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Stereo-Divergence with and without the Silyl Group Related to
the Synthesis of Avenaciolide and Isoavenaciolide
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Abstract: A flexible approach to the sterecisosers of 2-vinyl-1,3-diols via the
reductfon of 2-vinyl aldols is descridbed. The presence of the TMS group at the a-
position of the vinyl group firely establishes the syn relationship between the
newly-formed hydroxyl group and the vinyl group. To examine the effect of the THS
group. cosparison experiments were perforsed for the cospounds with and without the
TYS group. where coaplete reversal of the diastereo-selection was observed in the
reduction of the anti-aldols. This stereo-divergence was useful in the selective
synthesis of a pair of 1someric lactones., avenaciolide and 1soavenaciolide.

Introduction
The 1importance of acyclic stereocontrol is now well recognized. The rapid
progress of this field is best 1llustrated by the impressive advance of the aldol
and related reactions 1in the last decade."
Wwe have disclosed a new method for acyclic stereocontrol, whose wutility has
2) The method rclies on the

stereospecificity of 1,2-rearrangements, but also includes some new aspects of

been demostrated in macrolide synthesis,.

organosilicon chemistry. Scheme 1 shows the versatile roles of silicon 1n our

process. Specifically, two effects due to the TMS groups are notable: (1) The

3)

rate-enhancing ecffect in the 1,2-rearrangement which allows the reaction to

proceed under mild conditions; (2) The stereo-directing effect in the second step
which makes the a-chiral carbonyl compounds C and D highly "Cram-select1ve".4)

These features are the basis of the enantio- and diastereo-controlled approach to E

and F. Furthermore, the "Cram-selectivity" enables selective access to the useful
synthons G with three consecutive chiral centers.S)
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This paper describes the reduction of Z-vinyl aldels H as a route to the iso-
maeric 2-vinyil-1,3-dlols ;*6) The work focuses on the effect of the THMS group on

the diastereo-facial seleaction. Stereo-divergent syntheses of two isomeric
lactones, avenaciolide and iscavenacioclide, are also reported in this §3§ern?}
*
-
W n ®
- ® . ¥
HO OH

Results and Discussion
Synthesis of 2-Vinvl Aldols. The aldols with the C{2}-vinyl group 3-8 {see
Scheme 2} were synthesized by the Lewls acid-promoted 1,2-rearrangement of epoxy

alcohols or their corresponding TMS athersS) as typified in the two examples shown
below. Three procedures {wethods A, B, C! were developed for this conversion.
oSt
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The suitable method may be chosen in the following manner. HMethod A is suitable
in the case where the migrating group has a high migratory aptitude (MR} such as
the TMS-vinyl group {eg 1}, in contrast, if the MA is low as in the case of the
gimple wvinyl group in {eg 2}, the epoxy alcohol is better converted to Iits TS
ether such as 2 which has higher reactivity than the parent alcchol, and subseguent
treatment with Lewis acid gives generally higher vields {(method Bi. Method C is
the catalytic procedure which often gives better vields than the stoichiometric
8o} The methods for the
synthesis of 3-8 and the yields are listed in the experimental section.

ones and is especially useful for large scale reactions.

Stereoselective Reduction. The 2-vinyl aldols 3-8 were reduced with LiBEL,H
{Super Hydride”)gS and prsaL'®’
numbering for these systems is shown in the scheme and used throughout this paper.

as summarized in Scheme 2. The arbitrary

In the reductions of 3-5 with the TMS-vinyl group, the 1,Z-gyn isomers &, 11,
13 were produced as the sole products by employing LiBEE H, This wmeans the
diastereo-selection leading to the 1,2-syn isomers is a uniform trend without
regard to the stereochemistry or the substituent at C{3}. In contrast, the
influence of Ci(3}) is significant on the sterscochemical outcome in the DIBAL cases.

For the aldols &-8 with the simple vinyl group, the selectivity changed
dramatically depending on the substrates, Especially, in contrast to 4, the
reduction of 7 showed a completely reversed selectivity to gqive the anti-anti

isomer 18. This reversal ls particularly marked with LIBEE_H,

3
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Scheme 2’
Me,Si z Me,Si
N CeMry N CoMyy
HO o HO OH
3 9
LiBEzt 5H >89
Di1BAL 81
Me,Si | . Mo, St P
8n0 LANG,~ Catlar 80 3 l ; CeHyy
HO HO oM
4 1"
LiIBEt 3H >899
DIBAL 40

Me,Si Me, S
CeHyy
HO ©
5

3. 1-CHyy
HO OM
13

LiBEtsH >99
DIBAL >99
-
~ CeHur N CoHyy
HO o MO H
6 15
LIBEI3H 66
DIBAL 37
& ¢
Wc:“n /WC.N"
8n0 ——— B0 O Y
HO HO  OM
7 17
Li88t3ﬂ 2
DIBAL 14
80 LG St
HO ©
8 19
LiBEt3” >89
DIBAL >99

Me,Si
CeHiy

HO  OM
10

<1

Me,Si \‘//

: C oM
Bno/Y\r

HO OH

12

<1

60

Me,Si

gn0 CaHyy

H CoHuy

8nd
HO OoH

18
98
86

CyHyy
8n0

W bw
20

<l

<l

&) All resctions were carried out st -78*C in THF,



4064 K. Suzux: e al.

Mechanistic Rationalization. These data add a new
insight intc the reduction of the aldols and their
derivatives, Relevant to this problem, the B-, %n-, or

Al-chelates are known to direct the 1,3-syn-selective
reduction.' 12} aAlthough these are effective for the an
Type I substrates, the Type TI cases are affected by the

second factor, i.e. the Cram-type steric bias from the
C(2}-substituent, Hence, the selectivity of the Type IX Type ] : R=R'=
cases is dependent on these two factors. Type i1 : Ror R'lH

Prior to the mechanistic discussion, the markedly
different behaviors of LiBEt3H and DIBAL toward alcoholysis should be noted. Upon
treatment of the reagents with sec-BuOK {1 equiv. / THF, -78 °c, % min), the Hz
evolution was 100 & (DIBAL) and less than 5 % (LxBEt3HI. These data suggest that
the aldolate formation may precede or compete with the attack of H in the
reductions with DIBAL, while the aldol itself is reduced with LiBEt.H.

Since several factors seem to be operative in the DIBAL cases,? ) we limit the
following discussion to the cases with LiBEtBH. Described here is a model,
slightly modified from the one in our previous report.’a’ That is the hydrogen-
bonded models 15, 21 where the balance of the 1,2-effect (by H2C=C(x)-) and the
i1,3-effect (by R-) are considered. The outcome of the reactions with and without

R) u A o~
a—é R f
Heoer R’

B 'y r
Ty T2 T3

the TM5 group provides support for this postulate. The reduction of syn aldols §
and 8 leads uniformly and exclusively to gyn-syn isomers 13 and 19, since tLwo
effects are synergistic as shown in T,. On the other hand, these effects
contradict each other for anti aldols 4 and 7 as shown in Ty Depending on the
relative importance of these effects, the favored trajectory of the H  attack
becomes A for 4 (x:SiMe3} or B8 for 7 (XsH), respectively. Suppoartive evidence was
obtained by reductions of 21 and 22 having H2C=C(Me)-gtoup :gich lies between
HZC=CISiMe3}— and H2C=CH- with respect to the steric demand. Piol 25 was
cbtained as the single product from 22 as expected, while a mixture of 23 and 24
was obtained in the reduction of 21, which indicates the 1,2- and 1,3-effects are
comparable in this case. These data illustrate the extremely large directing
effect of the TMS-vinyl ¢group, which is more clearly visuwalized by the Felkin-Anh~-

type picture T3.15; " .
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syntheses of Avenaciolide and Isocavenaciolide. As an application, the

synthesis of two isomeric lactones, avenaciolide (35a) and 1soavenaciolide (35b)

