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ABSTRACT: The de novo asymmetric synthesis of all possible stereoisomers of two polyketide natural products, avocadyne,
avocadene, and the saturated variant avocadane is described. The stereodivergent synthesis of the twelve congeners is accom-
plished in 4-6 steps from an achiral acylpyruvate derivative, which, in turn, is prepared in five steps from commercially avail-
able materials. The approach uses, sequentially, a Noyori asymmetric reduction, a diastereoselective chelate- or directed re-
duction of a B-hydroxyketone, and an ester reduction to a primary alcohol.

The pear-shaped fruit of the avocado tree (Persea americana) has garnered a much attention as a superfood for its purported dietary health
benefits.! In addition to its richness in vitamins (e.g., vitamins B, C, E, K) and minerals (e.g., potassium), avocados are replete with mono-
unsaturated (e.g., oleic acid), saturated (palmitic acid) and poly-unsaturated fats (e.g., linoleic acid).! Recently, the health benefits of avoca-
dos have been associated with the lipid extract avocatin B, which has been shown to possess potent anticancer activity (1-10 pg/mL against
A-549, MCF-7, HT-29, A-498 and PaCa-2 cell lines) and anti-viral activity (HIV-1).2 Of particular note is the anti-acute myeloid leukemia
(AML) activity associated with avocatin B.2 The cytotoxic effects of the avocatin B extract is believed to occur via inhibition of fatty acid

B-oxidation (FAO) which induces mitochondria-mediated cell death.>?
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Figure 1: Avocadyne (1), avocadene (2) and avocadane (3a)
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The natural extract avocatin B consists of a 1:1 mixture of avocadyne (1) and avocadene (2), two 17-carbon triols with terminal alkene and
alkyne groups (Figure 1).* Subsequently, the saturated two carbon extended variant of C-19 avocadane (3b), was also isolated from avoca-
dos.’ The absolute configuration for all three triols was determined to be (2R,4R) by a combination of Mosher ester analysis and chemical

synthesis.®

While the triols (1, 2, and 3b) with variable degrees of oxidation at the terminal position generally possess similar biological activities,
significantly different anticancer activity was observed against the human prostate adenocarcinoma (PC-3: 1, 0.06 pg/mL ; 2, 0.5 pg/mL and
3b, 1.2 pg/mL). A similar trend in activity was seen in a yellow fever mosquito larvae insecticidal assay (YFM LCso: 1, 0.08 pg/mL ; 2, 0.2

ug/mL and 3b, 1.8 ug/mL).

Scheme 1. Approaches to avocadyne (1), -ene (2), and -ane (3a)

(0]
HONOH . ™S

4 stereoisomers

(S)-malic acid, 4 H 5 "

Raviv

o OH OH

R OH
HO ))\/l\/
OH 4 " is work 0o

T th o)
O OH Sato syn-1,2,4-riols - 3.6 steps W OEt
. . —— o
(S)-malic acid, 4 4 stereoisomers 11 (])/
+

4 stereoisomers
OH OH 3 alkyl fatty acid 8
R ~ OH

mgar T i

" anti-1,2,4-triols
6

2 stereoisomers HWU R: H3C(;,CH3
H,C=CH
MR, Hose
HO oH B
D-xylose, 7

The unique structure and biological activity of these molecules has inspired three successful synthetic efforts by Raviv, Sato and Wu (Scheme
1).78 These syntheses, all of which used the chiral pool, were instrumental in establishing the absolute and relative stereochemistry of these
compounds and were also important in enabling initial structure—activity relationship studies of this class of natural products. Our interest in
compounds 1-3 resulted from wonderment at the observation that such disparate biological activity could result from the successive loss of
two hydrogen atoms from the terminal position of a long chain lipid (cf, 3 to 2 and 1). Of particular interest was whether structural changes
to the two ends of the lipid chain (i.e., stereoisomers vs oxidation state) would have synergistic or antagonistic effects on the biological
activity of this class of lipids. This interest is part of a continuing effort aimed at exploring stereochemical structure—activity relationships
(S-SAR) of carbohydrate® and polyketide based natural products.'® Herein we describe our successful efforts to develop a de novo asymmetric

synthesis of 1-3a, and all of their possible stereoisomers.

Retrosynthetically, we envisioned the reduced forms, avocadene (2) and avocadane (3a), as coming from a mono- and per-hydrogenation of
avocadyne (1), respectively (Scheme 2). Alkyne 1, in turn, could come from an ester reduction of either syn-2,4-dihydroxy-esters 9 or 10
and, in the case of 9, an alkyne zipper reaction.!! A combination of enantio- and diastereoselective reductions could produce either 9 or 10

from the enol form of the tricarbonyl precursors 8 or 11. Of particular interest was the potential reduction of the 1,3-diketone form of enol
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11 using an iterative, reagent-controlled process involving first catalytic Noyori reduction'? for the enantioselective reduction at C-2 and
diastereoselective reduction at C-4 of the resulting keto-alcohol to give syn-diol 9. A Claisen condensation between 12 or 13 with diethyl
oxalate could be used to prepare 8 or 11. Finally, an oxidation or isomerization/oxidation approach could be used to prepare ketones 12 or
13 from racemic propargylic alcohol 14. The synthesis of 14 could be achieved by an alkylation reaction involving two commercially avail-

able compounds — propargylic alcohol 16 and alkyl iodide 15.

oNOYTULT D WN =

10 Scheme 2: Retrosynthetic of Avocadyne, -ene and -ane (1, 2, 3a)
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31 The synthesis of ynone 12 (Scheme 3) began with the alkylation of the lithium acetylide of TBS-protected propargylic alcohol 16a with »-
g y y p propargy!
33 undecyl iodide (15) to form the TBS-protected alcohol 14a, which could be deprotected to form 14b.'°f Alternatively, alcohol 16b could be
directly alkylated by double lithiation and treatment with 15 to provide propargylic alcohol 14b. Both approaches gave 14b in comparable
35 p propargy pp! g p
(88-90%) yield. Finally, a MnO, oxidation was used to convert 14b, in 80% yield, into ynone 12.'° Access to ynone 13 from alcohol 14b
38 was achieved in two steps and 69% overall yield by first isomerization to the terminal alkyne 17 upon exposure to excess KAPA reagent'?

40 and then oxidation of the secondary alcohol with PDC.
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Scheme 3. Synthesis of ynones 12 and 13
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Our initial efforts toward avocadyne (1) began with the attempted synthesis of ketoenolester 11 (Scheme 4). This was done using an NaHMDS
promoted Claisen condensation between ynone 12 and diethyl oxalate. Unfortunately, this reaction gave a mixture of the desired product,
11, and a cycloisomerized derivative, pyranone 19 (84%, ~2.5:1 11/19). Purification of the two compounds proved challenging as 11 con-
verted to 19 during column chromatography. Moreover, the use of the typical Noyori hydrogen transfer reaction conditions (5 mol% 20,
HCO,H/Et;N 1:1),'? on the mixture of compounds led to complete cyclization of 11 into 19. As such, the use of 11 was abandoned and we

instead investigated the synthesis of 1 from ynone 13, which contains a terminal alkyne.

