.62, 137.95, 134.61, 129.74, 129.52, 96.12, 90.98, 81.92, 73.21, 67.89, 32.83,

»
-

OH 13

N NIVAR Do, 1371.79, +.01, 147 0l.74

AE ZO0 M1 VT Awnl Mal i £ NNy A7 Q2. ‘LI 271 FEanind: AT AA- T 21 AQ
42,97, 41.21. Alldl Caivd 1l \.,zurll()\.,uzug \,, 4/.035, 11, 5.1, ©'OURGE L,, 7 .0%, 11, J.20.

Hexacarbonyl-p-[n4-(2R*,35%)-3-hydroxy-2-(2-p-tolylethynyl)tetrahydropyran]-
dicobalt(Co-Co) (cis-4e) : a reddish brown oil; MS m/z (%) 502 (M*, 0.1), 474 (2.0), 446 (8.0), 362
(24), 71 (19); IR 2100, 2080, 2050 (CO) cm-i; THNMR & 7.51 (2H, d, J = 8.3 Hz, aromatic H), 7.15 (2H, 4,
J = 8.3 Hz, armoatic H), 4.67 (1H, broad s, C3-H), 4.18 (1H, broad dd, J = 11.5, 4.6 Hz, Cg-H), 3.96 (1H,
m, C3-H), 3.72 (1H, broad dt, J = 11.5, 2.3 Hz, Cg-H), 2.35 (3H, s, Me), 2.09 (1H, d, J = 8.7 Hz, OH),
2.09-2.01 (2H, m, CH>y), 1.82 (1H, m, CHy), 1.50 (1H, m, CHj); 13C NMR 3 199.37, 137.83, 134.83,
129.65, 129.58, 92.87, 92.17, 81.62, 69.40, 68.43, 31.02, 20.06. Anal Calcd for CooH6C070g: C, 47.83;

H, 3.21. Found: C, 48.02; H, 3.40.

Hexacarbonyl-p-[n4-(2R*,3R*)-2-(2-benzoylethynyl)-3-hydroxytetrahydreopyran]-
dicobait(Co-Co) (trans-4f) : a reddish brown oil; MS m/z (%) 460 (M*-2CO, 5.9 ), 432 (14), 376 (21),
~ oy ~ M M MM AN s s 1 1 =
279 (35), 149 (100); IR 2100, 2060, 2040 (CO), 1625 (CO) cm-!; 'H NMR & 8.11 (2H, d, J = 7.3 Hz,

aromatic H), 7.59 (1H, t, J = 7.3 Hz, armoatic H), 7.45 (2H, t, J = 7.3 Hz, aromatic H), 4.74 (1H, s, OH),
422 (1H,d, J = 8.3 Hz, C;-H), 4.05 (1H, broad d, J = 11.2 Hz C¢-H), 3.56 (1H, dt,, J = 11.2, 3.9 Hz, C¢-
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H), 3.42 (1H, m, C3-H), 2.25 (1H, m, CH3), 1.84-1.72 (2H, m, CHy), 1.52 (1H, m, CHy); 13C NMR §
198.16, 196.72, 137.86, 133.42, 128.71, 128.39, 100.98, 82.62, 78.68, 71.91, 67.93, 32.44, 25.46. Anal

. i
Calcd for CogH14C0209: C, 46.54; H, 2.73. Found: C, 46.55; H, 2.86.
Hexacarbonyl-p-[n4-(2R*,38%)-2-(2-p-tolylethynyl)-3-hydroxytetrahydropyran]-
dicobalt(Co-Co) (cis-4f) : a reddish brown oil; MS m/z (%) 432 (M+-3CO, 62), 404 (75), 376 (100), 105
(95); IR 2100, 2060, 2040, 1625 (CO) cm'!; 1H NMR & 8.16 (2H, d, J = 7.3 Hz, aromatic H), 7.57 (1H, ¢, J
= 7.3 Hz, armoatic H), 7.46 (2H, t, J = 7.3 Hz, aromatic H), 4.64 (1H, broad s, Cp-H), 4.18 (1H, m, C¢-H),
3.96 (1H, broad d, J = 8.3 Hz, C3-H), 3.71 (1H, broad t, J = 11.5 Hz, Cg-H), 2.74 (1H, d, J = 8.3 Hz, OH),
2.17-2.05 (2H, m, CH3), 1.83 (1H; m, CH3), 1.50 (1H, m, CHj); 13C NMR & 198.22, 194.59, 137.39,

v (&35 w327 2.0 w23l AR5 170 £&

133.10, 128.81, 128.32, 94.93, 83.86, 81.08, 69.45, 67.91, 30.98, 19.97. Anal Calcd for CygH4C0709: C,
46.54; H, 2.73. Found: C, 46.38; H, 2.50.

(ZR*,38%)-3-Acetoxy-2-ethynyitetrahydropyran (frans-10a). To a solution of trans-4a
(36.0 mg, 0.087 mmol) in MeOH (3.0 ml) was added CAN (240 mg, 0.44 mmol) at 0°C. After being stirred
for 30 min, the reaction mixture was concentrated, diluted with water, and extracted with AcOEt. The extract
was washed with brine, dried, and concnetrated to dryness. The resiude was dissolved in CH,Cl (1.0 mi), to
which DMAP (16.0 mg, 0.13 mmol) and AcyO (13.0 mg, 0.13 mmol) was added. The reaction mixture was

stirred at rt for 1 h, washed with water and brine, dried, and concentrated to dryness. Chromatography of the

residue with hexane-AcOEt (5 : 1) afforded rrans-10a (14.0 mg, 95%) as a colorless oil; MS m/z (%) 167 (M*-
H, 66), 149 (100, 113 (19), 71 (17); IR 3310 (CE\,—H), 2120 (C=C), 1730 (CO) cm1; TH NMR § 4.83 (1H,
dt, J =54, Hz I 35 (18, dd, J = 5.4, 2.0 Hz, Cp-H), 3.99 (iH, ddd, J = 11.7, 8.3, 3.4 Hz, C¢-

3. 435 (1H . {
H), 3.60 (1H, ddd, J = 11.7, 5.9, 3.4 Hz, Cg¢-H), 2.52 (1H, d, J = 2.0 Hz, CEC H), 2.16 (1H, m, CHa3),
2.10 (3H, s, Ac), 1.86 (1H, m, CHy), 1.67 (1H, m, CHy), 1.58 (1H, m, CHjy); 13C NMR § 170.11, 79.40,
75.37, 70.29, 68.26, 64.64, 25.83, 22.14, 21.08. Anal Calcd for CoH203: C, 64.27; H, 7.19. Found: C,
64.50; H, 7.40.
(2R*,3R*)-3-Acetoxy-2-ethynyltetrahydropyran (cis-10a). According to the procedure
escribed for preparation of trans-10a, cis-10a (10.0 mg, 98%) was obtained from cis-4a (25.0 mg, 0.06

as a colorless oil; MS m/z (%) 168 (M*, 4.0), 167 (41), 149 (100), 71 (20); IR 3300 (C=C-H), 2100

) 0
(C=(C), 1730 (CO) cm-!; 1TH NMR 68 4.90 (1H, dt, J = 8.3, 4.1 Hz, C3-H), 4.64 (1H, m, C2-H), 3.93 (1H,
/ 5

ddd, /= 11.5, 8.7, 3.2 Hz, Ce-H), 3.62 (1H, dt, J = 11.5, 4.1 Hz, C¢-H), 249 (1H, d, J = 2.3 Hz, C=C-H),
2.11 (3H, s, Ac), 1.95 (1H, m, CHy), 1.88-1.76 (2H, m, CHj), 1.64 (1H, m, CHy); 13C NMR & 170.31,
78.78, 75.63, 68.75, 67.37, 63.95, 25.57, 22.95, 21.06. Anal Calcd for CoH1703: C, 64.27; H, 7.19.

Found: C, 64.31; H, 7.29.
(2R*,3S*)-3-Acetoxy-2-(2-trimethylsilyl)ethynyltetrahydropyran (trans-10b).
According to the procedure described for preparation of trans-10a, trans-10b (30.0 mg, 93%) was obtained
from trans-4b (65.0 mg, 0.13 mmol) as a colorless oil; MS m/z (%) 240 (M*, 1.0), 181 (5.0), 170 (36), 71
(100); TR 2175 (C=C), 1730 (CO) cm-!; 'H NMR § 4.82 (1H, ddd, J = 10.1, 5.5, 5.0 Hz, C3-H), 4.30 (1H,

LAY

d, J = 5.0 Hz, C3-H), 3.98 (1H, ddd, J = 11.0, 7.8, 3.2 Hz, C¢-H), 3.56 (1H, ddd, J = 11.0, 6.4, 3.7 Hz,
Ce-H), 2.14 (1H, m, CHp), 2.09 (3H, s, Ac), 1.84 (1H, m, CHp), 1.67-1.53 (2H, m, CHy), 0.17 (9H, s
TMS); 13C NMR 8 170.10, 100.76, 92.54, 70.44, 69.00, 64.67, 25.99, 22.30, 21.08, -0.30. Anal Caled for
C12H20038i: C, 59.96; H, 8.38. Found: C, 59.83; H, 8.51.



