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Graphical Abstract:
Total synthesis of the salicyldehydroproline-containing antibiotic Promysalin
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Total synthesis of the salicyldehydroproline-containing antibiotic Promysalin

Rahul D. Kaduskar, Atul A. Dhavan, Sabrina Dallé¥alLeonardo Scaglioni and Loana Musso*

Department of Food, Environmental and Nutritional Sciences, Division of Chemistry and
Molecular Biology, University of Milano, via Celoria 2, 1-20133 Milan, Italy.

Abstract: A convergent total synthesis of Promysalin, a maitb of Pseudomonas putida
RW10S1 with antibiotic activity, is described. Tlsgnthetic approach is based around a
salicyldehydroproline core and a dihydroxymyristdenifragment. Crucial steps include a
MacMillan asymmetric a-hydroxylation applied for the construction of thmyristamide
framework, and a lactam reduction by Superhydridéo®btain the dehydroproline fragment.
Because of the modular nature of the synthesigjyrescess to analogues for biological

evaluation is available.
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1. Introduction

To survive in a world with limited resources micrganisms have developed elaborate
mechanisms such as the formation of biofilms arel gloduction of antimicrobial toxins. A
plethora of new antimicrobial agents have beenodisedvia the elucidation of the chemical
compounds used in this bacterial warfare. Indeatyjral products directly from bacterial sources
account for the majority of currently employed hittics! Despite having complex structure,
these compounds are sources of chemical diversdyleads arising from them are often more
bio-friendly, due to their co-evolution with theget sites in biological systems.
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In 2011, Li et af isolated a novel metabolite, promysalih Figure 1) produced by a rice-

associatedPseudomonas strain(Pseudomonas putida, RW10S1).

Promysalin displayed a remarkable antagonistic tep@c selectively inhibiting the growth of
otherPseudomonas, includingP. aeruginosa, at low micromolar concentrations. The compound
was also shown to promote swarming of the produomggnism and surface colonization. The
most recent studidshave demonstrated that promysalin disperses &statl biofims and
inhibits pyoverdine production, two pathogenic pbtgpes, which may hint at the role the
metabolite plays in the rhizosphere. These regudteased the interest for the compound.

Li. et al? elucidated the structure of promysalin by specwp& methods. The compound is
composed of salicylic acid and 2,8-dihydroxymymside connected by a 2-pyrroline-5-carboxy
moiety. However, no relative or absolute stereodbahassignments at C2, C8 and C16 were

made in the original paper.
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Fig. 1. Structure of promysalirij.

2. Result and Discussion

Due to its intriguing structure and unique bioatyivwe planned to develop a stereoselective
synthesis ofl, which may, in principle, have a value in the pngpion of promysalin itself as

well as various analogues.

The molecule, which can be retrosynthetically diswrted at the ester bond, appears well suited
to a convergent synthetic approach based aroundlieyldehydroproline coreA) and a

dihydroxymyristamide fragmenB] (Scheme 1).
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Scheme 1. Retrosynthetic analysis of promysalin. PG = Rriitg Group.

We envisaged that the most straightforward apprdachpreparation of the dehydroproline
moiety of fragment A) could be a lactam reduction by Superhydride ®thi(im
triethylborohydride solution), followed byn situ dehydration of the resulting lactamol with
TFAA and DIPEA, according to Yu's procedfte.

As the absolute configuration at the three steneicgeenters had not been established in the
original paper, we initially focused on the synikesf a diastereoisomer arbitrarily chosen with
the ©-configuration at C16, by assuming the natugoonfiguration of the proline core in the
biosynthetic pathwayThus, §-pyroglutamic acid ethyl est@was used as a chiral synthon for
construction of the dehydroproline core (Scheme 2).

Scheme 2. Synthesis of the salicyldehydroproline coReagents and conditions: (a) i. 2-[(2-
methoxyethoxy)methoxy]benzoic acid, 1-chldigN,2-trimethyl-1-propenylamine, Gi€l,, 0 °C
to rt, 1 h; ii. NE%, toluene, 80 °C, 3 h, 82%; (b) LiBHfttoluene, -78 °C, 1 h, then TFAA,
DIPEA, cat. DMAP, -78 °C to rt, 3 h, 62%; (c) LIOH{OH : H,O, 0 °C to rt, 5 h, 97%.

We planned to acylate the lactam with a suitablytgmted salicylic acid before the reduction.
The choice of the phenolic protecting group proteetle nontrivial, as it affected the outcome of



the reductive elimination step. In fact, every @ to useO-acetyl salicyloyl chloride
(commercially available) led to the dehydroprolim®iety in very poor yield, together with
compounds deriving from hydrolysis of the acetateug. Replacement of acetate with allyl,
benzyl, or 4-methoxybenzyl ethers led to the deamsitipn of the starting material. The use of
2-methoxyethoxymethyl (MEM) ether seemed to be nmm@mising, as the MEM protected
salicyl-5-oxopyrrolidine underwent smooth reducttorthe lactamol, followed by base mediated

in situ elimination to the dehydroproline, in good yield.

Having found a suitable protecting group, we prdeekwith the synthesis of fragmeht
(Scheme 2). Ethyl §)-pyroglutamate 2 was acylated with 2-((2-methoxyethoxy)
methoxy)benzoic acfdusing Ghosez’s reagent (1-chld¥N,2-trimethyl-1-propenylamine) and
TEA in toluené to obtain3 in 82% vyield. Lactam reduction & using LiBHEg at -78 °C,
followed by treatment with TFAA and DIPE/&fforded compound in 62% yield. Finally, basic

hydrolysis of the ester gave key intermediate

With the salicyldehydroproline fragment in handteation was focused on the myristamide
framework B). We conceived that both hydroxy groups at C2 @8dcould be introduced in a
stereoselective way using successive the prolitEysed MacMillan asymmetrica-
hydroxylations of carbonyl compouridss key reactions. As the absolute configuraticdB2and
C8 was unknown, this method could have the furthdvantage of providing access to all

stereoisomers, by using the appropriate proline estalyst.
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Scheme 3. Synthesis of dihydroxymyristamide fragment (Beagents and conditions: (a) i. L-
proline, PhNO, CHG| +4 °C, 2 h, then NaBKI EtOH, 0 °C, 0.5 h; ii. Zn dust, EtOH /AcOH, rt,
1 h, 91% over two steps; (b) PMB dimethylacetalT8PCHCI,, 0 °C to rt, 2 h; (c) DIBAL,
CHxCl,, -78 °C, 2 h, 72% over two steps; (d) (CQCDMSO, NE§, CHCl,, -78 °C, 94%, 2 h;
(e) n-BuLi, TBSO(CHy)sP'PhsBr’, THF, -78 °C to rt, 2 h, 74%; (f) TBAF, THF, 0 1@ rt, 1 h,
88%:; (g) (COCH, DMSO, NEt, CH,Cl,, -78 °C, 1 h, 91%; (h) i. L-proline, PhNO, CHC} 4
°C, 2 h, then NaBli EtOH, 0 °C, 0.5 h; ii. Zn dust, EtOH /AcOH, rthl 77% over two steps;
(i) TBS-CI, imidazole, CECly, rt, 6 h, 98%; (j) TBDPS-CI, imidazole, DMF, rt6 h, 98%; (k)
AcOH /THF /K0, rt, 36 h, 92%; (I) TEMPO, bis(acetoxy)iodoberzeNaHCQ, MeCN : HO,
0 °C, 4 h, 70%; (m) HBTU, HOBT, N4&I, DIPEA, DMF, 0 °C to rt, 1 h, 73%; (n) HPd/C,
MeOH, rt, 12 h, 73%; (0%, EDC, CHCIy, rt, 16 h, 50%; (p) i. TiG| -20 °C, 15 min, ii. TBAF,
THF, 0 °C to rt, 2 h, 70% over two steps.