6)

wes planned.1 These compounds are the antifungal metabolites which were

isolated from Aspergillus avenaceus, the fascinating structures of which have
17,18)

stimulated a number of studies on their total synthesis. Scheme 3 is a

summary of the initial reactions, which shows the divergence to these 1someric
structures.‘g) The common starting material 1s the known chiral epoxy alcohol 27,
obtainable by the Sharpless reaction (Ti(o-xPr)4, L-(+)-DET, TBHP).ZO) The
alcohol 27 was converted to the ketone 28 by the Swern oxidatxon21) and alkylation

in one pot, followed by the re-oxidation.
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Keys: a) Swern oxidn., C8H]7MgBr (1n si1tu); Swern oxidn., b) H2C-CHﬁqBr

/ THF; TMSC1, Imidazole / DMF, c¢) HZC-C(S|Me3)L1 / THF, d) (1—Pr0)2T|C12 /
) 0 . _78 O¢ - _apn ©

CHZClz. -18 "C+07C, e) BF3 OEt2 / CHZCIZ. 18 “C~-40 “C.

Elaboration of these 1,3-diols 18 and 11 led to the

target lactones. Scheme 4 illustrates the synthesis of HO\*/Mt
avenaciolide starting from 18. Diol 18 was first protected CiH .y

as acetonide 30a. Treatment of 30a with BHB-THF led to SHOI’\!;::;/

poor yield (39 %) of 3la accompanied by substantial amounts

of regioisomers 29 (31 %). The asterisked stereocenter 29

(ratio: 1.7/1) was not specified. This unexpected %nﬂgn,
regiochemistry of the hydroboration presumably comes from o o'fi
the chelation of the reagent to the benzyloxy side chain as ~.1‘L° CeHur
depicted in Fig 1. This problem was overcome by the use of

a bulkier reagent, dicyclohexylborane. Fig,1

Our initial plan was to deprotect the benzyl group of
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3ia followed the oxidation of the resulting diol to the dicarboxylic acid
corresponding to the bis-lactone Jl4a. However, all attempts to effect the
simultaneous oxidation of the dicl failed. Thus, the stepwise oxidation of 31a to
obtain the bis-lactone J4a was adopted instead. This route reguires several
steps, all of which proceeded cleanly in high yields, and purification of the
intermediates was unnecessary at most stages. Finally, the methylenation of 34a
by Johnson's procedure'7°) afforded avenaciclide (35a), which was identical to the
auvthentic sample kindly provided by Dr. Aldridge.

The synthesis of isoavenaciolide (35b) is depicted in Scheme 5. Desilylation
of 11 {CsF / DMF} gave 17, which was then protected as acetonide to give 30b. The
same sequence of the reactions as before was applied to 30b to give isoavenaciolide
{35b). There were two major differences in this scheme from the avenaciolide
synthesis, The regiochemical problem of the hydroboration of 30b was not serious
in this case. The second peoint to be noted is the poor yield of the last step.
The conversion of 34b to 35b has the precedents,1ea'b} however, the yield in our
hands did not exceed 10 % despite several attempts with slight modifications of the
original procedure or other methylenation reactions, We surmise that the highly
base-sensitive nature of the bislactone 34b is the major reason for these results.
There is still a need for new methylenation reactions which are applicable to
sensitive lactones like 34b. Iscavenacicolide (35b), thus obtained, was again
indistinguishable from an authentic specimen.
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Conclusion

A flexible route to the stereoisomers of 2-vinyl-1,3-diols was developed.
The starting 2-vinyl aldols are available in optically active forms by the
combination of the Sharpless reaction and the stereospecific 1,2-rearrangement,
which reainforces the value of the present method in the synthesis of the natural
products. The utility of the process was demonstrated by an application to the
stereo-divergent synthesis of avenaciolide and isocavenaciolide.

Bxperimental !
General. Infrared (IR) spectra were recorded on 8 JASCO A-202 spectroseter. H and C NMR
spectra were measured on a JEOL GX-400 spectroseter. The chemical shifts are expressed in parts
per aillion downfield froe internal tetramethylsilane (§=0). Mass spectra (MS) were obtained with
a Hitachi M-80 spectroseter. Melting points are uncorrected. All the experiments dealing with
the air- and soisture-sensitive cospounds were carried out under the atmosphere of dry argon. For
thin layer chromatography (TLC) analysis, Merck precoated plates (silica gel 60 GF 254, #5715) were
used. Products were purified by flash column chroamatography by using Merck stlica gel 60 (#7734)
or preparative TLC by using Wako gel B-SF.

13

Synthesis of 4 by sethod A: To a solution of 1 (5.23 g, 16.3 mmol) 1n CH,C12 (50 o1) was
slowly added BF3-OEt (6.94 g, 48.9 mmol) in CHZCI (10 @1) at -78 °C and stlrreé for 0.5 h. The
solutfon was warmed Slowly to -40 “C during 40 ainy then poured into ice water-ether. Extraction
and__purification by coluen chrosatography (hexane/AcOEt=6/1) gave & (4.44 g, 85 %) as an oil.
[alg -93° (c 0.99. CHCI_ )¢ ‘H NMR (CC1,) §0.12 (s, 9H), 0.87 (t. 3H, J=7Hz), 1.2-1.4 (=, 12H),
2.3-2.4 (o, 2H), 3.31 “(d. IH, J=b6Hz), 3.41 (dd, IH, Jl-éﬂz. J,el0Hz), 3,46 (dd. IH, JI-()Hz.
J,=10Hz), 3.55 (d, 1H, J=7.5Hz), 4.1-4.2 (&, IH). f352 (de IH, Je12Hz), 4.54 (d. 1H, J=12Hz2), 5.63
(3. 1M, Ja2Hz), 5.78 (d. IH., J=2Hz). 7.3 (s, SH)1 "7C NMR (CDC1.) & -1.1., 14.1, 22.6. 23.4, 29.05,
29.11, 29.3, 31.8, 42.9, 58.3, 72.1, 72.2, 73.4., 127.7, 127.8.7128.4, 130.4, 138.0, 145.7, 211.5:
lR_snenz) 3450, 2940, 2835, 1705, 1445, 1400. 1355, 1240, II‘O. 1080, 1020, 935, 835, 750, 730, 690
ce "+ HRMS @/z 404.2742 (404.2744 calcd for C“II‘OO’SI. N ). Aldol 4 is also obtainable in
excellent yield by sethod C (see bdelow).

