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1 Experimental procedures

1.1 General

All reactions were carried out under an atmosphere of nitrogen. Dry toluene was distilled

from sodium, dry ChKCl, and DMF were distilled from /1. Dry solvents were stored over
molecular sieves under an atmosphere of nitrogen. For reaction nmanitd.C plates from

MachereyN a g e | APol yor ane r& i lus@/du Preparative col
performed with shwas pu@hagpaedfiom M&Ecerdpgol, sohvets wsed

as eluents were from technical grade and distilled prior to their use. Petroleum ether (PE)
refersto the fraction boiling at 6® 0 A C. NMR spectra were recor
4000 spectrometer and cal &r7a%tppd®Ct78.0ppthie s ol
CD;OD: *H 3.3 ppm,**C 49.2 ppm). For peak assignment additional NMR spectra (DEPT
135,'H,'H-COSY, *H,°C-HMBC, H,**C-HSQC) were used, atoms are numbered according

to the carbohydrate nomenclature. Higlsolution mass spectra rgemeasured on a Bruker
AmaXis 4Go0 with electrospray ionization and
determined at PerkikE | me r APol ari meter 3410. Mel ting p
AMel ti ngb6P0ooi nappvar at us .waksl epmeernftoarl meadn aolny sa sHE|
3000 CHMO. data was collected on a Bruker AS
Enantiomeric ratio was determined by HLPC, using a Bykai S 112106 chr oma
equi pped with a Dr -Ni s& helfi,Rle.pb 0mmd Edli uran

hexane/2propanol (9/1) as eluent with a flow rate of tfn&/min.

1.2 Synthesis of 1,Asopropylidene protected sugars

6a, 7e 7f, 7i, 7 j, 7l and7m were prepared as described in the literafré].

3-O-Benzyt1,2-O-isopropylidened,5-di-O-methytb-D-fructopyranose  1g):

X

M\E{O NaH (544 mg, 13.6 mmol; 60% dispersion in mineral oil) was added to a
OMe

OBn

Meo solution of 30-benzy-1,2-O-isopropylideneb-D-fructopyranosg8] (1.06 g,

3.40 mmol) in dry DMF (30nL) over a period of 10 min. The mixture wasoled in an ice
bath and Mel (0.851L, 14 mmol) was added. The tbath was removed and the reaction was
stirred at room temperature for 5 h. The mixture was quenched with Me@ti)(and the

solvent was evaporated in vacuo. The residue wassselved m EtOAc (50mL), washed
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with water (30mL) and brine (30mL) and dried over N&QO,, filtered and concentrated.
Column chromatography (PE/EtOAc, 3/1) of the residue affortle@55 mg, 8%0) as a
colorless oil. R=0.29P E/ Et OAc %% -26/11c)=1.0, CHTJ); *H NMR (400 MHz,
CDCly) Ui = 7.341 7.13 (m, 5 H, HAr), 4.91 (d,J = 11.6 Hz, 1 H, El,Ph), 4.53 (dJ = 11.6
Hz, 1 H, tH.Ph), 3.90i 3.78 (m, 3 H, Hla, H1b, H6a), 3.72 3.64 (m, 2 H, H4, H-6b),
3.637 3.57 (M, 2 H, H3, H-5), 3.43 (s, H, OCHs), 3.41 (s, 3 H, OCH), 1.41 (s, 3 H, Ch),
1.34 (s, 3 H, Ch); **c{'H} NMR (101 MHz , CDC}) ii = 138.5, 128.2, 127.7, 127.5+8),
111.8 C(CHs),), 105.7 (G2), 81.4 (G5), 75.6 (G3), 75.3 CH,Ph), 74.9 (€4), 71.8 (G1),
59.8 (G6), 57.4 (OCH), 57.3 (OCH), 27.0 (CH), 26.1 (CH); HRMS (ESITOF) m/z
[M+Na]™: calcd for GgH2OsNa: 361.16216, found: 361.16240; Anal calcd fegH3Os: C

63.89, H 7.74, found: C 63.72, H 7.66.

X 4,5Di-O-benzytl,2-O-isopropylidene3-O-methytb-D-fructopyranose 1h):
(0]
(0]

me NaH (349 mg, 8.73 mmol; 60% dispersion in mineral oil) was added to a

BnoOBn

solution of 1,20-isopropylidene3-O-methytb-D-fructopyranosg9] (511 mg,
2.20 mmol) n dry DMF (15mL) over a period of 10 min. The mixture was cooled in an ice
bath and BnBr (1.04nL, 8.73 mmol) was added. The ibath was removed and the reaction
was stirred at room temperature for 3 h. The reaction mixture was poured tatare(20
mL). The aqueous layer was extracted with,Chl(3 x 30mL). The combined organic layers
were dried over N&O,, filtered and the swkent was evaporated in vacu@olumn
chromatography (PE/EtOAc, 6/1) of the residue afforded825 mg, 9%) as a colorles
crystalline solid. R =029 PE/ Et OAc ,%% 86.31(9 = 1.0[ GHG); mp = 108 °C
(CH,CL,); *H NMR (400 MHz, CDCY) Ui = 7.417 7.24 (m, 10 H, HAr), 4.777 4.68 (m, 2 H,
CH,Ph), 4.67i 4.58 (m, 2 H, ©l,Ph), 4.09 4.01 (m, 2 H, Hla, H1b), 3.86i 3.65 (m, 5 H,
H-3, H4, H5, H-6a, H6b), 3.64 (s, 3 H, OCH), 1.49 (s, 3 H, Ch), 1.44 (s, 3 H, Ch);
¥%C{*H} NMR (101 MHz, CDC}) i= 138.7, 138.4, 128.5, 128.5, 128.0, 127.8, 127-B1(C
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111.9 C(CHa),), 106.1 (G2), 80.1 (G4 or G5), 77.3 (G3), 73.4 (G4 or G5), 72.0 (GL),
72.0 (CH,Ph), 71.6 CH,Ph), 61.8 (OCH), 61.3 (G6), 27.2 (CH), 26.2 (CH); HRMS (ESt
TOF) m/z CyH300sNa [M+Na]'": calcd for: 437.19346, found: 437.19369; Anal calcd for

CosH300s: C 69.55, H 7.30, found: C 69.74, H 7.39.

X 1,2-O-Isopropylidene3,4,5tri-O-pivaloyl-b-D-fructopyranosek): To an ice
(6]
0]

opiv Cooled solution of 1;D-isopropylideneb-D-fructopyranoseda) (2.73 g, 12.4

pivo v

mmol) in pyridine (40mL) pivaloyl chloride (7.6mL, 62 mmol) was added.
The resulting mixture was stirred at room temperature fory8.didhe solvent was evaporated
in vacuo, the residue was-déssolved in EtOAc (50nL), washed with water (36L), dried
over NaSQ,, filtered and concentrate€Column chromatography (PE/EtOAc, 10/1) of the
residue affordedk (4.13 g, 7%6) as a colorlessrystalline solid. R= 0.59 PE/EtOAc, 4/1);
[ &}-107.5 (c = 1.0, CHG); mp = 130 °C (PE/EtOAc, 10/} NMR (400 MHz ,CDCY) Ui
= 5.46 (d,J = 10.5 Hz, 1 H, HB), 5.401 5.34 (m, 1 H, H4), 5.33i 5.30 (m, 1 H, HB), 4.11
(dd,J=1.2, 13.0 Hz, 1 H, H6a), 3.98 (dJ = 9.3 Hz, 1H, H-1a), 3.84 (dJ=9.3 Hz, 1 H, H
1b), 3.73 (ddJ = 1.9, 13.0 Hz, 1 H, #6b), 1.48 (s, 3 H, CH), 1.46 (s, 3 H, Ch), 1.26 (s, 9
H, C(CHy)s), 1.20 (s, 9 H, C(CHa), 1.12 (s, 9 H, C(CHs); *C{*H} NMR (101 MHz ,
CDCly) ti= 177.8, 177.4, 177.3 (CO)12.0 C(CHs),), 104.8 (G2), 71.9 (G1), 69.3 (G4),
69.0 (G5), 66.5 (G3), 62.5 (G6), 38.9 (CH), 38.9 (CH), 38.7 (CH), 27.2 (CCH3)3), 27.1
(C(CHs)s), 27.1 (CCH3)s), 26.4 C(CHs)s), 26.4 C(CHg)3), 26.1 C(CHg)s); HRMS (ESt
TOF) m/z[M+Na]": calcd for CyHsgOgNa: 495.25645, found: 495.25660; Anal calcd for

C24H4009: C 61.00, H 8.53, found: C 60.77, H 8.59.

1.3 General procedure for the preparation of oxazolines:
A mixture of 1,2isopropylidene protected sugar (1.0 equivpr@mobenzonitrile (15 equiv)

and BR-OEt (1 to 4 equiv, sedable 1for details) in dry CHCIl, was stirred at room
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temperature until TLC showed full consumption of the starting material Tabke 1 for
reaction times)The reaction was quenched with an excess4#f &bd the solverevaporated

in vacuo. The residue was purified by column chromatography.

(3aR4R,7'S 7aR)-7-(Benzyloxy)2-(2-bromophenyh2',2-dimethyt3a’,4', 7",
Br
N/g 7a*tetrahydre5H-spiro[oxazole4,64[1,3]dioxolo[4,5c]pyran] (L0a): Prepared
6]

2ok from 7e (764 mg, 2.18 mmol) with 2bromobenzonitrile (5.95 g, 32.7 mmol)

O

(@)

ﬂ_ and BR-OEt (0.60mL, 2.2 mmol; 486 in E£O) in 5 mL CH.Cl,. Column
chromatography (PE/EtOAc, 8/1 ¥2EN) afforded10a (600 mg, 58%) as a colorless oil.
Rr = 0.24 PE/EtOAc, 10/1 + @ E&N ) ; 2%5[1852 (c = 1.0, CHG); *H NMR (400 MHz,
CDCly) ti= 7.737 7.58 (m, 2 H, HAr), 7.36i 7.20 (m, 7 H, HAr), 4.97 (d,J= 12.1 Hz, 1 H,
CH,Ph), 4.68 (dJ = 12.2 Hz, 1 H, €,Ph), 4.60 (ddJ = 5.9, 7.1 Hz, 1 H, H}), 4.51 (dd,) =
2.8, 13.3 Hz, 1 H, K6a), 4.3 1 4.27 (m, 2 H, Hla, H5), 4.15 (dJ = 9.4 Hz, 1 H, Hlb),
4.06 (d,J = 13.3 Hz, 1 H, Hbb), 3.60 (dJ = 7.2 Hz, 1 H, H3), 1.57 (s, 3 H, ChJ, 1.40 (s, 3
H, CHs); *C{*H} NMR (101 MHz, CDC}) & = 166.3 (OCN), 138.4, 134.0, 132.1, 131.7,
129.6, 128.4128.0, 127.7, 127.2, 122.2 &), 109.0 C(CHs),), 101.7 (G2), 78.4 (G4),
78.4 (G3), 74.7 (G1), 74.4 (G5), 72.6 CH.Ph), 61.7 (G6), 28.5 (CH), 26.5 (CH); HRMS
(ESFTOF) m/z[M+H]™: calcd for GaHos NBrOs: 474.09106, found: 474.09062; Anal calcd

for Ca3H24NBrOs: C 58.24, H 5.10, N 2.95, found: C 58.51, H 5.29, N 2.89.

