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GeneraExperimental

Glasswarewas flame-dried before use. All solvents and chemicals were used as eteiv
unless stated. The anhydrous solventsliethyl ether (EfO), tetrahydrofuran (THF),
dichloromethane (DCM), toluene and hexane were obtained fsoiaent purification system.
Thin layer chromatography (TLC) was perfornmsthgMerck silicaaluminium pldes and
visualised byJV light (254 nm) and potassium permanganate or anisaldelyales. For

column chromatographyMerck Geduran® Si 60 silica gel was used.

All 'H NMR and®*C NMR data were recorded using Bruker AVANCE III 400 Bvitker
AVANCE 508ruker AVANCE Il 600 MHz and Bruker AVANCE NEO 700 MHz machines at 400,
500,600 and700 MHz forH NMR and 10) 126, 151 and176 MHz fo*C NMR respectively.

Samples were prepared as dilute solutions of GMIWMSQGds or MeODd4 and spectra were
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recorded at 298K, unless otherwise stated. Reference values for residual solventsikesre

Fa + T g, @8lq(DMS@S, B.830 (MeORlsy) ppmforl baw | YR 13, TT ®H
39.5 (DMS@s), 49.0 (MeORls) ppm fort3C NMR. Coupling constants (J) are given in Hz and

are uncorrectecandmultiplicities for coupled signals were denotest & = singlet, d = doublet,

t = triplet, g = quartet, m = multiplet, br. = broad, apt. = apparent and dd = double doublet

etc. COSY and DEPT experiments were carried out to aid assignmmers appropriate.

Mass spectroscopy data was collected on a TleeFimnigan Mat900xp (EI/CI), Waters LCT
Premier XE (ES) and Agilent 6510 Q TOF mass spectrometers (ESI). Infrared data were
collected using Bruker compact FTIR spectrometer. Melting points were uncorrected and
recorded on a DigMelt MPA18BRS machine. pical rotations were obtained using a
Bellingham+Stanley ADP430 series polarimeter. Chiral HPLC was performed using a Chiralcel

ODH 15 cm analytical column.

Experimental procedures and listing of characterisation data

Compoundl5

Compoundl5is commerially available and can also be prepared using following procedure:
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Proceduréy: To a mixture of NKDAc (7.50 g, 97.0 mmol) in AcOH (150 mL) was added 2
bromobenzaldehyd€6.30 mL, 54.0 mmol) and the resulting mivd wes stirred at room
temperature for 10 min before nitromethane (10.0 mL) was added slowly. Adigitionthe
reaction solution was flushed with nitrogen and heated to 2@®or 4 h with stirring. Then

the orange solution was cooled to room temperaturedgyoured into ice water (200 mL) and
extracted with CkCh (150 mL x 2). The combined organic layers were washed with saturated
ag. NaHCe 150 mL x 2), dried (N@Q) andconcentrated by rotary evaporation to giceude
product as a yellow solid. Hexa(ib0 mL) was added to the crude product and heated to

reflux and during which time diethyl ether was added slowly until most of the solid dissolved.
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Then the solution wagooled to room temperature and furtherly to 8C to afford the
recrystalisedcompouwnd 15 as a microcrystalline yellow solid (9.40 g, 7&%)l data was

consistent with the literaturé!!

R (1:2 CHCh/hexane): 0.2m.p. 83.5¢ 84.5°C (lit. 87¢ 88 °C)*H NMR (600 MHz, CR

8.41 (1H, dJ= 13.6, B=CHN®), 7.70 (1H, dd]= 7.9, 1.3, At), 7.58 (1H, dd]= 7.7, 1.8, A1),

7.54 (1H, dJ= 13.6, CH4NQy), 7.39 (1H, td)= 7.6, 1.3, A), 7.35 (1H, td)= 7.7, 1.8, A);

13C NMR (151 MHz, CBA 139.0 (CHEHNQ), 137.7(CH=CHNg), 134.2 (AEH), 133.0
(ArCH), 130.5 (AB), 128.6 (AEH), 128.2 (ATH), 126.5 (AD).

Compoundl4
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Proceduré: To a solution of nitroalkené&5 (3.80 g, 16.5 mmol) in toluene (8.5 mL) was
added diethylmalonate (250 mL, 16.5 mmol) and catal{%t(133 mg, 0.16 mmol). The
resulting mixture was stirred at room temperature for 3 days and then concentrated by rotary
evaporation. Chromatographgf the residue on silica gelising 1:4 EtOAc/hexane, gave

compoundl4 as a yellow oil (5.83 g, 91%).

R (1:4 EtOAc/hexane): 0.29a]p®® +6.42 (c 0.1, CH{l Enantiomeric ratio gr.): 95:5
(Chiralcel OBH column, 90:1Mhexane:isopropanol, 1mL/min, 215 nm, major enantiomer t
7.0 min, minor enantiomert12.7 min); absolute stereochemistry was determined by analogy
with literature.? FTIR (neat, c): 2979, 2934, 1726, 1551, 1369, 1285, 1225, 162MS
(ESITOF, m/z) caH. for GsthsNGs’°BrNa [M+Na]410.0210, found 410.0212H NVIR (600
MHz, CDG)d 7.61 (1H, ddJ)= 8.0, 1.2 Hz, A), 7.387.22 (2H, m, Af), 7.16 (ddd, 1H]= 8.0,

7.1, 1.9 Hz, A), 5.12 (1H, ddJ= 13.6, 8.3 HZHCHNG), 4.95 (1H, ddJ = 13.6, 4.4 Hz,
HGHINOy), 4.76 (1H, td)= 8.3, 4.4 Hz, ABH), 4.21 (2H, qdJ= 10.8, 7.2 &, CQCHy), 4.12;
4.08 (3H, m, COH; and CH(CQELY), 1.24 (3H, tJ= 7.1 Hz, COHOH:), 1.13 (3H, t)=7.1
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Hz, CECHCHs): 13C NMR (15MHz, CDG)d 167.5 QOEt), 167.0Q0:Et), 135.5 (ATH), 134.0
(ArCH), 129.8 (ATH), 128.6 (AD), 128.0 (ATH), 15.0 (A0, 759 (G:NOy), 623 (CQCH:CH),
62.2 (CQOH,.CH), 53.4 (H(CGQEL)), 41.6 (AICH), 14.1 (CELHCHs), 13.9 (CECHOH).

1 Forlarge scale preparation (> 10 g), the crude product could be used directly without
chromatography and first chromatogrhjc purification could be performed after

TsujiTrost allylation.

Compound 13
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Procedure: To a solutiorof nitro malonatel4(13.0 g, 33.5 mmol) in ethanol (90.0 mL) was
addedp-methoxybenzylaming€8.70 mL, 67.0 mmol) andapaformaldehyde powder (1.20 g,
36.9 mmol) and the resulting mixture was heated to°80under nitrogeratmospherefor 2
hours. Reactionmixture was then cooled to room temperature and quenched with 1 M HCI
ag. solution (100 mupllowed by extraction wh EtOAc (150 mL x 3). Combined organic
layers were dried (N&Q) and concentrated by rotary evaporation to give the crude product

Awhich was put intmextstep directly without further purification.

Sodium chloride (11.0 gyas added to the mixture aibovecrude productA in DMSO/HO

(36.0 mL12.00 mL) and the resulting mixture was heated to 1560°C(heating block) under
nitrogen atmosphere overnight. The reaction mixture was cooled to room temperature and
diluted with water (150 mL) and extraetl with EtOAc (150 x 3 mL). The combined organic
layers were washed with brine (300 mL x 2), dried80) and concentrated by rotary
evaporation. Chromatography of the crude product on silica gel, using 4:5 EtOAc/ hexane,
gaw titled compoundl3as a gllow foam (11.8 g, 84%). The proton NMRmiduct shows

a mixture ofinseparablediastereomergdr 5:1, determined byH NMR). A small fraction of

major diastereomer wa®btainedfor data collection.

R (50% EtOAm hexane): 0.34FTIR (neatcnt) 297, 2833, 1642, 1549, 1509, 1242, 1024;
HRMS (EI, m/z) calcd. foikioN.0s"°Br [M]"418.05227, found 418.0523®lajor isomer. *H



NMR (700 MHz, CD{otl 7.59 (1H, ddj= 8.0Hz, 1.3, AH), 7.27 (1H, tdj= 7.6, 1.3Hz, AH),
7.22 (2H, dJ= 8.6Hz ApweH), 7.16 (1H, td)= 7.7, 1.6Hz, AH), 7.13 (1H, dd)= 7.7, 1.6Hz
ArH), 6.87 (2H, d)= 8.6Hz AbumaH), 4.99 (1H, g)= 5.2Hz, GHNQ), 4.85(1H, d,J=14.4 Hz
N-HCH)4.43 (H, q,J= 6.4 Hz, ArCH), 4.38 (1H, dJ= 14.3 Hz, NiGH), 3.85 (1H, dd]= 13.6,
5.1 HZHCHCHNG®), 3.80 (3H, s, ®le), 3.41 (1H, dd)= 13.7, 4.6Hz HG+CHNG), 2.97 (1H,
dd, J= 18.2, 6.Hz, NC(OHCH), 2.71 (1Hld, J= 18.2, 6.Hz NC(O)HE); 13C NMR (176 MHz,
CDQ) d 167.1 QO)N), 159.6 (AmeD), 137.3 (AE), 134.0 (ACH), 130.0 (Ammed, 129.9
(AremeCH X 2), 128.6 (AGH), 1278 (ArCH), 127.7 (AGH), 124.4 (AG), 114.3 (AsweCH X 2), 81.7
(CHNQ), 554 (OCHs), 49.8 (NGH.PMP), 46.3 (MHy), 410 (ArGCH), 342 (NC(QCH,).

Compound 12

Procedure: To a cooled (0C) and stirred solution df3(11.8 g, 28.2 mmol) in GEL (94.0

mL) under nitrogen was added Pd(BR330 mg, 0.28 mmol), allyl acetate (4.56 mL, 42.3
mmol) and DBU (6.3thL, 42.3mmol). The resulting solution was stirred af®© for 1 hour
before it was concentrated by rotary evaporation. Chromatography of the residue on silica

gel, using 40% EtOAchexane, gavéilted compoundl2as a yellow foam (11.1 g, 86%).

R (50% EtOAc in hexane): 0[4]o?°+45.3 (c 0.22, CHEIFTIR (neat, cr) 3064, 2928, 1647,
1538, 1510, 1243, 1174, 1026RMS (EI, m/z) cald fosB.3N.04"°Br [M]458.08357, found
458.08358H NMR (700 MHz, CR)@l 7.60 (1H, ddJ= 8.0, 1.Hz, AH), 7.3@7.26 (1H, m,
ArH), 7.27 (2H, dJ= 8.5Hz ArweH), 7.18 (1H, td)= 7.7, 1.6Hz AH), 6.98 (1H, ddJ= 8.0,
1.6 Hz, AH), 6.89 (2H, dJ= 8.5Hz ArweH), 5.41 (1H, dddd) = 16.6, 10.2, 8.2, 6.tz
CHCH=CH), 5.11 (1H, dJ= 10.1Hz CH#{CH), 5.05 (1H, ddJ= 16, 1.6Hz CH#ICH, 4.76
(1H, d,J= 14.4Hz C(ON-HCH), 4.54 (1H, dJ= 14.4Hz, C(ON-HCH), 4.23 (1H, ddj = 11.5,
5.6 Hz ArCH), 3.81 (3H, s, OMe), 3.79 (1HJd; 14.3Hz N-HGHPMP), 3.47 (1H, d= 14.3
Hz N-HCHPMP), 86¢2.78 (2H, mMNC(OHCH andHCHCH=Cb), 2.74 (1H, dd)= 17.8, 5.7



Hz NC(O)HE), 2.62 (1H, dd]= 14.7, 8.Hz HG+CH=CH}; 3C NMR (176 MHz, CB@I167.6
(QO)N), 159.4 (AkeD), 135.4 (AF), 133.5 (AEH), 130.1 (AGH), 129.9 (AneCH x 2), 129.3
(H=CH), 129.0 (AGH), 128.2 (AEH), 128.0 (AtweQ), 126.1 (AE), 122.1 (CHZH), 114.3
(AtemeCH X 2, 90.3 (NQy), 55.4 (@Hs), 52.5 GH-PMB), 49.6(C(0)NH,), 44.1 (ArdH), 40.4
(allyl GHy), 35.2 NC(OFHy).

