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General

All NMR spectra were recorded on Bruker-400 or 300 MHz spectrometer. HRMS
were measured on the Q-TOF6510 instruments . Routine monitoring of the reaction
was performed by TLC using precoated silica gel plates. All the reagents and Solvents
used in this reaction such as CH3CN were purchased from Acros or local company
and used directly. B,y-Unsaturated a-keto esters were prepared according to reported
procedures(l) .

Synthesis of the substrates

(1) BuLi (2.2eq), -78C torr.t.

(2) TMSCI (2.5€q), -78°C to .t.
WNHTS (3) 10% hydrochloric acid solution, 10min WNHTS

> TMS

1b
To a solution of alkyne in dry THF was added BuLi (2.2eq) at -78 ‘C. The mixture
was stirred at -78 “C for 0.5h, then it was allowed to warm to room temperature. After
0.5h, TMSCI (2.5eq) were added at -78 °C, and then the mixture was warmed to room
temperature for 1h. Then. the solution was added 10% hydrochloric acid aqueous
solution for 10min, then the organic phase was separated and evaporated under
reduced pressure. The residue was purified through flash chromatography. The alkyne
were prepared according to reported procedures .
/22//\\//\NHTS
TMS
1b
White solid, yield 58% "HNMR (CDCls, 400 MHz)  0.13 (s, 9H), 1.65-1.70 (dd, J =
6.8 Hz, 13.6Hz, 2H), 2.23-2.26 (t, J= 6.8 Hz, 2H), 2.43 (s, 3H), 3.07 (dd, J=6.4Hz,
12.8Hz, 2H), 4.66-4.67 (m, 1H), 7.32 (d, J = 8.0 Hz, 2H), 7.76 (d, ] = 8.1 Hz, 2H).

(1) BuLi (2.2eq), -78C to r.t.
(2) TBDMSCI (2.5€eq), -78°C tor.t.
NNHT (3) 10% hydrochloric acid solution, 10min /wNHTS
= S . TBDMS
1c

To a solution of alkyne in dry THF was added BuLi (2.2eq) successively at -78 C.
The mixture was stirred at -78°C for 0.5h, then it was allowed to warm to room
temperature. After 0.5h, TBDMSCI (2.5¢eq) were added at -78 “C, and then the
mixture was warmed to room temperature for 1h. Then. the solution was added 10%
hydrochloric acid aqueous solution for 10min, then the organic phase was separated
and evaporated under reduced pressure. The residue was purified through flash
chromatography. The alkyne were prepared according to reported procedures "

TBDMSW e

1c

White solid, yield 53%. "HNMR (CDCls, 400 MHz) & 0.06 (s, 6H), 0.89 (s, 9H), 1.68
(t, J=6.8 Hz, 2H), 2.26 (t, J=6.8 Hz, 2H), 2.43 (s, 3H), 3.08 (dd, J=6.4Hz, 13.2Hz,
2H), 4.58 (t, J=6.4H), 7.31 (d, J = 8.0 Hz, 2H), 7.75 (d, J = 8.0 Hz, 2H).



(1) BuLi (2.2eq), -78C tor.t.

(2) TMSCI (2.5eq), -78°C to r.t. WNHTS
MNHTS (3) 10% hydrochloric acid solution, 10min ZEN

~ pn” Ph ~ TMS

1d
To a solution of alkyne in dry THF was added BuLi (2.2eq) successively at -78 C.
The mixture was stirred at -78°C for 0.5h, then it was allowed to warm to room
temperature. After 0.5h, TMSCI (2.5¢q) were added at -78 “C, and then the mixture
was warmed to room temperature for 1h. Then. the solution was added 10%
hydrochloric acid aqueous solution for 10min, then the organic phase was separated
and evaporated under reduced pressure. The residue was purified through flash
chromatography. The alkyne were prepared according to reported procedures .

_ NHTs
o en

1d
White solid, yield 55%. 1H NMR (CDCI3, 400 MHz) §  0.01 (s, 9H), 2.43 (s, 3H),

2.97 (s, 2H), 3.70 (d, J=9.6 Hz, 2H), 4.08 (t, J=6.4, 1H), 7.08-7.30 (m, 12H), 7.65 (d,
J=8.0 Hz, 2H).

