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Experi nmental Section

Ceneral nethods: Chemcals (Al drich, Fluka, Lancaster, and Merck)
were used wthout further purification. All solvents were
distilled before use. [p-O (AuPPh3),] BF{LY and [p-C (AuPMess) 2] BF4 2
were prepared according to published procedures. Enantioneric
excess was determned by HPLC on a chiral stationary phase
(Chiracel OD, 4.6 Mm |.D. x 250mm or Chiralcel ODH 54, 4.6 mm
|.D. x 150 nm. Optical rotation was recorded on a Perkin El nmer
241 polarineter (Na, 589 nm). NWR spectra were recorded on Bruker
ARX500 and AMX300 spectroneters. Chemcal shifts were referenced
to residual solvent protons. Signal nmultiplicity as follows: s
(singlet), bs (broad singlet), d (doublet), t (triplet), (g
(quartet), quint (quintet), m (multiplet). $C assignnent was
achi eved via DEPT90 and DEPT135 spectra. MS spectra were recorded
on a Finnigan MAT 90 or Varian 711. IR spectra were recorded on a
Bruker Vector 22.

General procedure 1 (GP 1) - Horner-Wadsworth- Emmons reaction of

furfurals:[¥ At -78 °C 1 equivalent KQBu was suspended in
di chl oronethane (6 mmol/nL). Then a solution of 1 equivalent of

met hyl 2-benzyl oxycar bonyl am no- 2- (di net hoxyphosphi nyl )-acetate 14
i n dichloronethane (667 pnol/nL) and a solution of 1 equivalent of

furfural 13 in dichloronethane (6 mmol/nL) were added. After the
reaction mxture was stirred for additional 2 h at room
tenperature, the solvent was renoved under reduced pressure, the

residue dissolved in EtOAc, washed wth water and saturated
aqueous NH,COl, dried over anhydrous sodium sulfate. After renoving
of the solvent under reduced pressure, the crude product 15 was

obtained and purified either by recrystallisation or by colum
chromat ogr aphy on silica gel (hexanes/EtQOAc).

Ceneral procedure 2 (GP 2) - Asymetric hydrogenation: Under an
at nosphere of nitrogen, 1 equivalent of the (Z)-dehydroam no acid
15, 1 nol % [ Rh(nbd),] BFs and 1 nol % Mandyphos(Ove) 22 were wei ghed
into a glass pressure bottle and dissolved in MeOHtoluene (1/1,
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v/v), the nitrogen atnosphere was exchanged for hydrogen (5 bars),
then the reaction mxture was left at roomtenperature (5.5 to 120
h). After renoving of the solvent under reduced pressure the
product 16 was isolated by columm chromatography on silica gel
(hexanes/ Et OAcC) .

General procedure 3 (@GP 3) — Cleavage of Cbz protecting group and
subsequent protection as brosylate:!¥ Under an atnpsphere of
nitrogen, 1 equivalent of the Cbz protected conpound was dissol ved
in dry MeOH Pd/C (Fluka 75990, Assay 10% Pd) (50 ng/mol) and
freshly distilled cyclohexene (2.1 nib/mol) were added and
refluxed for 1 h. The reaction mxture was allowed to cool,
filtered over <celite and then the solvent was renoved under
reduced pressure. The residue was dissolved in dichloronethane,
triethylamine (1.5 equivalents) was added and cooled to 0 °C
followed by addition of 4-bronobenzenesulfonyl chloride (1.1
equi valents) in portions and the reaction mxture was stirred at
room tenperature. After conpletion (nonitored by TLC) water was
added, the layers were separated and the aqueous |ayer was
extracted with dichloronmethane twi ce, dried over anhydrous sodi um
sulfate, the solvent was renoved under reduced pressure and the
residue was purified by colum chromatography on silica gel
(hexanes/ Et OAc) .

General procedure 4 (GP 4) - Propargylation of sulfonanm des: 1
equi valent of sulfonamde was dissolved in acetone at room
tenperature and 3 equivalents of caesium carbonate and 3
equi val ents of propargyl bromde (80 wt% solution in toluene) were
added and stirred over night. The solvent was renoved under
reduced pressure, the residue was dissolved in water, extracted
with dichloronethane, dried over anhydrous sodium sulfate and the
solvent was renoved in vacuo. Colum chromatography on silica ge

(hexanes/ Et OAc/ DCM) furni shed the propargyl ated sul fonam des.

General procedure 5 (GP 5) - Reduction of nethyl esters wth

DI BALH: [® Under an atnosphere of nitrogen, 1 equivalent of the
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met hyl ester was dissolved in dry tetrahydrofuran and cooled to -
78 °C. 2.6 equivalents of DIBALH (1.0 ™M in hexane) were added
dropw se and the mxture was allowed to reach room tenperature.
The reaction progress was checked by TLC. After conpletion MOH,
0.5 M hydrochloric acid and saturated aqueous potassium sodium
tartrate were added and stirred over night to get a powdery
precipitate, which was filtered off. The aqueous |ayer was
extracted three times with diethyl ether, dried over anhydrous
sodium sul fate and the solvent was renoved under reduced pressure.
The crude product was purified by colum chromatography on silica
gel (hexanes/EtQAc) or was used in the follow ng reaction w thout

purification.

General procedure 6 (GP 6) — Protection of alcohols wth
TBDMSA : L% Under an atnosphere of nitrogen, 1 equival ent of al cohol
was dissolved in dry dinmethyl formam de at room tenperature. Then
2.5 equivalents imdazole and 2 equivalents TBDMSC were added
subsequently and nonitored by TLC. After conpletion, the m xture
was diluted with water and the aqueous |ayer was extracted with
Et OAc three times. The conbined organic |ayers were washed wth
0.5 ™M hydrochloric acid and brine, and then dried over anhydrous
sodium sulfate. After renoval of the solvent under reduced
pressure the crude product was purified by colum chromatography

on silca gel (hexanes/EtOAc).

Ceneral procedure 7 (GP 7) — Propargylation of carbanmates: Under
an at nosphere of nitrogen, 1 equivalent of carbamate was dissol ved
in dry dinmethyl formam de and 1.2 equival ents sodi um hydride were
added. After 15 mn of stirring, 1.2 equivalents propargyl bromde
(80 wt% solution in toluene) were added dropw se. The reaction was
nonitored by TLC. After conpletion the reaction was quenched with
saturated aqueous NHCl. The aqueous |ayer was extracted three
times with diethyl ether, dried over anhydrous sodium sul fate and
the solvent was renoved under reduced pressure. The crude product
was purified by col um chr omat ogr aphy on silica gel
(hexanes/ Et OAc) .



General procedure 8 (GP 8) - Propargylation of carbamates wth
free hydroxy group: Under an atnosphere of nitrogen, 1 equival ent
of carbamate was dissolved in dry dinmethyl formamde and 3
equi val ents sodi um hydride were added. After 15 mn of stirring

1.2 equivalents propargyl bromde (80 w% solution in toluene)
were added dropwi se. The reaction was nonitored by TLC After
conpletion the reaction was quenched with saturated aqueous NH Q.
The aqueous |ayer was extracted three tinmes with diethyl ether,
dri ed over anhydrous sodium sulfate and the solvent was renoved
under reduced pressure. The crude product was purified by colum

chromat ography on silica gel (hexanes/EtOQAc).

General procedure 9 (GP 9) - CGold catalysis: In a NWVR tube 1
equi valent of starting material was dissolved in 600 puL of the
correspondi ng deuterated solvent. Then 1 or 5 nol % of the catal yst
precursor was added and the reaction was nonitored by *H NVR After
conpl etion the solvent was renoved under reduced pressure and the
product was purified by colum chromatography on silica gel
(hexanes/ Et OAc) .

General procedure 10 (GP 10) - CGold catalysis wunder nitrogen:
Under an atnosphere of nitrogen, 1 equivalent of starting nateri al
was dissolved in dry dichloroethane. Then 1 nol% of the catalyst
precursor was added and the reaction was nonitored by TLC After
conpl etion of the reaction, the solvent was renoved under reduced
pressure and the product was purified by colum chromatography on

silica gel (hexanes/EtQAc).

Met hyl (22) -2-{[ (Benzyl oxy) car bonyl ] am no}-3-(furan-2-yl)acryl ate
(15a):!"7 As described in GP 1, KQBu (1.36 g, 12.1 nmml) in
di chl oromet hane (2 nm.), 14 (4.00 g, 12.1 mmol) in dichl oronet hane
(18 nmL) and freshly distilled furfural 13a (1.00 m., 1.16 g,
12.1 mmol) in dichloronmethane (2 nlL) furnished pure 15a (2.95 g

9.79 mmol, 81% as colourless solid after recrystallisation from



EtOAc. 'H NMR (CDCls, 300 MHz): d = 3.79 (s, 3H), 5.17 (s, 2H),
6.46 (dd, J = 1.8 Hz, 3.5 Hz, 1H), 6.59 (d, J = 3.5 Hz, 1H), 6.80
(br s, 1H), 7.00 (s, 1H), 7.32-7.38 (m 5H), 7.48 (d, J = 1.8 Hz,

1H) .

Met hyl (22) - 2-{[ (Benzyl oxy) car bonyl ] am no}- 3- ( 5- net hyl - 2-
furyl)acrylate (15b): As described in GP 1, K&Bu (224 ny,
2.00 mmol) in dichloronethane (2 nL), 14 (663 ng, 2.00 nmol) in
di chl oronmet hane (5 nL) and 5-nethylfurfural 13b (200 pL, 220 ng,
2.00 mmol) in dichloronethane (1 nL) furnished pure 15b (448 ng,
1.42 mol, 71% as colourless solid after colum chronmat ography on
silica gel (hexanes/EtQAc, 5/1). M. 66-68 °C. R (hexanes/Et QAc,
5/1) = 0.10. *H NWR (CDCl3, 300 MHz): d = 2.30 (s, 3H), 3.78 (s,
3H), 5.18 (s, 2H), 6.08 (dd, J = 0.6 Hz, 3.3 Hz, 1H), 6.52 (d, J =
3.3 Hz, 1H), 6.61 (br s, 1H), 7.01 (s, 1H), 7.31-7.37 (m 5H. C
NMR (CDCl 3, 125 MHz): d = 13.6 (q), 52.1 (q), 67.0 (t), 108.6 (d),
117.0 (d), 118.2 (d), 120.4 (s), 127.8 (d, 20, 127.9 (d), 128.2
(d, 2C), 136.0 (s), 148.0 (s), 153.8 (s), 155.0 (s), 165.3 (s). IR
(neat): n = 3291, 3088, 1727, 1686, 1618, 1504, 1438, 1372, 1300,
1214, 1133, 1053, 875, 787, 765, 749, 697 cmi'. M5 (El (+), 70 eV):
mz (%: 315 (31)[M], 207 (19), 180 (30), 120 (48), 91 (100).
Ci7Hi7NG; (315.32): calcd. C 64.75, H5.43, N 4.44; found C 64.45, H
5.43, N 4.32.

Met hyl (22)-2-{[ (Benzyl oxy) car bonyl ] am no} - 3- (5- et hyl - 2-
furyl)acrylate (15c): As described in GP 1, KaBu (1.68 g,
15.0 mmol) in dichloronmethane (5 nL), 14 (4.97 g, 15.0 nmmol) in
di chl oronet hane (25 nmL) and 5-ethyl furfural 13c (1.77 niL, 1.86 g,
15.0 mmol ) in dichloromethane (10 nL) furnished pure 15c (2.40 g,
7.29 mol, 49% as yellowish solid after recrystallisation from
Et OAc. Mp. 80-81 °C. R (hexanes/EtOAc, 1/1) = 0.50. *H NMR (CDd 3,
300 MHz): d = 1.22 (t, J = 7.6 Hz, 3H, 2.64 (q, J = 7.6 Hz, 2H),
3.78 (s, 3H), 5.17 (s, 2H), 6.08 (d, J = 3.3 Hz, 1H), 6.53 (d, J =
3.3 Hz, 1H), 6.65 (br s, 1H), 7.03 (s, 1H), 7.30-7.39 (m 5H). BC
NVR (CDCl 3, 62.9 MHz): d = 11.7 (q), 21.6 (t), 52.4 (q), 67.4 (t),
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107.2 (d), 117.1 (d), 118.0 (d), 120.6 (s), 128.1 (d, 2C), 128.2
(d), 128.5 (d, 2C), 136.1 (s), 148.0 (s), 154.0 (s), 160.8 (s),
165.5 (s). IR (neat): n = 3281, 2964, 1728, 1684, 1662, 1520,
1506, 1437, 1366, 1292, 1213, 1133, 1051, 1031 cmil. M (El (+), 70
eV): mz (%: 329 (70)[M], 221 (30), 194 (41), 134 (33), 91.1
(100), 43 (23), 28.1 (68). CigHiNOs (329.35): calcd. C 65.64, H
5.81, N 4.25; found C 65.68, H 5.84, N 4.20.

Met hyl (22)-2-{[ (Benzyl oxy) car bonyl ] am no} - 3- ( 4, 5- di net hyl - 2-
furyl)acrylate (15d): As described in GP 1, K&Bu (907 ny,
8.08 mmol) in dichloronethane (3 nL), 14 (2.68 g, 8.08 nmol) in
di chl oronmet hane (12 nL) and 4,5-dinethyl furfural 13d (984 uL,
1.00 ng, 8.08 mol) in dichloronethane (3 nL) furnished pure 15d
(1.87 g, 5.67 mmol, 70% as bright vyellow solid after colum
chromat ography on silica gel (hexanes/EtOAc, 10/1). M. 76-77 °C
R (hexanes/Et OAc, 1/1) = 0.49. 'H NMR (CDCl3, 300 MHz): d = 1.92
(s, 3H), 2.20 (s, 3H), 3.76 (s, 3H), 5.17 (s, 2H), 6.41 (s, 1H
6.60 (br s, 1H), 6.99 (s, 1H), 7.27-7.42 (m 5H). ¥C NWR (CDC 3,
125.8 MHz): d = 9.6 (q), 11.7 (q), 52.3 (q), 67.3 (t), 117.5 (s),
118.2 (d), 119.5 (d), 120.1 (s), 128.0 (d, 2C), 128.1 (d), 128.4
(d, 2C), 136.2 (s), 146.8 (s), 151.1 (s), 154.4 (s), 165.6 (s). IR
(neat): n = 3290, 2951, 1700, 1644, 1610, 1537, 1494, 1438, 1358,
1262, 1229, 1157, 1130, 1067, 1004 cm!. MS (El (+), 70 eV): mz
(%: 329 (46)[M], 221 (11), 194 (40), 162 (22), 135 (15), 134
(32), 91 (100), 43 (15). CigsHioNG; (329.35): calcd. C 65.64, H5.81
N 4. 25; found C 65.55, H 5.83, N 4.20.

Met hyl (2Z2)-2-{[ (Benzyl oxy) car bonyl ] am no}-3-[(5-tert -
butyl (di methyl)silyl)-2-furyl]acrylate (15e): As described in GP
1, KOtBu (1.68 g, 15.0 mol) in dichloromethane (5 nL), 14
(4.97 g, 15.0 mol) in dichloromethane (25 nL) and 5-tert-
but yl di et hyl si | yl furfural 13e (3.16 g, 15. 0 nmol) in
di chl oronet hane (5 nL) furnished pure 15e (4.97 g, 12.0 mmol, 80%
as colourless solid after colum chronmatography on silica gel
(hexanes/Et OQAc, 10/1). M. 92-93 °C. R (hexanes/EtQAc, 10/1) =



0.09. M NMR (CDO 3, 500 MHz): d = 0.22 (s, 6H), 0.89 (s, 9H), 3.81
(s, 3H), 5.17 (s, 2H), 6.57 (d, J = 3.4 Hz, 1H), 6.67 (d, J = 3.4
Hz, 1H), 6.95 (s, 1H), 7.05 (br s, 1H), 7.30 - 7.36 (m 5H). C
NVR (CDCls, 125.8 MHz): d = -6.55 (g, 2C), 16.86 (s), 26.23 (q,
3C), 52.46 (q), 67.49 (t), 115.04 (d), 115.54 (d), 122.75 (s),
123.00 (d), 128.19 (d), 128.22 (d, 20, 128.45 (d, 20, 135.92
(s), 153.66 (s), 153.74 (s), 162.22 (s), 165.29 (s). IR (neat): n
= 3175, 3100, 2936, 2856, 1704, 1635, 1554, 1442, 1406, 1333,
1277, 1201, 1120, 1040, 999, 926, 808, 768, 705 cm® M (El (+),
70 eV): mz (%: 415 (21)[M], 307 (15), 250 (46), 222 (15), 108
(19), 91 (100), 56 (15). GCoHNOSi (415.55): calcd. C 63.59, H
7.03, N 3.37; found C 63.72, H7.10, N 3.29.