Synthesis of 7 by sethod B: A freshly prepared aixture of TxCI‘ (1.0 M stock solution 1in
CHZCIZ' 5.3 1) and Tl(O-iPr)‘ (1.05 g+ 5.3 omol) inoCHZCI (30 m1) was added slowly to a solution
of® 2° (713 mg. 1.76 smol) in CH (712 (30 1) st -78 °C. ther 0.5 h. the tesperature was slowly
raised to 0 °C. The solution wa$ poured into s mixture of cold dilute HCl and ether. Extraction
followed by coluan chrrctogrnphy (hexane/AcOFt=87/13) gave 7 (524 ag. 89 %) as an oil. {a)28
-143° (¢ 0.98, CiK:lj)l H NMR (CC1 ) § 0.86 (¢, 3H, JsbHz), 1.2-1.8 (@, 12H), 2.39 (t. 2H. J-7Hz9.
2.6-2.8 (e, IH), 372-3.6 (»., IH). 3’§-4.I (2. 1H), 4.44 (5. 2H), 5.0-5.3 (@, 2H). S5.71 (ddd. IH.
J -Jz-OHz. Joel17Hz), 7.22 (s. SH)s “°C NMR (CDC1.) & 14.1, 22.6, 23.2, 29.10, 29.13, 29.4, 31.8.
45.0. 59.9, ;1.4. 71.9, 73.5, 120.0. 127.79, 127.82. 128.61 132.8, 137.2, 211.31 IR (necat) 3450.
2920, 2850.‘1705. 1625, 1445, 1355, 1100, 915, 730, 695 ca "« HRMS w/z 333.2427 (333.2427 calcd for
CaiHys0ye He1)-

Synthesis of 4 by msethod C: Under protection froe light, Me Sil (12 ul., 0.084 aeol) was
added to a solution of epoxy silyl ether 1' (2.0 g, 4.20 amol) in Cl. (8 ol) ar -78 °C. The
tesperature was gradually raised to -10 c during | h., and the regct;on was stopped Dby the
addition of pH 7 buffer and products were extracted with ether. The coambined orgenic layer was
concentrated 1in vacuo and diluted with l,4-dioxane (4 m1), to which was added 2 N HC1 (two drops)
and stirred for 10 ain to ensure the hydrolysis of the TMS ether of 4. Extractive workup followed
by coluan chromatography (hexane/AcOft=6/1) afforded aldol 4 as a colorless oil (1.66 g. 98 %).

The other 2-vinyl aldols were prepared via either of the three methods. The yields and the
physical data of the productf are listed below.
3: Yield 83 X (method A), "H NNR (ocx‘) § 0.17 (s, 94), 0.8-1.05 (@, 3H4), 1.1-1.7 (®s 12H), 2.2-
2.6 (@, 3H), 3.0-3.4 (@, 2M), 3.4-3.8 (m, IH), 5.33 (3. 2)s IR (m_!,t) 3400, 2905, 2845, 1700,
1450, 1400, 1360, 12l0.'1120. 1080, 1035, 940, 830, 755, 710, 685 cm "1 HRMS m/z 269.1925 (269.1935
calcd for 015”290251' M -CH.’).

5: Yield 89 % (method B): IH NNR (CCl,) 6 0.10 (s, 9H), 0.7-1.7 (@, 15H), 2.3-2.7 (@, 3H), 3.4-

3.6 (@, 3H), 3.9-4.1 (@, IH), 4.40 (s, Zﬁ). 5.60 (dv 1H, J=2Hz), 5.73 (d. IH. J=2Hz), 7,20 (s. SH)s
IR (neat) 3475, 2910, 2850. 1700, 1445, 1409. 1355, 1245, 1090, 1020, 930. 835, 730 ca "1+ HRMS a/z

405.2842 (405.2823 calcd for C”H”ozsn M -CHJ).

6: Yield 56 % (method B): lH NNR (CDC1,) & 0.88 (t, 3H, Je?Hz), 1.1-1.7 (@, 12H). 2.22 (t. IH,
Je6.5Hz ). 2.‘-2.613(l. 2H), 3.3-3.4 (m. ?H). 3.6-3.7 (@, IH), 3.8-3.9 (@, IH), 5.25-5.3 (@, 2H),
5.7-5.8 (=, IH)s "°C NNR (CDC1,) & 14.1, 22.6, 23.4, 29.11, 29.13, 29.3, 31.8, 42.1, 59.0, 62.8,
120.2, 132.6., 211.8: IR (neat) 3450, 2910, 2850, 1710, 1630, I’SS. 1400, 1365, 1255, 1125, 1040,
920, 720 ce "1 HRMS m/z 194.1668 (194.1669 calcd for c”uno. L -HZO).

8: Yield 33 % (method B): lH NMR (CDC1,) & 0.88 (t., 3H, Je7Hz), 1.0-1.4 (@, 10H), 1.4-1.7 (@, 2H).
2.3-2.6 (m, 2M), 2.88 (d, IH, J=3.5Hz), 3.36 (dd. 1M, J,=5Hz, =10Hz), 3.4-3.5 (@, 2H), 4.1-4.25

J
(e, M), 4.51 (s. 2H). 5.26 (d. 173 J=17 Hz), 5.32 (dv IH, J-iO.SHz)- 5.86 (ddd., IH, JI-IOHz.
J2-10.5Hz. J3-17Hz). 7.3 (s, SH)1 "TC NMR (CIXJIJ) 8§ 14,1, 22,6, 23.3, 29.08, 29.11., 29.3." 31.8,
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§2.3: 594, 69,9 Ti.4, 73.3, 131.0. I27.78, 127,81, 128.4. $33.1y 137.8, 211.8p I® {neat} 3450,
2910, 2830, 170§, §§25, 1845, 13506, 1150, 993, 910, 730, 695 ca "y HEMS wmfz 333.2437 ¢€333.2738
calcd for szﬁggé}gg Noel}.

21: Yield 88 % (wethod B)s ‘gH NMR (CDC1 .0 S0.87 {ts 30, J=7Hz)s 1.3 (bre I10H). 1.5-1.6 (m. 2H),
E G (se 3H)e 2.35-2.45 (m, IH): 2.48-2.36 (m, IH): 3.4-3.45 (m, 28), 4.25%5 (ddd, IH, J =I0H=,
Soedo=3 082}y 4.531 (ds I8, Jel28z). 6.56 (ds IH, JellHz}, 4.9] (s, IH}: .97 (=, 3&);_%.3”?&% (@
5%}3“' IR (neat) 3430, 2020, 2830, 1710, ;66@» 1430, I360, 1115, 109G, 895, 733, 700 ¢w "¢ HRHS wmfz
347.2560 (347.2584 caled for C22}13503, LAES PN

22: Yield 32 % (method B)t ‘H NR (CDC1,) 80.88 (t, 3H, JeTHz)e 1.3 (bre 10H). 1.45-1.55 (me 2},
176 (s, 3H)s 2.37 (dddy IH, Joel0liz, J 3 =THz), 251 (ddd, 1H, J,=10Hz, Jy=J=7Hz), 3.4-3.5 (a.
2H)s 3.51 (dds IHe J w10Hz, J, o8z}, 4.29-423 (my 1H)s 4,48 (dy 1M, JelZHz)s 24,96 (d» 1H, Jwi2z),
5.01 (s, 1H), 5,08 {wy 1), $.3-7.4 (a, SH)1 IR (neat) 3480, 2930, 2860, 1710, 1640, 1450, 1360,
1105, 890, 735, 700 cn |4 HRMS m/z 328.2374 (328.2400 caled for Copi3,0,0 H'-B)0).

