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Supporting Crystallographic Information

C18A C19A

Figure 3. Molecular $ructure of the two independent molecules afycloalkyne28 in the solid state;

atomic displacement ellipsoids are shown at the 50% probability IeN&ioms omitted for clarity

X-ray Crystal Structure Analysis of Compound: 8 His N2 Os Si M, =526.78 g - mott, colorlessneedle,
crystal sizé.140 x 0.034 x 0.026m?®, monoclinic, space group2 [4], a=15.6435(7)A, b =8.6081(4)A,
c=23.3896(10, A 109.531(2)°V =2968.4(2)A%, T= 100(2) KZ= 4,Dcac=1.179 g - cn¥, G0.71073
A, AMo-K) =0.115mm’, analytical absorption correctioin=0.99, Tmax=1.00), BruketAXS Kappa
Mach3 APEX diffractometer with a Ius microsourc#,381< 7<32.467,106114measured reflections,
20839independent reflections16939reflections withl E TH R =0.0706 S= 1.031, 680 parameters,
absolute structure parameter €.02(3),residual electron density +0.4.(02 A from H3AA) 0.4 0.13 A
from SilAe - &.

The structure was solved ISHELX@nd refined by fulmatrix leastsquares $HELXlagainst? to R, =
0.049[1> 2 ¥)], wR.=0.107. CCD€081190



Figure . Molecular structure of the four independent molecules a@fmpound42 in the solid state;

atomic displacement ellipsoids are shown at the 50% probability Iev&ioms omitted for claty

X-ray Crystal Structure Analysis @ompound 42 GsgHssN2 O, My =434.60 g - mof, colorlessplate,
crystal siz€.180 x 0.155 x 0.11hm?, triclinic, space groupI[2], a=11.7256(5A,b=13.3258(6 A, c=
15.6551(7), D=89.927(2)° £89.955(2)° JE83.357(2)°V =2429.73(19%%, T= 100(2) KZ= 4,Dcac=
1.188 g - cd, C&=1.54178A, ACuK) =0.576mm?, analytical absorption correctioin=0.92, Tmax=
1.00), Bruker AXS Emidbnius KappaCCD diffractometer with a FR591tirmjaCuanode Xray source,
2.823< 72.989,105618measured reflections]8363independent reflections] 7486reflections with
| E 1BRn =0.0426 S= 1.145 1190 parameters, absolute structure parameter 9.09(6),residual
electron density +@ .71 A from H33B) 0.2 0.86 A from C108e - A.

The structure was solved ISHELX&nd refined by fulmatrix leastsquares $HELXlagainst? to R, =
0.040[1 > 2 )], wR. =0.093 CCD€081189



General Unless stated otherwise, all reaati® were carried out in flamdried glassware using anhydrous
solvents under argomtmosphere The solvents were purified by distillation over the following drying
agents and wererénsferred under argon: THF .8t(Mg/anthraene); MeCN, 2,dutidine, CHCb, DCE
(CaH); toluene (Na/K alloy)MeOH (Mg, stored over MS 3 AMSO, DMF, NEtpentane and pyridine

were dried by an adsorption solvent purification system based on molecular sieves. Thin layer
chromatography (TLC): MacherBiagel precoated plates R.YGRAM®SIL/UV254Hetection was
achieved under WNight (254 nm) and by staining with either acigianisaldehyde, cerium ammonium
molybdenate or basic KMnGsolution. Flash chromatography: Merck silica gel 60 g8 .m) with
predistilled or HPLC grade solven#MR: Spectra were recorded on Brukey 400, AV 50 VIII 600r
AVneo 60Gpectrometers in the solvents indicated; chemical shifdsafe given in ppm relative to TMS,
coupling constants)(in Hz. The solve signals were used as references and the chemical shifts converted
to the TMS scale (CRCl= 77.00ppm; residual CHgIh CDGl w= 7.26 ppm; CiDD: w= 49.00 ppm,
residual CEHOD in CEDD: w= 3.31 ppm; (CIpSO: w= 39.52 ppm, residual @GBSOQO; in (CR).SO: w

= 2.50 ppm); all spectra were recorded at 25 °C. Multiplicities are indicated by the following abbreviations:
s: singlet, d: doublet, t: triplet, g: quartet, p: pentet, h: hextedptt heptet, m: multiplet, br: broad signal.

13C NMR spetra were recorded ifH-decoupled manner and the values of the chemical shifts are rounded
to one decimal point. Signal assignments were established using HSQC, HMBC, COSY, NOESY and other 2D
experimentsIR:Spectra were recorded on an Alpha Platinum ABRument (Bruker)wavenumberg &

in cmt. MS (B-MS: Finnigan MAT 8200 (70 eV), -MS: ESQ3000 (Bruker), accurate mass
determinations: Bruker APEX Il FTMS (7 T magnet) or Mat 95 (Finnigan). Optical rotaffjhsvére
measured with a A-Kriiss Otronic Model P80@Qolarimeer at a wavelength of 589 nnfPreparative LC

was performed with a Agilent 1260 infinity pregystem {raction collector G7159 B + G716&Hode array

detector G71154), stationary phase andonditions for each compound are specified below.

Molecularsieves (5 Awere activated at 150°C for 24imhigh vacuum (1 x 10mbar) and stored under

argon.

Unless stated otherwisesommercially availableompounds(Alfa Aesar, Aldrich, TCI, Strem Chemicals,
ChemPURyvere used as receivedihe followingcompounds wre prepared according to the cited

literature: 5-iodopent2-yne¥, 7-iodohept2-ynd? and molybdenum alkylidyne complesd.©



Table S1Statistical Analysis

Target Macrocyclization Tactics Step Count Total Step  Overall Yield
(LLS) Count

nominal xestocyclamine®A RCAM / alkyBuzuki coupling 16 20 1.97%

actual xestocyclamine A RCAM / macrolactamizatior 19 23 1.94%

(=ent-ingenamine A)

ingenamine A RCAM / RCM 16 20 2.01%
keramaphidine B RCAM / RCM 19 23 0.93%
nominal njaoamine | RCAM / RCAM 21 32 1.14%

astarting from commercially available materiatsee ref. 2; LLS = longest linear sequence; RCAM = ring closing alkyne

metathesis; RCM = ring closing olefin metathesis
Ingenamine and Keramaphidine

tert-Butyl (9-3-((tert-butyldimethylsilyl)oxy)piperidinel-carboxylate (14). 4-Dimethylaminepyridine
N,Boc (68.3 mmol, 8.3 gand tiethylamine (124.2 mmol, 17.3 mL) were added to a stirred
solution of §-1-Boc3-hydroxypiperidine (1242mmol, 2500 g) at room temperature.
OTBS After 5 min tert-butyldimethylsilylchlorig¢ (132.9 mmol, 2003 g) was added and the
resulting mixture stirred for 4 at room temperature. Nexthe mixture was poured into iceooled water
(200 mL), which was extracted wi@HChb (3x 250 mL). The combined orgapitasesvere washed with
brine (50 mL), dried over N&8Q and concentratedin vacuo The residue was purified by flash
chromatography on silicthexaney EtOA¢10:1), providing thetitle compoundas a colorless 0§B39.09g,
quant.). U%°%= #14.7 (c = 1.0, CHgif'; 'H NMR (400 MHz, CRCIw=3.91 t 3.73 (m, 1H), 3.68 (df,=
13.3, 3.7 Hz, 1H), 3.59 (dbs 8.3, 4.0 Hz, 1H), 2.89 (@t 10.0, 3.3 Hz, 1H), 2.80Jt 9.7 Hz, 1H), 1.90
1.78 (m, 1H), 1.7%1.64 (m, 1H), 1.63 1.57 (m, 1H), 1.45 (s, 10H), 0.88 (s, 9H), 0.0F<(&4 Hz, 6H);
3CNMR(101 MHz, CD§i w=154.8, 79.3, 67.1, 51.1, 43.6, 33.9, 28.4, 25.8, 23.1, ¥8]JR (film): &L
2930,2886,2857, 1697, 1465, 1421391,1365,1278,1254, 12391176,1154, 1099, 1041, 981, 9(8/3,
858,837, 775 cmt. HRMSESI)m/z calcd.for GeHssNO:SiNa [M+N§: 338.21219, found: 338.21235.

tert-Butyl (9-5-((tert-butyldimethylsilyl)oxy)2-oxopiperidine-1-carboxylate (15). Ruthenium(lV) oxide
o hydrate (7.3 mmol, 974 mg) was added to a solutionpiperidine14 (122.@2 mmol, 38.®

Boc

N~ g) andNalQ (569.8 mmol,121.88)) inEtOAcH,O (1.62 L, 1:3). The resulting mixtuvas
vigorously stirred in dlaskopen to airat room temperature for 1.5 hThe organic phase

oTBS was separated and thaqueouslayer extracted with EtOAc (8 300 mL) The combined

S+



organic extracts were stirred with isopropanol (20 mL) for 3h to decomangeemaining catalysbhefore
they werefiltered. The filtrate was washed with brine (100 mL), dried oveiSlaand concentratedn
vacua The residue was puigld by flash chromatography on silighexanes/ EtOA¢ 20:1 to 10:),
furnishing the title compounds a white soli¢22.10 g, 55% yield)M.p. = 36.337.2 °C U= 48.2° (c =
1.0, CHGM; *H NMR (400 MHz, CRECIw=4.19 t 4.10 (m, 1H), 3.623.58 (m, 2H), 2.71 (ddd= 17.2,
9.1, 6.7THz, 1H), 2.42 (dfi= 17.2, 6.2 Hz, 1H), 1.95 (dddd,13.2, 9.0, 6.4, 3.9 Hz, 1H), 1.82 (ddtd13.6,
6.8, 5.7, 1.2 Hz, 1H), 1.51 (8))90.87 (s, 9H), 0.07 (s, 6MC NMR (101 MHz, CBCM= 170.9, 152.5,
82.9, 64.4,52.4, 31.1, 29.0, 28.0,2518.0,/4.9; IR (film): &L 2954, 2931, 2895, 2857, 1773, 1716, 1472,
1391,1368, 1346, 1296, 1251, 1151, 1114, 1087, 1061, 1020, 984, 938, 881, 836, 777;'7BIRMBE
(ESm/zcalcd. for @GHs:NQiSiNa [M+Ng: 352.19146, found: 352.19136

3-Allyl  1-(tert-butyl)  (59-5-((tert-butyldimethylsilyl)oxy)2-oxopiperidine-1,3-dicarboxylate (SL).
O o LIHMDS (M in THF, 1143mmol, 19.2 g) was added dropwise to a solution
\/\o N’Boc of oxopiperidinel5 (49.2 mmol, 16.%4 g) in anhydrous THER250mL) at t
78°C. The miare was stirred att78 °C for 1 h, before allghloroformate
OTBS (52.22 mmol, 5.6 mL) was added. The resulting yellowtsmhuwas stirred for
25 min at t78 °Chefore the reactionwas quenched with sat. ag. WEl solution (50 mL) arttie mixture
warmed toambient temperature.The aqueous phase was diluted withCH(100 mL) rad extracted with
EtOAc (X 300mL). The combined extracts were washed with brine (100 mL), dried over Mg8O
concentratedin vacuo The residue was purified by flash chromatographysitina(hexaney EtOA¢5:1),
furnishing the title compounds a white solig19.45 g, 94% yieldM.p. = 49.450.3°C. 3U% %= #15.0° (c =
1.0, CHGJ; *H NMR (400 MHz, CRGhixture of diastereomersy=5.93 (ddtd,J=17.2, 10.5, 5.7, 2.0 Hz,
1H), 5.35 (dpJ= 17.2, 1.5 Hz, 1H), 5.25 (ddt 10.5, 2.1, 1.2 Hz, 1H), 4.78.61 (m, 2H), 4.3@4.21 (m,
0.7H maja), 4.13 (tdd, )= 6.4, 5.6, 3.7 Hz, 0.3hhinor), 3.84t3.78 (m, 0.H, major), 3.77t3.63(m, L7H,
major), 3.60 (ddd,J= 13.2, 3.9, 0.9 Hz, 0.3hhinow), 3.46 (ddJ= 10.0, 7.3 Hz, 0.3khinor), 2.37t12.19
(m, 1.3H), 2.09 (dddd= 13.6, 6.4, 4.61,.6 Hz, 0.7Hmajo1), 1.51 (d,)= 1.7 Hz, 9H), 0.87 (@ 16 Hz, 9H),
0.12 t0.04 (m, 6H)**C NMR (101 MHz, CRChixture of diastereome)s w=169.6, 168.8, 166.9, 166.9,
152.5,152.2,131.6, 131.6, 118.7, 118.6, 83.5, 83.4, 66.1, 64.3, 63.2,52.2,51.3, 49.5, 48.0, 33.4, 32.8, 27.9,
25.6, 17.9;4.8,-4.9,-5.0,-5.0; IR (film): & L 2955, 2932, 2896, 2851776, 17461722, 14721391,1369,
1296, 1255, 1147, 1108030,1005, 970, 927, 838, 810, 778 triiRMS (ESh/ zcalcd. for GoHssNOsSiNa
[M+Na]: 436.21259, found: 436.21242



3-Allyl 1-(tert-butyl) (59-3-(but-3-en-1-yl)-5-((tert-butyldimethylsilyl)oxy)2-oxopiperidine-1,3-

\/\ 0 o dicarboxlate (16). 4-Bromobutl-ene (70.2 mmol, 7.2mL) and caesium
° N’Boc carbonate (75.2mmol, 24.54 g) were added @ solution of compoundsl

(47.08 mmol, 19.479) in anhydrous DME7 mL)at room temperature. The

l OTBS mixture was vigorously stirred for 6beforethe reactionwas quenched with

sat. ag. NECI(10mL) andthe mixture wasextracted with EtOAc (3x 200 mL). The combined organic

extractswere washed with brine (20 mL), dried over Mg@@d concentratedn vacuo The residue was

purified by flash chromatogphy (hexanesy/tert-butyl methyl ether 5:1), furnishing the title compounds

a colorless 0i(20.60 g, 94% yield)>U%,%= 43.8° (c = 1.0, CHEI'H NMR (400 MHz, CRQhixture of

diastereomery W=5.95 t5.72 (m, 2H), 5.34 (ddd= 17.2, 4.4, 1.5 Hz, 1H), 5.23 (ddg,11.0, 8.5, 1.3 Hz,

1H), 5.03 (dpJ= 17.1, 1.7 Hz, 1H), 4.96 (d& 10.1, 1.6 Hz, 1H),70 t4.56 (m, 2H), 4.20 (dtd= 7.0, 5.9,

3.8 Hz, 0.5H), 4.144.05 (m, 0.5H), 3.83 (ddd= 13.1, 4.4, 1.1 Hz, 0.5H), 3.72 (@d,13.3, 5.9 Hz, 0.5H),

3.5413.39 (m, 1H), 2.63 (ddd= 13.9, 5.8, 1.1 Hz, 0.5H), 2.48 (d# 13.9, 6.5, 0.9 H@,5H), 2.23t1.90

(m, 4H), 1.70 (ddl= 13.9, 7.1 Hz, 0.6H), 1.52 (s, 9.4H), 0.87<(d,4 Hz, 9H), 0.130.03 (m, 6H)**C NMR

(101 MHz, CD&Imixture of diastereomeds w=171.3, 171.3, 169.8, 169.2, 152.7, 152.6, 137.6, 137.5,

131.4,131.2,119.0, 118.4, 115.1, 83.1, 83.1, 66.2, 66.0, 64.0, 63.9, 55.5, 54.7, 51.2, 51.0, 38.8, 35.8, 35.4,

29.0, 28.6, 27.9, 25.7, 25.6, 18.1, 1749.8, 4.8, 5.0 IR (film): &L 2955,2931, 2897, 2858, 1777, 1723,

1642,1472,1462,1392,1368, 1302, 1256, 1151, 1126, 985, 914, 870, 838, 810, 778HRMS (ESh/z

calcd. for @Hy:NGsSiNa [M+N4g: 490.25954, found: 490.260.

tert-Butyl (9-5-(but-3-en-1-yI)-3-((tert-butyldimethylsilyl)oxy)-6-oxo-3,6-dihydropyridine-1(2H)-
o) carboxylate(17). Pad(dba)-CHGI(1.07 mmol, 1.11 g) was added to a solution of
= N'B°° compoundl16 (21.38 mmol, 10.0g) in anhydrous MeCN (86 mL). The mixture

wasstirred at80 °C for 30 min. The crude mixtues filtered through a plug of
OTBS Celite, which was carefully washed witért-butyl methyl ether Thecombined
filtrates were concentrated in vacuo and the resulting crudeaterial was purified by flash
chromatography on silicgtoluene, then hexanetert-butyl methyl ether, 10:1) to furnish the title
compoundas a colorless of5.77 g, 83% yieldU%,°= 462.6° (c = 1.0, CHEMH NMR (400 MHz, CREI
W= 6.38 (dg,J= 3.4, 1.1 Hz, 1H), 5.79 (ddt 16.9, 10.2, 6.6 Hz, 1H), 5.08.94 (m, 2H), 4.43 (dddi=
8.0, 4.7, 3.3, 1.3 Hz, 1H), 3.88 (ddd,12.8, 4.8, 1.1 Hz, 1H), 3.65 (dd,12.8, 7.9 Hz, 1H), 2.38 (ddt
8.5, 5.8, 1.3 Hz, 2H), 2.22.18 (m, 2H), 1.54 (sH), 0.89 (s, 9H), 0.10 (s, 6HE NMR (101 MHz, CB)CI
w=163.8, 152.8, 141.0, 137.7, 135.3, 115.2, 83.1, 63.8, 50.7, 32.3, 29.6, 28.1, 25.7413.14.7, IR
(film): &L 2955, 2930, 2889, 2858, 1768, 1716, 1651, 1472, 1389, 1368, 1337, 1303, 1256, 1194, 1149,

Sr



1091, 1034, 1005, 980, 954, 913, 876, 837, 810, 778 EtRMS (ESIjn/z calcd. for GHssNO,SiNa
[M+N&]: 404.22276, found: 404.22262.

Allyl 1-benzyt4-hydroxy-1,2,5,6tetrahydropyridine-3-carboxylate(19b). NaH (127.8 mmol, 3.07 g) was

OH O transferred into aXhlenk flask before anhydrous THF (54 mL) was added. The

N o N\F mixture was cooled to O °@nd a solution ofl-benzyt4-piperidone (51.2 mmol,

N 9.5 mL)n THF (16.6 miyas added dropwisédnce the addition was completde

kph mixture was warmed to room temperatudegefore diallylcarbonate (76.68 mmaol,
11.0 mL) was added@he resulting mixture was stirred at room temperature for 18efore sat. agq. Nkl
(30mL) was carefully added to quench the reaction. The aqueous phase was diluted@ifb kL) and
extracted with EtOAc (2 150 mL). The combined extrastere washed with brine (20 mL), dried over
MgSQ and concentratedin vacuo The residue was purifiedhy flash chromatography on silica
(hexanes EtOAg¢ 5:1), furnishing the title compounds a colorless o{6.35 g, 45% yield{H NMR (400
MHz, CDGY w=11.93 (s, 0.7H), 7.377.27 (m, 5H), 5.91 (dddi= 17.2, 10.4, 9.1, 5.6 Hz, 1H), 513819
(m, 2H), 4.73t 4.56 (m, 2H), 3.65 (d= 2.5 Hz, 2H), 3.50 (ddé 7.9, 5.0, 1.3 Hz, 0.25H), 3.24)&,1.8
Hz, 1.5H), 3.08 (ddd= 11.6, 7.8, 1.2 4 0.25H), 2.96 (ddd= 11.7, 5.0, 1.7 Hz, 0.25H), 2.84 (ddifd,
11.7, 6.3, 5.6, 1.7 Hz, 0.25H), 2.75 (ddid11.3, 8.1, 4.8, 1.2 Hz, 0.25H), 216450 (m, 2H), 2.41 (td=
5.9, 3.1 Hz, 1.5H)*C NMR (101 MHz, CBCw=203.9, 170.7, 170.6,6B.5, 137.8, 132.0, 131.6, 129.0,
128.8, 128.4, 128.4, 127.4, 127.3, 118.7, 118.1, 96.7, 65.8, 64.8, 62.0, 61.6, 56.6, 55.1, 53.1, 50.0, 48.5,
40.8, 29.4IR (film): &L 3063, 3028, 2935, 2808, 2764, 1743, 1720, 1664, 1622, 1495, 1453, 1418, 1403,
1367,1350, 1302, 1285, 1233, 1212, 1193, 1168, 1126, 1078, 1052, 1028, 994, 972, 934, 815, 742, 699 cm
1 HRMS (ESKHvzcalcd. for GHoNGs [M+H']: 274.14377, found: 274.14376

Allyl 1-benzyt4-oxo-3-(pent-3-yn-1-yl)piperidine-3-carboxylate (21). 5-lodopent2-yne (58.06 mmol,
o O /\/ 14.72 ¢ and caesiumcarborate (60.38mmol, 19.67g) were added in three
portions (1:1:0.5) to a solution of compou@8b(23.22 mmol, 6.35 g) in anhydrous
hll\ = e DMF (24 mL) at room temperatufthe second and third portion were addedter

Ph 30 min and lhrespectively. Themixture was stirred for 3 h, bere the reaction
was quenched with sat. ag. MEl (15 mL). The agueous phase was extractelnl Bti©OAc (X 250 mL)the
combined organic extractgerewashed with brine (30 mL), dried over Mg®@d concentratedn vacuo
The residue was purified bffash chromatography on silicahéxanes/ EtOA¢ 5:1) to give the title
compoundas a colorless off.15 g, 91% yield}H NMR (400 MHz, CRCIw=7.29 t 7.20 (m, 5H), 5.82
(ddt, J=17.2, 10.4, 5.8 Hz, 1H), 5.88.14 (m, 2H), 4.58 (qdi= 13.1, 5.8, 1.4 4 2H), 3.52 (dl= 1.9 Hz,

S



2H), 3.36 (ddJ=11.6, 2.6 Hz, 1H), 2.92 (di&; 12.8, 5.9, 3.5 Hz, 1H), 2.79 (d#d,16.0, 12.3, 6.6 Hz, 1H),
2.39t2.28 (M, 2H), 2.28 2.12 (M, 2H), 2.04 1.86 (m, 2H), 1.76 1.68 (m, 1H), 1.67 (8= 2.4 Hz, 3H);

13C NMR (101 MHz, CBCIW=205.8, 170.9, 137.7, 131.5, 128.8, 128.3, 127.4, 118.9, 78.3, 75.9, 65.9, 61.8,
61.1, 60.7, 53.4, 40.5, 31.7, 14.5,;3% (film): & L 3028, 2957, 2919, 2807, 1717, 1649, 1495, 1453, 1423,
1348, 1316, 1227, 1186, 1121, 1076, 1059, 1029, 1000, 981792, 699 cth HRMS (ESh/ zcalcd. for
GaH2eNG; [M+HT: 340.19072, found: 340.19053.