Met hyl (22)-2-{[ (Benzyl oxy) car bonyl ] am no} - 3- [ 5- ( 3-
trifluoronethyl-phenyl)-2-furyl)acrylate (15f): As described in GP
1, KGtBu (930 ng, 8.33 mmmol) in dichloromethane (5 nm), 14
(2.76 g, 8.33 mml) in dichloronmethane (15 mi) and 5-[3-
(trifluoronethyl)phenyl] furfural 213f (1.77 nmL, 2.00 g, 8.33 mmol)
i n dichloromethane (10 nlL) furnished pure 15f (1.25 g, 2.80 mmol,
34% as colourless solid after recrystallisation from Et OAc. M.
116-118 °C. R (hexanes/EtOAc, 1/1) = 0.20. 'H NWR (CDd3, 300
MHz): d = 3.83 (s, 3H), 5.18 (s, 2H), 6.71 (d, J = 3.6 Hz, 1H),
6.75 (br s, 1H), 6.81 (d, J = 3.6 Hz, 1H), 7.16 (s, 1H), 7.28-7.38
(m 5H), 7.38-7.47 (m 1H), 7.53 (d, J = 7.8 Hz, 1H), 7.79 (d, J =
7.8 Hz, 1H), 7.88 (s, 1H). *C NMR (CDCl 3, 62.9 MHz): d = 52.7 (q),
67.7 (t), 108.8 (d), 117.4 (d), 118.0 (d), 120.8 (dg, 3J& = 3.8
Hz), 121.9 (s), 123.8 (sq, g = 272.5 Hz), 124.6 (dq, 3Jo& = 3.8
Hz), 127.0 (d), 128.2 (d, 3C, not resolved), 128.4 (d, 2C, 129.4
(d), 130.3 (s), 131.3 (sq, 2Jcr = 32.5 Hz), 135.8 (s), 149.7 (s),
153.7 (s), 154.1 (s), 165.1 (s). IR (neat): n = 3317, 2954, 1722,
1694, 1641, 1524, 1489, 1452, 1438, 1366, 1334, 1273, 1227, 1206,
1165, 1100, 1060, 940 cm?® MSs (El (+), 70 eV): mz (%: 445
(28)[M], 337 (86), 310 (21), 251 (20), 250 (100), 108 (38), 91
(95), 28 (36). CuHigFsNG; (445.39): calcd. C 62.02, H 4.07, N 3.14;
found C 62.13, H 4.06, N 3.10.



Met hyl (22)- 2-{[ (Benzyl oxy) car bonyl ] am no}- 3-[ (4- br onophenyl ) - 2-
furyl]acrylate (15g): As described in GP 1, K&Bu (715 ny,
6.37 mol) in dichloronethane (2 nL), 14 (2.11 g, 6.37 nmol) in
di chl oronmet hane (9 nL) and 5-(4-bronophenyl) furfural 13g (1.60 g,
6.37 mml) in dichloronethane (20 nmL.) furnished pure 15g (2.37 g,
5.19 mml, 82% as bright yellow solid after recrystallisation
from Et OAc. Mp. 95-97 °C. R (hexanes/EtOAc, 1/1) = 0.57. 'H NWR
(CDCl3, 300 MHz): d = 3.83 (s, 3H), 5.17 (s, 2H), 6.69 (d, J = 3.6
Hz, 1H), 6.71 (br s, 1H), 6.73 (d, J = 3.6 Hz, 1H), 7.14 (s, 1H),
7.34 (s, 5H), 7.40 (d, J = 8.6 Hz, 2H), 7.48 (d, J = 8.6 Hz, 2H).
13C NVR (CDOl 3, 62.9 MHz): d = 52.6 (q), 67.6 (t), 108.1 (d), 117.6
(d), 118.3 (d), 121.6 (s), 122.3 (s), 125.6 (d, 2C, 128.3 (d,
2C), 128.4 (d), 128.5 (s), 128.6 (d, 2C), 132.0 (d, 2C), 135.8
(s), 149.4 (s), 153.8 (s), 154.8 (s), 165.3 (s). IR (neat): n =
3342, 3065, 2953, 1895, 1693, 1643, 1566, 1524, 1471, 1366, 1282,
1233, 1132, 1067, 995, 962, 910, 858, 819, 779, 759, 696 cm'. M
(El (+), 70 eV): mz (%: 457 (20)[®Br-M], 455 (20)[’°Br-M], 349
(35), 347 (35), 322 (24), 320 (24), 262 (48), 260 (48), 91 (100).
CooHhsBr NOs (456.29): calcd. C 57.91, H 3.98, N 3.07; found 57.69, H
4.01, N 3.00.

Met hyl (22)-2-{[ (Benzyl oxy) car bonyl ] am no} - 3- furan- 3-vyl acryl ate
(15h):!"" As described in GP 1, KQBu (1.68 g, 15.0 nmol) in
di chl oromet hane (5 nL), 14 (4.97 g, 15.0 nmmol) in dichl oromet hane
(25 nL) and furan- 3-carbal dehyde 13h (1.77 nL, 1.86 g, 15.0 mmol)
in dichl oromethane (10 nlL) furnished pure 15h (2.89 g, 9.60 mmol,
63% as colourless solid after recrystallisation fromEtOAc. H NWVR
([ Ds] DMSO, 300 MHz): d = 3.69 (s, 3H), 5.09 (s, 2H), 6.74 (s, 1H),
7.25-7.45 (m 6 H), 7.74 (s, 1H), 8.09 (s, 1H), 9.00 (s, 1H).

Met hyl (2R -(-)-2-[(Benzyl oxy) car bonyl am no] - 3- f uran- 3-
yl propanoate (16a):!”7 As described in GP 2, 15a (1.00 g,
3.32 mol), [Rh(nbd);]BF; (12.4 ng, 33.2 pnol) and MandyPhos(Owe)
22 (35.0 ng, 33.2 pnol) in 30 mL MeOH/ tol uene are converted for



5.5h with 5 bars hydrogen pressure. Colum chronatography on
silica gel (hexanes/EtOAc, 2/1) furnished pure 16a (977 ng,
3.22 mol, 97% as light yellow oil. R (hexanes/EtQAc, 3/1) =
0.56. HPLC. 98% ee, Chiralcel OD (eluent: hexane/'PrOH 9/1; flow
1 m/mn; tenperature: 25 °C). Retention time: (+)-enantiomner:
7.43 nmin, (-)-enantiomer: 9.97 min. [a]®=-47.5 (98% ee, c=1.20,
CHC 3). *H NMR (CDCl3, 300 MHz): d = 3.11-3.19 (m 2H), 3.75 (s,
3H), 4.61-4.68 (m 1H), 5.11 (s, 2H), 5.40 (br d, J = 7.6 Hz, 1H),
6.06 (dd, J = 0.6 Hz, J = 3.1 Hz, 1H), 6.27 (dd, J = 1.8 Hz, J =
3.1 Hz, 1H), 7.30 (dd, J = 1.8 Hz, 0.6 Hz, 1H), 7.34-7.36 (m 5H).

Met hyl (2R -(-)- 2- Benzyl oxycar bonyl am no- 3- ( 5- net hyl f ur an- 2-
yl ) propanoate (16b): As described in GP 2, 15b (3.02 g,
9.57 mmol), [Rh(nbd),]BF; (35.8 ng, 95.7 unol) and MandyPhos(Owe)
22 (101 ng, 95.7 punol) in 90 nL MeOH/ toluene are converted for
16.5 h with 5 bars hydrogen pressure. Colum chronmatography on
silica gel (hexanes/EtOAc, 6/1) furnished pure 16b (2.98 g,
9.38 mmol, 98% as light yellow oil. R (hexanes/EtQAc, 1/1) =
0.67. HPLC. 96% ee, Chiralcel OD (eluent: hexane/'PrOH 9/1; flow
1 m/mn; tenperature: 25 °C). Retention tinme: (+)-enantioner:

6.63 nmin, (-)-enantiomer: 8.47 min. [a]¥=-48.3 (96% ee, c=1.17,

CHC 3). *H NMR (CDCl3, 500 MHz): d = 2.21 (s, 3H), 3.05-3.16 (m
2H), 3.75 (s, 3H), 4.60-4.63 (m 1H), 5.01-5.14 (m 2H), 5.41 (br
d J =80 Hz 1H, 5.83 (dd, J = 0.9 Hz, 3.1 Hz, 1H), 5.94 (d, J
= 3.1 Hz, 1H), 7.30-7.38 (m 5H. ¥C NWR (CDCl3, 125.8 MHz): d =
13.44 (q), 30.89 (t), 52.36 (q), 53.13 (d), 66.93 (t), 106.12 (d),
108.70 (d), 128.03 (d, 2C), 128.10 (d), 128.46 (d, 2C), 148.03
(s), 151.73 (s), 155.64 (s), 162.38 (s), 171.65 (s). IR (neat): n
= 3368, 2953, 2352, 1960, 1726, 1516, 1437, 1344, 1214, 1063, 889,
631 cm® MS (EI (+), 70 eV): mz (%: 317 (1.6)[M], 166 (61), 95
(100). Ci7HioNG (317.34): calcd. C 64.34, H 6.03, N4.41; found C
64.50, H 6.11, N 4.39. Racem c: As described in G° 2, 15b (937 g,
2.97 mmol) and Rhd (PPhs)s (275 ng, 297 pnol) in 40 nL MeOH tol uene
are converted for 24 h with 5 bars hydrogen pressure. Columm
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chromat ography on silica gel (hexanes/EtOAc, 5/1) furnished pure
(+)-16b (867 nmy, 2.73 mmol, 92% as light yellow oil.

Met hyl (2R)- (-)-2-Benzyl oxycar bonyl am no- 3- (5- et hyl f ur an- 2-
yl ) propanoate (16c¢): As described in G 2, 15¢ (849 nmy,
2.58 mol ), [Rh(nbd),]BFs (9.60 ng, 25.8 pnol) and MandyPhos(Owe)
22 (27.1 ng, 25.8 pnol) in 25 nmL MeOH/ tol uene are converted for
17.5 h wth 5 bars hydrogen pressure. Colum chromatography on
silica gel (hexanes/EtOAc, 6/1) furnished pure 16c (756 ng,
2.28 mmol, 88% as light yellow oil. R (hexanes/EtQAc, 1/1) =
0.64. HPLC: 95% ee, Chiralcel OD (eluent: hexane/'PrOH 95/5; flow
1 m/mn; tenperature: 25 °C). Retention time: (+)-enantiomner:
8.15 nin, (-)-enantiomer: 11.75 min. [a]®=-57.6 (95% ee, c=1.05,
CHA 3). 'H NWR (CDCl3, 500 MHz): d = 1.18 (t, J = 7.5 Hz, 3H), 2.57
(g, J =7.5 Hz, 2H), 3.11 (dd, J = 15.2 Hz, 5.2 Hz, 1H), 3.15 (dd,
J =15.2 Hz, 5.3 Hz, 1H), 3.75 (s, 3H), 4.62 (app. dt, J = 8.3 Hz,
5.3 Hz, 1H), 5.10 (d, J = 12.4 Hz, 1H), 5.13 (d, J = 12.4 Hz, 1H),
5.42 (d, J = 8.0 Hz, 1H), 5.84 (d, J = 2.9 Hz, 1H), 5.95 (d, J =
2.9 Hz, 1H), 7.29-7.40 (m 5H). '3C N\R (CDO 3 125.8 MHz): d = 12.0
(g), 21.3 (t), 30.9 (t), 52.4 (d), 53.2 (qg), 67.0 (t), 104.6 (d),
108.5 (d), 128.0 (d, 20, 128.1 (d), 128.5 (d, 2C, 136.3 (s),
148.0 (s), 155.7 (s), 157.5 (s), 171.7 (s). IR (neat): n = 3340,
2970, 1720, 1509, 1454, 1437, 1343, 1207, 1178, 1057, 1025 cm!. Ms
(Bl (+), 70 eV): mz (%: 331 (3)[M], 180 (56), 109 (100), 91
(46), 28 (17), 18 (28). GCgHuNG (331.36): calcd. C 65.24, H 6.39,
N 4.23; found C 65.26, H 6.40, N 4.11.

Met hyl (2R)- (-) -2- Benzyl oxycar bonyl am no- 3- ( 4, 5- di et hyl f ur an- 2-
yl ) propanoate (16d): As described in GP 2, 15d (1.00 g,
3.04 mol), [Rh(nbd),]BF;s (10.0 ngy, 30.4 pnol) and MandyPhos(Owe)
22 (32.0 ng, 30.4 pnol) in 30 nmL MeOH/ tol uene are converted for
64 h with 5 bars hydrogen pressure. Colum chromatography on
silica gel (hexanes/EtOAc, 6/1) furnished pure 16d (830 ng,
2.50 mol, 82% as yellow oil. R (hexanes/EtQAc, 1/1) = 0.64.
HPLC: 87% ee, Chiralcel OD (eluent: hexane/'ProH 9/1; flow
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1 mb/mn; tenperature: 25 °C). Retention tinme: (+)-enantioner:
6.28 nin, (-)-enantiomer: 7.88 min. [a]¥=-40.6 (87% ee, c=1.04,

CHC 3). *H NWMR (CDCl3, 500 MHz): d = 1.86 (s, 3H), 2.11 (s, 3H),
3.04 (dd, J = 15.2 Hz, 5.2 Hz, 1H), 3.10 (dd, J = 15.2 Hz, 5.4 Hz,
1H), 3.75 (s, 3H), 4.59 (app. dt, actual ddd, J = 8.1 Hz, 5.4 Hz,
5.2 Hz 1H), 5.10 (d, J = 12.4 Hz, 1H), 5.13 (d, J = 12.4 Hz, 1H),
5.39 (d, J = 8.1 Hz, 1H), 5.82 (s, 1H), 7.28-7.40 (m 5H). °C NWR
(CDCl3, 125.8 MHz): d = 9.8 (q), 11.2 (q), 30.8 (t), 52.4 (q), 53.1
(d), 66.9 (t), 111.2 (d), 114.5 (s), 128.0 (d, 20, 128.1 (d),
128.5 (d, 2C), 136.3 (s), 146.7 (s), 146.9 (s), 155.7 (s), 171.7
(s). IR (neat): n = 3342, 2950, 1723, 1511, 1437, 1345, 1212,
1058, 1027, 902, 698, 631 cm!. M (El (+), 70 eV): mz (%: 331
(4)[M], 180 (4), 110 (9), 109 (100), 91 (34), 43 (12). GCigHiNGs
(331.36): calcd. C 65.24, H6.39, N 4.23; found C 65.09, H 6.44, N
4.15.

Met hyl (2R) -(-) - 2- Benzyl oxycar bonyl am no- 3-[(5-tert -
but yl di met hyl si |l yl)furan-2-yl]propanoate (16e): As described in GP
2, 15e (2.01 g, 4.83 mmol), [Rh(nbd)2]BFs (9.0 ngy, 24.2 pnol) and
MandyPhos(Owe) 22 (25.4 ng, 24.2 upnol) in 50 nL MeOH tol uene are
converted for 120 h with 5 bars hydrogen pressure. Colum
chromat ography on silica gel (hexanes/EtOAc, 6/1) furnished pure
16e (2.01 g, 4.82 mmol, 99% as colourless viscous oil. R
(hexanes/EtQAc, 1/1) = 0.63. HPLC. 80% ee, Chiralcel OD (eluent:
hexane/ "PrOH: 96/4; flow 1 ml/nin; tenperature: 25 °C). Retention
time: (+)-enantioner: 6.35 min, (-)-enantioner: 8.45 min. [a]3=-
27.9 (80% ee, c¢=1.07, CHO3). *H NWR (CDCl3, 250 MHz): d = 0.20 (s,
6H), 0.90 (s, 9H), 3.11-3.31 (br m 2H), 3.73 (s, 3H), 4.61-4.68
(m 1H), 5.11 (s, 2H), 5.42 (br d, J = 8.1 Hz, 1H), 6.06 (d, J =
3.1 Hz, 1H), 6.52 (d, J = 3.1 Hz, 1H), 7.30-7.36 (m 5H). 3C NWR
(CDCl3, 62.9 MHz): d = -6.46 (q), -6.39 (q), 16.70 (s), 26.25 (q,
30, 30.79 (t), 52.38 (q), 53.04 (d), 66.88 (t), 107.99 (d),
121.59 (d), 127.94 (d, 2C), 128.06 (d), 128.43 (d, 2C), 136.23 (s)
154.21 (s), 155.60 (s), 158.66 (s), 171.48 (s). IR (neat): n =
3302, 2941, 2892, 2856, 1726, 1698, 1540, 1503, 1443, 1328, 1256,
12



1216, 1051, 1007, 928, 825, 771, 685, 630 cnmil. MS (El (+), 70 eV):
mz (%: 417 (4)[M], 360 (10), 316 (28), 266 (74), 209 (30), 195
(40), 91 (100). CxpHyNOsSIi (417.57): calcd. C 63.28, H 7.48, N
3.35; found C 63.27, H 7.52, N 3.30.