TMS

General procedure of Spiroaminals

To a solution of 2 (1 equiv) and 1 (1.1 equiv) in CH3CN was added the PhsPAuNTf,
(5 mol%) and Sc(OTf); (10 mol%). The mixture was kept stirring for 10 min at 65 °C.
After the reaction was completed (monitored by TLC), the solution was filtered on
celite and then evaporated under reduced pressure. Purification by flash column
chromatography afforded the desired product.

Kinetic-thermodynamic balance

o - COOMe
N=Ts
/\ANHTf PhA\)S(O\ [Au], M(OTf)3 <5 S O\
™S b —_— ) N /
PR H Ph
4a 3a

COOMe

'/‘Iil 3
Time (h)

Figure 1. Kinetic-thermodynamic balance



Optimization of reaction conditions

(0]
“ /1WNHT+S PhA\)HO(O\ [Aul, MOTHs -
2
1b, [Si] = TMS
1c, [Si] = TBS
Catalyst . .

Entry Substrate Catalyst A B Solvent T Time Yeild%(4a) 4a/3a
1 1b PPh;AuNTf, Sc(OTf); CH3;CN 65°C  10min 83 92/08
2 1b PPh;AuNTf, Sc(OTf); CHi;CN 85C 10min 65 73/27
3 1b PPh;AuNTf, Sc(0OTf); CH3;CN 45°C  10min 58 72/28
4 1b PPh;AuNTf, Sc(OTf); CH3;CN 65°C  3hrs 40 55/45
5 lc PPh;AuNTf, Sc(OTf); CH3;CN 65°C  3hrs 0 0
6 1b AuCIl(CH3SCH3)  Sc(OTf); CH3CN  65°C  10min 45 53/47
7 1b PPhs.AuCl Sc(OTf); CH3;CN 65°C  10min 75 81/19
8 1b AuCls Sc(0OTf); CH3;CN 65°C 10min 45 61/39
9 1b CuOTf.1/2PhH  Sc(OTf); CH3;CN 65C 10min 27 67/23
10 1b AgOTf Sc(OTf); CH3;CN 65°C 10min 40 59/41
11 1b AuCl Sc(0OTf); CH3;CN 65°C  10min 37 45/55
12 1b PPh;AuNTf, La(OTf); CH3;CN 65T 10min 37 48/52
13 1b PPh;AuNTf, Ga(OTf); CHi;CN 65°C 10min 28 38/62
14 1b PPh;AuNTf, Bi(OTf); CHi;CN 65°C 10min 43 47/53
15 1b PPh;AuNTf, In(OTf); CH3CN 65°C 10min 55 64/36
16 1b PPh;AuNTf, Sc(OTf); EtOAc 65°C 10min 32 37/63
17 1b PPh;AuNTf, Sc(0OTf); CHCl; 65°C 10min 45 53/47
18 1b PPh;AuNTf, Sc(OTf); Toluene 65C 10min 66 73/27
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NMR spectra for the products

(0] Sc(0Tf)3 (10 mol%)
WNHTS R1WO\R2 PPh3AuNTf, (5 mol%)
TMS R R g -
2 © CH4CN, 65°C, 10min ~ R! 4
1 R=H,Ph

Yield: 83%. "H NMR (400 MHz, CDCl;) & 1.84-1.91 (m, 3H),
2.16-2.21 (m, 1H), 2.22-2.33 (m, 1H), 2.44 (s, 3H), 3.08 (t, J=
12.7 Hz, 1H), 3.42-3.44 (m, 1H), 3.45-3.54 (m, 1H), 3.60-3.65
(m, 1H), 3.77 (s, 3H), 6.14 (s, 1H), 7.25-7.28 (m, 3H),
7.30-7.34 (m, 4H), 7.98 (d, J= 8Hz, 2H); >*C NMR (100 MHz,
CDCls) 6 20.9, 21.6, 38.0, 39.2, 39.6, 49.7, 52.1, 97.6, 114.0,
127.1, 127.4, 128.7, 128.8, 129.2, 136.4,142.1, 143.0, 143.3, 162.9; HRMS exact
mass calcd for (C23H25NO5S+Na) requires m/z 450.1346, found m/z 450.1335.