840

2R*,3R*)- =Aeewx§'= =(2-trimethyls y!,‘ethyny!tetrahydmp"ran (cis-10b). According
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3.
(50.0 mg, 0.10 mmol) as a colorless oil; MS m/z (%) 240 (M+ 1.0), 13), 170 (37), 71 (100); IR 2180
(C=C), 1740 (CO) cm-1; iIH NMR & 4.89 (1H, dt, J = 6.8, 3.4 Hz, C3-H), 4.50 (1H, d, J = 3.4 Hz, C;-H),
3.93 (1H, ddd, J = 11.2, 7.3, 3.4 Hz, C¢-H), 3.55 (1H, ddd, J = 11.2, 6.8, 3.4 Hz, C4-H), 2.08 (3H, s,
Ac), 1.93 (1H, m, CH»), 1.83-1.75 (2H, m, CHj), 1.53 (1H, m, CHjy), 0.15 (9H, s, TMS); 13C NMR &
170.19, 100.36, 92.36, 68.68, 68.29, 64.78, 25.95, 22.27, 20.95, -0.30. Anal Calcd for C;oH7903Si: C,

59.96; H, 8.38. Found: C, 59.91; H, 8.58.

(2R*,38*)-3-Acetoxy-2-(1-hexynyl)tetrahydropyran (frans-10c). According to the
procedure described for preparation of trans-lﬂa trans-10c (12.0 mg, 96%) was obtained from trans-4e (26.0
mg, 0.06 mmol) as a coloriess oil; MS m/z (%) 223 (M*-H, 1.6), 167 (52), 149 (82), 71 (100); IR 2250
(C=C), 1730 (CO) cm}; 'H NMR 6 4.79 (1H, ddd, J = 6.4, 5.4, 3.9 Hz, C3-H O(iH, di, J=54,2.0

Hz, C3-H), 4.30 (IH, di, J = 5.4,

Hz, C;-H), 3.98 (1H, ddd, J = 11.2, 7.8, 3.4 Hz, Cg-H), 3.57 (1H, ddd, J = 11.2, 6.4, 3.4 Hz, C¢-H), 2.23
(1H, td, J = 6.8, 2.0 Hz, propynyl H), 2.14 (1H, m, CHy), 2.10 (3H, s, Ac), 1.83 (1H, m, CHy), 1.64 (1H,
m, CHy), 1.56 (1H, m, CHy), 1.50 (2H, quint, J = 7.3 Hz, CHy), 1.41 (2H, sex, J = 7.3 Hz, CHy), 0.91
(3H, t, J = 7.3 Hz, Me); 13C NMR & 170.15, 88.14, 75.62, 70.86, 68.79, 64.46, 30.48, 25.97, 22.37,

21.82, 21.12, 18.30, 13.50. Anal Calcd for C13H2003: C, 69.61; H, 8.99. Found: C, 69.55; H, 8.99.
(2R*,3R*)- 3. Areinvv-2 (1-hexynyl)ethy
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2 (%)
(CO) cml; 1TH NMR § 4.89 (1H, dt, J = 6.8, 3.4 Hz, C3-H), 4.54 (1H, m, C-H), 3.94 (1H, ddd,
7.3, 3.4 Hz, Cg-H), 3.57 (1H, ddd, J = 11.2, 6.8, 3.4 Hz, C¢-H), 2.24 (1H, td, J = 6.8, 2.0 Hz, propynyl
H), 2.10 (3H, s, Ac), 1.94 (1H, m, CHy), 1.83-1.77 (2H, m, CHy), 1.57 (1H, m, CH3), 1.51 (2H, quint, J
= 6.8 Hz, CHy), 1.42 (2H, sex, J = 6.8 Hz, CHj), 0.90 (3H, t, J = 6.8 Hz, Me); 13C NMR § 170.33, 88.16,
75.06, 69.18, 68.03, 64.39, 30.55, 25.91, 22.59, 21.78, 21.06, 18.31, 13.50. Anal Calcd for C;3H2¢0O3: C
69.61; H, 8.99. Found: C, 69.54; H, 9.11.

(60.0 mg, 0.12 mmol) as a colorless oil; MS m/z (%) 244 (M, 0.2), 184 (100), 129 (20), 71 (64); IR 2250
(C=C), 1730 (CO) cm}; 'H NMR § 7.47-7.42 (2H, m, aromatic H), 7.35-7.28 (3H, m, aromatic H), 4.94
(1H, ddd, J = 8.8, 5.4, 3.4 Hz, C3-H), 4.57 (1H, d, J = 5.4 Hz, C3-H), 4.06 (1H, ddd, J = 11.7, 8.3, 3.4

Hz, C¢-H), 3.65 (1H, ddd, J = 11.7, 5.9, 3.4 Hz, Cg-H), 2.21 (1H, ddd, J = 17.6, 8.3, 3.9 Hz, CHy), 2.12
(3H, s, Ac), 1.91 (1H, m, CHy), 1.71 (1H, m, CHp), 1.61 (1H, m, CHy); 13C NMR § 170.17, 131.75,
128.60, 128.25, 122.19, 87.27, 84.57, 70.51, 69.02, 64.69, 26.00, 22.27, 21.13. Anal Calcd for C;sH;603:
C, 73.75; H, 6.60. Found: C, 73.73; H, 6.67.
(2R* 3R*)-3-Acetoxy-2-(2-phenyle
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procedure described for preparation of frans-10a, cis-10d (23.0 mg, 94%) was obtained from cis-4d (49.0
mg, 0.10 mmol) as a colorless oil; MS m/z (%) 244 (M*, 5.0), 129 (100), 71 (85); IR 5(C=0), 1735

(CO) cml; IH NMR § 7.47-7.45 (2H, m, aromatic H), 7.35-7.29 (3H, m, aromati H), 5.00 1H, dt, J= 7.3,
37Hz,C3H)481(1H , J = 3.7 Hz, C;-H), 4.01 (1H, ddd, J = 11.5, 8.
ddd, J = 11.5, 6.0, 4.6Hz, C¢-H), 2.12 (3H, s, Ac), 2.01 (1H, m, CHj), 1.
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(1H, m, CHj); 13C NMR & 170.39, 131.81, 128.54, 12825 12237, 87.40, 84.19 69.11, 6829, 6446
KA I 70 D1 17 Amal Halad fae L. N M 72 T8 LT £ LN Tarse 772 10 1T £ 71
BT e TSy lnkwr Ty fo ko & hows £AEGRE NV AIGE £UL \413!1]0\15 Nvyg Fo2.737, 11y, ULUYL T'UUIIM. .y /O2./7, F1, U./ 1

(2R*,38*)-3-Acetoxy-2-(2-p-telyl)ethynyltetrahydropyran (trans-10e). According to the
procedure described for preparation of trans-10a,trans-10e (35.0 mg, 93%) was obtained from trans-de (73.0
mg, 0.15 mmol) as a colorless oil; MS m/z (%) 258 (M*, 0.4), 199 (100), 143 (66), 71 (100); IR 2250
(C=C), 1730 (CO) cor'}; TH NMR & 7.33 (2H, d, J = 8.3 Hz, aromatic H), 7.12 (2H, d, J = 8.3 Hz, aromatic
H), 493 (1H, ddd, J = 8.8, 4.9, 3.9 Hz, C3-H), 4.56 (1H, d, J = 4.9 Hz, C,-H), 4.06 (1H, ddd, J = 11.7,
8.3, 3.4 Hz, Cg-H), 3.65 (1H, ddd, J = 11.7, 6.3, 3.9 Hz, C4-H), 2.35 (3H, s, Ac), 2.21 (1H, ddd, J =
17.6, 8.3, 3.9 Hz, CHj), 2.12 (3H, s, Me), 1.89 (1H, m, CH»), 1.72 (1H, m, CHjp), 1.61 (1H, m, CH>);

13C NMR $ 170.26, 138.80, 131.68, 129.02, 119.12, 87.49, 83.83, 70.60, 69.06, 64.64, 25.98, 22.27,
Q

71 1 Anmal Malad far 0. M. ofMa- £ TA AN T TN Tannd- 0 74000 77 10Q

y & d. X ML AV LU R RN §e Ny TTTLSTV, LRy 7 WVLL £TULIIAL Ny TRRAUL, 11, 1,10,
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{(ZR*,3R*)-3-Aceioxy-2-(2-p-ioiyijeinynylieirahydropyran {cis-i0e). According io the

procedure described for preparation of trans-10a, cis-10e (35.0 mg, 93%) was obtained from trans-de (77.0
mg, 0.15 mmol) as a colorless oil; MS m/z (%) 258 (M™, 2.0), 199 (29), 198 (100), 71 (90); IR 2245 (C=C),
1730 (CO) cm!; 1H NMR & 7.34 (2H, d, J = 8.3 Hz, aromatic H), 7.11 (2H, d, J = 8.3 Hz, aromatic H),
4.99 (1H, dt, J = 7.3, 3.7 Hz, C3-H), 4.79 (1H, d, J = 3.7 Hz, C3-H), 4.01 (1H, ddd, J = 11.5, 8.3, 3.2 Hz,
Ce-H), 3.64 (1H, ddd, J = 11.5, 6.0, 4.6 Hz, C¢-H), 2.34 (3H, s, Ac), 2.12 (3H, s, Me), 2.01 (1H, m,
CH>), 1.89-1.80 (2H, m, CH>), 1.64 (1H, m, CHp); 13C NMR § 170.42, 138.70, 131.70, 129.00, 119.30,
87.56, 83.46, 69.17, 68.34, 6447, 2597, 2277, 21.45, 21.12. Anal Calcd for C 1: C, 74.40; H,
7.02. Found: C, 74.14; H, 7.03.