Met hyl (2R)- (-)-2-Benzyl oxycar bonyl am no- 3-[ 5- ( 3-
trifluoronethyl phenyl)furan-2-yl]propanoate (16f): As described in
GP 2, 15f (21.00 g, 2.25 mmol), [Rh(nbd) ] BFs; (8.4 ng, 22.5 unol)
and MandyPhos(Owe) 22 (23.6 ng, 22.5 pnol) in 25 nL MeOH/t ol uene
are converted for 18 h with 5 bars hydrogen pressure. Colum
chromat ography on silica gel (hexanes/EtOAc, 6/1) furnished pure
16f (369 ng, 820 pnmol, 37% as colourless viscous oil. M. 83-
84 °C. R (hexanes/EtQAc, 1/1) = 0.66. HPLC. 87% ee, Chiralcel OD
(eluent: hexane/'PrOH 96/4; flow 1 nlL/nin; tenperature: 25 °C).
Ret enti on tinme: (+) -enanti omer: 5.45 mn, (-)-enanti oner:
6.47 min. [a]®=-73.6 (87%ee, c=1.02, CHO3). One recrystallisation
af forded 92% ee: [a]®=-85.5 (92% ee, c=1.027, CHO3). H NMR (CDd 3,

300 MHz): d = 3.28 (d, J = 5.2 Hz, 2H), 3.80 (s, 3H), 4.70 (dt, J =
5.2 Hz, 7.9 Hz, 1H), 5.11 (s, 2H), 5.44 (d, J = 7.9 Hz, 1H), 6.19
(d, J = 3.3 Hz, 1H), 6.62 (d, J = 3.3 Hz, 1H), 7.27-7.38 (m 5H),
7.44-7.51 (m 2H), 7.70-7.75 (m 1H), 7.81 (s, 1H). 3C NWR (CDCl 3,
62.9 MHz): d = 31.1 (t), 52.6 (qg), 53.0 (d), 67.1 (t), 107.1 (d),
110.5 (d), 120.2 (dq, 3Jce = 3.8 Hz), 124.1 (sq, e = 272.5 Hz),
123.7 (dq, 3Jc = 3.8 Hz), 126.5 (d), 128.1 (d, 20, 128.2 (d),
128.5 (d, 2C), 129.2 (d), 131.2 (sq, 2Jg = 32.3 Hz), 131.4 (s),
136.2 (s), 150.1 (s), 152.1 (s), 155.6 (s), 171.5 (s). IR (neat):
n = 3325, 1745, 1682, 1339, 1302, 1267, 1202, 1155, 1111, 1075,
1023, 960, 934, 895, 853, 784, 753, 693 cm’ M (El (+), 70 eV):
mz (%: 447 (5)[M], 324 (7), 296 (61), 242 (10), 225 (100), 173
(7), 91 (32). HRVWS (ElI, 70eV): GsHoFsNG cal cd. 447.1294; found
447. 1294,

Met hyl (2R) -(-)- 2- Benzyl oxycar bonyl am no- 3-[ (5- ( 3-
trifluoromethyl phenyl)furan-2-yl]propanoate (16h):!"1 As described
in G 2, 15h  (1.00 g, 3.32 mol ), [ Rh(nbd),] BFs (12.4 nyg,
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33.2 unol) and WMandyPhos(Owe) 22 (35.0 ng, 33.2 punol) in 30 nL
MeOH tol uene are converted for 14.5 h wth 5 bars hydrogen
pressure. Columm chromat ography on silica gel (hexanes/EtOAc, 6/1)
furnished pure 16h (853 ng, 2.81 mmol, 85% as yellow oil. R
(hexanes/Et QAc, 1/1) = 0.56. HPLC. 93% ee, Chiralcel OD (eluent:
hexane/ 'PrOH: 9/1; flow 1 ml/min; tenperature: 25 °C). Retention
time: (+)-enantioner: 7.80 min, (-)-enantioner: 9.68 min. [a]d=-
38.6 (93% ee, c=1.04, CHd3). H NWR ([Ds]DMSO, 300 MHz): d = 2.71
(dd, J = 14.5 Hz, 9.7 Hz, 1H), 2.85 (dd, J = 14.5 Hz, 5.1 Hz, 1H),
3.63 (s, 3H), 4.20 (app. dt, actual ddd, J = 9.7 Hz, 7.9 Hz, 5.1
Hz, 1H), 5.01 (s, 2H), 6.40 (s, 1H), 7.27-7.40 (m 5H), 7.46 (s,
1H), 7.55 (s, 1H), 7.82 (d, J = 7.9 Hz, 1H).

Met hyl (2R)-(-)-2-{[ (4-Bronophenyl ) sul fonyl ] am no} - 3- ( 2-
furyl)propanoate (23a): As described in G 3, furyl alanine 16a
(934 ng, 3.08 mmol), Pd/C (50 ng) and cyclohexene (6.50 nL) in
MeOH (20 nL) furnished the crude amine. Triethylamne (229 L,
166 ng, 1.64 mol), 4- br onobenzenesul f onyl chloride (307 ny,
1.20 mol) in di chl or onet hane (5 m) furni shed t he pure
sul fonam de 23a (262 ng, 674 unol, 24% after chromatography on
silica gel (hexanes/DCM 1/1) as colourless solid. M. 95-97 °C. R
(hexanes/DCM 1/1) = 0.09. [a]®=-13.04 (c=1.00, CHO3). 'H NWR
(CDCl3, 500 MHz): d = 3.07 (dd, J = 15.1 Hz, 5.4 Hz, 1H), 3.11 (dd,
J =15.1 Hz, 5.9 Hz, 1H), 3.58 (s, 3H), 4.23 (ddd, J = 9.1 Hz, 5.9
Hz, 5.4 Hz, 1H), 5.36 (d, J = 9.1 Hz, 1H), 6.06 (d, J = 3.2 Hz,
1H), 6.24 (dd, J = 3.2 Hz, 1.9 Hz, 1H), 7.25 (d, J = 1.9 Hz, 1H),
7.60 (d, J = 8.7 Hz, 2H), 7.66 (d, J = 8.7 Hz, 2H). 3C NMR (CDd 3,
125.8 MHz): d = 32.0 (t), 52.7 (q), 54.7 (d), 108.5 (d), 110.4 (d),
127.7 (s), 128.7 (d, 20, 132.2 (d, 2C), 138.9 (s), 142.3 (d),
149.0 (s), 170.7 (s). IR (neat): n = 3277, 1747, 1610, 1323, 1151,
1107, 1086, 1069, 1008, 938, 839, 737 cm!. M5 (El (+), 70 eV): mz
(%9: 386 (1)[M], 220 (29), 152 (100), 81 (59). CuH4BrNGS
(388.23): calcd. C 43.31, H3.63, N3.61; found C 43.38, H 3.63, N
3.61.
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Met hyl (+)-(2R)-[ (4-Bronmobenzenesul fonyl ) - prop- 2- ynyl - am no] - 3-
furan-2-yl -propanoate (24a): As described in GP 4, sul fonam de 23a
(109 ng, 282 pnol), caesium carbonate (275 ng, 845 pnol) and
propargyl bromde (80 wt% solution in toluene) (73 pL, 101 ng,
845 unmol) in acetone (5 nmL) furnished propargylated sulfonam de
24a (102 ngy, 239 pnol, 85% after columm chromatography on silica
gel (hexanes/EtOAc, 5/1) as light yellow solid. M. 53-55°C. R
(hexanes/ Et OAc, 5/1) = 0.23. [a]®=+52.73 (c=1.05, CHd3). 'H NWR
(CDCl3, 500 MHz): d = 2.18 (t, J = 2.5 Hz, 1H), 3.14 (dd, J = 15.5
Hz, 8.8 Hz, 1H), 3.35 (dd, J = 15.5 Hz, 6.4 Hz, 1H), 3.61 (s, 3H),
4.13 (dd, J = 18.7 Hz, 2.5 Hz, 1H), 4.25 (dd, J = 18.7 Hz, 2.5 Hz,
1H), 4.91 (dd, J = 8.8 Hz, 6.4 Hz, 1H), 6.09 (dd, J 3.2 Hz, 0.8
Hz, 1H), 6.24 (dd, J = 3.2 Hz, 0.8 Hz, 1H), 7.27 (dd, J = 1.8 Hz,
0.8 Hz, 1H), 7.56 (d, J = 8.8 Hz, 2H), 7.62 (d, J = 8.8 Hz, 2H).
3¢ NMR (CDCl3, 125.8 MHz): d = 29.0 (t), 34.4 (t), 52.5 (q), 58.6
(d), 73.5 (d), 78.3 (s), 108.3 (d), 110.6 (d), 127.8 (s), 129.5
(d, 2C, 132.1 (d, 20, 139.1 (s), 142.0 (d), 150.0 (s), 170.2
(s). IR (film: n = 3280, 3088, 2951, 1776, 1574, 1435, 1351,
1277, 1223, 1160, 1092, 1068, 1009, 904, 883, 822 cml M (O (+),
70eV): mz (%: 445 (100)[%Br-M + NH', 443 (98)[Br-M + NH,],
428 (6)[%Br-M], 426 (6)[’°Br-M], 346 (18), 344 (17), 152 (44).
Ci7HisBr NOsS (426.28): calcd. C 47.90, H 3.78, N 3.29; found C
47.83, H 3.84, 3.25.

(+)- Met hyl (3R) - 2-[ (4-Bronophenyl ) sul fonyl ] - 8- hydroxy-1, 2,3, 4-
t et rahydr oi soqui nol i ne- 3- car boxyl ate (25aa) and (+)-Methyl (3R)-2-
[ (4- Bronmophenyl ) sul fonyl ] -7-hydroxy-1, 2, 3, 4-

t et rahydr oi soqui nol i ne- 3- car boxyl ate (25ab): As described in GP 9,
al kyne 24a (81.4 ng, 191 pnol) and [p—C (AuPMes3).] BFs (2.50 ng,

1.91 prol) in CDCl3 (600 pL) furnished phenol 25aa (23.1 ng,

54.2 unmol, 28% as light yellow solid and phenol 25ab 15.9 ng,

37.0 pnmol, 20% as yellow oil after columm chromatography on
silica gel (hexanes/ Et OAc, 5/1). 25aa: Mp. 63- 65°C. R
(hexanes/ Et OAc, 3/1) = 0.26. [a]®=+28.86 (c=0.14, CHd3). 'H NWR
(CDCl3, 250 MHz): d = 3.20 (br s, 1H), 3.22 (br s, 1H), 3.46 (s,
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3H), 4.30 (d, J = 16.1 Hz, 1H), 4.74 (d, J = 16.1 Hz, 1H), 5.04
(dd, J = 4.7 Hz, 3.9 Hz, 1H), 5.21 (br s, 1H), 6.57 (d, J = 8.0
Hz, 1H), 6.67 (d, J = 7.6 Hz, 1H), 7.01 (app. t, J = 7.8 Hz
(actual dd, only nean coupling constant), 1H), 7.64 (d, J = 8.7
Hz, 2H), 7.74 (d, J = 8.7 Hz, 2H). 3C NWR (CDO3, 62.9 MHz): d =
31.76 (t), 40.41 (t), 52.34 (d), 53.71 (q), 112.92 (d), 118.42
(s), 121.01 (d), 127.45 (d), 127.66 (s), 128.93 (d, 20C), 132.14
(d, 20, 137.99 (s), 151.77 (s), 170.45 (s) [1C (s) not
detected!]. IR (neat): n = 3414, 3091, 2954, 1735, 1585, 1466,
1440, 1385, 1327, 1277, 1208, 1155, 1095, 1063, 1005, 964, 874,
826, 779, 748, 704, 650, 596 cml. MsS (C (+)): mMz (%: 428
(45)[®'Br-M +H, 426 (48)[ ®Br-M + H + B8Br-M], 424 (7)["°Br-M],
368 (69), 366 (66), 206 (100). HRVB (Cl (+)): CistheBrNOsS: [ °Br-M -
H * cal cd. 423.9855; found 423.9844. 25ab: R (hexanes/EtQAc, 3/1)
= 0.21. [a]®=+13.08 (c=0.13, CHC3). 'H NMR (CDCl 3 500 MHz): d =
3.10-3.15 (m 2H), 3.48 (s, 3H), 4.40 (d, J = 15.4 Hz, 1H), 4.64
(d, J = 15.4 Hz, 1H), 4.85 (br s, 1H), 4.98 (dd, J = 5.3 Hz, 3.6
Hz, 1H), 6.50 (d, J = 2.7 Hz, 1H), 6.64 (dd, J = 8.3 Hz, 2.7 Hz,
1H), 6.95 (d, J = 8.3 Hz, 1H), 7.64 (d, J = 8.7 Hz, 2H), 7.70 (d,
J = 8.7 Hz, 2H). C NWR (CDO 3, 125.8 Miz): d = 31.18 (t), 44.46
(t), 52.37 (q), 54.19 (d), 112.47 (d), 114.60 (d), 121.10 (s),
122.58 (s), 127.77 (s), 128.85 (d, 2C), 130.01 (d), 132.20 (d,
2C), 137.99 (s), 154.45 (s), 170.62 (s). IR (film: n = 3434,
2952, 1739, 1623, 1574, 1508, 1444, 1384, 1345, 1284, 1208, 1161,
1093, 1059, 1010, 946, 910, 822, 751, 648, 603 cml. M5 (C (+)):
mz (%: 428 (22)[¥Br-M + H, 426 (27)["°Br-M + H + 8Br-M], 424
(7)[ ®Br-M], 368 (32), 366 (30), 206 (100), 204 (43). HRVS (C
(+)): Ci7HeBrNGS: [®Br-M - H]* cal cd. 423.9855; found 423.9837.

Met hyl (2R -(-)-2-{[ (4- Bronmophenyl ) sul fonyl ] am no}- 3- ( 5- net hyl - 2-
furyl)propanoate (23b): As described in GP 3, furyl alanine 16b
(.25 g, 3.95 nmol), Pd/C (50 ng) and cyclohexene (8.30 n.) in
MeOH (25 nL) furnished the crude amne. Triethylamne (830 pL,
599 ny, 5.92 mmol ), 4- br onobenzenesul f onyl chloride (1.11 g,
4. 34 nmol) in dichloronmethane (25 nl) furnished the pure
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sul fonamde 23b (1.22 g, 3.04 mmol, 77% after chromatography on
silica gel (hexanes/EtOAc/DCM 5/1/1) as colourless solid. M. 92-
93 °C. R (hexanes/EtOAc/DCM 5/1/1) = 0.24. [a]?¥=-8.61 (c=1.00,
CHA 3). 'H NWR (CDCl3, 500 MHz): d = 2.17 (d, J = 1.0 Hz, 3H), 2.99
(dd, J = 15.1 Hz, 5.6 Hz, 1H), 3.04 (dd, J = 15.1 Hz, 6.1 Hz, 1H),
3.59 (s, 3H), 4.20 (ddd, J = 9.1 Hz, 6.1 Hz, 5.6 Hz, 1H), 5.37 (d,
J =9.1 Hz, 1H), 5.80 (dd, J = 3.1 Hz, 1.0 Hz, 1H), 5.92 (d, J =
3.1 Hz, 1H), 7.60 (d, J = 8.8 Hz, 2H), 7.65 (d, J = 8.8 Hz, 2H).
13C N\R (CDCl3, 125.8 MHz): d = 13.4 (q), 32.0 (t), 52.6 (q), 54.9
(d), 106.2 (d), 109.3 (d), 127.7 (s), 128.7 (d, 2C, 132.2 (d,
2C), 139.0 (s), 147.0 (s), 151.9 (s), 170.9 (s). IR (neat): n =
3281, 3089, 2960, 1724, 1574, 1473, 1427, 1343, 1316, 1271, 1241,
1162, 1090, 1069, 1029, 969, 910, 829 cm!. MS (El (+), 70 eV): mz
(%9: 401 (2)[M - H], 166 (12), 96 (9), 95 (100), 43 (5).
CisHigBr NOsS (402.26): calcd. C 44.79, H 4.01, N 3.48; found C
44.83, H 4.04, N 3.42.

Racem c: As described in GP 3, furyl alanine (%)-16b (1.20 g,
3.78 mmol), Pd/C (190 ng) and cyclohexene (8.00 nm) in MOH
(50 nL) furnished the crude am ne. Triethylamne (800 pyL, 577 nuy,
5.70 mmol ), 4-bronobenzenesul fonyl chloride (1.07 g, 4.18 muol) in
di chl oronethane (25 nlL) furnished the pure sulfonamde (%)-23b
(1.18 g, 2.93 mmol, 78% after chromatography on silica gel
(hexanes/ Et OAc, 4/1) as colourless solid.

Met hyl (R)-(+)-2-[ (4-Bronobenzenesul f onyl ) prop- 2- ynyl am no] - 3- (5-
met hyl f uran- 2-yl ) propanoate (24b): As described in GP 4,
sul fonam de 23b (208 ng, 518 pnol), caesium carbonate (463 ng,
1.42 mol) and propargylbromde (80 wt% solution in toluene)
(158 pL, 169 ny, 1.42 mol) in acetone (25 nl) f ur ni shed
propar gyl ated sul fonam de 24b (153 nmg, 347 pnol, 67% after colum
chromat ography on silica gel (hexanes/EtOAc, 10/1) as light yellow
oil. R (hexanes/EtQOAc, 5/1) = 0.21. [a]®=+31.41 (c=1.07, CHC3). *H
NVR (CDCl 3, 500 MHz): d = 2.18 (m 4H), 3.06 (dd, J = 15.4 Hz,
8.9 Hz, 1H), 3.28 (dd, J = 15.4 Hz, 6.2 Hz, 1H), 3.62 (s, 3H),
4.13 (dd, J = 18.8 Hz, 2.5 Hz, 1H), 4.25 (dd, J = 18.8 Hz, 2.5 Hz,
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1H), 4.86 (dd, J = 8.9 Hz, 6.2 Hz, 1H), 5.79 (d, J = 3.1 Hz, 1H),
5.94 (d, J = 3.1 Hz, 1H), 7.54 (d, J = 8.7 Hz, 2H), 7.61 (d, J =
8.7 Hz, 2H). 'H NWR (CD:CN, 300 MHz): d = 2.17 (s, 3H), 2.61 (app.
t, J = 2.5 Hz, 1H), 3.07 (dd, J = 15.6 Hz, 9.6 Hz, 1H), 3.23 (dd,
J =15.6 Hz, 5.5 Hz, 1H), 3.55 (s, 3H), 4.11 (dd, J = 18.8 Hz, 2.5
Hz, 1H), 4.21 (dd, J = 18.8 Hz, 2.5 Hz, 1H), 4.81 (dd, J = 9.6 Hz,
5.5 Hz, 1H), 5.84 (d, J = 3.0 Hz, 1H), 5.99 (d, J = 3.0 Hz, 1H),
7.61 (d, J = 8.7 Hz, 2H), 7.66 (d, J = 8.7 Hz, 2H). ¥C NWR (CDQ 3,
125.8 MHz): d = 13.4(q), 28.8 (t), 34.2 (t), 52.2 (q), 58.6 (d),
73.2 (d), 78.3 (s), 106.2 (d), 108.8 (d), 127.5 (s), 129.0 (d,
2C), 131.8 (d, 2C), 139.0 (s), 147.8 (s), 151.3 (s), 170.2 (s). IR
(film: n = 3281, 2951, 1739, 1573, 1472, 1435, 1389, 1343, 1276,
1252, 1214, 1158, 1091, 1068, 1008, 903, 878, 822, 786, 740 cm'.
MS (EI (+), 70 eV): mz (%: 441 (2)[®Br-M], 439 (2)["°Br-M], 346
(8), 344 (7), 221 (7), 219 (6), 166 (38), 124 (8), 96 (11), 95
(100), 66 (7), 43 (8), 28 (15). HRVS (EI (+), 70 eV): GsgHig °Br NOsS:
cal cd. 439.0089; found 439. 0089.

