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Materials and methods

All reactions were carried out under a nitrogen atmosphere with dry solvents under
anhydrous conditions, unless otherwise noted. All the chemicals were purchased
commercially, and used without further purification. Anhydrous THF and toluene were
distilled from sodium-benzophenone. Dichloromethane and acetonitrile were distilled
from calcium hydride. Thin-layer chromatography (TLC) was conducted with 0.25 mm
Tsingdao silica gel plates (60F-254) and visualized by exposure to UV light (254 nm) or
stained with potassium permanganate. Flash column chromatography was performed
using Tsingdao silica gel (60, particle size 0.040-0.063 mm). Reagents were purchased
at the highest commercial quality and used without further purification, unless otherwise
stated. 'H NMR spectra were recorded on Bruker spectrometers (at 400 or 500 MHz)
and are reported relative to deuterated solvent signals. Data for "H NMR spectra are
reported as follows: chemical shift (& ppm), multiplicity, coupling constant (Hz) and
integration. BC NMR spectrawere recorded on Bruker Spectrometers (at 100 or 125
MHz). Data for *C NMR spectra are reported in terms of chemical shift. Mass
spectrometric data were obtained using Bruker Apex IV RTMS. The following
abbreviations were used to explain the multiplicities: s = singlet, d = doublet, t = triplet,

q = quartet, m = multiplet, br = broad.
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General procedure for the preparations of enamines

1) Preparations of enamines 7a-7j
Enamines 7a-7j were prepared from isobutyraldehyde or pentan-3-one and the
corresponding amine according to ref: Stork, G.; Brizzolara, A.; Landesman, H.;

Szmuszkovicz, J.; Terrell, R. J. Am. Chem. Soc. 1963, 85, 207-222.

° E )
[ j . /kn/H _ TSOH (0.01 eq)_
H o toluene reflux K(

A flame-dried round bottom flask (250 mL) equipped with magnetic stirring bar

and a water separator was charged with morpholine (0.10 mol, 8.71 g),
isobutyraldehyde (0.11 mol, 7.93 g), TsOH (0.0011 mol, 0.21 g) and toluene (50 mL).
The reaction mixture was heated to reflux until no further water was separated. After the
solvent was removed in vacuo, the residue was distilled under reduced pressure to

afford desired pure product enamines 7a-7j in 72-88% yield.

2) Preparations of enamines 9a-9d
Enamines 9a-9d were prepared from morpholine and the corresponding acetophenone

according to ref: Peng, W. -M; Shreeve, J. M. J. Org. Chem. 2005, 70, 5760-5763.

[ j _TiCly (050 eq)_
n-hexane, 0 °C K/O

A flame-dried round bottom flask (250 mL) equipped with magnetic stirring bar
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was charged with acetophenone (0.043 mol, 5.14g), morpholine (0.26 mol, 22.65g) and
n-hexane (100 mL). Under a nitrogen atmosphere, TiCls (0.022 mol, 0.0042 g) was
added by dropwise at 0 °C. Then the reaction mixture was stirred at room temperature
for 24 hours. After that the insoluble solid was filtrated, and the filtrate was evaporated
in vacuo. Then the residue was distilled under reduced pressure to afford desired pure

product enamines 9a-9d in 65-83% yield.

General procedure for visible-light-promoted ene reaction

1) Synthesis of 8-((tert-butyldimethylsilyl)oxy)-1,4-dioxaspiro[4.5]dec-8-en-7-one (4)
and 1,4-dioxaspiro[4.5]dec-6-en-8-one (5)

A flame-dried round bottom flask (10 mL) was equipped with magnetic stirring bar
and charged with sily enol ether compound (0.4 mmol, 1.0 equiv), tris(2,2"-bipyridyl)
ruthenium(II) chloride hexahydrate (0.01 mmol, 0.025 equiv) and MeCN (2.0 mL). The
mixture was then added DMAP (0.04 mmol, 0.10 equiv), and irradiated by a household
bulb (45 W) under a balloon oxygen atmosphere at room temperature until the starting
material disappeared from the TLC. The reaction mixture was filtrated through celite
and washed with ether. Then the solvent was removed under reduced pressure, the
residue was purified by silica gel column chromatography to afford desired pure

products 4 (32% yield) and 5 (43% yield).