Thus, commercially available octan@lwas subjected to-hydroxylation using L-proline and

nitrosobenzene in CHght +4°C, followed byin situ reduction with NaBkl and treatment with



zinc to obtain diol7. The absolute configuration at C2 was assumec t@)y following that in
all the examples reported in literattirthe aminoxylation reaction took place in the same
stereochemical fashion. The optical rotatioa]4f> = +14.1 (c 1.00, MeOH); lit.for (9-1,2
octanediol (]p?®= -13.6 € 1.00, MeOH, e.e. 97%), confirmed that we had olegithe R)

enantiomer with more than 97% e.e.

Reaction with 4-methoxybenzaldehyde dimethylacetahe presence of a catalytic amount of
pyridinium p-toluenesulfonate (PPTS) gave compo@nahose reductive cleavage with DIBAL

provided protected alcoh®|'°

Swern oxidatioft of the primary alcohol gave aldehytiein 94% vyield. Elongation of the chain
was readily effected by Wittig olefination witkert-butyldimethylsilyloxybutyl (triphenyl)
phosphonium bromid¥. Selective deprotection of the O-TBS group by TBAF 0 °C3
furnished the free primary alcoh@P. The stereoselectivity of the reactions was asseby
catalytic hydrogenation ofi2, to obtain R)-tetradecane-1,8-diol, whose optical purity and
absolute configuration were confirmed by opticaition measurementdp?3 = -0.63 € 1.1,
CHCl; lit.** for (R) enantiomerd]p> = -0.48 € 1.1, CHC}, obtained by opening of an epoxide
with 91% e.€?); lit.*® [¢]p*® = -0.6 € 1.8, CHC)). Again, Swern oxidation followed by another
o -oxyamination reaction allowed the stereoseleatmeduction of the hydroxy group at C2 in
compoundl4. The R) configuration at this carbon could be safely asstl on the basis of the

mechanism of the reactidn.

The direct oxidation of 1,2 did4 to the corresponding-hydroxycarboxylic acid gave complex
mixturest’ After various unsuccessful attempts, the sequemtiatection of primary and
secondary alcohol with TBS and TBDPS respectiviitpwed by selective deprotection and
oxidation of the hydroxy group at C1, proved tothe optimal choice. This route allowed us to
introduce at C2 a group resistant to the conditimnghe deprotection of the OH at C8. Thus,
sequential treatment of compourdd with TBSCI and TBDPSCI, followed by AcOH in
THF/H,0O'® provided compound?7. TEMPO oxidatior® and coupling with N&CI in DMF?°
furnished amidd9. One-pot hydrogenation of the alkene and cleawvédiee PMB grouf gave
the target key fragmer20 in 73% yield. EDC-mediated esterification of tHglaatic chain20
with the dehydroproline fragmebtafforded compoundl.

Due to the instability of dehydroproline core iniddc medium, the protecting groups were
sequentially removed under mild, aprotic conditioAéter several attempts, we found that
careful treatment with TiGlat -20 °C* followed by TBAF mediated desilylation, gave
promysalin (-)1 with absolute configurationR 8R, 16S.



When this work was in its final stage, Wuest andakers published an elegant total synthesis
of all promysalin stereoisomers and assigned tlsolate configuration ®, 8R, 165 to the

natural compound.

Wouest’'s synthesis of the aliphatic chain appearsenwdficient than ours, giving the 2,8-
dihydroxymyristamide moiety in 45% overall yieldbin 5-hexenoic acid over 6 steps. On the
contrary, their approach to the synthesis of thieyddehydroproline fragment appears less
straightforward, requiring 7 steps from methyl cghte to obtain the SEM-protected acid for
coupling with the alcohol moiety.

The combination of the two routes would most likelfer the best pathway to a convergent
synthesis of the natural compound and could bdyeaansposed to a large scale. The combined
strategy could also be optimal for the preparatbpromysalin analogues for SAR studies and

further exploration of the intriguing modes of actiof this compound.

3. Conclusions

In summary, a total synthesis of the antibioticrRysalin was designed and carried out. Crucial
steps for our strategy included a MacMillan asymioet-hydroxylation of carbonyl compounds
applied for the construction of the myristamide nfeavork, and a lactam reduction by
Superhydride ® to obtain the salicyldehydroproliregment. Because of the modular nature of

the synthesis, work is in progress to prepare guoae for biological evaluation.

4. Experimental section
4.1. General Information

All reagents and solvents were reagent grade oe werified by standard methods before use.
Melting points were determined in open capillatiysa SMP3 apparatus and are uncorrectéd.
spectra were recorded on Bruker AMX 300 MHz andkBruAV600 spectrometers. TMS was
used as an internal standard and the chemicak shéte reported in parts per milliod).( The
peak patterns are indicated as follows: s, singlettoublet; dd, doublet of doublet; t, triplet; m,
multiplet; g, quartet. The coupling constants, & r@ported in Hertz (Hz). andC NMR spectra
were recorded on Bruker AMX 300 MHz and Bruker A@6§pectrometers. Optical rotations
were measured with a Perkin Elmer 241 polarimet&.spectra were recorded on a Perkin

Elmer 1310 spectrophotometer and reported in wawebers (crif).. The elemental analyses
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were recorded with a CARLO ERBA EA 1108 instrumé&lvents were routinely distilled prior
to use; anhydrous tetrahydrofuran (THF) and etE#Q) were obtained by distillation from
sodium-benzophenone ketyl; dry methylene chloridas wobtained by distillation from
phosphorus pentoxide. All reactions requiring ambyd conditions were performed under a
positive nitrogen flow and all glassware were owlred and/or flame dried. Isolation and
purification of the compounds were performed bglil@olumn chromatography on silica gel 60
(230-400 mesh). Analytical thin-layer chromatognagiLC) was conducted on TLC plates
(silica gel 60 Bss4, aluminum foil). Compounds on TLC plates were ditd under UV light at
254 and 365 nm or were revealed spraying with 18&sphomolybdenic acid (PMA) in ethanol.

4.2. Experimental proceduresand spectroscopic data

4.2.1. Ethyl (9-1-(2-((2-methoxyethoxy) methoxy)benzoyl )-5-oxopyrrolidine-2-car boxyl ate (3).
Ghosez’s reagent (1-chlotdN,2-trimethyl-1-propenylamine) (2.5 mL, 0.02 mol) svadded
dropwise to a solution of 2-((2-methoxyethoxy)mety)penzoic acid(4.1 g, 0.02 mol) in dry
dichloromethane (40 mL) at 0 °C under &tmosphere. The reaction mixture was stirred @tro
temperature for 1 h. The solvent was remowveeacuo and the residue was dried under vacuum
and used in the next step without purificationahother 2-necked dry flask was placed ethyl L-
pyroglutamate (1.4 g, 9.2 mmol) in dry toluene (db) and the solution was cooled to 0 °C. To
this was added NE{(3.2 mL, 0.02 mol) followed by dropwise additiohtbe crude acid chloride
solution in toluene (15 mL). The reaction mixturassheated at 80 °C for 3 h, and then it was
cooled to room temperature and quenched by additisaturated aqueous NaHE@O mL).
The organic layer was separated and the aqueoeswas extracted with ethyl acetate (2 x 100
mL). The combined organic extracts were washed Wwithe (30 mL), dried over anhydrous
NaSO,; and concentrateich vacuo. Purification of the residue by flash column chetagraphy

in 0-18% acetone : hexane ga¥€2.75 g, 82%) as a yellow gummy solid; 0% acetone :
hexane, double run) = 0.3%]p** = +30.9 € 1.0, CHC}); Vmax (thin film) : 3045, 1760, 1700,
1620, 1510, 1470, 1340, 1280, 1250, 1210, 11200,1930, 710 ci. ‘H NMR (300 MHz,
CDCls) = 7.40 (ddJ = 7.5, 7.5 Hz, 1H), 7.31 (d,= 7.5 Hz, 1H), 7.21 (d] = 7.5 Hz, 1H), 7.05
(dd,J = 7.5, 7.5 Hz, 1H), 5.27 (d,= 7.0 Hz, AB, 1H), 5.23 (d] = 7.0 Hz, AB, 1H), 4.91 (dd]