3-Allyl I-methyl 4-oxo-3-(pent-3-yn-1-yl)piperidine-1,3-dicarboxylate(20). Methyl chloroformate (73.65
o O /\/ mmol, 5.7 mL) was added to a solution of compo@id14.73 mmol, 5.0 g) in
° toluene (21 mL). The reaction wasrred at100 °C for 14 hThe mixture was
j\ = e cooled to room temperatur@ndconcentratedin vacuo The residuewaspurified
0% NOMe by flash chromatography on silif@exaney EtOA¢3:1 to 2:1), furnishing the itle
compoundas a yellow 0i{4.52g, quant.).*H NMR (400 MHz, CRCIw=5.86 (ddt,J= 16.5, 9.9, 5.8 Hz,
1H), 5.36t5.20 (m, 2H), 4.6 4.50 (m, 3H), 4.2 3.93 (b 1H), 3.73 (s3H), 3.39 (br1H), 3.22 (dj=
13.7 Hz, 1H), 2.68 (ddd= 14.1,9.8, 6.3 Hz, 1H), 2.48 (= 14.7, 4.7 Hz,H), 2.28t2.02 (m, 3H), 1.86
(br, 1H), 1.76t 1.68 (m, 3H):C NMR (101 MHz, CBCM= 203.9, 169.4, 155.6, 131.1, 119.3, 77.8, 76.5,
66.3, 60.6, 53.1, 50.1, 43.6, 39.6, 31.1, 14.3,IR4film): & L 2956, 2920, 2860, 1699, 1650, 1447, 1474,
1413, 1375, 1264, 1238, 1220, 1189, 1130, 1067, 1028, 995, 935, 876, 767,5B&&MS (ESH/ zcalcd.

for GeHaNOsNa [M+N4]: 330.13119, found: 330.13101.

Methyl 4-oxo-5-(pent-3-yn-1-yl)-3,4-dihydropyridine-1(2H)-carboxylate (22). Pd(dba)x-CHG (0.73
o Me mmol, 668 mg) was added to a solution of compo@0d14.60 mmol, 4.49 g) in

Z
| anhydrous MeCN (59 mL). The mixture wased at80 °C for 30 mibefore it
N wascooled to ambient temperature anfiltered through aplug ofCelite, which
o)’\OMe was carefully washed wittert-butyl methyl ether Thecombinedfiltrates were

concentrated in vacuo and the resulting cruchaterial waspurified by flash chromatography on silica
(hexané EtOA¢3:1 to 1:]) to givethe title compourd as a white soli@3.10 g, 96% yield)l.p. = 69.870.5

°C;*H NMR (400 MHz, CRCIw=7.77 (bt 1H), 3.98 (tJ= 7.3 Hz, 2H), 3.85 (s, 3H), 2.62.51 (m, 2H),
2.3512.28 (m, 2H), 2.24 (dddd= 7.7, 6.1, 2.9, 2.1 Hz, 2H), 1.74J&,2.5 Hz, 3H}*C NMR (101 MHz,

CDG): w=192.8, 153.4, 140.9, 117.3, 78.4, 76.6, 53.9, 42.8, 26.9, 18.7, 3;4R (film): &L 2956, 2919,

2857, 1722, 1662, 1615, 1440, 1399, 1369, 1322, 1300, 1245, 1204, 1174, 1122, 1077, 1049, 1017, 969,
927, 909, 868, 767, 666, 512, 484, 438'chiRMS (ESIn/ z calcd. for GHisNOsNa [M+N4]: 244.09441,

found: 244.09442.



Compound24. A solution ofLiGBu (2.89 mmol, 223 mg) in THF (6 mL) was added dsepw a solution

= of compound22 (2.79 mmol, 617 mgin anhydrous THF (11 mL) &0 °C.

TBSO The resulting red solution was stirred for 10 min befora solution of
Boc’NN N\«ome compoundl17 (2.33 mmol, 887 mgh THF (5 mlyvas added. The mixture
o Ho’ 0 was warmed to room temperature oveéne course ofs h andstirring was
continuedfor another 16 h. Nex#-dimethylaminopyriding(4.65 mmol, 568

// mg) anddi-tert-butyl dicarbonate(4.65 mmol, 1.1 mL) were added atitk
Me resulting mixture wasstirred for 1 h. sat. ag. N&I (10mL) was carefully

introducedto quench the reaction. The aqueous phase was extracted with EtOA4%8 mL) and the
combined extractsvere washed with brine (2nL), dried over MgSand concentratedn vacuo The
crude residue was purifiedy flash chromatography on sili@exanétert-butyl methyl ether 10:1; then
hexaneEtOA¢ 10:1), furnishingcompound23 as a white foanwhich was used in the next step withiou

further purification

NaBH (9.42 mmol, 356 mg) was addé@dportionsto a solution 0f23in methanol (15.9 mL) at 0 °C. The
mixture was stirred for 20 min, beforéhe reactionwas quenched with sat. ag. MEl (5 mL) athis
temperature The aqueous phaswvas extracted with EtOAc ¥3L00 mL) and the combined extracts were
washed with brine (10 mL), dried over Mg®@d concentratedn vacuo The residue was purified by flash
chromatography on silicgpentanetert-butyl methyl ether 3:1) to furnish the ttle compoundas a white

foam (742 mg, 53% yield over 2 stepsiU?® %= 166.9° (c = 1.0, CHEIH NMR (400 MHz, CRChixture

of rotamers) w=5.76 t5.60 (m, 1H), 5.004.83 (m, 2H), 4.49 (tdd= 10.6, 4.1, 2.2 Hz, 1H), 4.32 (s, 0.3H,
minor), 4.20 (s, 0.7H, major), 4.10 (ddit 12.4, 4.2, 1.8 Hz, 1H), 3.68 (s, 3H), 3.861 (m, 1H), 3.31
(ddd,J=20.7, 11.4, 3.0 Hz, 1H), 3.18.05 (m, 2H), 2.44 2.01 (m, 5H), 2.001.84 (m, 1H), 1.821.56

(m, 8H), 1.52 (s, 10H), 0.88 (s, 9H), Qd10= 3.3 Hz, 6H})C NMR (101 MHz, CR@hixture of rotamerk
w=172.2,172.1, 156.7, 156.6, 151.8, 151.7, 137.9, 137.4, 115.0, 114.7, 83.3, 83.2, 79.1, 78.9, 76.5, 76.4,
75.5, 75.3, 67.7, 67.7,52.7, 52.6, 52.6, 52.5, 52.4, 52.1, 52.1, 51.6, 50.0, 49.9, 48.1, 46.2, 46.0, 40.2, 39.8,
34.3, 34.2, 32.3, 32.3, 28.3,.2828.0, 25.8, 17.9, 16.4, 16.4, 3.4.5, 4.5, 4.6, IR (film): &L 3493,

2952, 2930, 2885, 2857, 1766, 1707, 1681, 1641, 1453, 1394, 1369, 1338, 1298, 1256, 1190, 1156, 1125,
1074, 1005, 914, 865, 839, 779 trHRMS (ESH zcalcd. for GHs:N.O;SiNa [M+N§: 627.34360, found:
627.34354.
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Compound25. Triethylamine (69.64 mmol, 9.7 midxdimethylaminopyriding(11.16mmol, 1.36 g) and

z methanesulfonyl chlorid€27.68 mmol, 2.14nL) weresuccessivelgdded to
TB/S\O\, a solution of compoun@4 (4.46 mmol, 270 g) inCHCk (22 mL) at O °C. The
OMe
Boc—N N mixture was warmed to room temperature after 5 min and stirred for 1 h.
o' MsO” (o]

The reaction was quenched with sat. aq. Nakl0 mL) and the aqueous
phase extracted withert-butyl methyl ether(3 x 250 mL). The combined
/ / organic extracts were washed with brine (50 mL), dried over Mgsd

Me concentrated in vacuo The crude product was purified by flash
chromatography on silicihexaneEtOA¢5:1 to 4:1), furnishing the title compounas a white foan{2.79
g, 91% yield)U%,%= t30.7° (c = 1.0, CHEIH NMR (400 MHz, CRChixture of rotamery w=5.68 (dtt,
J=17.0, 10.5, 6.5 Hz, 1H), 5.02.86 (M, 2H), 4.524.27 (m, 2H), 4.264.14 (m, 2H), 3.71 (d= 4.8 Hz,
3H), 3.38 (dddj= 10.9, 8.3, 2.6 Hz, 1H), 3.88.12 (m, 2H), 3.04 (d= 5.0 Hz, 4H), 2.59 (dp= 17.1, 2.6
Hz, 1H), 2.48 2.03 (m, 3H), 2.02 1.83 (m, 1H), 1.831.59 (m, 7H), 1.52 (s, 9H), 0.88Jd,0.9 Hz, 9H),
0.14 (d,J= 6.1 Hz, 6H)*C NMR (101 MHz, CRGChixture of rotamery w=1712, 171.1, 156.5, 156.4,
151.4,151.3,137.5, 137.0, 115.3, 115.0, 84.6, 84.3, 83.6, 83.5, 78.5, 78.1, 76.3, 76.2, 67.8, 67.7,52.9, 52.2,
51.8, 51.6, 50.3, 49.8, 49.3, 49.2, 48.0, 42.8, 42.8, 40.0, 39.5, 38.8, 38.7, 34.0, 33.8, 31.8, 31.7, 28.3, 28.1,
280, 25.8, 17.9, 16.1, 16.0, 3.5, 3.8.3, 4.3, 4.5, 4.6, IR (film): &L 2953, 2931, 2857, 1770, 1704,
1641, 1450, 1389, 1366, 1338, 1297, 1256, 1176, 1155, 1125, 1096, 1051, 994, 964, 941, 897, 838, 779,
754, 686, 666, 527 ctn HRMS (ESIm/z calcd. for @HssN.OsSSiNa [M+N& 705.32115, found:
705.32108.

Compound26. A solution of mesylat@5(3.83 mmol, 2.616 g) in 2Jatidine (21 mL) was stirred at 170 °C
for 5 d. Themixture was cooled to 0 °C befor€RCL (22 mL) andtert-
butyldimethylsilyl trifluoranethanesulfonat€15.32 mmol, 3.52 mL) were added.
Stirring wascontinuedat room temperature for 45 min before sat. ag. NaHCO

(5 mL) was addedt® °C. Nextthe mixture was poted into a solution of HCR(

M, 45 mL), which was vigorously stirred for 15 min. The aqueous phase was

extracted with EtOAc (8 200 mL),lhe combined organic extracts were washed

with sat. ag. NaHGQ50mL)and brine (25 mL)before they weredried over
MgSQand concentratedn vacuo The residue was purified by flash chromatography on ${EgChH tert-
butyl methyl ether 6:1), furnishirg the title compounds a white foanf1.357g, 73% yield)>U%,%= t69.4°
(c =1.0, CHgJH NMR (400 MHz, CRGhixture of rotamers w=6.43 (d,J= 6.2 Hz, 0.3Hminor), 6.37
(d, 0.7H majon), 5.94 (dd,J= 10.2, 6.6 Hz, 1H), 5.72 (dddg, 16.7, 13.0, 10.2, 6.0 Hz, 1H), 510486 (m,
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2.3H minon), 480 (d,J= 1.6 Hz, 0.7Hnajol), 3.69 (s, 2H), 3.66 (s, 1H), 3.37 (t#d 9.4, 5.0, 1.7 Hz, 1H),

3.22 t2.92 (m, 4H), 2.842.72 (m, 1H), 2.482.14 (m, 5H), 2.141.96 (m, 1H), 1.771.55 (m, 6H), 0.89

(s, 9H), 0.08 (dl= 16.6 Hz, 6H}C NMR (@1 MHz, CDEImixture of rotamers w=173.5, 173.5, 156.1,

156.1, 146.6, 145.9, 138.3, 137.8, 125.6, 125.1, 114.8, 114.5, 78.5, 78.1, 75.9, 75.5, 70.9, 70.8, 54.3, 54.2,
52.8, 52.5, 52.4, 52.3, 51.5, 51.5, 47.2, 47.0, 45.6, 39.8, 39.5, 33.7, 33.4, 33.2, 33.1, 28.6, 28.3, 25.6, 17.8,
16.9,16.8, 3.4, 3.4,4.3, 4.4, 4.8, 4.8 IR (film): &L 3209, 3075, 2953, 2929, 2896, 2857, 1702, 1667,
1448, 1389, 1345, 1329, 1300, 1273, 1257, 1220, 1191, 1120, 1091, 1006, 956, 913, 873, 838, 776, 685 cm
L HRMS (ESHzcalcd. for GHiN,OsSiNa [M-Na]: 509.28061, found: 509.28065.

Compound27. A solution of anide 26 (2.79 mmol, 1.357 g) in DMF (2 mL) anwdohept2-yne (9.76
mmol, 2.166 J? were successivelydded to a mixture ofNaH (41.81
mmol, 1.003 g) in DMF (25 mL) at 0 °C. The mixture was stirred for 30 min
before sat. aq. NkCI (5 mL) was carefully added. The aqueous phase w
diluted with BO (5 mL) and extracted with EtOAc 3100 mL). The
combined organic extracts were washed with brine (20 mL), dried over

MgSQ and concentratedin vacuo The residue was purified by flash

chromatography on silica(pentandtert-butyl methyt ether, 4:1),

furnishing the title compounds a colorless ofl.545 g, 95% yieldpU?%,°= t54.7° (c = 1.0, CHEM NMR

(400 MHz, CD& Imixture of rotamers) w=5.92 (t,J= 7.7 Hz, 1H), 5.73 (dddt: 16.8, 13.2, 10.2, 6.5 Hz,

1H), 5.04t4.85 (m, 3H), 3.71 (s, 2khajo)), 3.66 (s, 1Hminor), 3.38 (dtJ= 13.8, 7.0 Hz, 1H3,34 t3.21

(m, 2H), 3.21t 3.11 (M, 2H), 3.03 (dd= 10.5, 2.8 Hz, 0.7H, major), 2.99.92 (m, 1.3H, minor), 2.81

2.70 (m, 1H), 2.472.08 (m, 7H), 2.081.95 (m, 1H), 1.75 (8= 2.5 Hz, 3H), 1.71 (= 2.3 Hz, 3H), 1.68

1.47 (m, 5H), 1.4%1.33 (m, 2H), 0.91 (s, 9H), 0.10Jd,11.7 Hz, 6H}*C NMR (101 MHz, CR@hixture

of rotamerg: w=170.4, 156.2, 156.1, 147.0, 146.3, 138.5, 138.1, 125.2, 124.6, 114.6, 114.3, 78.6, 78.6,

78.5,78.3, 75.9, 75.8, 75.4, 70.7, 70.6, 54.8, 54.7, 53.1, 52.9, 52.4, 52.3, 52.1, 52.0, 51.0, 47.1, 46.9, 46.9,

40.0, 39.7, 33.7, 33.4, 33.1, 33.0, 28.7, 28616226.6, 25.9, 25.7, 18.4, 18.3, 17.8, 16.8, 16.8, 3.4, 3.4,
4.3, 4.4, 4.8, 4.8 IR (film): &L 2951, 2928, 2857, 1701, 1645, 1446, 1389, 1347, 1328, 1299, 1259,

1190, 1161, 1104, 1088, 1049, 1005, 956, 908, 871, 837, 811, 7¥6HE&MS (ESIjn/z calcd. for

GaaHs2N2OsSiNa [M+Ng: 603.35886, found: 603.35906.
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Compound28. A solution of themolybdenum omplex31 (0.45 mmol, 351 m§} in toluene (10mL) was
added dropwise to auspension comprisindiyne 27 (2.26 mmol, 1.310 g)
and powderedMS & A,30 g) in toluene (1.11 at refluxtemperature After

stirringfor 10 min, EtOH (10 mL) was add#ta mixture was cooled to room

temperature and filtered through a short pad of Celite, which was carefully

rinsed with EtOAc. Theombined filtrates wereconcentratedin vacuoand

the residue was purified by flash chromatography on siftoduene/ EtOA¢ 8:1), furnishing the title
compoundas a white solig983 mg, 83% yield).p. = 163.9165.1°C; U%,°= t102.4° (c = 0.5, CHEMH

NMR (400 MHz, CDCinixture of rotamers w=6.00 t5.89 (m, 1H), 5.73 (dddi= 16.8, 13.1, 10.1, 6.5

Hz, 1H), 5.04 4.80(m, 3H), 4.04t 3.92 (m, 1H), 3.723.59 (m, 4H), 3.39 (dd= 12.3, 10.6 Hz, 1H), 3.19
(dd,J=10.5, 2.0 Hz, 1H), 3.G&.89 (m, 2H), 2.892.77 (m, 1H), 2.7@2.51 (m, 1H), 2.472.03 (m, 81),

1.92 (ddt,J= 16.3, 13.2, 3.1 Hz, 1H), 1.74.51 (, 4H), 1.40t 1.27 (m, 1H), 1.2%1.08 (m, 1H), 0.89 (s,

9H), 0.09 (dJ= 25.2 Hz, 6H}?C NMR (101 MHz, CRGChixture of rotamers w=170.0, 170.0, 156.3,

146.0, 145.2, 138.6, 138.2, 123.4, 122.9, 114.6, 114.3, 81.0, 80.9, 79.3, 79.2, 70.4, 70.3, 55.2, 54.7, 54.7,
54.5,54.2,52.4,52.4,52.1, 52.0, 50.6, 47.2, 47.0, 39.8, 39.5, 33.9, 33.6, 32.2, 32.1, 28.7, 28.5, 26.2, 26.1,
25.7,8B.7,17.8,14.1,4.2, 4.2, 4.6, 4.7;IR (film): &L 2953, 2928, 2857, 1699, 1640, 1449, 1423, 1390,
1350, 1319, 1262, 1218, 1190, 1170, 1157, 1140, 1103, 1085, 1051, 1006, 955, 909, 870, 836, 809, 775,
754, 723, 712, 683, 665, 442 entiRMS (ESI/z calcd. for GHisNOsSiNa [M+N§: 549.31191, found:
549.31220.

Table S2RCAM of Diyn27: Reaction Optimizatich

Entry Catalyst Temperature Yield of 28
1 31(10 mol%) 110°C 63%
2 31 (20 mol%) 110°C 83%
3 29 (25 mol%) 80 (30 mol%) 100°C 79%

2 Allreactions were performed in toluene in the presence of MS 5A
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Compound32. L-Selectride (Im in THF, 8.28 mmol, 8.28 mL) was added to a solution of carba2@ate
(2.07 mmol, 1.090 g) in THF (19 mL). The mixturestuasd at40 °C for 16 h. Next

the mixure was cooled to 0 °C before MeOHn{k) was carefully added. The
solution was concentratedn vacuo and the residue was purified by flash
chromatography on silicgCHCLH MeOH 95:5 to 90:10Q, furnishing the title
compoundas a yellow 0878 mg, 91%igld). >U% %= t45.5° (c = 0.4, CHEMH NMR

(400 MHz, CD§i w=5.97 (dd,J= 6.8, 2.1 Hz, 1H), 5.84 (ddt 16.8, 10.2, 6.4 Hz, 1H), 5.05 (dg,17.1,

1.7 Hz, 1H), 4.94 (dd= 10.2, 1.3 Hz, 1H), 4.8.92 (m, 1H), 3.86 (s, 1H), 3.65 (ddid,106, 8.8, 4.5 Hz,

1H), 3.38 (dd)= 12.2, 10.6 Hz, 1H), 2.92.85 (m, 2H), 2.77 (dd= 7.0, 2.4 Hz, 1H), 2.62.07 (m, 10H),

1.95 (ddddJ= 22.0, 19.4, 12.6, 4.1 Hz, 2H), 1.72 (dad13.7, 11.3, 5.5 Hz, 1H), 1.66.52 (m, 2H), 1.34

(tg, J= 123, 3.4 Hz, 1H), 1.281.11 (m, 2H), 0.90 (s, 9H), 0.10 J&, 25.8 Hz, K); °C NMR (101 MHz,
CDQ@) w=170.6, 146.2, 138.5, 122.6, 114.5, 81.2, 79.2, 70.4, 55.6, 55.2, 54.3, 50.7, 50.6, 45.1, 39.7, 33.4,
31.9, 28.8, 26.3, 26.2, 25.7, 18.8, 17.9, 1442, 4.6, IR (film): &L 2952, 2927, 2856, 1638, 1484, 1452,
1422, 1388, 1357, 1327, 1258, 11714111092, 1006, 924, 910, 868, 836, 804, 775, 750, 678, 664, 439
cmt. HRMS (ESh/ z caled. for GsHisN2O,Si [M+H]: 469.32448, found: 469.32463.

