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Multiple Rhodium-Catalysed Cleavages of Single C—C bonds
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General. Otherwise noted, all reactions were carried out in flame-dried glassware under dry nitrogen
atmosphere. The solvents were purified either with the solvent purification system Pure Solv MD-6 (THF,
Et,O, CH,CI,, benzene, toluene, hexane). Dry acetone was purchased from VWR. Flash chromatography:
Merck silica gel 60 (230-400 mesh). NMR: Spectra were recorded on a Bruker DRX 500 and a Bruker DPX
400 spectrometers in CDCls; chemical shifts (d) are given in ppm relative TMS. The solvent signals were
used as references and the chemical shifts converted to the TMS scale (CDCl3: 6¢c = 77.0 ppm; residual
CHCl3 in CDCl3: 8y = 7.24 ppm). IR: PerkinElmer Spectrum 100 FT-IR spectrometer, wavenumbers (v ) in
cm™. HRMS at the University of Liverpool: micromass LCT mass spectrometer (ES+). Melting points:
Griffin melting point apparatus (not corrected). Elemental analyses: University of Liverpool. All
commercially available compounds were used as received.
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Preparation of compounds 1p and 2p
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* LIAID,, Et,0, 0 °C to 1.t.; 69% (1b) and 95% (2b). ° (COCI);, DMSO, EtzN, CH,Cl,, ~78 °C; 64% (1p) and 85% (2p).
Compounds 1a and 2a were described previously.*

Compound 1b. Ester 1a (49 mg, 0.144 mmol) in Et,O (0.3 mL) was added under N, to a suspension of
D LiAID4 (3.3 mg, 0.079 mmol) in Et,O (1 mL) at 0°C (bath temperature). After

D—/—oH stirring for 20 minutes at r.t., LIAID, (3.3 mg, 0.079 mmol) was added as

solid. After stirring for 15 minutes at r.t., few drops of a saturated solution of

\ Na,SO, was added until a white precipitate appeared. The mixture was then

cl allowed to stir at room temperature before being filtered through a pad of
Celite and concentrated. Purification by flash chromatography (petroleum

cl ether/EtOAc, 5/1) afforded 1b as a colorless oil (30 mg, 69%)."H NMR (500

MHz, CDCls): § = 7.30 (d, J = 8.2 Hz, 1H), 7.23 (d, J = 1.6 Hz, 1H), 6.97 (dd, J = 8.2, 1.6 Hz, 2H), 5.10 (tq,
J=7.3,2.3 Hz, 1H), 2.91-2.78 (m, 1H), 2.62-2.46 (m, 4H), 2.07 (dtd, J = 10.7, 9.0, 5.3 Hz, 1H), 1.95 (q, J =
7.3 Hz, 2H), 1.85 (ddt, J = 13.1, 9.6, 6.4 Hz, 1H), 1.64 (dtd, J = 13.5, 9.0, 6.1 Hz, 1H), 1.57 (t, J = 7.2 Hz,
2H), 1.55-1.49 (m, 1H), 1.35 (s, 1H(OH)); *C NMR (125 MHz, CDCls): & = 144.6, 142.8, 132.1, 130.3,
130.1, 129.5, 127.9, 118.8, 61.9 (quint, J = 21.3 Hz), 42.8, 36.0, 32.5, 32.4, 26.4, 24.1, 23.6; IR (neat): v =
3324 (br), 2926, 2854, 2198, 2092, 1593, 1562, 1473, 1396, 1258, 1206, 1132, 1098, 1031, 965, 890, 871,
847, 817, 703, 684, 663 cm™; MS (ES+): m/z (rel. intensity): 325 (65), 323 (100) [M + Na]; HRMS (ES+)
calcd for (CisH1s>Cl,D,O + Na): 323.0914; found: 323.0915; calcd for (CysHis CI’CID,O + Na):
325.0885; found: 325.0891.

Compound 1p. A solution of DMSO (18 pL, 0.259 mmol) in CH,Cl, (0.5 mL) was added to a solution of
o) (COCl)2 (11 pL, 0.130 mmol) in CH,CI, (1 mL) at -78 °C under N,. After
D stirring for 10 minutes at this temperature, a solution of 1b (30 mg, 0.100
mmol) in CH,CI, (0.5 mL) was added via canula. After stirring for 15 minutes

at -78 °C, EtsN (69 pL, 0.497 mmol) was added via syringe. After stirring for

Cl 30 minutes at r.t., the mixture was quenched with a saturated solution of NH,CI
(5 mL). The aqueous layer was extracted with CH,Cl, (1 x 10 mL) and the

cl combined organic layers were washed with brine (5 mL), dried over Na,SOy,

! Crépin, D.; Dawick, J.; Aissa, C. Angew. Chem. Int. Ed. 2010, 47, 620.
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filtered and concentrated. Purification by flash chromatography (PE/EtOAc, 80/1 - 60/1 - 40/1) gave 1p
as colorless oil (19 mg, 64%). 'H NMR (500 MHz, CDCl3): 6 =7.30 (d, J =8.2 Hz, 1H), 7.23 (d, J = 2.0 Hz,
1H), 6.97 (dd, J = 8.2, 2.0 Hz, 2H), 5.06 (tq, J = 7.3 Hz, J = 2.4 Hz, 1H), 2.88-2.78 (m, 1H), 2.58-2.46 (m,
4H), 2.43 (t, J = 7.3 Hz, 2H), 2.20 (q, J = 7.3 Hz, 2H), 2.07 (dtd, J = 10.9, 9.0, 5.4 Hz, 1H), 1.83 (ddt, J =
13.2, 9.5, 6.5 Hz, 1H), 1.63 (dtd, J = 13.2, 9.3, 5.8 Hz, 1H), 1.58-1.50 (m, 1H); *C NMR (125 MHz,
CDCl3): 6 = 202.3 (t, J = 25.6 Hz), 145.8, 142.7, 132.0, 130.3, 130.1, 129.5, 127.9, 117.1, 43.6 (t, J = 3.8
Hz), 42.7, 35.8, 32.5, 26.4, 23.5, 20.7; IR (neat): v = 2917, 2855, 2069, 1713, 1596, 1561, 1473, 1397,
1352, 1259, 1207, 1131, 1094, 1030, 870, 816, 706, 684 cm™; MS (ES+): m/z (rel. intensity): 354 (64), 352
(100) [M + MeOH + Na]; HRMS (ES+) calcd for (CiH17°°Cl,.DO + MeOH +Na): 352.0957; found:
352.0941; calcd for (C16H17>°CI*’CIDO + MeOH +Na): 354.0928; found: 354.0914.

Compound 2b. This compound was obtained from 2a according to the procedure described for the
D preparation of 1b. Colorless oil (38 mg, 95%). *H NMR (500 MHz, CDCls): § = 7.31

D~—oH (d, J=8.2 Hz, 1H), 7.25 (d, J = 1.9 Hz, 1H), 6.99 (dd, J = 8.2 Hz, J = 1.9 Hz, 2H),

5.05 (tq, J = 7.2, 2.3 Hz, 1H), 2.99-2.88 (m, 1H), 2.67-2.541 (m, 2H), 2.536-2.42 (m,

\ 2H), 2.08 (dtd, J = 11.0, 9.1, 7.0 Hz, 1H), 1.98 (q, J = 7.2 Hz, 2H), 1.95-1.87 (m,

cl 1H), 1.74 (dtd, J = 13.4, 10.2, 4.9 Hz, 1H), 1.62-1.52 (m, 3H), 1.56 (t, J =, 2H),
1.33-1.27 (m, 1H(OH)); *C NMR (125 MHz, CDCls): & = 143.0, 142.7, 132.1,
cl 130.3, 130.2, 129.5, 127.8, 120.9, 61.9 (quint, J = 21.3 Hz), 42.1, 35.7, 32.7, 32.5,

28.0, 24.5, 22.7; IR (neat): v = 3345 (br), 2922, 2851, 2206, 2100, 1593, 1562, 1473, 1454, 1424, 1374,
1290, 1259, 1206, 1131, 1093, 1030, 965, 871, 851, 816, 686, 660 cm™; MS (ES+): m/z (rel. intensity): 325
(65), 323 (100) [M + Na]; HRMS (ES+) calcd for (C16H15>°Cl,D,0 + Na): 323.0914; found: 323.0924; calcd
for (C16H1s>CI¥’CID,0O + Na): 325.0885; found: 325.0891.

Compound 2p. This compound was obtained from 2b according to the Swern procedure described for the
preparation of 1p. Colorless oil (26 mg, 85%). *H NMR (400 MHz, CDCls): & = 7.31
Q (d, J=8.2 Hz, 1H), 7.24 (d, J = 2.0 Hz, 1H), 6.99 (dd, J = 8.2, 2.0 Hz, 2H), 5.00 (tq,
J=72Hz J =24 Hz, 1H), 3.01-2.88 (m, 1H), 2.67-2.55 (m, 2H), 2.54-2.46 (m,
2H), 2.43 (t, J = 7.3 Hz, 2H), 2.31-2.17 (m, 2H), 2.09 (dtd, J = 11.0, 9.1, 6.9 Hz,
1H), 2.00-1.88 (m, 1H), 1.75 (dtd, J = 13.3, 10.1, 5.0 Hz, 1H), 1.63-1.52 (m, 1H);
cl 3C NMR (100 MHz, CDCly): § = 201.9 (t, J = 26.5 Hz), 144.2, 142.6, 132.1, 130.3,
130.2, 129.6, 127.8, 119.2, 43.9 (t, J = 3.5 Hz), 42.1, 35.6, 32.5, 28.0, 22.7, 21.0; IR
(neat): v = 2921, 2855, 2070, 1712, 1593, 1562, 1472, 1421, 1397, 1355, 1260,
1208, 1132, 1094, 1030, 948, 872, 850, 819, 706, 686, 659 cm™; MS (ES+): m/z (rel. intensity): 354 (65),
352 (100) [M + MeOH + Na]; HRMS (ES+) calcd for (C1gH17>°Cl,DO + MeOH +Na): 352.0957; found:
352.0954; calcd for (C16H17>°CI*’CIDO + MeOH +Na): 354.0928; found: 354.0925.

Cl
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Preparation of compounds 4 and 6
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2 LiAID,, Et,0, —20 °C; 61% (6b) and 77% (4b). ® PBr;, Et,0, 0 °C; quantitative. ¢ 1) Diethyl malonate, NaH, THF, —78 °C; 2) 6¢c
or 4c, THF, 0 °C to r.t.; 75% (6d) and 74% (4d). ® LiCl, H,O, DMSO, reflux; 79% (6e) and 71% (4e). ¢ LiAlH,, Et,0, 0 °C to r.t.;
98% (6f) and 61% (4f). " (COCI),, DMSO, Et;N, CH,Cl,, 78 °C; 66% (6) and 64% (4).

Compounds 6a and 4a were prepared as described previously.

Compound 6b. Ester 6a (634 mg, 2.02 mmol) in Et,O (2 mL) was added under N, to a suspension of
LiAID4 (46 mg, 1.11 mmol) in Et,0O (8 mL) at -20°C (bath temperature). After
D R on stirring for 20 minutes at —20 °C, LiAID4 (46 mg, 1.11 mmol) was added as solid.
\ After stirring for 35 minutes at —20 °C, few drops of a saturated solution of Na,SO,4
was added until a white precipitate appeared. The mixture was then allowed to stir at
room temperature before being filtered through a pad of Celite and concentrated.
cl Purification by flash chromatography (PE/EtOAc, 10/1 - 5/1 - 5/2) afforded 6b as
a colorless oil (333 mg, 61%). *H NMR (500 MHz, CDCls): & = 7.32 (d, J = 8.5 Hz, 1H), 7.26-7.24 (m,
1H), 7.00 (dd, J = 8.5, 2.0 Hz, 1H), 5.38-5.33 (m, 1H), 2.93-2.84 (m, 1H), 2.68-2.45 (m, 4H), 2.09 (dtd, J =
10.9, 9.1, 5.3 Hz, 1H), 1.88 (ddt, J = 13.4, 9.4, 6.6 Hz, 1H), 1.68 (dtd, J = 13.5, 9.1, 6.1 Hz, 1H), 1.62-1.53
(m, 1H), 1.15-1.05 (m, 1H); *C NMR (125 MHz, CDCls): & = 148.8, 142.5, 132.0, 130.2, 130.1, 129.5,
127.8, 118.1, 58.6 (quint., J = 21.0 Hz), 42.9, 35.4, 32.4, 26.5, 23.6; IR (neat): v = 3312, 2926, 2857, 2187,
2083, 1693, 1593, 1561, 1472, 1396, 1353, 1312, 1257, 1207, 1131, 1094, 1071, 1030, 953, 905, 870, 816,
704, 684, 661 cm™; MS (ES+): m/z (rel. intensity): 297 (68), 295 (100) [M + Na]; HRMS (ES+) calcd for
(C14H14D,°C1,0 + Na): 295.0601; found: 295.0594; calcd for (C14H14D,CI*’CIO + Na): 297.0572; found:
297.0572.

Cl
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Compound 6d. Under N,, PBr3 (114 pL, 1.21 mmol) was added to a solution of 6b (330 mg, 1.21 mmol) in
Et,O at 0 °C. After stirring at this temperature for 2.5 hours, the mixture was
p.D COEt quenched with brine, and the aqueous layer was extracted with Et,O. The
\ COE! combined organic layers were dried over Na,SO,, filtered and concentrated.
Diethyl malonate (0.25 mL, 1.63 mmol) was added to a suspension of NaH (58
mg, 1.45 mmol (60% in oil)) in THF (9 mL) at 0 °C under N,. After stirring at r.t.
cl for 30 minutes, this solution was added via canula to a solution of crude 6c¢ in
THF (6.5 mL) at 0 °C under N,. After stirring at r.t. for 90 minutes, the mixture was quenched with a
saturated solution of NH,Cl (10 mL) and diluted with EtOAc (10 mL). The aqueous layer was extracted with
EtOAc (2 x 10 mL) and the combined organic layers were washed with brine (10 mL), dried over Na,SO,,
filtered and concentrated. Purification by flash chromatography (PE/EtOAc, 50/1 - 30/1) gave 6d as
colourless oil (375 mg, 75% over two steps). *H NMR (500 MHz, CDCls): § = 7.30 (d, J = 8.2 Hz, 1H), 7.22
(d, J = 2.0 Hz, 1H), 6.97 (dd, J = 8.2, 2.0 Hz, 1H), 5.08-5.01 (m, 1H), 4.21-4.11 (m, 4H), 3.29 (s, 1H),
2.86-2.76 (m, 1H), 2.63-2.43 (m, 4H), 2.05 (dtd, J = 10.9, 9.1, 5.2 Hz, 1H), 1.81 (ddt, J = 13.5, 9.5, 6.5 Hz,
1H), 1.61 (dtd, J = 13.6, 9.2, 6.0 Hz, 1H), 1.55-1.47 (m, 1H), 1.23 (t, J = 7.2 Hz, 6H); *C NMR (100 MHz,
CDCl3): 6 = 169.1 (2C), 147.5, 142.6, 132.0, 130.2, 130.1, 129.5, 127.8, 114.6, 61.2 (2C), 51.9, 42.7, 35.7,
32.3, 26.6 (quint., J = 21.1 Hz) 26.4, 23.4, 14.1 (2C); IR (neat): v = 2980, 2937, 2861, 1730, 1590, 1560,
1473, 1394, 1368, 1318, 1210, 1175, 1150, 1131, 1096, 1030, 952, 868, 818, 684, 658 cm™; MS (ES+): m/z
(rel. intensity): 439 (63), 437 (100) [M + Na]; HRMS (ES+) calcd for (C21H24D,*Cl,04 + Na): 437.1231;
found: 437.1215; calcd for (C1H24D,>°CIF'CIO, + Na): 439.1202; found: 439.1203.