= 2.9, 9.5 Hz, 1H), 4.28 (¢J,= 7.3 Hz, 2H), 3.80 (tJ = 4.5 Hz, 2H), 3.55 (tJ = 4.5 Hz, 2H),
3.38 (s, 3H), 2.73-2.64 (m, 1H), 2.55-2.50 (m, 1M%0-2.45 (m, 1H), 2.2-2.10 (m, 1H), 1.33 {(,
J = 7.3 Hz, 3H) ppm**C NMR (150 MHz, CDGJ) 6=172.8, 170.9, 167.8, 154.5, 131.8, 128.4,



125.8, 121.6, 114.5, 93.9, 71.6, 67.7, 61.7, 58392, 31.6, 21.7, 14.1 ppm. Elemental analysis
calcd (%) for GgH23NO7: C 59.17, H 6.34, N 3.83; Found: C 59.38, H 6183.84.

4.2.2. Ethyl (9-1-(2-((2-methoxyethoxy) methoxy)benzoyl )-2,3-dihydr o-1H-pyrrole-2-car boxyl ate

4.

To a stirred solution 08 (1.1 g, 3.0 mmol) in dry toluene (22 mL) was ad&gerhydride ®
(3.6 mL, 3.6 mmol, 1 M in THF) at -78 °C undes &mosphere. The solution was stirred for 1 h
at -78°C, then DMAP (7 mg, 0.06 mmol) and DIPEA (2.8 n.02mol) were added, followed
by very slow addition of TFAA (0.5 mL, 3.6 mmol) @v5 min. The reaction mixture was
gradually warmed to room temperature and stirred3ftr. Water (30 mL) was added and the
organic layer was separated. The aqueous layeextescted with ethyl acetate (2 x 75 mL); the
combined organic extracts were washed with brireenil), dried over anhydrous B8O, and
concentratedn vacuo. The residue was purified using flash column chatmgraphy in 0-50 %
ethyl acetate: hexane to gi4g650 mg, 62%) as a yellow oil;; R35% ethyl acetate: hexane) =
0.30. p]p?® = -104.3 € 1.00, CHC}): Vimax (liquid film) : 3050-2800 (br), 1760, 1660, 1640,
1620, 1510, 1470, 1425, 1250, 1210, 1110, 10450,1860, 780 cil. 1H NMR (300 MHz,
CDCl): = 7.41-7.34 (m, 2H,), 7.23 (d,= 7.8 Hz, 1H), 7.07 (ddl = 7.8, 7.8 Hz, 1H), 6.2 (m,
1H), 5.30 (s, 2H), 5.10-5.03 (m, 1H), 5.00 (dd&; 3.6, 10.5 Hz, 1H), 4.27 (d,= 7.2 Hz, 2H),
3.86-3.81 (m, 2H,), 3.57-3.52 (m, 2H), 3.37 (s, 3BI18-3.13 (m, 1H,), 2.74-2.69 (m, 1H), 1.33
(t, J = 7.2 Hz, 3H) ppm*C NMR (150 MHz, CDC}) 6 = 170.8, 164.9, 153.4, 131.2, 130.8,
128.8, 125.9, 122.1, 115.3, 108.5, 93.7, 71.5,,697198, 59.0, 58.0, 34.1, 14.1 ppm. Elemental
analysis calcd (%) for gH23NOg: C 61.88, H 6.64, N 4.01; found: C 62.01, H 6182}.00.

4.2.3. (9-1-(2-((2-methoxyethoxy)methoxy)benzoyl)-2,3-dihydro-1H-pyrrole-2-carboxylicacid
(5).

A solution of4 (920 mg, 2.6 mmol) in EtOH (22.5 mL) was cooledt6C. To this was added
dropwise a solution of LIOH (166 mg, 3.9 mmol) imter (11.25 mL). After complete addition
the reaction mixture was warmed to room temperauacestirred for 5 h. EtOH was removied
vacuo, the aqueous layer was washed with 40 % ethyl acetatiethyl ether (2 x 25 mL),
cooled to 0 °C and acidified using 5% citric aditie product was extracted using 5% methanol :
dichloromethane (3 x 100 mL). The combined orgaxitacts were washed with brine (15 mL),
dried over anhydrous N8O, and concentrated to afford pyrroline-carboxylicdagi(809 mg,
97%) as a pale yellow gummy solid; 6% methanol : dichloromethane) = 0.38of% = -97.6

(c 1.00, CHCY); Vmax (thin film) 3300-2900 (br), 1760, 1660, 1640, 162505, 1475, 1440,
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1292, 1005, 760, 725 ¢m*H NMR (600 MHz, CDC}) & = 7.38 (ddJ = 7.9, 7.9 Hz, 1H), 7.35
(d,J = 7.9 Hz, 1H), 7.20 (d] = 7.9 Hz, 1H), 7.05 (dd] = 7.9, 7.9 Hz, 1H), 6.62 (brs, 1H), 6.09
(d,J = 2.2 Hz, 1H), 5.28-5.25 (m, 2H), 5.17-5.22 (m,)15108 (ddJ = 4.9, 10.1 Hz, 1H), 3.80-
3.76 (m, 2H), 3.52 (t] = 4.7 Hz, 2H), 3.34 (s, 3H), 3.08-3.02 (m, 2H) ppf& NMR (150 MHz,
CDCl) 6 =172.2,167.1, 153.4, 131.8, 129.7, 128.8, 12¥3,1, 115.1, 111.2, 93.7, 71.5, 68.0,
58.9, 53.4, 32.9 ppm. Elemental analysis calcd f@56)C16H10NOs: C 59.81, H 5.96, N 4.36,
found: C 59.99, H 5.94, N 4.35.

4.2.4. (R)-octane-1,2-diol (7).