Scheme 4. Synthesis and attempted reduction of precursor 11
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Our revised synthesis of avocadyne (1) began with the synthesis of ketoenolester 8 (Scheme 5). This commenced with the KO#Bu promoted
Claisen condensation between o-yn-2-one 13 with diethyl oxalate,'* which occurred in a gratifying 71% yield. Exposure of 8 to our standard
Noyori hydrogen transfer reaction (5 mol % 20, HCO,H/Et;N 1:1) proceeded smoothly to give 3-hydroxyketone 21 in good yield (68%) and
with high chemoselectivity for the more reactive 1,2-dicarbonyl functional group. With the initial asymmetry installed into B-hydroxyketone
21, we explored the diastereoselective reduction to the anti- and syn-diol motifs. The anti-diol was installed with the use of MesNHB(OAc);3-
directed reduction’® of 21 to give the anti-2,4-dihydroxyester 22, which was subsequently reduced with DibalH leading to the anti-1,2,4-triol
23 in 71% yield (> 88% dr) for the two steps. Conversely, the syn-diol motif was installed by an Et;BOMe mediated NaBH4 reduction!¢ of

21 resulting in the syn-2,4-dihydroxyester 10 (77% yield, > 95% dr). Reduction of 10 with DibalH produced the syn-1,2,4-triol 1 in 71%
2 V. ydroxy y
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yield over the two steps. Synthetic 1 possessed both physical (mp, optical rotation) and spectral properties (IR, "H/'3C NMR, HRMS) that

1
2 matched that reported by for natural avocadyne.>®
3
g Scheme 5. Synthesis and iterative reduction of achiral 8
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With synthetic access to avocadyne (1) and C-4 epimer 23 we turned our attention to the selective reduction of 1 into avocadene (2) and
29 y P
2(1) avocadane (3a) (Scheme 6). Our initial attempts to reduce the alkyne group in 1 chemoselectively under the typical Lindlar’s conditions
32 proved problematic; i.e., over-reduction and difficulties separating the alkene and alkane products. Therefore, we turned to a stepwise pro-

P g p P p

33
34 cedure involving Trost Cp*Ru(Il)-catalyzed hydrosilylation'” of 1 to give vinylsilane 24. The compound was obtained in excellent yield
22 (94%) and regioselectivity (> 20:1). Exposure of 24 to the protodesilylation conditions of TBAF cleanly gave avocadene (2) in excellent
37 yield (92%). Finally, the alkyne in 1 can be reduced under typical hydrogenation conditions (H,, Pd/C, EtOH) to give avocadane (3a) in
38
39 excellent yield (92%). The synthetic sample of 2 possessed physical and spectral properties consistent with that reported for natural avo-
40

cadene (2),>° and the saturated variant avocadane (3a) has been fully characterized for the first time.'®
41 y
42
43 Application of the same two-step hydrosilylation—protodesilylation protocol to the anti-diastereomer 23 cleanly converted it into the anti-
42 p y p y
45 diastereomer of avocadene (26, via vinylsilane 25). Alkyne 23 was also fully reduced to form the anti-diastereomer of avocadane, 27.

y yn y

46
47
48
49
50
51
52
53
54
55
56
57
58
59
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Scheme 6. Synthesis of avocadene (2), avocadane (3a) and anti-diastereomer
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The power of this de novo asymmetric synthetic approach is evident in its ability to prepare all of the possible stereoisomers of 1-3 efficiently.
This includes the anti-diastereomers 23, 26 and 27 of the natural products (Schemes 5 and 6), as well as the six enantiomers: (ent)-1, (ent)-
2, (ent)-3a, (ent)-23, (ent)-2, and (ent)-27 (Scheme 7). By simply switching to the (S,S)-Noyori catalyst, achiral 8 can be readily reduced to
(ent)-21. Similarly, (ent)-21 can, in a stereodivergent fashion, be diastereoselectively converted into either (ent)-1 or (ent)-23. Stepwise

reduction of (enf)-1 or (ent)-23 leads to first the terminal alkenes (enf)-2 and (enf)-26 and then the saturated variants (ent)-3a and (ent)-27.

Conclusions:

In conclusion, a highly efficient four-step enantio- and diastereoselective synthesis of avocadyne (1) was accomplished from achiral methyl
ketone 13, which itself can be prepared in three steps from commercial materials. The approach can be readily adapted to prepare the related
natural product avocadene (2) and the saturated variant avocadane (3a) in six and five steps, respectively. Compared to previous syntheses
of compounds (1-2), the approach described compares very favorably in terms of number of steps and overall yield.>”* Moreover, the
stereodivergent nature of the approach is demonstrated by the preparation of all nine possible stereoisomers of these three natural products
in a similar 4-6 step manner. The use of these compounds in structure—activity relationship studies of this class of natural products will be

disclosed in due course.
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Scheme 7. Enantiomeric synthesis of (enr)-1/2/3a and anti-diastereomers

O OH
X i __OEt
"
ent21 O
1) Me4NHB(OAC)3, AcOH, 1) Et,BOMe, THF/MeOH
THF/MeCN, —20 °C, 18h; then, NaBH,, 78 °C, 5 h;
2) DIBAL-H, THF/Toluene, 2) DIBAL-H, THF/Toluene,
-78°Ctort,3.5h, -78°Ctort, 3.5h,
69%, 2 steps 82%, 2 steps
OH OH OH OH
X ‘__OH XA AL _OH
1" "
ent-23 (2S,4R) ent-1(25,4S)

1) [Cp*Ru(MeCN)3]PFg, 1) [Cp*Ru(MeCN);]PFs,
Me,PhSiH, 2 mol %, Me,PhSiH, 2 mol %,
CH,Cly, 1t, 1h CH,Clp, rt, 1 h

2) TBAF, THF/DMF, 80 °C, 2) TBAF, THF/DMF, 80 °C,
15 h, 84%, 2 steps 15 h, 88%, 2 steps

OH OH OH OH
A _OH G
A YA
ent-26 ent-2
H,, PdIC, OH OH
EtOH,rt, 2 h :
ent-23 A OH
909
% ent-27
Hy, PdIC,
EtOH,rt, 2 h o OH
ent] ——— > /\Q/\/\/OH
90% "
ent-3a

Experimental Section:

General Methods

All reagents were purchased from commercial sources and used without further purification. Dichloromethane, DMF and THF used in
reactions were taken from a solvent purification system in which the solvents are purified by successive passage through columns of alumina
and copper under argon. Methanol used in reactions was dried in a sealed bottle over activated 3 A molecular sieves. 1,3-diaminopropane
was dried in a sealed bottle over 4 A molecular sieves. Unless stated otherwise, all reactions were monitored by thin layer chromatography
on silica gel 60 F254 (0.25 mm, Merck) glass plates. Spots were detected by charring with a solution of ceric ammonium nitrate (0.5 g) and
ammonium molybdate (12 g) in water (235 mL) and sulfuric acid (15 mL). In the reaction work-up involving extractions, solutions of organic
solvents were washed with equal amounts of aqueous solutions, unless otherwise noted. All column chromatography was performed on silica
gel 60 (40-60 um). Melting points were measured on a Gallenkamp apparatus and are not corrected. Optical rotations were measured on a
Perkin Elmer 241 polarimeter at the sodium D line (589 nm) at 21 = 2 °C and are in units of (deg'mL)/(dm-g). FTIR spectra were run on
Thermo Nicolet (Madison Wisconsin, USA) 8700 main bench with a Continuum FTIR microscope attached, and samples cast from a chlo-
roform solution onto an IR-transparent silicone wafer. "H NMR spectra were recorded at 500 and 700 MHz and the chemical shifts were
referenced to CHCI; (7.26 ppm, CDCl3) or CD,HOD (3.30 ppm, CD;0D). '*C NMR spectra were recorded at 126, 151 or 176 MHz and are
proton decoupled; and the chemical shifts were referenced to CDCl; (77.06 ppm, CDCl3) or CD3OD (49.00, CD;OD). High resolution
electrospray mass spectra were recorded on an Agilent Technologies 6220 Accurate-Mass TOF spectrometer with samples dissolved in a

