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Model study for the copper-catalyzed alkyl-alkyl cioss-coupling reaction for the

attachment of thea-chain to the ring

A copper(l)-catalyzed alkyl-alkyl coupling was esaged to connect the-chain precursor
with the ring system of PhytoPs. The challenge isted of choosing an appropriate methyl
ester surrogate and suitable coupling conditionisially, a series of a model reactions was
performed with cyclohexylmethyl triflatéV(1) andw-halo orthoesters2 with the 4-methyl-
2,6,7-trioxabicyclo[2.2.2]octane (OBO) group andnmaring by GC-MS. Using halogen-
lithium exchange to activatél2 and subsequent coupling wikhl in varying ratios in the
presence of superstoichiometric amounts of Cul oBreSMe in THF or DME was not
efficient (Table S1, entries 1-7). Switching thdveat to diethyl ether and using catalytic
amounts of CuBreSMeled to a low yield of sensitive orthoestdB (entry 8), which could,
however, not be further improved (entries 9, 10)e Bromide oM2 reacted similarly as the

iodide (entry 9 vs 11), therefore the approachaqismhoester$12 was abandoned.

Table S1 Cu(l)-mediated cross-coupling BfL andM2.

O\/OTf + Xﬁ t-BuLi (2 equiv), /i/
THF or EtZO

M1 M2 X =Brorl
Entry M1:M2 X Cu source (equiv?) Solvent M3 (%)°
1 1:1.1 | Cul (3) THF -
2 1:1 | Cul (3) THF -
3 1:1 | CuBreSMe(1) THF -
4 1:1 | CuBreSMe(2) THF -
5 1:2 | CuBreSMe(2) DME -
6 1:1 | CuBreSMeg(2) THF -
7 1:2 | CuBreSMg(1) THF -
8 1:1.1 | CuBreSMg(0.2) EtO 30
9 1:1.2 I CuBreSMg(0.5) EtO, THF -
10 1:1.1 I LiCl, CuGi(0.1) EtO, THF 5
11 1:1.1 Br LiCl, CuGl(0.1) EtO, THF 30

3 Equiv. based oM1. ? Determinated by gas chromatography.
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The application of organometallic reagents withyhlar alkenyl units, which could be
subsequently transformed to an ester, was a mamiging strategy (Table S2). Cross-
coupling ofM1 with decyllithium generated by halogen-lithium baage did not proceed in
the presence of stoichiometric amounts of Cu(Ip{@&2, entry 1), but gave a moderate yield
of coupling productM6a in the presence of catalytic amounts of Cu(l) fe2). The use of
Grignard reagents proved to be more successfutesied linear alkyl ow-alkenyl Grignard
reagentsM5b-d coupled withM1 using CuBreSMg or in situ generated (CuCl, as the
catalysts affording productd6b-d in good isolated yields (entries 3,4,6,7). Catalg@u(l)
was more efficient than stoichiometric amounts rfert vs. 5). lodideM4 was similarly
active as the triflateM1 in the coupling reaction (entry 4 vs. 3). Howevattempts to

generate Grignard reagents frdf2 (cf. Table 1) were not successful.

Table S2 Cu-mediated or catalyzed cross-coupling of te#1 or iodideM4 with
organometallic agentd>5.

O™ s (O
—_— _— ~
+ MR THF, 0 °C aR =P NN

b R = NSNS

M1 X = OTf M5a,b,c,d cR= $s.A"F
M4 X = | Méab,.cd  gRr- v~~~

Entry M1, M4 M5 M M1(M4):M5 Cu(l) (equiv.} Solvent M6 (%)

1 M1 alLi 1:2 CuBreSMe(1.1)  EtO 0

2 M1 alLi 1:1.1 CuBreSMe(0.3)  EtO 46
3 M1 b MgBr 1:1.1 CuBreSMg0.2)  THF 73
4 M4 b MgBr 1:1.1 LiCl, CuCi (0.1)  THF 85
5 M1 ¢ MgBr 1:2 CuBreSMe(1.1)  THF 55
6 M1 ¢ MgBr 1:2 CuBreSMg(0.2)  THF 81
7 M1 d MgBr 1:2 CuBreSMe(0.4)  THF 90

3 Equiv. based oM1 andM4 respectively® Isolated yield, calculated td1 andM4 respectively.

Copper(l)-catalyzed coupling of cylohexylmethyl trilate with alkyllithium compounds:
t-BuLi (1.7M in pentane) was added dropwise to aitsmh of halideM2 or decyl bromide in
dry EtO at —78 °C. The mixture was stirred for 30 minywed to r.t. and stirred for 10 min.
The copper(l) catalyst was added after cooling46 2C followed by dropwise addition of

triflate M1 in dry E£O. The reaction was stirred until complete as nwwad by TLC (approx.
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3 h) and subsequently quenched with saturategONsblution. The layers were separated and
the aqueous was extracted with@tThe combined organic fractions were washed liihe
and dried over MgS® The solvent was evaporated and the crude maigaalpurified by
column chromatography (silica gel, pentane).

Model reaction with Grignard reagents M5b-d (Generd procedure):

A solution of alkyl or alkenyl magnesium bromilfsb-d in THF was cooled to 0 °C and the
copper(l) catalyst was added. A solution of tréldd1 or iodide M4 in dry THF was added
dropwise. The reaction was stirred at 0 °C untihptete as monitored by TLC (approx. 3 h)
and subsequently quenched with saturateddolution. The layers were separated and the
aqueous was extracted with,@&t The combined organic fractions were washed Wwithe
and dried over MgS® The solvent was evaporated and the crude maigaalpurified by

column chromatography (silica gel, pentane).

Undecylcyclohexane (M6a): HRMS (+EI) m/z (Ci17H34) calc.: 238.2661, found: 238.2663. -
'H NMR (400 MHz):8 = 0.77-0.97 (m, 2H, cyclohexane 2,6-gH).88 (t,J = 6.8 Hz, 3H,
CHg), 1.09-1.34 (m, 24H, cyclohexane 3,4,5-H-CH, undecyl Ch), 1.58-1.75 (m, 5H,
cyclohexane 2,3,4,5,6-GH - *C NMR (100 MHz):8 = 14.3 (g, CH), 22.9 (t, CH), 26.6 (t,
2C, cyclohexane 3,5-Gi 27.0 (t, cyclohexane 4-GH 27.1 (t, CH), 29.5 (t, CH), 29.83 (t,
CHy), 29.86 (t, CH), 29.87 (t, CH), 29.90 (t, CH), 30.2 (t, CH), 32.1 (t, CH), 33.6 (t, 2C,
cyclohexane 2,6-Ch)l, 37.7 (t, CH), 37.9 (d, CH).

Tridecylcyclohexane (M6b)? HRMS (+El)m/z (CigHze) calc.: 266.2974, found: 266.2978. -
'H NMR (400 MHz):5 = 0.77-0.96 (m, 2H, cyclohexane 2,6-§H).88 (t,J = 6.8 Hz, 3H,
CHg), 1.08-1.35 (m, 28H, cyclohexane 3,4,5-CH-CH, tridecyl CH), 1.58-1.75 (m, 5H,
cyclohexane 2,3,4,5,6-GH - 1*C NMR (100 MHz):5 = 14.3 (g, CH), 22.9 (t, CH), 26.7 (t,
2C, cyclohexane 3,5-CGH 27.0 (t, cyclohexane 4-GH 27.1 (t, CH), 29.6 (t, CH), 29.86 (t,
CHy), 29.90 (t, 4C, Ch), 29.93 (t, CH), 30.2 (t, CH), 32.1 (t, CH), 33.7 (t, 2C, cyclohexane
2,6-CH), 37.8 (t, CH), 37.9 (d, CH).

Pent-4-en-1-ylcyclohexane (M6cy: HRMS (+EI) m/z (CiiHao) calc.: 152.1565, found:
152.1566. -'H NMR (400 MHz):5 = 0.82-0.96 (m, 2H, cyclohexane 2,6-§HL.09-1.29 (m,
6H, cyclohexane 3,4,5-GH 1-CH, H3(CH,),CH=CH,), 1.36-1.45 (m, 2H,
CH,CH,CH=CH,), 1.60-1.76 (m, 5H, cyclohexane 2,3,4,5,6-;12.04 (qt,J = 7.1, 1.5 Hz,
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2H, CH,CH=CH,), 4.95 (dquintJ = 10.2, 1.3 Hz, 1H, B,=CH), 5.01 (dgJ = 17.0, 1.7 Hz,
1H, CH,=CH), 5.84 (ddtJ = 16.9, 10.2, 6.7 Hz, 1H,H=CH,). - 1C NMR (100 MHz):8 =

26.6 (t, 2C, cyclohexane 3,5-GK27.0 (t, cyclohexane 4-GH 30.3 (t,CH,CH,CH=CH,),

33.6 (t, 2C, cyclohexane 2,6-GH34.3 (t,CH,CH=CH,), 37.2 (t,CH2(CH,),CH=CH,), 37.8
(d, CH), 114.2 (tCH,=CH), 139.4 (dCH=CH,).

Oct-7-en-1-ylcyclohexane (M6d)MS (+EI) m/z (%): 194 (33) [M]’, 166 (15) [M—GH4] *,

152 (10) [M—GHg¢] *, 138 (10) [M—-GHg] ", 124 (8) [M-GH1g ", 109 (31) [M-GH13]*, 96

(100) [M—GH14 ™, 83 (53) [M—GHas]", 82 (40) [M-GH1¢] ™, 81 (55) [M—-GH17]", 69 (9)
[M=CgH17]", 68 (6) [M-GHigl ™, 67 (27) [M-GHaig]", 55 (37) [M—GH1g]". - HRMS (+EI)
m/z (Cr4H2e) calc.: 194.2035, found: 194.2037H NMR (400 MHz):5 = 0.79-0.85 (m, 2H,
cyclohexane 2,6-Cyl, 1.09-1.29 (m, 14H, cyclohexane 3,4,5-CH 1-CH,

(CH2)sCH,CH=CHy), 1.55-1.75 (m, 5H, cyclohexane 2,3,4,5,6-512.04 (tdt,J = 8.0, 6.7,
1.4 Hz, 2H, GH,CH=CH,), 4.93 (ddtJ = 10.2, 2.2, 1.2 Hz, 1H,K;=CH), 4.99 (dg,) = 17.0,
1.7 Hz, 1H, ®,=CH), 5.81 (ddtJ = 16.9, 10.2, 6.7 Hz, 1H, H&=CH,). - *C NMR (100
MHz): 6 = 26.6 (t, 2C, cyclohexane 3,5-@H26.9 (t, CH), 27.0 (t, cyclohexane 4-GH 29.1
(t, CHy), 29.4 (t, CH,), 30.0 (t, CHy) 33.6 (t, 2C, cyclohexane 2,6-GH 34.0 (t,
CH,CH=CH,), 37.7 (t, CHx(CH,)sCH=CH), 37.8 (d, CH), 114.2 ({CH,=CH), 139.4 (d,
CH=CHy,).

1 a) M. Feldhues, H. J. Schéfer, Tetrahedron, 1985, 41, 4195-4212; b) Spectral Database for Organic
Compounds (SDBS); SDBS No.: 961; RN 54105-66-7; http://sdbs.db.aist.go.jp/ (accessed March 20,
2017).

2 Spectral Database for Organic Compounds (SDBS); SDBS No.: 628, RN 6006-33-3;
http://sdbs.db.aist.go.jp/ (accessed March 20, 2017).

3 D.Takeuchi, J. Am. Chem. Soc., 2011, 133, 11106—-11109.
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General experimental techniques

All reactions were conducted in flame-dried glasgmander an atmosphere of dry argon or
nitrogen. THF, DME, DCM, MeOH and ferrocenium hduafophosphate were dried
following standard methods under a nitrogen or margtmosphere. TLC plates (Fluka or
Macherey-Nagel, silica gel on TLC-PET foils witlhudrescent indicator 254 nm) were used
for monitoring reactions. Flash column chromatogreseparations were performed at silica
gel 60 (Merck or Acros, 230-400 mesh). IR spectmrentaken on a Bruker ALPHA
spectrometer as neat samples using an ATR dé¥icand™*C NMR spectra were recorded in
CDCl; on Bruker AV IIl 600 HD, AV IIl 500 HD or AV Il £0 HD spectrometers equipped
with cryo-probes or a Bruker AV 1l 400 spectronretgjuipped with inverse broad-band
probe at 600, 500 or 400 MHz fdH NMR, and 151, 126 or 100 MHz fdfC NMR,
respectively’H NMR chemical shifts are provided in ppm vs. TMSthe internal standard;
13C NMR spectra are referenced against the residulaerst peak. The connectivity was
determined by'H-'H COSY experiments. Stereochemical assignmentdased on NOE-
Diff and NOESY experimentsC NMR spectral assignments were obtained from APT,
HSQC and HMBC experiments. GC/MS(EI) measuremerggevperformed on an Agilent
5975C MSD coupled to a 7890N gas chromatograpm gkglent 5975B MSD coupled to a
6890N gas chromatograph. ESI mass spectra wergnetitan a Thermo Fisher Scientific
LCQ Fleet spectrometer, sample concentration appioytg/mL. HRMS spectra were

measured on a Waters Q-Tof micro spectrometeriutsio: 100000.
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Experimental procedures and analytical data

Methy! (6E,8E)-5-hydroxy-3-oxoundeca-6,8-dienoate (11):

HO

Methyl acetoacetatél0) (50 mmol, 5.4 mL) was added dropwise to a susperef NaH (65
mmol, 2.6 g, 60% suspension in mineral oil) in diF (100 mL) at O °C under a nitrogen
atmosphere. After foaming stopped, stirring wastiooled at the same temperature for 30
min. Dry HMPA (60 mmol, 10.5 mL) was added and thigture was cooled to —78 °@:
BuLi (60 mmol, 27 mL, 1.6 Mn hexanes) was added dropwise over a 30 min pefibd
reaction mixture was warmed to —65 °C and stirrethis temperature for 30 min. It was
cooled back to —78 °C arndans,trans2,4-heptadienal9) (50 mmol, 6.25 mL) was added
dropwise. The color of the turbid mixture changedmp the addition from brown to maroon,
with the last drop it changed to pink and slowlgned to orange-red. The mixture was slowly
warmed to —60 °C and quenched after 100 min byvadi®ps 99% AcOH followed by 10%
aqueous AcOH solution (50 mL). The reaction mixtwas diluted with BEO (50 mL) and
warmed to r.t. The layers were separated and thecas was extracted with EtOAc (4x50
mL). The combined organic layers were washed watlarated NaHC@solution and brine,
dried over MgS@and evaporated. The crude material was purifieflash chromatography
(silica gel 200 g, hexane/EtOAc, gradient 10:1:t).1Yield 11.0 g (97%) as a yellow oil. 1t R
(hexane/EtOAc 2.5:1) = 0.3. - IR (filmy:= 3437, 2964, 2935, 2879, 1736, 1715, 1438, 1406,
1323, 1209, 1153, 1065, 975, 864. - MS (+E@ly, (%): 491 (63)[2M+K]", 283 (100)
[M+K+H,0]", 265 (50) [M+KJ, 249 (18) [M+Na]. - HRMS (+ESI)m/z (C;2H1g04Na)
calc.: 249.1097, found: 249.1098.'H NMR (400 MHz):8 = 0.94 (t,J = 7.5 Hz, 3H,
CHsCH,), 2.04 (dq,J = 6.4, 7.5 Hz, 2H, 8,CHs), 2.68 (dd,J = 4.6, 17.0 Hz, 1H,
CHHCHOH), 2.74 (dd,) = 7.7, 17.0 Hz, 1H, CHCHOH), 2.82 (br s, 1H, B), 3.45 (s, 2H,
COCH,CO), 3.68 (s, 3H, 083), 4.56 (dddJ = 4.6, 6.3, 7.5 Hz, 1H, I@OH), 5.51 (ddJ =
6.4, 15.3 Hz, 1H, CHCHCHOH), 5.70 (dtJ = 6.5, 15.1 Hz, 1H, =BCH,CHs), 5.94 (ddJ

= 10.5, 15.1 Hz, 1H, B=CHCH), 5.55 (dd,J = 10.4, 15.3 Hz, 1H, B=CHCHOH). -*C
NMR (100 MHz):6 = 13.5 (q,CH3CHy), 25.7 (t,CH,CHs), 49.8 (t, HOCKCH,CO), 49.9 (t,
COCH,CO), 52.5 (g, @H3z), 68.3 (d, CHOH), 128.3 (d, CH=CHCH,), 131.0 (d,
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CH=CHCHOH), 131.5 (d,CH=CHCHOH), 137.8 (d, CHEHCH,), 167.5 (s,COOCH),
202.6 (s, CHCOCH).

Methyl (3S*,5R*,6E,8E)-3,5-dihydroxyundeca-6,8-dienoate (12):

o)

SN
HO
Diethyl(methoxy)borane (55 mmol, 55 mL, 1.0 M in FHwas added dropwise over 30 min
to a solution of (&,8E)-methyl 5-hydroxy-3-oxoundeca-6,8-dienoat4)((36.6 mmol, 8.3 g)
in dry THF (250 mL) and MeOH (60 mL) at —78 °C. Timxture was stirred for 1 h and
NaBH,; (55 mmol, 2.1 g) was added in approx. 50 mg postiat —95 °C. A gas evolution was
observed and the reaction mixture became turbidpatel yellow. The reaction mixture was
stirred at —78 °C for 120 min, quenched with AcC38 (L), diluted with BEO (150 mL) and
warmed to r.t. Saturated NaHg8&blution (150 mL) was added slowly and the mixtuaes
stirred for 5 min. The layers were separated apdatjueous was extracted with@&t{3x100
mL). The combined organic layers were washed watiirated NaHC@solution,water and
brine, dried over MgS@Pand the solvents were evaporated. Water (60 mHF; T180 mL)
and NaOAc (83 mmol, 6 g) were added to the resi@ihe.mixture was cooled to 0 °C,®b
(30%, 50 mL) was added slowly and stirring was ic&d for 1 h. A saturated BBO;
solution (100 mL) was added followed by@&t(100 mL) and stirring was continued at r.t. for
10 min. The layers were separated and the aqueasiextracted with &D (3x100 mL). The
combined organic layers were washed with water haride, dried over MgS© and
evaporated. The crude material was purified byhflasromatography (silica gel 120 g,
hexane/ethyl acetate, gradient 5:1 to 1:1). Yield @ (86%) as a colorless oil. -+ R
(hexane/EtOAc 2.5:1) = 0.2. - IR (filmy:= 3511, 2956, 2930, 2856, 1738, 1460, 1438, 1362,
1253, 1199, 1170, 1070, 989, 836, 776, 669. - MES(ym/z (%): 479 (29) [2M+Nal], 267
(33) [M+K]*, 251 (100) [M+Nal]. - HRMS (+ESI)m/z (C12H2¢00sNa) calc.: 251.1254, found:
251.1254. *H NMR (400 MHz):6 = 0.96 (t,J = 7.5 Hz, 3H, €1sCH,), 1.58 (dtJ = 3.4, 14.3
Hz, 1H, HOCHCHHCHOH), 1.67 (dtJ = 9.4, 14.3 Hz, 1H, HOCHCHCHOH), 2.05 (dq,]
= 6.4, 7.5 Hz, 2H, 8,CHj3), 2.42 (ddJ = 4.7, 16.1 Hz, 1H, CHCOOCH), 2.48 (dd,J =
7.5, 16.1 Hz, 1H, CHCOOCH), 3.27 (br s, 1H, @), 3.66 (s, 3H, O83), 3.84 (br s, 1H,
OH), 4.15-4.28 (m, 1H, CK¥CHOHCH,), 4.32-4.43 (m, 1H, HOBCH=), 5.52 (ddJ = 6.7,
15.2 Hz, 1H, CH=EGCHOH), 5.70 (dtJ = 6.5, 15.1 Hz, 1H, CH=ACH,), 5.94 (dd,J =
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10.4, 15.1 Hz, 1H, B=CHCHp), 6.18 (dd,J = 10.4, 15.2 Hz, 1H, B=CHCHOH). - C
NMR (100 MHz):8 = 13.6 (q,CHsCHy), 25.8 (t,CH.CHs), 41.7 (t, CHOKCH,CO), 42.9 (t,
HOCHCH,CHOH), 52.0 (g, @Hs), 68.4 (d, CHCHOHCH,), 72.7 (d, H@HCH=CH),
128.5 (d, CH=CHCHp), 131.2 (d,CH=CHCHOH), 132.6 (d, CHEHCHOH), 137.6 (d,
CH=CHCH,), 172.8 (SCOOCH).

Methyl (3S*5R*,6E,8E)-5-((tert-butyldimethylsilyl)oxy)-3-hydroxyundeca-6,8-dienode
(8):

TBSO

2,6-Lutidine (22.4 mmol, 2.6 mL) was added to aigsoh of diol12 (7.5 mmol, 1.70 g) in dry
DCM (70 mL). The mixture was cooled to —78 °C ardSDTf (7.8 mmol, 1.8 mL) was
added dropwise. The reaction mixture was stirred-28 °C for 3 h. The reaction was
guenched with saturated NaH&®lution (60 mL), diluted with EtOAc (50 mL) and mized
to r.t. The layers were separated and the aqueassewtracted with ED (2x50 mL) and
EtOAc (50 mL). The combined organic layers were hvealswith water, saturated NaHgO
solution, water and brine, dried over MgS&hd evaporated. The crude material was purified
by flash chromatography (silica gel 100 g, hexahgleacetate 10:1, gradient to 1:1). Yield
1.93 g (82%) as a yellow oil. -sfhexane/EtOAc 2.5:1) = 0.25. - IR (filmy:= 3397, 2962,
2932, 2874, 1732, 1437, 1293, 1261, 1200, 11665,1983, 844, 774. - MS (+ESt/z (%):
707 (22) [2M+Na], 365 (100) [M+Na]. - HRMS (+ESI)m/z (CigH3404NaSi) calc.:
365.2119, found: 365.2119."H NMR (400 MHz):8 = 0.03 (s, 3H, Sifls), 0.07 (s, 3H,
SiCH3), 0.86 (s, 9H, SiC(B3)3), 0.98 (t,J = 7.5 Hz, 3H, Ei5CHy), 1.59 (dddJ = 3.0, 5.3,
14.0 Hz, 1H, CHICHOSI), 1.73 (dddJ = 7.5, 9.4, 14.0 Hz, 1H, QGHCHOSI), 2.07 (dgJ =
6.6, 7.5 Hz, 2H, 6,CHj3), 2.41 (ddJ = 5.3, 16.0 Hz, 1H, CHCOOCH), 2.46 (ddJ = 7.5,
16.1 Hz, 1H, CHICOOCH;), 3.50 (d,J = 2.6 Hz, 1H, ®), 3.67 (s, 3H, OHj3), 4.15
(dddddd,J = 1.5, 2.7, 3.0, 5.3, 7.7, 9.4 Hz, 1HHOH), 4.37 (ddtJ = 1.5, 5.3, 7.6 Hz, 1H,
CHOSI), 5.47 (dd,J = 7.4, 15.1 Hz, 1H, =BCHOSI), 5.69 (dtJ = 6.5, 14.9 Hz, 1H,
=CHCH,), 5.96 (dd,J = 10.4, 15.1 Hz, 1H, B=CHCH,), 6.08 (dd,J = 10.4, 15.2 Hz, 1H,
CH=CHCHOSI). -*C NMR (100 MHz):d = —4.6 (g, STH3), —3.7 (g, SCH3), 13.6 (q,
CH,CHj3), 18.3 (s, ST(CHj3)3), 25.8 (t,CH,CHs), 26.1 (q, SiOCH3)3), 41.9 (t,CH,COOCH),
44.4 (t, CH,CHOSI), 51.9 (q, @H3), 67.1 (d, CHOH), 73.6 (d, CHOSi), 128.5 (d,
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CH=CHCH,), 131.0 (d,CH=CHCHOSi), 133.3 (d, CHEHCHOS;), 137.3 (d, CHEHCH,),
172.8 (SCOOCH).