A suspension of L-proline (322 mg, 2.8 mmol) in AgI@B0 ml) was cooled to 4 °C and stirred
for 15 min, then nitrosobenzene (3 g, 0.03 mol) wdded in one portion. At this time the
solution turned green. To this suspension was addthal (13.1 ml, 84.0 mmol) in one portion.
The resulting solution was then stirred at 4 °CZdr and it turned yellow. The reaction mixture
was then added dropwise to an ethanol (25 mL) sisspe of NaBH (1.05 g, .0.03 mokt 0 °C.
After 30 min, the reaction was treated with sakatadqueous NaHCG(O50 mL). The aqueous
layer was extracted with dichloromethane (3 %75 ;nthe combined organic extracts were
washed with brine, dried over anhydrous,8@, filtered and concentrateoh vacuo. To a
solution of the oxy-aniline adduct (14.6 g) in Et@EOH (3:1, 156 mL), Zn dust (8.1 g, 0.12
mol) was added portionwise. The resulting suspengias stirred at room temperature for 1 h.
The reaction mixture was filtered through a plugcefite and the residue was washed with
ethanol (50 mL); the filtrate was concentratedacuo at a temperature <40 °C. The residue was
dissolved in ethyl acetate (200 mL) and washed séturated aqueous NaHg®&blution (100
mL), brine (50 mL), dried over anhydrous J8&, filtered and concentrateish vacuo. The
resulting yellow oil was purified using flash colanthromatography (eluent: 20-50% ethyl
acetate : hexane) to affor®)foctane-1,2-diol7 (3.7 g, 91%) as an off-white sticky solid; R
(50% ethyl acetate : hexane) = 0.3gpf° = +14.1 ¢ 1.00, MeOH):;Vimax (liquid film) 3600-
3300 (br), 3100, 1550, 1490, 1445, 1290, 1130,@60. 'H NMR (600 MHz, CDC}) J = 3.76-
3.70 (m, 1H), 3.67 (dd} = 3.2, 11.1 Hz, 1H), 3.45 (dd= 7.9, 11.1 Hz, 1H), 2.50-2.35 (m, 2H),
1.49-1.26 (m, 10H), 0.90 @3,= 7.0 Hz, 3H) ppm>*C NMR (150 MHz, CDGJ): J = 72.3, 66.8,
33.2, 31.7, 29.3, 25.5, 22.6, 14.0 ppm. Elementalysis calcd (%) for gH,50,: C 65.71, H
12.41; found: C 65.50, H 12.44.

4.2.5. (R)-2-(4-methoxybenzyl oxy)octan-1-ol (9).

A solution of R)-octane-1,2-diol7 (7.4 g, 0.05 mol), PPTS (254 mg, 1.1 mmol) in dry

dichloromethane (126 mL) was cooled to 0 °C. 4-Mgitbenzaldehyde dimethylacetal (12.9
11



mL, 0.08 mol) was added dropwise. The reaction unétvas stirred at room temperature for 2 h
under N atmosphere. Excess NE{1O mL) was added, and then the reaction mixtuas w
concentratedn vacuo. The product was filtered through a short padlafesgel (neutralized with

5 % NEg in hexane) in 1% ethyl acetate: hexane to affR)edthexyl-2-(4-methoxyphenyl)-1,3-
dioxolane8. (16 g of crude compound, mixture of diastereomexs.a yellow oil; R(5% ethyl
acetate : hexane) = 0.55. Compo@naas unstable, thus it was used immediately imthe step
without further purification.

To a stirred solution 08 (16.0 g, crude) in dry dichloromethane (300 mL)BAL (90.90 mL,
0.09 mol, 1 M in dichloromethane) was added dropvas -78 °C under Natmosphere and
stirred for 2 h at -78C. The reaction mixture was gradually warmed t0 <€ over 1 h,
methanol (5 mL) was added dropwise and the regu#iolution was stirred for 5 min. Dilution
with diethyl ether (150 mL) followed by addition saturated aqueous solution of Rochelle’s salt
(150 mL) gave a thick suspension which was stinggbrously until the two layers become
clear. The organic layer was separated; and thecagulayer was extracted with ethyl acetate (3
x 150 ml). The combined organic extracts were wastvéh brine (100 mL), dried over
anhydrous Nz50O, and concentrateoh vacuo. Purification using flash column chromatography
in 0-12% ethyl acetate: hexane g&€9.7 g, 72% over two steps) as a pale yellowRjil(15%
ethyl acetate : hexane) = 0.46]4?% = -17.5 € 1.00, CHCJ); Vmax (liquid film) 3650-3300 (br),
1640, 1620, 1540, 1495, 1370, 1205, 1100, 850. ¢k NMR (600 MHz, CDC}) = 7.30 (d,J

= 8.5 Hz, 2H), 6.91 (d] = 8.5 Hz, 2H), 4.58 (d] = 11.4 Hz, AB, 1H), 4.49 (d = 11.4 Hz, AB,
1H), 3.74-3.68 (s, 3H), 3.70 (m, 1H), 3.55-3.48 @H), 2.00 (brs, 1H), 1.70-1.62 (m, 1H), 1.55-
1.48 (m, 1H), 1.39-1.25 (m, 8H), 0.91 Jt= 7.2 Hz, 3H) ppm**C NMR (150 MHz, CDG))
0=159.3, 130.6, 129.4 (x 2), 113.9 (x 2); 79.5, 7643, 55.3, 31.8, 30.8, 29.5, 25.4, 22.6, 14.1
ppm. Elemental analysis calcd (%) forg.605: C 72.14, H 9.84; found: C 72.39, H 9.81.

4.2.6. (R)-2-(4-methoxybenzyl oxy)octanal (10).

To a stirred solution of oxalyl chloride (8.8 mL10 mol) in dry dichloromethane (286 mL), was
added DMSO (9.7 mL, 0.14 mol) in dry dichlorometh&h43 mL) dropwise at -78 °C undes N
atmosphere. Stirring was continued for 15 min, tB€8.1 g, 0.03 mol) in dry dichloromethane
(143 mL) was added dropwise. After complete addijtihe reaction mixture was stirred at -78
°C for 1 h, then NEt(47 mL, 0.34 mol) was added dropwise. The reaatidtiure was gradually
warmed to 0 °C and stirred at this temperaturel wotnplete conversion was observed. The
mixture was diluted with diethyl ether (50 mL) apdured in cold sat. NaHG{140 mL). The

organic layer was separated and the aqueous lagexiracted with diethyl ether (3 x 100 mL).
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The combined organic extracts were washed witheb{® mL), dried over anhydrous 0,
and concentratedn vacuo. Purification using flash column chromatography Gs6% ethyl
acetate: hexane gave aldehy@g8.5 g, 94%) as a colorless oik R% ethyl acetate : hexane) =
0.47. p]p>= +37.8 € 0.75, MeOH);'H NMR (600 MHz, CDC}) d= 9.63 (d,J = 2.3 Hz, 1H),
7.30 (d,J = 8.5 Hz, 2H), 6.91 (d) = 8.5 Hz, 2H), 4.62 (d) = 11.8 Hz, AB, 1H), 4.50 (d] =
11.4 Hz, AB, 1H), 3.82 (s, 3H), 3.78-3.72 (m, 1H)71-1.63 (m, 2H), 1.49-1.20 (m, 8H), 0.91 (t,
J = 7.1 Hz, 3H) ppm-*C NMR (150 MHz, CDGJ) 6 = 204.1, 159.5, 129.7 (x2), 129.4, 113.9
(x2), 83.2, 72.2, 55.2, 31.6, 30.0, 29.0, 24.75224.0 ppm. Elemental analysis calcd (%) for
C16H2403: C 72.69, H 9.15; found: C 72.92, H 9.12.

4.2.7. (R)-Z-8-(4-methoxybenzyl oxy)tetradec-6-enyl oxy)tert-butyldimethylsilane (11).