suitable solvent.
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Pentadec-3-yn-2-ol (14b). A solution of nBuLi (36 mL, 90 mmol) in hexanes was slowly added to a solution of freshly distilled propargylic
alcohol 16 (3.2 g, 45 mmol) in 4:1 THF-HMPA (100 mL) at —78 °C by syringe and needle. The reaction mixture was then warmed to —20
°C and the alkyl iodide 15 (10 g, 35 mmol) was added dropwise. After complete addition, the cooling bath was removed, and the reaction
mixture allowed to warm to rt and stirred overnight (16 h). Saturated aqueous NH4Cl solution was added and the aqueous layer was extracted
with EtOAc. The combined organic extracts were washed with brine, dried over Na>SOs, filtered and concentrated under reduced pressure.
The crude product was purified by column chromatography (1%-20%, EtOAc-hexane) to give pentadec-3-yn-2-ol 14b (7.0 g, 90%) as a
colorless oil: Rr=0.30 (10% EtOAc—hexane); IR (neat): 3405, 2923, 2853, 1743, 1728, 1238, 1154, 1076 cm™'; '"H NMR (500 MHz, CDCl5)
§ 4.47 (g, J = 7.3 Hz, 1H), 2.40-2.20 (m, 1H), 2.15 (td, J = 7.2, 2.0 Hz, 2H), 1.49-1.40 (m, 2H), 1.39 (d, J = 6.7 Hz, 3H), 1.32 (dd, J =7.2,
7.4 Hz, 2H), 1.28-1.18 (m, 14H), 0.85 (t, J = 6.9 Hz, 3H); *C{'H} NMR (126 MHz, CDCl;) § 84.9, 82.3, 58.4, 31.9, 29.60, 29.59, 29.5,

29.3,29.1, 28.8, 28.6, 24.66, 22.65, 18.59, 14.1; HRMS (MALDI-TOF, CCA) m/z calcd for CisH2sONa [M + Na]* 247.2038, found 247.2039.

Pentadec-14-yn-2-ol (17). A 30% suspension of KH in mineral oil (5.62 g, 140 mmol) was washed three times under argon with ether, the
organic layer was transferred to isopropanol for quenching KH residues and then remained ether on KH solid was removed under vacuum.
Dry 1,3-diaminopropane (28 mL) was added at O °C. The reaction warmed slowly to room temperature with stirring over an hour. Then the
mixture was cooled to 0 °C, and the alkynol 14b (3.15 g, 28.1 mmol) was added dropwise over 20 min. The resulting slurry was warmed to
room temperature and stirred at the same temperature for 10 h. The mixture was stirred at 0 °C, and ice chips were added slowly to quench
the reaction till the bubbling stop forming. Resulting mixture was extracted with ether (3 0 300 mL). The combined extracts were washed
with 1 N HCI, saturated aqueous sodium bicarbonate and brine, and then dried (Na.SOs), filtered and concentrated under reduced pressure.
The crude residue was purified by flash chromatography (20-30% Et.O-hexane) to give 17 (2.23 g, 19.9 mmol, 70%) as a white solid:: Ry=
0.40 (20% EtOAc-hexane); mp: 34—35 °C IR (neat): 2924, 2853, 1593, 1458, 1329, 1129, 1081, 623 cm™'; 'H NMR (500 MHz, CDClLs) &
3.79-3.70 (m, 1H), 2.18-2.10 (td, J = 7.1, 2.6 Hz, 2H), 1.94 (t, J = 2.5 Hz, 1H), 1.55-1.49 (m, 4H), 1.51-1.27 (m, 16H), 1.19 (d, J = 6.2 Hz,
3H); *C{'H} NMR (125 MHz, CDCl3) & 84.9, 68.2, 68.1, 39.4, 29.7, 29.65, 29.62 (2C), 29.5, 29.2, 28.8, 28.5, 25.8, 23.6, 18.4. HRMS

(MALDI-TOF, CCA) m/z calcd for CisH2sONa [M + Na]* 247.2038, found 247.2011.

Pentadec-14-yn-2-one (13). To a solution of 17 (2.0 g, 8.9 mmol) in CH2Cl> (60 mL) at room temperature was added pyridinium dichromate
(19.7 g, 53 mmol). The reaction mixture was stirred for 18 h then filtered through celite, washed with saturated aqueous sodium bicarbonate
and brine, dried (Na.SOu), filtered and concentrated under reduced pressure to give ketone 13 (1.9 g, 35 mmol, 90%) as yellow oil: Rr=0.40
(10% EtOAc-hexane); IR (neat) 2923, 1713, 1461, 1351, 1165, 965, 822, 624 cm™; 'H NMR (500 MHz, CDCls) & 2.41 (m, 2H), 2.18 (td, J
=7.1,2.6 Hz, 2H), 2.13 (s, 3H), 1.94 (t, J = 2.6 Hz, 1H), 1.6-1.38 (m, 4H), 1.31-1.19 (m, 14H); *C{'H} NMR (175 MHz, CDCls) § 209.4,
84.8, 68.1, 43.9, 29.9, 29.6, 29.49, 29.46, 29.42, 29.2, 29.1, 28.8, 28.5, 23.9, 18.4; HRMS (MALDI-TOF, CCA) m/z calcd for CisH20Na

[M + Na]*245.1881, found 245.1872.

Pentadec-3-yn-2-one (12). To a solution of 14 (4.00 g, 35.7 mmol) in THF (100 mL) at room temperature was added activated MnO> (31.3
g, 0.36 mol). The reaction mixture was stirred for 24 h then filtered through celite and concentrated under pressure to give ketone 12 (3.53

2, 90%) as yellow oil: Ry = 0.40 (10% EtOAc-hexane); IR (neat): 2960, 2871, 2210, 1675, 1358, 1226 cmi™'; '"H NMR (500 MHz, CDCls) §
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2.35 (t, J=7.1 Hz, 2H), 2.32 (s, 3H), 1.57 (m, J = 7.5 Hz, 2H), 1.39 (m, 2H), 1.24-1.28 (m, 14H), 0.88 (t, J = 6.9 Hz, 3H); "C{'H} NMR
(125 MHz, CDCl;) § 184.9,94.2, 81.4, 32.7, 31.9, 29.6 (2C), 29.4, 29.3,29.0, 28.8, 27.7,22.7, 18.9, 14.1; HRMS (MALDI-TOF, CCA) m/z

caled for CisH2sONa* [M + Na]* 245.1881, found 245.1852.

Synthesis and Attempted Reduction of Precursor 11. Pentadec-3-yn-2-one (12, 229 mg, 1.03 mmol) was dissolved in THF (5 mL) and
diethyl oxalate (0.37 mL, 2.74 mmol) was added. The solution was cooled to 0 °C and NaHMDS (1 M in THF, 1.1 mL, 1.1 mmol) was added
dropwise. The reaction mixture was warmed to room temperature and was stirred for 1 h. Distilled water was added, followed by 1 M HCI
until the pH of the solution was 7. The mixture was extracted with EtOAc (3 O 30 mL) and the combined organic fractions were washed
with brine, dried over anhydrous sodium sulfate, filtered and concentrated to dryness to afford a brown oil (270 mg, 84%, ratio 11/19 2.5:1,
crude NMR spectrum in page S27). HRMS (ESI) m/z caled for CiosH30NaO4 [M + Na]* 345.2036, found 345.2039. To a flask containing
triethylamine (0.39 mL, 2.82 mmol), formic acid (0.11 mL, 2.82 mmol) was added dropwise at 0 °C. The mixture was stirred at room
temperature for 30 min and then transferred via cannula to a flask containing the previous crude oil (101 mg), RuCl(mesitylene)[(R,R)-
TsDPEN] (10 mg, 0.02 mmol) and DMF (0.2 mL) at O °C. The reaction mixture was stirred at 0 °C for 1 h and then distilled water (10 mL)
was added and the mixture was extracted with EtOAc (30 10 mL). The organic layer was washed with saturated sodium bicarbonate solution
and brine, dried over anhydrous sodium sulfate, filtered and concentrated to dryness. NMR analysis (page S28) of the crude material showed
that no reduction occurred, and that compound 11 was converted fully to 19 under the reaction conditions. Data for 19: '"H NMR (700 MHz,
CDCls) 6 7.02 (d, J =2.3 Hz, 1H), 6.24 (d, J = 2.3 Hz, 1H), 4.41 (q, J = 7.2 Hz, 2H), 2.59 (t, J = 7.7 Hz, 2H), 1.68 (quint, J = 7.7 Hz, 2H),
1.40-1.26 (m, 18H), 0.88 (t, J =7.1 Hz, 3H). *C{'H} NMR (126 MHz, CDCl3) § 179.9, 170.4, 160.0, 152.9, 118.7, 115.1, 62.9, 33.6, 31.9,