Compound 33NaBH(OAg)39.0 mg, 0.18 mmol) was addéa a solution of secondary amirg2 (43.2

mg, 0.09 nmol) and 5hexenal (40.7 mg, 0.42 mmol) in £ (0.9 mL) and the
resulting mixture was stirred at ambient temperature for 3 h. The mixture was
diluted with CHCE (5 mL) and the reaction quenched with sat. aq. NatHBO
mL). The aqueous phase was exteatctvith EtOAc (3 x 20 mL), the combined

organic fractions were dried over b&0Q and concentratedn vacuo The residue

was purified by flash chromatography on silica (hexane/EtOAc, 8:1), furnishing the title compound as a
colorless oil (48.5 mg, 96% yipldU? %= t24.4° (c = 1.0, CHEIH NMR (400 MHz, CRCIw= 5.94 (d,)=

4.6 Hz, 1H), 5.875.71 (m, 2H), 4.99 (ddd= 17.2, 10.4, 1.7 Hz, 2H), 4.94.87 (m, 2H), 4.043.91 (m,

1H), 3.65t3.53 (M, 2H), 3.35 (dd= 12.1, 10.6 Hz, 1H), 2.961(J= 9.6, 2.0 Hz, 1H), 2.89 (d&; 12.1, 4.5

Hz, 1H), 2.58 (ttdl= 8.8, 6.9, 1.8 Hz, 2H), 2.42 (##,11.5, 7.2 Hz, 1H), 2.33 (ddit 12.3, 7.9, 4.2 Hz, 4H),

2.26 t2.00 (m, 8H), 1.90 (ddd= 15.9, 12.8, 3.0 Hz, 1H), 1.77 (#d,9.5, 2.7 HAH), 1.72t 1.51 (m, 2H),

1.52 t1.25 (m, 6H), 1.18 (qd= 12.2, 3.0 Hz, 1H), 0.89 (s, 9H), 0.09%®4.2 Hz, 6H}*C NMR (101 MHz,

CDG): w= 171.36, 143.24, 139.22, 139.05, 121.67, 114.19, 113.91, 81.22, 79.09, 70.75, 61.86, 57.68,
54.48, 54.37, 54.05, 52.04, 50.55, 39.35, 34.31, 33.65, 28.92, 27.96, 26.47, 26.20, 26.13, 25.73, 18.82,
17.86, 14.28:4.25,-4.61;IR (film): &L 2929, 28812857, 1642, 1482, 1451, 1419, 1357, 1328, 1287, 1257,
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1171, 1157, 1123, 1086, 1042, 1065, 1006, 997, 925, 908, 870, 836, 775, BGHRMS (ESkn/z calcd.
for GaHssN20O:Si [M+H]: 551.40273, found: 551.40310.

Compound34. DMF (2 drops) and oxalghloride (2.06 mmol, 0.18 mL) were added to a solution-of 5
hexenoic acid (1.72 mmol, 0.20 mL)dRCE (5.5 mL) at 0 °C. The mixture was
warmed to room temperature and stirred for 2 fihe resultingsolution was
added toa solution ofamine 32 (1.87 mmol, 8 mg) and triethylamine (9.37
mmol, 1.3 mL) i€HCh (10 mL) at O °C. After 5 mihe mixture was warmed to

room temperature and stirred for 1 h. sat. ag. NaH@&L) was added and the
agueous phase extracted with EtOAx(BO0 mL). The combined orga extracts weravashed with brine

(10 mL), dried over MgQGand concentratedin vacuo The crudeproduct was purified by flash
chromatography on silicéihexané EtOA¢4:1 to 3:] to givethe title compoundas a white foan{756 mg,

71% yield)U?%,%= t103.0° (c = 1.0, CHEMH NMR (400 MHz, CRChixture of rotamers w=6.03 t5.92

(m, 1H), 5.85t5.63 (M, 2H), 5.50 (d= 1.5 Hz, 0.4Hninon), 5.07 t4.85 (m, 4H), 4.61 (d= 1.5 Hz, 0.6H

major), 4.01 (dtJ= 9.6, 3.0 Hz, 1H), B&dtd,J= 10.6, 8.8, 4.6 Hz, 1H), 3.41 (ddd,12.3, 10.7, 5.1 Hz,

1H), 3.30 (ddJ= 9.5, 2.0 Hz, 0.4Hninor), 3.22t3.12 (m, 1.2Hmajor/majo), 3.06 (ddJ= 9.5, 2.8 Hz,

0.4H minon), 3.00t2.85 (m, 2H), 2.722.52 (m, 1H), 2.461.87 (m, 13H)1.83t1.51 (m, 6H), 1.441.11

(m, 2H), 0.91 (dJ= 0.8 Hz, 9H), 0.11 (8 27.2 Hz, 6H}*C NMR (101 MHz, CR@hixture of rotamerk
w=172.2,171.9, 170.2, 169.9, 146.4, 144.4, 138.6, 138.2, 138.0, 137.4, 124.2, 122.8, 115.2, 115.1, 114.3,
81.0, 80.8, 79.5, 79.3, 70.4, 69.9, 58.2, 55.0, 54.3, 54.2, 53.4, 52.5, 52.1, 51.8, 50.7, 50.5, 48.1, 46.5, 40.0,
39.6, 34.2, 33.6, 33.3, 33.3, 8333.0, 32.9, 32.3, 32.3, 32.2, 29.0, 28.5, 26.3, 26.2, 26.1, 25.7, 24.3, 23.9,
18.8,18.7,17.9,14.2,14.14.2, 4.2, 4.6, 4.6, IR (film): &L 2952, 2928, 2857, 1645, 1472, 1484, 1452,
1415, 1358, 1326, 1299, 1260, 1170, 1141, 1120, 1086, 1005891, 837, 809, 776 cmHRMS (ESI):

m/z calcd. for €Hs2N>OsSiNa [M+Ng: 587.36394, found: 587.36424.

Compound 35. A solution of Ienzylidenebis(tricyclohexylphosphinedichlororuthenium ~~(] &3
Pv & SJ}v_ "B ¢ S 0Ce3U iXiiduena foroL)aweas sioRrly v S}
added to a solution of compoung4 (0.018 mmol, 10 mg) in toluene (16 mL) at

100 °C over the course of 2.5 h. After the addition was complete, stirring was
continued at 100 °C for another 2h before a solution of potassium 2

isocyan@cetate (0.154nmol, 19 mg) in MeOH (3 mL) was added at 100 °C. The

mixture was cooled to room temperature and stirred for an additional 30 min,

before it was concentratedn vacuo.The residue was purified by flash chromatography on silica
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(hexane/EtOAQ@:1 to 1:1), furnishing the title compound as a mixture of olefin isomers (9.2 mg, 97% yield,
E/ZIsomeric mixture 60:40) as a white sofid. NMR (400 MHz, CRChixture of&/ZIsomers ca. 60:40):
wb.98 (dd,J= 15.7, 6.9 Hz, 1H, major/minor), 5.25.84 (m, 0.6H, major), 5.59 (s, 0.4H, minor), 5t51
5.40 (m, 0.6H, major), 5.32 (td= 10.3, 5.2 Hz, 0.4H, minor), 5.08Jd,1.6 Hz, 0.6H, major), 4.99 (d;

1.5 Hz, 0.4H, minor), 4.01 (&=9.7, 2.8 Hz, 1H, major/minor), 3.#3.62 (m, 1H, major/minor), 3.39
(ddd,J=12.3, 10.5, 3.4 Hz, 1H, major/minor), 3.23.08 (m, 2H, major/minor), 2.98 (ddd= 12.4, 4.4,

2.5 Hz, 1H, major/minor), 2.84 (dql = 5.4, 2.4 Hz, 1H, major/minor), 2.77 2.55 (m, 1H,
major/major/minor), 2.46t2.23 (m, 7H, major/minor), 2.222.04 (m, 4H, major/minor), 2.011.96 (m,

1H, major/minor), 1.90 (td]= 15.3, 14.9, 3.8 Hz, 3H, major/minor), 18B75 (m, 1H, major/minor), 1.66
t1.51 (m, 3H, major/minor).38 (ddddJ= 15.5, 11.2, 7.6, 3.6 Hz, 1H, major/minor), 1tA212 (m, 1H,
major/minor), 0.91 (dJ= 0.9 Hz, 9H, major/minor), 0.14 (s, 3H, major/minor), 0.08 (s, 3H, major/minor);
HRMS (ESh/z calcd. for GHigN-OsSiNa [M+Ng: 559.33209, found: 59.33264.

Theisomer mixture was separated by preparative HPLC (two consecutive Multochref Si0€lumns,
250mmx20mm,isoZ A Vv 1]*}% E}% vio 6AWAU Ti gZsorhels 31.8 nmih)The purd
Z-isomer analyzed as followd4 NMR (600 MHz, CRCIw= 5.95 (dJ= 6.6 Hz, 1H), 5.60 (s, 1H), 5.31 (td,
J=10.5, 5.4 Hz, 1H), 4.98 (s, 1H), 4688 (m, 1H), 3.66 (ddd= 10.1, 8.7, 4.3 Hz, 1H), 3.39 (#d,12.3,

10.5 Hz, 1H), 3.22 (ddz= 11.5, 1.5 Hz, 1H), 3.12 (dd; 12.0, 3.0 Hz, 1H), 2.98d(J= 12.3, 4.3 Hz, 1H),
2.83(ddJ=6.7, 2.6 Hz, 1H), 2.71 (ddé¢; 14.3, 12.1, 2.4 Hz, 1H), 2.62 (ddt,15.4, 13.6, 2.2 Hz, 1H), 2.44
t2.32 (m, 4H), 2.312.26 (m, 1H), 2.262.17 (m, 2H), 2.16 2.03 (M, 4H), 1.98 1.84 (m, 3H), 1.79 (s,

1H), 1.70t1.56 (m, 3H), 1.431.31 (m, 1H), 1.231.12 (m, 1H), 0.90 (s, 9H), 0.13 (s, 3H), 0.07 (S*8H);
NMR (151 MHz, CREIws 173.3, 170.3, 145.1, 130.0, 129.6, 123.6, 80.7, 79.4, 70.4, 58.2, 55.6, 54.3, 52.3,
50.9, 47.7, 38.3, 33.2, 31.8, 3026,.3, 26.1, 25.9, 25.7, 25.4, 22.8, 18.8, 17.9, 143, 4.6.

Compound40. Tetrabutylammonium fluorid€l m in THF, 1.78 mmol, 1.78 mkasadded to a solution

of TB&ether 34 (0.89 mmol, 502 mg) in THF (50 mL) at 0 °C. The solution was
stirred for20 min before sat. aq. NBI (15 mL) was added@he aqueous phase
was extracted with EtOAc 8100 mL) and the combined organic extragese
washed with brine (10 mL), dried over Mg3@d concentratedn vacuo The

residue was purified by flash chromat@phy on silicghexané EtOA¢ 1:2 to

pure EtOA); furnishing the title compounds a white foam(400 mg, quant.).U%°%= t134.2° (c = 0.5,
CHGJ); *H NMR (400 MHz, CRGhixture of rotamers) w=6.10 t 6.00 (m, 1H), 5.845.63 (m, 2H), 5.47
(d,J= 1.6 Hz, 0.4H, minor), 5.a61.86 (m, 4H), 4.60 (d= 1.5 Hz, 0.6H, major), 3.99 (ddi; 12.3, 5.7, 2.7
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Hz, 1H), 3.81 3.66 (m, 1H), 3.45 (ddd= 12.2, 10.8, 5.8 Hz, 1H), 3.32 (dd,9.3, 1.7 Hz, 0.4H, minor),

3.22 t3.02 (m, 4.6H, major), @ t2.51 (m, 1H), 2.4 2.33 (m, 4H), 2.331.99 (m, 8H), 1.90 (ddd=

16.7, 13.2, 3.0 Hz, 1H), 1.80.68 (m, 3H), 1.68 1.52 (m, 3H), 1.36 (tdd= 14.9, 11.3, § Hz, 1H), 1.23

t 1.06 (m, 1H)EC NMR (101 MHz, CRGhixture of rotamers w=172.3, 172.1, 170.3, 170.0, 145.9,
144.2, 138.4, 138.1, 137.9, 137.3, 124.5, 123.2, 115.3, 115.3, 115.1, 114.6, 81.0, 80.8, 79.7, 79.5, 69.3,
68.9, 58.4,54.4,54.2,52.8, 52.6, 52.1, 51.9, 50.7, 50.5, 48.1, 46.7, 40.0, 39.7, 34.2, 33.7, 33.30,33.2, 33
32.3,29.1, 28.6, 26.3, 26.2, 26.1, 24.3, 23.9, 18.9, 18.8, 14.1|R4film): & L 3364, 2924, 2863, 1635,

1612, 1487, 1418, 1356, 1326, 1264, 1236, 1167, 1137, 1116, 1063, 1034, 996, 911, 831, 812, 751, 685,
665, 646, 579, 443 clnHRMS (ESk/z calcd. for GgHssNoOsNa [M+N4]: 473.27746, found: 473.27731.

Compound4l. D ES]v[e *po(PE v ~TXii uuloU iXdi Pe A « 40(0.884)mmal]ESuE
2N\ 378 mg) in toluene (38 mL) at room temperature. The mixturestia®d at100

°C for 1h before it was cooled to room temperature and sat. aq. NaHCO

mL) was added. The aqueous phase was extracted with EtCGA@BmLjaNd

the combined organic extractwere washed with brine (10 mL), dried over

NaSQ and concentratedin vacuo The reglue was purified by flash
chromatography on siliclioluene/ EtOA¢8:1 to 4:]) to furnish the itle compoundas a colorless ofB51

mg, 97%ield). 3U%,°%= t121.3° (c = 1.0, CHEIH NMR (400 MHz, CRGhixture of rotamers w=6.25 t

6.11 (m,1H), 5.87t5.64 (m, 3H), 5.41 (d= 1.6 Hz, 0.3H, minor), 5.061.85 (m, 4H), 4.79 (ddd= 19.5,

8.1, 4.9 Hz, 1H), 4.52 (@ 1.5 Hz, 0.7H, major), 4.16 (dt 14.0, 2.7 Hz, 1H), 3.38.24 (m, 1H), 2.88

2.79 (m, 1H), 2.73 (tf]= 6.4, 1.8 Hz1H), 2.61t2.31 (m, 5H), 2.311.95 (m, 10H), 1.921.64 (m, 3H),

1.58 t1.33 (m, 4);*C NMR (101 MHz, CR@hixture of rotamers) w=172.4, 169.1, 169.1, 145.9, 144.1,
138.3,138.2, 138.0, 137.7, 130.8, 130.5, 125.0, 123.5, 115.2, 115.0, 114.9, 114.5, 105.2, 104.4, 81.4, 81.2,
80.9, 80.7, 59.4, 54.5, 53.5, 53.3, 50.4, 49.2, 48.7, 48.7, 44.6, 43.9, 41.0, 40.8, 37.9, 37.2, 333%233.3,
33.0, 32.5, 29.2, 29.1, 27.0, 26.7, 24.2, 23.8, 18.6, 18.6, IR4(BIm): &L 3072, 2920, 2862, 1639, 1450,

1408, 1398, 1355, 1330, 1308, 1263, 1230, 1197, 1167, 1150, 1132, 1068, 1044, 1026, 995, 910, 852, 825,
750, 724, 695, 646, 608, 591,48m'. HRMS (ESlin/z calcd. for GHssN.O,Na [M+N4]: 455.26690,

found: 455.26713.
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Compound42. NaBHCN (0.89 mmol, 56mg) and trifluoroacetic acid1.78 mmol, 0.14mL) were
successivelpddedto a solution ofcompound41 (0.18mmol, 77 mg) irCHCb
(7 mL) at 0 °C. The mixture wtmeen stirred atroom temperature for 1h. Next
sat. ag. NaHCQ5 mL) was added and the resulting mixtusas vigorously

stirred for 45 min. The aqueous phasas extracted with EtOAc K50mL), the

combined organic extras were washed with brine (10 mL), dried over8ia

and concentratedn vacuo The crudenaterialwas purified by flash chromatograpliyexané EtOA¢2:1

to 1:1) to givethe title compoundas a white soli¢57 mg, 786 yield)M.p. =86.2-86.9 °C U%,°= t153.0°

(c = 1.0, CHg*™H NMR (400 MHz, CRGhixture of rotamers) w=6.04 t5.93 (m, 1H), 5.885.61 (m,

2H), 5.49 (dJ= 1.5 Hz, 044, minoi), 5.07 t 4.83 (m, 4H), 4.61 (d= 1.5 Hz, 0.86, majoi), 4.03 (dtJ=

12.9, 3.1 Hz, 1H), 3.4®d, J= 12.7, 5.4, 2.1 Hz, 1H), 3.29 (dd,9.3, 2.1 Hz, 0484, mino), 3.21 (ddJ=

11.8, 2.0 Hz, 0.66 majoi), 3.11t2.95 (m, 2H), 2.72 2.53 (m, 2H), 2.45 2.15 (m, 8H), 2.15 1.80 (m,

7H), 1.80t1.10 (m, &); *C NMR (101 MHz, CR@ixture of rotamerg w=172.1, 171.8, 170.7, 170.4,

145.7, 143.7, 138.7, 138.3, 138.0, 137.6, 124.0, 122.6, 115.2, 115.0, 115.0, 114.2, 81.0, 80.8, 79.8, 79.6,
58.3, 52.6, 51.6, 51.5, 50.7, 50.5, 48.5, 48.2, 48.1, 47.1, 46.0, 44.3, 39.9, 39.7, 37.2, 36.7, 33.3, 33.2, 32.9,
324, 32.4, 30.0, 29.6, 29.2, 28.7, 26.4, 26.3, 26.3, 26.2, 24.3, 23.9, 18.9, 18.8, 14 R ffilrt): &L

3073, 2924, 2859, 1632, 1489, 1451, 1415, 1355, 1342, 1310, 1279, 1229, 1164, 1145, 1109, 1021, 997,
910, 809, 753, 661, 432 cnHRMS (ESkn/zcalcd. for @HsoN20; [M+H]: 435.30060, found: 435.30068.

Compound 2. A solution ofbenzylidenebis(tricyclohexylphosphinedichlororuthenium (Grubbs first
generation catalyst).018 mmol, 14.2 mg) ih2-dichloroethang2 mL) was slowly
added to a réluxing solution ofdiene 42 (0.069 mmol, 30 mg) irl,2-
dichloroethane (140 mL) over 10 minStirring was continued at reflux
temperature for 2 h Dbefore a second batch of benzylidene

bis(tricyclohexylphosphinegichlororuthenium(0.018 mmol, 14.2 mg) waks/ly

addedas a solution irl,2-dichloroethane(2mL) over 10 minAfter stirringfor
another 2h, a solution ofpotassium Zisocyanoacetate (0.154mol, 19 mg) in MeOH (3 mwps added

at refluxtemperature The mixture was cooled to room temperature astired for an additional 30 min.
All volatile materials were evaporated vacuoand the residue was purified by flash chromatography on

silica (hexankEtOA¢1:1 to pure EtOAdD furnish compoundt3as an mixture of olefin isomers.