To a stirred suspension of TBSO(&P PhsBr*? (11.85 g, 0.021 mol) in anhydrous THF (76
mL) cooled to -78 °Cn-BuLi (12.35 mL, 0.02 mol, 1.6 M in hexane) was eddThe brown red
coloured suspension obtained was stirred at -78fG0 min under B atmosphere. Compound
10 (4.0 g, 0.01mol) in anhydrous THF (76 mL) was atldeopwise; on complete addition the
solution turned pale yellow. The reaction mixturaswstirred at -78 °C for 15 min, warmed to
room temperature and stirred for 2 h. After additad saturated NECI (100 mL), the product
was extracted with diethyl ether (3 x 100 mL). Toenbined organic extracts were washed with
brine (30 mL), dried over anhydrous 88, and concentrateth vacuo. Purification by flash
column chromatography in 0-1% ethyl acetate: hexaglded11 (5.2 g, 74%) as a colorless oil;
Ri (1% ethyl acetate : hexane) = 0.36]pf> = +15.6 € 1.00, CHC}). Vimax (liquid film) 3050,
1570, 1550, 1535, 1480, 1290, 1110, 860, 760, 738 tH NMR (600 MHz, CDCJ) d= 7.24
(d,J =8.5Hz, 2H), 6.86 (d] = 8.5 Hz, 2H), 5.59 (dt] = 11.0, 7.3 Hz, 1H), 5.29 (dd,= 11.0,
9.4 Hz, 1H), 4.49 (dJ = 11.6 Hz, AB, 1H), 4.24 (d] = 11.6 Hz, AB, 1H), 4.12-4.02 (m, 1H),
3.80 (s, 3H), 3.60 (tJ = 6.4 Hz, 2H), 2.12-1.95 (m, 2H), 1.73-1.18 (mH},60.89 (m, 12 H),
0.05 (s, 6H) ppm™C NMR (75 MHz, CDC}, 23 °C)J=158.9, 133.1, 131.2 (x2), 129.2 (x2),
113.6 (x2), 73.8, 69.4, 63.1, 55.2, 35.8, 32.78329.6, 29.3, 27.8, 26.0 (x3), 25.5, 25.4, 22.6,
18.3, 14.1, -5.3 (x2) ppm. Elemental analysis céloiifor GgHs003Si: C 72.67, H 10.89; found:
C 72.40, H 10.92.

4.2.8. (R)-8-(4-methoxybenzyl oxy)tetradec-6-en-1-ol (12).

A solution of TBS etherll (9.5 g, 0.02 mol) in anhydrous THF (82 mL) wasledato 0 °C.
TBAF (61 mL, 0.06 mol, 1 M in THF) was added at@ u@nder N atmosphere. The reaction
mixture was warmed to room temperature and stifoed. h. Saturated NXCI (125 mL) was
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added, and the organic layer was separated. Treaguayer was extracted with ethyl acetate (3
x 150 mL), and the combined organic extracts weash&d with brine (80 mL), dried over
anhydrous Ng50O, and concentratedch vacuo. The residue was purified using flash column
chromatography in 0-15% ethyl acetate: hexane forcafdesired12 (6.3 g, 88%) as a pale
yellow oil; R (15% ethyl acetate: hexane) = 0.4d]pf° = +20.0 € 1.00, CHCY). Vimax (liquid
film) 3600-3200 (br), 3090, 3020, 1640, 1530, 148820, 1290, 1280, 1105, 1050, 760"tm
'H NMR (300 MHz, CDC}) J 7.26 (d,J = 8.5 Hz, 2H), 6.88 (d] = 8.5 Hz, 2H), 5.61 (dt] =
11.0, 7.3 Hz, 1H), 5.31 (dd,= 11.0, 9.5 Hz, 1H), 4.51 (d,= 11.9 Hz, AB, 1H), 4.27 (d] =
11.9 Hz, AB, 1H), 4.15-4.05 (m, 1H), 3.82 (s, 3B)65 (t,J = 6.4 Hz, 2H), 2.15-2.00 (m, 2H),
1.75-1.50 (m, 4H), 1.48-1.30 (m, 12H), 0.88 Jt= 7.0 Hz, 3H) ppm*C NMR (75 MHz,
CDCl) 0 =158.9, 133.0, 131.2, 131.1, 129.2 (x2), 1132),(¥3.8, 69.3, 62.8, 55.3, 35.7, 32.6,
31.8, 29.5, 29.3, 27.8, 25.4, 25.4, 22.6, 14.1 pplemental analysis calcd (%) fopsE3603: C
75.82, H 10.41; found: C 75.60, H 10.43.

4.2.9. (R)-8-(4-methoxybenzyl oxy)tetradec-6-enal (13).

To a stirred solution of oxalyl chloride (4.7 mL08 mol) in dry dichloromethane (150 mL), a
solution of DMSO (5.1 mL, 0.07 mol) in dry dichlon@thane (75 mL) was added dropwise at -
78 °C under N atmosphere and stirred for 15 min. Tetradecd20(6.3 g, 0.02 mol) in dry
dichloromethane (75 mL) was added dropwise. Aftenglete addition, the reaction mixture was
stirred at -78 °C for 1 h. After addition of NE25 mL, 0.18 mol), the reaction mixture was
gradually warmed to 0 °C and stirred at this terapge until complete conversion was observed.
The mixture was diluted with diethyl ether (50 ndnd poured in cold sat. NaHG(B0 mL), the
organic layer was separated and aqueous layer xtescted with diethyl ether (3 x 150 mL).
The combined organic extracts were washed withebf@® mL), dried over anhydrous 0,
and concentrateth vacuo. Purification using flash column chromatographyhwd-5% ethyl
acetate : hexane gai8 (5.7 g, 91%) as a colorless oil; 8% ethyl acetate : hexane) = 0.44.
[a]p?®= +17.8 € 1.00, CHOH). *H NMR (300 MHz, CDC}) J = 9.78 (s, 1H), 7.25 (d} = 8.8
Hz, 2H), 6.88 (d,) = 8.8 Hz, 2H), 5.59 (df] = 11.0, 7.3 Hz, 1H), 5.34 (dd= 11.0, 9.5 Hz, 1H),
4.51 (d,J =11.3 Hz, AB, 1H), 4.26 (d] = 11.3 Hz, AB, 1H), 4.012-4.02 (m, 1H), 3.82 (kl)3
2.44 (t,J =7.3 Hz, 2H), 2.12-1.98 (m, 2H), 1.73-1.56 (m,)4H49-1.35 (m, 4H), 1.32-1.18 (m,
6H), 0.89 (t,J = 7.0 Hz, 3H) ppm*C NMR (75 MHz, MeOD)d= 200.3, 159.4, 133.2, 130.7,
129.3, 129.1, 113.5, 113.3, 104.6, 73.4, 69.2,,53b%k, 32.3, 31.8, 29.4, 29.1, 27.6, 25.2, 24.1,
22.5, 13.2 ppm. Elemental analysis calcd (%) faiHg,Os: C 76.26, H 9.89; found: C 75.98, H
9.87.
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4.2.10. (2R,8R)-8-(4-methoxybenzyl oxy)tetradec-6-ene-1,2-diol (14).