Methyl (1S*,2S*,3R*,4R*)-4-((tert-butyldimethylsilyl)oxy)-1-hydroxy-3-((E)-3-((2,2,6,6-
tetramethylpiperidin-1-yl)oxy)pent-1-en-1-yl)cyclopentane-2-carboxylate (5a),
methyl (1S*,2R*,3R* ,4R*)-4-((tert-butyldimethylsilyl)oxy)-1-hydroxy-3-(( E)-3-((2,2,6,6-
tetramethylpiperidin-1-yl)oxy)pent-1-en-1-yl)cyclopentane-2-carboxylate(5b):

0
OH ? o W~

TBSO OTMP

TBSO 5b

OTMP

5a

Method A: Anhydrous LiCl (6 mmol, 260 mg) was flame dried endeduced pressure. After
cooling to r.t., dry DME (20 mL) was added. The tape was cooled to —78 °C arnérnNH
(2.7 mmol, 380uL) and BuLi (2.6 mmol, 1.78 mL, 1.6 M in hexane) reesubsequently
added. The resulting mixture was stirred for 30.miirenoate8 (1 mmol, 340 mg) dissolved
in dry DME (2 mL) was added dropwise. The mixturaswvarmed to —55 °C during 40 min.
After cooling to —78 °C, HMPA (12 mmol, 2.1 mL) wadded dropwise followed by TEMPO
(1.2 mmol, 200 mg) mixed with FegRps (20 mg). Subsequently FeiR¥s (overall 1.7
mmol, 570 mg) was added in portions (ca 50 mg eawtil)the color remained dark blue. The
reaction mixture was slowly warmed to —35 °C androned by a few drops of water after an
hour. The mixture was diluted with && (ca 20 mL) and filtered through a plug of silgpal
with ELO (2x20 mL). The solvent was evaporated and thenmgeneous residue was
preadsorbed at silica gel (1 g) and purified byuool chromatography (silica gel 30 g,
hexane/EtOAc 10:1, gradient to 1:1). Yield 318 r6d%) as an inseparable 2:1 mixture of

5a/5b as a colorless oil.

Method B: t-BuMgClI in THF (0.75 mmol, 37@L, 2.0 Min Et,O) was added to a solution of
dienoate8 (0.5 mmol, 170 mg) in dry THF (5 mL) at —78 °C. Timéture was stirred at —78
to —60 °C for 40 min. A solution of LDA, freshly gpared fromPr,NH (1.3 mmol, 19QuL)
and BuLi (1.3 mmol, 84Q@L, 1.6 M in hexane) in dry THF (1.3 mL) was addedpivise at
—78 °C. The resulting mixture was stirred betwe@d and —50 °C for 1 h. Dry THF (10 mL)
and HMPA (3 mmol, 52QL) were added at —78 °C followed by TEMPO (0.6 mnidl0
mg) mixed with FeCgPF; (0.3 mmol, 100 mg). After 5 min, more Fe®ps (1.0 mmol, 320

mg) was added in portions (ca 50 mg each) untilctiler remained dark blue. The reaction
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was quenched by a few drops of water after 40 e mixture was diluted with KD (20
mL) and filtered through a plug of silica gel. Té@vent was evaporated, the inhomogeneous
residue was preadsorbed at silica gel (1 g) anidigaiby column chromatography (silica gel
30 g, hexane/EtOAc 10:1, gradient to 1:1). Yiel® big (47%) as 1:5 inseparable mixture of

5a/5b as a colorless oil.

R: (hexane/EtOAc 5:1) = 0.3. - IR (filmy = 3490, 2928, 2856, 1734, 1463, 1437, 1375,
1360, 1255, 1207, 1172, 1131, 1079, 1004, 971, 884, 809, 776, 712, 668. - MS (+ESI)
m/z (%): 498 (100) [M+H], 364 (5) [M—OTMP+Na], 158 (17) [TMPOH+H]. - HRMS
(+ESI) m/z (Cy7Hs520sNSi) calc.: 498.3609, found: 498.3607.

OH

TBSO

OTMP

5a

Major C16 epimer'H NMR (400 MHz):5 = 0.11 (s, 3H, Sifls), 0.14 (s, 3H, Sifl3), 0.79
(t, J = 7.5 Hz, 3H, GsCH,), 0.87 (s, 9H, SiC(Bs)3), 0.99-1.19 (m, 12H, NC(€s),), 1.38-
1.50 (m, 7H, NCEl,CH,CH,, CHHCH;), 1.66-1.80 (m, 2H, CHCHOSi, CHHCHs), 2.31-
2.42 (m, 1H, CHICHOSI), 2.50 (dJ = 7.8 Hz, 1H, ®), 2.99-3.10 (m, 1H, BCOOCH),

3.19-3.29 (m, 1HCHCHOSI), 3.66 (s, 3H, Ols), 3.84-3.94 (m, 1H, BOTMP), 4.03-4.09
(m, 1H, CHOSIi), 4.48-4.57 (m, 1H, BOH), 5.17 (dd,J = 9.1, 155 Hz, 1H,
CH=CHCHOTMP), 5.50 (ddJ = 7.9, 15.5 Hz, 1H, CH=8CHOTMP). - **C NMR (100
MHz): § = —4.8 (g, STH3), —4.6 (q, STH3), 9.9 (q,CH3CH,), 17.4 (t, NCCHCH,), 18.1 (s,
SiC(CHa)a), 20.4 (g, NCCHs)2), 20.5 (g, NCCHz)2), 25.90 (q, SiGTH3)3), 27.3 (t,CH2CHa),

34.0 (q, NCCHa),), 35.5 (q, NCCHs),), 40.4 (t, N@CH,), 42.7 (t, CH,CHOSI), 51.8 (q,
OCHs), 53.8 (d,CHCHOSI), 56.3 (dCHCOOCH), 59.4 (s, NC(CHs)y), 60.2 (s, NC(CHs),),

74.1 (d,CHOH), 78.6 (d,CHOSI), 85.7 (dCHOTMP), 128.8 (d{CH=CHCHOTMP), 135.8
(d, CH=CHCHOTMP), 172.4 (SCOOCH).

Minor C16 epimer*H NMR (400 MHz):8 = 0.04 (s, 3H, Sifl), 0.06 (s, 3H, Sifl3), 0.77
(t, J= 7.5 Hz, 3H, Gi;CH,), 0.88 (s, 9H, SiC(H3)3), 0.99-1.16 (m, 12H, NC(d5s),), 1.38-
1.50 (m, 7H, NCE&l,CH,CH,, CHHCHj3), 1.66-1.80 (m, 2H, CHCHOSi, CHHCHj), 2.31-
2.42 (m, 1H, CHHCHOSI), 2.54 (dJ = 8.3 Hz, 1H, ®), 2.99-3.10 (m, 1H, BCOOCH;),
3.19-3.29 (m, 1HCHCHOSI), 3.61 (s, 3H, O8s), 3.84-3.94 (m, 1H, BOTMP), 4.10-4.15
(m, 1H, HOSI), 4.54-4.61 (m, 1H, KOH), 5.05 (dd,J = 9.9, 15.3 Hz, 1H,
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CH=CHCHOTMP), 5.46 (dd) = 7.9, 15.4 Hz, 1H, CH=8CHOTMP). -*C NMR (100
MHz): § = —4.8 (g, STH3), —4.7 (q, STH3), 9.8 (q,CH3CH,), 17.4 (t, NCCHCH,), 18.1 (s,
SIC(CHa)3), 20.4 (q, NCCHa)2), 20.5 (q, NCCHa)2), 25.93 (q, SiQTH3)3), 27.6 (t,CH2CHs),
34.0 (g, NCCHa)2), 35.5 (g, NCCH3),), 40.4 (t, NGCHy), 42.5 (t, CH,CHOSI), 51.6 (q,
OCHz), 54.6 (d,CHCHOSI), 56.8 (ACHCOOCH;), 59.4 (s, NC(CHs)), 60.2 (s, N(CHa)2),
74.2 (d,CHOH), 78.5 (d,CHOSI), 86.0 (dCHOTMP), 127.8 (dCH=CHCHOTMP), 136.6
(d, CH=CHCHOTMP), 173.4 (SCOOCH).

OH ?L /

.~ 0
N =
TBSO OTMP
5b

Major C16 epimer*H NMR (400 MHz):8 = 0.06 (s, 3H, Sifls), 0.08 (s, 3H, Sifls), 0.82
(t, J= 7.5 Hz, 3H, ®sCH,), 0.881 (s, 9H, SiC(85)3), 1.03 (s, 6H, NC(63),), 1.09 (s, 3H,
NC(CHz3)2), 1.12 (s, 3H, NC(83)2), 1.29-1.58 (m, 7H, NCB,CH,CH,, CHHCHs), 1.65-
1.78 (m, 1H, CHICHs), 1.86-2.01 (m, 2H, B,CHOSI), 2.71 (ddJ = 5.3, 8.2 Hz, 1H,
CHCOOCH), 3.25 (dtJ = 4.7, 8.0 Hz, 1H, BCH=CH), 3.31 (dJ = 9.7 Hz, 1H, ®), 3.71
(s, 3H, O®3), 3.93 (td,J = 4.5, 8.2 Hz, 1H, BOTMP), 4.04-4.10 (m, 1H, EOSi), 4.41-
4.49 (m, 1H, €IOH), 5.30 (dd,J = 8.3, 15.5 Hz, 1H, B=CHCHOTMP), 5.44 (ddJ = 8.5,
15.8 Hz, 1H, CH=EBICHOTMP). - *C NMR (100 MHz):6 = —4.8 (q, STH3), —4.6 (q,
SiCHs3), 10.0 (q,CHsCHy), 17.40 (t, NCCHCH,), 18.0 (s, ST(CHs)3), 20.4 (q, NCCHa)2),
20.5 (g, NCCHa),), 25.88 (g, SiGTHa)3), 27.5 (t,CH2CHs), 34.1 (q, NCCHs),), 35.4 (q,
NC(CHz)), 40.4 (t, NCHy), 43.2 (t,CH,CHOSI), 51.9 (g, @Hs3), 52.1 (d,CHCHOSI), 56.7
(d, CHCOOCH), 59.3 (s, \(CHs),), 60.2 (s, \(CHs),), 75.3 (d,CHOH), 79.7 (d CHOSI),
86.3 (d,CHOTMP), 131.5 (dCH=CHCHOTMP), 134.0 (d, CHEHCHOTMP), 172.35 (s,
COOCH).

Minor C16 epimer'H NMR (400 MHz):5 = 0.08 (s, 3H, Sif3), 0.10 (s, 3H, Sifls), 0.77
(t, J = 7.5 Hz, 3H, EisCHy), 0.884 (s, 9H, SiC(85)s), 1.03 (s, 6H, NC(Bl3),), 1.09 (s, 3H,
NC(CHs),), 1.12 (s, 3H, NC(83)), 1.29-1.58 (m, 7H, NCB,CH,CH,, CHHCH), 1.65-
1.78 (m, 1H, CHCHs), 1.86-2.01 (m, 2H, B,CHOSi), 2.67 (dd,J = 5.2, 8.1 Hz,
CHCOOCH,), 3.25 (dt,J = 4.7, 8.0 Hz, 1H, BCH=CH), 3.40 (d,) = 9.8 Hz, 1H, ®1), 3.71
(s, 3H, OGH3), 3.91 (td,J = 4.2, 8.4 Hz, 1H, BOTMP), 4.10-4.15 (m, 1H, KOSi), 4.41-
4.49 (m, 1H, GIOH), 5.32 (dd,) = 8.4, 15.8 Hz, 1H, B=CHCHOTMP), 5.46 (ddJ = 8.3,
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15.4 Hz, 1H, CH=EBICHOTMP). - ®C NMR (100 MHz):8 = —4.8 (g, StHa), —4.5 (q,
SiCH3), 10.0 (q,CH3sCH,), 17.42 (t, NCCHCH), 18.0 (s, ST(CHs)s), 20.4 (g, NCCHa)y),

20.5 (g, NCCH3)2), 25.90 (g, SiQCHa)s), 27.4 (t,CH.CHs), 34.1 (g, NCCHs)2), 35.4 (g,
NC(CHs)y), 40.3 (t, N@CH,), 43.1 (t,CH,CHOSI), 51.9 (g, GHs), 52.1 (d,CHCHOSI), 56.7
(d, CHCOOCH), 59.3 (s, NC(CHs)2), 60.2 (s, N(CHa),), 75.1 (d,CHOH), 79.4 (dCHOSI),

86.2 (d,CHOTMP), 131.4 (dCH=CHCHOTMP), 133.6 (d, CHEHCHOTMP), 172.44 (s,
COOCH).

Methyl (1S%,25%,3R* ,4R*)-4-((tert-butyldimethylsilyl)oxy)-3-(( E)-3-((2,2,6,6-
tetramethylpiperidin-1-yl)oxy)pent-1-en-1-yl)-1-((triethylsilyl)oxy)cyclopentane-2-
carboxylate (13a),
methyl (1S*,2R*,3R* ,4R*)-4-((tert-butyldimethylsilyl)oxy)-3-(( E)-3-((2,2,6,6-
tetramethylpiperidin-1-yl)oxy)pent-1-en-1-yl)-1-((triethylsilyl)oxy)cyclopentane-2-
carboxylate (13b) :

QTESO ,/TESO\\\ .

; e

N N %

TBSO 13, OTMP TBSO 1 OTMP

Method A2 (5a reacts faster) TESCI (5.8 mmol, 0.98 mL) was added dropwise solation
of 5a/5b (1.7:1, 9.1 mmol, 4.54 g) and imidazole (11.6 mni®0mg) in dry DCM (120 mL)
at —-60 °C. The reaction was stopped by adding as&ttiNHCI solution (100 mL) after 90
min. The layers were separated and the aqueouexiescted with EO (3x100 mL). The
combined organic layers were washed with water ande, dried over MgS© and
evaporated. The crude material was purified by mollchromatography (silica gel 80 g,
hexane/EtOAc 80:1). Yield 3.37 g (95%) as a paytis¢parable 6.2:1 mixture af3a13b as

a colorless oil.

Method B2 (unselective) TESOTT (3.1 mmol, 70QuL) was added dropwise to a solution of
5a/5b (1:2, 3.0 mmol, 1.48 g) and 2,6-lutidine (6.2 mmR0uL) in dry DCM (40 mL) at

—78 °C. The reaction was stopped by addition oew& mL) after 90 min, and the mixture
was washed with saturated KHS&blution and brine, dried over Mgg@nd evaporated. The
crude material was purified by column chromatogyagsilica gel 100 g, hexane/EtOAc
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80:1). Yield 1.67 g (92%) as a partially separah2 mixture of13a/13b as a colorless oil.
The 16-C epimers df3b are also partially separable.

Rr (hexane/EtOAc 5:1) = 0.8. - IR (film} = 2963, 2938, 2885, 2856, 1741, 1467, 1440,

1380, 1365, 1259, 1285, 1187, 1166, 1129, 10969,1905, 890, 839, 778, 748, 672. - MS
(+ESI) m/z (%): 612 (100) [M+H]. - HRMS (+ESI)m/z (Cs3HesOsNSiy) calc.: 612.4474,
found: 612.4473.

Major C16 epimer'H NMR (400 MHz):8 = —0.05 (s, 3H, SiBs3), —0.03 (s, 3H, Sifs), 0.56
(q, J = 7.8 Hz, 6H, Si®y), 0.86 (t,J = 7.6 Hz, 3H, EsCH,CHOTMP), 0.88 (s, 9H,
SiC(CHs)3), 0.95 (t,J = 7.9 Hz, 9H, SiCHCHSs), 1.03 (br s, 3H, NC(85),), 1.04 (br s, 3H,
NC(CHs)2), 1.06 (br s, 3H, NC(83),), 1.10 (br s, 3H, NC(8s),), 1.31-1.43 (m, 6H,
NCCH,CH,CH,), 1.57-1.67 (m, 1H, CHCHOTMP), 1.69-1.79 (m, 2H, GHCHOTMP,
CHHCHOTBS), 2.34-2.46 (m, 1H, GHCHOTBS), 2.85-2.94 (m, 1H, ICHOTBS), 3.07
(dd,J = 5.5, 9.2 Hz, 1H, BCOOCH), 3.68 (s, 3H, Of83), 3.92-4.11 (m, 2H, BOTBS,
CHOTMP), 4.48 (dtJ = 5.5, 7.3 Hz, 1H, BOTES), 5.15-5.29 (m, 1H, &=CHCHOTMP),
5.45-5.55 (m, 1H, CH=BCHOTMP). -*C NMR (100 MHz):5 = —4.54 (q, SEH3), —4.3 (q,
SiCHg), 4.78 (t, SCH,), 6.8 (g, SiCHCHs), 10.0 (g, CHsCH,CHOTMP), 17.5 (t,
NCCH,CH,), 18.1 (s, ST(CHs)s), 20.4 (q, NCCHs)2), 20.6 (g, NCCHa)2), 25.96 (q,
SiC(CHs)3), 27.4 (t, CH.,CHOTMP), 34.2 (g, NGTH3)2), 35.1 (g, NCCHs)2), 40.4 (t,
NCCH,), 44.5 (t, CH,CHOTBS), 51.6 (q, GOHs), 53.2 (d, CHCHOTBS), 56.2 (d,
CHCOOCH), 59.4 (s, NC(CHs),), 60.1 (s, NC(CHa),), 72.75 (d,CHOTES), 76.3 (d,
CHOTBS), 85.8 (dCHOTMP), 128.8 (dCH=CHCHOTMP), 135.9 (d, CHSHCHOTMP),
174.2 (sCOOCH).

Minor C16 epimer*H NMR (400 MHz):5 = —0.05 (s, 3H, SiBs), —0.03 (s, 3H, Sifs), 0.53
(g, J = 7.8 Hz, 6H, Si€l,), 0.81 (tJ = 7.6 Hz, 3H, CHCHs), 0.90 (s, 9H, SiC(B3)s), 0.95 (1,
J=7.9 Hz, 9H, SiCHCH5), 1.03 (br s, 3H, NC(B5),), 1.04 (br s, 3H, NC(B5),), 1.06 (br s,
3H, NC(CHs),), 1.10 (br s, 3H, NC(83),), 1.31-1.43 (m, 6H, NCB,CH,CH,), 1.57-1.67
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(m, 1H, CFHCHOTMP), 1.69-1.79 (m, 2H, GHCHOTMP, CHHCHOTBS), 2.34-2.46 (m,
1H, CHHCHOTBS), 2.85-2.94 (m, 1H, ICHOTBS), 3.15 (ddJ = 6.3, 8.6 Hz, 1H,
CHCOOCH), 3.63 (s, 3H, Of3), 3.92-4.11 (m, 2H, BOTBS, GHOTMP), 4.54 (dt]) = 6.1,
7.7 Hz, 1H, GIOTES), 5.15-5.29 (m, 1H, K&=CHCHOTMP), 5.45-555 (m, 1H,
CH=CHCHOTMP). -**C NMR (100 MHz):5 = —4.51 (q, StH3), —4.3 (q, STH3), 4.80 (t,
SiCH.), 6.8 (q, SiCHCH3), 9.9 (g, CHsCH,CHOTMP), 17.5 (t, NCChECH,), 18.2 (s,
SiC(CHa)s), 20.4 (g, NCCHs)2), 20.6 (q, NCCHs)), 26.02 (g, SiGTHs)s), 27.5 (t,
CH,CHOTMP), 34.3 (g, NGTH3),), 35.3 (g, NCCHa3),), 40.5 (t, N@CH,), 44.4 (t,
CH,CHOTBS), 51.5 (g, GH3), 53.9 (d, CHCHOTBS), 56.6 (d,CHCOOCH;), 59.4 (s,
NC(CHs)2), 60.1 (s, NC(CHs)z), 72.79 (d, CHOTES), 76.6 (d,CHOTBS), 86.0 (d,
CHOTMP), 128.6 (dCH=CHCHOTMP), 136.1 (d, CHEHCHOTMP), 173.9 (SCOOCH).

OTES
0
QTES \_ o NOE
N
TBSO OTMP
13b

R: (hexane/EtOAc 5:1) = 0.8. - IR (filmy = 2962, 2941, 2887, 1740, 1466, 1440, 1380,
1256, 1212, 1128, 1090, 1010, 973, 921, 889, 888, 741, 672: MS (+ESI)m/z (%): 612
(100) [M+HJ", 158 (3) [TMPOH+H]. - HRMS (+ESI)m/z (C33HecOsNSi,) calc.: 612.4474,
found: 612.4474.

Less polar C16 epimettd NMR (400 MHz):8 = 0.015 (s, 3H, SiBs), 0.022 (s, 3H, Sif5),

0.54 (g,d = 7.9 Hz, 6H, StH,), 0.76 (t,J = 7.5 Hz, 3H, EI;CH,CHOTMP), 0.86 (s, 9H,
SiC(CHs)3), 0.91 (t,J = 7.9 Hz, 9H, SiCHCHs), 1.02 (br s, 6H, NC(85)2), 1.06 (br s, 3H,
NC(CHzs)2), 1.11 (br s, 3H, NC(H3),), 1.22-1.32 (m, 1H, NCCHCHH), 1.33-1.42 (m, 5H,
NCCH,CHHCH,), 1.42-1.51 (m, 1H, CHCHOTMP), 1.65-1.80 (m, 2H, GHCHOTMP,

CHHCHOTBS), 2.28 (ddd] = 6.4, 7.7, 11.7 Hz, 1H, GHCHOTBS), 2.60 (ddJ) = 6.7, 11.8
Hz, CHCOOCH;), 3.12 (dddJ = 5.5, 8.6, 11.9 Hz, 1H, ICHOTBS), 3.61 (s, 3H, Ody),

3.76 (dtJ = 7.7, 8.6 Hz, 1H, BOTBS), 3.95 (dddJ = 4.5, 7.0, 8.5 Hz, 1H, @OTMP), 4.35
(td, J = 4.6, 6.5 Hz, 1H, BOTES), 5.35-5.53 (m, 2H,  &=CHCHOTMP). -*C NMR (100
MHz): 8 = —4.4 (g, STHs), —4.29 (g, STHs), 4.84 (t, SCH,), 6.9 (g, SICHCHa3), 10.1 (q,
CHsCH,CHOTMP), 17.5 (t, NCChCH,), 18.2 (s, SE(CHs)s), 20.43 (g, NOCHs),), 20.58
(0, NC(CHz)2), 26.0 (g, SiOCHa3)3), 27.4 (t, CH,CHOTMP), 34.3 (q, NQTHx3)2), 35.1 (q,
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NC(CHs3)2), 40.3 (t, NGCH,), 45.2 (,CH,CHOTBS), 50.0 (dCHCHOTBS), 51.4 (g, GHa),

54.2 (d,CHCOOCH}), 59.4 (s, NC(CHa)2), 60.0 (s, NC(CHs),), 70.96 (d,CHOTES), 76.3 (d,
CHOTBS), 86.3 (dCHOTMP), 131.1 (dCH=CHCHOTMP), 133.6 (d, CHSHCHOTMP),

171.4 (SCOOCH).

More polar C16 epimertH NMR (400 MHz):8 = 0.04 (s, 6H, Sifs), 0.56 (9,J = 7.9 Hz,
6H, SiCH), 0.85 (t,J = 7.5 Hz, 3H, GsCH,CHOTMP), 0.89 (s, 9H, SiC(ds)s), 0.95 (t,J =

7.9 Hz, 9H, SiCHCHS3), 1.02 (br s, 3H, NC(85),), 1.05 (br s, 3H, NC(85),), 1.12 (br s, 3H,
NC(CHs)2), 1.16 (br s, 3H, NC(85)2), 1.25-1.35 (m, 1H, NCCKCHH), 1.33-1.42 (m, 4H,
NCCH,CH,CH,), 1.42-1.51 (m, 2H, CHCHOTMP, NCCHCHH), 1.65-1.80 (m, 2H,
CHHCHOTMP, CHHCHOTBS), 2.30 (dddJ = 6.4, 7.5, 13.5 Hz, 1H, GHCHOTBS), 2.69
(dd,J=7.1, 11.4 Hz, 8COOCH), 3.14 (dddJ = 6.8, 8.5, 11.4 Hz, 1H,KICHOTBS), 3.66
(s, 3H, O®y), 3.77 (dt,J = 7.8, 8.6 Hz, 1H, GOTBS), 3.97 (tdJ = 4.6, 7.9 Hz, 1H,
CHOTMP), 4.39 (tdJ = 6.5, 11.9 Hz, 1H, BOTES), 5.35-5.53 (m, 2H,l&=CHCHOTMP).

- 3C NMR (100 MHz):d = —-4.5 (g, SCH3), —4.26 (q, STH3), 4.83 (t, SCHy), 6.9 (q,
SiCH,CH3), 10.0 (q,CH3CH,CHOTMP), 17.4 (t, NCCECH,), 18.1 (s, ST(CHzs)s), 20.37 (q,
NC(CHs),), 20.55 (g, NOCHa3)2), 25.9 (g, SiOCHa3)s), 27.6 (t, CH,CHOTMP), 34.2 (q,
NC(CHs),), 35.5 (q, NCCHs),), 40.4 (t, N@CH,), 45.0 (t, CH,CHOTBS), 50.5 (d,
CHCHOTBS), 51.5 (q, OHs), 54.0 (d, CHCOOCH;), 59.1 (s, NC(CHs),), 60.1 (s,
NC(CHs),), 70.98 (d, CHOTES), 76.1 (d,CHOTBS), 86.5 (d,CHOTMP), 131.5 (d,
CH=CHCHOTMP), 134.1 (d, CHEHCHOTMP), 171.5 (sCOOCH;).

