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Abstract: Synthesis of a unique fatty acyl unit to build tikéerminus of callipeltin A
and homophymine B is described. Our approach toesacc (R 3R,

4R)-3-hydroxy-2,4,6-trimethylheptanoic acid uses enatic hydrolysis for the
desymmetrization of achiral acetate, followed byastitreoselective Roush

crotylboration and Wittig olefination for the baakie construction.
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1. Introduction
Cyclodepsipeptides callipeltin A and homophymine B} were isolated from marine

spongegallipelta sp. forl andhomophymia sp. for2 by the Zampella group? These



molecules show potent inhibitory activities agaisC chemokine receptor type 5
(CCR5) which is employed as a coreceptor in HI\éation! In addtition, callipeltin A
(1) possesses antifungal activity agairiaisarium oxysporum, Helminthosporium
sativum, Phytophtora hevea, andCandida albicans. Homophymine B Z) exhibits 1Gy
values in the sub nM levels against various tunedirimes (e.x. PC3, OV3, HL60, and
HepG2)® The chemical structures of both peptides wererdgnted by the combination
of NMR and MS spectral analysis and Marféys the GITC method.Several unusual
amino acids are incorporated within the cyclodepsiples, which are further modified
by (2R, 3R, 4R)-3-hydroxy-2,4,6-trimethylheptanoic acid (HTH3)(residues at the
N-terminus. The total synthesis of callipeltin B @nd homophymine B2J have never
been reported in the literature, although sevemathetic studies of unusual amino acids
and N-terminal fatty acid were revealed by Zampella,thip etc. The characteristic
structure of these peptides and their rare biodgtaotivated us to undertake the total
synthesis of these molecules. Recently, our graingesaed the synthesis of callipeltins
B (4 and M §) and the cyclic fragment of homophymine B) (utilizing the
combination of solution and solid phase apprdat®ur next task is the construction of
both natural peptidesand2. To achieve this, we have already synthesizedumsual
amino acids [(8 3S 4R)-dimethylglutamine (diMeGIi) and (R 3R
49)-4-amino-2,3-dihydroxyheptandioic acid (ADHf]. Therefore, we attempted the
stereoselective synthesis of HTH),(which is a component of callipeltin A)(and

homphymine B2) (Fig. 1).
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Fig. 1. Callipeltin A (1), Homophymine BZ), HTH (3), Callipeltin B @), and M )

2. Resultsand discussion

Although the absolute configuration of HTH) (was determined to bdR23R, 4S, in an
isolation study, the Zampella group subsequently revised the sthesnistry of HTH
(3) as R, 3R, 4R by comparison between the NMR spectra of isoldté&ti (3) and
those of a synthetic one, which was synthesizemnguBiown’s crotylboratiori:** Later,
the Lipton group attempted to determine the stdremdstry of HTH 8) by a synthetic
approach? Myers alkylation and Brown'’s crotylboration as gpton’s strategy were
employed to prepare four diastereoisomers of HEH As a result, the spectroscopic
data of all four diastereomers demonstrated thesteemistries of the natural isomer
to be R, 3R, 4R. In addition, this result was supported by OkuwaletPreparation of
HTH-phynylglycine derivative and analyses of iterebchemistry by HPLC were

reported:® In contrast, Zampella reported isolation of a erof homophymines of



which bind five HTH analogs in 2009As the previous literatures to prepare HT3) (
there are two elegant synthetic routes by ZampPe#iad Liptort? groups. Zampella
reported the synthesis of HTEB)(derived from (S)-2-methyl-3-hydroxypropionate,
which is expensive as a starting mateftalipton adopted Myers alkylation utilized
ephedrine derivatives, and therefore removal poéshe auxiliary group is needed to
carry out the chiral materiaté.Thus, we planned a synthetic route applicablettier
synthesis of these analogs starting from cheap riabtes depicted in Scheme 1. In
order to synthesize various analogs of HB) the homoallylic alcohob was used as
the building block. The isopropyl unit & was introduced by the oxidative cleavage
and Wittig reaction o6. For construction of two consecutive stereocemear£-3 and
C-4 of the homoallylic alcohd, we noted the crotylboration established by Rcarsth
co-workers reported in 1987.They found that crotylboration of the aldehyd®d-{
with chiral borate derived from diisopropyl tergagave the homoallylic alcohol R2
3R, 49-6 preferentially.

Although aldehyde R)-7 derived from §)-2-methyl-3-hydroxy propionate is
known in the literaturé® it is very expensive and not flexible as a startinaterial.
Therefore, we decided to produce the remainingestemter of aldehyd@ by a
enantioselective enzymatic approach from a cheafirgl material §). This strategy is
more flexible for the synthesis of different stasemners and analogs of HTR)(and
has advantage for the total synthesis of homophgsnaompered with previous reports

(Scheme 1).
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Scheme 1. Retrosynthetic analysis of HTE)(

To prepare HTH J) based on our strategy as mentioned above, thialini
desymmetrizations of didB and diacetatd0 were attempted by lipase. Previously,
Santaniello et al. reported enzymatic mono-acetylation of di8l using PFL
(pseudomonas fluorescens lipase) and vinyl acetate in chloroform to give4-at a yield
of 40% and 98% e B.Therefore, there is room for improvement in therafcal yield.
On the other hand, Nan@hal. described the enzymatic desymmertization of dedee
10 utilizing lipase PS-D in phosphate buffer (pH 7t0)yield the monoacetate (9)-
(86%, 99% e.e}® This is an elegant result, however lipase PS-Boitscommercially

available(Scheme 2).