Compoundll

Procedure(B). To a cooled (0C) and stirred solution df2 (3.18 g, 6.93 mmol) in EtO&tOH
(80.0/80.0 mL) was added zidast (4.5 g, 69.3 mmol) and 6M HCI aq. solution (23.0 mL, 138.6
mmol). The resulting mixture was stirred at’O until all tle starting material was fully
consumed (typically around 30 min, checked by TR&actiormixture was then poured into
saturated NaHCgaq. Solution (150 mL)at 0 °C and then the whole mixture was filtered
through a pad otelite, followed by washing wit EtOAQ200 mL). The organic layer was
separated, anédiqueoudayer was extracted by another portion of EtOAc (150 mL). Combined
organic layers were dried (M&Q) and concentrated by rotary evaporation to give the

primary amineB as a grey foam (2.9Q §8%)without further purification.

CompoundB: R (66% EtOAc in hexane): 0.1a]° +33.3 (c 0.27, CHEIFTIR (neat, ci):
3372, 3310, 3064, 2923, 1636, 1509, 12ARMS (El, m/z) calcd. foskEsN.O."°Br [M]
428.10939, found 428.109484 NMR(600 MHz, CDgll + T ®pJ= 8.6, ©.3 Hz, AR)R X
7.45 (1H, ddJ= 7.9, 1.7 Hz, AHJ, 7.287.25 (3H, m, AieOHz and Ar®i), 7.12 (1H, tdJ=
7.6, 1.7 Hz, Atd), 6.88 (2H, dJ= 8.6 Hz, AiuegHy), 5.65 (1H, ddt)= 17.5, 10.1, 7.5 HEH-
CH=CH)), 5.09 (1H, dd)= 10.2, 1.9 HZH-CH=+CH), 5.044.96 (1H, m, CHHEH), 4.74 (1H,
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d, J= 14.2 HzZHCHPMP, 4.42 (1H, dJ= 14.2 HZHCHPMB), 3.82 (3H, s, 0€), 3.77 (1H, dd,
J=9.3, 6.3 Hz, AfCH), 3.22 (1H, dJ= 12.6 Hz, GHNC=0), 2.93 (1id, J= 12.7 Hz, BHNCO),
2.83 (1H, dJ= 9.3 HzHCHQO)N), 2.73 (1H, dd= 18.2, 6.3 HHCHQO)N), 2.27 (1H, dd=
14.0, 7.3 HzHOH-CH=C}}, 2.02 (1H, dd]= 14.0, 7.7 HACHCH=CH}; 13C NMR (151 MHz,
CDG  19.0 (NE=0), 159.2 (Aked), 139.4 (AE), 133.3 (AGH), 132.1 (H=CH)), 129.9
(AtemeCH X 9, 129.0 (AwweQ), 129.0 (AEH), 128.8 (AGH), 128.0 (ATH), 126.4 (AD), 120.0
(CHEH,), 114.2 (AswmeCH X 2, 57.5 0HkNQO)), 55.4 (@Hs), 53.0 GNHy), 49.8 (H-PMB,
45.0 (Ar@H), 43.3 (H.CH=C}}, 35.8 CH.C(O)N).

Procedure(17)¥: A flamedried, argon filled round bottom flask was added Cul (78.0 mg,
0.41 mmol),L-proline (94.0 mg, 0.82 mmol) andRQ (1.70 g, 8.18 mmol), followed by
addition ofB (1.75 g, 4.09 mmol) in anhydrous DMSO (10.0 mL). The mixture was degassed
and back filledwith argon(repeated 3 timesand then heated to 98C (heating block) with
stirring for 1 tour (TLC indicated all osumption of starting material). After cooling toam
temperature, the reaction mixture was added water (50.0 mL) and EtOAc (50.G\ougous

layer was separated and extracted with EtOAc (50.0 mL x 2). The combined organic layers
were washed with bria (100 mL x 3), dried (A8Q) and concentrated toige 17 as a brown

oil (1.42 gguant) which was pure enough to go to next stefs.small fraction was purified

by chromatography (50% EtOAc/hexane) for data collection.

Compoundl7: R (50% EtOAm hexane): 0.21;9]0*°-95.1 (c 0.10, CHEIFTIR (neat, c):
3330, 3079, 2908, 1646, 1608, 1511, 1486, 1PHRIMS (ESIOF, m/z): calcd. for&hbsN2O,
[M+H]" 349.1916, found 349.1911H NMR (600 MHz, CRd 7.14¢6.94 (4H, m, AwieCH
and ArG), 6.84 (2H, dj= 8.6,AremglH), 6.71 (1H, tdJ= 7.4, 0.9Hz ArGH), 6.41 (1H, dJ=
7.8 Hz ArGH), 5.66 (1H, ddt)= 17.3, 10.2, 7.Mz CH-CH=CH), 5.164.99 (2H, mCH-
CH=GHy), 4.79 (1H, dj= 14.5Hz HOH-PMB), 4.13 (1H, dj= 14.5Hz HCH-PMP), 3.82 (3H, s,
OMe), 345 (1H, tJ= 5.9Hz ArGCH), 3.35 (1H, dJ= 13.6Hz C(O)NHCH), 3.30 (1H, s, i),
3.10 (1H, dJ= 13.6Hz, C(O)NHCH), 2.75 (1H, ddJ= 15.1, 6.5Hz NC(OHQH), 2.66 (1H, dd,
J=15.0, 5.44z NC(OHCH), 2.26 (2H, dJ= 7.3Hz, G+-CH=CH); 13C NMR (151 MHz, CRCI
L M TNGED) 156.2 (AR, 149.8 (AE), 132.3 CH=CH), 130.1 (AsmelH x 2, 129.9 (AD),
129.1 (AsmeQ), 128.4 (ABH), 124.5 (ATH), 119.9 (CH#G), 119.2 (AGH), 114.1 (AtvelHX D),
109.3 (A€H),65.1 Callyl), 55.4 (@Hs), 53.9 (C(O)NH), 49.1 (PMRTH), 46.0 (Ar&H), 44.4
(GCH=Cb), 37.4 CH.C(O)N)



Procedure(11). To a solution ofcrude indoline 17 (3.60 g, 10.3 mmol) in methyl
chloroformate (80 mL) was added X3 (11.0 g, 103 mmol) and the resulting mixture was
heated to 60°C(oil bath) under Matmosphere and stirred overnight. The reaction mixture
was cooled to room temperature and solid wiiisered. The filtrate was concentrated via
rotary evaporation and chromatography of the residue on silica gel, usingEBQAc in

hexane, gavdlas a yellow foam (3.70 g, 88%).

Compound 11R (2:1 EtOAc:hexane): 0.261]0%°-41.7 (c 0.12, CH{Im.p. 107.2109.5°C,
FTIR (neat, cr) 3003, 2953, 1696, 1660, 1511, 1484, 1365, 1RGMS (ESIOF, m/z) calcd.
for GuHa7NoOs [M+HT 407.1971, found 407.1963%4 NMR (600 MHz, C)1 7.87¢ 6.78 (8H,
m, AH), 5.57¢ 5.47 (1H, mCH-CH=CH), 5.13¢ 5.00 (2H, mCH-CHGH), 4.9@;4.74 (1H, m,
HCH), 4.13 (1H, dj= 13.9Hz C(ON-HCH), 3.91 (1H, dJ= 14.6Hz HCHPMP, 3.8L (3H, s,
OG+), 3.66,3.58 (4H, m, ArCH and OEk), 3.54,3.37 (1H, mC(ON-HCH), 3.02 (1H, brs,
HOH-CH=CH), 2.75 (1H, ddj= 15.1, 6.0Hz NC(OHCH, 2.69 (1H, ddJ= 15.1, 5.2z, N(O)
HCH), 2.33%2.22 (1H, mHCHCH=CH}; 13C NMR (151 MHz, CBAl 170.6 NG=0), 159.0
(ArpmQ), 153.2 (NO:Me), 142.3 (AE), 131.5 (H=CH), 130.8 (AE), 130.0 (AswmelH X 2,
129.2 (AE), 128.4 (ABH), 124.2 (ATH), 123.5 (AtH), 120.0 (CH3), 115.3 (AEH), 113.9
(ArpmeCH X 2, 69.7 GAllyl), 55.4 (@Hs), 52.4 (NC&IHg), 51.2 (QONGH), 49.0(CH-PMB,
44.0 (ArGCH), 40.2 (Hx-CH=CH), 37.1 NC(OFH,).

Compound18

Procedure(Q: To a solution ofl1 (2.50 g, 5.90 mmol) in toluene (120 mL) wadded

[ 65342y Q4 NBI Idlyadndthe resbiing midufe wasdhdgated t¥ reflux and
stirred for 1 four. The clear yalw solution was cooled to room temperature and
concentrated by rotary evaporation. Chromatography of the residue on silica gel, using 30%

EtOAc in hexane, gawgermediateCas a white foam (2.32 g, 93%).



CompoundC R (30% EtOAm hexane): 0.4%a]o?®-140.0 (c 0.22, CHEIFTIR (neat, ci):

3073, 2953, 1697, 1485, 1438, 1299, 1250, 1PBAYIS (ESIOF, m/z): calcd. foREL7NOsS
[M+H] 423.1742, found 423.174%4 NMR T00MHz, CDG)d 7.84¢ 6.79 (8H, m, Ad), 5.65
¢ 5.43(2H, m, HG+PMP anl CH-CH=CH), 5.13¢ 4.98 (2H, mCH-CH:GHy), 4.69¢ 4.42 (1H,
m, C(S)NHCH), 4.3 3.92(1H,m, HCHPMP, 3.82 (3H, s, 06), 3.71¢ 3.63 (4H, mC(S)N
HQH and NC@OHs), 3.60 (1H, t)= 5.6Hz ArCH), 3.42¢ 3.11 (2H, m, BC(S)\), 3.05¢ 2.70
(1H, m HCHCH=CH), 2.29¢ 2.14 (1H, m, HECH=CH); 13C NMR (16 MHz, CDG) d 200.0
(C=S), 159 (ApmeQ), 153.2 (OMe), 142.1 (AE), 131.0 (H=CH)), 130.1 (AswmeCH X 2,

1299 (Arewmil), 128.5 (AEH), 1276 (Apwel), 124.5 (AEH), 123.6 (ABH), 120.3 (CHb),

1154 (ArCH), 1141 (AremeCHX 2, 69.7 Gallyl), 564 (PMRCHy), 554 (Q0Hs), 53.9 (C(S)BHy),

52.5 (NC@Hs), 471 (GHC(S)), 44.3 (Ar@H), 402 (G-h-CH=CH.

Procedure(18). A solution of thiolactanC (2.40 g 5.69 mmol) in methyl iodide (10.0
mL) was heated to reflux and stirred until the complete consumption oftisamaterial
(appx. 1 hour, monitored by TLC). Methyl iodide was distille¢t@tbvered)and the residue
was dissolved in methand@.0 mL) and cooled to @ and sodium borohydridd.(10g, 28.5
mmol) was added portion wise. The resulting mixtures\gtirred at the same temperature
for 1 h and thenconcentrated by rotary evaporation. The igise wasquenched with
saturated NaHC£aq. solution 80.0 mL) and water30.0 mL). The mixture was extracted
with CHCb (30 mL x 3) and the combined organaydrs were dried over N&Q and
concentrated by rotary evaporatioto give 18 as a colourless oil which was purgthout
further purification(2.21 g, quanj. Chromatographgn asmall amount of crude produan

silica gelvas carried ouf20% EtOAc ihexang to givepure 18for data collection.