Vs ) + ¥ s T o) e W A L | RGP Rt

{ZR*,358%)-3-Acetoxy-2-(2-benzoyljethynyltetrahydropyran (irans-10f). According to the

€eir

procedure described for preparation of trans-10a,trans-10f (36.5 mg, 98%) was obtained from trans-4f (71.0
mg, 0.12 mmol) as a colorless oil; MS m/z (%) 272 (M*, 4.9), 230 (74), 160 (61), 71 (100); IR 2230 (C=C),
1735, 1645 (CO) cm'!; 1H NMR & 8.13 (2H, dd, J = 7.3, 1.5 Hz, aromatic H), 7.63 (1H, tt, J = 7.3, 1.5 Hz,
aromatic H), 7.50 (2H, t, J = 7.3 Hz, aromatic H), 4.96 (1H, ddd, J = 6.3, 5.4, 3.9 Hz, C3-H), 4.65 (1H, d,
J = 5.4 Hz, C3-H), 4.04 (1H, ddd, J = 11.7, 8.3, 3.4 Hz, Cg-H), 3.70 (1H, ddd, J = 11.7, 5.9, 3.4 Hz, C¢-
H), 2.20 (1H, m, CH3), 2.14 (3H, s, Ac), 1.92 (1H, m, CH»), 1.76 (1H, m, CHy), 1.64 (1H, m, CHy); 13C
NMR 3 177.11, 170.09, 136.33, 134.37, 129.59, 128.66, 88.83, 84.43, 69.75, 68.50, 65.30, 26.20, 22.01,

-
o
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procedure described for preparation of trans-10a, cis-10f (44.0 mg, 94%) was obtained from cis-4f (89.0 mg,

0.12 mmol) as a colorless oil; MS m/z (%) 272 (M*, 3.0), 230 (53), 160 (52), 71 (100); IR 2230 (C=(C),
1740, 1645 (CO) cm!; TH NMR & 8.17 (2H, dd, J = 7.8, 1.8 Hz, aromatic H), 7.64 (1H, tt, J = 7.8, 1.8 Hz,
aromatic H), 7.50 (2H, t, J = 7.8 Hz, aromatic H), 5.00 (1H, m, C3-H), 4.98 (1H, d, J = 0.9 Hz, C;-H),
3.95 (1H, ddd, J = 11.9, 9.6, 3.2 Hz, C¢-H), 3.75 (1H, dt, J = 11.9, 4.1 Hz, Cg-H), 2.14 (3H, s, Ac), 2.01-
1.95 (2H, m, CHy), 1.83 (1H, m, CHy), 1.73 (1H, m, CHy); 13C NMR § 177.16, 170.12, 136.51, 134.34,

129.58, 128.63, 85.95, 84.98, 68.79, 67.53, 64.15, 25.77, 23.27, 21.01. Anal Calcd for C;gH1604: C,
70.58: H, 5.92. Found: C, 70.21; H, 6.25
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mg, 2.17 mmoi) in ‘BuOH (i3 mi) and HyO (13 mi) was added (£)-7d (651 mg, 2.17 mmoi) at rt. The reaction
mixtture was stirred at rt for 26 h and quenched by addition of NaSO3 (2.40 g, 19.0 mmol). After being stirred
for an additional hour, the reaction mixture was extracted with AcOEt, which was washed with water and brine,
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dried, and concentrated to dryness. Chromatography of the residue with hexane-AcOEt (3 : 1) afforded (-)-diol
[686 mg, 95% as a colorless oil; [} -13.8° (c 0.53, CHCly); MS m/z (%) 316 (M*-18, 2.0), 301 (2.0), 259

(65), 203 (31), 131 (23), 115 (27), 75 (100); IR 3590, 3360 (OH), 2230 (C=C) cm'!; !H NMR 6 7.45-7.42
(2H, m, aromatic H), 7.33-7.27 (3H, m, aromatic H), 4.41 (1H, dd, J = 6.8, 4.4 Hz, propynyl H), 3.74 (1H,
broad s, OH), 3.73-3.66 (3H, m, CHz, OH), 2.95 (1H, d, J = 44 Hz, OH), 1.96 (1H, dtd, J = 14.2, 6.8, 2.9
Hz, CHj), 1.75 (2H, quint, J = 6.8 Hz, CH3), 1.61 (1H, ddt, J = 14.2, 8.8, 6.8 Hz, CHj3), 0.90 (94, s,
Bu), 0.77 (3H, s, Me), 0.75 (3H, s, Me); 13C NMR § 131.74, 128.47, 128.21, 122.38, 87.38, 86.05,
74.74, 66.84, 63.45, 30.29, 28.89, 25.87, 18.26, -5.42, -5.44. Anal Calcd for C1oH3001Si: C, 68.22; H,
9.04. Found: C, 68.03; H, 9.20.]. Treatment of (-)-diol with (S)-(+)-o-methoxy-a-
(trifluoromethyl)phenylacetyl (MTPA) chloride provided the bis-MTPA ester, whose !H NMR spectrum

indicated its enantiomeric excess to be 90%. To a solution of (-)-diol (234 me. .70 mmol} and trimethvl
inGiCalta s ChHanusineric CACESS o 0T Ju7o. 10 4 501tion 01 {-)-0i01 (404 1ig, U. /v o1y and uimeuiyi

orthoacetate (0.i4 mi, 1.10 mmol) in CH,Cl, (1.0 mi) was added PPTS (17.0 mg, 0.07 mmoi) at ri. Afier
being stired for 10 min, the mixture was concentrated to dryness and the residual oil was taken up in CH2Cly
(1.4 ml) to which TMSCI1 (0.12 ml, 0.95 mmol) was added at 0°C. The reaction mixture was stirred at rt for 24
h, diluted with water, and extracted with CHzCl;. The extract was washed with water and brine, dried, and
concentrated to dryness. The residue was dissolved in MeOH (4.0 ml) to which K2COj3 (154 mg, 0.90 mmol)
was added. After being stirred at rt for 2 h, MeOH was evaporated off and the residue was diluted with sat.
NH4Cl solution, extracted with CH,Cly. The extract was washed with water and brine, dried, and concentrated
o dryness. Chromatography of the residue with he

i
& el wxrno add-AdA TDALD
J r

ane-
N avrey SO T n cnlivbinn ~f thha amnAavida 712N ;v N
J . 1] u} Wwdadd aulucu 1 DA

mg, 59%). To a solution of the epoxide (130« ig,
THF solution, 0.54 ml, 0.54 mmol) at rt. The reaction mixture was allowed to stand for 1 h, diluted with water,
and ectracted with AcOEt, which was washed with water and brine, dried, and concentrated to dryness.
Chromatography of the residue with hexane-AcOEt (2 : 1) gave (-)-trans-3d (80 mg, 96%) as a colorless oil;
[a]g -15.9° (¢ 0.49, CHCl3). Anal Calcd for C13H1407: C, 77.20; H, 6.97. Found: C, 76.97; H, 6.90.

Transformation of (-)-frnas-3d into (-)-13. According to the e general p r ring closure

nf pmvu-lpa ( \_frn-u-_u (30 0 me. 0.10 mmol) wag successively treated wit
o €pC Sy S OYN Mg, VAP MINeI; was SUCCESSIveLy reated witd

mmol) and BF3-OEt; (0.02 mmol) to give optically active cis-4d (89.0 mg, 95%). CAN (405 mg, 0.74 mmol)
was added to a solution of opiically active cis-dd (89.0 mg, 0.18 mmoi) in MeOH (3.0 mi) at 6°C. The reaction
mixture was stirred at rt for 30 min, and MeOH was evaporated off. The residue was taken up in AcOEt which
was washed with water and brine, dried, and concentrated to dryness. Chromatography of the residue with
hexane-AcOEt (3 : 1) afforded (-)-13 (35.0 mg, 94%) as a colorless oil; [oc}['“’)1 -58.9° (c 0.31, CHCl3); MS m/z
(%) 202 (M*, 19), 173 (10), 146 (12), 131 (92), 114 (53), 102 (42); IR 3600, 3450 (OH), 2220 (C=C) cmr1;
TH NMR § 7.50-7.46 (2H, m, aromatic H), 7.36-7.30 (3H, m, aromatic H), 4.73 (1H, d, J = 3.9 Hz, C,-H),

AA/y

3.95 (1H, ddd, J = 11.2, 8.8, 2.9 Hz, Cs-H), 3.83 (1H, m, C3-H), 3.63 (1H, ddd, J = 11.2, 5.9, 3.9 Hz,
Ce-H), 2.03 (14, d, 7 = 7.8 Hz, OH), 1.50-1.81 (3H, m, CHy), 1.57 (1H, m, CHy); 13C NMR § 131.87,
128.71, 128.29, 122.04, 88.43, 84.32, 71.16, 67.33, 64.60, 29.03, 22.60. Anal Calcd for C13H402: C,
77.20; H, 6.97. Found: C, 77.04; H, 7.02. Enantiomeric excess was determined to be 86% by !H NMR
spectrum of its MTPA ester.