Santaniello et al.
vinyl acetate

PFL, CHCI,
HO\)\/OH - AcO\/k/OH

40%, 98% e.e.
8 (-)-9

Nanda et al.

lipase PS-D

Aco\)\/OAc phosphate buffer (pH 7.(2 HO\/'\/OAC

0, 0,
10 86%, 99% e.e. (+)0

Scheme 2. Chemoenzymatic desymmetrization reactio8 ahd10

Thus, we firstly started to screen lipases in howsth a variety of solvent



systems to give the mono acetylation of d@altilizing 1.0 equiv of vinyl acetate as the
acyl donor. Unfortunately, no satisfactory resuéiswobserved, although we attempted
many combinations of various lipases, solventsgtiea times, and temperatures. On
the other hand, the enantiomeric excess of monat8etvas measured by chiral HPLC
analysis after benzoylation and lipase mediated/rde®etrization of diacetat&O to
give (+)9 was attempted (Table 1). Using lipase M AMANO 18syinmetrization of
10 in H,O proceeded to give the desired producty&f a trace amount (entry 1). As
acetic acid generated in this reaction decreaseddlvent pH, the reaction mixture was
treated in phosphate buffer pH 7.0 in the presehtpase M AMANO 10. As a result,
the chemical yield and enantiomeric excess were 88#%59% e.e. (entry 2). Using
some combinations of lipase catalysts, of whickdgPS AMANO or NOVOZYM 435
were active in preliminary screening, with the ghteste buffers (pH 6.0, 7.0, 8.0), each
reaction proceeded smoothly with moderate enanéoeties. Treatment of diacetate
10 with NOVOZYM 435 in a phosphate buffer solutiorH(8.0) resulted in 61% yield
and 81% e.e. (entry 3). When using lipase PS AMAN® reaction in phosphate buffer
solution (pH 7.0) gave 85% e.e. (entries 4-6). nadtempt to adjust the reaction
temperature for further improvement, it was fourdttlipase PS AMANO in a
phosphate buffer solution of pH 7.0 &Clprovided satisfactory results (yield = 82%;
e.e. = 95%) although this needed a reaction tim&4b (entry 7).’ It is noted that this
reaction did not proceed at -PC to recover diacetatd0 (entry 8). We have
successfully developed high enantioselective desstmiration for diacatatelO to
afford primary alcohol (+B with a common popular and cheap lipase. We fouad th
lipase PS AMANO works even af’@ and this reaction was carried out on a 10 g scale

to deliver the product at a reproducible yield amdantioselectivity. This result



suggested that the process could be applied tor athlstrates to obtain chiral

compoundgTable 1).18

Table 1. Asymmetric saponification of diacetéal®.

entry enzyme Solvent tempCf time (h) vyield (%) e.e. (%)
1 lipase M AMANO 10 HO r.t. 11 9.3 75
2 lipase M AMANO 10 phosphate buffer pH 7.0 r.t. 23 50 59
3 NOVOZYM 435 phosphate buffer pH 8.0 r.t 2 61 81
4 lipase PS AMANO phosphate buffer pH 6.0 r.t. 55 36 68
5 lipase PS AMANO phosphate buffer pH 7.0 r.t. 2 48 85
6 lipase PS AMANO phosphate buffer pH 8.0 r.t. 2 61 81
7 lipase PS AMANO phosphate buffer pH 7.0 1 84 82 59
8 lipase PS AMANO phosphate buffer pH 7.0/acetof32y -10 18.5 trace n.d.
Next, we prepared two optical isomers of

3-(tert-butyldiphenylsiloxy)-2-methylpropanol) to apply them to the synthesis of
HTH analogs (Scheme 3). The free hydroxyl groupoptical active (+9 was a
protected BOM group in the treatment with BOMCI8h% vyield. The acetate group
was removed with BCOs in MeOH. Protection of the primary alcohol with DBSCI
followed by hydrogenation of the BOM group with Bd{),/C catalyst afforded the
TBDPS protected producR)-11. (S)-11 was synthesized via protection as silyl ether
and deprotection of the acetate group. The optiottion of our syntheticR) and
(9-11, R:[a]p®®= +5.5 and Si]p?° = -3.5, were nearly identical to the those in the

literature (lit. R41:[a]p = +3.9 to +6.3 and lit. 31:[a]p = -4.3 to -6.0) Scheme 3).19%°
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Scheme 3. Synthesis of both optical isomers of alcohbl