2) Synthesis of 1,4-dioxaspiro[4.5]dec-6-en-8-one &) and
8-((tert-butyldimethylsilyl)oxy)-1,4-dioxaspiro[4.5]dec-8-en-7-0l (6)

A flame-dried round bottom flask (10 mL) was equipped with magnetic stirring bar
and charged with sily enol ether compound (0.4 mmol, 1.0 equiv), tris(2,2"-bipyridyl)
ruthenium(II) chloride hexahydrate (0.01 mmol, 0.025 equiv) and MeCN (2.0 mL). The
mixture was irradiated by a household bulb (45 W) under a balloon oxygen atmosphere
at room temperature until the starting material disappeared from the TLC. Then P(OEt);
was added into the reaction system and continued to stir for 2 hours. The mixture was

filtrated through celite and washed with ether. After the solvent was removed under
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reduced pressure, the residue was purified by silica gel column chromatography to

afford desired pure product 5 (41% yield) and 6 (30% yield).

General procedure for visible-light-promoted amide formations

Ri Rs Rq

) Ru(bpy);Cl, ¢ 6H,0 (0.025 eq) l{l
R /N\%\R > R2/ YO
2 4 Cs,CO5 (1 eq), '0,, CHLCN, it

visible light

Rs3

A flame-dried round bottom flask (10 mL) was equipped with magnetic stirring bar
and charged with enamine compound (0.4 mmol, 1.0 equiv), tris(2,2"-bipyridyl)
ruthenium(II) chloride hexahydrate (0.01 mmol, 0.025 equiv) and MeCN (2.0 mL). The
mixture was then added Cs,COs (0.4 mmol, 1.0 equiv), and irradiated by a household
bulb (45 W) under a balloon oxygen atmosphere at room temperature until the starting
material disappeared from the TLC. The reaction mixture was filtrated through celite
and washed with ether. The solvent was removed under reduced pressure, the residue
was purified by silica gel column chromatography to afford desired pure product 8-10 in
40-99% yield.

Table 1. Optimizing the Conditions

)\ N
Conditions
LNJ - @

1 2
Entry Catalyst (2.5% mol) Solvent Cs,COj(eq)  Light Source? Gas Yield (%)?
1 Ru(bpy)sCl, MeOH 0 + 0, 62
2 Ru(bpy)sCl, CH,Cl, 0 + 0, 36
3 Ru(bpy)sCl, CH3CN 0 + () 70
4 Ru(bpy)sCl, DMF 0 + 0O, 51
5 Ru(bpy)sCl, CH;CN 1.0 + 0, 87
6 Ru(bpy)sCl, CH3CN 1.0 - 0O, 0
7 Ru(bpy)sCl, CH3CN 1.0 + N» 0
8 Ru(bpy)sCl, CH3CN 1.0 + air 40
9 no catalyst CH3CN 1.0 + 0O, 0
10 Rose Bengal CH3CN 1.0 + 0O, 63

a: "+" means under visible-light irradiation, "-" means without visible-light irradiation.
b: Yield was quantitatively determined by 1H-NMR using naphthalene as the internal reference. S5



"H NMR and C NMR spectra data of products

OTBS

0" o
/

8-((tert-butyldimethylsilyl)oxy)-1,4-dioxaspiro[4.5]dec-8-en-7-one (4): 'H NMR
(500 MHz, CDCl3): 8 6.05 (t, J = 4.5 Hz, 1H), 3.97 (s, 4H), 2.75 (s, 2H), 2.66 (d, /= 4.6
Hz, 2H), 0.93 (s, 9H), 0.14 (s, 6H); °C NMR (125 MHz, CDCls): & 192.3, 148.1, 129.5,
122.8, 108.5, 64.7, 48.5, 35.8, 25.6, 18.4, -4.67; HRMS calculated for C;4H24NaO4Si (M
+Na"): 307.1336, found: 307.1333.

o]
o; ;o
/
5

1,4-dioxaspiro[4.5]dec-6-en-8-one (5): 'H NMR (400 MHz, CDCl3): & 6.61 (d, J =
10.2 Hz, 1H), 6.00 (d, J = 10.2 Hz, 1H), 4.08-4.00 (m, 4H), 2.63 (t, J = 6.4 Hz, 2H),
2.20 (t, J = 6.4 Hz, 2H); °C NMR (125 MHz, CDCl;): § 198.7, 146.3, 130.5, 103.9,
65.0, 35.22, 32.83; HRMS calculated for CgH;(O3Na (M + Na+): 177.0522, found:
177.0521.

