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ABSTRACT

The core bicyclic cyclopentanelactone structuregahadalactones A, B and C with
a-hydroxyketone system were synthesized fronR)-qulegone, employing
deconjugation of am, B-unsaturated lactone as the key step. ComparictimedCD
spectra of the synthetic compounds with those efrtatural products confirmed the
absolute configuration of the natural pheromone maments as proposed in 2007.
X-ray crystallographic analysis of the model commbuf gomadalactone B core
structure was carried out.

* For Part 263. see Ré&f.
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1. Introduction

The white-spotted longicorn beetleAnoplophora malasiaca (Thomson)
(Coleoptera: Cerambycidae), is a serious pest taiis;i apple, pear and willow. Its
female contact pheromone components were extegsistldied by Yasui and
co-workers, and found to be a mixture of eight logdrbons, five ketones and three
lactones®  Although the structures of the hydrocarbons &edketones are all trivial,
the lactones possess non-trivial and unique strestu They were given the names
gomadalactone Al( Figure 1), B2) and C 8).> The uniqueness of their structures is
represented by the presence of an angular hydnmupaat C-5.
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Figure 1. Structures of gomadalactones3,(B (2) and C 8), and the synthesis of the
model compound6 and7. The numbering system depictedliins those employed in
refs?*

| became interested in synthesizing, and3, so as to establish their structures
including absolute configuration. In 2007, asfir& step to the goal, synthesis and
CD measurements of two model compound&gR)-6 and (155R,89)-7 were reported
as a short communicatidn. CD spectra of, 2 and3 were compared with those &f
and7. Since6® and7 were synthesized froniR-carvone 4) via (1R 5R)-carvenolide
(5), their absolute configurations were as depictdtiwas therefore concluded that
gomadalactones AJ, B (2) and C 8) must possess the absolute configuration as shown
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in Figure 1.

Since the discovery of gomadalactones in 2a8ére is reported only one
successful synthesis of theRi4R,5R,8R)-isomer (4, Scheme 1) of gomadalactone C in
a patent claimed in 2017 by Suzuki et alTheir synthesis is summarized in Scheme 1.
(+)-Tartaric acid 8 was converted to dien@ which afforded10 after ring-closing

olefin metathesis.
COH 45 steps
H=f=0OH - Grubbs 1]
HO=1=H E— >< /\/

CO,H
\/\OPMB

(2R3R)-8
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(1R,4R,5R,8R)-isomer (14)
of gomadalactone C

Scheme 1. Suzuki's 26-step-synthesis of the R(AR5R,8R)-isomer (4) of
gomadalactone G3J.

Deprotection of the acetonide groupl®gavell, whose IBX oxidation resulted in
transannular cyclization to give a mixturel&and13. Further conversion df3 over
eleven steps gaveRUR,5R,8R)-isomer (4) of gomadalactone C. Although only 4.4
mg of 14 was obtained without describing thed § value,14 was shown to be
pheromonally active again8noplophora malasiaca Two additional analogues of
gomadalactone C were also pheromonally activecatutig that the ligand specificity of
the pheromone receptor Af malasiacadoes not seem to be extremely selective.
Suzuki's synthesis, however, is too lengthy to taefical. | therefore decided to
explore possibilities for more concise synthesithefpheromone componenitss.
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2. Results and discussion
2.1. Selection of target model compounds, andcairatiempts to take advantage of the
late-stage oxidation of monoterpene intermediates

Since the peculiar structural feature of gomadalaes A, B and C lies in the
highly functionalized bicyclic lactones part, threeyclic lactones7, 15 and16 were
selected as the target model compounds (Figure 2).

H O H O H O
OH 6 OH 6 OH

(1R5S,8R)-7 | | (1R5R8R)-15| | (1R5R)-16

H o o)
0 H
(1R,5R)-6 (R)-17

Figure 2. Structures of the target model compouidd$5 and16 and their relative$
andl17.

The first attempt was to explore C—H functigretion’ of (1R,5R)-6* or (R)-17°.
Unfortunately, however, neither functionalizatidn5 of 6 nor that at C-6 o017 was
unsuccessful employing SeONBS or Pb(OAg) as an oxidant. Accordingly, various
additional attempts were made to introduce a hyggmeup at the angular position of
bicyclic lactones as detailed in 2.2-2.5.

2.2. Cyclopentane ring formation by tandem conjegaldition/cyclization

Intramolecular ring closure is one of the diasgays to construct a ring system.
Cyclization of18 to give19 seemed plausible by means of XaaLi (Scheme 2).
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Scheme 2. Cyclopentane ring formation by tandem conjugatditah/cyclization.
Reagents: (a) MCPBA, CEl, (86%); (b) HCIQ, THF, HO (quant.); (c) (COC})
DMSO, CHCly; then E4N (43%); (d) MeCulLi, ELO (27%).

The precursot8was readily available from the known es26r*°through epoxidation
to give2l, followed by its hydrolysis to yield did@2, and final Swern oxidation &2

to furnish18. Treatment o8 with Me,CuLi in ELO was followed by
chromatographic purification to give (B in a modest yield of 27%. In the IR
spectrum ofl9, the ester C=0 group showed an absorption at 705 clearly
indicating the presence of a hydrogen bonding betvike ester C=0 group and the OH
group at C-2. This implied that the lactone forimaimight not be induced between
—C(Me)OH and —CQEt. The above consideration together with the olesklow
yield of cyclization (27%) made me to explore othessibilities.

2.3. Attempted synthesis of diketoheptenoRdg \ia
2,2-dimethyl-3-PMBoxy-cycloheptanoré3)

Suzuki et al. cleverly employed transannular cytlon 11—12, Scheme 1) to
construct the bicyclic systefn. In analogy with Suzuki’s synthesis, intramolecula
conjugate addition/cyclization &4 (Scheme 3) to givd5 might solve the problem.
The diketolactone24 would be prepared from23. Synthesis of23 was therefore
executed as shown in Scheme 3.
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Scheme 3. Synthesis of 2,2-dimethyl-3-PMBoxycycloheptan@®8). Reagents: (a)
azadol, NaOCI-5D, (n-Bu)a/NHSO,, CH,Cl,;, H,O (80%); (b) CH=CHCHMQCI,
THF (73% for27, 91% for 31); (c) p-MeOGH,CH(OMe), CSA, DMF (34%); (d)
(i-Bu),AlH, CH.Cl, (quant.); (e) azadol, Phl(OA¢)CH,Cl, (75%); (f) Grubbs II,
CH.Cl; (92%); (g) Jones Cracetone (81%); (h) 51Pd-BaSQ (84%).

The known starting materiab'! was oxidized with NaOCI- 5 in the presence
of azadol® to give aldehyd@6. Treatment 026 with allylmagnesium bromide
furnished27. p-Methoxybenzaldehyde dimethylacetal and camphasidfacid
(CSA) in DMF converte@7 to 28, which was reduced with diisobutylaluminum
hydride to give29. Oxidation of29 with (diacetoxy)iodobenzene (DAIB) in the
presence of azadol afford8@, to which was added allyimagnesium chloride yiaddi
31 Ring-closing metathesis 81 with second-generation Grubbs catdi{/gave32.
Chromic acid oxidation d82 was followed by hydrogenation to gi28 via 33.

Although the above synthetic route was straightéodyit was rather lengthy and
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inefficient. The attempt to conveZB to 24 was therefore abandoned at this stage.
2.4. Synthesis of ketoBé and lactone85 and attempted Michael addition of
crotonaldehyde to them

The next plan was to synthesize ket8d@and lacton8&5 to explore the possibility
of Michael addition of them to crotonaldehyde (Suke4). If this plan were
successful, the producdé and37 would give bicycles88 and39 after reductive C-C
bond formation with low-valent titaniufhor Smp.*°

X X X
O‘//>_<(o_>/ O—»%;ﬁ;\o
o™ o
Ho HO

34X=H, 36 X =H, 38X =H,
35X=0 37X=0 39X=0

o OH
)KK i, OA//>_<<O 4b>
OH
40 M
)\ ¢

42 34

o 0
d — /
35 35'

Scheme 4. Synthesis of keton&4 and tetronic aci@5. Reagents: (a) NaH, HGEX,
EtO (67%); (b) MgSQ@ CuSQ (58%); (c) B, Pd-C, AcOMe (77%); (d) Jones GO
acetone (39%).

According to Margaretha, 3-hydroxy-3-methyl-2dmone 40) was formylated to
give41'” Treatment oft1with anhydrous CuS£and MgSQ furnished42.  This
was hydrogenated over Pd-C to g4 Chromic acid oxidation agf1 smoothly
afforded crystalline 5,5-dimethyltetronic acRE.***° It must be added that the
present procedure is a concise and new methotiéqoreparation 5. Judging
from its'H and™C NMR spectra in DMSO+35 adopts entirely enolic forr5'.

Michael addition between crotonaldehyde or l@oncand34 or 35 was attempted
under various different conditions. Unfortunatell,the attempts were in vain, and |
was forced to examine another plan.
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2.5. Synthesis and alkylation of lactetg

It was expected that alkylation of lactat8with 1-iodo-3-butene would givé4
by concomitant deconjugation of thef3-unsaturated lactone systemdd if the
equilibration to give back the originalf3-unsaturated lactone system does not take
place so quickly. The produét would then give the bicyclic lactone systdafter
ring-closing olefin metathesis (Scheme 5).

0 [e) o
Grubb:
43 44 45

)\AOH—> q@coza . V%

47 R =Et
48R=H

I 5
- ”W
43
.. m o
52 DBU

Scheme 5. Synthesis and alkylation of lacto8. Reagents: (a) MeC(OEk)
EtCOH, heat; (b) KOH, MeOH, kD (70%, 2 steps); (c),IKIl, NaHCG;, H,O (97%);
(d) DBU, GHs (70%); (e) KOH, HO (quant.); (f) ROs, HsPO, (48%); (9) LDA,
CH,=CHCH,CH,l, THF (44%).

Preparation of the key lactod8 was executed by the method published by Jager
and co-workeré’?* Some modifications were made to seetBén a multi-gram scale.
Johnson-Claisen rearrangemen#i6fwith ethyl orthoacetate gave, which was
hydrolyzed to furnisi8. lodolactonization o8 afforded49, which was treated with
1,8-diazabicyclo[5.4.0]-7-undecene (DBU) to gh@ Alkaline hydrolysis 060
yielded51. Finally51 was heated with polyphosphoric aid (PPA) to ¢gi8as a low
melting solid.