Compound 18R (30% EtOAc in hexane): 0.48]%° -54.8 (c 1.04, CH{LIFTIR (neat, cr)

3001, 2950, 1700, 1510, 1460, 1376, 124RMS (ESIOF, m/z) calcd. foRELiNOz [M+H]

393.2178, found 393.21784 NMR 400MHz, CDGJd 7.72 (1H, brs, Af), 7.2Z7.14 (3H, m,
AreveH and AH), 7.09 (1H, dt)= 7.4, 1.4Hz, AH), 6.99 (1H, td)= 7.4, 1.0Hz AH), 6.84 (2H,
d, J= 8.5Hz Aug), 5.78 (1H, dddd]= 16.6, 10.1, 8.4, 64z CH-CH=CH), 5.144.96 (2H,
m, CH-CH=E), 3.81 (3H, s, @), 3.78 (3H, s, NGOH), 3.40 (1H, d)= 13.1Hz HCHPMP),
3.38;3.35 (1H, m, ArCH), 3.31 (1H, dJ= 13.2Hz HG+PMP), 3.182.94 (2H, MHCHCH=CH
and NHCHO), 2.84 (1H, dd]= 14.5, 8.4z, HG+CH=C}), 2.64¢2.56 (1H, m, NHHCHCH), 2.28
(1H, d J= 11.6Hz NHGHC), 2.082.02 (3H, m, NMHGHCH and NCHGCH,); 13C NMR (@1 MHz,
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CDG ¢ M pvsOPI541 ¢NOINGH), 142.7 (AD), 1342 (CHCH=CH)), 132.5 (AE), 1308
(Atene0), 129.9 (AsmeCHX 2, 1276 (ArCH), 1228 (ArCHX 2), 118 (CHCH=EH,), 1155 (ArcH),
1136 (AremeCH X 2, 695 (GCHCH=CH), 620 (PMRCHy), 584 (N-CH-C), 55.3 (OCHs), 522
(NCQQHs), 49.4 (NOH.CH), 412 (ArGCH), 39.2 (H,CH=CL), 24.3 (NCHCH,).

Compound 19

N—PMB C%Q\—PMB H N—Alloc
_ _
N @EN 2
\ N
\ #o (@] )§O (@]
MeO MeO
D

19

Procedure(D): To a cooled (@C) and stirred solution 08 (2.20 g, 5.60 mmol) in
CHCb (100 mL) was added AK1.30 mL, 16.8 mmol) and the resulting solution was stirred
at this temperature for 10 min before it was cooled-#8°C. Thermmzondoxygenflow was
bubbled into the solution until a light blue colour appeared and persigid@dCridicated alll
consumpton of starting material) Ozonegeneratorwas stopped, and oxygen was bubbled
until the blue colour disappeared and then dimethyl sulfide (4.00 mL, 56.0 mmol) was added.
The mixture was stirred for 1.50kr and triethylamine (4.00 in, 28.0 mmol) was addeto
neutralise the acid. The mixture was concentrated by rotary evaporation and
chromatography of the residue on silica gel, using 30% EtOAc/hexaneing@aveediate D

as a colourless oil (1.959%).

CompoundD: R (30% EtOAtlexane).2 [a]p*®-104.4 (c 0.12, CHEIFTIR (neat, crf) 2948,
2803, 1697, 1509, 1478, 1439, 1364, 1HMRMS (ESIOF, m/z) calcd. forghN.Os [M+H]
395.1971, found 395.195%1 NMR T00MHz, CDG)d 9.80 (1H, tJ= 2.6Hz CHO), 7.66 (1H,
brs, AH), 7.21 (H, t,J= 7.8Hz, AH), 7.17 (2H, d)= 8.4Hz, ApweH), 7.13 (1H, dt)= 7.4, 1.4
Hz AH), 7.04 (1H, td)= 7.4, 1.(AHz AH), 6.85 (2H, dJ= 8.6Hz ArmveH), 3.81 (6H, s, GO
and OG&k), 3.43;3.31 (3H, m, ArCHand G,-PMP), 3.2%3.09 (3H, m, €ICHN and E,CHO),
2.72.2.64 (1H, m, G+#HCHN), 2.25 (1H, d]= 11.8Hz, GHGH-N), 2.132.02 (3H, m, B-CH-
N and CHHGHN); 13C NMR (I6 MHz, CDG)d200.7 CHO), 158.9 (A0, 153.9 (NDO:Me),
141.8 (AE), 131.6 (AE), 130.2 (Asme0), 130.1 (AsmeCHx 2, 128.1 (ATH), 123.4 (ATH), 123.3
(ArCH), 115.9 (AtH), 113.8 (AsmeCH x 2), 67.8 GCH-N), 61.9(CH>-PMB), 57.4 (@H-N),
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55.4 (GHs), 52.7 (NO:CHs), 49.2 (CHCOH-N),48.7 CH.CHO), 43.7 (AFCH), 24.4 (Hx-CH-
N);

Procedure(19). To a solution ofintermediate D (1.95 g, 4.95 mmol in 1,2
dichloroethane(10.0 mL)Wwas addedallylchloroformate(5.3 mL, 49.5 mmal The resulting
solution was stred at 65°Cfor 24h and then warmed to reflux for another 24h. The reaction
mixture was cooled to room temperature and concentrated by rotary evaporation.
Chromatography of the residue on silica gel, using 30% EtOx¥aribegavd 9as a colourless

oil (1.00 g,56% yield, 77% yielakrsm).

Compound 19R (30% EtOAc/hexane): 0.1]p*° -73.3 (c 0.69, CHIFTIR (neat, cr)

2953, 1697, 1649, 1551, 1461, 1365, 1116, 16MS (Em/z) calcd. for GH2oN20s [M]*

358.1523233, found 358.1522814 NVIR (700 MHz, CD{i 9.70¢ 9.64 (1H, m, BO), 8.08

7.33 (1H, m, Af), 7.2%7.18 (1H, m, Af), 7.12 (1H, d)= 7.4Hz, AH), 7.02 (1H, t)= 7.4Hz,

ArH), 5.9%5.80 (1H, m, GHH=CH), 5.3%5.10 (2H, mCH-CHGH), 4.45 (2H, brsdCH,-

CH=CH), 4.1%3.74 (5H, m, N>CHx-N and NCeMe), 3.49 (1H, dtJ= 2.1, 5.4Hz, NHCHCH),

3.46¢ 3.37 (1H, m, ArCH), 3.34¢ 2.79 (3H, \HGH-CH and GLCHQ, 2.2&2.11 (1H, m, N
CH-HCH), 2.081.87 (1H, m, BCH-HH); 13C NMR (173Hz, CD@J d 199.5 (HO), 156.1
(NQDy), 1535 (NQD,), 141.1 (AEH), 133.0 (CHH=CH), 130.4 (AE), 128.7 (ACH), 124.0
(Ar@), 1238 (ArdH), 117.7 (CCH€H), 1155 (A€H), 67.4 (NGCHN), 66.3
(CQOH,CH=Cl), 53.0 (C@Hs), 49.9 (HCHQ, 45.0 N-CH-O, 44.6 (ArdH), 40.2
(NGH.CH), 251 (NCHCH);
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Procedure(B): To a solution ofi1 (5.10 g, 12.6 mmol) in acetone/water (10:1, 110 mL) was
added NMO (2.20 g, 18.8 mmol), 2uéidine (3.00 mL, 25.1 mmol) and Qg@% w/w in water,

1.60 mL, 0.2%nmol). The resulting solution was stirred at room temperature for 24 h (TLC
indicated all consumption of alkene) and Phl(QA6)0 g, 18.8 mmol) was added and the
mixture was stirred for 0.5 h. Acetone was removed bymptvaporation and the residue

was added EtOAc (150 mL) and quenched with saS®ag. (150 mL). The aqueous layer

was separated and extracted with EtOAc (150 mL x 2). Combined organic layers were washed
with brine (150 mL), dried (N8Q) and concetrated. Chromatography of theede product

on silica gel, using 3:2 to 4:1 EtOAc/hexane, gave alddbgdea colourless oil (4.01 g, 78%).

CompoundE R (100% EtOAc): 0.3&]p%-14.4 (c 1.22, CHIFTIR (neat, ch) 2951, 2833,
1690, 1655, 16081510, 1483, 1438, 1241, 751, 772HRMS (ESIOF, m/z) calcd. for
GoarsN2Os [M+H]* 409.1764, found 409.17484 NMR (700 MHz, CB)1 9.59 (1H, s, i80),
7.30 (1H, brs, Ad), 7.18 (1H, brs, A), 7.15 (1H, dJ= 7.5 Hz, Af), 7.02 (1H, tJ= 7.4 Hz,
ArH), 6.93 (2H, dJ= 8.2 Hz, MeH), 6.78- 6.77 (2H, m, AugH), 4.78 (1H, brsHHCHPMP),
4.10 (1H, brs, C(O)NCH), 3.90 (1H, brs H®MP), 3.80 (3H, s, ©, 3.70 (1H, tJ= 4.3 Hz,
ArGCH), 3.66¢ 3.60 (4H, m, Oi& and C(O)NHGH), 3.25 (1H, brsHCHCHO), 3.05 (1H, brs,
HG+CHO), 8 (1H, ddJ= 15.2, 6.1 Hz, NC(@CH), 2.70 (1H, dd= 15.2, 4.5 Hz, NC(O)
HGH): 3C NMR (176 MHz, CBCH 199.0 CHO), 170.5 (8=0), 159.1 (Akel), 153.3
(NOO:Me), 141.5 (AB), 130.3 ArQ), 130.0 (AsmeCH X 2), 129.0 (Ane0), 128.7 (AEH), 124.4
(ArCH), 124.0 (ABH), 115.3 (ABH), 114.0 (AfeCH X 2), 67.6CCHCHO), 55.4 (Q+), 52.6
(OCHs), 50.1 (NC@IHs), 49.5 (C(O)8H,), 48.9 0Hx-PMP), 45.5 (AKCH), 37.0 (HCHO).
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Procedure(F): To a cooled-{8 °C) and nitrogen filled round bottom flask charged with
aldehydeE (1.755 g, 4.30 mmol) in @Eb (40.0 mL) was added (&€BTMS) (1.10 mL, 4.5
mmol) and TMSTf(0.08 mL, 0.43 mmol). The resulting solution was stirred&¢C for 10

min and then warmed to room temperature and stirred for 1 hour. Saturated NaB¢@0

mL) was added to quench the reaction and the mixture was extracted witGK{H) mL x 2

The combined organic layers were dried £8i@) and concentrated by rotary evaporation to
give compoundras a colourless oil (1.95 g, quant.) which was pure to go to next step without
further purification. A small amount of sample was purified by ewiehromatography (silica

gel, 80% EtOAc in hexane) for data collection.

CompoundF. R (80% EtOAc in hexane): 0.28]4° -22.5 (c 0.63, CH{JI FTIR (neat, ch)
2995, 2885, 1696, 1662, 1510, 1483, 1440, 1357, 1243, 751; HRM®E$h/z) calcd. for
CostboN20s [M+H]" 453.2026, found 453.2031H NMR (700 MHz, CRA 7.94t 7.27 (1H,
brs x 2, Alf), 7.23¢ 7.10 (2H, mArH), 6.99 (1H, tJ= 7.3 Hz, Af), 6.95 (¥, d,J= 8.8 Hz,
AreweH), 6.77 (2H, brs, AugH), 4.78 (2H, brsHC(0,0) andHCHPMP), 4.14 (1H, brs, (O)N
HCHC), 4.04 3.88 (1H, m, HEPMP), 3.98 (1H, 8= 5.4 Hz, ACH), 3.86¢ 3.69 (5H, m, O
and OGLCHO), 3.6% 3.56 (5H, OB and OCHH:0), 3.56¢ 3.34 (1H, m, (OWMGHC), 2.76
(1H, dd,J= 15.0, 6.3 HHCHC(O)N), 2.66 (1H, dd; 15.1, 4.9, H&C(O)N), 2.43 (1H, bisCH
CH(0,0)), 1.95 (1H, ddl= 14.5, 4.5 Hz, HECH(O,0))3C NMR (176 MHz, CB) d 170.7
(QO)N), 159.0 (AmD), 1533 (NDO:Me), 142.2 (AF), 131.0 (AE), 129.9 (AswelH X 2), 129.3
(A0, 128.3 (AGH), 124.3 (ATH), 123.5 (AGH), 115.4 (ATH), 113.9 (AmeCH X 2), 101.6
(HQO,0)), 68.2 ((OYBH-O, 64.8 (@HCHO), 64.6 (OGHH.O), 55.4 (QHs), 52.4
(NCQQHs), 51.5 (C(O)RHy), 49.0 (H-PMP), 44.4 (ArCH), 39.2 (H,CH(O,0)), 37.0
(GRC(O)N);