7-tert-Butyldimethylsilyloxy-3-hydroxy-1-trimethylsilylhept-1-yne (14). To a solution
of trimethylsilylacetylene (1.20 ml, 8.49 mmol) in THF (50 ml) was added dropwise n-BuLi (1.65 M hexane
solution; 5.20 ml, 8.58 mmol) at -78°C and the reaction mixture was stirred at the same temperature for 1 h. A
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solution of 5-tert-butyldimethylsilyloxypentanal?2 (1.80 g 832 mmol) in THF (5.0 ml) was added to th
roantinn miviire A fier haeina ctirrad foue 10} min ¢ raartion mivtnra wae mianchad hu additian Af watar and
R C D S § o1 ”"‘“ﬁ SuRIwA AV AV LR, wee aVenuUll DUAWIC Was QUCHTIHCE OY atGllulil 01 Waill aiil

extracted with AcOEt. The extract was washed with water and brine, dried, and concentrated to dryness.
Chromatograpity of the residue with hexane-AcOEt (10 : 1) afforded 14 (2.46 g, 96%) as a coloriess oii; MS
miz (%) 314 (M*, 0.2), 297 (0.3), 131 (i0), 73 (100); IR 3630, 3400 (OH), 2150 (C=C) cmi; iH NMR &
4.36 (1H, q, J = 6.4 Hz, propynyl H), 3.63 (1H, t, J = 6.4 Hz, C7-H), 1.83 (1H, d, J = 5.9 Hz, OH), 1.77-
1.66 (2H, m, CHj), 1.60-1.46 (4H, m, CHy), 0.89 (9H, s, ‘Bu), 0.17 (9H, s, TMS), 0.05 (6H, s, Me); 13C
NMR & 106.79, 89.33, 63.02, 62.86, 37.47, 32.37, 25.97, 21.57, 18.35, -0.12, -5.28. Anal Calcd for
C16H34025i2: C, 61.08; H, 10.89. Found: C, 59.95; H, 11.06.

Synthesis of Carbamates 15. A mixture of 14 (1.81 g, 5.75 mmol), (S)-1-phenylethyl isocyanate

(1_86 a 126 mmnl\ and N M,.rhmafhulamtnmthgnnl fﬂ 30 m] 2.99 mmaol) wag heated at 80°C for 8 h. The

1) «\J LERIANUL AR EYyAY o7 4 IAXIXINVE)

e b rten wmtren smmnaad tlhwairads n sl mnd A ailinn eal exridlh Iawrnaa e /& . ‘l\ ~ Tanera a~a o
HUHALWULIT wWad Pﬂbbw uuuugu a bllUll pm.l Ul Blllbd BGI wuu llGAdllC ﬂbULat \2. 1) tU ave tll 1 IUUC, Wlll\;ll was
~

taken up in CHCliy (30 mi). Coz(CO)g (2.47 g, 7.22 mmoi) was added to the CH,Cij solution and the reaction
mixture was stirred for 1 h. The solvent was evaporated off to give the residual oil which was chromatographed
with hexane-AcOEt (20 : 1) to afford less polar compound (I) (1.89 g, 44%) and polar compound (IT) (1.71 g,
40%). Compound I was a reddish brown oil; MS m/z (%) 579 (M+-6CO, 0.5), 239 (23), 147 (100), 133 (54),
106 (39); IR 3450 (NH), 2040, 2010, 1990 (CO), 1720 (CO) cm-!; 'H NMR § 7.37-7.24 (5H, m, aromatic
H), 5.99 (1H, dd. J = 9.3, 3.4 Hz, propynyl H), 4.93 (1H, d, J = 6.3 Hz, NH), 4.88 (1H, quint, J = 6.3 Hz,
benzvlic H), 3.59-3.55 (2H, m, CHj), 1.84-1.69 (2H, m, CH3), 1.62-1.40 (4H, m, CH3), 1.47 (3H, d, J =

6.3 Hz, Me), 0.88 (9H, s, Bu), 0.32 (9H, s, TMS), 0.03 (6H, s, Me); 13C NMR 8 199.93, 154.91, 143.49,
o]

170 ££ 17712 19801 111 14 7Q N TA 2L £V £Q SN &A 20 2@ 29 2Q S07 90 A2 9795 10 25
1L40.UU, 14/[.904 l&d.71, 111.1%, JO.VJ, 7T7T.J9U, UL. UL, JU, Uy, JO.JO, JL.JO, T Ty Lty hdaikady 1O.I,
~ - &~ A& 4 % MY 1N AN O rr ~ Oon T o ~— 1 ~ AN nn Yy g NN AT
0.85, -5.34. Anai Caicd for L311‘l43b02NU9512 C, 49.80; H, 5.80; N, 1.87. Found: C, 49.82; , 27U IN,

1.86. Compound II was a reddish brown oil; MS m/z (%) 579 (M+-6CO, 0.6), 356 (2.0), 239 (23),
(100), 133 (51), 106 (19); IR 3450 (NH), 2150, 2050, 1990 (CO), 1720 (CO) cm-l; 'H NMR 8 7.-4-7,21
(5H, m, aromatic H), 5.98 (1H, dd, J = 8.8, 2.9 Hz, propynyl H), 4.93 (1H, d, /= 6.3 Hz, NH), 4.87 (1H,
quint, J = 6.3 Hz, benzylic H), 3.64-3.62 (2H, m, CHy), 1.87-1.71 (2H, m, CH3), 1.66-1.45 (4H, m, CHy),
1.51 (3H, d, J = 6.3 Hz, Me), 0.90 (9H, s, Bu), 0.26 (9H, s, TMS), 0.06 (6H, s, Me); 13C NMR § 200.37,
154.90, 143.03, 128.50, 127.30, 126.10, 110.87, 78.15, 74.36, 62.71, 50.70, 38.46, 32.42, 25.98, 22.47,
~Co NQQ. ip: C, 49.80; H, 5.80; N, 1.87. Found: C, 49.78;

1 bod 1 Hu
aariy 2T.0 1=243% s 1ag §94 3
I £ 02. N 1 Q02 T~ T Af ~ 11nd T/71 Q0 o < Al a AD;-\Y 120N voul 12 1 svvens »n MaNIT
iy J.OJ, 1Y, 1,00. LV a buxuuuu vL \/Ul.lllJUUJ. u A 1.07 g, &.J0 1101y ana E3IN (1.0V uu, 10,1 uuu\)l} lll V1oLl

(25 ml) was added CAN (5.54 g, 10.1 mmol) at 0°C. The reaction mixture was allowed to stand for 30 min,
then concentrated, diluted with water, and extracted with AcOEt . The extract was washed with water and
brine, dried, and concentrated to dryness. Chromatography of the residue with hexane-AcOEt (5 : 1) gave
carbamatem 15-I (1.03 g, 88%) as a colorless oil; [(].]13)1 -40.0° (¢ 2.39, CHCl3); MS m/z (%) 461 (M, 0.2),
404 (4.0), 239 (5.0), 222 (16), 147 (90), 132 (79), 73 (100); IR 3450 (NH), 2150 (C=C), 1720 (CO) cm'!;
1H NMR & 7.37-7.23 (5H, m, aromatic H), 5.34 (1H, t, J = 6.8 Hz, propynyl H), 5.00 (1H, broad d, J = 6.8

Hz, NH), 4.84 (1H, quint, J = 6.8 Hz, benzylic H), 3.59 (2H, t, J = 6.4 Hz, CH3), 1.78-1.68 (2H, m, CHZ)

I\’I"! FOYY . A ACN l\l\

i.57-1.41 (44, m, CHy), 1.45 (3H, 4, J = 6.8 Hz, Me), 0.88 (54, s, ‘Bu), 0.17 (5H, s, TMS), 0.6 S
Me); 13C NMR 6 154.50, 143.43, 128.62, 127.31, 125.89, 103.20, $0.14, 65.01, 62.950, 50.79, 35.00,
32.30, 25.94, 22.49, 21.40, 18.30, -0.18, -5.31. Anal Calcd for Co5H43NO3Sip: C, 65.02; H, 9.39; N, 3.03.

Found: C, 64.74; H, 9.57; N, 2.99. Similar treatment of compound II (1.71 g, 2.29 mmol) with CAN (5.02 g,
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9.16 mmol) gave 15B-II (950 mg, 90%) as a colorless oil; [a}%? -10.5° (¢ 2.07, CHCl3); MS m/z (%) 461

(M+ 02) AQ4 (3O 230 (60 222 (16) 147 (Q4) 132 (R0 NHN 214N {(‘—{‘)

(l‘ll} LUV |

(1000 TR 248N 7
VAVE 3 Uedwfy “FUT \oFeld Jg doed 7 \VIeAT Jy dedudc \ LT )y A—rr N7 Ty At \U7 gy 0 \1VVj, LN JTTJIV =\ Js IZAY
7 8 \ PPN I. 11T ATAAD £ 771 2L 7T AN /CET oo 2N /11T« T Y. tv\ '1 /1EY 131 ¥
\L—U] (2 T oy ‘l',l INIVEIN O 7.0U~ /.44 \ D11, 111, auonmuu ﬂ), J Jda il 4, J = U ncs, plupyuy J)s f i, 4, J

= 6.4 Hz, NH), 4.84 (1H, quint, J = 6.4 Hz, benzylic H), 3.62 (2H, t, J = 6.4 Hz, CH3), 1.81-1.69 (2H, m,
CH»y), 1.60-1.41 (4H, m, CHj), 1.48 (3H, d, J = 6.8 Hz, Me), 0.89 (9H, s, ‘Bu), 0.15 (9H, s, TMS), 0.05
(6H, s, Me); 13C NMR & 154.52, 143.30, 128.60, 127.32, 125.94, 103.14, 90.15, 65.06, 62.91, 50.69,
34.99, 32.32, 25.97, 22.34, 21.40, 18.32, -0.20, -5.29. Anal Calcd for Cp5H43NO3Sis: C, 65.02; H, 9.39;
N, 3.03. Found: C, 64.80; H, 9.55; N, 2.95.