29.6,29.47, 29.35,29.2, 28.9, 26.74, 22.72, 14.2, 14.1.

Ethyl 2-hydroxy-4-oxoheptadec-2-en-16-ynoate (8). Pentadec-14-yn-2-one (13, 2.08 g, 9.35 mmol) was dissolved in THF (8 mL) under
argon and diethyl oxalate (1.5 mL, 11 mmol) was added. The solution was cooled to 0 °C and ~-BuOK (1 M in THF, 9.9 mL, 9.9 mmol) was
added dropwise. The reaction mixture was warmed to room temperature and was stirred for 2 h. Distilled water was added, followed by 1 M
HCI until the pH of the solution was 7. The mixture was extracted with EtOAc (3 O 30 mL) and the combined organic fractions were washed
with brine, dried over anhydrous sodium sulfate, filtered and concentrated to dryness. The crude solid was purified by silica gel flash chro-
matography (90:9:1 hexane-EtOAc-HOAC) to afford 8 (2.12 g, 71%) as an orange solid: Ry = 0.33 (85:14:1 hexane—-EtOAc-HOACc); mp
44-45 °C; IR (cast film): 3423, 3278, 3109, 2924, 2850, 2113, 1720, 1644, 1604, 1284, 1139 cm™'; 'TH NMR (700 MHz, CDCls) & 14.50 (br
s, 1H), 6.36 (s, 1H), 4.35 (q, J = 7.1 Hz, 2H), 2.47 (t, J = 7.5 Hz, 2H), 2.18 (td, J = 7.2, 2.6 Hz, 2H), 1.93 (t, J/ = 2.7 Hz, 1H), 1.64 (quint, J
=7.2 Hz, 2H), 1.52 (quint, J = 7.2 Hz, 2H), 1.44-1.24 (m, 17H); *C{'"H} NMR (126 MHz, CDCls) § 203.3, 166.8, 162.2, 101.6, 84.8, 68.1,
62.5, 41.0, 29.54, 29.49, 29.4, 29.3, 29.2, 29.1, 28.8, 28.5, 25.0, 18.5, 14.1; HRMS (ESI) m/z calcd for Ci9H30NaOs [M + Na]* 345.2036,

found 345.2034.

(R)-Ethyl 2-hydroxy-4-oxoheptadec-16-ynoate (21). To a flask containing triethylamine (1.8 mL, 13 mmol), formic acid (0.50 mL, 13
mmol) was added dropwise at 0 °C. The mixture was stirred at room temperature for 30 min and then cooled to 0 °C. Compound 8 (450 mg,

1.40 mmol), RuCl(mesitylene)[(R,R)-TsDPEN] (45 mg, 0.07 mmol) and DMF (0.9 mL) were then added and the reaction mixture was stirred
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at 0 °C for 1 h. Distilled water (10 mL) was added and the mixture was extracted with EtOAc (3 O 10 mL). The organic layer was washed
with saturated sodium bicarbonate solution and brine, dried over anhydrous sodium sulfate, filtered and concentrated to dryness. The crude
solid was purified by silica gel flash chromatography (3:1 hexane—EtOAc) to afford 21 (306 mg, 68%) as an off-white solid: Ry=0.21 (3:1
hexane-EtOAc); mp 3940 °C; [a]p+3.8 (¢ 1.5, CHCls); IR (cast film): 3421, 3280, 2930, 2914, 2850, 1724, 1707, 1471, 1262, 1114 cm™;
"H NMR (700 MHz, CDCls) & 4.48-4.44 (m, 1H), 4.28-4.21 (m, 2H), 3.19 (br s, 1H), 2.92 (dd, J = 17.2, 3.9 Hz, 1H), 2.86 (dd, J =17.2,6.3
Hz, 1H), 2.43 (t, J = 7.5 Hz, 2H), 2.16 (td, J = 7.2, 2.6 Hz, 2H), 1.92 (t, J = 2.6 Hz, 1H), 1.59-1.54 (m, 2H), 1.51 (quint, / = 7.2 Hz, 2H),
1.40-1.35 (m, 2H), 1.30-1.24 (m, 15H); *C{'H} NMR (151 MHz, CDCl;) & 208.6, 173.7, 84.8, 68.1, 67.1, 61.8, 45.9, 43.5, 29.5, 29.44,
29.40, 29.35, 29.09, 29.08, 28.7, 28.5, 23.5, 18.4, 14.1; HRMS (ESI) m/z calcd for CioH32NaOas [M + Na]* 347.2193, found 347.2193. The

determination of enantiomeric excess for compound 21 is reported at the end of the experimental section.

(S)-Ethyl 2-hydroxy-4-oxoheptadec-16-ynoate (ent-21). Compound ent-21 was obtained from 8 (468 mg, 1.45 mmol) using RuCl(p-cy-
mene)|[(S,S)-TsDPEN] (47 mg, 0.07 mmol) as the catalyst under the same conditions as those used for the synthesis of 21. Compound ent-
21 (330 mg, 70%) was isolated as an off-white solid: mp 38-39 °C; [a]p—3.5 (¢ 1.5, CHCls); HRMS (ESI) m/z caled for CioH3:NaO4 [M +
Na]* 347.2193, found 347.2191. The IR and NMR data for ent-21 was the same as that for 21. The determination of enantiomeric excess for

compound ent-21 is reported at the end of the experimental section.