Treatment o#3 with lithium diisopropylamide (LDA) in THF at —-7& was

followed by alkylation with 1-iodo-3-butene at *T5for 1 h and at room temperature
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for 1 h. After quenching with NiCI solution, the product was purified by SiO
chromatography. The distilled product (44% yidlaned out to b&2, not the desired
44. It was thus shown thdd, even when it was generated, rapidly isomerizdatd¢o
more stablex,3-conjugated lacton®2. The present route was therefore abandoned.
At this stage it occurred to me that a compoundlairo 45 might be obtained by
deconjugation/protonation oRR)-17 as shown in the next section.
2.6. Synthesis of the target model compouinds and16 employing
deconjugation/protonation df7 as the key-step

In order to explore the feasibility of the dap@ation/protonation ofR)-17, it was
necessary to provide multi-gram quantitiesR)t{7, a known lacton&?* As reported
by Wolinsky???*commercially availableR)-pulegone %4) was first treated with Bito
give 55 (Scheme 6). Sodium ethoxide in ethanol induced=dworskii rearrangement
of 55to give a mixture of ethydis- andtrans-pulegenate56). Alkaline hydrolysis of
56 was followed by distillation of the resulting a¢mgive (1S5R)-pulegenic acidg7).
This was subjected to the conventional iodolac@tion conditions. The product was
purified by SiQ chromatography and recrystallization to give pad®lactone %8).
Finally, treatment 058 with DBU in benzene affordedr)-17. A sufficient amount
(5.72 g) of R)-17 could be secured.

1) LDA
0O —
2) AcOH
? % CO,Et
C

pulegone
(R)-54

(¢}
CO,H HQ
d e
—> o —» ] O
|
57 58

(RA17

Scheme 6. Synthesis of pulegonolidel]). Reagents: (a) Br AcOH; (b) NaOEt,
EtOH (72%, 2 steps); (c) KOH, EtOH,.8 (57%); (d) NaHC@ I,, Nal (52%); (e)
DBU, CGsHe (78%).



Deconjugation ofRf)-17 was examined employing either LDA or KH as theebas
Since the presence of mineral oil in commerciallgilable KH was problematic in the
later purification of the product, LDA was selectsithe base of choice. Acetic acid
in ELO at —78C was chosen as the protonation agent. Decongugptdtonation of
(R)-17 with LDA/AcOH furnished a mixture dd3aand53b as a solid. Protonation of
the enolate with AcOH/ED at —78C was considerably stereoselective, and a mixture
of the major and minor isomers (4:1-10:1) was oletéhi  Since this protonation
proceeded under kinetic control, the structuréhefrhajor isomer was thought to b&a,
which was verified by the observation of NOE betwé&eH and 8-H as depicted in
Scheme 7.

,~NOE
o) Hy O H O
bio - . 2;;“
(R-17 53a (89.5:10.5) 53b
H O g O
b [ o
53a+53b —» | + O
oH oH
(1R5S,8R)-7 (18,5R,8R)-7

é%é;ii

(1R,5S,6R,8R)-39 (1S,5R,6S,8R)-39

H P H O H P
o OH & oH & oH

(1R.5R,8R)-15 (1S,5S,8R)-15 (1R,5R)-16

Scheme 7. Synthesis of the model compoungsl5 and16. Reagents: (a) i) LDA,
THF; ii) AcOH, EtO (76%); (b) i) BH:-THF, THF; ii) Jones Cr¢) acetone (8%); (c)
OsQ,, NMO, acetonet-BuOH, HO (98%); (d) 6-PryNRuQ,;, NMO, CHCl,, MS 4A

(7%); (e) i) KN(TMS}», PhSeBr, toluene, THF; ii) NakOTHF, HO (7%).

Hydroboration of the deconjugated lact&@3a + 53b was followed by chromic
acid oxidation to give keto lactoneR;bS 8R)-7, whose (5,5R,89)-isomer had been
reported by myself in 2007. In the present case, onlyR5S 8R)-7 could be isolated
as crystals in 8% yield (two steps) after chrometphic purification and
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recrystallization, whereas $bR,8R)-7 was not observed. The physical properties of
(1R,558R)-7 (mp, IR,*H and**C NMR spectra) as well as its magnitude of the ifisec
rotation {[a]p** =309.4 ¢ 0.216, E30); cf. its opposite enantiomen]p?> +319 €

1.014, E$O)} were in good accord with the reported value§l&5R,89)-7.*

Introduction of a hydroxy group at the anguab position could be readily
achieved by Os@catalyzed dihydroxylatidit of 53a+ 53b, and the two isomers were
converted almost quantitatively to a mixture of tshastereomeric dihydroxylactones
(1R,556R,8R)- 39 and (IS5R,658R)-39, respectively. Unfortunately, complete
separation of these two crystalline diastereomes difficult even after
chromatography and recrystallization.

Oxidation of dio39to the desired model compouh8 required some
experimentation. Routine oxidants such as DesgHViperiodinane, azadol-DAIB,
Swern oxidation and chromic acid oxidation did gioe even a trace db. In 2013
Lei and co-workers reported that Ley oxidatfemploying tetrapropylammonium
perruthenate (TPAP) and 4-methylmorpholfexide (NMO) in the presence or
absence of MS 4A in Ci€l, was effective in synthesizirrhydroxy ketones from
vicinal diols related th.ycopodiumalkaloids?®® To my pleasure Ley oxidation could
successfully be applied to the present case, gldiR®pR,8R)-15in reproducible yield
of 7-10%. The hydroxyketolactoneR;bR,8R)-15 was crystalline, and showed a large
negative rotation, mp 153—1%5, [a]p™® -332.8 ¢ 0.035, E£O). Because the two
diastereomers dif5 seemed to co-crystallize, it was difficult to abtpure
(1R,5R,8R)-15 without contamination of a small amount of itsse@aeoisomer. The
structure (R,5R,8R)-15 assigned to the isolated oxidation product waecoord with
its 'H and™*C NMR data (see 4.31), and this model compoundegssss the
enantiomeric bicyclic nucleus part of gomadalactGr(@).

Finally, the third model compoundRBR)-16, which represents the nucleus portion
of gomadalactone BJ, was synthesized fromRI5R,8R)-15 by organoselenium-based
desaturation at C6-C7. Treatment ofl5 with excess potassium hexamethyldisilazide
[KN(TMS),] in toluene/THF at —7& gave the dianion df5, to which was added
PhSeBr to give a phenylselenylated product at COxidation of the selenylated
ketone with Nal@in THF/H,O furnished crude @,5R)-16 (14%) after
chromatographic purification. Recrystallizationoofide16 from EtOAc/pentane gave
pure (R,5R)-16 (7%) as pale yellow prisms, mp 132.5-153.5a]p?° -248.7 ¢
0.0215, EtOAc). All the spectral data oR(3R)-16 were in accord with the assigned
structure. The structureRRIBR)-16 was conclusively established by its single crystal
X-ray analysis. Figure 3 shows the X-ray structfr€lR 5R)-16. Its
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(1R,5R)-absolute configuration is clearly seen from ttracture. It must be added that
gomadalactone BJ was isolated as an amorphous solid, and ther@ikeray
crystallographic data are unavailable. Accordintiig X-ray data of ®,5R)-16 are
important to precisely examine its molecular shagech will be required in future
study on the interaction between the pheromondtamedceptor.

Figure 3. X-ray structure of (R,5R)-16.

2.7. CD spectral analysis of the three model caimgs (1R,5S,8Rj); (1R,5R,8R}5
and (1R,5R)t6

The absolute stereochemistries assigned tthtee model compounds
(1R,5S8R)-7, (1R,5R,8R)-15 and (R,5R)-16 were supported by their CD spectra.
Figure 4 shows the CD spectrafl5and16. The CD spectrum of the keto lactone
(1R,558R)-7 was indeed the mirror image of that of it§8R,8S)-isomer recorded in
ref* This fact supports the RI5S,8R)-stereochemistry of the keto lactoneeported
in the present paper. In the case & %R 8R)-15, its CD spectrum is almost the
mirror image of that of gomadalactone 3}.( Finally, the CD spectrum di6 was in
good accord with that of gomadalactone2l (
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Figure 4. CD Spectra of ®,5S8R)-7, (1R,5R,8R)-15 and (R,5R)-16. They were
measured in MeOH using a 10 mm cell at the conagatrs of 6.6 x 10 M (7), 5.4 x
107° M (15) and 6.22 x 18 M (16), respectively, on a Jasco J-1500 CD spectrometer.

3. Conclusion

After several unsuccessful attemp®)-pulegone $4) was converted to the three
model compoundg, 15 and16 of the core 3-oxabicyclo[3.3.6]octane structures o
gomadalactones A, B (2) and C 8). Synthesis coupled with CD and X-ray analyses
allowed the assignments of absolute stereochessdwiall of the three model
compounds as B5S8R)-7, (1IR,5R,8R)-15and (R5R)-16. The present paper
conclusively establishes the absolute configuratfogomadalactones A), B (2) and
C (3), confirming my 2007 proposal.

4. Experimental
4.1. General

All bps and mps are uncorrected values. R#Wamdices were measured on an
Atago DMT-1 refractometer. IR spectra were measuom a Jasco FT/IR-410
spectrometer. '"H NMR spectra (400 MHz, TMS & = 0.00 as the internal standard)
and *C NMR spectra (100 MHz, CDglat = 77.0 as the internal standard) were
recorded on a Jeol JNM-ECZ 400S/L1 spectrometeiC-M5® were measured on
Agilent Technologies 5975 inert XL. HRMS were reted on Jeol JMS-700V or
JMS-T100GV. Silica gel column chromatography wasied out on Merck Kieselgel
60 Art 1.00734.
4.2. (»-Ethyl 6,7-epoxy-7-methyl-2-octenoaté)(

m-Chloroperbenzoic acid (70% purity, 4.90 g, 20 mmeds added portionwise to
a stirred and ice-cooled solution 20 (E/Z = 94:6; 3.36 g, 18.5 mmol) in GBI, (30
mL). After stirring for 2 h at -, the mixture was diluted with hexane, and
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filtered. The filtrate was washed with d}&0; solution and brine, dried (MgS}) and
concentrated in vacuo. The residue (3.95 g) wasncatographed over S50 Q).
Elution with hexane/EtOAc (20:1) gavd (3.53 g, 96%) as a colorless ailax (film):
2980 (m), 2963 (m), 2929 (m), 1720 (s), 1655 (M1 (m), 1267 (m), 1202 (m), 1163
(m), 1044 (m)dy (CDCh): 1.27 (3H, s), 1.29 (3H, 8, = 7 Hz), 1.31 (3H, s), 1.68-1.74
(2H, m), 2.31-2.50 (2H, m), 2.73 (1HJt= 6 Hz), 4.19 (2H, ¢) = 7 Hz), 5.87 (1H, dd,
J=15,14 Hz). HRMS calcd for j@H1g05]" (M™): 198.1250, found: 198.1248.