/9 (5R,8R,9R,109-8,9,10Tris(benzyloxy)2-(2-bromophenyh3,6-dioxa1-aza
Br
N -

spiro[4.5]deel-ene 10b and (558R,9R,109-8,9,10tris(benzyloxy)2-(2-
(@)
BnOOBn

(1.23 g, 2.51 mmol) with-Bromobenzonitrile (6.83 g, 37.5 mmol) ands;BPEL (0.64 mL,

OBn  promophenybh3,6-dioxa1-azaspiro[4.5dec1-ene (1b): Prepared from7f

2.51 mmol; 486 in ELO) in 7mL CH,Cl,. Column chhomatography (PE/EtOAc, 8/1 492

Et;N) afforded both anomers in two different fractso Eluted first10b (1.07 g,69%) as a
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colorless oil. R=0.63 PE/EtOAC, 2/1 + % EtN ) ; *°5[-100.6 (c = 1.0, CHG); *H NMR
(400 MHz, CDC}): ti= 7.58 (ddJ = 1.9, 7.5 Hz, 1 H, KAr), 7.50 (dd,J= 1.2, 7.8 Hz, 1 H,
H-Ar), 7.301 7.29 (m, 2 H, HAr), 7.247 7.12 (m, 15 H, HAr), 4.96 (d,J = 11.9 Hz, 1 H,
CH,Ph), 4.70i 4.61 (m, 3 HCH,Ph), 4.52 (s, 2 H, B,Ph), 4.14 4.10 (m, 3 H, Hla, H1b,
H-4), 4.03 (dJ = 12.2 Hz, 1 H, H6a), 3.96 (dJ = 9.6 Hz, 1 H, H3), 3.78-3.73 (m, 2 H, H
5, H-6b). **c{*H} NMR (101 MHz, CDC}): ti = 166.1 (OCN), 138.8, 138.6, 138.5, 134.0,
132.0, 131.8129.8, 128.5, 128.5, 128.4, 128.1, 127.8, 127.7, 127.6, 127.1, 1224),(C
103.4 (G2), 80.6 (G4), 77.6 (G3), 75.2 CH,Ph), 75.0 (L), 73.9 (G5), 72.2 CH,Ph), 71.9
(CH,Ph), 63.2 (@6); HRMS (ESITOF) m/z[M+H]": calcd for G4H3sNBrOs: 614.15366,
found: 614.15327; Anal. calcd forzH3,NBrOs: C 66.45, H 5.25, N
ﬁ\g >—© 2.28, found: C 66.69, H 5.30, N 2.24. Eluted secdrdh (71 mg, 50)
. as a colorless crystalline solid.; R0.48 PE/EtOAc, 2/1 + % EgN);
[ &}-17.5 (c = 1.0, CHG); mp = 118 °C (CkCly); 'H NMR (400 MHz, CDCY) ti = 7.73i
7.64 (m, 1 H, HAr), 7.607 7.52 (m, 1 H, HAr), 7.39i 7.31 (m, 2 H, HAr), 7.301 7.12 (m,
15 H, HAr), 4.781 4.66 (m, 3 H, E,Ph), 4.63( 4.56 (m, 3 H, &,Ph),4.52 (d,J = 9.4 Hz,
1 H, H1a), 4.28 4.24 (m, 2 H, Hib, H3), 4.05 (ddJ = 3.3, 13.0 Hz, 1 H, 6a), 3.71 (m, 1
H, H-5), 3.43 (ddJ = 3.2, 9.4 Hz, 1 H, H}), 3.35 (dd,) = 1.4, 13.0 Hz, 1 H, 6b); **C{'H}
NMR (101 MHz, CDC})) Ui = 166.8 (OCN), 138.51.38.3, 138.1, 133.9, 132.0, 129.1, 128.3,
128.3, 128.2, 127.9, 127.6, 127.6, 127.4, 127.0, 121-8r(C104.0 (G2), 78.7 (G3), 78.3
(C-4), 75.1 CH2Ph), 72.4 (G5), 72.2 CH2Ph), 71.1 (€1), 71.1 CH.Ph), 61.7 (G8); HRMS
(ESFTOF) m/z[M+H]™: calcd far Ca4H3aNBrOs: 614.15366, found: 614.15375; Anal calcd

for C34H3NBrOs: C 66.45, H 5.25, N 2.28, found: C 66.06, H 5.28, N 2.27.
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(5R,8R,9R,109)-10-(Benzyloxy)2-(2-bromophenyh8,9-dimethoxy3,6-di-

Br£ oxal-azaspiro [4.5] ded-ene (0c) and (55,8R,9R,109-10-(benzyloxy}2-
Meo@“ﬁZEH (2-bromophenyh8,9-dimethoxy3,6-dioxa1-azaspiro[4.5]ded-ene (10:
Prepared fronivg (675 mg, 2.0 mmol) with -bromobenzonitrile (5.45 g, 29.9 mmol) and
BF;-OEtL (0.53mL, 1.99 mmol; 48 in ELO) in 4 mL CH,Cl,. Column chromatography
(PE/EtOAC, 3/1A 1/1 + 26 EtN) afforded both anomers in two different fractions. Eluted
first: 10c (569 mg, 62) as a colorless crystalline solid.; 0.49 PE/EtOAc, 3/2 + %
EtzN) ; BF160l4 (c = 1.0, CHG); mp = 99 °C (EtOAc)H NMR (400 MHz, CDCJ) Ui =
7.67 (ddJ=2.0, 7.5 Hz, 1 H, HAr), 7.60 (dd,J = 1.3, 7.9 Hz, 1 H, HAr), 7.337 7.19 (m, 7
H, H-Ar), 5.00 (d,J = 12.0 Hz, 1 H, El,Ph), 4.66 (dJ = 12.0 Hz, 1 H, El,Ph), 4.17 (s, 2 H,
H-1a, H1b), 4.15 4.10 (m, 1 H, H6a), 3.99 3.90 (m, 2 H, H4, H-6b), 3.85 (d,J = 9.7 Hz,
1 H, H3), 3.76i 3.71 (m, 1 H, H5), 3.50 (s, 3 H, OC#}, 3.49 (s, 3 H, OCH); *c{'H}
NMR (101 MHz, CDC)) Ui = 166.1 (OCN), 138.7, 133.8, 181 131.6, 129.7, 128.2, 127.6,
127.4, 127.0, 122.0 (@r), 103.0 (G2), 81.7 (G4), 77.3 (G3), 76.1 (G5), 74.9 CH.Ph),
74.9 (G1), 61.5 (G6), 57.7 (OCH), 57.3 (OCH); HRMS (ESITOF) m/z[M+H]*: calcd for
C22H2sNBrOs: 462.09106, found: 462.09093; Arealcd for GoH24NBrOs: C 57.15, H 5.23,

N 3.03, found: C 57.04, H 5.29, N 2.85. Eluted secofdc (79 mg,

g\go/ 9%) as a colorless crystalline solid; R 0.25 PEAPrOH, 7/1 + 2%
(e} N

OBn <

Lelove 0BT ERNY) 2% [2818 (c = 1.0, CHG); mp = 130 °C (EtOAc)*H NMR

(400 MHz, CDC}) ti = 7.73i 7.64 (m, 1 H, HAr), 7.617 7.51 (m, 1 H, HAr), 7.29i 7.08
(m, 7 H, HAr), 4.771 4.67 (m, 2 H, €Ph), 4.57 (dJ = 9.3 Hz, 1 H, H1a), 4.29 (dJ = 9.3
Hz, 1 H,H-1b), 4.17i 4.07 (m, 2 H, H3, H-6a), 3.63i 3.59 (m, 1 H, H5), 3.45 (s, 3 H,
OCHg), 3.41 (s, 3 H, OCH), 3.36 (ddJ= 1.1, 13.2 Hz, 1 H, 8b), 3.22 (ddJ = 3.2, 9.6 Hz,
1 H, H4); **c{*H} NMR (101 MHz, CDC}) Ui = 166.9 (OCN), 138.5, 133.9, 132.1,213,

129.0, 128.1, 127.7, 127.4, 127.0, 121.8A(¢, 103.9 (G2), 80.7 (G4), 78.4 (G3), 75.2
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(CH,Ph), 74.8 (&5), 70.8 (C1), 60.5 (C6), 58.0 (OCH), 56.9 (OCH); HRMS (ESHTOF)
m/z [M+H]™: calcd for GoH2sNBrOs: 462.09106, found: 462.09117; Anal ahldor

CooH24NBrOs: C 57.15, H 5.23, N 3.03, found: C 57.07, H 5.30, N 2.93.

(5R,8R,9R,109-8,9-Bis(benzyloxyj2-(2-bromophenyh10-methoxy3,6-di-
Br
N/g oxal-azaspiro[4.5]ded-ene (0d) and (55,8R,9R,109-8,9-bis(benzyloxy)
0]

2/ owme 2-(2-bromophenyh10-methoxy3,6-dioxa1-azaspiro[4.5]ded-ene (@ 1d):

BnoOBn

Prepared fronvh (517 mg, 1.25 mmol) with-Bromobenzonitrile (3.41 g, 18.7 mmol) and
BF;-OEtL (0.33 mL, 1.3 mmol; 486 in EtO) in 2 mL CH,Cl,. Column chromatography
(PE/EtOAC, 8/1A 1/1 + 20 EN) afforded both anomelis two different fractions. Eluted
first: 10d (498 mg, 746) as a colorless o0iR; = 0.37 PE/EtOAC, 2/1 + % EtN) ; 5[ U]
123.3 (c = 1.0, CHGJ; 'H NMR (400 MHz, CDC}) ti= 7.70 (ddJ= 1.8, 7.6 Hz, 1 H, FAr),
7.5 (dd,J =1.2, 7.6 Hz, 1 H, FAr), 7.357 7.15 (m, 12 H, HAr), 4.747 4.62 (m, 2 H,
CH,Ph), 4.62 4.51 (m, 2 H, G,Ph), 4.33 4.23 (m, 2 H, Hla, H1b), 4.12i 4.01 (m, 2 H,
H-4, H-6a), 3.82i 3.70 (m, 3 H, H3, H-5, H-6b), 3.59 (s, 3 H, OCH; *C{*H} NMR (101
MHz, CDCk) U= 165.6 (OCN), 138.3, 134.3, 134.0, 133.8, 133.1, 131.8, 129.1, 128.3, 127.6,
127.5, 127.5, 126.9, 122.24&), 103.2 (G2), 8.3 (G4), 79.5 (G3), 74.6 (G1), 73.7 (G5),
71.9 CH,Ph), 71.6 CH.Ph), 62.8 (G6), 61.6 (OCH); HRMS (ES+TOF) m/z[M+H]*: calcd
for CogHogNBrOs: 538.12236, found: 538.12259; Anal calcd fogtGsNBrOs: C 62.46, H
5.24, N 2.60, found: C 62.37, H 5.29,2.64. Eluted second:1d (79
g\g?_@ mg, 126) as a colorless crystalline soligs = 0.65 PE/EtOAc, 2/1 +
Bnoosno oM e 2% E&N) ; %[-28.B (c = 1.0, CHG); mp = 104 °C (CkCl), H
NMR (400 MHz, CDC}) = 7.72 (ddJ= 1.9, 7.8 Hz, 1 H, HAr), 7.57 (dd,J= 1.3, 7.8 Hz,
1 H, HAr), 7.361 7.16 (m, 12 H, HAr), 4.737 4.67 (m, 1 H, €l,Ph), 4.64i 4.56 (m, 3 H,
CH,Ph), 4.45¢,J= 9.4 Hz, 1 H, Hla), 4.21 (dJ = 9.4 Hz, 1 H, Hlb), 4.03 (dd,) = 3.5,
12.9 Hz, 1 H, H6a), 3.95 (dJ = 9.2 Hz, 1 H, H3), 3.68i 3.66 (m, 1 H, H5), 3.50 (s, 3 H,
9



OCHg), 3.37 (ddJ = 3.2, 9.2 Hz, 1 H, H1), 3.31 (ddJ = 1.5, 12.9 Hz, 1 H, ¥b); *C{*H}

NMR (101 MHz, CDCJ) i = 166.6 (OCN), 138.4, 138.1, 133.9, 132.0, 131.8, 129.3, 128.3,
127.8, 127.6, 127.5, 127.0, 121.84€), 104.0 (G2), 80.3 (G3), 77.9 (G4), 72.4 (G5), 72.1
(CH.Ph), 71.1 (Gl), 71.0 CH,Ph), 61.7 (&%), 61.0 (OCH); HRMS (ESITOF) m/z
[M+H]™: calcd br GCHooNBrOs: 538.12236, found: 538.12267; Anal calcd for

CagH2sNBrOs: C 62.46, H 5.24, N 2.60, found: C 62.43, H 5.42, N 2.54.