(2R, 4R)-Heptadec-16-yne-1,2,4-triol, Avocadyne (1). Compound 21 (493 mg, 1.52 mmol) was dissolved in THF (3.0 mL) and CH;OH
(0.8 mL). The solution was cooled to —78 °C and diethylmethoxyborane (0.23 mL, 1.8 mmol) was added dropwise. The mixture was stirred
at —78 °C for 15 min, and sodium borohydride (68 mg, 1.8 mmol) was then added. After 5 h of stirring at —78 °C, acetic acid (2 mL) was
added, followed by distilled water (20 mL). The mixture was extracted with EtOAc (3 O 20 mL) and the combined organic layers were
washed with saturated aqueous sodium bicarbonate solution (3 O 20 mL) and brine (20 mL), dried over sodium sulfate, filtered and concen-
trated to dryness. Methanol was then added to the residue and removed under reduced pressure three times. The crude solid was then dried
under high vacuum overnight and used in the next step without further purification. '"H NMR analysis of the crude indicates that the syn/anti
diastereomeric ratio was >20:1. The solid was dissolved in dry THF (10 mL) and the solution was cooled to —78 °C before DIBAL-H (1 M
in toluene, 8.8 mL, 8.8 mmol) was added dropwise. The reaction mixture was warmed to room temperature and stirred for 3.5 h. After
cooling to 0 °C, a saturated solution of potassium sodium tartrate was added as well as EtOAc. The mixture was stirred for 2 h and the layers
separated. The aqueous layer was vigorously extracted with EtOAc an additional four times. The combined organic extracts were dried over
anhydrous sodium sulfate, filtered and concentrated to dryness. The crude product was purified by silica gel flash chromatography (95:5
EtOAc—CH;OH) to afford 1 (332 mg, 77%) as a white solid: Ry =0.42 (95:5 EtOAc—CH3;O0H); mp 72-73 °C (lit.* 76 °C); [a]o —5.0 (c 0.6,
CHCl;) [lit.* —4.9 (¢ 1.0, CHCL)]; IR (cast film): 3434, 3344, 3279, 2918, 2850, 2111, 1468, 1435, 1133, 1064, 1043 cm!; "H NMR (700
MHz, CD;0D) 6 3.82-3.72 (m, 2H), 3.49 (dd, J = 11.2, 4.6 Hz, 1H), 3.45 (dd, J = 11.2, 6.0 Hz, 1H), 2.17-2.12 (m, 3H), 1.65 (app dt, J =
14.1, 4.5 Hz, 1H), 1.54-1.23 (m, 21H); *C{'H} NMR (176 MHz, CD;OD) § 85.1, 72.2, 71.2, 69.3, 67.3, 41.2, 38.7, 30.83, 30.75, 30.70,

30.65, 30.2, 29.8, 29.7, 26.6, 19.0; HRMS (ESI) m/z caled for Ci7H32NaOs [M + Na]* 307.2244, found 307.2242.
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(2S,45)-Heptadec-16-yne-1,2,4-triol (ent-1). Compound ent-21 (136 mg, 0.42 mmol) was treated as described for the conversion of 21 into
1 to afford (ent)-1 (97 mg, 82%) as a white solid: mp 71-72 °C; [a]p+5.0 (c 0.6, CHCls); HRMS (ESI) m/z calcd for Ci17H32NaOs [M + Na]*

307.2244, found 307.2245. The IR and NMR data for ent-1 was the same as that for 1.

(2R .4S)-Heptadec-16-yne-1,2,4-triol (23). Tetramethylammonium triacetoxyborohydride (1.60 g, 6.08 mmol) was stirred in a mixture of
CH3;CN-HOAc (1:1, 10 mL) for 30 min at room temperature. This solution was then transferred to a mixture of 21 (423 mg, 1.30 mmol) in
THF-CH;CN (1:1, 13 mL) at —30 °C. The reaction flask was kept in a freezer at —20 °C for 18 h and then a saturated potassium sodium
tartrate solution and EtOAc was added. The aqueous layer was extracted three additional times with EtOAc and the combined organic
fractions were washed with saturated sodium bicarbonate solution and brine, dried over anhydrous sodium sulfate, filtered and concentrated
to dryness. The crude solid was then dried under high vacuum overnight and used in the next step without further purification. 'H NMR
analysis of the crude indicates that the anti/syn diastereomeric ratio was 7.6:1. The solid was dissolved in THF (10 mL) and the solution was
cooled to —78 °C before DIBAL-H (1 M in toluene, 7.8 mL, 7.8 mmol) was added dropwise. The reaction mixture was warmed to room
temperature and stirred for 3.5 h. After cooling to 0 °C, a saturated solution of potassium sodium tartrate was added as well as EtOAc. The
mixture was stirred for 2 h and the layers separated. The aqueous layer was vigorously extracted with EtOAc an additional four times. The
combined organic extracts were dried over anhydrous sodium sulfate, filtered and concentrated to dryness. The crude product was purified
by silica gel flash chromatography (95:5 EtOAc—CH;O0H) to afford 23 (262 mg, 71%) as a white solid: Ry=0.33 (95:5 EtOAc—CH3;OH); mp
81-82 °C; [a]p+3.1 (¢ 0.5, CHCl3); IR (cast film): 3394, 3287, 2916, 2849, 2113, 1471, 1464, 1125, 1079, 1016 cm™'; '"H NMR (700 MHz,
CD:sOD) § 3.86-3.82 (m, 1H), 3.81-3.77 (m, 1H), 3.47 (dd, J = 11.1, 4.8 Hz, 1H), 3.43 (dd, /= 11.1, 6.4 Hz, 1H), 2.17-2.11 (m, 3H), 1.53—
1.25 (m, 22H); *C{'H} NMR (176 MHz, CDs;OD) § 85.1, 70.3, 69.3, 69.1, 67.9, 41.9, 39.3, 30.81, 30.76, 30.71, 30.65, 30.2, 29.8, 29.7,

26.8, 19.0; HRMS (ESI) m/z calcd for Ci7H3:NaOs [M + Na]* 307.2244, found 307.2244.

(2S,4R)-Heptadec-16-yne-1,2,4-triol (ent-23). Compound ent-21 (138 mg, 0.43 mmol) was treated as described for the conversion of 21
into 23 to afford ent-23 (83 mg, 69%) as a white solid: 81-82 °C; [a]p—2.6 (¢ 0.5, CHCl3); HRMS (ESI) m/z caled for Ci7H32NaOs [M +

Na]* 307.2244, found 307.2245. The IR and NMR data for ent-23 was the same as that for 23.

(2R, 4R)-16-(Dimethyl(phenyl)silyl) heptadec-16-ene-1,2,4-triol (24). To a solution of 1 (59 mg, 0.21 mmol) in dry CH>Cl (1.3 mL), di-
methylphenylsilane (38 uL, 0.25 mmol) and pentamethylcyclopentadienyltris(acetonitrile)ruthenium(II) hexafluorophosphate (2 mg, 0.004
mmol) were added. The reaction mixture was stirred at room temperature for 1 h and the mixture was directly loaded onto a silica gel column.
Flash chromatography (95:5 EtOAc—CH;OH), provided 24 (84 mg, 94%) as a colourless oil: Ry =0.43 (95:5 EtOAc—CH;0H); [a]p 3.4 (¢
0.3, CHCL); IR (cast film): 3019, 3340, 3069, 3050, 2925, 2853, 1465, 1428, 1248, 1111, 1067 cm™'; '"H NMR (700 MHz, CDCls) § 7.53—
7.48 (m, 2H), 7.38-7.31 (m, 3H), 5.67 (dt, J = 3.1, 1.5 Hz, 1H), 5.39 (dt, J = 3.1, 1.0 Hz, 1H), 4.00-3.94 (m, 1H), 3.93-3.88 (m, 1H), 3.67-
3.62 (m, 1H), 3.52-3.47 (m, 1H), 3.45 (br s, 1H), 2.49 (br s, 1H), 2.12-2.04 (m, 3H), 1.63-1.16 (m, 22H), 0.36 (s, 6H); *C{'H} NMR (176
MHz, CDCl:) § 150.6, 138.6, 134.0, 128.9, 127.7, 125.7, 72.64, 72.60, 66.9, 39.1, 38.4, 36.1, 29.7, 29.63, 29.62, 29.61, 29.53, 29.47, 28.9,

25.4,-2.8; HRMS (ESI) m/z calcd for C2sHasNaO3Si [M + Na]* 443.2952, found 443.2949.
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(25,45)-16-(Dimethyl(phenyl)silyl)heptadec-16-ene-1,2,4-triol (ent-24). Compound ent-1 (61 mg, 0.21 mmol) was treated as described
for conversion of 1 into 24 to afford ent-24 (87 mg, 97%) as a colourless oil: [a]p +3.9 (¢ 0.3, CHCls); HRMS (ESI) m/z calcd for

C2sH4sNaOsSi [M + Na]* 443.2952, found 443.2949. The IR and NMR data for ent-24 was the same as that for 24.