Procedure(21): To a solution of lactari(364 mg, 0.80 mmol) in THF (3.00 mL) under nitrogen
was added Mo(C®)21.0 mg, 0.08 mmol) andhpnylsilane (0.26 mL, 2.08 mmohdthe
resulting mixture was heated to 7 and stirred for 6 to 8 h. The reaction solution was
cooled to 0°C and quenched with 1 M NaOH agq. slowly until gas evolution ceased. Water
(0.0 mL) and EtOAc (10.0 mL) wedded and the aqueous layer was seated and
extracted with EtOAc (10.0 mL). Combined organic layers were driess@)aand
concentrated. Chromatography of the residue on silica gel, using 30% EtOAc in hexane, gave

the compound?l as a colourless oil §Z mg, 76%).
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Compound 2: R (80% EtOAc in hxane): 0.6a]4?° -42.8 (c 0.72, CHI FTIR (neat, ch)
2948, 2881, 2798, 1699, 1509, 1477, 1439, 1476, 1359, 1242, 1125; HRVSKESIz) cald.
for GosHaiN20s [M+H]" 439.2233, fand 439.2221*H NMR (700 MHz, CB)l 7.75 (1H, brs,
ArH), 7.18 (1H, t)= 7.8 K, AH), 7.15 (2H, dJ= 8.5 Hz, At), 7.09 (1H,)= 7.3 Hz, A), 6.99
(1H,J= 7.1 Hz, A), 6.82 (2H, dJ= 8.6 Hz, Af), 4.98 (1H, ddJ= 6.0, 3.1 HZIC(0,0)), 3.96
¢ 3.88 (2H, m, O&CHO), 3.80 (3H, s, ®E), 3.77 (3H, brs, OGH 3.76¢ 3.73 (2H m,
OCHCH0), 3.68 (1H, tJ= 4.0 Hz, ACH), 3.37 (1H, dJ= 13.1 Hz, MCHC), 3.30 (1H, di=
13.2 Hz, \HGH-C), 2.98 (1H, di= 10.0Hz, NHCHC), 2.74 (1H, brsldCHCH(O,0)), 2.68
2.59 (1H, m, BHCHCH), 2.52 (1H, dd)= 15.2, 6.0 Hz,-BGH+CH(0,0)), 2.24 (1H, & 11.4,
N-HGHC), 2.11 2.00 (3H, m, MGH+-CH and NCHOH,); 13C NMR (176 MHz, CB@ 158.7
(AtemeQ), 154.4 (NDO:Me), 142.7 (AB), 132.4 (AB), 130.9 (AsmeQ), 129.9 (AsveCH X 2), 127.7
(AICH), 122.9 (ATH), 122.8 (ABH), 15.6 (ACH), 113.7 (AelH X 2), 102.5GH(0,0)), 68.0
(N-CH-O), 65.0 (OC¥H,0), 64.4 (GHCHO), 62.1 (NOH-PMP), 58.8 (NH,-C),55.4 (QHs),
52.4 (QHs), 49.3 (NGH:CH), 41.8 (Ar@H), 38.4 (@H,CH(O,0)), 24.2 (RNHCH,).
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Procedure:To a stirred solution 021 (4.78 g, 10.9 mmol) in CIgERCI (55.0 mL) underaN
atmosphere was added allyl chloroformate (5.60 mL, 54.6 mmol), and Na@®Q), 54.6
mmol) and the resulting mixture was heated to 80 for1 h. After cooling to room
temperature, the NaHC{was filtered and filtrate was concentrated by rotary evapaa
and dried on high vacuum for 6 h. This crude dioxolane pro@ueas then dissolved in THF
(7.00 mL), followed by addition of acetic aé&idOH (14.0 mL) and®l (7.00 mL). The resulting
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mixture was the stirred at 90C until full consumption of di@tane (24 h). The reaction
mixture was cooled to room temperature, diluted with EtOAc (100 mL) and washed
successfully with #D (100 mL x 2) ahsat. NaHC&aq. solution (100 mL x 3). The combined
organic layers were dried (M8Q) and concentrated by tary evaporation. Chromatography

of the residue on silica gel, using 30% EtOAc in hexane, gave aldEhgsge colourless oil

(2.82 g, 72% ovdwo steps).

Compound D
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Procedure: To a solution 019(3.06 g, 8.54 mmol) in dichloromethane (80.0 mL) under N
atmosphere was added Pd(P#h(246 mg, 2.50 mol%) and the resulting yellow solution was
stirred at roomtemperature for 1 hour. The solution was then concentrated by rotary
evaporation and flaskshromatography of the residue on silica gel, using 30% EtOAc/hexane,

gave20 as a yellow oil (2.47 g, 92% vyield).

R (3:7 EtOAc/hexane): 0.2f]0% -36.7 (c 015, CHGJ; FTIR (neat, cf) 2914, 2853, 2806,
1711, 1479, 1462, 1154, 10M4RMS (ESIOFm/z) calcd. for @HaaN20s [M+H] 315.1703,
found 315.1707*H NMR (700 MHz, CB)&1 9.86 (1H, brs, 180), 7.68 (1H, brs, &), 7.21 (1H,
t, J= 7.8Hz AH), 7.13(1H, d J= 7.4Hz AH), 7.03 (1H, t)= 7.5Hz AH), 5.77 (1H, ddd)=
14.7, 11.0, 7.0iz CH-CH=CH), 5.15¢ 5.09 (2H, mCH-CH=Ek), 3.85 (3H, s, NGRle), 3.38
(1H, brs, Ar@H), 3.29¢ 3.10 (3H, m, B.CHO and M-HGHN), 2.96 (1H, dd]= 13.7,6.3Hz
HG+CH=Cl), 2.90 (1H, ddj= 13.7, 6.6Hz HCHCH=Cl), 2.752.69 (1H, m, MHG+CH),
2.21 (1H, d, J = 11z N-GHCHN), 2.122.02 (3H, m, NHCHCH and NCH-CHy); 13C NMR
(176 MHz, CDgld 200.4 (HO), 154.0 (RO:Me), 141.9 (AE), 134.9 CH-CH=CH), 131.6
(ArQ), 128.2 (AEH), 123.5 (AGH), 123.3 (ATH), 118.1 CH-CH=Hp), 115.9 (AGH), 67.8 (NG
CHN), 61.2 (NOH,CH=CHJ, 57.3 (NG-O:N), 52.7 (NCEIHs), 49.4 (NH.CH), 48.7 0HCHO),
43.6 (ArGCH), 24.5 (NCHTH,).
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Procedure: To a solution oéldehyde20 (2.47 g 7.87mmol) in DMS080.0 mL) was added
dimethyl malonate .69 mL,23.6 mmol) andL-proline (1.36g, 11.8 mmol). The resulting
mixture was stirred at room temperature overnight. Wat&00 mL) was added and the
mixture was extracted with EtOAt50mL x3). Combined organic layers were washed with
brine G600 mL x3), dried (NaSQ) and concentrated by roty evaporation. Flash
chromatography of the residue on silica gel, using 30% EtOAc in hexanel@as a

colourless 0il3.24 g %% yield).

R (30% EtOAc/hexane) 0.1z]p*° -54.2 (¢ 0.12, CH{LIFTIR (neat, cr) 2952, 1707, 1481,
1439, 1363,1249; HRMS (ESIOF, m/z) catt for GsHooN2Os [M+H]" 429.2020, found
429.2017H NMR (700 MHz, CRE&I + T © T H H)O7M9 (IH, NEBHz, &iNT. 1%
7.10 (2H, m, B=C(C@Me); and AH), 7.02 (1H, t)= 7.4 Hz, Af), 5.78 (1H, ddt)= 16.7,10.2,
6.3 Hz CHCH=CH), 5.145.06 (2H, m, GI€H=Eh), 3.85 (6H, brs, GOHz and NCQCHs),
3.73 (3H, s, GOHs), 3.34¢ 3.15 (3H, m, AKCHand Gh-CH=C(CMe),), 3.09 (1H, dJ= 11.1
Hz,N-HCHC), 2.942.86 (2H, m, B-CH=C}}, 2.692.66 (1H, m, NHHCHCH), 2.19 (1H, d)=
11.7, NHGHC), 2.091.97 (3H, m, MH(H-CH and NCHGOH,); 13C NMR (176 MHz, CBQ
166.0 0O:Me), 164.2 (O:Me), 154.2 (NOD:Me), 145.5 CH=C(CeMe),), 142.3 (A€), 135.3
(CHCH=CH), 131.9 (AD), 129.8 (CHXCQMe),), 128.0 (A€H), 123.3 (AtH), 123.1 (ATH),
117.7 (CRCH=EH,), 115.9 (AEH), 69.3 (NOCHN), 61.4 (NCH,.CH=C}), 58.2 N-COH:N), 52.7,
52.53 and 52.48 @:Me x 2 and NIOMe), 49.6 (NCH.CH), 42.2 (Ar@H), 35.2
(GHLCH=C(CfMe)), 24.3 (NCHC).
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Procedure: To a solution 0fl0 (3.24 g, 7.57 mmglin anhydrous toluen€150 mL)under

N> atmosphere was added Yb(QsT@#69 mg, 0.76 mmdland the resulting mixture was
heated to 11(°C and stirred for 4 h. The reaction mixture was cooled to room temperature
and concentrated by rotary evaporation. Flash chromatography of the cmaterial on

silica gel, using 30% EtOAc in hexane, §aga colourless of2.59 g, 80% vyield)

R (30% EtOAc/hexane) 0.3%]0%° +34.4 (c 0.1, CHEIFTIR (neat, cr) 2951, 1730, 1705,
1484, 1438, 1370, 126B6i{RMS (ESIOF, m/z) calcd. for2haN.Os [M+H]" 429.2020, found
429.20181H NMR (700 MHz, CB)a1 7.78 (1H, s, M), 7.18 (1H, td)= 7.9, 0.84z AH), 7.11
(1H, d,J= 7.4Hz AH), 6.99 (1H, tdJ= 7.4, 1.0Hz AH), 5.63 (1H, dddd]= 17.2, 10.1, 7.2,
5.8 Hz NCHCH=CH), 5.42 (1H, SN-GCH-C), 5.0% 4.99 (2H, m, NGIEH=Eh), 3.86 (3H, s,
CQQCHs), 3.78 (3H, s, GOH), 3.72 (3H, s, GOHg), 3.30¢ 3.24 (2H, m, N:CH=C}}, 3.21
(1H, ddJ= 6.6, 3.3z, ArGCH), 2.69 (1H, tdj= 13.6, 6.4z GHCHCLL), 2.52 (1H, ddd=
11.1, 5.43.5Hz N\HCHCH), 2.40 (1H, tdJ=12.8, 6.61z GHGHCHC), 2.2% 2.18 (2H, m, C
CH-HCHC and NHGHCH), 2.16¢ 2.07 (1H, m, MCH-HCH), 1.68 (1H, ddd= 13.7, 5.6, 2.9
Hz NCH-HQH), 1.61 (1H, ddd]= 12.6, 6.4, 1.81z GCH-HQHC);13C NMR (16 MHz, CDg)l
d 173.0 QO:Me), 1711 (@O:Me), 153.7 (\O:Me), 142.4 (AB), 135.4 (NCHH=CH)), 133.4
(ArQ, 127.9 (AEH), 124.0 (AGH), 123.1 (AGH), 117.3 (NCIEHLH), 115.4 (ATH), 74.8
(QCCGMe)), 65.4 (NGCHN), 64.9 ()CG-CHN), 60.0 (MOH:CH=Cl), 530 (CQCH), 52.6
(CQOHs), 52.4 (C@Hs), 45.5 (ArdH), 42.1 (NOHCH), 35.0 (NCHCH,), 30.0 (@C0H.CH-C),
29.9 (GCHCOH,-C);
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Procedure(J) To a cooled (6C) and stirred solution & (216 mg, 0.59 mmipin THF (10.0
mL) was added LiAIKiL.0 M in THF, 2.40 mmol, 2.40 mmol) under Booling bath was then
removed, and the solution was stirred at room temperature {€2 for 15 min. The reaction
solution was cooled back to®@ and quenched by dropwiseldition of HO (0.30 mL) and
15% NaOH ag. (0.30 mL). EtOAc(15.0 mL) was addeati@resulting mixture was stirred at
room temperature for 15 min. Anhydrous p&0 was then added and stirring was continued
for another 30 min before the precipitates weefiltered through a pad of celite. The resulting
filtrate was concentrated, anthe residue was simply purified by a short silica column (5 cm),
eluted by 80% EtOAc in hexane, to remove any-palar side products. The diblobtained
(178 mg, 61% yid), with acceptable purity, was put into next step directly without further

purification.

To a cooled (0C) and stirred solution of diél (160 mg, 0.43 mmol) in GEk (4.00 mL) was
added E4N (0.13 mL, 0.86 mmol), DMAP (16.0 mg) and TBDPSCI (0.13mioptol). The
resulting mixture was stirred at @ for 10 min and then warmed toom temperature and
stirred until all consumption of starting material. The reaction solution was diluted with
CHC} (15.0 mL) and washed with water (10.0 mL x 2). Tgaroc layer was dried (N&Q)

and concentrated by rotary evaporation. Chromataghy of the residue on silica gel, using

20% EtOAc in hexane, gaatermediateJ (220 mg, 84%, 51% over 2 steps) as a white foam.