A suspension of L-proline (57.6 mg, 0.5 mmol) in Ckl(16.5 mL) was cooled to 4 °C and
stirred for 15 min, then nitrosobenzene (525 mmrbol) was added in one portion. At this time
the solution turned green. To this suspension wdeda solution of tetradecarid (3.4 g, 9.9
mmol) in CHCE (16.5 mL) in one portion. The resulting solutionsihen stirred at 4 °C for 2 h.
At this time the solution turned yellow. The reaatimixture was then added to an ethanol (50
mL) suspension of NaBH(374 mg, 9.9 mmolat 0 °C. After 30 min. the reaction was treated
with saturated aqueous NaHg(Q125 mL). The aqueous layer was extracted with
dichloromethane (3 x 150 mL). The combined orgamitacts were washed with brine (50 mL),
dried over anhydrous N8GO, filtered and concentrated vacuo. The oxy-aniline adduct (4.1 g)
was dissolved in EtOH/AcOH (3:1, 30 mL) and Zn dis2 g, 0.02 mol) was added portionwise.
The resulting suspension was stirred at room teatpex for 1 h. The reaction mixture was
filtered through a plug of celite and the residusswashed with ethanol (25 mL). The filtrate
was concentrateth vacuo at <40 °C. The residue was dissolved in ethyl aegf200 mL) and
washed with a saturated NaHg®olution (100 mL), brine (50 mL), dried over aniguas
NaSQy, filtered and concentrateeh vacuo. The resulting yellow oil was purified using flash
column chromatography with 20% - 50% ethyl acetabexane to afford 1,2 didl4 (2.78 g
77%) as a yellow oil; R(40% ethyl acetate : hexane) = 0.3§pf>= +18.9 € 1.00, CHCY); Vimax
(liquid film) 3600-3200 (br), 3090, 1640, 1540, 48090, 1070, 760, 730 ¢m'H NMR (300
MHz, CDCkL) = 7.23 (d,J = 8.5 Hz, 2H), 6.86 (d] = 8.5 Hz, 2H), 5.56 (dt] = 11.0, 7.3 Hz,
1H), 5.32 (ddJ = 11.0, 9.5 Hz, 1H), 4.49 (d,= 11.4 Hz, AB, 1H), 4.25 (d] = 11.4 Hz, AB,
1H), 4.12-4.02 (m, 1H); 3.79 (s, 3H), 3.71-3.53 @H), 3.45-3.35 (m, 1H), 2.88 (brs, 1H), 2.26
(brs, 1H), 2.15-1.95 (m, 2H), 1.73-1.15 (m, 14HB7(t,J = 7.0 Hz, 3H) ppm**C NMR (75
MHz, CDCk) 6= 159.1, 132.8, 131.6, 131.1, 129.4 (x2), 1133B,(¥3.9, 72.2, 69.5, 66.8, 55.4,
35.8, 32.8, 31.9, 29.4, 27.8, 25.8, 25.5, 22.72 Jgpm. Elemental analysis calcd (%) for
CooH3604: C 72.49, H 9.95, found: C 72.70, H 9.94.

4.2.11.(2R,8R)-Z- 1-((tert-butyl dimethyl silyl)oxy)-8-(4-methoxybenzyl oxy)tetradec-6-en-2-ol (15).

To a stirred solution of tetradecane 1,2 dil(400 mg, 1.1 mmol) in dry dichloromethane (11
mL) was added imidazole (149 mg, 2.2 mmol), therSTB (215 mg, 1.4 mmol) was added
portionwise at 0 °C. The reaction mixture was watrtee room temperature and stirred for 6 h,
then it was quenched by addition of ice; the agadayer was extracted with dichloromethane (2

x 30 mL). The combined organic extracts were wastiédbrine (20 mL), dried over anhydrous
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NaSO, and concentrateiah vacuo. The residue was purified using flash column chrimapaphy
(0 - 8% ethyl acetate : petroleum ether) to affavdno TBS ethel5 (518 mg, 98%) as a
colorless oil; R(5% ethyl acetate : hexane) = 0.3gof° = +14.3 € 1.00, CHCY); Vimax (liquid
film) 3610, 3580-3400 (br), 1625, 1605, 1530, 148?50, 1120, 1090, 1050, 850, 795cntH
NMR (300 MHz, CDC}) 67.26 (d,J = 8.5 Hz, 2H), 6.88 (d] = 8.5 Hz, 2H), 5.61 (df] = 11.0,
7.3 Hz, 1H), 5.33 (dd] = 11.0, 9.5 Hz, 1H), 4.51 (d,= 11.3 Hz, AB, 1H), 4.26 (d} = 11.3 Hz,
AB, 1H), 4.12-4.02 (m, 1H), 3.82 (s, 3H), 3.69-3(8, 2H), 3.40 (ddJ = 8.5, 10.4 Hz, 1H),
2.17-1.96 (m, 2H), 1.74-1.11 (m, 14H), 0.92 (s, 989 (t,J = 7.0 Hz, 3H), 0.09 (s, 6H) ppm.
%C NMR (75 MHz, CDCJ) J 159.1, 132.9, 131.6, 131.2, 129.3 (x2), 113.8 (¥3)9, 71.7,
69.5, 67.3, 55.4, 35.9, 32.5, 32.0, 29.4, 27.90 Z83), 25.9, 25.5, 22.7, 18.4, 14.2, -5.2, -5.3
ppm. Elemental analysis calcd (%) forg500,Si: C 70.24, H 10.53; found: C 70.01, H 10.54.

4.2.12.(R)-5-((R)-Z-6-((4-methoxybenzyl )oxy)dodec-4-en-1-y1)-2,2,8,8,9,9-hexamethyl - 3,3-
diphenyl-4,7-dioxa-3,8-disiladecane (16).

A solution of mono TBS ethet5 (518 mg, 1.1 mmol), imidazole (220 mg, 3.2 mmol)diy
DMF (5.4 mL) was cooled to 0 °C. TBDPS-CI (0.42 miL6 mmol) was added dropwise at 0 °C.
After complete addition, the reaction mixture wasred at room temperature under, N
atmosphere for 12 h. TLC showed partial completdrreaction, thus another (302 mg, 1.1
mmol of TBDPS-CIl was added and stirred for furt®ér. The reaction was quenched by addition
of ice; the aqueous layer was extracted with diegthyer (3 x 50 mL), then the combined organic
extracts were washed with brine (30 mL), dried oaehydrous NgO, and concentrateth
vacuo. The residue was purified using flash column cratmgraphy with 0-3% ethyl acetate:
petroleum ether) to afford bis-silyl eth8 (773 mg, 98%) as a yellow oil;; R2% ethyl acetate :
hexane) = 0.47.0]p*% = +5.5 € 1.2, CHCY). Vimax (liquid film) 3100, 1630, 1520, 1480, 1265,
1120, 850, 720 cth 'H NMR (300 MHz, CDC}) d = 7.76-7.65 (m, 4H), 7.47-7.31 (m, 6H),
7.24 (d,J = 8.5 Hz, 2H), 6.87 (d] = 8.5 Hz, 2H), 5.51 (dt] = 11.0, 7.0 Hz, 1H), 5.27 (dd,=
11.0, 9.5 Hz, 1H), 4.48 (d,= 11.6 Hz, AB, 1H), 4.21 (d] = 11.6 Hz, AB, 1H), 4.011-4.01 (m,
1H), 3.81 (s, 3H), 3.85-3.71 (m, 1H), 3.53-3.38 @H), 2.00-1.84 (m, 2H), 1.65-1.20 (m, 14H),
1.06 (s, 9H), 0.89 (] = 7.0 Hz, 3H), 0.83 (s, 9H), 0.06 (s, 3H), 0.0131d) ppm.**C NMR (75
MHz, CDCk) 6 = 159.1, 136.0 (x6), 134.6, 134.5, 133.3, 13128.7, 129.4, 127.6 (x5), 113.7
(x2), 74.1, 73.6, 69.6, 66.3, 55.4, 35.9, 33.60329.5, 28.1, 27.2 (x3), 26.0 (x3), 25.5, 24.8,
22.8, 19.5, 18.4, 14.3, -5.3 (x2) ppm. Elementallysis calcd (%) for @HgsO4Sh: C 73.69, H
9.56: found: C 73.50, H 9.55.
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4.2.13.(2R,8R)-Z-2-((tert-butyl di phenyl silyl )oxy)-8-((4-methoxybenzyl ) oxy)tetr adec-6-en-1-ol

7).