Yield: 85%. "H NMR (400 MHz, CDCl;) & 1.82-1.90 (m, 3H),
2.18-2.23 (m, 1H), 2.34-2.36 (m, 4H), 3.13 (t, J= 12.8 Hz, 1H),
3.39-3.41 (m, 1H), 3.52-3.61 (m, 1H), 3.62-3.65 (m,1H),5.22
(dd, J=12.4, 23, 2H), 6.19 (s, 1H), 7.12 (d, J=8.4, 2H),
7.13-7.27 (m, 3H), 7.32-7.37 (m, 7H), 7.95 (m, 2H); °C NMR
(100 MHz, CDCl3) 6 20.9, 21.5, 38.0, 39.3, 39.7, 49.7, 66.8,
97.7,114.4,127.1, 127.5, 128.2, 128.3, 128.58, 128.62,128.8, 129.2, 135.6, 136.3,
142.1, 143.1, 143.2, 162.3; HRMS exact mass calcd for (C29H29NOS5S+H) requires
m/z 504.1839, found m/z 504.1839.

Yield: 69%. 'H NMR (400 MHz, CDCl;) & 1.92-2.01 (m,
3H), 2.26-2.31 (m, 1H), 2.44 (m, 4H), 3.18 (t, J= 12.8 Hz,
1H), 3.48-3.49 (m, 1H), 3.62-3.64 (m, 1H), 3.728-3.733 (m,
1H),5.35 (dd, J= 12.4, 24.4, 2H), 6.25 (s, 1H), 7.10-7.15

(m, , 2H), 7.22 (d, J=8.4, 2H), 7.31-7.37 (m, 2H),
7.45-7.48 (m, 5H), 8.05(m, 2H); °C NMR (100 MHz,
CDCls) & 20.9, 21.6, 38.0, 38.5, 39.8, 49.7, 52.1, 97.5, 113.7,




115.5,115.7, 128.7, 128.9, 129.0, 129.2,136.3, 137.82, 137.85, 143.1, 143.3, 160.7,
162.8, 163.1; HRMS exact mass calcd for (C29H28FNOS5S+Na) requires m/z
544.1564, found m/z 544.1563.

Yield: 65%. 'H NMR (400 MHz, CDCl;) & 1.82-1.90 (m,
3H), 2.14-2.19 (m, 1H), 2.31-2.32 (m, 1H), 2.44 (s, 3H),
3.04 (t, J=13.2 Hz, 1H), 3.48-3.49 (m, 1H), 3.52-3.59 (m,
1H), 3.60-3.64 (m, 1H),3.77 (s, 3H), 6.09 (s, 1H), 7.02 (t,
J=8.4, 2H), 7.22 (dd, J=5.2, 8.4, 2H), 7.31 (d, J=8.0, 2H),
7.98 (d, J=8.4, 2H) ; °C NMR (100 MHz, CDCl5) & 20.9,
21.6, 38.0, 38.5, 39.8, 49.7, 52.1, 97.5, 113.7, 128.7, 128.9,
129.2,136.3, 143.1, 143.3, 160.7, 162.8, 163.1; HRMS exact mass calcd for
(C23H24FNOS5S+K) requires m/z 484.0991, found m/z 484.0993.

Yield: 72%. "H NMR (400 MHz, CDCl;) & 1.81-1.90 (m,
3H), 2.03-2.18 (m, 1H), 2.30-2.39 (m, 1H), 2.43 (m, 4H),
3.04 (t, J=12.8 Hz, 1H), 3.42-3.46 (m, 1H), 3.54-3.62 (m,
2H), 3.77 (s, 3H), 6.07 (s, 1H), 7.19 (d, J=8.4, 2H),
7.29-7.32 (m, 4H), 7.96 (m, 2H), ; °C NMR (100 MHz,
CDCl3) 6 20.9, 21.6, 38.0, 38.6, 39.6,49.7, 52.1, 97.5,
113.2,128.7,128.8, 128.9, 129.2, 132.8, 136.3, 140.7,
143.27, 143.31, 162.7; HRMS exact mass calcd for (C23H24CINOS5S+Na) requires
m/z 484.0956, found m/z 484.0956.