(5R,8R,9R,109)-2-(2-Bromophenyh8,9,18trimethoxy3,6-dioxa1-aza
Br
N spiro[4.5]deel-ene (0e) and (558R,9R,109-2-(2-bromophenyl}8,9,10
O

=/ ove trimethoxy3,6-dioxa1-azaspiro[4.5]ded-ene (18: Prepared fron¥i (551

MeOOMe

mg, 2.10 mmol) with bromobenzonitrile (5.70 g, 31.5 mmol) and3;BPEL (0.55mL, 2.1
mmol; 486 in E£O) in 3mL CH,Cl,. Column chromatography (PE/EtOAc, #411/1 +2%
Et;N) afforded both anomers in two different fractions. Eluted fitée (532 mg, 666) as a
colorless crystalline solidR; = 0.44 PE/EtOAc, 1/1 + % Et:N) ; *5[-193.5 (c = 1.0,
CHCL); mp = 117 °C (CkCl,); *H NMR (400 MHz, CDCJ) ti= 7.77 (ddJ = 2.0, 7.6 Hz, 1
H, H-Ar), 7.64 (ddJ= 1.2, 7.9 Hz, 1 H, FAr), 7.37i 7.25 (m, 2 H, HAr), 4.371 4.29 (m, 2
H, H-1a, H1b), 4.13 (ddJ = 1.1, 12.7 Hz, 1 H, ¥a), 3.98 3.88 (m, 2 H, H4, H-6b), 3.76
i 3.72 (m, 1 H, H5), 3.63i 3.58 (M, 4 H, H3, OCH3), 3.51 (s, 6 H, % OCHs); *C{*H}
NMR (101 MHz, CDC}) G = 165.8 (OCN), 133.9, 131.9, 131.8, 129.2, 126.9, 122-ArjC
103.0 (G2), 81.5 (G4), 79.2 (G3), 76.2 (G5), 74.5 (G1), 61.5 (OCH), 61.3 (G6), 57.6
(OCHy), 57.2 (OCH); HRMS (ESITOF) m/z[M+H]": calcd for GgHiNBrOs: 386.05976,
found: 386.05989Anal calcd for GeHooNBrOs: C 49.76, H 5.22, N
%_@ 3.63, found: C 49.75, H 5.25, N 3.57. Eluted secordde (160 mg,
Meg\ﬁgﬂe B 20%) as a colorless oil.;R 0.23 PE/EtOAc, 1/1 + B EtsN) ; 5F U]
38.2 (c = 1.0, CHG); *H NMR (400 MHz, CDC}) ti = 7.78 (dd,J = 2.9,7.8 Hz, 1 H, HAr),
7.63(ddJ=1.2, 7.8 Hz, 1 H, HAr), 7.377 7.26 (m, 2 H, HAr), 4.56 (d,J=9.4 Hz, 1 H, H
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1a), 4.32 (dJ) = 9.4 Hz, 1 H, Hlb), 4.16 (ddJ = 3.1, 13.2 Hz, 1 H, a), 3.89 (dJ = 9.5

Hz, 1 H, H3), 3.66i 3.64 (m, 1 H, H5), 3.55(s, 3 H, OCH), 3.52 (s, 3 H, OCH}, 3.46 (s, 3

H, OCH), 3.40 (dd,J = 1.4, 13.2 Hz, 1 H, ¥b), 3.24 (ddJ = 3.3, 9.5 Hz, 1 H, H);
13c{*H} NMR (101 MHz, CDC}) ti = 166.7 (OCN), 133.8, 132.0, 131.7, 129.2, 127.0, 121.7
(C-Ar), 103.9 (G2), 80.3 (G4), 79.8 (G3), 74.6 (G5), 70.8 (G1), 61.0 (OCH), 60.4 (G6),
57.7 (OCH), 56.8 (OCH); HRMS (ES{TOF) m/z [M+H]™: calcd for GgH2iNBrOs:
386.05976, found: 386.05978nal calcd for GgHooNBrOs: C 49.76, H 5.22, N 3.63, found:

C 49.60, H 5.28, N 3.37.

? (5R,8R,9R,109)-2-(2-Bromophenyl3,6-dioxa1-azaspiro[4.5]ded-ene
Br
N/

8,9,10triyl tribenzoate 10f) and (%58R,9R,109-2-(2-bromophenyh3,6-
O
(0]

BzoOBz

7j (1.12 g, 2.10 mmol) with -Bromobenzonitrile (5.73 g, 31.5 mmol) and;BPEL (2.20

OBz dioxal-azaspiro[4.5]ded-ene8,9,10triyl tribenzoate {1f): Prepared from

mL, 8.40 mmol; 486 in EtO) in 4 mL CH,Cl,. Column clhomatography (PE/EtOAc, 5/1 +

2% EN) afforded both anomers in twdifferent fractions. Eluted first:Of (618 mg, 456) as

a colorless crystalline solidR; = 0.30 (oluene/EtOAc, 45/1 +%® EtN ) ; *%[-184.4 (c =

1.0, CHCH); mp = 74 °C (CHCL,); *H NMR (400 MHz, CDCJ) Ui = 8.091 8.01 (m, 2 H, H

Ar), 7.931 7.84 (m,2 H, HAr), 7.781 7.67 (m, 3 H, HAr), 7.62 (ddJ= 1.4, 7.8 Hz, L H, H

Ar), 7.57i 7.47 (m, 1 H, HAr), 7.451 7.09 (m, 10 H, HAr), 6.127 6.00 (m, 2 H, H3, H-4),

5.80 (dJ=2.1Hz, 1 H, H5), 4.64 (ddJ = 1.2, 13.1 Hz, 1 H, ¥ba), 4.44i 4.30 (m,2 H, H

la, H1b), 4.06 (ddJ = 1.8, 13.1 Hz, 1 H, ¥b); :*C{*H} NMR (101 MHz, CDC}) li= 166.7
(OCN), 166.1, 165.8, 165.5 (CO), 134.2, 133.5, 133.3, 133.1, 132.4, 131.6, 129.9, 129.9,
129.7,129.6, 129.1, 128.8, 128.8, 128.5, 128.4, 128.2, 127.1, 12212, (1D2.6 (G2), 74.2

(C-1), 70.6 (G5), 70.4 (G3 or G4), 69.9 (G3 or G4), 63.7(C-6); HRMS (ES+TOF) m/z

(0]
Y,
O N
OBz
OBz

Br
BzO

[M+H]™: calcd for GsH/NBrOg: 656.09146, found: 656.09228; Anal
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calcd for GaH26NBrOg: C 62.21, H 3.99, N 2.13, found: C 62.15, H 4.11, N 2.08. Eluted
second:11f (221 mg, 166) as a colorless crystalline solig; = 0.27 (PEEtOACc, 4/1 + 26
EtzN) ; ?%F100]8 (c = 1.0, CHG); mp = 85 °C (CHCl,); *H NMR (400 MHz, CDC}) Ui =
7.9817.84 (m, 6 H, HAr), 7.697 7.64 (m, 1 H, HAr), 7.621 7.57 (m, 1 H, HAr), 7.517

7.37 (m, 3 H, HAr), 7.367 7.15 (m, 8 H, HAr), 5.73 (dd,J = 3.8, 5.7 Hz, 1 HH-4), 5.57 (m,

1 H, H5), 5.00 (dJ = 5.7 Hz, 1 H, H3), 4.67i 4.53 (m, 2 H, Hla, H1b), 4.30 (ddJ = 3.6,
12.8 Hz, 1 H, H6a), 4.18 (ddJ = 3.8, 12.8 Hz, 1 H, #b); **C{*H} NMR (101 MHz,
CDCly) Ui= 166.0 (OCN), 166.0 , 165.7, 165.5 (CO), 134.2,8,3833.4, 133.3, 132.8, 131.8,
130.2, 129.9, 129.8, 129.7, 129.4, 129.3, 129.1, 128.5, 128.5, 128.4, 128.4, 127.3,122.2 (C
Ar), 100.7 (G2), 77.2 (G3), 70.3 (G4), 67.1 (G1), 66.8 (G5), 63.1 (G6); HRMS (ES}
TOF) m/z[M+H]": calcd for G4H,/NBrOg: 65609146, found: 656.09181; Anal calcd for

CasH26NBrOg: C 62.21, H 3.99, N 2.13, found: C 61.88, H 4.16, N 2.06.