4.3. (»-Ethyl 6,7-dihydroxy-7-methyl-2-octeno§22)

Perchloric acid (70%, 0.14 mL) was added taganously stirred solution d2lin
THF (18 mL) and KO (10 mL). The mixture was stirred for 50 min@m temp. It
was then neutralized with NaHGOand extracted with EtOAc. The extract was
washed with brine, dried (MgSJ) and concentrated in vacuo to gR2(1.15 g, quant.)
as a colorless oiljmax (film): 3427 (s), 2978 (s), 2904 (m), 1718 (s)534s), 1279 (s),
1200 (s), 1077 (s), 1044 (s), 979 (m), 928 (&m)(CDCk): 1.17 (3H, s), 1.22 (3H, s),
1.29 (3H, tJ =7 Hz), 1.45-1.56 (1H, m), 1.56-1.66 (1H, m),0+8.90 (1H, m), 1.93—
2.10 (1H, m), 2.24-2.36 (2H, m), 2.45-2.65 (2H, &35-3.42 (1H, m), 3.90-4.00 (1H,
m), 4.18 (2H, qJ = 7 Hz), 5.58-5.60 (0.4H, m), 5.87 (0.6H,Jd+ 16 Hz), 6.90-7.03
(1H, m). HRMS calcd for [GH2,05]" [(M—H0)']: 198.1256, found: 198.1257.

4.4. (»-Ethyl 7-Hydroxy-7-methyl-6-ox0-2-octene#l8)

A solution of DMSO (0.66 mL, 4.2 mmol, 1.1 éq)CH,CI, (6 mL) was added
dropwise to a stirred and cooled solution of (CQ@N.42 mL, 4.8 mmol, 1.2 eq) in
CH.Cl, (6 mL) at —78C under argon. After 5 min, a solution 22 (850 mg, 3.94
mmol) in CHCl, (5 mL) was added to the stirred solution at%78 The stirring was
continued for 15 min at -78. Subsequently, B (2.8 mL, 20 mmol, 5.0 eq) was
added in one portion, and the stirring was continfier 10 min at —-78. The
temperature was gradually raised to room tempexatufhe mixture was diluted with
Et,O, and the BD solution was washed with N8I solution and brine, dried (MgSP)
and concentrated in vacuo. The residue (0.81 g)cheomatographed over SI®25
g). Elution with hexane/EtOAc (25:215:1—10:1) gave various by-products.
Further elution with hexane/EtOAc (5:1) gal@ (374 mg, 43%) as a colorless ®ikax
(film): 3487 (m), 2980 (s), 1715 (s), 1655 (s), 318), 1045 (s)dy (CDCl): 1.26 (3H,
t,J =7 Hz), 1.39 (6H, s), 2.52 (2H, §,= 7 Hz), 2.75 (2H, tJ = 7 Hz), 3.62 (1H, ),
4.18 (2H, q,J = 7 Hz), 5.85 (1H, ddJ = 1.5, 16 Hz), 6.89-6.96 (1H, m). GC-MS
[column: HP-5MS,5% phenylmethylsiloxane, 0.25 muoh ix 30 m; carrier gas He,
press 61 kPa; temp 70-280(+1FC/min)]: tz 12.97 min (96%); MS (70 eV, Ellvz
196 (<1) [(M-H0)], 171 (11), 151 (8), 128 (100), 100 (95), 82 (A9,(14), 59 (96),
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43 (44). HRMS calcd for [GH1603]" [(M—H20)']: 196.1099, found: 196.1102.
4.5. (1)-Ethyl
2-hydroxy-2-(1-hydroxy-1-methylethyl)-6-methyl-opentane-1-carboxylatd 9)

A solution of MeLi in EfO (0.75Mm, 1.2 mL, 9 mmol) was added to a stirred and
cooled suspension of Cul (950 mg, 5 mmol) in dROE0 mL) at —28C under argon.
The mixture was stirred for 30 min at °&5to generate M€uLi. Subsequently, a
solution of 18 (261 mg, 1.2 mmol) in dry ED (4 mL) was added dropwise to the
Me,CuLi solution at -50——4. The mixture was stirred for 30 min at -50-%@0
then quenched by the addition of MH solution, and extracted with 2. The E{O
solution was washed with brine, dried (Mgg$Oand concentrated in vacuo. The
residue (232 mg) was chromatographed over, $0g). Elution with hexane/EtOAc
(10:1) gavel9 (74 mg, 27%) as a colorless qilax (film): 3460 (m), 2957 (s), 2929 (s),
2870 (m), 1705 (s), 1377 (s), 1185 (s), 1026 (rBA @n); &y (CDCl): 1.05 (3H, dJ =
6 Hz), 1.22 (3H, s), 1.23 (3H, s), 1.29 (3HJ & 7 Hz), 1.65-1.75 (2H, m), 1.84-1.93
(1H, m), 2.05-2.14 (1H, m), 2.20 (1H, m), 2.46 (1RI¥8-2.58 (1H, m), 4.19 (2H, 4§,
=7 Hz), 4.57 (1H)dc (CDCh): 14.1, 19.1, 24.8, 25.1, 31.3, 34.9, 38.6, 56019, 74.5,
88.3, 177.0; GC-MS (same conditions as those usetl): tg 11.7 min (76%) MS (70
eV, El): mz 212 (2) [(M-HO0)"], 171 (57), 125 (100), 115 (13), 97 (14), 83 (1),
(24), 59 (11), 43 (12). HRMS calcd for {l003]" [(M-H20)]: 212.1412, found:
212.1400.

4.6. 3-t-Butyldimethylsilyloxy-2,2-dimethylprop&(2b)

Azadol (80 mg, 0.52 mmol) arith (22.3 g, 102 mmol) were dissolved in &Hp
(300 mL) containing KD (3 mL). Crystals of NaOCI-59 (20.1 g, 122 mmol, 1.2
eq) was added in one portion to the stirred anecamded CHCI, solution of25. The
color of the mixture turned red and then faded dmtf yellow. The stirring was
continued for 30 min.  Then the reaction was queddby the addition of N&,O3; and
NaHCQO; (aqueous solution). The GEl, layer was separated and the aqueous layer
was extracted with ED. The combined organic solution was washed wiiteb dried
(MgS(Qy), and concentrated in vacuo. The residue wadlelisto give 26 (17.7 g,
80%) as a colorless oil, bp 66-2000.5 kPanpy?® = 1.4260Vmax (film): 2957 (s), 2931
(s), 2887 (m), 2858 (s), 1733 (s), 1472 (m), 1257, (1104 (s), 839 (s), 777 (Mdy
(CDCl): 0.03 (6H, s), 0.86 (9H, s), 1.04 (6H, s), 3.281(s), 9.56 (1H, s); GC-MS
(same conditions as those used 18): tr 8.38 min (93%); MS (70 eV, El)n'z. 201
(<1) [(M—CHs)™], 159 (100), 129 (29), 115 (73), 89 (9), 75 (@®),(13). HRMS calcd
for [C10H210,Si]" [(M— CH3)"]: 201.1311, found: 201.1313.

4.7. (H-2,2-Dimethyl-5-hexene-1,3-diol 1-TBS ett}y)
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A solution of25 (8.76 g, 40.6 mmol) in THF (30 mL) was added dr@mo a
stirred and ice-cooled solution of @G#2CHCHMgCI in THF (1™, 50 mL, 50 mmol) at
10-20C. The mixture was stirred for 30 min at room tengpure. It was then
guenched by the addition of ice and )M solution, and extracted with J&. The
Et,O extract was washed with water and brine, dried)$&), and concentrated in
vacuo. The residue (10.81 g) was chromatographked $iQ (80 g). Elution with
hexane/EtOAc (20:1) gave7 (7.69 g, 73%) as a colorless aib® = 1.4450;Vmax
(film): 3501 (br m), 3076 (w), 2956 (s), 2930 (8886 (m), 2858 (s), 1640 (w), 1472
(m), 1254 (m), 1094 (s), 838 (s), 776 (&), (CDCl): 0.06 (6H, s), 0.96 (15H, br s),
1.26 (1H, br s), 2.08-2.11 (1H, m), 2.24-2.25 (h), 3.46 (2H, m), 3.56 (1H, m),
5.06-5.13 (2H, m), 5.90-5.97 (1H, m); GC-MS (sameditions as those used 8):
tr 10.9 min (99%); MS (70 eV, Eljvz: 217 (14), 159 (13), 145 (13), 109 (59), 105 (35),
89 (24), 75 (100), 73 (36), 67 (17), 41 (13). Twizs used for the next step without
further characterization.

4.8. (H-2,2-Dimethyl-5-hexene-1,3-diol p-methoaybylidene acetabg)

Camphorsulfonic acid (150 mg, 0.6 mmol) was ddttea solution oR7 (7.09 g,
27.3 mmol) ang-methoxybenzaldehyde dimethylacetal (9.83 g, 54 hmdMF (30
mL). The mixture was stirred for 4 h at room tenapere, then poured into ice and
NaHCG; solution, and extracted with J8. The EiO extract was washed with
NaHCQ; solution and brine, dried (MgS)) and concentrated in vacuo. The residue
(13.92 g) was fractionally distilled to give firdie recovereg-methoxybenzaldehyde
dimethylacetal (bp 10C/0.2 kPa) and the?8 (2.96 g, 34%) as a colorless oil, bp 150-
158C/0.2 kPa;np?* = 1.5144:Vmay (film): 3075 (w), 2956 (m), 2838 (m), 1642 (w),
1615 (m), 1589 (w), 1518 (s), 1467 (m), 1392 (8K& (m), 1303 (m), 1250 (s), 1172
(m), 1114 (s), 1036 (s), 826 (D; (CDCh): 0.80 (3H, s), 1.15 (3H, s), 2.24-2.27 (2H,
m), 3.52-3.60 (2H, m), 3.69 (1H, m), 3.80 (3H,50N3-5.13 (2H, m), 5.44 (1H, s),
5.91-5.98 (1H, m), 6.89 (2H, d,= 8 Hz), 7.43 (2H, dJ = 8 Hz); GC-MS (same
conditions as those used ftB): tr 16.43 min (91%); MS (70 eV, Efvz 262 (26) [M]
261 (31), 221 (12), 137 (60), 136 (100), 135 (98P (18), 108 (12), 81 (15), 77 (15).
HRMS calcd for [GeH2205]" (M™): 262.1569, found: 262.1531.