Cl

Compound 6e. Lithium chloride (73 mg, 1.727 mmol) was added to a solution of 6d (326 mg, 0.785 mmol)
in DMSO (5 mL). Seven drops of water were added via pipette then the mixture
was stirred at 155°C (oil bath temperature) during 16 hours. At room temperature,
\ the mixture was partitioned between brine (5 mL) and EtOAc (5 mL) and
extracted with EtOAc (3 x 5 mL). The combined organic layers were dried over
Na,SO,, filtered and evaporated. Purification by flash chromatography
cl (PE/EtOAc, 1/0 > 90/1) gave 7e as colourless oil (212 mg, 79%). *H NMR (500
MHz, CDCl3): 6 = 7.30 (d, J = 8.0 Hz, 1H), 7.23 (d, J = 2.0 Hz, 1H), 6.97 (dd, J = 8.0, 2.0 Hz, 1H), 5.09—
5.04 (m, 1H), 4.10 (q, J = 7.0 Hz, 2H), 2.87-2.78 (m, 1H), 2.61-2.46 (m, 4H), 2.28 (s, 2H), 2.05 (dtd, J =
10.9, 9.0, 5.3 Hz, 1H), 1.83 (ddt, J = 13.4, 9.5, 6.5 Hz, 1H), 1.62 (dtd, J = 13.5, 9.1, 5.9 Hz, 1H), 1.57-1.49
(m, 1H), 1.23 (t, J = 7.0 Hz, 3H); **C NMR (125 MHz, CDCls): § = 173.2, 145.5, 142.7, 132.0, 130.2,
130.1, 129.4, 127.8, 117.2, 60.2, 42.7, 35.8, 34.2, 32.4, 26.3, 23.5, 22.8 (quint., J = 19.0 Hz), 14.2; IR (neat):
v = 2972, 2931, 2851, 2203, 2106, 1732, 1593, 1562, 1473, 1395, 1369, 1339, 1263, 1182, 1131, 1031,
871, 817, 684, 658 cm™; MS (ES+): m/z (rel. intensity): 367 (63), 365 (100) [M + Na]; HRMS (ES+) calcd
for (C15H20D-*Cl,0, + Na): 365.1020; found: 365.1012; calcd for (C1gH20D,>CI*’CIO, + Na): 367.0991;
found: 367.0997.

p. P COsEt

Cl

Compound 6f. Ester 6e (250 mg, 0.728 mmol) in Et,O (1 mL) was added under N, to a suspension of
LiAIH; (14 mg, 0.364 mmol) in Et,O (4 mL) at 0 °C (bath temperature). After
stirring for 20 minutes at 0 °C, LiAlIH4 (14 mg, 0.364 mmol) was added as solid.
\ After stirring for 35 minutes at r.t., few drops of a saturated solution of Na,SO,
were added until a white precipitate appeared. The mixture was then allowed to

stir at room temperature before being filtered through a pad of Celite and

cl concentrated. Purification by flash chromatography (PE/EtOAc, 15/1 - 10/1 -

5/1 - 3/1) afforded 6f as a colourless oil (215 mg, 98%). *H NMR (500 MHz, CDCls): & = 7.28 (d, J = 8.2
Hz, 1H), 7.22 (d, J = 1.6 Hz, 1H), 6.96 (dd, J = 8.2, 1.6 Hz, 1H), 5.11-5.05 (m, 1H), 3.59 (t, J = 6.6 Hz, 2H),

DD OH

Cl
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2.87-2.77 (m, 1H), 2.60-2.44 (m, 4H), 2.06 (dtd, J = 10.9, 9.0, 5.4 Hz, 1H), 1.85 (ddt, J = 13.1, 9.5, 6.5 Hz,
1H), 1.64 (dtd, J = 13.4, 9.1, 5.9 Hz, 1H), 1.59-1.50 (m, 1H), 1.57 (t, J = 6.5 Hz, 2H), 1.31-1.24 (m,
1H(OH)); *C NMR (125 MHz, CDCly): & = 144.6, 142.7, 132.0, 130.2, 130.1, 129.4, 127.8, 118.6, 62.5,
42.7, 35.9, 32.5, 32.3, 26.4, 23.5, 23.4 (quint., J = 18.8 Hz); IR (neat): v = 3323 (br), 2929, 2859, 2187,
2100, 1593, 1561, 1472, 1396, 1350, 1258, 1207, 1131, 1052, 1030, 906, 870, 816, 684, 658 cm™; MS
(ES+): m/z (rel. intensity): 325 (65), 323 (100) [M + Na]; HRMS (ES+) calcd for (C15H15D-*Cl,0 + Na):
323.0914; found: 323.0902; calcd for (C16H1sD,CI¥’CIO + Na): 325.0885; found: 325.0884.

Compound 6. A solution of DMSO (61 pL, 0.863 mmol) in CH,Cl, (0.5 mL) was added to a solution of

(COCI), (37 pL, 0.432 mmol) in CH,CI, (3 mL) at -78 °C under N,. After stirring for 10 minutes at this

5D cHO temperature, a solution of 6f (100 mg, 0.332 mmol) in CH,CI, (1 mL) was added

via canula. After stirring for 15 minutes at -78 °C, EtsN (0.23 mL, 1.66 mmol) was

\ added via syringe. After stirring for 30 minutes at r.t., the mixture was quenched

cl with a saturated solution of NH4Cl (10 mL). The aqueous layer was extracted with

CH,Cl, (2 x 10 mL) and the combined organic layers were washed with brine (10

mL), dried over Na,SO,. filtered and concentrated. Purification by flash

chromatography (PE/EtOAc, 70/1 - 30/1 - 15/1) gave 7 as colourless oil (65 mg, 66%). *H NMR (500

MHz, CDCls): 8 =9.73 (t, J = 1.6 Hz, 1H), 7.29 (d, J = 8.2 Hz, 1H), 7.22 (d, J = 1.8 Hz, 1H), 6.97 (dd, J =

8.2, 1.8 Hz, 1H), 5.08-5.03 (m, 1H), 2.89-2.77 (m, 1H), 2.62-2.44 (m, 4H), 2.41 (s, 2H), 2.06 (dtd, J =

10.9, 9.0, 5.4 Hz, 1H), 1.83 (ddt, J = 13.4, 9.5, 6.3 Hz, 1H), 1.62 (dtd, J = 13.5, 9.1, 6.0 Hz, 1H), 1.57-1.50

(m, 1H); *C NMR (125 MHz, CDCl3): § = 202.4, 145.8, 142.7, 132.0, 130.3, 130.1, 129.5, 127.9, 116.9,

43.6, 42.7, 35.8, 32.5, 26.4, 23.5, 20.1 (quint, J = 19.8 Hz); IR (neat): v = 3027, 2918, 2856, 2820, 2720,

2197, 2111, 1722, 1593, 1561, 1472, 1395, 1350, 1327, 1257, 1208, 1131, 1071, 1030, 872, 817, 705, 684,

660 cm™; MS (CI): m/z (rel. intensity): 320 (13), 318 (65), 316 (100); HRMS (CI) calcd for (C1H16D-*°Cl,0
+ H): 299.0933; found: 299.0937.

Cl

Compound 4b. This compound was prepared from 4a (324 mg, 1.034 mmol) according to the procedure
described for the preparation of 6b. Colourless oil (217 mg, 77%). *H NMR (500
i MHz, CDCls): § =7.29 (d, J = 8.2 Hz, 1H), 7.22 (d, J = 1.8 Hz, 1H), 6.97 (dd, J = 8.2,

o\ 1.8 Hz, 1H), 5.32-5.27 (m, 1H), 3.02-2.93 (m, 1H), 2.70-2.61 (m, 1H), 2.60-2.49 (m,
cl 2H), 2.45 (ddd, J = 13.8 Hz, 10.3, 6.8 Hz, 1H), 2.10 (dtd, J = 11.0, 9.1, 6.9 Hz, 1H),
1.94-1.85 (m, 1H), 1.76 (dtd, J = 13.4, 10.0, 5.0 Hz, 1H), 1.69-1.62 (m, 1H(OH)),
1.62-1.56 (m, 1H); *C NMR (125 MHz, CDCls): & = 147.9, 142.5, 132.1, 130.3,
130.2, 129.7, 127.9, 120.3, 58.6 (quint., J = 21.9 Hz), 42.3, 36.2, 32.5, 28.3, 22.8; IR (neat): v = 3321 (br),
2937, 2857, 2187, 2096, 1694, 1593, 1562, 1473, 1396, 1348, 1208, 1131, 1070, 1030, 969, 951, 872, 817,
703, 686, 659 cm™; MS (ES+): m/z (rel. intensity): 297 (81), 295 (100) [M + Na]; HRMS (ES+) calcd for
(C14H14D,°C1,0 + Na): 295.0601; found: 295.0601; calcd for (C14H14D,*CI*'CIO + Na): 297.0572; found:
297.05609.

HO

Cl

Compound 4d. Intermediate allylic bromide 4c was prepared from 4b (315 mg, 1.15 mmol) according to
the procedure described for the preparation of 6¢c. Compound 4d was then prepared
from 9c according to the procedure described for the preparation of 6d. Colourless oil
(353 mg, 74% over two steps). *H NMR (500 MHz, CDCls): & = 7.31 (d, J = 8.0 Hz,
1H), 7.26 (d, J = 2.0 Hz, 1H), 7.01 (dd, J = 8.0, 2.0 Hz, 1H), 5.01-4.96 (m, 1H), 4.16
(9, J =7.1 Hz, 2H), 4.15 (g, J = 7.1 Hz, 2H), 3.26 (s, 1H), 3.01-2.91 (m, 1H), 2.66—
2.54 (m, 2H), 2.52-2.42 (m, 2H), 2.07 (dtd, J = 11.0, 9.1, 7.0 Hz, 1H), 2.01-1.92 (m, 1H), 1.73 (dtd, J =
13.4, 10.4, 4.9 Hz, 1H), 1.61-1.53 (m, 1H), 1.23 (t, J = 7.1 Hz, 3H), 1.22 (t, J = 7.1 Hz, 3H); *C NMR (125
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MHz, CDCls): & = 169.0 (2C), 145.8, 142.5, 131.9, 130.2, 130.1, 129.4, 127.8, 116.6, 61.22, 61.16, 52.1,
42.0, 35.4, 32.4, 28.0, 26.9 (quint., J = 19.4 Hz), 22.5, 14.0 (2C); IR (neat): v = 2979, 2938, 2856, 1730,
1590, 1562, 1473, 1393, 1368, 1319, 1209, 1175, 1151, 1131, 1096, 1030, 942, 868, 818, 686, 659 cm™; MS
(ES+): m/z (rel. intensity): 439 (65), 437 (100); HRMS (ES+) calcd for (C21H24D,>Cl,0, + Na): 437.1231;
found: 437.1215; calcd for (C21H24D-*°>CI¥'CIO, + Na): 439.1202; found: 439.1184.

Compound 4e. This compound was prepared from 4d (353 mg, 0.85 mmol) according to the procedure
described for the preparation of 6e. Colourless oil (242 mg, 71%). Under these
COEL  conditions, partial isomerisation of the C—C double bond was observed (E/Z, 4:96). *H
o1 NMR (500 MHz, CDCls): 8 = 7.31 (d, J = 8.2 Hz, 1H), 7.25 (d, J = 2.0 Hz, 1H), 7.00
D (dd, J = 8.2, 2.0 Hz, 1H), 5.03-4.98 (m, 1H), 4.09 (q, J = 7.2 Hz, 2H), 3.01-2.90 (m,
1H), 2.66-2.54 (m, 4H), 2.27 (s, 2H), 2.07 (dtd, J = 11.0, 9.1, 6.9 Hz, 1H), 1.99-1.90
cl (m, 1H), 1.73 (dtd, J = 13.4, 10.2, 4.9 Hz, 1H), 1.61-1.52 (m, 1H), 1.22 (t, J = 7.2 Hz,
3H); *C NMR (125 MHz, CDCl3): & = 173.2, 143.9, 142.6, 132.0, 130.2, 130.0, 129.5, 127.8, 119.3, 60.2,
42.0, 35.6, 34.5, 32.5, 28.0, 23.1 (quint., J = 19.9 Hz), 22.6, 14.2; IR (neat): v = 2967, 2937, 2856, 2203,
2106, 1732, 1593, 1563, 1473, 1395, 1369, 1339, 1263, 1182, 1130, 1030, 949, 871, 817, 706, 686, 659 cm"
L MS (ES+): m/z (rel. intensity): 367 (67), 365 (100) [M + Na]; HRMS (ES+) calcd for (C1gH20D-*°Cl,0, +
Na): 365.1020; found: 365.1019; calcd for (C1gH20D,>CI*’CIO, + Na): 367.0991; found: 367.1001.

Cl

Compound 4f. This compound was prepared from 4e (240 mg, 0.699 mmol) according to the procedure
described for the preparation of 6f. Colourless oil (128 mg, 61%, Z isomer only). *H
9" NMR (400 MHz, CDCls): § = 7.31 (d, J = 8.4 Hz, 1H), 7.25 (d, J = 2.0 Hz, 1H), 7.00
DT\ (dd, J = 8.4, 2.0 Hz, 1H), 5.07-5.02 (m, 1H), 3.62 (t, J = 6.4 Hz, 2H), 3.01-2.89 (m,
D 1H), 2.67-2.55 (m, 2H), 2.54-2.42 (m, 2H), 2.08 (dtd, J = 11.1, 9.2, 7.0 Hz, 1H), 2.01-
1.90 (m, 1H), 1.74 (dtd, J = 13.5, 10.1, 5.0 Hz, 1H), 1.63-1.51 (m, 3H), 1.28-1.17 (m,
c 1H(OH)); *C NMR (100 MHz, CDCls): & = 143.0, 142.7, 132.0, 130.2, 130.1, 129.5,
127.8, 120.8, 62.5, 42.1, 35.6, 32.7, 32.5, 28.0, 23.8 (quint., J = 19.0 Hz), 22.7; IR (neat): v = 3320 (br),
2933, 2861, 2187, 2106, 1593, 1562, 1473, 1396, 1347, 1259, 1208, 1131, 1051, 1030, 949, 907, 871, 816,
732, 686, 659 cm™; MS (ES+): m/z (rel. intensity): 325 (67), 323 (100) [M + Na]; HRMS (ES+) calcd for
(C16H15D>>°Cl,0 + Na): 323.0914; found: 323.0916; calcd for (C16H15D,CI¥’CIO + Na): 325.0885; found:
325.0898.

Cl

Compound 4. This compound was prepared from 4f (54 mg, 0.179 mmol) according to the procedure
described for the preparation of 6. Colourless oil (35 mg, 64%). *H NMR (500 MHz,
CHO CDCl3): 6=9.74 (t, J = 1.5 Hz, 1H), 7.31 (d, J = 8.5 Hz, 1H), 7.25 (d, J = 2.0 Hz, 1H),
DT\ 6.99 (dd, J = 8.5, 2.0 Hz, 1H), 5.02-4.97 (m, 1H), 3.00-2.90 (m, 1H), 2.65-2.59 (m,
D 2H), 2.53-2.43 (m, 2H), 2.42 (s, 2H), 2.09 (dtd, J = 11.0, 9.1, 6.9 Hz, 1H), 1.99-1.89
(m, 1H), 1.75 (dtd, J = 13.5, 10.2, 5.0 Hz, 1H), 1.63-1.53 (m, 1H); *C NMR (125
cl MHz, CDCl): 6 = 202.3, 144.2, 142.6, 132.1, 130.3, 130.2, 129.6, 127.8, 119.1, 43.9,
42.1, 35.6, 32.5, 28.1, 22.6, 20.4 (quint., J = 19.7 Hz); IR (neat): v = 2936, 2856, 2820, 2719, 2208, 2106,
1724, 1593, 1560, 1473, 1396, 1322, 1257, 1204, 1131, 1077, 1030, 956, 872, 819, 685, 658 cm™; MS
(ES+): m/z (rel. intensity): 355 (60), 353 (100) [M + MeOH + Na]; HRMS (ES+) calcd for (C1sH16D2>°Cl,0
+ MeOH + Na): 353.1020; found: 353.1022; calcd for (C1sH1D-*°>CIF’CIO + MeOH + Na): 355.0991;
found: 355.0997.

Cl
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Preparation of compound 8a

! Ph /

: N'N]“\ 3 (O-Si\Aé (OH <CH0

N~ |

+ N7 780, o i\

! ; a N\ b N\ c

3 : 6 6 ] 6 6
| 3 8aa 8ab 8ac 8a

OTBS

216, NaHMDS, THF, —78 °C to r.t.; 51%. ° TBAF, THF; 95%. ¢ (COCI),, DMSO, Et;N, CH,Cl,, 78 °C; 84%.

Compound 8ab. Sodium bis(trimethylsilyl)amide (320 mg, 1.8 mmol) was added as solid in one portion
under N, to a solution of 16 (653 mg, 1.65 mmol)* and 8aa (252 mg, 1.5 mmol)? in THF (21
mL) at —78 °C. The mixture was slowly allowed to warm to room temperature overnight

/%7 while stirring by maintaining the flask dipped in the dry ice bath. The mixture was quenched
pZ

OTBS

with a saturated solution of NH4CI (10 mL) and extracted with EtOAc (3 x 15 mL). The
organic layers were washed with brine, dried over Na,SO,, filtered and concentrated.
Purification by flash chromatography (petroleum ether/EtOAc, 150:1) gave 8ab as a
colorless oil (180 mg, 51%, partially inseparable mixture of E/Z isomers, ratio = 7:3). *H NMR (500 MHz,
CDCl3):* & = 5.09-5.03 (m, 0.7H), [5.03-4.97 (m, 0.3H)], [3.59 (t, J = 6.5 Hz, 0.6H)], 3.58 (t, J = 6.5 Hz,
1.4H), [2.94-2.86 (m, 0.3H)], 2.85-2.76 (m, 0.7H), 2.62-2.40 (m, 2H), 2.07-1.98 (m, 1H), [1.95(q,J=7.5
Hz, 0.6H)], 1.90 (q, J = 7.5 Hz, 1.4H), 1.69-1.38 (m, 5H), 1.37-1.15 (m, 10H), 0.88 (s, 9H), 0.86 (t, J = 6.7
Hz, 3H), 0.03 (s, 6H); **C NMR (125 MHz, CDCls):® § = 145.2, [143.7], [120.4], 118.3, [62.8], 62.7, 43.7,
[42.8], 34.7, [34.4], [33.4], 33.0, 31.9, [29.75], 29.73, [29.40], 29.35, [28.1], 27.15, [27.11], 26.4, 26.0 (3C),
[24.5], 24.0, 23.9, [22.9], 22.7, 18.3, 14.1, -5.3 (2C); IR (neat): v = 2955, 2925, 2855, 1463, 1254, 1099,
834, 773 cm™; HRMS (ES+) calcd for (C,1H4,0Si + Na): 361.2903; found: 361.2915.