Compound J R (20% EtOAc in hexane)20; [a]o®® +45.2 (c 0.87, CHEIFTIR (neat, ci)
3485, 2928, 2853, 1698, 1480, 1439, 1360, 1108, 1063, 751, 702; HRNISKE®Iz) calcd.
for G7Ha7N204Si [M+H] 611.3300, found 611.3316H NMR (700 MHz, CR 7.74 7.71
(4H, m, Sh-t-Bu), 7.66 (1H,1s, AH), 7.4% 7.39 (6H, m, Siv-t-Bu), 7.151H, td,J= 7.4,
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1.3 Hz, Alrl), 7.04 (1H, dJ= 7.3 Hz, Af), 6.96 (1H, tdJ= 7.4, 0.8 Hz, A), 5.69 (1H, ddt)=
16.9, 10.2, 6.7 Hz, NgEH=CH), 5.05 (1H, ddJ= 10.0, 1.3 Hz, NGiEH+CH), 4.99 (1H,d
J=17.1, 1.4 Hz, NGi@H=H€), 4.39(1H, s, NCH-GN), 4.08 (1H, d]= 10.1 HZHCHOTBDPS),
3.97 (1H, dJ= 10.3 HzHCHOH), 3.86 (3H, s, N@Bk), 3.80 (1H, dj= 10.2 Hz, HEOH),
3.61 (1H, dJ=10.0 Hz, HEOTBDPS), 3.21 (1H, ddt 13.9, 65, 1.3 Hz, NHCHCH=C}j,
3.10 (1H, ddtJ= 14.0, 6.7, 1.3 Hz-NGH-CH=Cb), 2.67 (1H, t)= 6.9 Hz, AEH), 2.42 2.31
(2H, m, NOH,-CH), 2.19 (1H, dtJ= 14.5, 7.9 Hz,-BCHCH-C), 1.75 (1H, dfi= 13.4, 7.0 Hz,
GCH-HCHC), 1.63 (1H, df= 130, 7.6 Hz, €H-HGH-C), 1.46 (1H, dij= 13.3, 6.7 Hz,-C
HGHCH-C), 1.42 1.34 (2H, m, ACH-CHp); 13C NMR (176 MHz, CRCI + mM@®RV@) 6 b
141.8 (A€, weak signal, confirmed by HMBC), 136.1 (NGH#+CH), 136.0 (Ard, TBDPS),
135.9 (Ar€l, TBDPS), 134.2 @y 133.5 (A€, TBDPS), 133.4 @rTBDPS), 123.0 @&,
TBDPS), 129.9 @i, TBDPS), 127.9 (&, TBDPS), 127.9 (&, TBDPS), 127.7 @), 123.8
(ArcH), 123.1 (AtH), 117.7 (NCHCH#H,), 115.6 (AeH), 72.8 (NGCHN), 70.3 GH0H),
66.8 (H.OTBDPS), 64.1 {DICH-N), 60.4 (NCH-CH=C}}, 52.4 (NC&IHs), 50.9 QICHO)),
47.6 (Ar@H), 44.6 (NOH,CH), 36.4 (@HCH-C),27.8 (NCHCH), 27.6 (€CHOH,-C), 27.1
(C@Hs)s, TBDPS), 19.€4(CH)3, TBDPS).

Procedure(22): To a stirred solution of alcohd(327 mg, 0.54 mmol) in EtOAc (10.0 mL) was
added IBX (450 mg, 1.61 mmol) and the resulting mixture was stirred %t 82 h. After
cooling to room temperature, solids were filtered, and filtrate was concentratedolgry
evaporation. The residue was dissolved ir@#{10.0 mL), followed by addition of silica gel
(3.00 g) and the mixture was stirred at room temperatéwe2 h. Silica gel was filtered, and
the filtrate was concentrated by rotary evaporation to g®2 (296 mg, 92%, 93:dr by 'H

NMR) as a colourless oil which was used directly without purification.

Compound 22R (20% EtOAc in hexane): 0.68;NMR(700 MHz, CDgImajord 9.69 (1H, s,
CHO), 7.7@ 7.61 (5H, m, Bhy-t-Bu), 7.48 7.35 (6H, m, Sh-t-Bu and Ar), 7.2T 7.05 (2H,
m, AH), 6.98 (1H, tdJ= 7.3, 1.0 Hz, A), 5.6& 5.51 (1H, m, NGHH=CH), 5.04 4.87 (2H,
m, NCH-CH=Eb), 4.34 (1H, brs, lH-GN), 4.23 (1H, d]= 10.2 HzZHCHOTBDPS), 3.73 (1H,
d, J=10.6 Hz, HEOTBDPS), 3.63 (3Bl NC@lHs), 3.13 (1H, ddJ= 13.9, 6.7 Hz, NCH
CH=C}), 3.09 3.02 (2H, m, \HCH-CH=CHand ArCCH), 2.53 (1H, ddd]= 12.2, 8.9, 2.8 Hz,
N-HCHCH), 2.32 2.24 (2H, m, M{GH-CH and GHCHCH-C), 2.12 1.98 (1H, m, GG+
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CH-C), 1.75 1.60 (2H, mGCH-HCHC and NCH-HCH), 1.58 1.46 (2H, m, €H-HOH-C
and NCH-H@), 1.04 (9H, s, Sih-Bu);

Procedurg(23): To a round bottom flask charged with aldehy2#(915 mg, 1.50 mmoi)nder

N> atmosphere was added Petasis reagent (13.5% w/w, 12.0 mLjhanaksulting solution

was stirred at 80C in dark until full consumption of starting material (checked by TLC). After
cooling to 6(°C, ag. MeOH (MeOH:@9:1, 500 mL) was added the resulting mixture stirred

at 60°C for 2 h to decompose excess Petasis reagent. The brown precipitates were filtered
through a pad of silica gel and then washed with EtOAc (30.0 mL x 2). The filtrate was
concentrated by rotay evapoation and the crudealkeneproduct was put into next step

directly.

A solution of TBAF (1.0 M, 15.0 mL) was added to above crude alkene and the resulting
solution was stirred at 70Cfor 3 h. After cooling to room temperature, THF was removed

by rotary evaporation and the residue was added Na{#Q. and stirred for 5 min before
extraction with EtOAc. The combined organic layers were washed with brine, drigglGiNa

and concentrated to ~10 mL. Then 20% EtOAc in hexane (100 mL) was addedesultihg
precipitates (-Bu4NX) was filtered and the filtrate was concentrated. Chromatography of
the residue on silica gel, using 20% EtOAc in hexane, gave @8awh yellow oil (361 mg,
65%).H NMR indicated a mixture of epimeds 94:6).

Compound23; R (20% EtOAc in hexane) 0.22; FTIR (neat) 8465, 2947, 2867, 1699, 1481,
1440, 1361, 1060, 915; HRMS {ESF, m/z) calcd. forEhdN.0s [M+H]" 369.2173, found
369.2172H NMR (700 MHz, CRChixture of diastereomers, dr 94:61ajor isomer d 7.70
(1H, brs, A), 7.18 (1H, td)= 7.8, 1.4 Hz, M), 7.12 (1H, dt)= 7.4, 0.7 Hz, A, 6.99 (1H,
td, J= 7.3, 1.0 Hz, A, 6.33 (1H, ddJ=17.9, 11.0 Hz,-GH=CH), 5.76 (1H, dddd]= 17.0,
10.1, 6.8, 6.1 Hz, NGBH=CH), 5.28 (1H, ddJ= 10.9, 1.6 Hz, LHHCH), 5.17 (1H, dd=
17.9, 1.7 Hz,-CH=H@), 5.13 4.98 (2H, m, NGHCH=E}), 4.34 (1H, s, {&H-GN), 3.87 (3H,
s, OGk), 3.61 (1H, dJ= 10.4 Hz, €ICHOH), 3.45 (1H, dl= 10.4 HzGHG+OH), 3.32 (1H,
ddt, J= 13.8, 6.8, 1.3 Hz,NCHCH=C}J, 3.19 (1H, ddtJ=13.8, 6.1, 1.5 Hz -NCH-CH=C}j,
3.01 (1H, ddJ= 8.6, 6.2 Hz, AtH), 2.88 (1H, ddd]= 13.0, 10.0, 3.0 Hz;:NCHCH), 2.57 (1H,
brs, H), 2.46 (1H, dddj= 12.9, 6.3, 3.5 Hz,-NG+CH), 2.35 2.25 (1H, m, €iICHCH-O),
1.93 (1H, dddJ= 12.0, 7.6, 3.3 Hz;CH-HCHC), 1.74 1.61 (3H, m, ®1GH-CH-C, CCH-
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HGHC and NCH-HCH), 1.51 (1H, ddddz= 13.8, 9.9, 8.6, 3.5 Hz;BH-HGH); 13C NMR (176
MHz, CDG) d 154.3 (NOO;Me), 142.8 (€0H=CH), 142.0 (AE), 137.0 (NCHH=CH), 134.3
(ArQ), 127.7 (ABH), 123.9 (ATH), 123.1 (AGH), 117.2 (NGHCH=EH,), 115.7 (AGH), 114.5 (€
CH=£Hy), 72.4 (NGCHN), 69.3 (@H0H), 64.2 (NH-GN), 59.7 (NOH,CH=CH), 52.5 G
CHOH), 52.1 (NGQHs), 46.4 (Ar@H), 44.4 (NCH:CH), 34.1(GCH,CH-C), 27.6 (CHOH;-
C), 26.4 (NGiGH,).

Compound8

) HCN’\> " H,,N’\>

N = N ==
| “ |
MeO,C \ MeO,C \
OH (6]
23 k
dr 2.5:1
H ,>
H N
N —
| 2
MeO2C \\

Procedure:To a cooled-f8°C) and stirred solution of DMSO (0.25 mL, 3.58 mmol) #&CEH
(5.00 mL) was added (CQG0.15 mL, 1.79 mmol) dropwise and the uksg solution was
stirred-78°C for 30 min. Then a solution28 (150 mg, 0.407 mmol) in @Bk (3.00 mL) was
added dropwise and the mixture was stirred-@8 °C for 30 min before Bl (0.60 mL, 14.07
mmol) was added dropwise and the mixture was dlowarmed to (°C during which time
the TLC indicated full consumption of starting material. r€aetion mixture was quenched
with sat. NHCI aq. (20.0 mL) and aqueous layer was separated and extracted with CH
(15.0 mL). Combined organic layersrevdried (NaSQ) and concentrated to give aldehyde

Kas a mixture of epimers (2.5:1, checked'ByNMR) which was put into next step directly.

To a cooled-f8°C) and stirred suspension of PCHBr (2.00 g, 5.60 mmol) in THF (7.50 mL)
under N atmosplere was added NaHMDS (2.0 M in THF, 2.50 mL) and the resulting yellow
mixture was stirred at78°Cfor 1.5 h and the solution of crudedehydeKin THF (2.50 mL)

was then added. The mixture was slowly warmed to room temperature and stirred for
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another 1h. Saturated NKCI ag. solution (20.0 mL) was added to quench the reaction at O
°C and the mixturevas extracted with EtOAc (15.0 mL x 3). Combined organic layers were
dried (NaSQ) and concentrated by rotary evaporation. Chromatography of residuglica

gel, using 10% EtOAc in hexane, gd(EL2 mg, 76% over 2 steps) as a pg#ow oil.

