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General

Chromatographic purification of products was acclishpd using Machery-Nagel silica gel
60° (230-400 mesh). Thin layer chromatography was pero on aluminum plates pre-
coated with silica gel (Merk, 6@&), which were visualized by quenching of UV fluaresce
(Amax = 254 nm), and/or by staining with 1% w/v KMn@ 0.5 M aqueous #CQO;,
followed by heating.

Nuclear magnetic resonance spectra were acquired Bruker Avance 400 spectrometer
(400 MHz and 100.6 MHz folH and®*C respectively) and on a Varian Mercury (300 MHz
and 75.5 MHz for'H and**C respectively). AlI'H NMR spectra are reported in parts per
million (ppm) downfield of TMS and were measuredatige to the signals at 7.26 ppm
(CHCIls). All *C NMR spectra were reported in ppm relative tochesi CHC} (77.16 ppm)
and were obtained wittH decoupling.Data for'H NMR are described as follow: chemical
shift (6 in ppm), multiplicity (s, singlet; d, doublet; triplet; g, quartet; sx, sextuplet; m,
multiplet; app, apparent; br, broad signal), cauplconstant (Hz), integration. Data f6€
NMR spectra are described in terms of chemicat ¢hih ppm).

High resolution mass spectra were obtained on aigan MAT 8200 instrument (CI/Ngd
110 eV; EI: 70 eV).

The analytical HPLC analysesere performed on an #&kck HITACHI chromatograph
(column type: 250/4 Nucleosil 100-5, Macherey-Nagauent: n-Heptan/Dioxan 80/20;
Wavelength: 215 nm; rate: 1 mL/min).

The preparative HPLC was performed onkarl800 KNAUER chromatograph (column type:
ET 250/1"/20 Nucleosil 100-7, Macherey-Nagel; eluem-Heptan/Dioxan 80/20;
Wavelength: 210 nm; rate: 22 mL/min).

The melting points were determined with a Totglparatus.

If not specified, the exocyclic enol (macro)lactaie(Markovnikov product1M-19M) was
not separated from thevinyl (macro)lactond. (1-19) by chromatography on silica gel. The
'H and®C spectra were recorded as a mixture of isomersiaado the overlapping of most
of the NMR signals'H and**C) between the two products/K), only the data of-vinyl
(macro)lactoned. (1-19) were reported sge characterization data of the lactones and
macrolactones

The dimer of the Markovnikov product was never diete in the crude reaction mixture
(productl to 19). Due to the very low isolated yields atieé overlapping of most of thid
NMR signals between the two diastereomers of theeds5d, 6d and 7d, the diastereomeric
ratios (d.r.) were not determined.

Materials

1,2-Dichloroethane (DCE) was freshly distilled ov@aH and degassed by three Freeze-
Pump-Thaw cycles prior to use. DPEphos was purchiasen Acros organics. [(COD)RhGI]
was prepared from Rh{H,O) and 1,5-cyclooctadiene following the procedurecdbsd

by Bosnich and co-workers.Ethylenediamine, propargyl alcohol, alkyl bromide;
buthyllithium (1.6 or 2.5 M solution in hexaneshromium (VI) oxyde, were purchased from
Acros organics. 2-Bromobenzyl bromide, 1-trimetitylsl-propyne, 5-amino-1-pentand\-
Boc--valine, L-proline (esterified using SOLIn MeOH) were purchased from AlfaAesar.
Glycinmethylester hydrochloride aridvaline methyl ester hydrochloride were purchased
from Aldrich.
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Synthesis of the starting materials

Alkynoic acids S1-2, S2-2

Ethylenediamine \\\/\/\M/\
N OH NaH OH

n

n=1,2 n=1
n=2,

S141
S21
CrO3, HQSO4, HQO
Acetone

w n=1, §1-2
. OH n=2 s22

Scheme 1Preparation of the alkynoic aci@4-2andS2-2

N '}y General procedure 1 (acetylene-zipper reaction, Scheme 1)
\/\/\(.,,/\OH Following the procedure described by S. E. Denngandt co-
N1 Si1 n workers? 5.75 g (144 mmol) of NaH (60% in mineral oil) was
n=2 S2-1 added to a cooled solution (0°C) of ethylene-1gdne (35
mL) under argon and allowed to warm to room tenoeesand
stirred Tor 2 h. The violet heterogeneous mixtuesithen heated at 60°C and stirred for 1 h.

The blue-green reaction mixture was then cooleddtov40°C, the alkynyl alcohol (24
mmol) was added and the solution was stirred aC70? 1.5 h. After cooling to 0°C, 1D

(50 mL) and HCJq (1 M, 50 mL) were added carefully. The yellow-orangetone was then
poured into a separatory funnel and KQllm, 100 mL) was added. The mixture was
extracted with BO (3 x 100 mL) and the combined organic layer weashed with HGl,
(1m, 150 mL), brine (150 mL), dried over Mg®@nd concentrated under vacuum. The crude
mixture was purified by chromatography on silica (@uent hexanes/EtOAc 5/1 to 3/1).

7-Octyn-1-ol §1-1) and 8-Nonyn-1-ol $2-1) were obtained each as colorless oils in 65%
and 75% vyield respectively and the analytical daéme in complete agreement with those

reportecf
General procedure 2 (Scheme 1)
[ 0 Following a modified procedure described by Trord amo-
\\/\/\M)J\OH workers?® a solution of alcohol (15 mmol) in acetone waseatid
n=1, S1-2 n dropwise to a cooled (0°C) solution of Jones’ reag€rG;, 22
n=2 S2-2 mmol, 2.3 g ; HSO,, 30 mmol, 1.60 mL ; kD, 24 mL) and the

mixture was stirred for 8 h. The mixture was dituteith
EtOAc (50 mL) and water (50 mL) and the aqueousrlayas extracted with EtOAc (4 x 30
mL). The combined organic extracts were washed fhiitte (80 mL), dried over MgSCand
concentrated under vacuum. The crude mixture wasigqul by flash chromatography on
silica gel (eluent hexanes/EtOAc 5/1 then 2/1).

7-Octynoic acid $1-2 and 8-Nonynoic acidS2-2 were obtained as pure white solids in
45% and 48% vyields respectively and the analyuizah were in complete agreement with
those reported.
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2-Butynyl benzoic acid acid S3-3

——SiMe; Br 1- n-BuLi Q
Br n-Buli 2- CO,(9) OH
@Bf THF CE/\ JHF ] A
-78°Ctort. .y SiMe; -78°Ctort $3-2 SiMe;
TBAF
THF, r.t.
o]
OH
$3-3 N

Scheme 2Preparation of the 2-butynyl benzoic a&8-3

4 -(2-Bromophenyl)-1- trlmethylsnylbut 1-yne (S3-1)

Br To a solution of 1-(trimethylsilyl)propyne (44.5 mim5 g) in

THF (0.3v, 150 mL) was added-BuLi (2.5v in hexanes,

©/\/\ 44.5, 17.8 mL) dropwise at -78°C. After stirring #tis
A _ temperature for 3 h, a solution of 2-bromobenzyiticte
S3-1 SiMes 1 (42.8 mmol, 10.7 g) in THF (15 mL) was added drgawi

. J over 20 min. After complete addition, the coolingtlp was

removed and the reaction mixture allowed to warnmotum temperature and stirred for 16 h.
The solvent was removed under reduced pressurtharatude mixture was filtered through a
pad of silica gel and then distilled (115°C, 0.1bam). The title compoun83-1was isolated
as a colorless oil in 68% yield (8.2 g).

'H NMR (CDCl 3, 300 MHz):37.53 (dd,J = 7.9, 1.0, 1H), 7.31-7.20 (m, 2H), 7.08 (i
7.7, 2.1, 1H), 2.96 (1] = 7.4, 2H), 2.54 t) = 7.4, 2H), 0.14 (s, 9H).

13C NMR (CDCl3, 100 MHz): 5139.8, 132.9, 131.1, 128.2, 127.4, 124.5, 106.7,8%.4,
20.4,0.21.

CI-HRMS: m/zcalcd for GsHoiN"*BrSi[M+NH,4]* 298.0627 found 298.0624.

2-(4-(Trimethylsilyl)but-3- yn 1-yl)benzoic acid (S32)

r 0 To a solution 053-1(0.5 g, 1.78 mmol) in THF (M2 8.9 mL)

was added dropwis@-BuLi (2.5v in hexanes, 1.78 mmol,

OH 0.71 mL) at -78°C. After 15 min at this temperaiu@O,(g)

was bubbled through the solution for 1 min. The ton& was
SiMe then allowed to warm to room temperature over 20 amd HCI

S3-2 31 (1m, 20 mL) was added. The mixture was diluted witlDAt

and the aqueous layer extracted with EtOAc (3 x2). The

combined organic layers were dried over MgS@nd concentrated under vacuum.

Purification by flash chromatography on silica ¢glent hexanes/EtOAc 5/1) afford&8-2

as a white solid in 60% vyield (0.26 g).

m.p. 88-89 °C

'H NMR (CDCl 3, 300 MHz): 3 8.06 (ddJ = 7.8, 1.3, 1H), 7.49 (td = 7.5, 1.3, 1H), 7.40-

7.29 (m, 2H), 3.25 (1 = 7.3, 2H), 2.60 (1) = 7.3, 2H), 0.12 (s, 9H).

13C NMR (CDCl3, 100 MHz): 172.0, 143.4, 132.9, 132.2, 131.9, 128.1, 126.8,8.®85.8,

33.7,21.8, 0.2,

AN

\
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CI-HRMS: m/zcalcd for G4H17/0,Si[M-H] 245.0998 found 245.1001.

2-(But-3-yn-1-yl)benzoic acid (S3-3)
1 Y} To a solution 053-2(0.26 g, 1.05 mmol) in THF (2.0 mL) was added
0 TBAF (1M in THF, 2.20 mmol, 2.10 mL) at room temperaturéeA
OH 1 h, the solution was diluted with EtOAc (10 mL)daHCI (1m, 10
mL) was added. The agueous layer was extractedEtdAc (3 x 10
mL) and the combined organic extracts were driegr dgSQ and
S3-3 concentrated under vacuum. Purification by flastoetatography on
silica gel (eluent hexanes/EtOAc 1/1) affor&Rt3as a white solid in

4

\

71% yield (0.13 g).

'H NMR (CDCl 3, 300 MHz): 8.08 (dd,J = 7.8, 1.2, 1H), 7.52 (td] = 7.8, 1.2, 1H), 7.41-
7.31 (m, 2H), 3.27 (1) =7.4, 2H), 2.58 (td) = 7.4, 2.7, 2H), 1.98 (bd,= 2.7, 1H).

3C NMR (CDCl3, 100 MHz): 5172.2, 143.3, 133.1, 132.0, 131.9, 128.1, 126.8),%08.3,
33.7, 20.4.

CI-HRMS: m/zcalcd for GiH140.N [M+NH,4]* 192.1024 found 192.1020.

Alkynoic acids $4-3 - S8-3

n OH =
NN N NN =) N
/\OH n-BuLi et Ethylerr\E(Ij_:amlne " OH
THF/HMPA n=1-9 n=1-9
-78°Ctor.t.
S4-1 (n=1) S$4-2 (n=1)
$5-1 (n =3) $5-2 (n=3)
$6-1(n=5) S$6-2(n=5) | PDC, DMF
S71(n=7) S7-2(n=7)
S$8-1(n=9) S$8-2 (n=9)
S4-3(n=1) =z
§5-3 (n=3) n
$6-3 (n=5) OH
§7-3(n=7)
$8-3(n=9) 0

Scheme 3Preparation of the alkynoic aci@g-3 - S8-3

i } General procedure 3 (Scheme 3)*

To a solution of freshly distilled propargyl alcoh.2 g, 57.1
mmol) in THF (90 mL) and HMPA (24 mL) was addeeBulLi
(2.5v in hexanes, 114.1 mmol, 45.6 mL) at -78°C ovend@. The
reaction mixture was then warmed to -30°C and tkgl &romide
(43.9 mmol) was added dropwise. After complete taldi the
S4-1 - S8-1 cooling bath was removed and the solution was &tbt warm to
room temperature and stirred overnight (16 h).,Glk}; was added
(150 mL) and the aqueous layer was extracted WIDAE (2 x 100 mL). The combined
organic extracts were washed with brine, dried dawg60Q, and concentrated under vacuum.
Purification by flash chromatography on silica deluent hexanes/AcOEt 10/1 to 3/1)
afforded the alcohdbX-1 (vide infra).

|
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Tridec-2-yn-1-0l (n = 1, S4-1, vield = 68%white solid)

m.p. 44-45 °C

'H NMR (CDCl 3, 300 MHZz): 6 4.23 (bt,J = 2.23, 2H), 2.19 (m, 2H), 1.49 (m, 2H), 1.41-1.17
(m, 14H), 0.87 (bt) = 7.0, 3H).