A typical procedure for the reduction is described for compound 4: L;{Sﬁ'csﬁ (Lo M [ THF, 3%
®l}) was sdded slowly to & (5.77 g, 14.0 mwel) in THF {30 wl) st ~78°C and stifred for 1 h. The
resction was stopped by slow addition of 3 ¥ Hs(H (0.5 »1). The wmixture was warmed to 0 °C. to
which was added siowly 5 N NaONH (10 ml) and 30 % § {}*2 {30 mi) and stirred for 1 b, Extraction
followed by column chmmwggam:y {hexaﬁeféc@ﬁcmﬁffg gave 1] (5.42 g, 95 8} as & single isomer.
[0]28 -8.4° (c 1.0, CHCI, )y "H WHR (CDC1,) & 0.08(s, 9H), 0.87 (t. 3H, Ju?Hg), 1.2-1.3 (m. 14H),
2358 (dd, IHe J =3z, =10z, 2.7 (bry IH), 2.9 {br, 1M}, 3.29 {dds IH, Jfa%‘z; Jo=3Hz)y  3.535
{dd, IH, J, =%z j,,«é%ffx?; 3.8 {bre M), 4,19 (ds 1IN, Je8Hz}, 4,21 (d. 18, JoBHz), 4,%} {se 2H}s
5.57 (dy IH, Jeed, 5.76 (d, 1, JeZHp}y 7.2-7.4 {m, 3H): C7C WMR {'C&Z‘ij) § ~1.1, 14,1 22.7,
26.6, 29.3, 29.6, 29,7, 31.9, 33,0, 50,6, 71.5, 7.4, 73,27, 73.34, J27.87 127.9, 128.1, 12B.5,
M?.S,”INQ.& IR (neat) 3450, 2000, 2850, 1445, 1400, 1380, i2£;’03 108G, 1025, 930, 835, 750, 730,
695 cm “5 HRMS m/z 4D6.2888 (406,2900 calced for € éésfég{}.sﬁis LA

The C(2} proton of the corresponding isag}mpygwawe“ derivetives showed the following coupling
constantss Jg_zaéa&‘iz. Jﬁwgng,Bﬁm

Physical data for the other dicls are listed below., The stereostructures of the dicls are
deduced from the coupling constants of the C{2) proton of the corresponding isopropylidene (fp) or
{:asémj&ase {Ch) derivatives. which asre also added at the end of the dats of the sach diols
G: TH NMR (COCI.3 & 0,15 (=, OH), 0.90 (v, 3H, JeJHz)y §.2-1.4 (@, 14H), 1.8 (br, IH), 2,0 (br,
IH}s 2.81 {dffdwi s Jomd wégnéifz)e 3.7-3.8 {my IN), 3.8-3.9 {m 1M}, 5.70 (d. 1IN, Je2Hz).: 53.88 (d:
1, Ju2iz)s OC NHRN(CBCID) 6-1.2, 14.1, 22,7, 26,1, 29.3, 39.6, 29.7, 31.9, 34.1, S51.5, 63.4,
Fi.4, 128.1, 150.9¢ IR {'nea?} 3330, 2910, 2850, Ng& 1455, 1415, 1370, 1120, 1040, 910, 795 em "3
HEMS mfz 268.220) (268.3220 caicd for Czéﬂgza&ﬁ B -H00 Che .}E”Qmé,ﬂ!fz, Jg_gséot}!s’ze 7.882].

10: TH WMR (COC1) § 0.15 (s, 9H)s 0.90 (v, 3, Je7Hz), 1.2-1,4 (m, 148), 1.8 (br, 1H). 2.0 (br,
IH)s 2,61 (ddd, 18, J wJ =) =6Hz)y 3.7-3.75 (m, 1H), 3.75-3.8 (m, 1H), 3.8-3.9 (w, 1), 5.53 (d,
16, J=2Hz), 5.63 (d, 14, %=dnzys *7C wMR (CDC1,) §-1.6, 14.1, 227, 25.6, 20,3, 20.5, 29.6, 31.9.
35.9, 51.1, 66.5, 76,7, 126.3, 150,83 IR (neat) 3350, 2910, 2850, 1635, 1455, 1415, 1370, 1120,
1040, 910, 795 ca”'s HRMS m/z 285.2252 (285.2248 calcd for C, H..0,5%, M -1)s [Cbr J, ,=10.88z,
5 \ . 1673377 1-2
Jy_ge4-98z, 10.8Hz].

12: luowMR (CDCI) 6 0.07 (sy 9H), 0.87 (t. FH, JeTHz)s 1.2-1.4 (ms 14H), 1.4-1.7 (me 2H), 2,31
(dd, 1, Jyed,=9.382), 3.27 (dd, IH, J eBHz, J,=9z), 3.47 (dd, IH, J,=2.Hz, J,s0Hz), 3.87 (dd.
1y JomxHzY, 8.0-4.2 (@, 1), 4.68 §d, 1N, I=12Hz), 4.53 (d, 1M, JE12Hz). 5.89 (d» 18, Je=2Hz).
5.6 (4, . JmHz}, 7.2-7.4 (m, SHI1 °C NMR (CDC1,) & -0.6, 14.1, 22.7, 25.6, 29.3, 29.6, 29.7,
31.9, 35.7, 56.0, 73,1, 73,3, 75.5. 75.8, 127.88, 127.93, 128.5, 137.7, 150.9¢ IR (neat) 3425,
2005, 2845, 1490, 1445, 1400, 1360, 1240, 1200, 1090, 930, 830, 750, 730, 695 ca '+ HRMS m/z

407 . 2069 (407.2978 caled for 62&843935‘1‘, Moelde [Ipe 51”2»&32”3”19.7?{&}‘

43 z!&' NMR (cmx3; & 011 (8. 95). 0.88 (v, 3, JePHz), 1.2-1.4 (w, 14H)s 2.3 {bre IH), 2.38 (dd.
e J xJEaﬁﬁz). 223 {bry IH), 3.4-3.5 (m. 2H), 3.9-4.0 (a@w,l}{), 4.1-4.2 (m. IR}, 4.54 (&, ). 3.74
{ds %ff; Je2. 80z}, 6.03 {ds IH, J=2.3Hz), 7.33 (s, 5H)3 ~~C NMR {cmz3} §-0.d, 14,2, 32,7, 2.1,
2.3, 29,6, 29.7. 31,9, 35.3, $3.0, 72.1, 7.9, TR.5, 127.88, 137.89,7128.5, 131.2, 137.3” 149,84
IR (neat) 3423, 2905, 2843, 1490, 1445, 1240, 1200, 1090, 1020, 930, 830, 750, 730, 695 cw "¢ HRMS
mfe 407.2964 (407.2979 caled for {724H430§j. M +i)y {Ips J}m2~2.5ﬁz» m52~3w2,{}ﬁzio

14: This compound was isglated frow & mixture of 13/14 (4/1) obtained by the reduction of § with

LIAIH, in refluxing THF: "8 NNR (CDC1,) 80.09 (s, 94}, 0.88 (v, 3. JeTHz), 1.2-1.4 (@, 148}, 2.0
(bre "IH)}s 2.43 (dd. IH, J =38, J,»9HZ}, 3.0 (br. 18}, 3.5-3.6 {(m, 28}, 3.8-3.9 (m:, IH), 4.1-4.2
{me 18}, 4,52 5(%1 14, Jw}}:zgiz). 4,58 (de IN, J=12Hz}, 5.838 {d. IH, Je2.058e), 5.78 {(d, 1H. J=2.5Hz),
7.3 (s, SH)e TTC NMR (CRCI,) 8 ~1od, BdoI. 22,7, 25,9, 9.3, 29.6, 20.7, 31.9, 35.8, Vi.4, T2.2s
72.8, 73.58, 127.9, 128.5, 3%8569 137.8, 150.3¢ IR (:3&»&3?) 3425, 2900, 2B40, 1705, 14435, 140G, 1360,
134G, 1080, *1{32{}9 920, 900, B30, 800, 720, 690 ce "¢ HRMS wfz 407, 29886 (407.2979 calcd for
Cogly05550 W14 [Tps J, ,«9.3Hz, J,_pm6.4Hz].