NaBH (0.267 mmol, 1@ng) was added to a vigorously sidsolution of Ni(OAg) 4 HO (0.241 mmol, 60

mg) in EtOH (3 mL) at room temperature. Thsultingblacksuspensiorwas vigorously stirred for 1 h
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before ethylenediamine (0.96&mol, 65 uL) wamtroduced After stirring for another30 min,the mixture

was added to a flask purged with hydrogen containing competB&tirring was continuetbr 4 h under

a hydrogen atmosphere, beforéhe suspensionvas filtered through a plug of silica, which was carefully
rinsed with BOAc. Thecombined filtrates were evaporated and tlveude product was purified by flash
chromatography on silichexanéd EtOA¢1:1 to pureEtOAc}o providethe title compoundn isomerically

pure formas a white amorphous sol{d0.4 mg, 37% yield ovérsteps) 3U%,%= t56.5° (c = 0.4, CHEM

NMR (600 MHz, CD{EIw=5.87 (dd,J= 6.5, 1.7 Hz, 1H), 5.54.40 (m, 2H), 5.4@5.29 (m, 2H), 4.99 (s,

1H), 4.37 (dt)= 13.8, 7.8 Hz, 1H), 3.23 (dd; 11.8, 1.9 Hz, 1H), 3.18.08 (m, 2H), 3.05 (dd= 11.8, 2.9

Hz, 1H), 2.77 (ddd= 14.4, 11.7, 2.5 Hz, 1H), 2.62.54 (m, 2H), 2.50 (dtd= 14.9, 9.2, 6.5 Hz, 1H), 2.31
t2.21 (m, 3H), 2.2@2.10 (m, 5H), 2.06 1.98 (m, 2H), 1.951.87 (m, 2H), 1.78 (ddd= 9.1, 6.4, 2.2 Hz,

1H), 1.76t1.62 (m3H), 1.57t1.50 (m, 2H), 1.5@1.43 (m, 1H), 1.39 (ddd= 13.9, 11.5, 5.7 Hz, 1H), 1.10
(dddd,J= 21.5, 11.8, 8.0, 5.1 Hz, 1 NMR (151 MHz, CE)CW=173.1, 171.2, 145.3, 130.7, 130.4,
130.1, 128.4, 126.3, 58.5, 51.2, 47.9, 45.6, 44.2, 42.7, 39.7, 36.6, 33.8, 31.0, 28.9, 27.2, 26.7, 25.8, 25.6,
24.8, 24.2, 21.8R (film): &L 3003, 2927, 2859, 1625, 1488, 1443, 1416, 1342, 1327, 1276, 1230, 1203,
1162, 923, 728, 665, 644 ¢nHRMS (ESH/ zcalcd. for @GHs7/N.O, [M+H']: 409.28495, found: 409.28469

(+)>Keramaphidin B((+)1). DIBAEH (1M in hexane, 0.15 mmol, 0.15 mgas added to a solution of
bislactamS2 (0.015 mmol, 8 mg) in diethylether (0.15 mL) The mixture was
stirred at rt for3.5h, bebre it was cooled to 0 °C drdiluted withCHCb (1 mL).
Next sat. agRo Z o0 [sotutms (0.5 mL) was carefully addedhd the mixture
wasyvigorousy stirred for 1h. The aqueous phaswvas ekacted with CHCL (3 x

15mL) the combined organic extracts were dried over Mg&@l concentratedn

vacua The residue wa purified by preparate HPLC (YMC Triart C18, 5 um,
150mm x 10 mm, methanol:20 mM NHCQ %., 6 Xi A 6AWIAU X6 wm>rA4Wmin)fo iii v
afford the title compoundis a white amorphous sol{@.1 mg, 38% yieldpU%,%=+27.¢° (c = 0.0, MeOH;
For'H-and*GNMR Data see Tabl&8-S7. IR (film): & L 3005, 2920, 2851, 1486, 1460, 1340, 1317, 1299,
1275, 1220, 12D, 1174, 1130, 1103, 1048, 989, 933, 908, 819, 764, 721, 685, 666, 2A6HHRMS (ESI):
m/z calcd. for @HsN2 [M+HT: 381.32642, found: 381.32671
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Figure S3Numbering scheme fdteramaphidin B adopted from Kobayashal.”®

Table 3. Comparison of'H NMR ([Ds]-MeOH) data of synthetic Keramaphidin B with isolated

Keramaphidin B (numberingscheme as shown iRigure SB

Position Original 'H NMR Synthetic 'H NMR Isolatef!
Assignmen! wppm), J(H2 wppm), J(H2
1 1 3.12,d 3.18, brs
3a 3 2.87 (ddJ=9.1, 2.0) 2.89 (ddJ=9.2, 1.9)
3b 3 1.67, (ddJ=9.1, 2.8) 1.68 (dd,J= 9.2, 2.6)
4 4 2.25, m 2.30, m
4a 4a 0.90, (dddJ=12.4,5.8,2.4)  0.98 (dddJ=12.5, 5.5, 2.1)
5a 5 1.20 (tdd,F13.7, 12.4, 4.1) 1.23 (qd,F14.0, 4.1)
5b 5 1.36, (pdJ= 13.5, 3.2, 2.8, 2.0) 1.50, m
6a 6 2.68 (dt,J=12.9, 4.1, 2.8) 2.88, m
6b 6 2.76 (td,J= 13.8, 13.0, 2.7) 2.97 (td,J= 13.5, 2.6)
8a 8 2.09, m 2.16 (d,J11.6)
8b 8 234, m 2.70 (d,E11.6)
10 10 5.85 (d.J= 6.4) 5.91 (d,J= 6.4)
11 11 2.21, m 2.21, (dddJ=12.5,5.2, 1P
2.98 (td,J= 12.6, 5.0) 2.99(td, J = 12.5, 5.2)
12 12 1.27, m 1.27, m
1.48, m 153, m
13 13 1.52, m 1.50, m
1.58, m 1.61, m
14 14 1.55 m 1.56, m
2.42, m 241, m
15 15 5.65, m 5.65, m
16 16 5.64, m 5.65, m
17 17 1.75, m 1.76, m
2.35, m 2.38, m
18 18 1.67, m 1.75, m
1.77, m 1.75, m
19 19 2.24, m 2.52, (dddJ=13.5,7.5, 2.5)
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3.06, (ddd, J = 13.8, 8.2, 6.8) 3.24, (dt,J= 13.5, 7.5)

20 20 1.44, m 1.49, m
1.61, m 1.73, m
21 21 1.35,m 1.44, m
1.49, m 1.52, m
22 22 1.98, m 2.02 (br d F15.2)
2.22,m 2.26, m
23 23 5.24 (1t,310.8, 2.7) 5.28 (tt, J=10.8, 2.8)
24 24 5.38, m 541, m
25 25 2.09, m 211, m
2.36, m 2.35,m
26 26 2.35,m 2.38, m
2.29, (dddJ=10.8, 6.1, 1.5) 231, m

Table SA. Comparison of*C NMR dat4[Ds]-MeOH)of synthetic Keramaphidin B withose ofisolated

Keramaphidin B (numberingscheme & shown in Figre S3; reassigned positions are shown in red

Position Original 13C NMR Synthetic| *C NMR lIsolateld o
Assignmen! w(ppm) w(ppm)

20 20 21.5 20.9 +0.6
17 17 21.8 21.6 +0.2
14 14 23.8 23.8 0

22 22 26.1 26.1 0

25 25 26.6 26.5 +0.1
12 5 27.2 26.8 +0.4
13 12 27.5 27.1 +0.4
21 21 27.7 27.1 +0.6
5 13 28.0 27.5 +0.5
26 26 37.9 37.6 +0.3
4 4 39.1 38.8 +0.3
18 18 42.3 41.8 +0.5
4a 4a 44.9 44.1 +0.8
8a 8a 45.9 45.0 +0.9
6 6 48.5 48.8 -0.3
8 8 51.0 50.8 +0.2
3 3 54.6 54.3 +0.3
11 11 55.2 55.1 +0.1
19 19 57.1 56.9 +0.2
1 1 65.3 64.6 +0.7
10 10 124.3 125.0 -0.7
15 16 131.5 131.0 +0.5
16 23 132.4 132.6 -0.2
23 15 132.6 132.8 -0.2
24 24 133.3 133.4 -0.1
9 9 143.0 142.8 +0.2
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Table 5. Canparison othe **C NMR ([B}-MeOH)dataof synthetic Keramaphidin B withose of a sample
of Keramaphidin Breparedby Baldwiret al, [ which had beemoped with authentic materigbrovided

by Kobayashét al® (numberingscheme as shown iRigure SB

iy 13C NMR Synthtic 13C NMR (literature)

Position wppm) Wppm) 4w(ppm)
20 215 21.3 +0.2
17 21.8 21.7 +0.1
14 23.8 23.8 0
22 26.1 26.1 0
25 26.6 26.5 +0.1
12 27.2 27.1 +0.1
13 27.5 27.5 0
21 27.7 - -

5 28.0 - -

26 37.9 37.8 +0.1
4 39.1 39.0 +0.1
18 42.3 42.1 +0.2
4a 44.9 44.7 +0.2
8a 45.9 - -

6 48.5 48.8 -0.3
8 51.0 50.9 +0.1
3 54.6 54.5 +0.1
11 55.2 55.2 0

19 57.1 57.0 +0.1
1 65.3 65.0 +0.3
10 124.3 1245 -0.2
15 131.5 131.3 +0.2
16 132.4 132.6 -0.2
23 132.6 132.6 0

24 133.3 133.3 0

9 143.0 142.9 +01
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Table 5. Comparison ofH NMR(CDG) data of synthetic Keramaphidin B withose of theisolated

sample fokeramaphidin B (numberingscheme as shown iRigure SB reassigned positions are shown

in red
Position Original H NMR Synthetic H NMR Isolatel§!
Assignmen! wppm), J(H2 wWppm), J(H2
1 1 3.01,s 3.01,s
3a 3 2.85 (ddJ= 9.1, 2.1) 2.86 (ddJ= 8.5, 1.5)
3b 3 1.64 (ddJ=9.1, 2.7) 1.64 (dd,J= 9.0, 2.3)
4 4 2.20, m 222, m
4a 4a 091, m 0.93 (dddJ=11.6, 5.6, 1.9)
5a 5 1.16 (qd,J= 13.0, 4.6) 1.17 (dddJ=13.0, 8.7, 4.4)
5b 5 1.30, m 1.36, m
6a 6 2.62 (d, = 12.2) 2.63 (dt,J= 12.3, 3.6)
6b 6 2.67 (t,J=12.4) 2.75, m
8a 8 2.07, m 2.08 (d,J=10.7)
8b 8 2.12, m 2.23 (d,J=12.3)
10 10 5.79 (d,J=6.5) 5.81
11 11 222, m 2.23, m
3 2.88 (ddJ=12.6, 5.2) 2.91(dd, J=20.7, 9.7)
12 12 1.25, m 1.24, m
1.45 m 145 m
13 13 1.49, m 1.46, m
1.58, m 1.58, m
14 14 1.58, m 1.57, m
234, m 235 m
15 16 5.70 (td,J= 10.4, 9.7, 6.3) 5.69 (dddJ= 13.6, 10.1, 6.3)
16 15 5.64 (td,J= 10.4, 5.1) 5.64 (dddJ= 13.6, 10.1, 5.2)
17 17 1.73,brs 1.78, m
2.28,m 2.27,m
18 18 1.62, m 1.61, m
1.86 (td,= 12.1, 7.6) 1.88 (dt,J= 12.3, 7.6)
19 19 2.16, m 224, m
3.05, brs 3.07, m
20 20 1.30, m 1.34, m
1.54, m 1.55, m
21 21 1.29, m 1.32, m
1.46, m 1.48, m
22 22 1.95 (dJ= 15.1) 1.96 (br d = 15.2)
2.16, m 2.14,m
23 23 5.23 (tt,J= 10.8, 3.1) 5.24 (br d,J=10.8)
24 24 5.35, m 5.36 (br d,J= 10.8)
25 25 2.10, m 212, m
2.28, m 229, m
26 26 2.23,m 2.25,m
232, m 2.33,m
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Table S7. Comparison of*C NMR(CDG) data of synthetic Keramaphidin B witthose of isolated

Keramaphidin B (numberingscheme as shown iRigure SB

» Original 13C NMR Synthetic, **C NMR Isolateld
Position Assignmenf! wWppm) wWppm) I,

17 17 21.0 21.0 0
20 20 21.2 21.1 +0.1
14 14 22.9 22.9 0
22 22 24.9 25.0 -0.1
25 25 25.5 25.6 -0.1
12 12 26.1 26.1 0
13 13 26.4 25.6 +0.8
21 21 27.3 27.2 +0.1
5 5 27.8 27.6 +0.2
26 26 37.0 37.0 0
4 4 37.9 38.0 -0.1
18 18 41.6 41.6 0
4a 4a 43.4 43.3 +0.1
8a 8a 45.2 45.1 +0.1
6 6 47.4 47.4 0
8 8 50.7 50.8 -0.1
3 3 53.6 53.6 0
11 11 54.0 54.1 -0.1
19 19 56.2 56.2 0
1 1 64.3 64.3 0
10 10 122.5 122.6 -0.1
15 16 130.9 130.9 0
16 15 131.2 131.2 0
23 23 131.5 131.5 0
24 24 132.0 132.0 0
9 9 141.7 141.8 -0.1
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NominalNjaoamine |
The Quinoline Building Block

N-(3-(2-Aminophenyl)3-oxopropyl}2,2,2trifluoroacetamide (45). Trifluoroacetic acid anhydrid¢€9.5
o CF3  mL, 68.3 mmol) was slowly added to a solutiontiyfptamine (8.0 g, 50.0
@f‘\/\u O mmol) in CHCEL (300 mllat O °C. After stirring for 2h at this temperature(H
NH, (50 mL) was added to terminate the reaction. The mixture was extracted with
CHCE(3 x 500 mLXhe combined extracts werdried over anhydrous N&Q, the solvent was removed

under vacuum, anthe crudeproductwas used for next step without further purification.

The crude product was dissolved in MeOH (800 mL) and the solution was added dropwise to a solution of
NalQ (54.8 g, 256 mmol) inJ@ (800 mL) at O °CQhe ice bathwas removed and stimg continuedat
ambient temperature for 24h. The mixture was poured into.8 (500 mL)}he aqueous layer was
extracted with CpCh (3 x 800 mL)and the combined organic phases weavashed with brine and dried

over anhydrous N&Q. After filtration, thesolvent wasevaporatedto provide the crude product which

was directly used for the next step.

conc. HCI (6.4 mL, 80.0 mmol) was added dropwise to a solutitsafrude materiain MeOH (640 mL).
The mixture wastirred at reflux temperaturdor 1 hourbefore it was cooledo room temperature and
ag.KCQ (1M, 76 mmolwas addeduntil apH | 6 was reachedThe yellow residue was poured inteCH
(80 mL)the aqueous phase wasxtracted with CkCh (3 x 500 mL)the combined extracts werdried
over antydrous NaSQ and filtered. After removing the solvent, theesidue was purified byflash
chromatography on silica geCKChb/ tert-butyl methyl ether, 20:1) to afford the title compouras a
yellow solid(13.1g, 81 % over 3 stepsH NMR (400 MHz, CRCIw= 7.67t7.63 (m, 1H), 7.30 (ddd=
8.6, 7.1, 1.5 Hz, 1H), 7.20 (s, 1H), 6.66J&dB.2, 1.0 Hz, 2H), 6.29 (s, 2H), 3803 (M, 2H), 3.25 (dd=
6.0, 5.0 Hz, 2H) ppri*C NMR (101 MHz, CBICW= 200.5, 150.5, 135.1, 130.9, 117.5, 117.3, 1128.11
114.4, 37.6, 34.9 ppm®F NMR (282 MHz, CBICIw= 76.1 ppm;IR (film) &= 3468, 3348, 1708, 1616,
1550, 1452, 1204, 1159, 971, 750%mS (Et)mVz (%) 120 (100), 260 (32.9); HRMS (E8A): calcd. for
CiiHhiiN:OsF M*]: 260.07671, found: 2607733.

2,2,2-Trifluoro-N-(2-(2-hydroxy-3-propionylquinolin-4-yl)ethyl)acetamide 47). Compound46 (5.50 g,

j\ 27.5 mmol¥f! was added to a solution @ompound45(4.78 g, 18.4 mmol) in
FsC™ N Q toluene (60 mL) at ambient temperature. The resulting mixture siaeed at
N reflux temperature for zh before itwas cooled to ambient temperature and
N/ OH directlyloadedon silica filled into a flash colum#ftera contact time o4
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h, the product was elutedhexaneshcetone, 3:1 to 0:1 ) to provide the tilte compouad a yellow solid
(5.89 g, 94 %¥H NVIR (400 MHZD4]-MeOH: we 8.07 (ddJ= 8.2, 1.3 Hz, 1H), 7.61 (ddd; 8.4, 7.1, 1.3
Hz, 1H), 7.427.31 (m, 2H), 3.58 (dd= 8.5, 6.5 Hz, 2H3,07-3.02 (m, 2H)2.92 (q.J= 7.2 Hz, 2H), 1.18 (t,
J= 7.2 Hz, 3H) ppm3C NMR (101 MHD4]-MeOH: w= 208.1, 162.1, 146.939.8, 134.8, 132.7 126.6,
124.4,120.3,119.0, 117.4, 116.1, 40.9, 37.9, 29.8, 7.9 PpritMR (282 MHz, MeOD)= 77.4ppm;IR
(film) & 3307, 2942, 2883, 1701, 1652, 1563, 1187, 1152¢@B7MS (Et)m/z(%) 212 (100), 340 (12);
HRMS (ESn/z:calcd. for @HisRN20s [M*]: 340.10293, found: 340.10283.

2,2,2Trifluoro-N-(2-(2-hydroxy-3-propionylquinolin-4-yl)ethyl)acetamide 48). THO (2.3 mL, 13.7 mmol)

0 was added to a solution afompound47 (3.18 g, 9.30 mmol) in pyridine
F3CJ\” 0 (50.0 mL) at @C. After 10 min, thecooling bath was removed and the
X mixture stirred atambienttemperature for 12h. Themixture was poured
N/ ot into HSQ (2 M, 400 mL) at @C,the aqueous phase wasxtracted with

EtOAc (3 x 500 mLand the combined organic layers wekgasted with
brineanddriedoverMgSQ. After filtration andevaporation othe solvent, the crude product was purified
by flashchromatography on silica geCitChb/ tert-butyl methyl ether, 40:1) to provide thitle compound
as ayellow solid materia{3.88¢g, 88 %)'H NMR (400 MHz, CRCIw= 8.21 (dd,)J= 8.6, 0.8 Hz, 1H), 8.07
(ddd,J=8.4, 1.4, 0.6 Hz, 1H), 7.87 (ddd,8.4, 7.0, 1.4 Hz, 1H), 7.77966 (m, 2H), 3.74 (td= 6.9, 5.1 Hz,
2H), 3.28 (tJ= 7.0 Hz, 2H), 2.95 (@ 7.3 Hz, 2H), 1.27 (= 7.2 Hz, 3H) ppmC NMR (10 MHz, CD@}t
w= 204.7, 158.5, 158.1, 157.7, 157.4, 149.3, 147.6, 145.5, 132.3, 129.8, 128.9, 126.1, 125.8, 124.3, 120.1,
117.0, 116.9, 114.2, 40.2, 38.3, 28.5, 7.9 pFANMR (282 MHz, CRIOh= 72.4, 76.0ppm; IR (film) &
= 3342, 2955, 1703, 1861420, 1178, 1121, 997, 760 ¢ MS (ESI)W z 473 M+H1], 495 M+Nd]; HRMS
(ESI)m/z: calcd. for GHisRsN.OsSNa M+Nd]: 495.04199, found: 495.04193.

N-(2-(2-(4-((tert-butyldimethylsilyl)oxy)butyl}3-propionylquinolin-4-yl)ethyl)-2,2, 2trifluoroacet-amide

0 (50). Neat put-3-en-1-yloxy)(tertbutyl)dimethylsilane (8.0 mL,
F3CJ\N o 29.1 mmol¥ was added to a solution of&-9-BBN (0.54 in THF,
H N 31.6mL,15.8 mmol) at ambient temperature. After stirring atghi

N/ OTBS temperature for 12h, the solution was warmed to 4°C and

stirring was continued for another 6h before the mixture was
cooled to ambient temperature. MeONa (821 mg, 15.2 mmol) was addddhe resulting mixture was
stirredfor 1 h at ambient temperatte. Pd(PPE. (475 mg, 0.411 mmol) artdflate 48(3.88 g, 8.21 mmol)

were successively added tiis solution. The resulting mixture wasirred at80 °Cfor 15 h before it was
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cooled to ambient temperatureThe mixturewasdiluted with tert-butyl methylether (3 x 100 mL) and
washed with brinethe organic phase wadried with NaSQ, the solvent was evaporated under vacuum
and thecrudeproductwas purified byflashchromatography on silica gdléxanesetOA¢10:1 to 4:1) to
afford the title compoundasa yellow 0il(3.08 g, 73 %}H NMR (400 MHz, CRQCIw= 8.08 (ddd]= 8.5,
1.3, 0.6 Hz, 1H), 8.04 (dd# 8.5, 1.4, 0.6 Hz, 1H), 7.75 (ddd; 8.4, 6.9, 1.3 Hz, 1H), 7.69 (s, 1H), 7.60
(ddd,J= 8.3, 6.9, 1.3 Hz, 1H), 3.68 (I&; 6.6, 4.8 Hz,12), 3.63 (tJ= 6.4 Hz, 2H), 3.16 (s, 2H), 2t869
(m, 4H), 1.941.81 (m, 2H), 1.68..53 (m, 2H), 1.27 (§= 7.2 Hz, 3H), 0.88 (s, 9H), 0.03 (s, 6H) pfen;
NMR (101 MHz, CREIw= 211.4, 157.9, 157.5, 156.5, 147.9, 138.9, 135.5, 130.2, 130.@, 124.4,
123.3,114.2, 62.7, 40.1, 39.2, 37.0, 32.6, 27.8, 26.0, 25.9, 18.%.8fphm;'*F NMR (282 MHz, CBCWw
= 75.9ppm; IR (film) &= 3309, 2931, 2858, 1703, 1208, 1160, 835,62, MS (ESIWz 511 M+H1,
533 M+Na]; HRMS (EShn/z: calcd. for GeHs/NOsR:SiNa M+Na]: 533.24178, found: 533.24155.

tert-Butyl (2(2-(4-hydroxybutyl)}-3-(prop-1-yn-1-yl)quinolin-4-yl)ethyl)carbamate(S3). KHMDS (1.8 in

Boc\N THF, 31.7 mL, 31.7 mmol) was added to a soluti@omwipounds0 (3.08
H N // g, 6.03 mmoland PhNT:A(3.39 g, 9.49 mmol) in THF (40 mL) &@8°C.
P o After stirring at this temperaturdor 1 h, the reaction wasjuenched

N H

with sat.aq. NaHC®(10 mL). Theaqueous layemwas extracted with
EtOAc (3 x 100 mignd the combined extracts wekgashed withbrine anddried withanhydrous Ng5Q.
After filtration and evaporation of the solvent, the crudwaterial wasdissolved in C#€N (30 mLDMAP
(3.10 g.25.4 mmol) and Be® (5.34 g, 24.5mmol) were successively added’&t,@he cooling bath was
removedafter 5 min,and the mixture stirred aambient temperature for zh beforethe reactionwas
quenched with sat. aq. N8I (30 mL). The resulting mixture was stirred fdr Before it was extracted
with tert-butyl methyl ether (3 x 100 mLyhe combined om@nic layers wergvashed with brine, dried with
anhydrous MgS§) filtered and the solvent was evaporated. The residuas purified byflash

chromatography on silica gdigxanestert-butyl methyl ether, 8:1 to 2:1).