Finally, we attempted the synthesis of HT8). (After the oxidation of R)-11
under the Swern condition, the resulting aldehy®e7(was transformed to B 4R,
59-6 and (F 4S, 59-12 as a 4 to 1 mixture by Roush crotylboration wEh g, S)-type
chiral borate (82% vyields fronRf-11).*? After separation of the mixture by silica gel
column chromatography, the NMR data oR(#R, 59-6 and (F 4S 59-12 were
identical to those of Roush’s previous reg8fthe hydroxyl group of homoallylalcohol
6 was protected as the MOM ether to afford compoli®dn 91% yield. Oxidative
cleavage of olefin13 followed by Wittig olefination with the conditionof
isopropyltriphenylphosphonium iodide/NaHMDS/THF aafled tri-substituted alkene
15 in 58% vyield over 2 steps. Deprotection of siljhexr of compound5 using TBAF
proceeded smoothly to give alcoHd in quantitative yield17 was derived froni6 by
hydrogenation in the presence of a Pt/C cataly$terAthe oxidation ofl7 with
TEMPO/NaCIO/NaCl@ in CHsCN/pH 7.0 phosphate buffer (1:1), TFA-mediated
deprotection of the MOM group b8 was carried out to give HTHB) in 40% vyield
over 2 steps. The spectroscopic data of synthefid €8) overlapped with those of the
revised HTH 8) reported by Liptotf and the HTH fragment of a natural product

(Scheme 4).!
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Scheme 4. Stereoselective synthesis of HTS).(

3. Conclusion

We achieved efficient asymmetric synthesis of HBH the N-terminus component of
callipeltin A (1) and homophymine B 2. Our synthetic method features
chemoenzymatic desymmetrization to prepare chidgbhal (+)9 and Roush

crotylboration as the key steps. This method ixilfle and applicable to other

analogues.

4. Experimental

4.1. General information.

Optical rotations were determined with a JASCO BTR- polarimeter at the sodium D
line. IR spectra of sample were obtained as filnth & JASCO FT-IR 460 spectrometer.
'H (400 and 500 MHz) and®C NMR (100 and 125 MHz) were determined on a

JNM-ECX400, JNM-ECX500. Chemical shifts are repdrie ppm with reference to



tetramethylsilane'H NMR: CDCk (0.00)], or solvent signalsfi NMR: CDCk (7.26),
D,O (4.79), MeOH-¢d (3.30); ®*C NMR: CDCk (77.16), MeOH-gd (50.05)].
Low-resolution mass spectra were recorded on a JAOtuTOF JMS-T100LC
(ESI-MS). Analytical TLC was performed on Mercki&i gel 60Fs4 Crude products
were purified by columm chromatography on Silical 8N [Kanto, particle size,
(spherical, neutral) 63-210m or 100-200um. HPLC system (monitored at 254 nm)
equipped with DAICEL CHIRALCEL OD-H (0.46 cngp x 25 cm) using 0.3%

2-propanol/Hexane.

4.2. (R)-3-Hydroxy-2-methylpropylacetate  (9): To a  solution of
1,3-diacetoxy-2-methylpropan&q) (8.53 g, 49.0 mmol) in 0.5 M phosphate buffer pH
7.0 (200 ml) at 1 °C was added lipase PS Amano 2@)) and the reaction was stirring
for 84h. After lipase was removed by filtration, timer liquid was extracted with AcOEt.
The organic layer was washed with brine and Nakl&, and dried over magunesium
sulfate, and evaporated in vacuo. The residue wafignl by column chromatography
(Hexane:AcOEt = 3:1) to give compouBd(5.33 g, 40.3 mmol, 82%, 95% e.e.) as a
colorless oil. f]p*° +5.5 € 1.00, CHCY), {lit ** [a]p*° +10.0 € 1.00, CHCY)}. IR (film)
vmax cm': 3447, 2964, 2882, 2360, 2341, 1738, 1469, 1388411038, 992, 950, 907,
607, 439 crit. '*H NMR (500 MHz, CDGJ): = 0.95 (3H, dJ = 7.0 Hz), 2.02-1.93 (1H,
m), 2.03 (1H, br), 2.07 (3H, s), 3.53-3.47 (2H, P4 (1H, dd,) = 11.5, 6.5 Hz), 4.11
(1H, dd,J = 11.5, 5.0 Hz) ppn>C NMR (125 MHz, CDGJ): 5 = 13.4, 20.7, 35.2, 64.0,

66.2, 171.6 ppm. HRMS-EI: m/z [M-Hg¢alcd for GH1;05: 131.0708; found: 131.0731.