R (10% EtOAc in hexane): 0.48]§25+112 (c 0.10, CHEIFTIR (neat, ch) 3068, 2947, 2926,
1699, 1480, 1438, 1359, 1108, 749, 702; HRMST@S| m/z) calcd. for@&hoNa0z [M+H]
365.2229, found 365.2231H NMR (700 MHz, CR)A 7.70 (1H, brs, Ad), 7.17 (1H, td)=
7.7, 1.4 HzArH), 7.10 (1H, dJ= 7.9 Hz, Af), 6.98 (1H, tdj= 7.4, 1.0 Hz, A, 6.32 (1H, dd,
J=17.9, 10.9 Hz-GH=CHj), 6.08 (1H, dd]= 17.0, 10.9 Hz-CGH=CH), 5.72 (1H, ddt)= 16.8,
10.5, 6.4 Hz, NGHH=CH), 5.20 (H, dd,J= 10.9, 1.5 Hz,-CH+CH, 5.09 (1H, dd]= 17.9,
1.5 Hz, @H=HE), 5.0 4.97 (4H, m, ©H=E, and NCRHCH=E}), 4.47 (1H, s, ;H-GN),
3.86 (3H, s, NGOHs), 3.29 (1H,dd)= 14.2, 6.3 Hz, NCHCH=C}}, 3.20 (1H, dd]= 14.0, 6.5
Hz, NHGH+CH=C}, 3.05 (1H, tJ= 6.5 HzArGCH), 2.83 (1H, dddj= 11.8, 8.1, 3.3 Hz,-N
HCHCH), 2.40 (1H, dddJ= 11.9, 8.1, 3.3 Hz-NG+CH), 2.3& 2.27 (1H, m, ©ICHCH-C),
2.060 1.98 (1H, m, €1G+CH-C), 1.96 1.85 (2H, m, ©H-HCH-C and NCHHCH), 1.78 (1H,
dt, J= 13.1, 7.2 Hz,-CH-HG+C), 1.53 (1H, dddd;= 13.9, 8.1, 6.8, 3.4 Hz, NEHHH); 13C
NMR (176 MHz, CRGI 1  M@DiM®)p14680(EH=CH), 142.5 (€H=CH), 142.1 (AD),
136.9 (NCHCH=CH)), 134.4 (A®), 127.6 ArCH), 123.80 (ATH), 123.0 (ATH), 116.7 (€
CH=Hp), 115.5 (AGH), 112.5 (€HEH,), 111.6 (NCHCH=EH,), 73.4 (NGCHN)), 68.7 (NG
QH-N), 60.7 (NGH-CH=C}), 54.5 Q(CH=Ch);), 52.3 (NCE€Hs), 47.7 (Ar@H), 44.1
(NCH.CH), 36.9 (GH,CH-C), 30.6 (€HCH:-C), 28.1 (NGiGH,).

Compound7

Procedure:To a stirred solution 08 (100 mg, 0.27 mmol) in PhMe (5.00 )minder N was
added Hoveydd&rubbs catalyst (17.0 mg, 0.027 mmol). The resulting solution was degassed
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and backed filled with Nand then stirred at 80C for 1 h. After cooling to 35~4C, DMSO
(50 eq. to catalyst, 0.10 mL) was added and the mixtuas stirred at this temperate for 4
h. The solvent was removed by rotary evaporation and chromatography of the residue on

silica gel, using 30% EtOAc in hexane, aga colourless oil (70.0 mg, 76%).

R (20% EtOAc in hexane) 0.28]°+174 (c 0.0/CHG); FTIR (neat, c#) 2932, 2847, 1705,
1477, 1459, 1437, 1367, 1356, 1321, 1229, 1116, 754, HRMSQESM/z) calcd. for
CoiHesN2O, [M+H] 337.1916, found 337.1913:H NMR (700 MHz, CR)al 7.56 (H, dJ= 8.0
Hz, AH), 7.19 (1H, ttJ= 8.2, 1.1Hz, AH), 7.13 7.10 (1H, mArH), 7.06 (1H, tdJ= 7.4, 1.0
Hz, AH), 5.95 (1H, dd)= 17.6, 10.7 Hz,-CH=CHj), 5.58 (1H, dddJ= 9.8, 5.5, 1.6 Hz, NgH
CH=CHC), 5.54 5.50 (1H, m, NGFCH=E+C), 4.97 (1H, dd= 17.9, 0.9 Hz,-CH+CH), 4.93
(1H, dd J= 10.7, 0.9 Hz,-CH=HE), 3.73 (3H, s, NGOHs), 3.34 (1H, tJ= 4.4 Hz, ArCH),
3.02 (1H, ddJ= 16.0, 5.6 Hz,.NCHCH=CH), 2.79 (1H, ddt; 13.3, 8.3, 3.4 Hz;’{ICHCH-
C), 2.70r 2.56 (3H, m, NH-GN, NHGH+CH=CH and-NCHCH), 2.50 (1H, dtJ= 12.8, 7.9
Hz, GCH-HCHC), 2.42 (1H, dddl= 13.5, 10.6, 6.8 Hz;K-XH-CH-C), 2.28 2.21 (1H, m,
NCH-HCH), 2.19 2.14 (1H, m, FHCHCH), 2.12 2.08 (1H, m, NGFHGH), 1.98 (1H, ddd]
= 12.7, 10.7, 3.8 Hz;@H-HGH-C);3C NMR (176 MHz, CB)QI 153.5 (NOO:Me), 146.4 (€
CH=CH), 143.5 (AE), 134.6 (AF), 134.5 (NCHCHEH-C), 127.3 (AHH), 123.7 (ATH), 122.5
(ArCH), 120.1 (NCHH=CHC), 118.7 (AiH), 111.4 (€CH-€H,), 80.5 (NCHGN), 72.4 (NH-
GN), 52.9 (NCH2-CH=CIC), 52.1 (NC@QH), 50.4 GCH=CHJ, 49.0 (NOHCH), 44.2 (Ar&H),
36.5 (GCHCH-C), 29.9 (€HOH-C), 24.0 (NGIAH>).

Compound24

Procedure:To acooled (0°C) and stirred solution af(15.0 mg, 0.045 mmol) in THF (1.00 mL)
was added LIALH1.0 M in THF, @3 mL) and the mixture was heated to 85 for 30 min.
After cooling back to 0C,the reaction mixture was quenched with water (3 drops) and 15%

NaOH ag. (3 drops)tirring was ontinued for 10 min and EtOAc (5.00 mL) andS@were
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added with another 10 min stirring. Precipitates were filtered and the filtrate was
concentratedby rotary evaporation andhromatography (pipet) of the residue on silica gel,

using 20% EtOAc in hexane, gasepound24 (10.2 mg, 80%) as a colourless ail.

Mol. Formula: eHaNy; R (20% EtOAc/hexane): QJa]o?®+130.8 (c 0.13, CHEIFTIR (neat,
cml) 2954, 2922, 2851, 1668483, 1462HRMS (ESIOF, m/z) calcd. foragEhsNo[M+HT
293.2012, found 293.2008H NMR (700 MHz, CB)al 7.07 (1H, td,)= 7.6,1.3Hz, ArH) 7.02
(1H, dJ= 7.1Hz AH), 6.67 (1H, td)= 7.3, 1.0Hz AH), 6.42 (1H, dJ= 7.7Hz AH), 5.89 (1H,
dd,J=17.5, 10.64z GH=CH), 5.76 (1H, ddd]= 9.9, 5.8, 2.6z CHCH=CH), 5.56 (1H, ddd,
= 9.9, 2.7, 0.81z,N-CHCH=EJ), 5.12(1H, dd J= 17.5, 0.4Hz CH=HB), 5.09 (1H, ddJ= 10.6,
0.9Hz CH#ICH), 3.13 (1H, ddd= 16.5, 5.8, @ Hz N-HCHCH=CH), 3.00 (1H,Jt= 8.0Hz
ArGCH), 2.87¢ 2.0 (2H, m, HB-CH=Ckiand NHCHCH), 2.78 (H, s, NCH), 2.71 (3H, s, Me),
2.29 (1Hddd,J= 11.4, 7.5,6.Hz NHGHCH), 2.06 (1H, dg]= 14.1, 7.Hz NCH-HCH), 2.00
(1H, ddddJ= 12.6, 6.7, 3.0, 1.Blz GHCHCHC), 1.88 (1H, dddl= 12.6, 10.6, 6.5,-CH-
HCHC), 1.81 (1H, ddd= 12.6, 10.6, 7.3-8CHCH-C), 1.721.65 (2H, mMNCH-H(Hand C
CH-HGHC); 13C NMR (176 MHz, CBA 152.0 (AE), 145.6 (H=CH), 134.6 (AE), 133.5
(CHCH=%H), 127.5 (ATH), 122.9 (ATH), 122.9 (CHH=CH), 117.8 (&H), 112.6 (CHEZb),
108.0 (AEH), 77.9 (NGCHN), 72.1 (NGCHN), 52.9 0H,CH=CH), 49.&CH=C}}, 49.7 (N
QH:CH), 44.6 (Ar@H), 33.4GCHCH-C), 31.3 (NH), 28.2 (€CHOH-C), 27.3 (ACHCOH).

(+)vallesamidine 1

H H
N N
/
\ \ |
Me | | Me Me

24 1 (+)-vallesamidine

Procedure: To a round bottom flask charged wit# (8.00 mg, 0.027 mmol) was added
Pd/C (10% w/w, 5.00 mg) and methanol (4.00 mL) uiNderThe system was degassed and
backfilled with H (balloon) and the mixture was stirred irp Bitmosphere for 3 hours. The
Pd/C was filtered through a pad aklite and the filtrate was concentrated by rotary
evaporation. Chromatography of the residae silica gel, eluted with acetone, to gi¢e)

vallesamidine (1)gs a slightly yellow oil (6.20 mg, 77%).
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R (50% EtOAc/hexane): 0.18]p°°+72.7 (c 0.22, CH{ ILiterature data for-j-vallesamidine:
[a]o?or &)O[a]fb a @ XD, IBHES; FTIR (neat, cf) 2936, 28552796,

2750 (BohimasWenkert bands)1607, 1481HRMS (ESIOF, m/z) calcd. forghiN2 [M+H]

297.2325, found 297.2325H NMR (700 MHz, CB)@l 7.06 (1H, tJ= 7.6Hz AH), 7.02 (1H,
d, J= 7.1Hz AH), 665 (1H, tJ= 7.3Hz AH), 6.42 (1H, d)= 7.7Hz AH), 2.9%2.84 (2H, m,
ArGCH and NHCHCH), 2.83.2.76 (4H, m, Nle and NHCHCLCH), 2.29:2.17 (3H, m, MH,

N-HGHCH and NHGHCHCH), 1.931.86 (1H, m, NCH-HCH), 1.841.74 (2H, m, NCH-HCH

CH andGHCHCHRC), 1.6¢€1.59 (3H, m, &1GHCH-C, GCCH-HCHC andHCHCH), 1.58;1.44
(5H, m, NCHCHGCH,, N-CH-HGHCH and NCH-HHand HEICH), 1.4%1.38 (1H, m, Th-

HQH-C), 0.89 (3H, t]= 7.4Hz, CHCOHs); 13C NMR (176 MHz, CB)@ 151.5 (AE), 135.0 (AD),

127.3 (AE€H), 123.0 (ABH), 117.7 (ABH), 107.7 (ATH), 79.1 (NGCHN), 73.2 (NGCH-C), 50.6
(N-CH.CH), 50.0 (NOH,CHCH), 44.6(GCHCH), 44.4 (ArdH), 35.6 (€CH-GH-C), 31.4 (N
CHs), 31.2 (HCH), 30.4 (@HCH-C), Z.7 (NCHCH:), 26.6 (NCHCHGH,), 18.5 (N

CHOH:CH), 9.3 (CbiHb).

bymodp

Tablel Comparison ofH NMR dataf (+)-1 with literatures

Lit. data 1 (600 MHZ Lit. data 2 (600 MHz, Our data (700 MHz, ErrorD d/ppm
CDG)?° CcDQ)* CDQ) (2/2)
7.07(1H,t, 7.3) 7.07 (1H,t, 7.2) 7.06 (1H, t, 7.6) -0.01/-0.01
7.03 (1H, d, 7.3) 7.02 (1H, d, 7.2) 7.02 (1H, d, 7.1) -0.01/0
6.67 (1H,t, 7.3) 6.66 (1H,t, 7.2) 6.65 (1H,t, 7.3) -0.02/-0.01
6.44 (1H, d, 7.3) 6.42 (1H, d, 7.8) 6.42 (1Hd, 7.7) -0.02/0
3.00¢2.70 (BH, m) | 2.94¢2.78 (3H, m) | 2.91¢ 2.76 (3H, m) -

2.78 (3H, s) 2.78 (3H, s) 2.78 (3H, s) 0
2.50¢2.25(3H, m)| 2.32-2.24(3H, m) | 2.29¢2.17 (3H, m) -
2.15¢ 1.35 (12H, m)| 1.95¢1.38 (12H, m)| 1.93¢ 1.38 (12H, m) -

0.90(3H, t,7.3) 0.90(3H, t, 7.8) 0.89 (3H,t, 7.4) -0.01/-0.01

Table2 Comparison of*C NMR dataf (+)-1 with literature

Lit. data 1 (150 MHz
CDG)®

Lit. data 2 (150
MHz, CDGY

Our data (176 MHz,

CDQ)