Racem c: As described in GP 4, sulfonamde (%)-23b (400 ny,

994 unol ), caesi um car bonate (972 ny, 2.98 mmol ) and
propargyl brom de (80 w% solution in toluene) (331 pL, 355 ngy,
2.98 mol) in acetone (20 nL) furnished propargylated sul fonam de
(x)-24b (319 ng, 725 pnol, 73% after colum chromatography on
silica gel (hexanes/EtOAc, 10/1) as light yellow oil.

(+)- Met hyl (3R)- 2-[ (4- Bronophenyl ) sul fonyl ]-8-hydr oxy- 7- et hyl -
1, 2, 3, 4-tetrahydroi soqui nol i ne-3-carboxylate (25b): As described
in GP 9, alkyne 24b (82.6 ng, 188 pnol) and [p—C (AuPPhj3) 2] BF,4
(9.80 ng, 9.38 punol) in CDCl3 (600 pL) furnished phenol 25b

(53.1 nyg, 117 punol , 62% as yellow solid after col um
chromat ography on silica gel (hexanes/EtOAc/DCM 5/1/1). WM. 54-
55 °C. R (hexanes/EtQAc/DCM 5/1/1) = 0.23. HPLC 94% ee,

Chiralcel OD-H 5u (eluent: hexane/ Et OH. gradient 15-50% EtCH;, flow

1 m/mn; tenperature: 25 °C). Retention tine: (+)-enantioner:
5.19 nin, (-)-enantioner: 8.11 min. [a]¥=+11.72 (94% ee, c=0.13,
CHCl 3). *H NWR (CDOl3, 500 MHz): d = 2.18 (s, 3H), 3.18 (app. d, J =
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3.4 Hz, 2H), 3.46 (s, 3H), 4.33 (d, J = 16.0 Hz, 1H), 4.74 (d, J
16.0 Hz, 1H), 4.76 (br s 1H), 5.02 (dd, J = 5.0 Hz, 3.7 Hz, 1H),
6.61 (d, J = 7.7 Hz, 1H), 6.92 (d, J = 7.7 Hz, 1H), 7.63 (d, J
8.6 Hz, 2H), 7.73 (d, J = 8.6 Hz, 2H). H NWR (GDs, 300 Mt): d =
1.56 (s, 3H), 2.83 (s, 3H), 2.88 (dd, J = 16.0 Hz, 6.2 Hz, 1H),
3.01 (dd, J = 16.0 Hz, 2.3 Hz, 1H), 4.33 (bs, 1H), 4.65 (dd, J =
16.0 Hz, 1.0 Hz, 1H), 5.07 (dd, J = 6.2 Hz, 2.3 Hz, 1H), 5.09 (d,
J =16.0 Hz, 1H), 6.38 (d, J = 7.7 Hz, 1H), 6.62 (dd, J = 7.7 Hz,
0.6 Hz, 1H), 6.99 (d, J = 8.7 Hz, 2H), 7.48 (d, J = 8.7 Hz, 2H).
13C N\R (CDCl3, 125.8 MHz): d = 15.19 (q), 31.62 (t), 40.65 (t),
52.28 (q), 53.74 (d), 106.58 (s), 118.16 (s), 120.18 (s), 120.68
(d), 127.56 (d), 128.92 (d, 2C, 129.79 (d), 132.11 (d, 20,
138.18 (s), 149.98 (s), 170.46 (s). IR (neat): n = 3489, 2953,
1740, 1578, 1466, 1438, 1384, 1334, 1160, 1100, 1074, 1043, 1011,
966, 910, 867, 756 cm Ms (Cl (-)): mz (%: 441 (100)[%Br-MT],
441 (97)[Br-M], 221 (71), 219 (70). HRMS (Cl (-)): GgHig®'Br NOsS:
cal cd. 441.0069; found 441.0064; GCigHis’®BrNOsS: calcd. 439.0089;
found 439. 0079.

Racem c: As described in GP 9, alkyne (%)-24b (30.0 ng, 68.1 pnol)
and [p-Cl (AuPPh3)2]BF;s (3.55 ng, 3.41 unmol) in CDO 3 (600 pL)
furni shed phenol (z%)-25b (18.6 ng, 42.2 unol, 62% as yellow solid

after colum chromatography on silica gel (hexanes/EtQAc, 4/1).

(+)-4-Bromo-N-{(1R)-[1- hydroxynet hyl - 2-(5- net hyl - 2-

furyl)ethyl]benzenesul fonam de (26b): As described in GP 5, nethyl
ester 23b (905 ng, 2.25 mmol), DIBALH (1.0 M in hexane) (5.85 nL)
in THF (20 nL) are converted. Addition of MOH (5 nm), 0.5 ™
hydrochloric acid (5 nL) and saturated aqueous potassium sodium
tartrate (5 mL) furnished alcohol 26b (738 ng, 1.97 mmol, 88%

after colum chromatography on silica gel (hexanes/EtOAc/ DCM
10/1/1) as colourless solid. M. 87-88 °C. R (hexanes/EtQAc, 1/1)

= 0.40. [a]®=+18.20 (c=1.00, CHO3). 'H NMR (CDd s 300 Miz): d =
2.14 (s, 3H), 2.31 (br s, 1H), 2.71 (d, J = 6.8 Hz, 2H), 3.46 -
3.53 (m 1H), 3.58 (dd, J = 11.3 Hz, 4.6 Hz, 1H), 3.67 (dd, J =
11.3 Hz, 4.2 Hz, 1H), 5.20 (d, J = 7.4 Hz, 1H), 5.76 (dd, J = 3.0
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Hz, 1.1 Hz, 1H), 5.85 (d, J = 3.0 Hz, 1H), 7.57 (d, J = 9.0 Hz,
2H), 7.62 (d, J = 9.0 Hz, 2H). ¥C NW\R (CDO 3, 125.8 MHz): d = 13.5
(g), 30.2 (t), 54.6 (d), 64.5 (t), 106.2 (d), 108.8 (d), 127.5
(s), 128.5 (d, 20, 132.2 (d, 2C, 139.1 (s), 148.5 (s), 151.6
(s). IR (film: n = 3542, 3304, 3154, 2917, 1572, 1470, 1448,
1415, 1324, 1279, 1242, 1155, 1090, 1067, 1040, 1015, 996, 942,
822, 794, 776, 738 cm!. M5 (El (+), 70 eV): mz (%: 375 (5)[%Br-
M1, 373 (5)[Br-M], 280 (46), 278 (46), 221 (34), 219 (34), 157
(22), 155 (22), 95 (100). HRVMS (EI (+), 70 eV): Cisths'°Br NOS:
cal cd. 372.9983; found 372.9984.

Racemi c: As described in GP 5, nethyl ester (%)-23b (752 ny,
1.87 mmol ), DIBALH (1.0 M in hexane) (4.90 nL) in THF (20 nL) are
converted. Addition of MeOH (5 nL), 0.5 M hydrochloric acid (5 nL)
and saturated aqueous potassium sodium tartrate (5 nlL) furnished
al cohol (x)-26b (611 ny, 1. 63 mmol, 87% after col um
chromat ography on silica gel (hexanes/EtOAc, 3/1) as colourless
solid.

(+)-4-Brono- N {(1R)-2- hydroxy-1-[ (5-net hyl - 2-furyl)net hyl]ethyl}-

N- pr op- 2- ynyl benzenesul fonam de (27b): As described in G 4,
sul fonam de 26b (700 ng, 1.87 mmol), caesium carbonate (1.83 g,
5.61 mmol) and propargylbromde (80 wt% solution in toluene)

(600 pL, 667 ng, 5.61 nmol) in acetone (25 nl) furni shed
propargyl ated sulfonamde 27b (625 ng, 1.51 mmol, 81% after

colum chromatography on silica gel (hexanes/EtQAc, 2/1) as
viscous yellow oil. R (hexanes/EtQOAc, 1/1) = 0.20. [a]d¥=+24.20
(c=3.04, CHCl3). H NWVR (CDO 3, 500 MHz): d = 1.99 (br s, 1H), 2.19
(s, 3H), 2.26 (app. t, J = 2.5 Hz, 1H), 2.77 (dd, J = 15.2 Hz, 6.9
Hz, 1H), 2.84 (dd, J = 15.2 Hz, 7.7 Hz, 1H), 3.72 (dd, J = 12.3
Hz, 4.5 Hz, 1H), 3.77 (dd, J = 12.3 Hz, 7.9 Hz, 1H), 4.08 (dd, J =
18.8 Hz, 2.5 Hz, 1H), 4.21-4.26 (m 1H), 425 (dd, J = 18.8 Hz,
2.5 Hz, 1H), 5.79 (dd, J = 3.0 Hz, 0.9 Hz, 1H), 5.87 (d, J = 3.0
Hz, 1H), 7.57 (d, J = 8.6 Hz, 2H), 7.69 (d, J = 8.6 Hz, 2H. C
NVR (CDCl 3, 125.8 MHz): d = 13.5 (q), 28.3 (t), 32.7 (t), 59.6 (d),
62.9 (t), 73.0 (d), 79.6 (s), 106.2 (d), 108.3 (d), 127.6 (s),
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129.0 (d, 20, 132.0 (d, 2C), 139.3 (s), 148.8 (s), 151.3 (s). IR
(film: n = 3284, 2923, 1572, 1471, 1435, 1388, 1336, 1217, 1095,
1067, 1012, 882, 747 cm'. MS (El (+), 70 eV): mz (%: 413
(7)[%Br-M], 411 (6)[’°Br-M], 318 (100), 316 (98), 221 (31), 220
(30), 156 (40), 155 (41), 95 (73). HRVMS (El (+), 70 eV):
Ci7His’°Br NQiS: cal cd. 411.0140; found 411.0128.

Racemi c: As described in GP 4, sulfonamde (%)-26b (609 ny,
1.63 mmol ), caesi um car bonat e (1.59 g, 4.88 nmol ) and
propargyl brom de (80 w% solution in toluene) (500 pL, 580 ng,

4.88 mmol) in acetone (25 nlL) furnished propargyl ated sul fonam de
(x)-27b (539 ng, 1.31 nmmol, 80% after colum chronmatography on

silica gel (hexanes/EtQOAc, 5/1) as viscous yellow oil.

(-)-(3R)-4-[(4-Bronmophenyl)sul fonyl]-6-nethyl -3-[(5-nethyl -2-

furyl)methyl]-3,4-di hydro-2H-1, 4- oxazine (28b): As described in GP
9, alkyne 27b (11.1 ng, 269 pnol) and gold(lIl) chloride (5 wt% in
CDsCN) (8.20 ng, 1.35 pnol) in CDsCN (600 pL) furnished conpound
28b (11.0 ng, 267 pnol, 99% as colourless solid after colum
chromat ography on silica gel (hexanes/EtQAc, 10/1). M. 99-101°C
Ri (hexanes/EtOAc, 1/1) = 0.77. [a]®=-180.00 (c=0.11, CHd3). 'H NMR

(CDCl3, 500 MHz): d = 1.79 (d, J = 0.8 Hz, 3H), 2.25 (s, 3H), 2.75-
2.84 (m 3H), 3.82 (dd, J = 11.0 Hz, 1.1 Hz, 1H), 3.99-4.04 (m
1H), 5.79 (s, 1H), 5.85 (dd, J = 2.9 Hz, 0.8 Hz, 1H), 5.99 (d, J =
2.9 Hz, 1H), 7.62 (d, J = 8.7 Hz, 2H), 7.65 (d, J = 8.7 Hz, 2H).
3¢ NVMR (CDO3, 125.8 MHz): d = 13.58 (q), 17.72 (q), 29.15 (t),
51.03 (d), 63.67 (t), 97.71 (d), 106.15 (d), 108.60 (d), 127.92
(s), 128.88 (d, 2C), 132.43 (d, 20, 136.15 (s), 140.56 (s),
149.06 (s), 151.45 (s). IR (neat): n = 3097, 2921, 1678, 1570,
1461, 1353, 1301, 1199, 1163, 1072, 1032, 1010, 958, 916, 884,
779, 740, 702, 648 cml. M5 (FAB (+)): mz (%: 413 (100)[%'Br-M],
411 (95)[ °Br-M], 318 (58), 316 (56), 193 (58), 95 (64). HRVS (FAB
(+)): G7Hie®'BrNOsS: cal cd. 413.0119; found 413.0127. G7Hhs' Br NOsS:
calcd. 411.0139; found 411.0138.
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(+)-4-Bromo-N-{(1R)-2-{[tert-butyl (di nethyl)silyl]oxy}-21-[(5-

nmet hyl - 2-furyl ) met hyl ] et hyl } - N-prop-2-ynyl benzenesul f onam de

(29b): As described in G 6, alcohol 27b (288 ng, 700 pnol),
i mdazole (119 ng, 1.75 mmol) and TBDVSCO (127 ng, 839 pnol) in
di methyl formam de (6 nL) furnished protected al cohol 29b (245 ng,
465 pnol , 66% after colum chromatography on silica gel
(hexanes/Et OAc, 10/1) as <colourless solid. M. 54-55°C K
(hexanes/ Et OAc, 5/1) = 0.46. [a]®=+47.30 (c=1.02, CHd3). 'H NWR

(CDCl3, 500 MHz): d = 0.016 (s, 3H), 0.024 (s, 3H), 0.88 (s, 9H,
2.17 (t, J = 2.5 Hz, 1H), 2.19 (s, 3H, 2.80 (dd, J = 15.1 Hz, 6.8
Hz, 1H), 3.06 (dd, J = 15.1 Hz, 8.0 Hz, 1H), 3.74 (dd, J = 10.7
Hz, 4.9 Hz, 1H), 3.79 (dd, J = 10.7 Hz, 4.5 Hz, 1H), 4.11-4.15 (m
1H, 4.27 (dd, J = 18.6 Hz, 2.5 Hz, 1H), 4.31 (dd, J = 18.6 Hz,
2.5 Hz, 1H), 5.79 (dd, J = 3.0 Hz, 1.0 Hz, 1H), 5.85 (d, J = 3.0
Hz, 1H), 7.55 (d, J = 8.6 Hz, 2H), 7.69 (d, J = 8.6 Hz, 2H). cC
NVR (CDCl3, 125.8 MHz): d = -5.7 (q), -5.6 (q), 13.5 (q), 18.2 (s),
25.8 (q, 3¢, 28.1 (t), 33.8 (t), 58.9 (d), 64.5 (t), 72.7 (d),
79.9 (s), 106.1 (d), 108.0 (d), 127.3 (s), 129.0 (d, 2C, 131.9
(d, 20, 139.8 (s), 149.7 (s), 150.9 (s). IR (film: n = 3268,
2931, 2859, 1571, 1466, 1433, 1388, 1258, 1214, 1118, 1091, 1049,
929, 902, 709, 677, 627 cm!. MS (El (+), 70 eV): mz (%: 527
(1)[®Br-M], 525 (1)[ °Br-M], 512 (1), 510 (1), 470 (32), 468
(28), 432 (11), 430 (10), 211 (100). HRMs (EI (+), 70 eV):
Coshs2®'BrNQSSi :  cal cd. 527.0984; found 527.0975; Cyshs2'°Br NQiSSi :
cal cd. 525.1005; found 525.0989.

Racem c: As described in GP 6, al cohol (x)-27b (536 ny,
1.30 mol ), imdazole (230 ng, 3.38 mmol) and TBDVSA (392 ny,
2.60 mol) in dinethyl formamde (3 nL) furnished protected
al cohol (£)-29b (620 ny, 1.18 mol, 91% after col um
chromat ography on silica gel (hexanes/EtOAc, 10/1) as colourless
sol i d.