155 H BHR (CDC14) § 0.88 (tu 3H, Je7Hz)s 1.0-1.6 (my 14H)s 2,0 (bro 2M)s 2,2-2.4 (m, 1H)s 3.6-3,9
() 3H), 5.19 (d,”1H, J=18H2), 5.27 (d, 1H, J=lOHz), 5.86 (ddd, IH, J =9z, J,=10Hz, J,=18Hz)s '°C
BHR  (CDC1,) & 14,1 22.7, 25.8, 29.2, 29.5, 20.6, 31.8, 35.0, 50.8, 4.8, 7379, 119.15 134,85 IR
(neat) 3330, 2010, 2850, 1635, 1455, 1415, 1370, 1120, 1040, 995, 010 ca 1 HRMS mfz 215.2029
(215.2009 celcd for €, 8.0, ¥ ei)s [Cb: J
1502
the vinyl proton)i.
16: 'H MR (CDCI.) 6 0.88 (t, IH, JePHz), 1.1-1.7 (me 14H), 342 (bry IH}, 2.3-2.4 (@, 1), 2.45

(bre IH}o 3.6-3.9"(me 3H}e 5.1-5.2 (me 28}, 5.6-5.7 {me IH}e "7C RME (CDCI.) & 14,3, 22.7, 35.3,
28,3, 29.3. 29,6, 31.9, 35.5, 51.8, 85.2, 74.7, 118.1, 136.2y IR {neat) 333&; W10, 2850, 1630,

gup=deOlEs J, oe3.0Hz, 4.0Hz, J=9.0Hz (coupling with
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1455, 1125, 1050, 910 ca™!y HRWS w/z 215.2028 (215.2009 calcd for Cy 050 M 4100 [Cot J)_,e8He,
J2_3-8Hz. 114z, J=8Hz (coupling with the vinyl proton)].

17: (a)25 -19° (c 1.0, CHCI)s 'H NNR (CDC1,) 6 0.87 (t. 3H, Je7Hz), 1.1-1.5 (=, 14H), 2.22 (c.
1H, Je88), 2.6 (br. IH). 3.9 (br. 1H). 3.32 (dd. IH, J =7Hz, J.e10Hz)» 3.56 (dds IH. J.=3Hz.
Joe9Hz). 3.9-4.0 (@, 2H), &.52 (d, WH. Jel2Hz), 4.55 (d} 1H, Jef2Hz), 5.08 (dd. 1H, J.<}.5Hz.
J2e17Hz), 5.15 (dds IH, J e1.5Hz, J_=10.5Hz), 5.76 (ddd. 1H, J.1.SHz. J,10.5Hz, J =17H2),'7.3 (s,
By 2°C NNR (CDC1,) 6 1.1, 22.77 26.0. 29.3. 29.6, 29.7, 31.9. 34.6.251.5. 71.8. 71.3. 73.0.
73.4, 118.8, 127.8,°128.5, 134.5, 137.9: IR (neat) 3520, 2820, 2850, 1445, 126Q. 1090, 930, 835,
750, 730, 695 c@ "1 HRNS w/z 334.2490 (304.2505 calcd for C2‘H3‘03. M) [Ip: JI_Z-SHz.
J2_3-8Hz. Jel0He (coupling with the vinyl proton)].

18: [a]29 ¢7.4° (c 0.99, CHC1)s "W NMR (CDC1.) § 0.87 (t. 3H., JeTHe). 1.26-1.62 (s, 14H), 2.26
(ddd, 1H.” Jye),»J e9Hz), 3.1 Ioe. 1H), 3.38 (3d. IH, Jy=7Hz, Jo=10Hz), 3.57 (dd, IH. J =3Hz,
J =104z ), 3.6 Br21H), 3.8 (br. 1H), 3.9 (br, 1H), 4.51 (dy IH,“J=12H2), 4.55 (d, 1H, J=12' Hz),
5°08 (dd, IH, J =2Hz. J=iQHz). 5.10 (dd, IH, J <2z, J,«9Hz), 5.45 (ddd. 1H., J =J =10.SHz,
Je16.582), 7.3 &, s)e? P e (cocty) 8 14,1, 32.7, 2571, 29,3, 2.6, 29.7, 31.9,134%, 53.3.
73.9, 73.3, 73.4, 73.7, 118.7, 127.8, 1279, 128.9. 135.0. 137.8¢ IR (neat) 3400, 3075, 3025, 2920,
2850, 1635, 1490, 1450, 1360, 1200, 1100, 1025, 995, 915. 735, 695 ca ': HRMS a/z 316.2410
;3éf;§:7f calcd for C21H3202. ) -HZO)l {Ip: J1-2'J2-3'10”z' JelOHz(coupling with the vinyl

19: 'H NMR (CDC1.) & 0.88 (t, 3H, J=7Hz). 1.0-1.6 (m, 16H). 2.10 (ddd. IH, J,=J,s2.5Hz. J = 10H2),
2.9 (br. 2H), 3.34 (d, 2H, Je6.5Hz), 3.85 (br. 1H), 4.1 (br. 1H), 4.51 (dv 1h, 3e12Hz), 4756 (.
14, Jel2Hz), 5.07 (dd. IN, J =2Hz, J,=18HE), 5,36 (dd. IH, J =2Hz, J,e10.5Hz). 5.99 (ddd. IH.
Jy=10Hz, J,=10.5Hz. J.=18H2).'7.2-7.4%(a, SH): 1°C NMR (CDC1} & 14.1% 22,7, 25.7. 20.3, 29.5.
2b.6, 31.97 35.1, 50.7. 72.9, 73.4, 73.7, 74.6. 119.8, 127.80. 127.84, 128.5. 132.6y 137.8¢ IR
(neat) 3400, 3060, 3025, 2910, 2850, 1630, 1495, 1445, 1090, 995, 910, 735, 695 ca 't HRMS @/z
334.2495 (334.2506 calcd for CZIHJlOJ' M) [Ip: J1_2-J2_3-2ﬂz. Je10.5Hz (coupling with the vinyl
proton)].

20: lﬂ NMR (CDC1,) & 0.88 (t, 1H, Je?Hz). 1.0-1.7 (@, 14H), 2.1-2.2 (@, 1H), 2.5 (br. 1IH). 2.8

(br, IH). 3.4-3.57(m, 1H), 3.7-3.8 (&, IH)., 4.2-6.3 (@, IH), 4.52 (d. IH, Jel2Hz), 4.57 (d, IH,
Jel2Hz), 5.08 (dd. IH. JI-ZHz. J2-I7.5Hz).la.16 (dd, 1H, J,=2Hz, J,=10.5Hz), 5.86 (ddd. JI-IOHz.
J,=10.5Hz, J.=17.5Hz), 7.15-7.60°(m, SH}: "°C NMR (CDCIJ) S 14.1, 32.7. 25.7, 29.3. 29.57. "29.63,
3;.9. 35.4, 5?.7. 70.1, 73,0, 118.3, 127.7, 127.8, 128.57 135.3, 137:?4 IR (neat) 3400. 3060, 3010,
2910, 2850, 1705, 163Q, 1490, 1445, 1085, 995, 910, 800, 730, 695 ca "+ HRNS @/z 334.2484 (334.2505

calcd for CZIHJAOB' M) [Ip: J1_2-8.5Hz. J2_3-5.5Hx. Je10.5Hz2(coupling with the vinyl proton)].