4.9. (¥-2,2-Dimethyl-5-hexene-1,3-diol 3-PMB et(i29)

A solution of {-Bu),AlIH in CH,ClI, (1 M, 37 mL, 37 mmol) was added dropwise to
a stirred and ice-cooled solution 28 (2.96 g, 11 mmol) in CkCl, (10 mL) at 5-16C
under argon. After stirring for 3 h at@, the mixture was quenched with ice and dil.
HCI (containing 10 mL of conc HCI), and extracteimEt,O. The EfO solution was
washed successively with NaHg6blution and brine, dried (MgS}) and concentrated
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in vacuo to give29 (2.97 g, quant.) as a colorless o> = 1.5088:Vimax (film): 3437
(br m), 3074 (w), 2598 (m), 2911 (m), 2873 (m), 2§&), 1639 (w), 1613 (m), 1586
(w), 1514 (s), 1466 (m), 1302 (m), 1249 (s), 1173, (1078 (s), 1038 (s), 912 (m), 812
(m); & (CDClk): 0.88 (3H, s), 0.98 (3H, s), 2.29-2.50 (2H, mY,&2(1H, t,J = 6 Hz),
3.30-3.40 (2H, m), 3.55-3.62 (1H, m), 3.80 (3H4s}.1 (1H, dJ =7 Hz), 4.61 (1H, d,
J=7 Hz), 5.04-5.20 (2H, m), 5.90-6.20 (1H, m),76(8H, d,J = 8 Hz), 7.25 (2H, dJ

= 8 Hz); GC-MS (same conditions as those used &irtg 17.12 min (97%); MS (70
eV, El): 'z 264 (<1) [M], 191 (10), 138 (2), 137 (5), 122 (12), 121 (10m),(3), 78
(5), 77 (5), 55 (2), 41 (2). HRMS calcd for 1f8,405]" (M"): 264.1725, found:
264.1715.

4.10. (¥-2,2-Dimethyl-3-p-methoxybenzyloxy-5-mex&30)

Diacetoxyiodobenzene (3.50 g, 11 mmol) was ddglackly to a solution o29
(2.70 g, 10 mmol) and azadol (20 mg, 0.13 mmolCkpCl, (70 mL) with stirring and
ice-cooling. The mixture was stirred for 10 min &10C, when it became
homogeneous. It was then diluted with @&t washed successively with
NaS,0s/NaHCQ; solution and brine, dried (MgS}) and concentrated in vacuo. The
residue (6.6 g) was chromatographed over,§&D g). Elution with hexane gave
iodobenzene (1.58 g), and further elution with dre{EtOAc (50:1-10:1) gav&0
(2.00 g, 75%) as a colorless aib?® = 1.5074;Vmax (film): 3075 (w), 2960 (m), 2936
(m), 2909 (m), 2871 (m), 2873 (m), 2709 (w), 1785 (640 (w), 1613 (m), 1586 (w),
1514 (s), 1466 (m), 1302 (m), 1249 (s), 1173 (MB3L(s), 1037 (s), 916 (M), 822 (m);
34 (CDCh): 1.05 (3H, s), 1.11 (3H, s), 1.30-2.40 (2H, m583(1H, t,J = 5 Hz), 3.80
(3H, s), 4.40 (1H, dJ = 7 Hz), 4.58 (1H, dJ = 7 Hz), 5.08-5.20 (2H, m), 5.82-5.98
(1H, m), 6.86 (2H, dJ = 9 Hz), 7.21 (2H, dJ = 9 Hz), 9.55 (1H, s): GC-MS (same
conditions as those used fb8): tr 16.40 min (95%); MS (70 eV, ElywWz 262 (<1)
[M™], 150 (5), 137 (9), 122 (11), 121 (100), 91 (H,(8), 77 (6), 41 (3). HRMS calcd
for [C1eH2205]" (M™): 262.1569, found: 262.1561.

4.11. 5,5-Dimethyl-6-p-methoxybenzyloxy-1,8-nogadi-ol 31)

A solution of30 (2.00 g, 7.5 mmol) in THF (5 mL) was added to iarest and
ice-cooled solution of CH#HCHCH,MgCI in THF (1™, 15 mL, 15 mmol) under argon.
The mixture was stirred and heated for 1 h &C40 After cooling, it was poured into
ice and NHCI solution, and extracted with 8. The E4O solution was successively
washed with water and brine, dried (Mg®Gand concentrated in vacuo. The residue
(2.56 g) was chromatographed over S{@0 g). Elution with hexane/EtOAc (20:1)
gave31 (2.10 g, 91%) as a colorless aih*® = 1.5132:Vimax (film): 3481 (br m), 3074
(w), 2973 (m), 2912 (m), 2876 (m), 1639 (m), 16&48,(1586 (w), 1514 (s), 1249 (s),
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1065 (s), 1037 (s), 912 (m), 822 (my); (CDCkL): 0.84 (1.7H, s), 0.86 (1.3H, s), 0.97
(1.7H, s), 1.00 (1.3H, s), 1.69 (0.4H, s), 2.00624H, m), 2.78 (0.6H, s), 3.30-3.48
(1H, m), 3.54-3.72 (1H, m), 3.79 (3H, s), 4.38-44d, m), 4.60-4.68 (1H, m), 5.02—
5.20 (4H, m), 5.80-6.04 (2H, m), 6.80—6.90 (2H, M20-7.30 (2H, m); GC-MS (same
conditions as those used f8): tr 19.03 min (100%); MS (70 eV, Elinvz 191 (3),
138 (6), 137 (8), 122 (12), 121 (100), 109 (3),(38 77 (3), 43 (3), 41 (3). HRMS
calcd for [GgH2g03]" (M™): 304.2038, found: 304.2033.

4.12. 2,2-Dimethyl-5-cycloheptene-1,3-diol 1-pim&ybenzyl ethe3R)

Grubbs Il catalyst (42 mg, 0.005 mmol, 0.7 mpi¥as added to a solution 81
(2.08 g, 6.8 mmol) in C§Cl, (50 mL). The solution was stirred and heated unde
reflux for 1 h under argon. (Evolution 0L,8=CH, ceased after 30 min.) The mixture
was concentrated in vacuo, and the residue wasnatographed over SQ20 g).
Elution with hexane/EtOAc (20:1-10:1) ga®2 (1.74 g, 92%) as a colorless aih?’ =
1.5178;Vmax (film): 3451 (br m), 3022 (w), 2956 (m), 2933 (nN2910 (m), 2870 (m),
2837 (m), 1655 (w), 1613 (m), 1586 (w), 1514 (64 (m), 1302 (m), 1249 (s), 1173
(m), 1072 (s), 1037 (s), 822 (m); (CDCly): 0.97 (2H, s), 1.049 (1H, s), 1.056 (1H, s),
1.23 (2H, s), 1.56 (0.35H, br s), 1.69 (0.65H, hr2s25-2.58 (4H, m), 3.26-3.32 (1H,
m), 3.58 (1H, dJ = 7 Hz), 3.80 (3H, s), 4.24-4.34 (1H, m), 4.5284(5H, m), 5.60—
5.80 (2H, m), 6.84-6.90 (2H, m), 7.22-7.28 (2H, &{-MS (same conditions as those
used forl8): tr 19.38 min (100%); MS (70 eV, Elixz 258 (1.5) [(M-HO)’], 137 (4),
122 (11), 121 (100), 91 (2), 78 (3), 77 (4), 55 @3} (2), 41 (1). HRMS calcd for
[C17H2405]" (M™): 276.1725, found: 276.1414.

4.13. (¥-2,2-Dimethyl-3-p-methoxybenyloxy-5-chepten-1-one33)

Jones chromic acid (8 in oxygen, 2 mL, 16 meq) was added to a stirredl an
ice-cooled solution of32 (1.58 g, 5.7 mmol) in acetone (20 mL) at 50 The
mixture was stirred for 10 min, then concentratedvacuo, and partitioned between
Et,O and water. The KD solution was washed successively with water, N@giC
solution and brine, dried (MgSJ) and concentrated in vacuo to gB@ (1.27 g, 81%)
as a colorless 0ihp?® = 1.5156:Vmax (film): 2969 (m), 2934 (m), 2907 (m), 2870 (m),
2836 (m), 1703 (s), 1655 (w), 1613 (m), 1586 (vB14 (s), 1465 (m), 1302 (m), 1249
(s), 1173 (m), 1090 (m), 1036 (m), 822 (M); (CDCk): 1.13 (3H, s), 1.21 (3H, s),
2.40-2.62 (2H, m), 3.12-3.26 (1H, m), 3.36-3.50, (&, 3.68 (1H, m), 3.81 (3H, s),
4.38 (1H, dJ = 7 Hz), 4.61 (1H, dJ = 7 Hz), 5.59 (2H, m), 6.87 (2H, d,= 9 Hz),
7.24-7.36 (2H, m)dc (CDCk): 21.1, 23.9, 29.9, 41.7, 52.8, 55.4, 71.5, 8Q13.8,
122.0, 127.5, 129.2, 130.6, 159.2, 211.3; GC-M$nésaonditions as those used for
18): tg 18.88 min (100%); MS (70 eV, Eiz 274 (2) [M], 138 (2), 137 (6), 122 (9),
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121 (100), 91 (3), 78 (4), 77 (4), 43 (1), 41 @),(2). HRMS calcd for [GH2,05]"
(M™): 274.1569, found: 274.1556.
4.14. (¥)-2,2-Dimethyl-3-p-methoxybenzyloxy-1-myloeptanoneZ3)