4.3. (R)-3-(tert-Butyldiphenylsiloxy)-2-methylpropanol (R)-11: To a solution of

10



(R)-3-hydroxy-2-methylpropylacetate})((2.98 g, 22.5 mmol) in Ci€l, at 1 °C was
added DIPEA (67.5 mmol, 11.8 ml) and BOMCI (33.8 oh.64 ml), and the reaction
was stirring for 10h. The mixture was quenched witlier and aqueous layer extracted
with CH,Cl,. The organic layer was washed with brine, andddoger magunesium
sulfate, and evaporated in vacuo. The residue wafignl by column chromatography
(Hexane:AcOEt = 6:1) to giveRf-3-benzyloxymethoxy-2-methylpropylacetate (4.60 g,
18.2 mmol, 81%) as a colorless oik]§%° -0.20 € 1.00, CHCY). IR (film) vmax cm™:
2960, 2880, 1738, 1497, 1455, 1379, 1366, 12434,11711, 1043, 738, 699, 455 ¢m
H NMR (500 MHz, CDCJ): & = 0.99 (3H, dJJ = 6.5 Hz), 2.03 (3H, s), 2.07-2.14 (1H,
m), 3.48-3.54 (2H, m), 4.01 (1H, dd= 11.0, 6.5 Hz), 4.08 (1H, dd,= 11.5, 6.5 Hz),
459 (2H, s), 4.74 (2H, s), 7.27-7.31 (1H, m), 77385 (4H, m) ppm*C NMR (125
MHz, CDCk): 6 = 14.2, 21.0, 33.3, 66.4, 69.4, 69.8, 94.8, 1272439, 128.5, 137.9,
171.2 ppm. HRMS-ESI: m/z [M+N&]calcd for GqHoOsNa: 275.1259; found:
275.1257. To a solution ofR|-3-benzyloxymethoxy-2-methylpropylacetate (1.50 g,
5.95 mmol) in MeOH at 0°C was addedCO; (2.98 mmol, 412 mg), and the reaction
was stirring for 8h. The solvent was removed una@eluced pressure and the crude
residue was added to water. The aqueous layerceedravith ACOEt. The organic layer
was washed with brine, and dried over magunesiufatesyand evaporated in vacuo.
The residue was purified by column chromatographHgx@éne:AcOEt = 3:1) to give
benzyloxymethoxy-2-methylpropanol (1.04 g, 4.95 mn&8%) as a colorless oail.
[a]p® -7.3 € 1.00, CHCY). IR (film) vmax cm': 3421, 2927, 2878, 2064, 1953, 1869,
1810, 1739, 1646, 1497, 1455, 1379, 1170, 1042, 38 cm’. 'H NMR (500 MHz,
CDCl): = 0.92 (3H, d, J = 7.0 Hz), 1.97-2.04 (1H, m),32(8H, br), 3.54 (1H, dd] =

9.5, 8.0 Hz), 3.59-3.60 (2H, m), 3.64 (1H, dd; 9.5, 5.0 Hz), 4.60 (2H, s), 4.75 (2H, ),

11



7.28-7.32 (1H, m), 7.35-7.36 (4H, m) ppt'C NMR (125 MHz, CDCJ): = 13.7, 35.8,
67.1, 69.6, 72.3, 94.9, 127.9, 128.0, 128.6, 18pr8. HRMS-ESI: m/z [M+N4d] calcd

for  CioHigOsNa:  233.1154;  found: 233.1153. To a  solution  of
(9-3-benzyloxymethoxy-2-methylpropanol (1.04 g, 4rfol) in CHCI, at 0°C was
added imidazole (14.9 mmol, 1.01g), DMAP (cat.d aBDPSCI (5.45 mmol, 1.42 ml)
and the reaction was stirring for 12h. The mixtuwas quenched with water and
aqueous layer extracted with gEl,. The organic layer was washed with brine, and
dried over magunesium sulfate, and evaporated ¢nozalhe residue was purified by
column chromatography (Hexane:AcOEt = 10:1) to give
(R)-3-benzyloxymethoxy-1tért-butyldiphenylsiloxy)-2-methylpropane (1.58 g, 3.52
mmol, 71%) as a colorless oib]p* +4.4 € 1.00, CHCY). IR (film) vmax cm®: 3069,
2957, 2930, 2857, 1959, 1888, 1823, 1774, 1589114428, 1390, 1157, 1111, 1047,
823, 738, 700, 613 cm'H NMR (500 MHz, CDCY): 5= 0.99 (3H, d,J = 6.5 Hz), 1.07
(9H, s), 1.98-2.04 (1H, m), 3.54 (1H, dd= 10.0, 6.5 Hz), 3.61-3.68 (3H, m), 4.59 (2H,
s), 4.75 (2H, s), 7.27-7.31 (1H, m), 7.33-7.35 (1), 7.37-7.45 (6H, m), 7.67-7.69 (4H,
m) ppm.*C NMR (125 MHz, CDGYJ): 5 = 14.2, 19.4, 27.0, 36.4, 65.9, 69.3, 70.3, 94.9,
127.4, 127.7, 128.0, 128.5, 129.7, 134.0, 135.8,11ppm. HRMS-ESI: m/z [M+N4]
calcd for GgH3sOsSiNa: 471.2331; found: 471.2361. To a solution of
(R)-3-benzyloxymethoxy-1tért-butyldiphenylsiloxy)-2-methylpropane (1.58 g, 3.52
mmol) in CHC} was added Pd(ORIC (cat.) and the suspension was stirring for 4h.
The reaction mixture was filtered and evaporatedaicuo. The residue was purified by
column chromatography (Hexane:AcOEt = 6:1) to give
(R)-3-(tert-Butyldiphenylsiloxy)-2-methylpropanol §)-11} (729 mg, 2.22 mmol, 63%)