3¢ NMR (CDCl3, 100 MHz): 686.7, 78.4, 51.5, 32.0, 29.7, 29.6, 29.4, 29.30,298.7,
22.8,18.8, 14.2.

CI-HRMS: m/zcalcd for GaHogON[M+NH4]* 214.2171 found 241.2170.

Pentadec-2-yn-1-ol (n = 3, S5-1, vield = 79%,. whit®lid)

m.p. 47-48 °C

'H NMR (CDCl 3, 400 MHZz): 84.24 (t,J = 2.2, 2H), 2.20 (tt)= 7.1, 2.2, 2H), 1.50 (m, 2H),
1.41-1.19 (m, 19H), 0.88 @,= 6.6, 3H).

3¢ NMR (CDCl3, 100 MHz): 586.8, 78.4, 51.6, 32.0, 29.80, 29.77 (2C), 29.75,229.3,
29.0, 28.8, 22.8, 18.9, 14.2.

CI-HRMS: m/zcalcd for GsHz ON[M+NH 4] " 242.2484 found 242.2485.

Heptadec-2-yn-1-ol (n = 5, S6-1, yield = 69%white solid)

m.p. 60-61 °C

'H NMR (CDCl 3, 300 MHz): §4.25 (t,J = 2.2, 2H), 2.21 (tt, J = 7.1, 2.2, 2H), 1.57-1(#2
2H), 1.41-1.20 (m, 23H), 0.88 (bt, J = 6.8, 3H).

3C NMR (CDCl3, 100 MHz): 586.8, 78.4, 51.6, 32.1, 29.84, 29.83, 29.81 (2€)8@, 29.7,
29.5, 29.3, 29.0, 28.8, 22.8, 18.9, 14.2,

CI-HRMS: m/zcalcd for G7H3sON[M+NH4]* 270.2797 found 270.2800.

Nonadec-2-yn-1-ol (n = 7, S7-1, vield = 81%vhite solid)

m.p. 69-70 °C

'H NMR (CDCl 3, 400 MHz): §4.25 (t,d = 2.2, 2H), 2.20 (tt) = 7.2, 2.2, 2H), 1.53-1.49 (m,
2H), 1.42-1.20 (m, 27H), 0.88 (= 7.1, 3H).

3C NMR (CDCl3, 100 MHz): 5 86.8, 78.4, 51.6, 32.1, 29.84 (3C), 29.80 (2C)72929.7,
29.5, 29.3, 29.0, 28.8, 22.8, 18.9, 14.2.

CI-HRMS: m/zcalcd for GgHs0ON [M+NH4]* 298.3110 found 298.3111.

Henicos-2-yn-1-ol (n = 9, S8-1, vield = 78%wvhite solid)

m.p. 73-74 °C

'H NMR (CDCl 3, 300 MHz): 34.25 (t,J = 2.3, 2H), 2.21 (tt) =7.1, 2.3, 2H), 1.52-1.44 (m,
2H), 1.40-1.21 (m, 31H), 0.88 (kt~= 6.9, 3H).

3C NMR (CDCl3, 100 MHz): 386.9, 78.4, 51.6, 32.1, 29.84 (6C), 29.80 (2C)72929.7,
29.5, 29.3, 29.0, 28.8, 22.8, 18.9, 14.2.

CI-HRMS: m/zcalcd for GiH4ON [M+NH4]" 326.3423 found 326.3425.
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gz
=
The alcoholsS4-2to S8-2were prepared from the alcoh@g-1to
OH S8-1, respectively using the acetylene zipper reactiescribed in

n=1.9 thegeneral procedure 1 (vide supra)

S4-2 - S8-2

\ » |

Tridec-12-yn-1-ol (n = 1, S4-2, vield = 71%white solid)

m.p. 43-44 °C

'H NMR (CDCl 3, 300 MHz): 63.62 (t,J = 6.5, 2H), 2.17 (tdJ = 6.9, 2.6, 2H), 1.92 (1 =
2.6, 1H), 1.61-1.44 (m, 4H), 1.42-1.20 (m, 14H).

3¢ NMR (CDCl3, 100 MHz): 684.9, 68.2, 63.2, 32.9, 29.7, 29.64, 29.59, 2952,228.9,
28.6, 25.9, 18.5

CI-HRMS: m/zcalcd for GaHogON[M+NH 4" 214.2171 found 214.2167.

Pentadec-14-yn-1-ol (n = 3, S5-2, yield = 55%vhite solid)

m.p. 47-48 °C

'H NMR (CDCl 3, 300 MHz): 63.64 (t,J = 6.7, 2H), 2.18 (tdJ = 6.9, 2.6, 2H), 1.93 (1 =
2.6, 1H), 1.62-1.46 (m, 4H), 1.44-1.21 (m, 19H).

3¢ NMR (CDCl3, 100 MHz): 4 85.0,68.2,63.2, 33.0, 29.75 (2C), 29.72 (2C), 29.63, 29.57,
29.2, 28.9, 28.6, 25.9, 18.5.

CI-HRMS: m/zcalcd for GsHz ON[M+NH 4] " 242.2484 found 242.2483.

Heptadec-16-yn-1-ol (n =5, S6-2, vield = 59%white solid)

m.p. 55-56 °C

'H NMR (CDCl 3, 300 MHz): 63.61 (t,J =6.7, 2H), 2.15 (tdJ = 6.9, 2.6, 2H), 1.91 (1 =
2.6, 1H), 1.67-1.15 (m, 27H).

13C NMR (CDCl3, 100 MHz): 6 84.9, 68.1, 63.1, 32.9, 29.75 (3C), 29.72, 29.710),29.6,
29.5, 29.2, 28.9, 28.6, 25.9, 18.5.

CI-HRMS: m/zcalcd for G7H3sON[M+NH4]* 270.2797 found 270.2793.

Nonadec-18-yn-1-ol (n = 7, S7-2, vield = 78%vhite solid)

m.p. 65-67 °C

'H NMR (CDCl 3, 300 MHz): 83.63 (t,J = 6.6, 2H), 2.17 (tdJ = 7.0, 2.6, 2H), 1.93 (i =
2.6, 1H), 1.62-1.45 (m, 4H), 1.44-1.19 (m, 27H).

3C NMR (CDCl3, 100 MHz): 585.0, 68.1, 63.2, 33.0, 29.8 (6C), 29.7 (3C), 298457,
29.2, 28.9, 28.6, 25.9.

CI-HRMS: m/zcalcd for GgHs0ON [M+NH4]* 298.3110 found 298.3107.

Henicos-20-yn-1-ol (n = 9, S8-2. vield = 77%vhite solid)

m.p. 71-73 °C
'H NMR (CDCl 3, 300 MHz): 53.64 (t,J = 6.6, 2H), 2.18 (td) = 7.0, 2.7, 2H), 1.93 (1] =
2.7, 1H), 1.63-1.45 (m, 4H), 1.44-1.20 (m, 31H).
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3C NMR (CDCl3, 100 MHz): 585.0, 68.1, 63.3, 33.0, 29.83 (5C), 29.80 (2C)7@93C),
29.65, 29.58, 29.3, 28.9, 28.6, 25.9, 18.5.
CI-HRMS: m/zcalcd for GiH4ON [M+NH4]" 326.3427 found 326.3423.

0 )} General procedure 4 (Scheme 3)°
a To a solution of alcohdb4-2—S8-2(23.2 mmol, 5.2 g) in DMF (90
mL) was added pyridinium dichromate (70.0 mmol,526). The
OH mixture was stirred overnight, diluted with HCIM;L100 mL) and
extracted with EtOAc (3 x 100 mL) . The combinedamic extracts
n=1-9 | were washed with brine (300 mL), dried over MgS®d aurified
 S4-3- S8-3 J by flash chromatography on silica gel (eluent hesafscOEt 2/1).

Tridec-12-ynoic acid (n = 1, S4-3, yield = 58%, wi@ solid)

m.p. 63-65 °C

'H NMR (CDCl 3, 400 MHz): 82.34 (t,J = 7.4, 2H), 2.17 (td) = 7.1, 2.7, 2H), 1.93 (] =
2.7, 1H), 1.67-1.58 (m, 2H), 1.56-1.47 (m, 2H),3t424 (m, 12H).

3C NMR (CDCl3, 100 MHz): 5180.2, 84.9, 68.2, 34.2, 29.54, 29.48, 29.3, 2928018,
28.9, 28.6, 24.8, 18.5.

CI-HRMS: m/zcalcd for GaHo60.N [M+NH 4] 228.1963 found 228.1964.

Pentadec-14-ynoic acid (n = 3, S5-3, vield = 90% hite solid)

m.p. 70-72 °C

'H NMR (CDCl 3, 400 MHz): 52.35 (t,J = 7.3, 2H), 2.18 (tdJ = 7.0, 2.7, 2H), 1.93 (1] =
2.7, 1H), 1.68-1.59 (m, 2H), 1.57-1.47 (m, 2H),3t423 (m, 16H).

3C NMR (CDCl3, 100 MHz): 3179.7, 85.0, 68.2, 34.1, 29.7 (2C), 29.6, 29.54,299.24,
29.20, 28.9, 28.6, 24.8, 18.5.

CI-HRMS: m/zcalcd for GsH30O.N [M+NH,4]* 256.2276 found 256.2277.

Heptadec-16-ynoic acid (n = 5, S6-3, vield = 70% hite solid)

m.p. 75-77 °C

'H NMR (CDCl 3, 400 MHz): 82.34 (t,J = 7.2, 2H), 2.20 (tdJ = 7.0, 2.6, 2H), 1.93 (1] =
2.6, 1H), 1.68-1.58 (m, 2H), 1.57-1.47 (m, 2H),3t 1422 (m, 20H).

3C NMR (CDCl3, 100 MHz): 5179.9, 85.0, 68.2, 34.1, 29.8 (2C), 29.74, 29. 7262,
29.57,29.4, 29.3, 29.2, 28.9, 28.6, 24.8, 18.5.

CI-HRMS: m/zcalcd for G7H340,N [M+NH,4]* 284.2589 found 284.2586.

Nonadec-18-ynoic acid (n = 7, S7-3, yield = 72%, b solid)

m.p. 81-83 °C

'H NMR (CDCl 3, 400 MHz): 52.35 (t,J = 7.5, 2H), 2.18 (tdJ = 7.1, 2.5, 2H), 1.93 (f] =
2.5, 1H), 1.67-1.60 (m, 2H), 1.56-1.48 (m, 2H),3t422 (m, 24H).

3C NMR (CDCl3, 100 MHz): 3178.5, 85.0, 68.2, 33.9, 29.80 (3C), 29.78, 2928674,
29.70, 29.6, 29.4, 29.3, 29.2, 28.9, 28.6, 24.8.18

CI-HRMS: m/zcalcd for GgH3s0,N [M+NH 4] 312.2902 found 312.2904.
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Henicos-20-ynoic acid (n = 9, S8-3, vield = 61%, uth solid)

m.p. 95-98 °C

'H NMR (CDCl3, 400 MHz): 82.35 (t,J = 7.5, 2H), 2.20 (tdJ = 7.1, 2.7, 2H), 1.93 (1] =

2.7, 1H), 1.67-1.59 (m, 2H), 1.56-1.4
3C NMR (CDCl3, 100 MHz): 3 179.