(1S*,2R*,3R*,4R*)-4-((tert-Butyldimethylsilyl)oxy)-2-(hydroxymethyl)-3-((E)-3-((2,2,6,6-
tetramethylpiperidin-1-yl)oxy)pent-1-en-1-yl)-1-((triethylsilyl)oxy)cyclopentane (14):

OTES
” OH

N
TBSO OTMP

Dibal-H (3.70 mmol, 3.7 mL, 1 M in DCM) was adderbpwise to a solution of estéBa
(2.24 mmol, 760 mgin dry DCM (25 mL) at —78 °C. The reaction wasrstirat —78 °C for
60 min and subsequently quenched by a few dropded@H. The mixture was diluted with
Et,O, filtered through a plug of sand and celite ameéd over MgSQ@. The solvent was
evaporated and the crude material was purifiedddynen chromatography (silica gel 40 g,
hexane/EtOAc 40:1 gradient to 10:1, with 0.5 vol%E®)N). Yield 694 mg (96%) as a
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colorless oil. - R(hexane/EtOAc 5:1) = 0.6. - IR (filmy: = 3417, 2964, 2935, 2864, 1467,
1380, 1257, 1187, 1075, 1009, 976, 838, 778, 74%, 6 MS (+ESI)m/z (%): 584 (52)
[M+H]*, 470 (100) [M—HOTES+pD+H]". - HRMS (+ESI)m/z (CsHesOsNSiy) calc.:
584.4525, found: 584.4524.

Major C16 epimer'H NMR (400 MHz):5 = —0.03 (s, 3H, SiBs), —0.01 (s, 3H, Sis), 0.56

(q, J = 8.0 Hz, 6H, SiB,), 0.85 (s, 9H, SiC(Has)s), 0.89 (t, J = 7.5 Hz, 3H,

CHsCH,CHOTMP), 0.93 (tJ = 7.9 Hz, 9H, SiChCHa3), 1.037 (s, 3H, NC(85),), 1.05 (s,

3H, NC(CHs),), 1.12 (s, 3H, NC(83),), 1.142 (s, 3H, NC(Hs),), 1.30-1.70 (m, 9H,
NCCH,CH,CH,, CHHCHOTBS, GH,CHOTMP), 2.24 (td,J = 6.4, 12.9 Hz, 1H,
CHHCHOTBS), 2.33-2.42 (m, 1H, KICHOTES), 2.66 (dt,J = 5.1, 10.1 Hz, 1H,
CHCHOTBS), 2.99 (br s, 1H, 1), 3.68 (d,J = 6.2 Hz, 2H, E&l,0H), 3.78 (ddd, 1HJ = 5.1,

6.3, 7.4 Hz, 1H, BOTBS), 3.87 (dt) = 6.9, 8.4 Hz, 1H, BOTES), 4.10 (dtJ = 6.2, 9.3 Hz,
1H, CHOTMP), 5.40 (ddJ = 10.1, 15.2 Hz, 1H, B=CHCHOTMP), 5.51-5.60 (m, 1H,
CH=CHCHOTMP). - *C NMR (100 MHz):d = —4.4 (g, STHs), 5.03 (t, SCH,), 7.0 (q,

SiCH,CH3), 10.2 (g,CHsCH,CHOTMP), 17.4 (t, NCChCH,), 18.2 (s, ST(CHs)s), 20.8 (q,

NC(CHz3)2), 20.9 (q, NCCHs)2), 25.96 (g, SiGTHs)s), 27.7 (t, CH,CHOTMP), 34.4 (q,
NC(CHz)2), 34.5 (q, NCCHa)2), 39.3 (t, N@CH,), 39.8 (t, N@CH,), 44.6 (t,CH,CHOTBS),

52.1 (d,CHCHOTES), 53.4 (ACHCHOTBS), 59.6 (s, B(CHz)), 61.2 (s, NC(CHa)y), 62.1

(t, CH,OH), 72.7 (d, CHOTES), 76.1 (d,CHOTBS), 85.6 (d,CHOTMP), 133.6 (d,
CH=CHCHOTMP), 135.4 (d, CHEHCHOTMP).

Minor C16 epimer’H NMR (400 MHz):8 = 0.02 (s, 6H, Sifls), 0.57 (g,J = 7.9 Hz, 6H,
SiCHy), 0.83 (s, 9H, SiC(83)3), 0.89 (t,J = 7.5 Hz, 3H, ®sCH,CHOTMP), 0.93 (tJ = 7.9
Hz, 9H, SiCHCHs), 1.042 (s, 3H, NC(Bs),), 1.07 (s, 3H, NC(83),), 1.10 (s, 3H,
NC(CHs)2), 1.137 (s, 3H, NC(H3),), 1.25-1.65 (m, 9H, NCB,CH,CH,, CHHCHOTBS,
CH,CHOTMP), 2.28-2.44 (m, 2H, GHCHOTBS, GCHCHOTES),2.56 (br t,J = 6.3 Hz, 1H,
OH), 2.72 (td,J = 5.9, 9.2 Hz, 1H, BCHOTBS), 3.55-3.62 (m, 1H, G#{OH), 3.64-3.70 (m,
1H, CHHOH), 3.97-4.12 (m, 3H, BOTBS, GHOTES, GHOTMP), 5.43-5.58 (m,2H,
CH=CHCHOTMP). - *C NMR (100 MHz):5 = —4.1 (g, StH3), 5.01 (t, SCH.), 6.9 (q,
SiCH,CH3), 10.2 (g,CH3CH,CHOTMP), 17.5 (t, NCChCH,), 18.1 (s, ST(CHs)s), 20.7 (q,
NC(CHs)2), 20.8 (q, NCCHs)2), 25.99 (g, SiGTHs)s), 27.7 (t, CH,CHOTMP), 34.4 (q,
NC(CH3)2), 39.7 (t, N@CH,), 40.0 (t, N@CHy), 44.9 (t, CH,CHOTBS), 50.8 (d,
CHCHOTES), 51.9 (d,CHCHOTBS), 59.7 (s, B(CHs),), 61.1 (s, NC(CHs),), 63.1 (t,
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CH,OH), 73.9 (d, CHOTES), 74.5 (d,CHOTBS), 86.3 (d, CHOTMP), 131.2 (d,
CH=CHCHOTMP), 133.5 (d, CHSHCHOTMP).

(1S*,25%,3R* ,4R*)-4-((tert-Butyldimethylsilyl)oxy)-3-((E)-3-((2,2,6,6-
tetramethylpiperidin-1-yl)oxy)pent-1-en-1-yl)-1-((triethylsilyl)oxy)-2-
(((trifluoromethanesulfonyl)oxy)methyl)cyclopentane(15):
OTES
7 OTf
N Z
TBSO OTMP

Alcohol 14 (0.68 mmol, 398 mg) was dissolved in dry DCM (13)naind 2,6-lutidine (0.80
mmol, 0.09 mL) was added after cooling to —78 °Csdlution of triflic anhydride (0.75
mmol, 0.75 mL, 1 M in DCM) was added dropwise. Taaction was stirred for 60 min and
warmed to —60 °C. The mixture was poured into pe(d50 mL) and filtered through a plug
of sand and celite. The solvent was evaporatedtendrude material was purified by column
chromatography (silica gel 10 g, hexane/EtOAc Bpadient to 30:1, with 0.5 vol% of ).
Yield 477 mg (98%) as a colorless 6iR: (hexane/EtOAc 20:1) = 0.8. - IR (filmy:= 2966,
2942, 2888, 1469, 1421, 1381, 1250, 1212, 11514,11@68, 1009, 977, 939, 838, 779, 747.
- MS (+ESI)m/z (%): 716 (100) [M+H], 584 (20) [M—HOTES+H], 567 (24) [M-OTf+H],
452 (10) [M-HOTES-HOTBS+H] - HRMS (+ESI) m/z (Cs3HesOsNF3SSh) calc.:
716.4018, found: 716.4018.

Major C16 epimer*H NMR (400 MHz):8 = 0.01 (s, 3H, Sif), 0.02 (s, 3H, Sifl), 0.58
(q, J = 8.0 Hz, 6H, SiEl,), 0.852 (t,J = 7.4 Hz, 3H, ®sCH,CHOTMP), 0.87 (s, 9H,
SiC(CHs)3), 0.96 (t,J = 8.1 Hz, 9H, SiCKCHSs), 1.08 (br s, 6H, NC(H3)2), 1.13 (br s, 3H,
NC(CHz3)2), 1.17 (br s, 3H, NC(B3)2), 1.27-1.59 (m, 7H, NCB,CH,CH,, CHHCHOTMP),
1.60-1.69 (m, 1H, CHCHOTBS), 1.70-79 (m, 1H, CHCHOTMP), 2.39 (dddJ = 6.5, 7.8,
14.0 Hz, 1H, CHICHOTBS), 2.59dq,J = 6.5, 8.2 Hz, 1H, BCHOTES), 2.74-2.83 (m, 1H,
CHCHOTBS), 3.94 (dt,J = 4.9, 6.4 Hz, 1H, BOTBS), 4.01-4.10 (m, 2H, KOTES,
CHOTMP), 4.61 (d,J = 6.3 Hz, 2H, E®,0Tf), 5.19 (ddd,J = 0.7, 9.4, 15.3 Hz, 1H,
CH=CHCHOTMP), 5.55 (dddJ = 0.9, 8.4, 15.5 Hz, 1H, CH¥CHOTMP). -*C NMR
(100 MHz): 8 = —-4.6 (g, SCH3), 4.9 (t, SCH,), 6.9 (q, SiCHCHs), 10.0 (q,
CH3CH,CHOTMP), 17.4 (t, NCCBCHy), 18.1 (s, ST(CHs)s), 20.5 (q, NCCHs),), 25.9 (q,
SiC(CHs)3), 27.4 (t, CH,CHOTMP), 34.3 (g, NGTH3)2), 35.0 (g, NCCHs),), 40.4 (t,
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NCCH,), 44.5 (t, CH,CHOTBS), 49.7 (d, CHCHOTES), 51.7 (dCHCHOTBS), 59.4 (s,
NC(CHs)y), 61.3 (S, NC(CHs),), 72.5 (d,CHOTES), 75.8 (dCHOTBS), 77.3 (tCH,OTH),
85.8 (d,CHOTMP), 118.8 (qJcr = 320 Hz,CF3), 127.8 (d,CH=CHCHOTMP), 137.3 (d,
CH=CHCHOTMP).

Minor C16 epimer*H NMR (400 MHz):5 = 0.04 (s, 3H, Sif3), 0.05 (s, 3H, Sif), 0.57
(q, J = 8.1 Hz, 6H, SiEly), 0.854 (t,J = 7.4 Hz, 3H, GsCH,CHOTMP), 0.88 (s, 9H,
SiC(CHs)3), 0.95 (t,J = 7.9 Hz, 9H, SiCKCHS3), 1.08 (br s, 6H, NC(83)2), 1.13 (br s, 3H,
NC(CHzs)2), 1.17 (br s, 3H, NC(Ba3)), 1.27-1.59 (m, 7H, NCB,CH,CH,, CHHCHOTMP),
1.60-1.69 (m, 1H, CHCHOTBS), 1.70-1.79 (m, 1H, GHCHOTMP), 2.44 (ddd, = 6.3,
8.0, 14.1 Hz, 1H, CHCHOTBS), 2.68dq,J = 7.9, 5.4 Hz, 1H, BCHOTES), 2.74-2.83 (m,
1H, CHCHOTBS), 4.01-4.10 (m, 3H, BOTBS, (HOTES, G(HOTMP), 4.45-4.57 (m, 2H,
CH,OTf), 5.12 (dddJ = 0.7, 9.5, 15.4 Hz, 1H,&=CHCHOTMP), 5.56 (dddJj = 0.9, 8.3,
15.5 Hz, 1H, CH=EICHOTMP). -**C NMR (100 MHz):d = —4.5 (q, StH3), 4.9 (t, SCH,),
6.9 (g, SICHCHz3), 9.9 (g, CHsCH,CHOTMP), 17.5 (t, NCChCH,), 18.3 (s, SE(CHsa)a),
20.5 (g, NCCHa)2), 26.0 (g, SiOCHs)3), 27.5 (t, CH,CHOTMP), 34.3 (q, NGTHs),), 35.0
(0, NC(CHs)2), 40.4 (t, NQCHy), 44.4 (t, CH,CHOTBS), 49.5 (d, CHCHOTES), 52.1 (d,
CHCHOTBS), 59.4 (s, B(CHs),), 61.3 (s, NC(CHs),), 72.6 (d, CHOTES), 75.7 (d,
CHOTBS), 77.3 (tCH,OTf), 86.0 (d,CHOTMP), 118.8 (qJcr = 320 Hz,CF3), 126.9 (d,
CH=CHCHOTMP), 137.5 (d, CHSHCHOTMP).

(1S*,25%,3R* ,4R*)-2-(Bromomethyl)-4-((tert-butyldimethylsilyl)oxy)-3-(( E)-3-((2,2,6,6-
tetramethylpiperidin-1-yl)oxy)pent-1-en-1-yl)-1-((triethylsilyl)oxy)cyclopentane (18):

OTES
F Br

N
TBSO OTMP

A solution of hept-6-en-1-ylmagnesium bromidé#) (0.45 mmol, 1.5 mL, 0.3 M in THF)
was cooled to 0 °C and copper(l) bromide-dimethylide complex (0.04 mmol, 9 mg) was
added. A solution of triflat&5 (0.22 mmol, 160 mg) in dry THF (1 mL) was addedpivise

by canula, which was flushed with dry THF (1 mLhelreaction was stirred at 0 °C for 2.5 h
and subsequently quenched with saturated@iidolution (5 mL). The layers were separated
and the aqueous was extracted withCE{2x5 mL). The combined organic fractions were
washed with brine (20 mL) and dried over MgSThe solvent was evaporated and the crude
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material was patrtially purified by column chromatmghy (silica gel 20 g, hexane/EtOAc
60:1 gradient to 30:1, with 0.5 vol% of3&f), since the alkyl-alkyl coupling produt?¥ was
not separable from bromideS. Yield 110 mg (77%) as a pale yellow eiR; (hexane/EtOAc
20:1) = 0.6. - IR (film):v = 2964, 2939, 2886, 1467, 1379, 1364, 1255, 11815, 1069,
1008, 972, 882, 836, 777, 728, 6724S (+ESI)m/z (%): 648/646 (100/97) [M+H] 566 (8)
[M—HBr+H]", 514/512 (16/15) [M~TEMPO+N§] 158 (12) [TMPOH+H]. - HRMS (+ESI)
m/z (CaHesOsN"*BrSip) calc.: 646.3681, found: 646.3684; 3$Bes0sN®'BrSiy) calc.:
648.3660, found: 646.3664.

Major C16 epimer'H NMR (400 MHz):5 = 0.02 (s, 6H, SiB3), 0.59 (q,J = 7.9 Hz, 6H,

SiCHy), 0.85 (t,J = 7.6 Hz, 3H, E13CH,CHOTMP),0.87 (s, 9H, SiC(83)3), 0.953 (t,J = 7.9

Hz, 9H, SiCHCH3), 1.06 (s, 6H, NC(E3),), 1.10 (s, 3H, NC(83),), 1.16 (s, 3H,
NC(CHz3)2), 1.28-1.36 (m, 1H, NCCICHH), 1.38-1.49 (m, 4H, NCB,), 1.45-1.55 (m, 1H,
CHHCHOTMP), 1.50-1.59 (m, 1H, NCGBHH), 1.63 (ddd,J = 5.0, 6.4, 13.2 Hz, 1H,
CHHCHOTBS), 1.67-1.77 (m, 1H, GHCHOTMP), 2.42 (td,J = 7.0, 13.2 Hz, 1H,
CHHCHOTBS), 2.61 (dtdJ = 5.0, 7.5, 15.0 Hz, 1H, ’ICHOTES), 2.73-2.82 (m, 1H,
CHCHOTBS), 3.43-3.56 (m, 2H, 8,Br), 3.92-4.06 (m, 3H, BOTBS, HOTES,

CHOTMP), 5.28 (dd,J = 9.3, 15.5 Hz, 1H, B=CHCHOTMP), 5.53 (dd,) = 8.5, 15.6 Hz,
1H, CH=CHCHOTMP).- °C NMR (100 MHz):3 = —4.50 (g, STtHs), —4.48 (g, STH3), 5.0

(t, SiCH,), 7.0 (q, SiCHCHS3), 10.1 (g,CHsCH,CHOTMP), 17.50 (t, NCCHCHy), 18.2 (s,

SIiC(CHs)3), 20.5 (g, NCCHa)2), 25.99 (g, SiOCHa)3), 27.61 (t, CH,CHOTMP), 33.6 (t,

CH2Br), 34.4 (g, NCCHa)2), 35.0 (q, NCCHs)2), 40.4 (t, NGCH,), 45.0 (t,CH.CHOTBS),

52.3 (d,CHCHOTES), 52.6 (dCHCHOTBS), 59.3 (s, B(CHs)), 60.3 (s, \(CHa),), 74.7

(d, CHOTES), 75.3 (dCHOTBS), 86.3 (d{CHOTMP), 129.0 (dCH=CHCHOTMP), 136.1
(d, CH=CHCHOTMP).

Minor C16 epimer'H NMR (400 MHz):3 = 0.03 (s, 3H, Sifs), 0.04 (s, 3H, Sifls), 0.58

(g, J = 8.0 Hz, 6H, SiE,), 0.85 (t,J = 7.6 Hz, 3H, ElsCH,CHOTMP), 0.88 (s, 9H,
SiC(CH3)s), 0.948 (t,d = 7.8 Hz, 9H, SiCKCH3), 1.06 (s, 6H, NC(E3)2), 1.10 (s, 3H,
NC(CHs),), 1.16 (s, 3H, NC(83)2), 1.28-1.36 (m, 1H, NCC}CHH), 1.38-1.49 (m, 4H,
NCCH,), 1.48-1.59 (m, 2H, CHCHOTMP, NCCHCHH), 1.59-1.69 (m, 1H,
CHHCHOTBS), 1.70-1.80 (m, 1H, GHCHOTMP), 2.46 (ddd)) = 6.7, 8.1, 13.8 Hz, 1H,
CHHCHOTBS), 2.60-2.68 (m, 1H, BCHOTES),2.73-2.82 (m, 1H, BCHOTBS), 3.43-
3.56 (m, 2H, &,Br), 3.87 (dt,J = 6.0, 8.1 Hz, 1H, BOTES),3.95-4.06 (m, 2H, BOTBS,

CHOTMP), 5.14 (dd,J = 9.6, 15.4 Hz, 1H, B=CHCHOTMP), 5.56 (dd, = 8.6, 15.3 Hz,
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1H, CH=CHCHOTMP).- 3C NMR (100 MHz):5 = —4.54 (q, StH3), —4.43 (g, STH3), 5.0
(t, SiCH,), 7.0 (g, SICHCH3), 10.0 (g, CHsCH.CHOTMP), 17.47 (t, NCCHCH,), 18.2 (s,
SIC(CHs)s), 20.5 (g, NCCHa),), 26.02 (g, SiGTHa)s), 27.64 (t, CH,CHOTMP), 33.3 (t,
CH,Br), 34.2 (g, NCCHa)2), 35.2 (g, NCCH3)2), 40.4 (t, NGCH,), 45.2 (t,CH,CHOTBS),
52.2 (d,CHCHOTES), 53.1 (dCHCHOTBS), 59.3 (s, B(CHs)y), 60.3 (s, NC(CHs)2), 75.0
(d, CHOTES), 75.1 (dCHOTBS), 86.5 (dCHOTMP), 127.4 (dCH=CHCHOTMP), 136.7
(d, CH=CHCHOTMP).

(1s*,2S*,3R* ,4R*)-4-((tert-Butyldimethylsilyl)oxy)-2-(oct-7-en-1-yl)-3-(E)-3-((2,2,6,6-
tetramethylpiperidin-1-yl)oxy)pent-1-en-1-yl)-1-((triethylsilyl)oxy)cyclopentane (17):
QTES

TBSO OTMP

Anhydrous LiCI(2.41 mmol, 102 mg) was flame-dried under reducesgsure in a Schlenk
flask. THF (5 mL) and hept-6-en-1-ylmagnesium cider16b) (1.2 mmol, 1.5 mL, 0.8 M in
THF) were added at r.t. under an argon atmospHfére.mixture was cooled to —78 °C and
copper(l) bromide-dimethyl sulfide complex (0.18 oim37 mg) was added. A solution of
triflate 15 (0.46 mmol, 330 mg) in dry THF (5 mL) was addedpivise by canula, which was
flushed with THF (5 mL). The reaction mixture wasred and slowly warmed to —-50 °C.
The reaction was quenched with saturated®lt$olution (10 mL) after 3 h. The layers were
separated and the aqueous was extracted wig@ E2x10 mL). The combined organic
fractions were washed with saturated J/8Hsolution (2x30 mL), brine (30 mL) and dried
over MgSQ. The solvent was evaporated and the crude matesdal purified by column
chromatography (silica gel 40 g, hexane/EtOAMEL00:1:1). Yield 217 mg (71%) as a
colorless oil. - R(hexane/EtOAc 20:1) = 0.6. - IR (filmy.= 2964, 2935, 2885, 2864, 1463,
1422, 1379, 1365, 1257, 1115, 1067, 1008, 974, 832, 777, 744, 727, 672. - MS (+ESI)
m/z (%): 664 (100) [M+H], 530 (10) [M—OTMP+N4d]} 158 (7) [TMPOH+H]. - HRMS
(+ESI)m/z (C39H7803NSIy) calc.: 664.5515, found: 664.5514.

Major C16 epimer. *H NMR (400 MHz):5 = 0.00 (s, 3H, Sif3), 0.01 (s, 3H, Sifs), 0.57
(g, J = 8.0 Hz, 6H, Si€El,), 0.83 (t,J = 7.5 Hz, 3H, EI;:CH,CHOTMP), 0.86 (s, 9H,
SiC(CH3)3), 0.95 (t,J = 7.9 Hz, 9H, SICHCH3), 1.06 (s, 3H, NC(H3),), 1.10 (s, 6H,
NC(CHs),), 1.15 (s, 3H, NC(85),), 1.26-1.37 (m, 11H, B,, NCCH,CHH), 1.39-1.49 (m,
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5H, NCCH,CH,CH,, CHHCHOTMP), 1.50-1.60 (m, 2H, CHCHOTBS, NCCHCHH),
1.68-1.78 (m, 1H, CHCHOTMP),1.99-2.08 (m, 3H, BCHOTES, G&1,CH=CH,), 2.34 (dt,
J=7.3, 14.8 Hz, 1H, CHCHOTBS),2.52-2.61 (m, 1H, BCHOTBS),3.78 (dq,J = 1.3, 7.3
Hz, 1H, CHOTES), 3.89 (dt]) = 3.8, 7.2 Hz, 1H, BOTBS), 3.93-4.00 (m, 1H, GOTMP),
4.92 (ddt,J = 1.2, 2.3, 10.2 Hz, 1H, CH=G#), 4.99 (ddt,J = 1.6, 2.3, 17.1 Hz, 1H,
CH=CHH), 5.24 (dd,J = 9.2, 15.5 Hz, 1H, B=CHCHOTMP), 5.40 (ddd) = 0.7, 8.3, 15.5
Hz, 1H, CH=GCHOTMP), 5.808 (tdd,) = 6.6, 10.1, 16.9 Hz, 1H,H=CH,). - *C NMR
(100 MHz):d = —4.48 (q, SEH3), —4.45 (g, STHs), 5.1 (t, SCH.), 7.0 (q, SiICHCH3), 10.1
(q, CHsCH,CHOTMP), 17.51 (t, NCCBCH,), 18.2 (s, ST(CHs)3), 20.5 (g, NECHz), 20.6 (q,
NCCHs), 26.03 (g, SiQTH3)s3), 27.70 (t,CH.CHOTMP), 28.4 (tCH,), 28.7 (t,CH.), 29.2 (t,
CHy), 29.34 (t,CH,), 30.1 (t,CH,), 33.98 (t,CH,CH=CH,), 34.3 (g, NCCHs)-), 35.2 (q,
NC(CHa3)2), 40.4 (t, N@CH,), 44.7 (t, CH,CHOTBS), 49.2 (d,CHCHOTES), 52.8 (d,
CHCHOTBS), 59.4 (s, B(CHs),), 60.1 (s, NC(CHa),), 76.4 (d, CHOTBS), 76.6 (d,
CHOTES), 86.5 (dCHOTMP), 114.2 (t, CHEH,), 130.5 (d,CH=CHCHOTMP), 134.2 (d,
CH=CHCHOTMP), 139.4 (dCH=CH,).