(5R,8R,9R,109)-2-(2-Bromophenyh3,6-dioxa1-azaspiro[4.5]ded-ene
B:? 8,9,10triyl tris(2,2-dimethylpropanoate) 109 and (558R,9R,109-2-(2-
y O@P%iﬁv bronophenyl}3,6-dioxa-1-azaspiro[4.5]ded-ene8,9,10Gtriyl tris(2,2-
dimethylpropanoate)l(Lg): Prepared fronvk (1.00 g, 2.12 mmol) with -Bromobenzonitrile
(5.79 g, 31.8 mmol) and BFOEL (2.24 mL, 8.48 mmol; 486 in EtO) in 4 mL CHCl..
Column chomatograhy (PE/EtOAc, 11/1 + % EgN) afforded both anomers in two
different fractions. Eluted firsttOg (703 mg, 560) as a colorless crystalline solig: = 0.40
(PEEtOAC, 8/1 + 2 Et;N) ; 2%[180.7 (c = 1.0, CHGJ; mp = 55 °C (EtOAc)*H NMR
(400 MHz, CDC4) ti= 7.78 (ddJ = 2.1, 7.2 Hz, 1 H, HAr), 7.69 (dd,J = 1.3, 7.8 Hz, 1 H,
H-Ar), 7.397 7.32 (m, 2 H, HAr), 5.66 (dd,J = 3.3, 10.3 Hz, 1 H, H), 5.59 (dJ = 10.3 Hz,
1 H, H-3), 5.47i 5.39 (m, 1 H, H5), 4.47 (ddJ = 1.2, 13.0 Hz, 1 H, H6a), 4.29 (dJ = 10.3
Hz, 1 H, Hla), 4.19 (dJ = 10.3 Hz, 1 H, Hlb), 3.79 (dd,) = 1.9, 13.0 Hz, 1 H, Kb), 1.29
(s, 9 H, C(CH)3), 1.14 (s, 9 H, C(CH5), 1.12 (s, 9 H, C(CHs); “*C{*H} NMR (101 MHz,
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CDCly) Ui = 177.7, 177.4, 177.2 (CO), 166.0 (OCN), 134.4, 132.4, 131.7, 128.5, 127.1, 122.2
(H-Ar), 102.5 (G2), 74.1 (G1), 69.5 (G4), 69.4 (G5), 68.8 (G3), 63.8 (G6), 38.9, 38.9,
38.7 C(CHa)3), 27.2, 27.1, 27.0 (C©Ha)s); HRMS (ESITOF) m/z

O,

p [M+Na]": calcd br CgHzgNBrOgNa: 618.16730, found: 618.16673;

O N
OPiv

POV Anal calcd for GgHsgNBrOg: C 56.38, H 6.42, N 2.35, found: C 56.61,
H 6.50, N2.25. Eluted second:1g (274 mg, 22) as a colorless oil. {R= 0.35 (PEEtOAC,
8/1+ ZEtN) ; *BF70.7 (c = 1.0, CHG); *H NMR (400 MHz, CDC}) ti = 7.75 (ddJ =
2.1, 7.5 Hz, 1 H, HAr), 7.67 (dd,J = 1.5, 7.6 Hz, 1 H, HAr), 7.40i 7.30 (m, 2 H, HAr),
5.37 (ddJ = 3.4, 6.1 Hz, 1 H, K1), 5.27i 5.24 (m, 1 H, H5), 4.60 (dJ = 6.1 Hz, 1 H, H3),
4.40 (d,J = 11.1 Hz, 1 HH-1a), 4.30 (dJ = 11.1 Hz, 1 H, HLb), 4.15 (dd,) = 3.9, 12.8 Hz,
1 H, H6a), 3.93 (ddJ = 3.8, 12.8 Hz, 1 H, ¥b), 1.25 (s, 9 H, C(Chk), 1.24 (s, 9 H,
C(CHy)3), 1.16 (s, 9 H, C(CHs); *C{*H} NMR (101 MHz, CDC}) ti= 177.8, 177.3, 177.2
(CO), 16.7 (OCN), 134.3, 132.7, 131.9, 128.2, 127.2, 122-A(H100.2 (G2), 77.3 (G3),
69.7 (G4), 66.4 (G1), 66.0 (G5), 63.0 (G6), 38.9, 38.9 38.8Q(CHy)s), 27.1, 27.1, 27.1
(C(CHs)3); HRMS (ESHTOF) m/z [M+H]": calcd for GgHagNBrOg: 596.18536, found:
596.18532; Anal calcd for gH3sNBrOg: C 56.38, H 6.42, N 2.3%ound: C 56.06, H 6.42, N

2.13.

(3aR 4R, 7'S 7aR)-2-(2-Bromophenylh2',2-dimethyt3a’,4',7', 7atetrahydre5H
8:9 -spiro[oxazole4,6-[1,3]dioxolo[4,5c]pyran}7-yl  acetate  10h) and
I OAc (3aR,4S,7'S7aR)-2-(2-bromophenyh2',2-dimethy}t3a’,4',7', 7atetrahydre5H
\L -spiro[oxazole4,6-[1,3]dioxolo[4,5c]pyran}7*-yl acetate (11h): Prepared
from 71 (644 mg, 2.13 mmol) with -Bromobenzonitrile (5.82 g, 32.0 mmol) and;BPEDL
(0.85mL, 3.2 mmol; 480 in EO) in 4mL CH,Cl,. Column chromatography (PE/EtOAc, 6/1
A 4/1 + 26 Et3N) afforded both anomers in two different fractions. Eluted fitéh (381

mg, 42%) as a colorless crystalline solid; R0.36 (PEEtOAC, 4/1 + 26 Et;N ) ; *%5F1681]0
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(c = 1.0, CHCY); mp = 94 °C (EtOAc)*H NMR (400 MHz, CDCY) ii= 7.69i 7.62 (m, 2 H,
H-Ar), 7.371 7.25 (m, 2 H, HAr), 5.28 (d,J = 7.9 Hz, 1 H, H3), 4.52i 4.42 (m, 2 H, H4,
H-6a), 4.31i 4.29 (m, 1 H, H5), 4.23 (d,J = 10.3 Hz, 1H, H-1a), 4.17 (dJ = 10.3 Hz, 1 H,
H-1b), 4.11 (dJ = 13.3 Hz, 1 H, HBb), 2.09i 2.06 (m, 3 H, Ch), 1.57 (s, 3 H, C(CH)),
1.35 (s, 3 H, C(CHy); “*C{*H} NMR (101 MHz , CDC}) i = 170.7 (CO), 166.6 (OCN),

134.1, 132.3, 131.5, 129.1, 127.2, 122.04¢, 109.5 C(CHs),), 101.1

g\g’/ (C-2), 75.3 (G4), 74.2 (G5), 74.2 (G1), 72.7 (G3), 61.7 (G6), 27.9,
(o) N
O%T 8’ 265 (CCHs)y), 21.1 (CH): HRMS (ESFTOF) m/z [M+H]": calcd for

CigH21NBrOg:  426.05468, found: 426.05462; Anal calcd for
C18H20NBrOg: C 50.72, H 4.73, N8.29, found: C 50.84, H 4.81, N 3.15. Eluted secohth
(163 mg, 186) as a colorless oil. {& 0.36 (PEEtOAc, 2/1 + 26 Et:N ) ; *°,F80.0 (c = 1.0,
CHCL); *H NMR (400 MHz, CDCJ) ti= 7.70 (ddJ = 2.1, 7.2 Hz, 1 H, HAr), 7.65 (dd,J =
1.5, 7.6 Hz, 1 H, HAr), 7.39i 7.31 (m, 2 H, HAr), 4.76 (dd,J= 2.1, 7.8 Hz, 1 H, HY), 4.64
(d,J=2.1 Hz, 1 H, H3), 4.56 (dJ = 11.2Hz, 1 H, H1a), 4.28 4.19 (m, 2 H, Hlb, H5),
3.86 (d,J = 13.8 Hz, 1 H, Hba), 3.62 (ddJ = 2.0, 13.8 Hz, 1 H, ¥b), 2.09 (s, 3 H, C#),
1.52 (s, 3 H, C(CH),), 1.36 (s, 3 H, C(CH); **C{*H} NMR (101 MHz, CDC}) ii= 170.5
(CO), 166.6 (OCN), 134.1132.6, 131.7, 128.8, 127.4, 121.7-A€), 109.6 C(CHs),), 98.3
(C-2), 73.8 (G3), 70.2 (G5), 69.8 (G4), 67.1 (G1), 61.7 (G6), 26.2, 24.4 (QTH3),), 21.0
(CH3); HRMS (ES}TOF) m/z [M+Na]": calcd for GgH,oNBrOgNa: 448.03662, found:
448.03646; Anal dad for CigH2oNBrOg: C 50.72, H 4.73, N 3.29, found: C 50.73, H 4.88, N

3.20.

p (5R,8R,9R,109)-2-(2-Bromophenyl3,6-dioxa1-azaspiro[4.5]ded-ene
Br
N/

8,9,10triyl triacetate {0i) and (55,8R,9R,109-2-(2-bromophenyh3,6-
O

2/ 0hc dioxa-1-azaspiro[4.5]ded-ene8,9,10triyl triacetate {1i): Prepared from

Ac OOAc

7m (670 mg, 1.93 mmol) with-Bromobenzonitrile (5.28 g, 29.0 mmol) and;BPEL (1.50
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mL, 5.79 mmol; 486 in Et,O) in 3mL CH,Cl,. Column chromatography (PE/EtOAc, 2/1 +
2% Et;N) afforded both anomers in two differdractions. Eluted first10i (458 mg, 500) as
a colorless crystalline solid.fR 0.34 (PFEtOAc, 2/1 + 2% Et:N) ; *p[-1d0.6 (c = 1.0,
CHCL); mp = 51 °C (CHCL,); *H NMR (400 MHz, CDCJ) ti = 7.74 (ddJ = 1.8, 7.5 Hz, 1
H, H-Ar), 7.66 (dd,J = 1.1, 7.7 Hz, 1 H, HAr), 7.401 7.29 (m, 2 H, HAr), 5.607 5.50 (m, 2
H, H-3, H-4), 5.46i 5.47 (m, 1 H, HB), 4.45 (d,J = 0.9, 13.1 Hz, 1 H, +6a), 4.30i 4.28
(m, 2 H, Hla, H1b), 3.81 (ddJ = 1.7, 13.1 Hz, 1 H, ¥b), 2.17 (s, 3 H, C¥), 2.04 (s, 3 H,
CHs), 1.98 (s, 3 H, Ch); **C{*H} NMR (101 MHz, CDC}) ti = 170.6, 170.5, 170.0 (CO),
o 166.8 (OCN), 134.2, 132.531.8, 129.0, 127.3, 122.1 {A&), 102.3 (G
) O@fgﬁ:@ 2), 74.3 (G1), 69.6 (G3), 69.5 (G4 or G5), 69.2 (G4 or G5), 63.6 (G
6), 21.1, 20.9, 20.8 (GHt HRMS (ES}TOF) m/z [M+Na]": calcd for GgH,oNBrOgNa:
492.02645, found: 492.02629; Anal calcd fasHzoNBrOg: C 48.53, H 4.29, N 2.98, found:
C 48.56, H 4.45, N 2.95. Eluted secondli (235 mg, 266) as a colorless oilR; = 0.40
(PEEtOAC, 1/1 + 2 Et:N ) ; %[98.7 (c = 1.0, CHG); *H NMR (400 MHz, CDC}) Ui =
7.717 7.63 (m, 2 H, HAr), 7.40i 7.30 (m, 2 H, HAr), 5.327 5.28 (m, 1 H, H4), 5.26i 5.23
(m, 1 H, H5), 4.65 (dJ = 6.4 Hz, 1 H, H3), 4.40 (dJ = 11.4 Hz, 1 H, Hla), 4.23 (d,J =
11.4Hz, 1 H, H1b), 4.06 (dd])=2.9, 13.0 Hz, 1 H, #6a), 4.06 (dd) = 3.6, 13.0 Hz 1 H,
H-6b), 2.12 (s, 6 H, X CHg), 2.09 (s, 3 H, Ch); *C{*H} NMR (101 MHz, CDC}) U =
170.5, 170.1, 170.0 (CO), 165.9 (OCN), 134.2, 132.8, 131.8, 128.5, 127.4, C2&r), (
100.5 (G2), 77.0 (G3), 70.3 (G4), 66.5 (G1), 66.1 (G5), 62.9 (G6), 20.9, 20.9, 20.9 (G}
HRMS (ESTOF) m/z[M+H]": calcd for GoH21NBrOg: 470.04451, found: 470.04456; Anal

calcd for GgHooNBrOs: C 48.53, H 4.29, N 2.98, found: C 48.61, 491 N 2.80.
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1.4 Zemplén deacetylation of 10i and benzylation of 10j
(5R,8R,9R,109-2-(2-Bromophenyl3,6-dioxa1-azaspiro[4.5]ded-ene8,9,
Br
N 10-triol (10j): To a solution ofL0i (89 mg, 0.19 mmol) in 5nL MeOH was