8 (m, 2H),3t1421 (m, 28H).
6, 85.0, 68.1, 34.1, 29.82 (4C), 29.80, 29276,

29.7, 29.65, 29.58, 29.4, 29.3, 29.2, 28.9, 2818,218.5.

CI-HRMS: m/zcalcd for GiH4,0,N [M

+NH,4]" 340.3215 found 340.3213.

2-(Henicos-20-ynamido)acetic acid S9-2

0

OMe
//Hn\/\/\)J\ on* HzN/\ﬂ/

neta -HCl

S8-3
Henicos-20-ynoic acid

DCC, HOBt o
OMe
= " 'n N
CH,Cl,, rt. 7 s H/\g/
S9-1
LiOH
THF/MeOH/H,0
r.t.
O
OH
n=13 0
$9-2

Scheme 4Preparation of the 2-(henicos-20-ynamido)acetid 88-2

AN
éo

N
H

/\rrOMe

n=13 0

S9-1

o

To a solution of the carboxylic acidS8-3
(2.83 mmol, 0.59 g) in dichloromethane (15 mL) was
added glycine methyl ester (hydrochloride)
(2.74 mmol, 0.34 g), NaHC{(2.74 mmol, 0.23 g),
HOBt (3.66 mmol, 0.46 g) and DCC (3.66 mmoal,
0.75 g) and the heterogeneous mixture was stioed f
20 h at room temperature. The reaction mixture was

then filtered through a pad of Ceﬁtand concentrated under vacuum. Purification bghfla

chromatography on silica gel (eluen
88% yield (0.64 g).

m.p. 103-105 °C

t hexanes/EtQA) affordedS9-1as a white solid in

'H NMR (CDCl3, 300 MHz): §5.93 (bs, 1H), 4.04 (dl = 5.3, 2H), 3.76 (s, 3H), 2.29-2.10

(m, 4H), 1.73-1.13 (m, 33H).

13C NMR (CDCl3, 100 MHz): 5173.4,

170.7, 85.0, 68.1, 52.5, 41.3, 36.6, 294&1),(29.78

(2C), 29.7 (2C), 29.64, 29.61, 29.5, 29.4, 29.29288.6, 25.7, 18.5.

CI-HRMS: m/zcalcd for G4H4403N [M

[ )

O
//Hn\/\/\)J\

n=13

N
H

/\ﬂ/OH

0]
S9-2

+H] " 394.3321 found 394.3321.

To a solution of methyl este89-1 (1.0 mmol) in
8:2:1 THF/water/MeOH (35 mL) was added LIiOH
(3.1 mmol, 0.13 g) at 0°C and the reaction mixture
was stirred at room temperature for 4 h. HGA,(15
mL) was added to the heterogeneous mixture
followed by EtOAc (80 mL). The agueous layer was
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extracted with EtOAc (1 x 50 mL) and combined oigagxtracts were washed with brine,
dried over MgS®@and concentrated under vacuum. The carboxylic 88#@was used for the
macrolactonization reaction without further puiion (quantitative yield).

m.p. 125-130 °C

'H NMR (MeOD, 300 MHz): 53.87 (bs, 2H), 2.24 (1 = 7.1, 2H), 2.19-2.12 (m, 2H), 1.67-
1.02 (m, 35H).

13C NMR (MeOD, 100 MHz): 5176.7, 172.3, 85.1, 69.3, 36.9, 34.7, 30.74 (5Q)73(2C),
30.69, 30.63, 30.61, 30.45, 30.3, 30.2, 29.8, Z%H A, 19.0.

CI-HRMS: m/zcalcd for GaH4,0sN [M+H] " 380.3165 found 380.3157.

6-(Tridec-12-ynamido)hexanoic acid S10-2

0 DCC, HOBt WN
w + HoN _— n H
OH HO CH,Clp

0°Ctor.t.

n=4 $10-1 HO
S$4-3
Tridec-12-ynoic acid CrO3, HySO4, H,O
Acetone
(0]
S
N
n H
n=4
$10-2 HO
(0]

Scheme 5Preparation of the 6-(tridec-12-ynamido)hexanoid &4.0-2

To a solution of the carboxylic ac4-3(2.42 mmol,

o 0.51 g) in dichloromethane (5 mL) was added HOBt
w (2.42 mmol, 0.34 g). The reaction mixture was cdole
i N to 0°C and DCC was added (2.42 mmol, 0.50 g). After
n= stirring for 1 h at this temperature, 6-aminohegaol-
o was added (2.90 mmol, 0.34 g) and the heterogeneous
mixture was stirred overnight (14 h) at room
§ temperature, filtered through a pad of Célitand

concentrated under vacuum. Purification by flasmoetatography on silica gel (eluent
CH.Cl,/MeOH 90/10) afforde®10-1as a white solid in quantitative yield (750 mg).

4
s10-1 M

m.p. 85-86 °C

'H NMR (CDCl 3, 300 MHZz): 85.45 (bs, 1H), 3.63 (11 = 6.2, 2H), 3.24 (app d,= 6.7, 2H),
2.23-2.08 (m, 4H), 1.93 (bi,= 2.6, 1H), 1.68-1.17 (m, 25H).

13C NMR (CDCl3, 100 MHz): 6173.4, 84.9, 68.2, 62.8, 39.4, 37.1, 32.7, 29.85 72C),
29.45, 29.43, 29.2, 28.9, 28.6, 26.6, 25.9, 284.1

CI-HRMS: m/zcalcd for GgH3s0.N [M+H] " 310.2746 found 310.2742.
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5 \ Following a modified procedure described by Holmes
and co-worker§,to a solution of the alcoh®10-1(2.1
mmol, 650 mg) in acetone (90mL) was added Jones’
reagent (Cr@ 3.08 mmol, 0.32 g ; $80Q,, 4.2 mmol,
0.22 mL ; HO, 3.40 mL) at 0°C. After 8 h, the mixture
HO was diluted with EtOAc (50 mL) and water (50 mL)dan
$10-2 the aqueous layer was extracted with EtOAc (6 x 30
0 mL). The combined organic extracts were washed with
\ brine (80 mL), dried over MgSOand concentrated
under vacuum. Purification by flash chromatographysilica gel (eluent hexanes/EtOAc 1/3
to EtOAc 100%) afforde®10-2as a white solid in 25 % yield (170 mg).

74
O

m.p. 95-97 °C

'H NMR (CDCI 3, 300 MHz): 8 5.46 (bs, 1H), 3.26 (app 4= 6.7, 2H), 2.36 (&) = 7.3, 2H),
2.22-2.10 (m, 4H), 1.93 (§,= 2.6, 1H), 1.74-1.20 (m, 22H).

3C NMR (CDCl3, 100 MHz): 177.5, 173.4, 84.9, 68.2, 39.3, 37.0, 33.7, 292955,
29.45 (2C), 29.43, 29.21, 28.9, 28.6, 26.4, 2H49A4,218.5

CI-HRMS: m/zcalcd for GgH340sN [M+H] * 324.2539 found 324.2531.

2-((Nonadec-18-yn-1-yloxy)carbonyl)benzoic acid S11

(0]
0 i-Pr,NEt
X DMAP OH
\\M/\/\/\/\OH + 0] O\/\/\/\/é\)\
n CH2C|2 n %
n=10 (0] 0]

87-2
Scheme 6Preparation of the 2-((nonadec-18-yn-1-yloxy)casdenzoic acidS11

S$11

Y} To a solution of phthalic anhydride (6.65 mmol,
0.99 g) in dichloromethane (13 mL) was added
OH S7-2(6.34 mmol, 1.60 g) andPr,NEt (9.5 mmol,
O\/\/\/\/H\ 1.6 mL) at room temperature. A solution of
N DMAP (1.58 mmol, 0.19 g) in dichloromethane
© (3 mL) was then added dropwise and the solution
4 was stirred for 16 h. After dilution with
dlchloromethane (20 mL), the reaction mixture wasked with HCI (&, 3x 15 mL), HO (1
x 20 mL), dried over MgS® and concentrated under vacuum. Purification byghfla

chromatography on silica gel (eluent hexanes/EtQAQ affordedS11 as a white solid in
69% yield (1.87 g).

S11

m.p. 86-87 °C

'H NMR (CDCl3, 300 MHz): 57.92 (dd,J = 7.3, 1.8, 1H), 7.71 (dd} =7.4, 1.6, 1H), 7.60
(td,J=7.3, 1.6, 1H), 7.56 (tdl = 7.4, 1.6, 1H), 4.32 (1 = 6.8, 2H), 2.17 (td) = 7.2, 2.7,
2H), 1.92 (tJ = 2.7, 1H), 1.74 (m, 2H), 1.52 (m, 2H), 1.44-1(&8 28H).

3C NMR (CDCl3, 100 MHz): 5 172.1, 168.3, 133.6, 132.3, 131.0, 130.2, 130.9,0,84.9,
68.2, 66.4, 29.82 (3C), 29.80, 29.78, 29.75 (28)672, 29.65, 29.4, 29.3, 28.9, 28.7, 28.6,
26.1, 18.5.

CI-HRMS: m/zcalcd for GH4104[M+H] " 429.3005 found 429.2999.
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(E/Z)-nonadec-2-en-18-ynoic acid S12-2E and S12-27

1- NaH, (Et0),P(0)CH,CO,Et
Il Il THF

>

2- LiOH, THF/H,O/MeOH
S$12-2E

E/Z > 99/1

o)
OH Dess-Martin |

periodinan
_— >

CH.Cl; 1- KHMDS, 18-crown-6 o I
(CF3CH,0),P(0)CH,COMe 11
THF, -78°C |

S6-2 - o
S12-1 2- LiOH, THF/H,O/MeOH

$12-2Z
ZIE > 99/1

Scheme 7Preparation of theH/2)-nonadec-2-en-18-ynoic ac&ll2-E/Z

To a solution 0fS6-2 (16.20 mmol, 4.10 g ) in Gi€l, (160 mL) was
|| added the Dess-Martin periodinan (21.06 mmol, 8d0at room
temperature and the heterogeneous mixture (wheteigotate) was stirred
| for 3 h. NaHCQsz (120 mL) and then carefully N&Os (26 g) were
added and the mixture was stirred for 1 h filtetbdough a pad of
Celite®, extracted with ChCl,, dried over MgS® and concentrated
under vacuum. Purification by flash chromatographysilica gel (eluent

hexanes/EtOAc 5/1) affordefl2-1as a white solid in 51% vyield (2.07
| S12-1 q).

m.p. 62-64 °C

'H NMR (CDCl3, 300 MHz): 39.75 (bs, 1H), 2.40 (tdl = 7.3, 1.6, 2H), 2.16 (tdl = 7.2,
2.7, 2H), 1.92 (bt) = 2.7, 1H), 1.69-1.12 (m, 24H).

13C NMR (CDCl3, 100 MHz): 5 203.0, 84.9, 68.1, 44.0, 29.74 (2C), 29.72 and®29.6,
29.55 and 29.48, 29.3, 29.2, 28.9, 28.6, 22.2,.18.5

CI-HRMS: m/zcalcd for G7H3sNO[M+NH 4] 268.2640 found 268.2635.

r y To asuspension of NaH (16.20 mmol, 0.65 g, 60%imeral oil) in THF
| | (30 mL)was added dropwise triethyl phosphonoacéfi€0 mmol, 3.70
mL) at 0°C! After 30 min, the mixture was allowed to warm shpwo
room temperature ang12-1(10.80 mmol, 2.70 g) was added by small
portion. After 3 h, NHCls; (30 mL) was added and the aqueous layer
was extracted with EtOAc (2 x 70 mL). The combimgdanic extracts
were washed with brine (1 x 70 mL), dried over Mg®@d concentrated
under vacuum. Purification by flash chromatographysilica gel (eluent
hexanes/AcOEt 25/1E/Z > 99/1) afforded the unsaturated ester as a
white solid in 60% yield (1.98 g). The ester wasrthydrolyzed to the

S12-2E
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corresponding carboxylic acid using the proceduescdbed forS9-2 and S12-ZE was
obtained as a white solid after purification bysHachromatography on silica gel (eluent
hexanes/AcOEt 3/1) in 75% yield (1.42 g).

m.p. 68-70°C

'H NMR (CDCl 3, 300 MHz): 67.08 (dt,J = 15.7, 7.1, 1H), 5.82 (d,= 15.7, 1H), 2.28-2.10
(m, 4H), 1.93 (bt) = 2.4, 1H), 1.58-1.17 (m, 25H).