Minor C16 epimer'H NMR (400 MHz):8 = 0.02 (s, 6H, Sifls), 0.58 (q,J = 8.0 Hz, 6H,
SiCHy), 0.82 (t,J = 7.5 Hz, 3H, Gi;CH,CHOTMP), 0.87 (s, 9H, SiC(dxs)s3), 0.95 (t,J=7.9
Hz, 9H, SICHCHs;), 1.06 (s, 3H, NC(E3)2), 1.10 (s, 6H, NC(H3)2), 1.15 (s, 3H,
NC(CHa3),), 1.26-1.37 (m, 11H, B, NCCHCHH), 1.39-1.49 (m, 5H, NCB,CH,CH,,

CHHCHOTMP), 1.50-1.60 (m, 2H, CHCHOTBS, NCCHCHH), 1.68-1.78 (m, 1H,
CHHCHOTMP), 1.99-2.08 (m, 3H, HCHOTES, G1,CH=CH,), 2.38 (dt,J = 7.3, 13.9 Hz,
1H, CHHCHOTBS), 2.52-2.61 (m, 1H, CHOTBS), 3.74-3.80 (m, 1H, BOTES), 3.92-
4.01 (m, 2H, GIOTMP, CHOTBS), 4.92 (ddtJ = 1.2, 2.3, 10.2 Hz, 1H, CH=G#), 4.99
(ddt, J = 1.6, 2.3, 17.1 Hz, 1H, CH=G#, 5.13 (dd, J = 9.9, 154 Hz, 1H,
CH=CHCHOTMP), 5.40 (ddJ = 8.0, 15.4 Hz, 1H, CH=@CHOTMP), 5.806 (tdd, = 6.7,

10.1, 16.9 Hz, 1H, B=CH,). - **C NMR (100 MHz):d = —4.49 (q, SEH3), —4.39 (q, STH2),

5.1 (t, SCH,), 7.0 (g, SICHCHS3), 9.9 (q,CH3sCH,CHOTMP), 17.48 (t, NCCbhCH,), 18.2 (s,
SiC(CH3)3), 20.5 (g, NCCHs)2), 20.6 (g, NCCH3),), 26.05 (g, SiCCH3)3), 27.72 (q,
CH,CHOTMP), 28.0 (t,CH,), 28.8 (t,CHy), 29.1 (t,CH,), 29.28 (t,CH,), 30.0 (t,CH,),

33.96 (t,CH,CH=CH,), 34.2 (q, NCCH3)2), 35.5 (q, NCCH3)), 40.4 (t, NCCH,), 44.7 (t,
CH,CHOTBS),49.0 (d,CHCHOTES), 53.5 (dCHCHOTBS),59.3 (s, NC(CHs),), 60.1 (s,
NC(CHa),), 76.1 (d,CHOTBS), 76.8 (dCHOTES), 86.7 (dCHOTMP), 114.2 (t, CHEH,),

129.6 (d,CH=CHCHOTMP), 134.7 (d, CHEGHCHOTMP), 139.4 (dCH=CHy,).
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(1S*,25*,3R* ,4R*)-4-((tert-Butyldimethylsilyl)oxy)-2-(8-hydroxyoctyl)-3-((E)-3-((2,2,6,6-
tetramethylpiperidin-1-yl)oxy)pent-1-en-1-yl)-1-((triethylsilyl)oxy)cyclopentane (19):

QTES OH

TBSO OTMP

Method A3: 9-BBN solution (0.80 mmol, 1.6 mL, 0.5 M in THWM)as added to olefii7
(0.20 mmol, 130 mg) and the reaction mixture wasest under an argon atmosphere at r.t.
for 20 h. A 10% NaOH solution (2.5 mL) and 30%CH solution (2.5 mL) were subsequently
added. The mixture was stirred for another houutraéized with saturated Ni€l solution

(20 mL) and extracted with g (3x10 mL). The combined organic layers were washi¢h
10% NaS;0Os3 solution, dried over MgS£and evaporated. The crude material was purified by
column chromatography (silica gel 15 g, hexane/Et@8:1 gradient to 1:1, with 0.5 vol% of
EtN). Yield 131 mg (98%) as a colorless oil.

Method B3 (microwave) A solution of olefin17 (0.18 mmol, 122 mg) in THF (0.5 mL) in a
microwave reactor tube was degassed by three fian@-thaw cycles and filled with argon.
A 9-BBN solution (0.25 mmol, 0.5 mL, 0.5 M in THWas added and the reaction mixture
was heated in a microwave reactor at 85 °C for #& A 10% NaOH solution (0.8 mL) and
30% HO; solution (0.8 mL) were subsequently added andrihgure was stirred at r.t. for
30 min, neutralized with saturated NE solution (20 mL) and extracted with,Bx (3x10
mL). The combined organic layers were washed wiiBboINaS,0O3; solution, dried over
MgSQO, and evaporated. The crude material was purifie@ddymn chromatography (silica
gel 15 g, hexane/EtOAc 40:1 gradient to 1:1, with 1% of EgN). Yield 125 mg (99%) as

a colorless oil.

R: (hexane/EtOAc 5:1) = 0.3. - IR (filmy:= 3600-3200, 2965, 2934, 2883, 2863, 1463, 1380,
1365, 1261, 1068, 1018, 975, 838, 802, 779, 745, 822. - MS (+ESIM/z (%): 704 (10)
[M+Na]*, 682 (100) [M+H], 548 (7) [M—OTMP+Nad], 158 (16) [TMPOH+H]. - HRMS
(+ESI)m/z (C39Hg0OsNSIky) calc.: 682.5620, found: 682.5621.

Major C16 epimer. *H NMR (400 MHz):5 = 0.00 (s, 3H, Sif3), 0.01 (s, 3H, Sifls), 0.57
(q, J = 8.0 Hz, 6H, Si®), 0.83 (t,J = 7.5 Hz, 3H, GsCH,CHOTMP), 0.86 (s, 9H,
SiC(CHs)3), 0.95 (t,J = 7.9 Hz, 9H, SiCkCHa), 1.06 (s, 3H, NC(E),), 1.09 (s, 6H,
NC(CHz3)2), 1.15 (s, 3H, NC(63)2), 1.22-1.33 (m, 13H, B, NCCHCHH), 1.37-1.44 (m,
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5H, NCH,CH,CH,, CHHCHOTMP), 1.50-1.63 (m, 5H, KCH,OH, CHHCHOTBS,

NCCH,CHH), 1.67-1.78 (m, 1H, CHCHOTMP), 2.00-2.10 (m, 1H, @CHOTES),2.33 (dt,
J = 7.4, 13.8 Hz, 1H, B,CHOTBS),2.53-2.62 (m, 1H, BCHOTBS), 3.63 (tJ = 6.7 Hz,
2H, CH,OH), 3.78 (dt,J = 6.0, 7.6 Hz, 1H, BOTES), 3.81 (dtJ = 3.8, 7.2 Hz, 1H,
CHOTBS), 3.96 (dtJ = 4.5, 8.6 Hz, 1H, BOTMP), 5.24 (dd,J = 9.2, 15.5 Hz, 1H,
CH=CHCHOTMP), 5.39 (dddJ = 0.7, 8.3, 15.5 Hz, 1H, CH¥CHOTMP). - *C NMR

(100 MHz): 8 = —4.51 (q, STH3), —4.47 (g, SEHs), 5.1 (t, SCH>), 7.0 (g, SICHCHS5), 10.1

(g, CHsCH,CHOTMP), 17.51 (t, NCChCH5), 18.2 (s, SE(CHs)s), 20.4 (g, NCHs), 20.5 (g,
NCCHs), 25.89 (t,CH.CH,CH,OH), 26.03 (g, SiQTHs)s), 27.69 (t,CH.CHOTMP), 28.4 (t,
CHy), 28.7 (t,CHy), 29.64 (t,CHs), 29.8 (t,CH,), 30.13 (t,CH,), 33.0 (t,CH,CH,OH), 34.3
(@, NCCHs)2), 35.2 (g, NCCH3)2), 40.4 (t, N@CH,), 44.7 (t, CH,CHOTBS), 49.2 (d,
CHCHOTES), 52.8 (dCHCHOTBS), 59.3 (s, B(CHs),), 60.1 (s, N(CHa)2), 63.3 (1,
CH,OH), 76.4 (d, CHOTBS), 76.5 (d, CHOTES), 86.5 (d,CHOTMP), 130.4 (d,
CH=CHCHOTMP), 134.2 (d, CHSHCHOTMP).

Minor C16 epimer'H NMR (400 MHz):5 = 0.02 (s, 6H, SiB3), 0.58 (q,J = 8.0 Hz, 6H,
SiCHy), 0.82 (t,J = 7.5 Hz, 3H, Gi3CH,CHOTMP), 0.86 (s, 9H, SiC(ds)s), 0.95 (t,J=7.9

Hz, 9H, SICHCH3), 1.06 (s, 3H, NC(E3)2), 1.09 (s, 6H, NC(H3),), 1.15 (s, 3H,
NC(CHs)z), 1.22-1.33 (m, 13H, B,, NCCHCHH), 1.37-1.44 (m, 5H, NCB,CH,CH,,

CHHCHOTMP), 1.50-1.63 (m, 5H, K,CH,OH, CHHCHOTBS, NCCHCHH), 1.67-1.78
(m, 1H, CFHCHOTMP), 2.00-2.10 (m, 1H, HCHOTES),2.38 (ddd,J = 6.6, 8.1, 14.5 Hz,
1H, CHHCHOTBS),2.53-2.62 (m, 1H, BCHOTBS), 3.63 (tJ = 6.7 Hz, 2H, Ei,OH), 3.74-

3.80 (m, 1H, GIOTES), 3.93-4.00 (m, 2H, KOTMP, CHOTBS), 5.12 (dd,J = 10.0, 15.3
Hz, 1H, (H=CHCHOTMP),5.40 (dd,J = 8.4, 15.4 Hz, 1H, CH=BCHOTMP). -*C NMR

(100 MHz):06 = -4.50 (g, STH3), —4.39 (g, SCH3), 5.1 (t, SCHy), 7.0 (q, SICHCHS3), 9.9 (q,
CH3CH,CHOTMP), 17.47 (t, NCCECHy), 18.2 (s, ST(CHa)s), 20.5 (q, NCCH3)2), 20.6 (q,
NC(CHg3)y), 25.87 (t,CH,CH,CH,OH), 26.05 (q, SiGtH3)3), 27.72 (t,CH,CHOTMP), 28.0
(t, CHy), 28.8 (t,CH,), 29.60 (t,CH,), 29.7 (t,CH,), 30.06 (t,CH,), 33.0 (t,CH,CH,OH),

34.3 (g, NCCHs),), 35.5 (q, NCCHa)), 40.4 (t, NCH,), 44.7 (t,CH,CHOTBS), 49.0 (d,
CHCHOTES), 53.5 (d,CHCHOTBS), 59.3 (s, B(CHzs)2), 60.1 (s, NC(CHs),), 63.3 (t,
CH,OH), 76.1 (d, CHOTBS), 76.8 (d, CHOTES), 86.7 (d,CHOTMP), 129.5 (d,
CH=CHCHOTMP), 134.7 (d, CHGBHCHOTMP).
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(1S*,25*,3R* ,4R*)-4-((tert-Butyldimethylsilyl)oxy)-2-(8-oxooctyl)-3-(([E)-3-((2,2,6,6-
tetramethylpiperidin-1-yl)oxy)pent-1-en-1-yl)-1-((triethylsilyl)oxy)cyclopentane (20):

QTES Y7

TBSO OTMP

Alcohol 19 (0.13 mmol, 90 mg), 4-methylmorpholinB-oxide (0.20 mmol, 24 mg),
tetrapropylammonium perruthenate (@®ol, 9 mg) and molecular sieves (4 A, 90 mg) were
stirred in DCM (6 mL) at r.t. under an argon atnuee for 60 min. The suspension was
filtered through a plug of celite and sand anddblent was evaporated. The crude material
was purified by column chromatography (silica gej, hexane/EtOAc 20:1 with 0.5 vol% of
Et:N). Yield 84 mg (93%) as a colorless oil. +(Rexane/EtOAc 10:1) = 0.6. - IR (filmy:=
2936, 2885, 2866, 1735, 1467, 1417, 1379, 13646,12812, 1186, 1105, 1067, 1008, 974,
837, 777, 744, 727, 672. MS (+ESI) m/z (%): 734 (14) [M+MeOH+N4d] 712 (100)
[M+MeOH+H]", 680 (46) [M+H[, 578 (10) [M+MeOH-OTMP+Nd] 546 (7) [M-
OTMP+NaJ, 158 (5) [TMPOH+H]. - HRMS (+ESI)m/z (CsoH7604NSi,) calc.: 680.5464,
found: 680.5467.

Major C16 epimer. *H NMR (400 MHz):5 = 0.00 (s, 3H, Sif3), 0.01 (s, 3H, Sifls), 0.57
(q, J = 8.0 Hz, 6H, Si€ly), 0.83 (t,J = 7.5 Hz, 3H, EI:CH,CHOTMP), 0.86 (s, 9H,
SiC(CHs)3), 0.95 (t,J = 7.9 Hz, 9H, SiCkCHa3), 1.05 (s, 3H, NC(83),), 1.09 (s, 6H,
NC(CHs)2), 1.15 (s, 3H, NC(83),), 1.22-1.33 (m, 11H, B,, NCCHCHH), 1.37-1.44 (m,
5H, NCQH,CHyCH;, CHHCHOTMP), 1.47-1.66 (m, 2H, NCCCHH, CHHCHOTBS),
1.61-1.68 (m, 2H, H,CH,CHO), 1.68-1.79 (m, 1H, CHCHOTMP), 2.00-2.10 (m, 1H,
CHCHOTES), 2.29-2.39 (m, 1H, G#CHOTBS), 2.40 (dtJ = 1.9, 7.5 Hz, 2H, 8,CHO),
2.51-2.60 (m, 1H, BCHOTBS),3.74-3.80 (m, 1H, BOTES), 3.89 (dt, 1HJ = 3.8, 7.1 Hz,
1H, CHOTBS), 3.92-4.00 (m, 1H, KOTMP), 5.23 (dd, J = 9.2, 155 Hz, 1H,
CH=CHCHOTMP), 5.39 (ddd) = 0.7, 8.4, 15.5 Hz, 1H, CH#CHOTMP), 9.76 (tJ = 1.9
Hz, 1H, GHO). - **C NMR (100 MHz):5 = —4.49 (g, SCHs), —4.46 (g, StH3), 5.06 (t,
SiCHy), 7.0 (g, SiCHCHs), 10.1 (g, CHsCH,CHOTMP), 17.50 (t, NCCBCH,), 18.2 (s,
SIiC(CHs)3), 20.4 (g, NCHs), 20.6 (q, NCH3), 22.26 (t, CH,CH,CHO), 26.03 (q,
SiC(CHs)3), 27.68 (t,CH,CHOTMP), 28.4 (t,CHy), 28.7 (t,CH,), 29.4 (t,CHy), 29.55 (t,
CH,), 30.0 (t,CH,), 34.2 (q, NCCHs),), 35.2 (g, NCCHa)2), 40.4 (t, NGCH,), 44.1 (t,
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CH,CHO), 44.7 (t,CH.,CHOTBS), 49.2 (dCHCHOTES), 52.8 (dCHCHOTBS), 59.3 (s,
NC(CHs)y), 60.1 (s, NC(CHa)y), 76.4 (d,CHOTBS), 76.5 (JCHOTES), 86.5 (dACHOTMP),
130.4 (d,CH=CHCHOTMP), 134.3 (d, CHEHCHOTMP), 203.1 (dCHO).

Minor C16 epimerH NMR (400 MHz):5 = 0.02 (s, 6H, SiBs), 0.58 (q,J = 7.9 Hz, 6H,
SiCH,), 0.82 (t,J = 7.5 Hz, 3H, EsCH,CHOTMP),0.87 (s, 9H, SiC(83)3), 0.95 (1, = 7.9
Hz, 9H, SiCHCHa3), 1.05 (s, 3H, NC(83),), 1.09 (s, 6H, NC(E),), 1.15 (s, 3H,
NC(CHa3)2), 1.22-1.33 (m, 11H, B, NCCHCHH), 1.37-1.44 (m, 5H, NCB,CH,CH,,

CHHCHOTMP), 1.47-1.66 (m, 2H, NCCHHH, CHHCHOTBS), 1.61-1.68 (m, 2H,
CH,CH,CHO), 1.68-1.79 (m, 1H, 8,CHOTMP), 2.00-2.10 (m, 1H, BCHOTES), 2.29-
2.39 (m, 1H, €,CHOTBS), 2.41 (dtJ = 1.9, 7.5 Hz, 2H, 8,CHO), 3.74-3.80 (m, 1H,
CHOTES), 3.92-4.00 (m, 2H, BOTMP, C(HOTBS), 5.12 (dd,J = 9.9, 15.4 Hz, 1H,
CH=CHCHOTMP),5.40 (ddd,J = 0.8, 8.4, 15.3 Hz, 1H, CH#CHOTMP), 9.76 (tJ = 1.9
Hz, 1H, GHO). - **C NMR (100 MHz):5 = —4.50 (q, StHs), —4.40 (g, STH3), 5.04 (t,
SiCH,), 7.0 (q, SiCHCHa3), 9.9 (q, CHsCH,CHOTMP), 17.47 (t, NCChKCH,), 18.2 (s,
SIiC(CHs)3), 20.4 (q, NCCHs),), 20.6 (q, NCCHs),), 22.23 (t, CH,CH,CHO), 26.06 (q,
SiC(CHs)3), 27.72 (t,CH,CHOTMP), 27.9 (t,CH>), 28.8 (t,CH,), 29.3 (t,CHy), 29.49 (t,
CH,), 29.9 (t,CH,), 34.3 (q, NCCHs),), 35.5 (g, NCCHa)z), 40.4 (t, NGCH,), 44.1 (t,
CH,CHO), 44.7 (t,CH,CHOTBS), 49.0 (dCHCHOTES), 53.5 (dCHCHOTBS), 59.3 (s,
NC(CHs),), 60.1 (s, NC(CHsa),), 76.1 (d,CHOTBS), 76.8 (ACHOTES), 86.6 (dACHOTMP),

129.5 (d,CH=CHCHOTMP), 134.8 (d, CHSHCHOTMP), 203.1 (dCHO).

(1S*,25*,3R* ,4R*)-4-((tert-Butyldimethylsilyl)oxy)-2-(8-methoxy-8-oxooctyl)-3((E)-3-
((2,2,6,6-tetramethylpiperidin-1-yl)oxy)pent-1-en-1yl)-1-((triethylsilyl)oxy)cyclopentane
(4):

OTES O—

TBSO OTMP

Aldehyde20 (0.20 mmol, 135 mg) was dissolvedtiBuOH (7.5 mL). 2-Methyl-2-butene (4
mmol, 0.42 mL) was added after cooling to 0 °Cdwid by a solution of NaCkJ2 mmol,
230 mg) and NaPOy;- H,O (2 mmol, 275 mg) in water (7.5 mL). The coolingth was
removed and the reaction mixture was stirred atffart 70 min. The mixture was extracted

with DCM (3x15 mL) and the combined organic layevere dried over MgSQand

S26



evaporated. The crude acid was not further purifidek evaporation residue was diluted by a
1:4 MeOH/benzene mixture (7.5 mL) and (trimethyl3diazomethane solution (0.30 mmol,
0.15 mL, 2M in E4O) was added dropwise at r.t. The mixture wasestifior an hour and
solid NH,Cl was added. The mixture was filtered and theesulywere evaporated. The crude
material was purified by column chromatographyidailgel 15 g, hexane/EtOAc 20:1 with
0.5 vol% of EtN). Yield 131 mg (93%, 2 steps) as a colorless-d#.(hexane/EtOAc 10:1) =
0.6. - IR (film):v = 2965, 2936, 2885, 2863, 1749, 1466, 1440, 18864, 1258, 1174, 1136,
1120, 1102, 1066, 1008, 975, 837, 777, 746, 726, 6MS (+ESI)m/z (%): 732 (19)
[M+Na]", 710 (100) [M+HT. - HRMS (+ESI)m/z (CsoHgoOsNSi,) calc.: 710.5570, found:
710.5570.

Major C16 epimer*H NMR (400 MHz):8 = 0.00 (s, 3H, Sifs), 0.01 (s, 3H, Sifl3), 0.58
(q, J = 7.9 Hz, 6H, Si®,), 0.83 (t,J = 7.5 Hz, 3H, E;CH,CHOTMP), 0.86 (s, 9H,
SiC(CHs)3), 0.95 (t,J = 7.9 Hz, 9H, SiChCHa3), 1.05 (s, 3H, NC(H3),), 1.09 (s, 6H,
NC(CH3)2), 1.15 (s, 3H, NC(8s),), 1.22-1.33 (m, 10H, B), 1.37-1.44 (m, 6H,
NCCH;CHHCH,;, CHHCHOTMP), 1.47-1.66 (m, 4H, NCGBHH, CHHCHOTBS,
CH,CH,COOCH), 1.68-1.78 (m, 1H, CHCHOTMP), 2.00-2.10 (m, 1H, KICHOTES),
2.29 (t,J = 7.6 Hz, 2H, G,COOCH;), 2.33-2.44 (m, 1H, CHCHOTBS), 2.51-2.60 (m, 1H,
CHCHOTBS), 3.66 (s, 3H, Odx), 3.74-3.80 (m, 1H, BOTES), 3.89 (dtJ = 3.8, 7.2 Hz,
1H, CHOTBS), 3.92-4.00 (m, 1H, KOTMP), 5.19 (dd, J = 9.2, 155 Hz, 1H,
CH=CHCHOTMP), 5.39 (ddd) = 0.7, 8.4, 15.4 Hz, 1H, CH¥CHOTMP). -*C NMR
(100 MHz): 8 = —4.49 (q, SEH3), —4.36 (g, STH3), 5.1 (t, SCH,), 7.0 (g, SICHCHa), 10.1
(g, CHsCH,CHOTMP), 17.50 (t, NCCECH>), 18.21 (s, SE(CHz)s), 20.5 (g, NCCHs)),
20.6 (g, NCCHs),), 25.14 (t, CH,.CH,COOCH;), 26.03 (g, SiQCTHa)s), 27.69 (t,
CH,CHOTMP), 28.4 (t,CH.), 28.7 (t,CH,), 29.40 (t,CH,), 29.5 (t,CH,), 30.04 (t,CHy),
34.29 (t,CH,COOCH), 35.1 (g, NCCHs),), 35.5 (g, NCCHs)2), 40.4 (t, N@CH,), 44.7 (t,
CH,CHOTBS), 49.2 (d,CHCHOTES), 51.6 (g, OHs) 52.8 (d, CHCHOTBS), 59.3 (s,
NC(CHsz)2), 60.1 (s, \C(CHs),), 76.4 (d,CHOTBS), 76.5 (ACHOTES), 86.5 (ACHOTMP),
130.5 (d,CH=CHCHOTMP), 134.2 (d, CHSHCHOTMP), 174.5 (SCOOCHs).