(2R ,45)-16-(Dimethyl(phenyl)silyl) heptadec-16-ene-1,2,4-triol (25). Compound 23 (64 mg, 0.23 mmol) was treated as described for the
conversion of 1 into 24 to afford 25 (91 mg, 95%) as a colourless oil: Ry = 0.38 (95:5 EtOAc—CH;OH); [a]p +2.6 (¢ 0.3, CHCl3); IR (cast
film): 3326, 3069, 3050, 3027, 2925, 2853, 1466, 1428, 1248, 1111, 1077 cm™; '"H NMR (700 MHz, CDCls) § 7.53-7.49 (m, 2H), 7.36—
7.32 (m, 3H), 5.67 (dt, J = 3.2, 1.6 Hz, 1H), 5.39 (app d, J = 3.0 Hz, 1H), 4.03 (app tt, J = 7.2, 3.4 Hz, 1H), 3.96-3.89 (m, 1H), 3.66 (dd, J =
11.0, 3.4 Hz, 1H), 3.54 (dd, J = 11.0, 7.2 Hz, 1H), 2.92 (br s, 1H), 2.21-2.06 (m, 4H), 1.69 (ddd, J = 14.5, 8.6, 2.8 Hz, 1H), 1.58-1.15 (m,
21H), 0.36 (s, 6H); *C{'"H} NMR (176 MHz, CDCl;) § 150.6, 138.6, 134.0, 128.9, 127.7, 125.7, 69.7, 69.5, 67.0, 38.9, 37.7, 36.1, 29.7,

29.64,29.63,29.62,29.53,29.47, 28.9, 25.8, —2.8; HRMS (ESI) m/z calcd for C2sH4NaO;Si [M + Na]* 443.2952, found 443.2952.

(25,4R)-16-(Dimethyl(phenyl)silyl) heptadec-16-ene-1,2,4-triol (ent-25). Compound ent-23 (55 mg, 0.19 mmol) was treated as described
for the conversion of 1 into 24 to afford ent-25 (75 mg, 92%) as a colourless oil.: [o]p —3.0 (¢ 0.3, CHCl3); HRMS (ESI) m/z calcd for

C25HssNaOsSi [M + Na]+ 443.2952, found 443.2951. The IR and NMR data for ent-25 was the same as that for 25.

(2R, 4R)-Heptadec-16-ene-1,2,4-triol (2). Vinylsilane 24 (76 mg, 0.18 mmol) was dissolved in DMF (1.8 mL) and TBAF (1.0 M in THF,
0.90 mL, 0.90 mmol) was added. The mixture was heated to 80 °C for 15 h, cooled to room temperature and then the solvent was removed
under reduced pressure. The crude mixture was purified by silica gel flash chromatography (95:5 EtOAc—CH;OH) to afford 2 (48 mg, 92%)
as a white solid: Ry = 0.42 (95:5 EtOAc-CH3;0H); mp 63-64 °C (lit.® 66.5-67 °C); [alp—5.4 (¢ 0.5, CHCD) [lit.® 6.4 (¢ 1.1, CHCL3)]; IR
(cast film): 3301, 3082, 2923, 2851, 1641, 1471, 1216, 1134, 1068, 909, 758 cm™'; '"H NMR (700 MHz, CD;0D) & 5.80 (ddt, J = 17.0, 10.2,
6.8 Hz, 1H), 4.99-4.95 (m, 1H), 4.90 (ddt, J = 10.2, 2.0, 1.2 Hz, 1H), 3.83-3.72 (m, 2H), 3.49 (dd, /= 11.2, 4.6 Hz, 1H), 3.45 (dd, J = 11.2,
6.0 Hz, 1H), 2.07-2.00 (m, 2H), 1.65 (app dt, J = 14.1, 4.5 Hz, 1H), 1.56-1.20 (m, 21H); “C{'H} NMR (176 MHz, CD;0D) & 140.2, 114.7,
72.2, 71.2, 67.3, 41.2, 38.7, 34.9, 30.84, 30.76, 30.75, 30.7, 30.6, 30.2, 30.1, 26.6; HRMS (ESI) m/z calcd for Ci7HaaNaOs [M + Na]*

309.2400, found 309.2401.

(25,45)-Heptadec-16-ene-1,2,4-triol (enf)-2. Compound ent-24 (72 mg, 0.17 mmol) was treated as described for the conversion of 24 into
2 to afford ent-2 (44 mg, 91%) as a white solid: mp 63-64 °C (lit.® 65.5-66 °C); [a]p +5.0 (c 0.5, CHCl5) [lit.3 +6.0 (¢ 1.0, CHCl3)]; HRMS

(ESI) m/z caled for Ci7H3sNaOs [M + Na]* 309.2400, found 309.2399. The IR and NMR data for ent-2 was the same as that for 2.

(2R ,4S)-Heptadec-16-ene-1,2,4-triol (26). Compound 25 (90 mg, 0.21 mmol) was treated as described for the conversion of 24 into 2 to
afford 26 (54 mg, 89%) as a white solid: Ry = 0.33 (95:5 EtOAc-CH3;0H); mp 79-81 °C (lit.® 82-82.5 °C); [a]p+3.7 (¢ 0.5, CHCl) [lit.®
+7.23 (¢ 0.83, CHCl3)]; IR (cast film): 3256, 2916, 2848, 1643, 1469, 1076, 1031, 989, 913 cm™'; '"H NMR (700 MHz, CDs;OD) § 5.80 (ddt,
J=17.0,10.2, 6.7 Hz, 1H), 5.00-4.94 (m, 1H), 4.92-4.88 (m, 1H), 3.87-3.83 (m, 1H), 3.81-3.76 (m, 1H), 3.47 (dd, J = 11.1, 4.8 Hz, 1H),

3.43(dd,J = 11.1, 6.4 Hz, 1H), 2.06-2.00 (m, 2H), 1.52-1.23 (m, 22H); *C{'H} NMR (176 MHz, CD;0D) & 140.2, 114.7, 70.4, 69.1, 67.9,
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41.9, 39.3, 34.9, 30.82, 30.77, 30.75, 30.7, 30.6, 30.2, 30.1, 26.8; HRMS (ESI) m/z calcd for Ci7H3sNaOs [M + Na]* 309.2400, found

309.2398.

(2S,4R)-Heptadec-16-ene-1,2,4-triol (ent-26). Compound ent-25 (69 mg, 0.16 mmol) was treated as described for the conversion of 24 into
2 to afford ent-26 (43 mg, 91%) as a white solid: mp 79-80 °C (lit.® 82-82.5 °C); [a]p—3.9 (¢ 0.5, CHCl) [lit.® 7.3 (¢ 0.8, CHCl3)]; HRMS

(ESI) m/z caled for Ci7H34NaOs [M + Na]* 309.2400, found 309.2400. The IR and NMR data for ent-26 was the same as that for 26.