6

Compound 8ac. TBAF (1.64 mL, 1.64 mmol (1M in THF)) was added via syringe to a solution of 8ab (503

OH mg, 1.49 mmol) in THF (15 mL) at 0 °C under N,. After stirring for 1h at room temperature,

the mixture was quenched with a saturated solution of NH,Cl (5 mL) and extracted with

& EtOAc (3 x 15 mL). The organic layers were washed with brine, dried over Na,SQ,, filtered

( and concentrated. Purification by flash chromatography (petroleum ether/EtOAc, 15:1 -

6 12:1 - 10:1 - 7:1) gave two fractions of colourless oil (150 mg, E/Z = 10:1 and 168 mg,

E/Z = 1:1, 95% combined) which enabled the attributions of peaks to each isomers in the NMR spectra. *H

NMR (500 MHz, CDClyg): (isomer E) 6 = 5.08 (tq, J = 7.3, 2.4 Hz, 1H), 3.68-3.59 (m, 2H), 2.85-2.76 (m,

1H), 2.56-2.42 (m, 2H), 2.03 (ddt, J = 11.0, 5.4, 8.9 Hz, 1H), 1.95 (q, J = 7.3 Hz, 2H), 1.59 (quint, J = 6.9

Hz, 2H), 1.55-1.45 (m, 2H), 1.36-1.12 (m, 11H), 0.86 (t, J = 7.0 Hz, 3H); characteristic signals of Z isomer:

§=15.02 (tq, J = 7.5, 2.2 Hz, 1H), 2.95-2.85 (m, 1H), 2.63-2.50 (m, 2H), 1.99 (q, J = 7.3 Hz, 2H); *C NMR

(125 MHz, CDCls):® § = 145.8, [144.3], [120.1], 118.0, 62.79, [62.77], 43.6, [42.8], 34.6, [34.4], [33.0],

32.6, 31.9, [29.71], 29.68, [29.4], 29.3, [28.1], 27.09, [27.07], 26.4, [24.5], 24.2, 23.8, [22.8], 22.7, 14.1; IR

(neat): v = 3328 (br), 2922, 2853, 1456, 1054 cm™; MS (CI): m/z (rel. intensity): 242 (39) [M + NH,], 225

(25) [M + H], 207 (12), 85 (100); elemental analysis (%) calcd for Ci5H2s0: C 80.29, H 12.58; found: C
80.17,H 12.47.

2 Nemoto, H.; Shiraki, M.; Fukumoto, K. J. Org. Chem. 1996, 61, 1347.

® Underlined chemical shifts are common to the E and Z isomers. Chemical shifts attributed to the Z isomer are given in brackets.
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Compound 8a. This compound was obtained from 8ac (224 mg, 1 mmol) using the Swern procedure
followed for the preparation of 6. (Colourless oil, 186 mg, 84%). 'H NMR (500 MHz,

<CHO CDCls):* 8 = [9.75 (t, J = 1.7 Hz, 0.4H)], 9.73 (t, J = 1.8 Hz, 0.6H), 5.04 (tq, J = 7.2, 2.4
Hz, 0.6H), [4.97 (tq, J = 7.4, 2.1, 0.4H)], [2.95-2.87 (m, 0.4H)], 2.85-2.76 (m, 0.6H),
WM [2.63-2.44 (m, 1.2H)], 2.56-2.46 (m, 1.2H), 2.45-2.40 (m, 1.2H), [2.30-2.20 (m, 0.8H)],

2.21-2.15 (m, 1.2H), 2.08-1.97 (m, 1H), [1.70-1.59 (m, 0.4H)], 1.55-1.48 (m, 0.6H),
[1.47-1.36 (m, 0.4H)], 1.34-1.14 (m, 12H), 0.89-0.82 (m, 3H); **C NMR (125 MHz, CDCl5):* § = 202.7,
[202.5], 146.8, [145.4], [118.3], 116.2, [44.2], 43.8, 43.6, [42.7], 34.5, [34.3], [31.9], 31.8, [29.67], 29.64,
[29.33], 29.27, 27.0, 26.3, 23.7, [22.7], 22.6, [21.0], 20.8, 14.1; IR (neat): v = 2923, 2853, 2715, 1727,
1465, 1388, 1047, 821, 723 cm™; MS (CI): m/z (rel. intensity): 240 (100) [M + NHg], 223 (74) [M + H], 205
(31), 95 (25); elemental analysis (%) calcd for C15H,60: C 81.02, H 11.79; found: C 81.16, H 12.41.

Preparation of compound 8b

17 o 8bb, R = CH,0OH
8bc, R = CHO

OTBS

° OH
CHO
e ? NTs(nPr) ¥ H g h
3 P = "&
(N—NTs(nPr) (N-NTs(nPr) ( NTs(nPr)
3 3
8bf 8bg

8be
8b

2 PPhs, 17, DEAD, THF, 0 °C to r.t.. ® TBAF, THF; 40% over two steps. ¢ (COCI),, DMSO, Et;N, CH,Cl,, —78 °C; 90%. ¢ 1)
BrCH,CH,CH,PPH,,Br, tBUONa, THF, reflux; 2) 8bd, reflux; 45%. ¢ 1) mCPBA, CH,Cl,, 0 °C to r.t.; 2) Lil, CH,Cl,, reflux;
55%. 16, NaHMDS, THF, —78 °C to r.t.; 50%. ¢ TBAF, THF; 93%. " (COCI),, DMSO, Et;N, CH,Cl,, —78 °C; 93%.

Compound 8bb. A solution of commercially available 8ba (1.5g, 7.35 mmol) in THF (5 mL) was added via
canula to a solution of PPhs (2.12 g, 8.09 mmol) and 17 (1.73 g, 8.09 mmol) in THF (70 mL) at 0 °C under
HO_~_ -~~~ N2 Then diethyldiazodicarboxylate (DEAD) (1.27 mL, 8.09 mmol) was added via
Ts syringe within 2 minutes. After stirring overnight at r.t., all volatiles were
evaporated and purification by flash chromatography (PE/EtOAC, 20/1 - 15/1 -
10/1 - 7/1 - 4/1) gave 1.36 g of colourless oil which immediately dissolved in THF (10 mL) and treated at
0 °C with TBAF (3.6 mL). After stirring for 1h, the mixture was quenched with a saturated solution of
NH4CI (10 mL) and diluted with EtOAc (30 mL). The aqueous layer was extracted with EtOAc (10 mL) and
the combined organic layers were washed with brine, dried over Na,;SO,, filtered and concentrated.
Purification by flash chromatography (PE/EtOAc, 3/1 - 2/1 - 1/1) gave 8bb as a pale yellow oil (828 mg,
40% over two steps). *H NMR (500 MHz, CDCls): 6 = 7.65 (d, J = 8.2 Hz, 2H), 7.27 (d, J = 8.1 Hz, 2H),
3.61 (t, J = 6.3 Hz, 2H), 3.13-3.08 (m, 2H), 3.06-3.01 (m, 2H), 2.39 (s, 3H), 2.06-1.95 (m, 1H(OH)), 1.67
(m, 2H), 1.57-1.47 (m, 4H), 0.84 (t, J = 7.3 Hz, 3H); **C NMR (125 MHz, CDCls): § = 142.9, 136.8, 129.5
(2C), 126.9 (2C), 62.1, 50.0, 48.0, 29.5, 25.2, 21.9, 21.4, 11.1; IR (neat): v = 3480 (br), 2935, 2875, 1598,
1494, 1459, 1381, 1331, 1152, 1089, 1002, 845, 727 cm™; HRMS (ES+) calcd for (C14H2sNO3S + Na):
308.1296; found: 308.1291.
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Compound 8bc. This compound was obtained from 8bb (800 mg, 2.81 mmol) using the Swern procedure
followed for the preparation of 6. Purification by flash chromatography (PE/EtOAc,
OY\/\I}]/\/ 3/1) gave 8bc as a pale yellow oil (717 mg, 90%). *H NMR (500 MHz, CDCls): 6 =
H Ts 9.78-9.76 (m, 1H), 7.65 (d, J = 8.1 Hz, 2H), 7.27 (d, J = 8.0 Hz, 2H), 3.09 (t, J =
7.2 Hz, 2H), 3.06-3.00 (m, 2H), 2.55 (t, J = 7.0 Hz, 2H), 2.40 (s, 3H), 1.85 (quint., J = 7.1 Hz, 2H), 1.56—
1.47 (m, 2H), 0.84 (t, J = 7.4 Hz, 3H); *C NMR (125 MHz, CDCls): & = 201.4, 143.1, 136.6, 129.6 (2C),
127.0 (2C), 50.5, 47.4, 40.6, 21.9, 21.4, 21.2, 11.1; IR (neat): v = 2966, 2935, 2876, 2726, 1721, 1598,
1494, 1459, 1333, 1154, 1089, 980, 815, 731 cm™; HRMS (ES+) calcd for (C14H,:NO3S + Na): 306.1140;
found: 306.1140; elemental analysis (%) calcd for C14H2;NO3S: C 59.34, H 7.47, N 4.94; found: C 58.70, H
7.42, N 5.46.

Compound 8bd. t-BuONa (485 mg, 5.05 mmol) was added as solid in 3 portions at room temperature and
under N to a solution of 3-(bromopropyl)triphenylphosphonium bromide (1.17 g,
A\/\ﬂ 2.53 mmol) in THF (15 mL). Then, the suspension was heated to reflux for 2
N hours (oil bath temperature = 74 °C), before adding a solution of 8bc (650 mg,
Ts 2.27 mmol) in THF (2 mL) via canula. After 2.5 hours heating, the crude mixture
was quenched at room temperature with H,O (5 mL). The aqueous layer was extracted with ethyl acetate (2
x 20 mL) and the combined organic layers were washed with brine, dried over Na,SO,, filtered and
concentrated. Purification by flash chromatography (PE/EtOAc: 200/1 - 10/1 - 3/1) gave compound 8bd
as colorless oil (312 mg, 45%). *H NMR (500 MHz, CDCls): § = 7.65 (d, J = 8.2 Hz, 2H), 7.26 (d, J = 8.3
Hz, 2H), 5.72—5.66 (m, 1H), 3.12-3.00 (m, 4H), 2.39 (s, 3H), 2.13 (g, J = 7.3 Hz, 2H), 1.65 (quint., J = 7.7
Hz, 2H), 1.57-1.48 (m, 2H), 1.03-0.94 (m, 4H), 0.85 (t, J = 7.4 Hz, 3H); **C NMR (125 MHz, CDCl;): § =
142.8, 137.0, 129.5 (2C), 127.0 (2C), 122.0, 116.8, 50.0, 48.0, 29.0, 28.3, 22.0, 21.4, 11.1, 2.1, 1.8; IR
(neat): v = 2971, 2934, 2875, 1599, 1494, 1459, 1337, 1154, 1090, 962, 814, 730 cm™*; HRMS (ES+) calcd
for (C16H25NO,S + Na): 330.1504; found: 330.1505.

Compound 8be. mCPBA (202 mg, 1.18 mmol) was added as solid in one portion to a solution of 8bd (300
mg, 0.98 mmol) in CH,Cl, (5 mL) at 0 °C. After stirring at r.t. for 20 hours, the mixture
Q NTepy WS guenched with a saturated solution of NaHCO3. The aqueous layer was extracted with
%5—“) CH,Cl, and the combined organic layers were washed with brine, dried over Na,SOy,
3 filtered and concentrated. This material was diluted in CH,Cl, (1 mL) and Lil (5 mg, 0.037
mmol) was added under N,. After heating at reflux for 3h, the mixture was diluted with CH,Cl,, washed
with brine and concentrated. Purification by flash chromatography (PE/EtOAc, 4/1) gave 8be as a colorless
oil (172 mg, 54%). *H NMR (500 MHz, CDCls): & = 7.64 (d, J = 8.2 Hz, 2H), 7.26 (d, J = 8.2 Hz, 2H),
3.29- 3.19 (m, 1H), 3.12-2.95 (m, 5H), 2.92-2.82 (m, 1H), 2.39 (s, 3H), 2.15 (qd, J = 10.6, 5.2 Hz, 1H),
1.67-1.54 (m, 4H), 1.54-1.44 (m, 3H), 0.83 (t, J = 7.5 Hz, 3H); *C NMR (125 MHz, CDCls): § = 211.5,
143.0, 136.8, 129.6 (2C), 127.0 (2C), 59.7, 50.1, 47.9, 44.4, 26.6, 26.2, 21.9, 21.4, 16.8, 11.1; IR (neat): v =
2967, 2932, 2875, 1773, 1598, 1494, 1459, 1335, 1154, 1089, 960, 815, 719 cm™; HRMS (ES+) calcd for
(C16H25NOsS + Na): 346.1453; found: 346.1447.

Compound 8bf. This compound was obtained from 8be (160 mg, 0.49 mmol), using the procedure
OTBS described for the preparation of 8ab. Purification by flash chromatography (PE/EtOAc,
15/1) gave 8bf as a inseparable mixture of E and Z isomers (6:4) (Colorless oil, 122

mg, 50%). *H NMR (500 MHz, CDCl5):® § = 7.66 (d, J = 8.1 Hz, 2H), 7.26 (d, J = 8.1

A»NTsPr Hz, 2H), 5.05-4.97 (m, 1H), 3.61-3.53 (m, 2H), 3.10-3.00 (m, 4H), [2.91-2.83 (m,
0.4H)], 2.82-2.73 (m, 0.6 H), 2.60-2.42 (m, 2H), 2.39 (s, 3H), 2.06-1.96 (m, 1H),

1.95-1.85 (m, 2H), 1.63-1.25 (m, 9H), 0.871 (s, 5H), [0.865 (s, 4H)], 0.85 (t, J = 7.3 Hz, 3H), 0.02 (s, 6H);
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3C NMR (125 MHz, CDCls):® & = 144.3, 142.8, [142.7], 137.1, 129.5 (2C), 127.1 (2C), [120.9], 118.8,
[62.7], 62.6, [50.0], 49.9, [48.34], 48.25, 43.0, [42.1], [33.2], 32.9, 31.6, [31.3], [28.0], 26.33, [26.30], 26.2,
25.9 (3C), [24.4], 24.0, 23.6, [22.7], [21.99], 21.95, 21.4, [18.30], 18.28, 11.2, -5.3 (2C); IR (neat): v =
2929, 2856, 1599, 1495, 1463, 1341, 1253, 1157, 1091, 1040, 1020, 1005, 959, 834, 814, 774, 724 cm™;
HRMS (ES+) calcd for (C,7H47NO3SSi + Na): 516.2944; found: 516.2956.

Compound 8bg. This compound was obtained from 11bf (144 mg, 0.292 mmol) using the procedure
described for the preparation of 8ac. Purification by flash chromatography

OH (PE/EtOAC, 4/1 - 3/1) gave 8bg as an inseparable mixture of E and Z isomers (6:4)
i (colorless oil, 103 mg, 93%). *H NMR (500 MHz, CDCl5):* § = 7.65 (d, J = 8.1 Hz,
& 2H), 7.26 (d, J = 8.1 Hz, 2H), 5.08-4.98 (m, 1H), 3.66-3.54 (m, 2H), 3.15-2.98 (m,
(M-NTsPr  4H), [2.95-2.86 (m, 0.4H)], 2.83-2.73 (m, 0.6 H), 2.61-2.40 (m, 2H), 2.38 (s, 3H),

2.06-1.85 (m, 4H), [1.70-1.61 (m, 0.4H)], 1.60-1.39 (m, 8H), 1.34-1.25 (m, 0.6H),
0.89-0.78 (m, 3H); *C NMR (125 MHz, CDCly):* & = 144.6, [143.03], [142.85], 142.8, 136.93, [136.89],
[129.46 (2C)], 129.44 (2C), 126.94 (2C), [126.92 (2C)], [120.7], 118.5, [62.4], 62.3, [49.9], 49.8, [48.3],
48.2, 42.9, [42.1], [32.9], 32.5, 31.4, [31.3], [27.9], 26.3, 26.1, [26.0], [24.4], 24.0, 23.5, [22.5], 21.9, 21.3,
11.1; IR (neat): v = 3403 (br), 2932, 2874, 1598, 1494, 1457, 1379, 1334, 1305, 1153, 1090, 1042, 1020,
960, 814, 724 cm™; HRMS (ES+) calcd for (C,1H33NOsS + Na): 402.2079; found: 402.2075.

Compound 8b. This compound was obtained from 8bg (100 mg, 0.263 mmol) using the Swern procedure
followed for the preparation of 6. Purification by flash chromatography (PE/EtOAc, 10/1) gave 8b as an
CHO inseparable mixture of E and Z isomers (6:4) (colorless oil, 92 mg, 93%). *H NMR (500

E& MHz, CDCI3):3 6 =[9.73-9.71 (m, 0.4H)], 9.71-9.69 (m, 0.6H), 7.66-7.60 (m, 2H),
(\-NT

7.24 (d, J = 7.5 Hz, 2H), 5.03-4.93 (m, 1H), 3.12-2.97 (m, 4H), [2.93-2.83 (m, 0.4H)],

2.71-2.59 (m, 0.6H), 2.59-2.34 (m, 4H), 2.37 (s, 3H), 2.25-2.11 (m, 2H), 2.06-1.94 (m,
1H), [1.66-1.57 (m, 0.4H)], 1.56-1.36 (m, 6H), 1.34-1.23 (m, 0.6H), 0.83 (t, J = 7.3 Hz, 3H); *C NMR
(125 MHz, CDCly):* & = 202.45, [202.38], 145.8, [144.4], [142.84], 142.81, 136.9, [129.47 (2C)], 129.45
(2C), 127.0 (2C), [118.9], 116.8, [50.0], 49.9, [48.3], 48.2, [44.0], 43.7, 42.8, [42.0], 31.3, [31.1], [27.9],
26.3, [26.2], 26.1, 23.4, [22.5], [21.93], 21.89, 21.4, [20.9], 20.6, 11.1; IR (neat): v = 2934, 2875, 2722,
1722, 1599, 1494, 1459, 1381, 1336, 1154, 1090, 1041, 1020, 993, 960, 815, 724 cm™; MS (ES+): m/z (rel.
intensity): 432 (54) [M + MeOH +Na], 400 (100) [M + Na]; HRMS (ES+) calcd for (C;H31NO3S + Na):
400.1922; found: 400.1905.
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Preparation of compound 8c

OTBS
O

OH
ol 2 o
e L i O
Ph Ph Ph
8ca 8cb 8cc 8c

216, LIHMDS, toluene, —78 °C to r.t.; 66%. ® TBAF, THF; 90%. ¢ (COCl),, DMSO, Et3N, CH,Cl,, —78 °C; 55-63%.