OHO OH added NH (1 mL, 7 mmol; 7m in MeOH). The esulting mixture was stirred

HO

at room temperature for 4 h. After evaporation of the solvent in va@u®4 mg, 990) was
obtained as colorless crystalline solid. CrystalsXeray crystallographywere prepared by
covering a saturated solution df0j in 2-propanol with n-heptane.R; = 0.56 (2
propanolEtOAc, 1/1 + 2 EtN) ; *5[-173.1 (¢ = 1.0, CEDH); mp = 140 °C (2
propanolh-heptane)’H NMR (400 MHz, CROD) Ui = 7.68 (ddd,J = 1.8, 7.6, 19.3 Hz, 2 H,
H-Ar), 7.46- 7.29 (m, 2 H, HAr), 4.51 (d,J = 9.7 Hz, 1 H, Hla), 4.25 (dJ = 9.7 Hz, 1 H,
H-1b), 4.19 (ddJ = 1.3, 12.5 Hz, 1 H, Fba), 3.97 (ddJ = 3.4, 9.7 Hz, 1 H, H}), 3.94- 3.89
(m, 1 H, H5), 3.82 (dJ=9.7 Hz, 1 H, H3), 3.69 (ddJ = 1.9, 12.5 Hz, 1 H, b); ’C{*H}
NMR (101 MHz , CROD) 0 = 168.6 (OCN), 135.0, 133.6, 132.7, 131.1, 128.5, 122-8 (C
Ar), 104.8 (G2), 76.2 (G1), 72.4 (G4), 71.5 (G3 or G5), 71.4 (G3 or G5), 67.0 (G6);
HRMS (ESFTOF) m/z[M+Na]": calcd for GaH14sNBrOsNa: 365.99476, found: 365.99493;

Anal calcd for GsH14sNBrOs: C 61.59, H 7.00, N 2.32, found: C 61.87, H 7.15, N 2.19.

/9 (5R,8R,9R,109-8,9,10Tris(benzyloxy)2-(2-bromophenyh3,6-dioxa1-aza
Br
N -

spiro[4.5]deel-ene 10b from 10j: A solution of 10j (32 mg, 0.093 mmol)
O
(@)

BnoOBn

room temperature for 10 min. BnBr (66L.0.558 mmol) was added and the resulting mixture

OBn  and NaH (22 mg, 0.56 mmol; 60% dispersion in mineral oil) was stirred at

was stirred at room temperature for 90 min. The reaction was quenched with Mefilh), (2
the solvent evaporated in vacuo, the residue was dissolved in EtOAwL(]@vashed with
water (5mL), dried over NSO, and concentrated. Column chromatography (PE/EtOAc, 5/1
+ 2% Et;N) offered10b (47 mg, 820) as colorless oil. Analytical data is in accordance with

the data described above.
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1.5 General procedure for the Ullmann coupling:

A mixture of Cul (0.125 equiv),N,Nédimethylethylenediamine (0.875 equiv) and
diphenylphosphine (1.88 equiv) in dry toluene (0.5 M with respect to pIR®Is stirred at
room temperature for 30 minutes.,C&®; (3.75 equiv) and bromophenyloxazoline (1.00
equiv; 0.2 M in dry toluene) weradded and the reaction mixture was heated to 110 °C (oll
bath temperature) until TLC showed full consumption of the starting material (se& ahlde

2 for reaction times)The mixture was cooled to room temperature, filtered through a pad of
celite and cocentrated in vacuo. The residue was purified by column chromatography, after
evaporation of the eluent in vacuo spiRBIOX-ligands were obtained as colorless crystalline

solids.

(3aR 4R, 7'S 7aR)-7-(Benzyloxy)-2-(2-(diphenylphosphan)phenyl)-2',2-di-
Ph,P
N/S methyt3a',4',7', 7atetrahydre5H-spiro[oxazole4,6+[1,3]dioxolo[4,5c]pyran]
O

7 o8 (5a): Prepared fromlOa (391 mg, 0.824 mmol) with Cul (19.6 mg, 0.103

OO
QV mmol), N,N&dimethylethylenediamine (78 L. 0.72 mmol), HPPh(270 ¢ L.
1.55 mmol) and GE£0O; (1.01 g, 309 mmol), yield after column chromatography (PE/EtOAc,
8/1 + 26 EtsN): 319 mg, 6%; R; = 0.28 (PEEtOAC, 8/1 + 26 EtsN ) ; 2%HF1P210 (¢ = 1.0,
CHCl); mp = 80 °C (CHCl,); *H NMR (400 MHz, CDCY) Ui = 8.04i 8.01 m, 1 H, HAr),
7.447 7.39 (m, 1 H, HAr), 7.387 7.17 (m, 16 H, HAr), 6.92i 6.88 (m, 1 H, HAr), 4.85 (d,
J=12.3 Hz, 1 H, G,Ph), 4.59 (dJ = 12.3 Hz, 1 H, El,Ph), 4.30 (dJ =9.3 Hz, 1 H, Hla),
4.091 3.99 (m, 2 H, H1b, H6a), 3.94 3.91 (m, 1 H, H5), 3.85 (dJ = 13.1 Hz, 1 H, Fbb),
3.767 3.69 (m, 1 H, H4), 3.46 (dJ = 7.3 Hz, 1 H, H3), 1.52 (s, 3 H, Ck), 1.36 (s, 3 H,
CHs); C{*H} NMR (101 MHz, CDC}) Ui = 164.6 (OCN), 139.5 (dl = 5.1 Hz), 139.3 (dJ

= 9.4 Hz), 139.2 (d] = 9.4 Hz), 138.7, 134.8, 134.2 @@= 20.5 Hz), 133.6 (d] = 19.8 Hz),
131.6 (dJ=19.8 Hz), 131.2, 129.9, 128.5, 128.2, 127.9, 127-Br(C108.5 C(CHs), 102.0
(C-2), 78.2 (G4), 78.1 (G3), 74.7 (G5), 73.9 (G1), 71.8 CH,Ph), 62.1 (CB), 28.4, 26.4

S17



(CHs); *'P NMR (162 MHz, CDG)) Ui = -5.00 HRMS (ES+TOF) m/z [M+H]*: calcd for
CssH3sNOsP: 580.22474, found: 580.22505; Anal calcd fegHz,NOsP: C 72.53, H 5.91, N

2.42, founl: C 72.37, H 6.03, N 2.48.

/9 (5R,8R,9R,109-8,9,10Tris(benzyloxy}2-(2-(diphenylphosphanyl)phenyl)
Ph,P
N -

3,6-dioxa1-azaspiro[4.5]dec1-ene bb): Prepared froni0b (470 mg, 0.765
6]
(@)

BnoOBn

¢ 1.0.67 nmol), HPPh (250¢ L. 1.44 mmol) and GE€0; (935 mg, 2.87 mmol), yield after

OBn  mmol) with Cul (18.2 mg, 0.096 mmolN,N&dimethylethylenediamine (72

column chromatography (toluene/EtOAc, 35/1 +92.&t;N): 490 mg, 8%; Rr = 0.53
(toluene/EtOAc, 35/1 + 2% Et:N ) ; 51991 (c=1.0, CHG); mp = 53 °C (CHCl,); *H
NMR (400MHz, CDCk) t=7.87i1 7 .85 (m, 1 H, HAr), 7.571 7.52 (m, 1 H, HAr), 7.35i1
7.07 (M, 24 H, HAr), 6.94 (t,J = 7.0 Hz, 2 H, HAr), 6.76 (dd,J = 3.8, 7.3 Hz, 1 H, HAr),
4.82 (d,J = 12.6 Hz, 1 H, €,Ph), 4.63i 4.51 (m, 3 H, E,Ph), 4.32 (9] = 11.6Hz, 2 H,
CH,Ph), 4.05 (dJ = 9.4 Hz, 1 H, Hla), 3.96 (dJ = 9.4 Hz, 1H, H1b), 3.81 (dJ= 9.6 Hz, 1
H, H-3), 3.55i 3.45 (m, 3 H, H4, H5, H6a), 3.35 (dJ = 12.2 Hz, 1 H, Fbb); *C{*H}
NMR (101 MHz, CDC}) Ui = 164.5 (GN), 139.5 (dJ = 5.1 Hz), B9.4 (d,J = 9.4 Hz), 139.3
(d, J = 10.1 Hz), 139.1, 138.9, 138.7, 134.8, 134.3](d,20.7 Hz), 134.1 (d) = 19.9 Hz),
134.0 (d,J = 19.9 Hz), 133.8, 133.3, 132.0, 131.8, 131.1, 129.8, 129.0, 128.9, 128.4, 128.4,
128.3, 128.3, 128.0, 127.7, 127.7, 127127.5, 127.5, 127.3, 125.5, 117.2, 116.0A(;
104.0 (G2), 80.4 (G4), 77.4 (G3), 74.5 (G5), 74.3 (G1), 74.1, 72.1, 71.80H,Ph), 63.4 (C
6); 3P NMR (162 MHz, CDG) U = -5.82 HRMS (ESITOF) m/z [M+H]": calcd for
CaeHa2NOsP: 720.28734, found: 720.28755; Anal calcd fegHz,NOsP: C 76.76, H 5.88, N

1.95, found: C 76.67, H 5.89, N 1.98.

/p (5R,8R,9R,109)-10-(Benzyloxy)-2-(2-(diphenylph@phaiyl)phenyl)-8,9-di-
Ph,P
N/

methoxy3,6-dioxa-1-azaspiro[4.5]ded-ene 6¢): Prepared fromlOc (206
O
(0]

OBn
MeooMe s18



mg, 0.446 mmol) with Cul (10.6 mg, 0.056 mmd\NGdimethylethylenediamine (44 L.
0.39 mmol), HPPAh(155 ¢ . 0.838 mmol) and GEO; (544 mg, 1.67 mmol), yield after
column chromatography (PBOAc, 7/2 + 26 Et;N): 210 mg, 8%06; Ry = 0.30 PE/EtOAc,
4/1 + 2L EN) ; *%5[-180.8 (c = 1.0, CHG); mp = 61 °C (CHCL,); *H NMR (400MHz,
CDCly) i = 8.007 7.95 (m, 1 H, HAr), 7.357 7.30 (m, 1 H, HAr), 7.267 7.10 (m, 16 H, H
Ar), 6.821 6.78 (m, 1H, H-Ar), 4.79 (d,J = 12.2 Hz, 1 H, ©,Ph), 4.49 (dJ = 12.2 Hz, 1 H,
CH,Ph), 4.07 (dJ = 9.4 Hz, 1 H, Hla), 4.01 (d) = 9.4 Hz, 1 H, H1b), 3.67i 3.60 (m, 2 H,
H-3, H-6a), 3.571 3.49 (m, 1 H, H6b), 3.39i 3.32 (M, 4 H, K5, OCH), 3.257 3.17 (m,4
H, H-4, OCH); **C{*H} NMR (101MHz , CDC}) Ui = 164.5 (OCN), 139.4 (d] = 12.5 Hz),
139.2 (d,J = 6.6 Hz), 139.0 (dJ = 10.3 Hz), 134.7 (d] = 19.5 Hz), 133.9 (d] = 20.1 Hz),
133.7 (d,J = 19.5 Hz), 132.0, 131.7, 130.9, 129.6, 128.3, 128.2, 128.2, 128.1, 128.1, 128.0,
127.2, 127.1 (€Ar), 103.6(C-2), 81.1 (G4), 76.5 (G3), 74.1 (G5), 73.8 CH.Ph), 61.7 (C
6), 57.6, 57.3 (OCH; **P NMR (162 MHz, CDG) U = -5.76 HRMS (ES{TOF) m/z
[M+H] " calcd for G4H3sNOsP: 568.22474, found: 568.22450; Anal calcd f@sHZsNOsP:

C 71.94,H6.04, N 2.4Tound: C 71.71, H 6.36, N 2.45.