(-)-(3R)-2-[(4-Bronmophenyl )sul fonyl]-3-({[tert-
butyl (di met hyl)silyl]oxy}nmethyl)-7-nethyl-1, 2, 3, 4-
t et rahydroi soqui nolin-8-ol (30b): As described in GP 9, al kyne 29b
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(87.0 ng, 165 pnol) and [p—C (AuPPh3) ] BFs (1.72 ng, 1.65 pnmol) in
CDA 3 (600 pL) furnished phenol 30b (60.5 ng, 115 pnol, 70% as
colourless solid after colum chromatography on silica gel
(hexanes/Et OAc, 5/1). WM. 138-140 °C. R (hexanes/EtOAc, 5/1) =
0.06. HPLC. 96% ee, Chiralcel OD-H 5u (eluent: isocratic 5% Et OH
in hexane; flow 1 nL/mn; tenperature: 25 °C). Retention tine:
(+)-enantionmer: 4.38 min, (-)-enantioner: 5.33 min. [a]?¥=-5.30 (96%
ee, ¢=0.16, CHd 3. 'H NWR (CDCl 3 500 MHz): d = -0.03 (s, 3H), -
0.02 (s, 3H), 0.84 (s, 9H), 2.17 (s, 3H, 2.74 (dd, J = 15.9 Hz,
6.0 Hz, 1H), 2.81 (dd, J = 15.9 Hz, 3.8 Hz, 1H), 3.50 (dd, J = 9.9
Hz, 8.1 Hz, 1H), 3.65 (dd, J = 9.9 Hz, 5.2 Hz, 1H), 4.14-4.18 (m
1H, 4.20 (d, J = 16.6 Hz, 1H), 4.68 (d, J = 16.6 Hz, 1H), 4.88
(s, 1H), 6.55 (d, J = 7.6 Hz, 1H), 6.89 (d, J = 7.6 Hz, 1H), 7.51
(d, J = 8.6 Hz, 2H), 7.65 (d, J = 8.6 Hz, 2H. ¥C NWR (CDC 3,
125.8 MHz): d = -5.52 (q), -5.48 (q), 15.27 (q), 18.17 (s), 25.79
(g, 3C, 29.05 (t), 40.00 (t), 53.50 (d), 63.42 (t), 118.84 (s),
119.93 (s), 120.85 (d), 127.18 (s), 128.60 (s), 128.93 (d, 20,
131.79 (d), 132.00 (d, 2C), 139.01 (s), 149.67 (s). IR (neat): n =
3475, 2929, 2856, 2360, 1579, 1467, 1387, 1333, 1255, 1159, 1109,
1005, 906, 839, 780, 741, 631 cm® M (FAB(+)): mz (%: 550
(100)[¥Br-M + Na'l, 548 (91)[’°Br-M + Na'l, 527 (13)[®Br-M], 525
(13)["°Br-M], 470 (24), 468 (20), 396 (13), 394 (12), 382 (12),
380 (13). GCusHs2BrNO,SSi (526.56): calcd. C 52.46, H 6.13, N 2.66;
found C 52.48, H 6.10, N 2.61.

Racem c: As described in G 9, alkyne (%)-29b (65.0 ng, 123 pnol)
and [ p-C (AuPPh3)2]BFs (6.40 ng, 6.20 punol) in CDO 3 (600 pL)
furni shed phenol (%)-30b (40.4 ng, 76.7 pnol, 62% as colourless
solid after colum chronmatography on silica gel (hexanes/EtOAc,
5/1).

(-)-Benzyl (1R)-[ 2- (5-nethyl-2-furyl)-1-
(hydroxynet hyl ) et hyl ] carbamate (31b): As described in GP 5, nethyl
ester 16b (750 ng, 2.36 mvl), DIBALH (1.0 ™M in hexane) (6.10 niL)
in THF (30 nL) are converted. Addition of MOH (10 nL), 0.5 ™

hydrochloric acid (10 nL) and saturated aqueous potassium sodium
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tartrate (10 nL) furnished alcohol 31b (552 ng, 1.91 mmol, 81%
after columm chronmat ography on silica gel (hexanes/EtQAc, 10/1) as
colourless solid. M. 42-43°C. R (hexanes/EtQOAc, 3/1) = 0.46.
[a]®¥=-8.32 (¢=0.12, CHd3). *H NMR (CDd 3 500 MHz): d = 2.16 (br s,
1H, 2.23 (s, 3H, 2.8 (d, J = 6.5 Hz, 2H), 3.62 (dd, J = 11.2
Hz, 5.2 Hz, 1H), 3.67 (dd, J = 11.2 Hz, 4.2 Hz, 1H), 3.94-4.00 (m
1H), 5.10 (s, 2H), 5.14 (br s, 1H), 5.85 (dd, J = 3.0 Hz, 0.9 Hz,
1H), 5.96 (d, J = 3.0 Hz, 1H), 7.30-7.38 (m 5H). ¥C NWR (CDd 3,
125.8 MHz): d = 13.5 (qg), 29.8 (t), 52.2 (d), 64.5 (t), 66.8 (t),
106.6 (d), 108.7 (d), 128.0 (d, 20, 128.1 (d), 128.5 (d, 20,
136.4 (s), 149.7 (s), 151.4 (s), 162.4 (s). IR (neat): n = 3314,
2926, 2361, 1688, 1538, 1456, 1426, 1377, 1317, 1270, 1233, 1137,
1085, 1017, 964, 892, 841, 777, 734, 688 cmi'. M5 (El (+), 70 eV):
mz (%: 289 (12)[M], 194 (13), 138 (13), 95 (39), 91 (100). HRVS
(El (+), 70 eV): GeHigNOs: cal cd. 289.1314; found 289. 1315.

(+)- Benzyl (1R -2-(5-nmethyl-2-furyl)-1-({[tert-
butyl (di met hyl ) silyl]oxy}nethyl)ethyl carbamate (32b): As descri bed
in GP 6, alcohol 31b (222 ng, 768 unol), imdazole (131 ny,
1.92 mmol) and TBDMSC (139 ng, 922 pnol) in dinmethyl formam de
(5 m.) furnished protected alcohol 32b (227 ng, 561 pnol, 73%

after columm chromatography on silica gel (hexanes/EtOAc, 5/1) as

light yellow oil. R (hexanes/EtOAc, 3/1) = 0.63. [a]®=+32.40

(c=1.04, CHO3). H NVR (CDO 3 300 MHz): d = 0.04 (s, 3H), 0.05 (s,
3H), 0.90 (s, 9H), 2.23 (d, J = 1.1 Hz, 3H), 2.84 (d, J = 6.7 Hz,
2H), 3.57 (dd, J = 10.0 Hz, 4.6 Hz, 1H), 3.62 (dd, J = 10.0 Hz,
3.5 Hz, 1H), 3.97 (br s, 1H), 5.06 (br s, 1H), 5.10 (s, 2H), 5.85
(dd, J = 3.0 Hz, 1.1 Hz, 1H), 5.94 (d, J = 3.0 Hz, 1H), 7.35 7.37
(m 5H). ¥C NWR (CDd 3 75.5 MHz): d = -5.5 (g, 2C), 13.5 (q), 18.3
(s), 25.9 (g, 30, 29.8 (t), 51.6 (d), 63.4 (t), 66.6 (t), 106.0
(d), 107.7 (d), 128.1 (br d, 3C), 128.5 (d, 2C), 136.6 (s), 150.4
(s), 151.0 (s), 155.8 (s). IR (neat): n = 3326, 2929, 2856, 1707,
1505, 1464, 1387, 1252, 1220, 1113, 1055, 837, 778, 739, 697, 6609,
631 cm!. MS (El (+), 70 eV): mz (%: 403 (1)[M], 346 (7), 264
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(14), 252 (28), 195 (14), 91 (100). GCpoHssNOSi (403.59): calcd. C
65.47, H 8.24, N 3.47; found C 65.23, H 8.26, N 3.42.

(+)- Benzyl (1R -2-(5-Methyl-2-furyl)-1-({[tert-
but yl (di met hyl ) silyl]oxy}methyl)ethyl (prop-2-ynyl)carbamte (33b):
As described in GP 7, carbamate 32b (49.4 ng, 122 pnol), sodium
hydri de (3.50 ng, 147 pnol) and propargyl brom de (80 wt % sol ution
in toluene) (16.0 pL, 17.5 ng, 147 pnol) in dinethyl formam de
(5 nmL) furnished propargylated carbamate 33b (63.1 ng, 143 unol,
87% after colum chronatography on silica gel (hexanes/EtQAc,
10/1) as light vyellow oil. R (hexanes/EtOAc, 1/1) = 0.74.

[a]®=+18.30 (c=0.38, CHO3). *'H NWR (CDCl3 300 Miz) [due to
superinposition of rotamers no determnination of coupling constants
possible]: d = 0.01 (s, 3H), 0.02 (s, 3H), 0.88 (s, 9H), 2.14 (br
m O0.5H), 2.17 (br m 0.5H), 2.19 (br s, 1.5H), 2.22 (br s, 1.5H),
2.94 (app. br d, J = 7.4 Hz, 1H), 3.03 (app. br d, J = 7.5 Hz,
1H), 3.71-3.87 (br m 2H), 4.04-4.17 (br m 2H), 4.19-4.32 (br m
1H), 5.08-5.17 (br m 2H), 5.81 (br s, 1H), 5.85-5.89 (br m 1H),
7.28-7.42 (m 5H. BC NWR (CDC3 (250.2K), 125.8 M)
[ superinposition of rotaners]: d = -5.63 (q), -5.60 (qg), -5.52 (q,
2C), 13.57 (q), 13.63 (g), 18.06 (s of both rotanmers, hence 20,
25.67 (q, 30, 25.71 (q, 30, 27.28 (t of both rotaners, hence
2C), 27.89 (t 2C, 57.54 (d of both rotanmers, hence 2C), 63.21
(t), 63.43 (t), 66.98 (t), 67.35 (t), 70.65 (d), 70.72 (d), 80.60
(s), 80.67 (s), 105.85 (d), 105.92 (d), 107.27 (d), 107.51 (d),
127.43 (d of both rotaners, hence 2C), 127.77 (d of both rotaners,
hence 3C), 127.93 (d), 128.32 (d of both rotaners, hence 2C),
128.38 (d of both rotaners, hence 2C), 136.09 (s), 136.40 (s),
150.06 (s), 150.29 (s), 150.64 (s), 150.70 (s), 155.13 (s), 155.85
(s). IR (neat): n = 3297, 2935, 2858, 1703, 1458, 1419, 1247,
1113, 1016, 840, 778, 663 cm: MS (DCl(+)): mz (%: 442 (73)[M],
302 (30), 252 (91), 91 (100). HRVMB (DC(+)): GCsHisNOsSIi: cal cd.
441.2335; found 442.2404.
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(-)-Benzyl (3R)3-({[tert-butyl (dimethyl)silyl]oxy}nethyl)-8-
hydr oxy- 7- met hyl - 3, 4- di hydr oi soqui nol i ne-2( 1H) - car boxyl ate (34b):
As described in GP 9, alkyne 33b (42.5 ng, 96.2 punol) and [p-—
Cl (AuPPh3)2]BF; (4.80 ng, 4.61 pnol) in CDO 3 (600 pL) furnished
phenol 34b (35.9 ng, 81.3 unol, 84% as colourless solid after
colum chromatography on silica gel (hexanes/EtQOAc, 20/1). M.
103-105 °C. Ry (hexanes/EtOAc, 1/1) = 0.69. [a]®¥=-4.00 (c=0.11,
CHO3). ™ NWR (CDO s 500 MHz, 250 K) [superinposition of
rotamers; * = main rotanmer; ratio of rotanmers = 2:1]: d = -0.096
(s*, 3H), -0.091 (s*, 3H), -0.062 (s, 3H), -0.058 (s, 3H), 0.806
(s*, 9H), 0.812 (s, 9H), 2.22 (s, 3H, 2.25 (s*, 3H), 2.79 (dd*, J
= 16.1 Hz, 2.3 Hz, 1H), 2.83 (dd, J = 16.2 Hz, 2.2 Hz, 1H), 2.93
(dd*, J = 16.1 Hz, 6.0 Hz, 1H), 2.97 (dd, J = 16.2 Hz, 6.0 Hz,
1H), 3.35 (dd*, J = 10.0 Hz, 7.7 Hz, 1H), 3.39 (dd, J = 10.0 Hz,
7.9 Hz, 1H), 3.51 (dd*, J = 10.0 Hz, 7.1 Hz, 1H), 3.53 (dd, J =
10.0 Hz, 7.1 Hz, 1H), 4.24 (d, J = 17.4 Hz, 1H), 4.33 (d*, J =
17.6 Hz, 1H), 4.52 (dddd*, J = 7.7 Hz, 7.1 Hz, 6.0 Hz, 2.3 Hz,
1H), 4.64 (dddd, J = 7.9 Hz, 7.1 Hz, 6.0 Hz, 2.2 Hz, 1H), 4.80 (d,
J = 17.4 Hz, 1H), 4.90 (d*, J = 17.6 Hz, 1H), 4.99 (s, 1H), 5.15
(d*, J = 12.5 Hz, 1H), 5.18 (d*, J = 12.5 Hz, 1H), 5.21 (d, J =
12.4 Hz, 1H), 5.22 (d, J = 12.4 Hz, 1H), 6.53 (br s, 1H), 6.62
(d*, J =7.7 Hz, 1H), 6.66 (d, J = 7.7 Hz, 1H), 6.95 (d*, J = 7.7
Hz, 1H), 6.96 (d, J = 7.7 Hz, 1H), 7.31-7.42 (m of both rotaners,
10H. ®¥C NWR (CDd3, 125.8 Mz, 250K) [superinposition of
rotamers; * = main rotaner; ratio of rotaners = 2:1]: d = -5.15 (q,
2C), -5.11 (g*, 20, 16.00 (q), 16.30 (g*), 18.49 (s), 18.54 (s*),
26.12 (q, 30, 26.15 (qg*, 30, 29.13 (t), 29.47 (t*), 39.33 (t),
39.69 (t*), 50.79 (d), 51.49 (d*), 61.77 (t), 62.18 (t*), 67.49
(t), 67.69 (t*), 119.21 (s), 119.66 (s*), 119.89 (s), 120.76 (s*),
121.26 (d), 121.45 (d*), 128.38 (d of both rotamers, hence 4Q),
128.46 (d of both rotaners, hence 2C), 128.90 (d of both rotaners,
hence 6C), 131.29 (s*), 132.13 (s), 136.85 (s*), 137.05 (s),
150.20 (s), 150.94 (s*), 156.48 (s), 156.75 (s*). ¥C NWR (CD.Cl »,
125.8 MHz) [superinposition of rotaners; * = pmain rotaners; ratio

of rotamers = 2:1]: d = -5.46 (q of both rotaners, hence 4C), 15.52
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(q), 15.62 (qg*), 18.38 (s of both rotanmers, hence 2C), 25.92 (g of
both rotamers, hence 6C), 29.33 (t), 29.63 (t*), 39.44 (t), 39.57
(t*), 51.22 (t), 51.72 (t*), 62.23 (t), 62.56 (t*), 67.33 (t),
67.41 (t*), 119.62 (s), 119.78 (s*), 120.28 (s), 120.82 (s*),
121.13 (d), 121.45 (d*), 128.23 (d of both rotamers, hence 40,
128.27 (d of both rotaners, hence 2C), 128.82 (d of both rotaners,
hence 4C), 128.93 (d of both rotamers, hence 2C), 131.96 (s*),
132.35 (s), 137.41 (s), 137.62 (s*), 150.32 (s), 150.58 (s*),
156.23 (s), 156.40 (s*). IR (neat): n = 3388, 2936, 2859, 2356,
1673, 1430, 1360, 1302, 1245, 1217, 1103, 1044, 999, 943, 901,
843, 774, 696 cm'. M (ElI(+), 70 eV): mz (%: 441 (<1)[M], 426
(1), 384 (25), 340 (5), 306 (46), 252 (52), 91 (100). GCsHssNOsSI
(441.64): calcd. C 67.99, H 7.99, N 3.17; found C 68.01, H 8.05, N
3. 08.