Compound 8cb. Lithium bis(trimethylsilyl)amide (327 mg, 2.01 mmol) was added as solid in one portion
under N, to a solution of 16 (650 mg, 1.64 mmol)* and commercially available 8ca (184 mg, 1.26 mmol) in

OTBS toluene (12 mL) at —78 °C. The mixture was slowly allowed to warm to room temperature
overnight while stirring by maintaining the flask dipped in the dry ice bath. The mixture
_ was quenched with a saturated solution of NH4CI (10 mL) and extracted with EtOAc (3 x

15 mL). The organic layers were washed with brine, dried over Na,SQO,, filtered and

concentrated. Purification by flash chromatography (petroleum ether/EtOAc, 50:1) gave

8cb as an inseparable mixture of E and Z isomers (1:1) (Colorless oil, 265 mg, 66%). ‘H
NMR (500 MHz, CDCls):? § = 7.31-7.23 (m, 4H), 7.19-7.14 (m, 1H), [5.20 (tq, J = 7.4, 2.3 Hz, 0.5H], 5.03
(tq, J = 7.4, 2.5 Hz, 0.5H), 4.13-4.02 (m, 1H), 3.58 (t, J = 6.6 Hz, 1H), [3.41 (dt, J = 10.2, 6.8 Hz, 0.5H)],
[3.35 (dt, J = 10.1, 6.6 Hz, 0.5H)], [2.77-2.61 (m, 1H)], 2.68-2.62 (m, 1H), [2.43 (dtd, J = 11.3, 9.4, 6.4 Hz,
0.5H)], 2.37 (ddt, J = 10.8, 9.3, 6.9 Hz, 0.5H), 2.08-1.93 (m, 1.5H), [1.91 (ddt, J = 11.2, 10.1, 6.1 Hz,
0.5H)], [1.76-1.68 (m, 0.5H)], [1.66-1.58 (m, 0.5H)], 1.53 (quint., J = 7.0 Hz, 1H), 1.43-1.32 (m, 0.5H),
0.87 (s, 4.5H), [0.82 (s, 4.5H)], 0.02 (s, 3H), [-0.04 (s, 1.5H)], [-0.05 (s, 1.5H)]; *C NMR (125 MHz,
CDCly):* & = [144.5], 143.8, 143.3, [141.7], [128.3 (20)], 128.2 (2C), 127.4 (2C), [127.2 (2C)], 126.0,
[125.9], [122.4], 120.7, [62.8], 62.6, 48.6, [47.7], 32.8, [32.6], [28.3], [27.1], 26.8, 26.4, 26.0 (3C), [25.9
(3C)], [24.1], 24.0, 18.32, [18.28], -5.28 (2C), [-5.33 (2C)]; IR (neat): v = 3062, 3027, 2950, 2929, 2856,
1603, 1494, 1472, 1463, 1388, 1361, 1254, 1097, 1031, 1006, 963, 939, 833, 773, 697, 661, 597, 542, 531,
522 cm™; MS (ES+): m/z (rel. intensity): 339 (100); HRMS (ES+) calcd for (CxH30Si + Na): 339.2120;
found: 339.2117.

Compound 8cc. This compound was obtained from 8cb (348 mg, 1.1 mmol) using the procedure followed
for the preparation of 8ac. Partial separation by flash chromatography (petroleum

OH ether/Et,0, 10/1 - 3/1) and purification by preparative TLC (petroleum ether/EtOAc,
3/1) gave two fractions of 8cc, both as colorless oil: 1) E/Z = 3:1 (147 mg, 66%), 2) Z
_ isomer only (54 mg, 24%). This enabled the attribution of NMR signals for E and Z

isomers for 8cc and the mixture of isomers of 8cb. '"H NMR (500 MHz, CDCls): (E

isomer) & = 7.25-7.21 (m, 4H), 7.20-7.15 (m, 1H), 5.05 (tq, J = 7.4, 2.5 Hz, 1H), 4.10-

4.03 (m, 1H), 3.63 (q, J = 6.2 Hz, 2H), 2.76-2.62 (m, 2H), 2.37 (ddt, J = 11.0, 9.3, 6.9 Hz,
1H), 2.10-1.98 (m, 3H), 1.60 (quint., J = 6.9 Hz, 2H), 1.22 (t, J = 5.4 Hz, 1H(OH)); (Z isomer) 6 = 7.31—
7.26 (m, 4H), 7.20-7.15 (m, 1H), 5.19 (tq, J = 7.5, 2.3 Hz, 1H), 4.14-4.08 (m, 1H), 3.38 (g, J = 6.0 Hz, 2H),
2.80-2.62 (m, 2H), 2.44 (dtd, J = 11.3, 9.4, 6.3 Hz, 1H), 1.95 (ddt, J = 11.3, 10.1, 6.7 Hz, 1H), 1.77-1.68
(m, 2H), 1.49-1.40 (m, 1H), 1.39-1.30 (m, 1H), 0.86 (t, J = 5.9 Hz, 1H(OH)); *C NMR (125 MHz, CDCly):
(E isomer ) 6 = 143.9, 143.5, 128.2 (2C), 127.3 (2C), 126.0, 120.3, 62.5, 48.6, 32.4, 26.7, 26.2, 24.1; (Z
isomer ) 6 = 144.5, 142.6, 128.4 (2C), 127.2 (2C), 126.0, 122.1, 62.3, 47.8, 32.2, 28.3, 26.9, 23.8; IR (neat):
v = 3343 (br), 3061, 3026, 2938, 2876, 1699, 1602, 1492, 1452, 1047, 1031, 917, 868, 837, 758, 744, 698
cm™; MS (CI): m/z (rel. intensity): 220 (100) [M + NH,], 203 (15) [M + H], 85 (23); elemental analysis (%)
calcd for Cy4H150: C 83.12, H 8.97; found: C 83.57, H 9.11.
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The geometry of the olefin in 8cc was confirmed on a E/Z (6:4) mixture by nOe experiments.

Ph
HO M-
H—+~
H
8cc (Z isomer)

key nOe

(TR PR . Ty W
L e " v

T
.0 Ppm

8cc (E isomer)
key nOe

T T T T T T T T T
5.0 4.5 4.0 3.5 3.0 2.9 2.0 1.5 1.0 Ppm

Compound 8c. Two batches of this compound were obtained by Swern oxidation of alcohol 8cb: 1) a E/Z

(3:1) mixture (pale yellow oil, 81 mg, 55%), 2) the pure Z isomer (colourless oil, 28 mg,

CHO 63%). 'H NMR (500 MHz, CDCls): (E isomer) & = 9.74 (t, J = 1.7 Hz, 1H), 7.24-7.21 (m,

E/ 4H), 7.20-7.15 (m, 1H), 5.01 (tq, J = 7.3, 2.5 Hz, 1H), 4.10-4.03 (m, 1H), 2.76-2.62 (m,

2H), 2.44 (td, J = 7.2, 1.8 Hz, 2H), 2.38 (ddt, J = 11.0, 9.3, 6.9 Hz, 1H), 2.29-2.23 (m,

2H), 2.06 (dtd, J = 10.8, 8.9, 8.0 Hz, 1H); (Z isomer) & = 9.49 (t, J = 1.9 Hz, 1H), 7.31—-

7.24 (m, 4H), 7.20-7.15 (m, 1H), 5.18 (tq, J = 7.5, 2.2 Hz, 1H), 4.15-4.08 (m, 1H), 2.78—

2.62 (m, 2H), 2.44 (dtd, J = 11.2, 9.4, 6.4 Hz, 1H), 2.29-2.12 (m, 2H), 2.04-1.89 (m, 3H); **C NMR (125

MHz, CDCly): (E isomer ) & = 202.3, 145.2, 143.2, 128.3 (2C), 127.3 (2C), 126.1, 118.6, 48.6, 43.6, 26.7,

26.1, 20.7; (Z isomer ) 6 = 202.4, 144.2, 143.9, 128.5 (2C), 127.2 (2C), 126.2, 120.3, 47.8, 43.4, 28.3, 26.9,

20.6; IR (neat): v = 3058, 3026, 2947, 2916, 2851, 2825, 2719, 1724, 1601, 1493, 1454, 1408, 1389, 1078,

1031, 838, 747, 700 cm™; MS (ES+): m/z (rel. intensity): 255 (100) [M + MeOH + Na]; HRMS (ES+) calcd
for (C14H170 + MeOH + Na): 255.1361; found: 255.1357.
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Preparation of compound 8d

OH
CHO
—— d
= OBn = OBn
OBn 0 BnO OTBS
a b c
= OBn | 8dd (Eisomer) 8d (E isomer)
8da 8db OBn ) OBn
OHC
— HO -
8dc
_— =
8dd (Z isomer) 8d (Z isomer)

MCPBA, CH,Cl,, r.t.; 45%. ° 16, NaHMDS, THF, —78 °C to r.t.; 39%. © TBAF, THF, then separation by preparative TLC; 22%
(E) + 16% (Z). ® (COCI),, DMSO, Et;N, CH,Cl,, —78 °C; 47% (E); 56% (Z).

Compound 8db. mCPBA (3.35g, 14.7 mmol, 75% w/w) was added in one portion to 8da* (2.89 g, 12.3
mmol) in CH,CI, (45 mL). After stirring for 2h at r.t., the mixture was quenched carefully
with a saturated solution of NaHCOj3 (30 mL) and diluted with CH,CIl, (15 mL). The
aqueous layer was extracted with CH,Cl, (15 mL). The combined organic layers were
washed with brine (10 mL), dired over Na,SOy, filtered and concentrated. Purification by
flash chromatography after solid deposition (petroleum ether/EtOAc, 15/1 - 10/1) gave 8db as a white
solid (1.38 g, 45%). m.p.: 56-59 °C; *H NMR (500 MHz, CDCls): & = 7.43-7.35 (m, 4H), 7.34-7.30 (m,
1H), 7.23-7.18 (m, 1H), 7.12 (dd, J = 7.6, 1.7 Hz, 1H), 6.92 (d, J = 8.0 Hz, 1H), 6.89 (td, J = 7.4, 1.0 Hz,
1H), 5.02 (s, 2H), 4.46 (ddt, J = 10.6, 8.1, 2.5 Hz, 1H), 3.01 (dddd, J = 18.1, 10.3, 7.9, 2.3 Hz, 1H), 2.80
(dddd, J =17.6, 9.7, 4.8, 2.8 Hz, 1H), 2.34 (qd, J = 10.7, 4.9 Hz, 1H), 2.21 (ddt, J = 10.8, 9.7, 8.0 Hz, 1H);
3C NMR (125 MHz, CDCls): & = 209.3, 156.5, 136.5, 129.5, 128.6, 128.5 (2C), 128.1, 127.8 (2C), 126.1,
120.8, 111.7, 70.3, 62.0, 44.9, 18.1; IR (neat): v = 3058, 3028, 2997, 2952, 2920, 2886, 1779, 1597, 1583,
1491, 1467, 1454, 1381, 1336, 1295, 1264, 1233, 1211, 1180, 1158, 1117, 1078, 1034, 1009, 960, 918, 882,
854, 811, 765, 747, 730, 695 cm™; MS (CI): m/z (rel. intensity): 270 (100), 253 (9); HRMS (ClI) calcd for
(C17H160, + NHy): 270.1489; found: 270.1488; elemental analysis (%) calcd for C17H160,: C 80.93, H 6.39;
found: C 80.73, H 6.41.

O BnO

Compound 8dc. This compound was obtained from 8db (504 mg, 2 mmol) according the procedure
described for 8ab. Colorless oil (316 mg, 39%, mixture of E and Z isomers (7:3)). *H

OTBS NMR (500 MHz, CDCls):* § = 7.47-7.42 (m, 2H), 7.41-7.36 (m, 3H), 7.35-7.29 (m,
1H), 7.14 (t, J = 7.2 Hz, 1H), 6.95 (t, J = 7.5 Hz, 1H), 6.90 (d, J = 8.4 Hz, 1H), [5.27
_ ogn (tg, J =7.4, 2.3 Hz, 0.3H)], 5.12 (tq, J = 7.5, 2.3 Hz, 0.7H), 5.07 (s, 2H), 4.59-4.45 (m,

1H), 3.62 (t, J = 6.6 Hz, 1.4H), [3.50-3.42 (m, 0.6H)], [2.77-2.57 (m, 0.6H)], 2.69—

2.62 (m, 1.4H), [2.53-2.44 (m, 0.3H)], 2.46-2.35 (m, 0.7H), 2.06-1.94 (m, 2.1H),

[1.90-1.82 (m, 0.3H)], [1.81-1.70 (m, 0.6H)], 1.57 (quint., J = 7.0 Hz, 1.4H), [1.46
(quint., J = 7.0 Hz, 0.6H)], 0.90 (s, 6.3H), [0.84 (s, 2.7H)], 0.052 (s, 2.1H), 0.051 (s, 2.1H), [-0.02 (s,
0.9H)], [-0.03 (s, 0.9H)]; **C NMR (125 MHz, CDCls): & = 156.3, [155.9], 142.5, [141.1], 137.5, [132.7],
132.6, 128.5 (2C), 127.7, 127.67, [127.62], 127.4, 127.1 (2C), 127.0, [122.5], 121.1, 120.7, 111.6, [111.5],
69.9, [69.8], [62.9], 62.8, 42.5, [41.7], 32.9, [32.7], [28.1], 26.6, [26.2], 26.0 (3C), [25.9 (3C)], 25.7, [24.3],

*Shi, M.; Liu, L. P.; Tang, J. J. Am. Chem. Soc. 2006, 128, 7430.
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24.1, [18.4], 18.3, -5.25 (2C), [-5.31 (2C)]; IR (neat): v = 3064, 3028, 2942, 2929, 2857, 1599, 1583, 1490,
1469, 1451, 1382, 1360, 1285, 1241, 1100, 1052, 1026, 963, 835, 812, 775, 750, 696 cm™; HRMS (ES+)
calcd for (C27H330,Si + Na): 445.2539; found: 445.2522; elemental analysis (%) calcd for C,7H330,Si: C
76.72, H 9.06; found: C 76.51, H 9.11.

Compound 8dd. This compound was prepared from 8dc (475 mg, 1.16 mmol) according to the procedure
described for the preparation of 8ac. Purification by flash chromatography (petroleum ether/EtOAc, 5.5/1)

OH followed by preparative TLC (petroleum ether/EtOAc, 4:1 (2 migrations)) gave 2
fractions (77 mg, 22%, E/Z = 20:1) and (56 mg, 16%, E/Z = 1:14), both obtained as
colorless oils. *H NMR (500 MHz, CDCls): (E isomer) & = 7.42-7.39 (m, 2H), 7.38—
7.34 (m, 3H), 7.32-7.27 (m, 1H), 7.18-7.12 (m, 1H), 6.93 (t, J = 7.5 Hz, 1H), 6.89 (d, J
=8.2 Hz, 1H), 5.11 (tq, J = 7.5, 2.5 Hz, 1H), 5.06 (s, 2H), 4.53-4.45 (m, 1H), 3.62 (q, J
= 6.1 Hz, 2H), 2.69-2.58 (m, 2H), 2.38 (ddt, J = 10.7, 9.7, 7.2, 1H), 2.06-1.97 (m, 3H),
1.60 (quint., J = 6.9 Hz, 2H), 1.21 (t, J = 5.1 Hz, 1H(OH)); (Z isomer) 6 = 7.44 (d, J = 7.4 Hz, 2H), 7.39 (t, J
= 7.5 Hz, 2H), 7.36-7.29 (m, 2H), 7.18 (td, J = 7.8, 1.7 Hz, 1H), 6.95 (t, J = 7.5 Hz, 1H), 6.92 (d, J = 8.3
Hz, 1H), 5.24 (tq, J = 7.4, 2.3 Hz, 1H), 5.08 (s, 2H), 4.56-4.48 (m, 1H), 3.44 (td, J = 6.4, 2.4 Hz, 2H), 2.77-
2.67 (m, 1H), 2.67-2.59 (m, 1H), 2.46 (dtd, J = 11.1, 9.5, 6.8 Hz, 1H), 1.92 (it, J = 10.9, 6.0 Hz, 1H), 1.85-
1.74 (m, 2H), 1.55-1.39 (m, 2H), 1.37-1.21 (m, 1H(OH)); *C NMR (125 MHz, CDCls): (E isomer) & =
156.2, 143.1, 137.3, 132.3, 128.4 (2C), 127.6, 127.4, 127.04 (2C), 127.01, 120.7, 120.6, 111.5, 69.8, 62.6,
42.6 ,32.4, 26.6, 25.4, 24.2; (Z isomer) & = 155.8, 142.1, 137.3, 132.6, 128.5 (2C), 127.73, 127.66, 127.13
(2C), 127.10, 122.0, 120.8, 111.6, 69.9, 62.5, 41.5, 32.4, 28.1, 25.9, 24.1; IR (neat): v = 3334 (br), 3063,
3033, 2934, 2866, 1598, 1585, 1489, 1449, 1380, 1330, 1288, 1237, 1161, 1110, 1049, 1024, 914, 848, 813,
749, 695 cm™; HRMS (ES+) calcd for (Co1H240, + Na): 331.1674; found: 331.1679; elemental analysis (%)
calcd for C,;1H240,: C 81.78, H 7.84; found: C 81.45, H 7.85.