Minor C16 epimer‘H NMR (400 MHz):8 = 0.02 (s, 6H, Sifls), 0.58 (g, = 7.9 Hz, 6H,
SiCHy), 0.82 (t,J = 7.5 Hz, 3H, Gi;CH,CHOTMP), 0.87 (s, 9H, SiC(dxs)s), 0.95 (t,J=7.9
Hz, 9H, SICHCHs3), 1.05 (s, 3H, NC(H3)2), 1.09 (s, 6H, NC(H3)2), 1.15 (s, 3H,
NC(CHs),), 1.22-1.33 (m, 10H, B5), 1.37-1.44 (m, 6H, NCB,CHHCH,, CHHCHOTMP),
1.47-1.66 (m, 4H, NCC¥CHH, CHHCHOTBS, (H,CH,COOCH;), 1.68-1.78 (m, 1H,
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CHHCHOTMP), 2.00-2.10 (m, 1H, ICHOTES), 2.29 (tJ = 7.6 Hz, 2H, E&,COOCH),

2.33-2.44 (m, 1H, CHCHOTBS), 2.51-2.60 (m, 1H, ICHOTBS), 3.66 (s, 3H, O€),

3.74-3.80 (m, 1H, BOTES), 3.90-4.00 (m, 2H, KOTMP, CHOTBS), 5.12 (ddJ = 9.9,
15.3 Hz, 1H, ®=CHCHOTMP), 5.40 (ddd] = 0.8, 8.4, 15.4 Hz, 1H, CH#CHOTMP). -
13C NMR (100 MHz):8 = —4.50 (g, SEH3), —4.39 (q, STH3), 5.1 (t, SCHy), 7.0 (q,
SiCH,CHs), 9.9 (q,CH3CH,CHOTMP), 17.47 (t, NCChKCH,), 18.20 (s, SI(CHs)s), 20.5 (q,
NC(CHs),), 20.6 (g, NCCHs)2), 25.12 (t,CH,CH,COOCH;), 26.05 (q, SiCCTHa)s), 27.72 (t,
CH,CHOTMP), 28.0 (t,CH.), 28.8 (t,CH.), 29.3 (t,CH,), 29.41 (t,CH,), 29.96 (t,CHy),

34.27 (t,CH,COOCH), 35.1 (g, NCCHs),), 35.5 (g, NCCH3)2), 40.4 (t, N@CH,), 44.7 (t,
CH,CHOTBS), 49.0 (d,CHCHOTES), 51.6 (g, OH3), 53.5 (d, CHCHOTBS), 59.3 (s,
NC(CHs),), 60.1 (s, NC(CHa),), 76.1 (d,CHOTBS), 76.8 (ACHOTES), 86.6 (ACHOTMP),

129.5 (dCH=CHCHOTMP), 134.8 (d, CHSHCHOTMP), 174.5 (SCOOCH).

(1S*,25*,3R* ,4R*)-4-((tert-Butyldimethylsilyl)oxy)-2-(8-methoxy-8-oxooctyl)-3((E)-
pent-1-en-3-on-1-yl)-1-((triethylsilyl)oxy)cyclopemane (21):

OTES O—

TBSO o

mMCPBA (0.41 mmol, 70 mg) was added to a solutioesiér4 (0.23 mmol, 166 mg) in dry
DCM (15 mL) at 0 °C under an argon atmosphere.réaetion mixture was stirred for 8 min
and saturated N8G; solution (10 mL) was added. This mixture was exegdovith DCM
(2%x20 mL). The combined organic layers were driedraVigSQ and evaporated. The crude
material was purified by column chromatographyidailgel 10 g, hexane/EtOAc 30:1 with
0.5 vol% of EfN). Yield 129 mg (99%) as a colorless oil. +(Rexane/EtOAc 10:1) = 0.5. -
IR (film): v = 2966, 2937, 2886, 2864, 1747, 1706, 1683, 16386, 1440, 1419, 1384,
1365, 1258, 1199, 1173, 1121, 1071, 1009, 982, 888, 779, 749, 762, 670MS (+ESI)
m/z (%): 1159 (68) [2M+Na], 591 (100) [M+Nal], 569 (60) [M+H]. - HRMS (+ESI)m/z
(C31H6105Sk,) calc.: 569.4052, found: 569.4054.

'H NMR (400 MHz):5 = -0.01 (s, 3H, SiB3), 0.01 (s, 3H, Si€ls), 0.58 (q,J = 7.9 Hz, 6H,
CH,Si), 0.86 (s, 9H, SiC(B3)s), 0.95 (t,J = 7.9 Hz, 9H, E1sCH,Si), 1.11 (t,J = 7.3 Hz, 3H,
CHsCH,CO), 1.22-1.33 (m, 10H, &), 1.55-1.64 (m, 3H, CHCHOTES,
CH,CH,COOCHy), 2.09 (quint,J = 7.0 Hz, 1H, GICHOTES),2.29 (t,J = 7.6 Hz, 2H,
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CH,COOCH), 2.37 (dt,J = 7.1, 14.1 Hz, 1H, CHCHOTES), 2.55 (qJ) = 7.3 Hz, 2H,
CH,CO), 2.77 (ddd) = 5.1, 7.2, 9.9 Hz, 1H, @CHOTBS),3.66 (s, 3H, O@3), 3.84 (q,J =

6.5 Hz, 1H, GIOTES),3.94 (dt,J = 5.1, 7.2 Hz, 1H, BOTBS),6.15 (dd,J = 0.9, 15.7 Hz,
1H, CH=CHCO), 6.64 (dd,) = 10.0, 15.7 Hz, 1H, B=CHCO). -**C NMR (100 MHz):5 =

—4.5 (q,CHsSi), —4.4 (qCHsSi), 5.0 (t,CHSi), 7.0 (q,CHsCH,Si), 8.3 (q,CHsCH,), 18.2 (s,
SiC(CHa)3), 25.0 (t, CH,CH,COOCH), 25.9 (g, SiOCH3)3), 28.8 (t,CHy), 29.17 (t,CHy),

29.22 (t,CHy), 29.7 (t,CH,), 29.8 (t,CH,), 34.1 (t,CH,CO), 34.2 (tCH,COOCH), 44.7 (t,

CH,CHOTES), 50.1 (d, CHCHOTES), 51.6 (q, OH3), 53.1 (d, CHCHOTBS), 75.5 (d,
CHOTBS), 76.0 (d,CHOTES), 131.0 (d, CHSHCO), 145.6 (d,CH=CHCO), 174.4 (s,
COOCH;), 200.7 (SCOCH,CHs).

(1S*,25*,3R* ,4R*)-4-((tert-Butyldimethylsilyl)oxy)-3-(( E)-3-(hydroxy)pent-1-en-1-yl)-2-
(8-methoxy-8-oxooctyl)cyclopentan-1-ol (22):

TBSC—S OH

Method 1 (k-PhytoP synthesisCrude keton1 (max. 0.03 mmol, 16 mg) was dissolved in
dry MeOH (1 mL) under an argon atmosphere. Dry @€@CD3 mmol, 8 mg) was added and
the mixture was stirred at r.t., for 10 min, cooted-60 °C and NaBH(cca 0.01 mmol, 0.4
mg) was added. The reaction was warmed to —10 %@hgB0 min and stirred at this
temperature for 30 min. The reaction was quenched Bew drops of water. The reaction
mixture was extracted with g2 (3x2 mL). The combined organic layers were doeér
MgSQO, and evaporated. The crude material was not fughéfied. Crude yield 15 mg as a

colorless oil.

Method 2 (Q-PhytoP synhesisAlcohol 23 (0.04 mmol, 23 mg) was dissolved in THF (0.5
mL), water (0.1 mL) and acetic acid (8.3 mmol, &hk) were added and the mixture was
stirred at r.t. for 15 min. Solid #CO; (7.25 mmol, 1 g) was added and the mixture wasgedil
with water (5 mL) and extracted with &t (4x5 mL). The combined organic layers were
dried over MgS@and evaporated. The crude material was not fugithafied. Yield 18 mg

(98%) as a colorless oil.
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Rr (hexane/EtOAc 2:1) = 0.3. - IR (film): = 3454, 2938, 2865, 1745, 1464, 1366, 1257,
1203, 1176, 1114, 1069, 1010, 975, 839, 7MS-(+ESI)m/z (%): 935 (4) [2M+Nal], 479
(100) [M+NaJ'". - HRMS (+ESI)m/z (CzsH4g0sNaSi) calc.: 479.3163, found: 479.3163.

Major C16 epimer'H NMR (600 MHz):8 = 0.046 (s, 3H, SiBs3), 0.049 (s, 3H, SiBs),

0.879 (s, 9H, SiC(H3)3), 0.90 (t, J = 7.5 Hz, 3H, CECH,), 1.25-1.35 (m, 10H,
(CH2)sCH,CH,COOCH;), 1.42 (br s, 1H, &), 1.48-1.58 (m, 2H, B,CHj3), 1.57-1.66 (m,
3H, CH,CH,COOCH;, CHHCHOTBS), 1.94 (s, 1H, ®), 2.08-2.14 (m, 1H, BCH,CH,),

2.25 (dddJ=5.3, 7.3, 14.2 Hz, 1H, GHCHOTBS),2.30 (t,J = 7.5 Hz, 2H, G,COOCH),

2.71 (ddd,J = 2.6, 7.5, 9.9 Hz, 1H, ICH=CH), 3.66 (s, 3H, O@l3), 3.83-3.88 (m, 1H,
HOCHCHCH,), 3.95 (dt,J = 2.6, 5.4 Hz, 1H, BOTBS), 4.00 (dt,J = 6.1, 6.9 Hz, 1H,
HOCHCH=CH), 5.34 (ddd,J = 1.1, 10.0, 15.3 Hz, 1H,K>=CHCHOH),5.52 (ddd,J = 0.7,

6.4, 15.3 Hz, 1H, CH=BCHOH). - °C NMR (150 MHz):5 = —4.61 (q, SEH3), —4.54 (q,
SiCHgs), 9.79 (g, CH3CH,), 18.1 (s, SiC(CHa)s), 25.04 (t, CH,CH,COOCH;), 26.0 (q,
SiC(CHg3)3), 28.4 (1,CHy), 29.21 (t,CH,), 29.28 (t,CH,), 29.6 (t,CH,), 29.77 (t,CH,), 30.39
(t, CH.CHj3), 34.2 (t,CH,COOCH), 43.30 (t,CH,CHOTBS), 50.93 (dCHCH,CH,), 51.6 (q,
OCHg3), 54.3 (d,CHCH=CH), 74.1 (d, HGHCH=CH), 77.96 (d, HGHCHCH,), 78.4 (d,
CHOTBS), 129.4 (dCH=CHCHOH), 135.36 (d, CHSHCHOH), 174.5 (sCOOCH).

Minor C16 epimer‘H NMR (600 MHz):5 = 0.051 (s, 3H, SiBs), 0.056 (s, 3H, Sifs),
0.881 (s, 9H, SiC(B3)3), 0.91 (t, J = 7.5 Hz, 3H, EiCH), 1.25-1.35 (m, 10H,
(CH2)sCH,CH,COOCH), 1.42 (br s, 1H, €), 1.48-1.58 (m, 2H, B,CHs), 1.57-1.66 (m,
3H, CH,CH,COOCH;, CHHCHOTBS), 1.94 (s, 1H, ®), 2.08-2.14 (m, 1H, BCH,CH,),
2.26 (dddJ=5.2, 7.6, 14.3 Hz, 1H, GHCHOTBS),2.30 (t,J = 7.5 Hz, 2H, E,COOCH}),
2.70 (ddd,J = 2.8, 7.5, 10.2 Hz, 1H, KICH=CH), 3.66 (s, 3H, O@3), 3.83-3.88 (m, 1H,
HOCHCHCH,), 3.95 (dtJ = 2.6, 5.4 Hz, 1H, BOTBS), 3.96-3.99 (m, 1H, HGECH=CH),
5.30 (dddJ= 1.1, 10.2, 15.3 Hz, 1H,l>=CHCHOH),5.50 (ddd,J = 0.6, 6.9, 15.3 Hz, 1H,
CH=CHCHOH). - *C NMR (150 MHz):5 = —4.59 (q, StHs3), —4.50 (g, StH3), 9.83 (q,
CH3CHy), 18.1 (s, ST(CHg)s), 25.06 (t, CH,CH,COOCH;), 26.0 (q, SiCCHa3)3), 28.4 (t,
CHy), 29.24 (t,CH,), 29.30 (t,CH>), 29.80 (t,CH,), 29.9 (t,CH,), 30.42 (t,CH,CHz), 34.2 (t,
CH,COOCH), 43.29 (t,CH,CHOTBS), 50.96 (dCHCH,CH,), 51.6 (q, COQHs), 54.5 (d,
CHCH=CH), 74.5 (d, HGHCH=CH), 78.02 (d, HOHCHCH,), 78.3 (d,CHOTBS), 129.9
(d, CH=CHCHOH), 135.38 (d, CHEHCHOH), 174.5 (sCOOCH).
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(1S*,25*,3R* ,4R*)-4-((tert-Butyldimethylsilyl)oxy)-3-(( E)-3-(hydroxy)pent-1-en-1-yl)-2-
(8-methoxy-8-oxooctyl)-1-((triethylsilyl)oxy)cyclogntane (23):

OTES O—

TBSO OH

Ketone 21 (0.08 mmol, 45 mg) was dissolved in dry MeOH (5 )minder an argon
atmosphere. Dry Ce€[0.01 mmol, 25 mg) was added and the mixture iaed for 20
min. The reaction mixture was cooled to —78 °C Ha@H, (0.08 mmol, 3 mg) was added in
three portions at 30 min intervals. The reactios st#&red at the same temperature for 2 h and
subsequently quenched with a few drops of acetolt@rfed by addition of phosphate buffer
(2 mL). The reaction mixture was extracted with DQ#k5 mL). The combined organic
layers were dried over MgS@nd evaporated. The crude material was purifiectddymn
chromatography (silica gel 3 g, hexane/EtOAc 20ith .5 vol% of E4N). Yield 43 mg
(94%) as colorless oil. -shexane/EtOAc 5:1) = 0.6. - IR (filmy:= 3600-3200, 2965, 2937,
2886, 2864, 1749, 1466, 1441, 1419, 1382, 13657,12%02, 1175, 1120, 1103, 1008, 974,
838, 778, 747, 726, 670. - MS (+ESHyz (%): 593 (100) [M+Nal], 233 (25) [M-OTES-
OTBS—-OH-COOMe+H] - HRMS (+ESI) m/z (CaHs20sNaSh) calc.: 593.4028, found:
593.4027.

Major C16 epimer'H NMR (400 MHz):8 = 0.01 (s, 6H, Sifls), 0.57 (q,J = 7.9 Hz, 6H,
CH,Si), 0.861 (s, 9H, SiC(8s)s), 0.91 (t,J = 7.4 Hz, 3H, EsCH,CHOH), 0.95 (tJ = 7.9

Hz, 9H, (HsCH,Si), 1.22-1.34 (m, 10H, B,), 1.44 (br s, 1H, @), 1.47-1.66 (m, 5H,
CH,CHOH, CHHCHOTES, G1,CH,COOCH), 1.98-2.06 (m, 1H, BCHOTES),2.29 (t,J =

7.5 Hz, 2H, ®,COOCH), 2.30-2.38 (m, 1H, CHCHOTES), 2.54-2.61 (m, 1H,
CHCHOTBS),3.66 (s, 3H, CO08s3), 3.77 (q,J = 7.2 Hz, 1H, GIOTES),3.83-3.89 (m, 1H,
CHOTBS), 3.95-4.04 (m, 1H, IOH), 5.34-5.53 (m, 2H, B=CHCHOH). - *C NMR (100
MHz): & = —4.43 (qCHsSi), 5.0 (t,CH.Si), 7.0 (q,CH3CH,Si), 9.8 (9,CHsCH,CHOH), 18.2
(s, SC(CHa)3), 25.06 (t,CH>), 26.0 (g, SiOCHa)3), 27.9 (t,CH,), 28.7 (t,CH.), 29.24 (t,
CHy), 29.30 (t,CH,), 29.86 (t,CH,), 30.4 (t, CH,CHOH), 34.2 (t,CH.,COOCH), 44.7 (t,
CH,CHOTES), 49.33 (d,CHCHOTES), 51.6 (q, OHs), 52.8 (d,CHCHOTBS), 74.3 (d,
CHOH), 76.24 (d,CHOTES or CHOTBS), 76.26 (d,CHOTES or CHOTBS), 130.1 (d,
CH=CHCHOH), 134.87 (d, CHSHCHOH), 174.50 (SCOOCH).
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Minor C16 epimer'H NMR (400 MHz):8 = 0.01(s, 6H, Si®s), 0.57 (q,J = 7.9 Hz, 6H,
CH,Si), 0.864 (s, 9H, SiC(&s)3), 0.90 (t,J = 7.4 Hz, 3H, GlsCH,CHOH), 0.95 (tJ = 7.9

Hz, 9H, (HiCH,Si), 1.22-1.34 (m, 10H, B,), 1.40 (br s, 1H, @), 1.47-1.66 (m, 5H,
CH,CHOH, CHHCHOTES, G1,CH,COOCH), 1.98-2.06 (m, 1H, BCHOTES),2.29 (t,J =

7.5 Hz, 2H, ®,COOCH), 2.30-2.38 (m, 1H, CHCHOTES), 2.54-2.61 (m, 1H,
CHCHOTBS),3.66 (s, 3H, O@), 3.76 (q,J = 7.2 Hz, 1H, GIOTES), 3.83-389 (m, 1H,
CHOTBS), 3.95-4.04 (m, 1H, [OH), 5.34-5.53 (m, 2H, B=CHCHOH). - *C NMR (100
MHz): & = —4.40 (q,CHsSi), —4.37 (q,CHsSi), 5.0 (t,CHSi), 7.0 (q,CHsCH,Si), 9.9 (q,
CH3CH,CHOH), 18.2 (s, SB(CHs)3), 25.07 (t,CH,), 26.0 (q, SiOCHa)3), 28.0 (t,CH>), 28.6
(t, CHy), 29.27 (t,CHy), 29.33 (t,CH,), 29.87 (t,CH,), 30.4 (t, CH,CHOH), 34.2 (t,
CH,COOCH;), 44.6 (t,CH,CHOTES),49.28 (d,CHCHOTES), 51.6 (q, COCH3), 52.9 (d,
CHCHOTBS), 74.6 (dCHOH), 76.28 (d,CHOTES orCHOTBS), 76.33 (dCHOTES or
CHOTBS), 130.4 (dCH=CHCHOH), 134.91 (d, CHEHCHOH), 174.47 (SCOOCH).

16-F-Phytoprostane methyl ester (1) and 1@pi-16-F-phytoprostane methyl ester
(epi-1):

Crude diol22 (max. 0.03 mmol, 14 mg) was dissolved in dry THFB(mL) in a flame-dried
Schlenk flask under an argon atmosphere. The salutas cooled to 0 °C and TBAF (0.04
mmol, 40uL, 1 M in THF) was added. The reaction was stimethe same temperature for 4

h, warmed to r.t. and stirred for another hour. Téaction was quenched with saturated
NH4CI solution (2 mL), diluted with EO and the layers were separated. The aqueous layer
was extracted with ED (3x2 mL). The combined organic layers were ddedr MgSQ and
evaporated. The crude material was purified by maoluchromatography (silica gel 2 g,
EtOAC). Yield 9 mg (89%, 2 steps fro21) of a separable 1:1Xepi-1 mixture as a colorless

oil.
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OH O~

/

HO OH

16-F-Phytoprostane methyl estér R; (EtOAc/acetone 1:1) = 0.2. - IR (filmy: = 3352,
2934, 2863, 1743, 1675, 1464, 1442, 1344, 12649,12803, 1175, 1068, 1015, 972, 804,
727. - MS (+ESl):m/z 381 (9) [M+K]', 365 (100) [M+Nal]. - HRMS (+ESI) m/z
(C10H340sNa) calc.: 365.2299, found: 365.2299H NMR (600 MHz):6 = 0.91 (t,J = 7.5
Hz, 3H, (HisCH,), 1.27-1.36 (m, 10H, (85)sCH,CH,COOCH;), 1.52-1.70 (m, 6H, 8,
CH,CH,COOCH;, CH,CHz, HOCHCHHCHOH), 1.75 (s, 1H, ®), 1.86 (s, 1H, ®), 2.10
(dtd,J=7.5, 6.5, 5.4 Hz, 1H,I@CH,CH,), 2.32 (t,J = 7.6 Hz, 2H, Gi,COOCH;), 2.41 (dtd,
J=12, 6.6, 14.8 Hz, 1H, HOCHGHCHOH), 2.76 (dddd,J = 1.2, 3.6, 7.3, 9.8 Hz, 1H,
CHCH=CH), 3.69 (s, 3H, OH3), 3.96 (dt,J = 3.6, 6.6 Hz, 1H, HOBCHCH,), 4.00 (dt,J =
6.4, 6.7 Hz, 1H, HOACH=CH), 4.03 (td,J = 3.5, 6.6 Hz, 1H, HOBCHCH=CH), 5.39
(ddd, J = 1.0, 9.8, 15.3 Hz, 1H, ®©=CHCHOH), 5.56 (dddJ = 1.8, 6.8, 15.6 Hz, 1H,
CH=CHCHOH). - *C NMR (151 MHz):3 = 9.84 (q,CH3CH,), 25.02 (t,CH,CH,COOCH),
28.25 (t,CH,), 29.18 (t,CH,), 29.26 (t,CH,), 29.37 (t,CH,), 29.69 (t,CH.), 30.41 (t,
CH.CHg), 34.2 (t,CH,COOCH;), 42.88 (t, HOCKCH,CHOH), 50.70 (dCHCH,CH,), 51.62
(q, OCH3), 54.0 (d,CHCH=CH), 74.5 (d, HGHCH=CH), 77.09 (d, HGHCHCH=CH),
77.3 (d, HACHCHCH,), 129.5 (d,CH=CHCHOH), 135.8 (d, CHEHCHOH), 174.5 (s,
COOCH).

HO OH

16-epi-16-k-Phytoprostane methyl estepi-1: R; (EtOAc/acetone 1:1) = 0.3. - IR (filmy:

= 3370, 2935, 2864, 1743, 1464, 1441, 1366, 1288811204, 1176, 1072, 1015, 976, 801,
729. - MS (+ESI):m/z 365 (100) [M+Na]. - HRMS (+ESI)m/z (CigH340sNa) calc.:
365.2299, found: 365.2299."H NMR (600 MHz):8 = 0.91 (t,J = 7.4 Hz, 3H, EisCHy),
1.23-1.35 (m, 10H, (B,)sCH,CH,COOCH;)), 1.49-1.57 (m, 6H, 8, CH,CH,COOCH;,
CH,CHs, HOCHCHHCHOH), 1.74 (s, 1H, @), 1.80 (s, 1H, ®), 2.10 (quint,J = 6.9 Hz,
1H, CHCH,CHy,), 2.30 (t,J= 7.5 Hz, 2H, Gi,COOCH), 2.41 (dddJ = 6.7, 7.2, 14.0 Hz, 1H,
HOCHCHHCHOH), 2.77 (ddd)J = 3.6, 7.0, 9.6 Hz, 1H, l@CH=CH), 3.67 (s, 3H, O85),
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3.95-3.99 (m, 1H, HOBCHCH;), 4.00-4.04 (m, 2H, HOBCHCH=CHCHOH), 5.42 (ddd,)

= 1.1, 9.5, 154 Hz, 1H, K=CHCHOH), 5.58 (ddd,J = 0.8, 6.4, 15.4 Hz, 1H,
CH=CHCHOH). -**C NMR (151 MHz):3 = 9.84 (q,CH3CH,), 25.00 (t,CH,CH,COOCH,),

28.26 (t,CHy), 29.15 (t,CHy), 29.23 (t,CH,), 29.30 (t,CH.), 29.67 (t,CH,), 30.39 (t,

CH2CHs), 34.2 (t,CH,COOCH), 42.89 (t, CHOKH,CHOH), 50.67 (dCHCH,CH,), 51.63

(9, OCHs), 53.9 (d,CHCH=CH), 74.1 (d, HGHCH=CH), 77.10 (d, HOGHCHCH=CH),

77.2 (d, HECHCHCH,), 128.9 (d,CH=CHCHOH), 135.7 (d, CHEHCHOH), 174.5 (s,
COOCH).

(1S*,25*,3R* ,4R*)-4-((tert-Butyldimethylsilyl)oxy)-3-(( E)-3-((tert-
butyldimethylsilyl)oxy)pent-1-en-1-yl)-2-(8-methoxy8-oxooctyl)-1-
((triethylsilyl)oxy)cyclopentane (24):

OTES O

TBSO OTBS

Alcohol 23 (0.08 mmol, 42 mg) was dissolved in dry DCM (2 mupder an argon
atmosphere, 2,6-lutidine (0.50 mmol, [Ib) was added and the reaction mixture was cooled
to —78 °C. TBSOTTf (0.16 mmol, 38.) was added dropwise. The reaction was stirretieat
same temperature for 40 min and quenched withat@tllKHSQ solution (4 mL). The layers
were separated and the aqueous extracted with DIBBIfiL). The combined organic layers
were dried over MgSQand evaporated. The crude material was purified cbjumn
chromatography (silica gel 3 g, hexane/EtOAc 70ddgent to 30:1 with 0.5 vol% of g).
Yield 48 mg (95%) as a colorless oil. + Rexane/EtOAc 5:1) = 0.9. - IR (filmy. = 2967,
2937, 2864, 1748, 1469, 1366, 1255, 1173, 111910810, 974, 836, 777, 743, 725, 672. -
MS (+ESI)m/z (%): 707 (100) [M+Na], 553 (30) [M—HOTES+H] - HRMS (+ESI)m/z
(Cs7/H760sNaSe) calc.: 707.4893, found: 707.4889.

NMR signals 6Si-CHs: *H NMR (400 MHz):3 = 0.003, 0.010, 0.014, 0.02, 0.6duld not be
assigned to the individual C16 epimers.