(-)-(4R)-4-[(5-Met hyl-2-furyl)nethyl]-3-prop-2-ynyl -1, 3-

oxazol i din-2-one (37b): As described in GP 8, alcohol 31b (552 ng,
1.91 mmol ), sodium hydride (138 ng, 5.73 mmol) and propargyl
brom de (80 wt% solution in toluene) (320 pL, 341 ng, 2.87 mol)
in dinethyl formam de (5 nlL) furnished propargyl ated carbamate 37b
(322 ng, 1.47 mmol, 77% after columm chromat ography on silica gel
(hexanes/ Et OAc, 5/1) as light yellow oil. R (hexanes/EtOAc, 5/1) =
0.09. [a]®=-92.91 (¢c=0.86, CHCl3). H NMR (CDO 3 300 MHz): d = 2.24
(s, 3H, 2.30 (t, J = 2.5 Hz, 1H), 2.83 (dd, J = 15.0 Hz, 7.6 Hz,
1H, 3.05 (dd, J = 15.0 Hz, 3.9 Hz, 1H), 3.83 (dd, J = 17.9 Hz,
2.5 Hz, 1H), 4.13 (dd, J = 8.2 Hz, 6.3 Hz, 1H), 4.17-4.26 (m 1H),
4.36-4.43 (m 2H), 5.87 (dd, J = 3.0 Hz, 1.0 Hz, 1H), 5.99 (d, J =
3.0 Hz, 1H). ¥¥C NWR (CDO3, 75.5 MHz): d = 13.47 (q), 30.54 (t),
32.22 (t), 53.52 (d), 67.07 (t), 73.23 (d), 76.83 (s), 106.23 (d),
108.73 (d), 147.36 (s), 151.99 (s), 157.54 (s). IR (neat): n =
3287, 2358, 1755, 1569, 1432, 1353, 1252, 1092, 1022, 940, 896,
790, 644 cm*. MS (El, 70 eV): mz (%: 219 (15)[M], 177 (7), 124
(100). CioHisNG; (219.24.): calcd. C 65.74, H5.98, N 6.39; found C
65.90, H 6.10, N 6. 13.
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(+)-(10aR)-6-Hydroxy-7-nmethyl-1,5, 10, 10a-

t et rahydro[ 1, 3] oxazol o[ 3, 4-b]i sochinolin-3-one (38b): As described
in GP 9, alkyne 37b (40.0 ng, 182 pnol) and [ p—Cd (AuPPh3) ;] BF,4
(1.89 ng, 1.82 pnol) in CDCl3 (600 pL) furnished phenol 38b
(19.9 mg, 90.8 pmol, 50% as colourless solid after colum
chromat ography on silica gel (hexanes/EtQOAc, 2/1). M. 110-112°C
R: (hexanes/Et OAc, 1/1) = 0.17. [a]®=+121.36 (c=0.22, CHC3). *H NMR
(CDCl3, 500 MHz): d = 2.25 (s, 3H), 2.80-2.85 (app. m actual dd, J
15.1 Hz, 10.9 Hz, 1H), 2.91 (dd, J = 15.1 Hz, 4.1 Hz, 1H), 3.93-
3.98 (dddd, J = 10.9 Hz, 7.9 Hz, 5.4 Hz, 4.1 Hz, 1H), 4.13 (dd, J
= 8.6 Hz, 5.4 Hz, 1H), 4.33 (d, J = 17.5 Hz, 1H), 4.60 (app. t,
actual dd, J = 8.6 Hz, 7.9 Hz, 1H), 4.91 (d, J = 17.5 Hz, 1H),
5.57 (br s, 1H), 6.64 (d, J = 7.7 Hz, 1H), 6.98 (d, J = 7.7 Hz,
1H). BC NWR (CDO 3, 125.8 MHz): d = 15.34 (q), 33.98 (t), 39.79
(t), 51.24 (d), 68.57 (t), 118.86 (s), 120.86 (d), 120.95 (s),
128.90 (d), 130.70 (s), 150.86 (s), 157.73 (s). IR (neat): n =
3326, 2907, 1712, 1584, 1446, 1318, 1281, 1216, 1077, 1018, 809,
758, 720, 652, 611 cm'. M5 (EI(+), 70 eV): miz (%: 219 (100)[MT],
204 (7), 175 (13), 158 (25), 142 (59), 134(93), 95 (32). G2Hi3NGs
(219.24): calcd. C65.74, H5.98, N 6.39; found C 65.53, H 6.14, N
6.21.

(+) - Benzyl (1R) -2-(5-ethyl-2-furyl)-1-({[tert-
but yl (di et hyl )silyl]oxy}nethyl)ethyl carbamate (32c): As descri bed
in GP 5 nethyl ester 16¢c (754 g, 2.28 mol), DIBALH (1.0 ™M in
hexane) (5.90 nL) in THF (10 nlL) are converted. Addition of MOH
(5nm), 0.5 ™M hydrochloric acid (5 nL) and saturated aqueous
pot assium sodium tartrate (5 nL) furnished the crude al cohol
(654 nmg) which was used in the next step w thout purification. As
described in GP 6, the crude alcohol, i m dazole (387 nuy,
5.69 mmol) and TBDMSO (686 ng, 4.55 mmol) in dinethyl formam de
(15 nmL) furnished protected alcohol (R)-32c (565 ng, 1.35 mmol,
59% overall) after colum chromatography on silica gel

(hexanes/ Et OAc, 10/1) as colourless oil. R (hexanes/EtQAc, 1/1) =
0.77. [a]®=+39.30 (¢c=1.03, CHCl3). H NMR (CDO 3 300 MHz): d = 0.04
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(s, 3H), 0.05 (s, 3H), 0.90 (s, 9H), 1.20 (t, J = 7.5 Hz, 3H),
2.58 (q, J = 7.5 Hz, 2H), 2.85 (d, J = 6.7 Hz, 2H), 3.55-3.65 (m
2H), 3.90-4.05 (b m 1H), 5.05 (bs, 1H), 5.10 (s, 2H), 5.85 (d, J
= 3.0 Hz, 1H), 5.95 (d, J = 3.0 Hz, 1H), 7.31-7.27 (m 5H). C NWR
(CDCl3, 62.9 MHz): d = -5.5 (q, 20, 12.2 (q), 18.3 (s), 21.3 (t),
25.9 (g, 3C), 29.8 (t), 51.7 (d), 63.4 (t), 66.6 (t), 104.4 (d),
107.5 (d), 128.0 (br d, 3C), 128.5 (d, 2C), 136.6 (s), 150.3 (s),
155.8 (s), 156.8 (s). IR (neat): n = 3445, 2932, 1718, 1507, 1464,
1253, 1114, 1062, 894, 838, 779 cm!. M5 (El (+), 70 eV): mz (%:
417 (<1)[M], 402 (1), 360 (11), 266 (53), 209 (28), 109 (29), 91
(100). CxHesNQySi (417.61): calcd. C 66.15, H 8.45, N 3.35; found C
66.23, H 8.44, N 3.34.

(+)-Benzyl (1R)-2-(5-Ethyl-2-furyl)-1-({[tert-
butyl (di met hyl )silyl]oxy}nmethyl)ethyl (prop-2-ynyl)carbamate (33c):
As described in GP 7, carbamate 32c (211 ng, 505 pnol), sodium
hydride (17.2 ng, 718 upnol) and propargyl brom de (80 wt % sol ution
in toluene) (80.0 pL, 85.4 ng, 718 pnol) in dinmethyl formam de
(5 m.) furnished propargylated carbamate 33c (229 ng, 503 pnol,
>99% after colum chromatography on silica gel (hexanes/EtQAc,
50/1) as light vyellow oil. R (hexanes/EtOAc, 3/1) = 0.53.
[a]®=+28.00 (c=1.36, CHC3). 'H NMR (CDCl3, 250 MHz): d = 0.01 (s,
3H), 0.03 (s, 3H), 0.88 (s, 9H), 1.18 (app. td, J = 7.5 Hz, 1.5
Hz, 3H), 2.10-2.20 (m 1H), 2.56 (app. quint, J = 7.3 Hz, 2H)),
2.95 (app. d, J = 7.4 Hz, 1H), 3.03 (app. d, J = 7.5 Hz, 1H),
3.76-3.88 (m 2H), 4.00-4.15 (m 2H), 4.21-4.32 (m 1H), 5.08-5.20
(m 2H), 5.80-5.85 (m 1H), 5.85-5.94 (m 1H), 7.28-7.40 (m 5H).
13C NMR (CDO 3, 62.9 MHz) [superinposition of rotaners]: d = -5.60
(q of both rotanmers, hence 2C), -5.55 (q of both rotanmers, hence
2C), 12.22 (q of both rotaners, hence 2C), 18.16 (s of both
rotaners, hence 2C), 21.32 (t of both rotanmers, hence 2C), 25.82
(g of both rotaners, hence 6C), 27.62 (t), 28.29 (t), 34.65 (t),
35.27 (t), 57.88 (d), 58.27 (d), 63.48 (t), 63.73 (t), 67.05 (t),
67.46 (t), 70.74 (d), 70.86 (d), 80.72 (s), 80.76 (s), 104.40 (d
of both rotaners, hence 2C), 107.12 (d), 107.21 (d), 127.57 (d of
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both rotaners, hence 2C), 127.80 (d of both rotaners, hence 2C),
127.91 (d of both rotaners, hence 2C), 128.37 (d of both rotaners,
hence 4C), 136.44 (s), 136.73 (s), 150.29 (s), 150.48 (s), 155.18
(s), 155.93 (s), 156.47 (s), 156.52 (s). IR (neat): n = 3434,
2957, 1704, 1459, 1246, 1115, 1010, 893, 838, 773, 697, 631 cm'.
M5 (El (+), 70 eV): mz (%: 455 (1)[M], 302 (27), 266 (58), 209
(14), 91 (100). CypHs7NOySi (455.66): calcd. C 68.53, H 8.18, N
3.07; found C 68.55, H 8.22, N 2.99.

(-)-Benzyl (3R) 3-({[tert-butyl (dimethyl)silyl]oxy}nethyl)-8-
hydr oxy-7- et hyl - 3, 4- di hydr oi soqui nol i ne- 2(1H) - car boxyl at e (34c):
As described in GP 9, alkyne 33c (37.4 ng, 82.1 punol) and [p-—
Cl (AuPPh3)2]BFs (4.30 ng, 4.13 pnol) in CDC 3 (600 pL) furnished
phenol 34c (29.9 ng, 65.7 pnol, 80% as colourless solid after
col uim chromat ography on silica gel (hexanes/EtOAc, 20/1). M. 79-
81 °C. R (hexanes/EtOAc, 3/1) = 0.49. [a]?®=-26.63 (c=0.89, CHdj;).
'H NMR (CDCO3;, 300 MHz) [superinposition of rotamers; * = main
rotanmers; ratio of rotamers = 3:2]: d = -0.07 (br s*, 3.6H), -0.04
(br s, 2.4H), 0.83 (s, 9H), 1.24 (t, 3H), 2.54-2.66 (br m 2H),
2.80-2.99 (br m 2H), 3.36-3.48 (br m 1H), 3.53-3.61 (br m 1H),
4.25-4.37 (br m 1H), 4.45-4.55 (br n*¥, 0.6H), 4.57-4.67 (br m
0.4H), 4.75-4.90 (br m 1H), 4.93 (br s, 0.4H), 5.21 (s, 2H), 5.64
(br s*, 0.6H), 6.66-6.71 (br m 1H), 6.97 (d, J = 7.7 Hz, 1H),
7.29-7.43 (m 5H). *C NWR (C»,A, 125.8 Miz) [superinposition of
rotaners; * = main rotamers; ratio of rotaners = 3:2]: d = -5.45 (q
of both rotamers, hence 4C), 14.29 (g of both rotanmers, hence 20,
18.39 (s of both rotaners, hence 2C), 22.87 (t*), 22.98 (t), 25.93
(g of both rotamers, hence 6C), 29.36 (t), 29.66 (t*), 39.50 (t),
39.67 (t*), 51.22 (d), 51.76 (d*), 62.34 (t), 62.63 (t*), 67.34
(t), 67.47 (t*), 119.80 (s), 119.96 (s*), 121.22 (d*), 121.62 (d),
126.53 (s), 127.21 (s*), 127.22 (d of both rotanmers, hence 20,
128.22 (d of both rotaners, hence 4C), 128.27 (d of both rotaners,
hence 2C), 128.81 (d of both rotanmers, hence 4C), 131.81 (s),
132.25 (s*), 137.43 (s*), 137.61 (s), 149.80 (s), 150.17 (s*),
156.24 (s), 156.48 (s*). IR (neat): n = 3380, 3031, 2857, 1672,
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1431, 1358, 1303, 1254, 1208, 1177, 1107, 1022, 998, 941, 889,
841, 772, 744, 696, 671, 628 cm'. M (ElI(+), 70 eV): mz (%: 455
(3)[ M], 440 (3), 398 (52), 320 (100), 266 (66), 91 (69). HRMVS (EI,
70 eV): CypH7NOSi : cal cd. 455.2492; found 455. 2491.

(-)-Benzyl (1R -[2-(4,5-di methyl-2-furyl)-1-
(hydroxynet hyl )et hyl ] carbanmate (31d): As described in GP 5, nethyl
ester 16d (1.42 g, 4.26 mol), DIBALH (1.0 M in hexane) (11.1 niL)
in THF (30 nL) are converted. Addition of MeOH (10 nL), 0.5 ™
hydrochloric acid (10 nL) and saturated aqueous potassium sodium
tartrate (10 nL) furnished alcohol 31d (768 ng, 2.53 mmol, 60%
after columm chromatography on silica gel (hexanes/EtOAc, 2/1) as
colourless solid. M. 76-78 °C. R (hexanes/EtQAc, 2/1) = 0.14.
[a]®=-3.55 (c¢=0.31, CHd3). 'H NWR (CDCls, 300 MHz): d = 1.87 (s,
3H), 2.14 (s, 3H), 2.18 (br s, 1H), 2.80 (s, 1H, 2.82 (s, 1H),
3.59-3.70 (br m 2H), 3.90-3.99 (br m 1H), 5.10 (br s, 2H + 1H),
5.85 (s, 1H), 7.30-7.36 (m 5H). C NWR (CDCl3, 62.9 MHz): d = 9.78
(q), 11.27 (q), 29.73 (t), 52.19 (d), 64.54 (t), 66.83 (t), 110.85
(d), 114.52 (s), 128.07 (d, 2C, 128.13 (d), 128.51 (d, 20,
136.36 (s), 146.54 (s), 148.25 (s), 156.46 (s). IR (neat): n =
3313, 2927, 2882, 1684, 1537, 1456, 1434, 1317, 1252, 1149, 1076,
1019, 739, 687, 612, 582 cm’ MS (EI (+), 70eV): mz (%: 303
(11)[M], 194 (8), 152 (37), 109 (67), 91 (100). C7HNO; (303.35):
calcd. C67.31, H6.98, N 4.62; found C 67.26, H 7.00, N 4.50.

(+)-Benzyl (1IR)-2-(4,5-dinmethyl-2-furyl)-1-({[tert-
butyl (di net hyl )silyl]oxy}nethyl)ethylcarbamate (32d): As descri bed
in G 6, alcohol 31d (545 ng, 1.80 mmol), imdazole (307 ng,
4.50 mol) and TBDVSO (543 ng, 3.60 nmmol) in dinethyl fornmam de
(4 mL) furnished protected al cohol 32d (698 ng, 1.67 mmol, 93%

after columm chronmat ography on silica gel (hexanes/EtQAc, 10/1) as

colourless oil. R (hexanes/EtOAc, 2/1) = 0.66. [a]®¥=+12.80

(c=1.00, CHO3). H NWR (CDd 3 500 MHz): d = 0.04 (s, 3H), 0.05 (s,
3H), 0.90 (s, 9H), 1.88 (s, 3H), 2.14 (s, 3H), 2.80 (br d, J = 6.5
Hz, 2H), 3.56 (dd, J = 9.9 Hz, 4.8 Hz, 1H), 3.62 (dd, J = 9.9 Hz,
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2.8 Hz, 1H), 3.82-4.00 ( br m 1H), 4.84-5.13 (m 3H,
superinposition of rotaners, benzyl. CH + NH), 5.83 (s, 1H), 7.30-
7.38 (m 5H). ¥C NWR (CDd 3 125.8 MHz): d = -5.50 (g, 20, 9.82
(q), 11.25 (q), 18.27 (s), 25.87 (q, 30, 29.69 (t), 51.69 (d),
63.48 (t), 66.56 (t), 110.32 (d), 114.32 (s), 128.03 (d, 20,
128.06 (d), 128.48 (d, 2C), 136.67 (s), 146.10 (s), 149.08 (s),
155.82 (s). IR (neat): n = 2939, 2855, 1718, 1506, 1458, 1251,
1114, 1060, 997, 893, 836, 773, 704 cm®. MS (El, 70 eV): mz (9N:
417 (2)[M], 360 (6), 266 (60), 209 (26), 135 (16), 109 (43), 91
(100). CyHgsNOySi (417.61): calcd. C 66.15 H 8.45, N 3.35; found C
66.12, H 8.51, N 3.30.

(+)-Benzyl (1R)-2-(4,5-Dinmethyl-2-furyl)-1-({[tert-
butyl (di met hyl )silyl]oxy}nethyl)ethyl (prop-2-ynyl)carbamte (33d):
As described in GP 7, carbamate 32d (252 ng, 604 pnol), sodium
hydride (17.4 ng, 724 pnol) and propargyl brom de (80 w % sol ution
in toluene) (76.0 pL, 80.4 ng, 724 pnol) in dinethyl formam de
(5 m.) furnished propargylated carbanmate 33d (243 ny, 533 unol,
88% after colum chromatography on silica gel (hexanes/EtQAc,
50/1) as light vyellow oil. R (hexanes/EtOAc, 1/1) = 0.80.
[a]®=+66.80 (c=0.50, CHO3). 'H NWR (CDCl3 250 MHz) [due to
superinposition of rotaners no determ nation of coupling constants
possible]: d = 0.01 (s, 3H), 0.02 (s, 3H), 0.88 (s, 9H), 1.86 (s,
3H), 2.10-2.17 (br m 4H), 2.89 (app. br d, J = 7.4 Hz, 1H), 2.98
(app. br d, J = 7.5 Hz, 1H), 3.71-3.87 (br m 2H), 4.03-4.15 (br
m 2H), 4.16-4.32 (br m 1H), 5.08-5.17 (br m 2H), 5.77 (app. br
d, J = 13.0 Hz, 1H), 7.28-7.40 (m 5H). ¥C NWR (CDd 3 62.9 M)
[ superinposition of rotaners]: d = -5.59 (q of both rotaners, hence
2C), -5.54 (q of both rotamers, hence 2C), 9.84 (q of both
rotaners, hence 2C), 11.22 (q of both rotaners, hence 2C), 18.16
(s of both rotaners, hence 2C), 25.83 (g of both rotaners, hence
6C), 27.56 (t), 28.21 (t), 34.54 (t), 35.30 (t), 57.83 (d), 58.31
(d), 63.47 (t), 63.76 (t), 67.04 (t), 67.44 (t), 70.72 (d), 70.84
(d), 80.76 (s), 80.80 (s), 109.90 (d), 110.01 (d), 114.31 (s of
both rotanmers, hence 2C), 127.57 (d of both rotaners, hence 20,
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127.79 (d), 127.90 (d of both rotamers, hence 3C), 128.40 (d of
both rotamers, hence 4C), 136.47 (s), 136.76 (s), 145.82 (s of
both rotaners, hence 2C), 149.09 (s), 149.31 (s), 155.21 (s),
155.98 (s). IR (neat): n = 3300, 2936, 2860, 1701, 1578, 1456,
1418, 1328, 1245, 1111, 1003, 839, 774, 631 cm M (C (+)): mz
(9% : 489 (29) [M+ 2 NH'], 488 (54), 472 (83)[M + NH'], 470 (76),
454 (24)[M - H], 430 (48), 414 (100). GgHs7NO,Si (455.66): cal cd.
C 68.53, H8.18, N 3.07; found C 68.60, H 8.18, N 2.88.