ErrorD d/ppm (1/2)

151.3

151.3

151.5

0.2/0.2
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134.6 134.8 135.0 0.4/0.2
127.3 127.1 127.3 0/0.2
122.9 122.8 123.0 0.1/0.2
117.7 117.5 117.7 0/0.2
107.6 107.5 107.7 0.1/0.2
78.6 78.9 79.1 0.5/0.2
72.6 72.9 73.2 0.6/0.3
50.1 50.3 50.6 0.5/0.3
49.6 49.8 50.0 0.4/0.2
44.4 44.4 44.6 0.2/0.2
44.0 44.2 44.4 0.4/0.2
35.4 35.4 35.6 0.2/0.2
31.2 31.2 31.4 0.2/0.2
31.0 31.1 31.2 0.2/0.1
30.1 30.2 30.4 0.3/0.2
27.3 27.4 27.7 0.4/0.3
26.4 26.5 26.6 0.2/0.1
18.1 18.3 18.5 0.4/0.2
9.1 9.1 9.3 0.2/0.2

(+)14,15dehydrostrempeliopine (6)

Preparation of eHexBH: To a round bottom flask charged with anhydrous THF (5.50 mL)
under N was added BEMe>S (5.0 Mn E£O, 0.38 mL) and cooled t8@. Cyclohexene (0.42
mL) was added slowly and the resulting mixture was stirred°@t for 15 min and then 1 h at

room temperature to give-tlexBH as a white suspension which was ready to use (ca. 0.3 M).
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Hydroboration/oxidation (25). To a cooled (T)and stirred solution o7 (10.0 mg, 0.03 mmol)

in anhydrous THF (0.50 mL) was added freshly prepatéeb®H solution (0.3 M, 0.50 mL,
0.15 mmol) dropwise. The mixture was slowly warmed to room temperature and stored f
30 min. Solid NaB®kO (60.0 ng, 0.60 mmol) and water (0.50 mL) was added and the
resulting mixture was stirred at room temperature for 2.5 h. Water (10.0 mL) was added and
the mixture was extracted with G8b (5.00 mL x 3). The combined organiels were dried
(N&SQ) and concetrated by rotary evaporation. Chromatography of the residue on 20 x 20
TLC plate, gave compou (8.00 mg, 75%) as a colourless oil with acceptable putitg (

to the high polarity, the obtained compou8 contained sme impurities which was difficult

to purify. Further purification was not performed, and this intermediate was put into next

step directly.

Compound25: R (5% MeOH in Giab): 0.14;FTIR (neat, crf) 3362, 2934, 1697, 1478, 1459,
1438, 1354, 1321, B, 1042, 727HRMS (ESIOF, m/z) calcd for.2EH7N.Oz [M+H]
355.2022, found 355.2016H NMR (700 MHz, CR)l 7.55 (1H, dJ= 8.2 Hz, A), 7.19
7.15 (1H, m, Af), 7.15 7.11 (1H, m, A), 7.01 (1H, td)= 7.4, 1.0 Hz, A, 5.82 (1H, dt)=
10.0, 3.6 Hz, NGKH=CHC), 5.54 (1H, d)= 10.1 Hz, NGHCH=E+C), 3.84 (3H, s, NQ@e),
3.72 (1H, dddJ=11.3, 9.24.9 Hz, C+HCHOH), 3.65 (1H, ddd= 11.3, 5.8, 4.4 Hz, gHOH
OH), 3.16 (1H, d= 16.5 Hz, NHCHCH=CIC), 3.07 2.98 (2H, m, NHHGH-CH=CHKC and ArC
CH), 2.9 2.80 (1H, m, MHCHCH), 2.61 (1H, s, {0H-GN), 2.55 2.48 (1H, m, NMHGH+CH),
2.30r 1.50(8H, m,CH-CHOH,NCHCH,, GOHCH,-C).

Hydrolysis(L) To a solution o5 (8.00 mg, 22.6rmol) in MeOH was added 3M KOH ag.
solution and the resulting mixture was stirred at 19D for 16 h. After cooling to room
temperature, the mixture was added water (5.00 mL) and extracted wit€&¢0.0 mL x 3).
Combined organic layers were dried (88&) and concentrated to give crudg5.30 mg, 79%

crude yield) which was put into next step directly.

Oxidative cyclisationTo a solution td_ (3.00 mg, 10 mmol) in GEb (0.50 mL) was added
NMO (0.2M in C¥Ch, 0.1 mL) and TPAP (0.01M in,CK 01 mL) and the resulting solution

was stirred at room temperature for 1 h. The reaction mixture was passed through a short
pad of silica gel and the filtrated was concentrated and preparative TLC on the residue, using
40% EtOAc in hxane, ga®€1.87 ngy, 80% vyield, 36% overall yield frofp as a colourless oil.
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(+)14,15dehydrostrempeliopine R (40% EtOAc in hexane) 0.2]¢?° +19.3 (c 0.09, CHEI
FTIR (neat, c) 2922, 2851, 1656, 1597, 1476, 1459, 1387, 1370, 1260, 754, HRMOSI
m/z) calcd. 6r GoHoaNzO [M+HT 293.1654, found 293.164%1 NMR (700 MHz, CR)QI 8.04
(1H, dt,J= 8.1, 0.5 Hz, A), 7.24 7.21 (1H, m, A), 7.18 (1H, dt, 7.5, 1.3 Hz,Hy 7.07 (1H,
td, J= 7.4, 1.1 Hz, A, 5.74 (1H, ddd]= 10.0, 2.9, 1.9 Hz, NEEBH=E+C),5.58 (1H, dddJ=
10.0, 4.5, 1.9 Hz, NG8H=CHC), 3.40 (1H, ddd= 16.8, 4.4, 1.9 Hz;NCHCH=CH), 3.31 (1H,
t, J= 6.6 Hz, ArCH), 3.06 (1H, ddd])= 11.5,7.2, 5.2 Hz, NHICHCH), 2.80 (1H, ddd]= 16.7,
2.9, 2.0 Hz, NM{GH+CH=CH), 2.70 (1H, 35 18.0 Hz, NC(®)CHC), 2.54 (1H, dd= 18.0, 2.8
Hz, NC(GHGHC), 2.37 2.34 (2H, m, ©H-CH-C), 2.29 (1H, dddi= 12.0, 7.1, 4.8 Hz,-N
HGH-CH), 2.27 (1Hs, NCH-GN), 2.1 2.06 (3H, m, MCH-OH, and GCH-HCHC), 1.90 (1H,
ddd,J= 13.0, 8.5, 5.61z, GCH-HGH-C);°C NMR (176 MHz, CB)a 169.8 (NC=0), 142.7
(Ar0), 132.6 (A€), 130.2 (NCH-CH=EH-C), 128.3 (AH), 124.0 (ATH), 123.8 (NCHH=CH
C), 123.6 (AGH), 115.9 (ATH), 71.9 (NCHGN), 68.5 (NOH-GN), 53.5 (NOHx-CH=CHC), 50.3
(N-GHoCHy), 47.2 (NC(GJH-C), 44.7 (NCH-CH=CHD), 42.1 (Ar@&H), 38.5 (@H-CH-C),
37.7 (BCH-CH-C), 25.5 (NCHH).

Table 3 Spectra data comparison @f)-6 with schizozygine

65 5
. 17 p14 ‘7 \
IH NMRcomparison ©\N\< H\ég / i <O ) 151“
6 O 19 schizozygine ok__19
H-19 2.70 (d, 18.0) 2.61 (d, 18.0)
H-m ¢ Q 2.54 (dd, 18.0, 2.8) 2.45 (dd, 18.0, 2.8)
H-21 2.27 (s) 2.25 (s)
H-14 5.57 (ddd, 10.0, 4.5, 2.0) 5.57 (ddd, 10.0, 4.4, 2.0)
H-15 5.73 (dt, 9.8, 2.2) 5.73 (dt, 9.9, 2.2)
H-7 3.31 (t, 6.6) 3.20 (t, 6.6)
H5 2.29 (ddd, 12.0, 7.1, 4.8) 2.27 (m)
Hp Q 3.06 (ddd, 11.5, 7.2, 5.2) 3.03 (brs)
| ¢ kA Q 2.16r 2.06 (m) 2.04(m)
H-17 1.90 (ddd, 13.0, 8.5, 5.6) 1.86 (ddd, 12.8, 8.6, 5.3)
13C NMRcomparison
C3 53.5 53.5
C5 50.3 50.1
C6 25.5 25.8
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C7 42.1 42.1
C2 71.9 72.6
C21 68.5 68.0
C20 44.7 44.7
C19 47.2 46.9
C18 169.8 168.9
Ci4 123.8 123.8
C15 130.2 130.2
Cl6 38.5 38.6
C17 37.7 37.6

Compound26

! | ',’/
MeOZC \ MeO2C \
OH O-~s0,Me
23 26

To a cooled (BC) and stirred solution of alcoh®8 (100 mg, 0.2mol) in CHCh (10.0 mL)
under N atmosphere was added 4t (41 mL, 0.40 mmol) and Ms@l7 mL, 0.40 mmol).
Cooling bath was left but not recharged and the stirring was continued until full consumption
of starting material (1.5 h, checked by TLC). @&#d NHCI ag. Solution (10 mL) was added
and organic layer was separated, dried {8i@) and concentrated by rotary evaporation to
give26 (122 mg, quant.) which was pure enough to go to next s#egmall amount of crude
productfrom initial attemptwas purified by chromatographigilica gel, 20% EtOAc in hexane)

for data collection.

R (100% CECh) 0.4; B]o?5+52.0 (c 0.2, CHEIFTIR (neat, ci 2952, 2932, 1699, 1481, 1442,
1357, 1329, 1174, 954, 757; HRMS-{ESF, m/z) calcd. fora@iN05 [M+H] 447.1954,
found 447.1947*H NMR (700 MHz, CB) 7.69 (1H, brs, Af), 7.18 (1Ht, J= 7.8 Hz, A),
7.11 (1H, dJ= 6.7 Hz, Af), 6.99 (1H, td)= 7.4, 1.0 Hz, A), 6.26 (1H, ddJ= 17.8, 11.0 Hz,
GCH=CH), 5.73 (1H, ddt)= 16.8, 10.6, 6.8z, NCHOH=CH), 5.27 (1H, ddj= 10.9, 1.2 Hz,
GCH#{CH), 5.16 (1H, dd= 17.9, 1.3 Hz,-CH=HE), 5.09 5.00 (2H, m, NGFCH=E}), 4.39
(1H, s, NOHGN), 4.18 (1H, dJ= 9.2 Hz, €ICHOMs), 4.14 (1H, di= 9.1 Hz, €iG+OMs),
3.87 (3H, s, NGWle), 3.28 (1H, ddJ= 14.1, 6.6 Hz, NCHCH=CH), 3.19 (1Hdd, J= 13.9,
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6.4 Hz, NHGH+-CH=C}} 3.03 (3H, s, GBSGMe), 3.00 (1H, t)= 6.8 Hz, AKCH), 2.80 (1H,
ddd,J=12.2, 8.8, 3.2 Hz-NCHCH), 2.45 2.33 (2H, m, MdGH-CH and GHCHCH-C), 1.90
(1H dd,J= 9.1, 5.2 Hz,-CH-HCHC), 1.8t 1.49 (4H, mN-CH-CHy, GHGH-CH-C and €CH-

HGHC);3C NMR (176 MHz, CB@ 154.1 (N\O:Me), 141.9 (€H=CH), 141.1 (AD), 136.7
(NCH-CH=CHj), 133.9 (AT), 127.8 (AGH), 123.9 (ABH), 123.1 (ATH), 117.1 (NGHCHEH,),

115.6 (A€H), 115.0 (€H=£H), 75.2 (NGCHN), 72.9 (€H,0Ms), 63.2 (HCN), 60.0 (N
CHCH=Cb), 52.7 GCHOMS), 52.5 (NCOHs), 50.4 (€CHOSQMe), 46.5 (Ar€CH), 44.2 (N
GH.CH), 37.5 (€0H,CH-C), 27.7 (€CHOH-C), 27.0 (NCIaHy).

Canmpound 27

i >< H, N : >< :
MeOzC MeOzC

O\sone O\SOZMe
26 27

Procedure:To a solution 026 (122 mg, 0.24 mmol) in PhMe (12.0 mL) undgathosphere
was added Hoveyd@&rubbs 29 generation catalyst (7.7 mg, 0.024 mmol). The mixture was
then stirred at 60°C for 4 h. A#r coolingto room temperature, solvent was removed by
rotary evaporation and chromatography of residue on silica gel, using px@edave?7 as a
light brown oil (80 mg, 80%).