Major C16 epimer'H NMR (400 MHz):3 = 0.57 (g,J = 7.9 Hz, 6H, &1,Si), 0.84 (t,J = 7.5
Hz, 3H, GHsCH,OTBS), 0.859 (s, 9H, SiC(€)s), 0.889 (s, 9H, SiC(83)3), 0.95 (t,J = 7.9
Hz, 9H, HsCH,Si), 1.20-1.32 (m, 10H, B), 1.40-1.53 (m, 3H, C{CH,CHOTBS,
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CHHCHOTES), 1.56-1.65 (m, 2H,KGCH,COOCH;), 1.98-2.09 (m, 1H, BCHOTES), 2.29
(t, J = 7.5 Hz, 2H, E&,COOCH;), 2.30-2.39 (m, 1H, CHCHOTES), 2.48-2.57 (m, 1H,
CHCH=CH), 3.66 (s, 3H, OB3), 3.75 (td,J = 6.5, 13.0 Hz, 1H, BOTES),3.84 (td,J = 3.0,
6.5 Hz, 1H, TBSOBICH,CHOTES),3.98 (td,J = 6.0, 7.1 Hz1H, TBSOGICH,CHs), 5.30
(ddd, J = 1.1, 9.7, 15.3 Hz, 1H, &=CHCHOTBS),5.42 (ddd,J = 0.6, 6.1, 15.3 Hz, 1H,
CH=CHCHOTBS). -'C NMR (100 MHz):5 = —4.60 (q,CH5Si), —4.49 (qCH5Si), —4.44 (q,
CH3Si), —4.24 (q,CH3Si), 5.04 (t,CH,Si), 7.0 (g,CH3CH,Si), 9.79 (q,CHsCH,CHOTBS),
18.2 (s, ST(CHa)3), 18.4 (s, ST(CHg)3), 25.13 (t,CH2), 26.0 (g, SiOCHs)3), 28.2 (t,CH>),
28.8 (t,CHy), 29.36 (t,CH,), 29.44 (t,CH,), 30.0 (t,CH,), 31.47 (t, CHCH,CHOTBS), 34.3
(t, CH;,COOCH), 44.69 (t,CH,CHOTES), 49.1 (dCHCHOTES), 51.6 (g, OHs), 52.7 (d,
CHCH=CH), 74.6 (d, TBSOHCH=CH), 76.3 (d, TBSOHCH,CHOTES), 76.5 (d,
CHOTES), 128.3 (dCH=CHCHOTBS), 135.35 (d, CHEHCHOTBS), 174.5 (SCOOCH).

Minor C16 epimer'H NMR (400 MHz):3 = 0.57 (g,J = 7.9 Hz, 6H, E1,Si), 0.84 (t,J = 7.5
Hz, 3H, GH:CH;0TBS), 0.862 (s, 9H, SiC(dz)s), 0.892 (s, 9H, SiC(83)s), 0.95 (t,J = 7.9
Hz, 9H, HsCH,Si), 1.20-1.32 (m, 10H, B,), 1.40-1.53 (m, 3H, C{CH,CHOTBS,
CHHCHOTES), 1.56-1.65 (m, 2H,KGCH,COOCH;), 1.98-2.09 (m, 1H, BCHOTES), 2.29
(t, J = 7.5 Hz, 2H, E,COOCH;), 2.30-2.39 (m, 1H, CHCHOTES), 2.48-2.57 (m, 1H,
CHCH=CH), 3.66 (s, 3H, OB3), 3.75 (td,J = 6.5, 13.0 Hz, 1H, BOTES),3.88 (td,J = 3.0,
6.5 Hz, 1H, TBSOBICH,CHOTES),3.98 (td,J = 6.0, 7.1 Hz1H, TBSOGICH,CHs), 5.25
(ddd,J = 1.1, 10.0, 15.3 Hz, 1H, &=CHCHOTBS),5.43 (ddd,J = 0.7, 6.0, 15.3 Hz, 1H,
CH=CHCHOTBS). -'*C NMR (100 MHz):5 = —4.56 (q,CH5Si), —4.51 (qCH5Si), —4.42 (q,
CH3Si), —4.21 (q,CH3Si), 5.03 (t,CH,Si), 7.0 (g,CH3CH,Si), 9.78 (q,CHsCH,CHOTBS),
18.2 (s, ST(CHa)3), 18.4 (s, ST(CHg)3), 25.12 (t,CH2), 26.0 (g, SiOCHs)3), 27.9 (t,CH>),
28.7 (t,CHy), 29.34 (t,CH,), 29.40 (t,CH,), 29.9 (t,CH,), 31.53 (t, CHCH,CHOTBS), 34.3
(t, CH;COOCH), 44.72 (t,CH,CHOTES), 49.0 (dCHCHOTES), 51.6 (g, OHs), 53.0 (d,
CHCH=CH), 74.7 (d, TBSOHCH=CH), 76.5 (d, TBSOHCH,CHOTES), 76.6 (d,
CHOTES), 127.9 (dCH=CHCHOTBS), 135.38 (d, CHEHCHOTBS), 174.5 (SCOOCH).
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(1S*,25*,3R* ,4R*)-4-((tert-Butyldimethylsilyl)oxy)-3-(( E)-3-((tert-
butyldimethylsilyl)oxy)pent-1-en-1-yl)-2-(8-methoxy8-oxooctyl)cyclopentan-1-ol (25):

TBSO OTBS

Ester24 (0.03 mmol, 19 mg) was dissolved in THF (0.5 mLater (0.5 mL) and acetic acid
(25 mmol, 1.5 mL) were added and the mixture wasestat 45 °C for 20 min. Solid O3
(14.5 mmol, 2 g) was added after cooling to r.te Thixture was diluted with water (10 mL)
and extracted with DCM (3x10 mL). The combined oigdayers were dried over MgQ0
and evaporated. The crude material was not fughsfied. Yield 15 mg (94%) as a colorless
oil. - R (hexane/EtOAc 5:1) = 0.5. - IR (filmy:= 3452, 2968, 2937, 2864, 1746, 1470, 1441,
1366, 1256, 1200, 1173, 1118, 1074, 1010, 975, 888, 777, 726, 673.MS (+ESI)m/z
(%): 593 (100) [M+Na], 439 (8) [M—HOTBS+H], 307 (5) [M—2HOTBS+H]. - HRMS
(+ESI)m/z (C31He20sN4Sk) calc.: 593.4028, found: 593.4028.

NMR signals 6Si-CHz: *H NMR (400 MHz):8 = 0.008, 0.013, 0.034, 0.036, 0.040, 0.045,
0.047, 0.053. *C NMR (100 MHz):5 = —4.69, —4.66, —4.62, —-4.57 (2C), —-4.52, —4.2417-

could not be assigned to the individual C16 epimers

Major C16 epimer'H NMR (400 MHz):8 = 0.83 (t,J = 7.4 Hz, 3H, Ei5CH,), 0.88 (s, 18H,
SiC(CHs)3), 1.20-1.35 (m, 9H, B,), 1.40-1.67 (m, 6H, B,CHs, CHHCHOH, CH,), 2.00 (s,
1H, OH), 2.07-2.15 (m, 1H, BCHOH), 2.18-2.26 (m, 1H, CHCHOH), 2.29 (tJ = 7.5 Hz,
2H, CH,COOCH), 2.64-2.71 (m, 1H, BCH=CH), 3.66 (s, 3H, OB3), 3.81-3.88 (m, 1H,
TBSOCHCH,CHOH), 3.90-3.95 (m, 1H, I@OH), 3.94-3.99 (m, 1H, TBSQECH,CH),
5.23 (ddd,J = 1.0, 10.0, 15.3 Hz, 1H, &=CHCHOTBS), 5.45 (ddd) = 0.7, 6.2, 15.3 Hz,
1H, CH=CHCHOTBS).- **C NMR (100 MHz):5 = 9.77 (q,CHsCH,), 18.2 (s, ST(CHs)3),
18.4 (s, ST(CHs)3), 25.10 (t,CH>), 26.02 (g, SiGTHs)3), 28.6 (t,CH5), 29.30 (t,CH,), 29.38
(t, CHy), 29.87 (t, 2CCHy), 31.4 (t,CH.CHs), 34.3 (t,CH,COOCH;), 43.24 (t,CH,CHOH),
51.01 (d, CHCHOH), 51.6 (q, QCH3), 54.4 (d, CHCH=CH), 74.6 (d,CHOH), 78.1 (d,
TBSOCHCH,CHOH), 78.8 (d, TBSGHCH=CH), 127.8 (d,CH=CHCHOTBS), 135.9 (d,
CH=CHCHOTBS), 174.5 (SCOOCH).

Minor C16 epimerlH NMR (400 MHz):6 = 0.84 (t,J = 7.4 Hz, 3H, EisCH,), 0.88 (s, 18H,
SiC(CH3)3), 1.20-1.35 (m, 9H, B,), 1.40-1.67 (m, 6H, B,CH3, CHHCHOH, (H,), 2.00 (s,
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1H, OH), 2.07-2.15 (m, 1H, BCHOH), 2.18-2.26 (m, 1H, CHCHOH), 2.29 (tJ = 7.5 Hz,
2H, CH,COOCH), 2.64-2.71 (m, 1H, BCH=CH), 3.66 (s, 3H, OB3), 3.81-3.88 (m, 1H,
TBSOCHCH,CHOH), 3.90-3.95 (m, 1H, IGOH), 3.94-3.99 (m, 1H, TBSQHICH,CHb),
5.17 (ddd,J = 1.0, 10.2, 15.3 Hz, 1H, &=CHCHOTBS), 5.44 (ddd) = 0.7, 6.4, 15.3 Hz,
1H, CH=CHCHOTBS). -**C NMR (100 MHz):5 = 9.78 (q,CHsCH,), 18.2 (s, ST(CHs)3),
18.4 (s, ST(CHs)s), 25.09 (t,CH2), 25.99 (g, SiGTHs)3), 28.4 (t,CHy), 29.29 (t,CH,), 29.35
(t, CHy), 29.87 (t,CHy), 29.91 (t,CHy), 31.5 (t, CH,CHs), 34.3 (t,CH,COOCH), 43.17 (t,
CH,CHOH), 51.02 (d,CHCHOH), 51.6 (q, GCH3), 54.6 (d,CHCH=CH), 74.8 (dCHOH),
78.4 (d, TBS@HCH,CHOH), 78.7 (d, TBSOHCH=CH), 127.7 (d, CH=CHCHOTBS),
136.1 (d, CHEHCHOTBS), 174.5 (SCOOCH;).

(2S*,3R* ,4R*)-4-((tert-Butyldimethylsilyl)oxy)-3-(( E)-3-((tert-
butyldimethylsilyl)oxy)pent-1-en-1-yl)-2-(8-methoxy8-oxooctyl)cyclopentanone (26):

TBSCS OTBS

Alcohol 25 (0.05 mmol, 28 mg), 4-methylmorpholine-N-oxide 1@®. mmol, 11 mg),
tetrapropylammonium perruthenate (0.01 mmol, 4 ay) molecular sieves (4 A, 50 mg)
were stirred in DCM (1 mL) at r.t. under an argém@sphere for 60 min. The suspension was
diluted with DCM (2 mL), filtered through a plug oélite, silica gel and sand and evaporated.
The crude material was not further purified. Yi&dd mg (90%) as a colorless oil. + R
(hexane/EtOAc 5:1) = 0.9. - IR (filmy. = 2968, 2938, 2865, 1748, 1470, 1441, 1367, 1258,
1171, 1065, 1011, 975, 912, 838, 779, 726, 674S-(WESI)m/z (%): 591 (100) [M+Nal],

437 (9) [M—HOTBS+H]. - HRMS (+ESI) m/z (CsiHs0OsNaSp) calc.: 591.3872, found:
591.3870.

NMR signals 0Si-CHz; *H NMR (400 MHz):8 = —0.01, 0.01, 0.03, 0.06, 0.08"°C NMR
(100 MHz): & = -4.7, -4.6, —-4.5, —4.3, —4@uld not be assigned to the individual
C1l6-epimers.

Major C16 epimer'H NMR (400 MHz):& = 0.825 (t,J = 7.4 Hz, 3H, EisCH,), 0.88 (s,
18H, SiC(GHs)3), 1.12-1.42 (m, 9H, Hy), 1.42-1.52 (m, 2H, B,CHs), 1.57-1.64 (m, 2H,
CHy), 1.65-1.74 (m, 1H, B), 2.22-2.26 (m, 1H, CHCO), 2.29 (t,J = 7.5 Hz, 2H,
CH,COOCH;), 2.35-2.44 (m, 1H, CHCO), 2.58-2.65 (m, 1H, @CO), 2.91 (ddd,J = 1.8,
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7.5, 10.1 Hz, 1H, BCH=CH), 3.66 (s, 3H, O@l), 3.93-4.01 (m, 1H, TBSOECH,CHs),
413-418 (m, 1H, TBSOMACH,CO), 5.18 (ddd,J = 1.3, 10.1, 155 Hz, 1H,
CH=CHCHOTBS),5.60 (ddd,J= 0.7, 6.8, 15.6 Hz, 1H, CH#CHOTBS).- **C NMR (100
MHz): & = 9.6 (q,CH3CH,), 18.17 (s, SL(CHs)s), 18.39 (s, SE(CHa)s3), 25.10 (t,CH.), 25.15
(t, CHy), 25.90 (q, SiGCHa3)3), 25.98 (g, SiGTHa)s), 27.6 (t,CHy), 29.27 (t,CH,), 29.31 (t,
CHy), 29.32 (t,CHy), 31.28 (t,CH,CHs), 34.2 (t,CH,COOCH), 45.7 (t,CH,CO), 50.1 (d,
CHCO), 51.6 (g, @Hs), 52.1 (d, CHCH=CH), 73.4 (d, TBSOGHCH,CO), 74.1 (d,
TBSOCHCH=CH), 126.0 (d,CH=CHCHOTBS), 137.4 (d, CHSHCHOTBS), 174.4 (s,
COOCH;), 218.77 (sCOCH).

Minor C16 epimer'H NMR (400 MHz):8 = 0.830 (t,J = 7.4 Hz, 3H, ®sCH,), 0.88 (s,
18H, SiC(QGH3)3), 1.12-1.42 (m, 9H, Hy), 1.42-1.52 (m, 2H, B,CHs), 1.57-1.64 (m, 2H,
CHy), 1.65-1.74 (m, 1H, B,), 2.18-2.23 (m, 1H, CHCO), 2.29 (t,J = 7.5 Hz, 2H,
CH,COOCH), 2.35-2.44 (m, 1H, CHCO), 2.58-2.65 (m, 1H, I8C0O), 2.91 (ddd,J = 1.8,
7.5, 10.1 Hz, 1H, BCH=CH), 3.66 (s, 3H, OEj3), 3.93-4.01 (m, 1H, TBSOECH,CHj),
4.19-4.24 (m, 1H, TBSOACH,CO), 5.07 (ddd, J = 1.2, 10.2, 15.3 Hz, 1H,
CH=CHCHOTBS), 5.59 (ddd] = 0.8, 6.5, 15.2 Hz, 1H, CH#CHOTBS). -**C NMR (100
MHz): & = 9.7 (q,CH3CHy), 18.18 (s, ST(CHs)3), 18.38 (s, SI(CHg)s), 25.07 (t,CHy), 25.13
(t, CHy), 25.91 (g, SiCCH3)3), 26.00 (g, SiGCH3)3), 27.4 (t,CHy), 29.56 (t,CH>), 29.58 (t,
CHy), 29.9 (t,CHy), 31.32 (t,CH,CHj3), 34.2 (t,CH,COOCH;), 45.6 (t, CH,CO), 50.0 (d,
CHCO), 51.6 (g, @Hs3), 52.2 (d, CHCH=CH), 73.1 (d, TBSGHCH,CO), 74.7 (d,
TBSOCHCH=CH), 126.1 (d, CH=CHCHOTBS), 137.7 (d, CHSHCHOTBS), 174.4 (s,
COOCH), 218.79 (SCOCH).

16-E;-Phytoprostane methyl ester (2) and 1@pi-16-E;-phytoprostane methyl ester
(epi-2):

2 epi-2
Ketone26 (0.04 mmol, 25 mg) was dissolved in dry THF (2 mLChe solution was cooled to
0 °C and 70% HF solution in pyridine (30., 0.38 mmol) was added. The mixture was
warmed to r.t. and stirred for 21 h. The reacti@s\uenched with saturated.N&; solution
(3 mL) and the layers were separated. The aqueassewiracted with DCM (3x5 mL). The
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combined organic layers were dried over Mg®3@d evaporated. The crude material was
purified by column chromatography (Florisil 3 g,(#&c). Yield 13 mg (86%) as a 1:1.2
2/epi-2 mixture. The individual C16 epimers were subsetjyeseparated by multiple flash

column chromatography (silica gel 0.5 g, EtOAc).

16-E;-Phytoprostane methyl ester R; (EtOAc) = 0.2. - IR (film):v = 3429, 2935, 2864,
1741, 1465, 1443, 1371, 1326, 1252, 1204, 11737,11@92, 1007, 975, 881, 725. - MS
(+ESI) m/z (%): 703 (4) [2M+Na], 379 (8) [M+K], 363 (100) [M+Na]. - HRMS (+ESI)
m/z (CrgH3,0sNa) calc.: 363.2142, found: 365.2143H NMR (500 MHz):8 = 0.90 (t,J =
7.5 Hz, 3H, Gi5CH,), 1.15-1.39 (m, 10H, (8,)sCH,CH,COOCH), 1.47-1.71 (m, 5H,
CH,CH,COOCH;, CH,CH3, HOCHCH=CH), 1.75 (dJ = 2.1 Hz, 1HHOCHCH,CO), 2.29
(t, J= 7.5 Hz, 2H, ®,COOCH), 2.32 (dgJ = 1.7, 19.2 Hz, 1H, CHCO), 2.53 (dd, 1HJ =
5.7, 19.2 Hz, CHICO), 2.65 (dddd, 1H] = 1.6, 5.2, 7.8, 9.3 Hz,KICO), 2.98 (tdd,) = 1.7,
7.8, 10.0 Hz, 1H, CH=CHCHOH), 3.66 (s, 3H, @Hs3), 4.00 (dg,J = 3.5, 6.6 Hz, 1H,
CHOHCH=CH), 4.36 (tddJ = 1.7, 2.1, 5.7 Hz, 1H, @OHCH,CO), 5.26 (dddJ = 1.1, 10.1,
15.3 Hz, 1H, G®I=CHCHOH), 5.67 (ddd, = 0.6, 6.8, 15.3 Hz, 1H, CH#@CHOH). - °C
NMR (126 MHz):6 = 9.62 (q,CH3CHy,), 24.87 (t,CH,), 25.11 (t,CH,CH,COOCH;), 27.20
(t, CHy), 29.01 (t, 2CCH,), 29.27 (t,CH,), 30.26 (t,CH.CHj3), 34.1 (t,CH,COOCH;), 44.8
(t, COCH,CHOH), 50.0 (d,CHCO), 51.5 (q, @H3), 51.7 (d, CHCH=CH), 72.2 (d,
HOCHCH,CO), 74.1 (d, H@HCH,CHs), 127.2 (d, CH=CHCHOH), 137.00 (d,
CH=CHCHOH), 174.3 (sCOOCH;), 217.3 (sCOCH).

HO OH

16-epi-16-B-Phytoprostane methyl estepi-2: R; (EtOAc) = 0.3. - IR (film):v = 3424, 2933,
2863, 1739, 1465, 1444, 1357, 1327, 1250, 12042,11727, 1091, 1006, 975, 881, 725. -
MS (+ESI) m/z (%): 703 (8) [2M+Na], 379 (5) [M+K], 363 (100) [M+Na]. - HRMS
(+ESI) m/z (CigH3:05Na) calc.: 363.2142, found: 365.2143H NMR (500 MHz):8 = 0.91
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(t, J=7.5 Hz, 3H, E®sCHy), 1.15-1.39 (m, 10H, (8,)sCH,CH,COOCH), 1.47-1.71 (m, 5H,
CH,CH,COOCH;, CH,CHs, OH), 1.75 (br s, 1H, OHR.30 (t,J = 7.5 Hz, 2H, G,COOCHp),
2.31 (dg,J = 1.8, 19.2 Hz, 1H, CHCO), 2.53 (ddJ = 5.8, 19.2 Hz, 1H, CHCO), 2.65
(dddd, J = 1.8, 5.5, 7.2, 9.0 Hz, 1H, HCO), 2.98 (tdd,J = 1.8, 7.2, 9.8 Hz, 1H,
CHCH=CHCHOH), 3.66 (s, 3H, CH3), 4.03 (dg,J = 1.1, 6.3 Hz, 1H, HOBCH=CH), 4.34
(td, J = 1.8, 5.8 Hz, 1H, BOHCH,CO), 5.31 (ddd,J = 1.1, 9.8, 15.4 Hz, 1H,
CH=CHCHOH), 5.69 (ddd,) = 0.6, 6.1, 15.4 Hz, 1H, CH#@CHOH). - **C NMR (126
MHz): & = 9.56 (q,CH3CH,), 24.83 (t,CH,), 25.08 (t,CH,CH,COOCH), 27.22 (t,CH,),
28.95 (t,CH,), 28.97 (t.CHy), 29.24 (t,CH,), 30.20 (t,CH,CHs), 34.0 (t,CH,COOCH), 44.9
(t, COCH,CHOH), 50.1 (d,CHCO), 51.5 (g, @H3), 51.6 (d, CHCH=CH), 72.3 (d,
HOCHCH,CO), 73.5 (d, H@HCH,CHs), 126.5 (d, CH=CHCHOH), 137.02 (d,
CH=CHCHOH), 174.4 (SCOOCHs), 217.2 (SCOCH).

(1S*,2S*,3R* ,4R*)-4-((tert-Butyldimethylsilyl)oxy)-1-(1-ethoxyethoxy)-3-(E)-3-(1-
ethoxyethoxy)pent-1-en-1-yl)-2-(8-methoxy-8-oxoodigyclopentane(27a):

TBSO OEE

Diol 22 (0.12 mmol, 53 mg) and a catalytic amount of ppiitm p-toluenesulfonate (0.01
mmol, 3 mg) were dissolved in dry DCM (2 mL) undar argon atmosphere. Ethyl vinyl
ether (10.46 mmol, 1 mL) was added and the mixtes stirred at r.t. for two hours. The
reaction mixture was poured into saturated NaklGOlution (10 mL), the layers were
separated and the aqueous was extracted with D@BIf8.). The combined organic layers
were dried over MgS© and evaporated. The crude material was purified flagh
chromatography (silica gel 1 g, hexane/EtOAc 20Yigld 58 mg (83%) as an inseparable
mixture of C16 epimers and ethoxyethoxy (C-1) wissoisomers as a colorless oil. + R
(hexane/EtOAc 5:1) = 0.6.IR (film): v = 2938, 2865, 1747, 1466, 1445, 1381, 1344, 1257,
1175, 1129, 1097, 1061, 1034, 979, 939, 862, 838, 7 MS (+ESI)m/z (%): 623 (100)
[M+Na]*, 549 (36) [M-EtO+NaJ. - HRMS (+ESI) m/z (CssHs4O-/NaSi) calc.: 623.4314,
found: 623.4314. *H NMR (400 MHz):8 = 0.006/0.009/0.013 (s, 6H, 3ig), 0.83-0.90 (m,
12H, SiC(QH3);, CH3CH,CHOEE), 1.13-1.22 (m, 6H, OGBHj), 1.22-1.35 (m, 16H,
OCHCH3, (CH,)sCH,CH,COOCH;), 1.42-1.66 (m, 5H, CHB,CH; CH,CH,COOCH;
CHHCHOTBS), 2.07-2.20 (m, 1H, BCHOTBS), 2.29 (t,J = 7.6 Hz, 2H, E,COOCH}),
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2.32-2.44 (m, 1H, CHCHOTBS), 2.53-2.62 (m, 1H, BCH=CH), 3.35-3.90 (m, 6H,
EEOCHCHCH,, EEOCHCH=CH, OQH,CHs), 3.66 (s, 3H, O8s), 3.85-3.95 (m, 1H,
CHOTBS),4.64-4.72 (m, 2H, OBO), 5.24-5.49 (m2H, CH=CH). - *C NMR (100 MHz):

5 = —4.52/-4.50/-4.48/-4.46 (q,Ghi3), 9.79/9.82/10.13/10.17 (GH:CH,CH), 15.39/15.41/
15.47/15.65/15.66/15.81 (q, O@EH3), 18.2 (s,SiC(CHs)s), 20.58/20.60/20.69/20.72 (q,
OCHCHS3), 25.1 (t,CH,CH,COOCH,), 26.0 (g, SiOCH3)3), 28.0 (t,CH.), 28.86/28.89/28.9
(t, CH2CHs), 29.00/29.02 (tCH.), 29.31/29.34 (tCH,), 29.40/29.42/29.45/29.46/29.47/29.49
(t, CH,), 29.85/29.92/30.00/30.01 (GH.), 34.2 (t, CH,COOCH), 41.2/41.3/41.4/42.38/
42.41/42.5 (tCH,CHOTBS), 47.03/47.05/47.14/47.17/47.19/47.27QHCH,CH,), 51.6 (q,
OCHs), 52.94/52.99/53.03/53.13/53.17/53.27 @HCH=CH), 59.09/59.10/59.14/59.16 and
59.65/59.70/59.74 and 60.28/60.32 and 61.38/611388661.46 (t, GH,CHs), 76.42/76.47/
76.51/76.55/76.57 ((GHOTBS), 77.95/77.99/78.19/78.24 (d, EEACHCH,), 78.57/78.59/
78.62/78.64 (d, EEOHCH=CH), 80.14/80.18/80.22/80.29 (d, EEBCHCH,), 96.8/96.9
and 98.39/98.40/98.43 and 98.53 and 99.77/99.88399g, CGCHO), 130.34/130.38/
130.59/130.60 and 131.84/131.85/131.99/132.010d=CHCHOEE), 133.08/133.11 and
133.69/133.84 (d, CHSHCHOEE), 174.4 (SCOOCH).