as a colorless oila]p?® +5.5 € 1.00, CHCY). IR (film) vmax cm: 3358, 3071, 2958,

12



2930, 2857, 1959, 1892, 1824, 1589, 1471, 14270,18361, 1261, 1187, 1111, 1038,
938, 823, 801, 739, 701, 665, 613trtH NMR (500 MHz, CDC4): 6 =0.82 (3H, dJ
= 6.5 Hz), 1.05 (9H, s), 1.96-2.02 (1H, m), 2.588(1H, br), 3.59 (1H, dd] = 10.5,
8.5 Hz), 3.67 (2H, tJ = 6.0 Hz), 3.72 (1H, ddJ = 9.5, 4.0 Hz), 7.38-7.45 (6H, m),
7.66-7.68 (4H, m) ppn>C NMR (125 MHz, CDGJ): & = 13.3, 19.2, 26.9, 37.4, 67.8,
68.8, 127.5, 129.8, 133.2, 135.6 ppm. HRMS-ESI: njk¢+Na]® calcd for
CooH280,SiNa: 351.1756; found: 351.1753. Optical purity watermined as 95% ee by
HPLC using chiral column {DAICEL CHIRALCEL OD-H (86 cm@ x 25 cm), elution
with 0.3% 2-propanol/Hexane} after conversion itib@ corresponding benzoate (Rt=

7.95 min).

4.4. (S)-3-(tert-Butyldiphenylsiloxy)-2-methylpropanol (S)-11: To a solution of
(9-3-benzyloxymethoxy-2-methylpropanol (3.09 g, 28whol) in CHCI, at 0°C was
added imidazole (46.8 mmol, 3.19 g), DMAP (catryd &BDPSCI (35.1 mmol, 9.13
ml) and the reaction was stirring for 12h. The mmgtwas quenched with water and
aqueous layer extracted with gF,. The organic layer was washed with brine, dried
over magnesium sulfate, and evaporated in vacue.ré@sidue was purified by column
chromatography (Hexane:AcOEt = 20:1) to give
(9)-3-acetoxy-14ert-butyldiphenylsiloxy)-2-methylpropane (8.46 g, 2Zr8nol, 97%)
as a colorless oil.of] o> -0.5 ¢ 1.00, CHCJ). 'H NMR (500 MHz, CDC})): = 0.95
(3H, d,J = 7.0 Hz), 1.04 (9H, s), 2.00 (3H, m), 3.54-3.@H(m), 4.04 (2H, ddJ =
11.0, 6.0 Hz), 4.11 (2H, dd,= 11.0, 6.0 Hz), 7.36-7.43 (6H, m), 7.65 (2HJd 7.0
Hz) ppm.**C NMR (125 MHz, CDGJ): 8 = 13.7, 19.4, 21.0, 27.0, 35.3, 65.3, 66.2,

127.7, 129.7, 133.7, 135.7, 171.2 ppm. To a  solutioof

13



(9-3-acetoxy-2-methylpropylacetate (2.03 g, 5.48 Mmoo MeOH was added CO;
(2.74 mmol, 379 mg) and the reaction was stirrioigfOh. The solvent was removed
under reduced pressure and the crude residue vdesl ad water. The aqueous layer
extracted with ether. The organic layer was washitd brine, dried over magnesium
sulfate, and evaporated in vacuo. The residue wafignl by column chromatography
(Hexane:AcOEt = 3:1) to give S-3-(tert-Butyldiphenylsiloxy)-2-methylpropanol
{(9-11} (1.68 g, 5.11 mmol, 93%) as a colorless ail]4*® -3.5 € 1.00, CHC}). The

spectroscopic data &11 were identical to those &¥11.

45. (3R, 4R, 59)-6-(tert-Butyldiphenylsiloxy)-4-hydroxy-3,5-dimethylhexanene (6)
and(3S, 4S, 59)-6-(tert-Butyldiphenylsiloxy)-4-hydroxy-3,5-dimethylhexanene (12):
Oxalyl chloride (20 mmol, 1.72 ml) was added in @i,Cl, at -78°C. DMSO (40.0
mmol, 2.84 ml) was added to the solution. Aftemdi@, alcoholll (3.29 g, 10.0 mmol)
was added dissolving in dry GEl,. The reaction mixture was kept at same temperature
for 10 min. Then BN (60.0 mmol, 8.39 ml) was added to the solutiod &nwas
allowed to warm room temperature. After 15 min, Thixture was quenched with
water and aqueous layer extracted with,Chl The organic layer was washed with
brine, and dried over magnesium sulfate, and ewpaiin vacuo to give aldehydeas

a colorless 0il7: *H NMR (500 MHz, CDCJ): 6 = 1.03 (9H, s), 1.09 (3H, d,= 7.5
Hz), 2.53-2.60 (1H, m), 3.84 (1H, ddi= 11.0, 7.0 Hz), 3.89 (1H, dd,= 10.5, 5.5 Hz),
7.37-7.45 (6H, m), 7.63-7.64 (4H, m), 9.76 (1HJd& 1.5 Hz) ppm. To a solution of
(2E, 4S, 59)-1,3,2-dioxaborolane-4,5-dicarboxylic acid
2-butenyl-4,5-bis(1-methylethyl) ester in toluenasradded MS4A (3.0 g) in -78°C.