R (100% E©) 0.16; §]o?° +50.5 (c 0.19, CHEIFTIR (neat, ci) 2929, 851, 1701, 1481,
1462, 1441, 1354, 1328, 1175, 955; HRMSTBS| m/z) calcd. foraEhN.0sS 419.1641,
found 419.1649*H NMR (700 MHz, CB) 7.44 (1H, dJ= 8.1 Hz, Af), 7.20 (1H, t)= 7.4
Hz, AH), 7.13 (1H, dJ= 7.5 Hz, Af, 7.08 (td J= 7.4 1.0 Hz, Af), 5.83 (1H, ddd]= 10.1, 5.7,
1.8 Hz, NCHCH=CHC), 5.74 (1H, dd= 10.1, 2.5 Hz, NGI&H=E\-C), 4.32 (1H, di= 9.4 Hz,
HCHOMS), 4.17 (1H, dl= 9.5 Hz, HEOMs), 3.80 (3H, s, N@@<), 3.28 (1H, brs, ArCH),
3.03 (1H, ddJ= 16.15.8 Hz, NHHCHCH=CHC), 3.00 (3H, s, @BISQMe), 2.93 (1H, brs, 4+
GN), 2.76 (1H, dJ= 16.2 Hz, NM{G+CH=CFC), 2.66 2.58 (2H, m, MMCHCH and GHCH
CH-C), 2.37 2.14 (4H, m, BHGH-CH, GHG+CH-C, GCH-HCHC, NCH-HCH),2.02r 1.95
(1H, m, NCHHQH), 1.8 1.76 (1H, m, €H-HGH-C);%C NMR (176 MHz, CBQ 154.1
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(NOOMe), 142.6 (AE), 134.8 (AE), 131.7 (NCHCHEHC), 127.4 (AH), 124.8 (NCH
CH=CHC), 124.2 (AGH), 122.8 (AGH), 119.4 (AGH), 79.9 (NCHGN) 74.9 (H,OMs), 67.1 (N
CH-GN), 52.7(NCGMe), 52.5 (NGH:CH=C}C), 48.3 (N0H.CH), 47.6 GCHOMS) 45.3 (ArC
CH), 37.4 (CHDSQMe), 32.7 (GCH-OHp-C), 30.4 (@H-CH-C), 25.7 (NCHCOH,).

Compound28and 29

O-s0,Me

27

Procedure:To a stirred solution 027 (50.0 mg 0.12 mmol) in DMSO (2.50 mL) was added
KCN (65.0 mg) and the resulting mixture was stirred at’@for 24 h. After cooling to room
temperature, the reaction mixture was added EtOAc (15.0 mL) and water (15.0 migouAq
layer was extracted with EtOAE5.0 mL x 2) and combined organic layers were washed with
brine (20.0 mL x 2), dried (b&0Q) and concentrated by rotary evaporatiofd NMR indicated

a 1:1 mixture of two compounds. Chromatography of crude materiailica gel, using 10%
acetone inhexane, gave8(12.0 mg, 32%gnd29(10.0 mg, 31%gs colourless oil.

Compound 28R (30% EtOAc in hexane): 0.8]4?° -24.5 (c 0.22, CH{BI FTIR (neat, ct)
3024, 2931, 1701, 1478, 1459, 1396, 1358, 1221, 1061, 1025, 752; HRVSKES!Zz) clacd.
For GoHiN2O, [M+H]" 309.15976, found 309.15978%4 NMR (700 MHz, CR@ 7.77 (1H, d,
J=8.1 Hz, M), 7.25 7.22(1H, m, AH), 7.15 (1H, dt)= 7.3, 1.5 HZArH), 7.07 (1H, tdJ=
7.4, 1.0 Hz, Af), 5.74 (1H, ddd]= 10.0, 4.9, 1.8 Hz, N&6&H=CHC), 5.43 (1H, ddd= 10.0,
2.9, 1.6 Hz, NGKCH=E-C), 4.02 (1H, d}= 12.1 Hz, NGEHCHC), 3.88 (1H, ddl=12.1,1.5
Hz, NCOHQHC), 3.46 (1H, di= 6.0 HZArGCH), 3.24 (1H, ddd)= 16.7, 4.9, 1.6 Hz-NCH
CH=CIC), 2.7 2.63 (2H, m, BHH(H-CH=CHC and NHCHCH), 2.55 (1H, ddd]= 14.8, 9.8,
7.0 Hz, ¢4HCHCH-C), 2.40 (1H, ddd= 15.1, 12.0, 3.3 Hz;MIH-CH-C), 2.32 2.28 (1H, m,
NCH-HCH)2.251 2.15 (2H, m, ©H-HCH and NCHHGH), 2.1 1.99 (3H, m, MOH-GN, G
CH-HGHC and NHGHCH); 13C NMR (176 MHz, CRCl + M @0g),142.3 ¢AB), 131.5
(AIQ), 128.3 (AGH), 127.1 (NGHCHEH-C), 127.0 (NGHH=CHC), 123.8 (AH), 122.4
(ArCH), 115.4 (A€H), 77.8 (NC&H,), 75.6 (NCHGN), 73.7 (NOH-GN), 53.6 (NOH-CH=CH
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C), 50.3 (NGECH-0), 48.7 (NCH.CH), 43.4 (Ar@H), 36.5 (CH.CH-C), 34.4 (CHCH:-C),
23.1 (NChH,).

Compound 29R (30% EtOAc indxane): 0.4;d]0?°-9.7 (c 0.10, CHEJI FTIR (neat, cf) 2925,
2853, 1698, 1669, 1602, 1449, 1285, 1239, 1099, 756, 746; HRMOE 3h/z) calcd. for
CisHoaN2 [M+H] 265.1699, found 265.1701H NMR (700 MHz, CRQA1 7.13r 7.07 (2H, m,
ArH), 6.82 (1H, td)= 7.4,1.0 H, AH), 6.59 (1H, dt)= 7.4, 1.0 Hz, A, 5.96 (1H, ddd]= 9.9,
3.1, 1.9 Hz, NGHH=CHC), 5.47 (1H, ddd= 9.9, 4.0, 2.1 Hz, NeBH=E}C), 3.55 (1H, d
= 9.1 Hz, NHCHC), 3.48 (1H, ddd,= 16.9, 4.1, 1.9, MCHCH=CIC), 3.20 (1H, ddl= 52,
1.9 Hz, Ar@H), 2.94 (1H, ddd]= 11.3, 5.1, 2.2 Hz-NCHCH), 2.90 (1H, ddj= 9.1, 3.0 Hz,
N-HGHC), 2.43 (1H, ddd= 16.8, 3.1, 2.2, IMCGH-CH=CKC), 2.36 (1H, tdl= 12.2, 4.5 Hz,-C
HCHCH-C), 2.29 2.15 (2H, m, NG&H,), 2.04 1.97 (LHm, GCH-HCHC), 1.94 1.79 (3H,
m, NHGH-CH, GHGH-CH-C and €H-HGHC), 1.60 (1H, s,-8H-GN); 13C NMR (176 MHz,
CDG) d 157.8 (AE), 134.5 (AE), 128.1 (NCHH=CHC), 127.9 (AH), 126.1, (NGFCH=EH-
C) 124.3 (AtH), 120.1 (ABH), 112.4 (ATH),76.3 (NGCHN), 70.3 (NGCH-C), 64.7 (NOH-C),
54.2 (NCH-CH=CKT), 53.5 (NOH.CH), 49.0 (NCH-O), 37.8 (Ar@&H), 36.3 (€CH-C-C),
29.0 (GOH-CH-C), 25.1 (NGIH).

Chiral HPLC chromatogranidf

VWO T A, Wavelength=215 nm (XZHANGZHANG _Z0180328 2018-03-28 15-04-Z0N002-0201.0)
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Peak RetTime Type Width Area Height Area
Signal 1: VWDl A, Wavelength=215 nm £ [min] [min] mAU g [mAY 1 L
-1 [-——-1
Peak RetTime Typs Width Arsa feight Area 8 4.746 W 0.2521 212.96925 11.83874  0.5443
# [min] [min] mAU  *s [maw 1] % 9 5.433 W 0.5738 179.82901 3.95790  0.4596
L N | === f===mmmm V=== ' 10 6.502 W  0.3245 71.86116  3.00128 0.1837
1 1.3z By D.1386 217.26871  18.14335  0.3333 11  6.989 Vv  0.3098 1.80113ed  886.71130 46.0353
2 2.1z ww 0.1778 108.08832 8.0L230  0.2788 12 8.020 VB 0.3973  82.05363 2.95011  0.2097
3 2.8 W 0.1832 362.41387  27.335223  0.8283 13 12.345 BB 0.5649 1.80503e4  491.99304 46.1350
4 3.220 vV 0.1602 399.82538  37.22874  1.0219
5 3.327 0.2134  147.43463 18284  0.3768 t . 5 2747
W_:_ ted by BoltPDF E]c] NCH Sgftware. Free for non-commerci Totals : 3.91250e4  1615.02747
&  4.005 vV 0.I656 1160.18066 1I104.73870 ~ 2.9652
Figurel Chiral HPC of racemid 4
. Wavelength= nm . O18-03-28 15-04- 200 T-0701.0)
mau |
] t &
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0 10 20 20 40 min
Signal 1: VWDl &, Wavelength=215 nm
Peak RetTime Type Width Area Height Area
S [min] [min] mAU *= [mAU 1 %
-l [—===|==———- R [———mmm- | === [
1 7.009% MM 0.3601 3.80265=4 1760.218%9% 94,9528
2 12.654 MM 0.5807 2021.27979 58.01327 5.0472
Totals 4.00478=4 1818.2322¢

Figure2 Chiral HPCL of enantioenrich&d
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Crystallographic analysef11

Figure3 Asymmetric unit of the crystal structure obmpoundll. The thermal ellipsoids are shown
at the 50% probability level. Hydrogen atoms and atom labels are omitted for clarity. Colour scheme:
carbong grey, nitrogert, blue, oxygerg red.

All diffraction data forcompoundl1 were collected on a foucircle Agilent SuperNovéDual
Source) single crystatrdy diffractometer using a mice® 2 O dza -raydmam €= 1.54184

A) and anAtlas CCD detector. The crystal temperature was controlled veithOxford
Instruments cryojet. Unit cell determination, data reduction and analytical numeric
absorption correctio were carried out using theCrysAli&© programme! The crystal
structures were solved with th8helXprogrammeé and refined by least squaseon the basis

of P with the ShelXlprogramme? All nonthydrogen atoms were refined anisotropically by
the full-matrix leastsquares method. Hydrogen atoms associated with carbon and oxygen
atoms were refined isotropicallyJso(H) = 1.2Jeq (C)] in geometrically constrained positions.

The crystallographic and refinement parametersdompoundl1 are shown in Tabl8.

Table3. Crystallographic and refinement parametersldf

CompoundlL1
Empirical formula GoaHoeN204
Formula weight 406.47
Temperature/K 151(2)
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Crystal system orthorhombic

Face group P21212,

al A 8.0488()

b/A 9.8870(2

c/A 25.9184(3)

h /e 90

i/e 90

N 90

Vi A3 2062.55(4)

z 4

" calc/ g cmP? 1.309

> KkMYY 0.725

HO000) 864.0

Qystal size mm?® 0.272 x 0.134 x 0.104

Radiation Cuk (<=1.54184)

2¢ range for data collection / ° 6.82t0133.184

Index ranges Ld X o
LI K 1 M
L30X XK 00

Number of collectedeflections 68536
Number ofuniquereflections 3650[I>H " 6L UG
Data/Restraints/arameters 36500/284

Goodnesf-fit on P 1.057

Rt 0.044%6
R(P,F>H "FoO 0.028)
WR(P), F>H "Fo 0.0690
R(F), all data 0.0289
wR(P), all data 0.0698

nr (Mmax., min.) b3 0.15/0.18
Flack parameter £0.08(4)
CCD@umber 1904992

References: 1ErysAllisProAgilent Technologigesnc. (2014). 2) Sheldrick, G. Mshort history oSHELXActa
Crystallogr, 2008, A64, 112¢122. DOI: 10.1107/S0108767307043930. 3) Sheldrick, GCrixtal structure
refinement withSHELXIActa Crystallogr.2015,C71 3¢8. DOI:1107/S2053229614024218

'H and*C NMRspectrafor all compounds
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