Synthesis of (+)- and (-)-3,7-Dihydroxy-1-trimethylsilylhep-1-yne (16). To a solution

of pnmpmmd 187 (103 g, 2.23 mmol) and EtaN (1.40 ml 10.0 mmol) in henzene (23 ml) was added

VI

trichlorosilane (0.90 ml, 8.92 mmol) at rt. After being stirred for 10 min, the reaction mixture was quenched by
addition of waier, exiracied with AcOEi . The exiraci was washed wiih waier and brine, dried, and concenirated
to dryness. Chromatography of the residue with hexane-AcOEt (1 : 1) gave (-)-16 (330 mg, 72%) as a
colorless oil; [ah"')O -10.8° (¢ 1.53, CHCl3); MS m/z (%) 200 (M*, 0.8), 167 (31), 155 (12), 127 (100), 111
(41), 99 (100), 73 (76); IR 3630, 3370 (OH), 2160 (C=C) cm'!; 'H NMR 3§ 4.36 (1H, q, J = 6.3 Hz,
propynvl H), 3.65 (2H, t, J = 6.4 Hz, C7-H), 2.39 (1H, broad d, J = 3.4 Hz, OH), 1.83 (1H, broad s, OH),
1.74-1.69 (2H, m, CH3), 1.62-1.57 (2H, m, CHj), 1.56-1.50 (2H, m, CHjy), 0.16 (9H, s, TMS); 13C NMR
8 106.77, 89.33, 62.58, 62.56, 37.22, 32.09, 21,31, -0.15. Anal Calcd for CjgH7¢02Si: C, 59.95; H, 10.06.

rne 1

Found: \,, 55. 01, l’l, 3. 67 Simuilar ireaiment of LOIIIPUUDU i5-11 (o1 mg, 2.06 mmm) with irichiorosiiane

(0.84 ml, 8.32 mmol) gave (+)-16 (285 mg, 69%) as a coloriess oil; [ajD +10.2° (¢ 1.59, CHCI3). Anal Calcd

for CjoH2002S5i: C, 59.95; H, 10.06. Found: C, 60.02; H, 9.91.
Cyclization of (-)- and (+)-16. Co2(CO)g (49.0 mg, 0.14 mmol) was added to a solution of (-)-
16 (24.0 mg, 0.12 mmol) in CHCl; (4.0 ml) at 0°C. After being stirred for 30 min, tihe reaction mixture was

cooled down to -78°C and held at the same temperature for 30 min. A selution of BF3-QEt; in CH;Cl; (0.1 M
solution; 0.12 ml, 0.12 mmol) was added to the reaction mixture, which was gradually warmed up to 0°C over
a period of 10 min. The reaction mixiure was quenched by addition of water and exiracted with CH,Clip, which
was washed with brine, dried, and concentrated to dryness. The residue was dissolved in MeOH (3.0 mi), to
which CAN (230 mg, 0.42 mmol) was added at 0°C. After being stirred for 30 min, MeOH was evaporated off
and the residue was taken up in EtpO, which was washed with water and brine, dried, and concnetrated to
dryness. Chromatography of the residue with hexane-Et;O (10 : 1) affforded (£)-2-(2-
trimethylsilyletynyl)tetrahydropyran (17) (16.4 mg, 75%) as a colorless oil; MS m/z (%) 182 (M*, 1.0), 167
(15), 73 (13), 58 (100); IR 2160 (C=C) cm-!; TH NMR 8 4.44 (1H, dd, J = 8.3, 3.4 Hz, C»-H), 3.97 (1H, dt,

J=112, 4.9 Hz, C4-H), 3.49 (1H, ddd, J = 11.2, 8.3, 3.4 Hz, Cg-H), 1.87-1.78 (2H, m, CHy), 1.66 (1H,
m, CHy), 1.62-1.46 (3H, m, CHy), 0.16 (9 AS); 13C NMR § 104.51, 89.61, 67.40, 66.58, 32.08,

.76, -0.14. High resolution mass caicd for CjoH 8081 182.1126, found 182.1143. Similar treatment
of (+) 16 (23.0 mg, 0.12 mmol) gave (+)-17 (15.4 mg, 74%). A solution (%)-17 (112 mg, 0.61 mmol) and
K2CO3 (42.0 mg, 0.30 mmol) in MeOH (6.0 ml) was stirred at rt for 1 h and then MeOH was evaporated off.
The residue was taken up in Et;O, washed with water, dried, and concentrated to dryness. To a solutionof
NalOy4 (1.31 g, 6.12 mmol) in HoO (3.0 ml) was added a solution of the residue in CCly (3.0 ml) at rt.
Ru0;-xH,0 (4.0 mg) was added to the reaction mixture and the mixture was vigorously stirred for 8 h. The
precipitates were filtered off and the filtrate was diluted with CH,Cly, washed with water and brine, dried, and
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concentrated to drvness. The residue was dissolved i ("H2CI_2 (6.0 mh) to which EtaN (0,1 ml, 0,72 mmaol)
HORt (174 mo_ 1,29 mmaol) (D1-()-g-methvlihenzviamine (0. 10 ml 076 mmoD DOCC (139 mo. 0. 87 mmaol)
mont (174 mg, 1.29 mmol), (3)-(-)-0-methvibenzviamine (0,10 ml, 070 mmol), DOC (139 m g, mmol)

were successively added. After being stirred at 1t for 9 h, the precipitates were filtered off and the filtrate was
washed with water and brine, drided, and concentrated to dryness. Chromatography of the residue with hexane-
AcOEt (3 : 1) gave 23 (112 mg, 78%) as a mixture of two diastereoisomers. Amide 23 : colorless csystals, mp
94-95°C (hexane-CH;Cly); MS m/z (%) 233 (M, 24), 218 (3.0), 205 (43), 149 (13), 120 (18), 105 (52), 85
(100); IR 3440 (NH), 1665 (CO) cm!; 'H NMR & 7.36-7.23 (5H, m, aromatic H), 6.80 (1H, d, J = 6.8 Hz,
NH), 5.13 (1H, quint, J = 6.8 Hz, benzylic H), 4.02 (1H, m, Cg¢-H), 3.79 (0.5H, dd, J = 11.7, 2.4 Hz, C;-
H) 3.74 (0.5H, dd, J = 11.7, 2.4 Hz, C>-H), 3.46 (1H, dt, J = 11.2, 3.4 Hz, Cs-H), 2.12 (1H, m, CH3),
.88 (1H, m, CHy), 1.63-1.29 (4H, m, CHjy), 1.50 (3H, d, J = 6.8 Hz, Me); 13C NMR § 170.98, 170.93,
2

14721 14111 1298 8K 128 82 127 10 127 18 126 12 1900 77 2) T7T26& AR I§ A2 21 AT QK
A TW S edwdy LTI Loy RAwU Ty LS. 3 Adeioxs Rdufohary RbaJodhody R&aUUVUy T 1 Jhuy T 1 da\Ty UULLIy, UULLy Ti.0OU,
AT G AN 1€ AN ND NEEO FEECHY M2 12 AT 11 A1 02 A1 07 Anl 1.3 Lo . IT. NN . M 74 N7 LY
37,04y, £F.1Ty LT UT,y £I.30, LI.JLy £I3.43, £I.4 ), £1.73, £1.03. ADdL LAICO 10T LjgngiNUQl U, /2.u/;, 0,
HoAL RT S o W L At T A T S e

8.21, N, O.UU, rouna: C, /1.99y; 1, 5.U0;, N, >.Y4

(3R*,4R*)-7-tert-Butyldiphenylsilyloxy-3,4-epoxy-1-trimethysilylhept-1-yne (trans-
18). To a solution of trans-3b (826 mg, 4.16 mmol) and imidazole (680 mg, 9.99 mmol) in DMF (2.1 ml)
was added TBDPSCI (1.30 ml, 5.00 mmol) at rt. The reaction mixture was stirred for 2 h, diluted with Et;0,
washed with water several times and then brine, dried, and concentrated to dryness. Chromatography of the
residue with hexane-benzen (2 : 1) gave trans-18 (1.75 g, 96%) as a colorless oil; MS m/z (%) 436 (M+, 0.3),
379 (75), 363 (20), 293 (27), 271 (37), 199 (98), 135 (89), 73 (100); IR 2150 (C=C) cmr'!; 'H NMR § 7.71-
7.63 (4H, m, aromatic H), 7.45-7.34 (6H, m, aromatic H), 3.72-3.68 (2H, m, CH,0), 3.13-3.08 (2H, m,

f" H.N 1 ’70 186 (A0 m (CHAY 108 (O © tnu\ nig (o ¢ TMS) 130 NNMR 8§ 125§ 5§27 121 7R
PR YACS FTISL.OU \TTLE, Ik, NoKRJJy kU \ 711y Oy AFMJy V.LU \JAky D, KiVEWJ ], o AWAVAMIN U L JJ T Ty LT Uy
(\/1 Y B aMe N naMn 10 Fo DR ¥ <4 LN £A A -1 s Yo R ~Fay O AN NS Oc e N 'aV¥isVal Y T ™~ 1 1 o~