3¢ NMR (CDCl3, 100 MHz): & 172.4, 152.6, 120.8, 84.9, 68.2, 32.4, 29.75 @) 29.73
(2C), 29.6 (2C), 29.5, 29.3, 29.2, 28.9, 28.6, 283)5.

CI-HRMS: m/zcalcd for GgHasNO, [M+NH 4] 310.2746 found 310.2750.

( 4 To a cooled solution (-78°C) of 18-crown-6 (43.2n0l, 11.4 Q)

|| and  bis(2,2,2-trifluoromethyl)  (methoxycarbonyl  img)-
phosphate (15.12 mmol, 3.2 mL) in THF (150 mL) veaied
HO | dropwise KHMDS (10.53 mmol, 21 mL, ®5in toluene) and the
reaction mixture was stirred for 30 min. Then ausoh of
aldehydeS12-1(10.80 mmol, 2.7 g) in THF (16 mL) at -10°C was
cannulated. After 1.5 h at -78°C, NElsa (120 mL) was added.
The aqueous layer was extracted with AcOEt (2 x m@) and the
S12-27 combined organic layers were washed witfOH1 x 150 mL),
dried over MgS@ and concentrated under vacuum. Purification by
flash chromatography on silica gel (eluent penta€ 50/1) afforded the unsaturated ester
as a white solid in 14% vyield (0.46 g/E > 99/1). The ester was then hydrolyzed to the
corresponding carboxylic acid using the proceduescdbed forS9-2 and S12-Z was
obtained as a white solid after purification bysHachromatography on silica gel (eluent
hexanes/AcOEt 5/1) in 57% yield (0.25 g).

\

m.p. 72-74°C

'H NMR (CDCl 3, 300 MHz): 66.35 (dt, J = 11.6, 6.4, 1H), 5.79 (app dt, J 611.8, 1H),
2.65 (m, 2H), 2.18 (td, J = 6.9, 2.6, 2H), 1.93(§ 2.6, 1H), 1.61-1.17 (m, 25H).

3¢ NMR (CDCl3, 100 MHz): & 171.0, 153.7, 118.8, 85.0, 68.2, 29.78 (3C), 2928670,
29.65, 29.57, 29.42, 29.37, 29.3, 29.1, 28.9, ZBA.

CI-HRMS: m/zcalcd for GgHasNO, [M+NH 4] 310.2746 found 310.2747.

2-((heptadec-16-yn-1-vloxy)carbonvl)-cyclohexanecarboxylic acid S13

f
o) O
h é \/< Pyridine 7\ ”\OH
HO/\/W + 0 — = °
n=8 CH,Cl,
o

$6-2 rac. S$13

Scheme 8Preparation of the 2-((heptadec-16-yn-1-yloxy)cagdpcyclohexanecarboxylic
acidS13

S12
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[ Y} To a solution of trans-1,2-cyclohexanedicarboxgihydride
Il (7.50 mmol, 1.15 g) in dichloromethane (16 mL) veakied
S6-2(7.10 mmol, 1.80 g) anplyridine (10.60 mmol, 0.85 mL)
0 at room temperature and the mixture was then dtiioe 16 h.
S After dilution with dichloromethane (40 mL), the aation
© OH mixture was washed with HCI §g. 3x 25 mL), HO (1 x 20
o - mL), dried over MgS® and concentrated under vacuum.
o N—s Purification by flash chromatography on silica deluent
s13 hexanes/EtOAc 1/1) affordesil3as a white solid in 45% vyield
4 (1.30 g).
m.p. 55-58°C

'H NMR (CDCl 3, 300 MHz): 54.06 (m, 2H), 2.70-2.49 (m, 2H), 2.18 (b= 6.9, 2.4, 2H),
2.10 (bt, 2H), 1.93 (= 2.4, 1H), 1.87-1.70 (m, 2H), 1.66-1.16 (m, 30H).

13C NMR (CDCl3, 100 MHz): 3180.1, 175.1, 85.0, 68.2, 64.9, 44.8, 44.5, 22820 (2C)
and 29.76 (2C), 29.7 (2C), 29.4, 29.3, 29.0 (28)9228.72 (2C) and 28.66, 26.0, 25.3, 18.5.
CI-HRMS: m/zcalcd for GsHagNO4[M+NH 4] 424.3427 found 424.3423.

4-0x0-4-(((3S,3aR)-6-(undec-10-ynoyl oxy)hexahydrof ur o[ 3,2-b]furan-3-yl)oxy)butanoic

acid S14-2
0]

o) o}

O " O
(0) OH N nZe OH
OH —
EDCI, DMAP DMAP, iPr,NEt
Isomannide CH,Cl, CH,Cl,
S$141 S$14-2

Scheme 9Preparation of the 4-oxo-4-(@3aR)-6-(undec-10-ynoyloxy)hexahydrofuro[3,2-
b]furan-3-yl)oxy)butanoic aci®&14-2

To a solution of isomannide (44.2 mmol, 6.5 g) iH.Cl, (50 mL) at
0°C was added 10-undecynoic acid (19.2 mmol, 3,E§CI (44.2
mmol, 6 g) and DMAP (1.92 mmol, 0.23 g) and the bgeneous
mixture was stirred at room temperature for 24The solution was
diluted with CHCI, (100 mL) and washed with HCINZ 2 x 50 mL)
and HO (1 x 50 mL). The organic layer was dried over \@g&nd
concentrated under vacuum. Purification by flasfoctatography on
silica gel (eluent hexanes/EtOAc 1/5) afford8d4-1as a viscous
colorless oil in 67% vyield (4.0 g).

'H NMR (CDCl3, 300 MHz): §5.14 (app g, = 6.2, 1H), 4.69 (tJ = 5.2, 1H), 4.47 (1) =
5.2, 1H), 4.29 (m, 1H), 4.10 (dd,= 9.3, 6.2, 1H), 3.96 (dd, = 9.2, 6.2, 1H), 3.83 (dd), =
9.3, 6.5, 1H), 3.57 (ddl = 9.2, 7.0, 1H), 2.58 (bd, 1H), 2.37 Jt= 7.8, 2H), 2.17 (td] = 6.9,
2.6, 2H), 1.93 (1) = 2.6, 1H), 1.70-1.22 (m, 12H).

13C NMR (CDCl3, 100 MHz): 5173.3, 84.8, 81.7, 80.6, 74.1, 74.0, 72.4, 71.02,684.0,
29.2,29.1, 29.0, 28.8, 28.5, 24.9, 18.5.
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CI-HRMS: m/zcalcd for G7H3NOs [M+NH 4] 328.2124 found 328.2126.
[o] = +88.2 (c = 1, CHG).

To a solution 0fS14-1(8.7 mmol, 2.7 g) in CkCl, (25 mL) at
0°C was added succinic anhydride (10.0 mmol, 1,0RpNEt
(23.0 mmol, 2.3 mL) and a solution of DMAP (1.3 mipt16

g) in CHCl, (2.5 mL) dropwise and the mixture was stirred at
room temperature for 48 *hThe solution was diluted with
CH.Cl, (50 mL) and washed with HCI g, 3 x 25 mL) and
H,0 (1 x 20 mL). The organic layer was dried over Kdgand
concentrated under vacuum. Purification by flash
chromatography on silica gel (eluent EtOAc 100% to
EtOAc/MeOH 95/5) affordeds14-2 as a white solid (after 2
days at -30°C) in 55% vyield (2.0 g).

m.p. 60-65 °C

'H NMR (CDCl 3, 300 MHz): 55.10 (m, 2H), 4.68 (m, 2H), 4.03 (d#i= 9.3, 6.5, 1H), 4.02
(dd,J = 9.3, 6.4, 1H), 3.81 (dd, = 9.3, 6.8, 1H), 3.78 (dd} = 9.3, 7.1, 1H), 2.78-2.63 (m,
4H), 2.37 (tJ = 7.6, 2H), 2.17 (td) = 7.0, 2.7, 2H), 1.93 (§ = 2.7, 1H), 1.70-1.22 (m, 12H).
3C NMR (CDCl3, 100 MHz): 5177.0, 173.4, 171.7, 84.8, 80.51 and 80.47, 78®, 70.55
and 70.51, 68.3, 34.0, 29.2, 29.1, 29.0, 28.8228n08, 28.7, 28.6, 24.9, 18.5.

CI-HRMS: m/zcalcd for GiHaNOg[M+NH 4] 428.2284 found 428.2287.

[o] = +109.0 (c = 1, CHG).
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10-Undecyne-Val-Val-Pro-OH S15-5

0
o\’< O

o)

)\Hku N

NH o} 4

Y 0] 0
o)

>‘/ 1- TFA/CH,Cl,

2- HOBt, EDCI
10-undecynoic acid
CH20|2’ 0°Ctor.t.

?

PrOMe = CIH. HN

/
0

HOBt, EDCI, EtsN

)\‘)J\OH
OYNH + CHHN YOS

CH20|2’ 0°C tor.t.

O S15-1
X LiOH,q
THF, 0°C

HOBt , EDCI
Et;N + ProOMe

CHzclz 0°Ctor.t.

Sy

>‘/O S$15-2

?

| LiOH

THF, 0°C

o

Scheme 10Preparation of the 10-Undecyne-Val-Val-Pro-SH5-5

N
o\\l/NH
XO S15-1

\

o

SN

N-(tert-Butoxycarbonyl)k-valine (9.90 mmol, 2.15 g) and
L-valine methyl ester hydrochloride (11.88 mmol, g)were
dissolved in CHCI, (37 mL) under argon at 0°C. Triethylamine
(11.88 mmol, 1.7 mL) was added dropwise to the anetand
after 10 min, hydroxybenzotriazole (14.85 mmol, 8)0 After
15 min, EDCI (14.85 mmol, 2.3 g) was added andy#iwish
solution was allowed to warm to room temperature stirred
for 15 h. The mixture was diluted with GEl, (30 mL) and

washed with citric acid solution (5%, 35 mL) andHGOss4:. (35 mL). The organic layer was
dried over MgS®@ and concentrated under vacuum. Purification bghflehromatography on
silica gel (eluent hexanes/EtOAc 1/1 to 1/3) afemtdhe dipeptid&15-1as a white solid in

90% vyield (2.94 g) and the analytical data were complete agreement with those

reported'®**
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( ) To a solution of dipeptid&15-1(7.60 mmol, 2.5 g) in THF
o (110 mL) at 0°C was added slowly over 10 min LiQKD.2N,

I{OH 75 mL). After 3 h at 0°C, NaHSQwas added (0.8) until pH

2-3 was reached and the aqueous phase was subgquen

OYNH O extracted with EtOAc (3 x 100 mL). The combined aoig

o extracts were dried over Mg30O concentrated under
>( S15-2 vacuumandS15-2 was isolated as a pure white solid in

guantitative yield (2.4 g). The analytical data &ver complete

‘ 4 agreement with those reportéd?

e} Following the procedure described for the prepanatf
D S15-1usingS15-2(7.60 mmol, 2.5 g) and-proline methyl
H )\ || ester hydrochloride (9.12 mmol, 1.5 §)15-3was obtained
O\\I/NH O 470 | as a viscous colorless oil (79% yield, 2.57 g) rafte
o purification by flash chromatography on silica geluent
o1 S15.3 hexanes/EtOAC 1/1 to EtOAC 100%).

\ » ]

'H and'*C NMR data 0f515-3 were recorded as a mixture of two rotamers (NaBnly the
signals of the major rotamer are reported.)

m.p. 88-90 °C

'H NMR (CDCI3, 400 MHz): 56.66 (d,J = 8.9, 1H), 5.12-5.00 (m, 1H), 4.57 (db= 8.9,

6.8, 1H), 4.46 (ddJ = 8.9, 5.2, 1H), 3.97-3.85 (m, 1H), 3.84-3.74 (H), 3.69-3.59 (m, 1H)
and 3.68 (s, 3H), 2.24-1.83 (m, 6H), 1.40 (s, 9H)1-0.81 (m, 12H).