TBAF (1. in THF, 24.6nL, 24.0 mmoljvas added to &olution ofthe productthus obtainedin THF (10
mL) at C.The mixture was therstirred atambienttemperature for 1h beforethe reactionwas quenched
with sat. aq. NECI (50 mL). Thaqueous layewas extracted with EtOAc (4 x 100 mthg combined
organic phases wer@ashed with brine, dried wittanhydrous Ng5Q and filtered. Afterevaporation of
the solvent, theresiduewas purified byflashchromatography on silicdhéxaneshcetone, 8:1 to 1:1) to
afford the title compouncdasa yellav 0il (1.66 g, 72 %}¥H NMR (400 MHz, CRCIw= 8.06 (d,J= 8.4 Hz,
1H), 7.99 (ddJ= 8.4, 1.3 Hz, 1H), 7.64 (dd¢; 8.4, 6.9, 1.4 Hz, 1H), 7.51 (ddd 8.3, 6.9, 1.3 Hz, 1H), 4.69
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(s, 1H), 3.69 (1]= 6.3 Hz, 2H), 3.48 (@ 2.8 Hz, 5H), 3.20 (&= 7.3 Hz, 2H), 2.87 (s, 1H), 2.21 (s, 3198

£1.89 (m, 2H), 1.83 1.55 (m, 1H), 1.42 (s, 9ppm:; °C NMR (101 MHz, CBICM= 162.6, 155.9, 147.4,
145.7,129.4, 129.1, 126.4, 125.7, 123.8, 117.7, 95.9, 79.3, 75.8, 62.3, 40.4, 36.8, 32.3, 30.9, 28.4, 24.1, 4.8
ppm; IR (film)a= 3322, 293, 1691, 1498, 1365, 1252, 1170, 1072, 761;dS (ESIz 383 M+H],

405 M+N&]; HRMS (ESH/z: caled. for GHiN,0s [M+H]: 383.23292, found: 383.23288.

tert-Butyl  (2(2-(4-oxobutyl)-3-(prop-1-yn-1-yl)quinolin-4-yl)ethyl)carbamate $2). Sulfur trioxide

Boc\N pyridine complex (750 mg, 4.71 rofh was added to a solution
H N // ofanhydrous BN (1.3 mL, 9.32 mmol), alcohol S3
~ X (604 mg, 40.8 m@NdDMSO (0.56 mL, 7.88 mmol) in,Ck6.3 mL) ad
N o

°C. After 10 min, theooling bath was removed and stirriagiscontinued
at ambient temperature for 3h before sat. ag. NaHG@2.0 mL) was added. The aqueous layer was
extracted with EtOAc (3 x 30 mhahd thecombined organic phases wedeied over NaSQ, filtered, and
concentrated under vacuum. The resewas puified by flash chromatography on silica gel
(hexaneshAcetong 6:1 to 3:1) to afford the title compounds a yellow 0i(461 mg, 77 %}H NMR (400
MHz, CD@): w= 9.79 (tJ= 1.7 Hz, 1H), 8.05 (@ 8.4 Hz, 1H), 7.98 (d# 8.4, 1.3 Hz, 1H), 7.64d@ J=
8.3, 6.8, 1.4 Hz, 1H), 7.51 (ddd; 8.3, 6.9, 1.3 Hz, 1H), 4.73 (s, 1H), 3.47X®.8 Hz, 4H), 3.28.03 (m,
2H), 2.57 (tdJ= 7.2, 1.8 Hz, 2H), 2.8215 (m, 5H), 1.42 (s, 9H) ppFC NMR (101 MHz, CRCl= 202.5,
161.7,155.9, 147.346.0, 129.4,129.3, 126.4, 125.7, 123.8, 117.7, 96.0, 75.7, 43.4, 40.3, 36.7, 30.8, 28.4,
21.1, 4.7 ppm; IR (film= 3368, 2977, 2936, 1713, 1498, 1367, 1250, 872ci64 MS (ESIyWz 381
[M+H]; HRMS (ESkn/z: calcd. for @aHxoN2Os [M+HT]: 38121727, found: 381.21717.

The Failed First Foray

3-Allyl 1-(tert-butyl) (5R)-5-((tert-butyldimethylsilyl)oxy)2-oxo-3-(pent-3-yn-1-yl)piperidine-1,3-
dicarboxylate (8). LIHMDS (M in THF, 26.7 ml, 26.7 mmol) was slowly added to a solutientef5 (3.83

g, 11.6 mmol) in anhydrous THF (58 ml)&8°C. The mixture was stirred for 1 h before allyl chloroformate
(2.3 ml, 12.2 mmol) was added. After 30 min, the reaction was quenched with
sat. ag. N&CI (10 mL). The aqueous layer was extracted with EtOAR(B

mL),and the combined organic phases were washed with brine (20 mL), dried

over NaSQ and filtered. After evaporation of the solvent, the residue was

purified by flash chromatography on silica (hexanes/EtOAL & 3:1) to provide a yellow oil.
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GCsCQ (7.66 g, 23.5 mmol) was added to a solution of this compound aoddpent2-yne (4.5 g, 23.2
mmol)¥ in DMF (20.0 mL) at ambient temperature. The mixture was stirred for 12 h before the reaction
was quenched with sat. ag. NMEl (10 mL). The resulting solution was extracted with EtOAc (3 x 50 mL).
The combined dxacts were dried over anhydrous p&Q, filtered, and concentrated under reduced
pressure. The residue was purified by flash chromatography on silica (hexane/EtOAc, 1:10) to afford the
title product asa white solid materia(5.17 g, 93 %] ro®° = 10.2 (c = 1.8, CHEI'H NMR (400 MHz,
CDG): w= 5.99t5.73 (m, 1H), 5.485.27 (m, 1H), 5.26.16 (m, 1H), 4.681.52 (m, 2H), 4.264.04 (m, 1H),
3.83t3.69 (m, 1H), 3.5M.37 (m, 1H), 2.68.41 (m, 1H), 2.31.96 (m, 5H), 1.8€L.66 (m, 3H), 1.4%s,
9H), 0.890.79 (m, 9H), 0.0 0.03 (m, 6H) ppm+3C NMR (101 MHz, CBICw= 171.0, 170.9, 169.4,
168.9, 152.7, 152.5, 131.3, 131.1, 119.0, 118.4, 83.1, 83.1, 78.2, 78.1, 76.2, 76.2, 66.2, 66.0, 63.9, 63.8,
55.2,54.4,51.1, 50.9, 38.7, 38.6, 38B,4, 27.9, 25.6, 25.6, 18.0, 17.9, 14.7, 14.4, 3.4, 3.8, 4.9,

5.04, 5.00ppm; IR (film)a= 2926, 2856, 1717, 1376, 1300, 1254, 1147, 1092, 836¥./MS (ESI)
m/z. 502 M+Na&]; HRMS (ESkn/z: calcd. for @HiINGsSINgM+N4&]: 502.2595found: 502.2597.

tert-Butyl (R)-3-((tert-butyldimethylsilyl)oxy)-6-oxo-5-(pent-3-yn-1-yl)-3,6-dihydropyridine-1(2H)-
carboxylate(53).Pd(dbax{ , (974 mg, 0.941 mmol) was added to a solution of compdsh(®.03 g,
0 18.8 mmol) in C4#N (76 mL) at amhie temperature. The mixture was
A N-BOC  stirred at 80°C for 30 min before it was cooled to ambient temperature and

oTBS was purified by chromatography on silica (hexanes@H1:1 to 1:4 ©

filtered through a pad of Celite. The filtrate was evaporated and the residue

remove the dba, then the elutant was changed to hexat@sbutyl methyl ether, 4:1) to afford the title
compound as a colorless oil (5.84 g, 79[%)*° = 56.3 (c = 0.9, CHCIH NMR (400 MHz, CRCh= 6.51t

6.48 (M, 1H), 4.561.44 (m, 1H), 3.91d¢d, J= 12.8, 4.9, 1.2 Hz, 1H), 3.64 (dd,12.8, 8.2 Hz, 1H), 2.57
2.36 (m, 2H), 2.32 (ddddds 6.3, 5.3, 3.8, 2.6, 1.0 Hz, 2H), 1.78t2.5 Hz, 3H), 1.54 (s, 9H), 0.89 (s, 9H),
0.11 (s, 6H) ppm¥C NMR (101 MHz, CBCW= 163.6, 152.7, 142.134.0, 83.1, 78.3, 63.9, 50.7, 29.9,
28.1,25.7,18.1, 17.9, 3.44.7, 4.7 ppm; IR (film@= 2930, 2857, 1715, 1368, 1301, 1255, 1093, 837, 778
cmrt; MS (ESIWz 416 M+Na]; HRMS (EShn/z: caled. for GiHssNOiSiNa M+Na]: 416.22276, found:
416.22272.
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Allyl 1-benzyt4-oxo-3-(pent-4-en-1-yl)piperidine-3-carboxylate (). CsCQ (3.83 g, 11.8 mmolyas

o 9O added to a solution ofompound19b (1.6 g, 5.85 mmol)i-bromo-4-pentene(1.4
4
o g, 11.8 mmol) and Nal (1.78 g, 11.9 mmoDMF (11 mL) at ambietemperature.
l}l XN The mixture was stirreébr 12 h beforethe reactionwasquenched with sat. ag.
Bn

NH,CI (10 mL)The resulting solution was extracted with EtOAc (3 x 50 mL). The
combined organic extracts were dried over anhydrous3@j filtered, and concetnated under reduced
pressure. The cruderoductwas purified byflashchromatographyon silica(EtOAchexane, 1:5) to afford
the title compound asa colorless 0i{1.91 g, 96%3% NMR (400 MHz, CQCIMw~ 7.3417.04 (m, 5H), 5.84
(ddt, J= 17.2, 10.4, B Hz, 1H), 5.70 (ddi= 16.9, 10.2, 6.6 Hz, 1H), 5.28 (dg,17.2, 1.5 Hz, 1H), 5.20
(dg,J=10.4, 1.3 Hz, 1H), 4.94.85 (m, 2H), 4.64 (ddi= 13.2, 5.8, 1.4 Hz, 1H), 4.56 (dH,13.1, 5.8, 1.4
Hz, 1H), 3.58.48 (m, 2H), 3.36 (dd= 11.5, 26 Hz, 1H), 2.982.91 (m, 1H), 2.882.72 (m, 1H), 2.412.27
(m, 2H), 2.20 (d]= 11.5 Hz, 1H), 1.97 (dd#t- 6.6, 5.2, 4.0, 2.9 Hz, 2H), 1tZF¥0 (m, 1H), 1.541.36 (m,
2H), 1.19t 1.03 (m, 1H) ppm**C NMR (101 MHz, CBCIw= 206.1, 171.3, 138.1, 137.8, 131.6, 128.7,
128.2,127.3,118.7,114.8, 65.7, 61.8, 61.2, 61.2, 53.5, 40.5, 34.0, 31.6, 23.7 ppm; IR @25, 2806,
1454, 1315, 1224, 1190, 1121, 912, 738'EMS (ESIyWz 342 M+H]; 364 M+Nd]; HRMS (ESin/z:
calcd. for GHeNOs [M+HT: 342.20637, found: 342.20614.

3-Allyl 1-methyl 4-0xo-3-(pent-4-en-1-yl)piperidine-1,3-dicarboxylate (35). Methyl chloroformate (12
o o mL, 155 mmol) was added to a solutioncompound<s (10.0 g, 29.3 mmoal) in
0 NF toluene at ambiat temperature.The mixture wastirred at100°C for 12h before
it wasadsorbed on silica andirectly loaded ortop of a silicacolumn eluting the
EOZMe N product with hexanesEtOAc(5:1 to 1:1) The title compound was obtained as
colorless 0i(9.02 g, quah). *H NMR (400 MHz, CRCw= 5.86 (ddtJ=17.2, 10.4, 5.8 Hz, 1H), 5.74 (ddt,
J=16.9,10.2, 6.7 Hz, 1H), 5.31 (@g,17.2, 1.5 Hz, 1H), 5.24 (de; 10.4, 1.3 Hz, 1H), 5.6291 (m, 2H),
4.62t4.57 (m, 2H), 4.52 (dd= 13.8, 2.0 Hz, 1H), 4.14, 1H), 3.73 (s, 3H), 3.39 (s, 1H), 3.19%d,3.7 Hz,
1H), 2.66 (dddj= 14.7, 9.8, 6.3 Hz, 1H), 2.46 (@it 14.6, 4.8 Hz, 1H), 2.6B97 (m, 2H), 1.9€1.81 (m,
1H), 1.651.53 (m, 1H), 1.46..30 (m, 2H) ppm=C NMR (101 MHz, CB)CM~ 204.2, 168, 155.6, 137.8,
131.2,119.2,115.1, 66.1, 61.2, 53.0, 50.1, 43.7, 39.6, 33.8, 31.1, 23.4 ppm; IR=(18%H5, 1450, 1414,
1239, 1193, 1137, 996 cmMMS (ESI)m/z 310 M+HT; 332 M+Nd]; HRMS (ESI)n/z: calcd. for

GisH2sNONa M+HT: 332.14684found: 332.14658.
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Methyl 4-oxo-5-(pent-4-en-1-yl)-3,4-dihydropyridine-1(2H)-carboxylate (54) Pd(dbal (970 mg, 1.06
mmol) was added to a solution @ompoundS5 (6.74 g, 21.8 mmol) in GEN (88 mL) at ambient
_ temperature. Themixture wasstirred at80 °C for 30 min before it was cooled to

6j/\/\/ ambient temperatureandfiltered through a pad of Celitevhich waginsed with

'}‘ tert-butyl methyl ether(100 mL)The combined filtrates were evaporated atie

COaMe crude product purified byflash chromatography on silicaef) (hexane&ert-butyl
methyl ether, 4:1 to 1:1) to afford the title compourada colorless 0i(4.43 g, 91%) NMR (400 MHz,
CDG): W= 7.65 (s, 1H), 5.79 (ddt 16.9, 10.2, 6.6 Hz, 1H), 51185 (m, 2H), 3.97 (§= 7.3 Hz, 2H), 3.85
(s, 3H), 2.812.36 (m, 2H), 2.292.12 (m, 2H), 2.05 (tdd= 8.0, 6.6, 1.5 Hz, 2H), 1.8837 (m, 2H) ppm;
13C NMR (101 MHz, CBC= 193.1, 140.5, 140.0, 138.4, 118.7, 114.7, 53.9, 42.6, 35.9, 33.3, 28.3, 26.8
ppm; IR (film) = 2927, 1723, 1665, 1618, 1442,7131264, 1207, 1007, 912 dmMS (ESIymz 224
[M+H1], 246 M+Nd]; HRMS (ESin/z: calcd. for GHi/NOsNa M+Na]: 246.11006, found: 246.10998.

Compound55. A solution ofBreNLi (0.5M in THF, 3.94 mmol) was added to a solutiorcofpound
54(1060mg, 4.75 mmol) in THF (3.0 nalt) 50 °CThe mixture was stirred for
30 minbefore DMPU (0.48 mL, 3.98 mmol) aadolution of compoun83(1.06
g, 4.75 mmol) in THF (4.0 mL) were successively added. The remikinge
wasgradually warmed to 28Cover the course o#thand stirring continued for
24 h before DMAP (1.65 g,13.5 mmol) and #»¢2.93 g, 13.4 mmol) were

added.The resulting solution was stirred for 1h befotke reaction was

guenched with satag. NaHC&X(5 mL). The mixture was extractedtivEtOAC
(3 x 30 mL)and he combined organic extracts were dried over anhydrousSRa filtered, and
concentrated under reduced pressure. Thesidue was purified byflash chromatographyon silica
(hexanesEtOAc, 10:1 to 6:1) to afford the produs® which was used in the next step without further

characterization

NaBH (537 mg, 14.2 mmol) was added in portgin a solution ofproduct55in MeOH (31 mL) at @C.
Themixture was stirred at this temperature for 30 min befotiee reactionwas quenched witlsat. ag.
NH:CI (10 mL). The resulting mixture was extracted with EtQA&Q mL)the combined organic phases
were washed with brine (10 mL), dried over MgS@®ltered, and concentrated. fle crudematerial was
purified by flash chromatography on siigel (hexanes/EtOAc, 4:1 to 2:1) to afford tile compoundas
a white solid(1.22 g, 42%)*U%,=81.8 (c = 0.4, CHEFH NMR (400 MHz, CRICIWE 5.78 (ddg,)= 16.9,
10.1, 6.7 Hz, 1H), 5.82.86 (m, 2H), 4.52.41 (m, 1H), 4.3®.16 (M, 1H)4.14t4.08 (m, 1H), 3.718.67
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(m, 3H), 3.513.47 (m, 1H), 3.32 (ddd= 25.1, 11.4, 3.0 Hz, 1H), 313104 (m, 2H), 2.3®.14 (m, 2H),
2.09t1.93 (m, 3H), 1.81.76 (m, 2H), 1.73 (d= 2.4 Hz, 3H), 1.71.66 (m, 1H), 1.66..59 (m, 2H), 1.54

1.49 (m, 9H)1.48t1.43 (m, 2H), 1.36L.31 (m, 2H), 0.89 (s, 9H), 0009 (M, 6H) ppm*C NMR (101

MHz, CDG): w= 171.6, 156.8, 156.6, 151.4, 138.8, 138.6, 114.6, 114.5, 83.4, 83.4, 78.5, 77.9, 76.3, 76.1,
75.9, 52.7, 52.7, 52.5, 52.3, 52.1, 51.8, 51.3, 50.8, 49.8, 48.0, 46.1, 45.9, 40.1, 39.8, 34.7, 34.6, 33.9, 33.9,
32.7,32.5, 28.1, 28.0, 27.6, 26.1, 26.0, 2489, 13.8, 3.5, 3.44.4, 4.4 ppm; IR (film)t= 3506, 2953,

2930, 2887, 2857, 1704, 1681, 1453, 1393, 1299, 1257, 1124, 839, Z7MEESI)Vz 641 M+Nd];

HRMS (ESI/z: calcd. for GHsaN:0,SiNa M+Na]: 641.35925, found: 641.35960.

Compaund S7. E&N (1.4 mL, 10.0 mmol), DMAP (408 mg, 3.34 mmol) and MsCl (0.52 mL, 6.72 mmol)
were successivelpddedto a solutionof compoundS6 in CHCE (23 mL) at OC. After 5 min, theooling

bath was removed and the mixtustirred atambienttemperature for 2h before sataq. NaHC&(10 mL)

was added.The aqueous layer waextracted with EtOAc3(x50 mL),the
combined organic phases wenashed with brine (5 mL), dried over MgSO
filtered, and concentrated The crude product was purified by flash
chromatography on silica gel (hexanes/EtOAc, 4:1 to 2:1) to afford the title
compoundas a white solid1.98 g, 85 %)3U%%= 24.1 (c = 1.0, CHEI'H

NMR (400 MHz, CREIw= 5.76 (dddddJ= 22.0, 10.1, 6.7, 5.1, 1.4 Hz, 1H),
5.05t4.79 (m, 2H), 441t4.28 (m, 2H), 4.281.09 (m, 2H), 3.78.64 (m, 3H),
3.43t3.33 (M, 1H), 3.26.11 (m, 2H), 3.0€2.95 (m, 3H), 2.58 (d= 18.4 Hz, 1H), 2.42.16 (m, 1H), 2.14

1.98 (m, 3H), 1.97.88 (m, 1H), 1.88..79 (m, 2H), 1.73 (4= 2.2 Hz, 4H), 1.53 (@ 1.4Hz, 12H), 1.41

1.30 (m, 1H), 0.88 (s, 9H), 00511 (m, 6H) ppm:3C NMR (101 MHz, CBCw= 170.9, 156.5, 156.4,
151.1,151.0, 138.5, 138.3, 114.9, 114.8, 85.2, 84.9, 83.8, 83.7, 78.1, 77.6, 76.1, 75.6, 67.8, 67.7, 52.9, 52.9,
51.8, 51.7, 51.5, 50.2, 49.7, 49.2, 48.0, 43.3, 43.3, 39.9, 39.6, 38.6, 38.5, 34.0, 33.8, 33.4, 33.4, 31.4, 31.3,
280, 25.8, 25.5, 25.3,17.9, 13.9, 3.5, 34.3, 4.5ppm; IR (film)1= 2953, 2931, 2858, 1704, 1450, 1389,

1367, 1257, 1125, 839, 779 nMS (ESI)n'z 719 M+Na]; HRMS (ESH/z: calcd. for GHssN,0sSSiNa

[M+N&]: 719.33680, found: 719.33702.
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Campound S3. A solution of compoun&7 (900 mg, 1.29 mmol) in 2JGtidine (6.5 mLyvas stirred atL70

°C for 5d. The mixturewasthen cooled to ambient temperaturand dilutedwith CHC} (4.0 mL) TBSOTf
(2.5 mL, 6.53 mmol) was addedttos solution at (°C. After 5 minthe cooling bath was removed and the
mixture wasstirred atambienttemperature for 3h. sat.aq. NaHC€(10 mL) was
added at O°C followed by careful addition of &1 @ M, 40 mL) The mixture was
vigorously stirred for 10 mibefore itwasextracted with EtOAc (3 x 50 mDhe
combined extracts weravashed with sataq. NaHC&(5 mL), driecbver MgSQ,
filtered and concentrated. The residweas purified by flash chromatography on
silica gel (hexanes/EtOAc, 8:1 to 4:1) to afford the fileduct as a white solid
(524 mg, 81 %)2U%,%*=27.1 (c = 0.9, CHEH NMR (600 MHz, CRGhixture of
rotamers, ca. 1.9:1)w= 5.87 (dJ= 5.1 Hz, 0.65H, major), 5.83 J&, 5.7 Hz, 0.35H, minor), 5.&72 (m,
1H), 5.70 (dJ= 4.5 Hz, 1H), 4.98.90 (m, 2H), 4.88 (d= 1.5 Hz, 03H, minor), 4.76 (d]= 1.5 Hz, 0.65H,
major), 3.72 (s, 2H, major), 3.68 (s, 1H, minor), 3.35 (@dd.9, 8.9, 4.7 Hz, 1H), 3.19 (dd4,8.9, 7.0,
1.9 Hz, 1H), 3.13 (ddi= 12.2, 10.0, 2.3 Hz, 1H), 31202 (m, 2H), 2.7€.76 (m, 0.65H, major), Z5t
2.71 (m, 0.35H, minor), 2.48.10 (m, 5H), 2.011.93 (m, 2H), 1.921.79 (m, 2H), 1.76..70 (m, 3H), 1.61
1.51 (m, 1H), 1.561.40 (m, 1H), 0.89 (s, 9H), 0.D101 (m, 6H) ppnmt3C NMR (151 MHz, CBCW= 172.6,
156.1, 148.4, 147.4, 138.7, 138.5, 124.5, 123.8, 114.6, 114.5, 79.0, 78.4, 75.7, 75.5, 70.8, 70.7, 54.3, 54.2,
52.9,52.6,52.5, 52.5, 51.5, 51.3, 47.3, 47.1, 45.6, 45.6, 39.9, 39.7, 33.6, 33.3, 33.3, 33.3, 33.2, 26.2, 26.1,
25.7,17.8,14.1,8,3.4, 4.3, 4.3, 4.8, 4.8 ppm; IR (film)f= 3200, 2952, 2929, 2858, 1701, 1666, 1448,
1388, 1122, 1068, 837, 776 ¢mMS (ESI)m/'z 501 M+H1], 523 M+Na]; HRMS (ESlyn/z: calcd. for
GogHasN20sSi M+HT: 501.31431, found: 501.31465.