OTBS
OH

8-((tert-butyldimethylsilyl)oxy)-1,4-dioxaspiro[4.5]dec-8-en-7-0l (6): 'H NMR (500
MHz, CDCls): 6 4.80 (t, J=4.5 Hz, 1H), 4.09-4.03 (m, 1H), 4.03-3.93 (m, 4H), 2.97 (d,
J=63 Hz, 1H), 2.31 (d, J=3.7 Hz, 2H), 2.11 (dd, J = 13.4, 5.3 Hz, 1H), 2.00 (dd, J =
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13.4, 4.5 Hz, 1H), 0.94 (s, 9H), 0.17 (s, 6H); *C NMR (125 MHz, CDCl3): & 151.0,
107.9, 101.9, 68.4, 64.4, 38.9, 34.5, 25.7, 18.1, -4.5; HRMS calculated for C;4H»704Si
(M +H"): 287.1673, found: 287.1676.

NJ\H
¢

8a

piperidine-1-carbaldehyde (8a): "H NMR (400 MHz, CDCl3): & 7.95 (s, 1H), 3.42 (t, J
= 5.7 Hz, 2H), 3.25 (t, J = 5.6 Hz, 2H), 1.66-1.60 (m, 2H), 1.55-1.45 (m, 4H); °C NMR
(100 MHz, CDCls): o 160.7, 46.7, 40.5, 26.5, 25.0, 24.6; HRMS calculated for
CeH12NO (M + H"): 114.0913, found: 114.0913.

Me O

N~ 'H

8b

2-methylpiperidine-1-carbaldehyde (8b): 'H NMR (500 MHz, CDCls): & 8.07 (s, 1H),
7.95 (s, 1H), 4.67 (t, /= 6.0 Hz, 1H), 3.93 (dt, J=13.4, 4.0 Hz, 1H), 3.77-3.72 (m, 1H),
3.34 (dd, J=13.6, 4.8 Hz, 1H), 3.21-3.16 (m, 1H), 3.05-2.99 (m, 1H), 1.72-1.62 (m, 8H),
1.57-1.53 (m, 2H), 1.43-1.37 (m, 2H), 1.27 (d, J= 7.0 Hz, 3H), 1.16 (d, /= 7.0 Hz, 3H);
BC NMR (125 MHz, CDCl;): 6 161.0, 160.5, 50.5, 42.9, 42.1, 36.7, 31.8, 29.5, 26.5,
25.2,20.2,19.3,17.8, 15.6; HRMS calculated for C;H;sNO (M + H"): 128.1070, found:
128.1069.

0]

MeUJLH

8c

3-methylpiperidine-1-carbaldehyde (8c): 'H NMR (400 MHz, CDCl;): & 7.97 (d, J =
5.6 Hz, 1H), 4.20-4.14 (m, 2H), 3.50-3.41 (m, 2H), 3.00-2.95 (m, 1H), 2.68-2.60 (m,
2H), 2.30-2.24 (m, 1H), 1.83-1.81 (m, 2H), 1.73-1.63 (m, 2H), 1.58-1.48 (m, 2H),
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1.44-1.37 (m, 2H), 1.21-1.116 (m, 2H), 0.88 (d, J = 6.6 Hz, 6H); BC NMR (100 MHz,
CDCls): 6 160.7, 160.6, 53.2, 46.9, 46.3, 40.1, 33.1, 33.0, 31.8, 30.5, 25.9, 24.2, 18.7,
18.5; HRMS calculated for C;H;4,NO (M + H+): 128.1070, found: 128.1069.