13C NMR (CDCls, 100 MHz): 5 172.5, 171.7, 170.4, 155.8, 79.8, 60.1, 58.9, ¥2®, 47.3,
31.3,30.9, 29.1, 28.4 (3C), 25.0, 19.4 and 1973 &and 17.7.

CI-HRMS: m/zcalcd for GiH3s0sN3[M+H] " 428.2761 found 428.2766.

[o] = -51.3 (c = 2.30, CHG)

r y The tripeptideS15-3(6.00 mmol, 2.56 g) was dissolved in
0 a solution of TFA/CHCI, (1:1, 20 mL) and stirred at room
)\(\L N temperature for 3 h. The solvents were then evagdra
H y under vacuum and the crude yellow oil was dissolved
O NH o o © dichloromethane, washed with NaHg (3 x 30 mL),
dried over MgS®@ and concentrated under vacuum. The
_ deprotected tripeptide was isolated as a yellowistand
Z used for the coupling reaction without further fination
S15-4 following the procedure described f&15-1 using 10-
S undecynoic acid (7.20 mmol, 1.31 g, HOBt (9 mmol,
1.22 g) and EDCI (9 mmol, 1.39). Purification bggh chromatography on silica gel (eluent
hexanes/EtOAc 1/1 to EtOAc 100%) affordeti5-4as a viscous colorless oil (yield = 65%,
1.92 g, calculated for two steps).

'H and**C NMR data 0515-4 were recorded as a mixture of two rotamers (NaBnly the
signals of the major rotamer are reported.)
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'H NMR (CDCl 3, 400 MHz): 5 6.42 (d,J = 9.0, 1H), 6.00 (dJ = 8.6, 1H), 4.59 (dd] = 9.0,
6.4, 1H), 4.51 (dd) = 8.8, 5.4, 1H), 4.30 (dd, = 8.6, 6.4, 1H), 3.91-3.75 (m, 1H), 3.72 (s,
3H), 3.70-3.51 (m, 1H), 2.28-1.94 (m, 8H), 1.93J(t 2.6, 1H), 1.72-1.56 (m, 4H), 1.51 (m,
2H), 1.43-1.24 (m, 8H), 1.03-0.86 (m, 12H).

3C NMR (CDCl3, 100 MHz): 5173.1, 172.5, 171.4, 170.3, 84.9, 68.2, 58.9, 364, 52.3,
47.4, 36.9, 31.4, 31.3, 29.3 (2C), 29.2, 28.6, 2882, 19.9, 19.5, 19.4, 18.5, 18.2, 17.8,
17.7.

CI-HRMS: m/zcalcd for GHs60sN3 [M+H] * 492.3437 found 492.3432.

o] = -54.8 (c = 0.33, CHG)

r N

0
/L(‘LN\J:WN Following the procedure described for the prepanatf
H S15-2 using S15-4 (3.6 mmol, 1.77 @), aqueous LiQH
Ox-NH O &7 ~oH || (0.2n, 72 mL),S15-5was isolated as a white solid (yield =

89%, 1.53 g).

A\

S15-5

\, ” ]

'H and**C NMR data 0f515-5 were recorded as a mixture of two rotamers (NaBnly the
signals of the major rotamer are reported.)

m.p. 105-106 °C
'H NMR (CDCl3, 400 MHz): 510.51 (bs, 1H), 7.74 (d, J = 8.6, 1H), 6.72 (d, 8.7 1H),
4.57 (m, 1H), 4.48-4.37 (m, 2H), 4.00-3.78 (m, 1BiB8-3.78 (m, 1H), 3.72-3.62 (m, 1H),
2.30-1.83 (m, 11H), 1.62-1.51 (m, 2H), 1.51-1.42 2H), 1.38-1.19 (m, 8H), 0.98-0.78 (m,
12H).

3C NMR (CDCl3, 100 MHz): 5 173.9, 173.7, 172.0, 171.1, 84.7, 68.2, 59.3, 3%6(0), 47.7,
36.7, 31.6, 31.2, 29.25, 29.23, 29.0, 28.7, 2&638,25.1, 19.5, 19.2, 19.1, 18.4, 18.2, 18.0.
CI-HRMS: m/zcalcd for GgHa4OsN3[M+H] * 478.3281 found 478.3285.

o] = -50.8 (c = 1, CHG)
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Lactonization and macrolactonization reactions

Optimization of the lactonization and macrolactonization reaction conditions;

O
| OH [Rh(COD)CI], (2.5 mol%) o
3} ligand (5 mol%) éok/
> =
DCE, 70°C
X L
6 and 14-membered rings
(product 3 and 8)
entry L ligand time (h) [c]® vyield (%)° observations

3 DPEphos 16 0.1 53 yellow precipitate

5 3 DPEphos 16 0.01 26 yellow precipitate and complex
mixture of by-products

3 3 DPEphos 16 0.5 22 yellow precipitate
4 3 DPPPE 16 0.1 49 complex mixture of by-products
5 3 DPPF 16 0.1 44 yellow precipitate
6 3 DPPP 16 0.1 34 complex mixture of by-products
7 8 DPEphos 16 0.01 18 27% conv.
g 8 DPEphos 40 0.01 40 less than 10% of dimer (diolide)
9 8 DPEphos 40 0.01 55 less than 10% of dimer (diolide)
10 8 DPEphos 40 1 n.d product/dimer (diolide) = 1/1

2 Concentration in mdlL. ° Isolated yield after purification by flash chromgtaphy* 1,4-
Bis(diphenylphosphino)butan®1,1'-Bis-(diphenylphosphino)-ferrocerfel, 3-
Bis(diphenylphosphino)propaneSyringe pump was used (addition over 6 hodrsot determined.

General procedure for the lactonization and macrolactonization reactions

O

0
| [(COD)RNCI], (2.5 mol%)
OH DPEphos (5 mol%)

H DCE, 70°C
¢c=010r0.01M
A 161072 h

O +
> =

Vinyl lactone L

é& .

Markovnikov
product M

1M-19M

0
04
o)
°_)

"head-to-tail" dimerization
product ("Diolide")

119 1d-19d

Scheme 11Lactonization and macrolactonizatieia redox-neutral rhodium-catalyzed
coupling of terminal alkynes with carboxylic acids.

General procedure 5: lactonization reaction (5 to 8-membered lactones).

A 10 ml Schlenk flask was flame-dried under vacubagkfilled with argon (Argon 5.0 from
Sauerstoffwerke Friedrichshafen) and cooled to reemperature using a standard Schlenk
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line apparatus. The Schlenk flask was then charggd 0.011 mmol (5.4 mg) of
[(COD)RNCIL, 0.022 mmol (11.8 mg) of DPEphos, 0.44 mmol ofyatkc acid and 4.4 mL
of freshly distilled 1,2-dichloroethane were thedtdad under a flow of argon. The Schlenk
flask was then sealed and the mixture stirred thaurs in a pre-heated oil bath at 70°C.
After cooling to room temperature, the mixture Vilashed through a plug of silica gel with
dichloromethane and ethyl acetate. The solution e@gentrated under vacuum and the
crude mixture analysed B NMR and purified by flash chromatography on siligel.

General procedure 6: macrolactonization reaction (12 to 23-membered macrolactones).

A 250 ml Schlenk flask was flame-dried under vacuiackfilled with argon (Argon 5.0
from Sauerstoffwerke Friedrichshafen) and cooleddom temperature using a standard
Schlenk line apparatus. The Schlenk flask was tiemged with 0.022 mmol (10.8 mg) of
[(COD)RNCIL, 0.044 mmol (23.6 mg) of DPEphos and 88 mL of Hheddistilled 1,2-
dichloroethane were then added under a flow ofrargbe solution was allowed to stir for 30
min at room temperature. Subsequently, 0.88 mmallgoic acid was added. The Schlenk
flask was sealed and the mixture stirred for 402hours in a pre-heated oil bath at 70°C.
After cooling to room temperature, the mixture Vilashed through a plug of silica gel with
dichloromethane and ethyl acetate. The solution e@agentrated under vacuum and the
crude mixture analysed B NMR and purified by flash chromatography on siligel.
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Formation of the dimer (diolide):

The formation of the dimer or diolide (e.g. for tfeemation of the 14-membered dioliéel
see Scheme 12) occurs by an intermolecular redottalerhodium-catalyzed coupling
between two alkynoic acidé\] leading to a branched allylic est@r(catalytic cyclel). The
remaining alkyne and carboxylic acid functions Bfreact in an intramolecular manner
(macrolactonization reaction, catalytic cydlg to finally furnish the dimer or diolide (14-
membered macrocyckd).

o)

W
@)

O:<O/\/\> | [Rh]
[Rh]

B-hydride elimination
/Y\/\/U\ /\/é hydrometallation
(0] 7N
O- [Rh]

Scheme 12Proposed mechanism for the formation of the 14-bexed diolidebd.

o [Eh] \& — =
A
B-hydride elimination \_/
hydrometallation

[Rh]

35
%Z
I
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Characterization data of the lactones

o 1 was prepared according to tigeneral procedure Sstarting from
hex-5-ynoic acid (0.44 mmol, 49.3 mg). The crudact®n mixture
0 (/1d > 98/2,1/1M = 85/15) was purified by flash chromatography on
silica gel (pentane/ED 1/1) and they-vinyl lactonel was separated
1 from the corresponding exocyclic enol lactobd and obtained as a

# colorless oil (yield 62%, 30.6 mg, conversion > 98%).
Note — Product volatile.

'H NMR (CDCl 3, 300 MHz): 8 5.89 (dddJ = 17.0, 10.5, 5.9, 1H), 5.37 (@~ 17.0, 1H),
5.26 (dt,J = 10.5, 1.1, 1H), 4.94 (m, 1H), 2.58-2.49 (m, 2BI%2 (m, 1H), 2.07-1.93 (m, 1H).
3C NMR (CDCl3, 100 MHz): 5 177.0, 135.7, 117.6, 80.6, 28.44 and 28.39.

CI-HRMS: m/zcalcd for GH1:0,N [M+NH4]* 130.0868 found 130.0870.

4 N

-

2 was prepared according to tgeneral procedure Fusing 0.016
o} mmol of [Rh(COD)CI} and 0.032 mmol of DPEphos) starting from
(9-3-(Boc-amino)-5-hexynoic acid (0.44 mmol, 100)mbhe crude
reaction mixture Z-A/B/2d > 98/2,2-A/B/2M > 98/2) was purified

Q¢ by flash chromatography on silica gel (eluent hesaAcOEt 5/1)
o% NH and they-vinyl lactones2-A and2-B were separated and obtained as
2 pure colorless oils (yield2¢A and 2-B) = 71%, 71 mg,2-A/2-B =
) 4 83/17, conversion > 98%).

v-vinyl lactone 2-A (major diastereomer (R,S) / first eluted)

[o] = -6.0 (c = 1, CHG)

'H NMR (CDCl 3, 300 MHz, 298 K):55.92 (ddd,) = 17.2, 10.5, 5.1, 1H), 5.42 (hil= 17.2,
1H), 5.31 (bdJ = 10.5, 1H), 5.00-4.88 (m, 1H), 4.84-4.72 (m, 1#p1-4.05 (m, 1K), 2.87
(dd,J=17.8, 7.9, 1H), 2.43 (dd,= 17.8, 4.9, 1H), 1.44 (s, 9H).

3C NMR (CDCl3, 100 MHz, 263 K):5 175.1, 155.1, 133.0, 118.3, 85.4, 80.7, 52.3,,34.0
28.3 (3C).

CI-HRMS: m/zcalcd for GiH21N2O4[M+NH4]* 245.1501 found 245.1502.

v-vinyl lactone 2-B(minor diastereomer (R,R) / second e uted)

[o] = +67.0 (c = 0.66, CHG)

'H NMR (CDCl 3, 300 MHz, 298 K):5 5.82 (ddd,J = 17.2, 10.8, 5.2, 1#} 5.52 (app dtJ =
17.2, 1.3, 1H), 5.44 (app dtJ = 10.8, 1.3, 1H), 5.12-5.01 (m, 1k, 4.77-4.62 (m, 1k},
4.60-4.45 (m, 1k), 2.86 (dd,) = 17.7, 7.5, 1K), 2.51 (dd,) = 17.7, 4.8, 1H), 1.43 (s, 9H).