(5R,8R,9R,109-8,9-Bis(benzyloxy)-2-(2-(diphenylphosphap)phenyl)-10-
Ph,P
N/g methoxy3,6-dioxa1-azaspiro[4.5]ded-ene bd): Prepared fromlOd (198
O

Zove mg, 0.368 mmol) with Cul (8.7 mg, 0.046 mmoN,NG

BnOOBn

dimethylethylenediamine (37 L.0.32 mmol), HPPh(120¢ L.0.692 mmol) and GEOs; (450
mg, 1.38 mmol), yield after column chromatography (PE/EtOAc, 4/%+EBN): 190 mg,
80%; Ry = 0.45 PE/EtOAc, 4/1 + % Et:N) ; *°%5[-109.8 (c = 1.0, CHG); mp = 65 °C
(CH,Cl,); *H NMR (400 MHz,CDCly) Ui = 7.95i 7.92 (m, 1 H, HAr), 7.351 7.04 (m, 22 H,
H-Ar), 6.971 6.88 (m, 2 H, HAr), 6.811 6.79 (m, 1 H, HAr), 4.677 4.56 (m, 2 H, El,Ph),
4.43 (s, 2 H, €,Ph), 4.22 (dJ= 9.5 Hz, 1 H, H1a), 4.14 (dJ = 9.5 Hz, 1 H, H1b), 3.59
(d,J=9.7 Hz, 1 H, H3), 3.54 (ddJ = 2.9, 9.7 Hz, 1 H, HY), 3.47 (s, 3 H, OCH), 3.467
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3.44 (m, 1 H, HB), 3.41 (ddJ = 1.7, 12.5 Hz, 1 H, ¥6a), 3.18 (d,) = 12.5 Hz, 1 H, HBb);
13c{*H} NMR (101 MHz , CDC}) ii= 164.4 (OCN), 139.5 (dl = 9.9 Hz), 139.2d, J = 10.5

Hz), 139.0 (dJ = 10.3 Hz), 134.7 (d] = 19.4 Hz), 133.5 (d = 19.5 Hz), 131.3 (dJ = 19.4

Hz), , 129.9, 128.3, 128.2, 128.2, 128.1, 128.1, 128.1, 128.0, 127.8, 127.5, 127.5, 127.4 (C
Ar), 103.8 (G2), 79.8 (G4), 79.7 (G3), 74.7 (G5), 73.9 (G1), 72.0, 71.6CH2Ph), 63.0 (€

6), 61.3 (OCH); **P NMR (162 MHz, CDGJ) U = -5.54 HRMS (ESITOF) m/z[M+H]*:

calcd for GoH3gNOsP: 644.25604, found: 644.25645; Anal calcd fasHzsNOsP: C 74.63,

H 5.95, N 2.18, found: C 74.73, H 6.19, N 2.25.

(5R,8R,9R,109)-2-(2-(Diphenylphosphayl)phenyl)-8,9,10trimethoxy-3,6-
Ph,P
N/g dioxal-azaspiro[4.5]de€l-ene 6€): Prepared fromlOe (300 mg, 0.779
O

2/ ome mmol) with Cul (18.6 mg, 0.098 mmolN,N&dimethylethylenediamine (70

MeOOMe

¢ 1.0.68 mmol), HPPh(255¢ L. 1.47 mmol) and GEO; (953 mg, 2.93 mmol), yield after
column chromatography (PE/EtOAc, 7/12% Et3N): 310 mg, 8%; Rs = 0.25 PE/EtOAC,
4/1 + 26 EtN) ; %[F168.1 (c = 1.0, CHGJ; mp = 68 °C (CHCL,); *H NMR (400 MHz,
CDCl) ti= 7.931 7.91 (m, 1 H, HAr), 7.321 7.29 (m, 1 H, HAr), 7.2771 7.19 (m, 7 H, H
Ar), 7.197 7.09 (m, 4 H, HAr), 6817 6.78 (m, 1 H, HAr), 4.19 (d,J = 9.4 Hz, 1 H, Hl1a),
412 (d,J=9.4 Hz, 1 H, Hlb), 3.58 (dd,) = 1.7, 12.7 Hz, 1 H, ¥ba), 3.46/ 3.36 (m, 5 H,
H-3, H-6b, OCHy), 3.35 (s, 3 H, OCH), 3.321 3.28 (m, 1 H, H5), 3.26 (s, 3 H, OC}), 3.14
(dd,J = 34, 9.7 Hz, 1 H, H4); *C{*H} NMR (101 MHz , CDC}) Ui = 164.6 (OCN), 139.3
(d,J = 11.7 Hz), 139.2 (dJ = 14.7 Hz), 138.9 (dJ = 13.9 Hz), 133.9 (dJ = 33.0 Hz),
133.8 (dJ=7.8 Hz), 131.6 (dJ = 20.5 Hz), 131.0, 129.8, 128.3, 128.2, 128.2, 128-AnC
103.5 (G2), 81.0 (G4), 79.2 (G3), 76.8 (G5), 73.9 (G1), 61.4 (G6), 61.0, 57.5, 57.4
(OCHy); 3P NMR (162 MHz, CDG)) Ui = -5.58 HRMS (ES+TOF) m/z[M+H]*: calcd for
CogH3iNOsP: 492.19344, found: 492.19378; Anal calcd fegHzoNOsP: C 68.42, H 6.15, N

2.85, found: C 68.32, H 6.23, N 2.91.
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(5R,8R,9R,109-2-(2-(Diphenylphosphayl)phenyl)3,6-dioxa 1-azaspiro
Ph,P
N [4.5]dec1-ene8,9,10triyl tribenzoate %f): Prepared froml10f (250 mg,

@?Ozﬁz 0.381 mmol) with Cul (9.1 mg, 0.048 mmaN,N&dimethylethylenediamine
BzO

(36 ¢ L.0.33 mmol), HPPh(125¢ L. 0.716 mnol) and CsCOs (466 mg, 1.43 mmol), yield
after column chromatography (PE/EtOAc, 7/1 % ZEtN): 199 mg, 6%; R = 0.63
(toluene/EtOAc, 4/1 + 2% Et;N ) : ?5[1@8.3 (c=1.0, CHG); mp =107C (CH,Cly); *H
NMR (400 MHz, CDC}) ti = 8.017 7.95 (m, 4 H, HAr), 7.911 7.89 (m, 1 H, HAr), 7.76i
7.71 (m, 2 H, HAr), 7.62i 7.55 (m, 4 H, HAr), 7.517 7.04 (m, 17 H, HAr), 6.94i 6.90 (m,
1 H, HAr), 5.91 (d,J = 10.1 Hz, 1 H, FB), 5.74 (dd,J) = 3.5, 10.1 Hz, 1 H, H}), 5.50i 5.44
(m, 1 H, H5), 4.31i 4.19(m, 2 H, H1a, H1b), 3.58 (ddJ = 1.7, 12.8 Hz, 1 H, +6a), 3.33
(d,J=12.8 Hz, 1 H, H6b); *C{*H} NMR (101 MHz , CDC}) ti= 166.1, 165.8, 165.3 (CO),
165.2 (OCN), 140.4 (d] = 27.9 Hz), 139.1 (d) = 38.9 Hz), 138.7 (d) = 33.0 Hz), 134.5
(d,J=21.3 Hz), 133.8, 133.5 (d,= 15.4 Hz), 133.3, 133.2 (d,= 19.8 Hz), 132.9, 132.1,
131.4, 130.8, 130.2, 129.8, 129.8914, 129.0, 128.5, 128.4, 128.4, 128.3, 128.2, 128.1,
127.6, 125.3 (€Ar), 103.0 (G2), 73.9 (G1), 71.2 (G3), 70.4 (G5), 69.7 (G4), 63.1 (GB);
P NMR (162 MHz, CDG) U = -6.18 HRMS (ESITOF) m/z [M+H]*: calcd for
CueH37NOgP: 762.22513, found: 7622575; Anal calcd for £gH3sNOgP: C 72.53, H 4.76, N

1.84, found: C 72.15, H 4.71, N 1.76.

(5R,8R,9R,109)-2-(2-(diphenylphosphan)phenyl)}3,6-dioxa-1-azaspiro
th@ [4.5]dec1-ene8,9,10triyl tris(2,2-dimethylpropanoate)s(): Prepared from
N O@Fﬁzﬁv 10g (265 mg, 0.44 mmol) with Cul (10.6 mg, 0.056 mmol)\,N&
dimethylethylenediamine (44 L.0.39 mmol), HPPh(145¢ 1.0.835 mmol) and GEOs (542
mg, 1.67 mmol), yield after column chromatography (PE/EtOAc, 15/%-E8N): 206 mg,
66%; Ri = 0.42 PE/EtOAc, 10/1 + ® Et;N) ; 2%5[-98.8 (c = 1.0, CHG); mp = 18 °C
(CHCL): *H NMR (400 MHz, CDCJ) Ui = 8.021 7.94 (m, 1 H, HAr), 7.467 7.28 (m, 10 H,
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H-Ar), 7.257 7.15 (m, 2 H, HAr), 6.98i 6.90 (m, 1 H, HAr), 5.44 (d,J=10.1 Hz, 1 H, H
3), 5.32 (dd, = 3.3, 10.1 Hz, 1 H, H}), 5.20i 5.12 (m, 1 H, H5), 414 (d,J = 5.1 Hz, 2 H,
H-1a, H1b), 3.35 (ddJ = 1.7, 13.0 Hz, 1 H, 6a), 3.28 (ddJ = 0.6, 13.0 Hz, Bb), 1.25 (s,
9 H, C(CH)s), 1.14 (s, 9 H, C(CHs), 1.12 (s, 9 H, C(Chs); **C{*H} NMR (101 MHz ,
CDCly) i = 177.8, 177.4, 176.9 (CO), 164.6 (OGN¥0.4 (d,J = 28.6 Hz), 138.8 (d] = 46.2
Hz), 138.6 (dJ = 41.1 Hz), 134.9 (d] = 20.5 Hz), 134.1 (d] = 20.5 Hz), 133.6 (d) = 19.8
Hz), 130.8, 130.6, 129.6, 128.5, 128.3, 128.3, 128.1, 1284)CL03.0 (G2), 73.8 (G1),
70.2 (G4), 69.2 (G5), 68.8 (G3), 63.4 (G6), 39.0, 38.9, 38.7Q(CHa)s), 27.2, 27.0, 27.0
(C(CHa)3); *'P NMR (162 MHz, CDGJ) Ui = -6.52 HRMS (ESITOF) m/z[M+H]*: calcd for
CaoH4oNOgP: 702.31903, found: 702.31905; Anal calcd fasHGsNOgP: C 68.46, H 6.89, N

2.00, found: C 68.12, H 6.98, N 1.96.