(+)-4-Bromo- N {(1R)-2-{[tert-butyl (dinmethyl)silyl]oxy}-1-[(4, 5-

di met hyl - 2-furyl ) net hyl ] et hyl } benzenesul f onam de (35d): As
described in G 3, furyl alanine 32d (695 ny, 1.66 mmol), Pd/C
(83 nmg) and cycl ohexene (3.50 m.) in MOH (30 nL) furnished the
crude ani ne. Triethylam ne (347 pL, 252 nyg, 2.49 mmol ), 4-
br omobenzenesul fonyl chloride (468 ng, 1.83 mmol) and additional

DVAP (20.3 ng, 166 pnol) in dichloronethane (30 nL) furnished the
pure sul f onam de 35d (837 ny, 1.66 nmol, >99% after
chromat ography on silica gel (hexanes/EtOAc, 3/1) as colourless

solid. Mp. 78-79 °C. R (hexanes/EtOAc, 3/1) = 0.43. [a]¥=+12.55

(c=0.51, CHO3). 'H NWVR (CDd 3 500 MHz): d = 0.02 (s, 3H), 0.03 (s,
3H), 0.88 (s, 9H), 1.83 (d, J = 0.5 Hz, 3H), 2.06 (s, 3H), 2.65
(dd, J = 15.0 Hz, 6.9 Hz, 1H), 2.71 (dd, J = 15.0 Hz, 6.2 Hz, 1H),
3.43-3.49 (m 1H), 3.49 (dd, J = 9.7 Hz, 5.2 Hz, 1H), 3.59 (dd, J
9.7 Hz, 3.1 Hz, 1H), 4.84 (br d, J = 7.7 Hz, 1H), 5.70 (s, 1H),
7.56 (d, J = 8.8 Hz, 2H), 7.62 (d, J = 8.8 Hz, 2H). 3C NMR (CDd 3,
125.8 MHz): d = -5.53 (g, 20, 9.75 (q), 11.23 (q), 18.23 (s),
25.82 (q, 3C), 30.26 (t), 54.44 (d), 64.25 (t), 110.88 (d), 114.46
(s), 127.20 (s), 128.49 (d, 2C), 132.01 (d, 20, 139.71 (s),
146.35 (s), 147.97 (s). IR (neat): n = 3300, 2926, 2856, 1641,
1576, 1466, 1389, 1328, 1251, 1158, 1121, 1087, 1062, 1000, 936,
832, 774, 736, 698, 605 cmt. MS (Cl (+), 100 eV): mz (%: 532
(4)[%Br-M + GH', 530 (4)[®Br-M + GH'], 504 (54)[%Br-M"], 502
(51)[°Br-MH'], 446 (100), 444 (92), 394 (23), 392 (22), 336 (30),
334 (27), 267 (70), 173 (60) 109 (38). HRMB (ElI (+), 70 eV):
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CorHs22'Br NOiSSi :  cal cd. 503.0984; found 503.0990: CyiHs,'°Br NQ,SSi :
cal cd. 501.1005; found 501. 1005.

(+)-4-Bromo-N-{(1R)-2-{[tert-butyl (di methyl)silyl]oxy}-1-[ (4, 5-

di met hyl - 2-furyl ) met hyl ] et hyl } - N- prop- 2- ynyl benzenesul f onam de
(29d): As described in GP 4, sulfonam de 35d (754 ng, 1.50 mol),
caesi um carbonate (1.47 g, 4.50 nmol) and propargyl brom de (80 w %
solution in toluene) (250 pL, 268 ng, 2.25 mmol) in acetone
(20 ) furni shed propar gyl at ed sul f onam de 29d (747 ny,
1.38 mol, 92% after colum chromatography on silica gel
(hexanes/Et CAc, 20/1) as «colourless solid. M. 46-48 °C. K

(hexanes/ Et OAc, 20/1) = 0.19. [a]®=+33.8 (c=0.55, CHC3). 'H NWR
D

(CDCl3, 300 MHz): d = 0.028 (s, 3H), 0.033 (s, 3H), 0.88 (s, 9H),

1.84 (s, 3H), 2.09 (s, 3H), 2.18 (t, J = 2.5 Hz, 1H), 2.76 (dd, J
= 15.1 Hz, 7.1 Hz, 1H), 3.00 (dd, J = 15.1 Hz, 7.5 Hz, 1H), 3.75
(dd, J = 10.6 Hz, 4.9 Hz, 1H), 3.81 (dd, J = 10.6 Hz, 4.7 Hz, 1H),

4.06-4.14 (m 1H), 4.26 (dd, J = 18.6 Hz, 2.5 Hz, 1H), 4.32 (dd, J
18.6 Hz, 2.5 Hz, 1H), 5.71 (s, 1H), 7.53 (d, J = 8.5 Hz, 2H),

7.67 (d, J = 8.5 Hz, 2H). ®C NWR (CDCl3, 75.5 MHz): d = -5.68 (q),

-5.59 (q), 9.80 (q), 11.21 (q), 18.16 (s), 25.80 (q, 30, 27.89
(t), 33.75 (t), 58.99 (d), 64.70 (t), 72.64 (d), 79.98 (s), 110.51
(d), 114.44 (s), 127.12 (s), 128.91 (d, 2C), 131.78 (d, 20,
139.72 (s), 145.98 (s), 148.37 (s). IR (neat): n = 2927, 2856

1575, 1464, 1388, 1345, 1255, 1159, 1094, 1003, 832, 777, 754, 608
cmi. MS (Cl (+), 100 eV): mz (%: 570 (3)[%®Br-M + GH'], 568
(3)[ ®°Br-M + GHs*], 541 (26)[%Br-M], 539 (24)[’°Br-M], 526 (18),

524 (16), 484 (73), 482 (68), 432 (34), 430 (30), 267 (89), 211
(100), 109 (38). MS (CI (-), 100 eV): mz (%: 541 (1)[%Br-M],
539 (1)[®Br-M], 502 (4), 500 (4), 220 (100), 218 (98).
CoaHssBr NO4JSSIi (540.59): calcd. C 53.32, H 6.34, N 2.59; found C
53.47, H 6.33, N 2.59.

(-)-(3R)-2-[(4-Bronmophenyl )sul fonyl]-3-({[tert-
butyl (di met hyl)silyl]oxy}nmethyl)-6,7-dinethyl -1, 2, 3, 4-
t et rahydroi soqui nolin-8-ol (30d): As described in GP 10, alkyne
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29d (100 ng, 185 pmol) and [p—C (AuPMess) 2] BFs (2.40 ng, 1.85 pnol)
in dichloroethane (6 nL) furnished phenol 30d (37.2 ng, 68.8 unol,
37% as light yellow solid after colum chromatography on silica
gel (hexanes/EtOAc, 20/1). M. 35-37 °C. R (hexanes/EtQAc, 5/1) =
0.26. [a]®=-21.43 (c=0.14, CHO3). 'H NWR (CDd3, 500 MHz): d = -
0.03 (s, 3H), -0.01 (s, 3H), 0.84 (s, 9H), 2.07 (s, 3H), 2.19 (s,
3H), 2.70 (dd, J = 15.9 Hz, 5.9 Hz, 1H), 2.75 (dd, J = 15.9 Hz,
3.7 Hz, 1H), 3.49 (dd, J = 9.9 Hz, 8.2 Hz, 1H), 3.65 (dd, J = 9.9
Hz, 5.3 Hz, 1H), 4.16 (d, J = 16.4 Hz, 1H), 4.14-4.18 (m 1H),
4.64 (d, J = 16.4 Hz, 1H), 4.80 (s, 1H), 6.47 (s, 1H), 7.51 (d, J
= 8.6 Hz, 2H), 7.65 (d, J = 8.6 Hz, 2H. ¥C NWR (CDO 3,
125.8 MHz): d = -5.52 (q), -5.48 (q), 11.20 (q), 18.17 (s), 20.02
(q), 25.78 (g, 3C), 28.82 (t), 39.99 (t), 53.48 (d), 63.30 (t),
116.39 (s), 118.66 (s), 122.53 (d), 127.11 (s), 128.59 (d, 20,
130.53 (s), 131.97 (d, 2C), 136.05 (s), 139.07 (s), 149.44 (s). IR
(neat): n = 3481, 2929, 2857, 1577, 1463, 1386, 1333, 1248, 1204,
1156, 1080, 1011, 832, 780, 743, 708, 661, 599 cml MS (aA(+)):
mz (%: 542 (100)[%Br-M + H], 540 (93)["°Br-M + H], 484 (28),
482 (25), 320 (90). HRVS (Cl(+)): GCuhssBrNOsSSi: 8Br-M + H': cal cd.
542.1219; found 542.1220; "Br-M + H: calcd. 540.1239; found
540. 1215.

(-)-(4R)-4-[(4,5-Dinet hyl -2-furyl)nmethyl]-3-prop-2-ynyl -1, 3-

oxazol i din-2-one (37d): As described in GP 8, alcohol 31d (200 ng,
659 pnol ), sodium hydride (47.5 ng, 1.98 mmol) and propargyl
brom de (80 wt % solution in toluene) (110 pL, 118 ngy, 989 pnol) in
dimethyl formam de (5 nL) furnished propargylated carbamte 37d

(126 ng, 541 pnol, 82% after colum chromatography on silica gel
(hexanes/ Et OAc, 5/1) as yellow oil. R (hexanes/EtQOAc, 2/1) = 0.28.
[a]®¥=-133.10 (c=0.42, CHCO3). H NWR (CDO 3 500 MHz): d = 1.88 (s,
3H), 2.14 (s, 3H), 2.30 (t, J = 2.5 Hz, 1H), 2.78 (dd, J = 15.1
Hz, 7.8 Hz, 1H), 3.00 (dd, J = 15.1 Hz, 3.9 Hz, 1H), 3.83 (dd, J =
17.9 Hz, 2.5 Hz, 1H), 4.12 (dd, J = 8.5 Hz, 6.5 Hz, 1H), 4.17-4.22
(m 1H), 4.36-4.41 (m 2H), 5.88 (s, 1H. **C NWR (CDCl 3, 125.8
MHz): d = 9.75 (q), 11.25 (q), 30.44 (t), 32.22 (t), 53.55 (d),
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67.10 (t), 73.21 (d), 76.88 (s), 111.25 (d), 114.63 (s), 146.06
(s), 147.14 (s), 157.59 (s). IR (neat): 1 = 3286, 2922, 1758
1641, 1574, 1432, 1353, 1250, 1189, 1092, 1022, 645 cm’ M5 (G
(+), 100 eV): mz (9% : 234 (41)[MH], 233 (9)[M], 135 (15), 124
(32), 109 (100). HRMB (Cl (+)): GsHisNOs: calcd. 233.1052; found
233. 1056.

(+)-(9aR) - 2, 3- D net hyl - 4- et hyl ene- 4, 9, 9a, 10- t et r ahydr o- 5H-

furo[ 2,3-d][1, 3] oxazol o[ 3, 4-a] azepi n-7-one (39d): As described in
G 9, alkyne 37d (20.1 ng, 81.2 upunmol) and [ pu—C (AuPPhj) 2] BF4
(8.97 ng, 8.12 pmol) in CDCl3 (600 pL) furnished product 39d
(6.30 mg, 27.0 pmol, 33% as colourless solid after colum
chromat ography on silica gel (hexanes/EtQAc, 2/1). M. 111-113°C
R: (hexanes/Et OAc, 2/1) = 0.23. [a]®=+52.22 (c=0.45, CHd3). 'H NMR

(CDCl3, 500 MHz): d = 1.94 (s, 3H), 2.18 (s, 3H), 2.97 (br s, 1H),
2.98 (app. d, J = 2.4 Hz, 1H), 3.81 (dd, J = 13.9 Hz, 1.1 Hz, 1H),
3.95 (dd, J = 8.6 Hz, 5.8 Hz, 1H), 4.02-4.08 (m 1H), 4.40 (d, J =
13.9 Hz, 1H), 4.47 (app. t, J = 8.4 Hz, 1H), 5.17 (d, J = 1.1 Hz,
1H), 5.38 (d, J = 0.8 Hz, 1H). ¥C NWR (CDO3, 125.8 MHz): d = 9.55
(q), 11.33 (q), 34.19 (t), 51.71 (t), 54.32 (d), 67.46 (t), 113.97
(s), 116.91 (t), 122.88 (s), 135.03 (s), 144.96 (s), 146.47 (s),
157.48 (s). IR (neat): n = 2916, 1736, 1622, 1419, 1293, 1249,
1079, 1031, 995, 913, 838, 794, 757, 701, 651, 610 cm'. M (C
(+)): mz (%9: 234 (100) [M + H], 233 (75)[M]. HRVB (Cl (+)):
CisHisNGs:  [MH ™1 calcd. 234.1130; found 234.1131; M: cal cd.
233.1052; found 233. 1054.

(-)-Benzyl (1R)-2-{5-[tert-butyl (dinmethyl)silyl]-2-furyl}-1-
(hydroxynet hyl ) et hyl ] carbamate (31e): As described in GP 5, nethyl
ester 16e (1.09 g, 2.61 mvl), DIBALH (1.0 ™M in hexane) (6.80 niL)
in THF (30 nL) are converted. Addition of MOH (10 nL), 0.5 ™
hydrochloric acid (10 nL) and saturated aqueous potassium sodi um
tartrate (10 nL) furnished alcohol 31e (593 ng, 1.52 mmol, 58%

after colum chromatography on silica gel (hexanes/EtQAc, 4/1) as

colourless solid. R (hexanes/EtOAc, 4/1) = 0.09. [a]¥=-7.63
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(c=3.00, CHO3). H NWVR (CDO 3, 500 MHz): d = 0.20 (s, 6H), 0.90 (s,
9H), 2.17 (br s, 1H), 2.95 (d, J = 6.3 Hz, 2H), 3.59 (dd, J = 11.1
Hz, 5.1 Hz, 1H), 3.65 (dd, J = 11.1 Hz, 4.0 Hz, 1H), 3.97-4.03 (m
1H), 5.09 (s, 2H), 5.18 (br d, J = 6.7 Hz, 1H), 6.09 (d, J = 3.1
Hz, 1H), 6.54 (d, J = 3.1 Hz, 1H), 7.29-7.37 (m 5H). ¥C NWR
(CDCl3, 125.8 MHz): d = -6.37 (q), -6.35 (q), 16.69 (s), 26.29 (q,
3C), 29.83 (t), 52.28 (d), 64.54 (t), 66.83 (t), 107.58 (d),
121.77 (d), 128.03 (d), 128.10 (d, 2C), 128.48 (d, 2C), 136.33
(s), 155.79 (s), 156.44 (s), 158.26 (s). IR (film: n = 3315,
2930, 2856, 2360, 1699, 1524, 1461, 1418, 1346, 1253, 1057, 935,
803, 779, 631 cmt. Ms (El (+), 70 eV): mz (%: 389 (1)[M], 332
(6), 224 (100). CyHetNQiSi (389.56): calcd. C 64.75, H 8.02, N
3.60; found C 64.88, H 8.07, N 3.56.