3C NMR (CDCl3, 100 MHz, 263 K):5 174.8, 155.0, 130.0, 119.9, 81.9, 80.6, 50.0,,35.8
28.3 (3C).

CI-HRMS: m/zcalcd for GiH21N2O4[M+NH 4" 245.1501 found 245.1504.
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Determination of the aboslute configuration of they-vinyl lactones 2-A and 2-B by nOe

experiments.
nOe experiments of 2-A and 2-B (recorded at 263K)

2-B

The nOe signal betweeHr,-H,, Hs-Hg and H-Hg for the y-vinyl lactone 2-A led to the
assignment of the absolute configuration as Byg){diastereomer. In reverse conclusion, the
nOe signals betweens-H4, Hi-Hg and H-Hg for the y-vinyl lactone 2-B led to the
assignment of the absolute configuration as Rjg){diastereomer.

s \ 3 was prepared according to tligeneral procedure Sstarting from
O hept-6-ynoic acid (0.44 mmol, 55.5 mg). The crusction mixture3/3d
> 098/2, 3/BM = 95/5) was purified by flash chromatography on
Q desactivated silica gel (eluent hexanegdEL/1 + 5% EN) and 3 was
Z || obtained as a colorless oil and as a mixture oh&ss 8/3M = 95/5, yield
= 53%, 29.5 mg, conversion > 9096)[Note — A yellow precipitate was

3 formed after 16 h of reaction time but characterraof this solid failed
S # due to its insolubility)

Note — Product unstable (stored at -30°C).

'H NMR (CDCl3, 300 MHz): 3 5.86 (ddd,J = 17.2, 10.6, 5.5, 1H), 5.33 (dt,= 17.2, 1.3,
1H), 5.22 (dtJ = 10.6, 1.3, 1H), 4.85-4.77 (m, 1H), 2.64-2.40 @), 2.04-1.79 (m, 3H),
1.71-1.58 (m, 1H).

13C NMR (CDCl3, 100 MHz): 8 171.2, 136.2, 116.9, 80.3, 29.6, 28.0, 18.1.

( Y 4 was prepared according to theneral procedure Starting from
S3-3(0.44 mmol, 76.6 mg). The crude reaction mixtuvdd > 98/2,
o) 4/AM > 98/2) was purified by flash chromatography ohcai gel
| (eluent hexanes/EtOAc 1/1) ar@lwas obtained as a colorless oil
A (yield = 47%, 36.0 mg, conversion = 84%). [Note — yallow

\ precipitate was formed after 8h of reaction timée dharacterization of
this solid failed due to its insolubility).

'H NMR (CDCl 3, 300 MHz): §8.11 (dd,J = 7.6, 1.2, 1H), 7.54 (td, = 7.6, 1.5, 1H), 7.40 (t,
J=7.6, 1H), 7.25 (dJ = 7.6, 1H), 6.02 (ddd] = 17.2, 10.7, 5.6, 1H), 4.46 (app dt= 17.2,
1.0, 1H), 5.32 (app df, = 10.7, 1.0, 1H), 5.04 (m, 1H), 3.10-3.03 (M, 2H).
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13C NMR (CDCl3;, 100 MHz): 6 165.2, 138.6, 135.2, 134.0, 130.5, 127.9, 1272%5.3,
118.3, 78.7, 33.4.
EI-HRMS: m/zcalcd for GiH100.[M]* 174.0681 found 174.0681.

o Y 5 was prepared according to tlgeneral procedure Sstarting from
7-Octynoic acidS1-2(0.44 mmol, 61.7 mg). The crude reaction mixture
o y (5/5M > 98/2 +5d) was purified by flash chromatography on silich ge

(eluent hexanes/EtOAc 5/1) and plrevas obtained as a colorless oil

c (yield = 34%, 21 mg, conversion > 98%).

'H NMR (CDCl3, 300 MHz): & 5.90 (ddd,J = 17.1, 10.5, 5.8, 1H), 5.35 (dt,= 17.1, 1.3,

1H), 5.18 (dtJ = 10.5, 1.3, 1H), 4.74 (m, 1H), 2.77-2.55 (m, 2RN6-1.86 (M, 3H), 1.81-

1.49 (m, 4H).

13C NMR (CDCl3, 100 MHz): 5 175.0, 136.9, 116.1, 80.6, 35.2, 35.1, 28.3, 22.9.

CI-HRMS: m/zcalcd for GH130,[M+H] " 141.0915 found 141.0913.

M 5d (1%'eluted) was separated fromb (2" eluted) by flash
oo O#° | chromatography (eluent hexanes/EtOAc 5/1) and obthias a
& colorless oil and as a mixture of two diastereonjgdsA and 5d-

B (d.r. not determined (22% yield, 13.6 mg).
5d-A/B

\

'H and**C NMR data oBd were recorded as a mixture nfo diastereomerss@-A and 5d-
B) (*H NMR data reported for only one diastereorberA).

'H NMR (CDCl 3, 300 MHz): & 5.89-5.71 (m, 2H), 5.44-5.27 (m, 2H), 5.22 (B 17.1,
1H), 5.14 (m, 1H), 2.51-2.25 (m, 4H), 1.79-1.30 (rAH).

3C NMR (CDCl3, 100 MHz): 5173.1, 136.5, 116.1, 73.3, 35.1, 33.8, 25.3, 23.6.

3C NMR (CDCl3, 100 MHz): (second diastereomged 172.8, 137.0, 115.9, 74.1, 34.5, 34.2,
25.0, 24.8.

CI-HRMS: m/zcalcd for GeH2504N [M+NH 4] 298.2018 found 298.2017.

) 6d was obtained from8-nonynoic acids2-2(0.44 mmol, 67.8
/ mg) using thegeneral procedure .5The crude reaction
g © mixture was purified by flash chromatography oncailgel

g (eluent hexanes/EtOAc 10/1). arédl was isolated as a

)/,_\_/_>_\\ colorless oil and as a mixture of two diastereonj@dsA and
6d-B (d.r. not determined (yield = 42%, 28.5 mg,

6d-A/B conversion = 74%)(No trace of the 8-membered lactoée

S 4 was detected in the crudel NMR spectrum).

'H and*C NMR data oBd were recorded as a mixture wmfo diastereomerss@-A and 6d-
B) (*H NMR data reported for only one diastereorBeA).

'H NMR (CDCl 3, 300 MHz): 8 5.79 (m, 2H), 5.36-5.21 (m, 2H), 5.13 (@& 17.3, 1.3, 2H),
5.12 (dt,J = 10.6, 1.3, 1H), 2.46-2.24 (m, 4H), 1.85-1.56 &), 1.46-1.19 (m, 11H).
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13C NMR (CDCl3, 100 MHz): 5173.3, 136.9, 115.94, 74.4, 34.4, 34.13, 28.7,, 25104
13C NMR (CDCl3, 100 MHz): (second diastereome 172.9 136.8 115.9Q 73.6 34.2
34.08 28.4 24.8, 24.1.

CI-HRMS: m/zcalcd for GgH3,04N [M+NH 4" 326.2331 found 326.2334.

Characterization data of the macrolactones

4 N\

7 was prepared according to tlyeneral procedure 6starting from
tridec-12-ynoic acidS4-3 (0.88 mmol, 185 mg). The crude mixture
0 (7I7™M = 92/8 +7d) was purified by flash chromatography on silica ge
(eluent hexanes/EtOAc 25/1) aidvas obtained as a colorless oil and as
a mixture of isomers7(7M = 92/8, yield = 30%, 55.5 mg, conversion >
\ 98%).

~NO

'H and**C NMR data o were recorded as a mixture bf(7) andM (7M).

'H NMR (CDCl 3, 300 MHz): 3 5.84 (ddd,J = 17.2, 10.6, 5.6, 1H), 5.50-5.42 (m, 1H), 5.23
(app dt,J =17.2, 1.4, 1H), 5.14 (app dt= 10.6, 1.4, 1H), 2.57-2.45 (m, 1H), 2.33-2.19 (m,
1H), 1.88-1.55 (m, 4H), 1.50-1.19 (m, 12H).

3C NMR (CDCl3, 100 MHz): 5 173.6, 136.6, 115.7, 73.7, 35.1, 31.2, 25.7, 25(®, 23.90,
23.87, 23.6, 20.9.

CI-HRMS: m/zcalcd for GaHo60.N [M+NH 4] 228.1963 found 228.1962.

\ 7d (2" eluted)was separated from (1% eluted) by flash
chromatography (eluent hexanes/EtOAc 25/1) and
o O obtained as colorless oil and as a mixture of two
O S diastereomers 7d-A and 7d-B (d.r. not determined
7/
L 7d

(yield = 24%, 44.4 mq).

'H and**C NMR data of’d were recorded as a mixture nfo diastereomers7@-A and 7d-
B) (*H NMR data reported for only one diastereoridrA).

'H NMR (CDCl 3, 300 MHz): 8 5.80 (ddd,J = 17.1, 10.5, 6.0, 2H), 5.30 (m, 2H), 5.21 (app
dt,J =17.1, 1.3, 2H), 5.12 (app dt~= 10.5, 1.3, 2H), 2.37-2.27 (m, 4H), 1.73-1.54 @H),
1.41-1.17 (m, 26H).

3C NMR (CDCl3, 100 MHz): 5 173.3, 137.1, 116.0, 74.0, 34.8, 34.3, 29.5, 22Q), 29.3,
28.9, 25.3, 25.0

CI-HRMS: m/zcalcd for GeHas04[M+H] " 421.3318 found 421.3312.

8 was prepared according to tgeneral procedure 6tarting from
pentadec-14-ynoic acif5-3(0.88 mmol, 210 mg). The crude mixture
(8/8d > 90/10,8/8M = 98/2) was purified by flash chromatography on
0 | silica gel (eluent hexanes/EtOAc 25/1) aBdwas obtained as a
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colorless oil and as a mixture of isome88M = 98/2, yield = 55%, 115 mg, conversion =
80%).

'H and**C NMR data 08 were recorded as a mixture bf(8) andM (8M).

'H NMR (CDCl 3, 300 MHz): 5 5.82 (dddJ = 17.1, 10.6, 5.7, 1H), 5.36 (m, 1H), 5.22 (app,
dt,J=17.1, 1.4, 1H), 5.12 (app dt= 10.6, 1.4, 1H), 2.53-2.40 (m, 1H), 2.36-2.25 {iH),
1.80-1.16 (m, 20H).

13C NMR (CDCl3, 100 MHz): 5 173.4, 137.1, 115.7, 73.7, 34.5, 33.6, 26.5, 28%4), 25.7,
25.6, 25.0, 24.04, 24.02, 22.0,

CI-HRMS: m/zcalcd for GsHzgO.N [M+NH 4] " 256.2276 found 256.2272.

N\

9 was prepared according to tigeneral procedure 6tarting from
heptadec-16-ynoic aci86-3(0.88 mmol, 234 mg). The crude mixture
\ (9/9d > 95/5,9/9M > 98/2) was purified by flash chromatography on
silica gel (eluent hexanes/EtOAc 25/1) aAdwas obtained as a
colorless oil (yield = 74%, 173 mg, conversion ¥§8

'H NMR (CDCl 3, 300 MHz): 6 5.81 (dddJ = 17.1, 10.6, 5.8, 1H), 5.32 (m, 1H), 5.21 (app
dt,J=17.1, 1.3, 1H), 5.12 (app &= 10.6, 1.3, 1H), 2.44-2.24 (m, 2H), 1.81-1.53 4H),
1.47-1.19 (m, 20H).