= OBn

The geometry of the olefin in 8dd was confirmed on the Z isomer by nOe experiments.

OBn

H
8dd (Z isomer)

key nOe
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Compound 8d (E isomer). This compound was obtained from the E isomer of 8dd (77 mg, 0.25 mmol)

using the Swern procedure followed for the preparation of 6. Colorless oil (36 mg,

CHO 47%). *H NMR (500 MHz, CDCls): & = 9.74 (s, 1H), 7.40 (d, J = 7.6 Hz, 2H), 7.39-

_ opn [-35 (M, 2H), 7.34-7.27 (m, 2H), 7.15 (td, J = 7.8, 1.8 Hz, 1H), 6.92 (td, J = 7.5, 1.0

Hz, 1H), 6.89 (dd, J = 8.2, 0.8 Hz, 1H), 5.07 (tq, J = 7.3, 2.5 Hz, 1H), 5.05 (s, 2H),

453-4.45 (m, 1H), 2.69-2.61 (m, 2H), 2.43 (td, J = 7.1, 1.7 Hz, 2H), 2.38 (ddt, J =

10.9, 9.5, 7.1 Hz, 1H), 2.30-2.23 (m, 2H), 2.07-1.97 (m, 1H); **C NMR (125 MHz,

CDCly): 6 = 202.4, 156.2, 144.3, 137.3, 131.9, 128.4 (2C), 127.6, 127.4, 127.1, 127.0 (2C), 120.6, 118.8,

111.5, 69.8, 43.6, 42.6, 26.6, 25.3, 20.8; IR (neat): v = 3063, 3033, 2941, 2917, 2856, 2825, 2721, 1721,

1598, 1585, 1489, 1450, 1382, 1330, 1289, 1237, 1161, 1110, 1050, 1024, 912, 852, 750, 696 cm™:;
elemental analysis (%) calcd for C,;H,,0,: C 82.32, H 7.24; found: C 81.65, H 7.18.

Compound 8d (Z isomer). This compound was obtained from the Z isomer of 8dd (56 mg, 0.18 mmol)
using the Swern procedure followed for the preparation of 6. Colorless oil (31 mg,
56%). 'H NMR (500 MHz, CDCls): & = 9.53 (t, J = 1.8 Hz, 1H), 7.44 (d, J = 7.3 Hz,
2H), 7.39 (t, J = 7.2 Hz, 2H), 7.35-7.29 (m, 2H), 7.17 (dt, J = 7.8 Hz, J = 1.6 Hz, 1H),
6.94 (t,J = 7.4 Hz, 1H), 6.91 (d, J = 8.2 Hz, 1H), 5.22 (tq, J = 7.4, 2.3 Hz, 1H), 5.07 (s,

Z 2H), 4.58-4.46 (m, 1H), 2.77-2.672 (m, 1H), 2.667—2.57 (m, 1H), 2.46 (dtd, J = 11.5,
9.6, 6.8 Hz, 1H), 2.35-2.18 (m, 2H), 2.09-2.01 (m, 2H), 1.92 (t, J = 10.8, 6.0 Hz, 1H); **C NMR (125 MHz,
CDCl3): 6 = 202.6, 155.8, 143.5, 137.3, 132.3, 128.5 (2C), 127.8, 127.6, 127.21, 127.15 (2C), 120.8, 120.1,
111.7, 69.9, 43.5, 41.5, 28.1, 25.9, 20.8; IR (neat): v = 3064, 3032, 2942, 2918, 2856, 2721, 1722, 1598,
1585, 1489, 1450, 1407, 1381, 1319, 1288, 1236, 1178, 1161, 1108, 1050, 1024, 935, 915, 853, 751, 696
cm™®; MS (ES+): m/z (rel. intensity): 361 (100) [M + MeOH + Na], 329 (33) [M + Na]; HRMS (ES+) calcd
for (C;1H20, + Na): 329.1517; found: 329.1531; HRMS (ES+) calcd for (C1H220, + MeOH + Na):
361.1780; found: 361.1778.

OBn
OHC
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Preparation of compound 8e

OH
CHO
C
—> _ —_— _
OBn OBn

a bl  8ec (Eisomer) 8e (E
&@70&‘ ] isomer)

BnQ BnO
8ea 8eb
L~ HO _C¢ . OHC
= ¥
8ec (Z isomer) 8e (Z
isomer)

®mCPBA, CH,Cl,, r.t.; 65%. ° 1) 16, NaHMDS, THF, —78 °C to r.t.; 2) TBAF, THF, then separation; 43% over two steps. ©
(COCI),, DMSO, Et;N, CH,Cl,, 78 °C; 71% (E); 74% (Z).

Compound 8eb.This compound was obtained from 8ea” (2.75 g, 11.65 mmol) according to the procedure
described for the preparation of 8db. White solid (1.9 g, 65%). m.p.: 40-43 °C; 'H

9 NMR (500 MHz, CDCl): 6 =7.41 (d, J = 7.1 Hz, 2H), 7.39-7.34 (m, 2H), 7.33-7.31
é—@OBn (m, 1H), 7.14 (d, J = 8.4 Hz, 2H), 6.90 (d, J = 9.0 Hz, 2H), 5.03 (5, 2H), 4.45 (ddt, J =
10.6, 8.2, 2.5 Hz, 1H), 3.19 (dddd, J = 18.8, 10.7, 8.3, 2.4 Hz, 1H), 3.00 (dddd, J =

17.5, 9.8, 4.9, 2.6 Hz, 1H), 2.50 (qd, J = 10.7, 4.9 Hz, 1H), 2.16 (ddt, J = 11.2, 9.8, 8.3 Hz, 1H); *C NMR
(125 MHz, CDCl3): 6 = 208.2, 157.7, 136.9, 128.9, 128.5 (2C), 128.0, (2C), 127.8, 127.3 (2C), 114.9 (20),
69.9, 63.8, 44.6, 17.9; IR (neat): v = 3057, 3035, 2984, 2904, 2864, 1762, 1610, 1580, 1509, 1469, 1455,
1400, 1378, 1335, 1298, 1243, 1225, 1210, 1175, 1112, 1072, 1014, 993, 970 ,929, 916, 906, 857, 821, 759,

743, 695 cm™; HRMS (ES+) calcd for (C17H160, + Na): 275.1048; found: 275.1049; elemental analysis (%)
calcd for C17H160,: C 80.93, H 6.39; found: C 80.76, H 6.42.

Compound 8ec. This compound was obtained from 8eb (400 mg, 1.58 mmol) according the procedures

OH described for 8ab and 8ac. E (90 mg, 18%) and Z (72 mg, 14%) isomers of 8ec could be
separated by flash chromatography (petroleum ether/EtOAc, 4:1) and were both
obtained as white solids. A fraction of mixture of E and Z isomers was also obtained (57
=

mg, 11%). E isomer, m.p.: 29-31 °C; Z isomer, m.p.; 31-34 °C; *H NMR (500 MHz,

CDCls): (E isomer) 6 = 7.43 (d, J = 7.9 Hz, 2H), 7.38 (t, J = 7.6 Hz, 2H), 7.33—7.29 (m,

1H), 7.18 (d, J = 8.5 Hz, 2H), 6.92 (d, J = 8.6 Hz, 2H), 5.08-5.00 (m, 1H), 5.04 (s, 2H),

OBn 4.07-4.01 (m, 1H), 3.63 (t, J = 6.5 Hz, 2H), 2.72-2.60 (m, 2H), 2.42-2.31 (m, 1H),

2.08-1.95 (m, 3H), 1.60 (quint., J = 6.8 Hz, 2H), 1.50-1.34 (m, 1H(OH)); (Z isomer) 6 =7.42 (d, J = 7.4 Hz,
2H), 7.36 (t, J = 7.6 Hz, 2H), 7.33—7.29 (m, 1H), 7.19 (d, J = 9.1 Hz, 2H), 6.91 (d, J = 9.1 Hz, 2H), 5.16 (iq,
J=175, 2.3 Hz, 1H), 5.03 (s, 2H), 4.10-4.03 (m, 1H), 3.41 (t, J = 6.4 Hz, 2H), 2.76-2.60 (m, 2H), 2.46-2.37
(m, 1H), 1.95-1.86 (m, 1H), 1.74 (q, J = 7.3 Hz, 2H), 1.45 (dquint., J = 13.7, 6.8 Hz, 1H), 1.37 (dquint., J =
13.8, 6.9 Hz, 1H), 1.10-0.95 (m, 1H (OH)); *C NMR (125 MHz, CDCls): (E isomer) & = 157.2, 144.6,

® Firstner, A.; Aissa, C. J. Am. Chem. Soc. 2006, 128, 6306.
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137.2, 136.1, 128.5 (2C), 128.3 (2C), 127.9, 127.4 (2C), 120.0, 114.6 (2C), 70.0, 48.0, 32.5, 26.7, 26.5,
24.1; (Z isomer) 6 = 157.1, 143.1, 137.2, 137.0, 128.5 (2C), 128.2 (2C), 127.9, 127.5 (2C), 121.9, 114.8
(2C), 70.0, 62.5, 47.1, 32.4, 28.3, 27.1, 23.8; IR (neat): v = 3340 (br), 3032, 2936, 1609, 1581, 1508, 1454,
1380, 1300, 1278, 1236, 1174, 1110, 1039, 1024, 914, 858, 825, 734, 695 cm™; HRMS (ES+) calcd for
(C21H240, + Na): 331.1674; found: 331.1683; elemental analysis (%) calcd for C,;H,40,: C 81.78, H 7.84;
found: C 80.64, H 7.68.

The geometry of the olefin in 8ec was confirmed on the Z isomer by nOe experiments.

OBn

HO H
H
H

8ec (Z isomer)

key nOe

T T T T T T T T T 1
5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 ppm

’JLL j_ W

T T T T T T T T T
5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 ppm

Compound 8e (E isomer). This compound was obtained from the E isomer of 8ec (126 mg, 0.43 mmol)

using the Swern procedure followed for the preparation of 6. Colorless oil (94 mg, 71%). *H NMR (500

CHO MHz, CDCl3): 6 =9.74 (t, J = 1.8 Hz, 1H), 7.42 (d, J = 7.2 Hz, 2H), 7.39-7.34 (m, 2H),

7.33-7.31 (m, 1H), 7.14 (d, J = 8.8 Hz, 2H), 6.90 (d, J = 8.8 Hz, 2H), 5.03 (s, 2H), 4.99

(tg, J = 7.4, 2.5 Hz, 1H), 4.04-3.97 (m, 1H), 2.68-2.61 (m, 2H), 2.44 (td, J = 7.3, 1.7

Hz, 2H), 2.35 (ddt, J = 10.9, 9.2, 6.8 Hz, 1H), 2.31-2.25 (m, 2H), 2.10-1.92 (m, 1H);

3C NMR (125 MHz, CDCls): § = 202.3, 157.2, 145.7, 137.2, 135.7, 128.5 (2C), 128.3

OB (2C), 127.8, 127.4 (2C), 118.3, 114.6 (2C), 70.0, 47.9, 43.6, 26.7, 26.4, 20.7; IR (neat):

v = 3043, 2942, 2721, 1721, 1609, 1581, 1508, 1454, 1382, 1301, 1282, 1236, 1174, 1110, 1016, 913, 857,

826, 735, 696 cm™; MS (ES+): m/z (rel. intensity): 361 (100) [M + MeOH + Na], 329 (57) [M + Nal;
HRMS (ES+) calcd for (C21H2,0, + Na): 329.1517; found: 329.1530.

=
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Compound 8e (Z isomer). This compound was obtained from the Z isomer of 8ec (88 mg, 0.29 mmol)
using the Swern procedure followed for the preparation of 6. Colorless oil (65 mg, 74%).

BnO 'H NMR (500 MHz, CDClg): & = 9.52-9.50 (m, 1H), 7.42 (d, J = 7.5 Hz, 2H), 7.36 (t, J =
7.3 Hz, 2H), 7.33-7.29 (m, 1H), 7.17 (d, J = 9.1 Hz, 2H), 6.90 (d, J = 8.7 Hz, 2H), 5.16
OHC (tq, J = 7.5, 2.3 Hz, 1H), 5.03 (s, 2H), 4.11-4.02 (m, 1H), 2.75-2.59 (M, 2H), 2.41 (dtd, J

= 11.1, 9.4, 6.3 Hz, 1H), 2.28-2.13 (m, 2H), 2.05-1.92 (m, 2H), 1.96-1.86 (m, 1H); **C

= NMR (125 MHz, CDCls): 8 = 202.4, 157.2, 144.4, 137.1, 136.6, 128.5 (2C), 128.2 (2C),

127.9, 127.4 (2C), 120.0, 114.8 (2C), 70.0, 47.1, 43.4, 28.2, 27.1, 20.5; IR (neat): v = 3032, 2945, 2721,

1721, 1609, 1580, 1508, 1454, 1382, 1299, 1272, 1233, 1174, 1110, 1023, 915, 858, 826, 734, 695 cm™; MS

(ES+): m/z (rel. intensity): 361 (100) [M + MeOH + Na], 329 (40) [M + Na]; HRMS (ES+) calcd for
(C21H220, + Na): 329.1517; found: 329.1503.

Preparation of compound 8f

OH
CHO
c
= Cl = cl
OTBS
O Cl Cl -
a b ; .
&@*CI a._ P o0 — 8fc (E isomer) 8f (E isomer)
8fa

Cl cl
8fb
L~ HO _¢ . OHC
= >

8fc (Z isomer) 8f (Z isomer)

216, LIHMDS, toluene, —78 °C to r.t.; 75%. ® TBAF, THF; then separation: E isomer (48%) + Z isomer (34%). ¢ (COCI),, DMSO,
EtsN, CH,Cl,, —78 °C; E isomer (71%), Z isomer (79%).

Compound 8fb. This compound was prepared from 8fa® (271 mg, 1.26 mmol) according to the procedure
described for the preparation of 8cb. Purification by flash chromatography (petroleum ether/EtOAc, 200/1

OTBS - 150/1 - 50/1 - 15/1) gave 8fb as an equimolar mixture of E and Z isomers (360 mg,
75%). Colorless oil. *H NMR (500 MHz, CDCl5):® § = 7.39 (d, J = 8.4 Hz, 0.55H), 7.33
_ ol (d,J =2.4 Hz, 1H), [7.31 (d, J = 8.4 Hz, 0.45H)], 7.19-7.15 (m, 1H), [5.32 (tq, J = 7.4,

2.3 Hz, 0.45H)], 5.11 (tq, J = 7.4, 2.5 Hz, 0.55H), 4.45-4.36 (m, 1H), 3.60 (t, J = 6.6 Hz,

1.1H), [3.47 (t, J = 6.6 Hz, 0.9H)], 2.76-2.59 (m, 2H), [2.57-2.49 (m, 0.45H)], 2.51-2.42

(m, 0.55H), 2.06-1.95 (m, 1.1H), 1.91-1.81 (m, 0.55H), [1.78-1.65 (m, 1.35H)], 1.56

(quint., J = 6.9 Hz, 1.1H), [1.44 (quint., J = 7.1 Hz, 0.9H)], 0.88 (s, 5H), [0.82 (s, 4H)],
0.03 (s, 3.3H), [-0.03 (s, 1.4H)],[ -0.04 (s, 1.4H)]; *C NMR (125 MHz, CDCls):® & = 140.7, [140.0], [139.9],
139.3, 134.4, [134.0], 132.1, [129.04], 129.01, [128.9], 128.8, [127.0], 126.9, [123.8], 122.6, [62.7], 62.6,
44.9, [43.9], 32.7, [32.5], [27.8], 26.4, [26.2], 26.0 (3C), [25.9 (3C)], [24.6], 24.2, 18.33, [18.27], -5.3 (2C),
[-5.4 (2C)]; IR (neat): v = 2952, 2928, 2856, 1588, 1558, 1470, 1384, 1361, 1254, 1098, 1049, 1006, 964,
939, 865, 833, 810, 773 cm™; MS (ES+): m/z (rel. intensity): 409 (72), 407 (100) [M + Na], 387 (36), 385
(51) [M + H]; HRMS (ES+) calcd for (CooH30°Cl,SiO+ Na): 407.1341; found: 407.1326.