Compound0. NaH (327 mg, 13.6 mmol) was added to a solutiocoofipoundS3 (908 mg, 1.81 mmol)
and1-bromo-4-pentene(0.5 mL mg, 4.22 mmol) in DMF (4.5 mL) 4 QAfter stirring at this temperature
for 1 h, the mixture was added to a sat. aq. /H(20 mL)Theagueous
layer was extracted with EtOAc (3 x 20 mthje compbined organic
phases werewashed with brine, dried over Mg&COfiltered, and
concentrated. Teresiduewas purified by flash chromatography on silica

gel (hexanegért-butyl methyl ether, 8:1 to 4)to afford a colorless oil.

TBAF (I in THF, 2.4 mL, 2.40 mmol) was added to a solution of this

compound in THF (3.5 mL). The mixture was stirredambient

temperature for 1h before sat. aq. Ni€I (5.0 mLyvas added Theaqueous layewas extracted wh EtOAc
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(3 x 10 mL)the combined organic phases weveashed with brine, dried over N&Q, filtered and
concentrated. The residueas purified by flash chromatography on silica gel (hexanes/EtOAc, 6:1 to 2:1)
to afford the title compounds a yellow 0i{808 mg, 98%)U%*=60.9 (c = 1.4, CHEMH NMR (400 MHz,
CDG, mixture of rotamers, ca. 2:1 = 5.90t5.84 (m, 1H), 5.8%6.69 (m, 2H), 5.08..77 (m, 5H), 3.72 (s,

2H, major), 3.68 (s, 1H, minor), 318436 (m, 1H), 3.38.25 (m, 2H), 3.218.16 (m, 2H), 3.12 (dd= 12.0,

4.4 Hz, 1H), 2.99 (ddd= 26.5, 10.4, 2.8 Hz, 1H), 219183 (m, 1H), 2.5€2.25 (m, 2H), 2.28.05 (m, 3H),
2.03t1.92 (m, 4H), 1.981.83 (m, 1H), 1.8€L.69 (m, 5H), 1.68.59 (m, 1H), 1.56..48 (m, 2H), 1.48..37

(m, 1H) ppn; *3C NMR (101 MHz, CBCM= 169.9, 169.9, 156.2, 156.1, 148.3, 147.4, 138.7, 138.5, 137.7,
137.6, 124.3, 123.6, 115.1, 115.1, 114.5, 114.5, 79.1, 78.6, 75.7, 75.6, 69.7, 69.6, 53.9, 53.8, 53.5, 53.3,
52.6, 52.5,52.0,51.9,51.1, 47.3, 47.3, 47.1, 39.8, 39.5, 33.7, 33.4, 33,3383, 30.8, 30.8, 26.7, 26.7,
26.1, 26.0, 14.2, 3.5, 3.5 ppm; IR (filfm) 3409, 2925, 2847, 1699, 1678, 1449, 1391, 1271, 1115, 912, 767
cml; MS (ES)mVz 455 M+H], 477 M+Nd]; HRMS (ESI)n/z: calcd. for GHssN.OsNa M+HT:
477.27238, foundd77.27262.

CompoundSl10. E&N (0.55 mL, 3.95 mmol), DMAP (160 mg, 1.31 mmol) cdoromethanesulfonyl
chloride McCJ| 0.23 mL, 2.53 mmol) were addeal a solution ofcompoundS (583 mg, 1.28 mmol) in
CHCLE (6.5 mL) at OC. After 30 min, theooling bah was removed and

N the mixture stirred at ambient temperature for 4h before sat.aq.
NaHC® (5 mL) was addedlhe aqueous phase waxtracted with
\/\/\ _— Z EtOACc (3 x 20 mlthe combined organic layers weneashed with brine
N 4 N%O (2 mL), dried over MgS(@iltered, ard concentrated.
O, Theresultingcrudeproductwas dissolved in toluene (0.8 mL). DBU (1.2

mL) was addednd theresulting mixturestirred at100°C for 2h. After

cooling to ambient temperaturehe mixture was loaded do a silica

gel column andthe product eluted with (hexanes/EtOAc, 8:1 to 4:1) to afford the title prodasd a
colorless 0i(432 mg).>U%,%=28.7 (c = 1.0, CHEH NMR (400 MHz, CRChixture of rotamers, ca. 2:1):

w= 5.97 (dddJ= 8.8, 6.7, 1.7 Hz, 1H), 58367 (m, 3H), 5.0@.75 (m, 6H), 3.72 (s, 2H), 3.69 (s, 1H), 3.52
(dddd,J= 13.4, 8.1, 6.5, 2.1 Hz, 1H), 3.21 (dHd10.0, 4.8, 2.3 Hz, 1H), 3.07 (dddd,13.8, 9.0, 6.5, 2.6

Hz, 1H), 2.84 (ddd= 25.9, 10.0, 2.4 Hz, 1H), 2257 (m, 1H), 2.30 (dd= 3.4, 1.8 Hz, 1H), 2.2B89

(m, 10H), 1.74 (gl= 2.6 Hz, 3H), 1.54 (tdd= 8.0, 6.5, 1.6 Hz, 3H), 1.4633(m, 1H) ppm*3C NMR (101

MHz, CD@): w= 168.7, 168.7, 156.5, 156.4, 147.6, 146.8, 138.8, 138.6, 137.7, 137.7, 128.0, 127.9, 125.9,
125.3,115.4,115.4,114.7,107.1, 106.8, 78.7, 78.6, 75.8, 75.8, 56.5, 56.2, 53.5, 53.4, 52.7, 52.6, 48.3, 48.2,
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46.9, 46.8, 44.2, 41.2, 37.7, 37.5, 33.7, 33374, 33.3, 30.8, 30.8, 27.6, 27., 26.2, 26.1, 15.1 ppm; IR (film)
t= 2925, 2861, 1697, 1642, 1389, 1338, 1255, 1110, 911, 766 & (ESm'z 437 M+H], 459
[M+N&]; HRMS (ESh/z: calcd. for GiHsgN,OsNa M+Na]: 459.26181, found: 459.26175.

Compound56. NaBHCN (180 mg2.86 mmol) was added ta solution ofcompoundSL0 (250 mg, 0.573
AN mmol equiv) in C¥Ck (23 m) at 0 °C. TFA (0.44 mL, 5.74 mmal}
slowly addedand themixture stirredfor 1 h atambienttemperature
N / before the reactionwas qwenched with sat. NaHG@5.0 mL). The
\/\/\ aqueous layewas extracted with EtOA@ (x 20 mL),the combined
O 7’0 extracts werewashed with brine, dried over N&Q, filtered, and
"Me concentrated. The residuaas purified by flash chromatography on
| l silica gel (hexanestBAc, 8:1 to 3:1) to afford the title produets a
colorless 0i(151 mg, 60%)>U%*=71.2 (c = 0.6, CHEI'H NMR (400
MHz, CDG| mixture of rotamers, ca. 2:1w= 5.88t5.83 (m, 1H), 5.8%6.73 (m, 2H), 5.041.89 (m, 4H),
4.87 (dJ=1.6 Hz, @ H, minor), 4.76 (dl= 1.5 Hz, 0.6 H, major), 3.72 (s, 2 H, major), 3.68 (s, 1H, minor),
3.3613.18 (m, 4H), 3.07 (ddd= 12.6, 5.3, 3.6 Hz, 1H), 2.96 (dd,10.3, 2.6 Hz, 0.6 H, major), 2.88 (@d,
=10.0, 2.6 Hz, 0.4 H, major ), 2.53 (g 6.7,2.3 Hz, 0.7 H, major), 2.49 (dt 6.6, 2.2 Hz, 0.3 H, minor),
2.3812.04 (m, 5H), 2.08..88 (m, 5H), 1.841.79 (m, 1H), 1.74 (8= 2.5 Hz, 3H), 1.64 (dddi 13.6, 11.8,
7.1, 4.7 Hz, 1H), 1.5@.50 (m, 3H), 1.47.34 (m, 2H) ppm‘*C NMR (101 MHzDC}): w= 170.4, 170.4,
156.2,156.2,147.2,146.4, 138.8, 138.6, 137.9, 137.9, 137.8, 124.3, 123.5, 115.0, 114.9, 114.5, 114.5, 79.2,
78.8,75.4,75.3,54.4,54.3,52.5,52.4,52.1, 51.9, 48.2, 48.0, 47.5, 47.5, 45.2, 45.2, 45.1, 44.9, 39.5, 39.4,
37.2,36.9, 33.3, 33.3, 33.2, 33.2, 31.0, 30.9, 29.8, 29.8, 29.7, 26.7, 26.1, 26.0, 14.5, 14.4, 3.5, 3.5 ppm; IR
(film) 1= 2924, 1679, 1632, 1648, 1446, 1389, 1286, 1109, 911, 76 M& (ESIW z 439 M+H, 461
[M+Na]; HRMS (ESkn/z: calcd. for @HsoRsN.O;SSi M+H]: 461.27746, found: 461.27755.
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Compound57. L-Selectride (I in THF, 1.70 mL, 1.70 mol) was added to a solution of compsi(ib1
mg, 0.344 mol) in THF (0.3 )@t ambient temperature. Thenixture was stirred a#0 °C for 12h before
the reactionwas quenched by cautious addition deOH (1.0 mL) at 8C. The mixture was loaded onto
an amino cartridge (prequilibrated with MeOH, ¥, MeOH
(volume of three column length eaghand the product was

eluted with MeOH: kKD (90:10Y0 provide awhite solid.

HOAc (0.1 mL, 1.75 mmol) was added to a solutiontlos
secondary amine and aldehyé&@ (393 mg, 1.03 mmolh CHC}
(1.4 mL) at ambient temperatureAfter stirring for 30 min,
NaBH(OAg)(256 mg, 1.2dmmol) was dded and the resulting

mixture was stirred at ambient temperature for 3ldefore the

BocHN reaction wasquenched with sat. ag. NaHE@.5 mL). After
removing the solvent under argon, thresiduewas purified on an amino cartridge (MeOH; 100%) to
provide a white solid. This compound wagmhsubjected to preparative HPLC (Kromasi18, 5.m, 150
mm x 30 mm, MeOH: @ = 95:5, 35 mL/min,= 254 nm, t = 3.8 min) to afford the title compouasd a
colorless 0i(192 mg, 75 %)2U%*= 22.3 (c = 0.3, CHEI"H NMR (400 MHz, CRCIw= 8.05 (d,J= 8.4
Hz, 1H), 8.00 (dd= 8.5, 1.3 Hz, 1H), 7.63 (ddd; 8.4, 6.9, 1.4 Hz, 1H), 7.49 (ddd,8.2, 6.8, 1.3 Hz, 1H),
5.88t5.67 (M, 3H), 5.04.87 (m, 4H), 4.72 (s, 1H), 3.49¢, 3.0 Hz, 4H), 3.39 (@ 1.6 Hz, 1H), 3.31
3.10 (m, 5H)3.04 (dddJ= 20.6, 7.8, 3.1 Hz, 2H), 2.49 (ddd,11.5, 8.7, 7.0 Hz, 1H), 22017 (m, 6H),
2.17t2.07 (m, 3H), 2.0@.75 (m, 10H), 1.78.67 (m, 2H), 1.65 (d= 2.5 Hz, 3H), 1.58.47 (m, 4H), 1.44
(s, 9H), 1.36 (dgtl= 21.1, 8.4, 3.4 Hz, 2H)mpp=3C NMR (101 MHz, CBEM= 171.9, 163.3, 156.0, 147.1,
146.1, 144.5, 138.9, 138.1, 129.5, 129.2, 126.2, 125.7, 123.8, 122.5, 117.7, 114.8, 114.4, 95.6, 79.8, 79.2,
76.1, 74.9, 62.5, 58.0, 55.6, 52.2, 47.4, 45.4, 44.2, 40.4, 39.1, 37.9, 37.9, 31.8,L.3B 30.8, 29.7, 28.8,
28.4, 26.8, 26.7, 26.0, 14.7, 4.9, 3.5 ppm; IR (fitm)3327, 2974, 2928, 2858, 1708, 1626, 1496, 1391,
1170, 911, 760 cth MS (ESI)m/z 745 M+H], 767 M+Na]; HRMS (ESln/z: calcd. for GHesNOs
[M+H7]: 745.50512, fond: 745.50462.
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Compound58. A solution ofigand30(37.4 mg, 0.0475 mmol) in toluene (1.0 mL) was addembmplex
29 (27.6 mg, 0.0474 mmol), and thresulting mixture was
stirred for 5 min. This mixture was added tcsaspension
containing diyne 57 (118 mg, 0.158 mmol) and 5 A MS
powder(3.0 g) in toluene (79 mL) at 130. After 10 min, the
mixture was allowed to cool to ambient temperatuteefore

it was filtered through a pad of Celite artthe filtrate was

BocHN concentrated. The crudgroduct was then sulgcted to
preparative HPLC (KromaSiC18, 5.m, 150 mm x 30 mm, MeOH:x®1= 95:5, 35 mL/min,= 254 nm, t
= 6.6 min) to afford the title compoura a white solig84.7 mg, 77%)2U%% 48.6 (c = 0.35, CHE M
NMR (400 MHz, CREIw= 8.06 (¢J= 7.9 Hz, 1H), 7.99 (d= 8.3 Hz, 1H), 7.7.58 (m, 1H), 7.587.43
(m, 1H), 5.82 (dtt)= 19.5, 6.5, 3.1 Hz, 3H), 5.00 (dddid,20.9, 18.9, 10.2, 5.8 Hz, 4H), 4.84 (s, 1H), 3.73
(d,J= 1.6 Hz, 1H), 3.88.41 (m, 6H), 3.38.18 (m, 1H), 3.18.97(m, 3H), 2.93 (dd]= 9.4, 2.1 Hz, 1H),
2.81 (td,J= 11.7, 2.6 Hz, 1H), 2.7458 (m, 2H), 2.50 (8= 11.6 Hz, 1H), 2.31.82 (m, 12H), 1.73 (dd=
9.5, 2.5 Hz, 1H), 1.55 (dig 15.4, 7.6, 6.8 Hz, 6H), 1.44 J¢, 5.8 Hz, 10H), 1.30.18 (m, 1Hppm; 13C
NMR (101 MHz, CBEIw= 171.9, 164.3, 156.0, 146.4, 146.1, 145.3, 139.0, 138.0, 129.2, 129.1, 126.2,
125.8, 123.9, 122.3, 117.9, 115.0, 114.3, 102.2, 79.2, 76.3, 60.8, 55.3, 54.3, 52.5, 47.3, 46.9, 45.3, 40.5,
38.6, 37.4, 37.0, 34.6, 33.7, 3030,8, 30.4, 28.4, 27.8, 26.9, 26.2, 25.1, 13.4 ppm; IR (fin2029, 1706,
1632, 1496, 1449, 1365, 1250, 1170, 911, 760;ddS (ESI)Wz 691 M+H], 713 M+N4&]; HRMS (ESI):
m/z: calcd. for GHsgN3Os [M+HT]: 691.45817, found: 691.45836

CompoundSl1. DIBAEH (1.0m in Hexane, 0.4 mL, 0.40 mmol) was added to a soluti@owipound58
(42 mg, 0.0608 mmol) in £ (0.4 mL) at 8C. The mixture was
gradually warmed to 20C over 2h before the reactionwas
guenched with EtO&(0.4 mL) at OC. After 10min, aq. NaOH
(3.0M, 0.1mD was added and the resulting mixture was stirred
for another 30 min before it was extracted with EtOAcx(5

mL), the combined extracts wererashed with brine, driedver

NaSQ, filtered, and concentrated. The residue wdissolved
in CHCL (0.9 mL). Mn®(372 mg, 4.28 mmol) was addeahd

BocHN

the resulting mixture was stirred &0 °C for 1d. Then the mixture was filtered through a PFE filter (0.45
uL) the filtrate was concentrated, and the crude prodwassubjected to prepeative HPLC (Kroma$&i
C18, 5.m, 150 mm x 30 mm, MeOH: 20 mmol/NEQ PH 9 = 95:5, 35 mL/min= 254 nm, t = 15.2 min)
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to afford the title compoundhs a yellow solig25.6 mg, 62%)U%*= 82.2 (c = 0.4, CHEIH NMR (600

MHz, CD@): w= 8.08 (s, 1H), 7.98 (@ 8.4 Hz1H), 7.63 (ddd)= 8.3, 6.8, 1.3 Hz, 1H), 7.50% 7.7 Hz,

1H), 5.895.78 (m, 3H), 5.08.01 (m, 2H), 4.99 (dd= 10.3, 1.8 Hz, 2H), 4.77 (s, 1H), 3543 (m, 5H),

2.90 (d.J= 9.6 Hz, 1H), 2.83 (s, 1H), 2271 (m, 2H), 2.62.59 (m, 1H), 2.5@.44 (m, 3H), 2.412.37

(m, 2H), 2.24 (s, 2H), 2.Z000 (M, 9H), 1.77.68 (m, 4H), 1.68.49 (m, 5H), 1.47.37 (m, 11H), 1.38

1.25 (m, 1H), 1.04 (s, 1H) ppHC NMR (151 MHz, CRICIw= 164.4, 156.0, 146.3, 146.1, 142.9, 138.6,
129.2,126.2, 125.8, 123.9, 121.0, 117.8, 114.7, 114.5, 102.3, 76.2, 62.8, 58.6, 55.2, 53.8, 50.3, 49.6, 47.2,
43.1, 40.5, 38.6, 37.3, 36.8, 35.8, 31.4, 30.9, 28.4, 27.8, 27.3, 26.8, 26.0, 25.1, 13.6 pipm); #RZH30,

2854, 2225, 1703, 1497, 1447, 1365, 1250, 1170, 911, 789M® (ESIWz 677 M+H]; HRMS (ESI):

m/z: calcd. for GuHsiN.Os [M+HT: 677.47890, found: 677.47917.

Completion of the Total Synthesis

(B-2,3-Dibromo-8-iodooct-2-ene (61). Bromine (5.2 mL, 101.5 mmol) was added to a solution oteyt-
Br 1-0l (10.6 g, 84.0 mmol) in @Bk (420 mL) at OC. After stirring for 20 min at this
A temperature, the reaction mixture was pouréato a solution of sat. aq. N&Q
Br (500 mL). The aqueous phewas extracted with GBb (3 x 500 mL)the
combined organic layers wensashed with brine, dried with anhydrous Mg&ahd filtered and the
solventwasevaporated The crudedibromide60thus obtainedwas usedn the next step without further

purification.

lodine (25.6 g, 100.9 mmol) was added teigoroudy stirred solution of PP§(26.5 g, 101.0 mmol) and
imidazole (6.88 g, 101.1 mmol) in £LH (280 mL) at O C. After stirring at this temperature for 30 min,
solution of the crudedibromide60in GH.Ch (50 mL) was addeand theresulting mixture was stirred for
2 h before the reaction was quenched wdly. sat. Ne&50; (200 mL) The agueous phase was extracted
with CHC} (2 x 300 mL the combined extracts werdried over NaSQ and evaporated. Téresiduewas
purified bychromatographyon silica (pentane) to afford the title compouiad a colorless 0{B3.0 g, 99
%).1H NMR (400 MHz, CRCIw= 3.20 (tJ= 7.1 Hz, 2H), 2.67 (= 7.5 Hz, 2H), 2.42 (@= 1.1 Hz, 3H),
1.86 (dddJ= 13.0, 7.96.5 Hz, 2H), 1.68.55 (m, 2H), 1.48.38 (m, 2H)*C NMR (101 MHz, CBCM=
121.6, 115.6, 40.3, 33.2, 29.3, 28.8, 26.3,0n; IR (film)a= 2929, 2857, 1453, 1428, 1375, 1349, 1298,
1267, 1204, 1165, 1104, 1069, 1030, 957, 723, 615, 565M® (EH)m/z (%)107 (100), 213 (43), 396 (4);
HRMS (ES/z: calcd. for HialBr [M*]: 393.84235, found: 393.84232.
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Allyl (B-1-benzyl3-(6,7-dibromooct-6-en-1-yl)-4-oxopiperidine-3-carboxylate(S12). CsCQ (27.2 g, 83.5

o 09 mmol) was added to a solutionf compound19b (14.5 g, 53.0 mmoknd
=
O/\/B iodide 61 (33.0 g, 83.4 mmol) in DMF (128 mL) at ambient temperature. The
r
l}l N mixture was stirred for 12 beforethe reactionwasquenched with sat. aqg.