/9 (3aR/4R,7'S 7aR)-2-(2-(Diphenylphosphayl)phenyl)-2',2-dimethyt3a’,4’,

Ph,P

N 7', 7a-tetrahydre5H-spiro[oxazole4,6+[1,3]dioxolo[4,5c]pyran} 7-yl acetate
(0] .

o@\:zaC (5h): Prepared fronilOh (190 mg, 0.446 mmol) with Cul (10.6 mg, 0.103

0.838 mmol) and GEO; (545 mg, 1.67 mnly yield after column chromatography

mmol), N,N&dimethylethylenediamine (42 L. 0.39 mmol), HPPh(156 ¢ L.

(PE/EtOAC, 7/1 + % Et;N): 143 mg, 606; R; = 0.41 PE/EtOAc, 4/1 + B Et:N ) ; B U]
156.4 (c = 1.0, CHGJ; mp = 75°C (CHCE); *H NMR (400 MHz, CDC}) ti= 8.01i 7.99 (m,

1 H, HAr), 7.467 7.28 (m, 8 H, HAr), 7.261 7.16 (m, 4 H, HAr), 6.931 6.93 (m, 1 H, H
Ar), 5.13 (d,J = 8.1 Hz, 1 H, H3), 4.20i 4.06 (m, 2 H, Hla, H1b), 3.98( 3.83 (m, 3 H, H

5, H-6a, H6b), 3.67 (ddJ = 5.0, 7.9 Hz, 1 H, HI), 2.05 (s, 3 H, CH, 1.53 (s, 3 H,
C(CHs)2), 1.33 (s, 3 H, C(CH); **C{*H} NMR (101 MHz , CDC}) i = 170.8 (CO), 164.9
(OCN), 139.6 (dJ = 27.9 Hz), 139.1 (d] = 16.1 Hz), 138.9 (d] = 15.4 Hz), 134.8 (d] =
19.8 Hz), 133.6 (dJ = 19.0 Hz), 133.4 (d] = 19.8 Hz), 131.2, 131.1, 130.9, 129.7, 128.4,
128.4, 128.3, 128.1 (@r), 109.0 C(CHs),), 101.3 (G2), 75.2 (G4), 74.4 (G5), 73.4 (G1),
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72.7 (G3), 61.8 (GB), 27.7, 26.3 (QTH3),), 21.0 (CH); *'P NMR (162 MHz, CDGQ) Ui = -
4.89 HRMS (ESITOF) m/z[M+H]": calcd for GoH3iNOgP: 532.18835, found: 532.18858;

Anal calcd for GgH3gNOgP: C67.79, H 5.69, N 2.64, found: C 67.66, H 5.83, N 2.55.

/p (5R,8R,9R,109)-2-(2-(Diphenylphosphayl)phenyl)3,6-dioxa 1-azaspiro
Ph,P
N/

[4.5]dec1-ene8,9,10triyl triacetate bi): Prepared froni0i (300 mg, 0.638

O

Ac OOAC

¢ 1.0.56 mmol), HPPh(209¢ L. 1.20 mmol) and GE€O; (778 mg, 2.39 mmol), yield after

OAc mmol) with Cul (15.2 mg, 0.080 mmolN,N&édimethykethylenediamine (60

column chromatography (PE/EtOAc, 5/1 % ZEt;N): 240 mg, 656; Ry = 0.35 PE/EtOAC,
4/1 + 26 EtN) ; %1040 (c = 1.0, CHGJ; mp = 89°C (CH,Cl,); *H NMR (400 MHz,
CDCl) ti= 8.01i 7.98 (m, 1 H, HAr), 7.457 7.27 (m, 10 H, HAr), 7.257 7.18 (m, 2 H, H
Ar, H-Ar), 6.95i 6.93 (m, 1 H, HAr), 5.42 (d,J=10.3 Hz, 1 H, HB), 5.30 (dd,]= 3.4, 10.2
Hz, 1 H, H4), 5.217 5.17 (m, 1 H, H6), 4.16 §, 2 H, H1a, H1b), 3.42i 3.30 (m, 2 H, H
6a, H6b), 2.12 (s, 3 H, CH), 2.02 (s, 3 H, CH), 1.98 (s, 3 H, Ch); *C{*H} NMR (101
MHz , CDCk) & = 170.8, 170.5, 169.9 (CO), 165.5 (OCN), 140.4)(d,28.6 Hz), 138.8 (d]
= 8.8 Hz), 138.7 (dJ = 13.2 Hz), 134.3 (d,] = 19.8 Hz), 133.6 (d] = 19.8 Hz), 133.5 (d] =
21.6 Hz), 131.5, 131.0, 130.8, 130.0, 128.6, 128.5, 128.5, 128.5, 128.3, 128 102.8
(C-2), 73.7 (G1), 70.4 (G4), 69.5 (G5), 68.9 (G3), 63.2 (G6), 21.1, 21.0, 20.9 (CHit 3P
NMR (162 MHz, CDCJ) Ui = -5.77 HRMS (ES+TOF) m/z[M+H]": calcd for G;H3:NOgP:
576.17818, found: 576.17838; Anal calcd farlzoNOgP: C 64.69, H 5.25, N 2.43, found:

C 64.57, H 5.40, N 2.50.

o} (5S8R,9R,109)-2-(2-(Diphenylphosphayl)phenyl)3,6-dioxa-1-aza
0 N
A (@?go’\c PPh,  Spiro[4.5]deel-ene8,9,10triyl triacetate 144): Prepared fromili (315

mg, 0.670 mmol) with Cul (16.0 mg, 0.082 mmad\N&dimethylethylenediamine (68 L.

0.59 mmol), HPPh (220 ¢ L. 1.26 mmol) and GE0O; (819 mg, 2.51 mmol), yield after
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column chromatography (PE/EtOAc, 5/1 +92 Et3N): 136 mg, 3%; R; = 0.38 PE/EtOAC,
2/1 + 26 EGN) ; 5[-78.% (c=1.0, CHG); mp = 63°C (CH,Cl,); *H NMR (400 MHz,
CDCls) ti= 7.88i 7.80 (m, 1 H, HAr), 7.297 7.13 (m, 12 H, HAr), 6.841 6.81 (m, 1 H, H
Ar), 4.961 4.93 (m, 1 H, HAr), 4.90 (ddJ=3.9, 6.2 Hz, 1 H, H), 4.38 (dJ=6.2 Hz, 1 H,
H-3), 4.09 (dJ = 11.5 Hz, 1 H, Hla), 3.78 (dJ = 11.5 Hz, 1 H, HLb), 3.68 (dd,J = 3.3,
13.1 Hz, 1 H, H6a), 3.33 (ddJ = 2.6, 13.1 Hz, 1 H, Kb), 2.01 (s, 3 H, Ch), 2.00 (s, 3 H,
CHs) 1.98 (s, 3 H, Ch); *C{*H} NMR (101MHz , CDCE) & = 170.3, 170.0, 169.7 (CO),
165.9 (OCN), 139.6 (d] = 27.9 Hz), 137.6 (d] = 11.7 Hz), 137.5 (d] = 11.7 Hz), 134.4 (d,
J=13.9 Hz), 133.8 (d] = 27.9 Hz), 133.6 (d] = 20.5 H), 131.6, 130.5, 130.3, 128.8, 128.7,
128.7, 128.7, 128.6, 128.5, 128.2-@4), 100.5 (G2), 76.2 (G3), 70.5 (G4), 66.1 (G1), 66.0
(C-5), 62.2 (G6), 20.8, 20.8, 20.8 (CHt *'P NMR (162 MHz, CDGQ) U = -6.22 HRMS
(ESFTOF) m/z[M+H]": calcd for GiHxNOgP: 576.17818, found: 576.17854; Anal calcd

for C31H3oNOgP: C 64.69, H 5.25, N 2.43, found: C 64.78, H 5.25, N 2.43.

1.6 General procedure for the Tsuji Trost reaction

HSiOiC/\[COZCHs Small scale experiments0.5 mL solution of the PHOX ligand (13.2 mM
PN in dry CHCI;) and 0.5 mL solution of [PdCI(GHs)], (6.6 mM in dry
CH.Cl,) were mixed and stirred at room temperature for 20 min. The solvent was evaporated
in vacuo. A solution of dimethyl malonate (20,. 1 7 4 rag-diphénylallyl acetate (14.6

mg , 58 emol )mg, KBOAcec mRObi({tBnethysilyl)acetamide(43 ¢ L. 174

€ mo | )mLidrg soltent was added to the residue. The reaction mixture was stirred at room
temperature for 24 h. The reaction was quenched with saturatgd Nblution, the aqueous
layer wasextracted with CKCl, (3 x 2 mL). The combined organic layers were dried over
NaSQy, filtered through a pad of silica and concentrated in vacuo. Conversion was
determined byH NMR in CDCk. Enantiomeric ratio was determined by HPIichexane/2
propanol (91); 1.6mL/min), tr = 5.2 min for the R)-16, tr = 6.8 min for §)-16.
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Experiments with isolated yield A solution of5b (31.7 mg, 0.044 mmol) dsi (25.3 mg,
0.044 mmol) andPdCI(GHs)]2 (7.3 mg, 0.02 mmol) in 3nL solvent was stirred at room
temperatue for 20 min. Dimethyl malonate (138 L. 1.20 mmol), KOAc (2.0 mg, 0.02
mmol), N,O-bis(trimethylsilyl)acetamide(294 ¢ L 1.20 mmol) andac-diphenylallyl acetate
(100 mg, 0.40 mmol in 4nL solvent) were added and the mixture was stirred at room
temperatue for 24 h. The reaction was quenched with saturategCNsblution (3mL) and

the aqueous layer was extracted with,CH (3 x 5 mL). The combined organic layers were
dried over NgSQO, filtered and concentrated. Column chromatografi/EtOAc, 6/1)of

theresidue gavé6 as a colorless oil.
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2 Optimization of reaction conditions for the Ritter reaction

Table Sl. Ritter readbn with different conditions.

CN
s
X Br Br
0 O Lewis acid N
7T . =
275
OR?

1 solvent, rt o g 9
R?0 RZ@ZSW
7 10/11
entry reactant equiv8 solvert Lewis-acid (equiv) time yield(h bi 0

1 7e 15 toluene TMSOTT (1.0) 75 min 3%
2 Te 12 toluene TMSOTT (1.0) 90 min 31%
3 7e 5 toluene TMSOTT (1.0) 90 min 13%
4 76 5 toluene TMSOTf (1.1) 90 min 21%
5 7€ 5 toluene TMSOTf (1.1) 90 min 10%
6 71 15 toluene TMSOTTf (1.0) 4 h 36%
7 m 15 toluene TMSOTTf (1.0) 18 h 23%
8 7e 15 CH,Cl, Zn(OTf),(1.0) 30 If n.rd
9 7e 15 CH,Cl, BF;OEL(1.0) 40 min 58%

2 Slow addition of7eto a solution o8 and TMSOTTf in toluen,eb Slow addition of7e and

TMSOTTf to a solubn of 8in toluene €25 h rt, then 5 h reflu>€‘,no reaction
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3 Ullmann coupling with longer reaction times

Table . Yields of Ullmann couplingvith 10f and10i with longer reaction times.