® Schweinitz, A.; Chtchemelimine, A.; Orellana, A. Org. Lett. 2011, 13, 232.
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Compound 8fc. This compound was obtained from 8fb (360 mg, 0.94 mmol) according the procedure

OH

o=

Cl

described 8ac. Purification by flash chromatography (petroleum ether/EtOAc, 10/1 -
5/1) enabled partial separation of E (123 mg, 48%) and Z (87 mg, 34%) isomers of 8fc,
both obtained as colorless oils. *H NMR (500 MHz, CDCls): (E isomer) & = 7.37 (d, J =
8.4 Hz, 1H), 7.34 (d, J = 8.2 Hz, 1H), 7.18 (dd, J = 8.3, 2.2 Hz, 1H), 5.12 (tq, J = 7.4, 2.5
Hz, 1H), 4.46-4.39 (m, 1H), 3.65 (g, J = 6.0 Hz, 2H), 2.71-2.62 (m, 2H), 2.51-2.43 (m,
1H), 2.09-2.01 (m, 2H), 1.89 (dtd, J = 11.1, 8.8, 7.5 Hz, 1H), 1.63 (quint., J = 7.0 Hz,
2H), 1.21 (t, J = 5.6 Hz, 1H(OH)); (Z isomer) & = 7.35 (d, J = 2.4 Hz, 1H), 7.31 (d, J =
8.4 Hz, 1H), 7.18 (dd, J = 8.4, 2.3 Hz, 1H), 5.32 (tq, J = 7.4, 2.3 Hz, 1H), 4.46-4.37 (m,

1H), 3.52 (g, J = 6.1 Hz, 2H), 2.77-2.61 (m, 2H), 2.54 (dtd, J = 11.3, 9.3, 7.1 Hz, 1H), 1.81-1.72 (m, 3H),
1.57-1.45 (m, 2H), 1.10 (t, J = 5.3 Hz, LH(OH)); *C NMR (125 MHz, CDCl): (E isomer) & = 141.3, 139.7,
134.3, 132.1, 129.0, 128.7, 122.1, 62.5, 44.8, 32.4, 26.4, 25.7, 24.2; (Z isomer ) & = 140.0, 134.1, 132.2,

129.1, 128.9, 127.0, 123.4, 62.5, 43.9, 32.3, 27.8, 26.1, 24.4; IR (neat): v =

3318 (br), 2936, 1586, 1557,

1468, 1426, 1381, 1333, 1100, 1048, 916, 865, 841, 819, 809 cm™; MS (ES+): m/z (rel. intensity): 295 (67),
293 (100) [M + Na]; HRMS (ES+) calcd for (C14H16>°Cl,0+ Na): 293.0476; found: 293.0463.

The geometry of the olefin in 8fc was confirmed on the E isomer by nOe experiments.

Cl

8fc (E isomer)
key nOe

Cl

ﬁ
[ R
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Compound 8f (E isomer). This compound was obtained from the E isomer of 8fc (123 mg, 0.46 mmol)
using the Swern procedure followed for the preparation of 6. Colorless oil (88 mg, 71%).
CHO 'H NMR (500 MHz, CDCl3): 8 =9.76 (t, J = 1.6 Hz, 1H), 7.34 (d, J = 2.3 Hz, 1H), 7.33
P o (@ J=84Hz 1H) 7.18 (dd, J = 8.4, 2.2 Hz, 1H), 5.08 (tg, J = 7.2, 2.6 Hz, 1H), 4.45-
4.38 (m, 1H), 2.73-2.64 (m, 1H), 2.52-2.44 (m, 3H), 2.33-2.24 (m, 2H), 1.90 (dtd, J =
11.1, 8.7, 7.5 Hz, 1H); *C NMR (125 MHz, CDCls): § = 202.0, 142.5, 139.4, 134.3,
132.2,129.0, 128.7, 127.0, 120.4, 44.8, 43.6, 26.5, 25.6, 20.8; IR (neat): v = 2949, 2822,
2720, 1723, 1587, 1557, 1468, 1443, 1407, 1382, 1194, 1141, 1100, 1048, 865, 803 cm™;
MS (ES+): m/z (rel. intensity): 325 (66), 323 (100) [M + MeOH +Na], 293 (5), 291 (8) [M + Na]; HRMS
(ES+) calcd for (C14H1.*°Cl,0+ Na): 291.0319; found: 291.0313.

Cl

Compound 8f (Z isomer). This compound was obtained from the Z isomer of 8fc (85 mg, 0.31 mmol) using

the Swern procedure followed for the preparation of 6. Colorless oil (66 mg, 79%). *H NMR (500 MHz,

Cl CDCl3): 6 =9.63 (t, J = 1.7 Hz, 1H), 7.36 (d, J = 2.2 Hz, 1H), 7.30 (d, J = 8.3 Hz, 1H),

7.19 (dd, J = 8.3, 2.2 Hz, 1H), 5.28 (tq, J = 7.4, 2.3 Hz, 1H), 4.46-4.40 (m, 1H), 2.77—

2.60 (m, 2H), 2.54 (dtd, J = 11.2, 9.3, 7.1 Hz, 1H), 2.38-2.31 (m, 2H), 2.07-1.95 (m,

2H), 1.78 (ddt, J = 11.3, 10.1, 6.0 Hz, 1H); *C NMR (125 MHz, CDCls): & = 201.9,

% 141.3, 139.6, 134.0, 132.3, 129.2, 128.8, 127.1, 121.6, 43.8, 43.3, 27.8, 26.1, 20.1; IR

(neat): v = 2949, 2824, 2720, 1724, 1586, 1557, 1468, 1440, 1407, 1382, 1194, 1143,

1100, 1048, 865, 819, 803 cm™; MS (ES+): m/z (rel. intensity): 325 (61), 323 (100) [M + MeOH +Na], 293
(5), 291 (8) [M + Na]; HRMS (ES+) calcd for (C14H1,>Cl,0 + MeOH + Na): 323.0582; found: 323.0569.

Cl
OHC

Preparation of compound 8g

OTBS

O
P

CO,Me CO,Me
( R =CH,OH 8gd
d
R=CHO &g

“mMCPBA, CH,Cl,, r.t.; 66%. ® 16, LIHMDS, toluene, —78 °C to r.t.; 37%. ¢ TBAF, THF; 78%. ¢ (COCI),, DMSO, Et3N, CH,Cl,, —
78 °C; 69%.

Compound 8gb. This compound was obtained from 8ga® (0.90 g, 4.78 mmol) according to the procedure
o described for the preparation of 8db. Pale yellow solid (0.65 g, 66%). m.p.: 78-80
°C; 'H NMR (500 MHz, CDCls): & = 7.98 (d, J = 8.4 Hz, 2H), 7.31 (d, J = 8.4 Hz,

mCone 2H), 4.58 (ddt, J = 10.5, 8.2, 2.3 Hz, 1H), 3.88 (s, 3H), 3.30-3.21 (m, 1H), 3.05
(dddd, J=17.3,9.7, 4.8, 2.4 Hz, 1H), 2.56 (qd, J = 10.8, 4.9 Hz, 1H), 2.26 (ddt, J =

11.0, 9.8, 8.3 Hz, 1H); *C NMR (125 MHz, CDCls): § = 206.6, 166.8, 141.4, 129.9 (2C), 128.7, 126.8 (2C),
64.2, 52.1, 44.9, 17.3; IR (neat): v = 3000, 2954, 1780, 1717, 1610, 1572, 1509, 1435, 1010, 1313, 1275,
1180, 1108, 1069, 1019, 962, 851, 826, 769, 748, 724, 699 cm™; MS (CI): m/z (rel. intensity): 222 (100) [M

+ NH,], 205 (10) [M + H], 162 (19), 131 (14); elemental analysis (%) calcd for C1,H;1,03: C 70.57, H 5.92;
found: C 69.29, H 6.00.
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Compound 8gc. This compound was prepared from 8gb (350 mg, 1.71 mmol) according to the procedure

OTBS described for the preparation of 8cb. Purification by flash chromatography
(petroleum ether/Et,O, 100/1 - 50/1) gave 8gb as an equimolar mixture of E and Z
P isomers (242 mg, 37%). Colorless oil. '"H NMR (500 MHz, CDCl5):® & = 7.96-7.93

(m, 2H), 7.33-7.29 (m, 2H), [5.22 (tq, J = 7.4, 2.4 Hz, 0.5H)], 5.01 (tq, J = 7.6, 2.4
Hz, 0.5H), 4.17-4.09 (m, 1H), 3.89 (s, 3H), 3.57 (t, J = 6.5 Hz, 1H), [3.43-3.32 (m,
1H)], 2.78-2.64 (m, 2H), [2.46 (dtd, J = 11.3, 9.4, 6.5 Hz, 0.5H)], 2.39 (ddt, J = 10.9,
9.3, 7.0 Hz, 0.5H), 2.08-2.00 (m, 0.5H), 1.97 (q, J = 7.3 Hz, 1H), [1.91 (ddt, J =
11.2, 10.1, 6.6 Hz, 0.5H)], [1.72-1.55 (m, 1H)], 1.55-1.49 (m, 1H), [1.40-1.30 (m, 1H)], 0.87 (s, 4.5H),
[0.80 (s, 4.5H)], 0.02 (s, 3H), [-0.05 (s, 1.5H)],[ -0.06 (s, 1.5H)]; *C NMR (125 MHz, CDCl5):® & = 167.13,
[167.10], [150.0], 149.2, 142.6, [140.8], [129.8 (2C)], 129.7 (2C), 127.9, [127.8], 127.4 (2C), [127.3 (2C)],
[123.1], 121.4, 62.7, [62.6], 51.95, [51.92], 48.5, [47.6], 32.7, [32.4], [28.3], [27.0], 26.8, 26.1, 26.0 (3C),
[25.9 (3C)], 24.2, [24.0], 18.31, [18.25], -5.3 (2C), [-5.4 (2C)]; IR (neat): v = 2951, 2929, 2856, 1724,
1610, 1472, 1463, 1435, 1415, 1388, 1361, 1310, 1277, 1255, 1192, 1177, 1101, 1020, 1006, 965, 940, 835,
774, 705 cm™; MS (ES+): m/z (rel. intensity): 397 (100) [M + Na]; HRMS (ES+) calcd for (Cz2Hz4O3+ Na):
397.2175; found: 397.2186.

CO,Me

Compound 8gd. This compound was obtained from 8gc (242 mg, 0.65 mmol) according the procedure

OH described 8ac. After purification by flash chromatography (petroleum ether/Et,0, 3/1

- 2/1 - 1/1), a first batch of 8gd (131 mg, 78%) was obtained as colourless oil (E/Z

i = 1:1.3). However, further attempts to separate the isomers led to partial

= decomposition and contamination by an unidentified compound. The data given

below was obtained for a mixture of E/Z = 1:4, and this material was also used in the

next step. *H NMR (500 MHz, CDCl3): (Z isomer) & = 7.94 (d, J = 8.2 Hz, 2H), 7.33

co,Me (d, J = 8.4 Hz, 2H), 5.23 (tq, J = 7.6, 2.3 Hz, 1H), 4.18-4.13 (m, 1H), 3.87 (s, 3H),

3.40 (t, J = 6.1 Hz, 2H), 2.79-2.64 (m, 2H), 2.50-2.42 (m, 1H), 1.92 (ddt, J = 11.2, 10.2, 6.6 Hz, 1H), 1.74—

1.63 (m, 2H), 1.47-1.32 (m, 2H); characteristic signals of E isomer: 6 = 7.30 (d, J = 8.6 Hz, 2H), 5.02 (tq, J

= 7.4, 2.5 Hz, 1H), 4.15-4.09 (m, 1H), 3.61 (t, J = 6.1 Hz, 2H), 2.11-2.03 (m, 1H), 2.01 (g, J = 7.2 Hz, 2H),

1.62-1.53 (m, 2H); *C NMR (125 MHz, CDCls): (only Z isomer described for clarity) & = 167.0, 149.9,

141.5, 129.8 (2C), 127.9, 127.2 (2C), 122.6, 62.4, 51.9, 47.5, 32.2, 28.3, 26.8, 24.0; IR (neat): v = 3357

(br), 2947, 1719, 1608, 1571, 1434, 1415, 1309, 1276, 1191, 1177, 1104, 1048, 1019, 965, 918, 851, 826,
771 and 705 cm™; MS (CI): m/z (rel. intensity): 278 (100) [M + NH,], 261 (43) [M + H], 229 (39), 85 (42).

Compound 8g. This compound was obtained from a E/Z = 1:4 mixture of 8gd (27 mg, 0.10 mmol) using

CHO the Swern procedure followed for the preparation of 6. Colorless oil (20 mg, 69%

g (E/Z = 1:4)). This reaction was repeated on similar scale with similar results using

= several batches of 8gd (E/Z = 1:2 to 1:5). *H NMR (500 MHz, CDCls): (Z isomer) &

=9.53-9.51 (m, 1H), 7.95 (d, J = 8.2 Hz, 2H), 7.33 (d, J = 8.2 Hz, 2H), 5.19 (tq, J =

7.4, 2.3 Hz, 1H), 4.19-4.13 (m, 1H), 3.88 (s, 3H), 2.79-2.64 (m, 2H), 2.51-2.42 (m,

CO,Me 1H), 2.29-2.15 (m, 2H), 2.00-1.85 (m, 3H); characteristic signals of E isomer: & =

9.74-9.72 (m, 1H), 7.29 (d, J = 8.6 Hz, 2H), 4.98 (tq, J = 7.3, 2.5 Hz, 1H), 4.13-4.08 (m, 1H), 2.11-2.01 (m,

1H); **C NMR (125 MHz, CDCls): & = 202.1, [202.0], 167.04, [166.98], [149.5], 148.6, 144.3, [142.8],

[129.9 (2C)], 129.7 (2C), [128.1], 127.3 (2C), [127.2 (2C)], 125.3, [120.9], 119.3, 52.0, 48.4, [47.6], 43.5,

[43.2], [28.3], [26.83], 26.79, 25.9, 20.6, [20.5]; IR (neat): v = 2950, 2846, 2720, 1718, 1609, 1572, 1435,

1415, 1310, 1277, 1177, 1104, 1019, 965, 852, 825, 773, 705 cm™; MS (ES+): m/z (rel. intensity): 281 (100)
[M + Na]; HRMS (ES+) calcd for (C16H1503+ Na): 281.1154; found: 281.1154.
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Preparation of compound (z)-11

o o) OoTBS OHC Ph
Ph .Ph Ph
Ph a b Ph _cC L d
SR TR S R s
- =
Ph
11a 11b 11c 11

2 N,N-Dimethyl-2-phenyl-acetamide, sym-collidine, styrene, Tf,0, CHClIs, reflux, 52%. ° 16, LiIHMDS, toluene, —78 °C to r.t.;
49%. © TBAF, THF; 53%. ¢ (COCI),, DMSO, Et;N, CH,Cl,, —78 °C; 79-84%.

Compound 11a. This compound was prepared by slightly modifying the original procedure.” To a refluxing
mixture of N,N-Dimethyl-2-phenyl-acetamide® (0.485 g, 2.98 mmol), sym-collidine (0.47
mL, 3.55 mmol) and styrene (3.42 mL, 29.8 mmol) in CHCI; (10 mL) under argon was
added Tf,0 (0.59 mL, 3.55 mmol) in CHCI; (20 mL) dropwise over 16 hours (via addition
funnel). The reaction mixture was cooled to room temperature diluted with CH,ClI, (50 mL)
and water (50 mL). The biphasic mixture was stirred for 30 minutes, separated and the
aqueous layer extracted with CH,Cl, (2 x 50 mL). The combined organic layers were dried
(Na,;SO,4) and the solvent removed under reduced pressure. Purification by flash column chromatography
(petroleum ether/Et,0, 40:1 - 10:1) gave racemic 11a as a colourless oil (0.34 g, 52%). *H NMR (500
MHz, CDCl3): & = 7.37-7.34 (m, 4H), 7.33 (d, J = 7.5 Hz, 2H), 7.29-7.25 (m, 4H), 4.58 (d, J = 8.8 Hz, 1H),
3.82 (9, J = 8.9 Hz, 1H), 3.44 (ddd, J = 17.2, 8.8, 1.8 Hz, 1H), 3.37 (ddd, J = 17.2, 9.1, 2.0 Hz, 1H); **C
NMR (125 MHz, CDCls): & = 205.1, 142.4, 135.6, 128.8 (2C), 128.7 (2C), 127.3, 127.0 (2C), 126.9, 126.6
(2C), 71.5, 51.4, 36.8; IR (neat): v = 3028, 2923, 1779, 1670, 1601, 1495, 1448, 1397, 1207, 1170, 1114,
1074, 1030, 953, 747, 697 cm™; MS (CI): m/z (rel. intensity): 240 (100) [M + NHg4], 223 (9) [M + H].

@go

The relative configuration of the stereogenic centres in (+)-11a was established unambiguously after its
Baeyer-Villiger oxidation into f,y-Diphenylbutyrolactone ()-18 and by comparison to literature *H NMR
data’® {"H-NMR (500 MHz, CDCls): & = 7.35-7.26 (m, 6H), 7.19-7.13 (m, 4H), 5.41 (d, J = 8.5 Hz, 1H),
3.61-3.54 (m, 1H), 3.05 (dd, J = 17.5, 8.5 Hz, 1H) and 2.91 (dd, J = 17.5, 10.7 Hz, 1H)}.

o]
_ mCPBA
o)
CHZCI2 0°C pp
Ph
(t) 11a (+)-18

" Falmagne, V. J-B.; Escudero, J.; Taleb-Sahraoui, S.; Ghosez, L. Angew. Chem. 1981, 93, 926.
® Prepared according to Pintori, D.G.; Greaney, M.F. Org. Lett. 2011, 13, 5713.