¥.01 lLI.OD, iU1.y0, 87.18, 03.10, OU.O4, I4, 48DV, LB.DL, LD.BD, 1Y.1Y, -U.DU. Andl Laicd 10r

L25H3602Si2: C, 71.50; H, 8.31. Found: C, 71.27; H, 8.49.
(3R*,4S"")-7-tert-Butyldiphenylsnlyloxy -3,4-epoxy-1-trimethysilylhept-1-yne (cis-
18). According to the procedure described for preparation of trans-18, cis-18 (246 mg, 96%) was obtained
from cis-3b (120 mg, 0.61 mmol) and TBDMSCI (0.18 ml, 0.69 mmol) as a colorless oil; MS m/z (%) 436
(M+, 0.2), 379 (100), 363 (25), 293 (33), 271 (42), 199 (98), 135 (72), 73 (70); IR 2150 (C=C) cm'!; IH
NMR § 7.69-7.66 (4H, m, aromatic H), 7.45-7.35 (6H, m, aromatic H), 3.73 (2H, t, J = 5.9 Hz, CH;0),

340 (1H, d, J =39 Hz, C3-H), 3.04 (1H, td, 1 = 5.9, 3.9 Hz, C4-H), 1.88-1.72 (4H, m, CH,), 1.05 (9H,
e MRuwY N14 (OWT ¢ QY l3r* NMR 8 13554 132384 12056 12762 100232 Q112 63 A7 5808
Dy AFWJy V.LU \(JLLl, Oy l..l.'l.\J} lllll W W LTIy LU UTy Rl el Vg Ll o Vday AUV Jdey T hedday VITT Ty JOTU,
45.34, 28.84, 26.85, 26.11, 19.19, -0.30. Anal Calcd for CogH3602S12: C, 71.50; H, 8.31. Found: C,

T1.23; H, 8.52.

Ring Opening of Epoxide 18 with Methanol. Co02(CO)g (56.0 mg, 0.16 mmol) was added to a
solution of trans-18 (55.0 mg, 0.13 mmol) in CH,Cl; (0.12 ml) at rt. After being stirred for 15 min, MeOH
(6.2 M CH,C5 solution, 0.03 ml, 0.19 mmol) was added to the reaction mxiture, which was then cooled down
to -78°C. BF3-OEts (0.02 ml, 0.16 mmol) was added to the reaction mixture and the mixture was stirred for 30
min at the same temperature, quenched by addition of water. The reaction mixture was extracted with CH,Cl»,

washed with water and brine, dried, and concentrated to d_ry n ("‘hmmatncrmnhv of the residue with hexane-
benzene (1 : 1) gave anti-19 (42 mg, 44%) and syn-19 (17 mg, 18‘%) Hexacarhonyl-u-M4-(3R* 4R *)-7-tert-

- _ aile. %V-4-hvaroxy ) 1
butyldiphenyisilyloxy-4-hydioxy-3- methoxy-1-trimethysilylh

1
reddish brown oil; MS m/z (%) 670 (M*-3CO, 0.4), 642 (0.6), 614 (0.6), 586 (9.0), 411 (4.0), 363 (29), 271

(40), 199 (100), 183 (30); IR 2080, 2020, 1980 (CO) cm-i; 1H NMR 6 7.71-7.66 (4H, m, aromatic H), 7.46-

1]
o~ YA\
0-Co) {anti-19) was a
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TRAT(AH m aramatic HY 418 (1H 4 T =A4AH7 C~HY 178 271 (2 AR At T— 1072 S£Q He (C-.HN
Wi \WERy sai, EANSAAAGSwAW 2ayy TVead LadE, S8y W S TRL, 3R 2.03, ST e, ASSQR, v T 2V, 205 0L, Sy,
VLA MIT a M. IIN 1 EQ (20T o MNhifa) I 9K (11T A T e 2 A T NN YTNAC F1IT . ALY 1 7777 /1LY
J.UT (113, 101, L 47I1}, J.J0 \Ji1, D, WVIU )}, &.00 (i3, (U, v = 0.5 NZ, U}, &.UJ {111, 1ii, \.112j, .77 \iK1,
i T _ £0 YI¥.. oMLY\ 1 £L (1EIF 1 fOTT NNl /0T o raaoy. 134 aTaam Az
Yuing, 4 = V.0 L, LI ) 1.00 (in, lll, bﬂz}, I8 UU \rn, b, TDU), U.O1 (¥I1, >, 1IV1D ), “~LU INIVIK 0 LUU “4J,

135.57, 133.43, 129.70, 127.70, 108.22, 86.20, 79.86, 75.04, 64.34, 59.81, 30.27, 29.01, 26.83, 19.15,
0.95. Anal Calcd for C33H40C0209S;i2: C, 52.52; H, 5.34. Found: C, 52.74; H, 5.39. Hexacarbonyl—u—[n“—
(3R*,45*)-7-tert-butyldiphenylsilyloxy-4-hydroxy-3-methoxy-1-trimethysilylhept- 1-yne]dicobalt (Co-Co)
(syn-19) was a reddish brown oil; MS m/z (%) 670 (M+-3CO, 0.5), 642 (0.8), 614 (0.6), 586 (12), 411 (4.0),
363 (28), 271 (43), 199 (100), 183 (33); IR 2080, 2020, 1980 (CO) cm-!; !H NMR § 7.71-7.65 (4H, m,
aromatic H), 7.45-7.35 (6H, m, aromatic H), 4.17 (1H, d, J = 2.9 Hz, C3-H), 3.73 (2H, t, J = 5.9 Hz, C7-
H), 3.62 (3H, s, OMe), 3.58 (1H, m, C4-H) 245 (1H, d, J= 78 Hz, OH), 1.83 (1H, m, CH), 1.78-1.62
(3H, m, CH»), 1.06 (9H, s, 'Bu), 0.31 (9H, s, TMS); 13C NMR § 200.29, 135.55, 133.84, 129.58, 127.62,

~ Vg

N otn NN A 1 1_ 1
.17, U.YD. Andl CLdica I10r

[y

.14, 26.85,
C33H40C0209S43: C, 52.52; H, 5.34. Found: C, 52.64; H, 5.33.

(3R*,4S*)-7-tert-Butyldiphenylsilyloxy-4-hydroxy-3-methoxyhept-1-yne (anti-20).
CAN (3.40 g, 6.20 mmol) was added to a solution of anti-19 (1.17 g, 1.55 mmol) in MeOH (16 ml) at 0°C.
The reaction mixture was allowed to stand for 30 min, concentrated, diluted with AcOEt, washed with water
and brine, dried, and concentrated to dryness. The residue was dissolved in MeOH (13 ml), to which Kz2CO3

(90.0 mg, 0.65 mmol) was added. After being stirred for 1 h at rt, MeOH was evaporated off and the residual

oil was diluted with AcOFEt washed with water and brine, dried, and concentrated to drvness, Chromatography

Sy & y S5 LS
nf tha racisdhia writh havana ARt £10 - 1\ cava anti_YM (AR e TAOLN ac a ~rnlarlace Atls rharminal ianizatin.
UL UV IUDIUUL WL HUAGHVSMLASLL (LU« 1) BAYS W&V \(TJ 4 WUig, /1970) ad a LULULILSS UL, Latilliival iviisauvil

e AN 1o ol AT AN 1IN AN AQMT A NN AL 1A NAT L NN A1 /73 NN ALNN ST
MD m/Z (o) 377 \M *1 IW}, DLI \J.V), D17 (&), 207 \D.U), 401 (1D), £441 (LU}, l‘ll 2. U}, I.K JVUU (UI1),

3320 (C=C-H), 2100 (C=C) cm-!; I1H NMR 8 7.69-7.65 (4H, m, aromatic H), 7.45-7.36 (6H, m, aromatic
H), 3.94 (1H, dd, J = 3.4, 2.4 Hz, C3-H), 3.77 (1H,tdd, J = 8.8, 4.9, 3.4 Hz, C4-H), 3.73-3.68 (2H, m, C7-
H), 3.47 (3H, s, OMe), 2.48 (1H, d, J = 2.4 Hz, C=C-H), 2.42 (1H, 4, J = 4.9 Hz, OH), 1.84-1.72 (2H, m,
CH3), 1.70-1.60 (2H, m, CHj), 1.05 (9H, s, 'Bu); 13C NMR & 135.58, 133.83, 129.58, 127.62, 79.45,
75.81, 75.18, 72.74, 63.81, 57.05, 28.88, 28.66, 26.84, 19.19. Anal Calcd for Co4H37203Si: C, 72.68; H,
8.13. Found: C, 72.43; H, 8.16.