(2R 4R)-Heptadecane-1,2,4-triol (3). Avocadyne 1 (24 mg, 0.08 mmol) was dissolved in ethanol and the reaction flask was flushed with
argon. Then, Pd/C (10% wt, 2.4 mg) was added and the mixture was stirred under hydrogen for 2 h at room temperature. The reaction mixture
was filtered through Celite and the filtrate was concentrated to dryness. The crude product was purified through a silica gel plug (95:5
EtOAc—CH;0H) to afford 3 (22 mg, 92%) as a white solid: Rr= 0.42 (95:5 EtOAc—CH3;OH); mp 70-71 °C (lit.'8* 75.5-76.6 °C); [a]p—6.8
(c 0.5, CHCly); IR (cast film): 3303, 2920, 2850, 1471, 1136, 1066 cm™'; "H NMR (700 MHz, CD;OD) & 3.81-3.73 (m, 2H), 3.49 (dd, J =
11.2, 4.6 Hz, 1H), 3.45 (dd, J = 11.2, 6.0 Hz, 1H), 1.65 (app dt, J = 14.1, 4.5 Hz, 1H) 1.54-1.39 (m, 4H), 1.38-1.23 (m, 21H), 0.89 (t, J =
7.1 Hz, 3H); *C{'H} NMR (176 MHz, CD;0D) & 72.2, 71.2, 67.3,41.2, 38.7, 33.1, 30.9, 30.79, 30.78, 30.77, 30.76, 30.75, 30.5, 26.6, 23.7,

14.4; HRMS (ESI) m/z calcd for Ci7H36NaOs [M + Na]* 311.2557, found 311.2557.

(2S,45)-Heptadecane-1,2,4-triol (ent-3). Compound ent-1 (20 mg, 0.07 mmol) was treated as described for the conversion of 1 into 3 to
afford ent-3 (18 mg, 90%) as a white solid: mp 69-70 °C; [a]p +1.7 (¢ 0.5, CHCls3); HRMS (ESI) m/z calcd for Ci7H3sNaOs; [M + Na]*

311.2557, found 311.2557. The IR and NMR data for ent-3 was the same as that for 3.

(2R ,4S)-Heptadecane-1,2,4-triol (27). Compound 23 (21 mg, 0.07 mmol) was treated as described for the conversion of 1 into 3 to afford
27 (19 mg, 90%) as a white solid: Ry=0.33 (95:5 EtOAc—-CH;OH); mp 87-88 °C; [a]p +6.1 (c 0.5, THF); IR (cast film): 3260, 2914, 2848,
1470, 1083, 1031 cm™'; "H NMR (700 MHz, CD;OD) § 3.87-3.81 (m, 1H), 3.81-3.76 (m, 1H), 3.47 (dd, J = 11.1, 4.7 Hz, 1H), 3.43 (dd, J
=11.1, 6.4 Hz, 1H), 1.52-1.39 (m, 5H), 1.29 (m, 21H), 0.89 (t, / = 7.0 Hz, 3H); *C{'H} NMR (176 MHz, CD;0OD) § 70.3, 69.1, 67.9, 41.8,
39.3, 33.1, 30.82, 30.80, 30.78, 30.76, 30.75, 30.5, 26.8, 23.7, 14.4; HRMS (ESI) m/z caled for Ci7H3sNaOs [M + Na]* 311.2557, found

311.2557.

(2S,4R)-Heptadecane-1,2,4-triol (ent-27). Compound ent-23 (20 mg, 0.07 mmol) was treated as described for the conversion of 1 into 3 to
afford ent-27 (18 mg, 90%) as a white solid: mp 87-88 °C (lit."” 88-89 °C); [a]o—13.0 (¢ 0.5, THF) [lit."* -7.76 (c 0.55, THF); HRMS (ESI)

m/z caled for Ci7H36NaOs [M + Na]* 311.2557, found 311.2557. The IR and NMR data for ent-27 was the same as that for 27.

Determination of enantiomeric excess for compounds 21 and ent-21. The determination of enantiomeric excess for compounds 21 and
ent-21 was initially attempted on the free alcohols, but good HPLC separation and consistent measurements were difficult to obtain. The
compounds were then converted to the 2-OTBDPS derivatives (28 and ent-28), using TBDPSCI (1.2 equiv), imidazole (2.0 equiv) and

DMAP (0.2 equiv) in CH2Cl; for 3 h at rt.
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Compound 28 was isolated via silica gel flash chromatography (9:1 hexane—EtOAc) for characterization. Compounds rac-28 and ent-28
were partially purified via silica gel flash chromatography and were obtained in a mixture with residual silanol. The mixtures were directly
subjected to HPLC analysis. Separation conditions: Chiracel IC column, 95:5 hexanes—i-PrOH), 0.5 mL/min, 20 °C. UV detection at 220
nm. Data for 28: 'H NMR (700 MHz, CDCl;) § 7.71-7.67 (m, 2H), 7.66-7.63 (m, 2H), 7.45-7.40 (m, 2H), 7.39-7.34 (m, 4H), 4.61 (dd, J =
6.1, 5.8 Hz, 1H), 3.99-3.89 (m, 2H), 2.81 (dd, J = 16.2, 5.8 Hz, 1H), 2.77 (dd, J = 16.2, 6.1 Hz, 1H), 2.40-2.32 (m, 2H), 2.18 (td, J =7.2,
2.7 Hz, 2H), 1.93 (t, J =2.6 Hz, 1H), 1.55-1.48 (m, 4H), 1.41-1.35 (m, 2H), 1.32-1.19 (m, 12H), 1.05 (m, 12H); BC{'H} NMR (176 MHz,
CDCls) 6 207.5, 172.2, 136.0, 135.9, 133.09, 133.07, 129.9, 129.8, 127.7, 127.5, 84.8, 69.4, 68.1, 60.9, 47.2, 43.8, 29.6, 29.51, 29.46, 29.4,

29.2,29.1, 28.8, 28.5, 26.9, 23.5, 19.4, 18.4, 13.9; HRMS (ESI) m/z calcd for C3sHs0NaOsSi [M + Na]* 585.3371, found 585.3374.

AUTHOR INFORMATION

Corresponding Author:

*T.L.L.: email, tlowary@ualberta.ca

*G.A.O.: email, G.ODoherty@neu.edu

Author Contributions:

$ Co-first authors, the order is alphabetical

ACKNOWLEDGMENTS:

The authors gratefully acknowledge the National Science Foundation (CHE-1565788), the National Institutes of Health (AI146485,
Al144196 and AI142040), the Natural Sciences and Engineering Research Council of Canada (RGPIN-2018-04365) and the Canadian Gly-

comics Network for their support of this work.

Supporting Information

This material is available free of charge via the internet at http://pubs.acs.org

NMR spectra and chiral HPLC data (PDF)

ACS Paragon Plus Environment



Page 15 0of 17 The Journal of Organic Chemistry

oNOYTULT D WN =

REFERENCES

! Ding, H.; Chin, Y. W.; Kinghorn, A. D.; D’ Ambrosio, S. M. Chemopreventive characteristics of avocado fruit. In Semin. Cancer Biol. 2007, 17,
386-394.

2 Lee, E. A.; Angka, L.; Rota, S.-G.; Hanlon, T.; Mitchell, A.; Hurren, R.; Wang, X. M.; Gronda, M.; Boyaci, E.; Bojko, B.; Minden, M.; Sriskan-
thadevan, S.; Datti, A.; Wrana, J. L.; Edginton, A. Pawliszyn, J.; Joseph, J. W.; Quadrilatero, J.; Schimmer, A. D.; Spagnuolo, P. A. Targeting
mitochondria with avocatin B induces selective leukemia cell death. Cancer Research 2015, 75, 2478-2488.

3 Ahmed, H.; Smith, R. W.; Aristizabel, J. J.; Stark, K. D.; Spagnuolo, P. A. Analytical method to detect and quantify Avocatin B in Hass Avocado
Seed and pulp matter. Nat. Prod. Res. 2018, 81, 818-824.

4 Kashman, Y.; Neeman, I.; Lipshitz, A. New compounds from avocado pear. Tetrahedron, 1969, 25, 4617-4631.

5 Because of the nomenclature necessity to have the presumed natural product avocadane 3a the C-17 saturated variant of avocadene and avoca-
dyne, we propose the name C-19 avodadane for the naturally occurring 3b. Oberlies, N. H.; Rogers, L. L.; Martin, J. M.; McLaughlin, J. L. Cytotoxic
and insecticidal constituents of the unripe fruit of Persea Americana. J. Nat. Prod. 1998, 61, 781-785.