Aldehyde 6 was added dissolving in toluene slowly. After 2.9ihe reaction was
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qguenched with 1M NaOH aq. and filtered. The motlwrid was extracted with ether.
The organic layer was washed with brine, dried eragnesium sulfate, and evaporated
in vacuo. The crude product was purified by colurthromatography (Hexane) to give
12 (0.67 g, 1.75 mmol, 18%) artdl (2.48 g, 6.48 mmol, 65%) as a colorless 6il.
[a]p?* +15.8 € 2.00, CHCY), {lit**® [a]p®® +26.2 € 0.80, CHCY)}. IR (film) vmax
cm™: 3499, 3071, 2960, 2931, 2857, 2359, 1960, 1889611736, 1637, 1589, 1471,
1427, 1325, 1281, 1111, 1005, 912, 822, 740, 7a8, &r*. '"H NMR (500 MHz,
CDCly): & = 0.80 (3H, dJ = 6.5 Hz), 1.05 (9H, s), 1.11 (3H, 3= 7.0 Hz), 1.80-1.87
(1H, m), 2.34-2.40 (1H, m), 3.43 (1H, dt= 8.0, 3.5 Hz), 3.53, (1H, d,= 3.5 Hz),
3.68 (1H, dd,J = 10.5, 7.5 Hz), 3.73 (1H, dd,= 10.0, 4.5 Hz), 5.04-5.09 (2H, m), 5.94
(1H, ddd,J = 17.5, 11.0, 8.5 Hz), 7.39-7.46 (6H, m), 7.6797(8H, m) ppm°C NMR
(125 MHz, CDC}): & = 13.7, 17.9, 19.2, 26.9, 37.9, 41.3, 69.1, 791%.3, 127.9,
130.0, 133.0, 135.7, 140.0 ppm. HRMS-ESI: m/z [MFNealcd for G4H340.SiNa:
405.2226; found: 405.22432: [a]p®® +5.8 € 1.00, CHCY) {lit **° [a]p* +4.9 € 2.80,
CHCl)}. IR (film) vmax cni': 3507, 3071, 2961, 2930, 2857, 1959, 1889, 188381
1589, 1472, 1428, 1390, 1111, 997, 914, 823, 789, éhi". 'H NMR (500 MHz,
CDCl3): =0.95 (6H, dJ = 7.0 Hz), 1.06 (9H, s), 1.81-1.84 (1H, m), 2.282(1H, m),
2.44 (1H, d,J = 2.5 Hz), 3.59 (1H, dt) = 8.5, 2.0 Hz), 3.72 (2H, dl = 5.0 Hz),
5.08-5.12 (2H, m), 5.82 (1H, ddd= 19.0, 10.5, 8.0 Hz), 7.37-7.45 (6H, m), 7.6697.6
(4H, m) ppm.*3C NMR (125 MHz, CDCJ): 8 = 9.7, 16.9, 19.4, 27.0, 36.8, 41.9, 68.6,
76.3, 115.5, 127.8, 129.8, 133.3, 135.7, 142.0 ppRMS-ESI: m/z [M+Na] calcd for

C24H340,SiNa: 405.2226; found: 405.2238.

4.6. (3R, 4R, 55)-6-(tert-Butyldiphenylsiloxy)-4-methoxymethoxy-3,5-dimethyl

15



hexanene (13): To a solution o6 (428 mg, 1.12 mmol) in Ci&l, at 0°C was added
DIPEA (11.2 mmol, 1.92 ml) and MOMCI (5.60 mmol4R21 ml), and the reaction was
stirring for 3d. The reaction was quenched withevand aqueous layer was extracted
with CH,Cl,. The organic layer was washed with brine, andddoger magnesium
sulfate, and evaporated in vacuo. The residue wafignl by column chromatography
(Hexane) to give compountB (0.435 mg, 1.02 mmol, 91%) as a colorless oi]pf?
+2.3 € 1.00, CHCY). IR (film) vmax cm: 3071, 2960, 2931, 2889, 2857, 2359, 2342,
1958, 1889, 1825, 1738, 1639, 1589, 1472, 14289183861, 1308, 1146, 1111, 1034,
916, 823, 739, 701, 613 ¢m'H NMR (500 MHz, CDCY): = 0.98 (3H, dJ = 7.0 Hz),
1.05 (3H, dJ = 7.5 Hz), 1.07 (9H, s), 1.84-1.90 (1H, m), 2.4472(1H, m), 3.26 (3H,
s), 3.33 (1H, ddJ = 7.5, 4.0 Hz), 3.62 (1H, dd,= 10.0, 7.0 Hz), 3.72 (1H, dd= 10.0,
4.5 Hz), 4.53 (1H, d) = 6.5 Hz), 4.62 (1H, d] = 7.0 Hz), 4.97-4.98 (1H, m), 5.00, (1H,
s), 5.82 (1H, ddd) = 18.5, 10.0, 8.0 Hz), 7.35-7.43 (6H, m), 7.6587(6H, m) ppm.
3¢ NMR (125 MHz, CDd): & = 14.6, 18.1, 19.4, 27.1, 38.9, 40.4, 56.0, 68572,
98.4, 114.6, 127.7, 129.0, 134.0, 135.8, 140.7 ppRMS-ESI: m/z [M+Na] calcd for

CzeH3gOgSiNaZ 449.2488; found: 449.2481.