23: IH NMR (CDCIJ) 80.87(t, 3H, J=6.5Hz), 1.3 (br, 12H), 1.4-1.6 (@, 2H). 1.77 (s. 3H). 2.0 (br,
2H), 2.18 (dd, IH, JI-IOHz. J,e3Hz), 3.39 (dd. IH, J,«9Hz, J,=7Hz), 3.60 (dd, IH, JI-QHz. J,=3Hz),
3.95-4.0 (=, IH), 4.13 (ddd.“1H, J =10Hz, J2-J «3Hz), 4.53 ?d. IH, Jel2Hz), 4.56(d. IH. Js12Hz),
4.75 (s, IH), 4.89 (a._’H). 7.3-7.‘ (. 5H)% 13 (neat) 3450, 2920, 2850, 1640, 1450, 1360, 1070,
1020, 890, 735, 695 ce "1 HRMS m/z 349.2731 (349.2739 calcd for C22H3703. M +l)s [Ip: JI_2-5.4H2.

J2_3-8;8Hz}.

24: H NMR (CDC1.) 50.87 (t. 3H, Je7Hz), 1.3 (br. 12H), 1.4-1.55 (@, 2H), 1.62(s. 3H)s 2.1 (brs
M), 2.12-2.18 (8, 1H), 3.35 (dd. IH, J =10Hz, J e7Hz), 3.52 (dd, I1H, J.=10Hz, J.=3Hz), 3.88 (ddd.
IH, J e =8z, Jo=2Hz), 4.07 (ddd. IH, 3 ellHz, 3,e7Hz. Joa3Hz), 4.52 (&, 1H, Jel2Hz). 4.5& (d. IH.
Je1284),%4.73 (7 1H). 4.79 (s, 1H), 7,317.4 (a, $H)1 IR Pneac) 3360. 2925, 2850, 1725, 1540, 1450,
1270, 1200, 1100, 890, 735, 695 ca 'i HRMS w/z 3312631 (331.2635 calcd for C, M. .0, N*-OH)i

2213592
[Ip:d, yudy 410.7Hz].

25: IH NMR (CDC1.) 60.88 (t, 3H, Je?Hz), 1.3 (br, 12H), 1.4-1.6 (@, 2H), 1.89 (s. 3H), 2.15 (dd.
1H, J,eJ,e5Hz), 2.3 (br. 2H), 3.46-3.54 (=, 24), 3.88-3.92 (w, IH), 4.14 (dd, IH, JI'J -JJ-SHz).
4.55 (i. 3"). 4.82 (d. IH. J-ZHz)._?.OO (s, IH), 7.3-7.4 (&, 5H)s IR (neat) 3400, 2920, 2350. 1635,
1450, 1360, 1090, 800, 730. 690 ce "+ HRMS ®/z 330.2552 (330.2556 calcd for C 2H 0, M -H,0)s [Ip:

2273472 2
Jl_2-J2_3-3Hzl.

Experimental procedures related to the synthesis of isoavenaciolide (35b).

The starting chiral epoxy alcohol 27 was obtained by the Sharpless oxidation. The
enantfomeric purity ( >95 Zee) was ascertained by the shift study according to ref. 20.

Synthesis of 28: DMSO (1.32 g, 16,8 mmol) in CH.C1, (S s1) was added slowly to & solution of
(COCl1), (1.09 g, 8.55 mmol) in CH.Cl., (5 ml) and stlrrgd ;or S win at -78 °C. To the mixture was
added 37 (545 vg. 12.8 mmol) in Ch,cE, (10 a1), stirred for 5 ain, folloved by the addition of £
(2.29 g. 22.6 mool) 1n CH.CI1, (10 .l;. After 10 min, the solution was gradually warsed to 0°C.
The reaction sixture was ;c- ooled to -78 °C and diluted with THF (20 81), to which was added n-
EBH gBr (0.89 N / THF, 2] ml) and stirred for 1 h and quenched with pH 7 phosphate buffer.

xtiact:on and colusn chromatography (hexane/AcOEt= 82/18) gave the alcohol. which was oxidized by
the Swern procedure. Usual workup followed by colusn cqro-atography (hexane/AcOEt=8/1) afforded
28 (630mg. 73%) as an oil. [a]26 413° (c 0.99, CHC1.)+ 'H NMR (CC1,) 6 0.86 (t. 3H, Je7Hz), 1.0-
1.7 (@, 124), 2.2-2.3 (&, 2), 3.15 (m: 2H), 3.2-3.5 (m. 1H), 3.6-3.8 (=, IH), 4.50 (s, 2H), 7.25
(ss SH)s IR (neat) 2925, 2850, {710, 1495, 1360, 1095, 1025, 880, 735, 695 cm "+ HRMS a/z 1305.2125
(305.2115 caled for Cquzooj. Nel).

Synthesis of 1: n-Buli (1.58 N / hexane, 2.62 ml, 4,14 1) was added dropwise to a solution
of H,C=C(Br)SiMe, (822 mg, 4.59 mmol) in THF (5 ml) at -78 °C, to which was added slowly 28 (630
ag, .07 amol) tg THF (5 =l1). After 20 msin, pH 7 phosphate buf!er was added. Extraction and
colusn chromsatography afforded 1 (717 mg, 85.6 %) as an oil. H NMR (CC1,) § 0.10 (s, 9H), 0.87
(ty 3H, JeTHz), 1.0-1.7 (@, 14H), 1.78 (s, IH), 2.90 (d, IH, J=2Hz), 3.0-3.2°(m. IH), 3.40 (dd, 1H,

J,-4.5Hz. J2-10Hz). 3.59 (dd, 14, J,-‘.SH:. J2-10Hz). 4.47 (s, 2H), 5.43 (d, 1H, Jel.5Hz). 5.63 (d.
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1H. Je=l.5Hz)s 7.20 (s. 5H)s IR (neat) 3430, 2990, 2§é{). 1445, 1355, 1240, 1100, 835, 730, 695 cm-'?;

HREMS m/z 405,278] (405.2822 calcd for cmﬁﬂoysf. M el),

Synthesis of 17: To CaF (4.25 g. 28 swol), flame-dried in vacuo, was added a solution of JI
(2.36 gy 5.75 mwol) in DMF (50 ®1), and the solution was stirred for 2.5 h at 100 ‘. Extractive
workup and evaporation gave 17 (2.09 g) which was identical with the sawple of 17 obtsined as one
of the isomers formed by the reduction of 7. This was used without purification in the next step.

Synthesis of 30b: A solution of crude 17 (2.09 g, 5.75 swol), 2:2-dimethoxypropane (7 als
58.8 macl) and & catalytic amount of p~TsOH in Ciizci (15 ml) was stirved overnight. The mixture
was poured into cold 4 ¥ NalH(O, solution, and extmcgian followed by colusn chromscography (hexane
fAcOEt-IZfE) afforded 30b (2.85 gy 95 % from 11) as & colorless oil, Tajed ~2,4° (¢ 1.1, CHCI,):
N NMR (CDC1.) 8 0.87 (¢y 3H, Ju?Hz), 1.2-1.4 (ws 14H), 1.38 (s, 3H)s 1.407 (s, 3H), 2.46 (ddd, ?H:
J =10HE, JZ-SHz, Jae85Hz)e 3.52 (we 2H)s 3.66 (m, IH})s 3.83 (my IH)s 4.57 {d, IH, Je=BHz), 4.60 (d:
If?’ J=BHz}s 4.89 {dd, 1#, J =]7Hz, Jz-bﬁi{z), 5.04 (dd, IH, J,=10Hz, J,=1.5Hz), 5.82 (ddd, 1IH,
J =iTHz, J -sJ,},inHz). 7.32 {s. SH)a C NMR (CDCY,) & 14,1.,719.5, 2207, 24,8, 29.5, 30.0, 31.9,
ég‘(?, 71.5,°7106, 72,8, 73.4, 99.1, 118.6, 137.6, 12778, 128,4, 132.6, 238.?: IR {(neat) 3073, 2925,
2850, 1635, 1490, 1380, 2220; 1170, 1110, 1070, 1000, 810, 740, 700 cw '3 HRMS ofz  359.2590
(359,2584 calcd for 623}13503, X —CH3).