Bn Br NHCI (10 mL)The resultingmixture was extracted wh EtOAc (X 300 mL),

and the combined organic extracts were dried over anhydrousSRa filtered, and concentrated under
reduced pressure. Theesidue was purified by flasthromatographyon silica (EtOAc/hexarsgl:8) to
afford thetitle compound asa colorless ib(19.1 g, 67 %) NMR (400 MHz, CRCIw= 7.42t7.14 (m,
5H), 5.89 (ddt)= 17.3, 10.4, 5.8 Hz, 1H), 51380 (m, 2H), 4.761.51 (m, 2H), 3.6t8.51 (m, 2H), 3.41
(dd,J=11.5, 2.6 Hz, 1H), 2.98 (dik 12.6, 5.2, 2.7 Hz, 1H), 22176 (m, 1H), 2.68.58 (m, 2H), 2.49
2.32 (m, 5H), 2.25 (d= 11.6 Hz, 1H), 1.87.72 (m, 1H), 1.611.46 (m, 3H), 1.48..34 (m, 1H), 1.38..22

(m, 2H), 1.171.05 (m, 1H) ppm*3C NMR (101 MHz, CRCM= 205.9, 171.2, 137.7, 131.6, 128.7, 128.1,
127.2,121.8,118.6,115.1, 65.5,61.7,61.1, 61.0, 53.4, 403,319, 28.7, 28.6, 26.9, 24.1 ppm; IR (film)
a= 3027, 2927, 2859, 2805, 1716, 1649, 1494, 1454, 1348, 1318, 1221, 1195, 1160, 1122, 1073, 1027, 972,
997, 931, 820, 734, 698, 616, 554, 501, 462;ckiS (ESI)W'z 540 M+H; 562 M+Nd]; HRMS (ESI)
m/z: calcd. for @Hs:2NOs;Br, [M+HT: 540.07369, found: 540.07475.

3-Allyl 1-methyl (B)-3-(6,7-dibromooct-6-en-1-yl)-4-oxopiperidine-1,3-dicarboxylate 62). Methyl
o 0O chloroformate (13.6 mL, 176 mmol) was added to a solutio®l@f(19.1 g,

35.3 mmol) in ttuene (35 mL) at ambient temperatur@he mixture was

stirred at100°C for 6h before it was directly loaded ancolumn of silicarhe

|
COo,M . . .
2Me Br product was eluted with éxanes/EtOA¢5:1 to 1:1) to provide the desired

productasa colorless 0i{17.4 g, 97 %}HNMR (400 MHz, CREIw= 5.87 (ddtJ= 16.5, 10.5, 5.9 Hz, 1H),
5.3715.18 (M, 2H), 4.62 (d= 5.8 Hz, 2H), 4.38.47 (m, 1H), 4.11 (s, 1H), 3.74 (s, 3H), 3.39 (s, 1H), 3.22
3.08 (m, 1H), 2.72.60 (m, 3H), 2.47 (di= 14.6, 4.8 Hz, 1H), 2.40 (s, 3HY1t1.80 (m, 1H), 1.58 (td=

19.4, 14.8, 8.4 Hz, 3H), 1.31 (@t 13.3, 6.9 Hz, 4H) ppfC NMR (101 MHz, CRICMw= 204.3, 169.8,
155.7,131.3,121.8, 119.2, 115.4, 66.1, 61.2, 53.1, 50.2, 43.7, 40.3, 39.7, 31.5, 28.7, 28.6, 2pM;24.0

IR film) &= 2930, 2860, 1703, 1650, 1448, 1412, 1376, 1308, 1272, 1236, 1192, 1132, 1073, 994, 933, 767,
616 cm!; MS (ESI)m/z 508 M+HT]; 530 M+N4d]; HRMS (ESlin/z: calcd. for GHsNOBRL [M+H:
508.03290, found: 508.03322.
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Methyl (B-5-(6,7-dibromooct-6-en-1-yl)-4-oxo-3,4-dihydropyridine-1(2H)-carboxylate (63). Pd(dba)

0 Br (859 mg, 0.938 mmol) was added to a solutiorcompound63 (9.54 g,

| Z 18.7 mmol) in C¥CN (94 mL). Thaixture was stirred a80°C for 30 min
,}, Br before it was cooled to ambient tengpature and filteredfiltered through
COzMe a pad of Celiterinsing withtert-butyl methyl ether (100 mLY.he combined

filtrates were evaporated and the residweas purified byflashchromatography on silicdéxanes/EtOAc,

4:1 to 1:1) to afford the title compundasa colorless 0i{7.22 g, 92 %)% NMR (400 MHz, CRQCIM= 7.66

(s, 1H), 3.98 (= 7.3 Hz, 2H), 3.85 (@ 1.0 Hz, 3H), 2.72.62 (m, 2H), 2.5€.48 (m, 2H), 2.41 (d= 1.1

Hz, 3H), 2.17 (1= 7.6 Hz, 2H), 1.62.53 (m, 2H), 1.5€1.40 (m,2H), 1.33 (ttJ= 10.2, 4.3 Hz, 2H) ppm;

13C NMR (101 MHz, CBCW= 193.2, 122.0, 115.2, 53.9, 42.6, 40.5, 36.0, 29.0, 28.8, 28.2, 27.2, 27.2 ppm;
IR (film) &= 2926, 2857, 1723, 1665, 1617, 1439, 1398, 1370, 1322, 1301, 1243, 1204, 1153, 1122, 1061
1048, 1006, 974, 917, 766, 668, 615, 511 cMS (ESIyWz 422 M+H], 444 M+Nd]; HRMS (ESin/z:

calcd. for GH:NGsBr, [M+HT: 42199612, found: 4299593.

Compound64. The Michaetonor 53 (4.50 g, 10.6 mmol) was dissolved in THF (35 mLjlandolution
cooled to 50 °Cheforea solution of Li@Bu (854 mg, 10.7 mmol) in THF (18
mL) was added dropwise. After the additiovas complete, stirring was
continuedfor 10 min at 50 °C. Then, a solution of the Michaeteptor53
(3.27 g, 8.89 mmol) iTHF (17 mL) was added dropwise &0 °C.The
reaction was warmed to 25 °C ovée course ob h andthen stirred at that
temperature foranother16 h. DMAP (1.63 g, 13.3 mmol) and B»¢1.63 g,

13.3 mmol) were addednd stirring continuedor 1 h before the reactionwas

quenched with sat. aq. NBI solution (20 mL). The aqueous phase was
extracted with EtOAc (3 x 100 mible combined extracts wereashed with brine, dried over magnesium
sulfate and filtered. After removal of the organic solveimtsyaaium, the crudematerialwas purified by

flashchromatographyon silica lgexanes/EtOAc, 10:1 to 6:1) to afford the desiprdduct64.

NaBH (1.0 g, 26.4 mmol) was added in portgio a solution of compouné4in MeOH (35.0 mL) atC.
Themixture was stired at this temperature for 30 min before reactionwas quenched with safg.
NH:CI (10 mL). The resulting mixture was extracted with EtOAc (3 x 5thenchmbined organic phases
werewashed with brine (10 mL), dried over Mg®@d filtered. Afterevaporation ofthe solvent, the crude
product waspurified by flash chromatography on silica getXanes/EtOAc, 8:1 to 4:1) to afford the title
productas a white soli¢3.98 g, 55 %)*U%%=48.0 (c = 1.0 , CHEIH NMR (400 MHz, CRChixture d
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rotamers, 2.3:1) w= 4.46 (tddJ= 10.6, 4.1, 1.8 Hz, 1H), 4.27 (s, 0.3H, minor), 4.18 (s, 0.7H, major), 4.09
(dd,J=12.5, 4.1 Hz, 1H), 3.70 (d&; 2.5, 1.1 Hz, 3H), 3.8B.49 (m, 1H), 3.30 (ddd= 22.5, 11.5, 2.8 Hz,

1H), 3.17t3.03 (m, 2H)2.67 t2.58 (m, 2H), 2.39 (dd= 2.6, 1.1 Hz, 3H), 2.32.25 (m, 1H), 2.252.11

(m, 1H), 1.98 (dtt)= 16.5, 8.5, 4.0 Hz, 1H), 1.84.58 (m, 8H), 1.58 1.23 (m, 17H), 0.87 (s, 9H), 0.08 (s,
6H); °C NMR (101 MHz, CBCIw= 171.6, 156.8, 156.851.5, 151.4, 122.2, 122.0, 115.2, 115.1, 83.4,
83.3,78.5,77.9, 76.2, 76.0, 75.8, 75.5, 67.8, 67.7, 52.7, 52.5, 52.2, 52.1, 51.8, 51.3, 50.8, 49.7, 48.0, 46.2,
46.0, 40.4, 40.1, 39.8, 34.6, 34.5, 33.2, 32.9, 28.7, 28.7, 28.6, 28.0, 27.2, 27.2, 2625.2617.9, 13.8,

13.8, 3.5, 3.4,4.4, 4.5 IR (film)a= 3502, 2951, 2929, 2884, 2857, 1766, 1703, 1680, 1454, 1393, 1369,
1339, 1296, 1255, 1191, 1156, 1122, 1067, 991, 939, 865, 838, 808, 779, 756, 685, 671; BES (E&SI)

m/z 839 M+Na]; HRMS (ESt/z: calcd. for GHsaeN20;SiBsNa M+Na]: 83922725, found: 839.22744.

CompoundSlL3. E&N (1.6 mL, 11.5 mmol), DMA®74 mg, 3.88 mmol) and MsCI (0.75 mL, 9.69 mmol)
were successivelpddedto a solutionof alcohol64 (3.18 g, 3.88 mmol) in
CHCEL(16.0 mL) at ©C. After 5 min, theooling bath wasemoved and the

mixture stirred atambient temperature for 21 before satag. NaHC&(10

mL) was addedlhe aqueous layer waxtracted with EtOAc (3 x 50 mL),

the combined extracts wererashed with brine (5 mL), dried over MgSO

and filtered,and the sdvent was evaporatedn vacuum. Theesiduewas

purified by flash chromatography on silica gexXanes/EtOAc, 4:1 to 2:1)

to afford the titlecompoundas a white soli¢3.28 g, 94 %)2U%,*=29.4 (c

= 1.0, CHe} *H NMR (400 MHz, CRChixture ofrotamers, 2:1):w= 4.42t4.29 (m, 2H), 4.28.15 (m,

2H), 3.75 (s, 2H, major), 3.73 (s, 1H, minor), 3.40#d1.8, 2.7 Hz, 1H), 3.2816 (m, 2H), 3.02.99 (m,

3H), 2.672.56 (m, 3H), 2.40 (df= 3.2, 1.0 Hz, 3H), 2.22 (dddd; 16.3, 9.6, 6.2,.8 Hz, 1H), 2.08..99

(m, 1H), 1.971.89 (m, 1H), 1.87..81 (m, 2H), 1.73 (3= 2.5 Hz, 4H), 1.60.56 (m, 3H), 1.53 (s, 10H),
1.43t1.24 (m, 4H), 0.89 (s, 9H), 0.15 (s, 3H), 0.14 (s, 3H}'HPNMR (101 MHz, CBCM= 170.9, 156.6,
156.5,151.1, 150, 122.1,121.9, 115.3, 85.1, 84.8, 83.8, 83.7, 78.2, 77.6, 76.1, 75.8, 67.8, 67.7, 52.9, 51.8,
51.7,51.6, 51.5, 50.3, 49.8, 49.2, 48.1, 43.5, 43.4, 40.5, 40.4, 40.0, 39.6, 38.7, 38.6, 34.0, 33.8, 32.2, 31.9,
28.8, 28.5, 28.4, 28.0, 27.2, 27.1, 26.1, 283.8, 17.9, 13.9, 3.5, 3.44.2, 4.5ppm; IR (film)a= 2931,

2858, 1770, 1704, 1449, 1389, 1367, 1340, 1298, 1256, 1177, 1155, 1125, 1065, 991, 962, 941, 899, 838,
779, 754, 666, 617, 526, 490 ¢mMS (ESI)m/z 917 M+Nd]; HRMS (EShm/z: calcd. for
Ge7HsoN2OuSiBsNa M+Na]: 917.20480, found: 9170512.
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Compound65. Note: To assure reproducibility, the starting material should be stirred and dried under high

vacuum for & until ithas turned into dine power.

MesylateSL3(2.28 g, 2.54 mmolyas dissolved in 2;kitidine (12.7 mL)
and the resuling solution wasstirred at170°C (bath temperature) ér
5 d. The mixture wasthen cooled to ambient temperaturand diluted
with CHCE (6.0 mL)

TBSOTf (2.9 mL, 12.6 mmol) was addetthigsolution at 0°C. After 5

min, the cooling bath was removed drihe mixture sirred atambient
temperature for 3h. satag. NaHC&(10 mL) was added at°C, followed, after 5 min, by careful addition

of HCI 2 M, 40 mL) After stirringfor 10 min the mixture wasextracted with EtOAc (3 x 100 mthe
combined orgait phases wergvashed with sataq. NaHC&(5 mL) andiried with MgS@ After filtration
andevaporation ofthe solventin vacuum, theresiduewas purified byflash chromatography on silicgel
(hexanes/EtOAc, 8:1 to 4:1) to afford the title prodasta gllow solid(1.40 g, 78 %)2U%,*=30.0 (c = 1.0,

CHG); *H NMR (400 MHz, CRGhixture of rotamers, ca. 2:1)a= 5.93t5.82 (m, 1H), 5.865.65 (m, 1H),

4.87 (d,J= 1.6 Hz, 0.34H, minor), 4.75 (& 1.5 Hz, 0.66H, major), 3.73 (s, 2H), 3.68H3, 3.35 (td,)=

9.4, 4.7 Hz, 1H), 3.28.09 (m, 2H), 3.082.91 (m, 2H), 2.7€.70 (m, 1H), 2.6€.58 (m, 2H), 2.42.37 (m,

3H), 2.33t2.08 (m, 4H), 1.86 (dd= 10.7, 5.3 Hz, 2H), 1.74 1 2.5 Hz, 3H), 1.69.60 (m, 2H), 1.58

1.48 (m, 2H), 1.441.35 (m, 1H), 1.3€L.22 (m, 2H), 0.89 (s, 9H), 0.10 (s, 3H), 0.06 (s, 3H)FPAMR

(101 MHz, CDg}i w=172.6, 156.0, 156.0, 148.4,147.6, 124.3,123.7, 122.1,122.0, 115.2, 115.1, 79.0, 78.5,
75.7,75.4,70.8, 70.7, 54.3, 54.2, 52.9, 52.6, 52.5, 51.4, 51.3, 47.3, 47.1, 45.6, 40.6, 40.6, 39.9, 39.7, 33.6,
33.6, 33.3, 28.7, 28.0, 27.9, 27.2, 27.1, 276006 226 .4, 25.7, 17.8, 14.1, 3.5, 3.4,3, 4.3, 4.8 ppm; IR

(film) a= 2950, 2928, 2857, 1699, 1664, 1446, 1386, 1339, 1299, 1273, 1254, 1216, 1190, 1120, 1107,
1064, 1006, 981, 955, 927, 876, 836, 814, 774, 708, 685, 660, 61MINESI)MWz 69 [M+H], 721
[M+N4&]; HRMS (ESkn/z: calcd. for @sHisNsOsSiBgNa M+N4&]: 721.16291, found: 721.16321.

A2



Compound67. NaH (254 mg, 10.6 mmol) was added to a solutionashpound65 (1.40 g, 1.99 mmol)
and iodide61 (0.75 mL, 2.38 mmol) in DMF/THF (10, mL

Br 1:1) at 0°C. After stirring at this temperature for 1h, the
\ mixture was poured into a solution of sat. ag. 4&H(20
Br

mL).The resulting mixture was extracted with EtOAc (3 x
50 mL),the combined organic phases wenashed with
brine, dried over MgS{and filtered. Afterevaporation of

the solventin vacuum, theresiduewas purified by flash

chromatography on silica gehéxanestert-butyl methyl

ether, 8:1 to 4:1) to afford produ@6 as a colorless oil.

This compound was dissolved in THF (4.2and)TBAF (Im in THF, 4.0 mL, 4.0 mmol) was added. The
resulting mixture was stirred ambienttemperature for 1h beforethe reactionwas quenched with sat.

ag. NHCI (5.0 mL). The resulting mixture was extracted with EtOAc (3 x 1@healcpmbined organic
phases weravashed with brineanddried over NaSQ. After filtration andevaporationof the solventin
vacuum, the crudenaterialwas purified by flash chromatography on silica gekéinesacetone, 15:1 to

4:1) to afford the title compounds a yellow 0i{1.56 g, 92 %)2U%*=36.7 (c = 1.0, CHEI"H NMR (400

MHz, CDGImixture of rotamers, ca. 2:1)% 5.92t5.77 (m, 1H), 4.89 (s, 0.4H, minor), 4.78 (s, 0.6H, major),
3.72 (s, 2H, major), 3.66 (s, 1H, minor), 3323 (m, 3H), 3.21.09 (m, 3H), 3.08.82 (m, 2H)2.70t2.56

(m, 5H), 2.432.36 (m,6H), 2.31t2.04 (m, 4H), 1.97.81 (m, 1H), 1.73 (§= 2.8 Hz, 4H), 1.62.54 (m,

4H), 1.51t1.42 (m, 4H), 1.311.16 (m, 4H) ppm=C NMR (101 MHz, CBICMe 169.9, 169.9, 156.1, 156.1,
148.2, 147.4, 124.3, 123.7, 122121.9, 121.7, 121.7, 115.5, 115.4, 115.2, 115.1, 79.1, 78.6, 75.7, 75.5,
69.6, 69.5, 53.8, 53.8, 53.4, 53.1, 52.6, 52.5, 51.9, 51.8, 51.1, 47.6, 47.5, 47.3, 47.0, 40.6, 40.5, 40.3, 40.3,
39.8, 39.5, 33.7, 33.5, 33.4, 28.7, 28.0, 27.9, 27.2, 27.2, Z(1,,27.0, 26.6, 26.4, 25.5, 25.4, 14.2, 3.6,

3.5 ppm; IR (film¥= 3400, 2926, 2858, 1700, 1678, 1645, 1617, 1487, 1448, 1391, 1340, 1261, 1192, 1159,
1113, 1066, 971, 955, 816, 766, 714, 616, &82; MS (ESIWz 851 M+H], 873 M+N4&]; HRMS (ESI):

m/z: calcd. for GsHisN.OuBrs [M*]: 849.01188, found: 849.0124
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CompoundSlL4. Martin's sulfurane (1.48 g, 2.20 mmol) was added to a solutiaroofpound67 (1.18 g,
1.38 mmol) in toluene (7.0 mL) at 180. After stirring at

this temperature for 20 min, the mixture waooled to

Br
\ ambient temperature andlirectly lcaded onsilica. The
B product was eluted with éxanes/EtOA¢8:1 to 4:1) to

afford the title compound as a colorless 0i{1.16 g,
quant.). U%4=15.9 (c = 1.0, CHEMH NMR (400 MHz,
CDG mixture of rotamers, ca. 2:1)a= 5.97 (tdJ= 6.4,

3.2 Hz, 1H), 5.72 (dd= 8.1, 1.3 Hz, 1H), 4.9676 (m,

2H), 3.74 (s, 2H, major), 3.69 (s, 1H, minor), 3.50 (didd;3.8, 7.9, 6.0, 2.82H1H), 3.273.18 (m, 1H),
3.09 (ddddJ=13.3, 8.2, 6.7, 3.3 Hz, 1H), 2.84 (dik,25.0, 10.1, 2.4 Hz, 1H), 212%3 (m, 5H), 2.48

2.38 (m, 6H), 2.32.25 (m, 1H), 2.281.97 (m, 5H), 1.74 (§= 2.6 Hz, 3H), 1.8%.42 (m, 8H), 1.36..19

(m, 5H) ppm#3C NMR (101 MHz, CBICM~= 168.5, 156.3, 156.2, 147.5, 146.7, 127.9, 127.7, 125.7, 125.1,
122.1, 122.0, 121.7,121.7, 115.6, 115.5, 115.3, 106.9, 106.6, 78.6, 78.5, 75.7, 75.6, 56.2, 55.9, 53.2, 52.6,
52.5,48.2,47.1, 44.0, 44.0, 41.0, 40.6, 40.5, 40.4, 40.4, 37.6, 37.3,88 2&8, 28.1, 28.1, 27.9, 27.9,
27.2,27.1, 27.1, 27.0, 26.6, 25.5, 25.4, 15.0, 3.5 ppm; IR @#nB927, 2858, 1700, 1648, 1447, 1390,
1414, 1338, 1274, 1257, 1232, 1191, 1152, 1107, 1067, 973, 951, 847, 766, 730, 702, 647; 540
(ESIm/z 833 M+H1], 855 M+Nd]; HRMS (ESIn/z: calcd. for GHiN-O:BruNa M+N4&]: 854.99781,
found: 854.99776.

Compound68.NaBHCN (368 md;.86 mmol) was added @ solution of compoun&l4 (1.0 g, 1.20 mmol)
in CHCL (60 m) at 0 °C. TFA (0.91mL, 11.9ahmvas slowly

added at 0°C.After stirring for 10 min, cooling bath was

Br
\ removed and the mixture stirred ambient temperature
BY for 50 min beforethe reactionwas quenched with sat.