Palladium on barium sulfate (5%, 150 mg) wadealdto a solution 083 (1.23 g,
4.5 mmol) in EtOAc (5 mL)/hexane (10 mL). The nuird was stirred under oH
(balloon) for 1 h at room temperature. The mixtwas passed through a column of
SiO, (10 g), and the column was washed with hexane/Et(1A:1). The eluent was
concentrated in vacuo to gi&3 (1.03 g, 84%) as a colorless @ih?® = 1.5153:Vmax
(film): 2935 (s), 2863 (m), 1699 (s), 1612 (m), 49%), 1465 (m), 1302 (m), 1249 (s),
1173 (m), 1100 (m), 1074 (m), 1036 (m), 821 (By;(CDCk): 1.09 (3H, s), 1.14 (3H,
s), 1.50-1.70 (3H, m), 1.70-1.90 (3H, m), 2.42-48B2, m), 2.60-2.70 (1H, m), 3.43—
3.50 (1H, m), 3.81 (3H, s), 4.32 (1H,X+ 12 Hz), 4.60 (1H, d] = 12 Hz), 6.88 (2H, d,
J =7 Hz), 7.27 (2H, dJ = 7 Hz);5c (CDCk): 20.9, 24.7, 25.4, 26.1, 28.6, 41.3, 52.6,
55.3, 71.1, 82.5, 113.9, 129.2, 130.7, 159.2, 21G0O-MS (same conditions as those
used forl8): tg 18.94 min (100%); MS (70 eV, Elit'z 276 (<1) [M], 140 (5), 137
(14), 125 (2), 122 (10), 121 (100), 91 (2), 78 (BJ,(4), 55 (2), 41 (3). HRMS calcd
for [C17H2405]" (M™): 276.1725, found: 276.1754.
4.15. 2-Hydroxy-5,5-dimethyltetrahydrofuran-4-dqag)

A solution of40 (24.0 g, 235 mmol) and ethyl formate (26.0 g, &&thol) in E4O
(20 mL) was added dropwise over 1 h to a stirredl iae-cooled suspension of NaH
(60% NaH in mineral oil, 19.2 g, 480 mmol) in,@t(400 mL) under argon. TheyH
evolved was released frequently. The mixture wiaed for 4 h at room temperature
to give a thick solid mass. It was then acidifieith ice and conc k80, (16 mL, 29.4
g, 300 mmol) diluted with water (160 mL). The nure was extracted with #D.
The extract was washed with brine, dried (Mg@nd concentrated in vacuo. The
residue (35.9 g) was distilled to gi4é (20.7 g, 67%) as a colorless oil, bp 80%E8.4
kPa;np® = 1.4471 (ref! np® = 1.4424):vimax (film): 3425 (br s), 2981 (m), 2934 (m),
2871 (w), 1759 (s), 1460 (m), 1379 (m), 1361 (n2QA (m), 1173 (m), 1146 (m), 1112
(s), 1058 (m), 984 (s), 965 (m), 927 (M); (CDCk): 1.24 (3H, s), 1.39 (3H, s), 2.52
(1H, d,J = 18 Hz), 2.78 (1H, dd] = 6, 18Hz), 3.70 (1H, br s), 5.78 (1H,Xs+ 6 Hz);
Oc (CDChk): 24.9, 26.3, 43.0, 80.6, 94.3, 216.2; GC-MS (saomditions as those used
for 18): tr 4.57 min (99%); MS (70 eV, Ewz 102 (14) [(M-HO)], 71 (4), 69 (4),
59 (100), 44 (16), 43 (34). HRMS calcd forgfGoOs]* (M¥): 130.0630, found:
130.0631.
4.16. A%-5,5-Dimethyldihydrofuran-4-onel?)

Powdered CuSQ(20 g, 125 mmol) and MgSd5 g, 42 mmol) were added to a
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stirred solution o#41 (16.0 g, 123 mmol) in ED (200 mL) containing ten drops of conc
HCI, and the mixture was stirred for 2 d at roormperature. The mixture was
filtered, and the solid was washed with@t The combined filtrate and washings
were concentrated (Vigreux column) under atmospharéssure, and the residue was
distilled to give42 (7.65 g, 58%) as a colorless oil, bp 63%@&.4 kPany® = 1.4478;
Vmax (film): 3110 (w), 3067 (w), 2982 (m), 2934 (w), ZB(w), 1706 (s), 1562 (s), 1454
(w), 1379 (m), 1365 (m), 1279 (w), 1198 (s), 118p 1089 (v), 1043 (m), 953 (w), 848
(w), 795 (m), 513 (m)dy (CDCk): 1.37 (6H, s), 5.58 (1H, d,= 2 Hz), 8.13 (1H, d]) =

2 Hz); &c (CDCh): 22.7, 87.6, 104.8, 176.3, 207.8; GC-MS (samdlitmms as those
used forl8): tg 3.91 min (94%); MS (70 eV, El)rvz 112 (100) [M], 71 (24), 69 (8),
58 (23), 54 (53), 43 (57), 42 (11), 41 (13). HRBWgcd for [GHgOz]" (M™): 112.0524,
found: 112.0530.

4.17. 2,2-Dimethyltetrahydrofuran-3-ong4j

Palladium-charcoal (10%, 1.0 g) was addeddolation 0of42 (13.1 g, 117 mmol)
in AcOMe (40 mL), and the mixture was stirred unHieratmosphere (balloon) for 6 h
at room temperature, when Hptake ceased. The mixture was filtered througlite;
and the Celite layer was washed with AcOMe. Theafe was concentrated (Vigreux
column), and the residue was distilled to glwe24 g (77%) oB4 as a colorless oil, bp
65—-66C/4.0 kPanp®™ = 1.4240;Vmax (film): 2979 (m), 2932 (w), 2876 (w), 1757 (s),
1715 (sh), 1182 (s), 1103 (s), 1018 (m), 968 (8% &), 508 (M)dy (CDCk): 1.20
(6H, s), 2.52 (2H, t) = 7 Hz), 4.11 (2H, t) = 7 Hz);3c (CDChL): 22.4, 35.9, 61.5; 79.2,
217.7; GC-MS (same conditions as those used &irtg 3.80 min (95%); MS (70 eV,
El): mz 114 (9) [M], 86 (43), 58 (20), 43 (100). HRMS calcd forgfGoOo]" (M™):
114.0681, found: 114.0687.

4.18. 5,5-Dimethyltetronic acid (5,5-dimethyltdtyarofuran-2,4-dione3b)

Jones chromic acid (8 for oxygen, 39 mL, 312 meq) was added dropwise ©0e
min to a stirred and ice-cooled solution 4# (20.7 g, 159 mmol) at 10-3G. The
mixture was stirred for further 10 min at 52C0 It was then concentrated in vacuo.
The residue was diluted with water, and extracteth ietOAc. The extract was
washed with brine, dried (MgSJ) and concentrated in vacuo. The residual seid-so
(18.9 g) was recrystallized from EtOAc/hexane teed5 (8.00 g, 39%) as colorless
rhombs, mp 145-146 (ref!® mp 151-15%C; ref!°mp 142—143C; Vmax (Nujol): 2600—
2400 (br m), 1748 (w), 1697 (s), 1677 (s), 1651, (1568 (s), 1304 (s), 1235 (m), 1194
(m), 1109 (m), 985 (m), 800 (MJiy (DMSO-d;, 500 MHz): 1.38 (6H, s), 4.79 (1H, s),
12.65 (1H, br s)dc (DMSO-&;, 126 MHz): 24.0, 81.3, 86.0, 171.8, 185.2. HRMS
calcd for [GHgOs]™ (M™): 128.0473, found; 128.0469.
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4.19. 3,3-Dimethyl-4-pentenoic acikBj

A stirred mixture of46 (68.8 g, 0.80 mol), MeC(OEtY194.4 g, 1.20 mol) and
EtCOH (2 mL) was gradually heated to raise up the itesmerature at 146, while
ca. 150 mL of EtOH was removed by distillation. Aaditional amount of EtCH
(2 mL) was then added, and the mixture was stiaredi heated at 145—-1%Dfor 3 h,
while removing ca 40 mL of EtOH. After cooling bel 60°C, dil HCI (1 mL of conc
HCI and 100 mL of water) was added to the mixtaredéstroy excess MeC(OE:t)
(Addition of conc HCI as reported in réfdamages the produd?, and therefore dil
HCI must be used.) Then the mixture was stired aeated at 12C@ (bath
temperature to remove 120 mL of a mixture of EtOBtOH and water to give crude
47. The crudet7 was diluted with MeOH (180 mL) and water (300 mand KOH
(93.0 g, 1.66 mol) was added portionwise with stgr The mixture was stirred and
heated under reflux for 2 h, then concentrated uatteospheric pressure removing
320 mL of distillates at bath temperature of L0 After cooling, neutral impurities
were removed by extraction withJEX. The aqueous layer was diluted with ice and
water, and acidified with conc HCI (160 mL, 1.92 Ilno The separated acid was
extracted with EO. The E40 extract was dried (MgS{) and concentrated in vacuo.
The residue was distilled to giv8 (71.2 g, 70%) as a colorless oil, bp 802®0.7
KPa;Vmax (film): ~3086-2674 (br s), 2967 (s), 1710 (s), Agr), 1415 (m), 1250 (m),
998 (m), 916 (M)dy (CDCk): 1.16 (6H, s), 2.33 (2H, s), 4.95-5.02 (2H, mB 75
5.94 (1H, m);5c (CDCk): 27.0, 36.1, 46.7, 111.2, 146.6, 178.6. Ti@NMR data
were identical with those reported in féf.

4.20. 5-lodomethyl-4,4-dimethyltetrahydrofurani2d49)

Powdered NaHC£(75.0 g, 0.89 mol) was added portionwise to a nagely
stirred mixture of48 (71.2 g, 0.56 mol) in water (1.5 L). After thedsdn, the
vigorous stirring was continued for 15 min to digeat8 as its Na salt. Subsequently,
Nal (19.6 g, 0.13 mol) was added to the aqueoustienl lodine (141 g, 0.55 mol)
was added portionwise over 4 h to the stirred méxtu The flask was wrapped with
aluminum foil, and the stirring was continued fod &t room temperature. It was then
extracted with CHCl,. The extract was washed with 10%,8#; solution, dried
(MgS(QOy), and concentrated in vacuo to gi@ (137.1 g, 97%) as a colorless aiax
(film): 2964 (m), 1783 (s), 1467 (m), 1417 (m), 6281), 1232 (m), 1200 (m), 1177 (s),
1122 (s), 991 (s), 972 (s), 929 (m), 736 (m), 682, du (CDCk): 1.10 (3H, s), 1.28 (3H,
S), 2.47 (2H, s), 3.21-3.25 (1H, m), 3.29-3.33 (dhHl, 4.39-4.42 (1H, mpc (CDCL):
-0.7, 20.8, 26.1, 40.0, 44.7, 87.9, 174.2. The Nu&Ra were in good accord with
those reported in ref’
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4.21. 3,3-Dimethyl-4-penten-4-olide0j

A solution of DBU (89.6 g, 0.59 mol) ingBs (100 mL) was added dropwise to a
stirred solution o#9 (137.1 g, 0.556 mol) in &g (500 mL). The mixture was stirred
and heated under reflux for 2 h. After coolinge timixture was filtered to remove
precipitated DBU-HI salt, and the solid was washiedroughly with E{O. The
combined filtrate and washings were washed withHf@ill and brine, dried (MgS{p,
and concentrated in vacuo. The residue was edtib give50 (52.0 g, 76%) as a
colorless ail, bp 60-6C/0.6 kPaymax (film): 2970 (m), 2932 (w), 2874 (w), 1806 (s),
1670 (s), 1466 (w), 1419 (w), 1371 (w), 1257 (n®32 (m), 1199 (m), 1096 (s), 981 (s),
843 (m);dy (CDCl): 1.33 (6H, s), 2.50 (2H, s), 4.30 (1H, s), 4.661(s);dc (CDCL):
28.0, 39.1, 43.0, 86.2, 165.9, 173.2. Tfeé NMR data were in good accord with
those reported in réf.