4.7. (4R, 5R, 6S)-7-(tert-Butyldiphenylsiloxy)-5-methoxymethoxy-2,4,6-trimethyl-2-
heptene (15): Ozone was bubbled through a solution of alkE3é307 mg, 1.89 mmol)
in MeOH at -78°C. After 11h, Zn (28.4 mmol, 1.86agd AcOH (3.78 mmol, 0.216 ml)
were added to the reaction mixture. The suspensias filtered and evaporated in
vacuo. The crude product was purified by columroofatography (Hexane:AcOEt =
40:1) to give aldehydé4 (662 mg, 1.54 mmol, 63%) as a colorless bt *H NMR

(400 MHz, CDC4): = 0.92 (3H, dJ = 7.2 Hz), 1.05 (9H, s), 1.11 (3H, #i= 7.2 Hz),
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1.96-2.02 (1H, m), 2.69-2.72 (1H, m), 3.27 (3H,351-3.69 (2H, m), 3.82 (1H, dd=
6.4, 4.0 Hz), 4.54 (1H, d] = 6.8 Hz), 4.64 (1H, dJ = 6.8 Hz), 7.35-7.39 (6H, m),
7.62-7.65 (4H, m), 9.72 (1H, dJ = 2.0 Hz) ppm. To a solution of
isopropyltriphenylphosphonium iodide (4.62 mmoDQ@g) in THF at -78°C was added
1.9 M NaHMDS/THF (4.62 mmol, 2.43 ml) over 20 mifhe reaction mixture was
allowed to warm room temperature, and aldehydlevas added dissolving in THF.
After 1.5h, the mixture was quenched with XiHag. and water at 0°C. The aqueous
layer was extracted with ACOEt. The organic solweat washed brine and dried over
magnesium sulfate and evaporated in vacuo. Thelueswas purified by column
chromatography (Hexane:AcOEt = 40:1) to give conmubi5s (507 mg, 1.11 mmol,
72%) as a colorless oila]p?® -4.7 € 0.085, CHG). IR (film) vmax cni*: 3071, 2959,
2927, 2856, 2359, 1956, 1888, 1827, 1733, 1471814262, 1260, 1147, 1111, 1035,
920, 739, 701 cth *H NMR (500 MHz, CDCY): 5 = 0.93 (3H, d,J = 7.0 Hz), 0.95 (3H,
d,J = 6.5 Hz), 1.06 (9H, s), 1.55 (3H, overlappedB6l(3H, s), 1.81-1.86 (1H, m),
2.55-2.60 (1H, m), 3.26 (3H, m), 3.30 (1H, dds 7.5, 4.0 Hz), 3.59 (1H, dd,= 10.0,
6.5 Hz), 3.71 (1H, dd] = 10.5, 4.5 Hz), 4.54 (1H, d,= 7.0 Hz), 4.61 (1H, dJ = 7.0
Hz), 5.10 (1H, dJ = 9.5 Hz), 7.28-7.42 (6H, m), 7.64-7.67 (4H, mnppC NMR
(125 MHz, CDC}): 6 = 14.6, 18.0, 18.9, 19.4, 26.0, 27.1, 29.8, 33P4, 56.0, 65.8,
85.7, 98.4, 126.7, 127.6, 129.6, 134.0, 135.8 ggRMS-ESI: m/z [M+Na] calcd for

CogH403SiNa: 477.2801; found: 477.2767.

4.8. (4R, 5R, 6S)-7-Hydroxy-5-methoxymethoxy-2,4,6-trimethyl-2-heptene (16): To
a solution of15 (507 mg, 1.11 mmol) in THF at 0°C added 1.0 M TBRHF solution

(2 ml). After 12h, the mixture was quenched wifOHThe aqueous layer was extracted
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with AcOEt. The combined organic layer was washéith WH,Cl ag. and dried over
magnesium sulfate and evaporated in vacuo. Thelueswas purified by column
chromatography (Hexane:AcOEt = 10:1) to give conmubi6 (237 mg, 1.10 mmol,
99%) as a colorless oila]p?® -67.2 € 0.50, CHCJ). IR (film) vmax cm: 3447, 2963,
2927, 2359, 2341, 1732, 1716, 1671, 1451, 13763,12146, 1096, 1034, 983, 920,
849 cm'. 'H NMR (500 MHz, CDCY): & = 0.95 (3H, dJ = 7.0 Hz), 0.98 (3H, d] =
6.5 Hz), 1.61 (3H, dJ = 1.0 Hz), 1.69 (3H, d] = 1.5 Hz), 1.70-1.76 (1H, m), 2.60-2.67
(1H, m), 2.92 (1H, br), 3.30 (1H, dd,= 8.0, 3.5 Hz), 3.43 (3H, s), 3.47 (1H, dd=
11.5, 3.5 Hz), 3.84 (1H, dd,= 11.5, 3.5 Hz), 4.67-4.71 (2H, m), 5.09 (1H,Xt 10.0,
1.5 Hz) ppm*C NMR (125 MHz, CDGJ): & = 15.1, 18.6, 25.9, 35.4, 38.1, 65.1, 87.5,
99.2, 125.5, 131.8 ppm. HRMS-ESI: m/z [M+Najalcd for G,H,40sNa: 239.1623;

found: 239.1631.