Yield: 79%. "H NMR (400 MHz, CDCl;) & 1.80-1.91 (m,
3H), 2.16-2.21 (m, 1H), 2.35 (m, 7H), 3.11 (t, J= 13.2 Hz,
1H), 3.37-3.41 (m, 1H), 3.53-3.54 (m, 2H), 3.59-3.64 (m,
2H), 5.22 (dd, J=12.4, 22.8, 2H), 6.18 (s, 1H), 7.11-7.16 (m,
6H), 7.36-7.38 (m, SH), 7.98 (d, J=8.4, 2H) ; °C NMR
(100 MHz, CDCl3) 6 20.9, 21.1, 21.5, 38.0, 39.0, 39.7, 49.7,
97.5,114.7,127.4, 128.2, 128.3, 128.6, 129.2, 129.5, 135.7,
136.3, 136.7, 139.1, 142.9, 143.2, 162.3; HRMS exact mass calcd for
(C30H31NOS5S+Na) requires m/z 540.1815, found m/z 540.1814.

Yield: 75%. '"H NMR (400 MHz, CDCl;) & 1.81-1.91 (m,
3H), 2.17-2.19 (m, 1H), 2.34 (m, 4H), 3.08 (t, J= 13.2 Hz,
1H), 3.37-3.39 (m, 1H), 3.51-3.53 (m, 2H), 3.67-3.72 (m,
1H), 5.23 (dd, J=12.4, 25.2, 2H), 6.11 (s, 1H), 7.10 (d,
J=8.0, 2H), 7.34-7.39 (m, 7H), 7.63 (d, J=8.0, 2H), 7.94 (d,
J=8.4,2H) ; °C NMR (100 MHz, CDCl5) § 20.9, 21.5,




38.0,39.38,29.42,49.7,67.2,97.5, 111.1, 112.2, 118.7, 128.30, 128.37, 128.5, 128.7,
129.2, 132.7, 135.4, 136.0, 143.4, 143.9, 147.7, 162.0; HRMS exact mass calcd for
(C30H29N205S+H) requires m/z 529.1792, found m/z 529.1790.

Yield: 75%. "H NMR (400 MHz, CDCls) & 1.81-1.88 (m,
3H), 2.10-2.32 (m, 2H), 3.05 (t, J= 12.4 Hz, 1H),
3.40-3.44 (m, 1H), 3.45-3.60 (m, 1H), 3.78 (s, 3H), 3.81
(s, 3H), 6.10 (s, 1H), 6.86 (d, J=8.4, 2H) 7.18 (d, J=8.8,

\ 2H), 7.31 (d, J=8.0, 2H), 7.98 (d, J=8.4, 2H) ; °C NMR
ah (100 MHz, CDCl3) 6 20.8, 21.5, 38.0, 38.4, 39.7, 49.7,
MeO 52.0,55.3,97.6, 114.2, 114.4, 128.4, 128.6, 128.7, 129.0,

129.1, 136.5, 142.8, 143.2, 162.9; HRMS exact mass calcd for (C24H27NO6S+Na)
requires m/z 480.1451, found m/z 480.1454.

Yield: 85%. 'H NMR (400 MHz, CDCl;) & 1.80-1.89 (m, 3H),
2.29-2.34 (m, 5H), 3.22 (t, J= 12.8 Hz, 1H), 3.39-3.42 (m, 1H),
3.53-3.55 (m, 1H), 3.94-3.99 (m, 1H), 5.17-5.26 (dd, J=12.4,
20.4, 2H), 6.21 (s, 1H), 6.95-6.97 (m, 2H) 7.10-7.12 (d, J=8.0,
2H), 7.187-7.199 (m, 1H), 7.35-7.37 (m, 5H), 7.95 (d, J=8.4,
2H) ; C NMR (100 MHz, CDCl5) § 20.8, 21.5, 34.4, 37.9,
39.7,49.7, 66.8,97.5, 113.7, 123.8, 124.1, 126.9, 128.2, 128.4,
128.57, 128.64, 129.2, 135.6, 136.2, 142.6, 143.3, 145.1, 162.1; HRMS exact mass
calcd for (C27H27NO5S2+Na) requires m/z 532.1223, found m/z 532.1220.