4.22. 3,3-Dimethyl-4-oxopentanoic actl)

A solution of KOH (30.8 g, 0.55 mol) in wate200 mL) was slowly added to
stirred50 (51.9 g, 0.41 mol). Exothermic hydrolysis 5 took place. The mixture
was stirred for 15 min at room temperature, aadifivith conc HCI (50 mL, 0.55 mol)
and ice, and extracted with @El,. The extract was dried (MgQQand concentrated
in vacuo to givebl (61.2 g, quant) as a colorless @ilax (film): ~3500—~2650 (m),
2975 (s), 1708 (s), 1366 (m), 1241 (m), 1172 (8271(m), 923 (m)dy (CDCk): 1.22
(6H, s), 2.17 (3H, s), 2.60 (2H, )¢ (CDCk): 25.0, 25.3, 43.8, 45.9, 177.2, 213.0.
The'*C NMR data were in good accord with those repoiraef ..

4.23. 3,4-Dimethyl-2-penten-4-olidé3]

Polyphosphoric acid was prepared by addig@sR90 g, 0.63 mol) to 85% R0,
(60 mL), and heating the stirred mixture at °dor 1 h. The oily51 (18.6 g, 0.13
mol) was added slowly to the stirred polyphosphaka, and the mixture was stirred
and heated at 130 for 30 min. After cooling, the mixture was diat with ice and
water, saturated with NaCl, and extracted withOEt The extract was washed
successively with water, NaHG@olution and brine, dried (MgSJ) and concentrated
in vacuo. The residue was distilled to giW@ (7.78 g, 48%) as a slightly yellowish
solid, bp 73-7%C/0.3 kPa, mp 40-4C; vma (film): 3104 (w), 1737 (s), 1665 (m),
1642 (m), 1460 (s), 1385 (m), 1368 (m), 1275 (i), 11(m), 1091 (m), 968 (s), 735 (M),
588 (m);dy (CDCh): 1.42 (6H, s), 2.01 (3H, s), 5.66 (1H, &}; (CDCk): 13.0, 24.6,
87.4, 115.6, 172.2, 173.3. THE NMR data were in good accord with those reported
in ref?Y.  HRMS calcd for [GH1005]" (M*): 126.0681, found: 126.0681.

4.24. 2-(3-Butenyl)-3,4-dimethyl-2-penten-4-ol{82)
A solution of lithium diisopropylamide (1% in THF/heptane/toluene, 20 mL, 30
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mmol) was added dropwise to a stirred and cooléatisa of 43 (3.78 g, 30 mmol) in
THF (10 mL) at —=78C under argon. The mixture was stirred and®€7®r 30 min.
Then a solution of 1-iodo-3-butene (6.00 g, 33 mmol THF (15 mL) was added
dropwise over 10 min to the stirred and cooled orixtat -78C.  After stirring for 1 h
at —75C, the mixture was further stirred for 1 h at robemperature. It was then
quenched with NECI solution. The mixture was diluted with watendaextracted
with EO. The E4O solution was washed with water and brine, driddSQy), and
concentrated in vacuo. The residue (5.95 g) wasncatographed over S@100 g).
Elution with hexane/EtOAc (5:1) gaw® (2.35 g, 44%). A portion of the crud
was distilled to give pur82 as a colorless oil, bp 104-T80.2 kPanp,?* = 1.4734;
Vmax (film): 3078 (w), 2979 (m), 2932 (w), 2869 (w),4d (s), 1679 (m), 1640 (w),
1291 (m), 1202 (m), 1073 (m), 969 (m), 912 (%) (CDCk): 1.35 (6H, s), 1.87 (3H, s),
2.21-2.26 (4H, m), 4.89-4.97 (2H, m), 5.66-5.73, (Ht dc (CDChk): 11.1, 22.9, 24.8,
24.9, 32.0, 85.6, 115.7, 125.1, 137.2, 164.8, 1/3Q-MS (same conditions as those
used forl8): tz 18.21 min (91%); MS (70 eV, El)vz 180 (21) [M], 165 (45), 135
(45), 121 (74), 107 (32), 93 (48), 79 (35), 43 (LOOHRMS Calcd for [GH1602]"
(M™): 180.1150, found: 180.1149.

4.25. (1S,5R)-trans-Pulegenic ack¥)

4.25.1 (R)-Pulegone dibromidg5)

Bromine (19 mL, 370 mmol) was added dropwisero0 min to a stirred and
ice-cooled solution 054 (54.2 g, 357 mmol) in glacial AcOH (75 mL) at 52C5 The
mixture was stirred for 30 min after the additiohBr,, poured into ice-water, and
extracted with pentane. The pentane solution washed with water, NaHGO
solution and brine, dried (MgS}) and filtered to give a pentane solutiorbbf
4.25.2. A cis/trans-mixture of ethyl pulegena&& (

The above solution @35 was added dropwise to a stirred and heated solatio
NaOEt (68 g, 1 mol) in EtOH (400 mL). After disitig off the pentane, the mixture
was stirred and heated at 80-¥Ddor 2 h to remove 100 mL of EtOH. After cooling,
the mixture was poured into ice and 10% HCI (500,nabd extracted with ED. The
extract was washed with water, dried (Mgs@nd concentrated in vacuo to give 50.4 g
(72%) of56 as a 1:3 mixture dfis/transisomers o066 as judged by GC analysis (same
conditions as those used f8): tr 16.23 min (77%), 16.56 min (23%).

4.25.3. (1S,5R)-trans-Pulegenic acky)

A solution of KOH (20 g, 357 mmol) in water (80L) was slowly added to a
solution of56 (50.4 g, 257 mmol) in 95% EtOH (200 mL). The mne was stirred
and heated under reflux for 3 h, and EtOH was readdoy distillation. After cooling,
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the residue was diluted with water, and extractél #&t,O to remove neutral impurities.
The ERO layer was extracted with water. The combinedeaqs solution was
acidified with conc HCI (40 mL, 480 mmol) and iceThe mixture was extracted with
Et,O. The E{O solution was washed successively with water arideb dried
(MgSQy), and concentrated in vacuo. The residue wadleisto give 57 (24.5 g,
57%) as a colorless oMmax (film): ~3500— ~2500 (br m), 2956 (s), 1701 (56 (m),
1415 (m), 1375 (m), 1292 (m), 1213 (m), 952 (w)38%), 813 (w), 707 (w):dn
(CDCl3): 1.08 (3H, dJ =7 Hz), 1.64 (3H, s), 1.67 (3H, s), 1.90-2.05 ,(2t}, 2.23—
2.45 (3H, m), 2.97 (1H, dl = 5 Hz);dc (CDCk): 19.9, 21.67, 21.74, 30.4, 33.8, 40.9,
55.6, 126.9, 133.9, 182.2; GC-MS (same conditiathase used fd8): tg 17.45 min
(89%); MS (70 eV, El)mvz: 168 (35) [M], 125 (14), 123 (100), 107 (21), 91 (10), 81
(56), 67 (13), 41 (13).

4.26. lodolactone5@)

A solution of } (76.2 g, 0.3 mol) and Nal (135.0 g, 0.9 mol) inevgd300 mL) was
added over 10 min to a stirred solution5Gf(24.5 g, 0.146 mol) and NaHG@12.6 g,
0.150 mol) in a mixture of ED (400 mL) and KO (400 mL) at room temperature.
The mixture was stirred for 4 d at room temperatuigle the flask was wrapped with
an aluminum foil. Then sodium thiosulfate was atittedestroy the excesg &nd the
Et,O layer was separated. The aqueous layer wasctedravith EtO. The E{O
solution was successively washed with NaHGGIution and brine, dried (MgS}J) and
concentrated in vacuo to give a solid residue (B7 dhis was recrystallized from
pentane to give8 (22.2 g, 52%) as colorless needles, mp 5855/ p%? +1.82 € 1.65,
Et,O); Vmax (nujol): 1775 (s), 1375 (s), 1267 (s), 1225 (n®0Q (m), 1120 (m), 1078 (s),
1029 (m), 947 (s), 802 (m), 731 (m), 607 (¥);(CDCk): 1.39 (3H, dJ =7 Hz), 1.49
(3H, s), 1.74 (3H, s), 1.78-1.94 (2H, m), 2.10-224, m), 2.55-2.65 (1H, m), 2.88
(1H); &c (CDCl): 21.1, 23.0, 33.0, 34.9, 37.1, 42.3, 53.0, 68619, 177.4. GC (same
conditions as those used fi8): tg 22.66 min (100%); MS (70 eV, Eliwz 167 (100),
123 (67), 95 (15), 91 (12), 81 (64), 43 (23). HRMS&cd for [GoH1s0.I]" (M™):
294.0117, found: 294.0109.

4.27. Unsaturated lactoné¥)

1,8-Diazabicyclo[5.4.0]-7-undecene (DBU, 12.,065.9 mmol) was added to a
solution 0f58 (12.12 g, 41.2 mmol) in 4Bl (120 mL). The mixture was stirred for 3 h
at room temperature. White precipitates of DBU4ddIlt appeared soon afterwards
(exothermic). Subsequently the mixture was a@difvith dil HCI and ice. The
benzene layer was separated, and the aqueousvageextracted with ED. The
combined organic solution was washed successivily water, NaHC@ solution and
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brine, dried (MgS@), and concentrated in vacuo. The residue waystdlized from
pentane to givd7 (5.72 g, 78%) as colorless prisms, mp 43-43.5a]p%° +6.39 €
1.32, E+O); Vimax (nujol): 1766 (s), 1663 (m), 1336 (m), 1279 (nd82 (m), 1124 (m),
1049 (m), 1006 (s), 902 (m), 786 (m), 615 (m), §MY; &y (CDChk): 1.18 (3H, dJ =7
Hz), 1.44 (3H, s), 1.46 (3H, s), 1.90-2.00 (1H, hg8-2.56 (2H, m), 2.60-2.72 (1H,
m), 2.92-3.02 (1H, m)dc (CDCk): 19.3, 25.0, 26.4, 33.9, 38.1, 83.3, 139.3, 168.6
180.4. GC (same conditions as those used &prtg 17.30 min (100%); MS (70 eV,
El): m/z 151 (28), 123 (100), 107 (7), 79 (14), 43 (21HRMS calcd for [GoH140]"
(M™): 166.0994, found: 166.1004.