o
Me'

8d

4-methylpiperidine-1-carbaldehyde (8d): "H NMR (400 MHz, CDCl;): 6 7.96 (s, 1H),
4.30 (dt,J=13.2,2.0 Hz, 1H), 3.54 (dt, J=13.2, 2.0 Hz, 1H), 3.00 (td, /= 12.7, 2.8 Hz,
1H), 2.57 (td, J = 12.7, 2.8 Hz, 1H), 1.70-1.60 (m, 3H), 1.10-1.00 (m, 2H), 0.92 (d, J =
6.4 Hz, 3H); °C NMR (100 MHz, CDCls) & 160.7, 46.1, 39.8, 34.6, 33.2, 31.2, 21.6;
HRMS calculated for C;H;4sNO (M + H+): 128.1070, found: 128.1068.

e}

Me\Q\IJ\H

Me

8e

3,5-dimethylpiperidine-1-carbaldehyde (8¢): 'H NMR (400 MHz, CDCls): & 7.98 (s,
1H), 4.33 (dt, J=12.8, 2.2 Hz, 1H), 3.45 (dt, J=12.8, 2.2 Hz, 1H), 2.53 (t, /= 11.9 Hz,
1H), 2.04 (t, J = 12.0 Hz, 1.5H), 1.83-1.80 (m, 1.5H), 1.60-1.44 (m, 4H), 1.22 (s, 1H),
0.89-0.73 (m, 10H); >C NMR (100 MHz, CDCls): & 160.6, 53.0, 46.7, 42.6, 32.4, 30.8,
18.9, 18.7; HRMS calculated for CsH;sNO (M + H"): 142.1226, found: 142.1225.

O

N)J\H
&

8f

morpholine-4-carbaldehyde (8f): "H NMR (400 MHz, CDCls): & 8.01 (s, 1H), 3.65 (t,
J=4.8 Hz, 2H), 3.62 (t, J = 4.6 Hz, 2H), 3.53 (t, J = 5.2 Hz, 2H), 3.36 (t, J = 5.0 Hz,
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2H); BC NMR (100 MHz, CDCl3): 6 160.8, 67.1, 66.3, 45.7, 40.5; HRMS calculated for
CsH;oNO, (M +H"): 116.0706, found: 116.0706.

pyrrolidine-1-carbaldehyde (8g): 'H NMR (400 MHz, CDCls): & 8.24 (s, 1H), 3.48 (t,
J = 6.4 Hz, 2H), 3.40 (t, J = 6.0 Hz, 2H), 1.92-1.86 (m, 4H); 13C NMR (100 MHz,
CDCl3): 6 160.8, 45.9, 43.0, 24.8, 24.1; HRMS calculated for CsH;)NO, (M + H+):
100.0757, found: 100.0757.

(0]
YN)J\H

8h

N,N-diisobutylformamide (8h): 'H NMR (400 MHz, CDCl3):  8.06 (s, 1H), 3.11(d, J
= 7.6 Hz, 2H), 2.97 (d, J = 7.4 Hz, 2H), 2.00-1.85 (m, 2H), 0.89-0.86 (m, 12H); "°C
NMR (100 MHz, CDCls): 6 163.2, 55.3, 49.3, 26.3, 26.0, 20.0, 19.7; HRMS calculated
for CoH0NO (M + H"): 158.1539, found: 158.1542.

\/\/\N)J\H

S

8i

N,N-dipentylformamide (8i): "H NMR (500 MHz, CDCls): & 8.02 (s, 1H), 3.26 (t, J =
7.6 Hz, 2H), 3.17 (t, J = 7.1 Hz, 2H), 1.51-1.50 (m, 4H), 1.34-1.27 (m, 8H), 0.90-0.86
(m, 6H); *C NMR (125 MHz, CDCls): § 162.6, 47.4, 42.1, 29.1, 28.6, 28.4, 27.0, 22.4,
22.2,13.9, 13.8; HRMS calculated for C;;HosNO (M + H"): 186.1852, found: 186.1854.
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N,N-dihexylformamide (8j): '"H NMR (500 MHz, CDCls): & 8.01 (s, 1H), 3.26 (t, J =
7.6 Hz, 2H), 3.16 (t, J = 7.1 Hz, 2H), 1.53-1.42(m, 4H), 1.27 (m, 12H), 0.88-0.85 (m,
6H); °C NMR (125 MHz, CDCls): & 162.6, 47.4, 42.2, 31.5, 31.4, 28.7, 27.3, 26.6, 26.1,
22.5, 22.4, 13.9, 13.8; HRMS calculated for C;3H,sNO (M + H+): 214.2165, found:
214.2166.