Yield: 78%. 'H NMR (400 MHz, CDCl;) & 1.81-1.85 (m, 3H),
2.28-2.32 (m, 5H), 3.18 (t, J= 12.4 Hz, 1H), 3.39-3.40 (m, 1H),
3.51-3.57 (m, 1H), 3.73-3.78 (m, 1H), 5.15-5.24 (dd, J=12.4
Hz, 23.2, 2H) 6.137-6.144 (d, J=11.2 Hz, 1H), 6.20 (s, 1H)
6.30-6.31 (dd, J=1.8 Hz, 2.8, 1H) 7.08-7.10 (d, J=8.4 Hz, 2H),
7.34-7.35 (m, 6H), 7.92-7.94 (d, J=8.4 Hz, 2H) ; >C NMR
(100 MHz, CDCl3) 6 20.8, 21.5, 32.8, 35.9, 37.9, 49.7, 66.8,
97.3,105.1,110.2, 111.1, 128.3, 128.4, 128.59, 128.63, 129.2, 135.6, 136.2, 141.7,
142.9, 143.3, 154.4, 162.1; HRMS exact mass calcd for (C27H27NO5S2+Na)

requires m/z 516.1451, found m/z 516.1451.

Yield: 89%. 'H NMR (400 MHz, CDCls) & 1.81-1.84 (m,
3H), 2.10-2.14 (m, 1H), 2.26-2.34 (m, 4H), 2.98 (t, J= 12.4
Hz, 1H), 3.22 (m, 1H), 3.38 (m, 1H), 3.54-3.56 (m, 1H),
5.21-5.22 (m, 2H), 6.07 (s, 1H), 6.15 (dd, J=8Hz, 16Hz,

1H), 6.56 (d, J=21.2 Hz, 1H) 7.12 (d, J=8.0 Hz, 1H) 7.31 (d,




J=8.0 Hz, 2H) 7.33-7.43 (m, 10H), 7.97 (d, J=8.4, 2H) ; *C NMR (100 MHz, CDCl;)
820.9,21.5,36.7,37.2,37.9,49.7, 66.8,97.4, 113.4, 126.3, 127.6, 128.2, 128.34,
128.38, 128.58, 128.61, 128.63, 128.67, 128.7, 129.2, 130, 135.6, 136.3, 136.8, 162.2;
HRMS exact mass calcd for (C31H31NOS5S+Na) requires m/z 552.1815, found m/z
552.1815.

Yield: 82%. '"HNMR (400 MHz, CDCls) & 1.28-1.34 (m, 1H),
2.44 (s, 1H), 2.86 (t, J=12.8 Hz, 1H), 2.95 (d, J= 13.2 Hz, 1H),
3.08 (d, J=12.8 Hz, 1H) 3.51-3.55 (m, 1H), 3.73 (s, 3H), 3.78
(d, J=6.4 Hz, 1H), 4.48 (d, J=10 Hz, 1H) 6.16 (s, 1H),
7.01-7.04 (m, 2H), 7.03-7.36 (m,15H), 7.99 (dd, J=8.4Hz,

2H) ; 13C NMR (100 MHz, CDCI3) & 21.6, 38.8, 39.1, 41.0,
50.2, 51.0,57.2, 68.2,97.5, 113.8, 126.38, 126.42, 126.6, 126.8, 127.3, 128.4, 128.8,
128.9, 130.9, 136.1, 141.85, 143.0, 143.3, 144.2, 145.0, 162.7; HRMS exact mass
calcd for (C35H33NO5S+Na) requires m/z 602.1972, found m/z 602.1978.

Yield: 85%. "HNMR (400 MHz, CDCls) & 1.28-1.34 (m, 1H),
2.44 (s, 1H), 2.86 (t, J=12.8 Hz, 1H), 2.95 (d, J=13.2 Hz,
1H), 3.08 (d, J=12.8 Hz, 1H) 3.53 (m, 1H), 3.73 (s, 3H),

3.79 (d, J=6.4 Hz, 1H), 4.48 (d, J=10 Hz, 1H) 6.16 (s, 1H),
7.01-7.04 (m, 2H), 7.03-7.36 (m,15H), 7.99 (dd, J=8.4Hz,
2H) ; 13C NMR (100 MHz, CDCI13) & 21.6, 38.8, 39.1, 41.0,
50.2,51.0,57.2,68.2,97.5,113.8, 126.38, 126.42, 126.6,
126.8, 127.3, 128.4, 128.8, 128.9, 130.9, 136.1, 141.85,
143.0, 143.3, 144.2, 145.0, 162.7; HRMS exact mass calcd for (C35H33NO5S+Na)
requires m/z 602.1972, found m/z 602.1978