4.28. Unsaturated lactore8a + 53b

Deconjugation/protonation oR)-17 to a mixture of53a53b could be achieved
either KH or lithium diisopropylamide (LDA) as ad®| The use of LDA was more
convenient, and therefore recorded here.

A solution of LDA (TCI, 1.5v in THF/heptane/toluene; 54 mL, 81 mmol) was
added dropwise to a stirred and cooled solutiofRyM17 (9.64 g, 58 mmol) in THF
(100 mL) over 10 min at —60 to -8D under argon. The mixture was stirred at°c78
for 30 min, and then the dry ice/acetone bath wawwred to raise the inner temperature
to °C. The resulting enolate solution was taken ingyringe, and added over 5 min
to a stirred and cooled solution of AcOH (24 mL)ERO (200 mL) at —7& under
argon. The solution was stirred for 5 min, pouirgd iced-water, and extracted with
Et,O. The EfO extract was washed successively with NalHG6Iution and brine,
dried (MgSQ), and concentrated in vacuo to give 12.1 g of &dn orhis was
chromatographed over Si@90 g). After washing the column with hexane émove
toluene and heptane, a mixtures@a53b (7.30 g, 76%) was eluted with hexane/EtOAc
(10:1). The oily53a53b, np® = 1.4770, solidified in a deep freezer, although i
recrystallization from pentane was unsuccessfulp? -36.5 € 1.52, E$O); Vmax
(film): 3060 (w), 2977 (s), 2931 (s), 2871 (s), R8S), 1765 (s), 1675 (m), 1460 (M),
1371 (m), 1297 (s), 1219 (s), 1194 (s), 1125 ($p41(m), 1083 (s), 1036 (M), 963 (s),
898 (m), 846 (m), 593 (m), 552 (M); (CDCk): 0.95 (3H, dJ =7 Hz), 1.47 (3H, s),
1.53 (3H, s), 2.14 (1H, m). 2.70-2.80 (1H, m), 28393 (1H, m), 3.82-3.89 (1H, br),
5.58-5.62 (1H, m); The minor isomé¥3p) showed its E;CH atd1.28 (3H, dJ =7
Hz); &c (CDCh): 16.3, 26.1, 26.5, 35.5, 45.2, 54.4, 83.6, 1214,.4, 173.9; GC-MS
(same conditions as those used 18): tg 15.37 min (10.5%), 15.81 min (89.5%); MS
(70 eV, El):m/z 166 (11) [M], 122 (26), 121 (33), 107 (100), 105 (26), 9 (¥H,(23),
43 (15); The two isomers showed entirely similar M@ectra. HRMS calcd for
[C10H1405]" (M™): 166.0994, found: 166.1006.
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4.29. Ketolactone (1R,5S,8R)-

A solution 0f53a53b (1.53 g, 9.2 mmol) in ED (15 mL) was added dropwise over
5 min to a stirred and ice-cooled solution of 8FHF in THF (0.9m, 10 mL, 9.0
mmol) at 9-18C under argon. The mixture was stirred for 75 atiB—8C. Excess
BH3- THF was then destroyed by slow addition of waBm(). After stirring for 5
min, the mixture was concentrated in vacuo (rotavaporator). The residue was
diluted with EtO (20 mL), acetone (10 mL) and water (10 mL), amdesl vigorously
under ice-cooling. Jones chromic acidM8n oxygen, 9 mL, 72 mmol) was added
dropwise to the stirred mixture, and the stirringswcontinued for 20 min. After
destroying excess CgQvith MeOH, the mixture was diluted with water, agxtracted
with ELO. The E4O solution was washed successively with water, Nagigblution
and brine, dried (MgS£), and concentrated in vacuo. The residue (1.06vag
chromatographed over Si@10 g). Elution with hexane gave 0.26 g of an aild
further elution with hexane/EtOAc (20:1) gave 0gh8f an oil. Subsequently, elution
with hexane/EtOAc (20:1) gave 0.72 g of an oilnfrevhich crystals of (B,5S8R)-7
separated. Recrystallization from EtOAc/pentaneegbd0 mg (8%) of ®&,5S8R)-7
as colorless rhombs, mp 85286(ref*: mp 83.0-84.%C for its opposite enantiomer);
[a]p?? -309.4 € 0.216, E30); [ref* [a]p® +319 € 1.014, E$0) for its opposite
enantiomer]. Its IR'H and*C NMR spectra were identical with those reported fo
the enantiomet. vimay (nujol): 1764 (s), 1741 (s), 1375 (m), 1257 (mdp4 (m), 1170
(m), 1135 (m), 1109 (m), 1086 (m), 968 (m), 935,(@)7 (m);dy (CDCl): 1.40 (3H, d,
J=7Hz), 1.41 (3H, s), 1.45 (3H, s), 1.94 (1H, dd&; 16, 13 Hz). 2.43-2.58 (2H, m),
2.73 (1H, dJ = 9 Hz), 3.43 (1H, ddJ = 9, 7Hz);3c (CDCk): 15.8, 24.4, 30.9, 32.1,
46.8, 47.2, 58.4, 83.6, 174.8, 213.7; GC-MS (saamlitions as those used b8): tg
18.99 min (98.5%); MS (70 eV, Elwvz 182 (15) [M], 113 (10), 97 (17), 96 (100), 81
(36), 69 (24), 43 (12). HRMS calcd for{§11503] " (M™): 182.0943, found: 182.0942.
4.30. Dihydroxylactone (1R,5S,6R,8R)+ (1S,5R,6S,8R39

An aqueous solution of 4-methylmorpholiNeaxide (50%, 4.8M, 5 mL, 24

mmol) and Os®(1% solution in-BuOH, 2 mL = 20 mg 0Os£0.08 mmol) were added
to a stirred solution 0563a53b (2.50 g, 15 mmol) in a mixture of acetone (30 mL),
t-BuOH (10 mL) and water (2 mL) at room temperatumder argon. The mixture was
stirred for 9 d under argon. Subsequently,3@- 7H,O was added to destroy excess
NMO and OsQ@. The mixture was diluted with brine, and extrdcteith EtOAc.
The EtOAc solution was dried (MgQ)) and concentrated in vacuo to give a residue
(4.17 g). This was chromatographed over ;S{80 g). Elution with hexane gave
0.14 g of an oil, and further elution with hexan@®@B&c (5:1-2:1) gave 3.06 g (98%) of
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a mixture of (R5S6R8R)-39 and (IS5R6S8R)-39 as a solid. This was
recrystallized from acetone/pentane to give 1.9 the 1st crop as colorless prisms,
mp 112-112C; [a]p*° —-54.8 € 0.70, E3O) 0.61 g of 2nd crop and 0.25 g of the 3rd
crop. Analytical data of the 1st crop were asofeb: v« (nujol): 3443 (m), 3304 (m),
1742 (s), 1380 (m), 1281 (m), 1266 (m), 1232 (P71 (w), 1119 (m), 1096 (m), 1086
(m), 1027 (m), 864 (m)y (CDCk major signals): 1.18 (3H, d,= 7 Hz) 1.42 (3H, s),
1.43 (3H, s), 1.62-1.72 (1H, m), 2.01-2.10 (1H, ]%8-2.70 (1H, m), 2.72 (1H, br),
2.97 (1H, dJ = 9 Hz), 3.61 (1H, s-like), 4.41 (1H, ddi= 12, 6 Hz):3c (CDCk major
signals): 16.3, 21.8, 25.5, 30.9, 41.6, 53.1, 783.3, 86.2, 174.5; GC-MS (same
conditions as those used fb8): tr 23.99 min [10.1%, &5R,6S8R)-39], 24.74 min
[89.9%, (R,5S56R,8R)-39]; MS of the major isomer (= that of the minor isenn70 eV,
El): m/z 130 (37), 114 (100), 99 (61), 96 (49), 81 (49), (23). HRMS calcd for
[C10H1604]" (M): 200.1049, found for the major isomer: 200.1060nd for the minor
isomer: 200.1039. GC of the 2nd crop showed itb® a 3:1 mixture of
(1R,556R,8R)-39 and (B5R,658R)-39. The 3rd crop contained substantial amount of
impurities different fron89.
4.31. Hydroxyketolactone (1R,5R,8F9)-