(1R*,2R*,3S*,4S%)-4-(1-Ethoxyethoxy)-2-(E)-3-(1-ethoxyethoxy)pent-1-en-1-yl)-3-(8-
methoxy-8-oxooctyl)cyclopentan-1-0{28a):

HO OEE

Silyl ether27a (0.04 mmol, 24 mgwas dissolved in dry THF (1.5 mL) in a flame dried
Schlenk flask under an argon atmosphere. The salwtias cooled to 0 °C and TBAF (0.4
mmol, 400pL, 1 M in THF) was added dropwise. The reaction stged at the same
temperature for 30 min, warmed to r.t. and stificedan hour. Another portion of TBAF (0.4
mmol, 400uL, 1 M in THF) was added and the reaction was ghedcafter 30 min with
saturated NECI solution (5 mL), diluted with E©O (5 mL) and the layers were separated. The
agueous was extracted with,@t(3x5 mL). The combined organic layers were dosdr
MgSQO, and evaporated. The crude material was purifie@ddymn chromatography (silica
gel 1 g, hexane/EtOAc 5:1 gradient to 2:1). Yieldrnig (87%) as an inseparable mixture of
C16 epimers and ethoxyethoxy (C-1) diastereoissrasra colorless oH.R; (hexane/EtOAc
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2:1) = 0.3.- IR (film): v = 3469, 2985, 2937, 2865, 1745, 1445, 1381, 13283, 1175,
1129, 1095, 1059, 1033, 977, 937, 882, 845, 786 {+ESI)m/z (%): 509 (100) [M+Nal.

- HRMS (+ESI)m/z (Co7Hs¢007Na) calc.: 509.3449, found: 509.3449H NMR (400 MHz):

5 = 0.856/0.863/0.880/0.884 (§ = 7.5 Hz, 3H, E®;CH,CHOEE), 1.15-1.25 (m, 6H,
OCH,CHg3), 1.24-1.35 (m, 16H, OCHds, (CH.)sCH,CH,COOCH;), 1.44-1.55 (m, 1H,
CHCHHCHg), 1.57-1.75 (m, 4H, CHBHCH3;, CH,CH,COOCH;, CHHCHOH), 1.75-2.05
(br s, 1H, M), 2.10-2.20 (m, 1H, BCHOEE),2.28 (t,J = 7.6 Hz, 2H, E1,COOCH;), 2.31-
2.45 (m, 1H, CHICHOH), 2.67-2.75 (m, 1H, l@CH=CH), 3.34-3.73 (m, 4H, Qd;CHj),
3.65 (s, 3H, O@3), 3.74-3.91 (m, 2H, EEOECHCH,, EEOCHCH=CH), 3.92-4.00 (m, 1H,
CHOH), 4.65-4.73 (m, 2H, O80), 5.30-5.54 (m2H, CH=CH). - *C NMR (100 MHz):5 =
9.76/9.83/10.08/10.17 (q;H3CH,CH), 15.40/15.44/15.59/15.63 (q, 2C, OfHi3), 20.50/
20.55/20.62/20.65/20.67/20.69 (q, 2C, OTHH), 25.1 (t, CH,CH,COOCH;), 28.18/28.26/
28.27/28.31/28.33 (ICH,), 28.72/28.74/28.75/28.86/28.94 @GH,CHOEECH=CH),29.12/
29.15/29.22/29.26/29.28 (t, 2CH,), 29.37/29.40/29.41/29.43 @H>), 29.80/29.86/29.88 (t,
CHy), 34.2 (t,CH,COOCH;), 40.05/40.10/40.14/41.23/41.29/41.33CGH,.CHOTBS),47.71/
47.81/47.87/47.92 (d,CHCH,CH,), 51.6 (g, (CHj), 53.29/53.35/53.40/53.46 (d,
CHCH=CH), 59.13 and 59.84 and 60.34/60.38/60.41 and 60.5#61.2 (t, @H,CHs),
76.69/76.72/76.76/76.79/76.94/76.99 @IOH), 78.02/78.06/78.15/78.17 and 78.46/78.85
and 79.24/79.32/79.36 and 80.26/80.39/80.41 (d,GHDEE), 96.86/96.87 and 98.50/98.83
and 98.59/98.67 and 99.55/99.58/99.65 (d, 2CHO), 129.90/129.92/130.03/130.06 and
131.29/131.33/131.35 (€GH=CHCHOEE), 133.55/133.57/133.62/133.64 and 13434815/
134.43/134.44 (d, CHZHCHOEE),174.38/174.39 (S;O0CH;).

(2R*,3S*,4S%)-4-(1-Ethoxyethoxy)-2-(E€)-3-(1-ethoxyethoxy)pent-1-en-1-yl)-3-(8-
methoxy-8-oxooctyl)cyclopentanon€29a):

OEE O—

O OEE

Alcohol 28a(0.03 mmol, 16 mg), Dess-Martin periodinane (1@%ol, 21 mg) and NaHCO
(0.07 mmol, 6 mg) were stirred in dry DCM (2 mL)dem an argon atmosphere at 0 °C to r.t.
The reaction was stopped by 10%,8&3 solution (5 mL) after 3 h. The layers were
separated and the agueous was extracted with DGRIrf8.). The combined organic layers
were washed with saturated NaHEC$»lution, dried over MgS£and evaporated. The crude
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material was not further purified. Yield 15 mg (94%s an inseparable mixture of C16
epimers and ethoxyethoxy (C-1) diastereoisomeis @dorless oil. - Rhexane/EtOAc 2:1)
= 0.8. - IR (film):v = 2984, 2937, 2865, 1747, 1445, 1382, 1343, 12425, 1130, 1095,
1060, 1032, 980, 954, 937, 883, 750. - MS (+ESY (%): 539 (69) [M+MeOH+N4d], 525
(37) [M+H,O+NaJ’, 507 (100) [M+Nal]. - HRMS (+ESI)m/z (C7Hs0-Na) calc.: 507.3292,
found: 507.3292. 'H NMR (400 MHz): & = 0.87/0.88/0.89/0.90 (t) = 7.5 Hz, 3H,
CH3CH,CHOEE), 1.15-1.22 (m, 6H, OCKH;), 1.23-1.33 (m, 16H, OCHSd;,
(CH,)sCH,CH,COOCH;), 1.45-1.55 (m, 1H, CHBHCHj3), 1.56-1.69 (m, 3H, CHCHCHj,
CH,CH,COOCH), 2.21-2.37 (m, 2H, BCHOEE, CHHCOCH), 2.29 (t,J = 7.6 Hz, 2H,
CH,COOCH;), 2.48-2.62 (m, 1H, CHCOCH), 3.24-3.32 (m, 1H, 8CH=CH), 3.36-3.72
(m, 4H, O@H,CHj3), 3.66 (s, 3H, O853), 3.74-3.85/3.89-3.9{m, 1H, EEOGICH=CH), 4.11-
4.17/4.20-4.25 (m, 1H, EEQMCH,CO), 4.65-4.79 (m, 2H, Od0), 5.39-5.64 (m2H,
CH=CH). - *C NMR (100 MHz):d = 9.73/9.75/9.77 and 10.06/10.08 (@HsCH.CH),
15.38/15.41/15.45/15.60/15.62 (q, 2C, OLCH3), 20.48/20.54/20.59/20.67/20.73 (q, 2C,
OCHCH3), 25.0 (t, CH,CH,COOCH,), 27.71/27.73/27.78/27.81/27.84 (tCH,),
28.08/28.13/28.2  (t, CH,), 28.62/28.64/28.71/28.75/28.78/28.85  (t,CH,CHz),
29.23/29.25/29.29/29.35 (t, 2CH,), 29.71/29.75/29.78 (tCH,), 34.2 (t, CH,COOCH),

42.97/43.01/43.04/43.1 and 44.01/44.03/44.1/44.2 , (t CHXCO),
47.24/47.27/47.32/47.58/47.65/47.72 (d, CHCH.CHy), 51.6 (a, Q@CHs),
54.38/54.39/54.42/54.43/54.59/54.64 (d, CHCH=CH), 59.27/59.29/59.68/

60.2/60.5/61.33/61.36/61.6 (t, 2CCH,CHs), 73.77/73.80/73.82/74.89/74.91/75.00/75.03 (d,
EEOCHCH,CO), 77.9/78.0/78.07/78.13/78.31/78.33 (d, EBEECH=CH), 97.14/97.15/97.22
and 98.68/98.70 and 98.78/98.82/98.83 and 99.3Wf®0.64 (d, 2C, OHO),
123.99/124.04/124.33 and 125.27/125.65 (@H=CHCHOEE), 136.50/136.53 and
137.10/137.13/137.15 (d, CICHCHOEE), 174.34/174.35 (s, COOCH),
215.14/215.17/215.21/215.24/215.29/215.35/215.4C@3.
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(1S*,25*,3R* ,4R*)-4-((tert-Butyldimethylsilyl)oxy)-1-(1-methoxymethoxy)-2-(8-
methoxy-8-oxooctyl)-3-(E)-3-(1-methoxymethoxy)pent-1-en-1-yl)cyclopentan@7b):

OMOM O~

TBS(S OMOM

Bromomethyl methyl ether (0.60 mmol, Q) was added to solution of di@k (0.15 mmol,

68 mg) and\,N-diisopropylethylamine (0.86 mmol, 1%Q) in dry DCM (2 mL) at r.t. under
an argon atmosphere. The reaction was stirredeasdaime temperature for 20 h and stopped
with saturated NECI solution (5 mL). The layers were separated dmel dqueous was
extracted with DCM (3x5 mL). The combined orgaraydrs were dried over Mg3@nd
evaporated. The crude material was purified by maoluchromatography (silica gel 6 g,
hexane/EtOAc 30:1 with 0.5 vol% of ). Yield 40 mg (49%) as an inseparable mixture of
C16 epimers as a colorless oil (Rexane/EtOAc 5:1) = 0.7. - IR (filmy = 2938, 2865,
1747, 1653, 1468, 1443, 1368, 1257, 1217, 11562,11038, 921, 839, 779. - MS (+ESI)
m/z (%): 567 (100) [M+Na]. - HRMS (+ESI)m/z (C,gHs60,SiNa) calc.: 567.3688, found:
567.3687.

Major epimer:*H NMR (400 MHz):8 = 0.013 (s, 3H, Sifl3), 0.015 (s, 3H, Sifl3), 0.89 (s,
O9H, SiC(MHs)s), 0.92 (t, J = 7.5 Hz, 3H, E:CH,), 1.20-1.34 (m, 10H,
(CH2)sCH,CH,COOCH;), 1.46-1.57 (m, 1H, CHCHg), 1.55-1.71 (m, 4H,
CH,CH,COOCH;, CHHCH;, CHHCHOTBS), 2.15 (dtd, J = 8.0, 7.3, 5.3 Hz, 1H,
CHCH.CHy), 2.29 (t,J = 7.4 Hz, 2H, E,COOCH), 2.39 (dt,J = 15.0, 7.3 Hz,1H,
CHHCHOTBS),2.60 (td,J = 8.0, 3.7 Hz1H, CHCHOTBS),3.359 (s, 3H, CKHDCHs3), 3.363
(s, 3H, CHOCHs), 3.66 (s, 3H, COOHs5), 3.73 (tdJ = 7.5, 5.3 Hz1H, MOMOCHCHCH,),
3.83-3.95 (m, 2H, MOMOBCH=CH, CHOTBS),4.48-4.50 (m, 1H, OB,0), 4.58-4.73 (m,
3H, OH,0), 5.27-5.40 (m, 2H, B=CH). - *C NMR (100 MHz):5 = —4.52 (q, CHSi),
—4.51 (g, CHSI), 10.11 (qCHsCH,), 18.19 (s, SI(CHs)3), 25.1 (t,CH,CH,COOCH;), 26.0
(q, SICCHa)3), 28.1 (t,CH>), 28.7 (t,CH,CHs), 28.99 (t,CH>), 29.3 (t,CH>), 29.4 (t,CH,),
29.9 (t,CH,), 34.2 (t,CH,COOCH), 41.3 (t,CH,CHOTBS), 47.0 (dCHCH,CH,), 51.6 (q,
COQCHs3), 53.26 (d, CHCH=CH), 55.43 (q, CHDCHs), 55.5 (g, CHOCHs), 76.4 (d,
CHOTBS),78.0 (d, MOMGCHCH=CH),81.0 (d, MOMOGICHCH,), 93.4 (t, GCH-0), 95.8
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(t, OCH,0), 132.36 (d,CH=CHCHOMOM), 132.43 (d, CHEHCHOMOM), 174.4 (s,
COOCH).

Minor epimer:*H NMR (400 MHz):8 = 0.019 (s, 6H, SiB3), 0.89 (s, 9H, SiC(H3)s), 0.91
(t, J= 7.4 Hz, 3H, E15CHy), 1.20-1.34 (m, 10H, (82)sCH.CH,COOCH), 1.46-1.57 (m, 1H,
CHHCH;z), 1.55-1.71 (m, 4H, B,CH,COOCH;, CHHCHs, CHHCHOTBS), 2.15 (dtd,J =

8.0, 7.3, 5.3 Hz, 1H, BCH,CH,), 2.29 (t,J = 7.4 Hz, 2H, E,COOCH), 2.41 (dt,J = 14.0,
7.0 Hz, 1H, CHHCHOTBS), 2.60 (td,J = 8.0, 3.7 Hz,1H, CHCH=CH), 3.359 (s, 3H,
CH,OCH3), 3.363 (s, 3H, CbDCHs), 3.66 (s, 3H, COOHa), 3.72 (td,J = 7.5, 5.3 Hz1H,

MOMOCHCHCH,), 3.83-3.95 (m, 2H, MOMOBCH=CH, CHOTBS), 4.48-4.50 (m, 1H,
OCH,0), 4.58-4.73 (m, 3H, OC#D), 5.27-5.40 (m, 2H, B=CH). - *C NMR (100 MHz):
5 = —4.46 (g, CHSi), 10.09 (q,CHsCH,), 18.18 (s, SB(CHs)s), 25.1 (t,CH,CH,COOCH),

26.0 (q, SiICCHa3)3), 28.0 (t,CH,), 28.8 (t,CH,CHs), 28.96 (t,CH,), 29.3 (t,CH.), 29.4 (t,
CHy), 29.9 (t,CH,), 34.2 (t, CH,COOCH), 41.3 (t,CH,CHOTBS), 47.1 (dCHCH,CHy),

51.6 (q, CO@Hz), 53.30 (dCHCH=CH), 55.42 (q, CHDCHa), 55.5 (g, CHOCHy3), 76.5 (d,
CHOTBS),78.2 (d, MOMGCHCH=CH),81.1 (d, MOMOGICHCH;), 93.5 (t, GH,0), 95.9
(t, OCH,0), 132.2 (d, CH=CHCHOMOM), 132.5 (d, CHEHCHOMOM), 174.4 (s,
COOCH).

(1R*,2R*,35*,4S%)-4-(1-Methoxymethoxy)-2-(E)-3-(1-methoxymethoxy)pent-1-en-1-yl)-
3-(8-methoxy-8-oxooctyl)cyclopentan-1-q[28b):

OMOM O~

HO OMOM

Silyl ether 27b (0.07 mmol, 38 mg) was dissolved in dry THF (2 mir)der an argon
atmosphere. The solution was cooled to 0 °C andA BAL mmol, 10QuL, 1 M in THF) was
added. The reaction mixture was stirred at the demeerature for 60 min and warmed to r.t.
over 30 min. Another four portions of TBAF (0.4 mimgx100uL, 1 M in THF) were added

in 30 min intervals. The reaction was quenched df&® min with saturated NJ&I solution

(10 mL). The mixture was diluted with &£ (5 mL) and the layers were separated. The
aqueous was extracted with,@t(3x15 mL). The combined organic layers were dogdr
MgSQO, and evaporated. The crude material was purifie¢ddymn chromatography (silica
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gel 1 g, hexane/EtOAc 10:1 with 0.5 vol% ogMYX Yield 17 mg (69%) as an inseparable
mixture of C16 epimers as a colorless oils {ffexane/EtOAc 2:1) = 0.2. - IR (filmy:= 3472
(br), 2938, 2865, 1745, 1663, 1463, 1463, 1368212209, 1156, 1105, 1039, 994, 922. -
MS (+ESI)m/z (%): 453 (100) [M+Nal]. - HRMS (+ESI)m/z (C,3H4207Na) calc.: 453.2823,
found: 453.2823.

Major epimer:*H NMR (400 MHz):5 = 0.91 (t,J = 7.3 Hz, 3H, EisCH,), 1.20-1.33 (m,
10H, (H,)sCH,CH,COOCH;), 1.51 (dqdJ = 13.9, 7.3, 6.5 Hz, 1H, GHCHSs3), 1.57-1.90
(m, 5H, H,CH,COOCH;, CHHCHOH, CHHCHg), 2.14-2.23 (m, 1H, BCH,CH,), 2.29 (t,J

= 7.5 Hz, 2H, EG,COOCH), 2.39 (dt,J = 15.0, 7.1 Hz1H, CHHCHOH), 2.68-2.78 (m1H,

CHCHOH), 3.363 (s, 3H, ChDCH3), 3.366 (s, 3H, CHDCHs3), 3.66 (s, 3H, COOR;3), 3.80-
3.91 (m, 2H, GIOMOM), 3.98-4.01 (m, 1H, BOH), 4.48-4.79 (m, 4H, OC}D), 5.36-5.44
(m, 2H, GH=CH). - **C NMR (100 MHz):5 = 10.0 (q,CHsCH,), 25.0 (t,CH.CH,COOCH),

28.06 (t,CHy), 28.5 (t,CH,CHs), 29.16 (t, 2CCHy,), 29.24 (t,CH,), 29.7 (t,CH,), 34.1 (t,
CH,COOCH;), 40.1 (t, CH,CHOH), 47.4 (d,CHCH,CH,), 51.5 (q, CO@Hj3), 53.45 (d,
CHCH=CH), 55.35 (q, CBEDCH3), 55.5 (q, CHOCH3), 76.6 (d, CHOH), 78.0 (d,
MOMOCHCH=CH), 81.2 (d, MOMOEICH,CHOH), 93.4 (t, OCKD), 95.5 (t, OCHO),

131.58 (dCH=CHCHOMOM), 133.3 (d, CHEHCHOMOM), 174.3 (SCOOCH;).

Minor epimer:*H NMR (400 MHz):8 = 0.91 (t,J = 7.3 Hz, 3H, EsCH,), 1.20-1.33 (m,
10H, (Hy)sCH.CH,COOCH;), 1.46-1.56 (m, 1H, CHCHg), 1.57-1.90 (m, 5H,
CH,CH,COOCH;, CHHCH3, CHHCHOH), 2.14-2.23 (m, 1H, BCH,CH,), 2.29 (t,J=7.5

Hz, 2H, GH,COOCH;), 2.41 (dt,J = 14.0, 7.2 Hz,1H, CHHCHOH), 2.68-2.78 (m,1H,

CHCHOH), 3.358 (s, 3H, CpDCH3), 3.365 (s, 3H, CKHDCH3), 3.66 (s, 3H, COO0R;3), 3.80-

3.91 (m, 2H, GIOMOM), 3.98-4.01 (m, 1H, BOH), 4.48-4.79 (m, 4H, OC}D), 5.36-5.44
(m, 2H, GH=CH). - *3C NMR (100 MHz):3 = 9.9 (q,CH3sCH,), 25.0 (t,CH,CH,COOCH),

28.05 (t,CHy), 28.5 (t,CH,CHa), 29.16 (t, 2CCH,), 29.25 (t,CHy), 29.7 (t,CH,), 34.1 (t,
CH,COOCH;), 40.0 (t, CH,CHOH), 47.4 (d,CHCH,CH,), 51.5 (q, CO@Hj3), 53.52 (d,
CHCH=CH), 55.32 (q, CkKDCH3), 55.5 (q, CHOCH3), 76.5 (d, CHOH), 79.0 (d,
MOMOCHCH=CH), 81.1 (d, MOMOEICH,CHOH), 93.8 (t, OCKD), 95.4 (t, OCHO),

131.61 (dCH=CHCHOMOM), 132.8 (d, CHEHCHOMOM), 174.3 (sSCOOCH).
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(2R*,3S*,4S%)-4-(1-Methoxymethoxy)-2-(E)-3-(1-methoxymethoxy)pent-1-en-1-yl)-3-(8-
methoxy-8-oxooctyl)cyclopentanon€¢29b):

OMOM O~

0 OMOM

Alcohol 28b (0.02 mmol, 10 mg), Dess-Martin periodinane (n@8ol, 13 mg) and NaHCO
(0.05 mmol, 4 mg) were stirred in dry DCM (1.5 minder an argon atmosphere at 0 to 10
°C for 2 h. The reaction was stopped by 10%3@; solution (5 mL) and diluted with DCM
(2 mL). The layers were separated and aqueous wteascted with DCM (3x3 mL). The
combined organic layers were washed with saturblt@d CQO; solution, dried over MgS©O
and evaporated. The crude material was not furpheified. Yield 10 mg (97%) as an
inseparable mixture of C16 epimers as a colorldss &; (hexane/EtOAc 2:1) = 0.7. - IR
(film): v = 2936, 2864, 1745, 1664, 1464, 1443, 1368, 12808, 1154, 1100, 1033, 995,
921, 803- MS (+ESI)m/z (%): 467 (100) [M+K], 451 (42) [M+Na]. - HRMS (+ESI)m/z
(Ca3H4007Na) calc.: 451.2666, found: 451.2667.

Major epimer:*H NMR (400 MHz):8 = 0.923 (tJ = 7.4 Hz, 3H, ®sCH,), 1.20-1.39 (m,
10H, (CH2)sCH,CH,COOCH), 1.50-1.67 (m, 4H, B,CH,COOCH;,, CH,CHs), 2.25-2.37
(m, 2H, CHFHCOCH, (HCH,CHy), 2.30 (t,J = 7.5 Hz, 2H, EG,COOCH), 2.584 (dd,J =
19.2, 6.5 Hz,1H, CHHCOCH), 3.28 (t,J = 7.1 Hz, 1H, COMHCH=CH), 3.36 (s, 3H,
CH,OCHg3), 3.38 (s, 3H, CHOCHS3), 3.66 (s, 3H, COOHj3), 3.923 (q,J = 6.5 Hz, 1H,
MOMOCHCH=CH), 4.13-4.19 (m, 1H, MOMOBCH,CO0), 4.42 (dd,J = 6.7, 1.5 Hz1H,
OCH,0), 4.62-4.73 (m, 3H, OC#D), 5.42-5.50 (m, 2H, B=CH). - *C NMR (100 MHz):
6 = 10.0 (q,CH3CH,), 25.0 (t, CH,CH,COOCH;), 27.63 (t,CH,), 28.0(t, CHy), 28.4 (t,
CH,CHg), 29.16 (t,CH,), 29.22 (t,CH,), 29.6 (t,CH,), 34.1 (t, CH,COOCH), 43.13 (t,
CH,CO), 47.1 (d,CHCH)CH,), 51.6 (q, CO@Hs;), 54.6 (d, CHCH=CH), 55.4 (q,
CH,OCHg), 76.07 (d, MOMGCHCH,CO), 77.9 (d, MOM@HCH=CH), 93.7 (t, OCHO),
95.6 (t, OCHO), 125.5 (d,CH=CHCHOMOM), 135.8 (d, CHEHCHOMOM), 174.3 (s,
COOCH;), 214.8 or 215.0 (0O).