NaHC® (5.0 mL).[Note: the reaction is seriouslyme-
dependert: any lomer reaction time will cause a sharp

decrease in yield

The resulting mixture was extracted with £H (3 x 300
mL), the combined organic phases were washed with brideed over NaSQ, and filtered. After
evaporation ofthe solventin vacuum,the residue was purified by flash chromatography on silica

(hexanes/EtOAc, 8:1 to 4:1) to afford the title prodasta colorless of664 mg, 66 %) 3U%,%=30.8 (c =
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1.0, CHGJ;H NMR (400 MHz, CRGhixture of rotamers, ca. 2:1w~ 5.85 (tJ= 7.9 Hz, 1H), 4.86 (dk

1.5 Hz, 0.35H, minor), 4.75 @ 1.5 Hz, 0.65H, major), 3.73 (s, 2H), 3.68 (s, 1H)tB30(m, 1H), 3.28

3.14 (m, 3H)3.13t3.04 (m, 1H), 2.91 (ddd= 29.8, 10.1, 2.6 Hz, 1H), 218%8 (m, 4H), 2.58.45 (m,

1H), 2.41 (dgJ= 2.8, 1.8, 1.4 Hz, 6H), 2.2115 (m, 2H), 2.12.02 (m, 2H), 2.0€L.89 (m, 2H), 1.81 (dd,

=9.1, 6.8 Hz, 1H), 1.74Jt 2.5 Hz, 3H), 1.89.60 (m, 2H), 1.56..32 (m, 8H), 1.31.22 (m, 4H) ppmC

NMR (101 MHz, CBEIw= 170.4, 170.3, 156.2, 156.2, 147.3, 146.6, 124.1, 123.5, 122.2, 122.0, 121.8,
121.8, 115.4, 115.4, 115.2, 79.3, 78.9, 75.4, 75.3, 54.3, 54.2, 52.6, 52.4, 52.0, 51.9, 48.2, 48.0, 47.8, 47.7,
45.2,45.1, 44.9, 44.9, 40.6, 40.6, 40.4, 40.4, 39.5, 392, 36.8, 33.7, 33.6, 29.8, 28.8, 28.0, 27.9, 27.3,
27.2,27.2,27.1,27.1, 27.0, 26.6, 26.4, 25.6, 25.6, 14.5, 14.4, 3.6, 3.5 ppm; IR(fA8D8, 2858, 1699,
1634, 1487, 1447, 1389, 1338, 1275, 1231, 1210, 1190, 1159, 1110, 1068, 970, 767},0U& ¢&BSI)

m/z 835 M+H], 857 M+Nd]; HRMS (ESt/z: calcd. for GHieNo0sBruNa M+N4]: 857.01346, found:
857.01264.

Compound69. A solution ofTMSI (0.13 mL, 0.914 mmath) CHCE (2.0 mL) was added to a solution of
Br compound68 (700 mg, 0.835 mmoin CHCh (17
Br mL). The resulting mixture westirred for 1d at
ambient temperature before the reaction was
guenchedwith MeOH (2.0 mLand sat. aq. NaHGO
(5.0 mL) at @C. After removal of the solvents, the
crude mixture was loaded on an amino cartridge
(Agilent, Bond EldNH:;, 500 mg, 3 mL, 40m, pre-
equilibrated with MeOH, ¥D, MeOHVvolume of ca.

BocHN one column length each) andthe amine product

waseluted with MeOH to provide @hite solid[purification on silica gel with basic eluave much lower
yieldg.

A solution of ddehyde52 (476 mg, 1.25 mmoih CHCE (3 mL) was added to a solution of the amine in
CHCLb (2 mL).After stirring for 10 min aambienttemperature, NaBH(OA€§230 mg, 1.09nmol) was
addedand stirring was continuedor 1 h Thereaction wagjuenched with sat. aq. NaH&(0.5 mL). After
removing the solvenin high vacuumthe crudematerialwas subjected to preparative HPLC (KrorAasil
C18, 5.m, 150 mm x 30 mm, MeOH, 35 mL/mijps 220 nm, t = 9.2 min) to afford the title compouasl

a brownish solid642 mg, 67 %)2U%%*= 15.0 (c = 1.2, CHEI'H NMR (400 MHz, CRCIw= 7.96 (d,)=
8.4 Hz, 1H), 7.91 (dd= 8.5, 1.2 Hz, 1H), 7.%ddd,J= 8.4, 6.9, 1.4 Hz, 1H), 7.40 (ddd,8.3, 6.8, 1.3 Hz,
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1H), 5.74 (dJ= 6.4 Hz, 1H), 4.64 (s, 1H), 3.40063.2 Hz, 4H), 3.30 (s, 1H), 3.233et13.2, 7.4 Hz, 1H),

3.07 (dt,J= 16.1, 7.4 Hz, 4H), 3.6084 (m, 2H), 2.622.48 (m, 4H)2.45t2.34 (m, 1H), 2.31 (dd= 9.2,

1.0 Hz, 6H), 2.15 (s, 5H), 21086 (m, 5H), 1.88..67 (m, 4H), 1.60 (d= 8.3 Hz, 2H), 1.57 (@ 2.4 Hz,

3H), 1.47 (hJ= 7.5 Hz, 6H), 1.32.32(m, 12H), 1.291.14 (m, 6H) ppm+=C NMR (101 MHz, CBCM=

171.8, 163.2, 155.9, 147.0, 146.1, 144.6, 129.4, 129.2, 126.2, 125.7, 123.8, 122.4, 122.1, 121.9, 117.7,
115.4,115.1,95.6, 79.8,79.2, 76.1, 74.9, 62.5, 58.0, 55.6, 52.2, 47.7,45.3, 44.1, 40.6, 40.4, 39.1, 37.9, 35.0,
30.8, 29.7, 28.8, 28.8, 28.48.2, 27.4, 27.2, 27.2, 26.8, 26.4, 25.7, 14.7, 4.9, 3.5 ppm; IR &ir8328,

2928, 2857, 1708, 1628, 1453, 1251, 1171, 759;S (ESI)m/z 1141 M+H], 1163 M+N4d]; HRMS
(ESm/z: calcd. for @HzsBrN,O; [M+HT]: 1141.24112, found: 1141.24199

Compound 70. A flamedried two-necked flask connected to a reflux condenser was charged with
activated molecular sieve powdes A, 1.5 g)and
toluene (20 mL)The suspensiorwas purged with
argon at room temperature for 30 mifihe mixture
wasthen heated to 110 °C for 30 min aralsolution
of diyne69 (50.6 mg, 0.044 mmoih toluene (2 mL)
was addedNext, a solution of theMo-catalyst31
(9.8 mg, 0.013 mmd# in toluene (0.5 mL)wvas

added dropwise andtirring was continueat 110 °C

BocHN

for 15 min. Ethanol (5 mL) was added to quench the
reaction Themixture was cooled to room temperature and filtered througliplag of Celite, which was
carefully rinsed with EtOAc. Thembined filtrates werevaporatedn vacuaand the residuavaspurified
by preparative HPLC (Krom&siC18, 5.m, 150 mm x 30 mm, MeOH, 35 mL/mifs 254 nm, t = 11.5
min) to afford the title empounda white solid(37.1 mg, 77%) asU%*= 30.9 (c = 1.0, CHEI'H NMR
(400 MHz, CD§1 w= 8.06 (d,J= 8.4 Hz, 1H), 7.99 (ddk 8.5, 1.2 Hz, 1H), 7.62 (ddd; 8.3, 6.9, 1.3 Hz,
1H), 7.49 (dddJ= 8.3, 6.8, 1.3 Hz, 1H), 5.84 (de,6.4, 1.8 Hz, 1H), 4.82 (s, 1H), 3.72)1.6 Hz, 1H),
3.6413.41 (m, 7H), 3.29 (td= 12.4, 2.1 Hz, 1H), 3.6897 (m, 3H), 2.93 (dd= 9.3, 2.1 Hz, 1H), 2.81 (td,
J=11.9, 2.4 Hz, 1H), 2.7456 (m, 6H), 2.58.45 (m, 1H), 2.43 (d= 0.9 Hz, 3HR.41 (dJ= 0.9 Hz, 3H),
2.3312.19 (m, 4H), 2.1%2.08 (m, 1H), 1.96 (ddd= 13.7, 10.4, 5.6 Hz, 1H), 1.86 (diid,13.4, 5.6, 2.4 Hz,
1H), 1.751.66 (m, 3H), 1.58 (dtd= 16.2, 9.1, 8.2, 3.2 Hz, 7H), 1.48 (1 7.9, 2.1 Hz, 2H), 1.43 (s, 9H),
1.37 (qt,J= 7.2, 4.0 Hz, 2H), 1.32.21 (m, 3H) ppm*C NMR (101 MHz, CRICM= 171.9, 164.3, 156.0,
146.3, 146.1, 145.5,129.2,129.1, 126.2, 125.8, 123.9, 122.2, 121.9, 117.8, 115.5, 115.1, 102.2, 79.1, 76.3,
60.8, 55.3, 54.3, 52.5, 47.6, 46.9, 4%3,7, 40.5, 40.4, 38.6, 37.5, 37.0, 35.0, 30.8, 30.4, 28.8, 28.8, 28.4,
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28.4,27.8, 27.4, 27.4, 27.2, 26.7, 25.5, 25.1, 13.5 ppm; IR &#n3B39, 2928, 2855, 1705, 1630, 1450,
1169, 1070, 756, 617 ciMhMS (ESIm/z 1086 M+H]; HRMS (ESin/z: cdcd. for GoHs7BrNsO; [M+H':
1087.19417, found: 1087.19495

Table 8. RCAM of Diyn&9: Reaction Optimizatich

Entry Catalyst Conversion Yield of70
1 31(10 mol%) | 50% (NMR) n. d.
2 31(30 mol%) guant. 77%
3 29(30 mol%) 80 (30 mol%) guant. 77%

2 All reactions were performed in toluene at reflux temperature in the presence of MS 5A

CompoundSl5. Pd/CaCQ@ (5 mol%w/w, unpoisoned 704 mg, 0.331 mmolyas added to solution of
compound 70 (180 mg, 0.165mmol) in THF (18 mL) at ambient
temperature.After stirring for 2h, thesuspensiomwas filtered through

a pad of Celittandthe filtrate wasconcentrated. The crudproduct
was subjected tqurification bypreparative HPLC (KromaSiC18, 5

.m, 150 mm x 30 mm, MeOH, 35 mL/mins 254 nm, t = 8.&in) to
afford the title compoundas a white solig94.0 mg, 52%)2U%,%= 4.8

(c = 0.24, CHEJ*H NMR (600 MHz, CRCIw= 8.08t8.00 (m, 2H), 7.65

(t, J= 7.0 Hz, 1H), 7.54 (s, 1H), 6.41)@ 11.0 Hz, 1H), 5.88.81 (m,
1H), 5.795.74 (m, 1H)4.56 (s, 1H), 3.41 (d= 9.2 Hz, 1H), 3.33.10

(m, 9H), 3.022.87 (m, 3H), 2.62 (8= 7.5 Hz, 2H), 2.52 (t= 7.2 Hz, 2H), 2.42.40 (m, 3H), 2.37 (s, 3H),
2.3412.26 (M, 2H), 2.21 (8= 12.7 Hz, 1H), 2.18.13 (m, 1H), 1.961.88 (m, 3H), 1.86..73 (m, 3H), 1.7t
1.64 (m, 2H), 1.61 (d= 11.5 Hz, 1H), 1.60.52 (m, 3H), 1.5€L.37 (m, BH), 1.33t1.21 (m, 4H), 1.20
1.11 (m, 4H), 1.07 (d= 13.0 Hz, 1H) ppr’C NMR (151 MHz, CB)CIw= 171.7, 159.9, 155.8, 146.7, 145.2,
135.7, 130.3, 129.3, 128.6, 126.2, 125.9, 124.5, 124.2, 123.1, 122.2, 121.9, 115.4, 115.0, 79.1, 56.9, 55.5,
54.8, 52.5,47.4, 46.6, 45.2, 41.6, 40.5, 40.4, 38.5, 37.3, 37.0, 35.1, 30.7, 28.8, 28.7, 28.4, 2871327.3,
27.1, 26.5, 26.3, 25.6, 25.2, 24.4 ppm; IR (fiém)2959, 2852, 1253, 1116, 1082, 869, 6a8*; MS (ESI)
m/z: 1089 M+H]; HRMS (ESkn/z: calcd. for GHsoBraN4Os [M+HT: 1089.21116, found: 1089.21061.
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Compound59. DIBAEH (1.0M™ in hexane,0.4 mL, 0.40 mmol) was added to a solutiorSbé (64.0 mg,
0.0586 mmol) in EO (0.4 mL) at €C. After Smin, thecooling bath
was remved and the mixture stirred at 2Gfor 80 min [Note: The
reaction time should be strictly followglbnger reaction tnes will

result inserious overeduction ofthe vicinal dibromidg

The mixturewas diluted withtert-butyl methyl ether(2.0 mL) at OC
andthe reaction<py v Z A]3Z « §X Z}sdutioo(].4 mLd 3
The resulting mixture was vigorously stirreor f5 h. DDQ (13.3

mg/mL) was added to thmixture until the color became brown. The

mixture was then filtered througla cartridge (Agilent, Bond Elut
NH;, 500 mg, 3 mL, 40m, preequilibrated with of MeOH, ¥, MeOHvolume of caone columnlength
each), elutingwith MeOH Evaporation of the solvergrovided a white solidwhich was subjected to
preparative HPLC (KromasiC18, 5.m, 150 mm x 30 mm, MeOH/20 mmol MCQ PH 9 = 98:2, 35

mL/min, ,= 254 nm, t = 29 min) to provide tlerresponding aminproduct as a yellow solichaterial

Zn powder (49 mg, 0.673 mmol) was added to a solutiortlit compoundn THFHOAQ1.05 mL, 20:1)

at ambient temperatureThe mixture was stirred for i beforethe reactionwascarefullyquenched with

sat. aq. NaHC0.2 mL). The resulting mixture was passed throaghrtridge (Agilent, Bond EluNH,

500 mg, 3 mL, 40m (pre-equilibratedwith MeOH, HO, MeOHVvolume ofone columnlengtheach; the

product waseluted with MeOH to provide ahite solid after evaporation of the solventThe crude
materialwas subjected to preparative HPLC (Krorra€itl8, 5.m, 150 mm x @ mm, MeOH/ 20 mmol
NHHCQ pH 9 = 98:2, 35 mL/min,= 254 nm, t = 7.8 min) to afford the title compouad a white solid

(19.7 mg, 44 %)U%*=210(c = 04, CHG); 'H NMR (400 MHz, CRCIw= 8.21t8.13 (m, 1H), 8.06 (dd,

= 8.4, 1.3 Hz, 1HJ,67 (dddJ= 8.3, 6.8, 1.3 Hz, 1H), 7.55J¢ 7.6 Hz, 1H), 6.44 (@ 10.9 Hz, 1H), 5.94

(t, J= 10.9 Hz, 1H), 5.9.69 (m, 1H), 4.62 (s, 1H), 318416 (M, 5H), 2.99 (d= 8.7 Hz, 1H), 2.88 (tdz

12.9, 4.6 Hz, 1H), 2.82.74 (m, 1H), 2.48.22 (m, 6H), 2.12 (tt)= 7.1, 2.6 Hz, 2H), 2.1D.00 (m, 4H),
1.99t1.89 (m, 2H), 1.81 (s, 2H), 1.78), 2.5 Hz, 4H), 1.74 (t= 2.5 Hz, 4H), 1.70.64 (m, 4H), 1.44 (s,

9H), 1.3%1.31 (m, 9H), 1.3€L.18 (m, 6H), 1.00 (dd= 12.0, 5.9 Hz, 2H) ppHC NMR (101 MHz, CRCI

w= 160.5, 155.8, 146.8, 142.9, 136.4, 130.6, 129.7, 128.4, 126.2, 125.8, 124.1, 123.5, 121.6, 79.3, 79.3,
75.5, 75.3, 59.3, 57.1, 56.2, 55.8, 50.2, 49.8, 45.8, 42.9, 40.4, 38.7, 37.7, 36.5, 36.3, 29.0, 28.9, 28.5, 28.4,
27.3,27.026.8, 26.3, 26.0, 25.4, 23.7, 18.8, 18.6, 3.5, 3.4 ppm; IR &H13315,2930, 1562, 1406, 1023,
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762, 649 cm; MS (ESI)V z 759 M+H]; HRMS (ESH1/z: calcd. for GHraNoOs [M+HT]: 759.55715, found:
759.55745.

Compound71. A flamedried two-necked flask connected to a reflux condenser was charged with
activated powdered molecular sieves5(A,200 mg)and toluene (4 mL).
The suspensiowas purged with argon at room temperature for 15 min.
After the purginchad beenstopped, the mixture was heatieto 110 °C for

30 minbefore a solution ofdiyne 59 (7 mg, 0.009 mmolin toluene (0.5
mL) was added, followed by dropwise addition of a solution ofNtoe
complex31 (2.0 mg, 0.003 mmd# in toluene (0.4 mL)The resulting
suspension wastirred at 110 °C for 20 min. Ethanol (1 mL) was added to

quench the reaction and the crude mixture was cooled to room

temperaure and filtered through a plug ofelite, which was carefully
rinsed with EtOAc. The solvent was evaporated in vacuo and the pradactwaspurified by preparative
HPLC (Kroma$tC18, 5.m, 150 mm x 30 mm, MeOH/20 mmol BMHQpH 9 = 98:2, 35 mL/min,= 230
nm, t = 7.6 min) to afford the title compouras a white solid6.4 mg, 98%)U%,%=23.0 (c = 0.3, CH{
IH NMR (400 MHz, CRICe 8.17 (dJ= 8.4 Hz, 1H), 8.05 (dit 8.4, 1.2 Hz, 1H), 7.6B63 (m, 1H), 7.55
(t, J= 7.6 Hz, 1H}.43 (dd,J= 10.9, 2.2 Hz, 1H), 5.95Jt 10.7 Hz, 1H), 5.77 (@ 6.5 Hz, 1H), 4.57 (s,
1H), 3.36 (dJ= 17.3 Hz, 2H), 3.23 (pik 9.2, 4.2 Hz, 3H), 3.00 (d&; 8.8, 2.2 Hz, 1H), 2.86 (ddd; 24.4,
12.3, 3.6 Hz, 2H), 2.55 @@ 10.9 Hz, 2H2.42 (dJ= 12.7 Hz, 1H), 2.32.25 (m, 3H), 2.1%2.05 (m, 5H),
2.03t1.97 (m, 3H), 1.961..85 (m, 3H), 1.821.62 (m, 5H), 1.581.39 (m, 15H), 1.38.26 (m, 8H), 1.26..13
(m, 1H), 1.070.93 (m, 2H) ppm:*C NMR (101 MHz, CBC~= 160.5, 155.8, 146.8, 142.9, 136.3, 130.6,
129.7, 128.4, 126.3, 125.8, 124.2, 123.6, 120.5, 80.6, 80.2, 79.2, 59.4, 57.3, 56.8, 55.8, 49.6, 49.3, 45.6,
42.9, 40.4, 38.7, 37.5, 36.8, 36.4, 29.0, 28.4, 27.9, 27.7, 27.5, 27.4, 27.1, 26.4, 25.4, 248,237.8
ppm; IR (film)&= 2926, 2857, 1703, 1455, 1365, 1171, 758, &8 MS (ESIW'z 705 M+H]; HRMS
(ESI)m/z: calcd. for GsHesNaO, [M+HT]: 705.51020, found: 705.51087.
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NominalNjaoamine I((+)4). HCI (0.48 mmol, 12aL, 4v in 1,4dioxane) was added dropwise to a solution
of compound71 (9.0 mg, 12.&mol) in EtOAc (0.42 mL) andQH(80pL) at

0 °C. The resulting solution was stirred for 2 h at this temperature. The
solvent was evaporateith high vacuum to provide the HCI saltrjdioanine

I. The HCI salt was passed through an amino cartridgesguidibrated with
MeOH, HO, MeOH(three volumes of three column length each)), eluting
the productwith MeOH. Afterevaporation ofthe solvent,the free amine
was subjected to preparative HP{AG0 mm YMC Triart C18 5 ym, 10.0 mm
i.D., Methanol/0.1% TFA in® = 55:45, 4.7 mL/min,= 220 nm, t = 1.6 min)

to afford the title compounchs a white solid8.6 mg, quant.) 3U%,%=69.3

(c =0.2, CHgj for the'H NMR and®*C NMR data, see Tlal®; IR (film)t= 2936, 1677, 1202, 1182, 1133,
938, 761, 708 crh MS (ESI)W'z 605 M+H]; HRMS (ESIi/z: calcd. for GHs/Ns [M+H]: 605.45777,
found: 605.45765.
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NMR Assignment and Structure Confirmation of Synthdtiominal Njaomine | ((+}4)

The complete assignment of synthetic njaoamine 44(was achieved on a sample containing 2.6 mg of
the material dissolved in Hppyridine inside a 3nm tube, to meet the conditions used in ref. [10]. All
measurements were performed on a Bruker Avant&0D spectrometer equipped with a cryogenically
cooled 5 mm TCI probehead. Using a classical set dH185Q) and 2DY¥GHSQC, HMBC, COSY, TOCSY,
ROESY arteN-HMBC) experiments, as well asHDselective TOCSY dd@HSQETOCSY for fragment C,

all nuclei could be assigned including the stereotolpicin the tricyclic core. Figuret Shows the key
correlations $4{COSYPE{HMBC) and NOEs(ROESY) in the three fragments A, B and C (following the

fragmentation used in ref. [10]).

Fragment A

29

N
/)

3JyCOSY  3Joy-HMBC
Fragment B
» NOE™

N L N

20b
. /
22a
23b 23a

3Ju-COSY  3Jo-HMBC

$1



Fragment C

41

3Jy-COSY  3Jg-HMBC

A
37
40 33

35

Figure 8. Summary of the 2and 3bond connectivities established by NMR for all three fragments. Th

important throughspace NOE contacts in the tricyclic core are also displayed for fragment B.

Figure 8. HSQEQ OCSY strips in from the carbons in the -€i&n (fragment C) showing TOCSY

correlations to the correspondgt'H-spinsystem.
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