6 Beker, D.; Sahali, Y.; Raviv, M. The absolute configuration effect on the activity of the avocado rooting promoter. Phytochemistry 1990, 29,
2065-2067.

7 Gao, J., Zhen, Z. B., Jian, Y. J., Wu, Y. Chiral building blocks from d-xylose and their application in synthesis of avocadotriol monoacetate. Tet-
rahedron 2008, 64, 9377-9383.

8 Sugiyama, T., Sato, A., Yamashita, K. Synthesis of all four stereoisomers of antibacterial component of avocado. Agric. Biol. Chem. 1982, 46,
481-485.

9 (a) Aboussafy, C.L.; Andersen Gersby, L.B.; Molinaro, A.; Newman, M.A.; Lowary, T.L. A Convergent Route to Enantiomers of the Bicyclic
Monosaccharide Bradyrhizose Leads to Insight into the Bioactivity of an Immunologically Silent Lipopolysaccharide. J. Org. Chem. 2019, 84, 14—
41. (b) Hinds J. W.; McKenna, S. B.; Sharif, E. U.; Wang, H.-Y. L., Akhmedov, N. G.; O’Doherty, G. A. C3'/C4'-Stereochemical Effects of Digi-
toxigenin a-1-/a-d-Glycoside in Cancer Cytotoxicity. ChemMedChem. 2013, 8, 63—69. (c) Zhou, M. and O’Doherty, G. A. The de novo synthesis of
oligosaccharides: application to the medicinal chemistry SAR-study of digitoxin. Current Topics in Medicinal Chemistry, 2008, 8, 114-125.

10 (a) Wang, Y.; Xing, Y.; Zhang, Q.; O’Doherty, G. A. De novo synthesis of natural products via the asymmetric hydration of polyenes. Chem.
Commun. 2011, 47, 8493-8505. (b) Aljahdali, A. Z.; Foster, K. A.; O’Doherty, G. A. The Asymmetric Syntheses of Cryptocaryols A and B. Chem.
Commun. 2018, 54, 3428-3435. (c) C. M. Goins, T. D. Sudasinghe, X. Liu, Y. Wang, G. A. O’Doherty, D. R. Ronning. Characterization of tetrahy-
drolipstatin and stereoderivatives on the inhibition of essential Mycobacterium tuberculosis lipid esterases. Biochemistry, 2018, 57, 2383-2393. (d)
Liu, X.; Wang, Y.; Duclos, R. I.; O’Doherty, G. A, Stereochemical structure activity relationship studies (S-SAR) of tetrahydrolipstatin. ACS Med.
Chem. Lett. 2018, 9,274-278. (e) Liu, X.; Wang, Y.; O’Doherty, G. A. The Asymmetric Synthesis of Tetrahydrolipstatin. Asian J. Org. Chem. 2015,
4,994-1009. (f) Cuccarese, M. F.; Wang, Y.; Beuning, P. J.; O’Doherty, G. A. Cryptocaryol Structure—Activity Relationship Study of Cancer Cell
Cytotoxicity and Ability to Stabilize PDCD4. ACS Med. Chem. Lett. 2014, 5, 522-526.

11 (a) Trost, B.M.; Horne, D.D. Woltering, M.J. Palladium-Catalyzed DYKAT of Butadiene Monoepoxide: Enantioselective Total Synthesis of
(+)-DMDP,(—)-Bulgecinine, and (+)-Broussonetine G. Chem. Eur. J. 2006, 12, 6607-6620. (b) Xing, Y.; O’Doherty, G. A. De novo asymmetric

synthesis of cladospolide B— D: structural reassignment of cladospolide D via the synthesis of its enantiomer. Org. Lett. 2009, 11, 1107-1110. (c)

ACS Paragon Plus Environment



oNOYTULT D WN =

The Journal of Organic Chemistry Page 16 of 17

Sharif, E.U.; Wang, H.Y. L.; Akhmedov, N. G.; O'Doherty G. A., Merremoside D: De Novo Synthesis of the Purported Structure, NMR Analysis,
and Comparison of Spectral Data. Org. Lett. 2014, 16, 492—495.

12 Fujii, A.; Hashiguchi, S.; Uematsu, N.; Ikariya, T.; Noyori, R. Ruthenium (II)-catalyzed asymmetric transfer hydrogenation of ketones using a
formic acid— triethylamine mixture. J. 4m. Chem. Soc. 1996, 118, 2521-2522.

13 (a) Brown, C. A. Saline hydrides and superbases in organic reactions. VII. Potassium hydride, highly active new hydride reagent. Reactivity,
applications, and techniques in organic and organometallic reactions. J. Org. Chem, 1974, 39, 3913-3918. (b) Hoye, R. C.; Baigorria, A. S.; Dan-
ielson, M. E.; Pragman, A. A.; Rajapakse, H.A. Synthesis of elenic acid, an inhibitor of topoisomerase II. J. Org. Chem. 1999, 64, 2450-2453.

14 Cox, R. F. B.; McElvain, S. M. Ethyl methylmalonate. Org. Synth. 1937, 17, 56.

15 (a) Saksena, A.; Mangiaracina, P. Recent studies on veratrum alkaloids: a new reaction of sodium triacetoxyborohydride [NaBH(OAc)s;]. Tet-
rahedron Lett., 1983, 24, 273-276. (b) Evans, D. A.; Chapman, K.; Carreira, E. Directed reduction of. beta-hydroxy ketones employing tetrame-
thylammonium triacetoxyborohydride. J. Am. Chem. Soc. 1988, 110, 3560-3578.

16 (a) Narasaka, K.; Pai, F.-C. Stereoselective synthesis of meso (or erythro) 1,3-diols from B-hydroxyketones. Chem. Lett. 1980, 1415-1418. (b)
Narasaka, K.; Pai, F.-C. Stereoselective reduction of f hydroxyketones to 1, 3-diols highly selective 1,3-asymmetric induction via boron chelates.
Tetrahedron 1984, 40, 2233-2238. (c) Evans, D. A.; Hoveyda, A. H. Reduction of B Hydroxy Ketones with Catecholborane. A Stereoselective
Approach to the Synthesis of Syn 1,3-Diols. J. Org. Chem. 1990, 55, 5190-5192.

17 Trost, B. M.; Ball, Z. T. Alkyne hydrosilylation catalyzed by a cationic ruthenium complex: efficient and general trans addition. J. Am. Chem.
Soc. 2005, 127, 17644-17655.

18 The saturated avocadane 3a has been previously prepared by hydrogenation of 1 and 2, however only a smattering of physical data has been
reported for the material (e.g., mp and elemental analysis). The spectral data reported in the SI should be considered the authoritative report for
avocadane 3a, see: (a) Neeman, L.; Lifshitz, A.; Kashman, Y. New Antibacterial Agent Isolated from the Avocado Pear. Applied Microbiology, 1970,
19, 470-473. (b) Brown, 1. B. Isolation of Unpleasant Flavor Compounds in the Avocado (Persea americana). J. Agr. Food Chem. 1972, 20, 753—
757.

19 Zhen, Z.-B.; Gao, J.; Wu, Y. A chiron approach to the synthesis of (+)-Aculeatin D. J. Org. Chem. 2008, 73, 7310-7316.

ACS Paragon Plus Environment



Page 17 of 17 The Journal of Organic Chemistry

oNOYTULT D WN =

60 ACS Paragon Plus Environment