A mixture of bis-silyl ethed6 (698 mg, 0.9 mmol) in AcOH/ THF/ # 3 : 1: 1 (36 mL) was
stirred at room temperature for 36 h. The reacti@s quenched by addition of saturated ag.
K,CO; (50 mL), followed by addition of solid kOs;. The agueous layer was extracted with
ethyl acetate (2 x 50 mL). The combined organicaex$ were washed with brine (30 mL), dried
over anhydrous N&O, and concentratedin vacuo. Purification using flash column
chromatography with 0-8% ethyl acetate: petroleuhereproducedl7 (500 mg, 92%) as a
yellow oil; R (5% ethyl acetate : hexane) = 0.56]of° = -18.07 ¢ 1.3, CHC}): Vimax (liquid
film) 3610, 3580-3300 (br), 1635, 1600, 1530, 14B§5, 1270, 1120, 840, 760, 730tm*H
NMR (300 MHz, CDC}): o= 7.75-7.58 (m, 4H); 7.49-7.32 (m, 6H); 7.21 {d+ 8.6 Hz, 2H);
6.85 (d,J = 8.6 Hz, 2H); 5.41 (dt] = 11.2, 7.4 Hz, 1H); 5.24 (dd,= 11.2, 9.6 Hz, 1H); 4.44 (d,
J=11.4 Hz, AB, 1H); 4.18 (d] = 11.4 Hz, AB, 1H); 4.07-3.95 (m, 1H); 3.79 (s,,BFB.80-3.72
(m, 1H); 3.58-3.41 (m, 2H); 1.91-1.73 (m, 2H); 25883 (m, 14H); 1.07 (s, 9H); 0.87 §t= 7.0
Hz, 3H) ppm*C NMR (75 MHz, CDCJ) d= 159.1, 136.0 (x2), 135.8 (x2), 134.0, 133.8, 132.7
131.5, 131.2, 129.9 (x2), 129.3 (x2), 127.9 (x483.8 (x2), 1C overlapped to the solvent signal,
74.0, 69.5, 66.0, 55.4, 35.8, 33.3, 31.9, 29.48,227.2 (x4), 25.5, 22.7, 19.5, 14.2 ppm.
Elemental analysis calcd (%) fogdEl5404Si: C 75.70, H 9.03; found: C 75.42, H 9.00.

4.2.14. (2R,8R)-Z-2-((tert-butyl diphenylsilyl)oxy)-8-((4-methoxybenzyl ) oxy)tetradec-6-enoic acid
(18).

A suspension 017 (340 mg, 0.6 mmol), NaHC{141 mg, 1.7 mmol) in acetonitrile / water (3.4
mL:3.4 mL) was cooled to 0 °C and stirred for 20nmifrEMPO (17 mg, 0.1 mmol), and
bis(acetoxy)iodobenzene (451 mg, 1.4 mmol), wededdn one portion and the solution was
stirred at 0 °C for 4 h. Saturated aq. NaHQZD mL) was added at O @hd the aqueous layer
was extracted with ethyl acetate (2 x 50 mL). Thmlsined organic extracts were washed with
brine (15 mL), dried over anhydrous 1$8, and concentratech vacuo. The crude oil was
purified using flash column chromatography (0-20%tykacetate: petroleum ether) to furnikh
(259 mg, 70%) as a colorless oil; RR0% ethyl acetate : hexane) = 0.48of>= +5.9 € 1.00,
MeOH). Vimax (liquid film) 3100-2800 (br), 1730, 1630, 1605,28, 1480, 1445, 1280, 1260,
1125, 845, 760, 720 ch *H NMR (300 MHz, CDC}) § 7.70-7.53 (m, 4H), 7.51-7.31 (m, 6H),
7.20 (d,J = 8.2 Hz, 2H), 6.85 (d] = 8.2 Hz, 2H), 5.48-5.38 (m, 1H), 5.27 (m, 1H}¥3}(d,J =
11.4 Hz, AB, 1H), 4.340-4.32 (m, 1H), 4.16 {dz 11.4 Hz, AB, 1H), 4.08-3.92 (m, 1H), 3.79 (s,
3H), 1.95-1.18 (m, 16H), 1.12 (s, 9H), 0.86J( 6.7 Hz, 3H) ppm**C NMR (75 MHz, CDCJ)
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0=174.8, 159.1, 135.8 (x4), 135.4, 132.9, 1323,.4, 131.1, 130.5, 130.3, 129.3 (x2), 127.9
(x4), 113.8 (x2), 73.9, 72.9, 69.5, 55.4, 35.83381.9, 29.8, 29.4, 27.4, 27.0 (x3), 25.4, 22.7,
19.4, 14.2 ppm. Elemental analysis calcd (%) fesHg>OsSi: C 73.98, H 8.50; found: C 74.22,
H 8.52.

4.2.15. (2R,8R)-Z-2-((tert-butyl diphenylsilyl)oxy)-8-((4-methoxybenzyl ) oxy)tetradec-6-enamide

(29).

A solution of18 (224 mg, 0.4 mmol), NkCI (38 mg, 0.7 mmol) in dry DMF (5 mL) was cooled
to 0°C. HOBT (73 mg, 0.5 mmol) and HBTU (205 mg, 0.5 atynwere added followed by
DIPEA (0.23 mL, 1.4 mmol). The reaction mixture wearmed to room temperature and stirred
for 1 h. Ice was added, and then the agueous Vegerextracted with ethyl acetate (2 x 25 mL).
The combined organic extracts were washed with bolte (3x 10 mL) and dried over p&0y.
After removal of the solvenin vacuo, the residue was purified using flash column
chromatography (0-30% ethyl acetate : petroleurergtio furnishl19 (180 mg, 73%) as a white
sticky solid; R (25% ethyl acetate : hexane) = 0.48pf>= -8.9 € 1.4, CHOH). Vimax (thin film)
3550, 3505, 3450, 3100, 1700, 1635, 1605, 15800,15485, 1450, 1285, 1135, 850, 760 tm
'H NMR (300 MHz, CDC}) 8 7.73-7.54 (m, 4H), 7.50-7.30 (m, 6H), 7.20 Jd; 8.2 Hz, 2H),
6.85 (d,J = 8.2 Hz, 2H), 6.73 (brs, 1H), 5.78 (brs, 1H),®%H39 (m, 1H), 5.32-5.22 (m, 1H),
4.43 (d,J = 11.4 Hz, AB, 1H), 4.33.4.25 (m, 1H), 4.17 {d= 11.4 Hz, AB, 1H), 3.98 (m, 1H),
3.80 (s, 3H), 1.94-1.83 (m, 2H), 1.75-1.15 (m, 14H}2 (s, 9H), 0.87 (1] = 6.6 Hz, 3H) ppm.
13C NMR (75 MHz, CDCJ) d = 177.7, 160.5, 137.3 (x2), 137.1 (x2), 134.4,.03433.1, 132.7,
131.8 (x2), 130.8 (x2), 129.5 (x4), 115.3 (x2),57/6¢2), 71.0, 56.8, 37.3, 35.6, 33.4, 31.3, 30.9,
29.0, 28.6 (x3), 26.9, 25.1, 24.2, 20.8, 15.7 phlamental analysis calcd (%) fogdEissNO,SI:

C 74.10, H 8.67, N 2.27; found: C 74.38, H 8.62.R6.

4.2.16. (2R,8R)-2-((tert-butyl di phenyl silyl)oxy)-8-hydr oxytetradecanamide (20).