Synthesis of 31b:  2-Methyl-l-butene (6.17 g. 87.9 mwol) in THF (15 ml) wes added to BH, (1.0
M/ THF., 44 p1) at -20 °C. To the mixture was added 30b (2.05 g, 54.8 mmol) in THF (20 =1} and
stirred for I h. The reaction was stopped by adding 3 N NaOH (16 wl) followed by 30 § H20 (15
wl). After stirring for 0.3 h, the sixture was extractively worked up. Purifigation by” folumn
chro&am§rapl}y (hexane/AcOEt=2,5/1) gave 31b (1.84 g, 86 %) as am o0il. [o] -0.57° (¢ 1.1,
CHC1.)s “H NMR (CC1,}) & 0.81 (t. 3H, JoTHe), 1.1-1.4 (@, 14H), 1.26 (s. 3H), }.28 (s, 3H)s 1.5-1.7
(ms §H). 2.2 (br, ;ﬁ}, 3.35-3.45 (m, 1H), 3.45-3.6 (@ 3H), 3.7-3.8 (w, 2H), 4.48 (d. IH, Jsl2Hz),
4,54 (dy IHs J=l2Hz), 7.23 (s, 5!?2} IR (neat) 3400, 2925, 2850, 1450, 1365, 1250, 1220,*‘1206, 1165,
1050, 1010, 940, 830, 740, 700 cw " HENS m/z 377.2697 (377.2689 calcd for 623H370-6’ L ~Ch’3)'

Synthesis of 32¢b: Applicstion of the Swern procedure to 31b (150 mg, 0.38 mmol) gave the
corresponding aldehyde, which was dissolved in a mixture of t-BuOf (1.5 wl), water (1 ml) and 2-
methyl~2-butene (0.7 ml), to which was added HaHzP‘Oé (199 mg) and NaClO, (105 mg). After stirring
for 10 wmin, cold 10 % tartaric acid solution was added. Extraction“snd evaporstion gave the
carboxylic acid, which wvas dissolved CH.C1, (3 ml), to which was added £t (52 mg} in CHQCI (0.75
w1} at 0 °C, Clngt (70 mg) in CH C‘f ?1 al) was sdded and the mixtur® stirred for 107 sin, to
which was added 4&-DNAP (64 mg) ang sgirred for 10 min, Extraceion and purification gn TLC
(hexane/AcOEcs 6/1) gave 32b (131 wg, 79 %) as an oil. faj2? 9.0° (c 1.1, CHCI,)s 'H WHR
((;‘C}d) & 0.7-1.7 (m, 26H), 1.8-2.6 (m, 3H}, 3.3-3.9 (m, 4H), 3.83 (gs 2H, J=oF 5Hz), 6.;6 (g, 2H),
7.{? (sy 3H): IR (nesr) 2900, 2830, 1725, 1445, 1370, i22€}, 1145, 1100, 1020, 950, 900, 730, 695
cw T3 HBMS m/z 19,2778 (419,2794 caled for C25H3905; M -CHE).

Synthesis of 33bs  Benzyl ether 32b (141 mg. 0.33 mmol) in ErOH (3 ml) was stirred overnight
under a hydrogen atmosphere in the presence of 5 X Pd/C. FPiltration and evaporstion gsve the
primary alcohol as sn oil. Without purification, the alcohol was oxidized by the Swern procedure
to give the corresponding aldshyde, which was treated with 1 ¥ HgS‘O (1 ml) in l.d-dioxane (3 w=1)
for 4 b, Extraction fai%owedoby coluan chromt?gmpby (hexane/A OE?-Z’/I) gave 33b (57.2 mg, 69 %)
as white crystals. {a}s ~40Y (e 3.3, CHCIL)s “H NMR (CDC1.) & 0,88 (¢, 34, J=VHz), 1.2-1.4 (=@,
128}, 1.6-1.7 (m. 2H)s 204-2.7 (my 2K}, 2.627(s, IH): 3,13 (5 ¢ IHs J,=dlz, J.,=5Hz, .f3-10h'z). 4.3~
4.5 (me 1H): 4.93 (d. IH, J=7Hz), 5.45 (s, iz‘l}iiﬁi’ (nest)} 3420, 2910, 5850, 17?5, 17657 1740, 1450,
1110, 13465, 1160, 1080, 1040, 960, 940, 890 co s HRMS w/z 257,1733 (257.1752 calcd for C“}izsi}é,

N el).

Synthesis of 34b: The Swern procedure was spplied to 33b (9.6 mg, 0.037 mmol). Purification
gy colugn chrgm&tagraphy {hexan?/AcOEt’thZ) gave 34b (9.1 mg, 96 %) as white crystals. BMp 109-111
Cy [aj2% -21° ¢c 1.0, CHCI.)s “H NMR (CDC1,) & 0.89 (t. 3H, J=7Hz), 1.1-1.4 (w. 12H), 1.5-1.8 (=,
285} .6§3 (d, I1H, J=IOHe); 3.47 {dddd, IH; J, =-0Hz, JZ-J ﬂJ“nQHz}, §.5-4.7 (my 1H), 5.15 (ds IH,
J=BHz} 4 C NMR (CDC1,) §14.1, 22,6, 25.5, 26.9, 29.1% 26.2» 29.3, 31.4, 31.8, 39.4, 78.0, 170.5,
173,73 IR (KBr) 2020,72850, 1780, 1460, 1360, 1315, 13?0, 1210, 1160, 1140, 1080, 1060, 995, @80,
940, 910, 1»87:’3,, 760, 725, 6350, 570, 555, 530, 300 cw "¢ WRMS wfz 235.1621 (235.1395 calcd for
026"2304’ Mel).

Synthesis of Iscavenaciolide (33h): The procsdure of F. Johnson was applied to 34b (58 mg,
0.23 mwol). Three recrystallizations from ether/hexsne gave iscavensciolide (35b) (16.2 mg, 10 %)
as a white solid. This material wasiidentical in all respects with the natursl ssaple. Mo 129~
130 %Cy Tal32 -152° (c 0.38, ExOH)s 'H NMR (CDC1,) & 0.88 (v, 3H, Ju=8.5He), 1.2-1.8 (m: 14H}, 3.95-
4,05 (ms 1H), 4.7-4.8 (m, IH)s 3.11 (ds 1Hs J-QH%). 5,88 (dy IH, JelHz}; 6.61 (ds J-&‘g?): IR (KBr)
2905, 2845, 1755, 1360, 1275, 1220, 5115, 1050, 985, 975, 925, 810, 655, 610 co 3 HRHS w/z
266,1519 (266,1517 caled for C”Hﬂ()‘, B )

Experimental procedures related to the synthesis of svenaclolide (3%a).

following essentislly the samwe procedures as sbove, synthesis of avenaciolide (33a) was
performed fros 28. Data of the intermediates and the differences of the procedures follow.

Synthesis of 2: To & solution of 28 (840 mg, 2.76 swol) in THF (28 ml) was added slowly vinyl-
magnesium browide (0.88 ¥ / THF, 8.3 ml) at -78 %c and stirred for 0.5 h end quenched with pH 7
buffer. Extraction and evaporation gave the alcohol, which was dissolved in DNF (2081}, to which
was added imidazole (931 mg. 13.6 swol) and THSCI (1.19 g, 10.9 mmol) in DHF (10 ®l) end stirred

overnight at 40 °C, Exeraction and colusn chromatography (hexane/AcOFt=95/5) gave 2 (878 ag.