(+) - Benzyl (1R)-2-{5-[tert-Butyl (dinethyl)silyl]-2-furyl}-1-
({[tert-butyl (di methyl)silyl]oxy}nethyl)ethylcarbamate (32e): As
described in GP 6, alcohol 31e (205 ng, 526 pnol), imdazole

(89.5 nmg, 1.32 mmol) and TBDVBA (159 ng, 1.05 nmmol) in dinethyl
formam de (2 nl) furnished protected al cohol 32e (252 nmg,

500 pnol, 95% after colum chromatography on silica gel
(hexanes/ Et OAc, 10/1) as colourless solid. Mp. 43-45°C. R
(hexanes/Et QAc, 1/1) = 0.80. [a]®=+6.93 (c=1.40, CHd3). 'H NWR

(CDCl3, 500 MHz): d = 0.02 (s, 3H), 0.03 (s, 3H, 0.19 (s, 6H,
0.89 (s, 9H), 0.90 (s, 9H), 2.94 (br d, J = 6.6 Hz, 2H), 3.55 (dd,
J =9.9 Hz, 4.9 Hz, 1H), 3.59 (dd, J = 9.9 Hz, 3.4 Hz, 1H), 3.95-
4.05 (br m 1H), 4.75-5.15 (m 3H, superinposition of rotamers,
benzyl. CH + NH), 6.01-6.10 (br m superinposition of rotaners,
1H), 6.53 (d, J = 3.1 Hz, 1H), 7.29-7.39 (m 5H). *3C NMR (CDC 3,
125.8 MHz): d = -6.31 (q), -6.29 (qgq), -5.50 (qgq), -5.49 (q), 16.74
(s), 18.24 (s), 25.86 (q, 3C, 26.35 (g, 3C, 29.80 (t), 51.72
(d), 63.48 (t), 66.56 (t), 107.16 (d), 121.69 (d), 128.02 (d, 2C +
d, 10, 128.47 (d, 20, 136.61 (s), 155.77 (s), 155.60 (s), 157.72
(s). IR (neat): n = 3287, 2932, 2889, 2855, 1695, 1548, 1496,
1462, 1290, 1249, 1105, 1066, 1036, 1008, 935, 830, 773, 674 cm.
MS (FAB (+)): mz (9%: 526 (37)[M + Na'], 504 (5)[M{], 446 (15),
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91 (100). CyHisNOSi, (503.82): calcd. C 64.37, H 9.00, N 2.78;
found C 64.16, H 8.94, N 2.79.

(+) - Benzyl (1R)-2-{5-[tert-Butyl (dinethyl)silyl]-2-furyl}-1-
({[tert-butyl (di methyl)silyl]oxy}nethyl)ethyl (prop-2-

ynyl )carbamate (33e): As described in GP 7, carbamate 32e (106 nuy,
210 prmol ), sodium hydride (6.05 nmg, 252 upnol) and propargyl
brom de (80 wt% solution in toluene) (35.0 pL, 37.4 ng, 314 pnol)
in dinmethyl formamide (2 nlL) furnished propargyl ated carbamate 33e

(94.5 nmg, 174 upnol, 83% after columm chromatography on silica gel
(hexanes/ Et OAc, 10/1) as light yellow oil. R (hexanes/EtQAc, 1/1)

= 0.74. [a]®=+16.98 (c=0.43, CHC3). 'H NMR (CDO3, 250 MHz)
[ superinposition of rotamers]: d = -0.01-0.02 (m 6H), 0.18 (s,
3H), 0.19 (s, 3H), 0.86-0.89 (m 18H), 2.10-2.19 (m 1H), 2.92-
3.13 (m 2H), 3.51-4.33 (m 4.5H), 5.05-5.27 (m 2.5H), 5.97-6.06
(m 1H), 6.50-6.54 (m 1H), 7.30-7.40 (m 5H). *C NWR (CDO 3, 62.9
IMHz) [superinposition of rotaners]: d = -6.31 (q), -6.30 (q), -6.25
(g of both rotamers, hence 2C), -5.56 (q), -5.53 (g of both
rotaners, hence 2C), -5.50 (q), 16.72 (s of both rotanmers, hence
2C), 18.15 (s), 18.25 (s), 25.83 (q, 3C, 25.85 (g, 30, 26.35 (q
of both rotanmers, hence 6C), 27.85 (t), 28.52 (t), 34.77 (t),
35.23 (t), 57.97 (d), 58.40 (d), 63.48 (t), 63.63 (t), 67.10 (t),
67.51 (t), 79.87 (d), 71.00 (d), 80.64 (s), 80.69 (s), 106.75 (d),
107.17 (d), 121.69 (d), 121.75 (d), 127.59 (d of both rotaners,
hence 2C), 127.81 (d of both rotanmers, hence 2C), 128.02 (d of
both rotamers, hence 2C), 128.38 (d of both rotamers, hence 2C),
128.47 (d of both rotaners, hence 2C), 136.60 (s), 136.68 (s),
155.78 (s of both rotaners, hence 2C), 156.60 (s), 156.66 (s),
156.93 (s), 157.35 (s). IR (neat): n = 3525, 3361, 2933, 2889,
1698, 1517, 1461, 1369, 1327, 1237, 1151, 1010, 929, 841, 779, 689
cmt. M5 (FAB (+)): mz (%: 564 (9)[M + Na], 542 (5)[M'], 484
(9), 434 (5), 352 (16), 91 (100). GCgpHi7NO}Si, (541.87): calcd. C
66.50, H 8.74, N 2.58; found C 66.24, H 8.90, N 2.66.
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(+)-4-Bromo-N-{(1R)-2-{[tert-butyl (dinmethyl)silyl]oxy}-1-{[5-tert-

butyl (di met hyl)silyl -2-furyl]nmethyl }ethyl}benzenesul f onam de

(35e): As described in GP 3, furyl alanine 32e (261 ng, 518 pnol),
Pd/C (26 ng) and cycl ohexene (1.10 nL) in MOH (10 ni) furnished
the crude anmine. Triethylamne (108 pL, 78.6 ng, 777 unol), 4-
br omobenzenesul fonyl chloride (146 ng, 570 pnol) and additional
DVAP (6.30 ng, 51.8 upnol) in dichloromethane (30 ni) furnished the
pure sul fonam de 35e (148 ng, 251 unol, 49% after chromatography

on silica gel (hexanes/EtQAc, 20/1) as colourless solid. M. 62-
64 °C. R (hexanes/EtOAc, 20:1) = 0.11. [a]®=+6.36 (c=0.11, CHd3).

'H NMR (CDA 3, 500 MHz): d = -0.03 (s, 3H), -0.01 (s, 3H), 0.19 (s,
3H), 0.20 (s, 3H), 0.85 (s, 9H), 0.90 (s, 9H), 2.82 (dd, J = 14.9
Hz, 7.4 Hz, 1H), 2.89 (dd, J = 14.9 Hz, 5.1 Hz, 1H), 3.43 (dd, J =
9.9 Hz, 5.0 Hz, 1H), 3.49 (dd, J = 9.9 Hz, 4.1 Hz, 1H), 3.50-3.56
(m 1H), 4.93 (d, J = 7.6 Hz, 1H), 5.99 (d, J = 3.1 Hz, 1H), 6.50
(d, J = 3.1 Hz, 1H), 7.61 (d, J = 8.6 Hz, 2H), 7.69 (d, J = 8.6
Hz, 2H). C NWR (CDO 3, 125.8 MHz): d = -6.30 (q), -6.27 (q), -5.55
(q), -5.52 (q), 16.76 (s), 18.21 (s), 25.81 (q, 30, 26.35 (q,
3C), 30.38 (t), 54.49 (d), 63.62 (t), 107.73 (d), 121.77 (d),
127.47 (s), 128.58 (d, 2C), 132.33 (d, 2C), 139.86 (s), 155.51
(s), 158.17 (s). IR (neat): n = 3287, 3097, 2932, 2856, 1576,
1467, 1398, 1333, 1253, 1163, 1100, 1058, 1009, 979, 930, 830,
777, 739, 674, 648 cnmit. MS (El (+), 70 eV): mz (%: 574 (3), 572
(3), 532 (90), 530 (79), 394 (10), 392 (9), 336 (9), 334 (8), 294
(10), 292 (9), 173 (72), 116 (29), 75 (37), 73 (100).
CosHioBr NO4SSi , (588.75): calcd. C 51.00, H 7.19, N 2.38; found C
51.26, H 7.21, N 2.28.

(+)-4-Bronmo- N {(1R)-2-{[tert-butyl (dinmethyl)silyl]oxy}-1-{[5-tert-

butyl (di methyl)silyl-2-furyl]nmethyl}ethyl}-N prop-2-

ynyl benzenesul fonani de (29e): As described in GP 4, sulfonam de
35e (124 ng, 210 pnol), caesium carbonate (206 ng, 631 unol) and
propargyl brom de (80 w% solution in toluene) (70 pL, 74.9 ny,
630 pumol ) in acetone (3 nL) furnished propargylated sulfonam de
29e (108 ny, 174 pnol, 83% after colum chromatography on silica
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gel (hexanes/EtQAc, 50/1) as colourless solid. M. 50-52 °C. R
(hexanes/ Et OAc, 20/1) = 0.20. [a]®=+164.86 (c=0.35, CHC3). H NW\R
(CDCl3, 500 MHz): d = -0.01 (s, 3H), 0.00 (s, 3H), 0.20 (s, 3H,
0.21 (s, 3H), 0.86 (s, 9H), 0.91 (s, 9H), 2.16 (t, J = 2.5 Hz,
1H), 2.86 (dd, J = 14.9 Hz, 5.6 Hz, 1H), 3.18 (dd, J = 14.9 Hz,
9.0 Hz, 1H), 3.69 (dd, J = 10.8 Hz, 5.2 H, 1H), 3.76 (dd, J =
10.8 Hz, 4.3 Hz, 1H), 4.14-4.19 (m 1H), 4.28 (d, J = 2.5 Hz, 2H),
5.98 (d, J = 3.1 Hz, 1H), 6.50 (d, J = 3.1 Hz, 1H), 7.57 (d, J =
8.7 Hz, 2H), 7.72 (d, J = 8.7 Hz, 2H. C NWR (CDCl3, 125.8 MHz): d
-6.28 (q), -6.24 (q), -5.69 (q), -5.61 (q), 16.73 (s), 18.14
(s), 25.79 (g, 3C), 26.34 (q, 30, 28.42 (t), 33.90 (t), 58.78
(d), 64.12 (t), 72.81 (d), 79.79 (s), 107.29 (d), 121.78 (d),
127.36 (s), 129.07 (d, 2C), 131.98 (d, 2C, 139.74 (s), 155.89
(s), 157.81 (s). IR (neat): n = 3303, 2932, 2856, 1578, 1468,
1390, 1350, 1254, 1163, 1098, 1007, 833, 780, 746, 672, 643, 611,
575 cmi Ms (El (+), 70eV): mz (%: 627 (<1)[%Br-M], 625
(<1)["°Br-M], 612 (2), 610 (2), 570 (42), 568 (35), 432 (9), 430
(8), 352 (16), 211 (100). GCugHusBr NO;SSi » (626.79): calcd. C 53.65,
H7.08, N2 23; found C 54.01, H 7.14, N 2.23.

(+)-(7R)-6-[(4- bronophenyl )sul fonyl]-2-[tert-

butyl (dimethyl)silyl]-7-({[tert-butyl (di methyl)silyl]oxy}nethyl -4-

net hyl ene-5, 6, 7, 8-t etrahydro-4H furo[ 2, 3-d] azepi ne (36e): As
described in G2 9, alkyne 29 (36.1 ng, 50.4 pnmol) and [p-
G (AuPPh3) 2] BFs (5.35 ng, 5.04 pnol) in CDCl 3 (600 pyL) furnished
furo[ 2, 3-d] azepine 36e (26.4 ng, 42.1 pnol, 84% as colourless
Vi scous oi | after col um chr omat ogr aphy on silica gel

(hexanes/ Et OAc, 50/1). Rs (hexanes/Et OAc, 50/1) = 0.20. [a]®=+46.67
(c=0.09, CHO3). H NMR (CDd 3 300 MHz): d = 0.11 (s, 3H), 0.12 (s,
3H), 0.17 (s, 3H), 0.18 (s, 3H), 0.88 (s, 9H), 0.93 (s, 9H), 2.99
(dd, J = 16.1 Hz, 10.0 Hz, 1H), 3.28 (dd, J = 16.1 Hz, 11.6 Hz,
1H), 3.82 (dd, J = 10.0 Hz, 3.2 Hz, 1H), 3.89 (dd, J = 10.0 Hz,
5.4 Hz, 1H), 4.04-4.13 (m 1H), 4.32 (d, J = 16.7 Hz, 1H), 4.48
(d, J = 16.7 Hz, 1H), 4.99 (s, 2H), 6.22 (s, 1H), 7.33 (d, J = 8.6
Hz, 2H), 7.47 (d, J = 8.6 Hz, 2H). 3C N\R (CDO 3, 125.8 MHz): d = -
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6.30 (g), -6.15 (qgq), 5.51 (q), -5.41 (q), 16.60 (s), 18.25 (s),
25.91 (q, 3C), 26.32 (g, 30, 28.37 (t), 49.55 (t), 58.57 (d),
67.08 (t), 110.08 (t), 118.88 (d), 119.51 (s), 126.64 (s), 128.89
(d, 2C), 131.21 (d, 2C), 136.07 (s), 139.18 (s), 153.30 (s),
157.72 (s). IR (neat): n = 2933, 2857, 1641, 1466, 1347, 1250,
1156, 1078, 912, 830, 775, 733, 651, 612 cmi M (C (+)): mz
(%9: 627 (40)[%Br-M], 625 (32)[’°Br-M], 612 (27), 610 (18), 570
(100), 568 (85), 407 (95). HRVMS (Cl (+)): GsHua'°Br NQISSi,»: cal cd.
625.1713; found 625.1727.

(-)-(4R)-4-{5-[tert-Butyl (dinethyl)silyl]-2-furyl}nethyl]-3-prop-
2-ynyl -1, 3-oxazolidin-2-one (37e): As described in GP 8, alcoho
3le (101 ng, 260 pnol), sodium hydride (9.40 ng, 779 pnol) and
propargyl brom de (80 wt% solution in toluene) (45.0 uL, 46.5 ny,
390 pnol) in dinmethyl formamde (5 nL) furnished propargylated
carbamate 37e (69.0 ng, 216 pnol, 83% after colum chromat ogr aphy
on silica gel (hexanes/EtOAc, 10/1) as light vyellow oil. R
(hexanes/ Et QAc, 1:1) = 0.63. [a]®=-24.35 (c=0.46, CHd3). 'H NWR
(CDCl3, 250 MHz): d = 0.20 (s, 6H), 0.90 (s, 9H), 2.30 (t, J = 2.5
Hz, 1H), 2.93 (dd, J = 15.0 Hz, 7.3 Hz, 1H), 3.15 (dd, J = 15.0
Hz, 3.8 Hz, 1H), 3.84 (dd, J = 17.8 Hz, 2.5 Hz, 1H), 4.15 (dd, J =
7.8 Hz, 6.4 Hz, 1H), 4.18-4.28 (m 1H), 4.36-4.45 (m 2H), 6.12
(d, J = 3.1 Hz, 1H), 6.55 (d, J = 3.1 Hz, 1H). ¥C NWR (CDd 3 62.9
MHz): d = -6.38 (q), -6.33 (q), 16.72 (s), 26.28 (g, 3C), 30.66
(t), 32.22 (t), 53.60 (d), 67.10 (t), 73.30 (d), 76.82 (s), 108.02
(d), 121.68 (d), 153.49 (s), 157.45 (s), 159.04 (s). IR (neat): n
= 3295, 2933, 2858, 2352, 1757, 1430, 1251, 1191, 1094, 1013, 892,
772, 678, 631 cml. MS (FAB (+)): mz (%: 342 (100)[M + Na'], 320
(9), 73 (10). HRMB (FAB (+), 70 eV): Ci7HisNNaGSi: cal cd. 342.1501;
found 342. 1504.

(+)-(9aR) -2-[tert-Butyl (di methyl)silyl]-4-nmethyl ene-4,9, 9a, 10-

tetrahydro-5H furo[ 2, 3-d] [ 1, 3] oxazol o[ 3, 4- a] azepi n-7-one (39e): As
described in &GP 9, alkyne 37e (41.0 ng, 128 pnol) and [p-
Cl (AuPPh3) 2] BF4 (6.68 ng, 6.42 pnol) in CDCl 3 (600 pyL) furnished
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product 39e (15.3 ng, 47.9 umol, 37% as colourless viscous oil
after columm chromat ography on silica gel (hexanes/EtQAc, 10/1). R
(hexanes/ Et OAc, 3/1) = 0.14. [a]®=+36.67 (c=0.15, CHd3). *'H NWR
(CDCl3, 500 MHz): d = 0.21 (s, 6H), 0.92 (s, 9H), 3.05 (dd, J =
16.3 Hz, 9.3 Hz, 1H), 3.17 (dd, J = 16.3 Hz, 3.8 Hz, 1H), 3.92
(dt, J = 14.6 Hz, 1.3 Hz, 1H), 3.94 (dd, J = 8.7 Hz, 6.1 Hz, 1H),
4.11-4.16 (m 1H), 4.47 (dd, J = 14.6 Hz, 0.8 Hz, 1H), 4.48 (app.
t, J =8.5 Hz (nmean coupling constant), 1H), 5.19 (app. q, J = 1.1
Hz, 1H), 5.26 (app. t, J = 1.1 Hz, 1H), 6.64 (s, 1H. ¥BC NWR
(CDCl3, 125.8 MHz): d = -6.30 (q, 20, 16.73 (s), 26.30 (g, 30
34.08 (t), 50.20 (t), 54.61 (d), 67.55 (t), 113.97 (t), 121.37
(d), 122.09 (s), 135.22 (s), 151.29 (s), 157.55 (s), 157.84 (s).
IR (neat): n = 2931, 2856, 1747, 1639, 1413, 1250, 1190, 1110
1010, 937, 898, 815, 770, 679, 649 cm*. MS (Cl (+)): mz (%: 320
(100)[M + H7], 319 (40)[M], 262 (59), 177 (14). HRVE (C (4)):
Ci7HbsNG:Si: [MH]™:  calcd. 320.1676; found 320.1666; M: cal cd.
319. 1604; found 319. 1603.
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