3¢ NMR (CDCl3, 100 MHZz): 6 173.4, 137.1, 115.8, 74.3, 34.8, 34.3, 27.9, 20164, 27.3,
26.8, 26.4, 26.2, 25.88, 25.86, 25.1, 24.1,

CI-HRMS: m/zcalcd for G7H340.N [M+NH,4]* 284.2589 found 284.2592.

r N

10 was prepared according to theneral procedure 6tarting from
o} nonadec-18-ynoic acids7-3 (0.88 mmol, 259 mg). The crude
O mixture (L0/10d > 95/5, 10/10M > 98/2) was purified by flash
\ chromatography on silica gel (eluent hexanes/Et@B4) and10
was obtained as a colorless oil (yield = 69%, 178mg

10 conversion > 98%).
\ y

'H NMR (CDCl 3, 300 MHz): 5 5.81 (dddJ = 17.1, 10.6, 6.0, 1H), 5.29 (m, 1H), 5.21 (app
dt,J=17.1, 1.4, 1H), 5.13 (app dt= 10.6, 1.4, 1H), 2.43-2.23 (m, 2H), 1.78-1.48 4H),
1.44-1.16 (m, 24H).

3C NMR (CDCl3, 100 MHz): & 173.3, 137.0, 116.0, 74.4, 35.0, 34.4, 28.6, 28353, 28.1,
27.6, 27.35, 27.27, 27.19, 27.17, 26.7, 26.3, Z5 4.

EI-HRMS: m/zcalcd for GoHz40,[M] " 294.2559 found 294.2564.

11 was prepared according to tpeneral procedure 6tarting from
0 henicos-20-ynoic acidS8-3 (0.88 mmol, 284 mg). The crude

0 mixture (11/11d > 90/10,11/11M > 98/2) was purified by flash
\ [ chromatography on silica gel (eluent hexanes/EtG84) and11l

11
- = S25
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was obtained as a colorless oil (yield = 67%, 190 conversion > 98%).

'H NMR (CDCl 3, 300 MHz): 6 5.79 (dddJ = 17.2, 10.6, 6.0, 1H), 5.28 (m, 1H), 5.21 (app
dt,J=17.2, 1.4, 1H), 5.12 (app &= 10.6, 1.4, 1H), 2.39-2.25 (m, 2H), 1.74-1.53 4H),
1.42-1.21 (m, 28H).

3¢ NMR (CDCl3, 100 MHz): 6 173.3, 137.1, 116.0, 74.4, 34.9, 34.3, 29.0, 2828376,
28.7, 28.3, 28.12 (2C), 28.10, 27.7, 27.44, 272373, 27.1, 25.2, 24.9.

EI-HRMS: m/zcalcd for GiH30,[M] * 322.2872 found 322.2868.

[ \

O 12 was prepared according to tlgeneral procedure 6
starting fromS9-2 (0.88 mmol, 334mg). The crude mixture

l (12/12d > 98/2,12/12M = 80/20) was purified by flash
0o | chromatography on silica gel (eluent hexanes/EtQAL)
and 12 was obtained as a white solid and as a mixture of
— isomers(12/12M = 80/20, yield = 65%, 217 mg, conversion
> 98%).

| 12 ]

'H and**C NMR data ofl2 were recorded as a mixture bf(12) andM (12M).

m.p. 94-95 °C

'H NMR (CDCl 3, 300 MHz): & 6.00-5.87 (m, 1H), 5.79 (ddd,= 17.0, 10.6, 6.5, 1H), 5.36
(m, 1H), 5.24 (app dfj = 17.0, 1.1, 1H), 5.17 (app &= 10.6, 1.1, 1H), 4.15 (dd,= 18.3,
5.3, 1H), 3.97 (ddJ = 18.3, 4.4, 1H), 2.35-2.13 (m, 2H), 1.80-1.15 &2H).

13C NMR (CDCls, 100 MHz): & 173.4, 169.5, 136.2, 117.1, 76.1, 41.7, 36.6,,32819,
28.83, 28.81, 28.78, 28.75, 28.71, 28.67 (2C),2&8B.51, 28.48, 28.3, 28.2, 25.6, 24.8.
EI-HRMS: m/zcalcd for GaH4103N [M] * 379.3092 found 379.3086.

0
NH 13 was prepared according to theneral procedure &tarting from
S10-2 (0.22 mmol, 71.2 mg). The crude mixturé3(l3d > 98/2,
o 13/13M > 98/2) was purified by flash chromatography oficai gel
(eluent hexanes/EtOAc 1/3) ad@ was obtained as a white solid (yield
0 = 71%, 50.5 mg, conversion > 98%).
\ 13 4
m.p. 90-92 °C

'H NMR (CDCl 3, 400MHz): 5 5.79 (dddJ = 17.1, 10.5, 6.0, 1H), 5.63-5.52 (m, 1H), 5.36-
5.27 (m, 1H), 5.21 (app di,= 17.1, 1.4, 1H), 5.13 (app dt= 10.5, 1.4, 1H), 3.53-3.41 (m,
1H), 3.22-3.08 (m, 1H), 2.43-2.28 (m, 2H), 2.22e(fn, 2H), 1.70-1.17 (m, 22H).

3C NMR (CDCl3, 100 MHz): 5 173.5, 173.2, 137.0, 116.2, 74.2, 39.0, 37.0,,383, 28.9,
28.35, 28.31, 28.10, 28.06, 28.0, 26.1, 25.7, 242,

CI-HRMS: m/zcalcd for GgH340sN [M+H] * 324.2539 found 324.2532.
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0 14 was prepared according to theneral procedure &tarting
o from S11 (0.88 mmol, 377 mg). The crude mixture
| o (14/24d>98/2, 14/14M > 91/9) was purified by flash
N 10 chromatography on silica gel (eluent hexanes/EtQAQ and
. O 14 was obtained as a colorless oil and as a mixttiisomers
14 (yield = 61%, 230 mg, conversion > 98%).
N d

'H and**C NMR data ofi4 were recorded as a mixture of(14) andM (14M).

'H NMR (CDCl3, 300 MHz): & 7.77-7.65 (m, 2H), 7.59-7.47 (m, 2H), 5.88 (ddd; 17.2,
10.6, 6.8, 1H), 5.45 (m, 1H), 5.33 (hb= 17.2, 1H), 5.22 (bd] = 10.6, 1H), 4.35-4.20 (m,
2H), 1.86-1.60 (m, 4H), 1.47-1.18 (m, 26H).

13C NMR (CDCl3;, 100 MHz): 5 168.0, 166.7, 136.4, 132.7, 132.3, 131.1, 13029.11
128.9, 117.3, 76.5, 66.0, 34.3, 29.1, 28.7, 286H2 28.50, 28.3, 28.1, 27.7, 27.5, 27.4, 27.3,
27.2,25.8,25.1.

CI-HRMS: m/zcalcd for G7H4104[M+H]™ 429.3005 found 429.3006.

4 N\

15 was prepared according to tipeneral procedure 6tarting from
S12-ZE (0.88 mmol, 257 mg). The crude mixtukb{15d > 85/15,
15/15M = 98/2 (< 2% of Z)-anti-Markovnikov isomer detected)]
was purified by flash chromatography on silica deluent
hexanes/EtOAc 25/1) arikb was obtained as a colorless oil and as
a mixture of isomers1§/15M = 98/2, yield = 51%, 131 mg,

15 ,
- d conversion = 90%).

'H and *C NMR data ofl5 were recorded as a mixture bf(15) andM (15M). Due to the
presence of conformers in CRCthe’H and**C NMR spectra of5 were recorded in §De.

'H NMR (CgDs, 300 MHZz): 8 6.95 (dt,J = 15.5, 7.7, 1H), 5.85 (app dt,= 15.5, 1.3, 1H),
5.79 (dddJ=17.2, 10.5, 5.5, 1H), 5.67-5.58 (m, 1H), 5(@pp dt,J =17.2, 1.3, 1H), 5.01
(app dtJ =10.5, 1.3, 1H), 1.93-1.78 (m, 2H), 1.60-1.01 2H).

3¢ NMR (CeDs, 100 MHZ2): 8 165.4, 149.0, 137.8, 122.9, 115.3, 73.4, 34.%,38.5 (2C),
28.4, 28.2, 28.0, 27.6, 27.2, 27.1, 26.8, 26.3,23.

CI-HRMS: m/zcalcd for GgHasNO, [M+NH 4] 310.2746 found 310.2748.

r N\

16 was prepared according to theneral procedure €using 0.0094
mmol of [Rh(COD)CI} and 0.019 mmol of DPEphos) starting from
N\~ S12-Z (0.25 mmol, 73.1 mg). The crude mixtut&/16d> 95/5,

0 16/16M = 97/3) was purified by flash chromatography dicaigel
(eluent hexanes/EtOAc 25/1) ath@ was obtained as a colorless oil
/ and as a mixture of isomers6(16M = 97/3, yield = 64%, 46.9 mg,

16 conversion > 95%).

b >~

'H and**C NMR data ofl6 were recorded as a mixture bf(16) andM (16M).
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'H NMR (CgDs, 300 MHZ): 6 6.19 (dddJ=11.5, 9.8, 6.2, 1H), 5.89-5.76 (m, 2H), 5.44-5.36
(m, 1H), 5.24 (app dt) = 17.3, 1.3, 1H), 5.13 (app dt,= 10.51.3, 1H), 3.17-3.02 (m, 1H),
2.37-2.22 (m, 1H), 1.76-1.15 (m, 24H).

13C NMR (CeDs, 100 MH2z): 6 166.1, 150.3, 137.2, 120.4, 116.1, 73.8, 34.47,28.4, 28.2,
27.98, 27.93, 27.87, 27.6, 27.1, 26.8, 26.5, ZB\4,.

CI-HRMS: m/zcalcd for GgHasNO, [M+NH 4] 310.2746 found 310.2750.

r \ 17 was prepared according to tlgeneral procedure 6
starting fromS13(0.88 mmol, 358 mg). The crude mixture
/ 17/17d > 98/2,17/17M = 98/2,d.r (17A/17B) = 57/43) was

L purified by flash chromatography on silica gel @it
S hexanes/EtOAc 5/1) antl7 was obtained as a colorless oill
0O and as a mixture of two diastereomets/A and 17B)
0 together with17M (17/17M = 98/2,d.r (17A/17B) = 57/43,
yield = 69%, 247 mg, conversion > 98%). (NoteThe
17A/B n=8 diastereomeric ratio was obtained by integratioretiylenic
\ J proton in the crudéH NMR spectrum.)

'H and**C NMR data ofl7 were recorded as a mixture bf(two diastereomersl7A and
17B) andM (17M) (*H NMR data reported for only one diastereori@s).

'H NMR (CDCl 3, 300 MHz): 5 5.75 (ddd,J = 17.5, 10.6, 6.3, 1H), 5.27-5.09 (m, 3H), 4.21-
3.91 (m, 2H), 2.68-2.53 (m, 2H), 2.12-1.98 (m, 2HB3-1.71 (m, 2H), 1.68-1.46 and 1.43-
1.16 (m, 30H).

3C NMR (CDCl3, 100 MHz): 5175.10, 173.6, 136.7, 116.6, 74.6, 64.8, 45.7, 45328,
29.4-26.9 (13C), 25.5-24.5 (3C).

3C NMR (CDCl3, 100 MHz): (second diastereome 175.07, 174.6, 137.0, 116.3, 74.6,
64.5, 45.0, 44.9, 34.3, 29.4-26.9 (13C), 25.5-73().

CI-HRMS: m/zcalcd for GsHagNO4[M+NH 4] 424.3427 found 424.3415.

18 was prepared according to tlgeneral procedure gusing
0.033 mmol of [Rh(COD)C}] and 0.066 mmol of DPEphos)
starting fromS14-2[0.88 mmol, 361 mg). The crude mixture
[18/18d > 95/5,18/18M = 96/4,d.r (18A/18B) = 65/35, (< 4% of
(2)-anti-Markovnikov isomerl8AM-Z detected)] was purified by
flash chromatography on silica gel (eluent hexdft€sAc 2/1)
and 18 was obtained as a yellowish oil and as a mixtdrevo
diastereomers18A and 18B) together with18M and 18AM-Z
[18/18M = 96/4 (< 4% ofLBAM-Z), d.r (18A/18B) = 65/35, yield

18A/B :
\ 4 = 65%, 234 mg, conversion = 90%.