Minor epimer:*H NMR (400 MHz):8 = 0.917 (t,J = 7.4 Hz, 3H, ®&sCH,), 1.20-1.39 (m,
10H, (CH2)sCH,CH,COOCH), 1.50-1.67 (m, 4H, B,CH,COOCH;, CH,CHs), 2.25-2.37
(m, 2H, CHHCOCH, HCH,CHy), 2.30 (t,J = 7.5 Hz, 2H, G,COOCH), 2.579 (dd,J =
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19.2, 6.5 Hz,1H, CHHCOCH), 3.28 (t,J = 7.1 Hz, 1H, COHCH=CH), 3.36 (s, 3H,
CH,OCHs), 3.38 (s, 3H, CHOCHS3), 3.66 (s, 3H, COOHs), 3.918 (q,J = 6.5 Hz, 1H,
MOMOCHCH=CH), 4.13-4.19 (m, 1H, MOMOBCH,CO), 4.42 (dd,J = 6.7, 1.5 Hz1H,
OCH,0), 4.62-4.73 (m, 3H, OC#D), 5.42-5.50 (m, 2H, B=CH). - *C NMR (100 MHz):
5 = 9.9 (q,CHsCHy), 25.0 (t, CH.CH,COOCH;), 27.63 (t,CH,), 28.0 (t, CH,), 28.5 (i,
CH2CHa), 29.16 (t,CHy), 29.21 (t,CHy), 29.6 (t,CHy), 34.1 (t, CH,COOCH;), 43.09 (t,
CH,CO), 47.1 (d, CHCH,CH,), 51.6 (g, COQ@Hs), 54.5 (d, CHCH=CH), 55.6 (q,
CH,OCHz), 76.14 (d, MOMQCHCH,CO), 77.7 (d, MOM@HCH=CH), 93.6 (t, OCkD),
95.6 (t, OCHO), 125.9 (d, CH=CHCHOMOM), 135.7 (d, CHEHCHOMOM), 174.3 (s,
COOCH), 214.8 or 215.0 (£0).

16-Dy-Phytoprostane methyl ester(3), 16€epi-16-Dy-phytoprostane methyl ester(epi-3),
16-deoxyA'**216-Dy-phytoprostane methyl ester (30)A™-16-Dy-phytoprostane methyl
ester(31), 16epi-A'*16-Dy-phytoprostane methyl ester gpi-31)

5 0O 5 0 5 9 7 5 0 5 0
= / N X NS
0O 45 OH OH e} 30 o H

H H
O .
epi-3 © epi-31 OH

Om

Ketone 29b (0.03 mmol, 15 mg) was dissolved in dry DCM (0.L)nand a solution of
pyridinium p-toluenesulfonate (0.01 mmol, 1 mg) in dry MeOHn{L) was added at room
temperature under an argon atmosphere. The reaotigture was stirred for 3 h and
guenched by addition of a few crystals solid NaHCiiltered through a short plug of celite
and evaporated. The crude material, which accortirig NMR spectroscopy consisted of a
2:1 mixture of 3 and 30, but did not contain3l, was purified by multiple column
chromatography (celite 0.5 g /silica gel 0.2 g, DEEMO gradient 2:1 to 1:2). Yield 5 mg
(47%) as inseparable 3:1 mixturedand31 and 3 mg (30%) 080 as colorless oils. Thus,
the 3:1 ratio o3 to 31 determined byH NMR spectroscopy results from isomerization at

silica gel.
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o epi-3 OH

IR and mass spectra were measured on a 3:1 migfuBeand 31. The NMR data were
extracted from the spectra of inseparable mixtofeS16 epimers o8 with 31 andepi-31in
various ratios (3:1, 2:1, 1:15, 1:30).

Rs (hexane/EtOAc 1:2) = 0.3. - IR (filmy. = 3415 (br), 2933, 2862, 1743, 1657, 1466, 1442,
1338, 1264, 1202, 1107, 1023, 863, 829. MS (+ESI) m/z (%): 409 (100)
[M—H,0+2MeOH+Na], 363 (36) [M+Na], 345 (30) [M—-HO+NaJ. - HRMS (+ESI)m/z
(C19H3205Na) calc.: 363.2142, found: 363.2142.

Major epimerepi-3: *H NMR (500 MHz):5 = 0.92 (t,J = 7.4 Hz, 3H, EI5CH,), 1.23-1.35
(m, 10H, (GH2)sCH.CH,COOCH), 1.43-1.69 (m, 5H, BHCH;, CH,CH,COOCH;, OH),

1.93-2.06 (m, 2H, BCH,CH, CHHCHy), 2.26-2.36 (m, 1H, CHCOCH),2.31 (t,J = 7.4
Hz, 2H, (H,COOCH;), 2.56 (ddd,J = 10.8, 7.3, 1.2 HzlH, COGHCH=CH), 2.76 (ddd,
J = 18.6, 7.1, 1.2 HzlH, CHHCOCH), 3.67 (s, 3H, Ody), 4.04 (q,J = 6.4 Hz, 1H,
HOCHCH=CH), 4.15 (q,J = 7.4 Hz, 1H, HOEBICH,CO), 5.52 (ddJ = 15.5, 7.3 Hz1H,

CH=CHCHOH), 5.59 (dd,) = 15.5, 6.4 Hz1H, CH=CHCHOH). - °C NMR (126 MHz):
5 = 9.84 (q,CH3CHy), 25.0 (t,CH,CH,COOCH), 27.0 (t,CH2CHs), 29.12 (t,CH>), 29.52 (t,
CHy), 29.74 (t,CH5), 29.9 (t,CH>), 29.99 (t,CH,), 34.2 (t, CH,COOCH), 47.0 (t,CH.CO),

50.5 (d,CHCH,CH,), 51.7 (g, GCH3), 58.48 (d,CHCH=CH), 72.96 (d, HGHCH,CO), 74.1
(d, HOCHCH=CH), 126.9 (d, CH=CHCHOH), 137.8 (d, CHEHCHOH), 1745 (s,
COOCH), 214.7 (sCO).

Minor epimer3: *H NMR (500 MHz):6 = 0.94 (t,J = 7.5 Hz, 3H, Ei5CH,), 1.23-1.35 (m,
10H, ((H,)sCH,CH,COOCH), 1.43-1.69 (m, 5H, BHCH;, CH,CH,COOCH;, OH), 1.93-
2.06 (m, 2H, EICH,CH, CHHCHs), 2.26-2.36 (m, 1H, CHCOCH),2.31 (t,J = 7.4 Hz, 2H,
CH,COOCH;), 2.56 (dddJ = 10.8, 7.3, 1.2 HZLH, COGHCH=CH), 2.75 (ddd) = 18.6, 7.1,
1.2 Hz,1H, CHHCOCH), 3.67 (s, 3H, Ol), 4.07 (9,J = 5.9 Hz, 1H, HOEBICH=CH), 4.15
(q,J = 7.4 Hz, 1H, HOEICH,CO), 5.53 (dd,) = 15.5, 7.3 Hz1H, CH=CHCHOH), 5.60 (dd,
J=15.5, 5.8 Hz1H, CH=CHCHOH). - *C NMR (126 MHz):5 = 9.83 (q,CH3CH,), 25.0 (t,
CH,CH,COOCH;), 27.1 (t,CH,CHs), 29.08 (t,CH,), 29.48 (t,CH,), 29.72 (t,CH>), 29.9 (t,
CH>), 30.02 (t,CHy), 34.2 (t,CH,COOCH), 47.0 (t,CH,CO), 50.6 (dCHCH,CH,), 51.7 (q,
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OCHg), 58.47 (d,CHCH=CH), 73.03 (d, HOHCH,CO), 73.9 (d, Ha@CHCH=CH), 126.5 (d,
CH=CHCHOH), 137.6 (d, CHEHCHOH), 174.5 (sCOOCH), 214.7 (sCO).

Rr (hexane/EtOAc 1:1) = 0.5. - IR (filmy: = 3452 (br), 2934, 2863, 1741, 1635, 1613, 1465,
1442, 1376, 1248, 1196, 1134, 1099, 1060, 978, 888, 728- MS (+ESI)m/z (%): 361
(45) [M+K]*, 345 (100) [M+Na], 327 (73) [M-HO+Na]. - HRMS (+ESI) m/z
(C1oH3004Na) calc.: 345.2036, found: 345.2037H NMR (400 MHz):6 = 1.07 (t,J = 7.4
Hz, 3H, HsCH,), 1.25-1.40 (m, 10H, (B,)sCH,CH,COOCH), 1.57-1.64 (m, 2H,
CH,CH,COOCH;), 2.24 (qd,J = 7.5, 6.3 Hz, 2H, B,CHs), 2.30 (t,J = 7.5 Hz, 2H,
CH,COOCH), 2.33 (ddd,J = 18.6, 1.5, 0.7 HZCHHCO), 2.66 (dd,J = 18.6, 5.1 Hz1H,
CHHCO), 2.96 (td,J = 7.1, 1.5 Hz1H, CHCH,CH,), 3.63-3.72 (m, 1H, OH)3.67 (s, 3H,
OCHg), 4.34 (dd,J = 5.1, 0.7 Hz, 1H, BOH), 6.16 (ddt,J = 15.0, 11.3, 1.3 HzlH,
CH=CHCH), 6.29 (dt,J = 15.0, 6.3 Hz1H, CH=CHCH,), 7.05 (dd,J = 11.2, 1.7 Hz1H,
CH=C). - 1*C NMR (100 MHz):3 = 13.8 (q,CH3sCH,), 25.0 (t, CH,CH,COOCH;), 26.7 (t,
CH2CHa), 29.2 (t,CHy), 29.3 (t,CHy), 29.6 (t,CH.), 29.9 (t,CH,), 33.6 (t,CH>), 34.2 (t,
CH,COOCH), 46.1 (t,CH,CO), 49.3 (d, CHCH,CH,), 51.6 (q, @Hs), 71.8 (d, CHOH),
125.5 (d,CH=CHCH,), 134.7 (d,CH=C), 137.3 (sC=CH), 148.7 (d, CLCH=CH), 174.4 (s,
COOCH), 205.6 (sCO).

A mixture of3 and31 (5 mg, 0.015 mmol) was stirred with silica ge5(@) in CDC (2 mL)

at r.t. for 3 days, filtered, extracted with acetalg and evaporated. The formed epimer8Dbf
and epi-31 were partially separated by multiple column chrargeaphy (silica gel 0.5 g,
CDCls/acetoneds gradient 5:1 to 1:1) to obtain 1.5 mg of each epirand 2 mg of an

unseparated mixture.

0]

epi-31 OH

Less polar epimemR; (hexane/EtOAc 1:1) = 0.3. - IR (filmy.= 3446 (br), 2937, 2865, 1727,
1653, 1466, 1443, 1264, 1185, 1102, 1025, 805. -(MEBI) m/z (%): 703 (12) [2M+Nal,
S50



363 (100) [M+Na], 345 (35) [M-HO+Na]'. - HRMS (+ESI)m/z (CigH3:0sNa) calc.:
363.2142, found: 363.2144."H NMR (500 MHz):8 = 0.97 (t,J = 7.4 Hz, 3H, GisCHy),
1.26-1.40 (m, 10H, (B2)sCH;CH,COOCH;), 1.49 (ddq,J = 14.0, 7.5, 7.4 Hz, 1H,
CHHCHs), 1.54-1.64 (m, 3H, B,CH,COOCH, CHHCHs), 2.30-2.41 (m, 3H,
CHHCOC=CH,), 2.31 (t,J = 7.4 Hz, 2H, Gl,COOCH;), 2.64 (dd,J = 18.6, 5.0 Hz1H,
CHHCOC),2.88 (t,J = 6.9 Hz,1H, CHC=CH), 3.60-3.73 (m, 2H, OHR.67 (s, 3H, OE),
3.73 (dddd,J = 7.5, 6.8, 5.4, 5.0 Hz, 1H, H®{TH,CHs), 4.35 (d,J = 4.9 Hz, 1H,
HOCHCH,CO), 6.74 (dddJ = 8.6, 7.0, 1.9 HzlH, C=CH). - °C NMR (126 MHz):5 = 10.1
(9, CH3CHy), 24.96 (t,CH,CH,COOCH), 27.61 (t,CH,), 29.09 (t.CH,), 29.20 (t,CH,), 29.5
(t, CHy), 30.0 (t,CH,CHs), 33.14 (t,CH,), 34.15 (1,CH,COOCH), 37.0 (t,CH,CH=C), 45.9
(t, CHxCO), 48.9 (d,CHCH.CH,), 51.67 (q, @Hs), 71.4 (d, HEHCH,CO), 72.53 (d,
HOCHCH,CHs), 134.3 (dCH=C), 142.2 (sC=CH), 174.5 (sCOOCHs), 204.3 (sCO).

OH O~

More polar epimerR; (hexane/EtOAc 1:1) = 0.2. - IR (filmy:= 3424 (br), 2937, 2865, 1730,
1652, 1466, 1445, 1264, 1240, 1186, 1104, 1025, 804S (+ESI) m/z (%): 703 (4)
[2M+Na]*, 363 (100) [M+Na], 345 (7) [M—HO+Na]. - HRMS (+ESI)m/z (CisH3:0sNa)
calc.: 363.2142, found: 363.2142.'+ NMR (500 MHz): 6 = 0.98 (t,J = 7.4 Hz, 3H,
CHsCHy), 1.23-1.39 (m, 10H, (B2)sCH,CH,COOCH;), 1.51-1.64 (m, 4H,
CH,CH,COOCH;, CH,CH3), 1.78-1.99 (br s, IHHOCHCHCHj3), 2.26-2.39 (m, 3H,
CHHCOC=CH,), 2.30 (t,J = 7.4 Hz, 2H, G,COOCH;), 2.63 (dd,J = 18.7, 5.0 Hz1H,
CHHCOC), 2.93 (t,J = 6.5 Hz, 1H, CHC=CH), 3.60-3.73 (m, 2H, HOBCH,CHjs,
HOCHCH,CO), 3.67 (s, 3H, 083), 4.34 (d,J = 5.0 Hz, 1H, HOEICH,CO), 6.69 (ddd, =
8.7, 6.6, 1.5 Hz1H, C=CH). - **C NMR (126 MHz):d = 10.2 (q,CH3sCH,), 24.97 (t,
CH,CH,COOCH), 27.60 (t,CH,), 29.13 (t,CH,), 29.23 (t,CH,), 29.6 (t,CH,), 30.3 (t,
CH2CHs), 33.08 (t,CH), 34.16 (t,CH,COOCH), 37.2 (t,CH,CH=C), 45.7 (tCH,CO), 48.8
(d, CHCH,CH,), 51.66 (g, @Hs), 71.5 (d, H&CHCH,CO), 72.45 (d, HOHCH,CHs), 134.4
(d,CH=C), 142.7 (sC=CH), 174.1 (sCOOCH), 204.9 (sCO).
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Copies of'H and **C NMR spectra
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Methyl (38%,5R*,6 E,8E)-3,5-dihydroxyundeca-6,8-dienodle

fere
Fere

Feoz

Feao
Faso
Feon

Foot

0.0 -0.5

0.5

10

2.0

7.5 0 6.5 €0 55 50 4.5 4.0 3.5 3.0 2.5
1 (ppm}

8.0

B85

T9EE=—

0 o
88T

DE—

89—
eee—

£580—
6TTEI
E9TET 4
O9LET—

BLTAL—

30

&0

210 200 150 180 170 160 150 140 120 120 110 100 30
1 (ppm}

20

S53



Methyl (3S+,5R*,6 E,8E)-5-((tert-butyldimethylsilyl)oxy)-3-hydroxyundeca-6,8-dierte®
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Methyl (1S*,25* 3R*,4R*)- and (I5*,2R*,3R*,4R*)-4-((tert-butyldimethylsilyl)oxy)-1-
(hydroxy)-3-(€)-3-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)penteh-1-yl)cyclopentane-2-

carboxylatedaand5b
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Methyl (1S*,2S* 3R*,4R*)-4-((tert-butyldimethylsilyl)oxy)-3-(E)-3-((2,2,6,6-

tetramethylpiperidin-1-yl)oxy)pent-1-en-1-yl)-1{@thylsilyl)oxy)cyclopentane-2-

carboxylatel3a
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Methyl (1S*,2R*,3R*,4R*)-4-((tert-butyldimethylsilyl)oxy)-3-(E)-3-((2,2,6,6-
tetramethylpiperidin-1-yl)oxy)pent-1-en-1-yl)-1{@thylsilyl)oxy)cyclopentane-2-
carboxylatel3b (less polar C16 epimer)
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Methyl (1S*,2R*,3R*,4R*)-4-((tert-butyldimethylsilyl)oxy)-3-(E)-3-((2,2,6,6-
tetramethylpiperidin-1-yl)oxy)pent-1-en-1-yl)-1{@thylsilyl)oxy)cyclopentane-2-
carboxylatel3b (more polar C16 epimer)
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(1S*,2R*,3R*,4R*)-4-((tert-Butyldimethylsilyl)oxy)-2-(hydroxomethyl)-3-&)-3-((2,2,6,6-
tetramethylpiperidin-1-yl)oxy)-pent-1-en-1-yl)- 1t{ethylsilyl)oxy)cyclopentand 4
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(1S*,2S*,3R*,4R*)-4-((tert-Butyldimethylsilyl)oxy)-3-(€)-3-((2,2,6,6-tetramethylpiperidin-

1-yl)oxy)-pent-1-en-1-yl)-1-(((triethylsilyl)oxy)R-(((trifluoromethanesulfonyl)oxy)methyl)-
cyclopentand 5
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(1S*,2S*,3R*,4R*)-2-(Bromomethyl)-4-(iert-butyldimethylsilyl)oxy)-3-(€)-3-((2,2,6,6-
tetramethylpiperidin-1-yl)oxy)-pent-1-en-1-yl)- 1dfiethylsilyl)oxy))cyclopentand 8

(contaminated by 7, inseparable by column chromatography)
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(1S*,2S* 3R*,4R*)-4-((tert-Butyldimethylsilyl)oxy)-2-(oct-7-en-1-yl)-3-&)-3-((2,2,6,6-
tetramethylpiperidin-1-yl)oxy)-pent-1-en-1-yl)- 1dfiethylsilyl)oxy))cyclopentand 7
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(1S*,2S*,3R*,4R*)-4-((tert-Butyldimethylsilyl)oxy)-2-(8-hydroxyoctyl)-3-&)-3-((2,2,6,6-
tetramethylpiperidin-1-yl)oxy)-pent-1-en-1-yl)- 1tiethylsilyl)oxy)cyclopentand 9
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(1S*,2S*,3R*,4R*)-4-((tert-Butyldimethylsilyl)oxy)-2-(8-methoxy-8-oxooctyl)-gE)-3-

((2,2,6,6-tetramethylpiperidin-1-yl)oxy)-pent-1-&nyl)-1-((triethylsilyl)oxy)cyclopentand
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(1S*,2S* 3R*,4R*)-4-((tert-Butyldimethylsilyl)oxy)-3-(E)-3-(hydroxy)pent-1-en-1-yl)-2-(8-

methoxy-8-oxooctyl)cyclopentan-1-aP
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(1S*,2S* 3R*,4R*)-4-((tert-Butyldimethylsilyl)oxy)-3-(E)-3-(hydroxy)pent-1-en-1-yl)-2-(8-

methoxy-8-oxooctyl)-1-((triethylsilyl)oxy)cyclopeame23
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(1S*,2S* 3R*,4R*)-4-((tert-Butyldimethylsilyl)oxy)-3-(E)-3-((tert-butyldimethylsilyl)oxy)-

pent-1-en-1-yl)-2-(8-methoxy-8-oxooctyl)-1-((triglkilyl)oxy)cyclopentane4
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(1S*,2S* 3R*,4R*)-4-((tert-Butyldimethylsilyl)oxy)-3-(E)-3-((tert-butyldimethylsilyl)-

dibutyl

oxy)pent-1-en-1-yl)-2-(8-methoxy-8-oxooctyl)cyclogan-1-0125 (crude, DBP

phthalate)
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(25*,3R*,4R*)-4-((tert-Butyldimethylsilyl)oxy)-3-(E)-3-((tert-butyldimethylsilyl)oxy)pent-

1-en-1-yl)-2-(8-methoxy-8-oxooctyl)cyclopentana2@(crude)

5000

dga
daa

Ferst

2E
art
0T

20T

oo

20 75 7.0 65 £.0 55 50 45 4.0 3.5 30 25 1.0 15 1.0 0.5 0.0 -05
f1 (ppm)

8.5

5.0

ELt-
Ty
I
L9
T8k
PER-
0Zpk-
ETB
146~

£1°8T
BE’ mﬁ/
£0°GE
01" 52~
ETSE
5152

_.
06’52

T6'GE
BA' G2
00' 92
(L
E9éZ
LT BE
1868 [
ZE'BE
95" (e w
BS' 6L
98' 68
BETE
ZE'TE
bPE
G2 FE
95k
B9’ G

Edbe

:.TV
ba'b--7
N.w.vr.\\.\\H
ﬂm.wr\.
vm.v.\‘

LA 5

B0° 05
65157
1 ES
LA
S0 €L
O B4
Bl td
99" s

ooeer
B0'9ET

EbLET
LOLET

hhir—

£LBTE
BdBIE-

B8 bb—
B005—

BEIS—

EVEsS—
bTEs—

SOEL—

OFEL—

PlbL—

99k f—

oo9Er—
aoaer—

R

EPLET—

L9LET—

-5.0

4.5
1 (ppm}

-4.0

S

T T
50.5 50.0

T
510
1 (ppm)

51.5

52.0

74
1 (ppm}

126.0

fi {ppm)

1263

137.0

1375
f1 {ppm)

1380

-10

40

1]

70

o 00 150 180 17 180 150 140 130 120 110 100 30
1 (ppm}

210

S74



16-E;-Phytoprostane methyl esteand16-epil6-E;-phytoprostane methyl estepi-2

(crude, traces of DBP)
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(1S*,2S*,3R*,4R*)-4-((tert-Butyldimethylsilyl)oxy)-1-(1-ethoxyethoxy)-2-(8-ntieoxy-8-

oxooctyl)-3-(E)-3-(1-ethoxyethoxy)pent-1-en-1-yl)cyclopent2a
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(1R*,2R*,35*,4S*)-4-(1-Ethoxyethoxy)-2-)-3-(1-ethoxyethoxy)pent-1-en-1-yl)-3-(8-

methoxy-8-oxooctyl)cyclopentan-1-288a
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(2R*,3S*,4S%)-4-(1-Ethoxyethoxy)-2-()-3-(1-ethoxyethoxy)pent-1-en-1-yl)-3-(8-methoxy-

8-oxooctyl)cyclopentanon29a(crude)
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(1S*,2S*,3R*,4R*)-4-((tert-Butyldimethylsilyl)oxy)-1-(1-methoxymethoxy)-2-(8tethoxy-8-

oxooctyl)-3-(E)-3-(1-methoxymethoxy)pent-1-en-1-yl)cyclopent@d
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(1R*,2R*,35*,4S*)-4-(1-Methoxymethoxy)-2-f)-3-(1-methoxymethoxy)pent-1-en-1-yl)-3-

(8-methoxy-8-oxooctyl)cyclopentan-1-28b
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(2R*,3S*,4S%)-4-(1-Methoxymethoxy)-2-f)-3-(1-methoxymethoxy)pent-1-en-1-yl)-3-(8-

methoxy-8-oxooctyl)cyclopentano28b (crude)
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16-Di-Phytoprostane methyl esté&r; 16-epi16-Dy-phytoprostane methyl estepi-3,

A"™-16-Dy-phytoprostane methyl est&1, 16-epiA’>-16-Dy-phytoprostane methyl ester
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16-Dy-Phytoprostane methyl estgéand16-epi16-Di-phytoprostane methyl estepi-3

(Extracted spectra from the above mixture @it
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16-epi16-Dy-Phytoprostane methyl estepi-3, 16-Dy-phytoprostane methyl esté;

A"™-16-Dy-phytoprostane methyl est&1, 16-epiA’>-16-Dy-phytoprostane methyl ester

epi-31
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16-DeoxyA**216-Dy-phytoprostane methyl est&0
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A"-16-Dy-Phytoprostane methyl est&tl
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16-epiA'-16-Dy-Phytoprostane methyl estepi-31
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Comparison of*C NMR shifts of3/epi-3 with 29b/epi-29b and 31/epi-31
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