(3R* 4AR*).T-tert-Rut ldipheay!si!y!oxy-t!-hvrlroxy-3-met

f

B

According to as obtained from
e AR AT . N AL oI e n ommlaclann il alimeentianl faalontiaa RAC _ fOF\ OVT IRAL 1NN AT 73 NN
syn-nv (474 111, U.JU KD ) ad 4 COLULICSY VUL, L 1Ical IVHMIZalIVIL VIO [/ (70) OF 7 \IVL'T1, 1UVU), 04/ (D2.U),
-~ e s NN ~ Oy L B 4 3 oV VAW 4N e W RN Ly BV AN 1 44 74 N\ T A LAN 7MY TY e TaVaWre ol h TUN BEFaYaWryal el R | 1xry
317 (LU}, LBT ( ), 201 (1D), 441 (/.U), 141 {(4.U), 1K S0UU (U1}, 534U (U=L-11), L1V (L= ) CcIn *, *

NMR & 7.72-7.67 (4H, m, aromatic H), 7.45-7.37 (6H, m, aromatic H), 3.80 (iH, dd, J = 7.3, 2.0 Hz, C3-

H), 3.74, 3.71 (2H, AB-qt, J = 10.3, 6.4 Hz, C7-H), 3.70 (1H, m, C4-H), 3.48 (3H, s, OMe), 2.78 (1H, d,
J =29 Hz, OH), 2.49 (1H, d, J = 2.0 Hz, C=C-H), 1.93 (1H, m, CHj), 1.81 (1H, m, CHy), 1.71 (1H, m,
CHj,), 1.56 (1H, m, CHj3), 1.07 (9H, s, ‘Bu); 13C NMR & 135.56, 133.88, 129.53, 127.59, 79.90, 75.63,
75.35, 73.13, 63.75, 56.93, 28.81, 28.45, 26.83, 19.18. Anal Calcd for C24H3203Si: C, 72.68; H, 8.13.
Found: C, 72.41;: H. 8.15.

(AN * ‘Q*\ S tort-Rutvidinhanvigilvlayvid.methoxvactan-1 S.diol (anti-21) To a
ERT,28 ferf-Zutyvidiphenvisiiviaoxy nethoxvoctan-1 >-diol (anf1-Z1). 10 a2

INVL e N ET vrennd o TR (8 N » ]\ oo addad « R i 71 AN A havana anlitiane N QA

bUluLlU‘l ul uflll‘h\l \LLU IIIE V.J 7 1L llUl[ lll A XER \J v} llll, WAD auuUuLl 11Tl uULd \1 VWV iVl LIVAALIV DULIULIVIL, V.0

ml, 1.34 mmol) at -78°C. After being stirred for 1h, (CH20); (51 mg) was added to the reaction mixture. The
mixture was gradually warmed to rt and stirring was continued for 16 h at rt. The reaction mixture was diluted
with water and extracted with AcOEt. The extract was washed with water and brine, dried, and concentrated to
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dryness. Chromatography of the residue with hexane-AcOEt (1 : 1)
mg, 97%) ﬂH NMR 8 7.68-7.65 (4H, m, aromatic H), 7. 45-7.36

gave the

o7 e TS T T D e
(

A

6H ar _nh(‘ I—n 3202H dd T =

3 addy VRIAERAN AL)y Tedd \aaay

6.3, 2.0 Hz, CH,0), 3.97 (1H, dt, J = 3.4, 2.0 Hz, propynyl H), 3.76 (1H, m, CHy), 3.73-3.68 (2H,

m,
CH»), 3.45 (3H, s, OMe), 2.53 (iH, d, / = 4.9 Hz, OH), 1.83-1.70 (3H, m, CHj, OH), 1.69-1.58 (2H, m,
CHj), 1.05 (9H, s, ‘Bu). Anal Caicd for Ca5H34048Si: C, 70.38; H, 8.03. Found: C, 70.14; H, 7.94.]. A
solution of the hydroxymethylated anti-20 (236 mg, 0.55 mmol) in AcOEt (5.5 ml) was hydrogenated over
10% Pd-C (28 mg) under hydrogen atmosphere at rt for 1h. The catalyst was filtered off and the filtrate was
concentrated to dryness. Chromatography of the residue with hexane-AcOEt (1 : 1) afforded anti-21 (217 mg,
91%; 88% from anti-20) as a colorless oil; chemical ionization MS m/z (%) 431 (M*+1, 100), 411 (7.0), 381

(2.0), 327 (5.0), 295 (2.0), 263 (7.0), 243 (6.0), 175 (3.0); IR 3620, 3420 (OH) cm!; 'H NMR § 7.69-7.65

(4H, m, aromatic H), 7.45-7.36 (6H m, aromatic H), 378 (1H td J =023 30 Hz, C:-H) 372, 370 (2H,

A ~t J e 1NQ e . LI 2T LK MM + A A dx . TN 2 AN (LT - N\ T ¢+ 1 T _ £72

Doy, v = 1v.0 ALy \F~LL), J.UJ (&I, L, V.S XL, C]tHL), IV (D11, B, WUV n, Wi, v = 0.7,
h 3 X

631 11 {

58 {iH, broad s, OH), 2.04 (iH, broad s, OH), 1.81-1.57 (7H, m, CHj), 1.50 (1H, m,
CHj), 1.06 (9H, s, 'Bu); 13C NMR § 135.55, 133.70, 129.61, 127.63, 84.22, 71.09, 64.04, 62.92, 57.60,
29.14, 28.85, 26.82, 25.16, 19.16. Anal Calcd for CosH3304Si: C, 69.72; H, 8.89. Found: C, 69.43; H,
9.04.

(4R*,5R*)-8-tert-Butyldiphenylsilyloxy-4-methoxyoctan-1,5-diol (syn-21). According
to the procedure described for preparation of anti-21, syn-20 (94.0 mg, 0.24 mmol) was treated with n-BuLi
and (CH,O)n to give the hydroxymethylated syn-20 (97%)[ !H NMR & 7.71-7.66 (4H, m, aromatic H), 7.45-
7.36 (6H, m, aromatic H), 428 (2H broad d, J =44 Hz, CH,0), 3.84 (1H dt, 7 =628 1.5 Hz propynyl

A Wany smay SDaasaRaat 225 T.L0 (&I, RV S 2L, LAWY 223y 2%y 2. A2,

H), 3.73, 3.71 (2H, AB-qt, J = 10.3, 6.4 Hz, CHy), 3.68 (1H, m, CHy), 3.46 (3H, s, OMe), 2.90 (1H,

broad s, OH), 2.16 (iH, s, OH), 1.89 (1H, m, CHj), 1.80 (1H, m, CHy), 1.69 (1H, m, CHy), 1,55 (1H, m,

CHj), 1.06 (9H, s, Bu). Anai Calcd for C25H3404S81: C, 70.38; H, 8.03. Found: C, 70.11; H, 8.11.]. The
hydroxymethylated syn-20 was then hrdrogenated to afford syn-21 (98.0 mg, 99%) as a colorless oil;
chemical ionization MS m/z (%) 431 (M*+1, 100), 411 (7.0), 381 (2.0), 327 (4.0), 295 (2.0), 263 (5.0), 243
(4.0), 175 (2.0); IR 3630, 3410 (OH) cm!; 1H NMR & 7.70-7.65 (4H, m, aromatic H), 7.45-7.36 (6H, m,
aromatic H), 3.71 (2H, t, J = 5.9 Hz, Cg-H), 3.64 (2H, t, J= 5.9 Hz, C;-H), 3.59 (1H, m, Cs-H), 3.43 (3H,
s, OMe), 3.09 (1H, g, J = 5.9 Hz, C4-H), 2.66 (1H, broad s, OH), 1.79-1.44 (9H, m, CHp OH), 1.06 (9H.
s, 'Bu); 13C NMR 8 135.53, 133.79, 129.56, 127.60, 84.03, 72.21, 63.94, 62.86, 58.19, 29.52, 28.84,

10 12 K Q’) 26, lA 1017, Anol (‘nlnrl Fnr r'm.umn e RO 77- 3 2 QQ E‘nnnd C AQ27- T Q2 Q0

28.28, 26 sH350481: C, 69.72; H, 8.89. Found: C, 69.32; H, 8.89,

(2R*,38%).2-(3-tert-Butyldiphenylsilyloxypropyl)-3-methoxytetrahydropyran (trans-
22). To a solution of anti-Z1 (28.0 mg, 0.06 mmoi), Ei3N (0.02 mi, 0.14 mmoi), and DMAP (2.0 mg, 0.02
mmol) in CH;Cl; (1.5 ml) was added TsCl (15.0 mg, 0.08 mmol) at rt. After being stirred for 3 h, the reaction
mixture was diluted with CH,Cl,, washed with water and brine, dried, and concentrated to dryness. The
residue was dissolved in THF (2.0 ml), to which NaH (60% in oil; 4.0 mg, 0.10 mmol) was added. The
reaction mixture was heated under reflux for 20 h, diluted with sat. NH4Cl solution, extracted with EtO. The
extract was washed with water and brine, dried, and concentrated to dryness. Chromatography of the residue

with hexane-AcOEt (20 : 1) gave trans-22 (21.0 mg, 78%) as a colorless oil; chemical ionization MS m/z (%)
413 (M++1, 100), 355 (20), 335 (9.0), 323 (2.0), 303 (1.0), 157 (7.0); 'H NMR § 7.70-7.66 (4H, m,

W
ce
(=}
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CH3), 1.71-1.57 (3H, m, CH3), 1.43 (1H, m, CH), 1.27 (1H, m, CH3), 1.05 (9H, s, ‘Bu); !3C NMR &
135.60, 134,16, 129.42, 127.53, 80.80, 79.25, 67.53, 64.16, 56.50, 28.69, 28.60, 28.52, 26.85, 25.35,