To a solution ofl9 (68 mg, 0.11 mmol) in methanol (6 mL) was added TC (20 mg). The
suspension was evacuated under vacuum and flustiedimgas (4 times). The reaction mixture
was stirred under Hatmosphere for 12 h at room temperature, theerditt through a plug of
celite and the residue was washed with ethyl aedtdd mL). The filtrate was concentrated
vacuo and purified using flash column chromatographytQ9é ethyl acetate: petroleum ether to
obtain20 (40 mg, 73%) as a pale yellow oil; R30% ethyl acetate : hexane) = 0.39of° = -
10.1 € 1.0, CHOH). vqax (thin film) 3550, 3505, 3450, 3100, 1710, 16047351450, 1299,
930, 790, 740 cth *H NMR (300 MHz, CDC}) &= 7.70-7.54 (m, 4H), 7.50-7.31 (m, 6H), 6.72
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(brs, 1H), 5.67 (brs, 1H), 4.27 @,= 4.6 Hz, 1H), 3.60-3.50 (m, 1H), 1.94-1.55 (m,)2H48-
1.15 (m, 19H), 1.12 (s, 9H), 0.89 @,= 6.6 Hz, 3H) ppm**C NMR (75 MHz, CDC)) J =
176.6, 135.8 (x4), 133.1, 132.6, 130.3 (x2),1284),(74.4, 72.0, 37.5, 34.5, 32.0, 29.5, 27.2,
27.1 (x3), 25.7 (x2), 23.5, 22.8 (x2), 19.4, 144mp Elemental analysis calcd (%) for
CsoH47NOsSi: C 72.38, H 9.52, N 2.80; found: C 72.19, H 9/84.79.

4.2.17. (7R, 13R)-14-amino-13-((tert-butyl di phenyl sil yl )oxy)- 14-oxotetradecan-7-yl (S)-1-(2-((2-
methoxyethoxy) methoxy)benzoyl)-2,3-dihydro-1H-pyrrole-2-carboxylate (21).

To a stirred solution of pyrrolinecarboxylic a®dd66 mg, 0.2 mmol) in dry dichloromethane (8
mL) was added EDC (52 mg, 0.3 mmol) and DMAP (5 th@4 mmol) at O °C. A solution of
20 (69 mg, 0.14 mmol) in dichloromethane (2 mL) waslextl dropwise at 0 °C.he reaction
mixture was warmed to room temperature and stiwed 6 h, then it was poured into water (10
mL) and the organic layer was separated. The aguieyar was extracted with dichloromethane
(2 x 25 mL) and the combined organic extracts waashed with brine and dried over anhydrous
NaSO,. The solvent was removead vacuo and the residue was purified using flash column
chromatography (FCC) with 0-40% ethyl acetate: hex@® furnish21l (56 mg, 50%) as a pale
yellow oil; R (40% ethyl acetate : hexane) = 0.38|pf° = -44.9 € 1.0, MeOH);Vmax (liquid
film) 3520, 3410, 3090, 1760, 1710, 1660, 1640,0144280, 1130, 1010, 920, 790 ¢m*H
NMR (600 MHz, acetonek) (mixture of conformersp = 7.74-7.65 (m, 4H), 7.53-7.41 (m, 7H),
7.31 (dd,J = 1.6, 7.6 Hz, 1H), 7.27 (d,= 8.2 Hz, 1H), 7.14-7.08 (m, 1H), 6.97 (brs, 161)[2
(brs, 1H), 6.22-6.18 (m, 1H), 5.30 (s, 2H), 5.11465(m, 1H), 4.95- 4.87 (m, 2H), 4.16 Jt=

5.1 Hz, 1H), 3.80 () = 4.8 Hz, 2H), 3.51 () = 4.8 Hz, 2H), 3.27 (s, 3H), 3.20-3.12 (m, 1H),
2.70-2.55 (m, 1H), 2.20-1.92 (m, 2H), 1.67-1.11 @8H), 1.11 (s, 9H), 0.87 @ = 7.3 Hz, 3H)
ppm.**C NMR (150 MHz, acetonds,) J = 175.1, 170.5, 164.1, 153.5, 135.7 (x2), 1358)(
133.3, 132.8, 131.0, 130.7, 130.0, 129.5, 128.6,.81.2x4), 126.5, 121.8, 115.5, 108.1, 93.7,
74.5, 74.3, 71.4, 67.9, 58.1, 57.9, 34.5, 34.00,333.8, 31.5, 29.6, 29.5, 26.5 (x3), 25.0, 24.7,
23.4, 22.3, 18.9, 13.4 ppm. Elemental analysisdcé¥) for CeHgsN2OgSi: C 68.97, H 8.05, N
3.50; found: C 69.20, H 8.03, N 3.52.

4.2.18. (7R,13R)-14-amino-13-hydroxy- 14-oxotetr adecan-7-yl-(S)-1-(2-hydroxybenzoyl)-2,3-
dihydro-1H-pyrrole-2-carboxylate (1).

To a stirred solution d?1 (28 mg, 0.03 mmol) in dichloromethane (1 mL) wdded TiC}, (0.13
mL, 0.13 mmol, 1 M in dichloromethane) at -20 °QieTreaction mixture was stirred at -20 °C

for 10 min; then aqueous ammonia (2 mL) was addéeé. aqueous layer was extracted with
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ethyl acetate (2 x 30 mL), and the combined orgamricacts were washed with brine (10 mL)
and dried over anhydrous p&0O,. The solvent was removed vacuo. The crude compound (24
mg) was dissolved in dry THF (1 mL) and cooled t6Q) TBAF (0.1 mL, 0.1 mmol, 1 M in
THF) was added dropwise. The reaction mixture waswed to room temperature and stirred for
1 h, then saturated NBI (5 mL) was added. The aqueous layer was exttagith ethyl acetate
(2 x 25 mL); and the combined organic extracts wesshed with brine (10 mL) and dried over
anhydrous Nz50O,. After removal of the solvenin vacuo, the residue was purified using
preparative TLC in 5% methanol : dichloromethamejurnishl (10 mg, 70% over two step) as
a colorless oil; R(3% methanol : dichloromethane) 0.33]4> = -33.4 ¢ 1.00, CHCJ). H
NMR (600 MHz, CDC}) d= 9.53 (brs, 1H), 7.40-7.34 (m, 2H), 6.97 &= 8.2 Hz, 1H), 6.89
(dd,J=7.5, 7.5 Hz, 1H), 6.70 (brs, 1H), 6.59 (brs, 16i%2 (brs, 1H), 5.36-5.26 (m, 1H), 5.00
(dd,J=4.7, 11.3 Hz, 1H), 5.02-4.95 (m, 1H), 4.08 (dd; 3.6, 8.1 Hz, 1H), 3.60-3.40 (m, 1H),
3.12 (dddJ=17.1, 11.3, 2.5 Hz, 1H), 2.68 (m, 1H), 1.98-1(68 20H), 0.85 (tJ = 6.8 Hz, 3H)
ppm. *C NMR (150 MHz, CDGJ) 6 = 177.0, 171.3, 167.4, 158.0, 133.4, 130.8, 12B13,4,
118.0, 117.8, 111.0, 76.0, 71.4, 59.3, 34.5, 33431, 33.6, 31.8, 29.2, 28.3, 25.5, 24.8, 24.5,
22.6, 14.1 ppm. Elemental analysis calcd (%) fagesN2Os: C 65.80, H 8.07, N 5.90; found: C
66.02, H 8.05, N 5.91.
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