oy

O

10a
1-morpholinopropan-1-one (10a): '"H NMR (400 MHz, CDCls): & 3.65 (t, J = 4.6 Hz,
4H), 3.59 (t,J=4.9 Hz, 2H), 3.43 (t, /= 5.0 Hz, 2H), 2.31 (q, /= 7.5 Hz, 2H), 1.13 (¢, J
= 7.4 Hz, 3H); >C NMR (100 MHz, CDCl;): & 172.4, 66.8, 66.5, 45.7, 41.8, 26.2, 9.3;
HRMS calculated for C;H14sNO, (M + H+): 144.1019, found: 144.1020.

SRS

10b

morpholino(phenyl)methanone (10b): 'H NMR (500 MHz, CDCls): & 7.39-7.36 (m,
5H), 3.84-3.37 (m, 8H); *C NMR (125 MHz, CDCl): & 170.4, 135.4, 129.8, 128.5,
127.1, 66.9, 48.3, 42.7, HRMS calculated for C;;H;4NO, (M + H+): 192.1019, found:
192.1018.
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morpholino(p-tolyl)methanone (10c): 'H NMR (500 MHz, CDCl3): & 7.29 (d, J = 8.0
Hz, 2H), 7.19 (d, J = 8.0 Hz, 2H), 3.67 (br, 8H), 2.36 (s, 3H); °C NMR (125 MHz,
CDCls): & 170.6, 140.0, 132.4, 129.1, 127.1, 66.9, 48.2, 43.3; HRMS calculated for
C12HigNO, (M + H"): 206.1176, found: 206.1176.

sash

10d

(4-chlorophenyl)(morpholino)methanone (10d): 'H NMR (400 MHz, CDClL3): &
7.39-7.32 (m, 4H), 3.71-3.43 (br, 8H); °C NMR (100 MHz, CDCl;): § 169.3, 135.9,
135.5, 128.8, 128.6, 66.7, 48.2, 42.6; HRMS calculated for C;;H;3CINO, (M + H"):
226.0629, found: 206.0630.
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Copies of '"H NMR and *C NMR spectra
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PL1 -0.79 dB
PLIW 25.30924988 W
SFOL 500.1330885 MHz
SI 32768
SF 500.1300123 MHz
WOW EM
SSB [
18 0.30 Hz
GB Q
BC 1.00
A
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NAME 2012-12-29-3-Me-light-pure
EXPNO 1
PROCNO 1
Date_ 20121229
Time 12.08
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2330
™ 65536 (0]
SOLVENT cpell
NS 16
DS 2 Me JJ\
swi 8223.685 Hz N H
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 50.6
D 60.800 usec
DE 6.50 usec
TE 296.8 K
D1 1.00000000 sec 8c
esssusnns CHANNEL f1 ssssmess
nuc1 1K
Pl 15.00 usec
sI 65536
SF 400,1300100 Miz
WDW EM
s5B 0
LB 0.30 Hz
GB Q
I 1.00
T T T T T T T T T T T T T T T T T T T T T
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 ppm
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NAME 2012-12-29-3-me-light-pure-c13
EXPNO 2
PROCNO 1
Date_ 20121229
1 12.13
INSTRUM spect
PROBED 5 mm PABBO BB-
PULPROG 2gpg30
D 65536
SOLVENT €pc13
s 574
DS 4 O
SWH 26041.666 Hz )J\
FIDRES 0.397364 Hz
1.2583112 sec Me N H
usec
usec
K
sec
sec
m—— 8c
3% 10.00 usec
sI 32768
SE 100.6127779 MHz
WDW EM
SSB [
LB 1.00 Hz
GB [
BC 1.40
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NAME 2012-12-28-3, 5-di-Me-light-pure
EXPNO 1
PROCNO 1
Date_ 20121229
15.23
INSTRUM spect
PROBHD 5 mm PABBO BB~
PULPROG zg30
™ 65536
SOLVENT €DC13
NS 8
DS 0
SwH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1720407 sec le)
RG 57
ow 48.400 usec
DE 6.50 usec Me
1E 302.6 K N H
D1 1.00000000 sec
DO 1
sssassee CHANNEL f]l sssssace
NUC1 1R
P1 10.00 usec
PL1 -0.79 dB Me
PLIW 25.30924988 W
SFO1 500.1330885 MHz
81 32768 8e
SF 500.1300120 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
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NAME 2012-12-31-pyrole-1light-pure
EXPNO 1