19.20. Anal Calcd for C2sH36038i: C, 72.77; H, 8.79. Found: C, 72.57; H, 8.89.
{(ZR*,3R*)-2-(3-ieri-Buiyidiphenyisiiyloxypropyi)-3-meihoxyieirahydropyran (cis-
22). According to the procedure described for preparation of trans-22, cis-22 (21.0 mg, 68%) was obtained
from syn-21 (32.0 mg, 0.07 mmol) as a colorless oil; chemical ionization MS m/z (%) 413 (M*+1, 100), 355
(27, 335 (12), 323 (2.0), 303 (2.0), 157 (11); 'H NMR 3 7.70-7.66 (4H, m, aromatic H), 7.45-7.35 (6H, m,
aromatic H), 3.95 (1H, ddt, J = 11.7, 4.9, 2.4 Hz, C¢-H), 3.71, 3.68 (2H, AB-qt, J = 10.3, 6.4 Hz, C3-H),
3.41 (1H, dt, J = 11.7, 2.4 Hz, C¢-H), 3.35 (3H, s, OMe), 3.27 (1H, dt, J = 5.4, 1.5 Hz, C3-H), 3.12 (1H,
broad s, Cp-H), 2.12 (1H, m, CHy), 1.89 (1H, m, CH»), 1.75-1.57 (4H, m, CH>3), 1.43 (1H, m, CHy), 1.32
(1H, m, CHj), 1.05 (9H, s, Bu); 13C NMR 8§ 135.55, 134.05, 129.46, 127.54, 79.18, 75.26, 67.90, 63 .95,

A QO TN7Q £A V771N ML QR MK AT MTE 1012 Anal (Malad £ Az T N.Q:e O 7Y 77T Q70 Erasnd. ™
SNV Ty DT Ty bl Iy LU.OJy vt Uky V.1V, L7.10, Mlial waivid 1y ZIVLI3ONS 41, Ny T LT T, 11, 0.7 7. 1 VUL .,
LW ENE S B N Y
1Z.41; 1, 3.04.

Synthesis of 22 from 4a. To a solution of trans-4a (521 mg, 1.26 mmol) in MeOH (13 ml) was
added CAN (2.80 g, 5.11 mmol) at 0°C. After being stirred for 30 min, MeOH was evaporated off and the
residue was taken up in AcOEt, which was then washed with water and brine, dried, and concentrated to
dryness. The residue was passed through a short pad of silica gel with hexane-AcOEt (5 : 1) to afford the
decomplexed compound (151 mg, 95%). This compound (151 mg, 1.08 mmol) was dissolved in THF (3.0
ml), to which NaH (60% in oil; 61 mg, 1.52 mmol) was added at 0°C. After being stirred for 1h, MeI (0.40 ml,

6.32 mmol) was added to the reaction mixture and stirring was continued for an additional hour. The reaction
t1ira wrac miranshad e adAditian Af cat NNH .1 enlintinn o

e v
HILAWMA WY Wad Yuvuviiu Uy auultlvu L OGL. 1YL lq,\./l 1\11\.“.1\}11, A

1
oot ot Lo s 1. 1
1IC caluuc wuu llCAd.llC DAV (LU L 1)

D

X
i I VO S man o m e ban ko A 4 ORISR, U g Y
waier and vuuc UIICU, dIlU CONCEnraca o U.lyllLS\ \./ulUuldlUgl‘ ply vl

gave (2ZR*,35%)-2-ethynyi-3-methoxytetrahydropyran (129 mg, 73%) as a colorless oil; MS m/z (%) 140 (M*,
1.0), 125 (4.0), 110 (12), 95 (7.0), 71 (38), 58 (100); IR 3320 (C=C-H), 2100 (C=C) cm-!; !H NMR § 4.18
(1H, dd, J = 5.9, 2.0 Hz, C,-H), 3.93 (1H, ddd, J = 11.2, 7.3, 3.9 Hz, C¢-H), 3.49 (1H, ddd, J = 11.2, 7.3,
3.4 Hz, C¢-H), 3.43 (3H, s, OMe), 3.23 (1H, ddd, J = 6.8, 5.9, 3.4 Hz, C3-H), 2.50 (1H, d, J = 2.0 Hz,
C=C-H), 2.12 (1H, m, CHj), 1.80 (1H, m, CHy), 1.59-1.47 (2H, m, CH3); 13C NMR & 81.08, 77.81,
74.49, 69.05, 65.33, 57.10, 26.28, 22.66. Anal Calcd for CgH1705: C, 68.54; H, 8.63. Found: C, 68.28; H,
.82. According to the procedure described for preparation of anti-21 from anti-20, the methoxy derivative

129 N QY memal) was cllchcl\lnlt: traated with »n_ nn' i1 60 M havana cnlntion: N

AA ml 10 mmanl) and
ul&, V.74 IOV was CawCl Wil B Wagl 1.0V avz aCRane 561Ul v.O5 I, 1.vd I

ALI0F1 ) GEIA

(CH20)n (110 mg) to provide, after chromatography with hexane-AcOEt (3 : 1), the hydroxymethylated
compound (128 mg, 82%). TBDPSCi (0.22 mi, 0.85 mmol) was added to a solution of the hydroxymethyiated
compound (128 mg, 0.75 mmol) and imidazole (123 mg, 1.80 mmol) in DMF (0.38 ml). After being stirred at
rt for 2 h, the reaction mixture was diluted with Et;0, washed with water several times and then brine, dried,
and concentrated to dryness. Chromatography of the residue with hexane-AcOEt (10 : 1) afforded (2R*,35%)-2-
(3-tert-butyldiphenyl-silyloxyprop- 1-ynyl)-3-methoxytetrahydropyran (292 mg, 95%) as a colorless oil; MS
m/z (%) 408 (M*, 0.3), 351 (51), 319 (41), 241 (33), 199 (100), 153 (78), 105 (20), 91 (29); 1H NMR &
7.72-1.70 (4H, m, aromatic H), 7.45-7.34 (6H, m, aromatic H), 4.39 (2H, d, J = 2.0 Hz, CH,0), 4.26 (1H,
-H), 3.87 (1H, ddd, J = 11.2, 7.8, 3.4 Hz, C¢-H), 3.50 (1H, ddd, J = 11.2, 6.4, 34

[RZE L) A Asdmy

-
(2] b-)
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C
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A~ 1T
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19.08. Anal Calcd for C25H3703Si: C, 73.49; H, 7.89. Found: C, 73.36; H, 8.03. A solution of the above
TBDPS denivative (292 meg, 071 mmol) in AcOE!t (1. 5 ml) wag hvdmm‘-‘natpﬂ over 10% Pd-C (30 mc\ under

hydrogen atmosphere at 1t for 1h. The catalyst was filtered off and the filtrate was concentrated to dryness.

Lluummugxapny of the residue with hexane-AcOEt B36: 1) gave irans-22 {283 mg, 96%) , which was
identified with the one derived from anti-19 by 1H NMR, !3C NMR, and IR spectra. Simiiar treatment of cis-

4a (415 mg, 1.01 mmol) gave cis-22 (171 mg, 47% overall yield) through (2R*,3R*)-2-ethynyl-3-
methoxytetrahydropyran [MS m/z (%) 140 (M*, 1.0), 125 (4.0), 110 (10), 95 (7.0), 71 (31), 58 (70); IR 3320
(C=C-H), 2100 (C=C) cm'!; 'H NMR 8 4.73 (1H, dd, J = 3.9, 2.0 Hz, C,-H), 3.85 (1H, dt, J = 11.2, 2.9
Hz, Cg-H), 3.63 (1H, ddd, J = 11.2, 3.4, 1.5 Hz, Cg-H), 3.42 (3H, s, OMe), 3.35 (1H, td, J = 10.3, 3.9 Hz,
C3-H), 2.52 (1H, d, J = 2.0 Hz, C=C-H), 1.90 (1H, m, CHy), 1.79 (1H, m, CHj), 1.73 (1H, m, CHj), 1.58
(1H, m, CHj); !3C NMR § 79.21, 76.20, 76.06, 67.64, 62.84, 56.70, 25.24, 23.89. Anal Calcd for

CaHialNa KQ <A H Q ﬂq nmlnﬂ (" AR 1TA-H R R21 and MR* ARF\_I_/A_tort_hntvldinhenvlcilulavunenan_
SoBAR)ZNIZe Ny AEy VUL 1Ty ARy Ul g S LA\ GUIN JTAT\ T T ULy TGP Y ISI Y IUA Y AU
1 srmewe- i) ) FPRPYI Ty N B van fw (TN AND /AL N AN 2AEL ¢ 10 /1Y NA1 /AAN 1O 71NN 1 &£
1-ynyl)-3-methoxyieiratiydropyran [MS m/z (%) 408 (M, §.3), 351 ( 15 {31), 241 {24), 195 (10U), 155

(59), 105 (16), 91 (22); 'H NMR 8 7.74-7.72 (4H, m, aromatic H),
(1H, dt, J = 4.4, 1.5 Hz, C-H), 4.43 (2H, d, J = 1.5 Hz, CH;0), 3.79 (1H, dt, J = 11.2, 2.9 Hz, C4-H),
3.57 (1H, dt, J = 11.2, 4.4 Hz, Cg-H), 3.39 (3H, s, OMe), 3.32 (1H, td, J = 5.8, 4.4 Hz, C3-H), 1.84 (1H,
m, CHj), 1.77-1.66 (2H, m, CHy), 1.56 (1H, m, CHy), 1.07 (9H, s, ‘Bu), 1.05 (9H, s, ‘Bu); 13C NMR §
135.60, 133.18, 133.16, 129.71, 127.65, 86.45, 80.39, 76.41, 67.90, 62.88, 56.59, 52.80, 26.65, 25.44,

23.91, 19.15. Anal Caled for CosH3,04Si: C, 73.49; H, 7.89. Found: C, 73.21; H, 7.91.].
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