° Pippel, D.J.; Curtis, M.D.; Du, H.; Beak, P. J. Org. Chem. 1998, 63, 2. For 'H NMR data of the other diastereomer, see:
Katritzky, A. R.; Feng, D.; Lang, H. J. Org. Chem. 1997, 62, 706.
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Compound 11b. This compound was prepared from 11a (0.27 g, 1.21 mmol) according to the procedure
OTBS described for the preparation of 8cb. Purification by flash chromatography (petroleum
Ph oh ether/Et,0, 100:1 - 50:1) gave (%)-11b as an inseparable mixture of E and Z isomers
ﬁ (232 mg, 49%, E/Z = 45:55). Colorless oil. 'H NMR (500 MHz, CDCl3):*§ =7.32-7.25
(m, 6H), 7.24-7.15 (m, 4H), [5.34 (tq, J = 7.5, 2.0 Hz, 0.55H)], 5.14 (tq, J = 7.4, 2.5 Hz,
0.45H), 4.13-4.03 (m, 1H), 3.62 (t, J = 6.6 Hz, 0.9H), 3.55 (q, J = 8.7 Hz, 0.45H), [3.45 (q, J = 8.4 Hz,
0.55H)], [3.43-3.33 (m, 1.1H)], 3.16-3.06 (m, 1H), 2.89-2.77 (m, 1H), 2.12-1.98 (m, 0.9H), [1.73-1.59 (m,
1.1H)], 1.58 (quint., J = 7.0 Hz, 0.9H), [1.42-1.34 (m, 1.1H)], 0.89 (s, 4H), [0.82 (s, 5H)], 0.04 (s, 2.7H), [-
0.04 (s, 1.65H)], [-0.05 (s, 1.65H)]; *C NMR (125 MHz, CDCl3):* & = [144.9], 144.4, [142.9], 142.1, 139.5,
[137.9], [128.5 (2C)], 128.41 (2C), 128.35 (2C), 127.8 (2C), [127.6 (2C)], 126.6 (2C), [126.5 (2C)], 126.4,
[126.3], 126.2, [126.1], [123.1], 120.8, 62.8, [62.7], 57.3, [56.9], [45.7], 44.9, [35.3], 34.0, 32.8, [32.6],
25.99 (3C), [25.97 (3C)], 24.4, [24.3], 18.4, [18.3], -5.2 (2C), [-5.3 (2C)]; IR (neat): v = 3061, 3027, 2951,
2927, 2855, 1602, 1494, 1471, 1462, 1452, 1387, 1360, 1254, 1099, 1030, 1005, 960, 938, 909, 835, 774,
734, 697, 662 cm™; MS (ES+) m/z (rel. intensity) 415 (100 ) [M+Na]; HRMS (ES+) calcd for
(CgngGOSiNa): 4152433, found: 415.2433.

Compound 11c. This compound was obtained from (£)-11b (219 mg, 0.55 mmol) according the procedure
OH described 8ac. Purification by flash chromatography (petroleum ether/Et,0O, 3:1 - 2:1
Ph ph 2 1:1) enabled partial separation of E and Z isomers, giving two fractions (43 mg, 28%,
/b E:Z = 1:8) and (39 mg, 25%, E:Z = 3.3:1), both as colorless oils. *"H NMR (500 MHz,
CDCly): (E isomer) & = 7.32-7.25 (m, 6H), 7.24-7.15 (m, 4H), 5.14 (tq, J = 7.4, 2.4 Hz,
1H), 4.11-4.15 (m, 1H), 3.66 (t, J = 6.6 Hz, 2H), 3.56 (q, J = 8.8 Hz, 1H), 3.15-3.08 (m, 1H), 2.88-2.78 (m,
1H), 2.09 (q, J = 7.4 Hz, 2H), 1.63 (quint., J = 6.9 Hz, 2H), 1.58-1.47 (m, 1H(OH)); (Z isomer): 6 = 7.40—
7.32 (m, 6H), 7.31-7.22 (m, 4H), 5.40 (tq, J = 7.5, 2.3 Hz, 1H), 4.18-4.13 (m, 1H), 3.44 (t, J = 6.6 Hz, 2H),
3.23-3.16 (m, 1H), 2.97-2.90 (m, 1H), 1.83-1.72 (m, 2H), 1.60-1.47 (m, 1H), 1.55-1.39 (m, 1H), 1.25-0.93
(m, 1H(OH)); *C NMR (125 MHz, CDCl5): (E isomer) & = 144.2, 141.8, 140.0, 128.4 (2C), 128.3 (2C),
127.7 (2C), 126.5 (2C), 126.4, 126.1, 120.3, 62.5, 57.2, 44.7, 33.9, 32.4, 24.3; (Z isomer): 6 = 144.6, 142.9,
138.8, 128.5 (2C), 128.3 (2C), 127.6 (2C), 126.4 (2C + 1C), 126.1, 122.6, 62.4, 56.9, 45.4, 35.3, 32.3, 24.0;
IR (neat): v = 3340 (br), 3059, 3025, 2932, 1601, 1493, 1451, 1180, 1049, 1030, 924, 844, 746, 698 cm™;
MS (ES+) m/z (rel. intensity) 301 (100), [M + Na]; HRMS calcd for (CyH2,ONa): 301.1568, found:
301.1570.
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The geometry of the olefin in (x)-11c was confirmed on the Z isomer by nOe experiments

T
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Compound 11. Two batches of this compound were obtained by Swern oxidation of alcohol (x)-11c: 1) a
OHC. Ph o E/Z (3.3:1) mixture (colorless oil, 33 mg, 84%), 2) a E/Z (1:8) mixture (colorless oil,
Lﬁ 39 mg, 79%)."H NMR (500 MHz, CDCls): (E isomer) & = 9.78 (t, J = 1.6 Hz, 1H),
= 7.34-7.26 (m, 6H), 7.25-7.18 (m, 4H), 5.12 (tq, J = 7.3, 2.5 Hz, 1H), 4.15-4.05 (m,
1H), 3.59 (g, J = 8.9 Hz, 1H), 3.19-3.12 (m, 1H), 2.88-2.81 (m, 1H), 2.50 (td, J = 7.2, 1.5 Hz, 2H), 2.35 (q,
J =7.2 Hz, 2H); (Z isomer): 6 = 9.55 (t, J = 2.0 Hz, 1H), 7.37-7.34 (m, 4H), 7.39-7.30 (m, 2H), 7.29-7.21
(m, 4H), 5.36 (tg, J = 7.6 and 2.3 Hz, 1H), 4.16-4.12 (m, 1H), 3.55 (q, J = 8.4 Hz, 1H), 3.20-3.13 (m, 1H),
2.95-2.88 (m, 1H), 2.32 (dtd, Jasx = 17.0, 7.5 and 2.0 Hz, 1H), 2.25 (dtd, Jasx = 17.1, 7.1 and 2.0 Hz, 1H)
and 2.06-1.95 (m, 2H); *C NMR (125 MHz, CDCls): (E isomer) & = 202.2, 144.0, 141.6, 141.3, 128.44
(2C), 128.35 (2C), 127.7 (2C), 126.5 (2C + 1C), 126.2, 118.7, 57.2, 44.6, 43.7, 33.9, 20.9; (Z isomer): & =
202.3, 144.4, 1425, 140.1, 128.6 (2C), 128.3 (2C), 127.6 (2C), 126.6, 126.4 (2C), 126.2, 120.8, 56.8, 45.4,
43.3, 35.2, 20.7; IR (neat): v = 3059, 3026, 2913, 2823, 2720, 1721, 1601, 1493, 1451, 1407, 1388, 1358,
1191, 1155, 1070, 1048, 1029, 993, 902, 843, 748, 697 cm™; MS (ES+) m/z (rel. intensity) 331 (100) [M +
MeOH + Na], 299 (20) [M + Na]; HRMS calcd for (C21H240,Na): 331.1674, found: 331.1682; HRMS calcd
for (CyoH200ONa): 299.1412, found: 299.1413.
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General procedure for rhodium-catalysed hydroacylations

At room temperature, hydrogen gas (2.2 mL, 0.09 mmol) was added slowly (within 10 min) via syringe to a
solution [Rh(nbd)(BINAP)]BF,° (10.2 mg, 0.0113 mmol) in dry acetone (1.65 mL) in a Schlenk flask
equipped with a J-Young key. The flask was then closed. After stirring for 1h, volatiles were evaporated
until dryness under high vacuum. Under N, a solution of 8¢ (E/Z = 3:1) (15.5 mg, 0.075 mmol) in acetone
(1.5 mL) was added via canula to the dry active catalyst thus prepared, and the mixture was heated in a oil
bath set a 60 °C. After 44h, the solvent was evaporated and purification by flash chromatography (petroleum
ether/EtOAc: 30/1 - 20/1 - 10/1) gave 9c (11.6 mg, 75%) and 10c (2.7 mg, 17%), both as colorless oils.
See below for analytical data.

Compound 3p. This compound was obtained using the standard from aldehyde 1p (17 mg, 0.057 mmol)

o procedure {15.8 mg, 93%} or from aldehyde 25 (10 mg, 0.0335 mmol) {3 mg,

30% + 4.6 mg, 46% of recovered 2p}. *H NMR (500 MHz, CDCls): & = 7.30 (d,

. Cl J=8.2Hz 1H), 7.20 (d, J = 2.0 Hz, 1H), 6.94 (dd, J = 8.2, 2.0 Hz, 1H), 5.81 (t, J

O = 7.8 Hz, 1H), 2.58-2.54 (m, 1H), 2.55-2.50 (m, 1H), 2.50-2.36 (m, 5H), 2.27—

D Cl 214 (m, 2H), 1.67 (ddt, J = 13.1, 8.9, 4.0 Hz, 1H), 1.63-1.54 (m, 2H), 1.30-1.20

(m, 1H); **C NMR (100 MHz, CDCly): & = 214.4, 142.3, 135.4 (t, J = 23.5 Hz), 132.1, 130.3, 130.2, 129.7,

129.6, 127.8, 47.4, 39.8, 37.8, 36.4, 32.9, 30.1, 22.8; IR (neat):v = 2934, 2910, 2865, 2848, 1690, 1593,

1561, 1468, 1456, 1433, 1417, 1400, 1368, 1342, 1260, 1238, 1210, 1190, 1176, 1158, 1141, 1132, 1076,

1028, 984, 959, 937, 917, 903, 893, 866, 815, 715, 675 cm™; MS (ES+):m/z (rel. intensity): 323 (70), 321

(100) [M + Na]; HRMS (ES+) calcd for (CiH1;D**Cl,0 + Na): 320.0695; found: 320.0692; calcd for
(C16H17D**CIF'CIO + Na): 322.0666; found: 322.0672.

Compound 5. This compound was obtained from aldehyde 4 (23 mg, 0.0769 mmol) using the standard
o procedure, except that the reaction was carried out for 96h. White solid (15.2

D mg, 66%). m.p.: 41-43 °C; *H NMR (500 MHz, CDCls): = 7.30 (d, J = 8.2

D . Cl Hz, 1H), 7.20 (d, J = 1.9 Hz, 1H), 6.94 (dd, J = 8.2, 1.9 Hz, 1H), 5.86-5.78
O (m, 1H), 5.35 (ddd, J = 10.2, 8.8, 1.3 Hz, 1H), 2.58 (ddd, J = 14.0, 8.7, 5.5

Cl' Hz, 1H), 2.52-2.36 (M, 4H), 2.29-2.20 (m, 1H), 2.17 (dd, J = 13.7, 7.1 Hz,

1H), 1.68 (ddt, J = 13.0, 8.6, 4.3 Hz, 1H), 1.64-1.50 (m, 2H), 1.30-1.20 (m, 1H); *C NMR (125 MHz,
CDCly): & = 214.6, 142.3, 135.8, 132.1, 130.3, 130.2, 129.7, 129.7, 127.8, 46.8 (quint., J = 20.3 Hz), 39.8,
37.8, 36.5, 32.9, 30.1, 22.7; IR (neat): v = 3053, 3010, 2926, 2854, 2218, 1703, 1593, 1561, 1472, 1456,
1397, 1346, 1317, 1261, 1198, 1132, 1097, 1030, 893, 874, 820, 726, 688, 664 cm™; MS (ES+):m/z (rel.

intensity): 323 (70), 321 (100) [M + Na]; HRMS (ES+) calcd for (C1sH16D,>Cl,0 + Na): 321.0758; found:
321.0772; calcd for (C16H16D,CI¥'CIO + Na): 323.0728; found: 323.0716.

Compound 7. This compound was obtained from aldehyde 6 (16.4 mg, 0.0548 mmol) using the standard
o) procedure, except that the reaction was carried out for 24h. White solid (14.7
mg, 90%). m.p.: 42-44 °C; *H NMR (400 MHz, CDCls): § = 7.30 (d, J = 8.2

D . Cl Hz, 1H), 7.20 (d, J = 1.8 Hz, 1H), 6.94 (dd, J = 8.2, 1.8 Hz, 1H), 5.81 (d, J =
D O - 10.6 Hz, 1H), 5.34 (dd, J = 10.6, 8.8 Hz, 1H), 2.57 (ddd, J = 14.2, 9.0, 5.4
Hz, 1H), 2.51 (d, J = 12.3 Hz, 1H), 2.49-2.35 (m, 4H), 2.30-2.17 (m, 1H),

1.67 (ddt, J = 13.3, 8.3, 4.1 Hz, 1H), 1.64-1.53 (m, 2H), 1.32-1.19 (m, 1H); *C NMR (100 MHz, CDCls): &
= 214.5, 142.3, 135.7, 132.1, 130.3, 130.2, 129.63, 129.59, 127.8, 47.3, 39.8, 37.8, 36.5, 32.8, 30.1, 22.1

19 This compound was prepared according to Itooka, R.; Iguchi, Y.; Miyaura, N. J. Org. Chem. 2003, 68, 6000.
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(quint., J = 20.0 Hz); IR (neat):v = 3053, 3011, 2932, 2910, 2861, 2850, 2216, 2106, 1692, 1593, 1560,
1470, 1456, 1439, 1417, 1399, 1350, 1291, 1259, 1193, 1142, 1129, 1098, 1079, 1027, 1001, 966, 952, 916,
902, 879, 854, 815, 805, 761, 728, 688, 664 cm™: MS (ES+):m/z (rel. intensity): 323 (68), 321 (100) [M +
Na]; HRMS (ES+) caled for (CiHisD-°ClL,O + Na): 321.0758; found: 321.0762; calcd for
(C16H16D,°CI*’CIO + Na): 323.0728; found: 323.0731.

Compound 9a. This compound was obtained from 8a (8.9 mg, 0.041 mmol) using the general procedure
(5.4 mg, 61%). Colorless oil. *"H NMR (500 MHz, CDCl3): 6 = 5.76-5.68 (m, 1H), 5.34—
5.27 (m, 1H), 2.65-2.50 (m, 2H), 2.49-2.43 (m, 1H), 2.42-2.35 (m, 1H), 2.31-2.21 (m, 1H),
2.19-2.11 (m, 1H), 1.69 (ddt, J = 13.1, 9.1, 3.9 Hz, 1H), 1.38-1.13 (m, 14H), 0.85 (t, J = 6.8
Hz, 3H); *C NMR (125 MHz, CDCls): & = 215.1, 136.9, 128.6, 47.6, 40.0, 37.3, 36.6, 31.8,

6 30.3,29.6, 29.3, 27.5, 22.8, 22.6, 14.1; IR (neat): v = 3010, 2923, 2853, 1705, 1457, 1345,
1201, 1167, 1109, 874, 738 cm™; MS (CI): m/z (rel. intensity): 240 (100) [M+ NH,]; elemental analysis (%)
calcd for C1sH260: C 81.02, H 11.79; found: C 81.08, H 11.85.

o

Compound 9b. This compound was obtained from 8b (13 mg, 0.0345 mmol) using the general procedure (9
mg, 69%). Colorless oil. *"H NMR (500 MHz, CDCls): & = 7.65 (d, J = 8.2 Hz, 2H), 7.26 (d, J = 8.2 Hz, 2H),

5.78-5.70 (m, 1H), 5.28-5.21 (m, 1H), 3.10-2.98 (m, 3H), 2.60-2.50 (m, 2H), 2.48-

2.35 (m, 3H), 2.40 (s, 3H), 2.30-2.21 (m, 1H), 2.20-2.12 (m, 1H), 1.66 (ddt, J = 13.2,
NTsPr 9.0, 4.1 Hz, 1H), 1.54-1.39 (m, 4H), 1.36-1.13 (m, 3H), 0.84 (t, J = 7.4 Hz, 3H); °C
3 NMR (125 MHz, CDCl3): 6 = 214.5, 142.9, 137.1, 136.0, 129.5 (2C), 129.2, 127.1

(2C), 50.0, 48.1, 47.5, 39.8, 36.9, 33.4, 30.2, 26.7, 22.8, 21.9, 21.4, 11.2; IR (neat): v =
2930, 2874, 1702, 1598, 1494, 1457, 1335, 1305, 1154, 1090, 1042, 976, 874, 815, 736 cm™; HRMS (ES+)
calcd for (C21H3:NO3S+ Na): 400.1922; found: 400.1924.

o

Compound 9c. This compound was obtained from 8c (E/Z = 3:1) (15.5 mg, 0.075 mmol) using the general
procedure (11.6 mg, 75%). It was also obtained in lower yield (2.1 mg, 13%) from 8c (E/Z
<1:20) (16 mg, 0.079 mmol). Colorless oil. '"H NMR (500 MHz, CDCly): & = 7.32-7.26
(m, 2H), 7.22-7.16 (m, 3H), 5.81-5.74 (m, 1H), 5.69 (ddd, J = 10.6, 8.6, 1.3 Hz, 1H),
3.59 (ddd, J =12.1, 8.5, 3.3 Hz, 1H), 2.77 (tddd, J = 13.5, 9.3, 4.1, 1.0 Hz, 1H), 2.68-2.60
(m, 2H), 2.55-2.46 (m, 2H), 2.26 (ddt, J = 13.6, 7.0, 4.2 Hz, 1H), 1.95 (ddt, J = 13.1, 8.8,
3.7 Hz, 1H), 1.77 (tdd, J = 12.5, 8.7, 3.8 Hz, 1H); *C NMR (125 MHz, CDCls): & =
214.1, 145.2, 135.7, 128.6 (2C), 128.4, 127.0 (2C), 126.4, 47.6, 43.7, 40.0, 31.4, 22.5; IR (neat): v = 3063,
3026, 2924, 2854, 1703, 1602, 1492, 1454, 1342, 1164, 1062, 885, 874, 760, 737, 701 cm™; MS (Cl): m/z
(rel. intensity): 218 (100) [M+ NH,4], 183 (14); elemental analysis (%) calcd for C,4H160: C 83.96, H 8.05;
found: C 84.61, H 8.50.

o

Compound 10c. This compound was obtained from 8c (E/Z = 3:1) (15.5 mg, 0.075 mmol) using the general

procedure (2.7 mg, 17%). It was also obtained (2.1 mg, 13%) from 8c (E/Z <1:20) (16 mg,
O 0.079 mmol) after difficult separation from the recovered starting material (2.1 mg, 13%) by
preparative TLC (petroleum ether/EtOAc = 20:1, two elutions) (6.1 mg, 38%). White solid.
m.p.: 27-30 °C.*H NMR (500 MHz, CDCls): & = 7.36-7.32 (m, 2H), 7.30-7.25 (m, 2H), 7.23—
7.18 (m, 1H), 5.85 (td, J = 9.7, 7.1 Hz, 1H), 5.75 (td, J = 10.2, 7.6 Hz, 1H), 3.97 (dd, J = 12.2,
3.5 Hz, 1H), 2.76-2.70 (m, 1H), 2.67 (ddd, J = 13.6, 9.2, 4.5 Hz, 1H), 2.39-2.24 (m, 3H), 2.17
(dtd, J = 13.6, 9.2, 3.8 Hz, 1H), 1.94 (tdd, J = 12.5, 8.4, 3.9 Hz, 1H), 1.63 (ddt, J = 12.9, 9.2, 3.6 Hz, 1H);
3C NMR (125 MHz, CDCls): § = 213.5, 140.1, 130.7, 129.8, 128.4 (2C), 128.1 (2C), 126.9, 55.6, 46.7,
31.7, 25.9, 22.4; IR (neat): v = 3061, 3021, 2855, 2926, 1708, 1650, 1600, 1496, 1464, 1453, 1360, 1328,

@)
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1210, 1184, 1152, 1097, 1032, 974, 892, 734, 699 cm™; elemental analysis (%) calcd for C14H160: C 83.96,
H 8.05; found: C 83.75, H 8.15.