'H and *C NMR data ofl8 were recorded as a mixture bf(two diastereomersl8A and
18B) andM (18M) (*H NMR data reported for only one diastereori8s).

'H NMR (CDCl 3, 300 MHz): §5.77 (dddJ = 17.1, 10.5, 6.2, 1H), 5.30-4.99 (m, 5H), 4.76-

4.62 (m, 2H), 4.07-3.93 (m, 2H), 3.90-3.72 (m, 2B1B9-2.51 (m, 4H), 2.45-2.31 (m, 2H),
1.78-1.48 (m, 4H), 1.46-1.19 (m, 8H).
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3C NMR (CDCl3, 100 MHz): 5173.4, 171.5, 171.0, 136.5, 116.6, 80.9, 80.7,, 75346,
73.3, 71.6, 71.2, 34.4, 33.9, 29.9-27.9 (5C), 2B436.

3C NMR (CDCl3, 100 MHz): (second diastereomeb 173.3, 171.4, 171.2, 136.5, 116.8,
80.8, 80.7, 75.5, 73.8, 73.1, 71.6, 71.5, 34.21,329.9-27.9 (5C), 25.1, 24.5.

CI-HRMS: m/zcalcd for GiHaNOg[M+NH 4] 428.2284 found 428.2286.

starting fromS12-5(0.88 mmol, 420 mg). The crude mixture
(see HPLC chromatogram) was purified by flash

O NH o O | chromatography on silica gel (eluent EtOAc 100%) a8
0 was isolated as a mixture of isomet84-1, 198, 19M and

- 19A-2) (yield = 52%, 218 mg, conversion > 98%).
| 19 (A-1, B, A-2) )

\/gr 19 was prepared according to thgeneral procedure 6
N

Due to the complexity of tHel and™*C NMR spectra of the mixture of isomét8A-1, 19B,
19M and19A-2) (see scanned images‘f and**C NMR spectra), only the high resolution
mass data is reported.

CI-HRMS: m/zcalcd for GgHa4OsN3[M+H] * 478.3281 found 478.3281.

The isomerd9A-1 (32%; RT = 14.4 min)19B (36%; RT = 18.3 min) antl9A-2 (27%; RT =
30.3 min) were separated by preparative HPLC (coltype: ET 250/1”/20 Nucleosil 100-7;
elution: n-Heptan/Dioxan 80/20; rate: 22 mL/min) and fully achcterized. The minor
Markovnikov productlO9M (RT = 16.2 min) was not characterized by NMR du¢he very
small amount of this isomer (5 %, calculated by BPand by integration in the crudel
NMR spectrum).

Analvtical data ofl9A-1 ; 19B and19A-2

19A-1(32%; RT = 14.4 min)

'H NMR (CDCl 3, 400MHz): & 6.57 (d,J = 9.0, 1H), 5.94 (d, 1H] = 8.8), 5.75 (dddJ =
17.2,10.5, 6.1, 1HRK.32 (m, 1H) 5.21 (app dt) = 17.2, 1.3, 1H), 5.13 (app dt= 10.5, 1.3,
1H), 4.62 (ddJ =9.0, 6.4, 1H), 4.44 (bdd,= 8.4, 2.9, 1H), 4.39 (dd,= 8.8, 5.8, 1H), 3.93-
3.85 (m, 1H), 3.60-3.52 (m, 1H), 2.37-2.25 (m, 2RR4-1.92 (m, 5H), 1.89-1.46 (m, 6H),
1.46-1.18 (m, 7H), 0.96 (d,= 6.7, 6H), 0.92 (dJ = 6.8, 3H), 0.91 (d] = 6.7, 3H).

13C NMR (CDCl3, 100 MHz): 6 173.6, 171.7, 171.0, 170.3, 136.8, 116.4, 74.5],988.1,
55.8, 47.3, 36.5, 34.2, 31.3, 30.0, 29.3, 28.53,288.1, 25.4, 24.7, 24.0, 19.8, 19.7, 17.82,
17.77.

EI-HRMS: m/zcalcd for GgH430sN3z[M] ™ 477.3203 found 477.3200.

o] = -68.7 (c = 0.16, CHG)

19B(36%; RT = 18.3 min)

'H NMR (CDCl 3, 400MHz): & 6.55 (d,J = 9.0, 1H), 6.25 (dJ = 8.5, 1H), 5.70 (ddd] =
17.3, 10.5, 6.7, 1H), 5.21 (app dt= 17.3, 1.3, 1H), 5.15 (app dt,= 10.5, 1.3, 1H)5.08
(app 0,J = 6.7, 1H) 4.72 (dd,J = 9.0, 5.1, 1H), 4.45 (dd,= 8.5, 5.3, 1H), 4.42 (dd,= 9.0,
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3.5, 1H), 3.86-3.79 (m, 1H), 3.61-3.54 (m, 1H),822329 (m, 1H), 2.25-1.94 (m, 6H), 1.94-1-
82 (m, 1H), 1.62-1.07 (m, 12H), 0.99 @:= 6.6, 3H), 0.98 (d) = 6.6, 3H), 0.94 (d) = 6.9,
3H), 0.89 (dJ = 6.6, 3H).

13C NMR (CDCl3, 100 MHz): 5 173.3, 171.2, 170.8, 169.9, 136.4, 117.4, 75.91,688.0,
55.5, 47.2, 36.6, 33.9, 32.5, 31.2, 29.4, 29.31,297.8, 24.9, 24.7, 24.6, 20.2, 19.4, 18.0,
17.2,

EI-HRMS: m/zcalcd for GgH430sN3[M] ™ 477.3203 found 477.3209

o] = -32.5 (c = 0.20, CHG)
19A-2 (27%; RT = 30.3 min)

'H NMR (CDCl 3, 400MHz): & 7.23 (d,J = 7.8, 1H), 5.80 (ddd] = 17.3, 10.6, 5.7, 1H), 5.58
(d, J = 8.0, 1H),5.30 (m, 1H) 5.16 (app dtJ = 17.3, 1.4, 1H), 5.09 (app dt,= 10.6, 1.4,
1H), 4.60 (ddJ = 8.0, 4.1, 1H), 4.31 (app ht,= 7.8, 1H), 4.28 (ddJ = 7.8, 4.5, 1H), 3.73-
3.55 (m, 1H), 3.63-3.55 (m, 1H), 2.63-2.54 (m, 1R}0-2.21 (m, 3H), 2.19-2.03 (m, 2H),
2.00-1.79 (m, 3H), 1.71-1.23 (m, 11H), 1.00Jd; 6.6, 3H), 0.98 (dJ = 7.0, 3H), 0.92 (dJ

= 6.8, 3H), 0.84 (d) = 6.7, 3H).

3C NMR (CDCl3, 100 MHz): 6 173.9, 172.3, 171.1, 169.6, 137.2, 115.5, 75.3),6890.7,
55.1, 47.2, 36.9, 34.4, 31.2, 30.5, 29.04, 29.8%,28.4, 26.0, 25.9, 25.4, 20.2, 19.8, 17.4,
16.8.

CI-HRMS: m/zcalcd for GgH430sN3[M] * 477.3203 found 477.3204

[o] = -60.5 (c = 0.19, CHG)

« All of the compoundsl9A-1/2, 19B and 19M display the same mass, number'ig
resonances with very similar chemical shifts intinga that they are isomers. The
products19A-1, 19A-2 and19B wereassigned as two diastereomet94-1/2 and 19B)
of the 19-membered-vinyl macrolactonel9 because of the highly characteristid
NMR signals ofHa, Hb andHc/c’. The productl9M (not isolated as a pure compound)
was assigned to the Markovnikov product by analgés HSQC spectra (2D, correlation
'H-13C) regarding the characteristic correlation betweeid’ (4.67 and 4.61 ppm in
CDCls) (Figure 2) and the corresponding terminal vinyff€ (101.2 ppm in CDG).

 19A-1 and 19A-2 are presumably two proline amide rotametsandcis) of the
diastereomeA,'® because of the similarities of the NMR spectrosmiproperties of the
two isomers regarding the chemical shift and thétiplieity for Ha as well as similarity
of the optical rotatory powerF{gure 1). The isomerl9B is the second diastereomer
namedB (d.r. A/B = 62/38).

* The proposed structures b9A-1/2, 19B and 19M are depicted irFigure 2. For more
clarity, the stereochemistry of the new chiral eerfiormed (allylic positiona*) was
assigned arbitrarily. Due to the absence of infdimnaon the nature of the proline amide
rotamer isolated, both isomeis andtransof 19B and19M are represented.
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Hb .
optical rotator
MO _ Ha 5(ppm)  multiplicity P sower
N Ha
o 19A-1 5.32 Very complex -68.7
multiplet
NH
0 19B 5.08 apparent quadruplet -32.5
NH
Very complex
3 19A-2 5.30 multiplet -60.5
Figure 1. 'H NMR data and optical rotation @9A-1, 19B and19A-2
Stereochemistry of a* assigned arbitrarily
0 0} 0 o}

o
a) ™
0 A e
NH NH Or
19B

trans 19A-1/2 cis trans

19M
(Markovnikov product)

cis

Figure 2. Proposed structures ®®A-1/2, 19B and19M
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'H NMR and **C NMR spectra of the carboxylic acids
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Scanned images ofH NMR spectra of the isomers (19A-1, 198, 19A-2) anHPLC
chromatogram of the crude mixture.

'H NMR spectra of the isomers (19A-1, 19B, 19A-2)
(5.85 <6 < 5.00 ppm)
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HPLC chromatogram of 19 (crude reaction mixture)
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Scanned images of nOe spectra (2D) of 2-A and 2-B
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Macrolactonization using (=) and (+)-DIOP:

To investigate whether the use of chiral ligands icdluence the diastereoselectivity of the
macrolactonization process, the reactiosdfi-2has been tested with (=) and (+)-DIOP.

Procedure:

A 250 ml Schlenk flask was flame-dried under vacuiackfilled with argon (Argon 5.0
from Sauerstoffwerke Friedrichshafen) and cooleddom temperature using a standard
Schlenk line apparatus. The Schlenk flask was tiemged with 0.033 mmol (16.3 mg) of
[(COD)RNCIL, 0.066 mmol (32.9 mg) of () or (+)-DIOP and 88 wilfreshly distilled 1,2-
dichloroethane were then added under a flow ofrargbe solution was allowed to stir for 30
min at room temperature. Subsequently, 0.88 mmalllofnoic acidS14-2(360.8 mg) was
added. The Schlenk flask was sealed and the mistured for 72 hours in a pre-heated oil
bath at 70°C. After cooling to room temperature thixture was flushed through a plug of
silica gel with dichloromethane and ethyl acet@tee yellow solution was concentrated under
vacuum and the crude mixture analysed#W\NMR. Purification by flash chromatography on
silica gel (eluent hexanes/EtOAc 2/1) afforde&dlas a yellow oil and as a mixture of isomers
(18A/B and18M) (yields = 4 and 6%, 14.3 and 21.6 mg).

° T
o)

\
SIO\XO o [Rh(COD)CIJ, (3.75 mol%) b
0._0O DPEPhos (7.5 mol%) 0.0
g o)
o DCE, 70°C, 72 h
& HO 2 0

c=0.01M
S14-2 18 (AIB) |
entry ligand yield (%)? d.r. 18(A/B)°
1 DPEpho$ 65 65:35
2 (&)-DIOP 4 72:28
3 (+)-DIOP 6 40:60

2 |solated yields® Determined by integration of ethylenic protonstie tH NMR spectrum (recorded ingD).
For the experimental procedure ggmeral procedure . S19

These results show that employing (—)-DIOP as ih&ntl, the diastereomeric ratio of the
reaction is slightly improved (matched case, erf)y Interestingly, using (+)-DIOP, the
opposite diastereoselectivity was observed (misheaktcase, entry 3). However, yields of
these reactions (entries 2 and 3) are dramaticallyyced when compared with standard
conditions (DPEphos, entry 1). This exploratorydgtshows that a stereoselective induction
can be obtained using a chiral catalyst system.

Scanned images of *H NMR spectra:
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DPEphos as ligand

o d.r. (A/B) = 65:35
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O
O +)-DIOP as ligand

(@] (0]
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