Yield: 89%. 'H NMR (400 MHz, CDCl;) & 1.80-1.85 (m, 1H),
2.34 (s, 3H), 2.84 (d, J=12.0 Hz, 1H), 3.02 (dd, J=12.4 Hz,
28.4Hz, 2H), 3.65-3.73 (m, 2H) 4.44 (d, J=10 Hz, 1H), 5.05 (d,
J=12.4Hz, 1H), 5.25 (d, J=12 Hz, 1H), 6.04 (d, J=2.8Hz, 1H),
6.19 (s, 1H), 6.27 (dd, J=1.2Hz, 2.8Hz, 1H ), 6.96 (d, J=2.8,
2H), 7.01-7.4 (m, 16H), 7.9 (m, 2H) ; 13C NMR (100 MHz,
CDCI3) 6 21.5, 32.6, 36.0, 50.4, 50.9, 57.4, 66.9, 97.2, 105.1,
110.3,111.2, 126.3, 126.4, 126.5, 126.8, 128.4, 128.7, 128.78,128.83, 129.3, 135.5,
135.7,141.7, 142.7, 143.4, 144.1, 145.0, 154.0, 162.1; HRMS exact mass calcd for
(C39H35N65S+Na) requires m/z 668.2077, found m/z 668.2076
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HRMS exact mass calcd for (C23H25NOS5S+Na) requires m/z 450.1346, found m/z

450.1335.
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HRMS exact mass calcd for (C29H28FNOS5S+Na) requires m/z 544.1564, found m/z
544.1563.
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HRMS exact mass calcd for (C23H24FNOS5S+K) requires m/z 484.0991, found m/z
484.0993.
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HRMS exact mass calcd for (C23H24CINOS5S+Na) requires m/z 484.0956, found m/z
484.0956.
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HRMS exact mass calcd for (C30H31NOS5S+Na) requires m/z 540.1815, found m/z

540.1814.
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HRMS exact mass calcd for (C30H29N205S+H) requires m/z 529.1792, found m/z
529.1790.

EnpRE Mame  J0H-DN-17-5 Poitian (S0 ] Dbt Bame  Insbument 1 Uy Mamm
il Wall g | InFouition Bempletypa Hanipie TR Gl o Stnke Suwrmey
oin Fleemers  JH<{PH-17-5.d AL Mot ] Lkm Crmment A cyuire Thme M0

atn * | *EB| Bemn (00511 min) Froges1i8 00 2014-0701-17-0.0 Suotrect (5]
1l " 529.1790
0.85
.9
0.55-
X
0.78
0.7 |
0.65 | !
0.3 4
0.55 4 s CO0BN
0.5 3
ﬂﬂE'
o1 I
0,35
0.3
.25

0.z
a.13
a1
0.06 [

a

350 400 480 Bb0  BSe  ede  ESC 760 vR0  =bo 2o odo o960 1002
Counte (] YE. Mams-ip-Unarg e miE)

19



Eiu.q—ﬂl-nfﬂla
nnnnnn

T T T kil etk e Rk ki
b 9 8 T 6 B 4
|
TN
el Iniloilod = 5
ZHA-148-3-C12
as FEVERE T
= e -.— i :?GE
3 i CEELEEE I

heC

MN—T=
8]
GO0 Me

R
W

52

T T I )
180 160 140 120 100 B0

80

40 20



HRMS exact mass calcd for (C24H27NO6S+Na) requires m/z 480.1451, found m/z
480.1454.
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HRMS exact mass calcd for (C27H27NOS5S2+Na) requires m/z 532.1223, found m/z
532.1220.
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HRMS exact mass calcd for (C27H27NOS5S2+Na) requires m/z 516.1451, found m/z
516.1451.
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HRMS exact mass calcd for (C31H31NOS5S+Na) requires m/z 552.1815, found m/z
552.1815.
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HRMS exact mass calcd for (C35H33NOS5S+Na) requires m/z 602.1972, found m/z
602.1978.
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HRMS exact mass calcd for (C35H33NOS5S+Na) requires m/z 602.1972, found m/z

602.1978.
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HRMS exact mass calcd for (C39H35N65S+Na) requires m/z 668.2077, found m/z
668.2076
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