/f ] HPPh,
Br cul L thp/p
Cs,CO

H
= _N M
0 toluene, 110 °C O - Me \/\H )
2/ oR' 922&1
REG™T 10 RzoOR2 5
enry reactant time yield
1 10f 19h 3%
2 10i 18 h 0%

th’p
N

O
(9]

® HRMS (ES}TOF) indicatedformation of: Ho@“\im , m/z [M+H]": calcd for GsHzsOs:

450.14649 found:450.14684.
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4 Crystal data for 10

Crystals forX-ray crystallgraphywere prepared by covering a saturated solutiatOpin 2-
propanolwith n-heptane at room temperatuigingle crystals were selected, coated with

Parabar 10312 (previously known as Paratone N, Hampton Researghjixed on a

microloop Data were ollected on a Bruker APEX DUO instrumeatqui pped with a
microfocus sealed tube aIJAZAR optics for MoKyr adi at i on (.dheBatal0. 7107
collection strategy was determined using COSMQ e mp | o y and gscamsRaw data

were processed using APEKL1] and SAINT[12], corrections for absorption effects were

applied using SADAB$13]. The structure was solved by direct methods and refagainst

all data by fll-matrix leastsquares methods o BsingSHELXTL [14] andShelxle[15].
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Figure S1. Molecular structure of(y.
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Table S3. Crystal data and structure refinement I6y.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculged)
Absorption coefficient
F(000)

Crystal size

Theta range for data collection

Index ranges

Reflections collected

Independent refldions

mo_MI126_0m

C13 H14 Br N O5

344.16

100(2) K

0.71073 A

Orthorhombic

P212121

a =6.1808(9) A a= 90°.
b =7.4746(11) A b= 90°.
c =28.259(4) A g=90°.
1305.6(3) B

4
1.751 Mg/nd

3.168 mml
696

0.347 x 0.081 x 0.033

mm3

1.441 to 28.685°.
-8<=h<=8,-
10<=k<=10,-
30<=I<=37
10618

3354 [R(int) = 0.0615]
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Completeness to theta = 25.242° 99.9%

Refinement method Full-matrix least

squares on ¥

Data / restraints / parameters 3354/0/193

Goodnes®f-fit on F2 0.952

Final R indices [I>2sigma(l)] R1 = 0.0355, wR2 =
0.0618

R indices (all data) R1 =0.0463, wR2 =
0.0649

Absolute structure parameter 0.001(9)

Extinction coefficient n/a

Largest diff. peak and hole 0.646 and0.438 e. A3

Table $4. Atomic coordinatesx 10%) and equivalenisotropic displacement parameters

(A2 x 103) for 1Gj. U(eq) is defined as one third of the trace of the orthogonalifietsor.

X y z U(eq)
C(1) 6251(6) 10061(5) 5411(1) 12(1)
C(2) 5805(7) 10710(5) 4962(1) 16(1)
C@3) 7330(7) 10431(6) 4609(1) 16(1)
C(4) 9235(7) 9525(5) 4699(1) 15(1)
C(5) 9643(6) 8893(5) 5154(1) 13(1)
C(6) 8141(6) 9134(5) 5514(1) 10(1)
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C(7)
C(8)
C(9)
C(10)
c(11)
C(12)
C(13)
N(1)
o(1)
0(2)
0(@3)
o(4)
0(5)

Br(1)

8566(6)
10096(6)
8835(7)
9272(8)
7335(7)
5775(6)
6976(6)
8038(5)
9664(4)
10284(4)
8150(5)
4043(5)
5519(5)

4126(1)

8373(5)
8369(5)
6633(5)
3467(5)
3036(5)
4618(5)
6320(5)
6816(4)
9455(4)
5140(3)
2677(4)
4291(4)
7799(4)

10349(1)
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5993(1)
6709(1)
6617(1)
6528(1)
6838(1)
6835(1)
6967(1)
6130(1)
6292(1)
6650(1)
7302(1)
7163(1)
6958(1)

5892(1)

12(1)
12(1)
10(1)
13(1)
12(1)
12(1)
11(1)
11(1)
12(1)
11(1)
16(1)
19(1)
18(1)

17(1)



C(1)}C(2)
C(1)-C(6)
C(1)Br(1)
C(2)-C(3)
C(2FH(2)
C(3)C(4)
C(3FH(3)
C(4)C(5)
C(4)rH(4)
C(5)-C(6)
C(5)H(5)
C(6)-C(7)
C(7)N(1)
C(7)0(1)
C(8)0(1)
C(8)-C(9)
C(8)H(8A)
C(8)-H(8B)

C(9)0(2)

Table S5. Bond lengths [A] and angles [°] faq.

1.385(5)
1.389(5)
1.902(4)
1.389(6)
0.9500
1.382(6)
0.9500
1.392(5)
0.9500
1.389(5)
0.9500
1.493(5)
1.269(5)
1.353(4)
1.455(4)
1.536(5)
0.9900
0.9900

1.434(4)
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C(9}N(1)
C(9)-C(13)
C(10)}0(2)
C(10)C(11)
C(10)yH(10A)
C(10)yH(10B)
C(11)}0(3)
C(11)}C(12)
C(11)yH(11)
C(12)0(4)
C(12)C(13)
C(12)H(12)
C(13)0(5)
C(13)H(13)
O(3)H(03)
O(4)yH(04)
O(5)-H(05)
C(2)-C(1)}-C(6)
C(2)}C(1)Br(1)

C(6)-C(1)-Br(1)
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1.467(5)
1.534(5)
1.440(4)
1.518(6)

0.9900

0.9900
1.430(5)
1.525(6)

1.0000
1.438(4)
1.520(6)

1.0000
1.426(5)

1.0000

0.67(4)
0.74(4)
0.74(4)
122.2(4)
118.5(3)
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C(1}C(2}C(3)
C(1}C(2rH(2)
C(3}C(2rH(2)
C(4)C(3)}C(2)
C(4)C(3yH(3)
C(2-C(3}H(3)
C(3)-C(4)C(5)
C(3)}C(4)H(4)
C(5)-C(4yH(4)
C(6)-C(5)-C(4)
C(6)-C(5)H(5)
C(4)-C(5)H(5)
C(5)-C(6)-C(1)
C(5)-C(6)-C(7)
C(1}C(6)-C(7)
N(1)-C(7)-0(1)
N(1)-C(7)-C(6)
O(1)}C(7)-C(6)

O(1)-C(8)-C(9)

O(1)-C(8)-H(8A)

118.1(4)
121.0
121.0
121.2(4)
119.4
119.4
119.4(4)
120.3
120.3
120.7(4)
119.7
119.7
118.3(4)
119.8(4)
121.9(3)
119.1(3)
125.6(4)
115.3(3)
104.0(3)

111.0



C(9)-C(8)H(8A)
O(1)}C(8)-H(8B)
C(9)-C(8)}H(8B)
H(8A)-C(8)-H(8B)
O(2-C(9¥N(1)
O(2)}-C(9)-C(13)
N(1)-C(9)-C(13)
O(2)}-C(9)-C(8)
N(1)-C(9)}-C(8)
C(13)C(9)-C(8)
O(2)}-C(10)C(11)
O(2)-C(10}H(10A)
C(11}C(10)H(10A)
O(2)-C(10}H(10B)

C(11)}C(10)H(10B)

H(10A)-C(10)}H(10B)

O(3)-C(11)C(10)
O(3)}C(11)C(12)
C(10}C(11)C(12)

O(3)}C(11)H(11)
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111.0
111.0
111.0
109.0
110.1(3)
107.9(3)
111.5(3)
109.2(3)
104.5(3)
113.6(3)
112.8(3)
109.0
109.0
109.0
109.0
107.8
107.0(3)
111.9(3)
109.3(3)

109.5



C(10yC(11)H(11)
C(12)C(11)H(11)
O(4)yC(12)C(13)
O(4yC(12}-C(11)
C(13yC(12)C(11)
O(4yC(12)H(12)
C(13yC(12)H(12)
C(11}C(12)H(12)
O(5)}-C(13)C(12)
O(5)}-C(13)C(9)
C(12)C(13}C(9)
O(5)-C(13)-H(13)
C(12)C(13)H(13)
C(9)-C(13}H(13)
C(7)N(1)-C(9)
C(7)-0(1)-C(8)
C(9)-0(2)-C(10)
C(11)}O(3)-H(03)
C(12)O(4)H(04)

C(13)O(5)-H(05)
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109.5
109.5
110.3(3)
109.6(3)
109.8(3)
109.0
109.0
109.0
109.7(3)
110.1(3)
109.6(3)
109.2
109.2
109.2
106.6(3)
105.3(3)
112.9(3)
112(4)
108(3)

108(4)



Table S6. Anisotropic displacement parameter@(A103) for 10j. The anisotropic

displacement factor exponent takes the for@p2[ h2 a*2Ull+ .. + 2 h k a* b* Ul2].

ull U22 U33 U23 ul3 ul2
c(1) 14(2) 11(2) 10(2) -1(2) 2(2) -2(2)
C(2) 12(2) 14(2) 21(2) 0(2) -2(2) 3(2)
C(3) 24(2) 14(2) 10(2) 2(2) -3(2) -3(2)
C(4) 17(2) 15(2) 12(2) -1(2) 3(2) -3(2)
C(5) 12(2) 11(2) 17(2) 0(2) -3(2) 1(2)
C(6) 13(2) 10(2) 9(2) -1(2) -2(2) -4(2)
C(7) 9(2) 16(2) 10(2) -2(2) 2(2) 2(2)
C(8) 12(2) 14(2) 10(2) 1(2) -4(2) -2(2)
C(9) 9(2) 12(2) 9(2) -2(2) -2(2) 3(2)
C(10)  14(2) 10(2) 16(2) -1(2) -1(2) -3(2)
c(11)  16(2) 9(2) 10(2) 2(2) -2(2) -4(2)
C(12)  8(2) 17(2) 9(2) 4(2) 0(2) -3(2)
C(13)  8(2) 14(2) 10(2) 0(2) 0(2) 5(2)
N(1) 12(2) 13(2) 8(2) 0(2) 1(1) -1(2)
o(1) 17(2) 10(1) 10(1) 1(1) -4(1) -2(1)
0(2) 10(1) 8(1) 15(1) -1(1) 0(1) 3(1)
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0(3) 13(2) 21(2) 14(2) 8(1) 0(1) -3(1)

0(4) 7(1) 35(2) 16(2) 9(1) -1(1) -2(2)
o(5) 14(2) 22(2) 16(2) -6(1) -1(1) 7(1)
Br(1) 12(1) 23(1) 17(1) 1(1) 2(1) 4(1)

Table S7. Hydrogen coordinatex (L0%) and isotropic displacement parameterd 40 3).

for 10y.
X y z U(eq)
H(2) 4494 11328 4898 19
H(3) 7059 10871 4299 19
H(4) 10257 9335 4453 18
H(5) 10964 8290 5219 16
H(8A) 9573 8970 6999 14
H(8B) 11664 8126 6742 14
H(10A) 10349 2493 6557 16
H(10B) 8798 3515 6193 16
H(11) 6585 1949 6713 14
H(12) 5158 4754 6510 14
H(13) 7582 6191 7293 13
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H(03) 7430(70)  2230(60)  7436(14) 5(13)

H(04) 3010(70)  4480(70)  7042(14) 16(13)

H(05) 5680(90)  8310(60)  7180(15) 24(15)

A0
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