PROCNO 1

Date_ 20121231

Time 16.28

INSTRUM spect

PROBHD 5 mm PABBO BB~

PULPROG 930

™ 65536

SOLVENT cocls

NS 16

DS 2

SWH 8223.685 Hz

FIDRES 0.125483 Hz

AQ 3.9846387 sec

RG 97.04 @]

DW 60.800 usec

DE 6.50 usec )J\
T 295.9 K

b1 1.00000000 N H

= CHANNEL £l =
15.00 usec
65536
400.1300100 MEz ag

EM
0
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0
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NAME 2012-12-31-iscbutyl-light-pure-3
EXPNO 1
PROCNO 1
Date_ 20121231
Time 16.48
INSTRUM spect
PROBHD 5 mm PABBO BB- Bh
PULPROG zg30

65536
SOLVENT c€DCl3
NS 16
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 71.34
DW 60.800 usec
DE 6.50 usec
TE 295.9 K
D1 1.00000000 sec

CHANNEL f1

15.00 usec
65536
400.1300099 MHz
EM

0
0.30 Hz
0

1.00

T T
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 ppm

8 = w 8
> A < >
- o o ©
=

~oe roas

5882 5848

=99 95 oo

mRE 8822

—163.24
—55,31
—49.33

o
=5
e

T T
220 200 180 160 140 120 100 80 60 40 20 0 ppm

S22



81¢”
pze”
9€¢”
0sc”
ese”
89¢°
SLe*®
L8Z"
T0€"
CHE S
62€°
134
ShE”
8¥%°
68% "
96%°
708°
116"
815"
92¢°
€€S”
44N
8bs-
GST°
0LT®
p8T"
Lve®
¢9¢”
LLe”

W

OO AAAAAAAAA A A A AA A A A A A A A A

0IE " l—

20" 8—

s

8

3.5
FN

T
4.0

£€9°29T——

s

210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20

ppm

0

10

S23



088"
868"
€98°
ZL8’
88"
cLe”
€6%°
wom..ﬁw

FeEST

“—Hoo0co0oo0o

0ST°€
vm.ﬁ.mV
6LT"€
|8 240>
me.mN
TLZ €

092" L—

910°8—

=

0.0 ppm

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05

9.0

9L9L
S.ﬁW
LZoLL

197297 ——

=

210 200 190 180 170 160 150 140 130 120 110 100 90 80

ppm

0

10

30 20

50 40

70 60

S24



o ~<m oS0 o N
3 0N T N O ]
o~ = s MmN e e
= Mmoo NN NN o

<
£
S
<

NAME 2013-01-02-3-ketone-morpholine-pure-3

EXPNO 1

PROCNO 1

Date_ 20130102

Time 17.45

INSTRUM spect

PROBHD 5 mm PABEO BB-

PULPROG zg30

™ 65536

SOLVENT cpel3

NS 16

DS 2

SWH 8223.685 Hz

FIDRES 0.125483 Hz N
aQ 3.9846387 sec

RG 71.34 O

oW 60.800 usec

DE .50 usec

TE 295.9 K

1 1.00000000 sec 10a

CHANNEL f1

15.00 usec

65536
400.1300099 MHz
EM
0
0.30 Hz

[
1.00
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