4-MethylmorpholineN-oxide (Aldrich, 1.89 g, 14 mmol), powdered MS 4A84

9)
and @-PryNRuQ;, (98 mg, 0.28 mmol) were added to a stirred anecamded solution
of (1R,5S6R,8R)-39(1S5R,6S8R)-39 (3:1, 559 mg, 2.8 mmol) in G&l, (15 mL).
After the initial exothermic reaction, the mixtusmas stirred for 2 h at room temperature.
Then the dark-colored mixture was poured onto aroal of SiQ (20 g) in hexane.
Elution with hexane and hexane/EtOAc (5:1) gavehimgt Further elution with
hexane/EtOAc (3:1) gave 102 mg (18%) oRER8R)-15 as a solid. This was
recrystallized from EtOAc/pentane to give 50 mg J98b (1R,5R,8R)-15 as colorless
rhombs, mp 153-186 (sinter at 12%C); [a]p'® —332.8 € 0.035, E40); Vmax (film):
3427 (m), 1744 (s), 1308 (m), 1061 (m), 1033 (M) &n);dy (CDCl, major isomer):
1.29 (3H, s), 1.40 (3H, d,= 7 Hz), 1.45 (3H, s), 2.19 (1H, dii= 16, 2 Hz), 2.50-2.61
(2H, m), 2.81 (1H, s), 3.15 (1H, ddi= 7, 2 Hz);dc (CDCk major isomer): 15.5, 23.2,
25.6, 30.6, 45.9, 51.7, 85.0, 85.7, 172.4, 214Q:NES (same conditions as those used
for 18): tr 18.85 min [87%, (R,5R,8R)-15], 19.00 min [13%, ($5S8R)-15]; MS (70
eV, El): m/z113 (13), 112 (100), 97 (21),84 (21), 69 (72),(29), 43 (22). The two
isomers showed the same MS spectra. HRMS calcfCigH1404]" (M"): 198.0892,
found: 198.0906 (major isomer), 198.0901 (minomiso).
4.32. Unsaturated hydroxyketolactone (1R,3R)-
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A solution of KN(TMS) (0.5M, 11% in toluene, 24 mL, 12 mmol) was added
dropwise to a stirred and cooled solution dR,8R,8R)-15 (654 mg; 3 mmol) in THF
(15 mL) at —-78——6% under argon. The mixture was stirred for 15 min-78C.
Subsequently a solution of PhSeBr (1.18 g, 5 mnml)f/HF (5 mL) was added
dropwise to the stirred mixture at 8 and the stirring was continued for 1 h at %78
Then the mixture was quenched with MH solution and extracted with J8. The
Et,O solution was washed with brine, dried (Mgg@nd concentrated in vacuo to give
an oil (2.12 g). This was chromatographed over,S{@ g). Elution with
hexane/EtOAc (2:1) gave 670 mg (quant based on ctrmesumedl15) of C-7
phenylselenylated product. Further elution withxdree/EtOAC (2:1) gave 340 mg
(52%) of the recoveretl5. A solution of the crude phenylselenoketone (6%f) 1.4
mmol) in THF (16 mL) was added dropwise to the vaysly stirred solution of NalO
(2.14 g, 10 mmol) in BO (8 mL). The solution was stirred for 1 h at room
temperature to give a suspension of NalOThe suspension was diluted with, S&;
solution, and extracted with 2. The EfO solution was washed successively with
water and brine, dried (MgS}) and concentrated in vacuo to give an oil (370.mg
This was chromatographed over $i(20 g). After some unidentified materials,
elution with hexane/EtOAc (2:1) gave 42 mg (14%éeoasn 15) of (1R 5R)-16 as
crystals. This was recrystallized (EtOAc/pentane)give 20 mg (7%) of pure
(1R,5R)-16 as pale yellow prisms, mp 132.5-138&5[a]p?° —248.7 € 0.0215, EtOAC);
Vmax (Nujol): 3370 (m), 1766 (s), 1698 (vs), 1615 (3,76 (m), 1254 (m), 1133 (m),
1088 (m), 964 (w), 907 (w), 873 (w), 729 (w); (CDCk): 1.34 (3H, s), 1.53 (3H, ),
1.65 (1H, s), 2.36 (3H, s), 3.03 (1H, s), 3.67 (8H,6.06 (1H, s-like), 7.27 (1H, ¢
(CDCl3): 18.0, 24.4, 25.7, 59.8, 83.4, 87.9; 128.9, 1,708.8; 204.8; GC-MS (same
conditions as those used 8): tr 20.14 min (98.9%); MS (70 eV, Elwz 152 (31),
138 (25), 110 (100), 109 (43), 82 (87), 70 (19),(88), 39 (22). HRMS calcd for
[C10H120]" (M¥): 196.0736, found: 196.0747.

4.33. CD spectral measurements

Instrument: Jasco J-1500; Solvent: MeOH; Gatigth: 10 mm; Temp: 21.56.
(A) (1R 5S8R)-7: ¢ 6.6 x 10°> M; Mol. CD (1) 304 nm, —3.889; (2) 233 nm, 0.13247
(3) 203 nm, -1.12416. (B) RI5R,8R)-15: ¢ 5.4 x 10°M; Mol. CD (1) 314 nm,
-3.0068; (2) 253 nm, 0.05325; (3) 227 nm, —0.615@9;212 nm, -0.01093; (5) 203
nm, -1.2648. (C) ®5R)-16: ¢ 6.22 x 10°M; Mol. CD (1) 242.7 nm, -26.0; (2)
218.9 nm 25.6; (3) 201.7 nm, -22.0.

4.34. X-Ray crystal structure analysis of (1R,2R)-
Crystal data: ¢H1,04, FW = 196.20, monoclinicP2;, a = 6.35336 (9), b =
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6.60462 (9)c = 11.70119 (17) AB=104.8324 (159, V = 474.639 (12) A Dx = 1.373
gcm> Z=2; (Mo Ka) = 0.106 mm®*, T= 90 K. Block shaped pale yellow crystals
were grown from ethyl acetate solution ofR(AR)-16. A single crystal with the
dimensions of 0.28 x 0.21 x 0.09 mm was mounted @hass capillary and set on a
Rigaku AFC-8 diffractometer equipped with a Sat@@ZD detector. The diffraction
data were collected using MoK radiation, which was monochromated by a
multi-layered confocal mirror. The unit cell dingons were determined using 21363
reflections with 3.55< 20 < 65.53°. The diffraction data of 23728 within
3.60<26<65.04 ° were collected and merged to give 3326 unique aidfies with the
Riof 0.0317. The structure was solved by a dual@paethod and refined d%f by a
least-squares method by the programs SHELXT-26488dd SHELXL-2018/3?
respectively. The anisotropic and isotropic terapee factors were applied for
non-hydrogen and hydrogen atoms, respectively. fiffa R values on 3291 unique
reflections (Bnax= 65.04) with | >20(1) are 0.0249 and 0.0678 f&F) andwR(F?),
respectively. The absolute structure of the ctystas determined by anomalous
dispersion effects (= 0.00 (16)J%*' Supplementary crystallographic data were
deposited at the Cambridge Crystallographic Datatr@g CCDC) under the numbers
CCDC 1901767, and can be obtained free of chargem fr via
https://www.ccdc.cam.ac.uk/structures.

Acknowledgements

K.M. thanks Mr. M. Kimura (President, Toyo Gosei.Ciotd) and Mr. Y. Kimura
(CEO, Toyo Gosei Co., Ltd) for their support. Dr. Hashizume (RIKEN Center for
Emergent Matter Science) kindly carried out thea¥-analysis of (R5R)-16. My
thanks are due to Prof. H. Takikawa and Dr. Y. @g{ithe University of Tokyo) for
detailed discussion especially on the stereochgno$63a53b.  Drs. K. Sakaguchi, T.
Hamasaki, N. Kobayashi (Toyo Gosei Co., Ltd), andOkamura (The University of
Tokyo) are thanked for their help in instrumentaasurements. Messrs. J. Kazami
and K. Kikusato (both RIKEN) helped K.M. in severialyses. Dr. T. Nakamura
(RIKEN) kindly carried out the HRMS analyses. Bi. Yasui (National Agricultural
and Food Research Organization) is thanked foudgson.

Finally K.M. thanks all of the readers of higies of Pheromone Synthesis (1973
2019). Out of 264 papers in the series 34 (13%}we single-authored ones. Due
to his health problem (cancer and heart attacky). Kaow stops his benchwork. His
benchwork continued for 62 years (1957-2019).

~ 5g ~



References

1.
2.

10.

11.
12.

13.

14.
15.
16.

17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

K. Mori, Tetrahedron 74 (2018) 1444-1448.

H. Yasui, T. Akino, T. Yasuda, M. Fukaya, S. Wakaau. Ono, Tetrahedron Lett.
48 (2007) 2395-2400.

H. Yasui, Appl. Entomol. Zool. 44 (2009) 184-194.

K. Mori, Tetrahedron Lett. 48 (2007) 5609-5611.

Improved procedure for the preparation&fsee: T.C. Johnson, M.R. Chin, D.
Siegel, J. Org. Chem. 82 (2017) 4640-4653.

T. Suzuki, H. Hagiwara, H. Uchida, N. Tsuji, H. Qniapan Tokkyo Kokai JP
2017-95381A.

M.C. White, J. Zhao, J. Am. Chem. Soc. 140 (2013®3B—-140009.

S. Kurosawa, M. Bando, K. Mori, Eur. J. Org. Ché&®.(2001) 4395-4399.

X. Wei, J.C. Lorenz, S. Kapadia, A. Saha, N. Hadd&@dA. Busacca, C.H.
Senanayake, J. Org. Chem. 72 (2007) 4250-4253.

C.L. Morris, Y. Hu, G.D. Head, L.J. Brown, W.G. Winigham, R.C.D. Brown, J.
Org. Chem. 74 (2009) 981-988 (S10).

S. Sano, K. Mori, Eur. J. Org. Chem. 1999 (1999)9t4.686.

T. Okada, T. Asawa, Y. Sugiyama, T. lwai, M. KinlbaY. Kimura, Tetrahedron 72
(2016) 2818-2827.

M. Shibuya, Y. Sasano, M. Tomizawa, T. Hamada, Mz&wa, N. Nagahama, Y.
Iwabuchi, Synthesis 2011 (2011) 3418-3425.

R.H. Grubbs, S. Chang, Tetrahedron 54 (1998) 4445334

J. McMurry, Chem. Rev. 89 (1989) 1513-1524.

M. Szostak, N.J. Fazakerley, D. Parmar, D.J. ProCteem. Rev. 114 (2014) 5959—
6039.

P. Margaretha, Tetrahedron Lett. 12 (1971) 48912489

K. Matsuo, K. Tanaka, Chem. Pharm. Bull. 32 (198424—-3729.

A.C. Veronese AC, R. Callegari, A. Bertazzo, Hetgubes 32 (1991) 2205-2215.
H.J. Gunther, E. Guntrum, V. Jager, Liebigs Anne@h1984 (1984) 15-30.

E. Guntrum, W. Kuhn, W. Spoénlein, V. Jager, Syni$h&986 (1986) 921-925.

J. Wolinsky, T. Gibson, D. Chan, H. Wolf, Tetrahed21 (1965) 1247-1261.

J. Wolinsky, D. Chan, J. Org. Chem. 30 (1965) 41-43

V. Van Rheenen, R.C. Kelly, D.Y. Cha, Tetrahedrett17 (1976) 1973-1974.
S.V. Ley, J. Norman, W.P. Griffith, S.P. Marsdegn®esis 1994 (1994) 639-666.
H. Li, X. Wang, B. Hong, X. Lei, J. Org. Chem. 78(3) 800-821.

K.B. Sharpless, R.F. Lauer, A.Y. Teranishi, J. Aihem. Soc. 95 (1973) 6137—

~ 30 ~



6139.
28. G.M. Sheldrick, Acta Crystallogr. Sect. A 71 (20B58.
29. G.M. Sheldrick, Acta Crystallogr. Sect. C 71 (20358.
30. H. D. Flack, Acta Crystallogr. Sect. A 39 (198358881.
31. S. Parsons, H.D. Flack, T. Wagner, Acta CrystallS8gct. B 69 (2013) 249-259.

~ a1~