Stercoselective syntheus of 2-vinyl-1,3-diols 4071

79.1 %) as an oil. IH NMR (CCl,) 8 0.13 (3, 9H), 0.60-0.97 (w, 3H), 1.0-1.8 (m, 14H), 2.60 (d,
IH, Je2Hz)}, 2.8-3.0 {(m, IH), 3.2-3.6 (@, IH), 4.36 (s, 2H). 4.98 (dd., IH, J,«2Hz, [t =10Hz). 3.12
{dd, 1H, J,*2Hz, J,=18Hz), 5.64 (dd, IH, J »10Hz, J =1BHz), 7.10 (g, 5H)4 I§ (neat) © 2920, 2850,
1445, 1400.113954 1365‘ 1160, 1040, 920, 89%. 835, ?go. 730, 695 cm "1 HRMS m/z 405,.2840 (405.2823

*
caled for 623}1“0351. N oel).

308: Yield: quantitatives ([a)28 48.5° (c 1.0, CHC1,)s 'H NNR (CDC1.) § 0.87 (¢, 3H. JeTHz), 1.35
(bre 12H). 1.44 (3. 3H). 1.47 ¥s. 3H), 1.5-1.6 (s, 3H). 2.03 (ddd. 1H. Jy=dymdy=10HE),  3.47 (dd,
1H, J,wbHz, J=11Hz), 3.58 (dd, 1H, J e2Hz, J ellHz)s 3.62 (ddd, IH, J, 528, 27 «10Hz, J. =11z},
3.85 lddd, 1H,%J 28z, J=bHz, J =10z}, 4.5-426 (8. 2H), 5.08 (dd, IH,'J =1.5Hz? J -:6»:}3 s.11
(dd, 1H, J=1.5Re, Jz-:Snz). 5.32 (ddd, 1H, J =9.5Hz, J.=10Hz, J el6Hz)+ 7.28 (3. SH)e 15C WNR
(coc1,) & 1411, 19.5,% 22.7, 25.1, 29.3, 29.5.'20.6, 30.3, 31,9, 13.4, 46.8, 71.56, 71.63, 72.4,
73.3,798.1, 119.4, 127.4, 127.7, 128.2, 135.1, {38.5¢ IR (neat) 2920, 2840, 1630, 1490, 1475, 1370,
1350, 1195, 1175, 1100, 990, 910, 730, 690 ca™ ¢ HRMS a/z 359.2577 (359.2584 calcd for C,3s05
N <cHy).

Synthesis of jla: Hydroboration of 30a (’36 #g., 0.37 mwol) with dicyclohexylborane gave 3la
(126 mg. 86 $). [a]20 +15° (c 0.90, CHCI )1 'H NNR (CC1,) & 0.7-1.3 (s, 3H), 1.0-1.8 (=, 14H),
2.0 {br, 1H), 3.2-3.9 (m, 6H). 6.2? (s. 2H}V 7.30 (s, SH): IR (neat) 3450, 2900. 2840, I‘SO. 1375,
1195, 1045, 940, 900, 730, 690 ce " HRNS w/z 377.2711 (377.2689 calcd for CZJH”O‘S. L -CBB).

J2a:  Yield: 74 %u [0)30 417° (c 1.0, CHCI.)1 'H NNR (CDCI.) & 0.88 (t. 3H, Je7Hz). 1.20 (t. 3.
JTHe). 1.2-1.6 (m. 13H), 1.41 (s. 3H). 1365 (s. 3H). 1.8-1.9 (m. IH), 2.22 (dd. 1IH., J eéfiz,
J=17H2), 2.33 (dd, 1M, J »5Hz, J =17Hz}, 3.54 (dd, 14, J =dHz, J_=}]Hz), 1.59 (dd, 1H, J -i.iﬂz.
Jellfiz), 3.65-3.75 (m. 1H), 3.98 (ddd. 1H, J ) «dHz, JlellHz),24.0-4.1 (mn 2H), 4.52 fd, i,
J122), 4,53 (4. 1M, Je12Hz], 7.35 (s, SH)1 Tk (Reat) 2930, 2850, 1730, 1450, 1375, 1255, 1170,

1100, 1020, 885, 730, 695 ce "1+ HRNS o/z 419.2771 (419.2794 calcd for CZSH‘NOS' N ~CH3).
Synthesis of 33a: This compound was prepared in a similsr ssnner as 33b. except othat  the
cycnzaté"on under acidic conditions re«}ux’red & longer reaction time (overnight at 30 "C). Np

63.5-67 °Cr fa)i8 -33° (c 0.80, CHCI. )t 'H NMR (CDC1,) & 0.88(c, 3H, Je?Hz), 1.2-1.5 (m, 14H}s 2.4-
2.9 (m, 4H), 3°9-4.0 (o, IH), 4.8-439 (m, I1H). 5.5-3.6 (=, 1H)1 IR (KBr) 3420, 2920, 2850, 1755,
1450, 1415, 1350, 1315, 1295, 1245, [170, 1140, 995, 980, 950, 925. 910, 900 cm '+ HRNS am/z
257.1768 (257.1752 caled for C) H,0,0 M +1).

Jda: Yield: 80 %y [a)27 -3.5° (c 1.2, CHC1.)s 'H NMR (CDC1.) 6 0.89 (t. 3. JeTHz), 1.3-1.5 (m.
12H), 1.7-1.8 (m. 2H),"2.55 (dd. 1H., J eéHizy J,e18Hz), 2.94°(dd, 1Hy J =9.5Hz, J,=18Hz). 3.0-3.1
(m, 1H}, 4.55 {(ddd, 1H, J =) «SHz, 33-4.snz). $.01 (d, 1H, JeBHz)y 1ICINNR (COCIZ) & 14.1. 22.6,
26.9, 29.1, 29.2. 29.3, }1.8, 32.8,°35.5, 84.8, 169.8, 173,61 IR(neat) 2920, 2830, 1785, 1455,
1355, 1290, 1210, 1140, 1065, 970, 925, 850, 720 ca 't HRNS m/r 254.1511 (254.1516 calcd for
CrataOgr ¥ 1e

Synthesis of avenaciolide (35a): Johnson's procedure was applied to 34a (16.6 mg, 0.065 mecl)
to afford avenaciolide 35a (5.9 mg, 34 %) as white crystals after recrystallization [5o¢
ether/pentane. This cospound was indistinguishable from the authentic sample. Np 52.5-%47Ci
(a8 -41.8° (c 0.54, EcOH): "H NMR (CDCI.} 6 0.89 (t, ., Je7Hz). 1.3-1.5 (m. 12H). 1.8-1.85 (m.
;q), 3.5-3.6 (s, IH), &4.43 (m, 1H), 5.06 (3. IH, J=QHz)}, 5.88 (d, IH., J=2KHz), 6.49 (d, IH. Je2Hz):

C NNR (CDCY.) § 14.1, 22.6, 24.8, 29.1. 29.3, 31.8. 36.1, 44.2, 74,3, B8S.1, 126.3, 134.6, 167.4,
169.7: IR (KB;) 2910, 2840, 1765, 1660, 1620, 1480, 1380, 1320, 1295, 1265, 1230, 1210, 1110, 1065,
1030, 1015, 1005, 960, 920, 810, 780, 710, 660, 620 ca "+ HRMS w/z 267.1573 (267.1594 calcd for

C15”23'04' LAY
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