Compound 9d. This compound was obtained from 8d (E/Z = 19:1) (15mg, 0.049 mmol) using the general

procedure (14 mg, 93%). It was also obtained in lower yield (8 mg, 27%) from 8d (E/Z

Q <1:20) (30 mg, 0.098 mmol). Colorless oil. *H NMR (500 MHz, CDCls): & = 7.43-7.35

BnO (m, 4H), 7.33-7.28 (m, 1H), 7.23 (dd, J = 7.6, 1.7 Hz, 1H), 7.16 (td, J = 7.8, 1.6 Hz, 1H),

. 6.94 (td, J = 7.5, 1.1 Hz, 1H), 6.90 (dd, J = 8.3, 0.8 Hz, 1H), 5.78-5.63 (m, 2H), 5.05 (s,

2H), 4.25 (ddd, J = 11.4, 8.3, 4.0 Hz, 1H), 2.81 (tdd, J = 13.7, 9.2, 4.4 Hz, 1H), 2.71-2.59

(m, 2H), 2.51-2.41 (m, 2H), 2.18 (ddt, J = 13.7, 6.7, 4.2 Hz, 1H), 1.95-1.80 (m, 2H); *C

NMR (125 MHz, CDCl3): 6 = 214.3, 155.8, 137.3, 135.5, 133.9, 128.47 (2C), 128.45, 127.7, 127.3, 127.14,

127.06 (2C), 121.2, 112.2, 70.2, 47.7, 40.3, 37.0, 30.3, 22.3; IR (neat): v = 3062, 3031, 2923, 1702, 1599,

1583, 1490, 1450, 1380, 1343, 1291, 1239, 1163, 1105, 1047, 1024, 972, 875, 849, 800, 751, 735, 697 cm™;
HRMS (ES+) calcd for (Co1H20; + Na)*: 329.1517; found: 329.1509.

Compound 10d. This compound was obtained from 8d (E/Z <1:20) (30 mg, 0.098 mmol) using the general

procedure. Initially a mixture of 8d/9d/10d = 1:1:5.75 (18.6 mg, 62%) was obtained and an analytically pure

sample was then obtained by preparative TLC (petroleum ether/EtOAc: 4/1). Colorless oil.

o O 'H NMR (500 MHz, CDCls): & = 7.43-7.36 (m, 5H), 7.35-7.31 (m, 1H), 7.16 (td, J = 7.8,

oBn 1.7 Hz, 1H), 6.96 (td, J = 7.6, 1.1 Hz, 1H), 6.84 (dd, J = 8.2, 1.0 Hz, 1H), 5.82-5.68 (m,

. 2H), 5.04 (d, J = 11.6 Hz, 1H), 5.01 (d, J = 11.5 Hz, 1H), 4.46 (dd, J = 12.3, 3.5 Hz, 1H),

2.69 (ddd, J = 11.7, 7.6, 4.0 Hz, 1H), 2.56 (dtd, J = 13.9, 9.1, 4.4 Hz, 1H), 2.31 (dtd, J =

14.3, 7.3, 3.7 Hz, 1H), 2.24-2.10 (m, 3H), 1.92 (tdd, J = 12.4, 8.4, 3.9 Hz, 1H), 1.73 (ddt,

J=12.8,9.3, 3.6 Hz, 1H); *C NMR (125 MHz, CDCl;): & = 214.9, 155.5, 136.8, 130.4, 130.2, 129.6, 128.6

(2C), 128.10, 128.07, 127.6 (2C), 127.5, 121.1, 111.1, 70.2, 47.5, 46.7, 28.7, 25.5, 22.3; IR (neat): v =

3064, 3018, 2932, 2861, 1707, 1599, 1586, 1489, 1451, 1380, 1322, 1290, 1236, 1189, 1152, 1118, 1100,

1082, 1051, 1012, 895, 855, 747, 732, 696 cm™; HRMS (ES+) calcd for (C,1H2,0; + Na): 329.1517; found:
329.1510.

Compound 9e. This compound was obtained from 8e (E/Z >20:1) (21 mg, 0.0686 mmol) using the standard

procedure. White solid (19 mg, 90%). m.p.: 53-55 °C; 'H NMR (500 MHz,

Q CDCl3): 6 =7.41 (d, J = 7.6 Hz, 2H), 7.37 (t, J = 7.6 Hz, 2H), 7.30 (t, J = 7.2 Hz,

1H), 7.12 (d, J = 8.5 Hz, 2H), 6.91 (d, J = 8.5 Hz, 2H), 5.80-5.72 (m, 1H), 5.66

. (dd, J =10.4, 8.9 Hz, 1H), 5.03 (s, 2H), 3.54 (ddd, J = 12.2, 9.0, 3.1 Hz, 1H), 2.75

O (tdd, J = 13.4, 9.4, 4.1 Hz, 1H), 2.67-2.59 (m, 2H), 2.55-2.45 (m, 2H), 2.25 (ddt, J

= 13.6, 7.0, 4.2 Hz, 1H), 1.93 (ddt, J = 13.0, 9.1, 3.9 Hz, 1H), 1.73 (tdd, J = 12.6,

8.6, 3.8 Hz, 1H); *C NMR (125 MHz, CDCls): § = 214.1, 157.3, 137.6, 137.1, 136.0, 128.5 (2C), 128.1,

127.93 (2C), 127.89, 127.4 (2C), 114.9 (2C), 70.1, 47.6, 42.8, 40.0, 31.5, 22.5; IR (neat): v = 3066, 3026,

2925, 2876, 1694, 1609, 1583, 1511, 1452, 1417, 1386, 1347, 1242, 1225, 1182, 1165, 1109, 1065, 1025,
871, 881, 832, 819, 735, 695 cm™; HRMS (ES+) calcd for (C21H»0,+ Na): 329.1517; found: 329.1528.

OBn
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Compound 10e. This compound was obtained from 8e (E/Z <20:1) (7 mg, 0.0229 mmol) using the standard

OBn procedure. Colorless oil (4.2 mg, 60%). *H NMR (500 MHz, CDCls): & = 7.42-7.40 (m,

2H), 7.38-7.33 (m, 2H), 7.32-7.27 (m, 1H), 7.27-7.24 (m, 2H), 6.92-6.85 (m, 2H), 5.83

o O (td, J =10.3, 7.2 Hz, 1H), 5.73 (td, J = 9.9, 7.4 Hz, 1H), 5.01 (s, 2H), 3.91 (dd, J = 12.2, 3.5

Hz, 1H), 2.74-2.60 (m, 2H), 2.97-2.27 (m, 3H), 2.15 (dtd, J = 13.1, 9.1, 3.3 Hz, 1H), 1.90

. (tdd, J = 12.4, 8.1, 3.6 Hz, 1H), 1.60 (ddt, J = 12.9, 9.2, 3.7 Hz, 1H); *C NMR (125 MHz,

CDClz): 6 =214.0, 157.9, 137.1, 132.5, 130.7, 129.8, 129.0 (2C), 128.6 (2C), 127.9, 127.4

(2C), 114.8 (2C), 70.0, 54.6, 46.6, 31.8, 25.9, 22.3; IR (neat): v = 3016, 2972, 2936, 2918, 2895, 1707,

1068, 1581, 1508, 1460, 1452, 1436, 1385, 1363, 1331, 1303, 1272, 1235, 1195, 1180, 1119, 1106, 1080,

1069, 1040, 1030, 1007, 976, 923, 892, 847, 820, 800, 754 ,736, 702 cm™; HRMS (ES+) calcd for
(C21H2,0, + Na): 329.1517; found: 329.1511.

Compound 9f. This compound was obtained from 8f (E/Z >20:1) (15 mg, 0.056 mmol) using the standard

procedure. Colorless oil (14 mg, 93%). *H NMR (500 MHz, CDCls): § = 7.36-7.33

Q (m, 1H), 7.23-7.20 (m, 2H), 5.85-5.76 (m, 1H), 5.49 (ddd, J = 10.2, 8.5, 1.2 Hz, 1H),

Cl 4.12-4.03 (m, 1H), 2.91 (tddd, J = 13.7, 9.7, 4.2, 1.2 Hz, 1H), 2.86-2.75 (m, 2H),

. 2.65-2.44 (m, 2H), 2.29 (ddt, J = 13.6, 7.0, 4.2 Hz, 1H), 1.88-7.74 (m, 2H); °C

O - NMR (125 MHz, CDCls): 6 = 213.5, 140.9, 134.1, 133.4, 132.6, 129.9, 129.3, 128.3,

127.5, 47.6, 39.9, 39.6, 30.4, 22.5; IR (neat): v = 3020, 2928, 2869, 1702, 1587,

1560, 1473, 1439, 1383, 1343, 1191, 1165, 1145, 1103, 1070, 1046, 969, 867, 846, 812, 774, 728 cm™; MS

(ES+): m/z (rel. intensity): 293 (60), 291 (100) [M + Na]; HRMS (ES+) calcd for (C14H14*°Cl,O+ Na):
291.0319; found: 291.03109.

5

Compound 9g. This compound was obtained from 8g (E/Z = 1:3) (28 mg, 0.11 mmol) using the standard

o procedure except that the reaction was stopped after 90h. White solid (8 mg,
29%). m.p.: 52-55 °C; *H NMR (500 MHz, CDCl3): & = 7.96 (d, J = 8.4 Hz,

. 2H), 7.27 (d, J = 8.4 Hz, 2H), 5.85-5.77 (m, 1H), 5.65 (ddd, J = 10.4, 8.9, 1.3 Hz
1H), 3.88 (s, 3H), 3.64 (ddd, J = 12.1, 8.8, 3.2 Hz, 1H), 2.76 (tddd, J = 13.6, 9.5,

CO,Me 4.0, 0.9 Hz, 1H), 2.69-2.62 (m, 2H), 2.56-2.47 (m, 2H), 2.28 (ddt, J = 13.6, 7.2,

4.1 Hz, 1H), 1.95 (ddt, J = 13.0, 9.0, 3.8 Hz, 1H), 1.77 (tdd, J = 12.7, 8.8, 3.9 Hz, 1H); **C NMR (125 MHz,
CDCl3): & = 213.9, 166.9, 150.3, 134.6, 130 (2C), 129.1, 128.4, 127.1 (2C), 52.0, 47.5, 43.7, 39.9, 31.0,
22.6; IR (neat): v = 2954, 2863, 1710, 1693, 1608, 1436, 1418, 1396, 1338, 1311, 1279, 1251, 1192, 1179,
1165, 1107, 1070, 1018, 968, 957, 895, 878, 855, 815, 771, 746, 710 cm™; MS (ES+): m/z (rel. intensity):
281 (100) [M + Na]; HRMS (ES+) calcd for (C16H1803+ Na): 281.1154; found: 281.1153.

Compound 10g. This compound was obtained from 8g (E/Z = 1:3.3) (28 mg, 0.11 mmol) using the standard
CO,Me procedure except that the reaction was stopped after 90h. Colorless oil (12 mg, 38%).

This sample was obtained as an inseparable 8g/10g = 1:7.3 mixture and the indicated

o O yield reflects this ratio. Further purification by preparative TLC (petroleum ether/EtOAc
= 6:1) gave a sample of 8g/10g = 1:20 which was used for characterization. 'H NMR (500

MHz, CDCl3): 6 = 7.94 (d, J = 8.2 Hz, 2H), 7.41 (J = 8.2 Hz, 2H), 5.86 (td, J = 9.8, 7.3

Hz, 1H), 5.75 (td, J = 9.7, 7.7 Hz, 1H), 4.04 (dd, J = 12.1, 3.4 Hz, 1H), 3.87 (s, 3H),

2.77-2.63 (m, 2H), 2.42-2.34 (m, 1H), 2.34-2.25 (m, 2H), 2.18 (dtd, J = 13.3, 9.3, 3.7

Hz, 1H), 1.93 (tdd, J = 12.4, 8.3, 3.7 Hz, 1H), 1.63 (ddt, J = 12.9, 9.1, 3.7 Hz, 1H); **C NMR (125 MHz,
CDCls): 6 = 212.8, 167.0, 145.1, 130.6, 129.9, 129.7 (2C), 128.8, 128.1 (2C), 55.5, 52.0, 46.8, 31.8, 25.8,
22.2; IR (neat): v = 3026, 2951, 2909, 2849, 1720, 1700, 1608, 1573, 1437, 1420, 1349, 1323, 1310, 1280,
1265, 1246, 1185, 1171, 1063, 1017, 977, 968, 898, 874, 855, 839, 813, 779, 752, 736, 709 cm™; MS (ES+):



S30

m/z (rel. intensity): 281 (100) [M + Na]; HRMS (ES+) calcd for (CisH1803+ Na): 281.1154; found:
281.1153.

Compound 12. This compound was obtained from 11 (E/Z = 3.3:1) (15 mg, 0.0543 mmol) using the
o standard procedure. White solid (11.2 mg, 75%). m.p.: 127-130 °C; ‘H NMR (500 MHz,
@ CDCly): 6 = 7.09-6.89 (m, 10H), 5.74 (td, J = 10.8, 7.4 Hz, 1H), 5.70 (tdd, J = 10.7, 6.3,
© 1.1 Hz, 1H), 4.02 (dd, J = 10.6, 7.2 Hz, 1H), 3.27-3.14 (m, 3H), 2.79 (ddd, J = 13.0, 5.0,
© 3.1 Hz, 1H), 2.54-2.48 (m, 1H), 2.46 (td, J = 13.3, 4.9 Hz, 1H), 2.38-2.30 (m, 1H); ©*C

NMR (125 MHz, CDCl): 6 = 211.7, 143.8, 143.6, 136.4, 129.2, 128.1 (4C), 128.1 (2C),

127.7 (2C), 125.9, 125.8, 50.7, 48.7, 47.9, 47.2, 22.2; IR (neat): v = 3030, 2937, 1698, 1602, 1494, 1454,

1421, 1331, 1221, 1184, 1164, 1123, 1103, 1075, 1022, 787, 765, 754, 732, 702 cm™; MS (ES+): m/z (rel.
intensity): 299 (100) [M + Na]; HRMS (ES+) calcd for (C2oH200+ Na): 299.1412; found: 299.1414.

Compound 13. This compound was obtained from 11 (E/Z = 1:8) (18 mg, 0.0652 mmol) using the standard
procedure. White solid (6 mg, 33%). m.p.: 124-126 °C; *H NMR (500 MHz, CDCls): &
=7.24-7.21 (m, 2H), 7.12-6.97 (m, 8H), 6.11-6.01 (m, 1H), 5.80 (td, J = 10.2, 7.3 Hz,
1H), 4.34 (d, J = 11.6 Hz, 1H), 3.32 (dt, J = 11.5, 5.1 Hz, 1H), 2.86 (td, J = 10.9, 4.3 Hz,
1H), 2.71-2.60 (m, 1H), 2.49 (ddd, J = 14.1, 9.7, 4.5 Hz, 1H), 2.45-2.34 (m, 3H); °C
NMR (125 MHz, CDCl3): 6 = 213.1, 142.7, 137.3, 130.8, 129.1, 129.0 (2C), 128.10 (2C),
128.05 (2C), 127.9 (2C), 126.7, 126.1, 60.2, 47.3, 46.0, 33.9, 23.4; IR (neat): v = 3060,
3028, 2970, 2934, 2859, 1701, 1601, 1493, 1454, 1434, 1342, 1318, 1292, 1227, 1193, 1164, 1099, 1071,
1030, 1015, 846, 770, 736, 722, 707, 695 cm™; MS (ES+): m/z (rel. intensity): 299 (100) [M + Na]; HRMS
(ES+) calcd for (CyoH200+ Na): 299.1412; found: 299.1414.
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