4.9. (2S, 3R, 4R)-3-Methoxymethoxy-2,4,6-trimethyl-1-heptanol (17): To a solution
of 16 (60.8 mg, 0.278 mmol) in MeOH was added Pt/C Y@atd the suspension was
stirring for 2h under BFlatmosphere. The reaction mixture was filtered eraporated to
give compound.7 (51.3 mg, 0.235 mmol, 85%) as a colorless oi]pf° -35.5 € 0.40,
CHCl). IR (film) vmax cm®: 3435, 2957, 2929, 1466, 1383, 1367, 1212, 118931
1036, 987, 919, 665, 455, 439 tnmiH NMR (500 MHz, CDCJ): & = 0.83 (3H, dJ =
7.0 Hz), 0.91 (3H, dJ = 7.0 Hz), 0.95 (3H, dJ = 7.0 Hz), 0.97 (3H, dJ = 7.5 Hz),
1.08-1.20 (2H, m), 1.08-1.20 (2H, m), 1.58-1.66 (hhj, 1.75-1.81 (1H, m), 1.83-1.88
(1H, m), 3.31 (1H, ddJ = 8.5, 3.0 Hz), 3.43 (3H, s), 3.52 (1H, dd= 11.5, 4.0 Hz),
3.84 (1H, ddJ = 11.5, 3.5 Hz), 4.67-4.71 (2H, m) ppiC NMR (125 MHz, CDCJ): &

=15.4, 17.3, 21.4, 24.3, 25.4, 33.0, 36.9, 39693,565.5, 88.2, 99.0 ppm. HRMS-ESI:
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m/z [M+Na] calcd for GoH,60sNa: 241.1780; found: 241.1762.

4.10. (2R, 3R, 4R)-3-Methoxymethoxy-2,4,6-trimethylheptanocic acid (18): To a
solution of alcoholl7 (7.9 mg, 36.3umol) in CH:CN was added TEMPO (cat.), 0.5 M
phosphate buffer pH 7.0, NaGlQr2.4umol, 6.6 mg), and NaClO ag. (2 ml). After 2h,
2M HCI ag. was added to the mixture (pH = 1.0). @aeous layer was extracted with
AcOEt. The AcOEt layer was extracted with 1M NaQH, and 2M HCI ag. was added
to the agueous layer again (pH = 1.0). The orgaoieent was washed with brine and
dried over magnesium sulfate and evaporated to thieecompound8 (5.3 mg, 22.8
umol, 62%) as a colorless oib]p?® + 9.1 € 0.27, CHCJ). IR (film) vmax cm®: 3178,
2956, 2930, 2359, 2341, 1711, 1463, 1418, 13827,1B%97, 1244, 1215, 1141, 1096,
1033, 976, 936, 920, 840, 666, 453, 405'chii NMR (500 MHz, CDCJ): 6 = 0.83
(3H, d,J = 7.0 Hz), 0.91 (3H, d] = 6.0 Hz), 0.94 (3H, d] = 6.5 Hz), 1.11-1.20 (1H, m),
1.21 (3H, dJ = 6.5 Hz), 1.58-1.65 (1H, m), 2.76-2.82 (1H, mB&B(3H, s), 3.55 (1H,
dd, J = 6.0, 4.0 Hz), 4.66-4.70 (2H, m) ppMC NMR (100 MHz, CDCJ): & = 14.6,
16.0, 21.4, 24.0, 25.2, 32.8, 40.6, 42.4, 56.16,897.9, 179.6 ppm. HRMS-ESI: m/z

[M+Na]" calcd for GoH,404Na: 255.1572; found: 255.1599.

4.11. (2R, 3R, 4R)-3-Hydroxy-2,4,6-trimethylheptanoic acid [HTH] (3): To a

solution of18 (5.3 mg, 22.8umol) in CH,CI, was added TFA (0.5 ml). After 10h, the
mixture was evaporated, and ether and 1M NaOH ag. added to the residue. Then
2M HCI aq. was added to water phase (pH = 1.0)waatkr layer was extracted with
AcOEt. The combine organic phase was washed witte land dried over magnesium

sulfate and evaporated to give HTB) (2.8 mg, 14.9umol, 65%) as a colorless oil.

19



[a]p® + 15.7 € 0.14, CHCY), {lit ** [a]p?® + 14.9 € 0.4, CHCH)}. IR (film) vmax cmi™:
3424, 2957, 2927, 2360, 1713, 1462, 1384, 1289],12802, 1133, 1082, 987, 963,
666 cm'. *H NMR (500 MHz, CDCJ): = 0.84 (3H, dJ = 6.0 Hz), 0.92 (3H, dJ =
6.5 Hz), 0.95 (3H, dJ = 6.5 Hz), 1.10-1.16 (1H, m), 1.25 (3H,Xk 7.0 Hz), 1.64-1.70
(2H, m), 2.73 (dgJ = 7.5, 7.5 Hz), 3.48 (1H, dd,= 6.0, 5.0 Hz) ppm:*C NMR (125
MHz, CDCk): & = 14.7, 16.6, 21.2, 24.3, 25.1, 33.4, 39.4, 478.2, 180.6 ppm.

HRMS-ESI: m/z [M+Na] calcd for GoH,00sNa: 211.1310; found: 211.1311.
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